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1.

General description

The GD32H77Rxx device belongs to the high performance line of GD32 MCU family. It is a
new 32-bit general-purpose microcontroller based on the Arm® Cortex®-M7 core with best
cost-performance ratio in terms of enhanced processing capacity, reduced power
consumption and peripheral set. The Arm® Cortex®-M7 processor is a highly efficient high-
performance, embedded processor that features low interrupt latency, low-cost debug, and
has backwards compatibility with existing Cortex-M profile processors. The processor has an
in-order super-scalar pipeline that means many instructions can be dual-issued, including
load/load and load/store instruction pairs because of multiple memory interfaces. The
Cortex®-M7 is a high-performance processor, which features a 6-stage superscalar pipeline
with branch prediction and an optional FPU capable of single-precision and optionally double-
precision operations. The instruction and data buses have been enlarged to 64-bit wide over
the previous 32-bit buses. It also provides a Memory Protection Unit (MPU) and powerful
trace technology for enhanced application security and advanced debug support.

The GD32H77Rxx device incorporates the Arm® Cortex®-M7 32-bit processor core operating
at 600 MHz frequency with NVM security protection to prevent illegal code/data access. It
provides up to 2048KB code non-volatile memory (CNVM) and up to 3584KB extended code
non-volatile memory (ECNVM), 1152KB SRAM memory. An extensive range of enhanced
I/Os and peripherals connected to four APB buses. The devices offer up to two 14-bit ADCs,
a 12-bit ADC, a 12-bit DAC, up to eleven general 16-bit timers, two 16-bit PWM advanced
timers, four 32-bit general timers, two 64-bit basic timers and two 32-bit basic timers, as well
as standard and advanced communication interfaces: up to six SPIs, two OSPIs, four I12Cs,
four USARTSs and four UARTS, four 12Ss, three CAN-FDs, a USBHS, two ENETSs, one ESC,
two SDIOs and two CMPs. Additional peripherals as cyclic redundancy checks management
unit (CRC), true random number generator (TRNG), cryptographic acceleration unit (CAU),
hash acceleration unit (HAU), public key cryptographic acceleration unit (PKCAU), real-time
decryption (RTDEC), digital camera interface (DCI), general parallel slave interface(GPSI),
EXMC interface with SDRAM extension support, TFT-LCD Interface (TLI), image processing
accelerator (IPA), serial audio Interface (SAl), receiver of Sony/Philips digital interface
(RSPDIF), trigonometric math unit (TMU), fast fourier transform (FFT), filter arithmetic
accelerator (FAC), management data input / output (MDIO), encoder Divided-Output
controller (EDOUT), encoder interface module (EDIM), resolver-to-digital module (RDCM),
low power digital temperature sensor (LPDTS), Hardware semaphore (HWSEM), and high
performance digital filter module (HPDF) are included.

The device operates from a 1.71V to 3.6V power supply and available in -40°C to +105°C
temperature range for grade 7 devices. Three power saving modes provide the flexibility for
maximum optimization of power consumption, an especially important consideration in low
power applications.

The above features make GD32H77Rxx devices suitable for a wide range of interconnection
and advanced applications, especially in areas such as industrial control, consumer and
handheld equipment, embedded modules, human machine interface, security and alarm
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systems, energy storage system, graphic display, audio player, automotive navigation, drone,
loT and so on.
g4 ARMCORTEX
ARMI Processor Technology
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GigaDevice
2. Device overview
2.1. Device information

Table 2-1. GD32H77Rxx devices features and peripheral list

GD32H77R
Part Number
APK7
CNVM (KB) 2048
E ECNVM (KB) 3584
Total(KB) 5632
SRAM (KB) 512
= TCM
é 640
o | SRAM(KB)
Total(KB) 1152
General
11
timer (16-
(2-3,14-16,30,40-44)
bit)
General
4
timer (32-
(1,4,22-23)
bit)
Advanced 5
g timer(16-bit) o
£ . ..
i | Basic timer 5
(32-bit) o
Basic timer 5
(64-bit) e
SysTick 1
Watchdog 5
RTC 1
4
USART
(0-2,5)
£ 4
S UART
5 (34,6,7)
: 4
5 12C
o (0-3)
6/4
SPI/12S
(0-5)/(0-2,5)
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Part Number

GD32H77R

APK7

OSPI

2

SDIO

MDIO

CAN

USBHS

ENET

TLI

DCI

ESC

CRC

TRNG

CAU

HAU

PKCAU

RTDEC

RSPDIF

SAl

HPDF

LPDTS

EXMC/SDRAM

GPSI

IPA

EDOUT

CPDM

HWSEM

TMU

FFT

FAC
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GD32H77R
Part Number
APK7
EDIM 1
RDCM 1
14bit | Units 2
ADC |Channels 16
12bit | Units 1
ADC |Channels 17
Units 1
DAC
Channels 2
CMP 2
GPIO 105
Package BGA169
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2.2. Block diagram

Figure 2-1. GD32H77Rxx block diagram
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2.3. Pinouts and pin assignment

Figure 2-2. GD32H77Rxx BGA169 pinouts'"

1 2 3 4 5 6 7 8 9 10 11 12 13

A @
PC14-
B 0sC32 PB9 PB6
IN
PC15-
C 0SC32
ouT
BOO
D
VDD33
PD14/° PD8/P
J PBO PHY1_) ( HYo_C
CLK LK
PD1Y
K PHY_R
STn
PD10/
PHY1 PHY1. PHYO. PHYO PHYO. PHYO.
M
PD9/P’ PHYO
PHYO, T PHYO,
N @

GigaDevice GD32H77Rxx
BGA169

Note:
(1) The above figure shows the package top view.

24. Memory map
Table 2-2. Memory map of GD32H77Rxx devices
Pre-defined
. Bus Address Peripherals
Regions
0xD000 0000 - 0xDFFF FFFF EXMC - SDRAM device 1
EXMC - SDRAM device 0
0xCO000 0000 - OxCFFF FFFF
(EXMC Bank 0 Region 0-3)
External 0xA000 1000 - 0xBFFF FFFF Reserved
RAM 0xA000 0000 - 0xA000 OFFF Reserved
0x9000 0000 - 0x9FFF FFFF OSPIO
0x8000 0000 - Ox8FFF FFFF EXMC - NAND
0x7000 0000 - Ox7FFF FFFF OSPI1
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Pre-defined
Regions Bus Address Peripherals
0x6000 0000 - OX6FFF FFFF EXMC - NOR/PSRAM/SRAM
EtherCAT 0x5F00 4000 - Ox5FFF FFFF Reserved

0x5F00 0000 - 0x5F00 3FFF ESC
0x5802 6800 - OX5EFF FFFF Reserved
0x5802 6400 - 0x5802 67FF HWSEM
0x5802 6000 - 0x5802 63FF Reserved
0x5802 5000 - 0x5802 5FFF Reserved
0x5802 4C00 - 0x5802 4FFF CRC
0x5802 4800 - 0x5802 4BFF Reserved
0x5802 4400 - 0x5802 47FF RCU
0x5802 2C00 - 0x5802 43FF Reserved
0x5802 2800 - 0x5802 2BFF GPIOK
0x5802 2400 - 0x5802 27FF GPIOJ

AHBA 0x5802 2000 - 0x5802 23FF Reserved
0x5802 1C00 - 0x5802 1FFF GPIOH
0x5802 1800 - 0x5802 1BFF GPIOG
0x5802 1400 - 0x5802 17FF GPIOF
0x5802 1000 - 0x5802 13FF GPIOE
0x5802 0C00 - 0x5802 OFFF GPIOD
0x5802 0800 - 0x5802 OBFF GPIOC
0x5802 0400 - 0x5802 07FF GPIOB
0x5802 0000 - 0x5802 03FF GPIOA

Peripheral

0x5801 0000 - 0x5801 FFFF Reserved
0x5800 7400 - 0x5800 FFFF Reserved
0x5800 7000 - 0x5800 73FF Reserved
0x5800 6C00 - 0x5800 6FFF Reserved
0x5800 6800 - 0x5800 6BFF LPDTS
0x5800 5C00 - 0x5800 67FF Reserved
0x5800 5800 - 0x5800 5BFF PMU
0x5800 5400 - 0x5800 57FF Reserved
0x5800 4C00 - 0x5800 53FF Reserved
0x5800 4800 - 0x5800 4BFF FWDGT

APBa 0x5800 4100 - 0x5800 43FF Reserved
0x5800 4000 - 0x5800 40FF RTC
0x5800 3C00 - 0x5800 3FFF VREF
0x5800 3800 - 0x5800 3BFF CMPO - CMP1
0x5800 3400 - 0x5800 37FF Reserved
0x5800 3000 - 0x5800 33FF Reserved
0x5800 2C00 - 0x5800 2FFF Reserved
0x5800 2800 - 0x5800 2BFF Reserved
0x5800 2400 - 0x5800 27FF Reserved
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Pre-defined
Regions

Bus Address Peripherals
0x5800 2000 - 0x5800 23FF Reserved
0x5800 1C00 - 0x5800 1FFF Reserved
0x5800 1400 - 0x5800 17FF Reserved
0x5800 0800 - 0x5800 13FF Reserved
0x5800 0400 - 0x5800 07FF SYSCFG
0x5800 0000 - 0x5800 03FF EXTI
0x5200 C000 - 0x57FF FFFF Reserved
0x5200 BCOO - 0x5200 BFFF RTDECH1
0x5200 B800 - 0x5200 BBFF RTDECO
0x5200 B400 - 0x5200 B7FF OSPIM
0x5200 BOOO - 0x5200 B3FF CPDM(OSPI1)
0x5200 A0QO - 0x5200 AFFF OSPI1
0x5200 9400 - 0x5200 9FFF Reserved
0x5200 9100 - 0x5200 93FF Reserved
0x5200 9000 - 0x5200 90FF RAMECCMU Region 0
0x5200 8400 - 0x5200 8FFF Reserved
0x5200 8000 - 0x5200 83FF CPDM(SDIOO0)
0x5200 7400 - 0x5200 7FFF Reserved
0x5200 7000 - 0x5200 73FF SDIOO0

AHB3 0x5200 6400 - 0x5200 6FFF Reserved
0x5200 6000 - 0x5200 63FF CPDM(OSPIO)
0x5200 5000 - 0x5200 5FFF OSPIO
0x5200 4000 - 0x5200 4FFF EXMC
0x5200 3000 - 0x5200 3FFF Reserved
0x5200 2400 - 0x5200 2FFF Reserved
0x5200 2000 - 0x5200 23FF NVMC
0x5200 1000 - 0x5200 1FFF IPA
0x5200 0800 - 0x5200 OFFF Reserved
0x5200 0000 - 0x5200 07FF MDMA
0x5110 0000 - 0x51FF FFFF Reserved
0x5100 0000 - 0x510F FFFF AXI interconnect matrix
0x5001 1000 - Ox50FF FFFF Reserved
0x5001 0000 - 0x5001 OFFF Reserved
0x5000 4000 - 0x5000 FFFF Reserved
0x5000 3400 - 0x5000 3FFF Reserved
0x5000 3000 - 0x5000 33FF WWDGT

APB3 0x5000 2000 - 0x5000 2FFF Reserved
0x5000 1400 - 0x5000 1FFF Reserved
0x5000 1000 - 0x5000 13FF TLI
0x5000 0000 - 0x5000 OFFF Reserved

AHB2 0x4802 5800 - Ox4FFF FFFF Reserved(AHB2)
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Pre-defined
Regions

Bus Address Peripherals
0x4802 5000 - 0x4802 57FF Reserved
0x4802 4800 - 0x4802 4FFF FAC
0x4802 4400 - 0x4802 47FF TMU
0x4802 4000 - 0x4802 43FF FFT
0x4802 3100 - 0x4802 3FFF Reserved
0x4802 3000 - 0x4802 30FF RAMECCMU Region 1
0x4802 2C00 - 0x4802 2FFF Reserved(AHB2)
0x4802 2800 - 0x4802 2BFF CPDM(SDIO1)
0x4802 2400 - 0x4802 27FF SDIO1
0x4802 1C00 - 0x4802 23FF Reserved(AHB2)
0x4802 1800 - 0x4802 1BFF TRNG
0x4802 1400 - 0x4802 17FF HAU
0x4802 1000 - 0x4802 13FF CAU
0x4802 0400 - 0x4802 OFFF Reserved(AHB2)
0x4802 0000 - 0x4802 03FF DCI/GPSI
0x4800 2000 - 0x4801 FFFF Reserved(AHB2)
0x4800 0000 - 0x4800 1FFF PKCAU
0x400C 0000 - 0x47FF FFFF Reserved(AHB1)
0x4008 0000 - 0x400B FFFF Reserved
0x4004 0000 - 0x4007 FFFF USBHSO0
0x4003 8C00 - 0x4003 FFFF Reserved
0x4003 8400 - 0x4003 8BFF Reserved
0x4003 8000 - 0x4003 83FF Reserved
0x4003 3000 - 0x4003 7FFF Reserved
0x4003 0000 - 0x4003 2FFF Reserved
0x4002 C000 - 0x4002 FFFF Reserved
0x4002 BCOO - 0x4002 BFFF
0x4002 BOOO - 0x4002 BBFF ENET1

AHB1 0x4002 A0QO - 0x4002 AFFF

0x4002 8000 - 0x4002 9FFF ENETO

0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF Reserved
0x4002 6000 - 0x4002 63FF Reserved
0x4002 5000 - 0x4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF Reserved
0x4002 3C00 - 0x4002 3FFF Reserved
0x4002 3800 - 0x4002 3BFF Reserved
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF Reserved
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF Reserved
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Pre-defined
Regions

Bus Address Peripherals
0x4002 2400 - 0x4002 27FF Reserved
0x4002 2000 - 0x4002 23FF Reserved
0x4002 1C00 - 0x4002 1FFF Reserved
0x4002 1800 - 0x4002 1BFF Reserved
0x4002 1400 - 0x4002 17FF Reserved
0x4002 1000 - 0x4002 13FF Reserved
0x4002 0C00 - 0x4002 OFFF Reserved
0x4002 0800 - 0x4002 OBFF DMAMUX
0x4002 0400 - 0x4002 07FF DMA1
0x4002 0000 - 0x4002 03FF DMAO
0x4001 F400 - 0x4001 FFFF Reserved
0x4001 FOO0O - 0x4001 F3FF TIMER44
0x4001 E000—0x4001 EFFF Reserved
0x4001 DCOO - 0x4001 DFFF TIMER43
0x4001 D800 - 0x4001 DBFF TIMER42
0x4001 D400 - 0x4001 D7FF TIMER41
0x4001 D000 - 0x4001 D3FF TIMER40
0x4001 C000 - 0x4001 CFFF CAN2(4KB)
0x4001 BOOO - 0x4001 BFFF CAN1(4KB)
0x4001 A0OO - 0x4001 AFFF CANO(4KB)
0x4001 8C00 - 0x4001 9FFF Reserved
0x4001 8900 - 0x4001 8BFF Reserved
0x4001 8800 - 0x4001 88FF EDOUT
0x4001 8400 - 0x4001 87FF TRIGSEL
0x4001 8000 - 0x4001 83FF Reserved(APB2)

APB2 0x4001 7C00 - 0x4001 7FFF Reserved
0x4001 7800 - 0x4001 7BFF Reserved
0x4001 7400 - 0x4001 77FF Reserved
0x4001 7000 - 0x4001 73FF HPDF
0x4001 6C00 - 0x4001 6FFF Reserved
0x4001 6800 - 0x4001 6BFF SAI3
0x4001 6400 - 0x4001 67FF RDCM
0x4001 6000 - 0x4001 63FF SAI2
0x4001 5C00 - 0x4001 5FFF SAI1
0x4001 5800 - 0x4001 5BFF SAIO
0x4001 5400 - 0x4001 57FF Reserved
0x4001 5000 - 0x4001 53FF SPI4
0x4001 4C00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF TIMER16
0x4001 4400 - 0x4001 47FF TIMER15
0x4001 4000 - 0x4001 43FF TIMER14
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Pre-defined
Regions

Bus Address Peripherals
0x4001 3C00 - 0x4001 3FFF Reserved
0x4001 3800 - 0x4001 3BFF SPI15/12S5
0x4001 3400 - 0x4001 37FF SPI3
0x4001 3000 - 0x4001 33FF SPI10/12S0
0x4001 2C00 - 0x4001 2FFF ADC2
0x4001 2800 - 0x4001 2BFF ADCA1
0x4001 2400 - 0x4001 27FF ADCO
0x4001 2000 - 0x4001 23FF Reserved
0x4001 1C00 - 0x4001 1FFF Reserved
0x4001 1800 - 0x4001 1BFF Reserved
0x4001 1400 - 0x4001 17FF USART5
0x4001 1000 - 0x4001 13FF USARTO
0x4001 0C00 - 0x4001 OFFF Reserved
0x4001 0800 - 0x4001 OBFF Reserved
0x4001 0400 - 0x4001 O7FF TIMER7
0x4001 0000 - 0x4001 03FF TIMERO
0x4000 F800 - 0x4000 FFFF Reserved
0x4000 F400 - 0x4000 F7FF TIMERS51
0x4000 FOO0O - 0x4000 F3FF TIMERS50
0x4000 ECOO0 - 0x4000 EFFF Reserved
0x4000 E800 - 0x4000 EBFF TIMER30
0x4000 E400 - 0x4000 E7FF TIMER23
0x4000 EO0O - 0x4000 E3FF TIMER22
0x4000 DCOO - 0x4000 DFFF Reserved
0x4000 C400 - 0x4000 DBFF EDIM
0x4000 C000 - 0x4000 C3FF 12C2
0x4000 9800 - 0x4000 BFFF Reserved
0x4000 9400 - 0x4000 97FF MDIO

APB1 0x4000 8800 - 0x4000 93FF Reserved
0x4000 8400 - 0x4000 87FF CTC
0x4000 8000 - 0x4000 83FF Reserved
0x4000 7C00 - 0x4000 7FFF UART7
0x4000 7800 - 0x4000 7BFF UART6
0x4000 7400 - 0x4000 77FF DACO
0x4000 7000 - 0x4000 73FF Reserved
0x4000 6C00 - 0x4000 6FFF Reserved
0x4000 6800 - 0x4000 6BFF Reserved
0x4000 6400 - 0x4000 67FF Reserved
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C1
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Pre-defined
Regions Bus Address Peripherals
0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF UART4
0x4000 4C00 - 0x4000 4FFF UART3
0x4000 4800 - 0x4000 4BFF USART2
0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF RSPDIF
0x4000 3C00 - 0x4000 3FFF SPI12/12S2
0x4000 3800 - 0x4000 3BFF SPI11/1281
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF Reserved
0x4000 2C00 - 0x4000 2FFF Reserved
0x4000 2800 - 0x4000 2BFF Reserved
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF Reserved
0x4000 1C00 - 0x4000 1FFF Reserved
0x4000 1800 - 0x4000 1BFF Reserved
0x4000 1400 - 0x4000 17FF TIMERG6
0x4000 1000 - 0x4000 13FF TIMER5S
0x4000 0C00 - 0x4000 OFFF TIMER4
0x4000 0800 - 0x4000 OBFF TIMER3
0x4000 0400 - 0x4000 O7FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
0x3880 1000 - 0x3FFF FFFF Reserved
0x3880 0000 - 0x3880 OFFF Backup SRAM
0x3000 EO0O - 0x387F FFFF Reserved
0x3000 C000 - 0x3000 DFFF SRAM shared with FFT(8KB)
0x3000 A00O - 0x3000 BFFF SRAM shared with USBHS
RAM(8KB)
0x3000 9000 - 0x3000 9FFF SRAM shared with ENET
RAM(4KB)
SRAM shared with ENETO
SRAM 0x3000 8000 - 0x3000 8FFF RAM(4KB)
0x3000 4000 - 0x3000 7FFF SRAM1(16KB)
0x3000 0000 - 0x3000 3FFF SRAMO(16KB)
0x2410 0000 - 0x2FFF FFFF Reserved
0x240C 0000 - 0x240F FFFF Reserved
0x2408 0000 - 0x240B FFFF RAM(256KB) shared
(ITCM/AXI)
0x2400 0000 - 0x2407 FFFF AXI SRAM(512KB)
0x2008 0000 - 0x23FF FFFF Reserved
0x2007 0000 - 0x2007 FFFF Reserved
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Pre-defined
Regions Bus Address Peripherals
0x2006 0000 - 0x2006 FFFF Reserved
0x2005 0000 - 0x2005 FFFF Reserved
0x2004 0000 - 0x2004 FFFF Reserved
0x2001 C000 - 0x2003 FFFF
0x2001 8000 - 0x2001 BFFF
0x2001 0000 - 0x2001 7FFF
0x2000 D000 - 0x2000 FFFF
0x2000 C000 - 0x2000 CFFF
DTCM RAM(from ITCM/DTCM)

0x2000 8000 - 0x2000 BFFF
0x2000 5000 - 0x2000 7FFF
0x2000 2000 - 0x2000 4FFF
0x2000 1000 - 0x2000 1FFF
0x2000 0000 - 0x2000 OFFF
Ox1FFF FC10 - Ox1FFF FFFF Reserved
0x1FFF FCOO0 - Ox1FFF FCOF Reserved
Ox1FFF F818 - Ox1FFF FBFF Reserved
Ox1FFF F800 - Ox1FFF F817 Reserved
Ox1FFF FOO0O - Ox1FFF F7FF Reserved
O0x1FFF ECO00 - Ox1FFF EFFF Reserved
0x1FFF C010 - 0Ox1FFF EBFF Reserved
0x1FFF C000 - 0x1FFF COOF Reserved
0x1FFF B0O0O - Ox1FFF BFFF Reserved
O0x1FFF 8000 - Ox1FFF AFFF Reserved
Ox1FFF 7A10 - Ox1FFF 7FFF Reserved
Ox1FFF 7800 - Ox1FFF 7AQOF Reserved
Ox1FFF 7400 - OX1FFF 77FF Reserved
Ox1FFF 7000 - Ox1FFF 73FF Reserved

Code O0x1FFF 1A00 -Ox1FFF 6FFF Reserved
Ox1FFF 0000 - Ox1FFF 19FF OoTP
O0x1FEF 0000 - Ox1FFE FFFF System Memory
0x1002 0000 - Ox1FEE FFFF Reserved
0x1001 0000 - 0x1001 FFFF Reserved
0x1000 0000 - 0x1000 FFFF Reserved
0x0A00 D000 - OxOFFF FFFF Reserved
0x0A00 C000 - 0xOA00 CFFF Reserved
0x0A00 8000 - 0x0A00 BFFF Reserved
0x0AO00 0000 - 0xOA00 7FFF Reserved
0x08CO0 1000 - 0x09FF FFFF Reserved
0x08C0 0000 - 0x08C0 OFFF Reserved
0x0898 0000 - 0x08BF FFFF Reserved
0x0880 0000 - 0x0897 FFFF ECNVM
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Pre-defined

. Bus Address Peripherals
Regions

0x0840 0000 - 0x087F FFFF
0x083C 0000 - 0x083F FFFF
0x0830 0000 - 0x083B FFFF
0x0820 0000 - 0x082F FFFF
0x0810 0000 - 0x081F FFFF
0x0808 0000 - 0x080F FFFF
0x0806 0000 - 0x0807 FFFF

CNVM
0x0802 0000 - 0x0805 FFFF
0x0801 0000 - 0x0801 FFFF
0x0800 0000 - 0x0800 FFFF
0x0030 0000 - 0x07FF FFFF Reserved
0x0010 0000 - 0x002F FFFF Reserved
0x000A 0000 - 0x000F FFFF Reserved
0x0006 0000 - 0x0009 FFFF

RAM shared
0x0002 0000 - 0x0005 FFFF
0x0001 0000 - 0x0001 FFFF ITCM RAM
Dedicated

0x0000 0000 - 0x0000 FFFF
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2.5. Clock tree

Figure 2-3. GD32H77Rxx clock tree

Legend:
HXTAL: High speed crystal oscillator
LXTAL: Low speed crystal oscillator

LPIRC4M: Low Power Internal 4M RC oscillator
28
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2.6.

2.6.1.

IRC32K: Internal 32K RC oscillator
IRC48M: Internal 48M RC oscillators
IRC64M: Internal 64M RC oscillators

Pin definitions

GD32H77Rx BGA169 pin definitions

BGA169
Pin Pin 110
Pins | Type! | Level Functions description
Name 1 @
PE4 B2 1/0 Default: PE4
Alternate: TRACED1, TIMERO_BRKIN1, SAI0_DAT1,
HPDF_DATAIN3, TIMER14_MCHO, SPI3_NSS, SAI0_FSO0,
HDSL_CLK2, SAI2_FS0, ESC_MII2_TXD1, SAI2_DAT1,
EXMC_A4, EXMC_A20, DCI_D4, TLI_BO, EVENTOUT,
SAI3_FS0, SAI3_DAT1, HDSL_LINK
PE5 B3 1/0 Default: PE5
Alternate: TRACED2, TIMER40_BRKINO, SAI0_CLK1,
HPDF_CKIN3, TIMER14_CHO, SPI3_MISO, SAI0_SCKO,
HDSL_MISO1, SAI2_SCKO0, ESC_MII2_TXD2, SAI2_CLK1,
EXMC_A5, EXMC_A21, DCI_D®6, TLI_GO0, EVENTOUT,
SAI3_SCKO, SAI3_CLK1, HDSL_SMPL
PE6 A3 1/0 Default: PE6
Alternate: TRACED3, TIMERO_BRKINZ2, SAI0_DATO,
ESC_MII2_TXD3, TIMER14_CH1, SPI3_MOSI, SAI0_SDO,
HDSL_MOSI1, SAI2_SDO0, SAI2_DATO0, SAI1_MCLK1,
CMP_MUX_OUT3, EXMC_A22, DCI_D7, TLI_G1,
EVENTOUT, SAI3_SDO0, SAI3_DATO0
VSS E6 P Default: VSS
VDD E5 P Default: VDD
VBAT C2 P Default: VBAT
PC13 A1 1/0 Default: PC13
Alternate: EVENTOUT
Additional:RTC_TAMPO, RTC_TS, WKUP3, RTC_OUT,
COREPOROFFOUT
PC14- B1 1/0 Default: PC14
OSC32IN Alternate: EVENTOUT
Additional: OSC32IN
PC15- C1 1/0 Default: PC15
0SC320 Alternate: EVENTOUT
uT Additional:OSC320UT
VSSSMP B5 P Default: VSSSMPS
S
VLXSMP A5 P Default: VLXSMPS
S
VDDSMP A4 P Default: VDDSMPS
S
VFBSMP B4 P Default: VFBSMPS
S
VSS F5 P Default: VSS
PFO C3 1/0 Default: PFO

Alternate: SPI3_MISO, ESC_MII2_TX_SHIFTO, I12C1_SDA,
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USBHSO0_ULPI_D4, TIMER41_CHO, HDSL_SEL2,
OSPIM_P1_I00, SAI1_SDO0, EXMC_AO, TIMER22_CHO,
EVENTOUT

PF1

D3

I/0

Default: PF1

Alternate: SPI3_MOSI, ESC_MII2_TX_SHIFT1, I2C1_SCL,
USBHSO0_ULPI_D5, TIMER41_MCHO0, HDSL_MISQO2,
OSPIM_P1_101, SAI2_SCKO0, EXMC_A1, TIMER22_CHH1,
EVENTOUT

PF2/MDI
0o

C4

I/0

Default: PF2

Alternate: ESC_MDIO, ENETO_MDIOQ, I12C1_SMBA,
USBHSO0_ULPI_D6, HDSL_MOSI2, OSPIM_P1_102,
SPIO_NSS, 12S0_WS, EXMC_D23, EXMC_AZ2,
TIMER22_CH2, ENET1_MDIO, EVENTOUT

PF3/MD
c

D2

I/0

Default: PF3

Alternate: ESC_MCLK, ENETO_MDC, USARTO0_RX,
OSPIM_P1_103, EXMC_D22, EXMC_A3, TIMER22_CH3,
ENET1_MDC, EVENTOUT

Additional:ADC2_IN5

PF4

E3

I/0

Default: PF4

Alternate: TIMERO_MCH1, ESC_SCL, TIMER7_MCH1,
USARTO_TX, OSPIM_P1_nSCK, HPDF_DATAIN2,
USART2_RTS, USART2_DE, UART3_RTS, UART3_DE,
OSPIM_P1_SCK, SDIO1_D0, EXMC_D21, EXMC_A4,
TRIGSEL_OUT1, TLI_PIXCLK, EVENTOUT
Additional:ADC2_IN9

PF5

E2

I/0

Default: PF5

Alternate: TIMERO_MCH2, ESC_SDA, TIMER7_MCH2,
USARTO0_RX, HPDF_CKIN2, UART3_CTS,
OSPIM_P1_nSCK, SDIO1_D1, EXMC_AS5,
TRIGSEL_OUT5, TLI_G7, EVENTOUT
Additional:ADC2_IN4

VDD

J5

Default: VDD

PF6

A7

I/0

Default: PF6

Alternate: TIMER15_CHO, CAN2_RX, SAI3_SD1,
SPI4_NSS, SAI0_SD1, UART6_RX, SAI2_SD1,
OSPIM_PO0_IO3, EXMC_D24, TIMER22_CHO, EXMC_AG,
EVENTOUT

Additional:ADC2_IN8

PF7

B7

I/0

Default: PF7

Alternate: TIMER16_CHO, CAN2_TX, ESC_SYNCO,
OSPIM_P1_100, SPI4_SCK, SAI0O_MCLK1, UART6_TX,
SAI2_MCLK1, SAI3_MCLK1, OSPIM_P0_I02, EXMC_A4,
EXMC_D25, TIMER22_CH1, EVENTOUT
Additional:ADC2_IN3

PF8

H3

I/0

Default: PF8

Alternate: TIMER15_MCHO, ESC_SYNCH1,
OSPIM_P1_101, SPI4_MISO, SAI0_SCK1, UART6_RTS,
UART6_DE, SAI2_SCK1, SAI3_SCK1, OSPIM_P0_I00,
EXMC_D26, TIMER22_CH2, EVENTOUT
Additional:ADC2_IN7

PF9

J3

I/0

Default: PF9
Alternate: TIMER16_MCHO, ESC_LATCHO, SPI4_MOSI,
SAIO_FS1, UART6_CTS, SAI2_FS1, SAI3_FS1,
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OSPIM_PO0_IO1, EXMC_D27, TIMER22_CH3,
ENETO_PPS_OUT, EVENTOUT
Additional:ADC2_IN2

PF10

F1

I/0

Default: PF10

Alternate: TIMER15_BRKINO, SAIO_DAT2, ESC_LATCHH1,
DCI_D15, SAI3_SD0, OSPIM_P0_nSCK, OSPIM_P0_SCK,
SAI2_DAT2, SAI3_DAT2, DCI_D11, TLI_DE,
ENET1_PPS_OUT, EVENTOUT

Additional:ADC2_IN6

PHO-
OSCIN

D1

I/0

Default: PHO
Alternate: EVENTOUT
Additional:OSCIN

PH1-
0SCOUT

E1

I/0

Default: PH1
Alternate: EVENTOUT
Additional:OSCOUT

VSS

G5

Default: VSS

NRST

G1

I/0

Default: NRST

PCO

H1

I/0

Default: PCO

Alternate: EXMC_D12, ESC_EEPROM_SIZE,
HPDF_CKINO, TIMER7_CH2BRKIN, HPDF_DATAIN4,
TIMER40_CHO, SAI1_FS1, EXMC_A25,
USBHSO0_ULPI_STR, TLI_G2, EXMC_SDNWE,
TRIGSEL_INS, TLI_R5, EVENTOUT
Additional:ADC012_IN10

PC1

F2

I/0

Default: PC1

Alternate: TRACEDO, SAI2_DATO0, SAI0O_DATO,
HPDF_DATAINO, HPDF_CKIN4, SPI1_MQOSI, 12S1_8SD,
SAI0_SDO, TIMER40_MCHO, SAI2_SDO0, SDIO1_CK,
OSPIM_PO0_l04, ENETO_MDC, MDIO_MDC,
TRIGSEL_IN9, TLI_G5, EVENTOUT, SAI3_SDO0,
SAI3_DATO

Additional:ADC012_IN11, RTC_TAMP1, WKUP5

PC2

G2

I/0

Default: PC2

Alternate: PMU_DEEPSLEER, HPDF_CKIN1,
OSPIM_PO0_lO5, SPI1_MISO, HPDF_CKOUT, EXMC_D9,
OSPIM_P0_l02, USBHSO0_ULPI_DIR, ENETO_MII_TXD2,
EXMC_SDNEO, TRIGSEL_IN2, EVENTOUT
Additional:ADC012_IN12

PC2_C

H2

I/0

Default: PC2_C

Alternate: PMU_DEEPSLEEPR, HPDF_CKIN1,
OSPIM_PO0_l05, SPI1_MISO, HPDF_CKOUT, EXMC_D?9,
OSPIM_P0_102, USBHSO_ULPI_DIR, ENETO_MII_TXD2,
EXMC_SDNEO, TRIGSEL_IN2, EVENTOUT
Additional:ADC2_INO

PC3

F3

I/0

Default: PC3

Alternate: PMU_SLEEP, EXMC_D18, HPDF_DATAIN1,
OSPIM_PO_lO6, SPI1_MOSI, 1281_8SD, SPI1_SCK,
12S1_CK, OSPIM_P0_IO0, USBHS0_ULPI_NXT,
ENETO_MII_TX_CLK, EXMC_SDCKEO, EVENTOUT
Additional:ADC01_IN13

PC3_C

J2

I/0

Default: PC3_C
Alternate: PMU_SLEEP, EXMC_D18, HPDF_DATAIN1,
OSPIM_PO0_l106, SPI1_MOSI, 12S1_SD, SPI1_SCK,
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12S1_CK, OSPIM_P0_IO0, USBHSO_ULPI_NXT,
ENETO_MII_TX_CLK, EXMC_SDCKEO, EVENTOUT
Additional:ADC2_IN1

VSSA J1 P Default: VSSA
VREFN K1 P Default: VREFN
VREFP L1 P Default: VREFP
VDDA M1 P Default: VDDA
PAO N2 1/0 Default: PAO

Alternate: TIMER1_CHO, TIMER1_ETI, TIMER4_CHO,
TIMER7_ETI, TIMER14_BRKINO, SPI5_NSS, 12S5_WS,
OSPIM_PO0_IO6, USART1_CTS, UART3_TX, SDIO1_CMD,
SAI1_SD1, ENETO_MII_CRS, EXMC_A19, TRIGSEL_INO,
ESC_MIIM_LINK, ESC_RMIIM_LINK, EVENTOUT
Additional:ADCO_IN16, WKUPO

PA1 M2 I/0 Default: PA1

Alternate: TIMER1_CH1, TIMER4_CH1,
ESC_MIIM_RX_CLK, ESC_RMII_CLK_50M_IN,
TIMER14_MCHO, EXMC_NWAIT, USART1_RTS,
USART1_DE, UART3_RX, OSPIM_P0_IO3, SAI1_MCLK1,
ENETO_MII_RX_CLK, ENETO_RMII_REF_CLK,
OSPIM_P0_DQS, TRIGSEL_IN1, TLI_R2, EVENTOUT
Additional:ADCO_IN17

PA2 L2 I/0 Default: PA2

Alternate: TIMER1_CHZ2, TIMER4_CH2, TIMER14_CHO,
OSPIM_PO0_IO0, USART1_TX, SAI1_SCK1, EXMC_A7,
ENETO_MDIO, MDIO_MDIO, TRIGSEL_IN7, TLI_R1,
EVENTOUT

Additional:ADC01_IN14, WKUP1

PH2 N1 I/0 Default: PH2

Alternate: USART2_TX, TIMER40_CHO, OSPIM_PO0_I04,
SAI1_SCK1, ENETO_MII_CRS, EXMC_SDCKEQO, TLI_RO,
EVENTOUT

Additional:ADC2_IN13

PH3 N3 I/0 Default: PH3

Alternate: EXMC_SDCLK, TIMER40_MCHO,
OSPIM_PO0_IO5, SAI1_MCLK1, ENETO_MII_COL,
EXMC_SDNEO, TLI_G3, TLI_R1, EVENTOUT
Additional:ADC2_IN14

PH4 L4 I/0 Default: PH4

Alternate: USART2_RX, 12C1_SCL, TIMER40_BRKINO,
TLI_G5, USBHSO_ULPI_NXT, EXMC_NBL3, TLI_G4,
EVENTOUT

Additional:ADC2_IN15

PHS5 K7 I/0 Default: PH5

Alternate: 12C1_SDA, SPI4_NSS, TIMER41_CHO,
USBHSO0_ULPI_DO0, EXMC_SDNWE, EVENTOUT
Additional:ADC2_IN16

PA3 K2 I/0 Default: PA3

Alternate: TIMER1_CH3, TIMER4_CH3, OSPIM_P0_nSCK,
TIMER14_CH1, 12S85_MCK, OSPIM_P0_l02, USART1_RX,
EXMC_AS8, TLI_B2, USBHSO0_ULPI_DO, ENETO_MII_COL,
OSPIM_PO0_SCK, TRIGSEL_IN4, TLI_B5, EVENTOUT
Additional:ADCO01_IN15
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VDD E7 P Default: VDD
PA4 G4 1/0 Default: PA4

Alternate: TIMER4_ETI, EXMC_D13, SPIO_NSS, 12S0_WS,
SPI2_NSS, 1282_WS, USART1_CK, SPI5_NSS, 12S5_WS,
OSPIM_PO0_IO7, USBHSO0_ULPI_DO, EXMC_D8,
DCI_HSYNC, TLI_VSYNC, EVENTOUT
Additional:ADC01_IN18, DACO_OUTO

PA5 K3 I/0 Default: PA5

Alternate: TIMER1_CHO, TIMER1_ETI, TIMER7_MCHO,
EXMC_D14, SPIO_SCK, 12S0_CK, SPI5_SCK, 12S5_CK,
USBHSO0_ULPI_CK, MDIO_A0, EXMC_D9, DCI_D14,
TLI_R4, EVENTOUT

Additional:ADC01_IN19, DACO_OUT1

PAG L3 I/0 Default: PAG

Alternate: TIMERO_BRKINO, TIMER2_CHO,
TIMER7_BRKINO, EXMC_D15, SPI0_MISO,
OSPIM_PO0_IO3, SPI5_MISO, EXMC_D4,
CMP_MUX_OUTO0, MDIO_MDC, DCI_PIXCLK, TLI_G2,
EVENTOUT

Additional:ADC01_IN3

PA7 M3 I/0 Default: PA7

Alternate: TIMERO_MCHO, TIMER2_CH1, TIMER7_MCHO,
ESC_MIIM_RX_DV, ESC_RMIIM1_RX_DV, SPI0O_MOSI,
12S0_SD, SPI5_MOSI, 1285_SD, OSPIM_P0_l02,
ENETO_MII_RX_DV, ENETO_RMII_CRS_DV,
EXMC_SDNWE, TRIGSEL_IN5, TLI_VSYNC, EVENTOUT
Additional:ADCO01_IN7

PC4 G3 I/0 Default: PC4

Alternate: PMU_DEEPSLEEPR, EXMC_A22, HPDF_CKIN2,
12S0_MCK, ESC_MII1_RXDO0, ESC_RMII1_RXDO,
TIMER41_CHO, RSPDIF_CH2, SDIO1_CKIN,
ENETO_MII_RXDO, ENETO_RMII_RXDO0O, EXMC_SDNEO,
DCI_D15, TLI_R7, EVENTOUT

Additional:ADC01_IN4, CMPO_IM7

PC5 K4 I/0 Default: PC5

Alternate: PMU_SLEEP, SAI2_DAT2, SAI0_DAT2,
HPDF_DATAIN2, SAI3_DAT2, ESC_MII1_RXD1,
ESC_RMIIM_RXD1, TIMER41_MCHO, EXMC_D27,
RSPDIF_CH3, OSPIM_P0_DQS, ENETO_MII_RXD1,
ENETO_RMII_RXD1, EXMC_SDCKEO, CMPO_OUT,
TLI_DE, EVENTOUT

Additional:ADCO01_IN8

PBO J4 I/0 Default: PBO

Alternate: EXMC_D19, TIMERO_MCH1, TIMER2_CH2,
TIMER7_MCH1, OSPIM_PO0_IO1, EXMC_AO,
HPDF_CKOUT, ESC_MII1_RXD2, UART3_CTS, TLI_R3,
USBHSO0_ULPI_D1, ENETO_MII_RXD2, MDIO_A1,
TRIGSEL_OUTS3, TLI_G1, EVENTOUT
Additional:ADC01_IN9, CMPO_IPO

PB1 H4 I/0 Default: PB1

Alternate: EXMC_D20, TIMERO_MCH2, TIMER2_CH3,
TIMER7_MCH2, OSPIM_PO0_lO0, EXMC_A1,
HPDF_DATAIN1, ESC_MII1_RXD3, TLI_RS,
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USBHSO0_ULPI_D2, ENETO_MII_RXD3, MDIO_AZ2,
TRIGSEL_OUT4, TLI_GO0, EVENTOUT
Additional:ADC01_IN5, CMPO0_IM6

PB2 E4 1/0 Default: PB2

Alternate: RTC_OUT, SAI2_DATO0, SAI0_DATO,
EXMC_D10, HPDF_CKIN1, SAI3_SDO0, SAI0_SDO,
SPI2_MOSI, 12S2_SD, SAI2_SD0, OSPIM_P0_SCK,
OSPIM_P0_DQS, EXMC_NCE, MDIO_A3, TIMER22_ETI,
OSPIM_P0_nSCK, EVENTOUT, ESC_MII_CLK_25M,
ESC_RMII_CLK_50M_OUT, SAI3_DATO0

Additional: CMPQ_IP1

VSS H6 P Default: VSS

PE7 L5 1/0 5VT | Default: PE7

Alternate: TIMER1_CHO, TIMER1_ETI, TIMERO_ETI,
TIMER4_CHO, HPDF_DATAIN2, TIMER7_ETI, SPI4_MOSI,
TIMER14_BRKINO, UART6_RX, OSPIM_P0_I04,
EDIM_DO_GROUPO, EXMC_D4, EVENTOUT
Additional: CMP1_IM7

PE15 K5 110 Default: PE15

Alternate: TIMERO_BRKINO, SAI1_DAT1, TLI_HSYNC,
EXMC_D8, EXMC_D12, CMP_MUX_OUT4, TLI_R7,
ESC_EEPROM_SIZE, EVENTOUT

PB10 L10 110 Default: PB10

Alternate: EXMC_SDNWE, TIMER1_CH2,
ESC_MIIM_RX_ERR, ESC_RMII1_RX_ERR,
TIMER7_MCH1, 12C1_SCL, SPI1_SCK, 12S1_CK,
HPDF_DATAIN7, USART2_TX, SAI1_CLKO,
OSPIM_PO0O_CSN, USBHS0_ULPI_D3,
ENETO_MII_RX_ER, EXMC_NBL3, TRIGSEL_OUTZ2,
TLI_G4, EVENTOUT

VCORE B11 P Default: VCORE

VSS H5 P Default: VSS

VSS H7 P Default: VSS

VDD J7 P Default: VDD

PHG6 K11 I/0 Default: PH6
Alternate: TIMERO_CHO, TIMERO_MCHO, 12C1_SMBA,
SPI14_SCK, ENET1_MII_RXD2, TIMER41_MCHO,
ENETO_MII_RXD2, EXMC_SDNE1, DCI_D8, EXMC_NBLO,
EVENTOUT

PH7 L11 I/0 Default: PH7

Alternate: TIMERO_MCHO, EDOUT_A, 12C2_SCL,
SPI4_MISO, ENET1_MII_RXD3, TIMER41_BRKINO,
ENETO_MII_RXD3, EXMC_SDCKE1, DCI_D9,
EXMC_NBL1, EVENTOUT

PH8 K12 I/0 Default: PH8

Alternate: TIMERO_CH1, TIMER4_ETI, EDOUT_B,
12C2_SDA, SPI14_102, ENET1_MII_RXDO,
ENET1_RMII_RXDO, TIMER42_CHO, USART1_TX,
EXMC_D16, DCI_HSYNC, TLI_R2, EVENTOUT
PH9 L12 I/0 Default: PH9

Alternate: TIMERO_MCH1, EDOUT_Z, 12C2_SMBA,
SPI4_I03, ENET1_MII_RXD1, ENET1_RMII_RXD1,
TIMER42_MCHO0, USART1_RX, EXMC_D17, DCI_DO,
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TLI_R3, EVENTOUT

PH10 K13 1/0 Default: PH10

Alternate: TIMERO_CH2, TIMER4_CHO, 12C3_SMBA,
ENET1_MII_RX_ER, TIMER42_BRKINO, EXMC_A25,
EXMC_D18, DCI_D1, TLI_R4, EVENTOUT

PH11 L13 1/0 Default: PH11

Alternate: TIMERO_MCH2, TIMER4_CH1, 12C3_SCL,
ENET1_MI_RX_DV, ENET1_RMII_CRS_DV,
TIMER43_CHO, EXMC_D19, DCI_D2, TLI_R5, EVENTOUT
VSS H10 P Default: VSS

PH12 K10 110 Default: PH12

Alternate: TIMERO_BRKINO, TIMER4_CH2, 12C3_SDA,
ENET1_MII_RX_CLK, ENET1_RMII_REF_CLK,
TIMER43_MCHO0, EXMC_D20, DCI_D3, TLI_R®,
EVENTOUT

PB12 N8 1/0 5VT | Default: PB12

Alternate: ESC_MII_CLK_25M, TIMERO_BRKINO,
EXMC_D25, OSPIM_P0_nSCK, 12C1_SMBA, SPI1_NSS,
12S1_WS, HPDF_DATAIN1, USART2_CK,
ESC_RMII_CLK_50M_OUT, CAN1_RX,
USBHSO0_ULPI_D5, ENETO_MII_TXDO,
ENETO_RMII_TXDO0, OSPIM_PO0_l00, CMP_MUX_OUT2,
UART4_RX, EVENTOUT, SDIO1_D1, RDCM_ISIGN
PB13 M8 110 5VT | Default: PB13

Alternate: RTC_REFIN, TIMERO_MCHO, ESC_RSTN,
OSPIM_PO0_l02, SPI1_SCK, 12S1_CK, HPDF_CKIN1,
USART2_CTS, CAN1_TX, USBHS0_ULPI_DS6,
ENETO_MII_TXD1, ENETO_RMII_TXD1, SDIO0_DO,
DCI_D2, UART4_TX, EVENTOUT, SDIO1_D2,
RDCM_QSIGN

PB14 G13 110 Default: PB14

Alternate: TIMERO_MCH1, ESC_IRQ, TIMER7_MCH1,
USARTO_TX, SPI1_MISO, HPDF_DATAIN2, USART2_RTS,
USART2_DE , UART3_RTS, UART3_DE, SDIO1_D0,
EXMC_A2, EXMC_D10, TRIGSEL_OUT1, TLI_PIXCLK,
EVENTOUT, OSPIM_PO_CSN

PB15 H13 110 Default: PB15

Alternate: RTC_REFIN, TIMERO_MCH2, TIMER7_MCH2,
USARTO_RX, SPI1_MOSI, 12S1_SD, HPDF_CKIN2,
UART3_CTS, SDIO1_D1, EXMC_A11, EXMC_D11,
TRIGSEL_OUT5, TLI_G7, ESC_MII_CLK_25M,

EVENTOUT

VSS H8 P Default: VSS

PD9/PHY N9 1/0 Default: PD9
0_LED1 Alternate: TIMER15_CHO, TIMER40_CHO,

HPDF_DATAIN3, SDIO0_D3, USART2_RX, SAI1_CLK1,
HDSL_MISO2, EXMC_D14, TLI_VSYNC, ESC_MIIO_LINK,
ESC_RMIIO_LINK, EVENTOUT
PD8/PHY | J12 I/0 Default: PD8

0_CLK Alternate: TIMER15_BRKINO, HPDF_CKIN3,
EDIM_DI_GROUPO, SDIO0_D2, USART2_TX, SAI1_CLKO,
RSPDIF_CH1, HDSL_SEL2, EXMC_D13, TLI_RS,
ESC_MII_CLK_25M, EVENTOUT
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VSS H9 P Default: VSS
PD10/PH M9 1/0 Default: PD10
Y1_LED1 Alternate: TIMER16_CHO, TIMER40_MCHO,
HPDF_CKOUT, SAI0_DAT1, EXMC_D15, USART2_CK,
SAI1_DAT1, HDSL_MOSI2, EXMC_D13, EXMC_AS,
TLI_B3, ESC_MII1_LINK, ESC_RMII1_LINK, EVENTOUT
VSS F10 P Default: VSS
PD11/PH K6 1/0 Default: PD11
Y_RSTn Alternate: TIMER40_CH1, TIMER7_MCHS3, I12C3_SMBA,
SAIO_FSO0, ENETO_MII_TX_CLK, USART2_CTS,
SAI1_DAT2, OSPIM_PO0_IO0, SAI1_SD0, EXMC_A16,
EXMC_CLE, ENETO_MII_TXD2, EXMC_A9, ESC_RSTN,
EVENTOUT
PD12 K9 I/0 Default: PD12
Alternate: TIMER41_CH1, TIMER14_MCHO, TIMER3_CHO,
HDSL_CLK2, 12C3_SCL, CAN2_RX, EDOUT_A,
USART2_RTS, USART2_DE, OSPIM_PO0_lO1, SAI1_FS0,
EXMC_A17, EXMC_ALE, DCI_D12, EXMC_A10,
EVENTOUT
PD13 L9 1/0 Default: PD13
Alternate: TIMER42_CH1, TIMER14_CHO, TIMER3_CHT1,
12C3_SDA, CAN2_TX, EDOUT_B, OSPIM_P0_l03,
SAI1_SCKO0, EXMC_A18, DCI_D13, EXMC_A11,
EVENTOUT
PD14/PH J11 I/0 Default: PD14
Y1_CLK Alternate: TIMER43_CH1, TIMER3_CH2, SAI1_SDO,
SPI3_102, EDOUT_Z, UART7_CTS, EXMC_DO,
ESC_MII_CLK_25M, EVENTOUT
PD15 H11 I/0 Default: PD15
Alternate: TIMER44_CH1, TIMER3_CH3, SAI2_SCKO,
SPI3_I103, UART7_RTS, UART7_DE, EXMC_D1,
EVENTOUT
VSS F9 P Default: VSS
PJ8 C13 1/0 Default: PJ8
Alternate: TIMERO_MCH2, TIMER7_CHO, SPI4_102,
UART7_TX, TLI_G1, EVENTOUT
PJ9 D13 1/0 Default: PJ9
Alternate: TIMERO_CH2, TIMER7_MCHO, SPI4_I03,
UART7_RX, TLI_G2, EVENTOUT
PJ10 L8 1/0 Default: PJ10
Alternate: TIMERO_MCH1, TIMER7_CH1, SPI4_MOSI,
TLI_G3, EVENTOUT
PJ11 L7 1/0 Default: PJ11
Alternate: TIMERO_CH1, TIMER7_MCH1, SPI4_MISO,
TLI_G4, EVENTOUT
VSS F7 P Default: VSS
PKO K8 1/0 Default: PKO
Alternate: TIMERO_MCHO, TIMER7_CH2, SPI4_SCK,
CMP_MUX_OUTS, TLI_G5, EVENTOUT
VSS J6 P Default: VSS
VSS J8 P Default: VSS
VDD J9 P Default: VDD
PG7 L6 1/0 Default: PG7
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Pins | Type! | Level Functions description
1) @)

Pin
Name

Alternate: EXMC_D28, TIMER43_MCHO, TIMER30_CH?2,
HPDF_CKINO, SAI0O_MCLKO, USART5_CK,
OSPIM_P1_DQS, EXMC_D2, EXMC_INT, DCI_D13,
TLI_PIXCLK, ESC_MII2_RX_CLK, EVENTOUT

PG8 H12 I/0 5VT | Default: PG8

Alternate: EDIM_TCLK_GROUPO, TIMER43_CHO,
TIMER7_ETI, TIMER30_CH3, SPI5_NSS, 1285_WS,
ENET1_PPS_OUT, USART5_RTS, USART5_DE,
RSPDIF_CH2, ENETO_PPS_OUT, EXMC_SDCLK,
EXMC_D3, TLI_G7, ESC_MII2_RX_DV, EVENTOUT

VSS G8 P Default: VSS
VDD33U F13 P Default: VDD33USB

SB

PC6 J13 I/0 Default: PC6

Alternate: TIMERO_BRKIN1, TIMER2_CHO, TIMER7_CHO,
HPDF_CKINS, 12S1_MCK, ENET1_MDIO, USART5_TX,
SDIOO0_DATODIR, EXMC_NWAIT, SDIO1_D6, HDSL_LINK,
SDIO0_D6, DCI_DO, TLI_HSYNC, EVENTOUT

PC7 G11 1’0 Default: PC7

Alternate: ENET1_MII_TX_EN, ENET1_RMII_TX_EN,
TIMERO_CH3, TIMER2_CH1, TIMER7_CHT1,
HPDF_DATAIN3, ESC_MIIO_TX_EN, ESC_RMIIO_TX_EN,
12S2_MCK, USART5_RX, SDIO0_DAT123DIR,
EXMC_NEO, EXMC_NCE, SDIO1_D7, HDSL_MISO1,

SDIO0_D7, DCI_D1, TLI_G6, EVENTOUT

Additional: COREPOROFFOUT

PC9 G12 1/0 Default: PC9

Alternate: CK_OUT1, TIMERO_MCHS3, TIMER2_CH3,
TIMER7_CH3, 12C2_SDA, 12S_CKIN, ESC_MII0O_TXD3,
ENET1_MII_TXD3, UART4_CTS, OSPIM_P0_lO0, TLI_G3,
HDSL_SMPL, SDIO0_D1, DCI_D3, TLI_B2, EVENTOUT
VSS B10 P Default: VSS

PA8 E12 1/0 Default: PA8

Alternate: CK_OUTO0, TIMERO_CHO, TIMER22_CH3,
TIMER7_BRKIN2, 12C2_SCL, ENET1_MII_TXD2,
ESC_MIIO_TXD2, USARTO0_CK, HDSL_SEL1, EXMC_D16,
USBHSO0_SOF, UART6_RX, CMP_MUX_OUT1, TLI_B3,
TLI_R6, EVENTOUT

PA9 D12 1/0 5VT | Default: PA9

Alternate: TIMERO_CH1, TIMER23_CH2,
ENET1_MII_TXD1, ENET1_RMII_TXD1, 12C2_SMBA,
SPI1_SCK, 12S1_CK, ESC_MII0O_TXD1,
ESC_RMIIO_TXD1, USARTO_TX, HDSL_CLK1,
TRIGSEL_IN13, EXMC_D17, DCI_DO, TLI_RS5,
EDIM_DE_GROUP1, EVENTOUT
Additional:USBHSO0_VBUS

PA10 C12 1/0 5VT | Default: PA10

Alternate: TIMERO_CH2, TIMER23_CH3,
ENET1_MII_TXDO0, ENET1_RMII_TXDO,
TIMER7_CH3BRKIN, EXMC_D18, ESC_MII0O_TXDO,
ESC_RMIIO_TXDO0, USARTO_RX, HDSL_CLK2,
TRIGSEL_IN12, USBHSO0_ID, MDIO_MDIO, TLI_B4,
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DCI_D1, TLI_B1, EDIM_TCLK_GROUP1, EVENTOUT

PA11

B12

I/0

Default: PA11

Alternate: TIMERO_CH3, RDCM_PWM_P, SPI1_NSS,
12S1_WS, UART3_RX, USARTO_CTS, CANO_RX,
MDIO_A1, EXMC_A19, TRIGSEL_IN13, TLI_R4,
EDIM_DI_GROUP1,EVENTOUT
Additional:USBHS0_DM

PA12

A12

I/0

Default: PA12

Alternate: TIMERO_ETI, RDCM_PWM_N, SPI1_SCK,
12S1_CK, UART3_TX, USARTO_RTS, USARTO_DE,
SAI1_FS1, CANO_TX, EXMC_D15, MDIO_A2,
TIMERO_BRKIN2, TRIGSEL_IN12, TLI_R5,
EDIM_DO_GROUP1, EVENTOUT

Additional: USBHSO0_DP

PA13

B13

I/0

Default: JTMS, SWDIO, PA13

Alternate: TIMERO_BRKIN1, TIMER7_BRKIN1, SPI1_NSS,
12S1_WS, UART3_RX, USARTO_CTS, CANO_RX,
HDSL_SEL2, MDIO_A3, EXMC_INT, TRIGSEL_IN10,
TLI_R4, EVENTOUT

VCORE

A11

Default: VCORE

VSS

A10

Default: VSS

VSS

F8

Default: VSS

VDD

E10

T|(T|(T|T

Default: VDD

PH13

E11

Default: PH13

Alternate: TIMER7_MCHO, ENET1_MII_COL,
TIMER43_BRKINO, UART3_TX, CANO_TX,
USBHSO0_ULPI_DO, EXMC_D21, TLI_G2,
ESC_MII2_RXDO0, EVENTOUT

PH14

F11

I/0

Default: PH14

Alternate: TIMER7_MCH1, ENET1_MDIO, UART3_RX,
CANO_RX, EXMC_D22, DCI_D4, TLI_G3,
ESC_MII2_RXD1, EVENTOUT

PH15

F12

I/0

Default: PH15

Alternate: TIMER7_MCH2, DCI_HSYNC, ENET1_MII_CRS,
EXMC_D23, DCI_D11, TLI_G4, ESC_MII2_RXD2,
EVENTOUT

VSS

E8

Default: VSS

PA14

A13

I/0

Default: JTCK, SWCLK, PA14

Alternate: TLI_G7, SPI1_SCK, 12S1_CK, UART3_TX,
USARTO_RTS, USARTO_DE, SAI1_FS1, CANO_TX,
HDSL_MISO2, MDIO_A4, TIMERO_BRKINZ2,
TRIGSEL_IN11, TLI_RS5, EVENTOUT

PA15

E13

I/0

Default: JTDI, PA15

Alternate: TIMER1_CHO, TIMER1_ETI, ESC_MIIO_LINK,
ESC_RMIIO_LINK, ENET1_MII_COL, SPIO_NSS,
12S0_WS, SPI2_NSS, 12S2_WS, SPI5_NSS, 12S5_WS,
UART3_RTS, UART3_DE, TLI_R3, HDSL_MOSI2,
UART6_TX, MDIO_AO, TRIGSEL_OUTO, TLI_B®,
EVENTOUT

PC11

C11

I/0

5VT

Default: PC11

Alternate: TIMERO_ETI, TIMER2_CH3, HPDF_DATAINS,
EDIM_DE_GROUPO0, EXMC_NEO, EXMC_NCE,
SPI2_MISO, USART2_RX, UART3_RX, OSPIM_P0_CSN,
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1) @)

Pin
Name

EXMC_NBL2, MDIO_A2, SDIO0_D3, DCI_D4, TLI_B4,
EVENTOUT

PC10 D11 1/0 Default: PC10

Alternate: TIMER7_MCHO, TIMERO_CHS3,
ENET1_MII_CRS, HPDF_CKIN5, EXMC_CLK, SPI2_SCK,
12S2_CK, USART2_TX, UART3_TX, OSPIM_PO0_l0O1,
TLI_B1, MDIO_A1, SDIO0_D2, DCI_D8, TLI_R2,
EVENTOUT

PC12 D10 1/0 5VT | Default: PC12

Alternate: TRACED3, EXMC_D6, TIMER14_CHO,
ENET1_MII_RX_CLK, ENET1_RMII_REF_CLK,
ESC_MIIO_RX_CLK, ESC_RMII_CLK_50M_IN, SPI5_SCK,
12S5_CK, SPI2_MOSI, 12S2_SD, USART2_CK, UART4_TX,
EDIM_TCLK_GROUPO, TIMERO_CHOBRKIN, SDIO0_CK,
DCI_D9, TLI_R6, EVENTOUT

VSS G9 P Default: VSS

PD2 Cc10 110 5VT | Default: PD2

Alternate: TRACED2, EXMC_D7, TIMER2_ETI,
TIMER4_CH1, TIMER14_BRKINO, ESC_MII0_RX_DV,
ESC_RMIIO_RX_DV, ENET1_MII_RX_DV,
ENET1_RMII_CRS_DV, TLI_B4, UART4_RX, TLI_B7,
EDIM_DI_GROUPO, TIMERO_CH3BRKIN, SDIO0_CMD,
DCI_D11, TLI_B2, EVENTOUT

VSS G10 P Default: VSS
VDD J10 P Default: VDD
PG9 D9 I/0 Default: PG9

Alternate: EXMC_D30, CAN2_TX, TIMER7_BRKIN1,
TIMER3O0_ETI, SPI0_MISO, ENET1_MII_TX_CLK,
USART5_RX, RSPDIF_CH3, OSPIM_PO0_lO6, SAI1_FS1,
SDIO1_D0, EXMC_NE1, DCI_VSYNC,
ESC_MII2_RX_ERR, EVENTOUT

PG10 D8 I/0 Default: PG10

Alternate: EXMC_D31, CAN2_RX, OSPIM_P1_l06,
ESC_LINKACTO, SPIO_NSS, 12S0_WS, TLI_G3,
SAI1_SD1, SDIO1_D1, EXMC_NE2, DCI_D2, TLI_B2,
EVENTOUT

PG11 C9 I/0 Default: PG11

Alternate: EXMC_D29, ESC_LINKACT1, SPIO_SCK,
12S0_CK, ENET1_MII_TX_EN, ENET1_RMII_TX_EN,
RSPDIF_CHO0, OSPIM_P1_107, SDIO1_D2,
ENETO_MII_TX_EN, ENETO_RMII_TX_EN, DCI_D3,
TLI_B3, EVENTOUT

PG12 C8 I/0 Default: PG12

Alternate: ESC_IRQ, TLI_G5, ENETO_MII_TXD2,
OSPIM_P1_CSN, ESC_LINKACTZ, SPI5_MISO,
ENET1_MII_TXD2, USART5_RTS, USART5_DE,
RSPDIF_CH1, TLI_B4, SDIO1_D3, ENETO_MII_TXD1,
ENETO_RMII_TXD1, EXMC_NES3, TIMER22_CHO, TLI_B1,
EVENTOUT

PG13 D7 I/0 Default: PG13

Alternate: TRACEDO, ESC_RUNLED, SPI5_SCK, 12S5_CK,
ENET1_MII_TXDO, ENET1_RMII_TXDO, USART5_CTS,
TIMER44_CHO0, SDIO1_D6, ENETO_MII_TXDO,
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ENETO_RMII_TXDO, EXMC_A24, TIMER22_CH1, TLI_RO,
EVENTOUT

PG14

C7

I/0

Default: PG14

Alternate: TRACED1, ESC_ERRLED, SPI5_MOSI,
12S5_SD, ENET1_MII_TXD1, ENET1_RMII_TXD1,
USART5_TX, TIMER44_MCHO0, OSPIM_P0_I07,
SDIO1_D7, ENETO_MII_TXD1, ENETO_RMII_TXD1,
EXMC_A25, TIMER22_CH2, TLI_B0, EVENTOUT

VSS

F6

Default: VSS

PG15

C6

I/0

Default: PG15

Alternate: ESC_MII2_LINK, SPI0_NSS, 12S0_WS,
ENET1_MII_TXD3, USART5_CTS, TIMER44_BRKINO,
OSPIM_P1_DQS, EXMC_NE3, EXMC_SDNCAS,
DCI_D13, EVENTOUT

PB3

F4

I/0

5VT

Default: JTDO, TRACESWO, PB3

Alternate: TIMER1_CH1, TLI_PIXCLK,
ESC_MII2_RX_CLK, ENET1_MII_TX_CLK, SPIO_SCK,
12S0_CK, SPI2_SCK, 12S2_CK, EXMC_A12, SPI5_SCK,
12S5_CK, SDIO1_D2, CTC_SYNC, UART6_RX, MDIO_A4,
TRIGSEL_OUT7, TIMER23_ETI, EVENTOUT,
EDIM_TCLK_GROUPO

PB4

D4

I/0

Default: NOTRST, PB4

Alternate: TIMER15_BRKINO, TIMER2_CHO,
ESC_MII2_RX_DV, CAN1_TX, SPI0O_MISO, SPI2_MISO,
SPI1_NSS, 12S1_WS, SPI5_MISO, SDIO1_D3,
ENET1_MII_TXD3, UART6_TX, EXMC_A13,
TRIGSEL_OUT6, EXMC_SDCKEOQ, EVENTOUT,
EXMC_SDNEOQ, EXMC_D5

PB5

A9

I/0

Default: PB5

Alternate: ESC_MII2_RX_ERR, TIMER16_BRKINO,
TIMER2_CH1, TLI_B5, 12C0_SMBA, SPI0_MOSI, 12S0_SD,
12C3_SMBA, SPI2_MOSI, 1282_8SD, SPI5_MOSI, 12S5_SD,
CAN1_RX, USBHSO_ULPI_D7, ENETO_PPS_OUT,
EXMC_SDCKE1, DCI_D10, UART4_RX, EVENTOUT,
EXMC_A9

VSS

G7

Default: VSS

PB6

B9

I/0

Default: PB6

Alternate: TIMERO_MCH1, TIMER15_MCHO,
TIMER3_CHO, EXMC_D11, I12C0_SCL, ESC_MII2_RXDO,
12C3_SCL, USARTO_TX, ENET1_MII_TX_EN,
ENET1_RMI_TX_EN, CAN1_TX, OSPIM_P0O_CSN,
HPDF_DATAIN5, EXMC_SDNE1, DCI_D5, UART4_TX,
EVENTOUT, EXMC_NEO, EXMC_NCE, 12S2_MCK

PB7

D6

I/0

Default: PB7

Alternate: TIMERO_MCH2, TIMER16_MCHO,
TIMER3_CH1, TIMER7_CH1BRKIN, 12C0_SDA,
ESC_MII2_RXD1, I12C3_SDA, USARTO0_RX,
EXMC_SDNEO, HPDF_CKIN5, EXMC_NL, EXMC_NADYV,
DCI_VSYNC, EVENTOUT

BOOT

D5

I/0

Default: BOOT

PB8

A8

I/0

Default: PB8
Alternate: TIMER40_MCHO, TIMER15_CHO, TIMER3_CH2,
HPDF_CKIN7, 12C0_SCL, ESC_MII2_RXD2, 12C3_SCL,
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1) @)

Pin
Name

SDIOO0_CKIN, UART3_RX, CANO_RX, SDIO1_D4,
ENETO_MII_TXD3, SDIO0_D4, DCI_D6, TLI_B6,
EVENTOUT, EXMC_A10, EXMC_D26

PB9 B8 I/0 Default: PB9

Alternate: TIMER40_CHO, TIMER16_CHO, TIMER3_CHS3,
HPDF_DATAIN7, I2C0_SDA, SPI1_NSS, 12S1_WS,
12C3_SDA, SDIO0_CMDDIR, UART3_TX, CANO_TX,
SDIO1_D5, 12C3_SMBA, SDIO0_D5, DCI_D7, TLI_B7,
ESC_MII_CLK_25M, EVENTOUT

PEO AG I/0 Default: PEO

Alternate: SPI4_NSS, TIMER3_ETI, ESC_MII2_RXD3,
HDSL_LINK, UART7_RX, SAI1_MCLKO0, EXMC_NOE,
EXMC_NBLO, DCI_D2, TLI_R0, EVENTOUT

PE1 B6 I/0 Default: PE1

Alternate: SP14_SCK, ESC_MII2_TX_CLK, HDSL_SMPL,
UART7_TX, EXMC_NWE, EXMC_NBL1, DCI_D3, TLI_R6,

EVENTOUT
VSS G6 P Default: VSS
VDD E9 P Default: VDD
PE2 C5 I/0 Default: PE2

Alternate: TRACECK, TIMER23_CHO, SAIO_CLKO,
ESC_MII2_TX_EN, EXMC_A2, SPI3_SCK, SAI0_MCLKO,
HDSL_SEL1, SAI2_MCLKO0, OSPIM_P0_IO2, SAI2_CLKO,
ENETO_MII_TXD3, EXMC_A23, TIMER7_CHOBRKIN,
SAI3_CLKO, EVENTOUT, SAI3_MCLKO

PE3 A2 I/0 Default: PE3

Alternate: TRACEDO, TIMER23_CH1, SPI4_MISO,
ESC_MII2_TXDO, TIMER14_BRKINO, SPI3_SCK,
SAIO_SD1, HDSL_CLK1, SAI2_SD1, EXMC_NBLS3,
EXMC_A3, EXMC_A19, DCI_PIXCLK, SAI3_SD1,

EVENTOUT

PHYO_T M12 I/0 Default: PHYO_TD_P
D_P

PHYO_T N12 I/0 Default: PHYO_TD_N
D_N

PHYO_R M13 I/0 Default: PHYO_RD_P
D_P

PHYO_R N13 I/0 Default: PHYO_RD_N
D_N

PHYO_R M11 | Default: PHYO_RBIAS
BIAS

PHYO_R N11 | Default: PHYO_REFCLK_SEL

EFCLK_
SEL

PHYO_L M10 O Default: PHYO_LEDO
EDO

PHYO_V N10 P Default: PHYO_VCAP
CAP

PHY1_PI M6 I/0 Default: PHY1_TD_P

N_TD_P

PHY1_T N6 I/0 Default: PHY1_TD_N
D_N

PHY1_R M7 I/0 Default: PHY1_RD_P
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Name 1 @

D_P
PHY1_R N7 1/0 Default: PHY1_RD_N

D_N
PHY1_R M5 | Default: PHY1_RBIAS

BIAS
PHY1_R N5 | Default: PHY1_REFCLK_SEL
EFCLK_

SEL
PHY1_L M4 (0] Default: PHY1_LEDO

EDO
PHY1_V N4 P Default: PHY1_VCAP

CAP

(1) Type: | =input, O = output, P = power.
(2) 1/O Level: 5VT =5V tolerant.
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2.6.2. GD32H77Rxx pin alternate functions
Table 2-3. Port A alternate functions summary
Nzlr:e AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
TIMERT C ESC_MII1
—~| TIMER4_C|TIMER7_E | TIMER14_|SPI5_NSS/|OSPIM_P0| USART1_ SDIO1_C ENETO_MI| EXMC_A1 [TRIGSEL_| _LINK/ES |EVENTOU
PAO H01/T:E'\¢IER HO Tl BRKINO |12S5 WS | _I06 crs  |UARTETX “yp~ | SAM-SDY ) crs 9 INO |C_RMIIT_L T
- INK
ESC_MiIl1 ENETO_MI
TIMER1_C|TIMER4_C|=~-CH TivER14_| EXMC N USARTT_ | ) \rT3_R |osPiv_po| sait_mcL |'=RX-CW ospim_po| TRIGSEL EVENTOU
PA1 o o ESC_RMIl| "~ WAIT RTS/USAR X 103 K1 ENETO R |~ s N TLI_R2 T
_CLK_50M T1_DE - MII_REF_| ~—
_IN CLK
TIMER1_C|TIMER4_C TIMER14_ OSPIM_PO| USART1_ | SAI1_SCK ENETO_M |MDIO_MDI| TRIGSEL _ EVENTOU
PA2 H2 H2 CHO _100 TX 1 EXMC_AY DIO 0 IN7 TLLR1 T
TIMER1_C|TIMER4_C|OSPIM_PO| TIMER14_ OSPIM_PO| USART1_ USBHSO0_ |[ENETO_MI|OSPIM_PO| TRIGSEL _ EVENTOU
PA3 H3 H3 _nSCK cH1 _|/2S5-MCKI T 162 rx _|FXMCA8| TLLB2 | b po | I_coL _SCK IN4 TLLBS T
PA4 TIMER4_E EXMC_D1 [SPI0_NSS/|SPI2_NSS/| USART1_ [SPI5_NSS/|OSPIM_P0| USBHSO_ Exmc pg [PCI-HSYN| TLI_VSYN |EVENTOU
Tl 3 1250_WS | 12S52_Ws CK 1285 WS | 107 | ULPI_DO - C c T
TIMER1_C
- TIMER7_M| EXMC_D1 |SPI0_SCK/ SPI5_SCK/ USBHSO0_ EVENTOU
PA5 H01/T:EI\_/II_IIER CHO P 1250, CK 1255, OK ULPL CK | MDIO_A0 |EXMC_D9| DCID14 | TLI_R4 T
TIMERO_B |TIMER2_C|TIMER7_B|EXMC_D1 | SPIO_MIS [OSPIM_PO SPI5_MIS CMP_MUX| MDIO_MD DCI_PIXC EVENTOU
PA6 RKINO Ho RKINO 5 0 _103 o) EXMCD41 ™ 5uto C LK TH_G2 T
ESC_MiII1 ';:NF'{E;OE—)\'\//;'
PA7 TIMERO_M|TIMER2_C|TIMER7_M|_RX_DV/E |SPI0_MOS SPI5_MOS OSPIM_PO| o |[EXMC_SD| TRIGSEL_| TLI_VSYN | EVENTOU
CHO H1 CHO | SC_RMII1 | 112S0_SD 1/1285_SD _lo2 - NWE IN5 c T
RX DV MII_CRS_
- DV
TIMERO_C| TIMER22_ | TIMER7_B ENET1_MI| ESC_MIIO | USARTO_ | HDSL_SE | EXMC_D1 | USBHSO_ | UART6_R |CMP_MUX EVENTOU
PA8 | ckouto HO CH3 RiNg | 2C%-SCHT 1xp2 | _Txp2 CK L1 6 SOF X _ourt | '--B3 | TLLRS T
ENET1_MI ESC_MIIO
pAg |EPM_DE_|TIMERO_C|TIMER23_ |l TXD1/EN|I2C2_SMB SPI1_SCK/|_TXD1/ES | USARTO_ | HDSL_CL | TRIGSEL__ EXMC D1 o oo | 11 rs |EVENTOU
GROUP1 H1 CH2 |ET1I_RMI_| A 1281_CK |C_RMIIO_|  TX K1 IN13 7 - - T
TXD1 TXD1
EDIM TCL ENET1_MI ESC_MIIO
PA10 |k GRoUp|T'MERO_C|TIMER23_|I_TXDO/EN|TIMER7_C|EXMC_D1|_TXDO/ES | USARTO_ | HDSL_CL | TRIGSEL_|USBHSO_IMDIO_MDI| — o, | 1o o1 | 1 g1 |[EVENTOU
T H2 CH3  |ET1_RMII_| H3BRKIN 8 C_RMIIO_| RX K2 IN12 D 0 - - =T
TXDO TXDO
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Nzlnr:e AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
EDIM_DI_|TIMERO_C RDCM_P |SPI1_NSS/| UART3_R | USARTO_ EXMC_A1|TRIGSEL _ EVENTOU
PAT1 | Group1 H3 WM_P | 12S1_WS X CTS CANO_RX MDIO_A1 9 IN13 TLL_R4 T
USARTO
EDIM_DO |TIMERO_E RDCM_P |SPI1_SCK/ — EXMC_D1 TIMERO_B | TRIGSEL _ EVENTOU
PA12 GROUP1 ) WM.N | 1251 CK |UARTE_TX R'I_'rSO/UDSEAR SAI1_FS1| CANO_TX 5 MDIO_A2 | "' 0o IN12 TLI_R5 T
JTMS/SW | TIMERO_B TIMER7_B SPI1_NSS/| UART3_R | USARTO_ HDSL_SE TRIGSEL _ EVENTOU
PA13 DIO RKIN1 RKIN1 1251_WS X CTS CANO_RX L2 MDIO_A3 |EXMC_INT] ™ 1N10 TLI_R4 T
USARTO_
PA14 |JTCKSWC 1 a7 |SPN-SCKIGaRT3 Tx|RTS/USAR| SAI_Fs1 | cano_Tx |HPSEMIS| ypio_ag |TIMEROBITRIGSEL_| 7y | o | EVENTOU
LK 12S1_CK 02 RKIN2 IN11 T
TO_DE
ESC_MIIO
TIMER1_C " UART3_R
—'| _LINK/ES |ENET1_MI SPI0_NSS/|SPI2_NSS/|SPI5_NSS/ - HDSL_MO TRIGSEL _ EVENTOU
PA15 JTDI THOTIMER | - 0™ 1 cor 1250 WS | 1252 Ws | 1285 ws | TS/VART3 | TLI_R3 sz |UARTE_TX| MDIO_A0 | " TLI_B6 T
1_ETI _DE
INK
Table 2-4. Port B alternate functions summary
Pin
N AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15 | AF16 | AF17 | AF18
ame
pBo |EXMC_D|TIMERO_|TIMER2 |TIMER7_| OSPIM_|EXMC_A|HPDF_G|ESC MIl| UART3_| _ . USBF':I'SS I\EA:\IIEI;I—)(()B MDIO_A |TRIGSEL| . . [EVENTO
19 MCH1 | CH2 | MCH1 | PO_lO1 0 KOUT |1_RXD2| CTS B > 1 _OUT3 - uT
pBq1 |EXMC_D|TIMERO_|TIMER2_|TIMER7_| OSPIM_ |EXMC_A|HPDF_D |ESC_MIl L R6 USEF'::SS “EA:\IIEFIQB MDIO_A |TRIGSEL| . =~ [EVENTO
20 MCH2 | CH3 | MCH2 | PO_lOO 1 ATAIN1 | 1_RXD3 B 3 2 _OUT4 - uT
pg2 |RTC_OU SAI2_DA|SAI0_DA|EXMC_D|HPDF_C SAI3_SD|SAI0_SD gg:/?z_glz SAI2_SD| OSPIM_ | OSPIM_ [EXMC_N| MDIO_A | TIMER22 S?F:glé EVENTO Eg‘&—'\gg FSC(i—KRg/'O' SAI3_DA
T TO TO 10 KIN1 0 0 "sD 0 PO_SCK|P0_DQS| CE 3 _ETI K uT M mour| 10
JTDOMRI 1y \iery_| TLi_pix |ESCMIl ENETT_|SPIO_SCISPIZ_SCpy i A |SPIS_SClgh 01 bl cte_sy | uaRTe_ | MDIO_A [TRIGSEL [TiMER23| EVENTO [FDM-TC
PB3 |ACESW | ", OLK | 2-RX_C|MILTX_ | KN2S0_ | K282 | =" K/I285_C|™""7 NG RX 4 OUT7 ETI ur  |LK-GRO
0 LK CLK CK CK K - - UPO
PB4 |NyTRsT [TIMER15|TIMER2. ESI;:)_(MEI)I CAN1_T | SPIO_MI | SPI2_MI Ssljgg';ls SPI5_MI |SDIO1_D I\EI:\IIE‘I)ZB UART6_ |EXMC_A [TRIGSEL|EXMC_S|EVENTO |[EXMC_S|EXMC_D
_BRKINO| CHO | “~ (" X SO SO ws | SO 3 3 TX 13 _OUT6 | DCKEO | UT DNEO 5
ESC_MIl SPIO_M SPI2_M | SPI5_M USBHSO0 | ENETO_
PB5 |2 RX_E T'B'\gimg T"\éEHTZ— TLI_B5 'ZCSKSM 0SI/1280 'ZCE::;SM OSI/12S2 | 0SI/12S5 CA'\)'(LR _ULPI_D|PPS_OU ES(CMKCE—f DCI_D10 UA;IA'— EVETO EXN;C—A
RR |~ _SD _SD _SD 7 T
ENET1_
MIL_TX_ EXMC_N
pB6 |TMERO_|TIMER15|TIMER3_|EXMC_D|12C0_SC|ESC_MII|12C3_SC|USARTO| -\ - \'= | CAN1_T | OSPIM_|HPDF D [EXMC S| [, . | UART4_|EVENTO |0 1 (1252 MC
MCH1 | _MCHO | CHO 11 L 2_RXDO L _TX X  |PO_CSN| ATAIN5 | DNE1 - TX uT K
T1_RMII _NCE
_TX_EN
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Pin
N AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15 | AF16 | AF17 | AF18
ame
pg7 |TMERO_|TIMER16|TIMER3_ I:ImEBRFZE I2C0_SD|ESC_MII |12C3_SD | USARTO EXMC_S |HPDF_C E/)é%_cN DCI_VSY EVENTO
MCH2 | _MCHO | CH1 A |[2RXD1| A _RX DNEO | KIN5 | NC ut
IN NADV
pBg |TIMER40|TIMER15|TIMERS_|HPDF_C |12C0_SC|ESC_MII|I2C3_SC|SDIO0_C| UART3_ | CANO_R |SDIO1_D I\EI:\IIE':)(()B SDIO0D| 1 b | 11y e |EVENTO |EXMGC_A|EXMC D
_MCHO | _CHO | CH2 KIN7 L |2.RXD2| L KIN RX X 4 3 4 - - ut 10 26
SPI1_NS ESC_MII
pB9 |TIMER40|TIMER16(TIMER3_|HPDF D |12C0_SD |’y " |12C3_SD|SDIO0_C| UART3_ | CANO_T |SDIO1_D|12G3_SM|SDIO0_D| - | 1, g7 |EVENTO|" 0
_CHO | _CHO | CH3 | ATAIN7 A ws | A MDDIR | TX X 5 BA 5 - - ut Ty
ESC_MII
PB10 |EXMC_S|TIMER1_ ;ﬁégﬁ TIMER7_{12C1_SC SKF/’|'21§1SC HPDF_D | USART2 | SAI1_CL | OSPIM_ USLB;:SS “F;I'I‘I'E;g— EXMC_N|TRIGSEL| . =, |EVENTO
DNWE | CH2 MCH1 L ~ | ATAIN7 | _TX KO |PO_CSN|= .~ —"—| BL3 | _ouT2 - ut
_RMIIM_ CK 3 ER
RX_ERR
ENETO_
ESC-MIl| rivero_|Exmc_b| OSPM-112c1_sm|SPM-NS|ppr_p |usarT2 [ESC-RM cang_r|USBHSOIMILTXD | qp)y | CMPM ) prs | EVENTO [SDIOT_DIRDCM_IS
PB12 | CLK 25| o v 0| 5~ |PONSC |70 s2s1_ | o ok |M-CLK_5| ™" ="| ULPID|O/ENETO| 7 ° | UX_OUT| ~" T ] IGN
M K ws - OM_OouT 5 |_RMILT| — 2
XDO
ENETO_
PB13 | RTC_RE [TIMERO_ ESC_RS | OSPIM_ ‘1'/3"21518(3 HPDF_C | USART2 CAN1_T USLBF',':SS :A/ENTEXT% SDIO0_D| J/ o | UART4_ | EVENTO SDIOT_DIRDCM _Q
FIN | MCHO TN | PO_IO2 -| KINT | _CTS X |7 0 - X ut 2 SIGN
CK 6 |_RMI_T
XD1
USART2| | oo
PB14 TIMERO_| ESC_IR |TIMER7_| USARTO | SPI1_MI | HPDF_D| RTS/US| __ /- |SDIO1_D EXMC_A |EXMC_D | TRIGSEL|TLI_PIXC|EVENTO [OSPIM_P
MCH1 Q MCH1 | _TX SO | ATAIN2 | ART2_D 0 2 10 | _OouT1 LK UT | 0_CSN
£ |RT3.DE
ESC_MII SPI1_M
pB15 |RTC_RE|TIMERO_|" 2 L ITIMER7_| USARTO| Jo > | HPDF_C UART3_ |SDIO1_D EXMC_A|EXMC_D|TRIGSEL| _ | . |EVENTO
FIN | MCH2 |=77 =] MCH2 | _RX D KIN2 CTS 1 1 11 _0ouTs - utT
Table 2-5. Port C alternate functions summary
Pin
4 AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15 | AF16 | AF17 | AF18
ame
PCO EXMC_D ESSKAEE HPDF_C TC'QAZEBR;E HPDF_D | TIMER40| SAI1_FS |EXMC_A USE;:SS LI G2 |EXMC_S|TRIGSEL| . . |[EVENTO
12 —| KINO ATAIN4 | _CHO 1 25 | - - DNWE | _IN8 - utT
IZE IN TP
pcq |TRACED |SAI2_DA|SAI0_DA|HPDF_D|HPDF_C g;'/:z—g; SAI0_SD| TIMER40| SAI2_SD |SDIO1_C| OSPIM_ | ENETO_ | MDIO_M|TRIGSEL| . |EVENTO|SAI3_SD|SAI3_DA
0 TO TO | ATAINO | KIN4 D 0 _MCHOo 0 K P0_lO4 | MDC DC _IN9 - uT 0 TO
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Pin
N AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 | AF11 | AF12 | AF13 | AF14 | AF15 | AF16 | AF17 | AF18
ame
PC2 FI;'\F’,'g[EE HPDF_C| OSPIM_ | SPI1_MI | HPDF_C EXMC_D| OSPIM_ USE;:SS EI\I‘ETTQB EXMC_S | TRIGSEL EVENTO
- KIN1 | PO_105| SO | KOUT o | Pooz | | DNEO | _IN2 uT
PC2_C! FI;'\F’,'g[EE HPDF_C| OSPIM_ | SPI1_MI | HPDF_C EXMC_D| OSPIM_ USE;:SS EI\I‘ETTQB EXMC_S | TRIGSEL EVENTO
2) - KIN1 | P0_105| SO | KOUT o | ooz | | DNEO | _IN2 uT
pc3 |PMUSL|EXMC_D HPDF_D| OSPIM_ g;'/:z—g: SKF;I'21§1SC OSPIM_ USLBF','I'SS ,\EA'I\:EIQ— EXMC_S EVENTO
EEP 18 ATAIN1 | PO_I06 |~ & ox PO_I00 |~ Lk~ | DCKEO uT
PC3_C!|PMU_SL |EXMC_D HPDF_D| OSPIM_ gsp:/:z_g: SK|7||21§1SC OSPIM_ USLBF',':S,?‘ ,\EA'I\:EIQ— EXMC_S EVENTO
2) - | _| _TX_
EEP 18 ATAIN1 | PO_I06 |~ ox PO_I00 |~ Gk~ | DCKEO uT
ESC_MII ENETO_
PMU_DE 1_RXDO/ MII_RXD
PC4 |EPSLEE EX'\Z"ZC—A HPK?,\TZ—C 'ZS(L—MC ESC_RM T'MCEF%M RS;_?Z'F— SD:(?,\]—C O/ENETO Eé’:ﬂgas DCI_D15| TLI_R7 Evﬁﬁm
P 1 RXD| — _RMILR
0 XDO
ESC_MII ENETO_
1_RXD1/ MIl_RXD
pCs5 |PMU_SL|SAI2_DA|SAI0_DA|HPDF_D |SAI3_ DA Eso an| TMER41[EXMC_D|RSPDIF_| OSPIM_ | - |EXMC_S |CMPO_O|  |EVENTO
EEP T2 T2 | ATAN2 | T2 WV McHo | 27 CH3 |P0_DQs DCKEO | UT = uT
I11_RXD _RMILR
1 XD1
PCE TIMERO_[TIMER2_| TIMER7_[HPDF_C [1281_MC| ENET1_ [ USARTS [SDIO0_D|EXMC_N|SDIO1_D|HDSL_LI[$DIO0_D| _ ", [TLI_HSY [EVENTO
BRKINT| CHO | CHO | KIN3 K MDIO | _TX | ATODIR | WAIT 6 NK 6 - NC uT
ENET1_ ESC_MII
MILTX_ |1\ vEro.|TIMER2. |TIMER? | HPDF D| %-T%-F | 1282 Mc|usarTs [SRI0-DEXMC NI ) bltpst m|spioo b EVENTO
PC7 |ENENE | it cn1 | atama | VESC_ | x| AT123D1 | EOEXM 77 SO | oot | TLLes |
T1_RMII RMIIO_T - R | C_NCE
_TX_EN X_EN
ENET1
CK_OUT |TIMERO_|TIMER2_|TIMER7_|12C2_SD | 12S_CKI | ESC_MIl —| UART4_ | OSPIM_ HDSL_S |SDIO0_D EVENTO
PCO 1 MCH3 | CH3 | CH3 A N | 0_TXD3 M”*?’TXD cts | Po oo | M=% | mpL g |DPCLD3 | TLLB2 1Ty
TIMER7_|TIMERO_| ENET1_ | HPDF_C exmc_c|SP%-SC| ysarT2 | UARTS | OSPIM MDIO_A [SDIO0_D EVENTO
PC10 | "\icho | CH3 |MILCRS| KINS LK K/'éizf TX x| pPotor | TH-B1 1 o | DCLD8| TLLR2 17 \r
PC11 TIMERO_|TIMER2_| HPDF_D EE%':QB% ?é')fg(—,\;' SPI2_MI | USART2 | UART3_ | OSPIM_ |EXMC_N| MDIO_A[SDICO_D| [ o o | 11/ g4 |EVENTO
ETI CH3 | ATAIN5 |=- SO RX RX |P0O_CSN| BL2 2 3 - - uT
PO | C_NCE
ENET1_|ESC_MII
- 522" spi5_sc| sPi2_m EDIM_T |TIMEROQ
TRACED |EXMC_D|TIMER14| MIl_RX_| 0_RX_C — —V | USART2 | UART4_ - -SDIO0_C EVENTO
PC12 N 5 "oHo. |OLKENE| LveSC. K/Iczzii osgész oK i C(L)&C(;)R CH(I)'\I?RK « | DClb9 | TLLRe |~ 5T
T1_RMII | RMII_CL -
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Pin
N AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15 | AF16 | AF17 | AF18
ame
_REF_C [K_50M_|
LK N
EVENTO
PC13 ut
PC14-
0scC32i EVENTO
uT
N
PC15-
0SC32 EVERTO
ouT
Table 2-6. Port D alternate functions summary
Pin
- AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15 | AF16 | AF17 | AF18
ame
ESC_mii| = ET-
O RXD|  — " EDIM_DI | TIMERO
TRACED |[EXMC_D|TIMER2_|TIMER4_|TIMER14| -~ "= | DV/ENE UART4_ - ~|SDIO0_C EVENTO
PD2 5 7 ETl crt | BreiNo| VESC— |14 mwn | TH-B4 | TRy | TH-B7 | _GROUP|CHSBRK ™"\ =~|DCLD11| TLIB2 |~ o
RMIIO_R| " oo 0 IN
XDV =75
v
HP\?(?":: E(?S{'\gg TIMER15 HPDF_C Egg\g*UDF', SDIOO_ | USART2 | SAI1_CL |RSPDIF_| HDSL_S EXMC_D L1 R5 |EVENTO
|77 "7 | _BRKINO KIN3 - D2 _TX KO CH1 EL2 13 - uT
LK M 0
pD9/p | ESCMI
HYO L |0-LINK/E|TIMER15| TIMER40| HPDF_D SDIOO_ | USART2 | SAI1_CL HDSL_M EXMC_D TLI_VSY |[EVENTO
= [SC_RMII| _CHO | _CHO | ATAIN3 D3 _RX K1 1ISO2 14 NC uT
ED1
0_LINK
pD10/p | ESC-M!
HY1 L |!-LINK/E|TIMER16| TIMER40| HPDF_C SAI0_DA|EXMC_D| USART2 | SAI1_DA HDSL_M EXMC_D|EXMC_A| L | o, |EVENTO
—~ |SC_RMII| _CHO | _MCHO | KOUT T 13 _CK T1 osI2 15 6 - uT
ED1
1_LINK
l:ll\)(1 gsp TIMERA40 TIMER7_|12C3_SM|SAI0O_FS :\EA':EI% USART2 | SAI1_DA | OSPIM_ |SAI1_SD fggﬂf&é I\E/III\IIE'IT)?IS EXMC_A|EVENTO ESC_RS
Tn _CH1 MCH3 BA 0 ok | €18 T2 | P0O_IOO 0 CLE > 9 uT ™
USART2 EXMC. A
pp12 |TMER41|TIMER14|TIMER3_|HDSL_C (12C3_SC|CAN2_R |[EDOUT_|_RTS/US OSPIM_ | SAI1_FS 17exvclpel 12| EXMC_A|EVENTO
_CH1 | _MCHO | CHo LK2 L X A |ART2.D PO_IO1 0 ALE - 10 uT
E _
PD13 |TMER42|TIMER14 | TIMERS_ 12C3_SD | CAN2_T |EDOUT_ OSPIM_ [SAI1_SC EXMC_A| o q3|EXMC_A|EVENTO
_CH1 | _CHO | CH1 A X B PO_IO3 | KO 18 - 11 uT
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Pin
N AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15 | AF16 | AF17 | AF18
ame
7_3(114/('; TIMER43 TIMER3_|SAI1_SD SPI3_IO |[EDOUT_ UART7_ EXMC_D ECS&—'\Q'E') EVENTO
7| _CH1 CH2 0 2 z CTS 0 - ut
LK M
UART7_
TIMER44 TIMER3_|SAI2_SC SPI3_IO EXMC_D EVENTO
PD15 CH1 CH3 KO 3 RTS/UA 1 uT
- RT7_DE
Table 2-7. Port E alternate functions summary
Pin
- AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15 | AF16 | AF17 | AF18
ame
SPI4_NS|TIMER3_|ESC_MII HDSL_LI| UART7_ SAI1_MC|EXMC_N|EXMC_N EVENTO
PEO S ETI |2_RXD3 NK RX LKO OE Lo |DC-P2| THLRO I yp
SPI4_SC ESC_MIl HDSL_S | UART? EXMC_N|EXMC_N EVENTO
PE1 K 27T)|270L MPL. ™ We | L1 |DCLD3|TLLRE |~
pE2 |TRACEC|TIMER23|SAIO_CL ';S%ME" EXMC_A|SPI3_SC| SAIO_M | HDSL_S |SAI2_MC| OSPIM_ | SAI2_CL WETTQB EXMC_A BF“{I(;EBR}:IZ SAI3_CL |EVENTO [SAI3_MC
K _CHo Ko N 2 K CLKO EL1 LKO | P0O_I02 | KO 3 23 N KO uT LKO
pE3 |TRACED|TIMER23| SPI4_MI|ESC_MII|TIMER14|SPI3_SC|SAI0_SD|HDSL_C|SAI2_SD EXMC_N|EXMC_A|EXMC_A|DCI_PIX |SAI3_SD|EVENTO
0 _CH1 SO |2._TXDO | BRKINO| K 1 LK1 1 BL3 3 19 CLK 1 uT
PE4 |TRACED|TIMERO_|SAI0_DA|HPDF_D|TIMER14|SPI3_NS|SAI0_FS |HDSL_C|SAI2_FS|ESC_MIl |SAI2_DA|EXMC_A|EXMC_A| t o 1| 1| go |EVENTO [SAI3_FS|SAI3_DA|HDSL LI
1 BRKIN1 | T1 ATAIN3 | _MCHO S 0 LK2 0 2. TXD1| T4 4 20 - - uT 0 T NK
pE5 |TRACED|TIMER40| SAI0_CL|HPDF_C|TIMER14| SPI3_MI | SAI0_SC|HDSL_M|SAI2_SC|ESC_MIl |SAI2_CL|EXMC_AEXMC_A| o ol o | oo |EVENTO|SAI3_SC|SAI3_CL | HDSL_$
2 |_BRKINO| K1 KIN3 | _CHO SO Ko 1ISO1 KO |2.TXD2| K1 5 21 - - uT KO K1 MPL
pEG |TRACED|TIMERO_|SAIO_DA|ESC_MII| TIMER14| SPI3_M | SAI0_SDHDSL_M|SAI2_SD|SAI2_DASAI1_MC S)EAT)—L?{II' EXMC_A| 1 7 | 111 o1 |EVENTO [SAI3_SD|SAI3_DA
3 BRKIN2 | TO |2_TXD3| _CH1 osl 0 osi 0 TO LK1 B 22 - - uT 0 TO
PE7 E"T()E/?lh TIMERO_|TIMER4_| HPDF_D |TIMER7_| SPI4_M |TIMER14| UART6_ OSPIM_ E)Dgﬂgg EXMC_D EVENTO
er1 em| ET CHO | ATAIN2 | ETI OSlI |_BRKINO| RX PO_IO4 | 100 4 uT
ESC_EE CMP_M
TIMERO_ ~ | SAI1_DA |TLI_HSY |[EXMC_D|EXMC_D - EVENTO
PE15 BRKING PRIOZII\E/I_S - Ne 8 12 UX_40UT TLLR7 |77 0t
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Table 2-8. Port F alternate functions summary
Pin
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
Name
spi3_mis | ESC-MII2 USBHSO_ | TIMER41_ | HDSL_SE OSPIM_P1 TIMER22 EVENTOU
PFO o _TX_I__SHIF 12C1_8PA| ' oa | cHo | e oo |SAN_SDO EXMC_AO | T
spi3_mos| ESC-MI2 USBHSO_ | TIMER41_ [HDSL_MIS OSPIM_P1| SAI2_SCK TIMER22 EVENTOU
PF1 n _TX_I__1SHIF 12C1_SCL| 7o b | mcHo | o2 o1 0 EXMC A1 | T
PF2/MDI ESC_MDI | ENETO_M |12C1_SMB | USBHS0_ HDSL_MO OSPIM_P1|SPI0_NSS/|EXMC_D2| o\« o, | TIMER22_| ENET1_M | EVENTOU
o 0 DIO A ULPI_D6 SI2 _102 | 12S0_WS 3 - CH2 DIO T
PF3/MD ESC_MCL | ENETO_M | USARTO_ OSPIM_P1 EXMC_D2| o\ a5 | TIMER22_| ENET1_M | EVENTOU
( K DC RX _lo3 2 - CH3 DC T
USART2_ | UART3_R
TIMERO_M TIMER7_M| USARTO_ |OSPIM_P1| HPDF_DA - - |OSPIM_P1 EXMC_D2 TRIGSEL_ | TLI_PIXCL | EVENTOU
PF4 ont | ESC-SCL| T, ™ ThSCK | TaNz |RTS/USAR|TS/UARTS| ™™ (o " | SDIOT_DO ) EXMC_A4| " s K T
T2_DE _DE
TIMERO_M TIMER7_M| USARTO_ HPDF_CKI UART3_C |OSPIM_P1 TRIGSEL_ EVENTOU
PF5 CHp  |ESC_SDA|"" o0 RY N2 Ts “hsck |SPiot1D1 EXMC_AS | " e ™| TLLG7 T
TIMER15_ UART6_R OSPIM_PO EXMC_D2 | TIMER22_ EVENTOU
PF6 CHo | CAN2 RX SAI3_SD1 | SPI4_NSS | SAI0_SD1 X SAI2_SD1 103 P CHo _|EXMC_A6 T
TIMER16_ ESC_SYN |OSPIM_P1 SAI0_MCL SAI2_MCL | SAI3_MCL |OSPIM_P0 EXMC_D2 | TIMER22_ EVENTOU
PF7 CHo | CAN2.TX| = e o0 |SPH-SCK T AT IUARTE_TX) T o oz |EXMC_A4 5 CH1 T
UART6_R
PF8 TIMER15_ ESC_SYN |OSPIM_P1| SPI4_MIS | SAIO_SCK | o\ o | SAI2_SCK | SAI3_SCK |OSPIM_PO EXMC_D2 | TIMER22_ EVENTOU
MCHO c1 _lo1 0 1 DE 1 1 _loo 6 CH2 T
ENETO_P | TIMER16_ ESC_LATC SPI4_MOS UART6_C OSPIM_PO EXMC_D2 | TIMER22_ EVENTOU
PF9 Ps OUT | MCHO o | SAI0_FS1 Ts | SAI2_FST|SAI3_FsT = 0 7 oH3 T
ENET1_P | TIMER15_| SAI0_DAT |ESC_LATC OSPIM_P0|OSPIM_PO| SAI2_DAT | SAI3_DAT EVENTOU
PF10 PS_OUT | BRKING 5 " DCI_D15 SAI3_SDO | <o | sek 5 5 DCI_D11 | TLI_DE T
Table 2-9. Port G alternate functions summary
Pin
. AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ame
ESC_MII2 | EXMC_D2 | TIMER43_ TIMER30_ |HPDF_CKI|SAI0_MCL | USART5_ OSPIM_P1 TLI_PIXCL | EVENTOU
PG7 _RX_CLK 8 MCHO CH2 NO KO CK _DQs EXMC_D2 |EXMC_INT] DCLD13 K T
EDIM_TCL USART5
ESC_MII2 -~ Y| TIMER43_ | TIMER7_E | TIMER30_ |SPI5_NSS/| ENET1_P — |RSPDIF_C ENETO_P |[EXMC_SD EVENTOU
PG8 _Rx_Dv |K-CROUP| oo Tl CH3 | 1285.Ws | Ps_ouT |RTS/USARI ) PS_OUT |g EXMC_D3| TLLG7 T
0 T5_DE
ESC_MII2 | EXMC_D3 TIMER7_B | TIMER30_ | SPIO_MIS |ENET1_MI | USART5_ |RSPDIF_C|OSPIM_P0 EXMC_NE |DCI_VSYN EVENTOU
PG9 _RX_ERR 0 CAN2_TX | RKiINT ETI 0 ILTX CLK| RX H3 _lop | SAI-FST|SDIO1DO 1 c T
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Pin
N AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ame
EXMC_D3 OSPIM_P1|ESC_LINK|SPIO_NSS/ EXMC_NE EVENTOU
PG10 ) CANZ_RX | ™" o ACTO | 12S0.WS TLI_G3 |SAI1_SD1|SDIO1_D1 ” DCI_D2 | TLI_B2 T
ENET1_MI ENETO_MI
EXMC_D2 ESC_LINK|SPI0_SCK/|I_TX_EN/E RSPDIF_C|OSPIM_P1 I_TX_EN/E EVENTOU
PG11 9 ACT1 | 12S0_CK |NET1_RMI Ho o7 [SPIOLDP2IETo R DCID3 | TLLB3 T
I_TX_EN I_TX_EN
USARTS ENETO_MI
ENETO_MI|OSPIM_P1|ESC_LINK| SPI5_MIS |[ENET1_MI — |RSPDIF_C I_TXD1/EN|EXMC_NE | TIMER22_ EVENTOU
PG12 |ESC_IRQ| TLILG5 LTXD2 | _CsSN ACT2 5 LTxp2 |RTSIUSAR| ™ TLI_B4 |SDIO1D3| oo 3 CHO TLI_B1 T
T5_DE
TXD1
ENET1_MI ENETO_MI
ESC_RUN [SPI5_SCK/|I_TXDO/EN| USART5_ | TIMER44_ I_TXDO/EN| EXMC_A2 | TIMER22_ EVENTOU
PG13 | TRACEDO LED 1285_CK [ET1_RMI_| CTS CHO SDIOTD6 e rmil_ 4 CH1 TLIRO T
TXDO TXDO
ENET1_MI ENETO_MI
ESC_ERR [SPI5_MOS|I_TXD1/EN| USART5_ | TIMER44_ |OSPIM_PO I_TXD1/EN| EXMC_A2 | TIMER22_ EVENTOU
PG14 | TRACED1 LED |1/12S5_SD [ET1I_RMIl_|  TX MCHO o7 |SPOTPTierg rui 5 CH2 TLLBO T
TXD1 TXD1
PG15 |ESCMi2 SPI0_NSS/|ENET1_MI| USART5_ | TIMER44_ |OSPIM_P1 EXMC_NE |EXMC_SD| [, 1. EVENTOU
_LINK [2S0_WS | |_TXD3 CTS BRKINO | _DQS 3 NCAS - T
Table 2-10. Port H alternate functions summary
Pin
N AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ame
PHoO- EVENTOU
OSCIN T
PH1-
0SCOU EVENTOU
T
T
PH2 USART2_ TIMER40_ OSPIM_PO| SAI1_SCK |ENETO_MI | EXMC_SD 1L Ro |EVENTOU
TX CHO _104 1 I_CRS CKEO - T
EXMC_SD | TIMER40_ OSPIM_PO| SAI1_MCL |ENETO_MI | EXMC_SD EVENTOU
PH3 CLK MCHO _105 K1 I_CcoL NEO TL_G3 | TLR T
USART2_ TIMER40_ USBHSO0_ EXMC_NB EVENTOU
PH4 RX 12C1_SCL BRKINO TLLG5 | o) NXT L3 TLI_G4 T
TIMER41_ USBHSO0_ EXMC_SD EVENTOU
PH5 [2C1_SDA | SPI4_NSS CHO ULPI. DO NWE T
TIMERO_C|TIMERO_M 12C1_SMB ENET1_MI| TIMER41_ ENETO_MI|EXMC_SD EXMC_NB | EVENTOU
PH6 HO CHO A SPI4_SCKI™ "RxD2 | McCHo |_RXD2 NE1 bCl_b8 Lo T
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Pin
N AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15
ame
TIMERO_M SPI4_MIS |[ENET1_MI| TIMER41_ ENETO_MI|EXMC_SD EXMC_NB |EVENTOU
PH7 CHO EDOUT_A 12C2_SCL o) I_RXD3 | BRKINO I_RXD3 CKE1 DCI_D9 L1 T
ENET1_MI
TIMERO_C |TIMER4_E I_RXDO/E | TIMER42_ USART1_ EXMC_D1 |DCI_HSYN EVENTOU
PH8 1 ) EDOUT_B | 12C2_SDA | SP14_102 NET1RMI|  GHO iy 6 c TLI_R2 T
I_RXDO
ENET1_MI
TIMERO_M 12C2_SMB I_RXD1/E | TIMER42_ USART1_ EXMC_D1 EVENTOU
PH9 CH1 EDOUT_Z A SPI4_103 |\ - 1+ rmil McHo RX 7 DCI_DO | TLI_R3 T
I_RXD1
TIMERO_C|TIMER4_C 12C3_SMB ENET1_MI| TIMER42_ EXMC_A2 | EXMC_D1 EVENTOU
PH10 H2 HO A I_RX_ER | BRKINO 5 8 DCLD1 | TLIR4 T
ENET1_MI
TIMERO_M|TIMER4_C LRX_DV/ 1imeRas EXMC_D1 EVENTOU
PH11 - - 12C3_SCL ENET1_R - - DCI_D2 | TLI_R5
CH2 H1 CHO 9 T
MII_CRS_
DV
ENET1_MI
I_RX_CLK/
PH12 TIMERO_B |TIMER4_C 12C3_SDA ENET1 R TIMER43_ EXMC_D2 bl D3 | TLLRS EVENTOU
RKINO H2 MCHO 0 T
MII_REF_
CLK
ESC_MII2 TIMER7_M ENET1_MI| TIMER43_ USBHSO_ EXMC_D2 EVENTOU
PH13 _RXDO CHO I_COL | BRKINO UART3_TX| CANO_TX ULPI_DO 1 TL.e2 T
ESC_MII2 TIMER7_M ENET1_M UART3_R EXMC_D2 EVENTOU
PH14 " RXD1 CH1 bIO X CANO_RX 5 DCI_D4 | TLI_G3 T
ESC_MII2 |DCI_HSYN TIMER7_M ENET1_MI EXMC_D2 EVENTOU
PH15 "RXD2 i CH2 |_CRS 3 DCI_D11 | TLI_G4 T
Table 2-11. Port J alternate functions summary
Pin
. AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ame
TIMERO_M TIMER7_C EVENTOU
PJ8 CH2 Ho SPI4_102 UART7_TX TLI_G1 T
TIMERO_C TIMER7_M UART7_R EVENTOU
PJ9 H2 CHO SPI4_103 X TLI_G2 T
TIMERO_M TIMER7_C SPI14_MOS EVENTOU
PJ10 CH1 H1 | TLI_G3 T
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Pin
N AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ame
TIMERO_C TIMER7_M SPI4_MIS EVENTOU
PJ11 o CH1 o TLI_G4 T
Table 2-12. Port K alternate functions summary
Pin
. AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
ame
TIMERO_M TIMER7_C CMP_MUX EVENTOU
PKO CHO Ho SPI4_SCK “ouTe TLI_G5 T
Note:

(1) This feature only supports input functionality.

(2) For the usage of PC2_C and PC3_C alternate function, please refer to the user manual General-purpose and alternate-function 1/0Os chapter.
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3.

3.1.

Functional description

Arm® Cortex®-M7 core

The Arm® Cortex®-M7 processor is a highly efficient high-performance, embedded processor
that features low interrupt latency, low-cost debug, and has backwards compatibility with
existing Cortex-M profile processors. The processor has an in-order super-scalar pipeline that
means many instructions can be dual-issued, including load/load and load/store instruction
pairs because of multiple memory interfaces. The Cortex®-M7 is a high-performance
processor, which features a 6-stage superscalar pipeline with branch prediction and an
optional FPU capable of single-precision and optionally double-precision operations. The
instruction and data buses have been enlarged to 64-bit wide over the previous 32-bit buses.

The interfaces that the processor supports include:
Bl 64-bit AXI4 interface.

B 32-bit AHB master interface.

B 32-bit AHB slave interface.

Bl 64-bit instruction TCM interface.

B 2x32-bit data TCM interfaces.

The processor contains the following external interfaces:
AHBP interface.

AHBS interface.

AHBD interface.

External Private Peripheral Bus.

ATB interfaces.

TCM interface.

Cross Trigger interface.

MBIST interface.

AXIM interface.

The Cortex®-M7 processor is based on the Armv7-M architecture and supports a powerful
and scalable instruction set including general data processing I/O control tasks, advanced
data processing bit field manipulations, DSP and floating point instructions. Some system
peripherals listed below are also provided by Cortex®-M7:

Nested Vectored Interrupt Controller (NVIC).

Flash Patch and Breakpoint (FPB).

Data Watchpoint and Trace (DWT).

Instrumentation Trace Macrocell (ITM).

Embedded Trace Macrocell (ETM).

JTAG or SWD Debug Port.

Trace Port Interface Unit (TPIU).

Memory Protection Unit (MPU).
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B Floating Point Unit (FPU), double-precision.
B Load Store Unit (LSU).
Bl Data Processing Unit (DPU).
B Prefetch Unit (PFU).

3.2. On-chip memory
B Up to 2MB of code non-volatile memory (CNVM).
B Up to 3.5MB of extended code non-volatile memory (ECNVM) for instruction and data.
B Up to 512KB of on-chip SRAM (AXI SRAM).
B Up to 256KB of RAM shared by ITCM or DTCM.
B Up to 256KB of RAM shared by ITCM or AXISRAM.
B Up to 128KB of dedicated ITCM
B 16KB of SRAMO and 16KB of SRAM1
B 4KB of backup SRAM.
B RAM ECC monitor for each Region.
The GD32H77Rxx main NVM consists of: A code non-volatile memory (CNVM) block of up
to 2048 KB, it is divided into 32 sectors; A extended code non-volatile memory (ECNVM)
block of up to 3584 KB, it is divided into 56 sectors; An information block of 128 KB; A check
information block of 32 KB; A special region dedicated to option byte storage, accessible by
the application software only through the AHB slave interface.
The devices of GD32H77Rxx series contain up to 512KB of on-chip SRAM (AXI SRAM), and
up to 256KB of RAM shared by ITCM or DTCM, 256KB of RAM shared by ITCM or AXISRAM,
128KB of dedicated ITCM, 16KB of SRAMO and 16KB of SRAM1, 4KB of backup SRAM. All
of AHB SRAM support byte, half-word (16 bits), and word (32 bits) accesses. The on-chip
SRAM (AXI SRAM) support byte, half-word (16 bits), word (32 bits) and double words (64 bits)
accesses. SRAMO and SRAM1 can be accessed by almost all AHB masters. The backup
SRAM (BKPSRAM) is implemented in the backup domain, which can keep its content even
when the VDD power supply is down.
Table 2-2. Memory map of GD32H77Rxx devices hows the memory map of the
GD32H77Rxx series of devices, including NVM, SRAM, peripheral, and other pre-defined
regions.

3.3. Clock, reset and supply management

Internal 64 MHz factory-trimmed RC and external 4 to 50 MHz crystal oscillator.
Internal 48 MHz RC oscillator.

Low power internal 4 MHz RC oscillator.

Internal 32 KHz RC calibrated oscillator and external 32.768 KHz crystal oscillator.
Integrated system clock PLL.

1.71 to 3.6V application supply and 1/Os.

54



&

GigaDevice

GD32H77Rxx Datasheet

3.4.

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

The Clock Control Unit (CCTL) provides a range of oscillator and clock functions. These
include internal RC oscillator and external crystal oscillator, high speed and low speed two
types. Several prescalers allow the frequency configuration of the AXI, three AHB and four
APB domains. The maximum frequency of the system clock can be up to 600 MHz. The
maximum frequency of the three AHB domains are 300 MHz. The maximum frequency of the
four APB domains including APB1 = APB3 = APB4 is 150 MHz and APB2 is 300 MHz. See
Figure 2-3. GD32H77Rxx 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 except for the SW-DP controller and the Backup domain.
Power-on reset (POR) and power-down reset (PDR) are always active, and ensures proper
operation starting from 1.53V and down to 1.48V. 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 Voorange: 1.71V to 3.6V, external power supply for I/Os and the internal regulator, RCs
and PLL. Provided externally through Vpp pins.

B Vssa, Vooa range: 1.71V to 3.6V, external analog power supplies for ADC, reset blocks,
Vppa and Vssa must be connected to Vpp and Vss, respectively.

B Vear range: 1.71V to 3.6V, power supply for RTC, external clock 32 KHz oscillator and
backup registers (through power switch) when Vpp is not present.

Boot modes

GD32H77Rxx supports four BOOT modes, including:
B USERBOOT

B SECURITY BOOT

B SYSTEMBOOT

B SRAMBOOT

At startup, the boot memory space is selected by the BOOT pin and BOOT_ADDRO/1 in Boot
address, allowing to program any boot memory address from 0x0000 0000 to 0x9000 0000.

The boot loader is located in non-user System memory. It is used to reprogram the NVM by
using USARTO (PA9 and PA10), USART1 (PA2 and PA3), USBHSO0 (PA11 and PA12) and
SDIOO0 (PC12, PD2, PB13, PC9, PC10 and PC11) in device mode. It also can be used to
transfer and update the NVM code, the data and the vector table sections.

Note: When booting from system memory, the BootLoader detects the firmware upgrade
interface through the pins mentioned above. Signals on these pins may cause the BootLoader
to select an incorrect interface, while signals output by the BootLoader may also affect
peripherals connected to these pins. During the hardware design stage, please refer to AN298
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3.5.

3.6.

3.7.

Precautions for GD32H77x H78x BooftlLoader Operations chapter 2, for information on
the interface detection process, pin usage at each stage, and hardware design
recommendations.

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.

Bl 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.

Bl Deep-sleep mode
In deep-sleep mode, all clocks in the Vcore domain are off, and all of LPIRC4M, IRC48M,
IRC64M, HXTAL and PLLs 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 event, LXTAL clock stuck, the VAVD \ LVD \ VOVD \ VUVD, CMP output,
LPDTS wakeup, ENET wakeup, RTC wakeup, CAN wakeup, 12C wakeup, and USART
wakeup. When exiting the deep-sleep mode, the IRC64M 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
IRC48M, LPIRC4M, IRC64M, HXTAL and PLLs are disabled. The contents of SRAM
and registers in Vcore power domain are lost. There are five wakeup sources for the
standby mode, including the external reset from NRST pin, the RTC, the FWDGT reset,
WKUP pins and LCKMD.

Trigger selection controller (TRIGSEL)

B Supports different optional trigger inputs.
B Trigger input source could be external input signal or output of peripheral.
B Trigger selection output could be for external output or peripheral.

The trigger selection controller (TRIGSEL) allows software to select the trigger input signal
for various peripherals. TRIGSEL provides a flexible mechanism for a peripheral to select
different trigger inputs. Every output could select from different trigger input signal.

General-purpose and alternate-function 1/0Os (GPIO and AFIO)

B Output push-pull/open drain enable control.
B Analog input/output configuration.

56


https://www.gd32mcu.com/en/download?kw=298&lan=en

&

GigaDevice

GD32H77Rxx Datasheet

3.8.

3.9.

3.10.

B Alternate function input/output configuration.

Each GPIO port 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 Unit (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 or open-drain),
input, peripheral alternate function or analog mode. Most of the GPIO pins are shared with
digital or analog alternate functions. All GPIOs are high-current capable except for analog
mode.

CRC calculation unit (CRC)

Supports 8/16/32 bits data input.

For 7(8)/16/32 bits input data length, the calculation cycles are 1/2/4 AHB clock cycles.
User configurable polynomial value and size.

Free 8-bit register is unrelated to calculation and can be used for any other goals by any
other peripheral devices.

A cyclic redundancy check (CRC) is an error-detecting code commonly used in digital
networks and storage devices to detect accidental changes to raw data. The CRC calculation
unit can be used to calculate 7/8/16/32 bits CRC code within user configurable polynomial.

True random number generator (TRNG)

B LFSR (Linear Feedback Shift Register) mode and NIST (National Institute of Standards
and Technology) mode to generate random number.

About 40 periods of TRNG_CLK are needed between two consecutive random numbers
in LFSR mode.

32-bit random numbers are generated each time in LFSR mode.

TRNG NIST mode follows the NIST SP800-90B.

Support health tests recommended by the NIST SP800-90B.

32-bit*4 or 32-bit*8 random numbers are generated each time in NIST mode.

TRNG has the functions of startup and health tests, associated with specific error flags.

The true random number generator (TRNG) module can generate a 32-bit random value by
using continuous analog noise and it has been pre-certified NIST SP800-90B.

Cryptographic Acceleration Unit (CAU)

B AES encryption / decryption algorithms are supported.
B Multiple modes are supported respectively in AES, including Electronic codebook (ECB),
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3.11.

Cipher block chaining (CBC), Counter mode (CTR), Galois / counter mode (GCM),
Galois message authentication code mode (GMAC), Counter with CBC-MAC (CCM) ,
cipher message authentication code mode (CMAC), Cipher Feedback mode (CFB) and
Output Feedback mode(OFB).

B DMA transfer for incoming and outgoing data is supported.

AES

B Supports the ECB, CBC, CTR, GCM, GMAC, CCM, CMAC, CFB and OFB chaining
algorithms.

B Supports 128-bit, 192-bit and 256-bit keys.

B Four 32-bit initialization vectors (IV) are used in CBC, CTR, GCM, GMAC, CCM, CMAC,
CFB and OFB modes.

B 8*32-bit input and output FIFO.

B Multiple data types are supported, including No swapping, Half-word swapping Byte
swapping and Bit swapping.

B Data can be transferred by DMA, CPU during interrupts, or without both of them.

B Support to use initial key from OTP by setting KEY_SEL register.

The cryptographic acceleration unit (CAU) is used to encipher and decipher data with AES
(128, 192, or 256) algorithms. AES algorithms with different key sizes are supported to
perform data encryption and decryption in the CAU in multiple modes. The CAU is a 32-bit
peripheral, DMA transfer is supported and data can be accessed in the input and output FIFO.

Hash Acceleration Unit (HAU)

Federal Information Processing Standards Publication 180-4(FIPS PUB 180-4).
Secure Hash Standard specifications (SHA-1, SHA-224, SHA-256).

Internet Engineering Task Force Request for Comments number 1321 (IETF RFC
1321) specifications (MD5).

High performance of computation of hash algorithms.

Automatic data padding to fill the 512-bit message block for digest computation.
DMA transfer is supported.

Hash / HMAC process suspended mode.

The hash acceleration unit (HAU) is used for information security. The secure hash algorithm
(SHA-1, SHA-224, SHA-256), the message-digest algorithm (MD5) and the keyed-hash
message authentication code (HMAC) algorithm are supported for various applications. The
digest will be computed and the length is 160 / 224 / 256 / 128 bits for a message up to (264
- 1) bits computed by SHA-1, SHA-224, SHA-256 and MD5 algorithms respectively. In HMAC
algorithm, SHA-1, SHA-224, SHA-256 or MD5 will be called twice as hash functions and
authenticating messages can be produced.
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3.12. Public Key Cryptographic Acceleration Unit (PKCAU)
B Support RSA/DH algorithms with up to 3136 bits of operands
B Support ECC algorithm with up to 640 bits of operands
B Embedded RAM of 3584 bytes
B Conversion between the Montgomery domain and the natural domain
B Only 32-bit access is supported
Public key encryption is also called asymmetric encryption, asymmetric encryption algorithms
use different keys for encryption and decryption. The Public Key Cryptographic Acceleration
Unit (PKCAU) can accelerate RSA (Rivest, Shamir and Adleman), Diffie-Hellmann (DH key
exchange) and ECC (elliptic curve cryptography) in GF(p) (Galois domain). These operations
are performed in the Montgomery domain to improve computational efficiency.

3.13. Direct memory access controller (DMA)
B Two AHB master interface for transferring data, and one AHB slave interface for

programming DMA.
B 16 channels (8 for DMAO and 8 for DMA1) and each channel are configurable.
B Support independent single, 4, 8, 16-beat incrementing burst memory and peripheral
transfer.

B Support independent 8, 16, 32-bit memory and peripheral transfer.
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.
Two AHB master interfaces and eight four-word depth 32-bit width FIFOs are presented in
each DMA controller, which achieves a high DMA transmission performance. There are 16
independent channels in the DMA controller (8 for DMAO and 8 for DMA1). Each channel is
assigned a specific or multiple target peripheral devices for memory access request
management. Two arbiters respectively for memory and peripheral are implemented inside to
handle the priority among DMA requests.

3.14. Master direct memory access controller (MDMA)

B 16 channels, each channel supports software triggering and requests can be selected
among any request source.

B Support independent single, 2, 4, 8, 16, 32, 64, 128-beat incrementing burst source and
destination transfer.

B Support three transfer modes:
- Read from memory and write to memory (software triggered).
— Read from peripheral and write to memory (or memory mapped peripherals).

59



&

GigaDevice

GD32H77Rxx Datasheet

3.15.

3.16.

- Read from memory (or memory mapped peripherals) and write to peripheral.

B Automatic pack / unpack of data to optimize bandwidth when the data width of the source
and destination are different.

B 34 hardware trigger sources, all channels can be connected to any hardware trigger
source.

B Two FIFOs of 16 double word depth to maximize data bandwidth and bus utilization.

The master direct memory access (MDMA) controller provides a hardware method of
transferring data between peripherals and/or memory without intervention from the CPU,
thereby increasing system performance by off-loading the CPU from copying large amounts
of data and avoiding frequent interrupts to serve peripherals needing more data or having
available data. MDMA can be used in combination with a DMA controller (DMAO or DMA1) to
provide up to 16 channels. Each channel request can be selected among any request source.
The built-in arbiter is used to handle priority among MDMA requests.

DMA request multiplexer (DMAMUX)

B 16 channels for DMAMUX request multiplexer.
B 8 channels for DMAMUX request generator.
B Support 59 trigger inputs and 51 synchronization inputs.

DMAMUX is a transmission scheduler for DMA requests. The DMAMUX request multiplexer
is used for routing a DMA request line between the peripherals / generated DMA request
(from the DMAMUX request generator) and the DMA controller. Each DMAMUX request
multiplexer channel selects a unique DMA request line, unconditionally or synchronously with
events from its DMAMUX synchronization inputs. The DMA request is pending until it is
served by the DMA controller which generates a DMA acknowledge signal (the DMA request
signal is de-asserted).

Fast Fourier Transform (FFT)

Support 1024 / 512 / 256 / 128 / 64 / 32 points FFT.

Support IFFT mode.

IEEE-754 single precision float point complex number input and output data.
DMA master to load and store data.

Support window function configured in memory.

Support input down sample.

The Fast Fourier Transform (FFT) is an efficient computation of the Discrete Fourier
Transform (DFT). The module supports CPU to offload FFT operations. Compared to a
software implementation, it can accelerate calculations and time critical tasks. The module
supports 6 configuration FFT point number up to 1024, and input and output data should be
IEEE-754 single precision float point complex number.
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3.17. Analog to digital converter (ADC)

Bl High performance.
— ADC sampling resolution: ADCO and ADC1, 14-bit,12-bit, 10-bit or 8-bit configurable
resolution. ADC2, 12-bit, 10-bit, 8-bit or 6-bit configurable resolution.
- Programmable sampling time.
— Data storage mode: the most significant bit and the least significant bit
— DMA support.
B Analog input channels.
— 20 external analog inputs in ADCO, 18 external analog inputs in ADC1, 17 external
analog inputs in ADC2.
— Internal temperature sensor (Vsense).
- Internal reference voltage (VrerinT).
— External battery power supply pin (Vgar).
- Internal high-precision temperature sensor (Vsense2).
— Connection to DAC internal channels.
B Start-of-conversion can be initiated.
- By software.
- By TRIGSEL.
B Operation modes.
— Converts a single channel or scans a sequence of channels.
— Single operation mode converts selected inputs once per trigger.
— Continuous operation mode converts selected inputs continuously.
— Discontinuous operation mode.
— SYNC mode (the device with two ADCs).
Bl Conversion result threshold monitor function: analog watchdog.
B Interrupt generation.
— Atthe end of routine / inserted conversions.
- Analog watchdog event.
- Overflow event.
B Oversampler.
— 32-bit data register in ADCO and ADC1, 16-bit data register in ADC2.
- In ADCO and ADC1, Oversampling ratio arbitrarily adjustable from 2x to 1024x, In
ADC2, Oversampling ratio arbitrarily adjustable from 2x to 256x.
- In ADCO and ADC1, Programmable data shift up to 11-bit, In ADC2,
Programmable data shift up to 8-bit.
B Channel input range: Vrern <=Vin <=Vrerep.
B Data can be routed to HPDF for post processing.

A 12/ 14-bit successive approximation analog-to-digital converter module(ADC) is integrated
on the MCU chip. ADCO has 20 external channels, 2 internal channel(DACO0_OUTO channel,
VREFINT inputs channel), ADC1 has 18 external channels, 3 internal channels(the battery
voltage, VREFINT inputs channel and DACO_OUT1 channel), ADC2 has 17 external
channels, 3 internal channels(the battery voltage, temperature sensor and high-precision
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temperature sensor). After sampling and conversion, the conversion results can be stored in
the corresponding data registers according to the least significant bit(LSB) alignment or the
most significant(MSB) bit alignment(ADCO / 1 are 32-bit data register, ADC2 is 16-bit data
register). An on-chip hardware oversample scheme improves performances and reduces the
computational burden of MCU.

3.18. Digital to analog converter (DAC)
B 8-bit or 12-bit resolution. Left or right data alignment.
B Conversion update synchronously.
B Conversion trigged by external triggers.
B Input voltage reference, Vrere
Bl Output buffer calibration.
B Using sample and keep mode to reduce the power consumption.
B Noise wave generation (LFSR noise mode and Triangle noise mode).
B Two DAC channels in concurrent mode.
The Digital-to-analog converter converts 12-bit digital data to a voltage on the external pins.
The digital data can be set to 8-bit or 12-bit mode, left-aligned or right-aligned mode. DMA
can be used to update the digital data on external triggers. The output voltage can be
optionally buffered for higher drive capability, and DAC output buffer can be calibrated to
improve output accuracy. The sample and keep mode can reduce the power consumption of
DAC.

3.19. Real time clock (RTC) and backup registers

B Support calendar function, which can support year, month, date, day, hours, minutes,
seconds and subseconds (date is the day of week and day is the day of month).

B Daylight saving compensation supported, which is realized through software.

B External high-accurate low frequency (50Hz or 60Hz) clock used to achieve higher
calendar accuracy performed by reference clock detection option function.

B Atomic clock adjust (max adjust accuracy is 0.95PPM) for calendar calibration performed
by digital calibration function.

B Sub-second adjustment by shift function.

The RTC provides a time which includes hour/minute/second/sub-second and a calendar
includes year/month/day/week day. The time and calendar are expressed in BCD code except
sub-second. Sub-second is expressed in binary code. Hour adjust for daylight saving time.

The RTC 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. A prescaler is used for the time base clock and is by default configured
to generate a time base of 1 second from a clock at 32.768 KHz from external crystal oscillator.
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3.20.

Timers and PWM generation

B Two 16-bit Advanced timer (TIMERO & TIMERY7), three16-bit General-L0 timers (TIMERZ,
TIMERS3, TIMERS30), four 32-bit General-LO timers (TIMER1, TIMER4, TIMER22,
TIMER23), six 16-bit General-L3 timers (TIMER14, TIMER40, TIMER41, TIMER42,
TIMERA43, TIMER44), two16-bit General-L4 timers (TIMER15, TIMER16), two 32-bit
Basic timer (TIMERS & TIMERG) and two 64-bit Basic timer (TIMER50 & TIMERS51).

B Up to 66 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.

B Encoder interface controller with two inputs using quadrature decoder and decoder mode.

B 24-bit SysTick timer down counter.

B 2 watchdog timers (free watchdog timer and window watchdog timer).

The advanced timer (TIMERO & TIMER7) 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 8 independent channels can be used
for input capture, output compare, PWM generation (edge-aligned 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 level 0 timer, can be used for a variety of purposes including general timer, 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.
TIMER1/4/22/23 is based on a 32-bit auto-reload up/downcounter and a 16-bit prescaler.
TIMERZ2/3/30 is based on a 16-bit auto-reload up/downcounter and a 16-bit prescaler. The
general level 0O timer also supports an encoder interface with two inputs using quadrature
decoder mode and decoder mode.

The general level3 timer module (TIMER14/40/41/42/43/44) is a three-channel timer that
supports both input capture and output compare. They can generate PWM signals to control
motor or be used for power management applications. The general level3 timer has a 16-bit
counter that can be used as an unsigned counter.

The general level4 timer module (TIMER15/16) is a two-channel timer that supports both input
capture and output compare. They can generate PWM signals to control motor or be used for
power management applications. The general level4 timer has a 16-bit counter that can be
used as an unsigned counter.

The basic timer module(TIMERS5/6/50/51) has a 32-bit or 64-bit counter that can be used as
an unsigned counter. The basic timer can be configured to generate a DMA request and a
TRGOO to connect to DAC.

The GD32H77Rxx have two watchdog peripherals, free watchdog timer and window
watchdog timer. They offer a combination of high safety level, flexibility of use and timing
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3.22.

accuracy.

The free watchdog timer includes a 12-bit down-counting counter and an 8-bit prescaler. It is
clocked from an independent 32 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 timer 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. It
features:

A 24-bit down counter.

Auto reload capability.

Maskable system interrupt generation when the counter reaches 0.

Programmable clock source.

Universal synchronous/asynchronous receiver transmitter

(USART/UART)

Programmable baud-rate generator allowing speed up to 37.5 Mbits/s when the clock
frequency is 300 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, USART1, USART2, USART5) and UART (UART3, UART4, UARTG,
UARTY) are used to transfer 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/UART includes a programmable baud
rate generator which is capable of dividing the system clock to produce a dedicated clock for
the USART/UART transmitter and receiver.

Inter-integrated circuit (12C)

B Up to four 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.
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B SMBus 3.0 and PMBus 1.3 compatible.
B Wakeup from sleep mode and Deep-sleep mode on 12C address match.
The 12C (inter-integrated circuit) module provides an I2C interface which is an industry
standard two-line serial interface for MCU to communicate with external 12C interface. 12C
bus uses two serial lines: a serial data line, SDA, and a serial clock line, SCL. The 12C
interface implements standard 12C protocol with standard mode (up to 100KHz), fast mode
(up to 400KHz) and fast mode plus (up to 1MHz) as well as CRC calculation and checking,
SMBus (system management bus), and PMBus (power management bus).

3.23. Serial peripheral interface (SPI)
B Master or slave operation with full-duplex, half-duplex or simplex mode.
B Separate transmit and receive 32-bit FIFO.
B Data frame size can be 4 to 32 bits.
B Hardware CRC calculation, transmission and checking.
B SPI Tl mode supported.
B Multi-master or multi-slave mode function.
B Protect configurations and settings.
B Adjustable main device receiver sampling time.
B Configurable FIFO thresholds (data packing).
B Quad-SPI configuration available in master mode (in SPI3 / 4).
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. Quad-SPI master mode is also supported in SPI3 and
SPI4.

3.24. Inter-IC sound (I12S)

Master or slave operation for transmission/reception.

Four 12S standards supported: Philips, MSB justified, LSB justified and PCM standard.
Data length can be 16 bits, 24 bits or 32 bits.

Channel length can be 16 bits or 32 bits.

Transmission and reception use a 32 bits wide buffer.

Audio sample frequency can be 8 kHz to 192 kHz using I12S clock divider.
Programmable idle state clock polarity.

Separate transmit and receive 32-bit FIFO.

The Inter-IC sound (12S) bus provides a standard communication interface for digital audio
applications by 4-wire serial lines. GD32H77Rxx contain an 12S-bus interface that can be
operated with 16/32 bit resolution in master or slave mode. The audio sampling frequencies
from 8 KHz to 192 KHz is supported.
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3.25. OSPI I/0 manager(OSPIM)
B Supports two OSPI (single-line, two-lines, four-lines, eight-lines) interfaces.
B Support two ports for pin assignment.
B Fully programmable IO matrix, can assign pins according to function.
OSPIM supports OSPI pin assignment with full matrix.
3.26. Octal-SPI interface(OSPI)
B Three functional modes:
— indirect mode: all operations are performed depends on OSPI registers.
— status polling mode: the values of status registers in external memory are
periodically read and check.
- memory-mapped mode: the external memory is mapped to the microcontroller
address space(OSPI0: 0x9000 0000 - Ox9FFF FFFF, OSPI1: 0x7000 0000 -
Ox7FFF FFFF) and is accessed as an internal memory.
B Support read and write in memory-mapped mode.
B Support single, dual, quad, dual-quad and octal communication.
B Support DQS.
B Fully programmable command format for both indirect and memory-mapped mode.
B Support SDR(signal data rate) and DTR(double transfer rate).
B Support two frame format:
— the standard frame format.
- HyperBus™ frame format.
B Support wrap for both standard frame format and HyperBus™ frame format.
M Integrated FIFO for transmission/reception.
B 8, 16 and 32-bits data access.
B MDMA channel for indirect mode.
B Interrupt generation on FIFO threshold, status match, transfer complete and access error.
The OSPI is a specialized interface that communicate with external memories such as serial
PSRAMS, serial NAND, serial NOR Flash, HypterRAMTM and HypterFlashTM memories.
The interface support single, dual, quad, dual-quad and octal SPI mode.
3.27. Clock phase delay module (CPDM)

B Supports the input clock frequency ranges: 25 MHz ~ 208MHz.
B Supports up to 12 output clock phase selections.

The Clock Phase Delay Module (CPDM) is used to delay the phase of the input clock and
then output the clock. When used, the application needs to first program the phase of the
output clock, and then use the output clock in other peripherals to receive data.
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3.30.

Phase delay is related to voltage and temperature and may require reconfiguration of the
application and redetermination of the phase relationship between the output clock and the
received data as parameters change.

Digital camera interface (DCI)

Digital video/picture capture.

8/10/12/14 data width supported.

High transfer efficiency with DMA interface.

Video/picture crop supported.

Various pixel digital encoding formats supported including YcbCr422 / RGB565 / YUV420
/ Bayer.

B Hard/embedded synchronous signals supported.
B Support for CCIR656 video interface as well as traditional sensor interface.

DCl is an 8-bit to 14-bit parallel interface that able to capture video or picture from a camera
via Digital Camera Interface. It supports 8/10/12/14 bits data width through DMA operation.

DCI supports various color space such as YUV/RGB, as well as compression format such as
JPEG. Support CCIR656 video decoder formats and perform additional processing of the
image.

General parallel slave interface (GPSI)

Supported 8/16-bit parallel data input or output.
32-byte FIFO.

Supported slave mode.

Alternate function input of data enable(GPSI_DE).
Alternate function output of ready(GPSI_RDY).

The GPSI is a general synchronous input/output slave interface for 8/16-bit parallel data.
When the data is valid, it sends a data valid signal by the transmitter. If the receiver is ready
to sample the data, it will give a flow control signal. The GPSI shared same functions, GPIO
and interrupt vector with DCI(Digital camera interface), so two peripherals cannot be used at
the same time.

TFT LCD interface (TLI)

Supports up to 24 bits data output per pixel

Supports up to 2048 x 2048 resolution

Timing parameters is fully programmable

Built-in DMA engine to handle frame data copy

2 separate frame layers with window and blending function
Support various pixel formats: ARGB8888, RGB888, RGB565, etc

67



&

GD32H77Rxx Datasheet

GigaDevice
B Support CLUT (Color Look-Up-Table) and Color-Keying format
B Dithering operation to low bits of a pixel
B AXI master interface with burst of 16 double-words
B 2 display layers with dedicated FIFO (64x64-bit)
The TLI (TFT-LCD Interface) module handles the synchronous LCD interface and provides
pixel data, clock and timing signals for passive LCD display. It supports a wide variety of
displays with fully programmable timing parameters. A built-in DMA engine continuously move
data from system memory to TLI and then, output to an external LCD display. Two separate
layers are supported in TLI, as well as layer window and blending function.
3.31. Receiver of Sony/Philips Digital Interface (RSPDIF)
B Supports audio IEC-60958 and IEC-61937.
Bl Up to 4 inputs available.
B Supports maximum symbol rate: 12.288 MHz.
B Supports stereo stream from 8 to 192 kHz.
B Supports automatic symbol rate detection.
B Genrate symbol clock.
B Check the parity bit of the received data.
B Support multiple data processing methods, which can process audio data and user
channel information separately or together.
B Supports using DMA communication to receive audio data and user channel
information respectively.
The receiver of Sony/Philips Digital Interface (RSPDIF) module provides the function of
receiving and decoding SPDIF audio data streams.
3.32. Serial Audio Interface (SAl)

Two independent audio sub-blocks.

Each audio sub-block can be configured as any of the master/slave and
transmitter/receiver combination with 8-word FIFO.

Local clock divider logic to satisfy the various audio sampling rates.

Flexible audio protocol configuration such as 12S, PCM/DSP, AC'97, LSB or MSB-justified
and TDM.

PDM interface, supporting up to 3 microphone pairs.

Mono/Stereo audio capability with mute option.

Frame Synchronization configuration (active level, active length and offset).

Each audio frame contains up to 16 configurable slots.

Slot length is flexible, and can be configured as active or inactive.

Each slot can hold a data of size 8-, 10-, 16-, 20-, 24-, and 32-bits with configurable first
bit offset, and configurable LSB or MSB data transfer.

Two independent DMA interface for each audio sub-block. Support slave mode with a
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3.33.

frequency up to 4MHz.

The Serial Audio Interface (SAl) is designed to target a wide range of commonly used audio
protocols, both in mono and stereo modes, such as 12S, PCM/DSPF, AC'97, LSB or MSB-
justified and TDM. SPDIF output is offered when the audio block is configured as a transmitter.
The SAl can be configured to any of the master/slave and transmitter/receiver combination,
full/half-duplex operating mode depends on synchronous/asynchronous configuration of the
audio sub-blocks.

Image processing accelerator (IPA)

One AXI master interface for memory access

One AHB slave interface for IPA configuration with 8-bit, 16-bit, 32-bit

Three four-doubleword depth 64-bit FIFOs independently for the source and destination
images

B Support four pixel-format-convert modes

— Copy one source image to the destination image

— Convert one source image to the destination image with specific pixel format

— Convert and blend two source images to the destination image with specific pixel
format

— Fill up the destination image with a specific color

Support configurable LUT size independently for two source images

Support two LUT pixel formats separately for two source images

Support LUT automatically loading for two source images

Support transfer hang up and stop

Support pixel offset per line independently for the source and destination images

Support pre-defined pixel channel value independently for the source and destination
images

Support three alpha channel value calculation algorithms separately for two source
images

Support 18 pixel formats for foreground image

Support 11 pixel formats for background image

Support 7 pixel formats for the destination image

Support configurable image size

Support automatically AXI bandwidth adjustment with an internal timer
Support one interrupt with six types of event flags

Support interrupt enable and clear

Support decimal scaling and bilinear scaling

Support image rotation (0, 90, 180, 270 degrees)

Support interlace input for the foreground image

The IPA provides a configurable and flexible image format conversion from one or two source
image to the destination image. 18 pixel formats for foreground from 4-bit up to 32-bit per
pixel, 11 pixel formats for background from 4-bit up to 32-bit per pixel, and 7 pixel formats
from 16-bit up to 32-bit per pixel for the destination image are supported. Two 256*32 bits
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LUTs (Look-Up Table) separately for the two source images are implemented for the indirect
pixel formats.

3.34. Secure digital input and output card interface (SDIO)

B eMMC: Support for embedded Multimedia Card System Specification Version 4.51 (and
previous versions) Card and five different data bus modes: 1-bit (default), 4-bit (SDR/DDR)
and 8-bit(SDR/DDR).

B SD Card: Full support for SD Memory Card Specifications Version 3.0.

B SD I/O: Full support for SD I/O Card Specification Version 3.0 card and three different
data bus modes: 1-bit (default) and 4-bit (SDR/DDR).

B 208MHz data transfer frequency and 8-bit data transfer mode.

B Support DDR and max clock frequency is 50Mhz.

The secure digital input/output interface (SDIO) defines the SD, SD I/O and embedded
MultiMediaCard (esMMC) host interface, which provides command/data transfer between the
AHB system bus and SD memory cards, SD I/O cards and esMMC.

3.35. Management data input/output (MDIO)

B Support slave mode with a frequency up to 4MHz.
B Support CFP/CFP2 MSA Management Interface Specification.

The MDIO interface can receive complete MDIO frames. As long as the data is written to the
register before receiving the turnaround bits (TA) of the read or post read increment address
frame, the MDIO interface can transmit complete MDIO frames. Interrupts are generated at
the end of every complete frame, which can be used or provided at correct time. Interrupts
can also be generated after every valid PHYADR and DEVADD, which allows more complex
controls within frames.

3.36. External memory controller (EXMC)

B Supported external memory:

- SRAM

- PSRAM

- ROM

- NOR Flash

- 8-bit or 16-bit NAND Flash

- Synchronous DRAM(SDRAM)

Protocol translation between the AXI and the multitude of external memory protocol.
Offering a variety of programmable timing parameters to meet user's specific needs.
Each bank has its own chip-select signal which can be configured independently.

Independent read / write timing configuration to a sub-set memory type.
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B Embedded ECC hardware for NAND Flash access.

Bl 8,16, or 32 bits bus width.

B Address and data bus multiplexing mechanism for NOR Flash and PSRAM.

B Write enable and byte select are provided as needed.

B Automatic AXI transaction split when internal and external bus width is not compatible.

The external memory controller EXMC, is used as a translator for CPU to access a variety of

external memory, it automatically converts AXlI memory access protocol into a specific

memory access protocol defined in the configuration register, such as SRAM, ROM, NOR

Flash, PSRAM, NAND Flash and SDRAM. The EXMC also can be configured to interface

with the most common LCD module of Motorola 6800 and Intel 8080 series and reduce the

system cost and complexity.
3.37. VREF

B Stable voltage, and product calibrated.

B Connects to VREFP pin to source off-chip circuits.

B 1.5V, 1.8V, 2.048V or 2.5V configurable reference voltage output.

A precision internal reference circuit is inside. The internal voltage reference unit is used to

provide voltage reference for ADC / DAC, or used by off-chip circuit connecting to VREFP pin.

3.38. Low power digital temperature sensor (LPDTS)

B The trigger source of measurement can be set to software or hardware.

B Programmable sampling time.

B Counter synchronized on LXTAL or PCLK.

B The interrupt can be generated when the temperature is below a low threshold or above
a high threshold and at the end of measurement.

B The generation of asynchronous wakeup signal indicates that the measurement result is
higher or lower than the specified threshold when the LXTAL is selected as reference
clock.

Low power digital temperature sensor(LPDTS) is used to transmit square wave, which is

converted by temperature and the frequency is proportional to the absolute temperature. The

frequency measurement is based on the PCLK or the LXTAL clock.
3.39. Encoder Divided-Output controller (EDOUT)

Support for changing the activation polarity of B.

Support configuration of Z-phase output location and pulse width.
Number of edges per rotation: 16 to 65536 (must be the multiple of four).
Support for the input of update period event signals from the TRIGSEL.
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The encoder divided-output controller (EDOUT) is used to output location information
obtained from the encoder in the form of A-phase, B-phase, and Z-phase pulses.

Controller area network (CAN)

Supports CAN protocol version 2.0A/B.

Compliant with the ISO 11898-1:2015 standard.

Supports CAN FD frame with up to 64 data bytes, baudrate up to 8 Mbit/s.
Supports CAN classical frame with up to 8 data bytes, baudrate up to 1 Mbit/s.
Supports time stamp based on 16-bit free running counter.

Supports transmitter delay compensation for CAN FD frames at faster data rates.
Maskable interrupts.

Supports four communication mode: normal mode, Inactive mode, Loopback and silent
mode, and Monitor mode.

Supports two power saving modes: CAN_Deepsleep mode, and CAN_sleep mode.

Support two wakeup methods for waking up from Pretended Networking mode: wakeup
matching event, and wakeup timeout event.

B Global network time, synchronized by a specific message.

CAN bus (Controller Area Network) is a bus standard designed to allow microcontrollers and
devices to communicate with each other without a host computer. The CAN interface supports
the CAN 2.0A/B protocol, ISO 11898-1:2015 and BOSCH CAN FD specification.

The CAN module is a CAN Protocol controller with a very flexible mailbox system for
transmitting and receiving CAN frames. The mailbox system consists of a set of mailboxes
that store configuration and control data, timestamp, message ID, and data. The space of up
to 32 mailboxes can also be configured as Rx FIFO with ID filtering against up to 104 extended
IDs or 208 standard IDs or 416 partial 8-bit IDs, and configure receive FIFO/mailbox private
filter reqgister for up to 32 ID filter table elements.

Ethernet (ENET)

B I|EEE 802.3 compliant media access controller (MAC) for Ethernet LAN.
B 10/100 Mbit/s rates with dedicated DMA controller and SRAM.
B Support hardware precision time protocol (PTP) with conformity to IEEE 1588.

The Ethernet media access controller (MAC) conforms to IEEE 802.3 specifications and fully
supports IEEE 1588 standards. The embedded MAC provides the interface to the required
external network physical interface (PHY) for LAN bus connection via an internal media
independent interface (Mll) or a reduced media independent interface (RMII). The function of
32-bit CRC checking is also available.
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3.42. Comparator (CMP)
B Rail-to-rail comparators.
m Configurable hysteresis.
B Configurable speed and consumption.
m Configurable analog input source.
- DAC output.
- Multiplexed I / O pins.
- The whole or sub-multiple values of internal reference voltage.
m Outputs with blanking source.
B Window comparator.
B Outputstol/O.
m Outputs to timers for triggering.
m Digital filter.
B Outputs to EXTI.
B Outputs to NVIC.
B Outputs to TRIGSEL.
The general purpose CMP can work either standalone (all terminal are available on 1/Os) or
together with the timers.
It can be used to wake up the MCU from low-power mode by an analog signal, provide a
trigger source when an analog signal is in a certain condition, achieve some current control
by working together with a PWM output of a timer and the DAC.
3.43. High-Performance Digital Filter (HPDF)

8 multiplex digital serial input channels.

— configurable SPI and Manchester interfaces.

8 internal digital parallel input channels.

— input with up to 16-bit resolution.

— internal source: ADC data or memory (CPU/DMA write) data stream.

Configurable Sinc filter and integrator.

— the order and oversampling rate (decimation rate) of Sinc filter can be configured.

— sampling rate of configurable integrator.

Threshold monitor function.

- independent Sinc filter, configurable order and oversampling rate (decimation rate).

— configurable data input source: serial channel input data or HPDF output data.

Malfunction monitor function.

— A counter with 8 bits is used to monitor the continuous 0 or 1 in the serial channel
input data stream.

Extreme monitor function.

— store minimum and maximum values of output data values of HPDF.

Up to 24-bit output data resolution.
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B Clock signal can be provided to external sigma delta modulator.
— provide configurable clock signal by the CKOUT pin.
B HPDF output data is in signed format.
B The third-phase data is obtained by adding the two phases of filtered data and taking the
inverse, and it supports threshold monitoring
B The number of break signals can be configured
- The TIMER is triggered after the break signal occurs the configured number of times
A high performance digital filter module (HPDF) for external sigma delta (¥-A) modulator is
integrated in GD32H77Rxx. HPDF supports SPI interface and Manchester-coded single-wire
interface. The external sigma delta modulator can be connected with MCU by the serial
interface, and the serial data stream output by sigma delta modulator can be filtered. In
addition, HPDF also supports the parallel data stream input, which can be selected from
internal ADC peripherals or from MCU memory.
3.44. Real-time decryption (RTDEC)
B Software configurable encrypted areas up to 4.
B Granularity is 4096 bytes in RTDEC programmed areas.
B Every area can be configured the independent 128-bits key, 16-bits area firmware
version, and 64-bits application-defined nonce.
B Confidentiality and completeness protection for encryption keys.
— 128-bits key registers are write-only, with software locking mechanism.
— 8-bits CRC is calculated automatically by hardware, and it's used as the public key
information.
B The real-time decryption when OSPI memory-mapped read operations.
- Use of AES-128 in CTR mode.
— Support key stream FIFO with depth 4.
— Support various read size.
— Decryption / encryption with physical address of the reads.
B Support for GD32 OSPI pre-fetching mechanism.
The real-time decryption (RTDEC) allows to decrypt in real-time according to information of
the read request address. RTDEC can configure four independent and different encrypted
areas. And each area has the option of execute-only or execute-never enforcement to choose.
3.45. Filter arithmetic accelerator (FAC)

Fixed or float multiplier and accumulator.

256 x 32-bit local memory.

16-bit fixed-point or 32-bit float point input and output.

Up to three buffers, two input buffers and one output buffer.
Buffer can be circular.

FIR and IIR can be realized.
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B Vector functions support convolution, Dot product, correlation functions.
B Data can be read and written through DMA.
The filter arithmetic accelerator unit consist of multiplier, accumulator and address generation
logic, so as to index vector elements stored in local memory. Circular buffering is valid for
both input and output, which allows to realize finite impulse response (FIR) filters and infinite
impulse response (lIR) filters. The unit support CPU to be free from frequent or lengthy filtering
operations, compared with software implementation, it can accelerate calculations and the
processing speed of time critical tasks.

3.46. Trigonometric Math Unit (TMU)
Bl 10 kinds of functions.
B Interrupt and DMA requests.
B The fixed point g1.31 / q1.15 format or IEEE754 32-bit single precision floating-point

format is configurable.
B Programmable precision.
B CORDIC-algorithm core: circular system and hyperbolic system, rotation pattern and
vectoring pattern.

The Trigonometric Math Unit (TMU) is a fully configurable block that execute common
trigonometric and arithmetic operations. It can be used to calculate total 10 kinds of functions.
The input / output data meet q1.31 or q1.15 fixed point format or IEEE754 32-bit single
precision floating-point format.

3.47. Hardware semaphore (HWSEM)
B 32 semaphores.
B Aninterrupt is generated when a semaphore is unlocked.
B Semaphore is unlocked only when MID[3:0] and PID[7:0] are matched.
Hardware semaphore (HWSEM) provides a non-blocking mechanism to ensure the
synchronous of processes. HWSEM realizes 32 semaphores in an atomic way, supporting
semaphore write lock and read lock, and semaphore can only be unlocked when bus master
and process are matched.

3.48. Universal serial bus high-speed interface (USBHS)

B Supports USB 2.0 Host mode at High-Speed(480Mb/s), Full-Speed(12Mb/s) or Low-
Speed(1.5Mb/s).

B Supports USB 2.0 device mode at High-Speed(480Mb/s) or Full-Speed(12Mb/s).

B Supports OTG protocol with HNP (Host Negotiation Protocol) and SRP (Session
Request Protocol).
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USB High-Speed (USBHS) controller provides a USB-connection solution for portable
devices. USBHS supports both host and device modes, as well as OTG mode with HNP (Host
Negotiation Protocol) and SRP (Session Request Protocol). USBHS contains an embedded
USB PHY internal which can be configured as High-Speed or Full-Speed. USBHS supports
all the four types of transfer (control, bulk, Interrupt and isochronous) defined in USB 2.0
protocol. There is also a DMA engine operating as an AHB bus master in USBHS to speed
up the data transfer between USBHS and system. For Full-Speed operation, battery charging
detection (BCD), attach detection protocol (ADP), and link power management (LPM) are
also supported.
3.49. Encoder Interface Module (EDIM)
The EDIM module includes 5 protocols: A-format encoder protocol, T-format encoder protocol,
EnDat 2.2 encoder protocol, BiSS-C encoder protocol, and HIPERFACE DSL encoder
protocol.
3.49.1. AFMT
B Support the A-format version 2.0 protocol.
B Up to 8 encoders.
B Software trigger and external trigger.
B Monitor the status of the communication.
— Communication completion
— Timeout detection
— Transmission busy
B Interrupt generation.
B Support DMA mode.
B Multi configurable baud rates of 2.5 Mbits/s, 4 Mbits/s, 6.67 Mbits/s, 8 Mbits/s, and 16
Mbits/s
The A-format encoder interface module (AFMT) serves as a master to communicate with
encoders that support the A-format.
3.49.2. TFEFMT

B Support communication with Tamagawa smart-abs encoder.
B Monitor the status of the communication.

— Encoder error

— Timeout detection

— Transmission/receive busy

— Communication completion

- Received frame error

Interrupt generation.

Support DMA mode.

Baud rate: 2.5 Mbits/s.
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The T-format encoder interface module (TFMT) serves as a master to communicate with
encoders that support the Tamagawa format.
3.49.3. ENDAT
B Support communication with encoder supporting EnDat 2.2 and EnDat 2.1.
B Transimission clock generator.
Bl Continuous clock mode.
B Configurable received data length.
B Cable propagation delay time compensation.
B Recovery time Il /Il
B Support software trigger, internal timer trigger and external trigger.
B Reset selected additional information of encoder.
B Configurable digital filter for data input to avoid spike.
B Monitor the status of the communication.
— Encoder error
- TYPEI/II/Il error
- CRC
— Timeout detection
B Interrupt generation.
B Support DMA mode
The EnDat 2.2 encoder interface module (ENDAT) serves as a master to communicate with
encoders that support the EnDat 2.2 interface.
3.49.4. BISS
B Support BiSS-C communication with up to 8 slaves.
— Each slave process data up to 64 bits.
B CRC checks with up to 16 bits for data verification.
B Process data transfer and register communication simultaneously.
B Compensating for line delays and conversion times automatically.
B The independent memory banks enable the controller to access data freely while BiSS
sensor data is being transferred.
B The memory for bidirectional register communication is 64 bytes.
B A parallel interface with a 32-bit data/address bus.
B Support point-to-point connection.
B Interrupt generation.
B Support DMA mode.
The BiSS-C encoder interface module (BISS) serves as a master to communicate with
encoders that support the BiSS-C interface.
3.49.5. HDSL
B Support communication with encoder supporting HIPERFACE DSL.
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B Support HIPERFACE DSL safety function.

B Drive interface and safe channel 1 interface can be configured for access either from the
internal bus or through SPI interface 1.

B Safe channel 2 interface can be configured for access either from the internal bus or
through SPI interface 2.

B System diagnostics function

Bl Fast position function
— Estimator
— Free running mode
- SYNC mode

B Monitor the status and error messages
- Eventregister
= Online status
— Status summary of the motor feedback system
— Motor feedback system error messages

B Communication status error interrupt.

B Supports baud rate up to 9.375 MHz

The HIPERFACE DSL encoder interface module (HDSL) serves as a master to communicate

with encoders that support the HIPERFACE DSL

3.50. Resolver-to-digital module (RDCM)

B Complete monolithic resolver-to-digital converter
B High tracking rate
B Up to 14-bit resolution
B Programmable On-chip excitor
— Analog sinusoidal waveform
- Digital PWM waveform
B Calculation support for ADC data or simulation data
B Configuable gain adjustment for 1/Q signals
B Configurable high-pass filter for I/Q signals
B Configurable Synthetic Reference Signal for I/Q Rectification

— Manual mode, phase error adjustment range is 0 to 2pi

— Calibration mode (on-chip excitor reference), phase error extraction range is 0 to
2pi

— Calibration mode (external reference sign signal), phase error extraction and
adjustment range is 0 to 2pi

- Auto mode, phase error extraction and adjustment range is ¢ to ¢ + pi (¢ is
configurable)

- Moving average function for carrier phase extraction

B Demodulator (concatenated hardware filter stages)
— Configurable CIC3 filter with decimation rates of 4 to 512
— FIRO filter with 8 coefficients (10-bit) with decimation rate 2
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- FIR1 filter with 28 coefficients (10-bit) with decimation rate 1 or 2
B Nonorthogonal phase mismatch compensation
B Configurable tracking loop for different resolution (default 14bit) and tracking rate
B Absolute position and velocity detection
B Smooth filter function for velocity extraction
B System fault detection support
— | channel envelope signal threshold match function
— Q channel envelope signal threshold match function
— Monitor signal threshold match function
— Track error signal threshold match function
B Programmable fault detection thresholds
B Interrupt generation
B Support DMA mode
B Support timestamp
B Support result gate
B Support result data FIFO
The RDCM is a complete 14-bit tracking resolver-to-digital converter, integrating an on-chip
programmable sinusoidal oscillator that provides sine wave excitor for resolvers.
The excitation signal frequency range output by the RDCM is 2 kHz to 100 kHz (DAC buffer
on). The input I/Q signals utilize a Type Il tracking loop to track the input signals and convert
the input sine and cosine information into a digital representation of the input angle and
velocity.
3.51. EtherCAT® SubDevice controller (ESC)
B Supports up to 3 Mll ports.
B 8 Fieldbus Memory Management Units (FMMUSs).
B 8KB Process Data RAM (PDRAM).
B Distributed clock 64-bit, support allows synchronization with other EtherCAT devices.
B 8 Syncmanager entities.
Bl DC synchronization deviation is less than 1us.
The EtherCAT® SubDevice Controller (ESC), licensed from Beckhoff Automation, It takes
care of the EtherCAT communication as an interface between the EtherCAT fieldbus and the
sub application.
3.52. Debug mode

B JTAG and SWD Debug Port.

The GD32H77Rxx series provide a large variety of debug, trace and test features. They are
implemented with a standard configuration of the Arm® CoreSight™ module together with a
daisy chained standard TAP controller. Debug and trace functions are integrated into the
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ARM® Cortex®-M7. The debug system supports serial wire debug (SWD) and trace functions
in addition to standard JTAG debug.

3.53. Package and operation temperature

B BGA169.
B Operation temperature range: -40°C to +105°C.
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4. Electrical characteristics
4.1. Parameter introduction

B Parameter conditions: Unless otherwise specified, all values given for Vpp = Vppa = 3.3V,
T, = 25°C, and all voltages are referenced to Vss.

B Values guaranteed by design, characterization, sample are indicated in the table
footnotes, and are not 100% tested in production. If not specially indicated, it means the
values guaranteed by 100% tested in production.

B Value guaranteed by design, not 100% tested in production indicates that the value is
derived from design or simulation and / or process characteristics.

B Value guaranteed by characterization, not 100% tested in production indicates that the
value is derived from comprehensive evaluation after random test. And the minimum and
maximum values represent the mean value plus or minus three times the standard
deviation (mean +/-30).

B Value guaranteed by sample, not 100% tested in production indicates that the value is
derived from testing parameters with a small sample size.

See the following table for some abbreviation terms and their descriptions in this chapter.
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Table 4-1. Abbreviations

Acronym Description
ADC Analog-to-digital converter
AHB Advanced high-performance bus
APB Advanced peripheral bus
CAN Controller area network
CMP Comparator
CPDM Clock phase delay module
DAC Digital-to-analog converter
DCI Digital camera interface
DMA Direct memory access controller
EDIM Encoder Interface Module
AFMT A-format encoder interface module
TFMT T-format encoder interface module
ENDAT EnDat 2.2 encoder interface module
BISS BiSS-C encoder interface module
HDSL HIPERFACE DSL encoder interface module
EDOUT Encoder Divided-Output controller
ESC EtherCAT SubDevice controller
EXMC External memory controller
CNVM Code non-volatile memory
ECNVM Extended code non-volatile memory
GPIO General Purpose Input/Output
GPSI General parallel slave interface
HPDF High-Performance Digital Filter
12C Inter-integrated circuit interface
JTAG Joint Test Action Group
MDIO Management data input / output
OSPI Octal-SPI interface
OSPIM OSPI I/O manager
PLL Phase-Locked Loop
PWM Pulse Width Modulator
RDCM Resolver-to-digital module
RMII Reduced Media Independent Interface
RSPDIF Receiver of Sony/Philips Digtial Interface
SAl Serial Audio Interface
SDIO Secure digital input/output interface
SPI Serial peripheral interface
TLI TFT-LCD interface
USBHS Universal serial bus High-Speed interface
WDGT Watchdog timer
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4.2.

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 4-2. Absolute maximum ratings®"

Symbol Description Min Max Unit
Voo External voltage range® Vss - 0.3 3.6 Vv
Vbpa External analog supply voltage® Vssa - 0.3 3.6 Vv
Veat External battery supply voltage Vss - 0.3 3.6 Y

Vbpsouss Voosouss supply voltage Vss - 0.3 Vss +5.6 Y,
Vi Input voltage on 5VT 1/0® Vss - 0.3 Vop + 3.6 v

Input voltage on other I/O Vss - 0.3 Voo+0.3

|AVbpx| Variations between different Voo power pins - 50 mV
[Vssx -Vss| Variations between different ground pins - 50 mV

lio Maximum current for GPIO pins - 20
>lio Maximum current sunk/sourced by all GPIO pin - 140 A

lop Maximum current into each VDD pin - 100

Iss Maximum current into each Vss pin - 100
Tste Storage temperature range -65 150 °C
Tumax Maximum junction temperature - 125 °C

(1) Value guaranteed by design, not 100% tested in production.
(2)  All power supply pins must be connected to the correct voltage range.
(3) Itis recommended that Vop and Vopa are powered by the same source. The maximum difference between Voo

and Vopa does not exceed 300 mV during power-up and operation.

(4)  Vin maximum value cannot exceed 5.5 V.
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4.3.

General operating conditions

Table 4-3. General operating conditions @)

Symbol Description Conditions Min | Typ | Max | Unit
Vop Digital supply voltage - 1.71| 3.3 | 3.6
Vooa Analog supply voltage Same as Vop 1.71 ] 33 | 3.6
Vear Battery supply voltage - 1.71 - 3.6
Vonssus Standard operating voltage, USB USB used 3.0 - 3.6
domain USB not used 0 - 3.6 \Y
Supply voltage for the internal
Vbpsmps Vopswpes = Vb 1.71 - 3.6
SMPS Step-down converter
Voo Core logic supply powered by SMPS mode 0.87 | 0.9 | 0.97
VCORE pin Bypass mode® 0.87 | 0.9 |0.97
fepu Core clock frequency - - - 600
facLk AXI clock frequency - - - 300
fcix AHB clock frequency - - - 300
fapp1 APB1 clock frequency - - - 150 | MHz
faps2 APB2 clock frequency - - - 300
fapes APB3 clock frequency - - - 150
fapea APB4 clock frequency - - - 150
Ty Junction temperature - -40 - 125 | °C
Po Power dissipation at Ta = 105°C of ) ) ) 755 | mw

BGA169

(1)
@)

@)

(4)

Value guaranteed by design, not 100% tested in production.

It is recommended that VDD and VDDA are powered by the same source. The maximum difference between
VDD and VDDA does not exceed 300 mV during power-up and operation.

The device junction temperature must be kept below maximum T,, otherwise it may cause permanent damage
to the device.

The power-up and power-down sequence for the power bypass mode should meet the requirements as
illustrated in Figure 4-1. Bypass mode power-up and power-down timing diagram (V2

Figure 4-1. Bypass mode power-up and power-down timing diagram @)

PDR theshold
POR theshold
Voo

VCORE —/

()

@)

@)

When using Bypass mode power supply, the VCORE domain can be powered after POR. Before the Vcore
power supply stabilizes, the VCORE domain remains in reset steady state.

When using Bypass mode power supply, if VCORE PDR is not enabled, the VCORE domain power-down
must occur later than PDR. If VCORE PDR is enabled, the VCORE domain power-down can occur earlier
than PDR.

Under any operating condition, ensure that the VDD/VDDA voltage is greater than the VCORE voltage.
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Figure 4-2. Recommended power supply decoupling capacitors@®
|
VBAT
100 nF
VSS
N * VDD
4.7 yF + N * 100 nF
VSS
VDDA
1pF 10 nF YER
L L VREFP
T
1pF 10 nF VIREA
L T T VCORE
— T T VSS
100 nF  2x2.2 uF

(1) Itis recommended to configure a 100nF capacitor for each VDD pin.

(2) The Vrerpr and Vrern pins are only available on certain packages, or else the Vrerr and Vrern pins are not
available and internally connected to Vopa and Vssa pins.

(3)  All decoupling capacitors need to be as close as possible to the pins on the PCB board.

4.4. SMPS step-down converter

Figure 4-3. External components for SMPS step-down converter

Voo Voosmps
chak =J-0 OnE Vixsmps SIS Vixsmps SIS
(on) (off)
VCORE) External 0.9 Vcore
Couzz= >
SMPS supply BYPASS supply

Table 4-4. Characteristics of SMPS step-down converter external components

Symbol Parameter Conditions
Capacitance of external capacitor on
Cin 4.7 uF
Vbbsmps
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Symbol Parameter Conditions
ESR of external capacitor 100 mQ
Capacitance of external capacitor on Vixswps
Crit . 220 pF
pin
Rt Resistor of external capacitor on Vixswps pin 50 Q
Capacitance of external capacitor on Vesswrs 10 UE
. H
Coutt pin
ESR of external capacitor 20 mQ
Capacitance of external capacitor on Vcore
Cout2 X 100 nF
pin
Capacitance of external capacitor on Vcore
) 2.2 uF
Couts pin
ESR of external capacitor 50 mQ
Inductance of external Inductor on Vixswps
. 2.2 uH
L pin
Serial DC resistor 150 mQ
DC current at which the inductance drops
Isat 1.7A
30% from its value without current
Average current for a 40 °C rise: rated
Irms current for which the temperature of the 14A
inductor is raised 40 °C by DC current
Table 4-5. SMPS step-down converter characteristics
Symbol Conditions Min Typ Max Unit
Voosups™) Vour=09V 1.71 - 3.6 \Y
Vour® lout= 600 MA - 0.9 - Y,
lout® - - - 600 mA
Roson® - - 90 - mQ
Iopsmps_a® Quiescent current - 400 - uA
Tsmps_start® Vour=09V - 50 - us
Vour= 0.9 V, POR, Wake from
IinrusH® - 900 - mA
Standby

The switching frequency is 2 MHz +/- 10%
Including line transient and load transient.
Value guaranteed by design, not 100% tested in production.
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4.5. Power supply requirement characteristics

Table 4-6. Power supply requirement characteristics "

Symbol Description Conditions Min Max Unit
Voo rise time rate 0 oo
tvoo _
Voo fall time rate 100 oo
Vppa rise time rate 0 oo
tvopa -
) us/V
Vooa fall time rate 100 0o
Vbpwss rise time rate 0 o
tvbb(usB) -
Vopwss) fall time rate 100 o0
Voo rise time rate - 10 500
tvcore®@ -
Voo fall time rate 10 500

(1) Value guaranteed by design, not 100% tested in production.
(2) When using the bypass power supply mode.

4.6. Power supply supervisor characteristics

Table 4-7. Power supply supervisor characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
LVDT<2:0> = 000(rising edge) | - 1.95 -
LVDT<2:0> = 000(falling edge) | - 1.85 -
LVDT<2:0> = 001(rising edge) - 210 -
Vontt Low voltage LVDT<2:0> = 001(falling edge) | - 2 - y
Detector level selection | |\/pT<2:0> = 010(rising edge) _ 295 .
LVDT<2:0> = 010(falling edge) | - 2.15 -
LVDT<2:0> = 011(rising edge) - 24 -
LVDT<2:0> = 011(falling edge) | - 2.3 -
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Symbol Parameter Conditions Min | Typ | Max | Unit
LVDT<2:0> = 100(rising edge) - 2.55 -
LVDT<2:0> = 100(falling edge) | - 2.45 -
LVDT<2:0> = 101(rising edge) - 2.70 -
LVDT<2:0> = 101(falling edge) | - 2.60 -
LVDT<2:0> = 110(rising edge) - 2.85 -
LVDT<2:0> = 110(falling edge) | - 2.75 -
Vivohyst) LVD hystersis - - 100 - mV
Veor(") Power on reset threshold - - 1.53 - \%
Power down reset
Veor™ - - 1.48 - \%
threshold
VhystiPor P | Hysteresis of POR and
- - 50 - mV
or)(" PDR
Falling edge - 2.0 - V
Veors™™  |Brownout level 3 threshold
Rising edge - 21 - \%
Falling edge - 23 - V
Veorz2"  |Brownout level 2 threshold
Rising edge - 24 - \%
Falling edge - 2.6 - \%
Veori"  |Brownout level 1 threshold
Rising edge - 27 - \%
Vhvsteor)\" BOR hysteresis - - 100 - mV
trsTrEMPO™ Reset temporization - - 520 - us
VAVDVC<1:0> = 00(rising 17
Analog voltage detector edge) '
Vavp_ot"
for Vooa threshold 0 VAVDVC<1:0> = 00(falling 16
edge) '
VAVDVC<1:0> = 01(rising 51
Analog voltage detector edge) '
Vavo_1™M
for Vopa threshold 1 VAVDVC<1:0> = 01(falling 5
edge
ge) v
VAVDVC<1:0> = 10(rising 05
Analog voltage detector edge) '
Vavp_2™M
for Vooa threshold 2 VAVDVC<1:0> = 10(falling o4
edge) '
VAVDVC<1:0> = 11(rising g
Analog voltage detector edge) '
Vavp_s™M
for Vopa threshold 3 VAVDVC<1:0> = 11(falling 07
edge) '
Vhystavp(!) | Hysteresis of Vopa voltage - - 100 - mvV
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Symbol Parameter Conditions Min | Typ | Max | Unit
detector
VOVDVC<1:0> = 00(rising i 0.9 )
Vo o0 Vcore over voltage edge)
- detector for threshold 0 VOVDVC<1:0> = 00(falling
edge) - 10.875 -
VOVDVC<1:0> = 01(rising 110 .
Vo {1 Vcore over voltage edge)
- detector for threshold 1 VOVDVC<1:0> = 01(falling - loo7s -
edge)
VOVDVC<1:0> = 10(rising I . !
Vous o0 Vcore over voltage edge)
- detector for threshold 2 | VOVDVC<1:0> = 10(falling - l1078] -
edge)
VOVDVC<1:0> = 11(rising I P .
Vous o0 Vcore over voltage edge)
B detector for threshold 3 VOVDVC<1:0> = 11(falling _ 1475 i
edge)
Voot ousl Hysteresis of Vovp voltage _ _ 25 - mV
detector
VUVDVC<1:0> = 00(rising
- 10.825 -
Vous o) Vcore under voltage edge)
- detector for threshold 0 VUVDVC<1:0> = 00(falling
edge) - o8 ]
VUVDVC<1:0> = 01(rising
- 10.725 -
Vous A0 Vcore under voltage edge)
- detector for threshold 1 VUVDVC<1:0> = 01(falling i 07 .
edge)
VUVDVC<1:0> = 10(rising '
- 10.675 -
Vous o) Vcore under voltage edge)
- detector for threshold 2 VUVDVC<1:0> = 10(falling ) 0.65 -
edge)
VUVDVC<1:0>=1(rising || o |
Vo 50 Vcore under voltage edge)
- detector for threshold 3 VUVDVC<1:0> = 11(falling — los7s| —
edge)
o Hysteresis of Vuvp voltage ) _ 25 - mV
detector

(1)  Value guaranteed by design, not 100% tested in production.
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4.7. Start-up timings of Operating conditions
Table 4-8. Start-up timings of Operating conditions"??)4
Symbol | Description Conditions Min | Typ | Max | Unit
No self-check - 622 -
Hardware self-
Clock source
tst Start-up time GD32H77xxP | check within V]
from IRC64M - 88 -
2M range + 100
injected error
(1)  Value guaranteed by sample, not 100% 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.
(4) Excluding the time to initialize SRAM during startup.
4.8. Wake-up times from power saving modes
Table 4-9. Wake-up times from power saving modes"?®
Symbol Description Conditions Min | Typ | Max | Unit
tsieep Wakeup from Sleep mode - - 805 - ns
SRAM disable - 1.95 -
Wakeup from Deep-sleep
tDeep-sieep SRAM precharge - 2.02 - us
mode
SRAM retetion - 2.02 -
tstandby Wakeup from Standby mode - - 2.32 - ms
(1)  Value guaranteed sample, not 100% 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: Voo = Vopa = 3.3 V, sleep and deep-sleep system clock = HXTAL= 25
MHz, standby mode system clock = IRC64M = 64 MHz, and SMPS supply is used.
4.9. Power consumption

The power consumption is measured as described in Figure 4-4. Power consumpftion

measurement diagram Except for Backup mode, the SMPS supply current consumption

values are obtained from tests powered by Vpp = Vopa = Vooswes, With the current being Isuwm,

while the BYPASS supply current consumption values are obtained from tests powered by
Vob = Vopa and Veore. The RTC unit and LXTAL oscillator are powered by the Vgar, while the
current is lgat. Unless otherwise stated, in SMPS supply mode, Voo = Vopa = Vopswes =3.3 V,

is applied to the supply pins; in BYPASS supply mode, Vop = Vopa= 3.3V, Vcore = 0.9 V is
applied to the supply pins.

The MCU is configured under the following conditions:

All /O pins are in analog input mode.
All peripherals are disabled except when explicitly mentioned.

This section does not include the power consumption of Ethernet TXPHY. Please refer to
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4.50 for the electrical parameters of Ethernet TXPHY.

Figure 4-4. Power consumption measurement diagram

IBAT IBAT
@ D VBAT fl-\_} D VBAT
I I Isum  lpbp
—( }—SUM ———] VDD @ > vbD
Iopa Ibba

VDDA VDDA

IobsmPs

VDDSMPS VCORE

VSS/VSSA/
VSSSMPS

VSS/VSSA/
VSSSMPS

SMPS supply BYPASS supply
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Table 4-10. Power consumption in Run mode(SMPS mode)"?®

Conditions Typ
Descriptio .
Symbol 0 . T,= T,= T,= T,= Unit
Execute from Peripherals fcru
-40°C | 25°C 105°C | 125°C
Sum of 600 MHz | 16.1 18.0 49.8 86.3
supply ITCM All disabled | 400 MHz | 11.8 13.8 46.0 83.2
current 64 MHz 5.3 71 39.6 77.5
from 600 MHz | 23.1 24.8 60.9 93.6
CNVM
Isum VDD, All disabled | 400 MHz | 17.2 19.0 54.8 89.0 mA
(cache on)
VDDA, 64 MHz 5.6 7.8 44.3 74.8
VDDSMPS 600 MHz | 21.9 23.6 61.1 94.7
CNVM
(Run All disabled | 400 MHz | 16.2 18.1 55.2 86.1
(cache off)
mode) 64 MHz 5.5 7.7 45.2 74.8
(1)  Value guaranteed by sample, not 100% tested in production.
(2) During power consumption test, GPIO needs to be configure as Analog Input mode.
(3) The memory access time is adjusted with the correctly wait states number.
Table 4-11. Power consumption in Run mode(BYPASS mode)"2®
Conditions Typ
Symbol Description Execute Current T,= T,= T,= T,= Unit
Peripherals fcru
from -40°C 25°C 105°C | 125°C
f I 3.6 3.7 4.3 4.6
Sum o 600 MHz SUM
supply lcore 33.1 40.3 146.8 218.2
current from Isum 3.0 3.1 3.6 3.99
ITCM All disabled | 400 MHz
IBvPASS VDD, lcore 23.1 30.1 137.4 209.9 mA
VDDA, Isum 1.4 1.4 1.8 2.2
64 MHz
VCORE Icore 8.8 15.4 115.7 195.5
(Runmode) | CNVM | Alldisabled | 600 MHz Isum 3.6 3.7 4.3 4.7
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Conditions Typ
Symbol | Description [ £ o .o Current T,= T,= T,= T,= | Unit
Peripherals fcru
from -40°C 25°C 105°C | 125°C
(cache Icore 47.2 54.5 162.3 236.4
on Isum 3.0 3.1 3.6 4.0
400 MHz
Icore 32.5 39.6 148.1 222.6
Isum 1.4 1.4 1.8 2.2
64 MHz
Icore 9.4 16.0 117.1 198.9
Isum 3.6 3.7 4.3 4.7
600 MHz
Icore 471 54.6 166.3 241.5
CNVM
Isum 3.0 3.1 3.7 4.0
(cache All disabled | 400 MHz
Icore 324 39.6 151.1 226.1
off)
Isum 14 14 1.8 2.2
64 MHz
Icore 9.3 16.0 119.3 201.4

(1) Value guaranteed by sample, not 100% tested in production.
(2) During power consumption test, GPIO needs to be configure as Analog Input mode.
(3) The memory access time is adjusted with the correctly wait states number.

Table 4-12. Power consumption in Run mode with different codes(SMPS mode, all peripherals disabled)"?

Conditions
Symbol Description . Code Core Clock Typ Unit Typ Unit
cache
(Code+RAM) Mark
ITCM + DTCM 2989 | HXTAL = 32.5 54.17
CNVM + AXI SRAM | 2918 | 25 MHz, 34.0 56.67
Sum of supply
CNVM + DTCM 2989 PLL on, 32.7 54.5
current from
ECNVM+ DTCM 2989 System 32.9 54.83 MA /
Isum VDD. VDDA, cache on mA
AXI SRAM + clock = MHz
VDDSMPS 2979 32.0 53.33
DTCM 600 MHz,
(Run mode)
AXI SRAM + 2919 fou = 33 6.1
7 56.17
AXI SRAM 300 MHz
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Symbol

Description

Conditions
Code Core
cache
(Code+RAM) Mark
ITCM + DTCM 2989
CNVM + AXI SRAM 740
CNVM + DTCM 746
ECNVM + DTCM 67
cache off
AX| SRAM +
1467
DTCM
AX| SRAM +
735
AXI SRAM

Clock

Typ

Unit

32.5

33.9

30.1

36.7

29.1

271

Typ

54.17

56.5

50.17

61.17

48.5

45.17

Unit

1 Value guaranteed by sample, not 100% tested in production.
9 y

(2) During power consumption test, GPIO needs to be configure as Analog Input mode.

Table 4-13. Power consumption in Run mode with different codes(BYPASS mode, all peripherals disabled)"?

Conditions
Symbol Description Code Current T Unit T Unit
y P Clock cache CoreMark P yp
(Code+RAM)
Isum 3.6 6.0
ITCM + DTCM 2989
lcore 80.3 133.83
CNVM + AXI Isum 3.6 6.00
2918
Sum of supply HXTAL =25 SRAM Icore 84.6 141.0
current from MHz, PLL on, Isum 4.0 6.67
CNVM + DTCM 2989
VDD, System clock Icore 80.1 133.5 pA /
Isvpass cache on mA
VDDA. =600 MHz, Isum 4.0 6.67 MHz
ECNVM + DTCM 2989
VCORE (Run frek = 300 Icore 80.2 133.67
mode) MHz AXI SRAM + Isum 3.6 6.0
2979
DTCM Icore 79.1 131.83
AXI SRAM + Isum 3.6 6.0
2919
AX|I SRAM Icore 82.8 138.0
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Conditions
Symbol Description Code Current T Unit T Unit
y P Clock cache CoreMark P P
(Code+RAM)
Isum 3.6 6.0
ITCM + DTCM 2989
lcore 80.6 134.33
CNVM + AXI Isum 45 7.5
740
SRAM Icore 81.2 135.33
Isum 4.5 7.5
CNVM + DTCM 746
Icore 70.9 118.17
cache off
Isum 16.5 27.5
ECNVM + DTCM 67
Icore 54.8 91.33
AX| SRAM + Isum 3.6 6.0
1467
DTCM Icore 70.6 117.67
AXI SRAM + 735 Isum 3.6 6.0
AXlI SRAM Icore 64.8 108.0

(1) Value guaranteed by sample, not 100% tested in production.
(2) During power consumption test, GPIO needs to be configure as Analog Input mode.

Table 4-14. Power consumption in Sleep mode(SMPS mode)™"@®)

Conditions Typ
Symbol | Description | gyacute T,= T,= T,= T,= Unit
Peripherals feru
from -40°C 25°C 105°C | 125°C
Sum of 600 MHz | 18.4 20.3 58.0 92.3
suppl
PP 400 MHz 13.4 15.5 53.3 83.3
current from
VDD,
Isum CNVM All disabled mA
VDDA,
VDDSMPS 64 MHz 5.2 7.5 45.5 74.6
(Sleep
mode)
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(1)  Value guaranteed by sample, not 100% tested in production.
(2) During power consumption test, GPIO needs to be configure as Analog Input mode.
(3) The memory. Access time is adjusted with the correctly wait states number.

Table 4-15. Power consumption in Sleep mode(BYPASS mode)"?®)

Conditions Typ
Symbol Description Execut T,= T,= T,= T,= Unit
Peripherals feru Current
e from -40°C 25°C | 105°C | 125°C
Isum 3.6 3.7 4.3 4.7
Sum of supply 600 MHz
Icore 36.8 44.0 156.5 | 231.4
current from
VDD. Isum 3.0 3.1 3.7 4.0
Isvypass CNVM All disabled 400 MHz mA
VDDA, lcore 255 326 | 1451 | 219.2
VCORE
Isum 1.4 1.4 1.9 2.2
(Sleep mode) 64 MHz
Icore 8.8 15.4 119.7 | 201.3

(1) Value guaranteed by sample, not 100% tested in production.
(2) During power consumption test, GPIO needs to be configure as Analog Input mode.
(3) The memory access time is adjusted with the correctly wait states number.

Table 4-16. Power consumption in Deep-sleep mode(SMPS mode)"?

Conditions Typ
Symbol | Description | Execute T,= T, = T, = T, = Unit
General
from -40°C 25°C 105°C 125°C
Sum of Vcore = 0.7 V,
supply IRC32K off,
current from RTC off, All 0.8 1.9 22.5 36.7
VDD, GPIOs analog
Isum CNVM mA
VDDA, mode
VDDSMPS Vcore= 0.8V,
(Deep-sleep IRC32K off, 0.9 2.5 30.3 49.9
mode) RTC off, All
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Conditions Typ
Symbol | Description | Execute T,= Ts= Ts= Ts= Unit
General
from -40°C 25°C 105°C 125°C
GPIOs analog
mode
Veore= 0.9V,
IRC32K off,
RTC off, All 1.1 3.5 40.7 68.0
GPIOs analog
mode
(1)  Value guaranteed by sample, not 100% tested in production.
(2) During power consumption test, GPIO needs to be configure as Analog Input mode.
Table 4-17. Power consumption in Deep-sleep mode(BYPASS mode)"®?
Conditions Typ
Symbol | Description | Execute T,= Ts= Ts= Ts= Unit
General Current
from -40°C 25°C 105°C 125°C
Sum of
Isum 0.3 0.7 14 1.7
suppl
PPy Vecore =09V,
current from
IRC32K off,
VDD,
IBYPASS CNVM RTC off, All mA
VDDA,
VCORE GPIOs analog | (oo 0.9 76 1121 | 1924
mode
(Deep-Sleep
mode)

(1)  Value guaranteed by sample, not 100% tested in production.

(2) During power consumption test, GPIO needs to be configure as Analog Input mode.
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Table 4-18. Power consumption in Standby mode

Conditions Typ
Symbol Description T,= T, = T, = T = Unit
General Vbp
-40°C 25°C 105°C 125°C
1.71V 49.3 56.2 78.2 101.1
FWDGT off, Backup
2.6V 51.7 59.3 88.8 121.6
SRAM off, RTC and
3.3V 55.7 65.1 116.5 169.5
LXTAL off
3.6V 62.0 75.8 152.7 221.9
1.71V 87.8 109.8 314.8 489.7
FWDGT off, Backup
2.6V 89.2 112.3 326.4 514.4
SRAM on, RTC and
3.3V 92.8 118.0 354.5 565.5
LXTAL off
3.6V 98.4 128.8 389.8 618.9
1.71V 49.8 57.6 79.1 101.7
FWDGT off, Backup
2.6V 52.3 59.7 89.3 122.1
Sum of supply SRAM off, RTC and
3.3V 55.0 65.3 1171 169.2
current from LXTAL on
3.6V 61.2 76.5 151.7 219.8
Isum VDD, VDDA, pA
1.71V 87.6 110.2 314.7 490.5
VDDSMPS FWDGT off, Backup
2.6V 89.8 112.5 326.7 515.0
(Standby mode) | SRAM on, RTC and
3.3V 93.4 118.7 354.4 561.6
LXTAL on
3.6V 99.0 129.4 388.6 620.6
1.71V 50.3 57.3 78.4 101.2
FWDGT on, Backup
2.6V 52.1 59.3 89.0 121.8
SRAM off, RTC and
3.3V 54.5 65.3 116.6 169.2
LXTAL off
3.6V 60.7 76.0 152.4 220.8
1.71V 87.6 110.1 315.3 489.8
FWDGT on, Backup
2.6V 89.4 112.5 326.9 515.7
SRAM on, RTC and
3.3V 93.1 118.5 355.2 560.6
LXTAL off
3.6V 98.7 129.2 390.4 619.3
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Conditions Typ
Symbol Description T,= T, = T, = T = Unit
General Vop
-40°C 25°C 105°C 125°C
1.71V 50.0 57.8 79.2 101.8
FWDGT on, Backup
2.6V 52.7 60.2 89.6 122.6
SRAM off, RTC and
3.3V 55.8 66.0 118.0 170.5
LXTAL on
3.6V 62.1 771 154.0 223.0
1.71V 87.9 111.5 315.6 489.7
FWDGT on, Backup
2.6V 90.1 113.3 327.5 515.9
SRAM on, RTC and
3.3V 93.9 119.5 356.6 564.4
LXTAL on
3.6V 99.8 130.5 393.1 617.5
(1) Value guaranteed by sample, not 100% tested in production.
Table 4-19. Power consumption in Backup mode("
Conditions Typ
Symbol Description Ty= T, = T, = T, = Unit
General Vear
-40°C 25°C 105°C | 125°C
Voo off, Vooa off, Backup 2.6V 0.01 0.03 0.4 1.2
SRAM off, RTC and 3.3V 0.3 0.6 1.9 34
LXTAL off 3.6V 1.2 2.1 5.0 7.1
Voo off, Vooa off, Backup 2.6V 37.6 53.1 238.5 394.0
SRAM on, RTC and 3.3V 37.9 53.8 240.8 396.9
LXTAL+RTC
LXTAL off 3.6V 38.8 55.3 244.0 400.7
lsaT current from MA
Voo off, Vooa off, Backup 2.6V 0.7 0.8 1.2 2.1
VBAT
SRAM off, RTC and 3.3V 1.1 1.5 2.9 4.4
LXTAL on 3.6V 2.1 3.1 6.1 8.3
Voo off, Vooa off, Backup 2.6V 38.2 53.8 239.5 395.4
SRAM on, RTC and 3.3V 38.7 54.7 242.0 398.5
LXTAL on 3.6V 39.6 56.3 245.2 402.4
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(1) Value guaranteed by sample, not 100% tested in production.
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The current consumption of the on-chip peripherals is given in the following table. To avoid
adding the CPU dynamic power consumption to the peripheral power consumption, the MCU
needs to enter sleep mode to stop the CPU operation during current measurement. The MCU
is configured under the following conditions:
* All I/O pins are in analog input mode
* The given value is in the table calculated by measuring the difference of the current
consumptions:

-- The target peripheral is clocked on and enters sleep mode

-- All peripherals are clocked off and enter sleep mode
» The ambient operating temperature is 25 °C and VDD = VDDA = VDDSMPS = 3.3 V.
* BYPASS mode uses an external LDO, with the input terminal being VDD and the output
terminal providing power to the VCORE.
The power consumption of the digital part of the on-chip peripherals is given in the following
table. The power consumption of the analog part of the peripherals (where applicable) is
indicated in each related section of the datasheet.
The values in the table are equal to the peripheral current divided by the clock frequency of
the corresponding BUS.

Table 4-20. Peripheral current consumption characteristics?

Typical consumption Unit
Peripherial
SMPS BYPASS

ENET1 2.775 10.571
ENET1TX - -
ENET1RX - -
ENET1PTP - -

USBHSO0 2.1 7.349
USBHSOULPI - -

DMAO 1.151 3.644

AHB1 DMA1 1.099 3.787
DMAMUX 0.7 2

ENETO 2.916 10.74
ENETOTX - -

ENETORX - - PA/MHz

ENETOPTP - -

USBHS1 2.103 7.345
USBHS1ULPI - -

DCI/PSSI 0.369 0.824

FAC 0.515 1.461

SDIO1 1.325 4.928

CAU 2.993 11.24

AHB2 HAU 0.49 1.432

GPSI 0.96 3.291

TRNG 0.947 2.788

TMU 0.093 0.322
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Typical consumption Unit
Peripherial
SMPS BYPASS
RAMECCMU1 - -
PKCAU - -
FFT 1.194 4117
ESC TBD TBD
EXMC 1.739 6.167
IPA 1.274 4.483
SDIO 1.414 4.766
MDMA 2.344 8.588
OSPIM - -
AHBS OSPI0 1.585 5.716
OSPI1 1.766 5.657
RTDECO 0.844 1.88
RTDEC1 0.726 1.889
RAMECCMUO - -
GPIOA 0.573 1.517
GPIOB 0.633 1.502
GPIOC 0.548 1.497
GPIOD 0.578 1.598
GPIOE 0.554 1.48
GPIOF 0.502 1.48
AHB4 GPIOG 0.6 1.519
GPIOH 0.509 1.479
GPIOJ 0.427 1.06
GPIOK 0.432 0.995
BKPSRAM 0.269 0.683
CRC 0.054 0.158
HWSEM 1.08 3.47
TIMERA 2.297 7.041
TIMER2 2.199 5.999
TIMER3 2.181 5.606
TIMER4 2.229 7.055
TIMERS 0.275 0.622
TIMERG6 0.305 0.711
TIMER22 2.29 7.075
ABPT TIMER23 1.966 7.06
TIMER30 1.79 5.673
TIMER50 0.54 1.087
TIMER51 0.408 1.034
RSPDIF 0.871 2.374
SPI1 1.04 2.994
SPI2 1.061 2.642
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Typical consumption Unit
Peripherial
SMPS BYPASS
MDIO 0.083 0.342
USRAT1 1.028 3.254
USRAT2 1.023 3.169
UART3 0.39 1.291
UART4 0.485 1.322
12C0 0.803 1.954
12C1 0.704 1.913
12C2 0.742 2.012
12C3 0.845 1.963
CTC 0.071 0.19
DACHOL - -

DAC 0.145 0.545
UART6 0.648 1.317
UART7 0.467 1.338
TIMERO 1.926 7.018
TIMER?7 1.992 6.975
USARTO 0.984 3.269
USART5 0.91 3.318
ADCO 0.285 0.818
ADC1 0.275 0.77
ADC2 0.254 0.718
SPI0 0.669 2.047
SPI3 0.661 1.966
SAI3 1.212 3.964
TIMER14 0.817 2.611
TIMER15 0.505 1.453
ABP?2 TIMER16 0.514 1.481
HPDF 3.925 14.822
SPI4 0.639 2.193
SPI5 0.643 2.045
SAIO 1.185 4.021
SAI1 1.349 4.514
SAI2 1.302 4.567
TIMER40 0.892 2.798
TIMER41 0.743 2.645
TIMER42 0.786 2.628
TIMER43 0.899 2.671
TIMER44 0.846 2.659
EDOUT 0.158 0.424
TRIGSEL 0.151 0.404
APB3 TLI 1.189 3.657
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Typical consumption Unit
Peripherial
SMPS BYPASS
WWDGT 0.047 0.142
SYSCFG 0.685 1.624
CMP 0.09 0.182
APB4 VREF - -

LPDTS 0.214 0.587
PMU 0.6 1.705
RDCM 0.878 2.961
HDSLE 3.184 11.73

BISS 0.477 1.42
ENDAT 0.841 2.839
ADDAPB2 TFMTE 0.504 1.515
AFMTE 0.714 2.44

CAN2 0.739 2.5
CAN1 0.681 2.429
CANO 0.702 2.399

(1)  Value guaranteed by sample, not 100% tested in production.
(2)  If there is no other description, then HXTAL = 25 MHz, frcik= fcru / 2, faps1 = fucik/ 2, faps2 = freiks, fapes = freik
1 2, fapea = froik/ 2.
4.10. EMC characteristics

System level ESD (Electrostatic discharge, according to IEC 61000-4-2) and EFT (Electrical
Fast Transient/burst, according to IEC 61000-4-4) testing result is given in the 7Table 4-21.
System level ESD and EFT characteristics. System level ESD is for end-customer
operation, it includes ESD field events on system level occur in an unprotected area (outside
EPA). System level ESD protection necessary to satisfy higher ESD levels.

Table 4-21. System level ESD and EFT characteristics(V®

Symbol Description Conditions Package| Class |Level
] ] Voo =33V, Ta=
Contact / Air mode high
25 °C, CD 8KV
Vesp voltage stressed on few BGA169 4A
fck_svys = 600 MHz AD 15KV
special 1/0 pins
IEC 61000-4-2
) ] Voo=3.3V, Ta=
Fast transient high voltage 05 oG
Verr burst stressed on Power BGA169| 4KV 4A
fck_svs = 600 MHz
and GND
IEC 61000-4-4

(1)  Value guaranteed by sample, not 100% tested in production.
(2) The explanation of the evaluation methods for system-level ESD and system-level EFT test methods and test
levels can be referred to in AN127 and AN128.

EMI (Electromagnetic Interference) emission test result is given in the Table 4-22. EM/
characteristics, The electromagnetic field emitted by the device are monitored while an
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application, executing EEMBC code, is running. The test is compliant with SAE J1752-3
standard which specifies the test board and the pin loading.

Table 4-22. EMI characteristics("?

Max vs. [fuxtaL/ fox_svs]
25/600 MHz
Symbol| Parameter | Conditions | Package | Mode Unit
0.1- 30- 130MHz1 e

- z

30MHz (130MHz| -1GHz

Vop = 3.6V, SMPS
2.34 | 10.54 | 9.26 8.00
Ta=25°C, supply
fek_svs = 600
Sem | Peak level BGA169 dBuv
MHz,
conforms to Bypass
-2.51 6.59 5.12 8.04
SAE J1752-3 supply

(1) Value guaranteed by sample, not 100% tested in production.
(2) The explanation of the chip-level EMI test methods can be referred to in AN125.

Component level ESD include HBM (Human body model, according to ANSI/ESDA/JEDEC
JS-001) and CDM (ANSI/ESDA/JEDEC JS-002), that ESD field events during manufacturing
in an ESD protected area, such as PCB assembly/repair, IC assembly/test and Fab
environment. The ESD protected area (EPA) has many measures, for instance ESD

protective packaging, grounding person wrist strap to ground (or flooring/footwear), grounded
work surface and ionizer.

Static latch-up (LU, according to JEDEC78) test is based on the two measurement methods,
I/0O current injection value (I-test) and power supply over-voltage value.

Table 4-23. Component level ESD and latch-up characteristics?®

Symbol Description Conditions |Package| Max Unit | Level
Human body model
Ta=25°C,
Vhem electrostatic discharge BGA169 TBD \% TBD
JS-001
voltage
Charge device model
Ta=25°C,
Vcom electrostatic discharge BGA169 TBD \% TBD
JS-002
voltage (All pins)
|-test Ta = 125°C, TBD mA
LU JESD78 BGA169 TBD
Vsupply OVer voltage TBD \Y

(1)  Value guaranteed by sample, not 100% tested in production.
(2) The levels of system-level ESD and chip-level ESD are not related. The differences between the two can be
referred to in AN159.
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4.11.

Typical SMPS efficiency versus load current and temperature

Figure 4-5. Typical SMPS efficiency (%) vs load current(A) in Run mode at T, = 25 °C
when VFBSMPS =09V
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Figure 4-6. Typical SMPS efficiency (%) vs load current(A) in Run mode at T, = -40 °C
when VFBSMPS =09V
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Figure 4-7. Typical SMPS efficiency (%) vs load current(A) in Run mode at T, = 125 °C
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GigaDevice
when VFBSMPS =09V
SMPS Efficiency at T, = 125°C when Vggypes = 0.9V
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4.12. External clock characteristics

Figure 4-8. Internal structure diagram of OSCIN and OSCOUT pin

MCU

R

OSCIN

CL1_I=_

Hl;'(

OosCcouT
Rd

T Cr2

It is strongly recommended to meature the oscillation allowance (negative resistance) in the

final target system (layout) to determine which load capacitors will best tune their

resonator/crystal to the microcontroller device for optimum start-up and operation over

temperature/voltage extremes.
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Table 4-24. High speed external clock (HXTAL) generated from a crystal/ceramic
characteristics

Symbol Description Conditions Min | Typ Max | Unit
faxtaL Crystal or ceramic frequency [1.71V <=Vpp<=3.6V| 4 25 50 MHz
Rr Feedback resistor Voo =3.3V - 400 - kQ
Recommended matching
Chixta® capacitance on OSCIN and - - 20 30 pF
OSCOUT
DutyhxraL Crystal or ceramic duty cycle - 30 50 70 %
Om Oscillator transconductance Startup - 27 - mA/NV
Crystal or ceramic operating
lop(HxTAL) current - - 0.85 - mA
tstxtan® | Crystal or ceramic startup time XTAL = 32 MHz - 450 - ms

(1) Value guaranteed by design, not 100% tested in production.

(2)  ChxraLt = Cuxtarz = 2*(Croap - Cs), For Chxtai1 and Crxavz, it is recommended matching capacitance on OSCIN
and OSCOUT. For Cioan, it is crystal/ceramic load capacitance, provided by the crystal or ceramic manufacturer.
For Cs, it is PCB and MCU pin stray capacitance.

(3) tstnxTay is the startup time measured from the moment it is enabled (by software) to the 32 MHz oscillator
stabilization flags is SET. This value varies significantly with the crystal manufacturer.

(4)  More details about gm could be found in AN052 GD32 MCU Resonator-Based Clock Circuits.

Table 4-25. High speed external clock characteristics (HXTAL in bypass mode) (")

Symbol Description Conditions Min |[Typ| Max |Unit
External clock source or oscillator
FHXTAL ext 1.71V <=Vpp<=3.6V 1 - 50 |MHz
frequency
OSCIN input pin high level
VH(HXTAL) 0.7Voo | - Vb \Y
voltage -
Vipxtay | OSCIN input pin low level voltage Vss - |03V | V
tHiL(HXTAL) OSCIN high or low time - 5 - - ns
tRIF(HXTAL) OSCIN rise or fall time - - - 10 ns
Dutymxtac Duty cycle - 40 - 60 %

(1)  Value guaranteed by design, not 100% tested in production.

Table 4-26. Low speed external clock (LXTAL) generated from a crystal/ceramic
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characteristics M

Symbol Description Conditions Min Typ Max | Unit
Crystal or ceramic
fLxTaL - - 32.768 - kHz
frequency
Rr Internal feedback resistor - - 10 - MQ
Recommended matching
Cixral® capacitance on OSC32IN - - 10 - pF
and OSC320UT
Crystal or ceramic duty
Dutyixta - 30 - 70 %
cycle
LXTALDRI[1:0] = 00 - 5 6.3
) LXTALDRI[1:0] = 01 - 7.5 9.3
Om Oscillator transconductance HA/V
LXTALDRI[1:0] = 10 - 14.8 18.5
LXTALDRI[1:0] = 11 - 22.2 27.8
LXTALDRI[1:0] = 00 - 0.5 -
Crystal or ceramic operating| LXTALDRI[1:0] = 01 - 0.6 -
IppxTAL) MA
current LXTALDRI[1:0] = 10 - 0.9 -
LXTALDRI[1:0] = 11 - 1.2 -
LXTALDRI[1:0] = 00 - 350 -
Crystal or ceramic startup | LXTALDRI[1:0] = 01 - 260 -
tsxray © . ms
time LXTALDRI[1:0] = 10 - 200 -
LXTALDRI[1:0] = 11 - 180 -

(1)  Value guaranteed by design, not 100% tested in production.
(2)  CuixtaL1 = Cixrarz = 2*(Croap - Cs), For CixtaL1 and Cuxrarz, it is recommended matching capacitance on OSC32IN
and OSC320UT. For Cuoan, it is crystal/ceramic load capacitance, provided by the crystal or ceramic
manufacturer. For Cs, it is PCB and MCU pin stray capacitance.
(3) tstxTay) 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.
(4) More details about gm could be found in AN052 GD32 MCU Resonator-Based Clock Circuits.

Table 4-27. Low speed external user clock characteristics (LXTAL in bypass mode) "

Symbol Description Conditions Min | Typ | Max | Unit
External clock source or oscillator | 1.71 V <= Vpp <= 3.6
fLxTAL ext - 132.768| 1000 | kHz
frequency \%
OSC32IN input pin high level
VHexTAL) - 0.7Vop| - Vop
voltage v
OSC32IN input pin low level
VL(LxTAL) - Vss - 10.3Vop
voltage
tHiLxTAL) OSC32IN high or low time - 450 - -
ns
trRiF(LXTAL) OSC32IN rise or fall time - - - 50
Ci OSC32IN input capacitance - - 5 - pF
DutyixtaL Duty cycle - 30 50 70 %

(1) Value guaranteed by design, not 100% tested in production.
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Figure 4-9. Recommended external OSCIN and OSCOUT pins circuit for crystal
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Figure 4-10. Recommended external OSCIN and OSCOUT pins circuit for oscillator
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4.13. Internal clock characteristics

Table 4-28. High speed internal clock (IRC48M) characteristics (!
Symbol Description Conditions Min | Typ | Max | Unit

High Speed Internal
. Voo = Vooa = 3.3V,
fircasm Oscillator (IRC48M) - 48 - MHz
Ta=25°C
frequency

Vob = Vopa = 3.3V,
IRC48M oscillator -3 - +3 %
Ta=-40°C ~+105°C @

. Vop = Vopa= 3.3V,
trimmed -1 - +1 %
Ta=25°C®

Driftrcasm | Frequency drift, Factory-

IRC48M oscillator
Trimircasm Frequency drift, User Voo = Vopa=3.3V - 0.14 - %
trimming step
IRC48M oscillator duty

Dutyircasm Vop = Vopa = 3.3V 45 50 55 %
cycle
IRC48M oscillator
Ibpagrcasm) ) fircasm = 48 MHz - 300 - MA
operating current
IRC48M oscillator startup
tsT(rC48M) ’ fircasm = 48 MHz - 2.5 - V]
ime

(1)  Value guaranteed by design, not 100% tested in production.
(2) Value guaranteed by characterization, not 100% tested in production.
(3) Value guaranteed by production.
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Table 4-29. High speed internal clock (IRC64M) characteristics ("
Symbol Description Conditions Min Typ | Max | Unit
High Speed Internal
Vob = Vopa = 3.3V,
firceam Oscillator (IRC64M) - 64 - MHz
Ta=25°C
frequency

Voo = Vooa = 3.3V,
IRC64M oscillator -2.5 - 2.5 %
Ta=-40°C ~+105°C @

Voo = Vooa = 3.3V,

Driftirceam Frequency drift, Factory-

trimmed -1 - +1 %
Ta=25°C0®
IRC64M oscillator duty
Dutyirceam Vop = Vopa = 3.3V 45 50 55 %
cycle
IRC64M oscillator
Ibpagresam) firceam = 64 MHz - 500 - MA

operating current

IRC64M oscillator startup
tsTirce4M) i firceam = 64 MHz - 2.5 - V&
ime

(1)  Value guaranteed by design, not 100% tested in production.
(2)  Value guaranteed by characterization, not 100% tested in production.
(3) Value guaranteed by production.

Table 4-30. Low power internal clock (LPIRC4M) characteristics "

Symbol Parameter Conditions Min |Typ| Max | Unit

High Speed Internal
Voo = Vooa=3.3V,
fLrircaM Oscillator (LPIRC4M) - 4 - MHz
Ta=25°C
frequency

Voo = Vopa = 3.3V,

LPIRC4M oscillator Ta=-40°C ~+105°C -2 - +2 %
DriftLpircam Frequency accuracy, @
Factory-trimmed Voo = Vooa = 3.3V,
-1 - +1 %
Ta=25°C®
LPIRC4M oscillator duty
DutyLpircam Vop = Vopa = 3.3V 45 50 55 %
cycle
LPIRC4M oscillator
IopALPIRCAM fLrircam = 4 MHz - 42 - MA

operating current

LPIRC4M oscillator
tsuLpircam i flrircam = 4 MHz - 1.1 - ps
startup time

(1)  Value guaranteed by design, not 100% tested in production.
(2)  Value guaranteed by characterization, not 100% tested in production.
(3) Value guaranteed by production.
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Table 4-31. Low speed internal clock (IRC32K) characteristics ("

time

Symbol Description Conditions Min | Typ | Max |Unit
Low Speed Internal oscillator Vopo = Vooa = 3.3V,
fircaak - 32 - kHz
(IRC32K) frequency Ta=25°C
Vopo = Vooa = 3.3V,
294 - 34.6 | kHz
) IRC32K oscillator Frequency Ta=-40°C~+105°C @
Driftircaax .
accuracy, Factory-trimmed Vop = Vopa =3.3V,
30 - 34 |kHz
Ta=25°C®
IRC32K oscillator operating
IppAIRC32K - - 0.19 - MA
current
IRC32K oscillator startup
tsuLpIRca2K - - 60 - us

(1)  Value guaranteed by design, not 100% tested in production.
(2) Value guaranteed by characterization, not 100% tested in production.
(38) Value guaranteed by production.
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414,

PLL characteristics

Table 4-32. PLL0/1/2 characteristics (wide VCO frequency range) "

Symbol Description Conditions Min | Typ | Max | Unit
‘ PLL input clock frequency - 2 - 16 | MHz
IN(PLL)
PLL input clock duty cycle - 10 - 90 %
PLL VCO output clock
fuco - 100 - 850 | MHz
frequency
tLk(pLL) PLL lock time - - 200 | 500 us
Current consumption from
lopA(PLL) VCO freq = 800 MHz - 1.6 - MA
Vbba
fvco_our= 100
- 110 -
MHz
Cycle to cycle Jitter feLL_out = fvco_our= 400 19
- - ps
(rms) fvco_out/ 10 MHz
fvco_out= 800
- 15 -
MHz
fvco_our= 100
- 900 -
MHz
Cycle to cycle Jitter feLL_out = fvco_our= 400
- 150 - ps
(peak to peak) fvco_out/ 10 MHz
fvco_out= 800
- 120 -
MHz
JrLL
fvco_our= 100
- 90 -
MHz
o feLL_out = fuco_out= 400
Period jitter(rms) - 12 - ps
fvco_out/ 10 MHz
fvco_out= 800 8
MHz
fvco_our= 100
- 750 -
MHz
o feL_out = fvco_our= 400
Period jitter(peak to peak) - 100 - ps
fvco_out/ 10 MHz
fvco_our= 800
- 70 -
MHz
(1) Value guaranteed by design, not 100% tested in production.
Table 4-33. PLL0/1/2 characteristics (narrow VCO frequency range) ("
Symbol Parameter Conditions Min | Typ | Max | Unit
PLL input clock frequency - 1 - 2 MHz
fineLL) -
PLL input clock duty cycle - 10 - 90 %
PLL VCO output clock
fvco - 100 - 500 | MHz
frequency
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Symbol Parameter Conditions Min | Typ | Max | Unit
tLk(pLL) PLL lock time - - 200 | 500 us
Current consumption on
IppAPLL) VCO freq = 500 MHz - 1.1 - mA
Vopa
. fvco_out = 500
Cycle to cycle Jitter(rms) - 16 -
feLL_ouT = MHz
ps
Cycle to cycle Jitter(peak to| fvco_our/ 10 | fyco_our = 500 140
peak) MHz
JpLL
- fvco_out = 500
Period jitter(rms) - 10 -
feLL_ouT = MHz
ps
S fuco_our/ 10 | fvco_out = 500
Period jitter(peak to peak) - 90 -
MHz
(1)  Value guaranteed by design, not 100% tested in production.
Table 4-34. PLLUSBHS characteristics "
Symbol Parameter Conditions Min | Typ | Max | Unit
fineLL) PLL input clock frequency - 4 - 30 | MHz
foutpyy | PLL output clock frequency - - 480 - MHz
PLL VCO output clock
fvco - - 480 - MHz
frequency
tikpLL) PLL lock time - - 160 | 520 | us
Current consumption on
Ibp3susB(PLL) - - 1.7 - mA
Vbp3suss
Cycle to cycle Jitter(rms) - 15 -
Cycle to cycle Jitter 170 ps
JpLL (peak to peak) System clock
Period jitter(rms) - 10 -
ps
Period jitter(peak to peak) - 135 -

(1) Value guaranteed by design, not 100% tested in production.

(2) Value given with main PLL running.
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4.15. Memory characteristics

Table 4-35. Code non-volatile memory characteristics

Symbol Description Conditions Min | Typ | Max Unit

Average supply current )
) Code non-volatile memory
from Voo during code ) .
Iooenvmy@ write 256-bit mode, form - 18 - mA

non-volatile memory
. 0x55...55 to OxAA...AA
operation, VDD = 3.3V

Number of guaranteed

program / erase cycles
PEcvc™ ) T,=-40°C~+125°C 10 - - kecycles
before failure

(Endurance)
Ts=125°C
trer() Data retention time ’ 10 - - years
after up to 10 kcycles
64 MHz < frcik <= 99 MHz - 1 -
Code non-volatile HCLK
Nws(M® ) 100 MHZ < froik <= 149 MHz| - 2 -
memory wait states cycles
ek =300 MHz - 5 -
Programming 256-bit data,
with 128 bits written from 0 - 76 -
to1
Code non-volatile Programming 256-bit data,
trroc@® memory word with 256 bits written from 0 | - 76 - us
programming time to1

Programming 256-bit data,
with 256 bits written from - 170 -
0x55...55 to OxAA...AA

Code non-volatile

tsereear)@ memory Sector erase - - 10.082 - s
time
tmErR Mass erase time - - |2.66®@ - s

Value guaranteed by design, not 100% tested in production.

Value guaranteed by sample, not 100% tested in production.

The WSCNT bits in the NVMC_PERFCTL register needs to be configured correctly depend on the AHB clock
frequency when reading the memory.

For memory range outside the Data Integrity Enhancement area, please refer to this data. For the memory
range within the Data Integrity Enhancement area, please refer to ECNVM tproc.
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Table 4-36. Extended code non-volatile memory characteristics
Symbol Description Conditions Min Typ Max Unit
Average supply current
9 PP ) Extended code non-
from Voo during ) )
volatile memory write
IobEenv® extended code non- ] - 13 - mA
. 256-bit mode, form
volatile memory
] OxFF...FF to 0x00...00
operation, VDD = 3.3 V
Number of guaranteed
program /erase cycles
PEcyc) ) T,=-40°C~+125°C | 100 - - kcycles
before failure
(Endurance)
o Ta=70°C
trer( Data retention time - 20 - years
after up to 0 kcycles
Extended code non-
trroc(e4bit® volatile memory 64-bit - - 117 360 us
programming time
Extended code non-
trrocsebin® | volatile memory 256-bit - - 447 1080 us
programming time
tPER(@K) Page erase time - - 27@ 1200 ms
tser(4K) Sector erase time - - 10.121@ 6" s
tser(ak)”
tmer™ Mass erase time - - - |numberof| s
sectors
(1) Value guaranteed by design, not 100% tested in production.
(2) Value guaranteed by sample, not 100% tested in production.
4.16. NRST pin characteristics
Table 4-37. NRST pin characteristics "
Symbol Description Conditions Min Typ Max |Unit
VIL(NRST) NRST Input low level voltage - -0.3 - 0.3Vop v
ViHNRsT) NRST Input high level voltage - 0.7Vop - Vpp+0.3
Vob = Vopa = 1.71V - 300 -
Vhvst Schmidt trigger Voltage hysteresis | Vob = Vopa = 3.3V - 280 - mV
Vob = Vopa = 3.6 V - 295 -
Reu Pull-up equivalent resistor Vin= Vss - 40 - kQ
tpulse_giitch NRST pin glitch pulse duration - - - 100
ns
tPulse_reset NRST pin reset pulse duration - 350 - -
tReset Reset stretch time - 20 - - us
INRST delay System reset delay time - - - 145 | ns

(1)

Value guaranteed by design, not 100% tested in production.
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Figure 4-11. NRST pin level and system reset timing diagram

NRST Pin I

tru Ise_reset!€—

r

1
tPulsejlllch f :
: : < tResel >
L
System Reset —
1 1
[} [}
! ! TNRST delay *— «— {NRST_delay
Lo
P
: : < > tRese\
1 1
tPuIseﬁreset < tReset
P
NRST Pin T —
I
tPuIsejhtch |<_> tPu\seﬁreSe[ < »

System Reset

>
INRST _delay ] tNRST_detay

1
treset <—>i
>

tPu Ise_reset

tPu Ise_reset > tRes et

Figure 4-12. Recommended external NRST pin circuit"

Voo

10 kQ Reu

NRST

(1) Unless the voltage on NRST pin go below ViinrsT) level, the device would not generate a reliable reset.

4.17. GPIO current injection characteristics

As a general rule, current injection to the 1/0O pins, due to external voltage below VSS or above
VDD (for standard, 3.3 V-capable I/O pins) should be avoided during normal product operation.
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However, in order to give an indication of the robustness of the microcontroller in cases when
abnormal injection accidentally happens, susceptibility tests are performed on a sample basis
during device characterization.
Functional susceptibility to I/O current injection
While a simple application is executed on the device, the device is stressed by injecting
current into the 1/O pins programmed in floating input mode. While current is injected into the
I/0 pin, one at a time, the device is checked for functional failures. The failure is indicated by
an out of range parameter: ADC error above a certain limit (higher than 5 LSB TUE), out of
conventional limits of induced leakage current on adjacent pins (out of the -5 yA/+0 yA range)
or other functional failure (for example reset occurrence or oscillator frequency deviation).
Negative induced leakage current is caused by negative injection and positive induced
leakage current is caused by positive injection.
Table 4-38. GPIO current injection susceptibility"
Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Input current on 5V tolerant pin -5 -
Input current on other
, I/O(Except PAO. PA1, PC2,
Iy mected | bcs. Pc10. PCO. PCS. ° ) mA
current on pin
PB6)
PAO. PA1, PC2. PC3.
PC10. PC9. PC6. PB6 ° 0
(1) Value guaranteed by design, not 100% tested in production.
4.18. GPIO characteristics

More details about GPIO could be found in AN092 GD32 MCU GPIO structure and
precautions.

Table 4-39. 1/0 static characteristics

Symbol Description Conditions Min Typ Max | Unit
Standard 10 low level input
171V <Vop=Vopa< 3.6 V - - 0.3Vop| V
voltage
Vil
5V-tolerant 10 low level
) 1.71V < Voo = Vopa < 3.6 V - - 0.3Vop| V
input voltage
Standard IO high level
) 1.71V <Vop=Vooa < 3.6 V | 0.7Vop - - \Y,
input voltage
Vin®
5V-tolerant 10 high level
) 1.71V < Voo = Vopa < 3.6 V | 0.7Vop - - \Y,
input voltage
Vhvs™ Input hysteresis VDD = 3.3V - 300 - mV
lLeak® Input leakage current Vss <= Vin <= Vpp - - +/-2 uA
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Symbol Description Conditions Min Typ Max | Unit
Weak pull-up equivalent

Rey™" ) ViN= Vss - 40 - kQ

resistor
Weak pull-down equivalent

Rep™" ) Vin=Vop - 40 - kQ
resistor

Cio” I/O pin capacitance - - 5 - pF

(1)  Value guaranteed by design, not 100% tested in production.
(2) Value guaranteed by production.

Table 4-40. Output voltage characteristics for all I/Os except PC13, PC14, PC15"®

Symbol Description Conditions Min | Typ | Max |Unit

Low level output Vob=1.71V - 0.12 -
voltage for an 10 Pin Vop=3.3V - 0.08 -
Vou (lo = +8 mA) Voo= 3.6V - | 0075 | -
(I0_speed=max) Low level output Voo=1.71V - 0.28 -
voltage for an 10 Pin Vop=3.3V - 0.16 -

(o = +20 mA) Voo=3.6 V - 0.15 - v
High level output Voo = 1.71V - 1.59 -
voltage for an 10 Pin Vob=3.3V - 3.22 -
Von (lo = +8 mA) Voo=3.6V - 3.53 -
(10_speed=max) High level output Voo =171V - 1.43 -
voltage for an 10 Pin Vob=3.3V - 3.12 -
(lo = +20 mA) Vop=3.6V - 3.43 -
Low level output Vob=1.71V - 0.16 -
voltage for an 10 Pin Vop=3.3V - 0.09 -
Vou (lo = +8 mA) Voo= 3.6V - 0.08 -
(IO_speed=85MHz) Low level output Vop=1.71V - 0.34 -
voltage for an 10 Pin Vop=3.3V - 0.18 -

(o = +16 mA) Voo=3.6 V - 0.17 - v
High level output Vopo=1.71V - 1.54 -
voltage for an 10 Pin Vob=3.3V - 3.2 -
Von (lo = +8 mA) Vop=3.6V - 3.5 -
(10_speed=85MHz) High level output Voo=1.71V - 1.35 -
voltage for an 10 Pin Vop=3.3V - 3.09 -
(lo = +16 mA) Vop=3.6V - 34 -
Low level output Voo=1.71V - 0.18 -
voltage for an 10 Pin Vop=3.3V - 0.1 -
VoL (lio = +8 mA) Voo=3.6V - 0.09 -
(I0_speed=60MHz) Low level output Vob=1.71V - 0.41 -

voltage for an 10 Pin Vop=3.3V - 0.2 - \Y,
(lo = +16 mA) Vop=3.6V - 0.19 -
Vou High level output Vop=1.71V - 1.51 -
(10_speed=60MHz) voltage for an 10 Pin Vob=3.3V - 3.18 -
(lio = +8 mA) Voo=3.6V - 3.49 -
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Symbol Description Conditions Min | Typ | Max |Unit

High level output Vop=1.71V - 1.28 -
voltage for an 10 Pin Vop=3.3V - 3.06 -
(lo = +16 mA) Vop=3.6V - 3.37 -
Low level output Vop=1.71V - 0.07 -
voltage for an 10 Pin Vob=3.3V - 0.03 -

VoL (o =+1 mA) Vop=3.6V - 0.03 - v
(10_speed=12MHz) Low level output Voo=1.71V - 0.27 -
voltage for an 10 Pin Vob=3.3V - 0.14 -
(o = +4 mA) Vop=3.6V - 0.13 -
High level output Vop=1.71V - 1.64 -
voltage for an 10 Pin Vop=3.3V - 3.26 -

Vo (lo = +1 mA) Voo= 3.6V - 3.56 1y
(I0_speed=12MHz) High level output Vop=1.71V - 1.42 -
voltage for an 10 Pin Vop=3.3V - 3.14 -
(lo = +4 mA) Voo=3.6V - 3.45 -

(1) Value guaranteed by sample, not 100% tested in production.
(2) 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(typical source capability:3 mA shared between these los, but sink capability
is same as other 10), the speed of GPIOs PC13 to PC15 should not exceed 2 MHz when they are in output

mode (maximum

load: 30 pF).

Table 4-41. 1/O port AC characteristics(IOSPDOP OFF)"G)4

Speed |Symbol Description Conditions Min | Typ | Max | Unit
27V<=VDD<=36V,CL.=50| - - 10
pF
1.71V<=VDD<=2.7V,CL=50| - - 20
pF
Output hightolow [2.7V<=VDD<=36V,C.=30| - - 7.6
level fall time and pF
00 tr/tr @ . ns
output low to high [1.71 V<=VDD<=2.7V,C.=30| - - 14
level rise time pF
27V<=VDD<=36V,C.=10| - - 5
pF
1.71V<=VDD<=2.7V,CL.=10] - - 10
pF
27V<=VDD<=36V,CL.=50| - - 4
pF
1.71V<=VDD<=2.7V,CL=50] - - 7
QOutput high to low .
p
level fall time and
01 tri/tr @ ) 27V<=VDD<=36V,CL.=30| - - 29 ns
output low to high
pF
level rise time
1.71V<=VDD<=2.7V,CL.=30| - - 5
pF
27V<=VDD<=36V,CL.=10| - - 1.8
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Speed |Symbol Description Conditions Min Typ | Max | Unit
pF
1.71V<=VDD<=27V,CL.=10 - - 3.5
pF
2.7V<=VDD<=36V,CL.=50| - - 3.1
pF
1.71V<=VDD<=27V,CL.=50 - - 5
pF
Output highto low |2.7 V<=VDD<=3.6V,CL=30 - - 2.2
10 o/t @ level fall time and pF NS
output low to high [1.71 V<=VDD<=2.7V,CL.=30| - - 3.8
level rise time pF
27V<=VDD<=36V,C.=10| - - 1.5
pF
1.71V<=VDD<=2.7V,C.=10| - - 25
pF
27V<=VDD<=36V,CL.=50| - - 23
pF
1.71V<=VDD<=2.7V,CL.=50| - - 3.5
pF
Output highto low |[2.7V<=VDD<=3.6V,C.=30| - - 1.8
level fall time and pF
11 tr/te @ ns
output low to high [1.71 V<=VDD<=2.7V,C.=30| - - 27
level rise time pF
27V<=VDD<=36V,CL.=10| - - 1.2
pF
1.71V<=VDD<=27V,CL.=10| - - 1.6
pF

(1) The maximum frequency is defined with the following conditions: (tr+tf) <= 2/3 T Skew <= 1/20 T 45%<Duty
cycle<55%
(2) The fall and rise times are defined between 90% and 10% and between 10% and 90% of the output waveform,
respectively.
(3) Value guaranteed by design, not 100% tested in production.
(4) The data is for reference only, and the specific values are related to PCB Layout.

Table 4-42. 1/O port AC characteristics (IOSPDOP ON)"®@

Speed |Symbol Description Conditions Min | Typ | Max | Unit
1.71 V<= VDD<=2.7 V, CL = 50 13
Output high to low  |pF
level fall time and  [{1.71 V<= VDD<=2.7 V, CL = 30
00 tr/tf@ - - 15 ns
output low to high |pF
level rise time 1.71 V<=VDD<=2.7V,CL. =10 20
pF
OQutput high to low |1.71 V<= VDD<=2.7 V, CL = 50
01 tr/tf@ - - 6.4 ns
level fall time and  |pF
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Speed |Symbol Description Conditions Min | Typ | Max | Unit
output low to high [1.71 V<= VDD<=2.7 V, CL = 30 48
level rise time pF '
1.71 V<= VDD<=2.7 V, CL=10
pF
1.71 V<= VDD<=2.7 V, CL = 50
Output high to low  |pF
level fall time and |1.71 V<= VDD<=2.7 V, CL. = 30
10 tr/tf - - 3.6 ns
output low to high |pF
level rise time 1.71 V<=VDD<=2.7V, C.=10 23
pF '
1.71 V<= VDD<=2.7 V, CL = 50 43
Output high to low  |pF '
level fall time and  [{1.71 V<= VDD<=2.7 V, CL = 30
11 tr/tf@ ) - - 3.2 ns
output low to high |pF
level rise time 1.71 V<=VDD<=2.7V,CL. =10 18
pF '
(1) The maximum frequency is defined with the following conditions: (tr+tf) <= 2/3 T Skew <= 1/20 T 45%<Duty
cycle<55%.
(2)  The fall and rise times are defined between 90% and 10% and between 10% and 90% of the output waveform,
respectively.
(3) Value guaranteed by design, not 100% tested in production.
(4) The data is for reference only, and the specific values are related to PCB Layout.
4.19. Internal reference voltage characteristics

Table 4-43. Internal reference voltage characteristics "

Symbol Description Conditions Min | Typ | Max | Unit
Ta=-40°C~+105°C®@ | 118 | 1.2 | 1.22
VREFINT Internal reference voltage \%
Ta=25°C® 118 | 1.2 | 1.22
ADC sampling time when
ts_vreent @ | reading the internal reference - 5 - - us
voltage
IopvrerinT_su|VRerinT buffer consumption from
- - 82 94 MA
F) Vop when converted by ADC
Internal reference voltage
AVRrerINT spread over the temperature | -40 °C <=TJ<=+125°C - 0.3 20 mV
range
Average temperature
Tcoeft - - - 100 |ppm/°C
coefficient
Vbdcoeft Average Voltage coefficient 1.71V <= VDD <= 3.6V - 246 | 1980 | ppm/V

(1) Value guaranteed by design, not 100% tested in production.

alue guarantee characterization, no b lested In production.
2) Value guaranteed by characterizati t 100% tested in producti

(38) Value guaranteed by production.
(4) The shortest sampling time can be determined in the application by multiple iterations.
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4.20.

Table 4-44. Internal reference voltage calibration values

Symbol

Test conditions

Memory address

VREFINT(1)

Vop = Vooa = Vrerp = 3.3 V (+/- 10
mV), Temperature = 25 °C (+/-

5°C)

0x1FFOF7DO0 ~ Ox1FFOF7D1

(1

14-bit ADC characteristics

Table 4-45. 14-bit ADC characteristics ("

VrernT is internally connected to the ADCO_CH21/ADC1_CH17 input channel.

Symbol

Parameter

Conditions

Min

Typ

Max

Unit

Vooa

Operating voltage

2.0

3.6

Vrerr®

Positive Reference
Voltage

Vooa>=2.4 V

24

Voba

Vooa<2.4 'V

2.0

Vooa

Vrern@

Negative
Reference Voltage

Vssa

fanc

ADC clock

2.4 V<=Vppa<=3.6 V
2.4 VV<=VRrerr<=VDpA

0.1

80

MHz

2.0 V<=Vppa<=2.4V
2.0 V<=VRrerr<=VDDA

0.1

30

MHz

fs

Sampling rate

Resolution =
14 bits

2.4 VV<=Vppa<=3.6
\%
2.4

V<=VRrerr<=VbDA

fanc = 80|
MHz

SMP=
3.5

2.0 V<=Vppa<=2.4
\%
2.0

V<=VRrerr<=VbDA

fanc = 30|
MHz

SMP=
3.5

1.5

Resolution =
12 bits

2.4 VV<=Vppa<=3.6
\%
2.4

V<=VRrerr<=VbDA

fanc = 80|
MHz

SMP=
3.5

4.44

MSPS

2.0 V<=Vppa<=2.4
\%
2.0

V<=VRrerr<=VbpA

fanc = 30
MHz

SMP=
3.5

1.67

Resolution =
10 bits

2.4 VV<=Vppa<=3.6
\%
2.4

V<=VRrerr<=VbpA

fanc = 80
MHz

SMP=
35

2.0 V<=Vppa<=2.4
\%
2.0

fanc = 30
MHz

SMP=
3.5

1.875
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Symbol Parameter Conditions Min | Typ | Max | Unit
V<=VRrerr<=VbpaA
2.4 V<=Vppa<=3.6
\Y, fanc = 80|SMP=
- - 5.71
2.4 3.5
Resolution = | V<=Vgrerr<=VbpaA
8 bits 2.0 V<=Vppa<=2.4
\Y, fanc = 30|SMP=
- - 2.14
2.0 3.5
V<=VRrerr<=VbpaA
External trigger ) )
trric . Resolution = 14 bits 20 - - | Yfaoc
period
Conversion
VaiN - VREFN - Vrerr | V
voltage range
Common mode VRer/2 VRer/2
Vemv ) - VRer/2 \Y
input voltage -10% +10%
Resolution = 14 bits - - 114
External input Resolution = 12 bits - - 130
Ran . - - Q
impedance Resolution = 10 bits - - 152
Resolution = 8 bits - - 182
Rapc  |Internal resistance - 200 - Q
Input sampling
Caoc ) - - 8 - pF
capacitance
ADC Power-up
tstas . - 1 - - us
time
Offset calibration
torr_caL ) - - - 2500 | 1/fanc
time
ts Sampling time - 3.5 - 1810.5| 1/fanc
Total conversion
tconv time (including Resolution = N bits N+3 - - |1/ fanc
sampling time)
ADC consumption ) ]
Ibpa (abc) Resolution = 14 bits - 2800 -
on Vopa
uA
lvrer | ADC consumption
fanc= 80 MHz - 180 -
(ADC) on VRrerp

(1)  Value guaranteed by design, not 100% tested in production.
(2) Depending on the package, VRerP can be internally connected to Vbpa and VREFN to VssA.
(3)  Vrkere should always be equal to or less than Vopa, especially during power up.

Equation 1. Ran max formula Ry <

Ts

fapc*CapcxIn (2N+2)

The formula above Equation 1 is used to determine the maximum external impedance allowed for an
error below 1/4 of LSB. Here N = 14 (from 14-bit resolution).
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Table 4-46. ADC Ran max for fapc = 80 MHz (14-bit ADC) @

Resolution Sampling cycles @ 80 MHz Ran max (kQ)
3.5 0.29
6.5 0.72
12.5 1.56
24.5 3.25
14 bits 475 6.49
92.5 12.83
247.5 34.67
810.5 114
3.5 0.36
6.5 0.85
12.5 1.81
12 bits 24.5 3.74
47.5 7.45
92.5 14.69
247.5 39.65
810.5 130
3.5 0.46
6.5 1.02
12.5 2.15
10 bits 24.5 4.40
47.5 8.72
92.5 17.18
247.5 46.29
810.5 152
3.5 0.59
6.5 1.27
12.5 2.62
24.5 5.32
8 bits 47.5 10.51
92.5 20.65
247.5 55.59
810.5 182

(1)  Value guaranteed by design, not 100% tested in production.

(2) The Ran value was calculated by theory and stray capacitance of actual pcb has not been taken into account.

Table 4-47. 14-bit ADC accuracy for fapc = 40 MHz (V23

Symbol Parameter Test conditions Min Typ Max Unit
Single ended - +/-1 -
EO Offset error
Differential - +/-1 -
LSB
Single ended - +/-1 -
EG Gain error
Differential - +/-1 -
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Symbol Parameter Test conditions Min Typ Max Unit
DNL Differential linearity Single ended - -1/+1.8 -
error Differential - +/-1 -
Single ended - -2.5/+1 -
INL Integral linearity error
Differential - +/-1 -
Single ended - 12.5 -
ENOB |Effective number of bits Bits
Differential - 13.4 -
Signal-to-noise and Single ended - 77.01 -
SNDR
distortion ratio Differential - 82.43 -
Single ended - 77.20 -
SNR Signal-to-noise ratio dB
Differential - 82.60 -
Total harmonic Single ended - -87.62 -
THD
distortion Differential - -90.41 -

(1) Guaranteed by sample results for BGA176 packages. The values for LQFP packages might differ.

(2) Test condition: Voo = Vopa= Vrerp = 3.3 V, ADC_CLK = 40 MHz, external VREF were adopted.

(3) Some guidance is provided to improve the sampling accuracy of ADC. Refer to AN059 Method's to improve
ADC sampling accuracy.

Table 4-48. 14-bit ADC accuracy for fapc = 80 MHz (V2@

Symbol Parameter Test conditions Min Typ Max Unit
Single ended - TBD -
EO Offset error
Differential - TBD -
Single ended - TBD -
EG Gain error
Differential - TBD -
LSB
DNL Differential linearity Single ended - TBD -
error Differential - TBD -
Single ended - TBD -
INL Integral linearity error
Differential - TBD -
Single ended - TBD -
ENOB |Effective number of bits Bits
Differential - TBD -
Signal-to-noise and Single ended - TBD -
SNDR
distortion ratio Differential - TBD -
Single ended - TBD -
SNR Signal-to-noise ratio dB
Differential - TBD -
Total harmonic Single ended - TBD -
THD
distortion Differential - TBD -

(1)  Guaranteed by sample results for BGA176 packages. The values for LQFP packages might differ.

(2) Test condition: Voo = Vopa= Vrerr= 3.3 V, ADC_CLK = 80 MHz, external VREF were adopted.

(3) Some guidance is provided to improve the sampling accuracy of ADC. Refer to AN059 Methods fo improve
ADC sampling accuracy.

126




&

GD32H77Rxx Datasheet

GigaDevice
Figure 4-13. Differential linearity error
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Figure 4-14. Integral linearity error
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4.21. 12-bit ADC characteristics

Table 4-49. 12-bit ADC characteristics ("

Symbol| Parameter Conditions Min | Typ | Max | Unit
Operatin

VoA P g - 1.71 - 3.6 \
voltage
Positive

Vrere® | Reference Vpoa>=VRerp 1.71 - 3.6 Vv
Voltage
Negative

Vrern® - Vssa \Y
Reference
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Symbol

Parameter

Conditions

Min | Typ | Max

Unit

Voltage

fanc

ADC clock

2.4 V<=Vppa<=3.6 V
2.4 VV<=VRrerr<=VDDA

1.5

85

MHz

1.71 V<=Vppa<=2.4 V
1.71 V<=VRrerr<=VDpDA

1.5

85

MHz

fs

Resolution
=12 bits

24

V<=Vppa<

=36V fanc = 85

24
V<=VRrerp

<=Vppa

-40 °C <=

MHz

SMP

Ti<=

125 °C

1.71

V<=Vppa<

=24V fanc = 68

1.71
V<=Vrerp

<=Vppa

MHz

=2.5

Resolution
=10 bits

24

V<=Vppa<

=36V faoc = 85

2.4
V<=Vgerp

<=Vppa

-40 °C <=

Ti<=

MHz

SMP

5.67

1.71

V<=Vppa<

125 °C

=24V fanc = 68

1.71
V<=Vgerp

<=Vppa

MHz

4.53

Resolution
= 8 bits

24

V<=Vppa<

=3.6V fanc = 85

24

V<=VRerp
-40 °C <=

<=Vppa

Ty <=

MHz

SMP

6.53

1.71

V<=Vppa<

125°C

=24V fanc = 68

1.71
V<=VRrerp

<=Vppa

MHz

= 2.5

5.23

Resolution
=6 bits

24 fanc = 85

V<=Vppa<

MHz

SMP

7.72

MSPS
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Symbol| Parameter Conditions Min | Typ | Max | Unit
=36V
24
V<=VRerp
<=Vppa
-40 °C <=
1.71
Ty <=
V<=Vppa<
125 °C
=24V fanc = 68
- - 6.18
1.71 MHz
V<=VRerp
<=Vppa
External
trric . . Resolution = 12 bits 17 - - | Yfanc
trigger period
Conversion
Vain - 0 - VRerp
voltage range
Common Vree/2| V
. Vrer/2 | Vrere/
Vemyv | mode input - +
-10% | 2
voltage 10%
Resolution = 12 bits - - 196.81
112.9
Resolution = 10 bits - -
External 9
RaN input 135.6| kQ
) Resolution = 8 bits - -
impedance 3
169.6
Resolution = 6 bits - - ]
Internal
Raoc . - - 250 - Q
resistance
Input
Cabc ) - - 8 - pF
capacitance
ADC Power-
tsas ) - - 1 - VS
up time
Offset
torr_caL | calibration - 164 - - 1/fapc
time
Sampling
ts ) - 2.5 - 640.5 | 1/faoc
time
Total
conversion
time
tcony Resolution = N bits 5+N - - |1/ fanc
(including
sampling
time)
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Symbol| Parameter Conditions Min | Typ | Max | Unit

ADC
consumption
loba.p | on Vopa and

fanc= 85 MHz - 900 -
(ADC) VREF,
Differential

mode MA

ADC

consumption
Ippa_se
on Vopa and fanc= 85 MHz - 815 -

(ADC)

Vrer, Single-

ended mode

(1)  Value guaranteed by design, not 100% tested in production.
(2) Depending on the package, Vrerr can be internally connected to Vbpa and Vrern to VssA.

(3) Vrserrshould always be equal to or less than Vooa, especially during power up.

Table 4-50. ADC Ran max for fapc = 85 MHz (12-bit ADC) (M@

Resolution Sampling cycles @80MHz Ran max (kQ)
25 0.12
6.5 0.73
12.5 1.64
12 bits 24.5 3.46
475 6.94
92.5 13.76
247.5 37.25
640.5 96.81
2.5 0.36
6.5 0.89
12.5 1.96
10 bits 24.5 4.08
47.5 8.14
92.5 16.10
247.5 43.50
640.5 112.99
2.5 0.49
6.5 1.12
12.5 2.40
8 bits 24.5 4,94
475 9.82
92.5 19.37
247.5 52.25
640.5 135.63
6 bits 25 0.67

130



&

GigaDevice

GD32H77Rxx Datasheet

Resolution Sampling cycles @80MHz Ran max (kQ)
6.5 1.47
12.5 3.06
24.5 6.24
475 12.34
92.5 24.28
247.5 65.38
640.5 169.61

(1)  Value guaranteed by design, not 100% tested in production.
(2) The Ran value was calculated by theory and stray capacitance of actual pcb has not been taken into account.

Table 4-51. 12-bit ADC accuracy at fapc = 85 MHz Vgere = 3.3 VN2

Symbol Parameter Test conditions Min Typ Max Unit
Single ended - +/-1 -
EO Offset error
Differential - +/-1 -
Differential linearity Single ended - +/-0.5 -
DNL LSB
error Differential - +/-0.8 -
Single ended - +/-1.2 -
INL Integral linearity error
Differential - +/-1 -
Single ended - 11.2 -
ENOB |Effective number of bits Bits
Differential - 11.5 -
Signal-to-noise and Single ended - 69.21 -
SNDR
distortion ratio Differential - 71.49 -
Single ended - 69.32 -
SNR Signal-to-noise ratio dB
Differential - 71.57 -
THD Total harmonic Single ended - -84.32 -
distortion Differential - -87.75 -

(1)  Guaranteed by sample results for BGA176 packages. The values for LQFP packages might differ.

(2) Test condition: Vop= Vopa = Vrerr= 3.3 V, ADC_CLK = 80 MHz, external VREF were adopted.

(3) Some guidance is provided to improve the sampling accuracy of ADC. Refer to AN059 Method's fo improve
ADC sampling accuracy.
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4.22. High-precision temperature sensor characteristics
Table 4-52. High-precision temperature sensor characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vs Uncalibrated Offset T,=25°C - 1012 - mV
Eorr® Uncalibrated Offset Error T,=25°C - +/-4 - mV
Avg_Slope® Average slope - - 3.305 - mV/°C
Em™" Slope Error - - 16 - pv/°C
T,=-40°Cto
LIN Linearity - +/-0.6® - °C
+125 °C
ADC sampling time when
ts_temp“) X - 5 - - us
reading the temperature
fanc = 85 MHz,
ton™ Turn-on Time - 50 - us
ts_temp =5 us
Temp Sensor Error Using
) T,=-40°Cto
ETOT@®®) Typical Slope and - +/-5 - °C
) +125 °C
Factory-Calibrated Offset
(1) Value guaranteed by design, not 100% tested in production.
(2) The error is the average result of 100 times and represents the chip junction temperature error. The chip self-
heating shall be considered when testing ambient temperature
(3) The error caused by ADC conversion and provided temperature calculation formula is not included.
(4) The sampling time should greater than ts_temp when use the high precision temperature sensor by ADC
conversion.
(5) Value guaranteed by sample, not 100% tested in production.
Table 4-53. High-precision temperature sensor calibration values
Symbol Parameter Memory address
High-precision temperature sensor raw
HPTS_CAL |data acquired value at 25 °C(+/-2°C), Vrerp 0x1FFOF7CC
= 3.3 V(+/-3 mV)
4.23. Temperature sensor characteristics
Table 4-54. Temperature sensor characteristics”
Symbol Parameter Conditions Min Typ Max Unit
Vas Uncalibrated Offset T,=25°C - 668 - mV
Avg_Slope Average slope - - 1.77 - mV/°C
) ) T,=-40°Cto
Tun Linearity - +/-3.5 - °C
+125 °C
ADC sampling time when
tsftemp(z) . - - 171 - uSs
reading the temperature

(1) Value guaranteed by design, not 100% tested in production.

(2) Shortest sampling time can be determined in the application by multiple iterations.
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Table 4-55. Temperature sensor calibration values
Symbol Parameter Memory address
Temperature sensor raw data acquired value
TS_CAL1 Ox1FFOF7C8
at 25 °C(+/-2°C), Vrerr = 3.3 V(+/-3 mV)
4.24. Low power digital temperature sensor characteristics
Table 4-56. Low power digital temperature sensor characteristics (V
Symbol Parameter Conditions Min | Typ | Max | Unit
Vooa Supply voltage - 1.71| 3.3 | 3.6 \%
fors Output Clock frequency - 426 | 751 | 1412 | kHz
Temperature linearity
Tic . - 1551 | 2282 | 3360 |Hz/°C
coefficient
Temperature offset T,;=-40°Cto25°C -3.67 - 1.53
TTOTALERROR) °C
measurement Ty =25 °C to Towax 96| - |078
Wake-up time from off
twake_uP  |state until DTS ready bit - - 350 - us
is set
ILPDTS LPDTS consumption - - 22 - MA
(1) Value guaranteed by design, not 100% tested in production.
4.25. Voltage reference buffer characteristics
Table 4-57. Voltage reference buffer characteristics
Symbol Parameter Conditions Min Typ Max |Unit
VREFS =00 2.8 3.3 3.6
Normal
VREFS = 01 2.4 - 3.6
mode,
VREFS =10 2.1 - 3.6
Vooa=3.3V
v Suoolv Vot VREFS = 11 1.8 - 3.6
u voltage
o PRy voTag VREFS = 00 1.71 - 2.8
Degraded VREFS = 01 1.71 - 2.4
mode VREFS =10 1.71 - 2.1
VREFS = 11 1.71 - 1.8 v
VREFS = 00 - 2.501 -
Normal
VREFS = 01 - 2.049 -
mode, at
VREFS =10 - 1.8 -
Vbpa=3.3V@
Vrersur_ou|Voltage Reference VREFS = 11 - 1.5 -
T Buffer Output Vbpa-
VREFS =00 - Vooa
Degraded 100mV
mode ® Vbpa-
VREFS =01 - Vooa
100mV
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Symbol Parameter Conditions Min Typ Max |Unit
Vbpa-
VREFS =10 - Vbpa
100mV
Vbpa-
VREFS = 11 - Vbpa
100mV
Trim step
TRIM - - +/-0.07 | +/-0.1 | %
resolution
C. Load capacitor - 0.5 1 1.5 uF
Equivalent Serial
ESR - - - 2 Q
Resistor of CL
lLoap Load current - - - 4 mA
tstaRT Start-up time - - 770 - us
VREFBUF
Iopa .
consumption from - - 73 81
(VREFBUF) MA
Vopa
Control of
maximum DC
lINRUSH current drive on - - 11 - mA
VRrerBuF_out during
startup phase
28V <= | Jiad = 500 pA - 786 - |ppm
Reguwne)| Line regulation | VDDA <= 3.6
v lioad = 4 mA - 765 - N
500 pA <=
. ppm
Reguoan)| Load regulation ILoAD <=4 Normal mode - 55 - A
m
mA
. o o ppm
Tcoerr | Temperature drift -40°C<Ty<+125°C - - 50 s
Power suppl DC - - 58 -
PSRR o PP dB
rejection 100 kHz - - 40 -

(1) Value guaranteed by design, not 100% tested in production.

(2) Value guaranteed by sample, not 100% tested in production.

(3) In degraded mode, the voltage reference buffer cannot accurately maintain the output voltage (Voba-drop
voltage).

(4)  To properly control VREFBUF linrusk current during the startup phase and the change of scaling, Vooa voltage
should be in the range of 1.8 V-3.6 V, 2.1 V-3.6 V, 2.4 V-3.6 V and 2.8 V-3.6 V for VREFS = 11, 10, 01 and 00,
respectively.

4.26. CMP characteristics

Table 4-58. CMP characteristics ("

Symbol Description Conditions Min | Typ | Max | Unit
Vbpa Operating voltage - 1711 3.3 | 3.6 V
Vin Input voltage range - 0 - Vooa | V
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Symbol Description Conditions Min | Typ ‘ Max | Unit
Vea Scaler input voltage - Refer to Vrerint \Y,
Vsc Scaler offset voltage - - 3.5 11 | mV
Scaler static consumption BEN=0 (bridge disable) - 175 | 190
IbDA(SCALER) - nA
from VDDA BEN=1 (bridge enable) - 775 | 915
tsT(scALER) Scaler startup time - - - 100 | us
Propagation delay for Ultra-low power mode - 1768 - us
200mV step with 100 mV Medium power mode - 126 - ns
overdrive High speed power mode - 55 - ns
to@ Propagation delay for Ultra-low power mode - | 1768 | - us
step > 200 mV with 100 Medium power mode - 154 | - ns
mV overdrive only on
e High speed power mode - 74 - ns
positive inputs
Comparator startup time to High-speed mode - - 1.4
tstcmp) reach propagation delay Medium mode - - 14 | us
specification Ultra-low-power mode - - 11
Static - 400 | 425
\With 50 kHz +/-
Ultra-low
100 mV nA
power mode ) - 2600 | -
overdrive
square signal
Static - | 4300 | 4500
. ) \With 50 kHz +/-
Current consumption from |Medium power
IppacvP) 100 mV nA
Vbba mode ] - 4300 -
overdrive
square signal
Static - 43 45
. \With 50 kHz +/-
High speed
100 mV MA
power mode ) - 40 -
overdrive
square signal
VorrseT Offset error - - +/-5 | +/-15| mV
No Hysteresis - 0 -
Low Hysteresis 8 10 17
Vhvst Hysteresis Voltage mV
Medium Hysteresis 16 20 34
High Hysteresis 24 30 52

(1) Value guaranteed by design, not 100% tested in production.

(2) Value guaranteed by sample, not 100% tested in production.
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4.27. Temperature and VBAT monitoring

Table 4-59. VBAT monitoring characteristics

Symbol Parameter Min | Typ | Max Unit
R Resistor bridge for VBAT - 25 - kQ
Q Ratio on VBAT measurement - 4 - -
Er Erroron Q -10 - 10 %
tsampLE(vBAT) ADC sampling time when reading VBAT input 10 - - us
VBAT(high) High supply monitoring - 3.56 - v
VBAT(low) Low supply monitoring - 1.36 -

(1)  Value guaranteed by design, not 100% tested in production.

Table 4-60. Vsar charging characteristics”

Symbol Parameter Conditions Min | Typ | Max | Unit
VCRSEL =0 - 5 -
Rsc Battery charging resistor kQ
VCRSEL = 1 - 1.5 -

(1)  Value guaranteed by design, not 100% tested in production.

Table 4-61. Temperature monitoring characteristics'"

Symbol Parameter Min Typ | Max | Unit
TEMPhigh High temperature monitoring - 117 - °c
TEMPiow Low temperature monitoring - -27 -

(1)  Value guaranteed by design, not 100% tested in production.

4.28. DAC characteristics

Table 4-62. DAC characteristics"

Symbol Parameter Conditions Min Typ Max Unit
Vooa Operating voltage - 1.8 3.3 3.6 \%
Vrerp | Positive Reference Voltage - 1.8 - Vboa \Y

Negative Reference
VREFN - - Vssa - \%
Voltage
Connected to
Resistive 5 - -
Vssa
Rioap Resistive load load with kQ
Connected to
buffer ON 5 - -
Vopa
Impedance output with
Ro Impedance output - - 15 kQ
buffer OFF
Output impedance sample
Rson and hold mode, output DAC output buffer ON - - 15
buffer ON kQ
OQutput impedance sample
Reorr DAC output buffer OFF - - 15
and hold mode, output
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Symbol Parameter Conditions Min Typ Max Unit
buffer OFF
Croap DAC output buffer ON - - 50 pF
Capacitive load
CsH Sample and Hold mode - 0.1 1 uF
v Voltage on DAC_OUT DAC output buffer ON 0.2 - Vooa-0.2|  V
DAC_OUT
output DAC output buffer OFF 0 - Vrerp Vv
Settling time (full scale: for Normal +/-1 LSB - 1.11 -
a 12-bit code transition mode, DAC | +/-2 LSB - 0.62 -
between the lowest and the | output buffer| +/-4 LSB - 0.37 -
highest input codes when | ON, CL <=
tseTTLING DAC_OUT reaches the 50 pFRL >= +/-8 LSB - 0.3 - us
final value of 5kQ
+/-1 LSB, +/-2 LSB, +/- | Normal mode, DAC output
4L.SB, buffer OFF, +/-1LSB CL = - 3.4 7
+/-8 LSB) 10 pF
Wakeup time from off state | Normal mode, DAC output
(setting the Enx bit in the |buffer ON, CL <= 50 pF, RL - 6 10
twakeur | DAC Control register) until =5kQ us
the final value of +/-1LSB | Normal mode, DAC output 5 5
is reached buffer OFF, CL <= 10 pF
Max frequency for a correct
Update Croap <= 50 pF, Roap>=5
DAC_OUT change from - - 2 MS/s
rate kQ
code new to i+/-1LSBs
Power supply rejection
PSRR ) NO RLoad, Croap = 50 pF 40 80 - dB
ratio(to Vooa)
Sampling time in Sample | MODE<2:0>_V12 =100/ 0.9 11
and Hold mode 101 (BUFFER ON) ' '
ms
CL=100nF MODE<2:0>_V12 =110 0.7 115
) (code transition between (BUFFER OFF) ' '
S the lowest input code and
the highest input code MODE<2:0>_V12 = 111 5 5
- s
when DAC_OUT reaches |(INTERNAL BUFFER OFF) g
the +/-1 LSB final value)
Internal sample and hold
Cint . - 5.5 7 8.5 pF
capacitor
Minimum time to verify the
trrm  [Middle code offset trim time 50 - - Vi
each code
Middle code offset for 1 Vrerp = 3.6 V - 870 -
Voffset X pV
trim code step Vrerr = 1.8V - 435 -
No load,
DAC current consumption | DAC output )
Iopa® o middle code - 330 - pA
in quiescent mode buffer ON
(0x800)
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Symbol Parameter Conditions Min Typ Max Unit
No load,
worst code - 330 -
(0xF1C)
No load,
DAC output
middle/ worst - 0.1 -
buffer OFF
code (0x800)
330*To
Sample and Hold mode, N/
Csn =100 nF (Ton+To
FF)
No load,

middle code | 100 100 -
DAC output (0x800)

buffer ON No load,
worst code | 450 450 -

(0xF1C)
DAC outout No load,
; outpu
DAC current'cons.umptlon P middle code | 85 85 )
loovrerp | from Veere in quiescent | buffer OFF HA
mode (0x800)
100*To
Sample and Hold mode, )
Buffer ON, Cs = 100 nF | - " ;
) (TontTo
(middle code)
FF)
Sample and Hold mode, 85*Ton/
Buffer OFF, Csn = 100 nF - (TontTo -
(middle code) FF)
. i ) ) DAC output buffer ON - +/-2 -
DNL® Differential non linearity LSB
DAC output buffer OFF - +/-2 -
- Monotonicity 10 bits Guaranteed
. . DAC output buffer ON - +/-4 -
INL®@ Integral non linearity
DAC output buffer OFF - +/-4 -
Offset® | Offset error at code 0x800 | DAC output buffer OFF - +/-6 -
VRerp = LSB
- +/-6 -
OffsetCal(| Offset error at code 0x800 |DAC output buffer| 3.6 V
2) after factory calibration ON Vierp =
- +/-6 -
1.8V
) DAC output buffer ON - +/-0.5 -
Gain@ Gain error %
DAC output buffer OFF - +/-0.5 -

(1) Value guaranteed by design, not 100% tested in production.

(2) Value guaranteed by sample, not 100% tested in production.

(3) Tonis the refresh phase duration, while TorF is the hold phase duration. Refer to the product reference manual
for more details.
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Figure 4-15. 12-bit buffered /non-buffered DAC
Buffered/Non-buffered DAC
Buffer (1)
: ~— — =1 |DACx_OUT Ruom
.1.2-blt | I
digital to X —
analog | | 11
converter I | '
- - - = CrLoap -

(1) The DAC integrates an output buffer to reduce the output impedance and to drive external loads directly
without the use of an external operational amplifier. The buffer can be bypassed by configuring the BOFFx bit
in the DAC_CR register.

4.29. 12C characteristics

Table 4-63. 12C characteristics"®@

Standard Fast mode
Conditio Fast mode
Symbol Description mode plus Unit
ns
Min Max | Min Max | Min |Max
tscLH) SCL clock high time - 4 - 0.6 - 0.2 - us
tscLw) SCL clock low time - 4.7 - 1.3 - 0.5 - V&
tsu(soa) SDA setup time - 250 - 100 - 50 - ns
345
tH(spa) SDA data hold time - 0® 0 0 900 0 450 | ns
SDA and SCL rise 100
tr(spasscL) . - - - 300 - 120 | ns
time 0
SDA and SCL fall
tr(spasscL) ) - - 300 - 300 - 120 | ns
time
Start condition hold
th(sTa) ) - 4 - 0.6 - 0.26 - us
time
Repeated Start
tsusTa) condition - 4.7 - 0.6 - 0.26 - us
setup time
Stop condition setup
tsusTo) ) - 4.7 - 0.6 - 0.26 - us
time
Stop to Start
teurF condition time (bus - 4.7 - 1.3 - 0.5 - us
free)

(1)  Value guaranteed by design, not 100% tested in production.

(2) To ensure the standard mode 12C frequency, frcik1 must be at least 2 MHz. To ensure the fast mode 12C
frequency, frck1 must be at least 4 MHz. To ensure the fast mode plus 12C frequency, frcik1 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.
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Figure 4-16. 12C bus timing diagram
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Table 4-64. 12C analog filter delay characteristics("
Symbol Parameter Conditions| Min Typ Max | Unit
tar Analog filter delay time - 42 72 174 ns
(1)  Value guaranteed by design, not 100% tested in production.
4.30. SPI characteristics
Table 4-65. Standard SPI characteristics®"
Symbol Description Conditions Min | Typ | Max | Unit
Master mode
- - 150
Moto mode
fsck SCK clock frequency Master mode 53 MHz
Tl mode
Slave mode - - 40
Moto mode 2.33 | 3.33 | 4.33
tsckn) SCK clock high time
TI mode 8.43 | 9.43 {10.43
ns
Moto mode 2.33 | 3.33 | 4.33
tsck) SCK clock low time
TI mode 8.43 | 9.43 {10.43
SPI master mode
tvimo) Data output valid time - - 1.8 3
thmo) Data output hold time - 0 - -
ns
tsuv) Data input setup time - 1 - -
thow Data input hold time - 2 - -
SPI slave mode
tsunss) NSS enable setup time - 2.5 - -
thnss) NSS enable hold time - 1 - -
taso) Data output access time - - 7 - ns
tois(so) Data output disable time - 0 - -
tv(so) Data output valid time - - 8 -
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Symbol Description

Conditions

Min

Typ

Max

Unit

thso) Data output hold time

tsuesn Data input setup time

1

thsi Data input hold time

2.5

(1) Value guaranteed by design, not 100% tested in production.

Figure 4-17. SPI timing diagram - master mode
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Figure 4-18. SPI timing diagram
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Figure 4-19. SPI timing diagram - slave mode(CKPH=1)
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4.31. OSPI characteristics

Table 4-66. Standard OSPI characteristics®

Symbol | Parameter | Conditions | Min [ Typ | Max | unit
SDR mode
fsck SCK clock frequency - - - 200 MHz
SCK clock high time, even
o - tew/2 - te/2+1 ns
division
tsckH) —
SCK clock high time, odd (n/2)*tcxy/ (n/2)*t(cxy/
- - ns
division (n+1) (n+1)+1
SCK clock low time, even
o - tcry/2-1 - tcw/2 ns
division
tsck) ) (n/2+1)*Y
SCK clock low time, odd (n/2+1)*tc
e - ekl (N+1)-| - ns
division 1 Kk /(n+1)
tvivo) Data output valid time - - - 1.5 ns
tHvo) Data output hold time - 0 - - ns
tsupmny@ Data input setup time - 0 - - ns
troun®@ Data input hold time - - - 5 ns
DTR mode(no DQS)
fsck SCK clock frequency - - - 200 MHz
SCK clock high time, even
tsck) o - tcky/2 - tcry/2+1 ns
division
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Symbol Parameter Conditions Min Typ Max Unit
SCK clock high time, odd (n/2)*tcxy/ (n/2)*tcxy/
- - ns
division (n+1) (n+1)+1
SCK clock high time, even
. - tcxy/2-1 - tew/2 ns
division
tsckw) ) . (n/2+1)*
SCK clock high time, odd (n/2+1)*tc
. - ekl (N+1)-| - ns
division 1 K /(n+1)
tvr(so) o DHQC = 1, Prescaler = tpoi/4+ | toe/4+1.2
Data output valid time - ns
tvr(so) 1,2 ... 1 5
tHres0) ) DHQC = 1, Prescaler =
Data output hold time tpok/4 - - ns
tHF(s0) 1,2 ...
tsuresi) ) .
Data input setup time - 0 - - ns
tsurs)@
tHrs)) . )
Data input hold time - - - 2.5 ns
trrs)®
DTR mode(with DQS)
fsck SCK clock frequency - - - 200 MHz
SCK clock high time, even
o - tior/2 - tew/2+1 | ns
division
tsckH) —
SCK clock high time, odd (n/2)*tcxy/ (n/2)*t(cxy/
- - ns
division (n+1) (n+1)+1
SCK clock high time, even
o - tery/2-1 - tieky/2 ns
division
tsckw) o (n/2+1)*
SCK clock high time, odd (n/2+1)*tc
. - cwyf (n+1)-| - ns
division ] K /(n+1)
tvick Clock valid time - - - tektexy/2
ns
thick) Clock hold time - tiexy/2 - -
twics) Chip select high time - 3*tck) - - ns
tvr(so) o DHQC =1, Prescaler = tpo/4+| toci/4+1.2
Data output valid time -
tvr(so) 1,2 ... 1 5
tHr(s0) DHQC =1, Prescaler =
Data output hold time tpow/4 - -
tHF(s0) 1,2 ...
ns
tsuresi) ) .
Data input setup time - 0 - -
tsur(si
tHrs) ) )
Data input hold time - - - 2.5
tHr(s))

(1)
)

Value guaranteed by design, not 100% tested in production.
Delay block bypassed.
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Figure 4-20. OSPI timing diagram - SDR mode
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Figure 4-21. OSPI timing diagram - DTR mode
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4.32. CPDM characteristics
Table 4-67. CPDM characteristics("

Symbol Parameter Conditions Min | Typ | Max | Unit
tinit Initial delay - 706 | 948 | 1589 | ps
ta Delay step - 35 47 62 ps

(1) Value guaranteed by design, not 100% tested in production.
4.33. HPDF characteristics
Table 4-68. HPDF characteristics @
Symbol Parameter Conditions Min Typ Max Unit
fHPDFCLK HPDF clock - - - 133
fekin Input clock
SPI mode(SITYP[1:0] = 01) - - 20 MH
(1/ Tcki) frequency z
Output clock
fekout - - - 20
frequency
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Symbol Parameter Conditions Min Typ Max Unit
Output clock
Dutyckour frequency duty - 30 50 75 %
cycle
) SPI mode(SITYP[1:0] = 01),
twhiekivy  [Input clock high and Tekin/ 2- | Texin/
External clock -
twicckiny low time 0.5 2

mode(SPICKSS[1:0] = 0)
) SPI mode(SITYP[1:0] = 01),
Data input setup
tsu ) External clock 1 - -
time
mode(SPICKSS[1:0] = 0)

ns
SPI mode(SITYP[1:0] = 01),

th Data input hold time External clock 1 - -
mode(SPICKSS[1:0] = 0)

Manchester data | Manchester mode(SITYP[1:0] = | (CKOUT (2*CKOU
Twanchester | period(recovered 10 or 11), Internal clock DIV+1) *| - TDIV) *
clock period) mode(SPICKSS[1:0] = 0) THppFCLK THproFcLk

(1) Value guaranteed by design, not 100% tested in production.
(2) Output speed is set to OSPEEDRy[1:0] = 10; Capacitive load C = 30 pF; Measurement points are done at
COMS levels: 0.5 * Vpp.

4.34. SAIl characteristics

Table 4-69. SAIl characteristics™

Symbol Parameter Conditions Min | Typ | Max | Unit
fmck SAl Main clock output - - - 50
Master transmitter, 2.7 V <= Vpp <= 45
36V
Master transmitter, 1.71 V <= Vpp <= 32
36V
Master receiver, 1.71V <= Vpp <= 32
36V MHz
fex SAl clock frequency
Slave transmitter, 2.7 V <= Vpp <=
- - 47.5
36V
Slave transmitter, 1.71 V <= Vpp <=
- - 41.5
36V
Slave receiver, 1.71 V <= Vpp <= 3.6 50
V

(1)  Value guaranteed by design, not 100% tested in production.
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4.35. I12S characteristics

Table 4-70. 12S characteristics"®

Symbol Description Conditions Min | Typ | Max | Unit
Master mode (data: 16 bits, ] 6.25 )
fek Clock frequency Audio frequency = 96 kHz) MHz
Slave mode - - 12.5
tH Clock high time - 80 - ns
t Clock low time ) - 80 - 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
Dutysc I2S slave input clock duty Slave mode ) 50 ) %
cycle

tsusp_MR) Data input setup time Master mode 0 - - ns
tsu(sp_sr) Data input setup time Slave mode 0 - - ns
tHsp_mRr) . . Master receiver 1 - - ns
tH(sD_sR) Data input hold time Slave receiver 3 - - ns

o Slave transmitter
tv(sp_sT) Data output valid time - - 9 ns
(after enable edge)

) Slave transmitter
thso_sT) Data output hold time 6 - - ns
(after enable edge)

o Master transmitter
tvsp_mm) Data output valid time - - 6 ns
(after enable edge)

. Master transmitter
thso_mm) Data output hold time 0 - - ns
(after enable edge)

(1) Value guaranteed by design, not 100% tested in production.
(2) Output speed is set to OSPDy[1:0] = 10.
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Figure 4-22. 12S timing diagram - master mode
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Figure 4-23. 12S timing diagram - slave mode
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4.36. USART characteristics

Table 4-71. USART characteristics is Synchronous mode (2

Symbol Description Conditions Min | Typ | Max | Unit
fsck SCK clock frequency - - 37.5 | MHz
frcike = 300 MHz
fsckh) SCK clock high time 13.3 - - ns
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Symbol Description Conditions Min | Typ | Max | Unit
fsckq) SCK clock low time 13.3 - -
(1)  Value guaranteed by design, not 100% tested in production.
(2) Output speed is set to OSPDy[1:0] = 10.
Table 4-72. USART characteristics is Smartcard mode @
Symbol Description Conditions Min | Typ | Max | Unit
fsck SCK clock frequency - - 150 | MHz
fsckh) SCK clock high time fecke = 300 MHz 3.3 - -
ns
fsckw) SCK clock low time 3.3 - -
(1)  Value guaranteed by design, not 100% tested in production.
(2) Output speed is set to OSPDy[1:0] = 10.
4.37. SDIO characteristics
Table 4-73. SDIO characteristics?¢)
Symbol Mode Description Conditions | Min | Typ | Max | Unit
Clock frequency in data transfer
fep - - - 208 MHz
mode
twick) Clock low time fop = 208 18 | 24 - ns
twickn) Clock high time MHz 18 | 24 - ns
tisu D input setup time HS® 2.5 - - ns
CMD,MMC - -
tin D input hold time HS® fop = 120 0.5 - - ns
and SD HS —
tov D output valid time HS®* MHz - 5.5 6 ns
mode
ton D output hold time HS® 4.5 - - ns
tisup D input setup time SD® 2.5 - - ns
tiHo CMD,SD D input hold time SD® 15 - - ns
fop = 52 MHz
tovo  |default mode| D output valid default time SD® - 6 6.5 ns
toHp D output hold default time SD® 5.5 - - ns

(1) CLK timing is measured at Vpp=2.7 to 3.6V.

(2) Capacitive load CL = 20 pF.
(3) Value guaranteed by design, not 100% tested in production.

(4) D Output/Input are referenced to CK.
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Figure 4-24. SDIO high-speed mode
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Figure 4-25. SD default mode
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4.38. TLI characteristics

Table 4-74. TLI characteristics"

Symbol Parameter Min | Max | Unit
2.7V <VDD <3.6 V, 20pF 166
fscx TLI clock output frequency 27V<VDD<36V - 166 | MHz
1.71V<VDD <36V 166
Dcik TLI clock output duty cycle 498 502 | %
tw(cLkH), Clock High time, low time twieLky/2- | tweky/ | ns
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Symbol Parameter Min | Max | Unit
tw(cLky) 0.5 0.5
o 2.7V <VDD <36V 2.0
tv(paTa) Data output valid time -
1.71V<VDD <3.6 V 2.0
th(DaTA) Data output hold time 0 -
tvHsyne), 2.7V <VDD <36V - 2.0
HSYNC / VSYNC / DE
tvvsyne), L
¢ output valid time 1.71V<VDD <3.6 V - 2.0
V(DE)
thHsYNC),
thvsyne), HSYNC / VSYNC / DE output hold time 0 -
thoE)

(1)  Guaranteed by design, not 100% tested in production.

Figure 4-27. TLI horizontal timing diagram
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Figure 4-28. TLI vertical timing diagram
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4.39. CAN characteristics
Refer to Table 4-39. /O static characteristics for more details on the input/output alternate
function characteristics (CAN TX and CAN RX).

4.40. USBHS characteristics

Table 4-75. USBHS start up time

Symbol

Parameter

Max

Unit

tsTarTUP

USBHS startup time

us

(1) Value guaranteed by design, not 100% tested in production.
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Table 4-76. USBHS DC electrical characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
Vbp3auss USB operating voltage - 3.0 - 136 V
LS/FS FUNCTIONALITY
Voirs | Differential input sensitivity(FS / LS) - 0.2 - -
Differential common mode
Vewrs Includes Vol range 0.8 - 125
Input range(FS / LS)
Single ended receiver low level input A
levels | v, s - - - 108
voltage(FS / LS)
Single ended receiver high level
Vinse . - 2 - -
input voltage(FS / LS)
Voirs|  Static output level low(FS / LS) Rcof 1.5 kQ to VDD - - 103
Output
ovel Vonrs| Static output level high(FS / LS) Rcof 15 kQ to Vss 2.8 - - V
evels
Vers | Output signal crossover voltage - 1.3 - 120
USBHS_DM / DP 14.25| 21 |24.8
Rpp Vin = Vb
PA9(USBHS_VBUS)® 0.77 | 09 | 11 ‘Q
USBHS_DM/ DP 0.9 | 1.53.09
Reu ViN = Vss
PA9(USBHS_VBUS) @ 0.28 | 0.3 [0.42
ZFsprv Driver Output Impedance Steady state drive 6 - | 22 Q
HS FUNCTIONALITY
Differential common mode
Vemrs - -50 - |500| mV
Input range(HS)
levels |Vussa| HS Squelch Detection Threshold - 100 - 150 | mV
Vhspsc HS Disconnect Threshold - 525 - 625 | mV
Vhsol High speed idle level 45 Q load -10 - 10 | mV
Output -
ovel Vouns | High speed low level output voltage 45 Q load -10 - 10 | mV
evels
Vouns |High speed high level output voltage 45 Q load 360 |400|440 | mV
ZnsprRv Driver Output Impedance Steady state drive | 40.5 | - [49.5| Q
(1) Value guaranteed by design, not 100% tested in production.
(2) USBFS does not have VBUS-related functions.
Table 4-77. USBHS/FS dynamic characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
tr Rise time(FS) CL=50pF 4 - 20 ns
thsr Differential Rise Time(HS) - 500 - - ps
te Fall time(FS) CL=50 pF 4 - 20 ns
thsF Differential Fall Time(HS) - 500 - - ps
trem Rise/ fall time matching(FS) tr/ te 90 - 110 %

(1)

Value guaranteed by design, not 100% tested in production.
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Figure 4-29. USBHS/FS timings: definition of data signal rise and fall time
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Table 4-78. USBHS Charger Detection characteristics‘"

Symbol Parameter Conditions Min | Typ | Max | Unit
VbaT src Data Source Voltage - 0.5 - 0.7 \%
lop_src Data Connect Current - 7 - 13 uA
VDAT_REF Data Detect Voltage - 0.25 - 0.4 \%
IpAT_sink Data(DP/DM) sink current - 25 - 175 uA

(1)  Value guaranteed by design, not 100% tested in production.

Table 4-79. USBHS clock timing parameters®

Symbol Parameter Min Typ Max Unit
frewk value to guarantee proper operation of USBHS
frek . 30 - - MHz
interface

FstarT_saiT Frequency (first transition) 8-bit +/- 10% 54 60 66 MHz

Fsteapy Frequency (steady state) +/-500 ppm 59.97 60 60.63 | MHz
Dstart_saiT Duty cycle (first transition) 8-bit +/- 10% 40 50 60 %
Dsteapy Duty cycle (steady state) +/-500 ppm 49.975 50 50.025 %

(1) Value guaranteed by design, not 100% tested in production.

Table 4-80. USB-ULPI Dynamic characteristics®

Symbol Parameter Min Typ Max Unit
tsc Control in (ULPI_DIR, ULPI_NXT) setup time - - 2 ns
the Control in (ULPI_DIR, ULPI_NXT) hold time 0.5 - - ns
tsp Data in setup time - - 2 ns
tHo Data in hold time 0 - - ns

(1) Value guaranteed by design, not 100% tested in production.
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Figure 4-30. USBHS-ULPI timing diagram
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4.41. EXMC characteristics
Table 4-81. Read timings of asynchronous non-multiplexed SRAM/PSRAM/NOR"2®)
Symbol Description Min Max Unit
3*TCK_EXMC - | 3*TCK_EXMC
twine) EXMC_NE low time ; ns
+
tv(NOE_NE) EXMC_Nex low to EXMC_NOE low 0 - ns
2*TCK_EXMC -| 2*TCK_EXMC
twinoE) EXMC_NOE low time ] 1 ns
+
tH(NE_NOE) EXMC_NOE high to EXMC_NE high hold time | TCK_EXMC -1 - ns
tva_NE) EXMC_Nex low to EXMC_A valid 0 - ns
tvBL_NE) EXMC_Nex low to EXMC_BL valid 0 - ns
2*TCK_EXMC -
tsu(paTA_NE) Data to EXMC_Nex high setup time 1 - ns
tsuaTa_NOE) Data to EXMC_NOEX high setup time TCK_EXMC -1 - ns
tH(DATA_NOE) Data hold time after EXMC_NOE high TCK_EXMC -1 - ns
tH(DATA_NE) Data hold time after EXMC_Nex high 0 - ns
tv(NADV_NE) EXMC_Nex low to EXMC_NADV low 0 - ns
twnaDy) EXMC_NADV low time TCK_EXMC -1 | TCK_EXMC +1| ns
(1) CL=30pF

@)

Value guaranteed by design, not 100% tested in production.

(3) Based on configure: fck_exmc = 300 MHz, AddressSetupTime = 1, AddressHoldTime = 1, DataSetupTime = 1,

DataHoldTime = 1.
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Table 4-82. Write timings of asynchronous non-multiplexed SRAM/PSRAM/NOR("®2)

Symbol Description Min Max Unit

twing) EXMC_NE low time STOKBXMC -| FTTCKBXMC |-
1 +1
tv(NWE_NE) EXMC_Nex low to EXMC_NWE low TCK_EXMC -1 - ns
twanwe) EXMC_NWE low time TCK_EXMC -1 | TCK_EXMC +1| ns
tunve_nwe) | EXMC_NWE high to EXMC_NE high hold time | TCK_EXMC -1 | TCK_EXMC +1| ns
tva_NE) EXMC_Nex low to EXMC_A valid 0 - ns
tv(NnADV_NE) EXMC_Nex low to EXMC_NADV low 0 - ns
twinabv) EXMC_NADV low time TCK_EXMC -1 | TCK_EXMC +1| ns
EXMC_AD(address) valid hold time after 2*TCK_EXMC -
thao D) EXMC_NADV high 1 ) ne
tHa_NwE) Address hold time after EXMC_NWE high TCK_EXMC -1 - ns
tHBL_NWE) EXMC_BL hold time after EXMC_NWE high | TCK_EXMC -1 - ns
tveL_NE) EXMC_Nex low to EXMC_BL valid 0 - ns
tv(oaTA_NADV) EXMC_NADV high to DATA valid 0 - ns
tH(DATA_NWE) Data hold time after EXMC_NWE high TCK_EXMC -1 - ns
(1) CL=30pF.

@)
@)

Value guaranteed by design, not 100% tested in production.
Based on configure: fck_exmc = 300 MHz, AddressSetupTime = 1,

DataHoldTime = 0.

AddressHoldTime = 1, DataSetupTime = 1,

Table 4-83. Read timings of asynchronous multiplexed PSRAM/NOR"2@

Symbol Description Min Max Unit
twing) EXMC_NE low time ATTOKEXMC - 4*TCE‘1EXMC ns
tv(NoE_NE) EXMC_Nex low to EXMC_NOE low 2TTCKEXMC - - ns
twinoE) EXMC_NOE low time TCK_EXMC -1 | TCK_EXMC +1| ns
tune_noe)y | EXMC_NOE high to EXMC_NE high hold time | TCK_EXMC -1 - ns
tvea_ng) EXMC_Nex low to EXMC_A valid 0 - ns
tvia_NOE) Address hold time after EXMC_NOE high TCK_EXMC -1 - ns
tveL_ne) EXMC_Nex low to EXMC_BL valid 0 - ns
tHEL_NOE) EXMC_BL hold time after EXMC_NOE high 0 - ns
tsuoATA NE) Data to EXMC_Nex high setup time ZrreKExme - - ns
tsu(paTA_NOE) Data to EXMC_NOEX high setup time TCK_EXMC -1 - ns
tH(DATA_NOE) Data hold time after EXMC_NOE high TCK_EXMC -1 - ns
thATA_NE) Data hold time after EXMC_Nex high 0 - ns
tv(NADV_NE) EXMC_Nex low to EXMC_NADV low 0 - ns
twnaDy) EXMC_NADV low time TCK_EXMC -1 | TCK_EXMC +1| ns
. EXMC_AD(155ddress) valid hold time after TCK_EXMC -1 | Tok exmc +1]| ns

EXMC_NADV high
(1) CL=30pF.

@)

Value guaranteed by design, not 100% tested in production.
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@)

DataHoldTime = 1.

Table 4-84. Write timings of asynchronous multiplexed PSRAM/NOR™®®)

Based on configure: fck_exmc = 300 MHz, AddressSetupTime = 1, AddressHoldTime = 1, DataSetupTime = 1,

Symbol Description Min Max Unit
4*TCK_EXMC -| 4*TCK_EXMC
twing) EXMC_NE low time ns
1 +1
tv(NWE_NE) EXMC_Nex low to EXMC_NWE low TCK_EXMC -1 - ns
2*TCK_EXMC - | 2*TCK_EXMC
twnwe) EXMC_NWE low time ] ns
+
thne_nwey | EXMC_NWE high to EXMC_NE high hold time | TCK_EXMC -1 - ns
tva_NE) EXMC_Nex low to EXMC_A valid 0 - ns
tvinaDv_NE) EXMC_Nex low to EXMC_NADV low 0 - ns
twnaDy) EXMC_NADV low time TCK_EXMC -1 | TCK_EXMC +1| ns
EXMC_AD(address) valid hold time after
tHaD_NADY) TCK_EXMC -1 - ns
EXMC_NADV high
tHa_NwE) Address hold time after EXMC_NWE high TCK_EXMC -1 - ns
tHEL_NWE) EXMC_BL hold time after EXMC_NWE high | TCK_EXMC -1 - ns
tveL_NE) EXMC_Nex low to EXMC_BL valid 0 - ns
tv(oaTa_NADV) EXMC_NADV high to DATA valid TCK_EXMC -1 - ns
tHoATA_NWE) Data hold time after EXMC_NWE high TCK_EXMC -1 - ns
(1) CL=30pF.

@)
@)

Value guaranteed by design, not 100% tested in production.
Based on configure: fck_exmc = 300 MHz, AddressSetupTime = 1,

DataHoldTime = 0.

AddressHoldTime = 1, DataSetupTime = 1,

Table 4-85. Read timings of synchronous multiplexed PSRAM/NOR"@®)

Symbol Description Min Max Unit
tw (cLk) EXMC_CLK period TEXMC_CLK - ns
tb(CLKL-NexL) EXMC_CLK low to EXMC_Nex low 0 - ns
tD(CLKH-NexH) EXMC_CLK high to EXMC_Nex high 2*TCK_1EXMC ) - ns
to(cLKL-NADVL) EXMC_CLK low to EXMC_NADV low 0 - ns
to(cLKL-NADVH) EXMC_CLK low to EXMC_NADV high 0 - ns
to(cLkL-AY) EXMC_CLK low to EXMC_Ax valid 0 - ns
to(cLkH-Av) EXMC_CLK high to EXMC_Ax invalid 2*TCK_1EXMC ) - ns
tb(cLKL-NOEL) EXMC_CLK low to EXMC_NOE low 0 - ns
tD(CLKH-NOEH) EXMC_CLK high to EXMC_NOE high Z*TCK;EXMC ) - ns
to(cLkL-ADv) EXMC_CLK low to EXMC_AD valid 0 - ns
to(cLkL-ADIV) EXMC_CLK low to EXMC_AD invalid 0 - ns

(1) CuL= 30 pF.

@)
@)

Value guaranteed by design, not 100% tested in production.
Based on configure: fck_exwc = 400 MHz, BurstAccessMode = Enable; Memory Type = PSRAM; WriteBurst =
Enable; CLKDivision = 3(EXMC_CLK is 4 divided by CK_EXMC); Data Latency = 1.
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Table 4-86. Write timings of synchronous multiplexed PSRAM(")

Symbol Description Min Max Unit
twicLk) EXMC_CLK period TEXMC_CLK - ns
{D(CLKL-NexL) EXMC_CLK low to EXMC_Nex low 0 - ns
to(CLKH-NexH) EXMC_CLK high to EXMC_Nex high Z*TCK;EXMC ) - ns
tb(cLKL-NADVL) EXMC_CLK low to EXMC_NADV low 0 - ns
{D(CLKL-NADVH) EXMC_CLK low to EXMC_NADV high 0 - ns
tbcLkL-Av) EXMC_CLK low to EXMC_Ax valid 0 - ns
to(cLKH-AIV) EXMC_CLK high to EXMC_Ax invalid ZTCK_EXMC - - ns
to(cLkL-NwEL) EXMC_CLK low to EXMC_NWE low 0 - ns
tD(CLKH-NWEH) EXMC_CLK high to EXMC_NWE high 2*TCK71EXMC ) - ns
to(cLkL-ADIv) EXMC_CLK low to EXMC_AD invalid 0 - ns
to(cLkL-DATA) EXMC_A/D valid data after EXMC_CLK low 0 - ns
tH(CLKL-NBLH) EXMC_CLK low to EXMC_NBL high 0 - ns

(1) CL=30 pF.

(2) Value guaranteed by design, not 100% tested in production.

(3) Based on configure: fck exmc = 400 MHz, BurstAccessMode = Enable; MemoryType = PSRAM; WriteBurst =

Enable; CLKDivision = 3 (EXMC_CLK is 4 divided by CK_EXMC); DatalLatency = 1.

Table 4-87. Read timings of synchronous non-multiplexed PSRAM/NOR(")

Symbol Description Min Max Unit
tw(cLk) EXMC_CLK period TEXMC_CLK - ns
tD(CLKL-NexL) EXMC_CLK low to EXMC_Nex low 0 - ns
tD(CLKH-NexH) EXMC_CLK high to EXMC_Nex high 2*TCK_1EXMC ) - ns
to(cLKL-NADVL) EXMC_CLK low to EXMC_NADV low 0 - ns
tD(CLKL-NADVH) EXMC_CLK low to EXMC_NADV high 0 - ns
to(cLkL-av) EXMC_CLK low to EXMC_AXx valid 0 - ns
tocLkH-Alv) EXMC_CLK high to EXMC_Ax invalid Z*TCK_‘]EXMC ) - ns
{b(cLKL-NOEL) EXMC_CLK low to EXMC_NOE low 0 - ns
tD(CLKH-NOEH) EXMC_CLK high to EXMC_NOE high Z*TCK;EXMC ) - ns

(1) CL=30pF.

(2) Value guaranteed by design, not 100% tested in production.

(3) Based on configure: CK_EXMC = 400 MHz, BurstAccessMode = Enable; MemoryType = PSRAM; WriteBurst

= Enable; CLKDivision = 3 (EXMC_CLK is 4 divided by CK_EXMC); DataLatency = 1.
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Table 4-88. Write timings of synchronous non-multiplexed PSRAM™"2)
Symbol Description Min Max Unit
twicLk) EXMC_CLK period TEXMC_CLK - ns
{D(CLKL-NexL) EXMC_CLK low to EXMC_Nex low 0 - ns
to(CLKH-NexH) EXMC_CLK high to EXMC_Nex high 2*TCK_1EXMC ) - ns
tb(cLKL-NADVL) EXMC_CLK low to EXMC_NADV low 0 - ns
{D(CLKL-NADVH) EXMC_CLK low to EXMC_NADV high 0 - ns
tbcLkL-AV) EXMC_CLK low to EXMC_Ax valid 0 - ns
to(cLKH-AIV) EXMC_CLK high to EXMC_Ax invalid Z*TCK;EXMC ) - ns
to(cLkL-NwEL) EXMC_CLK low to EXMC_NWE low 0 - ns
tD(CLKH-NWEH) EXMC_CLK high to EXMC_NWE high 2*TCK71EXMC ) - ns
to(cLkL-DATA) EXMC_A/D valid data after EXMC_CLK low 0 - ns
tH(cLKL-NBLH) EXMC_CLK low to EXMC_NBL high 0 - ns
(1) CL=30 pF.

(2) Value guaranteed by design, not 100% tested in production.
(3) Based on configure: CK_EXMC =400 MHz, BurstAccessMode = Enable; MemoryType = PSRAM; WriteBurst
= Enable; CLKDivision = 3(EXMC_CLK is 4 divided by CK_EXMC); DataLatency = 1.

Table 4-89. Read timings of SDRAM"

Symbol Description Min Max Unit

tw(spoLK) EXMC_SDCLK period Z*TCZ‘:XMC' - ns
tsu(SDCLKH_Data) Data input setup time 2 - ns
th(SDCLKH_Data) Data input hold time 1 - ns
td(spcLKkL_Add) Address valid time - 1.5 ns
td(spcLkL_SDNE) Chip select valid time - 1.5 ns
th(spcLkL_SDNE) Chip select hold time 0 - ns
td(spcLKL_NRAS) NRAS valid time - 1.5 ns
th(spcLkL_NRAS) NRAS hold time 0 - ns
taspcLkL_Ncas) NCAS valid time - 1.5 ns
th(spcLKkL_NCAS) NCAS hold time 0 - ns

(1)  Value guaranteed by design, not 100% tested in production.

442, TIMER characteristics

Table 4-90. TIMER characteristics "

Symbol Parameter Conditions | Min Max Unit
- 1 - trIMERxCLK
tres Timer resolution time friMERxCLK =
3.3 - ns
300 MHz
fext Timer external clock - 0 friMERxcLK/2 MHz
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Symbol Parameter Conditions | Min Max Unit
frequency friMERxCLK =
0 150 MHz
300 MHz
TIMERO &
TIMER2 &
TIMERS &
TIMER7&
TIMER14 &
TIMER15 &
TIMER16 & | - 16 bit
TIMER30 &
TIMER40 &
TIMER41 &
RES Timer resolution TIMER42 &
TIMER43 &
TIMER44
TIMER1 &
TIMER4 &
TIMERS5 &
- 32 bit
TIMERG &
TIMER22 &
TIMER23
TIMER50 &
- 64 bit
TIMER51
16-bit counter clock period - 1 65536 trIMERxCLK
when internal clock is friMERxCLK =
0.003 218.45 us
selected 300 MHz
32-bit counter clock period - 1 4294967296 trIMERXCLK
tcounTErR when internal clock is friMERxCLK =
0.003 14316557.65 us
selected 300 MHz
64-bit counter clock period - 1 1.84467E+19 trIMERXCLK
when internal clock is friMERxCLK =
0.003 6.14891E+16 us
selected 300 MHz
- - 4294967296 triMERXCLK
Maximum possible count
) friMERxCLK =
(16-bit) - 14.31655765 s
300 MHz
- - 2.81475E+14 triMERXCLK
Maximum possible count
tmAx_count . friMERxCLK =
(32-bit) - 260.6249784 h
300 MHz
- - 1.20893E+24 triMERXCLK
Maximum possible count
) friMERxCLK =
(64-bit) - 1.11938E+12 h
300 MHz

(1) Value guaranteed by design, not 100% tested in production
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4.43. DCI characteristics

Table 4-91. DCI characteristics "

Symbol Parameter Min Max Unit
Frequency ratio DCI_PIXCLK / fucik - 0.4 -

DCI_PIXCLK Pixel clock input - 110 MHz
Dpixel Pixel clock input duty cycle 30 70 %
tsuaTa) Data input setup time 2 - ns
thoaTa) Data output valid time 1 - ns
tsusyne) DCI_HS input setup time 2 - ns
tsuvsyne) DCI_VS input setup time 2 - ns
thHsYNe) DCI_HS input hold time 1 - ns
thvsyne) DCI_VS input hold time 1 - ns

(1)  Value guaranteed by design, not 100% tested in production.
Figure 4-31. DCI timing diagram
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4.44. GPSI characteristics

Table 4-92. GPSI TX characteristics "

Symbol Parameter Min Max Unit
Frequency ratio Frequency ratio GPSI _CLK / fucik - 0.4 -
GPSI_CLK GPSI Clock input - 50 MHz
Dpixel Pixel Clock input duty cycle 30 70 %
tov(GPsi_b) Data output valid time - 10
fon(GPsL_D) Data output hold time 4.5 -
tov(GPsI_DE) DE output valid time - 10
ton(GPsI_DE) DE output hold time 4 - ns
tsuaPsi_rDY) RDY input setup time 0 -
th(ePsi_roY) RDY input hold time 0 -
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(1) Value guaranteed by design, not 100% tested in production.
Figure 4-32. GPSI transmit timing diagram
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Table 4-93. GPSI RX characteristics™

Symbol Parameter Min Max Unit
Frequency ratio Frequency ratio GPSI _CLK / fucLk - 0.4 -
GPSI _CLK GPSI Clock input - 110 MHz
Drisel Pixel Clock input duty cycle 30 70 %
tsupsi_p) Data input setup time 1.5 -
thaPsi_p) Data input hold time 0.5 -
tsu(apsi_DE) DE input setup time 2 -
th(ePsI_DE) DE input hold time 1 - ns
tov(aPsi_RrDY) RDY output valid time - 15
ton(GPsI_RDY) RDY output hold time 55 -

Value guaranteed by design, not 100% tested in production.

(1)
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GigaDevice
Figure 4-33. GPSI receive timing diagram
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4.45. MDIO characteristics

Table 4-94. MDIO characteristics ("

Symbol Parameter Min Typ Max Unit
Fsoc Management data clock - - 4 MHz
tavpio) Management data input/output output valid time - - 22
tsumpio) Management data input/output setup time 6 - - ns
thvio) Management data input/output hold time 6 - -

(1) Value guaranteed by design, not 100% tested in production.

Figure 4-34. MDIO Slave timing diagram
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4.46.

EDIM characteristics

Table 4-95. AFMT individual transmission mode characteristics("@

Symbol Parameter Conditions Min Typ Max Unit
CK_AFMT Clock for AFMT ) ) 80 ) MHz
module

Baud rate = 2.5 Mbps - 7.2 -
Baud rate = 4 Mbps - 4.5 -

T - Baud rate = 6.67 Mbps - 2.7 - us
Baud rate = 8 Mbps - 2.25 -
Baud rate = 16 Mbps - 1.125 -
Baud rate = 2.5 Mbps 1 - -
Baud rate = 4 Mbps 1 - -

T2 - Baud rate = 6.67 Mbps 1 - - V&
Baud rate = 8 Mbps 1 - -
Baud rate = 16 Mbps 1 - -
Baud rate = 2.5 Mbps - 1.5 -
Baud rate = 4 Mbps - 1 -

T3 - Baud rate = 6.67 Mbps - 1 - us
Baud rate = 8 Mbps - 0.7 -
Baud rate = 16 Mbps - 0.7 -
Baud rate = 2.5 Mbps 1 - -
Baud rate = 4 Mbps 1 - -

T4 - Baud rate = 6.67 Mbps 1 - - V&
Baud rate = 8 Mbps 1 - -
Baud rate = 16 Mbps 1 - -

T5@ - - - - - -
Baud rate = 2.5 Mbps - T1*N® -
Baud rate = 4 Mbps - T1*N® -

T6 - Baud rate = 6.67 Mbps - T1*N® - us
Baud rate = 8 Mbps - T1*N® -
Baud rate = 16 Mbps - T1*N® -
Baud rate = 2.5 Mbps - 387.5 -
Baud rate = 4 Mbps - 237.5 -

T7 - Baud rate = 6.67 Mbps - 137.5 - ns
Baud rate = 8 Mbps - 112.5 -
Baud rate = 16 Mbps - 50 -
Baud rate = 2.5 Mbps - 1.2 -
Baud rate = 4 Mbps - 0.8 -

T8 - Baud rate = 6.67 Mbps - 0.8 - us
Baud rate = 8 Mbps - 04 -
Baud rate = 16 Mbps - 0.4 -
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Symbol Parameter Conditions Min Typ Max Unit
Baud rate = 2.5 Mbps 3.5 - -
Baud rate = 4 Mbps 2.5 - -
T9 - Baud rate = 6.67 Mbps 2.5 - - us
Baud rate = 8 Mbps 2.2 - -
Baud rate = 16 Mbps 2.2 - -

Value guaranteed by design, not 100% tested in production.

(1)

(2) Itis assumed that both the transmission line delay and the transceiver circuit propagation delay are 0.
(3) The data transmission time varies depending on the command.

(4) This data is determined by the encoder slave.

(5) T1 selects the value corresponding to the baud rate, N = 2 to 10.

Figure 4-35. AFMT individual transmission mode timing diagram

1 frame command 2 frame commands
Microcontroller
T2—> le—  —» «T3 T2 PLT —> «—T3
EDIM_DO « 11
Instruction Instruction Instruction

EDIM_DE Send status Receive status Send status Receive status
Encoder d2 e T6 TS T
Encoder_DO <« >

Encoder data

Encoder_DE Receive status | Send status Receive status

Encoder data

Send status

T7—» (e T8> |

Table 4-96. AFMT broadcast transmission mode characteristicsV@©

Symbol Parameter Conditions Min Typ Max Unit
CK_AEMT Clock for AFMT ) ) 80 ) MHz
module
Baud rate = 2.5 Mbps - 7.2 -
Baud rate = 4 Mbps - 45 -
T - Baud rate = 6.67 Mbps - 2.7 - V]
Baud rate = 8 Mbps - 2.25 -
Baud rate = 16 Mbps - 1.125 -
Baud rate = 2.5 Mbps 7.5 - -
Baud rate = 4 Mbps 5 - -
T2 - Baud rate = 6.67 Mbps 3.2 - - us
Baud rate = 8 Mbps 3 - -
Baud rate = 16 Mbps 2 - -
Baud rate = 2.5 Mbps - 1.5 -
T3 - Baud rate = 4 Mbps - 1.0 - V]
Baud rate = 6.67 Mbps - 1.0 -
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Symbol Parameter Conditions Min Typ Max Unit

Baud rate = 8 Mbps - 0.7 -
Baud rate = 16 Mbps - 0.7 -
Baud rate = 2.5 Mbps 1 - -
Baud rate = 4 Mbps 1 - -

T4 - Baud rate = 6.67 Mbps 1 - - V]
Baud rate = 8 Mbps 1 - -
Baud rate = 16 Mbps 1 - -

T5@ - - - - - -
Baud rate = 2.5 Mbps - T1*N® -
Baud rate = 4 Mbps - T1*N® -

T6 - Baud rate = 6.67 Mbps - T1*N® - s
Baud rate = 8 Mbps - T1*N® -
Baud rate = 16 Mbps - T1*N® -
Baud rate = 2.5 Mbps - 387.5 -
Baud rate = 4 Mbps - 237.5 -

T7 - Baud rate = 6.67 Mbps - 137.5 - ns
Baud rate = 8 Mbps - 112.5 -
Baud rate = 16 Mbps - 50 -
Baud rate = 2.5 Mbps - 1.2 -
Baud rate = 4 Mbps - 0.8 -

T8 - Baud rate = 6.67 Mbps - 0.8 - gs
Baud rate = 8 Mbps - 0.4 -
Baud rate = 16 Mbps - 0.4 -
Baud rate = 2.5 Mbps 10 - -
Baud rate = 4 Mbps 6.5 - -

T9 - Baud rate = 6.67 Mbps 5 - - us
Baud rate = 8 Mbps 4 - -
Baud rate = 16 Mbps 3 - -

Value guaranteed by design, not 100% tested in production.

1

(2) Iltis assumed that both the transmission line delay and the transceiver circuit propagation delay are 0.
(3) The data transmission time varies depending on the command.

(4) This data is determined by the encoder slave.

(5) T1 selects the value corresponding to the baud rate, N = 2 to 10.
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Figure 4-36. AFMT broadcast transmission mode timing diagram
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Table 4-97. TFMT characteristics!!
Symbol Parameter Min Typ Max Unit
CK_TFMT Clock for TFMT module - 80 - MHz
T - - - 0.5 us
(1) Value guaranteed by design, not 100% tested in production.
Figure 4-37. TFMT detection of start frame timing diagram
Microcontroller
EDIM_DE
EDIM_DO
CF
E | T e
Encoder_DE L
Encoder_DO _
CF | SF | DFO| DF1[-——[cRrc
Table 4-98. ENDAT characteristics("
Symbol Parameter Conditions Min Typ Max Unit
CK_ENDAT | Clock for ENDAT module - - 100 - MHz
Have delay time
four Output clock frequency ] 0.1 - 8 MHz
compensation
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Symbol Parameter Conditions Min Typ Max Unit
No delay time
0.1 - 2
compensation
Dutyenpar Clock duty cycle - - 50 - %
(1)  Value guaranteed by design, not 100% tested in production.
Table 4-99. BISS characteristics("
Symbol Parameter Conditions Min Typ Max Unit
Permissible clock
Outout clock ; 0.08 - 10
utput cloc requency
four f . (1/Tww) Required clock Mz
requenc equired cloc
areneyti q 0.25 - 1
frequency®®
Clock signal low level ) Yo Tma_mi
tmALio MA ="0" at receiver 40 - -
duration n®
Clock signal high level Yo Tma_mi
tmALhi ) MA ="1" at receiver 40 - -
duration n®
tro Static BISS timeout - 12.5 - 40 V&
For slaves with
. ) automatic BISS troa_ref +
troa Adaptive BISS timeout ) . tT0A_ref us
timeout adaption on 3 Tewk®
Twma
Measured from
) second rising edge at
tLineDetay Line delay MA -> SL i ) 0 - 40 us
MA to first falling edge
at SL at re-ceiver
) . Permissible deviation
tLineditter Line delay jitter MA -> SL ) -25 - 25 % Twa
from tLinepelay at receiver
tousy Processing time - 2Twva - 40 us
Additional start bit delay
busy_s ) tousy +busy_s <= 40us 0 - 8 Twa
(in clocks)
Processing time for
tbusy,r . - 0 - 20 ms
register access
o ] Supported by all
teycle_min Minimum cycle time - - 250 V]
slaves

Value guaranteed by design, not 100% tested in production.

The maximum clock frequency depends on the transmission medium and on the individual devices. The

corresponding minimum clock period Twmai_min is usually stored in the EDS.

The required clock frequency has to be supported by any BiSS slave. A BISS master can use it for initial

operation to read the slave's EDS.

The maximum cable length is 100 meters.

1/Tcwk is the BISS slave's minimum sampling frequency. Troa_retis measured from first falling to second rising
edge at MAI.
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Figure 4-38. BISS slave timings for point-to-point configuration
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Figure 4-39. BISS master timings for point-to-point configuration
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Figure 4-40. Adaptive BISS timeout
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Table 4-100. HDSL SPI-PIPE characteristics!"
Symbol Parameter Min Typ Max Unit
A Assertion of spipipe_ss before spipipe_clk 30 - -
B Time for spipipe_clk high 30 - -
C Time for spipipe_clk low 30 - -
ns
D Spipipe_ss pulse width 30 - -
E Delay spipipe_miso after spipipe_ss high 25 70 -
F Delay spipipe_miso after spipipe_clk high 25 70 -

(1)  Value guaranteed by design, not 100% tested in production.
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Figure 4-41. HDSL SPI-PIPE interface time control
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4.47. WDGT characteristics
Table 4-101. FWDGT min/max timeout period at 32 kHz (IRC32K) ™
Min timeout RLD[11:0]= [Max timeout RLD[11:0]=
Prescaler divider PSC[2:0] bits Unit
0x000 OxFFF
1/4 000 0.125 512
1/8 001 0.25 1024
1/16 010 0.5 2048
1/32 011 1.0 4096 ms
1/64 100 2.0 8192
1/128 101 4.0 16384
1/256 110 or 111 8.0 32768
(1)  Value guaranteed by design, not 100% tested in production.
Table 4-102. WWDGT min-max timeout value at 150 MHz (fpciks) "
Min timeout value Max timeout value
Prescaler divider | PSC[1:0] bits Unit Unit
CNT[6:0] = 0x40 CNT[6:0] = OX7F
11 00 27.3 1.747
1/2 01 54.61 3.495
us ms
1/4 10 109.23 6.99
1/8 11 218.45 13.98
(1)  Value guaranteed by design, not 100% tested in production.
4.48. ENET characteristics
Table 4-103. Dynamics characteristics: Ethernet MAC signals for SMI
Symbol Description Min Typ Max Unit
tvoc MDC cycle time(2.5 MHz) 400 400 400
Towpio) Write data valid delay time 1/4 tmpc 1/4 tmoc 1/4 tmoc
ns
tsumpio) Read data setup time 12 - -
thsp_MR) Read data hold time 0 - -

(1)

Value guaranteed by design, not 100% tested in production.
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Figure 4-42. Ethernet SMI timing diagram

ETH_MDC

ETH_MDIO(O)
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Table 4-104. Ethernet timing for MIl

Symbol Description Min Typ Max Unit
- RXCLK frequency - 25 - MHz
%RXCLK
M1 RXCLK pulse widthhigh 35 - 65 )
period
%RXCLK
MI12 RXCLK pulse width low 35 - 65 )
period
RXD[3:0], RXDV, RXER to RXCLK
MII3 5 - - ns
setup
Mll4 RXCLK to RXD[3:0], RXDV, RXER hold 5 - - ns
teve Tx TXCLK frequency - 25 - MHz
%TXCLK
MI15 TXCLK pulse widthhigh 35 - 65 )
period
%TXCLK
MI16 TXCLK pulse widthlow 35 - 65
period
TXCLK to TXD[3:0],TXEN, TXER
MII7 2 - - ns
invalid
M18 TXCLK to TXDI[3:0], TXEN, TXER valid - - 25 ns

(1) Guaranteed by design, not 100% tested in production.
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Figure 4-43. Ethernet MIl receive diagram
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TXDI[n:0] >< Valid data ><
TXEN >< Valid data ><
TXER >< Valid data ><

Table 4-105. Ethernet MAC timing for RMII"

Symbol Description Min Typ Max Unit
- RMIl input clock frequency (RMII_CLK) - - 50 MHz
RMII1, %RMII_C
RMII_CLK pulse widthhigh 35 - 65
RMII5 LK period
RMII2, %RMII_C
RMII_CLK pulse widthlow 35 - 65
RMII6 LK period
RXD[1:0], CRS_DV, RXER to
RMII3 4 - - ns

RMII_CLK setup
RMII_CLK to RXD[1:0], CRS_DV,

RMII4 2 - - ns
RXER hold
RMII_CLK to TXD[1:0], TXEN data
RMII8 - - 14 ns
valid
RMII_CLK to TXD[1:0], TXEN data
RMII7 2 - - ns
invalid

(1)  Guaranteed by design, not 100% tested in production.
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Figure 4-45. Ethernet RMII receive diagram
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Figure 4-46. Ethernet RMII transmit diagram
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4.49. ESC characteristics

Table 4-106. MIl TX timing values™

Symbol Parameter Min Typ Max Unit

40ns +/-

tokp MII_CLK25 period - - ns
100ppm

tewkn MII_CLK25 high time 40% - 60% ns

teLke MII_CLK25 low time 40% - 60% ns

MII_TXDI3:0], MII_TXEN output valid from rising
tvaL - - 15 ns
edge of MII_CLK25
MII_TXDI3:0], MII_TXEN output hold from rising edge
tHoLp 7 - - ns
of MII_CLK25

(1) Value guaranteed by design, not 100% tested in production.
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Figure 4-47. MIl TX timing diagram
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Table 4-107. MIl RX timing values(®

Symbol Parameter Min Typ Max Unit
40ns +/-
teike MII_RXCLK period - - ns
100ppm
tokn MII_RXCLK high time 40% - 60% ns
teke MII_RXCLK low time 40% - 60% ns
MII_RXD[3:0], MII_RXER, MII_RXDV setup time to
tsu 10 - - ns
rising edge of MII_RXCLK
MII_RXD[3:0], MII_RXER, MII_RXDV hold time after
thoLp 10 - - ns
rising edge of MII_RXCLK

(1) Value guaranteed by design, not 100% tested in production.

Figure 4-48. MIl RX timing diagram
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Table 4-108. Management access timing values®
Symbol Parameter Min Typ Max Unit
tewke MII_MDC period - - 6.72 us
toikn MII_MDC high time 45% - - ns
towke MII_MDC low time 45% - - ns
MII_MDIO output valid from rising edge of
tvaL - - 150 ns
MIl_MDC
MII_MDIO output hold from rising edge of
toroLp 100 - - ns
MIl_MDC
MII_MDIO input setup time to rising edge of
tsu 250 - - ns
MIl_MDC
MII_MDIO input hold time after rising edge of
tiHoLD 0 - - ns
MIl_MDC

1 Value guaranteed by design, not 100% tested in production.
9 y 9

Figure 4-49. Management access timing diagram
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Table 4-109. EtherCAT timing for RMII®"

Symbol Description Min Typ Max Unit

- RMIl input clock frequency (RMII_CLK) - - 50 MHz
%RMII_C

RMII1 RMII_CLK pulse widthhigh 35 - 65 ]
LK period

RXD[1:0], CRS_DV, RXER to
RMII3 4 - - ns
RMII_CLK setup

RMII_CLK to RXD[1:0], CRS_DV,

RMII4 2 - - ns
RXER hold
RMII_CLK to TXD[1:0], TXEN data
RMII8 - - 14 ns
valid
RMII_CLK to TXD[1:0], TXEN data
RMII7 2 - - ns
invalid

(1)  Guaranteed by design, not 100% tested in production
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Figure 4-50. EtherCAT RMII receive diagram
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Figure 4-51. Ethernet RMII transmit diagram
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4.50. Ethernet TXPHY

Figure 4-52. Recommended power connections"?
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(1)  All decoupling capacitors need to be as close as possible to the pins on the PCB board.

Table 4-110. Recommended operating conditions when using the internal ethernet

phy(")
Symbol Description Conditions Min | Typ | Max | Unit
Using the internal
VDD® Digital supply voltage 297 | 3.3 3.6 \Y,
Ethernet TXPHY
Using the internal
VDDA® Analog supply voltage 297 | 3.3 3.6 \Y,
Ethernet TXPHY

(1)  Value guaranteed by design, not 100% tested in production.
(2) The DVDD of the internal Ethernet TXPHY is internally connected to the VDD.
(3) The AVDD of the internal Ethernet TXPHY is internally connected to the VDDA.
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Table 4-111. Internal Ethernet TXPHY oscillator requirements(!

Symbol Description Conditions Min | Typ | Max | Unit

External clock source or
foLk ext ) - - 25 - MHz
oscillator frequency

CLK_TOL Frequency tolerance - - - 50 | ppm
CLK_STA Frequency stability 5 year aging - - 50 | ppm
triFPHY) Rise/Fall Time 10% ~ 90% - - 6 ns
) Short term (peak to

Jphy Cycle to Cycle Jitter - - 500 ps
peak value)
Dutyphy Duty cycle - 40 - 60 %
Clock driver output high
Vo - 1.2 - - \Y
level
Clock driver output low
VoL - - - 0.25 \%
level

(1)  Value guaranteed by design, not 100% tested in production.

Table 4-112. Power consumption”

Symbol Description Conditions Min Typ | Max | Unit
Voo = 3.3V,
lopeHy) TXPHY DVDD from VDD - 6.04 - mA
100BASE-TX
Vooa = 3.3V,
IopAPHY) TXPHY AVDD from VDDA - 48.5 - mA
100BASE-TX

(1) Value guaranteed by design, not 100% tested in production.

Table 4-113. Power up and reset timing"

Symbol Description Conditions Min Typ | Max | Unit
VDD / VDDA (3.3 V)
After all power-up is ready,
requirements are met, send|PHY_VCAP (1.2 V) is
t1 35 - - ms
the first SMI command to ready,
the TXPHY. PHY_RSTn has been

de-asserted.

Assert the PHY_RSTn pin
t2 ) - 200 - - ns
low to reset time.

t3@ Power up stage time - 10 - - ms

(1)  Value guaranteed by design, not 100% tested in production.
(2) The delayed pull-up can be achieved through software after power-on.
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GigaDevice
Figure 4-53. Power up and reset timing
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4.51. RDCM characteristics
Table 4-114. RDCM characteristics("
Symbol Description Conditions Min | Typ | Max | Unit
frocwm Clock for RDCM - Refer to ADCO/1 | MHz
Sinusoidal excitor
fsin - 2 - 100 | kHz
frequency
Vbac DAC output voltage Vobp = Vbpa = Vrerp = 3.3V Refer to DAC \Y
(1) Value guaranteed by design, not 100% tested in production.
4.52. JTAG Timing
Table 4-115. JTAG Scan Interface Timing (")
Symbol Description Min Max Unit
Frcx TCK clock frequency - 50 MHz
tcutac) Cycle time, JTAG low and high period 8 - ns
tsu(roimvs - Tekn Setup time, TDI, TMS before TCK rise (TCKr) 6 - ns
tH(rekr -TDITMS) Hold time, TDI, TMS after TCKr 1 - ns
th(reke-TDO) Hold time, TDO after TCKf 1 - ns
toreks -Too) Delay time, TDO valid after TCK fall (TCKf) - 6 ns

(1) Value guaranteed by design, not 100% tested in production.
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Figure 4-54. JTAG timing diagram
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4.53. SWD Timing
Table 4-116. SWD Interface Timing "
Symbol Description Min Max Unit
Fsweik SWCLK clock frequency - 50 MHz
tevesweLk) SWCLK clock cycle time 20 - ns
tisuswoio) SWDIO input setup time 6 - ns
tinswoio) SWDIO input hold time 1 - ns
tovswoio) SWDIO output valid time - 6 ns
tonswoio) SWDIO output hold time 1 - ns

(1) Value guaranteed by design, not 100% tested in production.

Figure 4-55. SWD timing diagram
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5. Package information

5.1. BGA169 package outline dimensions

Figure 5-1. BGA169 package outline
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Table 5-1. BGA169 package dimensions
Symbol Min Typ Max
A 0.95 1.05 1.15
A1 0.20 0.25 0.30
A2 0.73 0.80 0.87
b 0.31 0.36 0.41
c 0.22 0.26 0.30
D 8.90 9.00 9.10
D1 - 7.80 -
E 8.90 9.00 9.10
E1 - 7.80 -
e - 0.65 -
aaa - 0.10 -
bbb - 0.10 -
ddd - 0.08 -
eee - 0.15 -
fff - 0.08 -

(Original dimensions are in millimeters)
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Figure 5-2. BGA169 recommended footprint

Dimension Recommended values
/] Pitch 0.65 mm
Dpad 0.30 mm
Dsm 0.40 mm
Dpad—|
Dsm—|

(Original dimensions are in millimeters)
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5.2.

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.

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

Ous: Thermal resistance, junction-to-board.

O,c: Thermal resistance, junction-to-case.

w,g: Thermal characterization parameter, junction-to-board.

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

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

Where, T, = Junction temperature.

Ta = Ambient temperature

Ts = Board temperature

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

8,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 6,4 can be considerate as
better overall thermal performance.

O,s is used to measure the heat flow resistance between the chip surface and the PCB
board.

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

Table 5-2. Package thermal characteristics'"

Symbol Condition Package Value Unit
Bua Natural convection, 2S2P PCB BGA169 26.46 °C/W
B8 Cold plate, 252P PCB BGA169 12.14 °C/W
Buc Cold plate, 252P PCB BGA169 3.22 °C/W
Wi Natural convection, 2S2P PCB BGA169 11.66 °C/IW
Wit Natural convection, 2S2P PCB BGA169 0.12 °C/IW

(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 GD32H77Rxx devices

. Temperature
Ord ode NVM (KB Package Package type
e (KB) & et operating range
Industrial
GD32H77RAPK7 5632 BGA169 Green

-40°C to +105°C
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7.

Revision history

Table 7-1. Revision history

Revision No.

Description

Date

0.9RC1

Initial Release

Nov. 9, 2026
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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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