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1. Features
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MCU features

ARM Cortex™-M0+ core, 64MHz@2.1V~5.5V

- Single-cycle 32-bit hardware multiplier

32-bit hardware divider (DIVSQRT)

- Signed/unsigned mode, with 16 HCLKSs to
complete an operation

Memory

- Max. 64KB programmable FLASH
(APROM+BOOT)

- 1KB FLASH data area (seperated space)

- Max. 8KB SRAM (with partition write protection

function)

- Support BOOT function, BOOT can be set to O-

4K

- Support hardware CRC to check FLASH space

codes

- Support FLASH partition protection (min. unit:
2K)

System clock

- On-chip high-speed oscillation 48MHz/64MHz
(HSI)

- On-chip low-speed oscillation 40KHz (LSI)

GPIO (up to 30 1/0s)

LVR (1.8V/2.0V/2.5V)

LVD (2.0V/2.2VI2.4V[2.7V[3.0V/3.7V/4.0V/4.3V)

System timer

- 24-bit SysTick timer

- Watchdog timer (WDT)

- Windowed watchdog timer (WWDT)

Normal mode/sleep mode/deep sleep mode

Cyclic redundancy check (CRC)

Timer (32bit/16bit-TIMERO/1/2/3)

€ Enhanced PWM (EPWM)

6 channels and channels can be remapped
Support
independent/complementary/synchronous/group
output mode

Support edge/center alignment counting mode
one-shot/continuous/interval

Support loading

update mode

¢ ADCA (12bit)

Up to 31 input channels

Each conversion channel has an independent
result register

Support one-shot/continuous mode

Support 2 hardware trigger modes and 9 trigger
sources

result which can

1 conversion comparator

generate interrupts

¢ ADCB (12bit, 1.2Msps)

Up to 31 input channels

Each conversion channel has an independent
result register

Support one-shot/continuous/insert mode

Support external triggering method

result which can

1 conversion comparator

generate interrupts

€ Analog comparator (ACMPO/1)

8 channels are selectable for positive side, internal
1.2V/VDD voltage for negative side
Support hysteresis voltage selection:

10mV/20mV/60mV

€ Programmable gain amplifier (PGA0/1)

Capture/compare/pulse width modulation (CCP0/1) -

- Support 4-channel simultaneous capture
Communication port

- 1x 1°C module (max. speed: 1Mb/s)

- 1x SSP/SPI module (adjustable 4-16 bits data

Positive 4-channel selection
Outputs can be connected to internal ADC
channels with analog comparator inputs

Internal gain selection: 4x~32x

@ Operational amplifier (OP0/1)

format) - Inputs can be connected to internal 1.2V reference
- Up to 2 UARTs: UARTO/1 (total of 32 - Outputs can be connected to internal ADC
Www.mcu.com.cn 21/ 42 Rev. 0.5.5
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receive/transmit FIFOs) (TXD1 and RXD1 of
UART1 can be assigned to any port)

L 4

Serial wire debug SWD (2-Wire)

€ 96bit unique ID (UID)

€ 128bit user UID (USRUID)

- Configurable by user, encryptable (can be used

as a security key)

channels with analog comparator inputs

Can be set to comparator mode

€ Support safety-related functions and applications

IEC60730 CLASS B standard qualified

www.mcu.com.cn
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Product comparison

Below is a product comparison of this family of chips

Product name
. . CMS32F0332GE32NA
Peripheral interface
MCU operating voltage 2.1V~5.5V
Maximum clock frequency 64MHz
APROM 60/62/63/64KB ™
BOOT 0/1/2/4KB ®
Memory module
Data FLASH 1KB
SRAM 8KB
SysTick 1 (24-bit)
] WDT 1
Timer
WWDT 1
TIMERO/1/2/3 4 (16/32-bit)
CRC CRC-16-CCITT
Enhanced digital DIVSQRT 32 bit/32 bit
peripheral CCP 2
EPWM 6(16-hit)
UART 2
Communication
) 12C 1
interface
SSP/SPI 1
12bit-ADCA
(number of external 30
channels)
12bit-ADCB
Analog module (number of external 30
channels)
ACMP 2
OoP 2
PGA 2
GPIOs 30
LVR 1.8V/2.0V/2.5V
LvD 2.0V/2.2V[2.4V[2.7VI3.0V/3.7V/4.0V/4.3V
Operating temperature -40°C~85°C
Package QFN32

Note: (1) Set the size of APROM and BOOT space through the system configuration register, and the maximum space of APROM
and BOOT in total is 64KB.
(2) The number of analog modules and the analog functions are not implemented through pin inputs/outputs; the

input/output pins are subject to the actual product.

WWW.mcu.com.cn 4 | 42 Rev. 0.5.5
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2. System Overview

2.1 Brief introduction

This series of products integrates an ARM® Cortex®-MO core and a built-in Nested Vectored Interrupt Controller. Key
features include parallel I/O ports (supporting general inputs, pull-up/pull-down inputs, push-pull outputs, open-drain outputs,
with configurable edge or level-triggered interrupts), timers (6-bit windowed watchdog timer, 32-bit watchdog timer, 4
programmable timers), SPI, 12C, UART, PWM, CCP, ADC, ACMP, OPA, PGA, among other components. Main characteristics
are as follows:

»  Up to 64KB of FLASH memory, up to 8KB of SRAM, and a 1KB FLASH data area.

»  Supports BOOT functionality, program space partition protection, hardware CRC for FLASH space codes, register
protection operations, user-configurable ID for enhanced security.
Supports normal mode, sleep mode, and deep sleep mode for convenience and lower power consumption.
Features a 32-bit hardware divider, single-cycle 32-bit hardware multiplier for faster operations.
Any |10 port can be configured as a serial transmit and receive port, and any 1O port can also be configured as an
input port for ADC, which is more convenient to use.

»  Features an enhanced PWM with period duty cycle interval updates and
independent/complementary/synchronous/master control outputs.

» Includes a 12-bit ADC capable of up to 1.2Msps, analog IP such as analog comparators with hysteresis selection,

programmable gain amplifiers with selectable gains, and operational amplifiers.

WWW.mcu.com.cn 51/ 42 Rev. 0.5.5
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2.2

Memory mapping

Reserved

Private Peripheral Bus

OXFFFF_FFFF

0xE010_0000

&

Private Peripheral Bus

Nested Vectored Interruput Controlle

0xEO000_EF00

System Control Block

O0XE000_EDOO

Nested Vectored Interruput Controlle

0XE000_E100

SysTick System Timer

OxEO00_EO010

Reserved

AHB

«

0xE000_0000

0x5580_0000

System Control Block

OxEO000_E008

AHB Bus

DIVSQRT Control

0x5500_0000

Reserved

0x5480_0000

GP104 Control

0x5400_0000

GPIO3 Control

0x5380_0000

Reserved

APB

&
«

0x5000_0000

0x4E00_0000

GPI02 Control

0x5300_0000

GPI01 Control

0x5280_0000

GPIOO0 Control

0x5200_0000

Reserved 0x5180_0000
Reserved 0x5100_0000
Reserved 0x5080_0000

System Configuration

0x5000_0000

Reserved

8KB Sram

Reserved

64KB on-chip Flash

<
<

0x4000_0000

0x2000_2000

0x2000_0000

0x0001_0000

0x0000_0000

APB Bus

ADCB Control

0x4D80_0000

ACMP Control 0x4D00_0000
OP/PGA Control 0x4C80_0000
Reserved 0x4C00_0000
Reserved 0x4B80_0000
Reserved 0x4B00_0000
EPWM Control 0x4A80_0000
CRC Control 0x4A00_0000
FMC Control 0x4980_0000
Reserved 0x4900_0000
Reserved 0x4880_0000
I12C Control 0x4800_0000
WDT Control 0x4780_0000

TIMER2/3 Control

0x4700_0000

TIMERO/1 Control

0x4680_0000

Reserved

0x4600_0000

Reserved

0x4580_0000

UART1 Control

0x4500_0000

UARTO Control

0x4480_0000

Reserved

0x4400_0000

SSP/SPI Control

0x4380_0000

ADCA Control

0x4300_0000

CCP Control 0x4280_0000
Reserved 0x4200_0000
WWDT Control 0x4180_0000
Reserved 0x4100_0000
Reserved 0x4080_0000
Reserved 0x4000_0000

www.mcu.com.cn
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2.3

Block diagram

2.3.1 System architecture block diagram

<—| LSI-40kHz

FLASH .
64KB DIVSQRT CLK Generator Systick
AHB-Lite Bus
Test/Debug SRAM AHB TO APB
Interface O 8KB Bridge AL
5
= CCP X 2
vy}
c
w
Analog Interface
12-Bit ADCA
12-Bit ADCB 6 Channels EPWM
ACMP X 2
OP X 2
PGA X 2

FMC

CRC Connector

WDT UART X 2

WWDT 12C X1
16Bit/32Bit Timer X 4 SSPISPIX 1

Rev. 0.5.5
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3. Pin Def

3.1 Pinouts

3.1.1 CMS32F0332GE32NA

O TO/EWMdF/ETdOD/SS 0IdS/0T0S/d 0dO/TAXH/TAX L/LINV/SZd [
O 00/8 2dTO/YNMAI/VOdOD/M 1D 0IdS/TAXH/ TAX LUBINV/9Zd [
M1OAMS/ZNMFY TdDD/OSIN~01dS/8 NTO/TAXH/ TAX L/ISZNY/9rd ]
1VAAMS/SNMJI/ETdDD/ISOIN 01dS/ TSLY/TAX Y/ TAX L/6ZNY/Lyd [ |
YINMJZ/ETdOOM IO 01dS/0TOS/TAXH/TAXL/SNY/L0d[ |
TSLO/ENMJI/VTID/OSIN 0IdS/0VAS/TAXE/TAXLTNY/90d [ |
13av/1008/ZNMdI/E0dDD/ISON OldS/TSLY/TAXY/TAXLIENY/SOd [
M0 01dS/TAMAI/V0dOD/SS 0IdS/TSLO/TAXY/TAXLIZNY/Y0d |

24 2322 21 2019 18 17

16 P24/AN16/CCP1A/EPWM2/SDAO/TXD1/RXD1/OP0O_NO

15 P23/AN15/C0OP4/C1P4/EPWM1/CCPOB/RTS1/SDAO/TXD1/RXD1/OP0_O

14 P22/AN14/0P0_N1/SDA0/EPWMO/CCPOA/CTS1/SCLO/TXD1/RXD1/TXDO

13 P21/AN13/EPWM5/CCP1B/SCLO/RXDO/TXD1/RXD1/OP1_P

12 ]VSS

QFN32

11 P17/AN12/EPWM4/CCP1A/RTS0/SDAQ/TXDO/TXD1/RXD1/OP1_N

10 P16/AN11/C1P5/COP5/EPWM2/CCPOB/CTS0/SCLO/RXDO/TXD1/RXD1/OP1_O

9 P36/AN24/ECAPO3/A0P0O/COP3/EPWMO/CCP1A/TXD1/RXD1/CLKO

1 23 45 6 7 8

[ ] SEd/EZNV/Y NTO/TAXY/TAXL/OTV/0SLE/0T1IS/SS  01dS/80dDD/SINMAI/ONTD

[ 1¥Ed/ZZNV/V 2dTO/00V/TAXY/TAXL/0AX.L/I0VAS/MTD 0IdS/VOdDI/ENMJIZTdY O3

[ 2€d/TZNV/TATO/TAXE/TAXL/TdOV/0aX¥/0VAS/ISON 0IdS/GTdO/TAMJI/TTdVOT

[ TEd/OZNV/0TO/TAXYE/TAXL/Zd0V/0S LO/0TOS/OSIN 0IdS/VTdOO/YWNMJF/0TdVO

[ 1 vvd/LZNV/0aX1//TAXY/TAXLE0dOD/TWMAT/LSUN/EATV/O0V/NATFIAY

[ 0Ed/6TNY/0AXH/TAXY/ TAXL/MTO ™ 0IdS/80dD0/0WMdI/LIAV/Ed TO/2d TV/OTV/d4IUAV/ETdVOT
1 €vd/9ZNV/NOD/TAXH/TAXL/EDOV/LSUN/VOd DD/ZNMdT

[ STd/OTNV/2d00/TAXY/TAXL/TdTV/0TOS/SS 01dS/V0dD/SNMdT/20dv O3

TXD1/RXD1/RXDO/RTS0/SPI0_SS/CCPOB/EPWMO/ADET/AN1/PO1

25

TXD1/RXD1/TXDO/CTS0/SPI0_CLK/CCPOA/EPWM2/ANO/P0OO

[—1

TXD1/RXD1/CCP1B/EPWM1/AN25/P40 27

VDD 28

TXD1/RXD1/TXDO/CCPOA/EPWM1/CTS1/NRST/AN6/P10 29

TXD1/RXD1/RXD0O/SDAO/SPI0O_CLK/CCP1B/EPWMO/RTS1/A1PO/AN7/P12

[E—

TXD1/RXD1/COPO/TXDO/SCLO/SPIO_MISO/CCP1A/EPWM1/ECAPOO/AN8/P13 31

TXD1/RXD1/COP1/SPIO_MOSI/CCPOA/SDAO/EPWMA4/ECAPO1/ANY/P14 32 O

Note: All pins in the pinout diagram can be mapped to TXD1 and RXD1 functions.

8/ 42 Rev. 0.5.5
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Analog function pins

Symbol Description
COPO Comparator 0 positive input 0
COP1 Comparator 0 positive input 1
COoP2 Comparator 0 positive input 2
COP3 Comparator 0 positive input 3
COP4 Comparator 0 positive input 4
COP5 Comparator 0 positive input 5
CON Comparator 0 negative input
C1PO Comparator 1 positive input 0
ClP1 Comparator 1 positive input 1
ClP2_A Comparator 1 positive input 2_A
ClP2_B Comparator 1 positive input 2_B
C1P3 Comparator 1 positive input 3
C1P4 Comparator 1 positive input 4
C1P5 Comparator 1 positive input 5
CIN_A Comparator 1 negative input_A
CIN_B Comparator 1 negative input_B
AOPO PGAO positive input 0
AOP1 PGAO positive input 1
AOP2 PGAO positive input 2
AOP3 PGAO positive input 3
AO0G PGAO pseudo-differential ground/op-amp mode negative input
A0O PGAO output/op-amp mode output
A1PO PGAL positive input 0
Al1P1 PGAL positive input 1
Al1P2 PGAL positive input 2
A1P3 PGAL positive input 3
AlG PGAL1 pseudo-differential ground/op-amp mode negative input
Al1O PGAL1 output/op-amp mode output
OPO_P Op-amp 0 positive input
OPO_NO Op-amp 0 negative input O
OPO_N1 Op-amp 0 negative input 1
OPO0_O Op-amp 0 output
OP1_P Op-amp 1 positive input
OP1_N Op-amp 1 negative input
OP1_O Op-amp 1 output
C0_O Analog comparator O digital output
Cl10 Analog comparator 1 digital output
AVREFP ADCB external reference positive
AVREFN ADCB external reference negative

www.mcu.com.cn
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3.3 GPIO features

The pins share multiple functions, and each 1/0 port can be configured as a corresponding digital function or analog function.

I/O as a general-purpose GPIO port has the following characteristics:

>

vV V V V

3.4

It can be configured as a normal input, pull-up input, pull-down input, push-pull output, open-drain output mode

without pull-up, and open-drain output mode with pull-up.

It can be configured to a high level, low level, rising edge, falling edge, double edge trigger interrupt.

It can be configured to a high level, low level, rising edge, falling edge to wake up the chip sleep/deep sleep mode.

Configurable with 2 levels of 1/0 speed.

Configurable with 2 levels of output current.

Pin function description

The symbols in the table below are described as follows.

Pin name Description of symbol
1/0 Digital input/output.
I Digital input.
(@) Digital output.
Al Analog input.
AO Analog output.
P Power or ground.
Pin No. ] ) o
Pin name Pin type Description
QFN32
P15 1/0 General purpose input/output pin
AN10 Al ADC analog input channel 10
COoP2 Al ACMPO positive input channel 2
ECAP02 | ACMPO positive input channel 2 as capture input
A1P1 Al PGAL1 positive input channel 1
1 TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
SCLO 1/0 12CO0 clock input/output pin
SPIO_SS 1/0 SPIO chip select pin
CCPOA 1/0 CCPO capture input/PWM output A-channel pin
EPWM5 (0] EPWM output channel 5
P43 1/0 General purpose input/output pin
AN26 Al ADC analog input channel 26
CON Al ACMPO negative input channel
AOP3 Al PGAO positive input channel 3
2 TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
NRST | External reset pin
CCPOA 1/0 CCPO capture input/PWM output A-channel pin
EPWM2 (0] EPWM output channel 2
P30 1/0 General purpose input/output pin
3 AN19 Al ADC analog input channel 19
AVREFP Al ADCB external reference positive

www.mcu.com.cn
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C1P3 Al ACMPL1 positive input channel 3
ECAP13 | ACMPL1 positive input channel 3 as capture input
Al1P2 Al PGAL positive input channel 2
ALG Al _PGAl pseudo-differential ground/op-amp mode negative
input
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
RXDO | UARTO data input pin
SPI0_CLK 1/0 SPIO clock input/output pin
CCPOB 1/0 CCPO capture input/PWM output B-channel pin
EPWMO (0] EPWM output channel 0
ADET | ADC external boot digital input
P44 /0 General purpose input/output pin
AN27 Al ADC analog input channel 27
AVREFN Al ADCB external reference negative
Al1P3 Al PGAL positive input channel 3
AOG Al _PGAO pseudo-differential ground/op-amp mode negative
input
4 TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
NRST | External reset pin
TXDO (0] UARTO data output pin
CCPOB 1/0 CCPO capture input/PWM output B-channel pin
EPWM1 (0] EPWM output channel 1
P31 1/0 General purpose input/output pin
AN20 Al ADC analog input channel 20
C1PO Al ACMP1 positive input channel 0
ECAP10 | ACMPL1 positive input channel 0 as capture input
AOP2 Al PGAO positive input channel 2
5 TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
CTSO | UARTO enable transmit pin
SCLO 1/0 12C0 clock input/output pin
SPI0_MISO 1/0 SPI0 host input/slave output pin
CCP1A 1/0 CCP1 capture input/PWM output A-channel pin
EPWM4 (6] EPWM output channel 4
P32 1/0 General purpose input/output pin
AN21 Al ADC analog input channel 21
ClP1 Al ACMP1 positive input channel 1
ECAP11 | ACMPL1 positive input channel 1 as capture input
AOP1 Al PGAO positive input channel 1
TXD1 (0] UART1 data output pin
6 RXD1 | UART1 data input pin
RXDO | UARTO data input pin
SDAO 1/0 12C0 data input/output pin
SPI0_MOSI 1/0 SPIO host output/slave input pin
CCP1B 1/0 CCP1 capture input/PWM output B-channel pin
EPWM1 (0] EPWM output channel 1
P34 1/0 General purpose input/output pin
7 AN22 Al ADC analog input channel 22
ClP2_A Al ACMPL1 positive input channel 2

www.mcu.com.cn
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ECAP12 | ACMPL1 positive input channel 2 as capture input
AQ0O AO PGAO output channel
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
TXDO (0] UARTO data output pin
SDAO 1/0 12C0 data input/output pin
SPI0_CLK 1/0 SPIO clock input/output pin
CCPOA 1/0 CCPO capture input/PWM output A-channel pin
EPWM3 (0] EPWM output channel 3
P35 1/0 General purpose input/output pin
AN23 Al ADC analog channel 23
CIN_A Al ACMP1 negative input channel
Al10O AO PGAL1 output channel
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
8 RTSO (0] UARTO request transmit pin
SCLO 1/0 SPIO clock input/output pin
SPIO_SS 1/0 SPIO chip select pin
CCPOB 1/0 CCPO capture input/PWM output B-channel pin
EPWM5 (0] EPWM output channel 5
CLKO (0] System clock output pin
P36 1/0 General purpose input/output pin
AN24 Al ADC analog channel 24
COP3 Al ACMPO positive input channel 3
ECAPO3 | ACMPO positive input channel 3 as capture input
9 AOPO Al PGAO positive input channel 0
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
CCP1A 1/0 CCP1 capture input/PWM output A-channel pin
EPWMO (0] EPWM output channel 0
CLKO (0] System clock output pin
P16 1/0 General purpose input/output pin
AN11 Al ADC analog channel 11
OP1_O AO OPAL output channel
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
10 RXDO | UARTO data input pin
SCLO 1/0 12CO0 clock input/output pin
CTSO | UARTO enable transmit pin
CCPOB 1/0 CCPO capture input/PWM output B-channel pin
EPWM2 (@) EPWM output channel 2
C1P5 Al Comparator 1 positive input 5
COP5 Al Comparator 0 positive input 5
P17 1/0 General purpose input/output pin
AN12 Al ADC analog channel 12
1 OP1_N Al OPAL negative input
TXD1 (@) UART1 data output pin
RXD1 | UART1 data input pin
TXDO (0] UARTO data output pin

www.mcu.com.cn

12 / 42

Rev. 0.5.5




0 Cmsemicon’

CMS32F0332 Datasheet

SDAO 1/0 12C0 data input/output pin
RTSO (0] UARTO request transmit pin
CCP1A 1/0 CCP1 capture input/PWM output A-channel pin
EPWM4 (0] EPWM output channel 4
12 VSS P Ground
P21 1/0 General purpose input/output pin
AN13 Al ADC analog channel 13
OP1 P Al OPAL1 positive input
ECAP11 | ACMP1 positive input channel 1 as capture input
TXD1 (0] UART1 data output pin
13 RXD1 | UART1 data input pin
RXDO | UARTO data input pin
SCLO 1/0 12C0 clock input/output pin
CCP1B 1/0 CCP1 capture input/PWM output B-channel pin
EPWM5 6] EPWM output channel 5
p22 1/0 General purpose input/output pin
AN14 Al ADC analog channel 14
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
TXDO (0] UARTO data output pin
14 SCLO 1/0 12CO0 clock input/output pin
CTS1 | UART1 enable transmit pin
CCPOA 1/0 CCPO capture input/PWM output A-channel pin
EPWMO O EPWM output channel 0
SDAO 1/0 12C0 data input/output pin
OPO_N1 Al Op-amp 0 negative input 1
P23 1/0 General purpose input/output pin
AN15 Al ADC analog channel 15
OP0O_O AO OPAO output channel
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
15 SDAO 1/0 12C0 data input/output pin
RTS1 (0] UART1 request transmit pin
CCPOB 1/0 CCPO capture input/PWM output B-channel pin
EPWM1 (0] EPWM output channel 1
COP4 Al Comparator 0 positive input 4
C1lP4 Al Comparator 1 positive input 4
P24 1/0 General purpose input/output pin
AN16 Al ADC analog channel 16
OPO_NO Al OPAO negative input channel
TXD1 (0] UART1 data output pin
16 RXD1 | UART1 data input pin
SDAO 1/0 12C0 data input/output pin
ECAPO3 | ACMPO positive input channel 3 capture input
CCP1A 1/0 CCP1 capture input/PWM output A pin
EPWM2 (0] EPWM output channel 2
P25 1/0 General purpose input/output pin
AN17 Al ADC analog channel 17
17 OPO_P Al OPAO positive input channel
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin

www.mcu.com.cn
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SCLO 1/0 12C0 clock input/output pin
SPI0_SS 1/0 SPIO chip select pin
CCP1B 1/0 CCP1 capture input/PWM output B-channel pin
EPWM3 (0] EPWM output channel 3
Cl10 (0] ACMPL1 output channel
P26 1/0 General purpose input/output pin
AN18 Al ADC analog channel 18
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
18 SPI0_CLK 1/0 SPIO clock input/output pin
CCPOA 1/0 CCPO capture input/PWM output A-channel pin
EPWM4 (0] EPWM output channel 4
C0 O (@) ACMPO output channel
ClP2 B Al Comparatorl positive input 2
P46 1/0 General purpose input/output pin
AN28 Al ADC analog channel 28
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
19 SPIO_MISO /0 SPIO host input/slave output pin
CIN_B Al ACMP1 negative input channel
CCP1A 1/0 CCP1 capture input/PWM output A channel pin
EPWM2 o] EPWM output channel 2
SWDCLK | SWD emulation clock input pin
P47 1/0 General purpose input/output pin
AN29 Al ADC analog channel 29
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
20 RTS1 (@) UART1 request transmit pin
SPI0_MOSI 1/0 SPI0 host output/slave input pin
CCP1B 1/0 CCP1 capture input/PWM output B-channel pin
EPWM5 (0] EPWM output channel 5
SWDDAT 1/0 SWD emulation data input/output pin
P07 1/0 General purpose input/output pin
AN5 Al ADC analog channel 5
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
21 SCLO 1/0 12CO0 clock input/output pin
SPI0_CLK 1/0 SPI0 clock input/output pin
CCP1B 1/0 CCP1 capture input/PWM output B-channel pin
EPWM4 (@) EPWM output channel 4
P06 1/0 General purpose input/output pin
AN4 Al ADC analog channel 4
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
22 SDAO 1/0 12C0 data input/output pin
SPI0_MISO 1/0 SPI0 host input/slave output pin
CCP1A 1/0 CCP1 capture input/PWM output A-channel pin
EPWM3 (@) EPWM output channel 3
CTS1 | UART1 enable transmit pin
23 P05 1/0 General purpose input/output pin
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AN3 Al ADC analog channel 3
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
RTS1 (0] UART1 request transmit pin
SPI0_MOSI 1/0 SPI0 host output/slave input pin
CCPOB 1/0 CCPO capture input/PWM output B-channel pin
EPWM2 (0] EPWM output channel 2
BOOT | BOOT configuration input pin
ADET | ADC external boot digital input
P04 1/0 General purpose input/output pin
AN2 Al ADC analog channel 2
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
24 CTS1 | UART1 enable transmit pin
SPIO_SS 1/0 SPIO chip select pin
CCPOA 1/0 CCPO capture input/PWM output A-channel pin
EPWM1 (0] EPWM output channel 1
SPIO_CLK 1/0 SPIO clock input/output pin
P01 1/0 General purpose input/output pin
AN1 Al ADC analog channel 1
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
RXDO | UARTO data input pin
25 RTSO (0] UARTO request transmit pin
SPIO_SS 1/0 SPIO chip select pin
CCPOB 1/0 CCPO capture input/PWM output B-channel pin
EPWMO (0] EPWM output channel 0
ADET | ADC external boot digital input
P00 1/0 General purpose input/output pin
ANO Al ADC analog channel 0
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
26 TXDO (0] UARTO data output pin
CTSO | UARTO enable transmit pin
SPIO_CLK 1/0 SPIO clock input/output pin
CCPOA 1/0 PWMO capture input/PWM output A-channel pin
EPWM2 (0] EPWM output channel 2
P40 1/0 General purpose input/output pin
AN25 Al ADC analog input channel 25
7 TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
CCP1B 1/0 CCP1 capture input/PWM output B-channel pin
EPWM1 (0] EPWM output channel 1
- VDD P Power supply
P10 1/0 General purpose input/output pin
ANG Al ADC analog input channel 6
29 TXD1 (@) UART1 data output pin
RXD1 | UART1 data input pin
TXDO (0] UARTO data output pin
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External reset pin

CCPOA 1/0 CCPO capture input/PWM output A-channel pin
EPWM1 (0] EPWM output channel 1
CTSs1 | UART1 enable transmit pin
P12 1/0 General purpose input/output pin
AN7 Al ADC analog input pin 7
A1PO Al PGAL positive input channel 0
TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
30 RXDO | UARTO data input pin
SDAO 1/0 12C0 data input/output pin
SPI0_CLK 1/0 SPIO0 clock input/output pin
CCP1B 1/0 CCP1 capture input/PWM output B-channel pin
EPWMO (0] EPWM output channel 0
RTS1 (0] UART1 request transmit pin
P13 1/0 General purpose input/output pin
ANS8 Al ADC analog input pin 8
COPO Al ACMPO positive input channel 0
ECAPOO | ACMPO positive input channel O as capture input.
TXD1 (0] UART1 data output pin
31 RXD1 | UART1 data input pin
TXDO (0] UARTO data output pin
SCLO 1/0 12CO0 clock input/output pin
SPIO_MISO 1/0 SPIO host input/slave output pin
CCP1A 1/0 CCP1 capture input/PWM output A-channel pin
EPWM1 (0] EPWM output channel 1
P14 1/0 General purpose input/output pin
AN9 Al ADC analog input pin 9
COP1 Al ACMPO positive input channel 1
ECAPO1 | ACMPO positive input channel 1 as capture input.
32 TXD1 (0] UART1 data output pin
RXD1 | UART1 data input pin
SDAO 1/0 12C0 data input/output pin
SPI0_MOSI 1/0 SPIO0 host output/slave input pin
CCPOA 1/0 CCPO capture input/PWM output A-channel pin
EPWM4 (0] EPWM output channel 4
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Pin function list

Function symbol

CONFIG 0 1 2 3 4 5 6 7

P00 GPIO ANA TXDO CTSO SPI0_CLK CCPOA EPWM2

PO1 GPIO ANA RXDO RTSO SPI0_SS CCPOB EPWMO ADET
P04 GPIO ANA CTS1 SPIO_SS CCPOA EPWM1 SPI0O_CLK
PO5 BOOT GPIO ANA RTS1 SPI0O_MOSI CCPOB EPWM2 ADET
P06 GPIO ANA SDAO SPI0_MISO CCP1A EPWM3 CTS1
PO7 GPIO ANA SCLO SPI0_CLK CCP1B EPWM4

P10 NRST GPIO ANA TXDO CCPOA EPWM1 CTS1
P12 GPIO ANA RXDO SDAO SPI0O_CLK CCP1B EPWMO RTS1
P13 GPIO ANA TXDO SCLO SPI0_MISO CCP1A EPWM1

P14 GPIO ANA SDAO SPI0_MOSI CCPOA EPWM4

P15 GPIO ANA SCLO SPIO_SS CCPOA EPWM5

P16 GPIO ANA RXDO SCLO CTSO CCPOB EPWM2

P17 GPIO ANA TXDO SDAO RTSO CCP1A EPWM4

P21 GPIO ANA RXDO SCLO CCP1B EPWM5

P22 GPIO ANA TXDO SCLO CTS1 CCPOA EPWMO SDAO
P23 GPIO ANA SDAO RTS1 CCPOB EPWM1

P24 GPIO ANA SDAO CCP1A EPWM2

P25 GPIO ANA SCLO SPIO_SS CCP1B EPWM3 Ci1.0
P26 GPIO ANA SPI0O_CLK CCPOA EPWM4 Co0_0O
P30 GPIO ANA RXDO SPI0O_CLK CCPOB EPWMO ADET
P31 GPIO ANA CTSO SCLO SPIO_MISO CCP1A EPWM4

P32 GPIO ANA RXDO SDAO SPIO_MOSI CCP1B EPWM1

P34 GPIO ANA TXDO SDAO SPI0O_CLK CCPOA EPWM3

P35 GPIO ANA RTSO SCLO SPI0_SS CCPOB EPWM5 CLKO
P36 GPIO ANA CLKO CCP1A EPWMO

P40 GPIO ANA CCP1B EPWM1

P43 NRST GPIO ANA CCPOA EPWM2

P44 NRST GPIO ANA TXDO CCPOB EPWM1

P46 GPIO ANA SPIO_MISO CCP1A EPWM2 SWDCLK
P47 GPIO ANA RTS1 SPIO_MOSI CCP1B EPWM5 SWDDAT
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Continued (TXD1 and RXD1 can be configured at any port)

Function symbol Function symbol
8 9 GPIO ANA (Multiple analog functions can be used simultaneously)
PIN Priority UART1 UART1 ECAP ADC ACMP PGA OoP
POO Max ANO
PO1 AN1
P04 AN2
P05 AN3
P06 AN4
PO7 ANS5
P10 ANG6
P12 AN7 A1PO
P13 ECAPOO AN8 COPO
P14 l ECAPO1 AN COP1
P15 ECAPO2 AN10 COP2 AlP1
P16 AN11 C1P5/COP5 OP1 O
P17 AN12 OP1_N
P21 AN13 OP1_P
P22 AN14 OPO_N1
P23 b1 RXD1 AN15 C1P4/C0OP4 OPO_O
P24 AN16 OPO_NO
P25 AN17 OPO_P
P26 AN18 Cl1P2_B
P30 ECAP13 AN19/AVREFP C1P3 A1P2/A1G
P31 ECAP10 AN20 C1PO AO0P2
P32 l ECAP11 AN21 C1lP1 AOP1
P34 ECAP12 AN22 ClP2_A A0O
P35 AN23 CIN_A Al10
P36 ECAPO3 AN24 COP3 AOPO
P40 AN25
P43 AN26 CON AOP3
P44 AN27/AVREFN A1P3/A0G
P46 l AN28 CIN_ B
P47 min AN29
Note:

(1) When configured as 0, it is a GPIO function, and its input Schmitt is normally open (including when the state is

@

©)

output).

When configured as 1, all GPIO functions are closed, including the output circuit, Schmitt input circuit, and both

pull-up and pull-down are closed.

When configured as a digital function, the analog function can also be used. For example, when P13 is configured

as a GPIO to use the ECAP function, the comparator COPO function can be used at the same time.

The port supports the simultaneous use of multiple analog functions, such as the P25 can use the op amp function

and the AD channel function at the same time.

(4) The SWD ports are fixedly configured as a group, which is set at the factory and cannot be modified by the user.
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4. Function Summary
4.1 ARM Cortex—MO+ core

The Cortex®-MO processor is a configurable 32-bit RISC processor with a multi-stage pipeline. It features an AMBA AHB-
Lite interface and includes an NVIC component, along with optional hardware debugging capabilities. This processor executes
Thumb instructions and is compatible with other Cortex®-M series processors. It supports two operational modes—Thread mode
and Handler mode. When an exception occurs, the system enters Handler mode, and exception returns can only be executed

in Handler mode. The system can enter Thread mode after reset and exception returns.

4.2 Memory
42.1 Program memory (FLASH)

The program memory is divided into two areas: APROM and BOOT, you can choose to boot from APROM or BOOT area
when power is on.

Different product models have different program space sizes, depending on the specific model, the maximum space is
64KB.

The maximum space of BOOT is 4KB.

The BOOT size can be configured as follows:

64K (program storage area)
Address space
APROM area BOOT area
allocation method
Method 0 64K 0000H-FFFFH - -
Method 1 63K 0000H-FBFFH 1K FCOOH-FFFFH
Method 2 62K 0000H-F7FFH 2K F800H-FFFFH
Method 3 60K 0000H-EFFFH 4K FOOOH-FFFFH

4.2.2 Non-volatile data memory (Data FLASH)

Data FLASH has a space size of 1KB and is divided into two sectors. Each sector is write-protected. It can store the data

that the user needs to save for power down.

4.2.3 Data memory (SRAM)

The maximum data memory is 8KB, and write protection can be set for every 2KB after the initial address.
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Interrupt control

The Cortex®-MO0 CPU provides a Nested Vector Interrupt Controller (NVIC) for interrupt handling with the following features:
»  Support nested vector interrupts.
»  Automatically save and restore processor state.
»  Dynamically change priority.
>

Simplify and define interruption time.

The system provides multiple peripheral interrupt sources, including GP1O0, GPIO1, GP102, GPIO3, GPIO4, CCP, WWDT,
EPWM, ADCA, ADCB, ACMP, UARTO, UART1, TIMERO, TIMER1, TIMER2, TIMER3, WDT, 12C, SPI, SYS_CHK, the actual
number of interrupt sources varies from product to product. Each interrupt supports 4 levels of interrupt priority, the highest

priority is 0, the lowest priority is 3, and the default priority is 0.

4.4 Clock control

The clock controller provides the clock source for the entire chip, including the system clock and all peripheral clocks. The
controller provides clock selection through separate clock switches, clock source selection and frequency dividers, as well as
clock outputs through IO ports.

The clock source can be selected from the following two types:

»  On-chip high-speed oscillator HIS (48MHz/64MHz).

»  On-chip low-speed oscillator LS| (40KHz).

The clock output can be selected from the following two types:
»  AHB bus clock AHBCLK.

»  On-chip high-speed oscillator HSI.

4.5 Power management
45.1 Operating mode

The system has 3 different operating modes to suit the power requirements of different applications.
»  Normal mode: MCU is in normal working mode, peripherals are running normally, LDO is turned on.
»  Sleep mode: MCU is in sleep mode, CPU stops working, peripherals are running normally, LDO is turned on.
»  Deep sleep mode: MCU is in deep sleep mode, CPU stops working, peripherals only work with WDT, and LDO is

turned on.

45.2 Low voltage reset (LVR)

This series of products contains a low-voltage reset circuit, when the power supply voltage is lower than the set detection
voltage, the system is reset.

There are 3 choices for low voltage detection voltage: 1.8V/2.0V/2.5V.

4.5.3 Low voltage detection (LVD)

This series of products contains a low-voltage detection circuit that can compare the power supply voltage with the set
detection voltage. If the power supply voltage is lower than the set detection voltage, an interrupt request signal is generated.
There are 8 options for detection voltage: 4.3V/4.0V/3.7V/3.0V/2.7V[2.4V/2.2\//2.0V.
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4.6 Timers
4.6.1 System timer (SysTick)

The Cortex®-MO has a built-in system timer, SysTick, which provides a simple 24-bit write-clear, decrement counting, and
auto-load initial value function, as well as a register with a flexible control mechanism. The counter can be used as a real-time

operating system (RTOS) tick timer or as a simple timer peripheral.

4.6.2 Watchdog timer (WDT)

The watchdog timer is a 32-bit down counter with 40KHz as the counting clock source. When the system runs to an unknown
state, the watchdog can be used to reset the system, thus avoiding the system from entering an infinite loop. The watchdog
timer has the following characteristics:

The counting clock can be selected from 1, 16, or 256 divisions.

A\

Support watchdog reset system.
»  Support watchdog timer interrupts.

»  Support watchdog interrupt to wake up the system in sleep/deep sleep mode.

4.6.3 Windowed watchdog timer (WWDT)

The windowed watchdog timer is a 6-bit down counter. The window watchdog timer is used to perform a system reset within

a specific window time to prevent the program from going to an uncontrollable state under unpredictable conditions. The
windowed watchdog timer has the following characteristics:

»  6-bit windowed comparison value can be set.

»  Counting clock can choose 14 kinds of frequency division ratio.

»  Support interrupt generation when the windowed watchdog count value is equal to the windowed comparison value.

»  Support loading data when the windowed watchdog count value is greater than the windowed comparison value,

generating a system reset.

»  Support a system reset when the windowed count value is decremented to 0.

4.6.4 General timers (TIMERO/1/2/3)

This series of products includes 4 programmable 32-bit/16-bit down counters, which can provide users with convenient
timing counting functions. TIMERO/TIMER1/ TIMER2/TIMERS has the following characteristics:
The counting clock can be selected from 1, 16, or 256 divisions.
There are three counting operation modes: one-shot trigger, period counting, and continuous counting.
Support delay load counting initial value function.

Support generating an interrupt when the counter is decremented to 0.

YV V V VY VY

Support timer interrupt wake up sleep mode.
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4.7

Enhanced digital peripherals

4.7.1 Cyclic redundancy check unit (CRC)

Cyclic Redundancy Check (CRC) is the most commonly used error-checking code in the field of data communication. Its

distinctive feature is the ability to select arbitrary lengths for the information field and the checksum field. The CRC unit on the

chip uses the polynomial “X'6+X'2+X5+1” (CRC16-CCITT). By specifying the data to be checked through the program, this

module is not limited to the code flash area and can be used for versatile checks.

4.7.2 Hardware divider (DIVSQRT)

This series of products includes a 32bit hardware divider, which has the following characteristics:

YV V V VY

Support unsigned or signed number division.

With clear flag indication bit.

The bit width of the quotient and remainder are both 32 bits.
Write the divisor register to start the division operation.

16 HCLK clocks to complete an operation.

4.7.3 Capture/compare/pulse width modulation module (CCP0/1)

This series of products includes 2 groups of CCP modules (CCP0/CCP1), each group of CCP corresponds to A and B

channels. CCP module supports PWM output, capture mode0, capture mode1 and interrupt.

(1) PWM output has the following characteristics:

YV V V VY V

CCPOQ’s A and B channels share one period register, while CCP1’s A and B channels share another period register.
CCPO/CCP1 A and B channels’ duty cycles can be independently configured.

Up to 4 PWM outputs are supported.

Support 50% duty cycle square wave output.

Output polarity is selectable.

(2) Capture mode0 has the following characteristics:

>
>
>

CCPO can select either channel A or B as the external capture input signal.

CCP1 can select either channel A or B as the external capture input signal.

Four capture modes are available: software start counting, capture on rising edge; software start counting, capture
on falling edge; count on rising edge, capture on falling edge; count on falling edge, capture on rising edge.

Capture condition triggers counter stop.

(3) Capture mode1 has the following characteristics:

>
>
>
>
>

Only CCP1 has capture mode 1.

CAPOQ, CAP1, CAP2, and CAP3: 4 capture channels, each with 4-bit control selecting different inputs.
Software capture mode ca be triggerred by writing to registers.

Edge capture mode can be triggered by external signals: rising edge, falling edge, both edges.

Support CCP1 capture trigger CCPO counter load enable.
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(4) Capture mode 2 has the following characteristics.

>
>
>

Only CCP1 has capture mode 2, CCPO can be set freely.

CAP1, CAP2, and CAP3 share the same capture channel for the same signal.

Each channel can independently select the edge capture mode of rising edge, falling edge, and double edge triggering
of external signals.

CAP3 can automatically calculate the period and duty cycle data after the capture is completed.

(5) CCP module interrupt has the following characteristics:

>
>
>
>

PWM interrupt.
Capture mode 0 interrupt.
CAPOQ, CAP1, CAP2, and CAP3 interrupts of capture mode 1.

Counter overflow interrupt.

4.7.4 Enhanced PWM (EPWM)

The enhanced PWM module supports 6 PWM generators, and the period and duty cycle can be set independently. EPWM

has the following characteristics:

>

YV V V VYV V V

Support one-shot and continuous waveform outputs.

Support 4 control modes: independent, complementary, synchronous, and group control.
Counting clock can choose from 1, 2, 4, 8, or 16 frequency divisions.

Support two counting modes: edge alignment and center alignment.

Support 4 loading and update methods.

Support output polarity selection.

Support period, compare up, compare down, zero interrupts.
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Communication module

4.8.1 Universal asynchronous receiver transmitter (UARTO0/1)

This series of products includes 2 full-duplex asynchronous communication interfaces, UARTO and UART1. The UART0/1

transceiver has the following characteristics:

>

YV V V VYV V V VY V

4.8.2

Full duplex, asynchronous communication.

Register structure complies with 16550 industry standards.
16-byte transmit and receive FIFOs.

Support hardware automatic flow control function (CTS, RTS).
Support software flow control function (XOFF, XON).

Support receive buffer trigger level selection.

The data bit length can be set to 5~8 bits.

The stop bit length can be setto 1, 1.5 or 2 bits.

Generation and detection of parity, no parity or fixed parity bits can be set.

I2C serial interface controller (12C)

This series of products includes a two-wire bidirectional serial bus controller I2C. The I1°C controller has the following

characteristics:

VvV V V VYV V V

Standard 12C compatible bus interface.

Support master/slave mode, two-way data transfer between master and slave.

Support simultaneous data arbitration between multiple hosts to avoid serial data damage on the bus.

The bus adopts serial synchronous clock, which can realize transmission between devices at different rates.
Programmable clock can be used for multiple rate control.

Support 7-bit/10-bit slave address mode.

Support multi-address recognition.

4.8.3 Serial peripheral interface controller (SSP/SPI)

This series of products includes a synchronous serial controller SSP/SPI working in full-duplex mode. The SSP/SPI

controller has the following characteristics:

>

YV V VYV VY V

Compatible with Motorola’s SPI, TI's 4-wire SSI and NS’s Microwire bus.
Support master or slave mode.

Configurable transmit bit length.

Configurable clock polarity and phase.

Programmable clock rate control.

Provide 8x 16-bit transmit/receive FIFOs.
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4.9 Analog module
4.9.1 Analog-to-digital conversion (ADCA)

This series of products includes a 12-bit successive approximation analog-to-digital converter (ADC), which supports one-

shot and continuous conversion modes. ADCA also has the following characteristics:

»  Analog input voltage range: AVSS(VSS) ~ AVDD(VDD).
Maximum sampling rate: 380Ksps.
Up to 30 external single-ended analog input channels.
Single conversion time: 21*Tapck (sampling time is 4 Tapck).
One-shot mode: Perform an A/D conversion on the specified channel.
Continuous mode: Perform A/D conversion on all selected channels.
Support external input signal to trigger ADC conversion.
Support interrupt generation after conversion.
Built-in an AD conversion result comparator.

The conversion result of each channel is stored in the corresponding data register.

YV V V VYV V V V¥V V VYV V

Channel 30 can test internal analog voltage signals (including OP0/1 outputs, PGAO/1 outputs, internal 1.2V

reference voltage)

4.9.2 Fast analog-to-digital conversion (ADCB)

This series of products includes a 12-bit successive approximation analog-to-digital converter (ADCB), which supports one-
shot and continuous conversion modes. ADCB also has the following characteristics:
Analog input voltage range: AVSS(VSS/AVREFN) ~ AVDD(VDD/AVREFP).
Maximum sampling rate: 1.2Msps.
Up to 30 external single-ended analog input channels.
Support two power consumption modes: high-speed mode and low-current mode.
Single sampling and conversion time in high-speed mode: 52*Tapck (sampling time is set to 13.5*Tapck).
One-shot mode: Perform an A/D conversion on the specified channel.
Continuous mode: Perform A/D conversion on all selected channels.
Support external input signal to trigger ADC conversion.
Support interrupt generation after conversion.
Built-in an AD conversion result comparator.

The conversion result of each channel is stored in the corresponding data register.

V V.V ¥V V V VYV V VYV VYV V

Channel 30 can test internal analog voltage signals (including OP0/1 outputs, PGAO/1 outputs, and internal 1.2V

reference voltage).

4.9.3 Analog comparator (ACMP0/1)

This series of products contains 2 analog comparators, ACMPO and ACMP1. ACMPO0/1 has the following characteristics:
Analog input voltage range: 0~(VDD-1.5V).

Support hysteresis voltage selection (10mV/20mV/60mV- typical value).

Positive can select multiple port inputs.

Negative can select port input or internal reference voltage.

YV V V VY

A total of 16 selections for internal reference voltage division.
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»  Support output filtering, a total of 11 levels of filtering time can be selected.

»  Interrupts are generated when the output changes from 0 to 1.

4.9.4 Operational amplifier (OP0/1)

This series of products includes 2 basic operational amplifier modules OPO and OP1, and OP0/1 has the following
characteristics:
»  Can be configured in op-amp mode and comparator mode.

»  Outputs can be measured by ADC.

4.9.5 Programmable gain amplifier (PGAO0/1)

This series of products includes 2 programmable gain amplifiers, PGAO and PGA1, and PGAO0/1 has the following
characteristics:
»  Adjustable gains (4X/8X/10X/12X/14X/16X/32X).
»  Support pseudo-differential inputs
»  Support op-amp mode.
»  Outputs can be measured by ADC.
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4.10 Memory control module

FLASH memory includes program memory (APROM/BOOT) and non-volatile data memory (Data FLASH), which can be
accessed through related special function registers (SFR) to realize IAP function. FLASH memory supports the following
operations:

»  Byte read operation.

»  Byte write operation.

»  Page erase operation.
>

FLASH space CRC operation.

4.11 Safety function
4.11.1 Unique identification (UID)

Each chip has a 96-bit unique identification number, which has been set at the factory and cannot be modified by the user,

but it can be read through the memory module.

4.11.2 User unique identification (USRUID)

This series of products features another 128-bit chip identification number called USRUID. It includes a user-settable 96-
bit identification number and a fixed 32-bit identification number. This 128-bit identification code cannot be read via the memory
module. USRUID can serve as a key in encryption applications, allowing user programs to establish protective mechanisms by

detecting this key.

4.11.3 Program code protection

It supports code partition protection functionality, where each segment in the APROM space is 2KB and each segment in

the BOOT space is 1KB. The protection status can be configured through user-configurable registers.

4.11.4 Data code protection

It supports data area protection function, where the data space is one segment per 0.5KB, and the protection status can be

set through the user configuration registers.

4.11.5 Program CR

It supports hardware computation of program CRC check codes, with configurable check ranges. The CRC is generated
using the polynomial CRC16-CCITT, defined as “X'® + X2 + X5 + 1",

4.11.6 General CRC calculation

The general CRC module can be used to verify the correctness of the program or data transmission. The check polynomial

of the general CRC module is also generated using “X'6+X12*X5+1".
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4.11.7 lllegal memory access detection

If you access an illegal memory address in the ARM microcontroller, the bus system will respond with an error signal, which

can provide a better method of program error detection.

4.11.8 SRAM protection function

The internal SRAM has a write protection function and can be set to partition write protection. Write protection does not

affect the read function, the system register SRAMLOCK can set related functions.

4.11.9 SFR protection function

Some SFRs of key function modules have protection functions, and read and write operations are invalid in the protection

state.

4.11.10 ADCA/B test function

Verify that the A/D converter is operating properly by performing A/D conversion on the positive reference voltage, negative

reference voltage, analog input channel, and internal reference voltage of the A/D converter.

4.11.11 GPIO pin level detection

Regardless of whether the port is configured as an output port or an input port in GPIO function mode, the pin level can be

read through GPIO->DI.
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5. User Configuration

The user configuration area is a 128-word (512-byte) memory area allocated in FLASH, and the following functions can be
set through the configuration area registers:
»  LVRreset voltage.
Power-on reset boot space (APROM/BOOT).
User program, user UID, Data FLASH encryption control.

>
>
»  Power-on WDT enable control, initial load value.
»  SWD debugging function.

>

External reset function and pin assignment.
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6. Electrical Characteristics

Temperature condition is Ta = 25°C for the following parameters, unless otherwise indicated.

6.1 MCU absolute maximum ratings
Symbol Item Min. Max. Unit
Vbp-Vss Power supply voltage -0.3 5.8 \%
ViN Input voltage Vss-0.3 Vop+0.3 \%
Ta Operating temperature -40 85 ‘C
Tst Storage temperature -55 150 C
lop Vbp maximum input current - 120 mA
Iss Vss maximum output current - 120 mA
Maximum sink current of a single 1/0 - 50 mA
Maximum source current of a single 1/0O - 40 mA
o Maximum sink current of all I/Os - 100 mA
Maximum source current of all I/Os - 100 mA

Caution: Operating the device beyond the “Absolute Maximum Ratings” range will cause permanent

damage. Functionality is guaranteed only when the device operates within the specified range in the

manual. Operating the chip under absolute maximum ratings conditions may affect the device’s
reliability.
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MCU DC electrical parameters

(Vop-Vss=2.1~5.5V, Ta=25C)

Symbol Item Test condition Min. Typ. Max. Unit
Operating
Voo HCLK=64MHz 2.1 - 55 \Y
voltage
| HCLK=64MHz, HSI=64MHz, 6.5
pD1 ALL APBCLK OFF, Vpp=5.0V i : i} mA
| HCLK=64MHz, HSI=64MHz, 6.5 A
bD2 ALL APBCLK OFF, Vpp=3.3V i : i m
| ) HCLK=48MHz, HSI=48MHz, 5 mA
b3 Operating ALL APBCLK OFF, Vpp=5.0V ) )
HCLK=48MHz, HSI=48MHz
t ! ! - -
loo eurren ALL APBCLK OFF, Vpp=3.3V 5 mA
| HCLK=40KHz, LSI=40KHz, 0.25 mA
bDs ALL APBCLK OFF, Vpp=5V ) ' )
| HCLK=40KHz, LSI=40KHz, 0.25 mA
DD6 ALL APBCLK OFF, Vpp=3.3V } ' }
Current in LDO ON, Vop=5V - 200 - uA
IDEEP_SLEEP deep sleep LDO in low power consumption 6 A
R - u
mode mode, Vbp=5V
Input level,
Vi - VSS - 0.3vDD V
low
Input level,
ViH - 0.7vDD - VDD \%
high
Output
loL1 Vop=5V GPIOxDR[n]=0 Vio=1.5V - - 50 mA
current, low
Output
loL2 Vop=5V GPIOxDR[n]=1 Vio=1.5V - - 25 mA
current, low
Output
loH1 Vop=5V GPIOxDR[n]=0 Vi0=3.5V - - 40 mA
current, high
Output
loHz Vop=5V GPIOXDR[n]=1 Vi0=3.5V - - 20 mA
current, high
Pull-up
Rup - - 33 - KQ
resistance
Pull-down
Rb - - 33 - KQ
resistance
FaHBcLk AHB clock - - - 64 MHz
FapBcLK APB clock - - - 64 MHz
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MCU AC electrical parameters

6.3.1 Power-on reset time

Symbol ltem Test condition Min. Typ. Max. Unit
TrESET Reset time Vpp=5V - 6 - ms
Tvbbr Vop rise rate Vpp=5V 20 - - us/V
Tvopr Voo fall rate Vpp=5V 20 - - us/V
6.3.2 On-chip high-speed oscillator (HSI)
Symbol Iltem Min. Typ. Max. Unit
VHsl Operating voltage 2.1 - 55 \%
Ta Operating temperature -40 - 85 ‘C
IHsi Operating current, Vop=5.0V,Ta=25"C - 300 - UA
Ta=25°C,Vop=5.0V - 48 - MHz
. Ta=25°C,Vop=2.1~5.5V -1 - 1 %
et TA=0'C~85°C Vop=2.1~5.5V -2 - 2 %
Ta=-40°C~85°C,Vpp=2.1~5.5V -3 - 3 %
Ta=25°C,Vbp=5.0V - 64 - MHz
. Ta=25°C,Vop=2.1~5.5V -1 - 1 %
etoa TA=0'C~85°C Vop=2.1~5.5V -2 - 2 %
Ta=-40°C~85°C,Vpp=2.1~5.5V -3 - 3 %
6.3.3 On-chip low-speed oscillator (LSI)
Symbol Item Min. Typ. Max. Unit
Vs Operating voltage 2.1 - 5.5 \%
Ta Operating temperature -40 - 85 ‘C
ILsi Operating current, Vop=5.0V,Ta=25"C - 10 - UA
Ta=25C, Vbp=5.0V - 40 - KHz
Fisi Ta=25°C, Vbp=2.1~5.5V -10 - 10 %
Ta=-40°C~85C, Vpp=2.1~5.5V -15 - 15 %
6.3.4 Low voltage reset (LVR)

Symbol Item Min. Typ. Max. Unit
VLvR1 Low voltage detection threshold value: 1.8V 1.65 1.8 2.0 \%
Vivr2 Low voltage detection threshold value: 2.0V 1.85 2.0 2.2 \%
Vivrs Low voltage detection threshold value: 2.5V 2.25 2.5 2.8 Vv
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6.3.5 Low voltage detection (LVD)

Symbol Iltem Min. Typ. Max. Unit
Vivp1 Low voltage detection threshold value: 2.0V 1.85 20 215 \Y,
Vivp2 Low voltage detection threshold value: 2.2V 2.05 2.2 2.35
Vivps Low voltage detection threshold value: 2.4V 2.25 24 2.55 \Y,
Vivp4 Low voltage detection threshold value: 2.7V 2.55 2.7 2.85 \Y,
Vivps Low voltage detection threshold value: 3.0V 2.85 3.0 3.15 \Y,
Vivps Low voltage detection threshold value: 3.7V 3.55 3.7 3.85 Vv
Vivor Low voltage detection threshold value: 4.0V 3.85 4.0 4.15 Vv
Vivps Low voltage detection threshold value: 4.3V 4.15 4.3 4.45 Vv
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6.4 FLASH electrical parameters

Symbol Item Test condition Min. Typ. Max. Unit
Ve FLAS:/Holf;’gegating - 2.1 - 5.5 v
Te FLt/Ae?n%glg%?gng - -40 25 85 'C
Program FLASH 20,000 - - Cycle
NENDURANCE Erase count
Data FLASH 100,000 - - Cycle
TreT Data retention time 25°C 100 - - year
Terase Sector erase time - - 2.6 - ms
TwriTE Write time - - 175 - us
TreAD Read time - - 4*Tsys - us
Iop1 Read current - - - 25 mA
Iop2 Programming current - - - 3.6 mA
lops Erase current - - - 2 mA
Note: Tsys is the system clock period.
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6.5 Analog circuit characteristics
6.5.1 BANDGAP electrical characteristics

Symbol Item Test condition Min. Typ. Max. Unit
Voo Internal Vop=2.1~5.5V, Ta=25°C 1.188 1.2 1.212 V
reference 1.2V | /5= 1~5.5V, Ta= -40°C to 85°C 1.182 1.2 1.218 v
Remark: Low-temperature specification values are guaranteed by design, and are not tested in mass production.
6.5.2 ADCA electrical characteristics

Ta=25C.

Symbol Item Min. Typ. Max. Unit
VavDD ADC operating voltage 2.5 - 5.5 \%
VRer Reference voltage - Vavop - \Y,
Vapi Input voltage 0 - VRer \%

Nr Resolution 12 Bit
DNL Differential nonlineari_ty error (VrRer=Vavbp=5V, +2 LSB

Tapck=0.125us)
Integral nonlinearity error (VrRer=Vavop=5V,

INL Taock=0.125us) +4 LSB
Tabck ADC clock period 0.125 - - us
Tabc ADC conversion time (Sample hold time: 4*Tabc) - 21 - Tabck

Fs Sampling rate (VrRer=Vavbp=5V) 380 Ksps

6.5.3 ADCB electrical characteristics

Ta=25C.

Symbol Item Min. Typ. Max. Unit
Vavop ADC operating voltage 25 - 5.5 \Y,
VREF1 Reference voltage 1 - Vavbb - \%
v, Reference voltage 2 ) VAVREFP ) v

REF2 (positive AVREFP/negative AVREFN) VAVREEN
Vb Analog signal input 0 - VRer \%

Nr Resolution 12 Bit

Differential nonlinearity error (Tabck=0.0156us,
DNL Tapc=52*Tapck, VrRer=VDD) +1.5 LSB
Integral nonlinearity error (Tabck=0.0156us,
INL Taoc=52*Taock, Vrer=VDD) *2 LSB
Tapck ADC clock period 0.0156 - - us
High-speed mode single AD sampling and conversion
Tabc total time - 52 - Tabck
(sampling time=13.5*Tabck)
Fs Sampling rate 1.2 Msps

Note: Quantization error is not included.
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6.5.4 OPO0/1 electrical parameters

Ta=25°C, Vsense=Vin+-Vin-, Voo=5V, Vin+=1V, unless otherwise indicated.

Symbol ltem Condition Min. Typ. Max. Unit
Vop Power supply voltage - 2.5 - 5.5 V
la Quiescent current Vsense=0mV - 0.8 1.3 mA
Isb Shutdown current - - 10 - nA
Ta Operating temperature - -40 25 85 C

Input characteristics

Vos Input offset voltage - -8.0 +3.0 8.0 mV
Vou e -40°C~85'C 0 : Voo-13 |V
Is Input bias current Vsense=0mV - 10 - pA
los Input offset current Vsense=0mV - 10 - pA

Output characteristics

CLoaD Capacitive load - - 30 - pF
Von Max'\r:(‘;:t’:g‘;“tp“t -40°C~85°C : : Vor-03 |V
VoL R -40°C~85C 0.3 . . v

Frequency characteristics

AoL Open loop gain - - 80 - dB

BW Bandwidth CLoap=30pF - 5 - MHz
e | e | wewse” | - | w [ - [

Transient characteristics

SR Slew rate RLoap=2K, CLoap=100pF - 17 - V/us

TstB Stable time - - - 2 us

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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6.5.5 ACMPO/1 electrical parameters

Ta=25°C, Vsense=Vin+-Vin-, Voo=5V, Vin+=1V, unless otherwise indicated.

Symbol ltem Condition Min. Typ. Max. Unit
Vop Power supply voltage - 21 - 5.5 V
la Quiescent current Vsense=0.1V - 0.3 0.4 mA
Isp Shutdown current Vsense=0.1V - 5 - nA
Ta Operating temperature - -40 25 85 C
Input characteristics
Vos Input offset voltage - -10.0 4.0 10.0 mV
Veu Coﬂg;;’égnfadnegie”p“t -40°C~85°C 0.1 - Voo-13 |V
Is Input bias current Vsense=0mV - 10 - pA
los Input offset current Vsense=0mV - 10 - pA
0
Vhvs Input hysteresis voltage VD\D/E%:O’E&? v - z;g - mV
+60
Output characteristics
Von Max‘\rgft’:g‘é“tp“t -40'C~85°C . . Voo v
VoL Minir:;ggoeutput 40°C~85°C 0 ) ) Vv
Frequency characteristics
AoL Open loop gain - - 80 - dB
BW Bandwidth - - 120 - MHz
PSRR Power su&riilg rejection VDD:2\);;N58-§=\6I’:]/{7+=1V’ ) 80 ) dB
N
Transient characteristics
TstB Stable time - - - 2 us
TreD Response delay V_COM=1V‘ - 50 100 ns
Vin+= VIN- £0.1V

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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6.5.6 PGAO0/1 electrical parameters

Ta=25C, Vop=5V, Vin+=0.1V, unless otherwise indicated (G is the gain factor).

Symbol ltem Condition Min. Typ. Max. Unit

Vop Power supply voltage - 25 - 5.5 Vv
la Quiescent current Vour=2V - 0.9 1.5 mA
Isb Shutdown current - - 10 - nA
Ta Operating temperature - -40 25 85 C

Input characteristics
Vos Input offset voltage - -8.0 3.0 8.0 mV
Vew Common mode input -40°C~85°C 035 /G ) (Vop-0.35)/ Vv
voltage range G
Is Input bias current - - 10 - pA
los Input offset current - - 10 - pA
Output characteristics
G=4,8 -2 - 2
EG Gain error %
G=10,12,14,16,32 -3 -

CrLoaD Capacitive load - - 10 - pF
Von Maximum output voltage -40°C~85°C - Vbp-0.35 - vV
VoL Minimum output voltage -40°C~85°C - 0.35 - Vv
Vaoo PGAO/1 test output ports -40°C~85°C ) ) Vop-0. 35
Vaio (A0O, A10) Output ports unloaded o

Frequency characteristics
BW Bandwidth Rioo=2k0, CLono=100pF - 2 - MHz
PSRR Power supply rejection ratio Vpp=2.5~5.5V - 60 - dB
CMRR Common r;;c:ic(i)e rejection 40°C~85°C ) 80 ) dB
Transient characteristics
SR Slew rate R LOAD=2kQéS‘|1_0AD=1OOpF . 7 ) Vis
Tsts Stable time - - - 2 us

Remark: This specification is guaranteed by the design, and is not tested in mass production.
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EMC characteristics

6.6.1 EFT electrical characteristics

Symbol Item Test condition Grade
Fast transient voltage burst limits to beapplied Ta=+25°C,

VEFTB through 0.1uF(capacitance) on VDDand HSI=64MHz, conforms to 4B
VSSpins to induce a functional disturbance IEC 61000-4-4

Note: The immunity performance against Electrical Fast Transient (EFT) pulses is closely related to system design aspects,
including power supply structure, circuit design, layout and wiring, chip configuration, program structure, and more. The
EFT parameters listed in the table are results obtained from testing on CMS internal testing platforms and may not apply
universally to all application environments. These test data serve as reference only. Various aspects of system design
can influence EFT performance. In applications where high EFT immunity is required, it is advisable to design while
minimizing the impact of interference sources on system operation. It is recommended to analyze interference paths and

optimize designs to achieve the best immunity performance against EFT disturbances.

6.6.2 ESD eletrical characteristics

Symbol Item Test condition Grade
Veso Electrostatic discharge Ta=+25C, 3A
(Human-Body Model HBM) JEDEC EIA/JESD22- A114

6.6.3 Latch-Up eletrical characteristics

Symbol Iltem Test condition Classification
. JEDEC STANDARD NO.78D Class |
LU Static latch-up class NOVEMBER 2011 (TA = +25°C)
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7. Package Dimensions

7.1 QFN32 (5x5x0.75-0.50mm)

D D2
h
| Yuuujguu <
1 — 1
2 ) | ]2
- ]
of 2| _ R I Y
- - 2 D g
- -
») | -
— j—
Lfoange
e ol
EXPOSED THERMAL / Ne
PAD ZONE
BOTTOM VIEW
]
J 00000000
1
g
Millimeter
Symbol
Min Nom Max
A 0.70 0.75 0.80
Al - 0.02 0.05
b 0.18 0.25 0.30
0.18 0.20 0.25
D 4.90 5.00 5.10
D2 3.40 - 3.75
e 0.50BSC
Ne 3.50BSC
E 4.90 5.00 5.10
E2 3.40 - 3.75
L 0.30 - 0.45
h 0.30 0.35 0.40

Caution: Package dimensions do not include mold flash or gate burrs.
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8. Ordering Information

PACKAGE

QFN32

WWDT

1

WDT

CRC

Temperature sensor

SPI

12C

UART

Timer

CCP

EPWM

CMP

PGA

Op-Amp

12-Bit ADCB

30

12-Bit ADCA

30

GPIO

30

Hardware divider and
square root unit

Hardware multiplier

LDO

Driver

SRAM (KB)

Data FLASH (KB)

Program FLASH (KB)

64

Main frequency (MHz)

64

Core

0+

M

Product No.

CMS32F0332
GE32NA
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Revision History

Version Date Description of changes
V0.5.0 January 2022 Initial version
V0.5.1 February 2023 | Modified SWDCLK/SWDDAT function
1) Modified the operating temperature
V0.5.2 April 2023 2)  Optimized the table content of 6.6 EMC characteristics.
3)  Modified section 4.9.4.
V0.5.3 January 2024 Revised low voltage reset values in Section 1.1/1.2/4.5.2 and 6.3.4 Low voltage

reset (LVR).

1) Modified the format of the pin map

2) Deleted the stop mode in 1.1.

3) Deleted the stop mode in 2.1.

V0.5.4 May 2024 4)  Deleted the stop mode in 3.3.

5) Deleted the stop mode in 4.5.1.

6) Modified the table of electrical parameters in 6.2.

7)  Modified the minimum value of common mode input voltage range in 6.5.6.

September 2024 | Revised the cover page

V0.5.5 — — - -
October 2024 1) Modified the description of outages in Section 4.9.3

2) Modified QFN32 package dimensions
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