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Features

ARM Cortex-M4 32bit MCU+FPU, 120MHz/ 150DMIPS, 128KB Flash, 36KB SRAM, 5KB OTP, 15Timers,
6HRPWMs, 3ADCs, 3DACs, 3CMPs, 4UARTs, 3LINs, 1SPI, 112C, 2CAN FDs (FD/ 2.0B)

ARMv7-M Architecture 32-bit Cortex-M4 CPU
Integrated FPU, MPU

Support DSP and CoreSight standard debug unit of SIMD
instructions,

The maximum operating frequency is 120MHz,
achieving a computing performance of 150DMIPS or
410Coremarks
Built-in memory
Maximum 128KB Flash memory
Maximum 36KB of single-cycle access high-speed SRAM
System power supply: 1.8~3.63V
Extensive Clock and Reset Management
Resources
7 Independent Clock Sources:
. External master clock crystal (4-25MHz)
. External secondary crystal oscillator (32.768KHz)
. Internal high-speed RC (16/20MHz)
. Internal medium speed RC (8MHz)
. Internal low speed RC (32KHz)
. PLLH clock
. Internal WDT dedicated RC (10KHz)
There are 15 reset sources, each reset source has an
independent flag. Reset sources include power-on reset
(POR), low voltage detection reset (PVD1R/PVD2R), pin
reset (NRST), etc.
Integrate low-power operation mode to meet
power control and host computer monitoring
application requirements

Supports  three  low-power
Sleep/Stop/Power Down

Peripherals can be turned off or on independently
Flexible Peripheral Operation Support System
can Significantly Reduce CPU Processing Load

8-channel single-master DMAC

Support mutual triggering of peripheral events (AOS)

Integrates 16 programmable logic blocks (PLA) to

support custom wave generation design
Built-in High-performance Analog modules Can
Effectively Reduce Peripheral BOM Devices

3 independent 12bit 2.5MSPS ADCs

3 independent 12-bit 15MSPS DACs

3 independent voltage comparators (CMP)

Rich timer and PWM Peripherals meet Various
Counting/Timing and Wave Generation
Requirements

6*2-channel 130ps high-resolution PWM (HRPWM), i.e.
12-channel HRPWM

4 multi-function 16-bit PWM Timers (Timer6), supporting
4*2-channel PWM

1 16-bit motor PWM Timer (Timer4), supports 1*8-
channel PWM

1 32-bit general-purpose Timer (TimerA), suppor 1*4-
channel PWM

4 16bit general-purpose Timers (TimerA), support4*4-
channel PWM

2 16-bit basic Timers (Timer0)
Real-time clock (RTC)

operation  modes:
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2 WDTs, 1 supports internal dedicated clock

Featured High-precision HRPWM meets Digital

Power Generation and Control Requirements
It has 12 channels of 130ps high-precision PWM outputs,
and the duty cycle, frequency, phase shift angle and
dead zone all support high precision; and it has built-in
voltage and temperature compensation functions to
ensure high precision in the full temperature range

Flexible and diverse waveform generation modes:
supporting  edge-aligned,  centre-aligned  PWM,
interleaved, and dynamic phase-shifting waveform
generation modes, meeting the various waveform
generation requirements of digital power supplies.

Independent counting mode: 6 independent 22-bit
counting units, supporting sawtooth (upward) or
triangular wave counting modes.

Rich comparison events: 6 general-purpose events, 2
dedicated events, 10 external events, zero-crossings,
period points, and more, providing more flexible
waveform configuration options.

Supports single cache global flag setting and forced
shutdown function, which can effectively solve the
problems of continuous wave and wave loss in variable
frequency topology control (such as LLC, etc.)

Support capture function
Support external event fast asynchronous mode
Support EMB function
Support synchronous DAC function
Other special features: such as support for immediate
idle, interval output, delayed idle, etc.
Up to 53 GPIOs, up to 83% GPIO Availability
Up to 53 GPIOs, all support 5V-tolerant 10
Up to 8 communication interfaces for power
control and host computer monitoring
applications

4 USARTs (3 of which support LIN), supporting ISO7816-
3 protocol

1 SPIs
1 12C, support SMBus protocol
2 CAN FD controllers (MCAN), supporting CAN2.0A/B

Package:
LQFP64 (10x10mm)
LQFP48 (7x7mm)
QFN48 (5x5mm)
QFN32 (4x4mm)

Target Industry Applications
For AC/DC, DC/DC digital power applications, such as
communication and server power supplies, brick power
supplies, micro-inverters, DC charging pile power
modules, energy storage DC/DC, outdoor power
supplies, etc.

Support Model

HC32F334KATI-LQFP64

HC32F334K8TI-LQFP64

HC32F334)ATI-LQ48

HC32F334)8TI-LQ48

HC32F334)JAUI-ZFN48TR

HC32F334)8UI-ZFN48TR

HC32F334FAUI-QFN32TR

HC32F334F8UI-QFN32TR
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Statement

*  Xiaohua Semiconductor Co., Ltd. (hereinafter referred to as "XHSC") reserves the right to change,
correct, enhance, modify Xiaohua Semiconductor products and/or this document at any time
without prior notice. Users can get the latest information before placing orders. XHSC products are
sold in accordance with the terms and conditions of sale set forth in the Basic Contract for Purchase
and Sales.

* It is the customer's responsibility to select the appropriate XHSC product for your application and
to design, validate and test your application to ensure that your application meets the appropriate
standards and any safety, security or other requirements. The customer shall be solely responsible
for this.

* XHSC hereby acknowledges that no intellectual property license has been granted by express or
implied means.

* The resale of XHSC Products shall be invalidated by any warranty commitment of XHSC to such
Products if its terms are different from those set forth herein.

*  Any graphics or words marked "®" or "™" are trademarks of XHSC. All other products or services
shown on XHSC products are the property of their respective owners.

* Information in this notification replaces and replaces information in previous versions.

©2024 Xiaohua Semiconductor Co., Ltd. all rights reserved

DS HC32F334SeriesDatasheet Rev1.00 3/97



HSChE2s
|Xﬁ MEESH www.xhsc.com.cn

Table of Contents

=T 1 T =R 2
Statement....c.ciiiiiii i i R RN E R R R R R ER R ERERSEREREERRRREE 3
B =1 o1 L= e 0o T 1 =] ¢ 3 4
JLE 1«1 L= 14 e 1= 6
Figure INAdeX .iuiiveisisirrmersiss s s rs s s r s s s 8
I 0 1V =Y oV 9
O R o= = 1T T T 20 = PSP 10

1.2 Model Function Comparison Table ..........eeviiiiiiiiiii e 11

1.3 Functional BIOCK Diagram.......uciiie oottt e e e e et e e e e e e e s ranaeeeeas 13

S =T LU =T = = PSP 14
141 CPU et r e e s 14

1.4.2 BUS ArchiteCture (BUS) ....viiiiiiiie et e et r e e e e e e 14

1.4.3 Reset CoNLrol (RMU)......coiiiiiiiiiie et e e e e s r e e e e e e a e 15

1.4.4 (@8 Lo Tl Q@00 o) (o I 81 L I 15

1.4.5 POWET CONTIOI (PWEC) 1iiiitniiiiii ittt ettt e e e et e et e et e e e e et e e et e e erneeeres 15

1.4.6 Initialization Configuration (ICG)........ccccccciiiiiiiiiiii 16

1.4.7 Embedded Flash INterface (EFM) ...ttt s e e e eeaneeenn 16

1.4.8 BUIIE-IN SRAM (SRAM) ...ttt ittt ettt ettt e e e e e e e s ananes 16

149 GeNEral 10 (GPIO) ..o 16

1.4.10  Interrupt Control (INTC)..uuuuuuuuuuuiuiuiuiuuurunnnnnnnnnnnnnnnnnnenrnrnrsrsrrrnr . 17

1.4.11  Automatic Operation System (ADS) .......ccoiiiiiiiiiieie e 17

1.4.12  Memory Protection Unit (MPU) ..o 17

1.4.13 Internal Clock Calibrator (CTC)......uuuviiiieeiiiiiiiiieiee e 17

1.4.14  DMA CONEroler (DMA) ..uuueeieee ettt e e e e e e e e e s snnnenes 18

1.4.15 Voltage Comparator (CMP)........ccciiiiiiiiee e 18

1.4.16  Analog-to-Digital Converter (ADC) .......iveiiiiiiiiiiieeee e 18

1.4.17 Digital to Analog Converter (DAC) ... 19

1.4.18 Advanced Control TiMer (TIMEIB) .....uviiruiiiieeiiie ettt s e e e e e eeraas 20

1.4.19 High-Resolution PWM (HRPWM) ......uuuuiuiiiiiiiiiniiiiiiiiininnnnnmnmnmnnnnn. 20

1.4.20 General Control TIMer (TIMEIA) c.v.veeiiie ettt e e e e e eaas 20

1.4.21 Emergency Brake Module (EMB).......uuuuiuiiiiimiminimiiiiiiiiiiiimmimimmmmminm. 20

1.4.22  General Timer (TIMEIA) oveeiiiieeii ettt ettt et et et et r et e e et eerr e e e e eernns 21

1.4.23  General Timer (TImMEI0) .. uuu i iiii et e et et e et e et et et s e e s e et re e e eerneesnans 21

1.4.24  Real TimMe@ CIOCK (RTC) truuiirtiieiiiiiieitietss et ettt sset s e et s et e ssnesstnssebn s e et sesrnneesnneesnnns 21

1.4.25 Watchdog Counter (WDT/SWDT) ....uuuuiiieeeiiiiiiiiieree e e s ssiiiinree e s e e e e s s s e e e e e e e s s snnnnaeees 21

1.4.26  General Synchronous Asynchronous Transceiver (USART) .......ccccovvvvviveeeiee e, 21

1.4.27 Integrated CircUit BUS (12C) .....oooiiiiiieiiee e 22

1.4.28 Programmable LOGIiC Array (PLA) ....ueeeiieeo i e e 22

1.4.29 Serial Peripheral INterface (SPI) .....uuveiiiee i 22

1.4.30 Controller Area NetWork (MCAN) ... .uvev i 23

1.4.31  CRC UNIE (CRC)..uitiiiiiiiiiieesiiiiie ettt e e e s e e e s e e e s nnnee s 23

1.4.32 Debug Controller (DBGEC) .....cceiiiiiiiiiiiiiee ettt e e e e aieneees 23

2 Pin Definitions . ciiiciiiciiii i iir i i i R R E R R R RR R ERRRREEE 25
2.1 PINOUL . 25

2.2 PINFUNCHON Table. .o, 29

2.3 Pin FUNCtion DeSCription ..ccccoceii i, 34

2.4 PININSEIUCLION oo, 37

3 Electrical Specifications ........ciiiieiiirrarnminisiire s s s s n 38
200 R [T~ o T @] o 11 T o L PRSP 38
3.1.1 MinimumM @and MaXimUM ....coueiercee e e e e s s rr e e e e e e aee 38

3.1.2 TYPICAI VAU . e e e e s rr e e e e a e 38

3.1.3 14 1 [ot= | B LU Y T EPR PSSR 38

3.14 L= Yo I 0T o = [l =] [ = IS EPRR R PPPPPSSPRR 38

3.15 LTI oY o1V LY o] = o = PRSP PSSPRR 38

3.1.6 POWET SUPPIY SCREMIE ... e e e 39

DS HC32F334SeriesDatasheet Rev1.00 4/97



HSChE2s
|Xﬁ MEESH www.xhsc.com.cn

3.1.7 Current Consumption MEasUremMENt .........ooiiiiiiiiiie e 40

3.2 Absolute Maximum RatiNGS .......uiiieiiiiiiiiiicec e 41
3.3 0perating ConditioNS.......ooo i 42
3.3.1 General Working ConditioNs .........uuueuiiiiiiiiiiiiiiiiii .. 42
3.3.2 Operating Conditions During Power Up/DOWN.........uuuuiriuiimiiiiiiiimimmmmmmmmmimmm. 42
3.3.3 Reset and Power Control Block FEatures..........cccccvviviiiiiiiiii 43
3.34 SUPPIY CUITENE FEALUIES ...ttt 44
3.35 Low Power Mode Wake-uUp TIMING .....cccuuuriiiiiiiiiiiiiiiiec et e e 52
3.3.6 External Timer CharacteristiC ....cccccccviiiiii 52
3.3.7 Internal Timer FEAtUIES. ... 55
3.3.8 PLL CharaCteriStiC ..uuuriee i e s r e e e e e 56
3.3.9 Memory (FIash) FEALUIES ......uveiiie e 57
3.3.10  Electrical SENSITIVILY.......oiiiiieiei e 58
3.3. 11 1/O POIt FEATUIES . 59
3.3.12  HRPWM FEATUIES ... 62
3.3.13 [2C InterfaCe FEAtUIES. ... ...uiiiiiii e e s rr e e e e e e 64
3.3.14  SPIINterface FEAtUIES ......c..uiiiiiiiiie e e e e e e e 65
3.3.15 USART Interface FEAtUIES .......ccviiiiiiiiii e 68
3.3.16  JTAG INterface FRAtUIES.......uuiiiiiiii e 69
3.3.17 SWD Interface Features ..., 71
3.3.18 TRACE Interface Features........cccciii i, 72
3.3.19  12-bit ADC FEAtUIES....ccc i, 73
3.3.20 12-bIit DAC FEAtUIES ..o, 77
3.3.21  CompParator FEATUIES ... it e e 79
3.3.22  EIRQ Filter FEATUIES. ...t e e e e 80
3.3.23  USART1 RX Filter Features in StOp MOAE..........oocvvviiiiiiie e 80

4 Package SpecificationsS.....cicicvrrariiimiiisrera s 81
O R o Yol T LT 1T 0= 1] o LSRR 81
N 1 B =T o o= =T o SRR 89
4.3 Package Marking .......oueeeiiie i e e 93
4.4  Packaging Thermal Resistance CoeffiCient ......cccccoviiiiiiii e 94
5 Ordering INnformation .......cioioriimimimnnrsr s 95
Version Revision HiStory ....cicuciiiiiirsrsmisinims s s s nnnnn s 97

DS HC32F334SeriesDatasheet Rev1.00 5/97



L] T —§
|XHSC'{§%TA|=""¢ www.xhsc.com.cn
Table Index
Table 1-1 Model Function Comparison Table ..., 11
Table 2-1  Pin FUNCEION TaDI@. ... e e e e e e e e 29
Table 2-2  FUNC32~63 table. ... 31
Table 2-3  Port Configuration ... 32
Table 2-4  General Functional SPeCifiCatioNs .........cooiiiiiiiiiii e 33
Table 2-5 Pin FUNCLION DeSCIIPLION ..o, 34
Table 2-6  PiN INSEIUCTION ....vviieieie e e s e e e e e e e ns 37
Table 3-1  VOItage FEATUIES. .. ... e e e r e e e e e s s e bbb reeeeaeaaes 41
Table 3-2  CUIrent CharaCteriStiC ......iuuurie e e e e 41
Table 3-3  Thermal FEATUIES .......veeie e e e e e e e e ns 41
Table 3-4 General Operating CoNAILiONS ........uuiiiiieiiiii e e e e e e 42
Table 3-5 Operating Conditions in Case of Power-on/POwWer-0ff..........cccccceiiiiiiiiiiii e 42
Table 3-6 Reset and Power Control BIOCK FEAtUIES ..........ccoiiiiiiiiiiiiii et 43
Table 3-7 Run Mode Current CoNSUMPLIONTL......ciiiiiiiiiiiiiiie ettt e e e e e e 45
Table 3-8 Run Mode Current CONSUMPLION 2.....iiiiiiiiiiiiiiiiie et e e e e e e 46
Table 3-9  Run Mode Current CONSUMPLION 3....iiiiiiiiiiiiiiiiie et e e e e e 47
Table 3-10 Running Speed Mode Current CoNSUMPLION 4......coooiiiiiiiiiiiiiee e 48
Table 3-11 Run Mode Current ConSUMPLIONS.......coiiiiiiii e 49
Table 3-12 Low Power Mode Current CONSUMPLION .......uuuiiiiiiieeii ittt e e 50
Table 3-13 Analog Module Current CONSUMPLION ......oiiiiiiiiiiiie e 51
Table 3-14 Low Power Mode WaKe UP TIME ..uuuiiiiieiii ittt e e s s e e e e st an e e e e e e e 52
Table 3-15 High-Speed External User CloCK FEAtUIES ........ovviieeiiiiiiiiiieccc e 52
Table 3-16  XTAL 4-25 MHz OsCillator FEAtUIES ........coiiiiiiieiiiie e 53
Table 3-17  XTAL32 OSCIllator FEATUIES ......cveiiie et 54
Table 3-18 HRC OSCillator FEATUMES .......oieiiiiiieeiiieie et e e 55
Table 3-19  MRC OSCillator FEAUIES.......uieiiiiiiee it e e e e e e 55
Table 3-20  LRC OSCillator FEAtUIES .......cooiiiiiieeiiiiiie et e e e e e e 55
Table 3-21 SWDTLRC OSCillator FEAtUIES .......ccoiiiiiiiiiiiii e 55
Table 3-22 PLLH Main Performance INiCAtOrsS ..........ooiiiiiiiiiiee ittt 56
Table 3-23  FIash FEATUIES ..o 57
Table 3-24  Flash Program Erase TimMe.....ccooii i, 57
Table 3-25 Flash Memory Erasability and Data Retention Period............cccoceiii, 57
Table 3-26  ESD FEATUIES ....oeiiiiiiiii e 58
Table 3-27  Static LatCh-Up FEATUIS........oo e 58
Table 3-28  1/0 StatiC FEATUIES ......cii i e e e 59
Table 3-29  OQULPUL VOITAgE FEATUIES. ... e e e e 60
Table 3-30  1/O AC FRALUIES. ...cci ittt ettt et e s e e e e e e s st e e s nbr e e e e nnrreeenn 61
Table 3-31  HRPWM FRATUIES ...ttt e s e st e e e e e s nnn e e e e e 62
Table 3-32  HRPWM EMB RESPONSE TiME .. .uuiiiiiiiieeeeiiiiiiiieie e e e e e st s stitae e e e e e e e s ssssaraaeeaee e e s s ennnnrnneeeeeeesnnnns 62
Table 3-33 HRPWM External Events 1~5 Response Time (2) (Fast Asynchronous Mode) ...........c.cc.e.... 62
Table 3-34 HRPWM External Events 1~5 Response Time (Synchronous Mode) ............ccccvvvveveeeeennnnns 63
Table 3-35 HRPWM Synchronous Input and OQutput FEatures..........ccuvvviiieiiiiiiiiie e 63
Table 3-36  12C Electrical FEAtUIeS.......vviiii i 64
Table 3-37  SPI Electrical FEAtUIES .......ovvii i 65
Table 3-38  USART AC TIMING. ittt ettt ettt e e e e sttt e e e e e e s s s skt b bbb et e e e e e s s ssbbbbereaeeeesaanes 68
Table 3-39 USART Highest Baud RAte ........c.cuviiiiiiiiiiiiiii et 68
Table 3-40  JTAG INtErfACe FEALUIES ....ccoei ittt r e e e e e 69
Table 3-41  SWD INterface FEAtUIES.....cci ittt e e bbb e e e e e e e e aae 71
Table 3-42  TRACE INterface FEAtUIES ......coiviiiie ittt 72
TablE 3-43  ADC FEATUIES.....eiii ittt e e s e e e e et e s s bt e e s nbr e e e e anrreeenns 73
Table 3-44 Input Channel Static Accuracy @fADC=60MHZ............ccciiiiiiiii e 74
Table 3-45 Input Channel Static Accuracy @fapc=8MHz/ 30MHZ ..........ccccoiiiiiiiiiiiiiee e 74
Table 3-46 Input Channel Dynamic Accuracy @fapc=60MHZ...........ccccceeeeiiiiiiiiie e 74
Table 3-47 Input Channel Dynamic Accuracy @fapc=8MHz/ 30MHZ .............ccccvviviieeiiiiieiec e 74
Table 3-48 Features When 12-bit DAC Port Output Enabled and Output Amplifier Enabled................ 77

DS _HC32F334SeriesDatasheet Rev1.00

6/97



LSChEES
|Xﬁ MEESH www.xhsc.com.cn

Table 3-49 12-bit DAC Port Output Enabled and Output Amplifier Disabled Features..........ccccccceene 77
Table 3-50 12-bit DAC Port Output Disabled and Output Amplifier Disabled Features.........ccccccceeenne 78
Table 3-51  CoOmMParator FEAUIES. .....uiii i e e e e e e e s s et r e e e e e e aens 79
Table 3-52  EIRQ Filter FEatUIES ..o, 80
Table 3-53 USART1 RX Filter Features in STOP MO ........coviiiiiiiiiiiiiiiiice e 80
Table 4-1 Thermal Resistance Coefficient Table for Each Package........cccccooviiiiiiiiiiiiiiiiiiiiiiiceee e 94

DS HC32F334SeriesDatasheet Rev1.00 7/97



HSChE%S
|Xﬁ MEESH www.xhsc.com.cn

Figure 1-1
Figure 2-1
Figure 3-1
Figure 3-2
Figure 3-3
Figure 3-4
Figure 3-5
Figure 3-6
Figure 3-7
Figure 3-8
Figure 3-9
Figure 3-10
Figure 3-11
Figure 3-12
Figure 3-13
Figure 3-14
Figure 3-15
Figure 3-16
Figure 3-17
Figure 3-18
Figure 3-19
Figure 3-20
Figure 3-21
Figure 3-22

Figure Index

Functional BIoCK Diagram .........ooooiiiiiiii . 13
Pin Configuration Diagram..........cccoiiiii . 28
Pin loading conditions (left) and input voltage measurement (right).........ccccccvviiiiiinnnnen. 38
POWET SUPPIY SCREMIE ... e s 39
Current Consumption Measurement SOIULION ..........oeviiiiiiiiiiii e, 40
Typical Application Using 8 MHZ Crystal .........cccuiiiiiiiiiiiiiee e 53
Typical Application with 32.768KHz Crystal .......cccccvviieiiiicc e 54
[/O AC Features DefinitioN ........couiiiiiieiiiiie et 61
12C BUS TIMING DEfINILION. . ..uiiiiieii i 64
SPI Timing Definition (Slave Mode, CPHA=0)........cuuviiiiei e eieeee s 66
SPI Timing Definition (Slave Mode, CPHA=L1).....ccuuviiiiiie i 66
SPI Timing Definition (Master MOAE) .........uuviieiiiiiiiiiie e 67
USART ClIOCK TIMIING .eitiieiiiiiiiiiieee et et e e e e et re e e e e e e s s s nt b e e e e e e e s s ennnnnnes 68
USART (CSI) Input @and OULPUE TIMING....uvereiieeeeiiiiiiiiiie et a e 69
JTAG JTCK ClOCK ..ttt r e 69
JTAG INPUE @NA QUEPUL .. a e e e eeab e 70
SWD SWCLK ClOCK 11vttiiiiiiiiee sttt ettt e e s nbb e e e e nbneeeen 71
SWDIO Input and OUEPUL ....ooiiiiiii e 71
TRACE CIOCK ..t tttttttee ettt ettt e e e e sttt e e e e e s s et bbb et e e e e e s s snsabbbeeeeeeas 72
TRACE Data OULPUL.....co o, 72
ADC ACCUIACY FOATUIES. ..ttt bbb bbb bbb bbbnbnees 75
Typical Connections TAroUGh ADC .......ccovieiiiiiiiiiiiccce e e e e 76
Power Supply and Reference Supply Decoupling EXample ........ccccovvvivieiiieciiiiciiineennn, 76
CMP HyStEreSIS FEAUIES ... .uviiiiiiiii ettt e e e e e st re e e e e e s annneees 79

DS HC32F334SeriesDatasheet Rev1.00 8/97



HSChE2s
|Xﬁ MEESH www.xhsc.com.cn

1 Overview

The HC32F334 product family is a high-performance MCU based on ARM® Cortex®-M4 32-bit RISC
CPU with a maximum operating frequency of 120MHz. The Cortex-M4 core integrates a floating-
point arithmetic unit (FPU) and a DSP to implement single-precision floating-point arithmetic
operations, supports all ARM single-precision data processing instructions and data types, and
supports the complete DSP instruction set. The kernel integrates the MPU unit and superimposes
the DMAC dedicated MPU unit at the same time to ensure the safety of system operation.

The HC32F334 series integrates high-speed on-chip memory, including up to 128KB of Flash and
up to 36KB of SRAM; Integrated Flash access acceleration unit to achieve single cycle program
execution of the CPU on Flash. The polled bus matrix supports multiple bus hosts to access memory
and peripherals simultaneously, improving performance. The bus master includes CPU and DMA. In
addition to the bus matrix, it supports data transfer between peripherals, basic arithmetic
operations and mutual triggering of events, which can significantly reduce the transaction
processing load of the CPU.

The HC32F334 series integrates a wealth of peripheral functions, including 3 independent 12bit
2.5MSPS ADCs; 3 12bit 15MSPS DACs; 3 high-speed voltage comparators (CMP); 4 multi-function
PWM Timers (Timer6), supporting orthogonal encoding input and 8-channel complementary PWM
output; 6 22-bit high-precision PWM (HRPWM), supporting 12-channel 130ps high-resolution PWM
waveform output; 1 motor PWM Timer (Timer4), supporting 8-channel complementary PWM output;
4 16-bit universal timers (TimerA) and 1 32-bit universal timer (TimerA), supporting orthogonal
encoding input and 20 channels of duty cycle adjustable PWM output; 6 serial communication
interfaces (I2C/UART/SPI); 2-way MCAN controllers.

The HC32F334 series supports a wide voltage range (1.8~3.63V), a wide operating temperature
range (-40~105°C) and various low power modes.

Typical Application

The HC32F334 series provides 64-pin and 48-pin LQFP packages, and 48-pin and 32-pin QFN
packages, and can be used in AC/DC, DC/DC digital power applications, such as communications
and server power supplies, brick power supplies, micro-inverters, charging pile modules, energy
storage bidirectional DC/DC, high-performance frequency conversion control and other fields.

DS HC32F334SeriesDatasheet Rev1.00 9/97
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1.1 Part Naming Rules

HC 32 F 3 34F38U/I

Xiaohua Semiconductor

CPU bit width

32: 32bit

Product type

F: Gerneral/Digital Power

CPU type

3: Cortex-M4

Capability ID

3: Mainstream type

Feature Configuration Identifier

4: Configuration 9

Pin number

F: 32Pin
J: 48Pin
K: 64Pin

FLASH capacity

8: 64KB
A: 128KB

Package type

U: QFN/ZFN
T: LQFP

Ambient temperature range

I: -40°C~105°C

DS _HC32F334SeriesDatasheet Rev1.00 10/97
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1.2 Model Function Comparison Table

Table 1-1 Model Function Comparison Table

Product Model
Function HC32F334F8UI- | HC32F334FAUI- | HC32F334J8UI- | HC32F334JAUI- | HC32F334)8TI- | HC32F334)ATI- | HC32F334K8TI- | HC32F334KATI-
QFN32TR QFN32TR ZFN48TR ZFN48TR LQ48 LQ48 LQFP64 LQFP64
Pin number 32 32 48 48 48 48 64 64
Number of GPIOs 27 27 39 39 39 39 53 53
5V Tolerant Number of GPIOs 27 27 39 39 39 39 53 53
Package QFN QFN QFN QFN LQFP LQFP LQFP LQFP
Working Temperature Range -40~105°C
Supply voltage range 1.8~3.63V
Flash 64KB 128KB 64KB 128KB 64KB 128KB 64KB 128KB
Storage Space OTP 5KB
SRAM 36KB
DMA controller lunit * 8ch
External port interrupt EIRQ * 16
USART() 4ch
Communication Interface > Lh
12C 1ch
CAN FD 2ch
Timer0 2unit
TimerA Sunit
Timer and counter(2) 3) Timer4 lunit
Timer6 4unit
HRPWM 6unit
Timer and counter WDT 1ch
DS_HC32F334SeriesDatasheet Rev1.00 11/97
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. Product Model
Function HC32F334F8UI- | HC32F334FAUI- | HC32F334J8UI- | HC32F334JAUI- | HC32F334)8TI- | HC32F334JATI- | HC32F334K8TI- | HC32F334KATI-
QFN32TR QFN32TR ZFN48TR ZFN48TR LQ48 LQ48 LQFP64 LQFP64
SWDT 1ch
RTC 1ch
12bit ADC 3unit ,9ch 3unit ,9ch 3unit ,16ch 3unit ,16ch 3unit, 16ch 3unit, 16ch 3unit, 22ch 3unit, 22ch
Analog 12bitDAC 3ch
CMP 3ch
Programmable Logic Array (PLA) v
Frequency Monitoring Module (FCM) v
Programmable Voltage Detection y
Function (PVD)
SWD v
Debug Controller (DBGC)
ITAG v
Note:
1) USART 2/3/4 units with LIN function
2) Timer6, HRPWM, TimerA, Timer0 with capture input function
3) Timer6 and TimerA support 2-phase orthogonal encoding counting and 3-phase orthogonal encoding counting functions
12/97
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1.3 Functional Block Diagram
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1.4 Feature Brief

1.4.1 CPU

The HC32F334 series integrates the latest generation of embedded ARM® Cortex®-M4 with FPU
32bit, which realizes fewer pins and lower power consumption while providing excellent computing
performance and rapid interrupt response capability. Cortex-M4 command efficiency can be fully
realized with integrated on-chip memory. The CPU supports DSP instructions, which can realize
efficient signal processing operations and complex algorithms. The single-point precision FPU
(Floating Point Unit) unit can avoid instruction saturation and speed up software development.

1.4.2 Bus Architecture (BUS)

The main system is composed of 32-bit multilayer AHB bus matrix, which can interconnect the
following host bus and slave bus.

m Host bus
- Cortex-M4 core CPU-I bus, CPU-D bus, CPU-S bus
- System DMA Bus
m Slave bus
- Flash ICODE bus
- Flash DCODE bus
—  Flash MCODE bus (the bus used by hosts other than the CPU to access Flash)
— High-speed SRAMH (SRAMH 16KB) bus
—  System SRAM (SRAMO 16KB) bus
—  System SRAM (Ret SRAM 4KB) bus
- APB1 peripheral bus (SPI/ USART/ EFM/ AOS)
—  APB2 peripheral bus (TimerA/Timer0)
—  APB3 peripheral bus (ADC/DAC)
- APB4 peripheral bus (FCM/ WDT/ SWDT/ PWC/ CTC/ RTC/ WKTM/ PLA) KTM/)
- APBS5 peripheral bus (TimerA/ Timer4/ Timer6/ EMB/ HRPWM/ CMP/ 12C)
- AHB1 peripheral bus (CMU/ GPIO/ DMA/ INTC/ DMPU)
- AHB3 peripheral bus (MCAN)
- AHB4 peripheral bus (CRC)
With the help of the bus matrix, high -efficiency concurrent access from the host bus to the slave
bus can be realized.
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1.4.3 Reset Control (RMU)
The chip is configured with 15 reset modes.

m Power-on Reset (POR)

m  NRST pin reset (NRST)

m Brown-out Reset (BOR)

m Programmable Voltage Detect 1 Reset (PVD1R)
m Programmable Voltage Detect 2 Reset (PVD2R)
m Watchdog Reset (WDTR)

m Special watchdog reset (SWDTR)

m Power-down wake-up reset (PDRST)

m Software Reset (SRST)

m  MPU Error Reset (MPUR)

m RAM Parity Reset (RAMPR)

m RAMECC reset (RAMECCR)

m Clock exception reset (CKFER)

m External High Speed Oscillator Abnormal Reset (XTALER)
m Cortex-M4 Lock-Up Reset (LKUPR)

1.4.4 Clock Control (CMU)

The clock control unit provides a series of frequency clock functions, including an external high-
speed oscillator, an external low-speed oscillator, a PLL clock, an internal high-speed oscillator, an
internal medium-speed oscillator, an internal low-speed oscillator, an SWDT dedicated internal low-
speed oscillator, clock prescaler, clock multiplexing and clock gating circuits.

The clock control unit also provides a clock frequency measurement function. The clock frequency
measurement circuit (FCM) monitors and measures the measurement target clock by measuring
the reference clock, and will interrupt or reset when the clock frequency exceeds the set range.

AHB, APB and Cortex-M4 clocks are all derived from the system clock. The maximum operating
clock frequency of the system clock can reach 120MHz, and there are 6 selectable clock sources:

1) External high-speed oscillator (XTAL)

2) External low-speed oscillator (XTAL32)

3) PLLH Clock (PLLH)

4) Internal high-speed oscillator (HRC)

5) Internal Medium Speed Oscillator (MRC)

6) Internal low-speed oscillator (LRC)

For each timer, you can turn it on and off separately when not in use to reduce power consumption.
SWDT has an independent clock source: SWDT dedicated internal low-speed oscillator (SWDTLRC).
The real-time clock (RTC) uses an external low-speed oscillator, an internal low-speed oscillator, or
an XTAL fractional clock as its clock source.

For each timer, you can turn it on and off separately when not in use to reduce power consumption.
1.4.5 Power Control (PWC)

Power controller is used to control the supply, switching and detection of multiple power domains
in multiple operation modes and low power modes. The power controller is composed of power
control logic (PWC) and power voltage detection unit (PVD).

The operating voltage (VCC) of the chip is 1.8 V to 3.63 V. A voltage regulator (LDO) supplies power
to the VDD and VDDR domains, and a VDDR voltage regulator (RLDO) supplies power the VDDR
domain in power-down mode. The chip provides three low power consumption modes: sleep, stop
and power-down through the power consumption control logic (PWC).

The power voltage detection unit (PVD) provides functions such as power-on reset (POR), power-
down reset (PDR), brown-out reset (BOR), programmable voltage detection 1 (PVD1), and
programmable voltage detection 2 (PVD2). Among them, POR, PDR, and BOR control the reset
action of the chip by detecting the VCC voltage. PVD1 detects the VCC voltage and resets or
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interrupts the chip according to the register settings. PVD2 detects VCC voltage or external input
detection voltage, and generates reset or interrupt according to register selection.

After the chip enters power-down mode, the VDDR area can maintain power through RLDO to ensure
that the real-time clock module (RTC) and wake-up timer (WKTM) can continue to operate, and keep
the data of 4KB RetSRAM.

The analog blocks are equipped with dedicated supply pins for improved analog performance.
1.4.6 Initialization Configuration (ICG)

After the chip reset is released, the hardware circuit will read the FLASH address 0x0000
0400~0x0000 045F and load the data into the initialization configuration register. Addresses
0x0000 0408~0x0000 040B, 0x0000 0410~0x0000 041F, 0x0000 0438~0x0000 045F are reserved
addresses, please write all 1s to ensure the normal operation of the chip. If FLASH boot exchange
is invalid, there is FLASH sector 0 in this area; if FLASH boot exchange is valid and OTP of FLASH
sector 0 is not latched (0x0300 0A80~0x0300 0A83 data all 1), there is FLASH sector 1 in this area;
otherwise, there is FLASH sector 0 in this area; the user can modify the initialization configuration
registers (0x0000 0410~0x0000 041F) by programming or erasing sector 0 to modify the
initialization configuration registers (0x0000 0410~0x0000 041F), please write all 1 to ensure the
normal operation of the chip. Users can program or erase sector 0 to modify the Initialization
Configuration Register (ICG). Addresses 0x0000 0420~0x0000 0437 are data security protection
enable areas. The register reset value is determined by the FLASH address data.

1.4.7 Embedded Flash Interface (EFM)

The FLASH interface accesses the FLASH through the ICODE, DCODE, and MCODE buses, and can
perform programming, erasing, and full-erase operations on the FLASH; it accelerates code
execution through instruction prefetching and caching mechanisms.

Main Features:

Up to 5KBytes of OTP space

ICODE bus 16Bytes prefetch instruction

Two independent buffers: ICODE bus buffer space 1KBytes; DCODE bus buffer space 128Bytes
Support boot swap function

m Support Data Security Protection

1.4.8 Built-in SRAM (SRAM)

This product has 32KB system SRAM (SRAMH/SRAMO) and 4KB power-down mode retention SRAM
(Ret SRAM).

Each SRAM can be accessed as a byte, half-word (16 bits), or full-word (32 bits). All SRAM read and
write operations can be performed at the fastest CPU speed (120MHz).

Ret SRAM can provide 4KB of data retention space in Power Down mode 1/2.

SRAMH, SRAMO and Ret SRAM have ECC (Error Checking and Correcting). The ECC check is a one-
correction-two-check code, which can correct one-bit error and detect two-bit errors.

1.4.9 General 10 (GPIO)
Main Features of GPIO:

m Each port group has 16 1/0 Pins, which may be less than 16 depending on actual configuration

m  Support pull-up and pull-down

m Support push-pull, open-drain output mode

m Support high, medium and low drive modes

m  Support CMOS/Schmitt input modes

m  Support external interrupt input

m Support I/O pin peripheral function multiplexing, each 1/0 pin has up to 51 selectable
multiplexing functions

m Individual I/O pins can be programmed independently
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m Each I/O pin can select 2 functions to be valid at the same time (does not support 2 output
functions to be valid at the same time)

1.4.10 Interrupt Control (INTC)

The interrupt controller (INTC) selects interrupt events as interrupt requests to NVIC to wake up WFI;
selects interrupt events as event inputs (RXEV) to wake up WFE; selects interrupt events to wake
up the system in low power mode (sleep mode and stop mode); controls external interrupts and
software interrupts.

The main specifications of INTC are as follows:

m NVIC interrupt request: INTC is equipped with 303 interrupt events, which are processed and
sent to NVIC as interrupt requests (IRQs). It supports 145 IRQs, and each IRQ corresponds to
one or more interrupt events.

m Programmable priority: 16 programmable priorities (4-bit interrupt priority register is used).

m Non-maskable interrupts: Multiple system interrupt events can be independently selected as
non-maskable interrupts, and each interrupt event is equipped with independent enable
selection, flag, and flag clear registers.

m Equipped with 16 external pin interrupt events.

m Equipped with multiple interrupt events, please refer to the interrupt event list for details.

m Equipped with 32 software interrupt events.

m Interrupt wakes up system sleep mode and stop mode.
1.4.11 Automatic Operation System (AOS)

The automatic operation system (Automatic Operation System) is used to realize the linkage
between peripheral hardware circuits without the help of the CPU. Use the events generated by the
peripheral circuit as the AOS source (AOS Source), such as the comparison and matching of the
timer, timing overflow, the periodic signal of the RTC, and the various states of the communication
module's sending and receiving data (idle, receiving data full, sending data end, sending data
empty), ADC conversion end, etc., to trigger other peripheral circuit actions. The triggered
peripheral circuit action is called AOS target (AOS Target).

1.4.12 Memory Protection Unit (MPU)

The MPU can provide protection to the memory, and can improve the security of the system by
preventing unauthorized access.

This chip has built-in 1 MPU unit for CPU, 1 MPU unit for CPU main stack pointer, 1 MPU unit for CPU
thread stack pointer, 1 MPU unit for DMA and 1 MPU unit for IP.

Among them, the ARM MPU provides the access control of the CPU to the entire 4G address space.

MSPMPU/PSPMPU respectively provide protection for the CPU's main stack pointer/thread stack
pointer. When the pointer exceeds the set range, the MPU action can be set to non-maskable
interrupt/reset.

SMPU1 provides system DMA with read and write access rights control for the entire 4G address
space. When accessing the prohibited space, the MPU action can be set to ignore/bus error/non-
maskable interrupt/reset.

The IPMPU provides access control to system IP and security-related IP in non-privileged mode.
1.4.13 Internal Clock Calibrator (CTC)

The Clock Trimming Controller (CTC) automatically calibrates the internal high-speed oscillator
(HRC). Because the influence of working environment on HRC frequency may cause deviation, CTC
can automatically adjust HRC frequency by hardware based on external high precision reference
clock to obtain an accurate HRC clock.

The main features of CTC are as follows:

m Hardware automatic calibration without software involvement
m Three external reference clock sources: XTAL, XTAL32, CTCREF

DS _HC32F334SeriesDatasheet Rev1.00 17/97



HSCh#2s
|Xﬁ MEESH www.xhsc.com.cn

m Two calibration modes: continuous calibration and single calibration

m 16-bit calibration counter for frequency measurement with heavy load function
m 8-bit calibration deviation and 6-bit calibration values for frequency calibration
m Errorinterrupt to prompt calibration failure

1.4.14 DMA Controller (DMA)

DMA is used to transfer data between memory and peripheral functional modules. It can exchange
data between memory, between memory and peripheral functional modules and between
peripheral functional modules without CPU involvement.

m DMA bus is independent of CPU bus and transmitted according to AMBA AHB-Lite bus protocol.
m  With 1 DMA control units, a total of 8 independent channels, which can independently operate
different DMA transfer functions

m For each channel, the source of the boot request is configured via a separate trigger source

m  One block per request

m The minimum data block is 1 data and the maximum is 1024 data.

m The width of each data can be configured as 8bit, 16bit or 32bit

m Can be configured to transmit 1~65535 times or unlimited times

m The source address and target address can be independently configured as fixed, auto-
increment, auto-decrement, loop or jump with a specified offset

m Three types of interrupts can be generated: block transport complete interrupt, transport
complete interrupt and transport error interrupt. Each interrupt can be configured with a mask
or not. Among them, the block transmission is completed, and the transmission completion
can be used as an event output, which can be used as a trigger source for other peripheral
modules

m Support for linked transmission to enable multiple blocks of data to be transmitted at a time

m Support channel reset triggered by external events

B You can set the module stop state to reduce power consumption when not in use

m Support software start and software triggered channel reset function
1.4.15 Voltage Comparator (CMP)

A voltage comparator (CMP) is a peripheral module that compares two analog voltages and outputs
the comparison result. This product is equipped with two groups of 3 comparison channels:
CMP1/CMP2, CMP3.

CMP has the following main features:

m 3 comparison channels can perform common comparison independently

m The combination of CMP1/CMP2 comparison channels can realize window comparison

m Each comparison channel has multiple input sources (I0/DAC) for selection of positive/negative
voltage

Configurable hysteresis voltage

Noise filter can filter the comparator output, 7 sampling clocks are optional

Timer PWM can be used to output the comparator blank window control

Can generate interrupts on the changing edge of the comparison result, trigger other
peripherals, and wake up the STOP mode

The comparison result can be monitored through registers and can also be output to external
pins

Comparison results can be used for emergency brake (EMB) control events

m The comparison result can be used as an external event source for HRPWM

m The comparator output keeps on when software reset and watchdog reset occur.

1.4.16 Analog-to-Digital Converter (ADC)

12-bit ADC is an analog-to-digital converter with successive approximation. This MCU is equipped
with 3 ADC units. Unit 1 supports a maximum of 16 channels, unit 2 supports a maximum of 12
channels, and unit 3 supports a maximum of 10 channels. It can convert analog signals from
external pins and inside the chip. The analog input channels can be arbitrarily combined into a
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sequence, and a sequence can be converted in a single scan or in a continuous scan. It supports
multiple consecutive conversions on any specified channel and averages the conversion results.
The ADC module is also equipped with an analog watchdog function to monitor the conversion
result of any specified channel to detect whether it exceeds the range set by the user.

The main features of the ADC are as follows:

High performance

Configurable 12-bit, 10-bit and 8-bit resolution

The frequency ratio of the ADC digital interface clock PCLK4 and the conversion clock
PCLK2 (also called ADCLK) can be set to 1:1, 2:1, 4:1, 8:1, 1:2, 1.4

PCLK2 can be a PLL clock asynchronous with the system clock HCLK. In this case, the
frequency ratio PCLK4:PCLK2=1:1

PCLK2 frequency supports up to 60MHz

Sampling rate: 2.5MSPS (PCLK2 = 60MHz, 12 bits, sampling 11 cycles, conversion 13
cycles)

The sampling time of each channel is independently programmed

Channel-independent data register

Data registers can be configured with left/right alignment

Consecutive multiple conversion average function

Oversampling function

Analog watchdog, monitoring conversion results

The ADC module can be set to stop when not in use

Analog input channel

Up to 22 external analog input channels
1 internal analog input: internal reference voltage

Conversion start condition

Software Setup Conversion Started
Start of Peripheral Device Synchronization Trigger Conversion
External Pin Triggering Start

Conversion mode

2 scan sequences A and B, optionally specifying a single or multiple channels

Sequence A single scan

Sequence A continuous scanning

Sequence A multiple data cache mode

Double sequence scanning, sequence A and B independently select trigger source,
sequence B has higher priority than A

Co-working mode (For devices with two or three ADCs)

Interrupt and Event Signal Output

Sequence A Scan End Interrupt and Event ADC _ EOCA
Sequence B Scan End Interrupt and Event ADC _ EOCB

Analog watchdog 0 compared interrupt and event ADC _ CMPO
Analog watchdog 1 compared interrupt and event ADC _ CMP1
All four of these event outputs can start the DMA

1.4.17 Digital to Analog Converter (DAC)

This MCU is equipped with two 12-bit conversion accuracy digital-to-analog converter units DAC.
The DAC1 unit contains two DAC conversion channels, which can be converted independently or
synchronously. The DAC2 unit contains one DAC conversion channel. The analog voltage output
range can be set in two levels. Each conversion channel is equipped with an output amplifier, which
can directly drive external loads without external op amps.

The main features of the DAC are as follows:

Three D/A conversion channels

12-bit conversion data can be configured as left-aligned or right-aligned format

The two conversion channels of the same DAC can be converted synchronously

The output can be used as the negative input of the voltage comparator (CMP)

The output is equipped with an amplifier function and can directly drive external loads

DS _HC32F334SeriesDatasheet Rev1.00 19/97



HSCh#2s
|Xﬁ MEESH www.xhsc.com.cn

m A/D conversion priority mode can reduce interference during ADC conversion
1.4.18 Advanced Control Timer (Timer6)

Advanced Control Timer 6 (Timer6) is a high-performance timer with a 16-bit count width, which
can provide rich and flexible combinations and various interrupts, events, and PWM outputs in
various complex application scenarios. This series of products is equipped with 4 units of Timer®6.

The main functions of Timer6 are as follows:

m Supports two counting waveform modes: sawtooth wave and triangle wave

m \Various PWM waveforms can be generated (unilateral aligned independent PWM, bilateral
symmetric independent PWM, bilateral symmetric complementary PWM, bilateral asymmetric
PWM, etc.)

Software synchronization and hardware synchronization can be achieved between units
(synchronous start, stop, clear, refresh, etc.)

Support cache function (single-level cache and double-level cache)

Support pulse width measurement and period measurement

Support 2-phase quadrature encoding counting and 3-phase quadrature encoding counting
Support EMB function

m  Support 4*2 groups of capture input

1.4.19 High-Resolution PWM (HRPWM)

The High Resolution PWM (HRPWM) is a 22-bit timer capable of generating up to 12 high-resolution
PWM waveforms. This series of products HRPWM is equipped with 6 counting units and supports up
to 6 pairs of high-precision PWM outputs.

The main functions of HRPWM are as follows:
m Support two waveform modes: sawtooth wave and triangle wave

m Flexible PWM output

m 130ps resolution, supports period calibration

m Software synchronization and hardware synchronization can be achieved between units
(synchronous start, stop, clear, refresh, etc.);

m Support synchronous output

m Each reference value register supports cache function

m Support interval output and delayed idle

m External events support blanking and window modes

m  Support fast asynchronous control

m  Support EMB function

m  Support synchronous DAC function

m Support interleaved phase shifting function between multi-phase units

m Support 6 * 2-channel capture input

1.4.20 General Control Timer (Timer4)

General control timer 4 (Timer4) is a timer module for three-phase motor control. It provides three-
phase motor control schemes for various applications. 1 unit of Timer 4 is carried in this product
family.

The main functions of Timer4 are as follows:

m Support two counting waveform modes: triangle wave and sawtooth wave
m Various PWM waveforms can be generated

m Support cache function

m Support EMB function

1.4.21 Emergency Brake Module (EMB)

The emergency brake module is a functional module that generates a control event and outputs it
to the timer when certain conditions are met, so as to control the timer to stop or change the PWM
signal output to the external motor. The following sources can be used to generate control events:
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Change of input level of external port

Level of PWM output port occurs in phase (same high or same low)
Voltage comparator comparison results

System error occurred

m Write register software control

1.4.22 General Timer (TimerA)

General-purpose timer A (TimerA) is a timer with 16/32-bit count width and 4-channel PWM output.
This series of products is equipped with 5 TimerA units (unit 1 is a 32-bit timer; units 2 to 5 are 16-
bit timers), which can achieve up to 20 PWM outputs.

The main functions of TimerA are as follows:

m The timer supports two counting waveform modes: triangle wave and sawtooth wave.

m Various PWM waveforms can be generated (unilaterally aligned PWM, bilaterally symmetrical
PWM)

Support synchronous start of counter

Support comparison reference value register cache function

Support 32-bit cascade count

Support 2-phase quadrature encoding counting and 3-phase quadrature encoding counting

m  Support 5*4-channel capture input

1.4.23 General Timer (Timer0)

General-purpose timer 0 (Timer0) is a basic timer that can implement synchronous counting and
asynchronous counting. The timer contains 2 channels (CH-A and CH-B), which can generate
compare match events and count overflow events during counting. The events can trigger
interrupts or be used as event outputs to control other modules. This series of products is equipped
with 2 units of TimerO.

The main functions of Timer0 are as follows:

m Support hardware trigger
m Support software synchronous startup
m Support 2*2-channel capture input

1.4.24 Real Time Clock (RTC)

The real-time clock (RTC) is a counter that stores time information in BCD format. Record the specific
calendar time from 00 to 99. Support 12/24-hour time system, automatically calculate the number
of days 28, 29 (leap year), 30 and 31 Yes according to the month and year.

1.4.25 Watchdog Counter (WDT/SWDT)

This product has two watchdog counters, one is a dedicated watchdog counter (SWDT) whose
counting clock source is a dedicated internal RC (SWDTLRC: 10KHz), and the other is a general
watchdog counter (WDT) whose counting clock source is PCLK3. The dedicated watchdog and
general watchdog are used to 16-bit down counters used to monitor software failures due to
external disturbances or unforeseen logic conditions that deviate from the normal operation of the
application program.

Both watchdogs support window comparison function. The window interval can be preset before
the count starts, and when the count value is within the window interval, the counter can be
refreshed and the count restarted.

1.4.26 General Synchronous Asynchronous Transceiver (USART)

This product is equipped with 4 units of Universal Synchronous Asynchronous Receiver/Transmitter
(USART) modules, which can flexibly perform full-duplex data exchange with external devices.| The
USART on this product supports the universal asynchronous serial communication interface (UART),
clock synchronous communication interface, smart card interface (ISO/IEC7816-3) and LIN
communication interface; supports modem operation (CTS/RTS operation), processor operation,
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and Driver Enable (DE) function. Cooperate with Timer0 module to support UART receive timeout
function. USART 1 supports wake-up function from STOP mode via RX pin.

The specific functions are allocated as follows:

UART: Full channel support

Multiprocessor communications: full channel support

Clock synchronous communication: full channel support

RX pin wake-up Stop mode function: USART 1 support

Fractional baud rate: all channels support

LIN: Supported by USART_2, USART_3, USART 4

Smart Card: USART 1 support

UART receive timeout function: supported by USART 1, USART 2, USART 3, USART 4
RS485 Driver Enable: supported by USART 1, USART 2, USART 3, USART 4

1.4.27 Integrated Circuit Bus (12C)

I2C (Integrated Circuit Bus) is used as an interface between the microcontroller and the 12C serial
bus. Provide multi-master mode function, which can control the protocol and arbitration of all 12C
buses. Standard mode and fast mode are supported. SMBus is also supported.

12C main features:

m 12C bus mode and SMBus bus mode are optional. Host mode and slave mode are optional.
Automatically ensure various preparation times, hold times, and bus idle times corresponding
to the transfer rate

m Standard mode up to 100Kbps, fast mode up to 400Kbps, FM+ mode up to 1Mbps

m The start condition, restart condition, and stop condition are automatically generated, and the
start condition, restart condition, and stop condition of the bus can be detected.

B Supports up to 128 slave addresses. Supports 7-bit address format and 10-bit address format.
Broadcast call address, SMBus host address, SMBus device default address, SMBus alarm
address can be detected

B Answer bits can be automatically determined when sent. Answer bits can be sent automatically
upon reception

m Handshake function

m Arbitration function

m Timeout function, can detect SCL clock stop for a long time

m SCLinput and SDA input have built-in digital filters that are programmable to filter

m  Communication error, receive data full, send data empty, one frame send end, address match

unanimously interrupt
m 2-stage transmit FIFO and 2-stage receive FIFO

1.4.28 Programmable Logic Array (PLA)

The configurable logic array provides 256 programmable digital logic operations for external pins,
ADC, and timers without CPU intervention. This module implements 16 independent PLA units. Each
PLA unit supports the output of GPIO port.

1.4.29 Serial Peripheral Interface (SPI)

This product is equipped with a 1-channel serial peripheral interface SPI, which supports high-speed
full-duplex serial synchronous transmission and can easily exchange data with peripheral devices.
Users can set the range of 3/4-wire, host/slave and baud rate as needed.

Main Features of SPI:

m Serial communication function
—  Support 4-wire SPI mode and 3-wire clock synchronization mode
- Support full-duplex and send-only communication modes
- Polarity and phase of adjustable communication clock SCK
m Data format
— Selectable data shift sequence: MSB first/LSB first
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- Selectable data width: 4/ 5/ 6/ 7/ 8/ 9/ 10/ 11/ 12/ 13/ 14/ 15/ 16/ 20/ 24/ 32 bits
— Up to 4 frames of 32-bit data can be transmitted or received at a time
m Baud rate
— The baud rate can be adjusted by the built-in special baud rate generator in host mode.
The baud rate ranges from 2 to 256 frequency division of PCLK1.
- Maximum Baud Rate Allowed in Slave Mode is 6 Division of PCLK1
m Data buffer
- Data buffer area with 16 bytes
—  Support double buffering
m  Error monitoring
— Mode fault error monitoring
— Data overload error monitoring
— Data underload error monitoring
—  Parity error monitoring
m Chip selection signal control
— Each channel is configured with excluding chip-selected signal line
— The relative timing relationship between the chip select signal and the communication
clock can be adjusted
- The invalid time of the chip select signal between two consecutive communications can
be adjusted
-  Polarity adjustable
m Transmission Control in Host Mode
- Start transmission by writing data to the data register
- Communication auto suspend function
m Interrupt
— The receiving data area is full
Sending data area is empty
SPI error (mode/overload/underload/parity)
SPI Vacant
- Transfer completed (event sources only)
m Low power control
- Configurable module stop
m Other functions
-  SPlinitialization function

1.4.30 Controller Area Network (MCAN)

This product is equipped with two-unit MCAN communication interface modules (MCAN1 and
MCANZ2) and is equipped with 2KB of RAM for the two MCAN controllers.

Both CAN modules (MCAN1 and MCAN2) comply with ISO 11898-1: 2015 (CAN Protocol Specification
Version 2.0 Part A, B) and CAN FD Protocol Specification Version 1.0 (CAN with Flexible Data-Rate
Specification Version 1.0).

2KB of RAM is freely configurable and is used to implement message filters, receive FIFOs, receive
buffers, transmit event FIFOs, and transmit buffers. The message RAM is shared between the
MCAN1 and MCAN2 modules.

1.4.31 CRC Unit (CRC)

The CRC algorithm of this module complies with the definition of ISO/IEC 13239 and adopts 32-bit
and 16-bit CRC respectively. The generating polynomial of CRC32 is

X324 X264 X234 X224 X164 X124 X114 X104 X84 X7+ X2+ X4+X2+X+1, and the 32-bit initial value is
OXFFFF FFFF. The generating polynomial of CRC16 is X16+X12+X5+1, and the 16-bit initial value is
OXFFFF.

1.4.32 Debug Controller (DBGC)

The core of this MCU is Cortex-M4, which contains hardware for advanced debugging functions.
With these debugging features, you can stop the kernel when fetching fingers (instruction
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breakpoints) or accessing data (data breakpoints). When the kernel is stopped, the internal state
of the kernel and the external state of the system can be queried. Once the query is completed,
the kernel and the system are restored and program execution resumes.

Two debugging interfaces are provided:

m Serial Debugging Tracking Interface SWD
m Parallel debug trace interface JTAG

www.xhsc.com.cn
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2 Pin Definitions

2.1 Pinout
LQFP64
a
E N « O 1n <
O N o o M ~ ©W 1N < M N +d =+ o o o
O v m [aa] [T o om o o [an] [m)] O O O < <
> > o o o o o o o o o o o o o (a1
HiEREEEEREEREEREE
< m o — o ()] o] ~ O T} < m o — o [e)]
[(e] [(e) [(e] [(e) (o] Te] n Te) n Yo} n Te] N Te] Te) <
PR2[[ |1 @ 48| ]vcc
PC13[ |2 47| _]vss
PC14/XTAL32_IN[_|3 46| |PA13
PC15/XTAL32_OUT[ |4 45 ]PA12
PFO/XTAL_IN[__|5 44| |PA11
PF1/XTAL_OUT[ |6 43| _]PA10
NRST[__|7 42| _|rA9
pco[ |8 41| _|PA8
pC1[_ |9 40 ]pco
pc2[ |10 39 |Pcs
Pc3[ |11 38 |PC7
AVSS/VREFL[ |12 37[_]pce
AVCC/VREFH[ |13 36 |PB15
PAO[ |14 35| |pB14
PAL[|15 34 |pB13
PA2[ |16 33]_|PB12
~ o o O —~ « m <t n O ~ o] S O — o
— — — N oN o o o o o oN o o (2] m (291
LI T T T T T T T I T
m un O < n O r~ < n o — o o — v O
< N U < < <« €« VO U oo o 4 4 n O
a > > A Ao A A Ao o o o E E > >
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LQFP48
a
= N <
O N o o M ~ ©W 1N < M =
O NV M M uw O M o M o < <
> > oo oo oo oA o
HiEIRBRREREEEN
[e0] ™~ (e LN < o oN — o [e))] [e0] ™~
4 T T T T M N M
PR2[[ 1 @ 36 |vcc
PC13[ |2 35[ ]vss
PC14/XTAL32_IN[_|3 34| |pA13
PC15/XTAL32_OUT[ |4 33| _|PA12
PFO/XTAL_IN[__|5 32[_|pA11
PF1/XTAL_OUT[ |6 31[_|PA10
NRST[__|7 30{_]PA9
AVSS/VREFL[ |8 29 _|PA8
AVCC/VREFH[__|9 28| _|PB15
PAO[__|10 27| _|PB14
PA1[ |11 26| |PB13
PA2[ |12 25 |PB12
o < Tl (o) ~ (e o] ()] o — o o <
— — — — — —i — (@] (@] (@] (@] oN
HiNININNIEE .
M < N © &~ O A N o 4 un O
I < < < < O o 4 = »n O
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QFN48
()]
= o <
OV 3R raoBdadd L
= = o o o o o o o o o o
IR
(s 0] M~ [(e] LN =r m ~ — o [=)] o] M~
S S S T T T T MMM
PF2[ 11 36] |vce
PC13|_ |2 35( _|vss
PC14/XTAL32 IN[ 13 34] ]PA13
PC15/XTAL32 OUT| 14 33{ |PA12
PFO/XTAL IN| 15 32] |pA11
PF1/XTAL OUT| |6 31{ |PA10
------- VSS
NRST| 17 30 |PA9
AVSS/VREFL| 18 29/ |PA8
AVCC/VREFH| 19 28] |PB15
PAO| {10 27{_|PB14
PAL[ 11 26/ |PB13
PA2| |12 25{ _|PB12
m by Tg} o ™~ =8} (=)} o — o~ m =t
IR IR IR T T I T A
m < nNn © ~ O 4 N O 4 uvn O
< < < <G < oM O m Mmoo~ —~ v O

Note: The above picture is the top view of QFN48.
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QFN32
()]
E Ty
O m ~ © n s m o
O [T [an] m m m [an] <C
> o o o o o o o
LTI
~ — o [=)] 0] M~ [Ca) LN
m m m ~ ~ ~ ~ ~
PFO/XTAL_ IN| 11 241 |PA14
PF1/XTAL OUT| |2 23] |PA13
NRST| |3 22| _|PA12
VSSA/VREFL| 14 VSS 21] |pA11
VCCA/VREFH| 5 20 _|PA10
PAO| 16 19] |PA9
PAL| |7 18] _|PA8
PA2| 18 17/ |pB13
o — ~ m =r LN [(e]
[*)] — — — — — — —
I
m < n O ~ o O ™~
<< < < £ << m O o
o o o o o o = E

Note: The above picture is the Top View of QFN32.
Figure 2-1 Pin Configuration Diagram
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2.2 Pin Function Table

Table 2-1 Pin Function Table

FuncO | Funcl | Func2 | Func3 | Func4 Func5 Funcé Func?7 Func8 | Func9 Funcl0 Funcll | Funcl2 | Funcl3 | Funcl4 (Funcl5| Funcl6 | Funcl? Func20 | Func2l | Func22 | Func23 | Func24 | Func25 Func26
LQFP | QFN/ | QFN |.. EIRQ | TRACE Func18~ Func27~| Func
64 |LQFpag | 32 (PinName il mikup | jTaG | HREWM 6Po |aDTRG| cMp | cmp | spr | HRPWM/ | HRPWM/ | USART/ | oipn | ooy [ PLAHRPWMY | Lo of oo | TMR6/ | TMR6/ | TMR6/ m::; I 19 | TIMER4/ |EMB/CTC| EMB/ | TMR4/ other | EVENouT | EVENTPORT/ 31 Group
EMB EMB | HRPWM TIME TMRA | TMRA | TMRA | MRS/ CcTC | /FCM | CMP | ADTRG ADTRG
EMB_PORTI_ USARTL_C |USART4_C TMR6_TRI TMRA_4 TMR4_OW| EMB_POR TMR4_AD
1 1 : PF2 EIRQ2 GPO o 0 R 4-C| pLamo e G ¥ e " FG1
EIRQ13+WK TMR6_1_P TMR4_OW TMR4_OX
2 2 : PC13 U3 4 GPO PLAINL|  PLA3OUT e - 4-0% |rrc_out EVNTP313 FG1
3 3 : PC14 XTAL32_IN EIRQ14 GPO PLAIN2 TMR;‘—PC TMRf—OX EVNTP314
4 4 : PC15 XTAL32_OUT EIRQL5 GPO TMRYAD TMRE—CL EVNTP315
CMP3_ PLAINL TMR6_3 P| TMR6_TRI TMR4_AD
5 5 1 PFO XTAL_IN EIRQO GPO o ; T o i
CMPL_ PLAINL TMR4_PC
6 6 2 PF1 XTAL OUT EIRQ1 GPO ot ] o
7 7 3 | NRsT
SPI_NSS TMR6_1_P|TMR6_2_p| TMRAS_
8 ; : PCO ADC12 IN10 EIRQO GPO . PLA4OUT L -2 P pym1jcL EVENTOUT|  EVNTP300 FG1
3 WMA™ | wMB o
cMP3 SPI_NSS TMR6_2_P|TMRe_1_p| TMRAS_
9 ; : PCl ADC12 IN11 EIRQ1 GPO - . PLASOUT 2| 1P pyymzrcL EVENTOUT|  EVNTP301 FG1
ouT 2 WMA™ | wMB o
SPI_NSS TMR6_3 P|TMR6 4 P|TMRA 5_
10 - - PC2 ADC12_IN12 EIRQ2 GPO S PLAGOUT el e e’ EVENTOUT|  EVNTP302 FG1
EMB_PORTL_ TMR6_4 P|TMR6_3 P|TMRA 5_ EMB_POR
1 - - PC3 ADC12_IN13 EIRQ3 GPO o PLA7OUT e | T | Thomia T EVENTOUT|  EVNTP303 FG1
AVSS/VRE
12 8 4 o
AVCC/VRE
13 9 5 &
TMRA_T TMRA 3 P
EIRQO-+WKU CMP1_ EMB_PORT1_| HRPWM_TRI PLAINL TMR6_1_P|TMR6_1_P| TMR6_TRI| TMRA 3_ Ll rmRa 1 7| TMRA S EMB_POR TMR4_OX
14 10 6 PAO ADCL_INO 200 GPO ot e pu AN TwiRe_TRIGD [ TMREEP(THRE.] o Taig | M | R | wijeik s 19X | FcmRer | EvENTOUT | EVNTP100 FG1
TMRA_4_| TMRA 1 TMRA_3_P
15 1 7 PAL ADCL_IN14+RTC_CLK1 EIRQL GPO EMB_PORT | HRPWM_TRI PLAIN TMRE_TRI | pyymzicL | pwMz/ WM2/CLK TMR4_OU | EMB_POR TMR4_OX EVENTOUT|  EVNTP101 FGL
1IN4 GD 9 GA e A H L T2IN4 H
TMRA_5_ TMRA_4_P
16 12 8 PA2 ADCL_IN2+CMPL_INM2 EIRQ2 GPO |ADTRG1 | CMPZ_ | CMP1_ PLAINZ| b agouT TMRAS T pyymryct | TMRAL | yymy ek | TMRA 3_P TMR4_0U TMR4_OU EVENTOUT|  EVNTP102 FGL
out | out 0 RIG ea C| pwaz | WM W3 H L
TMRA_S
ADC1_IN3+CMPL_INP2+CMP2_INP2+C TMR6_1 P|TMR6_1 P|TMRA 4 P 5_| TMRA_1|TMRA 5 T|TMRA 3 P TMR4_CL TMR4_OU
17 13 9 PA3 V3 ps EIRQ3 GPO |ADTRG2 PLA4OUT whia | i | i~ |PWM2ICL) Tl | ™R e M H EVENTOUT|  EVNTP103 FG1
18 - - vss
19 - - vee
TMRA_2_P
ADC12_IN4+DACL_OUTI+CMPL_INM1+ USARTL_C |USART2_C TMRA 4 2. TMR4_OV
20 14 10 PAG Qb NI CAMb s NN EIRQ4 GPO Y M PLASOUT TG, | WMZICEK N EVENTOUT | EVNTP104 FG1
TMRA_1_ TMRA_3_P
21 15 1 PAS ADC12_IN5+DACL OUT2 EIRQ5 GPO PLAGOUT TMRAS P\ pyymijcL | TMRAL | TMRA 3 T1 \ym1jcik TMR4_PC TMR4_OV EVENTOUT| EVNTP105 FGL
W3 WA CHl TRIG | RIG Y T H
TMRA_4 | TMRA_2_P| TMRA 5_P
2 16 12 PAG ADC123_IN6+DAC2_OUTL EIRQ6 GPO CMPL_ EMB_PORT | EMB_PORT PLATOUT TMRA_5_P PWML/ | WML/CEK | WML/CEK TMR4_OV| EMB_POR | EMB_POR EVENTOUT|  EVNTP106 FG1
ouT 1IN2 1INL W My Y Y H T2IN2 | T2N1
TMRA_5 P TMRA 2
23 17 13 PAT ADC123_IN7+CMP1_INPL EIRQ7 GPo |ADTRG3 | CMP2 pLalouT |TMRE.LP wijeik | TMREL| “pyyia TMRA_3_P TMR4_OW EVENTOUT|  EVNTP107 FG1
ouT WMA Y pwni ™ |-PH W H
24 . . pCa ADC12_IN14 EIRQ4 GPO PLA120UT TMRGGC—TR' TMFGGKTR TMR‘E—OW TMR:—OX EVENTOUT|  EVNTP304 FGL
25 . . PC5 ADC12_IN15 EIRQ5 GPO EMB_PORT PLAL30UT EMB_POR TMR4_OX EVENTOUT|  EVNTP305 FGL
1IN3 T21N3 L
TMRA_3_P
26 18 14 PBO ADC123_IN8+CMP2_INPL EIRQO GPO |ADTRGL PLAINS|  PLALOUT TMR6_2 P|TMRG.2 P TMRA.2 P \m1jCiK TMR4_AD RTC_OUT| EVENTOUT |  EVNTP200 FG1
WMA™ | wMB W3 Y SN
TMRA 3 P
EIRQL+WKU CMPL_| CMP2_ HRPWM_SCO TMR6_3 P TMR6.3_ TMRA 2 p|TMRA.3 TMR4_PC TMR4_OW
27 19 - PB1 ADC123_IN9 6po |apTRG2| BT~ | 512 o PLAINO o e Whta | WM2ICLK o 2%l mco_1 | eventout | evnTP201 FG1
EIRQ2+WKU HRPWM_TRI |USARTL_C|USART4_C |PLAIN1 TMR6_TRI | TMR6_TRI | TMR6_TR | TMRA_2 TMRA_3_P TMR4_OW
28 20 : PB2 ADC3_IN10+CMP2_INM2 GPO |ADTRG3 oy 0 0 5 e o oo | G v X MCO 2 | EVENTOUT| EVNTP202 FG1
HRPWM_EEV| EMB_PORT TMR6_TRI TMRA_1 | TMRA 3 P
29 21 : PB10 ADC3 IN11 EIRQ10 GPO s i o Jvved Hevs EVENTOUT|  EVNTP210 FG1
HRPWM_EEV| EMB_PORT TMR6_4_P|TMR6_4_P TMRA_1|TMRA 3 P
30 2 : PB11 CMP3_ INP EIRQLL GPO ’ Tie el B Townia | nia EVENTOUT|  EVNTP211 FG1
31 23 : vss
2 24 15 | vee
HRPWM_4 EMB_PORT USARTL_C |USART3_C|PLAIN1 TMR6_3_P| TMR6_TRI| TMR6_3_ TMRA_4_P EMB_POR
33 25 16 | PBI2 ADC3_INO EIRQ12 "Eaa | 6P T ¥ ¥ p PLASOUT e i Rl v B EVENTOUT|  EVNTP212 FG1
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FuncO | Funcl | Func2 | Func3 | Func4 Func5 Funcé Func?7 Func8 | Func9 Funcl0 Funcll | Funcl2 | Funcl3 | Funcl4 |Funcl5| Funcl6 | Funcl? Func20 | Func2l | Func22 | Func23 | Func24 | Func25 Func26
LQFP | QFN/ | QFN |, EIRQ | TRACE Func18~ Func27~| Func
64 |LQFpag | 32 (PinName B mKkup | jTaG | HRPWM 6po |apTRG| cmp | cmp | spr | HRPWM/ | HRPWM/ | USART/ | cpon | i [ PLAHRPWMY | Lo o oo | TMR6/ | TMR6/ | TMR6/ m::; rmera | 12 | TIMER4/ [EMB/CTC| EMB/ | TMR4/ | oo | e o | EVENTPORT/ | 31| Group
EMB EMB | HRPWM TIME TMRA | TMRA | TMRA | YHRS/ cTC | /FCM | CMP | ADTRG ADTRG
HRPWM_4 PLAINL TMR6_3 P TMR6 3_ TMRA 4 P
34 26 17 | PB13 ADC3_IN1 EIRQ13 "G | 6" N PLA9OUT o i v EVENTOUT|  EVNTP213 FG1
TMRA 3 TMRA 4P
35 27 . PB4 ADC3_IN2 EIRQL4 HRPWM.S| oo PLAINL\ by A100UT TMR6_4_P TMRE_4_| "oy WML/CLK TMR4_0U EVENTOUT| EVNTP214 FGL
PWMA 2 WNB AT B Y H
TMRA_3 TMRA_4_P
HRPWM_5 CMP1_ PLAINL TMR6_4_P TMR6_4_ 3| TMRa 4 p|TMRA 4 TMR4_OU
3 28 : PBI5 | ADC3 IN3+CMP3 INM2+RTC CLK2 | EIRQL5 ams | PO oot 3 PLAL1OUT o puivis | P2 | T wivzicc ! EVENTOUT |  EVNTP215 FG1
3 _ _ oc ERQ6 HRPWM 1| o CMP3_ HRPWM_EEV PLANL| o aoour TMR6_1 P|TMR6_TRI | TMR6_1_ WMR%‘CZEE TMR4_OV eventout | evnTeacs foL
_PWMA ouT 10 4 WNB GD | PWMA Y H
38 : : PC7 EIRQ7 HRPWM_11 oo EMB_PORT1_ PLAINL| b A130UT TMR6_2 P TMRE._2_ WI&ZA/_CZI](P TMR4_OV EVENTOUT|  EVNTP307 FG1
_PWMB NS 5 WNB PWMA ! L
HRPWM_6 PLAINL TMR6_3_P TMR6_3_ TMRA 2 P TMR4_OW
39 - - PC8 EIRQS "EaA_| 6P 5 PLAL4OUT e s v ¥ MCO_2 | EVENTOUT| EVNTP308 FG1
HRPWM_6 PLAINL TMR6_4_P TMR6_4_ TMRA 2 P TMR4_OW
40 - - PCo EIRQ9 s | 6" ] PLAL50UT e Ty v - MCO_1 | EVENTOUT| EVNTP309 FG1
TMRA_2_P
EIRQ8-+WKU | TRACED | HRPWM 2 USART2_C |USARTL_C|PLAIN1 TMR6_1 P TMR6_1 P 2 TMR4_OX
4 29 18 PAB EXVREF S o | | 6P M M ! PLAOOUT o s WK CTCREF -OX | Mco_1 | evenTouT | EvNTP108 FG1
TMRA_2_P
TRACECL |HRPWM 2 EMB_PORT PLAINL TMR6_1 P TMR6_1 P TMRA_1|TMRA 3 p|TMRAZ TMR4_AD | EMB_POR TMR4_OX
2 30 19 PAD EIRQ9 e Mg | 6P TN ) PLALOUT o Y Townis | i | WH2ICLK pr ol e -9 mco_2 | eventout|  EvNTP109 FG1
EIRQ10+WK | TRACED |HRPWM_3 CMP3_ EMB_PORT PLAINL TMR6_2_P TMR6_2_P TMRA_1|TMRA 3 P[TMRA 2_P TMR4_CL | EMB_POR TMR4_OW
43 3l 20 | PAI0 UP2 2 1 | pwwma | GPO ouT 1IN5 3 PLA20UT WMB WA PWMA | wMaT | w3 K T2IN5 H EVENTOUT|  EVNTP110 FG1
EIRQ11+WK | TRACED |HRPWM_3 CMP1_ EMB_PORT PLAINL TMR6_2 | TMR6_2_P|TMRA 2_P TMR4_OW| EMB_POR
4 2 21 | eal Ura 5 S0 ("ams| 6" s i 4 PLA3OUT T | A | W - i EVENTOUT|  EVNTP111 FG1
TMRA_S_P
EIRQ12+WK | TRACED CMP2_| CMPL_ | SPI_NSS | HRPWM_EEV| EMB_PORT PLAINL TMR6_TRI | TMR6_TRI | TMR6_TRI TMRA_1 5 TMR4_OV
45 33 2 | pan2 0rs o S GPO peical Rt R 2 T ) PLA7OUT R R e "TRiG. | WMLCK ; FCMREF | EVENTOUT | EVNTP112 FG1
JTMS S EMB_PORT |HRPWM_EEV [USART4 C TMR6_TRI TMRA_5_P TMR4_OV CMP3 OU
46 34 23 | pa13 EIRQ13 - GPO . = a PLASOUT — WM2/CLK a _OU| ADTRG3 EVENTOUT|  EVNTP113 FG1
WDIO 1IN5 3 K GD H L T
47 35 : vss
48 36 : vee
EIRQ14+WK |JTCK_SW TMR6_4_P|TMR6_4_P TMR4_OU | EMB_POR
49 37 24 | pala U o X GPO el By o B ADTRG2 EVENTOUT|  EVNTP114 FG1
50 38 25 | Pais EIRQIS+WK | i) GPO HRPWM_EEV| EMB_PORT PLAINO|  PLA3OUT TMRG_TRI mmﬁ TMRA_T|TMRA 3 T W@ﬁ&ﬁ TMR4_OU EMB_POR EVENTOUT| EVNTP115 FGL
UP3 3 1 1IN2 GC WA CHl TRIG | RIG Y L T2INL
TMR6_1 P|TMR6_1_P
51 - - PC10 EIRQ10 GPO PLA20UT ol EVENTOUT|  EVNTP310 FG1
52 - - PC11 EIRQ1L GPO HRPWH_EEV PLA14OUT TMRA_OX EVENTOUT|  EVNTP311 FG1
53 . . PC12 EIRQL2 GPO HRPWN_EEV USARTLC USART3_C PLAL50UT TMRA_0X EVENTOUT | EVNTP312 FG1
CMP3_ HRPWM_EEV TMR6_3 P|TMR6_3 P|TMR6_TRI TMRA 2 T EMB_POR
54 - - PD2 EIRQ2 GPO o o el e e s EVENTOUT |  EVNTP402 FG1
TMRA_1_| TMRA_3 TMRA_4_P
55 39 2 PB3 EIRQ3+WKU | ]TDO_TR GPO HRPWM_EEV |HRPWM_S PLAINL|  PLAOOUT TMRO_TRI pyymzicL|_pwiizy | TMRAZT | wijeik TMR4_OW TMR4_OV EVENTOUT|  EVNTP203 FG1
P03 |ACESWO 9 couT GC W/t eE | RIG Y L L
TMRA_5_ TMRA_2_P|TMRA 4 P
56 40 27 PB4 EIRQ4+WKU | \rpsy GPO HRPWM_EEV PLAN2| PpLAlOUT |TMR6_2_P|TMRG.2 P PWML/CL WML/CLK | WM2/CLK TMR4_OV | EMB_POR TMRA_OW| o 5 | EVENTOUT|  EVNTP204 FGL
P10 7 WMB™ | WMA r Y ! H T2INS H
TMRA_2_P
EIRQ5+WKU HRPWM_EEV | USARTL_C |USART2_ C TMR6_4 P|TMR6 4 P 2 P TMRA 4 P TMR4_OW| EMB_POR TMR4_OX
57 4 28 PBS GPO p M T2-ClpLamz | pLazout o | w2k | TS ¥ i -OX | Mco_1 | evenTouT | - EVNTP205 FG1
EIRQ6-+WKU SPI_NSS HRPWM_EEV TMR6_TRI TMR6_TRI | TMRAS_ | rypg | TMRAA Ployips 4 p TMR4_OV CMP1_OU | TMR4_OX
58 ) 29 PB6 GPO . = PLAIN4 | HRPWM_TRIGB - TR pwmzrcL T wM1jcik 4 OV cTerer - -OX| ADTRG1 | EVENTOUT |  EVNTP206 FG1
2 4 GA GC WaICL] RiGD Y W L T L
59 43 - PB7 EIRQ7+WKU GPO EMB_PORT | HRPWM_EEV PLAINS TMR6_TRI| TMRA.5_ W@Aﬁré‘fﬁ TMRA_2_P TMR4_OW| reyper | CMP2.OU ADTRG2 | EVENTOUT |  EVNTP207 FG1
PL 3 1INL 3 GD | PWM3 H W L T
EMB_PORT | HRPWM_EEV TMR6_TRI | TMRA_4_| TMRA_3 | TMRA 2. T|TMRA 1.T TMR4_OW CMP3_0U
60 44 31 PF3 GPO |ADTRG3 s ) PLAINT o e | e | NG e ¥ E EVENTOUT FG1
SPI_NSS | EMB PORT |HRPWM_EEV TMRe_TRI | TMRA_4_| TMRA. 5 TMRA 4 P TMR4_OV | EMB_POR
61 45 - PBS PVD2EXINP EIRQS GPO . x = PLAING|  PLA3OUT _TRIpwmM1jcL|_pwMil/| ADTRGL 4 a = FCMREF | EVENTOUT |  EVNTP208 FG1
3 1IN3 8 GB il A W3 H T2 N1
TMRA_5
EIRQ9-+WKU CMP2_ | CMPL_ EMB_PORT | HRPWM EEV TMR6_1 P|TMR6_1 P TMRA 5_ 5| TMRA 4 T|TMRA 4 P TMR4_OW TMR4_AD
62 46 - PBY o GPO i R g p PLAINT el o R Rt v ; i EVENTOUT|  EVNTP209 FG1
63 47 : vss
64 48 32 | vee
Note:

In the above table, Func32~57 are mainly serial communication functions (including USART, SPI, 12C, MCAN), which are a group of FunctionGroup, referred to as FG1. Please refer to Table 22 Table 2-2 for details.
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Table 2-2 Func32~63 table

Func32 Func33 Func34 Func35 Func36 Func37 Func38 Func39 Func40 Func4l Func42 Func43 Func44 Func45 Func46 Func47
FG1 USART1 TX USART1_RX USARTlE—RTS—D USART1 CTS USART2_TX USART2_RX USARTZE—RTS—D USART2_CTS USART3_TX USART3_RX USARTBE—RTS—D USART3 CTS USART4_TX USART4 _RX USART4E—RTS—D USART4_CTS

Func48 Func49 Func50 Func51 Func52 Func53 Func54 Func55 Func56 Func57 Func58 Func59 Func60 Func61l Func62 Func63
FG1 SPI_NSSO SPI_SCK SPI_MOSI SPI_MISO I12C1_SDA 12C1_SCL CAN1 TX CAN1 RX CAN2_TX CAN2_RX - - - - - -
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Table 2-3 Port Configuration

Bits

rackage | o A
1514 :13:12 1110 8 7
PortA 00 0000 00 16
PortB 0.0 0{i0i0:0 00 16
LQFP64 PortC 0oioio0i0i0io0 0i0 16 53
PortD I = 1
PortF I = 4
PortA 00 0000 00 16
PortB 0.0 0{i0i0:0 00 16
LQFP48 39
PortC 0.0 0 -1i-.:- - - 3
PortF I = 4
PortA 0.0 0i0i0}0 0io0 16
PortB 0:0:0{i0i0:0 00 16
QFN48 39
PortC 0i,0{0 ;- :i-1i- - - 3
PortF SO T N B R - - 4
PortA 00 0000 00 16
QFN32 PortB - - 00 - - -0 8 27
PortF SO T R B T - - 3
- - 15:14113:12:11:10 8 1 7 - -
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Table 2-4 General Functional Specifications

Port Pull-up / Pull-down | Open-Drain Output | Driving Capacity | 5V Withstand Voltage
PortA | PAO~PA15 Support Support Low Medium High | Support
PortB | PBO~PB15 Support Support Low Medium High | Support
PortC | PCO~PC15 Support Support Low Medium High | Support
PortD | PD2 Support Support Low Medium High | Support
PortF | PFO~PF3 Support Support Low Medium High | Support
Note:

- Input voltage must not be higher than AVCC/VREFH when used as an analog function.
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2.3 Pin Function Description

Table 2-5 Pin Function Description

gategorie Functional Name ::/) Description
VCC | Power supply
VSS | Source ground
Power AVCC/ VREFH | Analog power supply/analog reference voltage
System AVSS/ VREFL [ Analog power ground/analog reference voltage
NRST | Reset terminal, low level valid
MD | Mode terminal
PVD PVD2EXINP | PVD2 external input comparison voltage
XTAL_IN | External master clock oscillator interface
XTAL_EXT/ XTAL_OUT O | XTAL_EXT external clock input
Clock XTAL32_IN I
External sub-clock (32KHz) oscillator interface
XTAL32_OUT 0
MCO x (x=1~2) Internal clock output
GPIO 5:'5’:‘{5) (x=A~D. F | o5 | General input/output
EVENTOUT | EVENTOUT O | Cortex-M4 CPU event output
EIRQx (x=0~15) | Shielded external interrupt
FIRQ ¥V=K$Jf>3<7y (x=0~3 | Power Down mode external wake-up input
Event Port Ezgzpl?) (x=1~4 | |5 | Event port input and output functions
JTCK_SWCLK I
JTMS_SWDIO 10
JTAG/ SWD | JTDO_TRACESWO O | Online debugging interface
JTDI |
NJTRST |
TRACE TRACECLK O | Trace debug sync clock output
TRACEDX (x=0~3) O | Trace debug data output
FCM FCMREF | FJ(rEgtrlr:)a;]l pin input reference clock for clock frequency measurement
RTC RTC_OUT O | 1Hz clock output
RTC CLK x (x=1~2) | External clock input
TMR4_CLK | Counting clock port input
TMR4_OUH I0 | PWM port U-phase output
TMR4_OUL I0 | PWM port U-phase output
TMR4_OVH 10 | PWM port V-phase output
Timer4
TMR4_OVL 10 | PWM port V-phase output
TMR4_OWH 10 | PWM port W-phase output
TMR4_OWL 10 | PWM port W-phase output
TMR4_OXH I0 | PWM port X phase output
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Sategorie Functional Name Ié Description
TMR4_OXL I0 | PWM port X phase output
Timer4 TMR4_ADSM Dedicated event output monitoring
TMR4 _PCT PWM cycle output monitoring
TMR6_TRIGA | External event trigger A input
TMR6_TRIGB | External event trigger B input
Timer6 TMR6_TRIGC | External event trigger C input
(<t>=1~4
) TMR6_TRIGD | External event trigger D input
TMR6_<t> PWMA I0 | External Event Trigger Input or PWM Port Output
TMR6_<t> PWMB I0 | External Event Trigger Input or PWM Port Output
TMRA _<t> TRIG | External event trigger input
TimerA TMRA_<t> PWM1/ CLKA | 10 iEnX;;EStmal event trigger input or PWM port output or count clock port
§<t>-1~5 TMRA <t> PWM2/CLKB | 10 anpfﬁtmal event trigger input or PWM port output or count clock port
IyM=R§:Z)t>_PWMy I0 | External Event Trigger Input or PWM Port Output
EMB_PORT1_INx (x=1~5) | | Port input control signal
EMB EMB_PORT2_INx (x=1~5) | | Port input control signal
FXF;V!E%TX—PWMA O | PWM output port
I(-:(F{:V!E%X—PWMB O | PWM output port
HRPWM HRPWM_TRIGX (x=A~D) | Egrrtdware start, stop, clear, refresh condition synchronization input
HRPWM_EEVx (x=1~10) | External event input port
HRPWM_SCOUT O | Synchronous output port
USARTx_TX I0 | Send data
USARTx_RX I0 | Receiving data
g(sfﬂﬁ) USARTx_CK I0 | Communication clock
USARTx_RTS O | Request to send a signal
USARTx_CTS | clear send signal
SPI_MISO I0 | Primary input/secondary output data transfer pin
SPI_MOSI I0 | Primary output/slave input data transfer pin
SPI SPI_SCK I0 | Transmission clock
SPI_NSSO I0 | Select input/output pin from machine
SPI_NSSy (y=1~3) O | Slave select output pin
12C_SCL 10 | Clock line
12C
I12C_SDA IO | Data line
MCANXx MCANx_TX O | Send data
(x=1~2) MCANx_RX | Receiving data
CMP1_OUT O | CMP1 result output
CMP CMP2_OUT O | CMP2 result output
CMP3_OUT O | CMP3 result output
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Sategorle Functional Name g Description
giﬂfi_zl;\le (x=1~3 | CMPx positive analog input
)SL/IK_ZI;\IMy (x=1~3 |, CMPx negative analog input
ADTRG1 | ADC1 AD conversion external start source
ADTRG2 | ADC2 AD conversion external start source
ADTRG3 | ADC3 AD conversion external start source
ADC ADC123 INx (x=6~9) | ADC1/2/3 share external analog input port
ADC12_INx .
(x=4~5,10~15) | ADC1/2 share external analog input port
ADC1 _INx (x=0~3) | ADC1 external analog input port
ADC3 INx (x=0~3,10,11) | | ADC3 external analog input port
DAC DAC OUTy (y=1,2) O | DAC analog output
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2.4 Pin Instruction

Table 2-6 Pin Instruction

Pin Name Usage Notes

VCC Power supply, connect 1.8V~3.63V voltage, and connect a decoupling
capacitor to the VSS pin nearby (refer to [Electrical Specifications])

VSS Source ground, connected to OV
Analog power supply, power the analog module, connect to the same

AVCC voltage as VCC (refer to [Electrical Specifications])

When not using the analog module, please short it with VCC

Analog power ground, powering the analog module, connected to the same
AVSS voltage as VSS (refer to [Electrical Specifications])

When not using the analog module, please short it with VSS

Mode input. When the reset pin (NRST) is released (from low to low, the pin

PF3/MD must be fixed at low level. Recommended resistance (4.7 KQ) to VSS (Pull-
down)

NRST Reset pin, low level valid. Resistance to VCC when not in use (pull-up)
General pin. When used as input function, the input voltage of the pin that
supports 5V voltage tolerance should not exceed 5V. When the input voltage

Px (x=A~D exceeds VCC, the internal pull-up/pull-down is prohibited. The input voltage

y=)£)~15) a ! of the pin that does not support 5V voltage tolerance should not exceed

VCC. When used as an analog input, the analog voltage should not exceed
VREFH/AVCC
Floating when not in use or connect to VCC (Pull-up)/VSS (Pull-down)
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3 Electrical Specifications
3.1 Testing Conditions

All voltages are VSS-based unless otherwise specified.
3.1.1 Minimum and Maximum

Unless otherwise stated, the minimum and maximum values of all devices are obtained through
comprehensive evaluation through sample testing under the worst-case ambient temperature,

supply voltage and clock frequency conditions.
3.1.2 Typical Value

Unless otherwise specified, typical data are obtained through comprehensive evaluation of sample

tests at TA=25°C, VCC=3.3V.
3.1.3 Typical Curve

Unless otherwise specified, all typical curves are not tested for design reference only.
3.1.4 Load Capacitance

Figure 3-1(Left) shows the load conditions used to measure the pin parameters.
3.1.5 Pin Input Voltage

Figure 3-1 (Right) shows how to measure the input voltage at the device pins.

MCU pin [1 MCU pin

— (i

Figure 3-1 Pin loading conditions (left) and input voltage measurement (right)
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3.1.6 Power Supply Scheme

I
I
Input b3 |
£ |
GPIO [ I Core logic |
E logic (CPU, |
Output | @ digital |
peripherals I
| , and RAM) I
| I
| I
| I
| |
VCCx Voltage l
regula?:or :
X x 0.1uF+ : |
1x4.7uF
H T VSSx ° X Flash |
X R )

“|rRTC

Clock module:
RC,
PLL,...

T AVCC

NRST Reset
[:I Control
-

=
L
Analog
—— 0.1pF ADC
=™ +1uF CMP
DAC

=

J_ AVSS H

Figure 3-2 Power Supply Scheme

A 4.7uF ceramic capacitor must be connected to one of the VCC pins.

AVSS=VSS.

These capacitors must be placed as close as possible to or underneath the power pair pins on
the underside of the PCB to ensure proper operation of the device. These capacitors must be
placed as close as possible to or underneath the power pair pins on the underside of the PCB
to ensure proper operation of the device. Removing the filter capacitors to reduce PCB size or
cost is not recommended and may cause the device to not operate properly.

W=
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3.1.7 Current Consumption Measurement

ICC

i_O

VCC

[
J

AVCC

Figure 3-3 Current Consumption Measurement Solution
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3.2 Absolute Maximum Ratings

Permanent damage to the device may result if loads exceeding the absolute maximum ratings
listed in Table 3-1, Table 3-2 and Table 3-3 are applied to the device. These values are just rated
stresses and do not mean that the device works properly under these conditions. Long-term
operation may affect the reliability.

Table 3-1 Voltage Features

Minimum .

Symbol Item Value Max Unit
VeeVss \E/)étce)r?gl main supply voltage (including AVCC, 0.3 4.0

- Vv
Vi Input voltage on pin () Vss-0.3 \_f,/CBC\-}-)‘L0 (Heximum
[VSSX-VSS| \g?rltsage difference between different ground i 50 mv
VESD(HBM) Electrostatic discharge voltage Please refer to ‘Electrical Sensitivity' | -

1. All main power (VCC, AVCC) and ground (VSS, AVSS) pins must always be connected to an

external power supply, within the limits allowed.

2. The maximum value of VIN must always be followed. For information on the maximum
permissible current values, See Table 3-2.
Table 3-2 Current Characteristic

Symbol Item Max Unit
SIVCC Total current flowing into all VCCX supply lines (source current) (1) 240
SIVSS Total current flowing (sinking) out of all VSSX ground wires (1) -240
Wee !\;I)axmum current flowing into each VCCX power line (source current) 100
IVSS !\{I)axmum current flowing out of each VSSX ground line (sink current) 2100 .
o Output current sinking on any 1/0 and control pin 20

Output current sourced by any I/0O and control pin -20
5110 Total output sink current on all I/0 and control pins 2 120

Total output source current on all I/0 and control pins (2) -120

1. All main power (VCC, AVCC) and ground (VSS, AVSS) pins must always be connected to an
external power supply, within the limits allowed.

2. This total output current must be correctly distributed across all power domains; this total
output current applies to the 64 PINs package. For the 48 PINs package, the maximum total
output current is 80mA, and for the 32 PINs package, the maximum total output current is
+40mA.

Table 3-3 Thermal Features
Symbol Item Numerical Value Unit
TsT6 Storage temperature range -65~150 °C
T Junction temperature range -40~125 °C
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3.3 Operating Conditions

3.3.1 General Working Conditions
Table 3-4 General Operating Conditions

Symbol Parameter Conditions Min '\I"i?:lceal Max Unit
Internal AHB clock
fHeLk frequency - - - 120 MHz
Vce Standard operating voltage | - 1.8 - 3.63 \"
Vavce Analog working voltage - 1.8 - 3.63
2V = Ve = 3.63V 0.3 ] 55
Vv Input voltage on 5V 2V = Vavce < 3.63V ' ' v
N tolerant pin(2)(3)(4) Vce < 2V 0.3 i 52
Vavce< 2V ' '
T Junction temperature range | - -40 - 125 °C
Working Temperature o
Ta Range - -40 - 105 C
1. Guarantee of mass production test.
2. Tokeep the voltage above VCC + 0.3V, the internal pull-up/pull-down resistors must be disabled.
3. It is necessary to ensure that the power supply (VCC, AVCC) of the device is stable before

adding this voltage to the 5V withstand voltage pin of the device.
Direct connection of this input voltage to an external power supply is prohibited. It is

recommended to connect the external power supply in series through a resistor of 100Q or
more.

3.3.2 Operating Conditions During Power Up/Down

Table 3-5 Operating Conditions in Case of Power-on/Power-off

Symbol Parameter Min Max Unit
VCC Rise Time Rate 20 20000

tvcc ps/V
VCC Fall Time Rate 20 20000
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3.3.3 Reset and Power Control Block Features

Table 3-6 Reset and Power Control Block Features

Symbol | Parameter Conditions Min v;ﬂ:al Max Unit
ICG1.BOR _LEV[1:0]=0b00 | 1.701) 1.90 2.10 Vv
Vaon Monitoring Voltage of | |CG1.BOR_LEV [1:0]=0p01 | 1.80 2.00 2.20 v
BOR ICG1.BOR_LEV [1:0]=0b10 | 1.90 2.10 2.30 Vv
ICG1.BOR _LEV [1:0]=0b11 | 2.101) 2.30 2.50 Vv
PVD1LVL[2:0]=0b000 1.80 2.00 2.20 Vv
PVD1LVL[2:0]=0b001 1.90 2.10 2.30 \'%
PVD1LVL[2:0]=0b010 2.10 2.30 2.50 \'%
Vouor PVD1 Monitoring Voltage PVD1LVL[2:0]=0b011 233 2.55 2.77 v
PVD1LVL[2:0]=0b100 2.43 2.65 2.87 \"
PVD1LVL[2:0]=0b101 2.53 2.75 2.97 \
PVD1LVL[2:0]=0b110 2.63 2.85 3.07 \'%
PVD1LVL[2:0]=0b111 2.73 2.95 3.17 Vv
PVD2LVL[2:0]=0b000 1.90 2.10 2.30 Vv
PVD2LVL[2:0]=0b001 2.10 2.30 2.50 Vv
PVD2LVL[2:0]=0b010 2.33 2.55 2.77 Vv
Vouos PVD2 Moritoring Voltage PVD2LVL[2:0]=0b011 243 2.65 2.87 v
PVD2LVL[2:0]=0b100 2.53 2.75 2.97 Vv
PVD2LVL[2:0]=0b101 2.63 2.85 3.07 \'%
PVD2LVL[2:0]=0b110 (1) 2.73 2.95 3.17 \"
PVD2LVL[2:0]=0b111(1() | 0.90 1.10 1.30 \"
Vpuwdhyst | Hysteresis of PVD1,2 (4) - - 100 - mV
Voor Eﬁgg;ﬁglﬁ?wemﬁ reset Risi‘ng edge VPOR 1.56 1.68 1.80
Falling edge VPDR 1.52 1.64 1.76
Veorhyst | POR Hysteresis - - 40 - mV
Surge current when the
IRusH \;;glvtvae?'(eed gig”'("’;g; e . 100 150 mA
awakens from standby)
ThRST \'/\lvijst-; reset minimum | 10 i i s
TiPvoL (F;\)/Dl reset release time | _ 300 380 460 s
TiPvD2 (Pz\)/DZ reset release time | 300 380 460 s
TiNRST (NZ;RST reset release time | 25 35 50 s
TaieT (NZ:RST reset release time | 140 160 200 s
TRSTBOR BOR reset release time (2) | - 440 520 610 us
Trsteon | Loneon reset release | . 2500 3000 us
1. Guarantee of mass production test.

2.
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3. The PVD1 monitoring voltage is the monitoring voltage when the VCC voltage drops; when
PVD2LVL[2:0] is set to Ob111, the PVD2 monitoring voltage is the monitoring voltage when the
PVDEXINP voltage drops; when PVD2LVD[2:0] is set to a value other than 0bl11, the PVD2
monitoring voltage is the monitoring voltage when the VCC voltage drops.

4. The hysteresis of PVD1/2 is the difference between the monitored voltage when VCC is rising
and the monitored voltage when VCC is falling.

PVD1 monitors voltage when VCC rises=Vpvd1+Vpvdhyst.
PVD2 monitors voltage when VCC rises=Vpvd2+Vpvdhyst.

5. When PVD2LVDL[2:0]=0b111, the comparison voltage is the external input comparison voltage

of the PVD2EXINP pin.

3.3.4 Supply Current Features

The current consumption is affected by several parameters and factors, including operating voltage,
ambient temperature, 1/O pin load, device software configuration, operating frequency, 1/O pin
switch rate, program position in memory and running code.

The method for measuring the current consumption is described in Figure 3-3. The current
consumption measurements in the various modes described in this section are obtained under
laboratory conditions using a set of test codes running in FLASH.

The specific conditions are as follows:
1) AllI/O pins are in high-impedance mode (no load).
2) Clock frequency selection fhclk=120MHz/ 60MHz/ 24MHz/ 8MHz/ 1MHz.

3) The power consumption modes are divided into: normal working mode ICC_RUN, sleep mode
ICC_SLEEP, stop mode ICC_STP, power-down mode ICC PD, and Dhrystone working mode
ICC_DHRYSTONE.

4) Please refer to the specific current condition description for peripheral clock ON/OFF.
5) The PLL is turned on in high-speed mode frcik=120MHz/ 60MHz.
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Table 3-7 Run Mode Current Consumptionl

Paramete Product Specifications Uni
Mode Symbol Conditions Ta(°C) Classic
! Min Max@ |t
Value(l)
while(1), all modules -40 i 14.0 i mA
clock OFF(3)
ICC_RUN .
- while(1), all modules -40 i 25.0 i mA
clock ON® )
CACHE OFF -40 - 14.0 - mA
ICC_DHRYSTONE
CACHE ON -40 - 14.0 - mA
éIII:FrnB())dules clocks -40 i 9.0 i mA
ICC_SLEEP
- All modules clocks
ONG) -40 - 20.0 - mA
while(1), all modules 25 i 14.0 i mA
clock OFF(3)
ICC_RUN .
- while(1), all modules 25 i 25.0 i mA
clock ONG) '
CACHE OFF 25 - 14.0 - mA
ICC_DHRYSTONE
CACHE ON 25 - 14.0 - mA
,CA)III:FmB())dules clocks 25 i 9.0 i mA
ICC_SLEEP All modules clocks
Operatin | frcik= ON®) 25 - 20.0 - mA
g mode | 120MHz while(1), all modules
85 - - 18.0 mA
clock OFF(3)
ICC_RUN :
- while(1), all modules 85 i i 30.0 mA
clock ONB )
CACHE OFF 85 - - 17.5 mA
ICC_DHRYSTONE
CACHE ON 85 - - 18.0 mA
All modules clock OFF 85 - - 13.0 mA
ICC_SLEEP
All modules clock ON 85 - - 25.0 mA
while(1), ?3I! modules 105 i i 23.0 mA
clock OFF
ICC_RUN while(1), all modules | 105 | - ] %0 lma
clock ONG) '
CACHE OFF 105 - - 23.6 mA
ICC_DHRYSTONE
CACHE ON 105 - - 24.0 mA
éIII:FrnB())dules clocks 105 i i 175 mA
ICC_SLEEP All modules clocks
ONG) 105 - - 30.5 mA

1. Typical voltage condition VCC=3.3V.
2. Maximum voltage condition VCC=1.8~3.63V.
3. Guarantee of mass production test.
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Table 3-8 Run Mode Current Consumption 2

Product Specifications
Mode FETETIEE Symbol Conditions Ta(*c Classic :lm
r ) Min | Value® | Max ()
)
while(1) all modules | _ i i
ICC RUN clocks are OFF 40 9.0 mA
- While (1), all 40 i 15.0 i mA
modules clock ON '
ICC DHRYSTON CACHE OFF -40 - 9.0 - mA
E CACHE ON -40 - 9.0 - mA
SIIEIFmoduIes clock 40 i 6.0 i mA
ICC_SLEEP
All modules clock ON | -40 - 12.0 - mA
While (1), all } -
ICC RUN modules clock OFF 25 9.0 mA
- While (1), all 25 i 15.0 i mA
modules clock ON '
ICC DHRYSTON CACHE OFF 25 - 9.0 - mA
E CACHE ON 25 - 9.0 - mA
SIIEIFmoduIes clock 25 i 6.0 i mA
ICC_SLEEP
Operatin | frcik= All modules clock ON | 25 - 12.0 - mA
g mode 60MHz While (1), all i i
ICC RUN modules clock OFF 85 12.0 mA
- While (1), all 85 i i 190 mA
modules clock ON '
ICC DHRYSTON CACHE OFF 85 - - 12.1 mA
E CACHE ON 85 - - 12.3 mA
SIIEIFmoduIes clock 85 i i 10.0 mA
ICC_SLEEP
All modules clock ON | 85 - - 16.5 mA
While (1), all i i
ICC RUN modules clock OFF 105 17.0 mA
- While (1), all 105 i i 245 mA
modules clock ON '
ICC DHRYSTON CACHE OFF 105 - - 17.6 mA
E CACHE ON 105 - - 17.8 mA
éIIEIFmodules clock 105 i i 14.0 mA
ICC_SLEEP
All modules clock ON | 105 - - 21.5 mA

1. Typical voltage condition VCC=3.3V.
2. Maximum voltage condition VCC=1.8~3.63V.
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Table 3-9 Run Mode Current Consumption 3

Paramete Product Specifications
Mode . Symbol Conditions Ta(°C) ) Classic 2 Unit
Min Value(?) s
While (1), all
(cC RUN modules clock OFF 40 i 43 ) mA
- While (1), all 40 _ 8.5 R mA
modules clock ON '
ICCDHRYSTON " pce o 40 |- 4.6 - mA
All modules clock .40 ) 35 - mA
ICC_SLEEP OFF
All modules clock ON | -40 - 7.5 - mA
While (1), all
(cC RUN modules clock OFF 25 i 4 ) mA
- While (1), all 25 ] 8.5 - mA
modules clock ON '
ICCDHRYSTON T cpchE ofr 25 i 4.6 . mA
éIII:Fmodules clock 25 ) 35 - mA
ICC_SLEEP
Operatin | fucu= All modules clock ON | 25 - 7.5 - mA
g mode 24MHz While (1), all
(cC RUN modules clock OFF 85 i ) 20 mA
— While (1), all 85 - - 12.0 mA
modules clock ON '
All modules clock 85 ) ) 7.5 mA
ICC_SLEEP OFF
All modules clock ON | 85 - - 11.1 mA
While (1), all
(cC RUN modules clock OFF 105 i ) 140 mA
- While (1), all 105 - - 18.0 mA
modules clock ON '
:ECC_DHRYSTON CACHE OFF 05 | - ; 15.0 mA
éIII:Fmodules clock 105 ) R 125 mA
ICC_SLEEP
All modules clock ON | 105 - - 17.0 mA

1. Typical voltage condition VCC=3.3V.
2. Maximum voltage condition VCC=1.8~3.63V.
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Table 3-10 Running Speed Mode Current Consumption 4

Product Specifications
Mode Parameter | Symbol Conditions Ta(°C) Typical Unit
Min Value | Max
(1)
While (1), all ) } i
ICC RUN modules clock OFF 40 3.2 mA
- While (1), all 40 i 55 i mA
modules clock ON '
ICC_DHRYSTONE | CACHE OFF -40 - 3.3 - mA
All modules clock 40 i 2.8 i mA
ICC_SLEEP OFF
All modules clock ON | -40 - 5.0 - mA
While (1), all ) i
ICC RUN modules clock OFF 25 3.3 mA
- While (1), all 25 i 50 i mA
modules clock ON '
ICC_DHRYSTONE | CACHE OFF 25 - 3.3 - mA
glllrlgnodules clock 25 i 2.8 i mA
ICC_SLEEP
Operatin | froik= All modules clock ON | 25 - 4.6 - mA
g mode 8MHz While (1), all i i
ICC RUN modules clock OFF 85 /-1 mA
- While (1), all 85 i i 8.2 mA
modules clock ON )
ICC_DHRYSTONE | CACHE OFF 85 - - 7.5 mA
glllrlgnodules clock 85 i i 6.5 mA
ICC_SLEEP
All modules clock ON | 85 - - 7.8 mA
While (1), all i i
ICC RUN modules clock OFF 105 12.2 mA
- While (1), all 105 i i 138 mA
modules clock ON '
ICC_DHRYSTONE | CACHE OFF 105 - - 13.0 mA
All modules clock 105 i i 11.4 mA
ICC_SLEEP OFF
All modules clock ON | 105 - - 13.3 mA

1. Typical voltage condition VCC=3.3V.
2. Maximum voltage condition VCC=1.8~3.63V.
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Table 3-11 Run Mode Current Consumption5

Product Specifications
Mode Paramete | g hol Conditions Ta(°C) Typical Unit
r Min Value Max()
(1)
While (1), all
modules clock OFF -40 i 2.7 i mA
ICC_ RUN -
- While (1), all -40 i 4.9 i mA
modules clock ON '
ICC_DHRYSTONE | CACHE OFF -40 - 2.7 - mA
éIIEIFmoduIes clock -40 i 25 i mA
ICC_SLEEP All modules clock
-40 - 4.0 - mA
ON
While (1), all
modules clock OFF 25 i 2.7 i mA
ICC_RUN -
- While (1), all 25 i 36 ) mA
modules clock ON '
ICC_DHRYSTONE | CACHE OFF 25 - 2.7 - mA
égFmodules clock 25 i 25 i mA
ICC SLEEP
- All modules clock 25 i 33 i mA
Operatin fHek= ON '
g mode 1MHz While (1), all i i
modules clock OFF 85 6.4 mA
ICC_RUN -
- While (1), all 85 i i 6.6 mA
modules clock ON '
ICC_DHRYSTONE | CACHE OFF 85 - - 6.5 mA
éIIEIFmoduIes clock 85 i i 6.1 mA
ICC_SLEEP All modules clock
ON 85 - - 6.5 mA
While (1), all
modules clock OFF 105 i i 11.5 mA
ICC_RUN -
- While (1), all 105 i i 12.1 mA
modules clock ON )
ICC_DHRYSTONE | CACHE OFF 105 - - 12.1 mA
égFmodules clock 105 i i 11.0 mA
ICC_SLEEP All modules clock
ON 105 - - 12.0 mA

1. Typical voltage condition VCC=3.3V.
2. Maximum voltage condition VCC=1.8~3.63V.
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Table 3-12 Low Power Mode Current Consumption

Paramete Product Specifications Uni
Mode Symbol | Condition (VCC = 3.3V) | Ta(°C) Tvpical
r Min yp! Max(2) t
Value(®)
-40 - 46 - MA
25 - 71 - HA
Stoé) : ICC_STP | Stop mode
mode 85 - - 2.5 mA
105 - - 5.2 mA
Power down mode 1 -40 - 9.0 - HA
Power down mode 2 -40 - 4.0 - HA
Power down mode 3 -40 - 2.0 - HA
Power down mode 4 -40 - 2.0 - MA
Power down mode
2+XTAL32+RTC -40 ) 6.0 ] WA
Power down mode
2+LRC+RTC 40 - 3.0 - WA
Power down mode 1 25 - 10.0 - MA
Power down mode 2 25 - 4.0 - MA
Power down mode 3 25 - 2.0 - HA
Power down mode 4 25 - 2.0 - HA
Power down mode
2+ XTAL32+RTC 25 - 7.0 - WA
Power down mode
Power 25 - 10.0 - MA
Down | - ICC_PD 2+LRC+RTC
Mode Power down mode 1 85 - - 17.0 MA
Power down mode 2 85 - - 9.0 HA
Power down mode 3 85 - - 6.0 MA
Power down mode 4 85 - - 6.0 MA
Power down mode
24+ XTAL32+RTC 85 ) ) 16.0 WA
Power down mode
2+LRC+RTC 85 ) - 21.0 WA
Power down mode 1 105 - - 30.0 MA
Power down mode 2 105 - - 22.0 HA
Power down mode 3 105 - - 19.0 HA
Power down mode 413! 105 - - 19.0 HA
Power down mode
2+ XTAL32+RTC 105 ) - 44.0 WA
Power down mode
2+LRC+RTC 105 } } 49.0 WA

1. Typical voltage condition VCC=3.3V.
2. Maximum voltage condition VCC=1.8~3.63V.
3. Guarantee of mass production test.
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Table 3-13 Analog Module Current Consumption

Product Specifications
Paramete Conditions : Uni
o Typica
Item r Symbol (VCC=AVCC=3.3V) Ta(°C) e IVP Max t
Value
XTAL oscillator mode high
drive 24MHz 25 ) 1.8 ) mA
Drive 16 MHz in
Oscillation Mode 25 ) 1.0 ) mA
Oscillator mode low
drive 10MHz 25 ) 0.8 ) mA
Oscillator mode ultra
low drive 8MHz 25 ) 0.6 ) mA
XTAL 32.768KHz 25 - 1.1 - HA
Module HRC 25 - 0.3 - mA
current - ICC_MODULE
PLLH (VCO=480MHz) 25 - 3.5 - mA
PLLH (VCO=240MHz) 25 - 1.8 - mA
ADC 25 - 1.3 - mA
Amplifier
allowed 25 ) 0.8 ) mA
DAC Amplifier
Disable 25 ) 0.2 ) mA
CMP 25 - 0.3 - mA
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3.3.5 Low Power Mode Wake-up Timing

The wake-up time measurement method is from the wake-up event triggering to the CPU execution
of the first instruction:
m For stop or sleep mode: Wakeup event is WFE.
m  WKUP pins are used to wake up from standby, stop, and sleep modes. All the timings are

measured at ambient temperature and VCC=3.3V.
Table 3-14 Low Power Mode Wake Up Time

Symbol | Parameter Conditions v;?:;al Max Unit
Tstop S\”t\’jr')‘en‘jg from System clock is MRC 20.4 35
Wake up from
Trp1 power-down - 70 76
mode 1
Wake up from
Trp2 power-down - 125 135
mode 2 HS
Wake up from
Trp3 power-down - 2140 2397
mode 3
Wake up from
Trpa power-down - 181 194
mode 4

3.3.6 External Timer Characteristic
3.3.6.1 High-speed External Subscriber Clock Generated by External Source

In bypass mode, the XTAL oscillator is turned off and the input pins are standard 1/0. The external
clock signal must take into account the requirements for external input clock Features in Table3-15.

Table 3-15 High-Speed External User Clock Features

Condit . Typical .

Symbol Parameter ions Min Value Max Unit
fxTaL_ExT User external clock frequency 1 - 25(1) MHz

XTAL_EXT input pin high level i
VIH_XTAL voltage ] 0.8xVcc Vcc v
VIL_xTAL XTAL _EXT input pin low level voltage Vss - 0.2%xVcc
Er(XTAL) XTAL_EXT rise or fall time . - 5 ns
f(XTAL)
Duty(xTaL) Duty Ratio - 40 - 60 %

1. Guarantee of mass production test.
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3.3.6.2 High-speed External Clock Generated by Crystal/Ceramic Resonator

High-speed external (XTAL) clocks can be produced using a 4 to 25 MHz crystal oscillator/ceramic
resonator oscillator. In applications, the resonator and load capacitance must be as close to the
oscillator pin as possible to minimize output distortion and vibration stabilization time. For more
information on the resonator Features (frequency, package, accuracy, etc.), please consult the
crystal resonator manufacturer.

Table 3-16 XTAL 4-25 MHz Oscillator Features

Symbol Parameter Conditions Min D;mzal Max Unit
Oscillator
fXTAL IN frequency - 4 - 25 MHz
Feedback
R Resistance(!) i i 300 i kQ
AxTaL XTAL Accuracy@®) | - -500 - 500 ppm
Gmmax Oscillator Gm(2) Wake up 4 - - mA/V
VCC is stable, crystal
: . - 2.0 - ms
— oscillator=8MHz
tsuoaraL Start time VCC is stable, crystal i 4.0 i ms
oscillator=4MHz :

Guarantee of mass production test.

Design guaranteed.

This parameter depends on the resonator used in the application system.

tsu(xtar) is the start-up time, which is measured from the time XTAL is enabled by software until
a stable oscillation frequency is obtained. This value is measured based on the standard crystal
resonator and may vary significantly with the crystal resonator manufacturer.

PWUNE

For CL1 and Ciz, it is recommended to use high-quality external ceramic capacitors designed for
high-frequency applications that meet crystal or resonator requirements (see figure below). CL1 and
CL2 are usually the same size, CL1=CL2=2*(CL-Cs). Cs is the sum of parasitic capacitance between
PCB and MCU pins (XTAL IN, XTAL OUT). CL is the load capacitance of the crystal or ceramic
resonator. Please consult the crystal resonator manufacturer.

Resonators with integrated capacitors

|
|

—_—— -

—

Re Cu' > A XTALIN 2 FymaL
/ = L 1
/ J_ \ Gain of rd
—{o | R’ssonator Re bias
\\ | / + control
= . Me s V0 7 xTaLour
NS __~ EXT

Figure 3-4 Typical Application Using 8 MHz Crystal
1. The value of REXT depends on the crystal oscillator Features.
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3.3.6.3 Low-speed External Clock Generated by Crystal Oscillator/Ceramic Resonator

Low-speed external clocks can be produced using an oscillator composed of 32.768KHz crystal
oscillator/ceramic resonator. In applications, the resonator and load capacitance must be as close
to the oscillator pin as possible to minimize output distortion and vibration stabilization time. For
more information on the resonator Features (frequency, package, accuracy, etc.), please consult

the crystal resonator manufacturer.

Table 3-17 XTAL32 Oscillator Features

Specifications
Symbol Parameter Conditions : Unit
Min Typlcal Max
Value
FxtaL32 Frequency - - 32.768 - KHz
Feedback
RF Resistance(?) i i 15 i MO
Power AT
IDD_XTAL32 consumption XTAL32DRV[2:0]=0b000 - 0.8 - WA
XTAL32
AxTAL32 precision®3) - -500 - 500 ppm
Gmmax Oscillator Gm(2) XTAL32DRV[2:0]=0b000 5.6 - - MA/NV
TsuxtaL32 Start time ) VCC Stabilization - 2 - S

Mass production test guarantee.
Design guaranteed.

1

2.

3. This parameter depends on the resonator used in the application system.

4. TsuxtaL32 is the start-up time, which is measured from the time when the software enables
XTAL32 until a stable 32.768KHz oscillation frequency is obtained. This value is measured
based on the standard crystal resonator and may vary significantly with the crystal resonator

manufacturer.

For CL1 and Ci2, high quality external ceramic capacitors are recommended (see figure below). CL1
and Cr2 are usually the same size, CL1=C2=2*(C.-Cs). Cs is the sum of parasitic capacitance
between PCB and MCU pins (XTAL32_IN, XTAL32_OUT). If CL1 or CL2 are greater than 18 pF, it is
recommended to set XTAL32DRV[2:0]=0b001 (high drive, the typical value of power consumption
increases by 0.2A). CL is the load capacitance of the crystal or ceramic resonator. Please consult

the crystal resonator manufacturer.

Resonators with integrated
capacitors
> ~N
e - CLl\ ~ XTAL32 OUT
/ ° \\ E] a
!/ _L \ Gain of
— [ FS‘esonator Re bias
\ T / control
\ o—L E] o
— \\ c%/ XTAL32_IN

‘ 2 FxTas2

Figure 3-5 Typical Application with 32.768KHz Crystal
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3.3.7 Internal Timer Features

3.3.7.1 Internal High Speed (HRC) Oscillator
Table 3-18 HRC Oscillator Features
Symbol Parameter Conditions Min [BIES) Max Unit
Value
Pattern 1 - 16 -
Frequency(®) MHz
Pattern 2 - 20 -
fHrC User Adjustment Scale - - - 0.2 %
Ta = -40 to 105°C(1) -2 - 2 %
Frequency accuracy
Ta = 25°C(1) -15 - 15 %
£ HRC oscillator oscillation i i i 15 s
StHRC) stabilization time(1) H
1. Guarantee of mass production test.
3.3.7.2 Internal Medium Speed (MRC) Oscillator
Table 3-19 MRC Oscillator Features
. Typical .
Symbol Parameter Min Value Max Unit
fMRC Frequency(®) 7.2 8 8.8 MHz
MRC oscillator stabilization
tst(MrC) time(1) - - 3 MS
1. Guarantee of mass production test.
3.3.7.3 Internal Low Speed (LRC) Oscillator
Table 3-20 LRC Oscillator Features
. Typical .
Symbol Parameter Min Value Max Unit
fLre Frequency(@ 27.853 32.768 37.683 KHz
LRC oscillator stabilization
Gst(LrC) time( - - 36 Ms
1. Guarantee of mass production test.
3.3.7.4 SWDT Dedicated Internal Low-speed (SWDTLRC) Oscillator
Table 3-21 SWDTLRC Oscillator Features
. Typical .
Symbol Parameter Min Value Max Unit
fswDTLRC Frequency() 9 10 11 KHz
LK (SWDTLRO) avn\gg!_RC oscillator stabilization | i 57.1 us
1. Guarantee of mass production test.
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3.3.8 PLL Characteristic

Table 3-22 PLLH Main Performance Indicators

Symbol | Parameter Conditions Min ;?I)lllceal Max Unit
Input Clock of PLL Phase Frequency | i
fLLIN Detector (PFD)M() 1 25 MHz
frLL ouT Output Clock of PLL Multiplier - 15 - 120 MHz
PLL voltage controlled oscillator
fvco_out (VCO) output(V - 240 - 480 MHz
tLock PLL lock time - - 80 120 us
PLL PFD input clock is
8MHz, system clock is
Periodic Jitter 120MHz, peak to peak - +100 -
JittereLL ps
PLL PFD input clock is
Cycle-to-cycle jitter 8MHz, system clock is - +150 -
120MHz, peak to peak-
1. Guarantee of mass production test.

2.

A higher input clock is recommended to obtain good jitter Features.
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3.3.9 Memory (Flash) Features

Flash memory was erased when the device was delivered to the customer.
Table 3-23 Flash Features

www.xhsc.com.cn

Symbol Parameter Conditions Min ;I"grl)flceal Max Unit
Read mode, Vcc=1.8 V~3.63V - - 5
e Power supply Programming mode, Vcc=1.8 V~3.63V - - 10 A
current( Block erase mode, Vcc=1.8 V~3.63V - - 10
Full erase mode, Vcc=1.8 V~3.63V - - 10

1. Design guaranteed.

Table 3-24 Flash Program Erase Time

Symbol Parameter Conditions Min Typical Value |Max Unit
Word . .
programming Slngle Programming | 4345 x Thei( 48+4XThcik( 5346X Thek(2) us
T time(®) mode
e Word Continuous
i (2) (2) (2)
t)i:rc])g(rla;mmlng programming mode 1242 X Thelk 144+4XThelk 1646 X Thclk HsS
Terase t?r'ﬁg('i,erase . 164+2xThak@ | 18+4xThak® | 2046xThak | ms
Tmas Full erase time() | - 16+2X Thek() 18+4X Thek(@ 20+6XThek? ms

1. Guarantee of mass production test.
2. Thek is one cycle of CPU clock.

Table 3-25 Flash Memory Erasability and Data Retention Period

Numerical
Symbol Parameter Conditions Value Unit
Min
Thous
Programming, block erase times, _ oro ands
Nend full erase times Ta=85%C 10 of
times
Tret Data retention period Ta = 85°C, after 10 kcycles 10 Year
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The chip is tested differently (ESD, LU) using specific measurement methods to determine its
performance in terms of electrical susceptibility.

3.3.10.1 Electrostatic Discharge (ESD)

Electrostatic discharge is applied to the pins of each sample according to each pin combination.
This test complies with JSO001 and JS002 standards.

Table 3-26 ESD Features

Symbol Parameter Conditions Max Unit
VESD(HBM) Electrostatic discharge voltage Ta =+25°C, meet JS001 standard 4000

Electrostatic discharge voltage _ o v
VESD(CDM) (charging equipment model) Ta =+25°C, meet JS002 standard 1000

3.3.10.2  Static Latch-up

To assess static Latch-up performance, two complementary static Latch-up tests are required on
the chip:

m Over-voltage applied to each power supply and analog input pin
m Apply current injection to other input, output, and configurable 1/O pins
These tests met the EIA/JESD 78A IC Latch-up standard.

Table 3-27 Static Latch-up Features

Symbol Parameter Conditions Max Unit

LU Static Latch-up Ta=+105°C compliant with JESD78A 200 mA
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3.3.11 I/O Port Features

General Input/Output Features
Table 3-28 1/0 Static Features

. . Typical .
Symbol | Parameter Conditions Min Value Max Unit
ViL Schmitt input low level(l) 1.8<Vcc=3.63 - - 0.3Vcc v
ViH Schmitt input high level(l) 1.8<Vcc=3.63 0.7Vcc - - v
VHys Schmitt input hysteresis 1.8<Vcc=3.63 0.1 0.2 - \"
ViL CMOS Input low level() 1.8<Vcc=3.63 - - 0.3Vcc v
ViH CMOS input high level( 1.8=<Vcc=3.63 0.7Vcc - - v
CMOS/ Schmitt compatible TTL input
TTL VL low level® 2.7=Vcc=3.63 - - 0.8 v
CMOS/ Schmitt compatible TTL input
TTL ViH high level® 2.7=Vcc=3.63 2.2 - - v
2.7=<Vcc=3.63 - - 40 MHz
Schmitt input maximum frequency
1.8<Vce=2.7 - - 20 MHz
Fmax(in)
_ _ 2.7=Vcc=3.63 - - 80 MHz
CMOS input maximum frequency
1.8<Vce=2.7 - - 40 MHz
. Vss=Vin=Vcc - - 1 HA
ILkG I/O input leakage current()
ViN = 5.5V(@) - - 10 UA
Weak pull-up VIN = Vss
Reu Equivalant resistance(1)3) 1.8<Vcc=3.63 10 30 150 KQ
Weak pull-down VIN = Vec
Rep Equivalant resistance(1)3) 1.8<Vcc=3.63 > 20 >0 KQ
PB6, PB7 (12C) i ) 10 3 DF
. PF3/MD
Cio gg) Zlcnitance(z) Input pins other
P than those - - 5 - pF
mentioned above

1. Guarantee of mass production test.
2. Design guaranteed.
3. To keep the voltage above VCC + 0.3V, the internal pull-up/pull-down resistors must be disabled.
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Output Current
The GPIO (General Purpose Input/Output) can source or sink current up to £20maA.

The output voltage

Table 3-29 Output Voltage Features

Driver . . Typical .
Settings Symbol | Parameter Conditions Min Value Max Unit
Low level
VoL output()(2 ) ) 0.6
- llo=%21.5mA, 1.8<Vcc<2.7
V. High level Vee-0.6
Ot output)3) ey i i
Low level
‘ VoL output@ - - 0.6
Low drive - llo=%3mA, 2.7=<Vcc=3.63
V. High level Vee0.6 i i
or output\3 o«
Low level
VoL outputd@ - - 1.3
. llo=%6mA, 2.7<Vcc=<3.63
V. High level Veel3 i i
OH output(13) cc-L.
Low level
VoL Output(l)(z) - - 04
. llo=%23mA, 1.8<Vcc<2.7
V. High level Vee-0.4 i i
OH output(1B3) v
Low level
. VoL (1)(2) - - 0.4
Medium output lo=+5mA, 2.7<Vcc<3.63
drive V. High level Vee-0.4
OH OUtpUt(l)(a) CC-U. - - v
V. Low level 13
oL output(1)(2) ) ) ’
. llo=+12mA, 2.7<Vcc<3.63
V. High level Vee-1l3
or output\3) o2 - )
Low level
VoL output@) - - 0.4
. llo=%6mA, 1.8<Vcc<2.7
V. High level Vee-0.4 i i
OH OUtpUt(l)(a) Cc-v.
Low level
VoL Output(l)(z) - - 0.4
. llo=%8mA, 2.7=<Vcc=<3.63
V. High level Vee-0.4 i i
. . OH output1)3) cc-0.
High drive
v Low level i i 13
o output(\@ '
: llo=220mA, 2.7<Vcc<3.63
V. High level Vee-l.3
OH output(1B3) ce-L. ) )
Low level
VoL OUtpUt(l)(z) - - 0.88
. llo=220mA, 2.97<Vcc=<3.63
V. High level Vee-0.88
Ot output®)3) ey i i
Low level
IIC/ FM+ VOLFM+ | touti) llo=20 mA, 2.7=Vcc=3.63 - - 0.4 v

1. Guarantee of mass production test.
2. The lio current sunk by the device must always consider the absolute maximum ratings

specified in Table 3-2. The sum of lio (/0 ports and control pins) must not exceed lvss.

3. Thelio source current of the device must always adhere to the absolute maximum ratings listed
in Table 3-2, and the sum of lio (I/O ports and control pins) must not exceed Ivcc.
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Input/output AC Features

Table 3-30 1/0 AC Features
Driver r - Typical -
3)
Settings Symbol Parameter Condition Min Value Max Unit
CL=30pF, Vcc=2.7V - - 20
; CL=30pF, Vcc=1.8V - - 10
fmax(IO)out | MaXimum - MHz
frequency™ CL=10pF, Vcc=2.7V - - 40
Low dri CL=10pF, Vcc=1.8V - - 20
ow drive
Output high to CL=30pF, Vcc=2.7V - - 15
low level drop CL=30pF, Vcc=1.8V - - 25
Efﬁg;oui time and output ns
riidjou low to high level CL=10pF, Vcc=2.7V - - 7.5
rise time CL=10pF, Vcc=1.8V - - 15
CL=30pF, Vcc=2.7V - - 45
; CL=30pF, Vcc=1.8V - - 22.5
fmax(10)out Maximum P MHz
frequency®@ CL=10pF, Vcc=2.7V - - 90
medium CL=10pF, Vcc=1.8V - - 45
drive = - -
Output high to CL=30pF, Vcc=2.7V 6
low level drop CL=30pF, Vcc=1.8V - - 10
Ef(llg)oui time and output ns
{10)ou low to high level CL=10pF, Vcc=2.7V - - 4
rise time CL=10pF, Vcc=1.8V ] ] 6
CL=30pF, Vcc=2.7V - - 100
frax(lO)out | 22T CL=30pF, Vec=1.8V | - : 50 MHz
CL=10pF, Vcc=1.8V - - 100
High drive Output high to CL=30pF, Vcc=2.7V - - 4
low level drop CL=30pF, Vcc=1.8V - - 6
Efﬂg;oui time and output ns
riibjou low to high level C.=10pF, Vcc=2.7V - - 2.5
rise time CL=10pF, Vcc=1.8V - - 3.5
1. The maximum frequency is defined in Figure 3-6.
2. The load capacitance CL must take into account the capacitance of the PCB and MCU pins (the

capacitance between the I12C pins PB6, PB7 and the MD pin PF3 and the circuit board can be
roughly estimated as 15pF; the capacitance between other pins and the circuit board can be
roughly estimated as 10pF).

The output waveform on
the load capacitor C,

|
tr(IO)out e—>

10%

90%

90%

Maximum frequency condition: (tr+tf)<(2/3)T and Duty cycle=50%+5% (Load capacitance C, is indicated
in the "Conditions" column of the "Input/Output AC Features" table)

Figure 3-6 1/0 AC Features Definition
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3.3.12 HRPWM Features

Table 3-31 HRPWM Features
Symbol Parameter Min Typical Value |Max Unit
; HRPWM calibration clock 120 - MHz
PCLKO :
input - 8.33 - ns
Tres(HRPWM) Timer resolution time - 130 - ps
ResHrPwM Timer resolution - 22 - bit
Table 3-32 HRPWM EMB Response Time
Symbol Parameter Conditions Min vgi'l"ceal Max Unit
Delay from
Digital EMB response | EMB_PORT1_INx input to
TLaT (DEMB) time HRPWM_<t> PWMA/B 15 2 ns
output port
Minimum EMB pulse
Tw (EMB) width 12.5 - - ns
Analog EMB
TLAT (AEMB) response time - - 30 50 ns
Table 3-33 HRPWM External Events 1~5 Response Time (2) (Fast Asynchronous Mode)
Symbol |Parameter Conditions Min vg?:‘ceal Max Unit
Delay from HRPWMEEVYy input
Digital external event |to
TiaT(pEev) response time HRPWM_<t> PWMA/B output 15 25 ns
port (30pF load)
Minimum external
Tweey) event pulse width i 12.5 i i ns
Delay from CMPy_INPz input to
TLAT(AEEY) fensalgg s"éxttﬁ;r;a' event | RpwM_<t> PWMA/B output |- 30 50 ns
P port (30pF load)
itter from HRPWM_EEVy input
External event Ji =
- - (1)
Ty (EEV) response jitter E%:RPWM_<t>_PWMA/B output 0 trcLko

1. teciko = 1/frciko.
2. The fast asynchronous mode is set by the HRPWM_EECR1.EEyFAST register bit and only
supports external events 1~5.
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Table 3-34 HRPWM External Events 1~5 Response Time (Synchronous Mode)

Symbol |Parameter Conditions Min '\I"i?:lceal Max Unit
- Delay from HRPWMEEVYy input to
TLATDEEV) rDe'g't:r'] fgtt?;“:' event | iRpwM_<t> PWMA/B output port |- 60 70 ns
P (30pF load)
Minimum external
Tweey) event pulse width 12.5 i i ns
Delay from CMPy_INPz input to
TLAT(AEEY) ’r*e“sa'gﬁ sixttﬁ;r;a' event | iRpwM_<t> PWMA/B output port |- 75 85 ns
P (30pF load)
T External event Jitter from HRPWM_EEVy inputto | i 1 t
JIT (EEV) response jitter HRPWM <t> PWMA/B output port PCLKO
Table 3-35 HRPWM Synchronous Input and Output Features
Symbol Parameter Min vgl)lllceal Max Unit
Synchronous input signal HRPWM_TRGA~D
Tw(TRGA-D) Minimum pulse width 2 i i tecLko
TRES(TRGA-D) Synchronous request response time - - 4 trciko
Synchronous output signal HRPWM_SYNCOUT i
Tw(sYNCOUT) Minimum pulse width 16 65535 trciko
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3.3.13 12C Interface Features
Table 3-36 12C Electrical Features

Fast Mode Plus
Standard Mode (SM) | Fast Mode (FM)
ISymbo Parameter (FM+)@) Unit
Min Max Min Max Min Max
fscL SCL frequency 0 100 0 400 0 1000 | KHz
Start
thp;sta | condition/restart 4.0 - 0.6 - 0.26 - s
condition Hold
tLow SCL Low Level 4.7 - 1.3 - 0.5 - s
tHiGH SCL High Level 4 - 0.6 - 0.26 - s
Restarting
tsu;sTa Condition Setup 4.7 - 0.6 - 0.26 - Us
thp:patr | Data Hold@ 0 - 0 - 0 - us
30+ 30+ 30+
tsu;paT Data setup(®) ti2¢ reference clock | - ti2¢ reference clock | - tiac reference | - ns
period(z) period(z) clock period(z)
Rising time of
tr SCL/SDA - 1000 - 300 - 120 ns
Falling time of
tr SCL/SDA - 300 - 300 - 120 ns
Stop Condition
tsu;sto Setup 4 - 0.6 - 0.26 - s
BUS Idle Time
Between Stop
teur Condition and Start 4.1 ) 1.3 ) 0.5 ) HS
Condition
Cb Load Capacitance - 400 - 400 - 550 pF

1. Guarantee of mass production test.

2. tiac reference clock period iS the 12C reference clock period, which is set by the 12C_CCR.CKDIV[2:0]
bits.

3. In FM+ mode, the 12C function needs to be configured on ports PB6 and PB7.

o taur
SU;STO |

tip;sta tlow thooar ThicH

Figure 3-7 12C Bus Timing Definition
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3.3.14 SPI Interface Features
Table 3-37 SPI Electrical Features

Symbol |Parameter Conditions Min Max Unit
Master Mode¥, 1.8V=Vcc=3.63V Tpclk1-1() Tpcik1+10) ns
tw(SCKH) |SCK high level time
Slave Mode(¥), 1.8V<Vcc=<3.63V 3XTpclk1-10) 3XTpck1+16) ns
, Master Mode(®), 1.8V<Vcc<3.63V  |Tpcki-1? Tpcik1+10) ns
tw(SCKL) |SCK low level time
Slave Mode), 1.8V=Vcc< 3.63V 3XTpcik1-10) 3XTpcik1+16) ns
tsu(Sl) Data input setup time |Slave Mode, 1.8V<Vcc=<3.63V(1) 4 - ns
tn(SI) Data input hold time | Slave Mode, 1.8V<Vcc=<3.63V(1) 3 - ns
Slave Mode, 2.7V=Vcc=3.63V{1) - 15 ns
tv(SO) Data output valid time
Slave Mode, 1.8V=Vcc<2.7V(1) - 26 ns
Master Mode, 2.7V=Vcc=3.63V(1) 5 - ns
tsu(MI) Data input setup time
Master Mode, 1.8V=Vcc<2.7V(1) 9 - ns
Master Mode, 2.7V<Vcc=3.63V 5 - ns
th(MI) Data input hold time
Master Mode, 1.8V=Vcc=2.7V 15 - ns
Slave Mode, 1.8V<Vcc=<3.63V 6XTpclk1 (5 - ns
tsu(SS) SS setup time Master Mode, 2.7V=Vcc<3.63V -5+NXTsck (215) |- ns
Master Mode, 1.8V<Vcc<2.7V -10+NXTsck 215) |- ns
Slave Mode, 1.8V<Vcc=<3.63V 6XTpclk1 (5 - ns
th(SS) SS hold time Master Mode, 2.7V<Vcc<3.63V -5+NxXTsck 3)5) |- ns
Master Mode, 1.8V<Vcc<2.7V -10+NXTsck 3)5) |- ns
Master Mode, 2.7V=Vcc=3.63V(1) - 4 ns
tv(MO) Data output valid time
Master Mode, 1.8V=Vcc=2.7V(D) - 9 ns
1. Guarantee of mass production test.
2. N=1~8, determined by register SPI_CFG1.MSSI[2:0].
3. N=1~8, determined by register SPI_CFG1.MSSDL[2:0].
4. The values of tw(SCKH) and tw(SCKL) are determined by SPI_CFG2.MBR. The values listed in the
table are those when SPI_CFG2.MBR=0.
5. Tpak1 refers to one cycle of the clock PCLK1, and Tsck refers to one cycle of the SPI

communication clock.
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SS input Hﬁ tulSS) | ﬁ‘ ta(SS) |/
PHA=0
SCK
input | (sCKL
CPHA=0 w(SCKL)
CPOL=1
ty(SO)— —
MISO output MSB out >< LSB out
tsu(5|)4" <
MOSI input  don't care>< MSB in >< LSB in >< don’t care
— th(SI) |«

Figure 3-8 SPI Timing Definition (Slave Mode, CPHA=0)

SS0 input :3+ tsu(SS) L— 4»‘ tn(SS) %:

PHA=1

CPOL=0 tw(SCKH)
SCK
input tw(SCKL)
CPHA=1
CPOL=1

t(SO)—  —

MISO output MSB out >< >< LSB out

GulS)—f  —

MOSI input don’t care>< MSB in >< LSB in >< don’t care

— th(SI)  «—

Figure 3-9 SPI Timing Definition (Slave Mode, CPHA=1)
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tsu(SS)
SS output e e N N t(S3) [
CPHA=1 A
CPOL=0 tu(SCKH) / \
SCK
output L t,(SCKL)
CPHA=1
CPOL=1
CPHA=1 S
CPOL=0
SCK
output
CPHA=1
CPOL=1
tsu(MD—| |«
MISO input  don't car MSB in >< LSB in >< don't care
— th(MI) | —

— —t(MO)

MOSI output >< MSB out >< >< LSB out ><

Figure 3-10 SPI Timing Definition (Master Mode)
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3.3.15 USART Interface Features
Table 3-38 USART AC Timing

Symbol | Parameter Min Max Unit
UART 4 -
teye Input clock cycles Clock trcLkl
synchronization 6 -
mode
tekw Input Clock Width 0.4 0.6 teyc
tekr Input Clock Rise Time - 5 ns
teks Input Clock Fall Time - 5 ns
. Clock
§e7r1;i<(1/eclgzglrén3ev(l) synchronization - 23 ns
tp T mode
Send delay time C|0C|;1 o 2
synchronization - ns
1.8V=Vce<2.7V mode
. . Clock
Receive data setup time L
1) synchronization 17 - ns
s 2.7V=Vce=3.63V mode
Receive data setup time C|0C|;1 o ’3
synchronization - ns
1.8V=Vce<2.7V mode
Clock
trRDH Receive data hold time synchronization 5 - ns
mode

1. Guarantee of mass production test.
Table 3-39 USART Highest Baud Rate

Mode Highest baud rate
Internal timer PCLK1/8
UART
External timer PCLK1/32
Clock synchronization mode 2.7V<Vcc<3.63V 6.0Mbps
Clock synchronization mode 1.8V<Vcc<2.7V 4.0Mbps
tekw tekr tekr
— -
CKn
n:1~6 ~
teyc
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CKn /—\—/—\—

TXn ><

trps

troH

X X¥

n:1~6

Figure 3-12 USART (CSI) Input and Output Timing

3.3.16 JTAG Interface Features

Table 3-40 JTAG Interface Features

Symbol Parameter Min z\;?li‘ceal Max Unit
trckeyc JTCK clock cycle 50 - - ns
trckH JTCK clock high level 15 - - ns
trekL JTCK clock low level 15 - - ns
trekr Clock Rise time - - 5 ns
treke JTCK Clock fall time - - 5 ns
trmss JTMS setup time() 10 - - ns
trmsh JTMS hold time() 10 - - ns
trois JTDI setup time(®) 10 - - ns
troin JTDI hold time(@) 10 - - ns
trood JTDO data delay(l) - - 25 ns
1. Guarantee of mass production test.
» trekeye >
trekn
JTCK trexe
<_'ETCKr

treke

Figure 3-13 JTAG JTCK Clock
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JTCK
trmss trmsn
JTMS
 tos trom R
JTDI
trooo
JTDO

Figure 3-14 JTAG Input and Output
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3.3.17 SWD Interface Features
Table 3-41 SWD Interface Features

- Typical .
Symbol Parameter Min Value Max. Unit
tswcLkeyc SWCLK clock cycle 50 - - ns
tswclkH SWCLK clock high level 15 - - ns
tswerkL SWCLK clock low level 15 - - ns
tswecrkr SWCLK clock rise time - - 5 ns
tsweLks SWLCK clock fall time - - 5 ns
tswois SWDI setup time(?) 10 - - ns
tswoin SWDI hold time(1) 10 - - ns
tswood SWDO data delay(!) 2 - 25 ns
1. Mass Production Test Guarantee.
P tSWCLKcyc -
tsweikH
SWCLK
<_tswcu<r
tswewke
Figure 3-15 SWD SWCLK Clock
SWCLK
tswois tswoin
SWDI ’
Lt
SWDO ]

Figure 3-16 SWDIO Input and Output
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3.3.18 TRACE Interface Features
Table 3-42 TRACE Interface Features

- Typical .
Symbol Parameter Min Value Max Unit
tTRCLKCyc TRACECK clock cycle 20 - - ns
tTRCKH TRACECK clock high level 7 - - ns
tTRCKL TRACECK clock low level 7 - - ns
tTRCkr TRACECK clock rise time - - 2.5 ns
trReks TRACECK clock fall time - - 2.5 ns
tTrRod TRACEDO~3 data delay() 1.6 - 8.4 ns
1. Guarantee of mass production test.
P tTRCKcyc R
tTRCKH
TRACECK £TRCKF )
(LTRCKr
tTRCKL
Figure 3-17 TRACE Clock
TRACECK
tTRDd tTRDd
>
TRACEDI[3:0]
Figure 3-18 TRACE Data Output
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3.3.19 12-bit ADC Features

Table 3-43 ADC Features

. . Typical .
Symbol Parameter Conditions Min Value Max Unit
VAVCC/REFH Power supply - 1.8 - 3.63 Vv
High-speed working
mode 1 - 60
Vavce=2.4 ~3.63V
ADC conversion clock Low speed working
fanc frequency mode 1 - 30 MHz
Vavee=1.8 ~2.4V
Ultra-low speed working
1 - 8
mode
Conversion voltage
Vain range - Vavss - VAVCC/REFH V
External input Refer to Formula 1 for
Raw impedance(l) details i i >0 kQ
Sampling switch
Rapc resistance(?) i } 3 6 kO
Internal sampling and
Capc retention - - 4 7 PF
capacitance(l)
Trigger conversion _
to delay(l) fADC—60MHZ - - 03 us
o 0.183 - 4.266 Hs
ts Sampling time fabc=60MHz
11 - 255 1/ fanc
fanc=60MHz
12-bit resolution 0.4 i i HS
Single channel total fapc=60MHz 0.37 i i s
£ conversion time(®) 10-bit resolution ' H
CONV (Including sampling fanc=60MHz 0.34 i i s
time) 8-bit resolution ' "
20 to 268 (sampling time Ts + successive approximation n-bit 1 f
resolution + 1) ADC
Sampling rate(® 12-bit resolution single
fs fapc=60MHz ADC } J 25 Msps
tst Start time(1) - - 1 2 us

1. Design guaranteed.

Formula 1: RAIN Maximum Value Formula

k

Rain= -Rapc

faoc X Capc X In(2V*?)

The above formula (Formula 1) is used to determine the maximum external impedance to make
the error lower than 1/ 4LSB. Where N = 12 (12-bit resolution), k is the number of sampling cycles
defined in the ADC _ SSTR register.
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Table 3-44 Input Channel Static Accuracy @fapc=60MHz
. Typical :
Symbol Parameter Conditions Value Max Unit
Et Total Unadjusted Error +5.5 +7 LSB
Eo Offset error fanc=60MHz +4.5 +7 LSB
Input source
Ec Gain error impedance<1KQ +4.5 +7 LSB
Vavee=2.4~3.63V
Ep Differential nonlinearity error T:LC_C‘]_OOC~1050C +15 +3 LSB
EL Integral nonlinearity error +2.0 +4 LSB
Table 3-45 Input Channel Static Accuracy @fapc=8MHz/ 30MHz
. Typical .
Symbol | Parameter Conditions Value Max Unit
Et Total Unadjusted Error +5.5 +7 LSB
Eo Offset error fapc=8/30MHz +4.5 +7 LSB
Input source
Ec Gain error impedance<1KQ +4.5 +7 LSB
V =1.8V
Ep Differential nonlinearity error T:LC_C‘]_OOC~1050C +15 +3 LSB
EL Integral nonlinearity error +2.0 +4 LSB
Table 3-46 Input Channel Dynamic Accuracy @fapc=60MHz
Symbol | Parameter Conditions Min Max Unit
ENOB Significant digits fAnc=60MHz 10.5 - Bits
SINAD Signal-to-Noise Harmonic Ratio Input signal frequency = 2KHz | 65,0 - dB
: . . Input source impedance<1KQ
SNR Signal-to-Noise Ratio Vavce=2.4 ~3.63V 65.1 - dB
THD Total Harmonic Distortion Ta=-40°C~105°C - -78.1 dB
Table 3-47 Input Channel Dynamic Accuracy @fapc=8MHz/ 30MHz
Symbol | Parameter Conditions Min Max Unit
ENOB Significant digits fapc=8/30MHz 10.5 - Bits
SINAD SNR Input signal frequency = 2KHz | 65.0 - dB
. : : Input source impedance<1KQ
SNR Signal-to-Noise Ratio Vavcc=1.8V 65.1 - dB
THD Total Harmonic Distortion Ta=-40°C~105°C - -78.1 dB
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Vavce
4096 Ec

1LSBipeEAL=

v

4093 40944095 4096

Vavcc

Figure 3-19 ADC Accuracy Features

Refer to also table above.

Examples of actual transmission curves.

Ideal transfer curve.

End point correlation line.

Et = Total Unadjusted Error: The maximum deviation between the actual and ideal transfer
curve.

Eo = Offset Error: The deviation between the first actual transition and the first ideal transition.
Ec = Gain Error: The deviation between the last ideal transition and the last actual transition.
Ep = Differential nonlinearity error: The maximum deviation between the actual step and the
ideal value.

EL = Integral Nonlinearity Error: The maximum deviation between any actual transition and the
endpoint correlation line.

uhwNnE
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RAIN(]-)

Sample and hold
ADC converter

Raoc(1)

12-bit

ADCx_INX =
L

ICa parasitic

e

VT
0.6V

IL+1pA

Converter

Cuoc(1)

-|—4|—%

Figure 3-20 Typical Connections Through ADC

1. For information on Ran, Rapc, and Cabc values, refer to Table 3-43.

2. Cparasitic represents the PCB capacitance (depending on soldering and PCB routing quality)
and pad capacitance (about 5pF). Higher values of Cparasitic result in less accurate
conversions. To solve this problem, fabc should be reduced.

General PCB Design Guidelines

The power supply should be decoupled as shown in the following figure. The 0.1uF capacitor should
be a (good quality) ceramic capacitor. These capacitors should be placed as close to the chip as

possible.

1uF

1

AVCC/VREFH

ADCx_INx

] AVSS/VREFL

Figure 3-21 Power Supply and Reference Supply Decoupling Example
1. Forinformation on RADC values, refer to Table 3-43.
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3.3.20 12-bit DAC Features
Table 3-48 Features When 12-bit DAC Port Output Enabled and Output Amplifier Enabled

Sym Condition . Typical .
bol Parameter 5 Min Value Max Unit
Vavee | Analog supply voltage - 1.8 3.3 3.63 Vv
AO Output voltage range - 0.2 - XA;CC' -
RL Load resistance - 100 - - kQ
CL Load Capacitance - - - 50 pF
Differential Nonlinearity Error (deviation between two _ i i
DNL consecutive codes -1 LSB)(*) RL=100k0 *3 LS8
Integral nonlinearity error (the difference between
the value measured at code | and the value at code | _
INL on the line between code 0 and the last code 4095) RL=100kQ | - i 5 LS8
(1)
Offset Error (Difference between measured value and
OF ideal value VREF+/2 at code 2048) i i i 15 LS8
GE Gain error - - - =1 %
Settling Time (Full Scale: Applies to 12-bit input code
T transition between lowest input code and highest | i 2 3 s
st input code until the DAC output reaches +4 LSB of H
final value) ()
1. Guarantee of mass production test.
2. Design guaranteed.
Table 3-49 12-bit DAC Port Output Enabled and Output Amplifier Disabled Features
Sym Conditio . Typical .
bol Parameter e Min Value Max Unit
Vavee | Analog supply voltage - 1.8 3.3 3.63 Vv
AO Output voltage range (1) - 0 - Vavce-1LSB | V
CL Load Capacitance - - - 20 pF
RO Output resistance (2) - - 8.6 12 kQ
Differential Nonlinearity Error (deviation between
DNL 1 4o consecutive codes -1 LSB) i i i 2 LS8
TUE Total unadjusted error - - - +24 LSB
Settling Time (Applies to 12-bit input code
T transition between lowest input code and highest | i 15 25 s
ot input code until DAC output reaches +4 LSB of ' ' H
final value, CL = 10 pF)

1. Guarantee of mass production test.
2. Design guaranteed.

DS _HC32F334SeriesDatasheet Rev1.00 77197



KXASCLEESH

www.xhsc.com.cn

Table 3-50 12-bit DAC Port Output Disabled and Output Amplifier Disabled Features

Symbo Condit . Typical .
I Parameter s Min Value Max Unit
Vavee Analog supply voltage - 1.8 3.3 3.63 \Y
AO Output voltage range - 0 - Vavce-1 LSB -
Differential nonlinearity error (deviation between i
DNL two consecutive codes -1LSB) (! ) ) *2 LSB
TUE Total unadjusted error - - - +5 LSB
Settling Time (Applies to 12-bit input code
transition between lowest input code and highest | i 95.5 117.3 ns
input code until DAC output reaches £1 LSB of ) '
final value, Vavcc = 2.7) (1)
Settling Time (Applies to 12-bit input code
transition between lowest input code and highest | _ i 572 705 ns
input code until DAC output reaches +32 LSB of ) )
T final value, Vavce = 2.7))
o Settling Time (Applies to 12-bit input code
transition between lowest input code and highest | i i 121.6 ns
input code until DAC output reaches 1 LSB of '
final value, Vavce < 2.7) ()
Settling Time (Applies to 12-bit input code
transition between lowest input code and highest | _ i i 79.1 ns
input code until DAC output reaches 32 LSB of )
final value, Vavcc < 2.7) (1)
1. Design guaranteed.
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3.3.21 Comparator Features

Table 3-51 Comparator Features

Symbol Parameter Conditions Min zyplcal Max Unit
alue
Vavce Analog supply voltage - 1.8 3.3 3.63 Vv
Vi Input voltage range - 0 - Vavce \"
Step=200mV with overdrive
Temp Comparing Time () 100mV - - 60 ns

Input Slew Rate = 4mV/ns

Input channel switching
Toet stabilization time - - 100 200 ns

HYST[2:0]=0b000 - 0 - mv
HYST[2:0]=0b001 - 10 - mv
HYST[2:0]=0b010 - 20 - mv
HYST[2:0]=0b011 - 30 - mv
Vhyst Hysteresis voltage
HYST[2:0]=0b100 - 40 - mv
HYST[2:0]=0b101 - 50 - mv
HYST[2:0]=0b110 - 60 - mv
HYST[2:0]=0b111 - 70 - mv
Comparator input offset
Voffset voltage - -15 - +15 mV
Comparator Current
lavee Consumption - - 400 500 MA

(Single Comparator)
1. The performance test calculation method is to input voltage from the CMP input pin and
output the comparison result from the CMP output pin.

INP A

INM

\

CMP_OUT |

Figure 3-22 CMP Hysteresis Features
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3.3.22 EIRQ Filter Features

Table 3-52 EIRQ Filter Features

. . Typical .
Symbol Parameter | Conditions Min Value Max Unit
INTC_EIRQCR.NOCSEL[1:0] = 0b00 0.4 - 1.2 Vi
EIRQ Input | INTC_EIRQCR.NOCSEL[1:0] = 0b01 0.8 - 23 us
WEERS | Filter Width
Ifter Wi INTC_EIRQCR.NOCSEL[1:0] = 0b10 1.7 - 4.5 s
INTC_EIRQCR.NOCSEL[1:0] = Ob11 3.4 - 8.9 Vi
3.3.23 USART1 RX Filter Features in Stop Mode
Table 3-53 USART1 RX Filter Features in STOP Mode
. . Typical .
Symbol Parameter | Conditions Min Value Max Unit
USART1_NFC.USART1_NFS[1:0] = 0b00O 0.4 - 1.2 us
USART1 USART1_NFC.USART1_NFS[1:0] = 0b01 0.8 - 2.3 us
WF_usarT1 input filter
width USART1_NFC.USART1 NFS[1:0] = 0b10 1.7 - 4.5 Us
USART1 NFC.USART1 _NFS[1:0] = Ob11 3.4 - 8.9 us
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4 Package Specifications

4.1 Package Dimensions
LQFP64 packaging

; o1

! ftilﬁ aimial: L A3 v a2 A

\’\ Al% ]
F

DETAIL: F

— D1

HEHHHAHHAHHAAHASA
O

HEAHFAHAAAAAAAAA
HEHHHHHHHEHHEEEH

SEEEELEEEEELLE L) N—|
bl Jle

e %’mmmmgmmmﬁ%c
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10x10 Millimeter
Symbol
Min Nom Max
A - - 1.60
Al 0.05 - 0.15
A2 1.35 1.40 1.45
A3 0.59 0.64 0.69
b 0.17 0.22 0.27
c 0.09 - 0.20
D 11.80 12.00 12.20
D1 9.90 10.00 10.10
E 11.80 12.00 12.20
El 9.90 10.00 10.10
e 0.50BSC
L 0.45 0.60 0.75
L1 1.00REF
8 0° - 7°
Note:

- Dimensions "D1" and "E1" do not include mold protrusions
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LQFP48 Packaging

DETAIL: F
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e
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7x7 Millimeter
Symbol

Min Nom Max
A - - 1.60
Al 0.05 - 0.15
A2 1.35 1.40 1.45
A3 0.59 0.64 0.69
b 0.17 0.22 0.27
c 0.09 - 0.20
D 8.80 9.00 9.20
D1 6.90 7.00 7.10
E 8.80 9.00 9.20
El 6.90 7.00 7.10
e 0.50BSC
L 0.45 0.60 0.75
L1 1.00REF
8 0 - 7°

Note:

- Dimensions "D1" and "E1" do not include mold protrusions
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QFN48 Packaging
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5x5 Millimeter
Symbol

Min Nom Max
A 0.50 0.55 0.60
Al 0.00 0.02 0.05
b 0.13 0.18 0.23
bl 0.12REF
C 0.10 0.15 0.20
D 4.90 5.00 5.10
D2 3.60 3.70 3.80
e 0.35BSC
E 4.90 5.00 5.10
E2 3.60 3.70 3.80
L 0.30 0.35 0.40
L1 0.13 0.18 0.23
h 0.25 0.30 0.35
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QFN32 Packaging
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4x4 Millimeter
Symbol

Min Nom Max
A 0.7 0.75 0.8
Al 0.00 0.02 0.05
b 0.15 0.20 0.25
c 0.15 0.20 0.25
D 3.90 4.00 4.10
D2 2.50 2.70 2.90
e 0.40BSC
E 3.90 4.00 4.10
E2 2.50 2.70 2.90
L 0.25 0.35 0.50
H 0.25 - 0.40
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4.2 PCB Land Pattern
LQFP64 Packaging (10mm x 10mm)

12.7

A

10.3

******** - lnooooqooooonnt
OO

i e
0.30 020 0.0

NOTE:
— Dimensions are expressed in millimeters.
— Dimensions are for reference only.
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LQFP48 Packaging (7mm x 7mm)

******* I 11 111
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QFN48 Packaging (5mm x 5mm)
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QFN32 Packaging (4mm x 4mm)

A

4.70
le———3.40———>

| le— 3.00— »
132 3

\

I
I
I
I
I
I
I
I
L
N

|
I
“ ' 'DDDDDD] ’
I | |
g sy |
1] | 124
— ! A —_—
<—2.FO =
[ [
4.703.403.00 :———____4_ Py YN E—
L1 ]
— | —
: ; —
8 | — 17
Ny T __ e
DDDDDDDU'O%‘IWS
. A5 I s I

9 o ol [ 16
0.20 0.20 0.40

NOTE:
- Dimensions are expressed in millimeters.
— Dimensions are for reference only.

DS _HC32F334SeriesDatasheet Rev1.00 92/97



HSChE%S
|Xﬁ MEESH www.xhsc.com.cn

4.3 Package Marking
The position and information of Pin 1 printed on the front of each package are given below.
LQFP64 packaging (10mm x 10mm)/LQFP48 packaging (7mm x 7mm)

Pin 1—

“® yusc
PN (1st ~ 8th bit)——| PN |

PN (9th ~ 12th bit)—— PN |

Date Code +__|
Package Factory Code (7-bit) —4 XXXXXXX \

Lot No. (8-bit)—— Lot No. |

QFN48 packaging (5mm x 5mm)

Pin 1 —— @
PN (5th ~ 12th bit) PN
Lot No. (8-bit) Lot No.
Date Code (6-bit)+
Package Factory Code (V) Date Code V

QFN32 Packaging (4mm x 4mm)

Pinl +~@

,,,,,,,,

P N PN (5th ~ 12th bit)

Lot No. (8-bit) ——= Lot No.

Note:

— The blank boxes in the above figure indicate optional marks related to production, which
are not explained in this section.
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4.4 Packaging Thermal Resistance Coefficient

When the packaged chip works at a specified operating ambient temperature, the junction
temperature Tj (°C) on the chip surface can be calculated according to the following formula:

Tj=Ta + (Pp x 6)a)

m Tarefers to the working environment temperature when the packaged chip is working, the unit
is °C;
m O refers to the thermal resistance coefficient of the package to the working environment, the
unit is °C/W;
m Pp is equal to the sum of the internal power consumption of the chip (Pint) and the power
consumption generated by the 1/0 pin when the chip is working (Pi0), and the unit is W.
PINT = lcc X Vcc
Pio = Y(VoL x loL) +>((Vcc - VoH) X loH)
When the chip is working at the specified working environment temperature, the junction
temperature T; of the chip surface cannot exceed the maximum allowable junction temperature T
of the chip.

Table 4-1 Thermal Resistance Coefficient Table for Each Package

Package Type and Size Thermal Resistance Junction-ambient Value (6a) Unit
LQFP64 10%10%1.4 e=0.5 65 +/- 10% C/W
LQFP48 7%7%1.4 e=0.5 75 +/- 10% *CIW
QFN32 4*4%0.75 e=0.4 53 +/- 10% *CIW
QFN48 5%5%0.55 =0.35 42 +/-10% *CIW
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5 Ordering Information

Product Model
Function HC32F334F8UI-HC32F334FAUI-|HC32F334)8UI- HC32F334JAUI- HC32F334)8TI- | HC32F334JATI- [ HC32F334K8TI- HC32F334KATI-
QFN32TR QFN32TR ZFN48TR ZFN48TR LQ48 LQ48 LQFP64 LQFP64
Main Frequency (MHz) 120
Kernel M4
Number of GPIOs 27 27 39 39 39 39 53 53
Supply voltage range (V) 1.8~3.63
Flash (KB) 64 128 64 128 64 128 64 128
SRAM (KB) 36
DMA lunit * 8ch
USART (1) 4ch
Communication SPI lch
Interface 12C 1ch
CAN FD 2ch
Timer0 2unit
TimerA 5unit
Timer4 lunit
Timers and Counters | _Timer6 Aunit
@) HRPWM 6unit
WDT 1ch
SWDT 1ch
RTC 1ch
12bit ADC 3unit ,9¢ch 3unit ,9¢ch 3unit ,16¢ch 3unit ,16¢ch 3unit, 16ch 3unit, 16ch 3unit, 22ch 3unit, 22ch
Analog 12bit DAC 3ch
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XIAOHUA SEMICONDUCTOR

Product Model
Function HC32F334F8UI-HC32F334FAUI- HC32F334)8UI- HC32F334)JAUIl- HC32F334)8TI- [ HC32F334)ATI- HC32F334K8TI- HC32F334KATI-
QFN32TR QFN32TR ZFN48TR ZFN48TR LQ48 LQ48 LQFP64 LQFP64
CMP 3ch
Analog
PVD /
Working temperature -40~105°C
Package QFN32 QFN32 QFN48 QFN48 LQFP48 LQFP48 * LQFP64
, , Type (4*a) (4*a) (5+5) (5+5) (747) (747) LQFP64 (10710) | (g1
Package information X
(mm) Thickness 0.75 0.75 0.55 0.55 1.6 1.6 1.6 1.6
Packaging Tape Tape Tape Tape tray tray tray tray
Note:

1) USART 2/3/4 units with LIN function

2) Timer6, HRPWM, TimerA, Timer0 with capture input function
3) Timer6 and TimerA support 2-phase orthogonal encoding counting and 3-phase orthogonal encoding counting functions

Before ordering, please contact the sales window for the latest mass production information.
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Version Revision History

Version | Revision .
Number | Date Modify the content

Rev1.00 | 12/06/2024 | First edition release.
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