NnUvoToN NPCA120 Audio Enhancing Engine
_

NPCA120
Datasheet

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

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

All data and specifications are subject to change without notice.

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

Www.nuvoton.com

May. 27, 2020 Page 1 of 34 Rev1.14


http://www.nuvoton.com/

NnUvoToN NPCA120 Audio Enhancing Engine
—

TABLE OF CONTENTS

1 GENERAL DESCRIPTION L.uiiiiiiiiiisssssssnnssssssssssssnssssssssssssssssssssnnns 6
2 N 0 7
2.1 ST 0] 0= = 7
2.2 AUdIO ENNANCEMENT. .. ittt eeas 7
2.3 Power Supply & TEMPEIaAtUIe .....uiiueiiiireiiie i ranenans 7
2.4 PACKAGE « vttt s 7
3 PARTS INFORMATION LIST AND PIN CONFIGURATION ...cciviiiiiiinnnnnnnns 8
3.1 (@00 =T 0o T 1) 0] 110> o o S 8
3.2 T T @0 1116 11 =1 1o o 9
3.21  LQFP64 (7X7 MM) PiN Diagram ..u.eeiseiseisenineissnsinesssesnesaesssssssaesaesanes 9
3.2.2  QFNA48 (6X6 Mm) Pin DIAQram ..oueieisiiiiiiisiiiisisesieiersssnssnssassnssnssaanens 10

3.3 PN DESCIIPLION 11 utiseise it s 11
4 BLOCK DIAGRAM ...t sss s s s naa s s s s saaaa s s s e annnnes 14
4.1 NPCAL120 BlOCK DIiagram .. .uesssesiiusssnnseinnsssinessinesiansssansssinsssansssnnesss 14
5 FUNCTION DESCIPTION .ttuuiiiiiiiieitinnssssssssssnsssssssssssssssssssssssnsnnns 15
51 0 15
5.1.1  Power DiStribDULION ...viieiiiiiiiiiii s 15

5.2 L4 0] 16
LS N © V= V= 16
S0 O (o o] ST 0T | o 16

5.3 2 ettt e e 17
53.1 (O 10T QT P 17
5.3.2 T2 1L =S 17
LT TR T o @ T 1= - oo 17

54 L] 19
54.1 (O YT T P 19
54.2 T2 1L ] =S 19

5.5 L2 ettt e 20
LSS T N O L= V= 20
5.5.2 T2 1L ] =S 20

6 ELECTRICAL CHARACTERISTICS .ottt i inse s s s e e 21
6.1 Absolute Maximum RaAtiNGS ...vvuueeiirieiiieiiineisisessiessansssansesannsssanessaneess 21
6.1.1  Voltage CharaCteriStiCS «..uuueiiueeiiiteeiiite st r e s aae s s aae s aanassaanaesanneeanns 21

May. 27, 2020 Page 2 of 34 Rev1.14



NnUvVOoOTON

NPCA120 Audio Enhancing Engine
_

6.1.2  Current CharaCteriStiCS ...uiuiiiriiiei i e e s e raasrae s ranerane s 21
6.1.3 Thermal CharaCteriStICS . .uvuieii it s e ssaaesaanrssaaneeaanneeanns 21
6.1.4 Electrostatic Discharge (ESD) RatiNGS «..uvvieeiisiriiniinniins i 21

6.2 General Operating CoNAItiONS ....vveeiieeiiieiiies i s raneesaanesraeeaanneanns 22
6.3 DC Electrical CharaCteriStiCS . ..uuueiietrireritereineiineraneraesrnessesanesnnssnnesness 23
6.4 AC Electrical CharaCteriStiCS ..uuuureeiriiiressiiinresiaasrresssaainresssanrresiaannnes 24
6.4.1 External High Speed Crystal (HXT) CharacteriStiCS......uvvuviiuiiiniriiiriiiinineinnea. 24
6.4.2 Internal High Speed RC Oscillator (HIRC) CharacteristiCS......cvviveviiiineiiinniiinnnnnns 25

6.5 ANAlOg CharaCteriStiCS uuuiseiiinie it i et rae e rae e saeesanesannesanneaanneens 26
6.5.1 01V =T o T (TS -1 P 26

6.6 [2C Dynamic CharaCteriStiCS ...uuvuuuuiuiesersiseneeneneesssensneneneaesssseneneneannnns 27
6.7 12S DYNaMIC CharaCteriStiCS. .. uuuueisserseeinsnestenereneseneeneaesiersrnennanennanes 28

7 APPLICATION CIRCUIT 1ttittiiiississssssassssssssssnnsssssssssssssssssssssssnnnns 30
8 PACKAGE DIMENSIONS ..tiiiiiiiiiiiiiiis s sssnssnsss s s sssnnnnnnsssssssnnnnnns 31
8.1 64-Pin LQFP (7x7x1.4 mm?2 footprint 2.0 MM) ....uvuiieieieiiiiieienenevaeaeeneene 31
8.2 48-Pin QFN (6x6X0.8 MM Pitch 0.4 MM) . .uiuiieiriiiiieieie e ieneeeeaenenens 32
9 REVISION HISTORY L .iiiiiiiiiiiii i ssss s s s sesnnnasss s s s ssannassssessnnnnnnns 33

May. 27, 2020 Page 3 of 34 Rev1.14



NnUvoToN NPCA120 Audio Enhancing Engine
_

List of Figure

Figure 3.2-1 64-Pin LQFPB4 PACKAQE .......uuuiiiieeiiiiiiiiiii e e e e cietee et e e e e e ssaee e e e e s e ssntnaee e e e e e s s snnnnnneees 9
Figure 3.2-2 48-Pin QFN48 Package (IN DeVElOPiNg) ......coovcuviiireeee i et e e e e snvaeee s 10
Figure 4.1-1 NPCAL120 BIOCK DIGQIam .......ceeieeiiiiiiiiieeeeeeiesiiiieeeeee e e sssisiaeee e s e s s ssnsssaeseesesssnnssnnsnes 14
Figure 5.2-1 Clock diagram Of NPCAL20......cccuuuiiiiiiiiieiiiie ettt 16
FIgure 5.3-1 12S STANAAIT......coiuiiiiiiie ittt sttt sttt st e e bt e e sbe e e s bee e snbeeeanes 17
Figure 5.3-2 12S Left-JUSHIIRO. .......ueii ittt bbb 17
Figure 5.3-3 1S RIGht-JUSHIfIEA .......eoiiiiiiiie e 18
FIgure 5.3-4 PCM STANUAIT .......ooiiiiiiiieiiiiie ettt et e s anb e e enbe e e e e e 18
Figure 5.3-5 PCM Left-JUSHIFIEU ....couueiiiiiiiiieie et 18
Figure 5.3-6 PCM Right-Justified ... 18
Figure 6.4.1-1 External High Speed Crystal Timing Diagram.............cccooeeeiiiiie, 24
Figure 6.4.1-2 HXT Typical Crystal Application CirCUit.............cceoeeeeiiii e, 24
Figure 6.5-1 Power-on Reset ConditioN...........coooiiiiiiii i 26
Figure 6.6-1 12C Timing DIAQIam ........oeiiiiiiieeiiiiee ettt s et e e e et e e e et e e e e eabe e e e ebbe e e e seabeeeeenbeeeeeenseas 27
Figure 6.7-1 12S Master Mode Timing Diagram........c..eeciiiiieeiiiieeeeeiiiee e eeree e e eervee e e eearee e e s ereeeeeenenes 29
Figure 6.7-2 I2S Slave Mode Timing Diagram..........cc.eeiieriiiieiiiee et 29
Figure 7-1 APPlICAtiON CIFCUIL........oiiueiiiiiiiiiie ittt e e e 30
Figure 8.1-1 64-Pin LQFP DIMENSION ......uviiiiiiiiiie ittt 31
Figure 8.2-1 48-Pin QFN DiMENSION ..ottt 32

May. 27, 2020 Page 4 of 34 Rev1.14



NnUvoToN NPCA120 Audio Enhancing Engine
_

List of Tables

Table 3.1-1 Ordering INfOrMALION ..........eeiiiiiii i e e e s st e e e e s e s rnrnrreeeaaeees 8
Table 3.3-1 PiN DESCHPION ....iiiii ittt e s e e e e e s s s e e e e e e e s s aatn e e e e e eeeesanrnraneeeaeaeas 13
Table 6.1.1-1 Voltage CharaCteriStCS .. .uuuiieiiiiiiiiiieeee e seccirir e e e e s s e e e e e s e e e e e e s nnrnraeeeaeeaen 21
Table 6.1.2-1 CUrrent CRAraCteriSTICS ......ccuiurrieiiiieee ittt ettt et e e sb e e e e sbneeaeanes 21
Table 6.1.3-1 Thermal CharaCteriStCS .........uuiiiiiiiiie e 21
Table 6.1.4-1 Electrostatic Discharge (ESD) RAINGS ........ocuviiiiiiiiieeiiieee et 21
Table 6.2-1 General Operating CONAItIONS .........cuuiiiiiiiiie i e e 22
Table 6.3-1 DC Electrical CharacCteriStiCs ..........ccuuiiiiiiiiee ettt 23
Table 6.4.1-1 External High Speed Clock Input CharacteristiCS..........evvveriiiiiiiiiiieeeee e 24
Table 6.4.2-1 Internal High Speed RC Oscillator (HIRC) CharacteristiCS............uuuvvrererereeeveeennnnnns 25
Table 6.5.1-1 Power-on Reset CharacCteriStiCS ...........civiiiiiieieiiiieee e 26
Table 6.6-1 12C Dynamic CharaCteriStCS .........cciiuuiiiiiiiiee et cctie et etre et e e etbe e e e s saaeea e 27
Table 6.7-1 12S Dynamic CharacCteriStiCS ..........cccuiieiiiieeeeiitieee e ettt e e et e e e st e e e etre e e e s erreeeesebaeeaeaaes 28

May. 27, 2020 Page 5 of 34 Rev1.14



NnUvoToN NPCA120 Audio Enhancing Engine
_

1 GENERAL DESCRIPTION

The Nuvoton NPCA120 is a member of Nuvoton’s Sound Enhancing family optimized for portable
devices such as docking stations for Mobile phone, Multi-Media speakers, PC monitor speakers
and Boom boxes.

The NPCA120 integrates Bongiovi sound enhancement algorithms. These are proprietary,
patented, psychoacoustic algorithms that compensate for the acoustic limitations of small CE
devices. The Bongiovi algorithms enable reproduction of rich content, with a wide dynamic range
and a full frequency range, on a limited audio system.

The NPCA120 is also equipped with a variety of peripheral devices, such as I2C, I°S, USB, Low
voltage reset and Brown-out Detector.

The NPCA120 is suitable for a wide range of applications such as:
T.V. Speaker

Monitor Speaker

Boombox

Soundbar

Multi-Media Speker

Docking Station
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2 FEATURES

2.1 Peripherals
® |25

- Supports two 12S interface

- Interface with external audio CODEC

- Supports Master and Slave mode

- Support two sample rate, 48KHz or 44.1KHz, with external crystal.

- Capable of handling 16-bit, 24-bit and 32-bit word sizes

- Mono and stereo audio data

- I2S protocols: Philips standard, MSB-justified, and LSB-justified data format
- PCM protocols: PCM standard, MSB-justified, and LSB-justified data format

- Compliant with USB 2.0 Full-Speed specification
- Supports Isochronous transfer
- Supports power saving mode when system enter suspend

- Supports Slave mode with 4 address selection.

- Supports Standard mode (100 kbps), Fast mode (400 kbps) and Fast mode plus (1
Mbps)

- Serial clock synchronization allows devices with different bit rates to communicate via
one serial bus

® Clock

- External high speed crystal oscillator for precise timing operation.

® Built-in LDO for wide operating voltage range

2.2 Audio Enhancement

Bongiovi Algorithm Inside

Bongiovi AGC

Bongiovi Multi-Band DRC

Bongiovi Limiter with look-ahead
Bongiovi Dynamic Stereo Enhancement
Bongiovi Virtual Bass

CRCECNON R

2.3 Power Supply & Temperature
® Operating Voltage: 1.62t0 3.6 V

® Operating Temperature: -40°C~85°C

2.4 Package
® LQFP 64-pin (7x7 mm)
® QFN 48-pin (6x6 mm) —in developing
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3 PARTS INFORMATION LIST AND PIN CONFIGURATION

3.1 Ordering Information

PART NUMBER FEATURE PACKAGE
NPCA120DD01 Standard LQFP64
NPCA120DY02 Standard QFN48

Table 3.1-1 Ordering Information
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3.2 Pin Configuration

3.2.1 LQFP64 (7x7 mm) Pin Diagram
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Figure 3.2-1 64-Pin LQFP64 Package
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3.3

Pin Description

Note: Pin Type I=Digital Input, O = Digital Output; A = Analog Pin; P = Power Pin;

Pins
LQFP64 QFN48 Pin Name Type Description
(7x7) (6x6)
1 NC - No connection.
2 24 NC - No connection.
3 3 NC - No connection.
4 4 NC - No connection.
5 5 NC - No connection.
6 6 nRESET :Ee);t::r:(e)lli;ﬁis;tsirap;g: active LOW, with an internal pull-up. Set this pin low
7 7 XT1_OUT | External 12.288 MHz (high speed) crystal output pin.
8 8 XT1_IN | External 12.288 MHz (high speed) crystal input pin.
9 NC - No connection.
10 NC - No connection.
11 NC - No connection.
19 9 LDO CAP P LDO outPut Pin. . .
- Note: This pin needs to be connected with a 1uF capacitor.
13 10 VSS P Ground pin for digital circuit.
14 11 AVSS P Ground pin for analog circuit.
15 12 VDD P P_owgr supply for I/0O ports and LDO source for internal PLL and digital
circuit.
16 13 AVDD P Power supply for internal analog circuit.
17 14 NC - No connection.
18 15 NC - No connection.
19 16 NC - No connection.
20 17 NC - No connection.
21 18 NC - No connection.
22 NC - No connection.

May. 27, 2020
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Pins
LQFP64 QFN48 Pin Name Type Description
(7x7) (6x6)
23 NC - No connection.
24 NC - No connection.
25 NC - No connection.
26 NC - No connection.
27 NC - No connection.
28 NC - No connection.
29 NC - No connection.
30 NC - No connection.
31 NC - No connection.
32 19 USB_VDD33 P Power supply for USB DC 3.3V
33 20 USB_VBUS P Power supply from USB or HUB.
34 21 USB_D- A USB differential signal D-.
35 22 USB_D+ A USB differential signal D+.
36 1 12C_SCL 110 12C clock pin.
37 2 12C_SDA 110 12C data input/output pin.
38 25 12S0_MCLK (0] 12S0 master clock output pin.
39 26 12S0_LRCK 110 12S0 left right channel clock pin.
40 27 12S0_DI | 12S0 data input pin.
41 28 12S0_DO (0] 12S0 data output pin.
42 23 12S0_BCLK I/0  [12S0 Bit Clock pin.
43 NC - No connection.
44 29 ICE_CLK | Serial wired debugger clock pin
45 30 ICE_DAT 1/0 | Serial wired debugger data pin
46 NC - No connection.
47 31 NC - No connection.
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Pins
LQFP64 QFN48 Pin Name Type Description
(7x7) (6x6)
48 32 NC - No connection.
49 33 NC - No connection.
50 34 NC - No connection.
51 35 NC - No connection.
52 36 NC - No connection.
53 37 NC - No connection.
54 38 NC - No connection.
55 39 NC - No connection.
56 40 12S1_DI | 12S1 data input pin.
57 41 1281_DO O 1281 data output pin.
58 42 12S1_LRCK 110 12S1 left right channel clock pin.
59 43 1281_BCLK 1/10  [12S1 Bit Clock pin.
60 44 NC - No connection.
61 45 12S1_MCLK (0] 1281 master clock output pin.
62 46 NC - No connection.
63 47 NC - No connection.
B Igorithm.
64 8 BP i N::Ft)::s'ls'hailsg;irr: n:eds to be connected to VDD with a 10K resistor.

Table 3.3-1 Pin Description
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4 BLOCK DIAGRAM

4.1 NPCA120 Block Diagram

USB Din -
> \
1250 Din » wo Audio Engine | Stereo -
1281 Di Processing - \ USB Dout
in . L. -
- - >»| omu »| ocu >
Sub /
/
. L. - \
- Bypass - 1250 Dout
- »| mB IGB »| omo »| oGo »>
\ » - /
> Ll /
h—)
1251 Dout
—————————— Oom1
h—)

Figure 4.1-1 NPCA120 Block Diagram
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5 FUNCTION DESCIPTION

51 Power

5.1.1 Power Distribution

NPCA120 power distribution is divided into:

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

® Digital power from Vop and Vss : supplies the power to the internal regulator which provides
a regulated 1.2 V power for digital operation.

®  USB transceiver power from USB_Vbpss offers the power for operating the USB transceiver.

Analog power (AVpbp) should be at the same voltage level as digital power (Vop).

Both power supplies should have decoupling capacitors placed as close as possible to pins

preferably with no via.

The outputs of internal voltage regulator, LDO_CAP, requires an external capacitor which should

be located close to LDO_CAP pin and returned directly to Vss.

May. 27, 2020 Page 15 of 34 Rev1.14
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5.2 Clock

5.2.1 Overview

The clock diagram included processor and system clock, USB clock, 12S0 clock and 12S1 clock.
The clock diagram also implements the power control function with the individually clock ON/OFF
control, clock source selection and a clock divider. The Figure 5.2-1 shows the clock diagram and
the overview of the clock source control.

—_—
HXT PLL \\Mux Processor and
> System | System clock
HIRC Clock p———p
Divider
|~
N\ Mux
USB Clock USB clock
Divider
\ -
N\ Mux
1250 12S0 clock
Clock ———
Divider
e
N\ Mux
1251 1251 clock
Clock p——»
Divider
|~

Figure 5.2-1 Clock diagram of NPCA120

5.2.2 Clock Source
Two clock sources can be used to drive all the internal clocks:
® 4~24.576 MHz external high speed crystal oscillator (HXT)

® Programmable PLL output clock frequency (PLLFOUT), PLL source can be selected from
external 4~24.576 MHz external high speed crystal (HXT) or internal high speed oscillator
(HIRC)

May. 27, 2020 Page 16 of 34 Rev1.14
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53 I°S

5.3.1 Overview
The I2S bus consists of I2S protocol to interface with external audio CODEC. Two 16-level depth
FIFO for reading path and writing path respectively and is capable of handling 16/24/32 bits audio
data sizes.

5.3.2 Features

Support Master mode and Slave mode

Capable of handling 16, 24 and 32 bits data sizes in each audio channel

Supports monaural and stereo audio data

Supports I12S protocols: Philips standard, MSB-justified, and LSB-justified data format

Supports PCM protocols: PCM standard, MSB-justified, and LSB-justified data format

Provides two 16-level FIFO data buffers, one for transmitting and the other for receiving

5.3.3 I2S Operation

The I2S bus supports different data format, I2S standard, 12S Left-Justified, I12S Right-Justified, PCM
standard, PCM Left-Justified and PCM Right-Justified.

12S_BCLK

12S5_LRCLK / \

(1
1T

tebo el TTTT T TN T T b 11T

——Data width——pi——Data width———
Left channel

Left channel of frame N Right channel of frame N of frame N+1

Figure 5.3-1 I°S Standard

12S_BCLK Mmmm

(| 1
1T )

12S_LRCLK .\ \
12S DI/ n i iy |
pepo _ el o e feed ool o o]
- 1l T 1T H T
€——Data widih——) €——Data width——p
) Left channel
Left channel of frame N Right channel of frame N of frame N+1

Figure 5.3-2 I?S Left-Justified
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12S_LRCLK ( -\
{( | \ ( 10
IZS_DI / Red'ilndant K Red)undant K Reél'mdant

12S DO Ze‘rp Pad MSBX o N XLSB \ Zer‘o Pad MSBX o N XLSB ( Zero Pad XMS%

—_ T 1Al T 1Al T

‘@———Data width———p»! ‘€——Data width———p»

) Left channel
Left channel of frame N Right channel of frame N of frame N+1

Figure 5.3-3 I2S Right-Justified

12S_LRCLK /_\ """""""""""" \ /_V ...............

12S_DI/ 1

pete P T T T T T T b 1T

{
1Al

—— Data width———pi€——Data width———— P

Left channel
Left channel of frame N

of frame N+1

Right channel of frame N

Figure 5.3-4 PCM Standard

S

12S_LRCLK .\ \ '_\
(" ( (| : '(
IZS_Dl / eee K Rec'iundant X " X I Red'undant %
|28_DO MSBX ‘ XLSB \_Ze"rxo pad MSB] LSB MS

. Ze[o Pad
) H T

i ——Data width———p» ——Data width——p»

) Left channel
Right channel of frame N of frame N+1

Left channel of frame N

Figure 5.3-5 PCM Left-Justified

TR W S

I
12S_DI / ) )

{ {( 1
T )T v T 1]
Redundant Redundant Redundant
MSBX XLSB MSBX b XLSB MSEX
Zero Pad Zero Pad Zero Pad
12S_DO \ ) " X : " ! X
‘€«—Data width——p}
Left channel of frame N

‘€—Data width———p»

) Left channel
Right channel of frame N of frame N+1

Figure 5.3-6 PCM Right-Justified
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54 USB

5.4.1 Overview

There is one set of USB 2.0 full-speed device controller and transceiver in this device. It is compliant
with USB 2.0 full-speed device specification and supports isochronous transfer types.

For more information on the Universal Serial Bus, please refer to Universal Serial Bus Specification
Revision 1.1.

54.2 Features
®  Compliant with USB 2.0 Full-Speed specification

®  Supports Isochronous transfer type

®  Supports power saving mode when system enter suspend
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55 I°C

5.5.1 Overview

I2C is a two-wire, bi-directional serial bus that provides a simple and efficient method of data
exchange between devices. The NPCA120 device provides an I12C controller which can function as
slave, support up to 1Mbs transfer rate.

5.5.2 Features

The NPCA120 12C module supports the following features:

Salve mode operation
Supports Standard mode (100 kbps), Fast mode (400 kbps) and Fast mode plus (1 Mbps)

Serial clock synchronization allow devices with different bit rates to communicate via one
serial bus

®  Serial clock synchronization used as a handshake mechanism to suspend and resume serial
transfer

®  Built-in 14-bit time-out counter requesting the I2C interrupt if the 12C bus hangs up and timer-
out counter overflows

Programmable clocks allow for versatile rate control
7-bit addressing mode

Support four slave address for selection, 0x40 or 0x42 or 0x44 or 0x46.

Power-down wake-up function
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6 ELECTRICAL CHARACTERISTICS
6.1 Absolute Maximum Ratings

6.1.1 Voltage Characteristics

Symbol Parameter Min Max Unit
Vop— Vss DC Power Supply -0.3 +3.6 \%
Vin Input Voltage Vss- 0.3 Vpp + 0.3 Y
Voo - AVpp| | Allowed voltage difference for Vpp and AVpp 50 mV
|Vss — AVss| | Allowed voltage difference for Vss and AVss 50 mV
Note:

1. Exposure to conditions beyond those listed under absolute maximum ratings may adversely affect the life

and reliability of the device.

Table 6.1.1-1 Voltage characteristics

6.1.2 Current Characteristics

Symbol Parameter Min Max Unit
- loo | Maximum Current into Vpp 200
mA
Iss Maximum Current out of Vss 100
Table 6.1.2-1 Current characteristics
6.1.3 Thermal Characteristics
Symbol Parameter Min Max Unit
Ta Operating Temperature -40 +85 i
Tst Storage Temperature -55 +150 ¢
Table 6.1.3-1 Thermal characteristics
6.1.4 Electrostatic Discharge (ESD) Ratings
Symbol Ratings Max Unit
VEesp ESD for Human Body Model (HBM) 4 kv
Note:
1. This is guaranteed by characterization results, not tested in production
Table 6.1.4-1 Electrostatic Discharge (ESD) Ratings
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6.2 General Operating Conditions
(Vop - Vss= 1.8 ~ 3.3V, Ta = 25°C)

Symbol Parameter Min Typ Max Unit Test Conditions
Typical Operation i } i
Voo Voltage 1.8 3.3 \Y
Analong Operation
AVoo Voltage Voo v
USB_Vpps3 | USB Operation Voltage 3.0 - 3.6 \
Vioo LDO Output Voltage 1.2 \Y
c LDO Output Capacitance ) 1 ) E
oo on LDO_CAP Pin u

Note:

1. The limitation of Voo operation voltage is 1.62V ~ 3.6V.
Table 6.2-1 General Operating Conditions
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6.3 DC Electrical Characteristics
(vDD -VSS =1.8~3.3V, TA=25°C)

Symbol Parameter Min Typ Max Unit Test Conditions

Negative going threshold
VILS -0.3 - 0.3VvDD \Y
(Schmitt input), NRESET

Positive going threshold
VIHS 0.7 VDD - VDD + 0.3 \Y
(Schmitt input), NRESET

RRST Internal NRESET pin pull up resistor |- 50 - kQ
VILS Schmitt input high voltage 0.6* VDD 0.75* VDD \%
VIHS Schmitt input low voltage 0.3* VDD 0.4* VDD \%
Notes:

1. nNRESET pin is a Schmitt trigger input.
Table 6.3-1 DC Electrical Characteristics
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6.4 AC Electrical Characteristics

6.4.1 External High Speed Crystal (HXT) Characteristics

S — tCLCL

Note:

1. Duty cycle is 50%.
2. Guaranteed by design, not tested in production

Figure 6.4.1-1 External High Speed Crystal Timing Diagram

Symbol Parameter Min Typ Max Unit Test Condition
temex Clock High Time 10 - - ns
terex Clock Low Time 10 - - ns
teren Clock Rise Time 2 - 15 ns
terel Clock Fall Time 2 - 15 ns

Table 6.4.1-1 External High Speed Clock Input Characteristics

6.4.1.1 HXT Typical Crystal Application Circuit

CRYSTAL C C
4 MHz ~ 24.576 MHz Optional (depending on the crystal specification)

XTL1_IN XT1_OUT

i -

4~24.576
MHz

C1 ; Crystal 7J'77C2

Vss Vss

Figure 6.4.1-2 HXT Typical Crystal Application Circuit
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6.4.2 Internal High Speed RC Oscillator (HIRC) Characteristics

Symbol Parameter Min Typ Max Unit Test Conditions

Thre Operation Temperature -40 25 85 C -

Center Frequency - 49.152 MHz -

+ o TA =25 oC

fire Calibrated Internal ) 10.25 ) %o Vpp = 3.3V

Oscillator Frequency

-2 - +2 % Ta=-40C~857C

lurc Operating Current - 200 - uA Ta=25C,Vop=3.3V

Table 6.4.2-1 Internal High Speed RC Oscillator (HIRC) Characteristics
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6.5 Analog Characteristics

6.5.1 Power-on Reset

Symbol Parameter Min Typ Max Unit Test Condition
Ta Temperature -40 25 85 T -
Veor Power-on Reset Voltage 1.45 \% -
Vpornys Power-on Reset Hysteresis - 110 - mV -
VDD Raising Rate to Ensure
RRvoo Power-on Reset 0.01 ) ) ms/V .
VDD Falling Rate to Ensure
FRvoo Power-on Reset 0.5 ) - ms/V i

Table 6.5.1-1 Power-on Reset Characteristics

RRVDD
Vpor ----------- SR

Vpor - VPoRrHYs —-------—/*- L
i
VDD i

Power-on
Reset ! !
«—Reset—+——Release——+«—Reset—»

Figure 6.5-1 Power-on Reset Condition
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NPCA120 Audio Enhancing En

Standard Mode?

Fast Model!2

Symbol Parameter Ui
Min. Max. Min. Max.
tLow SCL low period 4.7 - 1.2 - us
thicH SCL high period 4 - 0.6 - usS
tsu: sTA Repeated START condition setup 4.7 - 1.2 - us
time

thp: sTA START condition hold time 4 - 0.6 - us
tsu: sto STOP condition setup time 4 - 0.6 - usS
taur Bus free time 4,78 - 1.28 - us
tsu:paT Data setup time 250 - 100 - nS
tHp;DAT Data hold time oM 3.458 o“ 0.88! us
tr SCL/SDA rise time - 1000 20+0.1Cb 300 nS
t; SCL/SDA fall time - 300 - 300 ns
Co Capacitive load for each bus line - 400 - 400 pF
Notes:

1. Guaranteed by design, not tested in production.
2. HCLK must be higher than 2 MHz to achieve the maximum standard mode 1°C frequency. It must be higher

than 8 MHz to achieve the maximum fast mode I2C frequency.
3. 12C controller must be retriggered immediately at slave mode after receiving STOP condition.
4. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge the

undefined region of the falling edge of SCL.

5. The maximum hold time of the Start condition has only to be met if the interface does not stretch the low
period of SCL signal.

Table 6.6-1 I12C Dynamic Characteristics

Repeated
STOP START STOP
SDA
taur
SCL
tio:sTA tupoT tsuista tsuisto
Figure 6.6-1 I°C Timing Diagram
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6.7 1°S Dynamic Characteristics

NPCA120 Audio Enhancing En

Symbol Parameter Min Max Unit Test Conditions
tw 2 igh ti - . .
K I°S clock high time 40 Master fpcik = MHz, data: 24 bits, audio
frequency = 256 kHz
twcky) I2S clock low time 40 - 9 y
tvws) WS valid time 4 - Master mode
ns
thws) WS hold time 1 - Master mode
tsuws) WS setup time 24 - Slave mode
th(WS) WS hold time 0 - Slave mode
2 .
DUCy(scr I°S slave input clock duty 30 70 % Slave mode
cycle
tsuso_mRr) 10 - Master receiver
Data input setup time
tsuso_sr) 7 - Slave receiver
thiso_mr) 7 - Master receiver
Data input hold time
thiso_sr) 4 - Slave receiver
ns
tvso_sm) Data output valid time - 10 Slave transmitter (after enable edge)
thsp_sm) Data output hold time 4 - Slave transmitter (after enable edge)
ty(sp_mm) Data output valid time - 4 Master transmitter (after enable edge)
thsp_mT) Data output hold time 0 - Master transmitter (after enable edge)
Total Harmonic Distortion o
THD+N + Noise 0.0021 - % | 1250 bus, Master mode, Fs = 48K, word
size = 16-bit
SNR Signal to Noise Ratio 96 dB

Table 6.7-1 I12S Dynamic Characteristics
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CPOL =0 _/_\_/_\ \\_/_
g TN
3 tu(CKH) fa—»
¥ e | e | pecees
©croL=1 \ / \ / \ / \\_/_
t(WS) —» - »- 1,(CKL) > tn(WS)
wsoutput  N____
. t,(SD_ST) t,(SD_ST)
SDyansmit X LSB transmit® X MSB transmit Bitn transmit LSB transmit
t(SD_MR) t,(SD_MR)
SDreceive X LSB receive® MSB receive Bitn receive x LSB receive
Figure 6.7-1 12S Master Mode Timing Diagram
S/ U an U nn /A
= |
Qo !
£ |
< —
cPOL=1 \ /_\_/

A

I
A
Y

t,(CKH) > t,(CKL) - ty(WS)

WS input 2 _______
tsu(WS) t(SD_ST) t,(SD_ST)
SDyransmit X LSB transmit® X MSB transmit Bitn transmit LSB transmit

ts(SD_SR) t(SD_SR)
SDreceive X LSB receive® MSB receive Bitn receive LSB receive

:
115

i

Figure 6.7-2 I2S Slave Mode Timing Diagram
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7 APPLICATION CIRCUIT

A USB_VBUS —
AVoo USB D i
vsebr | USB Slot
1UF 0.1uF
=
AVss L
Power  pvcc
O—T—T_ Voo
1WF== 0.1uF==
# Vss DVCC
- 47K g 4.7K%
12C_SCL 1 CLK '
I2C Device
12C_SDA DIO
DyCcC
10K
Reset L nRESET
Circuit
10uF/10V——
4 T Audio Codec
N P CA 1 2 125_LRCK =
i 12S_BCLK BCLK .
= 125_DI DO 12S Device
20p 125 DO DI
T XT1_IN 12S_MCLK MCLKI
Crystal —
20p 4 ~ 24576
MHz crystal
XT1_OUT
pvce
10K
,_— Bypass
LDO_CAP BP
LDO 1uF

Figure 7-1 Application Circuit
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8 PACKAGE DIMENSIONS

8.1 64-Pin LQFP (7x7x1.4 mm?3 footprint 2.0 mm)

4% [ |bbb| Y| T-U[Z]

5
SYMBOL | MIN | NOM | MAX
Z —-—
P CORNER B4 3 || 68 4 TOTAL THICKNESS A — | —1 18
RHRRRET e Tk STAND OFF A [ 005 [—— | 015
- | W MOLD THICKNESS A2 135 | 1.4 | 1.45
= /1 | == LEAD WIDTH(PLATING) b 0.13 | 0.18 | 0.23
== | = LEAD WDTH bt 013 | 0.16 | 0.19
% i = |/F THICKNESS(PLATING) ¢ 009 | — | 02
B i ==t C] L /F THICKNESS i ;1 0.09 — 0.16
= | == 3
[ — ! = Y E g gsc
e2] == | = BODY SIZE X o1 7 B
== | == - — Y El 7 BsC
AD PITC e 0.4 BSC
OEREERRRE AR L0451 o6 [075
17 32 FOOTPRINT L1 1 REF
] o | 35 | 7
@ a1 o —_— | ===
82 n| 120 | 13
:‘T"UZ 0 | 12 | ¥
= DETAIL F R1 008 | — | ———
v Rz | o008 |—1] 02
H | - -,
[ A N O = =
N , AL PACKAGE EOGE TOLERANCE| aaa 0.2
ST | EAD EDGE TOLERANCE bbb 0.2
50*@* |"— Ame . ceclv] | COPLANARITY cee 0.08
SEATING LEAD OFFSET ddd 0.07
w MOLD FLATNESS eee 0.05
PLATING \ /— BASE METAL 1
r
cl c
A AZ
b
= b1 —-—| 1
q—b—p— —_ .
PR

Figure 8.1-1 64-Pin LQFP Dimension
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8.2  48-Pin QFN (6x6x0.8 mm?3Pitch 0.4 mm)

)2

B ) £0.35X45"
| | 4/
Ps ' JUUuuuuuuuuy
B fk_
- (-
> -
-} ]
- -
= 1 1l Bl 1Y«
— ] L
- -
- ]
- (-
- (-
5[0 sz
A00000GA0AA 00
|
D L K

MILLIMETERS.

SYMBOLS | MIN. | NOM.| MAX.

A |0.70]0.75 | 0.80

a1 |0.00]0.02|0.05

A3 0.203 REF.

N 0.15 1 0.20 1 0.25
D 6.00 BSC
6.00 BSC
- e 0.40 BSC

) K |020] — | —

-. D2 | 4.45 | 4.50 |4.55

E2 4.45 | 450 | 4.55
L 0.35 | 0.40 | 0.45

SEATIMG PLANE

Figure 8.2-1 48-Pin QFN Dimension
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9 REVISION HISTORY

Date Revision Description

2018.11.12 1.0 Brief version release

2019.03.29 1.1 Preliminary version release
2019.04.12 1.1 Modify typo

2019.11.04 1.12 Modify document

2019.11.20 1.13 Add QFN48 package, modify typo
2019.11.20 1.14 modify typo
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic
energy control instruments, airplane or spaceship instruments, the control or operation of
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all types
of safety devices, and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims
to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages
and liabilities thus incurred by Nuvoton.

Flease note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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