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General description

The GD32E231xx device belongs to the value line of GD32 MCU family. It is a new 32-bit
general-purpose microcontroller based on the ARM® Cortex®-M23 core. The Cortex-M23
processor is an energy-efficient processor with a very low gate count. It is intended to be used
for microcontroller and deeply embedded applications that require an area-optimized
processor. The processor delivers high energy efficiency through a small but powerful
instruction set and extensively optimized design, providing high-end processing hardware
including a single-cycle multiplier and a 17-cycle divider.

The GD32E231xx device incorporates the ARM® Cortex®-M23 32-bit processor core
operating at up to 72 MHz frequency with Flash accesses 0~2 wait states to obtain maximum
efficiency. It provides up to 64 KB embedded Flash memory and up to 8 KB SRAM memory.
An extensive range of enhanced I/0Os and peripherals connected to two APB buses. The
devices offer one 12-bit ADC and one comparator, two OP-AMP, up to five general 16-bit
timers, a basic timer, a PWM advanced timer, as well as standard and advanced
communication interfaces: up to two SPIs, two 12Cs, an USART, and an 12S.

The device operates from a 1.8 to 3.6 V power supply and available in —40 to +85 °C
temperature range for grade 6 devices. Several power saving modes provide the flexibility for
maximum optimization between wakeup latency and power consumption, an especially
important consideration in low power applications.

The above features make the GD32E231xx devices suitable for a wide range of applications,
especially in areas such as industrial control, motor drives, user interface, power monitor and
alarm systems, consumer and handheld equipment, gaming and GPS, E-bike and so on.

"ARMCORTEX

Processor Technology
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2

2.1

Device overview

Device information

Part Number | GD32E231K8Q6 | GD32E231T806
FLASH (KB) 64 64
SRAM (KB) 8 8

General
. 5 5

timer(16-

(2,13-16) (2,13-16)
bit)

Advanced
) 1 1

timer(16-

nl i ©) ©
5 bit)
g .
= SysTick 1 1
Basic
. 1 1
timer(16-
®) (5)
bit)

Watchdog 2 2
RTC 1 1
USART ! !

é ©) ©
= 2 2
@ l12c
[ (0-1) (0-1)
5

2/1 2/1
9 SPI/12S

(0-1)/(0) (0-1)/(0)

GPIO 25 26
CMP 1 1

OP-AMP 1 2
EXTI 15 15
Units 1 1

Channels

O 10 10
O (External)
<
Channels
2 2
(Internal)
Package QFN32 QFN36

Table 2-1. GD32E231xx devices features and peripheral list
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2.2 Block diagram

Figure 2-1. GD32E231xx block diagram
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2.3

Pinouts and pin assignment

Figure 2-2. GD32E231T806 QFN36 pinouts

_____ 3635 34 33 32 31 302928 .
VDD |1 o 27
PFO/OSCIN |32 // | 26
----- | P
PF1/OSCOUT |33 Gicabevi | 250
----- | igaDevice |
14 ;
NRST | % 1 Gp32E231T806 1 24
VDDA |35 | QFN36 |23
PAO-WKUP | i 6 : | 220
----- | P
PA1 |.._ 07 : VSS, VSSA | 214
..... . | o
PAZ IS L 4 2%
INPB |39 194
10 11 1213 14 15 16 17 18
E T U U U T T T <L
S>> > >2> 3 W0
Ww > o ~NOoerg
w ~
<
o
C
_|
o
Figure 2-3. GD32E231K8Q6 QFN32 pinouts
e
>
3 &
O U UvUuUUwoUZ
W 4 0 W0 W W @™ ©
0 O N O O M W D>
_____ 323130 29 28 2726 25 ...
VDD | i1 o 24
PFO/OSCIN |32 7 | 23(
PF1/0SCOUT |33 (  GigaDevice : 22¢
----- g |
NRST |34 | GD?’%?EFZNg,j;BQG: 21
..... |
VDDA |35 | : 200
PAO-WKUP |36 | I 190
..... | e
PAL |37 1 __V_Sf‘_va_A__J 18
PA2 | 17
9 10 1__1 1__2 1§ 14 15 ;bj
T U UV U U U TV =~
>> >> > T W
w h Ol ON O B

INNA
PA14
PA13
VOUTA
PA10
PA9
PA8
PB15
PB12

PA14/INNA
PA13

PA12
VOUTA
PA10

PA9

PA8

VDD
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2.4

Memory map

Table 2-2. GD32E231xx memory map

Pre-defined .
Regions Bus ADDRESS Peripherals
0xEO000 0000 - OXEOOF FFFF Cortex M23 internal peripherals
External Device 0xA000 0000 - OXDFFF FFFF Reserved
External RAM 0x60000000 - OX9FFFFFFF Reserved
0x5004 0000 - OX5FFF FFFF Reserved
ARBL 0x5000 0000 - 0x5003 FFFF Reserved
0x4800 1800 - Ox4FFF FFFF Reserved
0x4800 1400 - 0x4800 17FF GPIOF
0x4800 1000 - 0x4800 13FF Reserved
AHB2 | 0x4800 0C00 - 0x4800 OFFF Reserved
0x4800 0800 - 0x4800 OBFF GPIOC
0x4800 0400 - 0x4800 07FF GPIOB
0x4800 0000 - 0x4800 03FF GPIOA
0x4002 4400 - 0x47FF FFFF Reserved
0x4002 4000 - 0x4002 43FF Reserved
0x4002 3400 - 0x4002 3FFF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2400 - 0x4002 2FFF Reserved
ARBL 0x4002 2000 - 0x4002 23FF FMC
0x4002 1400 - 0x4002 1FFF Reserved
Peripherals 0x4002 1000 - 0x4002 13FF RCU
0x4002 0400 - 0x4002 OFFF Reserved
0x4002 0000 - 0x4002 03FF DMA
0x4001 8000 - 0x4001 FFFF Reserved
0x4001 5C00 - 0x4001 7FFF Reserved
0x4001 5800 - 0x4001 5BFF DBG
0x4001 4CO00 - 0x4001 57FF Reserved
0x4001 4800 - 0x4001 4BFF TIMER16
0x4001 4400 - 0x4001 47FF TIMER15
0x4001 4000 - 0x4001 43FF TIMER14
APB2 | 0x4001 3C00 - 0x4001 3FFF Reserved
0x4001 3800 - 0x4001 3BFF USARTO
0x4001 3400 - 0x4001 37FF Reserved
0x4001 3000 - 0x4001 33FF SPI10/12S0
0x4001 2CO00 - 0x4001 2FFF TIMERO
0x4001 2800 - 0x4001 2BFF Reserved
0x4001 2400 - 0x4001 27FF ADC
0x4001 0800 - 0x4001 23FF Reserved

11
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Pre-defined .
Regions Bus ADDRESS Peripherals

0x4001 0400 - 0x4001 O7FF EXTI
0x4001 0000 - 0x4001 03FF SYSCFG + CMP
0x4000 CCO00 - 0x4000 FFFF Reserved
0x4000 C800 - 0x4000 CBFF Reserved
0x4000 C400 - 0x4000 C7FF Reserved
0x4000 C000 - 0x4000 C3FF Reserved
0x4000 8000 - 0x4000 BFFF Reserved
0x4000 7C00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF Reserved
0x4000 7400 - 0x4000 77FF Reserved
0x4000 7000 - 0x4000 73FF PMU
0x4000 6400 - 0x4000 6FFF Reserved
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 5FFF Reserved
0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 4800 - 0x4000 53FF Reserved

APBL 0x4000 4400 - 0x4000 47FF Reserved
0x4000 4000 - 0x4000 43FF Reserved
0x4000 3C00 - 0x4000 3FFF Reserved
0x4000 3800 - 0x4000 3BFF SPI1
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2CO00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIMER13
0x4000 1400 - 0x4000 1FFF Reserved
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0800 - 0x4000 OFFF Reserved
0x4000 0400 - 0x4000 07FF TIMER2
0x4000 0000 - 0x4000 03FF Reserved
0x2000 2000 - 0x3FFF FFFF Reserved

SRAM
0x2000 0000 - 0x2000 1FFF SRAM
Ox1FFF F810 - Ox1FFF FFFF Reserved
Ox1FFF F800 - Ox1FFF F80F Option bytes
Code Ox1FFF ECOO - Ox1FFF F7FF System memory

0x0801 0000 - Ox1FFF EBFF

Reserved

0x0800 0000 - 0x0800 FFFF

Main Flash memory

0x0001 0000 - 0x07FF FFFF

Reserved

12
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Pre-defined

. Bus ADDRESS Peripherals
Regions

Aliased to Flash or
0x00000000 - 0XO000FFFF

system memory

2.5 Clock tree

Figure 2-4. GD32E231xx clock tree

P FMC

CK_I2S _
(to 125) o
CK_FMC
SCs[L:0] FMC enable — >
(by hardware) (to FMC)
CK_IRCBM 1 HOWK >
00 AHB enable (to AHB bus,Cortex-M23,SRAM,DMA)
8 MHz ) i cK_csT
IRC8M L2} okpLLl CK_SYS pr;ﬁ\er CKAHB 8 - >
72 MHz ma i12.512 |72 MHz max] L (to Cortex-M23 SysTick)
FCLK -
PLLSEL  PLLEN 0: (free running clock)
TIMER2,5,13
232 Whe Mco\?‘izr b1 Ve CK_TIMERX
X
HXTAL prescaler/2] enable to TIMER2,5,13
CK_HXTAL
APB1 CK_APB1
——  Prescaler PCLKL
732 Hu +1.24816 72 MHz max to APB1 perpherals
Peripheral enable
32.768 KHz CK_RTC o
IXTAL 1 > TIMERO0,14,1
(to RTC) 5,16 CK_TIMERX
+[apb2 TIMERX
ho prescaler/2] enable to TIMERO0,14,15,16
RTCSRCI1:0]
40 KHz 110l CK_FWDGT - PAF'BZI CK_APB2 .
IRC40K = — rescaler
to FWDGT) f——
(1 ) +1,2,4,8,16 72 MHz max to APB2 perpherals
CKOUTSEL Peripheral enable
o CK_IRC8
—— ck_RC28M CK_LXTA CK_USARTO
[ &K iroak to USARTO
K_ouT -
I}g‘ CK_ou 124128 CK_ LXTAL
——— ck.sys
T CK_IRC8M
———— CK_HXTAL
CKOUTDIV CK_PLL 28 MHz
IRC28M
ADC
L Prescaler
<2468
ADC
Prescaler
+35.7,9

Note:
If the APB prescaler is 1, the timer clock frequencies are set to AHB frequency divide by 1.
Otherwise, they are set to the AHB frequency divide by half of APB prescaler.

Legend:

HXTAL: High speed crystal oscillator
LXTAL: Low speed crystal oscillator
IRC8M: Internal 8M RC oscillator
IRC40K: Internal 40K RC oscillator
IRC28M: Internal 28M RC oscillator

13
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2.6 Pin definitions
2.6.1 GD32E231T806 QFN36 pin definitions

Table 2-3. GD32E231T806 QFN36 pin definitions
GD32E231T806 QFN36

. : Pin I/O . _

Pin Name Pins Functions description

Type® | Level®

VDD 1 P Default: VDD

Default: PFO

PFO/OSCIN 2 I/0 5VT |Alternate: I2C0_SDA

Additional: OSCIN

Default: PF1

3 I/0 5VT |Alternate: 12C0_SCL

Additional: OSCOUT

NRST 4 I/0 Default: NRST

VDDA 5 P Default: VDDA

Default: PAO

PAO-WKUP 6 I/O Alternate: CMP_OUT, 12C1_SCL

Additional: ADC_INO, CMP_IM6, RTC_TAMP1, WKUPO

Default: PA1

PAl 7 I/O Alternate: 12C1_SDA, EVENTOUT, TIMER14_CHO_ON

Additional: ADC_IN1, CMP_IP

Default: PA2

PA2 8 I/O Alternate: TIMER14_CHO

Additional: ADC_IN2, CMP_IM7

PF1/0SCOU
T

INPB 9 | Default: OPA_INPB

INNB 10 | Default: OPA_INNB

Default: PA3

PA3 11 I/0 Alternate: TIMER14_CH1

Additional: ADC_IN3

Default: PA4

Alternate: SPI0_NSS, 12S0_WS, TIMER13_CHO,
SPI1_NSS

Additional: ADC_IN4, CMP_IM4

Default: PAS

PA5 13 I/0 Alternate: SPI0_SCK, 12S0_CK

Additional: ADC_IN5, CMP_IM5

Default: PA6

Alternate: SPI0_MISO, 12S0_MCK, TIMER2_CHO,
PAG 14 /0 TIMERO_BRKIN, TIMER15_CHO, EVENTOUT,
CMP_OUT

Additional: ADC_IN6

PA4 12 I/0

Default: PA7
Alternate: SPI0_MOSI, 12S0_SD, TIMER2_CH1,

PA7 15 I/0

14
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GD32E231T806 QFN36

Pin Name

Pins

Pin
Type®

/10
Level®

Functions description

TIMER13_CHO, TIMERO_CHO_ON, TIMER16_CHO,
EVENTOUT
Additional: ADC_IN7

PBO

16

110

Default: PBO

Alternate: TIMER2_CH2, TIMERO_CH1_ON,
EVENTOUT

Additional: ADC_IN8

PB1/VOUTB

17

110

Default: PB1

Alternate: TIMER2_CH3, TIMER13_CHO,
TIMERO_CH2_ON, SPI1_SCK
Additional: ADC_IN9, OPA_VOUTB

VDD

18

Default: VDD

PB12

19

110

5vVT

Default: PB12
Alternate: SPI1_NSS, TIMERO_BRKIN, 12C1_SMBA,
EVENTOUT

PB15

20

110

5VT

Default: PB15
Alternate: SPI1_MOSI, TIMERO_CH2_ON,

TIMER14_CHO_ON, TIMER14_CH1
Additional: RTC_REFIN, WKUP6

PA8

21

I/10

5VT

Default: PA8
Alternate: USARTO_CK, TIMERO_CHO0, CK_OUT,
EVENTOUT

PA9

22

I/10

5VT

Default: PA9
Alternate: USARTO_TX, TIMERO_CH1,
TIMER14_BRKIN, 12C0_SCL, CK_OUT

PA10

23

I/10

5VT

Default: PA10
Alternate: USARTO_RX, TIMERO_CH2,

TIMER16_BRKIN, 12C0_SDA

VOUTA

24

Default: OPA_VOUTA

PA13

25

I/10

5VT

Default: PA13/SWDIO
Alternate: SWDIO, IFRP_OUT, SPI1_MISO

PAl4

26

I/0

5VT

Default: PA14/SWCLK
Alternate: SWCLK, SPI1_MOSI

INNA

27

Default: OPA_INNA

INPA

28

Default: OPA_INPA

PA15

29

I/0

5VT

Default: PA15
Alternate: SPI0_NSS, 12S0_WS, SPI1_NSS, EVENTOUT

PB3

30

110

5VT

Default: PB3
Alternate: SPI0_SCK, 12S0_CK, EVENTOUT

PB4

31

110

5VT

Default: PB4
Alternate: SPI0_MISO, 12S0_MCK, TIMER2_CHO,
EVENTOUT, 12C0_TXFRAME, TIMER16_BRKIN

PBS5

32

110

5VT

Default: PB5
Alternate: SPI0_MOSI, 12S0_SD, 12C0_SMBA,
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GigaDevice
GD32E231T806 QFN36
. : Pin 1/0 : o
Pin Name Pins Functions description
Type® | Level®
TIMER15_BRKIN, TIMER2_CH1
Additional: WKUP5
Default: PB6
PB6 33 /0 5VT
Alternate: 12C0_SCL, USARTO_TX, TIMER15_CHO_ON
Default: PB7
PB7 34 I/0 5VT
Alternate:12C0_SDA, USARTO_RX, TIMER16_CHO_ON
BOOTO 35 | Default: BOOTO
Default: PB8
PB8 36 I/O 5VT
Alternate: 12C0_SCL, TIMER15_CHO
Notes:
(1) Type: | =input, O = output, P = power.
(2) 1/O Level: 5VT =5V tolerant.
2.6.2 GD32E231K8Q6 QFN32 pin definitions

Table 2-4. GD32E231K8Q6 QFN32 pin definitions

GD32E231K8Q6 QFN32
. : Pin I/O . _
Pin Name Pins Functions description
Type® | Level®
VDD 1 P Default: VDD
Default: PFO
PFO/OSCIN 2 I/0 5VT |Alternate: I2C0_SDA
Additional: OSCIN
PF1/OSCOU Default: PF1
3 I/O 5VT |Alternate: 12C0_SCL
T Additional: OSCOUT
NRST I/0 Default: NRST
VDDA P Default: VDDA
Default: PAO
PAO-WKUP 6 le] Alternate: CMP_OUT, 12C1_SCL
Additional: ADC_INO, CMP_IM6, RTC_TAMP1, WKUPO
Default: PA1
PA1 7 /0 Alternate: 12C1_SDA, EVENTOUT, TIMER14_CHO_ON
Additional: ADC_IN1, CMP_IP
Default: PA2
PA2 8 I/O Alternate: TIMER14_CHO
Additional: ADC_IN2, CMP_IM7
Default: PA3
PA3 9 I/0 Alternate: TIMER14_CH1
Additional: ADC_IN3
Default: PA4
PA4 10 I/0 Alternate: SPI0_NSS, 12S0_WS, TIMER13_CHO,
SPI1_NSS
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GD32E231K8Q6 QFN32

Pin Name

Pins

Pin
Type®

/10
Level®

Functions description

Additional: ADC_IN4, CMP_IM4

PAS

11

11O

Default: PA5
Alternate: SPI0_SCK, 12S0_CK
Additional: ADC_IN5, CMP_IM5

PAG

12

le}

Default: PA6

Alternate: SPI0_MISO, 12S0_MCK, TIMER2_CHO,
TIMERO_BRKIN, TIMER15_CHO, EVENTOUT,
CMP_OUT

Additional: ADC_IN6

PA7

13

110

Default: PA7

Alternate: SPI0_MOSI, 12S0_SD, TIMER2_CH1,
TIMER13_CHO, TIMERO_CHO_ON, TIMER16_CHO,
EVENTOUT

Additional: ADC_IN7

PBO

14

110

Default: PBO

Alternate: TIMER2_CH2, TIMERO_CH1_ON,
EVENTOUT

Additional: ADC_IN8

PB1

15

11O

Default: PB1

Alternate: TIMER2_CH3, TIMER13_CHO,
TIMERO_CH2_ON, SPI1_SCK
Additional: ADC_IN9

NC

16

Default: Not connected

VDD

17

Default: VDD

PA8

18

I/10

5VT

Default: PA8
Alternate: USARTO_CK, TIMERO_CHO, CK_OUT,
EVENTOUT

PA9

19

I/10

5VT

Default: PA9
Alternate: USARTO_TX, TIMERO_CHL1,
TIMER14_BRKIN, I12C0_SCL, CK_OUT

PA10

20

110

5VT

Default: PA10
Alternate: USARTO_RX,TIMERO_CHZ2,

TIMER16_BRKIN, I12C0_SDA

VOUTA

21

Default: OPA_VOUTA

PA12

22

I/0

5VT

Default: PA12
Alternate: USARTO_RTS/USARTO_DE, TIMERO_ETI,
EVENTOUT, 12C0_TXFRAME, 12C1_SDA

PA13

23

I/0

5VT

Default: PA13/SWDIO
Alternate: SWDIO, IFRP_OUT, SPI1_MISO

PA14/INNA

24

I/0

5VT

Default: PA14/SWCLK
Alternate: SWCLK, SPI1_MOSI
Additional: OPA_INNA

PA15/INPA

25

I/0

5VT

Default: PA15
Alternate: SPI0O_NSS, 12S0_WS, SPI1_NSS, EVENTOUT
Additional: OPA_INPA
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GigaDevice
GD32E231K8Q6 QFN32
. : Pin 1/0 . _
Pin Name Pins Functions description
Type® | Level®
Default: PB3
PB3 26 /0 5VT
Alternate: SPI0O_SCK, 12S0_CK, EVENTOUT
Default: PB4
PB4 27 /0 5VT |Alternate: SPIO_MISO, 12S0_MCK, TIMER2_CHO,
EVENTOUT, 12C0_TXFRAME, TIMER16_BRKIN
Default: PB5
Alternate: SPI0_MOSI, 12S0_SD, 12C0_SMBA,
PB5 28 I/0 5VT - - -
TIMER15_BRKIN, TIMER2_CH1
Additional: WKUP5
Default: PB6
PB6 29 I/0 5VT
Alternate: 12C0_SCL, USARTO_TX, TIMER15_CHO_ON
Default: PB7
PB7 30 /0 5VT
Alternate:12C0_SDA, USARTO_RX, TIMER16_CHO_ON
BOOTO 31 | Default: BOOTO
Default: PB8
PB8 32 I/0 5VT
Alternate: 12C0_SCL, TIMER15_CHO
Notes:
(1) Type: I =input, O = output, P = power.
(2) /O Level: 5VT =5V tolerant.
2.6.3 GD32E231xx pin alternate functions

Table 2-5. Port A alternate functions summary

Pin
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
Name
CMP_
PAO 12C1_SCL
ouT
TIMER14
PA1 |EVENTOUT I2C1_SDA| CHO_O
N
TIMER14_C
PA2
HO
TIMER14_C
PA3
H1
SPI0_NSS/I TIMER13_ SPI1_N
PA4
2S0_WS CHO SS
SPIO_SCKI/I
PAS5
2S0_CK
SPIO_MISO/ TIMERO_BR TIMER15|EVENT [CMP_
PA6 TIMER2_CHO
12S0_MCK KIN _CHO OuT | OUT
SPI0_MOSI/ TIMERO_CH TIMER13_ [TIMER16 | EVENT
PA7 TIMER2_CH1
12S0_SD 0_ON CHO _CHO | ouTt
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Pin
AFO AF1 AF2 AF3 AF4 AF5 AF6 | AF7
Name
TIMERO_CH |EVENT
PA8 CK_OUT USARTO_CK
0 ouT
TIMER14_B TIMERO_CH
PA9 USARTO_TX 12C0_SCL |CK_OUT
RKIN 1
TIMER16_B TIMERO_CH
PA10 USARTO_RX 12C0_SDA
RKIN 2
USARTO_RTS/U I2CO_TXF |12C1_SD
PA12 | EVENTOUT TIMERO_ETI
SARTO_DE RAME A
SPI1_M
PA13 SWDIO IFRP_OUT
ISO
SPI1_M
PA14 SWCLK
(O8]
SPIO_NSS/I EVENT SPI1_N
PA15
2S0_WS ouT SS
Table 2-6. Port B alternate functions summary
Pin
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
Name
TIMERO_CH
PBO | EVENTOUT [TIMER2_CH2
1_ON
TIMER13_CH TIMERO_CH SPI1_S
PB1 ITIMER2_CH3
0 2_ON CK
SPI0_SCK/I2
PB3 EVENTOUT
S0_CK
TIMER1
SPIO_MISO 12C0_TX
PB4 TIMER2_CHO[EVENTOUT 6_BRKI
/12S0_MCK FRAME N
SPI0_MOSI TIMER15_B
PB5 ITIMER2_CH1 12C0_SMBA
/12S0_SD RKIN
TIMER15_C
PB6 |USARTO_TX| 12C0_SCL
HO_ON
TIMER16_C
PB7 |USARTO_RX| 12C0_SDA
HO_ON
TIMER15_C
PB8 12C0_SCL
HO
TIMERO_BR 12C1_SM
PB12| SPI1_NSS |EVENTOUT
KIN BA
TIMER14_CH[TIMERO_CH|TIMER14_CH
PB15| SPI1_MOSI
1 2 ON 0 ON
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Table 2-7. Port F alternate functions summary

Pin
AFO0 AF1 AF2 AF3 AF4 AF5 AF6
Name
PFO 12C0_SDA
PF1 12C0_SCL
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3

3.1

3.2

3.3

Functional description

ARM® Cortex®-M23 core

The Cortex-M23 processor is an energy-efficient processor with a very low gate count. It is
intended to be used for microcontroller and deeply embedded applications that require an
area-optimized processor. The processor is highly configurable enabling a wide range of
implementations from those requiring memory protection to cost sensitive devices requiring
minimal area, while delivering outstanding computational performance and an advanced
system response to interrupts.

32-bhit ARM® Cortex®-M23 processor core

Up to 72 MHz operation frequency

Single-cycle multiplication and hardware divider
Ultra-low power, energy-efficient operation

Excellent code density

Integrated Nested Vectored Interrupt Controller (NVIC)
24-bit SysTick timer

The Cortex®-M23 processor is based on the ARMv8-M architecture and supports both Thumb
and Thumb-2 instruction sets. Some system peripherals listed below are also provided by
Cortex®-M23:

B Internal Bus Matrix connected with AHB master, Serial Wire Debug Port and Single-cycle
10 port

Nested Vectored Interrupt Controller (NVIC)

Breakpoint Unit(BPU)

Data Watchpoint

Serial Wire Debug Port

Embedded memory

B Up to 64 Kbytes of Flash memory
B Up to 8 Kbytes of SRAM with hardware parity checking

64 Kbytes of inner Flash and 8 Kbytes of inner SRAM at most is available for storing programs
and data, and Flash is accessed (read) at CPU clock speed with 0~2 wait states. Table 2-2.
GD32E231xx memory map shows the memory map of the GD32E231xx series of devices,

including code, SRAM, peripheral, and other pre-defined regions.

Clock, reset and supply management

B Internal 8 MHz factory-trimmed RC and external 4 to 32 MHz crystal oscillator
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3.4

Internal 28 MHz RC oscillator

Internal 40 KHz RC calibrated oscillator and external 32.768 KHz crystal oscillator
Integrated system clock PLL

1.8 to 3.6 V application supply and 1/Os

Supply Supervisor: POR (Power On Reset), PDR (Power Down Reset), and low voltage
detector (LVD)

The Clock Control Unit (CCU) provides a range of oscillator and clock functions. These
include speed internal RC oscillator and external crystal oscillator, high speed and low speed
two types. Several prescalers allow the frequency configuration of the AHB and two APB
domains. The maximum frequency of the AHB, APB2 and APB1 domains is 72 MHz/72
MHz/72 MHz. See Figure 2-4. GD32E231xx clock tree for details on the clock tree.

The Reset Control Unit (RCU) controls three kinds of reset: system reset resets the processor
core and peripheral IP components. Power-on reset (POR) and power-down reset (PDR) are
always active, and ensures proper operation starting from 1.71 V and down to 1.67 V. The
device remains in reset mode when Voo is below a specified threshold. The embedded low
voltage detector (LVD) monitors the power supply, compares it to the voltage threshold and
generates an interrupt as a warning message for leading the MCU into security.

Power supply schemes:

B Vpp range: 1.8 to 3.6 V, external power supply for I/Os and the internal regulator.
Provided externally through Vop pins.

B Vssa, Voba range: 1.8 to 3.6 V, external analog power supplies for ADC, reset blocks,
RCs and PLL. Vbpa and Vssa must be connected to Voo and Vss, respectively.

B Veak range: 1.8 to 3.6 V, power supply for RTC, external clock 32 KHz oscillator and
backup registers (through power switch) when Vpp is not present.

Boot modes

At startup, boot pin is used to select one of three boot options:
B Boot from main Flash memory (default)

B Boot from system memory

B Boot from on-chip SRAM

In default condition, boot from main Flash memory is selected. The boot loader is located in
the internal boot ROM memory (system memory). It is used to reprogram the Flash memory
by using USARTO (PA9 and PA10).

Note: When booting from system memory, the USART RX pin (PA10) is in input level
detection mode. Therefore, unused USART RX pin (PA10) need to be kept at a stable logic
level to prevent false triggering.
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3.5

3.6

Power saving modes

The MCU supports three kinds of power saving modes to achieve even lower power

consumption. They are sleep mode, deep-sleep mode, and standby mode. These operating

modes reduce the power consumption and allow the application to achieve the best balance

between the CPU operating time, speed and power consumption.

B Sleep mode
In sleep mode, only the clock of CPU core is off. All peripherals continue to operate and
any interrupt/event can wake up the system.

B Deep-sleep mode
In deep-sleep mode, all clocks in the Vcore domain are off, and all of the high speed
crystal oscillator (IRC8M, HXTAL) and PLL are disabled. Only the contents of SRAM and
registers are retained. Any interrupt or wakeup event from EXTI lines can wake up the
system from the deep-sleep mode including the 16 external lines, the RTC alarm, RTC
tamper and timestamp, CMP output, LVD output and USART wakeup. When exiting the
deep-sleep mode, the IRC8M is selected as the system clock.

B Standby mode
In standby mode, the whole Vcore domain is power off, the LDO is shut down, and all of
IRC8M, HXTAL and PLL are disabled. The contents of SRAM and registers (except
backup registers) are lost. There are four wakeup sources for the standby mode,
including the external reset from NRST pin, the RTC alarm, the FWDGT reset, and the
rising edge on WKUP pin.

Analog to digital converter (ADC)

12-bit SAR ADC's conversion rate is up to 2 MSPS

12-bit, 10-bit, 8-bit or 6-bit configurable resolution

Hardware oversampling ratio adjustable from 2 to 256x improves resolution to 16-bit
Input voltage range: Vssa to Vopa

Temperature sensor

One 12-bit 2 MSPS multi-channel ADC is integrated in the device. It has a total of 12
multiplexed channels: up to 10 external channels, 1 channel for internal temperature sensor
(Vsense) and 1 channel for internal reference voltage (Vrerint). The input voltage range is
between Vssa and Vopa. An on-chip hardware oversampling scheme improves performance
while off-loading the related computational burden from the CPU. An analog watchdog block
can be used to detect the channels, which are required to remain within a specific threshold
window. A configurable channel management block can be used to perform conversions in
single, continuous, scan or discontinuous mode to support more advanced use.

The ADC can be triggered from the events generated by the general level 0 timers (TIMERX)
and the advanced timer (TIMERO) with internal connection. The temperature sensor can be
used to generate a voltage that varies linearly with temperature. It is internally connected to
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3.7

3.8

3.9

the ADC_IN16 input channel which is used to convert the sensor output voltage in a digital
value.

DMA

B 5 channels DMA controller
B Peripherals supported: Timers, ADC, SPIs, 12Cs, USARTO and 12S

The flexible general-purpose DMA controllers provide a hardware method of transferring data
between peripherals and/or memory without intervention from the CPU, thereby freeing up
bandwidth for other system functions. Three types of access method are supported:
peripheral to memory, memory to peripheral, memory to memory.

Each channel is connected to fixed hardware DMA requests. The priorities of DMA channel
requests are determined by software configuration and hardware channel number. Transfer
size of source and destination are independent and configurable.

General-purpose inputs/outputs (GPIOs)

B Up to 26 fast GPIOs, all mappable on 15 external interrupt lines (line0 ~ line10, line12 ~
line15)

B Analog input/output configurable

H  Alternate function input/output configurable

There are up to 26 general purpose /O pins (GPIO) in GD32E231xx, named PAO ~ PA10,
PA12 ~ PA15 and PBO ~ PB1, PB3 ~ PB8, PB15, PFO ~ PF1 to implement logic input/output
functions. Each of the GPIO ports has related control and configuration registers to satisfy
the requirements of specific applications. The external interrupts on the GPIO pins of the
device have related control and configuration registers in the Interrupt/event controller (EXTI).
The GPIO ports are pin-shared with other alternative functions (AFs) to obtain maximum
flexibility on the package pins. Each of the GPIO pins can be configured by software as output
(push-pull open-drain or analog), as input (with or without pull-up or pull-down) or as
peripheral alternate function. Most of the GPIO pins are shared with digital or analog alternate
functions. All GPIOs are high-current capable except for analog inputs.

Timers and PWM generation

B One 16-bit advanced timer (TIMERO), up to five 16-bit general timers (TIMER2, TIMER13
~ TIMER16), and one 16-bit basic timer (TIMERS)

B Up to 4 independent channels of PWM, output compare or input capture for each general
timer and external trigger input

B 16-bit, motor control PWM advanced timer with programmable dead-time generation for
output match
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B Encoder interface controller with two inputs using quadrature decoder
B 24-bit SysTick timer down counter
B 2 watchdog timers (free watchdog timer and window watchdog timer)

The advanced timer (TIMERO) can be used as a three-phase PWM multiplexed on 6 channels.
It has complementary PWM outputs with programmable dead-time generation. It can also be
used as a complete general timer. The 3 independent channels can be used for input capture,
output compare, PWM generation (edge- or center- aligned counting modes) and single pulse
mode output. If configured as a general 16-bit timer, it has the same functions as the TIMERX
timer. It can be synchronized with external signals or to interconnect with other general timers
together which have the same architecture and features.

The general timer can be used for a variety of purposes including general time, input signal
pulse width measurement or output waveform generation such as a single pulse generation
or PWM output, up to 4 independent channels for input capture/output compare. TIMER2 is
based on a 16-bit auto-reload up/down counter and a 16-bit prescaler. TIMER13 ~ TIMER16
is based on a 16-bit auto-reload up counter and a 16-bit prescaler. The general timer also
supports an encoder interface with two inputs using quadrature decoder.

The basic timer, known as TIMERS can also be used as a simple 16-bit time base.

The GD32E231xx have two watchdog peripherals, free watchdog and window watchdog.
They offer a combination of high safety level, flexibility of use and timing accuracy.

The free watchdog timer includes a 12-bit down-counting counter and an 8-bit prescaler. It is
clocked from an independent 40 KHz internal RC and as it operates independently of the
main clock, it can operate in deep-sleep and standby modes. It can be used either as a
watchdog to reset the device when a problem occurs, or as a free-running timer for application
timeout management.

The window watchdog is based on a 7-bit down counter that can be set as free-running. It
can be used as a watchdog to reset the device when a problem occurs. It is clocked from the
main clock. It has an early wakeup interrupt capability and the counter can be frozen in debug
mode.

The SysTick timer is dedicated for OS, but could also be used as a standard down counter.
The features are shown below:

B A 24-bit down counter

B Auto reload capability

B Maskable system interrupt generation when the counter reaches 0

B Programmable clock source

Real time clock (RTC)

B Independent binary-coded decimal (BCD) format timer/counter with five 32-bit backup
registers.
B Calendar with subsecond, second, minute, hour, week day, date, year and month
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3.12

automatically correction

B Alarm function with wake up from deep-sleep and standby mode capability

B On-the-fly correction for synchronization with master clock. Digital calibration with 0.954
ppm resolution for compensation of quartz crystal inaccuracy.

The real time clock is an independent timer which provides a set of continuously running
counters in backup registers to provide a real calendar function, and provides an alarm
interrupt or an expected interrupt. It is not reset by a system or power reset, or when the
device wakes up from standby mode. In the RTC unit, there are two prescalers used for
implementing the calendar and other functions. One prescaler is a 7-bit asynchronous
prescaler and the other is a 15-bit synchronous prescaler.

Inter-integrated circuit (12C)

m  Up to two 12C bus interfaces can support both master and slave mode with a frequency
up to 1 MHz (Fast mode plus)

B Provide arbitration function, optional PEC (packet error checking) generation and
checking

B Supports 7-bit and 10-bit addressing mode and general call addressing mode

B Supports SAM_V mode

The 12C interface is an internal circuit allowing communication with an external 12C interface
which is an industry standard two line serial interface used for connection to external
hardware. These two serial lines are known as a serial data line (SDA) and a serial clock line
(SCL). The 12C module provides different data transfer rates: up to 100 KHz in standard mode,
up to 400 KHz in the fast mode and up to 1 MHz in the fast mode plus. The 12C module also
has an arbitration detect function to prevent the situation where more than one master
attempts to transmit data to the 12C bus at the same time. A CRC-8 calculator is also provided
in 12C interface to perform packet error checking for 12C data.

Serial peripheral interface (SPI)

Support both master and slave mode

Hardware CRC calculation and transmit automatic CRC error checking
Separate transmit and receive 32-bit FIFO with DMA capability (only in SPI1)
Data frame size can be 4 to 16 bits (only in SPI1)

The SPI interface uses 4 pins, among which are the serial data input and output lines (MISO
& MOSI), the clock line (SCK) and the slave select line (NSS). Both SPIs can be served by
the DMA controller. The SPI interface may be used for a variety of purposes, including simplex
synchronous transfers on two lines with a possible bidirectional data line or reliable
communication using CRC checking. Specially, SPI1 has separate transmit and receive 32-
bit FIFO with DMA capability and its data frame size can be 4 to 16 bits.
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3.14

3.15

3.16

Universal synchronous asynchronous receiver transmitter

(USART)

B Up to two USARTSs with operating frequency up to 9 MBits/s when the clock frequency is
72 MHz and oversampling is by 8

Supports both asynchronous and clocked synchronous serial communication modes
IrDA SIR encoder and decoder support

LIN break generation and detection

ISO 7816-3 compliant smart card interface

The USART (USARTO) is used to translate data between parallel and serial interfaces,
provides a flexible full duplex data exchange using synchronous or asynchronous transfer. It
is also commonly used for RS-232 standard communication. The USART includes a
programmable baud rate generator which is capable of dividing the system clock to produce
a dedicated clock for the USART transmitter and receiver. The USART also supports DMA
function for high speed data communication.

Inter-IC sound (I12S)

B One I2S bus Interfaces with sampling frequency from 8 KHz to 192 KHz, multiplexed with
SPIO
B Support either master or slave mode

The Inter-IC sound (12S) bus provides a standard communication interface for digital audio
applications by 3-wire serial lines. GD32E231xx contain an 12S-bus interface that can be
operated with 16/32 bit resolution in master or slave mode, pin multiplexed with SPI0. The
audio sampling frequency from 8 KHz to 192 KHz is supported with less than 0.5% accuracy
error.

Comparators (CMP)

B One fast rail-to-rail low-power comparators with software configurable
B Programmable reference voltage (internal or external I/O)

One Comparator (CMP) is implemented within the devices. It can wake up from deep-sleep
mode to generate interrupts and breaks for the timers and also can be combined as a window
comparator. The internal voltage reference is also connected to ADC_IN17 input channel of
the ADC.

Operational amplifier (OP-AMP)

B  Two 6.5MHz, rail-to-rail I/O CMOS operational amplifiers
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B Low offset voltage: 1mV (typ)
B High gain: 104dB (typ)
B Low ls: 5pA (typ)
B Low supply voltage: + 2.7 V to + 3.6V
Two operational amplifier (OP-AMP) are low noise, low voltage and low power operational
amplifiers with high gain-bandwidth product of 6.5MHz and slew rate of 5V/us. The maximum
input offset voltage is only 3.5mV and the input common mode range extends beyond the
supply rails.
3.17 Debug mode
B Serial wire debug port
Debug capabilities can be accessed by a debug tool via Serial Wire (SW - Debug Port).
3.18 Package and operation temperature

B QFN36 (GD32E231T806), QFN32 (GD32E231K8Q6).
B Operation temperature range: -40°C to +85°C (industrial level) for grade 6 devices.
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4.1

4.2

Electrical characteristics

Absolute maximum ratings

The maximum ratings are the limits to which the device can be subjected without permanently
damaging the device. Note that the device is not guaranteed to operate properly at the
maximum ratings. Exposure to the absolute maximum rating conditions for extended periods
may affect device reliability.

Table 4-1. Absolute maximum ratings®®

Symbol Parameter Min Max Unit
Vbp External voltage range® Vss - 0.3 Vss + 3.6 \Y
Vbba External analog supply voltage Vssa-0.3 Vssa + 3.6 Vv
Vin Input voltage on 5V tolerant pin® Vss - 0.3 Vop + 3.6 \Y
Input voltage on other I/O Vss - 0.3 3.6 \Y

|AVopy| Variations between different VDD power pins — 50 mV
[Vssx —Vss| Variations between different ground pins — 50 mV
lio Maximum current for GPIO pins — 25 mA
Ta Operating temperature range -40 +85 °C

Py Power dissipation at Ta = 85°C of QFN32 — 939 .y

Power dissipation at Ta = 85°C of QFN36 — 845

Tste Storage temperature range -65 +150 °C
Ty Maximum junction temperature — 125 °C

(1) Guaranteed by design, not tested in production.

(2) All main power and ground pins should be connected to an external power source within the allowable range.

(3) Vv maximum value cannot exceed 5.5 V.

(4) Itis recommended that Vpp and Vppa are powered by the same source. The maximum difference between Vpp
and Vppa does not exceed 300 mV during power-up and operation.

Operating conditions characteristics

Table 4-2. DC operating conditions

Symbol Parameter Conditions Min® | Typ [Max®| Unit

Vbp Supply voltage — 18 | 3.3 | 3.6 \Y,
Analog supply voltage ADC not used 18 | 3.3 | 3.6

Vbpa — \
Analog supply voltage ADC used 24 | 33 | 36

v Core logic supply voltage powered by LDOVS[1:0] =1x — 1.1 — v

CORE

internal voltage regulator LDOVS[1:0] =01 — 1.2 —

(1) Based on characterization, not tested in production.
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Figure 4-1. Recommended power supply decoupling capacitors®@

N * VDD
4.7 yF + N * 100 nF
VSS
VDDA
VSSA
1uyF 10nF

(1) More details refer to ANO74 GD32E23x Hardware Development Guide.
(2)  All decoupling capacitors need to be as close as possible to the pins on the PCB board.

Table 4-3. Clock frequency®

Symbol Parameter Conditions Min | Max | Unit
frcLki AHB1 clock frequency — 0 72 | MHz
frcLke AHB2 clock frequency — 0 72 | MHz
fapB1 APB1 clock frequency — 0 72 | MHz
faps2 APB2 clock frequency — 0 72 | MHz

(1) Guaranteed by design, not tested in production.

Table 4-4. Operating conditions at Power up/ Power down®

Symbol Parameter Conditions Min | Max | Unit
Vop rise time rate 0 0

tvop - — Ms IV
Voo fall time rate 20 0

(1) Guaranteed by design, not tested in production.

Table 4-5. Start-up timings of Operating conditions®

Symbol Parameter Conditions Typ Unit
Clock source from HXTAL 432

tstart-up Start-up time Us
Clock source from IRC8M 76

(1) Based on characterization, not tested in production.
(2) After power-up, the start-up time is the time between the rising edge of NRST high and the first I/O instruction
conversion in Systeminit function.

(3) PLLis off.
Table 4-6. Power saving mode wakeup timings characteristics®@
Symbol Parameter Typ Unit
tsieep Wakeup from Sleep mode 3.5
Wakeup from Deep-sleep mode (LDO On) 171
tDeep—sIeep . |JS
Wakeup from Deep-sleep mode (LDO in low power mode) 171
tstandby Wakeup from Standby mode 77.5

30



GigaDevice GD32E231xx Datasheet
(1) Based on characterization, not tested in production.
(2) The wakeup time is measured from the wakeup event to the point at which the application code reads the first
instruction under the below conditions: Vpp = Vppa = 3.3 V, IRC8M = System clock = 8 MHz.
4.3 Power consumption

The power measurements specified in the tables represent that code with data executing from

on-chip Flash with the following specifications.

Table 4-7. Power consumption characteristics@@®©)

Symbol Parameter Conditions Min | Typ® | Max | Unit
Vob = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 72 MHz, All peripherals | — | 87 | — | mA
enabled
Vob = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 72 MHz, All peripherals — 58 | — | mA
disabled
Vb = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 48 MHz, All peripherals | -— | 6.6 | -— | mA
enabled
Vob = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 48 MHz, All peripherals — 46 | — | mA
disabled
Vop = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 36 MHz, All peripherals — 55 | — | mA
enabled
Vob = Vopa= 3.3V, HXTAL = 8 MHz,
Ioo+lbpA Supply current System clock = 36 MHz, All peripherals | — | 4.0 | — | mA
(Run mode) )
disabled
Vop = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 24 MHz, All peripherals — 44 | — | mA
enabled
Vob = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 24 MHz, All peripherals — 34 | — | mA
disabled
Vop = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 16 MHz, All peripherals | — | 3.6 | — | mA
enabled
Vob = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 16 MHz, All peripherals — 30 | — | mA
disabled
Vob = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 8 MHz, All peripherals — | 31 | — | mA
enabled
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Conditions

Min

Typ®

Max

Unit

Vop = Vopa= 3.3V, HXTAL = 8 MHz,
System clock = 8 MHz, All peripherals
disabled

24

mA

Vop = Vopa = 3.3 V, HXTAL = 4 MHz,
System clock = 4 MHz, All peripherals
enabled

1.3

mA

Vop = Vopa = 3.3 V, HXTAL = 4 MHz,
System clock = 4 MHz, All peripherals
disabled

1.1

mA

Vop = Vopa= 3.3V, HXTAL = 2 MHz,
System clock = 2 MHz, All peripherals
enabled

1.1

mA

Vobp = Vopa= 3.3V, HXTAL = 2 MHz,
System clock = 2 MHz, All peripherals
disabled

1.0

mA

Supply current
(Sleep mode)

Vop = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 72 MHz, All
peripherals enabled

7.8

mA

Vob = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 72 MHz, All

peripherals disabled

4.2

mA

Vob = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 48 MHz, All
peripherals enabled

6.0

mA

Vob = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 48 MHz, All
peripherals disabled

3.5

mA

Vobp = Vopba= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 36 MHz, All

peripherals enabled

5.0

mA

Vob = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 36 MHz, All
peripherals disabled

3.2

mA

Vobp = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 24 MHz, All

peripherals enabled

4.0

mA

Vop = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 24 MHz, All
peripherals disabled

29

mA

Vobp = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 16 MHz, All

peripherals enabled

3.5

mA
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Conditions

Min

Typ®

Max

Unit

Vop = Vbpa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 16 MHz, All
peripherals disabled

2.6

mA

Vop = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 8 MHz, All
peripherals enabled

27

mA

Vop = Vopa= 3.3V, HXTAL = 8 MHz, CPU
clock off, System clock = 8 MHz, All
peripherals disabled

2.3

mA

Vop = Vopa= 3.3V, HXTAL =4 MHz, CPU
clock off, System clock = 4 MHz, All
peripherals enabled

1.1

mA

Vob = Vopa= 3.3V, HXTAL =4 MHz, CPU
clock off, System clock = 4 MHz, All
peripherals disabled

0.9

mA

Vop = Vopa= 3.3V, HXTAL =2 MHz, CPU
clock off, System clock = 2 MHz, All
peripherals enabled

0.9

mA

Vob = Vopa= 3.3V, HXTAL = 2 MHz, CPU
clock off, System clock = 2 MHz, All

peripherals disabled

0.8

mA

Supply current
(Deep-sleep
mode)

Vop = Vopa= 3.3 V, LDO in normal power
and normal driver mode, IRC40K off, RTC
off

438.8

HA

Vop = Vopa= 3.3 V, LDO in normal power
and low driver mode, IRC40K off, RTC off

425.4

HA

Supply current
(Standby mode)

Vop = Vopa= 3.3V, LXTAL off, IRC40K on,
RTC on

417.8

HA

Vop = Vopa= 3.3 V, LXTAL off, IRC40K on,
RTC off

417.3

HA

Vob = Vopa= 3.3V, LXTAL off, IRC40K off,
RTC off, VDDA Monitor on

416.9

HA

Vob = Vopa= 3.3V, LXTAL off, IRC40K off,
RTC off, VDDA Monitor off

416.8

HA

(1) Based on characterization, not tested in production.
(2) When System Clock is less than 4 MHz, an external source is used, and the HXTAL bypass function is needed,

no PLL.

(3) When System Clock is greater than 8 MHz, a crystal 8 MHz is used, and the HXTAL bypass function is closed,
using PLL.

(4) When analog peripheral blocks such as ADCs, HXTAL, LXTAL, IRC8M, or IRC40K are ON, an additional power
consumption should be considered.

(5) All GPIOs are configured as analog mode except standby mode.
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Figure 4-2. Typical supply current consumption in Run mode

Ipp*Ippa (MA)

8.5

—&— All peripherals enabled
—— All peripherals disabled

5.4

ol - - - - - - >

2 4 8 16 24 36 48 72
System clock (MHz)
Figure 4-3. Typical supply current consumption in Sleep mode

8‘ 74

7 F

6 F

5 | —&— All peripherals enabled

lpp*Ippa (MA)

—— All peripherals disabled

3.7

4 8 16 24 36 a8 72
System clock (MHz)
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Table 4-8. Peripheral current consumption characteristics®
Peripherials® Typical consumption Unit
PMU 1.44
12C1 1.38
12C0 1.38
APB1 SPIL 17
WWDGT 1.32
TIMER13 1.36
TIMERS 0.17
TIMER2 0.23
DBGMCU 1.3
TIMER16 1.42
TIMER15 1.42
TIMER14 1.49 mA
APB2 USARTO 1.63
SPIO 1.38
TIMERO 1.68
ADC® 0.95
CFG & CMP®) 1.27
GPIOF 1.31
GPIOC 1.31
GPIOB 1.34
AB GPIOA 1.34
CRC 0.16
DMA 0.15
(1) Based on characterization, not tested in production.
(2)  fapccik = IRC28M, ADCON bit is set to 1.
(3) CMP enabled by setting CMPEN bit in CMP_CS, CMP mode is set to High Speed.
(4) If there is no other description, then Vpp = Vppa = 3.3 V, HXTAL = 8 MHz, system clock = fucik = 72 MHz, faps1
= frcwk/2, fapez = frcik, fanceik = farsa/2.
4.4 EMC characteristics

EMS (electromagnetic susceptibility) includes ESD (Electrostatic discharge, positive and

negative) and FTB (Burst of Fast Transient voltage, positive and negative) testing result is

given in Table 4-9. EMS characteristics, based on the EMS levels and classes compliant
with IEC 61000 series standard.
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Table 4-9. EMS characteristics®

Symbol Parameter Conditions Level/Class
) ) ) Vob =3.3V, Ta=25°C,
Voltage applied to all device pins to
VEsp fueLk = 72 MHz 3A
induce a functional disturbance
conforms to IEC 61000-4-2
Fast transient voltage burst applied to Vop =3.3V, Ta=25°C,
VeTB induce a functional disturbance through frelk = 72 MHz 4A
100 pF on VDD and VSS pins conforms to IEC 61000-4-4

(1) Based on characterization, not tested in production.

EMI (Electromagnetic Interference) emission test result is given in the Table 4-10. EMI
characteristics'?), The electromagnetic field emitted by the device are monitored while an
application, executing EEMBC code, is running. The test is compliant with SAE J1752-3:2017
standard which specifies the test board and the pin loading.

Table 4-10. EMI characteristics®

Max vs.
. Tested :
Symbol | Parameter Conditions [frxTaL/fHeLk] | Unit
frequency band
8/72 MHz
Vob = 3.6V, Ta = +25°C, |0-15 MHZt030 MHz|  -1.51
Semi Peak level [fucik = 72 MHz, conforms to| 30 MHz to 130 MHz 3.02 dBuV
SAE J1752-3:2017 130 MHz to 1 GHz 7.47

(1) Based on characterization, not tested in production.
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4.5 Power supply supervisor characteristics

Table 4-11. Power supply supervisor characteristics®

Symbol Parameter Conditions Min Typ Max | Unit
LVDT[2:0] = 000, rising edge - 2.11 - \%
LVDT[2:0] = 000, falling edge - 2.01 - \%
LVDT[2:0] = 001, rising edge — 2.25 - \%
LVDT[2:0] = 001, falling edge - 2.16 - \Y
LVDT[2:0] = 010, rising edge - 2.39 - \Y
LVDT[2:0] = 010, falling edge - 2.29 - \Y
LVDT[2:0] = 011, rising edge _ 2.52 - \Y
Low Voltage Detector LVDT[2:0] = 011, falling edge - 2.43 - \Y
Vivp!)
Threshold LVDT[2:0] = 100, risingedge | — | 266 | — | V
LVDT[2:0] = 100, falling edge _ 2.57 - \Y
LVDT[2:0] = 101, rising edge - 2.80 - \%
LVDT[2:0] = 101, falling edge - 2.71 - \%
LVDT[2:0] = 110, rising edge - 2.95 - \Y
LVDT[2:0] = 110, falling edge _ 2.84 - \Y
LVDT[2:0] = 111, rising edge - 3.08 - \%
LVDT[2:0] = 111, falling edge - 2.98 - \Y
VLvDhyst® LVD hysteresis — — 100 — mV
Power on reset
Vpor(" — 1.71 — \%
threshold
Power down reset
Veor(") _ — 1.67 — \%
threshold
VppRhyst® PDR hysteresis — 40 — mV
trsTrEMPO®@| Reset temporization — 2 — ms

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.

4.6 Electrical sensitivity

The device is strained in order to determine its performance in terms of electrical sensitivity.
Electrostatic discharges (ESD) are applied directly to the pins of the sample. Static latch-up
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(LV) test is based on the two measurement methods.
Table 4-12. ESD characteristics®
Symbol Parameter Conditions Min | Typ | Max | Unit
Electrostatic discharge Ta=25°C;
VESD(HBM) — — 6000 V
voltage (human body model) JS-001-2017
Electrostatic discharge Ta=25°C;
VEsp(cbwm) . — — 2000 \%
voltage (charge device model) JS-002-2014
(1) Based on characterization, not tested in production.
Table 4-13. Static latch-up characteristics®
Symbol Parameter Conditions Min | Typ | Max | Unit
I-test — — 1200 | mA
LU Ta=25°C; JESD78
Vsupply OVer voltage — — 54 \%
(1) Based on characterization, not tested in production.
4.7 External clock characteristics

Table 4-14. High speed external clock (HXTAL) generated from a crystal/ceramic

characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
frxraL® Crystal or ceramic frequency Vbp=3.3V 4 8 32 | MHz
RF®@ Feedback resistor Vob=3.3V — | 400 | — | kKQ
Recommended matching
Chxal®® capacitance on OSCIN and — — | 20 | 30 | pF
OSCOUT
DucyHxtaL? | Crystal or ceramic duty cycle — 30 50 70 %
gm®@ Oscillator transconductance Startup — 25 — m\,/o\/
Crystal or ceramic operating
IppgHxTaL) D Vop=3.3V — (12| — | mA
current
tsunxTaL(") Crystal or ceramic startup time Vop=3.3V — | 18| — | ms

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.

(3)  Cuxtalr = Chxtaz = 2*(CrLoap - Cs), For CuxraL1 and Cuxralz, it is recommended matching capacitance on OSCIN
and OSCOUT. For Cioap, it is crystal/ceramic load capacitance, provided by the crystal or ceramic

manufacturer. For Cs, it is PCB and MCU pin stray capacitance.
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Table 4-15. High speed external user clock characteristics (HXTAL in bypass mode)

Symbol Parameter Conditions | Min |Typ| Max | Unit
External clock source or oscillator
frxTaL_ext! Vop=3.3V 1 8 50 MHz
frequency
VHxTALH®) OSCIN input pin high level voltage 0.7Vop| — | Vop
- - Vop=3.3V \Y
VhxTaLL® OSCIN input pin low level voltage Vss | — |0.3 Vop
tHL(HXTAL) @) OSCIN high or low time — 5 — —
ns
triF(HxTAL)®) OSCIN rise or fall time — — — 10
Cin® OSCIN input capacitance — — 5 — pF
Ducy(HxTaL) @ Duty cycle — 30 |50| 70 %

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.

Table 4-16. Low speed external clock (LXTAL) generated from a crystal/ceramic
characteristics

Symbol Parameter Conditions Min Typ Max | Unit
fixtal  |Crystal or ceramic frequency Voo =3.3V — |32768| — |kHz
Recommended matching
CixtaLl®® | capacitance on OSC32IN — — 10 — pF
and OSC320UT
Ducyxta)@ |Crystal or ceramic duty cycle — 30 — 70 %
Lower driving 4
capability
Medium low driving 5
) capability
gm® Oscillator transconductance : : — pANV
Medium high driving 12
capability
Higher drivin
9 g . 18 .
capability
Lower driving
— 0.5 —
capability
Medium low driving 0.6
Crystal or ceramic operating capability '
IppLxtaL (D : : — pA
current Medium high driving 10
capability '
Higher drivin
9 9 — 1.2 —
capability
Crystal or ceramic startu
tsuLxTaL () y i P Vop =3.3V — 1.8 — s
ime

(1) Based on characterization, not tested in production.

(2) Guaranteed by design, not tested in production.

()  Cuixtau1 = Cixtarz = 2*(Croap - Cs), For Cixrair and Cixrarz, it is recommended matching capacitance on OSC32IN
and OSC320UT. For Cioap, it is crystal/ceramic load capacitance, provided by the crystal or ceramic
manufacturer. For Cs, it is PCB and MCU pin stray capacitance.

(4) tsuLxtaL is the startup time measured from the moment it is enabled (by software) to the 32.768 kHz oscillator
stabilization flags is SET. This value varies significantly with the crystal manufacturer.
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Table 4-17. Low speed external user clock characteristics (LXTAL in bypass mode)
Symbol Parameter Conditions Min Typ Max [Unit
External clock source or
fixTaL_ext ) Vob =3.3V — [32.768 | 1000 |kHz
oscillator frequency
OSC32IN input pin high level
VixratH® 0.7 Vop — Vop
voltage
Vop =3.3V \%
OSC32IN input pin low level
VixracL® Vss — 0.3V
voltage
triLxTaL) @ OSC32IN high or low time — 450 — —
ns
triF(LxTAL) @ OSC32IN rise or fall time — — — 50
Cin® OSC32IN input capacitance — — 5 — | pF
Ducy(xtaL) @ Duty cycle — 30 50 70 %
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
4.8 Internal clock characteristics
Table 4-18. High speed internal clock (IRC8M) characteristics
Symbol Parameter Conditions Min Typ | Max | Unit
High Speed Internal
fircam Oscillator (IRC8M) Vop = Voba = 3.3V — 8 — | MHz
frequency
-0.525
Vob = Vopa = 3.3V, )
—_ 0 _
IRC8M oscillator Frequency Ta=-40°C~+85°C
0.275( %
accuracy, Factory-trimmed
Vop = Vopa = 3.3V,
ACCircem® -1.0 — +1.0
Ta=25°C
IRC8M oscillator Frequency
accuracy, User trimming — — 0.5 — %
step
Dircev® | IRC8M oscillator duty cycle Vop = Vopa = 3.3V 45 50 55 %
IRC8M oscillator operating Vop = Voba = 3.3V,
Ippircam® — 55 — MA
current fircsm = 8 MHz
IRC8M oscillator startup Vob = Vopa = 3.3V,
tsuircam® . — 1.5 — us
time fircem = 8 MHz

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
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Table 4-19. Low speed internal clock (IRC40K) characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
Low Speed Internal oscillator
fircaok® Voo = Vopa=3.3V — | 40 — | kHz
(IRC40K) frequency
IRC40K oscillator operating
IbbirRcaok® Vop = Vppa = 3.3V — | 041 — | MA
current
IRC40K oscillator startup
tsuircaok® ) Vop = Vopa=3.3V — 33 — Ms
time
(1) Guaranteed by design, not tested in production.
(2) Based on characterization, not tested in production.
Table 4-20. High speed internal clock (IRC28M) characteristics
Symbol Parameter Conditions Min Typ Max | Unit
High Speed Internal
firc2sm Oscillator (IRC28M) Vop = Voba = 3.3V — 28 — | MHz
frequency
-0.975
Vop = Voba = 3.3V,
IRC28M oscillator — to —
Ta=-40°C~+85°C
Frequency accuracy, 0.782M %
Factory-trimmed Vob = Vppa = 3.3V,
ACCirc2sm -2.0 — +2.0
Ta=25°C
IRC28M oscillator
Frequency accuracy, User — — 0.5 — %
trimming step
Dircosm® |IRC28M oscillator duty cycle Vop = Vopa = 3.3V 45 50 55 %
IRC28M oscillator operating Vop = Vopa = 3.3V,
Ippairc2em® — 121 — MA
current firc2sm = 28 MHz
IRC28M oscillator startup Vop = Voba = 3.3V,
tsuirc2sm® ] — 1.5 — Ms
time firc2sm = 28 MHz

M
@

Based on characterization, not tested in production.
Guaranteed by design, not tested in production.
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4.9 PLL characteristics
Table 4-21. PLL characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
frLn® PLL input clock frequency — 1 — 25 | MHz
frLout® | PLL output clock frequency — 16 — 72 | MHz
PLL VCO output clock
fuco® — — — 72 | MHz
frequency
tLock® PLL lock time — — | — | 300 | ps
Current consumption on
Ippa( VCO freq = 72 MHz — | 260 | — | pA
Vbpa
Cycle to cycle Jitter
y Y . 50 .
) (rms)
JitterpLL® : System clock ps
Cycle to cycle Jitter
— | 500 | —
(peak to peak)
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
(3) Value given with main PLL running.
4.10 Memory characteristics
Table 4-22. Flash memory characteristics
Symbol Parameter Conditions Min | Typ | Max Unit
Number of guaranteed
PEcyc) program /erase cycles — 100 | — — | keycles
before failure (Endurance)
trer!") Data retention time — 10 | — | — years
trroc® | Word programming time 37 — 42 us
terase® Page erase time Ta=-40°C ~ +85 °C 32 | — 4 ms
tmerase® Mass erase time 8 — | 10 ms
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
411 NRST pin characteristics
Table 4-23. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max  |Unit
ViLnrsT) B NRST Input low level voltage -0.5 — 10.35 Voo
) 1.8V <Vop = Vopa < \
Viinrs) @ | NRST Input high level voltage 36V 0.65Vop | — |Vop+ 0.5
Vhyst | Schmidt trigger Voltage hysteresis ' — 400 — mv
Rpu® Pull-up equivalent resistor — — 40 — kQ

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
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Figure 4-4. Recommended external NRST pin circuit
i VDD E VDD
i External reset circuit
E 10 kQ E Rpy
: ; NRST
i K 100 nF!
(1) Unless the voltage on NRST pin go below VIL(NRST) level, the device would not generate a reliable reset.
4.12 GPIO characteristics

Table 4-24. 1/0 port DC characteristics®®

Symbol Parameter Conditions Min |Typ| Max | Unit
Standard IO Low level input
1.8V <=Vop=Vopa<3.6V — — |0.3Vop| V
voltage
Vi
5V-tolerant 10 Low level
) 1.8V <=Vop=Vopa<3.6V — — |0.3Vop| V
input voltage
Standard 1O High level
) 1.8V =Vop=Vopoa<36V [0.7Vop| — — \Y,
input voltage
ViH X
5 V-tolerant 10 High level
) 1.8V <=Vop=Vopoa<36V [0.7Vop| — — \Y,
input voltage
Vop=1.8V — — | 0.20
Low level output voltage
. Vop=2.5V — — | 0.20
VoL for an IO Pin \%
Vop=3.3V — — | 0.10
(ho = +8 mA)
Vop=3.6V — — | 0.10
Vop=1.8V — — —
Low level output voltage
. Vop=25V — — | 0.50
Vou for an IO Pin \%
Vop=3.3V — — | 0.40
(ho = +20 mA)
Vop=3.6V — — | 0.40
_ Vop=1.8V 150 | — —
High level output voltage
) Vop=2.5V 230 | — —
Von for an IO Pin \Y,
Vop=3.3V 3.10 | — —
(ho = +8 mA)
Vop=3.6V 340 | — —
Vop=1.8V — — —
High level output voltage
] Vop=2.5V 190 | — —
Vo for an IO Pin \%
Vop=3.3V 280 | — —
(ho = +20 mA)
Vop=3.6 V 3.10 | — —
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Symbol Parameter Conditions Min |Typ| Max | Unit
Rpu®@ Internal pull-up resistor — — 40 — kQ
Reo®@ | Internal pull-down resistor — — |40 — kQ

(1) Based on characterization, not tested in production.

(2) Guaranteed by design, not tested in production.

(3) All pins except PC13 / PC14 / PC15. Since PC13 to PC15 are supplied through the Power Switch, which can
only be obtained by a small current, the speed of GPIOs PC13 to PC15 should not exceed 2 MHz when they
are in output mode(maximum load: 30 pF).

Table 4-25. I/O port AC characteristics®®

GPIOx_OSPD[1:0] bit value® Parameter Conditions Max | Unit
1.8<Vop=3.6V,CL=10pF 4
GPIOx_OSPDO0->0OSPDy[1:0] = X0 Maximum
1.8<Vop=3.6V,CL=30pF 3 MHz
(10_Speed = 2 MHz) frequency®
1.8<Vopb= 3.6V, CL=50pF 2
] 1.8<Vop=<3.6V,CL=10pF 24
GPIOx_OSPDO0->0SPDy[1:0] = 01 Maximum
1.8<Vop<36V,C.=30pF| 16 MHz
(10_Speed = 10 MHz) frequency®
1.8<Vopb=<3.6V, CL=50pF 14
1.8<Vops36V,CL=10pF| 72
GPIOx_OSPDO0->0OSPDy[1:0] = 11 Maximum
1.8<Vop<36V,CL=30pF| 72 MHz
(10_Speed =50 MHz) frequency®
1.8<Vop<36V,CL=50pF| 72

(1) Based on characterization, not tested in production.

(2) Unless otherwise specified, all test results given for Ta = 25 °C.

(3) The I/O speed is configured using the GPIOx_OSPD0->OSPDy [1:0] bits. Refer to the GD32E23x user manual
which is selected to set the GPIO port output speed.

(4) The maximum frequency is defined in Figure 4-5, and maximum frequency cannot exceed 72 MHz.

Figure 4-5. 1/0 port AC characteristics definition

EXTERNAL : 1

OUTPUT : : 10%

ON 50pF ; ; ;‘

tr(l0)out  iat—pt ‘—pt Lf(I0)out
- T >
If (tr+ tf) < 2/3 T, then maximum frequency is achieved .
The duty cycle is (45%-55%) when loaded by 50 pF
4.13 ADC characteristics

Table 4-26. ADC characteristics

Symbol Parameter Conditions Min | Typ Max | Unit
Vopa® Operating voltage — 24 | 3.3 3.6 \Y;
Vin® ADC input voltage range — 0 — | Voba \Y;
fanc® ADC clock — 01 | — 28 | MHz
fs® Sampling rate 12-bit 0.007| — 2
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Symbol Parameter Conditions Min | Typ | Max | Unit
10-bit 0.008| — 2.3
MSP
8-bit 0.01 | — 2.8 s
6-bit 0.011| — 35
Van Analog input voltage 10 external; 2 internal 0 — Vopa \%
Ran® External input impedance See Equation 1 — — | 219.86 | kQ
Input sampling switch
Rapc® g . PN — — | — 0.5 kQ
resistance
) ) No pin/pad capacitance
Capc®  |Input sampling capacitance . — — 4 pF
included
tcaL® Calibration time fapc = 28 MHz — | 4.68 — us
ts@ Sampling time fapc = 28 MHz 0.05 | — 8.55 us
12-bit — 14 —
Total conversion -
10-bit — 12 — 1/
tconv® time(including sampling
. 8-bit — 10 — fanc
time)
6-bit — 8 —
tsu® Startup time — — — 1 us

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.

Equation 1: Ran max formula Ry <

Ts

fapc*Capcin (2N+2)

- RADC

The formula above (Equation 1) is used to determine the maximum external impedance allowed for an
error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

Table 4-27. ADC Rain max for fADC =28 MHz®

Ts(cycles) ts(ps) Rainmax (kQ)

1.5 0.05 0.88

7.5 0.27 6.40
13.5 0.48 11.92
28.5 1.02 25.72
41.5 1.48 37.68
55.5 1.98 50.56
71.5 2.55 65.29
239.5 8.55 219.86

(1) Based on characterization, not tested in production.

Table 4-28. Internal reference voltage calibration values®®

Symbol Test conditions Memory address
Vop = Vopa = Vrerp = 3.3 V (+ 3.65

Vrernt() O0x1FFFF7C0-0x1FFFF7C4
mV), Temperature = 25 °C (x 4 °C)

(1)  Vgernr is internally connected to the ADC_IN17 input channel.
(2) Low bit data is placed at the low bit address, and high bit data is placed at the high bit address.
(3) Chip temperature calibration error is less than £10mV.
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Table 4-29. ADC dynamic accuracy at fapc = 14 MHz®
Symbol Parameter Test conditions Min | Typ | Max | Unit
ENOB Effective number of bits fapc = 14 MHz — | 102 | — bits
SNDR |[Signal-to-noise and distortion ratio| Vooa = Vrerp = 3.3 V — |63.16| —
SNR Signal-to-noise ratio Input Frequency =20 | — |64.20| — 4B
kHz
THD Total harmonic distortion — |-71.17| —
Temperature = 25 °C
(1) Based on characterization, not tested in production.
Table 4-30. ADC static accuracy at fapc = 14 MHz®
Symbol Parameter Test conditions Typ | Max | Unit
Offset Offset error +1 —
. . ) faoc = 14 MHz
DNL Differential linearity error +15| — |LSB
- - Vopa = Vrerp = 3.3 V
INL Integral linearity error 13 —
(1) Based on characterization, not tested in production.
4.14 Temperature sensor characteristics
Table 4-31. Temperature sensor characteristics
Symbol Parameter Min Typ Max | Unit
o VSENSE linearity with temperature — 1.5 — °C
Avg_Slope® Average slope — 4.3 — |mV/°C
Va5 Voltage at 25 °C — 1.45 — \Y
tsem@  |ADC sampling time when reading the temperature — 171 — us
(1) Based on characterization, not tested in production.
(2) Shortest sampling time can be determined in the application by multiple iterations.
4.15 Comparators characteristics
Table 4-32. CMP characteristics®
Symbol Parameter Conditions Min | Typ | Max | Unit
Vbba Operating voltage — 1.8 3.3 3.6 \%
VIN Input voltage range — 0 — | Vopba | V
VsG Scaler input voltage — — 1.2 — \%
Vsc Scaler offset voltage — — — — | mV
Ultra low power mode — | 098 | — us
Propagation delay for 200
Low power mode — | 025 | — us
mV step with 100 mV
] Medium power mode — | 012 | — us
overdrive
. High speed power mode — 33 — ns
D
Ultra low power mode — — — us
Propagation delay for full
Low power mode — — — us
range step with 100 mV
] Medium power mode — — — us
overdrive
High speed power mode — — — ns
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Symbol Parameter Conditions Min | Typ | Max | Unit
Ultra low power mode — 2.2 —
Low power mode — 3.2 —
lop Current consumption MA
Medium power mode — 8.1 —
High speed power mode — | 469 | —
Voffset Offset error — — 14 — | mV
No Hysteresis — 0 —
] Low Hysteresis — 1 —
Vhyst Hysteresis Voltage mV
Medium Hysteresis — 22 —
High Hysteresis — 43 —
(1) Based on characterization, not tested in production.
Figure 4-6. CMP hysteresis
cMP_IP A
CMP_IM
CMP_IM-Vyye i
| : :
I ! !
I ! !
I I !
I I !
| | !
‘ * . -
| | !
| I !
| ! :
CMP_OUT T | | !
|
-
4.16 Operational amplifier characteristics
Table 4-33. OP-AMP characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vbb Operating voltage — 2.7 — 3.6 \%
Vin Input voltage range — Vss-0.2 — |Vop+0.2 \Y
Iop Operating current lo=0 — 580 750 MA
[Load Drive current — — — — mA
Vos Offset voltage — — 1 3.5 mV
Gain =1,
Settling time to 0.1% — 1 — us
Vout= 2V step
Ts Gain =1,
Settling time to 0.1% — 1.5 — us
Vout = 2V step
Overload Recovery Time Vin *Gain > Vpp — 0.2 — V&
SR Slew rate Gain =1 — 5 — V/us
CMRR Common mode rejection — 58 72 — dB
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Symbol Parameter Conditions Min Typ Max Unit
ratio
PSRR Power supply rejection B . 05 150 "y
ratio
GBW Gain bandwidth — — 6.5 — MHz
A0 Open-loop gain RL=5kQ 85 104 — dB
Vout Output swing from rail RL=5kQ — 100 125 mV
Vhoise Input voltage noise F=01Hzto 10 Hz — 5 — MVpp
en Input voltage noise density F =10 kHz — 15 — nV/VHz

4.17 TIMER characteristics

Table 4-34. TIMER characteristics®

Symbol Parameter Conditions Min Max Unit
— 1 — tTIMERXCLK
tres Timer resolution time
frimERxCLK = 72 MHz 13.9 — ns
; Timer external clock — 0 frimerxcLk/2 MHz
EXT
frequency frimerxcLk = 72 MHz 0 36 MHz
RES Timer resolution — — 16 bit
16-bit counter clock period — 1 65536 tTIMERxCLK
tcounter  |When internal clock is
frimerxcLk = 72 MHz  |0.0139 910 us
selected
_ _ — — | 65536 x 65536 | triMERxCLK
tmax_count |  Maximum possible count
frimeErxcLk = 72 MHz — 59.6 S

(1) Guaranteed by design, not tested in production.
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4.18

I2C characteristics

Table 4-35. 12C characteristics®®

Standard Fast mode
Conditi Fast mode
Symbol Parameter mode plus Unit
ons
Min Max | Min | Max | Min | Max
tscL(H) SCL clock high time — 4.0 — 0.6 — 0.2 — V&
tscLw) SCL clock low time — 4.7 — 1.3 — 0.5 — V&
tsu(spa) SDA setup time — 250 — 100 — 50 — ns
tH(sDA) SDA data hold time — 0® 3450 0 900 0 450 ns
SDA and SCL rise
tr(spa/scL) ) — — 1000 | — 300 — 120 ns
time
SDA and SCL fall
tr(spasscL) ) — — 300 — 300 — 120 ns
time
Start condition hold
tH(sTA) ) — 4.0 — 0.6 — 0.26 — us
time
Repeated Start
tsu(sta) condition — 4.7 — 0.6 — 0.26 — us
setup time
Stop condition setup
tsu(sto) ) — 4.0 — 0.6 — 0.26 — us
time
Stop to Start
tBuFF condition time (bus — 4.7 — 1.3 — 0.5 — us
free)

(1) Guaranteed by design, not tested in production.

(2) To ensure the standard mode 12C frequency, fecik1 must be at least 2 MHz, To ensure the fast mode 12C
frequency, fecik1 must be at least 4 MHz. To ensure the fast mode plus 12C frequency, fecik1 must be at least a

multiple of 10 MHz.

(3) The device should provide a data hold time of 300 ns at least in order to bridge the undefined region of the

falling edge of SCL.

Figure 4-7.12C bus timing diagram
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SCL 4

70% ¥ if i ) 0%
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i tBUFF |

—> <— tr(scL)

tsu(sto)
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4.19

SPI characteristics

Table 4-36. Standard SPI characteristics®

Symbol Parameter Conditions Min | Typ | Max | Unit
fsck SCK clock frequency — — — 18 | MHz
tscK(H) SCK clock high time | 2ot mede, froe = 72MHz, 1) o0 1 09 | s
presc =4
tsck U SCK dlock low time | ooter Mode fraue =72 MHz 1o o7 | g | s
presc =4
SPI master mode
tvvo) Data output valid time — — — 2 ns
tsuw Data input setup time — 5 — — ns
tHemiy Data input hold time — 5 — — ns
SPI slave mode
tsunss) NSS enable setup time — 0 — — ns
tH(NSS) NSS enable hold time — 1 — — ns
taso) Data output access time — — — ns
tois(so) Data output disable time — — 8 — ns
tv(so) Data output valid time — — 10 — ns
tsu(si Data input setup time — — 10 — ns
tH(s1) Data input hold time — 0 — — ns

(1) Based on characterization, not tested in production.

Figure 4-8. SPI timing diagram - master mode
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Figure 4-9. SPI timing diagram - slave mode
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4.20 I2S characteristics

Table 4-37. 12S characteristics®

Symbol Parameter Conditions Min | Typ | Max | Unit
Master mode (data: 16 bits, el
fex Clock frequency Audio frequency = 96 kHz) MHz
Slave mode — 10 —
tH Clock high time — | 160 | — ns
t Clock low time - — | 160 | — ns
tvws) WS valid time Master mode — 3 — ns
tHws) WS hold time Master mode — 3 — ns
tsuws) WS setup time Slave mode 0 — — ns
tHws) WS hold time Slave mode 3 — — ns
DuCy(s 12S slave input clock duty Slave mode o - B %
cycle
tsu(sb_mR) Data input setup time Master mode 0 — — ns
tsu(sb_sR) Data input setup time Slave mode 0 — — ns
tH(SD_MR) Data input hold time Master receiver 2 — — ns
tH(SD_SR) Slave receiver 2 — — ns

o Slave transmitter
tv(sp_sT) Data output valid time — 12 — ns
(after enable edge)

] Slave transmitter
tH(sD_sT) Data output hold time — 10 — ns
(after enable edge)

o Master transmitter
tv(sp_mm) Data output valid time — 10 — ns
(after enable edge)

] Master transmitter
tH(sD_mT) Data output hold time — 7 — ns
(after enable edge)

(1) Based on characterization, not tested in production.
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Figure 4-10. 12S timing diagram - master mode
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Figure 4-11. 12S timing diagram - slave mode
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4.21 USART characteristics
Table 4-38. USART characteristics®
Symbol Parameter Conditions Min | Typ | Max | Unit
fsck SCK clock frequency — — — 36 | MHz
tsck(H) SCK clock high time — 135 | — — ns
tsckw) SCK clock low time — 135 | — — ns
(1) Guaranteed by design, not tested in production.
4.22 WDGT characteristics
Table 4-39. FWDGT min/max timeout period at 40 kHz (IRC40K)®
Min timeout RLD[11:0]= |Max timeout RLD[11:0]=
Prescaler divider PR[2:0] bits i G Unit
1/4 000 0.025 409.525
1/8 001 0.025 819.025
116 010 0.025 1638.025
1/32 011 0.025 3276.025 ms
1/64 100 0.025 6552.025
1/128 101 0.025 13104.025
1/256 110 or 111 0.025 26208.025
(1) Guaranteed by design, not tested in production.
Table 4-40. WWDGT min-max timeout value at 72 MHz (fpcik1)®
Prescaler divider | PSC[1:0] Min timeout value U Max timeout value i
CNT[6:0] = 0x40 CNT[6:0] = OX7F
171 00 56 3.64
112 01 113 7.28
1/4 10 227 He 14.56 me
1/8 1 455 29.12
(1) Guaranteed by design, not tested in production.
4.23 Parameter conditions

Unless otherwise specified, all values given for Vop = Vppa = 3.3 V, Ta =25 °C.
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5 Package information
5.1 QFN32 package outline dimensions

Figure 5-1. QFN32 package outline
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Table 5-1. QFN32 package dimensions
Symbol Min Typ Max
A 0.70 0.75 0.80
A1 0 0.02 0.05
b 0.15 0.20 0.25
b1 — 0.14 —
c — 0.20 —
D 3.90 4.00 4.10
D2 2.60 2.70 2.80
E 3.90 4.00 4.10
E2 2.60 2.70 2.80
e — 0.40 —
0.25 0.30 0.35
K — 0.30 —
L 0.30 0.35 0.40
Nd — 2.80 —
Ne — 2.80 —

(Original dimensions are in millimeters)
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Figure 5-2. QFN32 recommended footprint
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5.2 QFN36 package outline dimensions

Figure 5-3. QFN36 package outline
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Table 5-2. QFN36 package dimensions
Symbol Min Typ Max

A 0.50 0.55 0.60
A1 0 0.02 0.05
A2 — 0.40 —

A3 — 0.152 —
b 0.12 0.17 0.22
D — 4.00 —
D2 2.60 2.70 2.80

E — 4.00 —

E2 2.60 2.70 2.80

e — 0.35 —

— 0.27 —

L 0.30 0.40 0.50
L1 — 0.38 —
aaa — 0.10 —
bbb — 0.07 —
cce — 0.10 —
eee — 0.08 —
fff — 0.10 —

(Original dimensions are in millimeters)
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Figure 5-4. QFN36 recommended footprint
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5.3

Thermal characteristics

Thermal resistance is used to characterize the thermal performance of the package device,
which is represented by the Greek letter “6”. For semiconductor devices, thermal resistance
represents the steady-state temperature rise of the chip junction due to the heat dissipated
on the chip surface.

B.a: Thermal resistance, junction-to-ambient.

0.8: Thermal resistance, junction-to-board.

B4c: Thermal resistance, junction-to-case.

wie: Thermal characterization parameter, junction-to-board.

w,7: Thermal characterization parameter, junction-to-top center.

8,a=(Ty-Ta)/Pp (5-1)
8,8=(T,-Tg)/Pp (5-2)
8yc=(Ty-Tc)/Pp (5-3)

Where, T,y = Junction temperature.

Ta = Ambient temperature

Ts = Board temperature

Tc = Case temperature which is monitoring on package surface
Po = Total power dissipation

B.a represents the resistance of the heat flows from the heating junction to ambient air. It is
an indicator of package heat dissipation capability. Lower 8,4 can be considerate as better
overall thermal performance. 6ua is generally used to estimate junction temperature.

0.8 is used to measure the heat flow resistance between the chip surface and the PCB board.

B4c represents the thermal resistance between the chip surface and the package top case.
BJc is mainly used to estimate the heat dissipation of the system (using heat sink or other heat
dissipation methods outside the device package).

Table 5-3. Package thermal characteristics®

Symbol Condition Package Value Unit
) QFN32 42.57

Bua Natural convection, 2S2P PCB °C/W
QFN36 47.32
QFN32 19.21

0.8 Cold plate, 2S2P PCB °C/W
QFN36 12.97
QFN32 19.10

B.c Cold plate, 2S2P PCB °C/W
QFN36 20.26

Wi Natural convection, 2S2P PCB QFN32 19.18 °C/IW

59



GigaDevice

GD32E231xx Datasheet

Symbol Condition Package Value Unit
QFN36 13.07
) QFN32 0.62

Wit Natural convection, 2S2P PCB °C/IW
QFN36 0.75

(1). Thermal characteristics are based on simulation, and meet JEDEC specification.
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6

Ordering information

Table 6-1. Part ordering code for GD32E231xx devices

. Temperature
Flash (KB Pack Pack
Ordering code ash (KB) ackage ackage type operating range
Industrial
GD32E231K8Q6 64 QFN32 Green -40 °C to +85 °C
GD32E231T806 64 QFN36 Green i

-40 °C to +85 °C
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7 Revision history

Table 7-1. Revision history

Revision No. Description Date
1.0 Initial Release Nov.8, 2023
1.1 Update OPA pins name Nov.24, 2023
1.2 Add GD32E231T806 series Jan.15, 2024

1. Update GD32E231T806 Device information

2. Update POD information, refer to Package information
1.3 Sep.2, 2024
3. Add Table 4-28. Internal reference voltage calibration

values@(
Update description of SPI, refer to Serial peripheral interface
1.4 Feb. 14, 2025
(SPI)
1.5 Update Boot modes descriptions Aug. 8, 2025

Modify 1.2V domain to Vcore domain, refer to Power saving
1.6 Jan. 19, 2026
modes and Operating conditions characteristics
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This
document, including any product of the Company described in this document (the “Product”), is owned by the Company
according to the laws of the People’s Republic of China and other applicable laws. The Company reserves all rights
under such laws and no Intellectual Property Rights are transferred (either wholly or partially) or licensed by the
Company (either expressly or impliedly) herein. The names and brands of third party referred thereto (if any) are the
property of their respective owner and referred to for identification purposes only.

To the maximum extent permitted by applicable law, the Company makes no representations or warranties of any
kind, express or implied, with regard to the merchantability and the fitness for a particular purpose of the Product, nor
does the Company assume any liability arising out of the application or use of any Product. Any information provided in
this document is provided only for reference purposes. It is the sole responsibility of the user of this document to
determine whether the Product is suitable and fit for its applications and products planned, and properly design, program,
and test the functionality and safety of its applications and products planned using the Product. The Product is designed,
developed, and/or manufactured for ordinary business, industrial, personal, and/or household applications only, and the
Product is not designed or intended for use in (i) safety critical applications such as weapons systems, nuclear facilities,
atomic energy controller, combustion controller, aeronautic or aerospace applications, traffic signal instruments,
pollution control or hazardous substance management; (ii) life-support systems, other medical equipment or systems
(including life support equipment and surgical implants); (iii) automotive applications or environments, including but not
limited to applications for active and passive safety of automobiles (regardless of front market or aftermarket), for
example, EPS, braking, ADAS (camera/fusion), EMS, TCU, BMS, BSG, TPMS, Airbag, Suspension, DMS, ICMS,
Domain, ESC, DCDC, e-clutch, advanced-lighting, etc.. Automobile herein means a vehicle propelled by a self-
contained motor, engine or the like, such as, without limitation, cars, trucks, motorcycles, electric cars, and other
transportation devices; and/or (iv) other uses where the failure of the device or the Product can reasonably be expected
to result in personal injury, death, or severe property or environmental damage (collectively "Unintended Uses").
Customers shall take any and all actions to ensure the Product meets the applicable laws and regulations. The Company
is not liable for, in whole or in part, and customers shall hereby release the Company as well as its suppliers and/or
distributors from, any claim, damage, or other liability arising from or related to all Unintended Uses of the Product.
Customers shall indemnify and hold the Company, and its officers, employees, subsidiaries, affiliates as well as its
suppliers and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims
for personal injury or death, arising from or related to any Unintended Uses of the Product.

Information in this document is provided solely in connection with the Product. The Company reserves the right to
make changes, corrections, modifications or improvements to this document and the Product described herein at any
time without notice. The Company shall have no responsibility whatsoever for conflicts or incompatibilities arising from
future changes to them. Information in this document supersedes and replaces information previously supplied in any

prior versions of this document.

© 2026 GigaDevice Semiconductor Inc. — All rights reserved
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