NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

NuMicro™ Series
NM1510/520/530
Preliminary
Technical Reference Manual

The information described in this document is the exclusive intellectual property of
Nuvoton Technology Corporation and shall not be reproduced without permission from Nuvoton.

Nuvoton is providing this document only for reference purposes of NuMicro™ microcontroller based
system design. Nuvoton assumes no responsibility for errors or omissions.

All data and specifications are subject to change without notice.

For additional information or questions, please contact: Nuvoton Technology Corporation.

Www.nuvoton.com

May 22, 2017 Page 1 of 641 Revision V0.9.3


http://www.nuvoton.com/

NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

TABLE OF CONTENTS

1 GENERAL DESCRIPTION ....utiiiititi ittt ettt ettt ettt siaeeste s sbee e sabeessbeeesnaeesbeaesaneeans 12
2 FEATURES ...ttt ettt sttt et e e b et ekt ee s a bt e e bt e e be e e s abe e e sabeesmbeeaebaeesnbeeesnneaes 13
3 BLOCK DIAGRAM ...ttt ittt ettt ettt nnn e s e nn e e nnre e e nnnee e 17
4 AN IS 1S OO UPRTRTP 18
5 PIN CONFIGURATION ...ttt ettt ettt e e smn e esnnn e e snneeennneenas 19
Lo R IO T = 0[O T o [P UPR TR 19
5.2 LQFP B4-PiN .eeiiiieeeiiie ittt 20
5.3 LQRFP 48-PiN ..eeiiiiiieiiie ittt 22
Lo S T =T Tor o T I SR 23
6 ARM® CORTEX™-MO CORE .....coouiumiriiiirisisessessessesse sttt 30
7 SYSTEM MANAGEMENT ... s 32
A% R © V=1 = OO PRSPPI 32
7.2 SYSIEIM RESEL ...cciiiiiiiie e e 33
7.3  System Power DiStribDULION .........ocuuiiiiiii e 34
7.4 SYStEM MEMOIY IMAP ...iiriiiiiieiiiit et e e e e e s e e e e e 35
7.5  System Manager Controller RegisSter Map .........occueieiiiiiieiiiiiee e 37
7.6 System TIMEr (SYSTICK) ..eeeiieeiieiiiiii ettt 74
7.7  Nested Vectored Interrupt Controller (NVIC) .......cueiiiiiiiiiiiiieieee e 78
7.8  System Control BIOCK REQISIEN ... 130
8 CLOCK CONTROL ..ttt ettt et e e san e s b e bn e e snneeenneas 138
TR © 1YY 4V TSRS 138
S I A O (o o] Q1= g TT - o] RS 139
8.3  System Clock & SYSTICK ClOCK ........ceiiiiiiiiiiiiiii e 140
8.4 PeriPheralS ClOCK .......coiuiiiiiiiiie et 141
8.5 Power-down mode (Deep Sleep Mode) CIOCK ..o, 142
8.6  Frequency Divider QUIPUL .......ccoeiiiii i 143
8.7  REQISIEI MapP .o 144
8.8  Register DesCription ........cooi i 145
9 GENERAL PURPOSE O ...ttt ettt st 163
.1 OVEIVIBW ettt ettt ettt e e sttt e e et e e e st e e e aan et e e e aarne e e e nrne e e e e 163
0.2 FRAIUIES .. 163
9.3 FUNCHONAl DESCHPLION ... ..ttt a e e e s eee s 164
9.4  Enhanced PWM Port Output Driving CONLrOl ..........ccoiiiiiiiiiiiieeieiiieeece e 166
LS BRI S (=0 111 (=1 g 1Y = T oL TP PP PR 167
9.6 RegiSter DESCIIPLION ...t ettt e et e e e e e s e anbeeee s 168
10 TIMERS/COUNTERS ....ootiiieiiiiieiiiit ettt e e st e e e e e s st e e e e e s e snnstaneeeaeeeseannsnnnees 182
LO.1 OVEIVIEW .eeeeieieeeieetiee et e ettt e e e e e oottt et e e e e e e o s bbbt e e e e e e e e s anbbbeeeeaeeseannbeseeeaeeesannnnes 182
L0.2  FBAIUIES ...oeeeeeieeeietetetete ettt ettt ettt ettt ettt sttt 5555555555555 e s s st s et s e e s s s e e nnnnnnnnnne 182
O RC T =] (oTod [ql D= To ] =T o U TP PU TR POPUPPPRTTR 183

May 22, 2017 Page 2 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NAUVOTON Preliminary Technical Reference Manual
».;3;s;:ee—,— e, e—s——————————— /|

10.4  FUNCLION DESCIIPLION. ....eiiiiitiiieiitit ettt e e 184

ORI = To 11 (=] g 1Y =T o P PP TP OPPPP P 187

10.6  REQISIEr DESCIIPIION .....eiiiiieiiieiitie ettt e e e s enb e e e eneas 189

11 WATCHDOG TIMER (WDT) .ttt itie it sitee ettt st site et e e st e e sbaeessbeesbe e e snbeesnnes 198
L1.1 OVEIVIEW 1ottt sa ekt e e e et e e s e e e nnn e e s s e e s n e e e nnre e e nee s 198

112 FRAIUIES ...oeeeiiiee ittt ettt e et e e e e e e s et e e e s e s e e e e e e e s nnne 198

I IR I = (o Tod g =T [ =1 o O TP PP TP OPPPPPP 199

I =0 151 1= 1Y =T o TP PP PP OPPPP P 201

11.5 ReQIStEr DESCHPIION .....eiieiieiiieiitite ettt s e e s enbe e e e e eeeas 202

12 WINDOW WATCHDOG TIMER (WWDT)...ccitiiiiiieiiite ittt siee ettt 205
12,1 OVEIVIEW ..ottt ettt e e st e st e e e e s et e s e e e e e e e e e e nnees 205

L12.2  FRAIUIES ...oeeeeiiee ettt ettt et e et e e e e et bt e e e e a e e e e e e e e e nne 205

G I = 1 (o Tod g =T [ = o O TP PP OPPPP P 206

12.4  FUNCLONAl DESCIIPLION ...cciiitiiieiitiie ettt ettt e e neeas 207

12.5  REGISIET IMAP .ottt e e e e et e e e b 209

12.6  ReQIStEr DESCHPLION .....viieiitiiieiiiei ettt e s s et e e e eeeas 210

13  BASIC PWM GENERATOR AND CAPTURE TIMER (BPWM).......cocoiiiniiririnieieieceinens 215
D131 OVEIVIBW ..otttk e et sab et e ettt e e e b bt e e ekt e e e e e b e e e e enbe e e e e nbeas 215

13,2 FRAIUIES ...oeieeiiee ittt ettt e et e e e s e st e e e e e e a e e e e e e nne 216

R TG I = (o Tod g =T [ = o O PP PP OPPPPP 217

13. 4 PWM-TIMEr OPEIALION ...ceiiiiiieiiiiiie ittt e e e e 218

G TR == To £ (=] g 1Y =T o U PO OTPPPP 227

13.6  REQIStEr DESCIPLION .. uuvviiiiiiiiiiiiieieeeteteeeteteeseeseeeeeseeeseesaeassesesssserersssssseeeesrsreraresnrarene 228

14 ENHANCED PWM GENERATOR FOR MOTOR DRIVE (EPWM) .....ccccovvieiiieiiiienieee 243
LA L OVEIVIEW ..oeeeiiiiieieie ettt ettt ettt et s ettt e skt e e s e ab bt e e e bt e e e e e st e e e e enbe e e e e nbeas 243

P42 FRAIUIES ...oeeeeiiee ittt ettt e e e e e et e e e s e s e et e e e n e e e e e e e e e n e 244

14.3  PWM OPEIALION ...eiiiitiiit ettt ettt ettt sttt e e e e s et e e e e nbe e e e e e 245

144 PWM BAKE .coieeeei ettt ettt e e e e e sttt e e e e e e e e anntneeeeaeeeeannnnes 252

14.5 PWM Port Output Driving CONrOl ...........vviviiiiiiiiiiiieiiieieivivieeeeeeeeeeeseeeeseeeseseseseserenene. 255

14.6  PWM MOUES......eiiiiiieiitie ettt ettt ettt e e sbr e e s ma e e s be e e snbeeeneeas 256

14.7  POIArtY CONTIOL.. ... et e e e e e s e re e e e e e e e e annes 258

14.8 PWM Mask OULPUL FUNCLION .......oiiiiiiiiiiiiiiee e 259

14.9 Interrupt Architecture of Enhanced PWM..........ooiiiiiiiiiiiiiiiee e 262
14.20 REGISIEN MAP ..ciiiiiieiieie ettt e e e e e et b bt e e e e e e e e aanbeeeeeeeeeaanannes 263
14.11 ReQiSter DESCIIPLION .. ..eiieiieiiie ittt e ettt e et e e e st e e s enbe e e e e neeas 264

15 MOTOR DRIVE UNIT (MDU) ..iiiiiiiiie et e e sttt e e e s st e e e e e e e s snnstnnneea e e e s s annsnneees 280
15,1 OVEIVIEW ..oeeeiiiiiteie ettt ettt ettt e et e et e e e e e e e e e e e s e e e e nnes 280

15.2  FRAIUIES ...ooriiiiie ittt a e e 280

15.3  MDU ATCIITECIUIE ...ttt ettt e e 281

May 22, 2017 Page 3 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NAUVOTON Preliminary Technical Reference Manual
».;3;s;:ee—,— e, e—s——————————— /|

15.4 Operation of Motor DIiVE UNIt ......cceeeiiiiiiiiiiieee et e s e e e e snane e e e e e e eannes 282

LT ST =T 1] (=T g 1 - o PP RRRR 283

15.6 REQISIEr DESCHPLON . uuiiiie i ittt e et e s e e e s s s e e e e e s e seanbeeeeeeeeesenannes 286

16  HARDWARE DIVIDER.......cittiiiiiiiii ettt sttt e e st e e e e nbee e e s nneees 315
L16.1  OVEIVIEW ..eeeeiiieeieeiitieiie et e e e e ettt e e e e e s s aat ettt eeaeeeaansbabeeeeaaesesannbsbeeeeaeeseannbseeeaeeeesaannnes 315

L16.2  FRATUIES ...eeietiiieiieieeetete ettt ettt ettt ettt ettt 5 5555555555555 5 555 et s et e et s e s s s ennnnnnnnne 315

G TRC T =T 1] (=T g 1 - o PSRRI 316

R A = To 1) (= gl LYY ol o) o ) o PSR 317

17 ENHANCED INPUT CAPTURE TIMER......cccttiii ittt 323
0 R @ V= V= PP PP PRRT 323

L17.2  FRAIUIES ...eetititieeieieteteteteeeee ettt ettt ettt et e ettt 5555555555555 et s e et st s s e s e e e e e eeennnnnnnn 323

17.3 Input Capture Timer/Counter ArChitECIUIE ............eveiiiiiieiiiii e 324

A S T o 10 L A\ (o T Y= 1 (T PSPPIt 325

17.5 Operation of Input Capture TiMer/COUNLET ...........uueereerereereeereererreeeeereeeerrererererer. 326

17.6 Input Capture Timer/Counter Interrupt ArChiteCtUre............uvvvvvvevveeeeeeiiiieieeeereeenannnns 329

A o = To 1S (=T V= o PSPPIt 330

17.8 ReQISter DESCIPLION .. uuvuviiiieieieieieeeireeieetaeeeteeeseseeeseeeesesseeseeeesreseeeressnerrereerarernrernrarrnes 331

18 QUADRATURE ENCODER INTERFACE (QEI)....uuiiiiiiiiieiiiiiie et 341
L18.1  OVEIVIEW ..eeeeieieeiieiiiie ettt e ettt et e e e e ookttt et e e e e e e s bbb et e e e e e e e s anbb b et e e e e e s e annbnreeeeeeesannnnns 341

18.2  FRALUIES ...oeeeeeeeieeeeeeete ettt ettt ettt ee st e e se et et e e e s s s s s e e s s s s s s e s e s s s e ne s e e e e e nnnennnnnnnnne 341

S T @ ] = AN ol 1 (Tt (1] = PSP PPPPRt 342

18.4  INPUL INOISE FIlLEI ..uuviiiiiiiiiiiiiiiieitieteieeeteteaeteteeeteeeaeteaeseaeseeeaesssssesessssssssssssssssnsnssnnnnnnnes 343

18.5 Operation of Quadrature Encoder INterfaCe............uuvuvriereiiierieeiiiiiiiirieieeeeeeeeeesenenenes 344

18.6  COMPAre FUNCHON .......eiiiiiiiiii ettt e e e e e e 348

18.7 Reload Counter BY Pin IDX .....coiiiiiiiiiii ittt 349

18.8 Capture QEP COUNET .....cciiiiieeiieie ettt e e e e 350

18.9 QEI INterrupt ArChIitECIUIE .......coiueiiii ittt 352
18.10 REGISIET IMBP ..ottt ettt ettt ettt e sttt e e s et e e e e nbe e e e e b 353
18.11 ReQIStEr DESCHIPLION .....eeieiieiiie ittt sttt e e e e e et e e e e eeeas 354

19 UNIVERSAL ASYNCHRONOUS RECEIVER TRANSMITTER (UART) ..ccovviiveeiiieeeeee, 364
I B0 R @ V=T V= OO PPRRR 364

19.2  FRAIUIES ...eeeeeeieeeieieeeteteteeete ettt ee et ae et e se e s s s e s s e s e s e s s e s sessnssnnnnnnnnnnnnnnn 366

S TR I = 1 (o ot T =T [ = oo I PSPPI 367

L TR S 0 7 N Y/ Yo [ OO PPRRR 370

19.5 LIN (Local Interconnection Network) Mode...........eueiiiiiiiiiiiieiiiiie e 372

19.6 RS-485 fuNCHON MOAE.......ciiiiiiiiiieie et e e e e 381

19.7  REGISIEN MAP ..ottt ettt e e e e e s bbbt e e e e e e e e aanb e e e e e e e e e e aaannes 383

19.8 REQISIEr DESCIIPLION ....eeiiiiiiiitiit ittt ettt e e e e bbb e e e e e s e sanbeaee e e e e e e aaanees 384

May 22, 2017 Page 4 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NAUVOTON Preliminary Technical Reference Manual
».;3;s;:ee—,— e, e—s——————————— /|

20 SERIAL PERIPHERAL INTERFACE (SPI)..ciiiiiiiiiiiiiie ettt 411
20,1 OVEIVIEW ..eeiiiieiiie ittt ettt ettt e r et e s e ek e e sb et e s R et e snr e e s nn e e ne e e snne e e nnne s 411

20,2 FRALUIES .....cutiiiiiiii it 411

210 I T = 1 (o o3 1 D 1T Vo | - o o PSSR 412

20.4  FUNCLIONAl DESCIIPLION .. .veiiieeeesieieiee et e e e s e et e e e e e e s s e e e e e s s e e e e e e e s ssnnnraeeeeaeaean 413

20.5  TiMING DIBGIAM .. .eeiieiiiiie ettt e et e e et e e e st e e e e s anbr e e e e anbe e e e e annnes 421

20.6  Programming EXAmMPIES ........oooiiiiiiiiiiie e 423

20.7  REQISIEN IMBP ..eeeiiiiite ettt ettt e et e e e 425

20.8 REQISIEr DESCIIPLION ... .viieeiiietee ettt e et e e 426

21 PC SERIAL INTERFACE ......oovveieeeeeseeeeeeeeee e n s 440
pZ 0 R © V=1 V= P PP OTPRP P 440

21,2 FRAIUIES ... s 441

21.3  FUNCLONAI DESCHIPLION ....ceiiiiiieeiiiiie ettt 442

21.4  ProtOCOI REQISIEIS ..ccoiiiiiie ittt 445

215 REQISIEN IMBP 1ottt ettt 449

21.6 REQISIEr DESCIPLION ... .viiie ittt e et e e eaeas 450

21.7  OPEration MOUES ....ccoi ittt ettt et e et e e et e e e e 460

22 CONTROLLER AREA NETWORK (CAN) ...oiiiiiieiiieitit ettt 466
P R © Y= V1= PSR PRER 466

22.2  FRALUIES ....eeiieieiii ettt e e st e e e e e e e e e e 466

e T =1 o ol g I T=To [ =10 o PP OPPPPP 467

22.4  FUNCLONAI DESCHIPLION ....ceiiiiiiie ittt e 468

22.5  TESEIMOUE ....ooiieiiieii ettt 470

22.6  ReQiStEr DESCIIPLION . ... s 492

22.7  REQISIEI MAP .. 493

22.8 CAN INterface RESEL STALE .........ccuviieiiiiie et 495

23 12-BIT ANALOG-TO-DIGITAL CONVERTER ..ottt 534
P22 I R © 1= V1= PSSR 534

23.2  FRALUIES ...ttt 535

23.3  BIOCK DIAQIaM ... s 536

23.4  OpPeration PrOCEAUIE .......coiiiii ittt e e e e e et e e e e e e s enbnbeeeaaaee s 538

P22 B (= To (S (=] g 1V =Y o I PP UT TP PPPTP 549

23.6  REQISter DESCHPLION .. ..eitiiiiieii ittt e e et e e e e e e s bn e eeaaaeaeas 552

24 ANALOG COMPARATOR ...ttt ettt sttt ettt et e e ssbe e be e e snbeaesaneeaas 583
P R @Y= V1= PP TP TO TP PPPTP 583

24,2 FRALUIES ... s 584

P2 e B = (o Tod [l BT To | =10 PP 585

244 INTEITUPE SOUICES ... s 586

24.5  HYSLEreSiS FUNCLION ... .uuiiiiiieii ittt e e et e e e e e e eeaaae e as 587

May 22, 2017 Page 5 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NAUVOTON Preliminary Technical Reference Manual
».;3;s;:ee—,— e, e—s——————————— /|

P T = (=0 15 (=Y gl 1Y = o PSR 588

24.7 REQISIEr DESCHPIION .. .uiiiiiiie e i e e e e s s e e e e e e e s r e e e e e sennrnrrreeaaeeean 589

25 OP AMPLIFIER ...ttt ettt e ettt e e et e e e st e e e e snbe e e e e nnbee e e e nneeas 595
25.1  OVEIVIEW ..oeieeiieiiie ettt e ettt e e e e e e sttt e e e e e e e e e e e bttt e e e e e e e e antnbeeeeaaeeesanbnbaeeeaaenean 595

25.2 FRALUIES ... s 595

A TRC T =1 o o) [q DI =T [ =10 ¢ B O PP PU PSP OPPPPP P 596

254  INTEITUPE SOUIMCES ...uuiii ittt e e e e e e e et r e e e e e e eanba s 597

ST T = (=0 15 (= g 1Y - o PR 598

25.6  REQISEr DESCHPIION .. .uiiiiiiie e i e s e e e e e s e e e e e e s e s e e e e e s s e nnn e eeaaeaeas 599

26  FLASH MEMORY CONTROL (FMC) ...itiiiiiiiiie ettt ettt 602
P2 T R © Y= V1= PRSP 602

26.2  FRATUIES ... s 603

26.3  BIOCK DIAQIam ... s 604

26.4  FUNCtional DeSCIIPLION .. ... s 605

26.5 In-Application-Programming (IAP) ... 613

26.6 In-System-Programming (ISP) .......ccoooioiiiiiiieie s 614

26.7  REQISIEI MAP e 617

26.8 ReQiSter DESCIIPLION . ... s 618

27 ELECTRICAL CHARACTERISTICS ...ttt a e e s 627
27.1 Absolute MaxXimum RaAtINGS .....ccoeoieieiiiieiecire e 627

27.2 DC Electrical CharaCteriStiCS. ... ... .uueiiiiiiiiiiiiiii it 628

27.3 AC Electrical CharaCleriStiCS ........uuueiiiaiaiiiiiiiiieeee ettt e eeea e 631

27.4  ANAIOYG CharaCteriStICS ... s 633

28 PACKAGE DIMENSIONS ... e e e e et e e e e e e e e et s e e e e e e eaaaaan s 637
28.1 100L LQFP (14x14x1.4 mm footprint 2.0MM).......cooiiiiiiiiieiiiiieie e 637

28.2 64L LQFP (10x10x1.4mm footprint 2.0 MM).....coooiiiiiiiiiiececccee e 638

28.3 48L LQFP (7x7x1.4mm footprint 2.0MmM)......cccoooiiiiiiiiiccce e 639

29 REVISION HISTORY ....itiiiiiiiiiee ettt et e ettt e e st e e e e st e e e st e e e e snteeaeesnbeeeeeaneees 640

May 22, 2017 Page 6 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

List of Figures

Figure 5-1 NuMicro™ NM15xx Series LQFP-100 Pin Diagram ..........ccccceeiiurreenniiereiniieee e 19
Figure 5-2 NuMicro™ NM15xx Series LQFP-64 Pin Diagram .........cccoccuvvieiiireeeiiiiiieniieee e 20
Figure 5-3 NuMicro™ NM15xx Series LQFP-48 Pin Diagram ..........ccoccuvvieiiiirieniiieeenniieee e 22
Figure 6—1 Functional Controller DIagram ..........cocuueiieiiieiieiieee et e e 30
Figure 8—1 Clock Generator BIOCK Diagram ............eeeeieiiiiiiiiiiiiee e ciiiiineee e e e s s ssinnee e e e e e s snnrnnee s 139
Figure 8—2 System Clock BIOCK DIagram .........cccuuviiiieeeeiiiiiiiieie e e st ee e e e e e s e e e e e e s snnraaee s 140
Figure 8—3 SysTick Clock Control BIOCK DIiagram ...........ccccuriiiieeeisiiiiiiieeee e e s scivneeee e e e snnsvneeeas 140
Figure 8—4 Clock Source of FrequeNnCy DIVIAET .......cciiveiiiiiiiiiiiiee ettt 143
Figure 8-5 Block Diagram of Frequency DIVIAEN ..........cooiiiiiiiiiiee e e et e e 143
Figure 9—1 PUSh-PUIl QULPUL.........uuieii s 164
Figure 9—2 Open-Drain OULPUL..........ciiiiiiiieiitiee ettt sttt e e i e e e s ebe e e e e neees 164
Figure 9-3 Quasi bi-directional I/O MOGE ..........ccoiuiiiiiiiiiie e 165
Figure 9—4 PWM Output Driving CONTIOI .........uiiiiiiiiieiiiiee et 166
Figure 10-1 Timer Controller BIOCK DIagram .........c..cooiiuiiieiiiiee et 183
Figure 10-2 Clock Source of Timer CONIOIEN ..........oiiiiiiiiiiie e 183
Figure 10-3 ContinUous CouNtiNg MOGE .........uuiiiiiiiiie ittt 185
Figure 11-1 Watchdog Timer ClOCK CONLIOL...........uuuuiiii s 199
Figure 11-2 Watchdog Timer BIOCK Diagram ... s 199
Figure 11-3 Watchdog Timer Time-out Interval and Reset Period Timing .........cccccceeevviiiiiecennnn. 200
Figure 12-1 Window Watchdog Timer CloCK CONtrol.............uuueuiiiiic e 206
Figure 12-2 Window Watchdog Timer BIOCK Diagram ...........cccocoiiiniicicccc e 206
Figure 12-3 Window Watchdog Timer reset and reload behavior ............cccooccviiiiiiiiinee e, 208
Figure 13-1 PWM CIOCK SOUICE CONIOL.....coueiiiiiiiiiie ittt 217
Figure 13-2 PWM ArchiteCture DIGQIaM ..........ueiiiiiiiieiiiie ettt 217
Figure 13-3 Legend of Internal Comparator Output of PWM-TIMer .........cccoviiiiiiiiiiiiiniiee e, 218
Figure 13-4 PWM-TIimer Operation TiMING .........ouiuuiiaiiiiieiiiee et 219
Figure 13-5 PWM Edge-aligned Interrupt Generate Timing Waveform..........cccccoovviiiniennnnn, 219
Figure 13-6 Center-aligned Type Output WavefOorm...........cccooi e 220
Figure 13-7 PWM Center-aligned Interrupt Generate Timing Waveform ............ccccccccoeiniiiiinnen. 221
Figure 13-8 PWM Double Buffering HUSLration.............oooiiiiiiiiiiiiieieee e 222
Figure 13-9 PWM Controller Output DUty RALIO. .......ccccoiiiiiiiiiiiie e 223
Figure 13-10 Paired-PWM Output with Dead-zone Generation Operation ...........cccccceevviiuvineenn. 223
Figure 13-11 Capture Operation TIMING .........coouuueiiieieaiieiee e e e e e e e e e e e e e annbeaeeeas 224
Figure 13-12 PWM Interrupt ArchiteCture Diagram........c..eeeiiuiiee i 225
Figure 14—1 PWM BIOCK DIGgIam .......coouuuiiiiiiiiie ittt ettt e st e e e 244
Figure 14—2 PWM CIOCK SOUICE CONLIOL ........viiieiiiiiie ittt 245
Figure 14—3 PWM TiMe-DASE GENEIALON ........uuiieiieiiieiiiiie ettt ettt e s e nbee e e 245

May 22, 2017 Page 7 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NAUVOTON Preliminary Technical Reference Manual
».;3;s;:ee—,— e, e—s——————————— /|
Figure 14—4 Edge-aligned PWIM .........cuuiiiiiie ettt e e e st e e e e e e st e e e e e e s e annrnneees 247
Figure 14-5 PWMO Edge aligned Waveform OUIPUL..........cc.vviireeeii e e 247
Figure 14—6 Edge-aligned FIOW DIiagram ..........cccuuuiirieeiiiiiiiiieie et e e e e s s e e e e e e s snnrnaee s 248
Figure 14—7 Center-aligned MOGE ...........ouviiiiiiiiiiiiiir e e e e e e e e e s snraaee s 249
Figure 14-8 Example PWMO Center-aligned Waveform OUPUL..........ccccveeeeiiiiiieeeee e, 250
Figure 14-9 Center-aligned Flow Diagram (INT_TYPE = 0) ..ccveeeiiiiiiiiiiiiree e cciiieeeee e s 251
Figure 14—10 PWM Brake FUNCHON .........uiiiiiiiiie ittt 252
Figure 14-11 PWM Brake Condition (Edge-aligned Mode)...........cccceeiiiiiieiiiiiie e 253
Figure 14-12 PWM Brake Condition (Centre-aligned MOde) .........c.ceeiiiiiieiriiiieiniiiee e 254
Figure 14—-13 PWM Output Driving CONIIOl ........coouiiiiiiiiiieiiiie et 255
Figure 14—14 Dead-Time INSEITION .....cocuuiiiiiiiii ittt 256
Figure 14-15 Initial State and Polarity Control with Rising Edge Dead Time Insertion............... 258
Figure 14—16 Illustration of Mask CONrol .............uuuuiriiii s 259
Figure 14—-17 Architecture of Enhanced PWM INTEITUPLS ........uuemeiiiii e 262
Figure 15—1 MDU CIOCK SOUICE CONIOL........uuuiiiiiiiiiii s 281
Figure 15-2 Motor Drive Unit ArChIitECIUIE..........uuueeiiiiii s 281
Figure 15—3 Pl Controller ArChitECIUIE...........uuuueii s 282
Figure 17-1 Input Capture Timer/Counter Clock Source Control..........cccccoeviiiiiiiiiiiiiiecccccccnne 324
Figure 17-2 Input Capture Timer/Counter ArChiteCtUre.........uuviiiiiiiie i 324
Figure 17-3 Noise Filter Sampling Clock SeleCtion............coccuviiiiiiiiiiiiie e 325
Figure 17—-4 Input Capture Timer/Counter FUNCtions BIOCK ...........ccccccviiiiiiiiiice e 327
Figure 17-5 Input Capture Timer/Counter Interrupt Architecture Diagram ...........ccccceevviieeenninn. 329
Figure 18—1 QEI ClOCK SOUICE CONIIOL......cciuiiiiiiiiiiie ittt 342
Figure 18—2 QEI BIOCK DIGQIAIM .........uuuuiiiiiiiiiiii s 342
FIQUIE 18—3 NOISE FIlLEI ... .uuuuiiiiiiiiiiiiii s 343
Figure 18—-4 Noise Filter Sampling CIOCK SeleCtion............ccccciiii e 343
Figure 18-5 QEA/QEB/IDX Timing Requirement through Noise Filter..........ccccceeiviiiiiiiiiiiiiieennn, 343
Figure 18—6 X4 CoUNtING MOUE .......uuuuiiiiiiii s 345
Figure 18—7 X2 CoUNtING MOUE ......uuuuiiiiiiiii s 346
Figure 18—8 COmPare OPEIAtION ........cocuuuiieiiueiieeiiiiieeartieeesrtieee st eessnbee e s ssbeeessnbeeessnbeeeesnnneas 348
Figure 18—9 QEI_CNT Reload/ReSet CONIOL.......cuuiiiiiiiie ittt 349
Figure 18—10 Trigger Control of Capturing QEP COUNLET .........cccoiiiiieiiiiiie i 350
Figure 18-11 Capture and Latch QEP COUNLET .........cciiiiiiiiiiiiie e 351
Figure 18-12 Quadrature Encoder Interface Interrupt Architecture Diagram...........ccccoccvvveennnen. 352
Figure 19-1 UART Clock CoNtrol DIagram..........cocuueieiiiiieeiiieeeseiieeessiieeessiieeessiseeesssieeessnnneas 367
Figure 19-2 UART BIOCK DIAQIaIM.........uuuiiiiieiiiiiiiiiie e ettt e e e e e e e e s e annbeaeeeas 367
Figure 19-3 Auto Flow Control BIOCK Dialgram..........cuiiiiiiiiiiiiiieeaee et 369
Figure 19-4 IrDA BIOCK DIBQIAM ..ccoiiiiiiiiiiete ettt e e e et e e e e e e e e aeeeas 370

May 22, 2017 Page 8 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NAUVOTON Preliminary Technical Reference Manual
».;3;s;:ee—,— e, e—s——————————— /|

Figure 19-5 IrDA Timing DIGgIam .......cocuuuiioiiiiiie ittt e 371
Figure 19-6 Structure of LIN FIrame ..........ooo it 372
Figure 19-7 Structure of LIN BYEE .....cooiiiiiiiiii et 372
Figure 19-8 Break detection in LIN MOGE .........oooiiiiieiiiiie et 375
Figure 19-9 LIN Sync field MeaSUIeMIENT ..........uii ittt 378
Figure 19-10 UA_BAUD update sequence in automatic resynchronization mode (LINS_DUM_EN
2 L) ettt ettt ettt ettt ettt et et ettt ettt et n et ee et en e et et en e en et 379
Figure 19-11 UA_BAUD update sequence in automatic resynchronization mode (LINS_DUM_EN
2 0] ettt ettt ettt ettt ettt ettt ettt ettt et ettt ettt et ettt en ettt enseeeen et 379
Figure 19-12 Structure of RS-485 Frame ..........cccuuiiiiiiei it e e e e e e e e snrraee s 382
Figure 20-1 SPI BIOCK DIagramM........ccicuuiiiiiiie e i siiiieee e e e s s st e e e e e e s st e e e e e e s s snnntnneeeeaeessannrennees 412
Figure 20-2 SPI Master Mode Application BIOCK Diagram............ccceeeiriereiniieeennnieeeseiieee e 413
Figure 20-3 SPI Slave Mode Application BIOCK Diagram............coouiieiiiiireiniiiee e 413
Figure 20-4 32-Bit in ONE TranSACHON ........ciiuiiiiiiiiiie ittt et e e eeees 415
Figure 20-5 Byte REOIder FUNCLON ..........uiiiiiiii ettt 416
Figure 20-6 Timing Waveform for Byt€ SUSPENG........coccuiiiiiiiiiie e 417
Figure 20-7 FIFO Mode BIOCK DIGQIAM .......ocuuuiiiiiiiiie ittt 418
Figure 20-8 SPI Timing in Master MOUE ..........uuuuiiii s 421
Figure 20-9 SPI Timing in Master Mode (Alternate Phase of SPI_CLK) .......ccccccoiiiiiiiiiiiiiiiiinnn, 421
Figure 20-10 SPI Timing iN SIaVe MOUE .........uuuuiii s 422
Figure 20-11 SPI Timing in Slave Mode (Alternate Phase of SPI_CLK) ........ccccooiiiiiiiiiiiiiiiienn, 422
Figure 21-1 I°C Bus L]0 11 o PP PPTPPP 440
FIGUIE 21-2 12C PIOLOCO ... eeeeeeeeeeeeeeee ettt et e e e et e e e et ee et s s e eeeeeeeeen e eeeeenenns 442
Figure 21-3 Master TransmitS Data to SIAVE ...........eeiiiiiiiiiiiiii e 442
Figure 21-4 Master Reads Data from SIAVE .........ccuuiiiiiiiiiiiie e 442
Figure 21-5 START and STOP CONAItION .......vuiiiiiiiiieiiiiee et 443
Figure 21-6 Bit Transfer on the 2C BUS .ot e e et e et ee ettt en e 444
Figure 21-7 Acknowledge on the 2C BUS e eeeeeeeeeeee e et eee et en ettt en et en e 444
Figure 21-8 1°C Data ShiftiNng DIF€CHON ........c.evveeeeeeeeeeeeeeeeeeeeeee e e e e eeeeeteseseseeeeeeeseseseeeeeesenes 446
Figure 21-9 I°C Time out Count Block [>T | = o PP PPPPPNt 448
Figure 21-10 Legend for the Following Five FIQUIES .......oocuuiiiiiiiii e 460
Figure 21-11 Master TranSmitter MOAE ..........ooiuiiiiiiiiei e 461
Figure 21-12 Master RECEIVEN MOUE ........cooiiiiiiiiiiiie ettt 462
Figure 21-13 Slave RECEIVEN IMOTE .........eiiiiiiiiiiiiiie ettt e e e e e aee s 463
Figure 21-14 Slave TranSmitter MOUE ........coouiiiiiiiiiie i 464
FIGUIE 21-15 GC MOUE ....eiiiiiiiieeiitiee ettt ettt e et e s st e e s et e e s e nbe e e e e nbee e e e nbeas 465
Figure 22-1 CAN Peripheral BIOCK DIagram .........cc.ueeeiiuiiieiiiiiee et e s 467
Figure 22-2 CAN Core in SIleNt MOOE «.....oieiieiiieiiiiiie e 470

May 22, 2017 Page 9 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NAUVOTON Preliminary Technical Reference Manual
».;3;s;:ee—,— e, e—s——————————— /|
Figure 22-3 CAN Core in LOOP BAaCK MOUE .......ooiiiiiiiiieiieieeee s 470
Figure 22-4 CAN Core in Loop Back Mode Combined with Silent Mode ............cccccoeveviiiiinnnn. 471
Figure 22-5 Data Transfer between IFn Registers and MESSage ........cccvvveviriiiiininiiniicininieies 474
Figure 22-6 Application Software Handling of a FIFO Buffer.........cccocooiiiiiiiiniicii, 479
Figure 22-7 Bit TIMINQ «.ooveeeeeieeiie et 481
Figure 22-8 Propagation TiMe SEOMENT........ciiiiiiiiiiiiieieeeee st 483
Figure 22-9 Synchronization on “late” and “early” EAQeS .......ccccviiiiiiiiiiiiiiis i 485
Figure 22-10 Filtering of Short DOmINant SPIKES.......civiiiiiiiiiiiiiee e 486
Figure 22-11 Structure of the CAN Core’s CAN Protocol Controller ..........ccccovvvriiiiniieniennn. 488
Figure 23—1 ADCA Converter BIOCK Diagram...........cceeeieiiiiiiiiiieeeesiiiiiineeeee e s s ssinneeeeee s s s snnnsnnnees 536
Figure 23—2 ADCB Converter BIOCK Diagram......... ..o 537
Figure 23—3 ADC CIOCK CONEIOL.......uuuuuieieiiiii s 537
Figure 23—-4 Single Sampling Mode Conversion Timing Diagram ..........cccccceeeieeieieieiiseeeeseeeennns 539
Figure 23-5 SAMPLEAO~3 and SAMPLEBO~3 Control Block Diagram ...........cccceeeeiiiiiiieiiieennnn. 540
Figure 23-6 SAMPLEA4~7 and SAMPLEB4~7 Control Block Diagram ............ccccoceveviiinneenne. 540
Figure 23—-7 SAMPLE Conversion Priority Arbitrator Diagram .........ccccoccvveeniiiee e, 541
Figure 23—8 PWM-triggered ADC STAIT ........cuueiiiiiiiieiiiiee sttt e s e 542
Figure 23-9 Specific SAMPLE A/D EOC Signal for ADINTO INterrupt .........cccoeveevieeeeiniineeenene, 544
Figure 23-10 Specific SAMPLE A/D EOC Signal for ADINTL INterrupt ........ccccceeviveeinninneennnne. 544
Figure 23-11 Specific SAMPLE A/D EOC Signal for ADINT2 Interrupt ........cccceeeeeeeeiiieieseeeeeennnn 545
Figure 23-12 Specific SAMPLE A/D EOC Signal for ADINT3 Interrupt ........cccoeeeieieeieeiieieieeeennnn 545
Figure 23—-13 Conversion Start Delay Timing Diagram ..........ccccccooooiiiiiiiiiiiiiscecce e 546
Figure 23-14 A/D Extend Sampling Timing Diagram ..........cccccooiiiiss s 547
Figure 23—-15 A/D Conversion Result Monitor Logics Diagram .........cccccceeeeieiiiieiiiiisisieccceeceennn 547
Figure 23—16 A/D CoNtroller INtEITUPLS ......uueeeeiieii s 548
Figure 24—1 Analog Comparator BIOCK DIagram ...........c.eeiiiuiiieiiiiiie e 585
Figure 24—2 Analog Comparator Controller INterrupt..........coouueeeiiiiie e 586
Figure 24-3 Comparator HysSteresis fUNCLION ............oooiiiiiiiiiie et 587
Figure 25—-1 OP Amplifier BIOCK DIGQIam .........cooiiuiiiiiiiiie ittt 596
Figure 25-2 OP Amplifier Interrupt Flags for Analog Comparator Interrupt ..........cccceeeviieeeennnen. 597
Figure 26—1 Flash Memory Control BIOCK Diagram ..........ccooiuuieeiiiiiieiiiiee i 604
Figure 26-2 Flash Memory OrganiZation ............c..ueeeiiieoiiiiiiieie e e e 606
Figure 26-3 Program Executing Range for boot from APROM and boot from LDROM .............. 611
Figure 26-4 Executable Range of Code with IAP Function Enabled ...............occcoiiiiiniiiinen. 613
Figure 26-5 Example Flow of Boot Selection by BS Bit...........ccooiiiiiiiiiiiiiiiiiiieeceee e, 614
Figure 26-6 ISP FIOW EXAMIPIE ....cooiiiiiiieiii ettt e e 615
Figure 27-1 Typical Crystal Application CirCUIL ...........oooiiiiiiiiiiie e 631

May 22, 2017 Page 10 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

List of Tables

Table 7-1 Address Space Assignments for On-Chip Controllers. ..o 36
Table 7-2 System EXCEPLioN MOEL ........ccoouiiiiiiiiiie ettt 79
Table 7-3 System EXCEPLION AP ...ccoiuiiiiiiiiiiee ittt e et e e et e e e sbe e e e e sbreeaeanes 80
Table 7-4 VECION TADIC....cci it e et e e e b e e e e sbneeaeanes 80
Table 8-1 Power-down mode Control Table ..o 146
Table 11-1 Watchdog Timer Time out Interval SeleCtion............ccccviiieeiee i 200
Table 12-1 Window Watchdog Timer Pre-scale Value Selection ..........cccccoecvvveiveveeiiiiciineeneeenn 207
Table 12-2 WINCMP Setting LIMiItation ........cccvvviiiieeeis e s st e e e e e s s sinien e e e e e s s snnrneeeeaeeean 208
Table 18-1 DIireCtion Of COUNL .......cocviiiiiiiie e e s 347
Table 19-1 UART Baud Rate EQUALION ..........uueiiiiieeiieeiieeieeeeeeeeeeseesseseessesesesesesssssssssssesssesesesnrennnn 364
Table 19-2 UART Baud Rate Setting Table............ooi i 365
Table 19-3 LIN Header selection in Master MOUE ..........coiiiiiiieiiiiiie e 373
Table 19-4 UART Interrupt Sources and Flags Table in Software Mode ............cccccooviieienninenen. 399
Table 19-5 Baud Rate EQUALION TabIE.......ouuiiiiiiiiiiiiie et 401
Table 21-1 I°C Status Code DeSCHPtON TADIE ...........coveiveeeeeeeeeeeeeeeeeeeeese e, 447
Table 22-1 Initialization of @ TransSmMit ODJECT .........coiiiiiiiiiiiie e 476
Table 22-2 Initialization of @ RECEIVE ODJECT .......vviviiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e eeerereeeeeeeeeeeeene 477
Table 22-3 CAN Bit TimMeE ParamMeters .......ccuuviiioiuriiiiiieiee e snrne e snnneee s 482
Table 22-4 CAN Register Map for Each Bit FUNCHON ............cevviiiiiiiiiiiiiiiiiiiieeeeeeeeeeveveeeveeeeeeeeeees 498
TabIE 22-5 EFTON COUR ...eeiiiiieie ittt ettt ekt s e e st e s e e e s s e e e s eee s 502
Table 22-6 SOUICE Of INTEITUPLS ....vvviiiiiiiiiiieieeeeeeeteeeeeeeeeeeeeeeeeeeeeeseesessaessesesasesssssasssssssssesssessnssesnnes 505
Table 22-7 IF1 and IF2 Message Interface RegiSter ..........ocoiiiiiiiiiiiiiic i, 509
Table 22-8 Structure of a Message Object in Message MEmMOTIY...........euveveeveeeeeeereeerererereeeeenennnns 523
Table 26-1 MemMOry AQUrESS IMBP .....ciuuiii ittt e e bt e e s nnneeee s 606
Table 26-2 ISP COMMEANG LiSt........oiiiiiiiiiiiiiii ettt eee s 616

May 22, 2017 Page 11 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

MNUVOTONMN Preliminary Technical Reference Manual
s SSEEEEEEEE S

1 GENERAL DESCRIPTION

The NuMicro™ NM15xx Series 32-bit microcontroller is embedded with the newest ARM®
Cortex™-MO core at a cost equivalent to traditional 8-bit microcontroller for industrial control and
applications which need high performance.

The NuMicro™ NM15xx Series embedded with the Cortex™-MO core runs up to 72 MHz and
supports a variety of industrial control and applications which need high CPU performance. The
NuMicro™ NM15xx Series provides 128K/64K/32K bytes embedded flash, 4 Kbytes data flash, 4
Kbytes flash for the ISP, and 16K/8K/4K/2K bytes embedded SRAM. This MCU includes
advanced PWM function, MDU (motor drive unit) and input capture timer which are specially
designed for motor driving application. It is also equipped with plenty of peripheral devices, such
as Timers, Watchdog Timer, UART, SPI, 12C, PWM Timer, GPIO, 12-bit ADC, Low Voltage
Detector and Brown-out detector. These useful functions make the NuMicro™ NM15xx Series
powerful for a wide range of applications.

In addition, the NuMicro™ NM15xx Series is equipped with ISP (In-System Programming) and
ICP (In-Circuit Programming) functions, which allow user to update the program memory without
removing the chip from the actual end product.
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2 FEATURES

® Core
ARM® Cortex " -MO core runs up to 72 MHz

B One 24-bit system timer
B Supports low power sleep-mode
B Single-cycle 32-bit hardware multiplier
B NVIC for the 32 interrupt inputs, each with 4-levels of priority
B Supports Serial Wire Debug (SWD) support with two watchpoints and four breakpoints
® Memory
B 128K/64K/32K bytes Flash for program memory (APROM)
B 8 Kbytes Flash memory for ISP loader (LDROM)
B 4 Kbytes Flash memory for Data Flash
B Supports In-system program (ISP) and In-application program (IAP) application code

update
B 16K/8K/4K bytes SRAM for internal scratch-pad RAM
B Supports 2 wire ICP update from ICE interface
B Supports fast parallel programming mode by external programmer

® Clock Control
B Programmable system clock source

B Built-in internal 22.1184 MHz OSC (trimmed to 1%) for system operation

B Built-in low power 10 kHz OSC for watchdog timer and wake-up in sleep mode
B External 4~24 MHz crystal input

B Supports one PLL, up to 72 MHz, for high performance system operation

® Hardware divider
B Supports signed 32-bit dividend, 16-bit divisor operation

® GPIO port
B Up to 8-bit, 11-port /O

B Bit control available
B Four I/O modes:
€ Quasi bi-directional
€  Push-pull (output with high driver and sink current)
€ Open-drain
€ Input only with high impendence (default)
B TTL/Schmitt trigger input selectable
B |/O pins configurable as interrupt source with edge/level setting

B INTO and INT1 pins with individual interrupt vectors

® Timers
B Supports four channel 32-bit timers; one 8-bit pre-scale counter with 24-bit up-timer for
each timer
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B 24-bit timer value is readable through TDR (Timer Data Register)
B Supports One-shot, Periodic and Toggle operation modes
B Supports event counter function

® \Watchdog Timer
ON/OFF by hardware configuration or software

Multiple clock sources
Supports wake-up from Power-down or Sleep mode

Interrupt or reset selectable on watchdog time-out

Time-out reset delay period time can be selected

® WWDT (Window Watchdog Timer)
B 6-bit down counter with 11-bit pre-scale for wide range window selected

® Basic PWM
B 1 unit of 16-bit basic PWM, up to 2ch output

B Alternative function as input capture timer

® Enhanced PWM

B 2 units of 16-bit enhanced PWM, up to 6ch output with dead-zone control, brake and
polarity control for motor drive

B Default tri-state during any reset

® Enhanced Input Capture
B Up to 2 units of 24-bit input capture

B Each unit has 3 inputs: ICO, IC1 and IC2

® QEI (Quadrature Encoder Interface)
B Up to 2 units of Quadrature Encoder Interface

B Each unit has 3 inputs: QEIA, QEIB and IDX

® MDU (Motor Drive Unit)
B Built-in Pl + FOC + SVPWM

B Output Space Vector PWM timing to PWM unit 0/1

® UART
Up to two 16550 compatible UART devices

Programmable baud-rate generator

Buffered receiving and transmitting, each with 16 bytes FIFO
Supports flow control (TX, RX, CTS and RTS)

Supports IrDA(SIR) function

B Supports RS-485

® SPI
B Up to three sets of SPI device

B Supports SPI master/slave mode

B Full duplex synchronous serial data transfer

B Variable length of transfer data from 8 to 32 bits
B MSB or LSB first data transfer
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Rx and Tx on both rising or falling edge of serial clock independently

Supports Byte Suspend mode in 32-bit transmission

[ J
)
(@]

Master/Slave up to 1 Mbit/s
Bi-directional data transfer between masters and slaves
Multi-master bus (no central master)

Arbitration between simultaneously transmitting masters

Programmable clocks allow versatile rate control

Multiple address recognition (four slave address with mask option)

® CAN
CAN 2.0B protocol compatible device

Support 11-bit identifier as well as 29-bit identifier
Bit rates up to 1Mbits/s

NRZ bit Coding/ Encoding

Error Detection & Status Report

Bit error, Form error, Stuffing error, 15-bit CRC detection, and Acknowledge error Interrupt

Bit Timing Synchronization
B Acceptance filter extension

® ADC
[ | Two A/D converters

Each ADC with up to 8 channel, 12-bit resolution with 10-bit accuracy
16 result registers

Sampling rate up to 800ksps

Two operating modes:
| Single Sampling mode: Only one specified channel can be sampled at one time.

[ | Simultaneous Sampling mode: Allowing two ADC channels to be sampled
simultaneously.

B Two converting result digital comparators

B Conversion start by software, external pins, or linked with Timer 0~3 or PWM module
® Up to three Analog Comparators
® Up to two OPA (operational amplifier)

® Brown-out detector
B 4levels: 4.4V/3.7VI2.7V[2.2V

B Optional brown-out interrupt or reset
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Built-in LDO for Wide Operating Voltage Range: 2.5V to 5.5V
Low Voltage Reset

96-bit unique ID

Operating Temperature: -40C~105C

Develop tools: parallel writer or In-Circuit Programming (ICP) writer

Packages:
B All Green package (RoHS)

B LQFP 100/64/48-pin
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4 PARTSLIST

NM1530VE3AE NM1520RD2AE NM1520LD2AE NM1521RD2AE NM1510LC1AE
NM1530VD3AE NM1520RC2AE NM1520LC2AE
AP Flash 128KB/64KB 64KB/32KB 64KB/32K 64KB 32KB
RAM 16KB 8KB 8KB 8KB 4KB
Data Flash 4KB 4KB 4KB 4KB 4KB
Timer 4 x 24-bit 4 x 24-bit 4 x 24-bit 4 x 24-bit 4 x 24-bit
PWM 6ch PWMO, 6¢ch PWMO, 6¢ch PWMO, 6ch PWMO, 6¢ch PWMO,
6ch PWM1 6¢ch PWM1 3ch PWM1 6ch PWM1 3ch PWM1
2ch PWM2 1ch PWM2 1ch PWM2
QEI 3ch x 2 sets(QEIO,QEIL) 3ch x 1 set(QEIO,QEI1) 3ch x 1 set(QEIO) 3ch x 1 set(QEIO) 3ch x 1 set(QEIO0)
IC 3ch x 2 sets(IC0,IC1) Pin shared with QEIO Pin shared with QEIO | 3ch x 1 set (IC1) Pin shared with QEIO
UART 2 2 2 2 2
SPI 3 1 1 1 1
12C 1 1 1 1 1
CAN 2.0B 1 1 1 1 -
ADC 8ch ADCA 7ch ADCA 5ch ADCA 4ch ADCA 5ch ADCA
8ch ADCB 7ch ADCB 4ch ADCB 7ch ADCB 4ch ADCB
Comparator CMPO, CMP1, CMP2 CMP1, CMP2 CMP1 CMP2 CMP1
oP OPO, OP1 OPO, OP1 OPO, OP1 OPO, OP1 OPO, OP1
Package LQFP100(14x14x1.4mm) | LQFP64(10x10x1.4mm) | LQFP48(7x7x1.4mm) | LQFP64(10x10x1.4mm) | LQFP48(7x7x1.4mm)
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5 PIN CONFIGURATION

5.1 LQFP 100-pin
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Figure 5-1 NuMicro™ NM15xx Series LQFP-100 Pin Diagram
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5.2 LQFP 64-pin
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OPO1,P9.0 [] 56 LQFP 64 in 25 [] P27, SPI_CLKO, RTS1
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Figure 5-2 NuMicro™ NM15xx Series LQFP-64 Pin Diagram
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Figure 5-3 NuMicro™ NM1521 Series LQFP-64 Pin Diagram
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5.3 LQFP 48-pin
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AINB1,P7.1 [] 40 21 [] P25, QEIBO
OPO1,P9.0 [ 41 20 [] P26, IDX0, /SSO, CTS1
OPN1,P9.1 [ 42 LQFP 48 in 19 [] P27, SPI_CLKO, RTS1
OPP1,P9.2 [ 43 p 18 [] P5.1, MISOO, CTSO0, [2CSDA
/RESET [] 44 17 [[] P5.0, MOSIO, RTS0, 12CSCL
XT1_0ut [ 45 16 [ ] P3.1, TX0, CPOO
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Figure 5-4 NuMicro™ NM15xx Series LQFP-48 Pin Diagram
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5.4 Pin Description

Pin Number Pin
Pin Name Typeld Description
100- pin| 64-pin | 48-pin yp

10

7
34

5 Voo P POWER SUPPLY: Supply voltage Digital Vpp for operation.

61

59
89
11

8
35

6 Vss P GROUND: Digital Ground potential.

60

22
90

LDO: LDO output pin
9 6 4 LDO_CAP P ) )
Note: It needs to be connected with a 10uF capacitor.

1 1 1 PVSS P PLL GROUND: PLL Ground potential.
74 48 36 |AVpp AP  |Power supply for internal analog circuit
73 47 35 |AVss AP |Ground Pin for analog circuit
75 - - Vref AP [Voltage reference input for ADC

RESET: /RST pin is a Schmitt trigger input pin for hardware device

| reset. A “Low” on this pin for 768 clock counter of Internal RC 22.1184
93 60 44  |/RESET MHz while the system clock is running will reset the device. /RST pin
(ST) |has an internal pull-up resistor allowing power-on reset by simply
connecting an external capacitor to GND.

CRYSTAL OUT: This is the output pin from the internal inverting

94 61 45 |XT_ouT o amplifier. It emits the inverted signal of XTALL.

| CRYSTAL IN: This is the input pin to the internal inverting amplifier.
95 62 46 |XT_IN The system clock is from external crystal or resonator when FOSCJ[1:0]
(ST) [(CONFIG3[1:0]) are both logic 1 by default.

96 63 47  |ICE_DAT /0 |Serial Wired Debugger Data pin
97 64 48 [ICE_CLK | Serial Wired Debugger Clock pin

P0.0 /0 |General purpose digital I/O pin
57 36 26

PWMO00 O |PWMO output of PWM Unit O

PO.1 1/10  [General purpose digital I/O pin
56 35 -

PWMO1 O |PWM1 output of PWM Unit O

P0.2 1/0  [General purpose digital I/O pin
55 34 25

PWMO02 O |PWM2 output of PWM Unit O

P0.3 I/0  [General purpose digital I/O pin
54 33 - PWMO03 O [PWM3 output of PWM Unit 0

STADC | ADC external trigger input
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Pin Number Pin
Pin Name Typeld Description
100- pin| 64-pin | 48-pin yp

P0.4 1/0  [General purpose digital I/O pin
45 32 23

PWMO04 O |PWM4 output of PWM Unit O

P0.5 1/0  [General purpose digital I/O pin
44 31 -

PWMO05 O |PWMS output of PWM Unit O

P0.6 1/10  [General purpose digital I/O pin
43 30 -

BKPO1 | Brake input pin 1 of PWM Unit O

PO0.7 1/0  [General purpose digital I/O pin
42 29 -

STADC | ADC external trigger input

P1.0 1/10  [General purpose digital I/O pin
30 19 14

PWM10 O PWMO output of PWM Unit 1

P11 1/10  [General purpose digital 1/O pin
29 18 13

PWM11 O PWM1 output of PWM Unit 1

P1.2 1/0  [General purpose digital I/O pin
20 16 12

PWM12 O PWM2 output of PWM Unit 1

P1.3 1/0  [General purpose digital I/O pin
19 15 11

PWM13 O PWM3 output of PWM Unit 1

P1.4 I/0  [General purpose digital I/O pin
18 14 10

PWM14 O PWM4 output of PWM Unit 1

P1.5 I/0  [General purpose digital I/O pin
17 13 9

PWM15 O PWMS5 output of PWM Unit 1

P1.6 I/0  [General purpose digital I/O pin
16 12 -

BKPOO | Brake input pin 0 of PWM Unit O

P1.7 /0 |General purpose digital I/O pin
8 5 3

BKP10 | Brake input pinO of PWM Unit 1

P2.0 I/0  [General purpose digital I/O pin
49 - - MOSI2 1/10  [SPI2 MOSI (Master Out, Slave In) pin

CPO2 AO |Analog comparator 2 output pin

pP2.1 I/0  [General purpose digital 1/0O pin
48 - -

1C02 | Input 2 of Input Capture Unit 0

p2.2 /0 [General purpose digital I/O pin
47 - -

IC01 | Input 1 of Input Capture Unit 0

pP2.3 I/0  |General purpose digital I/O pin
46 - -

1C00 | Input O of Input Capture Unit 0
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Pin Number _ Pin o
. . . Pin Name Type[” Description
100- pin| 64-pin | 48-pin
pP2.4 1/10  [General purpose digital I/O pin
41 28 22 |QEIAOQ | Quadarature encoder phase A input of QEI Unit 10
CANRX | CAN Bus RX Input (not supported in 48-pin)
pP2.5 1/0  [General purpose digital I/O pin
40 27 21 |QEIBO | Quadarature encoder phase B input of QEI Unit 0
CANTX O |CAN Bus TX Output (not supported in 48-pin)
P2.6 1/10  [General purpose digital I/O pin
IDX0 | Quadrature Encoder Index input of QEI Unit 0
39 26 20
/SS0 /0 |SPIO slave select pin
CTS1 | UART1 CTS pin
p2.7 1/10  [General purpose digital I/O pin
38 25 19 |SPI_CLKO| I/O |SPIO serial clock pin
RTS1 O UART1 RTS pin
P3.0 /0 [General purpose digital I/O pin
31 20 15
RX0 | Data Receiver input pin for UARTO
P3.1 1/10  [General purpose digital I/O pin
32 21 16 [TX0 O |Data transmitter output pin for UARTO
CPOO AO |Analog comparator O output
P3.2 1/10  [General purpose digital I/O pin
! _ 2 /INTO | External Interrupt O input pin
P3.3 1/10  [General purpose digital I/O pin
27 17 -
/INT1 | External Interrupt 1 input pin
P3.4 /0 |General purpose digital I/O pin
6 4 - TO /0 |TimerO external clock
12CSDA 1/0  [I2C data input/output pin
P3.5 1/10  [General purpose digital I/O pin
5 3 - T1 /0 |Timerl external clock
12CSCL 110 [I2C clock output pin
P3.6 I/0  |General purpose digital I/O pin
‘ ) ) CANRX | CAN Bus RX Input
pP3.7 /0 [General purpose digital I/O pin
: _ _ CANTX O CAN Bus TX Output
23 - - P4.0 I/0  |General purpose digital I/O pin
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Pin Number _ Pin o
. . . Pin Name Type“] Description
100- pin| 64-pin | 48-pin

IC10 | Input O of Input Capture Unit 1
P4.1 1/10  [General purpose digital I/O pin

2 - - IC11 | Input 1 of Input Capture Unit 1
P4.2 1/0  [General purpose digital I/O pin

2 - - IC12 | Input 2 of Input Capture Unit 1

26 - - P4.3 1/0  [General purpose digital I/O pin
P4.4 1/10  [General purpose digital I/O pin

2t - - QEIAL | Quadarature encoder phase A input of QEI Unit 1
P4.5 /0 |General purpose digital I/O pin

2 ) ) QEIB1 | Quadarature encoder phase B input of QEI Unit 1
P4.6 1/0  [General purpose digital I/O pin

28 - - T2 /0 |Timer2 external clock
IDX1 | Quadrature Encoder Index input of QEI Unit 1
P4.7 1/10  [General purpose digital I/O pin

% ) ) T3 /0 |Timer3 external clock
P5.0 1/10  [General purpose digital I/O pin

36 23 17 |MOSIO 1/0  [SPI0 MOSI (Master Out, Slave In) pin
RTSO O UARTO RTS pin
P5.1 /0 [General purpose digital I/O pin

37 24 18 |MISOO0 /0 |SPIO MISO (Master In, Slave Out) pin
CTSO I UARTO CTS pin
P5.2 1/10  [General purpose digital I/O pin

50 - 24 |MISO2 /0 |SPI2 MISO (Master In, Slave Out) pin
CPO1 AO |Analog comparator 1 output pin
P5.3 I/0  [General purpose digital I/O pin

> _ _ SPI_CLK2 | /O [SPI2 serial clock pin

X P5.4 /0  |General purpose digital I/O pin

° _ _ /SS2 /0 |SPI2 slave select pin
P5.5 /0 [General purpose digital I/O pin

>3 _ _ CLKO O  |Frequency Divider output pin
P5.6 /0 |General purpose digital I/O pin

15 11 -
PWM20 1/10 [PWMO output of PWM unit 2

14 - - P5.7 /0 |General purpose digital I1/0 pin
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Pin Number Pin
Pin Name Typeld Description
100- pin| 64-pin | 48-pin yp

PWM21 /10 [PWML1 output of PWM unit 2
P6.0 1/10  |General purpose digital I/O pin

69 42 -
AINAO Al |ADC analog input 0 for sample-and-hold A
P6.1 1/10  [General purpose digital I/O pin

68 42 31
AINA1 Al |ADC analog input 1 for sample-and-hold A
P6.2 1/10  |General purpose digital I/O pin

67 41 30
AINA2 Al |ADC analog input 2 for sample-and-hold A
P6.3 /0 |General purpose digital I/O pin

66 40 29
AINA3 Al |ADC analog input 3 for sample-and-hold A
P6.4 /0 |General purpose digital I/O pin

65 39 28 |AINA4 Al |ADC analog input 4 for sample-and-hold A
CPN1 Al |Analog comparator 1 negative input
P6.5 /0 |General purpose digital I/O pin

64 38 27 |AINA5S Al |ADC analog input 5 for sample-and-hold A
CPP1 Al |Analog comparator 1 positive input
P6.6 1/0  [General purpose digital I/O pin

63 37 -
AINA6 Al [ADC analog input 6 for sample-and-hold A
P6.7 I/0  [General purpose digital I/O pin

62 - -
AINA7 Al [ADC analog input 7 for sample-and-hold A
P7.0 I/0  [General purpose digital I/O pin

83 55 -
AINBO Al [ADC analog input 0 for sample-and-hold B
pP7.1 I/0  [General purpose digital 1/0O pin

82 54 40
AINB1 Al [ADC analog input 1 for sample-and-hold B
pP7.2 I/0  [General purpose digital I/O pin

81 53 39
AINB2 Al [ADC analog input 2 for sample-and-hold B
P7.3 /0 |General purpose digital I/O pin

80 52 38
AINB3 Al [ADC analog input 3 for sample-and-hold B
P7.4 /0 |General purpose digital I1/0 pin

79 51 - AINB4 Al [ADC analog input 4 for sample-and-hold B
CPN2 Al |Analog comparator 2 negative input
P7.5 /0 [General purpose digital I/O pin

78 50 37 |AINB5 Al |ADC analog input 5 for sample-and-hold B
CPP2 Al |Analog comparator 2 positive input
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Pin Number Pin
Pin Name Typeld Description
100- pin| 64-pin | 48-pin yp
P7.6 1/10  [General purpose digital I/O pin
77 49 -
AINB6 Al |ADC analog input 6 for sample-and-hold B
pP7.7 1/10  [General purpose digital I/O pin
76 - -
AINB7 Al |ADC analog input 7 for sample-and-hold B
P8.0 1/10  |General purpose digital I/O pin
72 46 34
OPPO Al |OP Amplifier O positive input
pP8.1 1/10  [General purpose digital I/O pin
71 45 33
OPNO Al |OP Amplifier O negative input
P8.2 /0 |General purpose digital I/O pin
70 44 32
OPOO AO |OP Amplifier O output
P8.3 /0 |General purpose digital I/O pin
85 - -
CPNO Al |Analog comparator negative input pin
P8.4 /0 [General purpose digital I/O pin
84 - -
CPPO Al |Analog comparator positive input pin
91 - - P8.5 1/0  [General purpose digital I/0O pin
59 - - P8.6 /0 |General purpose digital I/O pin
pP8.7 /0 [General purpose digital I/O pin
58 - -
CPOO O |Analog comparator output pin
P9.0 I/0  [General purpose digital I/O pin
86 56 41
OPO1 AO |OP Amplifier 1 output
P9.1 I/0  [General purpose digital I/O pin
87 57 42
OPN1 Al |OP Amplifier 1 negative input
P9.2 I/0  [General purpose digital I/O pin
88 58 43
OPP1 Al |OP Amplifier 1 positive input
P9.3 I/0  [General purpose digital I/O pin
92 - -
BKP11 | Brake input pin 1 of PWM Unit 1
P9.4 1/10  [General purpose digital I/O pin
98 - -
SPI_CLK1 | I/O |SPI1 serial clock pin
P9.5 1/10  [General purpose digital I/O pin
99 - -
MISO1 1/0  [SPI1 MISO (Master In, Slave Out) pin
P9.6 I/10  [General purpose digital I/O pin
100 - -
MOSI1 1/0  [SPI1 MOSI (Master Out, Slave In) pin
2 2 - P9.7 I/0  [General purpose digital I/O pin
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Pin Number _ Pin o
. . . Pin Name Type“] Description
100- pin| 64-pin | 48-pin
/SS1 1/10  [SPI1 slave select pin
PA.O 1/10  |General purpose digital I/O pin
13 10 8 X1 O |Data transmitter output pin for UART1
I2CSDA 1/0  [I2C data input/output pin
PA.1 1/10  [General purpose digital I/O pin
12 9 7 RX1 | Data Receiver input pin for UART1
12CSCL 1/10  [I2C clock output pin

Note: Pin Type | = Digital Input, O = Digital Output; Al = Analog Input; P = Power Pin; AP = Analog Power
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6 ARM® CORTEX™-MO CORE

The Cortex™-MO processor is a configurable, multistage, 32-bit RISC processor, which has an
AMBA AHB-Lite interface and includes an NVIC component. It also has optional hardware debug
functionality. The processor can execute Thumb code and is compatible with other Cortex-M
profile processor. The profile supports two modes —Thread mode and Handler mode. Handler
mode is entered as a result of an exception. An exception return can only be issued in Handler
mode. Thread mode is entered on Reset, and can be entered as a result of an exception return.
Figure 6-1 shows the functional controller of processor.

Cortex-MO components
Cortex-MO0 processor Debug
Interrupts .| Nested .
7| Vectored Cortex-M0 Bre:ﬁzomt
»| Interrupt [« Processor [€——p» Watchpoint
Controller Core Unit
(NVIC)
YV V A A A
Wakeup v v Debug
Interrupt Debugger Access
Controller »| Bus Matrix €= <«+» Port
(WIC) interface (DAP)
A A
AHB-Lite Serial Wire or
interface JTAG debug port

Figure 6—1 Functional Controller Diagram

The implemented device provides:
® A low gate count processor:
¢ ARMvV6-M Thumb® instruction set

€ Thumb-2 technology

€ ARMv6-M compliant 24-bit SysTick timer

€ A 32-bit hardware multiplier

€ The system interface supports little-endian data accesses

€ The ability to have deterministic, fixed-latency, interrupt handling

€ Load/store-multiples and multicycle-multiplies that can be abandoned and
restarted to facilitate rapid interrupt handling

€ C Application Binary Interface compliant exception model. This is the ARMv6-M,

C Application Binary Interface (C-ABI) compliant exception model that enables
the use of pure C functions as interrupt handlers

€ Low power sleep-mode entry using Wait For Interrupt (WFI), Wait For Event
(WFE) instructions, or the return from interrupt sleep-on-exit feature
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L] NVIC:

€ 32 external interrupt inputs, each with four levels of priority
Dedicated Non-Maskable Interrupt (NMI) input

Supports for both level-sensitive and pulse-sensitive interrupt lines

* o o0

Supports Wake-up Interrupt Controller (WIC) and providing ultra-low power
sleep mode

® Debug support:
€  Four hardware breakpoints
€ Two watchpoints
€ Program Counter Sampling Register (PCSR) for non-intrusive code profiling
€ Single step and vector catch capabilities
®  Bus interfaces:

€ Single 32-bit AMBA-3 AHB-Lite system interface that provides simple integration
to all system peripherals and memory

€ Single 32-bit slave port that supports the DAP (Debug Access Port)
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7 SYSTEM MANAGEMENT

7.1 Overview
System management includes the following sections:

®  System Resets
®  System Memory Map

®  System management registers for Part Number ID, chip reset and on-chip controllers
reset , multi-functional pin control

System Timer (SysTick)
Nested Vectored Interrupt Controller (NVIC)

System Control registers

May 22, 2017 Page 32 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NUVOTON Preliminary Technical Reference Manual
s SSEEEEEEEE S

7.2 System Reset

The system reset can be issued by one of the following listed events. For these reset event flags
can be read by RSTRC register.

® Hardware Reset

Power-On Reset (POR)

Low level on the Reset pin (nRST)

Watchdog Time-out Reset (WDT)

Low Voltage Reset (LVR)

Brown-out Detector Reset (BOD)

®  Software Reset
® MCU Reset - SYSRESETREQ (AIRCR[2])
® Cortex-MO Core One-shot Reset - CPU_RST (IPRSTC1[1])
®  Chip One-shot Reset - CHIP_RST (IPRSTC1[0])

Note: ISPCON.BS keeps the original value after MCU Reset and Cortex-M0O Core One-shot
Reset.
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7.3 System Power Distribution
In this chip, the power distribution is divided into two segments.

® Analog power from AVpp and AVss provides the power for analog components
operation.

® Digital power from Vpp and Vss supplies the power to the I/O pins and internal
regulator which provides a fixed 1.8V power for digital operation.

The output of internal voltage regulators, LDO_CAP, requires an external capacitor which should
be located close to the corresponding pin. Analog power (AVpp) should be the same voltage level
of the digital power (Vpp).
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7.4 System Memory Map

The NuMicro™ NM15xx Series provides 4G-byte addressing space. The memory locations
assigned to each on-chip controllers are shown in the following table. The detailed register
definition, memory space, and programming detailed will be described in the following sections for
each on-chip peripheral. The NuMicro™ NM15xx Series only supports little-endian data format.

Address Space Token Controllers

Flash and SRAM Memory Space

0x0000_0000 — 0x0001_FFFF |FLASH_BA  |FLASH Memory Space (128 KB)

0x2000_0000 — 0x2000_3FFF |SRAM_BA  |SRAM Memory Space (16 KB)

AHB Controllers Space (0x5000_0000 — Ox501F_FFFF)

0x5000_0000 — 0x5000_01FF |GCR_BA System Global Control Registers
0x5000_0200 — 0x5000_02FF [CLK_BA Clock Control Registers
0x5000_0300 — 0x5000_03FF |INT_BA Interrupt Multiplexer Control Registers

0x5000_4000 — 0x5000_7FFF |GPIO_BA GPIO Control Registers

0x5000_C000 — 0x5000_FFFF |FMC_BA Flash Memory Control Registers

0x5001_4000 — 0x5001_7FFF |DIV_BA Hardware Divider Register

APB1 Controllers Space (0x4000_0000 ~ 0x400F_FFFF)

0x4000_4000 — 0x4000_7FFF |WDT_BA Watchdog Timer Control Registers

0x4000_4100 — 0x4000_7FFF |WWDT_BA Window Watchdog Timer Control Registers

0x4001_0000 — 0x4001_3FFF |TMRO1_BA TimerO/Timerl Control Registers

0x4002_0000 — 0x4002_3FFF |I2C_BA I°CO Interface Control Registers
0x4003_0000 — 0x4003_3FFF [SPIO_BA SPI0 with master/slave function Control Registers
0x4003_4000 — 0x4003_7FFF |SPI1_BA SPI1 with master/slave function Control Registers

0x4004_0000 — 0x4004_3FFF |BPWM_BA Basic PWM Control Registers

0x4005_0000 — 0x4005_3FFF |UARTO_BA UARTO Control Registers

0x400D_0000 — 0x400D_3FFF [ACMP_BA Analog Comparator Control Registers

0x400E_0000 — Ox400E_3FFF [ADC_BA Analog-Digital-Converter (ADC) Control Registers

0x400F_0000 — 0x400F_3FFF |[OPA_BA Operation Amplifier Control Registers

APB2 Controllers Space (0x4010_0000 ~ 0x401F_FFFF)

0x4011_0000 — 0x4011_3FFF |TMR23_BA Timer2/Timer3 Control Registers
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Address Space Token Controllers
0x4013_0000 — 0x4013_3FFF |SPI2_BA SPI2 with master/slave function Control Registers
0x4015_0000 — 0x4015_3FFF |UART1_BA UART1 Control Registers
0x4018_0000 — 0x4018_3FFF |CAN_BA CAN Bus Control Registers
0x4019_0000 — 0x4019_3FFF |EPWMO_BA |Enhanced PWMO Control Registers
0x4019_4000 — 0x4019_7FFF |EPWM1_BA |Enhanced PWML1 Control Registers
0x401B_0000 — 0x401B_3FFF |CAPO_BA Input Capture 0 Control Registers
0x401B_4000 — 0x401B_7FFF |CAP1_BA Input Capture 1 Control Registers
0x401C_0000 — 0x401C_3FFF |QEI0O_BA Quadrature Encoder Interface 0 Control Registers
0x401C_4000 — 0x401C_7FFF |QEI1_BA Quadrature Encoder Interface 1 Control Registers
0x401D_0000 — 0x401D_3FFF |MDU_BA Motor Drive Unit Control Registers
System Controllers Space (0xE0O00_E000 ~ OXxEO00_EFFF)
OxEO000_EO010 — OXEOOO_EO1F |SYST_BA System Timer Control Registers
O0xEO000_E100 — OXEOOO_E4EF [NVIC_BA External Interrupt Controller Control Registers
OxEO000_EDOO — OXEO00_ED3F [SCS_BA System Control Registers

Table 7-1 Address Space Assignments for On-Chip Controllers
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7.5 System Manager Controller Register Map

R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value
GCR Base Address:

GCR_BA = 0x5000_0000

PDID GCR_BA+0x00 |R Part Device Identification Number Register 0x0035_X0XX
RSTSRC GCR_BA+0x04 |R/W [System Reset Source Register 0x0000_00XX
IPRSTC1 GCR_BA+0x08 |R/W |Peripheral Reset Control Registerl 0x0000_0000
IPRSTC2 GCR_BA+0x0C |R/W |Peripheral Reset Control Register2 0x0000_0000
BODCR GCR_BA+0x18 |R/W |Brown Out Detector Control Register 0x0000_008X
TEMPCR GCR_BA+0x1C |R/W |Temperature Sensor Control Register 0x0000_0000
BODDBCR GCR_BA+0x20 |R/W [Brown Out Detector De-bounce Control Register 0x0000_0000
PORCR GCR_BA+0x24 |R/W |Power-On-Reset Controller Register 0x0000_00xx
PO_MFP GCR_BA+0x30 |R/W |PO Multiple Function and Input Type Control Register 0x0000_0000
P1_MFP GCR_BA+0x34 |R/W [P1 Multiple Function and Input Type Control Register 0x0000_0000
P2_MFP GCR_BA+0x38 |R/W [P2 Multiple Function and Input Type Control Register 0x0000_0000
P3_MFP GCR_BA+0x3C |R/W |P3 Multiple Function and Input Type Control Register 0x0000_0000
P4_MFP GCR_BA+0x40 |R/W |P4 Multiple Function and Input Type Control Register 0x0000_0000
P5_MFP GCR_BA+0x44 |R/W [P5 Multiple Function and Input Type Control Register 0x0000_0000
P6_MFP GCR_BA+0x48 |R/W [P6 Multiple Function and Input Type Control Register 0x0000_0000
P7_MFP GCR_BA+0x4C |R/W |P7 Multiple Function and Input Type Control Register 0x0000_0000
P8_MFP GCR_BA+0x50 |R/W |P8 Multiple Function and Input Type Control Register 0x0000_0000
P9_MFP GCR_BA+0x54 |R/W [P9 Multiple Function and Input Type Control Register 0x0000_0000
PA_MFP GCR_BA+0x58 |R/W |PA Multiple Function and Input Type Control Register 0x0000_0000
REGWRPROT |GCR_BA+0x100 |R/W [Register Write-Protection Control Register 0x0000_0000
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Part Device ID Code Reqister (PDID)

Register Offset R/W  |Description Reset Value
PDID GCR_BA+0x00 |R Part Device Identification Number Register 0x0035_XOXX™
[1] Every part number has a unique default reset value.
31 30 29 28 27 26 25 24
PDID[31:24]
23 22 21 20 19 18 17 16
PDID[23:16]
15 14 13 12 11 10 9 8
PDID[15:8]
7 6 5) 4 3 2 1 0
PDID[7:0]
Bits Description
Part Device Identification Number
[31:0] PDID This register reflects the device part number code. Software can read this register to
identify which device is used.
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System Reset Source Register (RSTSRC)
This register provides specific information for software to identify this chip’s reset source from last

operation.

Register Offset R/W  |Description Reset Value
RSTSRC GCR_BA+0x04 |R/W [System Reset Source Register 0x0000_00XX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
RSTS CPU | Reserved | RSTS_SYS | RSTS_BOD | RSTS_LVR | RSTS_WDT |RSTS_RESET| RSTS_POR

Bits Description

[31:8] Reserved Reserved.

CPU Reset Flag

The RSTS_CPU flag is set by hardware if software writes CPU_RST (IPRSTC1[1]) 1 to

reset Cortex™-MO core and Flash memory controller (FMC).

[7 RSTS_CPU
0 = No reset from CPU.

1 = Cortex™-MO core and FMC are reset by software setting CPU_RST to 1.

Note: Write 1 to clear this bit to 0.

[6] Reserved Reserved.

MCU Reset Flag

The RSTS_MCU flag is set by the “reset signal” from the Cortex™-MO core to indicate
the previous reset source.

5] RSTS MCU 0 = No reset from Cortex™-MO.

1 = The Cortex™-MO had issued the reset signal to reset the system by writing 1 to bit|
SYSRESETREQ (AIRCRJ[2], Application Interrupt and Reset Control Register, address
= OxEOOOEDOC) in system control registers of Cortex™-MO core.

Note: Write 1 to clear this bit to 0.
Brown-out Detector Reset Flag

The RSTS_BOD flag is set by the “reset signal” from the Brown-out Detector to

indicate the previous reset source.

[4] RSTS_BOD
0 = No reset from BOD.

1 = The BOD had issued the reset signal to reset the system

Note: Write 1 to clear this bit to 0.
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Bits Description

Low Voltage Reset Flag

The RSTS_LVR flag is set by the “reset signal” from the Low-Voltage-Reset controller

to indicate the previous reset source.

[3] RSTS_LVR
0 = No reset from LVR.

1 =The LVR controller had issued the reset signal to reset the system.

Note: Write 1 to clear this bit to 0.
Watchdog Reset Flag

The RSTS_WDT flag is set by the “reset signal” from the watchdog timer to indicate the

previous reset source.

[2] RSTS_WDT .
0 = No reset from watchdog timer.

1 = The watchdog timer had issued the reset signal to reset the system.

Note: Write 1 to clear this bit to 0.
Reset Pin Reset Flag

The RSTS_RESET flag is set by the “reset signal” from the nRST pin to indicate the
previous reset source.

(1] RSTS_RESET 0 = No reset from the nRST pin.
1 =The nRST pin had issued the reset signal to reset the system.

Note: Write 1 to clear this bit to 0.

Power-on Reset Flag

The RSTS_POR flag is set by the “reset signal” from the Power-on Reset (POR)
controller or bit CHIP_RST (IPRSTCZ1[0]) to indicate the previous reset source.

[0] RSTS_POR 0 = No reset from POR or CHIP_RST.

1 = The Power-on Reset (POR) or CHIP_RST had issued the reset signal to reset the
system.

Note: Write 1 to clear this bit to 0.
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Peripheral Reset Control Reqgisterl (IPRSTC1)

Register Offset R/W  |Description Reset Value
IPRSTC1 GCR_BA+0x08 |R/W |Peripheral Reset Control Registerl 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved HDIV_RST Reserved CPU_RST CHIP_RST
Bits Description
[31:5] Reserved Reserved.
HDIV Controller Reset (Write Protect)
Set this bit to 1 will generate a reset signal to the hardware divider. User need to set|
this bit to 0 to release from the reset state.
0 = Hardware divider controller normal operation.
[4] HDIV_RST
1 = Hardware divider controller reset.
Note: This bit is the protected bit, and programming it needs to write “59h”, “16h”, and
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
[3:2] Reserved Reserved.
Cortext-MO0 Core One-shot Reset (Write Protect)
Setting this bit will only reset the Cortext-MO core and Flash Memory Controller (FMC),
and this bit will automatically return 0 after the two clock cycles.
0 = Cortext-MO core normal operation.
[1] CPU_RST
1 = Cortext-MO core one-shot reset.
Note: This bit is the protected bit, and programming it needs to write “59h”, “16h”, and
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
Chip One-shot Reset (Write Protect)
Setting this bit will reset the whole chip, including Cortext-MO core and all peripherals,
and this bit will automatically return to O after the 2 clock cycles.
The CHIP_RST is the same as the POR reset. All the chip controllers are reset and the
chip setting from CONFIGO are also reload.
[0] CHIP_RST . i
0 = Chip normal operation.
1 = Chip one-shot reset.
Note: This bit is the protected bit, and programming it needs to write “59h”, “16h”, and
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
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Peripheral Reset Control Reqgister2 (IPRSTC2)

Setting these bits 1 will generate asynchronous reset signals to the corresponding IP controller.
Users need to set these bits to 0 to release corresponding IP controller from reset state

Register Offset R/W  |Description Reset Value
IPRSTC2 GCR_BA+0x0C |R/W |Peripheral Reset Control Register2 0x0000_0000
31 30 29 28 27 26 25 24

QEI1_RST QEIO_RST OPA_RST ADC_RST CAP1_RST | CAPO_RST Reserved CAN_RST

23 22 21 20 19 18 17 16

Reserved ACMP_RST [EPWM1_RST|EPWMO_RST| BPWM_RST | MDU_RST | UART1_RST | UARTO_RST

15 14 13 12 11 10 9 8
Reserved SPI2_RST SPI1_RST SPIO_RST Reserved 12C_RST
7 6 5 4 3 2 1 0
Reserved TMR3_RST | TMR2_RST | TMR1_RST | TMRO_RST | GPIO_RST Reserved
Bits Description

QEI1 Controller Reset
[31] QEI1_RST 0 = QEI1 controller normal operation.

1 = QEI1 controller reset.

QEIO Controller Reset
[30] QEIO_RST 0 = QEIO controller normal operation.

1 = QEIO controller reset.

OPAO and OPA1 Controller Reset
[29] OPA_RST 0 = OPAO and OPAL controller normal operation.
1 = OPAO and OPAL1 controller reset.

ADC Controller Reset
[28] ADC_RST 0 = ADC controller normal operation.

1 = ADC controller reset.

Input Capture 1 Controller Reset
[27] CAP1_RST 0 = Input capture 1 controller normal operation.

1 = Input capture 1 controller reset.

Input Capture 0 Controller Reset
[26] CAPO_RST 0 = Input capture O controller normal operation.

1 = Input capture 0 controller reset.

[25] Reserved Reserved.

CAN Controller Reset
[24] CAN_RST 0 = CAN controller normal operation.

1 = CAN controller reset.
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Bits Description
[23] Reserved Reserved.
Analog Comparator Controller Reset
[22] ACMP_RST 0 = Analog Comparator controller normal operation.
1 = Analog Comparator controller reset.
Enhanced PWM1 Controller Reset
[21] EPWM1_RST 0 = EPWML1 controller normal operation.
1 = EPWML1 controller reset.
Enhanced PWMO Controller Reset
[20] EPWMO_RST 0 = EPWMO controller normal operation.
1 = EPWMO controller reset.
Basic PWM Controller Reset
[19] BPWM_RST 0 = Basic PWM controller normal operation.
1 = Basic PWM controller reset.
MDU Controller Reset
[18] MDU_RST 0 = MDU controller normal operation.
1 = MDU controller reset.
UART1 Controller Reset
[17] UART1_RST 0 = UART1 controller normal operation
1 = UART1 controller reset
UARTO Controller Reset
[16] UARTO_RST 0 = UARTO controller normal operation.
1 = UARTO controller reset.
[15] Reserved Reserved.
SPI2 Controller Reset
[14] SPI2_ RST 0 = SPI2 controller normal operation.
1 = SPI2 controller reset.
SPI1 Controller Reset
[13] SPI1_RST 0 = SPI1 controller normal operation.
1 = SPI1 controller reset.
SPI0 Controller Reset
[12] SPIO_ RST 0 = SPIO controller normal operation.
1 = SPIO0 controller reset.
[11:9] Reserved Reserved.
I12C Controller Reset
[8] 12C_RST 0 = I°C controller normal operation.
1 = I*C controller reset.
[7:6] Reserved Reserved.
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Bits Description

Timer3 Controller Reset
[5] TMR3_RST 0 = Timer3 controller normal operation.

1 = Timer3 controller reset.

Timer2 Controller Reset
[4] TMR2_RST 0 = Timer2 controller normal operation.

1 = Timer2 controller reset.

Timerl Controller Reset
[3] TMR1_RST 0 = Timer1 controller normal operation.

1 = Timerl controller reset.

Timer0 Controller Reset
[2] TMRO_RST 0 = TimerO controller normal operation.

1 = TimerO0 controller reset.

GPIO Controller Reset
[1] GPIO_RST 0 = GPIO controller normal operation.

1 = GPIO controller reset.

[0] Reserved Reserved.

POR Test Enable

When this bit set to1,

GP6[1] will force as LVR output without deglitch circuit
[2] POR_TEST GP6[2] will force as LVR output with deglitch circuit
GP6[3] will force as BOD output

GPAJ0] will force as POR50 output

GPA[1] will force as POR18 output

Delay Test Enable

[1 DLY_TEST
Enable this bit
Input capture 0 controller reset.
0 =1/0 normal run.
1 = I/O self test mode enable. While enabled,
[0] SELFTEST (1) Pininput -> Multi function without Pn_MFP switch.

(2) UART Rx and Tx internal loop back.
(3) BPWM internal loop back.
(4) EPWM -> ECAP.
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Brown-Out Detector Control Register (BODCR)

Partial of the BODCR control registers values are initiated by the flash configuration and partial
bits are write-protected bit. Programming write-protected bits needs to write “59h”, “16h”, “88h” to
address 0x5000_0100 to disable register protection. Reference the register REGWRPROT at
address GCR_BA+0x100

Register Offset R/W |Description Reset Value
BODCR GCR_BA+0x18 |[R/W |Brown Out Detector Control Register 0x0000_008X
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
LVR_EN BOD_OUT BOD_LPM BOD_INTF |BOD_RSTEN BOD_VL BOD_EN
Bits Description
[31:8] Reserved Reserved.

Low Voltage Reset Enable Control (Write Protect)

The LVR function reset the chip when the input power voltage is lower than LVR circuit
setting. LVR function is enabled by default.

0 = Low Voltage Reset function Disabled.

(7] LVR_EN 1 = Low Voltage Reset function Enabled — After enabling the bit, the LVR function will
be active with 100us delay for LVR output stable (default).
Note: This bit is the protected bit, and programming it needs to write “59h”, “16h”, and
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
Brown-out Detector Output Status
0 = Brown-out Detector output status is 0, which means the detected voltage is higher
6] BOD OUT than BOD_VL setting or BOD_EN is 0.
1 = Brown-out Detector output status is 1, which means the detected voltage is lower
than BOD_VL setting. If the BOD_EN is 0, BOD function disabled, this bit always
responds to 0.
Brown-out Detector Low power Mode (Write Protect)
0 = BOD operated in Normal mode (default).
1 = BOD Low Power mode Enabled.
[5] BOD_LPM Notel: The BOD consumes about 100 uA in Normal mode, and the low power mode

can reduce the current to about 1/10 but slow the BOD response.

Note2: This bit is the protected bit, and programming it needs to write “59h”, “16h”,
and “88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
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Bits Description
Brown-out Detector Interrupt Flag
0 = Brown-out Detector does not detect any voltage draft at Vpp down through or up
through the voltage of BOD_VL setting.

4] BOD_INTF 1 = When Brown-out Detector detects the Vpp is dropped down through the voltage of
BOD_VL setting or the Vpp is raised up through the voltage of BOD_VL setting, this bit
is set to 1 and the Brown-out interrupt is requested if Brown-out interrupt is enabled.
Note: Write 1 to clear this bit to 0.

Brown-out Reset Enable Control (Write Protect)

0 = Brown-out “INTERRUPT” function Enabled.

While the BOD function is enabled (BOD_EN high) and BOD interrupt function is
enabled (BOD_RSTEN low), BOD will assert an interrupt if BOD_OUT is high. BOD
interrupt will keep till to the BOD_EN set to 0. BOD interrupt can be blocked by
disabling the NVIC BOD interrupt or disabling BOD function (set BOD_EN low).

1 = Brown-out “RESET” function Enabled.

(3] BOD_RSTEN Notel: While the Brown-out Detector function is enabled (BOD_EN high) and BOD
reset function is enabled (BOD_RSTEN high), BOD will assert a signal to reset chip
when the detected voltage is lower than the threshold (BOD_OUT high).

Note2: The default value is set by flash controller user configuration register config0
bit[20].

Note3: This bit is the protected bit, and programming it needs to write “59h”, “16h”, and
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.

Brown-out Detector Threshold Voltage Select (Write Protect)

The default value is set by flash controller user configuration register config0 bit[22:21]
00 = Brown-out voltage is 2.2V

01 = Brown-out voltage is 2.7V

(2:1] BOD_VL 10 = Brown-out voltage is 3.7V
11 = Brown-out voltage is 4.4V
Note: This bit is the protected bit, and programming it needs to write “59h”, “16h”, and
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.

Brown-out Detector Enable Control (Write Protect)
The default value is set by flash controller user configuration register configO bit[23]
0 = Brown-out Detector function Disabled.

[0l BOD_EN 1 = Brown-out Detector function Enabled.

Note: This bit is the protected bit, and programming it needs to write “59h”, “16h”, and
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
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Temperature Sensor Control Reqgister (TEMPCR)

Register Offset R/W |Description Reset Value
TEMPCR GCR_BA+0x1C |R/W |Temperature Sensor Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved VTEMP_EN
Bits Description
[31:1] Reserved Reserved.
Temperature Sensor Enable Control
This bit is used to enable/disable temperature sensor function.
0 = Temperature sensor function Disabled (default).
[0] VTEMP_EN
1 = Temperature sensor function Enabled.
Note: After this bit is set to 1, the value of temperature sensor output can be obtained
from the ADC conversion result. Please refer to the ADC chapter for detailed ADC
conversion functional description.
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Temperature Sensor Control Register (BODDBCR)

Register Offset R/W |Description Reset Value
BODDBCR GCR_BA+0x20 |R/W |Brown Out Detector De-bounce Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved BODDB_DIS
Bits Description
[31:1] Reserved Reserved.
Brown Out Detector De-bounce Disable
0 = Brown-out detector de-bounce function Enabled.
(0] BODDB_DIS 1 = Brown-out detector de-bounce function Disabled.
When Brown-out detector de-bounce function enable, the brown-out will have
(5*SYS_CLK) period de-bounce ability.
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Power-On-Reset Control Reqgister (PORCR)

Register Offset R/W |Description Reset Value
PORCR GCR_BA+0x24 [R/W |Power-On-Reset Controller Register 0x0000_00XX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
POR_DIS_CODE[15:8]
7 6 5 4 3 2 1 0

POR_DIS_CODE[7:0]

Bits Description

[31:16] Reserved Reserved.
Power-on Reset Enable Control (Write Protect)
When powered on, the POR circuit generates a reset signal to reset the whole chip
function, but noise on the power may cause the POR active again. User can disable
internal POR circuit to avoid unpredictable noise to cause chip reset by writing 0X5AA5
to this field.

[15:0] POR DIS copE |The POR function will be active again when this field is set to another value or chip is

reset by other reset source, including:

nRST, Watchdog reset, LVR reset, BOD reset, ICE reset command and the software-
chip reset function.

Note: This bit is the protected bit, and programming it needs to write “59h”, “16h”, and
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100.
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Port 0 Multiple Function Pin Control Register (PO MFP)

Register Offset R/W [Description Reset Value
PO_MFP GCR_BA+0x30 |R/W [P0 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

PO_TYPE[7:0]

15 14 13 12 11 10 9 8
Reserved PO_ALTI[3:0]
7 6 5 4 3 2 1 0
PO_MFP[7:0]
Bits Description
[31:24] - Reserved.
Port 0 Schmitt Trigger Input Enable
[m+16]
PO_TYPE[m] 1 = Port 0 bit m Schmitt trigger input function Enabled.
m=0,1..7
0 = Port 0 bit m Schmitt trigger input function Disabled.
[15:12] - Reserved.
P0.3 Alternative Function
[11] PO_ALT[3]
See PO_MFP[3].
P0.2 Alternative Function
[10] PO_ALT[2]
See PO_MFP[2].
PO0.1 Alternative Function
[9] PO_ALTI[1]
See PO_MFP[1].
P0.0 Alternative Function
[8] PO_ALTIO]
See PO_MFP[0].
P0.7 Multi-function Selection
[7] PO_MFP[7] 1 =The STADC function is selected.
0 = The GPIO PO0.7 is selected.
P0.6 Multi-function Selection
[6] PO_MFP[6] 1 = The BKPOL1 function is selected.
0 = The GPIO PO0.6 is selected.
P0.5 Multi-function Selection
[5] PO_MFP[5] 1 = The EPWMO.5 function is selected.
0 = The GPIO P0.5 is selected.
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Bits Description
P0.4 Multi-function Selection
[4] PO_MFP[4] 1 = The EPWMO.4 function is selected.
0 = The GPIO P0.4 is selected.
P0.3 Multi-function Selection
This bit combined with PO_ALT[3] selects P0.3 multi-function.
PO_ALT[3] | PO_MFP[3] |P0.3 Function
3] PO_MFP[3]
0 0 GPIO P0.3
0 1 EPWMO0.3
1 1 STADC
P0.2 Multi-function Selection
This bit combined with PO_ALT[2] selects P0.2 multi-function.
PO_ALT[2] | PO_MFP[2] |PO0.2 Function
[2] PO_MFP[2]
0 0 GPIO P0.2
0 1 EPWMO.2
1 1 Reserved
P0.1 Multi-function Selection
This bit combined with PO_ALT[1] selects P0.1 multi-function.
PO_ALT[1] | PO_MFP[1] |PO.1 Function
[1] PO_MFP[1]
0 0 GPIO PO.1
0 1 EPWMO.1
1 1 Reserved
P0.0 Multi-function Selection
This bit combined with PO_ALT[0] selects P0.0 multi-function.
PO_ALT[O] | PO_MFP[0] |P0.0 Function
[0] PO_MFPI[0]
0 0 GPIO P0.0
0 1 EPWMO.0
1 1 Reserved
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Port 1 Multiple Function Pin Control Register (P1 MFP)

Register Offset R/W [Description Reset Value
P1_MFP GCR_BA+0x34 |R/W [P1 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

P1_TYPE[7:0]

15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
P1_MFP[7:0]
Bits Description
[31:24] - Reserved.
Port 1 Schmitt Trigger Input Enable
[m+16]
P1_TYPE[m] 1 = Port 1 bit m Schmitt trigger input function Enabled.
m=0.1.7 0 = Port 1 bit m Schmitt trigger input function Disabled.
[15:8] - Reserved.
P1.7 Multi-function Selection

[7] P1_MFP[7] 1 = The BKP10 function is selected.
0 = The GPIO P1.7 is selected.
P1.6 Multi-function Selection

[6] P1_MFP[6] 1 = The BKPOO function is selected.
0 = The GPIO P1.6 is selected.
P1.5 Multi-function Selection

[5] P1_MFP[5] 1 = The EPWML.5 function is selected.
0 =The GPIO P1.5 is selected.
P1.4 Multi-function Selection

[4] P1_MFP[4] 1 = The EPWM1.4 function is selected.
0 =The GPIO P1.4 is selected.
P1.3 Multi-function Selection

[3] P1_MFP[3] 1 = The EPWML1.3 function is selected.
0 = The GPIO P1.3 is selected.
P1.2 Multi-function Selection

2] P1_MFP[2] 1 = The EPWML1.2 function is selected.
0 =The GPIO P1.2 is selected.
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Bits Description

P1.1 Multi-function Selection
[1] P1_MFP[1] 1 = The EPWML1.1 function is selected.
0 =The GPIO P1.1 is selected.

P1.0 Multi-function Selection
[0] P1_MFP[0] 1 = The EPWML1.0 function is selected.
0 =The GPIO P1.0 is selected.
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Port 2 Multiple Function Pin Control Register (P2 MFEP)

Register Offset R/W [Description Reset Value
P2_MFP GCR_BA+0x38 |R/W [P2 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

P2_TYPE[7:0]

15 14 13 12 11 10 9 8
P2_ALT[7:4] Reserved P2_ALTI[O]
7 6 5 4 3 2 1 0
P2_MFP[7:0]
Bits Description
[31:24] - Reserved.
Port 2 Schmitt Trigger Input Enable
[m+16]
P2_TYPE[m] 1 = Port 2 bit m Schmitt trigger input function Enabled.
m=0,1..7
0 = Port 2 bit m Schmitt trigger input function Disabled.
P2.7 Alternative Function
[15] P2_ALT[7]
See P2_MFP[7].
P2.6 Alternative Function
[14] P2_ALT[6]
See P2_MFP[6].
P2.5 Alternative Function
[13] P2_ALT[5]
See P2_MFP[5].
P2.4 Alternative Function
[12] P2_ALT[4]
See P2_MFP[4].
[11:9] - Reserved.
P2.0 Alternative Function
[8] P2_ALTI[O]
See P2_MFP[0].
P2.7 Multi-function Selection
This bit combined with P2_ALT[7] selects P2.7 multi-function.
P2 ALT[7] | P2_MFP[7] |P2.7 Function
[7] P2_MFP[7]
0 0 GPIO P2.7
1 0 SPI_CLKO
1 1 RTS1
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Bits Description

P2.6 Multi-function Selection

This bit combined with P2_ALT[6] selects P2.6 multi-function.

P2_ALT[6] | P2_MFP[6] |P2.6 Function

[6] P2_MFP[6] 0 0 GPIO P2.6

0 1 IDX0

1 0 /SS0O

1 1 CTS1

P2.5 Multi-function Selection

This bit combined with P2_ALT[5] selects P2.5 multi-function.

P2_ALT[5] | P2_MFP[5] | P2.5 Function

[5] P2_MFP[5]
0 0 GPIO P2.5

0 1 QEIBO

1 1 CANTX

P2.4 Multi-function Selection
This bit combined with P2_ALT[4] selects P2.4 multi-function.

P2_ALT[4] | P2_MFP[4] |P2.4 Function
[4] P2_MFP[4]

0 0 GPIO P2.4

0 1 QEIA0

1 1 CANRX

P2.3 Multi-function Selection
[3] P2_MFP[3] 1 = The ICOO function is selected.
0 = The GPIO P2.3 is selected.

P2.2 Multi-function Selection
[2] P2_MFP[2] 1 = The ICO01 function is selected.
0 =The GPIO P2.2 is selected.

P2.1 Multi-function Selection
[1] P2_MFP[1] 1 = The IC02 function is selected.
0 =The GPIO P2.1 is selected.

P2.0 Multi-function Selection

This bit combined with P2_ALT[0] selects P2.0 multi-function.

P2_ALT[O] | P2_MFP[0] |P2.0 Function

[0] P2_MFP[0] 0 0 GPIO P2.0

0 1 MOSI2

1 0 CPO2

May 22, 2017 Page 56 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

I EaSSSS———

Port 3 Multiple Function Pin Control Register (P3 MFP)

Register Offset R/W |Description Reset Value
P3_MFP GCR_BA+0x3C |R/W |P3 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

P3_TYPE[5:0]

15 14 13 12 11 10 9 8
Reserved P3_ALT[5:4] Reserved P3_ALT[1:0]
7 6 5 4 3 2 1 0
P3_MFP[7:0]
Bits Description
[31:24] - Reserved.
Port 3 Schmitt Trigger Input Enable
[m+16]
P3_TYPE[m] 1 = Port 3 bit m Schmitt trigger input function Enabled.
m=0,1..7
0 = Port 3 bit m Schmitt trigger input function Disabled.
[15:14] - Reserved.
P3.5 Alternative Function
[13] P3_ALT[5]
See P3_MFP[5].
P3.4 Alternative Function
[12] P3_ALT[4]
See P3_MFP[4].
[11:10] - Reserved.
P3.1 Alternative Function
[9] P3_ALT[1]
See P3_MFP[1].
P3.0 Alternative Function
[8] P3_ALT[O]

See P3_MFP[0].

P3.7 Multi-function Selection
[7] P3_MFP[7] 1 = The CANTX function is selected.
0 =The GPIO P3.7 is selected.

P3.6 Multi-function Selection
[6] P3_MFP[6] 1 = The CANRX function is selected.
0 = The GPIO P3.6 is selected.
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Bits Description

P3.5 Multi-function Selection

This bit combined with P3_ALT[5] selects P3.5 multi-function.

P3_ALT[5] | P3_MFP[5] | P3.5 Function

[5] P3_MFP[5] 0 0 GPIO P3.5
0 1 T1
1 0 I2CSCL
1 1 -

P3.4 Multi-function Selection
This bit combined with P3_ALT[4] selects P3.4 multi-function.

P3_ALT[4] | P3_MFP[4] | P3.4 Function

[4] P3_MFP[4] 0 0 GPIO P3.4
0 1 TO
1 0 I2CSDA
1 1 -

P3.3 Multi-function Selection
[3] P3_MFP[3] 1 = The /INT1 function is selected.
0 =The GPIO P3.3 is selected.

P3.2 Multi-function Selection
[2] P3_MFP[2] 1 = The /INTO function is selected.
0 =The GPIO P3.2 is selected.

P3.1 Multi-function Selection

This bit combined with P3_ALT[1] selects P3.1 multi-function.

P3_ALT[1] | P3_MFP[1] |P3.1 Function
[1] P3_MFP[1] 0 0 GPIO P3.1
0 1 TXO0
1 0 CPOO
1 1 -

P3.0 Multi-function Selection

This bit combined with P3_ALT[0] selects P3.0 multi-function.

P3_ALT[0] | P3_MFP[0] |P3.0 Function
[0] P3_MFPJ[0] 0 0 GPIO P3.0
0 1 RX0
1 0 CLKO
1 1 -
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Port 4 Multiple Function Pin Control Register (P4 MFEP)

Register Offset R/W  |Description Reset Value
P4_MFP GCR_BA+0x40 |R/W [P4 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
P4_TYPE[7:0]
15 14 13 12 11 10 9 8
Reserved P4_ALTI[6] Reserved
7 6 5 4 3 2 1 0
P4 _MFP[7:4] Reserved P4 _MFP[2:0]
Bits Description
[31:24] - Reserved.
Port 4 Schmitt Trigger Input Enable
[m+16]
_ P4_TYPE[m] 1 = Port 4 bit m Schmitt trigger input function Enabled.
m=0.1.7 0 = Port 4 bit m Schmitt trigger input function Disabled.
[15] - Reserved.
P4.6 Alternative Function.
[14] P4 _ALT[6]
See P4_MFP[6].
[13:8] - Reserved.
P4.7 Multi-function Selection
[7] P4_MFP[7] 1 = The T3 function is selected.
0 = The GPIO P4.7 is selected.
P4.6 Multi-function Selection
This bit combined with P4_ALT[6] selects P4.6 multi-function.
P4_ALT[6] | P4_MFP[6] | P4.6 function
[6] P4_MFP[6] 0 0 GPIO P4.6
0 1 T2
1 0 IDX1
1 1 -
P4.5 Multi-function Selection
[5] P4_MFP[5] 1 = The QEIB1 function is selected.
0 = The GPIO P4.5 is selected.
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Bits Description

P4.4 Multi-function Selection
[4] P4_MFP[4] 1 = The QEIA1 function is selected.
0 =The GPIO P4.4 is selected.

[3] - Reserved.

P4.2 Multi-function Selection
[2] P4_MFP[2] 1 = The IC12 function is selected.
0 = The GPIO P4.2 is selected.

P4.1 Multi-function Selection
[1] P4 _MFP[1] 1 =The IC11 function is selected.
0 = The GPIO P4.1 is selected.

P4.0 Multi-function Selection
[0] P4_MFPI[OQ] 1 =The IC10 function is selected.
0 = The GPIO P4.0 is selected.
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Port 5 Multiple Function Pin Control Register (P5 MFEP)

Register Offset R/W [Description Reset Value
P5_MFP GCR_BA+0x44 |R/W |P5 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

P5_TYPE[7:0]

15 14 13 12 11 10 9 8
Reserved P5_ALT[2:0]
7 6 5 4 3 2 1 0
P5_MFP[7:0]
Bits Description
[31:24] - Reserved.
Port 5 Schmitt Trigger Input Enable
[m+16]
P5_TYPE[m] 1 = Port 5 bit m Schmitt trigger input function Enabled.
m=0,1..7
0 = Port 5 bit m Schmitt trigger input function Disabled.
[15:11] - Reserved.
P5.2 Alternative Function.
[10] P5_ALT[2]
See P5_MFP[2].
P5.1 Alternative Function
[9] P5_ALT[1]
See P5_MFP[1].
P5.0 Alternative Function
[8] P5_ALTI[O]
See P5_MFP[0].
P5.7 Multi-function Selection
[7] P5_MFP[7] 1 = The BPWML1 function is selected.
0 = The GPIO P5.7 is selected.
P5.6 Multi-function Selection
[6] P5_MFP[6] 1 = The BPWMO function is selected.
0 = The GPIO P5.6 is selected.
P5.5 Multi-function Selection
[5] P5_MFP[5] 1 = The CLKO function is selected.
0 = The GPIO P5.5 is selected.
P5.4 Multi-function Selection
[4] P5_MFP[4] 1 = The /SS2 function is selected.
0 = The GPIO P5.4 is selected.
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Bits Description

P5.3 Multi-function Selection
[3] P5_MFP[3] 1 =The SPI_CLK2 function is selected.
0 = The GPIO P5.3 is selected.

P5.2 Multi-function Selection

This bit combined with P5_ALT[2] selects P5.2 multi-function.

P5_ALT[2] | P5_MFP[2] |P5.2 Function

[2] P5_MFP[2] 0 0 GPIO P5.2
0 1 MISO2
1 0 CPO1
1 1 -

P5.1 Multi-function Selection

This bit combined with P5_ALT[1] selects P5.1 multi-function.

P5_ALT[1] | P5_MFP[1] | P5.1 Function

[1] P5_MFP[1] 0 0 GPIO P5.1
0 1 MISO0
1 0 CTSO
1 1 I2CSDA

P5.0 Multi-function Selection

This bit combined with P5_ALT[0] selects P5.0 multi-function.

P5_ALT[0] | P5_MFP[0] |P5.0 Function
[0] P5_MFP[O0] 0 0 GPIO P5.0
0 1 MOSIO
1 0 RTSO
1 1 12CSCL
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Port 6 Multiple Function Pin Control Register (P6 MFEP)

Register Offset R/W [Description Reset Value
P6_MFP GCR_BA+0x48 |R/W [P6 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

P6_TYPE[7:0]

15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
P6_MFP[7:0]
Bits Description
[31:24] - Reserved.
Port 6 Schmitt Trigger Input Enable

[m+16]

_ P6_TYPE[m] 1 = Port 6 bit m Schmitt trigger input function Enabled.
m=0.1.7 0 = Port 6 bit m Schmitt trigger input function Disabled.
[15:8] - Reserved.

P6.7 Multi-function Selection
[7] P6_MFP[7] 1 = The AINA7 function is selected.
0 = The GPIO P6.7 is selected.
P6.6 Multi-function Selection
[6] P6_MFP[6] 1 = The AINAG function is selected.
0 = The GPIO P6.6 is selected.
P6.5 Multi-function Selection
[5] P6_MFP[5] 1 = The AINAS5 or CPP1 function is selected.
0 = The GPIO P6.5 is selected.
P6.4 Multi-function Selection
[4] P6_MFP[4] 1 =The AINA4 or CPNL1 function is selected.
0 = The GPIO P6.4 is selected.
P6.3 Multi-function Selection
[3] P6_MFP[3] 1 = The AINA3 function is selected.
0 = The GPIO P6.3 is selected.
P6.2 Multi-function Selection
2] P6_MFP[2] 1 = The AINA2 function is selected.
0 = The GPIO P6.2 is selected.
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Bits Description

P6.1 Multi-function Selection
[1] P6_MFP[1] 1 =The AINAL1 function is selected.
0 =The GPIO P6.1 is selected.

P6.0 Multi-function Selection
[0] P6_MFP[0] 1 = The AINAO function is selected.
0 = The GPIO P6.0 is selected.
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Port 7 Multiple Function Pin Control Register (P7 MFEP)

Register Offset R/W [Description Reset Value
P7_MFP GCR_BA+0x4C |R/W [P7 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

P7_TYPE[7:0]

15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
P7_MFP[7:0]
Bits Description
[31:24] - Reserved.
Port 7 Schmitt Trigger Input Enable

[m+16]

P7_TYPE[m] 1 = Port 7 bit m Schmitt trigger input function Enabled.
m=0.1.7 0 = Port 7 bit m Schmitt trigger input function Disabled.
[15:8] - Reserved.

P7.7 Multi-function Selection
[7] P7_MFP[7] 1 =The AINB?7 function is selected.
0 = The GPIO P7.7 is selected.
P7.6 Multi-function Selection
[6] P7_MFP[6] 1 = The AINBG6 function is selected.
0 = The GPIO P7.6 is selected.
P7.5 Multi-function Selection
[5] P7_MFP[5] 1 =The AINB5 or CPP2 function is selected.
0 = The GPIO P7.5 is selected.
P7.4 Multi-function Selection
[4] P7_MFP[4] 1 =The AINB4 or CPN2 function is selected.
0 = The GPIO P7.4 is selected.
P7.3 Multi-function Selection
[3] P7_MFP[3] 1 = The AINB3 function is selected.
0 = The GPIO P7.3 is selected.
P7.2 Multi-function Selection
2] P7_MFP[2] 1 = The AINB2 function is selected.
0 = The GPIO P7.2 is selected.
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Bits Description

P7.1 Multi-function Selection
[1] P7_MFP[1] 1 =The AINB1 function is selected.
0 =The GPIO P7.1 is selected.

P7.0 Multi-function Selection
[0] P7_MFP[0] 1 = The AINBO function is selected.
0 =The GPIO P7.0 is selected.
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Port 8 Multiple Function Pin Control Register (P8 MFP)

Register Offset R/W [Description Reset Value
P8_MFP GCR_BA+0x50 |R/W [P8 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

P8_TYPE[7:0]

15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0

P8 _MFP[7] Reserved P8 MFP[4:0]
Bits Description
[31:24] - Reserved.

Port 8 Schmitt Trigger Input Enable
[m+16]
_ P8_TYPE[m] 1 = Port 8 bit m Schmitt trigger input function Enabled.
m=0.1.7 0 = Port 8 bit m Schmitt trigger input function Disabled.
[15:8] - Reserved.
P8.7 Multi-function Selection

[7] P8_MFP[7] 1 = The CPO function is selected.
0 = The GPIO P8.7 is selected.

[6:5] - Reserved.
P8.4 Multi-function Selection

[4] P8 _MFP[4] 1 = The CPP function is selected.
0 = The GPIO P8.4 is selected.
P8.3 Multi-function Selection

[3] P8_MFP[3] 1 = The CPN function is selected.
0 = The GPIO P8.3 is selected.
P8.2 Multi-function Selection

2] P8_MFP[2] 1 = The OPOO function is selected.
0 = The GPIO P8.2 is selected.
P8.1 Multi-function Selection

[1] P8_MFP[1] 1 = The OPNO function is selected.
0 = The GPIO P8.1 is selected.
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Bits Description

P8.0 Multi-function Selection
[0] P8 _MFP[0] 1 = The OPPO function is selected.
0 =The GPIO P8.0 is selected.
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Port 9 Multiple Function Pin Control Register (P9 MFP)

Register Offset R/W [Description Reset Value
P9_MFP GCR_BA+0x54 |R/W |P9 Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

P9_TYPE[7:0]

15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
P9 _MFP[7:0]
Bits Description
[31:24] - Reserved.
Port 9 Schmitt Trigger Input Enable
[m+16]
_ P9_TYPE[m] 1 = Port 9 bit m Schmitt trigger input function Enabled.
m=0.1.7 0 = Port 9 bit m Schmitt trigger input function Disabled.
[15:8] - Reserved.
P9.7 Multi-function Selection

[7] P9 _MFP[7] 1 = The /SS1 function is selected.
0 = The GPIO P9.7 is selected.
P9.6 Multi-function Selection

[6] P9 _MFP[6] 1 = The MOSI1 function is selected.
0 = The GPIO P9.6 is selected.
P9.5 Multi-function Selection

[5] P9 _MFP[5] 1 = The MISO1 function is selected.
0 = The GPIO P9.5 is selected.
P9.4 Multi-function Selection

[4] P9_MFP[4] 1 =The SPI_CLK1 function is selected.
0 = The GPIO P9.4 is selected.
P9.3 Multi-function Selection

[3] P9_MFP[3] 1 = The BKP11 function is selected.
0 = The GPIO P9.3 is selected.
P9.2 Multi-function Selection

2] P9_MFP[2] 1 = The OPPL1 function is selected.
0 = The GPIO P9.2 is selected.
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Bits Description

P9.1 Multi-function Selection
[1] P9_MFP[1] 1 = The OPNL1 function is selected.
0 =The GPIO P9.1 is selected.

P9.0 Multi-function Selection
[0] P9_MFP[0] 1 = The OPO1 function is selected.
0 =The GPIO P9.0 is selected.
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Port A Multiple Function Pin Control Register (PA MFP)

Register Offset R/W |Description Reset Value
PA_MFP GCR_BA+0x58 |R/W |PA Multiple Function and Input Type Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved PA_TYPE[1:0]
15 14 13 12 11 10 9 8
Reserved PA_ALT[1:0]
7 6 5 4 3 2 1 0
Reserved PA_MFP[1:0]
Bits Description
[31:18] - Reserved.
Port A Schmitt Trigger Input Enable
[m+16]
PA_TYPE[m] 1 = Port A bit m Schmitt trigger input function Enabled.
m=0,1
0 = Port A bit m Schmitt trigger input function Disabled.
[15:10] - Reserved.
PA.1 Alternative Function
[9] PA_ALT[1]
See PA_MFP[1].
PA.O Alternative Function
[8] PA_ALT[O]
See PA_MFPI[Q].
[7:2] Reserved
PA.1 Multi-function Selection
This bit combined with PA_ALT[1] selects PA.1 multi-function.
PA_ALT[1] | PA_MFP[1] |PA.1 Function
[1] PA_MFP[1]
0 0 GPIO PA.1
0 1 RX1
1 1 I2CSCL
PA.O0 Multi-function Selection
This bit combined with PA_ALT[0] selects PA.O multi-function.
PA_ALT[O] | PA_MFP[O] |PA.O Function
[0] PA_MFP[O]
0 0 GPIO PA.O
0 1 TX1
1 1 I2CSDA
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Reqister Write-Protection Control Register (REGWRPROT)

Some of the system control registers need to be protected to avoid inadvertent write and disturb
the chip operation. These system control registers are protected after the power on reset till user
to disable register protection. For user to program these protected registers, a register protection
disable sequence needs to be followed by a special programming. The register protection disable
sequence is writing the data “59h”, “16h” “88h” to the register REGWRPROT address at
0x5000_0100 continuously. Any different data value, different sequence or any other write to
other address during these three data writing will abort the whole sequence.

After the protection is disabled, user can check the protection disable bit at address 0x5000_0100
bit0, “1” is protection disable, “0” is protection enable. Then user can update the target protected
register value and then write any data to the address “0x5000_0100” to enable register protection.

Write this register to disable/enable register protection, and reading it to get the REGPROTDIS

status.
Register Offset R/W |Description Reset Value
REGWRPROT [GCR_BA+0x100 |R/W |Register Write-Protection Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
REGWRPROT[7:0]
- REGPROTDIS
Bits Description
[31:16] - Reserved.
Register Write-Protection Code (Write Only)
] Some registers have write-protection function. Writing these registers have to disable
[7:0] REGWRPROT the protected function by writing the sequence value “59h”, “16h”, “88h” to this field.
After this sequence is completed, the REGPROTDIS bit will be set to 1 and write-
protection registers can be normal write.
Register Write-Protection Disable index (Read Only)
0 = Write-protection Enabled for writing protected registers. Any write to the protected
register is ignored.
[0 REGPROTDIS
1 = Write-protection Disabled for writing protected registers.
Note: The bits which are write-protected will be noted as” (Write Protect)” beside the
description.
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7.6 System Timer (SysTick)

The Cortex™-MO includes an integrated system timer, SysTick, which provides a simple, 24-bit
clear-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The
counter can be used as a Real Time Operating System (RTOS) tick timer or as a simple counter.

When system timer is enabled, it will count down from the value in the SysTick Current Value
Register (SYST_CVR) to 0, and reload (wrap) to the value in the SysTick Reload Value Register
(SYST_RVR) on the next clock cycle, then decrement on subsequent clocks. When the counter
transitions to 0, the COUNTFLAG status bit is set. The COUNTFLAG bit clears on reads.

The SYST_CVR value is UNKNOWN on reset. Software should write to the register to clear it to O
before enabling the feature. This ensures the timer will count from the SYST_RVR value rather
than an arbitrary value when it is enabled.

If the SYST_RVR is 0, the timer will be maintained with a current value of 0 after it is reloaded
with this value. This mechanism can be used to disable the feature independently from the timer
enable bit.

For more detailed information, please refer to the “ARM® Cortex™-M0 Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.

7.6.1 System Timer Control Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value

SYST Base Address:
SYST_BA = 0xE000_EO010

SYST_CSR |SYST_BA+0x00 |R/W [SysTick Control and Status Register 0x0000_0000
SYST_RVR |SYST_BA+0x04 |[R/W [SysTick Reload Value Register OXXXXX_XXXX
SYST_CVR |SYST_BA+0x08 |R/W [SysTick Current Value Register OXXXXX_XXXX
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SysTick Control and Status (SYST CSR)

Register Offset R/W  |Description Reset Value
SYST_CSR |SYST_BA+0x00 [R/W |SysTick Control and Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved COUNTFLAG
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CLKSRC TICKINT ENABLE
Bits Description
[31:17] Reserved Reserved.
SysTick flag.
[16] COUNTFLAG COUNTFLAG is set when the counter transitions to zero.
COUNTFLAG is cleared by a read from this register or a write to the SYST_CVR.
[15:3] Reserved Reserved.
System Tick Clock Source Selection
2] CLKSRC 0 = Clock source is optional, refer to STCLK_S (CLKSELO[5:3]).
1 = Core clock used for SysTick timer.
Enables SysTick exception request.
[1] TICKINT 0 = Counting down to zero does not assert the SysTick exception request
1 = Counting down to zero to asserts the SysTick exception request.
Enables SysTick counter.
[0] ENABLE 0 = SysTick counter Disabled
1 = SysTick counter Enabled.
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SysTick Reload Value Register (SYST RVR)

Register Offset R/W |Description Reset Value
SYST_RVR [SYST_BA+0x04 [R/W [SysTick Reload Value Register OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

RELOADI[23:16]

15 14 13 12 11 10 9 8

RELOAD[15:8]

7 6 5 4 3 2 1 0

RELOAD[7:0]

Bits Description
[31:24] Reserved Reserved.
System Tick Reload Value
[23:0] RELOAD y
Value to load into the Current Value register when the counter reaches 0.
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SysTick Current Value Register (SYST CVR)

Register Offset R/W |Description Reset Value
SYST_CVR [SYST_BA+0x08 |R/W |SysTick Current Value Register OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16

CURRENT[23:16]

15 14 13 12 11 10 9 8

CURRENTI[15:8]

7 6 5 4 3 2 1 0

CURRENT][7:0]

Bits Description

[31:24] Reserved Reserved.
System Tick Current Value

[23:0] CURRENT Current counter value. This is the value of the counter at the time it is sampled. The
counter does not provide read-modify-write protection. The register is write-clear. A
software write of any value will clear the register to 0. Unsupported bits RAZ (see
SysTick Reload Value register).
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7.7 Nested Vectored Interrupt Controller (NVIC)

The Cortex™-MO provides an interrupt controller as an integral part of the exception mode,
named as “Nested Vectored Interrupt Controller (NVIC)”, which is closely coupled to the
processor core and provides following features:

® Nested and Vectored interrupt support
®  Automatic processor state saving and restoration
® Reduced and deterministic interrupt latency

The NVIC prioritizes and handles all supported exceptions. All exceptions are handled in “Handler
Mode”. This NVIC architecture supports 32 (IRQ[31:0]) discrete interrupts with 4 levels of priority.
All of the interrupts and most of the system exceptions can be configured to different priority
levels. When an interrupt occurs, the NVIC will compare the priority of the new interrupt to the
current running one’s priority. If the priority of the new interrupt is higher than the current one, the
new interrupt handler will override the current handler.

When an interrupt is accepted, the starting address of the interrupt service routine (ISR) is fetched
from a vector table in memory. There is no need to determine which interrupt is accepted and
branch to the starting address of the correlated ISR by software. While the starting address is
fetched, NVIC will also automatically save processor state including the registers “PC, PSR, LR,
RO~R3, R12” to the stack. At the end of the ISR, the NVIC will restore the mentioned registers
from stack and resume the normal execution. Thus it will take less and deterministic time to
process the interrupt request.

The NVIC supports “Tail Chaining” which handles back-to-back interrupts efficiently without the
overhead of states saving and restoration and therefore reduces delay time in switching to
pending ISR at the end of current ISR. The NVIC also supports “Late Arrival” which improves the
efficiency of concurrent ISRs. When a higher priority interrupt request occurs before the current
ISR starts to execute (at the stage of state saving and starting address fetching), the NVIC will
give priority to the higher one without delay penalty. Thus it advances the real-time capability.

For more detailed information, please refer to the “ARM® Cortex™-MO Technical Reference
Manual” and “ARM® v6-M Architecture Reference Manual”.

7.7.1 Exception Model and System Interrupt Map

Table 7-2 lists the exception model supported by the NuMicro™ NM15xx Series. Software can set
four levels of priority on some of these exceptions as well as on all interrupts. The highest user-
configurable priority is denoted as “0” and the lowest priority is denoted as “3”. The default priority
of all the user-configurable interrupts is “0”. Note that priority “0” is treated as the fourth priority on
the system, after three system exceptions “Reset”, “NMI” and “Hard Fault”.

Exception Name Vector Number Priority
Reset 1 -3
NMI 2 -2
Hard Fault 3 -1
Reserved 4~10 Reserved
Svcall 11 Configurable
Reserved 12~13 Reserved
PendSV 14 Configurable
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Exception Name Vector Number Priority
SysTick 15 Configurable
Interrupt (IRQO ~ IRQ31) 16 ~ 47 Configurable

Table 7-2 Exception Model

_ Interrupt Power
Exception | Vector _ l_\lumber Interrupt Source Exception description .
Number | Address | (Bitin _Interrupt Name Module wake-up
Registers)
1~15 - - - System exceptions -
16 0x40 0 BOD_INT | Brown-Out :?]rtz‘xﬂb?”t low voltage detected Yes
17 0x44 1 WDT_INT WDT Watchdog Timer interrupt Yes
18 0xd8 5 EINTO_INT p3.2 §i>r<]ternal signal interrupt from P3.2 Yes
19 Ox4C 3 EINT1_INT P3.3 E;:\temal signal interrupt from P3.3 Yes
0 | oso | 4 | croomnT | Pazam [SenanensioncrOgono) v,
21 — 5 GPG1 INT P5-PA zzétseirgzl)interrupt from GPIO group 1 Yes
22 0x58 6 BPWM_INT | BPWMO/1 |Basic PWMO and PWML1 interrupt No
23 0x5C 7 ADCO_INT ADCO  |ADCO interrupt No
24 0x60 8 TMRO_INT TMRO Timer 0 interrupt No
25 0x64 9 TMRI1_INT TMR1 Timer 1 interrupt No
26 0x68 10 TMR2_INT TMR2 Timer 2 interrupt No
27 0x6C 11 TMR3_INT TMR3 Timer 3 interrupt No
28 0x70 12 UARTO_INT | UARTO  |UARTO interrupt Yes
29 0x74 13 UARTI1_INT UART1 UART1 interrupt Yes
30 0x78 14 SPIO_INT SPIO SPIO interrupt No
31 0x7C 15 SPIL1_INT SPI1 SPI1 interrupt No
32 0x80 16 SPI2_INT SPI2 SPI2 interrupt No
33 0x84 17 MDU_INT MDU Motor dive unit interrupt No
34 0x88 18 I2C_INT I’c I°C interrupt Yes
35 0x8C 19 CKD_INT CKD CKD interrupt No
36 0x90 20 CAN_INT CAN CAN interrupt No
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Interrupt Power
Exception | Vector Number Interrupt Source Exception descriotion Down
Number | Address | (Bit in Interrupt Name Module P P
h wake-up
Registers)
37 0x94 21 EPWMO_INT EPWMO |Enhanced PWMO interrupt No
38 0x98 22 EPWM1_INT EPWM1 |Enhanced PWML interrupt No
39 0x9C 23 CAPO_INT CAPO Input capture 0 interrupt No
40 0xAO0 24 CAPL_INT CAP1 Input capture 1 interrupt No
Yes (only
Analog Comparator O or 1, or OP by analog
41 OxA4 25 ACMP_INT ACMP Amplifier digital output interrupt comparator
)
42 0XA8 26 QEIO_INT QEIO QEIO interrupt No
43 OXAC 27 QEIL_INT QEI1 QEI1 interrupt No
Clock controller interrupt for chip
44 0xBO 28 PWRWU_INT CLKC wake up from power-down state )
45 0xB4 29 ADC1_INT ADC1 ADC1 interrupt No
46 0xB8 30 ADC2_INT ADC2 ADC2 interrupt No
a7 0xBC 31 ADC3_INT ADC3 ADC3 interrupt No

Table 7-3 System Interrupt Map Vector Table

7.7.2 Vector Table

When an interrupt is accepted, the processor will automatically fetch the starting address of the
interrupt service routine (ISR) from a vector table in memory. For ARMv6-M, the vector table base
address is fixed at 0x00000000. The vector table contains the initialization value for the stack
pointer on reset, and the entry point addresses for all exception handlers. The vector number on
previous page defines the order of entries in the vector table associated with exception handler
entry as illustrated in previous section.

Vector Table Word Offset (Bytes) Description

0 SP_main — The Main stack pointer

Vector Number Exception Entry Pointer using that Vector Number

Table 7-4 Vector Table

7.7.3 Operation Description

NVIC interrupts can be enabled and disabled by writing to their corresponding Interrupt Set-
Enable or Interrupt Clear-Enable register bit-field. The registers use a write-1-to-enable and write-
1-to-clear policy, both registers reading back the current enabled state of the corresponding
interrupts. When an interrupt is disabled, interrupt assertion will cause the interrupt to become
Pending, however, the interrupt will not be activated. If an interrupt is Active when it is disabled, it
remains in its Active state until cleared by reset or an exception return. Clearing the enable bit
prevents new activations of the associated interrupt.

NVIC interrupts can be pended/un-pended using a complementary pair of registers to those used
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to enable/disable the interrupts, named the Set-Pending Register and Clear-Pending Register
respectively. The registers use a write-1-to-enable and write-1-to-clear policy, both registers
reading back the current pended state of the corresponding interrupts. The Clear-Pending
Register has no effect on the execution status of an Active interrupt.

NVIC interrupts are prioritized by updating an 8-bit field within a 32-bit register (each register
supporting four interrupts).

The general registers associated with the NVIC are all accessible from a block of memory in the
System Control Space and will be described in next section.

7.7.4 NVIC Control Registers
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
NVIC Base Address:

NVIC_BA = 0xEO00_E100

NVIC_ISER |NVIC_BA+0x000 |R/W [IRQO ~IRQ31 Set-Enable Control Register 0x0000_0000
NVIC_ICER |NVIC_BA+0x080 |R/W [IRQO ~IRQ31 Clear-Enable Control Register 0x0000_0000
NVIC_ISPR [NVIC_BA+0x100 |R/W |IRQO ~IRQ31 Set-Pending Control Register 0x0000_0000
NVIC_ICPR |NVIC_BA+0x180 |R/W [IRQO ~ IRQ31 Clear-Pending Control Register 0x0000_0000
NVIC_IPRO |NVIC_BA+0x300 |R/W [IRQO ~ IRQ3 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR1 [NVIC_BA+0x304 |R/W |IRQ4 ~IRQ7 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR2 [NVIC_BA+0x308 |R/W |IRQ8 ~IRQ11 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR3 |NVIC_BA+0x30C |R/W [IRQ12 ~ IRQ15 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR4 |NVIC_BA+0x310 |R/W [IRQ16 ~IRQ19 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR5 |NVIC_BA+0x314 |R/W [IRQ20 ~ IRQ23 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR6 [NVIC_BA+0x318 |R/W |IRQ24 ~IRQ27 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR7 |NVIC_BA+0x31C |R/W [IRQ28 ~IRQ31 Interrupt Priority Control Register 0x0000_0000
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IROO0 ~ IRQ31 Set-Enable Control Register (NVIC ISER)

Register Offset R/W  [Description Reset Value
NVIC_ISER [NVIC_BA+0x000 [R/W |IRQO ~IRQ31 Set-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24

SETENA[31:24]

23 22 21 20 19 18 17 16

SETENA[23:16]

15 14 13 12 11 10 9 8

SETENA[15:8]

7 6 5 4 S 2 1 0

SETENA[7:0]

Bits Description

Interrupt Enable

The ISER enables interrupts, and shows the interrupts that are enabled. Each bit
represents an IRQ number from IRQO ~ IRQ31 (Exception number from 16 ~ 47).

Write:

[31:0] SETENA 0 = No effect.

1 = Interrupt Enabled.
Read:

0 = Interrupt Disabled.
1 = Interrupt Enabled.

May 22, 2017 Page 82 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

MNUVOTONMN Preliminary Technical Reference Manual
s SSEEEEEEEE S

IRQ0 ~ IRQ31 Clear-Enable Control Register (NVIC ICER)

Register Offset R/W |Description Reset Value
NVIC_ICER [NVIC_BA+0x080 |[R/W |IRQO ~IRQ31 Clear-Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24

CLRENA[31:24]

23 22 21 20 19 18 17 16

CLRENA[23:16]

15 14 13 12 11 10 9 8

CLRENA[15:8]

7 6 5 4 3 2 1 0

CLRENA[7:0]

Bits Description

Interrupt Clear Enable

The ICER disables interrupts, and shows the interrupts that are enabled. Each bit
represents an IRQ number from IRQO ~ IRQ31 (Exception number from 16 ~ 47).

Write:

[31:0] CLRENA 0 = No effect.

1 = Interrupt Disabled.
Read:

0 = Interrupt Disabled.
1 = Interrupt Enabled.
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IRO0 ~ IRQ31 Set-Pending Control Register (NVIC ISPR)

Register Offset R/W  [Description Reset Value
NVIC_ISPR [NVIC_BA+0x100 [R/W |IRQO ~IRQ31 Set-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24

SETPENDI[31:24]

23 22 21 20 19 18 17 16

SETPEND[23:16]

15 14 13 12 11 10 9 8

SETPENDI[15:8]

7 6 5 4 S 2 1 0

SETPENDI[7:0]

Bits Description

Interrupt set-pending.

The ISPR forces interrupts into the pending state, and shows the interrupts that are
pending. Each bit represents an IRQ number from IRQO ~ IRQ31 (Exception number
from 16 ~ 47).

Write:

[31:0] SETPEND 0 = no effect.

1 = changes interrupt state to pending.
Read:

0 = interrupt is not pending.

1 = interrupt is pending.
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IRO0 ~ IRQ31 Clear-Pending Control Reqgister (NVIC ICPR)

Register Offset R/W |Description Reset Value
NVIC_ICPR [NVIC_BA+0x180 |R/W |IRQO ~IRQ31 Clear-Pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24

CLRPEND[31:24]

23 22 21 20 19 18 17 16

CLRPEND[23:16]

15 14 13 12 11 10 9 8

CLRPENDI[15:8]

7 6 5 4 S 2 1 0

CLRPENDI[7:0]

Bits Description

Interrupt clear-pending.

The ICPR removes the pending state from interrupts, and shows the interrupts that are
pending. Each bit represents an IRQ number from IRQO ~ IRQ31 (Exception number
from 16 ~ 47).

Write:

[31:0] CLRPEND 0 = no effect.

1 = removes pending state an interrupt.
Read:

0 = interrupt is not pending.

1 = interrupt is pending.
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IRQO0 ~ IRQ3 Interrupt Priority Register (NVIC IPR0)

Register Offset R/W  [Description Reset Value
NVIC_IPRO [NVIC_BA+0x300 [R/W |IRQO ~ IRQ3 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_3 Reserved
23 22 21 20 19 18 17 16
PRI_2 Reserved
15 14 13 12 11 10 9 8
PRI_1 Reserved
7 6 5 4 3 2 1 0
PRI_O Reserved
Bits Description
Priority of IRQ3
[31:30] PRI_3
“0” denotes the highest priority and “3” denotes lowest priority
[29:24] Reserved Reserved
Priority of IRQ2
[23:22] PRI_2
“0” denotes the highest priority and “3” denotes lowest priority
[21:16] Reserved Reserved
Priority of IRQ1
[15:14] PRI_1
“0” denotes the highest priority and “3” denotes lowest priority
[13:8] Reserved Reserved
Priority of IRQO
[7:6] PRI_O
“0” denotes the highest priority and “3” denotes lowest priority
[5:0] Reserved Reserved
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IRO4 ~ IRQ7 Interrupt Priority Register (NVIC IPR1)

Register Offset R/W |Description Reset Value
NVIC_IPR1 [NVIC_BA+0x304 [R/W |IRQ4 ~ IRQ7 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_7 Reserved
23 22 21 20 19 18 17 16
PRI_6 Reserved
15 14 13 12 11 10 9 8
PRI_5 Reserved
7 6 5 4 3 2 1 0
PRI_4 Reserved
Bits Description
Priority of IRQ7
[31:30] PRI_7
“0” denotes the highest priority and “3” denotes lowest priority
[29:24] Reserved Reserved
Priority of IRQ6
[23:22] PRI_6
“0” denotes the highest priority and “3” denotes lowest priority
[21:16] Reserved Reserved
Priority of IRQ5
[15:14] PRI_5
“0” denotes the highest priority and “3” denotes lowest priority
[13:8] Reserved Reserved
Priority of IRQ4
[7:6] PRI_4
“0” denotes the highest priority and “3” denotes lowest priority
[5:0] Reserved Reserved
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IRO8 ~ IRQ11 Interrupt Priority Reqgister (NVIC IPR2)

Register Offset R/W  [Description Reset Value
NVIC_IPR2  [NVIC_BA+0x308 [R/W |IRQ8 ~IRQ11 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_11 Reserved
23 22 21 20 19 18 17 16
PRI_10 Reserved
15 14 13 12 11 10 9 8
PRI_9 Reserved
7 6 5 4 3 2 1 0
PRI_8 Reserved
Bits Description
Priority of IRQ11
[31:30] PRI_11
“0” denotes the highest priority and “3” denotes lowest priority
[29:24] Reserved Reserved
Priority of IRQ10
[23:22] PRI_10
“0” denotes the highest priority and “3” denotes lowest priority
[21:16] Reserved Reserved
Priority of IRQ9
[15:14] PRI_9
“0” denotes the highest priority and “3” denotes lowest priority
[13:8] Reserved Reserved
Priority of IRQ8
[7:6] PRI_8
“0” denotes the highest priority and “3” denotes lowest priority
[5:0] Reserved Reserved
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IRQ12 ~ IRQ15 Interrupt Priority Register (NVIC IPR3)

Register Offset R/W |Description Reset Value
NVIC_IPR3 [NVIC_BA+0x30C |R/W |IRQ12 ~ IRQ15 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_15 Reserved
23 22 21 20 19 18 17 16
PRI_14 Reserved
15 14 13 12 11 10 9 8
PRI_13 Reserved
7 6 5 4 3 2 1 0
PRI_12 Reserved
Bits Description
Priority of IRQ15
[31:30] PRI_15
“0” denotes the highest priority and “3” denotes lowest priority
[29:24] Reserved Reserved
Priority of IRQ14
[23:22] PRI_14
“0” denotes the highest priority and “3” denotes lowest priority
[21:16] Reserved Reserved
Priority of IRQ13
[15:14] PRI_13
“0” denotes the highest priority and “3” denotes lowest priority
[13:8] Reserved Reserved
Priority of IRQ12
[7:6] PRI_12
“0” denotes the highest priority and “3” denotes lowest priority
[5:0] Reserved Reserved
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IRQ16 ~ IROQ19 Interrupt Priority Register (NVIC IPR4)

Register Offset R/W  [Description Reset Value
NVIC_IPR4 [NVIC_BA+0x310 [R/W |IRQ16 ~ IRQ19 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_19 Reserved
23 22 21 20 19 18 17 16
PRI_18 Reserved
15 14 13 12 11 10 9 8
PRI_17 Reserved
7 6 5 4 3 2 1 0
PRI_16 Reserved
Bits Description
Priority of IRQ19
[31:30] PRI_19
“0” denotes the highest priority and “3” denotes lowest priority
[29:24] Reserved Reserved
Priority of IRQ18
[23:22] PRI_18
“0” denotes the highest priority and “3” denotes lowest priority
[21:16] Reserved Reserved
Priority of IRQ17
[15:14] PRI_17
“0” denotes the highest priority and “3” denotes lowest priority
[13:8] Reserved Reserved
Priority of IRQ16
[7:6] PRI_16
“0” denotes the highest priority and “3” denotes lowest priority
[5:0] Reserved Reserved
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IRQ20 ~ IRO23 Interrupt Priority Register (NVIC IPR5)

Register Offset R/W |Description Reset Value
NVIC_IPR5 [NVIC_BA+0x314 |R/W |IRQ20 ~ IRQ23 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_23 Reserved
23 22 21 20 19 18 17 16
PRI_22 Reserved
15 14 13 12 11 10 9 8
PRI_21 Reserved
7 6 5 4 3 2 1 0
PRI_20 Reserved
Bits Description
Priority of IRQ23
[31:30] PRI_23
“0” denotes the highest priority and “3” denotes lowest priority
[29:24] Reserved Reserved
Priority of IRQ22
[23:22] PRI_22
“0” denotes the highest priority and “3” denotes lowest priority
[21:16] Reserved Reserved
Priority of IRQ21
[15:14] PRI_21
“0” denotes the highest priority and “3” denotes lowest priority
[13:8] Reserved Reserved
Priority of IRQ20
[7:6] PRI_20
“0” denotes the highest priority and “3” denotes lowest priority
[5:0] Reserved Reserved
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IRQO24 ~ IROQ27 Interrupt Priority Register (NVIC IPR6)

Register Offset R/W  [Description Reset Value
NVIC_IPR6 [NVIC_BA+0x318 [R/W |IRQ24 ~ IRQ27 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_27 Reserved
23 22 21 20 19 18 17 16
PRI_26 Reserved
15 14 13 12 11 10 9 8
PRI_25 Reserved
7 6 5 4 3 2 1 0
PRI_24 Reserved
Bits Description
Priority of IRQ27
[31:30] PRI_27
“0” denotes the highest priority and “3” denotes lowest priority
[29:24] Reserved Reserved
Priority of IRQ26
[23:22] PRI_26
“0” denotes the highest priority and “3” denotes lowest priority
[21:16] Reserved Reserved
Priority of IRQ25
[15:14] PRI_25
“0” denotes the highest priority and “3” denotes lowest priority
[13:8] Reserved Reserved
Priority of IRQ24
[7:6] PRI_24
“0” denotes the highest priority and “3” denotes lowest priority
[5:0] Reserved Reserved
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IRO28 ~ IRO31 Interrupt Priority Register (NVIC IPR7)

Register Offset R/W |Description Reset Value
NVIC_IPR7 [NVIC_BA+0x31C |R/W |IRQ28 ~ IRQ31 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI_31 Reserved
23 22 21 20 19 18 17 16
PRI_30 Reserved
15 14 13 12 11 10 9 8
PRI_29 Reserved
7 6 5 4 3 2 1 0
PRI_28 Reserved
Bits Description
Priority of IRQ31
[31:30] PRI_31
“0” denotes the highest priority and “3” denotes lowest priority
[29:24] Reserved Reserved
Priority of IRQ30
[23:22] PRI_30
“0” denotes the highest priority and “3” denotes lowest priority
[21:16] Reserved Reserved
Priority of IRQ29
[15:14] PRI_29
“0” denotes the highest priority and “3” denotes lowest priority
[13:8] Reserved Reserved
Priority of IRQ28
[7:6] PRI_28
“0” denotes the highest priority and “3” denotes lowest priority
[5:0] Reserved Reserved
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Besides the interrupt control registers associated with the NVIC, NuMicro™ NM15xx Series also
implement some specific control registers to facilitate the interrupt functions, including “interrupt

Preliminary Technical Reference Manual
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source identification”, "NMI source selection” and “interrupt test mode”, as described below.

R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
INT Base Address:

INT_BA = 0x5000_0300

IRQO_SRC |INT_BA+0x00 R IRQO (BOD) interrupt source identity OXXXXX_XXXX
IRQ1_SRC |INT_BA+0x04 R IRQ1 (WDT) interrupt source identity OXXXXX_XXXX
IRQ2_SRC |INT_BA+0x08 R IRQ2 (EINTO) interrupt source identity OXXXXX_XXXX
IRQ3_SRC [INT_BA+0x0C R IRQ3 (EINT1) interrupt source identity OXXXXX_XXXX
IRQ4_SRC [INT_BA+0x10 R IRQ4 (P0-P4) interrupt source identity OXXXXX_XXXX
IRQ5_SRC |INT_BA+0x14 R IRQ5 (P5-PA) interrupt source identity OXXXXX_XXXX
IRQ6_SRC |INT_BA+0x18 R IRQ6 (BPWM) interrupt source identity OXXXXX_XXXX
IRQ7_SRC [INT_BA+0x1C R IRQ7 (ADCO) interrupt source identity OXXXXX_XXXX
IRQ8_SRC [INT_BA+0x20 R IRQ8 (TMRO) interrupt source identity OXXXXX_XXXX
IRQ9_SRC |INT_BA+0x24 R IRQ9 (TMR1) interrupt source identity OXXXXX_XXXX
IRQ10_SRC [INT_BA+0x28 R IRQ10 (TMR2) interrupt source identity OXXXXX_XXXX
IRQ11_SRC |INT_BA+0x2C R IRQ11 (TMR3) interrupt source identity OXXXXX_XXXX

IRQ12_SRC |INT_BA+0x30 R IRQ12 (UARTO) interrupt source identity OXXXXX_XXXX

IRQ13_SRC |INT_BA+0x34  |R IRQ13 (UART1) interrupt source identity OXXXXX_XXXX

IRQ14_SRC |INT_BA+0x38 R IRQ14 (SPI0) interrupt source identity OXXXXX_XXXX

IRQ15_SRC |INT_BA+0x3C R IRQ15 (SPI1) interrupt source identity OXXXXX_XXXX

IRQ16_SRC |INT_BA+0x40 R IRQ16 (SPI2) interrupt source identity OXXXXX_XXXX

IRQ17_SRC |INT_BA+0x44  |R IRQ17 (MDU) interrupt source identity OXXXXX_XXXX

IRQ18_SRC |INT_BA+0x48 R IRQ18 (I2C) interrupt source identity OXXXXX_XXXX

IRQ19_SRC (INT_BA+0x4C R IRQ19 (CKD) interrupt source identity OXXXXX_XXXX

IRQ20_SRC (INT_BA+0x50 R IRQ20 (CAN) interrupt source identity OXXXXX_XXXX

IRQ21_SRC |INT_BA+0x54  |R IRQ21 (EPWMO) interrupt source identity OXXXXX_XXXX

IRQ22_SRC |INT_BA+0x58 R IRQ22 (EPWM1) interrupt source identity OXXXXX_XXXX

IRQ23_SRC (INT_BA+0x5C R IRQ23 (CAPO) interrupt source identity OXXXXX_XXXX
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IRQ24_SRC (INT_BA+0x60 R IRQ24 (CAP1) interrupt source identity OXXXXX_XXXX
IRQ25_SRC |INT_BA+0x64 R IRQ25 (ACMP) interrupt source identity OXXXXX_XXXX
IRQ26_SRC (INT_BA+0x68 R IRQ26 (QEIO) interrupt source identity OXXXXX_XXXX
IRQ27_SRC (INT_BA+0x6C R IRQ27 (QEIL) interrupt source identity OXXXXX_XXXX
IRQ28_SRC (INT_BA+0x70 R IRQ28 (PWRWU) interrupt source identity OXXXXX_XXXX
IRQ29_SRC (INT_BA+0x74 R IRQ29 (ADC1) interrupt source identity OXXXXX_XXXX
IRQ30_SRC |INT_BA+0x78 R IRQ30 (ADC2) interrupt source identity OXXXXX_XXXX
IRQ31_SRC (INT_BA+0x7C R IRQ31 (ADC3) interrupt source identity OXXXXX_XXXX
NMI_SEL INT_BA+0x80 R/W |NMI Interrupt Source Select Control Register 0x0000_0000
MCU_IRQ INT_BA+0x84 R/W |MCU interrupt request source register 0x0000_0000
MCU_IRQCR |INT_BA+0x88 R/W |MCU Interrupt Request Control Register 0x0000_0000
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IRQO0 (BOD) interrupt source identity (IRO0 SRC)

Register Offset R/W |Description Reset Value
IRQO_SRC [INT_BA+0x00 R IRQO (BOD) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved BOD_INT
Bits Description
[31:1] Reserved Reserved
[0] BOD_INT Identify BOD interrupt source.
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IRQO1 (WDT) interrupt source identity (IRQO1 SRC)

Register Offset R/W |Description Reset Value
IRQ1_SRC (INT_BA+0x04 R IRQ1 (WDT) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WWDT_INT WDT_INT
Bits Description
[31:2] Reserved Reserved
[1] WWDT_INT Identify WWDT interrupt source.
[0] WDT_INT Identify WDT interrupt source.
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IRQ2 (EINTO) interrupt source identity (IRQO2 SRC)

Register Offset R/W |Description Reset Value
IRQ2_SRC [INT_BA+0x08 R IRQ2 (EINTO) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved EINTO
Bits Description
[31:1] Reserved Reserved
Identify EINTO interrupt source.
[0] EINTO
EINTO is external interrupt O from P3.2.
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IRQ3 (EINT1) interrupt source identity (IRO3 SRC)

Register Offset R/W |Description Reset Value
IRQ3_SRC [INT_BA+0x0C R IRQ3 (EINT1) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved EINT1
Bits Description
[31:1] Reserved Reserved
Identify EINT1 interrupt source.
[0] EINT1
EINT1 is external interrupt from P3.3.
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IRQ4 (P0O-P4) interrupt source identity (IRQO4 SRC)

Register Offset R/W |Description Reset Value
IRQ4_SRC [INT_BA+0x10 R IRQ4 (P0-P4) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved P4_INT P3_INT P2_INT P1_INT PO_INT
Bits Description
[31:5] Reserved Reserved
[4] P4_INT Identify P4 interrupt source.
[3] P3_INT Identify P3 interrupt source.
[2] P2_INT Identify P2 interrupt source.
[1] P1_INT Identify P1 interrupt source.
[0] PO_INT Identify PO interrupt source.
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IROQ5 (P5-PA) interrupt source identity (IRQ5 SRC)

Register Offset R/W  [Description Reset Value
IRQ5_SRC [INT_BA+0x14 R IRQ5 (P5-PA) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved PA_INT P9_INT P8_INT P7_INT P6_INT P5_INT
Bits Description
[31:6] Reserved Reserved
[5] PA_INT Identify PA interrupt source.
[4] PO_INT Identify P9 interrupt source.
[3] P8_INT Identify P8 interrupt source.
2] P7_INT Identify P7 interrupt source.
[1] P6_INT Identify P6 interrupt source.
[0] P5_INT Identify P5 interrupt source.
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IRO6 (BPWM) interrupt source identity (IRO6 SRC)

Register Offset R/W |Description Reset Value
IRQ6_SRC [INT_BA+0x18 R IRQ6 (BPWM) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0

Reserved BPMWZ1_INT | BPMWO_INT
Bits Description
[31:2] Reserved Reserved
[1] BPWMZ1_INT Identify BPWML1 interrupt source.
[0] BPWMO_INT Identify BPWMO interrupt source.
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IRQ7 (ADCOQ) interrupt source identity (IRQ7 SRC)

Register Offset R/W |Description Reset Value
IRQ7_SRC [INT_BA+0x1C R IRQ7 (ADCO) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ADCO_INT
Bits Description
[31:1] Reserved Reserved
[0] ADCO_INT Identify ADCO interrupt source.
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IRO8 (TMRO) interrupt source identity (IRQ8 SRC)

Register Offset R/W |Description Reset Value
IRQ8_SRC [INT_BA+0x20 R IRQ8 (TMRO) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TMRO_INT
Bits Description
[31:1] Reserved Reserved
[0] TMRO_INT Identify TMRO interrupt source.
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IRQ9 (TMR1) interrupt source identity (IRQ9 SRC)

Register Offset R/W |Description Reset Value
IRQ9_SRC (INT_BA+0x24 R IRQ9 (TMR1) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TMRL_INT
Bits Description
[31:1] Reserved Reserved
[0] TMR1_INT Identify TMR1 interrupt source.
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IRQ10 (TMR?2) interrupt source identity (IRQ10 SRC)

Register Offset R/W |Description Reset Value
IRQ10_SRC (INT_BA+0x28 R IRQ10 (TMR2) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TMR2_INT
Bits Description
[31:1] Reserved Reserved
[0] TMR2_INT Identify TMR2 interrupt source.
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IRQ11 (TMR3) interrupt source identity (IRQ11 SRC)

Register Offset R/W |Description Reset Value
IRQ11_SRC (INT_BA+0x2C R IRQ11 (TMR3) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TMR3_INT
Bits Description
[31:1] Reserved Reserved
[0] TMR3_INT Identify TMR3 interrupt source.

May 22, 2017 Page 107 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

IRO12 (UARTO) interrupt source identity (IRQ12 SRC)

Register Offset R/W |Description Reset Value
IRQ12_SRC (INT_BA+0x30 R IRQ12 (UARTO) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved UARTO_INT
Bits Description
[31:1] Reserved Reserved
[0] UARTO_INT Identify UARTO interrupt source.
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IRO13 (UART1) interrupt source identity (IRQ13 SRC)

Register Offset R/W |Description Reset Value
IRQ13_SRC (INT_BA+0x34 R IRQ13 (UART1) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved UARTL_INT
Bits Description
[31:1] Reserved Reserved
[0] UARTL_INT Identify UART1 interrupt source.
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IROQ14 (SPIO) interrupt source identity (IRQ14 SRC)

Register Offset R/W |Description Reset Value
IRQ14_SRC (INT_BA+0x38 R IRQ14 (SPIO) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SPIO_INT
Bits Description
[31:1] Reserved Reserved
[0] SPIO_INT Identify SPI0 interrupt source.
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IRQ15 (SPI1) interrupt source identity (IRQ15 SRC)

Register Offset R/W |Description Reset Value
IRQ15_SRC (INT_BA+0x3C R IRQ15 (SPI1) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SPIL1_INT
Bits Description
[31:1] Reserved Reserved
[0] SPI1_INT Identify SPI1 interrupt source.
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IRQ16 (SPI2) interrupt source identity (IRQ16 SRC)

Register Offset R/W |Description Reset Value
IRQ16_SRC (INT_BA+0x40 R IRQ16 (SPI2) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SPI2_INT
Bits Description
[31:1] Reserved Reserved
[0] SPI2_INT Identify SPI2 interrupt source.
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IRQ17 (MDU) interrupt source identity (IRQ17 SRC)

Register Offset R/W |Description Reset Value
IRQ17_SRC (INT_BA+0x44 R IRQ17 (MDU) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved MDU_INT
Bits Description
[31:1] Reserved Reserved
[0] MDU_INT Identify MDU interrupt source.
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IRQ18 (I12C) interrupt source identity (IRQ18 SRC)

Register Offset R/W |Description Reset Value
IRQ18_SRC (INT_BA+0x48 R IRQ18 (12C) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved 12C_INT
Bits Description
[31:1] Reserved Reserved
[0] I2C_INT Identify 12C0 interrupt source.
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IRQ20 (CAN) interrupt source identity (IRQO20 SRC)

Register Offset R/W |Description Reset Value
IRQ20_SRC (INT_BA+0x50 R IRQ20 (CAN) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CAN_INT
Bits Description
[31:1] Reserved Reserved
[0] CAN_INT Identify CAN interrupt source.
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IRO21 (EPWMO) interrupt source identity (IRQO21 SRC)

Register Offset R/W |Description Reset Value
IRQ21_SRC (INT_BA+0x54 R IRQ21 (EPWMO) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0

Reserved EPWMO_INT
Bits Description
[31:1] Reserved Reserved
[0] EPWMO_INT Identify EPWMO interrupt source.
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IRQ22 (EPWM1) interrupt source identity (IRQ22 SRC)

Register Offset R/W |Description Reset Value
IRQ22_SRC (INT_BA+0x58 R IRQ22 (EPWML) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0

Reserved EPWM1_INT
Bits Description
[31:1] Reserved Reserved
[0] EPWM1_INT Identify EPWML1 interrupt source.
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IRQ23 (CAPO) interrupt source identity (IRQ23 SRC)

Register Offset R/W |Description Reset Value
IRQ23_SRC (INT_BA+0x5C R IRQ23 (CAPO) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CAPO_INT
Bits Description
[31:1] Reserved Reserved
[0] CAPO_INT Identify CAPO interrupt source.
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IRQ24 (CAP1) interrupt source identity (IRQO24 SRC)

Register Offset R/W |Description Reset Value
IRQ24_SRC (INT_BA+0x60 R IRQ24 (CAP1) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CAPL1_INT
Bits Description
[31:1] Reserved Reserved
[0] CAP1_INT Identify CAP1 interrupt source.
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IRQ25 (ACMP) interrupt source identity (IRQ25 SRC)

Register Offset R/W |Description Reset Value
IRQ25_SRC (INT_BA+0x64 R IRQ25 (ACMP) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ACMP_INT
Bits Description
[31:1] Reserved Reserved
[0] ACMP_INT Identify ACMP interrupt source.
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IRQ26 (QEIO) interrupt source identity (IRQO26 SRC)

Register Offset R/W |Description Reset Value
IRQ26_SRC (INT_BA+0x68 R IRQ26 (QEIO) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved QEIO_INT
Bits Description
[31:1] Reserved Reserved
[0] QEIO_INT Identify QEIO interrupt source.
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IRQ27 (QEI1) interrupt source identity (IRQ27 SRC)

Register Offset R/W |Description Reset Value
IRQ27_SRC (INT_BA+0x6C R IRQ27 (QEIL) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved QEI1
Bits Description
[31:1] Reserved Reserved
[0] QEIL_INT Identify QEI1 interrupt source.
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IRO28 (PWRWU) interrupt source identity (IRQ28 SRC)

Register Offset R/W |Description Reset Value
IRQ28_SRC (INT_BA+0x70 R IRQ28 (PWRWU) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0

Reserved PWRWU_INT
Bits Description
[31:1] Reserved Reserved
[0] PWRWU_INT Identify PWRWU interrupt source.
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IRQ29 (ADC1) interrupt source identity (IRO29 SRC)

Register Offset R/W |Description Reset Value
IRQ29_SRC (INT_BA+0x74 R IRQ29 (ADC1) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ADCL1_INT
Bits Description
[31:1] Reserved Reserved
[0] ADC1_INT Identify ADC1 interrupt source.
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IRQ30 (ADC2) interrupt source identity (IRQ30 SRC)

Register Offset R/W |Description Reset Value
IRQ30_SRC (INT_BA+0x78 R IRQ30 (ADC?2) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ADC2_INT
Bits Description
[31:1] Reserved Reserved
[0] ADC2_INT Identify ADC2 interrupt source.
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IRQ31 (ADC3) interrupt source identity (IRO31 SRC)

Register Offset R/W |Description Reset Value
IRQ31_SRC (INT_BA+0x7C R IRQ31 (ADC3) interrupt source identity OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ADC3_INT
Bits Description
[31:1] Reserved Reserved
[0] ADC3_INT Identify ADC3 interrupt source.
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NMI Interrupt Source Select Control Register (NMI _SEL)

Register Offset R/W |Description Reset Value
NMI_SEL INT_BA+0x80 R/W  |NMI Interrupt Source Select Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
- MNI_EN
7 6 5 4 3 2 1 0
- NMI_SEL[4:0]
Bits Description
[31:9] - Reserved.
NMI Interrupt Enable
0 = IRQ0~31 assigned to NMI Disabled. (NMI still can be software triggered by setting
[8] NMI_EN . ,
its pending flag.)
1 = IRQO0~31 assigned to NMI Enabled.
[7:5] - Reserved.
NMI Interrupt Source Selection
[4:0] NMI SEL The NMI interrupt to Cortex-MO can be selected from one of IRQO~IRQ31 by setting
- NMI_SEL with IRQ number. The default NMI interrupt is assigned as IRQO interrupt if
NMI is enabled by setting NMI_SEL[8].
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MCU Interrupt Request Source Reqgister (MCU IRQ)

Register Offset R/W |Description Reset Value
MCU_IRQ INT_BA+0x84 R/W |MCU interrupt request source register 0x0000_0000
31 30 29 28 27 26 25 24
MCU_IRQ[31:24]
23 22 21 20 19 18 17 16
MCU_IRQ[23:16]
15 14 13 12 11 10 9 8
MCU_IRQ[15:8]
7 6 5 4 3 2 1 0
MCU_IRQJ[7:0]
Bits Description

MCU IRQ Source Register

The MCU_IRQ collects all the interrupts from the peripherals and generates the
synchronous interrupt to Cortex-MO.

The MCU_IRQ collects all interrupts from each peripheral and synchronizes them and
then interrupts the Cortex-MO.

When the MCU_IRQIn] is 0:
[31:0] MCU_IRQ

1 = Generate an interrupt to Cortex_MO NVIC[n].

0 = No effect.

When the MCU_IRQI[n] is 1 (means an interrupt is assert):
1 = Clear the interrupt and MCU_IRQI[n].

0 = No effect.
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MCU Interrupt Request Control Register (MCU IRQOCR)

Register Offset R/W |Description Reset Value
MCU_IRQCR ([INT_BA+0x88 R/W |MCU Interrupt Request Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
FAST_IRQ
Bits Description
[31:1] - Reserved.
Fast IRQ Latency Enable
1= MCU IRQ latency will not fixed, MCU will enter IRQ handler as soon as possible
[0] FAST_IRQ when interrupt happened.
0= MCU IRQ latency is fixed at 13 HCLK, MCU will enter IRQ handler after this fixed
latency when interrupt happened.
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7.8 System Control Block Register

Cortex-MO status and operating mode control are managed System Control Block Registers
including CPUID, Cortex-MO0 interrupt priority and Cortex-M0O power management.

R: read only, W: write only, R/W: both read and write

Register Offset R/W  [Description Reset Value
SCB Base Address:

SCB_BA = 0xE000_EDO00O

CPUID SCB_BA+0x00 R CPUID Register 0x410C_C200
ICSR SCB_BA+0x04 R/W [Interrupt Control State Register 0x0000_0000
AIRCR SCB_BA+0x0C R/W |Application Interrupt and Reset Control Register O0xFA05_0000
SCR SCB_BA+0x10 R/W [System Control Register 0x0000_0000
SHPR2 SCB_BA+0x1C |R/W [System Handler Priority Register 2 0x0000_0000
SHPR3 SCB_BA+0x20 R/W |System Handler Priority Register 3 0x0000_0000
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CPUID Register (CPUID)

Register Offset R/W |Description Reset Value
CPUID SCB_BA+0x00 R CPUID Register 0x410C_C200
31 30 29 28 27 26 25 24

Implementer[7:0]

23 22 21 20 19 18 17 16
Variant[3:0] Constant[3:0]
15 14 13 12 11 10 9 8

Partno[11:4]

7 6 5 4 3 2 1 0
Partno[3:0] Revision[3:0]
Bits Description
[31:24] Implementer Implementer code assigned by ARM. (ARM = 0x41)
[23:20] Variant Read as 0xO0.
[19:16] Constant Read as 0xC corresponding to ARMv6-M architecture.
[15:4] Partno Reads as 0xC20 corresponding to Cortex-MO
[3:0] Revision Reads as 0x0.
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Interrupt Control State Reqgister (ICSR)

The ICSR provides (1)a set-pending bit for the NMI exception, and (2)set-pending and clear-
pending bits for the PendSV and SysTick exceptions. And the ICSR also indicates (1)the
exception number of the exception being processed, (2)whether there are preempted active
exceptions, (3)the exception number of the highest prority pending exception, and (4)whether any
interrupts are pending.

Register Offset R/W  [Description Reset Value
ICSR SCB_BA+0x04 R/W [Interrupt Control State Register 0x0000_0000
31 30 29 28 27 26 25 24
NMIP'_EFNDSE - PENDSVSET | PENDSVCLR | PENDSTSET | PENDSTCLR -
23 22 21 20 19 18 17 16
- ISRPENDING - VECTPENDINGI5:4]
15 14 13 12 11 10 9 8
VECTPENDINGI[3:0] -
7 6 5 4 3 2 1 0
- VECTACTIVE[5:0]
Bits Description
NMI set-pending bit.
Write:
0 = no effect
1 = changes NMI exception state to pending.
Read:
[31] NMIPENDSET
0 = NMI exception is not pending
1 = NMI exception is pending.
Because NMI is the highest-priority exception, normally the processor enters the NMI
exception handler as soon as it detects a write of 1 to this bit. Entering the handler then
clears this bit to 0. This means a read of this bit by the NMI exception handler returns 1
only if the NMI signal is reasserted while the processor is executing that handler.
[30:29] - Reserved.
PendSV set-pending bit.
Write:
0 = no effect.
1 = changes PendSV exception state to pending.
[28] PENDSVSET
Read:
0 = PendSV exception is not pending.
1 = PendSV exception is pending.
Writing 1 to this bit is the only way to set the PendSV exception state to pending.
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Bits Description

PendSV clear-pending bit. (Write only)
Write:

[27] PENDSVCLR
0 = no effect.

1 = removes the pending state from the PendSV exception.

SysTick exception set-pending bit.

Write:

0 = no effect.

[26] PENDSTSET 1 = changes SysTick exception state to pending.
Read:

0 = SysTick exception is not pending.

1 = SysTick exception is pending.

SysTick exception clear-pending bit. (Write only)
Write:

[25] PENDSTCLR
0 = no effect

1 = removes the pending state from the SysTick exception.

[24:23] - Reserved.

Interrupt pending flag. (Read only)

[22] ISRPENDING Indicates if an external configurable (NVIC generated) interrupt is pending.
0 = interrupt not pending.
1 = interrupt pending.

[21:18] - Reserved.

Vector pending indicator. (Read only)

This field indicates the exception number of the highest priority pending enabled
[17:12] VECTPENDING [eXception:
0 = no pending exceptions.

Nonzero = the exception number of the highest priority pending enabled exception.

[11:6] - Reserved.

Vector active indicator. (Read only)

This field contains the active exception number:
[5:0] VECTACTIVE

0 = Thread mode.

Nonzero = The exception number of the currently active exception.
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Application Interrupt and Reset Control Register (AIRCR)

Register Offset R/W  [Description Reset Value
AIRCR SCB_BA+0x0C R/W |Application Interrupt and Reset Control Register O0xFA05_0000
31 30 29 28 27 26 25 24

VECTORKEY[15:8]

23 22 21 20 19 18 17 16

VECTKEY[7:0]

15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
) SYSRESETR )
EQ
Bits Description

Register key. (Write only)

[31:16] VECTKEY Reads as Unknown. On writes, write OXO5FA to VECTKEY, otherwise the write is
ignored.
[15:3] - Reserved.

System reset request. (Write only)
[2] SYSRESETREQ [0 = no effect.

1 = requests a system level reset.

[1:0] - Reserved.
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System Control Register (SCR)

Register Offset R/W |Description Reset Value
SCR SCB_BA+0x10 R/W |System Control Register 0x0000_0000

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

- SEVONPEND - SLEEPDEEP SLEEF;ONEXI -

Bits Description
[31:5] - Reserved.

Send Event on Pending Bit

0 = Oonly enabled interrupts or events can wake up the processor, disabled interrupts
are excluded.

1 = Enabled events and all interrupts, including disabled interrupts, can wakeup the
[4] SEVONPEND processor.

When an event or interrupt enters pending state, the event signal wakes up the
processor from WFE. If the processor is not waiting for an event, the event is
registered and affects next WFE.

The processor also wakes up on execution of an SEV instruction or an external event.

[3] - Reserved.

Deep Sleep Mode Enable

This bit controls whether the processor uses sleep or deep sleep as its low power
2] SLEEPDEEP mode:
0 = Sleep.

1 = Deep sleep.

Sleep-on-Exit Enable
This bit controls sleep-on-exit when returning from Handler mode to Thread mode:

0 = Do not sleep when returning to Thread mode.

[1] SLEEPONEXIT
1 = Enter Sleep, or Deep Sleep, on return from an ISR to Thread mode.
Setting this bit to 1 enables an interrupt driven application to avoid returning to an
empty main application.

[0] - Reserved.
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System Handler Priority Reqgister 2 (SHPR2)

Register Offset R/W  |Description Reset Value
SHPR2 SCB_BA+0x1C R/W |System Handler Priority Register 2 0x0000_0000
31 30 29 28 27 26 25 24
PRI_11 -
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
Bits Description
Priority of System Handler 11, SVCall
[31:30] PRI_11
“0” denotes the highest priority and “3” denotes the lowest priority
[29:0] - Reserved.
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System Handler Priority Reqgister 3 (SHPR3)

Register Offset R/W  [Description Reset Value
SHPR3 SCB_BA+0x20 R/W |System Handler Priority Register 3 0x0000_0000
31 30 29 28 27 26 25 24
PRI_15 -
23 22 21 20 19 18 17 16
PRI_14 -
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
Bits Description
Priority of System Handler 15, SysTick
[31:30] PRI_15
“0” denotes the highest priority and “3” denotes the lowest priority
[29:24] - Reserved.
Priority of System Handler 14, PendSV
[23:22] PRI_14
“0” denotes the highest priority and “3” denotes the lowest priority
[21:0] - Reserved.
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8 CLOCK CONTROL

8.1 Overview

The clock controller generates the clocks for the whole chip, including system clocks and all
peripheral clocks. The clock controller also implements the power control function with the
individually clock ON/OFF control, clock source selection and clock divider. The chip enters
Power-down mode when Cortex™-MO core executes the WFI instruction only if the SLEEPDEEP
(SCRJ[2]) bit are both set to 1.. After that, chip enter Power-down mode and wait for waking-up
interrupt source triggered to leave power-down mode. In the Power-down mode, the clock
controller turns off the external 4~24 MHz high speed crystal and internal 22.1184 MHz high
speed oscillator to reduce the overall system power consumption.
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8.2 Clock Generator
The clock generator consists of 4 clock sources which are listed below:

® External 4~24 MHz high speed crystal.
® Internal 22.1184 MHz high speed oscillator.

® Programmable PLL output. (PLL source consists of external 4~24 MHz high speed crystal
and internal 22.1184 MHz high speed oscillator.)

® Internal 10 kHz low speed oscillator.

XTL12M_EN (PWRCONJO0]) 4~24 MHz
XT_IN >
ﬂ External
[ 4~24 MHz PLL_SRC (PLLCON[19])
Crystal
XT_ouT >1 pLL | PLLoutput
OSC22M_EN (PWRCONI2]) 0
Internal
22.1184 MHz
Oscillator
22.1184 MHz
OSC10K_EN(PWRCONI[3])
Internal
10 kHz 10 kHz .
Oscillator

Figure 8-1 Clock Generator Block Diagram
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8.3 System Clock & SysTick Clock

The system clock has 4 clock sources which were generated from clock generator block. The

clock source switch depends on the register HCLK_S (CLKSELO[2:0]). The block diagram is
showed in Figure 8-2.

| HCLK_S (CLKSEL0[20)) |

\'
Internal 22.1184 MHz 111
10 kH CPUCLK
%) on — ]
—————>
PLL output || . 1/(HCLK_N+1) ﬂ
External 4724 MHz HCLK_N (CLKDIV[3:0]) APE
—>» 000
CPU in Power Down Mode

Figure 8-2 System Clock Block Diagram

The clock source of SysTick clock (STCLK) in Cortex-MO core comes from 4 clock sources. The

clock source switch depends on the setting of the register STCLK_S (CLKSELO[5:3]). The block
diagram is showed in Figure 8-3.

STCLK_S (CLKSELO[5:3]) —

~Y
Internal

221184 MHz —>L_12_|—» 111
HCLK o | stoLK
External 010

4724 MHz |

000

Figure 8-3 SysTick Clock Control Block Diagram
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8.4 Peripherals Clock

The peripherals clock had different clock source switch setting which depends on the different
peripheral. Please refer the CLKSEL1 and CLKSEL?2 register description in 5.3.7.
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8.5 Power-down mode (Deep Sleep Mode) Clock

When chip enters Power-down mode, system clocks, some clock sources, and some peripheral

clocks will be disabled. Some clock sources and peripherals clock are still active in Power-down
mode.

Clocks and peripherals which still keep active:
®  Clock Generator
€ Internal 10 kHz oscillator clock.
®  Peripherals Clock (when these IP adopt 10 kHz as clock source)
€ Watchdog Timer.
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8.6 Frequency Divider Output

This device is equipped a frequency divider which is composed by 16 chained divide-by-2 shift
registers. One of the 16 shift register outputs selected by a sixteen to one multiplexer is reflected
to CLKO function pin. Therefore there are 16 options of divided clocks.

The output formula is Feiko = Frrooiv ci/2™™, where Feropiv cik is the input clock frequency,
FcLko is the clock divider output frequency and N is the 4-bit value in FSEL (FRQDIV[3:0]).

When write 1 to DIVIDER_EN (FRQDIV[4]), the chained counter starts to count. When write 0 to
DIVIDER_EN (FRQDIV[4]), the chained counter continuously runs till divided clock reaches low
state and stay in low state.

—{ FRQDIV_S (CLKSEL2[3:2]) ‘

‘ FDIV_EN(APBCLKIS)) ‘

"\ FRQDIV_CLK
HCLK 0 R >

External
4724 MHz
—

\ 4

22.1184 MHz 11
 EE—

\ 4

.

00

Figure 8—4 Clock Source of Frequency Divider

DIVIDER_EN
(FRQDIVI4])

Enable

divide-by-2 counter 16 chained

divide-by-2 counter

FRQDIV_CLK
> 172 | 122 | 1/2® | 17278 17278
\ \ 0000 !
\ Iooo1:'
I 1610 1
: : : Mux | > CLKO
1110
|_11l1
ﬁ
FSEL

(FRQDIV[3:0])

Figure 8-5 Block Diagram of Frequency Divider
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8.7 Register Map

R: read only, W: write only, R/W:

NuMicro™ NM1510/NM1520/NM1530
Preliminary Technical Reference Manual

both read and write

Register Offset R/W |Description Reset Value
CLK Base Address:

CLK_BA = 0x5000_0200

PWRCON CLK_BA+0x00 R/W |System Power Down Control Register 0x0000_000C
AHBCLK CLK_BA+0x04 R/W |AHB Devices Clock Enable Control Register 0x0000_0004
APBCLK CLK_BA+0x08 R/W |APB Devices Clock Enable Control Register 0x0000_0001
CLKSTATUS |CLK_BA+0x0C R/W |Clock status monitor Register 0x0000_0018
CLKSELO CLK_BA+0x10 R/W |Clock Source Select Control Register 0 0x0000_000X
CLKSEL1 CLK_BA+0x14 R/W |Clock Source Select Control Register 1 OXFFFF_FFFF
CLKDIV CLK_BA+0x18 R/W |Clock Divider Number Register 0x0000_0000
CLKSEL2 CLK_BA+0x1C R/W |Clock Source Select Control Register 2 OXFFFF_FFFF
PLLCON CLK_BA+0x20 R/W |PLL Control Register 0x0005_C22E
FRQDIV CLK_BA+0x24 R/W  |Frequency Divider Control Register 0x0000_0000
CLKDCR CLK_BA+0x28 R/W |Clock Detect Control Register 0x0000_0000
CLKDSR CLK_BA+0x2C R/W |Clock Detect Status Register 0x0000_0000
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8.8 Register Description

Power Down Control Reqgister ( PWRCON)

Except the BIT[6], all the other bits are protected, program these bits need to write “59h”, “16h”,
“88h” to address 0x5000 0100 to disable register protection. Reference the register
REGWRPROT at address GCR_BA+0x100.

Register Offset R/W |Description Reset Value
PWRCON CLK_BA+0x00 R/W |System Power Down Control Register 0x0000_000C
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
. PD_WU_STS PD—V\I’EUN—'NT— . OSC10K_EN | 0SC22M_EN ; XTL12M_EN
Bits Description
[31:7] - Reserve
Power-down Mode Wake-up Interrupt Status
[6] PD_WU_STS Set by “power down wake up event’, it indicates that resume from Power-down mode”
Write 1 to clear the bit to zero.
Power-down Mode Wake-up Interrupt Enable (Write-protection Bit)
0 = Disabled.
[5] PD_WU_INT_EN
1 = Enabled.
The interrupt will occur when both PD_WU_STS and PD_WU_INT_EN are high.
[4] - Reserved.
Internal 10 kHz Oscillator Enable (Write-protection Bit)
[3] OSC10K_EN 1 =10 kHz Oscillation Enabled.
0 = 10 kHz Oscillation Disabled.
Internal 22.1184 MHz Oscillator Enable (Write-protection Bit)
[2] OSC22M_EN 1=22.1184 MHz Oscillation Enabled.
0 =22.1184 MHz Oscillation Disabled.
[1] - Reserved.
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Bits Description

External 4~24 MHz Crystal Enable (Write-protection Bit)

The bit default value is set by flash controller user configuration register config
[26:24]. When the default clock source is from external 4~24 MHz crystal, this bit is set
[0] XTL12M_EN to 1 automatically

1 = External 4~24 MHz crystal Enabled.
0 = External 4~24 MHz crystal Disabled.

. . SLEEPDEEP CPU Run WFI .
Chip Operating Mode (SCR[2]) Instruction Clock Disable
Normal Running Mode 0 NO All Clock are disabled by control register
IDLE Mode 0 YES Only CPU clock is disabled
(CPU entry Sleep Mode)
Power_down Mode 1 YES Most Clock are disabled except 10K WDT
clock still enabled.
(CPU entry deep sleep mode)

Table 8-1 Power-down mode Control Table
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AHB Devices Clock Enable Control Register (AHBCLK)
These bits for this register are used to enable/disable clock for ISP clock.

Register Offset R/W |Description Reset Value
AHBCLK CLK_BA+0x04 R/W |AHB Devices Clock Enable Control Register 0x0000_0005
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- DIV_EN ISP_EN -
Bits Description
[31:3] - Reserved.
Hardware Divider Controller Clock Enable Control
[4] DIV_EN 1 = Hardware Divider engine clock Enabled.
0 = Hardware Divider engine clock Disabled.
[3] Reserved.
Flash ISP Controller Clock Enable Control
[2] ISP_EN 1 = Flash ISP engine clock Enabled.
0 = Flash ISP engine clock Disabled.
[1:0] - Reserved.
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APB Devices Clock Enable Control Register (APBCLK)

These bits of this register are used to enable/disable clock for peripheral controller clocks.

Register Offset R/W |Description Reset Value
APBCLK CLK_BA+0x08 R/W |APB Devices Clock Enable Control Register 0x0000_0001
31 30 29 28 27 26 25 24
QEI1_EN QEIO_EN OPA_EN ADC_EN CAP1_EN CAPO_EN - CAN_EN
23 22 21 20 19 18 17 16
- ACMP_EN | EPWM1_EN | EPWMO_EN | BPWM_EN MDU_EN UARTL1_EN | UARTO_EN
15 14 13 12 11 10 9 8
- SPI2_EN SPI1_EN SPI0_EN - 12C_EN
7 6 5 4 3 2 1 0
- FDIV_EN TMR3_ EN | TMR2_EN | TMR1_EN | TMRO_EN WDT_EN
Bits Description
QEI1 Clock Enable
[31] QEI1_EN 1 = QEI1 clock Enabled.
0 = QEI1 clock Disabled.
QEIO Clock Enable
[30] QEIO_EN 1 = QEIO clock Enabled.
0 = QEIO clock Disabled.
OPAO and OPAL1 Clock Enable
[29] OPA_EN 1 = OPAO and OPAL1 clock Enabled.
0 = OPAO and OPAL1 clock Disabled.
ADC Clock Enable
[28] ADC_EN 1 = ADC clock Enabled.
0 = ADC clock Disabled.
Input Capture 1 Clock Enable
[27] CAP1_EN 1 = Input capture 1 clock Enabled.
0 = Input capture 1 clock Disabled.
Input Capture 0 Clock Enable
[26] CAPO_EN 1 = Input capture 0 clock Enabled.
0 = Input capture 0 clock Disabled.
[25] - Reserved.
CAN Bus Controller Clock Enable
[24] CAN_EN 1 = CAN clock Enabled.
0 = CAN clock Disabled.
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Bits Description
[23] - Reserved.

Analog comparator Clock Enable
[22] ACMP_EN 1 = Analog comparator clock Enabled.

0 = Analog comparator clock Disabled.

Enhanced PWM1 Clock Enable
[21] EPWM1_EN 1 = Enhanced PWML1 clock Enabled.
0 = Enhanced PWML1 clock Disabled.

Enhanced PWMO Clock Enable
[20] EPWMO_EN 1 = Enhanced PWMO clock Enabled.
0 = Enhanced PWMO clock Disabled.

Basic PWM Clock Enable
[19] BPWM_EN 1 = Basic PWM clock Enabled.
0 = Basic PWM clock Disabled.

MDU Clock Enable
[18] MDU_EN 1 = MDU clock Enabled.
0 = MDU clock Disabled.

UART1 clock enable.
[17] UART1_EN 1 = UART1 clock Enabled.
0 = UART1 clock Disabled.

UARTO Clock Enable
[16] UARTO_EN 1 = UARTO clock Enabled.
0 = UARTO clock Disabled.

[15] - Reserved.

SPI2 Clock Enable
[14] SPI2_EN 1 = SPI2 clock Enabled.
0 = SPI2 clock Disabled.

SPI1 Clock Enable
[13] SPI1_EN 1 = SPI1 clock Enabled.
0 = SPI1 clock Disabled.

SPI0 Clock Enable
[12] SPIO_EN 1 = SPI0 clock Enabled.
0 = SPIO clock Disabled.

[11:9] - Reserved.

I>’C Clock Enable
[8] I2C_EN 1 = I°C clock Enabled.
0 = I°C clock Disabled.

[7] - Reserved.
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Bits Description

Frequency Divider Output Clock Enable
[6] FDIV_EN 1 = Frequency divider output clock Enabled.

0 = Frequency divider output clock Disabled.

Timer3 Clock Enable
[5] TMR3_EN 1 = Timer3 clock Enabled.
0 = Timer3 clock Disabled.

Timer2 Clock Enable
[4] TMR2_EN 1 = Timer2 clock Enabled.
0 = Timer2 clock Disabled.

Timerl Clock Enable
[3] TMR1_EN 1 = Timerl clock Enabled.
0 = Timer1 clock Disabled.

Timer0O Clock Enable
[2] TMRO_EN 1 = Timer0 clock Enabled.
0 = TimerO clock Disabled.

[1] - Reserved.

Watchdog Timer Clock Enable (Write-protection Bit)

This bit is the protected bit. It means programming this needs to write “59h”, “16h”,
“88h” to address 0x5000_0100 to disable register protection. Reference the register
[0] WDT_EN REGWRPROT at address GCR_BA+0x100.

1 = Watchdog Timer clock Enabled.
0 = Watchdog Timer clock Disabled.
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Clock status Reqgister (CLKSTATUS)

These bits of this register are used to monitor if the chip clock source stable or not, and whether
clock switch failed.

Register Offset R/W |Description Reset Value
CLKSTATUS |CLK_BA+0x0C R/W [Clock status monitor Register 0x0000_0018
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
CLK—‘?’V—FA' - 0SC22M_STB|OSC10K_STB| PLL_STB ; XTL_STB
Bits Description
[31:8] - Reserved.
Clock Switching Fail Flag
1 = Clock switching failure.
0 = Clock switching success.
7] CLK SW FAIL |This bit is an index that if current system clock source is match as user defined at
- = HCLK_S (CLKSELJ[2:0]). When user switch system clock, the system clock source will
keep old clock until the new clock is stable. During the period that waiting new clock
stable, this bit will be an index shows system clock source is not match as user
wanted.
This bit is read only.
[6:5] - Reserved.
Internal 22.1184M Hz Oscillator Clock Source Stable Flag
1 = Internal 22.1184M Hz oscillator clock is stable.
[4] 0SC22M_STB
0 = Internal 22.1184M Hz oscillator clock is not stable or disabled.
This bit is read only.
Internal 10k Hz Clock Source Stable Flag
1 = Internal 10k Hz oscillator clock is stable.
[3] OSC10K_STB
0 = Internal 10k Hz oscillator clock is not stable or disabled.
This bit is read only.
PLL Clock Source Stable Flag
1 = PLL clock is stable.
2] PLL_STB
0 = PLL clock is not stable or disabled.
This bit is read only.
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Bits Description
[1] - Reserved.
External 4~24 MHz Crystal Clock Source Stable Flag
1 = External 4~24 MHz crystal clock is stable.
[0] XTL_STB
0 = External 4~24 MHz crystal clock is not stable or disabled.
This bit is read only.
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Clock Source Select Control Register 0 (CLKSELO)

Register Offset R/W |Description Reset Value
CLKSELO CLK_BA+0x10 R/W |Clock Source Select Control Register 0 0x0000_000X
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- STCLK_S HCLK_S
Bits Description
[31:6] - Reserved.

Cortex_MO SysTick Clock Source Selection (Write-protection Bits)
If SYST_CSR[2]=0, SysTick uses listed clock source below

These bits are protected bit. It means programming this bit needs to write “59h”, “16h”,
“88h” to address 0x5000_0100 to disable register protection. Reference the register
REGWRPROT at address GCR_BA+0x100.

000 = Clock source from external 4~24 MHz crystal clock

[5:3] STCLK_S
001 = Reserved.
010 = Clock source from external 4~24 MHz crystal clock/2
011 = Clock source from HCLK/2
111 = Clock source from internal 22.1184 MHz oscillator clock/2
Others = Reserved.
HCLK Clock Source Selection (Write-protection Bits)
1. Before clock switching, the related clock sources (both pre-select and new-
select) must be turn on
2. The 3-bit default value is reloaded from the value of CFOSC (Config0[26:24]) in
user configuration register of Flash controller by any reset. Therefore the default
value is either 000b or 111b.
3. These bits are protected bit, It means programming this bit needs to write “59h”,
“16h”, “88h” to address 0x5000_0100 to disable register protection. Reference
[2:0] HCLK_S the register REGWRPROT at address GCR_BA+0x100.

000 = Clock source from external 4~24 MHz crystal clock

001 = Reserved.

010 = Clock source from PLL clock

011 = Clock source from internal 10 kHz oscillator clock

111 = Clock source from internal 22.1184 MHz oscillator clock

Others = Reserved.
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Clock Source Select Control Register 1 (CLKSEL1)
Before clock switching, the related clock sources (pre-selected and new-selected) must be turned

on.
Register Offset R/W |Description Reset Value
CLKSEL1 CLK_BA+0x14 R/W |Clock Source Select Control Register 1 OXFFFF_FFFF
31 30 29 28 27 26 25 24
- UART_S
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- SPI2_S SPIL_ S SPIO_S WDT_S
Bits Description
[31:26] - Reserved.
UART Clock Source Selection
00 = Clock source from external 4~24 MHz crystal clock
[25:24] UART_S 01 = Clock source from PLL clock
10 = Reserved.
11 = Clock source from internal 22.1184 MHz oscillator clock
[23:7] - Reserved.
SPI2 Clock Source Selection
[6] SPI2_S 1 = Clock source from HCLK
0 = Clock source from PLL clock
SPI1 Clock Source Selection
[5] SPI1_S 1 = Clock source from HCLK
0 = Clock source from PLL clock
SPIO Clock Source Selection
[4] SPIO_S 1 = Clock source from HCLK
0 = Clock source from PLL clock
[3:2] Reserved Reserved
Watchdog Timer Clock Source Selection (Write-protection Bits)
[1:0] WDT_S These bits are protected bits, programing them need to write “59h”, “16h”, “88h” to
address 0x5000_0100 to disable register protection. Reference the register
REGWRPROT at address GCR_BA+0x100.
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00 = Clock source from HCLK/128 clock
01 = Clock source from HCLK/512 clock

10 = Clock source from HCLK/2048 clock

11 = Clock source from internal 10 kHz oscillator clock
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Clock Source Select Control Register 2 (CLKSEL2)
Before clock switching, the related clock sources (pre-selected and new-selected) must be turned

on.
Register Offset R/W |Description Reset Value
CLKSEL2 CLK_BA+0x1C R/W |Clock Source Select Control Register 2 OXFFFF_FFFF
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
i WWDT_S
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- FRQDIV_S -
Bits Description
[31:18] - Reserved.
Window Watchdog Timer Clock Source Selection
00 = Reserved
[17:16] WWDT_S 01 = Reserved
10 = Clock source from HCLK/2048 clock
11 = Clock source from internal 10 kHz low speed oscillator clock
[15:4] - Reserved.
Clock Divider Clock Source Selection
00 = Clock source from external 4~24 MHz crystal clock
[3:2] FRQDIV_S 01 = Reserved.
10 = Clock source from HCLK
11 = Clock source from internal 22.1184 MHz oscillator clock
[1:0] - Reserved.
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Clock Divider Register (CLKDIV)

Register Offset R/W |Description Reset Value
CLKDIV CLK_BA+0x18 R/W [Clock Divider Number Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
ADC_N
15 14 13 12 11 10 9 8
- UART_N
7 6 5 4 3 2 1 0
- HCLK_N
Bits Description
[31:24] - Reserved.
ADC clock divider.
[23:16] ADC_N
The ADC clock frequency = (ADC clock source frequency ) / (ADC_N + 1)
[15:12] - Reserved.
UART Clock Divider
[11:8] UART N
The UART clock frequency = (UART clock source frequency ) / (UART_N + 1)
[7:4] - Reserved.
HCLK Clock Divider
[3:0] HCLK_N
The HCLK clock frequency = (HCLK clock source frequency) / (HCLK_N + 1)
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PLL Control Register (PLLCON)

The PLL reference clock input is from the external 4~24 MHz crystal clock input or from the
internal 22.1184 MHz oscillator. These registers are use to control the PLL output frequency and
PLL operating mode

Register Offset R/W  |Description Reset Value
PLLCON CLK_BA+0x20 R/W |PLL Control Register 0x0005_C22E
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
- FCO_SEL PLL_SRC OE BP PD
15 14 13 12 11 10 9 8
OuT_DV IN_DV FB_DV
7 6 5 4 3 2 1 0
FB_DV
Bits Description
[31:20] - Reserved.

PLL FCO Selection

1 = When the FCO frequency range between 200MHz to 500MHz, this bit should be
[20] FCO_SEL setas 1

0 = When the FCO frequency range between 100MHz and 200MHz, this bit should be
setas 0

PLL Source Clock Selection
[19] PLL_SRC 1 = PLL source clock from internal 22.1184 MHz oscillator

0 = PLL source clock from external 4~24 MHz crystal

PLL OE (FOUT enable) Pin Control
[18] OE 0 = PLL FOUT enable
1 =PLL FOUT is fixed low

PLL Bypass Control
[17] BP 0 = PLL is in normal mode (default)
1 = PLL clock output is same as clock input (XTALIn)

Power-down Mode
[16] PD 0 = PLL is in normal mode

1 =PLL is in power-down mode (default)

PLL Output Divider Control Pins
[15:14] OuT_DV
Refer to the formulas below the table.

May 22, 2017 Page 158 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NAUVOTON Preliminary Technical Reference Manual
=
Bits Description
PLL Input Divider Control Pins
[13:9] IN_DV
Refer to the formulas below the table.
PLL Feedback Divider Control Pins
[8:0] FB_DV

Refer to the formulas below the table.

Output Clock Frequency Setting

FOUT =FIN ><£><i
NR NO
Constrain:
1. 3.2MHz < FIN <150MHz
2. 800KHz < FIN < 8MHz
2*
NF
200MHz < FCO = FIN *ﬁ <500MHz, (FCO_SEL =1)

3.
100MHz < FCO = FIN *% < 200MHz, (FCO_SEL =0)

Symbol Description

FOUT Output Clock Frequency

FIN Input (Reference) Clock Frequency
NR Input Divider (IN_DV + 2)

NF Feedback Divider (FB_DV + 2)

OUT_DV =“00":NO =1
NO OUT DV =“01":NO =2
OUT_DV=%10":NO =2
OUT DV=*“11":NO =4

Default Frequency Setting

The default value : OxC22E

FIN =12 MHz

NR=(1+2)=3

NF = (46+2) = 48

NO =4

FOUT =12/4 x 48 x 1/3 = 48MHz
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Frequency Divider Control Register (FRODIV)

Register Offset R/W |Description Reset Value
FRQDIV CLK_BA+0x24 R/W | Frequency Divider Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- DIV1 DIVIDER_EN FSEL
Bits Description
[31:6] - Reserved.

Frequency Divider Divide 1 Enable
[5] DIVl 0 = Frequency divider will output clock with source frequency divide by FSEL

1 = Frequency divider will output clock with source frequency.

Frequency Divider Enable Bit
[4] DIVIDER_EN 0 = Frequency divider Disabled.
1 = Frequency divider Enabled.

Frequency Divider Output Selection Bits

The output formula is:

(3:0] FSEL Feiko = FFRQDIVﬁCLK/Z(Nﬂ)y

where Ferooiv_cik i the input clock frequency, Fcwko is the clock divider output
frequency and N is the 4-bit value in FSEL[3:0].
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Clock Detect Control Register (CKDCR)

Register Offset R/W |Description Reset Value
CKDCR CLK_BA+0x28 R/W |Clock Detect Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- CKD_IEN CKD_EN

Bits Description

[31:2] - Reserved.
Clock Detect Interrupt Enable

[1] CKD_IEN 0 = Clock detect interrupt Disabled.
1 = Clock detect interrupt Enabled.
Clock Detect Enable

[0] CKD_EN 0 = Clock detect Disabled.
1 = Clock detect Enabled
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Clock Detect Status Reqgister (CKDSR)

Register Offset R/W  |Description Reset Value
CKDSR CLK_BA+0x2C R/W |Clock Detect Status Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- CKSTOP CKSTOP_IF

Bits Description
[31:2] - Reserved.
Clock Stop Status
[1] CKSTOP
This bit reflect clock detect circuit result
Clock Stop Interrupt Flag
[0] CKSTOP_IF When system clock stop is detected, this bit will be set. Software can write 1 to clear|
this bit.
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9 GENERAL PURPOSE I/O

9.1 Overview

The NuMicro™ NM15xx Series has up to 82 General Purpose I/O pins to be shared with other
function pins depending on the chip configuration. These 82 pins are arranged in 10 ports hamed
as PO, P1, P2, P3, P4, P5, P6, P7, P8, P9 and PA. The P0/1/2/3/4/5/6/7/8/9 port has the
maximum of 8 pins and PA port has the maximum of 2 pins. Each of the 82 pins is independent
and has the corresponding register bits to control the pin mode function and data.

The 1/O type of each of /O pins can be configured by software individually as input, output, open-
drain or Quasi-bidirectional mode. After reset, the I/O mode of all pins are stay at input mode. In
Quasi-bidirectional mode, I/O pin has a very weak individual pull-up resistor which is about
110~300 KQ for Vpp is from 5.0 Vto 2.5 V.

9.2 Features
() Four I/O modes:

€  Quasi-bidirectional

€ Push-Pull output

4 Open-Drain output

€ Input only with high impendence

TTL/Schmitt trigger input selectable

I/O pin configured as interrupt source with edge/level setting

I/0 pin internal pull-up resistor enabled only in Quasi-bidirectional /O mode

Enabling pin interrupt function will also enable the pin wake-up function
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9.3 Functional Description

9.3.1 Input Only Mode

Setting PMDm[1:0] in Pn_PMD to 00b as the Pn[m] pin is in Input mode and the I/O pin is in tri-
state (high impedance) without output drive capability. The Pn_PIN value reflects the status of the
corresponding port pins.

9.3.2 Push-Pull Output Mode

Setting PMDm[1:0] in Pn_PMD to 01b as the Pn[m] pin is in Push-pull Output mode and the I/O
pin supports digital output function with source/sink current capability. The bit value of
Pn_DOUT[m] is driven on the pin.

VDD

Port Pin

.

Port Latch
Data D

Input Data

Figure 9-1 Push-Pull Output

9.3.3 Open-Drain Mode

Setting PMDmM[1:0] in Pn_PMD to 10b as the Pn[m] pin is in Open-drain mode and the digital
output function of I/O pin supports only sink current capability, an additional pull-up resister is
needed for driving high state. If the bit value of Pn_DOUT[m] is 0, the pin drive a “low” output on
the pin. If the bit value of Pn_DOUT[m] is 1, the pin output drives high that is controlled by
external pull high resistor.

[] PortPin

Port Latch N,
Data {>C \

Input Data <—O<]—O<F

Figure 9-2 Open-Drain Output
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9.3.4 Quasi Bi-directional Mode

Setting PMDm[1:0] in Pn_PMD to 11b as the Pn[m] pin is in Quasi-bidirectional mode and the 1/O
pin supports digital output and input function at the same time but the source current is only up to
hundreds uA. Before the digital input function is performed, value of Pn_DOUT[m] must be set to
1. The quasi-bidirectional output is common on the 80C51 and most of its derivatives. If the bit
value of Pn_DOUT[m] is 0, the pin drive a “low” output on the pin. If the bit value of Pn_DOUT[m]
is 1, the pin will check the pin value. If pin value is high, no action takes. If pin state is low, then
pin will drive strong high with 2 clock cycles on the pin and then disable the strong output drive
and then the pin status is control by internal pull-up resistor. Note that the source current
capability in quasi-bidirectional mode is only about 200uA to 30uA if VDD is from 5.0V to 2.5V.

2 CPU 5 5
Clock Delay | strong F Weak  [d L Weak

o [7] Port[Pin

Port Latch N|
Data D - ) ! %

Input Data <—O<]—<

Figure 9-3 Quasi bi-directional I/O Mode
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9.4 Enhanced PWM Port Output Driving Control

There are two enhanced PWM units each unit has six output pins in this device. The PWM port
outputs are P0.0~P0.5 and P1.0~P1.5 for unit 0 and unit 1, respectively.

3-State Control

(HZ_Even, HZ_Odd) Pn_PMD
PMSKE.n — Py_MFPz
Brake &
PMSKD.n 1 Polarity 3-state/
r Control push-pull/ PWMxn
PG PGn output | /O bit quasi/ > Output
G (PWM open drain
enerator H i
) i Mask control Polarity control : Driving mode
« P g conrdl

Note:
n=0~5 for PWMO~PWM5

x=0~1 for PWM unit0~1

Py_MFPz: represent the corresponding multiple function and input type control bit

Figure 9-4 PWM Output Driving Control

The driving type of PWM output ports can be initialized as Tri-state type or other type dependent with
Pn_PMD register setting after any reset. As show in the above diagram, PWM output structures are
controllable through config-bits, register bits PWMPOEN[HZ_Even0/1, HZ_0Odd0/1] and Pn_PMD
mode registers.

HZ_Even/HZ_Odd Even/Odd PWM Outputs
(In PWMPOEN Register) Drive Mode

0 Depend on Pn_PMD

1 Driving mode = Hi-Z.

Note: Register bits for HZ_Even and HZ_0Odd are latched from configO during all reset.
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9.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W  [Description Reset Value
GPIO Base Address:
GPx_BA = 0x5000_4000 + (0x40 * x)
x=0,1.10
GPIOB_BA = 0x5000_4300
n=0,1.10
m=0,1.7
Px_PMD GPx_BA+0x00 R/W  [GPIO Port Bit Mode Control 0x0000_0000
Px_OFFD GPx_BA+0x04 R/W  |GPIO Port Bit Off Digital Enable 0x0000_0000
Px_DOUT GPx_BA+0x08 R/W  |GPIO Port Data Output 0x0000_O0OFF
Px_DMASK GPx_BA+0x0C R/W  [GPIO Port Data Output Write Mask 0x0000_0000
Px_PIN GPx_BA+0x10 R GPIO Port Pin Value 0x0000_00XX
Px_DBEN GPx_BA+0x14 R/W  |GPIO Port De-bounce Enable 0x0000_0000
Px_IMD GPx_BA+0x18 R/W  |GPIO Port Interrupt Mode Select 0x0000_0000
Px_IEN GPx_BA+0x1C R/W  [GPIO Port Interrupt Enable 0x0000_0000
Px_ISF GPx_BA+0x20 R/W  [GPIO Port Interrupt Source Flag OXXXXX_XXXX
DBNCECON GP0_BA+0x2E0 |R/W |External Interrupt De-bounce Control 0x0000_0000
PWMPOEN GPO_BA+0x2E4 |R/W |PWM Port Output Enable 0x0000_00XX
Pn_m

_ GPIOB_BA+(0x20 .
n=0,1..10 * 1+ 0X04 * m) R/W  [GPIO Port n bit m I/O value 0x0000_000X
m=0,1..7
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9.6 Register Description
GPIO Port I/O Mode Control (Px PMD, x = 0~10(0x0A))

Register Offset R/W  [Description Reset Value
Px_PMD GPx_BA+0x00 R/W  |GPIO Port Bit Mode Control 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
PMD7 PMD6 PMD5 PMD4
7 6 5 4 3 2 1 0
PMD3 PMD2 PMD1 PMDO
Bits Description
[31:16] - Reserved.
Port x bit m Mode Control
Determine each I/O mode of Px pins.
00 = GPIO port [n] pin is in Input mode
[2m+1:2m]
PMDm 01 = GPIO port [n] pin is in Push-pull Output mode
m=0,1..15
10 = GPIO port [n] pin is in Open-drain Output mode
11 = GPIO port [n] pin is in Quasi-bidirectional mode
Note: Max. m = 1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9.
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GPIO Port Bit OFF Digital Enable (Px OFFD, x = 0~10(0x0A))

Register Offset R/W  [Description Reset Value
Px_OFFD GPx_BA+0x04 R/W  |GPIO Port Bit Off Digital Enable 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
OFFD[7:0]
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
Bits Description
[31:24] - Reserved.
Port x bit m off digital input path.
Each of these bits is used to turn off the digital input path of port n bit m pin. If input is
[m+16] analog signal, users can turn off digital input path to avoid input current leakage.
=017 OFFD[m] 1 = 1/O digital input path Disabled (digital input tied to low).
0 = I/O digital input path Enabled.
Note: Max. m =1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9
[15:0] - Reserved.
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GPIO Port Data OQutput (Px DOUT, x = 0~10(0x0A))

Register Offset R/W |Description Reset Value
Px_DOUT GPx_BA+0x08 R/W |GPIO Port Data Output 0x0000_0O0FF
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
DOUT[7:0]
Bits Description
[31:8] - Reserved.
Port x bit m output.
Each of these bits control the status of port n bit m when this pin is configures as
output, open-drain, or quasi bi-directional mode.
(m] 1 = GPIO port [0/1/2/3/4/5/6/7/8/9/A] Pin[m] will drive High if the GPIO pin is
DOUT[m] ; L
m=01.7 configured as Push-pull output or Quasi-bidirectional mode.
0 = GPIO port [0/1/2/3/4/5/6/7/8/9/A] Pin[m] will drive Low if the GPIO pin is
configured as Push-pull output, Open-drain output or Quasi-bidirectional mode.
Note: Max. m = 1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9
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GPIO Port Data Output Write Mask (Px DMASK, x = 0~10(0x0A))

Register Offset R/W  [Description Reset Value
Px_DMASK GPx_BA+0x0C R/W  |GPIO Port Data Output Write Mask 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
DMASK([7:0]
Bits Description
[31:8] - Reserved.
Port x bit m data output write mask
These bits are used to protect the corresponding register of Pn_DOUT[m]. When set
the DMASK[m] to 1, the writing to Pn_DOUT[m] bit is ignored. The write to port pin
latch is masked.
[m] 1 = Corresponding Pn_DOUT[m] bit protected.
m=0,1..7 DMASK[m] 0 = Corresponding Pn_DOUT[m] bit can be updated
Note: This function only protects the corresponding Px_DOUT[m] bit, and will not
protect the corresponding bit control register (POm, P1m, P2m, P3m, P4m, P5m,
P6m, P7m, P8m, P9m and PAm).
Note: Max. m = 1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9
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GPIO Port Pin Value (Px PIN, x = 0~10(0x0A))

Register Offset R/W  [Description Reset Value
Px_PIN GPx_BA+0x10 R GPIO Port Pin Value 0x0000_00XX
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
PIN[7:0]
Bits Description
[31:8] - Reserved.
Port x Bit m Pin Value
(m] PIN[m] Each bit of the register reflects the actual status of the respective port pin. If bit is 1, it|
m=01.7 indicates the corresponding pin status is high, else the pin status is low
Note: Max. m = 1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9
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GPIO Port De-bounce Enable (Px DBEN, x = 0~10(0x0A))

Register Offset R/W  [Description Reset Value
Px_DBEN GPx_BA+0x14 R/W  |GPIO Port De-bounce Enable 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
DBEN[7:0]
Bits Description
[31:8] - Reserved.
Port x Bit m Input De-bounce Enable
DBEN[m] is used to enable the de-bounce function for each corresponding bit.
DBEN[m] is valid for “edge-triggered” interrupt only and is ignored for “level triggered”
interrupt.
[m] If the input signal pulse width can’t be sampled by continuous two de-bounce sample
_ DBEN[m] cycle The input signal transition is seen as the signal bounce and will not trigger the
m=0,1..7 interrupt. The de-bounce clock is controlled by DBNCECON register.
1 = Bit[m] de-bounce function Enabled.
0 = Bit[m] de-bounce function Disabled.
Note: Max. m = 1 for PA; Max. n = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9
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GPIO Port Interrupt Mode Select (Px _IMD, x = 0~10(0x0A))

Register Offset R/W  [Description Reset Value
Px_IMD GPx_BA+0x18 R/W  |GPIO Port Interrupt Mode Select 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
IMD[7:0]
Bits Description
[31:8] - Reserved.
Port x bit m Edge or Level Triggered Interrupt Control
IMD[m] decides the pin interrupt triggered by level or edge. If the interrupt is by edge
trigger, the trigger source can be controlled by de-bounce. If the interrupt is by level
trigger, the input source is sampled by one HCLK clock and generates the interrupt.
1 = Level triggered interrupt.
[m] = i i
IMD[m] 0 = Edge triggered interrupt.
m=0,1..7 If set pin as the level trigger interrupt, then only one level can be set on the registers
Pn_IEN. If set both the level to trigger interrupt, the setting is ignored and no interrupt
will occur
The de-bounce function is valid for edge triggered interrupt. If the interrupt mode is
level triggered, the de-bounce enable bit is ignored.
Note: Max. m = 1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9
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GPIO Port Interrupt Enable (Px IEN, x = 0~10(0x0A))

Register Offset R/W  [Description Reset Value
Px_IEN GPx_BA+0x1C R/W  |GPIO Port Interrupt Enable 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
IR_EN[7:0]
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
IF_EN[7:0]
Bits Description
[31:24] - Reserved.

Port x Bit m Interrupt Enabled for Rising Edge or High Level Input

IR_EN[m] enables the interrupt for each of the corresponding input of Port x. Set bit to
[m+16] 1 also enable the pin wakeup function.

m=01.7 IR_EN[m] 1 = Port n bit m high-level or rising edge interrupt Enabled.
0 = Port n bit m high-level or rising edge interrupt Disabled.

Note: Max. m = 1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9

[15:8] - Reserved.

Port x Bit m Interrupt Enabled for Falling Edge or Low Level Input

IF_ENI[n] enables the interrupt for each of the corresponding input of Port x. Set bit to
[m] 1 also enable the pin wakeup function.

m=0,1..7 IF_EN[m] 1 = Port n bit m low-level or falling edge interrupt Enabled.
0 = Port n bit m low-level or falling edge interrupt Disabled.

Note: Max. m = 1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9
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GPIO Port Interrupt Source Flag (Px _ISF, x = 0~10(0x0A))

Register Offset R/W  [Description Reset Value
Px_ISF GPx_BA+0x20 R/W  |GPIO Port Interrupt Source Flag OXXXXX_XXXX
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
IF_ISF[7:0]

Bits Description
[31:8] - Reserved.

Port x Bit m Trigger Source Indicator

These bits are edge/level trigger event indicators of each pin of Port X, if GPGO_INT
or GPG1_INT enable bit is set, the corresponding interrupt service routine will be
served. Note that P3.2 and P3.3 will only vector to INTO_INT and INT1_INT ISRs if its
own interrupt is enabled.

Read :
[m]
m=0,1..7

IF_ISF [m] 1 = Indicates Port x bit m detects a trigger event.

0 = No interrupt at Port x.

Write :

1= Clear the corresponding pending interrupt.

0= No effect.

Note: Max. m = 1 for PA; Max. m = 7 for PO/P1/P2/P3/P4/P5/P6/P7/P8/P9
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External Interrupt De-bounce Control (DBNCECON)

Register Offset R/W  |Description Reset Value
DBNCECON GPO0_BA+0x2E0 |R/W [External Interrupt De-bounce Control 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- ICLK_ON DBCLKSRC DBCLKSEL

Bits Description
Interrupt Clock On Mode
1 = All I/O pins edge detection circuit is always active after reset.

(5] ICLK_ON 0 = Edge detection circuit is active only if I/O pin corresponding Pn_IEN bit is set to 1.
It is recommended to turn off this bit to save system power if no special application
concern.

De-bounce Counter Clock Source Selection

[4] DBCLKSRC 1 = De-bounce counter clock source is the internal 10 kHz low speed oscillator.

0 = De-bounce counter clock source is the HCLK.

May 22, 2017 Page 177 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

Bits Description
De-bounce sampling cycle selection.
DBCLKSEL Description
0x0 Sample interrupt input once per 1 clock
0x1 Sample interrupt input once per 2 clocks
0x2 Sample interrupt input once per 4 clocks
0x3 Sample interrupt input once per 8 clocks
0x4 Sample interrupt input once per 16 clocks
0x5 Sample interrupt input once per 32 clocks
0x6 Sample interrupt input once per 64 clocks
[3:0] DBCLKSEL
0x7 Sample interrupt input once per 128 clocks
0x8 Sample interrupt input once per 256 clocks
0x9 Sample interrupt input once per 2*256 clocks
OxA Sample interrupt input once per 4*256clocks
0xB Sample interrupt input once per 8*256 clocks
0xC Sample interrupt input once per 16*256 clocks
0xD Sample interrupt input once per 32*256 clocks
OxE Sample interrupt input once per 64*256 clocks
OxF Sample interrupt input once per 128*256 clocks
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PWM Port Qutput Enable (PWMPOEN)

Register Offset R/W  |Description Reset Value
PWMPOEN GP0_BA+0x2E4 |R/W |PWM Port Output Enable 0x0000_00XX
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- HZ_BPWM HZ_Odd1 HZ_Evenl HZ_0ddo0 HZ_EvenO

Bits Description
[31:5] - -
Basic PWM Ports Output Control
1 = The driving mode of Basic PWM ports are forced in tri-state (Hi-Z) all the time.
(4 HZ_BPWM 0 = The driving mode of Basic PWM ports are controlled by GPIO mode register
(Pn_PMD) or multi-function register (Pn_MFP).
The initial value is loaded from config0[CHZ_BPWM] after any reset.
PWM Unitl Odd Ports Output Control
1 = The driving mode of PWM unitl odd ports are forced in tri-state (Hi-Z) all the time.
K] HZ_Odd1 0 = The driving mode of PWM unitl odd ports are controlled by GPIO mode register
(Pn_PMD) or multi-function register (Pn_MFP).
The initial value is loaded from configO[CHZ_Odd1] after any reset.
PWM Unitl Even Ports Output Control
1 = The driving mode of PWM unitl even ports are forced in tri-state (Hi-Z) all the
time.
[2] HZ_Evenl
0 = The driving mode of PWM unitl even ports are controlled by GPIO mode register
(Pn_PMD) or multi-function register (Pn_MFP).
The initial value is loaded from configO[CHZ_Even1] after any reset.
PWM Unit0 Odd Ports Output Control
1 = The driving mode of PWM unit0 odd ports are forced in tri-state (Hi-Z) all the time.
(1 HZ_0ddo 0 = The driving mode of PWM unit0 odd ports are controlled by GPIO mode register
(Pn_PMD) or multi-function register (Pn_MFP).
The initial value is loaded from configO[CHZ_0Odd0] after any reset.
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Bits Description
PWM Unit0 Even Ports Output Control
1= 'I_'he driving mode of PWM unit0 even ports are forced in tri-state (Hi-Z) all the
[0] HZ_Even0 fime-

0 = The driving mode of PWM unit0 even ports are controlled by GPIO mode register
(Pn_PMD) or multi-function register (Pn_MFP).

The initial value is loaded from configO[CHZ_Even0] after any reset.
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GPIO Port n Bit m 1/0 value (Pn_m, n = 0~10(0x0A), m = 0~7)

Register Offset R/W |Description Reset Value
Pn_m GPIOB_BA+(0x20 *n + 0x04 * m) |R/W |GPIO Port n bit m 1/O value 0x0000_000X
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- Pnm
Bits Description
[31:1] - Reserved.
Port n bit m (Pnm) value.
Write:
1 = Set Pnm latch to output high.
0 = Clear Pnm latch to output low.
0] Pnm Read:
1 = Port pin of Pnm is a high level.
0 = Port pin of Pnm is a low level.
For example: a writing of P0O reflects the value of bit PO_DOUTI[0], a reading returns
the value of PO_PIN[O].
Note: The write operation will not be affected by register GPIOx_DMASK
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10 TIMERS/COUNTERS

10.1 Overview

The timer controller includes four 32-bit timers, TIMERO~TIMER3, which allows user to easily
implement a timer control for applications. The timer can perform functions, such as frequency
measurement, event counting, interval measurement, clock generation, and delay timing. The
timer can generate an interrupt signal upon timeout, or provide the current value during operation.

10.2 Features
Four sets of 32-bit timers with 24-bit up counter and one 8-bit pre-scale counter

Independent clock source for each timer

Provides one-shot, periodic, toggle and continuous counting operation modes

Time out period = (Period of timer clock input) * (8-bit pre-scale counter + 1) * (24-bit TCMP)
Maximum counting cycle time = (1 / T MHz) * (2°) * (2*%), T is the period of timer clock

24-bit up counter value is readable through TDR (Timer Data Register)

Supports event counting function to count the event from external pin

Supports external pin capture function for interval measurement

Supports external pin capture function for reset timer counter.
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10.3 Block Diagram

Each channel is equipped with an 8-bit pre-scale counter, a 24-bit up counter, a 24-bit compare
register (TCMPR) and an interrupt request signal (TIF). Refer to Figure 10-1 for the timer
controller block diagram. There are six options of clock sources for each channel. Figure 10-2
illustrates the clock source control function. Software can program the 8-bit pre-scale counter to
decide the clock period to 24-bit up counter.

24-bit TCMPR[23:0]

CRST(TCSR[26])

Reset counter

Y
TIF
TISR[O
, , — (TISR(0)
8-bit Internal 24-bit
>
pre-scale up-counter
TMO- ! i
™3 TDR_EN Load Rocer .
(TCSR[24]) (TCSR[16]) eset counter
TX_PHASE
(TEXCONI[O]) 24-bit TDR[23:0]
RSTCAPSEL

TEXEN
TEXCON[4
(TEXCON[3]) ( D Load
TEXIF
(TEXISR[O])

24-bit TCAP[23:0]

Timer
interrupt

IE
(TCSR[29])

0
N

TEX_EDGE
(TEXCON[2:1]) TEXIEN(TEXCONI5])

Figure 10-1 Timer Controller Block Diagram
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Figure 10-2 Clock Source of Timer Controller
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10.4 Function Description

Timer controller provides One-shot, Period, Toggle and Continuous Counting operation modes.
The event counting function is also provided to count the events/counts from external pin and
external pin capture function for interval measurement or reset timer counter. Each operating
function mode is shown as follows:

10.4.1 One-shot mode

If the timer is operated in One-shot mode (TCSR MODEJ1:0] is 0x0) and CEN (TCSRJ[30] timer
enable bit) is set to 1, the timer counter starts up counting. Once the timer counter value (TDR
value) reaches timer compare register (TCMPR) value, the TIF (TISR[O] timer interrupt flag) will
setto 1. If IE (TCSR[29] interrupt enable bit) is set to 1, and TIF (TISR[0] timer interrupt flag) is 1
then the interrupt signal is generated and sent to NVIC to inform CPU for indicating that the timer
counting overflow happens. If IE (TCSR[29] interrupt enable bit) is set to 0, no interrupt signal is
generated.

In this operating mode, once the timer counter value (TDR value) reaches timer compare register
(TCMPR) value, TIF (TISR[0] timer interrupt flag) will set to 1, timer counting operation stops and
the timer counter value (TDR value) goes back to counting initial value then CEN (TCSR[30] timer
enable bit) is cleared to 0 by timer controller automatically. That is to say, timer operates timer
counting and compares with TCMPR value function only one time after programming the timer
compare register (TCMPR) value and CEN (TCSR[30] timer enable bit) is set to 1. So, this
operating mode is called One-Shot mode.

10.4.2 Periodic mode

If the timer is operated in Period mode (TCSR MODE[1:0] is 0x1) and CEN (TCSR[30] timer
enable bit) is set to 1, the timer counter starts up counting. Once the timer counter value (TDR
value) reaches timer compare register (TCMPR) value, the TIF (TISR[0] timer interrupt flag) will
set to 1. If IE (TCSR[29] interrupt enable bit) is set to 1, and TIF (TISR[O] timer interrupt flag) is 1
then the interrupt signal is generated and sent to NVIC to inform CPU for indicating that the timer
counting overflow happens. If IE (TCSR[29] interrupt enable bit) is set to 0, no interrupt signal is
generated.

In this operating mode, once the timer counter value (TDR value) reaches timer compare register
(TCMPR) value, TIF (TISR[0] timer interrupt flag) will set to 1, the timer counter value (TDR value)
goes back to counting initial value and CEN (TCSR[30] timer enable bit) is kept at 1 (counting
enable continuously) and timer counter operates up counting again. If TIF (TISR[0] timer interrupt
flag) is cleared by software, once the timer counter value (TDR value) reaches timer compare
register (TCMPR) value again, TIF (TISR[0] timer interrupt flag) will set to 1 also. That is to say,
timer operates timer counting and compares with TCMPR value function periodically. The timer
counting operation does not stop until the CEN (TCSR[30] timer enable bit) is set to 0. The
interrupt signal is also generated periodically. So, this operating mode is called Periodic mode.

10.4.3 Toggle mode

If the timer is operated in Toggle mode (TCSR MODEJ1:0] is 0x2) and CEN (TCSRI[30] timer
enable bit) is set to 1, the timer counter starts up counting. Once the timer counter value (TDR
value) reaches timer compare register (TCMPR) value, the TIF (TISR[O] timer interrupt flag) will
setto 1. If IE (TCSR[29] interrupt enable bit) is set to 1, and TIF (TISR[O] timer interrupt flag) is 1
then the interrupt signal is generated and sent to NVIC to inform CPU for indicating that the timer
counting overflow happens. If IE (TCSR[29] interrupt enable bit) is set to 0, no interrupt signal is
generated.

In this operating mode, once the timer counter value (TDR value) reaches timer compare register
(TCMPR) value, TIF (TISR[O] timer interrupt flag) will set to 1, toggle out signal (TMx pin) is set to
1, the timer counter value (TDR value) goes back to counting initial value and CEN (TCSR[30]
timer enable bit) is kept at 1 (counting enable continuously) and timer counter operates up
counting again. If TIF (TISR[0] timer interrupt flag) is cleared by software, once the timer counter
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value (TDR value) reaches timer compare register (TCMPR) value again, TIF (TISR[O] timer
interrupt flag) will set to 1 also and toggle out signal (TMx pin) is set to 0. The timer counting
operation does not stop until the CEN (TCSR[30] timer enable bit) is set to 0. Thus, the toggle
output signal (TMx pin) is changing back and forth with 50% duty cycle. So, this operating mode is
called Toggle mode.

10.4.4 Continuous Counting Mode

If the timer is operated in Continuous Counting mode (TCSR MODE[1:0] is 0x3) and CEN
(TCSR[30] timer enable bit) is set to 1, the timer counter starts up counting. Once the timer
counter value (TDR value) reaches timer compare register (TCMPR) value, the TIF (TISR[O] timer
interrupt flag) will set to 1. If IE (TCSR[29] interrupt enable bit) is set to 1, and TIF (TISR[0] timer
interrupt flag) is 1 then the interrupt signal is generated and sent to NVIC to inform CPU for
indicating that the timer counting overflow happens. If IE (TCSR[29] interrupt enable bit) is set to
0, no interrupt signal is generated.

In this operating mode, once the timer counter value (TDR value) reaches timer compare register
(TCMPR) value, TIF (TISR[O] timer interrupt flag) will set to 1 and CEN (TCSR[30] timer enable
bit) is kept at 1 (counting enable continuously) and timer counter continuous counting without
reload the timer counter value (TDR value) to counting initial value. User can change different
timer compare register (TCMPR) value immediately without disabling timer counter and restarting
timer counter counting.

For example, timer compare register (TCMPR) value is set as 80, first. (The timer compare
register (TCMPR) should be less than 2** and be greater than 1). Once the timer counter value
(TDR value) reaches to 80, TIF (TISR[O] timer interrupt flag) will set to 1 and (TCSR[30] timer
enable bit) is kept at 1 (counting enable continuously) and timer counter value (TDR value) will
not goes back to 0, it continues counting to 81, 82, 83, to (2**-1)then 0,1, 2,3, " to 2** -1
again and again. Next, if user programs timer compare register (TCMPR) value as 200 and the
TIF (TISR[O] timer interrupt flag) is cleared to 0, then TIF (TISR[O] timer interrupt flag) will set to 1
again when timer counter value (TDR value) reaches to 200. At last, user programs timer
compare register (TCMPR) value as 500 and clears TIF (TISR[O] timer interrupt flag) to O, then
TIF (TISR[O] timer interrupt flag) will set to 1 again when timer counter value (TDR value) reaches
to 500. In this mode, the timer counter value (TDR value) is keeping up counting always even if
TIF (TISR[O] timer interrupt flag) is 1. So, this operation mode is called as Continuous Counting

mode.
TDR =80 TDR =200 TDR =500
and TIF=1 and TIF=1 and TIF=1
Set Clear TIFas 0 Clear TIFas 0 Clear TIFas 0
TCMPR =80 and Set and Set and Set
( TCMPR = 200 TCMPR = 500 TCMPR = 80
TDR =0 TDR =100 TDR =200 TDR =300 TDR =400 TDR =500 TDR =224 -1

r ¢t ¢ttt t

TDR from 224-1t0 0

Figure 10-3 Continuous Counting Mode
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10.4.5 Event Counting Function

An application which can count the events/counts from TMx pin (event counting pin) is called as
event counting function. In this mode, most of the timer control registers are the same with the
timer operating function mode except TCSR MODE[1:0] must set to 0x2 (toggle out mode will be
disabled) and the clock source of timer controller, TMRx_CLK, in Figure 10-2 should be set as
HCLK. When status transition on TMx pin, the event counter value (TDR value) will be counted
according to TX_PHASE (TEXCON][O] timer external count phase) setting. TCDB (TEXCONJ7]
timer counter pin de-bounce enable) bit is for enabled or disabled edge detection de-bounce
circuit of TMx pin. The max frequency of event counting source on TMx pin should be less than
1/3 HCLK if TCDB (TEXCON][7] timer counter pin de-bounce enable) is 0 or less than 1/8 HCLK if
TCDB (TEXCON(J7] timer counter pin de-bounce enable) is 1. Otherwise, the event counter value
(TDR value) will not be counted normally.

10.4.6 External Pin Capture Function

In this mode, timer will monitor the transition of TMx pin (external capture pin) to save the timer
counter value (TDR value) to timer capture value (TCAP value) or reset the timer counter value
(TDR value) to 0. And the clock source of timer controller, TMRx_CLK, in Figure 10-2 should be
set as HCLK.

If RSTCAPSEL (TEXCONTI4] timer external reset counter / capture mode select) bit is O, the
transition on TMx pin is used as timer counter capture function. And when the transition of TMx
pin matches the TEX_EDGE (TEXCON][2:1] timer external pin edge detect) setting, TEXIF
(TEXISR[O] timer external interrupt flag) will set to 1 and the timer counter value (TDR value) will
be saved into timer capture value (TCAP value).

If RSTCAPSEL (TEXCONTJ4] timer external reset counter / capture mode select) bit is 1, the
transition on TMx pin is used as timer counter reset function. In this mode, once the transition of
TMx pin matches TEX_EDGE (TEXCON]J2:1] timer external pin edge detect) setting, TEXIF
(TEXISRI[O] timer external interrupt flag) will set to 1 and the timer counter value (TDR value) will
be reset to 0.

The max frequency of external capture source on TMx pin should be less than 1/3 HCLK if
TEXDB (TEXCON][6] timer external capture pin de-bounce enable) is O or less than 1/8 HCLK if
TEXDB (TEXCON][6] timer external capture pin de-bounce enable) is 1. Otherwise, the transition
on TMx pin will not be detected and TEXIF (TEXISR[O] timer external interrupt flag) will not set to
1 normally.

May 22, 2017 Page 186 of 641 Revision V0.9.3



NUVYOTON

».;3;s;:ee—,— e, e—s——————————— /|

10.5 Register Map
R: read only, W: write only,

NuMicro™ NM1510/NM1520/NM1530
Preliminary Technical Reference Manual

R/W: both read and write

Register Offset R/W |Description Reset Value
TIMER Base Address:

TMRO1_BA = 0x4001_0000

TMR23_BA = 0x4011_0000

TCSRO TMRO01_BA+0x00 [R/W |TimerO Control and Status Register 0x0000_0005
TCMPRO TMRO1_BA+0x04 |R/W |TimerO Compare Register 0x0000_0000
TISRO TMRO1_BA+0x08 [R/W |Timer0 Interrupt Status Register 0x0000_0000
TDRO TMRO01_BA+0x0C |R Timer0 Data Register 0x0000_0000
TCAPO TMRO01_BA+0x10 |R Timer0 Capture Data Register 0x0000_0000
TEXCONO TMRO01_BA+0x14 |R/W |TimerO External Control Register 0x0000_0000
TEXISRO TMRO1_BA+0x18 [R/W |TimerO External Interrupt Status Register 0x0000_0000
TCSR1 TMRO1_BA+0x20 [R/W |Timerl Control and Status Register 0x0000_0005
TCMPR1 TMRO1_BA+0x24 |R/W |Timerl Compare Register 0x0000_0000
TISR1 TMRO1_BA+0x28 |R/W |Timerl Interrupt Status Register 0x0000_0000
TDR1 TMRO1_BA+0x2C (R Timerl Data Register 0x0000_0000
TCAP1 TMRO1_BA+0x30 (R Timerl Capture Data Register 0x0000_0000
TEXCON1 TMRO1_BA+0x34 |R/W |Timerl External Control Register 0x0000_0000
TEXISR1 TMRO1_BA+0x38 |R/W |Timerl External Interrupt Status Register 0x0000_0000
TCSR2 TMR23_BA+0x00 [R/W |Timer2 Control and Status Register 0x0000_0005
TCMPR2 TMR23_BA+0x04 |R/W |Timer2 Compare Register 0x0000_0000
TISR2 TMR23_BA+0x08 [R/W |Timer2 Interrupt Status Register 0x0000_0000
TDR2 TMR23_BA+0x0C |R Timer2 Data Register 0x0000_0000
TCAP2 TMR23_BA+0x10 |R Timer2 Capture Data Register 0x0000_0000
TEXCON2 TMR23_BA+0x14 [R/W |Timer2 External Control Register 0x0000_0000
TEXISR2 TMR23_BA+0x18 [R/W |Timer2 External Interrupt Status Register 0x0000_0000
TCSR3 TMR23_BA+0x20 [R/W |Timer3 Control and Status Register 0x0000_0005
TCMPR3 TMR23_BA+0x24 [R/W |Timer3 Compare Register 0x0000_0000
TISR3 TMR23_BA+0x28 [R/W |Timer3 Interrupt Status Register 0x0000_0000
TDR3 TMR23_BA+0x2C (R Timer3 Data Register 0x0000_0000
TCAP3 TMR23_BA+0x30 (R Timer3 Capture Data Register 0x0000_0000
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TEXCON3 TMR23_BA+0x34 [R/W |Timer3 External Control Register 0x0000_0000

TEXISR3 TMR23_BA+0x38 |R/W |Timer3 External Interrupt Status Register 0x0000_0000
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10.6 Register Description

Timer Control and Status Reqgister (TCSR)

Register Offset R/W |Description Reset Value
TCSRO TMRO1_BA+0x00 |R/W |TimerO Control and Status Register 0x0000_0005
TCSR1 TMRO1_BA+0x20 [R/W |Timerl Control and Status Register 0x0000_0005
TCSR2 TMR23_BA+0x00 [R/W |Timer2 Control and Status Register 0x0000_0005
TCSR3 TMR23_BA+0x20 |R/W |Timer3 Control and Status Register 0x0000_0005
31 30 29 28 27 26 25 24
DB%?}(?:K_ CEN IE MODE[1:0] CRST CACT CTB
23 22 21 20 19 18 17 16
Reserved TDR_EN
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0

PRESCALE[7:0]

Bits Description

ICE Debug Mode Acknowledge Disable (Write-protection Bit)

0 = ICE debug mode acknowledgement effects TIMER counting.
[31] DBGACK_TMR [ TIMER counter will be held while CPU is held by ICE.

1 = ICE debug mode acknowledgement disabled.

TIMER counter will keep going no matter CPU is held by ICE or not.

Timer Enable Bit
1 = Starts counting

0 = Stops/Suspends counting

30 CEN
(300 Notel: In stop status, and then set CEN to 1 will enable the 24-bit up counter to keep

counting from the last stop counting value.

Note2: This bit is auto-cleared by hardware in one-shot mode (TCSR [28:27] = 00)
when the timer interrupt flag (TISR[O] TIF) is generated.

Interrupt Enable Bit
1 = Timer Interrupt Enabled
[29] IE 0 = Timer Interrupt Disabled

If this bit is enabled, when the timer interrupt flag (TISR[0] TIF) is set to 1, the timer
interrupt signal is generated and inform to CPU.
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Timer Operating Mode

MODE Timer Operating Mode

00 The timer is operated in One-shot mode.

[28:27] MODE
01 The timer is operated in Periodic mode.

10 The timer is operated in Toggle mode.

11 The timer is operated in Continuous Counting mode.

Timer Reset Bit

Setting this bit will reset the 24-bit up counter value (TDR) and also force CEN
[26] CRST (TCSR[30] timer enable bit) to 0 if CACT (TCSR[25] timer active status bit) is 1.

0 = No effect

1 = Reset 8-bit pre-scale counter, 24-bit up counter value and CEN bit

Timer Active Status Bit (Read Only)

This bit indicates the 24-bit up counter status.
[25] CACT
0 = 24-bit up counter is not active

1 = 24-bit up counter is active

Counter Mode Enable Bit

This bit is for external counting pin function enabled. When timer is used as an event
counter, this bit should be set to 1 and select HCLK as timer clock source. Please refer
[24] CTB to 10.4.5 for detail description.

1 = External counter mode Enabled

0 = External counter mode Disabled

[23:17] Reserved Reserved

Data Load Enable

When this bit is set, timer counter value (TDR) will be updated continuously to monitor
[16] TDR EN internal 24-bit up counter value as the counter is counting.

1 = Timer Data Register update Enabled while timer counter is active

0 = Timer Data Register update Disabled

[15:8] Reserved Reserved

Pre-scale Counter

[7:0] PRESCALE Timer input clock source is divided by (PRESCALE+1) before it is fed to the timer up

counter. If this field is 0 (PRESCALE = 0), then there is no scaling.
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Timer Compare Reqgister (TCMPR)

Register Offset R/W |Description Reset Value
TCMPRO TMRO1_BA+0x04 |R/W |TimerO Compare Register 0x0000_0000
TCMPR1 TMRO1_BA+0x24 |[R/W |Timerl Compare Register 0x0000_0000
TCMPR2 TMR23_BA+0x04 [R/W |Timer2 Compare Register 0x0000_0000
TCMPR3 TMR23_BA+0x24 |R/W |Timer3 Compare Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
TCMP [23:16]
15 14 13 12 11 10 9 8
TCMP [15:8]
7 6 5 4 3 2 1 0
TCMP [7:0]
Bits Description
[31:24] Reserved Reserved

Timer Compared Value

TCMP is a 24-bit compared value register. When the internal 24-bit up counter value is
equal to TCMP value, the TIF (TISR[O] timet interrupt flag) will set to 1.

Time out period = (Period of timer clock input) * (8-bit PRESCALE + 1) * (24-bit TCMP)
[23:0] TCMP Notel: Never write 0x0 or Ox1 in TCMP field, or the core will run into unknown state.

Note2: When timer is operating at continuous counting mode, the 24-bit up counter will
keep counting continuously even if software writes a new value into TCMP field. But if
timer is operating at other modes, the 24-bit up counter will restart counting and using
newest TCMP value to be the timer compared value if software writes a new value into
TCMP field.

May 22, 2017 Page 191 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

Timer Interrupt Status Register (TISR)

Register Offset R/W  |Description Reset Value
TISRO TMRO1_BA+0x08 |[R/W |TimerO Interrupt Status Register 0x0000_0000
TISR1 TMRO1_BA+0x28 [R/W |Timerl Interrupt Status Register 0x0000_0000
TISR2 TMR23_BA+0x08 |[R/W |Timer2 Interrupt Status Register 0x0000_0000
TISR3 TMR23_BA+0x28 |[R/W |Timer3 Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TIF
Bits Description
[31:1] Reserved Reserved
Timer Interrupt Flag
0] TIE This bit indicates the interrupt flag status of Timer.
And this bit is set by hardware when the timer counter value) matches the timer
compared value (TCMP value). It is cleared by software writing 1 to this bit.
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Timer Data Register (TDR)

Register Offset R/W  [Description Reset Value
TDRO TMRO1_BA+0x0C [R TimerO Data Register 0x0000_0000
TDR1 TMRO1_BA+0x2C |R Timerl Data Register 0x0000_0000
TDR2 TMR23_BA+0x0C |R Timer2 Data Register 0x0000_0000
TDR3 TMR23_BA+0x2C R Timer3 Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
TDR[23:16]
15 14 13 12 11 10 9 8
TDR[15:8]
7 6 5 4 3 2 1 0
TDR[7:0]
Bits Description
[31:24] Reserved Reserved
Timer Data Register
[23:0] TDR If TDR_EN (TCSR[16]) is set to 1, TDR will be updated continuously to monitor
24-bit timer counter value.

May 22, 2017 Page 193 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

Timer Capture Data Register (TCAP)

Register Offset R/W  [Description Reset Value
TCAPO TMRO1_BA+0x10 (R TimerO Capture Data Register 0x0000_0000
TCAP1 TMRO1_BA+0x30 |R Timerl Capture Data Register 0x0000_0000
TCAP2 TMR23_BA+0x10 |R Timer2 Capture Data Register 0x0000_0000
TCAP3 TMR23_BA+0x30 (R Timer3 Capture Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
TCAP[23:16]
15 14 13 12 11 10 9 8
TCAP[15:8]
7 6 5 4 3 2 1 0
TCAP[7:0]
Bits Description
[31:24] Reserved Reserved

Timer Capture Data Register

When TEXEN (TEXCONI[3] timer external pin enable) bit is set, RSTCAPSEL
(TEXCONI4] timer external reset counter/capture mode select) bit is 0, and a
(23:0] TCAP transition on TMx pin matched the TEX_EDGE (TEXCON][2:1] timer external pin
edge detect) setting, TEXIF (TEXISR[O] timer external interrupt flag) will set to 1
and the current timer counter value (TDR value) will be auto-loaded into this
TCAP field.
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Timer External Control Register (TEXCON)

Register Offset R/W | Description Reset Value
TEXCONO TMRO1_BA+0x14 [R/W |TimerO External Control Register 0x0000_0000
TEXCON1 TMRO1_BA+0x34 |R/W |Timerl External Control Register 0x0000_0000
TEXCON2 TMR23_BA+0x14 |R/W |Timer2 External Control Register 0x0000_0000
TEXCON3 TMR23_BA+0x34 [R/W |Timer3 External Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
TCDB TEXDB TEXIEN RSTCAPSEL TEXEN TEX_EDGE TX_PHASE
Bits Description
[31:8] Reserved Reserved
Timer Counter pin De-bounce Enable
1 = TMx pin de-bounce Enabled.
[7] TCDB
0 = TMx pin de-bounce Disabled.
If this bit is enabled, the edge detection of TMx pin is detected with de-bounce circuit.
Timer External Capture pin De-bounce Enable
1 = TMx pin de-bounce Enabled.
[6] TEXDB
0 = TMx pin de-bounce Disabled.
If this bit is enabled, the edge detection of TMx pin is detected with de-bounce circuit.
Timer External interrupt Enable
1 = TMx pin detection Interrupt Enabled
(5] TEXIEN 0 = TMx pin detection Interrupt Disabled.
TEXIEN is used to enable timer external interrupt. If TEXIEN enabled, timer will rise
an interrupt when TEXIF = 1.
Timer External Reset Counter / Capture Mode Select
1 = Transition on TMx pin is using to reset the 24-bit timer counter.
[4] RSTCAPSEL - . . o
0 = Transition on TMx pin is using to save the 24-bit timer counter value (TDR value)
to timer capture value (TCAP value) if TEXIF (TEXISR[O] timer external interrupt flag)
issettol
Timer External Pin Enable
(3] TEXEN This bit enables the RSTCAPSEL (TEXCONIJ4] timer external reset counter/capture
mode select ) function on the TMx pin.
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1 = RSTCAPSEL function of TMx pin is active.
0 = RSTCAPSEL function of TMx pin will be ignored.

Timer External Pin Edge Detect

00 = A 1 to 0 transition on TMx pin will be detected.

[2:1] TEX_EDGE 01 = A 0to 1 transition on TMx pin will be detected.

10 = Either 1 to 0 or 0 to 1 transition on TMx pin will be detected.

11 = Reserved.

Timer External Count Phase

This bit indicates the detection phase of external counting pin.
[0] TX_PHASE
1 = Arising edge of external counting pin will be counted.

0 = A falling edge of external counting pin will be counted.
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Timer External Interrupt Status Register (TEXISR)

Register Offset R/W | Description Reset Value
TEXISRO TMRO1_BA+0x18 [R/W |TimerO External Interrupt Status Register 0x0000_0000
TEXISR1 TMRO1_BA+0x38 |R/W |Timerl External Interrupt Status Register 0x0000_0000
TEXISR2 TMR23_BA+0x18 |R/W |Timer2 External Interrupt Status Register 0x0000_0000
TEXISR3 TMR23_BA+0x38 |R/W |Timer3 External Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TEXIF
Bits Description
[31:1] Reserved Reserved
Timer External Interrupt Flag
This bit indicates the timer external interrupt flag status.
When TEXEN (TEXCONI3] timer external pin enable) bit is set, RSTCAPSEL
0] TEXIF (TEXCONI4] timer external reset counter/capture mode select) bit is 0, and a
transition on TMx pin matched the TEX_EDGE (TEXCON]J2:1] timer external pin edge
detect) setting, this bit will set to 1 by hardware.
And it is cleared by software writing 1 to this bit.
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11 WATCHDOG TIMER (WDT)

11.1 Overview

The purpose of Watchdog Timer is to perform a system reset when system runs into an unknown
state. This prevents system from hanging for an infinite period of time. Besides, this Watchdog
Timer supports the function to wake-up system from ldle/Power-down mode.

11.2 Features
18-bit free running up counter for Watchdog Timer time out interval.

Selectable time out interval (2* ~ 2'®) and the time out interval is 104 ms ~ 26.3168 s (if
WDT_CLK = 10 kHz).

System keep in reset state for a period of (1 / WDT_CLK) * 63

Supports selectable Watchdog Timer reset delay period, it includes (1024+2) ~ (128+2) -
(16+2) or (1+2) WDT_CLK reset delay period.

®  Supports force Watchdog Timer enabled after chip powered on or reset while CWDTEN
(Config0[31] watchdog enable) bit is set to 0.

®  Supports Watchdog Timer time out wake-up function when WDT clock source is selected to
10 kHz low speed oscillator
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11.3 Block Diagram
The Watchdog Timer clock control and block diagram are shown as following.

WDG_S (CLKSEL1[1:0]) ‘

WD_CLK_EN(APBCLK][O]) ‘
Internal

10 kHz 11

HCLK/2048 | > > WDT_CLK
HCLK/512 o1

HCLK/128 00

Figure 11-1 Watchdog Timer Clock Control

| WTR(WTCRIO]) |
Reset WDT
Counter | 18-pit WDT Up Counter WTIE Watchdog
> (WTCR3))| | Interrupt
Of.4]....]115[16 (17
WTIE J
Tooo! WTCR[6
|88?| ™ Time-out Reset ( [6) Watchdog
: o Delay Resetl"l
110l | select
!_111_| Select WTRE J
WDT_CLK T ? (WTCR[1]) WTRF
F————————
( —<«— WTE WTIS WTRDSEL (WTCR[2])
(WTCR[7]) (WTCR[10:8]) (WTCRALTI[1:0])
Wake-up system from
Note: Idle/Power-down mode
1. Watchdog timer resets CPU and lasts 63 WDT_CLK.
2. If user intends to use WDT to wakeup power-down mode, it is WTWKE | Tl
recommended that CPU clock source is set as the same as WDT (WTCR([4]) WTWKF
clock source before CPU enters in power-down mode. (WTCR[5])

Figure 11-2 Watchdog Timer Block Diagram

11.3.1 Functional Description

The Watchdog Timer (WDT) includes an 18-bit free running up counter with programmable time-
out intervals.Table 5-7 shows the WDT time-out interval selection and Figure 11-3 shows the
timing of WDT time-out interval and reset period.

Setting WTE (WDTCR[7] WDT enable) bit to 1 will enable the WDT function and the WDT counter
to start counting up. When the counter reaches the selected time-out interval (WTIS settings),
WTIF (WTCRJ[3] WDT interrupt flag) will be set to 1 immediately, in the meanwhile, a specified
WDT reset delay period (WTCRALT[1:0] WTRDSEL) follows the WTIF is setting to 1. User must
set WTR (WDTCRJ[0] Reset WDT counter) 1 to reset the 18-bit WDT counter value to avoid
generate WDT time-out reset signal before the WDT reset delay period expires. And WTR bit is
cleared automatically by hardware after WDT counter is reset.

There are eight time-out interval period can be selected by setting WTIS (WTCR[10:8] WDT
interval selection). If the WDT counter value has not been cleared after the specific WDT reset
delay period expires, the WDT control will set WTRF (WTCR[2] WDT reset flag) to 1 if WTRE
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(WTCR[1] WDT reset enable) bit is enabled, then chip will reset immediately. This reset period
will keep last 63 WDT clocks (Tgrst) then chip restarts executing program from reset vector
(Ox0000_0000). And WTRF bit will not be cleared after WDT time-out reset the chip, user can
check WTRF bit by software to recognize the system has been reset by WDT time-out reset or
not.

The WDT also provides system wake-up function from Idle/Power-Down mode while WTIE
(WTCR[6] WDT interrupt enable) bit is enabled and WTIF (WTCR[3] WDT interrupt flag) is set to
1.

WS Time out Interval Period Reset Delay Period
Tris TrstD
000 24 * Tuor (1/16/128/1024 + 2) * Twor
001 2°* Twor (1/16/128/1024 + 2) * Twor
010 2°* Twor (1/16/128/1024 + 2) * Twor
011 210 % Tyor (1/16/128/1024 + 2) * Twor
100 212 % Ty 0 (1/16/128/1024 + 2) * Twor
o1 21 % Tyor (1/16/128/1024 + 2) * Twor
110 218 % Tyor (1/16/128/1024 + 2) * Twor
11 218 % Tyor (1/16/128/1024 + 2) * Twor

Table 11-1 Watchdog Timer Time out Interval Selection

WTRF =1
WTIF =1 (if WTRE = 1)
TWDT
o A A
WDT_CLK ||||||||||||||||||||||||||||||||||| |||||||||||||| |||||||||||||||||
| |
T T
« 1 s ol TR
WDT reset 17:[@51 N
(low reset)

Twor : Watchdog Clock Time Period
® Tqg : Watchdog Timeout Interval Period ( (24 ~ 218) * Typr )
® Trstp : Watchdog Reset Delay Period ( (1/16/128/1024 + 2) * Twpr )

® Tgrst : Watchdog Reset Period ( 63 * Twpr )

Figure 11-3 Watchdog Timer Time-out Interval and Reset Period Timing
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11.4 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

WDT Base Address:
WDT_BA = 0x4000_4000

WTCR WDT_BA+0x00 [R/W | Watchdog Timer Control Register 0x0000_0700

WTCRALT |WDT_BA+0x04 [R/W | Watchdog Timer Alternative Control Register 0x0000_0000
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11.5 Register Description
Watchdog Timer Control Register (WTCR)

Register Offset R/W |Description Reset Value

WTCR WDT_BA+0x00 |R/W [Watchdog Timer Control Register 0x0000_0700

Note: All bits that can be written in this register are write-protected. To program it needs to write “59h”, “16h”, “88h” to
address 0x5000_0100 to disable register protection. Refer to the register REGWRPROT at address GCR_BA+0x100.

31 30 29 28 27 26 25 24
DBGACK_W

DT Reserved

23 22 21 20 19 18 17 16

Reserved
15 14 13 12 11 10 9 8
Reserved WTIS
7 6 5 4 3 2 1 0
WTE WTIE WTWKF WTWKE WTIF WTRF WTRE WTR

Bits Description

ICE Debug Mode Acknowledge Disable (Write-protection Bit)

0 = ICE debug mode acknowledgement affects Watchdog Timer counting.
[31] DBGACK_WDT Watchdog Timer counter will be held while CPU is held by ICE.

1 = ICE debug mode acknowledgement Disabled.

Watchdog Timer counter will keep going no matter CPU is held by ICE or not.

[30:11] Reserved Reserved

Watchdog Timer Interval Selection (Write-protection Bits)

These three bits select the time-out interval period for the Watchdog Timer.

WTIS | Time-out Interval Period
000 2* * Twor
001 2° * Tuor
[10:8] WTIS 010 2° * Twor
011 2" * Tyor
100 22 * Typr
101 2% * Tyor
110 2" * Tyor
111 2" * Typr
[7] WTE Watchdog Timer Enable (Write-protection Bit)
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0 = Watchdog Timer Disabled (This action will reset the internal counter).
1 = Watchdog Timer Enabled

Note: If CWDTEN (Config0[31] watchdog enable) bit is set to 0, this bit is forced
as 1 and software cannot change this bit to 0.

Watchdog Timer Interrupt Enable (Write-protection Bit)

If this bit is enabled, the WDT time-out interrupt signal is generated and inform to
6] WTIE CPU.
0 = Watchdog Timer interrupt Disabled.

1 = Watchdog Timer interrupt Enabled.

Watchdog Timer Wake-up Flag
This bit indicates the interrupt wake-up flag status of WDT
5] WTWKE 0 = Watchdog Timer does not cause chip wake-up.

1 = Chip wake-up from Idle or Power-down mode if WDT time-out interrupt signal
generated.

This bit is cleared by writing 1 to this bit..

Watchdog Timer Wake-up Function Enable bit (Write-protection Bit)

If this bit is set to 1, while WDT interrupt flag (WTCR[3] WTIF) is generated to 1

and WTIE (WTCR[6] WDT interrupt enable) is enabled, the WDT time-out

interrupt signal will generate a wake-up trigger event to chip.

[4] WTWKE _ . . . : : ;
0 = Wake-up trigger event Disabled if WDT time-out interrupt signal generated

1 = Wake-up trigger event Enabled if WDT time-out interrupt signal generated.

Note: Chip can be woken-up by WDT time-out interrupt signal generated only if
WDT clock source is selected to 10 kHz oscillator.

Watchdog Timer Interrupt Flag

This bit will set to 1 while WDT counter value reaches the selected WDT time-out
interval

(3] WTIF 0 = Watchdog Timer time-out interrupt did not occur.
1 = Watchdog Timer time-out interrupt occurred.

Note: This bit is cleared by writing 1 to this bit.

Watchdog Timer Reset Flag

This bit indicates the system has been reset by WDT time-out reset or not.
[2] WTRF 0 = Watchdog Timer time-out reset did not occur.

1 = Watchdog Timer time-out reset occurred.

Note: This bit is cleared by writing 1 to this bit.

Watchdog Timer Reset Enable (Write-protection Bit)

Setting this bit will enable the Watchdog Timer time-out reset function If the WDT
counter value has not been cleared after the specific WDT reset delay period

[1] WTRE expires..

0 = Watchdog Timer time-out reset function Disabled.

1 = Watchdog Timer time-out reset function Enabled.

Reset Watchdog Timer Counter (Write-protection Bit)
0 = No effect.

[0] WTR
1 = Reset the internal 18-bit WDT counter.

Note: This bit will be automatically cleared by hardware.
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Watchdog Timer Alternative Control Register (WTCRALT)

Register Offset R/W |Description Reset Value
WTCRALT WDT_BA+0x04 [R/W |Watchdog Timer Alternative Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WTRDSEL
Bits Description
[31:2] Reserved Reserved

Watchdog Timer Reset Delay Select (Write-protection Bits)

When WDT time-out happened, software has a time named WDT reset delay
period to clear WDT counter to prevent WDT time-out reset happened. Software
can select a suitable value of WDT reset delay period for different WDT time-out
period.

These bits are protected bit. It means programming this bit needs to write “59h”,
“16h”, “88h” to address 0x5000_0100 to disable register protection. Reference
[1:0] WTRDSEL the register REGWRPROT at address GCR_BA+0x100.

00 = Watchdog Timer reset delay period is (1024+2) * WDT_CLK
01 = Watchdog Timer reset delay period is (128+2) * WDT_CLK
10 = Watchdog Timer reset delay period is (16+2) * WDT_CLK
11 = Watchdog Timer reset delay period is (1+2) * WDT_CLK

This register will be reset to 0 if WDT time-out reset happened
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12 WINDOW WATCHDOG TIMER (WWDT)

12.1 Overview

The purpose of Window Watchdog Timer is to perform a system reset within a specified window
period to prevent software run to uncontrollable status by any unpredictable condition.

12.2 Features
®  6-bit down counter (WWDTVAL[5:0]) and 6-bit compare value (WWDTCR[21:16] — WINCMP
value) to make the window period flexible

®  Selectable maximum 11-bit WWDT clock pre-scale (WWDTCR[11:8] — PERIODSEL value)
to make WWDT time out interval variable
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12.3 Block Diagram
The Window Watchdog Timer block diagram is shown as follows.

—{ WWDT_S (CLKSEL2[17:16]) ‘

WDT_EN(APBCLK[0])

~y
10 kHz 1 : WWDT_CLK

——

HCLK/2048

—

\ 4

\ 4

10

Figure 12-1 Window Watchdog Timer Clock Control

PERIODSEL
(WWDTCR[11:8]) Ox3F
WWDTCNT =0 WWDT

Write
WWDTRLD = Write WWDTRLD Reset
0X00005AA5 Write WWDTRLD | >
4

4>WWDT— LK 11-bit —m= 6-bit down counter WWDTRF
c -
P |
rescale WWDTCNT > WINCMP (WWDTSTS[1])

comparator

6-bit compare value WWDTCNT = WINCMP

(WINCMP) WWDT
- 1 WWDTIF Interrupt
6-bit down (WWDTSTS[OD i—>
synchronizer P counter value INTEN
(WWDTVAL) (WWDTCR[1])

Figure 12-2 Window Watchdog Timer Block Diagram
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12.4 Functional Description

The Window Watchdog Timer includes a 6-bit down counter with programmable pre-scale value
to define different time out intervals.

The clock source of 6-bit Window Watchdog Timer is based on system clock divide 2048
(HCLK/2048) or internal 10 kHz oscillator with a programmable maximum 11-bit pre-scale value.
And the programmable 11-bit pre-scale value is controlled by PERIODSEL (WWDTCR[11:8]
WWDT pre-scale period select) and the correlate of PERIODSEL and pre-scale value are listed in

Table 12-1.

PERIODSEL Prescaler Value Time out Period 'E/Ivsxwglrn:gfgtzllgtekg;l
0000 1 1*64* Twwor 6.4 ms
0001 2 2 * 64 * Twwot 12.8 ms
0010 4 4 * 64 * Twwor 25.6 ms
0011 8 8 * 64 * Twwot 51.2 ms
0100 16 16 * 64 * TwwoTt 102.4 ms
0101 32 32 * 64 * Twwor 204.8 ms
0110 64 64 * 64 * Twwor 409.6 ms
0111 128 128 * 64 * Twwor 819.2 ms
1000 192 192 * 64 * Twwor 1.2288 s
1001 256 256 * 64 * Twwor 1.6384 s
1010 384 384 * 64 * Twwort 2.4576 s
1011 512 512 * 64 * Twwot 3.2768 s
1100 768 768 * 64 * TwwpTt 49152 s
1101 1024 1024 * 64 * TwwoTt 6.5536 s
1110 1536 1536 * 64 * Twwot 9.8304 s
1111 2048 2048 * 64 * Twwot 13.1072 s

Table 12-1 Window Watchdog Timer Pre-scale Value Selection

Window Watchdog Timer can be enabled only once by software setting WWDTEN (WWDTCRI[0]
WWDT enable) bit to 1 after chip power on or reset and the WWDT down counter will start
counting from Ox3F and cannot be stopped by software unless chip has been reset again.

During WWDT counter down counting, the WWDTIF (WWDTSR[0] WWDT compare match
interrupt flag) is set to 1 if the WWDT counter value is equal to WINCMP (WWDTCRJ[21:16]
WWDT window compare register) value; if WWDTIE (WWDTCR[1] WWDT interrupt enable) is
also set to 1 by software, the WWDT time-out interrupt signal is generated also while WWDTIF is
set to 1 by hardware.

The WWDT time-out reset signal is generated when the WWDT counter value reaches to O.
Before WWDT counter down counting to 0, software can write 0x00005AA5 to WWDTRLD
register to reload WWDT internal counter value to 0x3F to prevent WWDT time-out reset happen
when current WWDT counter value (WWDTCVR value) is equal or smaller than WINCMP value.
If current WWDT counter value (WWDTCVR value) larger than WINCMP value and software write
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0x00005AA5 to WWDTRLD register, WWDT reset signal will generate to cause chip be reset.
Figure 12-3 shows the reset and reload behavior of WWDT.

To prevent program runs to disable Window Watchdog Timer counter counting unexpected, the
control register WWDTCR can only be written once after chip is powered on or reset. Software
cannot disable Window Watchdog Timer counter counting (WWDTEN), change time-out pre-scale

period (PERIODSEL) or change window compare value (WINCMP) while WWDTEN bit has been
enabled by software unless chip is reset.

o WWDTCVAL > WINCMP ; WWDTCVAL <= WINCMP -
% e S
=)
Write WWDTRLD 0x5AAS here will Write WWDTRLD 0x5AAS5 here will reload
reset system WWDTCVAL to 0x3F

NN

WWDTCVAL >

Reset system when
WWDTCVAL =0

Figure 12-3 Window Watchdog Timer reset and reload behavior

When software writes 0X00005AA5 to WWDTRLD register to reload WWDT counter value to
0x3F, it needs 3 WWDT clocks to sync reload command to actually perform reload action. It
means if software set PERIODSEL (WWDTCR[11:8] WWDT pre-scale period select) to 0, the
pre-scale value should be as 1, and the WINCMP (WWDTCR[21:16] WWDT window compare
register) value must larger than 2, otherwise software writes WWDTRLD to reload WWDT counter

value to 0x3F is unavailable and WWDT time-out reset always happened. Table 12-2 shows the
limitation of WINCMP.

Pre-scale Value Valid WINCMP Value

1 0x3 ~ Ox3F
2 0x2 ~ Ox3F
Others 0x0 ~ Ox3F

Table 12-2 WINCMP Setting Limitation
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12.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

WWDT Base Address:
WWDT_BA = 0x4000_4100

WWDTRLD (WWDT_BA+0x00 (W Window Watchdog Timer Reload Counter Register 0x0000_0000
WWDTCR WWDT_BA+0x04 |R/W [Window Watchdog Timer Control Register 0x003F_0800
WWDTSR WWDT_BA+0x08 |R/W [Window Watchdog Timer Status Register 0x0000_0000
WWDTCVR (WWDT_BA+0x0C (R Window Watchdog Timer Counter Value Register 0x0000_003F
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12.6 Register Description

Window Watchdog Timer Reload Counter Register (WWDTRLD)

Register Offset R/W |Description Reset Value
WWDTRLD |WWDT_BA+0x00 (W Window Watchdog Timer Reload Counter Register 0x0000_0000
31 30 29 28 27 26 25 24
WWDTRLD[31:24]
23 22 21 20 19 18 17 16
WWDTRLD[23:16]
15 14 13 12 11 10 9 8
WWDTRLD[15:8]
7 6 5 4 3 2 1 0

WWDTRLD[7:0]

Bits Description
WWDT Reload Counter Register
Writing OXO0005AAS to this register will reload the Window Watchdog Timer
counter value to 0x3F.

[31:0] WWDTRLD

Note: Software can only write WWDTRLD to reload WWDT counter value when
current WWDT counter value between 0 and WINCMP. If software writes
WWDTRLD when current WWDT counter value larger than WINCMP, WWDT
reset signal will generate immediately.
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Window Watchdoqg Timer Control Reqgister (WWDTCR)

Register Offset R/W |Description Reset Value
WWDTCR WWDT_BA+0x04 |[R/W [Window Watchdog Timer Control Register 0x003F_0800
Note: This register can be written only one time after chip is powered on or reset.
31 30 29 28 27 26 25 24
DBGACK _
Reserved
WWDT
23 22 21 20 19 18 17 16
Reserved WINCMP
15 14 13 12 11 10 9 8
Reserved PERIODSEL
7 6 5 4 3 2 1 0
Reserved WWDTIE WWDTEN
Bits Description

ICE debug mode acknowledge Disable
[31] DBGACK_WWDT 0 = WWDT counter stopped if system is in Debug mode.

1 = WWDT still counted even system is in Debug mode.

[30:22] Reserved Reserved

WWDT Window Compare Register
Set this register to adjust the valid reload window.

[21:16] WINCMP Note: Software can only write WWDTRLD to reload WWDT counter value when
current WWDT counter value between 0 and WINCMP. If Software writes
WWDTRLD when current WWDT counter value larger than WINCMP, WWDT
reset signal will generate immediately.

[15:12] Reserved Reserved

WWDT Pre-scale Period Select
These 4-bit select the pre-scale period for the WWDT counter period.

PERIODSEL |Pre-scale Value | Time out Period 'zﬂvsxwg}rigf;i'lrgia’:‘)'
0000 1 1% 64 * Tawor 6.4 ms
0001 2 2% 64 * Tuwor 12.8 ms
[11:8] PERIODSEL 0010 4 2% 62 T 25 6ms
0011 8 8 * 64 * Tuwor 51.2 ms
0100 16 16 * 64 * Tuwor 102.4 ms
0101 32 32 * 64 * Tuwor 204.8 ms
0110 64 64 * 64 * Tawor 409.6 ms
0111 128 128 * 64 * Tuwor 819.2 ms
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1000 192 192 * 64 * Tuwor 1.2288 s
1001 256 256 * 64 * Tumor 16384 s
1010 384 384 * 64 * Tymor 2.4576s
1011 512 512 * 64 * Tumor 3.2768's
1100 768 768 * 64 * Tumor 49152 s
* *
1101 1024 10%“ 64 6.5536 s
WWDT
* *
1110 1536 15$6 64 9.8304 s
WWDT
1111 2048 2048+ 64+ 13.1072 s
TWWDT
[7:2] Reserved Reserved

WWDT Interrupt Enable
Setting this bit to enable the Window Watchdog Timer time-out interrupt function.

[1] WWDTIE 0 = WWDT time-out interrupt function Disabled if WWDTIF (WWDTSR[0] WWDT|
compare match interrupt flag) is 1.

1 = WWDT time-out interrupt function Enabled if WWDTIF (WWDTSR[0] WWDT|
compare match interrupt flag) is 1.

WWDT Enable

Set this bit to enable Window Watchdog Timer counter counting.
[0] WWDTEN
0 = Window Watchdog Timer counter is stopped.

1 = Window Watchdog Timer counter is starting counting.
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Window Watchdog Timer Status Register (WWDTSR)

Register Offset R/W |Description Reset Value
WWDTSR WWDT_BA+0x08 [R/W |Window Watchdog Timer Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WWDTRF WWDTIF
Bits Description
[31:2] Reserved Reserved
WWDT Reset Flag
[1 WWDTRE When WWDT counter counts down to 0 or writes WWDTRLD during current
WWDT counter value larger than WINCMP, chip will be reset and this bit is set to
1. This bit will be cleared to 0 by writing 1 to itself.
WWDT Compare Match Interrupt Flag
(0] WWDTIF When current WWDT counter value matches to WWCMP, this bit is set to 1. This
bit will be cleared by writing 1 to itself.
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Window Watchdoqg Timer Counter Value Reqister (WWDTCVR)

Register Offset R/W |Description Reset Value
WWDTCVR (WWDT_BA+0x0C (R Window Watchdog Timer Counter Value Register 0x0000_003F
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WWDTCVAL
Bits Description
[31:6] Reserved Reserved
WWDT Counter Value
(5:0] WWDTCVAL Thlis register reflects the current WWDT counter value and this register is read
only
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13 BASIC PWM GENERATOR AND CAPTURE TIMER (BPWM)

13.1 Overview

The NuMicro™ NM15xx series has 1 sets of BPWM group supporting 1 sets of PWM generators
that can be configured as 2 independent PWM outputs, PWM20~PWM21, or as 1 complementary
PWM pairs, (PWM20, PWM21) with programmable Dead-zone generators.

The PWM generator has one 8-bit pre-scalar, one clock divider with 5 divided frequencies (1, 1/2,
1/4, 1/8, 1/16), two PWM Timers including two clock selectors, two 16-bit PWM down-counters for
PWM period control, two 16-bit comparators for PWM duty control and one dead-zone generator.
The PWM generator provides two independent PWM interrupt flags which are set by hardware
when the corresponding PWM period down counter reaches zero. Each PWM interrupt source
with its corresponding enable bit can cause CPU to request PWM interrupt. The PWM generators
can be configured as one-shot mode to produce only one PWM cycle signal or auto-reload mode
to output PWM waveform continuously.

When PCR.DZENO1 is set, PWM20 and PWM21 perform complementary; the paired PWM
timing, period, duty and dead-time are determined by PWMO timer and Dead-zone generator 0.
Refer to Figure 13-1 for the architecture of Basic PWM Timers.

To prevent PWM driving output pin from glitches, the 16-bit period down counter and 16-bit
comparator are implemented with double buffer. When user writes data to counter/comparator
buffer registers the updated value will be load into the 16-bit down counter/ comparator at the time
down counter reaching zero. The double buffering feature avoids glitch at PWM outputs.

When the 16-bit period down counter reaches zero, the interrupt request is generated. If PWM-
timer is set as auto-reload mode, when the down counter reaches zero, it is reloaded with PWM
Counter Register (CNRx) automatically then start decreasing, repeatedly. If the PWM-timer is set
as one-shot mode, the down counter will stop and generate one interrupt request when it reaches
zero.

The value of PWM counter comparator is used for pulse high width modulation. The counter
control logic changes the output to high level when down-counter value matches the value of
compare register.

The alternate feature of the PWM timer is digital input capture function. If capture function is
enabled the PWM output pin is switched as capture input mode. The capture20 and PWM20
share one timer which is included in PWM20; and the capture21l and PWM21 share PWM21
timer, and etc. Therefore user must set the PWM timer before enable capture feature. After
capture feature is enabled, the capture always latched PWM counter to Capture Rising Latch
Register (CRLR) when input channel has a rising transition and latched PWM-counter to Capture
Falling Latch Register (CFLR) when input channel has a falling transition. Capture channel O
interrupt is programmable by setting CCR.CRL_IEOQ[1] (Rising latch Interrupt enable) and
CCR.CFL_IEQ[2]] (Falling latch Interrupt enable) to decide the condition of interrupt occur.
Capture channel 1 has the same feature by setting CCR.CRL_IE1[17] and CCR.CFL_IE1[18].

The maximum captured frequency that PWM can capture is confined by the capture interrupt
latency. When capture interrupt occurred, software will do at least three steps, they are: Read
PIIR to get interrupt source and Read PWM_CRLx/PWM_CFLx(x=0~1) to get capture value and
finally write 1 to clear PIIR to zero. If interrupt latency will take time TO to finish, the capture signal
mustn’t transition during this interval (T0). In this case, the maximum capture frequency will be
1/T0. For example:

HCLK = 50MHz, BPWM_CLK = 25MHz, Interrupt latency is 900 ns

So the maximum capture frequency will is 1/900ns = 1000 kHz
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13.2 Features

13.2.1 PWM Function:

® One PWM generator which supports one 8-bit pre-scalar, one clock divider, two PWM
timers (down counter), one dead-zone generator and two PWM outputs.

@ Up to 16-bit resolution
® PWM Interrupt request synchronized with PWM period
® One-shot or Auto-reload mode PWM

® Edge-aligned type or Center-aligned type option

13.2.2 Capture Function:
® Timing control logic shared with PWM generators

® Supports 2 Capture input channels shared with 2 PWM output channels

® Each channel supports one rising latch register (CRLR), one falling latch register
(CFLR) and Capture interrupt flag (CAPIFX)
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13.3 Block Diagram
The Figure 13-1 and Figure 13-2 illustrate the architecture of PWM

BPWM_EN(APBCLK[20]) \

BPWM_CLK

\ >
L/

HCLK ——>

Figure 13-1 PWM Clock Source Control

DZI01(PPR[23:16]) —»{ Dead Zone |
»| Generator 0
A
CNRO
CSRO(CSR[2:0]) T CMRO
1 PCR  PDRO PWMO(POE[0])
» 100 3
172 | 000
14 PWM- 1
» 001 » Timer0
BPWM_CLK Clock 18 1 010 Logic 0
(from clock Divider 116, . CHOPINV
controller) [ | T ¢ CHOINV (PCRI[1])
| 1 PWMIEO  PWMIFO (PCR[2])
12 |% PWMDIEO PWMDIFO
gbit | gl ] DZENO1 |
Prescaler i | CNR1 (PCR[4])
| 1/8 l» OMR1
T i 1/16 ? PCR  PDR1 PWM1(POE[1])
1 T i
CPO1(PPR[7:0]) 172
114 PWM-
» Timer1
1/8 Logic
116 T ¢ CH1PINV
g CH1INV (PCRIS])
PWMIET  PWMIF1 (PCR[10])
CSR1(CSR[6:4]) PWMDIE1 PWMDIF1

Figure 13-2 PWM Architecture Diagram
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13.4 PWM-Timer Operation
PWM controller supports 2 operation types: Edge-aligned and Center-aligned type.

13.4.1 Edge-aligned PWM (down-counter)

In Edge-aligned PWM Output mode, the 16 bits PWM counter will starts down-counting from
CNRn to match with the value of the duty cycle CMRn (old), when this happen it will toggle the
PWMn generator output to low. The counter will continue down-counting to 0, at this moment, it
toggles the PWMn generator output to high and CMRn(new) and CNRn(new) are updated with
CHNMODE=1 and request the PWM interrupt if PWM interrupt is enabled(PIER.n=1).

The PWM period and duty control are configured by PWM down-counter register (CNR) and
PWM comparator register (CMR). The PWM-timer timing operation is shown in Figure 13-4. The
pulse width modulation follows the formula below and the legend of PWM-Timer Comparator is
shown as Figure 13-3. Note that the corresponding GPIO pins must be configured as PWM
function (enable POE and disable CAPENR) for the corresponding PWM channel.

® PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*(CNR+1)].
® Duty ratio = (CMR+1)/(CNR+1)
® CMR >= CNR: PWM output is always high
® CMR < CNR: PWM low width= (CNR-CMR) unit[1]; PWM high width = (CMR+1) unit
® CMR = 0: PWM low width = (CNR) unit; PWM high width = 1 unit
Note: [1] Unit = one PWM clock cycle.

Start Update
Initialize i new CMRx
PWM i
CMRx+1 PWM-Timer | cvrg i |
Comparator
CNRXx Output CNRXx I , | :
PWM : '
Ouput E
' .’_» Hv— E
?CNRH-‘_E CMR+1 ! :
Note: x= 0~1.

Figure 13-3 Legend of Internal Comparator Output of PWM-Timer
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PWM-Timer
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CMR =1
CNR =3
Auto reload = 1
(CHxMOD=1)
(Write initial setting)

Set ChxEN=1
(PWM-Timer starts running)

| | | | |
|

| |

| |

| CMR =0
CNR =4
(S/W write new value)

Auto-load
(H/W update value)

(PWMIFxX is set by H/W)

Auto-load
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Figure 13-4 PWM-Timer Operation Timing

CNRn (7FF)

CMRn (3FF)

PWMIFn

PWMDIFn
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| Siw
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|
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| | | |
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Figure 13-5 PWM Edge-aligned Interrupt Generate Timing Waveform
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13.4.2 Center-alighed PWM (up/down-counter)

The Center-aligned PWM signals are produced by the module when the PWM time base is
configured in an Up/Down Counting mode. The PWM counter will start counting-up from O to
match the value of CMRn (old); this will cause the toggling of the PWMn generator output to low.
The counter will continue counting to match with the CNRn (old). Upon reaching this states
counter is configured automatically to down counting, when PWM counter matches the CMRn
(old) value again the PWMn generator output toggles to high. Once the PWM counter underflows
it will update the PWM period register CNRn(new) and duty cycle register CMRn(new) with
CHnMODE = 1.

In Center-aligned type, the PWM period interrupt is requested at down-counter underflow if
INTTYPE (PIER[17:16]) =0, i.e. at start (end) of each PWM cycle or at up-counter matching with
CNRn if INTTYPE (PIER[17:16]) =1, i.e. at center point of PWM cycle.

PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*(CNR+1)].

® Dutyratio = [(2 x CMR) + 1])/[2 x (CNR+1)]
® CMR >CNR: PWM output is always high
® CMR <= CNR: PWM low width= 2 x (CNR-CMR) + 1 unit[1]; PWM high width = (2 x

CMR) + 1 unit
® CMR =0: PWM low width =2 x CNR + 1 unit; PWM high width = 1 unit

If 16-bit PWM up/down counter underflows
1. Update new duty cycle register (CMRn) if CHhMODE = 1

2. Update new period cycle register (CNRn) if CHnMODE = 1 16-bit PWM
counter
CNRn (new) rF—-—-—-—-—-——--—-— * __________ *, _________
CNRN(0d) L-—---pgooood e ———
CMRn (new) Y/ N S/ W S/ A
CMRn(old) +—-f-———--X—"F—-"F-—"—""N"F—Ff————————

New Duty Cycle

PWMn generator |
ouput :
|

4 PWM period < PWM period PWM period

: A

New CMRn is written  New CNRn is written

Figure 13-6 Center-aligned Type Output Waveform
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13.4.3 PWM Double Buffering, Auto-reload and One-shot Operation

PWM Timers have double buffering function the reload value is updated at the start of next period
without affecting current timer operation. The PWM counter value can be written into CNRx and
current PWM counter value can be read from PDRX.

PWMO will operate in One-shot mode if CHOMOD bit is set to 0, and operate in Auto-reload mode
if CHOMOD bit is set to 1. It is recommend that switch PWMO operating mode before set CHOEN
bit to 1 to enable PWMO counter start running because the content of CNRO and CMRO will be
cleared to 0 to reset the PWMO period and duty setting when PWMO operating mode is changed.
As PWMO operate in One-shot mode, CMRO and CNRO should be written first and then set
CHOEN bit to 1 to enable PWMO counter start running. After PWMO counter down count from
CNRO value to 0, CNRO and CMRO will be cleared to 0 by hardware and PWM counter will be
held. Software need to write new CMRO and CNRO value to set next one-shot period and duty.
When re-start next one-shot operation, the CMRO should be written first because PWMO counter
will auto re-start counting when CNRO is written a non-zero value. As PWMO operates at auto-
reload mode, CMRO and CNRO should be written first and then set CHOEN bit to 1 to enable
PWMO counter start running. The value of CNRO will reload to PWMO counter when it down count
reaches 0. If CNRO is set to 0, PWMO counter will be held. PWM1 performs the same function as

PWMO.
Write Write Write Write
CNR=150 CNR=199 CNR=99 CNR=0
CMR=50 CMR=49 CMR=0 CMR=XX
Start Stop
PWM
Waveform
51 50 1
[P

write a nonzero number to A
prescaler & setup clock 151 200 100
dividor < >t >« »

Figure 13-8 PWM Double Buffering lllustration
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13.4.4 Modulate Duty Ratio

The double buffering function allows CMRx written at any point in current cycle. The loaded value
will take effect from next cycle.

101 51 1

Y

!

Write Write Write
CMR=100 CMR=50 CMR=0
1 PWM cycle = 151 1 PWM cycle = 151 1 PWM cycle = 151

Modulate PWM controller ouput duty ratio (CNR = 150)

Figure 13-9 PWM Controller Output Duty Ratio

13.4.5 Dead-Zone Generator

The PWM controller is implemented with Dead-zone generator. They are built for power device
protection. This function generates a programmable time gap to delay PWM rising output. User
can program PPR.DZI to determine the Dead-zone interval.

L 7 L
e A ]
o

PWM-Timer
Output 0

Dead-Zone
Generator
output 0

Dead-Zone
Generator ‘
output 1

Dead zone interval

b

| L

B s
| |

Figure 13-10 Paired-PWM Output with Dead-zone Generation Operation
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13.4.6 Capture Operation

The Capture 0 and PWM 0 share one timer that included in PWM 0; and the Capture 1 and PWM
1 share another timer, and etc. The capture always latches PWM-counter to CRLRx when input
channel has a rising transition and latches PWM-counter to CFLRx when input channel has a
falling transition. Capture channel O interrupt is programmable by setting CCR[1] (Rising latch
Interrupt enable) and CCRJ[2] (Falling latch Interrupt enable) to decide the condition of interrupt
occur. Capture channel 1 has the same feature by setting CCR[17] and CCR[18], and etc.
Whenever the Capture controller issues a capture interrupt, the corresponding PWM counter will
be reloaded with CNRx at this moment. Note that the corresponding GPIO pins must be
configured as capture function (POE disabled and CAPENR enabled) for the corresponding
capture channel.

PWMCounter | 3 | 2| 1|8 |7 |6[5][8|7]|6]|5]4]
,‘Reload  Reload No reload due to

/" (IfCNRx = 8) -
Capture Input x $ f l no CAPIFx
CAPCHXEN ‘ ‘ ‘

\ ‘
‘
\ |
\
\ 4 | h 4

CFLRx X1 X 7

CRLRx X 5

CFLIEx |

CRLIEx ____| L
Clear by SIW

-y

CAPIFx _ Setby H/Wﬁ v

Setby H/W | Clear by S/W
Y A 17

"

Clear by S/IW
R 4

CFLRIx

A
Setbva ﬂ

CRLRIx N

|
|
I
|
|
|
|
I
|
|
;
|
-+
]
|

Note: X=071

Figure 13-11 Capture Operation Timing

In this case, the CNR is 8:

1. The PWM counter will be reloaded with CNRx when a capture interrupt flag (CAPIFX) is
set.

2. The channel low pulse width is (CNR + 1 - CRLR).
3. The channel high pulse width is (CNR + 1 - CFLR).
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13.4.7 PWM-Timer Interrupt Architecture

There are two PWM interrupts, BPWMO_INT and BPWM1_INT. BPWMO and captureO share one
interrupt, BPWM1 and capturel share the same interrupt. Therefore, PWM function and Capture
function in the same channel cannot be used at the same time. Figure 13-12 demonstrates the
architecture of PWM Timer interrupts.

BPWMIFO
CAPIFO

BPWMO_INT

BPWM_INT
BPWMIF1

CAPIF1

BPWM1_INT

Figure 13-12 PWM Interrupt Architecture Diagram

13.4.8 PWM-Timer Start Procedure
The following procedure is recommended for starting a PWM drive.

1. Set clock source divider select register (CSR)
2.  Set prescaler (PPR)

w

Set inverter on/off, Dead-zone generator on/off, Auto-reload/One-shot mode and Stop
PWM-timer (PCR)

Set comparator register (CMR) for setting PWM duty.
Set PWM down-counter register (CNR) for setting PWM period.
Set interrupt enable register (PIER) (optional)

Set corresponding GPIO pins as PWM function (enable POE and disable CAPENR) for
the corresponding PWM channel.

8. Enable PWM timer start running (Set CHXEN = 1 in PCR)

N o o s
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13.4.9 PWM-Timer Re-Start Procedure in Single-shot mode

After PWM waveform is generated once in PWM One-shot mode, PWM-Timer will be stopped
automatically. The following procedure is recommended for re-starting PWM single-shot
waveform.

B Set comparator register (CMR) for setting PWM duty.

B Set PWM down-counter register (CNR) for setting PWM period. After setting CNR, PWM wave
will be generated.

13.4.10PWM-Timer Stop Procedure
Method 1:

Set 16-bit counter (CNR) as 0, and monitor PDR (current value of 16-bit down-counter). When
PDR reaches to 0, disable PWM-Timer (CHXEN in PCR). (Recommended)

Method 2:

Set 16-bit counter (CNR) as 0. When interrupt request happened, disable PWM-Timer (CHXEN in
PCR). (Recommended)

Method 3:
Disable PWM-Timer directly ((CHXEN in PCR). (Not recommended)

The reason why method 3 is not recommended is that disable CHXEN will immediately stop PWM
output signal and lead to change the duty of the PWM output, this may cause damage to the
control circuit of motor

13.4.11Capture Start Procedure
1. Set clock source divider select register (CSR)

Set prescaler (PPR)

Set channel enabled, rising/falling interrupt enable and input signal inverter on/off (CCR)
Set Auto-reload mode, Edge-aligned type and Stop PWM-timer (PCR)

Set PWM down-counter (CNR)

Enable PWM timer start running (Set CHXEN =1 in PCR)

Set corresponding GPIO pins as capture function (disable POE and enable CAPENR)
for the corresponding PWM channel.

N o ok~ w DN
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13.5 Register Map
R: read only, W: write only, R/W: both read and write

NuMicro™ NM1510/NM1520/NM1530
Preliminary Technical Reference Manual

Register Offset R/W  [Description Reset Value
BPWM Base Address:

BPWM_BA = 0x4004_0000

PPR BPWM_BA+0x00 |R/W |Basic PWM Pre-scalar Register 0x0000_0000
CSR BPWM_BA+0x04 [R/W |Basic PWM Clock Source Divider Select Register 0x0000_0000
PCR BPWM_BA+0x08 [R/W |Basic PWM Control Register 0x0000_0000
CNRO BPWM_BA+0x0C |R/W |Basic PWM Counter Register O 0x0000_0000
CMRO BPWM_BA+0x10 |R/W |Basic PWM Comparator Register O 0x0000_0000
PDRO BPWM_BA+0x14 |R Basic PWM Data Register 0 0x0000_0000
CNR1 BPWM_BA+0x18 [R/W |Basic PWM Counter Register 1 0x0000_0000
CMR1 BPWM_BA+0x1C [R/W |Basic PWM Comparator Register 1 0x0000_0000
PDR1 BPWM_BA+0x20 |R Basic PWM Data Register 1 0x0000_0000
PIER BPWM_BA+0x40 |R/W |Basic PWM Interrupt Enable Register 0x0000_0000
PIIR BPWM_BA+0x44 |R/W |Basic PWM Interrupt Indication Register 0x0000_0000
CCR BPWM_BA+0x50 [R/W |Basic PWM Capture Control Register 0x0000_0000
CRLRO BPWM_BA+0x58 (R Basic PWM Capture Rising Latch Register (Channel 0) 0x0000_0000
CFLRO BPWM_BA+0x5C |R Basic PWM Capture Falling Latch Register (Channel 0) 0x0000_0000
CRLR1 BPWM_BA+0x60 |R Basic PWM Capture Rising Latch Register (Channel 1) 0x0000_0000
CFLR1 BPWM_BA+0x64 |R Basic PWM Capture Falling Latch Register (Channel 1) 0x0000_0000
CAPENR BPWM_BA+0x78 [R/W |Basic PWM Capture Input Enable Register 0x0000_0000
POE BPWM_BA+0x7C [R/W |Basic PWM Output Enable 0x0000_0000
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13.6 Register Description

PWM Pre-Scale Register (PPR)

Register Offset R/W [Description Reset Value
PPR BPWM_BA+0x00 |R/W |Basic PWM Pre-scalar Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
DzI101
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
CPO1
Bits Description
[31:24] - Reserved.
Dead-zone Interval for Pair of Channel 0 and Channel 1
[23:16] DZI01 These 8-bit determine the Dead-zone length.
The unit time of Dead-zone length = [(prescale+1)*(clock source divider)] /
BPWM_CLK
[15:8] - Reserved.
Clock Prescaler
[7:0] cPo1 Clock input is divided by (CPO1 + 1) before it is fed to the corresponding PWM-timer
If CP01=0, then the clock prescaler 0 output clock will be stopped. So corresponding
PWM-timer will also be stopped.

May 22, 2017 Page 228 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

I EaSSSS———

PWM Clock Source Divider Select Register (CSR)

Register Offset R/W [Description Reset Value
CSR BPWM_BA+0x04 |R/W |Basic PWM Clock Source Divider Select Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CSR1 Reserved CSRO
Bits Description
[31:7] Reserved Reserved
PWM Timer 1 Clock Source Divider Selection
Select clock source divider for PWM timer 1.
CSR1 Input Clock Divided by
100 1
[6:4] CSR1
011 16
010 8
001 4
000 2
[3] Reserved Reserved
PWM Timer 0 Clock Source Divider Selection
[2:0] CSRO Select clock source divider for PWM timer 0.
(Table is the same as CSR1)
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PWM Control Register (PCR)

Register Offset R/W |Description Reset Value
PCR BPWM_BA+0x08 |R/W |Basic PWM Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved |PWMOL1TYPE Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved CH1MOD CH1INV CHI1PINV CHI1EN
7 6 5 4 3 2 1 0
Reserved DZENO1 CHOMOD CHOINV CHOPINV CHOEN
Bits Description
[31] Reserved Reserved
PWMO1 Aligned Type Selection Bit
[30] PWMO1TYPE 0 = Edge-aligned type.
1 = Center-aligned type.
[29:12] Reserved Reserved
PWM-Timer 1 Auto-reload/One-Shot Mode
1 = Auto-reload mode
[11] CHIMOD
0 = One-shot mode
Note: If there is a transition at this bit, it will cause CNR1 and CMR1 be cleared.
PWM-Timer 1 Output Inverter Enable
[10] CH1INV 1 = Inverter Enabled
0 = Inverter Disabled
PWM-Timer 1 Output Polar Inverse Enable
[9] CH1PINV 1 = PWML1 output polar inverse Enabled
0 = PWM1 output polar inverse Disabled
PWM-Timer 1 Enable
[8] CH1EN 1 = Corresponding PWM-Timer Start Running
0 = Corresponding PWM-Timer Stopped
[7:5] Reserved Reserved
Dead-zone 0 Generator Enable
1 = Enabled
(4 DZENO1 0 = Disabled
Note: When Dead-zone generator is enabled, the pair of PWMO and PWM1 becomes
a complementary pair.
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PWM-Timer 0 Auto-reload/One-Shot Mode

1 = Auto-reload mode
[3] CHOMOD
0 = One-shot mode

Note: If there is a transition at this bit, it will cause CNRO and CMRO be cleared.

PWM-Timer 0 Output Inverter Enable
2] CHOINV 1 = Inverter Enabled

0 = Inverter Disabled

PWM-Timer 0 Output Polar Inverse Enable
[1] CHOPINV 1 = PWMO output polar inverse Enabled
0 = PWMO output polar inverse Disabled

PWM-Timer 0 Enable
[0] CHOEN 1 = The corresponding PWM-Timer starts running

0 = The corresponding PWM-Timer stops running
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PWM Counter Register 1-0 (CNR1-0)

Register Offset R/W |Description Reset Value
CNRO BPWM_BA+0x0C |R/W [Basic PWM Counter Register 0 0x0000_0000
CNR1 BPWM_BA+0x18 |R/W [Basic PWM Counter Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CNRx [15:8]
7 6 5 4 3 2 1 0
CNRx [7:0]
Bits Description
[31:16] Reserved Reserved

PWM Timer Loaded Value

CNR determines the PWM period.

PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*(CNR+1)].
For Edge-aligned type:

° Duty ratio = (CMR+1)/(CNR+1).

L] CMR >= CNR: PWM output is always high.

) CMR < CNR: PWM low width = (CNR-CMR) unit; PWM high width = (CMR+1)
unit.

L] CMR = 0: PWM low width = (CNR) unit; PWM high width = 1 unit
For Center-aligned type:
° Duty ratio = [(2 x CMR) + 1]/[2 x (CNR+1)].

[15:0] CNRx

L] CMR > CNR: PWM output is always high.

L] CMR <= CNR: PWM low width = 2 x (CNR-CMR) + 1 unit; PWM high width = (2
x CMR) + 1 unit.

[ CMR = 0: PWM low width = 2 x CNR + 1 unit; PWM high width = 1 unit
(Unit = one PWM clock cycle)
Note: Any write to CNR will take effect in next PWM cycle.

Note: When PWM operating at Center-aligned type, CNR value should be set between
0x0000 to OXFFFE. If CNR equal to OxFFFF, the PWM will work unpredictable.

Note: When CNR value is set to 0, PWM output is always high.
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PWM Comparator Register 1-0 (CMR1-0)

Register Offset R/W |Description Reset Value
CMRO BPWM_BA+0x10 |R/W |Basic PWM Comparator Register O 0x0000_0000
CMR1 BPWM_BA+0x1C [R/W |Basic PWM Comparator Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CMRXx [15:8]
7 6 5 4 3 2 1 0
CMRx [7:0]
Bits Description
[31:16] Reserved Reserved

PWM Comparator Register

CMR determines the PWM duty.

PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*(CNR+1)]
For Edge-aligned type:

° Duty ratio = (CMR+1)/(CNR+1).

[ CMR >= CNR: PWM output is always high.

) CMR < CNR: PWM low width = (CNR-CMR) unit; PWM high width = (CMR+1)
unit.

[15:0] CMRXx ® CMR = 0: PWM low width = (CNR) unit; PWM high width = 1 unit
For Center-aligned type:

° Duty ratio = [(2 x CMR) + 1]/[2 x (CNR+1)].

[ CMR > CNR: PWM output is always high.

L] CMR <= CNR: PWM low width = 2 x (CNR-CMR) + 1 unit; PWM high width = (2
x CMR) + 1 unit.

[ CMR = 0: PWM low width = 2 x CNR + 1 unit; PWM high width = 1 unit
(Unit = one PWM clock cycle)
Note: Any write to CNR will take effect in next PWM cycle.
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PWM Data Register 1-0 (PDR 1-0)

Register Offset R/W |Description Reset Value
PDRO BPWM_BA+0x14 (R Basic PWM Data Register 0 0x0000_0000
PDR1 BPWM_BA+0x20 |R Basic PWM Data Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
PDRx[15:8]
7 6 5 4 3 2 1 0
PDRx[7:0]
Bits Description
[31:16] Reserved Reserved
PWM Data Register
[15:0] PDRXx
User can monitor PDR to know the current value in 16-bit counter.
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PWM Interrupt Enable Reqister (PIER)

Register Offset R/W |Description Reset Value
PIER BPWM_BA+0x40 [R/W |Basic PWM Interrupt Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved INTTYPE
15 14 13 12 11 10 9 8
Reserved BPWMDIE1 | BPWMDIEO
7 6 5 4 3 2 1 0
Reserved BPWMPIE1 | BPWMPIEO
Bits Description
[31:17] Reserved Reserved
BPWM Interrupt Period Type Selection Bit
1 = BPWMIFn will be set if BPWM counter matches CNRn register.
[16] INTTYPE
0 = BPWMIFn will be set if BPWM counter underflow.
Note: This bit is effective when BPWM in Center-aligned type only.
[15:10] Reserved Reserved
BPWM channel 1 Duty Interrupt Enable
[9] BPWMDIE1L 1 = Enabled
0 = Disabled
BPWM channel 0 Duty Interrupt Enable
8] BPWMDIEQ 1 = Enabled
0 = Disabled
[7:2] Reserved Reserved
BPWM channel 1 Period Interrupt Enable
1 BPWMIE1L 1 = Enabled
0 = Disabled
BPWM channel 0 Period Interrupt Enable
[0] BPWMIEQ 1 = Enabled
0 = Disabled
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PWM Interrupt Indication Register (PIIR)

Register Offset R/W |Description Reset Value
PIIR BPWM_BA+0x44 |R/W |Basic PWM Interrupt Indication Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8

Reserved PWMDIF1 PWMDIFO
7 6 5 4 3 2 1 0
Reserved PWMIF1 PWMIFO
Bits Description
[31:10] Reserved Reserved
BPWM Channel 1 Duty Interrupt Flag
9] BPWMDIF1 Flag is set by hardware When ch_annel 1 BPWM counter down count and reaches
CMR1, software can clear this bit by writing a one to it.
Note: If CMR equal to CNR, this flag is not working in Edge-aligned type selection
BPWM Channel 0 Duty Interrupt Flag
i8] BPWMDIFO Elag is set by hardware when channel 0 BPWM counter down count and reaches
MRO, software can clear this bit by writing a one to it.
Note: If CMR equal to CNR, this flag is not working in Edge-aligned type selection
[7:2] Reserved Reserved
BPWM channel 1 Period Interrupt Status
(1 BPWMIF1 This bit is set by hardware when BPWML1 counter reaches the requirement of interrupt
(depend on INTTYPE bit of PIER register), software can write 1 to clear this bit to 0.
BPWM channel 0 Period Interrupt Status
0] BPWMIFO This bit is set by hardware when BPWMO counter reaches the requirement of interrupt
(depend on INTTYPE bit of PIER register), software can write 1 to clear this bit to 0.

Note: User can clear each interrupt flag by writing 1 to corresponding bit in PIIR.
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Capture Control Register (CCR)

Register Offset R/W |Description Reset Value
CCR BPWM_BA+0x50 [R/W |Basic PWM Capture Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CFLRI1 CRLRI1 Reserved CAPIF1 CAPCH1EN CFL_IE1 CRL_IE1 INV1
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
CFLRIO CRLRIO Reserved CAPIFO CAPCHOEN CFL_IEO CRL_IEO INVO
Bits Description
[31:24] Reserved Reserved
CFLR1 Latched Indicator Bit
23] CELRI1 When BPWM input channel 1 has a falling transition, CFLR1 was latched with the
value of BPWM down-counter and this bit is set by hardware.
Software can write 1 to clear this bitto 0
CRLR1 Latched Indicator Bit
[22] CRLRI1 When BPWM input channel 1 has a rising transition, CRLR1 was latched with the value
of BPWM down-counter and this bit is set by hardware.
Software can write 1 to clear this bit to0.
[5] Reserved Reserved
Channel 1 Capture Interrupt Indication Flag
If PWM channel 1 rising latch interrupt is enabled (CRL_IE1 = 1), a rising transition
120] CAPIF1 occurs at BPWM channel 1 will result in CAPIF1 to high; Similarly, a falling transition
will cause CAPIF1 to be set high if BPWM channel 1 falling latch interrupt is enabled
(CFL_IE1 =1).
Write 1 to clear this bit to 0.
Channel 1 Capture Function Enable
1 = Capture function on BPWM channel 1 Enabled
0 = Capture function on BPWM channel 1 Disabled
[19] CAPCH1EN .
When Enabled, Capture latched the BPWM-counter and saved to CRLR (Rising latch)
and CFLR (Falling latch).
When Disabled, Capture does not update CRLR and CFLR, and disable PWM channel
1 Interrupt.
Channel 1 Falling Latch Interrupt Enable
1 = Falling latch interrupt Enabled
(18] CFL_IE1 0 = Falling latch interrupt Disabled
When Enabled, if Capture detects BPWM channel 1 has falling transition, Capture will
issue an Interrupt.

May 22, 2017

Page 237 of 641 Revision V0.9.3




NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

Channel 1 Rising Latch Interrupt Enable

1 = Rising latch interrupt Enabled

[17] CRL_IE1 0 = Rising latch interrupt Disabled

When Enabled, if Capture detects BPWM channel 1 has rising transition, Capture will
issue an Interrupt.

Channel 1 Inverter Enable
[16] INV1 1 = Inverter Enabled. Reverse the input signal from GPIO before fed to Capture timer

0 = Inverter Disabled

[15:8] Reserved Reserved

CFLRO Latched Indicator Bit

When BPWM input channel 0 has a falling transition, CFLRO was latched with the

(7] CFLRIO value of BPWM down-counter and this bit is set by hardware.

Software can write 1 to clear this bit to0.

CRLRO Latched Indicator Bit

When BPWM input channel 0 has a rising transition, CRLRO was latched with the value

(6l CRLRIO of BPWM down-counter and this bit is set by hardware.

Software can write 1 to clear this bit to 0.

[5] Reserved Reserved

Channel 0 Capture Interrupt Indication Flag

If PWM channel 0 rising latch interrupt is enabled (CRL_IEO = 1), a rising transition
occurs at BPWM channel 0 will result in CAPIFO to high; Similarly, a falling transition
will cause CAPIFO to be set high if BPWM channel 0 falling latch interrupt is enabled
(CFL_IEO = 1).

Write 1 to clear this bit to 0.

[4] CAPIFO

Channel 0 Capture Function Enable
1 = Capture function on BPWM channel 0 Enabled

0 = Capture function on BPWM channel 0 Disabled

[3] CAPCHOEN .
When Enabled, Capture latched the BPWM-counter value and saved to CRLR (Rising

latch) and CFLR (Falling latch).

When Disabled, Capture does not update CRLR and CFLR, and disable BPWM
channel O Interrupt.

Channel 0 Falling Latch Interrupt Enable

1 = Falling latch interrupt Enabled

(2] CFL_IEO 0 = Falling latch interrupt Disabled

When Enabled, if Capture detects BPWM channel 0 has falling transition, Capture will
issue an Interrupt.

Channel 0 Rising Latch Interrupt Enable

1 = Rising latch interrupt Enabled

(1] CRL_IEO 0 = Rising latch interrupt Disabled

When Enabled, if Capture detects BPWM channel 0 has rising transition, Capture will
issue an Interrupt.

Channel 0 Inverter Enable
[0] INVO 1 = Inverter Enabled. Reverse the input signal from GPIO before fed to Capture timer

0 = Inverter Disabled
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Capture Rising Latch Register1-0 (CRLR1-0)

Register Offset R/W |Description Reset Value
CRLRO BPWM_BA+0x58 |R Basic PWM Capture Rising Latch Register (Channel 0) 0x0000_0000
CRLR1 BPWM_BA+0x60 (R Basic PWM Capture Rising Latch Register (Channel 1) 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CRLRx [15:8]
7 6 5 4 3 2 1 0
CRLRx [7:0]
Bits Description
[31:16] Reserved Reserved

Capture Rising Latch Register
[15:0] CRLRXx

Latch the BPWM counter when Channel 0/1 has rising transition.
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Capture Falling Latch Register1-0 (CFLR1-0)

Register Offset R/W |Description Reset Value
CFLRO BPWM_BA+0x5C |R Basic PWM Capture Falling Latch Register (Channel 0) 0x0000_0000
CFLR1 BPWM_BA+0x64 (R Basic PWM Capture Falling Latch Register (Channel 1) 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CFLRx [15:8]
7 6 5 4 3 2 1 0
CFLRx [7:0]
Bits Description
[31:16] Reserved Reserved

Capture Falling Latch Register
[15:0] CFLRx

Latch the BPWM counter when Channel 0/1 has Falling transition.
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Capture Input Enable Register (CAPENR)

Register Offset R/W |Description Reset Value
CAPENR BPWM_BA+0x78 |R/W |Basic PWM Capture Input Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved CINEN1 CINENO
Bits Description
[31:2] Reserved Reserved
Channel 1 Capture Input Enable
1 = BPWM Channel 1 capture input path Enabled. The input of BPWM channel 1
capture function comes from correlative multifunction pin if GPIO multi-function is set
[1] CINEN1
as PWM21.
0 = BPWM Channel 1 capture input path Disabled. The input of BPWM channel 1
capture function is always regarded as 0.
Channel 0 Capture Input Enable
1 = BPWM Channel 0 capture input path Enabled. The input of BPWM channel 0
capture function comes from correlative multifunction pin if GPIO multi-function is set
[0] CINENO
as PWM20.
0 = BPWM Channel 0 capture input path Disabled. The input of BPWM channel 0
capture function is always regarded as 0.
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PWM Output Enable Register (POE)

Register Offset R/W |Description Reset Value
POE BPWM_BA+0x7C [R/W |Basic PWM Output Enable 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved POE1 POEO
Bits Description
[31:2] Reserved Reserved
Channel 1 Output Enable Register
1 = BPWM channel 1 output to pin Enabled
[1] POE1
0 = BPWM channel 1 output to pin Disabled
Note: The corresponding GPIO pin must also be switched to BPWM function
Channel 0 Output Enable Register
1 = BPWM channel 0 output to pin Enabled
[0] POEO
0 = BPWM channel 0 output to pin Disabled
Note: The corresponding GPIO pin must also be switched to BPWM function
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14 ENHANCED PWM GENERATOR FOR MOTOR DRIVE (EPWM)

14.1 Overview

This device has two built-in PWM units with the same architecture whose function is specially
designed for driving motor control applications. Using the PWM, input capture module and QEI
controller with proper control flow by software can easily drive the 3-phase Brushless DC motor, 3-
phase AC induction motor, and DC motor.
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14.2 Features
Each unit supports the features listed below:

® Three independent 16-bit PWM duty control units with maximum 6 port pins:

B Three independent PWM output:
PWMO00, PWMO02 and PWMO04 for Unit O
PWM10, PWM12 and PWM14 for Unit 1

B Three complementary PWM pairs, with each pin in a pair mutually complement to each
other and capable of programmable dead-time insertion:
(PWMx0,PWMXx1), (PWMx2,PWMx3) and (PWMx4,PWMx5) where x=0~1.

B 3 synchronous PWM pairs, with each pin in a pair in-phase:
(PWMO,PWM1), (PWM2,PWM3) and (PWM4,PWM5)

Group control bit;

PWM2 and PWM4 are synchronized with PWMO

Supports Edge-aligned mode and Center-aligned mode

Programmable dead-time insertion between complementary paired PWMs

Each pin of from PWMO to PWMS5 has independent polarity setting control

Mask output control for Electrically Commutated Motor operation

Tri-state output at reset and brake state

Hardware brake protections.

Two Interrupt Sources:

B Interrupt is synchronously requested at PWM frequency when up/down counter comparison
matched (Edge- and Center-aligned modes) or underflow (Center-aligned mode).

B Interrupt is requested when external brake pins asserted

® The PWM signals before polarity control stage are defined in view of positive logic. The PWM
ports is active high or active low are controlled by polarity control register.

®  High Source/Sink current

After CPU reset, the internal output of the each PWM channels depends on the polarity setting. The
interval between successive outputs is controlled by a 16-bit up/down counter which uses a software
selectable clock source with configurable internal clock pre-scalar as its input. The PWM counter clock
has the frequency as the clock source Fpywy = EPWMx_CLK/Pre-scalar; Here the EPWMx_CLK
synchronized with CPU clock HCLK.

PWM Generator
P PWMO & PWM1 - —»><] PWMO
PWM » Freq/Dut »{ Set complementary & < >
timebase » a/buty Dead-time insertion d g > PWM1
control
> PWM2 PWM2 & PWM3 » Mask P! Polarity »>] PWM2
Freq/Dut P»{ Setcomplementary & [« & > &
> a/buty Dead-time insertion 1 Brake 71 s-state > PWM3
Control Control
PWM
ol N PWMA4 & PWMS5 . > —»>] PWM4
con .I’O > Freq/Dut »| Set complementary & < >
logic > a/Duty Dead-time insertion d »>]  PWM5

Brake Condition —J»| Brake g

control

Figure 14-1 PWM Block Diagram
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14.3 PWM Operation
The following diagrams show the PWM clock source control and PWM time-base generator.

EPWMx_EN(APBCLK(n]) \

> EPWMx_CLK
HCLK [

Note:
x=07"1 for enhanced PWM 0~1.
n=20721 for enhanced PWM

a0=1
6~

Figure 14-2 PWM Clock Source Control

PWMP Register >—C LOAD

PWMRUN
[EPWN_CLK
Counter match
16-bits PWM PWMP/ ﬁ o
Prescaler Fewm| Up/down counter underfiow o 5. PWM Period
w erio
(1/1,1/2, 1/4, 1/16) control block Witing1 A PWME > Interrupt

PWMTDIV 2 to PWM
(PWMCONX[3:2])
Edge/Center I
PWMTYPE

5 PWMx0
Clear Counter
CLRPWM D ; 1
I | PWMxt
‘ Compare Register0 ‘
3 PWMINV —e
PWMxO0 register H Dead-time
16-bit inse‘;ion PWMx2
Mask control
L
> & PWMx3
‘ Compare Register2 ‘ Brakeg‘fontrOI
Set polarit
®—A—« GRP bit polarty
PWMx2 register
e PWMx4
| PWMx5

Note:
x=07"1 for PWM unit0~1

PWMx4 register

16-bit

Figure 14-3 PWM Time-base Generator

The overall functioning of the PWM module is controlled by the contents of the PWMCONx0, PWMB
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and PWMCONXx2 registers. The operation of most of the control bits is straightforvard. PWMRUN
(PWMCONXO0[7]) allows the PWM to be either in the run or idle state. The transfer of the data from the
PWMP register to 16-bit PWM counter (PWMCNT) will occur on the rising edge of PWMRUN or during
PWMRUN with Load (PWMCONXO0[6]) and PWM counter match/underflow occurs. The transfer of the
data from the PWMn registers to the compare registers is controlled by the Load bit (PWMCONXxO0[6])
(with the condition that PWMRUN = 1 and match/underflow occurs). [x=0-1].

Note:

1. A compare value greater than the counter reloaded value resulted in the PWM output being
permanently high. In addition there are two special cases. If compare register is set to 0x0000, the
PWMn output will stay at low, and if compare register is set to OXFFFF, the PWMn output will stuck
at high until there is a change in the compare register. [n = 0-3].

2. During ICP, ISP or ICE mode, PWM pins will be tri-stated. PWM operation will stop and module
reset. When exit from ICP, ISP or ICE mode, the PWM pins will follow the control register settings.

3. In ICE mode, the condition which causes CPU stops or pauses running will force the PWMn
output pins in tri-stated, when CPU runs the PWMn pins will follow the control register settings.

When a PWM period value is written to the PWMP register by software, the value is saved in the
holding register first, and then the value of the holding register will be reloaded to the actual PWM
period when the following conditions are met: Load = 1, PWMRUN = 1 and PWM match/underflow.
The width of each PWM output pulse is determined by the value in the appropriate compare register.
Each PWM registers of PWMPx, PWMx0, PWMx2 and PWMx4, in the format of 16-bit width, decides
the PWM period and each channel’s duty cycle. If the PWMINV (Inverse PWM Comparator Output) is
set to high the PWM comparator output signals will be inversed, therefore the PWM Duty (in
percentage) is changed to (1-Duty) before PWMINYV is set to high and PWM Duty registers, PWMO0/2/4
represent Duty-off time.

Note that the duty registers PWMx0/2/4 and the period registers PWMPx are double-buffered registers
used to set the duty cycle and counting period for the PWM time base respectively. For the 1% buffer it
is accessible by user while the 2" puffer holds the actual compare value used in the present period.
Load bit must be set to 1 to enable the value to be loaded in to the 2™ buffer register when counter
underflow/match.

14.3.1 PWM Operation Mode
This device supports two operation modes: Edge-aligned and Center-aligned mode.

The following equations show the formula for period and duty for each PWM operation mode:
Edge-aligned:

Period = (PWMP +1) * EPWMx_CLK period/pre-scalar

Duty = (duty + 1) * EPWMx_CLK period /pre-scalar

Center-aligned:

Period = (PWMP* 2) * EPWMx_CLK period/pre-scalar

Duty = (duty*2 + 1) * EPWMx_CLK period/pre-scalar

Note: “duty” refers to PWMO0/2/4/6 register value.

Edge aligned PWM (Up Counter)

In Edge-aligned PWM Output mode, the 16-bits PWM counter will starts counting from 0 to match with
the value of the duty cycle PWMO (old), when this happen it will toggle the PWMO0 generator output to
low. The counter will continue counting to match with the value of the period register PWMP (old), at
this moment, it toggles the PWMO generator output to high and new PWMO (new) and PWMP(new)
are updated with Load=1 and request the PWM interrupt if PWM interrupt is enabled(EIE1.6=1).

Figure 14-4, Figure 14-5 and Figure 14-6 depict the Edge-aligned PWM timing and operation flow.
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If 16-bit up counter matches PWMP
1. Update new duty cycle register (PWMO0,2 and 4) if Load =1
2. Update new PWMP period register (PWMP) if Load = 1

PWMP (new)

| 16-bit PWM
F———————

PWMP (old) I
counter

I A/l

PWMO (new) | ————

PWMO (old) F——>%————+

I New Duty Cycle
PWMO
generator ouput
:4_ PWM period _>:<_ _>:<_New PWM period_>:
New PWMO New PWMP
is written is written

Figure 14—4 Edge-aligned PWM

PWMF siw siw [ siw
(INT_TYPE=X) | ‘oo Lo | lcoar |

L

| PwMm | | | | |
| Period | | | | |
1 1 1 1 1 1

PWMO
generator ouput

Figure 14-5 PWMO Edge aligned Waveform Output
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Set PMODJ[1:0] =00b
PWMTYPE = Ob

Start:

Load =1
PWMRUN =1
CLRPWM =1

H/w will load PWMn and PWMP to working registers.
“Load” bit will be auto-cleared.

A

PWMn output:
1 if counter < PWMn

0 if counter > PWMn

\

| Counter counting up |<—

Counter =
PWMn?

| PWMn output toggle |

| Counter continue counting up |<—

Counter =
PWMP?

| PWMn output toggle |

'

| Reset counter to zero (h/w) |

'

PWMF flag set

| |

H/w willl load in new PWMP/PWMn
value to working registers.

Figure 14—6 Edge-aligned Flow Diagram
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Center-Aligned PWM (up/down counter)

The Center-aligned PWM signals are produced by the module when the PWM time base is configured
in Up/Down Counting mode. The PWM counter will start counting-up from 0 to match the value of
PWMO (old), and this will cause the toggling of the PWMO generator output to low. The counter will
continue counting to match with the PWMP (old). Upon reaching this state the counter is configured
automatically to down counting, when PWM counter matches the PWMO (old) value again the PWMO0
generator output toggles to high. Once the PWM counter underflows it will update the PWM period
register PWMP(new) and duty cycle register PWMO(new) with Load = 1.

In Center-aligned mode, the PWM interrupt is requested at down-counter underflow if INT_TYPE
(PWMCONXO0[8]) =0, i.e. at start (end) of each PWM cycle or at up-counter matching with PWMP if
INT_TYPE (PWMCONXO0[0]) =1, i.e. at center point of PWM cycle.

Figure 14-7, Figure 14-8 and Figure 14-9 depict the Center-aligned PWM timing and operation flow.

If 16-bit PWM up/down counter underflows
1. Update new duty cycle register (PWMO0,2 and 4) if Load = 1
2. Update new PWMP period register (PWMP) if Load = 1

PWMP (new) ————————

16-bit PWM

|
PWMP (old) ——— counter

I
PWMO (new) | ——/——

|
PWMO (old) A —————

| New Duty |
Cycle

PWMO | I
generator ouput | I
:4_ PWM period_>:<_ PWM period —>:<—New PWM period —»:

; :

New PWMO New PWMP
is written is written

Figure 14-7 Center-aligned Mode

May 22, 2017 Page 249 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
NUVOTONMN Preliminary Technical Reference Manual

?—

PWMP (7FF)

PWMO (3FF)

[
[
| [
PWMF | st '_: s : ! s
- | ;
(INT_TYPE=0) [ Lolear Lolear_ | clesr__
| | |
PWMF I l_\ shw l_\ shw [
(INT_TYPE=1) ! | clear | clear [
_ : e: K !
|

L

PWMO
generator ouput ! [
-4

PWM PWM
Period Period

Figure 14-8 Example PWMO Center-aligned Waveform Output
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Set PMODI[1:0] =10b
PWMTYPE = 1b
Start:

Load =1
PWMRUN =1
CLRPWM =1

H/w will load PWMn and PWMP to working registers.
“Load” bit will be auto-cleared (h/w).

>l
-t
y

y

PWMn output:
1 if counter < PWMn
O if counter > PWMn

| Counter counting up |<—

Counter =
PWMnN?

| PWMn output toggle |

| Counter continue counting up |<—

Counter =
PWMP?

| Counter counting down from PWMP |<—

Counter =
PWMnN?

| PWMn output toggle |

v

| Counter continue counting down

| PWMF flag set INT_TYPE = 0) |

no

Load =17

H/w willl load in new PWMP/PWMn
value to working registers.

Figure 14-9 Center-aligned Flow Diagram (INT_TYPE = 0)
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14.4 PWM Brake

This device supports two brake detectors, BKO and BK1, and each of them has 4 brake signals, one
external brake pin (BKPx0 for BKO and BKPx1 for BK1), and three analog comparator outputs. Both
external brake pins have each 4-degree digital filter that is user controllable through BKXFILT.1-0 bits
(x=0 and 1 for BKO and BK1). The Brake function is controlled by the contents of the SFR PWMCON
register.

BKOFILT (PWMCONX21:20]), INVBKPO
BKONF_DIS(PWMCONAX28])  (PWMCONAx[14])

HCLK/1,/2,/4,116

PWMO~5 outputs
follow PWMnB
(see note)

BKO_EN(PWMCONX{16])

BKFO
(PWMSTSI0])

CPO0
CPOOBK_EN(PWMCONX{24])

CPO1
CPO1BK_EN(PWMCONAX{25])

CPO2

CPO2BK_EN(PWMCON{26]) Brake Detect

Interrupt

* NED: Negative Edge Detection

BK1_EN(PWMCONX{17])
INVBKP1

BK1FILT (PWMCONX{23:22]), BRKI_EN(PWMCONX5])

BK1NF_DIS(PWMCONX{29])

BKF1
(PWMSTS[1])

HCLKI/1,/2,/4,/16
Noise Filter

Low level PWMO0~5 outputs
do‘t” Et’_"e follow PWMnB
etection (see note)

A

BK1SEL(PWMCONX{19:18]) LVDBK_EN(PWMCONX[27])

Note:

PWM output level during brake condition will also depend on PNP.n to control PWMnB polarity.
If PNP.n = 0, PWMn output = PWMnB.
If PNP.n = 1, PWMn output = invert(PWMnB).

x=0~1 to represent unitO~unit1

Figure 14-10 PWM Brake Function

The following table summarizes the effect of each brake pins. Figure 14-11 and Figure 14-12
illustrate the brake signals vs. PWM operation.

Brake Source Brake Trigger Actions
Condition
BKPO A falling edge at ® BKFO0 and BKLKO flags set by the falling edge
(/O pin); brake 0 edge at brake 0 edge detector; but cleared by S/W.
CPOO detector. ® PWMO0-5 outputs follow PWMnB bits. PNP bits
(Comparator0 output); are also able to control the polarity of PWMnB.
If PNP.n=0, PWMn pin output = PWMnB.
CCP01 1 ] If PNP.n=1, PWMn pin output =
(Comparatorl output); invert(PWMnB).
CPQO2 ®  PWMO-5 will keep in PWMnB state before
(Comparator2 output) BKLKO flag is cleared by S/W.
® PWMRUN bit remain asserted to keep PWM
generators running.
® |f the BKLKO flag is cleared, the brake state will
be released on next PWM cycle/period.

May 22, 2017 Page 252 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

® |f PWMRUN is cleared to 0 before the BKLKO
flag is cleared, PWMO~5 will remain in PWMnB

state.
BKP1 A falling edge at 1. BKF1 flag is set by the falling edge at brake 1
(/O pin); brake 1 edge edge detector; but cleared by S/W.
CPOO detector; 2. If LVDBK_EN=1 and Brake 1 signal detected as
(Comparator0 output); | |ow level state low level, PWMO0~5 pin outputs follow PWMnB

bits. Otherwise, PWMO0~5 will continue follow
PWM generators’ output. In both situations, PNP
bits are also able to control port polarity.

CPO2 3. PWMRUN bit remain asserted to keep PWM
(Comparator2 output) generators running.

4, PWMO~5 resume if BKP1 pin state returns to
high state. PWMO~5 will resume on start of next
PWM cycle/period.

Note: The brake enable bits, BKO_EN and BK1_EN, must be set in order for the above to be effective.

CPO1
(Comparatorl output);

PWMO register | | | |
e e
counter

BKP1

BKPO I_I
BKFO
siw
BKF1 clear
Potpumo [ 1 L [omeae | e s
brake state | brake state
PWM1 at ‘ PWM1 at
Port PWM1 |_| |_| brake state | |_| brake st:te

*Initially, LVDBK_EN=1, BKO_EN=1and BK1_EN=1  PWM signals resume at next start
of PWM period

Figure 14-11 PWM Brake Condition (Edge-aligned Mode)
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PWMO register/ \ VANRERD/AN /\ /\
VAV VRN

BKP1

BKPO o | I_I
BKFO Ii
‘ sf:w ‘
BKF1 | clear I
: PWMO i
Port PWMO J_|_|—|_|_| at bral:{e state 3 bf;/l\gl gt:tte
PWM1 | |
Port PWM1 at brake state |_| brake tato

“Initially, LVDBK_EN=1, BKO_EN=1 and BK1_EN=1 PWM signals resume at next start
of a PWM period

Figure 14-12 PWM Brake Condition (Centre-aligned Mode)

Since both brake conditions being asserted will automatically cause BKFn flag to be set, the user
program can poll these brake flag bits or enable PWM’s brake interrupt to determine which condition
will cause a brake to occur.
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14.5 PWM Port Output Driving Control

There are two enhanced PWM units and each unit has six output pins in this device. The PWM port
outputs are P0.0~P0.5 and P1.0~P1.5 for unit 0 and unit 1, respectively.

3-State Control

(HZ_Even, HZ_0Odd) Pn_PMD
PMSKE.n — Py_MFPz
Brake &
PMSKD.n 1 Polarity 3-state/
r Control push-pull/ PWMxn
PG PGn output | /O bit quasi/ > Output
G (PWM open drain
enerator, H H i
) i Mask control Polarity control : Driving mode
« e piq ool

Note:

n=0~5 for PWMO~PWM5
x=0~1 for PWM unit0~1
Py_MFPz: represent the corresponding multiple function and input type control bit

Figure 14-13 PWM Output Driving Control

The driving type of PWM output ports can be initialized as Tri-state type or other types depending on
the Pn_PMD register setting after any reset. As shown in the figure above, the PWM output structures

are controllable through config-bit, register bits PWMPOEN[HZ_Even0/1, HZ_0Odd0/1] and Pn_PMD
mode registers.

HZ_Even/HZ_Odd Even/Odd PWM Outputs Drive Mode
(in PWMPOEN Register)
0 Depending on Pn_PMD
1 Driving mode = Hi-Z.

Note: Register bits for HZ_Even and HZ_Odd are latched from configO during all reset.
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14.6 PWM Modes

This powerful PWM unit supports Independent mode which may be applied to DC and BLDC motor
system, Complementary mode with dead-time insertion which may be used in the application of AC
induction motor and synchronous motor, Synchronous mode that makes both pins of each pair are in
phase. Besides, the Group mode, forces the PWMO, PWM2 and PWM4 synchronous with PWMO
generator, may simplify updating duty control in DC and BLDC motor applications.

14.6.1 Independent Mode
Independent mode is enabled when PMOD.1-0 = 00b.

By default, the PWM is operating in Independent mode with three PWM even channels outputs:
PWMO, PWM2 and PWM4. Each channel is running off its own duty-cycle generator module. The
states of PWM1, PWM3 and PWM5 are reset to 0 by default if PWM Mask output function is not
enabled (PMSKE=0x00).

14.6.2 Complementary Mode
Complementary mode is enabled when PMOD.1-0 = 01b.

In this module there are three duty-cycle generators utilized for complementary mode, with total of
three PWM output pair pins in this module. The total six PWM outputs are grouped into output pairs of
even and odd numbered outputs. In complimentary modes, the internal odd PWM signal PGx must
always be the complement of the corresponding even PWM signal. For example, PG1 will be the
complement of PGO. PG3 will be the complement of PG2 and PG5 will be the complement of PG4.
The time base for the PWM module is provided by its own 16-bit timer, which also incorporates
selectable pre-scalar options.

14.6.3 Dead-Time Insertion

The dead time generator inserts an “off” period called “dead time” between the turnings off of one pin
to the turning on of the complementary pin of the paired pins. This is to prevent damage to the power
switching devices that will be connected to the PWM output pins. The complementary output pair
mode has an 11-bit down counter used to produce the dead time insertion. The complementary
outputs are delayed until the timer counts down to 0.

The dead-time can be calculated from the following formula:
Dead-time = EPWMx_CLK * (DTCNT[10:0]+1).

The timing diagram below indicates the dead time insertion for one pair of PWM signals.

PGO without
Dead-Time : /7] L
/ \
PG1 without : I 1
Dead-Time ™\ | /7] !
\ \ / !
PWMO with ! \ \: I :‘
Dead-Time | / | '\ h
PWM1 with : :‘{ Al
Dead-Time L1
[

| | |
Dead-Time Interval

Effect of Dead-Time for complementary pairs

Figure 14-14 Dead-Time Insertion

The PWM Dead-time Control Register, PDTC, has write-protection. In the power inverter
applications, a dead time insertion avoids the upper and lower switches of the half bridge from being
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active at the same time. Hence the dead time control is crucial to proper operation of a system. Some
amount of time must be provided between turning off of one PWM output in a complementary pair and
turning on the other transistor as the power output devices cannot switch instantaneously.

14.6.4 Synchronous Mode
Synchronous mode is enabled when PMOD.1-0 = 10b.

In the synchronization mode the PWM pair signals from PWM Generator are in-phase.
PG1=PGO0, PG3=PG2 and PG5=PG4.

14.6.5 Group Mode
Group mode is enabled when GRP (PWMCONXx0[13]) = 1.

This device supports Group Mode control. This control allows all even PWM channels output to be
duty controllable by PWMO duty register.

If GRP =1, both (PG2, PG3) and (PG4, PG5) pairs will follow (PGO, PG1), which imply;
PG4 = PG2 = PGO;
PG5 = PG3 = PG1 = invert (PGO) if Complementary mode is enabled (PMOD.1-0=01b)
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14.7 Polarity Control

Each PWM port of from PWMO to PWM5 has independent polarity control to configure the polarity of
active state of PWM output. By default, the PWM output is active high. This implies the PWM OFF
state is low and ON state is high. This is controllable through the PWM Negative Polarity Control
Register, PNP, on each individual PWM channel.

The following diagram show the initial state before PWM starts with different polarity settings.

Initial State  PWM Starts

| |
| L
_| —
| |
o .I I(PNP.O=O)
PWMI | o |T| o |_|(PNP.1=O)
off i [ |
N
|
off
Lo

|(PNP.0=1)

of [ | (PNP.1=0)

on | |
(PNP.0=0)

—
off (PNP.1=1)

PWMo o N o (PNP.0=1)
| |
o of (PNP.1=1)
|

PWM1 off | off
Dead-time insertion; It is only effective in complementary mode

NPx: Negative Polarity control bits; It controls the PWM output initial
state and polarity

PWM output with dead-time insertion and polarity control

Figure 14-15 Initial State and Polarity Control with Rising Edge Dead Time Insertion
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14.8 PWM Mask Output Function

Each of the PWM output channels can be manually overridden by using the appropriate bits in the
PWM Mask Enable Control Register (PMSKE) and PWM Masked Data Register (PMSKD) to drive the
PWM I/O pins to specified logic states independent of the duty cycle comparison units. The PWM
mask bits are useful when controlling various types of Electrically Commutated Motor (ECM) like a
BLDC motor. The PMSKE register contains six bits, PMSKE[5:0] determine which PWM 1/O pins will
be overridden. On reset PMSKE is 00H. The PMSKD register contains six bits, PMSKD[5:0] determine
the state of the PWM 1/O pins when a particular output is masked via the PMSKD bits. On reset
PMSKD is O0H. The PMSKE[5:0] bits are active-high. When the PMSKE[5:0] bits are set, the
corresponding PMD[5:0] bit will have effect on the PWM channel. When one of the PMSKE bits is
sets, the output on the corresponding PWM I/O pin will be determined by the state of the PMSKD bit
and polarity control bit.

Bit Number

0 2 4
0]2)4 3-phase
113|5 1 3 5 load

Symbol legend of a typical
3-phase inverter

PMSKE PMSKD PMSKE PMSKD PMSKE PMSKD PMSKE PMSKD
111 x| 0|0 0111 x| 00 11011 0Ol x |0 17011 0/x |0
111 x| 110 0|11 x |0 |1 11011 0| x |1 17011 1/ x1]0
PWMO I;;MO : : PWM2 : ;MZ:
Pt ) mlw) ) F»Jm alm)

Current path = (0,3) Current path = (0,5) Current path = (2,5) Current path = (2,1)

Example 1.1 Example 1.2 Example 1.3 Example 1.4
Mask Control in Complementary Mode
PMSKE PMSKD PMSKE PMSKD PMSKE PMSKD PMSKE PMSKD
011 x| 0|0 0|11 x|0]0 1101 0|x|0 1101 0|x |0

11101 (0j1]0 ]| |1|1]1 001 1111} (o0ojoj|1}||1y1{1| | 1/0]0

PWM2 PWM2

U;;" | J:

Current path = (0,3)
Example 2.1

T

Current path = (0,5)
Example 2.2

Current path = (2,5)
Example 2.3

Current path = (2,1)
Example 2.4

Mask Control in Independent Mode

Figure 14-16 lllustration of Mask Control

Figure above shows example of how PWM mask control can be used for the override feature.
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In example 1.1; PMSKE[5:0] = 11 1100b, PMSKDI[5:0] = 0010xxb (Complementary Mode)

PWM channels 2-5 are masked from PWM frequency/duty generators.

PWM channels 2-5 outputs are determined by state of PMSKD bits.

PWM channels 0 and 1 follow PWM generator.

Switch 0 (On/Off) : Control by PWMO (pwmO frequency/duty generator).

Switch 1 (On/Off) : Control by PWM1 (inverted of PWMO, complementary mode).
Switch 2 (Off) : PMSKD.2 = 0.

Switch 3 (On) : PMSKD.3 = 1.

Switch 4 (Off) : PMSKD.4 = 0.

Switch 5 (Off) : PMSKD.5 = 0.

In example 1.3; PMSKE[5:0] = 11 0011b, PMSKD[5:0] = 10xx00b (Complementary Mode)
PWM channels 0, 1, 4 and 5 are masked from PWM frequency/duty generators.

PWM channels 0, 1, 4 and 5 outputs are determined by state of PMSKD bits.

PWM channels 2 and 3 follow PWM generator.

Switch 0 (Off) : PMSKD.0 = 0.

Switch 1 (Off) : PMSKD.1 = 0.

Switch 2 (On/Off) : Control by PWM2 (pwm?2 frequency/duty generator).

Switch 3 (On/Off) : Control by PWM3 (inverted of PWM2, complementary mode).
Switch 4 (Off) : PMSKD.4 = 0.

Switch 5 (On) : PMSKD.5 =1.

In example 2.1; PMSKE[5:0] =11 1110b, PMSKD[5:0] = 00100xb (Independent Mode)
PWM channels 1-5 are masked from PWM frequency/duty generators.

PWM channels 1-5 outputs are determined by state of PMSKD bits.

PWM channel 0 follow PWM generator.

Switch 0 (On/Off) : Control by PWMO (pwmO frequency/duty generator).

Switch 1 (Off) : PMSKD.1 = 0.

Switch 2 (Off) : PMSKD.2 = 0.

Switch 3 (On) : PMSKD.3 = 1.

Switch 4 (Off) : PMSKD.4 = 0.

Switch 5 (Off) : PMSKD.5 = 0.

In example 2.3; PMSKE[5:0] =11 1011b, PMSKD[5:0] = 100x00b (Independent Mode)
PWM channels 0,1,3,4 and 5 are masked from PWM frequency/duty generators.

PWM channels 0,1,3,4 and 5 outputs are determined by state of PMSKD bits.

PWM channel 2 follow PWM generator.

Switch 0 (Off) : PMSKD.0 = 0.

Switch 1 (Off) : PMSKD.1 =0.

Switch 2 (On/Off) : Control by PWM2 (pwm2 frequency/duty generator).

Switch 3 (Off) : PMSKD.3 =0.
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Switch 4 (Off) : PMSKD.4 = 0.
Switch 5 (On) : PMSKD.5 = 1.
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14.9 Interrupt Architecture of Enhanced PWM

There are six interrupt sources for each PWM unit, including PWM period flag (PWMF), BrakeO flag
(BKFO0), Brakel flag (BKF1), PWMO edge flag, PWM2 edge flag and PWM4 edge flag. The bit
BRKI_EN (PWMCONX[5]) controls the brake interrupt enable; the bit PWMI_EN (PWMCONXx[4])
controls the PWM periodic interrupt enable; the bit PWMOEI_EN (PWMEICX[0]) controls the PWMO
edge interrupt enable; the bit PWM2EI_EN (PWMEICXx[1]) controls the PWM2 edge interrupt enable;
the bit PWM4EI_EN (PWMEICXx[2]) controls the PWM4 edge interrupt enable.

Note: All the interrupt flags are set by hardware and must be cleared by writing 1 to flags through
software.

Figure 14-17 demonstrates the architecture of enhanced PWM interrupts.

BKFO(PWMSTSX[O])
Brake_INT
BKF1(PWMSTSx[1]) } PWM Interrupt
BRKI_EN 4|—
(PWMCONX[5])

PWMF(PWMSTSTX[2])
PWMI_EN(PWMCONXx[4])

PWM_ INT

PWMOEF(PWMSTSTx[4])
PWMOEI_EN(PWMEICX[0])

PWMOE_ INT

ENPWMx_INT

PWM2EF(PWMSTSTX(5])
PWM2EI_EN(PWMEICX[1])

PWM2E_ INT

PWM4EF(PWMSTSTX[6])
PWMA4EI_EN(PWMEICX[2])

PWM4E_ INT

Note: x=0~1 for unit 0~1

JUUU

Figure 14—-17 Architecture of Enhanced PWM Interrupts
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14.10 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
EPWM Base Address:

EPWMx_BA = 0x4019_0000 + (0x4000 * x)

x=0,1

PWMCON EPWMx_BA+0x00 R/W |EPWM Control Register 0x0000_0000
PWMSTS EPWMx_BA+0x04 R/W |EPWM Status Register 0x0000_0000
PWMP EPWMx_BA+0x08 R/W [EPWM Period Register 0x0000_0000
PWMO EPWMx_BA+0x0C R/W |EPWM PWMO Duty Register 0x0000_0000
PWM2 EPWMx_BA+0x10 R/W |EPWM PWM2 Duty Register 0x0000_0000
PWM4 EPWMx_BA+0x14 R/W |EPWM PWM4 Duty Register 0x0000_0000
PMSKE EPWMx_BA+0x18 R/W |[EPWM Mask Mode Enable Register 0x0000_0000
PMSKD EPWMx_BA+0x1C R/W [EPWM Mask Mode Data Register 0x0000_0000
PDTC EPWMx_BA+0x2C R/W |EPWM Dead-time Control Register 0x0000_0000
PWMB EPWMx_BA+0x30 R/W |EPWM Brake Output 0x0000_0000
PNPC EPWMx_BA+0x34 R/W |[EPWM Negative Polarity Control 0x0000_0000
PWMFCNT EPWMx_BA+0x3C R/W [EPWMF Compared Counter 0x0000_0000
PWMEIC EPWMx_BA+0x40 R/W |EPWM Edge Interrupt Control Register 0x0000_0000
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14.11 Register Description
EPWM Period Register (PWMP)

Register Offset R/W  |Description Reset Value
PWMP EPWMx_BA+0x08 R/W  |EPWM Period Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
PWMP [15:8]
7 6 5) 4 3 2 1 0
PWMP [7:0]
Bits Description
[31:16] - Reserved.
PWM Period Register
Edge-aligned:
Period = (PWMP +1) * EPWMx_CLK period/pre-scalar
[15:0] PWMP Duty = (Duty + 1) * EPWMx_CLK period /pre-scalar
Centre-aligned:
Period = (PWMP* 2) * EPWMx_CLK period/pre-scalar
Duty = (Duty*2 + 1) * EPWMx_CLK period/pre-scalar
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EPWM Duty Register (PWMO0/2/4)

Register Offset R/W |Description Reset Value
PWMO EPWMx_BA+0x0C R/W |EPWM PWMO Duty Register 0x0000_0000
PWM2 EPWMx_BA+0x10 R/W |EPWM PWM2 Duty Register 0x0000_0000
PWM4 EPWMx_BA+0x14 R/W |EPWM PWM4 Duty Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
PWM_Duty [15:8]
7 6 5 4 3 2 1 0

PWM_Duty [7:0]

Bits Description

[31:16] - Reserved.

PWM Duty Register
Edge-aligned:

Period = (PWMP +1) * EPWMx_CLK period/pre-scalar
[15:0] PWM_Duty Duty = (Duty + 1) * EPWMx_CLK period /pre-scalar
Centre-aligned:

Period = (PWMP* 2) * EPWMx_CLK period/pre-scalar

Duty = (Duty*2 + 1) * EPWMx_CLK period/pre-scalar

May 22, 2017 Page 265 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

EPWM Mask Enable Control Reqgister (PMSKE)

Register |Offset R/W |Description Reset Value
PMSKE EPWMx_BA+0x18 R/W |EPWM Mask Mode Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- PMSKE [5:0]
Bits Description
[31:6] - Reserved.
PWM Mask Enable Bit
The PWM generator signal will be masked when this bit is enabled. The corresponding
PWMn channel will be output with PMD.n data.
[5:0] PMSKE 0 = PWM generator signal is output to next stage.
1 = PWM generator signal is masked and PMD.n is output to next stage.
Note: n = 0~5
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EPWM Mask Data Reqgister (PMSKD)

Register |Offset R/W |Description Reset Value
PMSKD EPWMx_BA+0x1C R/W |EPWM Mask Mode Data Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
PMSKD [5:0]
Bits Description
[31:6] - Reserved.
PWM Mask Data Bit
This data bit control the state of PWMn output pin, if corresponding PME.n = 1.
[5:0] PMSKD 0 = Output logic low to PWMn.
1 = Output logic high to PWMn.
Note: n = 0~5
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EPWM Control Reqgister (PWMCON)

Register Offset R/W |Description Reset Value
PWMCON |EPWMx_BA+0x00 R/W |EPWM Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CLDMD AUTOLD BKINF_DIS | BKONF_DIS | LVDBK_EN |CPO2BK_EN |CPO1BK_EN | CPOOBK_EN
23 22 21 20 19 18 17 16
BK1FILT BKOFILT BK1SEL BK1_EN BKO_EN
15 14 13 12 11 10 9 8
INVBKP1 INVBKPO GRP PWMTYPE | CLEARPWM - PWMINV INT_TYPE
7 6 5 4 3 2 1 0
PWMRUN LOAD BRKI_EN PWMI_EN PWMDIV PMOD
Bits Description
Center Reload Mode Enable
1 = EPWM reload duty register at the center point of PWM counter.
[31] CLDMD _ _ )
0 = EPWM reload duty register at the period point of PWM counter.
This bit only works when EPWM operating in Center-aligned mode.
Auto Load Enable Bit
[30] AUTOLD 1 = PWM duty registers PWMx0~PWMx4 are auto-load from motor drive unit (MDU)
when MDU update a set of new duty values for PWM unit.
0 = PWM duty registers PWMx0~PWMx4 are updated by software.
PWM Brake 1 Noise Filter Disable
[29] BK1NF_DIS 1 = Noise filter of PWM Brake 1 Disabled
0 = Noise filter of PWM Brake 1 Enabled
PWM Brake 0 Noise Filter Disable
[28] BKONF_DIS 1 = Noise filter of PWM Brake 0 Disabled
0 = Noise filter of PWM Brake 0 Enabled
Low-level Detection Trigger PWM Brake Function 1 Enable
[27] LVDBK_EN 1 = Brake Function 1 triggered by Low-level detection Enabled
0 = Brake Function 1 triggered by Low-level detection Disabled
CPO2 Digital Output as Brake 0 Source Enable
[26] CPO2BK_EN 1 = CPO2 as one brake source in Brake 0 Enabled
0 = CPO2 as one brake source in Brake 0 Disabled
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Bits Description

Enable CPO1 Digital Output as Brake 0 Source
[25] CPO1BK_EN 1 = CPOL1 as one brake source in Brake 0 Enabled

0 = CPO1 as one brake source in Brake 0 Disabled

Enable CPOO Digital Output as Brake0 Source
[24] CPOOBK_EN 1 = CPOO as one brake source in Brake 0 Enabled

0 = CPOO as one brake source in Brake 0 Disabled

Brake 1 (BKPx1 pin) Edge Detector Filter Clock Selection

BK1FLT[1:0]

00 Filter clock = HCLK
[23:22] BK1FILT

01 Filter clock = HCLK/2

10 Filter clock = HCLK/4

11 Filter clock = HCLK/16

Brake 0 (BKPxO pin) Edge Detector Filter Clock Selection

BKOFLT[1:0]

00 Filter clock = HCLK

[21:20] BKOFILT
01 Filter clock = HCLK/2

10 Filter clock = HCLK/4

11 Filter clock = HCLK/16

Brake Function 1 Source Selection

BK1SEL[1:0] Brake Signal From

00 From external pin BKPx1 (x=0~1 for unit0~1)
[19:18] BK1SEL

01 From analog comparator 0 output (CPOO)

10 From analog comparator 1 output (CPO1)

11 From analog comparator 2 output (CPO2)

BKPx1 Pin Trigger Brake Function Enable
1 = PWMx Brake Function 1 Enabled.

[17] BKEN1
0 = PWMx Brake Function 1 Disabled.

Note: x=0~1 for PWM unit0~1.

BKPx0 Pin Trigger Brake FunctionO Enable
1 = PWMx Brake Function 0 Enabled.

[16] BKENO
0 = PWMx Brake Function 0 Disabled.

Note: x = 0~1 for PWM unit0~1.

Inverse BKP1 State
[15] INVBKP1 0 = The state of pin BKPx1 is passed to the negative edge detector.

1 = The inversed state of pin BKPx1 is passed to the negative edge detector.
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Bits Description

Inverse BKPO State
[14] INVBKPO 0 = The state of pin BKPx0 is passed to the negative edge detector.

1 = The inversed state of pin BKPx0 is passed to the negative edge detector.

Group bit

1 = Unify the signals timing of PWMO0, PWM2 and PWM4 in the same phase which
is controlled by PWMO.

0 = The signals timing of PWMO, PWM2 and PWM4 are independent.

[13] GRP

PWM Aligned Type Selection Bit.
[12] PWMTYPE 0 = Edge-aligned type.
1 = Centre-aligned type.

Clear PWM Counter Control Bit.
[11] CLRPWM 1 = Clear 16-bit PWM counter to 000H.

Note: It is automatically cleared by hardware.

[10] Reserved Reserved

Inverse PWM Comparator Output

When PWMINV is set to high the PWM comparator output signals will be inversed,
therefore the PWM Duty (in percentage) is changed to (1-Duty) before PWMINV is

(9] PWMINV set to high.
0 = Not inverse PWM comparator output.

1 = Inverse PWM comparator output.

PWM Interrupt Type Selection Bit

0 = PWMF will be set if PWM counter underflow.
[8] INT_TYPE
1 = PWMF will be set if PWM counter matches PWMP register.

Note: This bit is effective when PWM is in Center-aligned mode only.

Start PWMRUN Control Bit
[7] PWMRUN 0 = The PWM stops running.
1 = The PWM counter starts running.

Reload PWM period registers (PWMP) and PWM Duty Registers (PWMO0~3)
Control Bit

0 = No action if written with 0. The value of PWM period register (PWMP) and PWM
duty registers (PWMn0O~PWMn3) are not loaded to PWM counter and
Comparator registers.

[6] LOAD 1 = Hardware will update the value of PWM period register (PWMP) and PWM duty
registers (PWMnO~PWMn3) to PWM Counter and Comparator register at the
time of PWM Counter matches PWMP in Edge- and Center-aligned modes or at
the time of PWM Counter down counts with underflow in Center-aligned mode.

Notel: n=0-1 for PWM unit0-1.

Note2: This bit is written by software, cleared by hardware, and always read as 0.

Enable BrakeO and Brak1 Interrupt
[5] BRKI_EN 1 = Flags BKFO and BKF1 Enabled to trigger PWM interrupt.
0 = Flags BFKO and BFK1 Disabled to trigger PWM interrupt.
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Bits Description
Enable PWM Interrupt
[4] PWMI_EN 1 = Flag PWMF Enabled to trigger PWM interrupt.
0 = Flag PWMF Disabled to trigger PWM interrupt.
PWM Clock Pre-divider Selection
PWMDIV[1:0] Description
00 PWM clock = EPWMx_CLK
[3:2] PWMDIV
01 PWM clock = EPWMx_CLK/2
10 PWM clock = EPWMx_CLK/4
11 PWM clock = EPWMx_CLK/16
PWM Mode Selection
PWMMOD[1:0] Description
00 Independent mode
[1:0] PWMMOD
01 Pair/Complementary mode
10 Synchronized mode
11 Reserved
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EPWM Status Reqgister (PWMSTS)

Register Offset R/W Description Reset Value
PWMSTS EPWMx_BA+0x04 R/W EPWM Status Register 0x0000_0000
31 30 29 28 27 26 25 24
- BK1STS BKOSTS
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
- BKLKO
7 6 5 4 3 2 1 0
- PWMA4EF PWM2EF PWMOEF - PWMF BKF1 BKFO
Bits Description
[31:26] - Reserved.

Brake 1 Status (Read Only)
[25] BK1STS 1=PWM is in Brake 1 state.
0 = PWM had been out of Brake 1 state

Brake 0 Status (Read Only)
[24] BKOSTS 1 =PWNM is in Brake O state.
0 = PWM had been out of Brake 0 state.

[23:9] - Reserved.

PWM BrakeO Locked

1 = When PWM Brake detects a falling signal at BKPO, this flag will be set to high to
8] BKLKO indicate the BrakeO state is locked.

0 = Brake O state is released.

Note: This bit must be cleared by writing 1 to itself through software.

[7] - Reserved.

PWMx4 Edge Flag
0 = PWMx4 not toggled.

[6] PWMJ4EF 1 = Hardware will set this flag to high at the time of PWMx4 rising or falling. If
EINT4_TYPE =0, this bit is set when PWMx4 falling is detected. If EINT4_TYPE =
1, this bit is set when PWMx4 rising is detected.

Note: This bit must be cleared by writing 1 to itself through software.
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PWMx2 Edge Flag
0 = PWMXx2 not toggled.

[5] PWM2EF 1 = Hardware will set this flag to high at the time of PWMXx2 rising or falling. If
EINT2_TYPE =0, this bit is set when PWMx2 falling is detected. If EINT2_TYPE =
1, this bit is set when PWMXx2 rising is detected.

Note: This bit must be cleared by writing 1 to itself through software.

PWMxO0 Edge Flag
0 = PWMXx0 not toggled.

[4] PWMOEF 1 = Hardware will set this flag to high at the time of PWMxO rising or falling. If
EINTO_TYPE =0, this bit is set when PWMxO falling is detected. If EINTO_TYPE =
1, this bit is set when PWMXxO rising is detected.

Note: This bit must be cleared by writing 1 to itself through software.

[3] - Reserved.

PWM Period Flag.

0 = The PWM Counter has not up counted to the value of PWMP or down counted with

underflow.

(2] PWMF 1 = Hardware will set this flag to high at the time of PWM Counter matches PWMP in
Edge- and Center-aligned modes or at the time of PWM Counter down counts with
underflow in Center-aligned mode.

Note: This bit must be cleared by writing 1 to itself through software.
PWM Brakel Flag
1 =When PWM Brake 1 detects a falling signal at pin BKP1, this flag will be set to high.
t BKFL 0 = PWM Brake 1 is able to poll falling signal at BKP1 and has not recognized any one
Note: This bit must be cleared by writing 1 to itself through software.
PWM BrakeO Flag
o] BKEO 1 = When PWM Brake 0 detects a falling signal at BKPO, this flag will be set to high

0 = PWM Brake 0 is able to poll falling signal at BKPO and has not recognized any one

Note: This bit must be cleared by writing 1 to itself through software.
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EPWM Dead-time Control Register (PDTC)

Register Offset R/W Description Reset Value

PDTC EPWMx_BA+0x2C R/W EPWM Dead-time Control Register 0x0000_0000

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

- DTEN4 DTEN2 DTENO

15 14 13 12 11 10 9 8

- DTCNT[10:8]

7 6 5) 4 3 2 1 0

DTCNT[7:0]

Bits Description

[31:19] - Reserved.

Enable Dead-time Insertion for PWMx Pair (PWM4, PWM5)

Dead-time insertion is only active when this pair of complementary PWM is enabled. If
dead-time insertion is inactive, the outputs of pin pair are complementary without any
delay.

[18] DTEN4 y
0 = Dead-time insertion Disabled on the pin pair (PWM4, PWM5).
1 = Dead-time insertion Enabled on the pin pair (PWM4, PWM5).

Note: x=0~1 for PWM unit0~1.

Enable Dead-time Insertion for PWMx Pair (PWM2, PWM3)

Dead-time insertion is only active when this pair of complementary PWM is enabled. If
dead-time insertion is inactive, the outputs of pin pair are complementary without any
delay.

[17] DTEN2 y
0 = Dead-time insertion Disabled on the pin pair (PWM2, PWM3).
1 = Dead-time insertion Enabled on the pin pair (PWM2, PWM3).

Note: x=0~1 for PWM unit0~1.

Enable Dead-time Insertion for PWMx Pair (PWMO, PWM1)

Dead-time insertion is only active when this pair of complementary PWM is enabled. If
dead-time insertion is inactive, the outputs of pin pair are complementary without any
delay.

[16] DTENO y

0 = Dead-time insertion Disabled on the pin pair (PWMO0, PWM1).
1 = Dead-time insertion Enabled on the pin pair (PWMO0, PWML1).

Note: x=0~1 for PWM unit0~1.

[15:11] - Reserved.
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Bits Description

Dead-time Counter
[10:0] DTCNT The dead-time can be calculated according to the following formula:

Dead-time = EPWMx_CLK * (DTCNT.[10:0]+1).
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EPWM Brake Output (PWMB)

Register |Offset R/W |Description Reset Value
PWMB EPWMx_BA+0x30 R/W |EPWM Brake Output 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- PWMBI5:0]
Bits Description
[31:6] - Reserved.
PWM Brake Output
When PWM Brake is asserted, the PWMO~5 output state before polarity control will
follow PWMB bit0~5 setting, respectively.
[5:0] PWMB 0 = PWMn output before polarity control is low when Brake is asserted.
1 = PWMn output before polarity control is high when Brake is asserted.
Note: n =0~5
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EPWM Negative Polarity Control (PNPC)

Register |Offset R/W |Description Reset Value
PNPC EPWMx_BA+0x34 R/W |EPWM Negative Polarity Control 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
PNPn [5:0]
Bits Description
[31:6] - Reserved.
PWM Negative Polarity Control
The register bit controls polarity/active state of real PWM output.
[5:0] PNPn 0 = PWMn output is active high.
1 = PWMn output is active low.
Note: n = 0~5
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EPWMFE Compared Counter (PWMECNT)

Register Offset R/W  |Description Reset Value
PWMFCNT  |EPWMx_BA+0x3C R/W  |EPWMF Compared Counter 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- PWMFCNT [3:0]

Bits Description
[31:4] - Reserved.
PWMF Compared Counter
The register sets the count number which defines how many times of PWM period
[3:0] PWMFCNT occurs to set bit PWMF to request the PWM period interrupt.
PWMF will be set in every (1 + PWMFCNTI[3:0]) time of PWM period or center point
defined by INT_TYPE at PWMCON][8] occurs
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EPWM Edge Interrupt Control Register (PWMEIC)

Register Offset R/W  |Description Reset Value
PWMEIC EPWMx_BA+0x40 R/W  [EPWM Edge Interrupt Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
- EINT4_TYPE | EINT2_TYPE | EINTO_TYPE
7 6 5 4 3 2 1 0
- PWMA4EI_EN | PWM2EI_EN | PWMOEI_EN
Bits Description
[31:11] - Reserved.
PWMx4 Edge Interrupt Type
[10] EINT4_TYPE 1 = PWMA4EF will be set if rising edge is detected at PWMx4.
0 = PWMA4EF will be set if falling edge is detected at PWMx4.
PWMx2 Edge Interrupt Type
[9] EINT2_TYPE 1 = PWM2EF will be set if rising edge is detected at PWMx2.
0 = PWM2EF will be set if falling edge is detected at PWMx2.
PWMxO0 Edge Interrupt Type
[8] EINTO_TYPE 1 = PWMOEF will be set if rising edge is detected at PWMxO0.
0 = PWMOEF will be set if falling edge is detected at PWMx0.
[7:3] - Reserved.
Enable PWMx4 Edge Interrupt
[2] PWM4EI_EN 1 = Flag PWMA4EF Enabled to trigger PWM interrupt.
0 = Flag PWMA4EF Disabled to trigger PWM interrupt.
Enable PWMx2 Edge Interrupt
[1] PWM2EI_EN 1 = Flag PWM2EF Enabled to trigger PWM interrupt.
0 = Flag PWM2EF Disabled to trigger PWM interrupt.
Enable PWMxO0 Edge Interrupt
[0] PWMOEI_EN 1 = Flag PWMOEF Enabled to trigger PWM interrupt.
0 = Flag PWMOEF Disabled to trigger PWM interrupt.
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15 MOTOR DRIVE UNIT (MDU)

15.1 Overview

An efficient motor control scheme, Field Orientated Control (FOC), is widely applied to a three phases
AC Induction Motor (ACIM) and Permanent Magnet Synchronous Motor (PMSM). This device provides
a motor drive unit (MDU) which performs the Field Orientated Control (FOC) through hardware and
offers the Space Vector PWM duty timing to PWM unitO to produce the PWM signals to power
inverter.

15.2 Features
Clarke and Inverse Clarke Transformation

Park and Inverse Park Transformation

Two built-in PI (Proportional and Integral) controllers
Space-vector PWM (SVPWM) timing generator
Arithmetic operation in fixed point Q-15 format

Auto update PWM Unit0 duty registers
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15.3 MDU Architecture

The Motor Drive Unit comprises several function blocks including Clarke, Park, Inverse Clarke and
Inverse Park transformations, two Pl controllers and SVPWM timing generator.

The following figures illustrate the MDU clock source control and the architecture of Motor Drive Unit

Norm.
Ic | Q15 ADC

Controller.
MDU_EN(APBCLK[18]) \
> MDU_CLK
HCLK >
Figure 15-1 MDU Clock Source Control
la* KP_q,Kl q, V4 Va Vref1/2/3
- PLd inverter
L
-] KP_d,KlLd Vd |
System o)
Control e (LUT |
by MCU Address) |
la |
b 12-bit ‘|_‘

pA

Iq 1
) : s | /Pmsm
M
Ia, Ib, Ic |
———
Calculate | Calcula!:e_ = (Ha, Hb, Hc)/
Motor Speed Motor Position | c ; |!QEA; QEB, IDX |
- QEI e Motor position
detector
. Registers output by FOC IP (Hall, QEI--)
. Registers output by MCU operation Inside I MEU_I_OgIs_idi Mcu

Figure 15-2 Motor Drive Unit Architecture
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15.4 Operation of Motor Drive Unit
The Field Orientated Control (FOC) is based on projections which transform a three phase time and
speed dependent system into a two co-ordinate (d and g co-ordinates) time invariant system.

All the arithmetical values in MDU, except KPO and KP1, are normalized in a 16-bit Q15 format with
one sign bit in MSB. KPO and KP1 are represented in 18-bit 12Q15 format.

15.4.1 Clarke and Inverse Clarke Transformation

The Clarke transformation function block transforms the three variables registers la, Ib and Ic from
abc-axis to stationary af-axis and produces two variables stored in registers lalfa and Ibeta. The
inverse Clarke transformation takes the inverse operation.

15.4.2 Park and Inverse Park Transformation

The Park transformation function block transforms the two variables Valfa and Vbeta from stationary
af-axis to rotating dg-axis and produces two variables stored in registers Vd and Vq. The inverse
Park transformation takes the inverse operation.

15.4.3 PI Controller

The PI controller executes current control by proportional and integral scheme to obtain a proper
controlled phase voltage applied to the Motor.

.| KP_d
(KP_q)
I_dMAX PI_dMAX
Id_CMD (I_gMAX) (PI_gMAX)[ Vd_In
(Ilg_CMD) (Va_In)

Dk 1) >

- PI_dMIN

Id (PI_gMIN)

(19) Maximum and minimum Pl dFW Maximum and minimum
limit operation - limit operation
(PI_gFW)

Figure 15-3 PI Controller Architecture

15.4.4 SVPWM Timing Generator

If the control bit SVPWM_DIS (MDUCONI[17]) is cleared, the inverse Clarke Transformation is
integrated into the Space Vector PWM function block to produce three PWM duties which are applied
to PWM unit0 duty double buffer registers. Consequently, PWM unit 0 may output the frequency and
amplitude adjustable sinusoidal signal modulated by SVPWM scheme.

If the control bit SVPWM_DIS is set, it will produce 3 balanced sinusoidal PWM (SPWM) duties for
PWM modules.
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15.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

MDU Base Address:

MDUx_BA = 0x401D_0000 + (0x4000 * x)

x=0,1

MDUG_BA = 0x401D_0800

la MDUx_BA+0x00 |R/W [Phase A Current Register, represented in Q-15 Format 0x0000_0000

Ib MDUx_BA+0x04 |R/W [Phase B Current Register, represented in Q-15 Format 0x0000_0000

Ic MDUx_BA+0x08 |R/W [Phase C Current Register, represented in Q-15 Format 0x0000_0000

lalfa MDUX_BA+0XOC |R/W Clarke T_ransformatlon Output Register, the Current Along 0X0000_0000
alpha-axis

Ibeta MDUX_BA+0x10 |R/W bC(Ie?;Ifzx 'il'sransformatlon Output Register, the Current Along 0X0000_0000

SIN MDUX_BA+0x14 |RW "I:'E?rﬁgct)metnc Value of SIN Register, represented in Q-15 0X0000_0000

cos MDUX_BA+0X18 |R/W "I:'(r;?rcr)]g(t)metnc Value of COS Register, represented in Q-15 0X0000_0000

Id MDUX_BA+OXIC |R/W Z)i(airsk Transformation Output Register, the Current Along d- 0X0000_0000

Iq MDUX_BA+0x20 |R/W z)i(airsk Transformation Output Register, the Current Along g- 0X0000_0000

Id_CMD MDUX_BA+0x24 |R/W Eé_gofr%r;ttroller Command Input Register, represented in Q- 0x0000_0000

Iq_CMD MDUX_BA+0x28 |RIW Eé_gofr%r;ttroller Command Input Register, Represented in Q- 0x0000_0000
Parameter KP for PI_d Controller, represented in 18-bit 12Q-

KP_d MDUx_BA+0x2C [R/W 15 (Q2.15) Format 0x0000_0000
Parameter Kl for PI_d Controller, represented in 18-bit 12Q-

Ki_d MDUx_BA+0x30 [R/W 15 (Q2.15) Format 0x0000_0000
Parameter KP for PI_qg Controller, represented in 18-bit 12Q-

KP_qg MDUx_BA+0x34 |R/W 15 (Q2.15) Format 0x0000_0000
Parameter Kl for PI_qg Controller, Represented in 18-bit 12Q-

Kl_q MDUx_BA+0x38 |R/W 15 (Q2.15) Format 0x0000_0000

PI_dFW MDUX_BA+0X3C |R/W gl_lcé ('::g?rtrzzltler Feed Forward Data Register, represented in 0X0000_0000

PI_gFW MDUX_BA+0x40 |R/W gl_lc% ('::g?rtrzgltler Feed Forward Data Register, represented in 0X0000_0000

ul_d MDUX_BA+0x44 |R/W Eé?r)::tl Control Output Data Register, represented in Q-15 0X0000_0000

Ul g MDUX_BA+0x48 |R/W S(;?r)](']lztl Control Output Data Register, represented in Q-15 0X0000_0000

Vd MDUx_BA+0x4C |R/W [PI_d Controller Output of d-axis, represented in Q-15 Format {0x0000_0000

Vg MDUx_BA+0x50 |R/W [PI_g Controller Output of g-axis, represented in Q-15 Format {0x0000_0000
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Register Offset R/W |Description Reset Value
MDU Base Address:
MDUx_BA = 0x401D_0000 + (0x4000 * x)
x=0,1
MDUG_BA = 0x401D_0800
Valfa MDUX_BA+0x54 |R/W Inverse I_Dark Transformation Output, the Voltage Along the 0x0000_0000
alpha-axis
Vbeta MDUX_BA+0X58 |R/W Inverse_Park Transformation Output, the Voltage Along the 0x0000_0000
beta-axis
Vrefl MDUx_BA+0x5C |R/W [Inverse Clarke Transformation Output Register 0x0000_0000
Vref2 MDUx_BA+0x60 [R/W |Inverse Clarke Transformation Output Register 0x0000_0000
Vref3 MDUx_BA+0x64 |R/W |[Inverse Clarke Transformation Output Register 0x0000_0000
SVPDATAO  |MDUX BA+0x68 |RIW SVPWM output Data Register (it is an unsigned 16-bit value 0x0000_0000
and denotes Taon time)
SVPDATA2  |MDUx BA+0x6C |RIW SVPWM output Data Register (it is an unsigned 16-bit value 0x0000_0000
and denotes Thon time)
SVPDATA4  |MDUx_BA+0x70 |RIW SVPWM output Data Register (it is an unsigned 16-bit value 0X0000_0000
and denotes Tcon time)
An unsigned16-bit data Normalizes SVPDATAO to
SVPDATAON |[MDUx_BA+0x74 |R/W [PWMNORM and within the limit between PWMMAX and 0x0000_0000
PWMMIN
An unsigned 16-bit data Normalizes SVPDATA2 to
SVPDATA2N |MDUx_BA+0x78 |R/W [PWMNORM and within the limit between PWMMAX and 0x0000_0000
PWMMIN
An unsigned 16-bit data Normalizes SVPDATA4 to
SVPDATA4N |[MDUx_BA+0x7C |R/W [PWMNORM and within the limit between PWMMAX and 0x0000_0000
PWMMIN
MDUCON MDUx_BA+0x80 |R/W [Motor Driver Unit Control Register 0x0000_0000
MDUSTS MDUx_BA+0x84 |R/W [Motor Driver Unit Status Register 0x0000_0700
PI_dMAX MDUx_BA+0x100 |R/W [Maximum limit value of PI_d Controller in Q-15 Format 0x0000_7FFF
PI_dMIN MDUx_BA+0x104 [R/W [Minimum limit value of PI_d Controller in Q-15 Format 0x0000_8000
PI_gMAX MDUx_BA+0x108 [R/W [Maximum limit value of PI_qg Controller in Q-15 Format 0x0000_7FFF
PI_gMIN MDUx_BA+0x10C|R/W [Minimum limit value of PI_g Controller in Q-15 Format 0x0000_8000
I_dMAX MDUx_BA+0x110 |R/W [Maximum limit value of integral_d Controller in Q-15 Format |0x0000_7FFF
I_dMIN MDUx_BA+0x114 [R/W [Minimum limit value of integral_d Controller in Q-15 Format |0x0000_8000
I_gMAX MDUx_BA+0x118 |R/W [Maximum limit value of integral_q Controller in Q-15 Format |0x0000_7FFF
I_gMIN MDUx_BA+0x11C|R/W [Minimum limit value of integral_q Controller in Q-15 Format |0x0000_8000
vd_In MDUx BA+0x120 |R Inverse Park Transformation Input of d_axis represented in 0x0000 0000
— Q-15 Format -
Va_In MDUx BA+0x124 |R Inverse Park Transformation Input of q_axis represented in 0x0000 0000
— Q-15 Format -
PWMNORM [MDUx_BA+0x128 [R/W [An Unsigned 16-bit PWM Normalization Value 0x0000_0000
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Register Offset R/W |Description Reset Value

MDU Base Address:
MDUX_BA = 0x401D_0000 + (0x4000 * X)

x=0,1

MDUG_BA = 0x401D_0800

PWMMAX MDUx_BA+0x12C|R/W [An unsigned 16-bit Maximum Limit Value of SVPWM Output |0x0000_FFFF
PWMMIN MDUx_BA+0x130 |R/W [An unsigned 16-bit Minimum Limit Value of SVPWM Output {0x0000_0000
Id_Err MDUx_BA+0x134 |R Error of Id current = Id_CMD — Id; Read only 0x0000_0000
Iq_Err MDUx_BA+0x138 |R Error of Id current = 1g_CMD - Ig; Read only. 0x0000_0000
MDUSCON  (MDUG_BA+0x00 |R/W [MDU Switch Control 0x0000_0000
MDUSSTS MDUG_BA+0x04 |[R/W [MDU Switch Status 0x0000_0000
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15.6 Register Description

Phase A/B/C Current Reqgister (la/ b /Ic)

Register |Offset R/W |Description Reset Value
la MDUx_BA+0x00 |R/W |Phase A Current Register, Represented in Q-15 Format 0x0000_0000
Ib MDUx_BA+0x04 |R/W |Phase B Current Register, Represented in Q-15 Format 0x0000_0000
Ic MDUx_BA+0x08 |R/W |Phase C Current Register, Represented in Q-15 Format 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.
Motor Phase Current Data Register
[15:0] DATA This register stores the phase current data represented in Q-15 format.
The MCU must update registers la, Ib and Ic in the beginning of a FOC process
flow.
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Clarke Transformation Output Reqister (lalfa/ Ibeta)

Register |Offset R/W |Description Reset Value

Clarke Transformation Output Register, the Current Along

lalfa MDUx_BA+0x0C |R/W }
- alpha-axis

0x0000_0000

Clarke Transformation Output Register, the Current Along beta-

Ibeta MDUx_BA+0x10 [R/W
— axis

0x0000_0000

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.

Clarke Transformation Output Data Register

[15:0] DATA This data content is produced by Clarke Transformation function block and

stored in Q-15 format. It is also writable by software.
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Trigonometric Value Register (SIN / COS)

Register |Offset R/W |Description Reset Value
SIN MDUX_BA+0x14 |R/W ‘Fl'grgrﬁr;(t)metnc Value of SIN Register, Represented in Q-15 0X0000_0000
cos MDUx_BA+0x18 |RIW 'Frg?rﬁr;?metnc Value of COS Register, Represented in Q-15 0X0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.
Trigonometric Value of SIN/ COS Data Register
[15:0] DATA The trigonometric value of SIN and COS, which is represented in Q-15 format,
must be preset before operating Park and inverse Park transformation.
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Park Transformation Qutput Register (Id / 1q)

Register |Offset R/W  [Description Reset Value
Id MDUx_BA+0x1C |R/W |Park Transformation Output Register, the Current Along d-axis.|0x0000_0000
Iq MDUx_BA+0x20 |R/W |Park Transformation Output Register, the Current Along g-axis.|0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.
Park Transformation Output Data Register
[15:0] DATA This data content is produced by Park Transformation function block and stored in Q-
15 format. It is also writable by software.

May 22, 2017 Page 289 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

MNUVOTONMN Preliminary Technical Reference Manual
s SSEEEEEEEE S

Pl Controller Command Input Register (Id CMD /Ilg CMD)

Register |Offset R/W  |Description Reset Value
Id_CMD  |MDUxX BA+0x24 |R/W P1_d Controller Command Input Register, Represented in Q- 0X0000_0000
15 Format.
Ig_CMD  |MDUx_BA+0x28 |R/W PI_g Controller Command Input Register, Represented in Q- 0X0000_0000
15 Format.
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
CMDJ[15:8]
7 6 5 4 3 2 1 0
CMD [7:0]
Bits Description
[31:16] - Reserved.
PI Controller Command Input Register
[15:0] CMD The register content stands for the Pl controller command input. It must be
normalized in Q-15 format.
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Pl Controller Parameter Register (KP g /Kl g/KP d /Kl d)

Register |Offset R/W  [Description Reset Value
KP_d MDUx_BA+0x2C  |RIW Parameter KP for PI_d Controller, Represented in 18-bit 12Q- 0X0000_0000
15 (Q2.15) Format
KI_d MDUx BA+0x30 |RMW Parameter Kl for P1_d Controller, Represented in 18-bit 12Q- 0x0000 0000
- 15 (Q2.15) Format -
Parameter KP for Pl_q Controller, Represented in 18-bit 12Q-
KP_q MDUx_BA+0x34 |R/W 15 (Q2.15) Format 0x0000_0000
Parameter Kl for PI_g Controller, Represented in 18-bit 12Q-
Kl_q MDUx_BA+0x38 |R/W 15 (Q2.15) Format 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
- DATA[17:16]
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:18] - Reserved.
Pl Controller Parameter Register
[17:0] DATA The KP_d and KP_q stand for the proportional parameter of PI controller, the
KI_d and KI_q stand for the integral parameter of PI controller. The register
data value must be stored in Q-15 format.
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Pl Controller Feed Forward Data Reqgister (Pl dFW /Pl gFW)

Register Offset R/W |Description Reset Value
PI_dFW MDUx_BA+0x3C |R/W [PI_d Controller Feed Forward Data Register 0x0000_0000
PI_qFW MDUx_BA+0x40 |R/W [PI_g Controller Feed Forward Data Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.
PI Controller Feed Forward Data Register
[15:0] DATA
Software presets the feed forward value of the PI controller in this register.
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Integral Controller Output Data Register (Ul d /Ul q)

Register Offset R/W  [Description Reset Value

ul_d MDUx_BA+0x44 [R/W |D-axis | Control Output Data Register 0x0000_0000

Ul_g MDUx_BA+0x48 [R/W |Q-axis | Control Output Data Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

- Ul_d[20:16] / Ul_q[20:16]

15 14 13 12 11 10 9 8

UI_d[15:8] / Ul_q[15:8]

7 6 5) 4 3 2 1 0

UL_d [7:0] / UI_q[7:0]

Bits Description

[31:16] - Reserved.

Integral Controller Output Data Register

The PI function block content | (Integral) controller and P (Propotional) controller, and |
[15:0] DATA controller output data will be used as the next Pl control flow. Here is the register to save the
output data of | controller and will update when PI controller finished once operation. Here,
the register content is a Q-15 format value (PI_Q20_EN = 0) or Q-20 format
value(PI_Q20_EN =1).
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Pl Controller Output Register (Vd / Vq)

Register Offset R/W |Description Reset Value
Vd MDUx_BA+0x4C |R/W [PI_d Controller Output of d-axis, Represented in Q-15 Format |0x0000_0000
Vq MDUx_BA+0x50 |R/W [PI_g Controller Output of g-axis, Represented in Q-15 Format |0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.
PI Controller Output Data Register (Inverse Park Transformation Input)
[15:0] DATA This data content is produced by PI controller function block and stored in Q-15
format. It is also writable by software.
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Inverse Park Transformation Output Register (Valfa/ Vbeta)

Register Offset R/W  [Description Reset Value
Valfa MDUx BA+OX54 |RMW Inverse I_Dark Transformation Output, the Voltage Along the 0X0000 0000
- alpha-axis -
Vbeta MDUx_BA+0x58 |RIW Ibnverse_Park Transformation Output, the Voltage Along the 0X0000_0000
eta-axis
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.
Inverse Park Transformation Output Data Register
[15:0] DATA This data content is produced by inverse Park Transformation function block
and stored in Q-15 format. It is also writable by software.
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Inverse Clarke Transformation Output Register (Valfa/ Vbeta)

Register Offset R/W  [Description Reset Value
Vrefl MDUx_BA+0x5C |R/W |Inverse Clarke Transformation Output Register 0x0000_0000
Vref2 MDUx_BA+0x60 |R/W |Inverse Clarke Transformation Output Register 0x0000_0000
Vref3 MDUx_BA+0x64 [R/W |Inverse Clarke Transformation Output Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.
Inverse Clarke Transformation Output Data Register
[15:0] DATA This data content is produced by inverse Clarke Transformation
function block and stored in Q-15 format. It is also writable by
software.
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SVPWM Output Data Register (SVPWMO / SVPWM2 / SVPWM4)

Register Offset R/W  |Description Reset Value

SVPWM output Data Register (it is an unsigned 16-bit value

SVPDATAO |MDUx_BA+0x68 |R/W )
— and denotes Taon time)

0x0000_0000

SVPWM output Data Register (it is an unsigned 16-bit value

SVPDATA2 MDUx_BA+0x6C [R/W and denotes Thon time)

0x0000_0000

SVPWM output Data Register (it is an unsigned 16-bit value

SVPDATA4  |MDUx_BA+0x70 |R/W :
and denotes Tcon time)

0x0000_0000

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.

SVPWM Output Data Register

[15:0] DATA This data content is produced by SVPWM function block and stored in Q-15
format. It is also writable by software.

May 22, 2017 Page 297 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

Normalized SVPWM Output Register (SVPWMON / SVPWM2N / SVPWM4N)

Register Offset R/W  [Description Reset Value

An unsigned16-bit data Normalizes SVPDATAO to
SVPDATAON MDUx_BA+0x74 |R/W |PWMNORM and within the limit between PWMMAX and [0x0000_0000
PWMMIN

An unsigned 16-bit data Normalizes SVPDATAZ2 to
SVPDATA2N MDUx_BA+0x78 |R/W |PWMNORM and within the limit between PWMMAX and [0x0000_0000
PWMMIN

An unsigned 16-bit data Normalizes SVPDATA4 to
SVPDATA4N MDUx_BA+0x7C |R/W |PWMNORM and within the limit between PWMMAX and (0x0000_0000

PWMMIN

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8
DATA[15:8]

7 6 5 4 3 2 1 0
DATA [7:0]

Bits Description

[31:16] - Reserved.

Normalized SVPDATA Register

The SVPWM function block will normalizes the value of SVPO0/2/4 to the range
between 0000h and the value of PWMNORM and limit the PWM duty value within
[15:0] DATA PWMMAX and PWMMIN. If SVPWM function block auto mode is active, each new
SVPDATAON/2N/4N will be reload to PWM unit 0 duty registers PWMO0/2/4 after
SVPWM operation is completed if PWMRUN and LOAD bits are enabled in PWM unit
0. Here, the register content is a 16-bit unsigned integer.
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Motor Driver Unit Control Reqgister (MDUCON)

Register Offset R/W  |Description Reset Value
MDUCON MDUx_BA+0x80 R/W  |Motor Driver Unit Control Register 0x0000_0000
31 30 29 28 27 26 25 24
MDU_IE | SVPWM_IE | INVCK_IE | INVPK_IE PIQ_IE PID_IE PK_IE CK_IE
23 22 21 20 19 18 17 16
-- P1_Q20_EN SVPWM_DIS| ATCLRFG
15 14 13 12 11 10 9 8

- SVPWMAUTO| INVCKAUTO | INVPKAUTO | PIQAUTO PIDAUTO PKAUTO -

7 6 S| 4 3 2 1 0

- SVPWMSTR | INVCKSTR | INVPKSTR PIQSTR PIDSTR PKSTR CKSTR

Bits Description

MDU Interrupt Enable Bit
[31] MDU_IE 1 = MDU interrupt Enabled.
0 = MDU interrupt Disabled.

Clark Block Interrupt Enable Bit

1 = SVPWM block interrupt Enabled. Interrupt will generate if MDUINT_EN and
SVPWM_IE is set to 1 and SVPWMCPF is set

0 = SVPWM block interrupt Disabled.

[30] SVPWM_IE

Inv-Clark Block Interrupt Enable Bit
[29] INVCK_IE 1 = Inv-Clark block interrupt Enabled.

0 = Inv-Clark block interrupt Disabled.

Inv-Park Block Interrupt Enable Bit
[28] INVPK_IE 1 = Inv-Park block interrupt Enabled.
0 = Inv-Park block interrupt Disabled.

Q-axis PI Block Interrupt Enable Bit
[27] PIQ_IE 1 = Q-axis PI controller block interrupt Enabled.

0 = Q-axis PI controller block interrupt Disabled.

D-axis Pl Block Interrupt Enable Bit
[26] PID_IE 1 = D-axis PI controller block interrupt Enabled.

0 = D-axis PI controller block interrupt Disabled.

Park Block Interrupt Enable Bit
[25] PK_IE 1 = Park block interrupt Enabled.
0 = Park block interrupt Disabled.
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Bits Description

Clark Block Interrupt Enable Bit
[24] CK_IE 1 = Clark block interrupt Enabled.
0 = Clark block interrupt Disabled.

[23:21] - Reserved.

PI Controller Q20 format Enable Bit
[20] P1_Q20_EN 1 =PI controller Q20 format Enabled.
0 = PI controller Q20 format Disabled.

[19:18] - Reserved.

SVPWM Block Function Disable Bit

[17] SVPWM DIS 1 = SVPWM operation Disabled.

0 = SVPWM function block produces the Space Vector PWM timing for PWM duty
registers.

Auto-Clear Flag Control Bit

When this bit is set to high, the complete flag of each function block in auto-mode is
cleared automatically after SVPWM function block has updated PWM duty registers.
[16] ATCLREG The auto-clear flag function helps the FOC control flow runs smoothly without the need
of software clearing flags.

1 = Auto-clear flag function Enabled.

0 = Auto-clear flag function Disabled.

[15] - Reserved.

SVPWM Auto-mode Enable Bit

Setting this bit will enable auto-mode of the function block. If the auto-mode is active,
the SVPWM function block is allowed to accept the start trigger from Inverse Clarke
[14] SVPWMAUTO block and SVPWM function proceeds completed, it will automatically update the duty
registers in PWM unit0 and set the reload bit (LOAD).

1 = Auto-mode Enabled.
0 = Auto-mode Disabled.

Inverse Clarke Transformation Auto-mode Enable Bit

Setting this bit will enable auto-mode of the function block. If the auto-mode is active,
the current function block is allowed to accept the previous start trigger and will trigger
[13] INVCKAUTO the start bit of the next function block after current function is completed.

1 = Auto-mode Enabled.
0 = Auto-mode Disabled.

Inverse Park Transformation Auto-mode Enable Bit

Setting this bit will enable auto-mode of the function block. If the auto-mode is active,
the current function block is allowed to accept the previous start trigger and will trigger
[12] INVPKAUTO the start bit of the next function block after current function is completed.

1 = Auto-mode Enabled.
0 = Auto-mode Disabled.
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Bits Description

D-axis PI Controller Auto-mode Enable Bit

Setting this bit will enable auto-mode of the function block. If the auto-mode is active,

the current function block is allowed to accept the previous start trigger and will trigger
[11] PIQAUTO the start bit of the next function block after current function is completed.

1 = Auto-mode Enabled.

0 = Auto-mode Disabled.

D-axis PI Controller Auto-mode Enable Bit

Setting this bit will enable auto-mode of the function block. If the auto-mode is active,

the current function block is allowed to accept the previous start trigger and will trigger
[10] PIDAUTO the start bit of the next function block after current function is completed.

1 = Auto-mode Enabled.

0 = Auto-mode Disabled.

Park Transformation Auto-mode Enable Bit

Setting this bit will enable auto-mode of the function block. If the auto-mode is active,

the current function block is allowed to accept the previous start trigger and will trigger
[9] PKAUTO the start bit of the next function block after current function is completed.

1 = Auto-mode Enabled.

0 = Auto-mode Disabled.
[7:8] - Reserved.

SVPWM Start Bit (Write Only, Read 0)

Setting this bit to high will start proceeding SVPWM timing calculating and it is

automatically cleared when the process is completed by hardware. Writing it to O will
[6] SVPWMSTR stop and reset the function block.

1 = Start the process

0 = No action

Inverse Clarke Transformation Start Bit (Write Only, Read 0)

Setting this bit to high will start proceeding Inverse Clarke Transformation and it is

automatically cleared when the transform process is completed by hardware. Writing it
[5] INVCKSTR to O will stop and reset the function block.

1 = Start the process

0 = No action

Inverse Park Transformation Start Bit (Write Only, Read 0)

Setting this bit to high will start proceeding Inverse Park Transformation and it is

automatically cleared when the transform process is completed by hardware. Writing it
[4] INVPKSTR to 0 will stop and reset the function block.

1 = Start the process

0 = No action

Q-axis PI Controller Start Bit (Write Only, Read 0)

Setting this bit to high will start proceeding Q-axis Pl Control and it is automatically

cleared when the process is completed by hardware. Writing it to O will stop and reset
[3] PIQSTR the function block.

1 = Start the process

0 = No action
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Bits Description

D-axis PI Controller Start Bit (Write Only, Read 0)

Setting this bit to high will start proceeding D-axis PI Control and it is automatically
cleared when the process is completed by hardware. Writing it to O will stop and reset
[2] PIDSTR the function block.

1 = Start the process

0 = No action

Park Transformation Start Bit (Write Only, Read 0)

Setting this bit to high will start proceeding Park Transformation and it is automatically
cleared when the transform process is completed by hardware. Writing it to O will stop
[1] PKSTR and reset the function block.

1 = Start the process

0 = No action

Clarke Transformation Start Bit (Write Only, Read 0)

Setting this bit to high will start proceeding Clarke Transformation and it is
automatically cleared when the transform process is completed by hardware. Writing it
[0] CKSTR to 0 will stop and reset the function block.

1 = Start the process

0 = No action
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Motor Driver Unit Status Register (MDUSTS)

Register Offset R/W |Description Reset Value
MDUSTS MDUx_BA+0x84 R/W  |Motor Driver Unit Status Register 0x0000_0700
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
- ZONE
7 6 5 4 3 2 1 0
- SVPWMCPF | INVCKCPF INVPKCPF PI_dCPF PI_qCPF PKCPF CKCPF
Bits Description
[31:11] - Reserved.
Zone Number Indicator
) A 360 degree space is equally divided into six zones where each zone is with 60
[10:8] ZONE degree space. The SVPWM function block will internally produce the zone number
during the operation which indicates which zone the motor electric angle stays in the
moment.
[7] - Reserved.
SVPWM Complete Flag
When the function block completes the process, the corresponding complete flag will
(6] SVPWMCPE be set by hardware. This flag can be cleared by a writing one to itself.
Note: If both the control bits ATCLRFG (Auto-clear flag control bit) and SVPWMAUTO
(Auto-mode enable bit) are set to high, the complete flag is cleared automatically after
SVPWM function block has set PWM LOAD bit to high.
Inverse Clarke Transformation Complete Flag
When the function block completes the process, the corresponding complete flag will
5] INVCKCPE be set by hardware. This flag can be cleared by a writing one to itself.
Note: If both the control bits ATCLRFG (Auto-clear flag control bit) and INVCKAUTO
(Auto-mode enable bit) are set to high, the complete flag is cleared automatically after
SVPWM function block has set PWM LOAD bit to high.
Inverse Park Transformation Complete Flag
When the function block completes the process, the corresponding complete flag will
4] INVPKCPE be set by hardware. This flag can be cleared by a writing one to itself.
Note: If both the control bits ATCLRFG (Auto-clear flag control bit) and INVPKAUTO
(Auto-mode enable bit) are set to high, the complete flag is cleared automatically after
SVPWM function block has set PWM LOAD bit to high.
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Bits Description

P1_d Controller Complete Flag

When the function block completes the process, the corresponding complete flag will
be set by hardware. This flag can be cleared by a writing one to itself.

Note: If both the control bits ATCLRFG (Auto-clear flag control bit) and PI_dAUTO
(Auto-mode enable bit) are set to high, the complete flag is cleared automatically after
SVPWM function block has set PWM LOAD bit to high.

3] PI_dCPF

PI_g Controller Complete Flag

When the function block completes the process, the corresponding complete flag will
be set by hardware. This flag can be cleared by a writing one to itself.

Note: If both the control bits ATCLRFG (Auto-clear flag control bit) and PI_gAUTO
(Auto-mode enable bit) are set to high, the complete flag is cleared automatically after
SVPWM function block has set PWM LOAD bit to high.

[2] PI_qCPF

Park Transformation Complete Flag

When the function block completes the process, the corresponding complete flag will
be set by hardware. This flag can be cleared by a writing one to itself.

Note: If both the control bits ATCLRFG (Auto-clear flag control bit) and PKAUTO
(Auto-mode enable bit) are set to high, the complete flag is cleared automatically after
SVPWM function block has set PWM LOAD bit to high.

1 PKCPF

Clarke Transformation Complete Flag

When the function block completes the process, the corresponding complete flag will
be set by hardware. This flag can be cleared by a writing one to itself.

Note: If both the control bits ATCLRFG (Auto-clear flag control bit) and CKAUTO
(Auto-mode enable bit) are set to high, the complete flag is cleared automatically after
SVPWM function block has set PWM LOAD bit to high.

[o] CKCPF
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Limitation of Pl Controller Output (Pl dMAX /Pl gMAX)

Register Offset R/W  [Description Reset Value
PI_dMAX MDUx_BA+0x100 |R/W |Maximum limit value of Pl_d Controller in Q-15 Format [0x0000_7FFF
PI_gMAX MDUx_BA+0x108 |R/W  |Maximum limit value of Pl_g Controller in Q-15 Format [0x0000_7FFF
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
MAX[15:8]
7 6 5 4 3 2 1 0
MAX][7:0]
Bits Description
[31:16] - Reserved.
Maximum Limit of Pl Controller and | Controller Output
[15:0] MAX The 16-bit value represented in Q-15 format limits the maximum value of the PI controller
and | controller output.
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Limitation of Pl Controller OQutput (Pl dMIN /Pl gMIN)

Register Offset R/W  [Description Reset Value
PI_dMIN MDUx_BA+0x104 |R/W  |Minimum limit value of PI_d Controller in Q-15 Format 0x0000_8000
PI_gMIN MDUx_BA+0x10C |R/W  |Minimum limit value of PI_qg Controller in Q-15 Format 0x0000_8000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
MIN[15:8]
7 6 5 4 3 2 1 0
MIN[7:0]
Bits Description
[31:16] - Reserved.
Minimum Limit of PI Controller and | Controller Output
[15:0] MIN The 16-bit value represented in Q-15 format limits the minimum value of the PI controller
and | controller output.
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Limitation of Integral Controller Output (I dMAX /1 gMAX)

Register Offset R/W |Description Reset Value
I_dMAX MDUx_BA+0x110 |R/W |Maximum limit value of integral_d Controller in Q-15 Format |0x0000_7FFF
I_gMAX MDUx_BA+0x118 |R/W |Maximum limit value of integral_q Controller in Q-15 Format |0x0000_7FFF
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
- MAX[20:16]
15 14 13 12 11 10 9 8
MAX[15:8]
7 6 5 4 3 2 1 0
MAX[7:0]
Bits Description
[31:16] - Reserved.
Maximum Limit of PI Controller and | Controller Output
[15:0] MAX The 16-bit value represented in Q-15 format limits the maximum value of the integral
controller output. Here, the register content is a Q-15 format value (PI_Q20_EN = 0)
or Q-20 format value(PI_Q20_EN = 1).
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Limitation of Integral Controller Output (I dMIN /I gMIN)

Register Offset R/W |Description Reset Value
I_dMIN MDUx_BA+0x114 |R/W |Minimum limit value of integral_d Controller in Q-15 Format |0x0000_8000
I_gMIN MDUx_BA+0x11C|R/W |Minimum limit value of integral_g Controller in Q-15 Format |0x0000_8000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
- MIN[20:16]
15 14 13 12 11 10 9 8
MIN[15:8]
7 6 5 4 3 2 1 0
MIN[7:0]
Bits Description
[31:16] - Reserved.
Minimum Limit of PI Controller and | Controller Output
[15:0] MIN The 16-bit value represented in Q-15 format limits the minimum value of the integral
controller output.
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Inverse Park Transformation Input Reqister (Vd In/Vqg In)

Register Offset R/W |Description Reset Value
vd_In MDUX_BA+0x120 |R Inverse Park Transformation Input of d_axis represented in 0X0000_0000
Q-15 Format
Va_in MDUx_BA+0x124 |R Inverse Park Transformation Input of g_axis represented in 0X0000_0000
Q-15 Format
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
DATA[15:8]
7 6 5 4 3 2 1 0
DATA [7:0]
Bits Description
[31:16] - Reserved.
Inverse Park Transformation Input Data (Read Only)
[15:0] DATA This data content is produced by the PI controller with maximum and minimum limit
operation and stored in Q-15 format. It is a read only register
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PWM Normalization Data Reqgister (PWMNORM)

Register Offset R/W  [Description Reset Value
PWMNORM MDUx_BA+0x128 |R/W |An Unsigned 16-bit PWM Normalization Value 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
PWMNORM[15:8]
7 6 5 4 3 2 1 0

PWMNORM[7:0]

Bits Description

[31:16] - Reserved.
PWM Normalization Data

[15:0] PWMNORM The SVPWM function block will normalize the value of SVP0/2/4 to the range
between 0000h and the value of PWMNORM and limit the PWM duty value within
PWMMAX and PWMMIN. Here, the register content is a 16-bit unsigned integer.
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Maximum Limit of SVPWM Output (PWMMAX)

Register Offset R/W  [Description Reset Value
PWMMAX MDUX_BA+0x12C |[R/W gzt;r;flgned 16-bit Maximum Limit Value of SVPWM 0X0000_FFFF
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
PWMMAX[15:8]
7 6 5 4 8 2 1 0

PWMMAX[7:0]

Bits Description

[31:16] - Reserved.
Maximum Limit of SYPWM Output Data Register

[15:0] PWMMAX The SVPWM function block will normalizes the value of SVP0/2/4 to the range
between 0000h and the value of PWMNORM and limit the PWM duty value within
PWMMAX and PWMMIN. Here, the register content is a 16-bit unsigned integer.
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Minimum Limit of SVPWM Output (PWMMIN)

Register Offset R/W  [Description Reset Value
PWMMIN MDUX_BA+0x130 |R/W gr&t;r;flgned 16-bit Minimum Limit Value of SVPWM 0X0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
PWMMIN[15:8]
7 6 5) 4 3 2 1 0
PWMMIN[7:0]
Bits Description
[31:16] - Reserved.
Maximum Limit of SYPWM Output Data Register
[15:0] PWMMIN The SVPWM function block will normalize the value of SVP0/2/4 to the range between
0000h and the value of PWMNORM and limit the PWM duty value within PWMMAX
and PWMMIN. Here, the register content is a 16-bit unsigned integer.
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MDU Switch Control (MDUSCON)

Register Offset R/W  [Description Reset Value
MDUSCON MDUG_BA+0x00 |R/W |MDU Switch Control 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
MDUS
Bits Description
[31:1] - Reserved.
MDU Switch Control Register
[0] MDUS 1 =MDU is controlled by MDUL1 control register
0 = MDU is controlled by MDUO control register
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MDU Switch Control (MDUSSTS)

Register Offset R/W  [Description Reset Value
MDUSSTS MDUG_BA+0x04 [R/W |MDU Switch Status 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
MDUACT | MDU1BUSY | MDUOBUSY

Bits Description
[31:3] - Reserved.
MDU Active Set
2] MDUACT 1= MDUL1 is active
0 = MDUO is active
MDU1 Busy Register
[1] MDU1BUSY 1 =MDUL is busy

0 =MDU1 is idle

MDUO Busy Register
[0] MDUOBUSY 1 =MDUO is busy
0=MDUO is idle
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16 HARDWARE DIVIDER

16.1 Overview

The hardware divider is useful to the high performance application. The hardware divider is a signed,
integer divider with both quotient and remainder outputs.

16.2 Features
Signed (two’s complement) integer calculation.

32-bit dividend with 16-bit divisor calculation capacity.
Both 32-bit quotient and 16-bit remainder outputs.
Divided by 0 warning flag.

7 HCLK clocks taken for one cycle calculation.
Software triggered with finish flag.

Triggered by MDU under background automatically.
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16.3 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

DIV Base Address:
DIV_BA = 0x5001_4000

DIVCON DIV_BA+0x00 W Divider Control Register 0x0000_0000
DIVIDEND DIV_BA+0x04 R/W |Dividend Source Register (Signed 32-bit) 0x0000_0000
DIVISOR DIV_BA+0x08 R/W |Divisor Source Resister (Signed 16-bit) 0x0000_FFFF
DIVQUO DIV_BA+0x0C R Quotient Result Resister (Signed 32-bit) 0x0000_0000
DIVREM DIV_BA+0x10 R Reminder Result Register (Signed 16-bit) 0x0000_0000
DIVSTS DIV_BA+0x14 R/W |Divider Status Register 0x0000_0001
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16.4 Register Description

Divider Control Register (DIVCON)

Register Offset R/W [Description Reset Value
DIVCON DIV_BA+0x00 (W Divider Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
DIVST
Bits Description
[31:1] - Reserved.
Divider Start.
[0] DIVST Set this to 1 will start trigger divider operation once. This bit will be auto clear by
hardware will calculation complete.
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Divider Dividend Source Reqister (DIVIDEND)

Register Offset R/W |Description Reset Value
DIVIDEND DIV_BA+0x04 [R/W [Dividend Source Register (Signed 32-bit) 0x0000_0000
31 30 29 28 27 26 25 24

Dividend[31:24]

23 22 21 20 19 18 17 16

Dividend[23:16]

15 14 13 12 11 10 9 8

Dividend[15:8]

7 6 S 4 3 2 1 0

Dividend[7:0]

Bits Description

Dividend Source.

[31:0] Dividend
This register is given the dividend (signed 32-bit) of divider before calculation starts.
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Divider Divisor Source Register (DIVISOR)

Register Offset R/W  |Description Reset Value
DIVISOR DIV_BA+0x08 R/W |Divisor Source Resister (Signed 16-bit) 0x0000_FFFF
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
Divisor[15:8]
7 6 5 4 3 2 1 0
Divisor[7:0]
Bits Description
[31:16] - Reserved.

Divisor Source.
[15:0] Divisor This register is given the divisor of divider before calculation starts.

Note: When this register is written, hardware divider will start calculation.
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Divider Quotient Result Register (DIVOQUQO)

Register Offset R/W |Description Reset Value
DIVQUO DIV_BA+0Ox0C [R Quotient Result Resister (Signed 32-bit) 0x0000_0000
31 30 29 28 27 26 25 24

Quotient[31:24]

23 22 21 20 19 18 17 16

Quotient[23:16]

15 14 13 12 11 10 9 8

Quotient[15:8]

7 6 5 4 S 2 1 0

Quotient[7:0]

Bits Description
Quotient Result

[31:0] Quotient This register holds the quotient (signed 32-bit) result of divider after calculation
completes.
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Divider Reminder Result Reqgister (DIVREM)

Register Offset R/W |Description Reset Value
DIVREM DIV_BA+0x10 R Reminder Result Register (Signed 16-bit) 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
Reminder[15:8]
7 6 5 4 3 2 1 0

Reminder[7:0]

Bits Description

[31:16] - Reserved.
Reminder Result

[15:0] Reminder This register holds the reminder (signed 16-bit) result of divider after calculation
completes.
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Divider Status Reqgister (DIVSTS)

Register Offset R/W |Description Reset Value
DIVSTS DIV_BA+0x14 R/W |Divider Status Register 0x0000_0001

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

- DIVFF DIVO DIV_FINISH

Bits Description
[31:3] - Reserved.

Divider Operation Finish Flag

[2 DIVFF When divider calculation has finished, this bit is set to 1. This bit is cleared to 0 by
writing 1 to it through software

Divisor Zero Warning.

1 = The divisor is 0.

[1 DIVO

0 = The divisor is not 0.

This register is read only.

Divider Operation Finished

1 = The divider calculation finished.
[0] DIV_FINISH

0 = The divider calculation not finished yet.

This register is read only.
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17 ENHANCED INPUT CAPTURE TIMER

17.1 Overview

This device provides up to two units of Input Capture Timer/Counter which capture function can detect
the digital edge changed signal at channel inputs. Each unit has three input capture channels. The
timer/counter is equipped with up counting, reload and compare-match capabilities.

17.2 Features
®  Up to two Input Capture Timer/Counter Units, Input Capture 0 and Input Capture 1.

Each unit has own interrupt vector
24-bit Input Capture up-counting timer/counter
With noise filter in front end of input ports

Edge detector with three options

- Rising edge detection

- Falling edge detection

- Both edge detection

® Each input channel is supported with one capture counter hold register
Captured event reset/reload capture counter option

Supports the compare-match function
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17.3 Input Capture Timer/Counter Architecture

Each of the input capture timer/counter unit supports 3 input channels with three programmable input
signal sources. The port pins ICO to IC2 can be fed to the inputs of capture unit, besides, the QEI
controller input signals (CHA, CHB and CHX), analog comparator outputs (CPO), OPA digital output
(OPDOX), and ADC compare output (ADCMPOX) can also be internally routed to the capture inputs by
software configuration. The following figures illustrate the architecture of Input Capture.

CAPO_EN(APBCLK[26]
or
CAP1_EN(APBCLK[27]

> CAP_CLK
HCLK [ >

Figure 17-1 Input Capture Timer/Counter Clock Source Control

CAPNF DIS ————— CPOSEL

NFCLK_S[1:0] ~
OPDOO Input Capture
r chax | CAPO Control Unit

Noise CPOO >
Filter

|
ICO_EN

CAPxHLDO
CP1SEL | CAPxHLD1

OPDO1 CAPHLD2
v v chex ] - | capt [  CAPXCNT |

@
S — ) Noise | _CPOT |,
IC1_EN Filter o
/
ERm

<— CAPXCNTCMP |

<—{ CAPXCTRO~1 |
ADCMPOXI »

v CHXx CAP2 CAPXSTS
Xy

Noise % 01

Filter 00

CP2SEL

|
IC2_EN

note: x=0~1 to represent unitO~unit1

Figure 17-2 Input Capture Timer/Counter Architecture
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17.4 Input Noise Filter

The architecture of input noise filter is similar to the QEI controller with four sampling rate options.
Refer to 18.4 for the detail.

¢_{ NFCLK_S(CAP_CTRO[

1:0))
HCLK 00
HCLK/2 » 01 Noise Filter
4Clk_>
HCLK/4 10
HCLK/16 11

Figure 17-3 Noise Filter Sampling Clock Selection
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17.5 Operation of Input Capture Timer/Counter

The capture modules are functioned to detect and measure pulse width and period of a square wave.
The input channel 0 to 2 have their own edge detector but share with one capture timer/counter i.e.
CAP_CNT. The trigger option is programmable through CAPEDG in CAP_CTRL1 register. It supports
positive edge, negative edge and both edge triggers. Each capture module consists of an enable
control bit, ICO_EN to IC2_EN. The capture counter (CAP_CNT) serves as a 24-bit up counter. It
supports reload and compared modes. The Input Capture Timer/Counter Enable bit (CAP_EN) must
be set to enable Input Capture Timer/Counter functions. More details are described in next sections.

17.5.1 Capture Function

Each time the capture input trigger is validated, the content of the free running 24 bits capture counter
CAP_CNT will be captured/transferred into the capture hold registers, CAP_HLDO0O~2, depending
which channel trigger. This action also causes the CAPTF flag bits in CAP_STS to be set, which will
also generate an interrupt (if enabled by CAPTFx_IEN bit in CAP_CTRO register). The CAPTF0~2
flags are logical “OR” to the interrupt module. Flag is set by hardware and clear by software. Software
will have to resolve on the priority of the interrupt flags.

Setting the CPTCLR bit (CAP_CTRO0[26]), will allow hardware to reset capture counter (CAP_CNT)
automatically after the value of CAP_CNT has been captured. Priority is given to reset counter
after capture the counter value into the capture register.
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Input Capture Unit0 ICO Block

IC1 Block Unit0 IC2 Block
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A A A A
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N\ |

CAPOHLDO Input Capture Input Capture

A 4 \ 4 A 4

A

CPTCLR A BN C—CMPCLR
CAPCNT_SRC CAPTFO CAPCMPF

CAPTF1
CAPTF2

DIV by ,
ﬂ 14.16.32 24-bit up counter v
64,96 CAPOCNT > capovr

CAP2

CAP1 |

CAPO

CAPO_CLK

112,128 ﬁ
CAPDIV[2:0] 4T CPTST

(SR =N -

CAPOVF L,

=E? CAPCMPF

Wl
RLD_EN —»M CMP_EN
CAPTF2—>| 010

chLD[z;ol4T | CAPOCNTCMP

*Note: 1. If reload and clear counter conditions occur at the same time, only reload counter will be performed.
2. Function block is illustrated for input capture unit0.

CAPTFO —»,

CAPTF1—>»{ 001

Figure 17-4 Input Capture Timer/Counter Functions Block

17.5.2 Compare Mode

The compare function is enabled by setting the CMP_EN (CAP_CTRO0[28]) bit to 1. CAP_CNTCMP
will serves as a compare register. As CAP_CNT counting up, upon matching with CAP_CNTCMP
value, CAPCMPF (CAP_STS[4]) will be set, which will generate an interrupt request if capture
compare interrupt enable bit, CAPCMPI_EN, is set. And then the timer reload from 0 and starts
counting again.

Setting the CMPCR bit (CAP_CTR][25]), will allow hardware to reset capture counter automatically
after a match has occurred.

17.5.3 Reload Mode
Input Capture Timer/Counter can also be configured for Reload mode. The reload function is enabled
May 22, 2017 Page 327 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

NUVOTONMN Preliminary Technical Reference Manual
s SSEEEEEEEE S

by setting the RLD_EN bit (CAP_CTRO0[27]) to 1. In this mode, CAP_CNTCMP serves as a reload
register. When CAP_CNT overflows, a reload is generated that causes the contents of the
CAP_CNTCMP register to be reloaded into the CAP_CNT register, if RLD_EN is set. However, if
RLD_EN = 0, CAP_CNT will be reload with 0, and count up again.

Alternatively, other reload source is also possible by the capture inputs by configuring the CPRLD
(CAP_CTR1[10:8]). This action also sets the CAPTFx flag bits in the CAP_STS register.
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17.6 Input Capture Timer/Counter Interrupt Architecture

There are five interrupt sources for one input capture unit, each one has an interrupt flag and enable
control bit, which can trigger Input Capture Timer/Counter Interrupt. Note that all the interrupt flags
are set by hardware and must be cleared by software.

Figure 17-5 Demonstrates the architecture of Input Capture Timer/Counter interrupts.

CAPOVF Overflow_INT
CAPOV_IEN
CAPTFO \ CAPTFO_INT
CAPTFO_IEN /
CAP_INT
CAPTF1 CAPTF1_INT
CAPTF1_IEN
CAPTF2 CAPTF2_INT
CAPTF2_IEN
CAPCMPF \ CMP_INT
CAPCMP_IEN J

Figure 17-5 Input Capture Timer/Counter Interrupt Architecture Diagram
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17.7 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value
CAP Base Address:

CAPx_BA = 0x401B_0000 + (0x4000 * x)

x=0,1

CAP_CNT CAPx_BA+0x00 |R/W |Input Capture Counter (24-bit up counter) 0x0000_0000
CAP_HLDO CAPx_BA+0x04 |R/W |Input Capture Counter Hold Register O 0x0000_0000
CAP_HLD1 CAPx_BA+0x08 |R/W |Input Capture Counter Hold Register 1 0x0000_0000
CAP_HLD2 CAPx_BA+0x0C |R/W |Input Capture Counter Hold Register 2 0x0000_0000
CAP_CNTCMP CAPx_BA+0x10 |R/W |Input Capture Counter Compare Register 0x0000_0000
CAP_CTRO CAPx_BA+0x14 |R/W |Input Capture Control Register O 0x0000_0000
CAP_CTR1 CAPx_BA+0x18 |R/W |Input Capture Control Register 1 0x0000_0000
CAP_STS CAPx_BA+0x1C |R/W |Input Capture Status Register 0x0000_0000
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17.8 Register Description

Input Capture Counter (CAP_CNT)

Register Offset R/W  |Description Reset Value
CAP_CNT CAPx_BA+0x00 |R/W |Input Capture Counter (24-bit up counter) 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
CAP_CNT[23:16]
15 14 13 12 11 10 9 8
CAP_CNT[15:8]
7 6 5) 4 3 2 1 0
CAP_CNT[7:0]
Bits Description
[31:24] - Reserved.
Input Capture Timer/Counter
[23:0] CAP_CNT The input Capture Timer/Counter is a 24-bit up-counting counter. The clock source for the
counter is from the clock divider output which the CAP_CLK is software optionally divided
by 1,4,16 or 32.
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Input Capture Counter Hold Reqister (CAP_HLDO0~2)

Register Offset R/W  |Description Reset Value
CAP_HLDO CAPx_BA+0x04 |R/W [Input Capture Counter Hold Register O 0x0000_0000
CAP_HLD1 CAPx_BA+0x08 |R/W [Input Capture Counter Hold Register 1 0x0000_0000
CAP_HLD2 CAPx_BA+0x0C |R/W [Input Capture Counter Hold Register 2 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

CAP_HLD[23:16]

15 14 13 12 11 10 © 8

CAP_HLD[15:8]

7 6 5 4 3 2 1 0

CAP_HLD[7:0]

Bits Description

[31:24] - Reserved.

Input Capture Counter Hold Register

When an active input capture channel detects a valid edge signal change, the CAPCNT
value is latched into the corresponding holding register. Each input channel has itself
holding register named by CAP_HLDx where X is from 0 to 2 to indicate inputs from ICO to
IC2, respectively.

[23:0] CAP_HLD
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Input Capture Counter Compare Reqgister (CAP_CNTCMP)

Register Offset R/W  |Description Reset Value

CAP_CNTCMP CAPx_BA+0x10 |R/W |[Input Capture Counter Compare Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

CAP_CNTCMP[23:16]

15 14 13 12 11 10 9 8

CAP_CNTCMP[15:8]

7 6 5) 4 3 2 1 0

CAP_CNTCMP[7:0]

Bits Description
[31:24] - Reserved.
Input Capture Counter Compare Register
If the compare function is enabled (CMP_EN = 1), the compare register is loaded with
[23:0] CAP_CNTCMP the value that the compare function compares the capture counter (CAP_CNT) with.
If the reload control is enabled (RLD_EN = 1), an overflow event or capture events
will trigger the hardware to reload CAP_CNTCMP into CAP_CNT.
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Input Capture Timer/Counter Control Register (CAP_CTRO0)

Register Offset R/W  |Description Reset Value
CAP_CTRO CAPx_BA+0x14 R/W Input Capture Control Register 0 0x0000_0000
31 30 29 28 27 26 25 24
- CAP_EN CMP_EN RLD_EN CPTCLR CMPCLR CPST
23 22 21 20 19 18 17 16
- CAPCNM P_IE CAPOV_IEN - CAPTF2_IEN |CAPTF1_IEN |CAPTFO_IEN
15 14 13 12 11 10 9 8
- CAPSEL2 CAPSEL1 CAPSELO
7 6 5 4 3 2 1 0
- IC2_EN IC1_EN ICO_EN CAPNF_DIS - NFCLK_S
Bits Description
[31:30] - Reserved.

Input Capture Timer/Counter Enable Bit
[29] CAP_EN 1 = Input Capture function Enabled.

0 = Input Capture function Disabled.

The Compare Function Enable Bit

The compare function in input capture timer/counter is to compare the dynamic
counting CAP_CNT with the compare register CAP_CNTCMP, if CAP_CNT value
[28] CMP_EN reaches CAP_CNTCMP, the flag CAPCMPF will be set.

1 = Compare function Enabled

0 = Compare function Disabled

The Reload Function Enable Bit

Setting this bit to enable reload function. If the reload control is enabled, an overflow
event (CAPOVF) or capture events (CAPTFx) will trigger the hardware to reload
[27] RLD_EN CAP_CNTCMP into CAP_CNT.

1 = Reload function Enabled

0 =Reload function Disabled

Input Capture Counter Clear by Capture Events Control Bit

If this bit is set to 1, the capture counter (CAP_CNT) will be cleared to O when any
[26] CPTCLR one of capture events (CAPTFO~3) occurs.

1 = Capture events (CAPTF0~3) can clear capture counter (CAP_CNT) Enabled
0 = Capture events (CAPTF0~3) can clear capture counter (CAP_CNT) Disabled
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Bits Description

Input Capture Counter Clear by Compare-match Control Bit

If this bit is set to 1, the capture counter (CAP_CNT) will be cleared to 0 when the
compare-match event (CAMCMPF = 1) occurs.

[25] CMPCLR 1 = Compare-match event (CAMCMPF) can clear capture counter (CAP_CNT)
Enabled

0 = Compare-match event (CAMCMPF) can clear capture counter (CAP_CNT)
Disabled

Input Capture Counter Start Bit

Setting this bit to 1, the capture counter (CAP_CNT) starts up-counting
[24] CPTST synchronously with capture clock input (CAP_CLK).

1 = CAP_CNT starts up-counting
0 = CAP_CNT stop counting.

[23:22] - Reserved.

Enable CAPCMPF Trigger Input Capture Interrupt
[21] CAPCMP_IEN 1 = Enabling flag CAPCMPF can trigger Input Capture interrupt
0 = Disabling flag CAPCMPF can trigger Input Capture interrupt

Enable CAPOVF Trigger Input Capture Interrupt
[20] CAPOV_IEN 1 = Enabling flag OVUNF can trigger Input Capture interrupt
0 = Disabling flag OVUNF can trigger Input Capture interrupt

[19] - Reserved.

Enable Input Capture Channel 2 Interrupt
[18] CAPTF2_IEN 1 = Enabling flag CAPTF2 can trigger Input Capture interrupt
0 = Disabling flag CAPTF2 can trigger Input Capture interrupt

Enable Input Capture Channel 1 Interrupt
[17] CAPTF1_IEN 1 = Enabling flag CAPTF1 can trigger Input Capture interrupt
0 = Disabling flag CAPTF1 can trigger Input Capture interrupt

Enable Input Capture Channel 0 Interrupt
[16] CAPTFO_IEN 1 = Enabling flag CAPTFO can trigger Input Capture interrupt
0 = Disabling flag CAPTFO can trigger Input Capture interrupt

[15:14] - Reserved.

CAP2 Input Source Selection Bit

11 = CAP2 input is from signal ADCMPOXx (ADC compare output X).
10 = CAP2 input is from signal CHX of QEI controller unit x.

[13:12] CAPSEL2
01 = CAP2 input is from signal CPO2 (Analog comparator 2 output)
00 = CAP2 input is from port pin IC2.

Note: Input capture unit n matches QEI or comparator unit X, where x = 0~1.
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Bits Description

CAPL1 Input Source Selection Bit

11 = CAP1 input is from signal OPDO1 (OP1 digital output).
10 = CAP1 input is from signal CHB of QEI controller unit x.
[11:10] CAPSEL1
01 = CAP1 input is from signal CPO1 (Analog comparator 1 output)
00 = CAP1 input is from port pin IC1.

Note: Input capture unit n matches QEI or comparator unit x, where x = 0~1.

CAPO Input Source Selection Bit

11 = CAPO input is from signal OPDOO (OPO digital output).
10 = CAPO input is from signal CHA of QEI controller unit x.
[9:8] CAPSELO
01 = CAPO input is from signal CPOO (Analog comparator 0 output)
00 = CAPO input is from port pin ICO.

Note: Input capture unit n matches QEI or comparator unit X, where x = 0~1.

[7] - Reserved.

Enable Port Pin IC2 Input to Input Capture Unit
[6] IC2_EN 1 =IC2 input to Input Capture Unit Enabled
0 = IC2 input to Input Capture Unit Disabled

Enable Port Pin IC1 Input to Input Capture Unit
[5] IC1_EN 1 =IC1 input to Input Capture Unit Enabled
0 = IC1 input to Input Capture Unit Disabled

Enable Port Pin ICO Input to Input Capture Unit
[4] ICO_EN 1 =1CO0 input to Input Capture Unit Enabled
0 = ICO0 input to Input Capture Unit Disabled

Disable Input Capture Noise Filter
[3] CAPNF_DIS 1 = The noise filter of Input Capture Disabled
0 = Noise filter of Input Capture Enabled

[2] - Reserved.

Noise Filter Clock Pre-divided Selection

To determine the sampling frequency of the Noise Filter clock

NFCLK_S[1:0] Noise Filter Clock

[1:0] NFCLK_S 00 CAP_CLK

01 CAP_CLK/2

10 CAP_CLK/4

11 CAP_CLK/16
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Input Capture Timer/Counter Control Reqgister (CAP CTR1)

Register Offset R/W |Description Reset Value
CAP_CTR1 CAPx_BA+0x18 [R/W |Input Capture Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
- CAPCNT_SRC
15 14 13 12 11 10 9 8
- CAPDIV - CPRLD_S
7 6 5 4 3 2 1 0
- CAPEDG2 CAPEDG1 CAPEDGO
Bits Description
[31:18] - Reserved.

Capture Timer/Counter Clock Source Select

Select the capture timer/counter clock source

CAPCNT_SRC[1:0] Capture Timer Clock Source
[17:16] | CAPCNT SRC 00 CAP_CLK (Default)
01 CAPO
10 CAP1
11 CAP2
[15] - Reserved.

Capture Timer Clock Divide Selection

The capture timer clock has a pre-divider with four divided options controlled by

CAPDIV[2:0].
CAPDIV[2:0] Capture Timer Clock
000 CAP_CLK/1
001 CAP_CLK/4
[14:12] CAPDIV 010 CAP_CLK/16
011 CAP_CLK/32
100 CAP_CLK/64
101 CAP_CLK/96
110 CAP_CLK/112
111 CAP_CLK/128
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Bits Description
[11] - Reserved.
CAPCNT Reload Trigger Source Selection
If the reload function is enabled (RLD_EN = 1), when a reload trigger event comes,
the CAPCNT is reloaded with CAPCNTCMP.
CPRLD_SJ[2:0] determines the CAPCNT reload trigger source
CPRLD_SJ[2:0] Reload Trigger by
[10:8] CPRLD_S 000 CAPTFO
001 CAPTF1
010 CAPTF2
100 CAPOVF
Others Reserved
[7:6] - Reserved.
Channel 2 Captured Edge Selection
Input capture can detect falling edge change only, rising edge change only or one
of both edge change
CAPEDGZ2[1:0] Detected Edge
[5:4] CAPEDG2
00 Detect rising edge
01 Detect falling edge
1x Detect either rising or falling edge
Channel 1 Captured Edge Selection
Input capture can detect falling edge change only, rising edge change only or one
of both edge change
CAPEDG1[1:0] Detected Edge
[3:2] CAPEDG1
00 Detect rising edge
01 Detect falling edge
1x Detect either rising or falling edge
Channel 0 Captured Edge Selection
Input capture can detect falling edge change only, rising edge change only or one
of both edge change
CAPEDGO[1:0] Detected Edge
[1:0] CAPEDGO
00 Detect rising edge
01 Detect falling edge
1x Detect either rising or falling edge
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Input Capture Timer/Counter Status Register (CAP_STS)

Register Offset R/W  |Description Reset Value

CAP_STS CAPx_BA+0x1C R/W  |Input Capture Status Register 0x0000_0000

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

- CAPOVF CAPCMPF - CAPTF2 CAPTF1 CAPTFO

Bits Description

[31:6] - Reserved.

Input Capture Counter Overflow Flag

Flag is set by hardware when input capture up counter (CAP_CNT) overflows from
OxO00FF_FFFF to O.

3l CAPOVF 1 = CAP_CNT overflows.

0 = No overflow occurs in CAP_CNT.

Note: This bit is only cleared by writing 1 to itself through software.

Input Capture Compare-match Flag

If the input capture compare function is enabled, the flag is set by hardware while capture
counter (CAP_CNT) up counts and reach to the CAP_CNTCMP value.

(4] CAPCMPF | 1 _ CAP_CNT counts to the same as CAP_CNTCMP value.
0 = CAP_CNT does not match with CAP_CNTCMP value.

Note: This bit is only cleared by writing 1 to itself through software.

[3] - Reserved.

Input Capture Channel 2 Captured Flag

When the input capture channel 2 detects a valid edge change at CAP2 input, it will set
flag CAPTF2 to high.

2 CAPTF2 1 = A valid edge change is detected at CAP2 input.
0 = No valid edge change is detected at CAP2 input.

Note: This bit is only cleared by writing 1 to itself through software.
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Bits Description

Input Capture Channel 1 Captured Flag

When the input capture channel 1 detects a valid edge change at CAP1 input, it will set
flag CAPTF1 to high.

(1 CAPTFL 1 = A valid edge change is detected at CAP1 input.
0 = No valid edge change is detected at CAP1 input.

Note: This bit is only cleared by writing 1 to itself through software.

Input Capture Channel 0 Captured Flag

When the input capture channel 0 detects a valid edge change at CAPO input, it will set
flag CAPTFO to high.

0 CAPTFO 1 = A valid edge change is detected at CAPO input.
0 = No valid edge change is detected at CAPO input.

Note: This bit is only cleared by writing 1 to itself through software.
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18 QUADRATURE ENCODER INTERFACE (QEI)

18.1 Overview

There are two QEI controllers in this device. The Quadrature Encoder Interface (QEI) decodes speed
of rotation and motion sensor information. It can be used in any application that uses a quadrature
encoder for feedback.

18.2 Features
® Up to two QEI controllers, QEIO and QEI1.
® Two QEI phase inputs, QEA and QEB; One Index input.
® One QEI control register (QEI_CTR) and one QEI Status Register (QEI_STS)
®  Four Quadrature encoder pulse counter operation modes
B ModeO: x4 free-counting mode
B Model: x2 free-counting mode
B Mode2: x4 compare-counting mode
B Mode3: x2 compare-counting mode
® Encoder Pulse Width measurement mode
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18.3 QEI Architecture

The QEI controller inputs, QEA and QEB, accept the outputs from a quadrature encoded source, such
as incremental optical shaft encoder. Two channels, A and B, nominally 90 degrees out of phase, are
required. A quadrature encoder usually provides an index signal (to pin IDX) which can be used to
indicate an absolute position. There is a noise filter and polarity control for each signal before QEI
control unit.

The following figures illustrate the architecture of Quadrature Encoder Interface Controller.

QEI0_EN(APBCLK[30]
or
QEI1_EN(APBCLK[31]

> QEL_CLK
HCLK [

Figure 18-1 QEI Clock Source Control

NF%EI}L\‘FS[?IOS] j | QeA N QEI Control Unit
Qe '\Iiﬁti? Lo s ?%’ <«— QFEILCTR |
v v QEB_INV | QELCNT |—»| QEISTS |
Qe BN | ,\Iiﬁ'l:? Lo s ?%’ —{ QEI_CNTHLD |
v v IDXUNV [ QEI_CNTCMP | —| QEI_CNTILAT |
ox B 1 ) he Lo sl ?% <«—{ QEI_MAXCNT |

Figure 18-2 QEI Block Diagram

The QEI control logic detects the relation of phase lead/lag between the filtered signals CHA and CHB
and CHX to produce direction indication bit (DIR) and clock (QCLK) to control pulse counter. The
comparator/reload logic compares the pulse counter and maximum count and control the function of
reloading pulse counter in compare-counting mode. In Free-counting mode the pulse counter
(QEI_CNT) will count until the OXFFFF_FFFF value; while in Compare-counting mode the pulse
counter will counts until the QEI_MAXCNT value and the pulse counter will be reset to O to restart the
next cyclic counting.
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18.4 Input Noise Filter

Each pin of QEI inputs is equipped a noise filter which can filter the unwanted noise from. The QEA,
QEB and IDX noise filters can be disabled through bits QEINF_DIS. If enabled, the capture logic
required to sample 4 consecutive same capture input value in order to recognize an edge as a capture
event. A possible implementation of digital noise filter is as follow; the interval between pulses
requirement for input capture is 4 QEI_CLK clocks width. Any pulse width less than or equal to 3
QEI_CLK clocks will not have any trigger. CHA, CHB and CHX are the outputs of QEA, QEB and IDX
respectively after going through noise filter and polarity control. See Figure 18-2 and Figure 18-3. If
the noise filter is disabled the input signals QEA, QEB and IDX are passed to the internal signals CHA,

CHB and CHX respectively without any delay.
y ) :IjCHA/CHB/CHX

QEA/QEB/IDX —{ > o7 Q o7 Q o= oY {o " q K ax Q
Q Q ax Q Q
Noise Filter q
Clk g

Figure 18-3 Noise Filter

ay)

HCLK

HCLK/2 > 01 Noise Filter

4C.|.k—>
HCLK/4 10

HCLK/16

Figure 18-4 Noise Filter Sampling Clock Selection

Noise Filter Clk

y
QEA ¢ min. 4 clocks »

QEB = _ﬁ 4 clocks 74’? . A

< ¢
< <

min. 1 clock min. 1 clock

IDX Jii min. 4 clocks

<_

Figure 18-5 QEA/QEB/IDX Timing Requirement through Noise Filter
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18.5 Operation of Quadrature Encoder Interface

There are four Quadrature encoder pulse counter operation modes
ModeO: x4 free-counting mode

Model: x2 free-counting mode

Mode2: x4 compare-counting mode

Mode3: x2 compare-counting mode

18.5.1 Free-counting mode

The quadrature encoder pulse counter (QEI_CNT) up or down counts according direction indication bit
(DIR in QEI_STS [27]). When overflow or underflow occurs, it sets flag OVUNF (QEI_STS[24]). Refer
to Figure 18—6 and Figure 18-7 for detailed timing.

18.5.2 Compare-counting mode

Pulse counter up or down counts according to direction indication bit (DIR). On up counting, flag
OVUNF will be asserted when QEI_CNT overflows from QEI_MAXCNT to 0 on the next CHA edge
for x2 counting mode, and on CHA/CHB edge for x4 counting mode. On down counting, flag
OVUNF will be asserted when QEI_CNT underflows from 0 to QEI_MAXCNT on the next CHA edge
for x2 counting mode, and on CHA/CHB edge for x4 counting mode. This mode provides the
position of a rotor to user. If a quadrature encoder output 1024 pulses to CHA per round, user can
write QEI_MAXCNT and QEI_CNTCMP with 4095 in x4 mode or 2047 in x2 mode and reset QEI_CNT
at initial before compare-counting mode is active. When the QEI_CNT overflows from QEI_CNTCMP,
here QEI_CNTCMP should be preset the same value as QEI_MAXCNT, it means rotor runs one
round on next CHA/CHB edge. Refer to Figure 18—6 and Figure 18—7 for detailed timing.

18.5.3 X4/X2 counting modes

In x4 counting mode, the pulse counter increases or decreases one on every CHA and CHB edge
based on the phase relationship of CHA and CHB signals.

QEI x4 Counting mode provides for a finer resolution of the rotor position, since the counter
increments or decrements more frequently for each QEA/QEB input pulse pair than in QEI x2 mode.
This mode is selected by setting the QEI Counting Mode Selection bits (QEI_CTR[9:8]) to [0:0] or
[1:0]. In this mode, the QEI logic detects every edge on every QEA and QEB input edges.
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CHA | V__ V__ V__ V__ V__ V__
A__I A__I A__I A_I A _I A__I A__I
CH B | w__ 1 w__ 1 w__ 1 w__ 1 w__ 1 w__ 1 v_
DIR Up-counting Down-counting
DIRF * _____ : Clzared by software
OVUNF j\___— — _Cleared'by'software ——— - L L ﬁ\___
QEPCNT \';\,:\N\ 0111213456789 109876543 2 1\0\N\,\:\'\;

Pulse counter
reload

_#

Note:

Pulse counter
reload

| Mode0/2: X4 counting mode |

Mode0: X4 free-counting mode, N=0OxFFFF_FFFF
Mode2: X4 compare-counting mode, N=MAXCNT
CHA & CHB are output signals of digital filter

Figure 18-6 X4 Counting Mode
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In x2 counting mode, the pulse counter increases or decreases one on every CHA edge based on
the phase relationship of CHA and CHB signals.

QEI x2 Counting mode is selected by setting the QEI Counting Mode Selection bits (QEI_CTRJ[9:8]) to
[0:1] or [1:1]. In this mode, the QEI logic detects every edge on the QEA input only. Every rising and
falling edge on the QEA signal clocks the pulse counter.

cHA A& l K l X 1 X ‘ A l K l K $

CHB

DIR Up-counting Down-counting

DIRF F ] Cleared by software
OVUNF § - Cleared by software ————— F -

Pulse counter f t Pulse counter

reload load
| Mode1/3: X2 counting mode | reloa

Note:

Mode1: X2 free-counting mode, N=0xFFFF_FFFF
Mode3: X2 compare-counting mode, N=MAXCNT
CHA & CHB are output signals of digital filter

Figure 18-7 X2 Counting Mode

18.5.4 Direction of Count

If CHA lead CHB, the pulse counter is increased by 1. If CHA lags CHB, the pulse counter is
decreased by 1. The QEI control logic generates a signal that sets the DIR bit (QEI_STS[27]); this in
turn determines the direction of the count. When CHA leads CHB, DIR is set as 1, and the position
counter increments on every active edge. When CHA lags CHB, DIR is cleared, and the position
counter decrements on every active edge. Refer to below table.

Current Previous Signal Detected DIR
Signal — - (Counting Direction)
Detected Rising Falling
CHA CHB CHA CHB

CHA rising v 1 (Increment)

v 0 (Decrement)

v Toggle (direction change)

CHA falling v 0 (Decrement)
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v 1 (Increment)

Toggle (direction change)

CHB rising v 1 (Increment)

v 0 (Decrement)

v Toggle (direction change)

CHB falling v 1 (Increment)

v 0 (Decrement)

v Toggle (direction change)

Table 18-1 Direction of Count

18.5.5 Up-Counting

Under the forward direction the DIR bit is 1 when up-counting. Software needs to clear the OVUNF
flag. For the free-counting mode the QEI_CNT counter will counts until it matches OxFFFF_FFFF and
next edges on the forward direction will set bit OVUNF high and reset QEI_CNT to 0. For compare-
counting mode the QEI_CNT counter counts until the QEI_MAXCNT value and next edges on the
forward direction will set bit OVUNF high and reset QEI_CNT to 0. Changes of direction trigger a
down-count and QEI_CNT decreasing in counter value. For X2 mode, only CHA edge will set OVUNF
while for X4 mode both CHA and CHB edges will set OVUNF.

18.5.6 Down-Counting

A change of direction will causes the counter to down-count for x2/x4 counting mode. It is indicated
with the DIR bit as 0 and DIRF flag is set to 1. At this stage the QEI_CNT will starts to down-count. In
free-counting mode the pulse counter will reload with OxFFFF_FFFF when it down counts to 0 and
sets OVUNF to high in the next edge. The pulse counter will reload with QEI_MAXCNT when it down
counts to 0 in Compare-counting mode and sets OVUNF to high in the next edge. For X2 mode, only
CHA edge will set OVUNF while for X4 mode both CHA and CHB edges will set OVUNF.
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18.6 Compare Function

The compare function in QEI controller is to compare the dynamic counting QEI_CNT with the
compare register QEI_CNTCMP. When QEI_CNT up or down counts and reaches QEI_CNTCMP, the
flag CMPF will be set. Set bit CMP_EN (QEI_CTR[28]) to one to enable the compare function

otherwise disable it.

4 4
3 3 QEI_CNTCMP=3
QEI_CNTCMP QEI_CNT 2 2
QEI_CNT 1 1
0
DIR L
CMPF

Figure 18-8 Compare Operation
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18.7 Reload Counter by Pin IDX

The QEI_CNT counter can be reset to 0 or reload with the content of QEI_MAXCNT by the signal
CHX (the filtered and polarity-set output of pin IDX) trigger. When the IDX Reload bit IDXRLD_EN
(QEI_CTR[27]) is set, a rising edge of CHX causes QEI controller to reset the QEI_CNT to 0 if the
counter is in up-counting; if the counter is in down-counting the rising edge of CHX causes the QEI
controller reload the QEI_CNT with the content of QEI_ MAXCNT. Refer to Figure 18-9 for the detail.

Compare-counting | MAXCNT |

mode

(QEIXCTR[27])

| QEPCNT underflow |— -\ S—{ - IDXF &

reload DIR=0 ﬁ IDXRLD_EN =1 ‘

ﬁ IDXRLD_EN =1 ‘

(QEIXCTR[27])
Free-counting | QEPCNT |

=

QEPCNT Overflow/
compare-matched

Reset to
zero

mode

‘ QEPCNT underflow D—»

i

| OXFFFF_FFFF

DIR=1

J

Figure 18-9 QEI_CNT Reload/Reset Control
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18.8 Capture QEP Counter

If the bit HOLDCNT (QEI_CTR[24]) is set, the QEI_CNT content will be captured into QEI Counter
Hold Register (QEI_CNTHLD), the data will be hold until the next HOLDCNT trigger comes. The bit
HOLDCNT can be set by writing 1 to itself through software or the rising edge of timers interrupt flags
(TIF in TISRX[Q]). The bit HOLDCNT is auto cleared by hardware after QEI_CNTHLD captures the
content of QEI counter.

If the bit IDXLAT (QEI_CTR[25]) is set, the QEI_CNT content will be latched into QEI Counter Index
Latch Register (QEI_CNTILAT) at every rising edge of CHX signal.

Writing 1 to HOLDCNT

Rising at TISRO.TIF \ HOLDCNT
Rising at TISR1.TIF ] (QEI_CTR[24
Rising at TISR2.TIF 1)

Rising at TISR3.TIF

f

HOLDBYTO

HOLDBYT3

Figure 18-10 Trigger Control of Capturing QEP Counter
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QEPCNT
OXFFFF_FFFF/ A n S R -
MAXCNTI [ [ [
| | |
Value2 ___:_ _____ _:__ o
Valued — _ — — — _ ] —— _ -
Reset QEPCNJAue to |
Value4 o o “IDXLD=1 ing-CHi . o

— |
fffff Cleared by software -----

| | |
HOLDCNT *I —| Cleared by hard.hare

I
OVUNF/CMPFE )

fffff Cleared by software ----

Cleared by
software

R e

QEPCNTHLD _Lhstholdvalue | Value2 |
| | | ‘
IDXRLD_EN | | | L
[ [ [ |/
(IDX) CHX | ! ! A1 £
IDXLAT | | ] | i
l l l |
QEPCNTILAT | Last latch data| Value3 rVaIue4
| | | |
| |
| |

IDXF :}I\
|

Note:

1. OXFFFF_FFFF for free-counting mode; MAXCNT for compare-counting mode.

2. OVUNF for free-counting mode; CMPF for compare-counting mode.

Figure 18-11 Capture and Latch QEP Counter
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18.9 QEIl Interrupt Architecture

There are four interrupt sources, each one of them has an interrupt flag and enable control bit, can
trigger QEI Interrupt. When QEI counter is up-counting and QEI_CNT overflows or down-counting and
underflows, the Overflow/Underflow flag (OVUNF in QEI_STS[24]) will be set by hardware and it will
trigger QEI Interrupt request if bit OVUN_IEN (QEI_CTR[16]) is high. When QEI controller detects the
encoder rotation change, it toggles the direction indication bit DIR (QEI_STS[27]) and the flag DIRF
(QEI_STS[26]) will be set by hardware that requests the QEI interrupt if bit DIR_IEN (QEI_CTR[17]) is
set. When the QEI counter counting value is equal to the value of QEI Counter Compare Register
(QEI_CNTCMP), the flag CMPF (QEI_STS[19]) will be set by hardware and the QEI Interrupt will be
requested if bit CMP_IEN (QEI_CTR[18]) is high. When QEI controller detects a rising edge at signal
CHX (the filtered and polarity-set output of pin IDX), the flag IDXF will set by hardware and the QEI
interrupt will be requested if bit IDX_IEN (QEI_CTR[19]) is set. Note that the four flags, OVUNF,
DIRF, CMPF and IDXF are set by hardware and must be cleared by software. Figure 18-12
demonstrates the architecture of Quadrature Encoder Interface Controller interrupts.

Ovflow/
OVUNF underflow INT
OVUN_IEN
Direction
DIRF change INT QEIOV_INT
DIR_IEN QEIDIR_INT
Compare QEICMP_INT QEI—INT
CMPF matched INT QEIIDX_INT
CMP_IEN
Index trigger
IDXF INT
IDX_IEN

Figure 18-12 Quadrature Encoder Interface Interrupt Architecture Diagram
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18.10 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value

QEI Base Address:

QEIx_BA = 0x401C_0000 + (0x4000 * x)

x=0,1

QEI_CNT QEIx_BA+0x00 |R/W |QEI Pulse Counter 0x0000_0000

QEI_CNTHLD |QEIx_BA+0x04 |R/W |QEI Pulse Counter Hold Register 0x0000_0000

QEI_CNTILAT |QEIx_BA+0x08 |R/W |QEI Pulse Counter Index Latch Register 0x0000_0000

QEI_CNTCMP [QEIx_BA+0x0C |R/W |QEI Pulse Counter Compare Register 0x0000_0000

QEI_MAXCNT [QEIx_BA+0x14 |R/W |QEI Pre-set Maximum Count Register 0x0000_0000

QEI_CTR QEIx_BA+0x18 |R/W |QEI Control Register 0x0000_0000

QEI_STS QEIx_BA+0x2C |R/W |QEI Status Register 0x0000_0000
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18.11 Register Description
QEI Pulse Counter (QEI CNT)

Register Offset R/W  |Description Reset Value
QEI_CNT QEIx_BA+0x00 [R/W [QEI Pulse Counter 0x0000_0000
31 30 29 28 27 26 25 24

QEI_CNT[31:24]

23 22 21 20 19 18 17 16

QEI_CNT[23:16]

15 14 13 12 11 10 9 8
QEI_CNT[15:8]
7 6 5 4 3 2 1 0
QEI_CNT[7:0]
Bits Description

Quadrature Encoder Pulse Counter

A 24-bit up/down counter. When an effective phase pulse is detected, this counter is
increased by one if the bit DIR in EQICTR is one or decreased by one if the bit DIR is 0. This
register performs an integrator which count value is proportional to the encoder position. The
[31:0] QEI_CNT pulse counter may be initialized to a predetermined value by one of three events occurs:

1. Software written if QEI_EN (QEI_CTR[29]) = 0.
2. Compare-match event if QEI_EN=1 and QEI is in compare-counting mode.
3. Index signal change if QEI_EN=1 and IDXRLD_EN (QEI_CTR[27])=1
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QEIl Pulse Counter Hold Reqgister (QEI CNTHLD)

Register Offset R/W  [Description Reset Value

QEI_CNTHLD QEIx_BA+0x04 |R/W |[QEI Pulse Counter Hold Register

0x0000_0000

31 30 29 28 27 26 25 24
QEI_CNTHLD[31:24]

23 22 21 20 19 18 17 16
QEI_CNTHLD[23:16]

15 14 13 12 11 10 9 8
QEI_CNTHLD[15:8]

7 6 5 4 3 2 1 0

QEI_CNTHLDJ[7:0]

Bits Description

Quadrature Encoder Pulse Counter Hold Register
[31:0] QEI_CNTHLD When bit HOLDCNT (QEIXCTR[24]) goes from low to high, the QEPCNT value is
copied into QEPCNTHLD register.
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QEIl Pulse Counter Index Latch Reqgister (QElI CNTILAT)

Register Offset R/W  |Description Reset Value

QEI_CNTILAT QEIx_BA+0x08 |R/W [QEI Pulse Counter Index Latch Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

QEI_CNTILAT[23:16]

15 14 13 12 11 10 9 8

QEI_CNTILAT[15:8]

7 6 5 4 3 2 1 0

QEI_CNTILAT[7:0]

Bits Description

[31:24] - Reserved.

Quadrature Encoder Pulse Counter Index Latch Register

[23:0] QEI_CNTILAT When bit IDXF (QEI_STS[18]) is set, the QEPI_CNT value is copied into
QEI_CNTILAT register.
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QEI Pulse Counter Compare Register (QEI CNTCMP)

Register Offset R/W |Description Reset Value

QEI_CNTCMP QEIx_BA+0x0C [R/W |QEI Pulse Counter Compare Register 0x0000_0000

31 30 29 28 27 26 25 24

QEI_CNTILAT[31:24]

23 22 21 20 19 18 17 16

QEI_CNTCMP[23:16]

15 14 13 12 11 10 9 8
QEI_CNTCMP[15:8]
7 6 5 4 3 2 1 0
QEI_CNTCMPJ[7:0]
Bits Description
Quadrature Encoder Pulse Counter Compare Register
[31:0] QEI_CNTCMP if the QEI controller is in the compare-counting mode (CMP_EN in QEI_CTR[28] =1),
- when the value of QEI_CNT matches the value of QEI_CNTCMP the bit CMPF will be
set. This register is software writable.
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QEIl Pre-set Maximum Count Reqgister (QEI MAXCNT)

Register Offset R/W  [Description Reset Value
QEI_MAXCNT QEIx_BA+0x14 |R/W [QEI Pre-set Maximum Count Register 0x0000_0000
31 30 29 28 27 26 25 24

QEI_MAXCNT[31:24]

23 22 21 20 19 18 17 16

QEI_MAXCNT[23:16]

15 14 13 12 11 10 9 8

QEI_MAXCNT[15:8]

7 6 5 4 3 2 1 0

QEI_MAXCNTI[7:0]

Bits Description

Quadrature Encoder Preset Maximum Count Register

[31:0] QEI_MAXCNT This register value determined by user stores the maximum value which may be the
number of the quadrature encoder pulses in a revolution for the QEI controller
compare-counting mode.
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QEI Control Register (QElI CTR)

Register Offset R/W Description Reset Value
QEI_CTR QEIx_BA+0x18 |R/W |QEI Control Register 0x0000_0000
31 30 29 28 27 26 25 24
- QEI_EN CMP_EN IDXRLD_EN - IDXLAT HOLDCNT
23 22 21 20 19 18 17 16

HOLDBYT3 | HOLDBYT2 | HOLDBYT1 | HOLDBYTO IDX_IEN CMP_IEN DIR_IEN OVUN_IEN

15 14 13 12 11 10 9 8
- IDX_INV QEB_INV QEA_INV - QEIMODE
7 6 5 4 3 2 1 0
- IDX_EN QEB_EN QEA_EN | QEINF_DIS - NFCLK_S
Bits Description
[31:30] - Reserved.

Quadrature Encoder Interface Controller Enable Bit
[29] QEI_EN 1 = QEI controller function Enabled

0 = QEI controller function Disabled

The Compare Function Enable Bit

The compare function in QEI controller is to compare the dynamic counting QEPCNT
with the compare register QEI_CNTCMP, if QEI_CNT value reaches QEI_CNTCMP,
[28] CMP_EN the flag CMPF will be set.

1 = The compare function Enabled

0 = The compare function Disabled

Index Trigger QEI_CNT Reload Enable Bit

When this bit is high and a rising edge comes on signal CHX, the QEI_CNT will be
reset to O if the counter is in up-counting type (DIR = 1); while the QEI_CNT will be
[27] IDXRLD EN reloaded with QEI_MAXCNT content if the counter is in down-counting type (DIR =
- 0).

1 = The QEI_CNT re-initialized by Index signal Enabled

0 = The reload function Disabled

[26] - -

Index Latch QEI_CNT Enable Bit

If this bit is set to high, the QEI_CNT content will be latched into QEI_CNTILAT at
[25] IDXLAT every rising on signal CHX.

1 = The index signal latch QEI counter function Enabled

0 = The index signal latch QEI counter function Disabled
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Bits Description

Hold QEI_CNT Control Bit

When this bit is set from low to high, the QEI_CNT value is copied into
QEI_CNTHLD. This bit may be set by writing 1 to itself through software or
TimerO~Timer3 interrupt flag (TISTR.TIF).

[24] HOLDCNT
1 = QEI_CNT content captured and stored in QEI_CNTHLD.
0 = No operation.
Note: This bit is automatically cleared after QEI_CNTHLD holds QEI_CNT value.
Hold QEI_CNT by Timer 3
[23] HOLDBYT3 1 = Arising edge of bit TISR3.TIF in timer 3 sets HOLDCNT to 1.
0 = TISR3.TIF has no effect on HOLDCNT.
Hold QEI_CNT by Timer 2
[22] HOLDBYT2 1 = Arising edge of bit TISR2.TIF in timer 2 sets HOLDCNT to 1.

0 = TISR2.TIF has no effect on HOLDCNT.

Hold QEI_CNT by Timer 1
[21] HOLDBYT1 1 = Arising edge of bit TISR1.TIF in timer 1 sets HOLDCNT to 1.
0 = TISR1.TIF has no effect on HOLDCNT.

Hold QEI_CNT by Timer 0
[20] HOLDBYTO 1 = Arising edge of bit TISRO.TIF in timer O sets HOLDCNT to 1.
0 = TISRO.TIF has no effect on HOLDCNT.

Enable IDXF Trigger QEI Interrupt
[19] IDX_IEN 1 = The IDXF can trigger QEI interrupt Enabled.
0 = The IDXF can trigger QEI interrupt Disabled.

Enable CMPF Trigger QEI Interrupt
[18] CMP_IEN 1 = The CMPF can trigger QEI controller interrupt Enabled.
0 = The CMPF can trigger QEI controller interrupt Disabled.

Enable DIRF Trigger QEI Interrupt
[17] DIR_IEN 1 = The DIRF can trigger QEI controller interrupt Enabled.
0 = The DIRF can trigger QEI controller interrupt Disabled.

Enable OVUNF Trigger QEI Interrupt
[16] OVUN_IEN 1 = The OVUNF can trigger QEI controller interrupt Enabled.
0 = The OVUNF can trigger QEI controller interrupt Disabled.

[15] - Reserved.

Inverse IDX Input Polarity
[14] IDX_INV 1 = IDX input polarity is inversed to QEI controller.
0 = Not inverse IDX input polarity.

Inverse QEB Input Polarity
[13] QEB_INV 1 = QEB input polarity is inversed to QEI controller.
0 = Not inverse QEB input polarity.
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Bits Description

Inverse QEA Input Polarity
[12] QEA_INV 1 = QEA input polarity is inversed to QEI controller.
0 = Not inverse QEA input polarity

[11:10] - Reserved.

QEI Counting Mode Selection

There are four quadrature encoder pulse counter operation modes

QEIMODE([1:0] QEI Counting Mode
[9:8] QEIMODE 00 X4 Free-counting Mode
01 X2 Free-counting Mode
10 X4 Compare-counting Mode
11 X2 Compare-counting Mode
[7] - Reserved.

Enable IDX Input to QEI Controller
[6] IDX_EN 1 =The IDX input to QEI Controller Enabled
0 = The IDX input to QEI Controller Disabled

Enable QEB Input to QEI Controller
[5] QEB_EN 1 = The QEB input to QEI Controller Enabled.
0 = The QEB input to QEI Controller Disabled.

Enable QEA Input to QEI Controller
[4] QEA_EN 1 = The QEA input to QEI Controller Enabled.
0 = The QEA input to QEI Controller Disabled.

Disable QEI Controller Input Noise Filter
[3] QEINF_DIS 1 = The noise filter of QEI controller Disabled.

0 = The noise filter of QEI controller Enabled.

[2] - Reserved.

Noise Filter Clock Pre-divided Selection

To determine the sampling frequency of the Noise Filter clock:

NFCLK_S[1:0] Noise Filter Clock
[1:0] NFCLK_S 00 QEI_CLK
01 QEI_CLK/2
10 QEI_CLK/4
11 QEI_CLK/16
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QEI Status Reqister (QOEI STS)

Register Offset R/W  |Description Reset Value
QEI_STS QEIx_BA+0x2C |R/W |QEI Status Register 0x0000_0100
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
- DIR
7 6 5 4 8 2 1 0
- DIRF OVUNF CMPF IDXF
Bits Description
[31:9] - Reserved.

QEI Counter Counting Direction Indication Bit

1 = QEI Counter is in up-counting.

8] DIR 0 = QEI Counter is in down-counting.
Note: This bit is set/reset by hardware according to the phase detection between CHA and
CHB.

[7:4] - Reserved.

Direction Change Flag

Flag is set by hardware while QEI counter counting direction is changed, software can
clear this bit by writing a one to it.

(3l DIRF 1 = QEI counter counting direction is changed.
0 = No change in QEI counter counting direction.
Note: This bit is only cleared by writing 1 to itself through software.
QEI Counter Overflow or Underflow Flag
Flag is set by hardware while QEI_CNT overflows from OxFFFF_FFFF to O in Free-
counting mode or from the QEI_MAXCNT value to 0 in compare-counting mode. Similarly,
2] OVUNE the flag is set wile QEI counter underflows from 0 to OxFFFF_FFFF or QEI_MAXCNT.

1 = QEI counter occurred counting overflow or underflow.
0 = No overflow or underflow occurred in QEI counter.

Note: This bit is only cleared by writing 1 to itself through software.
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Bits Description

Compare-match Flag

If the QEI compare function is enabled, the flag is set by hardware while QEI counter up or
down counts and reach to the QEI_CNTCMP value.

(1 CMPF 1 = QEI counter counts to the same as QEI_CNTCMP value.
0 = QEI counter does not match with QEI_CNTCMP value.

Note: This bit is only cleared by writing 1 to itself through software.

IDX Detected Flag

When the QEI controller detects a rising edge on signal CHX it will set flag IDXF to high.
[0] IDXF 1 = Arising edge occurred on signal CHX.

0 = No rising edge detected on signal CHX.

Note: This bit is only cleared by writing 1 to itself through software.
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19 UNIVERSAL ASYNCHRONOUS RECEIVER TRANSMITTER (UART)

19.1 Overview

The Universal Asynchronous Receiver/Transmitter (UART) performs a serial-to-parallel
conversion on data received from the peripheral, and a parallel-to-serial conversion on data
transmitted from the CPU. The UART controller also supports IrDA SIR Function, LIN
master/slave mode function and RS-485 mode functions. Each UART channel supports seven
types of interrupts including

Transmitter FIFO empty interrupt (INT_THRE)

Receiver threshold level reached interrupt (INT_RDA),

Line status interrupt (parity error or frame error or break interrupt) (INT_RLS),
Receiver buffer time out interrupt (INT_TOUT),

MODEM/Wake-up status interrupt (INT_MODEM),

Buffer error interrupt (INT_BUF_ERR)

®  LINinterrupt (INT_LIN)

The UART controller is built-in with a 16-byte transmitter FIFO (TX_FIFO) and a 16-byte receiver
FIFO (RX_FIFO) that reduces the number of interrupts presented to the CPU. The CPU can read
the status of the UART at any time during the operation. The reported status information includes
the type and condition of the transfer operations being performed by the UART, as well as 4 error
conditions (parity error, frame error, break interrupt and buffer error) probably occur while
receiving data. The UART includes a programmable baud rate generator that is capable of
dividing clock input by divisors to produce the serial clock that transmitter and receiver need. The
baud rate equation is Baud Rate = UART_CLK / M * [BRD + 2], where M and BRD are defined in
Baud Rate Divider Register (UA_BAUD). Table 19-1 lists the equations in the various conditions
and Table 19-2 lists the UART baud rate setting table.

Mode | DIV_X_EN | DIV_X_ONE | Divider X | BRD |Baud Rate Equation

0 0 0 Don'tcare | A |UART_CLK/[16 * (A+2)]
1 1 0 B A |UART_CLK/[(B+1) * (A+2)] , B must >= 8
2 1 1 Don'’t care A |UART_CLK/ (A+2), A must >=3

Table 19-1 UART Baud Rate Equation

System clock = internal 22.1184 MHz high speed oscillator
Mode O Mode 1 Mode 2
Baud Rate
Parameter Register Parameter Register Parameter Register

921600 X X A=0,B=11 | 0x2B00_0000 A=22 0x3000_0016

460800 A=1 | 0x0000 ooo1 | ATLB=15 | 0x2F00_0001 | a4 | 0x3000_002E
A=2,B=11 | 0x2B00_0002

230400 A=4 | 0x0000 0004 | A74B=15 | 0x2F00_0004 |  A-94 | 0x3000_00SE
A=6,B=11 | 0x2B00_0006
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115200 A=10 | 0x0000_000A | A710.B=15 | 0x2F00_000A |  A-190 | 0x3000_0OBE
A=14,B=11 | 0x2B00_000E
57600 A=22 | 0x0000_0016 | A-228=1° | Ox2F00_0016 |  A-382 | 0x3000_017E
A=30,B=11 | 0x2B00_001E
A=62,B=8 | 0x2800_003E
38400 A=34 | 0x0000_0022 | A=46,B=11 | 0x2B00_002E | A=574 | 0x3000_023E
A=34,B=15 | 0x2F00_0022
A=126,B=8 | 0x2800_007E
19200 A=70 | 0x0000_0046 | A=94,B=11 | 0x2B00_OOSE | A=1150 | 0x3000_047E
A=70,B=15 | 0x2F00_0046
A=254,B=8 | 0x2800_00FE
9600 A=142 | 0x0000_008E |A=190,B=11| 0x2B00_OOBE | A=2302 | 0x3000_O8FE
A=142,B=15 | 0x2F00_008E
A=510,B=8 | 0x2800_01FE
4800 A=286 | 0x0000_O11E |A=382,B=11| Ox2BOO 017E | A=4606 | 0x3000_11FE
A=286,8=15 | 0x2F00_011E

Table 19-2 UART Baud Rate Setting Table

The UART controller support auto-flow control function that uses two low-level signals, nCTS
(clear-to-send) and nRTS (request-to-send), to control the flow of data transfer between the chip
and external devices (ex: Modem). When auto-flow is enabled, the UART is not allowed to receive
data until the UART asserts nRTS to external device. When the number of bytes in the RX FIFO
equals the value of RTS_TRI_LEV (UA_FCR [19:16]), the nRTS is de-asserted. The UART sends
data out when UART controller detects nCTS is asserted from external device. If a valid asserted
nCTS is not detected the UART controller will not send data out.

The UART controllers also provides Serial IrDA (SIR, Serial Infrared) function (User must set
IrDA_EN (UA_FUN_SEL [1]) to enable IrDA function). The SIR specification defines a short-range
infrared asynchronous serial transmission mode with 1 start bit, 8 data bits, and 1 stop bit. The
maximum data rate supports up to 115.2 Kbps (half duplex). The IrDA SIR block contains an IrDA
SIR Protocol encoder/decoder. The IrDA SIR Protocol encoder/decoder is half-duplex only. So it
cannot transmit and receive data at the same time. The IrDA SIR physical layer specifies a
minimum 10ms transfer delay between transmission and reception, and this delay feature must
be implemented by software.

The alternate function of UART controllers is LIN (Local Interconnect Network) function. The LIN
mode is selected by setting the UA_FUN_SEL[1:0] to '01’. In LIN mode, 1 start bit and 8 data bits
format with 1 stop bit are required in accordance with the LIN standard.

For the NuMicro™ NM15xx Series, another alternate function of UART controllers is RS-485 9-bit
mode, and direction control provided by nRTS pin or can program GPIO (PB.2 for UARTO_nRTS
and PB.6 for UART1_nRTS) to implement the function by software. The RS-485 mode is selected
by setting the UA_FUN_SEL register to select RS-485 function. The RS-485 transceiver control is
implemented using the nRTS control signal from an asynchronous serial port to enable the RS-
485 transceiver. In RS-485 mode, many characteristics of the receiving and transmitting are same
as UART.
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19.2 Features
Full duplex, asynchronous communications

Separates receive / transmit 16 bytes entry FIFO for data payloads

Supports hardware auto flow control/flow control function (nCTS, nRTS) and programmable
nRTS flow control trigger level

Programmable receiver buffer trigger level
Supports programmable baud-rate generator for each channel individually
Supports nCTS wake-up function

Supports 7-bit receiver buffer time out detection function

Programmable transmitting data delay time between the last stop and the next start bit by
setting UA_TOR [DLY] register

®  Supports break error, frame error, parity error and receive / transmit buffer overflow detect
function

® Fully programmable serial-interface characteristics
B Programmable data bit length, 5-, 6-, 7-, 8-bit character

B Programmable parity bit, even, odd, no parity or stick parity bit generation and
detection

B Programmable stop bit length, 1, 1.5, or 2 stop bit generation
® |rDA SIR function mode
B Supports 3-/16-bit duration for normal mode
® LIN function mode
B Supports LIN master/slave mode
B Supports programmable break generation function for transmitter
B Supports break detect function for receiver
®  RS-485 function mode
B Supports RS-485 9-bit mode

®  Supports hardware or software direct enable control provided by nRTS pin
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19.3 Block Diagram

The UART clock control and block diagram are shown in Figure 5-67 and Figure 5-68
respectively.

—{ UART_S (CLKSEL1[25:24]) \

‘ UARTO_EN(APBCLK[16]) ‘

\ 4
221184 MHz |
> \ UARTO_CLK
\ 5 e
PLLFOUT | A 1/(UART N +1) | > Y,
B
UART N(CLKDIV[11:8])
4724 MHz
00
\ UART1_EN(APBCLK[17]) } > \. UART1_CLK

Figure 19-1 UART Clock Control Diagram

. i APBBUS .. _.
"’ Status & control Status & control j
——® Controland [——® )
TX_FIFO — Status registers t— RX_FIFO
A
Y T
TX shift register Baud Rate RX shift register
Baud out Generator Baud out i
Sirisl [1““‘ Out T Serial Data In
Irda Encode UART_CLK Irda Decode

UART / Irda / LIN / RS-485 Device or Transceiver

Figure 19-2 UART Block Diagram
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TX_FIFO
The transmitter is buffered with a 16 byte FIFO to reduce the number of interrupts presented to
the CPU.
RX_FIFO

The receiver is buffered with a 16 byte FIFO (plus three error bits per byte) to reduce the number
of interrupts presented to the CPU.

TX shift Register
This block is the shifting the transmitting data out of serially control.

RX shift Register
This block is the shifting the receiving data in of serially control.

Modem Control Register
This register controls the interface to the MODEM or data set (or a peripheral device emulating a
MODEM).

Baud Rate Generator
Divide the external clock by the divisor to get the desired baud rate. Refer to baud rate equation.

IrDA Encode
This block is IrDA encode control block.

IrDA Decode
This block is IrDA decode control block.

Control and Status Register

This field is register set that including the FIFO control registers (UA_FCR), FIFO status registers
(UA_FSR), and line control register (UA_LCR) for transmitter and receiver. The time out control
register (UA_TOR) identifies the condition of time out interrupt. This register set also includes the
interrupt enable register (UA_IER) and interrupt status register (UA_ISR) to enable or disable the
responding interrupt and to identify the occurrence of the responding interrupt. There are seven
types of interrupts, transmitter FIFO empty interrupt(INT_THRE), receiver threshold level reaching
interrupt (INT_RDA), line status interrupt (parity error or framing error or break interrupt)
(INT_RLS) , time out interrupt (INT_TOUT), MODEM/Wake-up status interrupt (INT_MODEM),
Buffer error interrupt (INT_BUF_ERR) and LIN bus interrupt.
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The following diagram demonstrates the auto-flow control block.

ART_TXD
—p» Parallel to Serial UART_ >
Tx FIFO
UART_nCTS
APB <«— Flow Control = N
BUS
P
ART_RXD
-4— Serial to Parallel = u =
Rx FIFO
ART_nRT:
—»  Flow Control _U__nS»

Figure 19-3 Auto Flow Control Block Diagram

May 22, 2017 Page 369 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

MNUVOTONMN Preliminary Technical Reference Manual
s SSEEEEEEEE S

19.4 IrDA Mode

The UART supports IrDA SIR (Serial Infrared) Transmit Encoder and Receive Decoder, and IrDA
mode is selected by setting the in UA_FUN_SEL register.

In IrDA mode, the UA_BAUD [DIV_X_EN] register must be disabled.
Baud Rate = Clock / (16 * BRD), where BRD is Baud Rate Divider in UA_BAUD register.
The following diagram demonstrates the IrDA control block.

SOUT UART_TXD Emit Infra red ray
TX —mp IR_SOUT ——————— |

IrDA IR
SIR Transceiver

SIN UART_RXD Detect Infra red ray
RX p———— IR_SIN - |

A A

UART

‘ BAUDOUT T

IrDA_enable
TX_select
IRCR INT_TX

INV_RX

Figure 19-4 IrDA Block Diagram

19.4.1.1 IrDA SIR Transmit Encoder

The IrDA SIR Transmit Encoder modulates Non-Return-to Zero (NRZ) transmit bit stream output
from UART. The IrDA SIR physical layer specifies the use of Return-to-Zero, Inverted (RZI)
modulation scheme which represents logic 0 as an infra light pulse. The modulated output pulse
stream is transmitted to an external output driver and infrared Light Emitting Diode.

In Normal mode, the transmitted pulse width is specified as 3/16 period of baud rate.
19.4.1.2 IrDA SIR Receive Decoder

The IrDA SIR Receive Decoder demodulates the Return-to-Zero bit stream from the input
detector and outputs the NRZ serial bits stream to the UART received data input. The decoder
input is normally high in the idle state. (Because of this, IRCR bit 6 should be set as 1 by default)

A start bit is detected when the decoder input is LOW
19.4.1.3 IrDA SIR Operation

The IrDA SIR Encoder/Decoder provides functionality which converts between UART data stream
and half duplex serial SIR interface. The following diagram is IrDA encoder/decoder waveform:
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. _L
SOUT
. (from UART_TXD) 1 0 0 1 0 1 1 1 0 0 1
Transmit
Timing
IR_SOUT |'| |'| |'| |'| |'|
L (encoder output) 2
__H 3,4,_
1} 3116 bit width
[ IR_SIN
(decorder input) J J J J J J
Receive 1
Timing — -
| 3/16 bit width
SIN 1 0 1 0 0 1 0 1 0 0 1
L (To UART_RXD) v
Y
START BIT T
L STOP BIT
Bit pulse width

Figure 19-5 IrDA Timing Diagram
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19.5 LIN (Local Interconnection Network) mode

The UART supports LIN function, and LIN mode is selected by setting the UA_FUN_SEL[1:0]
to '01’. The UART support LIN break/delimiter generation and break/delimiter detection in LIN
master mode, support header detection and automatic resynchronization in LIN slave mode.

19.5.1 Structure of LIN Frame

According to the LIN protocol, all information is transmitted packed as frames; a frame consist
(provided by the master task) a header and a response (provided by a slave task). That is any
communication on the LIN bus is started by the master sending a header, followed by the
response. The header (provided by the master task) consists of a break field and sync field
followed by a frame identifier (frame ID). The frame identifier uniquely defines the purpose of the
frame. The slave task appointed for providing the response associated with the frame ID and the
response consists of a data field and a checksum field. The following diagram is the structure of

LIN Frame.
Frame slot
Frame

Inter-
Response frame
Header Space Response Space

Break Synch Protef;ted Data 1 Data2 DataN Check

. Identifier Sum
Field field field

Figure 19-6 Structure of LIN Frame

19.5.2 Structure of LIN Byte

In LIN mode, each byte field is initiated by a START bit with value zero (dominant), followed by 8
data bits (UA_LCR [WLS] = 2'b11) and no parity bit, LSB is first and ended by 1 stop bit (UA_LCR
[NSB] = 1) with value one (recessive) in accordance with the LIN standard. Structure of Byte is
shown as follows.

< Byte field »

Start LSB MSB Stop
LIN Bus bit K (bit 0) X (bit 1) >< (bit 2) >< (bit 3) >< (bit 4) >< (bit 5) >< (bit 6) >< (bit 7) y bit

Figure 19-7 Structure of LIN Byte

19.5.3 LIN Master Mode

The UART controller support LIN master mode by setting the UA_FUN_SEL register. To enable
and initialize the LIN master mode, the following steps are necessary.

1. Select the desired baud-rate by setting the UA_BAUD register.
2. Configure the data length to 8 bits by setting UA_LCR[WLS] = 11 and disable parity check by
clearing UA_LCR[PBE] bit and configure the stop bit to 1 by clearing UA_LCR[NSB] bit.
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3. Select LIN function mode by setting UA_FUN_SEL register.

A complete header consists of a break field and sync field followed by a frame identifier (frame
ID). The UART controller can be selected header sending by three header selected mode. The
header selected mode can be “break field” or “break field and sync field” or “break field, sync field
and frame ID field” by setting LIN_ HEAD_SEL in UA_LIN_CTL register. If the header selected is
“break field”, software must handle the following sequence to sending a complete header to bus
by filled sync data (0x55) and frame ID data to UA_THR register. If the header selected is “break
field and sync field”, software must handle the sequence to sending a complete header to bus by
filled frame ID data to UA_THR register, and if the header selected is “break field, sync field and
frame ID field”, hardware will control the header sending sequence automatically but software
must filled frame ID data to UA_LIN_CTL [LIN_PID] register. When operating in header selected
is “break field, sync field and frame ID field” mode, the frame ID parity bit can be calculated by
software or hardware that depended on UA_LIN_CTL [LIN_IDPEN] bit setting or not.

LIN_ HEAD_SEL Break field Sync field ID field
0 Generated BY | Handled by Sw Handled by S/W
1 Generated by Generated by Handled by S/W

H/W H/W

Generated by H/W
(But S/W needs to fill ID to UA_LIN_CTL [LIN_PID]
first)

Generated by | Generated by
H/W H/W

Table 19-3 LIN Header selection in master mode

When operating in LIN data transmission, software can monitor the LIN bus transfer state by
hardware or software. User can enable hardware monitoring by setting UA_LIN_CTL
[BIT_ERR_EN] to “17, if the input pin (SIN) state is not equal to the output pin (SOUT) state in LIN
transmitter state that the hardware wills generator an interrupt to CPU. Software also can monitor
the LIN bus transfer state by checking the read back data in UA_RBR register. The following
sequence is a program sequence example:

Procedure without software error monitoring in master mode
1. Fill Protected Identifier to [UA_LIN_CTL]LIN_PAD.

2. Choose the hardware transmission header field include “break field + sync field + Protected
identifier field” by setting UA_LIN_CTL [LIN_HEAD_SEL] =10

Choose the hardware transmission header field by setting UA_LIN_CTL [LIN_HEAD_SEL)).
Request header transmission by setting the LIN_SHD bit in the UA_LIN_CTL register.

Wait until UA_LIN_CTL[LIN_SHD] be cleared by hardware.

Wait until UA_FSR[TE_FLAG] set to “1” by hardware

o g kM w

Notel: The break field + break/sync delimiter default setting is 13 dominant bits(break field) and 1
recessive bit(break/sync delimiter), software can change it by setting UA_LIN_CTL [LIN_BKFL]
and UA_LIN_CTL [LIN_BS_LEN], to change the dominant bits.

Note2: The break/sync delimiter length default setting is 1 bit time and the inter-byte spaces
default setting is also 1 bit time, software can change them by setting UA LIN_CTL
[LIN_BS_LEN]and UA_TOR [DLY].
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Note3: If the header includes “break field, sync field and frame ID field”, software must fill frame
ID in UA_LIN_CTL [LIN_PID] register before trigger header transmission (setting the LIN_SHD bit
in the UA_LIN_CTL register). The frame ID parity can be generated by software or hardware
depends on UA LIN_CTL [LIN_IDPEN]. If the parity generated by software (UA LIN CTL
[LIN_IDPEN] = 0), software must fill 8 bit data (include 2 bit parity) in this field, and if the parity
generated by hardware (UA_LIN_CTL [LIN_IDPEN] = 1), software fill IDO~ID5, hardware will
calculi PO and P1.

Procedure with software error monitoring in master mode

1. Choose the hardware transmission header field only include “break field” by setting
UA_LIN_CTL [LIN_HEAD_SEL] = 0x00.

2. Enable break detection function by setting LIN_ BKDET_EN bit in UA_LIN_CTL.

3. Request break + break/sync delimiter transmission by setting the LIN_SHD bit in the
UA_LIN_CTL register.

4. Wait until the LIN_BKDET _F flag in the UA_LIN_SR register be set to “1” by hardware..
Request sync field transmission by writing 0x55 into UA_THR register.

6. Wait until the RDA_IF flag in the UA_ISR register be set to “1” by hardware and then read
back the UA_RBR register.

7. Request header frame ID transmission by writing the protected identifier value to UA_THR
register.

8. Wait until the RDA_IF flag in the UA_ISR register be set to “1” by hardware and then read
back the UA_RBR register.
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LIN break and delimiter detection

When software enable the break detection function by setting LIN_BKDET_EN bit in
UA _LIN_CTL register, the break detection circuit is activated. The break detection circuit is totally
independent from the UART receiver.

When enable break detection function, the circuit looks at the input SIN pin for a start signal. If
circuit detected consecutive dominant greater than 11 bits dominant followed by a recessive
bit(delimiter), the UA_LIN_SR [LIN_BKDET_F] flag is set at the end of break field. If the UA_IER
[LIN_IEN] bit =1, an interrupt will be generated. The behavior of the break detection and break
flag is shown in following figure.

Case 1 : break signal not long enough ignore this break signal and LIN_BKDET_F is not set

LIN Bus IDLE Delimiter

Capture Strobe

o
P
N -
w
PN,
a
o
~N
o —P
|
.
.

LIN_BKDET_F

Case 2 : break signal long enough break detect and LIN_BKDET_F set

LIN Bus IDLE Delimiter

Capture Strobe

o —»
B
N -
w —
PN Y
a—e
o —w
~N
o —m
.
-
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9 10 11

LIN_BKDET_F

Figure 19-8 Break detection in LIN mode

LIN break and delimiter detection

The LIN master can transmitter response (master is the publisher of the response) and receive
response (master is the subscriber of the response). When the master is the publisher of the
response, the master send response by writing UA_THR register, and if the master is the
subscriber of the response, the master will received response from other slave node.
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19.5.4 LIN Slave Mode

The UART controller support LIN slave mode by setting the LINS_EN bit in UA_LIN_CTL register.
To enable and initialize the LIN slave mode, the following steps are necessary:

1. Select the desired baud-rate by setting the UA_BAUD register.

2. Configure the data length to 8 bits by setting UA_LCR[WLS] = 11and disable parity check by
clearing UA_LCR[PBE] bit and configure the stop bit to 1 by clearing UA_LCR[NSB] bit.

Select LIN function mode by setting UA_FUN_SEL register.
4. Enable LIN slave mode by setting the LINS_EN bit in UA_LIN_CTL.

LIN header reception

According to the LIN protocol, a slave node must wait for a valid header which came from the
master node. Then application will take one of following actions (depend on the master header
frame ID value)

® Receive the response.
®  Transmit the response.

®  [gnore the response and wait for next header.

In LIN slave mode, user can enable slave header detection function by setting LINS_ HDET_EN
bit in UA_LIN_CTL register to detect complete frame header (receive “break field”, “sync field”
and “frame ID field”). When a LIN header is received, the LINS_HDET_F flag in UA_LIN_SR
register will be set (If the UA_IER [LIN_IEN] bit =1, an interrupt will be generated). User can
enable frame ID parity check function by setting LIN_IDPEN bit in UA_LIN_CTL register. If only
received frame |ID parity is not correct(break and sync filed are correct), the
[UA_LIN_SR]LIN_IDPERR_F flag (If the UA_IER [LIN_IEN] bit =1, an interrupt will be generated)
and UA_LIN_SR [LINS_HDET_F] both will be set. User also can put LIN in mute mode by
setting LIN_MUTE_EN bit in UA_LIN_CTL register. This mode allows detection of headers only
(break + sync + frame ID) and prevents the reception of any other characters. In order to avoid bit
rate tolerance, the controller support automatic resynchronization function to avoid clock deviation
error, user can enable this feature by setting LINS_ARS_EN bit in UA_LIN_CTL register.

LIN response transmission

LIN slave node can transmit response and receive response. When slave node is the publisher of
the response, the slave node send response by filling data to UA_THR register, and if the slave
node is the subscriber of the response, the slave node received data from LIN bus.
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LIN header time-out error

The LIN slave controller contains a header time-out counter. If the entire header is not received
within the maximum time limit of 57 bit times, the header error flag (UA_FSR [LIN_HERR_F]) will
be set. The time-out counter is enabled at each break detect edge and stopped in the following
conditions.

® ALIN frame ID field has been received.
® The header error flag assert.

®  Software write 1 to LINS_SYNC_F bit in UA_LIN_SR register to re-search new frame
header.

Mute mode and LIN exit from mute mode condition

In mute mode, LIN slave node will not receive any data until specified condition occurred. It allows
detection of headers only and prevents the reception of any other characters. User can enable
mute mode by setting LIN._MUTE_EN bit in UA_LIN_CTL register and exit from mute mode
condition can be selected by LIN_HEAD_SEL in UA_LIN_CTL register.

Note: It is recommended to set LIN slave node to mute mode after checksum transmission.

LIN slave controller exit from mute mode conditions is shown as follows: If [UA LIN_CTL]
LIN_HEAD_SEL is set to “break field”, when LIN slave controller detects a valid LIN break +
delimiter, the controller will enable the receiver (exit from mute mode) and subsequent data(sync
data, frame ID data, response data) are received in RX-FIFO.

If [UA_LIN_CTL]LIN_HEAD_SEL is set to “break field and sync field”, when LIN slave controller
detects a valid LIN break + delimiter followed by a valid sync field without frame error, the
controller will enable the receiver (exit from mute mode) and subsequent data(ID data, response
data) are received in RX-FIFO. If [UA_LIN_CTL]LIN_HEAD_SEL is set to “break field, sync field
and ID field”, when LIN slave controller detects a valid LIN break + delimiter and valid sync field
without frame error followed by ID data without frame error and received ID data matched
UA_LIN_CTL [LIN_PID] value. The controller will enable the receiver (exit from mute mode) and
subsequent data(response data) are received in RX-FIFO.

Slave mode without automatic resynchronization

User can disable automatic resynchronization function to fix the communication baud rate. When
operating in without automatic resynchronization mode, software need some initial process, and
the initialization process flow of without automatic resynchronization mode is shown as follows:

1. Select the desired baud-rate by setting the UA_BAUD register.

2. Select LIN function mode by setting UA_FUN_SEL register.

3. Disable automatic resynchronization function by setting UA_LIN_CTL[LINS_ARS_EN] = 0.
4. Enable LIN slave mode by setting the LINS_EN bit in UA_LIN_CTL.
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Slave mode with automatic resynchronization

User can enable automatic resynchronization function by setting LINS _ARS EN bit in
UA LIN_CTL register. In automatic resynchronization mode, the controller will adjust the baud
rate generator after each sync field reception. The initialization process flow of automatic
resynchronization mode is shown as follows:

1. Select the desired baud-rate by setting the UA_BAUD register.

2. Select LIN function mode by setting UA_FUN_SEL register.

3. Enable automatic resynchronization function by setting UA_LIN_CTL[LINS_ARS_EN] = 1.
4. Enable LIN slave mode by setting the LINS_EN bit in UA_LIN_CTL.

When automatic resynchronization function is enabled, after each LIN break field, the time
duration between five falling edges is sampled on engine clock and the result of this
measurement is stored in an internal 13-bit register and the UA_BAUD register value will
automatically updated at the end of the fifth falling edge. If the measure timer (13bit) overflow
before five falling edges, then the header error flag (UA_LIN_SR [LIN_HERR_F]) will be set.

LIN Bus Breakkk field ‘ #startf bit0 ; bit f bit2 ¢ bit3 f bit4¢ bit5 f bit6 ; bit7 f stop
)]
- P

Measurement time

UA_BAUD UA_BAUD (n) UA_BAUD (m)

Update baud rate if auto re-sync /

function enable

Figure 19-9 LIN sync field measurement

When operating in automatic resynchronization mode, software must select the desired baud rate
by setting the UA_BAUD register and hardware will store it at internal TEMP_REG register, after
each LIN break field, the time duration between five falling edges is sampled on engine clock and
the result of this measurement is stored in an internal 13-bit register (BAUD_LIN) and the result
will be updated to UA_BAUD register automatically.

In order to guarantee the transmission baud rate, the baud rate generator must reload the initial
value before each new break reception. The initial value is programmed by the application during
initialization (TEMP_REG). User can setting UA_LIN_CTL [LINS_DUM_EN] bit to enable auto
reload initial baud rate value function. If the LINS_DUM_EN is set, when received the next
character, hardware will auto reload the initial value to UA_BAUD, and when the UA_BAUD be
updated, the LINS_DUM_EN bit will be cleared automatically. The behavior of LIN updated
method as shown as following figure.

Notel: It is recommended setting the LINS_DUM_EN bit before every checksum reception.

Note2: When header error been detected, user must writing 1 to LINS_SYNC_F bit in
UA LIN_SR register to re-search new frame header. When user writing 1 to it, hardware will
reload the initial baud-rate (TEMP_REG) and re-search new frame header.

Note3: When operation in automatic resynchronization mode, the baud rate setting must be
mode2 (UA_BAUD [DIV_X_EN] and UA_BAUD [DIV_X_ONE] must be 1).
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L Frame slot
Inter-
frame
Protected space
Break %‘ L Synch ‘ |dentiﬁe|§‘ L Response p
Field N field | field N
[ [ \/ostaqf \[patas | [peta 9 \/ ok \_
—— | ! HMW auto-reload initial baud
! Measurement P S/W set LINS_DUM_EN to 1! rate which backup in
time | ‘ TEMP_REG and cleared
| \/__LINS DUM_EN to 0 by HW
UA_BAUD (n) X UA_BAUD (m) X UA_BAUD (n)

update UA_BAUD register
(UA_BAUD = BAUD_LIN value)

TEMP_REG value is UA_BAUD(n)
BAUD_LIN value is UA_BAUD(m)
Both of TEMP_REG and BAUD_LIN are internal register

Figure 19-10 UA_BAUD update sequence in automatic resynchronization mode (LINS_DUM_EN = 1)

L Frame slot
Inter-
frame
Protected space
Break %‘ L Synch \ |dentiﬁer% L Response P
Field N field | field K
\ / / / \ /Data1/ \ /Dataz/ \ @amg I \ lcshe:clk/ \_
| ,
i Measurement ! If LINS_DUM_EN value is 0,
time H/W will not restore initial

baud rate to UA_BAUD

UA_BAUD (n) UA_BAUD (m)

|

update UA_BAUD register
(UA_BAUD = BAUD_LIN value)

TEMP_REG value is UA_BAUD(n)
BAUD_LIN value is UA_BAUD(m)
Both of TEMP_REG and BAUD_LIN are internal register

Figure 19-11 UA_BAUD update sequence in automatic resynchronization mode (LINS_DUM_EN = 0)
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Deviation error on the sync field

When operating in automatic resynchronization mode, the controller will check the deviation error
on the sync field. The deviation error is checked by comparing the current baud rate with the
received sync field. Two checks are performed in parallel.

Checkl: Based on measurement between the first falling edge and the last falling edge of the

sync field.
® |[f the difference more than 14.84%, the header error flag UA_LIN_SR[LINS_HERR_F])
will be set.
® |f the difference less than 14.06%, the header error flag UA_LIN_SR[LINS_HERR_F] will
not be set.

® |If the difference between 14.84% and 14.06%, the header error flag
UA _LIN_SR[LINS HERR_F] may either set or not (it is depending on the data
dephasing).

Check2: Based on measurement of time between each falling edge of the sync field.

® If the difference more than 18.75%, the header error flag UA_LIN_SR[LINS HERR_F]
will be set.

® |[f the difference less than 15.62%, the header error flag UA_LIN_SR[LINS_HERR_F] will
not be set.

® |f the difference between 18.75% and 15.62%, the header error flag
UA_LIN_SR[LINS_HERR_F] may either set or not (it is depending on the data
dephasing).

Note: The deviation check is based on the current baud-rate clock. Therefore, in order to
guarantee correct deviation checking, the baud-rate must reload the nominal value before each
new break reception by setting UA_LIN_CTL [LINS_DUM_EN] register (It is recommend setting
the LINS_DUM_EN bit before every checksum reception)

LIN header error detection

In LIN slave function mode, when user enables header detection function by setting
LINS_HDET_EN bit in UA_LIN_CTL register, the hardware will handle the header detect flow. If
the header has error, the LIN header error flag (UA_LIN_SR [LIN_HERR_F]) will be set and an
interrupt is generated if the UA_IER [LIN_IEN] bit is set. When header error been detect, user
must to reset the detect circuit to re-search new frame header by writing 1 to LINS_SYNC_F bit
in UA_LIN_SR register to re-search new frame header.

The LIN header error flag (UA_LIN_SR [LIN_HERR_F]) is set if one of the following conditions
occurs:

®  Break Delimiter is too short (less than 0.5 bit time).
Frame error in sync field or Identifier field.
The sync field data is not 0x55 (without automatic resynchronization mode).

The sync field deviation error (with automatic resynchronization mode).

The sync field measure time-out (with automatic resynchronization mode).

LIN header reception time-out
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19.6 RS-485 function mode

The UART support RS-485 9-bit mode function. The RS-485 mode is selected by setting the
register UA_FUN_SEL[1:0]. The RS-485 transceiver control is implemented using the nRTS
control signal from an asynchronous serial port. In RS-485 mode, many characteristics of the RX
and TX are same as UART.

In RS-485 mode, the controller can configuration of it as an RS-485 addressable slave and the
RS-485 master transmitter will identify an address character by setting the parity (9th bit) to 1. For
data characters, the parity is set to 0. Software can use UA_LCR register to control the 9-th bit
(When the PBE , EPE and SPE are set, the 9-th bit is transmitted 0 and when PBE and SPE are
set and EPE is cleared, the 9-th bit is transmitted 1).

The controller supports three operation modes that are RS-485 Normal Multidrop Operation Mode
(NMM), RS-485 Auto Address Detection Operation Mode (AAD) and RS-485 Auto Direction
Control Operation Mode (AUD). Software can choose any operation mode by programming
UA_ALT_CSRregister, and software can driving the transfer delay time between the last stop bit
leaving the TX-FIFO and the de-assertion of by setting UA_TOR [DLY] register.

Note: when RS485 NMM or AAD mode is selected, the RS485 clock operating frequency should
be less than or equal to half of PCLK clock operation frequency. Otherwise, RS485 cannot
receive correct data.

RS-485 Normal Multidrop Operation Mode (NMM)

In RS-485 Normal Multidrop operation mode, in first, software must decide the data which before
the address byte be detected will be stored in RX-FIFO or not. If software want to ignore any data
before address byte detected, the flow is set UA_FCR[RX_DIS] and then enable UA_ALT_CSR
[RS485 NMM] and the receiver will ignore any data until an address byte is detected (bit9 =1)
and the address byte data will be stored in the RX-FIFO. If software wants to receive any data
before address byte detected, the flow disables UA_FCR[RX_DIS] and then enables UA_
ALT_CSR[RS485 NMM] and the receiver will received any data.

If an address byte is detected (bit9 =1), it will generate an interrupt to CPU and UA_FCR[RX_DIS]
can decide whether accept the following data bytes are stored in the RX-FIFO. If software disable
receiver by setting UA_FCR[RX_DIS] register, when a next address byte be detected, the
controller will clear the UA_FCR[RX_DIS] bit and the address byte data will be stored in the RX-
FIFO.

RS-485 Auto Address Detection Operation Mode (AAD)

In RS-485 Auto Address Detection Operation mode, the receiver will ignore any data until an
address byte is detected (bit9 =1) and the address byte data match the UA ALT _CSR
[ADDR_MATCH] value. The address byte data will be stored in the RX-FIFO. The all received
byte data will be accepted and stored in the RX-FIFO until and address byte data not match the
UA_ALT_CSR[ADDR_MATCH] value.

RS-485 Auto Direction Mode (AUD)

Another option function of RS-485 controllers is RS-485 auto direction control function. The
RS-485 transceiver control is implemented using the nRTS control signal from an asynchronous
serial port. The nRTS line is connected to the RS-485 transceiver enable pin such that setting the
nRTS line to high (logic 1) enables the RS-485 transceiver. Setting the nRTS line to low (logic 0)
puts the transceiver into the tri-state condition to disable. User can setting LEV_RTS in UA_MCR
register to change the nRTS driving level.
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Program Sequence Example:
1. Program FUN_SEL in UA_FUN_SEL to select RS-485 function.

2. Program the RX_DIS bit in UA_FCR register to determine enable or disable the receiver
of RS-485 controller.

Program the RS-485 NMM or RS-485_AAD mode.

4. If the RS-485_AAD mode is selected, the ADDR_MATCH is programmed for auto
address match value.

5.  Determine auto direction control by programming RS-485_AUD.

0 -

TXD Differential
Bus
nRTS
Drive Enabl¢
UART / RS485 Cantm//er RS-485 transceiver
XD Start
bit DO(D1| D2|D3|D4|D5(D6(D7| P STOP
RTS Drive Enable

Figure 19-12 Structure of RS-485 Frame
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Register Offset R/W |Description Reset Value
UART Base Address:

UARTx_BA = 0x4005_0000 + (0x10_0000 * x)

x=0,1

UA_RBR UARTx_BA+0x00 (R UART Receive Buffer Register Undefined
UA_THR UARTx_BA+0x00 (W UART Transmit Holding Register Undefined
UA_IER UARTXx_BA+0x04 [R/W [UART Interrupt Enable Register 0x0000_0000
UA_FCR UARTx_BA+0x08 |R/W [UART FIFO Control Register 0x0000_0000
UA_LCR UARTx_BA+0x0C [R/W [UART Line Control Register 0x0000_0000
UA_MCR UARTx_BA+0x10 [R/W [UART Modem Control Register 0x0000_0200
UA_MSR UARTXx_BA+0x14 [R/W [UART Modem Status Register 0x0000_0110
UA_FSR UARTXx_BA+0x18 [R/W [UART FIFO Status Register 0x1040_4000
UA_ISR UARTx_BA+0x1C |[R/W [UART Interrupt Status Register 0x0000_0002
UA_TOR UARTx_BA+0x20 |[R/W [UART Time Out Register 0x0000_0000
UA_BAUD UARTXx_BA+0x24 [R/W [UART Baud Rate Divisor Register 0x0F00_0000
UA_IRCR UARTXx_BA+0x28 [R/W [UART IrDA Control Register 0x0000_0040
UA_ALT_CSR |UARTx_BA+0x2C |R/W [UART Alternate Control/Status Register 0x0000_0000
UA_FUN_SEL |UARTx_BA+0x30 [R/W [UART Function Select Register 0x0000_0000
UA_LIN_CTL |UARTx_BA+0x34 [R/W [UART LIN Control Register 0x000C_0000
UA_LIN_SR UARTx_BA+0x38 |R/W [UART LIN Status Register 0x0000_0000
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19.8 Register Description
Receive Buffer Reqgister (UA RBR)

Register Offset R/W |Description Reset Value
UA_RBR UARTx_BA+0x00 [R UART Receive Buffer Register Undefined
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
RBR
Bits Description
[31:8] Reserved Reserved
Receive Buffer Register (Read Only)
[7:0] RBR By reading this register, the UART will return an 8-bit data received from UART_RXD
pin (LSB first).
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Transmit Holding Register (UA THR)

Register Offset R/W |Description Reset Value
UA_THR UARTx_BA+0x00 (W UART Transmit Holding Register Undefined
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
THR
Bits Description
[31:8] Reserved Reserved
Transmit Holding Register
[7:0] THR By writing to this register, the UART will send out an 8-bit data through the UART_TXD
pin (LSB first).
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Interrupt Enable Reqgister (UA IER)

Register Offset R/W |Description Reset Value
UA_IER UARTx_BA+0x04 [R/W |UART Interrupt Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved AUTOET\ICTS— AUTOET\IRTS— TIME—,\?UT—E Reserved LIN_IEN
7 6 5 4 3 2 1 0
Reserved WAKE_EN BUF_I’E\IRR_IE TOUT_IEN | MODEM_IEN RLS_IEN THRE_IEN RDA_IEN
Bits Description
[31:14] Reserved Reserved
nCTS Auto Flow Control Enable
1 = nCTS auto flow control Enabled
(13] AUTO_CTS_EN g = hCTS auto flow control Disabled
When nCTS auto-flow is enabled, the UART will send data to external device when
nCTS input assert (UART will not send data to device until nCTS is asserted).
nRTS Auto Flow Control Enable
1 = nRTS auto flow control Enabled
(12] AUTO_RTS_EN g = nRTS auto flow control Disabled
When nRTS auto-flow is enabled, if the number of bytes in the RX FIFO equals the
UA_FCR [RTS_TRI_LEV], the UART will de-assert nRTS signal.
Time Out Counter Enable
[11] TIME_OUT_EN 1 = Time out counter Enabled
0 = Time out counter Disabled
[10:9] Reserved Reserved
LIN Bus Interrupt Enable
1 = Lin bus interrupt Enabled
[8] LIN_IEN
0 = Lin bus interrupt Disabled
Note: This field is used for LIN function mode.
[7] Reserved Reserved
UART Wake-up Function Enable
(6] WAKE_EN 1 = UART wake-up function Enabled, when the chip is in Power-down mode, an
external nCTS change will wake-up chip from Power-down mode.
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0 = UART wake-up function Disabled

Buffer Error Interrupt Enable
[5] BUF_ERR_IEN 1 = INT_BUF_ERR Enabled
0 = Mask off INT_BUF_ERR Masked off

RX Time Out Interrupt Enable
[4] TOUT_IEN 1 = INT_TOUT Enabled
0 = INT_TOUT Masked off

Modem Status Interrupt Enable
[3] MODEM_IEN 1 =INT_MODEM Enabled
0 = INT_MODEM Masked off

Receive Line Status Interrupt Enable
2] RLS_IEN 1= INT_RLS Enabled
0 = INT_RLS Masked off

Transmit Holding Register Empty Interrupt Enable
[1] THRE_IEN 1 =INT_THRE Enabled
0 = INT_THRE Masked off

Receive Data Available Interrupt Enable
[0] RDA_IEN 1 = INT_RDA Enabled
0 = INT_RDA Masked off
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FIFO Control Reqgister (UA FCR)

Register Offset R/W |Description Reset Value
UA_FCR UARTx_BA+0x08 |R/W [UART FIFO Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved RTS_TRI_LEV
15 14 13 12 11 10 9 8
Reserved RX_DIS
7 6 5 4 3 2 1 0
RFITL Reserved TFR RFR Reserved
Bits Description
[31:20] Reserved Reserved

nRTS Trigger Level for Auto-flow Control Use

RTS_TRI_LEV Trigger Level (Bytes)
0000 01
0001 04
0010 08

[19:16] RTS_TRI_LEV 0011 14
0100 30/14 (High Speed/Normal Speed)
0101 46/14 (High Speed/Normal Speed)
0110 62/14 (High Speed/Normal Speed)
others 62/14 (High Speed/Normal Speed)

Note: This field is used for auto nRTS flow control.

[15:9] Reserved Reserved

Receiver Disable Register.

The receiver is disabled or not (set 1 to disable receiver)
] RX_DIS 1 = Receiver Disabled

0 = Receiver Enabled

Note: This field is used for RS-485 Normal Multi-drop mode. It should be programmed
before UA_ALT_CSR [RS-485_NMM] is programmed.

RX FIFO Interrupt (INT_RDA) Trigger Level

) When the number of bytes in the receive FIFO equals the RFITL, the RDA_IF will be
[7:4] RFITL set (if UA_IER [RDA_IEN] enabled, and an interrupt will be generated).

RFITL INTR_RDA Trigger Level (Bytes)
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0000 01
0001 04
0010 08
0011 14
0100 30/14 (High Speed/Normal Speed)
0101 46/14 (High Speed/Normal Speed)
0110 62/14 (High Speed/Normal Speed)
others 62/14 (High Speed/Normal Speed)
[3] Reserved Reserved

TX Field Software Reset

When TX_RST is set, all the byte in the transmit FIFO and TX internal state machine
are cleared.

2l TFR 1 = Reset the TX internal state machine and pointers.
0 = No effect.

Note: This bit will automatically clear at least 3 UART engine clock cycles.

RX Field Software Reset

When RX_RST is set, all the byte in the receiver FIFO and RX internal state machine
are cleared.

(1 RFR 1 = Reset the RX internal state machine and pointers.
0 = No effect.

Note: This bit will automatically clear at least 3 UART engine clock cycles.

[0] Reserved Reserved
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Line Control Register (UA LCR)

Register Offset R/W |Description Reset Value
UA_LCR UARTx_BA+0x0C |[R/W [UART Line Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved BCB SPE EPE PBE NSB WLS
Bits Description
[31:7] Reserved Reserved
Break Control Bit
6] BCB When this bit is set to logic 1, the serial data output (TX) is forced to the Spacing State
(logic 0). This bit acts only on TX and has no effect on the transmitter logic.
Stick Parity Enable
1 =1f PBE (UA_LCR[3]) and EBE (UA_LCR[4]) are logic 1, the parity bit is transmitted
[5] SPE and checked as logic 0. If PBE (UA_LCR[3]) is 1 and EBE (UA_LCR[4]) is 0 then
the parity bit is transmitted and checked as 1
0 = Stick parity Disabled
Even Parity Enable
1 = Even number of logic 1’s is transmitted and checked in each word
& EPE 0 = Odd number of logic 1’s is transmitted and checked in each word
This bit has effect only when PBE (UA_LCRJ[3]) is set.
Parity Bit Enable
3] PBE 1= Parity _bit is generated on each outgoing character and is checked on each
incoming data.
0 = No parity bit.
Number of “STOP bit”
1 = When select 5-bit word length, 1.5 “STOP bit” is generated in the transmitted data.
[2] NSB When select 6-,7- and 8-bti word length, 2 “STOP bit” is generated in the
transmitted data.
0 = One “ STOP bit” is generated in the transmitted data
Word Length Selection
[1:0] WLS WLS[1:0] Character Length
00 5-bit
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01 6-bit
10 7-bit
11 8-hit
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MODEM Control Register (UA MCR)

Register Offset R/W |Description Reset Value
UA_MCR UARTx_BA+0x10 |[R/W |UART Modem Control Register 0x0000_0200
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved RTS_ST Reserved LEV_RTS Reserved
7 6 5 4 3 2 1 0
Reserved RTS Reserved
Bits Description
[31:14] Reserved Reserved
nRTS Pin State (Read Only)
[13] RTS_ST
This bit is the output pin status of nRTS.
[12:10] Reserved Reserved
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nRTS Trigger Level

This bit can change the nRTS trigger level.
1 = High level triggered

0 = Low level triggered

UART Mode : MCR[LEV_RTS] =1

MCR [RTS] _|

MCR [RTS_ST] _|

UART Mode : MCR[LEV_RTS] =0

MCR [RTS] —|

MCR [RTS_ST] J

[9] LEV_RTS

I

RS-485 Mode : MCR[LEV_RTS] =0

T _Isk‘fi"t”|Do|D1|Dz|D3|D4|D5|Ds|D7|

MCR [RTS_ST] J
RS-485 Mode : MCR[LEV_RTS] = 1
Start
I _I bit
MCR [RTS_ST] —|

[8:2] Reserved Reserved

DO|D1|D2|D3|D4|D5|DG|D7|

nRTS (Request-To-Send) Signal

0 = Drive nRTS pin to logic 1 (If the LEV_RTS set to low level triggered).
[1] RTS 1 = Drive nRTS pin to logic O (If the LEV_RTS set to low level triggered).
0 = Drive nRTS pin to logic 0 (If the LEV_RTS set to high level triggered).
1 = Drive nRTS pin to logic 1 (If the LEV_RTS set to high level triggered).

[0] Reserved Reserved
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Modem Status Register (UA MSR)

Register Offset R/W |Description Reset Value
UA_MSR UARTx_BA+0x14 |R/W [UART Modem Status Register 0x0000_0110
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved LEV_CTS
7 6 5 4 3 2 1 0
Reserved CTS_ST Reserved DCTSF
Bits Description
[31:9] Reserved Reserved
nCTS Trigger Level
This bit can change the nCTS trigger level.
8] LEV_CTS
1 = High level triggered
0 = Low level triggered
[7:5] Reserved Reserved
nCTS Pin Status (Read Only)
[4] CTS_ST
This bit is the pin status of nCTS.
[3:1] Reserved Reserved
Detect nCTS State Change Flag (Read Only)
0] DCTSE This bit is set whenever nCTS input has chapge state, and it will generate Modem
interrupt to CPU when UA_IER [MODEM_IEN] is set to 1.
Write 1 to clear this bitto O
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FIFO Status Register (UA FSR)

Register Offset R/W |Description Reset Value
UA_FSR UARTx_BA+0x18 |R/W |UART FIFO Status Register 0x1040_4000
31 30 29 28 27 26 25 24
Reserved TE_FLAG Reserved TX_OVER_IF
23 22 21 20 19 18 17 16
TX_FULL TX_EMPTY TX_POINTER
15 14 13 12 11 10 9 8
RX_FULL RX_EMPTY RX_POINTER
7 6 5 4 3 2 1 0
Reserved BIF FEF PEF RS485_ADD_ Reserved RX_OVER_IF
DETF
Bits Description
[31:29] Reserved Reserved

Transmitter Empty Flag (Read Only)

Bit is set by hardware when TX FIFO (UA_THR) is empty and the STOP bit of the
[28] TE_FLAG last byte has been transmitted.

Bit is cleared automatically when TX FIFO is not empty or the last byte transmission
has not completed.

[27:25] Reserved Reserved

TX Overflow Error Interrupt Flag (Read Only)
If TX FIFO (UA_THR) is full, an additional write to UA_THR will cause this bit to

[24] TX_OVER_IF logic 1.
Note: This bit is read only, but can be cleared by writing ‘1’ to it.
Transmitter FIFO Full (Read Only)

23] TX FULL This bit indicates TX FIFO is full or not.
This bit is set when the number of usage in TX FIFO Buffer is equal to 16, otherwise
is cleared by hardware.
Transmitter FIFO Empty (Read Only)
This bit indicates TX FIFO is empty or not.

[22] TX_EMPTY . . .
When the last byte of TX FIFO has been transferred to Transmitter Shift Register,
hardware sets this bit high. It will be cleared when writing data into THR (TX FIFO not
empty).
TX FIFO Pointer (Read Only)
This field indicates the TX FIFO Buffer Pointer. When CPU writes one byte into
UA_THR, then TX_POINTER increases one. When one byte of TX FIFO is

[21:16] TX POINTER transferred to Transmitter Shift Register, then TX_POINTER decreases one.

The Maximum value shown in TX_POINTER is 15. When the using level of TX FIFO
Buffer equal to 16, the TX_FULL bit is set to 1 and TX_POINTER will show 0. As one
byte of TX FIFO is transferred to Transmitter Shift Register, the TX_FULL bit is clear
to 0 and TX_POINTER will show 15.
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Receiver FIFO Full (Read Only)
This bit initiates RX FIFO is full or not.

[15] RX_FULL
This bit is set when the number of usage in RX FIFO Buffer is equal to 16, otherwise
is cleared by hardware.
Receiver FIFO Empty (Read Only)
[14] RX EMPTY This bit initiate RX FIFO empty or not.
N When the last byte of RX FIFO has been read by CPU, hardware sets this bit high. It
will be cleared when UART receives any new data.
RX FIFO Pointer (Read Only)
This field indicates the RX FIFO Buffer Pointer. When UART receives one byte from
external device, then RX_POINTER increases one. When one byte of RX FIFO is
[13:8] RX POINTER read by CPU, then RX_POINTER decreases one.
N The Maximum value shown in RX_POINTER is 15. When the using level of RX FIFO
Buffer equal to 16, the RX_FULL bit is set to 1 and RX_POINTER will show 0. As one
byte of RX FIFO is read by CPU, the RX_FULL bit is clear to 0 and RX_POINTER
will show 15.
[7] Reserved Reserved
Break Interrupt Flag (Read Only)
This bit is set to a logic 1 whenever the received data input(RX) is held in the
6] BIF “spacing state” (logic 0) for longer than a full word transmission time (that is, the total

time of “start bit” + data bits + parity + stop bits) and is reset whenever the CPU
writes 1 to this bit.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

Framing Error Flag (Read Only)

This bit is set to logic 1 whenever the received character does not have a valid “stop
[5] FEF bit” (that is, the stop bit following the last data bit or parity bit is detected as a logic 0),
and is reset whenever the CPU writes 1 to this bit.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

Parity Error Flag (Read Only)

This bit is set to logic 1 whenever the received character does not have a valid “parity

4] PEF bit”, and is reset whenever the CPU writes 1 to this bit.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

RS-485 Address Byte Detection Flag (Read Only)

This bit sets to 1 while UA_ALT_CSR[RS485_ADD_EN] sets to 1 to enable Address
3] RS485 ADD DETF |detection mode and receive detect a data with an address bit(bit 9 ="1").

Note: This field is used for RS-485 function mode.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.

[2:1] Reserved Reserved

RX Overflow Error IF (Read Only)
This bit is set when RX FIFO overflow.

(0] RX_OVER_IF If the number of bytes of received data is greater than RX_FIFO (UA_RBR) size, 16
bytes of UART, this bit will be set.

Note: This bit is read only, but can be cleared by writing ‘1’ to it.
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Interrupt Status Control Reqgister (UA ISR)

Register Offset R/W |Description Reset Value
UA_ISR UARTx_BA+0x1C [R/W |UART Interrupt Status Register 0x0000_0002
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
LIN_INT Reserved BUF—ETRR—IN TOUT_INT |MODEM_INT| RLS_INT THRE_INT RDA_INT
7 6 5 4 3 2 1 0
LIN_IF Reserved |BUF_ERR_IF| TOUT_IF MODEM_IF RLS_IF THRE_IF RDA_IF
Bits Description
[31:16] Reserved Reserved
LIN Bus Interrupt Indicator (Read Only)
This bit is set if LIN_IEN and LIN _IF are both set to 1.
[15] LIN_INT
1 =The LIN Bus interrupt is generated
0 = No LIN Bus interrupt is generated
[14] Reserved Reserved
Buffer Error Interrupt Indicator (Read Only)
This bit is set if BUF_ERR_IEN and BUF_ERR_IF are both set to 1.
[13] BUF_ERR_INT
1 = Buffer error interrupt is generated
0 = No buffer error interrupt is generated
Time Out Interrupt Indicator (Read Only)
This bit is set if TOUT_IEN and TOUT_IF are both set to 1.
[12] TOUT_INT
1 = Tout interrupt is generated
0 = No Tout interrupt is generated
MODEM Status Interrupt Indicator (Read Only)
This bit is set if MODEM_IEN and MODEM_IF are both set to 1.
[11] MODEM_INT
1 = Modem interrupt is generated
0 = No Modem interrupt is generated
Receive Line Status Interrupt Indicator (Read Only).
This bit is set if RLS_IEN and RLS_IF are both set to 1.
[10] RLS_INT
1 = RLS interrupt is generated
0 = No RLS interrupt is generated
Transmit Holding Register Empty Interrupt Indicator (Read Only).
[9] THRE_INT
This bit is set if THRE_IEN and THRE_IF are both set to 1.
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1 = THRE interrupt is generated
0 = No THRE interrupt is generated

Receive Data Available Interrupt Indicator (Read Only).

This bit is set if RDA_IEN and RDA_IF are both set to 1.

[8] RDA_INT
1 = RDA interrupt is generated
0 = No RDA interrupt is generated
LIN Bus Flag (Read Only)
This bit is set when LIN slave header detect (LINS_HDET_F=1), LIN break detect
(LIN_BKDET_F=1), bit error detect (BIT_ERR_F=1), LIN slave ID parity error
[7] LIN_IF (LINS_IDPERR_F) or LIN slave header error detect (LINS_HERR_F) If UA_IER
[LIN_IEN] is enabled the LIN interrupt will be generated.
Note: This bit is cleared when LINS_HDET_F, LIN_BKDET_F, BIT_ERR_F,
LINS_IDPENR_F and LINS_HERR_F all are cleared
[6] Reserved Reserved
Buffer Error Interrupt Flag (Read Only)
This bit is set when the TX or RX FIFO overflows or Break Interrupt Flag or Parity
(5] BUF_ERR_IF Error Flag or Frame Error Flag (TX_OVER_IF or RX_OVER_IF or BIF or PEF or
FEF) is set. When BUF_ERR_IF is set, the transfer is not correct. If UA_IER
[BUF_ERR_IEN] is enabled, the buffer error interrupt will be generated.
Time Out Interrupt Flag (Read Only)
This bit is set when the RX FIFO is not empty and no activities occurred in the RX
[4] TOUT_IF FIFO and the time out counter equal to TOIC. If UA_IER [TOUT_IEN] is enabled, the
Tout interrupt will be generated.
Note: This bit is read only and user can read UA_RBR (RX is in active) to clear it.
MODEM Interrupt Flag (Read Only)
This bit is set when the nCTS pin has state change (DCTSF=1). If UA_IER
[3] MODEM_IF [MODEM_IEN] is enabled, the Modem interrupt will be generated.
Note: This bit is read only and reset to O when bit DCTSF is cleared by a write 1 on
DCTSF.
Receive Line Interrupt Flag (Read Only).
This bit is set when the RX receive data have parity error, frame error or break error
(at least one of 3 bits, BIF, FEF and PEF, is set). If UA_IER [RLS_IEN] is enabled,
the RLS interrupt will be generated.
(2] RLS_IF Note: In RS-485 function mode, this field is set include “receiver detect and received
address byte character (bit9 = ‘1) bit". At the same time, the bit of
UA_FSR[RS485_ADD_DETF]is also set.
Note: This bit is read only and reset to O when all bits of BIF, FEF and PEF are
cleared.
Transmit Holding Register Empty Interrupt Flag (Read Only).
This bit is set when the last data of TX FIFO is transferred to Transmitter Shift
[1] THRE_IF Register. If UA_IER [THRE_IEN] is enabled, the THRE interrupt will be generated.
Note: This bit is read only and it will be cleared when writing data into THR (TX FIFO
not empty).
Receive Data Available Interrupt Flag (Read Only).
When the number of bytes in the RX FIFO equals the RFITL then the RDA_IF will be
[0] RDA_IF set. If UA_IER [RDA_IEN] is enabled, the RDA interrupt will be generated.

Note: This bit is read only and it will be cleared when the number of unread bytes of
RX FIFO drops below the threshold level (RFITL).
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.. |Interrupt Indicator to
UART Interrupt Source Interrupt Enable Bit Interrupt Controller Interrupt Flag Flag Cleared by
Write ‘1’ to
LINS_HDET_F/LIN_
LIN interrupt LIN_IEN LIN_INT LIN_IF BKDET_F/BIT_ERR_
F/LINS_IDPERR_F/L
INS_HERR_F
Buffer Error Interrupt BUF_ERR_IF = Write 1’ to
(INT_BUE_ERR) P BUF_ERR_IEN BUF_ERR_INT (TX_OVER_IF or TX_OVER_IF/
- - RX_OVER_IF) RX_OVER_IF
RX Timeout Interrupt
(INT_TOUT) TOUT_IEN TOUT_INT TOUT_IF Read UA_RBR
Modem Status Interrupt MODEM_IF = s
(INT_MODEM) MODEM_IEN MODEM_INT (DCTSF) Write ‘1’ to DCTSF
RLS_IF = Write ‘1 to
Receive Line Status Interrupt RLS IEN RLS INT (BIF or FEF or PEF BIF/FEE/PEF/ RS-
(INT_RLS) - - or RS- 485_ADD_DETF
485_ADD_DETF) = -
Transmit Holding Register
Empty Interrupt THRE_IEN THRE_INT THRE_IF Write UA_THR
(INT_THRE)
Receive Data Available
Interrupt RDA_IEN RDA_INT RDA_IF Read UA_RBR
(INT_RDA)

Table 19-4 UART Interrupt Sources and Flags Table in Software Mode
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Time out Register (UA TOR)

Register Offset R/W |Description Reset Value
UA_TOR UARTx_BA+0x20 |[R/W [UART Time Out Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
DLY
7 6 5 4 3 2 1 0
TOIC
Bits Description
[31:16] Reserved Reserved

TX Delay Time Value

This field is used to programming the transfer delay time between the last stop bit and
next start bit.

[15:8] DLY

TX | Byte (i Byte (i+1
yte (i) LY yte (i+1)
Start Stop Start

Time Out Interrupt Comparator

The time out counter resets and starts counting (the counting clock = baud rate)
whenever the RX FIFO receives a new data word. Once the content of time out
counter (TOUT_CNT) is equal to that of time out interrupt comparator (TOIC), a
[7:0] TOIC receiver time out interrupt (INT_TOUT) is generated if UA_IER [TOUT_IEN] enabled. A
new incoming data word or RX FIFO empty will clear INT_TOUT. In order to avoid
receiver time out interrupt generation immediately during one character is being
received, TOIC value should be set between 40 and 255. So, for example, if TOIC is
set with 40, the time out interrupt is generated after four characters are not received
when 1 stop bit and no parity check is set for UART transfer.
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Baud Rate Divider Reqgister (UA BAUD)

Register Offset R/W |Description Reset Value
UA_BAUD UARTx_BA+0x24 |R/W [UART Baud Rate Divisor Register 0xOF00_0000
31 30 29 28 27 26 25 24
Reserved DIV_X_EN | DIV_X_ONE DIVIDER_X
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
BRD
7 6 5 4 3 2 1 0
BRD
Bits Description
[31:30] Reserved Reserved
Divider X Enable
The BRD = Baud Rate Divider, and the baud rate equation is
Baud Rate = Clock / [M * (BRD + 2)]; The default value of M is 16.
[29] DIV_X_EN 1 = Divider X Enabled (the equation of M = X+1, but DIVIDER_X [27:24] must >= 8).
0 = Divider X Disabled (the equation of M = 16)
Refer to Table 19-1 for more information.
Note: In IrDA mode, this bit must disable.
Divider X Equal to 1
28] DIV_X_ONE 1 = Divider M = 1 (the equation of M = 1, but BRD [15:0] must >= 3).
0 = Divider M = X (the equation of M = X+1, but DIVIDER_X[27:24] must >= 8)
Refer to Table 19-1 for more information.
Divider X
[27:24] DIVIDER_X
The baud rate divider M = X+1.
[23:16] Reserved Reserved
Baud Rate Divider
[15:0] BRD
The field indicates the baud rate divider
Mode DIV_X_EN DIV_X_ONE DIVIDER X BRD Baud rate equation
0 Disable 0 Don’t care A UART_CLK/[16 * (A+2)]
1 Enable 0 B A UART_CLK/[(B+1) * (A+2)] , B must >= 8
2 Enable 1 Don’t care A UART_CLK / (A+2), A must >=3
Table 19-5 Baud Rate Equation Table
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IrDA Control Register (IRCR)

Register Offset R/W |Description Reset Value
UA_IRCR UARTx_BA+0x28 |R/W [UART IrDA Control Register 0x0000_0040
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved INV_RX INV_TX Reserved TX_SELECT | Reserved
Bits Description
[31:7] Reserved Reserved
INV_RX
[6] INV_RX 1 = Inverse RX input signal
0 = No inversion
INV_TX
[5] INV_TX 1 = Inverse TX output signal
0 = No inversion
[4:2] Reserved Reserved
TX_SELECT
[1] TX_SELECT 1 = IrDA transmitter Enabled
0 = IrDA receiver Enabled
[0] Reserved Reserved

Note: In IrDA mode, the UA_BAUD [DIV_X_EN] register must be disabled (the baud equation must be Clock / 16 * (BRD)
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UART Alternate Control/Status Reqgister (UA ALT CSR)

Register Offset R/W |Description Reset Value
UA_ALT_CSR |UARTx_BA+0x2C |R/W |UART Alternate Control/Status Register 0x0000_0000
31 30 29 28 27 26 25 24
ADDR_MATCH
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
RS482NADD— Reserved RS485_AUD | RS485_AAD |RS485_NMM
7 6 5 4 3 2 1 0
LIN_TX_EN | LIN_RX_EN Reserved LIN_BKFL
Bits Description

Address Match Value Register
[31:24] ADDR_MATCH  |This field contains the RS-485 address match values.

Note: This field is used for RS-485 auto address detection mode.

[23:16] Reserved Reserved

RS-485 Address Detection Enable

This bit is used to enable RS-485 Address Detection mode.
[15] RS485_ADD_EN |1 = Address detection mode Enabled

0 = Address detection mode Disabled

Note: This field is used for RS-485 any operation mode.

[14:11] Reserved Reserved

RS-485 Auto Direction Mode (AUD)

1 = RS-485 Auto Direction Operation mode (AUO) Enabled
[10] RS485_AUD
0 = RS-485 Auto Direction Operation mode (AUO) Disabled

Note: It can be active with RS-485_AAD or RS-485_NMM operation mode.

RS-485 Auto Address Detection Operation Mode (AAD)

1 = RS-485 Auto Address Detection Operation mode (AAD) Enabled
[ RS485_AAD
0 = RS-485 Auto Address Detection Operation mode (AAD) Disabled

Note: It cannot be active with RS-485_NMM operation mode.

RS-485 Normal Multi-drop Operation Mode (NMM)

1 = RS-485 Normal Multi-drop Operation mode (NMM) Enabled
[8] RS485_NMM
0 = RS-485 Normal Multi-drop Operation mode (NMM) Disabled

Note: It cannot be active with RS-485_AAD operation mode.

[7] LIN_TX_EN LIN TX Break Mode Enable
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1 = LIN TX Break mode Enabled
0 = LIN TX Break mode Disabled

Note: When TX break field transfer operation finished, this bit will be cleared
automatically.

LIN RX Enable
[6] LIN_RX_EN 1 = LIN RX mode Enabled
0 = LIN RX mode Disabled

[5:4] Reserved Reserved

UART LIN Break Field Length
This field indicates a 4-bit LIN TX break field count.
Notel: This break field length is UA_LIN_BKFL + 1

[3:0] LIN_BKFL

Note2: According to LIN spec, the reset value is OxC (break field length = 13).
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UART Function Select Register (UA FUN SEL)

Register Offset R/W |Description Reset Value
UA_FUN_SEL |UARTx_BA+0x30 [R/W |UART Function Select Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved FUN_SEL
Bits Description
[31:2] Reserved Reserved
Function Select Enable
00 = UART function Enabled
[1:0] FUN_SEL 01 = LIN function Enabled
10 = IrDA function Enabled
11 = RS-485 function Enabled
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UART LIN Control Register (UA LIN CTL)

Register Offset R/W |Description Reset Value
UA_LIN_CTL |UARTx_BA+0x34 [R/W |UART LIN Control Register 0x000C_0000
31 30 29 28 27 26 25 24
LIN_PID
23 22 21 20 19 18 17 16
LIN_HEAD_SEL LIN_BS_LEN LIN_BKFL
15 14 13 12 11 10 9 8
Reserved BIT_ERR_EN| LIN_RX_DIS LIN—?EKNDET— LIN_IDPEN LIN_SHD
7 6 5 4 3 2 1 0
Reserved LIN_MUTE_E|LINS_DUM_E|LINS_ARS_E |LINS_HDET_ LINS_EN
N N N EN
Bits Description
LIN PID Register
This field contains the LIN frame ID value when in LIN function mode, the frame 1D
parity can be generated by software or hardware depends on UA_LIN_CTL
[LIN_IDPEN].
If the parity generated by hardware (UA_LIN_CTL [LIN_IDPEN] = 1), user fill IDO~ID5,
(LIN_PID[24:29]hardware will calculate PO(LIN_PID[30]) and P1(LIN_PID[31]),
otherwise user must filled frame ID and parity in this field.
[31:24] LIN_PID
PID Start | 1DO | D1 D2 ID3 | ID4 D5 PO P1
FO = 1D0 xor ID1 xor ID2 xor ID4
P1 = ~(ID1 xor ID3 xor D4 xor ID5)
Notel: User can filled any 8-bit value to this field and the bit 24 indicates IDO (LSB
first)
Note2: This field can be used for LIN master mode or slave mode.
LIN Header Select
00 = The LIN header includes “break field”.
01 = The LIN header includes “break field” and “sync field”.
[23:22] LIN_HEAD_SEL |10 = The LIN header includes “break field”, “sync field” and “frame ID field”.
11 = Reserved.
Note: This bit is used to master mode for LIN to sending header field (LIN_SHD = 1) or
used to slave to indicates exit from mute mode condition(LIN_MUTE_EN).
LIN Break/Sync Delimiter Length
00 = The LIN break/sync delimiter length is 1 bit time.
[21:20] LIN_BS_LEN
10 = The LIN break/sync delimiter length is 2 bit time.
10 = The LIN break/sync delimiter length is 3 bit time.
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11 = The LIN break/sync delimiter length is 4 bit time.

| Header

Synch field Protected Ildentifier field

Break Field
«—> ©
Break/Sync Inter-byte spaces
Delimiter Length

Note: This bit used for LIN master to sending header field.

LIN Break Field Length
This field indicates a 4-bit LIN TX break field count.
Notel: These registers are shadow registers of UA_ALT_CSR [LIN_BKFL], User can

(19:16] LIN_BKFL read/write it by setting UA_ALT_CSR [LIN_BKFL] or UA_LIN_CTL [LIN_BKFL].
Note2: This break field length is LIN_BKFL + 1.
Note3: According to LIN spec, the reset value is 0XC (break field length = 13).
[15:13] Reserved Reserved
Bit Error Detect Enable
1 = Bit error detection Enabled.
(12] BIT_ERR_EN 0 = Bit error detection function Disabled.
Note: In LIN function mode, when occur bit error, the UA_LIN_SR [BIT_ERR_F] flag
will be asserted. If the UA_IER[LIN_IEN] = 1, an interrupt will be generated.
If the receiver is be enabled (LIN_RX_DIS = 0), all received byte data will be accepted
and stored in the RX-FIFO, and if the receiver is disabled (LIN_RX_DIS = 1), all
received byte data will be ignore.
[11] LIN RX DIS 1 = Bit error detection Enabled.

0 = Error detection function Disabled.

Note: This bit is only valid when operating in LIN function mode
(UA_FUN_SEL[FUN_SEL] =01)

LIN Break Detection Enable

When detect consecutive dominant greater than 11 bits, and are followed by a
delimiter character, the LIN_BKDET_F flag is set in UA_LIN_SR register at the end of
[10] LIN_BKDET_EN |break field. If the UA_IER [LIN_IEN] =1, an interrupt will be generated.

1 = LIN break detection Enabled.
0 = LIN break detection. Disabled

LIN ID Parity Enable
1 = LIN frame ID parity Enabled.
0 = LIN frame ID parity Disabled.

[9] LIN_IDPEN Notel: This bit can be used for LIN master to sending header field (LIN_SHD = 1 and
LIN_HEAD_SEL = 10) or be used for enable LIN slave received frame ID parity
checked.

Note2: This bit is only use when operation header transmitter is in LIN_HEAD_SEL =
10.

LIN TX Send Header Enable

The LIN TX header can be “break field” or “break and sync field” or “break, sync and
frame ID field”, it is depend on setting LIN_HEAD_SEL register.

1 =Send LIN TX header Enabled.

8] LIN_SHD
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0 = Send LIN TX header Disabled.

Notel: These registers are shadow registers of UA_ALT_CSR [LIN_SHD]; user can
read/write it by setting UA_ALT_CSR [LIN_SHD] or UA_LIN_CTL [LIN_SHD].

Note2: When transmitter header field (it may be “break” or “break + sync” or “break +
sync + frame ID” selected by LIN_HEAD_SEL field) transfer operation finished, this bit
will be cleared automatically.

[7:5] Reserved Reserved

LIN Mute Mode Enable
1 = LIN mute mode Enabled.
(4] LIN_MUTE_EN 0 = LIN mute mode Disabled.

Note: The exit from mute mode condition and each control and interactions of this field
are explained in LIN slave mode.

LIN Slave Divider Update Method Enable

1 = UA_BAUD is updated at the next received character. User must set the bit before
checksum reception.

0 = UA_BAUD is updated as soon as UA_BAUD is writing by software (if no automatic
resynchronization update occurs at the same time)

3] LINS_DUM_EN
Notel: This bit only valid when in LIN slave mode (LINS_EN = 1).
Note2: This bit used for LIN slave automatic resynchronization mode. (for non-
automatic resynchronization mode, this bit should be kept cleared)
Note3: The control and interactions of this field are explained in Slave mode with
automatic resynchronization.
LIN Slave Automatic Resynchronization Mode Enable
1 = LIN automatic resynchronization Enabled.
0 = LIN automatic resynchronization Disabled.

2] LINS_ARS_EN Notel: This bit only valid when in LIN slave mode (LINS_EN = 1).
Note2: When operation in automatic resynchronization mode, the baud rate setting
must be mode2 (UA_BAUD [DIV_X_EN] and UA_BAUD [DIV_X_ONE] must be 1).
Note3: The control and interactions of this field are explained in Slave mode with
automatic resynchronization.
LIN Slave Header Detection Enable
1 = LIN slave header detection Enabled.
0 = LIN slave header detection Disabled.

1 LINS_HDET_EN

1] - - Notel: This bit only valid when in LIN slave mode (LINS_EN = 1).
Note2: In LIN function mode, when detect header field (break + sync + frame ID),
UA_LIN_SR [LINS_HDET_F] flag will be asserted. If the UA_IER[LIN_IEN] = 1, an
interrupt will be generated.
LIN Slave Mode Enable

[0] LINS_EN 1 = LIN slave mode Enabled.

0 = LIN slave mode Disabled.
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UART LIN Status Register (UA LIN SR)

Register Offset R/W |Description Reset Value
UA_LIN_SR UARTx_BA+0x38 [R/W [UART LIN Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved BIT_ERR_F LIN—B::(DET—
7 6 5 4 3 2 1 0
Reserved LINS_SYNC_ | LINS_IDPER [LINS_HERR_|LINS_HDET_
F R F F F

Bits Description
[31:10] Reserved Reserved
Bit Error Detect Status Flag (Read Only)
At TX transfer state, hardware will monitoring the bus state, if the input pin (SIN) state
not equals to the output pin (SOUT) state, BIT_ERR_F will be set.
[9] BIT_ERR_F When occur bit error, if the UA_IER[LIN_IEN] = 1, an interrupt will be generated.
Notel: This bit is read only, but it can be cleared by writing 1 to it.
Note2: This bit is only valid when enable bit error detection function (UA_LIN_CTL
[BIT_ERR_EN] ==1).
LIN Break Detection Flag (Read Only)
This bit is set by hardware when a break is detected and be cleared by software writing
ltoit.
1 = LIN break detected.
[8] LIN_BKDET_F
0 = LIN break not detected.
Notel: This bit is read only, but it can be cleared by writing 1 to it.
Note2: This bit is only valid when enable LIN break detection function (UA_ALT_CSR
[LIN_BKDET_EN])
[7:4] Reserved Reserved
LIN Slave Sync Field
This bit indicates that the LIN sync field is being analyzed in automatic
resynchronization mode. When the receiver header have some error been detect, user
must to reset the internal circuit to re-search new frame header by writing 1 to this bit.
i3] LINS SYNC E |1 =The current character is at LIN sync state.
0 = The current character is not at LIN sync state.
Notel: This bit only valid when in LIN slave mode (LINS_EN = 1).
Note2: This bit is read only, but it can be cleared by writing 1 to it.
Note3: When user writing 1 to it, hardware will reload the initial baud-rate and re-
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search new frame header/
LIN Slave ID Parity Error Flag (Read Only)
This bit is set by hardware when receipted frame 1D parity is not correct.
1 = Receipted frame ID parity is not correct.

[2] LINS_IDPERR_F |0 = no active.
Notel: This bit is read only, but it can be cleared by writing 1 to it.
Note2: This bit is only valid when in LIN slave mode (UA_LIN_CTL [LINS_EN] = 1) and
enable LIN frame ID parity check function (UA_LIN_CTL [LIN_IDPEN])
LIN Slave Header Error Flag (Read Only)
This bit is set by hardware when a LIN header error is detected in LIN slave mode and
be cleared by writing 1 to it. The header errors include “break delimiter is too short”,
“frame error in sync field or Identifier field”, “sync field data is not 0x55 without
automatic resynchronization mode”, “sync field deviation error with automatic
resynchronization mode”, “sync field measure time-out with automatic

1] LINS HERR F resynchronization mode” and “LIN header reception time-out”.
1 = LIN header error detected.
0 = LIN header error not detected.
Notel: This bit is read only, but it can be cleared by writing 1 to it.
Note2: This bit is only valid when in LIN slave mode (UA_LIN_CTL [LINS_EN] = 1) and
enable LIN slave header detection function (UA_LIN_CTL [LINS_HDET_EN])
LIN Slave Header Detection Flag (Read Only)
This bit is set by hardware when a LIN header is detected in LIN slave mode and be
cleared by writing 1 to it.
1 = LIN header detected (break + sync + frame ID).
0 = LIN header not detected.

0 LINS_HDET_F . . " .

(0] - - Notel: This bit is read only, but it can be cleared by writing 1 to it.
Note2: This bit is only valid when in LIN slave mode (UA_LIN_CTL [LINS_EN] =1) and
enable LIN slave header detection function (UA_LIN_CTL [LINS_HDET_EN])
Note3: When enable ID parity check (UA_LIN_CTL [LIN_IDPEN] = 1), if hardware
detect complete header (“break + sync + frame 1D”), the LINS_HEDT_F will be set
weather the frame ID correct or not.
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20 SERIAL PERIPHERAL INTERFACE (SPI)

20.1 Overview

The Serial Peripheral Interface (SPI) is a synchronous serial data communication protocol that
operates in full duplex mode. Devices communicate in Master/Slave mode with the 4-wire bi-
direction interface. The NuMicro™ NM15xx series contains up to three sets of SPI controllers
performing a serial-to-parallel conversion on data received from a peripheral device, and a
parallel-to-serial conversion on data transmitted to a peripheral device. Each set of SPI controller
can be configured as a master or a slave device.

20.2 Features
® Up to three sets of SPI controller

Supports Master or Slave mode operation

Configurable bit length of a transfer word from 8 to 32-bit

Provides separate 8-layer depth transmit and receive FIFO buffers
Supports MSB first or LSB first transfer sequence

Supports the byte reorder function

Supports Byte or Word Suspend mode

Supports 3-wire, no slave select signal, bi-direction interface
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20.3 Block Diagram

—»
Status/Control
- Register <—>|:| SPI_CLK
APB ¢
Interface
Control
SYNC Gray - SPI SS
Control Codec B
Engine CLock —> «+.— PIO <—>| SPI_MOSI
9 > Core Logic
—>
8 Level TX Buffer ——»
<—>|:| SPI_MISO
[
8 Level RX Buffer l4——
r—
[

Figure 20-1 SPI Block Diagram
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20.4 Functional Description
SPI Engine Clock and SPI Serial Clock

The SPI controller needs the SPI engine clock to drive the SPI logic unit to perform the data
transfer. The SPI engine clock rate is determined by the settings of clock source and clock divisor.
The SPI_SS hit of CLKSEL1 register determines the clock source of the SPI engine clock. The
clock source can be HCLK or PLL output clock. The DIVIDER setting of SPI_DIVIDER register
determines the divisor of the clock rate calculation.

In Master mode, the output frequency of the SPI serial clock output pin is equal to the SPI engine
clock rate. In general, the SPI serial clock denotes as SPI clock. In Slave mode, the SPI serial
clock is provided by an off-chip master device. The SPI engine clock rate of slave device must be
faster than the SPI serial clock rate of the master device connected together. The frequency of
SPI engine clock cannot be faster than the APB clock rate regardless of Master or Slave mode.

Master/Slave Mode

The SPI controller can be set as Master or Slave mode by setting the SLAVE bit
(SP1_CNTRL][18]) to communicate with the off-chip SPI Slave or Master device. The application
block diagrams in Master and Slave mode are shown below.

SPI_CLK p SCLK
SPI_MISO |« MISO
SPI Controller S| 0
Master ave
SPI_MOSI p MOSI
SPI_SS p SS

Figure 20-2 SPI Master Mode Application Block Diagram

SP|_CLK |- SCLK
SPI_MISO p» MISO
SPI Controller Mast
Slave aster
SPI_MOSI |= MOSI
SPI_SS (= SS

Figure 20-3 SPI Slave Mode Application Block Diagram

Slave Selection
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In Master mode, this SPI controller can drive one slave devices through the slave select output
pin SPI_SS. In Slave mode, the off-chip master device drives the slave select signal from the
SPI_SS input port to this SPI controller. In Master/Slave mode, the active state of slave select
signal can be programmed to low or high active in SS_LVL bit (SPI_SSR[2]), and the SS_LTRIG
bit (SPI_SSRJ[4]) defines the slave select signal SPI_SS is level-triggered or edge-triggered. The
selection of trigger conditions depends on what type of peripheral slave/master device is
connected.

In Slave mode, if the SS_LTRIG bit is configured as level trigger, the LTRIG_FLAG bit
(SPI_SSRI[5]) is used to indicate if the received bits among one transaction meets the
requirement defined in TX_BIT_LEN.

Level-trigger/Edge-trigger

In Slave mode, the slave select signal can be configured as level-trigger or edge-trigger. For
edge-trigger, the data transfer starts from an active edge and ends on an inactive edge. If the
master does not send an inactive edge to slave, the transfer procedure will not be completed and
the unit transfer interrupt flag of slave will not be set. In level-trigger, the following two conditions
will terminate the transfer procedure and the unit transfer interrupt flag of slave will be set. The
first condition is that if the number of transferred bits matches the settings of TX_BIT_LEN, the
unit transfer interrupt flag of slave will be set. As to the second condition, if the master set the
slave select pin to inactive level during the transfer is in progress, it will force slave device to
terminate the current transfer no matter how many bits have been transferred and the unit transfer
interrupt flag will be set. User can read the status of LTRIG_FLAG bit to see if the data has been
completely transferred.

Automatic Slave Selection

In Master mode, if the bit AUTOSS (SPI_SSRJ3]) is set, the slave select signals will be generated
automatically and output to the SPI_SS pin according to whether SSR (SPI_SSR[0]) is enabled or
not. This means that the slave select signal, which is selected in SSR, will be asserted by the SPI
controller when the SPI data transfer is started by setting the GO_BUSY bit (SPI_CNTRL[0]) and
will be de-asserted after the data transfer is finished. If the AUTOSS bit is cleared, the slave
select output signal will be asserted/de-asserted by manual setting/clearing the related bit of
SPI_SSR[0]. The active state of the slave select output signal is specified in SS_LVL bit
(SPI_SSRJ[2)).

In Master mode, if the value of SP_CYCLE[3:0] is less than 3 and the AUTOSS is set as 1, the
slave select signal will be kept in active state between two successive transactions.

In Slave mode, to recognize the inactive state of the slave select signal, the inactive period of the
slave select signal must be larger than or equal to 6 engine clock periods between two successive
transactions.

Clock Polarity

The CLKP bit (SPI_CNTRL[11]) defines the SPI clock idle state. If CLKP = 1, the SPI clock is idle
at high state; if CLKP = 0, it is idle at low state.
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Transmit/Receive Bit Length

The bit length of a transaction word is defined in TX_BIT_LEN bit field (SPI_CNTRL[7:3]) and
can be configured up to 32-bit length in a transaction word for transmitting and receiving.

SPI_SS \ —
SPI_MISO X &”05[51] TX0[30] >G\ X TX0[16] X TXO[lS]X TXO0[14] >G\ X T;%‘[?‘O]
SPI_MOSI X Rwo(a1] |, RXO130] >G\ X RXO[16] X RXO[15] X RXO[14] >G\ X R

Figure 20-4 32-Bit in One Transaction

LSB/MSB First

The LSB bit (SPI_CNTRL[10]) defines the bit transfer sequence in a transaction. If the LSB bit is
set to 1, the transfer sequence is LSB first. The bit O will be transferred firstly. If the LSB bit is
cleared to 0, the transfer sequence is MSB first.

Transmit Edge

The TX_NEG bit (SPI_CNTRL[2]) defines the data transmitted out either on negative edge or on
positive edge of SPI clock.

Receive Edge

The Rx_NEG bit (SPI_CNTRLJ[1]) defines the data received either on negative edge or on positive
edge of SPI clock.

Note: The settings of TX_NEG and RX_NEG are mutual exclusive. In other words, do not
transmit and receive data at the same clock edge.

Word Suspend

The four bit fields of SP_CYCLE (SPI_CNTRL[15:12]) provide a configurable suspend interval,
0.5 ~ 15.5 SPI clock periods, between two successive transaction words in Master mode. The
definition of the suspend interval is the interval between the last clock edge of the preceding
transaction word and the first clock edge of the following transaction word. The default value of
SP_CYCLE is 0x3 (3.5 SPI clock cycles). This SP_CYCLE setting will not take effect to the word
suspend interval if FIFO mode is disabled by software.
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Byte Reorder

When the transfer is set as MSB first (LSB = 0) and the REORDER bit is set to 1, the data stored
in the TX buffer and RX buffer will be rearranged in the order as [BYTEO, BYTEL, BYTE2,
BYTE3J] in 32-bit Transfer mode (TX_BIT_LEN = 0). The sequence of transmitted/received data
will be BYTEO, BYTEL, BYTE2, and then BYTES3. If the TX BIT_LEN is set as 24-bit transfer
mode, the data in TX buffer and RX buffer will be rearranged as [unknown byte, BYTEO, BYTEL1,
BYTEZ2]. The SPI controller will transmit/receive data with the sequence of BYTEO, BYTE1 and
then BYTEZ2. Each byte will be transmitted/received with MSB first. The rule of 16-bit mode is the
same as above. Byte reorder function is only available when TX_BIT_LEN is configured as 16,
24, and 32 bits.

SPI_TXO0/SPI_RX0 TX/RX Buffer
i LSB = 0 (MSB first) _
—> MSB first & REORDER = 1 —> MSB first
Byte3 | Byte2 | Bytel | ByteO | ByteO | Bytel | Byte2 | Byte3

TX_BIT_LEN = 32 bits

— MSB first
nn | ByteO | Bytel | Byte2

TX_BIT_LEN = 24 bits

> MSB first
nn nn | ByteO | Bytel

TX_BIT_LEN = 16 bits

nn = unknown byte

Figure 20-5 Byte Reorder Function
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Byte Suspend

In Master mode, if SPI_CNTRL[19] is set to 1, a suspend interval of 0.5 ~ 15.5 SPI clock periods
will be inserted by hardware between two successive bytes in a transaction word. Both settings of
byte suspend interval and word suspend interval are configured in SP_CYCLE.

Suspend Suspend
¢ Interval Interval

SRS € G (1 G G G (i
ST o) oo (I ) ) G (e )

|<— 1st Transaction Byte —>| |<— 2nd Transaction Byte —>|

I< Transferword — — — — — — — — —

SPI_CLK

Figure 20-6 Timing Waveform for Byte Suspend

3-Wire Mode

When the NOSLVSEL bit is set by software to enable the Slave 3-wire mode, the SPI controller
can work with no slave select signal in Slave mode. The NOSLVSEL bit only takes effect in Slave
mode. Only three pins, SPI_CLK, SPI_MISO, and SPI_MOSI, are required to communicate with a
SPI master. The SPI_SS pin can be configured as a GPIO. When the NOSLVSEL bit is set to 1,
the SPI slave will be ready to transmit/receive data after the GO_BUSY bit is set to 1. In Slave 3-
wire mode, the SS_LTRIG, SPI_SSRJ[4], should be set as 1.
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FIFO Mode

The SPI controller supports FIFO mode when the FIFO bit in SPI_CNTRL[21] is set as 1. The SPI
controllers equip with eight 32-bit wide transmit and receive FIFO buffers.

The transmit FIFO buffer is an 8-layer depth, 32-bit wide, first-in, first-out register buffer. Data can
be written to the transmit FIFO buffer through software by writing the SPI_TX register. The data
stored in the transmit FIFO buffer will be read and sent out by the transmission control logic. If the
8-layer transmit FIFO buffer is full, the TX_FULL bit will be set to 1. When the SPI transmission
logic unit draws out the last datum of the transmit FIFO buffer, so that the 8-layer transmit FIFO
buffer is empty, the TX_EMPTY bit will be set to 1. Notice that the TX_EMPTY flag is set to 1
while the last transaction is still in progress. In Master mode, both the GO_BUSY bit and
TX_EMPTY bit should be checked by software to make sure whether the SPI is in idle or not.

The received FIFO buffer is also an 8-layer depth, 32-bit wide, first-in, first-out register buffer. The
receive control logic will store the received data to this buffer. The FIFO buffer data can be read
from SPI_RX register by software. There are FIFO related status bits, like RX_EMPTY and
RX_FULL, to indicate the current status of FIFO buffer.

In FIFO mode, the transmitting and receiving threshold can be set through software by setting the
TX_THRESHOLD and RX_THRESHOLD settings. When the count of valid data stored in transmit
FIFO buffer is less than or equal to TX_THRESHOLD setting, the TX_INTSTS bit will be set to 1.
When the count of valid data stored in receive FIFO buffer is larger than RX_THRESHOLD
setting, the RX_INTSTS bit will be set to 1.

In FIFO mode, 8 data can be written to the SPI transmit FIFO buffer by software in advance.
When the SPI controller operates with FIFO mode, the GO_BUSY bit of SPI_CNTRL register will
be controlled by hardware, and the content of SPI_CNTRL register should not be modified by
software unless the FIFO bit is cleared to disable FIFO mode.

Write

SPI_TX Buffer

MOSI Pin in Master Mode @

or IEZ|<— Transmit Buffer 0 il
n

MISO Pin in Slave Mode \

APB
n
MISO Pin in Master Mode = 3
or IEZ'—» Receive Buffer 0 i
MOSI Pin in Slave Mode
Read
SPI_RX Buffer

Figure 20-7 FIFO Mode Block Diagram

In Master mode, when the FIFO bit is set to 1 and the first datum is written to the SPI_TX register,
the TX_EMPTY flag will be cleared to 0. The transmission immediately starts as long as the
transmit FIFO buffer is not empty. User can write the next data into SPI_TX register immediately.
The SPI controller will insert a suspend interval between two successive transactions in FIFO
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mode and the period of suspend interval is decided by the setting of SP_CYCLE (SPI_CNTRL
[15:12]). User can write data into SP1_TX register as long as the TX_FULL flag is 0.

The subsequent transactions will be triggered automatically if the transmitted data are updated in
time. If the SPI_TX register does not be updated after all data transfer are done, the transfer will
stop.

In Master mode, during receiving operation, the serial data are received from SPI_MISOO0/1 pin
and stored to receive FIFO buffer. The RX_EMPTY flag will be cleared to 0 while the receive
FIFO buffer contains unread data. The received data can be read by software from SPI_RX
register as long as the RX_EMPTY flag is 0. If the receive FIFO buffer contains 8 unread data, the
RX_FULL flag will be set to 1. The SPI controller will stop receiving data until the SPI_RX register
is read by software.

In Slave mode, when the FIFO bit is set as 1, the GO_BUSY bit will be set as 1 by hardware
automatically.

In Slave mode, during transmission operation, when data is written to the SPI_TX register by
software, the data will be loaded into transmit FIFO buffer and the TX_EMPTY flag will be set to
0. The transmission will start when the slave device receives clock signal from master. Data can
be written to SPI_TX register as long as the TX_FULL flag is 0. After all data have been drawn
out by the SPI transmission logic unit and the SPI_TX register is not updated by software, the
TX_EMPTY flag will be set to 1.

In Slave mode, during receiving operation, the serial data is received from SPI_MOSI pin and
stored to SPI_RX register. The reception mechanism is similar to Master mode reception
operation.
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Interrupt

B SPI unit transfer interrupt
As the SPI controller finishes a unit transfer, the unit transfer interrupt flag IF (SPI_CNTRL[16])
will be set to 1. The unit transfer interrupt event will generate an interrupt to CPU if the unit
transfer interrupt enable bit IE (SPI_CNTRL[17]) is set. The unit transfer interrupt flag can be
cleared only by writing 1 to it.

B SPI slave 3-wire mode start interrupt

In 3-wire mode, the slave 3-wire mode start interrupt flag, SLV_START_INTSTS, will be set to 1
when the slave senses the SPI clock signal. The SPI controller will issue an interrupt if the
SSTA_INTEN is set to 1. If the count of the received bits is less than the setting of TX_BIT_LEN
and there is no more SPI clock input over the expected time period which is defined by the user,
the user can set the SLV_ABORT bit to abort the current transfer. The unit transfer interrupt flag,
IF, will be set to 1 if the software set the SLV_ABORT bit.

B Receive FIFO time out interrupt

In FIFO mode, there is time out function to inform user. If there is a received data in the FIFO and
it does not be read by software over 64 SPI engine clock periods in Master mode or over 576 SPI
engine clock periods in Slave mode, it will send a time out interrupt to the system if the time out
interrupt enable bit, FIFO_CTL[21], is set to 1.

B Transmit FIFO interrupt

In FIFO mode, if the valid data count of the transmit FIFO buffer is less than or equal to the
setting value of TX_THRESHOLD, the transmit FIFO interrupt flag will be set to 1. The SPI
controller will generate a transmit FIFO interrupt to the system if the transmit FIFO interrupt
enable bit, SPI_FIFO_CTL[3], is setto 1.

B Receive FIFO interrupt

In FIFO mode, if the valid data count of the receive FIFO buffer is larger than the setting value of
RX_THRESHOLD, the receive FIFO interrupt flag will be set to 1. The SPI controller will generate
a receive FIFO interrupt to the system if the receive FIFO interrupt enable bit, SPI_FIFO_CTL[2],
is setto 1.
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20.5 Timing Diagram

The active state of slave select signal can be defined by setting the SS_LVL bit (SPI_SSRJ[2]) and
SS_LTRIG bit (SPI_SSR[4]). The SPI clock idle state can be configured as high or low state by
setting the CLKP bit (SPI_CNTRL][11]). It also provides the bit length of a transaction word in
TX_BIT_LEN (SPI_CNTRL[7:3]), and transmit/receive data from MSB or LSB first in LSB bit
(SPI_CNTRLJ[10]). User can also select which edge of SPI clock to transmit/receive data in
TX_NEG/RX_NEG (SPI_CNTRL][2:1]). Four SPI timing diagrams for master/slave operations and
the related settings are shown below.

SS_LvL=1 / \
SPI_SS

SS_LVL=0 \ /

CLKP=0 [ /7 N/ N /N /N [/ \ /] \

SPI_CLK
- —_
CLKP=1 /AN A O A G A U A (O A R A
SPI_MOSI >< o \ TXOE! >< TXO[5] >< TXO0[4] >< TXO[3] >< T*0[2] >< TX0[1] >< Do)
SPI_MISO >< R?(?)F?] RXO[6] >< RXO[5] >< RXO[4] >< RXO[3] >< RXO[2] >< RXO[1] >< R;%‘?O]

Master Mode: CNTRL[SLVAE]=0, CNTRL[LSB]=0, CNTRL[TX_BIT_LEN]=0x08

1. CNTRL[CLKP]=0, CNTRL[TX_NEG]=1, CNTRL[RX_NEG]=0 or
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Figure 20-8 SPI Timing in Master Mode
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Figure 20-9 SPI Timing in Master Mode (Alternate Phase of SPI_CLK)
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Figure 20-10 SPI Timing in Slave Mode
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Figure 20-11 SPI Timing in Slave Mode (Alternate Phase of SPI_CLK)
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20.6 Programming Examples
Example 1: The SPI controller is set as a master to access an off-chip slave device with the
following specifications:

Data bit is latched on positive edge of SPI clock.

Data bit is driven on negative edge of SPI clock.

Data is transferred from MSB first.

SPI_CLK is idle at low state.

Only one byte of data to be transmitted/received in a transaction.

Uses the first SPI slave select pin to connect with an off-chip slave device. The slave select
signal is active low.

The operation flow is as follows.

2) Set the DIVIDER (SPI_DIVIDER [7:0]) register to determine the output frequency of SPI
clock.

3) Write the SPI_SSR register a proper value for the related settings of Master mode:
1. Disable the Automatic Slave Select bit AUTOSS(SPI_SSRJ[3] = 0).

2. Select low level trigger output of slave select signal in the Slave Select Active Level bit
SS_LVL (SPI_SSR[2] = 0) and Slave Select Level Trigger bit SS LTRIG
(SPI_SSR[4] =1).

3. Select slave select signal to be output active at the I/O pin by setting the Slave Select
Reqister bits SSR[0] (SP1_SSR][0]) to active the off-chip slave device.

4) Write the related settings into the SPI_CNTRL register to control the SPI master actions
1. Set this SPI controller as master device in SLAVE bit (SPI_CNTRL[18] = 0).
2. Force the SPI clock idle state at low in CLKP bit (SPI_CNTRL[11] = 0).

3. Select data transmitted at negative edge of SPI clock in TX_NEG bit
(SPI_CNTRL[2] = 1).

4. Select data latched at positive edge of SPI clock in RX_NEG bit (SPI_CNTRL[1] = 0).

Set the bit length of word transfer as 8-bit in TX_BIT_LEN bit field.
(SPI_CNTRL[7:3] = Ox08).

6. Set MSB transfer first in MSB bit (SPI_CNTRL[10] = 0).

5) If this SPI master attempts to transmit (write) one byte data to the off-chip slave device, write
the byte data that will be transmitted into the SPI_TX register.

6) If this SPI master just only attempts to receive (read) one byte data from the off-chip slave
device and does not care what data will be transmitted, the SP1_TX register does not need to
be updated by software.

7) Enable the GO_BUSY bit (SPI_CNTRL [0] = 1) to start the data transfer with the SPI
interface.

8) Waiting for SPI interrupt (if the Interrupt Enable IE bit is set) or just polling the GO_BUSY bit
till it is cleared to 0 by hardware automatically.

9) Read out the received one byte data from SPI_RX[7:0].

10) Go to 4) to continue another data transfer or set SSR [0] to O to inactivate the off-chip slave
device.
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Example 2: The SPI controller is set as a slave device and connects with an off-chip master
device. The off-chip master device communicates with the on-chip SPI slave controller through
the SPI interface with the following specifications:

Data bit is latched on positive edge of SPI clock.

Data bit is driven on negative edge of SPI clock.

Data is transferred from LSB first.

SPI_CLK is idle at high state.

Only one byte of data to be transmitted/received in a transaction.

Slave select signal is high level trigger.

The operation flow is as follows.
1) Write the SPI_SSR register a proper value for the related settings of Slave mode:

Select high level and level trigger for the input of slave select signal by setting the Slave
Select Active Level bit SS_LVL (SPI_SSR[2] = 1) and the Slave Select Level Trigger bit
SS_LTRIG (SPI_SSR[4] = 1).

2) Write the related settings into the SPI_CNTRL register to control this SPI slave actions
1. Setthe SPI controller as slave device in SLAVE bit (SPI_CNTRL[18] = 1).
2. Select the SPI clock idle state at high in CLKP bit (SPI_CNTRL[11] = 1).

3. Select data transmitted at negative edge of SPI clock in TX_NEG bit (SPI_CNTRL[2]
=1).

4. Select data latched at positive edge of SPI clock in RX_NEG bit (SPI_CNTRL[1] = 0).

Set the bit length of word transfer as 8-bit in TX_BIT_LEN bit field (SPI_CNTRL[7:3]
= 0x08).

6. Set LSB transfer first in LSB bit (SPI_CNTRL[10] = 1).

3) If this SPI slave attempts to transmit (be read) one byte data to the off-chip master device,
write the byte data that will be transmitted into the SPI_TX register.

4) If this SPI slave just only attempts to receive (be written) one byte data from the off-chip
master device and does not care what data will be transmitted, the SPI_TX register does not
need to be updated by software.

5) Enable the GO_BUSY bit (SPI_CNTRL[0] = 1) to wait for the slave select trigger input and
SPI clock input from the off-chip master device to start the data transfer at the SPI interface.

6) Waiting for SPI interrupt (if the Interrupt Enable IE bit is set), or just polling the GO_BUSY bit
till it is cleared to 0 by hardware automatically.

7) Read out the received one byte data from SPI_RX[7:0].

8) Go to 3) to continue another data transfer or stop data transfer.

May 22, 2017 Page 424 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

20.7 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
SPI Base Address:
SPIO_BA = 0x4003_0000
SPI1_BA = 0x4003_4000
SPI2_BA = 0x4013_0000
SPI_CNTRL

SPIx_BA+0x00 [R/W |Control and Status Register 0x0500_3004
x=0,1,2
SPI_DIVIDER

SPIx_BA+0x04 [R/W |Clock Divider Register 0x0000_0000
x=0,1,2
SPI_SSR

SPIx_BA+0x08 |[R/W |Slave Select Register 0x0000_0000
x=0,1,2
SPI_RX

SPIx_BA+0x10 |R Data Receive Register 0x0000_0000
x=0,1,2
SPI_TX

SPIx_BA+0x20 |W Data Transmit Register 0x0000_0000
x=0,1,2
SPI_CNTRL2

SPIx_BA+0x3C |R/W |Control and Status Register 2 0x0000_1000
x=0,1,2
SPI_FIFO_CTL

SPIx_BA+0x40 [R/W |SPI FIFO Control Register 0x4400_0000
x=0,1,2
SPI_STATUS

SPIx_BA+0x44 |R/W |SPI Status Register 0x0500_0000
x=0,1,2
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20.8 Register Description

SPI Control and Status Register (SPI CNTRL)

Register Offset R/W |Description Reset Value
SPI_CNTRL |SPIx_BA+0x00 R/W [Control and Status Register 0x0500_3004
31 30 29 28 27 26 25 24
Reserved TX_FULL TX_EMPTY RX_FULL RX_EMPTY
23 22 21 20 19 18 17 16
Reserved FIFO Reserved REORDER SLAVE IE IF
15 14 13 12 11 10 9 8
SP_CYCLE CLKP LSB Reserved
7 6 5 4 3 2 1 0
TX_BIT_LEN TX_NEG RX_NEG GO_BUSY
Bits Description
[31:28] Reserved Reserved
Transmit FIFO Buffer Full Indicator (Read Only)
It is a mutual mirror bit of SPI_STATUS[27].
[27] TX_FULL
1 = Transmit FIFO buffer is full.
0 = Transmit FIFO buffer is not full.
Transmit FIFO Buffer Empty Indicator (Read Only)
It is a mutual mirror bit of SPI_STAUTS[26].
[26] TX_EMPTY
1 = Transmit FIFO buffer is empty.
0 = Transmit FIFO buffer is not empty.
Receive FIFO Buffer Full Indicator (Read Only)
It is a mutual mirror bit of SPI_STATUS[25].
[25] RX_FULL
1 = Receive FIFO buffer is full.
0 = Receive FIOF buffer is not full.
Receive FIFO Buffer Empty Indicator (Read Only)
It is a mutual mirror bit of SPI_CNTRL[24].
[24] RX_EMPTY
1 = Receive FIFO buffer is empty.
0 = Receive FIFO buffer is not empty.
Reserved
[23:22] Reserved
Note: These bits should always keep at 0, or SPI will work unpredictable
FIFO Mode Enable
[21] FIFO
1 = FIFO mode Enabled.
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0 = FIFO mode Disabled.

Note:

1. Before enabling FIFO mode, the other related settings should be set in advance.

2. In Master mode, if the FIFO mode is enabled, the GO_BUSY bit will be set to 1
automatically after writing data to the transmit FIFO buffer; the GO_BUSY bit will
be cleared to 0 automatically when the SPI controller is in idle. If all data stored at
transmit FIFO buffer are sent out, the TX_EMPTY bit will be set to 1 and the
GO_BUSY bit will be cleared to 0.

[20] Reserved Reserved

Byte Reorder Function Enable

1 = Byte reorder function Enabled. A byte suspend interval will be inserted among each
byte. The period of the byte suspend interval depends on the setting of
SP_CYCLE.

0 = Byte reorder function Disabled.
[19] REORDER
Note:

1. Byte reorder function is only available if TX_BIT_LEN is defined as 16, 24, and 32
bits.

2. In Slave mode with level-trigger configuration, the slave select pin must be kept at
active state during the byte suspend interval.

Slave Mode Enable
[18] SLAVE 1 = Slave mode.

0 = Master mode.

Unit Transfer Interrupt Enable
[17] IE 1 = SPI unit transfer interrupt Enabled.

0 = SPI unit transfer interrupt Disabled.

Unit Transfer Interrupt Flag

6] 1 = SPI controller has finished one unit transfer.
16 IF
0 = No transaction has been finished since this bit was cleared to 0.

Note: This bit will be cleared by writing 1 to itself.

Suspend Interval (Master Only)

The four bits provide configurable suspend interval between two successive
transmit/receive transaction in a transfer. The definition of the suspend interval is the
interval between the last clock edge of the preceding transaction word and the first
clock edge of the following transaction word. The default value is 0x3. The period of the
suspend interval is obtained according to the following equation.

(SP_CYCLE[3:0] + 0.5) * period of SPI clock cycle
[15:12] SP_CYCLE Example:
SP_CYCLE =0x0 ... 0.5 SPI clock cycle
SP_CYCLE =0x1 ... 1.5 SPI clock cycle

SP_CYCLE = 0xE ... 14.5 SPI clock cycle
SP_CYCLE = 0xF ... 15.5 SPI clock cycle

Clock Polarity
[11] CLKP 1 = SPI clock is idle high.

0 = SPI clock is idle low.

Send LSB First

10 LSB
(0] 1 =The LSB, bit O of the SPI TXO0/1 register, is sent first to the SPI data output pin, and

the first bit received from the SPI data input pin will be put in the LSB position of
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the RX register (bit O of SPI_RX).

0 = The MSB, which bit of transmit/receive register depends on the setting of
TX_BIT_LEN, is transmitted/received first.

[9:8] Reserved Reserved

Transmit Bit Length

This field specifies how many bits can be transmitted / received in one transaction. The
minimum bit length is 8 bits and can up to 32 bits.

TX_BIT_LEN = 0x08 ... 8 bits

(73] TXBITLEN oy BIT LEN = 0x09 ... 9 bits

TX_BIT_LEN = Ox1F ... 31 bits
TX_BIT_LEN = 0x00 ... 32 bits

Transmit on Negative Edge
[2] TX_NEG 1 = Transmitted data output signal is changed on the falling edge of SPI clock.

0 = Transmitted data output signal is changed on the rising edge of SPI clock.

Receive on Negative Edge
[1] RX_NEG 1 = Received data input signal is latched on the falling edge of SPI clock.

0 = Received data input signal is latched on the rising edge of SPI clock.

SPI Transfer Control Bit and Busy Status

1 = In Master mode, writing 1 to this bit to start the SPI data transfer; in Slave mode,
writing 1 to this bit indicates that the slave is ready to communicate with a master.

0 = Data transfer stopped.

If FIFO mode is disabled, during the data transfer, this bit keeps the value of 1. As the
0] GO BUSY transfer is finished, this bit will be cleared automatically. Software can read this bit to
- check if the SPI is in busy status.

In FIFO mode, this bit will be controlled by hardware. Software should not modify this
bit. In Slave mode, this bit always returns 1 when this register is read by software. In
Master mode, this bit reflects the busy or idle status of SPI.

Note:
When FIFO mode is disabled, all configurations should be set before writing 1 to this
GO_BUSY bit.
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SPI Divider Reqgister (SPI DIVIDER)

Register Offset R/W |Description Reset Value
SPI_DIVIDER |SPIx_BA+0x04 R/W |Clock Divider Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
DIVIDER[7:0]
Bits Description
[31:8] Reserved Reserved
Clock Divider 1 Register
The value in this field is the frequency divider for generating the SPI engine clock,
fspi_ecis @and the SPI serial clock of SPI master. The frequency is obtained according to
the following equation.
[7:0] DIVIDER f = system_clock
wi_eck  (DIVIDER +1)*2
where
is the SPI engine clock source, which is defined in the
spi_clock _src
CLKSEL1 register.
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SPI Slave Select Reqgister (SPI SSR)

Register Offset R/W |Description Reset Value
SPI_SSR SPIx_BA+0x08 R/W |Slave Select Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0

Reserved LTRIG_FLAG| SS_LTRIG AUTOSS SS LVL Reserved SSR
Bits Description
[31:6] Reserved Reserved

Level Trigger Accomplish Flag

In Slave mode, this bit indicates whether the received bit number meets the
requirement or not after the current transaction done.

1 = Transferred bit length meets the specified requirement which defined in
[5] LTRIG_FLAG TX_BIT_LEN.

0 = Transferred bit length of one transaction does not meet the specified requirement.

Note: This bit is READ only. As the GO_BUSY bit is set to 1 by software, the
LTRIG_FLAG will be cleared to 0 after 4 SPI engine clock periods plus 1 system clock
period. In FIFO mode, this bit has no meaning.

Slave Select Level Trigger Enable (Slave Only)

1 = Slave select signal is level-trigger. The SS_LVL bit decides the signal is active low
[4] SS_LTRIG or active high.

0 = Slave select signal is edge-trigger. This is the default value. The SS_LVL bit
decides the signal is active after a falling-edge or rising-edge.

Automatic Slave Select Function Enable (Master Only)

1 = If this bit is set, SPI_SS signals will be generated automatically. It means that

device/slave select signal, which is set in SPI_SSRI[0], will be asserted by the SPI
[3] AUTOSS controller when transmit/receive is started, and will be de-asserted after each
transmit/receive is finished.

0 = If this bit is cleared, slave select signals will be asserted/de-asserted by setting
[clearing the corresponding bits of SPI_SSRJ[O0].

Slave Select Active Level

This bit defines the active status of slave select signal (SPI_SS).

[2] SS_LVL
1 = The slave select signal SPI_SS is active on high-level/rising-edge.
0 = The slave select signal SPI_SS is active on low-level/falling-edge.
[1] Reserved Reserved
[0] SSR Slave Select Control Bits (Master Only)
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If AUTOSS bit is cleared, writing 1 to any bit of this field sets the proper SPI_SS line to
an active state and writing O sets the line back to inactive state.

If the AUTOSS bit is set, writing 0 to any bit location of this field will keep the
corresponding SPI_SS line at inactive state; writing 1 to any bit location of this field will
select appropriate SPI_SS line to be automatically driven to active state for the
duration of the transmit/receive, and will be driven to inactive state for the rest of the
time. The active state of SPI_SS is specified in SS_LVL.
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SPI Data Receive Register (SP1 RX)

Register Offset R/W |Description Reset Value
SPI_RX SPIx_BA+0x10 R Data Receive Register 0x0000_0000
31 30 29 28 27 26 25 24
RX[31:24]
23 22 21 20 19 18 17 16
RX[23:16]
15 14 iz 12 11 10 9 8
RX[15:8]
7 6 5 4 3 2 1 0
RX[7:0]
Bits Description
Data Receive Register
The data receive register holds the datum received from SPI data input pin. If FIFO
[31:0] RX mode is disabled, the last received data can be accessed through software by reading
this register. If the FIFO bit is set as 1 and the RX_EMPTY bit, SPI_CNTRL[24] or
SPI_STATUSJ[24], is not set to 1, the receive FIFO buffer can be accessed through
software by reading this register. This is a read-only register.
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SPI Data Transmit Register (SP1 TX)

Register Offset R/W [Description Reset Value
SPI_TX SPIx_BA+0x20 w Data Transmit Register 0x0000_0000
31 30 29 28 27 26 25 24
TX[31:24]
23 22 21 20 19 18 17 16
TX[23:16]
15 14 13 12 11 10 9 8
TX[15:8]
7 6 5 4 3 2 1 0
TX[7:0]
Bits Description
Data Transmit Register
The data transmit registers hold the data to be transmitted in the next transfer. The
number of valid bits depends on the setting of transmit bit length field of the
SPI_CNTRL register.
[31:0] X For example, if TX_BIT_LEN is set to 0x08, the bits TX[7:0] will be transmitted in next
transfer. If TX_BIT_LEN is set to 0x00, the SPI controller will perform a 32-bit transfer.
Note: When the SPI controller is configured as a slave device and FIFO mode is
disabled, if the SPI controller attempts to transmit data to a master, the transmit data
register should be updated by software before setting the GO_BUSY bit to 1
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SPI Control and Status Register 2 (SPI CNTRL2)

Register Offset R/W |Description Reset Value
SPI_CNTRL2 |SPIx_BA+0x3C R/W |Control and Status Register 2 0x0000_1000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved SS_INT_OPT
15 14 13 12 11 10 9 8
Reserved SL_\I/,\—I.?;?‘;T ISNS"ITI'EAN_ SLV_ABORT | NOSLVSEL
7 6 5 4 3 2 1 0
Reserved

Bits Description

[31:17] Reserved Reserved
Slave Select Inactive Interrupt Option
This setting is only available if the SPI controller is configured as level trigger
slave device.

16 SS_INT_OPT . . . T

[16] -~ 1 = As the slave select signal goes to inactive level, the IF bit will be set to 1.
0 = As the slave select signal goes to inactive level, the IF bit will NOT be set

to 1.

[15:14] Reserved Reserved
Reserved

[13] Reserved o ) ]
Note: This bit should always keep at 0, or SPI will work unpredictable

[12] Reserved Reserved

Slave 3-Wire Mode Start Interrupt Status

This bit indicates if a transaction has started in Slave 3-wire mode. Itis a
mutual mirror bit of SPI_STATUS[11].

[11] SLV_START_INTSTS |1 = A transaction has started in Slave 3-wire mode. It will be cleared
automatically when a transaction is done or by writing 1 to this bit.

0 = Slave has not detected any SPI clock transition since the SSTA_INTEN bit
was set to 1.

Slave 3-Wire Mode Start Interrupt Enable

Used to enable interrupt when the transfer has started in Slave 3-wire mode. If
[10] SSTA INTEN there is no transfer done interrupt over the time period which is defined by user

- after the transfer start, the user can set the SLV_ABORT bhit to force the
transfer done.

1 = Transaction start interrupt Enabled. It will be cleared to 0 as the current
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transfer is done or the SLV_START_INTSTS bit is cleared.

0 = Transaction start interrupt Disabled.

Slave 3-Wire Mode Abort Control

In normal operation, there is an interrupt event when the received data meet
the required bits which defined in TX_BIT_LEN.

If the received bits are less than the requirement and there is no more SPI
[9] SLV_ABORT clock input over the one transfer time in Slave 3-wire mode, the user can set
this bit to force the current transfer done and then the user can get a transfer
done interrupt event.

Note: This bit will be cleared to 0 automatically by hardware after it is set to 1
by software.

Slave 3-Wire Mode Enable

This is used to ignore the slave select signal in Slave mode. The SPI controller
can work with 3-wire interface including SPI_CLK, SPI_MISO, and SPI_MOSI.

[8] NOSLVSEL 1 = 3-wire bi-direction interface.
0 = 4-wire bi-direction interface.

Note: In Slave 3-wire mode, the SS_LTRIG, SPI_SSR[4] will be set as 1
automatically.

[7:0] Reserved Reserved
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SPI FIFO Control Register (SPI FIFO CTL)

Register Offset R/W |Description Reset Value
SPI_FIFO_CTL SPIx_BA+0x40 [R/W |SPI FIFO Control Register 0x4400_0000
31 30 29 28 27 26 25 24
Reserved TX_THRESHOLD Reserved RX_THRESHOLD
23 22 21 20 19 18 17 16
TIMEOUT_
Reserved INTEN Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
RXOV
Reserved INTEN Reserved TX_INTEN | RX_INTEN | TX_CLR RX_CLR
Bits Description
[31] Reserved Reserved

Transmit FIFO Threshold

[30:28] TX THRESHOLD If the valid data count of the transmit FIFO buffer is less than or equal to the
' N TX_THRESHOLD setting, the TX_INTSTS bit will be set to 1, else the
TX_INTSTS bit will be cleared to 0.

[27] Reserved Reserved

Receive FIFO Threshold

[26:24] RX THRESHOLD If the valid data count of the receive FIFO buffer is larger than the
' - RX_THRESHOLD setting, the RX_INTSTS bit will be set to 1, else the
RX_INTSTS bit will be cleared to 0.

[23:22] Reserved Reserved

Receive FIFO Time-out Interrupt Enable
[21] TIMEOUT_INTEN 1 = Time-out interrupt Enabled.

0 = Time-out interrupt Disabled.

[20:7] Reserved Reserved

Receive FIFO Overrun Interrupt Enable
[6] RXOV_INTEN 1 = Receive FIFO overrun interrupt Enabled.

0 = Receive FIFO overrun interrupt Disabled.

[5:4] Reserved Reserved

[3] TX_INTEN Transmit Threshold Interrupt Enable
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1 = TX threshold interrupt Enabled.

0 = TX threshold interrupt Disabled.

Receive Threshold Interrupt Enable
2] RX_INTEN 1 = RX threshold interrupt Enabled.
0 = RX threshold interrupt Disabled.

Clear Transmit FIFO Buffer

1 = Clear transmit FIFO buffer. The TX_FULL flag will be cleared to 0 and the
[1] TX_CLR TX_EMPTY flag will be set to 1. This bit will be cleared to 0 by hardware
after it is set to 1 by software.

0 = No effect.

Clear Receive FIFO Buffer

1 = Clear receive FIFO buffer. The RX_FULL flag will be cleared to 0 and the
[0] RX_CLR RX_EMPTY flag will be set to 1. This bit will be cleared to 0 by hardware
after it is set to 1 by software.

0 = No effect.
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SPI Status Reqgister (SPI STATUS)

Register Offset R/W |Description Reset Value
SPI_STATUS |SPIx_BA+0x44 R/W |SPI Status Register 0x0500_0000
31 30 29 28 27 26 25 24
TX_FIFO_COUNT TX_FULL TX_EMPTY RX_FULL RX_EMPTY
23 22 21 20 19 18 17 16
Reserved TIMEOUT Reserved IF
15 14 13 12 11 10 9 8
SLV_START
RX_FIFO_COUNT _INTSTS Reserved
7 6 5 4 3 2 1 0
Reserved TX_INTSTS Reserved RX—S\N/ERR Reserved RX_INTSTS

Bits Description

Transmit FIFO Data Count (Read Only)
[31:28] TX_FIFO_COUNT
This bit field indicates the valid data count of transmit FIFO buffer.

Transmit FIFO Buffer Full Indicator (Read Only)
It is a mutual mirror bit of SPI_CNTRL[27].
1 = Transmit FIFO buffer is full.

[27] TX_FULL

0 = Transmit FIFO buffer is not full.

Transmit FIFO Buffer Empty Indicator (Read Only)
It is a mutual mirror bit of SPI_CNTRL[26].

[26] TX_EMPTY
1 = Transmit FIFO buffer is empty.

0 = Transmit FIFO buffer is not empty.

Receive FIFO Buffer Empty Indicator (Read Only)
It is a mutual mirror bit of SPI_CNTRL[24].

[25] RX_FULL
1 = Receive FIFO buffer is empty.

0 = Receive FIFO buffer is not empty.

Receive FIFO Buffer Empty Indicator (Read Only)
It is a mutual mirror bit of SPI_CNTRL[24].

[24] RX_EMPTY
1 = Receive FIFO buffer is empty.

0 = Receive FIFO buffer is not empty.

[23:21] Reserved Reserved

Time-out Interrupt Flag

[20] TIMEOUT 1 = Receive FIFO buffer is not empty and no read operation on receive FIFO buffer
over 64 SPI clock period in Master mode or over 576 SPI engine clock period in
Slave mode. When the received FIFO buffer is read by software, the time-out
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status will be cleared automatically.

0 = No receive FIFO time-out event.

Note: This bit will be cleared by writing 1 to itself.

[19:17] Reserved Reserved

SPI Unit Transfer Interrupt Flag

It is a mutual mirror bit of SPI_CNTRL[16].

[16] IF 1 = SPI controller has finished one unit transfer.

0 = No transaction has been finished since this bit was cleared to 0.

Note: This bit will be cleared by writing 1 to itself.

Receive FIFO Data Count (Read Only)
[15:12] RX_FIFO_COUNT
This bit field indicates the valid data count of receive FIFO buffer.

Slave Start Interrupt Status

It is used to dedicate if a transaction has started in Slave 3-wire mode. It is a mutual
mirror bit of SPI_CNTRL2[11].

SLV_START_IN
[11] TSTS 1 = A transaction has started in Slave 3-wire mode. It will be cleared as a transaction is

done or by writing 1 to this bit.

0 = Slave has not detected any SPI clock transition since the SSTA_INTEN bit was set
to 1.

[10:5] Reserved Reserved

Transmit FIFO Threshold Interrupt Status (Read Only)

1 = The valid data count within the transmit FIFO buffer is less than or equal to the
setting value of TX_THRESHOLD.

[4] TX_INTSTS 0 = The valid data count within the transmit FIFO buffer is larger than the setting value
of TX_THRESHOLD.
Note: If TX_INTEN = 1 and TX_INTSTS = 1, the SPI controller will generate a SPI
interrupt request.
[3] Reserved Reserved
Receive FIFO Overrun Status
2] RX OVERRUN When the receive FIFO buffer is full, the follow-up data will be dropped and this bit will
- be setto 1.
Note: This bit will be cleared by writing 1 to itself.
[1] Reserved Reserved
Receive FIFO Threshold Interrupt Status (Read Only)
1 = The valid data count within the receive FIFO buffer is larger than the setting value
of RX_THRESHOLD.
[0] RX_INTSTS 0 = The valid data count within the Rx FIFO buffer is smaller than or equal to the

setting value of RX_THRESHOLD.

Note: If RX_INTEN = 1 and RX_INTSTS = 1, the SPI controller will generate a SPI
interrupt request.
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21 1°C SERIAL INTERFACE

21.1 Overview

I’C is a two-wire, bi-directional serial bus that provides a simple and efficient method of data
exchange between devices. The I°C standard is a true multi-master bus including collision
detection and arbitration that prevents data corruption if two or more masters attempt to control
the bus simultaneously.

Data is transferred between a Master and a Slave. Data bits transfer on the SCL and SDA lines
are synchronously on a byte-by-byte basis. Each data byte is 8-bit long. There is one SCL clock
pulse for each data bit with the MSB being transmitted first, and an acknowledge bit follows each
transferred byte. Each bit is sampled during the high period of SCL; therefore, the SDA line may
be changed only during the low period of SCL and must be held stable during the high period of
SCL. A transition on the SDA line while SCL is high is interpreted as a command (START or
STOP). Please refer to the Figure 21-1 for more detailed 1°C BUS Timing.

Repeated
STOP START START

thp;sTA thp;paT tsu:paT tsu;sta

Figure 21-1 I°C Bus Timing

The device’s on-chip I°C logic provides the serial interface that meets the I°C bus standard mode
specification. The I°C port handles byte transfers autonomously. To enable this port, the bit ENS1
in 12CON should be set to '1". The I°C H/W interfaces to the I°C bus via two pins: SDA and SCL.
Pull-up resistor is needed for 1°C operation as these SDA and SCL are open drain pins. When the
I/O pins are used as I°C port, user must set the pins function to I1°C in advance.
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21.2 Features

The I°C bus uses two wires (SDA and SCL) to transfer information between devices connected to
the bus. The main features of the bus are:

Master/Slave mode

®  Bidirectional data transfer between masters and slaves
®  Multi-master bus (no central master)
®  Arbitration between simultaneously transmitting masters without corruption of serial

data on the bus

®  Serial clock synchronization allows devices with different bit rates to communicate
via one serial bus

®  Serial clock synchronization can be used as a handshake mechanism to suspend
and resume serial transfer

®  Built-in a 14-bit time out counter requested the 1°C interrupt if the 1°C bus hangs up
and timer-out counter overflows.

External pull-up resistors are needed for high output
Programmable clocks allow versatile rate control

Supports 7-bit addressing mode

Supports multiple address recognition ( four slave address with mask option)
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21.3 Functional Description

21.3.1.1 1°C Protocol
Normally, a standard communication consists of four parts:
1. START or Repeated START signal generation
Slave address and R/W bit transfer

Data transfer

A WD

STOP signal generation

T |
SCL w 1-7 8 9 L7\ﬁ\f\_/ 1-7 8 9 }
[ I

|

Figure 21-2 I°C Protocol

21.3.1.2 Data transfer on the 1°C-bus

Figure 21-3 shows a master transmits data to slave. A master addresses a slave with a 7-bit
address and 1-bit write index to denote master wants to transmit data to slave. The master keep
transmitting data after slave returns acknowledge to master.

S | SLAVE ADDRESS | RIW.| A DATA A DATA AA | P

L data transfer _—
‘0’ : write (n bytes + acknowlegde)

from master to slave A = acknowledge (SDA low)

A = not acknowledge (SDA high)
S = START condition

P = STOP condition

from slave to master

Figure 21-3 Master Transmits Data to Slave

Figure 21-4 shows a master read data from slave. A master addresses a slave with a 7-bit
address and 1-bit read index to denote master wants to read data from slave. The slave will start
transmitting data after slave returns acknowledge to master.

S | SLAVE ADDRESS .| RIW.-| A DATA A DATA AA L P
L data transfer — 1
‘1’ : read (n bytes + acknowlegde)

Figure 21-4 Master Reads Data from Slave
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21.3.2 START or Repeated START signal

When the bus is freef/idle, meaning no master device is engaging the bus (both SCL and SDA
lines are high), a master can initiate a transfer by sending a START signal. A START signal,
usually referred to as the S-bit, is defined as a HIGH to LOW transition on the SDA line while SCL
is HIGH. The START signal denotes the beginning of a new data transmission.

A Repeated START (Sr) is no STOP signal between two START signals. The master uses this
method to communicate with another slave or the same slave in a different transfer direction (e.g.
from writing to a device to reading from a device) without releasing the bus.

STOP signal

The master can terminate the communication by generating a STOP signal. A STOP signal,
usually referred to as the P-bit, is defined as a LOW to HIGH transition on the SDA line while SCL
is HIGH.

Repeated
START STOP START START STOP

Figure 21-5 START and STOP Condition

21.3.3 Slave Address Transfer

The first byte of data transferred by the master immediately after the START signal is the slave
address. This is a 7-bit calling address followed by a RW bit. The RW bit signals the slave the
data transfer direction. No two slaves in the system can have the same address. Only the slave
with an address that matches the one transmitted by the master will respond by returning an
acknowledge bit by pulling the SDA low at the 9th SCL clock cycle.

21.3.4 Data Transfer

When slave receives a correct address with a RW bit, the data will follow RW bit specified to
transfer. Each transferred byte is followed by an acknowledge bit on the 9th SCL clock cycle. If
the slave signals a Not Acknowledge (NACK), the master can generate a STOP signal to abort
the data transfer or generate a Repeated START signal and start a new transfer cycle.

If the master, as the receiving device, does Not Acknowledge (NACK) the slave, the slave
releases the SDA line for the master to generate a STOP or Repeated START signal.

May 22, 2017 Page 443 of 641 Revision V0.9.3



NUVYOTOMN

NuMicro™ NM1510/NM1520/NM1530
Preliminary Technical Reference Manual

:

Data line stable;
data valid

Change of data
allowed

-

Figure 21-6 Bit Transfer on the I°C Bus
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Figure 21-7 Acknowledge on the I°C Bus
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21.4 Protocol Registers

The CPU interfaces connect to the I°C port through the following thirteen special function
registers: [I2CON (control register), 12CSTATUS (status register), 12CDAT (data register),
I2CADDRnN (address registers, n=0~3), I2CADMn (address mask registers, n=0~3), I2CLK (clock
rate register) and 12CTOC (Time-out counter register). All bit 31~ bit 8 of these I1°C special
function registers are reserved. These bits do not have any functions and are all O if read them
back.

When I°C port is enabled by setting ENS1 (I2CON [6]) to high, the internal states will be controlled
by I2CON and I°C logic hardware. Once a new status code is generated and stored in
I2CSTATUS, the I°C Interrupt Flag bit SI (I2CON [23]) will be set automatically. If the Enable
Interrupt bit EI (I2CON [7]) is set at this time, the 1°C interrupt will be generated. The bit field
I2CSTATUS[7:3] stores the internal state code, the lowest 3 bits of I2CSTATUS are always zero
and the content keeps stable until Sl is cleared by software. The base address is 0x4002_0000
and 0x4012_0000.

21.4.1 Address Registers (I2CADDR)

I°C port is equipped with four slave address registers I2CADDRn (n=0~3). The contents of the
register are irrelevant when I°C is in Master mode. In the Slave mode, the bit field I2CADDRN[7:1]
must be loaded with the chip’s own slave address. The I°C hardware will react if the contents of
I2CADDRnN are matched with the received slave address.

The I°C ports support the “General Call” function. If the GC bit (I2CADDRn [0]) is set the I°c port
hardware will respond to General Call address (00H). Clear GC bit to disable general call
function.

When GC bit is set and the I°C is in Slave mode, it can receive the general call address by 00H
after Master send general call address to I°C bus, then it will follow status of GC mode.

I°’C bus controllers support multiple address recognition with four address mask registers
I2CADMnN (n=0~3). When the bit in the address mask register is set to one, it means the received
corresponding address bit is don’t care. If the bit is set to 0, that means the received
corresponding register bit should be exact the same as address register.

21.4.2 Data Register (I2CDAT)

This register contains a byte of serial data to be transmitted or a byte which just has been
received. The CPU can read from or write to this 8-bit (I2CDAT [7:0]) directly while it is not in the
process of shifting a byte. When I°C is in a defined state and the serial interrupt flag (SI) is set
data in 12CDAT [7:0] remains stable. While data is being shifted out, data on the bus is
simultaneously being shifted in; I2CDAT [7:0] always contains the last data byte present on the
bus.

The acknowledge bit is controlled by the I°C hardware and cannot be accessed by the CPU.
Serial data is shifted into I2CDAT [7:0] on the rising edges of serial clock pulses on the SCL line.
When a byte has been shifted into I2CDAT [7:0], the serial data is available in I2CDAT [7:0], and
the acknowledge bit (ACK or NACK) is returned by the control logic during the ninth clock pulse.
In order to monitor bus status while sending data, the bus date will be shifted into I2CDATA[7:0]
when sending I2CDATA[7:0] to bus. In case of sending data, serial data bits are shifted out from
I2CDAT [7:0] on the falling edge of SCL clocks, and is shifted into I2CDAT [7:0] on the rising edge
of SCL clocks.
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12C Data Register:

[2CDAT.7 | I2CDAT.6 | I2CDAT.5 [ I2CDAT.4 [ I2CDAT.3 | I2CDAT.2 [ I2CDAT.1 | I2CDAT.0

- shifting direction -

Figure 21-8 I°C Data Shifting Direction

21.4.3 Control Register (I2CON)

The CPU can read from and write to I2CON [7:0] directly. Two bits are affected by hardware: the
Sl bit is set when the 1°C hardware requests a serial interrupt, and the STO bit is cleared when a
STOP condition is present on the bus. The STO bit is also cleared when ENS1 = 0.

El Enable Interrupt.

ENS1 Set to enable I°C serial function controller. When ENS1=1 the I°C serial function enables.
The multi-function pin function must be set to 1°C function.

STA  I°C START Control Bit. Setting STA to logic 1 to enter Master mode, the I°C hardware
sends a START or repeat START condition to bus when the bus is free.

STO I°C STOP Control Bit. In Master mode, setting STO to transmit a STOP condition to bus
then I°C hardware will check the bus condition if a STOP condition is detected this flag will
be cleared by hardware automatically. In Slave mode, setting STO resets I°C hardware to
the defined “not addressed” Slave mode. This means it is NO LONGER in the slave
receiver mode to receive data from the master.

Sl I°C Interrupt Flag. When a new I°C state is present in the I2CSTATUS register, the Sl flag
is set by hardware, and if bit EI (I2CON [7]) is set, the 1°C interrupt is requested. SI must
be cleared by software. Clear Sl is by writing 1 to this bit. All states are listed in section
5.6.6

AA Assert Acknowledge Control Bit. When AA=1 prior to address or data received, an
acknowledged (low level to SDA) will be returned during the acknowledge clock pulse on
the SCL line when 1.) A slave is acknowledging the address sent from master, 2.) The
receiver devices are acknowledging the data sent by transmitter. When AA=0 prior to
address or data received, a Not acknowledged (high level to SDA) will be returned during
the acknowledge clock pulse on the SCL line.
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21.4.4 Status Register (I2CSTATUS)

I2CSTATUS [7:0] is an 8-bit read-only register. The three least significant bits are always 0. The
bit field I2CSTATUS [7:3] contain the status code and there are 26 possible status codes. All
states are listed in section 5.6.6. When [2CSTATUS [7:0] is F8H, no serial interrupt is requested.
All other I2CSTATUS [7:3] values correspond to defined 1°C states. When each of these states is
entered, a status interrupt is requested (S| = 1). A valid status code is present in I2CSTATUS[7:3]
one cycle after Sl is set by hardware and is still present one cycle after SI has been reset by
software.

In addition, state OOH stands for a Bus Error. A Bus Error occurs when a START or STOP
condition is present at an illegal position in the format frame. Examples of illegal positions are
during the serial transfer of an address byte, a data byte or an acknowledge bit. To recover 1’c
from bus error, STO should be set and S| should be clear to enter Not Addressed Slave mode.
Then clear STO to release bus and to wait new communication. 1°C bus cannot recognize stop
condition during this action when bus error occurs.

Master mode Slave mode
STATUS Description STATUS |Description
0x08 Start 0xA0 Slave Transmit Repeat Start or Stop
0x10 Master Repeat Start 0xA8 Slave Transmit Address ACK
0x18 Master Transmit Address ACK 0xBO Slave Transmit Arbitration Lost
0x20 Master Transmit Address NACK 0xB8 Slave Transmit Data ACK
0x28 Master Transmit Data ACK 0xCO Slave Transmit Data NACK
0x30 Master Transmit Data NACK 0xC8 Slave Transmit Last Data ACK
0x38 Master Arbitration Lost 0x60 Slave Receive Address ACK
0x40 Master Receive ACK 0x68 Slave Receive Arbitration Lost
0x48 Master Receive NACK 0x80 Slave Receive Data ACK
0x50 Master Receive ACK 0x88 Slave Receive Data NACK
0x58 Master Receive NACK 0x70 GC mode Address ACK
0x00 Bus error 0x78 GC mode Arbitration Lost
0x90 GC mode Data ACK
0x98 GC mode Data NACK
Bus Released
OxF8
Note: Status “OxF8” exists in both Master/Slave modes, and it won't raise interrupt.

Table 21-1 I°C Status Code Description Table
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21.4.5 I°C Clock Baud Rate Bits (I2CLK)

The data baud rate of I°C is determined by 12CLK [7:0] register when I°C is in Master mode. It is
not important when I°C is in Slave mode. In the Slave mode, I°C will automatically synchronize
with any clock frequency from master I°C device.

The data baud rate of I°C setting is Data Baud Rate of I°C = (system clock) / (4x (I2CLK [7:0] +1)).
If system clock = 16 MHz, the 12CLK [7:0] = 40 (28H), so data baud rate of 1°C = 16 MHz/ (4x (40
+1)) = 97.5 Kbits/sec.

21.4.6 The I°C Time out Counter Register (I2CTOC)

There is a 14-bit time out counter which can be used to deal with the 1°C bus hang-up. If the time
out counter is enabled, the counter starts up counting until it overflows (TIF=1) and generates 1°C
interrupt to CPU or stops counting by clearing ENTI to 0. When time out counter is enabled, write
1 to Sl flag will reset counter and re-start up counting after Sl is cleared. If I°C bus hangs up, it
causes the I2CSTATUS and flag S| are not updated for a period, the 14-bit time-out counter may
overflow and acknowledge CPU the I°C interrupt. Refer to the Figure 21-9 for the 14-bit time out
counter. User may write 1 to clear TIF to 0.

PCLK
2
- j—» 14-bits Counter TIF ) To I"C Interrupt
1/4 >

Enable 4

|
DIV4 Clear Counter

SI ——
ENS1 —

ENTI —

SI

Figure 21-9 I°C Time out Count Block Diagram
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21.5 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W |Description Reset Value
12C Base Address:

12Cx_BA = 0x4002_0000 + (0x10_0000 * x)

x=0,1

12CON 12Cx_BA+0x00 R/W |[IC Control Register 0x0000_0000
12CADDRO 12Cx_BA+0x04 R/W |I°C Slave Address Register0 0x0000_0000
12CDAT 12Cx_BA+0x08 R/W |I°C Data Register 0x0000_0000
I2CSTATUS  [I12Cx_BA+0x0C R I°C Status Register 0x0000_00F8
12CLK 12Cx_BA+0x10 R/W |[I°C Clock Divided Register 0x0000_0000
12CTOC 12Cx_BA+0x14 R/W |I°C Time Out Counter Register 0x0000_0000
12CADDR1 12Cx_BA+0x18 R/W |I°C Slave Address Registerl 0x0000_0000
12CADDR2 I2Cx_BA+0x1C |R/W |I°C Slave Address Register2 0x0000_0000
I12CADDR3 12Cx_BA+0x20 R/W |I°C Slave Address Register3 0x0000_0000
12CADMO 12Cx_BA+0x24 R/W |[I°C Slave Address Mask Register0 0x0000_0000
12CADM1 12Cx_BA+0x28 RW |[I°C Slave Address Mask Registerl 0x0000_0000
12CADM2 I2Cx_BA+0x2C  |[R/W |I°C Slave Address Mask Register2 0x0000_0000
12CADM3 12Cx_BA+0x30 R/W |[I°C Slave Address Mask Register3 0x0000_0000
I2CWKUPCON(I12Cx_BA+0x3C  |R/W [I°C Wake Up Control Register 0x0000_0000
I2CWKUPSTS (12Cx_BA+0x40 R/W |I°*C Wake Up Status Register 0x0000_0000
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21.6 Register Description
I°C Control Register (I2CON)

Register Offset R/W |Description Reset Value
12CON 12Cx_BA+0x00 R/W [I’C Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
El ENS1 STA STO Sl AA Reserved
Bits Description
[31:8] Reserved Reserved

Enable Interrupt
7 El 1 = I°C interrupt Enabled.
0 = I°C interrupt Disabled.

I’C Controller Enable Bit
1 = Enabled
[6] ENS1 0 = Disabled

Set to enable 1°C serial function controller. When ENS1 =1 the I°C serial function
enables. The multi-function pin function must set to 1°C function first.

I’C START Control Bit

(5] STA Setting STA to logic 1 to enter Master mode, the I°C hardware sends a START or

repeat START condition to bus when the bus is free.

I’C STOP Control Bit

In Master mode, setting STO to transmit a STOP condition to bus then I°C hardware
[4] STO will check the bus condition if a STOP condition is detected this bit will be cleared by
hardware automatically. In Slave mode, setting STO resets I°C hardware to the defined
“not addressed” Slave mode. This means it is NO LONGER in the slave receiver mode
to receive data from the master transmit device.

I°C Interrupt Flag

[3] S| When a new I°C state is present in the I2CSTATUS register, the Si flag is set by
hardware, and if bit El (I2CON [7]) is set, the I°C interrupt is requested. SI must be
cleared by software. Clear Sl is by writing 1 to this bit.

Assert Acknowledge Control Bit

[2] AA When AA=1 prior to address or data received, an acknowledged (low level to SDA) will
be returned during the acknowledge clock pulse on the SCL line when 1.) A slave is
acknowledging the address sent from master, 2.) The receiver devices are
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acknowledging the data sent by transmitter. When AA=0 prior to address or data
received, a Not acknowledged (high level to SDA) will be returned during the
acknowledge clock pulse on the SCL line.

[1:0] Reserved Reserved
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I>’C Data Register (I2CDAT)

Register Offset R/W  |Description Reset Value
12CDAT 12Cx_BA+0x08 R/W |I°C Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
I2CDAT[7:0]
Bits Description
[31:8] Reserved Reserved
I°C Data Register
[7:0] I2CDAT
Bit [7:0] is located with the 8-bit transferred data of 1°C serial port.
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I>’C Status Register (I2CSTATUS )

Register Offset R/W |Description Reset Value
I2CSTATUS [12Cx_BA+0x0C R I°C Status Register 0x0000_00F8
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0

[2CSTATUS[7:0]

Bits Description

[31:8] Reserved Reserved

I°C Status Register
The status register of I°C:

The three least significant bits are always 0. The five most significant bits contain the
status code. There are 26 possible status codes. When 12CSTATUS contains F8H, no
[7:0] I2CSTATUS serial interrupt is requested. All other I2CSTATUS values correspond to defined 1°C
states. When each of these states is entered, a status interrupt is requested (Sl = 1). A
valid status code is present in I2CSTATUS one cycle after Sl is set by hardware and is
still present one cycle after SI has been reset by software. In addition, states 00H
stands for a Bus Error. A Bus Error occurs when a START or STOP condition is
present at an illegal position in the formation frame. Example of illegal position are
during the serial transfer of an address byte, a data byte or an acknowledge bit.
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I>’C Clock Divided Register (I2CLK)

Register Offset R/W |Description Reset Value
12CLK 12Cx_BA+0x10 R/W |I’C Clock Divided Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
I2CLK[7:0]
Bits Description
[31:8] Reserved Reserved
I°C clock divided Register
[7:0] [2CLK The I1°C clock rate bits: Data Baud Rate of I1°C = (system clock) / (4x (I2CLK+1)).
Note: The minimum value of I2CLK is 4.
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I>’C Time Out Counter Register (I2CTOC)

Register Offset R/W |Description Reset Value
12CTOC 12Cx_BA+0x14 R/W [I’C Time Out Counter Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ENTI DIvV4 TIF
Bits Description
[31:3] Reserved Reserved

Time out Counter Enable
1 = Time out counter Enabled
(2] ENTI 0 = Time out counter Disabled

When Enabled, the 14-bit time out counter will start counting when Sl is clear. Write 1
to Sl flag will reset counter and re-start up counting after Sl is cleared.

Time out Counter Input Clock is Divided by 4
1 = The time out counter input clock divided by 4 Enabled

[1] DIV4
0 = The time out counter input clock divided by 4 Disabled
When Enabled, the time out period is extend 4 times.
Time out Flag
(0] TIE This bit is set by H/W when I°C time out happened and it can interrupt CPU if I°C

interrupt enable bit (El) is set to 1.

Software can write 1 to clear this bit.
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I>’C Slave Address Register (I2CADDRX)

Register Offset R/W  |Description Reset Value
12CADDRO 12Cx_BA+0x04 R/W |I°C Slave Address Register0 0x0000_0000
12CADDR1 12Cx_BA+0x18 R/W |I°C Slave Address Registerl 0x0000_0000
2CADDR2  [I2Cx_BA+0x1C |R/W |I°C Slave Address Register2 0x0000_0000
12CADDR3 12Cx_BA+0x20 R/W |I°C Slave Address Register3 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
I2CADDR[7:1] GC
Bits Description
[31:8] Reserved Reserved
I°C Address Register
[7:1] 12CADDR The content of this register is irrelevant when 1°C is in Master mode. In Slave mode,
the seven most significant bits must be loaded with the chip’s own address. The 1°C
hardware will react if one of the addresses is matched.
General Call Function
[0] GC 0 = General Call function Disabled.
1 = General Call function Enabled.
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I>’C Slave Address Mask Register (I2CADMX)

Register Offset R/W |Description Reset Value
12CADMO 12Cx_BA+0x24 R/W [I’C Slave Address Mask Register0 0x0000_0000
12CADM1 12Cx_BA+0x28 R/W [I°C Slave Address Mask Registerl 0x0000_0000
12CADM2 12Cx_BA+0x2C RW |I°C Slave Address Mask Register2 0x0000_0000
12CADM3 12Cx_BA+0x30 RW [I’C Slave Address Mask Register3 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
I2CADM[7:1] Reserved
Bits Description
[31:8] Reserved Reserved
I°C Address Mask register
1 = Mask Enabled (the received corresponding address bit is don’t care.)
0 = Mask Disabled (the received corresponding register bit should be exact the same
[7:1] 12CADM as address register.)
I°C bus controller supports multiple address recognition with four address mask
registers. When the bit in the address mask register is set to one, it means the received
corresponding address bit is don’t-care. If the bit is set to 0, that means the received
corresponding register bit should be exact the same as address register.
[0] Reserved Reserved
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I’C Wake Up Control Register (I2CWKUPCON)

Register Offset R/W |[Description Reset Value
I2CWKUPCON(I12Cx_BA+0x3C  |R/W [I°C Wake Up Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WKUPEN
Bits Description
[31:1] Reserved Reserved
I°C Wake-up Function Enable
[0] WKUPEN 1 = I°C wake up function Enabled
0 = I°C wake up function Disabled
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I’C Wake Up Status Register (I2CWKUPSTS)

Register Offset R/W |Description Reset Value
12CWKUPSTS(12Cx_BA+0x40 R/W [I’C Wake Up Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WKUPIF
Bits Description
[31:1] Reserved Reserved
I°C Wake Up Interrupt Flag
[0] WKUPIF When chip is woken up from Power-down mode by I°C, this bit is set to 1. Software can
write 1 to clear this bit
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21.7 Operation Modes

The on-chip I°C ports support five operation modes, Master Transmitter, Master Receiver, Slave
Transmitter, Slave Receiver, and GC Call.

In a given application, I°C port may operate as a master or as a slave. In Slave mode, the 1°C port
hardware looks for its own slave address and the general call address. If one of these addresses
is detected, and if the slave is willing to receive or transmit data from/to master(by setting the AA
bit), acknowledge bit will be transmitted out on the 9th clock, hence an interrupt is requested on
both master and slave devices if interrupt is enabled. When the microcontroller wishes to become
the bus master, hardware waits until the bus is free before entering Master mode so that a
possible slave action is not be interrupted. If bus arbitration is lost in Master mode, I°c port
switches to Slave mode immediately and can detect its own slave address in the same serial
transfer.

Bits STA, STO and AA in I2CON register will determine the next state of the I°C hardware after SI
flag is cleared. Upon completion of the new action, a new status code will be updated and the Sl
flag will be set. If the 1’c interrupt control bit EI (I2CON [7]) is set, appropriate action or software
branch of the new status code can be performed in the Interrupt service routine.

In the following figure about the five operation modes, detailed data flow is represented. The
legend for those data flow figures is shown in Figure 21-10

Software’s access to I2CDAT with respect to
“Expect next action”

Last state
A START has been

. (1) Data byte will be transmitted:
transmitted.

Last action is done .
Software should load the data byte (to be transmitted)
into I2DAT before new 12CON setting is done.

(2) SLA+WIR (Slave address and R/W bits):

Next setting in I2CON P (STA,STO,SI,AA)=(0,0,1,X) Software should load the SLA+W/R (to be transmitted)

STl R TENiEisel into I2DAT before new I2CON setting is done.
Expected next action ———p- ACK bit will be received.

(3) Data byte will be received:

‘ Software can read the received data byte from I2DAT

while a new state is entered.
New state 18H
SLA+W has been transmitted;
next action is done ACK has been received.

Figure 21-10 Legend for the Following Five Figures

21.7.1 Master Transmitter Mode

As shown in Figure 21-11, in master transmitter mode, serial data output through SDA while SCL
outputs the serial clock. The first byte transmitted contains the slave address of the receiving
device (7-bit) and the data direction bit. In this case the data direction bit (R/W) will be logic 0, and
it is represented by “W” in the Figure 21-11. Thus the first byte transmitted is SLA+W. Serial data
is transmitted 8-bit at a time. After each byte is transmitted, an acknowledge bit is received.
START and STOP conditions are output to indicate the beginning and the end of a serial transfer.
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Set STA to generate
a START.

From Slave Mode (C) -t

/

08H
A START has been transmitted.

[y
|

/
(STA,STO,SI,AA)=(0,0,1,X)
SLA+W will be transmitted;
ACK bit will be received.

—— From Master/Receiver (B)

18H
SLA+W will be transmitted;
ACK bit will be received.

or
20H
SLA+W will be transmitted;
NOT ACK bit will be received.

“
\

Y

Y

v

Y

(STA,STO,SI,AA)=(0,0,1,X)
Data byte will be transmitted;
ACK will be received.

(STA,STO,SI,AA)=(1,0,1,X)
A repeated START will be

(STA,STO,SI,AA)=(0,1,1,X)
A STOP will be transmitted;
STO flag will be reset.

(STA,STO,SI,AA)=(1,1,1,X)
A STOP followed by a
START will be transmitted;
STO flag will be reset.

Y

v

v

28H

30H

Data byte in I2CDAT has been
transmitted;
ACK has been received.

or

Data byte in I2CDAT has been
transmitted;
NOT ACK has been received.

transmitted;
10H

A repeated START has
been transmitted.

Send a STOP

Send a STOP
followed by a START

h J

]

(STA,STO,SI,AA)=(0,0,1,X)
SLA+R will be transmitted;
ACK bit will be transmitted;
12C will be switched to
Master/Receiver mode.

v

To Master/Receiver (A)

B

38H

Arbitration lost in
SLA+R/W or Data byte.

v

(STA,STO,SI,AA)=(0,0,1,X)
12C bus will be release;
Not address SLV mode will
be entered.

(STA,STO,SI,AA)=(1,0,1,X)
A START will be transmitted
when the bus becomes free.

Enter not addressed SLV | (Send a START
mode when bus becomes free

I

Figure 21-11 Master Transmitter Mode

21.7.2 Master Receiver Mode

As shown in Figure 21-12, in this case the data direction bit (R/W) will be logic 1, and it is
represented by “R” in the Figure 21-12. Thus the first byte transmitted is SLA+R. Serial data is
received via SDA while SCL outputs the serial clock. Serial data is received 8-bit at a time. After
each byte is received, an acknowledge bit is transmitted. START and STOP conditions are output
to indicate the beginning and end of a serial transfer.
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Set STA to generate
a START.

] From Slave Mode (C)
4
08H
A START has been transmitted.
4

(STA,STO,SI,AA)=(0,0,1,X)
SLA+R will be transmitted;
ACK bit will be received.

From Master/Transmitter (A) —»{

A J

A J

48H
SLA+R has been transmitted;
NOT ACK has been received.

SLA+R has been transmitted;
ACK has been received.

l

‘40H

-

4 4
(STA,STO,SI,AA)=(0,0,1,0) (STA,STO,SI,AA)=(0,0,1,1)
Data byte will be received; Data byte will be received;
NOT ACK will be returned. ACK will be returned.

58H 50H
4—{ Data byte has been received; ‘ ‘
NOT ACK has been returned.

Data byte has been received;
ACK has been returned.

]

Y Y A
(STA,STO,SI,AA)=(1,1,1,X) _ _
(STA,STO,SI,AA)=(0,1,1,X) (STA,STO,SI,AA)=(1,0,1,X)
ASIEP ez e START A STOP will be transmitted; A repeated START will be
il ensrmitted, STO flag will be reset. transmitted;
STO flag will be reset. 9 . '
y y A
Send a STOP Send a 10H
followed by a START STOP A repeated START has
been transmitted.
38H y
Arbitration lost in NOT ACK bit. y

(STA,STO,SI,AA)=(0,0,1,X)
‘ SLA+R will be transmitted;
ACK bit will be transmitted;
12C will be switched to Master/Transmitter
Y mode.
(STA,STO,SI,AA)=(0,0,1,X)
12C bus will be release;
Not address SLV mode will be To Master/Transmitter (B)
entered.

v y

Send a START Enter not addressed
when bus becomes free SLV mode

Figure 21-12 Master Receiver Mode

Y

(STA,STO,SI,AA)=(1,0,1,X)
A START will be transmitted;
when the bus becomes free

21.7.3 Slave Receiver Mode

As shown in Figure 21-13, serial data and the serial clock are received through SDA and SCL.
After each byte is received, an acknowledge bit is transmitted. START and STOP conditions are
recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and direction bit.
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y
60H
Own SLA+W has been received;
ACK has been return.
or
68H
Arbitration lost SLA+R/W as master;
Own SLA+W has been received;
ACK has been return.
\ \
(STA,STO,SI,AA)=(0,0,1,0) (STA,STO,SI,AA)=(0,0,1,1)
Data byte will be received; Data byte will be received;
NOT ACK will be returned. ACK will be returned.
- <
\ J Y
88H 80H
Previously addressed with own SLA Previously addressed with own SLA address;
address; Data has been received;
NOT ACK has been returned. ACK has been returned.
y y
(STA,STO,SI,AA)=(0,0,1,0) (STA,STO,SI,AA)=(0,0,1,1)
Data will be received; Data will be received;
NOT ACK will be returned. ACK will be returned.
AOH
A STOP or repeated START has been ‘
received while still addressed as Slave/Receiver.
y y y 4
(STA,STO,SI,AA)=(1,0,1,1) (STA,STO,SI,AA)=(1,0,1,0)
Switch to not addressed SLV Switch to not addressed SLV (STA,STO,SI,AA)=(0,0,1,1) (STA,STO,SI,AA)=(0,0,1,0)
mode; mode; Switch to not addressed SLV Switch to not addressed SLV
Own SLA will be recognized; No recognition of own SLA; mode; mode;
A START will be transmitted A START will be transmitted Own SLA will be recognized. No recognition of own SLA.
when the bus becomes free. when the becomes free.
A \/
Send a START Enter not addressed SLV
when bus becomes free mode
To Master Mode (C)

Figure 21-13 Slave Receiver Mode

21.7.4 Slave Transmitter Mode

As shown in Figure 21-14, the first byte is received and handled as in the slave receiver mode.
However, in this mode, the direction bit will indicate that the transfer direction is reversed. Serial
data is transmitted via SDA while the serial clock is input through SCL. START and STOP
conditions are recognized as the beginning and end of a serial transfer.
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A8H
Own SLA+R has been received;
ACK has been return.
or
BOH
Arbitration lost SLA+R/W as master;
Own SLA+R has been received;
ACK has been return.
\ \ J
(STA,STO,SI,AA)=(0,0,1,0) (STA,STO,SI,AA)=(0,0,1,1)
Last data byte will be transmitted; Data byte will be transmitted;
ACK will be received. ACK will be received.
> -
| \
/ A / /
C8H COH B8H
Last data byte in I2CDAT has Data byte or Last data byte in Data byte in I2CDAT has been
been transmitted; I2CDAT has been transmitted; transmitted;
ACK has been received. NOT ACK has been received. ACK has been received.
y \ J
(STA,STO,SI,AA)=(0,0,1,0) (STA,STO,SI,AA)=(0,0,1,1)
Last data will be transmitted; Data byte will be transmitted;
ACK will be received. ACK will be received.
AOH
A STOP or repeated START has been
received while still addressed as SLV receiver.
\ \ A A
(STA,STO,SI,AA)=(1,0,1,1) (STA,STO,SI,AA)=(1,0,1,0) _ _
Switch to not address SLV mode; Switch to not addressed SLV mode; (SSTA’STO’SI‘AA)_(O‘O’1 ) (STA‘STO’SI‘AA)_(O’0’1 )
. o I K witch to not addressed SLV Switch to not addressed SLV
Own SLA will be recognized; No recognition of own SLA; i~ ToeRkE
A START will be transmitted when | | A START will be transmitted when 2 . . ’ "
Own SLA will be recognized. No recognition of own SLA.
the bus becomes free. the becomes free.
Y y
Send a START Enter not addressed
when bus becomes free SLV mode
To Master Mode (C)

Figure 21-14 Slave Transmitter Mode

21.7.5 General Call (GC) Mode

As shown in Figure 21-15, if the GC bit (I2CADDRn [0]) is set, the 1°C port hardware will respond
to General Call address (00H). Clear GC bit to disable general call function. When GC bit is set
and the I°C is in Slave mode, it can receive the general call address by O0OH after Master send
general call address to I°C bus, then it will follow status of GC mode. Serial data and the serial
clock are received through SDA and SCL. After each byte is received, an acknowledge bit is
transmitted. START and STOP conditions are recognized as the beginning and end of a serial
transfer. Address recognition is performed by hardware after reception of the slave address and
direction bit.
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70H
Reception of the general call address
and one or more data bytes;
ACK has been return.

or
78H
Arbitration lost SLA+R/W as master;
and address as SLA by general call;
ACK has been return.

4 A J

(STA,STO,SI,AA)=(X,0,1,0)
Data byte will be received;
NOT ACK will be returned.

98H

Previously addressed with General Call;
Data byte has been received;
NOT ACK has been returned.

(STA,STO,SI,AA)=(X,0,1,1)
Data byte will be received;
ACK will be returned.

¢<—

90H

Previously addressed with General Call;
Data has been received;

ACK has been returned.

(STA,STO,SI,AA)=(X,0,1,0)
Data will be received;
NOT ACK will be returned.

(STA,STO,SI,AA)=(X,0,1,1)
Data will be received;
ACK will be returned.

A STOP or repeated START has been

AOH ‘
received while still addressed as SLV receiver.

]

y

A J A

Y

(STA,STO,SI,AA)=(1,0,1,1)
Switch to not addressed SLV
mode;

Own SLA will be recognized;
A START will be transmitted
when the bus becomes free.

(STA,STO,SI,AA)=(1,0,1,0)
Switch to not addressed SLV
mode;

No recognition of own SLA;
A START will be transmitted
when the becomes free.

(STA,STO,SI,AA)=(0,0,1,1)
Switch to not addressed SLV
mode;

Own SLA will be recognized.

(STA,STO,SI,AA)=(0,0,1,0)
Switch to not addressed SLV
mode;

No recognition of own SLA.

'

v

Send a START
when bus becomes free

{Enter not addressed SLV}

mode

v

To Master Mode (C)
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22 CONTROLLER AREA NETWORK (CAN)

22.1 Overview

The C_CAN consists of the CAN Core, Message RAM, Message Handler, Control Registers and
Module Interface (Refer Figure 22-1 CAN Peripheral Block Diagram

). The CAN Core performs communication according to the CAN protocol version 2.0 part A and
B. The bit rate can be programmed to values up to 1MBit/s. For the connection to the physical
layer, additional transceiver hardware is required.

For communication on a CAN network, individual Message Objects are configured. The Message
Objects and Identifier Masks for acceptance filtering of received messages are stored in the
Message RAM. All functions concerning the handling of messages are implemented in the
Message Handler. These functions include acceptance filtering, the transfer of messages
between the CAN Core and the Message RAM, and the handling of transmission requests as well
as the generation of the module interrupt.

The register set of the C_CAN can be accessed directly by software through the module interface.
These registers are used to control/configure the CAN Core and the Message Handler and to
access the Message RAM.

22.2 Features
Supports CAN protocol version 2.0 part A and B.

Bit rates up to 1 MBit/s.

32 Message Objects.

Each Message Object has its own identifier mask.

Programmable FIFO mode (concatenation of Message Objects).

Maskable interrupt.

Disabled Automatic Re-transmission mode for Time Triggered CAN applications.
Programmable loop-back mode for self-test operation.

16-bit module interfaces to the AMBA APB bus.

Supports wake-up function.
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22.3 Block Diagram
The C_CAN interfaces with the AMBA APB bus. Figure 22-1 CAN Peripheral Block Diagram

shows the block diagram of the C_CAN.
1) CAN Core
CAN Protocol Controller and Rx/Tx Shift Register for serial/parallel conversion of messages.
2) Message RAM
Stores Message Objects and Identifier Masks
3) Registers
All registers used to control and to configure the C_CAN.
4) Message Handler

State Machine that controls the data transfer between the Rx/Tx Shift Register of the CAN Core
and the Message RAM as well as the generation of interrupts as programmed in the Control and
Configuration Registers.

5) Module Interface
C_CAN interfaces to the AMBA APB 16-bit bus from ARM.

CAN_TXD CAN_RXD
A

C_CAN

CAN Core —

t:> Message RAM +—>

:> Registers —

>l  Module Interface
ﬁ
v 17 1

CAN_WAKEUP  16-bit APB Interface CAN_INT (Interrupt)

Message Handler

Figure 22-1 CAN Peripheral Block Diagram
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22.4 Functional Description

22.4.1 Software Initialization

The software initialization is started by setting the Init bit in the CAN Control Register, either by a
software or a hardware reset, or by going to Bus_Off state.

While the Init bit is set, all messages transfer to and from the CAN bus are stopped and the
status of the CAN_TXD output pin is recessive (HIGH). The Error Management Logic (EML)
counters are unchanged. Setting the Init bit does not change any configuration register.

To initialize the CAN Controller, software has to set up the Bit Timing Register and each Message
Object. If a Message Object is not required, the corresponding MsgVal bit should be cleared.
Otherwise, the entire Message Object has to be initialized.

Access to the Bit Timing Register and to the Baud Rate Prescaler Extension Register for
configuring bit timing is enabled when both the Init and CCE bits in the CAN Control Register are
set.

Resetting the Init bit (by software only) finishes software initialization. Later, the Bit Stream
Processor (BSP) (see Section 5.13.6.10: Configuring the Bit Timing) synchronizes itself to the
data transfer on the CAN bus by waiting for the occurrence of a sequence of 11 consecutive
recessive bits (Bus Idle) before it can take part in bus activities and start the message transfer.

The initialization of the Message Objects is independent of Init and can be done on the fly, but the
Message Objects should all be configured to particular identifiers or set to not valid before the
BSP starts the message transfer.

To change the configuration of a Message Object during normal operation, software has to start
by resetting the corresponding MsgVal bit. When the configuration is completed, MsgVal is set
again.

22.4.2 CAN Message Transfer

Once the C_CAN is initialized and Init bit is reset to 0, the C_CAN Core synchronizes itself to the
CAN bus and starts the message transfer.

Received messages are stored in their appropriate Message Objects if they pass the Message
Handler’'s acceptance filtering. The whole message including all arbitration bits, DLC and eight
data bytes are stored in the Message Object. If the Identifier Mask is used, the arbitration bits
which are masked to “don’t care” may be overwritten in the Message Object.

Software can read or write each message any time through the Interface Registers and the
Message Handler guarantees data consistency in case of concurrent accesses.

Messages to be transmitted are updated by the application software. If a permanent Message
Object (arbitration and control bits are set during configuration) exists for the message, only the
data bytes are updated and the TxRqst bit with NewDat bit are set to start the transmission. If
several transmit messages are assigned to the same Message Object (when the number of
Message Objects is not sufficient), the whole Message Object has to be configured before the
transmission of this message is requested.

The transmission of any number of Message Objects may be requested at the same time.
Message objects are transmitted subsequently according to their internal priority. Messages
may be updated or set to not valid any time, even when their requested transmission is still
pending. The old data will be discarded when a message is updated before its pending
transmission has started.

Depending on the configuration of the Message Object, the transmission of a message may be
requested autonomously by the reception of a remote frame with a matching identifier.
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22.4.3 Disabled Automatic Re-Transmission Mode

In accordance with the CAN Specification (see 1SO11898, 6.3.3 Recovery Management), the
C_CAN provides means for automatic retransmission of frames that have lost arbitration or
have been disturbed by errors during transmission. The frame transmission service will not be
confirmed to the user before the transmission is successfully completed. This means that, by
default, automatic retransmission is enabled. It can be disabled to enable the C_CAN to work
within a Time Triggered CAN (TTCAN, see 1ISO11898-1) environment.

The Disabled Automatic Retransmission mode is enabled by setting the Disable Automatic
Retransmission (DAR) bit in the CAN Control Register to one. In this operation mode, the
programmer has to consider the different behavior of bits TxRgst and NewDat in the Control
Registers of the Message Buffers:

* When a transmission starts, bit TxRqst of the respective Message Buffer is cleared, while bit
NewDat remains set.

* When the transmission completed successfully, bit NewDat is cleared.
* When a transmission failed (lost arbitration or error), bit NewDat remains set.

o To restart the transmission, software should set the bit TxRgst again.
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22.5 Test Mode

Test Mode is entered by setting the Test bit in the CAN Control Register. In Test Mode, bits Tx1,
Tx0, LBack, Silent and Basic in the Test Register are writeable. Bit Rx monitors the state of the
CAN_RX pin and therefore is only readable. All Test Register functions are disabled when the
Test bit is cleared.

22.5.1 Silent Mode

The CAN Core can be set in Silent Mode by programming the Silent bit in the Test Register to
one. In Silent Mode, the C_CAN is able to receive valid data frames and valid remote frames, but
it sends only recessive bits on the CAN bus and it cannot start a transmission. If the CAN Core
is required to send a dominant bit (ACK bit, Error Frames), the bit is rerouted internally so that the
CAN Core monitors this dominant bit, although the CAN bus may remain in recessive state. The
Silent Mode can be used to analysis the traffic on a CAN bus without affecting it by the
transmission of dominant bits. Figure 22-2 shows the connection of signals CAN_TXD and
CAN_RXD to the CAN Core in Silent Mode.

CAN_TX CAN_RX

CAN Peripheral ‘

CAN Core

Figure 22-2 CAN Core in Silent Mode

22.5.2 Loop Back Mode

The CAN Core can be set in Loop Back Mode by programming the Test Register bit LBack to
one. In Loop Back Mode, the CAN Core treats its own transmitted messages as received
messages and stores them into a Receive Buffer (if they pass acceptance filtering). Figure 22-3
shows the connection of signals, CAN_TXD and CAN_RXD, to the CAN Core in Loop Back
Mode.

CAN_TX CAN_RX

CAN Peripheral *

R

Tx Rx
CAN Core

Figure 22-3 CAN Core in Loop Back Mode

This mode is provided for self-test functions. To be independent from external stimulation, the
CAN Core ignores acknowledge errors (recessive bit sampled in the acknowledge slot of a data/
remote frame) in Loop Back Mode. In this mode, the CAN Core performs an internal feedback
from its Tx output to its Rx input. The actual value of the CAN_RXD input pin is disregarded by
the CAN Core. The transmitted messages can be monitored on the CAN_TXD pin.
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22.5.3 Loop Back Combined with Silent Mode

It is also possible to combine Loop Back Mode and Silent Mode by programming bits LBack and
Silent to one at the same time. This mode can be used for a “Hot Selftest”, which means that
C_CAN can be tested without affecting a running CAN system connected to the CAN_TXD and
CAN_RXD pins. In this mode, the CAN_RXD pin is disconnected from the CAN Core and the
CAN_TXD pin is held recessive. Figure 22-4 shows the connection of signals CAN_TXD and
CAN_RXD to the CAN Core in case of the combination of Loop Back Mode with Silent Mode.

CAN_TX CAN_RX

CAN Peripheral ‘ v

Figure 22-4 CAN Core in Loop Back Mode Combined with Silent Mode

22.5.4 Basic Mode

The CAN Core can be set in Basic Mode by programming the Test Register bit Basic to one. In
this mode, the C_CAN runs without the Message RAM.

The IF1 Registers are used as Transmit Buffer. The transmission of the contents of the IF1
Registers is requested by writing the Busy bit of the IF1 Command Request Register to one. The
IF1 Registers are locked while the Busy bit is set. The Busy bit indicates that the transmission is
pending.

As soon the CAN bus is idle, the IF1 Registers are loaded into the shift register of the CAN Core
and the transmission is started. When the transmission has been completed, the Busy bit is reset
and the locked IF1 Registers are released.

A pending transmission can be aborted at any time by resetting the Busy bit in the IF1 Command
Request Register while the IF1 Registers are locked. If software has reset the Busy bit, a
possible retransmission in case of lost arbitration or in case of an error is disabled.

The IF2 Registers are used as a Receive Buffer. After the reception of a message the contents of
the shift register is stored into the IF2 Registers, without any acceptance filtering.

Additionally, the actual contents of the shift register can be monitored during the message
transfer. Each time a read Message Object is initiated by writing the Busy bit of the IF2
Command Request Register to one, the contents of the shift register are stored into the IF2
Registers.

In Basic Mode, the evaluation of all Message Object related control and status bits and the control
bits of the IFn Command Mask Registers are turned off. The message number of the Command
request registers is not evaluated. The NewDat and MsgLst bits in the IF2 Message Control
Register retain their function, DLC3-0 indicates the received DLC, and the other control bits are
read as ‘0’.

22.5.,5 Software Control of CAN_TX Pin
Four output functions are available for the CAN transmit pin, CAN_TXD. In addition to its default
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function (serial data output), the CAN transmit pin can drive the CAN Sample Point signal to
monitor CAN_Core’s bit timing and it can drive constant dominant or recessive values. The latter
two functions, combined with the readable CAN receive pin CAN_RXD, can be used to check the
physical layer of the CAN bus.

The output mode for the CAN_TXD pin is selected by programming the Tx1 and TxO bits of the
CAN Test Register.

The three test functions of the CAN_TXD pin interfere with all CAN protocol functions. CAN_TXD
must be left in its default function when CAN message transfer or any of the test modes (Loop
Back Mode, Silent Mode, or Basic Mode) are selected.

22.5.6 CAN Communications

22.5.7 Managing Message Objects

The configuration of the Message Objects in the Message RAM (with the exception of the bits he
CAN Control Regist MsgVal, NewDat, IntPnd, and TxRqst) will not be affected by resetting the
chip. All the Message Objects must be initialized by the application software or they must be “not
valid” (MsgVal = ‘0’) and the bit timing must be configured before the application software clears
the Init bit in ter.

The configuration of a Message Object is done by programming Mask, Arbitration, Control and
Data fields of one of the two interface registers to the desired values. By writing to the
corresponding IFn Command Request Register, the IFn Message Buffer Registers are loaded into
the addressed Message Object in the Message RAM.

When the Init bit in the CAN Control Register is cleared, the CAN Protocol Controller state
machine of the CAN_Core and the state machine of the Message Handler control the internal
data flow of the C_CAN. Received messages that pass the acceptance filtering are stored into the
Message RAM, messages with pending transmission request are loaded into the CAN_Core’s
Shift Register and are transmitted through the CAN bus.

The application software reads received messages and updates messages to be transmitted
through the IFn Interface Registers. Depending on the configuration, the application software is
interrupted on certain CAN message and CAN error events.

22.5.8 Message Handler State Machine

The Message Handler controls the data transfer between the Rx/Tx Shift Register of the CAN
Core, the Message RAM and the IFn Registers.

The Message Handler FSM controls the following functions:

» Data Transfer from IFn Registers to the Message RAM

+ Data Transfer from Message RAM to the IFn Registers

» Data Transfer from Shift Register to the Message RAM

+ Data Transfer from Message RAM to Shift Register

« Data Transfer from Shift Register to the Acceptance Filtering unit
+ Scanning of Message RAM for a matching Message Object

+ Handling of TxRgst flags

* Handling of interrupts.
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22.5.9 Data Transfer from/to Message RAM

When the application software initiates a data transfer between the IFn Registers and Message
RAM, the Message Handler sets the Busy bit in the respective Command Request Register
(CAN_IFn_CRR) to ‘1’. After the transfer has completed, the Busy bit is again cleared (see Figure
22-5).

The respective Command Mask Register specifies whether a complete Message Object or only
parts of it will be transferred. Due to the structure of the Message RAM, it is not possible to write
single bits/bytes of one Message Object. It is always necessary to write a complete Message
Object into the Message RAM. Therefore, the data transfer from the IFn Registers to the Message
RAM requires a read-modify-write cycle. First, those parts of the Message Object that are not to
be changed are read from the Message RAM and then the complete contents of the Message
Buffer Registers are written into the Message Object.
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Figure 22-5 Data Transfer between IFn Registers and Message

After a partial write of a Message Object, the Message Buffer Registers that are not selected in
the Command Mask Register will set the actual contents of the selected Message Object.

After a partial read of a Message Object, the Message Buffer Registers that are not selected in
the Command Mask Register will be left unchanged.

22.5.10Message Transmission

If the shift register of the CAN Core cell is ready for loading and if there is no data transfer
between the IFn Registers and Message RAM, the MsgVal bits in the Message Valid Register
and TxRqst bits in the Transmission Request Register are evaluated. The valid Message Object
with the highest priority pending transmission request is loaded into the shift register by the
Message Handler and the transmission is started. The NewDat bit of the Message Object is reset.
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After a successful transmission and also if ho new data was written to the Message Object
(NewDat = ‘0’) since the start of the transmission, the TxRqgst bit of the Message Control
register (CAN_IFn_MCR) will be reset. If TxIE bit of the Message Control register
(CAN_IFn_MCR) is set, IntPnd bit of the Interrupt Identifier register will be set after a successful
transmission. If the C_CAN has lost the arbitration or if an error occurred during the
transmission, the message will be retransmitted as soon as the CAN bus is free again.
Meanwhile, if the transmission of a message with higher priority has been requested, the
messages will be transmitted in the order of their priority.

22.5.11Acceptance Filtering of Received Messages

When the arbitration and control field (Identifier + IDE + RTR + DLC) of an incoming message is
completely shifted into the Rx/Tx Shift Register of the CAN Core, the Message Handler FSM
starts the scanning of the Message RAM for a matching valid Message Object.

To scan the Message RAM for a matching Message Object, the Acceptance Filtering unit is
loaded with the arbitration bits from the CAN Core shift register. The arbitration and mask fields
(including MsgVal, UMask, NewDat, and EoB) of Message Object 1 are then loaded into the
Acceptance Filtering unit and compared with the arbitration field from the shift register. This is
repeated with each following Message Object until a matching Message Object is found or until
the end of the Message RAM is reached.

If a match occurs, the scan is stopped and the Message Handler FSM proceeds depending on the
type of frame (Data Frame or Remote Frame) received.

Reception of Data Frame

The Message Handler FSM stores the message from the CAN Core shift register into the
respective Message Object in the Message RAM. Not only the data bytes, but all arbitration bits
and the Data Length Code are stored into the corresponding Message Object. This is done to
keep the data bytes connected with the identifier even if arbitration mask registers are used.

The NewDat bit is set to indicate that new data (not yet seen by software) has been received. The
application software should reset NewDat bit when the Message Object has been read. If at the
time of reception, the NewDat bit was already set, MsgLst is set to indicate that the previous data
(supposedly not seen by software) is lost. If the RXIE bit is set, the IntPnd bit is set, causing the
Interrupt Register to point to this Message Object.

The TxRgst bit of this Message Obiject is reset to prevent the transmission of a Remote Frame,
while the requested Data Frame has just been received.

Reception of Remote Frame

When a Remote Frame is received, three different configurations of the matching Message Object
have to be considered:

1) Dir = ‘1’ (direction = transmit), RmtEn = ‘1’, UMask = ‘1" or ’0’

At the reception of a matching Remote Frame, the TxRqst bit of this Message Obiject is set.
The rest of the Message Object remains unchanged.

2) Dir = ‘1’ (direction = transmit), RmtEn = ‘0’, UMask =0’

At the reception of a matching Remote Frame, the TxRgst bit of this Message Object remains
unchanged; the Remote Frame is ignored.

3) Dir = ‘1’ (direction = transmit), RmtEn = ‘0’, UMask =1’

At the reception of a matching Remote Frame, the TxRqst bit of this Message Obiject is reset.
The arbitration and control field (Identifier + IDE + RTR + DLC) from the shift register is stored
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in the Message Object of the Message RAM and the NewDat bit of this Message Object is
set. The data field of the Message Object remains unchanged; the Remote Frame is treated
similar to a received Data Frame.

22.5.12Receive/Transmit Priority

The receive/transmit priority for the Message Objects is attached to the message number.
Message Object 1 has the highest priority, while Message Object 32 has the lowest priority. If
more than one transmission request is pending, they are serviced due to the priority of the
corresponding Message Object

22.5.13Configuring a Transmit Object
The following table shows how a Transmit Object should be initialized.

g ¥ 8 |3 |w | w |E g 3
w = rrs @ @ = = > > E % E x
2 < [a} s S 2 2 o4 - < @ =
1 appl. appl. appl. 1 1 0 0 0 appl. 0 appl. 0

Table 22-1 Initialization of a Transmit Object
Note: appl. = application software.

The Arbitration Register values (ID28-0 and Xtd bit) are provided by the application. They define
the identifier and type of the outgoing message. If an 11-bit Identifier (“Standard Frame”) is used,
it is programmed to ID28 - ID18. The ID17 - IDO can then be disregarded.

If the TXIE bit is set, the IntPnd bit will be set after a successful transmission of the Message
Object.

If the RmtEn bit is set, a matching received Remote Frame will cause the TxRqst bit to be set;
the Remote Frame will autonomously be answered by a Data Frame.

The Data Register values (DLC3-0, Data0-7) are provided by the application, TxRqst and RmtEn
may not be set before the data is valid.

The Mask Registers (Msk28-0, UMask, MXtd, and MDir bits) may be used (UMask="1") to allow
groups of Remote Frames with similar identifiers to set the TxRgst bit. The Dir bit should not be
masked.

22.5.14Updating a Transmit Object

The software may update the data bytes of a Transmit Object any time through the IFn Interface
registers, neither MsgVal nor TxRgst have to be reset before the update.

Even if only a part of the data bytes are to be updated, all four bytes of the corresponding IFn
Data A Register or IFn Data B Register have to be valid before the contents of that register are
transferred to the Message Object. Either the application software has to write all four bytes into
the IFn Data Register or the Message Object is transferred to the IFn Data Register before
software writes the new data bytes.

When only the (eight) data bytes are updated, first 0x0087 is written to the Command Mask
Register and then the number of the Message Object is written to the Command Request
Register, concurrently updating the data bytes and setting TxRgst.

To prevent the reset of TxRgst at the end of a transmission that may already be in progress while
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the data is updated, NewDat has to be set together with TxRgst.

When NewDat is set together with TxRqst, NewDat will be reset as soon as the new
transmission has started.

22.5.15Configuring a Receive Object
The following table shows how a Receive Object should be initialized.

® 5 7] 2
> - X m N @] 4 w 2 i &
2 2 & 2 o a 3 3 = = 3 £ &
s < a s z > & & = x i
1 appl. appl. appl. 1 0 0 0 appl. 0 0 0 0

Table 22-2 Initialization of a Receive Object

The Arbitration Registers values (ID28-0 and Xtd bit) are provided by the application. They define
the identifier and type of accepted received messages. If an 11-bit Identifier (“Standard Frame”) is
used, it is programmed to ID28 - ID18. Then ID17 - IDO can be disregarded. When a Data Frame
with an 11-bit Identifier is received, ID17 - IDO will be set to ‘0.

If the RxIE bit is set, the IntPnd bit will be set when a received Data Frame is accepted and
stored in the Message Object.

The Data Length Code (DLC3-0) is provided by the application. When the Message Handler
stores a Data Frame in the Message Object, it will store the received Data Length Code and eight
data bytes. If the Data Length Code is less than 8, the remaining bytes of the Message Obiject will
be overwritten by unspecified values.

The Mask Registers (Msk28-0, UMask, MXtd, and MDir bits) may be used (UMask='1") to allow
groups of Data Frames with similar identifiers to be accepted. The Dir bit should not be masked
in typical applications.

22.5.16Handling Received Messages

The application software may read a received message any time through the IFn Interface
registers. The data consistency is guaranteed by the Message Handler state machine.

Typically, software will write first 0x007F to the Command Mask Register and then the number of
the Message Object to the Command Request Register. This combination will transfer the whole
received message from the Message RAM into the Message Buffer Register. Additionally, the bits
NewDat and IntPnd are cleared in the Message RAM (not in the Message Buffer).

If the Message Object uses masks for acceptance filtering, the arbitration bits shows which of the
matching messages have been received.

The actual value of NewDat shows whether a new message has been received since the last
time this Message Object was read. The actual value of MsgLst shows whether more than one
message has been received since the last time this Message Object was read. MsgLst will not be
automatically reset.

By means of a Remote Frame, software may request another CAN node to provide new data for a
receive object. Setting the TxRgst bit of a receive object will cause the transmission of a Remote
Frame with the receive object’s identifier. This Remote Frame triggers the other CAN node to start
the transmission of the matching Data Frame. If the matching Data Frame is received before the
Remote Frame could be transmitted, the TxRqst bit is automatically reset.
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22.5.17Configuring a FIFO Buffer

With the exception of the EoB bit, the configuration of Receive Objects belonging to a FIFO Buffer
is the same as the configuration of a (single) Receive Object, see Section 5.13.6.5: Configuring a
Receive Object.

To concatenate two or more Message Objects into a FIFO Buffer, the identifiers and masks (if
used) of these Message Objects have to be programmed to matching values. Due to the implicit
priority of the Message Objects, the Message Object with the lowest number will be the first
Message Object of the FIFO Buffer. The EoB bit of all Message Objects of a FIFO Buffer except
the last have to be programmed to 0. The EoB bits of the last Message Object of a FIFO Buffer is
set to one, configuring it as the End of the Block.

22.5.18Receiving Messages with FIFO Buffers

Received messages with identifiers matching to a FIFO Buffer are stored into a Message Object
of this FIFO Buffer starting with the Message Object with the lowest message number.

When a message is stored into a Message Object of a FIFO Buffer, the NewDat bit of this
Message Object is set. By setting NewDat while EoB is 0, the Message Object is locked for
further write access by the Message Handler until the application software has written the
NewDat bit back to 0.

Messages are stored into a FIFO Buffer until the last Message Object of this FIFO Buffer is
reached. If none of the preceding Message Objects is released by writing NewDat to 0, all
further messages for this FIFO Buffer will be written into the last Message Object of the FIFO
Buffer and therefore overwrite previous messages.

22.5.19Reading from a FIFO Buffer

When the application software transfers the contents of a Message Object to the IFn Message
Buffer register by writing its number to the IFn Command Request Register, the corresponding
Command Mask Register should be programmed in such a way that bits NewDat and IntPnd are
reset to 0 (TxRgst/NewDat = ‘1’ and ClrIntPnd = ‘1’). The values of these bits in the Message
Control Register always reflect the status before resetting the bits.

To assure the correct function of a FIFO Buffer, the application software should read the
Message Objects starting at the FIFO Object with the lowest message number.

Figure 22-6 shows how a set of Message Objects which are concatenated to a FIFO Buffer can
be handled by the application software.
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Figure 22-6 Application Software Handling of a FIFO Buffer
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22.5.20Handling Interrupts

If several interrupts are pending, the CAN Interrupt Register will point to the pending interrupt
with the highest priority, disregarding their chronological order. An interrupt remains pending until
the application software has cleared it.

The Status Interrupt has the highest priority. Among the message interrupts, interrupt priority of
the Message Object decreases with increasing message number.

A message interrupt is cleared by clearing the IntPnd bit of the Message Object. The Status
Interrupt is cleared by reading the Status Register.

The interrupt identifier, Intld, in the Interrupt Register, indicates the cause of the interrupt. When
no interrupt is pending, the register will hold the value 0. If the value of the Interrupt Register is
different from 0, then there is an interrupt pending and, if IE is set, the CAN_INT interrupt signal
is active. The interrupt remains active until the Interrupt Register is back to value 0 (the cause of
the interrupt is reset) or until IE is reset.

The value 0x8000 indicates that an interrupt is pending because the CAN Core has updated
(not necessarily changed) the Status Register (Error Interrupt or Status Interrupt). This interrupt
has the highest priority. The application software can update (reset) the status bits RxOk, TxOk
and LEC, but a write access of software to the Status Register can never generate or reset an
interrupt.

All other values indicate that the source of the interrupt is one of the Message Objects. Intid
points to the pending message interrupt with the highest interrupt priority.

The application software controls whether a change of the Status Register may cause an
interrupt (bits EIE and SIE in the CAN Control Register) and whether the interrupt line becomes
active when the Interrupt Register is different from 0 (bit IE in the CAN Control Register). The
Interrupt Register will be updated even when IE is reset.

The application software has two possibilities to follow the source of a message interrupt. First, it
can follow the Intld in the Interrupt Register and second it can poll the Interrupt Pending
Register.

An interrupt service routine that is reading the message that is the source of the interrupt may
read the message and reset the Message Object’s IntPnd at the same time (bit ClrintPnd in the
Command Mask Register). When IntPnd is cleared, the Interrupt Register will point to the next
Message Object with a pending interrupt.

22.5.21Configuring the Bit Timing

Even if minor errors in the configuration of the CAN bit timing do not result in immediate failure,
the performance of a CAN network can be reduced significantly.

In many cases, the CAN bit synchronization will amend a faulty configuration of the CAN bit
timing to such a degree that only occasionally an error frame is generated. However, in the case
of arbitration, when two or more CAN nodes simultaneously try to transmit a frame, a misplaced
sample point may cause one of the transmitters to become error passive.

The analysis of such sporadic errors requires a detailed knowledge of the CAN bit
synchronization inside a CAN node and interaction of the CAN nodes on the CAN bus.

22.5.22 Bit Time and Bit Rate

CAN supports bit rates in the range of lower than 1 kBit/s up to 1000 kBit/s. Each member of
the CAN network has its own clock generator, usually a quartz oscillator. The timing parameter
of the bit time (i.e. the reciprocal of the bit rate) can be configured individually for each CAN
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node, creating a common bit rate even though the oscillator periods of the CAN nodes (fygc)
may be different.

The frequencies of these oscillators are not absolutely stable, small variations are caused by
changes in temperature or voltage and by deteriorating components. As long as the variations
remain inside a specific oscillator tolerance range (df), the CAN nodes are able to compensate
for the different bit rates by re-synchronizing to the bit stream.

According to the CAN specification, the bit time is divided into four segments (see Figure 22-7).
The Synchronization Segment,the Propagation Time Segment, the Phase Buffer Segment 1 and
the Phase Buffer Segment 2. Each segment consists of a specific, programmable number of time

quanta. The length of the time quantum (tg), which is the basic time unit of the bit time, is defined
by the CAN controller's APB clock fapg and the BRP bit of the Bit Timing Register (CAN_BTR):
tq = BRP / faopB.

The Synchronization Segment, Sync_Seg, is that part of the bit time where edges of the CAN
bus level are expected to occur. The distance between an edge that occurs outside of
Sync_Seg, and the Sync_Seg is called the phase error of that edge. The Propagation Time
Segment, Prop_Segq, is intended to compensate for the physical delay times within the CAN
network. The Phase Buffer Segments Phase Segl and Phase_Seg2 surround the Sample
Point. The (Re-)Synchronization Jump Width (SJW) defines how far a re-synchronization may
move the Sample Point inside the limits defined by the Phase Buffer Segments to compensate for
edge phase errors.

’<—N0minal CAN Bit Time—ﬂ

Sync_Seg Prop_Seg Phase_Seg1 Phase_Seg2

| I
| | LfJ [ I [ ]
Time Quantum( tq )

Samplg Point

Figure 22-7 Bit Timing
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Parameter Range Remark

BRP [1..32] Defines the length of the time quantum tq
Sync_Seg 1 tq Fixed length, synchronization of bus input to APB clock
Prop_Seg [1..8] tq Compensates for the physical delay times
Phase_Segl [1..8] tq May be lengthened temporarily by synchronization
Phase_Seg2 [1..8] tq May be shortened temporarily by synchronization
SIW [1..4] tq May not be longer than either Phase Buffer Segment
This table describes the minimum programmable ranges required by the CAN protocol.

Table 22-3 CAN Bit Time Parameters

A given bit rate may be met by different bit time configurations, but for the proper function of the
CAN network the physical delay times and the oscillator's tolerance range have to be
considered.

22.5.23 Propagation Time Segment

This part of the bit time is used to compensate physical delay times within the network. These
delay times consist of the signal propagation time on the bus and the internal delay time of the
CAN nodes.

Any CAN node synchronized to the bit stream on the CAN bus will be out of phase with the
transmitter of that bit stream, caused by the signal propagation time between the two nodes.
The CAN protocol’s non-destructive bitwise arbitration and the dominant acknowledge bit
provided by receivers of CAN messages requires that a CAN node transmitting a bit stream
must also be able to receive dominant bits transmitted by other CAN nodes that are
synchronized to that bit stream. The example in Figure 22-8 shows the phase shift and
propagation times between two CAN nodes.
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Il Sync_Seg [ | Prop_Seg [N Phase_Segi Phase_Seg2

NodeB [ONN// _ SN/ NN

Delay A_to_B Delay B_to_A

Node A INNVZ | N/l

Delay A_to_B >= node output delay (A) + bus line delay (A->B) + node input delay (B)
Prop Seg  >=Delay A to B +DelayB_to A
Prop_Seg >= 2 * [max ( node output delay + bus line delay + node input delay )]

Figure 22-8 Propagation Time Segment

In this example, both nodes A and B are transmitters, performing an arbitration for the CAN bus.
Node A has sent its Start of Frame bit less than one bit time earlier than node B, therefore node B
has synchronized itself to the received edge from recessive to dominant. Since node B has
received this edge delay (A_to_B) after it has been transmitted, B’s bit timing segments are
shifted with respect to A. Node B sends an identifier with higher priority and so it will win the
arbitration at a specific identifier bit when it transmits a dominant bit while node A transmits a
recessive bit. The dominant bit transmitted by node B will arrive at node A after the delay
(B_to_A).

Due to oscillator tolerances, the actual position of node A’'s Sample Point can be anywhere
inside the nominal range of node A’s Phase Buffer Segments, so the bit transmitted by node B
must arrive at node A before the start of Phase_Segl. This condition defines the length of
Prop_Seg.

If the edge from recessive to dominant transmitted by node B arrives at node A after the start of
Phase_Segl, it can happen that node A samples a recessive bit instead of a dominant bit,
resulting in a bit error and the destruction of the current frame by an error flag.

The error occurs only when two nodes arbitrate for the CAN bus that have oscillators of opposite
ends of the tolerance range and that are separated by a long bus line. This is an example of a
minor error in the bit timing configuration (Prop_Seg to short) that causes sporadic bus errors.

Some CAN implementations provide an optional 3 Sample Mode but the C_CAN does not. In
this mode, the CAN bus input signal passes a digital low-pass filter, using three samples and a
majority logic to determine the valid bit value. This results in an additional input delay of 1 ty:

requiring a longer Prop_Seg.

22.5.24 Phase Buffer Segments and Synchronization

The Phase Buffer Segments (Phase_Segl and Phase_Seg2) and the Synchronization Jump
Width (SJW) are used to compensate for the oscillator tolerance. The Phase Buffer Segments
may be lengthened or shortened by synchronization.
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Synchronizations occur on edges from recessive to dominant, their purpose is to control the
distance between edges and Sample Points.

Edges are detected by sampling the actual bus level in each time quantum and comparing it
with the bus level at the previous Sample Point. A synchronization may be done only if a
recessive bit was sampled at the previous Sample Point and if the bus level at the actual time
quantum is dominant.

An edge is synchronous if it occurs inside of Sync_Seg, otherwise the distance between edge
and the end of Sync_Seg is the edge phase error, measured in time quanta. If the edge occurs
before Sync_Seg, the phase error is negative, else it is positive.

Two types of synchronization exist, Hard Synchronization and Re-synchronization.

A Hard Synchronization is done once at the start of a frame and inside a frame only when Re-
synchronizations occur.

. Hard Synchronization

After a hard synchronization, the bit time is restarted with the end of Sync_Seg, regardless of the
edge phase error. Thus hard synchronization forces the edge, which has caused the hard
synchronization to lie within the synchronization segment of the restarted bit time.

. Bit Re-synchronization

Re-synchronization leads to a shortening or lengthening of the bit time such that the position
of the sample point is shifted with regard to the edge.

When the phase error of the edge which causes Re-synchronization is positive, Phase_Segl is
lengthened. If the magnitude of the phase error is less than SJW, Phase_Segl is lengthened by
the magnitude of the phase error, else it is lengthened by SJW.

When the phase error of the edge, which causes Re-synchronization is negative, Phase_Seg?2 is
shortened. If the magnitude of the phase error is less than SJW, Phase_Seg?2 is shortened by
the magnitude of the phase error, else it is shortened by SJW.

When the magnitude of the phase error of the edge is less than or equal to the programmed
value of SJW, the results of Hard Synchronization and Re-synchronization are the same. If the
magnitude of the phase error is larger than SJW, the Re-synchronization cannot compensate the
phase error completely, an error (phase error - SJW) remains.

Only one synchronization may be done between two Sample Points. The Synchronizations
maintain a minimum distance between edges and Sample Points, giving the bus level time to
stabilize and filtering out spikes that are shorter than (Prop_Seg + Phase_Segl).

Apart from noise spikes, most synchronizations are caused by arbitration. All nodes synchronize
“hard” on the edge transmitted by the “leading” transceiver that started transmitting first, but
they cannot become ideally synchronized due to propagation delay times. The “leading”
transmitter does not necessarily win the arbitration, therefore the receivers have to synchronize
themselves to different transmitters that subsequently “take the lead” and that are differently
synchronized to the previously “leading” transmitter. The same happens at the acknowledge
field, where the transmitter and some of the receivers will have to synchronize to that receiver
that “takes the lead” in the transmission of the dominant acknowledge bit.

Synchronizations after the end of the arbitration will be caused by oscillator tolerance, when the
differences in the oscillator’s clock periods of transmitter and receivers sum up during the time
between synchronizations (at most ten bits). These summarized differences may not be longer
than the SJW, limiting the oscillator’s tolerance range.

The examples in Figure 22-9 show how the Phase Buffer Segments are used to compensate for
phase errors. There are three drawings of each two consecutive bit timings. The upper drawing
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shows the synchronization on a “late” edge, the lower drawing shows the synchronization on an
“early” edge, and the middle drawing is the reference without synchronization.
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Rx-input
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Sample-Point Sample-Point

Sample-Point |
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[/
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| “early Edge

i

|

1
%

Rx-input dominant

Il sync_seg [ prop_seg RN Phase_Seg1l V//] Phase_Seg2

Figure 22-9 Synchronization on “late” and “early” Edges

In the first example, an edge from recessive to dominant occurs at the end of Prop_Seg. The
edge is “late” since it occurs after the Sync_Seg. Reacting to the “late” edge, Phase_Segl is
lengthened so that the distance from the edge to the Sample Point is the same as it would have
been from the Sync_Seg to the Sample Point if no edge had occurred. The phase error of this
“late” edge is less than SJW, so it is fully compensated and the edge from dominant to recessive
at the end of the bit, which is one nominal bit time long, occurs in the Sync_Seg.

In the second example, an edge from recessive to dominant occurs during Phase_Seg2. The
edge is “early” since it occurs before a Sync_Seg. Reacting to the “early” edge, Phase_Seg?2 is
shortened and Sync_Seg is omitted, so that the distance from the edge to the Sample Point is the
same as it would have been from an Sync_Seg to the Sample Point if no edge had
occurred. As in the previous example, the magnitude of this “early” edge’s phase error is less than
SJW, so it is fully compensated.

The Phase Buffer Segments are lengthened or shortened temporarily only; at the next bit time, the
segments return to their nominal programmed values.

In these examples, the bit timing is seen from the point of view of the CAN implementation’s state
machine, where the bit time starts and ends at the Sample Points. The state machine omits
Sync_Seg when synchronizing on an “early” edge because it cannot subsequently redefine that
time quantum of Phase_Seg2 where the edge occurs to be the Sync_Seg.

The examples in Figure 22-10 show how short dominant noise spikes are filtered by
synchronizations. In both examples the spike starts at the end of Prop_Seg and has the length of
(Prop_Seg + Phase_Segl).

In the first example, the Synchronisation Jump Width is greater than or equal to the phase error of
the spike’s edge from recessive to dominant. Therefore the Sample Point is shifted after the end of
the spike; a recessive bus level is sampled.

In the second example, SJW is shorter than the phase error, so the Sample Point cannot be
shifted far enough; the dominant spike is sampled as actual bus level.
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Figure 22-10 Filtering of Short Dominant Spikes

22.5.25 Oscillator Tolerance Range

The oscillator tolerance range was increased when the CAN protocol was developed from
version 1.1 to version 1.2 (version 1.0 was never implemented in silicon). The option to
synchronize on edges from dominant to recessive became obsolete, only edges from recessive
to dominant are considered for synchronization. The protocol update to version 2.0 (A and B)
had no influence on the oscillator tolerance.

The tolerance range df for an oscillator frequency fogc around the nominal frequency fpom is:

(1—df) Xfrom < fosc < @+ dNXfrom

It depends on the proportions of Phase Segl, Phase Seg2, SJW, and the bit time. The
maximum tolerance df is defined by two conditions (both shall be met):

Min(Phase_Segl,Phase Seg?)

|:df <= —
2x(13xbit_time— Phase_Seg?2))
I:df <= &
20 x bit_time

Note: These conditions base on the APB cock = f osc.

It has to be considered that SJW may not be larger than the smaller of the Phase Buffer
Segments and that the Propagation Time Segment limits that part of the bit time that may be
used for the Phase Buffer Segments.

The combination Prop_Seg = 1 and Phase_Segl = Phase_Seg2 = SJW = 4 allows the largest
possible oscillator tolerance of 1.58%. This combination with a Propagation Time Segment of
only 10% of the bit time is not suitable for short bit times; it can be used for bit rates of up to 125
kBit/s (bit time =8 s) with a bus length of 40 m.
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22.5.26 Configuring the CAN Protocol Controller

In most CAN implementations and also in the C_CAN, the bit timing configuration is
programmed in two register bytes. The sum of Prop_Seg and Phase_Segl (as TSEG1) is
combined with Phase_Seg2 (as TSEG2) in one byte, SJW and BRP are combined in the other
byte.

In these bit timing registers, the four components TSEG1, TSEG2, SJW, and BRP have to be
programmed to a numerical value that is one less than its functional value. Therefore, instead of
values in the range of [1..n], values in the range of [0..n-1] are programmed. That way, e.g. SIW
(functional range of [1..4]) is represented by only two bits.

Therefore the length of the bit time is (programmed values) [TSEG1 + TSEG2 + 3] tyq or
(functional values) [Sync_Seg + Prop_Seg + Phase_Segl + Phase_Seg2] ty-
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Figure 22-11 Structure of the CAN Core’s CAN Protocol Controller

The data in the bit timing registers is the configuration input of the CAN protocol controller. The
Baud Rate Prescaler (configured by BRP) defines the length of the time quantum, the basic
time unit of the bit time; the Bit Timing Logic (configured by TSEG1, TSEG2, and SJW) defines
the number of time quanta in the bit time.

The processing of the bit time, the calculation of the position of the Sample Point, and
occasional synchronizations are controlled by the BTL (Bit Timing Logic) state machine, which is
evaluated once each time quantum. The rest of the CAN protocol controller, the BSP (Bit
Stream Processor) state machine is evaluated once each bit time, at the Sample Point.

The Shift Register sends the messages serially and parallelizes received messages. Its loading
and shifting is controlled by the BSP.

The BSP translates messages into frames and vice versa. It generates and discards the
enclosing fixed format bits, inserts and extracts stuff bits, calculates and checks the CRC code,
performs the error management, and decides which type of synchronization is to be used. It is
evaluated at the Sample Point and processes the sampled bus input bit. The time that is needed
to calculate the next bit to be sent after the Sample point (e.g. data bit, CRC bit, stuff bit, error
flag, or idle) is called the Information Processing Time (IPT).

The IPT is application specific but may not be longer than 2 ty: the IPT for the C_CAN is O ty- Its

length is the lower limit of the programmed length of Phase_Seg2. In case of a synchronization,
Phase _Seg2 may be shortened to a value less than IPT, which does not affect bus timing.
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22.5.27 Calculating Bit Timing Parameters

Usually, the calculation of the bit timing configuration starts with a desired bit rate or bit time.
The resulting bit time (1/bit rate) must be an integer multiple of the APB clock period.

The bit time may consist of 4 to 25 time quanta, the length of the time quantum tg is defined by
the Baud Rate Prescaler with tq = (Baud Rate Prescaler)/fp, ok Several combinations may lead
to the desired bit time, allowing iterations of the following steps.

First part of the bit time to be defined is the Prop_Seg. Its length depends on the delay times
measured in the APB clock. A maximum bus length as well as a maximum node delay has to be

defined for expandible CAN bus systems. The resulting time for Prop_Seg is converted into time
guanta (rounded up to the nearest integer multiple of tq).

The Sync_Seg is 1 tq long (fixed), leaving (bit time — Prop_Seg — 1) tq for the two Phase Buffer
Segments. If the number of remaining ty is even, the Phase Buffer Segments have the same
length, Phase_Seg2 Phase_Segl, else Phase_Seg2 Phase_Segl + 1.

The minimum nominal length of Phase_Seg2 has to be regarded as well. Phase_Seg2 may not
be shorter than the IPT of the CAN controller, which, depending on the actual implementation,
is in the range of [0..2] ty-

The length of the Synchronization Jump Width is set to its maximum value, which is the
minimum of 4 and Phase_Segl.

The oscillator tolerance range necessary for the resulting configuration is calculated by the
formulas given in Section 5.13.6.10.4: Oscillator Tolerance Range

If more than one configuration is possible, that configuration allowing the highest oscillator
tolerance range should be chosen.

CAN nodes with different system clocks require different configurations to come to the same bit
rate. The calculation of the propagation time in the CAN network, based on the nodes with the
longest delay times, is done once for the whole network.

The oscillator tolerance range of the CAN systems is limited by that node with the lowest
tolerance range.

The calculation may show that bus length or bit rate have to be decreased or that the stability of
the oscillator frequency has to be increased in order to find a protocol compliant configuration of
the CAN bit timing. The resulting configuration is written into the Bit Timing Register:
(Phase_Seg2-1) & (Phase_Segl+Prop_Seg-1) & (SynchronisationJumpWidth-1)&(Prescaler-1)
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Example for Bit Timing at High Baud Rate
In this example, the frequency of APB_CLK is 10 MHz, BRP is 0, the bit rate is 1 MBit/s.

TC| 100 ns = tAPB_CLK

delay of bus driver 50 ns
delay of receiver circuit 30 ns
delay of bus line (40m) 220 ns

tprop 600 ns =61,

tsaw 100 ns =1ty

Tseg1 700 ns = tprop * tsaw

trseg2 200 ns = Information Processing Time + 1 « t,
tSync-Seg 100 ns =1-1q

bit time 1000 ns = tsync-Seg * tTsegl * trseg2

_ Min(PB1,PB2)
2x13x (bit time — PB2))

B 0.1us
2x(13x (lus—0.2us))

tolerance for APB_CLK 0.39 %

In this example, the concatenated bit time parameters are (2-1)3&(7-1)4&(1-1)2&(1-1)g, the Bit

Timing Register is programmed to= 0x1600.
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Example for Bit Timing at Low Baud Rate

In this example, the frequency of APB_CLK is 2 MHz, BRP is 1, the bit rate is 100 KBit/s.

tq 1 $ =2 tapp_cLK

delay of bus driver 200 ns

delay of receiver circuit 80 ns

delay of bus line (40m) 220 ns

tPI’Op 1 s =1 ’tq

tSJW 4 S= 4 tq

trseg1 5 $ = tprop + 5w

trseg2 4 s = Information Processing Time + 3 « t,
tsync-Seg 1 s=1+1,

bit time 10 S =lgync-seg * tTseg1 * trseg2

Min(PB1, PB2)

tolerance for APB_CLK 1.58 % = —
2x13x (bit time —PB2))

B 4us
2 x(13x (10us —4us))

In this example, the concatenated bit time parameters are (4-1)3&(5-1)4&(4-1)2&(2-1)g, the Bit

Timing Register is programmed to= 0x34C1.
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22.6 Register Description
The C_CAN allocates an address space of 256 bytes. The registers are organized as 16-bit
registers.

The two sets of interface registers (IF1 and IF2) control software access to the Message RAM.
They buffer the data to be transferred to and from the RAM, avoiding conflicts between software
accesses and message reception/transmission.
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Register Offset R/W |Description Reset Value
CAN Base Address:

CAN_BA = 0x4018_0000

CAN_CON CAN_BA+0x00 R/W [Control Register 0x0000_0001
CAN_STATUS CAN_BA+0x04 R/W |Status Register 0x0000_0000
CAN_ERR CAN_BA+0x08 R Error Counter Register 0x0000_0000
CAN_BTIME CAN_BA+0x0C R/W [Bit Timing Register 0x0000_2301
CAN_IIDR CAN_BA+0x10 R Interrupt Identifier Register 0x0000_0000
CAN_TEST CAN_BA+0x14 R/W |Test Register 0x0000_00x0 ™
CAN_BRPE CAN_BA+0x18 R/W |Baud Rate Prescaler Extension Register 0x0000_0000
CAN_IF1_CREQ CAN_BA+0x20 R/W [IF1 Command Request Register 0x0000_0001
CAN_IF2_CREQ CAN_BA+0x80 R/W [IF2 Command Request Register 0x0000_0001
CAN_IF1_CMASK |CAN_BA+0x24 R/W [IF1 Command Mask Register 0x0000_0000
CAN_IF2_CMASK |CAN_BA+0x84 R/W [IF2 Command Mask Register 0x0000_0000
CAN_IF1_MASK1 |CAN_BA+0x28 R/W [IF1 Mask 1 Register 0x0000_FFFF
CAN_IF2_MASK1 |CAN_BA+0x88 R/W [IF2 Mask 1 Register 0x0000_FFFF
CAN_IF1_MASK2 |CAN_BA+0x2C R/W |IF1 Mask 2 Register 0x0000_FFFF
CAN_IF2_MASK2 |CAN_BA+0x8C R/W |IF2 Mask 2 Register 0x0000_FFFF
CAN_IF1_ARB1 CAN_BA+0x30 R/W [IF1 Arbitration 1 Register 0x0000_0000
CAN_IF2_ARB1 CAN_BA+0x90 R/W [IF2 Arbitration 1 Register 0x0000_0000
CAN_IF1_ARB2 CAN_BA+0x34 R/W |IF1 Arbitration 2 Register 0x0000_0000
CAN_IF2_ARB2 CAN_BA+0x94 R/W |IF2 Arbitration 2 Register 0x0000_0000
CAN_IF1_MCON |CAN_BA+0x38 R/W [IF1 Message Control Register 0x0000_0000
CAN_IF2_MCON |CAN_BA+0x98 R/W [IF2 Message Control Register 0x0000_0000
CAN_IF1_DAT_A1l |CAN_BA+0x3C R/W [IF1 Data Al Register 0x0000_0000
CAN_IF1_DAT_A2 |CAN_BA+0x40 R/W [IF1 Data A2 Register 0x0000_0000
CAN_IF1_DAT_B1 |CAN_BA+0x44 R/W |IF1 Data B1 Register 0x0000_0000
CAN_IF1_DAT_B2 |CAN_BA+0x48 R/W |IF1 Data B2 Register 0x0000_0000
CAN_IF2_DAT_A1 |CAN_BA+0x9C R/W [IF2 Data Al Register 0x0000_0000
CAN_IF2_DAT_A2 |CAN_BA+OXA0 R/W |IF2 Data A2 Register 0x0000_0000
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CAN_IF2_DAT_B1 |CAN_BA+0xA4 R/W [IF2 Data B1 Register 0x0000_0000
CAN_IF2_DAT_B2 |CAN_BA+0xA8 R/W |IF2 Data B2 Register 0x0000_0000
CAN_TXREQ1 CAN_BA+0x100 R Transmission Request Register 1 0x0000_0000
CAN_TXREQ2 CAN_BA+0x104 R Transmission Request Register 2 0x0000_0000
CAN_NDAT1 CAN_BA+0x120 R New Data Register 1 0x0000_0000
CAN_NDAT2 CAN_BA+0x124 R New Data Register 2 0x0000_0000
CAN_IPND1 CAN_BA+0x140 R Interrupt Pending Register 1 0x0000_0000
CAN_IPND2 CAN_BA+0x144 R Interrupt Pending Register 2 0x0000_0000
CAN_MVLD1 CAN_BA+0x160 R Message Valid Register 1 0x0000_0000
CAN_MVLD2 CAN_BA+0x164 R Message Valid Register 2 0x0000_0000
CAN_WU_EN CAN_BA+0x168 R/W |Wake-Up Enable Register 0x0000_0000
CAN_WU_STATUS |CAN_BA+0x16C R/W [Wake-Up Status Register 0x0000_0000

Note: 1. 0x00 & Obr0000000, where r signifies the actual value of the CAN_RX

2. IFn: The two sets of Message Interface Registers — IF1 and IF2, have identical function
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22.8 CAN Interface Reset State

After hardware reset, the C_CAN registers hold the reset values given in the register description
in CAN reqister map .

Additionally the bus-off state is reset and the output CAN_TXD is set to recessive (HIGH). The
value 0x0001 (Init = “1°) in the CAN Control Register enables software initialization. The C_CAN
does not influence the CAN bus until the application software resets the Init bit to ‘0’.

The data stored in the Message RAM is not affected by a hardware reset. After powering on,
the contents of the Message RAM are undefined.
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CAN Register Map for Each Bit Function

Addr ) 1 1 1 1 1 1
offset Register Name 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0
00h CAN_CON Reserved @ 5] % 2 w w IE Init
+ (@) [a] o w n
c 1)
< %] X X
04h CAN_STATUS Reserved = o] [e] le) LEC
o = o < <
o ] w o4 =
08h CAN_ERR RP REC6-0 TEC7-0
0Ch CAN_BTIME Res TSeg2 TSegl SIW BRP
10h CAN_IIDR Intld15-8 Intld7-0
S = °
14h CAN_TEST Reserved « o o < K3} 4} Reserved
X < fos] = It
14 = ~ | %] M
18h CAN_BRPE Reserved BRPE
20h CAN_IF1_CREQ | Busy Reserved Message Number
°
a ° & FA < )
24h CAN_IF1_CMASK Reserved g % = € nc:r « <
o} 2 = © ©
z |2 |z |8 |5 |~ 8 8
28h | CAN_IF1_MASK1 Msk15-0
2Ch CAN_IF1_MASK2 | MXtd | MDir | Res Msk28-16
30h CAN_IF1_ARB1 ID15-0
<
34h CAN_IF1_ARB2 | 3 xtd | Dir ID28-16
12}
=
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Add 1 1 1 1 1
" | Register Name 9 7 6 5 4 | 3 2 1 0
offset
5 1 0
I % - X~ c @
38h | CAN_IF1_McoN | S ) & s w w = g @ Reserved DLC3-0
[ [7) = = = < £ < <]
z = £ D - 14 14 = w
3Ch |CAN_IF1_DAT_ A1 Datal Data0
40h | CAN_IF1_DAT_A2 Data3 Data2
44h | CAN_IF1_DAT_B1 Data5 Data4
48h | CAN_IF1_DAT_B2 Data7 Data6
80h CAN_IF2_CREQ | Busy Reserved Message Number
ke]
a 5 a E < )
84h CAN_IF2_CMASK Reserved g X = € Dc:' o <
c 2 5] = © ©
2 s < o o [ a a
88h | CAN_IF2_MASK1 Msk15-0
8Ch | CAN_IF2_MASK2 | MXtd | MDir | Res. Msk28-16
90h CAN_IF2_ARB1 ID15-0
K& )
94h | CAN_IF2_ARB2 2 | xd | Dir ID28-16
0
=
T I o x c 3
98h CAN_IF2_MCON | 2 > & 3 w w u g o Reserved DLC3-0
3 @ & = = = £ 3 [}
z 2 = 2 ~ o 14 ~ |
9Ch | CAN_IF2_DAT_Al Datal Data0
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Addr X 1 1 1 1 1 1
offset Register Name 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0
AOh CAN_IF2_DAT_A2 Data3 Data2
Adh CAN_IF2_DAT_B1 Data5 Data4
A8h CAN_IF2_DAT_B2 Data7 Data6
100h CAN_TXREQ1 TxRqst16-1
104h CAN_TXREQ2 TxRgst32-17
120h CAN_NDAT1 NewDat16-1
124h CAN_NDAT2 NewDat32-17
140h CAN_IPND1 IntPnd16-1
144h CAN_IPND2 IntPnd32-17
160h CAN_MVLD1 MsgVall6-1
164h CAN_MVLD2 MsgVal32-17
\WAKUP
168h CAN_WU_EN Reserved EN
WAKU
16Ch [CAN_WU_STATUS Reserved
_STS
RAM
170h CAN_RAM_CEN Reserved -
CEN
Others Reserved Reserved

Table 22-4 CAN Register Map for Each Bit Function
Note: Reserved bits are read as 0’ except for IFn Mask 2 Register where they are read as '1’.

Res. = Reserved
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Control Register (CAN_CON)

Register Offset R/W [Description Reset Value
CAN_CON CAN_BA+0x00 R/W |Control Register 0x0000_0001
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Test CCE DAR Reserved EIE SIE IE Init
Bits Description
Reserved
[31:8] Reserved There are reserved bits.
These bits are always read as ‘0’ and must always be written with ‘0’
Test Mode Enable
[7] Test 1 = Test mode.
0 = Normal operation.
Configuration Change Enable
6] CCE 1= \é\i/trit:eliccess to the Bit Timing Register (CAN_BTIME & CAN_BRP) allowed. (while Init
0 = No write access to the Bit Timing Register.
Disable Automatic Re-transmission
[5] DAR 1 = Automatic Retransmission Disabled.
0 = Automatic Retransmission of disturbed messages Enabled.
[4] Reserved Reserved
This is a reserved bit. This bit is always read as ‘0’ and must always be written with ‘0’.
Error Interrupt Enable
3] EIE 1= _Enabled - A change in the bits BOff or EWarn in the Status Register will generate an
interrupt.
0 = Disabled - No Error Status Interrupt will be generated.
Status Change Interrupt Enable
2] SIE 1 = Enabled - An interrupt will be'generated when a message transfer is successfully
completed or a CAN bus error is detected.
0 = Disabled - No Status Change Interrupt will be generated.
Module Interrupt Enable
1 IE
1 = Enabled.
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0 = Disabled.

Init Initialization
[0] Init 1 = Initialization is started.

0 = Normal operation.

Note: The bus-off recovery sequence (see CAN Specification Rev. 2.0) cannot be shortened by setting or resetting the Init
bit. If the device goes in the bus-off state, it will set Init of its own accord, stopping all bus activities. Once Init has been
cleared by the CPU, the device will then wait for 129 occurrences of Bus Idle (129 * 11 consecutive recessive bits) before
resuming normal operations. At the end of the bus-off recovery sequence, the Error Management Counters will be reset.

During the waiting time after resetting Init, each time a sequence of 11 recessive bits has been monitored, a BitOError
code is written to the Status Register, enabling the CPU to readily check whether the CAN bus is stuck at dominant or
continuously disturbed and to monitor the proceeding of the bus-off recovery sequence.
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Status Register (CAN _STATUS)

Register Offset R/W |Description Reset Value
CAN_STATUS CAN_BA+0x04 R/W |[Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
BOFF EWarn EPass RxOK TxOK LEC
Bits Description
Reserved

[31:8] Reserved
This is a reserved bit. This bit is always read as ‘0’ and must always be written with ‘0’.

Bus-off Status (Read Only)
[7] BOff 1 = CAN module is in bus-off state.

0 = CAN module is not in bus-off state.

Error Warning Status (Read Only)

[6] EWarn 1 = At least one of the error counters in the EML has reached the error warning limit of
96.

0 = Both error counters are below the error warning limit of 96.

Error Passive (Read Only)
[5] EPass 1 = CAN Core is in the error passive state as defined in the CAN Specification.

0 = CAN Core is error active.

Received a Message Successfully

1 = A message has been successfully received since this bit was last reset by the CPU
[4] RxOK (independent of the result of acceptance filtering).

0 = No message has been successfully received since this bit was last reset by the CPU.
This bit is never reset by the CAN Core.

Transmitted a Message Successfully

1 = Since this bit was last reset by the CPU, a message has been successfully (error free
[3] TxOK and acknowledged by at least one other node) transmitted.

0 = Since this bit was reset by the CPU, no message has been successfully transmitted.
This bit is never reset by the CAN Core.

Last Error Code (Type of the Last Error to Occur on the CAN Bus)

The LEC field holds a code, which indicates the type of the last error to occur on the
CAN bus. This field will be cleared to ‘0’ when a message has been transferred
(reception or transmission) without error. The unused code ‘7’ may be written by the CPU
to check for updates. Error! Reference source not found. describes the error code.

[2:0] LEC
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Error Code Meanings
0 No Error

Stuff Error: More than 5 equal bits in a sequence have occurred in a part of a received

1 message where this is not allowed.
2 Form Error: A fixed format part of a received frame has the wrong format.
3 AckError: The message this CAN Core transmitted was not acknowledged by another

node.

Bit1Error: During the transmission of a message (with the exception of the arbitration field), the
4 device wanted to send a recessive level (bit of logical value ‘1’), but the monitored bus value
was dominant.

BitOError: During the transmission of a message (or acknowledge bit, or active error flag, or
overload flag), though the device wanted to send a dominant level (data or identifier bit logical
value ‘0’), but the monitored Bus value was recessive. During bus-off recovery, this status is set

5 each time a sequence of 11 recessive bits has been monitored. This enables the CPU to
monitor the proceedings of the bus-off recovery sequence (indicating the bus is not stuck at
dominant or continuously disturbed).

6 CRCError: The CRC check sum was incorrect in the message received, the CRC received for
an incoming message does not match with the calculated CRC for the received data.

7 Unused: When the LEC shows the value ‘7’, no CAN bus event was detected since the CPU

wrote this value to the LEC.

Table 22-5 Error Code

Status Interrupts

A Status Interrupt is generated by bits BOff and EWarn (Error Interrupt) or by RxOk, TxOk, and
LEC (Status Change Interrupt) assumed that the corresponding enable bits in the CAN Control
Register are set. A change of bit EPass or a write to RxOk, TxOk, or LEC will never generate a
Status Interrupt.

Reading the Status Register will clear the Status Interrupt value (8000h) in the Interrupt
Register, if it is pending.
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Error Counter Register (CAN ERR)

Register Offset R/W |Description Reset Value
CAN_ERR CAN_BA+0x08 R Error Counter Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
RP REC[6:0]
7 6 5 4 3 2 1 0
TEC[7:0]
Bits Description
R d
[31:16] Reserved eserve
This is a reserved bit. This bit is always read as ‘0’ and must always be written with ‘0’.
Receive Error Passive
[15] RP 1 = The Receive Error Counter has reached the error passive level as defined in the
CAN Specification.
0 = The Receive Error Counter is below the error passive level.
Receive Error Counter
[14:8] |REC v .
Actual state of the Receive Error Counter. Values between 0 and 127.
Transmit Error Counter
[7:0] TEC ! .
Actual state of the Transmit Error Counter. Values between 0 and 255.
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Bit Timing Register (CAN BTIME)

Register Offset R/W |Description Reset Value
CAN_BTIME CAN_BA+0x0C R/W |Bit Timing Register 0x0000_2301
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved TSeg2 TSegl
7 6 5 4 3 2 1 0
SJW BRP
Bits Description

R d
[31:15] |Reserved eserve

This is a reserved bit. This bit is always read as ‘0’ and must always be written with ‘0’.

Time Segment After sample Point

[14:12) |TSeg2 0x0-0x7: Valid values for TSeg2 are [0 ... 7]. The actual interpretation by hardware of

this value is such that one more than the value programmed here is used.

Time Segment before the sample Point Minus Sync_seg

(11:8] TSegl 0x01-0xO0F: valid values for TSegl are [1 ... 15]. The actual interpretation by hardware of

this value is such that one more than the value programmed is used.

(Re)Synchronization Jump Width

[7:6] SIw 0x0-0x3: Valid programmed values are [0 ... 3]. The actual interpretation by hardware of
this value is such that one more than the value programmed here is used.
Baud Rate Prescaler

[5:0] BRP 0x01-0x3F: The value by which the oscillator frequency is divided for generating the bit

time quanta. The bit time is built up from a multiple of this quanta. Valid values for the Baud
Rate Prescaler are [ 0 ... 63 ]. The actual interpretation by hardware of this value is such
that one more than the value programmed here is used.

Note With a module clock APB_CLK of 8 MHz, the reset value of 0x2301 configures the
C_CAN for a bit rate of 500 kBit/s. The registers are only writable if bits CCE and Init in the CAN
Control Register are set.
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Interrupt Identify Register (CAN [IDR)

Register Offset R/W |Description Reset Value
CAN_IIDR CAN_BA+0x10 R Interrupt Identifier Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Intld[15:8]
7 6 5 4 3 2 1 0
Intld[7:0]
Bits Description
Interrupt Identifier (Indicates the source of the interrupt. Refer to Error! Reference
source not found.)
If several interrupts are pending, the CAN Interrupt Register will point to the pending
interrupt with the highest priority, disregarding their chronological order. An interrupt
remains pending until the application software has cleared it. If Intld is different from
0x0000 and IE is set, the IRQ interrupt signal to the EIC is active. The interrupt
[15:0] Intld remains active until Intld is back to value 0x0000 (the cause of the interrupt is reset)
or until IE is reset.
The Status Interrupt has the highest priority. Among the message interrupts, the
Message Object’ s interrupt priority decreases with increasing message number.
A message interrupt is cleared by clearing the Message Object’s IntPnd bit. The Status
Interrupt is cleared by reading the Status Register.
Intld Value Meanings
0x0000 No Interrupt is Pending
0x0001-0x0020 Number of Message Object which caused the interrupt.
0x0021-0x7FFF Unused
0x8000 Status Interrupt
0x8001-0xFFFF Unused
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Test Reqgister (CAN_TEST)

Register Offset R/W |Description Reset Value
CAN_TEST CAN_BA+0x14 R/W |Test Register 0x0000_00x0
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Rx Tx[1:0] LBack Silent Basic Res
Bits Description
Reserved

(31:8] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0’.

Monitors the actual value of CAN_RXD Pin (Read Only)
[7] Rx 1 = The CAN bus is recessive (CAN_RXD = ‘1’).
0 = The CAN bus is dominant (CAN_RXD = ‘0’).

Tx[1:0]: Control of CAN_TXD pin

00 = Reset value, CAN_TXD is controlled by the CAN Core
[6:5] Tx 01 = Sample Point can be monitored at CAN_TXD pin

10 = CAN_TXD pin drives a dominant (‘0’) value.

11 = CAN_TXD pin drives a recessive (‘1’) value.

Loop Back Mode
[4] LBack 1 = Loop Back Mode Enabled.
0 = Loop Back Mode Disabled.

Silent Mode
[3] Silent 1 = The module is in Silent mode.

0 = Normal operation.

Basic Mode
[2] Basic 1= IF1 Registers used as Tx Buffer, IF2 Registers used as Rx Buffer.
0 = Basic Mode disabled.

Reserved

[1:0] Res There are reserved bits.
These bits are always read as ‘0’ and must always be written with ‘0’.

Reset value: 0000 0000 RO00 0000 b (R: current value of RX pin)
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Write access to the Test Register is enabled by setting the Test bit in the CAN Control Register.
The different test functions may be combined, but Tx[1-0] “00” disturbs message transfer.
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Baud Rate Prescaler Extension REGISTER (CAN BRPE)

Register Offset R/W |Description Reset Value
CAN_BRPE CAN_BA+0x18 R/W |Baud Rate Prescaler Extension Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved BRPE
Bits Description
Reserved
[31:4]  |Reserved :Br?ere are reserved bits. These bits are always read as ‘0’ and must always be written with
BRPE: Baud Rate Prescaler Extension
[3:0] BRPE 0x00-0x0F: By programming BRPE, the Baud Rate Prescaler can be extended to values
up to 1023. The actual interpretation by hardware is that one more than the value
programmed by BRPE (MSBs) and BTIME (LSBs) is used.
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Message Interface Register Sets

There are two sets of Interface Registers, which are used to control the CPU access to the
Message RAM. The Interface Registers avoid conflict between the CPU accesses to the
Message RAM and CAN message reception and transmission by buffering the data to be
transferred. A complete Message Object or parts of the Message Object may be transferred
between the Message RAM and the IFn Message Buffer registers in one single transfer.

The function of the two interface register sets is identical except for the Basic test mode. They
can be used the way one set of registers is used for data transfer to the Message RAM while the
other set of registers is used for the data transfer from the Message RAM, allowing both
processes to be interrupted by each other. Table 22-7 (IF1 and IF2 Message Interface Register
Set) provides an overview of the two Interface Register sets.

Each set of Interface Registers consists of Message Buffer Registers controlled by their own
Command Registers. The Command Mask Register specifies the direction of the data transfer
and which parts of a Message Object will be transferred. The Command Request Register is
used to select a Message Object in the Message RAM as target or source for the transfer and to
start the action specified in the Command Mask Register.

Address IF1 Register Set Address IF2 Register Set

CAN_BA+0x20

IF1 Command Request

CAN_BA+0x80

IF2 Command Request

CAN_BA+0x24

IF1 Command Mask

CAN_BA+0x84

IF2 Command Mask

CAN_BA+0x28 IF1 Mask 1 CAN_BA+0x88 IF2 Mask 1
CAN_BA+0x2C IF1 Mask 2 CAN_BA+0x8C IF2 Mask 2
CAN_BA+0x30 IF1 Arbitration 1 CAN_BA+0x90 IF2 Arbitration 1
CAN_BA+0x34 IF1 Arbitration 2 CAN_BA+0x94 IF2 Arbitration 2

CAN_BA+0x38

IF1 Message Control

CAN_BA+0x98

IF2 Message Control

CAN_BA+0x3C IF1 DataA 1 CAN_BA+0x9C IF2 Data A 1
CAN_BA+0x40 IF1 Data A 2 CAN_BA+0xA0 IF2 Data A 2
CAN_BA+0x44 IF1 DataB 1 CAN_BA+0xA4 IF2 Data B 1
CAN_BA+0x48 IF1 Data B 2 CAN_BA+0xA8 IF2 Data B 2
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IFn Command Request Register (CAN IFn_CREQ)

Register Offset R/W | Description Reset Value
CAN_IF1_CREQ CAN_BA+0x20 R/W |IF1 Command Request Register 0x0000_0001
CAN_IF2_CREQ CAN_BA+0x80 R/W |IF2 Command Request Register 0x0000_0001
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Busy Res
7 6 5 4 3 2 1 0
Res Message Number
Bits Description
Busy Flag
[15] Busy 1 = Writing to the IFn Command Request Register is in progress. This bit can only be read
by software.
0 = Read/write action has been finished.
Reserved
(14:6] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
Message Number
0x01-0x20: Valid Message Number, the Message Object in the Message
[5:0] Message Number |RAM is selected for data transfer.
0x00: Not a valid Message Number, interpreted as 0x20.
0x21-0x3F: Not a valid Message Number, interpreted as 0x01-Ox1F.

A message transfer is started as soon as the application software has written the message
number to the Command Request Register. With this write operation, the Busy bit is
automatically set to notify the CPU that a transfer is in progress. After a waiting time of 3to 6
APB_CLK periods, the transfer between the Interface Register and the Message RAM is
completed. The Busy bit is cleared.

Note:When a Message Number that is not valid is written into the Command Request
Register, the Message Number will be transformed into a valid value and that Message Object
will be transferred.
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IFn Command Mask Register (CAN IFn_CMASK)

The control bits of the IFn Command Mask Register specify the transfer direction and select
which of the IFn Message Buffer Registers are source or target of the data transfer.

Register Offset R/W |Description Reset Value
CAN_IF1_CMASK |CAN_BA+0x24 R/W |IF1 Command Mask Register 0x0000_0000
CAN_IF2_CMASK |CAN_BA+0x84 R/W |IF2 Command Mask Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
TxRgst/
WR_RD Mask Arb Control ClrintPnd NewDat DAT_A DAT_B
Bits Description
Reserved

(31:8] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0’
Write / Read

1 = Write: Transfer data from the selected Message Buffer Registers to the Message
[7] WR_RD Object addressed by the Command Request Register.

0 = Read: Transfer data from the Message Object addressed by the Command Request
Register into the selected Message Buffer Registers.

Access Mask Bits

Direction = Write

1 = Transfer Identifier Mask + MDir + MXtd to Message Object.

[6] Mask 0: = Mask bits unchanged.

Direction = Read

1 = Transfer Identifier Mask + MDir + MXtd to IFn Message Buffer Register.
0 = Mask bits unchanged.

Access Arbitration Bits

Direction = Write

1 = Transfer Identifier + Dir + Xtd + MsgVal to Message Object

[5] Arb 0 = Arbitration bits unchanged.

Direction = Read

1 = Transfer Identifier + Dir + Xtd + MsgVal to IFn Message Buffer Register.

0 = Arbitration bits unchanged.

[4] Control Control Access Control Bits
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Direction = Write

1 = Transfer Control Bits to Message Object.

0 = Control Bits unchanged

Direction = Read

1 = Transfer Control Bits to IFn Message Buffer Register.

0 = Control Bits unchanged.

Clear Interrupt Pending Bit

Direction = Write

(3] CirintPnd When writing to a Message Object, this bit is ignored.
Direction = Read

1 = Clear IntPnd bit in the Message Object.

0 = IntPnd bit remains unchanged.

Access Transmission Request Bit when Direction = Write
1 = Set TxRgst bit.
0 = TxRgst bit unchanged.

Note: If a transmission is requested by programming bit TxRqgst/NewDat in the IFn
Command Mask Register, bit TxRgst in the IFn Message Control Register will be

ignored.
[2] TxRgst/NewDat ) o
Access New Data Bit when Direction = Read

1 = Clear NewDat bit in the Message Object
0 = NewDat bit remains unchanged.

Note: A read access to a Message Object can be combined with the reset of the control
bits IntPnd and NewDat. The values of these bits transferred to the IFn Message
Control Register always reflect the status before resetting these bits.

Access Data Bytes [3:0]

Direction = Write

1 = Transfer Data Bytes [3:0] to Message Object

[1] DAT_A 0 = Data Bytes [3:0] unchanged.

Direction = Read

1 = Transfer Data Bytes [3:0] to IFn Message Buffer Register.
0 = Data Bytes [3:0] unchanged.

Access Data Bytes [7:4]

Direction = Write

1 = Transfer Data Bytes [7:4] to Message Object.

[q] DAT_B 0 = Data Bytes [7:4] unchanged.

Direction = Read

1 = Transfer Data Bytes [7:4] to IFn Message Buffer Register.
0 = Data Bytes [7:4] unchanged.
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IFn Mask 1 Register (CAN IFn__ MASK1)

Register Offset R/W |Description Reset Value
CAN_IF1_MASK1 CAN_BA+0x28 R/W |IF1 Mask 1 Register 0x0000_FFFF
CAN_IF2_MASK1 CAN_BA+0x88 R/W |IF2 Mask 1 Register 0x0000_FFFF
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Msk[15:8]
7 6 5 4 3 2 1 0
Msk[7:0]
Bits Description
Reserved
[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
Identifier Mask 15-0
[15:0] Msk[15:0] 1 = The corresponding identifier bit is used for acceptance filtering.
0 = The corresponding bit in the identifier of the message object cannot inhibit the match
in the acceptance filtering.
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IFn Mask 2 Register (CAN IFn_ MASK?2)

Register Offset R/W |Description Reset Value
CAN_IF1_MASK2 CAN_BA+0x2C R/W |IF1 Mask 2 Register 0x0000_FFFF
CAN_IF2_MASK2 CAN_BA+0x8C R/W |IF2 Mask 2 Register 0x0000_FFFF
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
MXtd MDir Reserved Msk[28:24]
7 6 5 4 3 2 1 0
Msk[23:16]
Bits Description
Reserved

[31:16] |Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0’
Mask Extended Identifier

1 = The extended identifier bit (IDE) is used for acceptance filtering.
[15] MXtd 0 = The extended identifier bit (IDE) has no effect on the acceptance filtering.

Note: When 11-bit (“standard”) Identifiers are used for a Message Object, the identifiers
of received Data Frames are written into bits D28 to ID18. For acceptance filtering, only
these bits together with mask bits Msk28 to Msk18 are considered.

Mask Message Direction
[14] MDir 1 = The message direction bit (Dir) is used for acceptance filtering.

0 = The message direction bit (Dir) has no effect on the acceptance filtering.

R d

[13] Reserved eserve
This is reserved bit. The bit is always read as ‘1’ and must always be written with ‘1’.
Identifier Mask 28-16

[12:0] Msk[28:16] 1 = The corresponding identifier bit is used for acceptance filtering.

0 = The corresponding bit in the identifier of the message object cannot inhibit the match
in the acceptance filtering.
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IFn Arbitration 1 Register (CAN IFn _ARB1)

Register Offset R/W |Description Reset Value
CAN_IF1_ARB1 CAN_BA+0x30 R/W |IF1 Arbitration 1 Register 0x0000_0000
CAN_IF2_ARB1 CAN_BA+0x90 R/W |IF2 Arbitration 1 Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
ID[15:8]
7 6 5 4 3 2 1 0
ID[7:0]
Bits Description
Reserved
[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
Message Identifier 15-0
[15:0] ID[15:0] ID28 - IDO, 29-bit Identifier (‘Extended Frame”).
ID28 - ID18, 11-bit Identifier (“Standard Frame”)
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IFn Arbitration 2 Register (CAN IFn _ARB2)

Register Offset R/W |Description Reset Value
CAN_IF1_ARB2 CAN_BA+0x34 R/W |IF1 Arbitration 2 Register 0x0000_0000
CAN_IF2_ARB2 CAN_BA+0x94 R/W |IF2 Arbitration 2 Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
MsgVal Xtd Dir ID[28:24]
7 6 5 4 3 2 1 0
ID[23:16]
Bits Description
Reserved

[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0’.
Message Valid

1 = The Message Object is configured and should be considered by the Message
Handler.

[15] MsgVal 0 = The Message Object is ignored by the Message Handler.

Note: The application software must reset the MsgVal bit of all unused Messages
Objects during the initialization before it resets bit Init in the CAN Control Register. This
bit must also be reset before the identifier Id28-0, the control bits Xtd, Dir, or the Datal
Length Code DLC3-0 are modified, or if the Messages Object is no longer required.

Extended Identifier

[14] Xtd 1 = The 29-bit (“extended”) Identifier will be used for this Message Object.
0 = The 11-bit (“standard”) Identifier will be used for this Message Object.

Message Direction

1 = Direction is transmit

On TxRgst, the respective Message Object is transmitted as a Data Frame. On
reception of a Remote Frame with matching identifier, the TxRqgst bit of this Message
[13] Dir Object is set (if RmtEn = one).

0 = Direction is receive

On TxRqgst, a Remote Frame with the identifier of this Message Object is transmitted.
On reception of a Data Frame with matching identifier, that message is stored in this
Message Object.

Message Identifier 28-16
[12:0] ID[28:16] ID28 - IDO, 29-bit Identifier (‘Extended Frame”).

ID28 - ID18, 11-bit Identifier (“Standard Frame”)
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IFn Message Control Register (CAN IFn_MCON)

Register Offset R/W |Description Reset Value
CAN_IF1_MCON CAN_BA+0x38 R/W |IF1 Message Control Register 0x0000_0000
CAN_IF2_MCON CAN_BA+0x98 R/W |IF2 Message Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
NewDat MsgLst IntPnd UMask TXIE RXIE RmtEn TxRqgst
7 6 5 4 3 2 1 0
EoB Reserved DLC[3:0]
Bits Description
Reserved

[31:16] |Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0’.

New Data

1 = The Message Handler or the application software has written new data into the data
[15] NewDat portion of this Message Object.

0 = No new data has been written into the data portion of this Message Object by the
Message Handler since last time this flag was cleared by the application software.

Message Lost (only valid for Message Objects with direction = receive)

[14] MsgLst 1 = The Message Handler stored a new message into this object when NewDat was
still set, the CPU has lost a message.

0 = No message lost since last time this bit was reset by the CPU.

Interrupt Pending

1 = This message object is the source of an interrupt. The Interrupt Identifier in the Interrupt
[13] IntPnd Register will point to this message object if there is no other interrupt source with higher
priority.

0 = This message object is not the source of an interrupt.

Use Acceptance Mask

1 = Use Mask (Msk28-0, MXtd, and MDir) for acceptance filtering.

(12] UMask 0 = Mask ignored.

Note: If the UMask bit is set to one, the Message Object’'s mask bits have to be
programmed during initialization of the Message Object before MsgVal is set to one.

Transmit Interrupt Enable
[11] TxIE 1 = IntPnd will be set after a successful transmission of a frame.

0 = IntPnd will be left unchanged after the successful transmission of a frame.

[10] RXIE Receive Interrupt Enable
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1 = IntPnd will be set after a successful reception of a frame.

0 = IntPnd will be left unchanged after a successful reception of a frame.

Remote Enable
[l RmtEn 1 = At the reception of a Remote Frame, TxRqst is set.

0 = At the reception of a Remote Frame, TxRqgst is left unchanged.

Transmit Request
[8] TxRgst 1 = The transmission of this Message Object is requested and is not yet done.

0 = This Message Object is not waiting for transmission.
End of Buffer

1 = Single Message Object or last Message Object of a FIFO Buffer.

0 = Message Object belongs to a FIFO Buffer and is not the last Message Object of that
7] EoB FIFO Buffer.

Note: This bit is used to concatenate two or more Message Objects (up to 32) to build a
FIFO Buffer. For single Message Objects (not belonging to a FIFO Buffer), this bit must
always be set to one.

Reserved

(6:4] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written with

‘0.
Data Length Code

0-8: Data Frame has 0-8 data bytes.
9-15: Data Frame has 8 data bytes

Note: The Data Length Code of a Message Object must be defined the same as in all the
corresponding objects with the same identifier at other nodes. When the Message Handler
stores a data frame, it will write the DLC to the value given by the received message.

Data O: 1st data byte of a CAN Data Frame
Data 1: 2nd data byte of a CAN Data Frame
Data 2: 3rd data byte of a CAN Data Frame
(301 bLC Data 3: 4th data byte of a CAN Data Frame
Data 4: 5th data byte of a CAN Data Frame
Data 5: 6th data byte of a CAN Data Frame
Data 6: 7th data byte of a CAN Data Frame
Data 7 : 8th data byte of a CAN Data Frame

Note: The DataO Byte is the first data byte shifted into the shift register of the CAN Core
during a reception while the Data7 byte is the last. When the Message Handler stores a
Data Frame, it will write all the eight data bytes into a Message Object. If the Data Length
Code is less than 8, the remaining bytes of the Message Object will be overwritten by
unspecified values.
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IFn Data A1 Register (CAN IFn DAT Al)

Register Offset R/W |Description Reset Value
CAN_IF1_DAT_A1 |CAN_BA+0x3C R/W |IF1 Data Al Register 0x0000_0000
CAN_IF2_DAT_A1 |CAN_BA+0x9C R/W |IF2 Data Al Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Datal
7 6 5 4 3 2 1 0
Data0O
Bits Description
Reserved
[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
[15:8] |Datal Data byte 1
2nd data byte of a CAN Data Frame
[7:0] Data0 Data byte 0
1st data byte of a CAN Data Frame
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IFn Data A2 Register (CAN IFn DAT A2)

Register Offset R/W |Description Reset Value
CAN_IF1_DAT_A2 |CAN_BA+0x40 R/W |IF1 Data A2 Register 0x0000_0000
CAN_IF2_DAT_A2 |CAN_BA+0xAO0 R/W |IF2 Data A2 Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Data3
7 6 5) 4 3 2 1 0
Data2
Bits Description
Reserved
[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0",
[15:8] Data3 Data byte 3
4th data byte of CAN Data Frame
[7:0] Data2 Data byte 2
3rd data byte of CAN Data Frame
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IFn Data B1 Register (CAN IFn DAT B1)

Register Offset R/W |Description Reset Value
CAN_IF1_DAT_B1 [CAN_BA+0x44 R/W |IF1 Data B1 Register 0x0000_0000
CAN_IF2_DAT_B1 |CAN_BA+0xA4 R/W |IF2 Data B1 Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Data5
7 6 5 4 3 2 1 0
Data4
Bits Description
Reserved
[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
[15:8]  |Datas Data byte 5
6th data byte of CAN Data Frame
[7:0] Datad Data byte 4
5th data byte of CAN Data Frame
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IFn Data B2 Register (CAN IFn DAT B2)

Register Offset R/W |Description Reset Value
CAN_IF1_DAT_B2 |CAN_BA+0x48 R/W |IF1 Data B2 Register 0x0000_0000
CAN_IF2_DAT_B2 |CAN_BA+0xA8 R/W |IF2 Data B2 Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Data7
7 6 5) 4 3 2 1 0
Data6
Bits Description
Reserved
[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0",
[15:8]  |Data7 Data byte 7
8th data byte of CAN Data Frame.
[7:0] Datab Data byte 6
7th data byte of CAN Data Frame.

In a CAN Data Frame, DataO is the first, Data7 is the last byte to be transmitted or received. In
CAN’s serial bit stream, the MSB of each byte will be transmitted first.
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Message Object in the Message Memory

There are 32 Message Objects in the Message RAM. To avoid conflicts between application
software access to the Message RAM and CAN message reception and transmission, the CPU
cannot directly access the Message Objects, these accesses are handled through the IFn
Interface Registers. Provides an overview of the structures of a Message Object.

Message Object

Msk

UMask [28:0] MXtd | MDir EoB NewDat MsgLst | RxIE | TxIE IntPnd | RmtEn | TxRgst
ID . DLC

MsgVal Xtd Dir DataO | Datal | Data?2 | Data3 | Data4 | Data5 Data6 Data7
[28:0] [3:0]

Table 22-8 Structure of a Message Object in Message Memory

The Arbitration Registers ID28-0, Xtd, and Dir are used to define the identifier and type of
outgoing messages and are used (together with the mask registers Msk28-0, MXtd, and MDir) for
acceptance filtering of incoming messages. A received message is stored in the valid Message
Object with matching identifier and Direction = receive (Data Frame) or Direction = transmit
(Remote Frame). Extended frames can be stored only in Message Objects with Xtd = one,
standard frames in Message Objects with Xtd = 0. If a received message (Data Frame or
Remote Frame) matches with more than one valid Message Object, it is stored into that with
the lowest message number.

Message Handler Registers

All Message Handler registers are read-only. Their contents (TxRgst, NewDat, IntPnd, and
MsgVal bits of each Message Object and the Interrupt Identifier) are status information provided
by the Message Handler FSM.
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Transmission Request Register 1 (CAN TXREQ1)

These registers hold the TxRgst bits of the 32 Message Objects. By reading the TxRqst bits,
software can check which Message Object in a Transmission Request is pending. The TxRgst bit
of a specific Message Object can be set/reset by the application software through the IFn
Message Interface Registers or by the Message Handler after reception of a Remote Frame or
after a successful transmission.

Register Offset R/W |Description Reset Value
CAN_TXREQ1 CAN_BA+0x100 R Transmission Request Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
TxRQst[16:9]
7 6 5 4 3 2 1 0
TxRqgst[8:1]
Bits Description
Reserved

[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0’.
Transmission Request Bits 16-1 (of all Message Objects)

1 = The transmission of this Message Object is requested and is not done yet.
[15:0] TxRqst[16:1]
0 = This Message Object is not waiting for transmission.

These bits are read only.
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Transmission Request Register 2 (CAN TXREQ2)

Register Offset R/W |Description Reset Value
CAN_TXREQ2 CAN_BA+0x104 R Transmission Request Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
TxRqst[32:25]
7 6 5 4 3 2 1 0

TxRqst[24:17]

Bits Description

Reserved

[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0",
Transmission Request Bits 32-17 (of all Message Objects)

[15:0] TXRqst[32:17] 1 = The transmission of this Message Object is requested and is not done yet.
0 = This Message Object is not waiting for transmission.

These bits are read only.
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New Data Register 1 (CAN NDAT1)

These registers hold the NewDat bits of the 32 Message Objects. By reading out the NewDat
bits, software can check for which Message Object the data portion was updated. The NewDat bit
of a specific Message Object can be set/reset by software through the IFn Message Interface
Registers or by the Message Handler after reception of a Data Frame or after a successful
transmission.

Register Offset R/W |Description Reset Value
CAN_NDAT1 CAN_BA+0x120 R New Data Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
NewData[16:9]
7 6 5) 4 3 2 1 0

NewData[8:1]

Bits Description

Reserved

[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.

New Data Bits 16-1 (of all Message Objects)

1 = The Message Handler or the application software has written new data into the
[15:0] NewData[16:1] data portion of this Message Object.

0 = No new data has been written into the data portion of this Message Object by the
Message Handler since the last time this flag was cleared by the application software.
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New Data Reqgister 2 (CAN _NDAT?2)

Register Offset R/W |Description Reset Value
CAN_NDAT2 CAN_BA+0x124 R New Data Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
NewData[32:25]
7 6 5 4 3 2 1 0

NewData[24:17]

Bits Description

Reserved

[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0",
New Data Bits 32-17 (of all Message Objects)

1 = The Message Handler or the application software has written new data into the
[15:0] NewData[32:17] data portion of this Message Object.

0 = No new data has been written into the data portion of this Message Object by the
Message Handler since the last time this flag was cleared by the application software.
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Interrupt Pending Register 1 (CAN IPND1)

These registers contain the IntPnd bits of the 32 Message Objects. By reading the IntPnd bits,
software can check for which Message Object an interrupt is pending. The IntPnd bit of a specific
Message Object can be set/reset by the application software through the IFn Message Interface
Registers or by the Message Handler after reception or after a successful transmission of a
frame. This will also affect the value of Intld in the Interrupt Register.

Register Offset R/W |Description Reset Value
CAN_IPND1 CAN_BA+0x140 R Interrupt Pending Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
IntPnd[16:9]
7 6 5 4 3 2 1 0
IntPnd[8:1]
Bits Description
Reserved
[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
Interrupt Pending Bits 16-1 (of all Message Objects)
[15:0] IntPnd[16:1] 1 = This message object is the source of an interrupt.
0 = This message object is not the source of an interrupt.
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Interrupt Pending Register 2 (CAN IPND2)

Register Offset R/W |Description Reset Value
CAN_IPND2 CAN_BA+0x144 R Interrupt Pending Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
IntPnd[32:25]
7 6 5 4 3 2 1 0

IntPnd[24:17]

Bits Description

Reserved

[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0",
Interrupt Pending Bits 32-17(of all Message Objects)

[15:0] IntPnd[32:17] 1 = This message object is the source of an interrupt.

0 = This message object is not the source of an interrupt.
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Message Valid Register 1 (CAN _MVLD1)

These registers hold the MsgVal bits of the 32 Message Objects. By reading the MsgVal bits, the
application software can check which Message Obiject is valid. The MsgVal bit of a specific
Message Object can be set/reset by the application software via the IFn Message Interface

Registers.
Register Offset R/W |Description Reset Value
CAN_MVLD1 CAN_BA+0x160 R Message Valid Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
MsgVal[16:9]
7 6 5 4 3 2 1 0
MsgVal[8:1]
Bits Description
Reserved
[31:16] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
Message Valid Bits 16-1 (of all Message Objects) (Read Only)
1 = This Message Object is configured and should be considered by the Message
Handler.
[15:0] MsgVal[16:1]
0 = This Message Object is ignored by the Message Handler.
Ex. CAN_MVLD1[0] means Message object No.1 is valid or not. If CAN_MVLD1[0] is set,
message object No.1 is configured.
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Message Valid Register 2 (CAN_MVLD2)

Register Offset R/W |Description Reset Value
CAN_MVLD2 CAN_BA+0x164 R Message Valid Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
MsgVal[32:25]
7 6 5 4 3 2 1 0

MsgVal[24:17]

Bits Description

Reserved

[31:16]  |Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written

with ‘0’.
Message Valid Bits 32-17 (of all Message Objects) (Read only)

1 = This Message Object is configured and should be considered by the Message
Handler.

[15:0] MsgVal[32:17]

0 = This Message Object is ignored by the Message Handler.

Ex.CAN_MVLD2[15] means Message object N0.32 is valid or not. If CAN_MVLD2[15] is

set, message object No.32 is configured.
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Wake-Up Enable Reqgister (CAN WU EN)

Register Offset R/W |Description Reset Value
CAN_WU_EN CAN_BA+0x168 R/W |Wake-Up Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WAKUP_EN
Bits Description
Reserved
(31:1] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
Wake Up Enable
0] WAKUP_EN 1 = The wake-up function Enabled.
0 = The wake-up function Disabled.
Note: User can wake up system when there is a falling edge in the CAN_RXD pin..
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Wake-Up Status Reqgister (CAN WU STATUS)

Register Offset R/W |Description Reset Value
CAN_WU_STATUS |CAN_BA+0x16C R/W |Wake-Up Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved WAKUP_STS
Bits Description
Reserved
(31:1] Reserved There are reserved bits. These bits are always read as ‘0’ and must always be written
with ‘0’.
Wake Up Status
0] WAKUP_STS 1 = Wake-up event occurred.
0 = No wake-up event occurred.
Note: The bit can be cleared by writing ‘0’.
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23 12-BIT ANALOG-TO-DIGITAL CONVERTER

23.1 Overview

The NuMicro™ NM15xx Series contains two 12-bit successive approximation analog-to-digital
converters (SAR A/D converter) with 16 input channels. The two A/D converters ADCA and ADCB
(EADCO and EADC1) can be sampled with Simultaneous or Single Sampling mode. The A/D
converters can be started by software, PWM triggers, timer0~3 overflow pulse triggers, ADINTO,
ADINT1 interrupt EOC pulse trigger and external STADC pin input signal.

Note: The analog input port pins must be configured as input type before the ADC function is enabled.
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23.2 Features
Analog input voltage range: 0~Vref (Max to 5.0V).

12-bit resolution and 10-bit accuracy is guaranteed.

Up to 16 single-end analog input channels.

Two SAR ADC converters.

Four ADC interrupts with individual interrupt vector addresses.
Maximum ADC clock frequency is use 16MHz.

Up to 1.6M SPS conversion rate, each of ADC converter conversion time less than 1.25ps.

Two operating modes
€ Single sampling mode: two ADC converters run at normal operation.

€ Simultaneous sampling mode: Allow two ADC converters can be sampled
simultaneously.

® An A/D conversion can be started by:

Writing 1 to ADSTx bit ( x = 0~15) through software
External pin STADC

Timer0~3 overflow pulse triggers

ADINTO, ADINTL1 interrupt EOC pulse triggers
PWM triggers

L K K 2N B 2

Conversion results are held in 16 data registers with valid and overrun indicators.

SAMPLEAO~7 ADC control logic modules, each of them is configurable for ADCA
converter channel AINAO~7 and trigger source.

® SAMPLEBO~7 ADC control logic modules, each of them is configurable for ADCB
converter channel AINBO~7 and trigger source.

® Channel AINAO supports 2 input sources: external analog voltage and internal OPO
Amplifier output voltage.

® Channel AINBO supports 2 input sources: external analog voltage and internal OP1
Amplifier output voltage.

® Channel AINA7 supports 4 input sources: external analog voltage, internal fixed band-gap
voltage, internal temperature sensor output, and analog ground.
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23.3 Block Diagram

A

Veer < > 12bitDAC |
210 1 Analog
U
EADCO_CHO g OPAD output B Analog Control Logics
AINAOSEL(ADCHISELR[0] Comparator
AINA[O] >
L 2 =T |
EADCO_CH1 ol © | | i
EADCOﬁCH7@m>ou ° p= ! 1 ! _
(TEMPCRI0]) — o g © | ;; | Successive
< L | | Approximations Register
M ! o e 1
AVss E—>1 © Sample and Hold A
CHSEL(ADSPCRAN[2:0],n=0~7)
. x
PRESEL(ADCHISELR[3:2]) 2' SAR[11:0]
el
@
o3
s
©
® Analog Macro
o
o Y
© A/D SAMPLEAO
Result Register
) ) (ADDRAO)
Digatal Cogtrol Logics 7D SAMPLEAT
ADC Clock Generator Re(f[l)t;:g;s)ter
é VALID & OVERRUN | SAMPLEAO~SAMPLEA7 :
SW, STADC input, AD Toger Control Modules _ AD SAMPL'EA7
interrupt, Timer0~3, PWM 99Ty, - Result Register
triggers (ADDRA?)

Figure 23-1 ADCA Converter Block Diagram
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VREF [X] »| 12-bit DAC
210 1 Analog i
OPAT output MUX Analog Control Logics
FpeTen E Comparator
AINBOSEL(ADCHISELR[1]) > . \ >
o
EADC1_CH1 AINB[1]_ | ® | |
X mEsl o v
: : = I 1
EADC1_CH7 E@ AINB[7}, | & : ;; : Successive
B A | | Approximations Register
= = —— J
Sample and Hold B
CHSEL(ADSPCRBn[2:0],n=0~7) x
o
kS .
it SAR[11:0]
=
I
2]
%|
@© Analog Macro
A
A/D SAMPLEBO
Result Register
Digatal Control Logics A/SASDADMRF?LOE)M
& .
ADC Clock Generator R‘?ng:gf)ter
A VALID & OVERRUN | SAMPLEBO~SAMPLEB7 -
SW, STADC input, AD | . Control Modules | A/D SAMPLEB7
interrupt, Timer0~3, PWM 99T, - Result Register
triggers (ADDRB7)

Figure 23—-2 ADCB Converter Block Diagram

\ ADC_EN(APBCLK[28]) \

> ADC_CLK

HCLK + (ADC_N+1)

ADC_N(CLKDIV[23:16))

Figure 23-3 ADC Clock Control
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23.4 Operation Procedure

There are two ADC converters, and each ADC converter consists of an eight-channel input select
function and eight SAMPLE control modules, the A/D converter operates by successive approximation
with 12-bit resolution.

The A/D operation is based on SAMPLEAO~7(ADCA converter) and SAMPLEBO~7(ADCB converter)
control logic modules, and each of them has its configuration to decide which trigger source to start
the conversion and which channel to convert. Different SAMPLE modules can be configured for the
same channel, trigger source. It provides user a flexible means to get the over-sampling results.

The ADC conversion trigger sources are listed below:
Writing 1 to ADSTX bit ( x = 0~15) by software
B External pin STADC
®m  Timer0~3 overflow pulse triggers
B ADINTO, ADINT1 ADC interrupt EOC pulse triggers
®  PWM triggers

The ADINTO, ADINT1 interrupt pulses are generated whenever the specific SAMPLE A/D EOC (End
of conversion) pulse is generated. The ADINTO, 1 interrupt pulse triggers can be fed back to trigger
another A/D conversion, and is useful if a continuous scan conversion is needed.

23.4.1 ADC Clock Generator

The maximum sampling rate is up to 800 kHz and the conversion time is less than 1.25ps. It needs 20
ADC clocks to complete an A/D conversion. The ADC engine clock source is from HCLK clock, the
ADC clock frequency is divided by an 8-bit pre-scalar with the formula:

The ADC clock frequency = (HCLK) / (ADC N+1);
where the 8-bit ADC_N is located in register CLKDIV[23:16].

In generally, software can set ADC_N to get 16 MHz or slightly less.

23.4.2 ADC Single Sampling Mode

When a ADC conversion is performed on the SAMPLEX specified single channel, the operations are
as follows:

m A/D conversion is started when the ADSTx bit in ADSSTR is set to 1 by software or other trigger
inputs.

m When A/D conversion is finished, the 12-bit result is stored in the ADC data register ADDRXx
corresponding to the SAMPLEX.

m On completion of conversion, the ADFn bit in ADSR is set to 1 and ADC interrupt (ADINTN) is
requested if the ADIEnN bit is set to 1.

m The ADSTx bit remains 1 during A/D conversion. When A/D conversion ends, the ADSTx bit is
automatically cleared to 0 and the A/D converter will do another pending conversion.

Note: If software or other trigger enables more than one channel in single or simultaneous sampling mode, the
SAMPLE specified channel with highest priority is converted and other enabled channels will be pended.
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Figure 23-4 Single Sampling Mode Conversion Timing Diagram
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| SAMPLEAS, SAMPLEB3

\ SAMPLEAO, SAMPLEBO
Disable hardware Trigger ——»{ Oh EOCO
ADC STADC pin signal —#{ 1h reset
ADINTO interrupt EOC pulse ——®{ 2h
CHSELO[2:0
ADINT1 interrupt EOC pulse —— 3h #» SAMPLEO
Timer0 overflow pulse —»{ 4h ADC - Re_sult
Timer1 overflow pulse ——m»| 5h Sample and Register
Timer2 overflow pulse » 6h 3 reset pulse ADSTO Software trigger Ptrlt?rll_ly ) ADDRO
Timer3 overflow pulse —m»{ 7h E b1t Up control Logic
PWMOO —»{8h o
PWM02 —m{ oh & —» EOCO
PWMO04 »| Ah TRGDLYCNTO[7:0]
PWM10 —»{ Bh
PWM12 Ch PWMxx rising
PWM14 ——»{ Dh PWMxx ENO
PWM20 Eh PWMxx falling
PWM21 ——m{ Fh PWMxx EN1 PWMxx
PWMxx period
TRGSELO[3:0] PWibao EN2
PWMxx center
ADC_CLK n,12,/4,/16 PWMxx EN3
TRGDLYDIVO[1:0] -

Figure 23-5 SAMPLEA0~3 and SAMPLEBO0~3 Control Block Diagram

| SAMPLEA7, SAMPLEB7

SAMPLEA4, SAMPLEB4
Disable hardware Trigger ———m»{

ADC STADC pin signal ———»
ADINTO int t EOC pulse —m| 2h X
interrup pu'se o) CHSEL4[2:0]
ADINT1 interrupt EOC pulse ——m»{ 3h = —— SAMPLE4
Timer0 overflow pulse ——m{ 4h ‘; ADC <« > Result
Timer1 overflow pulse —m{ 5h oo Sample and Register
Timer2 overflow pulse —— | ADST4 Software trigger Priority ADDR4
) | Logi
Timer3 overflow pulse ——»] el LeEfe
—» EOC4 o
TRGSELA4[3:0] ||

Figure 23-6 SAMPLEA4~7 and SAMPLEB4~7 Control Block Diagram

23.4.3 ADC Simultaneous Sampling Mode

The NuMicro™ NM15XX has two ADCs that allow two different ADC channels to be simultaneously
sampled. The priority rules are same as the single sampling mode.

The same numbered of SAMPLEA and the SAMPLEB are coupled together. For example,
SAMPLEAO and SAMPLEBO are coupled when simultaneous sampling mode enable bit SIMUSELO
bit = 1.

The ADC simultaneous sampling mode conversion operations are described below:
1. Only SAMPLEA trigger can start a pair of conversions.

2.  SAMPLEA assign an A-channel and SAMPLEB also assign a B-channel in simultaneous
sampling mode. The SAMPLEB specified trigger will be ignored.

May 22, 2017 Page 540 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

3. The A-channel conversion result is stored in specific SAMPLEA ADDRA register, and the
conversion result of the B-channel is placed in the same numbered SAMPLEB ADDRB register.

For example:

If SIMUSEL2 bit = 1 and SAMPLEA2? is configured to sample AINA[4] (CHSELA2 = 4), it defines the
SAMPLEA2 and same numbered SAMPLEB2 are coupled at simultaneous sampling conversion
mode, if SAMPLEB2 is configured to sample AINB[3] (CHSELB2 = 3), the pair of ADC conversion
channels are AINA[4] and AINA][3].

After a channel pair (AINA[4], AINBJ[3]) of ADC conversion completes, the results of those two ADC
conversions will be placed in registers ADDRA2 and ADDRB?2.

23.4.4 ADC Conversion Priority

There are two priority groups of converter for determining the conversion order when multiple
SAMPLE trigger flags are set at the same time. SAMPLEAO~7 priority group is for ADCA converter,
and SAMPLEBO~7 priority group is for ADCB converter.

The SAMPLE with lower number has higher priority than the higher number SAMPLE, if two
SAMPLEs are triggered at the same time; the SAMPLE with lower number will start to convert ADC
first.

SAMPLE SAMPLE

SAMPLE

vy] os)
= o

SAMPLE

SAMPLE

-

o
-
~ N

SAMPLEA Priority SAMPLEB Priority
1. In SAMPLEAO~7, SAMPLEAO has highest priority, SAMPLEA7 has lowest priority for ADCA converter

2. In SAMPLEBO~7, SAMPLEBO has highest priority, SAMPLEB7 has lowest priority for ADCB converter

Figure 23—-7 SAMPLE Conversion Priority Arbitrator Diagram

23.4.5 ADC Start Synchronous with PWM

Besides starting ADC conversion by software, ADCINTO, 1 interrupt pulse, and external pin STADC,
this device has a new feature to allow PWM channels to trigger the ADC start. User may configure the
PWM trigger types: rising, faling PWM edge or center point of PWM (Center-aligned mode only) to
trigger ADC start. The device also allows user to configure the amount of delay prior to ADC start after
hardware detected the PWM edge. The figure below shows the programmable delay time for PWM-
triggered ADC to start conversion.
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Figure 23-8 PWM-triggered ADC Start
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23.4.6 ADC SAMPLE End of Conversion Interrupt Operation

There are 4 ADC interrupts ADINTO~3, and each of these interrupts has its own interrupt vector
address and can be configured to select a specific SAMPLE EOC pulse (SAMPLEAO~7,
SAMPLEBO~7 End of conversion pulses) as its interrupt trigger source. Each of them has its own
interrupt overwritten flag ADFOVn(ADIFOVR[n], n=0~3). This flag set to 1 if the corresponding
interrupt is overwritten to 1.

When ADIEO(ADCR[2]) = 1 and ADINTOSRCTL][7:0]=0xFF, all of SAMPLEA EOC pulses can cause
an ADINTO interrupt.

If ADIEL(ADCRJ[3]) = 1 and ADINT1SRCTL[15:8]=0xFF, all of SAMPLEB EOC pulses also can cause
an ADINTL1 interrupt.

The ADINTO, ADINT1 interrupt pulses are generated whenever the specific SAMPLE A/D EOC (End
of conversion) pulse is generated. It also can be the SAMPLE conversion trigger sources, and user
can use it to do the ADC continuous scan conversion.

Example for “Continuous scan”:

Step1. If ADC SAMPLEA2s EOCA2 pulse is selected as ADINTO interrupt trigger
(ADINTOSRCTL[7:0] = 0x04) and ADINTO is selected as SAMPLEAO, B1, A2 hardware conversion
trigger.

Step2. Set software trigger ADST(ADSSTR[2]) bit to 1 to start a SAMPLEA2 ADC conversion, after
the conversion completes, it generates an EOCA2 pulse signal and ADINTO interrupt pulse at end of
SAMPLEA2 ADC conversion, ADINTO interrupt pulse will trigger the SAMPLEAO, B1, A2 to start the
ADC conversions.

Step3. ADINTO interrupt pulse repeats to trigger SAMPLEAOQ, B1, A2 ADC conversions automatically.

Step4. Clear TRGSEL(ADSPCRAZ2[7:4]) to 0 to disable SAMPLEA2 module’s ADINTO interrupt pulse
hardware trigger, if needs to stop the continuous scan.
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ADINTO
SAMPLEAO EOC ADFOVY
IESPLAO ADFO (ADIFOVRIO])
(ADINTOSRCTLIO]) . ADSR1[0 ADC Interrupt »
. . control Logic ADINTO
SAMPLEB7 EOC
IESPLB7
(ADINTOSRCTL[15]) ADIEO
(ADCRI2])
Figure 23-9 Specific SAMPLE A/D EOC Signal for ADINTO Interrupt
ADINT1
SAMPLEAO EOC ADFOV-
IESPLAO ADF1 (ADIFOVRI1)
(ADINT1SRCTL[0]) . (ADSR1[1])) _ | ADC Interrupt
. : "| control Logic » ADINTL
SAMPLEB7 EOC
IESPLB7
(ADINT1SRCTL[15]) ADIE1
(ADCR[3]}

Figure 23-10 Specific SAMPLE A/D EOC Signal for ADINT1 Interrupt

May 22, 2017 Page 544 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530

MNUVOTONMN Preliminary Technical Reference Manual
ADINT2
ADFOV2
SAMPLEAOQ EOC » (ADIFOVRI[2])
IESPLAO ADF2
(ADINTZSRC:TL[O]) . ADSR1[2] o ﬁgﬁrg}tig;i? ADINT2

SAMPLEB7 EOC
IESPLB7
(ADINT2SRCTL[15]) ADIE2

(ADCR 4I

Figure 23-11 Specific SAMPLE A/D EOC Signal for ADINT2 Interrupt

ADINT3
ADCMPFQ(ADSR1[6 | - ADFOV3
SAMPLEAO EOC ADCMPEL(ADSR1[7 (ADIFOVRI3])

IESPLAO

(ADINT3SRCTL[0]) ADF3(ADSR1[3 ADC Interrupt —= ADINT3

. control Logic
SAMPLEB7 EOC

IESPLBY ADCMPIE(ADCMPRO[1]),
(ADINT3SRCTL[15]) ADCMPIE(ADCMPRA]11),

ADIE3(ADCR[5

Figure 23-12 Specific SAMPLE A/D EOC Signal for ADINT3 Interrupt
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23.4.7 Input Sampling and A/D Conversion Time

The A/D converter samples the analog input when A/D conversion start delay time (Td) has passed
after ADST bit in ADSSTR is set to 1, and then starts conversion. Since the ADC clock is generated by
PCLK divided by (N+1), the maximum delay time from APB write to A/D start sampling analog input
time is 2N PCLKs. The start delay time is shown below:

A/D conversion time
- >
A/D conversion start
delay time (Td) Analog input
i sampling time

PCLK 6 ADC clocks
J U U U L——— D —

_—» -

Synchronous to
ADC clock delay 1 ADC clock
upto 1ADC clcok 4——»

PWRITE SS L

ADSTX
A/D start
Analog input First ADC clock
sampling signal S()
A/D converter Idle state X Sample-and-holdX A/D conversion :Xi
55
ADFn

End of conversion

Figure 23-13 Conversion Start Delay Timing Diagram

A/D conversion can be triggered by external pin STADC request. Setting the TRGSEL|[x:0] bits to 01h
is to select external trigger input from the STADC pin. An 8-bit sampling counter is used to deglitch. If
edge trigger condition is selected, the high and low state must be kept at least 4 HCLKs. The pulse
that is shorter than this specification will be ignored.

23.4.8 A/D Extend Sampling Time

When A/D operation at high ADC clock rate, the sampling time of analog input voltage may not
enough if the analog channel has heavy loading to cause fully charge time is longer. SW can set A/D
extend sampling time by writing ADEST field in ADTCR register. The A/D extend sampling time is
present between A/D controller judge which channel to be converting and A/D start to conversion. The
range of extend sampling time is from 0 ~255 ADC clock. The extend sampling time is shown below.
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|
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|
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Figure 23-14 A/D Extend Sampling Timing Diagram

23.4.9 Conversion Result Monitored by Compare Mode

The NuMicro ™ NM15XX controller provides two sets of compare register ADCMPRO and 1 to monitor
maximum two specified SAMPLEAO~3, SAMPLEBO~3 conversion results from A/D conversion
module, refer to Figure below. Software can select which SAMPLE module result to be monitored by
setting the CMPSMPL(ADCMPR[5:3]) and CMPCOND bit used to check if the conversion result is less
than the specified value or greater than (equal to) value specified in CMPD[11:0]. When the
conversion of the SAMPLE specified by CMPSMPL is completed, the comparing action will be
triggered once automatically. When the compare result meets the setting, compare match counter will
increase 1, when counter value reach the setting of (CMPMATCNT+1) then ADCMPF bit will be set to
1, if ADCMPIE bit is set, an ADINT3 interrupt request is generated. Software can use it to monitor the
external analog input pin voltage transition. Detailed logics diagram is shown below.

CMPSMPL(ADCMPRX[5:3)) il
CMPCOND(ADCMPRX[2])
CMPMATCNT
Y (ADCMPRx[11:8])
[ RSLT < CMPD o
SAMPLEAO-3, ADDR[11:0] Match | ADCMPFx(ADSR1[7:6])
—
SAMPLEBO0~3 + RSLT>=CMPD | 1 counter
ADDR Result Register - '
L ADCMPOX(ADSR1[5:4))

12-bit Digital Comparator

CMPD(ADCMPRX[27:16]) g;’/:gimADCMpr[zrle]

RSLT=ADDRI[L1:0]

Figure 23-15 A/D Conversion Result Monitor Logics Diagram

23.4.10 Interrupt Sources

The A/D converter generates a conversion and ADFn flag in the ADSR1 register upon the end of
specific SAMPLE A/D conversion. If the ADIEn bit in ADCR is set, the conversion end interrupt
request ADINTn is generated.

If ADCMPIEX bit is enabled, when A/D conversion result meets setting in ADCMPRX register, monitor

May 22, 2017 Page 547 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
NUVOTONMN Preliminary Technical Reference Manual

interrupt is generated, ADINT3 will be set also. CPU can to clear ADCMPFx and ADFn flag to stop
interrupt request.

ADFO(ADSR1[0])
ADIEO(ADCR[2])

p» ADINTO

u

ADF1(ADSR1[1])
ADIE1(ADCRJ3])

P ADINT1

ADF2(ADSR1[2])
ADIE2(ADCR[4])

- ADINT2

ADF3(ADSR1[3])
ADIE3(ADCR[5])

ADCMPFO(ADSR1[6])
ADCMPIE(ADCMPRO[1])

> P ADINT3

ADCMPF1(ADSR1[7])
ADCMPIE(ADCMPR1[1])

QUQUU

Figure 23-16 A/D Controller Interrupts
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23.5 Register Map
R: read only, W: write only, R/W: both read and write, C: Only value 0 can be written

NuMicro™ NM1510/NM1520/NM1530
Preliminary Technical Reference Manual

Register Offset R/W  |Description Reset Value
ADC Base Address:

ADC_BA = 0x400E_0000

ADDRAO ADC_BA+0x00 R A/D Data Register 0 for SAMPLEAO 0x0000_0000
ADDRA1 ADC_BA+0x04 R A/D Data Register 1 for SAMPLEA1 0x0000_0000
ADDRA2 ADC_BA+0x08 R A/D Data Register 2 for SAMPLEA2 0x0000_0000
ADDRA3 ADC_BA+0x0C R A/D Data Register 3 for SAMPLEA3 0x0000_0000
ADDRA4 ADC_BA+0x10 R A/D Data Register 4 for SAMPLEA4 0x0000_0000
ADDRAS ADC_BA+0x14 R A/D Data Register 5 for SAMPLEAS 0x0000_0000
ADDRAG ADC_BA+0x18 R A/D Data Register 6 for SAMPLEAG 0x0000_0000
ADDRA7 ADC_BA+0x1C R A/D Data Register 7 for SAMPLEA7 0x0000_0000
ADDRBO ADC_BA+0x20 R A/D Data Register 8 for SAMPLEBO 0x0000_0000
ADDRB1 ADC_BA+0x24 R A/D Data Register 9 for SAMPLEB1 0x0000_0000
ADDRB2 ADC_BA+0x28 R A/D Data Register 10 for SAMPLEB2 0x0000_0000
ADDRB3 ADC_BA+0x2C R A/D Data Register 11 for SAMPLEB3 0x0000_0000
ADDRB4 ADC_BA+0x30 R A/D Data Register 12 for SAMPLEB4 0x0000_0000
ADDRB5 ADC_BA+0x34 R A/D Data Register 13 for SAMPLEB5 0x0000_0000
ADDRB6 ADC_BA+0x38 R A/D Data Register 14 for SAMPLEB6 0x0000_0000
ADDRB7 ADC_BA+0x3C R A/D Data Register 15 for SAMPLEB7 0x0000_0000
ADCR ADC_BA+0x40 R/W  [A/D Control Register 0x0000_0000
ADCHISELR [ADC_BA+0x44 R/W  |A/D Channel Input Sources Select Register 0x0000_0000
ADSSTR ADC_BA+0x48 w A/D SAMPLE Software Start Register 0x0000_0000
ADSTPFR ADC_BA+0x4C R A/D SAMPLE Start of Conversion Pending Flag Register  [0x0000_0000
ADIFOVR ADC_BA+0x50 R/W  [A/D ADINT3~0 Interrupt Flag Over Run Register 0x0000_0000
ADSPOVFR |ADC_BA+0x54 R/W  [A/D SAMPLE Start of Conversion Over Run Flag Register {0x0000_0000
ADSPCRAO |ADC_BA+0x58 R/W  [A/D SAMPLEAO Control Register 0x0000_0000
ADSPCRA1 ADC_BA+0x5C R/W  [A/D SAMPLEA1 Control Register 0x0000_0000
ADSPCRA2 ADC_BA+0x60 R/W  [A/D SAMPLEAZ2 Control Register 0x0000_0000
ADSPCRA3 |ADC_BA+0x64 R/W  [A/D SAMPLEA3 Control Register 0x0000_0000
ADSPCRA4 |ADC_BA+0x68 R/W  [A/D SAMPLEA4 Control Register 0x0000_0000
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Register Offset R/W  |Description Reset Value
ADC Base Address:

ADC_BA = 0x400E_0000

ADSPCRA5 |ADC_BA+0x6C R/W  |A/D SAMPLEAS Control Register 0x0000_0000
ADSPCRAG6 ADC_BA+0x70 R/W  [A/D SAMPLEAG6 Control Register 0x0000_0000
ADSPCRA7 ADC_BA+0x74 R/W  [A/D SAMPLEA7 Control Register 0x0000_0000
ADSPCRB0O |ADC_BA+0x78 R/W  |A/D SAMPLEBO Control Register 0x0000_0000
ADSPCRB1 |ADC_BA+0x7C R/W  |A/D SAMPLEB1 Control Register 0x0000_0000
ADSPCRB2 ADC_BA+0x80 R/W  [A/D SAMPLEB2 Control Register 0x0000_0000
ADSPCRB3 ADC_BA+0x84 R/W  |A/D SAMPLEB3 Control Register 0x0000_0000
ADSPCRB4 |ADC_BA+0x88 R/W  |A/D SAMPLEB4 Control Register 0x0000_0000
ADSPCRB5 |ADC_BA+0x8C R/W  |A/D SAMPLEBS Control Register 0x0000_0000
ADSPCRB6 ADC_BA+0x90 R/W  [A/D SAMPLEBG6 Control Register 0x0000_0000
ADSPCRB7 ADC_BA+0x94 R/W  [A/D SAMPLEB7 Control Register 0x0000_0000
ADSMSELR |ADC_BA+0xA4 R/W  |A/D SAMPLE Simultaneous Mode Select Register 0x0000_0000
ADCMPRO ADC_BA+0xA8 R/W  |A/D Result Compare Register 0 0x0000_0000
ADCMPR1 ADC_BA+0xAC R/W  [A/D Result Compare Register 1 0x0000_0000
ADSRO ADC_BA+0xB0 R A/D Status Register 0 0x0000_0000
ADSR1 ADC_BA+0xB4 R/W  |A/D Status Register 1 0x0000_0000
ADTCR ADC_BA+0xB8 R/W  [A/D Timing Control Register 0x0000_0000
ADDRAOB ADC_BA+0x100 R |A/D double Data Register 0 for SAMPLEAQ 0x0000_0000
ADDRA1B ADC_BA+0x104 R |A/D double Data Register 1 for SAMPLEA1 0x0000_0000
ADDRA2B ADC_BA+0x108 R |A/D double Data Register 2 for SAMPLEA2 0x0000_0000
ADDRA3B ADC_BA+0x10C R |A/D double Data Register 3 for SAMPLEA3 0x0000_0000
ADDRBOB ADC_BA+0x120 R |A/D double Data Register 0 for SAMPLEBO 0x0000_0000
ADDRB1B ADC_BA+0x124 R |A/D double Data Register 1 for SAMPLEB1 0x0000_0000
ADDRB2B ADC_BA+0x128 R |A/D double Data Register 2 for SAMPLEB2 0x0000_0000
ADDRB3B ADC_BA+0x12C R |A/D double Data Register 3 for SAMPLEB3 0x0000_0000
ADDBM ADC_BA+0x130 [R/W [A/D Timing Control Register 0x0000_0000
ADINTOSRCTL [ADC_BA+0x134 R/W |A/D interrupt source enable control register for ADINTO 0x0000_0000
ADINT1SRCTL |[ADC_BA+0x138 R/W |A/D interrupt source enable control register for ADINT1 0x0000_0000
ADINT2SRCTL [ADC_BA+0x13C R/W |A/D interrupt source enable control register for ADINT2 0x0000_0000
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Register Offset R/W  |Description Reset Value
ADC Base Address:
ADC_BA = 0x400E_0000
ADINT3SRCTL [ADC_BA+0x140 R/W |A/D interrupt source enable control register for ADINT3 0x0000_0000

SMPAOTRGEN

ADC_BA+0x144

R/W

A/D trigger condition for SAMPLEAO

0x0000_0000

SMPA1TRGEN

ADC_BA+0x148

R/W

A/D trigger condition for SAMPLEA1

0x0000_0000

SMPA2TRGEN

ADC_BA+0x14C

RIW

A/D trigger condition for SAMPLEA2

0x0000_0000

SMPA3TRGEN

ADC_BA+0x150

RIW

A/D trigger condition for SAMPLEA3

0x0000_0000

SMPBOTRGEN

ADC_BA+0x154

R/W

A/D trigger condition for SAMPLEBO

0x0000_0000

SMPB1TRGEN

ADC_BA+0x158

RW

A/D trigger condition for SAMPLEB1

0x0000_0000

SMPB2TRGEN

ADC_BA+0x15C

RW

A/D trigger condition for SAMPLEB2

0x0000_0000

SMPB3TRGEN

ADC_BA+0x160

RW

A/D trigger condition for SAMPLEB3

0x0000_0000
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23.6 Register Description

A/D Data Registers (ADDRAO~7, ADDRBO~7)

Register Offset R/W  |Description Reset Value
ADDRAO [ADC_BA+0x00 R A/D Data Register 0 for SAMPLEAO 0x0000_0000
ADDRA1 ADC_BA+0x04 R A/D Data Register 1 for SAMPLEA1 0x0000_0000
ADDRA2 ADC_BA+0x08 R A/D Data Register 2 for SAMPLEA2 0x0000_0000
ADDRA3 [ADC_BA+0x0C R A/D Data Register 3 for SAMPLEA3 0x0000_0000
ADDRA4 [ADC_BA+0x10 R A/D Data Register 4 for SAMPLEA4 0x0000_0000
ADDRAS5 [ADC_BA+0x14 R A/D Data Register 5 for SAMPLEAS 0x0000_0000
ADDRAG ADC_BA+0x18 R A/D Data Register 6 for SAMPLEA6 0x0000_0000
ADDRA7 |ADC_BA+0x1C R A/D Data Register 7 for SAMPLEA7 0x0000_0000
ADDRBO [ADC_BA+0x20 R A/D Data Register 8 for SAMPLEBO 0x0000_0000
ADDRB1 [ADC_BA+0x24 R A/D Data Register 9 for SAMPLEB1 0x0000_0000
ADDRB2 |ADC_BA+0x28 R A/D Data Register 10 for SAMPLEB2 0x0000_0000
ADDRB3 |ADC_BA+0x2C R A/D Data Register 11 for SAMPLEB3 0x0000_0000
ADDRB4 [ADC_BA+0x30 R A/D Data Register 12 for SAMPLEB4 0x0000_0000
ADDRBS5 [ADC_BA+0x34 R A/D Data Register 13 for SAMPLEB5 0x0000_0000
ADDRB6 |ADC_BA+0x38 R A/D Data Register 14 for SAMPLEBG6 0x0000_0000
ADDRB7 |ADC_BA+0x3C R A/D Data Register 15 for SAMPLEB7 0x0000_0000

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

- VALID OVERRUN
15 14 13 12 11 10 9 8
RSLT [11:8]
7 6 5 4 3 2 1 0
RSLT[7:0]
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Bits Description
[31:18] - Reserved.
Valid Flag

1 = Data in RSLT[11:0] bits is valid.
[17] VALID 0 = Data in RSLT[11:0] bits is not valid.

This bit is set to 1 when corresponding SAMPLE channel analog input conversion is
completed and cleared by hardware after ADDR register is read.

Over Run Flag
1 = Data in RSLT[11:0] is overwritten.
[16] OVERRUN 0 = Data in RSLT[11:0] is the recent conversion result.

If converted data in RSLT[11:0] has not been read before new conversion result is
loaded to this register, OVERRUN is set to 1. It is cleared by hardware after ADDR
register is read.

[15:12] - Reserved.

A/D Conversion Result
[11:0] RSLT
This field contains 12-bit conversion result.
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A/D Control Register (ADCR)

Register Offset R/W  |Description Reset Value
ADCR ADC_BA+0x40 R/W  |A/D Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- ADIE3 ADIE2 ADIE1 ADIEO ADRESET AD_EN
Bits Description
[31:6] - Reserved.

Specific SAMPLE A/D ADINT3 Interrupt Enable
1 = Specific SAMPLE A/D ADINT3 interrupt function Enabled.
[5] ADIE3 0 = Specific SAMPLE A/D ADINTS3 interrupt function Disabled.

The A/D converter generates a conversion end ADF3 flag in ADSR1 register upon the
end of specific SAMPLE A/D conversion. If ADIE3 bit is set then conversion end interrupt
request ADINT3 is generated.

Specific SAMPLE A/D ADINT2 Interrupt Enable
1 = Specific SAMPLE A/D ADINT?2 interrupt function Enabled.
[4] ADIE2 0 = Specific SAMPLE A/D ADINT2 interrupt function Disabled.

The A/D converter generates a conversion end ADF2 flag in ADSR1 register upon the
end of specific SAMPLE A/D conversion. If ADIE2 bit is set then conversion end interrupt
request ADINT2 is generated.

Specific SAMPLE A/D ADINT1 Interrupt Enable
1 = Specific SAMPLE A/D ADINT1 interrupt function Enabled.
3] ADIE1 0 = Specific SAMPLE A/D ADINT1 interrupt function Disabled.

The A/D converter generates a conversion end ADF1 flag in ADSR1 register upon the
end of specific SAMPLE A/D conversion. If ADIE1 bit is set then conversion end interrupt
request ADINT1 is generated.

Specific SAMPLE A/D ADINTO Interrupt Enable
1 = Specific SAMPLE A/D ADINTO interrupt function Enabled.
[2] ADIEO 0 = Specific SAMPLE A/D ADINTO interrupt function Disabled.

The A/D converter generates a conversion end ADFO flag in ADSR1 register upon the
end of specific SAMPLE A/D conversion. If ADIEO bit is set then conversion end interrupt
request ADINTO is generated.
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Bits Description

ADCA, ADCB A/D Converter control circuits reset
0 = Writing 0 has no effect.

[1] ADRESET 1 = Writing 1 will cause ADC control circuits reset to initial state, but not change the ADC
registers value.

ADRESET bit remains 1 during ADC reset, when ADC reset end, the ADRESET bit is
automatically cleared to 0.

A/D Converter Enable
1 = Enabled.
[0] AD_EN 0 = Disabled.

Before starting the A/D conversion function, this bit should be set to 1. Clear it to 0 to
disable A/D converter analog circuit power consumption.
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A/D Channel Input Select Register (ADCHISELR)

Register Offset R/W  [Description Reset Value
ADCHISELR ADC_BA+0x44 R/W A/D Channel Input Sources Select Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- PRESEL[1:0] AINBOSEL | AINAOSEL
Bits Description
[31:4] - Reserved.

A/D Channel AINA[7] Analog Input Selection

00 = Analog Input Channel AINA7

[3:2] PRESEL 01 = Band-gap (VBG) Analog Input

10 = VTEMP Internal Temperature Sensor Analog Input
11 = Analog ground

A/D Channel AINB[0] Analog Input Selection
[1] AINBOSEL 1 = OP Amplifier 1 output is selected as the A/D AINBJ[0] input signal
0 = AINBJO] pin P7.0/AINBO is selected as the A/D AINB[0] input signal

A/D Channel AINA[O] Analog Input Selection
[0] AINAOSEL 1 = OP Amplifier O output is selected as the ADC AINA[OQ] input signal
0 = AINA[O] pin P6.0/AINAO is selected as the ADC AINA[O] input signal
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A/D SAMPLE Software Start Reqgister (ADSSTR)

Register Offset R/W  |Description Reset Value
ADSSTR ADC_BA+0x48 w A/D SAMPLE Software Start Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
ADST[15:8]
7 6 5 4 3 2 1 0
ADST[7:0]
Bits Description
[31:16] - Reserved.
A/D SAMPLEB7~0 Software Force to Start ADC Conversion Register
[15:8] ADST[15:8] 0 = No effect.
1 = Cause an ADC conversion when the priority is given to SAMPLEB.
A/D SAMPLEA7~0 Software Force to Start ADC Conversion Register
[7:0] ADST[7:0] 0 = No effect.
1 = Cause an ADC conversion when the priority is given to SAMPLEA.
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A/D SAMPLE Start of Conversion Pending Flag Reqgister (ADSTPFR)

Register Offset R/W  |Description Reset Value
ADSTPER ADC BA+0XAC R A/D‘ SAMPLE Start of Conversion Pending Flag 0x0000 0000
- Register -

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8
STPF[15:8]

7 6 5 4 8 2 1 0
STPF[7:0]

Bits Description

[31:16] - Reserved.

A/D SAMPLEB7~0 Start Conversion Pending Flag
0 = No pending conversion for SAMPLEB
[15:8] STPF[15:8] 1 = SAMPLEB ADC start of conversion is pending.

This bit remains 1 during pending state, when the respective ADC conversion is started,
the STPFx bit is automatically cleared to 0.

A/D SAMPLEA7~0 Start Conversion Pending Flag
0 = There is no pending conversion for SAMPLEA
[7:0] STPF[7:0] 1 = SAMPLEA ADC start of conversion is pending.

This bit remains 1 during pending state, when the respective ADC conversion is started,
the STPFx bit is automatically cleared to 0.
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A/D Interrupt Flag Over Run Reqgister (ADIFOVR)

Register Offset R/W  [Description Reset Value
ADIFOVR ADC_BA+0x50 R/W  [A/D ADINT3~0 Interrupt Flag Over Run Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- ADFOV[3:0]
Bits Description
[31:4] - Reserved.
A/D ADINT3 Interrupt flag over run bit
1 = ADINTS3 interrupt pulse received when ADF3 is 1
[3] ADFOV3
0 = ADINT3 interrupt flag is not over run
It is cleared by write 1.
A/D ADINT2 Interrupt flag over run bit
1 = ADINT2 interrupt flag is overwrite to 1
[2] ADFOV2
0 = ADINT2 interrupt flag is not over run
It is cleared by write 1.
A/D ADINT1 Interrupt flag over run bit
1 = ADINT1 interrupt flag is overwrite to 1
[1] ADFOV1
0 = ADINT1 interrupt flag is not over run
It is cleared by write 1.
A/D ADINTO Interrupt flag over run bit
1 = ADINTO interrupt flag is overwrite to 1
[0] ADFOV0
0 = ADINTO interrupt flag is not over run
Itis cleared by write 1.
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A/D SAMPLE Over Run Flag Register (ADSPOVER)

Register Offset R/W |Description Reset Value
ADSPOVFR  |ADC_BA+0x54  |RMW g’e %2{2’;"""'5 Start of Conversion Over Run Flag 0X0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
SPOVF[15:8]
7 6 5 4 3 2 1 0
SPOVF[7:0]
Bits Description
[31:16] - Reserved.

A/D SAMPLEB7~0 Start Conversion Over Run Flag

1 = A new SAMPLEB event is generated while an old one event is pending.

[15:8] SPOVF[15:8]

0 = No SAMPLE event over run.

It is cleared by writing 1.

A/D SAMPLEA7~0 Start Conversion Over Run Flag

1 = A new SAMPLEA event is generated while an old one event is pending.
[7:0] SPOVF[7:0]

0 = No SAMPLE event over run.

Itis cleared by writing 1.
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A/D SAMPLEAO~3, SAMPLEBO~3 Control Reqgisters (ADSPCRx0 ~ ADSPCRx3)

Register Offset R/W  |Description Reset Value
ADSPCRAO ADC_BA+0x58 R/W  |A/D SAMPLEAOQ Control Register 0x0000_0000
ADSPCRA1 ADC_BA+0x5C R/W  |A/D SAMPLEAL Control Register 0x0000_0000
ADSPCRA2 ADC_BA+0x60 R/W  [A/D SAMPLEA2 Control Register 0x0000_0000
ADSPCRA3 ADC_BA+0x64 R/W  [A/D SAMPLEA3 Control Register 0x0000_0000
ADSPCRBO ADC_BA+0x78 R/W  |A/D SAMPLEBO Control Register 0x0000_0000
ADSPCRB1 ADC_BA+0x7C R/W  |A/D SAMPLEBL1 Control Register 0x0000_0000
ADSPCRB2 ADC_BA+0x80 R/W  [A/D SAMPLEB2 Control Register 0x0000_0000
ADSPCRB3 ADC_BA+0x84 R/W  [A/D SAMPLEB3 Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
- EXTFEN EXTREN - TRGDLYDIV[1:0]
15 14 13 12 11 10 9 8
TRGDLYCNT[7:0]
7 6 5 4 3 2 1 0
TRGSEL[3:0] - CHSEL[2:0]
Bits Description
[31:20] - Reserved.

A/D external trigger falling edge enabled
[21] EXTFEN 0 = Falling edge Disabled when A/D selects STADC as trigger source.
1 = Falling edge Enabled when A/D selects STADC as trigger source.

A/D external trigger rising edge enabled
[20] EXTREN 0 = Rising edge Disabled when A/D selects STADC as trigger source.
1 = Rising edge Enabled when A/D selects STADC as trigger source.

[19:18] - Reserved.

A/D SAMPLE Start Conversion Trigger Delay Clock Divider Selection
Trigger delay clock frequency:

00 = ADC_CLK/1

01 = ADC_CLK/2

10 = ADC_CLK/4

11 = ADC_CLK/16

[17:16] TRGDLYDIV
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Bits Description

A/D SAMPLE Start Conversion Trigger Delay Time
[15:8] TRGDLYCNT

Trigger delay time = (TRGDLYCNT + 4) x Trigger delay clock period

A/D SAMPLE Start Conversion Trigger Source Selection
OH = Disable hardware trigger

1H = External trigger from STADC pin input
2H = ADC ADINTO interrupt EOC pulse trigger
3H = ADC ADINT1 interrupt EOC pulse trigger
4H = Timer0 overflow pulse trigger

5H = Timer1 overflow pulse trigger

6H = Timer2 overflow pulse trigger

[7:4] TRGSEL 7H = Timer3 overflow pulse trigger

8H = PWMOO trigger

9H = PWMO2 trigger

AH = PWMO04 trigger

BH = PWM10 trigger

CH = PWM12 trigger

DH = PWM14 trigger

EH = PWM20 trigger

FH = PWM21 trigger

3 - Reserved.

A/D SAMPLEA,B Channel Selection
OH = AINX[0]
1H = AINX[1]
2H = AINX[2]
[2:0] CHSEL 3H = AINX[3]
4H = AINX[4]
5H = AINX[5]
6H = AINX[6]
7H = AINX[7]
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A/D SAMPLEA4~7, SAMPLEB4~7 Control Registers (ADSPCRx4 ~ ADSPCRx7)

Register Offset R/W Description Reset Value
ADSPCRA4 ADC_BA+0x68 R/W A/D SAMPLEA4 Control Register 0x0000_0000
ADSPCRAS5 ADC_BA+0x6C R/W A/D SAMPLEAS Control Register 0x0000_0000
ADSPCRA6 ADC_BA+0x70 R/W A/D SAMPLEAG Control Register 0x0000_0000
ADSPCRA7 ADC_BA+0x74 R/W A/D SAMPLEA7 Control Register 0x0000_0000
ADSPCRB4 ADC_BA+0x88 R/W A/D SAMPLEBA4 Control Register 0x0000_0000
ADSPCRB5 ADC_BA+0x8C R/W A/D SAMPLEBS Control Register 0x0000_0000
ADSPCRB6 ADC_BA+0x90 R/W A/D SAMPLEBG6 Control Register 0x0000_0000
ADSPCRB7 ADC_BA+0x94 R/W A/D SAMPLEB?7 Control Register 0x0000_0000

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

- EXTFEN EXTREN -

15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- TRGSEL[2:0] - CHSEL[2:0]

Bits Description

[31:22] - Reserved.

A/D external trigger falling edge enabled
[21] EXTFEN 0 = Falling edge Disabled when A/D selects STADC as trigger source.
1 = Falling edge Enabled when A/D selects STADC as trigger source.

A/D external trigger rising edge enabled
[20] EXTREN 0 = Rising edge Disabled when A/D selects STADC as trigger source.
1 = Rising edge Enabled when A/D selects STADC as trigger source.

[19:7] - Reserved.
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Bits Description

A/D SAMPLE Start Conversion Trigger Source Selection
OH = Disable hardware trigger

1H = External trigger from STADC pin input

2H = ADC ADINTO interrupt EOC pulse trigger

[6:4] TRGSEL 3H = ADC ADINT1 interrupt EOC pulse trigger

4H = TimerO overflow pulse trigger

5H = Timer1l overflow pulse trigger

6H = Timer2 overflow pulse trigger

7H = Timer3 overflow pulse trigger

3 - Reserved.

A/D SAMPLEA,B Channel Selection
OH = AINX[0]
1H = AINX[1]
2H = AINX[2]
[2:0] CHSEL 3H = AINX[3]
4H = AINX[4]
5H = AINX[5]
6H = AINX[6]
7H = AINX[7]
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A/D Simultaneous Sampling Mode Select Reqister (ADSMSELR)

Register Offset R/W  |Description Reset Value
ADSMSELR ADC_BA+0xA4 R/W  |A/D SAMPLE Simultaneous Mode Select Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
SIMUSEL7 | SIMUSEL6 | SIMUSEL5 | SIMUSEL4 | SIMUSEL3 | SIMUSEL2 | SIMUSEL1 | SIMUSELO

Bits Description

[31:8] - Reserved.

A/D SAMPLEA7, SAMPLEB7 Simultaneous Sampling Mode Selection

0 = SAMPLEA7, SAMPLEBY7 are in single sampling mode, both SAMPLEA7 and
SAMPLEB7’s 3 bits of CHSEL define the ADC channels to be converted

[7] SIMUSEL7 1 = SAMPLEA7, SAMPLEB?7 are in simultaneous sampling mode, Only SAMPLEA7
can trigger both the ADC conversions of SAMPLEA7 and SAMPLEB?7,

SAMPLEBY .trigger select TRGSEL is ignored. if SAMPLEA7’s CHSEL = 1,
SAMPLEB7’s CHSEL = 3, the pair of channels are AINA[1], AINB[3], they will do the
ADC conversion at the same time.

A/D SAMPLEAG6, SAMPLEBG6 Simultaneous Sampling Mode Selection

0 = SAMPLEA6, SAMPLEBS are in single sampling mode, both SAMPLEAG6 and
SAMPLEB®6’s 3 bits of CHSEL define the ADC channels to be converted

[6] SIMUSEL6 1 = SAMPLEAG, SAMPLEBSG are in simultaneous sampling mode, Only SAMPLEA6
can trigger both the ADC conversions of SAMPLEA6 and SAMPLEBS,
SAMPLEBSG.trigger select TRGSEL is ignored. if SAMPLEA6’'s CHSEL = 1, and
SAMPLEBG6’s CHSEL = 3, the pair of channels are AINA[1], AINB[3], they will do the
ADC conversion at the same time.

A/D SAMPLEAS5, SAMPLEBS5 Simultaneous Sampling Mode Selection

0 = SAMPLEAS5, SAMPLEBS are in single sampling mode, both SAMPLEAS and
SAMPLEBS5’s 3 bits of CHSEL define the ADC channels to be converted

[5] SIMUSEL5 1 = SAMPLEAS5, SAMPLEBS are in simultaneous sampling mode, Only SAMPLEA5S
can trigger both the ADC conversions of SAMPLEAS5 and SAMPLEBS,

SAMPLEBS .trigger select TRGSEL is ignored. if SAMPLEAS’s CHSEL = 1, and
SAMPLEBS’s CHSEL = 3, the pair of channels are AINA[1], AINB[3], they will do the
ADC conversion at the same time.
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Bits Description

A/D SAMPLEA4, SAMPLEB4 Simultaneous Sampling Mode Select ion

0 = SAMPLEA4, SAMPLEB4 are in single sampling mode, both SAMPLEA4 and
SAMPLEB4’s 3 bits of CHSEL define the ADC channels to be converted

[4] SIMUSEL4 1 = SAMPLEA4, SAMPLEB4 are in simultaneous sampling mode, Only SAMPLEA4
can trigger both the ADC conversions of SAMPLEA4 and SAMPLEB4,
SAMPLEBA4.trigger select TRGSEL is ignored. if SAMPLEA4’s CHSEL = 1, and
SAMPLEB4’s CHSEL = 3, the pair of channels are AINA[1], AINB[3], they will do the
ADC conversion at the same time.

A/D SAMPLEA3, SAMPLEB3 Simultaneous Sampling Mode Select ion

0 = SAMPLEA3, SAMPLEBS3 are in single sampling mode, both SAMPLEA3 and
SAMPLEB3’s 3 bits of CHSEL define the ADC channels to be converted

[3] SIMUSEL3 1 = SAMPLEA3, SAMPLEBS3 are in simultaneous sampling mode, Only SAMPLEA3
can trigger both the ADC conversions of SAMPLEA3 and SAMPLEBS3,
SAMPLEB3:.trigger select TRGSEL is ignored. if SAMPLEA3’'s CHSEL = 1, and
SAMPLEB3’s CHSEL = 3, the pair of channels are AINA[1], AINB[3], they will do the
ADC conversion at the same time.

A/D SAMPLEA2, SAMPLEB2 Simultaneous Sampling Mode Selection

0 = SAMPLEA2, SAMPLEB?2 are in single sampling mode, both SAMPLEA2 and
SAMPLEB2’s 3 bits of CHSEL define the ADC channels to be converted

[2] SIMUSEL2 1 = SAMPLEA2, SAMPLEB?2 are in simultaneous sampling mode, Only SAMPLEA2
can trigger both the ADC conversions of SAMPLEA2 and SAMPLEB2,
SAMPLEB?2.trigger select TRGSEL is ignored. if SAMPLEA2’s CHSEL = 1, and
SAMPLEB2’s CHSEL = 3, the pair of channels are AINA[1], AINB[3], they will do the
ADC conversion at the same time.

A/D SAMPLEA1, SAMPLEB1 Simultaneous Sampling Mode Selection

0 = SAMPLEAL, SAMPLEBLI are in single sampling mode, both SAMPLEAL and
SAMPLEB1’s 3 bits of CHSEL define the ADC channels to be converted

[1] SIMUSEL1 1 = SAMPLEA1, SAMPLEB1 are in simultaneous sampling mode, Only SAMPLEA1
can trigger both the ADC conversions of SAMPLEA1 and SAMPLEB1,

SAMPLEB!1 trigger select TRGSEL is ignored. if SAMPLEA1’s CHSEL = 1, and
SAMPLEB1’s CHSEL = 3, the pair of channels are AINA[1], AINB[3], they will do the
ADC conversion at the same time.

A/D SAMPLEAO, SAMPLEBO Simultaneous Sampling Mode Selection

0 = SAMPLEAO, SAMPLEBO are in single sampling mode, both SAMPLEAO and
SAMPLEBQ’s 3 bits of CHSEL define the ADC channels to be converted

[0] SIMUSELO 1 = SAMPLEAO, SAMPLEBO are in simultaneous sampling mode, Only SAMPLEAOQ
can trigger both the ADC conversions of SAMPLEAO and SAMPLEBO,
SAMPLEBO.trigger select TRGSEL is ignored. if SAMPLEAO’s CHSEL = 1, and
SAMPLEBOQ’s CHSEL = 3, the pair of channels are AINA[1], AINB[3], they will do the
ADC conversion at the same time.
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A/D Result Compare Register 0/1 (ADCMPRO0/1)

Register Offset R/W  |Description Reset Value
ADCMPRO ADC_BA+0xA8 R/W  |A/D Result Compare Register 0 0x0000_0000
ADCMPR1 ADC_BA+0xAC R/W  |A/D Result Compare Register 1 0x0000_0000
31 30 29 28 27 26 25 24
- CMPDJ[11:8]
23 22 21 20 19 18 17 16
CMPDJ[7:0]
15 14 13 12 11 10 9 8
- CMPMATCNT
7 6 5 4 3 2 1 0
- CMPSMPL CMPCOND ADCMPIE | ADCMP_EN
Bits Description
[31:28] - Reserved.

Comparison Data

[27:16] CMPD The 12 bits data is used to compare with the conversion result of specified
SAMPLE. Software can use it to monitor the external analog input pin voltage
transition without imposing a load on software.

[15:12] - Reserved.

Compare Match Count

When the specified A/D SAMPLE analog conversion result matches the compare

[11:8] CMPMATCNT condition defined by CMPCOND, the internal match counter will increase 1. When
the internal counter reaches the value to (CMPMATCNT +1), the CMPF bit will be
set.

[7:6] - Reserved.

Compare SAMPLE Selection

000 = SAMPLEAO conversion result ADDRAQO is selected to be compared.
001 = SAMPLEAL conversion result ADDRAL1 is selected to be compared.
010 = SAMPLEA2 conversion result ADDRAZ2 is selected to be compared.
[5:3] CMPSMPL 011 = SAMPLEAS conversion result ADDRA3 is selected to be compared.
100 = SAMPLEBO conversion result ADDRBO is selected to be compared.
101 = SAMPLEBL1 conversion result ADDRBL is selected to be compared.
110 = SAMPLEB2 conversion result ADDRB2 is selected to be compared.
111 = SAMPLEB3 conversion result ADDRB3 is selected to be compared.
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Bits Description
Compare Condition
1= Set the compare condition as that when a 12-bit A/D conversion result is greater
or equal to the 12-bit CMPD (ADCMPRx[27:16]), the internal match counter will
increase one.

(2] CMPCOND 0= Set the compare condition as that when a 12-bit A/D conversion result is less
than the 12-bit CMPD (ADCMPRx[27:16]), the internal match counter will
increase one.

Note: When the internal counter reaches the value to (CMPMATCNT +1), the
CMPF bit will be set.

A/D Result Compare Interrupt Enable

1 = Compare function interrupt Enabled.

[1 ADCMPIE 0 = Compare function interrupt Disabled.

If the compare function is enabled and the compare condition matches the setting
of CMPCOND and CMPMATCNT, ADCMPF bit will be asserted, in the meanwhile,
if ADCMPIE is set to 1, a compare interrupt request is generated.

A/D Result Compare Enable

1 = Compare Enabled.

[0] ADCMP_EN 0 = Compare Disabled.

Set this bit to 1 to enable compare CMPD[11:0] with specified SAMPLE conversion
result when converted data is loaded into ADDR register.
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A/D Status Reqgister 0 (ADSRO0)

Register Offset R/W  |Description Reset Value
ADSRO ADC_BA+0xB0 R A/D Status Register 0 0x0000_0000
31 30 29 28 27 26 25 24

OVERRUN][15:8]

23 22 21 20 19 18 17 16

OVERRUN][7:0]

15 14 13 12 11 10 9 8
VALID[15:8]
7 6 5 4 3 2 1 0
VALID[7:0]
Bits Description
ADDRB7~0 Over Run Flag
[31:24] OVERRUNJ15:8]
It is a mirror to OVERRUN bit in SAMPLEB A/D result data register ADDRBx
ADDRA7~0 Over Run Flag
[23:16] OVERRUNJ7:0]
It is a mirror to OVERRUN bit in SAMPLEA A/D result data register ADDRAX
ADDRB7~0 Data Valid Flag
[15:8] VALID[15:8]
It is a mirror of VALID bit in SAMPLEB A/D result data register ADDRBx
ADDRA7~0 Data Valid Flag
[7:0] VALID[7:0]
It is a mirror of VALID bit in SAMPLEA A/D result data register ADDRAX
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A/D Status Register 1 (ADSR1)

Register Offset R/W Description Reset Value
ADSR1 ADC_BA+0xB4 R/W A/D Status Register 1 0x0000_0000
31 30 29 28 27 26 25 24
- AOVERRUN AVALID ASPOVF AADFOV
23 22 21 20 19 18 17 16
- CHANNELB - BUSYB
15 14 13 12 11 10 9 8
- CHANNELA - BUSYA
7 6 5 4 8 2 1 0
ADCMPF1 | ADCMPFO | ADCMPOl1 | ADCMPOO ADF3 ADF2 ADF1 ADFO
Bits Description
[31:28] - Reserved.
All SAMPLE A/D Result Data Register Over Run Flags Check
1 = Any one of SAMPLE data register over run flag OVERRUNX is set to 1.
[27] AOVERRUN
0 = None of SAMPLE data register over run flag OVERRUNX is set to 1.
This bit will keep 1 when any OVERRUNX Flag is equal to 1.
All SAMPLE A/D Result Data Register ADDR Data Valid Flag Check
1 = Any one of SAMPLE data register valid flag VALIDx is set to 1.
[26] AVALID
0 = None of SAMPLE data register valid flag VALIDx is set to 1.
This bit will keep 1 when any VALIDx Flag is equal to 1.
All A/D SAMPLE Start Conversion Over Run Flags Check
1 = Any one of SAMPLE event over run flag SPOVFx is set to 1.
[25] ASPOVF
0 = None of SAMPLE event over run flag SPOVFx is set to 1.
This bit will keep 1 when any SPOVFx Flag is equal to 1.
All A/D Interrupt Flag Over Run Bits Check
1 = Any one of ADINT interrupt flag ADFOVXx is overwritten to 1
[24] AADFOV
0 = None of ADINT interrupt flag ADFOVX is overwritten to 1
This bit will keep 1 when any ADFOVx Flag is equal to 1.
[23] - Reserved.
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Bits

Description

[22:20]

CHANNELB

Current Conversion Channel

This filed reflects ADCB current conversion channel when BUSYB=1. When
BUSYB=0, it shows the last converted channel.

It is read only.
00H = AINBI0]
01H = AINB[1]
02H = AINB|2]
03H = AINB|3]
04H = AINB[4]
05H = AINBJ5]
06H = AINB[6]
07H = AINB[7]

[19:17]

Reserved.

[16]

BUSYB

BUSY/IDLE
1 = A/D converter B (ADCB) is busy at conversion.
0 = A/D converter B (ADCB) is in idle state.

It is read only.

[14:12]

CHANNELA

Current Conversion Channel

This filed reflects ADCA current conversion channel when BUSYA=1. When
BUSYA=0, it shows the last converted channel.

It is read only.
00H = AINA[O]
01H = AINA[1]
02H = AINA[2]
03H = AINA[3]
04H = AINA[4]
05H = AINA[5]
06H = AINA[6]
07H = AINA[7]

[11:9]

Reserved.

(8]

BUSYA

BUSY/IDLE
1 = A/D converter A (ADCA) is busy at conversion.
0 = A/D converter A (ADCA) is in idle state.

It is read only.

[7]

ADCMPF1

ADC Compare 1 Flag

When the specific SAMPLE A/D conversion result meets setting condition in
ADCMPR1 then this bit is set to 1. And it is cleared by write 1.

1 = Conversion result in ADDR meets ADCMPR1 setting
0 = Conversion result in ADDR does not meet ADCMPR1 setting
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Bits Description

ADC Compare 0 Flag

When the specific SAMPLE A/D conversion result meets setting condition in
/6] ADCMPFO ADCMPRO then this bit is set to 1. And it is cleared by write 1.

1 = Conversion result in ADDR meets ADCMPRO setting
0 = Conversion result in ADDR does not meet ADCMPRO setting

ADC Compare 1 Output Status Bit

The 12 bits comparel data (ADCMPR1[27:16]) is used to compare with
conversion result of specified SAMPLE. Software can use it to monitor the external
[5] ADCMPO1 analog input pin voltage status.

1 = Conversion result in ADDR great than or equal ADCMPR1[27:16] setting
0 = Conversion result in ADDR less than ADCMPR1[27:16] setting

ADC Compare 0 Output Status Bit

The 12 bits compare0 data (ADCMPRO[27:16]) is used to compare with
conversion result of specified SAMPLE. Software can use it to monitor the external
[4] ADCMPOO analog input pin voltage status.

1 = Conversion result in ADDR is great than or equal ADCMPRO0[27:16] setting
0 = Conversion result in ADDR is less than ADCMPRO0[27:16] setting

A/D ADINT3 Interrupt Flag
1 = ADINT3 interrupt pulse received
0 = No ADINT3 interrupt pulse received

3] ADF3
It is cleared by writing 1.
This bit indicates whether an A/D conversion of specific SAMPLE has been
completed
A/D ADINT2 Interrupt Flag
1 = ADINT2 interrupt pulse received
2] ADE2 0 = No ADINT2 interrupt pulse received
It is cleared by writing 1.
This bit indicates whether an A/D conversion of specific SAMPLE has been
completed.
A/D ADINTL1 Interrupt Flag
1 = ADINT1 interrupt pulse has been received
1] ADE1 0 = no ADINT1 interrupt pulse received
It is cleared by writing 1.
This bit indicates whether an A/D conversion of specific SAMPLE has been
completed.
A/D ADINTO Interrupt Flag
1 = ADINTO interrupt pulse received.
0] ADFO 0 = No ADINTO interrupt pulse received.

It is cleared by writing 1.

This bit indicates whether an A/D conversion of specific SAMPLE has been
completed.
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A/D Timing Control Register (ADTCR)

Register Offset R/W Description Reset Value
ADTCR ADC_BA+0xB8 R/W A/D Timing Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
ADBEST
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
ADAEST
Bits Description
[31:24] - Reserved.

ADCB Extend Sampling Time

When A/D converting at high conversion rate, the sampling time of analog input
[23:16] ADBEST voltage may not enough if input channel loading is heavy, SW can extend A/D
sampling time after trigger source is coming to get enough sampling time.

The range of start delay time is from 0~255 ADC clock.

[15:8] - Reserved.

ADCA Extend Sampling Time

When A/D converting at high conversion rate, the sampling time of analog input
[7:0] ADAEST voltage may not enough if input channel loading is heavy, SW can extend A/D
sampling time after trigger source is coming to get enough sampling time.

The range of start delay time is from 0~255 ADC clock.
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A/D Double Data Registers for A/D Data Registers (ADDRA0~3, ADDRB0~3)

Register Offset R/W Description Reset Value
ADDRAOB ADC_BA+0x100 R A/D double Data Register 0 for SAMPLEAO 0x0000_0000
ADDRA1B ADC_BA+0x104 R A/D double Data Register 1 for SAMPLEA1 0x0000_0000
ADDRA2B ADC_BA+0x108 R A/D double Data Register 2 for SAMPLEA2 0x0000_0000
ADDRA3B ADC_BA+0x10C R A/D double Data Register 3 for SAMPLEA3 0x0000_0000
ADDRBOB ADC_BA+0x120 R A/D double Data Register 0 for SAMPLEBO 0x0000_0000
ADDRB1B ADC_BA+0x124 R A/D double Data Register 1 for SAMPLEB1 0x0000_0000
ADDRB2B ADC_BA+0x128 R A/D double Data Register 2 for SAMPLEB2 0x0000_0000
ADDRB3B ADC_BA+0x12C R A/D double Data Register 3 for SAMPLEB3 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
- VALID
15 14 13 12 11 10 9 8
- RSLTDB [11:8]
7 6 5 4 3 2 1 0

RSLTDB[7:0]

Bits Description
[31:17] - Reserved.
Valid Flag
1 = Double data in RSLT[11:0] bits is valid.
[16] VALID 0 = Double data in RSLT[11:0] bits is not valid.
This bit is set to 1 when corresponding SAMPLE channel analog input conversion
is completed and cleared by hardware after ADDR register is read.
[15:12] - Reserved.
A/D Conversion Result
[11:0] RSLT
This field contains 12 bits conversion result.
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A/D Double Buffer Mode select (ADDBM)

Register Offset R/W Description Reset Value
ADDBM ADC_BA+0x130 R/W A/D Timing Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
- DBMB3 DBMB2 DBMB1 DBMBO
7 6 5 4 3 2 1 0
- DBMAS3 DBMA2 DBMAL DBMAO
Bits Description
[31:12] - Reserved.

Double buffer mode for SAMPLE B3
[11] DBMB3 1 =SampleB3 has two sample result registers.

0 = SampleB3 has one sample result register. (default)

Double buffer mode for SAMPLE B2
[10] DBMB2 1 =SampleB2 has two sample result registers.

0 = SampleB2 has one sample result register. (default)..

Double buffer mode for SAMPLE B1
[9] DBMB1 1 =SampleB1 has two sample result registers.

0 = SampleB1 has one sample result register. (default).

Double buffer mode for SAMPLE BO
[8] DBMBO 1 =SampleB0 has two sample result registers.

0 = SampleBO0 has one sample result register. (default)

[7:4] - Reserved.

Double buffer mode for SAMPLE A3
[3] DBMAS3 1 =SampleA3 has two sample result registers.

0 = SampleA3 has one sample result register. (default).

Double buffer mode for SAMPLE A2
[2] DBMA2 1 =SampleA2 has two sample result registers.

0 = SampleA2 has one sample result register. (default)..
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Bits Description

Double buffer mode for SAMPLE Al
[1] DBMAL 1 =SampleAl has two sample result registers.

0 = SampleAl has one sample result register. (default).

Double buffer mode for SAMPLE AO
[0] DBMAO 1 =SampleA0 has two sample result registers.

0 = SampleAO has one sample result register. (default).

May 22, 2017 Page 576 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

I EaSSSS———

A/D interrupt Source Enable Control Reqgister. (ADINTOSRCTL ~ ADINT3SRCTL)

Register Offset R/W Description Reset Value

ADINTOSRCTL |ADC_BA+0x134 R/W |A/D interrupt source enable control register for ADINTO 0x0000_0000

ADINT1SRCTL |ADC_BA+0x138 R/W |A/D interrupt source enable control register for ADINT1 0x0000_0000

ADINT2SRCTL |ADC_BA+0x13C R/W |A/D interrupt source enable control register for ADINT2 0x0000_0000

ADINT3SRCTL |ADC_BA+0x140 R/W |A/D interrupt source enable control register for ADINT3 0x0000_0000

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
IESPLB7 IESPLB6 IESPLB5 IESPLB4 IESPLB3 IESPLB2 IESPLB1 IESPLBO
7 6 5 4 3 2 1 0
IESPLA7 IESPLAG IESPLAS IESPLA4 IESPLA3 IESPLA2 IESPLAL IESPLAO
Bits Description
[31:16] - Reserved.

SAMPLE B7 Interrupt Mask Enable
[15] IESPLB7 1 =SAMPLE B7 interrupt mask Enabled.
0 = SAMPLE B7 interrupt mask Disabled.

SAMPLE B6 Interrupt Mask Enable
[14] IESPLB6 1 =SAMPLE B6 interrupt mask Enabled.
0 = SAMPLE B6 interrupt mask Disabled.

SAMPLE B5 Interrupt Mask Enable
[13] IESPLB5 1 =SAMPLE BS5 interrupt mask Enabled.
0 = SAMPLE BS5 interrupt mask Disabled.

SAMPLE B4 Interrupt Mask Enable
[12] IESPLB4 1 =SAMPLE B4 interrupt mask Enabled.
0 = SAMPLE B4 interrupt mask Disabled.

SAMPLE B3 interrupt mask Enable
[11] IESPLB3 1 =SAMPLE B3 interrupt mask Enabled.
0 = SAMPLE B3 interrupt mask Disabled.

SAMPLE B2 interrupt mask Enable
[10] IESPLB2 1 =SAMPLE B2 interrupt mask Enabled.
0 = SAMPLE B2 interrupt mask Disabled.
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Bits Description

SAMPLE B1 interrupt mask Enable
[9] IESPLB1 1 =SAMPLE B1 interrupt mask Enabled.
0 = SAMPLE Bl interrupt mask Disabled.

SAMPLE BO interrupt mask Enable
[8] IESPLBO 1 =SAMPLE BO interrupt mask Enabled.
0 = SAMPLE BO interrupt mask Disabled.

SAMPLE A7 interrupt mask Enable
[7] IESPLA7 1 =SAMPLE A7 interrupt mask Enabled.
0 = SAMPLE A7 interrupt mask Disabled.

SAMPLE A6 interrupt mask Enable
[6] IESPLAG 1 =SAMPLE A6 interrupt mask Enabled.
0 = SAMPLE A6 interrupt mask Disabled.

SAMPLE A5 interrupt mask Enable
[5] IESPLAS 1 =SAMPLE A5 interrupt mask Enabled.
0 = SAMPLE A5 interrupt mask Disabled.

SAMPLE A4 interrupt mask Enable
[4] IESPLA4 1 =SAMPLE A4 interrupt mask Enabled.
0 = SAMPLE A4 interrupt mask Disabled.

SAMPLE A3 interrupt mask Enable
[3] IESPLA3 1 =SAMPLE A3 interrupt mask Enabled.
0 = SAMPLE A3 interrupt mask Disabled.

SAMPLE A2 interrupt mask Enable
[2] IESPLA2 1 =SAMPLE A2 interrupt mask Enabled.
0 = SAMPLE A2 interrupt mask Disabled.

SAMPLE Al interrupt mask Enable
[1] IESPLA1 1 =SAMPLE Al interrupt mask Enabled.
0 = SAMPLE A1 interrupt mask Disabled.

SAMPLE AQ interrupt mask Enable
[0] IESPLAO 1 =SAMPLE AQ interrupt mask Enabled.
0 = SAMPLE AOQ interrupt mask Disabled.
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A/D Trigger Condition Control Register. (SMPAOTRGEN ~ SMPA3TRGEN, SMPBOTRGEN ~

SMPB3TRGEN )

Register Offset R/W Description Reset Value
SMPAOTRGEN ADC_BA+0x144 R/W  |A/D trigger condition for SAMPLEAO 0x0000_0000
SMPA1TRGEN ADC_BA+0x148 R/W |A/D trigger condition for SAMPLEA1 0x0000_0000
SMPA2TRGEN ADC_BA+0x14C R/W |A/D trigger condition for SAMPLEA2 0x0000_0000
SMPA3TRGEN ADC_BA+0x150 R/W  |A/D trigger condition for SAMPLEA3 0x0000_0000
SMPBOTRGEN ADC_BA+0x154 R/W  |A/D trigger condition for SAMPLEBO 0x0000_0000
SMPB1TRGEN ADC_BA+0x158 R/W |A/D trigger condition for SAMPLEB1 0x0000_0000
SMPB2TRGEN ADC_BA+0x15C R/W  |A/D trigger condition for SAMPLEB2 0x0000_0000
SMPB3TRGEN ADC_BA+0x160 R/W  |A/D trigger condition for SAMPLEB3 0x0000_0000
31 30 29 28 27 26 25 24
PWM21CEN | PWM21PEN | PWM21FEN | PWM21REN | PWM20CEN | PWM20PEN | PWM20FEN | PWM20REN
23 22 21 20 19 18 17 16
PWM14CEN | PWM14PEN | PWM14FEN | PWM14REN | PWM12CEN | PWM12PEN | PWM12FEN | PWM12REN
15 14 13 12 11 10 9 8
PWM10CEN | PWM10PEN | PWM10FEN | PWM10REN | PWMO4CEN | PWMO4PEN | PWMO4FEN | PWMO4REN
7 6 5 4 3 2 1 0
PWMO02CEN | PWMO2PEN | PWMO2FEN | PWMO2REN | PWMOOCEN | PWMOOPEN | PWMOOFEN | PWMOOREN
Bits Description
PWM21 Center Trigger Enable
[31] PWM21CEN 1 = Enabled.
0 = Disabled.
PWM21 Period Trigger Enable
[30] PWM21PEN 1 = Enabled.
0 = Disabled.
PWM21 Falling Edge Trigger Enable
[29] PWM21FEN 1 = Enabled.
0 = Disabled.
PWM21 Rising Edge Trigger Enable
[28] PWM21REN 1 = Enabled.
0 = Disabled.
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Bits Description

[27] PWM20CEN

PWMZ20 Center Trigger Enable
1 = Enabled.
0 = Disabled.

[26] PWM20PEN

PWM20 Period Trigger Enable
1 = Enabled.
0 = Disabled.

[25] PWM20FEN

PWM20 Falling Edge Trigger Enable
1 = Enabled.
0 = Disabled.

[24] PWM20REN

PWM20 Rising Edge Trigger Enable
1 = Enabled.
0 = Disabled.

[23] PWM14CEN

PWM14 Center Trigger Enable
1 = Enabled.
0 = Disabled.

[22] PWM14PEN

PWM14 Period Trigger Enable
1 = Enabled.
0 = Disabled.

[21] PWM14FEN

PWM14 Falling Edge Trigger Enable
1 = Enabled.
0 = Disabled.

[20] PWM14REN

PWM14 Rising Edge Trigger Enable
1 = Enabled.
0 = Disabled.

[19] PWM12CEN

PWM12 Center Trigger Enable
1 = Enabled.
0 = Disabled.

[18] PWM12PEN

PWM12 Period Trigger Enable
1 = Enabled.
0 = Disabled.

17 PWM120FEN

PWM12 Falling Edge Trigger Enable
1 = Enabled.
0 = Disabled.

[16] PWM12REN

PWM12 Rising Edge Trigger Enable
1 = Enabled.
0 = Disabled.

May 22, 2017

Page 580 of 641 Revision V0.9.3




NUVYOTON

».;3;s;:ee—,— e, e—s——————————— /|

NuMicro™ NM1510/NM1520/NM1530
Preliminary Technical Reference Manual

Bits Description

[15] PWMZ10CEN

PWM10 Center Trigger Enable
1 = Enabled.
0 = Disabled.

[14] PWM10PEN

PWM10 Period Trigger Enable
1 = Enabled.
0 = Disabled.

[13] PWM10FEN

PWM10 Falling Edge Trigger Enable
1 = Enabled.
0 = Disabled.

[12] PWM10REN

PWM10 Rising Edge Trigger Enable
1 = Enabled.
0 = Disabled.

[11] PWMO4CEN

PWMO04 Center Trigger Enable
1 = Enabled.
0 = Disabled.

[10] PWMO4PEN

PWMO04 Period Trigger Enable
1 = Enabled.
0 = Disabled.

9 PWMO4FEN

PWMO04 Falling Rdge Trigger Enable
1 = Enabled.
0 = Disabled.

18] PWMO4REN

PWMO04 Rising Edge Trigger Enable
1 = Enabled.
0 = Disabled.

71 PWMO2CEN

PWMO02 Center Trigger Enable
1 = Enabled.
0 = Disabled.

6] PWMO2PEN

PWMO02 Period trigger Enable
1 = Enabled.
0 = Disabled.

5] PWMO2FEN

PWMO02 Falling Edge Trigger Enable
1 = Enabled.
0 = Disabled.

[4] PWMO2REN

PWMO02 Rising Edge Trigger Enable
1 = Enabled.
0 = Disabled.
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Bits Description

PWMO0O Center Trigger Enable
[3] PWMOOCEN 1 = Enabled.
0 = Disabled.

PWMOO Period Trigger Enable
2] PWMOOPEN 1 = Enabled.
0 = Disabled.

PWMOO Falling Edge Trigger Enable
[1] PWMOOFEN 1 = Enabled.
0 = Disabled.

PWMO0O Rising Edge Trigger Enable
[0] PWMOOREN 1 = Enabled.
0 = Disabled.
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24 ANALOG COMPARATOR

24.1 Overview

The NuMicro™ NM15xx Series contains three comparators which can be used in a number of different
configurations. The comparator output is logic 1 when positive input voltage is greater than negative
input voltage; otherwise the output is logic 0. Each comparator can be configured to cause an interrupt
when the comparator output value changes. The block diagram is shown in Figure 24-1.

Note: the analog input port pins must be configured as input type before Analog Comparator function
is enabled.
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24.2 Features
Analog input voltage range: 0~ Vppa

Supports Hysteresis function
Supports optional internal reference voltage input at negative end
Supports optional OP amplifier output voltage input at positive end

Supports comparator output inverse function

Supports the comparator output can be the brake source for EPWM function
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24.3 Block Diagram

APB Bus
- L L -
A \
ACOMP control registers ACOMP Status Register
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A
A
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A
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Figure 24—1 Analog Comparator Block Diagram
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24.4 Interrupt Sources

The output of comparators are sampled by PCLK and reflected at CO1, CO2 and CO2 of ACMPSR
register. If ACMPIEX bit in ACMPCR is set to 1, the comparator interrupt will be enabled. As the output
state of comparator is changed, the comparator interrupt will be asserted and the corresponding flag,
ACMPFX, will be set. Software can clear the flag to 0 by writing 1 to it.

OPDFO, OPDF1 interrupt flag are set respectively by hardware whenever the OPO, 1 amplifier Schmitt
trigger non-inverting buffer output change states. Software can clear the flag to O by writing 1 to it.

ACMPFO
ACMPIEO

ACMPF1
ACMPIE1

ACMPF2
ACMPF2

ACOMPINT

OPDFO
OPDIEO

Ty

OPDF1
OPDIE1

Figure 24-2 Analog Comparator Controller Interrupt
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24.5 Hysteresis Function

The analog comparator provides hysteresis function to make the comparator output transition more
stable. If comparator output is 0, it will not change to 1 until the positive input voltage exceeds the
negative input voltage by a positive hysteresis voltage. Similarly, if comparator output is 1, it will not
change to O until the positive input voltage drops below the negative input voltage by a negative
hysteresis voltage.

Positive hysteresis voltage ¢
Negative input voltage - - —-————-
Negative hysteresis voltage 1

Positive input voltage J l |

Comparator output

Figure 24-3 Comparator Hysteresis function
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24.6 Register Map
R: read only, W: write only, R/W: both read and write, C: Only value 0 can be written

Register Offset R/W |Description Reset Value

ACMP Base Address:
ACMP_BA = 0x400D_0000

ACMPOCR ACMP_BA+0x00 R/W |[Analog Comparator O Control Register 0x0000_0000
ACMP1CR ACMP_BA+0x04 R/W |[Analog Comparator 1 Control Register 0x0000_0000
ACMP2CR ACMP_BA+0x08 R/W  |Analog Comparator 2 Control Register 0x0000_0000
ACMPSR ACMP_BA+0x0C R/W |Analog Comparator Status Register 0x0000_0000
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24.7 Register Description

Analog CMP 0 Control Register (ACMPOCR)

Register Offset R/W  |Description Reset Value
ACMPOCR ACMP_BA+0x00 R/W  |Analog Comparator 0 Control Register 0x0000_0000

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

- ACMPOINV - CNO CPO ACMPQNHYS ACMPIEO | ACMPO_EN

Bits Description

[31:7] - Reserved.

Analog Comparator 0 output inverse select
[6] ACMPOINV 1 = The comparator output inverse function Enabled.

0 = The comparator output inverse function Disabled

[5] - Reserved.

Analog Comparator 0 negative input select

1 = The internal comparator reference voltage (Vref=1.2V) is selected as the
[4] CNO negative comparator input

0 = The comparator reference pin P8.3/CPNO is selected as the negative
comparator input

Analog Comparator 0 positive input select
3] CPO 1 =The internal OP amplifier O output is selected as the positive comparator input

0 = The comparator reference pin P8.4/CPPQ is selected as the positive
comparator input

CMP Hysteresis Enable
[2] ACMPO_HYS_EN 1 = Hysteresis function Enabled. The typical range is 20mV.

0 = Hysteresis function Disabled (Default)..

Analog Comparator 0 Interrupt Enable
[1] ACMPIEO 1 = Interrupt function Enabled

0 = Interrupt function Disabled
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Bits Description
Analog Comparator 0 Enable
1 = Enabled
[0] ACMPO_EN
0 = Disabled
Comparator output need wait stable 10 us after ACMPO_EN is set.

Analog CMP 1 Control Register (ACMP1CR)

Register Offset R/W  |Description Reset Value
ACMP1CR ACMP_BA+0x04 R/W  |Analog Comparator 1 Control Register 0x0000_0000

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8

7 6 5 4 3 2 1 0

- ACMP1INV - CN1 CP1 ACMPElNHYS ACMPIE1 ACMP1_EN
Bits Description
[31:7] - Reserved.

Analog Comparator 1 output inverse select
[6] ACMP1INV 1 = The comparator output inverse function Enabled.

0 = The comparator output inverse function Disabled

[5] - Reserved.

Analog Comparator 1 negative input select

1 = The internal comparator reference voltage (Vref=1.2V) is selected as the
[4] CN1 negative comparator input

0 = The comparator reference pin P6.4/CPNL1 is selected as the negative
comparator input

Analog Comparator 1 positive input select
3] cP1 1 = The internal OP amplifier 1 output is selected as the positive comparator input

0 = The comparator reference pin P6.5/CPP1 is selected as the positive
comparator input
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Bits Description

CMP Hysteresis Enable
[2] ACMP1_HYS_EN 1 = Hysteresis function Enabled. The typical range is 20mV.

0 = Hysteresis function Disabled (Default)..

Analog Comparator 1 Interrupt Enable
[1] ACMPIE1 1 = Interrupt function Enabled

0 = Interrupt function Disabled

Analog Comparator 1 Enable
1 = Enabled
0 = Disabled

0] ACMP1_EN

Comparator output need wait stable 10 us after ACMP1_EN is set.

Analog CMP 2 Control Register (ACMP2CR)

Register Offset R/W  |Description Reset Value
ACMP2CR ACMP_BA+0x08 R/W  |Analog Comparator 2 Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- ACMP2INV - CN2 - ACMPEZNHYS ACMPIE2 ACMP2_EN
Bits Description
[31:7] - Reserved.
Analog Comparator 2 output inverse select
[6] ACMP2INV 1 = The comparator output inverse function Enabled.
0 = The comparator output inverse function Disabled
[5] - Reserved.
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Bits Description

Analog Comparator 2 negative input select

1 = The internal comparator reference voltage (Vref=1.2V) is selected as the
[4] CN2 negative comparator input

0 = The comparator reference pin P7.4/CPN2 is selected as the negative
comparator input

[3] - Reserved.

CMP Hysteresis Enable
2] ACMP2_HYS_EN 1 = Hysteresis function Enabled. The typical range is 20mV.

0 = Hysteresis function Disabled (Default)..

Analog Comparator 2 Interrupt Enable
[1] ACMPIE2 1 = Interrupt function Enabled

0 = Interrupt function Disabled

Analog Comparator 2 Enable
1 = Enabled

[0] ACMP2_EN
0 = Disabled

Comparator output need wait stable 10 us after ACMP2_EN is first set.
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Analog CMP Status Register (ACMPSR)

Register Offset R/W  |Description Reset Value
ACMPSR ACMP_BA+0x0C R/W  |Analog Comparator Status Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
- COo2 Cco1 CO0
7 6 5 4 3 2 1 0
- OPDF1 OPDFO ACMPF2 ACMPF1 ACMPFO
Bits Description
[31:11] - Reserved.
Compare 2 Output
[10] coz Synchronized to the APB clock to allow reading by software. Cleared when the comparator is
disabled (ACMP2_EN = 0).
Compare 1 Output
E) co1 Synchronized to the APB clock to allow reading by software. Cleared when the comparator is
disabled (ACMP1_EN = 0).
Compare 0 Output
8] Co0 Synchronized to the APB clock to allow reading by software. Cleared when the comparator is
disabled (ACMPO_EN = 0).
[7:6] - Reserved.
OP Amplifier 1 Schmitt Trigger Digital Output Interrupt Flag
[5] OPDF1 OPDF1 interrupt flag is set by hardware whenever the OP amplifier 1 Schmitt trigger non-
inverting buffer digital output changes state. Note: This bit is a copy of OPASR[5] and
writing 1 to either ACMPSR[5] or OPASR[5] can clear this bit.
OP Amplifier 0 Schmitt Trigger Digital Output Interrupt Flag
[4] OPDFO OPDFO interrupt flag is set by hardware whenever the OP amplifier 0 Schmitt trigger non-
inverting buffer digital output changes state. Note: This bit is a copy of OPASR[4] and
writing 1 to either ACMPSR[4] or OPASR[4] can clear this bit.
[3] Reserved
Compare 2 Flag
2] ACMPE2 This bit is set by hardware whenever the comparator 2 output changes state. This will cause
an interrupt if ACMPCR2[1] is set to 1.
Write 1 to clear this bit to 0.
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Compare 1 Flag

This bit is set by hardware whenever the comparator 1 output changes state. This will cause

(1 ACMPF1 an interrupt if ACMPCRL1[1] is set to 1.
Write 1 to clear this bit to 0.
Compare 0 Flag
0] ACMPEO This bit is set by hardware whenever the comparator O output changes state. This will cause

an interrupt if ACMPCRO[1] is set to 1.
Write 1 to clear this bit to 0.
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25 OP AMPLIFIER

25.1 Overview

This device integrated two operational amplifiers. It can be enabled through OPx_EN bit. User can
measure the outputs of the OP amplifier as the OP amplifier output to the integrated A/D converter
channel AINA[O] and AINB[O], where digital results can be taken.

Note: The analog input port pins must be configured as input type before the OP amplifier function is
enabled.

25.2 Features
® Analog input voltage range: 0~Vdd.

® Two analog OP amplifiers.

®  Software enabled to connect OP amplifier 0,1 outputs to A/D converter channel AINA[O], AINB[O]
respectively.

®  Schmitt trigger buffer outputs of OP amplifier 0, 1 can be one of the comparator interrupt
sources.

OP amplifier O output can be an optional input source of integrated comparator O positive input.

OP amplifier 1 output can be an optional input source of integrated comparator 1 positive input.
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25.3 Block Diagram

OPSCHO_EN
Schmitt trigger input
gger e % OPDOO
Non-inverting buffer
To ADC
P6.0/AINAO AINA[0]
Enabllel OP0 OPO_EN
Amplifier AINAOSEL
P8.0/0PPO +
Av p P8.2/0PO0
P8.1/0PNO -
OP Amplifier 0 Optional to integr_ated
P comparator positive
input end
To ADC
P7.0/AINBO AINBIO]
Enable OP1 Op1 EN
Amplifier -
AINBOSEL
P9.2/0PP1 +
Av P P9.0/0OPO1
P9.1/0PN1 p OPSCH1_EN
OP Amplifier 1 Schmitt trigger input
1T OPDO1
Non-inverting buffer
OPx_EN: Enable OP Amplifier
0: Disable OP amplifier
1: Enable OP amplifier

Figure 25-1 OP Amplifier Block Diagram
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25.4 Interrupt Sources

The OPDFO, OPDF1 interrupt flags are set respectively by hardware whenever the OPO, 1 amplifier
Schmitt trigger non-inverting buffer output change states. The flag bit is cleared by writing 1 to itself.
Schmitt trigger buffer outputs of the OP amplifierO, 1 can be one of the comparator interrupt sources.

ACMPFO
ACMPIEO

ACMPF1
ACMPIE1

ACMPF2
ACMPF2

ACOMPINT

OPDFO
OPDIEO

T

OPDF1
OPDIE1

Figure 25—-2 OP Amplifier Interrupt Flags for Analog Comparator Interrupt
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25.5 Register Map
R: read only, W: write only, R/W: both read and write, C: Only value 0 can be written

Register Offset R/W  [Description Reset Value

OPA Base Address:
OPA_BA = 0x400F_0000

OPACR OPA_BA+0x00 R/W  |OP Amplifier Control Register 0x0000_0000

OPASR OPA_BA+0x04 R/W  |OP Amplifier Status Register 0x0000_0000
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25.6 Register Description

OPA Control Register (OPACR)

Register Offset R/W  |Description Reset Value
OPACR OPA_BA+0x00 R/W  |OP Amplifier Control Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
- OPDIE1 OPDIEO
7 6 5 4 3 2 1 0
- - OPSCH1_EN | OPSCHO_EN - - OP1_EN OPO_EN
Bits Description
[31:10] - Reserved.

OP Amplifier 1 Schmitt Trigger Digital Output Interrupt Enable
1 = OP Amplifier 1 digital output interrupt function Enabled.
[9] OPDIE1 0 = OP Amplifier 1 digital output interrupt function Disabled.

The OPDF1 interrupt flag is set by hardware whenever the OP amplifier 1 Schmitt trigger
non-inverting buffer digital output changes state, in the meanwhile, if OPDIEL is set to 1,
a comparator interrupt request is generated.

OP Amplifier 0 Schmitt Trigger Digital Output Interrupt Enable
1 = OP Amplifier O digital output interrupt function Enabled.
[8] OPDIEO 0 = OP Amplifier 0 digital output interrupt function Disabled.

The OPDFO interrupt flag is set by hardware whenever the OP amplifier 0 Schmitt trigger
non-inverting buffer digital output changes state, in the meanwhile, if OPDIEOQ is set to 1,
a comparator interrupt request is generated.

[7:6] - Reserved.

OP Amplifier 1 Schmitt Trigger Non-inverting Buffer Enable
[5] OPSCH1_EN 1 = Enabled
0 = Disabled

OP Amplifier 0 Schmitt Trigger Non-inverting Buffer Enable

[4] OPSCHO_EN 1 = Enabled
0 = Disabled
[3:2] - Reserved.
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Bits Description

OP Amplifier 1 Enable
1 = OP Amplifier 1 Enabled.

[1] OP1_EN
0 = OP Amplifier 1 Disabled.
The OP Amplifier 1 output needs to wait stable 20us after OP1_EN is first set.
OP Amplifier 0 Enable
1 = OP Amplifier 0 Enabled
[0] OPO_EN

0 = OP Amplifier 0 Disabled
The OP Amplifier O output needs to wait stable 20us after OPO_EN is first set.
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OPA Status Register (OPASR)

Register Offset R/W  |Description Reset Value
OPASR OPA_BA+0x04 R/W  |OP Amplifier Status Register 0x0000_0000
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
- OPDF1 OPDFO - OPDO1 OPDOO
Bits Description
[31:6] - Reserved.

OP Amplifier 1 Schmitt Trigger Digital Output Interrupt Flag

(5] OPDF1 OPDF1 interrupt flag is set by hardware whenever the OP amplifier 1 Schmitt trigger non-
inverting buffer digital output changes state. This bit is cleared by writing 1 to itself.

OP Amplifier 0 Schmitt Trigger Digital Output Interrupt Flag

(4] OPDFO OPDFO interrupt flag is set by hardware whenever the OP amplifier 0 Schmitt trigger non-
inverting buffer digital output changes state. This bit is cleared by writing 1 to itself.

[3:2] - Reserved.

OP Amplifier 1 Digital Output

(1] OPDO1 Synchronized to the APB clock to allow reading by software. Cleared when the Schmitt
trigger buffer is disabled (OPSCH1_EN = 0).

OP Amplifier 0 Digital Output

0] OPDOO Synchronized to the APB clock to allow reading by software. Cleared when the Schmitt
trigger buffer is disabled (OPSCHO_EN = 0).
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26 FLASH MEMORY CONTROL (FMC)

26.1 Overview

The NuMicro™ NM15xx Series has 128K/64K/32K bytes on-chip embedded Flash for application
program memory (APROM) that can be updated through ISP procedure. The In-System-
Programming (ISP) function enables user to update program memory when chip is soldered on
PCB. After chip is powered on, Cortex™-MO0 CPU fetches code from APROM or LDROM decided
by boot select (CBS) in Config0. By the way, the NuMicro™ NM15xx Series also provides
additional DATA Flash for user to store some application dependent data. For 128K bytes
APROM device, the data flash is shared with original 128K program memory and its start address
is configurable in Configl. For 64K/32K bytes APROM device, the data flash is fixed at 4K.
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26.2 Features

B Runs up to 72 MHz and optional up to 50 MHz with zero wait state for continuous address read
access

All embedded flash memory supports 512 bytes page erase
128K/64K/32KB application program memory (APROM)

8 KB In-System-Programming (ISP) loader program memory (LDROM)
4KB data flash for 64K/32KB APROM device

Configurable data flash size for 128KB APROM device

Configurable or fixed 4 KB data flash with 512 bytes page erase unit

Support In-Application-Programming (IAP) to switch code between APROM and LDROM without
reset

B In-System-Programming (ISP) to update on-chip Flash
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26.3 Block Diagram

The flash memory controller consist of AHB slave interface, ISP control logic, writer interface and
flash macro interface timing control logic. The block diagram of flash memory controller is shown
as follows:

o ! |
> | g |
84 || Debug || SOMMO) ox0001 FFFF
O g |
o8 : Alcacertss eyl Data Flash
20 o ite |1
sE | interface |1~ 0x0001_F000 A
3 L A I
AHB Bus \ i o
- TS
- = ————— = ———— g
g | %
20 AHB Slave || -
29 | Interface ||
© £ Parallel |
gL Writer ISP I
=] | |
= ! Controller |1 0x0000_FFFF
o
e i _______ ! -
X
<t
_______________ 5 ©
! |
| o F'ast'? PowerOn || 0x0000_7FFF
| gerz: |o|n Initialization | | Application
| ontro | Program |2 0x0000_1FFF e —
: | Memory S Memory
Data Out | CBS=1 -
| CBS=0
| control || CONFIGS |1 6,0000_0000 Y 0x0000_0000
! |
. o

Figure 26—1 Flash Memory Control Block Diagram
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26.4 Functional Description

26.4.1 Flash Memory Organization

The NuMicro™ NM15xx Series flash memory consists of program memory (APROM), data flash,
ISP loader program memory (LDROM), and user configuration.

Program memory is main memory for user applications and called APROM. User can write their
application to APROM and set system to boot from APROM.

ISP loader program memory is designed for a loader to implement In-System-Programming
function. LDROM is independent to APROM and system can also be set to boot from LDROM.
Therefore, user can user LDROM to avoid system boot fail when code of APROM was corrupted.

Data flash is used for user to store data. It can be read by ISP read or memory read and
programmed through ISP procedure. The size of each erase unit is 512 bytes. For 128 KB
APROM device, the data flash and application program share the same 128 KB memory, if DFEN
(Data Flash Enable) bit in Config0 is enabled, the data flash base address is defined by DFBADR
and its size is (0x20000 - DFBADR), At the same time, the APROM size will be (128 KB - data
flash size). For 64/32KB APROM devices, data flash size is always 4 KB and start address is
fixed at 0x0001_F000.

User configuration provides several bytes to control system logic, such as flash security lock, boot
select, Brown-out voltage level, data flash base address, etc.... User configuration works like a
fuse for power on setting and loaded from flash memory to its corresponding control registers
during chip powered on.

In NuMicro™ Family, the flash memory organization is different to system memory map. Flash
memory organization is used when user using ISP command to read, program or erase flash
memory. System memory map is used when CPU access flash memory to fetch code or data. For
example, When system is set to boot from LDROM by CBS = 01b, CPU will be able to fetch code
of LDROM from 0x0 ~ Ox1FFF. However, if user want to read LDROM by ISP, they still need to
read the address of LDROM as 0x0010_0000 ~ 0x0010_1FFF.

Table 26-1 and Figure 26-2 show the address mapping information of APROM, LDROM, data
flash and user configuration for 32/64KB and 128 KB devices.

Block Name |Device Type |Size Start Address  |End Address
32 KB 32 KB 0x0000_0000 0x0000_7FFF
64 KB 64 KB 0x0000_0000 0x0000_FFFF
APROM 128 KB Data Flash 1_28 KB - Data Flash 0x0000 0000 0)_(20000 — Data Flash
Enable Size - Size -1
Data Flash |4 g 0x0000_0000  |0x0001 FFFF
Disable
32 KB 4 KB 0x0001_F000
64 KB 4 KB 0x0001_F000 0X0001_FFFF
Data Flash 128 KB Data Flash 0x20000-DFBADR  |DFBADR
Enable
DEG AR R N/A N/A
Disable
LDROM 32/64/128 KB |8 KB 0x0010_0000 0x0010_1FFF
User  |32/64/128KB |, o qc 0x0030_0000  |0x0030_0004
Configuration
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Table 26-1 Memory Address Map

The Flash memory organization is shown as Figure 26-2:

0x0030_03FF

0x0030_0000
0x0010_1FFF

User Configuration

ISP Loader Program Memory

0x0010_0000

Reserved for Further Used

0x0001_FFFF
Data Flash

1MB

Application Program Memory

0x0030_0004 CONFIG1

0x0030_0000 CONFIGO

Y 0x0000_0000

Figure 26-2 Flash Memory Organization
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26.4.2 User Configuration

User configuration is internal programmable configuration area for boot options. The user
configuration is located at 0x300000 of Flash Memory Organization and they are two 32 bits
words. Any change on user configuration will take effect after system reboot.

May 22, 2017 Page 607 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

Config0 (Address = 0x0030 0000)

31 30 29 28 27 26 25 24
CWDTEN | CWDTPDEN Reserved CFOSC
23 22 21 20 19 18 17 16
CBODEN CBOV1 CBOVO CBORST Reserved
15 14 13 12 11 10 9 8
Reserved CHZ_BPWM | CHZ _Oddl | CHZ Evenl | CHZ_OddO0 | CHZ_EvenO
7 6 5 4 3 2 1 0
CBS Reserved LOCK DFEN

Config0 Bits |Description

Watchdog Enable

0 = Watchdog Timer Enabled and force Watchdog Timer clock source as OSC10K

[31] CWDTEN after chip powered on.

1 = Watchdog Timer Disabled after chip powered on.

Watchdog Clock Power Down Enable
0 = OSC10K Watchdog Timer clock source is forced to be always enabled.

[30] CWDTPDEN 1 = OSC10K Watchdog Timer clock source is controlled by OSC10K_EN
(PWRCONI[3]) when chip enters power down.

Note: This bit only works at CWDTEN is set to 0

[29:27] Reserved Reserved

CPU Clock Source Selection After Reset

FOSC[2:0] Clock Source
000 External 4~24 MHz high speed crystal oscillator clock
(26:24] CFOSC 111 Internal RC 22.1184 MHz high speed oscillator clock
Others Reserved
The value of CFOSC will be load to CLKSELO.HCLK_SJ[2:0] in system register after
any reset occurs.
Brown-out Detector Enable
[23] CBODEN 0= Brown-out detect Enabled after powered on.
1= Brown-out detect Disabled after powered on.
Brown-out Voltage Selection
CBOV1 CBOVO Brown-out Voltage
1 1 4.4V
[22:21] CBOV1-0
1 0 3.7V
0 1 2.7V
0 0 22V
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Brown-out Reset Enable

[20] CBORST 0 = Brown-out reset Enabled after powered on

1 = Brown-out reset Disabled after powered on

[19:13] Reserved Reserved

Basic PWM Ports Tri-state Driving Control

0 = Basic PWM ports driving mode is controlled by GOPIO mode registers
[12] CHZ_BPWM (GPIO_PMD).
1 = Basic PWM ports driving mode is forced in tri-state all the time.

This bit will be load to bit PWMPOEN.HZ_BPWM after any reset.

PWM Unitl odd Ports Tri-state Driving Control

0 = PWM unitl odd ports driving mode is controlled by GOPIO mode registers
[11] CHz_odd1 (GPIO_PMD).
1 = PWM unitl odd ports driving mode is forced in tri-state all the time.

This bit will be load to bit PWMPOEN.HZ_Odd1 after any reset.

PWM Unit0 Even Ports Tri-state Driving Control

0 = PWM unitl even ports driving mode is controlled by GOPIO mode registers
[10] CHZ_Evenl (GPIO_PMD).
1 = PWM unitl even ports driving mode is forced in tri-state all the time.

This bit will be load to bit PWMPOEN.HZ_Even1 after any reset.

PWM Unit0 Odd Ports Tri-state Driving Control

0 = PWM unitO odd ports driving mode is controlled by GOPIO mode registers
[9] CHZ_0ddo (GPIO_PMD).
1 = PWM unit0 odd ports driving mode is forced in tri-state all the time.

This bit will be load to bit PWMPOEN.HZ_0OddO after any reset.

PWM Unit0 Even Ports Tri-state Driving Control

0 = PWM unitO even ports driving mode is controlled by GOPIO mode registers
[8] CHZ_Even0 (GPIO_PMD).
1 = PWM unit0 even ports driving mode is forced in tri-state all the time.

This bit will be load to bit PWMPOEN.HZ_Even0 after any reset.
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Chip Boot Selection

CBS[1:0] |Boot Selection

11 Chip booting from APROM and program executing range only including
APROM. LDROM cannot be access by program directly, except by
through ISP.

APROM is write-protected in this mode.

01 Chip booting from LDROM, program executing range only including
LDROM; APROM cannot be access by program directly, except by
through ISP.

LDROM is write-protected in this mode.

[7:6] CBS 10 Chip booting from APROM, program executing range including
LDROM and APROM

LDROM address is mapping to 0x0010_0000~0x0010_OFFF

The address 0x0000_0000 ~ 0x0000_01FF can be re-mapping to any
other page within executing range though ISP command.

00 Chip booting from LDROM, program executing range including
LDROM and most of APROM (all but except first 512 bytes, because
the first 512 bytes is mapped from LDROM)

LDROM address is mapping to 0x0010_0000 ~ 0x0010_OFFF, and
also the first 512 bytes of LDROM is mapping to the address
0x0000_0000 ~ 0x0000_O01FF.

The address 0x0000_0000 ~ 0x0000_01FF can be re-mapping to any
other page within executing range though ISP command.

[5:2] Reserved Reserved

Security Lock
0 = Flash data is locked
1 = Flash data is not locked

[1] LOCK When flash data is locked, only device ID, Config0 and Configl can be read by writer
and ICP through serial debug interface. Others data is locked as OxFFFF_FFFF. ISP
can read data anywhere regardless of LOCK bit value.

User need to erase whole chip by ICP/Writer tool or erase user configuration by ISP to
unlock.

Data Flash Enable (Only for 128 KB APROM Device)
[0] DFEN 0 = Data flash Enabled.
1 = Data flash Disabled.
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Configl (Address = 0x0030 0004)

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved DFBADR.19 | DFBADR.18 | DFBADR.17 | DFBADR.16
15 14 13 12 11 10 9 8

DFBADR.15 | DFBADR.14 | DFBADR.13 | DFBADR.12 | DFBADR.11 | DFBADR.10 | DFBADR.9 DFBADR.8

7 6 S| 4 3 2 1 0

DFBADR.7 DFBADR.6 DFBADR.5 DFBADR.4 DFBADR.3 DFBADR.2 DFBADR.1 DFBADR.O

Configl Bits |Description

[31:20] Reserved Reserved (It is mandatory to program 0x00 to these Reserved bits)

Data Flash Base Address (Only for 128 KB APROM Device)

[19:0] DFBADR For 128 KB APROM device, its data flash base address is defined by user. Since on-
chip flash erase unit is 512 bytes, it is mandatory to keep bit 8-0 as 0. This
configuration is only valid for 128 KB flash device.

26.4.3 Boot Selection

The NuMicro™ NM15xx Series provides In-System-Programming (ISP) feature to enable user to
update program memory by a stand-along ISP firmware. A dedicated 8 KB program memory
(LDROM) is used to store ISP firmware. Users can select to start program fetch from APROM or
LDROM by CBSJ[1] in ConfigO.

In addition to set boot from APROM or LDROM, CBS in Config0 also used to control system
memory map after booting. When CBS[0] = 1 and set CBS[1] = 1 to boot from APROM, the
application in APROM will not be able to access LDROM by memory read. In other words, when
CBSJ0] = 1 and set CBS[1] = 0 to boot from LDROM, the software executed in LDROM will not be
able to access APROM by memory read. Figure 26-3 shows the memory map when boot from
APROM and LDROM.

(APROM Size - 1)

APROM 0x0000_1FFF
LDROM
(4K)
0x0000_0000 0x0000_0000
CBS =11b CBS =01b

Figure 26-3 Program Executing Range for boot from APROM and boot from LDROM
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For the application that software needs to execute code in APROM and call the functions in
LDROM or to execute code in LDROM and call the APROM function without changing boot mode,
CBS|0] needs to be set as 0 and this is called In-Application-Programming(I1AP).
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26.5 In-Application-Programming (IAP)

The NuMicro™NM15xx Series provides In-application-programming (IAP) function for user to
switch the code executing between APROM and LDROM without a reset. User can enable the
IAP function by re-booting chip and setting the chip boot selection bits in Config0 (CBS[1:0]) as
10b or 00b.

In the case that the chip boots from APROM with the IAP function enabled (CBS[1:0] = 10b), the
executable range of code includes all of APROM and LDROM. The address space of APROM is
kept as the original size but the address space of the 8 KB LDROM is mapped to 0x0010_0000~
0x0010_1FFF.

In the case that the chip boots from LDROM with the IAP function enabled (CBS[1:0] = 00b), the
executable range of code includes all of LDROM and almost all of APROM except for its first
page. User cannot access the first page of APROM because the first page of executable code
range becomes the mirror of the first page of LDROM as set by default. Meanwhile, the address
space of 8 KB LDROM is mapped to 0x0010_0000~0x0010_ 1FFF.

Please refer to Figure 26-4 for the address map while IAP is activating.

0x0010_1FFF 0x0010_1FFF
LDROM LDROM
(8K) (8K)
0x0010_0000 0x0010_0000 | LDROM first page |—
Reserved Reserved
Default remap
structure
APROM APROM
0x0000_0000 0x0000_0000 [ LDROM first page |-
CBS =10b CBS = 00b

Figure 26-4 Executable Range of Code with IAP Function Enabled

When chip boots with the IAP function enabled, any other page within the executable range of
code can be mirrored to the first page of executable code (0x0000_0000~0x0000_ O01FF) any
time. User can change the remap address of the first executing page by filling the target remap
address to ISPADR and then go through ISP procedure with the Vector Page Re-map command.
After changing the remap address, user can check if the change is successful by reading the
VECMAP field in the ISPSTA register.
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26.6 In-System-Programming (ISP)

The NuMicro™ NM15xx Series supports ISP mode allowing a device to be reprogrammed under
software control and avoid system fail risk when download or programming fail. Furthermore, the
capability to update the application firmware makes a wide range of applications possible.

ISP provides the ability to update system firmware on board. Various peripheral interfaces let ISP
loader in LDROM to receive new program code easily. The most common method to perform ISP
is via UART along with the ISP loader in LDROM. General speaking, PC transfers the new
APROM code through serial port. Then ISP loader receives it and re-programs into APROM
through ISP commands.

26.6.1 ISP Procedure

The NuMicro™ NM15xx Series supports booting from APROM or LDROM initially defined by user
configuration. The change of user configuration needs to reboot system to make it take effect. If
user wants to switch between APROM or LDROM mode without changing user configuration, he
needs to control BS bit of ISPCON control register, then reset CPU by IPRSTC1 control register.
The boot switching flow by BS bit is as the following figure.

CBS =11b ? NO

CBS=01b?

Set CPU_RST =1

Set CPU_RST =1

Fetch code from ? T —
AP-ROM
SetBS =1 LD-ROM
* SetBS=0
i Unlock ?
Switch to boot from
LDROM? Protected Switch to boot from PUT'OCtkd
' Registers APROM? rotecte
Registers

NO¢

Run Application
Run ISP Loader

Figure 26-5 Example Flow of Boot Selection by BS Bit

Update APROM by the software in LDROM or update LDROM by the software in APROM can
avoid system fail when update fails.
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ISP controller supports to read, erase and program embedded flash memory. Several control bits
of ISP controller are write-protected, thus it is necessary to unlock before we can setting them. To
unlock protected register bits, software needs to write 0x59, 0x16 and 0x88 sequentially to
REGWRPROT. If register unlock successfully, the value of REGWRPROT will be 1. Unlock
sequence must not be interrupted by other access; otherwise it may fail to unlock.

After unlock protected register bits, user need to set ISPCON control register to decide to update
LDROM, User Configuration, APROM and enable ISP controller.

Once ISPCON register is set properly, user can set ISPCMD for erase, read or program. Set
ISPADR for target flash memory based on flash memory origination. ISPDAT can be used to set
the data to program or used to return the read data according to ISPCMD.

Finally, we can set ISPGO bit of ISPTRG control register to perform relative ISP function. ISPGO
bit is self-clear when ISP function has been done. In order to make sure ISP function has been
finished before CPU go ahead, ISB instruction is used right after ISPGO setting.

Several error conditions are checked after ISP finished. If error condition occurs, ISP operation is
not been started and ISP fail flag will be set instead of. ISPFF flag can only be cleared by
software. The next ISP procedure can be started even ISPFF bit keeps at 1. Therefore, it is
recommended to check the ISPFF bit and clear it after each ISP operation if it is set to 1.

When ISPGO bit is set, CPU will wait for ISP operation finish, during this period; peripheral still
keeps working as usual. If any interrupt request occur, CPU will not service it till ISP operation
finish. When ISP operation is finished, the ISPGO bit will be cleared by hardware automatically.
User can check whether ISP operation is finished or not by ISPGO bit. User should add ISB
instruction next to the instruction which set 1 to ISPGO bit to ensure correct execution of the
instructions following ISP operation.

( Start )

g

\
Enable ISPEN

Write End of Flash
ISPADR/ ISPCMD/ Operation
ISPDAT ?
A

¥ (Read ISPDAT)

Set ISPGO =1 &

Check ISPFF = 1?

\i
| Add ISB instruction |

End of ISP
Operation

-t
)

Y

Check ISPGO =0 NO
?

YES

Figure 26-6 ISP Flow Example
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ISP Command ISPCMD ISPADR ISPDAT

Valid address of flash memory origination.
FLASH Page Erase 0x22 . N/A
It must be 512 bytes page alignment.

FLASH Program 0x21 Valid address of flash memory origination [Programming Data

FLASH Read 0x00 Valid address of flash memory origination [Return Data
0x0000_0000 Unique ID Word 0

Read Unique ID 0x04 0x0000_0004 Unique ID Word 1
0x0000_0008 Unique ID Word 2

Page in APROM or LDROM
Vector Page Re-Map Ox2E ) N/A
It must be 512 bytes page alignment

Table 26-2 ISP Command List
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26.7 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W  |Description Reset Value
FMC Base Address:

FMC_BA = 0x5000_C000

ISPCON FMC_BA+0x00 [R/W |ISP Control Register 0x0000_0000
ISPADR FMC_BA+0x04 [R/W |ISP Address Register 0x0000_0000
ISPDAT FMC_BA+0x08 [R/W |ISP Data Register 0x0000_0000
ISPCMD FMC_BA+0x0C [R/W |ISP Command Register 0x0000_0000
ISPTRG FMC_BA+0x10 [R/W |ISP Trigger Control Register 0x0000_0000
DFBADR FMC_BA+0x14 (R Data Flash Base Address 0X000X_XXXX
FATCON FMC_BA+0x18 [R/W |Flash Access Time Control Register 0x0000_0000
ISPSTA FMC_BA+0x40 [R/W |ISP Status Register 0x0000_0000
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26.8 Register Description
ISP Control Register (ISPCON)

Register Offset R/W  |Description Reset Value
ISPCON FMC_BA+0x00 R/W ISP Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ISPFF LDUEN CFGUEN APUEN Reserved BS ISPEN
Bits Description
[31:7] Reserved Reserved

ISP Fail Flag (Write-protection Bit)

This bit is set by hardware when a triggered ISP meets any of the following conditions:
(1) APROM writes to itself if APUEN is set to O

[6] ISPFF (2) LDROM writes to itself if LDUEN is set to O

(3) CONFIG is erased/programmed if CFGUEN is set to O

(4) Destination address is illegal, such as over an available range

Write 1 to clear to this bit to 0.

LDROM Update Enable (Write-protection Bit)
LDROM update enable bit.

[5] LDUEN

1 = LDROM can be updated when chip runs in APROM.

0 = LDROM cannot be updated.

Enable Config-bits Update by ISP (Write-protection Bit)
[4] CFGUEN 1 = ISP update config-bits Enabled.

0 = ISP update config-bits Disabled.

APROM Update Enable (Write-protection Bit)
[3] APUEN 1 = APROM can be updated when chip runs in APROM.

0 = APROM cannot be updated when chip runs in APROM.
[2] Reserved Reserved
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Boot Select (Write-protection Bit)

Set/clear this bit to select next booting from LDROM/APROM, respectively. This bit
also functions as chip booting status flag, which can be used to check where chip
booted from. This bit is initiated with the inversed value of CBS in ConfigO after any
[1] BS reset is happened except CPU reset (RSTS_CPU is 1) or system reset (RSTS_SYS)
is happened

1 = Boot from LDROM
0 = Boot from APROM

ISP Enable (Write-protection Bit)

ISP function enable bit. Set this bit to enable ISP function.
[0] ISPEN
1 = ISP function Enabled.

0 = ISP function Disabled.
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ISP Address (ISPADR)

Register Offset R/W  |Description Reset Value
ISPADR FMC_BA+0x04 R/W  [ISP Address Register 0x0000_0000
31 30 29 28 27 26 25 24

ISPADR[31:24]

23 22 21 20 19 18 17 16

ISPADR[23:16]

15 14 13 12 11 10 9 8

ISPADR[15:8]

7 6 5 4 3 2 1 0
ISPADR[7:0]
Bits Description
ISP Address
[31:0] ISPADR The NuMicro™ NM15xx Series has a maximum 32Kx32 (128 KB) of embedded Flash,
which supports word program only. ISPADR[1:0] must be kept 00b for ISP operation.
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ISP Data Reqister (ISPDAT)

Register Offset R/W  |Description Reset Value
ISPDAT FMC_BA+0x08 R/W  [ISP Data Register 0x0000_0000
31 30 29 28 27 26 25 24

ISPDAT[31:24]

23 22 21 20 19 18 17 16

ISPDAT [23:16]

15 14 13 12 11 10 9 8

ISPDAT [15:8]

7 6 5 4 3 2 1 0
ISPDAT [7:0]
Bits Description
ISP Data
[31:0] ISPDAT Write data to this register before ISP program operation
Read data from this register after ISP read operation
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ISP Command (ISPCMD)

Register Offset R/W  |Description Reset Value
ISPCMD FMC_BA+0x0C R/W ISP Command Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ISPCMD
Bits Description
[31:6] Reserved Reserved
ISP Command
ISP command table is shown below:
ISP command ISPCMD
[5:0] ISPCMD Read 0x00
Vector Page Re-Map Ox2E
Program 0x21
Page Erase 0x22

May 22, 2017 Page 622 of 641 Revision V0.9.3



NuMicro™ NM1510/NM1520/NM1530
MNUVOTONMN Preliminary Technical Reference Manual

».;3;s;:ee—,— e, e—s——————————— /|

ISP Trigger Control Reqgister (ISPTRG)

Register Offset R/W  |Description Reset Value
ISPTRG FMC_BA+0x10 R/W  [ISP Trigger Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved ISPGO
Bits Description
[31:1] Reserved Reserved
ISP Start Trigger (Write-protection Bit)
Write 1 to start ISP operation and this bit will be cleared to 0 by hardware automatically
when ISP operation is finished.
0] ISPGO 1 = ISP progressed.
0 = ISP operation finished.
This bit is the protected bit, It means programming this bit needs to write “59h”, “16h”,
“88h” to address 0x5000_0100 to disable register protection. Refer to the register
REGWRPROT at address GCR_BA+0x100
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Data Flash Base Address Reqgister (DFBADR)

Register Offset R/W  |Description Reset Value
DFBADR FMC_BA+0x14 R Data Flash Base Address 0X000X_XXXX
31 30 29 28 27 26 25 24

DFBADRI[31:23]

23 22 21 20 19 18 17 16

DFBADRI[23:16]

15 14 13 12 11 10 9 8

DFBADR[15:8]

7 6 5 4 S 2 1 0

DFBADR[7:0]

Bits Description

Data Flash Base Address

This register indicates data flash start address. It is read only.

[31:0] DFBADR . o . .
For 128 KB flash memory device, the data flash size is defined by user configuration,

register content is loaded from Configl when chip is powered on but for 64/32 KB
device, it is fixed at 0x0001_F000.
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Flash Access Time Control Register (FATCON)

Register

Offset

R/W  |Description Reset Value

FATCON

FMC_BA+0x18

R/W Flash Access Time Control Register 0x0000_0000

31

30

29 28 27 26 25 24

Reserved

23

22

21 20 19 18 17 16

Reserved

15

14

13 12 11 10 9 8

Reserved

7

6

5 4 S 2 1 0

Reserved

FOM_SEL[1]

Reserved | FOM_SELJ[0]

Bits

Description

[31:7]

Reserved

Reserved

6]

FOM_SEL[1]

Chip Frequency Optimization Mode Select (Write-protection Bit)

When chip operation frequency is lower than 25 MHz, chip can work more efficiently by
setting FOM_SEL[1:0] = 01

When chip operation frequency is lower than 50 MHz, chip can work more efficiently by
setting FOM_SEL[1:0] = 00

When chip operation frequency is over than 50 MHz, chip only can work by setting
FOM_SEL[1:0] = 11

11 = High frequency optimization mode Enabled.
10 = Reserved.
01 = Low frequency optimization mode Enabled.

00 = Middle frequency optimization mode Enabled.

(5]

Reserved

Reserved

[4]

FOM_SEL[0]

Chip Frequency Optimization Mode Select (Write-protection Bit)

When chip operation frequency is lower than 25 MHz, chip can work more efficiently by
setting FOM_SEL[1:0] = 01

When chip operation frequency is lower than 50 MHz, chip can work more efficiently by
setting FOM_SEL[1:0] = 00

When chip operation frequency is over than 50 MHz, chip only can work by setting
FOM_SEL[1:0] = 11

11 = High frequency optimization mode Enabled.
10 = Reserved.
01 = Low frequency optimization mode Enabled.

00 = Middle frequency optimization mode Enabled.

[3:0]

Reserved

Reserved
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ISP Status Register (ISPSTA)

Register Offset R/W  |Description Reset Value
ISPSTA FMC_BA+0x40 R/W ISP Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved VECMAP[11:7]
15 14 13 12 11 10 9 8
VECMAPI[6:0] Reserved
7 6 5 4 3 2 1 0
Reserved ISPFF Reserved CBS ISPGO
Bits Description
[31:21] Reserved Reserved

Vector Page Mapping Address (Read Only)

[20:9] VECMAP The current flash address space 0x0000_0000~0x0000_01FF is mapping to address
{VECMAP[11:0], 9’000} ~ {VECMAP[11:0], 9'h1FF}

[8:7] Reserved Reserved

ISP Fail Flag (Write-protection Bit)

This bit is set by hardware when a triggered ISP meets any of the following conditions:
(1) APROM writes to itself

(2) LDROM writes to itself

[6] ISPFF
(3) CONFIG is erased/programmed if CFGUEN is set to O

(4) Destination address is illegal, such as over an available range
Write 1 to clear this bit.

Note: This bit function is the same as ISPCON bit6

[5:3] Reserved Reserved

CBS Chip Boot Selection (Read Only)
[2:1]
This is a mirror of CBS in Config0.

ISP Start Trigger (Read Only)

Write 1 to start ISP operation and this bit will be cleared to 0 by hardware automatically
when ISP operation is finished.

0 ISPGO 1 = ISP operation progressed.
0 = ISP operation finished.

Note: This bit is the same with ISPTRG bit0
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27 ELECTRICAL CHARACTERISTICS

27.1 Absolute Maximum Ratings

SYMBOL PARAMETER MIN MAX UNIT
DC Power Supply VDD-VSS -0.3 +6.3 \%
Input Voltage VIN VSS-0.3 VDD+0.3 \%
Oscillator Frequency 1/tcLel 4 24 MHz
Operating Temperature TA -40 105 °C
Storage Temperature TST -55 +150 °C
Maximum Current into VDD - 120 mA
Maximum Current out of VSS 120 mA
Maximum Current sunk by a I/O pin 35 mA
Maximum Current sourced by a 1/O pin 35 mA
Maximum Current sunk by total /O pins 100 mA
Maximum Current sourced by total I/O pins 100 mA

Note: Exposure to conditions beyond those listed under absolute maximum ratings may adversely affects the lift and
reliability of the device.
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27.2 DC Electrical Characteristics

SPECIFICATION

PARAMETER SYM. TEST CONDITIONS
MIN. TYP. MAX. UNIT
Operation voltage Vb 25 - 5.5 V  |Vpp =2.5V ~ 5.5V
Vss/
Power Ground -0.3 - - \%
AVss
LDO Output Voltage Vipo 1.62 1.8 1.98 V |Vpp >= 2.5V
Analog Operating Voltage | AVpp 25 - Vb \%
Analog Reference Voltage | Vref 1.2 - AVpp \Y
Vop =5V,
Ibp1 - - 0.61F+8.1| MA |enaple all IP and PLL, external
XTAL
Vop =5V,
lop2 - - |0.32F+7.7| MA lgisable all IP and enable PLL,
external XTAL
VDD = 3.3V,
Ibp3 - - 0.58F+8.1 | MA |enaple all IP and PLL, external
XTAL
VDD = 33V,
lopa - - | 0:29F+7.7| mA lgisable all IP and enable PLL,
Operating Current external XTAL
Normal Run Mode Vop =5V,
Iops - - |0.66F+0.4| MA lenaple all IP and disable PLL,
external XTAL
Vop = 5V,
loos - - | 0.40F+0.2| mA lgisable all IP and disable PLL,
external XTAL
VDD = 3.3V,
Iop7 - - 0.60F+0.4 | MA |gnaple all IP and disable PLL,
external XTAL
VDD =3.3V
Iops - - 0.35F+0.2| mA |gisable all IP and disable PLL,

external XTAL
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SPECIFICATION
PARAMETER SYM. TEST CONDITIONS
MIN. TYP. MAX.  |[UNIT

Vpp = 5V,

libLex - - 0.39F+8.1 | MA |anaple all IP and PLL, external
XTAL

Vpp = 5V,

=) - - 0.09F+7.7 | mA |gisable all IP and enable PLL,
external XTAL

VDD = 3.3V,

libLes - - 0.37F+8.1 | MA |anaple all IP and PLL, external
XTAL

VDD = 3.3V,

loLEs i - 0.08F+7.7| MA |gisable all IP and enable PLL,
Operating Current external XTAL

Idle Mode Vpp =5V,

libLEs - - 0.43F+0.5 | MA |gnaple all IP and disable PLL,
external XTAL

Vpp = 5V,

libLEs - - | 0.18F+0.4 | MA |gisaple all IP and disable PLL,
external XTAL

VDD = 33V,

libLE? - - 0.38F+0.5 | MA |anaple all IP and disable PLL,
external XTAL

VDD =3.3V

libLes - - 0.13F+0.4 | MA |jisable all IP and disable PLL,
external XTAL

Standby Current Vpp = 5.5V, No load

| - - 25 . .
Power-down Mode o KA @ Disable BOV function, 25°C

Logic 0 Input Current

(Quasi-bidirectional mode)| - - -75 pA
Input Leakage Current
(input only) Ik - - 2 LA

Logic 1 to 0 Transition
Current (Quasi- I, B! - - -660 pA |Vop = 5.5V, Vin<2.0V
bidirectional mode)

Internal Pull-High Resistor
of /RESETH Rest 15 - - k2
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SPECIFICATION
PARAMETER SYM. TEST CONDITIONS
MIN. TYP. MAX. UNIT
Input Low Voltage (TTL
input) Vi -0.3 - 0.2Vpp-0.1| V
Input Low Voltage
(Schmitt input) Vi -0.3 0.3Veo | V
Input Low Voltage
(/RESET, XTAL in) Viez -0.3 0.15Vop | V
Input High Voltage (TTL
input) ViH 0.2Vpp+0.9 - Vpp +0.3 \%
Input High Voltage
(Schmitt input, /RESET, AV 0.7Vop - Vpp +0.3 \Vj
XTAL in)
Hysteresis voltage of i 0.2V )
(Schmitt input) Vv -V v
Band-gap Voltage Vee 1.22 1.25 1.28 V |Vop=25V~55V, Ta=25C
-360 - - pA |Voo = 4.5V, Vs = 2.4V
Source Current (Quasi- _ _
bidirectional Mode) low -60 - - pA Voo = 2.7V, Vs = 2.2V
50 . . wA [Voo =25V, Vs =2.0V
-25 - - mA VDD = 4.5V, Vs =2.4V
Source Current (Push-pull
Modo) ( e 4 ] ] mA [Vop = 2.7V, Vs = 2.2V
3 . B} mA |Vob = 2.5V, Vs = 2.0V
16 - - mA Vpp = 4.5V, Vs = 0.45V
Sink Current (Quasi-
bidirectional and Push-pull| |5, 10 - - mA |Vop =2.7V, Vs = 0.45V
Mode)
9 . B} mA |Vop = 2.5V, Vs = 0.45V
Note:

1. /RESET pin is a Schmitt trigger input.
2. Crystal Input is a CMOS input.

3. 1/0O pin can source a transition current when they are being externally driven from 1 to 0. In the condition of Vpp=5.5V,
5he transition current reaches its maximum value when V|y approximates to 2V.
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27.3 AC Electrical Characteristics

—— tccp. —————— P>

0.7 Vpp
0.3 Vpp-—-—--
teheL

Note: Duty cycle is 50%.

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. | UNIT
teHex Clock High Time 10 - - nS
teLex Clock Low Time 10 - - nS
teLen Clock Rise Time 2 - 15 nS
teHeL Clock Fall Time 2 - 15 nsS

27.3.1 External 4~24MHz Crystal

PARAMETER CONDITION MIN. | TYP.. | MAX. |UNIT
Operation Voltage Vpp - 25 - 55 \%
Temperature - -40 - 85 C
Operating Current 12 MHz at Vpp = 5V - 1 - mA
Clock Frequency External crystal 4 24 MHz

27.3.1.1 Typical Crystal Application Circuits

CRYSTAL C1 C2 R
4 MHz ~ 24 MHz 10~20 pF 10~20 pF without
c1
\\}_{ XTALL
R L]
1 XTAL2
c2

Figure 27-1 Typical Crystal Application Circuit
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27.3.2 Internal 22.1184 MHz Oscillator

PARAMETER CONDITION MIN. TYP. MAX. | UNIT

Supply voltage - 2.5 - 55 \%
- - 22.1184 - MHz

Frequency +25°C; Vpp = 5V -1 - +1 %

(After calibration) -40 to +105°C:
-2 - +2 %
Vpp = 2.5V~5.5V
Operation Current Vpp =5V - 500 - UA

27.3.3 Internal 10 kHz Oscillator

PARAMETER CONDITION MIN. TYP. MAX. | UNIT
Supply voltage - 25 - 55 \%
Center Frequency - - 10 - kHz
+25C; Vop =5V -30 - +30 %
Calibrated Internal Oscillator Frequency -40°C~+85C;
-50 - +50 %
Vpp=2.5V~5.5V
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27.4 Analog Characteristics

27.4.1 Specification of 12-bit SARADC

PARAMETER SYMBOL CONDITON MIN. TYP. MAX. | UNIT
Resolution - 12 Bit
Differential nonlinearity error DNL - -1~+2 -1~+4 LSB
Integral nonlinearity error INL - +1.5 +4 LSB
Offset error EO - +3 +5 LSB
Full scale error EG - -3 -6 LSB
Absolute error EA - +4
Monotonic - Guaranteed
AVDD = 4.5V - - 16
ADC clock frequency Fabc MHz
AVDD = 2.5V - - 8
AVDD = 4.5V - - 800
Sample rate Fs ksps
AVDD = 2.5V - - 400
Sample time Ts - 8 - Clock
Conversion time Tapc - 12 - Clock
Supply voltage AVDD 25 - 55 \%
VRFE voltage VREF 2.0 AVDD
Supply current Ibpa - 15 - mA
Reference current IrRFe - 1 - mA
Input voltage ViN 0 - VREF \%
Resistance Rin 6 kQ
Capacitance Cin - 5 - pF
27.4.2 Specification of LDO
PARAMETER MIN. TYP. | MAX. |UNIT NOTE
Input Voltage Vpp 25 5.5 V  |Vpp input voltage
Output Voltage 1.62 1.8 1.98 V (Vpp>25V
Operating Temperature -40 25 105 C
Cbp - 1 - | uF |Res=10Q

Note:

1. It is recommended that a 10 uF or higher capacitor and a 100 nF bypass capacitor are connected between Vpp and the
closest Vss pin of the device.

2. To ensure power stability, a 1 pF or higher capacitor must be connected between LDO_CAP pin and the closest Vss
pin of the device.
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PARAMETER CONDITION MIN. TYP. | MAX. |UNIT
Operation Voltage - 0 - 55 \%
Quiescent Current AVpp=5.5V - 1 5 pA
Operation Temperature - -40 25 105 T
Threshold Voltage - 1.6 2.0 2.4 \%
Hysteresis - 0 0 0 \%
27.4.4 Specification of Brown-out Detector
PARAMETER CONDITION MIN TYP. | MAX. | UNIT
Operation Voltage - 0 - 5.5 \%
Temperature - -40 25 105 C
Quiescent Current AVpp=5.5V - - 125 MA
BOD_VL[1:0]=11 4.2 4.4 4.6 Y,
BOD_VL [1:0]=10 35 3.7 3.9 V
Brown-out Voltage
BOD_VL [1:0]=01 2.6 2.7 2.8
BOD_VL [1:0]=00 21 2.2 2.3
Hysteresis - 30 - 150 mV
27.4.5 Specification of Power-On Reset (5V)
PARAMETER CONDITION MIN TYP. | MAX. | UNIT
Operation Temperature - -40 25 105 C
Reset Voltage V+ - 2 - \%
Quiescent Current Vin > reset voltage - 1 - nA
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27.4.6 Specification of Temperature Sensor

PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
Operation Voltage™ 25 - 55 \Y;
Operation Temperature -40 - 105 C
Current Consumption 6.4 - 10.5 MA
Gain -1.76 mV/C
Offset Voltage Temp=0 C 720 mV

27.4.7 Specification of Comparator

PARAMETER CONDITION MIN. TYP. | MAX. | UNIT
Operation Voltage AVpp - 25 5.5 \%
Operation Temperature - -40 25 85 C
Operation Current Vpp=3.0V - 20 40 MA
Input Offset Voltage - - 5 15 mV
Output Swing - 0.1 - Vpp-0.1| V
Input Common Mode Range - 0.1 - Vpp-1.2| V
DC Gain - - 70 - dB
Propagation Delay xghﬂ:;iéi/\?nd - 200 - ns

20 mV at VCM=1V

] 50 mV at VCM=0.1 V
Comparison Voltage 10 20 - mV
50 mV at VCM=Vpp-1.2

10 mV for non-hysteresis

Hysteresis VCM=0.4V ~ Vpp-1.2V - +10 - mV
CINP=1.3V

Wake-up Time - - 2 us
CINN=1.2 V
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27.4.8 Specification of OP Amplifier

PARAMETER CONDITION MIN. TYP. MAX. | UNIT
AVDD - 3.0 3.3 55 \%
Input offset voltage - - 2 5 mV
Input offset average drift - - 1 uv/c
Output swing - 0.1 - VDD-0.1 \%
Input common mode range - 0.1 - VDD-1.2 \Y
DC gain - - 80 - dB
Unity gain freqg. AVDD=5V - - 5 MHz
Phase margin - 50° - °
PSRR+ AVDD=5V - 90 - dB
CMRR AVDD=5V - 90 - dB
Slew rate AVDDE?_\(/)’ ARDL:%%E:%K’ 6.0 - - Vl/us
Wake up time - - 1 us
Quiescent current - - 2 mA
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28 PACKAGE DIMENSIONS

28.1 100L LQFP (14x14x1.4 mm footprint 2.0mm)

-

Lo

I
|—

o

&l Y |
Controlling Dimension : Millimeters

symbol D.imension ininch pimension inmm
Min |Nom | Max | Min |Nom | Max
A — | — |o063| — | — | 160
Al 0002 | — | — | 005 — | —
A 0.053 | 0.055 | 0.057 | 1.35| 1.40 | 1.45
b 0.007 | 0.009 | 0.011 | 017 | 022 | 027
c 0.004 | 0.006 | 0.008 | 0.10 | 0.15| 0.20
D 0.547 | 0.551 | 0.556 | 13.90 | 14.00 | 14.10
E 0.547 | 0.551 | 0.556 | 13.90 | 14.00 | 14.10
e — 1 0.020 — — 0.50 —_
Hpo 0622 |0.630 | 0.638 | 15.80 | 16.00 | 16.20
He 0.622 | 0.630 | 0.638 | 15.80 | 16.00 | 16.20
L 0.018 | 0.024 | 0.030 | 045 ]| 060] 075
L1 — 0039 | — | — | 100 —
y — | — |0.004| — — | 010
0 0° — 7° 0° — | 7
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28.2 64L LQFP (10x10x1.4mm footprint 2.0 mm)

Dimension ininch Dimension in mm
Symbol - -
Min | Nom | Max | Min |Nom | Max
A — — |0.063 | — — | 160
Al 0.002 — | 0.006 | 0.05 — 0.15
A2 0.053 |{0.055 |0.057 | 1.35 | 140 | 1.45
b 0.007 |{0.008 |0.011 | 0.17 | 020 | 0.27
C 0004 | — |0.008 | 009 | — | 020
D ~— |0393 | — | — |1000 | —
E — ]0393 | — — |1000 | —
[E] 0020 | — — | 050 —
Hpo — |0472| — | — |1200| —
He 0472 | — — |1200 | —
L 0.018 | 0.024 |0.030 | 045 | 060 | 0.75
L2 — |0039 | — — | 1.00 —
Y — 10004 | — — | 0.10 —
(§) 0 35 7 0 35 7
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28.3 48L LQFP (7x7x1.4mm footprint 2.0mm)

>

36 25 ﬁ“m
IR |

37; 524

o= =

485 C EB

UWUUUUUUUUU =
- e 12

1 & b

[ )
oo pue o C LTI AT T L

Controlling dimension : Millimeters

Dimension ininch Dimension in mm
Min | Nom | Max | Min |Nom | Max
A - - - - - -
AL 0.002| 0.004 | 0006 | 005 | 0.10 | 0.15
A2 0053 [0.055 |0.057 | 135 140 |145

Symbol

b 0.006 [0.008 |0.010 | 015 | 020 |025
C 0.004 [0.006 |0.008 | 010 |0.15 |0.20
D 0272 (0276 |0.280 | 690 | 700 | 7.10
E 0272|0276 |0.280 | 690 | 700 | 7.10
e 0.014 | 0020 | 0.026 | 035 | 050 |0.65
Ho |0350 | 0354 |0358 | 890 |900 |9.10
He (0350 |0354 (0358 | 890 (900 [9.10
L 0018 | 0.024 [0.030 | 045 | 060 |0.75
Lz — |0039 | — | — | 100 | —
Y — | — |oo0a| — | — |o10
0 0 — | 7 0 — | 7
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29 REVISION HISTORY

REVISION DATE PAGE DESCRIPTION
V0.1 2011/8/30 Preliminary release.
1. Remove MT510 part
V0.2 2012/03/20
2. Update the package and pin assignment.
1. Update the part numbers with MT510, MT520 and MT530.
2. Update the pin assignment and description
3. Update the general purpose /O
V0.3 2012/10/08 4. Update the timer/counter
5. Update the basic PWM function
6. Update the enhance PWM function
7. Update the analog comparator function
V0.3.1 2013/08/07 1. Modify the content of register AHBCLK
1. Change part name from MT5xx to NM15xx.
2. Modified CAP_CTR1.CAPDIV
3. Modified some ADC registers:
V0.4. 2014/04/09 a. Remove register ADITSSELR
b. Modified registers: ADSPCRAQ0~7/ADSPCRBO0~7
c. Added registers: SMPANTRGEN and SMPBnTRGEN, n=0~3.
4. Modified register ACMPSR
1. Update the Parts List in chapter 4.
V0.5 2014/06/19
2. Update the diagrams of pin configuration in chapter 5.
V0.6 2014/7/18 1. Update the Specification of 12-bit SARADC
1. Modified the MDU block diagram in Figure 15-2.
V0.7 2014/7125
2. Correct P7.4 and P7.5 about comparator input in Pin Description.
1. Correct the content of LDROM size in chapter 2.
V0.8 2015/2/25
2. Correct the content of Table 26-1.
1. Correct pin assignment of IC10~IC12. Modify chapter4 of part list,
Vo9 2016/08/01 chapter5 of pin configuration and the description of PO_MFP
V0.9.1 2016/03/22 1. Modify the diagram in section 23.3 and the content of section 23.4.6
V0.9.2 2016/07/13 1. Add band-gap voltage spec
Vv0.9.3 2017/05/22 1. Add new part of NM1521 LQFP64
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic
energy control instruments, airplane or spaceship instruments, the control or operation of
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all
types of safety devices, and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay
claims to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the
damages and liabilities thus incurred by Nuvoton.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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