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1 GENERAL DESCRIPTION

The NuMicro® NM1240 series 32-bit microcontrollers are embedded with ARM® Cortex®-MO0 core
for industrial applications which need high performance, high integration, and low cost. The Cortex®-
MO is the newest ARM® embedded processor with 32-bit performance at a cost equivalent to the
traditional 8-bit microcontroller.

The NM1240 series can run up to 48(60) MHz and operate at 2.2V(3.3V) ~ 5.5V, -40C ~ 105C,
and thus can support a variety of industrial control applications which need high CPU performance.
The NM1240 offers 64 Kbytes embedded program Flash, size configurable Data Flash (shared with
program flash), 7.5 Kbytes Flash for the ISP, 1.5 Kbytes SPROM for security, and 8Kbytes SRAM.

Many system level peripheral functions, such as I/O Port, Timer, UART, SPI, I12C, PWM, ADC, OP,
Watchdog Timer, Analog Comparator and Brown-out Detector, have been incorporated into the
NM1240 to reduce component count, board space and system cost. These useful functions make
the NM1240 powerful for a wide range of applications.

Additionally, the NM1240 series is equipped with ISP (In-System Programming) and ICP (In-Circuit
Programming) functions, which allow the user to update the program memory without removing the
chip from the actual end product.
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2 FEATURES
® Core
B ARMP Cortex®-MO0 core running up to 48/60 MHz by internal RC oscillator
B One 24-bit system timer
B Supports low power Idle mode
B Asingle-cycle 32-bit hardware multiplier
B NVIC for the 32 interrupt inputs, each with 4-level of priority
B Supports Serial Wire Debug (SWD) interface and two watch points/four

breakpoints
Built-in LDO for wide operating voltage ranged: 2.2 Vto 5.5V
Memory
64 Kbytes Flash memory for program memory (APROM)
Configurable Flash memory for data memory (Data Flash)
7.5 KB Flash memory for loader (LDROM)
Three 0.5 KB Flash memory for security protection (SPROMO, 1, 2)
8 KB SRAM for internal scratch-pad RAM (SRAM)
®  Clock Control

B Programmable system clock source
€ Switch clock sources on-the-fly
®  Up to 24 MHz External Clock input (EXT_CLK)
B 48(60) MHz internal oscillator (HIRC) (1% accuracy at 25°C, 5V)
B 10 kHz internal low-power oscillator (LIRC) for Watchdog Timer and idle wake-up
® |/O Port
B Upto 44 general-purpose I/O (GPIO) pads and 1 Reset pad
B Four I/O modes:
€ Quasi-bidirectional input/output
¢  Push-Pull output
€ Open-Drain output
€ Input only with high impendence

B Optional TTL/Schmitt trigger input
B |/O pin can be configured as interrupt source with edge/level setting
B Supports high driver and high sink /0O mode
B GPIO built-in Pull-up/Pull-low resistor for selection.
® Timer

B Provides three channel 32-bit Timers; one 8-bit pre-scalar counter with 24-bit up-
timer for each timer

B Independent clock source for each timer
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Provides One-shot, Periodic, Toggle and Continuous operation modes
24-bit up counter value is readable through TDR (Timer Data Register)

Provides trigger counting/free counting/counter reset function triggered by
external capture pin or internal comparator signal

Supports event counter function
Supports Toggle Output mode
Supports wake-up from Idle or Power-down mode

Continuous Capture

Timer0, Timerl, Timer2 and Systick provided with continuous capture function to
capture at most 4 edges continuously on one signal

® ECAP (Enhanced Input Capture)
B One units of 24-bit input capture counter
B Capture surce:
€ 1/Oinputs: ECAP ports(ECAPO, ECAP1 and ECAP2)
¢ ACMP Trigger
® GDMA (General Direct Memory Access)
B Two channels
®  Memory to/from memory or APB device
B Memory to/from USCI TX/RX buffer which supports the hardware trigger
B Supports “4-data burst” mode to boost performance
® \WDT (Watchdog Timer)
B Programmable clock source and time-out period
B Supports wake-up function in Power-down mode and Idle mode
B Interrupt or reset selectable on watchdog time-out
[ ) EPWM

B Supports a built-in 16-bit PWM clock generators, providing SIX PWM outputs or
three complementary paired PWM outputs

Shared same as clock source, clock divider, period and dead-zone generator
Supports group/independent/complementary modes

Supports One-shot or Auto-reload mode

Supports Edge-aligned and Center-aligned type

Supports Asymmetric mode

Programmable dead-zone insertion between complementary channels

Each output has independent polarity setting control

Hardware fault brake and software brake protections

Support three of hardware Brake pin

Supports rising, falling, central, period, and fault break interrupts
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Supports duty/period trigger A/D conversion
Timer comparing matching event trigger PWM to do phase change

Supports comparator event trigger PWM to force PWM output low for current
period

B Provides interrupt accumulation function
® BPWM

B One 16-bit PWM generator which supports one 8-bit pre-scalar, one clock divider,
two PWM timers (down counter) and one dead-zone generator

Two independent outputs or one complementary paired outputs.
PWM Interrupt request synchronized with PWM period
Edge-aligned type or Center-aligned type option

Synchronous mode for BPWM and EPWM

®  USCI (Universal Serial Control Interface Controller)

Two USCI devices

USCI1 Supports to be configured as UART, SPI or I2C individually
USCI2 Supports to be configured as UART and I2C individually
Supports programmable baud-rate generator

Supports GDMA trasfer

® ADC (Analog-to-Digital Converter)

12-bit ADC with 800ns conversion time

Supports 2 S/H (sample/hold)

L K I IR 2

Up to 20-ch single-end input from I/O and one internal input from band-gap.

Each input channel has own data register

Conversion started either by software trigger, PWM trigger, ACMP trigger or
external pin trigger

B Supports temperature sensor for measurement chip temperature

B Supports independent and simultaneous conversion modes
®  OP Amplifier

B Rail-to-rail OPAx 1

B Slew rate 6 V/us at least

B Supports OP1 output as input of ADC and ACMP
° DAC

B Built-in two 12-bit DAC,

B Be the reference voltage for ACMP, ADC or output to pins.
®  Analog Comparator

B One analog comparators with 4 reference voltage source

. Built-in 12-bit DACO and DAC1 for comparator reference voltage
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. Band-gap voltage
. External voltage from port pin
B Supports Hysteresis function 0/20/90/150mV at Vop = 5V
B Interrupt when compared result changed
®  Hardware Divider
B Signed (two’s complement) integer calculation
B 32-bit dividend with 16-bit divisor calculation capacity

B 32-bit quotient and 32-bit remainder outputs (16-bit remainder with sign extends
to 32-bit)

Divided by zero warning flag
6 HCLK clocks taken for one cycle calculation

Waiting for calculation ready automatically when reading quotient and remainder

Support 3 group of independent dividend, divisor, quotient and remainder
registers for three times of calculation capacity

ISP (In-System Programming) and ICP (In-Circuit Programming)

BOD (Brown-out Detector)

B 8 programmable threshold levels: 4.3V/4.0V/3.7VI3.0V/2.7V/[2.4V/[2.2V[2.0V
B Supports Brown-out interrupt and reset option

96-bit unique ID

LVR (Low Voltage Reset)

Operating Temperature: -40°C~105C

Reliability: EFT > + 4KV, ESD HBM pass 4KV

Packages:
B Green package (RoHS)
B 48-pin LQFP(7x7mm), 48-pin QFN(7x7mm), 32-pin QFN(4x4mm)

October 01, 2021 Page 17 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
‘._

3 ABBREVIATIONS

3.1 Abbreviations

Acronym Description

ACMP Analog Comparator Controller

ADC Analog-to-Digital Converter

AHB Advanced High-Performance Bus

APB Advanced Peripheral Bus

BOD Brown-out Detection

DAC Digital -to-Analog Converter

DAP Debug Access Port

EPWM Enhanced Pulse Width Modulation

FIFO First In, First Out

FMC Flash Memory Controller

GPIO General-Purpose Input/Output

HCLK The Clock of Advanced High-Performance Bus
HIRC 48 MHz Internal High Speed RC Oscillator
EXT_CLK External Clock Input

ICP In Circuit Programming

ISP In System Programming

ISR Interrupt Service Routine

LDO Low Dropout Regulator

LIRC 10 kHz internal low speed RC oscillator (LIRC)
NVIC Nested Vectored Interrupt Controller

PCLK The Clock of Advanced Peripheral Bus

PWM Pulse Width Modulation

GDMA Gerneal direct memory access

SPI Serial Peripheral Interface

SPS Samples per Second

TMR Timer Controller

UART Universal Asynchronous Receiver/Transmitter
UCID Unigue Customer ID

WDT Watchdog Timer
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4 PARTS INFORMATION LIST AND PIN CONFIGURATION
4.1 Selection Guide

4.1.1 NuMicro® NM1240 Series Selection Guide
Note: LQFP48: 7x7mm ~ QFN48: 7x7mm ~ QFN33: 4x4mm

g S
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@ - | = s < = = = o
2 2 8|5 |= . 2 lslsl§l 122 |%|S &
3 = < w | O £ © E= I - s S | 5 |5 g
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< a < = ] = uscl ® | a s | S ] (8] S | = ¥
5 = = © 8 3 o (=} < [} S a
=5 S . 3 < < a g- =
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(2] g i 3 [
NM1244D48 64 8 7.5 v 44 3 2 2 1 1 6 2 1 20 2 1 LQFP48
NM1244Y48 64 8 7.5 \ 44 3 2 2 1 6 2 1 1 20 2 1 v QFN48
NM1244Y 64 8 7.5 \ 29 3 2 2 1 1 6 2 1 1 16 2 1 v QFN33

Table 4.1-1 NuMicro® NM1240 Base Series Selection Guide
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4.2 Pin Configuration

421

NuMicro® NM1240 Series LQFP48 Diagram
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4.2.2 NuMicro® NM1240 Series QFN48 Pin Diagram
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Figure 4.2-2 NuMicro® NM1240 Base Series QFN 48-pin Diagram
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4.2.3 NuMicro® NM1240 Series QFN33 Pin Diagram
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4.3 Pin Description

4.3.1 NM1240 Series Pin Description Overview

GPIO ICE XTAL ADC PWM ACMPO ACMPL_| _PGA(OP) TIMER 12C SPIL UART ECAP. NM1240 NM1240

MFPO MFPL MFP2. MFP3 MFP4 MFP5 MFP MFP7 MFPS MFPA MFPB MFPC MFPE MFPF

GPAO CLKO | O EPWM_CHO | O 12C1 SCL| 10| SPIL CLK | 10 | UARTL TXD | O EPWM _CHL | O

GPAL EPWM CHL | O T2 10 | 12C1 SDA| 10| SPI1_MOSI | 10 [ UARTL RXD | 1 SPIL_MISO | 10| EPWM CH3 | O

GPA2 EPWM CH2 [ O T0 10 SPIL_MISO [ 10 SPIL_MOSI [ 10| EPWM CH5 | O

GPA3 CLKO | O EPWM_CH3 | O SPILSS |10 EPWM_CHO | O

GPA4 EPWM CH4 | O 12C2 SCL | 10 UART2 TXD | 10 EPWM CH2 | O

GPAS5 EPWM CH5 [ O | ACMPO O [ O 12C2_ SDA[ 10 UART2 RXD | 10 EPWM CH4 [ O

GPAB EPWM CH5 [ O 12c2 SCL_[10] BPWM CHO [ O

GPA7 EPWM _CH4 ACMP0 0 | O 12C2 SDA_| 10| BPWM CH1 | O
| GPB{ ADCO PO_| A ACMPO_PO| A ECAPO | | UARTL TXD | O | ECAPO] I

PB ADCO P1 | A ACMPO PL| A ECAPL | | UARTL RXD | | |ECAPL[1

PB: ADCO P2 [A| BPWM CH1 [O|ACMPO P2[ A ECAP2 | | UART1 TXD | O [ECAP2] 1 T2 10

PB ADCO P9 | A T0 10 UARTL RXD | |

PB4 ADCL PO | A ACMPO N [ A T1 10 SPIL_SS_| 10| UART2 TXD | 10

GPB5 ADCO P5 | A DACO [ A CCAP PO| 1 SPIL_CLK | 10| UART2 RXD [ 10

GPB6 ADCO P6 | A| PWM BRK PL | | CCAP PO I SPIL_MISO | 10 ECAPL| | T1 10

GPB7 ADCO_P7_| A| PWM BRK P2 | | CCAP PO I SPIL_MOSI | 10 ECAPO| I | EPWM _CHO | O | EPWM CHI [ O

GPCO ADCO P3 [A| BPWM CHO | O 12C1_SCL | 10| SPI1_CLK [ 10| UARTL TXD | O

GPC1 ADCO P4 | A STADC I | ACMPO_P3 | A CCAP P1| I |12C1 SDA| 10| 'SPi1_ MISO| 10| UARTL RXD [ 1

GPC2 ADC1 P2 | A| PWM_BRK PO | I CCAP_P1| I [ 12C1 SDA| 10| SPi1_MOSI[ 10| UARTL RXD [ 1

GPC3 | REF CLK] 1 PWM BRK P1 | | SPILSS |10

GPC4 PWM _BRK P2 | | ECAPO | I [12c2 scL|10] spi1ss |10 UART2 TXD [ 10 [ECAP2] I

PC5 ADCL P5 | A| PWM BRK PO | | CCAPPL| I ECAP2| I | EPWM CHL | O | EPWM CH3 | O
|_GPC6 ADC1 P6 | A| EPWM CH2 | O DACL| O T2 10122 scL| 10 UART2 TXD | 10 EPWM CH5 | O

PCT. ADCL P7 | A ECAPL] |

GPD: ICE CLK | 1 SPILSS |10

GPD; ADCL P1 [ A CCAP PO I SPIL_MISO [ 10

GPD: BPWM CHL | O 12C1 SCL | 10 UARTL TXD | O

GPD: BPWM CHO | O 12C1_SDA[ 10 UARTL RXD | | | ECAPO[ 1

GPD:! ICE_DAT | 10 ECAPL| I | UART1 TXD | O [ UART2 TXD [ 10

GPD( 12C2 SDA[ 10| SPILSS_| 10 ECAP2| I | UARTL RXD | I | UART2 RXD | 10

GPD7 ECAPO [ 1 [12c2 scL|10] spii_CLK [10] UART2 TXD [ 10 [ECAP2] I

GPEQ 12C1_SCL | 10| SPIL_MISO | 10 | UART2 RXD | 10 | ECAPO| I

GPEL 12C1_ SDA| 10| SPI1_MOSI| 10 ECAPL] |

GPE2 BPWM CHL | O OPLO[A 12C2 SCL | 10 UART2 TXD | O

GPE3 ADC1 P8 | A OPLN[Al ™1 10 [ 12c2_SDA| 10 UART2 RXD | |

GPE4 ADC1 P9 [ A OPLP[A

GPES BPWM CHO | O 12C1_SCL | 10 SPI1_CLK [ 10| UARTL TXD [ O

GPE6 T0 10 | 12C1 SDA| 10| SPIL_ MISO | 10 | UARTL RXD | 1

GPE7 12c2_SCL [ 10 sPi1_mosI |10 | UART2_TXD [ 10

GPFO 12C2 SDA[ 10| SPI1SS_ | 10| UART2 RXD | 10 | ECAPO] I

GPFL EPWM_CH3 | O 12C2 SCL | 10 UART2_TXD | 10 | ECAPL| |

GPF2 ADCO P8 [ A| EPWM CH2 | O 12C2 SDA[ 10 UART2 RXD | 10 | ECAP2][ 1

GPF3 ADC1 P3 [A| EPWM CHL [ O

GPF4 ADC1 P4 [ A] EPWM CHO [O
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4.3.2 NM21240 Series Pin Description

MFP* = Multi-function pin. (Refer to section SYS_GPx_MFP)

PA.0 MFPO means SYS_GPA_MFP[3:0]=0x0.

PA.4 MFP5 means SYS_GPA_MFP[19:16]=0x5.

MFP only configures the ouput data or input data of PAD, the direction of PAD were configured by PMD.
The priority of MFP in the same multi-function was GPA > GPB > GPC > GPD > GPE > GPF.

The type A of multi-function needs to be configured to be input port.

4.3.2.1 NM1240 Series LQFP48/QFN48/QFN33 Pin Description

QFN33 ?;:I:“Ss/ Pin Name Type | MFP* Description
) 1 LDO_CAP/ A/ MFPO/ [LDO output pin.
NC(LQFP48) Note: Recommend to connect a 1uF CAP to the pin.
PE.7 1/0 | MFPO |General purpose digital 1/0 pin.
12C2_SCL 1/0 | MFP8 |12C2 clock pin.
- ? SPI1_MOSI 1/0 | MFPA [SPI1 MOSI (Master Out, Slave In) pin.
UART2_TXD 1/0 MFPB |Data transmitter output pin for UART.
PD.2 1/0 | MFPO |General purpose digital 1/0 pin.
ADC1_P1 A MFP2 |ADC1 channel analog input.
_ ’ CCAP_PO | MFP7 |Timer Continuous Capture input pin.
SPI1_MISO 1/0 MFPA |SPI1 MISO (Master In, Slave Out) pin.
PF.0 1/0 | MFPO |General purpose digital 1/0 pin.
12C2_SDA 1/0 | MFP8 [I2C2 data input/output pin.
- 4 SPI1_SS 1/0 | MFPA |SPI1 slave select pin.
UART2_RXD 1/0 MFPB |Data receiver input pin for UART.
ECAPO | MFPC |Enhanced Input Capture input pin.
PF.1 1/0 | MFPO |General purpose digital 1/0 pin.
EPWM_CH3 (0] MFP3 |EPWM channel3 output/capture input.
2 5 12C2_SCL 1/0 | MFP8 [I12C2 clock pin.
UART2_TXD 1/0 MFPB |Data transmitter output pin for UART.
ECAP1 | MFPC |Enhanced Input Capture input pin.
PF.2 1/0 | MFPO |General purpose digital 1/0 pin.
3 6 ADCO_P8 A MFP2 |ADCO channel analog input.
EPWM_CH2 0 MFP3 |EPWM channel2 output/capture input.
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QFN33 ?;?::8/ Pin Name Type | MFP* Description
12C2_SDA 1/0 | MFP8 [I12C2 data input/output pin.
UART2_RXD 1/0 MFPB |Data receiver input pin for UART.
ECAP2 | MFPC [Enhanced Input Capture input pin.
4 7 nRESET | MEPO f:::tr:zli;?;: Si:;tit.: active LOW, with an internal pull-up. Set this pin low
PF.3 1/0 | MFPO |General purpose digital I/O pin.
- 8 ADC1_P3 A MFP2 |ADC1 channel analog input.
EPWM_CH1 0 MFP3 |EPWM channell output/capture input.
PF.4 1/0 | MFPO |General purpose digital 1/0 pin.
5 9 ADC1_P4 A MFP2 [ADC1 channel analog input.
EPWM_CHO 0 MFP3 |EPWM channelO output/capture input.
PB.0 1/0 | MFPO |General purpose digital 1/0 pin.
ADCO_PO A MFP2 |ADCO channel analog input.
ACMPO_PO A MFP4 |Analog comparator0 positive input pin.
6 10
ECAPO | MFP7 |Enhanced Input Capture input pin.
UART1_TXD (0} MFPB |Data transmitter output pin for UART.
ECAPO | MFPC |Enhanced Input Capture input pin.
PB.1 1/0 | MFPO |General purpose digital 1/0 pin.
ADCO_P1 A MFP2 |ADCO channel analog input.
ACMPO_P1 A MFP4 |Analog comparator0 positive input pin.
7 11
ECAP1 | MFP7 |Enhanced Input Capture input pin.
UART1_RXD | MFPB |Data receiver input pin for UART.
ECAP1 | MFPC |Enhanced Input Capture input pin.
PB.2 1/0 | MFPO |General purpose digital 1/0 pin.
ADCO_P2 A MFP2 |ADCO channel analog input.
BPWM_CH1 (0] MFP3 |BPWM channell output/capture input.
ACMPO_P2 A MFP4 |Analog comparator0 positive input pin.
8 12
ECAP2 | MFP7 |Enhanced Input Capture input pin.
UART1_TXD (0} MFPB |Data transmitter output pin for UART.
ECAP2 | MFPC |Enhanced Input Capture input pin.
T2 1/0 | MFPE |Timer2 event counter input / toggle output.
9 13 PB.3 1/0 | MFPO |General purpose digital I/O pin.
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QFN33 ?;?::8/ Pin Name Type | MFP* Description
ADCO_P9 A MFP2 |ADCO channel analog input.
TO 1/0 | MFP7 |Timer0 event counter input / toggle output.
UART1_RXD [ MFPB |Data receiver input pin for UART.
PB.4 1/0 | MFPO |General purpose digital I/O pin.
ADC1_PO A MFP2 |ADC1 channel analog input.
ACMPO_N A MFP4 |Analog comparator0 negative input pin.
10 14
T1 1/0 | MFP7 |Timerl event counter input / toggle output.
SPI1_SS 1/0 MFPA ([SPI1 slave select pin.
UART2_TXD 1/0 MFPB |Data transmitter output pin for UART.
PB.5 1/0 | MFPO |General purpose digital 1/0 pin.
ADCO_P5 A MFP2 |ADCO channel analog input.
DACO A MFP4 |DACO analog output.
11 15
CCAP_PO | MFP7 |Timer Continuous Capture input pin.
SPI1_CLK 1/0 MFPA |[SPI1 serial clock pin.
UART2_RXD 1/0 MFPB |Data receiver input pin for UART.
PB.6 1/0 | MFPO |General purpose digital I/0 pin.
ADCO_P6 A MFP2 |ADCO channel analog input.
PWM_BRK_P1 | MFP3 |Brake input pin of EPWM.
12 16 CCAP_PO | MFP7 |Timer Continuous Capture input pin.
SPI1_MISO 1/0 MFPA |SPI1 MISO (Master In, Slave Out) pin.
ECAP1 | MFPC |Enhanced Input Capture input pin.
T1 1/0 MFPE |Timerl event counter input / toggle output.
PB.7 1/0 | MFPO |General purpose digital 1/0 pin.
ADCO_P7 A MFP2 |ADCO channel analog input.
PWM_BRK_P2 | MFP3 |Brake input pin of EPWM.
CCAP_PO | MFP7 |Timer Continuous Capture input pin.
13 17
SPI1_MOSI 1/0 | MFPA |SPI1 MOSI (Master Out, Slave In) pin.
ECAPO | MFPC |Enhanced Input Capture input pin.
EPWM_CHO (0] MFPE |EPWM channelO output/capture input.
EPWM_CH1 0 MFPF |EPWM channell output/capture input.
14 18 PC.5 1/0 | MFPO |General purpose digital 1/0 pin.
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QFN33 ?;?::8/ Pin Name Type | MFP* Description
ADC1_P5 A MFP2 |ADC1 channel analog input.
PWM_BRK_PO | MFP3 |Brake input pin of EPWM.
CCAP_P1 [ MFP7 |Timer Continuous Capture input pin.
ECAP2 | MFPC |Enhanced Input Capture input pin.
EPWM_CH1 0 MFPE |EPWM channell output/capture input.
EPWM_CH3 0 MFPF |EPWM channel3 output/capture input.
PC.6 1/0 MFPO |General purpose digital 1/0 pin.
ADC1_P6 A MFP2 |ADC1 channel analog input.
EPWM_CH2 0 MFP3 |EPWM channel2 output/capture input.
DAC1 (0} MFP5 |DAC1 analog output.
15 19
T2 1/0 | MFP7 |Timer2 event counter input / toggle output.
12C2_SCL 1/0 | MFP8 |12C2 clock pin.
UART2_TXD 1/0 MFPB |Data transmitter output pin for UART.
EPWM_CH5 (0} MFPF |EPWM channel5 output/capture input.
PC.7 1/0 | MFPO |General purpose digital 1/0 pin.
- 20 ADC1_P7 A MFP2 |ADC1 channel analog input.
ECAP1 | MFPC |Enhanced Input Capture input pin.
PC.0 1/0 | MFPO |General purpose digital 1/0 pin.
ADCO_P3 A MFP2 |ADCO channel analog input.
BPWM_CHO 0 MFP3 |BPWM channel0 output/capture input.
_ 21 12C1_SCL 1/0 MFP8 |(I12C1 clock pin.
SPI1_CLK 1/0 MFPA [SPI1 serial clock pin.
UART1_TXD (0} MFPB |Data transmitter output pin for UART.
PC.1 1/0 | MFPO |General purpose digital 1/0 pin.
ADCO_P4 A MFP2 |ADCO channel analog input.
STADC | MFP3 |ADC external trigger input.
ACMPO_P3 A MFP4 |Analog comparatorQ positive input pin.
_ = CCAP_P1 | MFP7 |Timer Continuous Capture input pin.
12C1_SDA 1/0 | MFP8 |12C1 data input/output pin.
SPI1_MISO 1/0 | MFPA [SPI1 MISO (Master In, Slave Out) pin.
UART1_RXD | MFPB |Data receiver input pin for UART.
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QFN33 ?;?::8/ Pin Name Type | MFP* Description
PC.2 1/0 | MFPO |General purpose digital 1/0 pin.
ADC1_P2 A MFP2 |ADC1 channel analog input.
PWM_BRK_PO | MFP3 |Brake input pin of EPWM.
16 23 CCAP_P1 [ MFP7 |Timer Continuous Capture input pin.
12C1_SDA 1/0 | MFP8 |I2C1 data input/output pin.
SPI1_MOSI 1/0 | MFPA [SPI1 MOSI (Master Out, Slave In) pin.
UART1_RXD | MFPB |Data receiver input pin for UART.
PC.3 1/0 MFPO |General purpose digital 1/0 pin.
REF_CLK | MFP1
17 24
PWM_BRK_P1 | MFP3 |Brake input pin of EPWM.
SPI1_SS 1/0 | MFPA |SPI1 slave select pin.
PC.4 1/0 | MFPO |General purpose digital I/0 pin.
PWM_BRK_P2 | MFP3 |Brake input pin of EPWM.
ECAPO | MFP7 |Enhanced Input Capture input pin.
- 25 12C2_SCL 1/0 MFP8 |(12C2 clock pin.
SPI1_SS 1/0 | MFPA |SPI1 slave select pin.
UART2_TXD 1/0 MFPB |Data transmitter output pin for UART.
ECAP2 | MFPC |Enhanced Input Capture input pin.
PA.O 1/0 | MFPO |General purpose digital 1/0 pin.
CLKO (0} MFP1 (Clock Out.
EPWM_CHO 0 MFP3 |EPWM channelO output/capture input.
- 26 12C1_SCL 1/0 MFP8 |(I12C1 clock pin.
SPI1_CLK 1/0 | MFPA |SPI1 serial clock pin.
UART1_TXD (0} MFPB |Data transmitter output pin for UART.
EPWM_CH1 0 MFPF |EPWM channell output/capture input.
PA.1 1/0 | MFPO |General purpose digital 1/0 pin.
EPWM_CH1 (0] MFP3 |EPWM channell output/capture input.
T2 1/0 | MFP7 |Timer2 event counter input / toggle output.
_ Y 12C1_SDA 1/0 | MFP8 |12C1 data input/output pin.
SPI1_MOSI 1/0 | MFPA [SPI1 MOSI (Master Out, Slave In) pin.
UART1_RXD | MFPB |Data receiver input pin for UART.

October 01, 2021 Page 28 of 522 Rev.0.1



NM1240
Preliminary Technical Reference Manual

NnUvVoTOoN
_

QFN33 ?;?::8/ Pin Name Type | MFP* Description
SPI1_MISO 1/0 MFPE |SPI1 MISO (Master In, Slave Out) pin.
EPWM_CH3 0 MFPF |EPWM channel3 output/capture input.
PA.2 1/0 | MFPO |General purpose digital I/O pin.
EPWM_CH2 0 MFP3 |EPWM channel2 output/capture input.
TO 1/0 | MFP7 |Timer0 event counter input / toggle output.
_ 8 SPI1_MISO 1/0 | MFPA [SPI1 MISO (Master In, Slave Out) pin.
SPI1_MOSI 1/0 MFPE |SPI1 MOSI (Master Out, Slave In) pin.
EPWM_CH5 (0} MFPF |EPWM channel5 output/capture input.
PA.3 1/0 | MFPO |General purpose digital I/0 pin.
CLKO (o] MFP1 |[Clock Out.
18 29 EPWM_CH3 0 MFP3 |EPWM channel3 output/capture input.
SPI1_SS 1/0 | MFPA |SPI1 slave select pin.
EPWM_CHO (0} MFPF |EPWM channelO output/capture input.
PA.4 1/0 | MFPO |General purpose digital 1/0 pin.
EPWM_CH4 (0] MFP3 |EPWM channel4 output/capture input.
19 30 12C2_SCL 1/0 | MFP8 |12C2 clock pin.
UART2_TXD 1/0 MFPB |Data transmitter output pin for UART.
EPWM_CH2 6] MFPF |EPWM channel2 output/capture input.
PA.5 1/0 | MFPO |General purpose digital 1/0 pin.
EPWM_CH5 0 MFP3 |EPWM channel5 output/capture input.
ACMPO_O (0] MFP4 |Analog comparator0O output.
20 31
12C2_SDA 1/0 MFP8 |(12C2 data input/output pin.
UART2_RXD 1/0 MFPB |Data receiver input pin for UART.
EPWM_CH4 0 MFPF |EPWM channel4 output/capture input.
PA.6 1/0 | MFPO |General purpose digital 1/0 pin.
EPWM_CH5 0 MFP3 |EPWM channel5 output/capture input.
21 32
12C2_SCL 1/0 | MFPE |12C2 clock pin.
BPWM_CHO (0] MFPF |BPWM channelO output/capture input.
PA.7 1/0 | MFPO |General purpose digital 1/0 pin.
22 33 EPWM_CH4 0 MFP3 |EPWM channel4 output/capture input.
ACMPO_O (0} MFP4 |Analog comparator0O output.
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QFN33 ?;?::8/ Pin Name Type | MFP* Description
12C2_SDA 1/0 | MFPE [I2C2 data input/output pin.
BPWM_CH1 0 MFPF |BPWM channell output/capture input.
PD.1 1/0 | MFPO |General purpose digital I/O pin.
23 34 ICE_CLK | MFP1 |Serial wired debugger clock pin.
SPI1_SS 1/0 | MFPA |SPI1 slave select pin.
PD.3 1/0 | MFPO |General purpose digital 1/0 pin.
BPWM_CH1 (0} MFP3 |BPWM channell output/capture input.
- 35
12C1_SCL 1/0 MFP8 |(I12C1 clock pin.
UART1_TXD (0} MFPB |Data transmitter output pin for UART.
PD.4 1/0 | MFPO |General purpose digital 1/0 pin.
BPWM_CHO 0 MFP3 |BPWM channel0 output/capture input.
- 36 12C1_SDA 1/0 | MFP8 [I12C1 data input/output pin.
UART1_RXD | MFPB |Data receiver input pin for UART.
ECAPO | MFPC |Enhanced Input Capture input pin.
PD.5 1/0 | MFPO |General purpose digital 1/0 pin.
ICE_DAT 1/0 | MFP1 |Serial wired debugger data pin.
24 37 ECAP1 | MFPC |Enhanced Input Capture input pin.
UART1_TXD (0} MFPE |Data transmitter output pin for UART.
UART2_TXD 1/0 MFPF |Data transmitter output pin for UART.
PD.6 1/0 | MFPO |General purpose digital 1/0 pin.
12C2_SDA 1/0 MFP8 |(12C2 data input/output pin.
SPI1_SS 1/0 MFPA ([SPI1 slave select pin.
25 38
ECAP2 | MFPC |Enhanced Input Capture input pin.
UART1_RXD | MFPE |Data receiver input pin for UART.
UART2_RXD 1/0 MFPF |Data receiver input pin for UART.
PD.7 1/0 | MFPO |General purpose digital 1/0 pin.
ECAPO | MFP7 |Enhanced Input Capture input pin.
12C2_SCL 1/0 | MFP8 |12C2 clock pin.
26 39
SPI1_CLK 1/0 | MFPA |SPI1 serial clock pin.
UART2_TXD 1/0 MFPB |Data transmitter output pin for UART.
ECAP2 | MFPC |Enhanced Input Capture input pin.
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QFN33 ?;?::8/ Pin Name Type | MFP* Description
PE.O 1/0 | MFPO |General purpose digital 1/0 pin.
12C1_SCL 1/0 | MFP8 |I12C1 clock pin.
27 40 SP11_MOSI 1/0 | MFPA |SPI1 MOSI (Master Out, Slave In) pin.
UART2_RXD 1/0 MFPB |Data receiver input pin for UART.
ECAPO | MFPC |Enhanced Input Capture input pin.
PE.1 1/0 | MFPO |General purpose digital 1/0 pin.
12C1_SDA 1/0 | MFP8 [I12C1 data input/output pin.
28 41
SPI1_MISO 1/0 MFPA |SPI1 MISO (Master In, Slave Out) pin.
ECAP1 | MFPC |Enhanced Input Capture input pin.
PE.2 1/0 | MFPO |General purpose digital 1/0 pin.
BPWM_CH1 0 MFP3 |BPWM channell output/capture input.
29 42 OP1_O A MFP6 |Operational Amplifier output pin.
12C2_SCL 1/0 MFP8 |(12C2 clock pin.
UART2_TXD (0} MFPB |Data transmitter output pin for UART.
PE.3 1/0 | MFPO |General purpose digital 1/0 pin.
ADC1_P8 A MFP2 |ADC1 channel analog input.
OP1_N A MFP6 |Operational Amplifier Negitive input pin.
30 43
T1 1/0 | MFP7 |Timerl event counter input / toggle output.
12C2_SDA 1/0 | MFP8 [I2C2 data input/output pin.
UART2_RXD | MFPB |Data receiver input pin for UART.
PE.4 1/0 | MFPO |General purpose digital 1/0 pin.
31 44 ADC1_P9 A MFP2 [ADC1 channel analog input.
OP1_P A MFP6 |Operational Amplifier Positive input pin.
PE.5 1/0 | MFPO |General purpose digital 1/0 pin.
BPWM_CHO 0 MFP3 |BPWM channel0 output/capture input.
- 45 12C1_SCL 1/0 | MFP8 [I12C1 clock pin.
SPI1_CLK 1/0 | MFPA |[SPI1 serial clock pin.
UART1_TXD (0] MFPB |Data transmitter output pin for UART.
PE.6 1/0 | MFPO |General purpose digital 1/0 pin.
- 46 TO 1/0 | MFP7 |Timer0 event counter input / toggle output.
12C1_SDA 1/0 | MFP8 [I12C1 data input/output pin.
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QFN48/ . o i
QFN33 LQFPAS Pin Name Type | MFP Description

SPI1_MISO 1/0 | MFPA [SPI1 MISO (Master In, Slave Out) pin.
UART1_RXD [ MFPB |Data receiver input pin for UART.

32 47 VSS PWR | MFPO |Ground pin for digital circuit.

1 48 VDD PWR | MEPO Powe.r supply for 1/0O ports and LDO source for internal PLL and digital

function.
Table 4.3-1 LQFP48/QFN48/QFN33 Pin Description
Note:

1. Do not leave the pins ICE_CLK and ICE_DAT in floating when MCU is in operatoin. User may refer to one of the following
methods

a Add external pull-up or pull-low resistors at pins.

b Set the 2 pins in Quasi-mode and output high to be equivelant to internal pull high.
c. Enable intenal pull-up by setting PD_PHEN[1] = 1b - PD_PHEN[5] = 1b.
d

Be wired to other deivce without floating at pins.
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4.3.3  GPIO Multi-function Pin Summary
MFP* = Multi-function pin. (Refer to section SYS_GPx_MFP)
PA.0 MFPO means SYS_GPA_MFP[3:0]=0x0.

PA.4 MFP5 means SYS_GPA_MFP[19:16]=0x5.

Group Pin Name GPIO MFP* Type |Description
ACMPO_PO PB.O MFP4 A ComparatorO positive input pin.
ACMPO_P1 PB.1 MFP4 A ComparatorO positive input pin.
ACMPO_P2 PB.2 MFP4 A Comparator0 positive input pin.
ACMPO ACMPO_P3 PC.1 MFP4 A Comparator0 positive input pin.
ACMPO_N PB.4 MFP4 A Comparator0 negative input pin.
PA.7 MFP4 (@) Comparator0 output pin.
ACMPO_O
PA5 MFP4 (0] ComparatorO output pin.
STADC STADC PC.1 MFP3 | External ADC trigger input pin.
ADCO_PO PB.0 MFP2 A ADCO analog input port O.
ADCO_P1 PB.1 MFP2 A ADCO analog input port 1.
ADCO_P2 PB.2 MFP2 A ADCO analog input port 2.
ADCO_P3 PC.0 MFP2 A ADCO analog input port 3.
ADCO_P4 PC.1 MFP2 A ADCO analog input port 4.
ADCO
ADCO_P5 PB.5 MFP2 A |ADCO analog input port 5.
ADCO_P6 PB.6 MFP2 A ADCO analog input port 6.
ADCO_P7 PB.7 MFP2 A ADCO analog input port 7.
ADCO_P8 PF.2 MFP2 A ADCO analog input port 8.
ADCO_P9 PB.3 MFP2 A |ADCO analog input port 9.
ADC1_PO PB.4 MFP2 A ADCL1 analog input port 0.
ADC1_P1 PD.2 MFP2 A ADCL1 analog input port 1.
ADC1_P2 PC.2 MFP2 A ADC1 analog input port 2.
ADC1_P3 PF.3 MFP2 A ADC1 analog input port 3.
ADC1_P4 PF.4 MFP2 A ADC1 analog input port 4.
ADC1
ADC1_P5 PC.5 MFP2 A ADC1 analog input port 5.
ADC1_P6 PC.6 MFP2 A ADC1 analog input port 6.
ADC1_P7 PC.7 MFP2 A ADCL1 analog input port 7.
ADC1_P8 PE.3 MFP2 A ADC1 analog input port 8.
ADC1_P9 PE.4 MFP2 A ADC1 analog input port 9.
CLKO CLKO PA.O MFP1 (@) Clock output pin.
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Group Pin Name GPIO MFP* Type |Description
PA.3 MFP1 (0] Clock output pin.
PA.6 MFPF (0] Basic PWM channel 0 output
PC.0 MFP3 (@) Basic PWM channel 0 output
BPWM_CHO
PD.4 MFP3 (@) Basic PWM channel 0 output
PE.5 MFP3 (@) Basic PWM channel 0 output
BPWM
PA.7 MFPF (0] Basic PWM channel 1 output
PB.2 MFP3 (0] Basic PWM channel 1 output
BPWM_CH1
PD.3 MFP3 (0] Basic PWM channel 1 output
PE.2 MFP3 (@) Basic PWM channel 1 output
PB.5 MFP7 | Continuous Capture Input
PB.6 MFP7 | Continuous Capture Input
CCAP_PO
PB.7 MFP7 | Continuous Capture Input
CCAP PD.2 MFP7 | Continuous Capture Input
PC.1 MFP7 | Continuous Capture Input
CCAP_P1 PC.2 MFP7 | Continuous Capture Input
PC.5 MFP7 | Continuous Capture Input
PB.0 | MFP7,MFPC | Input capture channel 0
PB.7 MFPC | Input capture channel 0
PC.4 MFP7 | Input capture channel 0
ECAP_PO PD.4 MFPC | Input capture channel 0
PD.7 MFP7 | Input capture channel 0
PE.O MFPC | Input capture channel 0
PF.0 MFPC | Input capture channel 0
PB.1 | MFP7,MFPC | Input capture channel 1
PB.6 MFPC | Input capture channel 1
ECAP
PC.7 MFPC | Input capture channel 1
ECAP_P1
PD.5 MFPC | Input capture channel 1
PE.1 MFPC | Input capture channel 1
PF.1 MFPC | Input capture channel 1
PB.2 | MFP7,MFPC | Input capture channel 2
PC.4 MFPC | Input capture channel 2
ECAP_P2 PC.5 MFPC | Input capture channel 2
PD.6 MFPC | Input capture channel 2
PD.7 MFPC | Input capture channel 2
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Group Pin Name GPIO MFP* Type |Description
PF.2 MFPC | Input capture channel 2
PC.2 MFP3 | EPWM brake pin.
PWM_BRK_PO
PC.5 MFP3 | EPWM brake pin.
PB.6 MFP3 | EPWM brake pin.
PWM_BRK_P1
PC.3 MFP3 | EPWM brake pin.
PB.7 MFP3 | EPWM brake pin.
PWM_BRK_P2
PC.4 MFP3 | EPWM brake pin.
PA.2 MFPF (0] Enhanced PWM output pin.
PA.5 MFP3 O Enhanced PWM output pin.
EPWM_CH5
PA.6 MFP3 O Enhanced PWM output pin.
PC.5 MFPF (0] Enhanced PWM output pin.
PA.4 MFP3 (0] Enhanced PWM output pin.
EPWM_CH4 PA.5 MFPF (0] Enhanced PWM output pin.
PA.7 MFP3 (0] Enhanced PWM output pin.
PA.1 MFPF O Enhanced PWM output pin.
PA.3 MFP3 (0] Enhanced PWM output pin.
EPWM EPWM_CH3
PC.5 MFPF (0] Enhanced PWM output pin.
PF.1 MFP3 (0] Enhanced PWM output pin.
PA.2 MFP3 (0] Enhanced PWM output pin.
PA.4 MFPF (0] Enhanced PWM output pin.
EPWM_CH2
PC.6 MFP3 O Enhanced PWM output pin.
PF.2 MFP3 (0] Enhanced PWM output pin.
PA.O0 MFPF (0] Enhanced PWM output pin.
PA.1 MFP3 (0] Enhanced PWM output pin.
EPWM_CH1 PB.7 MFPF (@) Enhanced PWM output pin.
PC.5 MFPE (0] Enhanced PWM output pin.
PF.3 MFP3 (@) Enhanced PWM output pin.
PA.O0 MFP3 (0] Enhanced PWM output pin.
PA.3 MFPF (@) Enhanced PWM output pin.
EPWM_CHO
PB.7 MFPE (@) Enhanced PWM output pin.
PF.4 MFP3 (@) Enhanced PWM output pin.
NRESET NRESET -- -- | External reset pin, internal pull-high.
PA.0 MFP8 I/0  |I2C1 clock pin.
12C1 I2C1_SCL
PC.0 MFP8 I/0  |I2C1 clock pin.
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Group Pin Name GPIO MFP* Type |Description
PD.3 MFP8 I/0  |I2C1 clock pin.
PE.O MFP8 I/0  |I2C1 clock pin.
PE.5 MFP8 I/0  |12C1 clock pin.
PA.1 MFP8 I/0O  |IC1 data pin.
PC.1 MFP8 I/0O  |IC1 data pin.
PC.2 MFP8 I/0  [I>)C1 data pin.
12C1_SDA
PD.4 MFP8 I/0  [I>)C1 data pin.
PE.1 MFP8 I/O  |I°C1 data pin.
PE.6 MFP8 I/0O  |IC1 data pin.
PA.4 MFP8 I/0  |I2C2 clock pin.
PA.6 MFPE I/0  |I2C2 clock pin.
PC.4 MFP8 I/0  |12C2 clock pin.
PC.6 MFP8 I/0  |I2C2 clock pin.
12C2_SCL
PD.7 MFP8 I/0  |12C2 clock pin.
PE.2 MFP8 I/0  |I2C2 clock pin.
PE.7 MFP8 I/0  |I2C2 clock pin.
12C2
PF.1 MFP8 I/0  |I2C2 clock pin.
PA.5 MFP8 I/0  |I’C2 data pin.
PA.7 MFPE I/0  |I’C2 data pin.
PD.6 MFP8 I/0  |I’C2 data pin.
12C2_SDA
PE.3 MFP8 I/O  |I’C2 data pin.
PF.0 MFP8 I/O  |I2C2 data pin.
PF.2 MFP8 I/O  |I’C2 data pin.
DACO PB.5 MFP4 A DACO analog output pin.
DAC
DAC1 PC.6 MFP5 A DAC1 analog output pin.
OP1_0O PE.2 MFP6 A OP1 analog output pin.
oP OP1_N PE.3 MFP6 A OP1 analog input pin.
OP1_P PE.4 MFP6 A OP1 analog input pin.
PA.1 MFPA 1/0 SPI1 MOSI (Master Out, Slave In) pin.
PA.2 MFPE 1/0 SPI1 MOSI (Master Out, Slave In) pin.
PB.7 MFPA 1/0 SPI1 MOSI (Master Out, Slave In) pin.
SPI1 SPI1_MOSI
PC.2 MFPA /O |SPI1 MOSI (Master Out, Slave In) pin.
PE.1 MFPA /O |SPI1 MOSI (Master Out, Slave In) pin.
PE.7 MFPA 1/0 SPI1 MOSI (Master Out, Slave In) pin.
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Group Pin Name GPIO MFP* Type |Description
PA.1 MFPE /O |SPI1 MISO (Master In, Slave Out) pin
PA.2 MFPA /O |SPI1 MISO (Master In, Slave Out) pin
PB.6 MFPA 1/0 SPI1 MISO (Master In, Slave Out) pin
SPI1_MISO PC.1 MFPA 1/0 SPI1 MISO (Master In, Slave Out) pin
PD.2 MFPA 1/0 SPI1 MISO (Master In, Slave Out) pin
PE.O MFPA /O |SPI1 MISO (Master In, Slave Out) pin
PE.6 MFPA /O |SPI1 MISO (Master In, Slave Out) pin
PA.O MFPA /O |SPI1 clock pin.
PB.5 MFPA 1/0 SPI1 clock pin.
SPI1_CLK PC.0 MFPA 1/0 SPI1 clock pin.
PD.7 MFPA 1/0 SPI1 clock pin.
PE.5 MFPA /O |SPI1 clock pin.
PA.3 MFPA /O |SPI1 Slave Select
PB.4 MFPA /O  |SPI1 Slave Select
PC.3 MFPA I/O  |SPI1 Slave Select
SPI1_SS PC.4 MFPA 1/0 SPI1 Slave Select
PD.1 MFPA /O  |SPI1 Slave Select
PD.6 MFPA /O |SPI1 Slave Select
PF.0 MFPA /O |SPI1 Slave Select
PA.2 MFP7 | Timer0 event counter input / toggle output
TIMERO TO PB.3 MFP7 | Timer0 event counter input / toggle output
PE.6 MFP7 | Timer0 event counter input / toggle output
PB.4 MFP7 | Timerl event counter input / toggle output
TIMER1 T1 PB.6 MFPE | Timerl event counter input / toggle output
PE.3 MFP7 | Timerl event counter input / toggle output
PA.1 MFP7 | Timer2 event counter input / toggle output
TIMER2 T2 PB.2 MFPE | Timer2 event counter input / toggle output
PC.6 MFP7 | Timer2 event counter input / toggle output
EXT_OSC EXT_CLK PC.3 MFP1 A External oscillator input pin.
PA.O MFPB (@) UART1 data transmitter output pin.
PB.O MFPB (@) UART1 data transmitter output pin.
UART1 UART1_TXD PB.2 MFPB O UART1 data transmitter output pin.
PC.0 MFPB (@) UART1 data transmitter output pin.
PD.3 MFPB (0] UART1 data transmitter output pin.
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Group Pin Name GPIO MFP* Type |Description
PD.5 MFPE (0] UART1 data transmitter output pin.
PE.5 MFPB (0] UART1 data transmitter output pin.
PA.1 MFPB | UART1 data receiver input pin.
PB.1 MFPB | UART1 data receiver input pin.
PB.3 MFPB | UART1 data receiver input pin.
PC.1 MFPB | UART1 data receiver input pin.
UART1_RXD
PC.2 MFPB | UART1 data receiver input pin.
PD.4 MFPB | UART1 data receiver input pin.
PD.6 MFPE | UART1 data receiver input pin.
PE.6 MFPB | UART1 data receiver input pin.
PA.4 MFPB (@) UART2 data transmitter output pin.
PB.4 MFPB (0] UART?2 data transmitter output pin.
PC.4 MFPB (0] UART?2 data transmitter output pin.
PC.6 MFPB (0] UART?2 data transmitter output pin.
UART2_TXD PD.5 MFPF O UART?2 data transmitter output pin.
PD.7 MFPB (@) UART2 data transmitter output pin.
PE.2 MFPB (@) UART2 data transmitter output pin.
PE.7 MFPB (0] UART?2 data transmitter output pin.
UART2
PF.1 MFPB (0] UART?2 data transmitter output pin.
PA.5 MFPB | UART?2 data receiver input pin.
PB.5 MFPB | UART?2 data receiver input pin.
PD.6 MFPF | UART?2 data receiver input pin.
UART2_RXD PE.O MFPB | UART?2 data receiver input pin.
PE.3 MFPB | UART?2 data receiver input pin.
PF.0 MFPB | UART?2 data receiver input pin.
PF.2 MFPB | UART?2 data receiver input pin.
ICE_DAT PD.5 MFP1 1/0 Serial wired debugger data pin
I ICE_CLK PD.1 MFP1 | Serial wired debugger clock pin

Table 4.3-2 LQFP48/QFN48/QFN33 Multi-function Pin Summary
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5 BLOCK DIAGRAM

5.1 NuMicro® NM1240 Block Diagram

[ ——
24 bit Timer x4

A General Watchdog Timer USCI x 2

12Cx 2
Cortex- MO Purpose JART 2
“8/eonre /O x 44 EPWM with 6-ch SPIx 1)

BPWM with 2-ch

AHB Matrix  APB Bridge

—————

Comparator x 1

DACx 2
Temperature
sensor

SRAM 8K

Figure 5.1-1 NuMicro® NM1240 Block Diagram
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6 FUNCTIONAL DESCRIPTION
6.1 ARM® Cortex®MO0 Core

6.1.1 Overview

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
6.1-1 shows the functional controller of processor.

Cortex-M0 Components
Cortex-M0 Processor Debug
Interrupts .| Nested .
"1 Vectored Cortex-M0 Bre:l:}zomt
n d |
»| Interrupt |[€—»| Processor &P Watchpoint
Controller Core Unit
(NVIC)
A A 4 A A A
Wakeup v v
Interrupt Debug
Controller w| Bus matrix |g | Debugger | »| Access Port
(WIC) ” - 7| interface | | |7
A (DAP)
A
\ 4 \ 4
AHB-Lite interface Serial Wire or
JTAG debug port

Figure 6.1-1 Functional Block Diagram

6.1.2 Features
The implemented device provides:
® Alow gate count processor:
- ARMvV6-M Thumb® instruction set
- Thumb-2 technology
- ARMvV6-M compliant 24-bit SysTick timer
- A 32-bit hardware multiplier
- System interface supported with little-endian data accesses
- 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
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- 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 the Wait For Interrupt (WFI), Wait For Event
(WFE) instructions, or return from interrupt sleep-on-exit feature

° 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

- 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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6.2 System Manager

6.2.1 Overview
System management includes the following sections:

System Reset

®  System Power Architecture

®  System Memory Map

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

®  System Timer (SysTick)

Nested Vectored Interrupt Controller (NVIC)

System Control registers

6.2.2 System Reset

The system reset can be issued by one of the events listed below. These reset event flags can be
read from SYS_RSTSTS register to determine the reset source. Hardware reset can reset chip
through peripheral reset signals. Software reset can trigger reset through control registers.

® Hardware Reset Sources
- Power-on Reset (POR)
- Low level on the nRESET pin
- Watchdog Timer Time-out Reset (WDT)
- Low Voltage Reset (LVR)
- Brown-out Detector Reset (BOD Reset)
®  Software Reset Sources
- CHIP Reset will reset whole chip by writing 1 to CHIPRST (SYS_IPRSTO[0])

- MCU Reset to reboot but keeping the booting setting from APROM or LDROM by
writing 1 to SYSRESETREQ (SCS_AIRCRJ[2], Application Interrupt and Reset
Control Register, address = 0XEOOOEDOC) in system control registers of Cortex®-
MO core.

- CPU Reset for Cortex®-MO0 core Only by writing 1 to CPURST (SYS_IPRSTO[1])
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| Glitch Filter
nRESET [} |H 50.6us
~50k ohm
@5v
Power-on
Voo Reset
Low Voltage L] Reset Pulse Width
Voo I Reset — 3.2ms
BODRSTEN(SYS_BODCTL[3])
Brown-out
Reset L
System Reset
WDT Reset Pulse Width
Reset 64 WDT clocks
CHIP Reset
CHIPRST(SYS_IPRSTOI[O0])
MCU Reset — Software Reset | Reset Pulse Width
SYSRSTREQ(SCS_AIRCRJ[2]) — 1 2 system clocks
CPU Reset
CPURST(SYS_IPRSTO[1])

Figure 6.2-1 System Reset Resources

There are a total of 8 reset sources in the NuMicro® family. In general, CPU reset is used to reset
Cortex®-MO only; the other reset sources will reset Cortex®-MO0 and all peripherals. However, there
are small differences between each reset source and they are listed in Table 6.2-1.

Reset
Sources POR NRESET |WDT LVR BOD CHIP MCU CPU
Register
SYS_RSTSTS Bit0=1 Bitl1=1 Bit2=1 Bit3=1 Bit4=1 Bit0=1 Bit5=1 Bit7=1
CHIPRST 0x0 - - - - - - -

(SYS_IPRSTO[0])

BODEN Reload from|Reload Reload Reload - Reload Reload -

CONFIGO |[from from from from from
(SYS_BODCTL(O) CONFIGO |CONFIGO |CONFIGO CONFIGO |CONFIGO
BODVL

(SYS_BODCTL[3:1])

BODRSTEN
(SYS_BODCTL[4])

EXTCLKEN 0x0 0x0 0x0 0x0 0x0 0x0 0x0
(CLK_PWRCTL[1:0])

WDTCKEN ox1 - ox1 - - ox1 - -
(CLK_APBCLKO[0])

HCLKSEL 0x8 0x8 0x8 0x8 0x8 0x8 0x8 -
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(CLK_CLKSELO[1:0])

WDTSEL 0x3 0x3 - . - - . .
(CLK_CLKSEL1[1:0])

XLTSTB 0x0 - - - - - - -
(CLK_STATUSI0])

LIRCSTB 0x0
(CLK_STATUS[3])

HIRCSTB 0x0 = - - - = - -
(CLK_STATUS[4])

CLKSFAIL 0x0 0x0 - - - - - _
(CLK_STATUS[7])

WDT_CTL 0x0700 0x0700 0x0700 0x0700 0x0700 0x0700 - -
WDT_ALTCTL 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDT_RLDCNT 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDT_CTL O0x3F0800 [0x3F0800 |0x3F0800 [0x3F0800 [0x3FO800 [0x3FO800 |- -
WWDT_STATUS 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDT_CNT Ox3F Ox3F Ox3F Ox3F Ox3F Ox3F - -
BS Reload from|Reload Reload Reload Reload Reload - -
(FMC_ISPCTL[1]) CONFIGO |from from from from from

CONFIGO |CONFIGO [CONFIGO |CONFIGO [CONFIGO

ISPEN
(FMC_ISPCTL[16])

FMC_DFBA Reload from|Reload Reload Reload Reload Reload - -
CONFIG1 |from from from from from
CONFIG1 |CONFIG1 |CONFIG1 |CONFIG1 |CONFIG1

CBS Reload from|Reload Reload Reload Reload Reload - -
. CONFIGO [from from from from from
(FMC_ISPSTS[2:1)) CONFIGO |CONFIGO [CONFIGO |CONFIGO |CONFIGO

VECMAP Reload base|Reload Reload Reload Reload Reload - -
(FMC_ISPSTS209) [0\ i) [CONFIGO  |CONFIGO. |CONFIGO. |CONFIGO. |CONFIGO

Other Peripheral|Reset Value

Registers

FMC Registers Reset Value

e Note: ‘- means that the value of register keeps original setting.

Table 6.2-1 Reset Value of Registers

6.2.2.1 nRESET Reset

The nRESET reset means to generate a reset signal by pulling low nRESET pin, which is an
asynchronous reset input pin and can be used to reset system at any time. When the nRESET
voltage is lower than 0.2 Vpp and the state keeps longer than 50.6 us (glitch filter), chip will be
reset. The nRESET reset will control the chip in reset state until the nRESET voltage rises above
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0.7 Vob and the state keeps longer than 50.6 us (glitch filter). The PINRF (SYS_RSTSTS[1]) will
be set to 1 if the previous reset source is NRESET reset. Figure 6.2-2 shows the nRESET reset

waveform.
NRESET /—
0.7 Voo 1
0.2 Voo

nRESET Reset

50.6 us

i 50.6 us
/4—»

~
N

R

Figure 6.2-2 nRESET Reset Waveform

6.2.2.2 Power-On Reset (POR)

The Power-on reset (POR) is used to generate a stable system reset signal and forces the system
to be reset when power-on to avoid unexpected behavior of MCU. When applying the power to
MCU, the POR module will detect the rising voltage and generate reset signal to system until the
voltage is ready for MCU operation. At POR reset, the PORF (SYS_RSTSTSJ[0]) will be setto 1 to
indicate there is a POR reset event. The PORF (SYS_RSTSTS[0]) bit can be cleared by writing 1
to it. Figure 6.2-3 shows the waveform of Power-On reset.

VDD

Power On

Reset

Figure 6.2-3 Power-on Reset (POR) Waveform

6.2.2.3 Low Voltage Reset (LVR)

Low Voltage Reset detects Voo during system operation. When the Vpp voltage is lower than Vivr
and the state keeps longer than De-glitch time (about 16*HCLK cycles), chip will be reset. The LVR
reset will control the chip in reset state until the Vop voltage rises above Vivr and the state keeps
longer than De-glitch time. The LVRF (SYS_RSTSTS[3]) will be set to 1 if the previous reset source
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is LVR reset. Figure 6.2-4 shows the Low Voltage Reset waveform.

AVpp
I
Vim — @ Hysteresis L ' - ______ ::::'_;::::'.
| I | I I
| I | I I
I I I I I
I I I | I
| | | | I I
Ml I T, | I I
(< de-glitch time) ( = de-glitch time)| I I
I I I
Low Voltage Reset :
D
( = de-glitch time)

Figure 6.2-4 Low Voltage Reset (LVR) Waveform

6.2.2.4 Brown-out Detector Reset (BOD Reset)

If the Brown-out Detector (BOD) function is enabled by setting the Brown-out Detector Enable Bit
BODEN (SYS_BODCTL][0]), Brown-Out Detector function will detect Voo during system operation.
When the Vop voltage is lower than Veop which is decided by BODEN (SYS_BODCTLJ[0]) and
BODVL (SYS_BODCTL[2:1]) and the state keeps longer than De-glitch time (Max(20*HCLK
cycles, 1*LIRC cycle)), chip will be reset. The BOD reset will control the chip in reset state until the
Vop voltage rises above Vesop and the state keeps longer than De-glitch time. The default value of
BODEN, BODVL and BODRSTEN is set by Flash controller user configuration register CBODEN
(CONFIGO[11]), CBOV (CONFIGO0[15:13]) and CBORST (CONFIGO0[12]) respectively. User can
determine the initial BOD setting by setting the CONFIGO register. Figure 6.2-5 shows the Brown-
Out Detector waveform.
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Figure 6.2-5 Brown-out Detector (BOD) Waveform

6.2.2.5 Watchdog Timer Reset

In most industrial applications, system reliability is very important. To automatically recover the
MCU from failure status is one way to improve system reliability. The watchdog timer (WDT) is
widely used to check if the system works fine. If the MCU is crashed or out of control, it may cause
the watchdog time-out. User may decide to enable system reset during watchdog time-out to
recover the system and take action for the system crash/out-of-control after reset.

Software can check if the reset is caused by watchdog time-out to indicate the previous reset is a
watchdog reset and handle the failure of MCU after watchdog time-out reset by checking WDTRF
(SYS_RSTSTS[2)).

6.2.2.6 CPU Reset, CHIP Reset and SYSTEM Reset

The CPU Reset means only Cortex®-MO core is reset and all other peripherals remain the same
status after CPU reset. User can set the CPURST (SYS_IPRSTO[1]) to 1 to assert the CPU Reset
signal.

The CHIP Reset is same with Power-On Reset. The CPU and all peripherals are reset and BS
(FMC_ISPCTL[1]) bit is automatically reloaded from CONFIG setting. User can set the CHIPRST
(SYS_IPRSTO[0]) to 1 to assert the CHIP Reset signal.

The MCU Reset is similar with CHIP Reset. The difference is that BS (FMC_ISPCTL[1]) will not be
reloaded from CONFIG setting and keep its original software setting for booting from APROM or
LDROM. User can set the SYSRESETREQ (SCS_AIRCR[2]) to 1 to assert the MCU Reset.
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6.2.3 Power Modes and Wake-up Sources

There are several wake-up sources in Idle mode and Power-down mode. Table 6.2-2 lists the
available clocks for each power mode.

Power Mode Normal Mode Idle Mode Power-Down Mode

Definition CPU is in active state CPU is in sleep state CPU is in sleep state and all|
clocks stop except LIRC.
SRAM content retained.

Entry Condition Chip is in normal mode after|CPU executes WFI instruction. [CPU sets sleep mode enable
system reset released and power down enable and
executes WFI instruction.

Wake-up Sources N/A All interrupts WDT, I2C, Timer, UART, SPI,
ACMP, BOD and GPIO

Available Clocks All All except CPU clock LIRC

After Wake-up N/A CPU back to normal mode CPU back to normal mode

Table 6.2-2 Power Mode Difference Table

System reset released

Normal Mode
CPU Clock ON

EXT_CLK, HIRC, LIRC, HCLK, PCLK ON

Flash ON

CPU executes WFI Interrupts occur
1. SLEEPDEEP (SCS_SCR[2]) = 1
2. PDEN (CLK_PWRCTL[7]) = 1 and

PDWKIF (CLK_PWRCTL[6]) = 1

3. CPU executes WFI

Wake-up events
occur

Idle Mode
CPU Clock OFF
EXT_CLK, HIRC, LIRC, HCLK, PCLK ON
Flash Halt

Power-down Mode
CPU Clock OFF
EXT_CLK, HIRC, HCLK, PCLK OFF
LIRC ON
Flash Halt

Figure 6.2-6 Power Mode State Machine

1. EXT_CLK ON or OFF depends on SW setting in run mode.

2. LIRC (10 kHz OSC) ON or OFF depends on S/W setting in run mode.

3. If TIMER clock source is selected as LIRCEXT_CLK and LIRCEXT_CLK is on.
4. If WDT clock source is selected as LIRC and LIRC is on.
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Normal Mode Idle Mode Power-Down Mode
EXT_CLK (~24 MHz) ON ON Halt
HIRC (48/60) MHz OSC) ON ON Halt
LIRC (10 kHz OSC) ON ON ON/OFF?
LDO ON ON ON
CPU ON Halt Halt
HCLK/PCLK ON ON Halt
SRAM retention ON ON ON
FLASH ON ON Halt
GPIO ON ON Halt
TIMER ON ON ON/OFF®
BPWM ON ON Halt
EPWM ON ON Halt
WDT ON ON ON/OFF*
USCI ON ON Halt
ADC ON ON Halt
ACMP ON ON Halt
ECAP ON ON Halt
HDIV ON ON Halt
OoP ON ON Halt

Table 6.2-3 Clocks in Power Modes

Wake-up sources in Power-down mode:
WDT, I2C, Timer, UART, SPI, BOD, ACMP and GPIO

After chip enters power down, the following wake-up sources can wake chip up to normal mode.
Table 6.2-4 lists the condition about how to enter Power-down mode again for each peripheral.

*User needs to wait this condition before setting PDEN (CLK_PWRCTL[7]) and execute WFI to enter
Power-down mode.

Wake-U
= 2 Wake-Up Condition System Can Enter Power-Down Mode Again Condition*
ource
BOD Brown-Out Detector Interrupt|After software writes 1 to clear SYS_BODCTL[BODIF].
GPIO GPIO Interrupt After software write 1 to clear the Px_INTSRCIn] bit.
TIMER Timer Interruot After software writes 1 to clear TWKF (TIMERX_INTSTS[1]) and TIF
P (TIMERX_INTSTS[0]).

October 01, 2021 Page 49 of 522 Rev.0.1



NM1240
NnuvoTonN Preliminary Technical Reference Manual

e

WDT WDT Interrupt After software writes 1 to clear WKF (WDT_CTLI[5]) (Write Protect).

USCI UART Incoming data wake-up  |After software writes 1 to clear WKF (UUART_WKSTS[0]).

USCI SPI SS transaction wake-up  |After software writes 1 to clear WKF (USPI_WKSTSJ0]).
USCI I2C Data toggle After software writes 1 to clear WKF (UI2C_WKSTSI0]).
Address match After software writes 1 to clear WKAKDONE (UI2C_PROTSTS[16], then writes 1
to clear WKF (UI2C_WKSTS[0]).
ACMP Comparator Power-down |After software writes 1 to clear ACMPFO (ACMP_STATUS[0]) and ACMPF1
Wake-Up Interrupt (ACMP_STATUSJ1)).

Table 6.2-4 Condition of Entering Power-down Mode Again

6.2.4  System Power Architecture
In this chip, the power distribution is divided into three segments.
®  Analog power from Vpp and Vss provides the power for analog components operation.

® Digital power from Voo and Vss supplies power to the 1/O pins and internal regulator
which provides a fixed 1.5V power for digital operation.

® A built-in capacitor for internal voltage regulator

The output of internal voltage regulator, LDO, does not require an external capacitor and doesn’t
bond out to external pin. Figure 6.2-7 shows the power distribution of the NM1240 series.
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Figure 6.2-7 NuMicro® NM1240 Series Power Architecture Diagram
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6.2.5 System Memory Mapping

MCU Memory System Control
4 GB OxFFFF_FFFF System Control 0xEO000_EDOO |SCS_BA
Reserved | External Interrupt Control 0xE000_E100 |SCS_BA
0xE000_F000 System Timer Control 0xE000_E010 [SCS_BA
System Control OxE000_EFFF L.
0xE000_E000
0XE000_DFFF
Reserved |
0x6002_0000
Reserved 0x6001_FFFF
0x6000_0000
Ox5FFF_FFFF AHB peripherals
Reserved | HDIV 0x5001_4000 [HDIV_BA
0x5020_0000 FMC 0x5000_C000 [FMC_BA
0x501F_FFFF GDMA 0x5000_8000 [GDMA_BA
AR 0x5000_0000 ) < GPIO Control 0x5000_4000 (GPIO_BA
Ox4FFF_FFFF Interrupt Multiplexer Control |0x5000_0300 [INT_BA
Reserved | Clock Control 0x5000_0200 [CLK_BA
System Global Control 0x5000_0000 [SYS_BA
0x4020_0000
0x401F_FFFF
APB | | PI— APB peripherals
1GB 0x4000_0000 USCI2 Control 0x4027_0000 (USCI2_BA
O0x3FFF_FFFF ECAP Control 0x401B_0000 [ECAP_BA
USCI1 Control 0x4017_0000 [USCI1_BA
Reserved BPWM Control 0x4014_0000 (BPWM_BA
OP Control 0x400F_0000 |OP_BA
ADC Control 0x400E_0000 |ADC_BA
0x2000_4000 ACMP Control 0x400D_0000 |ACMP_BA
8 KB SRAM 0x2000_1FFF EPWM Control 0x4004_0000 [EPWM_BA
0.5 GB 0x2000_0000 Timer0/1/2 Control 0x4001_0000 [TMR0O2_BA
Ox1FFF_FFFF WDT Control 0x4000_4000 |[WDT_BA
Reserved
0x0001_0000
0x0000_FFFF
64 KB on-chip Flash |
0GB 0x0000_0000

Tale 6.2-5 Memory Mapping Table
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6.2.6  Register Protection

NM1240

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 SYS_REGLCTL 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 REGLCTL (SYS_REGLCTL [0]), “1” is protection
disable, “0” is protection enable. Then user can update the target protected register value and then
write any data to SYS_REGLCTL to enable register protection.

The protected registers are listed in Table 6.2-6.

Register Bit Description

[2] GDMARST GDMA One-shot Reset (Write Protect)
SYS_IPRSTO [1] CPURST Processor Core One-shot Reset (Write Protect)

[0] CHIPRST Chip One-shot Reset (Write Protect)

[15] LVREN Low Voltage Reset Enable Control (Write Protect)

[6] LVRLPM Low Voltage Reset Low Power Mode (Write Protect)
SYS_BODCTL [4] BODRSTEN Brown-out Reset Enable Control (Write Protect)

[3:1] BODVL Brown-out Detector Threshold Voltage Selection (Write Protect)

[0] BODEN Brown-out Detector Enable Control (Write Protect)
SYS_PORCTL [15:0] POROFF Power-on Reset Enable Control (Write Protect)
INT_NMICTL [8] NMISELEN NMI Interrupt Enable Control (Write Protected)

[7] PDEN System Power-down Enable Control (Write Protect)

[5] PDWKIEN Power-down Mode Wake-up Interrupt Enable Control (Write Protect)
CLK_PWRCTL [4] PDWKDLY Wake-up Delay Counter Enable Control (Write Protect)

[3] LIRCEN LIRC Enable Control (Write Protect)

[2] HIRCEN HIRC Enable Control (Write Protect)

[1:0] EXTCLKEN XTL Enable Control (Write Protect)
CLK_APBCLK [0] WDTCKEN Watchdog Timer Clock Enable Control (Write Protect)

CLK_CLKSELO

[4:3] STCLKSEL

Cortex®-M0 SysTick Clock Source Selection (Write Protect)

[1:0] HCLKSEL

HCLK Clock Source Selection (Write Protect)

CLK_CLKSEL1 [1:0] WDTSEL Watchdog Timer Clock Source Selection (Write Protect)
[6] ISPFF ISP Fail Flag (Write Protect)

FMC_ISPCTL [5] LDUEN LDROM Update Enable Control (Write Protect)
[4] CFGUEN CONFIG Update Enable Control (Write Protect)
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[3] APUEN APROM Update Enable Control (Write Protect)
[2] SPUEN SPROM Update Enable Control (Write Protect)
[1] BS Boot Select (Write Protect)
[0] ISPEN ISP Enable Control (Write Protect)
FMC_ISPTRG [0] ISPGO ISP Start Trigger (Write Protect)
FMC_ISPSTS [6] ISPFF ISP Fail Flag (Write Protect)
TIMERO_CTL [31] ICEDEBUG ICE Debug Mode Acknowledge Disable Control (Write Protect)
TIMER1_CTL [31] ICEDEBUG ICE Debug Mode Acknowledge Disable Control (Write Protect)
TIMER2_CTL [31] ICEDEBUG ICE Debug Mode Acknowledge Disable Control (Write Protect)
[31] ICEDEBUG ICE Debug Mode Acknowledge Disable Control (Write Protect)
[7]WDTEN Watchdog Timer Enable Control (Write Protect)
[6] INTEN Watchdog Timer Time-out Interrupt Enable Control (Write Protect)
WDT_CTL
[4] WKEN Watchdog Timer Time-out Wake-up Function Control (Write Protect)
[1] RSTEN Watchdog Timer Time-out Reset Enable Control (Write Protect)
[0] RSTCNT Reset Watchdog Timer Up Counter (Write Protect)

Table 6.2-6 Protected Registers
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6.2.7 Memory Organization

6.2.7.1 Overview

NM1240

The NuMicro® NM1240 series provides 4G-byte addressing space. The addressing space assigned
to each on-chip controllers is shown in Figure 6.2-8. The detailed register definition, addressing
space, and programming details will be described in the following sections for each on-chip
peripheral. The NM1240 series only supports little-endian data format.

Figure 6.2-8 NuMicro® NM1240 Flash, Security and Configuration Map

6.2.7.2 System Memory Map

The NM1240 series provides 4G-byte addressing space. The memory locations assigned to each
on-chip controllers are shown in Table 6.2-7 Address Space Assignments for On-Chip Modules.
The detailed register definition, memory space, and programming will be described in the following
sections for each on-chip peripheral. The NM1240 series only supports little-endian data format.

The memory locations assigned to each on-chip controllers are shown in Table 6.2-7 Address
Space Assignments for On-Chip Modules..

Address Space Token Controllers
Flash and SRAM Memory Space
0x0000_0000 — 0x0000_FFFF FLASH_BA FLASH Memory Space (64KB)
0x0010_0000 — 0x0010_1DFF LD_BA Loader Memory Space (7.5 KB)
0x0020_0000 — 0x0020_01FF SPO_BA Security Program Memory 0 Space (0.5 KB)
0x0024_0000 — 0x0024_01FF SP1 BA Security Program Memory 1 Space (0.5 KB)
0x0028_0000 — 0x0028_01FF SP2_BA Security Program Memory 2 Space (0.5 KB)
0x0030_0000 — 0x0030_01FF CFG_BA CONFIG Program Memory Space (0.5 KB)
0x2000_0000 — 0x2000_1FFF SRAM_BA SRAM Memory Space (8 KB)

AHB Modules Space (0x5000_0000 — 0x501F_FFFF)

0x5000_0000 — 0x5000_01FF SYS_BA System 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_8000 — 0x5000_8FFF GDMA_BA GDMA Control Registers

0x5000_CO000 — 0x5000_FFFF FMC_BA Flash Memory Control Registers

0x5001_4000 — 0x5001_7FFF HDIV_BA Hardware Divider and CRC16 Control Register

APB Controllers Space (0x4000_0000 ~ 0x401F_FFFF)

0x4000_4000 — 0x4000_7FFF

WDT_BA

Watchdog Timer Control Registers

0x4001_0000 — 0x4001_3FFF

TMRO2_BA

Timer0/Timerl/Timer2 Control Registers
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0x4004_0000 — 0x4004_3FFF EPWM_BA Enhance PWM Control Registers
0x400D_0000 — 0x400D_3FFF ACMP_BA Analog Comparator 0 Control Registers
0x400E_0000 — 0x400E_3FFF ADC_BA ADC Control Registers

0x400F_0000 — 0x400F_3FFF OP_BA OP Amplifier Control Register
0x4014_0000 — 0x4014 3FFF BPWM_BA Basic PWM Control Registers
0x4017_0000 — 0x4017_3FFF USCI1_BA USCI1 Control Registers

0x401B_0000 — 0x401B_3FFF ECAP_BA Enhanced Input Capture Timer Register
0x4027_0000 — 0x4027_3FFF USCI2_BA USCI2 Control Registers

System Controllers Space (0OxE000_E000 ~ 0XxEO00_EFFF)

O0XEO000_EO010 — OXEOO00_EOFF SCS_BA System Timer Control Registers
OXEO000_E100 — OXEOO00_ECFF SCS_BA External Interrupt Controller Control Registers
OxEO00_EDOO — OXEO0O_EDS8F SCS_BA System Control Registers

Table 6.2-7 Address Space Assignments for On-Chip Modules
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6.2.7.3 SRAM Memory Organization
The NM1240 supports embedded SRAM with total 8 Kbytes size.

®  Supports total 8 Kbytes SRAM
®  Supports byte / half word / word write

®  Supports oversize response error

>

AHB interface
controller > SRAM decoder —p SRAM 8KB

AHB Bus

-4

Figure 6.2-9 SRAM Block Diagram
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6.2.8

System Manager Register Map

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

NM1240

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

SYS_BA = 0x5000_0000

SYS_PDID SYS_BA+0x00 R Part Device Identification Number Register S]X XXX XXXX
SYS_RSTSTS SYS_BA+0x04 R/W |System Reset Status Register 0x0000_00XX
SYS_IPRSTO SYS_BA+0x08 R/W |Peripheral Reset Control Register O 0x0000_0000
SYS_IPRST1 SYS_BA+0x0C R/W |Peripheral Reset Control Register 1 0x0000_0000
SYS_WAIT SYS_BA+0x10 R/W |HCLK Wait State Cycle Control Register 0x0000_0001
SYS_BODCTL SYS_BA+0x18 R/W |Brown-out Detector Control Register 0x0000_80XX
SYS_IVSCTL SYS_BA+0x1C R/W |Internal Voltage Source Control Register 0x0000_0000
SYS_PORCTL SYS_BA+0x24 R/W |Power-On-reset Controller Register 0x0000_00XX

SYS_GPA_MFP

SYS_BA+0x30

RIW

GPIOA Multiple Function Control Register

0x0000_0000

SYS_GPB_MFP

SYS_BA+0x34

RIW

GPIOB Multiple Function Control Register

0x0000_0000

SYS_GPC_MFP

SYS_BA+0x38

RIW

GPIOC Multiple Function Control Register

0x0000_0000

SYS_GPD_MFP

SYS_BA+0x3C

RIW

GPIOD Multiple Function Control Register

0x0010_0010

SYS_GPE_MFP

SYS_BA+0x40

RIW

GPIOE Multiple Function Control Register

0x0000_0000

SYS_GPF_MFP

SYS_BA+0x44

RIW

GPIOF Multiple Function Control Register

0x0000_0000

SYS_REGLCTL

SYS_BA+0x100

RIW

Register Write-protection Control Register

0x0000_0000

SYS_TSOFFSET

SYS_BA+0x114

Temperature Sensor Offset Register

OXXXXX_XXXX
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6.2.9 System Manager Register Description

Part Device Identification Number Register (SYS PDID)

Register Offset R/W |Description Reset Value

SYS_PDID SYS_BA+0x00 |R Part Device Identification Number Register S]X XHXX_XXXX

[1] Every part number has a unique default reset value.

31 30 29 28 27 26 25 24
PDID

23 22 21 20 19 18 17 16
PDID

15 14 13 12 11 10 9 8
PDID

7 6 5 4 3 2 1 0
PDID

Bits Description

Part Device Identification Number (Read Only)

[31:0] PDID This register reflects device part number code. Software can read this register to identify,

which device is used.

NM1240 LQFP48 Series NM1240 QFN48 Series NM1240 QFN33 Series

Part Number PDID Part Number PDID Part Number PDID

NM1244D48(64K) 0x0C11_2400 NM1244Y48(64K) 0x0C11_2490 NM1244Y(64K) 0x0C11_24B0

Table 6.2-8 Part Device Identification Number
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System Reset Status Register (SYS RSTSTS)

This register provides specific information for software to identify this chip’s reset source from last

operation.
Register Offset R/W |Description Reset Value
SYS_RSTSTS |SYS_BA+0x04 |R/W [System Reset Status 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 HFAULTRF Reserved
7 6 5 4 3 2 1 0
CPURF Reserved SYSRF BODRF LVRF WDTRF PINRF PORF
Bits Description
[31:12] Reserved Reserved.
Hard Fault Reset Flag
0 = No reset from Hardfault.
[11] HFAULTRF ,
1 = The Cortex®-M0 Core and FMC are reset by software setting HARDFAULTRST to 1.
Note: Write 1 to clear this bit to 0.
[10:8] Reserved Reserved.
CPU Reset Flag
The CPU reset flag is set by hardware if software writes CPURST (SYS_IPRSTO[1]) 1 to
reset Cortex®-MO Core and Flash Memory Controller (FMC).
(7] CPURF 0 = No reset from CPU.
1 = The Cortex®-M0 Core and FMC are reset by software setting CPURST to 1.
Note: Write 1 to clear this bit to 0.
[6] Reserved Reserved.
System Reset Flag
The system reset flag is set by the “Reset Signal” from the Cortex®-MO0 Core to indicate the
previous reset source.
— ®_
[5] SYSRE 0 = No reset from Cortex®-MO.
1 = The Cortex®MO0 had issued the reset signal to reset the system by writing 1 to the bit
SYSRESETREQ(AIRCR[2], Application Interrupt and Reset Control Register, address =
0XEO00EDOC) in system control registers of Cortex®-MO core.
Note: Write 1 to clear this bit to 0.
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Bits Description

BOD Reset Flag

The BOD reset flag is set by the “Reset Signal” from the Brown-Out Detector to indicate the
previous reset source.

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.

[4] BODRF

LVR Reset Flag

The LVR reset flag is set by the “Reset Signal” from the Low Voltage Reset Controller to
indicate the previous reset source.

0 = No reset from LVR.
1 = LVR controller had issued the reset signal to reset the system.
Note: Write 1 to clear this bit to 0.

3] LVRF

WDT Reset Flag

The WDT reset flag is set by the “Reset Signal” from the Watchdog Timer or Window
Watchdog Timer to indicate the previous reset source.

0 = No reset from watchdog timer or window watchdog timer.

2] WDTRF 1 = The watchdog timer or window watchdog timer had issued the reset signal to reset the
system.

Notel: Write 1 to clear this bit to 0.

Note2: Watchdog Timer register RSTF(WDT_CTL[2]) bit is set if the system has been reset
by WDT time-out reset. Window Watchdog Timer register WWDTRF(WWDT_STATUS[1])
bit is set if the system has been reset by WWDT time-out reset.

NRESET Pin Reset Flag

The nRESET pin reset flag is set by the “Reset Signal” from the nRESET Pin to indicate the
previous reset source.

0 = No reset from nRESET pin.
1 = Pin nRESET had issued the reset signal to reset the system.
Note: Write 1 to clear this bit to 0.

1 PINRF

POR Reset Flag

The POR reset flag is set by the “Reset Signal” from the Power-on Reset (POR) Controller
or bit CHIPRST (SYS_IPRSTO[0]) to indicate the previous reset source.

0 = No reset from POR or CHIPRST.
1 = Power-on Reset (POR) or CHIPRST had issued the reset signal to reset the system.
Note: Write 1 to clear this bit to 0.

[o] PORF
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Peripheral Reset Control Register 0 (SYS IPRSTO0)

Register Offset R/W |Description Reset Value
SYS_IPRSTO [SYS_BA+0x08 R/W  |Peripheral Reset Control Register 0 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 GDMARST CPURST CHIPRST
Bits Description
[31:3] Reserved Reserved.
GDMA One-shot Reset (Write Protect)
Setting this bit will only reset the GDMA, and this bit will automatically return to O after the 2
clock cycles.
2] GDMARST 0 = GDMA normal operation.
1 = GDMA one-shot reset.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
Processor Core One-shot Reset (Write Protect)
Setting this bit will only reset the processor core and Flash Memory Controller(FMC), and
this bit will automatically return to O after the 2 clock cycles.
[1] CPURST _ )
0 = Processor core normal operation.
1 = Processor core one-shot reset.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
Chip One-shot Reset (Write Protect)
Setting this bit will reset the whole chip, including Processor core and all peripherals, and
this bit will automatically return to O after the 2 clock cycles.
The CHIPRST is same as the POR reset, all the chip controllers is reset and the chip setting
from flash are also reload.
[0] CHIPRST )
About the difference between CHIPRST and SYSRESETREQ(AIRCR[2]), please refer to
section 6.2.2
0 = Chip normal operation.
1 = Chip one-shot reset.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Peripheral Reset Control Register 1 (SYS IPRST1)

NM1240

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

Register Offset R/W |Description Reset Value
SYS_IPRST1 [SYS_BA+0x0C |R/W |Peripheral Reset Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved ACMPRST Reserved ADCRST Reserved USCI2RST USCI1RST Reserved
23 22 21 20 19 18 17 16
Reserved EPWMRST Reserved BPWMRST
15 14 13 12 11 10 9 8
Reserved OPRST Reserved CAPRST
7 6 5 4 8 2 1 0
Reserved TMR2RST TMR1RST TMRORST GPIORST Reserved
Bits Description
[31] Reserved Reserved.
ACMP Controller Reset
[30] ACMPRST 0 = ACMP controller normal operation.
1 = ACMP controller reset.
[29] Reserved Reserved.
ADC Controller Reset
[28] ADCRST 0 = ADC controller normal operation.
1 = ADC controller reset.
[27] Reserved Reserved.
USCI2 Controller Reset
[26] USCI2RST 0 = USCI2 controller normal operation.
1 = USCI2 controller reset.
USCI1 Controller Reset
[25] USCI1RST 0 = USCI1 controller normal operation.
1 = USCI1 controller reset.
[24] Reserved Reserved. (Dummy register)
[23:21] Reserved Reserved.
Enhanced PWM Controller Reset
[20] EPWMRST 0 = EPWM controller normal operation.
1 = EPWM controller reset.
[19:17] Reserved Reserved.
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Basic PWM Controller Reset
[16] BPWMRST 0 = BPWM controller normal operation.
1 = BPWM controller reset.

[15:13] Reserved Reserved.

OP Controller Reset
[12] OPRST 0 = OP controller normal operation.
1 = OP controller reset.

[11:9] Reserved Reserved.

CAP Controller Reset
[8] CAPRST 0 = CAP controller normal operation.
1 = CAP controller reset.

[7:5] Reserved Reserved.

Timer2 Controller Reset
[4] TMR2RST 0 = Timer2 controller normal operation.
1 = Timer2 controller reset.

Timerl Controller Reset
[3] TMR1RST 0 = Timer1 controller normal operation.
1 = Timerl controller reset.

Timer0 Controller Reset
[2] TMRORST 0 = TimerO controller normal operation.
1 = TimerO controller reset.

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

[0] Reserved Reserved.
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HCLK Wait State Cycle Control Register (SYS WAIT)

Register Offset R/W |Description Reset Value
SYS_WAIT SYS_BA+0x10 R/W |HCLK Wait State Cycle 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
Reserved HCLKWS
Bits Description
[31:1] Reserved Reserved.
HCLK Wait State Cycle Control Bit
This bit is used to enable/disable HCLK wait state when access Flash.
[0] HCLKWS 0 = No wait state.
1 = One wait state inserted when CPU access Flash.
Note: When HCLK frequency is faster than 48M(60)Hz, insert one wait state is necessary.
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Brown-out Detector Control Register (SYS BODCTL)

Partial of the SYS_BODCTL control registers values are initiated by the flash configuration and partial
bits are write-protected bit.

Register Offset R/W |Description Reset Value
SYS_BODCTL |SYS_BA+0x18 [R/W |Brown-out Detector Control Register 0x0000_80XX
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
LVREN Reserved
7 6 5 4 3 2 1 0
BODOUT LVRLPM BODIF BODRSTEN BODVL BODEN
Bits Description
[31:16] Reserved Reserved.

Low Voltage Reset Enable Control (Write Protect)

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

[15] LVREN 0 = Low Voltage Reset function Disabled.

1 = Low Voltage Reset function Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
[14:8] Reserved Reserved.

Brown-out Detector Output Status

0 = Brown-out Detector output status is 0. It means the detected voltage is higher than
[7] BODOUT BODVL setting or BODEN is 0.

1 = Brown-out Detector output status is 1. It means the detected voltage is lower than
BODVL setting. If the BODEN is 0, BOD function disabled , this bit always responds 0000.

Low Voltage Reset Low Power Mode (Write Protect)
0 = LVR operate in normal mode (default).
1 = LVR Low Power mode Enabled.

Notel: The LVR consumes about 100uA in normal mode, the low power mode can reduce
the current to about 1/10 but slow the LVR response.

Note2: This bit is write protected. Refer to the SYS_REGLCTL register.

6] LVRLPM

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 BODVL setting.

[5] BODIF 1 = When Brown-out Detector detects the Vpp is dropped down through the voltage of
BODVL setting or the Vpp is raised up through the voltage of BODVL 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.
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Bits Description

Brown-out Reset Enable Control (Write Protect)

The default value is set by flash controller user configuration register
CBORST(CONFIGO[19]) bit .

0 = Brown-out “INTERRUPT” function Enabled.
1 = Brown-out “RESET” function Enabled.
Notel:

[4] BODRSTEN While the Brown-out Detector function is enabled (BODEN high) and BOD reset function is
enabled (BODRSTEN high), BOD will assert a signal to reset chip when the detected voltage
is lower than the threshold (BODOUT high).

While the BOD function is enabled (BODEN high) and BOD interrupt function is enabled
(BODRSTEN low), BOD will assert an interrupt if BODOUT is high. BOD interrupt will keep
till to the BODEN set to 0. BOD interrupt can be blocked by disabling the NVIC BOD interrupt
or disabling BOD function (set BODEN low). BOD will wake CPU up when BODOUT is high
in power-down mode.

Note2: This bit is write protected. Refer to the SYS_REGLCTL register.

Brown-out Detector Threshold Voltage Selection (Write Protect)

The default value is set by flash controller user configuration register CBOV (CONFIGO
[15:13]).

000 = Brown-Out Detector threshold voltage is 2.0V.
001 = Brown-Out Detector threshold voltage is 2.2V.
010 = Brown-Out Detector threshold voltage is 2.4V.
011 = Brown-Out Detector threshold voltage is 2.7V.
100 = Brown-Out Detector threshold voltage is 3.0V.
101 = Brown-Out Detector threshold voltage is 3.7V.
110 = Brown-Out Detector threshold voltage is 4.0V.
111 = Brown-Out Detector threshold voltage is 4.3V.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[3:1] BODVL

Brown-out Detector Enable Control (Write Protect)

The default value is set by flash controller user configuration register CBODEN (CONFIGO
[11]).

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

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Internal Voltage Source Control Reqgister (SYS IVSCTL)

Register Offset R/W |Description Reset Value
SYS_IVSCTL [SYS_BA+0x1C [R/W [Internal Voltage Source 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 VTEMPEN
Bits Description
[31:1] Reserved Reserved.
Temperature Sensor Enable Control
This bit is used to enable/disable temperature sensor function.
0] VTEMPEN 0 = Temperature sensor function Disabled (default).
1 = Temperature sensor function Enabled.
Note: After this bit is set to 1, the value of temperature sensor output can be obtained from
A/D conversion result. Please refer to ADC function chapter for details.
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Power-on Reset Controller Register (SYS PORCTL)

Register Offset R/W |Description Reset Value
SYS_PORCTL [SYS_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
POROFF
7 6 5 4 3 2 1 0
POROFF
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 0x5AAS5 to this field.
[15:0] POROFF The POR function will be active again when this field is set to another value or chip is reset
by other reset source, including:
nRESET, Watchdog, LVR reset, BOD reset, ICE reset command and the software-chip reset|
function.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

October 01, 2021 Page 69 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
‘_

GPIOA Multiple Function Control Register (SYS GPA MFP)
Please refer to GPIO Multi-function Pin Summary

Register Offset R/W |Description Reset Value
SYS_GPA_MFP |SYS_BA+0x30 [R/W [GPIOA Multiple Function Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PA7TMFP PAG6MFP
23 22 21 20 19 18 17 16
PASMFP PA4MFP
15 14 13 12 11 10 9 8
PA3MFP PA2MFP
7 6 5 4 3 2 1 0
PA1MFP PAOMFP
Bits Description
[31:28] PATMFP PA.7 Multi-function Pin Selection
[27:24] PA6MFP PA.6 Multi-function Pin Selection
[23:20] PASMFP PA.5 Multi-function Pin Selection
[19:16] PA4MFP PA.4 Multi-function Pin Selection
[15:12] PA3MFP PA.3 Multi-function Pin Selection
[11:8] PA2MFP PA.2 Multi-function Pin Selection
[7:4] PA1LMFP PA.1 Multi-function Pin Selection
[3:0] PAOMFP PA.0 Multi-function Pin Selection

Note: Refer to Section 4.3.1 NM1240 Series Pin Description Overview for the definition of MFP value.
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GPIOB Multiple Function Control Register (SYS GPB _MFP)
Please refer to GPIO Multi-function Pin Summary

Register Offset R/W |Description Reset Value
SYS_GPB_MFP |SYS_BA+0x34 |R/W [GPIOB Multiple Function Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PB7MFP PB6MFP
23 22 21 20 19 18 17 16
PB5MFP PB4MFP
15 14 13 12 11 10 9 8
PB3MFP PB2MFP
7 6 5 4 3 2 1 0
PB1MFP PBOMFP
Bits Description
[31:28] PB7MFP PB.7 Multi-function Pin Selection
[27:24] PB6MFP PB.6 Multi-function Pin Selection
[23:20] PB5MFP PB.5 Multi-function Pin Selection
[19:16] PB4MFP PB.4 Multi-function Pin Selection
[15:12] PB3MFP PB.3 Multi-function Pin Selection
[11:8] PB2MFP PB.2 Multi-function Pin Selection
[7:4] PB1MFP PB.1 Multi-function Pin Selection
[3:0] PBOMFP PB.0 Multi-function Pin Selection

Note: Refer to Section 4.3.1 NM1240 Series Pin Description Overview for the definition of MFP value.
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GPIOC Multiple Function Control Register (SYS GPC MFP)
Please refer to GPIO Multi-function Pin Summary

Register Offset R/W |Description Reset Value
SYS_GPC_MFP [SYS_BA+0x38 [R/W |GPIOC Multiple Function Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PC7MFP PC6MFP
23 22 21 20 19 18 17 16
PC5MFP PC4AMFP
15 14 13 12 11 10 9 8
PC3MFP PC2MFP
7 6 5 4 3 2 1 0
PC1IMFP PCOMFP
Bits Description
[31:28] PC7MFP PC.7 Multi-function Pin Selection
[27:24] PC6MFP PC.6 Multi-function Pin Selection
[23:20] PC5MFP PC.5 Multi-function Pin Selection
[19:16] PC4AMFP PC.4 Multi-function Pin Selection
[15:12] PC3MFP PC.3 Multi-function Pin Selection
[11:8] PC2MFP PC.2 Multi-function Pin Selection
[7:4] PC1IMFP PC.1 Multi-function Pin Selection
[3:0] PCOMFP PC.0 Multi-function Pin Selection

Note: Refer to Section 4.3.1 NM1240 Series Pin Description Overview for the definition of MFP value.
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GPIOD Multiple Function Control Reqgister (SYS GPD MFP)

Please refer to GPIO Multi-function Pin Summary

Register Offset R/W |Description Reset Value
SYS_GPD_MFP [SYS_BA+0x3C |R/W |GPIOD Multiple Function Control Register 0x0010_0010
31 30 29 28 27 26 25 24
PD7MFP PD6MFP
23 22 21 20 19 18 17 16
PD5MFP PD4AMFP
15 14 13 12 11 10 9 8
PD3MFP PD2MFP
7 6 5 4 3 2 1 0
PD1IMFP Reserved
Bits Description
[31:28] PD7MFP PD.7 Multi-function Pin Selection
[27:24] PD6MFP PD.6 Multi-function Pin Selection
[23:20] PD5MFP PD.5 Multi-function Pin Selection
[19:16] PD4AMFP PD.4 Multi-function Pin Selection
[15:12] PD3MFP PD.3 Multi-function Pin Selection
[11:8] PD2MFP PD.2 Multi-function Pin Selection
[7:4] PD1IMFP PD.1 Multi-function Pin Selection
[3:0] Reserved Reserved.

Note: Refer to Section 4.3.1 NM1240 Series Pin Description Overview for the definition of MFP value.

October 01, 2021

Page 73 of 522

Rev.0.1




NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
‘_

GPIOE Multiple Function Control Reqgister (SYS GPE MFP)
Please refer to GPIO Multi-function Pin Summary

Register Offset R/W |Description Reset Value
SYS_GPE_MFP [SYS_BA+0x40 |R/W |GPIOE Multiple Function Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PE7MFP PEG6MFP
23 22 21 20 19 18 17 16
PES5MFP PE4AMFP
15 14 13 12 11 10 9 8
PE3MFP PE2MFP
7 6 5 4 3 2 1 0
PE1IMFP PEOMFP
Bits Description
[31:28] PE7MFP PE.7 Multi-function Pin Selection
[27:24] PE6MFP PE.6 Multi-function Pin Selection
[23:20] PESMFP PE.5 Multi-function Pin Selection
[19:16] PE4MFP PE.4 Multi-function Pin Selection
[15:12] PE3MFP PE.3 Multi-function Pin Selection
[11:8] PE2MFP PE.2 Multi-function Pin Selection
[7:4] PE1MFP PE.1 Multi-function Pin Selection
[3:0] PEOMFP PE.O Multi-function Pin Selection

Note: Refer to Section 4.3.1 NM1240 Series Pin Description Overview for the definition of MFP value.
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GPIOF Multiple Function Control Register (SYS GPF MFP)
Please refer to GPIO Multi-function Pin Summary

Register Offset R/W |Description Reset Value
SYS_GPF_MFP [SYS_BA+0x44 |R/W |GPIOF Multiple Function Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved Reserved
23 22 21 20 19 18 17 16
Reserved PE4AMEP
15 14 13 12 11 10 9 8
PF3MFP PF2MFP
7 6 5 4 3 2 1 0
PF1MFP PFOMFP
Bits Description
[31:28] Reserved Reserved.
[27:24] Reserved Reserved.
[23:20] Reserved Reserved.
[19:16] PFAMFP PF.4 Multi-function Pin Selection
[15:12] PF3MFP PF.3 Multi-function Pin Selection
[11:8] PF2MFP PF.2 Multi-function Pin Selection
[7:4] PF1IMFP PF.1 Multi-function Pin Selection
[3:0] PFOMFP PF.0 Multi-function Pin Selection

Note: Refer to Section 4.3.1 NM1240 Series Pin Description Overview for the definition of MFP value.
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Register Lock Control Register (SYS REGLCTL)

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 SYS_REGLCTL 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 bitO,
1 is protection disable, and 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.

This register is writen to disable/enable register protection and read for the REGLCTL status.

Register Offset R/W |Description Reset Value
SYS_REGLCTL |SYS_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

REGPROTDIS/REGLCTL

Bits Description

[31:8] Reserved Reserved.

Register Write-protection Code (Write Only)

Some registers have write-protection function. Writing these registers have to disable the
[7:1] REGPROTDIS protected function by writing the sequence value 0x59, 0x16, 0x88 to this field. After this
sequence is completed, the SYS_REGLCTL bit will be set to 1 and write-protection registers
can be normal write.

Register Lock Control Disable Index (Read Only)

0 = Write-protection Enabled for writing protected registers. Any write to the protected
register is ignored.

1 = Write-protection Disabled for writing protected registers.
[l REGLCTL The Protected registers are:
SYS_IPRSTO
SYS_IPRSTO
SYS_BODCTL

LDOCR
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SYS_PORCTL
CLK_PWRCTL
CLK_APBCLK bit[0]
CLK_CLKSELO
CLK_CLKSELL bit[1:0]
NMI_SEL bit[8]
FMC_ISPCTL
FMC_ISPTRG
WDT_CTL

Note: The bits which are write-protected will be noted as” (Write Protect)” beside the
description.
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Temperature Sensor Offset Register (SYS TSOFFSET)

Register Offset R/W |Description Reset Value
?YS—TSOFFSE SYS_BA+0x114 |R Temperature Sensor Offset Register OXXXXX_XXXX
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
BGVAL
15 14 13 12 11 10 9 8
VTEMP125
7 6 5 4 3 2 1 0
VTEMP25
Bits Description
[31:24] Reserved Reserved.
The ADC value of Band-Gap = (BGVAL+ 896) LSB at VDD = 5000mV. Software can use
this value to derivation the Vpp voltage.
[23:16] BGVAL Ex:
VDD = (BGVAL + 896) X 5000(mV)
= ADC value of BAND GAP m
i i 0 - = =
[15:8] VTEMP125 The ADC value of thermal diode in 125°C (+/- 3) = (VTEMP125 + 256) LSB at VDD
5000mV.
i i 0 - = =
[7:0] VTEMP25 'SFQSO,:\HI?/C value of thermal diode in 25°C (+/- 2) = (VTEMP125 + 512) LSB at VDD

Note: The value in TSOFFSET was mearsured data while the MCU was under testing. The test machine

may have some temperature deviation.
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6.2.10 System Timer (SysTick)

The Cortex®-MO includes an integrated system timer, SysTick, which provides a simple, 24-bit
cleared-on-write, decrementing, wrap-on-zero counter with a flexible control mechanism. The
counter can be used in several different ways, for example:

An RTOS tick timer fires at a programmable rate (for example 100Hz) and invokes a SysTick
routine.

A high-speed alarm timer uses Core clock.

A variable rate alarm or signal timer — the duration range is dependent on the reference clock used
and the dynamic range of the counter.

A simple counter can be used by software to measure task completion time.

An internal Clock Source control based on missing/meeting durations. The COUNTFLAG bit-field
in the control and status register can be used to determine if an action completed within a set
duration, as part of a dynamic clock management control loop.

When enabled, the timer 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 edge, and then decrement on subsequent clocks. When the counter
transitions to 0, the COUNTFLAG status bit is set. The COUNTFLAG bit clears on read.

The SYST_CVR value is UNKNOWN on reset. Software should write to the register to clear it to 0
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 zero, the timer will be maintained with a current value of zero 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®-MO0 Technical Reference Manual’
and “ARM® v6-M Architecture Reference Manual”.
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6.2.10.1 System Timer Control Register Map
R: read only, W: write only, R/W: both read and write, W&C: write 1 to clear

Register Offset R/W |Description Reset Value

SCS Base Address:
SCS_BA = 0xE000_E000

SYST_CTL SCS_BA+0x10 R/W |SysTick Control and Status 0x0000_0004
SYST_RVR SCS_BA+0x14 R/W |SysTick Reload Value Register OXXXXX_XXXX
SYST_CVR SCS_BA+0x18 R/W |SysTick Current Value Register OXXXXX_XXXX
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6.2.10.2 System Timer Control Register Description

SysTick Control and Status (SYST CTL)

Register Offset R/W |Description Reset Value
SYST_CTL SCS_BA+0x10 R/W |SysTick Control and Status 0x0000_0004
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.

System Tick Counter Flag
Return 1 If Timer Counted to 0 Since Last Time this Register Was Read

[16] COUNTFLAG ] i )
0 = COUNTFLAG is cleared on read or by a write to the Current Value register.
1 = COUNTFLAG is set by a count transition from 1 to 0.

[15:3] Reserved Reserved.

System Tick Clock Source Select Bit
[2] CLKSRC 0 = Clock source is optional, refer to STCLKSEL.
1 = Core clock used for SysTick timer.

System Tick Interrupt Enable Control

0 = Counting down to 0 will not cause the SysTick exception to be pended. User can use
[1] TICKINT COUNTFLAG to determine if a count to zero has occurred.

1 = Counting down to 0 will cause the SysTick exception to be pended. Clearing the SysTick
Current Value register by a register write in software will not cause SysTick to be pended.

System Tick Counter Enable Control
[0] ENABLE 0 = System Tick counter Disabled.
1 = System Tick counter will operate in a multi-shot manner.
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SysTick Reload Value Register (SYST RVR)

Register Offset R/W |Description Reset Value
SYST_RVR SCS_BA+0x14 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
RELOAD
15 14 13 12 11 10 9 8
RELOAD
7 6 5 4 3 2 1 0
RELOAD
Bits Description
[31:24] Reserved Reserved.
[23.0] RELOAD System Tick Beload Value .
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 SCS_BA+0x18 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
15 14 13 12 11 10 9 8
CURRENT
7 6 5 4 3 2 1 0
CURRENT

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.
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6.2.11 Nested Vectored Interrupt Control (NVIC)

6.2.11.1 Overview

The Cortex®-M0 CPU 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.

6.2.11.2 Features

Nested and Vectored interrupt support

®  Automatic processor state saving and restoration
® Dynamic priority change
® 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®-MO0 Technical Reference Manual’
and “ARM® v6-M Architecture Reference Manual”.

The processor automatically stacks its state on exception entry and unstacks this state on exception
exit, with no instruction overhead. This provides low latency exception handling.

6.2.11.3 Exception Model and System Interrupt Map

Table 6.2-9 lists the exception model supported by the NM1240 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 the priority O is treated as the fourth priority on the system,
after three system exceptions “Reset”, “NMI” and “Hard Fault”.
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Exception Name Vector Number Priority
Reset 1 -3
NMI 2 -2
Hard Fault 3 -1
Reserved 4~10 Reserved
SvVCall 11 Configurable
Reserved 12~13 Reserved
PendsVv 14 Configurable
SysTick 15 Configurable
Interrupt (IRQO ~ IRQ31) 16 ~ 47 Configurable

Table 6.2-9 Exception Model

I Int.errupt Number o
N — (Bit In Interrupt|Interrupt Name  fInterrupt Description
Registers)
0~15 - - System exceptions
16 0 BOD_OUT Brown-Out low voltage detected interrupt
17 1 WDTPINT Watchdog Timer interrupt
18 2 Reserved Reserved
19 3 USCIL1_INT USCI1 interrupt
20 4 GP_INT External interrupt from GPA ~ GPF pins
21 5 EPWM_INT EPWM interrupt
22 6 BRAKEO_INT EPWM brake interrupt from PWMO0 or PWM_BRAKE pin
23 7 BRAKEL_INT EPWM brake interrupt from PWM1
24 8 BPWMO_INT BPWMO interrupt
25 9 BPWM1_INT BPWML interrupt
26 10 Reserved Reserved
27 11 USCI2_INT USCI2 interrupt
28 12 Reserved Reserved
29 13 Reserved Reserved
30 14 Reserved Reserved
31 15 ECAP_INT Enhanced Input Capture interrupt
32 16 CCAP_INT Continues Input Capture interrupt
33 17 Reserved Reserved
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34 18 Reserved Reserved

35 19 GDMA_INTO GDMA_CHO interrupt

36 20 GDMA_INT1 GDMA_CHL1 interrupt

37 21 HIRCTRIM_INT HIRC TRIM interrupt

38 22 TMRO_INT Timer O interrupt

39 23 TMRL_INT Timer 1 interrupt

40 24 TMR2_INT Timer 2 nterrupt

41 25 Reserved Reserved

42 26 ACMP_INT Analog Comparator 0 or Comparator 1 interrupt
43 27 Reserved Reserved

44 28 PWRWU_INT Chip wake-up from Power-down state interrupt
45 29 ADCO_INT ADCO interrupt

46 30 ADC1_INT ADCL1 interrupt

47 31 Reserved Reserved

Table 6.2-10 System Interrupt Map Vector Table

6.2.11.4 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 based
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 the exception handler
entry as illustrated in previous section.

Vector Table Word Offset (Bytes) Description

0x00 Initial Stack Pointer Value

Exception Number * 0x04 Exception Entry Pointer using that Exception Number

Table 6.2-11 Vector Table Format

6.2.11.5 Operation Description

The 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 activate. 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
to enable/disable the interrupts, named the Set-Pending Register and Clear-Pending Register
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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.
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6.2.11.6 NVIC Control Registers Map
R: read only, W: write only, R/W: both read and write

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

SCS_BA = 0xEO000_E000

NVIC_ISER SCS_BA+0x100 R/W |IRQO ~ IRQ31 Set-enable Control Register 0x0000_0000
NVIC_ICER |SCS_BA+0x180 R/W |IRQO ~ IRQ31 Clear-enable Control Register 0x0000_0000
NVIC_ISPR SCS_BA+0x200 R/W [IRQO ~ IRQ31 Set-pending Control Register 0x0000_0000
NVIC_ICPR |SCS_BA+0x280 R/W |IRQO ~ IRQ31 Clear-pending Control Register 0x0000_0000
NVIC_IPRO SCS_BA+0x400 R/W  |IRQO ~ IRQ3 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR1 SCS_BA+0x404 |R/W [IRQ4 ~ IRQY7 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR2 SCS_BA+0x408 |R/W [IRQ8 ~IRQ11 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR3 SCS_BA+0x40C [R/W [|IRQ12 ~ IRQ15 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR4 SCS_BA+0x410 R/W |IRQ16 ~ IRQ19 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR5 SCS_BA+0x414 |R/W [|IRQ20 ~ IRQ23 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR6 SCS_BA+0x418 R/W  |IRQ24 ~ IRQ27 Interrupt Priority Control Register 0x0000_0000
NVIC_IPR7 SCS_BA+0x41C |R/W [|IRQ28 ~ IRQ31 Interrupt Priority Control Register 0x0000_0000
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6.2.11.7 NVIC Control Registers Description
IRQO ~ IRQ31 Set-enable Control Register (NVIC_ISER)

Register Offset R/W |Description Reset Value
NVIC_ISER SCS_BA+0x100 R/W [IRQO ~ IRQ31 Set-enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETENA
23 22 21 20 19 18 17 16
SETENA
15 14 13 12 11 10 9 8
SETENA
7 6 5 4 3 2 1 0
SETENA
Bits Description
Interrupt Enable Register
Enable one or more interrupts. Each bit represents an interrupt number from IRQO ~ IRQ31
(Vector number from 16 ~ 47).
Write operation:
0 = No effect.
[31:0] SETENA 1 = Write 1 to enable associated interrupt.
Read operation:
0 = Assaociated interrupt status is Disabled.
1 = Associated interrupt status is Enabled.
Read value indicates the current enable status.
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IRO0 ~ IRQ31 Clear-enable Control Register (NVIC ICER)

Register Offset R/W |Description Reset Value
NVIC_ICER |SCS_BA+0x180 R/W |IRQO ~ IRQ31 Clear-enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CLRENA
23 22 21 20 19 18 17 16
CLRENA
15 14 13 12 11 10 9 8
CLRENA
7 6 5 4 3 2 1 0
CLRENA
Bits Description
Interrupt Disable Register
Disable one or more interrupts. Each bit represents an interrupt number from IRQO ~ IRQ31
(Vector number from 16 ~ 47).
Write operation:
0 = No effect.
[31:0] CLRENA 1 = Write 1 to disable associated interrupt.
Read operation:
0 = Associated interrupt status Disabled.
1 = Associated interrupt status Enabled.
Note: Read value indicates the current enable status.
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IRO0 ~ IRQ31 Set-pending Control Reqgister (NVIC ISPR)

Register Offset R/W  |Description Reset Value
NVIC_ISPR SCS_BA+0x200 R/W |IRQO ~ IRQ31 Set-pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
SETPEND
23 22 21 20 19 18 17 16
SETPEND
15 14 13 12 11 10 9 8
SETPEND
7 6 5 4 3 2 1 0
SETPEND
Bits Description
Set Interrupt Pending Register
Write operation:
0 = No effect.
1 =Write 1 to set pending state. Each bit represents an interrupt number from IRQO ~ IRQ31
[31:0] SETPEND (Vector number from 16 ~ 47).
Read operation:
0 = Associated interrupt in not in pending status.
1 = Associated interrupt is in pending status.
Note: Read value indicates the current pending status.
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IRO0 ~ IRQ31 Clear-pending Control Register (NVIC ICPR)

Register Offset R/W  |Description Reset Value
NVIC_ICPR |SCS_BA+0x280 R/W |IRQO ~ IRQ31 Clear-pending Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CLRPEND
23 22 21 20 19 18 17 16
CLRPEND
15 14 13 12 11 10 9 8
CLRPEND
7 6 5 4 3 2 1 0
CLRPEND
Bits Description
Clear Interrupt Pending Register
Write operation:
0 = No effect.
1 = Write 1 to clear pending state. Each bit represents an interrupt number from IRQO ~
[31:0] CLRPEND IRQ31 (Vector number from 16 ~ 47).
Read operation:
0 = Associated interrupt in not in pending status.
1 = Associated interrupt is in pending status.
Note: Read value indicates the current pending status.
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IRO0 ~ IRQ3 Interrupt Priority Register (NVIC IPR0O)

Register Offset R/W  |Description Reset Value
NVIC_IPRO SCS_BA+0x400 R/W  |IRQO ~ IRQ3 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI3 Reserved
23 22 21 20 19 18 17 16
PRI2 Reserved
15 14 13 12 11 10 9 8
PRI1 Reserved
7 6 5 4 3 2 1 0
PRIO Reserved
Bits Description
Priority of IRQ3
[31:30] PRI3 Y Q_ . o
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ2
[23:22] PRI2 y of IRQ: o o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ1
[15:14] PRI1 y Q_ o o
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQO
[7:6] PRIO Y Q_ - .
0 denotes the highest priority and 3 denotes the 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 SCS_BA+0x404 |R/W |IRQ4 ~ IRQ7 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI7 Reserved
23 22 21 20 19 18 17 16
PRI6 Reserved
15 14 13 12 11 10 9 8
PRI5 Reserved
7 6 5 4 3 2 1 0
PRI4 Reserved
Bits Description
Priority of IRQ7
[31:30] PRI7 Y Q_ . .
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ6
[23:22] PRIG y of IRQE o -
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ5
[15:14] PRI5 y Q_ o o
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ4
[7:6] PRI4 y Q_ L L
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO8 ~ IRQ11 Interrupt Priority Register (NVIC IPR2)

Register Offset R/W  |Description Reset Value
NVIC_IPR2 SCS_BA+0x408 R/W  |IRQ8 ~ IRQ11 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI11 Reserved
23 22 21 20 19 18 17 16
PRI10 Reserved
15 14 13 12 11 10 9 8
PRI9 Reserved
7 6 5 4 3 2 1 0
PRI8 Reserved
Bits Description
[31:30] PRI Priority of IRQ.ll N N
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
[23:22] PRI10 Priority of IRQ:.LO N N
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ9
[15:14] PRI9 0 deno)t/es ththighest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ8
[7:61 PRIS 0 deno)t/es ththighest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO12 ~ IRQ15 Interrupt Priority Register (NVIC IPR3)

NM1240

Register Offset R/W |Description Reset Value
NVIC_IPR3 SCS_BA+0x40C |R/W |IRQ12 ~ IRQ15 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI15 Reserved
23 22 21 20 19 18 17 16
PRI14 Reserved
15 14 13 12 11 10 9 8
PRI13 Reserved
7 6 5 4 3 2 1 0
PRI12 Reserved
Bits Description
Priority of IRQ15
[31:30] PRI15 . o .
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ14
[23:22] PRI14 _ o o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ13
[15:14] PRI13 ] o o
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ12
[7:6] PRI12 y Q_ L L
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO16 ~ IRQ19 Interrupt Priority Reqgister (NVIC IPR4)

Register Offset R/W  |Description Reset Value
NVIC_IPR4 SCS_BA+0x410 R/W |IRQ16 ~ IRQ19 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI19 Reserved
23 22 21 20 19 18 17 16
PRI18 Reserved
15 14 13 12 11 10 9 8
PRI17 Reserved
7 6 5 4 3 2 1 0
PRI16 Reserved
Bits Description
Priority of IRQ19
[31:30] PRI19 . . .
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ18
[23:22] PRI18 . . o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ17
[15:14] PRI17 _ o o
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ16
[7:6] PRI16 y Q_ L L
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO20 ~ IRQ23 Interrupt Priority Register (NVIC IPR5)

Register Offset R/W |Description Reset Value
NVIC_IPR5 SCS_BA+0x414 |R/W |IRQ20 ~ IRQ23 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI23 Reserved
23 22 21 20 19 18 17 16
PRI22 Reserved
15 14 13 12 11 10 9 8
PRI21 Reserved
7 6 5 4 3 2 1 0
PRI20 Reserved
Bits Description
Priority of IRQ23
[31:30] PRI23 . . .
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ22
[23:22] PRI22 _ o o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ21
[15:14] PRI21 _ o .
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ20
[7:6] PRI20 y Q_ o o
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO24 ~ IRQ27 Interrupt Priority Register (NVIC IPR6)

Register Offset R/W |Description Reset Value
NVIC_IPR6 SCS_BA+0x418 R/W  |IRQ24 ~ IRQ27 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI27 Reserved
23 22 21 20 19 18 17 16
PRI26 Reserved
15 14 13 12 11 10 9 8
PRI25 Reserved
7 6 5 4 3 2 1 0
PRI24 Reserved
Bits Description
Priority of IRQ27
[31:30] PRI27 . . o
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ26
[23:22] PRI26 ] o o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ25
[15:14] PRI25 ] o o
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ24
[7:6] PRI24 y Q_ L L
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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IRO28 ~ IRQ31 Interrupt Priority Register (NVIC IPR7)

NM1240

Register Offset R/W  |Description Reset Value
NVIC_IPR7 SCS_BA+0x41C |R/W |IRQ28 ~ IRQ31 Interrupt Priority Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRI31 Reserved
23 22 21 20 19 18 17 16
PRI30 Reserved
15 14 13 12 11 10 9 8
PRI29 Reserved
7 6 5 4 3 2 1 0
PRI28 Reserved
Bits Description
Priority of IRQ31
[31:30] PRI31 ) o .
0 denotes the highest priority and 3 denotes the lowest priority.
[29:24] Reserved Reserved.
Priority of IRQ30
[23:22] PRI30 . o o
0 denotes the highest priority and 3 denotes the lowest priority.
[21:16] Reserved Reserved.
Priority of IRQ29
[15:14] PRI29 ] o o
0 denotes the highest priority and 3 denotes the lowest priority.
[13:8] Reserved Reserved.
Priority of IRQ28
[7:6] PRI28 y Q_ o o
0 denotes the highest priority and 3 denotes the lowest priority.
[5:0] Reserved Reserved.
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6.2.11.8 Interrupt Source Control Registers Map

Besides the interrupt control registers associated with the NVIC, the NM1240 series also
implements some specific control registers to facilitate the interrupt functions, including "NMI source
selection” and “IRQ number identity”, which are 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

INT_NMICTL |INT_BA+0x80 R/W  [NMI Source Interrupt Select Control Register 0x0000_0000

INT_IRQSTS |INT_BA+0x84 R/W  [MCU IRQ Number Identity Register 0x0000_0000

6.2.11.9 Interrupt Source Control Register Description

NMI Interrupt Source Select Control Register (INT _NMICTL)

Register Offset R/W |Description Reset Value
INT_NMICTL [INT_BA+0x80 R/W  |NMI Source Interrupt Select 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 NMISELEN
7 6 5 4 3 2 1 0
Reserved NMISEL
Bits Description
[31:9] Reserved Reserved.
NMI Interrupt Enable Control (Write Protected)
0 = NMI interrupt Disabled.
[8] NMISELEN 1 = NMI interrupt Enabled.
Note: This bit is the protected bit, and programming it needs to write 0x59, 0x16, and 0x88
to address 0x5000_0100 to disable register protection. Refer to the register SYS_REGLCTL
at address SYS_BA+0x100.
[7:5] Reserved Reserved.
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Bits Description
NMI Interrupt Source Selection

[4:0] NMISEL The NMI interrupt to Cortex®-M0 can be selected from one of the peripheral interrupt by,
setting NMTSEL.
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MCU Interrupt Request Source Reqgister (INT IRQSTS)

Register Offset R/W |Description Reset Value
INT_IRQSTS |[INT_BA+0x84 R/W |MCU IRQ Number Identity Register 0x0000_0000
31 30 29 28 27 26 25 24
IRQ
23 22 21 20 19 18 17 16
IRQ
15 14 13 12 11 10 9 8
IRQ
7 6 5 4 3 2 1 0
IRQ
Bits Description
MCU IRQ Source Register
The IRQ collects all the interrupts from the peripherals and generates the synchronous
interrupt to Cortex®-MO0 core. There is one mode to generate interrupt to Cortex®-MO - the
normal mode.
[31:0] IRQ The IRQ collects all interrupts from each peripheral and synchronizes them then interrupts
the Cortex®-MO.
When the IRQ[n] is 0, setting IRQ[n] to 1 will generate an interrupt to Cortex®-MO0 NVIC[n].
When the IRQ[n] is 1 (i.e. an interrupt is assert), setting 1 to the MCU_bit[n] will clear the
interrupt and setting IRQ[n] 0 has no effect.
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6.2.12 System Control Registers

Key control and status features of Cortex®-M0 are managed centrally in a System Control Block
within the System Control Registers.

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

6.2.12.1 System Control Register Memory Map

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

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

SCS_BA = 0xE000_E000

SCS_CPUID |SCS_BA+0xD00 R CPUID Base Register 0x410C_C200
SCS_ICSR SCS_BA+0xD04 R/W [Interrupt Control State Register 0x0000_0000
SCS_AIRCR  [SCS_BA+0xDOC RIW ’Qre’g'i'sct?rw” Interrupt - and - Reset - Controlly, e 65 0000
SCS_SCR SCS_BA+0xD10 R/W |System Control Register 0x0000_0000
SCS_SHPR2 |SCS_BA+0xD1C R/W |System Handler Priority Register 2 0x0000_0000
SCS_SHPR3 |SCS_BA+0xD20 R/W |System Handler Priority Register 3 0x0000_0000
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6.2.12.2 System Control Register Description
CPUID Base Register (CPUID)

Register Offset R/W |Description Reset Value
SCS_CPUID |SCS_BA+0xD00 R CPUID Base Register 0x410C_C200
31 30 29 28 27 26 25 24
IMPLEMENTER
23 22 21 20 19 18 17 16
Reserved PART
15 14 13 12 11 10 9 8
PARTNO
7 6 5 4 3 2 1 0
PARTNO REVISION
Bits Description
Implementer Code
[31:24] IMPLEMENTER .
Implementer code assigned by ARM ( ARM = 0x41).
[23:20] Reserved Reserved.
Architecture of the Processor
[19:16] PART
Reads as 0xC for ARMv6-M parts
Part Number of the Processor
[15:4] PARTNO
Reads as 0xC20.
Revision Number
[3:0] REVISION
Reads as 0x0
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Interrupt Control State Reqgister (ICSR)

Register Offset R/W |Description Reset Value
SCS_ICSR SCS_BA+0xD04 R/W |Interrupt Control State Register 0x0000_0000
31 30 29 28 27 26 25 24
NMIPENDSET Reserved PENDSVSET | PENDSVCLR | PENDSTSET | PENDSTCLR Reserved
23 22 21 20 19 18 17 16
ISRPREEMPT | ISRPENDING Reserved VECTPENDING
15 14 13 12 11 10 9 8
VECTPENDING Reserved VECTACTIVE
7 6 5 4 3 2 1 0
VECTACTIVE
Bits Description
NMI Set-pending Bit
Write Operation:
0 = No effect.
1 = Changes NMI exception state to pending.
Read Operation:
[31] NMIPENDSET _ ,
0 = NMI exception not pending.
1 = NMI exception pending.
Note: Because NMI is the highest-priority exception, normally the processor entersthe NMI
exception handler as soon as it detects a write of 1 to this bit. Entering thehandler then
clears this bit to 0. This means a read of this bit by the NMI exceptionhandler returns 1 only
if the NMI signal is reasserted while the processor is executingthat handler.
[30:29] Reserved Reserved.
PendSV Set-pending Bit
Write Operation:
0 = No effect.
1 = Changes PendSV exception state to pending.
[28] PENDSVSET _
Read Operation:
0 = PendSV exception is not pending.
1 = PendSV exception is pending.
Note: Writing 1 to this bit is the only way to set the PendSV exception state to pending
PendSV Clear-pending Bit
Write Operation:
[27] PENDSVCLR |0 = No effect
1 = Removes the pending state from the PendSV exception.
This bit is write-only. To clear the PENDSV bit, you must “write 0 to PENDSVSET andwrite
1 to PENDSVCLR” at the same time.
[26] PENDSTSET SysTick Exception Set-pending Bit
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Write Operation:
0 = No effect.
1 = Changes SysTick exception state to pending.

Read Operation:
0 = SysTick exception is not pending.
1 = SysTick exception is pending.

SysTick Exception Clear-pending Bit
Write Operation:
0 = No effect.

[25] PENDSTCLR
1 = Removes the pending state from the SysTick exception.
Note: This bit is write-only. When you want to clear PENDST bit, you must “write O
toPENDSTSET and write 1 to PENDSTCLR” at the same time.
[24] Reserved Reserved.
Interrupt Preempt Bit(Read Only)
[23] ISRPREEMPT

If set, a pending exception will be serviced on exit from the debug halt state

Interrupt Pending Flag,Excluding NMI and Faults (Read Only)
[22] ISRPENDING 0 = Interrupt not pending.
1 = Interrupt pending.

[21] Reserved Reserved.

Exception Number of the Highest Priority Pending Enabled Exception
[20:12] VECTPENDING [0 = No pending exceptions.
Non-zero = Exception number of the highest priority pending enabled exception.

[11:9] Reserved Reserved.

Contains the Active Exception Number
[8:0] VECTACTIVE 0 = Thread mode.
Non-zero = Exception number of the currently active exception.

October 01, 2021 Page 107 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
‘_

Application Interrupt and Reset Control Reqgister (SCS AIRCR)

Register Offset R/W |Description Reset Value
SCS_AIRCR |SCS_BA+0xDOC |R/W |Application Interrupt and Reset Control Register O0xFAO05_0000
31 30 29 28 27 26 25 24
VECTORKEY
23 22 21 20 19 18 17 16
VECTORKEY
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved SYSREQSETRE VEC-TI-I?/LERAC Reserved

Bits Description

Register Access Key
Write Operation:

When writing to this register, the VECTORKEY field need to be set to 0x05FA, otherwise
[31:16] VECTORKEY the write operation would be ignored. The VECTORKEY filed is used to prevent accidental
write to this register from resetting the system or clearing of the exception status.

Read Operation:
Read as OxFAO5.

[15:3] Reserved Reserved.

System Reset Request

2] SYSRESETREQ \rl(\elgﬂggtg(\;s bit 1 will cause a reset signal to be asserted to the chip to indicate a reset is

The bit is a write only bit and self-clears as part of the reset sequence.

Exception Active Status Clear Bit

[1] VECTCLRACTIVE [Reserved for debug use. When writing to the register, user must write 0 to this bit, otherwise
behavior is unpredictable.

[0] Reserved Reserved.
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System Control Register (SCR)

Register Offset R/W |Description Reset Value
SCS_SCR SCS_BA+0xD10 R/W |System 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 SEVONPEND | Reserved SLEEPDEEP SLEEI:_ONEXI Reserved
Bits Description
[31:5] Reserved Reserved.

Send Event on Pending Bit

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

1 = Enabled events and all interrupts, including disabled interrupts, can wake-up
[4] SEVONPEND theprocessor.

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
the next WFE.

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

[3] Reserved Reserved.

Processor Deep Sleep and Sleep Mode Selection

Controls whether the processor uses sleep or deep sleep as its low power mode:
[2] SLEEPDEEP

0 = Sleep mode.

1 = Deep Sleep mode.

Sleep-on-exit Enable Control
This bit indicates sleep-on-exit when returning from Handler mode to Thread mode.
(1] SLEEPONEXIT |0 = Do not sleep when returning to Thread mode.

1 = Enter Sleep or Deep Sleep when returning from ISR to Thread mode. Setting this bit to
1 enables an interrupt driven application to avoid returning to an empty main application.

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

NM1240

Register Offset R/W |Description Reset Value
SCS_SHPR2 [SCS_BA+0xD1C R/W |System Handler Priority Register 2 0x0000_0000
31 30 29 28 27 26 25 24
PRI_11 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
Bits Description
[31:30] PRI Priority of Syste.m Handl.er.ll - SVCall .
“0” denotes the highest priority and “3” denotes the lowest priority.
[29:0] Reserved Reserved.
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System Handler Priority Register 3 (SHPR3)

NM1240

Register Offset R/W |Description Reset Value
SCS_SHPR3 |SCS_BA+0xD20 R/W |System Handler Priority Register 3 0x0000_0000
31 30 29 28 27 26 25 24
PRI15 Reserved
23 22 21 20 19 18 17 16
PRI14 Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:30] PRILS Priority of Syste.m Handl.er. 15 — SysTick .
“0” denotes the highest priority and “3” denotes the lowest priority.
[29:24] Reserved Reserved.
[23:22] PRIL4 Priority of Syste.m Handl.er. 14 — PendSV N
“0” denotes the highest priority and “3” denotes the lowest priority.
[21:0] Reserved Reserved.
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6.3 Clock Controller

6.3.1 Overview

The clock controller generates clocks for the whole chip, including system clocks and all peripheral
clocks. The clock controller also implements the power control function with the individual clock
ON/OFF control, clock source selection and clock divider. The chip enters Power-down mode when
the Cortex®-MO core executes the WFI instruction only if the PDEN (CLK_PWRCTL][7]) bit set to 1.
After that, chip enters Power-down mode and waits for wake-up interrupt source triggered to exit
Power-down mode. In Power-down mode, the clock controller turns off the external clock input
(EXT_CLK) and 48(60) MHz internal high speed RC oscillator (HIRC) to reduce the overall system

power consumption. Figure 6.3-1 shows the clock generator and the overview of the clock source
control.
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6.3.2 Clock Diagram

HIRCSEL 48/60 ——»|CPUCLK
(CLK_PWRCTL[24]) MHz
48(60) MHz
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— "
EXT_CLK
=" | 00 PCLK
CLK_CLKSELO[1:0] 4/|

48(60) MHz

111
TO~T2 011 TMR O
-
HCLK oto TMR 1
_Hetk
10 kHz »(TMR 2)
10 kHz 50D — " 001
— > ~24 MHz
48(60) MHz e ————% 000
CLK_CLKSEL1 [10:8]
CLK_CLKSEL1[14:12] |
48(60) MHz N CLK_CLKSEL1[18:16]
HCLK I
Clock Output 48(60) MH
ABOOIMHz ] 1
HCLK
EXT_CLK 0 2 10 | CPUCLK_[
EXT_CLK 7 o1 SysTick
l g
CLK_CLKSEL1[31:30]
EXT_CLK 00 | SYST_CTRL[Z]
CLK_CLKSELO[4:3] —/‘/
HCLK PWM 10
HCLK ——»( PWM 32
EXT_CLK
oLk 1 — usci1 HCLK PWM 54
" e 0 USCI2
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USCI1_BRGEN[0]
USCI2_BRGEN[0]

HCLK
1/2048 10 ——»(__wbT )

EXT_CLK ~ ———{ 01
CLK_CLKSEL1[L:0] j/

Figure 6.3-1 Clock Generator Global View Diagram
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6.3.3 Clock Generator
The clock generator consists of 3 clock sources, which are listed below:
®  External clock input (EXT_CLK)
®  48(60) MHz internal high speed RC oscillator (HIRC)
® 10 kHz internal low speed RC oscillator (LIRC)

EXTCLKEN (CLK_PWRCTL[1:0])

[]—% External EXT_CLK >

Oscillator

HIRCEN (CLK_PWRCTL[2])

Internal 48(60) MHz HIRC
Oscillator
(HIRC)

LIRCEN (CLK_PWRCTL[3])

Interne.ll 10 kHz LIRC
Oscillator
(LIRC)

Figure 6.3-2 Clock Generator Block Diagram

6.3.4 System Clock and SysTick Clock

The system clock has three clock sources which were generated from clock generator block. The clock
source switch depends on the register HCLKSEL (CLK_CLKSELO[1:0]). The block diagram is shown in
Figure 6.3-3.
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48(60) MHz HIRC
A8(60)MHZ HIRC | |
Logic 0 10
CPUCLK -CPU
>
10kHzLIRC | o) L/(HCLKDIV+1) ,—— HCLK ke |
O HCLKDIV (CLK_CLKDIV[3:0]) PCLK APB
EXT_CLK > APB_|
———=— 3 00
CPU in Power Down Mode

Legend:

EXT_CLK = Up to 24MHz external clock

HIRC =48 MHz internal high speed RC oscillator
LIRC =10 kHz internal low speed RC oscillator

Figure 6.3-3 System Clock Block Diagram

The clock source of SysTick in the Cortex®-MO core can use CPU clock or external clock
(SYST_CTLJ[2)). If using external clock, the SysTick clock (STCLK) has 4 clock sources. The clock

source switch depends on the setting of the register STCLKSEL (CLK_CLKSELO[4:3]). The block
diagram is shown in Figure 6.3-4.

BOOMHZ 75 1
HCLK

1/2 10 CPUCLK

EXT_CLK -1/2 o1 SysTick

EXT_CLK

SYST_CTL[2
P 00 - [2]

CLK_CLKSELO[4:3]

Legend:

EXT_CLK = Up to 24MHz external clock

HIRC =48 MHz internal high speed RC oscillator
LIRC =10 kHz internal low speed RC oscillator

Figure 6.3-4 SysTick Clock Control Block Diagram

6.3.5 AHB Clock Source Selection
The clock source of ISP is from AHB clock (HCLK). Please refer to register CLK_AHBCLK.
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HCLK————————————— >
ISPCKEN (CLK_AHBCLK[2]) } ISP (In System Programmer) ‘

Figure 6.3-5 AHB Clock Source for HCLK

6.3.6  Peripherals Clock Source Selection
The peripheral clock has different clock source switch settings depending on different peripherals.
Please refer to the CLK_CLKSEL1 and CLK_APBCLK register description in section 6.3.10.

6.3.7 Power-down Mode Clock

When entering Power-down mode, system clocks, some clock sources and some peripheral clocks
are disabled. Some clock sources and peripherals clock are still active in Power-down mode.

The clocks still kept active are listed below:
®  Clock Generator
® 10 kHz internal low speed oscillator (LIRC) clock
®  Peripherals Clock (When 10 kHz low speed oscillator is adopted as clock source)
¢ Watchdog Clock
¢ Timer 0/1/2 Clock

6.3.8  Frequency Divider Output

This device is equipped with a power-of-2 frequency divider which is composed of 16 chained
divide-by-2 shift registers. One of the 16 shift register outputs selected by a sixteen to one
multiplexer is reflected to the CLKO pin. Therefore there are 16 options of power-of-2 divided clocks
with the frequency from Fin/2! to Fin/216 where Fin is input clock frequency to the clock divider.

The output formula is Fout = Fin/2MN*D, where Fin is the input clock frequency, Fou is the clock divider
output frequency and N is the 4-bit value in FREQSEL (CLK_CLKOCTL[3:0]).

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

if DIVIEN(CLK_CLKOCTL[5]) setto 1, the frequency divider clock will bypass power-of-2 frequency
divider. The frequency divider clock will be output to the CLKO pin directly.
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——— CLKOSEL (CLK_CLKSEL1[31:30])

v CLKOCKEN (CLK_APBCLK][6])
48(60) MHz HIRC
» 11
HCLK
o 10 \ CLKO_CLK
Reserved - J
01
EXT_CLK Legend:
= » 00 EXT_CLK = Up to 24MHz external clock
HIRC =48 MHz internal high speed RC oscillator
Figure 6.3-6 Clock Source of Frequency Divider
CLKOEN
(CLK_CLKOCTL[4])
Enable
divide-by-2 counter 16 chained FREQSEL
divide-by-2 counter (CLK_CLKOCTL[3:0])
CLKO_CLK
= 12 | w22 | u2? 172" | 1/2* DIVIEN
‘ ‘ 000, (CLK_CLKOCTLI[S])
| 1909
L+ Iyl i6to1
: 11 : MUX CLKO
| ot I
—_ l_ -
» \
-
Figure 6.3-7 Block Diagram of Frequency Divider
6.3.9 Register Map
R: read only, W: write only, R/W: both read and write
Register Offset R/W |Description Reset Value
CLK Base Address:
CLK_BA = 0x5000_0200
CLK_PWRCTL |CLK_BA+0x00 R/W  |System Power-down Control Register 0x0000_001C
CLK_AHBCLK |CLK_BA+0x04 R/W |AHB Devices Clock Enable Control Register 0x0000_0014
CLK_APBCLK |CLK_BA+0x08 [R/W |APB Devices Clock Enable Control Register 0x0000_0001
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CLK_CLKSELO [CLK_BA+0x10 |R/W |Clock Source Select Control Register O 0x0000_001B
CLK_CLKSEL1 [CLK_BA+0x14 |R/W |Clock Source Select Control Register 1 0xC304_4403
CLK_CLKDIV |CLK_BA+0x20 R/W |Clock Divider Number Register 0x0000_0000
CLK_STATUS |[CLK_BA+0x50 |R Clock Status Monitor Register 0x0000_00XX
CLK_CLKOCTL [CLK_BA+0x60 |R/W |Clock Output Control Register 0x0000_0000
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6.3.10 Register Description

Power-down Control Reqgister (CLK PWRCTL)

Except the BIT[6], all the other bits are protected, and programming these bits need to write 0x59, 0x16,
0x88 to address 0x5000_0100 to disable register protection. Refer to the SYS_REGLCTL register at
address SYS_BA + 0x100.

Register Offset R/W |Description Reset Value
ELK—PWRCT CLK_BA+0x00 R/W  |System Power-down Control Register 0x0000_001C
31 30 29 28 27 26 25 24
Reserved HIRCSEL
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
PDMODE Reserved
7 6 5 4 3 2 1 0
PDEN PDWKIF PDWKIEN PDWKDLY LIRCEN HIRCEN EXTCLKEN
Bits Description
[31:25] Reserved Reserved.
[24] — 0: Internal High Speed RC QSCiIIator C|O.Ck Will Output 48MHz
1: Internal high speed RC oscillator clock will output 60MHz
[23:16] Reserved Reserved.
[15:14] — 00: LDO Off When Power Down Mode
01: LDO on when power down node
[13:8] Reserved Reserved.

System Power-down Enable Control (Write Protect)
When this bit is set to 1, Power-down mode is enabled.

When chip wakes up from Power-down mode, this bit is auto cleared. Users need to set this
bit again for next Power-down.

In Power-down mode, EXT_CLK and HIRC will be disabled.

[7] PDEN In Power-down mode, the system clocks are disabled, and ignored the clock source
selection. The clocks of peripheral are not controlled by Power-down mode if the peripheral
clock source is from LIRC. LIRC is controlled by bit LIRCEN.

0 = Chip operating normally or chip in idle mode because of WFI/WFE command.
1 = Chip enters Power-down mode when CPU sleep command WFI/WFE.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

Power-down Mode Wake-up Interrupt Status
[6] PDWKIF Set by “Power-down wake-up event’, it indicates that resume from “Power-down mode”
The flag is set if the GPIO, USCIx, WDT, ACMPx, BOD, TMRx wake-up occurred.
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Notel: Write 1 to clear the bit to 0.
Note2: This bit works only if PDWKIEN (CLK_PWRCTL[5]) set to 1.

Power-down Mode Wake-up Interrupt Enable Control (Write Protect)

0 = Power-down mode wake-up interrupt Disabled.

[5] PDWKIEN 1 = Power-down mode wake-up interrupt Enabled.

Notel: The interrupt will occur when both PDWKIF and PDWKIEN are high.
Note2: This bit is write protected. Refer to the SYS_REGLCTL register.

Wake-up Delay Counter Enable Control (Write Protect)

When the chip wakes up from Power-down mode, the clock control will delay certain clock
cycles to wait system clock stable.

The delayed clock cycle is 4096 clock cycles when chip works at external clock
[4] PDWKDLY input(EXT_CLK), and 256 clock cycles when chip works at 48(60) MHz internal high speed
RC oscillator (HIRC).

0 = Clock cycles delay Disabled.
1 = Clock cycles delay Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

LIRC Enable Control (Write Protect)
0 = 10 kHz internal low speed RC oscillator (LIRC) Disabled.

[3] LIRCEN ) )
1 = 10 kHz internal low speed RC oscillator (LIRC) Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.
HIRC Enable Control (Write Protect)
0 = 48(60) MHz internal high speed RC oscillator (HIRC) Disabled.
[2] HIRCEN

1 = 48(60) MHz internal high speed RC oscillator (HIRC) Enabled.
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

External Clock Enable Control (Write Protect)

These two bits are default set to “00” and EXT_CLK(PC.3) pins are GPIO.
00 = Disable external EXT_CLK.

[1:0] EXTCLKEN 01 = Reserved.

10 = Reserved.

11 = Enable external EXT_CLK.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.
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Register/Instruction SLEEPDEEP PDEN
CPU Run WFI .
Mode (SCS_SCR[2]) |(CLK_PWRCTL[7] Isieier Clock Disable
)

Normal operation 0 0 NO All clocks are controlled by control
register.

Idle mode 0 0 YES Only CPU clock is disabled.

(CPU enters Sleep mode)

Power-down mode 1 1 YES Most clocks are disabled except|
LIRC, and only RTC/WDT/Timer|

ET?;%) enters Deep Sleep peripheral clocks still enable if]
their clock sources are selected as
LIRC.

Table 6.3-1 Power-down Mode Control Table

When the chip enters Power-down mode, user can wake up chip by some interrupt sources. User should
enable the related interrupt sources and NVIC IRQ enable bits (NVIC_ISER) before set PDEN bit in
CLK_PWRCTL][7] to ensure chip can enter Power-down and wake-up successfully.
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AHB Devices Clock Enable Control Register (CLK AHBCLK)

The bits in this register are used to enable/disable clock for system clock, AHB bus devices clock.

Register Offset R/W |Description Reset Value
CLK_AHBCLK |CLK_BA+0x04 |R/W |AHB Devices Clock Enable Control Register 0x0000_0014
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 GDMACKEN
7 6 5 4 3 2 1 0
Reserved HDIVCKEN Reserved ISPCKEN Reserved
Bits Description
[31:9] Reserved Reserved.
Gereral Direct Memory Access Controller Clock Enable Control
[8] GDMACKEN 0 = GDMA clock Disabled.
1 = GDMA clock Enabled.
[7:5] Reserved Reserved.
Hardware Divider Controller Clock Enable Control
[4] HDIVCKEN 0 = HDIV peripheral clock Disabled.
1 = HDIV peripheral clock Enabled.
[3] Reserved Reserved.
Flash ISP Controller Clock Enable Control
[2] ISPCKEN 0 = Flash ISP peripheral clock Disabled.
1 = Flash ISP peripheral clock Enabled.
[1:0] Reserved Reserved.
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APB Devices Clock Enable Control Register (CLK _APBCLK)

The bits in this register are used to enable/disable clock for peripheral controller clocks.

Register Offset R/W |Description Reset Value
CLK_APBCLK |CLK_BA+0x08 |R/W |APB Devices Clock Enable Control Register 0x0000_0001
31 30 29 28 27 26 25 24
Reserved ACMPCKEN Reserved ADCCKEN Reserved USCI2CKEN | USCI1CKEN Reserved
23 22 21 20 19 18 17 16
BPWMCKEN Reserved EPWMCKEN Reserved
15 14 13 12 11 10 9 8
Reserved OPCKEN Reserved ECAPCKEN
7 6 5 4 3 2 1 0
Reserved CLKOCKEN Reserved TMR2CKEN | TMR1CKEN | TMROCKEN Reserved WDTCKEN
Bits Description
[31] Reserved Reserved.
Analog Comparator Clock Enable Control
[30] ACMPCKEN 0 = Analog comparator clock Disabled.
1 = Analog comparator clock Enabled.
[29] Reserved Reserved.
Analog-digital-converter (ADC) Clock Enable Control
[28] ADCCKEN 0 = ADC clock Disabled.
1 = ADC clock Enabled.
[27] Reserved Reserved.
USCI2 Clock Enable Control
[26] USCI2CKEN 0 = USCI2 clock Disabled.
1 = USCI2 clock Enabled.
USCI1 Clock Enable Control
[25] USCI1CKEN 0 = USCI1 clock Disabled.
1 = USCI1 clock Enabled.
[24] Reserved Reserved.
Basic PWM Channel 0/1 Clock Enable Control
[23] BPWMCKEN 0 = BBPWM channel 0/1 clock Disabled.
1 = BPWM channel 0/1 clock Enabled.
[22:21] Reserved Reserved.
Enhanced PWM Clock Enable Control
[20] EPWMCKEN i
0 = EPWM channel 0/1 clock Disabled.
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1 = EPWM channel 0/1 clock Enabled.

[19:13] Reserved Reserved.

OP Clock Enable Control
[12] OPCKEN 0 = OP clock Disabled.
1 = OP clock Enabled.

[11:9] Reserved Reserved.

Input Capture Clock Enable Control
[8] ECAPCKEN 0 = CAP clock Disabled.
1 = CAP clock Enabled.

[7] Reserved Reserved.

CLKO Clock Enable Control
[6] CLKOCKEN 0 = CLKO clock Disabled.
1 = CLKO clock Enabled.

[5] Reserved Reserved. (Dummy register)

Timer2 Clock Enable Control
[4] TMR2CKEN 0 = Timer2 clock Disabled.
1 = Timer2 clock Enabled.

Timerl Clock Enable Control
[3] TMR1CKEN 0 = Timerl clock Disabled.
1 = Timerl clock Enabled.

Timer0O Clock Enable Control
[2] TMROCKEN 0 = TimerO clock Disabled.
1 = TimerO clock Enabled.

[1] Reserved Reserved.

Watchdog Timer Clock Enable Control (Write Protect)

0 = Watchdog timer clock Disabled.

1 = Watchdog timer clock Enabled.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[0] WDTCKEN
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Clock Source Select Control Reqgister 0 (CLK CLKSELO)

Register Offset R/W  |Description Reset Value
CLK_CLKSELO |CLK_BA+0x10 |R/W |[Clock Source Select Control Register O 0x0000_001B
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 STCLKSEL Reserved HCLKSEL
Bits Description
[31:5] Reserved Reserved.

Cortex®MO0 SysTick Clock Source Selection (Write Protect)
If SYST_CTL[2]=0, SysTick uses the clock source listed below.
00 = Clock source from EXT_CLK.

01 = Clock source from EXT_CLK/2.

10 = Clock source from HCLK/2.

11 = Clock source from HIRC/2.

Other = Reserved.

Note: if SysTick clock source is not from HCLK (i.e. SYST_CTL[2] = 0), SysTick clock source|
must less than or equal to HCLK/2.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[4:3] STCLKSEL

[2] Reserved Reserved.

HCLK Clock Source Selection (Write Protect)

Before clock switching, the related clock sources (both pre-select and new-select) must be
turned on.

00 = Clock source from EXT_CLK.

01 = Clock source from LIRC.

10 = Reserved.

11 = Clock source from HIRC.

Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[1:0] HCLKSEL
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Clock Source Select Control Register 1 (CLK CLKSEL1)
Before clock switching, the related clock sources (pre-selected and newly-selected) must be turned on.

Register Offset R/W |Description Reset Value
fLK—CLKSEL CLK_BA+0x14 R/W |Clock Source Select Control Register 1 0xC304_4403
31 30 29 28 27 26 25 24
CLKOSEL Reserved
23 22 21 20 19 18 17 16
Reserved Reserved Reserved TMR2SEL
15 14 13 12 11 10 9 8
Reserved TMR1SEL Reserved TMROSEL
7 6 5 4 3 2 1 0
Reserved WDTSEL
Bits Description

Clock Divider Clock Source Selection

00 = Clock source from external clock input (EXT_CLK).

[31:30] CLKOSEL 01 = Reserved.

10 = Clock source from HCLK.

11 = Clock source from 48(60) MHz internal high speed RC oscillator (HIRC).

[29:23] Reserved Reserved.
[22:20] Reserved Reserved.
[19] Reserved Reserved.

TIMER2 Clock Source Selection

000 = Clock source from external clock input (EXT_CLK).

001 = Clock source from 10 kHz internal low speed RC oscillator (LIRC).
[18:16] TMR2SEL 010 = Clock source from HCLK.

011 = Clock source from external clock T2 pin.

100 = Clock source from 48(60) MHz internal high speed RC oscillator (HIRC).
Others = Reserved.

[15] Reserved Reserved.

TIMERL1 Clock Source Selection

000 = Clock source from external clock input (EXT_CLK).

001 = Clock source from 10 kHz internal low speed RC oscillator (LIRC).
[14:12] TMR1SEL 010 = Clock source from HCLK.

011 = Clock source from external clock T1 pin.

100 = Clock source from 48(60) MHz internal high speed RC oscillator (HIRC).
Others = Reserved.
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[11] Reserved Reserved.

TIMERO Clock Source Selection

000 = Clock source from external clock input (EXT_CLK).

001 = Clock source from 10 kHz internal low speed RC oscillator (LIRC).
[10:8] TMROSEL 010 = Clock source from HCLK.

011 = Clock source from external clock TO pin.

100 = Clock source from 48(60) MHz internal high speed RC oscillator (HIRC).
Others = Reserved.

[7:2] Reserved Reserved.

Watchdog Timer Clock Source Selection (Write Protect)

00 = Clock source from external clock input (EXT_CLK).

01 = Reserved.

10 = Clock source from HCLK0/2048.

11 = Clock source from 10 kHz internal low speed RC oscillator (LIRC).
Note: This bit is write protected. Refer to the SYS_REGLCTL register.

[1:0] WDTSEL
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Clock Divider Number Register (CLK CLKDIV)

NM1240

Register Offset R/W |Description Reset Value
CLK_CLKDIV  |CLK_BA+0x20 |R/W [Clock Divider Number 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 HCLKDIV
Bits Description
[31:24] Reserved Reserved.
[23:16] Reserved Reserved.
[15:4] Reserved Reserved.
[3:0] HCLKDIV HCLK Clock Divide Number From HCLK Clock Source
HCLK clock frequency = (HCLK clock source frequency) / (HCLKDIV + 1).
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0x0000iClock Status Monitor Reqgister (CLK _STATUS)

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

Register Offset R/W |Description Reset Value
CLK_STATUS CLK_BA+0x50 |R Clock Status Monitor 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
CLKSFAIL Reserved HIRCSTB LIRCSTB Reserved REXCLKSTB
Bits Description
[31:8] Reserved Reserved.

Clock Switching Fail Flag (Read Only)

This bit is updated when software switches system clock source. If switch target clock is
stable, this bit will be set to 0. If switch target clock is not stable, this bit will be set to 1.

(7] CLKSFAIL 0 = Clock switching success.

1 = Clock switching failure.

Note: Write 1 to clear the bit to 0.
[6:5] Reserved Reserved.

HIRC Clock Source Stable Flag (Read Only)
[4] HIRCSTB 0 = 48(60) MHz internal high speed RC oscillator (HIRC) clock is not stable or disabled.
1 = 48(60) MHz internal high speed RC oscillator (HIRC) clock is stable and enabled.

LIRC Clock Source Stable Flag (Read Only)
[3] LIRCSTB 0 = 10 kHz internal low speed RC oscillator (LIRC) clock is not stable or disabled.
1 =10 kHz internal low speed RC oscillator (LIRC) clock is stable and enabled.

[2:1] Reserved Reserved.

External Clock Source Stable Flag (Read Only)
[0] REXCLKSTB 0 = External clock is not stable or disabled.
1 = External clock is stable and enabled.
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Clock Output Control Reqgister (CLK CLKOCTL)

Register Offset R/W  |Description Reset Value
CLK_CLKOCTL |CLK_BA+0x60 |R/W [Clock Output 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 DIV1EN CLKOEN FREQSEL
Bits Description
[31:6] Reserved Reserved.

Clock Output Divide One Enable Control
[5] DIV1EN 0 = Clock Output will output clock with source frequency divided by FREQSEL.
1 = Clock Output will output clock with source frequency.

Clock Output Enable Control
[4] CLKOEN 0 = Clock Output function Disabled.
1 = Clock Output function Enabled.

Clock Output Frequency Selection
The formula of output frequency is
Fout = Fln/z(Nﬂ)'

[3:0] FREQSEL _ _
Fin is the input clock frequency.

Fou is the frequency of divider output clock.
N is the 4-bit value of FREQSEL[3:0].
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6.4 Flash Memory Controller (FMC)

6.4.1 Overview

The NM1240 series is equipped with 48/64 Kbytes on chip embedded Flash EPROM for application
program memory (APROM) that can be updated through ISP procedure. In System Programming
(ISP) function enables user to update program memory when the chip is soldered on PCB. After
chip powered on Cortex®-M0 CPU fetches code from APROM or LDROM decided by boot select
(CBS) in Config0. By the way, the NM1240 series also provides Data Flash Region, where the Data
Flash is shared with original program memory and its start address is configurable and defined by
user in Configl. The Data Flash size is defined by user depending on the application request.
Security program memory (SPROM) provides user to protect any program code within SPROM.

6.4.2 Features

® Running up to 48(60) MHz with one wait state and 24 MHz without wait state for
discontinuous address read access

48/64 Kbytes application program memory (APROM)
7.5 Kbytes in system programming (ISP) loader program memory (LDROM)
Programmable Data Flash start address and memory size with 512 bytes page erase unit

Three 512 bytes security program memory (SPROM)

In System Program (ISP)/In Application Program (IAP) to update on chip Flash EPROM

6.4.3 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 in
Figure 6.4-1:
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Figure 6.4-1 Flash Memory Control Block Diagram
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6.4.4 Functional Description

6.4.4.1

The NM1240 flash memory consists of program memory (APROM), Data Flash, ISP loader program
memory (LDROM), and user configuration.

Flash Memory Organization

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 use 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 register. The size of each erase unit is 512 bytes. Data Flash is shared
with original program memory, the size and start address are defined by user depending on the
application request.

User configuration provides several bytes to control system logic, such as flash security lock, boot
selection, 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 register during
chip powered on.

In the 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[1:0] = 1, CPU will be able to fetch code
on LDROM from 0x0000 ~ Ox1DFF. However, if user want to read LDROM by ISP, they still need
to read the address of LDROM as 0x0010_0000 ~ 0x0010_1DFF.

Table 6.4-1 shows the address mapping information of APROM, LDROM, Data Flash and user
configuration.

Block Name DFEN Size Start Address End Address
(48-0.5*N) Kbytes
APROM 0 0x0000_0000 DFBA-1
(64-0.5*N) Kbytes
48 Kbytes 0x0000_BFFF
APROM 1 0x0000_0000
64 Kbytes 0x0000_FFFF
0x0000_BFFF
Data Flash 0 0.5*N Kbytes DFBA
0x0000_FFFF
Data Flash 1 N/A N/A N/A
LDROM X 7.5 Kbytes 0x0010_0000 0x0010_1DFF
SPROMO X 0.5 Kbytes 0x0020_0000 0x0020_01FF
SPROM1 X 0.5 Kbytes 0x0024_0000 0x0024_01FF
SPROM2 X 0.5 Kbytes 0x0028_0000 0x0028_01FF
User Configuration X 2 words 0x0030_0000 0x0030_0004

October 01, 2021

Table 6.4-1 Flash Memory Address Map

Page 133 of 522

Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
_—

The Flash memory organization is shown in

0x0030_03FF
User Configuration
0x0030_0000
Reserved
0x002C_1FFF
Reserved
0x002C_0000
Reserved
0x0028_01FF
0x0028_0000 SPROM2
Reserved
0x0024_01FF
0x0024_0000 SPROM1
Reserved
0x0020_01FF
0x0020_0000 SPROMO
Reserved
0x0010_1DFF
LDROM
0x0010_0000
A Reserved
(64KB) 0x0000_FFFF
Data Flash
DFBA
m
=
-
APROM
CONFIG1
0x0030_0004
CONFIGO
0x0030_0000
A\ 0x0000_0000

Figure 6.4-2 Flash Memory Organization
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6.4.4.2 Data Flash

The NM1240 series provides Data Flash for user to store data which is read/write thru ISP registers.
The erase unit is 512 bytes. When a word will be changed, all 128 words need to be copied to another
page or SRAM in advance. The Data Flash base address is defined by DFBA if DFEN bit in ConfigO is
enabled. For example for 4K/2K/1K/OKB Data Flash, the DFBA setting value is listed in Table 6.4-22.

Data Flash 4KB 2KB 1KB OKB

APROM (DFEN=0) (DFEN=0) (DFEN=0) (DFEN=1)
64K Flash DFBA=0x0000_F000 DFBA=0x0000_F800 DFBA=0x0000_FC00 DFEN=1
48K Flash DFBA=0x0000_B000 DFBA=0x0000_B800 DFBA=0x0000_BC00 DFEN=1

Table 6.4-2 Data Flash Table

0x0000_FFFF 0x0000_FFFF
DataFlash -
0.5*N*k bytes
Reserved
DFBA[31:0] Programmable start
address

0x0000_BFFF

DataFlash

0.5*N* K bytes

Programmable start
Application Program DFBA[31:0] d Sddross

(64-0.5*N)K bytes

Application Program
(48-0.5*N)K bytes

64K Flash Memory 48K Flash Memory
Device Device

Figure 6.4-3 Flash Memory Structure

6.4.4.3 Security Program Memory (SPROM)

The NM1240 series provides security program memory for user to store instruction of security. It is
read/write through ISP procedure and ICE, and this memory cannot be erased by “whole chip erase
command” but “page erase command”. The last byte of SPROM memory is used to identify the
code is secured or non-secured. Please refer to Table 6.4-63 and 6.6-4, which shows that security
program memory only allows CPU performs instruction fetch and page-erase operation when it is
secured code.

® (The last byte= OxFF): Non-secured code

ICE Debug ISP/IAP CPU Data CPU Instruction
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Whole chip erase - - - -

Page-erase - v - -

Program - v - -

Read \/ y y S

® (The last byte=Others): Secured code

ICE Debug ISP/IAP CPU Data CPU Instruction

Whole chip erase - - - -

Page-erase - J - -

Program - - - -
Read 00h 00h 00h CPU Instruction

Table 6.4-3 Data Flash Table
SPROMO0/1/2

0x200000 ~ 0x2001FF/0x240000 ~ 0x2401FF/0x280000 ~ 0x2801FF

ISP/IAP/ICP/Writer ICE

Secured code Non-Secured code Secured code Non-Secured code

whole chip erase - - - -

page erase ~ N B )
program - N R R
read instruction v N N N
read data 00h v 00h N

Table 6.4-4 Data Flash Table
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NM1240

SPROM Non-security Mode

SPROM Debug Mode

SPROM Security Mode

0x002x_01FF
0x002x_01FE

0x0010_0000

Reserved
0x0030_0004 User Configuration
0x0030_0000 (8B)

- ] Reserved
0x002C_1FFF

Reserved
0x002C_0000

Reserved
0x0028_01FF Security Protection

ROM 2
0x0028_0000| (SPROM2 0.5KB)

Reserved
0x0024_01FF Security Protection

ROM 1
0x0024_0000 (SPROM1 0.5KB)

Reserved
0x0020_01FF Security Protection

ROM 0
0x0020_0000 (SPROMO 0.5KB)

Reserved
0x0010_1DFF Loader ROM

(LDROM 7.5KB)

Reserved

0x0000_FFFF

0x0000_0000

ApplicationROM
(APROM)

0x002x_0000

OxFF OXAA others
Security Security Security
Protection ROM Protection ROM Protection ROM
(SPROMO/1/2 (SPROMO/1/2 (SPROMO/1/2
0.5KB) 0.5KB) 0.5KB)

6.4.4.4 User Configuration

Figure 6.4-4 SPROM Security Mode

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.
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Config0 (Address = 0x0030 0000)

NM1240

31

30

29 28 27 26

25

24

Reserved

GPASRINI

GPAA4RINI

23

22

21 20 19 18

17

16

GPASRINI

GPAZ2RINI GPA1RINI

GPAORINI

15

14

13 12 11 10

CBOV

CBORST CBODEN CIOINI

Reserved

5 4 S 2

CBS

Reserved

LOCK

DFEN

Config0

Address = 0x0030_0000

Bits

Description

[31:29]

Reserved

Reserved.

(28]

[27:26]

GPASRINI

POWER-oN Pull Resistor Initial State Selection
00 = Pull-low Resistor enabled.

01 = Pull-high Resistor enabled.

1x = Pull-high/low Resistor disabled.

GPAS5, GPAG are set as this state mode after power-on.

[25:24]

GPA4RINI

POWER-oN Pull Resistor Initial State Selection
00 = Pull-low Resistor enabled.

01 = Pull-high Resistor enabled.

1x = Pull-high/low Resistor disabled.

GPA4, GPA7 are set as this state mode after power-on.

[23:22]

GPA3RINI

POWER-oN Pull Resistor Initial State Selection
00 = Pull-low Resistor enabled.

01 = Pull-high Resistor enabled.

1x = Pull-high/low Resistor disabled.

GPA3, GPF1 are set as this state mode after power-on.

[21:20]

GPAZ2RINI

POWER-oN Pull Resistor Initial State Selection
00 = Pull-low Resistor enabled.

01 = Pull-high Resistor enabled.

1x = Pull-high/low Resistor disabled.

GPA2, GPF2 are set as this state mode after power-on.

[19:18]

GPA1RINI

POWER-oN Pull Resistor Initial State Selection
00 = Pull-low Resistor enabled.

01 = Pull-high Resistor Enabled.

1x = Pull-high/low Resistor Disabled.

GPA1, GPF3 are set as this state mode after power-on.

[17:16]

GPAORINI

POWER-oN Pull Resistor Initial State Selection
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Config0 Address = 0x0030_0000

Bits Description

00 = Pull-low Resistor Enabled.

01 = Pull-high Resistor Enabled.

1x = Pull-high/low Resistor Disabled.

GPAO, GPF4 are set as this state mode after power-on.

Brown-out Voltage Selection
Brown-out voltages are as follows:
000 = 2.0V.

001 =2.2V.

010 = 2.4V.

011 =2.7V.

100 = 3.0V.

101 = 3.7V.

110 = 4.0V.

111 = 4.3V.

[15:13] CBOV

Brown-out Reset Enable Control
[12] CBORST 0 = Brown-out reset Enabled after power-on.
1 = Brown-out reset Disabled after power-on.

Brown-out Voltage Enable Control
[11] CBODEN 0 = Brown-out Voltage Enabled.
1 = Brown-out Voltage Disabled.

POWER-oN Initial State Selection
0 = Quasi-bidirectional mode.

[10] CIOINI i

1 = Input tri-state mode.

Note: All GPIO are set as this state mode after power-on.
[9:8] Reserved Reserved.

Chip Boot Selection

00 = LDROM with IAP function.
01 = LDROM without IAP function.
10 = APROM with IAP function.

11 = APROM without IAP function.

[7:6] CBS For the NM1240 series, user can set CBS[0] = 0 to support IAP function. When CBS|0] =
0, the LDROM is mapping to address 0x100000 and APROM is mapping to address 0xO.

User could access them by their address without boot switching. In other words, if IAP

function is supported, the code in LDROM and APROM can be called by each other.

Notel: The BS bit of FMC_ISPCTL can only be used to control boot switching when CBSJ[0]
=1.

Note2: VECMAP can only be used to remap page 0 of APROM or LDROM to 0xO~0x1ff
when CBS[0] = 0.

[5:2] Reserved Reserved.

Security Lock
0 = Flash data locked.
(1] LOCK 1 = Flash data unlocked.

When flash data is locked, only device ID, unique ID, CRC checksum user configuration
can be read by writer and ICP through serial debug interface. Others data is locked as
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Config0 Address = 0x0030_0000

Bits Description

OXFFFFFFFF. ISP can read data anywhere regardless of LOCK hit value.

Data Flash Enabled
[0] DFEN 0 = Data Flash Enabled.
1 = Data Flash Disabled.

Note: The reserved bits of user configuration should be kept as ‘1°.
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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 DFBA
15 14 13 12 11 10 9 8
DFBA
7 6 5 4 3 2 1 0
DFBA
Configl Address = 0x0030_0004
Bits Description
[31:20] Reserved Reserved
Data Flash Base Address
[19:0] DFBA The 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.
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6.4.4.5 Brown-out Detection

The NM1240 series includes the brown-out detection function for monitoring the voltage on Voo pin.
If Vop voltage falls below level setting CBOV, the BOD event will be triggered when BOD enabled.
User can decide to use BOD reset by enable CBORST or just enable BOD interrupt by NVIC when
BOD detected. Because BOD reset is issued whenever Vpp voltage falls below the level setting of
CBOV, user must make sure the CBOV setting to avoid BOD reset actived after BOD reset enabled.

6.4.4.6 Boot Selection

The NM1240 series provides in system programming (ISP) feature to support to update program
memory when chip is mounted on PCB. A dedicated 7.5 Kbytes program memory (LDROM) is used
to store ISP firmware. Users can select to start program fetch from APROM or LDROM by (CBS)
in CONFIGO.

31 7 0

CONFIGO

FMC_ISPCTL s

BS power on initialization

Figure 6.4-5 Boot Select (BS) for Power-on Action

CBS[1:0] [Boot Selection

LDROM with IAP function

Chip booting from LDROM, program executing range including SPROM, LDROM and APROM (except APROM’s
first page).

00 LDROM address is mapping to 0x0010_0000 ~ 0x0010_1DFF, and the first 512 bytes of LDROM is mapping to
the address 0x0000_0000 ~ 0x0000_01FF at the same time.

Both APROM and LDROM are programmable in this mode no matter the code is currently running on LDROM or
APROM. Data Flash is not functioned in this mode.

LDROM without IAP function

Chip booting from LDROM, program executing range only including SPROM and LDROM. APROM can only be

01 accessed by ISP commands.

LDROM is write-protected in this mode.

APROM with IAP function

Chip booting from APROM, program executing range including SPROM, LDROM and APROM. LDROM address
10 is mapping to 0x0010_0000~0x0010_1DFF.

Both APROM and LDROM are programmable in this mode no matter the code is currently running on LDROM or
APROM. Data Flash is not functioned in this mode.

APROM without IAP function

1 Chip booting from APROM and program executing range only including SPROM and APROM. LDROM can only,|
be access by ISP commands.
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| |APROM is write-protected in this mode. |

Table 6.4-5 Boot Selection

From Re-Map APROM Write To LDROM|Write To LDROM APROM
00 LDROM Yes Yes - Yes -
01 LDROM - Yes - Yes -
10 APROM Yes - Yes - Yes
11 APROM - - Yes - Yes

Table 6.4-6 Boot Selection and Supports Function

SPROM2 |0x0028_01FF | SPROM2 SPROM2 | 0x0028_O1FF [ SPROM2
(0.5KB) | 0x0028_0000 | (0.5KB) (0.5KB) 0x0028_0000| (0.5KB)
SPROM1 |0x0024_01FF { SPROM1 SPROML1 | 0x0024_01FF [ SPROM1
(0.5KB) | 0x0024_0000 { (0.5KB) (0.5KB) | 0x0024_0000| (0.5KB)
- T T T T T T T T T T T 1 -
| |
o | | SPROMO |0x0020_01FF | SPROMO SPROMO | 0x0020_01FF | SPROMO
2 I Cortex-MO | (0.5KB) | 0x0020_0000 | (0.5KB) (0.5KB) | 0x0020_0000| (0.5KB)
L3 | |
o & -«—p| Debug i 0x0010_1DFF|
=t || Access AHB Lite |
22 " Port interface ! LDROM LDROM
8= | | (7.5KB) (7.5KB)
5 0000 L__________* ___!
7] AHB Bus $ 0x0010_0000

|
} } Data Flash
|
| AHB Slave Interface } DFBADR
|
|
|
! |
|
} ISP Controller } g g
| © ©
i [ @|| APROM @| | APROM APROM
—————————————— - g £
< <
e — 7
|
D[ griash Power On | I
peration vt 1
| Initialization
| Control ‘\4—> 0x0000_07FF
|
} ) } LDROM 0x0000_0200
} E?;:[%Lllt C‘mg& ! (7.5KB) APROM | 0x0000_O1FF | LDROM
} } 0x0000_0000! 0x0000_0000 (page0) 0X0000_0000 (page0)
CBS[1:0]=11 CBS[1:0]=01 CBS[1:0]=10 CBS[1:0]=00

Figure 6.4-6 Flash Memory Mapping of CBS in CONFIGO
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6.4.4.7 In Application Programming

The NM1240 series provides In-application-programming (IAP) function for user to switch the code
executing between APROM and LDROM without reset. User can enable the IAP function by re-
booting chip and setting the chip boot selection bits in Config0 (CBS[1:0]) as 10’b or 00’b.

In the case that the chip boots from APROM with the IAP function enabled (CBS[1:0] = 10’b), 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 7.5 KB LDROM is mapped to 0x0010_ 0000~
0x0010_1DFF.

In the case that the chip boots from LDROM with the IAP function enabled (CBS[1:0] = 00’b), 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
7.5 KB LDROM is mapped to 0x0010_0000~0x0010_1DFF.

Please refer to Figure 6.4-7 for the address map while IAP is activating.

0x0010_1DFF 0x0010_1DFF
LDROM LDROM
(7.5K) (7.5K)
0x0010_0000 0x0010_0000 | LDROM first page |—
Reserved Reserved
Default remap
structure
APROM APROM
0x0000_0000 0x0000_0000 | LDROM first page |-a—
CBS =10 CBS =00b

Figure 6.4-7 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_01FF) any time. User
can change the remap address of the first executing page by filling the target remap address to
FMC_ISPADDR 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 FMC_ISPSTS register.
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6.4.4.8 In System Programming (ISP)

The NM1240 series supports In-System-Programming which allows a device to be reprogrammed
under software control and avoids system fail risk when download or programming fail.
Furthermore, the capability to update the application firmware makes a wide range of applications
possible.

To supports In-System-Programming, the NM1240 includes LDROM and ISP controller. User can
implement their ISP loader programming in LDROM and this loader can programming user
application code (APROM) through ISP register. In other words, the loader could provide the ability
to update system firmware on board. By ISP loader, various hardware peripheral interfaces make
it be easier to receive new program code. 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.

ISP Registers Control Procedure

The NM1240 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 with
CBS[0] = 1, he needs to control BS bit of FMC_ISPCTL control register, then reset CPU by
SYS_IPRST1 control register. The boot switching flow by BS bit is shown in Figure 6.4-88. Boot
switching function by BS bit is only valid when CBS[0] = 1.

CBS=11b? NO

CBS=01b?

Set CPURST =1

Set CPURST =1

Fetch fi f
RN Fetch code from ?
APROM
SetBS=1 LDROM
f SetBS=0
i Unlock ?
Switch to boot from
LDROM? Protected Switch to boot from PUrtlloikd
' Registers APROM? rotecte
Registers

Run Application

Run ISP Loader

Figure 6.4-8 Example Flow of Boot Selection by BS Bit when CBS[0] = 1
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Updating APROM by software in LDROM or updating LDROM by software in APROM can avoid a
system failure when update fails.

The 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 set them. To
unlock the protected register bits, software needs to write 0x59, 0x16 and 0x88 sequentially to
REGLCTL. If register is unlocked successfully, the value of REGLCTL will be 1. The unlock
sequence must not be interrupted by other access; otherwise it may fail to unlock.

After unlocking the protected register bits, user needs to set the FMC_ISPCTL control register to
decide to update LDROM, User Configuration, APROM and enable ISP controller.

Once the FMC_ISPCTL register is set properly, user can set FMC_ISPCMD for erase, read or
programming. Set ISPADR for target flash memory based on flash memory origination.
FMC_ISPDAT can be used to set the data to program or used to return the read data according to
FMC_ISPCMD.

Finally, set ISPGO bit of FMC_ISPTRG control register to perform the relative ISP register function.
The ISPGO bit is self-cleared when ISP register function has been done. To make sure ISP register
function has been finished before CPU goes ahead, ISP instruction is used right after ISPGO
setting.

Several error conditions are checked after ISP register function is completed. If an error condition
occurs, ISP register operation is not started and the ISP fail flag will be set instead. ISPFF flag can
only be cleared by software. The next ISP register control procedure can be started even ISPFF bit
is kept as 1. Therefore, it is recommended to check the ISPFF bit and clear it after each ISP register
operation if it is set to 1.

When the ISPGO bit is set, CPU will wait for ISP operation to finish during this period; the peripheral
still keeps working as usual. If any interrupt request occurs, CPU will not service it till ISP operation
is finished. When ISP operation is finished, the ISPBUSY bit will be cleared by hardware
automatically. User can check whether ISP operation is finished or not by the ISPBUSY bit. User
should add ISP instruction next to the instruction in which the ISPGO bit is set 1 to ensure correct
execution of the instructions following ISP operation.
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<
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| Enable ISPEN |
Write End of Flash
ISPADDR/ ISPCMD/ Operation
ISPDAT ?

\ 4
Y (Read ISPDAT)

| SetISPGO = 1 | &

Check ISPFF =17

Y
| Add ISP instruction |

End of ISP
Operation

-
-

Y

Check ISPGO =0 NO

? S
vEs

Figure 6.4-9 ISP Flow Example

Table 6.4-7 lists ISP commands supported by the NM1240 series.

ISP Command FMC_ISPCMD FMC_ISPADDR FMC_ISPDAT

Valid address of flash memory origination.
FLASH Page Erase 0x22 . Don’t care
It must be 512 bytes page alignment.

Valid address of flash memory origination.
SPROM Page Erase 0x22 . 0x0055AA03
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
Read Company ID 0x0B Don'’t care Company ID (OxDA)

Page in APROM or LDROM
Vector Page Re-Map 0x2E . Don’t care
It must be 512 bytes page alignment

CRC Calculation 0x2D Start address of CRC calculation. CRC calculating range

Read CRC 0xD 0x0000_0000 CRC value

Table 6.4-7 ISP Command Table

October 01, 2021 Page 147 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
_

6.4.5 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

FMC_ISPCTL FMC_BA+0x00 R/W ISP Control Register 0x0000_0000
FMC_ISPADDR |FMC_BA+0x04 R/W |ISP Address Register 0x0000_0000
FMC_ISPDAT |FMC_BA+0x08 R/W |ISP Data Register 0x0000_0000
FMC_ISPCMD |FMC_BA+0x0C R/W |ISP Command Register 0x0000_0000
FMC_ISPTRG |FMC_BA+0x10 R/W ISP Trigger Register 0x0000_0000
FMC_DFBA FMC_BA+0x14 R Data Flash Start Address OXFFFF_FFFF
FMC_ISPSTS FMC_BA+0x40 R/W |ISP Status Register OXXXXX_XXXX
FMC_CRCSEED|FMC_BA+0x50 R/W ISP CRC Seed Register OXFFFF_FFFF
FMC_CRCCV |FMC_BA+0x54 R ISP CRC Current Value Register OXXXXX_XXXX
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6.4.6  Register Description
ISP Control Register (FMC ISPCTL)

Register Offset R/W |Description Reset Value
FMC_ISPCTL [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 SPUEN BS ISPEN
Bits Description
[31:7] Reserved Reserved.

ISP Fail Flag (Write Protect)

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 0.

(2) LDROM wrrites to itself if LDUEN is set to 0.

(3) SPROM wrrites to itself if SPUEN is set to 0.

[6] ISPFF (4) CONFIG is erased/programmed if CFGUEN is set to 0.

(5) Page Erase command at LOCK mode with ICE connection

(6) Erase or Program command at brown-out detected

(7) Destination address is illegal, such as over an available range.
(8) Invalid ISP commands

Note: Write 1 to clear this bit to 0.

LDROM Update Enable Control (Write Protect)
[5] LDUEN 0 = LDROM cannot be updated.
1 = LDROM can be updated when the MCU runs in APROM.

CONFIG Update Enable Control (Write Protect)

Writing this bit to 1 enables software to update CONFIG value by ISP register control
[4] CEGUEN procedure regardless of program code is running in APROM or LDROM.

0 = ISP update User Configuration Disabled.
1 = ISP update User Configuration Enabled.

APROM Update Enable Control (Write Protect)
[3] APUEN 0 = APROM cannot be updated when chip runs in APROM.
1 = APROM can be updated when chip runs in APROM.
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Bits Description

SPROM Update Enable Control (Write Protect)
[2] SPUEN 0 = SPROM cannot be updated.
1 = SPROM can be updated when the MCU runs in APROM.

Boot Select (Write Protect)

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.
[1 BS This bit is initiated with the inversed value of CBS in CONFIGO after any reset is happened
except CPU reset (CPURF is 1) or system reset (SYSRF) is happened.

0 = Boot from APROM.
1 = Boot from LDROM.

ISP Enable Control (Write Protect)
Set this bit to enable ISP function.

0 = ISP function Disabled.

1 = ISP function Enabled.

[0] ISPEN
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ISP Address (FMC ISPADDR)

Register Offset R/W |Description Reset Value
EMC—ISPADD FMC_BA+0x04 R/W |ISP Address Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPADR
23 22 21 20 19 18 17 16
ISPADR
15 14 13 12 11 10 9 8
ISPADR
7 6 5 4 3 2 1 0
ISPADR
Bits Description
ISP Address
[31:0] ISPADR The NM1240 series supports word program only. ISPADR[1:0] must be kept 00 for ISP
operation.
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EMC ISPDAT (ISP Data Register)

Register Offset R/W |Description Reset Value
FMC_ISPDAT [FMC_BA+0x08 R/W |ISP Data Register 0x0000_0000
31 30 29 28 27 26 25 24
ISPDAT
23 22 21 20 19 18 17 16
ISPDAT
15 14 13 12 11 10 9 8
ISPDAT
7 6 5 4 3 2 1 0
ISPDAT
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 (FMC ISPCMD)

Register Offset R/W |Description Reset Value

FMC_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

Reserved CMD

Bits Description

[31:6] Reserved Reserved.

ISP Command

ISP commands are shown below:

0x00 = Read.

0x04 = Read Unique ID.

0x0B = Read Company ID (0xDA).

0x0D = Read CRC32 Checksum Result After Calculating.
0x21 = Program.

[5:0] CMD

0x22 = Page Erase.
0x2D = Run Memory CRC32 Checksum Calculation.
Ox2E = Set Vector Page Re-Map.
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ISP Trigger Control Register (FMC ISPTRG)

Register Offset R/W |Description Reset Value
FMC_ISPTRG |FMC_BA+0x10 R/W | ISP Trigger 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 Protect)
Write 1 to start ISP operation and this bit will be cleared to 0 by hardware automatically
[0] ISPGO when ISP operation is finished.
0 = ISP operation is finished.
1 = ISP operation is progressed.
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Data Flash Base Address Register (FMC DFBA)

Register Offset R/W |Description Reset Value
FMC_DFBA |FMC_BA+0x14 R Data Flash Start Address OXFFFF_FFFF
31 30 29 28 27 26 25 24
DFBA
23 22 21 20 19 18 17 16
DFBA
15 14 13 12 11 10 9 8
DFBA
7 6 5 4 3 2 1 0
DFBA
Bits Description
Data Flash Base Address
[31:0] DEBA This register indicates Data Flash start address. It is a read only register.
The Data Flash start address is defined by user. Since on chip flash erase unit is 512 bytes,
it is mandatory to keep bit 8-0 as 0.
Example:
Data Flash 4KB 2KB 1KB OKB
APROM (DFEN=0) (DFEN=0) (DFEN=0) (DFEN=1)
64K Flash DFBA=0x0000_F000 DFBA=0x0000_F800 DFBA=0x0000_FC00 DFEN=1
48K Flash DFBA=0x0000_B000 DFBA=0x0000_B800 DFBA=0x0000_BCO00 DFEN=1
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ISP Status Register (FMC ISPSTS)

Register Offset R/W  |Description Reset Value
FMC_ISPSTS FMC_BA+0x40 R/W ISP Status Register OXXXXX_XXXX
31 30 29 28 27 26 25 24
SCODE Reserved
23 22 21 20 19 18 17 16
Reserved VECMAP
15 14 13 12 11 10 9 8
VECMAP Reserved
7 6 5 4 3 2 1 0
Reserved ISPFF Reserved CBS ISPBUSY
Bits Description

Security Code Active Flag

This bit field set by hardware when detecting SPROM secured code is active at flash
initiation, or software writes 1 to this bit to make secured code active; this bit is clear by
SPROM page erase operation.

[31:29] SCODE 000 = SPROMO0/1/2 secured code are inactive.
001 = SPROMO secured code is active.

010 = SPROM1 secured code is active.

100 = SPROM2 secured code is active.

111 = SPROMO0/1/2 Secured code are active.

[28:21] Reserved Reserved.

Vector Page Mapping Address (Read Only)

[20:9] VECMAP The current flash address space 0x0000_0000~0x0000_01FF is mapping to address
{VECMAPI[11:0], 9°'h000} ~ {VECMAP[11:0], 9'h1FF}.

[8:7] Reserved Reserved.

ISP Fail Flag (Write Protect)

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 0.

(2) LDROM writes to itself if LDUEN is set to 0.

(3) SPROM writes to itself if SPUEN is set to 0.

[6] ISPFF (4) CONFIG is erased/programmed if CFGUEN is set to 0.

(5) Page Erase command at LOCK mode with ICE connection

(6) Erase or Program command at brown-out detected

(7) Destination address is illegal, such as over an available range.
(8) Invalid ISP commands

Note: Write 1 to clear this bit to 0.

[5:3] Reserved Reserved.
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Config Boot Selection (Read Only)

[2:1] CBS o . .
This is a mirror of CBS in CONFIGO.
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] ISPBUSY

0 = ISP operation is finished.
1 = ISP operation is progressed.
Note: This bit is the same with FMC_ISPTRG bit 0.
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ISP CRC Seed Register (FMC CRCSEED)

Register Offset R/W |Description Reset Value
E'\SC—CRCSE FMC_BA+0x50 R/W [ISP CRC Seed Register OXFFFF_FFFF
31 30 29 28 27 26 25 24
CRCSEED
23 22 21 20 19 18 17 16
CRCSEED
15 14 13 12 11 10 9 8
CRCSEED
7 6 5 4 3 2 1 0
CRCSEED
Bits Description
CRC Seed Data
This register was provided to be the initial value for CRC operation.
[31:0] CRCSEED ) . ) .
Write data to this register before ISP CRC operation.
Read data from this register after ISP CRC read operation.
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ISP CRC Current Value Register (FMC CRCCV)

Register Offset R/W |Description Reset Value
FMC_CRCCV |FMC_BA+0x54 R ISP CRC Current Value Register OXXXXX_XXXX
31 30 29 28 27 26 25 24
CRCCV
23 22 21 20 19 18 17 16
CRCCV
15 14 13 12 11 10 9 8
CRCCV
7 6 5 4 3 2 1 0
CRCCV
Bits Description
[31.0] CRCCV CRC Cu‘rrent Val.ue . .
This register provided current value of CRC during calculation.
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6.5 General Purpose I/O (GPIO)

6.5.1 Overview

The NM1240 series has up to 44 General Purpose 1/O pins and one input pin. These pins could be
shared with other functions depending on the chip configuration. 44 pins are arranged in 6 ports
named as PA, PB, PC, PD, PE and PF. Each of the 44 pins is independent and has the
corresponding register bits to control the pin mode function and data.

The 1/O type of each of I/O pins can be configured by software individually as Input, Push-pull
output, Open-drain output or Quasi-bidirectional mode. After the chip is reset, the 1/0 mode of all
pins are depending on CIOIN (CONFIGO0[10]).

PIN[N] <|I
(Px_PIN) A
|_
>
PHEN[n] > -
(Px_PHEN) 2
|_
[ >
| —
DOUT[N]
(Px_DOUT) ® L 3
—
< PAD
MODE[n]__, j )>—,p_
(Px_MODE)
PLENL[N] L |:
(Px_PLEN) g -
Note: Px_ means PA_, PB_, PC_, PD_, PE_, Or PF_

Figure 6.5-1 1/0O Pin Block Diagram

6.5.2 Features

®  Four I/O modes:
B Quasi-bidirectional mode
B Push-Pull Output mode
B Open-Drain Output mode
B Input only with high impendence mode

®  TTL/Schmitt trigger input selectable

® |/O pin can be configured as interrupt source with edge/level setting

®  Supports High Drive and High Slew Rate /0 mode
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®  Configurable default I/O mode of all pins after reset by CIOINI (CONFIGO[10]) setting
B CIOIN =0, all GPIO pins in Quasi-bidirectional mode after chip reset
B CIOIN =1, all GPIO pins in input mode after chip reset

® All GPIO supports the pull-up and pull-low resistor enabled in four I/O modes

® Enabling the pin interrupt function will also enable the wake-up function

6.5.3 Basic Configuration
The GPIO pin functions are configured in SYS_GPA_MFP, SYS GPB_MFP, SYS_GPC_MFP,
SYS_GPD_MFP, SYS_GPE_MFP and SYS_GPF_MFP registers.

6.5.4 Functional Description

6.5.4.1 Input Mode

Set MODEnN (Px_MODE[2n+1:2n]) to 00b as the Px.n pin is in Input mode and the 1/O pin is in tri-
state (high impedance) without output drive capability. The PIN (Px_PIN[n]) value reflects the status
of the corresponding port pins.

6.5.4.2 Push-pull Output Mode

Set MODEnN (Px_MODE[2n+1:2n]) to 01b as the Px.n pin is in Push-pull Output mode and the I/O
pin supports digital output function with source/sink current capability. The bit value in the
corresponding DOUT (Px_DOUT][n)) is driven on the pin.

Port Latch Data | I IEL

Input Data - Q }—

Figure 6.5-2 Push-Pull Output

6.5.4.3 Open-drain Mode

Set MODEnN (Px_MODE[2n+1:2n]) to 10b the Px.n pin is in Open-drain mode and the digital output
function of I/O pin supports only sink current capability, an external pull-up register is needed for
driving high state. If the bit value in the corresponding DOUT (Px_DOUT]In]) bit is 0, the pin drive a
low output on the pin. If the bit value in the corresponding DOUT (Px_DOUT][n]) bit is 1, the pin
output drives high that is controlled by external pull high resistor.
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Port Latch Data | I

Input Data < ><]—

Figure 6.5-3 Open-Drain Output

6.5.4.4 Quasi-bidirectional Mode

Set MODEnN (Px_MODE[2n+1:2n]) to 11b as the Px.n pin is in Quasi-bidirectional mode and the I/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 the corresponding DOUT (Px_DOUTIn])
bit must be set to 1. The quasi-bidirectional output is common on the 80C51 and most of its
derivatives. If the bit value in the corresponding DOUT (Px_DOUTI[n]) bit is 0, the pin drive a low
output on the pin. If the bit value in the corresponding DOUT (Px_DOUT[n]) bit is 1, the pin will
check the pin value. If pin value is high, no action takes. If pin state is low, the pin will drive strong
high with 2 clock cycles on the pin and then disable the strong output drive. Meanwhile, the pin
status is controlled by internal pull-up resistor. Note that the source current capability in quasi-
bidirectional mode is only about 200 uA to 30 uA for Vpp is form 5.0 Vto 2.5 V.

VDD
T

2CPU P P Very P
Weak
Clock Delay L Strong’_o( |%Weak —
+ +*+—¢ K Port Pin

N |
Port Latch Data —‘>v . ® I IEL

Input Data & ><}

Figure 6.5-4 Quasi-Bidirectional I/O Mode
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6.5.4.5 Pull-up and Pull-low Resistor Control

Each GPIO pin has a pull-up or pull-low resistor which is controlled by register Px_PHEN or
Px_PLEN(x = A~F). Pull-up and pull-low resisitor at the same pin can not be enabled simutaneouly
otherwise pull-low function has the higher priority.

6.5.4.6 GPIO Interrupt and Wake-up Function

Each GPIO pin can be set as chip interrupt source by setting correlative RHIEN (Px_INTEN[n+16])/
FLIEN (Px_INTENI[n]) bit and TYPE (Px_INTTYPE[n]). There are five types of interrupt condition
can be selected: low level trigger, high level trigger, falling edge trigger, rising edge trigger and both
rising and falling edge trigger. For edge trigger condition, user can enable input signal de-bounce
function to prevent unexpected interrupt happened which caused by noise. The de-bounce clock
source and sampling cycle period can be set through DBCLKSRC (GPIO_DBCTL[4]) and
DBCLKSEL (GPIO_DBCTL[3:0]) register.

The GPIO can also be the chip wake-up source when chip enters Idle/Power-down mode. The
setting of wake-up trigger condition is the same as GPIO interrupt trigger.

1. To ensure the I/O status before entering Idle/Power-down mode

When using toggle GPIO to wake-up system, user must make sure the 1/O status before entering
Idle/Power-down mode according to the relative wake-up settings.

For example, if configuring the wake-up event occurred by I/O rising edge/high level trigger, user
must make sure the I/O status of specified pin is at low level before entering Idle/Power-down mode;
and if configuring I/O falling edge/low level trigger to trigger a wake-up event, user must make sure
the 1/O status of specified pin is at high level before entering Power-down mode.

2. To disable the I/O de-bounce function before entering Idle/Power-down mode

If the specified wake-up 1/O pin with enabling input signal de-bounce function, system will encounter
two GPIO interrupt events while the system is woken up by this GPIO pin. One interrupt event is
caused by wake-up function, the other is caused by 1/O input de-bounce function. User should be
disable the de-bounce function before entering Idle/Power-down mode to avoid the second interrupt
event occurred after system woken up.
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6.5.5 Register Map
R: read only, W: write only, R/W: both read and write

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

GPIO_BA = 0x5000_4000

PA_MODE GPIO_BA+0x000 R/W |PA 1/0O Mode Control 0x0000_XXXX
PA_DINOFF |GPIO_BA+0x004 R/W |PA Digital Function Path Disable Control 0x0000_0000
PA_DOUT GPIO_BA+0x008 R/W |PA Data Output Value 0x0000_O0OFF
PA_DATMSK |GPIO_BA+0x00C R/W |PA Data Output Write Mask 0x0000_0000
PA_PIN GPIO_BA+0x010 R PA Pin Value 0x0000_00XX
PA_DBEN GPIO_BA+0x014 R/W |PA De-bounce Enable Control Register 0x0000_0000
PA_INTTYPE |GPIO_BA+0x018 R/W |PA Interrupt Trigger Type Control 0x0000_0000
PA_INTEN GPIO_BA+0x01C R/W |PA Interrupt Enable Control Register 0x0000_0000
PA_INTSRC |GPIO_BA+0x020 R/W |PA Interrupt Source Flag 0x0000_00XX
PA_SMTEN |GPIO_BA+0x024 R/W |PA Input Schmitt Trigger Enable Register 0x0000_0000
PA_SLEWCTL|GPIO_BA+0x028 R/W |PA High Slew Rate Control Register 0x0000_0000
PA_PLEN GPIO_BA+0x02C R/W |PA Pull-low Control Register 0x0000_0000
PA_PHEN GPIO_BA+0x030 R/W |PA Pull-high Control Register 0x0000_O0O0FF
PB_MODE GPIO_BA+0x040 R/W |PB I/O Mode Control 0x0000_XXXX
PB_DINOFF |GPIO_BA+0x044 R/W |PB Digital Function Path Disable Control 0x0000_0000
PB_DOUT GPIO_BA+0x048 R/W |PB Data Output Value 0x0000_O0O0FF
PB_DATMSK |GPIO_BA+0x04C R/W |PB Data Output Write Mask 0x0000_0000
PB_PIN GPIO_BA+0x050 R PB Pin Value 0x0000_00XX
PB_DBEN GPIO_BA+0x054 R/W |PB De-bounce Enable Control Register 0x0000_0000
PB_INTTYPE |GPIO_BA+0x058 R/W |PB Interrupt Trigger Type Control 0x0000_0000
PB_INTEN GPIO_BA+0x05C R/W |PB Interrupt Enable Control Register 0x0000_0000
PB_INTSRC |GPIO_BA+0x060 R/W |PB Interrupt Source Flag 0x0000_00XX
PB_SMTEN |GPIO_BA+0x064 R/W |PB Input Schmitt Trigger Enable Register 0x0000_0000
PB_SLEWCTL|GPIO_BA+0x068 R/W |PB High Slew Rate Control Register 0x0000_0000
PB_PLEN GPIO_BA+0x06C R/W |PB Pull-low Control Register 0x0000_0000
PB_PHEN GPIO_BA+0x070 R/W |PB Pull-high Control Register 0x0000_O0O0FF
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PC_MODE GPIO_BA+0x080 R/W |PC I/O Mode Control 0x0000_XXXX
PC_DINOFF |GPIO_BA+0x084 R/W |PC Digital Function Path Disable Control 0x0000_0000
PC_DOUT GPIO_BA+0x088 R/W |PC Data Output Value 0x0000_O0O0FF
PC_DATMSK |GPIO_BA+0x08C R/W |PC Data Output Write Mask 0x0000_0000
PC_PIN GPIO_BA+0x090 R PC Pin Value 0x0000_00XX
PC_DBEN GPIO_BA+0x094 R/W |PC De-bounce Enable Control Register 0x0000_0000
PC_INTTYPE |GPIO_BA+0x098 R/W |PC Interrupt Trigger Type Control 0x0000_0000
PC_INTEN GPIO_BA+0x09C R/W |PC Interrupt Enable Control Register 0x0000_0000
PC_INTSRC |GPIO_BA+0x0AQ R/W |PC Interrupt Source Flag 0x0000_00XX
PC_SMTEN |GPIO_BA+0x0A4 R/W |PC Input Schmitt Trigger Enable Register 0x0000_0000
PC_SLEWCTL|GPIO_BA+0x0A8 R/W |PC High Slew Rate Control Register 0x0000_0000
PC_PLEN GPIO_BA+0x0AC R/W |PC Pull-low Control Register 0x0000_0000
PC_PHEN GPIO_BA+0x0B0 R/W |PC Pull-high Control Register 0x0000_O0O0FF
PD_MODE GPIO_BA+0x0CO R/W |PD I/O Mode Control 0x0000_XXXX
PD_DINOFF |GPIO_BA+0x0C4 R/W |PD Digital Function Path Disable Control 0x0000_0000
PD_DOUT GPIO_BA+0x0C8 R/W |PD Data Output Value 0x0000_O0OFF
PD_DATMSK |GPIO_BA+0x0CC R/W |PD Data Output Write Mask 0x0000_0000
PD_PIN GPIO_BA+0x0D0O R PD Pin Value 0x0000_00XX
PD_DBEN GPIO_BA+0x0D4 R/W |PD De-bounce Enable Control Register 0x0000_0000
PD_INTTYPE |GPIO_BA+0x0D8 R/W |PD Interrupt Trigger Type Control 0x0000_0000
PD_INTEN GPIO_BA+0x0DC R/W |PD Interrupt Enable Control Register 0x0000_0000
PD_INTSRC |GPIO_BA+0x0EQ R/W |PD Interrupt Source Flag 0x0000_00XX
PD_SMTEN |GPIO_BA+Ox0E4 R/W |PD Input Schmitt Trigger Enable Register 0x0000_0000
PD_SLEWCTL|GPIO_BA+0x0E8 R/W |PD High Slew Rate Control Register 0x0000_0000
PD_PLEN GPIO_BA+0x0EC R/W |PD Pull-low Control Register 0x0000_0000
PD_PHEN GPIO_BA+0x0F0 R/W |PD Pull-high Control Register 0x0000_O0OFF
PE_MODE GPIO_BA+0x100 R/W |PE I/O Mode Control 0x0000_XXXX
PE_DINOFF |GPIO_BA+0x104 R/W |PE Digital Function Path Disable Control 0x0000_0000
PE_DOUT GPIO_BA+0x108 R/W |PE Data Output Value 0x0000_O00FF
PE_DATMSK |GPIO_BA+0x10C R/W |PE Data Output Write Mask 0x0000_0000
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PE_PIN GPIO_BA+0x110 R PE Pin Value 0x0000_00XX
PE_DBEN GPIO_BA+0x114 R/W |PE De-bounce Enable Control Register 0x0000_0000
PE_INTTYPE |GPIO_BA+0x118 R/W |PE Interrupt Trigger Type Control 0x0000_0000
PE_INTEN GPIO_BA+0x11C R/W |PE Interrupt Enable Control Register 0x0000_0000
PE_INTSRC |GPIO_BA+0x120 R/W |PE Interrupt Source Flag 0x0000_00XX
PE_SMTEN GPIO_BA+0x124 R/W |PE Input Schmitt Trigger Enable Register 0x0000_0000
PE_SLEWCTL |GPIO_BA+0x128 R/W |PE High Slew Rate Control Register 0x0000_0000
PE_PLEN GPIO_BA+0x12C R/W |PE Pull-low Control Register 0x0000_0000
PE_PHEN GPIO_BA+0x130 R/W |PE Pull-high Control Register 0x0000_O0OFF
PF_MODE GPIO_BA+0x140 R/W |PF /O Mode Control 0x0000_0XXX
PF_DINOFF |GPIO_BA+0x144 R/W |PF Digital Function Path Disable Control 0x0000_0000
PF_DOUT GPIO_BA+0x148 R/W |PF Data Output Value 0x0000_001F
PF_DATMSK |GPIO_BA+0x14C R/W |PF Data Output Write Mask 0x0000_0000
PF_PIN GPIO_BA+0x150 R PF Pin Value 0x0000_00XX
PF_DBEN GPIO_BA+0x154 R/W |PF De-bounce Enable Control Register 0x0000_0000
PF_INTTYPE |GPIO_BA+0x158 R/W |PF Interrupt Trigger Type Control 0x0000_0000
PF_INTEN GPIO_BA+0x15C R/W |PF Interrupt Enable Control Register 0x0000_0000
PF_INTSRC |GPIO_BA+0x160 R/W |PF Interrupt Source Flag 0x0000_00XX
PF_SMTEN GPIO_BA+0x164 R/W |PF Input Schmitt Trigger Enable Register 0x0000_0000
PF_SLEWCTL |GPIO_BA+0x168 R/W |PF High Slew Rate Control Register 0x0000_0000
PF_PLEN GPIO_BA+0x16C R/W |PF Pull-low Control Register 0x0000_0000
PF_PHEN GPIO_BA+0x170 R/W |PF Pull-high Control Register 0x0000_001F
GPIO_DBCTL (GPIO_BA+0x440 R/W  |Interrupt De-bounce Control Register 0x0000_0020
PAn_PDIO

n=0,1..7 GPIO_BA+0x800+(0x04 * n) R/W  |GPIO PA.n Pin Data Input/Output Register  |0x0000_000X
PBn_PDIO

n:O,I..? GPIO_BA+0x840+(0x04 * n) R/W |GPIO PB.n Pin Data Input/Output Register  |0x0000_000X
PCn_PDIO

n=0,1..7 GPIO_BA+0x880+(0x04 * n) R/W |GPIO PC.n Pin Data Input/Output Register  |0x0000_000X
PDn_PDIO

n=1,£..7 GPIO_BA+0x8C0+(0x04 * n) R/W |GPIO PD.n Pin Data Input/Output Register |0x0000_000X
PEn_PDIO GPIO_BA+0x900+(0x04 * n) R/W |GPIO PE.n Pin Data Input/Output Register  |0x0000_000X
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n=0,1..7

PFn_PDIO

014 GPIO_BA+0x940+(0x04 * n) R/W  [GPIO PF.n Pin Data Input/Output Register ~ |0x0000_000X
n=0,1..
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6.5.6  Register Description
Port A-F I/O Mode Control (Px MODE)

Register Offset R/W [Description Reset Value
PA_MODE GPIO_BA+0x000 R/W |PA 1/O Mode Control 0x0000_XXXX
PB_MODE GPIO_BA+0x040 R/W |PB I/O Mode Control 0x0000_XXXX
PC_MODE GPIO_BA+0x080 R/W |PC I/O Mode Control 0x0000_XXXX
PD_MODE GPIO_BA+0x0C0O R/W |PD I/O Mode Control 0x0000_XXXX
PE_MODE GPIO_BA+0x100 R/W |PE 1/0 Mode Control 0x0000_XXXX
PF_MODE GPIO_BA+0x140 R/W |PF I/O Mode Control 0x0000_0XXX
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
MODE7 MODE6 MODES5 MODE4
7 6 5 4 3 2 1 0
MODE3 MODE2 MODE1 MODEO
Bits Description
[31:16] Reserved Reserved.
Port A-F 1/0 Pin[n] Mode Control
Determine each I/0O mode of Px.n pins.
00 = Px.n is in Input mode.
01 = Px.n is in Push-pull Output mode.
10 = Px.n is in Open-drain Output mode.
[2n+1:2n] 11 = Px.n is in Quasi-bidirectional mode.
—01.7 MODEnN Notel: The initial value of this field is defined by CIOINI (CONFIGO [10]).
n=u,L.. If CIOINI is set to 0, the default value is OxFFFF_FFFF and all pins will be quasi-
bidirectional mode after chip reset.
If CIOINI is set to 1, the default value is 0x0000_0000 and all pins will be
input mode after chip reset.
Note2:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port A-F Digital Input & Output Path Disable Control (Px DINOFF)

Register Offset R/W |Description Reset Value
PA_DINOFF GPIO_BA+0x004 R/W |PA Digital Function Path Disable Control 0x0000_0000
PB_DINOFF |GPIO_BA+0x044 R/W |PB Digital Function Path Disable Control 0x0000_0000
PC_DINOFF |GPIO_BA+0x084 R/W |PC Digital Function Path Disable Control 0x0000_0000
PD_DINOFF |GPIO_BA+0x0C4 R/W |PD Digital Function Path Disable Control 0x0000_0000
PE_DINOFF GPIO_BA+0x104 R/W |PE Digital Function Path Disable Control 0x0000_0000
PF_DINOFF GPIO_BA+0x144 R/W |PF Digital Function Path Disable Control 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
DINOFFn
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved
Bits Description
[31:23] Reserved Reserved.
Port A-F Pin[n] Digital Function Disable Control
Each of these bits is used to control if the digital input/output path of corresponding Px.n
pin is disabled. If input is analog signal, users can disable Px.n digital input path to avoid
input current leakage.
[n+16] DINOFEN 0 = Px.n Pin digital function Enabled.
n=0,1..7 1 = Px.n Pin digital function Disabled (digital input tied to low).
Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
[15:0] Reserved Reserved.
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Port A-F Data Output Value (Px DOUT)

Register Offset R/W |Description Reset Value
PA_DOUT GPIO_BA+0x008 R/W |PA Data Output Value 0x0000_O00FF
PB_DOUT GPIO_BA+0x048 R/W |PB Data Output Value 0x0000_OO0FF
PC_DOUT GPIO_BA+0x088 R/W |PC Data Output Value 0x0000_O0O0FF
PD_DOUT GPIO_BA+0x0C8 R/W |PD Data Output Value 0x0000_O00FF
PE_DOUT GPIO_BA+0x108 R/W |PE Data Output Value 0x0000_O0O0FF
PF_DOUT GPIO_BA+0x148 R/W |PF Data Output Value 0x0000_001F
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
DOUTN
Bits Description
[31:8] Reserved Reserved.
Port A-F Pin[n] Output Value
Each of these bits controls the status of a Px.n pin when the Px.n is configured as Push-
pull output, Open-drain output or Quasi-bidirectional mode.
0 = Px.n will drive Low if the Px.n pin is configured as Push-pull output, Open-drain output|
[n] or Quasi-bidirectional mode.
n=0,1..7 DOUTN 1 = Px.n will drive High if the Px.n pin is configured as Push-pull output or Quasi-
bidirectional mode.
Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.

October 01, 2021 Page 170 of 522 Rev.0.1



NnUvVoTOoN P \M1249

reliminarx Technical Reference Manual
‘_

Port A-F Data Output Write Mask (Px DATMSK)

Register Offset R/W |Description Reset Value
PA_DATMSK |GPIO_BA+0x00C R/W |PA Data Output Write Mask 0x0000_0000
PB_DATMSK |GPIO_BA+0x04C R/W |PB Data Output Write Mask 0x0000_0000
PC_DATMSK |GPIO_BA+0x08C R/W |PC Data Output Write Mask 0x0000_0000
PD_DATMSK |GPIO_BA+0x0CC R/W |PD Data Output Write Mask 0x0000_0000
PE_DATMSK |GPIO_BA+0x10C R/W |PE Data Output Write Mask 0x0000_0000
PF_DATMSK |GPIO_BA+0x14C R/W |PF Data Output Write Mask 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
DATMSKn
Bits Description
[31:8] Reserved Reserved.
Port A-F Pin[n] Data Output Write Mask
These bits are used to protect the corresponding DOUT (Px_DOUT[n]) bit. When the
DATMSK (Px_DATMSK]n]) bit is set to 1, the corresponding DOUT (Px_DOUT[n]) bit is
protected. If the write signal is masked, writing data to the protect bit is ignored.
0 = Corresponding DOUT (Px_DOUT][n]) bit can be updated.
[n] DATMSKn 1 = Corresponding DOUT (Px_DOUTIn]) bit protected.
n=0,1..7 Notel: This function only protects the corresponding DOUT (Px_DOUT[n]) bit, and will not
protect the corresponding PDIO (Pxn_PDIO[0]) bit.
Note2:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port A-F Pin Value (Px_PIN)

Register Offset R/W |Description Reset Value
PA_PIN GPIO_BA+0x010 R PA Pin Value 0x0000_00XX
PB_PIN GPIO_BA+0x050 R PB Pin Value 0x0000_00XX
PC_PIN GPIO_BA+0x090 R PC Pin Value 0x0000_00XX
PD_PIN GPIO_BA+0x0D0 R PD Pin Value 0x0000_00XX
PE_PIN GPIO_BA+0x110 R PE Pin Value 0x0000_00XX
PF_PIN GPIO_BA+0x150 R PF Pin Value 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
PINN
Bits Description
[31:8] Reserved Reserved.
Port A-F Pin[n] Pin Value
Each bit of the register reflects the actual status of the respective Px.n pin. If the bitis 1, it
[n] indicates the corresponding pin status is high; else the pin status is low.
PINn .
n=0,1..7 Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port A-F De-bounce Enable Control Register (Px DBEN)

Register Offset R/W [Description Reset Value
PA_DBEN GPIO_BA+0x014 R/W |PA De-bounce Enable Control Register 0x0000_0000
PB_DBEN GPIO_BA+0x054 R/W |PB De-bounce Enable Control Register 0x0000_0000
PC_DBEN GPIO_BA+0x094 R/W |PC De-bounce Enable Control Register 0x0000_0000
PD_DBEN GPIO_BA+0x0D4 R/W |PD De-bounce Enable Control Register 0x0000_0000
PE_DBEN GPIO_BA+0x114 R/W |PE De-bounce Enable Control Register 0x0000_0000
PF_DBEN GPIO_BA+0x154 R/W  |PF De-bounce Enable 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
DBENnN
Bits Description
[31:8] Reserved Reserved.
Port A-F Pin[n] Input Signal De-bounce Enable Control
The DBENIN] bit is used to enable the de-bounce function for each corresponding bit. If
the input signal pulse width cannot be sampled by continuous two de-bounce sample cycle,
the input signal transition is seen as the signal bounce and will not trigger the interrupt.
The de-bounce clock source is controlled by DBCLKSRC (GPIO_DBCTL [4]), one de-
bounce sample cycle period is controlled by DBCLKSEL (GPIO_DBCTL [3:0]).
[n] 0 = Px.n de-bounce function Disabled.
DBENnN
n=0,1..7 1 = Px.n de-bounce function Enabled.
The de-bounce function is valid only for edge triggered interrupt. If the interrupt mode is
level triggered, the de-bounce enable bit is ignored.
Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port A-F Interrupt Type Control (Px INTTYPE)

Register Offset R/W |Description Reset Value
PA_INTTYPE |GPIO_BA+0x018 R/W |PA Interrupt Trigger Type Control 0x0000_0000
PB_INTTYPE |GPIO_BA+0x058 R/W |PB Interrupt Trigger Type Control 0x0000_0000
PC_INTTYPE |GPIO_BA+0x098 R/W |PC Interrupt Trigger Type Control 0x0000_0000
PD_INTTYPE |GPIO_BA+0x0D8 R/W |PD Interrupt Trigger Type Control 0x0000_0000
PE_INTTYPE |GPIO_BA+0x118 R/W |PE Interrupt Trigger Type Control 0x0000_0000
PF_INTTYPE |GPIO_BA+0x158 R/W  |PF Interrupt Trigger Type Control 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
TYPEnN
Bits Description
[31:8] Reserved Reserved.
Port A-F Pin[n] Edge or Level Detection Interrupt Trigger Type Control
TYPE (Px_INTTYPE[n]) bit is used to control the triggered interrupt is by level trigger or by
edge trigger. 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.
0 = Edge trigger interrupt.
[n] 1 = Level trigger interrupt.
n
TYPEN If the pin is set as the level trigger interrupt, only one level can be set on the registers
n=0,1.7 RHIEN (Px_INTEN[n+16])/FLIEN (Px_INTEN[n]). If both levels to trigger interrupt are set,
the setting is ignored and no interrupt will occur.
The de-bounce function is valid only for edge triggered interrupt. If the interrupt mode is
level triggered, the de-bounce enable bit is ignored.
Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port A-F Interrupt Enable Control Register (Px INTEN)

Register Offset R/W |Description Reset Value
PA_INTEN GPIO_BA+0x01C R/W |PA Interrupt Enable Control Register 0x0000_0000
PB_INTEN GPIO_BA+0x05C R/W |PB Interrupt Enable Control Register 0x0000_0000
PC_INTEN GPIO_BA+0x09C R/W |PC Interrupt Enable Control Register 0x0000_0000
PD_INTEN GPIO_BA+0x0DC R/W |PD Interrupt Enable Control Register 0x0000_0000
PE_INTEN GPIO_BA+0x11C R/W |PE Interrupt Enable Control Register 0x0000_0000
PF_INTEN GPIO_BA+0x15C R/W |PF Interrupt Enable Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
RHIENN
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
FLIENN
Bits Description
[31:24] Reserved Reserved.

Port A-F Pin[n] Rising Edge or High Level Interrupt Trigger Type Enable Control

The RHIEN (Px_INTEN[n+16]) bit is used to enable the interrupt for each of the
corresponding input Px.n pin. Set bit to 1 also enable the pin wake-up function.

When setting the RHIEN (Px_INTEN[n+16]) bitto 1 :

If the interrupt is level trigger (TYPE (Px_INTTYPE[n]) bit is set to 1), the input Px.n pin will
generate the interrupt while this pin state is at high level.

[n+16] RHIENN If the interrupt is edge trigger (TYPE (Px_INTTYPE[n]) bit is set to 0), the input Px.n pin
n=0,1..7 will generate the interrupt while this pin state changed from low to high.

0 = Px.n level high or low to high interrupt Disabled.

1 = Px.n level high or low to high interrupt Enabled.

Note:

Max. n=7 for port A~E, , but n=0 is reserved in port D.

Max. n=4 for port F.
[15:8] Reserved Reserved.

Port A-F Pin[n] Falling Edge or Low Level Interrupt Trigger Type Enable Control
[n] _The FLIEN (_Px_INTI_EN[n]) bit is used to ena_ble the interrupt _for each of the corresponding
=0.1.7 FLIENN input Px.n pin. Set bit to 1 also enable the pin wake-up function.

When setting the FLIEN (Px_INTEN[n]) bitto 1 :
If the interrupt is level trigger (TYPE (Px_INTTYPE[n]) bit is set to 1), the input Px.n pin will
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generate the interrupt while this pin state is at low level.

If the interrupt is edge trigger(TYPE (Px_INTTYPE[n]) bit is set to 0), the input Px.n pin will
generate the interrupt while this pin state changed from high to low.

0 = Px.n level low or high to low interrupt Disabled.

1 = Px.n level low or high to low interrupt Enabled.
Note:

Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port A-F Interrupt Source Flag (Px INTSRC)

Register Offset R/W |Description Reset Value
PA_INTSRC GPIO_BA+0x020 R/W |PA Interrupt Source Flag 0x0000_00XX
PB_INTSRC |GPIO_BA+0x060 R/W |PB Interrupt Source Flag 0x0000_00XX
PC_INTSRC |GPIO_BA+0x0A0 R/W |PC Interrupt Source Flag 0x0000_00XX
PD_INTSRC GPIO_BA+0x0EO R/W |PD Interrupt Source Flag 0x0000_00XX
PE_INTSRC GPIO_BA+0x120 R/W |PE Interrupt Source Flag 0x0000_00XX
PF_INTSRC GPIO_BA+0x160 R/W |PF Interrupt Source Flag 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
INTSRCn
Bits Description
[31:8] Reserved Reserved.
Port A-F Pin[n] Interrupt Source Flag
Write Operation :
0 = No action.
1 = Clear the corresponding pending interrupt.
[n] Read Operation :
INTSRCn .
n=0,1..7 0 = No interrupt at Px.n.
1 = Px.n generates an interrupt.
Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port A-F Input Schmitt Trigger Enable Reqgister (Px SMTEN)

Register Offset R/W |Description Reset Value
PA_SMTEN GPIO_BA+0x024 R/W |PA Input Schmitt Trigger Enable Register 0x0000_0000
PB_SMTEN GPIO_BA+0x064 R/W |PB Input Schmitt Trigger Enable Register 0x0000_0000
PC_SMTEN GPIO_BA+0x0A4 R/W |PC Input Schmitt Trigger Enable Register 0x0000_0000
PD_SMTEN GPIO_BA+0x0E4 R/W |PD Input Schmitt Trigger Enable Register 0x0000_0000
PE_SMTEN GPIO_BA+0x124 R/W |PE Input Schmitt Trigger Enable Register 0x0000_0000
PF_SMTEN GPIO_BA+0x164 R/W |PF Input Schmitt Trigger 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
SMTENnN
Bits Description
[31:8] Reserved Reserved.
Port A-F Pin[n] Input Schmitt Trigger Enable Control
0 = Px.n input schmitt trigger function Disabled.
[n] 1 = Px.n input schmitt trigger function Enabled.
SMTENN
n=0,1..7 Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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NM1240

Port A-F High Slew Rate Control Register (Px SLEWCTL)
Register Offset R/W |Description Reset Value
PA_SLEWCTL |GPIO_BA+0x028 R/W |PA High Slew Rate Control Register 0x0000_0000
PB_SLEWCTL |GPIO_BA+0x068 R/W |PB High Slew Rate Control Register 0x0000_0000
PC_SLEWCTL |GPIO_BA+0x0A8 R/W |PC High Slew Rate Control Register 0x0000_0000
PD_SLEWCTL |GPIO_BA+0x0E8 R/W |PD High Slew Rate Control Register 0x0000_0000
PE_SLEWCTL |GPIO_BA+0x128 R/W |PE High Slew Rate Control Register 0x0000_0000
PF_SLEWCTL |GPIO_BA+0x168 R/W |PF High Slew Rate 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
HSRENnN
Bits Description
[31:8] Reserved Reserved.
Port A-F Pin[n] High Slew Rate Control
0 = Px.n output with basic slew rate.
[n] 1 = Px.n output with higher slew rate.
n=0,1..7 HSRENN Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port Pull-low Resistor Control Register (Px PLEN)

Register Offset R/W |Description Reset Value
PA_PLEN GPIO_BA+0x02C R/W |PA Pull-low Control Register 0x0000_0000
PB_PLEN GPIO_BA+0x06C R/W |PB Pull-low Control Register 0x0000_0000
PC_PLEN GPIO_BA+0x0AC R/W |PC Pull-low Control Register 0x0000_0000
PD_PLEN GPIO_BA+0x0EC R/W |PD Pull-low Control Register 0x0000_0000
PE_PLEN GPIO_BA+0x12C R/W |PE Pull-low Control Register 0x0000_0000
PF_PLEN GPIO_BA+0x16C R/W |PF Pull-low 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
PLENN
Bits Description
[31:8] Reserved Reserved.
Port A-F Pull-low Resistor Control
0 = Pull-Low Resistor Disabled.
1 = Pull-Low Resistor Enabled.
Note: The initial value of PA_PLEN[5:0], and {PA_PLEN[6:7],PF_PLEN[1:4]} were
[l defined by GPANRINI (CONFIGO0[27:16]).
PLENnN Selected pins will be configured after chip powered on.
n=0,1..7
EX.
CONFIGO0[27:26]=0, will set PA_PLEN[5], PA_PLEN[6] high, and enable their Pull-Low
resistors.
Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Port Pull High Resistor Control Register (Px PHEN)

Register Offset R/W [Description Reset Value
PA_PHEN GPIO_BA+0x030 R/W  |PA Pull-high Control Register 0x0000_O00FF
PB_PHEN GPIO_BA+0x070 R/W |PB Pull-high Control Register 0x0000_OO0FF
PC_PHEN GPIO_BA+0x0B0 R/W |PC Pull-high Control Register 0x0000_O0O0FF
PD_PHEN GPIO_BA+0x0F0 R/W |PD Pull-high Control Register 0x0000_O00FF
PE_PHEN GPIO_BA+0x130 R/W |PE Pull-high Control Register 0x0000_O0O0FF
PF_PHEN GPIO_BA+0x170 R/W |PF Pull-high Control Register 0x0000_001F
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
PHENN
Bits Description
[31:8] Reserved Reserved.
Port A-F Pull-high Resistor Control
0 = Pull-High Resistor Enabled.
1 = Pull-High Resistor Disabled.
Note: The initial value of PA_PHENN[5:0], and {PA_PHENN[6:7],PF_PHENnN[1:4]} were
[n] defined by GPANRINI (CONFIGO0[27:16]).
n
017 PHENN Selected pins will be configured after chip powered on.
n=0,1..
EX.
CONFIGO0[17:16]=1, will set PA_PHEN[0], PF_PHEN[4] low, and enable their Pull-High
resistors.
Note:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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Interrupt De-bounce Control Reqgister (GPIO DBCTL)

Register Offset R/W |Description Reset Value
GPIO_DBCTL |GPIO_BA+0x440 R/W |Interrupt De-bounce Control Register 0x0000_0020
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 ICLKON DBCLKSRC DBCLKSEL
Bits Description
[31:6] Reserved Reserved.

Interrupt Clock on Mode

0 = Edge detection circuit is active only if 1/O pin corresponding RHIEN

- ICLKON (Px_INTEN[n+16])/FLIEN (Px_INTEN[N]) bit is set to 1.
1 = All /O pins edge detection circuit is always active after reset.

Note: It is recommended to disable this bit to save system power if no special application
concern.

De-bounce Counter Clock Source Selection
[4] DBCLKSRC 0 = De-bounce counter clock source is the HCLK.
1 = De-bounce counter clock source is the 10 kHz internal low speed RC oscillator (LIRC).

De-bounce Sampling Cycle Selection

0000 = Sample interrupt input once per 1 clocks.

0001 = Sample interrupt input once per 2 clocks.

0010 = Sample interrupt input once per 4 clocks.

0011 = Sample interrupt input once per 8 clocks.

0100 = Sample interrupt input once per 16 clocks.
0101 = Sample interrupt input once per 32 clocks.
0110 = Sample interrupt input once per 64 clocks.
[3:0] DBCLKSEL 0111 = Sample interrupt input once per 128 clocks.
1000 = Sample interrupt input once per 256 clocks.
1001 = Sample interrupt input once per 2*256 clocks.
1010 = Sample interrupt input once per 4*256 clocks.
1011 = Sample interrupt input once per 8*256 clocks.
1100 = Sample interrupt input once per 16*256 clocks.
1101 = Sample interrupt input once per 32*256 clocks.
1110 = Sample interrupt input once per 64*256 clocks.
1111 = Sample interrupt input once per 128*256 clocks.
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GPIO Px.n Pin Data Input/Outut Register (Pxn PDIO)

Register Offset R/W |Description Reset Value
PAn_PDIO . .
017 GPIO_BA+0x800+(0x04 * n) R/W |GPIO PA.n Pin Data Input/Output Register 0x0000_000X
n=0,1..
PBn_PDIO . .
01 ; GPIO_BA+0x840+(0x04 * n) R/W |GPIO PB.n Pin Data Input/Output Register 0x0000_000X
n=0,1..
PCn_PDIO . .
01 - GPIO_BA+0x880+(0x04 * n) R/W |GPIO PC.n Pin Data Input/Output Register 0x0000_000X
n=0,1..
PDn_PDIO . .
. GPIO_BA+0x8C0+(0x04 * n) R/W |GPIO PD.n Pin Data Input/Output Register 0x0000_000X
n=1,2..
PEn_PDIO . .
01.7 GPIO_BA+0x900+(0x04 * n) R/W |GPIO PE.n Pin Data Input/Output Register 0x0000_000X
n=0,1..
PFn_PDIO ; i
01.4 GPIO_BA+0x940+(0x04 * n) R/W |GPIO PF.n Pin Data Input/Output Register 0x0000_000X
n=0,1..
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 PDIO
Bits Description
[31:1] Reserved Reserved.
GPIO Px.n Pin Data Input/Output
Writing this bit can control one GPIO pin output value.
0 = Corresponding GPIO pin set to low.
1 = Corresponding GPIO pin set to high.
Read this register to get GPIO pin status.
[] PDIO For example, writing PAO_PDIO will reflect the written value to bit DOUT (Px_DOUTI0)),
reading PAO_PDIO will return the value of PIN (PA_PIN[O]).
Notel: The writing operation will not be affected by register DATMSK (Px_DATMSK][n]).
Note2:
Max. n=7 for port A~E, , but n=0 is reserved in port D.
Max. n=4 for port F.
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6.6 Timer Controller (TIMER)

6.6.1 Overview

The Timer Controller includes three 32-bit timers, TIMERO ~ TIMERZ2, allowing user to easily
implement a timer control for applications. The timer can perform functions, such as frequency
measurement, delay timing, clock generation, and event counting by external input pins, and
interval measurement by external capture pins.

6.6.2 Features
®  Supports three sets of 32-bit timers with 24-bit up-timer and one 8-bit pre-scale counter
®  Supports independent clock source for each channel (TMRO0/1/2_CLK)

®  Supports three timer counting modes: one-shot, periodic, toggle and continuous

counting

® Time-out period = (period of timer clock input) * (8-bit pre-scale counter + 1) * (24-bit
CMPDAT)

®  Supports maximum counting cycle time = (1 / T MHz) * (28) * (224); T is the period of
timer clock

24-bit up counter value is readable through TIMERx_CNT (Timer Data Register)
Supports event counting function to count the event from external pin (TM0/1/2)

Supports internal capture triggered while internal ACMP output signal transition

Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is
generated
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6.6.3 Block Diagram

Each channel is equipped with an 8-bit pre-scale counter, a 24-bit up-timer, a 24-bit compare
register and an interrupt request signal. Refer to Figure 6.6-1. There are five options of clock
sources for each channel. Figure 6.6-2 illustrates the clock source control function.

WKEN
(TIMERX_CTL[23])

Timer
Wakeup

TWKF

[ RSTCNT (TIMERx_CTL[26)) | |
(TIMERX_INTSTS[1])

CMPDAT |

Reset counter (TIMERx_CMP[23:0])

y
| CNTEN (TIMERX_CTL[30]) | -

TIF
(TIMERX_INTSTS[0])

Y 4

TMRx CLK_ |0 8-bit 24-bit -~
1 prescale up counter
~11% TMRX_MATCH
To-T2 f_@ (to ADC,EPWM)
L
Bl EXTCNTEN CNTDATEN {0

(TIMERx_CTL[24]) || (TIMERx_CTL[16]) Reset counter

Timer

CNTPHASE

(TIMERX_EXTCTL[0]) CNT
(TIMERX_CNT[23:0])

CAPEN CAPFUNCS
(TIMERX_EXTCTL[3]) | | (TIMERx_EXTCTL[4])
_/
o

Load

CAPIF

INTEN
(TIMERx_EINTSTS[0])

(TIMERX_CTL[29])

CAPDAT
(TIMERX_CAP[23:0])

ACMP_CO0

—>

0
1

-
|

CAPEDGE
(TIMERx_EXTCTL[2:1]) [CAPIEN(TIMERX_EXTCTL[5])

Figure 6.6-1 Timer Controller Block Diagram

TMROSEL (CLK_CLKSEL1[10:8])
TMR1SEL (CLK_CLKSEL1[14:12])
TMR2SEL (CLK_CLKSEL1[18:16])

{ TMROCKEN (CLK_APBCLK[2])

TMR1CKEN (CLK_APBCLK][3])
HIRC 111 I TMR2CKEN (CLK_APBCLK[4])
T0~T2 TMRO_CLK
~ TMR1_CLK
011 ﬂ TMR2_CLK
HCLK 010 >
10 kHz (LIRC) > /
001
Legend:
EXT_CLK EXT_CLK= 32.768K~48MHz external oscillator
000 HIRC =48 MHz internal high speed RC oscillator
% LIRC =10 kHz internal low speed RC oscillator

Figure 6.6-2 Clock Source of Timer Controller

6.6.4 Basic Configuration
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The peripheral clock source of TimerO ~ Timer2 can be enabled in APBCLK][5:2] and selected as
different frequency in CLKSEL1[10:8] for Timer0, CLKSEL1[14:12] for Timerl, CLKSEL1[18:16] for
Timer2.

6.6.5 Functional Description

The 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.

6.6.5.1 Timer Interrupt Flag

Timer controller supports two interrupt flags; one is TIF(TIMERX_INTSTS|0]) flag and its set while
timer counter value CNT (TIMERx_CNT[23:0]) matches the timer compared value
CMPDAT(TIMERX_CMP[23:0]), the other is CAPIF (TIMERx_EINTSTSJ[0]) flag and its set when
the transition on the ACMPOX associated CAPEDGE(TIMERx_EXTCTL[2:1]) setting.

6.6.5.2 Timer Counting Operation Mode

Timer controller provides four timer counting modes: one-shot, periodic, toggle-output and
continuous counting operation modes:

6.6.5.3 One-shot Mode

If timer controller is configured at one-shot OPMODE (TIMERx_CTL[28:27] is 00b) and CNTEN
(TIMERX_CTL[30]) bit is set, the timer counter starts up counting. Once the CNT
(TIMERX_CNTI[23:0]) value reaches CMPDAT (TIMERXx_CMP[23:0]) value, the
TIF(TIMERX_INTSTS|O0]) flag will be set to 1, CNT (TIMERx_CNT[23:0]) value and CNTEN bit is
cleared by timer controller then timer counting operation stops. In the meantime, if the INTEN
(TIMERx_CTL[29]) bit is enabled, the timer interrupt signal is generated and sent to NVIC to inform
CPU also.

6.6.5.4 Periodic Mode

If timer controller is configured at periodic OPMODE (TIMERx_CTL[28:27] is 01b) and CNTEN
(TIMERX_CTL[30]) bit is set, the timer counter starts up counting. Once the CNT
(TIMERx_CNT[23:0]) value reaches CMPDAT (TIMERx_CMP[23:0]) value, the TIF flag will be set
to 1, CNT value will be cleared by timer controller and timer counter operates counting again. In the
meantime, if the INTEN bit is enabled, the timer interrupt signal is generated and sent to NVIC to
inform CPU also. In this mode, timer controller operates counting and compares with CMPDAT
value periodically until the CNTEN bit is cleared by software.

6.6.5.5 Toggle-Output Mode

If timer controller is configured at toggle-out OPMODE (TIMERX_CTL[28:27] is 10b) and CNTEN
(TIMERX_CTL[30]) bit is set, the timer counter starts up counting. The counting operation of toggle-
out mode is almost the same as periodic mode, except toggle-out mode has associated output pin
to output signal while specify TIF bit is set. Thus, the toggle-output signal on output pin is changing
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back and forth with 50% duty cycle.

6.6.5.6 Continuous Counting Mode

If timer controller is configured at continuous counting OPMODE (TIMERx_CTL[28:27] is 11b) and
CNTEN bit is set, the timer counter starts up counting. Once the CNT (TIMERx_CNT[23:0]) value
reaches CMPDAT (TIMERx_CMP[23:0]) value, the TIF flag will be set to 1 and CNT value keeps
up counting. In the meantime, if the INTEN bit is enabled, the timer interrupt signal is generated
and sent to NVIC to inform CPU also. User can change different CMPDAT value immediately
without disabling timer counting and restarting timer counting in this mode.

For example, CMPDAT value is set as 80, first. The TIF flag will set to 1 when CNT value is equal
to 80, timer counter is kept counting and CNT value will not goes back to 0, it continues to count
81,82,83,"to 224-1,0,1, 2,3, """ to 224-1 again and again. Next, if software programs CMPDAT
value as 200 and clears TIF flag, the TIF flag will set to 1 again when CNT value reaches to 200.
At last, software programs CMPDAT as 500 and clears TIF flag, the TIF flag will set to 1 again when
CNT value reaches to 500.

In this mode, the timer counting is continuous. So, this operation mode is called as continuous
counting mode.

TIF = 1 and Interrupt TIF = 1 and Interrupt TIF = 1 and Interrupt
Generation Generation Generation
Set CMPDAT = 80 Clear TIFas 0 Clear TIFas 0 Clear TIFas 0
and Set and Set and Set
( CMPDAT=200 || CMPDAT =500 CMPDAT = 80
0 100 200 300 400 500 2% .1

we tt ot ot

CNT from 2* to 0

Figure 6.6-3 Continuous Counting Mode

6.6.5.7 Event Counting Mode

Timer controller also provides an application which can count the input event from Tx pin (x= 0~2)
and the number of event will reflect to CNT (TIMERx_CNT[23:0]) value. It is also called as event
counting function. In this function, EXTCNTEN (TIMERx_CTL[24]) bit should be set and the timer
peripheral clock source should be set as HCLK.

Software can enable or disable TMx pin de-bounce circuit by ECNTDBEN (TIMERXx_EXTCTL[7])
bit. The input event frequency should be less than 1/3 HCLK if Tx pin de-bounce disabled or less
than 1/8 HCLK if Tx pin de-bounce enabled to assure the returned CNT value is incorrect, and
software can also select edge detection phase of TMx pin by CNTPHASE (TIMERXx_EXTCTLI[0])
bit.

In event counting mode, the timer counting operation mode can be selected as one-shot, periodic
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and continuous counting mode to counts the CNT value by input event from Tx pin.

6.6.5.8 Capture Function

The capture or reset function is provided to capture or reset timer counter value. The capture
function with free-counting capture mode and trigger-counting capture mode are configured by
CAPMODE (TIMERx_EXTCTL][8]). The free-counting capture mode, reset mode, trigger-counting
capture mode are described as follows.

6.6.5.9 Free-Counting Capture Mode

The event capture function is used to load CNT (TIMERX_CNT[23:0], x=0~2) value to CAPDAT
(TIMERx_CAP[23:0], x=0~2) value while edge transition detected on ACMPOXx (x= 0~1). In this
mode, CAPMODE (TIMERXx_EXTCTL[8], x=0~2) and CAPFUNCS (TIMERx_EXTCTL[4], x=0~2)
should be as 0 for select ACMPOX (x= 0) transition is using to trigger capture function and the timer
peripheral clock source should be set as HCLK.

This mode can select edge transition detection of ACMPOx (x= 0) by setting CAPEDGE
(TIMERX_EXTCTL[2:1], Xx=0~2).

In Free-Counting capture mode, user does not consider what timer counting operation mode is
selected, the capture event occurred only if edge transition on ACMPOXx (x= 0) is detected.

Users must consider the Timer will keep register TIMERx_CAP unchanged and drop the new
capture value, if the CPU does not clear the CAPIF (TIMERx_EINTSTS|[0], x=0~2) status. The
operation method is described in Table 6.6-1.

mers ONT 5 ) 6 )} 7 (8 ) 9 }(10 )} 11} 12 (13 }( 14 )} 15

ACMPOx

(CAPEDGE=0x02)

Clear by software

CAPIF / L
TIMERx_CAP XX >< 6 >< 10 >< 13

Figure 6.6-4 Free-Counting Capture Mode

6.6.5.10 Reset Counter Mode

The timer controller also provides reset counter function to reset CNT (TIMERx_CNT[23:0], x=0~2)
value while edge transition detected on ACMPOX (x= 0). In this mode, most the settings are the
same as Free-Counting capture mode except CAPFUNCS (TIMERx_EXTCTL[4], x=0~2) should
be as 1 for select ACMPOX (x= 0) transition is using to trigger reset counter value. The operation
method is also described in Table 6.6-1.

October 01, 2021 Page 188 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
_
TIMERx_CNT 5><6><0><1><2><3><0><1><2><3><0
o

ACMPOx
(CAPEDGE=0x02)

Clear by software

CAPIF ‘/

Figure 6.6-5 External Reset Counter Mode

6.6.5.11 Trigger-Counting Capture Mode

If CAPMODE (TIMERX_EXTCTL[8], x= 0~2) is set to 1, CAPEN (TIMERx_EXTCTL[3]) is setto 1
and CAPFUNCS (TIMERx_EXTCTL[4], x=0~2) is setto 0, the CNT will be reset to 0 then captured
into CAPDAT register when ACMPOX (x= 0) trigger condition occurred. The ACMPOX trigger edge
can be chosen by CAPEDGE (TIMERx_EXTCTL[2:1]). The detailed operation method is described
in Table 6.6-1. When ACMPOXx (x= 0) trigger occurred, CAPIF (TIMERX_EINTSTS[O]) is set to 1,
and the interrupt signal is generated, then sent to NVIC to inform CPU if CAPIEN
(TIMERX_EXTCTL[5] , x= 0~2) is 1.

CAPMODE CAPFUNCS CAPEDGE
Function (TIMERX_EXTCTL |TIMERX_EXTCTL [TIMERX_EXTCTL[2 Operation Description
(8D (41 D
0 0 00 A 1 to O transition on ACMPOx (x= 0) pin is
detected. CNT is captured to CAPDAT.
0 0 o1 A 0 to 1 transition on ACMPOx (x= 0) pin is
Free-counting detected. CNT is captured to CAPDAT.
Capture Mode Either 1 to 0 or O to 1 transition on ACMPOX (x=
0 0 10 0~1) pin is detected. CNT is captured to
CAPDAT.
0 0 11 Reserved
0 1 00 An 1 to 0 transition on ACMPOXx (x= 0) pin is
detected. CNT is reset to 0.
0 1 o1 A 0 to 1 transition on ACMPOx (x= 0) pin is
Reset Counter detected. CNT is reset to 0.
Mode
0 1 10 Either 1 to 0 or 0 to 1 transition on ACMPOX (x=
0) pin is detected. CNT is reset to 0.
0 1 11 Reserved
Falling Edge Trigger:
The 1st 1 to 0 transition on ACMPOX (x= 0) pin
1 0 00 is detected to reset CNT as 0 and then starts
counting, while the 2nd 1 to O transition stops
Trigger-Counting counting.
Capture Mode Rising Edge Trigger:
The 1st 0 to 1 transition to on ACMPOXx (x= 0)
1 0 01 pin is detected to reset CNT as 0 and then starts
counting, while the 2nd 0 to 1 transition stops
counting.
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Level Change Trigger:

1 0 10 An 1 to 0 transition on ACMPOXx (x= 0) pin is
detected to reset CNT as O and then starts
counting, while 0 to 1 transition stops counting.

Level Change Trigger:

1 0 11 A 0 to 1 transition on ACMPOx (x= 0) pin is
detected to reset CNT as O and then starts
counting, while 1 to 0 transition stops counting.

Table 6.6-1 Input Capture Mode Operation

6.6.5.12 Continuous Capture Mode

Timer0/1/2 provide Continuous Capture mode to obtain timer counter value automatically when
edges occurs on input capture signal.

When CCAPEN (TIMER_CCAPCTL][O]) set to high, the Continuous Capture mode will be enabled.
CNTSEL (TIMER_CCAPCTL[3:2]) is 00B, means timer0 counter value will be latched when edge
of input capture signal changed. CNTSEL is 1 means timerl counter value will be latched.

After CCAPEN enabled, if edge of input capture signal changed, the first rising edge will latch the
timer counter value to TIMER_CCAPO then set CAPR1F (TIMER_CCAPCTL[8]) to high. When
CAPRL1F is high, the first falling edge will latch the timer counter value to TIMER_CCAPL1 and then
set CAPF1F (TIMER_CCAPCTL[9]) to high. When CAPF1F is high, the second rising edge will
latch timer counter value to TIMER_CCAP2 and then set CAPR2F (TIMER_CCAPCTL][10]) to high.

When CAPR2F is high, the second falling edge will latch the timer counter value to TIMER_CCAP3
and then set CAPF2F (TIMER_CCAPCTL[11]) to high.

24-bit
CNTSEL2, CNTSEL TMO/TM1/Sys-Tick/TM2
TIMER_CCAPCTL[7:5],[3:2] Counter
NFDIS TIMER_CCAPCTL[24]
NFCLKS TIMER_CCAPCTL[26:25] CCAPEN Latch timer
TIMER_CCAPCTL[0] counter
—| \ 4
SRS ] ,?put i TIMER_CCAPO | | capriF |
PB.5, PB.6, PB.7, PD.2 apwre | I rvER CCAP1 CAPF1F
( ) 2-to-1 Noise {>¢Signa| | = | _>| |
Mux. Filter
CCAP P [ | | TIMER_ICCAPZ | —>| CAPR2F |
INV
TIMER_CCAPCTL[1]
CAPCHSEL
TIMER_CCAPCTL[4]

Figure 6.6-6 Continuous Capture Mode Block
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Input Signal

H/W clears 'CCAPEN' bit by CCAP Interrupt

H/W loads Timer0/1/2 or Systick's counter value into ‘'TIMER_CCAP3'
register at the 2nd falling edge and set CAPF2F to 1.

S/W sets 'CCAPEN' bit
When CCAPEN = 1, it clears
CAPR1F / CAPF1F /| CAPR2F /

CAPF2F H/W loads Timer0/1/2 or Systick's counter value into 'TIMER_CCAPZ2' register

at the 2nd rising-edge and set CAPR2F to 1.

A
I
I
I
I
I
I
I
|
I
|
I
I
| I
|

I H/W loads Timer0/1/2 or Systick's counter value into ‘'TIMER_CCAP1' register
} at the 1st falling edge and set CAPF1F to 1.

I

H/W loads Timer0/1/2 or Systick's counter value into 'TIMER_CCAPO' register

at the 1st rising-edge and set CAPR1F to 1.

Figure 6.6-7 Continuous Capture Mode Behavior
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6.6.6 Register Map
R: read only, W: write only, R/W: both read and write
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Register Offset R/W |Description Reset Value
TMR Base Address

TMR_BA = 0x4001_0000

TIMERO_CTL TMR_BA+0x00 R/W |TimerO Control and Status Register 0x0000_0005
TIMERO_CMP TMR_BA+0x04 R/W |Timer0O Compare Register 0x0000_0000
TIMERO_INTSTS TMR_BA+0x08 R/W |TimerO Interrupt Status Register 0x0000_0000
TIMERO_CNT TMR_BA+0x0C R TimerO Data Register 0x0000_0000
TIMERO_CAP TMR_BA+0x10 R Timer0 Capture Data Register 0x0000_0000
TIMERO_EXTCTL TMR_BA+0x14 R/W |Timer0 Extended Event Control Register 0x0000_0000
TIMERO_EINTSTS  [TMR_BA+0x18 RIW -Friieng)?sr?er Extended  Event Interrupt  Status|y, 5500 oo
TIMER1_CTL TMR_BA+0x20 R/W |Timerl Control and Status Register 0x0000_0005
TIMER1_CMP TMR_BA+0x24 R/W |Timerl Compare Register 0x0000_0000
TIMERL_INTSTS TMR_BA+0x28 R/W |Timerl Interrupt Status Register 0x0000_0000
TIMER1_CNT TMR_BA+0x2C R Timerl Data Register 0x0000_0000
TIMER1_CAP TMR_BA+0x30 R Timerl Capture Data Register 0x0000_0000
TIMER1_EXTCTL TMR_BA+0x34 R/W |Timerl Extended Event Control Register 0x0000_0000
TIMERL_EINTSTS  [TMR_BA+0x38 RIW Eg';?srtler Extended ~ Event Interrupt  Status|, 509 0000
TIMER2_CTL TMR_BA+0x80 R/W  |Timer2 Control and Status Register 0x0000_0005
TIMER2_CMP TMR_BA+0x84 R/W |Timer2 Compare Register 0x0000_0000
TIMER2_INTSTS TMR_BA+0x88 R/W |Timer2 Interrupt Status Register 0x0000_0000
TIMER2_CNT TMR_BA+0x8C R Timer2 Data Register 0x0000_0000
TIMER2_CAP TMR_BA+0x90 R Timer2 Capture Data Register 0x0000_0000
TIMER2_EXTCTL TMR_BA+0x94 R/W |Timer2 Extended Event Control Register 0x0000_0000
TIMERZ_EINTSTS  |[TMR_BA+0x98 RIW :zi?g?srtzer Extended  Event Interrupt  Status|, 5009 0000
TIMER_CCAPCTL TMR_BA+0x40 R/W |Timer Continuous Capture Control Register 0x0000_0000
TIMER_CCAPO TMR_BA+0x44 R Timer Continuous Capture Data Register 0 0x0000_0000
TIMER_CCAP1 TMR_BA+0x48 R Timer Continuous Capture Data Register 1 0x0000_0000
TIMER_CCAP2 TMR_BA+0x4C R Timer Continuous Capture Data Register 2 0x0000_0000
TIMER_CCAP3 TMR_BA+0x50 R Timer Continuous Capture Data Register 3 0x0000_0000
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6.6.7 Register Description
Timer Control Reqgister (TIMERx CTL)

Register Offset R/W |Description Reset Value
TIMERO_CTL |TMR_BA+0x00 R/W |Timer0 Control and Status Register 0x0000_0005
TIMER1_CTL |TMR_BA+0x20 R/W |Timerl Control and Status Register 0x0000_0005
TIMER2_CTL |TMR_BA+0x80 R/W |Timer2 Control and Status Register 0x0000_0005
31 30 29 28 27 26 25 24
ICEDEBUG CNTEN INTEN OPMODE RSTCNT ACTSTS EXTCNTEN
23 22 21 20 19 18 17 16
WKEN Reserved CMPCTL Reserved
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
PSC
Bits Description

ICE Debug Mode Acknowledge Disable Control (Write Protect)
0 = ICE debug mode acknowledgement effects TIMER counting.
[31] ICEDEBUG 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 Control
0 = Stops/Suspends counting.

1 = Starts counting.

(30] CNTEN Notel: In stop status, and then set CNTEN 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 (TIMERx_CTL[28:27] = 00)
when the timer interrupt flag (TIF) is generated.

Interrupt Enable Control
0 = Timer Interrupt function Disabled.
[29] INTEN 1 = Timer Interrupt function Enabled.

Note: If this bit is enabled, when the timer interrupt flag (TIF) is set to 1, the timer interrupt
signal is generated and inform to CPU.

Timer Operating Mode

00 = The timer is operating in One-shot mode. The associated interrupt signal is generated
once (if INTEN is enabled) and CNTEN is automatically cleared by hardware.

[28:27] OPMODE 01 = The timer is operating in Periodic mode. The associated interrupt signal is generated

periodically (if INTEN is enabled).

10 = The timer is operating in Toggle mode. The interrupt signal is generated periodically|
(if INTEN is enabled). The associated signal (tout) is changing back and forth with 50%
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Bits Description

duty cycle.

11 = The timer is operating in Continuous Counting mode. The associated interrupt signal
is generated when TIMERx_CNT = TIMERx_CMP (if INTEN is enabled). However, the 24-
bit up-timer counts continuously. Please refer to 6.6.5.6 for detailed description about
Continuous Counting mode operation.

Timer Reset
[26] RSTCNT 0 = No effect.
1 = Reset 8-bit PSC counter, 24-bit up counter value and CNTEN bit if ACTSTS is 1.

Timer Active Status (Read Only)

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

1 = 24-bit up counter is active.

Counter Mode Enable Control

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 to
[24] EXTCNTEN section “Event Counting Mode” for detail description.

0 = External event counter mode Disabled.
1 = External event counter mode Enabled.

Wake-up Enable Control

When WKEN is set and the TIF or CAPIF is set, the timer controller will generator a wake-
[23] WKEN up trigger event to CPU.

0 = Wake-up trigger event Disabled.
1 = Wake-up trigger event Enabled.

[22:18] Reserved Reserved.

TIMERx_CMP Mode Control
0 = In One-shot or Periodic mode, when write new CMPDAT, timer counter will reset.

(17] CMPCTL 1 = In One-shot or Periodic mode, when write new CMPDAT if new CMPDAT > CNT)
(TIMERx_CNTI[23:0])(current counter) , timer counter keep counting and will not reset. If
new CMPDAT <= CNT(current counter) , timer counter will reset.

[16] Reserved Reserved.

[15:8] Reserved Reserved.

Prescale Counter
[7:0] PSC Timer input clock source is divided by (PSC+1) before it is fed to the Timer up counter. If

this field is 0 (PSC = 0), then there is no scaling.
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Timer Compare Register (TIMERXx CMP)

Register Offset R/W |Description Reset Value
TIMERO_CMP |TMR_BA+0x04 R/W |Timer0O Compare Register 0x0000_0000
TIMER1_CMP |TMR_BA+0x24 R/W |Timerl Compare Register 0x0000_0000
TIMER2_CMP |TMR_BA+0x84 R/W |Timer2 Compare Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CMPDAT
15 14 13 12 11 10 9 8
CMPDAT
7 6 5 4 3 2 1 0
CMPDAT
Bits Description
[31:24] Reserved Reserved.
Timer Compared Value
CMPDAT is a 24-bit compared value register. When the internal 24-bit up counter value is
equal to CMPDAT value, the TIF flag will set to 1.
Time-out period = (Period of Timer clock source) * (8-bit PSC + 1) * (24-bit CMPDAT).
[23:0] CMPDAT Notel: Never write Ox0 or Ox1 in CMPDAT 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 CMPDAT field. But if
Timer is operating at other modes except Periodic mode on MO5xxDN/DE, the 24-bit up
counter will restart counting and using newest CMPDAT value to be the timer compared
value if software writes a new value into CMPDAT field.
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Timer Interrupt Status Register (TIMERXx INTSTS)

Register Offset R/W |Description Reset Value
TIMERO_INTSTS |TMR_BA+0x08 R/W |TimerO Interrupt Status Register 0x0000_0000
TIMERL_INTSTS |TMR_BA+0x28 R/W [Timerl Interrupt Status Register 0x0000_0000
TIMER2_INTSTS |TMR_BA+0x88 R/W [Timer2 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 TWKF TIF
Bits Description
[31:2] Reserved Reserved.
Timer Wake-up Flag
This bit indicates the interrupt wake-up flag status of Timer.
[1] TWKE 0 = Timer does not cause chip wake-up.
1 = Chip wake-up from Idle or Power-down mode if Timer time-out interrupt signal
generated.
Note: This bit is cleared by writing 1 to it.
Timer Interrupt Flag
This bit indicates the interrupt flag status of Timer while CNT (TIMERx_CNT[23:0]) value
reaches to CMPDAT value.
[0l TIF 0 = No effect.
1 = CNT value matches the CMPDAT value.
Note: This bit is cleared by writing 1 to it.

October 01, 2021 Page 198 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
‘._

Timer Data Register (TIMERXx CNT)

Register Offset R/W |Description Reset Value
TIMERO_CNT |TMR_BA+0x0C R Timer0 Data Register 0x0000_0000
TIMER1_CNT |TMR_BA+0x2C R Timerl Data Register 0x0000_0000
TIMER2_CNT |TMR_BA+0x8C R Timer2 Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CNT
15 14 13 12 11 10 9 8
CNT
7 6 5 4 3 2 1 0
CNT
Bits Description
[31:24] Reserved Reserved.
Timer Data Register
[23:0] CNT If CNTEN is set to 1, CNT register value will be updated continuously to monitor 24-bit up
counter value.
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Timer Capture Data Register (TIMERXx CAP)

Register Offset R/W |Description Reset Value
TIMERO_CAP |TMR_BA+0x10 R TimerO Capture Data Register 0x0000_0000
TIMER1_CAP |TMR_BA+0x30 R Timerl Capture Data Register 0x0000_0000
TIMER2_CAP |TMR_BA+0x90 R Timer2 Capture Data Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CAPDAT
15 14 13 12 11 10 9 8
CAPDAT
7 6 5 4 3 2 1 0
CAPDAT
Bits Description
[31:24] Reserved Reserved.
Timer Capture Data Register
When CAPEN (TIMERx_EXTCTL[3]) bit is set, CAPFUNCS (TIMERX_EXTCTL[4]) bitis O,
[23:0] CAPDAT and a transition on ACMPOXx matched the CAPEDGE (TIMERx_EXTCTL[2:1]) setting,
CAPIF (TIMERx_EINTSTSJ[0]) will set to 1 and the current timer counter value CNT
(TIMERX_CNT[23:0]) will be auto-loaded into this CAPDAT field.
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Timer Extended Event Control Register (TIMERx EXTCTL)

Register Offset R/W |Description Reset Value
TIMERO_EXTCTL |[TMR_BA+0x14 R/W |Timer0 Extended Event Control Register 0x0000_0000
TIMER1_EXTCTL |TMR_BA+0x34 R/W |Timerl Extended Event Control Register 0x0000_0000
TIMER2_EXTCTL [TMR_BA+0x94 R/W |Timer2 Extended Event 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 CAPMODE
7 6 5 4 3 2 1 0
ECNTDBEN Reserved CAPIEN CAPFUNCS CAPEN CAPEDGE CNTPHASE
Bits Description
[31:9] Reserved Reserved.

(8]

CAPMODE

Capture Mode Select Bit
0 = Timer counter reset function or free-counting mode of timer capture function.
1 = Trigger-counting mode of timer capture function.

(7]

ECNTDBEN

Timer Counter Input Pin De-bounce Enable Control
0 = TMx (x = 0~2) pin de-bounce Disabled.
1 = TMx (x = 0~2) pin de-bounce Enabled.

If this bit is enabled, the edge detection of TMx (x = 0~2) pin is detected with de-bounce
circuit.

(6]

Reserved

Reserved.

(5]

CAPIEN

Timer Capture Interrupt Enable Control
0 = Timer Capture Interrupt Disabled.
1 = Timer Capture Interrupt Enabled.

Note: CAPIEN is used to enable timer capture interrupt. If CAPIEN enabled, timer will
generate an interrupt when CAPIF (TIMERXx_EINTSTS|O]) is 1.

For example, while CAPIEN = 1, CAPEN = 1, and CAPEDGE = 00, an 1 to 0 transition on
the ACMP_COx will cause the CAPIF to be set then the interrupt signal is generated and
sent to NVIC to inform CPU.

(4]

CAPFUNCS

Capture Function Select Bit
0 = Capture Mode Enabled.
1 = Reset Mode Enabled.

Notel: When CAPFUNCS is 0, transition on ACMPOX is using to save the 24-bit timer
counter value to CAPDAT register.

Note2: When CAPFUNCS is 1, transition on ACMPOX is using to reset the 24-bit timer
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Bits Description
counter value.
Timer Capture Function Enable Control
This bit enables the Timer Capture Function
[3] CAPEN

0 = Timer Capture Function Disabled.
1 = Timer Capture Function Enabled.

Timer Capture Pin Edge Detection

00 = A falling edge on ACMP_COO will be detected.

[2:1] CAPEDGE 01 = Arising edge on ACMP_COO will be detected.

10 = Either rising or falling edge on ACMP_COO will be detected.
11 = Reserved.

Timer External Count Pin Phase Detect Selection

This bit indicates the detection phase of TMx (x = 0~2) pin.
[0] CNTPHASE ] S

0 = A falling edge of TMx (x = 0~2) pin will be counted.

1 = Arising edge of TMx (x = 0~2) pin will be counted.
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Timer Extended Event Interrupt Status Register (TIMERXx EINTSTS)

Register Offset R/W |Description Reset Value
TIMERO_EINT TMR BA+0x18 RIW Tlmt_arO Extended Event Interrupt Status 0x0000 0000
STS - Register -
TIMER1_EINT TMR BA+0x38 RIW Tlmt_arl Extended Event Interrupt Status 0x0000 0000
STS - Register -
TIMER2_EINT TMR_BA+0x98 RIW T|m(_ar2 Extended Event Interrupt Status 0X0000_0000
STS Register
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 CAPIF
Bits Description
[31:1] Reserved Reserved.
Timer Capture Interrupt Flag
This bit indicates the timer external capture interrupt flag status.
0 = Timer Capture interrupt did not occur.
1 = Timer Capture interrupt occurred.
(0] CAPIE Notel: This bit is cleared by writing 1 to it.
Note2: When CAPEN (TIMERx_EXTCTL[3]) bit is set, CAPFUNCS (TIMERx_EXTCTL[4])
bit is 0, and a transition on ACMPOx matched the CAPEDGE (TIMERx_EXTCTL[2:1])
setting, this bit will set to 1 by hardware.
Note3: There is a new incoming capture event detected before CPU clearing the CAPIF
status. If the above condition occurred, the Timer will keep register TIMERx_CAP
unchanged and drop the new capture value.
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Timer Continuous Capture Control Register (TIMER CCAPCTL)

Register Offset R/W |Description Reset Value
TIMER_CCAPCTL |TMR_BA+0x40 R/W  [Timer Continuous Capture Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved NFCLKS NFDIS
23 22 21 20 19 18 17 16
Reserved CCAPIEN
15 14 13 12 11 10 9 8
Reserved CAPF2F CAPR2F CAPF1F CAPR1F
7 6 5 4 3 2 1 0
CNTSEL2 CAPCHSEL CNTSEL INV CCAPEN
Bits Description
[31:27] Reserved Reserved.

Noise Filter Clock Pre-divided Selection

To determine the sampling frequency of the Noise Filter clock

00 = CAPCLK.

01 =CAPCLK /2.

[26:25] NFCLKS 10 = CAPCLK / 4.

11 = CAPCLK/ 16.

CAPCLK is depend on which clock source was decided by CNTSEL and CNTSEL2.
EX.

CNTSEL=3 and CNTSEL2=0, and then TMR2_CLK was selected as CAPCLK.

Disable Input Capture Noise Filter
[24] NFDIS 0 = Noise filter of Input Capture Enabled.
1 = The noise filter of Input Capture Disabled.

Capture Interrupt Enable Control
00 = Interrupt Disabled.
01 = Capture Rising Edge 1 and Falling Edge 1 interrupt Enabled.

[17:16] CCAPIEN
10 = Capture Rising Edge 1, Falling degel and Rising Edge 2 interrupt Enabled.
11 = Capture Rising Edge 1, Falling degel, Rising Edge 2 and Falling Edge 2 interrupt|
Enabled.

[15:12] Reserved Reserved.

Capture Falling Edge 2 Flag

Second falling edge already captured, this bit will be set to 1

[11] CAPF2F 0 = None.

1 = CAPDAT(TIMER_CCAP3[23:0]) data is ready for read.

Note: This bit is cleared by hardware automatically when writing 1 to this bit.
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Bits Description

Capture Rising Edge 2 Flag

Second rising edge already captured, this bit will be set to 1.

[10] CAPR2F 0 = None.

1 = CAPDAT(TIMER_CCAP2[23:0]) data is ready for read.

Note: This bit is cleared by hardware automatically when writing 1 to this bit.

Capture Falling Edge 1 Flag

First falling edge already captured, this bit will be set to 1.

[9] CAPF1F 0 = None.

1 = CAPDAT(TIMER_CCAP1[23:0]) data is ready for read.

Note: This bit is cleared by hardware automatically when writing 1 to this bit.

Capture Rising Edge 1 Flag

First rising edge already captured, this bit will be set to 1.

[8] CAPR1F 0 = None.

1 = CAPDAT(TIMER_CCAPO0[23:0]) data is ready for read.

Note: This bit is cleared by hardware automatically when writing 1 to this bit.

Capture Timer2 Selection
[7:5] CNTSEL2 000 = TIMER2.
001 = Disable.

Capture Timer Channel Selection

Select the channel to be the continuous capture event.
0 = CCAP_PO.

1=CCAP_P1.

[4] CAPCHSEL

Capture Timer Selection

Select the timer to continuous capture the input signal.
00 = TIMERO.

01 = TIMERL1.

10 = SysTick.

11 = See CNTSEL2.

[3:2] CNTSEL

Input Signal Inverse

Invert the input signal which be captured.
[1] INV

0 = None.

1 = Inverse.

Continuous Capture Enable Control

This bit is to be enabled the continuous capture function.
0] CCAPEN 0 = Disabled Continuous capture function.

1 = Enabled Continuous capture function.

Note: This bit is cleared by hardware automatically when capture operation finish or writing
Otoit

October 01, 2021 Page 205 of 522 Rev.0.1



NnUvVoTOoN

Preliminarx Technical Reference Manual
‘_

Timer Continuous Capture Register 0-3 (TIMER CCAPO0-3)

NM1240

Register Offset R/W |Description Reset Value
TIMER_CCAPO |TMR_BA+0x44 R Timer Continuous Capture Data Register 0 0x0000_0000
TIMER_CCAP1 |TMR_BA+0x48 R Timer Continuous Capture Data Register 1 0x0000_0000
TIMER_CCAP2 |TMR_BA+0x4C R Timer Continuous Capture Data Register 2 0x0000_0000
TIMER_CCAP3 |TMR_BA+0x50 R Timer Continuous Capture Data Register 3 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CAPDAT
15 14 13 12 11 10 9 8
CAPDAT
7 6 5 4 3 2 1 0
CAPDAT
Bits Description
[31:24] Reserved Reserved.
Timer Continuous Capture Data Register
TIMER_CCAPO store the timer count value of first rising edge
[23:0] CAPDAT TIMER_CCAP1 store the timer count value of first falling edge
TIMER_CCAP?2 store the timer count value of second rising edge
TIMER_CCAP3 store the timer count value of second falling edge
October 01, 2021 Page 206 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
_

6.7 Enhanced Input Capture Timer (ECAP)

6.7.1 Overview

This device provides an Input Capture Timer/Counter whose capture function can detect the digital
edge-changed signal at channel inputs. This unit has three input capture channels. The
timer/counter is equipped with up counting, reload and compare-match capabilities.

6.7.2 Features
®  Supports the interrupt function
Each input channel has its own capture counter hold register

24-bit Input Capture up-counting timer/counter

With noise filter in front end of input ports

Edge detector with three options

€4 Rising edge detection

¢ Falling edge detection

¢ Both edge detection

® Each input channel is supported with one capture counter hold register
® Captured event reset and/or reload capture counter

®  Supports compare-match function

6.7.3 Block Diagram

The input capture timer/counter unit supports 3 input channels with three programmable input signal
sources. The port pins ECAPO to ECAP2 can be fed to the inputs of the capture unit, besides,
analog comparator outputs (ACMPn_ECAP) can also be internally routed to the capture inputs by
software configuration. Figure 6.7-2 and Figure 6.7-5 illustrate the architecture of Input Capture.

ECAPCKEN (CLK_APBCLK]8])

> ECAP_CLK
HCLK [

Figure 6.7-1 Enhanced Input Capture Timer/Counter Architecture
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160 ECAP_HLD1
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ACMP_COO0
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Filter ECAP_CNTCMP
ICIEN
CAP1SEL ECAP_CTLO~2
1'b0

—
ACMP_CO0 11 — ECAP_STS
} i —Ho01|  cap _PCHG

Noise
Filter

ECAP_P1

i

ECAP_P2 » 00

IC2EN

i

CAP2SEL

- HALLSTS = EPWM_PCHGNXT[18:16]
(to EPWM )

Figure 6.7-2 Enhanced Input Capture Timer/Counter Clock Source Control

6.7.4 Input Noise Filter

Figure 6.7-3 shows the architecture of Noise-Filter with eight sampling rate options.

NFCLK_S (ECAP_CTLO[2:0])

ECAP_CLK E}g

ECAP_CLK/2
- 001
ECAP_CLK/4
ECAP_CLK/16 010
- — »{ 011 Noise Filter Clk
ECAP_CLK/32 >
— ———>{ 100
ECAP_CLK/64 101
ECAP_CLK/128
- —» 110
ECAP_CLK/256
- ——» 111

Figure 6.7-3 Noise Filter Sampling Clock Selection

If enabled, the capture logic is required to sample 4 consecutive same capture input value to
recognize an edge as a capture event. A possible implementation of digital noise filter is as Figure
6.7-4.
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6.7.5 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. ECAP_CNT. The trigger option is programmable through CAPEDGO0, CAPEDG1
and CAPEDG?2 in ECAP_CTLZ1 register. It supports positive edge, negative edge and both edge
triggers. Each capture module consists of an enable control bit, ICOEN to IC2EN. The capture
counter (ECAP_CNT) serves as a 24-bit up counter. It supports reload and compared modes. The
Input Capture Timer/Counter Enable bit (CAPEN) must be set to enable Input Capture
Timer/Counter functions. More details are described in the next sections.

6.7.5.1 Capture Function

Each time the capture input trigger is validated, the content of the free running 24 bits capture
counter ECAP_CNT will be captured/transferred into the capture hold registers, ECAP_HLDO ~
ECAP_HLDZ2, depending which channel trigger. This action also causes the CAPTF flag bits in
ECAP_STS to be set, which will also generate an interrupt (if enabled by CAPTFxIEN (x=0~2) bits
in ECAP_CTLO register). The CAPTFx (x=0~2) flags are logical “OR” to the interrupt module. The
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 (ECAP_CTLO[26]) will allow hardware to reset the capture counter
(ECAP_CNT) automatically after the value of ECAP_CNT has been captured. Priority is given to
reset counter after capture the counter value into the capture register.
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*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.

Figure 6.7-5 Enhanced Input Capture Timer/Counter Functions Block

6.7.5.2 Compare Mode

The compare function is enabled by setting the CMPEN (ECAP_CTLO[28]) bit to 1.
ECAP_CNTCMP will serve as a compare register. As ECAP_CNT counting up, upon matching with
ECAP_CNTCMP value, the flag, CAPCMPF (ECAP_STS[4]), will be set, which will generate an
interrupt request if the enabled bit of the comparator interrupt, CAPCMPIEN, is set. Besides, setting
the CMPCLR bit (ECAP_CTLO[25]) will allow hardware to make capture counter cleared to zero
automatically after a compare-match event occurs.
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6.7.5.3 Reload Mode

Input Capture Timer/Counter can also be configured for Reload mode. The reload function is
enabled by setting the RLDEN bit (ECAP_CTLO[27]) to 1. In this mode, ECAP_CNTCMP serves as
a reload register. When ECAP_CNT overflows, a reload is generated that causes the contents of
the ECAP_CNTCMP register to be reloaded into the ECAP_CNT register, if RLDEN is set.
However, if RLDEN = 0, ECAP_CNT will be reloaded with 0 and count up again.

Alternatively, other reload source is also possible by the capture inputs by configuring the CPRLDS
(ECAP_CTL1[10:8]). This action also sets the CAPTFx flag bits in the ECAP_STS register.

6.7.6  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 6.7-6 demonstrates the architecture of Input Capture Timer/Counter interrupts

CAPTFO
CAPTFOIEN

CAPTF1
CAPTF1IEN

CAPTF2
CAPTF2IEN

| ]

CAPCMPF
CAPCMPIEN

CAPOVF
CAPOVIEN

o —
D
=
>

Figure 6.7-6 Enhanced Input Capture Timer/Counter Interrupt Architecture Diagram
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6.7.7

Register Map

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

NM1240

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

ECAP_BA = 0x401B_0000

ECAP_CNT ECAP_BA+0x00 R/W Input Capture Counter 0x0000_0000
ECAP_HLDO ECAP_BA+0x04 R/W  |Input Capture Counter Hold Register 0 0x0000_0000
ECAP_HLD1 ECAP_BA+0x08 R/W  |Input Capture Counter Hold Register 1 0x0000_0000
ECAP_HLD2 ECAP_BA+0x0C R/W  |Input Capture Counter Hold Register 2 0x0000_0000
ECAP_CNTCMP |ECAP_BA+0x10 R/W  |Input Capture Counter Compare Register 0x0000_0000
ECAP_CTLO ECAP_BA+0x14 R/W  |Input Capture Control Register 0 0x0000_0000
ECAP_CTL1 ECAP_BA+0x18 R/W  [Input Capture Control Register 1 0x0000_0000
ECAP_STS ECAP_BA+0x1C |R/W |Input Capture Status Register 0x0000_0000
ECAP_CTL2 ECAP_BA+0x20 R/W  |Input Capture Control Register 2 0x0000_0000
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6.7.8 Register Description
Input Capture Counter (ECAP CNT)

Register Offset R/W  |Description Reset Value
ECAP_CNT ECAP_BA+0x00 R/W Input Capture Counter 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CNT
15 14 13 12 11 10 9 8
CNT
7 6 5 4 3 2 1 0
CNT
Bits Description
[31:24] Reserved Reserved.
Input Capture Timer/Counter (24-bit Up Counter)
[23:0] 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 ECAP_CLK is divided by 1, 4, 16, 32, 64, 96, 112 or 128.
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Input Capture Counter Hold Register 0-2 (ECAP_HLD0-2)

Register Offset R/W  |Description Reset Value
ECAP_HLDO ECAP_BA+0x04 R/W  |Input Capture Counter Hold Register 0 0x0000_0000
ECAP_HLD1 ECAP_BA+0x08 R/W  |Input Capture Counter Hold Register 1 0x0000_0000
ECAP_HLD2 ECAP_BA+0x0C R/W  |Input Capture Counter Hold Register 2 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
HOLD
15 14 13 12 11 10 9 8
HOLD
7 6 5 4 3 2 1 0
HOLD
Bits Description
[31:24] Reserved Reserved.
Input Capture Counter Hold Register
[23:0] HOLD When an active input capture channe_l detect_s avalid edg_e signal change, thg ECAP_C_NT vaIL_Je is
latched into the corresponding holding register. Each input channel has itself holding register,
named by ECAP_HLDx where x is from O to 2 to indicate inputs from ICO to IC2, respectively.
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Input Capture Counter Compare Register (ECAP_CNTCMP)

Register Offset R/W  |Description Reset Value
ECAP_CNTCMP |ECAP_BA+0x10 R/W Input Capture Counter Compare Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
CNTCMP
15 14 13 12 11 10 9 8
CNTCMP
7 6 5 4 3 2 1 0
CNTCMP
Bits Description
[31:24] Reserved Reserved.
Input Capture Counter Compare Register
If the compare function is enabled (CMPEN = 1), the compare register is loaded with the value
[23:0] CNTCMP that the compare function compares the capture counter (ECAP_CNT).
If the reload control is enabled (RLDEN = 1), an overflow event or capture events will trigger
the hardware to reload ECAP_CNTCMP into ECAP_CNT.
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Input Capture Timer/Counter Control Register (ECAP _CTLO)

Register Offset RIW Description Reset Value
ECAP_CTLO ECAP_BA+0x14 R/W Input Capture Control Register 0 0x0000_0000
31 30 29 28 27 26 25 24
Reserved CAPPHGEN CAPEN CMPEN RLDEN CPTCLR CMPCLR CPTST
23 22 21 20 19 18 17 16
Reserved CAPCMPIEN | CAPOVIEN Reserved CAPTF2IEN | CAPTF1IEN | CAPTFOIEN
15 14 13 12 11 10 9 8
Reserved CAP2SEL CAP1SEL CAPOSEL
7 6 5 4 3 2 1 0
Reserved IC2EN IC1EN ICOEN CAPNFDIS NFCLKS
Bits Description
[31] Reserved Reserved.
Input Capture Flag Trigger PWM Phase Change Function Enable Control
[30] CAPPHGEN 0 = CAPTF2 or CAPTF1 or CAPTFO trigger PWM phase change function Disabled.
1 = CAPTF2 or CAPTF1 or CAPTFO trigger PWM phase change function Enabled.
Input Capture Timer/Counter Enable Control
[29] CAPEN 0 = Input Capture function Disabled.
1 = Input Capture function Enabled.
The Compare Function Enable Control
The compare function in input capture timer/counter is to compare the dynamic counting
ECAP_CNT with the compare register ECAP_CNTCMP, if ECAP_CNT value reaches
(28] CMPEN ECAP_CNTCMP, the flag CAPCMPF will be set.
0 = Compare function Disabled.
1 = Compare function Enabled.
The Reload Function Enable Control
Setting this bit to enable reload function. If the reload control is enabled, an overflow event
(CAPOVF) or capture events (CAPTFXx) will trigger the hardware to reload ECAP_CNTCMP
[27] RLDEN into ECAP_CNT.
0 =Reload function Disabled.
1 = Reload function Enabled.
Input Capture Counter Clear by Capture Events Control
If this bit is set to 1, the capture counter (ECAP_CNT) will be cleared to 0 when any one of
[26] CPTCLR capture events (CAPTFO~3) occurs.
0 = Capture events (CAPTF0~3) can clear capture counter (ECAP_CNT) Disabled.
1 = Capture events (CAPTF0~3) can clear capture counter (ECAP_CNT) Enabled.
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Bits Description

Input Capture Counter Clear by Compare-match Control

If this bit is set to 1, the capture counter (ECAP_CNT) will be cleared to 0 when the compare-
[25] CMPCLR match event (CAMCMPF = 1) occurs.

0 = Compare-match event (CAMCMPF) can clear capture counter (ECAP_CNT) Disabled.
1 = Compare-match event (CAMCMPF) can clear capture counter (ECAP_CNT) Enabled.

Input Capture Counter Start Bit

Setting this bit to 1, the capture counter (ECAP_CNT) starts up-counting synchronously with
[24] CPTST capture clock input (ECAP_CLK).

0 = ECAP_CNT stop counting.
1 = ECAP_CNT starts up-counting.

[23:22] Reserved Reserved.

Enable CAPCMPF Trigger Input Capture Interrupt
[21] CAPCMPIEN 0 = Disabling flag CAPCMPF can trigger Input Capture interrupt.
1 = Enabling flag CAPCMPF can trigger Input Capture interrupt.

Enable CAPOVF Trigger Input Capture Interrupt
[20] CAPOVIEN 0 = Disabling flag CAPOVF can trigger Input Capture interrupt.
1 = Enabling flag CAPOVF can trigger Input Capture interrupt.

[19] Reserved Reserved.

Enable Input Capture Channel 2 Interrupt
[18] CAPTF2IEN 0 = Disabling flag CAPTF2 can trigger Input Capture interrupt.
1 = Enabling flag CAPTF2 can trigger Input Capture interrupt.

Enable Input Capture Channel 1 Interrupt
[17] CAPTF1IEN 0 = Disabling flag CAPTF1 can trigger Input Capture interrupt.
1 = Enabling flag CAPTF1 can trigger Input Capture interrupt.

Enable Input Capture Channel O Interrupt
[16] CAPTFOIEN 0 = Disabling flag CAPTFO can trigger Input Capture interrupt.
1 = Enabling flag CAPTFO can trigger Input Capture interrupt.

[15:14] Reserved Reserved.

CAP2 Input Source Selection

00 = CAP2 input is from port pin ECAP_P2.

[13:12] CAP2SEL 01 = CAP2 input is from signal ACMP_COO0 (Analog comparator 0 output).
10 = Reserved.

11 = Reserved

CAPL1 Input Source Selection

00 = CAP1 input is from port pin ECAP_P1.

[11:10] CAP1SEL 01 = CAP1 input is from signal ACMP_COO (Analog comparator 0 output).
10 = Reserved.

11 = Reserved
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Bits Description

CAPO Input Source Selection

00 = CAPO input is from port pin ECAP_PO.

[9:8] CAPOSEL 01 = CAPO input is from signal ACMP_COO (Analog comparator O output).
10 = Reserved.

11 = Reserved

[7] Reserved Reserved.

Enable Port Pin IC2 Input to Input Capture Unit
[6] IC2EN 0 = IC2 input to Input Capture Unit Disabled.
1 =IC2 input to Input Capture Unit Enabled.

Enable Port Pin IC1 Input to Input Capture Unit
[5] IC1EN 0 = IC1 input to Input Capture Unit Disabled.
1 =IC1 input to Input Capture Unit Enabled.

Enable Port Pin ICO Input to Input Capture Unit
[4] ICOEN 0 = ICO0 input to Input Capture Unit Disabled.
1 =ICO input to Input Capture Unit Enabled.

Disable Input Capture Noise Filter
[3] CAPNFDIS 0 = Noise filter of Input Capture Enabled.
1 = The noise filter of Input Capture Disabled.

Noise Filter Clock Pre-divided Selection

To determine the sampling frequency of the Noise Filter clock
000 = ECAP_CLK.

001 = ECAP_CLK /2.

010 = ECAP_CLK/ 4.

011 = ECAP_CLK/ 16.

100 = ECAP_CLK / 32.

101 = ECAP_CLK / 64.

110 = ECAP_CLK / 128.

111 = ECAP_CLK / 256.

[2:0] NFCLKS
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Input Capture Timer/Counter Control Reqgister (ECAP _CTL1)

Register Offset R/W |Description Reset Value
ECAP_CTL1 ECAP_BA+0x18 [R/W [Input Capture Control Register 1 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved CNTSRC
15 14 13 12 11 10 9 8
Reserved CAPDIV Reserved CPRLDS
7 6 5 4 3 2 1 0
Reserved CAPEDG2 CAPEDG1 CAPEDGO
Bits Description
[31:18] Reserved Reserved.

Capture Timer/Counter Clock Source Selection
Select the capture timer/counter clock source

00 = ECAP_CLK (Default).

01 = CAPO.

10 = CAP1.

11 = CAP2.

[17:16]  |CNTSRC

[15] Reserved Reserved.

Capture Timer Clock Divide Selection

The capture timer clock has a pre-divider with eight divided options controlled by,
CAPDIV[2:0].

000 = ECAP_CLK /1.
001 = ECAP_CLK/ 4.
[14:12] CAPDIV 010 = ECAP_CLK / 16.
011 = ECAP_CLK / 32.
100 = ECAP_CLK / 64.
101 = ECAP_CLK / 96.
110 = ECAP_CLK / 112.
111 = ECAP_CLK / 128.

[11] Reserved Reserved.
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Bits Description
ECAP_CNT Reload Trigger Source Selection
If the reload function is enabled (RLDEN = 1), when a reload trigger event comes, the
ECAP_CNT is reloaded with ECAP_CNTCMP.
CPRLDSJ2:0] determines the ECAP_CNT reload trigger source
[10:8] CPRLDS 000 = CAPTFO.
001 = CAPTF1.
010 = CAPTF2.
100 = CAPOVF.
Other = Reserved.
[7:6] Reserved Reserved.
Channel 2 Captured Edge Selection
Input capture can detect falling edge change only, rising edge change only or one of both
edge change
[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
[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
[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 (ECAP_STS)

Register Offset R/W  |Description Reset Value
ECAP_STS ECAP_BA+0x1C R/W  |Input Capture 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 ECAP2 ECAP1 ECAPO
7 6 5 4 3 2 1 0
Reserved CAPOVF CAPCMPF Reserved CAPTF2 CAPTF1 CAPTFO
Bits Description
[31:11] Reserved Reserved.

Input Capture Source 2 Status (Read Only)
[10] ECAP2 Input captureSource 2 (ECAP_P2) status. It is read only.
(The bit is read only and write is ignored)

Input Capture Source 1 Status (Read Only)
9] ECAP1 Input capture Source 1 (ECAP_P1) status. It is read only.
(The bit is read only and write is ignored)

Input Capture Source 0 Status (Read Only)
[8] ECAPO Input capture Source 0 (ECAP_PO) status. It is read only.
(The bit is read only and write is ignored)

[7:6] Reserved Reserved.

Input Capture Counter Overflow Flag

Flag is set by hardware when input capture up counter (CNT) overflows from 0x00FF_FFFF to 0.
[5] CAPOVF 0 = No overflow occurs in CNT.

1 = CNT overflows.

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
(CNT) up counts and reach to the CNTCMP value.

4] CAPCMPF 0 = CNT does not match with CNTCMP value.

1 = CNT counts to the same as CNTCMP value.

Note: This bit is only cleared by writing 1 to itself through software.
[3] Reserved Reserved.
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Bits Description

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.

2l CAPTF2 0 = No valid edge change is detected at CAP2 input.
1 = A valid edge change is detected at CAP2 input.

Note: This bit is only cleared by writing 1 to itself through software.

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.

0 = No valid edge change is detected at CAP1 input.
1 = A valid edge change is detected at CAP1 input.
Note: This bit is only cleared by writing 1 to itself through software.

11] CAPTF1

Input Capture Channel 0 Captured Flag

When the input capture channel O detects a valid edge change at CAPO input, it will set flag
CAPTFO to high.

0 = No valid edge change is detected at CAPO input.
1 = A valid edge change is detected at CAPO input.
Note: This bit is only cleared by writing 1 to itself through software.

[0] CAPTFO
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Input Capture Timer/Counter Control Reqgister (ECAP _CTL2)

Register Offset R/W Description Reset Value
ECAP_CTL2 ECAP_BA+0x20 R/W Input Capture Control 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
Reserved CPTCLRMS Reserved CLRS2EN CLRSI1EN CLRSOEN
7 6 5 4 3 2 1 0
Reserved RLDMS RLDOVSEN RLDS2EN RLDS1EN RLDSOEN
Bits Description
[31:13] Reserved Reserved.

CPTCLR Function Trigger Event Source Mode Selection
[12] CPTCLRMS 0 = CPTCLR event source in normal mode.
1 = CPTCLR event source in enhanced mode.

[11] Reserved Reserved.

CAPTF2 Event Trigger Enable for CPTCLR Event Source
[10] CLRS2EN 0 = Disabling flag CAPTF2 can trigger CPTCLR function.
1 = Enabling flag CAPTF2 can trigger CPTCLR function.

CAPTF1 Event Trigger Enable for CPTCLR Event Source
[9] CLRS1EN 0 = Disabling flag CAPTF1 can trigger CPTCLR function.
1 = Enabling flag CAPTF1 can trigger CPTCLR function.

CAPTFO Event Trigger Enable for CPTCLR Event Source
[8] CLRSOEN 0 = Disabling flag CAPTFO can trigger CPTCLR function.
1 = Enabling flag CAPTFO can trigger CPTCLR function.

[7:5] Reserved Reserved.

RLD Function Trigger Event Source Mode Selection
[4] RLDMS 0 = RLD event source in normal mode.
1 = RLD event source in enhanced mode.

CAPOVF Event Trigger Enable for RLD Event Source
[3] RLDOVSEN 0 = Disabling flag CAPOVF can trigger RLD function.
1 = Enabling flag CAPOVF can trigger RLD function.

CAPTF2 Event Trigger Enable for RLD Event Source
[2] RLDS2EN 0 = Disabling flag CAPTF2 can trigger RLD function.
1 = Enabling flag CAPTF2 can trigger RLD function.
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Bits Description

CAPTF1 Event Trigger Enable for RLD Event Source
[1] RLDS1EN 0 = Disabling flag CAPTF1 can trigger RLD function.
1 = Enabling flag CAPTF1 can trigger RLD function.

CATFO Event Trigger Enable for RLD Event Source
[0] RLDSOEN 0 = Disabling flag CAPTFO can trigger RLD function.
1 = Enabling flag CAPTFO can trigger RLD function.
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6.8 Enhanced PWM Generator (EPWM)

6.8.1 Overview

The NM1240 has built in one PWM unit which is specially designed for motor driving control
applications. The PWM unit supports six PWM generators which can be configured as six
independent PWM outputs, PWMO~PWMS5, or as three complementary PWM pairs, (PWMO,
PWM1), (PWM2, PWM3) and (PWM4, PWM5) with three programmable dead-zone generators.

Every complementary PWM pairs share one clock divider providing nine divided frequencies (1,
1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256) for each channel. Each PWM output shares one 16-bit
counter for PWM period control, and 16-bit comparators for PWM duty control. The six PWM
generators provide fourteen independent PWM interrupt flags which are set by hardware when the
corresponding PWM period counter comparison matched period and duty. Each PWM interrupt
source with its corresponding enable bit can 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.

To prevent PWM driving output pin with unsteady waveform, the 16-bit period up counter and 16-
bit comparator are implemented with double buffer. When user writes data to counter/comparator
buffer registers, the updated value will be loaded into the 16-bit counter/comparator at the end of
current period. The double buffering feature avoids glitch at PWM outputs.

Besides PWM, Motor controlling also need Timer, ACMP and ADC to work together. To control
motor more precisely, some registers are provided to configure not only PWM but also Timer, ADC
and ACMP. By doing so, it can save more CPU time and control motor with ease especially in
BLDC.

6.8.2 Features

®  Supports one PWM clock timer and one 9 level Divider (1, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64,
1/128, 1/256).

®  Supports six independent 16-bit PWM duty control units with maximum six port pins:

€ Six independent PWM outputs — PWMO, PWM1, PWM2, PWM3, PWM4, and
PWM5

€ Three complementary PWM pairs, with each pin in a pair mutually complement to
each other and capable of programmable dead-zone insertion — (PWMO0, PWM1),
(PWM2, PWM3) and (PWM4, PWM5)

Supports group function.

Supports one-shot (only edge alignment mode) or auto-reload mode PWM
Supports 16-bit resolution PWM counter

Supports Edge-aligned and Center-aligned mode

Supports Programmable dead-zone insertion between complementary paired PWMs

Supports hardware fault brake protections
4 Two Interrupt types, BRKO and BRK1:
B BRKO forces EPWM in brake state and resumed by software
B BRK1 forces EPWM in brake state and auto-resumed by hardware
B Brake source:
4 BRKO0: ACMPO, ACMP1, EADC and External pins (PWM_BRK_Px)
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4 BRK1: ACMPO, ACMP1, EADC and External pins (PWM_BRK_Px).

® The PWM signals before polarity control stage are defined in the view of positive logic.
The PWM ports is active high or active low are controlled by polarity control register.

®  Supports independently falling CMPDAT matching, central matching (in Center-aligned
mode), rising CMPDAT matching (in Center-aligned mode), period matching to trigger
EADC conversion

Supports ACMP output event trigger PWM to force PWM output at most one period low

Supports interrupt accumulation function

6.8.3 Block Diagram
Figure 6.8-1 shows the PWM clock source.

EWPM Clock
Source

HCLK >

EPWMCKEN
(CLK_APBCLK[20])

Figure 6.8-1 EPWM Clock Source

The overall functioning of the EPWM module is shown in Figure 6.8-2.
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EPWMRST _(Reset EPWM Block) T
SYS_IPRST1[20]
EPWM_RESDLY EPWM_BRKCTL
- . RKO/LIE]
EPWM_INTEN[17:16]

Figure 6.8-2 EPWM Block Diagram

Figure 6.8-3 illustrates the architecture of PWM in pair (e.g. PWM-Timer 0/1 are in one pair and PWM-
Timer 2/3 are in another one, and PWM-Timer 4/5 are in one pair.).
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Figure 6.8-5 EPWM Generator 4/5 Architecture Diagram

6.8.4 Basic Configuration
The PWM pin functions are configured in SYS_GPA_MFP registers.

The PWM clock can be enabled in CLK_APBCLK][20]. The PWM clock source is HCLK.
6.8.5 Functional Description

6.8.5.1 PWM-Timer Operation
This device supports two operation modes: Edge-aligned and Center-aligned mode.

Following equations show the formula for period and duty for each PWM operation mode:

Edge aligned (Down Counter)

Duty ratio = CMPDAT / (PERIOD+1)
Duty = CMPDAT * (clock period)
Period = (PERIOD+1) * (clock period)

Center aligned (Down and Up Counter):
Duty ratio = (CMPDAT / (PERIOD+1))

Duty =2 * CMPDAT * (clock period)
Period =2 * (PERIOD+1) * (clock period)

Edge aligned PWM Type (Down Counter)

In Edge-aligned PWM Output mode, the 16-bit PWM counter will start counting-down from PERIOD
to match with the value of the duty cycle CMPDATN (old); when this happens it will toggle the
EPWM_CHn generator output to high. The counter will continue counting-down to zero; at this
moment, it toggles the EPWM_CHn generator output to low and CMPDATn (new) and PERIOD
(new) are updated with CNTMODE=1 and requests the PWM interrupt if PWM interrupt is enabled
(EPWM_INTEN).

Figure 6.8-6 shows the Edge-aligned PWM timing and operation flow.
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If 16-bit down counter underflow
1. Update new duty cycle register (CMPDATN) if CNTMODE =1
2. Update new period cycle register (PERIOD) if CNTMODE =1

PERIOD (new)

PERIOD (old) 16-bit PWM counter
CMPDATR (new)

CMPDATN (old)

! New Duty Cycle
PWMn generator ouput |
. I | .
4—— PWM period —pmg— T ——.—— New PWM period —» :
New CMPDATN is written New PERIOD is written

Figure 6.8-6 EPWM Edge-aligned Type

PERIOD (7FF)

CMPDATn (3FF)

PWMF (INT_TYPE=X)

PWMn generator ouput

|
|

[
|

1 1
1 1
| PWM Period |
1 1
| |

Figure 6.8-7 EPWM Edge-aligned Waveform Output
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Edge Aligned mode :

Period = (PERIOD + 1) * clock cycle
Duty ratio = CMPDAT / (PERIOD + 1)
CMRDAT > PERIOD --> always High
CMRDAT =0 --> always Low

Edge Aligned mode
PERIOD =99
Period = PERIOD +1=99 + 1 = 100

99

€—— period ————p

CMRDAT=0

CMRDAT=1

CMRDAT=2

CMRDAT=3

L

N

CMRDAT=97

n

CMRDAT=98

0

CMRDAT=99

17t

0

CMRDAT=100

Figure 6.8-8 EPWM Edge-aligned Mode Operation Timing
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I 16-bit
| PWM counter

|
PWM_CMPDATR — —(— — — —— — - — /

|

|

|

I .

N— PWM, period 4”
|

PWM_PERIOD

PWM |
generator ouput |
—_—
| A
CMPDIENN/ PIEN/
CMPDIFn PIF (n:0~5)

Figure 6.8-9 EPWM Edge-aligned Interrupt Diagram
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Set GPA_MFP, PA_MODE, APBCLK[20] = 1
Set CTL[31] = O (Edge-Aligned type)

Set CLKDIV, CTL,

Set CNTMODE note1

Set PERIOD, CMPDATNn

Set INTEN

Start:
Set CNTCLR =1
Set CNTENn =1

Y
H/w will load CMPDATn and PERIOD to working registers.
Down-counting start from PERIOD.

2

PWMn output:
0 if counter > CMPDATn

1 if counter < CMPDATn
0if counter =0

EPWM_CHn output Low
Counter down counting

Counter =
CMPDATN?

EPWM_CHn output toggle
CMPDIFn flag set

Counter continue down counting

No

Yes

EPWM_CHn output toggle

'

PIF flag set

H/w will load in new PERIOD/CMPDATN value to
working registers.

Yes

Notel: Any write to toggle EPWM_CTL.[8](CNTMODE) will clear EPWM_PERIOD and EPWM_CMPDATO0~5
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Figure 6.8-10 EPWM Edge-aligned Flow Diagram

The EPWM period and duty control are decided by PWM down-counter register (PERIOD) and
PWM comparator register (CMPDATN). The PWM-Timer timing operation is shown in Figure 6.8-12
EPWM-Timer Operation Timing. The pulse width modulation follows the formula below and the
legend of PWM-Timer Comparator is shown in Figure 6.8-11 EPWM Legend of Internal Comparator
Output of PWM-Timer. Note that the corresponding GPIO pins must be configured as PWM function
for the corresponding PWM channel.

PWM frequency = HCLK / (clock divider) / (PERIOD+1)

Period = (PERIOD + 1) unit

Duty ratio = CMPDAT / (PERIOD+1)

CMPDAT > PERIOD: PWM output is always high

CMPDAT <= PERIOD: PWM output high duty = (CMPDAT) unit
CMPDAT = 0: PWM always low

Note: 1. Unit = one PWM clock cycle.

Start Update new

Initiali; CMPDAT;
il "
CMPDATN. PWM-Timer | cmppATh l |
Comparator
PERIOD Output PERIOD
PWM —
Ouput
PERIOD+1 iMPDAl

Note: n=0 ~ 5.

Figure 6.8-11 EPWM Legend of Internal Comparator Output of PWM-Timer

Comparator
(CMPDATN) 1 1 0

PWMn
down-counter 3 3 0 4 4

*

. CMPDATn=1
PWMtTITer PERIODNn =3
outpu Auto reload =1
(CNTMODE =1)
(Write initial setting) | A A
Set CNTENn=1 CMPDATn=0
(PWM-Timer starts running) PERIODn =4
(S/W write new value) Auto-load Auto-load
(H/W update value) (PWMIFx is set by H/W)

(PWMIFn is set by H/W)

Figure 6.8-12 EPWM-Timer Operation Timing
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Center-Aligned PWM (Down/Up Counter)

The center-aligned PWM signals are produced by the module when the PWM time base is
configured in an Down/Up Counting mode. The PWM counter first state is Down-counter mode
which it will start from PERIOD plus one value and decrase to match the value of CMPDATN (old);
this will cause the toggling of the EPWM_CHn generator output to high. The counter will continue
counting to 0. Upon reaching this state counter is configured automatically to Up counting, when
EPWM counter matches the CMPDATN (old) value again the PWMn generator output toggles to
low. Once the EPWM counter overflows it will update the EPWM period register PERIOD (new) and
duty cycle register CMPDATN (new) with CNTMODE = 1.

In Center-aligned mode, the EPWM has 4 types interrupt as Period interrupt (PIF), Up interrupt
(CMPUIF), Central interrupt (CIF), and Down interrupt (CMPDIF).

PWM frequency = HCLK/(clock divider))/(2*(PERIOD+1))

Period = 2 x (PERIOD + 1) unit

Duty ratio = (CMPDAT / (PERIOD + 1))

CMPDAT > PERIOD: PWM output is always high

CMPDAT <= PERIOD: PWM output high duty = (2 x CMPDAT) unit
CMPDAT = 0: PWM always low

Note: 1. Unit = one PWM clock cycle.

Figure 6.8-13 show the Center-aligned PWM timing and operation flow.

If 16-bit PWM up/down counter underflows
1. Update new duty cycle register (CMPDATN) if CNTMODE = 1
2. Update new period cycle register (PERIOD) if CNTMODE = 1

PERIOD (new)

PERIOD (old) 16-bit PWM counter

CMPDATN (new)

CMPDATN (old)

0

New Duty Cycle

| |

| |
PWMn generator ouput : :

:

|

| |
lag—— PWM period — pulag— PWM period —ppwlegg———— New PWM period ~ ——p»!

! !

New CMPDATN is written New PERIOD is written

Figure 6.8-13 EPWM Center-aligned Type
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Central Aligned mode :

Period = 2* (PERIOD + 1) * clock cycle
Duty ratio = (CMPDAT / (PERIOD + 1))
CMPDAT > PERIOD --> always High
CMPDAT =0 --> always Low

Central Aligned mode
PERIOD =99
Period = 2 * (PERIOD + 1) = 2* (99 + 1) = 200

99 99
98 98

nifn

central

A
\ 4

period

CMPDAT=0

CMPDAT=1
CMPDAT=2

CMPDAT=3 |

0

CMPDAT=97

i

CMPDAT=98

0

CMPDAT=99

il

n
N

CMPDAT=100

Figure 6.8-14 EPWM Center-aligned Mode Operation Timing
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PERIOD (7FF)

|
|
|
|
|
|
CMPDATN(3FF) R N ----L
|
|
|
|
|

|
|
|
|
|
|
e
|

| | | | | -
| | |
| | — | | |
| s/w clear | | | s/w clear ! | | s/w clear !
PIF [ | | 1 | | [ |
| | | | | |
- e ST
| | | |
| | | | |
| | | | |
CIF | : | s/vly clear | : | s/\qlv clear | :
| I - | I L —— ! }
. — T T 1
I : | : I : I : I : I
| | | | | |
| T | t | —t—
PWMn generator ouput : : : : : :
[ | I | I |
- ' - ' - |
| PWM Period | PWM Period |

16-bit

| PWM counter

PWM_CMPDATN — o — — Nc — — — —|— — — — L |

:‘—l— PWM Iperiod 4>|
| | |
|

CMPDIENn/ CIEN/ CMPUIENN/ PIEN/
CMPDIFn CIF CMPUIFn  PIF (n:0~5)

PWM
generator ouput

Figure 6.8-16 EPWM Center-aligned Interrupt Diagram
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Set GPA_MFP, PA_MODE, APBCLK[20] = 1
Set CTL[31] = 1 (Central-Aligned type)

Set CLKDIV, CTL,

Set CNTMODE note1

Set PERIOD, CMPDATn

Set INTEN

Start:
Set CNTCLR =1
Set CNTENn =1

*L
H/W will load CMPDATn and PERIOD to working registers.
Down-counting start from (PERIOD) value.

PWMn output:
0 if counter > CMPDATn
1if counter < CMPDATn

EPWM_CHn output Low
Counter down counting

Counter =
CMPDATN ?

EPWM_CHn output toggle
CMPDIFn flag set

‘ Counter continue down counting Fﬁ

Yes

EPWM Counter change to Up-Counting and start count from 0.
CIF flag set.

Counter up counting )

Counter =
CMPDATN ?

EPWM_CHn output toggle
CMPUIFn flag set

‘ Counter continue up counting ’47

Yes

H/W will load in new PERIOD/CMPDATN value to
working registers.

Notel: Any write to toggle EPWM_CTL.[8](CNTMODE) will clear EPWM_PERIOD and EPWM_CMPDATO0~5
Figure 6.8-17 EPWM Center-aligned Flow Diagram
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6.8.5.2 EPWM Port Output Control
EPWM unit has six output pins in this device. The PWM port outputs are PA.0O~PA.5.

The driving type of PWM output ports can be initialized as Tri-state type or other types depending
on the PA_MODE register setting after any reset, as shown in Figure 6.8-11.

6.8.5.3 Independent Mode

The EPWM is set as independent mode when MODE (EPWM_CTL[29:28]) = 00, there are six PWM
channel outputs. Each channel is running its own duty-cycle.

6.8.5.4 Complementary Mode
Complementary mode is enabled when MODE (EPWM_CTL[29:28]) = 01.

In this module there are three duty-cycle generators utilized for complementary mode, with total of
three EPWM output pair pins in this module. The total six EPWM outputs are grouped into output
pairs of even and odd numbered outputs. In complimentary modes, the internal odd PWM signal
EPWM_CHn, always be the complement of the corresponding even PWM signal. For example,
EPWM_CH1 will be the complement of EPWM_CHO. EPWM_CH3 will be the complement of
EPWM_CH2 and EPWM_CH5 will be the complement of EPWM_CHA4.

6.8.5.5 State of PGn in Indepent and Complementary Mode

In general, the EPWM is used in the following two combinational conditions, refer to Figure 6.8-3,
Figure 6.8-4 and Figure 6.8-5

1. Inindependent mode and dead-time insertion is disabled:
EPWM_CTL.CNTENnNn = 0: PGn = 0, where n=0~5.

EPWM_CTL.CNTENN = 1: PGn
where n=0~5. (PWMn_CPO = PWMn compared output)

PWMn_CPO,

2. In complementary mode and dead-time insertion is enabled:
EPWM_CTL.CNTENn = 0: PGn =0, PG(n+1) = 1, where n=0,2,4.

EPWM_CTL.CNTENn = 1. PGn = PWMn_CPO, with dead-timer insertion,
PG(n+1) = Complementary of PWMn_CPO with dead-time insertion, where n=0,2,4.

The EPWM is not recommeded in other combination condition.

6.8.5.6 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 8-bit down counter used to produce the dead-time insertion. The complementary
outputs are delayed until the counter counts down to zero.
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The dead-time can be calculated from the following formula:
dead-time = PWM_CLK * DTCNTnm. where nm, could be 01, 23, 45

The timing diagram as shown in Figure 6.8-18 indicates the dead-time insertion for one pair of PWM
signals.

PWMO_CHO without
dead-time ' yd ™\
: [ B
PWMO0_CH1 without | | |
dead-time ™\ | e )
\ \ [ ’
PWMO_CHO with I | \‘I | :‘
dead-time I / 1 '\
PWMO_CH1 with | i W |
dead-time ]
|

Dead-time Interval

Effect of dead-time for complementary pairs

Figure 6.8-18 EPWM Dead-time Insertion

6.8.5.7 Group Mode
Group mode is enabled when GROUPEN (EPWM_CTL[30]) = 1.

This device supports Group mode control which allows all even PWM channels output to be duty
controllable by EPWM_CHO duty register.

If GROUPEN = 1, both (EPWM_CH2, EPWM_CH3) and (EPWM_CH4, EPWM_CHS5) pairs will
follow (EPWM_CHO, EPWM_CH1), which imply;

EPWM_CH4 = EPWM_CH2 = EPWM_CHO;

EPWM_CH5 = EPWM_CH3 = EPWM_CH1 = invert (EPWM_CHO) if Complementary mode is
enabled when MODE (EPWM_CTL[29:28]) = 01.

6.8.5.8 Asymmetric Mode

Asymmetric mode only works under Center-aligned type. Asymmetric mode is enabled when
ASYMEN (EPWM_CTLJ[20]) = 1. In this mode EPWM counter will compare with another compared
value CMPU (EPWM_CMPDATN[31:16]) when counting up. If CMPU is not equal to the CMP, the
EPWM will generate asymmetric waveform and set CMPUIFn (EPWM_INTSTS[13:8]) of the
corresponding channel n.
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PERIOD (7FF) |

|
CMPU (555) |

|
|
|
I clear! |
|
1
|

Figure 6.8-19 EPWM Asymmetric Mode Timing Diagram

6.8.5.9 One-Shot Mode

The EPWM set as one-shot mode when CNTMODE (EPWM_CTL[8]) = 0. The EPWM output one
pulse in one period when EPWM start run is set. Figure 6.8-20 shows one-shot mode status.

4—— period ——»<€¢—— period —»

CMRDAT =0 0

CMRDAT < PERIOD

CMRDAT > PERIOD

1

PWM Start

Figure 6.8-20 EPWM One-Shot Mode Architecture

6.8.5.10 Polarity Control

Each PWM port from PWMO_CHO to PWMO_CHS5 has independent polarity control to configure the
polarity of active state of PWM output. By default, the PWM output is active high.

Figure 6.8-21 shows the initial state before PWM starts with different polarity settings.
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Initial State | PWM Starts | Original waveform .WlthOUt Dead-time |
and ploarity control
PWM_CHO |
| ] ]
PWM_CH1 | |
! | | |
| ; | ; |
| on | on |
NEGPOLARO0=0
PWM_CHO off off | ( )
i I ‘
| on 1
| =
PWM_CH1 off | off off | |(NEGPOLAR1 0)
| | | | |
| |
. | | | |
o
PWM_CHO | on | on |(NEGPOLARO=0)
off |
| 1 1 |
off ! off off |
PWM_CH1 | on | |(NEGPOLAR1=1)
|
! |
| | i
| | | | |
I I '
NEGPOLARN: Negative Polarity control bits; It controls the PWM output initial state and polarity
Dead-time insertion; It is only effective in complementary mode

Figure 6.8-21 EPWM Initial State and Polarity Control with Rising Edge Dead-time Insertion

6.8.5.11 Interrupt Architecture

There are sixteen interrupt sources for EPWM unit, which are PIF (EPWM_INTSTS[0]) PWM
counter counts to period interrupt flag; CIF (EPWM_INTSTS[18]) PWM counter counts to central
point of center-aligned type interrupt flag; CMPDIFn (EPWM_INTSTS[29:24]) PWM counter down-
counts to CMPn (EPWM_CMPDATN[15:0]) interrupt flag; CMPUIFn (EPWM_INTSTS[13:8]) PWM
counter up-counts to CMPUn (EPWM_CMPDATN[31:16]) interrupt flag, if operating in asymmetric
type it up count to CMPUn (PWM_CMPDATN[31:16]); BRKOIF (PWM_INTSTS[16]) BrakeO
interrupt flag, BRK1IF (PWM_INTSTS[17]) Brakel interrupt flag.

The bits BRKOIEN (EPWM_INTEN[16]) and BRK1IEN (EPWM_INTEN[17]) control the brake
interrupt enable; the bit PIEN (EPWM_INTEN]JO]) control the PIF interrupt enable; the bit CIEN
(EPWM_INTEN[18]) control the CIF interrupt enable; the bits CMPUIENn (EPWM_INTEN[13:8])
control the CMPUIFnN interrupt enable; and the bits CMPDIENNn (EPWM_INTEN[29:24]) control the
CMPDIFn interrupt enable. Note that all the interrupt flags are set by hardware and must be cleared
by software.
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CMPUIFO /I

(EPWM_INTSTSI8]) CMPUIENO
(EPWM_INTEN[8])

CMPDIFO
(EPWM_INTSTS[24]) CMPDIENO

(EPWM_INTEN[24])

(EPWM_INTSTS][9]) CMPUIENL
(EPWM_INTEN[9])
CMPDIFL

(EPWM_INTSTS[25]) . T CMPDIENL
(EPWM_INTEN[25])

CMPUIFL /I
A

CMPUIF2 /I

(EPWM_INTSTS[10]) CMPUIEN2
EPWM_INTEN[10])
CMPDIF2
(EPWM_INTSTS[26]) . CMPDIEN2

(EPWM_INTEN[26])

IFAEN

EPWM_IFA[0]

CMPUIF3
(EPWM_INTSTS[11]) CMPUIEN3

-
AEPWM_INTEN[11])

CMPDIF3
(EPWM_INTSTS[27]) CMPDIEN3

(EPWM_INTEN[27])

CMPUIF4
(EPWM_INTSTS[12]) CMPUIEN

EPWM_INTEN[12])
CMPDIF4

(EPWM_INTSTS[28])

CMPDIEN4
(EPWM_INTEN[28])

CMPUIF5 /|

(EPWM_INTSTS[13]) . CMPUIENS

EPWM_INTEN[13])
CMPDIF5

(EPWM_INTSTS[29]) - CMPDIENS
(EPWM_INTEN[29])

PIF

(EPWM_INTSTS[0]) _/(
J

(EPWM_INTEN[0])

(EPWM_INTSTS] 18])
(EPWM_INTEN[18])

Figure 6.8-22 EPWM Interrupt Architecture

Note: For the BRKnIF’s interrupt architecture illustration, see Figure 6.8-23.

6.8.5.12 EPWM Brake

This device supports two brake detectors, BRKO and BRK1, and each of them has 4 brake signals,
one external brake pin (BRAKE connected to BRKO and BRK1 both), two analog comparator
outputs and one ADC output. External brake pins have digital filter. The Brake function is controlled
by the contents of the EPWM_BRKCTL register.
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ACMPO_PBRK

BRKOAOEN

(EPWM_BRKCTL[2])
ADC_PBRK —/]/
BRKOADCEN
(EPWM_BRKCTL[4])

BRKOPEN
(EPWM_BRKCTLIS])

BKODN (n:0-5)
(EPWM_BRKCTL[29:24]) ———m] 1
EPWM Output 0~5
EPWM_CHn Output ———m»| 0
[

BRKOF ———» BRAKEO_INT
INTSTS -

(EPWN_INTSTS[161)

BRKOIEN
(EPWM_INTEN([16])

BRKOLOCK
(EPWM_INTSTS[19])

BRKOEN
(EPWM_BRKCTL0])

SWBRK(EPWM_BRKCTL[9]) BRKLE
A ————» BRAKEL_INT

(EWPN_INTSTS[17))

BRK1IEN
(EPWM_INTEN[17))

ACMPO_PBRK D_
BRK1AOEN
(EPWM_BRKCTL[10))
f ADC_PBRK —— =T _—_—_ -~ —_——--

BRKIADCEN [
(EPWM_BRKCTL[12]) |
LVDBKEN

| (EPWM_BRKCTL[14])

NFPEN | 2

(EPWM_BRKCTL31], BRK1PEN | |
EPWM_BRKCTL[22:20]) (EPWM_BRKCTL[13]) | its doy |

: | R J

PWM_BRK_P0
PC.2/PC5 -| Noise Filter

BRK1EN
| (EPWM_BRKCTL{1])

PWM_CLK  EPWM_RESDLY

LVDTYPE
(EPWM_BRKCTL[15])

BRKPOIF
N

Period

BRK_PO_EN (EPWM Period Timing)

(EPWM_BRKCTL[6])

PWM_BRK_P1
IPB.6 _l>°_@ BRKPLIF
BRK_P1_EN INTSTS[21])
(EPWM_BRKCTL{7))
PWM_BRK_P2 Note:
PB.7 —l>o—-| Noise Filter J— EPWM output level during brake condition will also depend on NEGPOLARN (EPWM_NPCTL) to control PWMn polarity.
e 1f NEGPOLARN = 0, PWMn output = PWMn normally.

STS(22)) If NEGPOLARN = 1, PWMn output = invert PWMn output.

BRK_P2_EN
(EPWM_BRKCTL[8]) Note. n: 0~5

Figure 6.8-23 EPWM Brake Architecture

The BRKO block will keep EPWM output to brake define value (set by EPWM_BRKCTL [29:24] )
and need initial EPWM function again to release EPWM brake signal.

The BRK1 block has resume function, when BRK1 brake active, after BRK1 brake released, it will
resume by itself with 12-bits delay counter.

Since both brake conditions being asserted will automatically cause BRKnIF (n:0,1) flag to be set,
the user program can poll these brake flag bits or enable EPWM'’s brake interrupt (EPWM_INTEN)
to determine which condition will cause a brake to occur. The BRKO event will clear all CNTENn
and therefore STOP PWM counting, however, the BRK1 event does not effect CNTENnN.

6.8.5.13 EPWM Phase Change Function

The phase change function can be used to trigger PWM by TIMER module with ACMP by selectable
TRGSEL (EPWM_PHCHG[22:20]) registers. To use Timer (or ACMP) trigger EPWM, by
configuring both EPWM_PHCHG and EPWM_PHCHGNXT register. Each time when time-out
event coming, EPWM_PHCHG’s value will be updated by EPWM_PHCHGNXT’s value
automatically, EPWM_PHCHG'’s bit field is identical with EPWM_PHCHGNXT'’s, each time when
EPWM_PHCHG updated, the related function will also change.

Besides trigger EPWM, phase change register also with mask control bits to change the phase of
EPWM output. By setting 1 to corresponding channel’s MSKENn (EPWM_PHCHGJ[13:8]) to enable
channel's mask function, then corresponding channel will output level of MSKDATN
(EPWM_PHCHG[5:0]).
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6.8.5.14 EPWM Mask Output Function

In Phase Change function, each of the EPWM output can be manually overridden by using the
appropriate bits in the EPWM Mask Enable function (MSKENnN, n:0~5) and EPWM Mask Data
register (MSKDATN, n:0~5) to drive EPWM pins to specified logic states independent of duty cycle
comparison units. The MSKENN register contains six bits, MSKEN[5:0] (EPWM_PHCHGJ[13:8] /
EPWM_PHCHGNXT[13:8]) determine which PWM I/O pins will be overridden. On reset MSKENN
is 00H. The MSKDATnN register contains six bits, MSKDAT[5:0] (EPWM_PHCHG[5:0] /
EPWM_PHCHGNXT[5:0]) determine the state of the PWM I/O pins when a particular output is
masked via the MSKDATN bits. On reset MSKDATN is 00H. When the MSKEN([5:0] bits are set, the
corresponding MSKDAT[5:0] bit will have effect on the PWM channel.

PWWJl PW“EJ PW“ﬂJ MSKENn  MSKDATn
-phase | g | 2| 4 024
load

PW"% PW“®| PW“®| 135 1035

Symbol of a typical 3-phase inverter n:0~5

Pwmle PW'\E/J PW'\EJ PWMAME ~ PWMnMD
$-phase | g | 5 | 4 024
load

PW“ﬂJ PWM3 ) PWMS, 1135 1135

Symbol of a typical 3-phase inverter n:0~5

Figure 6.8-24 EPWM 3-phase Motor Mask Diagram

For examplel, Motor activating path is path O connects path 3, and path 0 is used as EPWMO and
path 3 is ON (short).

PWM channel 0 follow PWM generator.
PWM channels 1-5 are masked by MSKENRN bits,.
PWM channels 1-5 outputs are determined by state of MSKDATN bits.

Switch 0 (On/Off) : Control By EPWMO (EPWMO Frequency/Duty Generator).
Switch 1 (Off) : MSKDAT1=0
Switch 2 (Off) : MSKDAT2=0
Switch 3 (On) : MSKDAT3 =1
Switch 4 (Off) : MSKDAT4 =0
Switch 5 (Off) : MSKDAT5 =0
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MSKENnN MSKDATn
011 x| 0|0
11111 0|1|0

PWM1MD PWM3MD PWM5MD

| |

Current path = (0,3)

|
!
|
|
|
|
PW'\QJ PWMZ@ PWM4£J :
|
|
|
|
|
|
|
|

Figure 6.8-25 EPWM 3-phase motor Mask examplel

For example2, Motor activating path is path 2 connects path 5, and path 2 is used as EPWM2 and
path 5 is ON (short).

PWM channel 2 follow PWM generator.
PWM channels 0-1, 3-5 are masked by MSKENN bits,.
PWM channels 0-1. 3-5 outputs are determined by state of MSKDATN bits.

Switch 0 (Off) : MSKDATO0 =0
Switch 1 (Off) : MSKDAT1=0
Switch 2 (On/Off) : Control by EPWM2 (EPWM2 frequency/duty generator).
Switch 3 (Off) : MSKDAT3 =0
Switch 4 (Off) : MSKDAT4 =0
Switch 5 (On) : MSKDAT5 = 1
~ MSKENn  MSKDATn |
1101 0| x|0
11111 0,01

PWM1MD PWM3MD PWM5MD

L

Figure 6.8-26 EPWM 3-phase Motor Mask Example2
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6.8.5.15 EPWM Phase Change Hall_State Sensor Mode

The EPWM can also direct check Hall sensor state to change motor phase. When TRGSEL = 011b
(EPWM_PHCHGNXT[22:20]), trigger by next Hall state, the Phase-Change controller will
continuouly compare (CAP2, CAP1, CAPO) in ECAP with HALLSTS in EPWM_PHCHGNXT
[18:16]. If it is matched then the content of EPWM Next Phase Change Register
(EPWM_PHCHGNXT) will be load into EPWM Phase Change Register(EPWM_PHCHG) therefore
the Mask Control setting is updated.
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6.8.6 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
EPWM Base Address:

EPWM_BA = 0x4004_0000

EPWM_NPCTL EPWM_BA+0x00 |R/W EPWM Negative Polarity Control Register 0x0000_0000
EPWM_CLKDIV EPWM_BA+0x04 R/W EPWM Clock Select Register 0x0000_0000
EPWM_CTL EPWM_BA+0x08 |R/W EPWM Control Register 0x0000_0000
EPWM_PERIOD EPWM_BA+0x0C |R/W EPWM Period Counter Register 0x0000_0000
EPWM_CMPDATO |EPWM_BA+0x24 R/W EPWM Comparator Register 0 0x0000_0000
EPWM_CMPDAT1 |EPWM_BA+0x28 R/W EPWM Comparator Register 1 0x0000_0000
EPWM_CMPDAT2 |EPWM_BA+0x2C |R/W EPWM Comparator Register 2 0x0000_0000
EPWM_CMPDAT3 |EPWM_BA+0x30 R/W EPWM Comparator Register 3 0x0000_0000
EPWM_CMPDAT4 |EPWM_BA+0x34 [R/W EPWM Comparator Register 4 0x0000_0000
EPWM_CMPDATS5 |EPWM_BA+0x38 [R/W EPWM Comparator Register 5 0x0000_0000
EPWM_CNT EPWM_BA+0x3C R EPWM Data Register 0x0000_0000
EPWM_INTEN EPWM_BA+0x54 R/W EPWM Interrupt Enable Register 0x0000_0000
EPWM_INTSTS EPWM_BA+0x58 R/W EPWM Interrupt Status Register 0x0000_0000
EPWM_RESDLY EPWM_BA+0x5C [R/W EPWM BRK Low Voltage Detect Resume Delay 0x0000_0000
EPWM_BRKCTL EPWM_BA+0x60 |R/W EPWM Fault Brake Control Register 0x0000_0000
EPWM_DTCTL EPWM_BA+0x64 |R/W EPWM Dead-zone Interval Register 0x0000_0000
EPWM_PHCHG EPWM_BA+0x78 |R/W EPWM Phase Changed Register 0x0000_0000
EPWM_PHCHGNXT |[EPWM_BA+0x7C |R/W EPWM Next Phase Change Register 0x0000_0000
EPWM_PHCHGALT [EPWM_BA+0x80 R/W EPWM Phase Change Alternative Control Register 0x0000_0000
EPWM_IFA EPWM_BA+0x84 R/W EPWM Period Interrupt Accumulation Control Register |0x0000_00F0
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6.8.7 Register Description
EPWM Negative Polarity Control Reqgister (EPWM NPCTL)

Register Offset R/W [Description Reset Value
EPWM_NPCTL EPWM_BA+0x00 |R/W |EPWM Negative Polarity 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 NEGPOLARS5 | NEGPOLAR4 [ NEGPOLAR3 | NEGPOLAR2 | NEGPOLAR1 | NEGPOLARO
Bits Description
[31:6] Reserved Reserved.
PWMS5 Negative Polarity Control
The register bit controls polarity/active state of real PWM output.
[5] NEGPOLARS5 . . .
0 = PWM output is active high.
1 =PWM output is active low.
PWM4 Negative Polarity Control
The register bit controls polarity/active state of real PWM output.
[4] NEGPOLAR4 . . .
0 = PWM output is active high.
1 =PWM output is active low.
PWM3 Negative Polarity Control
The register bit controls polarity/active state of real PWM output.
[3] NEGPOLARS ) ) )
0 = PWM output is active high.
1 =PWM output is active low.
PWM2 Negative Polarity Control
The register bit controls polarity/active state of real PWM output.
[2] NEGPOLAR2 . . .
0 = PWM output is active high.
1 =PWM output is active low.
PWM1 Negative Polarity Control
The register bit controls polarity/active state of real PWM output.
[1] NEGPOLAR1 . . .
0 = PWM output is active high.
1 =PWM output is active low.
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Bits Description

PWMO Negative Polarity Control

The register bit controls polarity/active state of real PWM output.
0 = PWM output is active high.

1 =PWM output is active low.

[0] NEGPOLARO
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EPWM Clock Selector Register (EPWM _CLKDIV)

Register Offset R/W |Description Reset Value
\E/PWM—CLKDI EPWM_BA+0x04 |R/W |EPWM Clock 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 CLKDIV
Bits Description
[31:4] Reserved Reserved.

EPWM Clock Divider (9 Step Divider)
Select clock input for PWM timer
0000 =1 (HCLK / 270).

0001 = 1/2 (HCLK / 271).

0010 = 1/4 (HCLK / 272).

0011 = 1/8 (HCLK / 273).

0100 = 1/16 (HCLK / 2"4).

0101 = 1/32 (HCLK / 275).

0110 = 1/64 (HCLK / 276).

0111 = 1/128 (HCLK / 2~7).
1000 = 1/256 (HCLK / 2"8).
1001~ 1111 = Reserved.

[3:0] CLKDIV
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EPWM Control Register (EPWM _CTL)

Register Offset R/W |Description Reset Value
EPWM_CTL |EPWM_BA+0x08 |R/W |EPWM Control Register 0x0000_0000
31 30 29 28 27 26 25 24
CNTTYPE GROUPEN MODE CNTCLR DTCNT45 DTCNT23 DTCNTO1
23 22 21 20 19 18 17 16
Reserved ASYMEN Reserved HCUPDT
15 14 13 12 11 10 9 8
Reserved CNTMODE
7 6 5 4 3 2 1 0
Reserved CNTENS CNTEN4 CNTEN3 CNTEN2 CNTEN1 CNTENO
Bits Description

PWM Aligned Type Selection
[31] CNTTYPE 0 = Edge-aligned type.
1 = Center-aligned type.

Group Bit
0 = The signals timing of PWMO0, PWM2 and PWM4 are independent.

1 = Unify the signals timing of PWMO0, PWM2 and PWM4 in the same phase which is
controlled by PWMO.

[30] GROUPEN

PWM Operating Mode Selection
00 = Independent mode.

01 = Complementary mode.
[29:28] MODE
10 = Reserved.
11 = Reserved.

Note: If th complementary mode is selected, the deadtime insertion is active automatically.

Clear PWM Counter Control Bit

0 = Do not clear PWM counter.

1 = 16-bit PWM counter cleared to 0x000.
Note: It is automatically cleared by hardware.

[27] CNTCLR

Dead-zone 4 Generator Enable/Disable (PWM4 and PWMS5 Pair for PWM Group)
0 = Dead-zone 4 Generator Disabled.
[26] DTCNT45 1 = Dead-zone 4 Generator Enabled.

Note: When the dead-zone generator is enabled, the pair of PWM4 and PWM5 becomes a
complementary pair for PWM group.
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Bits Description

Dead-zone 2 Generator Enable/Disable (PWM2 and PWM3 Pair for PWM Group)
0 = Dead-zone 2 Generator Disabled.
[25] DTCNT23 1 = Dead-zone 2 Generator Enabled.

Note: When the dead-zone generator is enabled, the pair of PWM2 and PWM3 becomes a|
complementary pair for PWM group.

Dead-zone 0 Generator Enable/Disable (PWMO and PWM1 Pair for PWM Group)
0 = Dead-zone 0 Generator Disabled.
[24] DTCNTO1 1 = Dead-zone 0 Generator Enabled.

Note: When the dead-zone generator is enabled, the pair of PWMO0 and PWM1 becomes a|
complementary pair for PWM group.

[23:21] Reserved Reserved.

Asymmetric Mode in Center-aligned Type
[20] ASYMEN 0 = Symmetric mode in center-aligned type.
1 = Asymmetric mode in center-aligned type.

[19:18] Reserved Reserved.

Half Cycle Update Enable for Center-aligned Type

00= Update PERIOD & CMP at pwm_counter = PERIOD (Period).

[17:16] HCUPDT 01 = Update PERIOD & CMP at pwm_counter = 0.

10 = Update PERIOD & CMP at half cycle (counter = 0 & PERIOD, both update).
11 = Update PERIOD & CMP at pwm_counter = PERIOD (Period).

[15:9] Reserved Reserved.

PWM-timer Auto-reload/One-shot Mode
[8] CNTMODE 0 = One-shot mode.
1 = Auto-reload mode.

[7:6] Reserved Reserved.

PWM-generator 5 Enable/Disable Start Run
[5] CNTENS 0 = Corresponding PWM-timer running Stopped.
1 = Corresponding PWM-timer start run Enabled.

PWM- Generator 4 Enable/Disable Start Run
[4] CNTEN4 0 = Corresponding PWM-timer running Stopped.
1 = Corresponding PWM-timer start run Enabled.

PWM- Generator 3 Enable/Disable Start Run
[3] CNTEN3 0 = Corresponding PWM-timer running Stopped.
1 = Corresponding PWM-timer start run Enabled.

PWM- Generator 2 Enable/Disable Start Run
[2] CNTEN2 0 = Corresponding PWM-timer running Stopped.
1 = Corresponding PWM-timer start run Enabled.

PWM- Generator 1 Enable/Disable Start Run
[1] CNTEN1 0 = Corresponding PWM-timer running Stopped.
1 = Corresponding PWM-timer start run Enabled.
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Bits Description

PWM- Generator 0 Enable/Disable Start Run
[0] CNTENO 0 = Corresponding PWM-timer running Stopped.
1 = Corresponding PWM-timer start run Enabled.
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EPWM Period Counter Register (EPWM_ PERIOD)

Register Offset R/W  |Description Reset Value
EPWM_PERIOD |EPWM_BA+0x0C R/W  |EPWM Period 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
PERIOD
7 6 5 4 3 2 1 0
PERIOD
Bits Description
[31:16] Reserved Reserved.

PWM Counter/Timer Loaded Value
PERIODnN determines the PWM Period.

Edge-aligned mode: where xy, could be 01, 23, 45 depending on the selected PWM
channel.

PWM frequency = PWMxy_CLK[HCLK]/clock dividerf[EPWM_CLKDIV].

PWM Clock Cycle =1/ PWM Freq.

Period = PWM Clock Cycle * (PERIOD+1).

Duty = PWM Clock Cycle * CMPn.

Duty ratio = CMPn/(PERIOD+1).

CMPn >= PERIOD: PWM output is always high.

CMPn < PERIOD: PWM low width = (PERIODn-CMPn) unit; PWM high width = (CMP) unit.
CMPn = 0: PWM always output low.

Center-aligned mode: where xy, could be 01, 23, 45 depending on the selected PWM
channel.

Period = 1/ (PWMxy_CLK[HCLK]/clock dividerfEPWM_CLKDIV] /(2*(PERIOD+1)).
Duty ratio = (CMPn/(PERIOD+1)).
CMPn >= PERIOD: PWM output is always high.

CMPn < PERIOD: PWM low width = (PERIOD - CMPn) x 2 unit; PWM high width = CMP x
2 unit.

CMPn = 0: PWM always low.
(Unit = One PWM clock cycle).
Note: Any write to PERIODn will take effect in next PWM cycle.

[15:0] PERIOD
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EPWM Comparator Reqgister 0-5 (EPWM _CMPDATO0-5)

NM1240

Register Offset R/W |Description Reset Value
EPWM_CMPDATO |EPWM_BA+0x24 |R/W |EPWM Comparator Register O 0x0000_0000
EPWM_CMPDAT1 |[EPWM_BA+0x28 |R/W [EPWM Comparator Register 1 0x0000_0000
EPWM_CMPDAT2 |[EPWM_BA+0x2C |R/W [EPWM Comparator Register 2 0x0000_0000
EPWM_CMPDAT3 |EPWM_BA+0x30 |R/W |EPWM Comparator Register 3 0x0000_0000
EPWM_CMPDAT4 |[EPWM_BA+0x34 |R/W [EPWM Comparator Register 4 0x0000_0000
EPWM_CMPDATS |[EPWM_BA+0x38 |R/W [EPWM Comparator Register 5 0x0000_0000
31 30 29 28 27 26 25 24
CMPU
23 22 21 20 19 18 17 16
CMPU
15 14 13 12 11 10 9 8
CMP
7 6 5 4 3 2 1 0
CMP
Bits Description
PWM Comparator Register for UP Counter in Center-aligned Asymmetric Mode
CMPU > PERIOD: @ up counter PWM output is keep to Max. duty.
CMPU <= PERIOD: (CMPUn + CMPn) unit.
[31:16] CMPU . .
CMP <= PERIOD: PWM output high duty = (CMP + CMPU) unit.
Others: PWM output is always low
(Unit = One PWM clock cycle).
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Bits Description

PWM Comparator Register
CMP determines the PWM Duty.

Edge-aligned mode: where xy, could be 01, 23, 45 depending on the selected PWM|
channel.

Period = (PERIOD + 1) unit.

Duty ratio = CMP / (PERIOD+1).

CMP > PERIOD: PWM output is always high

CMP <= PERIOD: PWM output high duty = (CMP) unit.
CMP = 0: PWM always low.

Center-aligned mode: where xy, could be 01, 23, 45 depending on the selected PWM
channel.

Period = 2 x (PERIOD + 1) unit.

Duty ratio = (CMP / PERIOD).

CMP > PERIOD: PWM output is always high

CMP <= PERIOD: PWM output high duty = (2 x CMP) unit.
CMP = 0: PWM always low.

(Unit = One PWM clock cycle............... )

Note: Any write to CMPn will take effect in next PWM cycle.

[15:0] CcMP
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EPWM Data Register (EPWM _CNT)

Register Offset R/W |Description Reset Value
EPWM_CNT |EPWM_BA+0x3C |R EPWM Data Register 0x0000_0000
31 30 29 28 27 26 25 24
CNTDIR Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
CNT
7 6 5 4 3 2 1 0
CNT
Bits Description
PWM Counter (Up/Down) Direction
[31] CNTDIR 0 = PWM counter is down counting.
1 = PWM counter is up counting.
[30:16] Reserved Reserved.
[15:0] CNT PWM Data Register . .
User can monitor CNT to know the current value in 16-bit down counter.
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EPWM Interrupt Enable Register (EPWM INTEN)

Register Offset R/W |Description Reset Value
EPWM_INTEN|EPWM_BA+0x54 |R/W |EPWM Interrupt Enable Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved CMPDIEN5 CMPDIEN4 CMPDIEN3 CMPDIEN2 CMPDIEN1 CMPDIENO
23 22 21 20 19 18 17 16
Reserved CIEN BRK1IEN BRKOIEN
15 14 13 12 11 10 9 8
Reserved CMPUIEN5 CMPUIEN4 CMPUIENS CMPUIEN2 CMPUIEN1 CMPUIENO
7 6 5 4 3 2 1 0
Reserved PIEN
Bits Description
[31:30] Reserved Reserved.
PWM Channel 5 DOWN Interrupt Enable Control
DOWN for Edge-aligned and Center-aligned
[29] CMPDIEN5S .
0 = Interrupt compare Disabled.
1 = Interrupt when EPWM_CH5 PWM DOWN counter reaches EPWM_CMPDATS5 Enabled.
PWM Channel 4 DOWN Interrupt Enable Control
DOWN for Edge-aligned and Center-aligned
[28] CMPDIEN4 .
0 = Interrupt compare Disabled.
1 = interrupt when EPWM_CH4 PWM DOWN counter reaches EPWM_CMPDAT4 Enabled.
PWM Channel 3 DOWN Interrupt Enable Control
DOWN for Edge-aligned and Center-aligned
[27] CMPDIEN3 .
0 = Interrupt compare Disabled.
1 = interrupt when EPWM_CH3 PWM DOWN counter reaches EPWM_CMPDAT3 Enabled.
PWM Channel 2 DOWN Interrupt Enable Control
DOWN for Edge-aligned and Center-aligned
[26] CMPDIEN2 )
0 = Interrupt compare Disabled.
1 =interrupt when EPWM_CH2 PWM DOWN counter reaches EPWM_CMPDAT2 Enabled.
PWM Channel 1 DOWN Interrupt Enable Control
DOWN for Edge-aligned and Center-aligned
[25] CMPDIEN1 .
0 = Interrupt compare Disabled.
1 = interrupt when EPWM_CH1 PWM DOWN counter reaches EPWM_CMPDAT1 Enabled.
PWM Channel 0 DOWN Interrupt Enable Control
DOWN for Edge-aligned and Center-aligned
[24] CMPDIENO .
0 = Interrupt compare Disabled.
1 = interrupt when EPWM_CHO PWM DOWN counter reaches EPWM_CMPDATO Enabled.
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Bits Description

[23:19] Reserved Reserved.

PWM Central Interrupt Enable Control
for Center-aligned only

0 = Interrupt when EPWM Central Enabled.
1 = Interrupt when EPWM Central Enabled.

[18] CIEN

Fault Brakel Interrupt Enable Control
[17] BRK1IEN 0 = BRKL1IF trigger PWM interrupt Disabed.
1 = BRK1IF trigger PWM interrupt Enabled .

Fault BrakeO Interrupt Enable Control
[16] BRKOIEN 0 = BRKOIF trigger PWM interrupt Disabled.
1 = BRKOIF trigger PWM interrupt Enabled.

[15:14] Reserved Reserved.

PWM Channel 5 UP Interrupt Enable Control

UP for Center-aligned only

0 = PWM Channel 5 UP Interrupt Disabled.

1 = Interrupt when EPWM_CH5 PWM UP counter reaches EPWM_CMPDATS5 Enabled.

[13] CMPUIEN5

PWM Channel 4 UP Interrupt Enable Control

UP for Center-aligned only

0 = EPWM_CH4 PWM UP counter reaches EPWM_CMPDAT4 interrupt Disabled.
1 = EPWM_CH4 PWM UP counter reaches EPWM_CMPDAT4 interrupt Enabled.

[12] CMPUIEN4

PWM Channel 3 UP Interrupt Enable Control

UP for Center-aligned only

0 = EPWM_CH3 PWM UP counter reaches EPWM_CMPDAT3 interrupt Disabled.
1 = EPWM_CH3 PWM UP counter reaches EPWM_CMPDAT3 interrupt Enabled.

[11] CMPUIEN3

PWM Channel 2 UP Interrupt Enable Control

UP for Center-aligned only

0 = EPWM_CH2 PWM UP counter reaches EPWM_CMPDAT2 interrupt Disabled.
1 =EPWM_CH2 PWM UP counter reaches EPWM_CMPDAT?2 interrupt Enabled.

[10] CMPUIEN2

PWM Channel 1 UP Interrupt Enable Control

UP for Center-aligned only

0 = EPWM_CH1 PWM UP counter reaches EPWM_CMPDAT1 interrupt Disabled.
1 =EPWM_CH1 PWM UP counter reaches EPWM_CMPDAT1 interrupt Enabled.

9 CMPUIEN1

PWM Channel 0 UP Interrupt Enable Control

UP for Center-aligned only

0 = EPWM_CHO PWM UP counter reaches EPWM_CMPDATO interrupt Disabled.
1 =EPWM_CHO PWM UP counter reaches EPWM_CMPDATO interrupt Enabled.

8] CMPUIENO

[7:1] Reserved Reserved.

PWM Channel 0 Period Interrupt Enable Control
for Edge-aligned and Center-aligned

0 = EPWM Period interrupt Disabled .

1 = EPWM Period interrupt Enabled .

[o] PIEN
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EPWM Interrupt Status Register (EPWM INTSTS)

Register Offset R/W |Description Reset Value
EPWM_INTSTS |EPWM_BA+0x58 |R/W |EPWM Interrupt Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved CMPDIF5 CMPDIF4 CMPDIF3 CMPDIF2 CMPDIF1 CMPDIFO
23 22 21 20 19 18 17 16
Reserved BRKP2IF BRKP1IF BRKPOIF BRKOLOCK CIF BRK1IF BRKOIF
15 14 13 12 11 10 9 8
Reserved CMPUIF5 CMPUIF4 CMPUIF3 CMPUIF2 CMPUIF1 CMPUIFO
7 6 5 4 3 2 1 0
Reserved PIF
Bits Description
[31:30] Reserved Reserved.

PWM Channel 5 DOWN Interrupt Flag

[29] CMPDIF5 Flag is set by hardware when a channel 5 PWM DOWN counter reaches
EPWM_CMPDATS. Software can write 1 to clear this bit.

PWM Channel 4 DOWN Interrupt Flag

[28] CMPDIF4 Flag is set by hardware when a channel 4 PWM DOWN counter reaches
EPWM_CMPDATA4. Software can write 1 to clear this bit.

PWM Channel 3 DOWN Interrupt Flag

[27] CMPDIF3 Flag is set by hardware when a channel 3 PWM DOWN counter reaches
EPWM_CMPDATS3. Software can write 1 to clear this bit.

PWM Channel 2 DOWN Interrupt Flag

[26] CMPDIF2 Flag is set by hardware when a channel 2 PWM DOWN counter reaches
EPWM_CMPDAT2. Software can write 1 to clear this bit.

PWM Channel 1 DOWN Interrupt Flag

[25] CMPDIF1 Flag is set by hardware when a channel 1 PWM DOWN counter reaches
EPWM_CMPDATL1. Software can write 1 to clear this bit.

PWM Channel 0 DOWN Interrupt Flag

[24] CMPDIFO Flag is set by hardware when a channel 0 PWM DOWN counter reaches
EPWM_CMPDATO. Software can write 1 to clear this bit.

[23] Reserved Reserved.
BRK Pin2 Status Flag

[22] BRKP2IF . . . . L
Flag is set by pin PWM_BRK_P2 with low pulse event. Software can write 1 to clear this bit.
BRK Pinl Status Flag

[21] BRKP1IF . . . . L
Flag is set by pin PWM_BRK_P1 with low pulse event. Software can write 1 to clear this bit.
BRK Pin0 Status Flag

[20] BRKPOIF

Flag is set by pin PWM_BRK_PO0 with low pulse event. Software can write 1 to clear this bit.

October 01, 2021 Page 260 of 522 Rev.0.1



NnUvVoTOoN P \M1249

reliminarx Technical Reference Manual
_

Bits Description
PWM Brake0 Locked
0 = PWM Brake does not recognize a falling signal at BKPO.
[19] BRKOLOCK 1 =When PWM Brake detects a falling signal at pin BKPO, this flag will be set to high, when

this bit set high, it helps breaking PWM output even interrupt flag BRKOIF was cleared by
CPU before jumping out from sub-routine.

Note: Software can write 1 to clear this bit.

PWM Channel 0 Central Interrupt Flag

[18] CIF Flag is set by hardware when PWM down counter reaches zero point. Software can write 1
to clear this bit.

PWM Brakel Flag

0 = PWM Brake does not recognize a falling signal at BKP1.

1 =When PWM Brake detects a falling signal at pin BKP1, this flag will be set to high.
Note: Software can write 1 to clear this bit.

[17] BRK1IF

PWM Brake0 Flag

0 = PWM Brake does not recognize a falling signal at BKPO.
[16] BRKOIF ) ) ) ) ) )
1 =When PWM Brake detects a falling signal at pin BKPO, this flag will be set to high.

Note: Software can write 1 to clear this bit.

[15:14] Reserved Reserved.

PWM Channel 5 UP Interrupt Flag

[13] CMPUIF5 Flag is set by hardware when a channel 5 PWM UP counter reaches PWM_CMPDATS5.
Software can write 1 to clear this bit.

PWM Channel 4 UP Interrupt Flag

[12] CMPUIF4 Flag is set by hardware when a channel 4 PWM UP counter reaches PWM_CMPDATA4.
Software can write 1 to clear this bit.

PWM Channel 3 UP Interrupt Flag

[11] CMPUIF3 Flag is set by hardware when a channel 3 PWMUP counter reaches PWM_CMPDAT3.
Software can write 1 to clear this bit.

PWM Channel 2 UP Interrupt Flag

[10] CMPUIF2 Flag is set by hardware when a channel 2 PWM UP counter reaches PWM_CMPDAT?2.
Software can write 1 to clear this bit.

PWM Channel 1 UP Interrupt Flag

[9] CMPUIF1 Flag is set by hardware when a channel 1 PWM UP counter reaches PWM_CMPDAT1.
Software can write 1 to clear this bit.

PWM Channel 0 UP Interrupt Flag

[8] CMPUIFO Flag is set by hardware when a channel 0 PWM UP counter reaches PWM_CMPDATO.
Software can write 1 to clear this bit.

[7:1] Reserved Reserved.

PWM Channel 0 Period Interrupt Flag

Edge-aligned mode:

Flag is set by hardware when PWM down counter reaches zero point.
(] PIF Center-aligned mode:

Flag is set by hardware when PWM down counter reaches zero point and then up counter
reaches EPWM_PERIOD.

Software can write 1 to clear this bit.
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EPWM BRK Low Voltage Detect Resume Delay (EPWM _RESDLY)

Register Offset R/W |Description Reset Value
EEWM—RESD EPWM_BA+0x5C |R/W |EPWM BRK Low Voltage Detect Resume Delay 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 DELAY
7 6 5 4 3 2 1 0
DELAY
Bits Description
[31:12] Reserved Reserved.
PWM BRK Low Voltage Detect Resume Delay
[11:0] DELAY )
12 bits Down-Counter
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EPWM Fault Brake Control Register (EPWM_ BRKCTL)

Register Offset R/W |Description Reset Value
.ﬁ_: WM_BRKC EPWM_BA+0x60 |R/W |EPWM Fault Brake Control Register 0x0000_0000
31 30 29 28 27 26 25 24
NFPEN Reserved BKOD5 BKOD4 BKOD3 BKOD2 BKOD1 BKODO
23 22 21 20 19 18 17 16
Reserved NFCLKSEL Reserved
15 14 13 12 11 10 9 8

LVDTYPE LVDBKEN BRK1PEN BK1ADCEN Reserved BRK1AOEN SWBRK BRKPIN2EN

7 6 5 4 3 2 1 0
BRKPIN1EN [ BRKPINOEN BRKOPEN BKOADCEN Reserved BRKOAOEN BRK1EN BRKOEN
Bits Description

Noise Filter for External Brake Input Pin (BRAKE) Enable Control
[31] NFPEN 0 = Noise Filter for External Brake Input Pin (BRAKE) Disabled.
1 = Noise Filter for External Brake Input Pin (BRAKE) Enabled.

[30] Reserved Reserved.

PWM Channel 5 Brake Output Selection
[29] BKOD5 0 = PWM output low when fault brake conditions asserted.
1 = PWM output high when fault brake conditions asserted.

PWM Channel 4 Brake Output Selection
[28] BKOD4 0 = PWM output low when fault brake conditions asserted.
1 = PWM output high when fault brake conditions asserted.

PWM Channel 3 Brake Output Selection
[27] BKOD3 0 = PWM output low when fault brake conditions asserted.
1 = PWM output high when fault brake conditions asserted.

PWM Channel 2 Brake Output Selection
[26] BKOD2 0 = PWM output low when fault brake conditions asserted.
1 = PWM output high when fault brake conditions asserted.

PWM Channel 1 Brake Output Selection
[25] BKOD1 0 = PWM output low when fault brake conditions asserted.
1 = PWM output high when fault brake conditions asserted.

PWM Channel 0 Brake Output Selection
[24] BKODO 0 = PWM output low when fault brake conditions asserted.
1 = PWM output high when fault brake conditions asserted.

[23] Reserved Reserved.
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Bits Description

Noise Filter Clock Pre-divide Selection

To determine the sampling frequency of the Noise Filter clock.
000 = EPWM_CLK.

001 = EPWM _CLK/2.

010 = EPWM _CLK/4.

011 = EPWM _CLK/8.

100 = EPWM _CLK/16.

101 = EPWM _CLK/32.

110 = EPWM _CLK/64.

111 = EPWM _CLK/128.

[22:20] NFCLKSEL

[19:16] Reserved Reserved.

Low-level Detection Resume Type
[15] LVDTYPE 0 = Brake resume at BRK resume delay counter counting to 0.
1 = Brake resume at period edge.

Low-level Detection Trigger PWM Brake Function 1 Enable Control
[14] LVDBKEN 0 = Brake Function 1 triggered by Low-level detection Disabled.
1 = Brake Function 1 triggered by Low-level detection Enabled.

BRK1 Source From External Pin Enable Control
[13] BRK1PEN 0 = BRK1 Source From External Pin Disabled.
1 = BRK1 Source From External Pin Enabled.

BRK1 Source From ADC Enable Control
[12] BK1ADCEN 0 = BRK1 Source From ADC Disabled.
1 = BRK1 Source From ADC Enabled.

[11] Reserved Reserved.

BRK1 Source From ACMPO Enable Control
[10] BRK1AOEN 0 = BRK1 Source From ACMPO Disabled.
1 = BRK1 Source From ACMPO Enabled.

Software Break
9] SWBRK 0 = Software break and back to normal PWM function Disabled.
1 = Issue Software break Enabled.

BRK Source From External Pin 2 Enable Control
[8] BRKPIN2EN 0 = BRK Source From External PWM_BRK_P2 Disabled.
1 = BRK Source From External PWM_BRK_P2 Enabled.

BRK Source From External Pin 1 Enable Control
[7] BRKPIN1EN 0 = BRK Source From External PWM_BRK_P1 Disabled.
1 = BRK Source From External PWM_BRK_P1 Enabled.

BRK Source From External Pin 0 Enable Control
[6] BRKPINOEN 0 = BRK Source From External PWM_BRK_PO Disabled.
1 = BRK Source From External PWM_BRK_PO Enabled.

BRKO Source From External Pin Enable Control
[5] BRKOPEN 0 = BRKO Source From External Pin Disabled.
1 = BRKO Source From External Pin Enabled.
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Bits Description

BRKO Source From ADC Enable Control
[4] BKOADCEN 0 = BRKO Source From ADC Disabled.
1 = BRKO Source From ADC Enabled.

[3] Reserved Reserved.

BRKO Source From ACMPO Enable Control
[2] BRKOAOEN 0 = BRKO Source From ACMPOQ Disabled.
1 = BRKO Source From ACMPO Enabled.

Brakel Function Enable Control
[1] BRK1EN 0 = Brakel detect function Disabled.
1 = Brakel detect function Enabled.

BrakeO Function Enable Control
[0] BRKOEN 0 = BrakeO detect function Disabled.
1 = BrakeO detect function Enabled.
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EPWM Dead-zone Interval Reqgister (EPWM DTCTL)

Register Offset R/W |Description Reset Value
EPWM—DTCT EPWM_BA+0x64 |R/W |EPWM Dead-zone Interval Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
DTCNT45
15 14 13 12 11 10 9 8
DTCNT23
7 6 5 4 3 2 1 0
DTCNTO1
Bits Description
[31:24] Reserved Reserved.
Dead-zone Interval Register for Pair of Channel4 and Channel5 (PWM4 and PWM5
Pair)
[23:16] DTCNT45 These 8 bits determine dead-zone length.
The unit time of dead-zone length is received from corresponding EPWM_CLKDIV bits.
Dead-zone Interval Register for Pair of Channel2 and Channel3 (PWM2 and PWM3
Pair)
[15:8] DTCNT23 These 8 bits determine dead-zone length.
The unit time of dead-zone length is received from corresponding EPWM_CLKDIV bits.
Dead-zone Interval Register for Pair of Channel0 and Channell (PWMO and PWM1
Pair)
[7:0] DTCNTO1 These 8 bits determine dead-zone length.
The unit time of dead-zone length is received from corresponding EPWM_CLKDIV bits.
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EPWM Phase Change Register (EPWM PHCHG)

Register Offset R/W |Description Reset Value
(E;PWM—PHCH EPWM_BA+0x78 |R/W |EPWM Phase Changed Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved Reserved ACMPOTEN Reserved AOPOSSEL
23 22 21 20 19 18 17 16
Reserved TRGSEL Reserved
15 14 13 12 11 10 9 8
BMSKEN1 BMSKENO MSKEN5 MSKEN4 MSKEN3 MSKEN2 MSKEN1 MSKENO
7 6 5 4 3 2 1 0
BMSKDAT1 | BMSKDATO MSKDAT5 MSKDAT4 MSKDAT3 MSKDAT2 MSKDAT1 MSKDATO

Bits Description
[31:30] Reserved Reserved.
[29] Reserved Reserved.

ACMPO Trigger Function Enable Control
[28] ACMPOTEN 0 = ACMPO trigger PWM function Disabled.
1 = ACMPO trigger PWM function Enabled.

[27:26] Reserved Reserved.

Alternative Comparator 0 Positive Input Selection
Select the positive input source of ACMPO.
00 = Select ACMPO_PO (PB.0) as the input of ACMPO.

[25:24] AOPOSSEL )
01 = Select ACMPO_P1 (PB.1) as the input of ACMPO.
10 = Select ACMPO_P2 (PB.2) as the input of ACMPO.
11 = Select ACMPOQ_P3 (PC.1) as the input of ACMPO.
[23] Reserved Reserved.

October 01, 2021 Page 268 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
_

Bits Description

Phase Change Trigger Selection
Select the trigger condition to load PHCHG from PHCHG_NXT.
When the trigger condition occurs it will load EPWM_PHCHG with PHCHG_NXT.

Phase Change: PWM outputs are masked according with the definition of MSKENn and
MSKDATnN in EPWM_PHCHG.

000 = Triggered by TMRO_MATCH event.
001 = Triggered by TMR1_MATCH event.
010 = Triggered by CAPPHG_TRG from ECAP. (CAPTFO | CAPTF1 | CAPTF2)

011 = Triggered by HALLSTS (EPWM_PHCHGNXT[18:16]) matched (CAP2, CAP1, CAPO)
in ECAP...

100 = Triggered by ACMPQO_PBRK event.
101 = Reserved.

110 = Triggered by TMR2_MATCH event..
111 = Auto Phase Change Function Disabled.

[22:20] TRGSEL

[19:14] Reserved Reserved.

Enable BPWM1 Mask Function

0 = BPWM1 Mask Function Disabled.

1 = BPWM1 Mask Function Enabled.

Note: This bit effects BPWM1 only when BPWM_CTL.BP1SYNEPWM is set

[15] BMSKEN1

Enable BPWMO Mask Function

0 = BPWMO Mask Function Disabled.

1 = BPWMO Mask Function Enabled.

Note: This bit effects BPWMO only when BPWM_CTL.BPOSYNEPWM is set

[14] BMSKENO

Enable PWM5 Mask Function
[13] MSKEN5 0 = PWM5 Mask Function Disabled.
1 = PWM5 Mask Function Enabled.

Enable PWM4 Mask Function
[12] MSKEN4 0 = PWM4 Mask Function Disabled.
1 = PWM4 Mask Function Enabled.

Enable PWM3 Mask Function
[11] MSKEN3 0 = PWM3 Mask Function Disabled.
1 = PWMS3 Mask Function Enabled.

Enable PWM2 Mask Function
[10] MSKEN2 0 = PWM2 Mask Function Disabled.
1 = PWM2 Mask Function Enabled.

Enable PWM1 Mask Function
[9] MSKEN1 0 = PWM1 Mask Function Disabled.
1 = PWM1 Mask Function Enabled.

Enable PWMO Mask Function
[8] MSKENO 0 = PWMO Mask Function Disabled.
1 = PWMO Mask Function Enabled.
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Bits Description
Enable BPWM1 Mask Data
0 = BPWML state is masked with zero.
[7] BMSKDAT1 ) )
1 = BPWML1 state is masked with one.
Note: This bit effects BPWM1 only when BPWM_CTL.BP1SYNEPWM is set
Enable BPWMO Mask Data
0 = BPWMO state is masked with zero.
[6] BMSKDATO

1 = BPWMO state is masked with one.
Note: This bit effects BPWMO only when BPWM_CTL.BPOSYNEPWM is set

Enable PWM5 Mask Data
[5] MSKDAT5 0 = PWMS5 state is masked with zero.
1 = PWMG5 state is masked with one.

Enable PWM4 Mask Data
[4] MSKDAT4 0 = PWM4 state is masked with zero.
1 = PWM4 state is masked with one.

Enable PWM3 Mask Data
[3] MSKDAT3 0 = PWMS state is masked with zero.
1 = PWM3 state is masked with one.

Enable PWM2 Mask Data
[2] MSKDAT2 0 = PWM2 state is masked with zero.
1 = PWM2 state is masked with one.

Enable PWM1 Mask Data
[1] MSKDAT1 0 = PWML state is masked with zero.
1 = PWML1 state is masked with one.

Enable PWMO Mask Data
[0] MSKDATO 0 = PWMQO state is masked with zero.
1 = PWMO state is masked with one.

October 01, 2021 Page 270 of 522 Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
‘_

EPWM Next Phase Change Register (EPWM PHCHGNXT)

Register Offset R/W |Description Reset Value
(E;EV)\(I'I'\'A _PHCH EPWM_BA+0x7C |R/W |EPWM Next Phase Change Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved Reserved ACMPOTEN Reserved AOPOSSEL
23 22 21 20 19 18 17 16
Reserved TRGSEL Reserved HALLSTS
15 14 13 12 11 10 9 8
BMSKEN1 BMSKENO MSKEN5 MSKEN4 MSKEN3 MSKEN2 MSKEN1 MSKENO
7 6 5 4 3 2 1 0
BMSKDAT1 | BMSKDATO MSKDAT5 MSKDAT4 MSKDAT3 MSKDAT2 MSKDAT1 MSKDATO

Bits Description

[31:30] Reserved Reserved.

[29] Reserved Reserved.

ACMPO Trigger Function Control Preset Bit
[28] ACMPOTEN This bit will be load to bit ACMPOTEN in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

[27:26] Reserved Reserved.

Alternative Comparator 0 Positive Input Selection Preset Bits

This bit field will be load to bit field AOPOSSEL in EPWM_PHCHG when load trigger|
condition occurs.

Refer to register EPWM_PHCHG for detailed definition.

[25:24] AOPOSSEL

[23] Reserved Reserved.

Phase Change Trigger Selection Preset Bits

This bit field will be load to bit field TRGSEL in EPWM_PHCHG when load trigger condition
occurs.

000 = Triggered by TMRO_MATCH event.
001 = Triggered by TMR1_MATCH event.
010 = Triggered by CAPPHG_TRG from ECAP. (CAPTFO | CAPTF1 | CAPTF2)

[22:20] TRGSEL 011 = Triggered by HALLSTS (EPWM_PHCHGNXT[18:16]) matched (CAP2, CAP1, CAPO)
in ECAP...

100 = Triggered by ACMPO_PBRK event.

101 = Reserved.

110 = Triggered by TMR2_MATCH event..

111 = Auto Phase Change Function Disabled.

Refer to register EPWM_PHCHG for detailed definition.

[19] Reserved Reserved.
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Bits Description

Predicted Next HALL State
This bit field indicates the predicted hall state at next commutation.
If TRGSEL (EPWM_PHCHG[22:20]) = 0x3,.

the hardware will compare bits (CAP2, CAP1, CAPO) in timer 2 with HALLSTS [2:0] when
any hall state change occurs.

[18:16] HALLSTS

If the comparison is matched it will trigger phase change function.

Enable BPWM1 Mask Function Preset Bit

This bit will be load to bit MSKENS5 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Note: This bit effects BPWM1 only when BPWM_CTL.BP1SYNEPWM is set

[15] BMSKEN1

Enable BPWMO Mask Function Preset Bit

This bit will be load to bit MSKEN4 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Note: This bit effects BPWMO only when BPWM_CTL.BPOSYNEPWM is set

[14] BMSKENO

Enable PWM5 Mask Function Preset Bit
[13] MSKEN5 This bit will be load to bit MSKENS5 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWM4 Mask Function Preset Bit
[12] MSKEN4 This bit will be load to bit MSKEN4 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWM3 Mask Function Preset Bit
[11] MSKEN3 This bit will be load to bit MSKEN3 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWM2 Mask Function Preset Bit
[10] MSKEN2 This bit will be load to bit MSKEN2 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWM1 Mask Function Preset Bit
[9] MSKEN1 This bit will be load to bit MSKEN1 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWMO Mask Function Preset Bit
[8] MSKENO This bit will be load to bit MSKENO in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable BPWM1 Mask Data Preset Bit
This bit will be load to bit BMSKDAT1 in EPWM_PHCHG when load trigger condition occurs.

7 BMSKDAT1 ) . N

Refer to register EPWM_PHCHG for detailed definition.

Note: This bit effects BPWM1 only when BPWM_CTL.BP1SYNEPWM is set

Enable BPWMO Mask Data Preset Bit

This bit will be load to bit BMSKDATO in EPWM_PHCHG when load trigger condition occurs.
[6] BMSKDATO

Refer to register EPWM_PHCHG for detailed definition.
Note: This bit effects BPWMO only when BPWM_CTL.BPOSYNEPWM is set
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Bits Description

Enable PWM5 Mask Data Preset Bit
[5] MSKDAT5 This bit will be load to bit MSKDATS in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWM4 Mask Data Preset Bit
[4] MSKDAT4 This bit will be load to bit MSKDAT4 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWM3 Mask Data Preset Bit
[3] MSKDAT3 This bit will be load to bit MSKDAT3 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWM2 Mask Data Preset Bit
[2] MSKDAT2 This bit will be load to bit MSKDAT2 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWM1 Mask Data Preset Bit
1] MSKDAT1 This bit will be load to bit MSKDAT1 in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.

Enable PWMO Mask Data Preset Bit
[0] MSKDATO This bit will be load to bit MSKDATO in EPWM_PHCHG when load trigger condition occurs.
Refer to register EPWM_PHCHG for detailed definition.
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EPWM Phase Change Alternative Control Register (EPWM PHCHGALT)

Register Offset R/W |Description Reset Value
E.'?WM—PHCHGA EPWM_BA+0x80 |R/W |EPWM Phase Change 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 POSCTLO
Bits Description
[31:1] Reserved Reserved.
Positive Input Control for ACMPO
0] POSCTLO 0=The ?nput of ACMPO ?s controlled by ACMP_CTLQ. -
1 = The input of ACMPO is controlled by AOPOSSEL in EPWM_PHCHG register.
Note: Register ACMP_CTLO is describe in Comparator Controller chapter
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EPWM Period Interrupt Accumulation Control Register (EPWM IFA)

Register Offset R/W |Description Reset Value
EPWM_IFA EPWM_BA+0x84 |R/W |EPWM Period Interrupt Accumulation Control Register 0x0000_00F0
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
IFDAT Reserved
7 6 5 4 3 2 1 0
IFCNT Reserved IFAEN
Bits Description
[31:16] Reserved Reserved.

Period Interrupt Down-counter Data Register (Read Only)
When IFAEN is set, IFDAT will decrease when every PWM Interrupt flag is set,

[15:12] IFDAT
and when IFDAT reaches 0, the PWM interrupt will occurred and IFCNT will reload to
IFDAT.
[11:8] Reserved Reserved.
Period Interrupt Accumulation Counter Value Setting Register (Write Only)
[7:4] IFCNT 16 step Down-Counter value setting register.
When IFAEN is set, IFCNT value will load into IFDAT and decrase gradually.
[3:1] Reserved Reserved.

Enable Period Interrupt Accumulation Function
[0] IFAEN 0 = Period Interrupt Accumulation Disabled.
1 = Period Interrupt Accumulation Enabled.
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6.9 Basic PWM Generator (BPWM)

6.9.1 Overview

The NM1240 series has one set of BPWM group supporting one set of PWM generator 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 up/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 DTCNTO1(BPWM_CTL[4]) is set, PWM20 and PWM21 perform complementarily; the paired
PWM timing, period, duty and dead-time are determined by PWMO timer and Dead-zone generator
0. Refer to Figure 6.9-1 PWM Clock Source Control

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 BPWM
Counter Register(BPWM_PERIODx, x=0,1) 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 the compare
register.

6.9.2 Features

® 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

Support synchronous mode with EPWM

6.9.3 Block Diagram

Figure 6.9-1 shows PWM clock source control and Figure 6.9-2 illustrates the PWM architecture.
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‘ BPWM_EN(APBCLK[23]) ‘

\, BPWM_CLK
HCLK ——————» /

Figure 6.9-1 PWM Clock Source Control

DTIOL(BPWM_CLKPSC[23:16) —»  peagzone |
Generator 0
(BPWM_PERIODO)
cLkoIvo (BPWM_CMPDATO)
(BPWM_CLKDIV[2:0]) -
(BPWM_CNTO) POENO(BPWM_POEN([0])
1 - |
» 100 T
12 / PWM20
» 000
1/4 PWM- " 1
» 001 »  Timer0
1/8 Logic 0
Clock » 010
(from clock Divider 1/16 PINVO
controller) | | o1t CMPINVO (BPWM_CTLI1))
[ PIENO pIFo  (BPWM_CTL[2])
| | (BPWM_INTEN[O]) (BPWM_INTSTS[0])
|12 L] DIENO DIFO
abit | [ (BPWM_INTEN[8]) (BPWM_INTSTS[8])
o - 'l EEENUR V7 R BN DTCNTO1—
rescaler | | (BPWM_PERIOD1) (BPWM_CTL[4])
- (BPWM_CMPDAT1)
| ! (BPWM_CTL)
i 1716 | J (BPWM_CNT1) POEN1(BPWM_POENI1])
1 i
CLKPSCO1 112 ’ PWM21
(BPWM_CLKPSC[7:0]) >
1/4 PWM-
Timerl
1/8 Logic
1/16
> CMPINV1 (BPWM_CTLI[9])
(BPWM_CTL([10])
PIEN1 PIF1
CLKDIV1 (BPWM_INTEN[1]) (BPWM_INTSTS[1])
DIEN1 DIF1
BPWM_CLKDIV[6:4]
( - (6:4) (BPWM_INTEN[9]) (BPWM_INTSTS[9]

Figure 6.9-2 PWM Architecture Diagram

6.9.4 PWM-Timer Operation
The PWM controller supports two operation types: Edge-aligned and Center-aligned type.

6.9.4.1 Edge-aligned PWM (down-counter)

In Edge-aligned PWM Output mode, the 16 bits PWM counter will starts down-counting from
PERIOD (BPWM_PERIODO-1[15:0] ) to match with the value of the duty cycle CMP
(BPWM_CMPDATO0-1[15:0]), 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 CMP and PERIOD are updated with CNTMODEN=1 and request the BPWM interrupt if
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BPWM interrupt is enabled BPWM_INTEN(PWM_INTEN.n=1).

The PWM period and duty control are configured by BPWM counter register (BPWM_PERIODO-1)
and BPWM comparator register (BPWM_CMPDATO-1). The PWM-timer timing operation is shown
in Figure 6.9-4. The pulse width modulation follows the formula below and the legend of PWM-
Timer Comparator is shown as Figure 6.9-3. Note that the corresponding GPIO pins must be
configured as BPWM function.

® PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*(PERIOD+1)].

Duty ratio = (CMP)/(PERIOD+1)
CMP > PERIOD: PWM output is always high

CMP <= PERIOD: PWM low width= (PERIOD-CMP+1) unit(;
PWM high width = (CMP) unit

CMP = 0: PWM output is always low

Note: [1] Unit = one PWM clock cycle.

BPWM_CMPDATx+1

PWM-Timer BPWM_CMPDATX

Start
Initialize i

PWM

v

Update new
BPWM_CMPDATX

Comparator g\ PERIODX
Output - . . :
BPWM_PERIODX : : : :
PWM : : : :
Ouput :
{ BPWM_PE ! BPWM_CMP: :
! RIODx+1 ! DATx+1 :
Note: x= 0~1.
Figure 6.9-3 Legend of Internal Comparator Output of PWM-Timer
| | | |
PWM
counter | :
|

| [ I |

PWM- I : I

Timer ' | | |

output ! | | I

CMP=1 ' I | :

PERIOD = 3 | '
Auto reload = 1 CMPI= 0
(CNTMODEX=1) PERIOD = 4
(Write initial setting) (S/W write new value)
Auto-load Auto-load
Set CNTENx=1 (H/W update value) (PIFx is set by H/W)
(PWM-Timer starts running) (PIFx is set by H/W)
Note: x=0,1
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Figure 6.9-4 PWM-Timer Operation Timing

PERIOD(7FF)
(BPWM_PERIODR[15:0])

CMP(3FF)
(BPWM_CMPDATR[15:0])

| s/w
| Clear
|
|
|
I

PIF
(BPWM_INTSTS[O], [1])

s/w
clear

s/w
| clear

s/w

DIF
|clear

(BPWML_INTSTS[8], [9])

R T

PWMn generator
ouput

T
}

| | | |
:4— PWM period ->:<— PWM period !
|

Note: n=0,1

Figure 6.9-5 PWM Edge-aligned Interrupt Generate Timing Waveform

6.9.4.2 Center-aligned 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 0 to match
the value of CMP (BPWM_CMPDATO0-1[15:0]); this will cause the toggling of the PWMn generator
output to low. The counter will continue counting to match with the PERIOD (BPWM_PERIODO-
1[15:0]) . Upon reaching this states counter is configured automatically to down counting, when
PWM counter matches the CMP value again the PWMn generator output toggles to high. Once the
PWM counter underflows it will update the PERIOD of PWM counter register and CMP of BPWM
comparator register0-1 with CNTMODEN =1, n=0, 1.

In Center-aligned type, the PWM period interrupt is requested at down-counter underflow if
PINTTYPE (BPWM_INTEN [16]) =0, i.e. at start (end) of each PWM cycle or at up-counter matching
with PERIOD if PINTTYPE (BPWM_INTEN [16]) =1, i.e. at center point of PWM cycle.

PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*2(PERIOD+1)].

® Duty ratio = [(2 x CMP)]/[2 x (PERIOD+1)]
® CMP > PERIOD: PWM output is always high
® CMP <=PERIOD: PWM low width= 2 x (PERIOD-CMP+1) unit;

PWM high width = (2 x CMP) unit
® CMP =0: PWM output is always low
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If 16-bit PWM up/down counter underflows

1. Update new comparator register: CMP(BPWM_CMPDATN[15:0]) if CNTMODEnN =1

2. Update new counter register: PERIOD(BPWM_PERIODN[15:0]) if CNTMODEN =1
16-bit
PWM

PERIOD (new) y ¥ counter
(BPWM_PERIODn[15:0)) ™~~~ 77T T T T TR T i

PERIOD (old)
(BPWM_PERIODN[15:0])

CMP (new)
(BPWM_CMPDATN[15:0])

CMP (old)
(BPWM_CMPDATN[15:0])

New Duty
Cycle

PWMn generator ouput

PWM

$eriod

New CMP is written New PERIOD is written

PWM I .
period < PWMperiod

Note: n= 0,1 denote BPWM 0/ 1

Figure 6.9-6 Center-aligned Type Output Waveform
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PERIOD (7FF)
(BPWM_PERIODN[15:0])

CMP (3FF)
(BPWM_CMPDATN[15:0)

PIF(PINTTYPE=0)
(BPWM_INTSTSIO],[1]) :

o — — =

PIF(PINTTYPE=1)
(BPWM_INTSTS[O], [1])

1 1
| |
| SIW | | | SIW |
clearl | clear| I
T T
| |

_:S/W|

DIF(BPWM_INTSTSIO], [1]) Clearl
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ouput

|
|
|
|
| | |
- PWM period |~ pwlag- PWM period |~ [

Note: n = 0,1 denote BPWMO0/1

Figure 6.9-7 PWM Center-aligned Interrupt Generate Timing Waveform

6.9.4.3 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 PERIOD
(BPWM_PERIODO-1) and current PWM counter value can be read from CNTx (BPWM_CNTO-
1[15:0)).

PWMO will operate in One-shot mode if CNTMODEDO bit is set to 0, and operate in Auto-reload mode
if CNTMODEDQO bitis setto 1. Itis recommend that switch PWMO operating mode before set CNTENO
bit to 1 to enable PWMO counter start running because the content of BPWM_PERIODO and
BPWM_CMPDATO will be cleared to O to reset the PWMO period and duty setting when PWMO
operating mode is changed. As PWMO operate in One-shot mode, BPWM_CMPDATO and
BPWM_PERIODO should be written first and then set CNTENO bit to 1 to enable PWMO counter
start running. After PWMO counter down count from BPWM_PERIODO value to O,
BPWM_PERIODO and BPWM_CMPDATO will be cleared to 0 by hardware and PWM counter will
be held. Software need to write new BPWM_CMPDATO and BPWM_PERIODO value to set next
one-shot period and duty. When re-start next one-shot operation, the BPWM_CMPDATO should be
written first because PWMO counter will auto re-start counting when BPWM_PERIODO is written a
non-zero value. As PWMO operates at auto-reload mode, BPWM_CMPDATO and
BPWM_PERIODO should be written first and then set CNTENO bit to 1 to enable PWMO counter
start running. The value of BPWM_PERIODO will reload to PWMO counter when it down count
reaches 0. If BPWM_PERIODO is set to 0, PWMO counter will be held. PWML1 performs the same
function as PWMO.
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Write Write Write Write
PERIOD=150 PERIOD=199 PERIOD=99 PERIOD=0
CMP=50 CMP=49 CMP=0 CMP=XX
Start Stop
PWM
Waveform

I 51 50 1

write a nonzero number to Y

gir\?izcéarller & setup clock 151 200 100

A

Figure 6.9-8 PWM Double Buffering Illustration

6.9.4.4 Modulate Duty Ratio

The double buffering function allows CMP written at any point in current cycle. The loaded value
will take effect from next cycle.

101 51 1

Write Write Write
CMP=100 CMP=50 CMP=0
1 PWM cycle = 151 1 PWM cycle = 151 1 PWM cycle = 151

Modulate PWM controller ouput duty ratio (PERIOD = 150)

Figure 6.9-9 PWM Controller Output Duty Ratio

6.9.4.5 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 DTIO1 (BPWM_ CLKPSC [23:16]) to determine the Dead-zone interval.
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Dead zone interval

Dead-Zone
Generator
output 0

1L

Figure 6.9-10 Paired-PWM Output with Dead-zone Generation Operation

6.94.6 PWM-Timer Interrupt Architecture

There are two PWM interrupts, BPWMO_INT and BPWM1_INT. Figure 6.9-11 demonstrates the
architecture of PWM Timer interrupts.

DIFO —]

DIENO — BPWMO_INT

PIFO —]

PIENO —
j>—> BPWM_INT

DIF1 —
DIEN1 —

BPWML1_INT

PIF1 —
PIEN1 —]

Figure 6.9-11 PWM Interrupt Architecture Diagram

6.9.4.7 PWM-Timer Start Procedure
The following procedure is recommended for starting a PWM drive.
1.  Setclock source divider select register (BPWM_CLKDIV)
2.  Set prescaler (BPWM_CLKPSC)

3. Set inverter on/off, Dead-zone generator on/off, Auto-reload/One-shot mode and Stop
PWM-timer (BPWM_CTL)

Set comparator register (BPWM_CMPDAT) for setting PWM duty.
Set PWM down-counter register (BPWM_PERIOD) for setting PWM period.
Set interrupt enable register (BPWM_INTEN) (optional)
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7.  Set corresponding GPIO pins as PWM function for the corresponding PWM channel.
8. Enable PWM timer start running (Set CNTENx =1 in BPWM_CTL, x=0 or 1)

6.9.4.8 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 (BPWM_CMPDAT) for setting PWM duty.

B Set PWM down-counter register (BPWM_PERIOD) for setting PWM period. After setting
PERIOD, PWM wave will be generated.

6.9.4.9 PWM-Timer Stop Procedure
Method 1:

Set 16-bit counter (PERIOD) as 0, and monitor CNT (current value of 16-bit down-counter). When
CNT reaches to 0, disable PWM-Timer (CNTENx in BPWM_CTL, x= 0 or 1). (Recommended)

Method 2:

Set 16-bit counter (PERIOD) as 0. When interrupt request happened, disable PWM-Timer
(CNTENx in BPWM_CTL, x=0 or 1). (Recommended)

Method 3:
Disable PWM-Timer directly ((CNTENx in BPWM_CTL, x= 0 or 1). (Not recommended)

The reason why method 3 is not recommended is that disable CNTENXx 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

6.9.4.10 Synchronous mode for BPWM and EPWM

Users can set BPOSYNEPWM and BP1SYNEPWM to synchronize the period of BPWM with EPWM
and the BPWM counter will be enabled at the same time when any channel of EPWM counter
(EPWM_CTLI[5:0]) is enabled. BPWM counter will be set to 0 when it is not enabled. Figure 6.9-12
demonstrates the architecture of synchronous mode for BPWM and EPWM.The Center-aligned PWM
signal will follow EPWM signal (Figure 6.8-12, Figure 6.8-13 and Figure 6.8-14) which is configured in
a Down/Up counting mode when the synchronous mode is set. Interrupt flags of the BPWM also follow
PIF (EPWM_INTSTS[O]) and CIF (EPWM_INTSTS[18]) as shown in Figure 6.8-15.

October 01, 2021 Page 284 of 522 Rev.0.1



NM1240
reliminary Technical Reference Manual

nuvoTon -

CNTENO
(BPWM_CTL[O])

BPOSYNEPWM BPWM_CNTO
(BPWM_CTL[24]) Enable

CNTENO
CNTEN1
CNTEN2
CNTEN3
CNTEN4
CNTENS

(EPWM_CTL[5:0])

BP1SYNEPWM BPWM_CNT1

BPWM_CTL[25] Enable
( ) bl

CNTEN1
(BPWM_CTL[8])

Figure 6.9-12 Architecture Diagram of Synchronous Mode For BPWM And EPWM
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6.9.5
R: read only, W: write only, R/W: both read and write, C: Only value 0 can be written

Register Map

Register Offset R/W |Description Reset Value

BPWM Base Address:

BPWM_BA = 0x4014_0000

BPWM_CLKPSC

BPWM_BA+0x00

R/W

Basic PWM Pre-scalar Register

0x0000_0000

BPWM_CLKDIV

BPWM_BA+0x04

R/W

Basic PWM Clock Source Divider Select Register

0x0000_0000

BPWM_CTL

BPWM_BA+0x08

RIW

Basic PWM Control Register

0x0000_0000

BPWM_PERIODO

BPWM_BA+0x0C

RIW

Basic PWM Period Counter Register 0

0x0000_0000

BPWM_CMPDATO

BPWM_BA+0x10

RIW

Basic PWM Comparator Register 0

0x0000_0000

BPWM_CNTO BPWM_BA+0x14 R Basic PWM Data Register 0 0x0000_0000
BPWM_PERIOD1 |BPWM_BA+0x18 R/W |Basic PWM Period Counter Register 1 0x0000_0000
BPWM_CMPDATL1 |BPWM_BA+0x1C R/W |Basic PWM Comparator Register 1 0x0000_0000
BPWM_CNT1 BPWM_BA+0x20 R Basic PWM Data Register 1 0x0000_0000
BPWM_INTEN BPWM_BA+0x40 R/W |Basic PWM Interrupt Enable Register 0x0000_0000
BPWM_INTSTS BPWM_BA+0x44 R/W |Basic PWM Interrupt Indication Register 0x0000_0000
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6.9.6 Register Description
BPWM Pre-scale Reqgister (BPWM CLKPSC)

Register Offset R/W |Description Reset Value
EEWM—CLKP BPWM_BA+0x00 [R/W |Basic PWM Pre-scalar Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
DTIO1
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
CLKPSCO1
Bits Description
[31:24] Reserved Reserved.
Dead-zone Interval for Pair of Channel 0 and Channel 1
[23:16] DTIO1 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 Reserved.
Clock Prescaler
(7:0] CLKPSCO1 Clock input is divided by (CLKPSCO1 + 1) before it is fed to the corresponding PWM-timer
If CLKPSCO01=0, then the clock prescaler 0 output clock will be stopped. So corresponding
PWM-timer will also be stopped.
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BPWM Clock Source Divider Select Register (BPWM CLKDIV)

NM1240

Register Offset R/W  |Description Reset Value
R/PWM—CLKD 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 CLKDIV1 Reserved CLKDIVO
Bits Description
[31:7] Reserved Reserved.
PWM Timer 1 Clock Source Divider Selection
Select clock source divider for PWM timer 1.
000 = 1/2.
[6:4] CLKDIV1 001 = 1/4.
010 =1/8.
011 = 1/16.
100 = 1.
[3] Reserved Reserved.
PWM Timer 0 Clock Source Divider Selection
[2:0] CLKDIVO Select clock source divider for PWM timer 0.
(Table is the same as CLKDIV1)
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BPWM Control Register (BPWM CTL)

Register Offset R/W  |Description Reset Value
BPWM_CTL |BPWM_BA+0x08 |R/W |Basic PWM Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved CNTTYPEO1 Reserved BP1SYNEPW | BPOSYNEPW
23 22 21 20 19 18 ],t/l7 IIEIS
Reserved BKODB1 BKODBO
15 14 13 12 11 10 9 8
Reserved CNTMODE1 CMPINV1 PINV1 CNTEN1
7 6 5 4 3 2 1 0
Reserved DTCNTO1 CNTMODEO CMPINVO PINVO CNTENO
Bits Description
[31] Reserved Reserved.

PWMOL1 Aligned Type Selection
[30] CNTTYPEO1 0 = Edge-aligned type.
1 = Center-aligned type.

[29:26] Reserved Reserved.
[25] BP1SYNEPWM 1 = When EPWM enable will also enable BPWM1 at the same time.
[24] BPOSYNEPWM 1 = When EPWM enable will also enable BPWMO at the same time.
[23:18] Reserved Reserved.

BPWM Channel 1 Brake Output Selection

0 = BPWML1 output low when fault brake conditions asserted.
[17] BKODB1 i -
1 = BPWML1 output high when fault brake conditions asserted.

Note: This bit effects BPWM1 only when BP1SYNEPWM is set

BPWM Channel 1 Brake Output Selection

0 = BPWMO output low when fault brake conditions asserted.
[16] BKODBO ) N
1 = BPWMO output high when fault brake conditions asserted.

Note: This bit effects BPWMO only when BPOSYNEPWM is set

[15:12] Reserved Reserved.

PWM-timer 1 Auto-reload/One-shot Mode
0 = One-shot mode.
[11] CNTMODE1L 1 = Auto-reload mode.

Note: If there is a transition at this bit, it will cause BPWM_PERIOD1 and BPWM_CMPDAT1
be cleared.

PWM-timer 1 Output Inverter Enable Control
[10] CMPINV1 .
0 = Inverter Disabled.
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1 = Inverter Enabled.

PWM-timer 1 Output Polar Inverse Enable Control
9] PINV1 0 = PWML1 output polar inverse Disabled.
1 = PWML1 output polar inverse Enabled.

PWM-timer 1 Enable Control
[8] CNTEN1 0 = Corresponding PWM-Timer Stopped.
1 = Corresponding PWM-Timer Start Running.

[7:5] Reserved Reserved.

Dead-zone 0 Generator Enable Control
0 = Dead-zone 0 Generator Disabled.
[4] DTCNTO1 1 = Dead-zone 0 Generator Enabled.

Note: When Dead-zone generator is enabled, the pair of PWMO and PWM1 becomes a
complementary pair.

PWM-timer 0 Auto-reload/One-shot Mode
0 = One-shot mode.
[3] CNTMODEO 1 = Auto-reload mode.

Note: If there is a transition at this bit, it will cause BPWM_PERIODO and BPWM_CMPDATO
be cleared.

PWM-timer 0 Output Inverter Enable Control
[2] CMPINVO 0 = Inverter Disabled.
1 = Inverter Enabled.

PWM-timer 0 Output Polar Inverse Enable Control
[1] PINVO 0 = PWMO output polar inverse Disabled.
1 = PWMO output polar inverse Enabled.

PWM-timer 0 Enable Control
[0] CNTENO 0 = The corresponding PWM-Timer stops running.
1 = The corresponding PWM-Timer starts running.
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BPWM Counter Register 0-1 (BPWM PERIODO0-1)

Register Offset R/W |Description Reset Value

BPWM_PERI

oDo BPWM_BA+0x0C |R/W

Basic PWM Period Counter Register 0 0x0000_0000

BPWM_PERI

oD1 BPWM_BA+0x18 |R/W

Basic PWM Period 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 © 8

PERIOD

PERIOD

Bits Description

[31:16] Reserved Reserved.

Basic PWM Period Counter Register

PERIOD data determines the PWM period.

For Edge-aligned type:

PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*(PERIOD+1)].
) Duty ratio = (CMP+1)/(PERIOD+1).

L] CMP >= PERIOD: PWM output is always high.

) CMP < PERIOD: PWM low width = (PERIOD-CMP) unit; PWM high width = (CMP+1)
unit.

® CMP = 0: PWM low width = (PERIOD) unit; PWM high width = 1 unit.
For Center-aligned type:

[15:0] PERIOD PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*2(PERIOD+1)].

Duty ratio = [(2 x CMP) + 1}/[2 x (PERIOD+1)].

CMP > PERIOD: PWM output is always high.

CMP <= PERIOD: PWM low width = 2 x (PERIOD-CMP) + 1 unit; PWM high width =

(2 x CMP) + 1 unit.
CMP = 0: PWM low width = 2 x PERIOD + 1 unit; PWM high width = 1 unit.
(Unit = one PWM clock cycle).

Note: Any write to PERIOD will take effect in next PWM cycle.
Note: When PWM operating at Center-aligned type, PERIOD value should be set between

0x0000 to OXFFFE. If PERIOD equal to OxFFFF, the PWM will work unpredictable.
Note: When PERIOD value is set to 0, PWM output is always high.
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BPWM Comparator Register0-1 (BPWM CMPDATO0-1)

Register Offset R/W  [Description Reset Value
2$XVM—CMPD BPWM_BA+0x10 |R/W |Basic PWM Comparator Register O 0x0000_0000
2$\1/VM—CMPD 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
CMP
7 6 5 4 3 2 1 0
CMP
Bits Description
[31:16] Reserved Reserved.

PWM Comparator Register

CMP determines the PWM duty.

PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*(PERIOD+1)].
For Edge-aligned type:

PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*(PERIOD+1)].
) Duty ratio = (CMP+1)/(PERIOD+1).

L] CMP >= PERIOD: PWM output is always high.

) CMP < PERIOD: PWM low width = (PERIOD-CMP) unit; PWM high width = (CMP+1)
unit.

[15:0] CMP ° CMP = 0: PWM low width = (PERIOD) unit; PWM high width = 1 unit.
For Center-aligned type:

PWM frequency = BPWM_CLK/[(prescale+1)*(clock divider)*2(PERIOD+1)].
° Duty ratio = [(2 x CMP) + 1]/[2 x (PERIOD+1)].

) CMP > PERIOD: PWM output is always high.

[} CMP <= PERIOD: PWM low width = 2 x (PERIOD-CMP) + 1 unit; PWM high width =
(2 x CMP) + 1 unit.

[ CMP = 0: PWM low width = 2 x PERIOD + 1 unit; PWM high width = 1 unit.
(Unit = one PWM clock cycle).
Note: Any write to PERIOD will take effect in next PWM cycle.
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BPWM Data Register 0-1 (BPWM CNTO-1)

Register Offset R/W |Description Reset Value
BPWM_CNTO |[BPWM_BA+0x14 |R Basic PWM Data Register 0 0x0000_0000
BPWM_CNT1 |[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
CNT
7 6 5 4 3 2 1 0
CNT
Bits Description
[31:16] Reserved Reserved.
[15:0] CNT PWM Data Register . .
User can monitor CNT to know the current value in 16-bit counter.
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BPWM Interrupt Enable Reqgister (BPWM INTEN)

Register Offset R/W  [Description Reset Value
BPWM_INTEN|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 PINTTYPE
15 14 13 12 11 10 9 8
Reserved DIEN1 DIENO
7 6 5 4 3 2 1 0
Reserved PIEN1 PIENO
Bits Description
[31:17] Reserved Reserved.

BPWM Interrupt Period Type Selection
0 = PIFn will be set if BPWM counter underflow.

[16] PINTTYPE ) ) )
1 = PIFn will be set if BPWM counter matches PERIODn register.
Note: This bit is effective when BPWM in Center-aligned type only.
[15:10] Reserved Reserved.

BPWM Channel 1 Duty Interrupt Enable Control
[9] DIEN1 0 = BPWM Channel 1 Duty Interrupt Disabled.
1 = BPWM Channel 1 Duty Interrupt Enabled.

BPWM Channel 0 Duty Interrupt Enable Control
[8] DIENO 0 = BPWM Channel 0 Duty Interrupt Disabled.
1 = BPWM Channel 0 Duty Interrupt Enabled.

[7:2] Reserved Reserved.

BPWM Channel 1 Period Interrupt Enable Control
[1] PIEN1 0 = BPWM Channel 1 Period Interrupt Disabled.
1 = BPWM Channel 1 Period Interrupt Enabled.

BPWM Channel 0 Period Interrupt Enable Control
[0] PIENO 0 = BPWM Channel 0 Period Interrupt Disabled.
1 = BPWM Channel 0 Period Interrupt Enabled.
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BPWM Interrupt Indication Reqgister (BPWM INTSTS)

Register Offset R/W [Description Reset Value
BPWM_INTSTS |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 DIF1 DIFO
7 6 5 4 3 2 1 0
Reserved PIF1 PIFO

Bits Description

[31:10] Reserved Reserved.
BPWM Channel 1 Duty Interrupt Flag

[9] DIF1 Flag is set by hardware when channel 1 BPWM counter down count and reaches
BPWM_CMPDAT 1, software can clear this bit by writing a one to it.
Note: If CMP equal to PERIOD, this flag is not working in Edge-aligned type selection
BPWM Channel 0 Duty Interrupt Flag

(8] DIFO Flag is set by hardware when channel 0 BPWM counter down count and reaches
BPWM_CMPDAT 0, software can clear this bit by writing a one to it.
Note: If CMP equal to PERIOD, this flag is not working in Edge-aligned type selection

[7:2] Reserved Reserved.
BPWM Channel 1 Period Interrupt Status

[1] PIF1 This bit is set by hardware when BPWM1 counter reaches the requirement of interrupt
(depend on PINTTYPE bit of PWM_INTEN register), software can write 1 to clear this bit to
0.
BPWM Channel 0 Period Interrupt Status

[0] PIFO This bit is set by hardware when BPWMO counter reaches the requirement of interrupt
(depend on PINTTYPE bit of PWM_INTEN 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 BPWM_INTSTS.
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6.10 General Direct Memory Access (GDMA)

6.10.1 Overview
The NM1240 supports a two-channel general DMA controller, called the GDMA.

The two-channel GDMA performs the following data transfers without CPU intervention:
. Memory to/from memory or APB device
. Memory to/from USCI TX/RX buffer which supports the hardware trigger

6.10.2 Features

The on-chip GDMA can be started by software. Software can also restart GDMA operation after it
has been stopped. The Core can recognize the completion of a GDMA operation either by software
polling or by receiving a GDMA interrupt. The GDMA controller can increment and decrement the
source address or destination address and perform 8-bit (Byte), 16-bit (Word), or 32-bit (Double-
Word) data transfers.

The GDMA includes the following features

o Two channels

. Memory to/from memory or APB device

) Memory to/from USCI TX/RX buffer which supports the hardware trigger
. Compliant with AMBA AHB

. Supports “4-data burst” mode to boost performance
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6.10.3 Function Description

The GDMA directly transfers data between source and destination. The GDMA starts to transfer
data after it receives service requests from software. When the entire data transfer is completed,
the GDMA becomes idle. Nevertheless, if another transfer is needed, the GDMA must be
programmed again. The GDMA supports the following transfer modes.

6.10.3.17 GDMA Basic Configuration

® Clock Source Configuration
- Enable GDMA peripheral clock in GDMACKEN (CLK_AHBCLK]8])

® Reset Configuration
- DMA One-shot Reset (SYS_IPRSTO[2] with Write Protect)

® Pin Configuration
- None

6.10.3.2 GDMA Is Applied To UART and SPI

Users can transmit and receive data more efficiently by using the GDMA function for the
communication by UART and SPI. Users must set the GDMA and the corresponding USCI control
register, the GDMA function will operate normally. After setting the register, enable GDMA
(GDMA_CTL[O0]) to start data transfer. When the transfer has been completed the TCIF
(GDMA_CTL[18]) will be set to 1 automatically. Users can follow Figure 6.10-2 - Figure 6.10-3 to
make detailed register settings. Users can change the UART register setting to the SPI register
setting for using the SPI function

Start

Register Setting

v

GDMAEN

Complete

U< i

Figure 6.10-1 The Operation Flow of GDMA for UART and SPI
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SRAM GDMA UART
Data 0 M Enable AHB CLK CLK_AHBCLK[8] Enable APB CLK CLK_APBCLK[26:25]
Data 1 Mode select USCI <=> Memory GDMA_CTL[3:2] Set USCI to UART mode UUART_CTL[2:0]
Data 2 Destination address is incremented per transmission |GDMA_CTL[4] Enable UART Interrupt UUART_INTEN
Source address is incremented per transmission  |GDMA_CTL[5] Set Baud rate UUART_BRGEN
Datan The destination address is not fixed GDMA_CTL[6] Set bit width UUART_LINECTL
The source address is fixed GDMA_CTL[7] UART transmit data register ~|UUART_TXDAT
Transfer width select 16bits GDMA_CTL[13:12] UART receive data register UUART_RXDAT
Clear TCIF, GDMAERR GDMA_CTL[18][20] GDMAEN, TXGDMAEN UUART_GDMACTL
= Source Address GDMA_SRCB Enable UART protocol UUART_PROTCTL
Destination Address GDMA_DSTB
Set transfer count GDMA_TCNT
Figure 6.10-2 UART_TX With GDMA
SRAM GDMA UART
Data 0 5 Enable AHB CLK CLK_AHBCLK[8] Enable APB CLK CLK_APBCLK[26:25]
Data 1 Mode select USCI <=> Memory GDMA_CTL[3:2] Set USCI to UART mode UUART_CTL[2:0]
Data 2 Destination address is incremented per transmission | GDMA_CTL[4] Enable UART Interrupt UUART_INTEN
Source address is incremented per transmission  |GDMA_CTL[5] Set Baud rate UUART_BRGEN
Data n The destination address is not fixed GDMA_CTL[6] Set bit width UUART_LINECTL

The source address is fixed

GDMA_CTL[7]

UART transmit data register

UUART_TXDAT

Transfer width select 16bits

GDMA_CTL[13:12]

UART receive data register

UUART_RXDAT

Clear TCIF, GDMAERR

GDMA_CTL[18][20]

GDMAEN, RXGDMAEN

UUART_GDMACTL

|

Source Address GDMA_SRCB Enable UART protocol UUART_PROTCTL
Destination Address GDMA_DSTB
Set transfer count GDMA_TCNT
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6.70.3.3 GDMA Is Applied To I12C

The START BIT (UI2C_TXDAT][15]) of the first transmission data must be set to 1 as the start state, and
the STOP BIT (UI2C_TXDAT[14]) of the end transmission data must be set to 1 as the end state when
the GDMA is applied to I12C. UI2C_PROTSTS will not be cleared flags when the GDMA operates, so if
NACKIF (UI2C_PROTSTS [10]) is not cleared by software, the hardware will automatically generate a
STOP condition. Users can refer to the following flowchart to make settings and follow Figure 6.10-5 -
Figure 6.10-6 and Figure 6.10-7 for detailed register settings.

Register
Setting

v

GDMAEN

Clear TCIF
Clear ACKIF
Clear NACKIF

Complete

Figure 6.10-4 The Operation Flow of GDMA for 12C

Master write command
SRAM GDMA ul2c
0x8000 + Device address + W — Enable AHB CLK CLK_AHBCLK[8] Enable APB CLK CLK_APBCLK[26:25]
Data 0 Mode select USCI <=> Memory GDMA_CTL[3:2] Set USCI to I°C mode UI2C_CTL[2:0]
Data 1 Destination address is incremented per transmission |GDMA_CTL[4] Enable I°C Interrupt UI2C_INTEN
Data 2 Source address is incremented per transmission  |GDMA_CTL[5] Set Baud rate UI2C_BRGEN
The destination address is fixed GDMA_CTL[6] Set bit width =8 UI2C_LINECTL
0x4000 + Data n The source address is not fixed GDMA_CTL[7] I°C transmit data register UI2C_TXDAT
Transfer width select 16bits GDMA_CTL[13:12] 1°C receive data register UI2C_RXDAT
Clear TCIF, GDMAERR GDMA_CTL[18][20] DMAEN, TXDMAEN, STOPEN UI2C_DMACTL
Source Address GDMA_SRCB Enable I°C protocol, AA Enable |UI2C_PROTCTL
Destination Address GDMA_DSTB Set setup/hold time UI2C_TMCTL
Set transfer count GDMA_TCNT
Figure 6.10-5 Master Write Command Setting
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Master read command

SRAM GDMA ui2c
0x8000 + Device address + W — Enable AHB CLK CLK_AHBCLK([8] Enable APB CLK CLK_APBCLK[26:25]
Data 0 Mode select USCI <=> Memory GDMA_CTL[3:2] Set USCI to 1°C mode UI2C_CTL[2:0]
Data 1 Destination address is incremented per transmission |GDMA_CTL[4] Enable I°C Interrupt UI2C_INTEN
Data 2 Source address is incremented per transmission  |GDMA_CTL[5] Set Baud rate UI2C_BRGEN
. The destination address is fixed GDMA_CTL[6] Set bit width = 8 UI2C_LINECTL
Datan The source address is not fixed GDMA_CTL[7] 1°C transmit data register UI2C_TXDAT
0x8000 + Device address + R Transfer width select 16bits GDMA_CTL[13:12] IC receive data register UI2C_RXDAT
Clear TCIF, GDMAERR GDMA_CTL[18][20] DMAEN, TXDMAEN, STOPEN  |UI2C_DMACTL
S Source Address GDMA_SRCB Enable I°C protocol, AA Enable |UI2C_PROTCTL
Destination Address GDMA_DSTB Set setup/hold time UI2C_TMCTL
Set transfer count GDMA_TCNT
Figure 6.10-6 Master Read Command Setting
Master read data
SRAM GDMA uli2c
Data 0 € Enable AHB CLK CLK_AHBCLK[8] Enable APB CLK CLK_APBCLK[26:25]
Data 1 Mode select USCI <=> Memory GDMA_CTL[3:2] Set USCI to I°C mode UI2C_CTL[2:0]
Data 2 Destination address is incremented per transmission |GDMA_CTL[4] Enable I°C Interrupt UI2C_INTEN
Source address is incremented per transmission  |GDMA_CTL[5] Set Baud rate UI2C_BRGEN
Data n The destination address is fixed GDMA_CTL[6] Set bit width = 8 UI2C_LINECTL
The source address is not fixed GDMA_CTL[7] 1°C transmit data register UI2C_TXDAT
Transfer width select 16bits GDMA_CTL[13:12] 1C receive data register UI2C_RXDAT
Clear TCIF, GDMAERR GDMA_CTL[18][20] DMAEN, RXDMAEN,
Source Address GDMA_SRCB j NACKEN, STOPEN UI2C_DMACTL
— Destination Address GDMA_DSTB Enable I°C protocol, AA Enable |UI2C_PROTCTL
Set transfer count GDMA_TCNT Set setup/hold time UI2C_TMCTL
Figure 6.10-7 Master Read Data Setting
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6.10.4 Register Map
R: read only, W: write only, R/W: both read and write

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

GDMAX_BA = 0x5000_8000 + (0x0020 * x)

x=0,1

GDMA _CTL GDMAXx_BA+0x00 |R/W |GDMA Control Register 0x0000_0000
GDMA_SRCB GDMAX_BA+0x04 |R/W |GDMA Source Base Address Register 0x0000_0000
GDMA_DSTB GDMAX_BA+0x08 |[R/W |GDMA Destination Base Address Register 0x0000_0000
GDMA_TCNT GDMAXx_BA+0x0C |R/W  [GDMA Transfer Count Register 0x0000_0000
GDMA_CSRC  |GDMAx_BA+0x10 |R GDMA Current Source Address Register 0x0000_0000
GDMA_CDST GDMAX_BA+0x14 |R GDMA Current Destination Address Register 0x0000_0000
GDMA_CTCNT |GDMAx_BA+0x18 |R GDMA Current Transfer Count Register 0x0000_0000
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6.10.5 Register Description
GDMA Control Reqgister (GDMA CTL)

Register Offset R/W |Description Reset Value
GDMA_CTL |GDMAx_BA+0x00 |R/W |GDMA Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved GDMAERR Reserved TCIF Reserved SOFTTRG
15 14 13 12 11 10 9 8
Reserved TWS Reserved BME GIEN
7 6 5 4 3 2 1 0
SAFIX DAFIX SADIR DADIR GDMAMS Reserved GDMAEN
Bits Description
[31:21] Reserved Reserved.
GDMA Transfer Error.
Indicates a transfer error occurred and generates the GDMA interrupt.
20] GDMAERR 0: No error occurred (default).
1: The hardware sets this bit on a GDMA transfer failure; this bit is set only by the GDMA hardware
and is cleared by the firmware writing O to it.
[19] Reserved Reserved.
Transfer complete Interrupt Flag.
Indicates a transfer is completed and generates the GDMA interrupt.
[18] TCIF 0: The channel operation is in progress (default).
1: The channel operation ended; this bit is set only by the GDMA hardware and is cleared by the
firmware writing O to it.
[17] Reserved Reserved
Software Triggered GDMA.
The firmware can request the GDMA transfer service by setting this bit to 1. This bit is cleared
automatically by hardware when the transfer is complete. This bit is available only when GDMAMS|
[16] SOFTTRG field s 0.
Note: When a GDMA transaction is in progress, writing to this field is illegal.
0: Ignored (default).
1: Request the GDMA transfer service.
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[15:14] Reserved Reserved

Transfer Width Select.

The GDMA_SCRB and GDMA_DSTB must be set to be aligned with the data width selected by this
field.

[13:12] TWS 00: One byte (8 bits) is transferred for every GDMA operation (default).
01: One word (16 bits) is transferred for every GDMA operation.
10: One double-word (32 bits) is transferred for every GDMA operation.

11: Reserved.

[11:10] Reserved Reserved.

Burst Mode Enable.

When this field is set to 1, behaviors according to the settings of TWS field, in addition the DMA
initiation address must be 4-TWS field aligned.

0: Disables “4-data burst” mode. (default).
1: Enables “4-data burst” mode. GDMA_TCNT indicate the number of burst transfers.
Example:

1. GDMA_TCNT = ‘0x4" and TWS = ‘10’ Dword.
[9] BME Burst size = 4 transfers. Each transfer size = 4 * TWS = 4 * Double words = 16 Bytes.
Hence total size of burst = 4 * 16 bytes=64 bytes.

2. GDMA_TCNT = ‘0x8 and TWS = ‘01" Word.
Burst size= 8 transfers. Each transfer size = 4 * TWS = 4 * Words = 8 Bytes.
Hence total size of burst= 8 * 8 bytes = 64 bytes.

3. GDMA_TCNT = ‘0x10’ and TWS = ‘00’ Byte.
Burst size= 16 transfers. Each transfer size = 4 * TWS = 4 * Bytes.
Hence total size of burst= 16 * 4 bytes = 64 bytes.

GDMA Interrupt Enable.
[8] GIEN 0: Do not generate an interrupt when the GDMA operation is finished (default).

1: An interrupt is generated when the GDMA operation is finished.

Source Address Fixed.

0: Change the source address during the GDMA operation (default).

7 SAFIX
1: Do not change the source address during the GDMA operation. This feature can be used when
data is transferred from a single address source to a memory area destination.
Destination Address Fixed.
0: Change the Destination address during the GDMA operation (default).
[6] DAFIX

1: Do not change the Destination address during the GDMA operation. This feature can be used when
data is transferred from a memory area source to a single address destination.
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Source Address Direction.

0: Source address incremented successively (default).
[5] SADIR

1: Source address decremented successively.

Note: This bit must not be set to 1, if Burst Mode Enable (BME) bit is also set to 1.

Destination Address Direction.

0: Destination address incremented successively (default).
[4] DADIR

1: Destination address decremented successively.

Note: This bit must not be set to 1, if Burst Mode Enable (BME) bit is also set to 1.

GDMA Mode Select

00: Software trigger mode (Memory <> SRAM; APB < SRAM; APB < APB) (default).
[3:2] GDMAMS
01: Hardware trigger mode. (USCI < SRAM)

10,11: Reserved

[1] Reserved Reserved.

GDMA Enable.

0: Disables GDMA operation (default).

[l GDMAEN 1: Enables GDMA operation; this bit is cleared automatically when the transfer is complete to

Disable mode.

Note: The DMA transfer parameters must be programed before the module is enabled by this bit.
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GDMA Source Base Address Register (GDMA SRCB)

Register Offset R/W |Description Reset Value
GDMA_SRCB |GDMAx_BA+0x04 |R/W |GDMA Source Base Address Register 0x0000_0000
31 30 29 28 27 26 25 24
SrcBaseAddr
23 22 21 20 19 18 17 16
SrcBaseAddr
15 14 13 12 11 10 9 8
SrcBaseAddr
7 6 5 4 3 2 1 0
SrcBaseAddr
Bits Description
32-bit Source Base Address.
[31:0] SrcBaseAddr The GDMA channel starts reading its data from the source address as defined in this source
base address register. During a block transfer, the GDMA determines successive destination
addresses by adding to or subtracting from the source base address.
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GDMA Destination Base Address Register (GDMA DSTB)

Register Offset R/W |Description Reset Value
GDMA_DSTB |GDMAXx_BA+0x08 |R/W |GDMA Destination Base Address Register 0x0000_0000
31 30 29 28 27 26 25 24
DstBaseAddr
23 22 21 20 19 18 17 16
DstBaseAddr
15 14 13 12 11 10 9 8
DstBaseAddr
7 6 5 4 3 2 1 0
DstBaseAddr
Bits Description
32-bit Destination Base Address.
[31:0] DstBaseAddr The GDMA channel starts writing its data to the destination address, as defined in this register.
During a block transfer, the GDMA determines successive destination addresses by adding to
or subtracting from the destination base address.
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GDMA Transfer Count Register (GDMA TCNT)

Register Offset R/W |Description Reset Value
GDMA_TCNT |GDMAXx_BA+0x0C |R/W |GDMA Transfer Count 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 TfrCnt
7 6 5 4 3 2 1 0
TfrCnt
Bits Description
[31:13] Reserved Reserved
13-bit Transfer Count.
[12:0] TfrCnt Represents the required number of GDMA transfers. The maximum transfer
countis 8K - 1.
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GDMA Current Source Address Register (GDMA CSRC)

Register Offset R/W |Description Reset Value
GDMA_CSRC |GDMAx_BA+0x10 |R GDMA Current Source Address Register 0x0000_0000
31 30 29 28 27 26 25 24
CurrentSrc
23 22 21 20 19 18 17 16
CurrentSrc
15 14 13 12 11 10 9 8
CurrentSrc
7 6 5 4 3 2 1 0
CurrentSrc
Bits Description
32-bit Current Source Address.
Indicates the source address where the GDMA transfer just occurred. During a block transfer,
(31:0] CurrentSrc the GDMA determines the successive source addresses by adding to or subtracting from the
source base address. Depending on the settings in the control register, the current source
address remains the same, is incremented or is decremented.
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GDMA Current Destination Address Reqgister (GDMA CDST)

Register Offset R/W |Description Reset Value
GDMA_CDST |GDMAx_BA+0x14 |R GDMA Current Destination Address Register 0x0000_0000
31 30 29 28 27 26 25 24
CurrentDst
23 22 21 20 19 18 17 16
CurrentDst
15 14 13 12 11 10 9 8
CurrentDst
7 6 5 4 3 2 1 0
CurrentDst
Bits Description
32-bit Current Destination Address.
Indicates the destination address where the GDMA transfer just occurred. During a block
[31:0] CurrentDst transfer, the GDMA determines the successive destination addresses by adding to or
subtracting from the destination base address. Depending on the settings in the
control register, the current destination address remains the same, is incremented or is
decremented.

October 01, 2021 Page 309 of 522 Rev.0.1



NM1240

NnuvoTonN Preliminary Technical Reference Manual
_

GDMA Current Transfer Count Register (GDMA CTCNT)

Register Offset R/W |Description Reset Value
GDMA_CTCNT |GDMAx_BA+0x18 |R GDMA Current Transfer Count 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 CurrentTfrCnt
7 6 5 4 3 2 1 0
CurrentTfrCnt
Bits Description
[31:13] Reserved Reserved
[12:0] CurrentTfrCnt Current Transfer Count.

October 01, 2021 Page 310 of 522 Rev.0.1



NnUvVoTOoN P \M1249

reliminarx Technical Reference Manual
_—

6.11 Watchdog Timer (WDT)

6.11.1 Overview

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

6.11.2 Features
®  18-bit free running up counter for Watchdog Timer time-out interval

®  Selectable time-out interval (24 ~ 218) WDT_CLK cycle and the time-out interval period
is 104 ms ~ 26.3168 s if WDT_CLK = 10 kHz

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

Supports Watchdog Timer time-out wake-up function only if WDT clock source is
selected as 10 kHz

6.11.3 Block Diagram

The Watchdog Timer clock control and block diagram are shown as follows.

—— WDTSEL (CLK_CLKSEL1[1:0])

WDTCEN (CLK_APBCLKI0])

I 4
10 kHz LIRC 11
—>
> WDT_CLK
HCLK/2048
10 >
REF_CLK
= 00
Legend:
LIRC = Low-Speed Internal clock signal

Figure 6.11-1 Watchdog Timer Clock Control Diagram
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WTTOF
(WDT_CTL[12])
[
Reset WDT Counter Internal 18-bit WDT Up Counter INTEN
I 3N | 15 | 16 | 17 | (WDT_CTL[6])

Watchdog
Interrupt

IF

. (WDT_CTL[3])
l000, | Time-out
pooLt I | Reset Delay Watchdog
E | nterval N Period 1]
0! | Period 3] Reset
! ﬁ?l o Select RSTEN |
RSTCNT == (WDT_CTL[1]) RSTF
WDT_CTL[O
(WDT_CTL[0]) (WDT_CTL[2])

Wake-up system from

Idle/Power-down mode!?
TOUTSEL WKEN >
(WDT_CTL10:8)) | | wbT CTLja)

WKF
(WDT_CTL[5])

Idle/Power-down mode — |

Notel: WDT resets CPU and lasts 63 WDT_CLK.

Note2: If user intends to use WDT to wake-up ldle/Power-down mode, it is recommended that
CPU clock source is set the same as WDT clock source before CPU enters Power-Down mode.
Note3: The WDT reset delay period is fixed to 1024 WDT_CLK

Figure 6.11-2 Watchdog Timer Block Diagram

6.11.4 Basic Configuration

The WDT peripheral clock is enabled in CLK_APBCLK[0] and clock source can be selected in
CLK_CLKSEL1[1:0].

6.11.5 Functional Description

The Watchdog Timer (WDT) includes an 18-bit free running up counter with programmable time-
out intervals. Figure 6.11-3 shows the WDT time-out interval and reset period timing.

6.11.5.7 WDT Time-out Interrupt

Setting WDTEN bit to 1 will enable the WDT function and the WDT counter to start counting up.
There are eight time-out interval period can be selected by setting TOUTSEL. When the WDT up
counter reaches the TOUTSEL settings, WDT time-out interrupt will occur then IF and WTTOF flag
will be set to 1 immediately.

6.11.5.2 WDT Reset Delay Period and Reset System

There is a specified Trsto delay period follows the WTTOF is setting to 1. User must enabled
RSTCNT bit to reset the 18-bit WDT up counter value to avoid generate WDT time-out reset signal
before the Trsto delay period expires. If the WDT up counter value has not been cleared after the
specific Trstp delay period expires, the WDT control will set RSTF flag to 1 if RSTEN bit is enabled,
then chip enters to reset state immediately. Refer to Figure 6.11-3, the Trst reset period will keep
last 63 WDT clocks then chip restart executing program from reset vector (0x0000_0000). The
RSTF flag will keep 1 after WDT time-out reset the chip, user can check RSTF flag by software to
recognize the system has been reset by WDT time-out reset or not.
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6.171.5.3 WDT Wake-up

If WDT clock source is selected to 10 kHz, system can be woken-up from Power-down mode while
WDT time-out interrupt signal is generated and WKEN bit enabled. In the meanwhile, the WKF and
WTTOF flag will set to 1 automatically, and user can check WKF flag by software to recognize if
the system has been woken-up by WDT time-out interrupt or not.

Time-Out Interval Period Reset Delay Period
TOUTSEL
Tris TrsTD
000 24 * TWDT 1024 * TWDT
001 25 * Twor 1024 * Twor
010 28 * Twor 1024 * Twor
011 210 % Typr 1024 * Twor
100 212 * TWDT 1024 * TWDT
101 2% * Tywor 1024 * Twor
110 21 * Twpr 1024 * Twor
111 288 * Typr 1024 * Tyor
Table 6.11-1 Watchdog Timer Time-out Interval Period Selection
IF=1 (ifINTEN =1) RSTE = 1
WTTOF = 1 (if RSTEN = 1)
T !
vereu ([T LA
|
e I S —— Tos oo la----- 1S ___ |
I PR Tos N P Testo____,|
|
RSTF
WDT reset T —
(low reset) < RST——py
e Twpr : Watchdog Clock Time Period
e Trs : Watchdog Time out Interval Period ((2* ~2') *Twor)
e Tgrsto : Watchdog Reset Delay Period - Fixed 1024* Twpr delay period
® Trst : Watchdog Reset Period ( 63 * Twpr )

Figure 6.11-3 Watchdog Timer Time-out Interval and Reset Period Timing
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6.11.6 Registers 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

WDT_CTL WDT_BA+0x00 R/W | Watchdog Timer Control Register 0x0000_0700
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6.11.7 Register Description
Watchdog Timer Control Reqgister (WDT CTL)

Register Offset R/W |Description Reset Value

WDT_CTL WDT_BA+0x00 R/W  |Watchdog Timer Control Register 0x0000_0700

Note: All control bits in this register are write-protected. To program it, an open lock sequence is needed,
by sequentially writing 0x59, 0x16, and 0x88 to register REGLCTL at address SYS_BA + 0x100.

31 30 29 28 27 26 25 24
ICEDEBUG Reserved
23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8
Reserved WTTOF Reserved TOUTSEL
7 6 5 4 3 2 1 0
WDTEN INTEN WKF WKEN IF RSTF RSTEN RSTCNT
Bits Description

ICE Debug Mode Acknowledge Disable Control (Write Protect)

0 = ICE debug mode acknowledgement effects WDT counting.

[31] ICEDEBUG WDT up counter will be kept while CPU is hanging by ICE.

1 = ICE debug mode acknowledgement Disabled.

WDT up counter will keep going no matter CPU is hanging by ICE or not.

[30:13] Reserved Reserved.

Watchdog Timer Time-out Flag

This bit will be set to 1 while WDT up counter value reaches the selected WDT time-out|
interval.

(12] WTTOF 0 = WDT time-out did not occur.
1 =WDT time-out occurred.

Note: This bit is cleared by writing 1 to it.

[11] Reserved Reserved.

Watchdog Timer Interval Selection(Write Protect)

These three bits select the time-out interval for the Watchdog Timer.
000 = 24 * Twpr.

001 = 25 * Typr.

010 = 28 * Typr.

011 = 210 * Tyypr.

100 = 212 * Typr.

101 = 2% * Typor.

110 = 216 * Typr.

111 = 28 * Typr.

[10:8] TOUTSEL
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Bits Description

Watchdog Timer Enable Control (Write Protect)
[7] WDTEN 0 = WDT Disabled. (This action will reset the internal up counter value.)
1=WDT Enabled.

Watchdog Timer Time-out Interrupt Enable Control (Write Protect)

If this bit is enabled, the WDT time-out interrupt signal is generated and inform to CPU.
0 = WDT time-out interrupt Disabled.

1 =WDT time-out interrupt Enabled.

6] INTEN

Watchdog Timer Time-out Wake-up Flag

This bit indicates the interrupt wake-up flag status of WDT.

[5] WKF 0 = WDT does not cause chip wake-up.

1 = Chip wake-up from Idle or Power-down mode if WDT time-out interrupt signal generated.
Note: This bit is cleared by writing 1 to it.

Watchdog Timer Time-out Wake-up Function Control (Write Protect)

If this bit is set to 1, while IF is generated to 1 and INTEN enabled, the WDT time-out interrupt
signal will generate a wake-up trigger event to chip.

[4] WKEN 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 Time-out Interrupt Flag

This bit will be set to 1 while WDT up counter value reaches the selected WDT time-out
interval and INTEN is enabled.

3] IF 0 = WDT time-out interrupt did not occur.
1 =WDT time-out interrupt occurred.

Note: This bit is cleared by writing 1 to it.

Watchdog Timer Time-out Reset Flag

This bit indicates the system has been reset by WDT time-out reset or not.
[2] RSTF 0 = WDT time-out reset did not occur.

1 =WDT time-out reset occurred.

Note: This bit is cleared by writing 1 to it.

Watchdog Timer Time-out Reset Enable Control (Write Protect)

Setting this bit will enable the WDT time-out reset function if the WDT up counter value has
[1] RSTEN not been cleared after the specific WDT reset delay period (1024 * Twpr) expires.

0 = WDT time-out reset function Disabled.
1 =WDT time-out reset function Enabled.

Reset Watchdog Timer Up Counter (Write Protect)
0 = No effect.

[0] RSTCNT . .
1 = Reset the internal 18-bit WDT up counter value.

Note: This bit will be automatically cleared by hardware.
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6.12 USCI - Universal Serial Control Interface Controller

6.12.1 Overview

The Universal Serial Control Interface (USCI) is a flexible interface module covering several serial
communication protocols. The user can configure this controller as UART, SPI, or I2C functional
protocol.

Note: For detailed USCI UART, I2C and SPI information, please refer to section 6.13, 6.14, and
6.15.
6.12.2 Features

The controller can be individually configured to match the application needs. The following protocols
are supported:

® UART
® SPI
® |°C

6.12.3 Block Diagram

The basic configurations of USCI are as Figure 6.12-1:

fPCLK
—_—
Protocol-Relative | ;Eﬂ USCIx_CLK
Clock Generator
=E§ USCIx_CTLO/1
L
,,,,,,,, —— . l
I
Peripheral i i ! i Protocol Input
i e | ! < < « - ~E§ USCIx_DATO/1
Device | Buffer 3 i Data 3 Da.ta Proce.ssor Processor ry X_| /
User ! Control | | Buffer ! Shift Unit l—!
Interface ! N ! ol Unit .| (UART, SPI, 5
i i | > rc) utput
] L i Configuration
”””””””” A A
Wake-up N
\ Control | |
< '}
< » Control Register
Interrupt To Interrupt
Generation > Signal
N
Note: x=1or 2

Figure 6.12-1 USCI Block Diagram

6.12.4 Functional Description

The structure of the Universal Serial Control Interface (USCI) controller is shown in Figure 6.12-1.
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The input signal is implemented in an input processor. The data buffers and the data shift unit
support the data transfers. Each protocol-specific function is handled by the protocol processor unit.
The timing and time event control signals of the specific protocol are handled by the protocol-relative
clock generator. All the protocol-specific events are processed in the interrupt generation unit. The
wake-up function of the specific protocol is implemented in the wake-up control unit.

The USCI is equipped with three protocols including UART, SPI, and I12C. They can be selected by
FUNMODE (USCI_CTL [2:0]). Note that the FUNMODE must be set to 0 before changing protocol.

6.12.4.1 1/0O Processer

Input Signal
All input stages offer the similar feature set. They are used for all protocols.

Table 6. 12-1 lists the relative input signals for each selected protocol. Each input signal is handled
by an input processor for signal conditioning, such as signal inverse selection control, or a digital

input filter.
Selected Protocol UART SPI 1’C
Serial Bus
USCIx_CLK - SP|_CLK SCL
Clock Input
USCIx_CTLO nCTS SPI_SS
Control Input
USCIx_CTL1 -
USCIx_DATO RX SPI_MOSI_0 SDA
Data Input
USCIx_DAT1 - SPI_MISO_0

Table 6.12-1 Input Signals for Different Protocols
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General Input Structure

The input structures of data and control signals include inverter, digital filter and edge detection
(data signal only).

ININV SYNCSEL
(USCI_DATINO[2] / ( USCI_DATINO[0] /
USCI_CTLINO[2]) USCI_CTLINO[O])
USCIx_DAT[1:0] \¢
/ 0
USCIx_CTL[1:0] > 0
1 » Data Shift Unit
° Digital | IN_SYNC | X
Filter "
> Protocol
A Processor Unit
Edge
Detection
(data signal only)

Figure 6.12-2 Input Conditioning for USCIx_DAT][1:0] and USCIx_CTL[1:0]

The input structure of USCIx_CLK is similar to USCIx_CTL][1:0] input structure, except it does not
support inverse function.

SYNCSEL
(USCI_CLKIN[O])

A4
O |-

USCIx_CLK E%ﬂ

\ 4

Data Shift Unit

Digital > 1 7

Filter IN_SYNC

—— Protocol Processor
Unit

Figure 6.12-3 Input Conditioning for USCIx_CLK

All configurations of control, clock and data input structures are in USCI_CTLINO, USCI_CLKIN and
USCI_DATINO registers respectively. EDGEDET (USCI_DATINO[4:3]) is used to select the edge
detection condition. Note that the EDGEDET for USCI_DATINO must be set 2’b10 on UART mode.
The programmable edge detection indicates that the desired event has occurred by activating the
trigger signal.

ININV (USCI_DATINO[2] / USCI_CTLINO[2]) allows a polarity inversion of the selected input signal
to adapt the input signal polarity to the internal polarity of the data shift unit and the protocol state
machine.

If the SYNCSEL (USCI_DATINO[O] / USCI_CTLINO[0] / USCI_CLKIN[Q]) is set to 0, the paths of
input signals do not contain any delay due to synchronization or filtering. If there is noise on the
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input signals, there is the possibility to synchronize the input signal (signal IN_SYNC is
synchronized to focik). The synchronized input signal is taken into account by SYNCSEL = 1. The
synchronization leads to a delay in the signal path of 2-3 times the period of focik.
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Output Signals

Table 6.12-2 shows the relative output signals for each protocol. The number of actually used outputs
depends on the selected protocol and they can be classified according to their meaning for the

protocols.
Selected Protocol UART SPI 12C
Serial Bus
USCIx_CLK - SPI_CLK SCL
Clock Output
USCIx_CTLO - SPI_SS
Control Output
USCIx_CTL1 nRTS
USCIx_DATO - SPI_MOSI_0 SDA
Data Output
USCIx_DAT1 TX SPI_MISO_0

Table 6.12-2 Output Signals for Different Protocols

6.12.4.2 Data Buffering

The data handling of the USCI controller is based on a Data Shift Unit (DSU) and a buffer structure.
Both of the data shift and buffer registers are 16-bit wide. The inputs of Data Shift Unit include the
shift data, the serial bus clock, and the shift control. The output pin of transmission can be
USCIx_DATO pin or USCIx_DAT1 pin depends on what protocol is selected.

Transmit Data Buffer

S | TX_DATA _|

g X T

§ = | | TXBUF | = TSR DatainOut
. Data (USCIx_DATO/1)
8 Shift

o) Unit

2 Receive Data Buffer (DSU) |

@ Serial Bus
o

= S AN _l < Clock Input
o | RX_DATA in_BUFo« (USCIx_CLK)
5 i N |<— RX_SFTR

S 1

a8

A

| R S——— Control Input
‘ ] (USCIx_CTLO)

Figure 6.12-4 Block Diagram of Data Buffering

The operation of data handling includes:
® The peripheral device user interface (APB) is used to handle data, interrupts, status and
control information.

® Atransmitter includes transmit shift register (TX_SFTR) and a transmit data buffer (TX_BUF).
The TXFULL / TXEMPTY (USCI_BUFSTS[9:8]) and TXENDIF (USCI_PROTSTS[2]) can
indicate the status of transmitter.
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® Areceiver includes receive shift register (RX_SFTR) and a receive buffer.
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Data Access Structure

The Data Access Structure includes read access to received data and write access of data to be
transmitted. The received data is stored in the receiver buffer. User does not need to consider the
reception sequence. The receive buffer can be accessed by reading USCI_RXDAT register. The
first received data is read out first and the next received data becomes visible in USCI_RXDAT and
can be read out next.

Transmitted data can be loaded to TX_BUF by writing to the transmit register USCI_TXDAT.

Data Write Access r——  — /7 _|
(USCI_TXDAT) >| ”””””””””””

Data Read Access
(USCI_RXDAT) |

¢

— e — — —— — — — — — — —

Peripheral Device User interface

Figure 6.12-5 Data Access Structure
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Transmit Data Path

The transmit data path is based on 16-bit wide transmit shift register (TX_SFTR) and transmit buffer
TX_BUF. The data transfer parameters like data word length is controlled commonly for
transmission and reception by the line control register USCI_LINECTL.
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Transmit Buffering

The transmit shift register cannot be directly accessed by user. It is updated automatically with the
value stored in the transmit buffer (TX_BUF) if a currently transmitted data is finished and new data
is valid for transmission.

Serial Bus Shift Data
Control Input  Clock Input Output
A
USCI_LINECTL Control A 4 v
- —»
Shift Control
USCI_BUFSTS Status & Status
-
r-- - —— — — /
S | Data 16
USCI_TXDAT  TX_BUF | » TX_SFTR
L _L":"';"’: —
Transmit Buffer

Figure 6.12-6 Transmit Data Path
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Transmit Data Validation

The status of TXEMPTY (USCI_BUFSTS|8]) indicates the transmission data is valid or not in the
transmit buffer (TX_BUF) and the TXSTIF (USCI_PROTSTS[1]) labels the start conditions for each
data.

® |f the USCI controller is a Master, the data transfer can only be started with valid data in the
transmit buffer (TX_BUF). In this case, the transmit shift register is loaded with the content of
transmit buffer.

Note: Master defines the start of data transfer.

® |f the USCI controller is a Slave, a data transfer requested by Master and it has to be started
independently of the status in transmit buffer (TX_BUF). If a data transfer is requested and
started by the Master, the transmit shift register is loaded from specific protocol control signal
if it is valid for transmission.

Note: Slave cannot define the start itself, but has to react.

® The timing of loading data from transmit buffer to data shift unit depends on protocol
configurations.

UART: A transmission of the data word in transmit buffer can be started if TXEMPTY =0 in
normal operation.

SPI: In Master mode, data transmission will be started when TXEMPTY (USCI_BUFSTSJ[8])
is 0. In Slave mode, the data transmission can be started only when slave selection signal is
at active state and clock is presented on USCIx_CLK pin.

I2C: A transmission of the data byte in transmit buffer can be started if TXEMPTY = 0.

® A transmission data which is located in transmit buffer can be started if the TXEMPTY
(USCI_BUFSTS [8]) = 0. The content of the transmit buffer (in TX_BUF condition) should not
be overwritten with new data while it is valid for transmission and a new transmission can
start. If the content of TX_BUF has to be changed, user can set TXRST (USCI_BUFCTL [16])
to 1 to clear the content of TX BUF before updating the data. Moreover, TXEMPTY
(USCI_BUFSTS [8]) will be cleared automatically when transmit buffer (TX_BUF) is updated
with new data. While a transmission is in progress, TX_BUF can be loaded with new data.
User has to update the TX_BUF before a new transmission.
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Receive Data Path

The receive data path is based on 16-bit wide receive shift register RX_SFTR and receive buffers
RX_BUFO and RX_BUFL1. The data transfer parameters such as data word length, or the shift
direction are controlled commonly for transmission and reception by the line control register
USCI_LINECTL. The register USCI_BUFSTS monitors the data validation of USCI_RXDAT.
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Receive Buffering

The receive shift register cannot be directly accessed by user, but its content is automatically loaded
into the receive buffer if a complete data word has been received or the frame is finished. The
received data words in Receive Buffer can be read out automatically from register USCI_RXDAT.

Control Serial Bus Shift Data
Input Clock Input Input
Control
Shift Control
” & Status
A 4
Data
USCI_RXDAT 16 v

- RX_SFTR

Figure 6.12-7 Receive Data Path

6.12.4.3 Protocol Control and Status

The protocol-related control and status information are located in the protocol control register
USCI_PROTCTL and in the protocol status register USCI_PROTSTS. These registers are shared
between the available protocols. As a consequence, the meaning of the bit positions in these
registers is different within the protocols. Refer to each protocol's relative register for detail
information.

6.12.4.4 Protocol-Relative Clock Generator

The USCI controller contains a protocol-relative clock generator and it is controlled by register
USCI_BRGEN. It is reset when the USCI_BRGEN register is written. The structured of protocol-
relative clock generator is shown in Figure 6.12-8.

RCLKSEL fSAMP_CLK
> Protocol
(HsclBRGEN(O] fos ent . Processor Unit
\l Enable
" v Protocol
5
el e Output Related Clock
——»  Related > : : N
Counter Configration
fraxk —» O

Note: Refer the Basic Clock Divider Counter section to get the fsamp_cLk

Figure 6.12-8 Protocol-Relative Clock Generator

The protocol related counter contains basic clock divider counter and timing measurement counter.
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It is based on a divider stages, providing the frequencies needed for the different protocols. It
contains:

® The external clock input to generate the input frequency frer cik = fecik for baud rate
generation based on an external signal. Note that the external clock is half of system clock
frequency because the external clock is sampled by system clock.

® The basic clock divider counter provides the protocol relative clock signal and other protocol-
related signals (fsamp_cik and fos_cik ).

®  The timing measurement counter for time interval measurement, e.g. baud rate detection on
UART protocol.

® The output signals of protocol relative clock generator can be made available on pins (e.g
USCIx_CLK for SPI).

Basic Clock Divider Counter

The basic clock divider counter is used for an integer division delivering frer cik2, frer_cik, foiv_cik,
fscik ,and fsamp_cLk . The frequencies of this divider are controlled by PTCLKSEL (USCI_BRGEN
[1]), CLKDIV (USCI_BRGEN [25:16]), SPCLKSEL (USCI_BRGEN [3:2]).

The basic clock divider counter is used to generate the relative protocol timing signals.

1
foweik = frer_cik X Spvas f PTCLKSEL = 0

1 .
fow.cik = frercik X Grpvenee o PTCLKSEL = 1

o
» 10
fSAMPicLK
> 01
" oo
;*\ | Divide by | Divider | |
ivi | ckDIv +1 by 2
fREF‘aK » Dg’ Idzer » 1 fPROTﬁCLK fDIV7CLK i Fsck
v fREF_CLKZ
SPCLKSEL
PTCLKSEL (USCI_BRGEN[3:2])
(USCI_BRGEN[1])

Figure 6.12-9 Basic Clock Divider Counter
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Timing Measurement Counter

The timing measurement counter is used for time interval measurement and is enabled by
TMCNTEN (USCI_BRGEN [4]) = 1. When TMCNTSRC (USCI_BRGEN [5]) is set to 1, the timer
works on foiv_cLk, otherwise, the timer works independently from feroT cLk. Therefore, any serial
data reception or transmission can continue while the timer is performing timing measurements.
The timer counts the length of protocol-related signals with fprot cLk Or foiv_cik. It Stops counting
when it reaches the user-specified value.

Protocol
FUNMODE
—>»| Relation
(USCICTL [2:0) Definition
J} feroT_cik 0 Clear
f 2 = n e
fer-clig_y|  Divider —| 1 Up-Counter
by 2
fDIV_CLK > ]T
PTCTLSEL TMCNTSRC TMCNTEN
(USCI_BRGEN(1]) (USCI_BRGEN([5])  (USCI_BRGEN([4])

Figure 6.12-10 Block of Timing Measurement Counter

The timing measurement counter is used to perform time-out function or auto-baud rate
mechanism. Its functionality depends on the selected protocol as shown below.

® UART: The timing measurement counter is used in auto baud rate detection.
® SPI: The timing measurement counter is used for counting the slave time-out period.

®  |I2C: The timing measurement counter indicates time-out clock cycle.
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Sample Time Counter

A sample time counter associated to the protocol related counter defining protocol specific timings,
such shift control signals or bit timings, based on the input frequency fsawp cLk. The sample time
counter allows generating time intervals for protocol-specific purposes. The period of a sample
frequency frps cnt is given by the selected input frequency fsamp_cik and the programmed pre-
divider value (PDSCNT (USCI_BRGEN [9:8])). The meaning of the sample time depends on the
selected protocol. Please refer to the corresponding chapters for more protocol-specific

information.
Fovs cnt Fos_cnt Protocol
fsamp_cix —»| PDSCNT +1 = » DSCNT+1 » Processor
Unit
PDSCNT DSCNT
(USCI_BRGEN([9:8]) (USCI_BRGEN [14:10])

Figure 6.12-11 Sample Time Counter

6.12.4.5 Data Transfer Events and Interrupts

The data transfer events are based on the transmission or reception of a data word. The related
indication flags are located in register USCI_PROTSTS. All events can be individually enabled for
interrupt generation. If the FUNMODE (USCI_CTL [2:0]) is set to 0, the USCI is disabled. When
FUNMODE (USCI_CTL [2:0]) is set for a protocol port, the internal states will be controlled by logic
hardware of the selected protocol.

®  Transmit start interrupt event to indicate that a data word has been started:

A transmit start interrupt event occurs when the data is loaded into transmitted shift register.
It is indicated by flag TXSTIF (USCI_PROTSTS [1]) and, if enabled, leads to transmit start
interrupt.

® Transmit end interrupt event to indicate that a data word transmission has been done:

A transmit end interrupt event occurs when the current transmit data in shift register had
finished. It is indicated by flag TXENDIF (USCI_PROTSTS [2]) and, if enabled, leads to
transmit end interrupt. This event also indicates when the shift control settings (word length,
shift direction, etc.) are internally “frozen” for the current data word transmission. In UART and
I2C mode, the transmit data valid is according to TXEMPTY (USCI_BUFSTS [8]) and protocol
relative internal signal with the transmit end interrupt event.

®  Receiver start event to indicate that a data word reception has started:
When the receive clock edge that shifts in the first bit of a new data word is detected and

reception is enabled, a receiver start event occurs. It is indicated by flag RXSTIF
(USCI_PROTSTS [3]) and, if enabled, leads to receiver start interrupt.

() Receive event to indicate that a data word has been received:
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If a new received word becomes available in the receive buffer, a receive event occurs. It is
indicated by flag RXENDIF (USCI_PROTSTS [4]) and, if enabled, leads to receive interrupt.

() Data lost event to indicate a loss of the newest received data word:

If the data word available in register USCI_RXDAT- has not been read out and the receive
buffer is FULL, the new incoming data will lose and this event occurs. It is indicated by flag
RXOVIF (USCI_BUFSTSJ3]) and, if enabled, leads to a protocol interrupt.

The general event and interrupt structure is shown in Figure 6.12-12

Clear Event Clear Event Interrunt
Indication » Indication P
Enable
Flag Flag
A
Event Condition Set \ 4 Event Interrupt
is met > o, —>

Figure 6.12-12 Event and Interrupt Structure

Each general interrupt enable can set by RXENDIEN, RXSTIEN, TXENDIEN, and TXSTIEN of
USCI_INTEN [4:1]. The events are including receive end interrupt event, receive start interrupt
event, transmit end interrupt event, and transmit start interrupt event. For protocol-specific interrupt,
it is specified in each protocol interrupt enable register.

If a defined condition is met, an event is detected and an event indication flag becomes
automatically set. The flag stays set until it is cleared by software. If enabled, an interrupt can be
generated if an event is detected.

The registers, bits and bit fields indicate the data transfer events and control the general interrupts
of a USCI are shown in Table 6.12-3

Event Indication Flag Indication Cleared By Interrupt Enabled By
Transmit start interrupt TXSTIF TXSTIEN
event (USCI_PROTSTS [1]) (USCI_INTEN [1])
TXENDIF TXENDIEN

Transmit end interrupt
(USCI_INTEN [2])

event (USCI_PROTSTS [2]) It is cleared by software writes 1 to
corresponding interrupt bit of
Receive start interrupt RXSTIF USC|_PROTSTS RXSTIEN
event (USCI_PROTSTS [3]) (USCI_INTEN [3])
RXENDIF RXENDIEN
Receive end interrupt event (USCI_INTEN [4])

(USCI_PROTSTS [4])

Table 6.12-3 Data Transfer Events and Interrupt Handling
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6.12.4.6 Protocol-specific Events and Interrupts

These events are related to protocol-specific actions that are described in the corresponding
protocol chapters. The related indication flags are located in register USCI_PROTSTS. All events
can be individually enabled for the generation of the common protocol interrupt.

Event Indication Flag Indication Cleared By Interrupé)l/inabled
Protocol-specific events in USCI_PROTSTS [17:16] and .
UART mode USCI_PROTSTS [11:5] USCI_PROTIEN([2:1]
Protocol-specific events in USCI_PROTSTS [9:8], Itis cleared by software writes 1 to USCI_PROTIEN
SPI mode ) corresponding interrupt bit of 3:0]

USCI_PROTSTS [6:5] USCI_PROTSTS. :
Protocol-specific events in USCI_PROTSTS [13:8], USCI_PROTIEN
I2C mode USCI_PROTSTS [5] [6:0]

Table 6.12-4 Protocol-specific Events and Interrupt Handling

6.12.4.7 Wake-up

The protocol-related wake-up functional information is located in the Wake-up Control Register
(USCI_WKCTL) and in the Wake-up Status Register (USCI_WKSTS). These registers are shared
between the available protocols. As a consequence, the meaning of the bit positions in these
registers is different within the protocols.

6.12.4.8 GDMA

USCI supports GDMA transfer function. When GDMAEN (USCI_DMACTL [3]) is set to 1, the GDMA
function is enabled.

When TXDMAEN (USCI_DMACTL [1]) is set to 1, the controller will issue request to GDMA
controller to start the GDMA transmission process automatically.

When RXDMAEN (USCI_DMACTL [2]) is set to 1, the controller will start the GDMA reception
process. USCI will issue request to GDMA controller automatically when there is data in the receive
buffer.

In UART function, the requirement of RXDMAEN will be cleared and hold if there is any error
condition events including frame error, parity error or break detection. The user shall read out the
current data and then the requirement of RXDMAEN will send to the GDMA module in the next
data.
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6.13 USCI - UART Mode

6.13.1 Overview

The asynchronous serial channel UART covers the reception and the transmission of asynchronous
data frames. It performs a serial-to-parallel conversion on data received from the peripheral, and a
parallel-to-serial conversion on data transmitted from the controller. The receiver and transmitter
being independent, frames can start at different points in time for transmission and reception.

The UART controller also provides the LIN function. There is incoming data to wake up the system.

6.13.2 Features

Supports one transmit buffer and two receive buffer for data payload
Supports programmable baud-rate generator

Supports 9-Bit Data Transfer

Supports LIN function

Baud rate detection possible by built-in capture event of baud rate generator

Supports GDMA capability

Supports Wake-up function

6.13.3 Block Diagram
The basic configurations of USCI are as Figure 6.13-1:

fPCLK
_—
Protocol-Relative
Clock Generator
'Eﬂ USCIx_CTLO/1
L

,,,,,,,, T

i €

Peripheral | L !
Device |« i H 3 Data [« UART | | Input | 0 ~E§ USCIx_DATO/1
i Buffer || Data | R Protocol Processor
User 1 ! w shift
Interface | Control |1 Buffer | Unit Processor [
> i i > > Unit Output
| H } Configuration
B ' A A
Wake-up
v Control |
< Control Register
Interrupt ‘To Isr]te"|upt
!/ Generation > Sigha
Note: x= 1or2

Figure 6.13-1 USCI - UART Mode Block Diagram

Note: nCTS and nRTS function are not supported.
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6.13.4 Basic Configuration
The basic configurations of USCI1 for UART mode are as follows.

® USCI1 pins are configured in SYS_GPA_MFP, SYS_GPB_MFP, SYS_GPC_MFP,
SYS_GPD_MFP, SYS_GPE_MFP registers.

®  Enable USCI1 peripheral clock in USCI1ICKEN (CLK_APBCLK][25]).

® Reset USCI1 controller in USCILRST (SYS_IPRST1[25]).
The basic configurations of USCI2 for UART mode are as follows.

® USCI2 pins are configured in SYS GPA MFP, SYS GPB_MFP, SYS GPC_MFP,
SYS_GPD_MFP, SYS_GPE_MFP , SYS_GPF_MFP registers.

Enable USCI2 peripheral clock in USCI2CKEN (CLK_APBCLK]26]).
Reset USCI2 controller in USCI2RST (SYS_IPRST1[26]).

6.13.5 Functional Description

6.13.5.1 USCI Common Function Description

Please refer to section 6.12.4 for detailed information.

6.13.5.2 Signal Description

An UART connection is characterized by the use of a single connection line between a transmitter
and a receiver. The receiver input signal (RXD) is handled by the input stage USCIx_DATO and the
transmit output (TXD) signal is handled by the output stage of USCIx_DAT1.

For full-duplex communication, an independent communication line is needed for each transfer
direction. Figure 6.13-2 shows an example with a point-to-point full-duplex connection between two
communication partners UART module A and UART module B.

UART Module A UART Module B
USCIx_DATO
USCIx_DAT1
RXD RXD
RX_BUF E Q RX_BUF
TXD
TX_BUF >|§ TXD
§|< TX_BUF
USCIx_DAT1
USCIx_DATO
Transfer Transfer
Control Control
P ) Baud Rate Baud Rate ¢ focik
Generator Generator

Figure 6.13-2 UART Signal Connection for Full-Duplex Communication
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Input Signals

For UART protocol, the number of input signals is demonstratedTable 6.13-1 Each input signal is
handled by an input processor for signal conditioning, such as signal inverse selection control, or a
digital input filter. The input signals can be classified according to their meaning for the protocols, as
shown in Table 6.13-1.

Selected Protocol UART
USCIx_CTLO X
Control Input
USCIx_CTL1 X
USCIx_DATO RX
Data Input(s)
USCIx_DAT1 X

Table 6.13-1 Input Signals for UART Protocols
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Output Signals

For UART protocol, up to each protocol-related output signals are available. The number of actually
used outputs depends on the selected protocol. They can be classified according to their meaning
for the protocols.

Selected Protocol UART
USCI_CTLO X
Control Output
USCI_CTL1 X
USCI_DATO X
Data Output (s)
USCI_DAT1 TX

Table 6.13-2 Output Signals for Different Protocols

6.13.5.3 Frame Format
A standard UART frame is shown in Figure 6.13-3. It consists of:

An idle time with the signal level 1.

® One start of frame bit (SOF) with the signal level 0.
® 6~13 bit data
® A parity bit (P), programmable for either even or odd parity. It is optionally possible to

handle frames without parity bit.

®  One or two stop bits with the signal level 1.

1 ——i— b b —

IDLE SOF DATA P STOP IDLE
-t <> <
1Bit 6~13 Bit 0~1Bit | 1~2Bit

Figure 6.13-3 UART Standard Frame Format

The protocol specific bits (SOF, P, STOP) are automatically handled by the UART protocol state
machine and do not appear in the data flow via the receive and transmit buffers.
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Start Bit

The receiver input signal USCIx_DATO is checked for a falling edge. An SOF bit is detected when
a falling edge occurs while the receiver is idle or after the sampling point of the last stop bit. To
increase noise immunity, the SOF bit timing starts with the first falling edge that is detected. If the
sampled bit value of the SOF is 1, the previous falling edge is considered to be due to noise and
the receiver is considered to be idle again.
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Data Field

The length of the data field (number of data bits) can be programmed by the bit field of DWIDTH
(UUART_LINECTL[11:8]). It can vary between 6 to 13 data bits.

Note: In UART protocol, the data transmission order is LSB first by setting LSB
(UUART_LINECTL[OQ]) to 1.
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Parity Bit
The UART allows parity generation for transmission and parity check for reception on the frame
base. The type of parity can be selected by bit field PARITYEN (UUART_PROTCTL[1]) and
EVENPARITY (UUART_PROTCTL[2]), common for transmission and reception (no parity, even or
odd parity). If the parity handling is disabled, the UART frame does not contain any parity bit. For
consistency reasons, all communication partners have to be programmed to the same parity mode.

After the last data bit of the data field, the transmitter automatically sends out its calculated parity
bit if parity generation has been enabled. The receiver interprets this bit as received parity and
compares it to its internally calculated one. The result of the parity check and frame check (STOP
bit) are monitored in the protocol status registers (UUART_PROTSTS). The register contains bits
to monitor a protocol-related status and protocol-related error indication (FRMERR, PARITYERR).
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Stop Bit

Each UART frame is completed by 1 or 2 of stop bits with the signal level 1 (same level as the idle
level). The number of stop bits is programmable by bit STOPB (UUART_PROTCTL]0]). A new start
bit can be transferred directly after the last stop bit.

October 01, 2021 Page 341 of 522 Rev.0.1



NnUvVoTOoN P \M1249

reliminarx Technical Reference Manual
_

Transfer Status Indication
RXBUSY (UUART_PROTSTS[10]) indicates the receiver status.

The receiver status can be monitored by RXBUSY bit. In this case, bit RXBUSY is set during a
complete frame reception from the beginning of the start of frame bit to the end of the last stop bit.

6.13.5.4 Operating Mode
To operate the UART protocol, the following issues have to be considered:
e Select UART mode:

The UART protocol can be selected by setting FUNMODOE (UUART_CTL[2:0]) to 010B and the
UART protocol can be enabled by setting PROTEN (UUART_PROTCTL [31]) to 1. Note that the
FUNMODE must be set 0 before protocol changing and it is recommended to configure all
parameters of the UART before UART protocol is enabled.

¢ Pin connections:

The USCI_DATO pin is used for UART receive data input signal (RX) in UART protocol. The
property of input data signal can be configured in UUART_DATINO. Itis suggested to set EDGEDET
(UUART_DATINO[4:3]) as 10B for start bit detection.

The USCI_DAT1 pin is used for UART transmit data output signal (TX) in UART protocol. The
property of output data signal can be configured in UUART_LINECTL.

* Bit timing configuration:

The desired baud rate setting has to be selected, including the baud rate generator and the bit
timing.

* Frame format configuration:

The word length, the stop bit number, and the parity mode has to be set up according to the
application requirements by programming UUART_LINECTL and the UUART_PROTCTL register.
If required by the application, the data input and output signals can be inverted. The data
transmission order is LSB first by setting LSB (UUART_LINECTL[O]) to 1.

6.13.5.5 Bit Timing

In UART mode, each frame bit is divided into data sample time to provide granularity in the sub-bit
range to adjust the sample point to the application requirements. The number of data sample time
per bit is defined by bit fields DSCNT (UUART_BRGEN[14:10]) and the length of a data sample
time is given by PDSCNT (UUART_BRGEN[9:8]).

In the example given in Figure 6.13-4, one bit time is composed of 16 data sample time
DSCNT(UUART_BRGEN][14:10]) = 15. It is not recommended to program less and equal than 4
data sample time per bit time.

The position of the sampling point for the bit value is fixed in 1/2 samples time. It is possible to
sample the bit value to take the average of samples.

The bit timing setup (number of data sample time) is common for the transmitter and the receiver
because they use the same hardware circuit.
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o oo

Sample Time 0/ 1/2,3|4|5/6|7|8|9/0/1|2(3|4]|5

@ sample taken

Figure 6.13-4 UART Bit Timing (Data Sample Time)

6.13.5.6 Baud Rate Generation

The baud rate fuart in UART mode depends on the number of data sample time per bit time and
their timing. The baud rate setting should only be changed while the transmitter and the receiver
are idle. The bits RCLKSEL, SPCLKSEL, PDSCNT, and DSCNT define the baud rate setting:

« RCLKSEL (UUART_BRGEN [0])

which defines the input frequency frer cLk

*SPCLKSEL (UUART_BRGEN[3:2])

which defines the multiple source of the sample clock fsamp_cLk

*PDSCNT (UUART_BRGEN [9:8])

which defines the length of a data sample time (division of frer cik by 1, 2, 3, or 4)
« DSCNT (UUART_BRGEN [14:10])

which defines the number of data sample time per bit time

The standard setting is given by RCLKSEL = 0 (frer_cik = frcik), PTCLKSEL = 0 (frroT_cLk = frRer_cLk)
and SPCLKSEL = 2’b00 (fsamp_cLk = foiv_crk). Under these conditions, the baud rate is given by:
_ 1 1
Joarr = frer_cuc X GIRDIv 11 PDSCNT + 1 < DSCNT + 1
To generate slower frequencies, additional divide-by-2 stages can be selected by PTCLKSEL =1
(frroT_cLk = frer_cik2), leading to:
f — fREF_CLK 1 % 1 x 1
UART 2 CLKDIV +1 " PDSCNT + 1~ DSCNT + 1

If SPCLKSEL = 2'b10 (fSAMP_CLK = fscix), and RCLKSEL = 0 (fREF_CLK = fecix), PTCLKSEL =
0 (frroT_cLk = frer cLk). The baud rate is given by:

1 1 1 1
= X——mm X=X X
fuarr = frer cii CLKDIV+ 1~ 27 PDSCNT 4+ 1~ DSCNT + 1

6.13.5.7 Auto Baud Rate Detection

The UART controller supports auto baud rate detection function. It is used to identify the input baud
rate from the receiver signal (USCIx_DATO) and then revise the baud rate clock divider CLKDIV
(UUART_BRGEN][25:16]) after the baud rate function is performed to meet the detected baud rate
information. According to the section of Timing Measurement Counter, the timing measurement
counter is used for time interval measurement of the input signal (USCIx_DATO) and the actual
timer value is captured into bit field BRDETITV (UUART_PROTCTL [24:16]) in each falling edge of
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the detected signal.

When the ABREN (PROTCTL[6]) bit on slave side is enabled, the default value of CLKDIV
(UUART_BRGEN][25:16]) needs to be set as 0x0, TMCNTEN (UUART_BRGENT[4]) set to 0x1, and
the Ox55 data patterns from master is necessary for auto baud rate detection. The falling edge of
input signal starts the baud rate counter and it loads the timing measurement counter value into the
BRDETITV (UUART_PROTCTL [24:16]) in the next falling edge. It is suggested to use the foiv_cik
(TMCNTSRC (UUART_BRGENCI5]) =1) as the counter source.

The CLKDIV (UUART_BRGEN[25:16]) will be revised by BRDETITV (UUART_PROTCTL [25:16])
after the auto baud rate function done (the time of 4™ falling edge of input signal). If the user want
to receive the next successive frame correctly, it is better to set the value of CLKDIV
(UUART_BRGEN][25:16]) and DSCNT (UUART_BRGEN][14:10]) as the same value (the value shall
be among the rang of OxF and 0x5 because the DSCNT is used to define the sample counter of
each bit and the PDSCNT (UUART_BRGEN]9:8]) is 0xO0.

During the auto baud rate detection, the ABRDETIF (UUART_PROTSTS[9]) and the BRDETITV
(UUART_PROTCTL [24:16]) will be updated after each falling edge of input signal and the auto
baud rate pattern, 0x55, won'’t be received into the receiver buffer after the frame done. The bit of
ABREN will be cleared by hardware after the 4% falling edge of input signal is detected thus the
user can read the status of ABREN to know the auto baud rate function is done or not.

If the CLKDIV and DSCNT are not set as the same value in calculation the auto baud rate function,
the user shall calculate the proper average baud rate by the value of BRDETITV and CLKDIV after
the auto baud rate function done.

If the baud rate of input signal is very slow and the bit time of timing measurement counter can’t
calculate the correct period of the input bit time, there is a ABERRSTS bit (UUART_PROTSTS[11])
to indicate the error information of the auto baud rate detection. At this time, the user shall revise
the value of CLKDIV and require the Host device to send the 0x55 pattern again.

According to the limitation of timing measurement counter, the maximum auto baud rate detection
is OX1FE for BRDETITV.

Enable this bit by User Clear this bit by H/W at the 4th falling edge

ABREN
1*falling edge 2" falling edge 3th falling edge
USCI_DATAINO
/ T T 7 7 /
CLKDI\/)\ Y Py ioA / N2
DSCNT X A
BRDETITY Py N2 Py w2 Y w2 X

- R A B B B A
ABRDETIF i i ;
N Can e cleared by write 1% i
Timing Falling edge clear the TWICNT 3

edge clearthe IENT (oo N U I
messrement \Y(of1p, THWﬂ i i 2IN,2>M>7;‘>C S O

Figure 6.13-5 UART Auto Baud Rate Control

6.13.5.8 Hardware LIN Support
To support the LIN (Local Interconnect Network) protocol, the bit LINBRKEN should be set for the
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master. For slave devices, it can be cleared and the fixed number of 8 data bits has to be set
(DWIDTH = 8). For both, LIN Master and LIN Slave devices, the parity generation has to be
switched off (PARITYEN = 0) and transfers take place with LSB first (LSB = 1) and 1 stop bit
(STOPB = 0).

The LIN data exchange protocol contains several symbols that can be all handled in UART mode.
Each single LIN symbol represents a complete UART frame. The LIN bus is a master-slave bus
system with a single master and multiple slaves (for the exact definition please refer to the official
LIN specification).

A complete LIN frame contains the following symbols:
¢ Synchronization Break:

The master sends a synchronization break to signal at the beginning of a new frame. It contains 13
consecutive bit times at 0 level, followed by at least one bit time at 1 level (corresponding to 1 stop
bit). Therefore, LINBRKEN has to be written with 1 (leading to a frame with SOF followed by 12
data bits at O level).

A slave device shall detect 11 consecutive bit times at 0 level, which is done by the synchronization
break detection. The bit BRKDETIF is set if such an event is detected and a protocol interrupt can
be generated. Additionally, the received data value O appears in the receive buffer and a format
error is signaled.

If the baud rate of the slave has to be adapted to the master, the baud rate measurement has to be
enabled for falling edges by setting ABREN (UUART_PROTCTL[6])= 1 before the next symbol
starts.

¢ Synchronization Byte:

The master sends this symbol after writing the data value 55H to UUART_TXDAT. A slave device
can either receive this symbol without any further action (and can discard it) or use the falling edges
for baud rate measurement. ABREN is used to capture a timer counter value for the receiver
synchronization byte. The valid captured values can be read out after the frame is transmitted done.
After this symbol, the baud rate detection can be disabled (ABREN = 0) and BAUD_DIV can be
programmed with the counter value (TIMER_CNT) divided by twice the number of data sample time
per bit.

* Other Symbols:
The other symbols of a LIN frame can be handled with UART data frames without specific actions.

Please note that during the baud rate measurement of the UART receiver, the transmitter still
performs a transmission.

6.13.5.9 Wake-up Function

The USCI controller in UART mode supports wake-up system function. The wake-up source
includes incoming data. Each wake-up source description as follows:

(a) Incoming data wake-up

When system is in power-down and both of the WKEN (UUART_WKCTL [0]) and DATWKEN
(UUART_PROTCTL[9]) are set , the toggle of incoming data pin can wake-up the system. To
receive the incoming data after the system wake-up, the WAKECNT (UUART_PROTCTL[14:11])
shall be set. These bits field of WAKECNT (UUART_PROTIEN [14:11]) indicate how many clock
cycle selected by fros cLk do the controller can get the 15t bit (start bit) when the device is wakeup
from Power-down mode.

Note 1. When the WAKECNT is loaded into the hardware counter at the time of WKF
(UUART_WKSTS|0]) is cleared to 0, the user shall clear the wake-up flag first to make sure the
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time period of WAKECNT is about the wake time of system.

Note 2: To receive the incoming data, the relation between the selected clock stable and the baud
rate shall be considered carefully. (e.g. the stable time of EXT_CLK is 4096 clock period).

. Power-down mode , Stable count CPU run
USCIx_DATO start | ’—ﬁ
(RXD)
WKF

Note: Stable count means HCLK source recovery stable count.

Figure 6.13-6 Incoming Data Wake-Up

6.13.5.10Interrupt Events

Protocol Interrupt Events

The following protocol-related events are generated in UART mode and can lead to a protocol
interrupt.

Please note that the bits in register UUART_PROTSTS are not automatically cleared by hardware
and have to be cleared by software in order to monitor new incoming events.

* Receiver line status:

The protocol-related error FRMERR (UUART_PROTSTSI6]) or PARITYERR
(UUART_PROTSTS[5]) are two flags that are assigned to each received data word in the
corresponding receiver buffer status registers.

In UART mode, the result of the parity check by the protocol-related error indication (O = received
parity bit equal to calculated parity value), and the result of frame check by the protocol-related
error indication (O = received stop bit equal to the format value ‘1°). This information is elaborated
for each data frame.

The break error flag is assigned when the received data is 0, the received parity and the stop bit
are also 0.

The interrupt indicates that there are parity error, frame error or the break data detection in the
BREAK, FRMERR, PARITYERR (UUART_PROTSTSJ[7:5]) bits.

¢ Auto baud rate detection:

The auto baud rate interrupt, ABRDETIF (UUART_PROTSTS [9]), indicates that the timing
measurement counter has getting 2-bit duration for auto baud rate capture function.

The auto baud rate detection function will be enabled in the first falling edge of receiver signal. The
auto baud rate detection function is measurement after the next following falling is detected and it
is finished when the frame transfer done. After the transfer done, the timing measurement counter
value divided by twice is equal to the number of sample time per bit. The user can read the value
of BRDETITV (UUART_PROTCTL[24:16]) and write into the baud rate generator register CLKDIV
(UUART_BRGEN][25:16]).

» Synchronization break detection:

This interrupt can be used in LIN networks to indicate the reception of the synchronization break
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symbol (at the beginning of a LIN frame).
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Data Transfer Interrupt Handling
The data transfer interrupts indicate events related to UART frame handling.

* Transmit start interrupt:

Bit TXSTIF (UUART_PROTSTS [1]) is set after the start bit of a data word. In buffer mode, this is
the earliest point in time when a new data word can be written to UUART_TXDAT.

¢ Transmitter finished:

This interrupt indicates that the transmitter has completely finished all data in the buffer. Bit
TXENDIF (UUART_PROTSTS [2]) becomes set at the end of the last stop bit.

* Receiver starts interrupt:
Bit RXSTIF (UUART_PROTSTS [3]) is set after the sample point of the start bit.
* Receiver frame finished:

This interrupt indicates that the receiver has completely finished a frame. Bit RXENDIF
(UUART_PROTSTS [4]) becomes set at the end of the last receive bit.

6.13.5.11Programming Example
The following steps are used to configure the UART protocol setting and the data transmission.
1. Set FUNMODE (UUART_CTL[2:0]) to Ox2 to select UART protocol.
2. Write baud rate generator register UUART_BRGEN to select desired baud rate.

® Set SPCLKSEL (UUART_BRGEN[3:2]), PTCLKSEL (UUART_BRGEN[1]) and
RCLKSEL (UUART_BRGEN]JO0]) to select the clock source.

® Configure CLKDIV (UUART_BRGEN][25:16]), DSCNT (UUART_BRGEN[14:10]) and
PDSCNT (UUART_BRGEN]9:8]) to determine the baud rate divider.

3. Write line control register UUART_LINECTL and protocol control register UUART_PROTCTL
to configure the transmission data format and UART protocol setting.

® Program data field length in DWIDTH (UUART_LINECTL[11:8]).

® FEnable parity bit and determine the parity bit type by setting EVENPARITY
(UUART_PROTCTL[2]) and PARITYEN (UUART_PROTCTL[1]).

Configure stop bit length by setting STOPB (UUART_PROTCTL[O]).
Enable LSB (UUART_LINECTL[O]) to select LSB first transmission for UART protocol.

Set EDGEDET (UUART_DATINO[4:3]) to “10” to select the detected edge as falling edge
for receiver start bit detection.

4. Set PROTEN (UUART_PROTCTL[31]) to 1 to enable UART protocol.
Transmit and receive data.
®  Write transmit data register UUART_TXDAT to transmit data.

®  Wait until TXSTIF(UUART_PROTSTS[1]) is set and then user can write the next data in
UUART_TXDAT.

® When TXENDIF(UUART_PROTSTS|2]) is set, the transmit buffer is empty and the stop
bit of stop bit of the last data has been transmitted.

® |f RXENDIF(UUART_PROTSTS[4]) is set, the receiver has finished a data frame
completely. User can get the data by reading receive data register UUART_RXDAT.
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6.13.6 Register Map
R: read only, W: write only, R/W: both read and write

Register

Offset

R/W

Description

Reset Value

UUART Base Address:
UUARTxX_BA = 0x4007_0000 + (0x10_0000 * x)

x=1,2
UUART_CTL UUARTX_BA+0x00 R/W|USCI Control Register 0x0000_0000
UUART_INTEN UUARTX_BA+0x04 R/W|USCI Interrupt Enable Register 0x0000_0000

UUART_BRGEN

UUARTx_BA+0x08

RIW

USCI Baud Rate Generator Register

0x0000_3C00

UUART_DATINO

UUARTx_BA+0x10

RIW

USCI Input Data Signal Configuration Register 0

0x0000_0000

UUART_CTLINO

UUARTXx_BA+0x20

RIW

USCI Input Control Signal Configuration Register O

0x0000_0000

UUART_CLKIN

UUARTx_BA+0x28

RIW

USCI Input Clock Signal Configuration Register

0x0000_0000

UUART_LINECTL

UUARTX_BA+0x2C

RIW

USCI Line Control Register

0x0000_0000

UUART_TXDAT UUARTX_BA+0x30 W |USCI Transmit Data Register 0x0000_0000
UUART_RXDAT UUARTX_BA+0x34 R |USCI Receive Data Register 0x0000_0000
UUART_BUFCTL |UUARTx_BA+0x38 R/W|USCI Transmit/Receive Buffer Control Register 0x0000_0000
UUART_BUFSTS |UUARTx_BA+0x3C R/W|USCI Transmit/Receive Buffer Status Register 0x0000_0101
UUART_DMACTL [UUARTx_BA+0x40 R/W|USCI DMA Control Register 0x0000_0000
UUART_WKCTL UUARTX_BA+0x54 R/W|USCI Wake-up Control Register 0x0000_0000
UUART_WKSTS  [UUARTx_BA+0x58 R/W|USCI Wake-up Status Register 0x0000_0000
UUART_PROTCTL |[UUARTX_BA+0x5C R/W|USCI Protocol Control Register 0x0000_0000
UUART_PROTIEN |UUARTx_BA+0x60 R/W|USCI Protocol Interrupt Enable Register 0x0000_0000
UUART_PROTSTS |UUARTx_BA+0x64 R/W|USCI Protocol Status Register 0x0000_0000
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6.13.7 Register Description
USCI Control Register (WUART CTL)

Register Offset R/W |Description Reset Value
UUART_CTL [UUARTx_BA+0x00|R/W |USCI 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 FUNMODE
Bits Description
[31:2] Reserved Reserved.
Function Mode
This bit field selects the protocol for this USCI controller. Selecting a protocol that is not
available or a reserved combination disables the USCI. When switching between two
protocols, the USCI has to be disabled before selecting a new protocol. Simultaneously, the
USCI will be reset when user write 000 to FUNMODE.
[2:0] FUNMODE 000 = The USCI is disabled. All protocol related state machines are set to idle state.
001 = The SPI protocol is selected.
010 = The UART protocol is selected.
100 = The I°C protocol is selected.
Note: Other bit combinations are reserved.
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USCI Interrupt Enable Register (UUART INTEN)

Register Offset R/W |Description Reset Value
UUART_INTENJUUARTx_BA+0x04|R/W [USCI 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
7 6 5 4 3 2 1 0
Reserved RXENDIEN RXSTIEN TXENDIEN TXSTIEN Reserved
Bits Description
[31:5] Reserved Reserved.
Receive End Interrupt Enable Bit
This bit enables the interrupt generation in case of a receive finish event.
[4] RXENDIEN . . s
0 = The receive end interrupt is disabled.
1 = The receive end interrupt is enabled.
Receive Start Interrupt Enable Bit
This bit enables the interrupt generation in case of a receive start event.
[3] RXSTIEN i ) o
0 = The receive start interrupt is disabled.
1 = The receive start interrupt is enabled.
Transmit End Interrupt Enable Bit
This bit enables the interrupt generation in case of a transmit finish event.
[2] TXENDIEN o o
0 = The transmit finish interrupt is disabled.
1 = The transmit finish interrupt is enabled.
Transmit Start Interrupt Enable Bit
This bit enables the interrupt generation in case of a transmit start event.
1] TXSTIEN ) ) o
0 = The transmit start interrupt is disabled.
1 = The transmit start interrupt is enabled.
[0] Reserved Reserved.
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USCI Baud Rate Generator Reqgister (UWUART BRGEN)

Register Offset R/W |Description Reset Value
UUART_BRGEN|UUARTx_BA+0x08|R/W [USCI Baud Rate Generator Register 0x0000_3C00
31 30 29 28 27 26 25 24
Reserved CLKDIV
23 22 21 20 19 18 17 16
CLKDIV
15 14 13 12 11 10 9 8
Reserved DSCNT PDSCNT
7 6 5 4 3 2 1 0
Reserved TMCNTSRC TMCNTEN SPCLKSEL PTCLKSEL RCLKSEL
Bits Description
[31:26] Reserved Reserved.
Clock Divider
This bit field defines the ratio between the protocol clock frequency feror cik and the clock|
divider frequency fDIV_CLK (fDIV_CLK = fPROT_CLK / (CLKD|V+1) )
[25:16] CLKDIV Note: In UART function, it can be updated by hardware in the 4" falling edge of the input]
data 0x55 when the auto baud rate function (ABREN(UUART_PROTCTL[6])) is enabled.
The revised value is the average bit time between bit 5 and bit 6. The user can use revised
CLKDIV and new BRDETITV (UUART_PROTCTL[24:16]) to calculate the precise baud
rate.
[15] Reserved Reserved.
Denominator for Sample Counter
This bit field defines the divide ratio of the sample clock fsawe cix.
[14:10] DSCNT The divided frequency fos_cnr = fpos_ont / (DSCNT+1).
Note: The maximum value of DSCNT is OxF on UART mode and suggest to set over 4 to
confirm the receiver data is sampled in right value.
Pre-divider for Sample Counter
[9:8] PDSCNT This bit field defines the divide ratio of the clock division from sample clock fsawe cik. The
divided frequency fPDS_CNT = fSAMP_CLK / (PDSCNT+1)
[7:6] Reserved Reserved.
Timing Measurement Counter Clock Source Selection
[5] TMCNTSRC 0 = Timing measurement counter with feror cik.
1 = Timing measurement counter with foiv cik.
Timing Measurement Counter Enable Bit
This bit enables the 10-bit timing measurement counter.
[4] TMCNTEN . o
0 = Timing measurement counter for auto baudrate is Disabled.
1 = Timing measurement counter for auto baudrate is Enabled.
[3:2] SPCLKSEL Sample Clock Source Selection

October 01, 2021

Page 352 of 522 Rev.0.1




NnUvVoTOoN P \M1249

reliminarx Technical Reference Manual
_—

This bit field used for the clock source selection of a sample clock (fsame_cik) for the protocol
processor.

00 = fSAMP_CLK = fDIV_CLK,
01= fSAMP_CLK = fPROT_CLK,
10= fSAMP_CLK = fscik.

11= fSAMP_CLK = fREF_CLK,

Protocol Clock Source Selection
This bit selects the source signal of protocol clock (ferot_ciLk)-

[1 PTCLKSEL
0 = Reference clock frer cik.
1 = frer_cik (its frequency is half of free cik).
Reference Clock Source Selection
This bit selects the source signal of reference clock (f .
0] RCLKSEL g (frer_cu)

0 = Peripheral device clock fpcik.
1 = External input clock.
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USCI Input Data Signal Configuration (UUART DATINO)

Register Offset R/W |Description Reset Value
UUART_DATINO|UUARTx_BA+0x10|R/W [USCI Input Data Signal Configuration Register O 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 EDGEDET ININV Reserved SYNCSEL
Bits Description
[31:5] Reserved Reserved.

Input Signal Edge Detection Mode

This bit field selects which edge actives the trigger event of input data signal.
00 = The trigger event activation is disabled.

[4:3] EDGEDET 01 = Arising edge activates the trigger event of input data signal.

10 = A falling edge activates the trigger event of input data signal.

11 = Both edges activate the trigger event of input data signal.

Note: In UART function mode, it is suggested to set this bit field as 10.

Input Signal Inverse Selection
This bit defines the inverter enable of the input asynchronous signal.

[2] ININV . . . . .

0 = The un-synchronized input signal will not be inverted.

1 = The un-synchronized input signal will be inverted.
[1] Reserved Reserved.

Input Signal Synchronization Selection

This bit selects if the un-synchronized input signal (with optionally inverted) or the
[0] SYNCSEL synchronized (and optionally filtered) signal can be used as input for the data shift unit.

0 = The un-synchronized signal can be taken as input for the data shift unit.
1 = The synchronized signal can be taken as input for the data shift unit.
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USCI Input Control Signal Configuration (UUART CTLINO)

Register Offset R/W |Description Reset Value
UUART_CTLINOJUUARTx_BA+0x20|R/W |USCI Input Control Signal Configuration Register 0 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 ININV Reserved SYNCSEL
Bits Description
[31:3] Reserved Reserved.
Input Signal Inverse Selection
2 ININV This bit defines the inverter enable of the input asynchronous signal.
0 = The un-synchronized input signal will not be inverted.
1 = The un-synchronized input signal will be inverted.
[1] Reserved Reserved.
Input Synchronization Signal Selection
This bit selects if the un-synchronized input signal (with optionally inverted) or the
[0] SYNCSEL synchronized (and optionally filtered) signal can be used as input for the data shift unit.
0 = The un-synchronized signal can be taken as input for the data shift unit.
1 = The synchronized signal can be taken as input for the data shift unit.
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USCI Input Clock Signal Configuration (UUART CLKIN)

Register Offset R/W |Description Reset Value
UUART_CLKIN|UUARTx_BA+0x28|R/W |USCI Input Clock Signal Configuration 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 SYNCSEL
Bits Description
[31:1] Reserved Reserved.
Input Synchronization Signal Selection
This bit selects if the un-synchronized input signal or the synchronized (and optionally
[0] SYNCSEL filtered) signal can be used as input for the data shift unit.
0 = The un-synchronized signal can be taken as input for the data shift unit.
1 = The synchronized signal can be taken as input for the data shift unit.
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USCI Line Control Register (UUART LINECTL)

Register Offset R/W |Description Reset Value
UUART_LINECTL|UUARTx_BA+0x2C|R/W |USCI 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 DWIDTH
7 6 5 4 3 2 1 0
CTLOINV Reserved DATOINV Reserved LSB
Bits Description
[31:12] Reserved Reserved.
Word Length of Transmission
This bit field defines the data word length (amount of bits) for reception and transmission.
The data word is always right-aligned in the data buffer. USCI support word length from 4 to
16 bits.
0x0: The data word contains 16 bits located at bit positions [15:0].
0x1: Reserved.
[11:8] DWIDTH 0x2: Reserved.
0x3: Reserved.
0x4: The data word contains 4 bits located at bit positions [3:0].
0x5: The data word contains 5 bits located at bit positions [4:0].
OxF: The data word contains 15 bits located at bit positions [14:0].
Note: In UART protocol, the length can be configured as 6~13 bits.
Control Signal Output Inverse Selection
This bit defines the relation between the internal control signal and the output control signal.
7 CTLOINV 0 = No effect.
1 = The control signal will be inverted before its output.
Note: In UART protocol, the control signal means nRTS signal.
[6] Reserved Reserved.
Data Output Inverse Selection
This bit defines the relation between the internal shift data value and the output data signal
[5] DATOINV of USCIx_DAT1 pin.
0 = The value of USCIx_DAT1 is equal to the data shift register.
1 = The value of USCIx_DAT1 is the inversion of data shift register.
[4:1] Reserved Reserved.
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LSB First Transmission Selection

0 = The MSB, which bit of transmit/receive data buffer depends on the setting of DWIDTH,
is transmitted/received first.

1 = The LSB, the bit 0 of data buffer, will be transmitted/received first.

[0] LSB
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USCI Transmit Data Register (UUART TXDAT)

Register Offset R/W |Description Reset Value
UUART_TXDAT|UUARTX_BA+0x30|W USCI Transmit 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
TXDAT
7 6 5 4 3 2 1 0
TXDAT
Bits Description
[31:16] Reserved Reserved.
[15:0] TXDAT Transmit Data - . . . o
Software can use this bit field to write 16-bit transmit data for transmission.
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USCI Receive Data Register (UUART RXDAT)

Register Offset R/W [Description Reset Value
UUART_RXDAT|UUARTx_BA+0x34|R USCI Receive 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
RXDAT
7 6 5 4 3 2 1 0
RXDAT
Bits Description
[31:16] Reserved Reserved.
Received Data
[15:0] RXDAT This bit field monitors the received data which stored in receive data buffer.
Note: RXDAT[15:13] indicate the same frame status of BREAK, FRMERR and PARITYERR
(UUART_PROTSTS[7:5)).
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USCI Transmitter/Receive Buffer Control Register (UUART BUFCTL)

Register Offset R/W |Description Reset Value
UUART_BUFCTL |UUARTx_BA+0x38|R/W |USCI Transmit/Receive Buffer Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved RXRST TXRST
15 14 13 12 11 10 9 8
RXCLR RXOVIEN Reserved
7 6 5 4 3 2 1 0
TXCLR Reserved
Bits Description
[31:18] Reserved Reserved.

Receive Reset
0 = No effect.

1 = Reset the receive-related counters, state machine, and the content of receive shift
[17] RXRST register and data buffer.

Note 1: It is cleared automatically after one PCLK cycle.

Note 2: It is suggest to check the RXBUSY (UUART_PROTSTS[10]) before this bit will be
setto 1.

Transmit Reset
0 = No effect.

[16] TXRST 1 = Reset the transmit-related counters, state machine, and the content of transmit shift
register and data buffer.

Note: It is cleared automatically after one PCLK cycle.

Clear Receive Buffer
0 = No effect.

[15] RXCLR 1 = The receive buffer is cleared (filling level is cleared and output pointer is set to input
pointer value). Should only be used while the buffer is not taking part in data traffic.

Note: It is cleared automatically after one PCLK cycle.

Receive Buffer Overrun Error Interrupt Enable Control
[14] RXOVIEN 0 = Receive overrun interrupt Disabled.
1 = Receive overrun interrupt Enabled.

[13:8] Reserved Reserved.

Clear Transmit Buffer
0 = No effect.

[7] TXCLR 1 = The transmit buffer is cleared (filling level is cleared and output pointer is set to input
pointer value). Should only be used while the buffer is not taking part in data traffic.

Note: It is cleared automatically after one PCLK cycle.
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USCI Transmit/Receive Buffer Status Register (WUART BUFESTS)

Register Offset R/W |Description Reset Value
UUART_BUFSTS|UUARTx_BA+0x3C|R/W |USCI Transmit/Receive Buffer Status Register 0x0000_0101
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 TXFULL TXEMPTY
7 6 5 4 3 2 1 0
Reserved RXOVIF Reserved RXFULL RXEMPTY
Bits Description
[31:10] Reserved Reserved.

Transmit Buffer Full Indicator
[9] TXFULL 0 = Transmit buffer is not full.
1 = Transmit buffer is full.

Transmit Buffer Empty Indicator
[8] TXEMPTY 0 = Transmit buffer is not empty.
1 = Transmit buffer is empty.

[7:4] Reserved Reserved.

Receive Buffer Over-run Error Interrupt Status

This bit indicates that a receive buffer overrun error event has been detected. If RXOVIEN
(UUART_BUFCTL[14]) is enabled, the corresponding interrupt request is activated. It is
(3] RXOVIF cleared by software writes 1 to this bit.

0 = A receive buffer overrun error event has not been detected.
1 = Areceive buffer overrun error event has been detected.

[2] Reserved Reserved.

Receive Buffer Full Indicator
[1] RXFULL 0 = Receive buffer is not full.
1 = Receive buffer is full.

Receive Buffer Empty Indicator
[0] RXEMPTY 0 = Receive buffer is not empty.
1 = Receive buffer is empty.
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USCI DMA Control Register (WUART DMACTL)

Register Offset R/W |Description Reset Value
UUART_DMACTL [UUARTx_BA+0x40|R/W |USCI DMA 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 DMAEN RXDMAEN TXDMAEN DMARST
Bits Description
[31:4] Reserved Reserved.

DMA Mode Enable Bit
[3] DMAEN 0 = DMA function Disabled.
1 = DMA function Enabled.

DMA Receive Channel Request Enable
[2] RXDMAEN 0 = Receive DMA function Disabled.
1 = Receive DMA function Enabled.

DMA Transmit Channel Request Enable
[1] TXDMAEN 0 = Transmit DMA function Disabled.
1 = Transmit DMA function Enabled.

DMA Reset
[0] DMARST 0 = No effect.
1 = Reset the USCI's DMA control logic. This bit will be cleared to 0 automatically.
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USCI Wake-up Control Reqgister (WUART WKCTL)

Register Offset R/W |Description Reset Value
UUART_WKCTL|UUARTx_BA+0x54|R/W |USCI 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 PDBOPT Reserved WKEN
Bits Description
[31:3] Reserved Reserved.
Power Down Blocking Option
0 = If user attempts to enter Power-down mode by executing WFI while the protocol is in
2] PDBOPT transferring, MCU will stop the transfer and enter Power-down mode immediately.
1 = If user attempts to enter Power-down mode by executing WFI while the protocol is in
transferring, the on-going transfer will not be stopped and MCU will enter idle mode
immediately.
Reserved Reserved.
Wake-up Enable Bit
[0] WKEN 0 = Wake-up function Disabled.
1 = Wake-up function Enabled.
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USCI Wake-up Status Register (UUART WKSTS)

Register Offset R/W |Description Reset Value
UUART_WKSTS|UUARTx_BA+0x58|R/W [USCI 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 WKF
Bits Description
[31:1] Reserved Reserved.
Wake-up Flag
(] WKF When chip is woken up from Power-down mode, this bit is set to 1. Software can write 1 to
clear this bit.
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USCI Protocol Control Register = UART (UUART PROTCTL)

Register Offset R/W |Description Reset Value
UUART_PROTCTL|UUARTx_BA+0x5C|R/W |USCI Protocol Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PROTEN Reserved BCEN Reserved STICKEN Reserved BRDETITV
23 22 21 20 19 18 17 16
BRDETITV
15 14 13 12 11 10 9 8
Reserved WAKECNT Reserved DATWKEN LINRXEN
7 6 5 4 3 2 1 0
LINBRKEN ABREN Reserved EVENPARITY | PARITYEN STOPB
Bits Description
UART Protocol Enable Bit
[31] PROTEN 0 = UART Protocol Disabled.
1 = UART Protocol Enabled.
[30] Reserved Reserved.
Transmit Break Control Enable Bit
0 = Transmit Break Control Disabled.
[29] BCEN 1 = Transmit Break Control Enabled.
Note: 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 line and has no effect on the transmitter logic.
[28:27] Reserved Reserved.
Stick Parity Enable Bit
[26] STICKEN 0 = Stick parity Disabled.
1 = Stick parity Enabled.
[25] Reserved Reserved.
Baud Rate Detection Interval
This bit fields indicate how many clock cycle selected by TMCNTSRC (UUART_BRGEN [5])
does the slave calculates the baud rate in one bits. The order of the bus shall be 1 and 0
[24:16] BRDETITV step by step (e.g. the input data pattern shall be 0x55). The user can read the value to know|
the current input baud rate of the bus whenever the ABRDETIF (UUART_PROTSTS[9)) is
set.
Note: This bit can be cleared to 0 by software writing ‘0’ to the BRDETITV.
[15] Reserved Reserved.
Wake-up Counter
[14:11] WAKECNT These bits field indicate how many clock cycle selected by feps_onr do the slave can get the
1% bit (start bit) when the device is wake-up from Power-down mode.
[10] Reserved Reserved.
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Data Wake-up Mode Enable Bit
[9] DATWKEN 0 = Data wake-up mode Disabled.
1 = Data wake-up mode Enabled.

LIN RX Duplex Mode Enable Control
0 = LIN RX Duplex mode Disabled.
[8] LINRXEN 1 = LIN RX Duplex mode Enabled. The LIN can be play as Slave to receive the LIN frame.

Note: This bit is used to check the break duration for incoming data when the LIN operation
is active.

LIN TX Break Mode Enable Control
0 = LIN TX Break mode Disabled.
1 = LIN TX Break mode Enabled.

Note 1: When TX break field transfer operation is finished, this bit will be cleared
automatically.

171 LINBRKEN

Note 2: 13-bit level 0 and 1-bit level 1 were sent out before the 1% data be transmitted.

Auto-baud Rate Detect Enable Bit
0 = Auto-baud rate detect function Disabled.
[6] ABREN 1 = Auto-baud rate detect function Enabled.

Note: When the auto - baud rate detect operation finishes, hardware will clear this bit. The|
associated interrupt ABRDETIF (USCI_PROTST[9]) will be generated (If ARBIEN
(UUART_PROTIEN [1]) is enabled).

[5:3] Reserved Reserved.

Even Parity Enable Bit
0 = Odd number of logic 1’s is transmitted and checked in each word.

[2] EVENPARITY ] ] ) )
1 = Even number of logic 1’s is transmitted and checked in each word.
Note: This bit has effect only when PARITYEN is set.
Parity Enable Bit
This bit defines the parity bit is enabled in an UART frame.
[1] PARITYEN o
0 = The parity bit Disabled.
1 = The parity bit Enabled.
Stop Bits
This bit defines the number of stop bits in an UART frame.
[0] STOPB

0 = The number of stop bits is 1.
1 = The number of stop bits is 2.
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USCI Protocol Interrupt Enable Register — UART (UUART PROTIEN)

Register Offset R/W |Description Reset Value
UUART_PROTIEN|UUARTx_BA+0x60|R/W |USCI Protocol 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
7 6 5 4 3 2 1 0
Reserved RLSIEN ABRIEN BRKIEN
Bits Description
[31:3] Reserved Reserved.
Receive Line Status Interrupt Enable Bit
0 = Receive line status interrupt Disabled.
[2] RLSIEN 1 = Receive line status interrupt Enabled.
Note: UUART_PROTSTS[7:5] indicates the current interrupt event for receive line status
interrupt.
Auto-baud Rate Interrupt Enable Bit
[1] ABRIEN 0 = Auto-baud rate interrupt Disabled.
1 = Auto-baud rate interrupt Enabled.
LIN Break Detected Interrupt Enable Control
[0] BRKIEN 0 = The LIN break detected interrupt generation is Disabled.
1 =The LIN break detected interrupt generation is Enabled.
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USCI Protocol Status Register — UART (UUART PROTSTS)

Register Offset R/W |Description Reset Value
UUART_PROTSTS|UUARTx_BA+0x64|R/W |USCI Protocol 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 ABERRSTS RXBUSY ABRDETIF BRKDETIF
7 6 5 4 3 2 1 0
BREAK FRMERR PARITYERR RXENDIF RXSTIF TXENDIF TXSTIF Reserved
Bits Description
[31:12] Reserved Reserved.
Auto-baud Rate Error Status
This bit is set when auto-baud rate detection counter overrun. When the auto-baud rate
counter overrun, the user shall revise the CLKDIV (UUART_BRGEN[25:16]) value and
enable ABREN (UUART_PROTCTL][6]) to detect the correct baud rate again.
[11] ABERRSTS 0 = Auto-baud rate detect counter is not overrun.
1 = Auto-baud rate detect counter is overrun.
Note 1: This bit is set at the same time of ABRDETIF.
Note 2: This bit can be cleared by writing “1” to ABRDETIF or ABERRSTS.
RX Bus Status Flag (Read Only)
This bit indicates the busy status of the receiver.
[10] RXBUSY o
0 = The receiver is Idle.
1 = The receiver is BUSY.
Auto-baud Rate Interrupt Flag
This bit is set when auto-baud rate detection is done among the falling edge of the input
data. If the ABRIEN (UUART_PROTCTLI6]) is set, the auto-baud rate interrupt will be
generated. This bit can be set 3 times when the input data pattern is Ox55 and it is cleared
[9] ABRDETIF before the next falling edge of the input bus.
0 = Auto-baud rate detect function is not done.
1 = One Bit auto-baud rate detect function is done.
Note: This bit can be cleared by writing “1” to it.
LIN Break Detected Interrupt Flag (Read Only)
This bit is set to logic 1 whenever the received data input (RX) is held in the “spacing state”
(logic 0) for longer than 12-bit transmission time in LIN mode function.
(8] BRKDETIF 0 = LIN Break is no detected.
1 = LIN Break is detected.
Note: This bit is read only, but can be cleared by writing ‘1’ to it.
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Break Flag

This bit is set to logic 1 whenever the received data input (RX) is held in the “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).

(7] BREAK 0 = No Break is generated.

1 = Break is generated in the receiver bus.

Note: This bit can be cleared by write “1” among the BREAK, FRMERR and PARITYERR
bits.

Framing Error Flag

This bit is set to logic 1 whenever the received character does not have a valid “stop bit”
(that is, the stop bit following the last data bit or parity bit is detected as logic 0).

[6] FRMERR 0 = No framing error is generated.
1 = Framing error is generated.

Note: This bit can be cleared by write “1” among the BREAK, FRMERR and PARITYERR
bits.

Parity Error Flag

This bit is set to logic 1 whenever the received character does not have a valid “parity bit”.
5] PARITYERR 0 = No parity error is generated.

1 = Parity error is generated.

Note: This bit can be cleared by write “1” among the BREAK, FRMERR and PARITYERR
bits.

Receive End Interrupt Flag

0 = A receive finish interrupt status has not occurred.
[4] RXENDIF A
1 = A receive finish interrupt status has occurred.

Note: It is cleared by software writing one into this bit.

Receive Start Interrupt Flag

0 = A receive start interrupt status has not occurred.
[3] RXSTIF _ _
1 = A receive start interrupt status has occurred.

Note: It is cleared by software writing one into this bit.

Transmit End Interrupt Flag

0 = A transmit end interrupt status has not occurred.
2] TXENDIF . .
1 = A transmit end interrupt status has occurred.

Note: It is cleared by software writing one into this bit.

Transmit Start Interrupt Flag

0 = A transmit start interrupt status has not occurred.

[1] TXSTIF 1 = A transmit start interrupt status has occurred.

Note 1: It is cleared by software writing one into this bit.

Note 2: Used for user to load next transmit data when there is no data in transmit buffer.

[0] Reserved Reserved.
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6.14 USCI - SPI Mode

6.14.1 Overview

The SPI protocol of USCI controller applies to synchronous serial data communication and allows
full duplex transfer. It supports both master and Slave operation mode with the 4-wire bi-direction
interface. SPI mode of USCI controller performs 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. The SPI mode is selected by FUNMODE (USPI_CTL[2:0]) = Ox1.

The SPI protocol can operate as master or Slave mode by setting the SLAVE (USPI_PROTCTLJ[0])
to communicate with the off-chip SPI Slave or master device. The application block diagrams in
master and Slave mode are shown as Figure 6.14-1 and Figure 6.14-2.

NM1240

USCI SPI Master
SP|_|V|OS| Master Transmit Data _
(USCIx_DATO)
SPI_MISO P Master Receive Data
(USCIx_DAT1) |
SPI_CLK Serial Bus Clock |
(USCIx_CLK) o
SPI_SS Slave Select |
(UsCIx_CTL) o

SPI Slave Device

SPI_MOSI

SPI_MISO

SPI_CLK

SPI_SS

Figure 6.14-1 SPI Master Mode Application Block Diagram (x=1)

USCI SPI Slave

SPI MOSI Slave Receive Data
(USCIx_DATO) |

SPI MISO Slave Transmit Data
(USCIx_DAT1) >

SPI CLK Serial Bus Clock
(USCIx_CLK)
SPI SS Slave Select
Eal] P S —
(USCIx_CTL)

SPI Master Device
SPI_MOSI

SPI_MISO

SPI_CLK

SPI_SS

6.14.2 Features

Figure 6.14-2 SPI Slave Mode Application Block Diagram (x=1)

®  Supports Master or Slave mode operation (the maximum frequency -- Master = fpcik /
2, Slave < fpcik / 5)

®  Configurable bit length of a transfer word from 4 to 16-bit

®  Supports one transmit buffer and two receive buffers for data payload

®  Supports MSB first or LSB first transfer sequence
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Supports Word Suspend function
Supports GDMA transfer

Supports 3-wire, no slave select signal, bi-direction interface

Supports wake-up function by slave select signal in Slave mode

6.14.3 Block Diagram

fPCLK
—_—
Protocol-Relative |« ;Eﬂ USCIx CLK
Clock Generator -
=E§ USCIx_CTLO
L
,,,,,,,, —— A l
I
Peripheral i i | i Input
i e | ! <« « - ~E§ USCIx_DATO0/1
Device | Buffer 3 i Data 3 Da.ta SPI Protocol Processor ry X_| /
User I I i Shift Processor le—
Interface  Control |\ Buffer | Unit Unit
i i i > > Output
i L i Configuration
Lo e '} A
Wake-up N
\ Control | |
< Y
< » Control Register
Interrupt ‘To Isr?terrlupt
Generation > dlgna
N
Note: x=0,1o0r 2

Figure 6.14-3 USCI - SPI Mode Block Diagram

6.14.4 Basic Configuration
The basic configurations of USCI1 for SPI mode are as follows:

® USCI1 pins are configured in SYS GPA MFP, SYS GPB_MFP, SYS GPC_MFP,
SYS GPD_MFP, SYS_GPE_MFP and SYS_GPF_MFP registers.

Enable USCI1 peripheral clock in USCI1CKEN (CLK_APBCLK[25]).
Reset USCI1 controller in USCILRST (SYS_IPRST1[25]).

6.14.5 Functional Description

6.14.5.7 USCI Common Function Description

Please refer to section 6.12.4 for detailed information.

6.14.5.2 Signal Description

A device operating in Master mode controls the start and end of a data transfer, as well as the
generation of the SPI bus clock and slave select signal. The slave select signal indicates the start
and the end of a data transfer, and the master device can use it to enable the transmitting or
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receiving operations of Slave device. Slave device receives the SPI bus clock and optionally a slave
select signal for data transaction. The signals for SPI communication are shown as Table 6.14-1.

SPI Mode Receive Data Transmit Data Serial Bus Clock Slave Select
Full-duplex sp||SPI_MISO SPI_MOSI SPI_CLK SPI_SS
Master (USCIx_DAT1) (USCIx_DATO) (USCIx_CLK) (USCIx_CTLO)
Full-duplex sp||SPI_MOSI SPI_MISO SPI_CLK SPI_SS

Slave (USCIx_DATO0) (USCIx_DAT1) (USCIx_CLK) (USCIx_CTLO)

Table 6.14-1 SPI Communication Signals (x=1)

SPI_SS
(USCIx_CTLO)

Data Frame: »

{( { {
| | )T

SPI_CLK
(USCIx_CLK)

(L { {4
>< TX Data Word 0 :X TX Data Word N

{( { {(
)T )T

SPI_MOSI
(USCIx_DATO)

45 ) 5§
SPI_MISO RX Data Word 0 RX Data Word N
(USCIx_DAT1) (L . (¢

Figure 6.14-4 Wire Full-Duplex SPI Communication Signals in Master Mode (x=1)

SPI_SS Data Frame
(USCIx_CTLO) 0 L 0
)T )T )T
SPI_CLK ‘
(USCIx_CLK)
SPI_MOSI 7 [’ "
- RX Data Word 0 RX Data Word N
(USCIx_DATO) L . L
1T ) 1T
SPI_MISO 7 [’ 7
- TX Data Word 0 TX Data Word N
(USCIx_DAT1) (L ( Qe

Figure 6.14-5-Wire Full-Duplex SPI Communication Signals in Slave Mode (x=1)
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6.14.5.3 Serial Bus Clock Configuration

The USCI controller needs the peripheral clock to drive the USCI logic unit to perform the data
transfer. The peripheral clock frequency is equal to PCLK frequency.

In Master mode, the frequency of the SPI bus clock is determined by protocol-relative clock
generator. In general, the SPI bus clock is denoted as SPI clock. The frequency of SPI clock is half
of fsamp_cLk, which can be selected by SPCLKSEL (USPI_BRGEN][3:2]). Refer to section 6.12.4.4
for details of protocol-relative clock generator.

In Slave mode, the SPI bus clock is provided by an off-chip Master device. The peripheral clock
frequency, frcik, of SPI Slave device must be 5-times faster than the serial bus clock rate of the
SPI Master device connected together (i.e. the clock rate of serial bus clock < 1/5 peripheral clock
frcuk I Slave mode).

In SPI protocol, SCLKMODE (USPI_PROTCTL[7:6]) defines not only the idle state of serial bus
clock but also the serial clock edge used for transmit and receive data. Both Master and Slave
devices on the same communication bus should have the same SCLKMODE configuration. The
four kinds of serial bus clock configuration are shown as Table 6.14-2 Serial Bus Clock

Configuration.
SCLKMODE [1:0] SPI Clock Idle State Transmit Timing Receive Timing
0x0 Low Falling edge Rising edge
0x1 Low Rising edge Falling edge
0x2 High Rising edge Falling edge
0x3 High Falling edge Rising edge
Table 6.14-2 Serial Bus Clock Configuration
SPI_SS < Data Frame >

(USCIx_CTLO)

SPI_CLK

(USCIx_CLK)

SPI_MOSI MSB LSB MSB LSB

(USCIx_DATO) TX[n] [n 1] TX[0] e TX["] [n 1] TX[0]
)T
5§

SPI_MISO MSB LSB MSB LSB

(USCIx_DAT1) RX[n] [n l] RX[0] 0 RX[n [n 1] RX[0]
)T

< Data N > < Data (N+1)———»

USPI_PROTCTL[0] = 0;
USPI_PROTCTL[7:6] = Ox0;
USPI_CTLINO[2] = 1;
USPI_LINECTL[0] = 0;
USPI_LINECTL[7] = 1;

Figure 6.14-6 SPI Communication with Different SPI Clock Configuration (SCLKMODE=0x0; x=1)
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SPI_SS Data Frame
(USCIx_CTLO) o [ I
)T )T )T
SPI_CLK
(USCIx_CLK)
—
()
SP|_MOS| MSB ™ LSB MSB LSB
(USCIx_DATO) TX[n] \ [n-1] >0 TX["] [n 1 TX[O]
)
¢
SP|_M|SO MSB RX LSB MSB LSB
(USCIx_DAT1) RX[n] \ [n-1] RXI[O] RX["] [n- 1] RX[0]
)

Data (N+1)———»

USPI_PROTCTL[0] = 0;
USPI_PROTCTL[7:6] = Ox1;
USPI_CTLINO[2] = 1;
USPI_LINECTL[0] = 0;
USPI_LINECTL[7] = 1;

Figure 6.14-7 SPI Communication with Different SPI Clock Configuration (SCLKMODE=0x1; x=1)

SPI_SS
(USCIx_CTLO)

SPI_CLK
(USCIx_CLK)

< Data Frame »

—WILHWJL

SPI_MOSI
(USCIX_DATO)

SPI_MISO
(USCIX_DAT1)

MSB LSB MSB LSB

T[] [n 1] TX[0] N TX[n] [n 1] TX[0]

MSB LSB ' MSB LSB

RX[n] [n 1] RX[0] N RX[n [n 1] RX[0]
)T

< Data N >

Data (N+1)———»

USPI_PROTCTL[0] = 0;
USPI_PROTCTL[7:6] = 0x2;
USPI_CTLINO[2] = 1;
USPI_LINECTL[0] = 0;
USPI_LINECTL[7] = 1;

Figure 6.14-8 SPI Communication with Different SPI Clock Configuration (SCLKMODE=0x2; x=1)
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SPI_SS Data Frame
(USCIx_CTLO) L [ I
)T )T )T
SPI_CLK
(USCIx_CLK)
()
SP|_MOS| MSB ™ LSB MSB ™ LSB
(USCIx_DATO) TX[n] \ [n-1] >0 TX[n] \ [n-1] TX[O]
)
()
SPl_N”SO MSB RX LSB MSB RX LSB
(USCIx_DAT1) RX[n] | [n-1] RX[Ol\ RX[n] A [n-1] RX[0]
)
< Data N > Data (N+1)——»
USPI_PROTCTLI0] = 0;
USPI_PROTCTL[7:6] = 0x3;
USPI_CTLINO[2] = 1;
USPI_LINECTL[0] = 0;
USPI_LINECTL[7] = 1;

Figure 6.14-9 SPI Communication with Different SPI Clock Configuration (SCLKMODE=0x3; x=1)

6.14.5.4 Slave Select Signal

The slave selection signal of SPI protocol is active high by default. In SPI Master mode, the USCI
controller can drive the control signal to off-chip SPI Slave device through slave select pin SPI_SS
(USCIx_CTLO). In SPI Slave mode, the received slave select signal can be inverted by ININV
(USPI_CTLINO[2]).

If the slave select signal of external SPI Master device is low active, the ININV (USPI_CTLINO[2])
setting of slave device should be set to 1 for the inversion of input control signal. If USCI operates
as SPI Master mode, the output slave select inversion CTLOINV (USPI_LINECTL][7]) is also needed
to set as 1 for the external SPI Slave device whose slave select signal is active low.

The duration between the slave select active edge and the first SPI clock input edge shall over 2
USCI peripheral clock cycles.

The input slave select signal of SPI Slave has to be keep inactive for at least 2 USCI peripheral
clock cycles between two consecutive frames in order to correctly detect the end of a frame.

6.14.5.5 Transmit and Receive Data

The bit length of a transmit/receive data word in SPI protocol of USCI controller is defined in
DWIDTH (USPI_LINECTL[11:8]), and it can be configured up to 16-bit length for transmitting and
receiving data in SPI communication.

The LSB bit (USPI_LINECTL][0]) defines the order of transfer data bit. If the LSB bit is set to 1, the
transmission data sequence is LSB first. If the LSB bit is cleared to 0, the transmission data
sequence is MSB first.
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(USCIx_CTLO) \ o (¢

(USCIx_CLK)
S(LZIC—IQ/ID?TSO: XT'\)/I([S].B5] TX[14] m\ X TX[8] X TX[7] X TX[6] Xiw X _::)?[g]
S(L';'CTME% XRl\;I(?lBS] RX[14] >G\ X RX8] X RX[7] X RX(6] >G\ X rle_f[%]

Figure 6.14-1016-bit data Length in One Word Transaction with MSB First Format (x=1)

6.14.5.6 Word Suspend

SUSPITV (USPI_PROTCTL[11:8]) provides 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 SUSPITV
(USPI_PROTCTL][11:8]) is 0x3 (3.5 SPI clock cycles).

Suspend Suspend
Interval Interval

SPI_CLK

(USCIx_CLK) \

SPI_MOSI MSB LSB MSB LSB
(USCIx_DATO) >< x5 A\ T4 X]H X TX[O] Txps] A T4 X] X TX[O]
SPI_MISO MSB LSB MSB LSB
(USCIx DATT) XRX[lS] RX[14] X]H X RX[0] X rx[15] A RX24 X] X RX[0] ><

|<— 1st Transaction Word —>| |<— 2nd Transaction Word —>|

Iﬁ Transfer Frame — — — — — — — — —

Note: Timing Condition is SCLKMODE[1:0] = 0x0; LSB = 0; DWIDTH[3:0] = 0x0;

Figure 6.14-11 Word Suspend Interval between Two Transaction Words (x=1)

6.14.5.7 Automatic Slave Select Function

AUTOSS (USPI_PROTCTL[3]) is used for SPI Master mode to enable the automatic slave select
function. If the bit AUTOSS (USPI_PROTCTL[3]) is set, the slave select signal will be generated
automatically and the setting value of SS (USPI_PROTCTL[2]) will not affect the output slave select
(through USCIx_CTLO line). This means that the slave select signal will be asserted by the USCI
controller when the SPI data transfer is started by writing to the transmit buffer. And, it will be de-
asserted after either all transaction is finished or one word transaction done if the value of SUSPITV
(USPI_PROTCTL[11:8]) is equal to or great than 3.

If the AUTOSS bit (USPI_PROTCTL]3]) is cleared, the slave selected on USCIx_CTLO pin will be
asserted/de-asserted by setting/clearing the SS (USPI_PROTCTL[2]). The internal slave select
signal is active high and the CTLOINV (USPI_LINECTL[7]) can be used for the inversion of the
slave select signal.

In SPI Master mode, if the value of SUSPITV (USPI_PROTCTL[11:8]) is less than 3 and the
AUTOSS (USPI_PROTCTLJ3]) is set as 1, the slave select signal will be kept at active state
between two successive word transactions.
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In SPI Slave mode, to recognize the inactive state of the slave select signal, the inactive period of
the received slave select signal must be larger than 2 peripheral clock cycles between two
successive transactions.

SS
(USPI_PROTCTL[2])

CTLOINV
(USPI_LINECTL[7])

'
—_——

TXEMPTY
(USPI_BUFSTS[8])

SPI_SS
(USCIx_CTLO)

—» L > <
1 SPI clock | 1.5 SPI clock

e TR WL el

Note: Automatic slave select is enabled

Figure 6.14-12 Auto Slave Select (SUSPITV = 0x3)

SS
(USPI_PROTCTL[2])

CTLOINV
(USPI_LINECTL[7])

TXEMPTY
(USPI_BUFSTSI8])

SPI_SS
(USCIx_CTLO)

—p! Oneword lq— » Oneword ¢
| transaction | | transaction |

e 10 A

Note: Automatic slave select is enabled

Figure 6.14-13 Auto Slave Select (SUSPITV < 0x3)

6.14.5.8 Slave 3-wire Mode

When the SLV3WIRE (USPI_PROTCTL[1]) is set by software to enable the Slave 3-wire mode, the
USCI SPI communication can work with no slave select signal in Slave mode. The SLV3WIRE
(USPI_PROTCTL[1]) only takes effect in SPI Slave mode. Only three pins, SPI_CLK (through
USCIx_CLK line), SPI_MOSI (through USCIx_DATO line), and SPI_MISO (through USCIx_DAT1
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line), are required to communicate with a SPI Master. When the SLV3WIRE (USPI_PROTCTL[1])
is set to 1, the SPI Slave will be ready to transmit/receive data after the SPI protocol is enabled by
setting FUNMODE(USPI_CTL [2:0]) to Ox1.

6.14.5.9 Data Transfer Mode
The USCI controller supports full-duplex SPI transfer.

In full-duplex SPI transfer, there are two data pins. One is used for transmitting data and the other
is used for receiving data. Thus, data transmission and data reception can be performed
simultaneously.

SCLKMODE (USPI_PROTCTL[7:6]) defines the transition timing of the data shift output signal on
USCIx_DATO pin. The transition may happen at the corresponding edge of SPI bus clock or active
edge of slave select signal. The level of the last data bit of a data word is held on USCIx_DATO pin
until the next data word begins with the next corresponding edge of the serial bus clock.

6.14.5.10Interrupt
Data Transfer Interrupts
B Transmit start interrupt

The interrupt event TXSTIF (USPI_PROTSTS[1]) is set after the start of the first data bit of a
transmit data word. It can be cleared only by writing 1 to it.

B Transmit end interrupt

The interrupt event TXENDIF (USPI_PROTSTS[2]) is set after the start of the last data bit of the
last transmit data which has been stored in transmit buffer. It can be cleared only by writing 1 to it.

B Receive start interrupt

The interrupt event RXSTIF (USPI_PROTSTSJ3)) is set after the start of the first data bit of a receive
data word. It can be cleared only by writing 1 to it.

B Receive end interrupt

The interrupt event RXENDIF (USPI_PROTSTS[4]) is set after the start of the last data bit of a
receive data word. It can be cleared only by writing 1 to it.
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Protocol-related Interrupts
B SPI slave select interrupt

In SPI Slave mode, there are slave select active and in-active interrupt flags, SSACTIF
(USPI_PROTSTS[9]) and SSINAIF (USPI_PROTSTS[8]), will be set to 1 when SLAVE
(USPI_PROTCTL [0Q]) is set to 1 and Slave senses the slave select signal active or inactive. The
SPI controller will issue an interrupt if SSINAIEN (USPI_PROTIEN[0]) or SSACTIEN
(USPI_PROTIENI1]), are set to 1. Because the internal slave select signal in SPI function is active
high, the ININV (USPI_CTLINO[2]) can be used for inverting the slave select signal comes from an
active low device.

B Slave time-out interrupt

In SPI Slave mode, there is Slave time-out function for user to know that there is no serial clock
input during the period of one word transaction. The Slave time-out function uses the timing
measurement counter for the calculation of Slave time-out period which is defined by SLVTOCNT
(USPI_PROTCTL[25:16]). TMCNTSRC (USPI_BRGEN[5]) can be used for clock frequency
selection of timing measurement counter to calculate the Slave time-out period.

When the timing measurement counter is enabled by TMCNTEN (USPI_BRGENTJ4]) and the setting
value of SLVTOCNT (USPI_PROTCTL[25:16]) is not 0 in SPI Slave mode, the timing measurement
counter will start counting after the first input serial clock of each received word data. This counter
will be reset while receiving the following input serial clock and then keep counting. Finally, the
timing measurement counter will be cleared and stopped after the finish of the current word
transaction. If the value of the time-out counter is equal to or greater than the value of SLVTOCNT
(USPI_PROTCTL[25:16]) before one word transaction is done, the Slave time-out interrupt event
occurs and the SLVTOIF (USPI_PROTSTSI5]) will be set to 1.
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Buffer-related Interrupts
The buffer-related interrupts are available if there is transmit/receive buffer in USCI controller.

B Receive buffer overrun interrupt

If there is receive buffer overrun event, RXOVIF (USPI_BUFSTS[3]) will be set as 1. It can be
cleared by write 1 into it.

B Transmit buffer under-run interrupt

If there is transmit buffer under-run event, TXUDRIF (USPI_BUFSTS[11]) will be set as 1. It can be
cleared by write 1 into it.
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Timing Diagram
The slave select signal of USCI SPI protocol is active high by default, and it can be inverted by
CTLOINV (USPI_LINECTL][7]) setting.

The idle state of serial bus clock and the serial bus clock edge used for transmit/receive data can
be configured by setting SCLKMODE (USPI_PROTCTL][7:6]). The bit length of a transaction word
data is determined by DWIDTH (USPI_LINECTL[11:8]), and data bit transfer sequence is
determined by LSB (USPI_LINECTL][0]). Four SPI timing diagrams for Master/Slave operations and
the related settings are shown as Figure 6.14-14, Figure 6.14-15, Figure 6.14-16 and Figure
6.14-17.

CTLOINV=0 [ \_
CTLOINV=1 \ /7
SCLKMODE=0x0 / \ [ \ / \ / \ [ \ [ \ / \ / \

SCLKMODE=0x2 \\_/_\\_/_\_/_\_/_\\_/_\\_/_\\_/_\_/—

SPI_MOSI >< #”XS[% TX[6] >< TX[5] >< TX[4] >< (3] >< TX[2] >< TX[1] X TL{:’[E]

MSB LSB
SPI_MISO X rx(7] f RXI6] >< RX[5] >< RX[4] >< RX(3] X RX[2] X RX[1] X RX[0]

Master Mode: FUNMODE=0x1, SLAVE=0,
LSB=0, DWIDTH=0x8

SPI_SS

SPI_CLK

Figure 6.14-14 SPI Timing in Master Mode

CTLOINV=0 / \
CTLOINV=1 '\ /

SCLKMODE=0x1 / \ / \ / \ [ \ [ \ [ \ / \ [ \

SPI_SS

SPI_CLK
scikmope=0xa \ [\ /_\_/_\_/ \\_/_\\_/_\ /_\_/

SPI_MOSI X T")?[E] TX[1] >< TX[2] >< TX[3] X TX[4] X TX[5] X TX[6] >< #"XS[?]

SPI_MISO X F'{‘)f[%] RX[1] >< RX[2] >< RX[3] X RX[4] X RX(5] X RX(6] X F'\e/lxs[%

Master Mode: FUNMODE=0x1, SLAVE=0,
LSB=1, DWIDTH=0x8

Figure 6.14-15 SPI Timing in Master Mode (Alternate Phase of Serial Bus Clock)
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CTLOINV=0 | \
CTLOINV=1 \ /

SPI_CLK \ \ \ \ \ \ I I I \ \ \ \ I I \
m\m . I s
v | v

SPI_SS

SPI_MISO >< &0[71 X TXO[ ﬂ\} +X TX0[0] X T;(1[7]>< TX”G] )6 } +X Tgfll[SOI X
o

V V

MSB LSB
SPI_MOSI >< RX0[7] RX0[61 )G RXOO RX1[7] >< RXl[G] Xi RXl[O]

Slave Mode: FUNMODE=0x1, SLAVE=1, SLV3WIRE=0,
LSB=0, DWIDTH=0x8

Figure 6.14-16 SPI Timing in Slave Mode

CTLOINV=0 / \

SPI_SS
CTLOINV=1

M(—\ (—\ ﬁ*\_/—\_/—\_/—\_/*\ (—\

SCLKMODE= 0x3\ ( \ ( \ J_\_/_\_/_\ﬂ / \ /
| | |
SPI_MISO X 5[01 TXO[l] )G | T)(‘O[7] )‘K [O]X TXl[l] )G 1[7]

\ 4

V v
LSB MSB
SPI_MOSI X RXO[O] RXO[l] Xi X RXO0[7] X RXl[O] X RXl[l] X}\ >< RX1[7]

Slave Mode: FUNMODE=0x1, SLAVE=1, SLV3WIRE=0,
LSB=1, DWIDTH=0x8

SPI_CLK

Figure 6.14-17 SPI Timing in Slave Mode (Alternate Phase of Serial Bus Clock)

6.14.5.17Programming flow

This section describes the programming flow for USCI SPI data transfer.
For Master mode:

1. Enable USCI peripheral clock by setting CLK_APBCLK register.

2. Configure user-specified pins as USCI function pins by setting corresponding multiple function
control registers.
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3. Set FUNMODE (USPI_CTL[2:0]) to 1 to select SPI mode.
4. Set USPI_BRGEN register to determine the SPI bus clock frequency.
5. According to the requirements of user’s application, configured the settings as follows.

® CTLOINV (USPI_LINECTL[7]): If the slave selection signal is active low, set this bit to 1;
otherwise, set it to 0.

DWIDTH (USPI_LINECTL[11:8]): Data width setting.

LSB (USPI_LINECTL[O]): LSB first or MSB first.

TSMSEL (USPI_PROTCTL[14:12]): Full-duplex SPI transfer.

SCLKMODE (USPI_PROTCTL[7:6]): Determine the clock timing.

AUTOSS (USPI_PROTCTLJ3]): Enable automatic slave select function or not.
SLAVE (USPI_PROTCTL]OQ]): Set to 0 for Master mode.

6. Set PROTEN (USPI_PROTCTL[31]) to 1 to enable SPI protocol.

7. If automatic slave select function is disabled (AUTOSS=0), set SS (USPI_PROTCTL][2]) to 1 before
data transfer; set SS to 0 to inactivate the slave selection signal by user’s application.

8. Write USPI_TXDAT register to trigger SPI transfer.

User can get the received data by reading USPI_RXDAT register as long as RXEMPTY
(USPI_BUFSTS[0]) is 0. The SPI data transfer can be triggered by writing USPI_TXDAT register as
long as TXFULL (USPI_BUFSTS[9]) is 0.

For Slave mode:
1. Enable USCI peripheral clock by setting CLK_APBCLK register.

2. Configure user-specified pins as USCI function pins by setting corresponding multiple function
control registers.

Set FUNMODE (USPI_CTL[2:0]) to 1 to select SPI mode.
According to the requirements of user’s application, configured the settings as follows.

® ININV (USPI_CTLINO[2]): If the slave selection signal is active low, set this bit to 1; otherwise,
setitto O.

DWIDTH (USPI_LINECTL[11:8]): Data width setting.

LSB (USPI_LINECTL[O0]): LSB first or MSB first.

TSMSEL (USPI_PROTCTL[14:12]): Full-duplex SPI transfer
SCLKMODE (USPI_PROTCTL[7:6]): Determine the clock timing.
SLAVE (USPI_PROTCTL]O]): Set to 1 for Slave mode.

Set PROTEN (USPI_PROTCTLJ[31]) to 1 to enable SPI protocol.

Write USPI_TXDAT register for transmission.

7. User can get the received data by reading USPI_RXDAT register as long as RXEMPTY
(USPI_BUFSTSJO0]) is 0. The next datum for transmission can be written to USPI_TXDAT register
as long as TXFULL (USPI_BUFSTS|9]) is 0.
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6.14.5.12Wake-up Function

The USCI Controller in SPI mode supports wake-up system function. The wake-up source in SPI
protocol is the transition of input slave select signal.
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6.14.6 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W|Description Reset Value

USPI Base Address:

USPIx_BA = 0x4007_0000 + (0x10_0000 * x)

x=1

USPI_CTL USPIx_BA+0x00 R/W|USCI Control Register 0x0000_0000
USPIL_INTEN USPIx_BA+0x04 R/W|USCI Interrupt Enable Register 0x0000_0000
USPI_BRGEN USPIx_BA+0x08 R/W|USCI Baud Rate Generator Register 0x0000_3C00
USPI_DATINO USPIx_BA+0x10 R/W|USCI Input Data Signal Configuration Register 0 0x0000_0000
USPI_CTLINO USPIx_BA+0x20 R/W|USCI Input Control Signal Configuration Register O 0x0000_0000
USPI_CLKIN USPIx_BA+0x28 R/W|USCI Input Clock Signal Configuration Register 0x0000_0000
USPI_LINECTL USPIx_BA+0x2C R/W|USCI Line Control Register 0x0000_0000
USPI_TXDAT USPIx_BA+0x30 W |USCI Transmit Data Register 0x0000_0000
USPI_RXDAT USPIx_BA+0x34 R |USCI Receive Data Register 0x0000_0000
USPI_BUFCTL USPIx_BA+0x38 R/W|USCI Transmit/Receive Buffer Control Register 0x0000_0000
USPI_BUFSTS USPIx_BA+0x3C R/W|USCI Transmit/Receive Buffer Status Register 0x0000_0101
USPI_DMACTL USPIx_BA+0x40 R/W|USCI DMA Control Register 0x0000_0000
USPI_WKCTL USPIx_BA+0x54 R/W|USCI Wake-up Control Register 0x0000_0000
USPI_WKSTS USPIx_BA+0x58 R/W|USCI Wake-up Status Register 0x0000_0000
USPI_PROTCTL  [USPIx_BA+0x5C R/W|USCI Protocol Control Register 0x0000_0300
USPI_PROTIEN USPIx_BA+0x60 R/W|USCI Protocol Interrupt Enable Register 0x0000_0000
USPI_PROTSTS [USPIx_BA+0x64 R/W|USCI Protocol Status Register 0x0000_0000
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6.14.7 Register Description
USCI Control Reaqister (USPI CTL)

Register Offset R/W [Description Reset Value
USPI_CTL USPIx_BA+0x00 |R/W |USCI 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 FUNMODE
Bits Description
[31:3] Reserved Reserved.
Function Mode
This bit field selects the protocol for this USCI controller. Selecting a protocol that is not
available or a reserved combination disables the USCI. When switching between two
protocols, the USCI has to be disabled before selecting a new protocol. Simultaneously, the
USCI will be reset when user write 000 to FUNMODE.
[2:0] FUNMODE 000 = The USCI is disabled. All protocol related state machines are set to idle state.
001 = The SPI protocol is selected.
010 = The UART protocol is selected.
100 = The I°C protocol is selected.
Note: Other bit combinations are reserved.
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USCI Interrupt Enable Register (USPI INTEN)

Register Offset R/W [Description Reset Value
USPI_INTEN [USPIx_BA+0x04 |R/W [USCI 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
7 6 5 4 3 2 1 0
Reserved RXENDIEN RXSTIEN TXENDIEN TXSTIEN Reserved
Bits Description
[31:5] Reserved Reserved.
Receive End Interrupt Enable Bit
This bit enables the interrupt generation in case of a receive finish event.
[4] RXENDIEN . . s
0 = The receive end interrupt is disabled.
1 = The receive end interrupt is enabled.
Receive Start Interrupt Enable Bit
This bit enables the interrupt generation in case of a receive start event.
[3] RXSTIEN i ) o
0 = The receive start interrupt is disabled.
1 = The receive start interrupt is enabled.
Transmit End Interrupt Enable Bit
This bit enables the interrupt generation in case of a transmit finish event.
[2] TXENDIEN T o
0 = The transmit finish interrupt is disabled.
1 = The transmit finish interrupt is enabled.
Transmit Start Interrupt Enable Bit
This bit enables the interrupt generation in case of a transmit start event.
1] TXSTIEN ) ) o
0 = The transmit start interrupt is disabled.
1 = The transmit start interrupt is enabled.
[0] Reserved Reserved.
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USCI Baud Rate Generator Reqgister (USPI BRGEN)

Register Offset R/W [Description Reset Value
USPI_BRGEN [USPIx_BA+0x08 |R/W [USCI Baud Rate Generator Register 0x0000_3C00
31 30 29 28 27 26 25 24
Reserved CLKDIV
23 22 21 20 19 18 17 16
CLKDIV
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TMCNTSRC TMCNTEN SPCLKSEL PTCLKSEL RCLKSEL
Bits Description
[31:26] Reserved Reserved.
Clock Divider
[25:16] CLKDIV This bit field defines the ratio between the protocol clock frequency feror cik and the clock|
’ divider frequency fDIV_CLK (fDIV_CLK = fPROT_CLK / (CLKD|V+1) )
Note: For I2C function, the minimum value of CLKDIV is 8.
[15:6] Reserved Reserved.
Time Measurement Counter Clock Source Selection
[5] TMCNTSRC 0 = Time measurement counter with feror cik...
1 = Time measurement counter with fo cik...
Time Measurement Counter Enable Bit
This bit enables the 10-bit timing measurement counter.
[4] TMCNTEN . o
0 = Time measurement counter is Disabled.
1 = Time measurement counter is Enabled.
Sample Clock Source Selection
This bit field used for the clock source selection of sample clock (fsawe_cik) for the protocol
processor.
[3:2] SPCLKSEL 00 = fo_cix.
01 = ferot _cLk.
10 = fscik.
11 = frer cik.
Protocol Clock Source Selection
This bit selects the source of protocol clock (f .
1 PTCLKSEL P (feror_cue)
0 = Reference clock frer cik.
1= fREF_CLKZ (ltS frequency is half of fREF_CLK)-
[0] RCLKSEL Reference Clock Source Selection
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This bit selects the source of reference clock (free_cix)-

0 = Peripheral device clock fpcik.
1 = External input clock.
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USCI Input Data Signal Configuration (USPI DATINO)

Register Offset R/W [Description Reset Value
USPI_DATINO|usPIx_BA+0x10 [R/W [USCI Input Data Signal Configuration Register O 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 ININV Reserved SYNCSEL
Bits Description
[31:3] Reserved Reserved.

Input Signal Inverse Selection

This bit defines the inverter enable of the input asynchronous signal.
[2] ININV 0 = The un-synchronized input signal will not be inverted.

1 = The un-synchronized input signal will be inverted.

Note: In SPI protocol, it is suggested that the bit should be set as 0.

[1] Reserved Reserved.

Input Signal Synchronization Selection

This bit selects if the un-synchronized input signal (with optionally inverted) or the
synchronized (and optionally filtered) signal can be used as input for the data shift unit.

[0l SYNCSEL 0 = The un-synchronized signal can be taken as input for the data shift unit.
1 = The synchronized signal can be taken as input for the data shift unit.

Note: In SPI protocol, it is suggested that the bit should be set as 0.
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USCI Input Control Signal Configuration (USPI _CTLINO)

Register Offset R/W [Description Reset Value
USPI_CTLINO |[USPIx_BA+0x20 |R/W |USCI Input Control Signal Configuration Register O 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 ININV Reserved SYNCSEL
Bits Description
[31:3] Reserved Reserved.
Input Signal Inverse Selection
2 ININV This bit defines the inverter enable of the input asynchronous signal.
0 = The un-synchronized input signal will not be inverted.
1 = The un-synchronized input signal will be inverted.
[1] Reserved Reserved.
Input Synchronization Signal Selection
This bit selects if the un-synchronized input signal (with optionally inverted) or the
synchronized (and optionally filtered) signal can be used as input for the data shift unit.
[l SYNCSEL 0 = The un-synchronized signal can be taken as input for the data shift unit.
1 = The synchronized signal can be taken as input for the data shift unit.
Note: In SPI protocol, it is suggested that the bit should be set as 0.
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USCI Input Clock Signal Configuration (USPI CLKIN)

Register Offset R/W [Description Reset Value
USPI_CLKIN [USPIx_BA+0x28 |R/W [USCI Input Clock Signal Configuration 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 SYNCSEL
Bits Description
[31:1] Reserved Reserved.
Input Synchronization Signal Selection
This bit selects if the un-synchronized input signal or the synchronized (and optionally
filtered) signal can be used as input for the data shift unit.
[0] SYNCSEL _ . . . o
0 = The un-synchronized signal can be taken as input for the data shift unit.
1 = The synchronized signal can be taken as input for the data shift unit.
Note: In SPI protocol, it is suggested that the bit should be set as 0.
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USCI Line Control Register (USPI LINECTL)

Register Offset R/W |Description Reset Value
USPI_LINECTL|USPIx_BA+0x2C [R/W |USCI 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 DWIDTH
7 6 5 4 3 2 1 0
CTLOINV Reserved DATOINV Reserved LSB
Bits Description
[31:12] Reserved Reserved.

Word Length of Transmission

This bit field defines the data word length (amount of bits) for reception and transmission.
The data word is always right-aligned in the data buffer. USCI support word length from 4 to
16 bits.

0x0: The data word contains 16 bits located at bit positions [15:0].
0x1: Reserved.

[11:8] DWIDTH 0x2: Reserved.

0x3: Reserved.

0x4: The data word contains 4 bits located at bit positions [3:0].
0x5: The data word contains 5 bits located at bit positions [4:0].

OxF: The data word contains 15 bits located at bit positions [14:0].

Control Signal Output Inverse Selection
This bit defines the relation between the internal control signal and the output control signal.
0 = No effect.

[71 CTLOINV
1 = The control signal will be inverted before its output.
Note: The control signal has different definitions in different protocol. In SPI protocol, the
control signal means slave select signal.

[6] Reserved Reserved.

Data Output Inverse Selection

This bit defines the relation between the internal shift data value and the output data signal
[5] DATOINV of USCIx_DATO0/1 pin.

0 = Data output level is not inverted.
1 = Data output level is inverted.

[4:1] Reserved Reserved.
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LSB First Transmission Selection

0 = The MSB, which bit of transmit/receive data buffer depends on the setting of DWIDTH,
is transmitted/received first.

1 = The LSB, the bit 0 of data buffer, will be transmitted/received first.

[0] LSB
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USCI Transmit Data Register (USPI TXDAT)

Register Offset R/W [Description Reset Value
USPI_TXDAT |USPIx_BA+0x30 |W USCI Transmit 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
TXDAT
7 6 5 4 3 2 1 0
TXDAT
Bits Description
[31:16] Reserved Reserved.
Transmit Data
[15:0] TXDAT Software can use this bit field to write 16-bit transmit data for transmission.To avoid
overwriting the transmit data, user have to check TXEMPTY (USPI_BUFSTSI[8]) status
before writing transmit data into this bit field.
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USCI Receive Data Reqgister (USPI RXDAT)

Register Offset R/W [Description Reset Value
USPI_RXDAT |USPIx_BA+0x34 |R USCI Receive 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
RXDAT
7 6 5 4 3 2 1 0
RXDAT
Bits Description
[31:16] Reserved Reserved.
[15:0] RXDAT Recetved ata | | .
This bit field monitors the received data which stored in receive data buffer.
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USCI Transmit/Receive Buffer Control Register (USPI BUFCTL)

Register Offset R/W |Description Reset Value
USPI_BUFCTL|USPIx_BA+0x38 |R/W |USCI Transmit/Receive Buffer Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved RXRST TXRST
15 14 13 12 11 10 9 8
RXCLR RXOVIEN Reserved
7 6 5 4 3 2 1 0
TXCLR TXUDRIEN Reserved
Bits Description
[31:18] Reserved Reserved.
Receive Reset
0 = No effect.
[17] RXRST 1 = Reset the receive-related counters, state machine, and the content of receive shift
register and data buffer.
Note: It is cleared automatically after one PCLK cycle.
Transmit Reset
0 = No effect.
[16] TXRST 1 = Reset the transmit-related counters, state machine, and the content of transmit shift
register and data buffer.
Note: It is cleared automatically after one PCLK cycle.
Clear Receive Buffer
0 = No effect.
[15] RXCLR 1 = The receive buffer is cleared. Should only be used while the buffer is not taking part in
data traffic.
Note: It is cleared automatically after one PCLK cycle.
Receive Buffer Overrun Interrupt Enable Control
[14] RXOVIEN 0 = Receive overrun interrupt Disabled.
1 = Receive overrun interrupt Enabled.
[13:8] Reserved Reserved.
Clear Transmit Buffer
0 = No effect.
[7] TXCLR 1 = The transmit buffer is cleared. Should only be used while the buffer is not taking part in
data traffic.
Note: It is cleared automatically after one PCLK cycle.
[6] TXUDRIEN Slave Transmit Under-run Interrupt Enable Bit
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0 = Transmit under-run interrupt Disabled.

1 = Transmit under-run interrupt Enabled.

[5:0] Reserved Reserved.
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USCI Transmit/Receive Buffer Status Register (USPI BUFSTS)

Register Offset R/W |Description Reset Value
USPI_BUFSTS|USPIx_BA+0x3C |R/W |USCI Transmit/Receive Buffer Status Register 0x0000_0101
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 TXUDRIF Reserved TXFULL TXEMPTY
7 6 5 4 3 2 1 0
Reserved RXOVIF Reserved RXFULL RXEMPTY
Bits Description
[31:12] Reserved Reserved.

Transmit Buffer Under-run Interrupt Status

This bit indicates that a transmit buffer under-run event has been detected. If enabled by
TXUDRIEN (USPI_BUFCTL[6]), the corresponding interrupt request is activated. It is
(11] TXUDRIF cleared by software writes 1 to this bit

0 = A transmit buffer under-run event has not been detected.
1 = A transmit buffer under-run event has been detected.

[10] Reserved Reserved.

Transmit Buffer Full Indicator
[9] TXFULL 0 = Transmit buffer is not full.
1 = Transmit buffer is full.

Transmit Buffer Empty Indicator
[8] TXEMPTY 0 = Transmit buffer is not empty.
1 = Transmit buffer is empty and available for the next transmission datum.

[7:4] Reserved Reserved.

Receive Buffer Overrun Interrupt Status

This bit indicates that a receive buffer overrun event has been detected. If RXOVIEN
(USPI_BUFCTL[14]) is enabled, the corresponding interrupt request is activated. It is
(3] RXOVIF cleared by software writes 1 to this bit.

0 = A receive buffer overrun event has not been detected.
1 = A receive buffer overrun event has been detected.

[2] Reserved Reserved.

Receive Buffer Full Indicator
[1] RXFULL 0 = Receive buffer is not full.
1 = Receive buffer is full.
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Receive Buffer Empty Indicator
[0] RXEMPTY 0 = Receive buffer is not empty.
1 = Receive buffer is empty.

October 01, 2021 Page 402 of 522 Rev.0.1



NnUvVoTOoN P \M1249

reliminarx Technical Reference Manual
‘_

USCI DMA Control Register (USPI DMACTL)

Register Offset R/W |Description Reset Value
USPI_DMACTL [USPIx_BA+0x40 |R/W |USCI DMA 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 Reserved DMAEN RXDMAEN TXDMAEN DMARST
Bits Description
[31:6] Reserved Reserved.
[5:4] Reserved Reserved. (for SPI mode are dummy registers)

DMA Mode Enable Bit
[3] DMAEN 0 = DMA function Disabled.
1 = DMA function Enabled.

DMA Receive Channel Request Enable
[2] RXDMAEN 0 = Receive DMA function Disabled.
1 = Receive DMA function Enabled.

DMA Transmit Channel Request Enable
[1] TXDMAEN 0 = Transmit DMA function Disabled.
1 = Transmit DMA function Enabled.

DMA Reset
[0] DMARST 0 = No effect.
1 = Reset the USCI's DMA control logic. This bit will be cleared to 0 automatically.
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USCI Wake-up Control Reqgister (USPI WKCTL)

Register Offset R/W |Description Reset Value
USPI_WKCTL |USPIx_BA+0x54 |R/W [USCI 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 PDBOPT Reserved WKEN
Bits Description
[31:3] Reserved Reserved.
Power Down Blocking Option
0 = If user attempts to enter Power-down mode by executing WFI while the protocol is in
2] PDBOPT transferring, MCU will stop the transfer and enter Power-down mode immediately.
1 = If user attempts to enter Power-down mode by executing WFI while the protocol is in
transferring, the on-going transfer will not be stopped and MCU will enter idle mode
immediately.
[1] Reserved Reserved.
Wake-up Enable Bit
[0] WKEN 0 = Wake-up function Disabled.
1 = Wake-up function Enabled.
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USCI Wake-up Status Register (USPI WKSTS)

Register Offset R/W [Description Reset Value
USPI_WKSTS |USPIx_BA+0x58 |R/W |USCI 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 WKF
Bits Description
[31:1] Reserved Reserved.
Wake-up Flag
(] WKF When chip is woken up from Power-down mode, this bit is set to 1. Software can write 1 to
clear this bit.
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USCI Protocol Control Register = SPI (USPI PROTCTL)

Register Offset R/W |Description Reset Value
USPI_PROTCTL|USPIx_BA+0x5C |R/W |USCI Protocol Control Register 0x0000_0300
31 30 29 28 27 26 25 24
PROTEN Reserved TXUDRPOL Reserved SLVTOCNT
23 22 21 20 19 18 17 16
SLVTOCNT
15 14 13 12 11 10 9 8
Reserved TSMSEL SUSPITV
7 6 5 4 3 2 1 0
SCLKMODE Reserved AUTOSS SS SLV3WIRE SLAVE
Bits Description
SPI Protocol Enable Bit
[31] PROTEN 0 = SPI Protocol Disabled.
1 = SPI Protocol Enabled.
[30:29] Reserved Reserved.
Transmit Under-run Data Polarity (for Slave)
This bit defines the transmitting data level when no data is available for transferring.
[28] TXUDRPOL o
0 = The output data level is 0 if TX under-run event occurs.
1 = The output data level is 1 if TX under-run event occurs.
[27:26] Reserved Reserved.
Slave Mode Time-out Period (Slave Only)
In Slave mode, this bit field is used for Slave time-out period. This bit field indicates how|
many clock periods (selected by TMCNTSRC, USPI_BRGEN][5]) between the two edges of
[25:16] SLVTOCNT input S_CLK will assert the Slave time-out event. Writing 0x0 into this bit field will disable the
Slave time-out function.
Example: Assume SLVTOCNT is OxOA and TMCNTSRC (USPI_BRGEN]I5]) is 1, it means
the time-out event will occur if the state of SPI bus clock pin is not changed more than (10+1)
periods of fDI\/ﬁCLK-
[15] Reserved Reserved.
Transmit Data Mode Selection
This bit field describes how receive and transmit data is shifted in and out.
[14:12] TSMSEL TSMSEL = 000b: Full-duplex SPI.
Other values are reserved.
Note: Changing the value of this bit field will produce the TXRST and RXRST to clear the
TX/RX data buffer automatically.
Suspend Interval (Master Only)
[11:8] SUSPITV This bit field provides the 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]
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the following transaction word. The default value is 0x3. The period of the suspend interval
is obtained according to the following equation.

(SUSPITV[3:0] + 0.5) * period of SPI_CLK clock cycle
Example:

SUSPITV = 0x0 .... 0.5 SPI_CLK clock cycle.
SUSPITV = 0x1 .... 1.5 SPI_CLK clock cycle.

SUSPITV = 0xE .... 14.5 SPI_CLK clock cycle.
SUSPITV = 0xF .... 15.5 SPI_CLK clock cycle.

Serial Bus Clock Mode
This bit field defines the SCLK idle status, data transmit, and data receive edge.

MODEDO = The idle state of SPI clock is low level. Data is transmitted with falling edge and
received with rising edge.

[7:6] SCLKMODE MODEL1 = The idle state of SPI clock is low level. Data is transmitted with rising edge and
received with falling edge.

MODE2 = The idle state of SPI clock is high level. Data is transmitted with rising edge and
received with falling edge.

MODES3 = The idle state of SPI clock is high level. Data is transmitted with falling edge and
received with rising edge.

[5:4] Reserved Reserved.

Automatic Slave Select Function Enable (Master Only)
0 = Slave select signal will be controlled by the setting value of SS (USPI_PROTCTL[2]) bit.

(3] AUTOSS 1 = Slave select signal will be generated automatically. The slave select signal will be
asserted by the SPI controller when transmit/receive is started, and will be de-asserted after
each transmit/receive is finished.

Slave Select Control (Master Only)
If AUTOSS bit is cleared, setting this bit to 1 will set the slave select signal to active state,

2 ss and setting this bit to 0 will set the slave select signal back to inactive state.

If the AUTOSS function is enabled (AUTOSS = 1), the setting value of this bit will not affect|
the current state of slave select signal.

Note: In SPI protocol, the internal slave select signal is active high.

Slave 3-wire Mode Selection (Slave Only)

The SPI protocol can work with 3-wire interface (without slave select signal) in Slave mode.

1] SLV3WIRE

0 = 4-wire bi-direction interface.
1 = 3-wire bi-direction interface.

Slave Mode Selection
[0] SLAVE 0 = Master mode.
1 = Slave mode.
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USCI Protocol Interrupt Enable Register — SPI (USPI PROTIEN)

Register Offset R/W |Description Reset Value
USPI_PROTIEN|USPIx_BA+0x60 |R/W |USCI Protocol 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
7 6 5 4 3 2 1 0
Reserved SLVBEIEN SLVTOIEN SSACTIEN SSINAIEN
Bits Description
[31:4] Reserved Reserved.

Slave Mode Bit Count Error Interrupt Enable Control

If data transfer is terminated by slave time-out or slave select inactive event in Slave mode,
so that the transmit/receive data bit count does not match the setting of DWIDTH
(3] SLVBEIEN (USPI_LINECTL[11:8]). Bit count error event occurs.

0 = Slave mode bit count error interrupt Disabled.
1 = Slave mode bit count error interrupt Enabled.

Slave Time-out Interrupt Enable Control

In SPI protocol, this bit enables the interrupt generation in case of a Slave time-out event.
2] SLVTOIEN ) i i
0 = Slave time-out interrupt Disabled.

1 = Slave time-out interrupt Enabled.

Slave Select Active Interrupt Enable Control

This bit enables/disables the generation of a slave select interrupt if the slave select changes
[1] SSACTIEN to active.
0 = Slave select active interrupt generation Disabled.

1 = Slave select active interrupt generation Enabled.

Slave Select Inactive Interrupt Enable Control

This bit enables/disables the generation of a slave select interrupt if the slave select changes|
[0] SSINAIEN to inactive.
0 = Slave select inactive interrupt generation Disabled.

1 = Slave select inactive interrupt generation Enabled.
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SCI Protocol Status Register — SPI (USPI PROTSTS)

Register

Offset

RIW

Description

Reset Value

USPI_PROTSTS

USPIx_BA+0x64

R/W |USCI Protocol Status Register 0x0000_0000

31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved SLVUDR BUSY SSLINE
15 14 13 12 11 10 9 8
Reserved SSACTIF SSINAIF
7 6 5 4 3 2 1 0
Reserved SLVBEIF SLVTOIF RXENDIF RXSTIF TXENDIF TXSTIF Reserved
Bits Description
[31:19] Reserved Reserved.
Slave Mode Transmit Under-run Status (Read Only)
In Slave mode, if there is no available transmit data in buffer while transmit data shift out
caused by input serial bus clock, this status flag will be set to 1. This bit indicates whether
[18] SLVUDR the current shift-out data of word transmission is switched to TXUDRPOL
(USPI_PROTCTL[28]) or not.
0 = Slave transmit under-run event does not occur.
1 = Slave transmit under-run event occurs.
Busy Status (Read Only)
0 = SPlis inidle state.
1= SPlis in busy state.
The following listing are the bus busy conditions:
a. USPI_PROTCTL[31] = 1 and the TXEMPTY = 0.
[17] BUSY o
b. For SPI Master mode, the TXEMPTY = 1 but the current transaction is not
finished yet.
(o For SPI Slave mode, the USPI_PROTCTL[31] = 1 and there is serial clock input
into the SPI core logic when slave select is active.
d. For SPI Slave mode, the USPI_PROTCTL[31] = 1 and the transmit buffer or
transmit shift register is not empty even if the slave select is inactive.
Slave Select Line Bus Status (Read Only)
This bit is only available in Slave mode. It used to monitor the current status of the input|
[16] SSLINE slave select signal on the bus.
0 = The slave select line status is 0.
1 = The slave select line status is 1.
[15:10] Reserved Reserved.
Slave Select Active Interrupt Flag (for Slave Only)
[ SSACTIF This bit indicates that the internal slave select signal has changed to active. It is cleared by
software writes one to this bit
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0 = The slave select signal has not changed to active.
1 = The slave select signal has changed to active.
Note: The internal slave select signal is active high.
Slave Select Inactive Interrupt Flag (for Slave Only)
This bit indicates that the internal slave select signal has changed to inactive. It is cleared
by software writes 1 to this bit
(8] SSINAIF 0 = The slave select signal has not changed to inactive.
1 = The slave select signal has changed to inactive.
Note: The internal slave select signal is active high.
[7] Reserved Reserved.
Slave Bit Count Error Interrupt Flag (for Slave Only)
0 = Slave bit count error event does not occur.
[6] SLVBEIF )
1 = Slave bit count error event occurs.
Note: It is cleared by software writes 1 to this bit.
Slave Time-out Interrupt Flag (for Slave Only)
0 = Slave time-out event does not occur.
[5] SLVTOIF .
1 = Slave time-out event occurs.
Note: It is cleared by software writes 1 to this bit
Receive End Interrupt Flag
0 = Receive end event does not occur.
[4] RXENDIF .
1 = Receive end event occurs.
Note: It is cleared by software writes 1 to this bit
Receive Start Interrupt Flag
0 = Receive start event does not occur.
[3] RXSTIF .
1 = Receive start event occurs.
Note: It is cleared by software writes 1 to this bit
Transmit End Interrupt Flag
0 = Transmit end event does not occur.
[2] TXENDIF )
1 = Transmit end event occurs.
Note: It is cleared by software writes 1 to this bit
Transmit Start Interrupt Flag
0 = Transmit start event does not occur.
[1] TXSTIF .
1 = Transmit start event occurs.
Note: It is cleared by software writes 1 to this bit
[0] Reserved Reserved.
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6.15 USCI - I°C Mode

6.15.1 Overview

On I2C bus, 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. 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 Figure 6.15-1 for more detailed 12C BUS Timing.

Repeated
STOP START START STOP
SDA
« taur -
SCL J

tsu_stA tsu_sto

.
tho_sTA tho DAT tsu_pat

Figure 6.15-1 I12C Bus Timing

The device on-chip 12C provides the serial interface that meets the 12C bus standard mode
specification. The 12C port handles byte transfers autonomously. The 12C mode is selected by
FUNMODE (UI2C_CTL [2:0]) = 0100B. When this port is enabled, the USCI interfaces to the 12C
bus via two pins: SDA and SCL. When I/O pins are used as |12C ports, user must set the pins function
to I2C in advance.

Note: A pull-up resistor is needed for 12C operation because the SDA and SCL are set to open-
drain pins when USCI is selected to 12C operation mode.

6.15.2 Features

Full master and slave device capability

Supports of 7-bit addressing, as well as 10-bit addressing

Communication in standard mode (100 kBit/s) or in fast mode (up to 400 kBit/s)
Supports multi-master bus

Supports one transmit buffer and two receive buffer for data payload

Supports 10-bit bus time-out capability

Supports Power down wake-up by data toggle or address match

Supports setup/hold time programmable

Supports GDMA transfer

6.15.3 Block Diagram
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The basic configurations of USCI are as Figure 6.15-2:

YN
fPCLK
—
Baud Rate < ﬁﬂ USCl CLK
Generation -
.ﬁ
————=-—-—-- | T 4
! |
Peripheral i il ! | «
nput
Device |« | i ! ! e Data |« PProtocol Pl proc':ssor - 7 %ﬂ USCI_DATx
User ! Buffer ¥ Data | shift rocessor
I ! Control || Buffer | . Unit
nterface 5! ¥ i » Unit > (%) Output
| | |
| ! L i Configuration
***************** A A
Wake-up |
v Control |
< y
< » Control Register
To Interrupt
Interrupt Signal
Generation
o

Figure 6.15-2 USCI - I12C Mode Block Diagram

6.15.4 Basic Configuration
The basic configurations of USCI1 for I2C are as follows:

® USCIL pins are configured on SYS_GPA_MFP, SYS_GPC_MFP, SYS_GPD_MFP,
SYS_GPE_MFP registers.

® Enable USCI1 clock (USCI1CKEN) on CLK_APBCLK][25] register.
® Reset USCI1 controller (USCILRST) on SYS_IPRST1[25] register.

® Enable I12C function (FUNMODE=100) on (UI2C_CTL[2:0]) register.
The basic configurations of USCI2 for I2C are as follows:

® USCI2 pins are configured on SYS_GPA_MFP, SYS_GPC_MFP, SYS_GPD_MFP,
SYS GPE_MFP and SYS_GPF_MFP registers.

Enable USCI2 clock (USCI2CKEN) on CLK_APBCLK][26] register.
Reset USCI2 controller (USCI2RST) on SYS_IPRST1[26] register.
Enable 12C function (FUNMODE=100) on (UI2C_CTL[2:0]) register.

6.15.5 Functional Description

6.15.5.17 USCI Common Function Description

Please refer to section 6.15.4 for detailed information.
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6.15.5.2 START or Repeated START signal

Figure 6.15-3 shows the typical I2C protocol. Normally, a standard communication consists of four
parts:

® START or Repeated START signal generation

() Slave address and R/W bit transfer
() Data transfer

® STOP signal generation

ADDRESS WI/R ACK DATA ACK DATA ACK

Figure 6.15-3 I2C Protocol

When the bus is free/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 is not a STOP signal between two START signals and usually referred to as
the “Sr” bit. 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 idle flag.

6.15.5.3 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. The section between STOP and START is called bus free. Figure 6.15-4 shows the
waveform of START, Repeat START and STOP.

Repeated
START STOP START START STOP

Figure 6.15-4 START and STOP Conditions

6.15.5.4 Slave Address Transfer

After a (repeated) start condition, the master sends a slave address to identify the target device of
the communication. The start address can comprise one or two address bytes (for 7-bit or for 10-
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bit addressing schemes). After an address byte, a slave sensitive to the transmitted address has to
acknowledge the reception.

Therefore, the slave’s address can be programmed in the device, where it is compared to the
received address. In case of a match, the slave answers with an acknowledge (SDA = 0). Slaves
that are not targeted answer with a non-acknowledge (SDA = 1). In addition to the match of the
programmed address, another address byte value has to be answered with an acknowledge if the
slave is capable to handle the corresponding requests. The address byte 00H indicates a general
call address that can be acknowledged.

To allow selective acknowledges for the different values of the address byte(s), the following control
mechanism is implemented:

® |f the GCFUNC bit (UI2C_PROTCTL [Q]) is set the I12C port hardware will respond to General
Call address (00H). Clear GC bit to disable general call function.

® The I2C port is equipped with one device address registers, UI2C_DEVADDRO. In 7-bit
address mode, the first 7 bits of a received first address byte are compared to the
programmed slave address (UI2C_DEVADDRO [6:0]). If these bits match, the slave sends
an acknowledge.

® In addition, if the slave address is programmed to 1111 0XXB, the XX bits are compared to
the bits UI2C_DEVADDRO [9:8] to check for address match and also sends an acknowledge
when ADDRI10OEN (UI2C_PROTCTL [4]) is set. The slave waits for a second address byte
compares it with UI2C_DEVADDRO [7:0] and sends an acknowledge accordingly to cover
the 10 bit addressing mode. The user has to consider about reserved addresses (refer to 12C
specification for more detailed description). Only the address 1111 0XXB is supported. Under
each of these conditions, bit SLASEL (UI2C_PROTSTS [14]) will be set when the addressing
delivered a match. This SLASEL (UI2C_PROTSTS [14]) bit is cleared automatically by a
(repeated) start or stop condition.

® The I2C port is equipped multiple address recognition with one address mask registers
Ul2C_ADDRMSKnN (n = 0). When the bit in the address mask register is set to 1, it means
the received corresponding address bit is "Don’t care". If the bit is set to 0, it means the
received corresponding register bit should be exactly the same as address register.

6.15.5.5 Data Transfer

When a slave receives a correct address with an R/W bit, the data will follow R/W 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.

=
- \

2}
(@]
—

Change of data
allowed

Data line stable;
data valid

Figure 6.15-5 Bit Transfer on the I12C Bus
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If the master received data, does Not Acknowledge (NACK) the slave, the slave releases the SDA
line for the master to generate a STOP or Repeated START signal.

Clock pulse for
acknowledgement

=" ¢

SCL |
from Master : \ / 1 \ / 2 \ M

|
|
| —_——
| |
| —
Data Output |
by Transmitter :

|

|

|

| |

| | Not acknowledge

| | R
Data Output I I
by Receiver : :

IS |

L__J Acknowledge _

START

Condition

Figure 6.15-6 Acknowledge on the I2C Bus

6.15.5.6 Clock Baud Rate Bits

For this section, please refer to Figure 6.12-9. The data baud rate of 12C is determines by
UI2C_BRGEN register when I12C is in Master Mode, and it is not necessary in a Slave mode. In the
Slave mode, 12C will automatically synchronize it with any clock frequency from master 12C device.
The bits RCLKSEL, SPCLKSEL, PDSCNT, and DSCNT define the baud rate setting:

« RCLKSEL (UI12C_BRGEN [0])

to define the input frequency frer cLx

*SPCLKSEL (UI2C_BRGEN[3:2])

to define the multiple source of the sample clock fsamp cLk

The standard setting is given by RCLKSEL = 0 (frer_cik = frcik), PTCLKSEL = 0 (frroT_ctLk = frRer_cLk)
and SPCLKSEL = 2’b00 (fsamp_cLk = foiv_crk). Under these conditions, the baud rate is given by:

_ freF_cLk 1
foe = = X kDI F 1
To generate slower frequencies, additional divide-by-2 stages can be selected by PTCLKSEL =1
(frroT_cLk = frRerF_cLk2), leading to:
f — fREF?CLK 1
12¢ 4 CLKDIV + 1
If SPCLKSEL = 2’'b10 (fsawp_cix = fscik), and RCLKSEL = 0 (frer cik = frcik), PTCLKSEL = 0

(frroT_cLk = frer_cik). The baud rate is given by:

fREF CLK 1 1
= —— X X =
frac 2 CLKDIV+1"~ 2
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6.15.5.7 Byte Stretching

If a device is selected as transceiver and should transmit a data byte but the transmit buffer TXDAT
does not contain valid data to be transmitted, the device ties down SCL = 0 at the end of the previous
acknowledge bit. The waiting period is finished if software writes 1 to PTRG (UI2C_PROTCTL [5]).

6.15.5.8 Master arbitration

In some applications, there are two or more masters on the same I2C bus to access slaves, and the
masters may transmit data simultaneously. The 12C supports multi-master by including collision
detection and arbitration to prevent data corruption.

If two masters sometimes initiate 12C command at the same time, the arbitration procedure
determines which master wins and can continue with the command. Arbitration is performed on the
SDA signal while the SCL signal is high. Each master checks if the SDA signal on the bus
corresponds to the generated SDA signal. If the SDA signal on the bus is low but it should be high,
then this master has lost arbitration. Master I12C device that has lost arbitration can generate SCL
pulses until the byte ends and must then release the bus and go into slave mode. The arbitration
procedure can continue until all the data is transferred. This means that in multi-master system
each I12C master must monitor the I2C bus for collisions and act accordingly. Figure 6.15-7 describes
DATAL and DATAZ2 are compete arbitration.

Master 1 loses arbitration

1 . DATA1 # SDA
DATA1 |
| \!
DATA2 | i \
‘ / \
§ i// ;
SDA | i
B L - —
| \ / | | \ / \ |
too A | | L L

Figure 6.15-7 Arbitration Lost

In this case, during the address and data transmission, the master transmitter checks at the rising
edge of SCL for each data bit if the value it is sending is equal to the value read on the SDA line. If
yes, the next data bit values can be 0. If this is not the case (transmitted value = 1, value read = 0),
the master has lost the transmit arbitration. This is indicated by interrupt flag ARBLOIF
(UI2C_PROTSTS [11]) and can generate a protocol interrupt if enabled by ARBLOIEN
(UI2C_PROTIEN [4]).

When the transmit arbitration has been lost, the software has to initialize the complete frame again,
starting with the first address byte together with the start condition for a new master transmit
attempt. Arbitration also takes place for the ACK bit. If master arbitration lost and match the device
address, then master will turn to slave.

6.15.5.9 Transmission Chain

The I2C bus protocol requiring a kind of in-bit-response during the arbitration phase and while a
slave is transmitting, the resulting loop delay of the transmission chain can limit the reachable
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maximal baud rate, strongly depending on the bus characteristics (bus load, module frequency,
etc.).

The shift clock SCL is generated by the master device, output on the wire, then it passes through
the input stage and the input filter. Now, the edges can be detected and the SDA data signal can
be generated accordingly. The SDA signal passes through the output stage and the wire to the
master receiver part. There, it passes through the input stage and the input filter before it is
sampled.

This complete loop has to be finished (including all settling times to obtain stable signal levels)
before the SCL signal changes again. The delays in this path have to be taken into account for the
calculation of the baud rate as a function of fercLk and frrot_cLk.It is suggested that user adopts fpcLk.

6.15.5.10Non-Acknowledge and Error Conditions

In case of a non-acknowledge (NACKIF (UI2C_PROTSTS [10])) or an error
(ERRIF(UI2C_PROTSTS [12])), no further transmission will take place. User software doesn’t
invalidate the transmit buffer and disable transmissions, before configuring the transmission (by
writing TXDAT) again with appropriate values to react on the previous event.
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I°C Protocol Interrupt Events
The following protocol-related events are generated in 12C mode and can lead to a protocol interrupt.

Please note that the bits in register UI2C_PROTSTS are not all automatically cleared by hardware
and have to be cleared by software to monitor new incoming events.

®  Start condition received at a correct position in a frame (STARIF (UI2C_PROTSTS [8]))

®  Stop condition transferred at a correct position in a frame (STORIF (UI2C_PROTSTS [9]))
®  Master arbitration lost (ARBLOIF (UI2C_PROTSTS [11]))

®  Slave read requested (SLAREAD (UI2C_PROTSTS [15]))

® Acknowledge received (ACKIF (UI2C_PROTSTS [13]))

® Non-acknowledge received (NACKIF (UI2C_PROTSTS [10]))

®  Start condition not at the expected position in a frame (ERRIF (UI2C_PROTSTS [12]))

®  Stop condition not at the expected position in a frame (ERRIF (UI2C_PROTSTS [12]))

6.15.5.110Operating the 1°C
To operate the I12C protocol, the following issues have to be considered:
Select I°C mode:

It is recommended to configure all parameters of the I12C that do not change during run time while
FUNMODE (UI2C_CTL [2:0]) = 000B. The 12C control flow has to be done while FUNMODE
(UI2C_CTL [2:0]) = 000B to avoid unintended edges of the input signals and the 1>’C mode can be
enabled by FUNMODE (UI12C_CTL [2:0]) = 100B afterwards.

-Step 1. Set FUNMODE (UI2C_CTL [2:0]) = 000B
-Step 2. Set FUNMODE (UI2C_CTL [2:0]) = 100B
Pin connections:

The pins used for SDA and SCL have to be set to open-drain mode by USCI controller to support
the wired-AND structure of the I12C bus lines.

Note: The step to enable the alternate output port functions should only be done after the 12C mode
is enabled, to avoided unintended spikes on the output.

Bit timing configuration:

In standard mode (100 kBit/s) a minimum module frequency of 2 MHz is necessary, whereas in fast
mode (400 kBit/s) a minimum of 10 MHz is required. Additionally, if the digital filter stage should be
used to eliminate spikes up to 50 ns, a filter frequency of 20 MHz is necessary. There could be an
uncertainty in the SCL high phase timing of maximum 1/frrot cLk if another I12C participant lengthens
the SCL low phase on the bus. Note that the SCL maximum frequency is SAMP_CLK/2 and the
SPCLKSEL (UI2C_BRGEN [3:2]) must be set 0 for selecting fsamp_cik = foiv_cik.

Data format configuration:

The data format has to be configured for 8 data bits (DWIDTH (UI2C_LINECTL [11:8]) = 8), and
MSB shifted first (LSB (UI2C_LINECTL [0]) = 0). As a result, UI2C_LINECTL has to be set to 0x800.

Control flow:

The on-chip 12C ports support three operation modes, Master, Slave, and General Call Mode.
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In a given application, 1°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 pulse 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 address arbitration is lost in Master mode, 12C port switches to
Slave mode immediately and can detect its own slave address in the same serial transfer.

To control the I2C bus transfer in each mode, user needs to set UI2C_PROTCTL, UI2C_PROTIEN,
TXDAT registers according to current status of UI2C_PROTSTS register. In other words, for each
I°C bus action, user needs to check current status by UI2C_PROTSTS register, and then set
UI2C_PROTCTL, UI2C_PROTIEN, TXDAT registers to take bus action. Finally, check the response
status by UI2C_PROTSTS.

The bits, STA, STO and AA in UI2C_PROTCTL register are used to control the next state of the
I2C hardware after interrupt signal is cleared. Upon completion of the new action, a new status will
be updated in UI2C_PROTSTS register will be set. If the 12C interrupt control bit of UI2C_PROTIEN
is set, appropriate action or software branch of the new status can be performed in the Interrupt
service routine.

Figure 6.15-8 shows the current 12C STARIF (UI2C_PROTSTS [8]) is set to 1 by hardware, and
then set TXDAT = SLA+W (Slave address + Write bit), (PTRG, STA, STO, AA) =(1, 0, 0, x) to send
the address to I12C bus, and write 1 to STARIF (UI2C_PROTSTS [8]) to clear flag. If a slave on the
bus matches the address and response ACK, the UI2C_PROTSTS will be updated by ACKIF
(UI2C_PROTSTS [13]) setting.

Last Status Updated Status
STARIF=1 ; ACKIF=1
TXDAT
s ------’ (SLA*W) ACK

| Register Control
] Master to Slave TXDAT = SLA+W

" (PTRG,STA,STO,AA)=(1,0,0,x)
Write 1to STARIF

l:l Slave to Master

Figure 6.15-8 Control I1>2C Bus according to Current I°C Status
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Data Transfer on the I°C Bus
Figure 6.15-9 shows a master transmits data to slave. A master addresses a slave with a 7-bit
address and 1-bit write index to denote that the master wants to transmit data to the slave. The
master keeps transmitting data after the slave returns acknowledge to the master.

S .| SLAVE ADDRESS | RIW.| A DATA A DATA AA [P

e data transfer e —
‘0’ : write (n bytes + acknowlegde)

from master to slave A = acknowledge (SDA low)
A = not acknowledge (SDA high)

. | t N S = START condition
rom slave to master P = STOP condition

Figure 6.15-9 Master Transmits Data to Slave with a 7-bit Address

Figure 6.15-10 shows a master read data from slave. A master addresses a slave with a 7-bit
address and 1-bit read index to denote that the master wants to read data from the slave. The slave
will start transmitting data after the slave returns acknowledge to the master.

S | SLAVE ADDRESS | RIW.| A DATA A DATA AIA [P
L data transfer _—
‘1l :read (n bytes + acknowlegde)

Figure 6.15-10 Master Reads Data from Slave with a 7-bit Address

Figure 6.15-11 shows a master transmits data to slave by 10-bit address. A master addresses a
slave with a 10-bit address. First byte contains 10-bit address indicator (5’b11110) and 2-bit address
with write index, second byte contains 8-bit address. The master keeps transmitting data after the
second byte end. Note that 7-bit and 10-bit address device can work on the same bus.

S ADDRESS 1st byte R/W | A ADDRESS 2nd byte A naa

11110XX ‘0’ : write

DATA A DATA AIA | P

L data transfer _—
(n bytes + acknowlegde)

Figure 6.15-11 Master Transmits Data to Slave by 10-bit Address

Figure 6.15-12 shows a master read data from slave by 10-bit address. A master addresses a slave
with a 10-bit address. First mater transmits 10-bit address to slave, after that master transmits first
byte with read index. The slave will start transmitting data after the first byte with read index.
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S ADDRESS 1st byte R/W A ADDRESS 2nd byte A LI

11110XX ‘0’ : write
St | ADDRESS1stbyte | RIW | A DATA A DATA AA| P
‘ ‘ e data transfer  —
11110XX ‘1’ : read (n bytes + acknowlegde)

Figure 6.15-12 Master Reads Data from Slave by 10-bit Address
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Master Mode

In Figure 6.15-13, all possible protocols for 12C master are shown. User needs to follow proper path
of the flow to implement required I>C protocol.

In other words, user can send a START signal to bus and 12C will be in Master Transmitter mode
(Figure 6.15-13) or Master receiver mode (Figure 6.15-14) after START signal has been sent
successfully and new status register would be set STARIF (UI2C_PROTSTS [8]). Followed by
START signal, user can send slave address, read/write bit, data and Repeat START, STOP to
perform I2C protocol.

ACKIF=1 gmmeemcecceccacceccccccccccaccaaan
(NACKIF = 1) H ACKIF =1 .
' (NACKIF = 1) H
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Clear protocol status register : " Writing 1 to ACKIF
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! \(Zmi’f;ﬁg;g‘ AREL 0.1 Wiiting 1to STORIF § E
.
(Writing 1 to NACKIF} -1 — ' B
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. '
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: :
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: ¥ : f Not addressed SLV mode will be enterd
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Figure 6.15-13 Master Transmitter Mode Control Flow with 7-bit Address
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Figure 6.15-14 Master Receiver Mode Control Flow with 7-bit Address

If the 12C is in Master mode and gets arbitration lost, the bit of ARBLOIF (UI2C_PROTSTS [11]) will
be set. User may writing 1 to ARBLOIF (UI2C_PROTSTS [11]) and set (PTRG, STA, STO, AA) =
(1, 1, 0, X) to send START to re-start Master operation when bus become free. Otherwise, user
may writing 1 to ARBLOIF (UI2C_PROTSTS [11]) and set (PTRG, STA, STO, AA) =(1, 0, 0, X) to
release I°C bus and enter not addressed Slave mode.
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Slave Mode

When reset, I2C is not addressed and will not recognize the address on I2C bus. User can set device
address by UI2C_DEVADDRO and set (PTRG, STA, STO, AA) =(1, 0, 0, 1) to let I2C recognize the
address sent by master. Figure 6.15-15 shows all the possible flow for I12C in Slave mode. Users
need to follow a proper flow (as shown in Figure 6.15-15 to implement their own I>C protocol.

If bus arbitration is lost in Master mode, 1°C port switches to Slave mode immediately and can detect
its own slave address in the same serial transfer. If the detected address is SLA+W (Master want
to write data to Slave) or SLA+R (Master want to read data from Slave) after arbitration lost, the
ARBLOIF will be set to 1.

Note: During 1°C communication, the SCL clock will be released when writing ‘1’ to PTRG
(UI2C_PROTCTL [5]) in Slave mode.
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Figure 6.15-15 Save Mode Control Flow with 7-bit Address

If 12C is still transmitting and receiving data in addressed Slave mode but got a STOP or Repeat
START, the register STORIF (UI2C_PROTSTS [9]) or STARIF (UI2C_PROTSTS [8]) will be set.
User could follow the action for NACKIF (UI2C_PROTSTS [10]) as shown in Figure 6.15-15 when
got STARIF (UI2C_PROTSTS [8]) is set.

Note: After slave gets interrupt flag of NACKIF (UI2C_PROTSTS [10]) and start/stop symbol

October 01, 2021

Page 425 of 522

Rev.0.1



NnUvVoTOoN \M1249

Preliminarx Technical Reference Manual
_

including STARIF (UI2C_PROTSTS [8]) and STORIF (UI2C_PROTSTS [9]), slave can switch to
not address mode and own SLA will not be recognized. If setting this interrupt flag, slave will not
receive any I2C signal or address from master. At this status, I12C should be reset by setting
FUNMODE (UI2C_CTL [2:0]) = 000B to leave this status.
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General Call (GC) Mode
If the GCFUNC bit (UI2C_PROTCTL [0]) is set, the 12C port hardware will respond to General Call
address (00H). User can clear GC bit to disable general call function. When the GC bit is set and
the 12C in slave mode, it can receive the general call address by 0x00 after master send general
call address to I°C bus, and then it also will follow protocol status register.
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Figure 6.15-16 GC Mode with 7-bit Address

If 1°2C is still receiving data in GC mode but got a STOP or Repeat START, the STORIF
(UI2C_PROTSTS [9]) or STARIF (UI2C_PROTSTS [8]) will be set. User could follow the action for
NACKIF (UI2C_PROTSTS [10]) in Figure 6.15-16 when got STORIF (UI2C_PROTSTS [9]) or
STARIF (UI2C_PROTSTS [8]) is set.

Note: After slave gets interrupt flag of NACKIF (UI2C_PROTSTS [10]) and start/stop symbol
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including STARIF (UI2C_PROTSTS [8]) and STORIF (UI2C_PROTSTS [9]), slave can switch to
not address mode and own SLA will not be recognized. If setting this interrupt flag, slave will not
receive any I2C signal or address from master. At this time, 12C controller should be reset by setting
FUNMODE (UI2C_CTL [2:0]) = 000B to leave this status.
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Protocol Functional Description

Programmable Setup and Hold Time

To guarantee a correct data setup and hold time, the timing must be configured. By programming
HTCTL [5:0] (UI2C_TMCTL[11:6]) to configure hold time and STCTL [5:0] (UI2C_TMCTL[5:0]) to
configure setup time.

The delay timing refer peripheral clock (PCLK). When device stretch master clock, the setup and
hold time configuration value will not affected by stretched.

User should focus the limitation of setup and hold time configuration, the timing setting must follow
I2C protocol. Once setup time configuration greater than design limitation, that means if setup time
setting make SCL output less than three PCLKSs, 12C controller can’t work normally due to SCL must
sample three times. And once hold time configuration greater than 12C clock limitation, I2C will occur
bus error. Suggest that user calculate suitable timing with baud rate and protocol before setting
timing. Table 6.15-1 Relationship between 12C Baud Rate and PCLK shows the relationship
between I2C baud rate and PCLK, the number of table represent one clock duty contain how many
PCLKs. Setup and hold time configuration even can program some extreme values in our design,
but user should follow I2C protocol standard.

IC Baud Rate PCLK 100k 200k 400k
12MHz 120 60 30
24MHz 240 120 60
48MHz 480 240 120
60MHz 600 300 150

Table 6.15-1 Relationship between 12C Baud Rate and PCLK

For setup time wrong adjustment example, assume one SCL cycle contains ten PCLKs and set
STCTL [5:0] (UI2C_TMCTL[5:0]) to 3 that stretches three PCLKs for setup time setting. The SCL
output will leave only two PCLKSs, and our design must sample SCL output three times for SCL.
Therefore two PCLKs can’t sample three times. The setup time setting limitation is STimit =
(UI2C_BRGEN][25:16]+1) - 6. For example, if user decides PCLK = 12MHz and baud rate =100k,
the UI2C_BRGEN[25:16] must be set to 59, and the STCTL [5:0] maximum value is 54.

Two PCLKs can not sample for SCL

I~ = 7 I~ 7]
| |
SCL_ouT / \ L } \ L / \
<

Only two PCLKs

e HHHHH ......

Figure 6.15-17 Setup Time Wrong Adjustment
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For hold time wrong adjustment example, use I12C Baud Rate = 400k and PCLK = 48(60)MHz, the
SCL high/low duty = 60 PCLK. When HTCTL [5:0] (UI2C_TMCTL[11:6]) is set to 63 and STCTL
[5:0] (UI2C_TMCTL[5:0]) is set to 0, the SDA output delay will over SCL high duty and cause bus
error. The hold time setting limitation: HTimt = (UI2C_BRGEN][25:16]+1) - 9. For example, if user
decides PCLK = 12MHz and baud rate =100k, the UI2C_BRGEN][25:16] must set 59, and the
HTCTL [5:0] maximum value is 51.

Bus error

o )\ L S\
o L\

SDA delay over SCL low duty

Figure 6.15-18 Hold Time Wrong Adjustment
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I2C Time-out Function

There is a time-out counter TOCNT (UI2C_PROTCTL [25:16]) which can be used to deal with the
I2C bus hang-up. If the time-out counter is enabled, the counter starts up counting until it equals
TOCNT (UI2C_PROTCTL [25:16]) and generates I2C interrupt to CPU or stops counting by clearing
TOIEN (UI2C_PROTIEN [0]) to O or setting all I>C interrupt signal (ACKIF, ERRIF, ARBLOIF,
NACKIF, STORIF, STARIF). User may write 1 to clear TOIF(UI2C_PROTSTS[5]) to 0. When time-
out counter is enabled, writing 1 to the TOIF will reset counter and re-start up counting after TOIF
is cleared. Refer to Figure 6.15-19 for the time-out counter TOCNT (UI2C_PROTCTL [25:16]).
Troent = (TOCNT (UI2C_PROTCTL [25:16]) +1) x32 (5-bit) x TpcLk. Note that the time counter clock
source TMCNTSRC (USCI_ BRGEN [5]) must be set zero.

TOCNT
Interrupt
Fsamp_cik signal
- Enable Internal counter »( TOIF ——»

Clear Counter

TOIEN
Writing TOIF 1

I°C interrupt signal
(ACKIF, NACKIF, ...)

Figure 6.15-19 1C Time-out Count Block Diagram
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Wake-up Function

When chip enters Power-down mode and set WKEN (WKCTL][0]) to 1, other I2C master can wake-
up our chip by addressing our 12C device, user must configure the related setting before entering
sleep mode. The ACK bit cycle of address match frame is done in power-down. The controller will
stretch the SCL to low when the address is matched the device’s address and the ACK cycle done.
The SCL is stretched until the bit is clear by user. If the frequency of SCL is low speed and the
system has wakeup from address match frame, the user shall check this bit to confirm this frame
has transaction done and then to do the wakeup procedure. Therefore, when the chip is woken-up
by address match with one of the device address register (UI2C_DEVADDRO), the user shall check
the WKAKDONE (UI2C_PROTSTS [16]) bit is set to 1 to confirm the address wakeup frame has
done. The WKAKDONE bit indicates that the ACK bit cycle of address match frame is done in
power-down. The controller will stretch the SCL to low when the address is matched the device’s
slave address and the ACK cycle done. The SCL is stretched until the WKAKDONE bit is clear by
user. If the frequency of SCL is low speed and the system has wakeup from address match frame,
the user shall check this bit to confirm this frame has transaction done and then to do the wakeup
procedure. Note that user must clear WKUPIF after clearing the WKAKDONE bit to 0.

The WR_STATUS (UI2C_PROTSTS [17]) bit records the Read/Write command on the address
match wake-up frame. The user can use read this bit's status to prepare the next transmitted data
(WR_STATUS = 0) or to wait the incoming data (WR_STATUS = 1) can be stored in time after the
system is wake-up by the address match frame.

When system is woken up by other 12C master device, WKUPIF is set to indicate this event. User
needs write “1” to clear this bit.

I2C also support data toggle mode. When system is in power-down and the WKEN (UI2C_WKCTL
[0]) setto 1 and WKADDREN (UI2C_WKCTL[1]) set to 0, the toggle of incoming data pin can wake-
up the system.
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Example for Random Read on EEPROM

The following steps are used to configure the USCI1_I>C related registers when using 12C protocol
to read data from EEPROM.

1. Set USCI1_I?)C the multi-function pin in the SYS _GPA MFP, SYS GPC_MFP,
SYS _GPD_MFP, SYS_GPE_MFP, SYS_GPF_MFP registers as SCL and SDA pins.

2. Enable USCI1 APB clock, USCI1CKEN =1 in the “CLK_APBCLK][25]” register.

3. Set USCI1RST=1 to reset USCI controller then set USCILIRST=0 let USCI controller to
normal operation, in the “SYS_IPRST1[25]” register.

Set FUNMODE =100 to enable USCI1_I2C controller in the “UI2C_CTL” register.

Give USCI1 I2C clock a divided register value for USCI1_I2C clock rate in the
“UI2C_BRGEN".

6. Set SETENA =0x00400000 in the “NVIC_ISR” register to set USCI_IRQ.

7. Set ACKIEN, ERRIEN, ARBLOIEN, NACKIEN, STORIEN, STARIEN, and TOIEN to
enable I12C Interrupt in the “UI2C_PROTIEN" register.

8.  Set USCI address registers “USCI_DEVADDRO”.

Random read operation is one of the methods of access EEPROM. The method allows the master
to access any address of EEPROM space. Figure 6.15-20 shows the EEPROM random read
operation.

ROM ADDRRSS = ROM ADDRRSS

SLA+W HIGH BYTE L OW BYTE SLA+R DATA BYTE

SDAIS alalal AT TTTTTATTTITTT (Al AAAANB
T|1|0/1/0 C|X X X C C|+/1/0|1|0 R|IC AT
L'NE 2RO Tk L L e L] PP LI L] felo

Figure 6.15-20 EEPROM Random Read

Figure 6.15-21 shows how to use I2C controller to implement the protocol of EEPROM random read.
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L (PTRG, STA, STO, AA)=(1, 0,0, %) Writing 1t0 ACKF L {iTgei SXT)A' STO AR
Write 1 to STARIF NACKIF=1 — STORIF =1 20,1,
Y Writing 1 to NACKIF
| (PTRG, STA, STO, AA)=(1, 1, 0, ) [ ] Master to Slave
Clear protocol status register P NAK ' o P
[ Slave to Master
(PTRG, STA, STO, AA)=(1, 0, 1, x) .
Writing 1 to NACKIF

Figure 6.15-21 Protocol of EEPROM Random Read

The I2C controller, which is a master, sends START to bus. Then, it sends a SLA+W (Slave address
+ Write bit) to EERPOM followed by two bytes data address to set the EEPROM address to read.
Finally, a Repeat START followed by SLA+R is sent to read the data from EEPROM.
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6.15.6 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W|Description Reset Value

Ul2C Base Address:

UI2Cx_BA = 0x4007_0000 + (0x10_0000 * x)

x=1,2

UI2C_CTL UI2Cx_BA+0x00 R/W|USCI Control Register 0x0000_0000
UI2C_BRGEN UI2Cx_BA+0x08 R/W|USCI Baud Rate Generator Register 0x0000_3C00
UI2C_LINECTL UI2Cx_BA+0x2C R/W|USCI Line Control Register 0x0000_0000
UI2C_TXDAT UI2Cx_BA+0x30 W |USCI Transmit Data Register 0x0000_0000
UI2C_RXDAT Ul2Cx_BA+0x34 R |USCI Receive Data Register 0x0000_0000
UI2C_BUFSTS UI2Cx_BA+0x3C R |USCI Transmit/Receive Buffer Status Register 0x0000_0101
UI2C_DMACTL UI2Cx_BA+0x40 R/W|USCI DMA Control Register 0x0000_0000
UI2C_DEVADDRO |UI2Cx_BA+0x44 R/W|USCI Device Address Register 0 0x0000_0000
UI2C_ADDRMSKO |U12Cx_BA+0x4C R/W|USCI Device Address Mask Register O 0x0000_0000
UI2C_WKCTL UI2Cx_BA+0x54 R/W|USCI Wake-up Control Register 0x0000_0000
UI2C_WKSTS UI2Cx_BA+0x58 R/W|USCI Wake-up Status Register 0x0000_0000
UI2C_PROTCTL UI2Cx_BA+0x5C R/W|USCI Protocol Control Register 0x0000_0000
UI2C_PROTIEN UI2Cx_BA+0x60 R/W|USCI Protocol Interrupt Enable Register 0x0000_0000
UI2C_PROTSTS UI2Cx_BA+0x64 R/W|USCI Protocol Status Register 0x0000_0000
UI2C_TMCTL UI2Cx_BA+0x8C R/W/|I2C Timing Configure Control Register 0x0000_0000
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6.15.7 Register Description
USCI Control Register (UI2C CTL)

Register Offset R/W [Description Reset Value
UI2C_CTL UI2Cx_BA+0x00 |R/W |USCI 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 FUNMODE
Bits Description
[31:3] Reserved Reserved.
Function Mode
This bit field selects the protocol for this USCI controller. Selecting a protocol that is not
available or a reserved combination disables the USCI. When switching between two
protocols, the USCI has to be disabled before selecting a new protocol. Simultaneously, the|
USCI will be reset when user write 000 to FUNMODE.
[2:0] FUNMODE 000 = The USCI is disabled. All protocol related state machines are set to idle state.
001 = The SPI protocol is selected.
010 = The UART protocol is selected.
100 = The I°C protocol is selected.
Note: Other bit combinations are reserved.
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USCI Baud Rate Generator Reqgister (UI2C BRGEN)

Register Offset R/W [Description Reset Value
UI2C_BRGEN [UI2Cx_BA+0x08 |R/W |USCI Baud Rate Generator Register 0x0000_3C00
31 30 29 28 27 26 25 24
Reserved CLKDIV
23 22 21 20 19 18 17 16
CLKDIV
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
Reserved TMCNTSRC TMCNTEN SPCLKSEL PTCLKSEL RCLKSEL
Bits Description
[31:26] Reserved Reserved.
Clock Divider
This bit field defines the ratio between the protocol clock frequency feror cik and the clock|
divider frequency fov cik (f[DIV_CLK = fPROT_CLK / (CLKDIV+1) ).

(25:16] CLKDIV Note: In UART function, it can be updated by hardware in the 4" falling edge of the input]
data 0x55 when the auto baud rate function (ABREN(UI2C_PROTCTL[6])) is enabled. The
revised value is the average bit time between bit 5 and bit 6. The user can use revised
CLKDIV and new BRDETITV (UI2C_PROTCTL[24:16]) to calculate the precise baud rate.

[15:6] Reserved Reserved.

Time Measurement Counter Clock Source Selection
[5] TMCNTSRC o ; )
In 12C mode, this bit need clear to 0 to do timeout measurement counter with fpc k.
Time Measurement Counter Enable Bit
This bit enables the 10-bit timing measurement counter.
[4] TMCNTEN . . .
0 = Time measurement counter for timeout function is Disabled.
1 = Time measurement counter for timeout function is Enabled.
Sample Clock Source Selection
This bit field used for the clock source selection of a sample clock (fsawe_cik) for the protocol
processor.

[3:2] SPCLKSEL 00 = fsamp_cik = fov_cik.
01= fSAMPfCLK = fPROTﬁCLK.

10 = fsamp_cik = fscik.

11 = fsamp_cik = frer_cik.

Protocol Clock Source Selection

This bit selects the source signal of protocol clock (f; .

1 PTCLKSEL g P (foror cue)
0 = Reference clock frer cik.
1= fREF_CLKZ (ltS frequency is half of fREF_CLK)-
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Reference Clock Source Selection

This bit selects the source signal of reference clock (frer_cik)-
0 = Peripheral device clock fpcik.
1 = External input clock.

[0] RCLKSEL
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USCI Line Control Reqister (UI2C LINECTL)

Register Offset R/W |Description Reset Value
UI2C_LINECTL|UI2Cx_BA+0x2C |R/W |USCI 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 DWIDTH
7 6 5 4 3 2 1 0
Reserved LSB
Bits Description
[31:12] Reserved Reserved.

Word Length of Transmission

This bit field defines the data word length (amount of bits) for reception and transmission.
The data word is always right-aligned in the data buffer. USCI support word length from 4 to
16 bits.

0x0: The data word contains 16 bits located at bit positions [15:0].
0x1: Reserved.

[11:8] DWIDTH 0x2: Reserved.

0x3: Reserved.

0x4: The data word contains 4 bits located at bit positions [3:0].
0x5: The data word contains 5 bits located at bit positions [4:0].

OxF: The data word contains 15 bits located at bit positions [14:0].
Note: In I2C protocol, the length must be configured as 8 bits.

[7:1] Reserved Reserved.

LSB First Transmission Selection

0 = The MSB, which bit of transmit/receive data buffer depends on the setting of DWIDTH,
is transmitted/received first.

1 = The LSB, the bit 0 of data buffer, will be transmitted/received first.

[0] LSB
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USCI Transmit Data Reqgister (UI2C TXDAT)

Register Offset R/W [Description Reset Value
UI2C_TXDAT |UI2Cx_BA+0x30 |W USCI Transmit 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
GDMASTA GDMASTO Reserved Reserved Reserved Reserved Reserved Reserved
7 6 5 4 3 2 1 0
TXDAT
Bits Description
[31:16] Reserved Reserved.
I2C START Control (for GDMA only)
[15] GDMASTA Setting STA to logic 1 to enter Master mode, the 12C hardware sends a START or repeat
START condition to bus when the bus is free.
I2C STOP Control (for GDMA only)
In Master mode, setting STO to transmit a STOP condition to bus then 12C hardware will
[14] GDMASTO check the bus condition if a STOP condition is detected this bit will be cleared by hardware
automatically. In a slave mode, setting STO resets 12C hardware to the defined “not
addressed” slave mode when bus error (UI2C_PROTSTS.ERRIF = 1).
[13:8] Reserved Reserved.
Transmit Data
[7:0] TXDAT S i . . o
Software can use this bit field to write 8-bit transmit data for transmission.
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USCI Receive Data Register (UI2C RXDAT)

Register Offset R/W [Description Reset Value
UI2C_RXDAT |UI2Cx_BA+0x34 |R USCI Receive 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
RXDAT
7 6 5 4 3 2 1 0
RXDAT
Bits Description
[31:16] Reserved Reserved.
Received Data
[15:0] RXDAT This bit field monitors the received data which stored in receive data buffer.
Note 1: In I2C protocol, only use RXDAT[7:0].
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USCI Transmit/Receive Buffer Status Regqister (UI2C BUFSTS)

Register Offset R/W |Description Reset Value
UI2C_BUFSTS|UI2Cx_BA+0x3C [R USCI Transmit/Receive Buffer Status Register 0x0000_0101
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 TXFULL TXEMPTY
7 6 5 4 3 2 1 0
Reserved RXFULL RXEMPTY
Bits Description
[31:10] Reserved Reserved.

Transmit Buffer Full Indicator
[9] TXFULL 0 = Transmit buffer is not full.
1 = Transmit buffer is full.

Transmit Buffer Empty Indicator
[8] TXEMPTY 0 = Transmit buffer is not empty.
1 = Transmit buffer is empty.

[7:2] Reserved Reserved.

Receive Buffer Full Indicator
[1] RXFULL 0 = Receive buffer is not full.
1 = Receive buffer is full.

Receive Buffer Empty Indicator
[0] RXEMPTY 0 = Receive buffer is not empty.
1 = Receive buffer is empty.
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USCI DMA Control Register (UI2C DMACTL)

Register Offset R/W |Description Reset Value
UI2C_DMACTL|UI2Cx_BA+0x40 |R/W |USCI DMA 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 Reserved STOPEN NACKEN DMAEN RXDMAEN TXDMAEN DMARST
Bits Description
[31:4] Reserved Reserved.
[5] STOPEN 1: When finish of RXDAM in master mode, hardware will auto generate STOP condition
[4] NACKEN 1: When finish of RXDAM in slave mode, hardware will auto NACK the last byte.
DMA Mode Enable Bit
[3] DMAEN 0 = DMA function Disabled.
1 = DMA function Enabled.
DMA Receive Channel Request Enable
[2] RXDMAEN 0 = Receive DMA function Disabled.
1 = Receive DMA function Enabled.
DMA Transmit Channel Request Enable
[1] TXDMAEN 0 = Transmit DMA function Disabled.
1 = Transmit DMA function Enabled.
DMA Reset
[0] DMARST 0 = No effect.
1 = Reset the USCI's DMA control logic. This bit will be cleared to 0 automatically.
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USCI Device Address Register (UI2C DEVADDR)

Register Offset R/W |Description Reset Value
UI2C_DEVADDRO |UI2Cx_BA+0x44 |R/W |USCI Device Address Register 0 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 DEVADDR
7 6 5 4 3 2 1 0
DEVADDR
Bits Description
[31:10] Reserved Reserved.
Device Address
In I12C protocaol, this bit field contains the programmed slave address. If the first received
[9:0] DEVADDR address byte is b1111 OAAX, the AA bits are compared to the bits DEVADDR[9:8] to check
' for address match, where the X is R/W bit. Then the second address byte is also compared
to DEVADDR[7:0].
Note: When I2C operating in 7-bit address mode, only use DEVADDR[6:0]
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USCI Device Address Mask Register (UI2C_ ADDRMSK) —for I°C Only

Register Offset R/W |Description Reset Value
UI2C_ADDRMSKO |UI2Cx_BA+0x4C |R/W [USCI Device Address Mask Register 0 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 ADDRMSK
7 6 5 4 3 2 1 0
ADDRMSK
Bits Description
[31:10] Reserved Reserved.
USCI Device Address Mask
0 = Mask Disabled (the received corresponding register bit should be exact the same as
address register.).
[9:0] ADDRMSK 1 = Mask Enabled (the received corresponding address bit is don’t care.).
USCI support multiple address recognition with two address mask register. 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.
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USCI Wake-up Control Reqgister (UI2C WKCTL)

Register Offset R/W |Description Reset Value
UI2C_WKCTL [UI2Cx_BA+0x54 |R/W [USCI 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 WKADDREN WKEN
Bits Description
[31:2] Reserved Reserved.
Wake-up Address Match Enable Bit
[1] WKADDREN 0 = The chip is woken up according to data toggle.
1 = The chip is woken up according to address match.
Wake-up Enable Bit
[0] WKEN 0 = Wake-up function Disabled.
1 = Wake-up function Enabled.
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USCI Wake-up Status Register (UI2C WKSTS)

Register Offset R/W [Description Reset Value
UI2C_WKSTS |UI2Cx_BA+0x58 |R/W |USCI 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 WKF
Bits Description
[31:1] Reserved Reserved.
Wake-up Flag
(] WKF When chip is woken up from Power-down mode, this bit is set to 1. Software can write 1 to
clear this bit.
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USCI Protocol Control Register — I2)C (Ul2C PROTCTL)

Register Offset R/W |Description Reset Value
UI2C_PROTCTL|UI2Cx_BA+0x5C |R/W [USCI Protocol Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PROTEN Reserved TOCNT
23 22 21 20 19 18 17 16
TOCNT
15 14 13 12 11 10 9 8
Reserved MONEN SCLOUTEN
7 6 5 4 3 2 1 0
Reserved PTRG ADDR10EN STA STO AA GCFUNC
Bits Description

I2C Protocol Enable Bit
[31] PROTEN 0 = I2C Protocol disable.
1 = I12C Protocol enable.

[30:26] Reserved Reserved.

Time-out Clock Cycle

This bit field indicates how many clock cycle selected by TMCNTSRC (UI2C_BRGEN [5])
when each interrupt flags are clear. The time-out is enable when TOCNT bigger than 0.

[25:16] TOCNT Example: Assume TOCNT is 0xOA and TMCNTEN (USPI_BRGEN[4]) = 1, it means the
time-out event will occur if the state of 12C master not finish of byte transmit more than
(10+1) periods of fpcik * 32.

Note: The TMCNTSRC (UI2C_BRGEN [5]) must be set zero on 12C mode.

[15:10] Reserved Reserved.

I2C Monitor Enable Bit
[9] MONEN 0 = I°C Monitor disable.
1 = I>C Monitor enable.

SCL Output Enable Bit
[8] SCLOUTEN 0 = SCL output force high disable.
1 = SCL output force high enable.

[7:6] Reserved Reserved.

I2C Protocol Trigger

When a new state is present in the UI2C_PROTSTS register, if the related interrupt enable
bits are set, the I12C interrupt is requested. It must write one by software to this bit after the
[5] PTRG related interrupt flags are set to 1 and the I2C protocol function will go ahead until the STOP
is active or the PROTEN is disabled.

0 = I2C’s stretch disabled and the I2C protocol function will go ahead.
1 = I12C’s stretch active.
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Address 10-bit Function Enable Bit
[4] ADDR10EN 0 = Address match 10 bit function is disabled.
1 = Address match 10 bit function is enabled.

I°C START Control

[3] STA Setting STA to logic 1 to enter Master mode, the 12C hardware sends a START or repeat
START condition to bus when the bus is free.

I2C STOP Control

In Master mode, setting STO to transmit a STOP condition to bus then 12C hardware will
[2] STO check the bus condition if a STOP condition is detected this bit will be cleared by hardware
automatically. In a slave mode, setting STO resets I°C hardware to the defined “not
addressed” slave mode when bus error (UI2C_PROTSTS.ERRIF = 1).

Assert Acknowledge Control

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|
[1] AA 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.

General Call Function
[0] GCFUNC 0 = General Call Function Disabled.
1 = General Call Function Enabled.
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USCI Protocol Interrupt Enable Register — I?°C (UI2C PROTIEN)

Register Offset R/W |Description Reset Value
UI2C_PROTIEN|UI2Cx_BA+0x60 |R/W |USCI Protocol 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
7 6 5 4 3 2 1 0
Reserved ACKIEN ERRIEN ARBLOIEN NACKIEN STORIEN STARIEN TOIEN
Bits Description
[31:7] Reserved Reserved.

Acknowledge Interrupt Enable Control

This bit enables the generation of a protocol interrupt if an acknowledge is detected in
[6] ACKIEN master and slave modes.

0 = The acknowledge interrupt is disabled.
1 = The acknowledge interrupt is enabled.

Error Interrupt Enable Control

This bit enables the generation of a protocol interrupt if an 12C error condition is detected
[5] ERRIEN (indicated by ERR (UI2C_PROTSTS [16])).

0 = The error interrupt is disabled.
1 = The error interrupt is enabled.

Arbitration Lost Interrupt Enable Control

This bit enables the generation of a protocol interrupt if an arbitration lost event is detected.
[4] ARBLOIEN o ) o

0 = The arbitration lost interrupt is disabled.

1 = The arbitration lost interrupt is enabled.

Non - Acknowledge Interrupt Enable Control

This bit enables the generation of a protocol interrupt if a non - acknowledge is detected in
3] NACKIEN master and slave modes.

0 = The non - acknowledge interrupt is disabled.
1 = The non - acknowledge interrupt is enabled.

Stop Condition Received Interrupt Enable Control

This bit enables the generation of a protocol interrupt if a stop condition is detected.
[2] STORIEN . o
0 = The stop condition interrupt is disabled.

1 = The stop condition interrupt is enabled.

Start Condition Received Interrupt Enable Control
[1 STARIEN - , . . N
This bit enables the generation of a protocol interrupt if a start condition is detected.
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0 = The start condition interrupt is disabled.

1 = The start condition interrupt is enabled.

Time-out Interrupt Enable Control
[0] TOIEN In I2C protocol, this bit enables the interrupt generation in case of a time-out event.
0 = The time-out interrupt is disabled.

1 = The time-out interrupt is enabled.
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USCI Protocol Status Register — I2C (UI2C_PROTSTS)

Register Offset R/W |Description Reset Value
UI2C_PROTSTS|UI2Cx_BA+0x64 |R/W |USCI Protocol Status Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
Reserved BUSHANG WRSTSWK | WKAKDONE
15 14 13 12 11 10 9 8
SLAREAD SLASEL ACKIF ERRIF ARBLOIF NACKIF STORIF STARIF
7 6 5 4 3 2 1 0
Reserved ONBUSY TOIF Reserved
Bits Description
[31:19] Reserved Reserved.
Bus Hang-up

This bit indicates bus hang-up status. There is 4-bit counter count when SCL hold high and
refer fsawe_cik. The hang-up counter will count to overflow and set this bit when SDA is low.
[18] BUSHANG The counter will be reset by falling edge of SCL signal.

0 = The bus is normal status for transmission.
1 = The bus is hang-up status for transmission.
Note: This bit has no interrupt signal, and it will be cleared automatically by hardware.

Read/Write Status Bit in Address Wakeup Frame
[17] WRSTSWK 0 = Write command be record on the address match wakeup frame.
1 = Read command be record on the address match wakeup frame.

Wakeup Address Frame Acknowledge Bit Done

0 = The ACK bit cycle of address match frame isn’t done.
[16] WKAKDONE ) ) )
1 = The ACK bit cycle of address match frame is done in power-down.

Note: This bit can’t release when WKUPIF is set.

Slave Read Request Status

This bit indicates that a slave read request has been detected.

[15] SLAREAD 0 = A slave read request has not been detected.

1 = A slave read request has been detected.

Note: This bit has no interrupt signal, and it will be cleared automatically by hardware.

Slave Select Status

This bit indicates that this device has been selected as slave.

[14] SLASEL 0 = The device is not selected as slave.

1 = The device is selected as slave.

Note: This bit has no interrupt signal, and it will be cleared automatically by hardware.

[13] ACKIF Acknowledge Received Interrupt Flag
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This bit indicates that an acknowledge has been detected in master and slave modes. A
protocol interrupt can be generated if UI2C_PROTIEN.ACKIEN = 1.

0 = An acknowledge has not been received.

1 = An acknowledge has been received.
It is cleared by software writing one into this bit

Error Interrupt Flag

This bit indicates that 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. A protocol interrupt can be
generated if UI2C_PROTIEN.ERRIEN = 1.

[12] ERRIF 0 = An I°C error has not been detected.
1 = An I2C error has been detected.
It is cleared by software writing one into this bit

Note: This bit is set when slave mode, user must write one into STO register to the defined
“not addressed” slave mode.

Arbitration Lost Interrupt Flag

This bit indicates that an arbitration has been lost. A protocol interrupt can be generated if]
UI2C_PROTIEN.ARBLOIEN = 1.

(11] ARBLOIF 0 = An arbitration has not been lost.
1 = An arbitration has been lost.

It is cleared by software writing one into this bit

Non - Acknowledge Received Interrupt Flag

This bit indicates that a non - acknowledge has been detected in master and slave modes.
A protocol interrupt can be generated if UI2C_PROTIEN.NACKIEN = 1.

0 = A non - acknowledge has not been received.

[10] NACKIF )

1 = A non - acknowledge has been received.

It is cleared by software writing one into this bit

Note: When this bit is set, the master will generate a stop bit in next transmation, so MCU
needs to clear it before transmition.

Stop Condition Received Interrupt Flag

This bit indicates that a stop condition has been detected on the 12C bus lines. A protocol
interrupt can be generated if U2C_PROTIEN.STORIEN = 1.
[9] STORIF B o

0 = A stop condition has not yet been detected.
1 = A stop condition has been detected.

It is cleared by software writing one into this bit

Start Condition Received Interrupt Flag

This bit indicates that a start condition or repeated start condition has been detected on
master mode. However, this bit also indicates that a repeated start condition has been
detected on slave mode.

(8] STARIF A protocol interrupt can be generated if UI2C_PROTIEN.STARIEN = 1.
0 = A start condition has not yet been detected.

1 = A start condition has been detected.

It is cleared by software writing one into this bit

[7] Reserved Reserved.

On Bus Busy

Indicates that a communication is in progress on the bus. It is set by hardware when a
[6] ONBUSY START condition is detected. It is cleared by hardware when a STOP condition is detected

0 =The bus is IDLE (both SCLK and SDA High).
1 =The bus is busy.
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Time-out Interrupt Flag

0 = A time-out interrupt status has not occurred.

[5] TOIF . .

1 = A time-out interrupt status has occurred.

Note: It is cleared by software writing one into this bit
[4:0] Reserved Reserved.
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USCI Timing Configure Control Register (UI2C TMCTL)

Register Offset R/W  |Description Reset Value
UI2C_TMCTL |UI2Cx_BA+0x8C |R/W [I2C Timing Configure 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 HTCTL
7 6 5 4 3 2 1 0
HTCTL STCTL
Bits Description
[31:12] Reserved Reserved.
Hold Time Configure Control Register
This field is used to generate the delay timing between SCL falling edge SDA edge in
[11:6] HTCTL o
transmission mode.
The delay hold time is numbers of peripheral clock = HTCTL X fpcik-
Setup Time Configure Control Register
. This field is used to generate a delay timing between SDA edge and SCL rising edge in
[5:0] STCTL -
transmission mode.
The delay setup time is numbers of peripheral clock = STCTL X fpcik-
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6.16 Hardware Divider (HDIV)

6.16.1 Overview

The hardware divider (HDIV) is useful to the high performance application. The hardware divider is
a signed, integer divider with both quotient and remainder outputs.

6.16.2 Features

® Signed (two’s complement) integer calculation
®  32-bit dividend with 16-bit divisor calculation capacity
®  32-bit quotient and 32-bit remainder outputs (16-bit remainder with sign extends to 32-bit)

®  Support 3 group of dividends, divisor, quotients and remainders for three times of
independent calculation capacity

® Divided by zero warning flag
® 6 HCLK clocks taken for one cycle calculation
®  \Write divisor to trigger calculation

® Waiting for calculation ready automatically when reading quotient and remainder

6.16.3 Block Diagram

Calculate when DIVISOR written

il

- HDIV_REMO = M mod N |
HDIV_DIVIDENDO  HDIV_DIVSORO a
| M — N L HDIV_QUOTIENTO =M /N
> HDIV_REM1 = O mod P

HDIV_DIVIDEND1 || HDIV_DIVSOR1 - T
| 0 > P L HDIV_QUOTIENT1=0/P

HDIV_REM2 = X mod Y
HDIV_DIVIDEND2 HDIV_DIVSOR2 =
HDIV_QUOTIENT2 = X /Y

oo LLpprensee
T I T A

ﬂ»‘ Write X ’—»‘ Write Y ’—»‘ Read Quotient ’—»‘ Read Remainder ’—»

CPU can read results without waiting for ready

Figure 6.16-1 Hardware Divider Block Diagram
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6.16.4 Basic Configuration

®  Clock Source Configuration
- Enable HDIV peripheral clock in HDIVCKEN (CLK_AHBCLK][4])

® Reset Configuration
- None

®  Pin Configuration
- None

6.16.5 Functional Description

To use hardware divider, it needs to set dividend first. Then set divisor and the hardware divider
will trigger calculation automatically after divisor written. The calculation results including the
quotient and remainder could be got by reading HDIV_QUOTIENT and HDIV_REM register. If CPU
reads HDIV_QUOTIENT or HDIV_REM before hardware divider calculation finishing, CPU will be
held until hardware divider finishing the calculation. Therefore, CPU can always get valid results
after trigger one hardware divider calculation without software delay.

DIVBYZERO flag of HDIV_STATUS will be set if divisor is 0.

The dividend is 32-bit signed integer and divisor is 16-bit signed integer. The quotient is 32-bit
signed integer and the remainder is 16-bit signed integer. It is noted that the case of dividing the
minimum dividend by -1, the quotient is set to be the minimum negative value since overflow and
the remainder is set to 0. This is the only case the quotient is not represented in a positive number
when a negative number by a negative number.

Figure 6.16-1 shows the operation flow of hardware divider. To calculate X /Y, CPU needs to write
X to HDIV_DIVIDEND register, and then write Y to HDIV_DIVISOR. CPU can read
HDIV_QUOTIENT and HDIV_REM registers to get calculation results after HDIV_DIVISOR has
been written.
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6.16.6 Register Map
R: read only, W: write only, R/W: both read and write

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

HDIV_BA = 0x5001_4000

HDIV_DIVIDENDO [HDIV_BA+0x00 R/W |Dividend Source Register 0x0000_0000
HDIV_DIVISORO |HDIV_BA+0x04 R/W |Divisor Source Resister 0x0000_FFFF
HDIV_QUOTIENTO |HDIV_BA+0x08 R/W |Quotient Result Resister 0x0000_0000
HDIV_REMO HDIV_BA+0x0C R/W |Remainder Result Register 0x0000_0000
HDIV_STATUS HDIV_BA+0x10 R Divider Status Register 0x0000_0001
HDIV_DIVIDEND1 [HDIV_BA+0x20 R/W |Dividend Source Register 0x0000_0000
HDIV_DIVISOR1 |HDIV_BA+0x24 R/W |Divisor Source Resister 0x0000_FFFF
HDIV_QUOTIENT1 |HDIV_BA+0x28 R/W |Quotient Result Resister 0x0000_0000
HDIV_REM1 HDIV_BA+0x2C R/W |Remainder Result Register 0x0000_0000
HDIV_DIVIDEND2 |HDIV_BA+0x40 R/W |Dividend Source Register 0x0000_0000
HDIV_DIVISOR2 |HDIV_BA+0x44 R/W |Divisor Source Resister 0x0000_FFFF
HDIV_QUOTIENT2 |HDIV_BA+0x48 R/W |Quotient Result Resister 0x0000_0000
HDIV_REM2 HDIV_BA+0x4C R/W |Remainder Result Register 0x0000_0000
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6.16.7 Register Description
Dividend Source Register (HDIV_DIVIDEND)

Register Offset R/W | Description Reset Value
HDIV_DIVIDENDO [HDIV_BA+0x00 R/W |Dividend Source Register 0x0000_0000
HDIV_DIVIDEND1 |HDIV_BA+0x20 R/W |Dividend Source Register 0x0000_0000
HDIV_DIVIDEND?2 |HDIV_BA+0x40 R/W |Dividend Source Register 0x0000_0000
31 30 29 28 27 26 25 24
DIVIDEND
23 22 21 20 19 18 17 16
DIVIDEND
15 14 13 12 11 10 9 8
DIVIDEND
7 6 5 4 3 2 1 0
DIVIDEND
Bits Description
[31:0] DIVIDEND Di\./iden_d So.urc.e o . o
This register is given the dividend of divider before calculation is started.
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Divisor Source Register (HDIV_DIVISOR)

Register Offset R/W Description Reset Value
HDIV_DIVISORO |HDIV_BA+0x04 R/W Divisor Source Resister 0x0000_FFFF
HDIV_DIVISOR1 |HDIV_BA+0x24 R/W Divisor Source Resister 0x0000_FFFF
HDIV_DIVISOR2 |HDIV_BA+0x44 R/W Divisor Source Resister 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
DIVISOR
7 6 5 4 3 2 1 0
DIVISOR
Bits Description
[31:16] Reserved 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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Quotient Result Register (HDIV_QUOTIENT)

NM1240

Register Offset R/W | Description Reset Value
HDIV_QUOTIENTO | HDIV_BA+0x08 R/W | Quotient Result Resister 0x0000_0000
HDIV_QUOTIENTL1 | HDIV_BA+0x28 R/W | Quotient Result Resister 0x0000_0000
HDIV_QUOTIENT2 | HDIV_BA+0x48 R/W | Quotient Result Resister 0x0000_0000
31 30 29 28 27 26 25 24
QUOTIENT
23 22 21 20 19 18 17 16
QUOTIENT
15 14 13 12 11 10 9 8
QUOTIENT
7 6 5 4 8 2 1 0
QUOTIENT
Bits Description
[31.0] QUOTIENT Qu.otien.t Result . B o
This register holds the quotient result of divider after calculation is completed.
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Remainder Result Register (HDIV_REM)

Register Offset R/W | Description Reset Value
HDIV_REMO | HDIV_BA+0x0C R/W Remainder Result Register 0x0000_0000
HDIV_REM1 | HDIV_BA+0x2C R/W Remainder Result Register 0x0000_0000
HDIV_REM2 | HDIV_BA+0x4C R/W Remainder Result Register 0x0000_0000
31 30 29 28 27 26 25 24
REM
23 22 21 20 19 18 17 16
REM
15 14 13 12 11 10 9 8
REM
7 6 5 4 3 2 1 0
REM
Bits Description
Remainder Result
[31:0] REM The remainder of hardware divider is 16-bit sign integer (REM[15:0]) with sign
extension (REM[31:16]) to 32-bit integer.
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Divider Status Reqgister (HDIV_STATUS)

Register Offset R/W Description Reset Value
HDIV_STATUS | HDIV_BA+0x10 R Divider Status 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

Reserved DIVBYZERO2 | DIVBYZEROL1 | DIVBYZEROO| Reserved
Bits Description
[31:2] Reserved Reserved.

Divisor Zero Warning (Read Only)
0 = The divisor2 is not 0.
(3] DIVBYZERO2 1 = The divisor2 is 0.

Note: The DIVBYZERO flag is used to indicate divide-by-zero situation and updated whenever|
HDIV_DIVISOR is written. This bit is read only.

Divisor Zero Warning (Read Only)
0 = The divisorl is not 0.
(2] DIVBYZERO1 1 = The divisorl is 0.

Note: The DIVBYZERO flag is used to indicate divide-by-zero situation and updated whenever|
HDIV_DIVISOR is written. This bit is read only.

Divisor Zero Warning (Read Only)
0 = The divisor0 is not 0.
[1] DIVBYZEROO 1 = The divisor0 is 0.

Note: The DIVBYZERO flag is used to indicate divide-by-zero situation and updated whenever
HDIV_DIVISOR is written. This bit is read only.

[0] Reserved Reserved.
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6.17 Analog to Digital Converter (ADC)

6.17.1 Overview
The NM1240 contains one 12-bit successive approximation analog-to-digital converter (SAR A/D
converter). The ADC has two sample-and-hold (S/H) which can be triggered by sorftware or
hardware to sample two analog inputs simultaneously and does conversion in sequence..Each of
SHO and SH1 supports 16 voltage input channels which are from port pins, band-gap, temprature
sensor, OP and DAC.
6.17.2 Features
Analog input voltage range: 0~Vob.
12-bit resolution and 10-bit accuracy guaranteed.

°

°

® Upto 16+16 single-end analog input channels.
® Each channel equips one result data register.
°

Configurable ADC internal sampling time.

6.17.3 Block Diagram

ADCOCSEN ADCOHWTRGEN(ADC_CTL[2]) ~ ADCOTRGSOR (ADC_TRGSORI[3:0)
(ADC_CS_CTL[15:0])

STADC 6 ADCOTRGSOR (STADC trigger state: rising, falling, rising+falling)

Channel PWMn —*—| trigger source . _ )

Select & 2 selection (PWMn rising, falling, Central, period)

Enable TMRO,1_MATCH —%— ~_

Control ECAPPHG_TRG Event Flag

ADCOSWTRG  ADCOIE/ADCLIF ;g register
# (ADC_CTLI[3])
(PBO)ADCO_PO ——
(PBL)ADCO_P1 ——
(PB2)ADCO_P2 ——
(PCO)ADCO_P3 —
(PC1)ADCO_P4 —
(PFZ)Q;%?EZS | apco ADCODELAY ADCO_DATO
ng — | cHo (ADC_TRGDLY([7:0])
(PB3)ADCO_ P9 — | — ADCO_DAT1
opL o0 —| CHIS - ADCSMPCNT 3
(PB4)ADC1_P0 — I (ADC_SMPCNT[3:0]) ' ( ADCOIE
gﬁgg — SHO : | (ADC_STATUS[0])
(PB5)ADCO_P5 —— ADCO_DATIS !
(PB6)ADCO_P6 — ADCOIEN
(PB7)ADCO_P7 ——1 Simultaneous (ADC_CTL[1])
Q [¢]
Mode(2S/H) _— ADCMODE
L (o] o (ADC_CTL([7:6])

(PB4)ADC1_PO — Conversion: 800ns
(PD2)ADC1_P1 ——| ADC1_DATO
(PC2)ADC1_P2 — —
(PBO)ADCO_P0 —— ADC1_DAT1 Q
(PC1)ADCO_P4 —— SH1 - — ADCL1IF
(PEDADCL P8 —] < Y | (ADC_STATUSI8])
Temp Sensor —— ADC1 : !
vss —| CHo L ' ADCIIEN
(PE4)ADC1_P9 — | ;; ADC1DELAY ADC1_DAT15 (ADC CTL[Q])
OP1_O0 ——| CH15 (ADC_TRGDLY[23:16]) -
DACO —
(PF3)ADC1_P3 —
(PF4)ADC1_P4 —
(PC5)ADC1_P5 —
(PC6)ADC1_P6 — Delay 1
(PC7)ADC1_P7 — 1
A ADCISWTRG
(ADC_CTL[11]) STADC p ADC1TRGSOR
Channel PWMn —#— triglgetr source
selection
SEelef)tI& TMRO,1_MATCH +2 __________ f ¢ ¢
nable
Control ECAPPHG_TRG Event Flag
2 register ADCCKEN ADCRST ADCEN
? ADCOIF/ADCLIF —%— (CLK_APBCLK[28]) (SYS_IPRST1[28]) (ADC_CTL[0])
ADC1CSEN
(ADC_CS_CTL[31:16]) ADCIHWTRGEN(ADC_CTL[10])  ADC1TRGSOR(ADC_TRGSOR[19:16])

Figure 6.17-1 ADC Control Block Diagram
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6.17.4 Basic Configuration

The A/D converter supports three operation modes which can be started by software, external pin
(STADC/PC.1) or PWM trigger.

The ADC pin functions are configured in SYS_Px_MFP registers which x may be B, C, D, E and F.
It is recommended to disable the digital input path of the analog input pins to avoid the leakage
current. User can disable the digital input path by configuring Px_DINOFF registers.

6.17.5 Functional Description

The A/D converter operates by successive approximation with 12-bit resolution. In order to prevent
incorrect operation, software must clear ADCnSWTRG bitto 0 inthe ADC_CTL register before input
channel is enabled. The A/D converter discards the current conversion immediately and enters idle
state while ADCnSWTRG bit is cleared. For SHO and SH1, each channel of 16 voltage inputs is
individually enabled by ADCOCSEN and ADCI1CSEN in ADC channel select control
register(ADC_CS_CTL). If multiple channels are enabled at the same time, the lower numbered
channel has the higher priority to be converted. However, ADCO channel 6 and ADC1 channel 6
for internal VBG and Temperature measurement require more sampling time and have the lowest
priority.

6.17.5.1 ADC Peripheral Clock Generator
The ADC peripheral clock can be enabled in ADCCKEN (CLK_APBCLK][28]).

ADCCKEN(CLK_APBCLK[28]) ‘

\,  ADC_CLK
HCLK >
— /

Figure 6.17-2 ADC Peripheral Clock Control

Y

6.17.5.2 ADC Conversion by Software Trigger
A/D conversion is performed only once on the specified single channel. The operation is as follows:
1. A/D conversion will be started when the ADCnSWTRG bit of ADC_CTL is setto 1 by software.
2. When A/D conversion is finished, the result is stored in the A/D data register.

3. The ADCnIF bit of ADC_STATUS register will be set to 1. If the ADCnIEN bit of ADC_CTL
register is set to 1, the ADC interrupt will be asserted.

4. The ADCnSWTRG bit remains 1 during A/D conversion. When A/D conversion ends, the
ADCnSWTRG bit is automatically cleared to 0 and the A/D converter enters idle state.
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An example timing diagram for Single mode is shown in Figure 6.17-3.

ADCnSWTRG / Min. S/H time: Conversion time : \

>= 400ns < 800ns
sample
ADC_DAT[11:0] >< >< >< X ADC_DAT[11:0]
ADCnIF

Figure 6.17-3 Single Mode Conversion Timing Diagram

6.17.5.3 ADC Conversion by Hardware Trigger from External STADC pin

A/D conversion can be triggered by hardware trigger request. When the ADCnHWTRGEN bit of
ADC_CTL register is set to 1 to enable ADC hardware trigger function, setting the ADCnTRGSOR
bits to 0000b is to select external trigger input from the STADC pin. Software can set
ADCNnSTADCSEL to select trigger condition between falling or rising edge. If edge trigger condition

is selected, the high and low state must be kept at least 4 ADCCLKSs. Pulse that is shorter than this
specification will be ignored.

6.17.5.4 ADC Conversion by Hardware Trigger from EPWM, Timer, ECAP and ADCn

A/D conversion can also be triggered by some hardware modules. When the ADCnHWTRGEN is
set to high to enable ADC hardware trigger function, the value of ADCnTRGSOR determine the
hardware trigger input source from EPWM,Timer, ECAP or ADCnF, refer to Figure 6.17-4 for the
more selection setting. When hardware trigger is enabled, setting ADC_TRGDLY can insert a delay
time between hardware trigger condition and ADC start conversion.

ADCNnSTADCSEL
(ADC_TRGSOR[23:22)/[7:6])
Trigger level select
STADC o N
(external pin) —_— Rising/Falling/
P Rising-Falling
EPWMO
ngm% Trigger level select
EPWM3 Falling/Center/
EPWM4 Rising/Period TMO_ADC — ADC
EPWM5 TM1_ADC — trigger
ECAPPHG_TRG — source
ADCOIF —
ADC1IF —
ADCnPWMTRGSEL
(ADC_TRGSOR[21:20]/[5:4])
T
Note:n=0,1 ADCNTRGSOR
(ADC_TRGSORJ[3:0])
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Figure 6.17-4 ADC Hardware Trigger Source

6.17.5.5 Interrupt Sources
There are two interrupt sources of ADC interrupt, ADCO_INT and ADC1_INT.

6.17.5.6 Independent Mode

The NM1240 has two Sample & Hold (S/H) and one A/D conversion block. It can be configured as
independent sample mode when ADCMODE is set as 00b (ADC_CTL[7:6]). In this mode, each S/H
has its own interrupt trigger condition setting and interrupt flags ADCn_IF in ADC_STATUS. It can
be taken as two ADC functions for use.. Each ADC supports single and multiple channels process
and each channel is individually enabled by setting ADCOCSEN and ADC1CSEN in ADC_CS_CTL.

Figure 6.17-5 shows the timing diagram with only one of channel is enabled, while the multiple
channel timing diagram is shown in Figure 6.17-6

apc_cs_cri15:0] [oJoJoJoJoJoJoJoJoJoJoJoJ1JoJoJo]

15 8 0
ADCO_TRG ADCOIF ADC1_TRG ADCIIF
v 4 | 4
ADCO ADCO
| S/H(CH3) | convert ADCO IDLE

y

ADC1 ADC1
ADCLIDLE S/H(CH7) Convert
Apc_cs_cti31:16] [oJoJoJoJoJoJoJoJ1JoJoJoJoJoJoJo]
15 8 0

Figure 6.17-5 Single-channel Conversion in Independent Mode

If multiple channels are enabled in ADCOCSEN and ADC1CSEN, the interrupt flags, ADCO_IF and
ADC1_IF in ADC_STATUS will not be set until all conversions are completed.

<« When more than one channels are enabled, the Least

Significant Bit channel, except channel 6, will have a
apc_cs_cri15:0] [oJoJoJoJoJoJoJoJoJoJ1JoJ1JoJoJ1] higher Priority.
15 8 0

ADCO_TRG ADC1_TRG ADCOIF ADCI1IF
4 | A A
ADCO ADCO ADCO ADCO ADCO ADCO ADCO IDLE
S/H(CHO) Convert S/H(CH3) Convert S/H(CH5) Convert
ADC1 ADC1 ADC1 ADC1
ADCLIDLE S/H(CH1) | Convert | S/H(CH7) Convert ADCIIDLE

Apc_cs_ct31:16] [oJoJoJoJoJoJoJoJ1JoJoJoJoJoJ1]o]
15 8 0

&
«

Figure 6.17-6 Multi-channel Conversion in Independent Mode
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6.17.5.7 Simultaneous Mode

In this mode, the ADC in the NM1240 perform two S/H conversions triggered at the same time by
the ADCO trigger source, and generate ADCO_IF interrupt when ADCMODE is set as 1xb
(ADC_CTL[7:6]). There is a priority issue for the first conversion with the following rules while ADCO
and ADC1 sample and hold simultaneously.

3 For ADCO_CHNnO and ADC1_CHn1, the lower number of CHnO and CHn1 has higher
priority.

. For the same channel number of ADCO_CHn and ADC1_CHn, ADCO has higher priority
if the two numbers are equal.

Figure 6.17-7 shows one time and simultaneous sample-hold in S/HO and S/H1, then sequential
converted by the A/D converter.

i
<

apc_cs_cris:o] [oJoJoJoJoJoJoJoJoJoJoJoJ1JoJoJo]
15 8 0

ADCO_TRG ADCOIF
\ A
ADCO ADCO ADCO
S/H(CH3) Convert IDLE
\4
ADC1 ADC1 ADC1
S/H(CH2) Convert IDLE

apc_cs_cri31:16] [oJoJoJoJoJoJoJoJoJoJoJoJoJ1JoJo]
15 8 0

Note: h
1. The first S/H time is controlled by ADC_SMPCNT

2. From the second and after S/H time is synchronized with the converting time

Figure 6.17-7 Single-channel Conversion in Simultaneous Mode

Figure 6.17-8 shows the sample-hold timing diagram of two ADCO and two ADC1 channels, it can
sampling these four channles in very close time( about 2.4uSec), whice is for the applications that
need to measure voltage from different channls simultanceously, for example, BLDC motor current
sensing 4R.

In addition, since the channel selection will be from LSB to MSB, so if there is priority issue, it need
to assign higher priority input to lower ADC channel by hardware application circuit.
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NM1240

i
Y
When more than one channels are enabled, the Least
ADC_Cs_CTL[15:0] | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 1 | 0 | 1 | 0 | Significant Bit channel, except channel 6, will have a
15 8 - -
higher Priority.
ADCO_TRG ADCOIF
A 800ns 800ns f
ADCO ADCO ADCO ADCO ADCO
S/H(CH1) Convert S/H(CH3) Convert IDLE
A / 800ns 800ns
ADC1 ADC1 ADC1 ADC1 ADC1
S/H(CH3) Convert S/H(CH7) Convert IDLE
apc_cs_cti31:16] [oJoJoJoJoJoJoJoJ1JoJoJoJ1JoJoJo]
15 8 0
<
Y
Note:
1. The first S/H time is controlled by ADC_SMPCNT
2. From the second and after S/H time is synchronized with the converting time

Figure 6.17-8 Two-channel Conversion in Simultaneous Mode

Figure 6.17-9 shows the sample-hold timing of ADCO and ADC1 with multiple enabled channels. It
should be noted that when using periodic triggering, it must be ensured that all enabled channels
can complete the conversion in one period For example, when all ADC channels are enabled it may
need 38.5us(1*sampling time + 30*converting time + 2*16 *sampling time + 1*converting time) to
completed all of channel measure. Because ADCO channel 6 and ADC1 channel 6 for internal VBG
and Temperature measurement require more sampling time and have the lowest priority, if these
two channels are disabled, all conversions completed by the ADC will be reduced to 24.4uS.
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i
Note: ADC channel 6(VBG & Temp) will be re-order to
Abc_cs_cri15:0) [oJoJoJoJoJoJoJ1JoJiJoJoJoJoJ1]o] -
the lowest priority.
15 8 0
ADCO_TRG ADCOIF
\ 4 A
ADCO ADCO ADCO ADCO ADCO ADCO ADCO ADCO
S/H(CH1) Convert S/H(CH8) Convert IDLE S/H(CH6-VBG) Convert IDLE
\ 4
ADC1 ADC1 ADC1 ADC1 ADC1 ADC1 ADC1 ADC1 ADC1
S/H(CH1) Convert S/H(CH5) Convert S/H(CH7) Convert IDLE S/H(CH6-Vtemp) Convert
apc_cs_cri31:16] [oJoJoJoJoJoJoJoJaJ1J1JoJoJoJ1Jo]
15 8 0
<
Figure 6.17-9 Multi-channel Conversion in Simultaneous Mode
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6.17.6 Register Map

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

NM1240

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

ADC_BA = 0x400E_0000

ADC_CS_CTL ADC_BA+0x10 R/W |ADC Channel Select Control Register 0x0000_0000
ADC_CTL ADC_BA+0x20 R/W |ADC Control Register 0x0000_0000
ADC_TRGSOR ADC_BA+0x24 R/W [ADC Hardware Trigger Source Control Register 0x0000_0000
ADC_TRGDLY ADC_BA+0x28 R/W |ADC Trigger Delay Control Register 0x0000_0000
ADC_SMPCNT ADC_BA+0x2C R/W [ADC Sampling Time Counter Register 0x0000_0005
ADC_STATUS ADC_BA+0x30 R/W |ADC Status Register 0x8080_0000
ADC_VALSTS ADC_BA+0x40 R/W |ADC Valid Status Register 0x0000_0000
ADCO_DATn )

n=0. 1.15 ADC_BA+0x80+(4*n) |[R ADCO Data Register n 0x0000_0000
ADC1_DATn )

n=0. 1.15 ADC_BA+0xC0+(4*n) [R ADCL1 Data Register n 0x0000_0000
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6.17.7 Register Description

ADC Channel Select Control Register (ADC CS CTL)

NM1240

Register

Offset

R/IW

Description

Reset Value

ADC_CS_CTL

ADC_BA+0x10

RIW

ADC Channel Select Control Register

0x0000_0000

31

30

29

28 27

26

25

24

ADC1CSEN

23

22

21

20 19

18

17

16

ADCI1CSEN

15

14

13

12 11

10

ADCOCSEN

ADCOCSEN

Bits

Description

[31:16]

ADC1CSEN

ADC1(SH1) Channel Select Enable

Bit0 = 1, use to enable ADC1_CHO. (PB.4)
Bitl = 1, use to enable ADC1_CH1. (PD.2)
Bit2 = 1, use to enable ADC1_CH2. (PC.2)
Bit3 = 1, use to enable ADCO_CHO. (PB.0)
Bit4 = 1, use to enable ADCO_CH4. (PC.1)
Bit5= 1, use to enable ADC1_CHS8. (PE.3)
Bit6 = 1, use to enable Temp Sensor.

Bit7 = 1, use to enable VSS.

Bit8 = 1, use to enable ADC1_CH9. (PE.4)
Bit9 = 1, use to enable OP1. (PE.2)

Bit10 = 1, use to enable DACO

Bit1l =1, use to enable ADC1_CH3. (PF.3)
Bit12 = 1, use to enable ADC1_CH4. (PF.4)
Bit13 = 1, use to enable ADC1_CHb5. (PC.5)
Bit14 = 1, use to enable ADC1_CH6. (PC.6)
Bitl5 = 1, use to enable ADC1_CH7. (PC.7)
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Bits Description

ADCO(SHO0) Channel Select Enable

Bit0 = 1, use to enable ADCO_CHO. (PB.0).
Bitl = 1, use to enable ADCO_CH1. (PB.1).
Bit2= 1, use to enable ADCO_CH2. (PB.2).
Bit3 = 1, use to enable ADCO_CH3. (PC.0).
Bit4 = 1, use to enable ADCO_CH4. (PC.1).
Bit5 = 1, use to enable ADCO_CHS8. (PF.2)
Bit6 = 1, use to enable BAND_GAP. (BG 1.2V)
[15:0] ADCOCSEN Bit7 = 1, use to enable VSS.

Bit8 = 1, use to enable ADCO_CH?9. (PB.3).
Bit9 = 1, use to enable OP1. (PE.2).

Bit10 = 1, use to enable ADC1_CHO. (PB.4).
Bitll = 1, use to enable DACO.

Bit12 = 1, use to enable DAC1.

Bit13 = 1, use to enable ADCO_CHb5. (PB.5).
Bitl4 = 1, use to enable ADCO_CH6. (PB.6).
Bit15 = 1, use to enable ADCO_CH7. (PB.7).
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ADC Control Reqgister (ADC CTL)

Register Offset R/W  |Description Reset Value
ADC_CTL ADC_BA+0x20 R/W  [ADC 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 ADC1SWTRG |ADCIHWTRG| ADCI1IEN Reserved
7 6 5 4 3 ':ZN 1 0
ADCMODE Reserved ADCOSWTRG ADCO'I:-Q{VTRG ADCOIEN ADCEN
Bits Description
[31:12] Reserved Reserved.

ADC1 Conversion Start
0 = Conversion stopped and A/D converter entered idle state.
[11] ADC1SWTRG 1 = Start ADC1 and indicate there has ADC1 conversion request.

Note: ADC1SWTRG will be set to “1” when any of ADC1 trigger event happen or user also
can write “1” to this bit to demand a software ADC1 trigger, when hardware finish the
conversion it will be cleared to “0” automatically.

Hardware Trigger ADC Convertion Enable Control

Enable or disable triggering of A/D conversion by Hardware (PWM, Timer, ECAP and ADC
[10] ADCIHWTRGEN |self)
0= Disable ADC1 hardware trigger function.

1= Enable ADC1 hardware trigger function.

ADC1 Interrupt Enable Control

0 = Disable ADCL1 interrupt.

1 = Enable ADC1 interrupt.

Note: If ADC1IEN bit is set to 1 the ADC1_INT is requested by the end of ADC conversion.

[9] ADCI1IEN

A/D Conversion Mode

00 = Independent Mode, independent trigger function and independent interrupt.
[7:6] ADCMODE 01 = Reserved

1x = Simultaneous Mode, simultaneously triggered by ADCO, ADCO and ADC1 convert
sequentially then only interrupt ADCOIF is generated.

[5:4] Reserved Reserved.
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Bits Description
ADCO Conversion Start
0 = Conversion stopped and A/D converter entered idle state.
3] ADCOSWTRG 1 = Start ADCO and indicate there has ADCO conversion request.

Note: ADCOSWTRG will be set to “1” when any of ADCO trigger event happen or user also
can write “1” to this bit to demand a software ADCO trigger, when hardware finish the
conversion it will be cleared to “0” automatically.

Hardware Trigger ADC Convertion Enable Bit

Enable or disable triggering of A/D conversion by Hardware (PWM, Timer, ECAP and ADC|
[2] ADCOHWTRGEN [self)
0= Disable ADCO hardware trigger function.

1= Enable ADCO hardware trigger function.

ADCO Interrupt Enable Bit
0 = Disable ADCQO interrupt.
1 = Enable ADCO interrupt.
Note: If ADCOIEN bit is set to 1 the ADCO_INT is requested by the end of ADC conversion.

1] ADCOIEN

ADC Converter Enable Bit
0 = Disable ADC Converter.
[0] ADCEN 1 = Enable ADC Converter.

Note: 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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ADC Hardware Trigger Source Control Register (ADC TRGSOR)

Register Offset R/W  |Description Reset Value
ADC_TRGSOR |ADC_BA+0x24 R/W  |ADC Hardware Trigger Source Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
ADC1STADCSEL ADC1PWMTRGSEL ADC1TRGSOR
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
ADCOSTADCSEL ADCOPWMTRGSEL ADCOTRGSOR
Bits Description
[31:24] Reserved Reserved.
ADC1 External Trigger Pin (STADC) Trigger Selection
00 = Rising.
[23:22] ADC1STADCSEL |01 = Falling.
10 = Rising or Falling.
11 = Reserved.
PWM Trigger Selection for ADC1
00 = EPWM Signal Falling. (Not available in edge-aligned type)
[21:20] fDClPWMTRGSE 01 = EPWM Counter Central. (Not available in edge-aligned type)
10 = EPWM signal Rising.
11 = Period.
ADC1 Trigger Source
0000 = STADC.
0001 = PWMO.
0010 = PWML1.
0011 = PWM2.
0100 = PWMS3.
0101 = PWMA4.
[19:16] ADC1TRGSOR
0110 = PWMS.
0111 = TMRO_MATCH. (refer to Figure 6.6-1 Timer Controller Block Diagram)
1000 = TMR1_MATCH. (refer to Figure 6.6-1 Timer Controller Block Diagram)
1001 = ECAPPHG_TRG. (From ECAP, CPAEN & (CAPTFO| CAPTF1| CAPTF2)
1010 = ADCOIF.
1011 = ADC1IF.
1100~1111 = Reserved.
[15:8] Reserved Reserved.
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Bits Description

ADCO External Trigger Pin (STADC) Trigger Selection
00 = Rising.

[7:6] ADCOSTADCSEL |01 = Falling.

10 = Rising or Falling.

11 = Reserved.

PWM Trigger Selection for ADCO

00 = EPWM Signal Falling. (Not available in edge-aligned type)
01 = EPWM Counter Central. (Not available in edge-aligned type)
10 = EPWM signal Rising.

11 = Period.

ADCOPWMTRGSE
[5:4] L

ADCO Trigger Source

0000 = STADC.

0001 = PWMO.

0010 = PWML1.

0011 = PWM2.

0100 = PWM3.

0101 = PWM4.

0110 = PWMS.

0111 = TMRO_MATCH. (refer to Figure 6.6-1 Timer Controller Block Diagram)
1000 = TMR1_MATCH. (refer to Figure 6.6-1 Timer Controller Block Diagram)
1001 = ECAPPHG_TRG. (From ECAP, CPAEN & (CAPTFO| CAPTF1| CAPTF2)
1010 = ADCOIF.

1011 = ADC1IF.

1100~1111 = Reserved.

[3:0] ADCOTRGSOR
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ADC Trigger Delay Control Reqgister (ADC _TRGDLY)

Register Offset R/W  |Description Reset Value
ADC_TRGDLY |ADC_BA+0x28 R/W  |ADC Trigger Delay Control Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved
23 22 21 20 19 18 17 16
ADC1DELAY
15 14 13 12 11 10 9 8
Reserved
7 6 5 4 3 2 1 0
ADCODELAY
Bits Description
[31:24] Reserved Reserved.
ADC1 Trigger Delay Timer
Setting this field will insert a delay time from H/W tirgger condition happens to conversion
[23:16] ADC1DELAY starts
Delay time is (4 * ADC1DELAY) * system clock
Note: Software trigger does not support delay-time insertion.
[15:8] Reserved Reserved.
ADCO Trigger Delay Timer
Setting this field will insert a delay time from H/W tirgger condition happens to conversion
[7:0] ADCODELAY starts
Delay time is (4 * ADCODELAY) * system clock
Note: Software trigger does not support delay-time insertion.

Note:
ADCODELAY/ADC1DELAY must be set before trigger condition occurs.
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ADC Sampling Time Counter Reqgister (ADC _SMPCNT)

Register Offset R/W  |Description Reset Value
ADC_SMPCNT |ADC_BA+0x2C R/W  |ADC Sampling Time Counter Register 0x0000_0005
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 ADCSMPCNT
Bits Description
[31:4] Reserved Reserved.
ADC Sampling Counter
For normal channel:
Sampling time = PCLK * (ADCSMPCNT *4 +2)
[3:0] ADCSMPCNT For VBG or Temperature channel:
Sampling time = PCLK * (ADCSMPCNT * 64 + 2)
Note: Recommend sampling time is over 400ns. For example, if PCLK=48MHz,
ADCSMPCNT=5 - The sampling time is 458ns.
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ADC Status Register (ADC STATUS)

Register Offset R/W  |Description Reset Value
ADC_STATUS |ADC_BA+0x30 R/W |ADC Status Register 0x8080_0000
31 30 29 28 27 26 25 24
ADC1EOC Reserved
23 22 21 20 19 18 17 16
ADCOEOC Reserved
15 14 13 12 11 10 9 8
ADC1CH ADC1BUSY Reserved ADCL1IF
7 6 5 4 3 2 1 0
ADCOCH ADCOBUSY Reserved ADCOIF
Bits Description
[31] ADC1EOC ADC1 end of convert.
[30:16] Reserved Reserved.
[23] ADCOEOC ADCO end of convert.
[22:16] Reserved Reserved.
Current Conversion Channel
This filed reflects the current conversion channel when ADC1BUSY =1.
[15:12] ADC1CH )
When ADC1BUSY =0, it shows the number of the next converted channel.
It is read only.
BUSY/IDLE
[11] ADC1BUSY 0 = A/D converter is in idle state.
1 = A/D converter is busy at conversion.
[10:9] Reserved Reserved.
ADC1 Conversion End Flag
A status flag that indicates the end of A/D conversion.
[8] ADCL1IF ) ]
ADF is set to “1” When A/D conversion ends.
This flag can be cleared by writing “1” to itself.
Current Conversion Channel
This filed reflects the current conversion channel when ADCOBUSY =1.
[7:4] ADCOCH )
When ADCOBUSY =0, it shows the number of the next converted channel.
Itis read only.
BUSY/IDLE
[3] ADCOBUSY 0 = A/D converter is in idle state.
1 = A/D converter is busy at conversion.
[2:1] Reserved Reserved.
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Bits Description

A/D Conversion End Flag

A status flag that indicates the end of A/D conversion.
[0] ADCOIF . .
ADF is set to “1” When A/D conversion ends.

This flag can be cleared by writing “1” to itself.
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ADC Valid Status Register (ADC VALSTS)

Register Offset R/W  |Description Reset Value
ADC_VALSTS |ADC_BA+0x40 R/W  |ADC Valid Status Register 0x0000_0000
31 30 29 28 27 26 25 24
ADCI1VALID
23 22 21 20 19 18 17 16
ADCI1VALID
15 14 13 12 11 10 9 8
ADCOVALID
7 6 5 4 3 2 1 0
ADCOVALID
Bits Description
. Bits set 1 when ADC1 CHn convertion is finished, and it is automatically cleared when
[31:16] ADCILVALID ADC1 _DATn is read.
. Bits set 1 when ADCO CHn convertion is finished, and it is automatically cleared when
[15:0] ADCOVALID ADCO_DATn is read.
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ADCO Data Register n (ADCO _DATN)

Register Offset /R Description Reset Value
W
ADCO_DATn
=0, ]:15 ADC_BA+0x80+(4*n)|R |[ADCO Data Register n 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 ADCODAT
7 6 5 4 3 2 1 0
ADCODAT
Bits Description
[31:12] Reserved Reserved.
[11:0] ADCODAT AD.C(? Convers?ion Result.
This field contains conversion result of ADCO_CHn.
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ADCI1 Data Register n (ADC1 DATN)

Register Offset R/W |Description Reset Value
ADC1_DATn )
n=0, 1.15 ADC_BA+0xC0+(4*n) [R ADC1 Data Register n 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 ADCI1DAT
7 6 5 4 3 2 1 0
ADCI1DAT
Bits Description
[31:12] Reserved Reserved.
[11:0] ADCI1DAT AD.C:I? Convers‘ion Result-
This field contains conversion result of ADC1_CHn.
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6.18 Analog Comparator and DAC (ACMP/DAC)

6.18.1 Overview
The NM1240 series contains one analog comparator. The comparator output is logic 1 when
positive input greater than negative input, otherwise the output is 0. Each comparator can be
configured to generate interrupt when the comparator output value changes.
6.18.2 Features
® Analog input voltage range: 0 ~ Vbp
®  Supports Hysteresis function

® Optional internal reference voltage source for each comparator negative input
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6.18.3 Block Diagram

(risingm falling,
ACMPEN rising/falling) (ACMP_STATUS[0])
(ACMP_CTL[0])
. Edge T ACMP_INT
PRESET etection
CPPSEL (ACMP_CTL[31])
(ACMP_CTL[30:28]) ACMPIE
(ACMP_CTL[1])
EDGESEL
ACMPHYSEN (ACMP_CTL([5:4]) ACMP PHASE

ACMPO_PO — oo (ACMP_CTL[3:2]) (1o PWM Phase Change)

ACMPO_P1 — o0 NFDIS

ACMPO_P2 — on0

ACMPOP3 —| o (ACMP_CTL[23])

OP1_0 — x
ACMP Result ACMPO_O (pin)
Resiter ACMP_CO0
ACMPO_N —| ACMPOO (to ECAP, TIMER)
Band-gap —| (ACMP_STATUS[2]) 0 o
DAC1 —| 1 (ACMP_CTL[19])
DACO — u ACMPEN N ﬁC'\g:\?\T;BRK
(ACMP_CTL[O]) (to )
NFCLKS
CPNSEL (ACMP_CTL[22:20])  DLYTRGEN PBRKSEL
(ACMP_CTL[25:24]) (ACMP_CTL[12]) (ACMP_CTLIS])
PCLK
(risingm falling,
PWMO o rising/falling)
High/Low » ACMP Delay
PwMm2 " level 9(l:)lotulf:|::y —————— Trigger Result De:::cg;on DLYTRGFO —_—
PWM4 © selection Register
TMR2_MATCH e DLYTRGEN (ACMP_STATUS[4])
‘ (ACMP_CTL[12]) DLYTRGIE
DLYEDGESEL (ACMP_CTL[13])
DLYTRGSOR DELAY (ACMP_CTL[15:14])
(ACMP_CTL[11:10]) DLYTRGSEL  (ACMP_TRGDLY([8:0]) DLYTRGOO
: L
(ACMP_CTL[9:8]) (ACMP_STATUS([6])

Figure 6.18-1 Analog Comparator Block Diagram

6.18.4 Input Noise Filter

The noise filter in ACMP module is similar to the input noise filter in ECAP(6.7.4) module. The noise
filter control bits for ACMP are listin ACMP_CTLO. A possible implementation of digital noise filter
is as Figure 6.18-2 and Figure 6.18-3.

NFCLKS(ACMP_CTLn[21:20])

PCLK 00

PCLK/2 o1 Noise Filter CLK -

PCLK/4 v
10

PCLK/16 1

Figure 6.18-2 Noise Filter Sampling Clock Selection

Noise Filter Input

|

Noise Filter Clk

o Noise Filter Output

NFDIS
ACMP_CTLO[23]

October 01, 2021

Figure 6.18-3 Input Noise Filter
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6.18.5 Basic Configuration

The ACMP pin functions are configured in SYS_Px_MFP registers. It is recommended to disable
the digital input path of the analog input pins to avoid the leakage current. The digital input path can
be disabled by configuring Px registers. If a GPIO pin is configured as an ACMP input pin, this pin
should not be set as Push-pull Output mode in the Px_MODE register. Input mode is the safest
configuration. If Open-drain, Output mode or Quasi-bidirectional mode is selected, do not output O
on this GPIO pin. The default GPIO output value is 1. The default Px_MODE setting is determined
by user configuration. It could be configured as Input mode or Quasi-bidirectional mode in user
configuration.

The ACMP peripheral clocks can be enabled by setting ACMPCKEN (CLK_APBCLK [30]) to 1.
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6.18.6 Functional Description

6.18.6.1 Interrupt Sources

The output of comparators are sampled by PCLK and reflected at ACMPOX(ACMP_STATUSJ3]
and ACMP_STATUSJ2]). If ACMPIE(ACMPx_CTLI[1]) 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(ACMP_STATUS[1] and ACMP_STATUSJQ]), will be set.
Software can clear the flag to O by writing 1 to it.

B

ACMPFO

ACMPIE
(ACMP_CTL[1])

—» ACMP_INT

DLYTRGFO
DLYTRGIE
(ACMP_CTL[13])

Figure 6.18-4 Analog Comparator Controller Interrupt Sources

6.18.6.2 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 0 until the positive input voltage drops the negative input voltage by a negative hysteresis
voltage.

Positive hysteresis voltage
Negative input voltage — 4— -~ \————— : —F\—————-"
Negative hysteresis voltage

: 1\
Positive input voltage J I |

Comparator output

Figure 6.18-5 Comparator Hysteresis Function
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6.18.6.3 Delay Trigger Mode

The analog comparator provides a delay trigger function, which only allows the comparator to update
the output status after the delay time. The delay cycle (ACMP_TRGDLY[8:0]) can be determined by
users. Delay trigger mode includes EPWM delay trigger and Timer delay trigger.

EPWM delay trigger level (ACMP_CTLO[9:8]) can be selected high level, low level or high/low level. The
width of the delay trigger level determines the active time of delay trigger mode. Users also can select
different edge detection (ACMP_CTLO[15:14]) to trigger the interrupt flag. The status of DLYTRGOO
(ACMP_STATUSJ6]) will be updated to the status of ACMPOO (ACMP_STATUS|2]) after the delay time.

When the trigger source is selected TMR2_MATCH, the active time is only one HCLK. The delay cycle
must be zero, otherwise, the status of DLYTRGOO will be never updated for the high level trigger
(ACMP_CTLO[9:8]).

ACMPO N_____Z/_X __A___A__ AN N N S V4 _._Zﬁ —i
ACMPO_Pn \/ \_/ \/ _/ \ \_
DLYTRGSOR
EPWM_CHn
ACMP_CTLO[11:10]
A A
ACMPOO A
ACMP_STATUS[2] Y y / A
— 3 3 T w — = w
ACMPFO {ohe £ o R [ SV D o o
ACMP_STATUS[0] ;cl ar ;cl ar ;clear \; cléar clear H cléar clear clear
EDGESEL . ; . Rici f . Rici
Ao enotsal E 10: Falling 11: Rising/Falling 01: Rising
A » > > % . » . N >
DLYTRGOO ™ Delal Updafng " Stopupdating | | Stopupdating | Dela Updatlg ! | Delal Updatfng | Delay | Updatlng
ACMP_STATUS[6] Tim DLYTROO DLYTRGOO DLYTRGOO A Tim DLYTRGOO Timi DLYTROO Timi DLYTROO
R / [ [ [
DLYTRGFO P | fstu / Fo o i
ACMP_STATUS[4] jclear| i clear | jclear i clear i cldar
DLYEDGESEL | o 11: Rising/Falling 01: Rising 10: Falling
ACMFLCTLO[IS::[A] T T T T T T T T T T T T T T T T T T
DLYTRGSEL | gg 01: High Level 10: Low Level 11: High/Low Level
ACMP_CTLO[9:8] [ |
ACMPEN
ACMP_CTLO[0]
DLYTRGEN | | L ||
ACMP_CTLO[12]

Figure 6.18-6 EPWM Delay Trigger Sequence Diagram
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ACMPO_N - _/Z}Xv Z_ _K_/7 ‘_ _VAK_ THA- _VAK |
ACMPO_Pn|—" &l
DLYTRGSOR| | X o
TMR2_MATCH e Helk
ACMP_CTLO[11:10]
A A A A
ACMPOO
ACMP_STATUS(2] ) / A
ACMPFO ; s/w ; s/w ; s/w ; s/w ; s/w ; s/iw s/w ; s/w
ACMP_STATUS[0] i clear i clear icear! || clear i clear i clear clear { clear
AEBE’PGCfLoslfh 00 10: Falling 11: Rising/Falling 01: Rising
K | A
DLYTRGOO “Delay | Stop updating 10 up'uZF giae\av ™ | Updating v Delay | Updating v
ACMP_STATUS[6] Time DLYTRGOO DLYTRGOG | Time DLYTRGOQ,} Tim, y DLYTRGOO y
DLYTRGFO s || o o i
ACMP_STATUS[4] clear \ ;clear : clear ﬂi

ACMP_CTLO[15:14]

DLYEDGESEL | g 11: Rising/Falling 01: Rising 10: Falling

DLYTRGSEL

ACMP_CTLO[9:8]

ACMPEN

ACMP_CTLO[0]

DLYTRGEN

ACMP_CTLO[12]

Figure 6.18-7 Timer Delay Trigger Sequence Diagram

ACMPO_N - — z{k—— L _Ne—— 4D __A___-_ Z_Ne—— _
ACM PO__Pn |/ 4 \/ \_/7 \/ \ \/ \_

DLYTRGSOR = - 1

> e
TMR2_MATCH one HeLk

ACMP_CTLO[11:10]

ACMPOO

ACMP_STATUS[2] A / y A

— — M . _! — — .
ACMPFO §siw is/w O fsw i s/w is/w is/w {shw

ACMP_STATUS[0] H clear ;clear H clear | i clear H clear H clear ;c\ear ﬂa_r

EDGESEL | oo 10: Falling 01: Rising 11: Rising/Falling

ACMP_CTLO[5:4]

A P P A A
< >

DLYTRGOO e ﬁdea(mg Stop updating Stop upd: 'ﬁ= [+ Updating Updating
ACMP_STATUS[6] DLYTRGO DLYTRGOO DLYTRGRO! y DLYTRGOO /V b DLYTRGOO y

— —

/ —: - —: —: —
DLYTRGFO §siw {spw | i s/w o H H

w
H H \ H H H H H
ACMP_STATUS[4] § clear  clear § clear § clear § clear  clear ﬂi

DLYEDGESEL | g 01: Rising 10: Falling 11: Rising/Falling

ACMP_CTLO[15:14]

DLYTRGSEL

ACMP_CTLO[9:8]

ACMPEN

ACMP_CTLO[0]

DLYTRGEN

ACMP_CTLO[12]

Figure 6.18-8 Timer Trigger(DELAY = 0) Sequence Diagram
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6.18.6.4 DAC Function

There two 12-bit DACs in NM1240. Users can enable ACMPCKEN(CLK_APBCLK[30]) to use DAC
function. There are two output buffers which improve driving ability of DAC.

ACMPCKEN
(CLK_APBCLK[30])

| DACO_value |

(ACP_DACVAL[1LO) W > DAC.O(783)
DACOBUFEN | ADCO

( ACMP_DACCTL[0]) «——— ADC1

L ACMPO

| DAC1_value |
| (ACMP_DACVAL([27:16]) |

s DAC1_O (PC6)
DAC1BUFEN | » ADCO
(ACMP_DACCTL[1]) e« ACMPO
DAC _value
4095

DAC _output =VDD *

Figure 6.18-9 DAC Function Diagram
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6.18.7 Register Map
R: read only, W: write only, R/W: both read and write

Register Offset R/W [Description Reset Value

ACMP Base Address:
ACMP_BA = 0x400D_0000

ACMP_CTLO ACMP_BA+0x00 |R/W [Analog Comparator O Control Register 0x0000_0000
ACMP_STATUS ACMP_BA+0x08 |R/W |Analog Comparator Status Register 0x0000_0000
ACMP_TRGDLY ACMP_BA+0x10 |R/W |Analog Comparator Delay Trigger Mode Dleay Register 0x0000_0000
ACMP_DACVAL ACMP_BA+0x14 R/W |DAC Register 0x0000_0000
ACMP_DACCTL ACMP_BA+0x18 |R/W [DAC Buffer Control Register 0x0000_0000
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6.18.8 Register Description
Analog Comparator 0 Control Reqgister (ACMP_CTLO0)

Register Offset R/W  |Description Reset Value
ACMP_CTLO |ACMP_BA+0x00 R/W  |Analog Comparator 0 Control Register 0x0000_0000
31 30 29 28 27 26 25 24
PRESET CPPSEL Reserved CPNSEL
23 22 21 20 19 18 17 16
NFDIS NFCLKS POLARITY Reserved
15 14 13 12 11 10 9 8
DLYEDGESEL DLYTRGIE DLYTRGEN DLYTRGSOR DLYTRGSEL
7 6 5 4 3 2 1 0
Reserved PBRKSEL EDGESEL ACMPHYSEN ACMPIE ACMPEN
Bits Description

Comparator Result Preset Value
[31] PRESET 0 =0 for ACMPO preset value.
1 =1 for ACMPO preset value.

Comparator Positive Input Select
000 = ACMPO_PO (PB.0).

001 = ACMPO_P1 (PB.1).

010 = ACMPO_P2 (PB.2).

011 = ACMPO_P3 (PC.1).

100 = OP1_O (PE.2).

[30:28] CPPSEL

[27:26] Reserved Reserved.

Comparator Negative Input Select
00 = ACMPO_N (PB.4).

[25:24] CPNSEL 01 = Band_Gap.

10 = DAC1.

11 = DACO.

Disable Comparator Noise Filter
[23] NFDIS 0 = Noise filter Enabled.
1 = Noise filter Disabled.
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Bits Description

Noise Filter Clock Pre-divided Selection

To determine the sampling frequency of the Noise Filter clock
000 = PCLK.

001 = PCLK /2.

010 = PCLK / 4.

011 = PCLK /8.

100 = PCLK/ 16.

101 = PCLK/ 32.

110 = PCLK / 64.

111 = PCLK / 256.

[22:20] NFCLKS

Analog Comparator Polarity Control
[19] POLARITY 0 = Analog Comparator normal output.
1 = Analog Comparator invert output.

[18:16] Reserved Reserved.

PWM Delay Trigger Interrupt Flag Trigger Edge Detection
00 = Interrupt Flag Trigger Edge Disabled.

[15:14] DLYEDGESEL 01 = Rising.

10 = Falling.

11 = Rising/Falling.

Analog Comparator Delay Trigger Mode Interrupt Enable Control
[13] DLYTRGIE 0 = Analog Comparator Delay Trigger Mode Interrupt Disabled.
1 = Analog Comparator Delay Trigger Mode Interrupt Enabled.

Analog Comparator Delay Trigger Mode Enable Control
[12] DLYTRGEN 0 = Analog Comparator Delay Trigger Mode Disabled.
1 = Analog Comparator Delay Trigger Mode Enabled.

Analog Comparator Delay Trigger Mode Trigger Source Selection
00 = EPWM_CHO.

[11:10] DLYTRGSOR 01 = EPWM_CH2.

10 = EPWM_CHA4.

11 = TMR2_MATCH.

Analog Comparator Delay Trigger Mode Trigger Level Selection
00 = Analog Comparator Delay Trigger Mode Trigger Disabled.

[9:8] DLYTRGSEL 01 = High.

10 = Low.

11 = High/Low.
[71 Reserved Reserved.

ACMP to EPWM Brake Selection
[6] PBRKSEL 0 = ACMP Result direct output.
1 = ACMP Delay Trigger Result output.
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Bits Description
Interrupt Flag Trigger Edge Detection
00 = Interrupt Flag Trigger Edge Disabled.
[5:4] EDGESEL 01 = Rising.

10 = Falling.
11 = Rising/Falling.

Comparator0 Hysteresis Enable Control

00 = ACMPO Hysteresis function Disabled (Default).

[3:2] ACMPHYSEN 01 = ACMPO Hysteresis function at comparator0 that the typical range is 20mV.
10 = ACMPO Hysteresis function at comparatorO that the typical range is 90mV.
11 = ACMPO Hysteresis function at comparator0 that the typical range is 150mV.

Comparator Interrupt Enable Control
0 = ACMP interrupt function Disabled.

[1] ACMPIE _ _
1 = ACMP interrupt function Enabled.
Notel: Interrupt is generated if ACMPIE bit is set to “1” after ACMP conversion is finished.
Comparator Enable Control
0 = Comparator Disabled.
[0] ACMPEN

1 = Comparator Enabled.
Note: Comparator output needs to wait 2 us stable time after ACMPEN is set.

October 01, 2021 Page 494 of 522 Rev.0.1



NnUvVoTOoN P \M1249

reliminarx Technical Reference Manual
‘_

Analog Comparator Status Reqgister (ACMP_STATUS)

Register Offset R/W  |Description Reset Value
ACMP_STATUS |ACMP_BA+0x08|R/W |Analog Comparator 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 DLYTRGOO Reserved DLYTRGFO Reserved ACMPOO0 Reserved ACMPFO
Bits Description
[31:8] Reserved Reserved.
[7] Reserved Reserved.
Analog Comparator0 Delay Trigger Mode Comparator Output
[6] DLYTRGOO Synchronized to the APB clock to allow reading by software. Cleared when the comparator,
is disabled (DLYTRGEN = 0).
[5] Reserved Reserved.
Comparator0 Flag
This bit is set by hardware whenever the comparator0 output changes state. This will cause
4l DLYTRGFO an interrupt if DLYTRGIEN set.
Write “1” to clear this bit to 0.
[3] Reserved Reserved.
Comparator0 Output
[2] ACMPOO Synchronized to the APB clock to allow reading by software. Cleared when the comparator
is disabled (ACMPEN = 0).
[1] Reserved Reserved.
Comparator0 Flag
This bit is set by hardware whenever the comparatorO output changes state. This will cause
[0] ACMPFQ . .
an interrupt if ACMPIE set.
Write “1” to clear this bit to 0.
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Analog Comparator Delay Trigger Mode Dleay Register (ACMP _TRGDLY)

Register Offset R/W  [Description Reset Value
éCMP—TRGDL ACMP_BA+0x10 R/W  |Analog Comparator Delay Trigger Mode Dleay 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 DELAY
7 6 5 4 3 2 1 0
DELAY
Bits Description
[31:9] Reserved Reserved.
[8:0] DELAY Analog Comparator Delay Trigger Mode Delay cycle(PCLK*cycle)
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Analog Comparator Digital to Analog Converter Value Register (ACMP_DACVAL)

Register Offset R/W  [Description Reset Value
ﬁCMP—DACVA ACMP_BA+0x14 R/W  |DAC Register 0x0000_0000
31 30 29 28 27 26 25 24
Reserved DAC1
23 22 21 20 19 18 17 16
DAC1
15 14 13 12 11 10 9 8
Reserved DACO
7 6 5 4 3 2 1 0
DACO
Bits Description
[31:28] Reserved Reserved.
DAC1 Referance Voltage (Voo X DAC1[11:0]/4096)
[27:16] DAC1 ACMP_CTL1[25:24] (CPNSEL)=2’'b11, DAC1 use as ACMP negative Input.
When SYS_GPC_MFP[27:24]=5, DACL1 can output referance voltahe from PC.6
[15:12] Reserved Reserved.
DACO Referance Voltage (Vpp x DACO[11:0]/4096)
[11:0] DACO ACMP_CTLO[25:24] (CPNSEL)=2’'b11, DACO use as ACMP negative Input.
When SYS_GPB_MFP[23:20]=4, DACO can output referance voltahe from PB.5
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Analog Comparator Digital to Analog Buffter Control Register (ACMP_DACCTL)

Register Offset R/W  [Description Reset Value
'ﬁCMP—DACCT ACMP_BA+0x18 R/W  |DAC Buffer 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 DAC1BUFEN | DACOBUFEN
Bits Description
[30:2] Reserved Reserved.
DAC1 Output Amplifier Enable Control
[1] DAC1BUFEN 0 = Amplifier Disabled.
1 = Amplifier Enabled.
DACO Output Amplifier Enable Control
[0] DACOBUFEN 0 = Amplifier Disabled.
1 = Amplifier Enabled.
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6.19 OP Amplifier

6.19.1 Overview

The NM1240 series contains a rail-to-rail OP amplifier (OP1) which can be enabled through the
OP1EN bit.

6.19.2 Features

6.19.2.1 OP Features
®  Supports analog input voltage range: 0~ Vop.
®  Rail-to-rail OP amplifier
®  Supports OP1 output as inputs of ADC and ACMP

6.19.3 Block Diagram

6.19.3.17 OP Block Diagram

OP1
>to ADC channel
Enable OP1 OP1EN » OP]"
Amplifier OP_CTL[1] to ACMP input
PE.4/OP1_P +
Av > PE.2/OP1_O
PE.3/OP1_N
OP Amplifier 1

OP1EN: Enable OP Amplifier
0: Disable OP amplifier
1: Enable OP amplifier

Figure 6.19-1 OP Amplifier Block Diagram
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6.19.4 Functional Description

The OP amplifier can be enabled by setting OP1EN (OP_CTL[1]) bit. Refer to Figure 6.19-1 for the
OP1 pin function and OP output is also internally connected to ACMP and ADC channel for voltage
reference or measurement requirement. Set MFP of PE.2 to 6 to enable OP1 analog output
function.

Note: The analog input port pins must be configured as input type before the OP1 function is
enabled.

6.19.4.1 OP Basic Configuration

®  Clock Source Configuration

- Enable OP peripheral clock in OPCKEN (CLK_APBCLK][12])
® Reset Configuration

- Reset OP peripheral in OPRST (SYS_IPRST1[12])
® Pin Configuration

Group Pin Name GPIO MFP
OP1_0O PE.2 MFP6
OP1 OP1_N PE.3 MFP6
OP1_P PE.4 MFP6
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6.19.5 Register Map

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

Register Offset R/W Description Reset Value

OP Base Address:
OP_BA = 0x400F_0000

OP_CTL OP_BA+0x04 R/W OP Amplifier Control Register

0x0000_0000
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6.19.6 Register Description
OP Amplifier Control Register (OP _CTL)

Register Offset R/W Description Reset Value
OP_CTL OP_BA+0x04 R/W OP Amplifier 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 Reserved OP1EN Reserved
Bits Description
[31:2] Reserved Reserved.
Output Amplifierl Enable Control
0 OP1EN 0= Amplfffer Disabled.
1 = Amplifier Enabled.
Note: The OP output needs to wait stable 20pus after OPEN is first set.
[0] Reserved Reserved.

October 01, 2021 Page 502 of 522 Rev.0.1



NnUvVoTOoN

Preliminarx Technical Reference Manual
_

7 ELECTRICAL CHARACTERISTICS
For information on the NM1240 series electrical characteristics, please refer to NuMicro® NM1240

Series Datasheet.

7.1 Absolute Maximum Ratings

NM1240

Symbol Parameter Min Max Unit
Vop— Vss DC Power Supply -0.3 +7.0 \%
Vin Input Voltage Vss-0.3 Vpp +0.3 \
1/tcreL Oscillator Frequency - 24 MHz
Ta Operating Temperature -40 +105 °C
Tst Storage Temperature -55 +150 T
lop Maximum Current into Vpp - 120 mA
Iss Maximum Current out of Vss - 120 mA
Maximum Current sunk by an 1/O pin - 35 mA
Maximum Current sourced by an 1/O pin - 35 mA
o Maximum Current sunk by total /O pins - 300 mA
Maximum Current sourced by total I/O pins - 300 mA

Note: Exposure to conditions beyond those listed under absolute maximum ratings may adversely affects

the life and reliability of the device.
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7.2 DC Electrical Characteristics
(VDD -Vss=22~55V,Ta= 25°C)

Symbol Parameter Min Typ Max |Unit [Test Conditions
. Vpp = 2.2V ~ 5.5V up to 48 MHz
Vob Operation voltage 2.2 - 5.5 \%
Vpp = 3.0V ~ 5.5V up to 60 MHz
Vss Power Ground -0.3 - - Y
Vipbo LDO Output Voltage 15 \%
Vpp = 2.2V ~ 5.5V,
Vie Band-gap Voltage® 1.21 1.23 1.25 |V
Ta = -40°C~105°C
All Digital
Vob EXT_CLK | HIRC Modul
odules
loo Operating Current ) 14.9 ) mA
Normal Run Mode 5.5V X 60 MHz [V
loo HCLK = 60 MHz - 10.3 - |ma |[s5v X |60MHz |x
while(1){}
Iop Executed from Flash - 14.9 - mA 3V X 60 MHz |V
Ioo - 10.3 - mA 3V X 60 MHz X
All Digital
Vbbp EXT_CLK | HIRC Modul
Iop - 10.4 - mA odules
Operating Current
5.5V X 48 MHz \%
Normal Run Mode
loo HCLK = 48 MHz - 7.3 - |ma 5.5V X |48 MHz X
while(1){}
Iob Executed from Flash - 10.4 - mA 3V X 48 MHz \VJ
lop - 7.3 - mA 3V X 48 MHz X
All Digital
Voo EXT_CLK | HIRC Modul
Iop - 5.4 . mA odules
Operating Current
5.5V 24 MHz X \%
Normal Run Mode
Ioo HCLK = 24 MHz - 41 - |ma 55V | 24 MHz X X
while(1){}
lob Executed from Flash - 5.4 - mA 3V 24 MHz X \
Ioo - 4.1 - mA 3V 24 MHz X X
All Digital
39 Vb EXT_CLK | HIRC
oo Operating Current ) : ) mA Modules
Normal Run Mode 5 5v 16 MHz X v
HCLK =16 MHz
Ioo while(1){} - 3.0 - |ma 55V | 16 MHz X X
Executed from Flash
Iob - 3.9 - mA 3V 16 MHz X Y,
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Iop - 3.0 - mA 3V 16 MHz X X
All Digital
Vob EXT_CLK | HIRC Modul
loo - 31 Y odures
Operating Current
5.5V 12 MHz X \%
Normal Run Mode
loo HCLK = 12 MHz - 25 - |ma 55V | 12 MHz X X
while(1){}
lob Executed from Flash - 3.1 - mA 3V 12 MHz X \
oo - 2.4 - mA 3V 12 MHz X X
All Digital
Vob EXT_CLK | HIRC Modul
loo - 15 - |ma odutes
Operating Current
5.5V 4 MHz X \Y
Normal Run Mode
loo HCLK = 4 MHz - 13 - |ma 55V | 4MHz X X
while(1){}
lop Executed from Flash - 1.4 - mA 3V 4 MHz X \
Iop - 1.2 - mA 3V 4 MHz X X
All Digital
Vob EXT_CLK| LIRC Modul
IDD - 184 - HA odules
Operating Current
5.5V 32 KHz \% v
Normal Run Mode
Ioo HCLK = 32 kHz - 182 - |ua 55V | 32KHz v X
while(1){}
loo Executed from Flash - 164 - pA 3V 32 KHz \% vt
Iop - 162 - pA 3V 32 KHz \ X
All Digital
Vob EXT_CLK| LIRC Modul
lop - 178 - HA odules
Operating Current
5.5V X 10 KHz v
Normal Run Mode
Ioo HCLK =10 kHz - 178 - lua 5.5V X 10 KHz X
while(1){}
loo Executed from Flash - 158 - pA 3v X 10 KHz Vi
lop - 158 - HA 3V X 10 KHz X
All Digital
Vob EXT_CLK | HIRC Modul
lowe - 8.3 - |ma odutes
Operating Current 5.5V X v v
Idle Mode
lipLe HCLK= 60 MHz - 36 - mA 5.5V X v X
lioLe - 8.3 - mA 3V X Y, \Y,
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lipLe - 3.6 - mA 3V X \Y X
All Digital
Vop EXT_CLK | HIRC Modul
lipLe - 5.7 - mA odules
_ 5.5V X v Vv
Operating Current
lote Idle Mode i 26 ~ A 5.5V X v X
HCLK= 48 MHz
lipLe - 5.7 - mA 3V X \Y \Y/
lipLe - 2.6 - mA 3V X \Y X
All Digital
Voo EXT_CLK | HIRC Modul
lipLe - 2.9 - mA odules
. 5.5V 24 MHz X \%
Operating Current
ot Idie Mode - 16 - |ma 55V | 24 MHz X X
HCLK =24 MHz
lipLe - 2.9 - mA 3V 24 MHz X \Y/
lipLe - 1.6 - mA 3V 24 MHz X X
All Digital
Vop EXT_CLK | HIRC Modul
lipLe - 2.2 - mA odules
_ 5.5V v X v
Operating Current
lioLe Idie Mode - 1.3 - |ma 5.5V v X X
HCLK =16 MHz
lipLe - 2.1 - mA 3V \Y X \Y
lipLe - 1.3 - mA 3V \Y, X X
All Digital
Vop EXT_CLK | HIRC Modul
lipLe - 1.8 - mA odules
. 5.5V \Y X \Y
Operating Current
lioLe Idie Mode - 11 - |ma 5.5V v X X
HCLK =12 MHz
lipLe - 1.7 - mA 3V \Y; X \Y
lipLe - 1.1 - mA 3V \Y; X X
All Digital
Vop EXT_CLK | HIRC Modul
lipLe - 1.0 - mA odules
Operating Current 5.5V Vv X v
Idle Mode
lioLe HCLK = 4 MHz - 0.8 - |ma 5.5V Vv X X
lipLe - 1.0 - mA 3V \Y; X vV
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lipLe - 0.7 - mA 3V \Y X X
All Digital
Voo EXT_CLK | LIRC Modul
lioLe - 147 - pA odules
. 5.5V X Y, via
Operating Current
lowe Idle Mode i 147 S 5.5V X v X
HCLK =10 kHz
lipLe - 127 - MA 3V X \ Vi
lipLe - 126 - MA 3V X \ X
Vpp = 5.5 V, All oscillators and analog blocks
Ipwo Standby Current - 1 - pA turned off.
Power-down Mode
) ) Vpp = 3 V, All oscillators and analog blocks
lpwo (Deep Sleep Mode) 0.8 A turned off.
Vop =5.5V, 0 < V<V,
Ik Input Leakage Current -1 - +1 pA ee ) ) e
Open-drain or input only mode
v Input Low Voltage (TTL 08 1.42 Y Voo =5.5V
IL1
Input) 0.8 1.08 Voo =33V
v Input High Voltage (TTL 1.42 2.0 Y Voo =55V
IH1
nput) 1.08 2.0 Voo =33V

Negative-going Threshold
VILS 3 - - 0-3VDD V -
(Schmitt Input), NRESET

Positive-going Threshold
Vins . 0.7Vpp - - \Vj -
(Schmitt Input), NRESET

Internal Pull-up Resistor

[3] -
Rue (PA/PB/PC/PDI/PE/PF) 51 kQ Voo =5.0V
Internal Pull-low Resistor
) _
Riow (PA/PB/PC/PDI/PE/PF) 51 kQ Voo =5.0V
Rest Internal NRESET Pin Pull- 48 128 ko Voo = 2.2V ~ 5.5V

up Resistor

Negative-going Threshold
Vis . - - 0.3Vop |V -
(Schmitt input)

Positive-going Threshold

Y, 0.7V - - Y, -
e (Schmitt input) o

Logic 0O |Input Current ) ) _ _

he (Quasi-bidirectional Mode) 63.65 WA Voo =55V, Vin =0V
Logic 1 to O Transition _

I Current - -566.7 - pA Vop=5.5V

ISR - -372 - ],J,A VDD =45 V, V|N =24V
Source Current (Quasi- _ _

lse bidirectional Mode) ( - -76.8 - |sA [Veo=27V,Vn=22V

ISR - -37.3 - ]J,A VDD =22 V, V|N =18V
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Isr - -19.2 - mA Vop=4.5V,Vy=24V
Source Current (Push-pull
lsr MOL(‘;:) urrent (Push-pu - -4 - |mA V=27V, V=22V
Isr - -2 - mA Vop=2.2V,VN=18V
ISK - 12.8 - mA VDD =45 V, V|N =04V
Isk - 8.1 - mA Vop=2.7V,VN=0.4V
Sink Current
PA/PB/PC/PD (Quasi-
bidirectional, Open-Drain
lskas and Push-pull Mode) ) 6 ) mA Voo = 2.2V, Vi = 0.4 V

Notes:
1. Only enable modules, which support 32 kHz EXT_CLK source
2. Only enable modules, which support 10 kHz LIRC clock source.

3. Guaranteed by design, not test in production.
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7.3 AC Electrical Characteristics

7.3.1 External Input Clock

- tCLCL —P

0.7 Vpp
0.3 Vpp——-
teroL
Note: Duty cycle is 50%.

Symbol Parameter Min Typ Max Unit Test Conditions
terex Clock High Time 10 - - ns -
terex Clock Low Time 10 - - ns -
teren Clock Rise Time 2 - 15 ns -
teheL Clock Fall Time 2 - 15 ns -

7.3.2 External Clock Input (EXT_CLK) (up to 24MH2z)

Symbol Parameter Min. Typ. Max  [Unit Test Conditions
VexT cik Operation Voltage 2.2 - 5.5 \% -
Ta Temperature -40 - 105 |C -
Fexr_owk Clock Frequency - - 24  |MHz -

7.3.3 48/60 MHz Internal High Speed RC Oscillator (HIRC)

Symbol Parameter Min Typ Max Unit Test Conditions
Vhre Supply Voltage - 15 - \% -
Center Frequency - 60 - MHz -
TA =25 OC
fiurcoo -1.0 - +1.0 %
Calibrated Internal Vop=4.5V~ 5.5V
Oscillator Frequency Ta =-40C~105C
-25 - 25 %
VDD:3-0 V~55V
Center Frequency - 48 - MHz -
f
FiRCas Calibrated Internal Ta=257T
_ -1.0 - +1.0 |%
Oscillator Frequency Vop =55V
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Ta=-40C~105C
Vpp=2.2V~55V

-2.5 - 25 %

7.3.4 10 KkHz Internal Low Speed RC Oscillator (LIRC)

Symbol Parameter Min Typ Max Unit Test Conditions
Virc Supply Voltage - 1.5V - \%
Center Frequency - 10 - kHz
fire Vop=22V~55V
Oscillator Frequency -5 - +51 Jop ., .,
Ta=-40TC ~ +105C

Notel: These parameters are characterized but not tested.
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7.4 Analog Characteristics

7.4.1 12-bit SAR ADC
(VDD —Vss=25~55V Ja= -40"'1050C)

Symbol Parameter Min Typ Max  [Unit Test Condition
- Resolution - - 12 Bit -

DNL Differential Nonlinearity Error - 2 - LSB Vpp=3.0~55V
INL Integral Nonlinearity Error - +2 - LSB Vpp =3.0~55V
Eo Offset Error - +1 - LSB Vpp=3.0~55V
Ec Gain Error (Transfer Gain) - -1 - LSB Vpp =3.0~55V
Ea Absolute Error - +3 - LSB Vpp =3.0~55V
- Monotonic Guaranteed - -

VDD =3.0~55V

N+1 1/Fanc N is sampling counter,
Taco Acquisition Time (Sample Stage) N=1~1024
300 ns Vpp =3.0~5.5V
Tcony Conversion Time? 800 1000 |[ns Vpp =3.0~5.5V
lopa Operation Current (Avg.) - 1 - mA Vop =55V
Vin Analog Input Voltage 0 - Voo \% -
Ci Input Capacitance? - 1.6 - pF -

Note:

1. ADC voltage reference is same with Vpp .

2. It's for sample and hold. The maximum value depends on process variation. Basically, the variation of
Civ is less than about 10% of typical value.

3. Guaranteed by design, not test in production. The conversion time is upto auto-completion of analog
comparison in ADC IP and the typical value is about 800ns at Vpop = 5V.
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Er (Full scale error) = Eq + Eg
Gain Error  Offset Error
A
0F- ———————-"-"-—"—— —_— - — - —————
4094
4093
4092
7 L Ideal transfer curve
6
ADC y
output S 7/ 7 Actual transfer curve
code )2 V4
4 - S e
s /
3 L ~ /s /
Y /s /
2 + DNL
/
y [ |
1 F 1LSB
/s
[ | | | | [ | | | | >
|<_>| . 4095
Analog input voltage
Offset Error LSB)
Eo (
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7.4.2 12-bit SAR DAC
(Vop—Vss =2.5~5.5V ,Ta=-40~105°C)

Symbol Parameter Min Typ Max  [Unit Test Condition
- Resolution - - 12 Bit -

DNL Differential Nonlinearity Error - +4 - LSB Vpp =5V

INL Integral Nonlinearity Error - +3 - LSB Vpp =5V

Eo Offset Error - 3 - LSB Vpp =5V

Es Gain Error (Transfer Gain) - 3 - LSB Vpp =5V

Iopa Operation Current (Avg.) - 100 - uA Vpp =5V

Vout Analog output Voltage 0 - Voo |V -

Note:

1.  DAC voltage reference is the same with Vop.

Er (Full scale error ) = Eg + Eg
Gain Error  Offset Error
A Eg Eo
409 T T TT T T/ T/ T/ T/ T/ r/— - / = T7 " 7
/
4094 [~
4093 [~
4002 [~
7 F Ideal transfer curve
6
DAC
input 5 Y 7 7 Actual transfer curve
code 7 7
- / M.
4 % s
/|7 /
3 VAV V7
N7 Ve
2 7 #~ DNL
i 47 1
1 (/ £ 1LSB
A /
[ | | | | L | | | | >
Anal tput volt 409
nalog output voltage
Of‘fseé:rror (LSB)
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7.4.3 DAC Output buffer
(Vop—Vss =2.5~5.5V ,Ta =-40~105°C)

Parameter Min Typ Max Unit Test Condition

Input offset voltage - 2 5 mV

Output swing 0.1 - VvDD-0.1 |V

Input common mode range 0.1 - VDD-0.1 |V

DC gain - 80 - dB

Slew rate 3.0 - - Vius \(/{%:ASDV: EBSAD =33K,

Output Current 3 mA Vpp - 0.3 -~ Vss+ 0.3,
Vpp = 3~5V

Power consumption 200 UA Vpp = 5V
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744 LDO & Power Management
(VDD - Vss =22~55V ,TA = -40"'1050C)

Symbol Parameter Min Typ Max Unit Test Condition

Vipo Output Voltage 1.35 15 1.65 \% -

Notes:

It is recommended a 0.1pF bypass capacitor is connected between Vop and the closest Vss pin of the device.

7.4.5 Brown-out Detector
(Vob—Vss=0~5.5V ,Ta =-40~105°C)

Symbol Parameter Min Typ Max Unit Test Condition

Veop Brown-out Hysteresis 30 100 150 mV
4.15 4.3 4.45 \% BOV_VL [2:0]=7
3.85 4.0 415 |V BOV_VL [2:0] =6
3.55 3.7 385 |V BOV_VL [2:0] =5
2.85 3.0 315 |V BOV_VL [2:0] = 4

Vsop Brown-out Detector
2.55 2.7 285 |V BOV_VL [2:0] =3
2.3 2.4 25 \Y BOV_VL [2:0] =2
21 2.2 2.3 \Y BOV_VL [2:0]=1
1.9 2.0 21 \Y BOV_VL [2:0]=0

7.4.6 Power-on Reset

(Voo —Vss =0~5.5V, Ta =-40~105°C)

Symbol Parameter Min Typ Max Unit Test Condition

Veor Threshold Voltage 1.60 1.75 1.90 \% -

VLvRLPM Threshold Voltage(Low Power) 1.3 1.6 2.1 \% -

7.4.7 LVR Reset

(VDD — Vss =0~55 V, TA = -40’*105°C)

Symbol Parameter Min Typ Max Unit Test Condition

Vivr Threshold Voltage(high->low) 1.7 1.9 2.1 \% -

VLVRHYS Hysteresis Voltage - - 100 |mV
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7.4.8 Comparator
(Vob—Vss =2.2~5.5V, Ta =-40~105°C)

Symbol Parameter Min Typ Max Unit Test Condition
Vorr Input Offset Voltage +10 mV -
Vsw Output Swing 0 - Voo \% -
Vcom Input Common Mode Range 0.1 - Vop— 0.1 |V -
- DC Gain! - 60 - dB -
Trab Propagation Delay - 200 - ns
Viys Hysteresis 10 20 30 mV ACMPHYSEN = 01
Viys Hysteresis 60 90 120 mV ACMPHYSEN = 10
Vhys Hysteresis 95 150 200 mV ACMPHYSEN =11
Tsts Stable time - 1.06 - us

Notes:

Guaranteed by design, not test in production.

7.4.9 OP Amplifier
(Vop - Vss =2.2 ~5.5V ,Ta =-40~105°C)

Parameter Min Typ Max Unit Test Condition
Input offset voltage - 2 5 mV
Output swing 0.1 - VvDD-0.1 [V
Input common mode range 0.1 - VvDD-0.1 [V
DC gain - 80 - dB
PSRR+ - 90 - dB VDD=5V
CMRR - 90 - dB VDD=5V
Stew rate o | - - v [DD=5v, RLOAD=S3K
Wake up time - - 1 us

20 mV Vpp =5.5, RL=10K
Maximum output voltage swing from rail

100 mV Vpp =5.5, RL=2K
Open-loop output implement 200 ohm Vpp =5, f=10MHz
Close-loop output implement 95 ohm Vpp =5, f=10MHz
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7.4.10 Temperature Sensor
(Vop - Vss =2.2 ~5.5V ,Ta =-40~105°C)

Symbol Parameter Min Typ Max Unit Test Condition
TA Temperature -40 - 105 T
Gain?, - -1.81 - mvV/C
Offset 12 - 715 - mvV TA=0TC
Note:

1. The temperature sensor formula for the output voltage (Vtemp) is list as below equation.
Vtemp (mV) = Gain (mV/°C) x Temperature (‘C) + Offset (mV)
2. The Gain and Offset may have some drift for different chips. Register SYS_TSOFFSET is a reference
data measured by ADC in factory test.

7.4.11 ESD Characteristics

Symbol Ratings Condition Package Maximum Value Unit
Electrostatic discharge 6000 v
(Human body mode)
VEesp TA=+257C LQFP 48
Electrostatic discharge
(Charged Device mode) 500 v
7.4.12 EFT Characteristics
Condition
Symbol Package Pass Level Unit
Fsys
HIRC LQFP 48 +/- 4000 Vv
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7.5 Flash DC Electrical Characteristics

Symbol Parameter Min Typ Max Unit Test Condition
Ve Supply Voltage 1.35 1.5 1.65 \Y

Nenour Endurance 20,000 - - cyclest!

Trer Data Retention 10 - - year Ta=85C

Terase Sector Erase Time - 5 ms

Trroc Program Time - 5 6.5 us Per Byte

loo1 Read Current - 4 5.5 mA @50MHz

Iop2 Program Current - - 3.5 mA

Iops Erase Current - - 2 mA

Notes:

1. Number of program/erase cycles.
2. Vriais source from chip LDO output voltage.

Guaranteed by design, not test in production.
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8 PACKAGE DIMENSIONS

8.1 48-Pin LQFP (7mm x 7mm)

L0000 0000L B
L | |
— | —
e -
[ . Hm— =
— | —
=i = ]
T TTD I &

e

misjaiainsnsnsnimpl L

COTROL DIMENSIONS ARE IN MILLIMETERS.

MILLIMETER INCH
SYMBOL

MIN. | NOM.| MAX. | MIN. | NOM.| MAX.

A —_— — | 1.60 | — — |0.063

A1 0.05 | 0.10 | 0.15]0.002|0.004|0.006
A2 | 1.35| 1.40 | 1.45|0.053|0.055|0.057

D1 |6.90| 7.00 | 7.10 |0.272|0.276|0.280

E1 |6.90 | 7.00 | 7.10 |0.272|0.276{0.280
0.35 | 0.50 |0.65 [0.014(0.020|0.026

e

D 8.9 9.00 [9.10 10.3500.354 |0.358
= 8.9 9.00 | 9.10 [0.350|0.354 |0.358
L 0.45 | 0.60| 0.75|0.018]0.024| 0.030

L1 | — | 1.00 — | — [0.039] —
C 0.09 | — | 0.20 p.004 — |0.0079
6 o — 7| o — 7

b 0.17 1 0.22 | 0.27 |0.007 [0.0087|0.011
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8.2 48-Pin QFN (7mm x 7mm)

TOP VIEW BOTTOM VIEW
D D2
48 37 37 48
NN RRRRIIRRRRRRRRN
1 36 36 — 1
- -
- PINT | FIDUCIAL -
- LA = o
] =
- -
L‘_‘ (\‘
L ] ]
] O
- -
- -
- -
12 25 % O
ANNONONO000 !
13 24 241 I 13
e b
Controlling Dimension :Millimeters
Dimension in mm Dimension in inch
SYMBOL
MIN. | NOM. | MAX. | MIN, | NOM. | MaX. A
A 061 | 066 | 070 | 0024 | 0026 | 0028
AL 0 002 | 005 | O 0001 | 0.002 % i ! ]
A3 0127 REF 0005 REF JEATING PLANE
b o18 | oes [030 | 0007 | oo [ oo Al
D 7.00 BSC 0276 BSC AS
D2 225 | 470 [ 525 | 0089 | 0185 [ 0207
E 7.00 BSC 0276 BSC
£2 225 | 470 [ses5 | o00s9 | 0185 [ 0207
e 050 BSC 0020 BSC
L 030 | 040 [0s0 [ ooz | oo | 000
y 008 0.003
*D2,*E2 :By die size difference
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8.3 33-pin QFN33 (4 mm x 4 mm)

| D2 C0.35%45"
1
| 32
U UUUUU]
| N W [
e ~ ~ N g — (=
& — I (-
! B _ _ L
) (- o
- I (-
1 o -
17[A _€|1
nonnang
D L s K
r
L
Symbol Min MNom Max
Total Thickness A 0.7 0.75 0.8
Stand Off Al 0.0 0.02 0.05 s
L/F Thickness A3 0.2 REF. s
Lead Width b 0.15 0.20 0.25 "
Bod s ) 4.00 8SC o ¥
ecveee E 4.00 BSC EE
Lead Pitch e 0.40 BSC = =
Lead Length L 0.35 0.4 0.45 % ch
K 0.2 - —
Dimension in mm
Symbol FSIZE
ymbo o MIN. NOR. MAX.
D2 2.6 2.7 275
114X114
£2 mM—%s 27 275
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9 REVISION HISTORY

Date Revision Description
2020.06.30 0.1 Preliminary version
Add a note “To be defined by the final test” in 7.4.1
2020.07.22 0.1
Modify LQFP-48 pinl as NC
2020.08.06 0.1 1. Remove continuous mode from ADC.
2020.08.10 0.1 1. Modify DC/AC Spec.
2020.08.17 0.1 1. Add the DAC electrical characteristic.
1. Modify GDMA in Features
2020.09.03 0.1
2. Modify GDMA control register (GDMA_CTL)
2020.09.28 0.1 1. Modify the 1000ns to 800ns in the note of section 7.4.1 12-bit SAR ADC
2020.10.20 0.1 1. Remove the redundant bit PORTDIR from register USPI_TXDAT.
1. Remove the parts of NM1243 series.
2. Correct the typo from 16.8uS to 50.6uS in Figure 6.2-1 System Reset Resources
2020.12.08 0.1 3. Update the Figure 6.2-4 Low Voltage Reset (LVR) Waveform
4. Modify the description of ACKIEN and NACKIEN in register UI2C_PROTIEN.
5. Modify the description of ACKIF and NACKIF in register UI2C_PROTSTS.
2021.03.10 o1 1. Correct the typo from ADC_SW_CTL to ADC_CW_CTL in Figure 6.17-1 ADC Control Block Diagram
o ' 2. Correct the typo from UI2C_PROTCTL.intEN to UI2C_PROTIEN.IntEN in register UI2C_PROTSTS
1. Update the ESD and EFT characteristics
2021.10.01 0.1 . L . .
2. Update Figure 6.4-2 Flash Memory Organization and Figure 6.4-4 SPROM Security Mode

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.

Please 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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