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1. General description

The GD32W515xx is a highly integrated 2.4GHz Wi-Fi System-on-Chip (SoC) that
includes an ARM Cortex®-M33 processor with Trustzone, a single stream I|EEE
802.11b/g/n MAC/baseband/radio, a power amplifier (PA), and a receive low-noise
amplifier (LNA). It is an optimized SoC designed for a broad array of smart devices for
Internet of Things (I0T) applications. The Cortex®-M33 processor is a 32-bit processor
that possesses low interrupt latency and low-cost debug. The Cortex®-M33 processor is
a 32-bit processor that possesses low interrupt latency and low-cost debug. The
characteristics of integrated and advanced make the Cortex®-M33 processor suitable for
market products that require microcontrollers with high performance and low power
consumption. The Cortex®-M33 processor is based on the ARMv8 architecture and
supports a powerful and scalable instruction set including general data processing /O
control tasks, advanced data processing bit field manipulations and DSP.

The GD32W515xx device incorporates the Arm® Cortex®-M33 32-bit processor core
operating at up to 180 MHz frequency to obtain maximum efficiency. It provides up to
2048 KB on-chip Flash memory or support up to 32MB of EXT Flash memory and up to
448 KB SRAM memory. An extensive range of enhanced 1/0Os and peripherals connected
to two APB buses. The devices offer a 12-bit ADC, up to four general 16-bit timers, two
general 32-bit timers, one basic timer, one PWM advanced timer, as well as standard
and advanced communication interfaces: up to two SPIs, a SQPI, a SDIO, two 12Cs,
three USARTS, one I12S, an USBFS and a Wi-Fi. Additional peripherals as TrustZone
protection controller union (TZPCU), digital camera interface (DCI), touch sensing
interface (TSI), high-performance digital filter (HPDF), quad-SPI interface (QSPI) are
included.

The device operates from a 1.62 to 3.63 V power supply and available in —40 to +85 °C
temperature range. Several power saving modes provide the flexibility for maximum
optimization between wakeup latency and power consumption, an especially important
consideration in low power applications.

The above features make the GD32W515xx devices suitable for a wide range of
applications, especially in areas such as industrial control, motor drives, user interface,
power monitor and alarm systems, consumer and handheld equipment, gaming and GPS,
E-bike, optical module and so on.

"ARMCORTEX

Processor Technology
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2. Device overview
2.1. Device information

Table 2-1. GD32W515xx devices features and peripheral list

GD32W515xx
Part Number
Pl PO TI TG
FLASH (KB) 2048 0 2048 1024
SRAM (KB) 448 448 448 384
General 4 4 3 3
t| m er(16-b|t) (3-4,15-16) (3-4,15-16) (4,15-16) (4,15-16)
General 2 2 2 2
timer(32-bit) a2 @2 a2 1-2)
«» | Advanced 1 1 1 1
£ | timer(16-bit) © ® o o
F1  sysTick 1 1 1 1
Basic 1 1 1 1
timer(16-bit) ® © 6] o)
Watchdog 2 2 2 2
RTC 1 1 1 1
3 3 3 3
USART
(0-2) (0-2) (0-2) (0-2)
2 2 2 2
12C
(0-1) (0-1) (0-1) (0-1)
2
s 2/1 2/1 2/1 2/1
5 SPI/I2S
5} (0-1)/(1) (0-2)/(1) (0-1)/(1) (0-2)/(1)
[
s SDIO 1 1 1 1
O
QSPI 1 1 1 1
SQPI 1 1 1 1
USBFS 1 1 1 1
Wi-Fi 1 1 1 1
GPIO 43 43 25 25
HPDF 1 1 0 0
DCI 1 1
TSI
12 12 7 7
(Channels)
TZGPC 1 1 1 1
O Units 1 1 1 1
[a)
<| Channels 9 9 5 5
Package QFN56 QFN36
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2.2. Block diagram

Figure 2-1. GD32W515xx block diagram
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2.3. Pinouts and pin assignment

Figure 2-2. GD32W515Px QFN56 pinouts

>
o
§ R U <1
2ECQEREFEEEEG T
PB7 [T1 PB13
PB8 |32 : PB12
PB9 [..33 ' PB11
PC8-BOOTO |34 I : PB10
PAIS-WKUP1 |35 | GigaDevice ! PB2-WKUP2
PA13 16 | GD32W515Px | PB1
PAL4-BOOTL |37 | QFNS56 : PBO
PC14-0SC32IN |38 | | 357 pos
PC15-0SC320UT |39 | | 34 pea
VBAT 7110 | |3 PA7
AVDD33_ANA |11 : GND : 3 PA6
RF 112 1 |3 PAS
NC |13 | | 30¢7| PA4
NC [a T 2 PC3
24 25 26 27 28

od [

X< U DU DUIDTUVDT

g%zzﬁ—|0>>>500
hoggzpoor b o =N
SgSER> 2

AR AT P

5 ' %

> - ©

=

10



Z

GigaDevice

GD32W515xx Datasheet

Figure 2-3. GD32W515Tx QFN36 pinouts
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2.4.

Memory map

Table 2-2. GD32W515xx memory map

Pre-defined Secure Non-Secure
Bus Peripherals
Regions boundary address | boundary address
- - 0XE000 1000 - 0XEOOF FFFF | Cortex M33 internal peripherals
- 0x9800 0000 - OXDFFF FFFF Reserved
External - 0x9000 0000 - Ox97FF FFFF QSPI_FLASH(MEM)
AHB3
device - 0x6800 0000 - Ox8FFF FFFF Reserved
- 0x6000 0000 - Ox67FF FFFF SQPI_PSRAM(MEM)
0x5C06 3000 - OX5FFF FFFF | 0x4C06 3000 - OX4FFF FFFF Reserved
0x5C06 1000 - 0x5C06 2FFF | 0x4C06 1000 - 0x4C06 2FFF PKCAU
0X5C06 0CO0 - 0X5C06 OFFF | 0x4C06 0CO0 - 0x4C06 OFFF Reserved
0x5C06 0800 - 0xX5C06 OBFF | 0x4C06 0800 - 0x4C06 OBFF TRNG
0x5C06 0400 - 0X5C06 07FF | Ox4C06 0400 - 0x4C06 07FF HAU
AHB2
0x5C06 0000 - 0X5C06 03FF | 0x4C06 0000 - 0x4C06 03FF CAU
0x5C05 0400 - 0X5C05 FFFF | 0x4C05 0400 - 0x4C05 FFFF Reserved
0x5C05 0000 - 0X5C05 03FF | 0x4C05 0000 - 0x4C05 03FF DCI
0x5C04 0000 - 0X5C04 FFFF | 0x4C04 0000 - 0x4C04 FFFF Reserved
0x5C00 0000 - 0X5C03 FFFF | 0x4C00 0000 - 0x4C03 FFFF Reserved
0x5904 0000 - OX5BFF FFFF | 0x4904 0000 - 0x4BFF FFFF Reserved
0x5900 0000 - 0x5903 FFFF | 0x4900 0000 - 0x4903 FFFF USBFS
0X500B 1000 - 0X58FF FFFF | 0x400B 1000 - 0x48FF FFFF Reserved
0x500B 0800 - 0X500B OFFF | 0x400B 0800 - 0x400B OFFF Reserved
0x500B 0400 - 0X500B 07FF | 0x400B 0400 - 0x400B 07FF TZBMPC3
0x500B 0000 - 0x500B 03FF | 0x400B 0000 - 0x400B 03FF TZBMPC2
Peripheral
0X500A 1000 - 0x500A FFFF | 0x400A 1000 - 0x400A FFFF Reserved
0X500A 0COO0 - 0X500A OFFF | 0x400A 0COO - 0x400A OFFF TZBMPC1
0X500A 0800 - 0X500A OBFF | 0x400A 0800 - 0x400A OBFF TZBMPCO
0x500A 0400 - 0X500A 07FF | 0x400A 0400 - 0x400A 07FF TZIAC
0x500A 0000 - 0X500A 03FF | 0x400A 0000 - 0x400A 03FF TZSPC
AHB1
0x5008 0400 - 0x5009 FFFF | 0x4008 0400 - 0x4009 FFFF Reserved
0x5008 0000 - 05008 03FF | 0x4008 0000 - 0x4008 03FF ICACHE
0x5003 3000 - 0x5007 FFFF | 0x4003 3000 - 0x4007 FFFF Reserved
0x5003 0000 - 05003 2FFF | 0x4003 0000 - 0x4003 2FFF Wi-Fi
0x5002 BCOO - 05002 FFFF | 0x4002 BCOO - 0x4002 FFFF Reserved
0x5002 BOOO - 0x5002 BBFF | 0x4002 BOOO - 0x4002 BBFF Reserved
0x5002 A000 - 0x5002 AFFF | 0x4002 A000 - 0x4002 AFFF Reserved
0x5002 8000 - 0x5002 9FFF | 0x4002 8000 - 0x4002 9FFF Reserved
0x5002 6800 - 0x5002 7FFF | 0x4002 6800 - 0x4002 7FFF Reserved
0x5002 6400 - 05002 67FF | 0x4002 6400 - 0x4002 67FF DMA1
0x5002 6000 - 05002 63FF | 0x4002 6000 - 0x4002 63FF DMAO

12
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Pre-defined Secure Non-Secure
Bus Peripherals
Regions boundary address | boundary address

0x5002 5C00 - 0x5002 5FFF 0x4002 5C00 - 0x4002 5FFF Reserved
0x5002 5800 - 0x5002 5BFF | 0x4002 5800 - 0x4002 5BFF QSPI_FLASH(REG)
0x5002 5400 - 05002 57FF | 0x4002 5400 - 0x4002 57FF SQPI_PSRAM(REG)
0x5002 5000 - 05002 53FF | 0x4002 5000 - 0x4002 53FF Reserved
0x5002 4000 - 05002 4FFF | 0x4002 4000 - 0x4002 4FFF TSI
0x5002 3C00 - 0x5002 3FFF | 0x4002 3C00 - 0x4002 3FFF Reserved
0x5002 3800 - 0x5002 3BFF | 0x4002 3800 - 0x4002 3BFF RCU
0x5002 3400 - 0x5002 37FF 0x4002 3400 - 0x4002 37FF Reserved
0x5002 3000 - 0x5002 33FF 0x4002 3000 - 0x4002 33FF CRC
0x5002 2C00 - 0x5002 2FFF | 0x4002 2C00 - 0x4002 2FFF Reserved
0x5002 2800 - 0x5002 2BFF 0x4002 2800 - 0x4002 2BFF EFUSE
0x5002 2400 - 0x5002 27FF 0x4002 2400 - 0x4002 27FF Reserved
0x5002 2000 - 05002 23FF | 0x4002 2000 - 0x4002 23FF FMC
0x5002 1C00 - 05002 1FFF | 0x4002 1C00 - 0x4002 1FFF Reserved
0x5002 1800 - 0x5002 1BFF | 0x4002 1800 - 0x4002 1BFF Reserved
0x5002 1400 - 0x5002 17FF 0x4002 1400 - 0x4002 17FF Reserved
0x5002 1000 - 0x5002 13FF | 0x4002 1000 - 0x4002 13FF Reserved
0x5002 0CO00 - 05002 OFFF | 0x4002 0CO0 - 0x4002 OFFF Reserved
0x5002 0800 - 0x5002 O0BFF | 0x4002 0800 - 0x4002 OBFF GPIOC
0x5002 0400 - 05002 07FF | 0x4002 0400 - 0x4002 07FF GPIOB
0x5002 0000 - 0x5002 03FF | 0x4002 0000 - 0x4002 03FF GPIOA
0x5001 8800 - 0x5001 FFFF | 0x4001 8800 - 0x4001 FFFF Reserved
0x5001 8400 - 0x5001 87FF | 0x4001 8400 - 0x4001 87FF TIMER16
0x5001 8000 - 0x5001 83FF | 0x4001 8000 - 0x4001 83FF TIMER15
0x5001 7C00 - 0x5001 7FFF | 0x4001 7C00 - 0x4001 7FFF Reserved
0x5001 7800 - 0x5001 7BFF 0x4001 7800 - 0x4001 7BFF Wi—Fi_RF
0x5001 6800 - 0x5001 77FF 0x4001 6800 - 0x4001 77FF Reserved
0x5001 6000 - 05001 67FF | 0x4001 6000 - 0x4001 67FF HPDF
0x5001 5800 - 0x5001 5FFF 0x4001 5800 - 0x4001 5FFF Reserved
0x5001 5400 - 0x5001 57FF 0x4001 5400 - 0x4001 57FF Reserved

APB2 0x5001 4CO00 - 0x5001 53FF 0x4001 4C00 - 0x4001 53FF Reserved
0x5001 4800 - 0x5001 4BFF 0x4001 4800 - 0x4001 4BFF Reserved
0x5001 4400 - 0x5001 47FF 0x4001 4400 - 0x4001 47FF Reserved
0x5001 4000 - 0x5001 43FF 0x4001 4000 - 0x4001 43FF Reserved
0x5001 3C00 - 0x5001 3FFF 0x4001 3CO00 - 0x4001 3FFF EXTI
0x5001 3800 - 0x5001 3BFF 0x4001 3800 - 0x4001 3BFF SYSCFG
0x5001 3400 - 0x5001 37FF 0x4001 3400 - 0x4001 37FF Reserved
0x5001 3000 - 0x5001 33FF 0x4001 3000 - 0x4001 33FF SPIO
0x5001 2C00 - 0x5001 2FFF 0x4001 2C00 - 0x4001 2FFF SDIO
0x5001 2400 - 0x5001 2BFF 0x4001 2400 - 0x4001 2BFF Reserved
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Pre-defined Secure Non-Secure
Bus Peripherals
Regions boundary address | boundary address
0x5001 2000 - 0x5001 23FF 0x4001 2000 - 0x4001 23FF ADC
0x5001 1400 - 05001 1FFF | 0x4001 1400 - 0x4001 1FFF Reserved
0x5001 1000 - 05001 13FF | 0x4001 1000 - 0x4001 13FF USART2
0x5001 0800 - 0x5001 OFFF | 0x4001 0800 - 0x4001 OFFF Reserved
0x5001 0400 - 05001 07FF | 0x4001 0400 - 0x4001 07FF Reserved
0x5001 0000 - 05001 03FF | 0x4001 0000 - 0x4001 03FF TIMERO
0x5000 7400 - 0x5000 FFFF | 0x4000 DOOO - 0x4000 FFFF Reserved
0x5000 CCO00 - 0x5000 CFFF | 0x4000 CCOO - 0x4000 CFFF Reserved
0x5000 7400 - 0x5000 CBFF 0x4000 7400 - 0x4000 CBFF Reserved
0x5000 7000 - 05000 73FF | 0x4000 7000 - 0x4000 73FF PMU
0x5000 6C00 - 0x5000 6FFF | 0x4000 6CO0 - 0x4000 6FFF Reserved
0x5000 5C00 - 0x5000 6BFF | 0x4000 5C00 - 0x4000 6BFF Reserved
0x5000 5800 - 0x5000 SBFF | 0x4000 5800 - 0x4000 5BFF 12Cc1
0x5000 5400 - 0x5000 57FF 0x4000 5400 - 0x4000 57FF 12C0
0x5000 4C00 - 0x5000 53FF 0x4000 4C00 - 0x4000 53FF Reserved
0x5000 4800 - 0x5000 4BFF | 0x4000 4800 - 0x4000 4BFF USARTO
0x5000 4400 - 0x5000 47FF 0x4000 4400 - 0x4000 47FF USART1
0x5000 4000 - 05000 43FF | 0x4000 4000 - 0x4000 43FF Reserved
0x5000 3C00 - 0x5000 3FFF | 0x4000 3C00 - 0x4000 3FFF Reserved
0x5000 3800 - 0x5000 3BFF | 0x4000 3800 - 0x4000 3BFF SPI1/12S1
APB1

0x5000 3400 - 0x5000 37FF | 0x4000 3400 - 0x4000 37FF 12S1_add
0x5000 3000 - 05000 33FF | 0x4000 3000 - 0x4000 33FF FWDGT
0x5000 2C00 - 05000 2FFF | 0x4000 2C00 - 0x4000 2FFF WWDGT
0x5000 2800 - 0X5000 2BFF | 0x4000 2800 - 0x4000 2BFF RTC
0x5000 2400 - 0X5000 27FF | 0x4000 2400 - 0x4000 27FF Reserved
0x5000 2000 - 05000 23FF | 0x4000 2000 - 0x4000 23FF Reserved
0x5000 1C00 - 05000 1FFF | 0x4000 1C00 - 0x4000 1FFF Reserved
0x5000 1800 - 0x5000 1BFF | 0x4000 1800 - 0x4000 1BFF Reserved
0x5000 1400 - 0x5000 17FF 0x4000 1400 - 0x4000 17FF Reserved
0x5000 1000 - 05000 13FF | 0x4000 1000 - 0x4000 13FF TIMER5
0x5000 0CO0 - 0x5000 OFFF | 0x4000 0CO0 - 0x4000 OFFF TIMER4
0x5000 0800 - 0x5000 OBFF 0x4000 0800 - 0x4000 OBFF TIMER3
0x5000 0400 - 0x5000 07FF 0x4000 0400 - 0x4000 07FF TIMER2
0x5000 0000 - 0x5000 03FF 0x4000 0000 - 0x4000 03FF TIMER1
0x3007 0000 - 0x3FFF FFFF 0x2007 0000 - 0x2FFF FFFF Reserved
0x3004 0000 - 0x2006 FFFF 0x2004 0000 - 0x2006 FFFF SRAM3 (192KB)

SRAM AHB 0x3002 0000 - 0x3003 FFFF 0x2002 0000 - 0x2003 FFFF SRAM2 (128KB)
0x3001 0000 - 0x3001 FFFF 0x2001 0000 - 0x2001 FFFF SRAML1 (64KB)
0x3000 0000 - 0x3000 FFFF 0x2000 0000 - 0x2000 FFFF SRAMO (64KB)

Code AHB - 0x1000 0000 - 0x1FFF FFFF External memories remap
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Pre-defined Secure Non-Secure
Bus Peripherals
Regions boundary address | boundary address
- O0xOBFF 8000 - 0xOBFF FFFF Reserved
OxOFF8 8000 - 0xOFFF FFFF | OxOBF8 0000 — OxOBFF 7FFF Reserved
OxOFF8 4000 — OxOFF8 7FFF - ROM(16KB)
OxOFF8 0000 — OxOFF8 3FFF - GSSA(16KB)
OxOFF4 EO000 — OXOFF7 FFFF | OXOBF4 EO0O — OxOBF7 FFFF ROM(ZOOKB)
- 0x0BF4 6000 — 0xOBF4 CFFF Reserved
- 0x0BF4 0000 - 0XOBF4 5FFF ROM(24KB)
Ox0EQ7 0000 - OxOFF4 DFFF 0x0AO07 0000 - 0xOBF3 FFFF Reserved

0x0E04 0000 - 0xOE06 FFFF

0x0A04 0000 - 0x0A06 FFFF

SRAMS3 (192KB)

0x0E02 0000 - 0xOE03 FFFF

0x0A02 0000 - 0x0A03 FFFF

SRAM2 (128KB)

0xO0E01 0000 - OXxOEQO1 FFFF

0x0A01 0000 - 0x0A01 FFFF

SRAM1 (64KB)

0x0E00 0000 - 0xOEQ0 FFFF

0x0A00 0000 - 0x0A00 FFFF

SRAMO (64KB)

0x0C20 0000 - OXODFF FFFF

0x0820 0000 - 0x09FF FFFF

Reserved

0x0C00 0000 - OxOC1F FFFF

0x0800 0000 - 0x081F FFFF

Flash memory

0x0000 0000 - 0X07FF FFFF

External memories remap
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2.5. Clock tree

Figure 2-4. GD32W515xx clock tree

32.768 KHz CK_RTC
LXTAL OSC to RTO)
RTCSRC[L:0]
2 Kz CK_FWDGT
IRCs2K (to FWDGT)
0 CcK_SYS
CK_ouT1 CKOUT1DIV o1 CK_PLLI2S
Xl‘_ +12345 10 CK_HXTAL
11 ————CK_PLLDIG
CKOUTISEL[1:0]
HCLK
AHB enable :| ) {to AHB bus,Cortex-
M33,SRAM,DMA perpheral
% CK_IRC16M — o CS‘:W ls)
E ;| CK_ouTo CKOUTODIV o CK_LXTAL -8 =
12345 10 CK_HXTAL L (to Cortex-M33 SysTick)
11 CK_PLLP FCLK
(free running clock)
. FMC APBL CK_APBL
CKOUTOSEL[L0] $——  Prescaler — PCLKL
48,16 45 MHz max T APBL perphefis
SCS[1:0]
0ol Peripheral enable
16 MHz IRC16 | CK_IRC16M v
IRC16M MDIV. 234, 180 Mz
CK_HXTAL —— CK_APBLxL BO;’““_D%»
AHB X2 or x4 TIMERx enable
K_SY K_AHB
ckpp | IB;:Mi "ix Prescaler 15?) L to TIME?LZS‘A.
CK_PLLDIG +1,2..512 ma;
1 APB2 CK_APB2
4 Prescaler
+2,4,8,16
) Peripheral enable
HXTAL
PLLSEL] TIMERO,15,16
CK_APB2 x1 180 MHz max CK_TIMERx
X2 or x4 f————»
/PSC] TIMERx enable to TIMERO,15,16
ADCCK[2]
ADC
vco TPLLP Prescaler o
468 CK_ADC to ADC
IDIGFS
YSDIV § 35 MHiz max
FLL USBFSSEL
[ossrso |
t { IUSBFSDIV |
\vco Peripheral enable
SDDSEL to USBFS/TRNG
- o
PLLDI
01
CK_IRC16M 1 M D&»
IPLLEI K HXTAL 1 Peripheral enable
e L 10 SDIO
[ arov |
RFDIV CK160_WIFI
L Peripheral enable
to WIFILLN
PLLIZ
| PSC 2 CK80_WIFI
|
Peripheral enable to WIFILIN
=4 CK40_WIFI
-
Peripheral enabl —i )
enpheral enable o WIFILIN
36 CK44DSM_WIFI
| | =
Peripheral enable
10 WIFILIN
HPDFAUDIOS
EL\[tO]
vco IPLLI2SDIV 0
CK_HPDFAU
X 10 Peripheral enable
mies CK_IRC 11 HPDFSEL to HPDFAUDIO
I}g CKAPB2 CK_HPDF
128SEL[L0] CK_SYS Peripheral enable
to HPDF
00
o cK_izs
Peripheral enable
10 w0128
USARTOSEL[1:0] USART2SEL[1:0] 12C0SEL{1:0]
CK_APBL oK USARTO CK_APB2 CK USART? CK CK_I2C0
cKk.sys —o1 S > CK_sYs S > oK svs S
CK_LXTAL———10, 10 USARTO CK_LXTAL 10 10 USART2 -
CK_IRC16M——{11 CK_IRC16M 11 CK_IRC16M 14

Legend:
HXTAL: High speed crystal oscillator
LXTAL: Low speed crystal oscillator
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IRC16M: Internal 16M RC oscillator
IRC32K: Internal 32K RC oscillator
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2.6. Pin definitions
2.6.1. GD32W515Px QFN56 pin definitions

Table 2-3. GD32W515Px QFN56 pin definitions

Pin 1/O
Pin Name Pins Functions description
Type® | Level®
Default: PB7
PB7 1 I/0 5VT |Alternate: 12S1_WS, SPI1_NSS, EVENTOUT,
TIMER3_CH1, I2C0_SDA, USARTO0_RX, DCI_VSYNC
Default: PB8
PB8 2 I/0 5VT |Alternate: SPI1_SCK, I12S1_CK, EVENTOUT,
TIMER3_CH2, SDIO_D4, DCI_D6
Default: PB9
PB9 3 I/0 5VT |Alternate: 12S1_SD, SPI1_MOSI, EVENTOUT,
TIMER1_CH1, TIMER3_CH3, SDIO_D5, DCI_D7
Default: PC8
Alternate: 12C0_SDA, USARTO_TX, 12C1_SDA,
PC8-BOOTO 4 le} 5VT - N ~
EVENTOUT, TIMER2_CH2, SDIO_DO, DCI_D2
Additional: BOOTO
Default: JTDI, PA15
PA15- 5 Vo ST Alternate: 12C0_SCL, USARTO_RX, 12C1_SCL,
WKUP1 EVENTOUT, SPIO_NSS
Additional: WKUP1
Default: JTMS, SWDIO, PA13
PA13 6 I/0 5VT |Alternate: USARTO_CTS, USART1_CTS,
12C0_SMBA, EVENTOUT, TSITG
Default: JTCK, SWCLK, PA14
Alternate: USARTO_RTS / USARTO_DE,
PA14-BOOT1 7 I/0 5VT |USART1_RTS/USART1_DE, I2C1_SMBA,
EVENTOUT
Additional: BOOT1
PC14- Default: PC14
8 /0 5VT |Alternate: USARTO_CK, USART1_CK, EVENTOUT
OSC32IN .
Additional: OSC32IN
Default: PC15
PC15- Alternate: IFRP_OUT, EVENTOUT
0OSC320UT 9 Vo VT Additional: RTC_TAMPO, RTC_OUT, RTC_TS,
0OSC320UT
VBAT 10 P Default: VBAT
AVDD33_AN
A - 11 P Default: AVDD33_ANA
RF 12 Al/AO Default: RF
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Pin 1/O
Pin Name Pins Functions description
Type® | Level®
NC 13 -
NC 14 -
PU 15 I Default: PU
NRST 16 I/0 Default: NRST
AVDD33_PA 17 P Default: AVYDD33_PA
AVDD33_CL
K - 18 P Default: AVYDD33_CLK
XTAL1 19 Al Default: XTAL1
XTAL2 20 AO Default: XTAL2
VDDA 21 P Default: VDDA
Default: PAO
Alternate: USARTO_TX, TSI_GO_lO0, USART1_CTS,
PAO 22 I/0 5VT |EVENTOUT, TIMER1_CHO, TIMER1_ETI,
TIMER4_CHO
Additional: ADC_INO
Default: PA1
Alternate: USARTO_RX, TSI_GO0_IO1, USART1_RTS/
PA1 23 I/0 5VT |USART1_DE, EVENTOUT, TIMER1_CH]1,
TIMER4_CH1
Additional: ADC_IN1
Default: PA2
Alternate: USARTO_CK, TSI_GO0_l02, TIMERO_CHO,
PA2-WKUPO 24 I/0 5VT |EVENTOUT, TIMER1_CH2, TIMER4_CH2,
12S1_CKIN, USART1_TX, HPDF_AUDIO
Additional: ADC_IN2, WKUPO, RTC_TAMP1
Default: PA3
Alternate: USART1_CK, TSI_GO_IO3,
TIMERO_CHO_ON,
PA3 25 I/0 5VT N N
HPDF_DATAIN1, EVENTOUT, TIMER1_CH3,
TIMER4_CH3, 12S1_MCK, USART1_RX, RTC_OUT
Additional: ADC_IN3
Default: PCO
Alternate: USART1_TX, TIMERO_CHS3, I12C0_SMBA,
PCO 26 I/0 5VT i - -
HPDF_CKINO, EVENTOUT, DCI_D4
Additional: ADC_IN4
Default: PC1
Alternate: 12S1_SD, USART1_RX, DCI_HSYNC,
PC1 27 I/0 5VT |TIMERO_BRKIN, I12C1_SMBA, HPDF_CKIN1,
EVENTOUT, SPI1_MOSI, DCI_D8
Additional: ADC_IN5
Default: PC2
PC2 28 I/0 5VT

Alternate: HPDF_CKOUT, 12C1_SDA, 12C0_SCL,
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. ; Pin 110 : _
Pin Name Pins Functions description
Type® | Level®
TIMER4_CHO, TIMERO_CHO, DCI_VSYNC,
TIMERO_ETI, EVENTOUT, SPI1_MISO,
12S1_ADD_SD, DCI_D9
Additional: ADC_IN6
Default: PC3
Alternate: 12S1_SD, HPDF_DATAINO, I12C1_SCL,
12C0_SDA, TIMER4_CH1, TIMERO_CHO_ON,
PC3 29 /0 5VT
DCI_PIXCLK, TIMER1_CHO, TIMER1_ETI,
EVENTOUT, SPI1_MOSI, DCI_D11
Additional: ADC_IN7
Default: PA4
Alternate: 12S1_ADD_SD, SPI1_MOSI, 12S1_SD,
SPI0_MOSI, QSPI_SCK, TIMER4_CH2, DCI_HSYNC,
PA4 30 /0 5VT
USART1_TX, TIMERO_CH1, EVENTOUT, SPIO_NSS,
USART1_CK
Additional: ADC_IN8
Default: PA5
Alternate: 12S1_MCK, SPI0O_MISO, QSPI_CSN,
PAS5 31 /0 5VT
TIMER4_CH3, DCI_VSYNC, USART1_RX,
TIMERO_CH1_ON, EVENTOUT, SPI0_SCK
Default: PA6
Alternate: 12S1_CKIN, SPIO_SCK, QSPI_lO0,
TIMER2_CHO, DCI_PIXCLK, USART2_TX,
PAG6 32 /0 5VT - — -
TIMERO_CH1, TIMER1 CH1,
EVENTOUT, SPI0O_MISO, 12S1_MCK, SDIO_CMD,
HPDF_AUDIO
Default: PA7
Alternate: SPI1_NSS, 12S1_WS, SPIO_NSS,
QSPI_101, TIMER2_CH1, DCI_D7, USART2_RX,
PA7 33 /0 5VT
TIMERO_CH1 ON,
TIMER1_CH2, EVENTOUT, TIMERO_CHO_ON,
SPI0_MOSI
Default: PC4
Alternate: 12S1_ADD_SD, SPI0_IO2, QSPI_l02,
PC4 34 /0 5VT - N - -
TIMER2_CH2, DCI_D6, EVENTOUT, SQPI_CLK,
DCI_D12
Default: PC5
Alternate: CK_OUT1, SPI0_103, QSPI_IO3,
PC5 35 /0 5VT
TIMER2_CH3, TIMER2_CHO, DCI_D5, DCI_D?7,
EVENTOUT, USART2_RX, SQPI_CSN, DCI_D13
Default: PBO
PBO 36 110 5VT |Alternate: TSI_G1_100, TIMER3_CHO, TIMER2_CH1,

DCI_D4, DCI_D6, EVENTOUT, TIMERO_CH1_ON,
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Pin Name

Pins

Pin
Type(l)

110
Level®

Functions description

SDIO_D1

PB1

37

I/0

5VT

Default: PB1

Alternate: TSI_G1_l01, TIMER3_CH1, TIMER2_CH?2,
DCI_D3, DCI_D5, EVENTOUT, TIMERO_CH2_ON,
SDIO_D2

PB2-WKUP2

38

110

5VT

Default: PB2

Alternate: TSI_G1_102, TIMER3_CH2, TIMER2_CHS3,
DCI_D2, DCI_D4, EVENTOUT, TIMER1_CH3,
SDIO_CK

Additional: WKUP2

PB10

39

110

5VT

Default: PB10

Alternate: TSI_G1_l03, TIMER3_CH3, TIMERO_CH]1,
DCI_D1, DCI_D3, IFRP_OUT, EVENTOUT,
TIMER1_CH2, TIMER3_ETI, USART2_TX, SDIO_D7

PB11

40

110

5VT

Default: PB11

Alternate: USBFS_ID, TSI_G2_100,
TIMERO_CH1_ON, DCI_DO, DCI_D2, EVENTOUT,
I2S1_CKIN, USART2_RX, SDIO_D6

PB12

41

11O

5vVT

Default: PB12

Alternate: 12S1_WS, USBFS_DP, TSI_G2_|01,
DCI_D1, TIMERO_CH3, EVENTOUT,
TIMERO_BRKIN, SPI1_NSS, USART2_CK

PB13

42

I/10

5VT

Default: PB13

Alternate: USBFS_DM, TSI_G2_102, DCI_DO,
EVENTOUT, TIMER15_CHO, TIMERO_CHO_ON,
SPI1_SCK, I12S1_CK, USART2_CTS

PB14

43

11O

5vVT

Default: PB14

Alternate: TSI_G2_103, EVENTOUT,

TIMER15_ BRKIN, TIMERO_CH1_ON, SPI1_MISO,
12S1_ADD_SD, USART2_RTS / USART2_DE
Additional: USBFS_VBUS

VDD

44

Default: VDD

PB15

45

110

5VT

Default: PB15

Alternate: 12S1_SD, USART1_TX, USARTO_TX,
12C0_SCL, 12C1_SCL, IFRP_OUT, EVENTOUT,
RTC_REFIN, TIMERO_CH2_ON, SPI1_MOSI

PA8

46

I/0

5VT

Default: PA8

Alternate: CK_OUTO, USART1_RX, USARTO_RX,
12C0_SDA, 12C1_SDA, EVENTOUT, TIMER15_CHO,
TIMERO_CHO, USARTO_CK, USBFS_SOF, SDIO_D1,
RTC_OUT

PA9

47

110

5VT

Default: PA9
Alternate: SPI0_MOSI, SDIO_CMD, SQPI_CLK,
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Pin Name

Pins

Pin
Type(l)

110
Level®

Functions description

QSPI_SCK, EVENTOUT, TIMER15_CHO_ON,
TIMERO_CH1, SPI1_SCK, 12S1_CK, USARTO_TX,
SDIO_D2, DCI_DO

PA10

48

11O

5VT

Default: PA10

Alternate: SPI0_MISO, SDIO_DO, SQPI_CSN,
QSPI_CSN, EVENTOUT, TIMER16_CHO,
TIMERO_CH2, DCI_D1

PAl1l

49

110

5vVT

Default: PA11

Alternate: SPI0_SCK, SDIO_CK, SQPI_DO,
QSPI_IO0, EVENTOUT, TIMER16_BRKIN,
TIMERO_CHS3, DCI_D2

PA12-
WKUP3

50

110

5VT

Default: PA12

Alternate: SPI0O_NSS, SDIO_D1, SQPI_D1, QSPI_IO1,
EVENTOUT, TIMER16_CHO_ON, TIMERO_ETI,
USARTO_RTS /USARTO_DE, DCI_D3

Additional: WKUP3

PB3

51

110

5vVT

Default; JTDO, TRACESWO, PB3

Alternate: USART2_CTS, SPI0_lO2, SDIO_D2,
SQPI_D2, QSPI_I02, EVENTOUT, TIMER15_BRKIN,
TIMER1_CH1, SPI0_SCK, USARTO_RX

PB4

52

I/10

5VT

Default: NJTRST, PB4

Alternate: USART2_RTS / USART2_DE, SPIO_l03,
SDIO_D3, SQPI_D3, QSPI_IO3, TIMER1_CHO,
TIMER1_ETI, EVENTOUT, SPI0O_MISO

PC6

53

110

5vVT

Default: PC6

Alternate;: USART2_TX, TIMER1_CH1, TIMERO_CH1,
TIMERO_BRKIN, TRACECK, TIMER16_BRKIN,
TIMER2_CHO, 12S1_MCK, SDIO_D6, DCI_DO

PC7

54

I/10

5VT

Default: PC7

Alternate: USART2_RX, TIMER1_CH2,
TIMERO_CH1_ON, TIMERO_ETI, TIMER16_CHO,
TIMER2_CH1, SPI1_SCK, I2S1_CK, SDIO_D7,
DCI_D1

PBS

55

110

5VT

Default: PB5
Alternate;: USART2_CK, TIMER1 CH3, IFRP_OUT,
EVENTOUT, TSITG, SPI0_MOSI, DCI_D10

PB6

56

110

5VT

Default: PB6
Alternate: SPI1_MISO, EVENTOUT,
DCI_D5

Note:

() Type: | =input, O = output, A = analog, P = power.
(2) I/O Level: 5VT =5V tolerant.
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2.6.2.

GD32W515Tx QFN36 pin definitions

Table 2-4. GD32W515Tx QFN36 pin definitions

Pin 110
Pin Name Pins Functions description
Type® | Level®
Default: PC8
Alternate: 12C0_SDA, USARTO_TX, 12C1_SDA,
PC8-BOOTO 1 I/0 5VT - - -
EVENTOUT, TIMER2_CH2, SDIO_DO
Additional: BOOTO
Default: JTDI, PA15
PA15- Alternate:  12C0_SCL, USARTO_RX, 12C1_SCL,
WKUP1 2 o VT EVENTOUT, SPIO_NSS
Additional: WKUP1
Default: JTMS, SWDIO, PA13
PA13 3 I/0 5VT |Alternate: USARTO_CTS, USART1_CTS, 12C0_SMBA,
EVENTOUT, TSITG
Default: JTCK, SWCLK, PA14
PA14- Alternate: USARTO_RTS / USARTO_DE, USART1_RTS
BOOT1 4 o VT / USART1_DE, I2C1_SMBA, EVENTOUT
Additional: BOOT1
PC14- Default: PC14
5 I/0 5VT |Alternate: USARTO_CK, USART1_CK, EVENTOUT
OSC32IN Additional: OSC32IN
Default: PC15
PC15- Alternate: IFRP_OUT, EVENTOUT
OSC320UT 6 Vo VT Additional: RTC_TAMPO, RTC_OUT, RTC_TS,
0OSC320UT
AVDD33_AN
A - 7 P Default: AVDD33_ANA
RF 8 Al/AO Default: RF
NC -
PU 10 | Default: PU
NRST 11 I/0 Default: NRST
AVDD33_PA 12 P Default: AVDD33_PA
AVDD33 CL
K - 13 P Default: AVDD33_CLK
XTAL1 14 Al Default: XTAL1
XTAL2 15 AO Default: XTAL2
VDDA 16 P Default: VDDA
Default: PAO
Alternate: USARTO_TX, TSI_GO_lO0, USART1_CTS,
PAO 17 le] 5VT
EVENTOUT, TIMER1_CHO, TIMER1_ETI,
TIMER4_CHO
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Pin 110
Pin Name Pins Functions description
Type® | Level®
Additional: ADC_INO
Default: PA1
Alternate: USARTO_RX, TSI_GO0_IO1, USART1_RTS/
PA1 18 I/0 5VT |USART1_DE, EVENTOUT, TIMER1_CH1,
TIMER4_CH1
Additional: ADC_IN1
Default: PA2
Alternate: USARTO_CK, TSI_GO0_lO2, TIMERO_CHO,
PA2-WKUPO 19 I/0 5VT |EVENTOUT, TIMER1_CH2, TIMER4_CH2, I2S1_CKIN,
USART1_TX
Additional: ADC_IN2, WKUPO, RTC_TAMP1
Default: PA3
Alternate: USART1_CK, TSI_GO0_lO3,
PA3 20 I/0 5VT |TIMERO_CHO_ON, EVENTOUT, TIMER1_CHS3,
TIMER4_CH3, 12S1_MCK, USART1_RX, RTC_OUT
Additional: ADC_IN3
Default: PA4
Alternate: 12S1_ADD_SD, SPI1_MOSI, I12S1_SD,
PA4 21 I/0 5VT |[SPI0O_MOSI, QSPI_SCK, TIMER4_CH2, USART1_TX,
TIMERO_CH1, EVENTOUT, SPI0_NSS, USART1_CK
Additional: ADC_IN8
Default: PA5
Alternate: 12S1_MCK, SPI0O_MISO, QSPI_CSN,
PA5 22 I/0 5VT
TIMER4_CH3, USART1_RX, TIMERO_CH1_ON,
EVENTOUT, SPI0_SCK
Default: PA6
Alternate: 12S1_CKIN, SPI0O_SCK, QSPI_IO0,
PA6 23 I/0 5VT |TIMER2_CHO, USART2_TX, TIMERO_CH1,
TIMER1_CH1, EVENTOUT, SPIO_MISO, 12S1_MCK,
SDIO_CMD
Default: PA7
Alternate: SPI1_NSS, 12S1_WS, SPI0_NSS, QSPI_IO1,
PA7 24 /0 5VT |TIMER2_CH1, USART2_RX, TIMERO_CH1_ON,
TIMER1_CH2, EVENTOUT, TIMERO_CHO_ON,
SPI0_MOSI
Default: PB11
PB11 25 I/0 5VT |Alternate: USBFS_ID, TSI_G2_100, TIMERO_CH1_ON,
EVENTOUT, 12S1_CKIN, USART2_RX, SDIO_D6
Default: PB12
Alternate: 12S1_WS, USBFS_DP, TSI_G2_I101,
PB12 26 1’10 5VT
TIMERO_CH3, EVENTOUT, TIMERO_BRKIN,
SPI1_NSS, USART2_CK
PB13 27 I/0 5VT |Default: PB13
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Pin 110
Pin Name Pins Functions description
Type® | Level®
Alternate: USBFS_DM, TSI_G2_l02, EVENTOUT,
TIMER15_CHO, TIMERO_CHO_ON, SPI1_SCK,
12S1_CK, USART2_CTS
VDD 28 P Default: VDD
Default: PB15
Alternate: 12S1_SD, USART1_TX, USARTO_TX,
PB15 29 I/0 5VT
[2C0O_SCL, I2C1_SCL, IFRP_OUT, EVENTOUT,
RTC_REFIN, TIMERO_CH2_ON, SPI1_MOSI
Default: PA8
Alternate: CK_OUTO, USART1_RX, USARTO_RX,
PA8 30 I/0 5VT [I2C0_SDA, I12C1_SDA, EVENTOUT, TIMER15_CHO,
TIMERO_CHO, USARTO_CK, USBFS_SOF, SDIO_D1,
RTC_OUT
Default: PA9
Alternate: SPI0_MOSI, SDIO_CMD, SQPI_CLK,
PA9 31 I/0 5VT |QSPI_SCK, EVENTOUT, TIMER15_CHO_ON,
TIMERO_CH1, SPI1_SCK, I12S1_CK, USARTO_TX,
SDIO_D2
Default: PA10
Alternate: SPI0_MISO, SDIO_DO0, SQPI_CSN,
PA10 32 I/0 5VT
QSPI_CSN, EVENTOUT, TIMER16_CHO,
TIMERO_CH2
Default: PA11
PA11 33 I/0 5VT |Alternate: SPI0_SCK, SDIO_CK, SQPI_DO0, QSPI_IO0,
EVENTOUT, TIMER16_BRKIN, TIMERO_CH3
Default: PA12
PAL- Alternate: SPI0_NSS, SDIO_D1, SQPI_D1, QSPI_IO1,
34 I/0 5VT |[EVENTOUT, TIMER16_CHO_ON, TIMERO_ETI,
WKUP3 USARTO_RTS /USARTO_DE
Additional: WKUP3
Default: JTDO, TRACESWO, PB3
Alternate: USART2_CTS, SPI0_lO2, SDIO_D2,
PB3 35 I/0 5VT
SQPI_D2, QSPI_IO2, EVENTOUT, TIMER15_BRKIN,
TIMER1_CH1, SPI0_SCK, USARTO_RX
Default: NJTRST, PB4
Alternate: USART2_RTS / USART2_DE, SPIO_IO3,
PB4 36 I/0 5VT N - N
SDIO_D3, SQPI_D3, QSPI_IO3, TIMER1_CHO,
TIMER1_ETI, EVENTOUT, SPI0_MISO
Note:

(1) Type: | =input, O = output, A = analog, P = power.
(2) 10 Level: 5VT =5 V tolerant.
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2.6.3. GD32W515xx pin alternate functions
Table 2-5. Port A alternate functions summary
sze AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 |AF10|AF11|AF12|AF13|AF14|AF15
TIME
usar| RL-C | TIME TSI_G USAR EVEN
PAO [0 7| HOTI | R4_C 0 100 T1CT TOUT
- *|MER1| Ho - s
_ETI
USAR
T1_RT
o [s500 e T | s :
< || 0_lo1 USAR TOUT
T1D
E
USAR | TIME | TIME 151 6lizst | TME | Usar HPDF | e
PA2 |TO_C|R1_C|R4_C 0 102 | cran | RO=C |11 1% _AUDI| -0
K | H2 | H2 - Ho | - ow
USAR | TIME | TIME usar | [ME HPDF
TSI_G| 1251 RO_C | RTC EVEN
PA3 |T1.C|R1_C|R4.C 0 103 | MoK TIR| 0ol ouT _DAT | =007
K | H3 | H3 - X N AIN1®
12S1 TIME SPIL_| saR | TIME DCI_H
pasa |USAR| Aoo|SPIO_|QSPL| o "~ | sPIo_|mosy| 1 O o B SYNCK EVEN
T1_TX —|MOsI| sCK | =7 | NSS |I281_| = = TOUT
SD H2 K | HL B
sD
TIME
PAS LﬁAFT 12S51_|QSPI_|SPIO_| SPI0_ ;LME RO_C 2&'\‘—2’( EVEN
—~ MCK | CSN | MISO | SCK —~|H1_O TOUT
X H3 N D
PAG ;'ZM(E: QSPI_|12S1_|SPIO_|12S1_|SPI0_ F:LME ;LME USAR SDIO_ B(CC'[E H:L'JDDFI EVEN
Ho | 100 | CKIN| MISO | MCK | sCK | " T | T T2 TX oMD | T |5 | TOUT
SPI1_| TIME TIME
pa7 |NSSH|RO_C ;'ZME QSPI_|SPIO_| SPIO_| R0_C |DCI_D LgAFF: ;;ME EVEN
2581_|HO_O| /= | IOl | NSS | MOSI| H1_O 70 < o TOUT
WS N N
pag |CKO F:'OME LiiAE LﬁA: 12C0_ | 12C1_ %As ;'l“gE RTC_ LSJSSS SDIO_ EVEN
uTo HE) X_ )Z SDA | SDA K_ CHO_ ouT _F D1 TOUT
TIME SPI1_ TIME
pag |SPIO_| ro G |SPIO_|SQPI_|QSPI_| SCKI USAR | R15_ SDIO_|DCI_D EVEN
MOSI - CMD | CLK | SCK |2S1_C TO_TX| CHO D2 ow TOUT
H1 - - —
K ON
PALO SPIO_ ;'OME SDIO_|SQPI_|QSPI_ :elxsE DCI_D EVEN
X _ ®
MISO | " /=7 | DO | CSN | CSN oHO 1 TOUT
o1 | SPIO F:'OME SDIO_|SQPI_|QSPI_ Fjl"g"EB DCI_D EVEN
X _ ®
SCK | " 57| ek | Do | 100 BKIN 2 TOUT
USAR
TIME TO_RT TIME
PAL2 RO E QSPI_ SPIO_| S/ |SQPI_ R16_ SDIO_|DCI_D EVEN
o 01 NSS |USAR| D1 CHo_ D1 | 3® TOUT
T0_D ON
E
JTMS/ USAR | USAR
12C0_ EVEN
PA13 |SWDI TSITG| g \/aa TO_CT|T1_CT TOUT
o s s
USAR | USAR
TO_RT|T1_RT
oAL4 ;\TA%( 12C1_ s/ | s EVEN
K SMBA USAR | USAR TOUT
TO_D|T1_D
E E
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sze AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 |[AF10|AF11|AF12|AF13|AF14|AF15
USAR

12C0_ | SPIO_ | 12C1_ EVEN
PAL5 | JTDI SCL | NSS | scL TO)ZR TOUT
Table 2-6. Port B alternate functions summary
Pin
AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 |AF10|AF11|AF12|AF13|AF14|AF15
Name
TIME
TIME | TIME |TSI_G EVEN
PBO E(l’—g R2_C | R3_C |1_lo0¢ Sgl'g— D(i('l—)D D(g('l—)D TOUT(
—~| HI® | HOW | D 1)
N@®
TIME
TIME | TIME |TSI_G EVEN
PB1 Eg—g R3_C |R2_C |1_lO1¢ SDDZ'(Cl’)— Dg('l—)D D(S:('l—)D TOUT!
— H1® | H2® 1) 1
N@®
TIME | TIME | TIME |TSI_G EVEN
PB2 R1_C|R3_C|R2_C |1_l02¢ SPIO_| DCLDIDCLD) 65y
_ _ — ! CK® | 2m 41
H3® | H2D | H3M 1) 1
JTDO/ TIME QSPI spio_|spio_i| YSAR [sqpi USAR | TIME |5pio EVEN
PB3 |TRAC|R1_C 02 sck | o2 | TR | T5o™ T2_CT|R15 B|” = TOUT
ESWO| H1 X S | RKIN
TIME USAR
RL G T2_RT
ppa | NITR| Lo QSPI_ SPIO_|SPIO_I| S/ [SQPI_ SDIO_ EVEN
ST 103 MISO| O3 |USAR| D3 D3 TOUT
MER1
ETI 2.0
- E
TIME SPIO_ USAR EVEN
pes |TRP-|R1 C TSITG | posic T2_C DCLD TOUT!
ouTw| "= o o 100
H3® 1) K@ 1)
SPI1_ EVEN
PB6 MISO! DCLD TOUT!
5(2)
1) 1)
TIME 12C0 zg'sl(;) USAR DCI_V EVEN
PB7 R3_C = TO_R SYNC! TOUT!
SDAM| /1251
H1@W — X@ D D
ws®
SPI1_
PBS ;;ME SCK® SDIO_|DCI_D TE(\D/E_';'(
- N1281_ D4W | 6®
H2® g
CK®
SPI1_
TIME | TIME MOSK spio |pcl b EVEN
PB9 R1_C|R3_C | TOUT(
i | haw v/12S1 D5W | 7@ 5
_SDW
TIME | TIME | TIME |TSI_G USAR | TIME EVEN
PB10 R1_C|R3_E | R3_C |1_103( T2_TX|RO_C gSTP(;) 557'(?)— Di('l—)D Dg('l—)D TOUT(
H2@ TIO H3® 1) @) H1® 1)
TIME USAR
PB11 RO_C TSI_G|1251_ T R USBF SDIO_|DCI_D|DCI_D| EVEN
H1_O 2_100 | CKIN < S_ID D6 | 0w | 20 |TOUT
N
SPI1_
bB12 ;'OME ;'OME TSI_G| NSSII LgAs USBF DCI_D EVEN
= - 2_101| 281_ —~ S_DP 10 TOouT
RKIN | H3 K
ws
TIME SPI1_
PB13 RO_C TSI_G| SCKII %Sffr ;'l"f_)E USBF DCI_D EVEN
HO_O 2_102(281_C = — S_DM oW TOouT
s | cHo
N K
TIME TSI_G|SPI1_|[12S1_| USAR | TIME EVEN
PB14 RO_C 2_103(| MISO(| ADD_ |T2_RT|R15_B TOUT!(
H1 O Y D | sD® | sW/ |RKING R
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Pin
AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 |[AF10|AF11|AF12|AF13|AF14|AF15
Name
N USAR| )
T2.D
E®
TIME SPI1_
pg1s | RTC_|RO_C 12CO_|MOSI/ 12C1_ | USAR | USAR | IFRP_ EVEN
REFIN| H2_O SCL [12S1_|SCL |T1_TX|T0_TX| OuT TOUT
N SD
Table 2-7. Port C alternate functions summary
Pin
N AFO | AF1 | AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 |AF10|AF11|AF12|AF13|AF14|AF15
ame
USAR TIME 12C0_ bc p| HPDF | EVEN
PCO |T1_TX RO_C SMBA( A0 |-CKIN|TOUTC
® H3® 1) ow 1)
USAR ;'OME 12C1_ ;Fgél—( DCI_H| | p|HPDF|EVEN
PCL |TLR|_ — SMBA( . SYNC(|~ =" | _CKIN|TOUT(
RKIN N2S1 8®
X® 1 b} 10 1
) _SDW
TIME | TIME | TIME SPI1_|12S1_ DCI_V HPDF | EVEN
PC2 |RO_E|RO_C|R4_C 12C0_ | \isot | ADD_ l2c1 syne(| PPl cko | TouT
SCL® SDA® oM
TI® | HO® | HOW 1) SDW 1 uT® 1)
TIME
SPI1_ TIME
Rll_C TIME 12c0_ | Mosi| i2c1 RO.C DCLP| ) p|HPDF|EVEN
PC3 HOW/T| R4_C SDA® | 1251 | SOL® Ho O IXCLK| " 1) | _DAT | TOUT!
IMERL| H1® SDW ND) W AINO®| D
_ETI® -
pC4 st;_ ;'ZME QSPI_ SPIO_| SQPI_ DCI_D|DCI_D E(\)/E_'F'(
— — 1 1 1 1 1
spw | pow | 102 02 CLK® 60 | 120 D
pcs | CKO rTelecE: ;'ZME QSPI_ SPIO_| LSA: SQPI_ DCI_D|DCI_D|DCI_D TE(\D/E_'F'(
1 — — 1 1 — 1 1 1 1
uTi® | o | o | 103 03® | 15, |CSN® 70| 130 | 50 D
TIME TIME
pce | TRAC|RO_B ;'ZME 12S1_ R16_B ;'OM(E: ;'lMi ;stAle( SDIO_|DCI_D
1 1 — 1 1 — — — 1 1
ECK()RK)IN( HOW MCK® RK)IN( hio | o | @ D6® | oW
TIME SPI1_
TIME TIME | 20 ¢ SCK® TIME |USAR | TIME SDIO_|DCI_D
PC7 |RO_E R2.C| 70 /1251 R16_|T2_R|R1_C 07w | 1@
1 1 — — 1 1 1
TI® H1® NO CKW CHOW| X® | H2W
pC8 ;'ZME 12C0_ [ 12C1_ | USAR SDIO_|DCI_D EVEN
o SDA | SDA |TO_TX Do | 2® TOUT
USAR | USAR
PC14 | TO_C|T1_C %E’:
K K
IFRP EVEN
PC1 -
C15 | OuT TOUT
Note:

(1) Functions are available on GD32W515Px devices only.
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3. Functional description
3.1. Arm® Cortex®-M33 core
The Cortex®-M33 processor is a 32-bit processor that possesses low interrupt latency
and low-cost debug. The characteristics of integrated and advanced make the Cortex®-
M33 processor suitable for market products that require microcontrollers with high
performance and low power consumption.
32-bit Arm® Cortex®-M33 processor core
B Up to 180 MHz operation frequency
B Ultra-low power, energy-efficient operation
B Integrated Nested Vectored Interrupt Controller (NVIC)
B 24-bit SysTick timer
The Cortex®-M33 processor is based on the ARMv8 architecture and supports both
Thumb and Thumb-2 instruction sets. Some system peripherals listed below are also
provided by Cortex®-M33:
B Internal Bus Matrix connected with Code bus, System bus, and Private Peripheral
Bus (PPB) and debug accesses
B Nested Vectored Interrupt Controller (NVIC)
B Breakpoint Unit (BPU)
B Data Watchpoint and Trace (DWT)
B Instrumentation Trace Macrocell (ITM)
B Serial Wire JTAG Debug Port (SWJ-DP)
B Trace Port Interface Unit (TPIU)
B Arm® TrustZone® technology, using the ARMv8-M main extension supporting
secure and non-secure states
®  Memory Protection Unit (MPU), supporting 8 regions for secure and 8 regions for
non-secure.
B Configurable secure attribute unit (SAU) supporting up to 8 memory regions
B Floating Point Unit (FPU)
B DSP Extension (DSP)
3.2. On-chip memory

B Up to 2048 Kbytes of SIP Flash memory
B Up to 32M bytes of EXT Flash memory
B Up to 448 Kbytes of SRAM with hardware parity checking

2048 Kbytes of inner Flash or 32M bytes of EXT Flash memory, and 448 Kbytes of inner
SRAM at most is available for storing programs and data. Table 2-2. GD32W515xx
memory map shows the memory map of the GD32W515xx series of devices, including
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3.3.

3.4.

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

Clock, reset and supply management

Internal 16 MHz factory-trimmed RC and external 20 to 52 MHz crystal oscillator
Internal 32 KHz RC calibrated oscillator and external 32.768 KHz crystal oscillator
Integrated system clock PLL

1.62 to 3.63 V application supply and I/Os

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 speed internal RC oscillator and external crystal oscillator, high speed and low
speed two types. Several prescalers allow the frequency configuration of the AHB and
two APB domains. The maximum frequency of the AHB, APB2 and APB1 domains is 180
MHz/90 MHz/45MHz. See Figure 2-4. GD32W515xx clock tree for details on the clock
tree.

The Reset Control Unit (RCU) controls three kinds of reset: system reset resets the
processor core and peripheral IP components. Power-on reset (POR) and power-down
reset (PDR) are always active, and ensures proper operation starting from 1.54 V and
down to 1.50V. 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 Vpprange: 1.62 to 3.63 V, external power supply for I/Os and the internal regulator.
Provided externally through Vop pins.

B VssaisOV.

B Voppa range: 2.7 to 3.63 V, external analog power supplies for ADC, reset blocks,
RCs and PLL.

B Vgakrange: 1.62 to 3.63 V, power supply for RTC unit, LXTAL oscillator, BPOR, and
two pads, including PC14 to PC15 when Vpp is not present.

Boot modes

At startup, a BOOTO pin, a BOOT1 pin are used to select the boot memory address.

The BOOTO value may come from the BOOTO pin or from the value of SWBOOTO bit in
the EFUSE_CTL register to free the GPIO pad if needed.

The BOOT1 value may come from the PA14 pin or from the value of SWBOOTL1 bit in
the EFUSE_CTL register to free the GPIO pad if needed.
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Table 3-1. BOOTO modes

SWBOOTO0 EFBOOTO BOOTO0 PC8 pin BOOTO
0 - 0 0
0 - 1 1
1 0 - 0
1 1 - 1
Table 3-2. BOOT1 modes
SWBOOT1 EFBOOT1 BOO';:nPA14 BOOT1
0 - 0 0
0 - 1 1
1 0 - 0
1 1 - 1

Refer to Table 3-3. Boot address modes when TrustZone is disabled (TZEN=0) and

Table 3-4. Boot modes when TrustZone is enabled (TZEN=1) for boot address when

TrustZone is disabled and enabled respectively. When the EFBOOTLK bit in the
EFUSE_CTL register is set, the boot memory address selected according to bootl and

boot0.

Table 3-3. Boot address modes when TrustZone is disabled (TZEN=0)

EFBOOTLK BOOTO0 BOOT1 Boot address Boot area
SIP Flash when
cfg_qgspiis 0
cfg_qgspi is 1
0 1 0 0x0BF40000 Bootloader / ROM
0 1 1 0x0A000000 SRAMO
SIP Flash when
1 0 - 0x08000000 ofg_aeplls 0
QSPI Flash when
cfg_qgspiis 1
1 1 - 0x0BF40000 Bootloader / ROM

When TrustZone is enabled by setting the TZEN option bit, the boot space must be in

Secure area.

Table 3-4. Boot modes when TrustZone is enabled (TZEN=1)

GSSAC E-
00
MD == EFBOOTLK | BOOTO0 | BOOT1 EFSB Boot area
address
8’hc
SPI Flash when
0 0 - 0 0x0C000000 cfg_qgspiis 0
QSPI Flash when
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GSSAC
MD == EFBOOTLK | BOOTO | BOOT1 EFSB Boot Boot area
P address
cfg_qgspi is 1
0 0 0 - 1 0XOFF84000 secure boot
0 1 0 - 0xOFF80000 GSSA
0 1 1 - 0xO0E000000 SRAMO
SPI Flash when
- 1 0 - 0 0x0C000000 ofg_aspiis 0
QSPI Flash when
cfg_qgspi is 1
- 1 0 - 1 0XO0FF84000 secure boot
- 1 1 - - 0xOFF80000 GSSA
1 0 - - - 0xOFF80000 GSSA
Note: (1) When the GSSACMD bit field is OxOC, it means 1, otherwise it means O.
The BOOTXx (x=0/1) value (either coming from the pin or the EFBOOTX bit) is latched
upon reset release. It is up to the user to set BOOTx values to select the required boot
mode. The BOOTx pin or EFBOOTX bhit (depending on the EFBOOTLK and SWBOOTx
bit value in the EFUSE_CTL register) is also re-sampled when exiting from Standby mode.
Consequently, they must be kept in the required Boot mode configuration in Standby
mode. After startup delay, the selection of the boot area is done before releasing the
processor reset.
The embedded boot loader is located in the System memory, which is used to reprogram
the Flash memory. The boot loader can be activated through one of the following serial
interfaces: USARTO (PA8, PB15), USART1 (PA2, PA3), USART2 (PB10, PB11) and
USBFS (PB12/PB13/PB14).
3.5. Power saving modes

The MCU supports five kinds of power saving modes to achieve even lower power
consumption. They are Sleep, Deep-sleep, Standby, SRAM_sleep and WIFI_sleep mode.
These operating modes reduce the power consumption and allow the application to
achieve the best balance between the CPU operating time, speed and power
consumption.
B Sleep mode
In sleep mode, only the clock of CPU core is off. All peripherals continue to operate
and any interrupt/event can wake up the system.
B Deep-sleep mode
In Deep-sleep mode, all clocks in the 1.2V domain are off, and all of IRC16M, HXTAL
and PLLs are disabled. The contents of SRAMO and registers are preserved. In non-
secure mode, any interrupt or wakeup event from EXTI lines can wake up the system
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3.6.

3.7.

from the deep-sleep mode including the 16 external lines, the RTC alarm non-secure,
LVD output, VLVDF interrupt, WIFI11N wakeup, USBFS wakeup, RTC Tamper and
Timestamp non-secure, RTC Wakeup event non-secure, 12C0O wakeup and
USARTO/USART2 wakeup. In secure mode, 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 secure, LVD output, VLVDF interrupt, WIFI11N
wakeup, USBFS wakeup, RTC Tamper and Timestamp secure, RTC Wakeup event
secure, 12C0 wakeup and USARTO/USART2 wakeup. When exiting the deep-sleep
mode, the IRC16M is selected as the system clock.

Standby mode

In Standby mode, the whole 1.2V domain is power off, the LDO is shut down, and
all of IRC16M, HXTAL and PLLs are disabled. There are four wakeup sources for
the Standby mode, including the external reset from NRST pin, the RTC alarm/time
stamp/tamper/auto wakeup events, the FWDGT reset, and the rising edge on WKUP
pins.

SRAM_sleep mode

In SRAM_sleep mode, at least one of SRAM1/SRAM2/SRAM3 is power off. When
the SRAM enters SRAM_ sleep mode, the content of SRAM will lost.
SRAM1/SRAM2/SRAM3 can be configured power on or power off when in
run/sleep/deep_sleep mode. SRAM1/SRAM2/SRAM3 are power off when in
standby mode/BKP_ONLY mode.

WIFI_sleep mode

In WIFI_sleep mode, WIFI_OFF domain power off. When exit from WIFI_sleep
mode, Wi-Fi is active mode, all Wi-Fi power on.

Electronic fuse (EFUSE)

B One-time programmable nonvolatile EFUSE storage cells organized as 256*8 bit.
B All bits in the efuse cannot be rollback from 1 to 0.
B Can only be accessed through corresponding registers.

The Efuse controller has efuse macro that store system parameters. As a non-volatile
unit of storage, the bit of efuse macro cannot be restored to 0 once it is programmed to
1. According to the software operation, the Efuse controller can program all the bits in the
system parameters.

Instruction cache (ICACHE)

Support 32KB cache with 2 ways, 1024 cache lines per way and 16B per cache line.
Support fetch address without any wait state if cache hit.

Support two performance counters: 32-bit hit monitor counter and16-bit miss monitor
counter.

Support TrustZone security and configure registers to be protected at system level.
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3.8.

3.9.

The instruction cache (ICACHE) is based on C-AHB code bus of Cortex-M33 processor.
It is necessary to improve performance in fetching instruction and data from both internal
and external memories.

General-purpose inputs / outputs (GPIOs)

B Up to 43 fast GPIOs, all mappable on 16 external interrupt lines
B Analog input/output configurable
B Alternate function input/output configurable

There are up to 43 general purpose I/O pins (GPIO) in GD32W515xx, named PAQO ~
PA15, PBO ~ PB15, PCO ~ PC8, and PC14 ~ PC15 to implement logic input/output
functions. 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.

TrustZone protection controller union (TZPCU)

B TZSPC, TZBMPC and TZIAC have independent 32-bit AHB interface.

B For TZSPC, whether non-secure/non-privilege access is supported that is defined
by secure/privilege configuration registers.

B For TZBMPC and TZIAC, only secure access is supported.

B For securable slave/master peripherals, secure/privilege state is defined in TZSPC
registers.

B For off-chip memories, the size of non-secure area is defined in TZSPC registers.

B For on-chip RAM, the secure states of all blocks is defined in TZBMPC registers.

This section describes the TrustZone® protection controller union. Three different sub-
blocks, TrustZone® security privilege controller (TZSPC), TrustZone® block-based
memory protection controller (TZBMPC) and TrustZone® illegal access controller (TZIAC),
are used to configure system security or privileg in a product with programmable-security
and privileged attributes. TZSPC is used to defines the secure/privilege state for
securable slave/master peripherals. TrustZone® mark memory protection controller
(TZMMPC) do the security checking of off-chip memories based on the size of non-
secure area which is defined in TZSPC. For the on-chip RAM, the security checking is
done based on block level which is configured by the TZBMPC through an AHB interface.
TZIAC is used to enable all illegal access events for slave/master peripherals in system.
If an interrupt is enabled, a dedicated interrupt signal is asserted and generates a secure
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interrupt towards NVIC whenever a security violation is detected. The interrupt is cleared
by writing to the appropriate register of TZIAC.

3.10. CRC calculation unit (CRC)

B 32-bit data input and 32-bit data output. Calculation period is 4 AHB clock cycles for
32-bit input data size from data entered to the calculation result available.

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

B Fixed polynomial: 0x4C11DB7
X32+X26+X23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+1

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. This CRC

calculation unit can be used to calculate 32 bit CRC code with fixed polynomial.

3.11. True Random number generator (TRNG)

B About 40 periods of TRNG_CLK are needed between two consecutive random
numbers

B Disable TRNG module will significantly reduce the chip power consumption

B 32-bit random value seed is generated from analog noise, so the random number is
a true random number.

The true random number generator (TRNG) module can generate a 32-bit random value

by using continuous analog noise.

3.12. Direct memory access controller (DMA)

B 8 channels for DMAO controller and 8 channels for DMA1 controller.
B Peripherals supported: Timers, ADC, SPls, I12S, QSPI, 12Cs, USARTs, DCI, CAU,
HAU, SDIO and HPDF.

The flexible general-purpose DMA controllers provide a hardware method of transferring
data between peripherals and/or memory without intervention from the CPU, thereby
increasing system performance by off-loading the MCU from copying large amounts of
data and avoiding frequent interrupts to serve peripherals needing more data or having
available data. Three types of access method are supported: peripheral to memory,
memory to peripheral, memory to memory.

Each channel is connected to fixed hardware DMA requests. The priorities of DMA
channel requests are determined by software configuration and hardware channel
number. Transfer size of source and destination are independent and configurable.
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3.13.

3.14.

Analog to digital converter (ADC)

m 12-bit SAR ADC's conversion rate is up to 2.5 MSPS

B Hardware oversampling ratio adjustable from 2x to 256x improves resolution to 16-
bit

B Input voltage range: 0 to Vopa

B Temperature sensor

A 12-bit 2.5 MSPS multi-channel ADC is integrated in the device. It has a total of 12
multiplexed channels: up to 9 external channels, 1 channel for internal temperature
sensor (Vsense), 1 channel for internal reference voltage (Vrerint) and one channel for
external battery power supply (Vear) channel. The input voltage range is between 0 and
Vopa. An on-chip hardware oversampling scheme improves performance while off-
loading the related computational burden from the CPU. The analog watchdog allows the
application to detect whether the input voltage goes outside the user-defined higher or
lower thresholds. A configurable channel management block can be used to perform
conversions in single, continuous, scan or discontinuous mode to support more advanced
use.

The ADC can be triggered from the events generated by the general level 0 timers
(TIMERX, x=1, 2, 3, 4) and the advanced timers (TIMERO) with internal connection. The
temperature sensor can be used to generate a voltage that varies linearly with
temperature. It is internally connected to the ADC_IN9 input channel which is used to
convert the sensor output voltage in a digital value.

To ensure a high accuracy on ADC, the independent power supply Voba is implemented
to achieve better performance of analog circuits. Vopa can be externally connected to Vop
through the external filtering circuit that avoids noise on Vppa, and Vssa should be
connected to Vss through the specific circuit independently.

Real time clock (RTC)

B Independent binary-coded decimal (BCD) format timer / counter with twenty 32-bit
backup registers.

B Calendar with sub-second, second, minute, hour, week day, day, month and year
automatically correction.

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

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

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

3.15. Timers and PWM generation

B One 16-bit advanced timer (TIMERO), two 32-bit general timer (TIMER1, TIMER2),
up to four 16-bit general timers (TIMER3, TIMER4, TIMER15 ~ TIMER16), and one
16-bit basic timer (TIMERS5)

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

B 16-bit, motor control PWM advanced timer with programmable dead-time generation
for output match

B Encoder interface controller with two inputs using quadrature decoder

B Two 24-bit SysTick timers down counter, a Non-secure SysTick timer and a Secure
SysTick timer

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

The advanced timer (TIMERO) can be used as a three-phase PWM multiplexed on 6
channels. It has complementary PWM outputs with programmable dead-time generation.
It can also be used as a complete general timer. The 4 independent channels can be
used for input capture, output compare, PWM generation (edge- or center- aligned
counting modes) and single pulse mode output. If configured as a general 16-bit timer, it
has the same functions as the TIMERX. It can be synchronized with external signals or
to interconnect with other general timers together which have the same architecture and
features.

The general timer can be used for a variety of purposes including general time, input
signal pulse width measurement or output waveform generation such as a single pulse
generation or PWM output, up to 4 independent channels for input capture/output
compare. TIMER1 and TIMER2 are based on a 32-bit auto-reload up/down counter and
a 16-bit prescaler. TIMER3 and TIMER4 is based on a 16-bit auto-reload up/down
counter and a 16-bit prescaler. TIMER15 ~ TIMER16 are based on a 16-bit auto-reload
up counter and a 16-bit prescaler. The general timer also supports an encoder interface
with two inputs using quadrature decoder.

The basic timer TIMERS, is mainly used as a simple 16-bit time base.

The GD32W515xx have two watchdog peripherals, free watchdog timer and window
watchdog timer. They offer a combination of high safety level, flexibility of use and timing
accuracy.

The free watchdog timer includes a 12-bit down-counting counter and an 8-stage
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.
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The window watchdog is based on a 7-bit down counter that can be set as free-running.
It can be used as a watchdog to reset the device when a problem occurs. It is clocked
from the main clock. It has an early wakeup interrupt capability and the counter can be
frozen in debug mode.
The SysTick timer is dedicated for OS, but could also be used as a standard down counter.
The features are shown below:
B A 24-bit down counter
B Auto reload capability
B Maskable system interrupt generation when the counter reaches 0
B Programmable clock source

3.16. Universal synchronous asynchronous receiver transmitter
(USART)
B Maximum speed up to 11.25 MBits/s
B Supports both asynchronous and clocked synchronous serial communication modes
B IrDA SIR encoder and decoder support
B LIN break generation and detection
B |SO 7816-3 compliant smart card interface
B Dual clock domain
B Wake up from Deep-sleep mode
The USART (USARTO, USART1, USART2) are used to translate data between parallel
and serial interfaces, provides a flexible full duplex data exchange using synchronous or
asynchronous transfer. It is also commonly used for RS-232 standard communication.
The USART includes a programmable baud rate generator which is capable of dividing
the system clock to produce a dedicated clock for the USART transmitter and receiver.
The USART also supports DMA function for high speed data communication.

3.17. Inter-integrated circuit (12C)

B Support both master and slave mode with a frequency up to 1 MHz (Fast mode plus)

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

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

B SMBus 3.0 and PMBus 1.3 compatible

B Wakeup from Deep-sleep mode on 12C0 address match

The 12C interface is an internal circuit allowing communication with an external 12C
interface which is an industry standard two line serial interface used for connection to
external hardware. These two serial lines are known as a serial data line (SDA) and a
serial clock line (SCL). The 12C module provides different data transfer rates: up to 100
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3.18.

3.19.

3.20.

KHz in standard mode, up to 400 KHz in the fast mode and up to 1 MHz in the fast mode
plus. The 12C module also has an arbitration detect function to prevent the situation where
more than one master attempts to transmit data to the 12C bus at the same time. A CRC-
8 calculator is also provided in I2C interface to perform packet error checking for 12C data.

Serial peripheral interface (SPI)

Up to two SPI interfaces with a frequency of up to 22.5 MHz

Support both master and slave mode

Hardware CRC calculation and transmit automatic CRC error checking
Quad-SPI configuration available in master mode (only in SPI0)

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). All 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 SPIO.

Inter-IC sound (12S)

B Sampling frequency from 8 KHz to 192 KHz
B Support either master or slave mode

The Inter-IC sound (12S) bus provides a standard communication interface for digital
audio applications by 4-wire serial lines. GD32W515xx contain an 12S-bus interface that
can be operated with 16/32 bit resolution in master or slave mode, pin multiplexed with
SPI1. The audio sampling frequency from 8 KHz to 192 KHz is supported.

Serial / Quad Parallel Interface (SQPI)

B SQPI controller support configuring output clock frequency which is divided by HCLK.

B SQPI controller support no address phase and data phase operation which is named
special command by the controller.

B SQPI controller support 256MB external memory space.
Logic memory address range: 0x6000_0000 - Ox6FFF_FFFF.

B SQPI controller support 6 types mode for different combination of command,
address, waitcycle, and data phase.

Serial/Quad Parallel Interface (SQPI) is a controller for external serial/dual/quad parallel
interface memory peripheral. For example: SQPI-PSRAM and SQPI-FLASH. With this
controller, users can use external SQPI interface memory as SRAM simply.
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3.21.

3.22.

3.23.

3.24.

Quad-SPI interface (QSPI)

B Four functional modes: indirect(address extend), status-polling, memory-mapped
and FMC mode

Fully programmable command format for both indirect and memory mapped mode
Integrated FIFO for transmission/reception

8, 16, or 32-bhit data accesses

DMA channel for indirect mode

Support TrustZone architecture to isolate the secure area and non-secure area

The QSPI is a specialized interface that communicate with Flash memories. This
interface support single, dual or quad SPI FLASH.

Secure digital input and output card interface (SDIO)

B Support SD2.0/SDIO2.0/MMC4.2 host interface

The Secure Digital Input and Output Card Interface (SDIO) provides access to external
SD memory cards specifications version 2.0, SDIO card specification version 2.0 and
multi-media card system specification version 4.2 with DMA supported. In addition, this
interface is also compliant with CE-ATA digital protocol revl.1.

Universal serial bus full-speed interface (USBFS)

B One USB device/host/OTG full-speed Interface with frequency up to 12 Mbit/s
B Internal main PLL for USBCLK compliantly
B Internal USBFS PHY support

The Universal Serial Bus (USB) is a 4-wire bus with 4 bidirectional endpoints. The device
controller enables 12 Mbit/s data exchange with integrated transceivers. Transaction
formatting is performed by the hardware, including CRC generation and checking. It
supports both host and device modes, as well as OTG mode with Host Negotiation
Protocol (HNP) and Session Request Protocol (SRP). The controller contains a full-speed
USB PHY internal. For full-speed or low-speed operation, no more external PHY chip is
needed. It supports all the four types of transfer (control, bulk, Interrupt and isochronous)
defined in USB 2.0 protocol. The required precise 48 MHz clock which can be generated
from the internal main PLL (the clock source must use an HXTAL crystal oscillator).

Digital camera interface (DCI)

B Digital video/picture capture
m  8/10/12/14 data width supported
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3.25.

3.26.

3.27.

High transfer efficiency with DMA interface

Video/picture crop supported

Various pixel formats supported including JPEG/YCrCb/RGB
Hard/embedded synchronous signals supported

DCI 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.

Touch sensing interface (TSI)

m 3 fully parallel groups implemented.
B 9 I0s configurable for capacitive sensing Channel Pins and 3 for Sample Pins.
B Configurable transfer sequence frequency.

Touch Sensing Interface (TSI) provides a convenient solution for touch keys, sliders and
capacitive proximity sensing applications. The controller builds on charge transfer
method. Placing a finger near fringing electric fields adds capacitance to the system and
TSl is able to measure this capacitance change using charge transfer method.

Cryptographic acceleration Unit (CAU)

B Supports DES, TDES or AES (128, 192, or 256) algorithms.

B DES/TDES supports Electronic codebook (ECB) or Cipher block chaining (CBC)
mode

B AES supports 128bits-key, 192bits-key or 256 bits-key

B AES supports Electronic codebook (ECB), Cipher block chaining (CBC) mode,
Counter mode (CTR) mode, 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

The Cryptographic Acceleration Unit supports acceleration of DES, TDES or AES (128,
192, or 256) algorithms. The DES/TDES supports Electronic codebook (ECB) or Cipher
block chaining (CBC) mode. The AES supports Electronic codebook (ECB), Cipher block
chaining (CBC) mode, Counter mode (CTR) mode, Galois/counter mode (GCM), Galois
message authentication code mode (GMAC), Counter with CBC-MAC (CCM), Cipher
Feedback mode (CFB) and Output Feedback mode (OFB).

Hash acceleration unit (HAU)

B Supports SHA-1, SHA-224 and SHA-256 algorithms, compliant with FIPS PUB 180-

41



Z

GigaDevice

GD32W515xx Datasheet

3.28.

3.29.

2 (Federal Information Processing Standards Publication 180-2)

B Supports MD5 compliant with IETF RFC 1321 (Internet Engineering Task Force
Request For Comments number 1321)

B Supports HMAC (keyed-hash message authentication code) algorithm

B Automatic swapping to comply with the big-endian or little-endian for MD5, SHA-1,
SHA-224 and SHA-256 algorithms

B Automatic padding to fit module 512

B Support DMA mode for input data flow

The HAU supports acceleration of SHA-1, SHA-224, SHA-256, MD5 algorithm and the
HMAC (keyed-hash message authentication code) algorithm, which calling the SHA-1,
SHA-224, SHA-256 or MD5 hash function to calculate key, message, digest three times.

Public Key Cryptographic Acceleration Unit (PKCAU)

Support RSA/DH algorithms with up to 3136 bits of operands
Support ECC algorithm with up to 640 bits of operands

Embedded RAM of 3584 bytes

Conversion between the Montgomery domain and the natural domain
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.

High-Performance Digital Filter (HPDF)

Two multiplex digital serial input channels
Two internal digital parallel input channels
Up to 24 bit output data resolution

Flexible conversion configuration function

Configurable Sinc filter and integrator

A high performance digital filter module (HPDF) for external sigma delta (£-A) modulator
is integrated in GD32W515xx. 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 function to filter
the data in the internal memory of the MCU.
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3.30. Infrared ray port (IFRP)

B The IFRP output signal is decided by TIMER15_CHO and TIMER16_CHO.

B To get correct infrared ray signal, TIMER15 should generate low frequency
modulation envelope signal, and TIMER16 should generate high frequency carrier
signal.

Infrared ray port (IFRP) is used to control infrared light LED, and send out infrared data

to implement infrared ray remote control.

There is no register in this module, which is controlled by TIMER15 and TIMER16. The

IFRP_OUT pin can be configured by GPIO alternate function selected register.

3.31.  Wi-Fi
3.31.1. Standards Supported

B 802.11b/g/n(2.4G) compatible

B 802.11e QoS Enhancement (WMM)

B 802.11i (WPA, WPA2). Open, shared key, and pair-wise key authentication services

m Wi-Fi WPS

®  Wi-Fi Direct

B Integrated TCP/IP protocol

3.31.2.  Wi-FiMAC

B Transmission and reception of aggregated MPDUs (A-MPDU) for high throughput
(HT).

B Support forimmediate ACK and Block-ACK policies.

B Support for power management schemes, including WMM power-save, power-save
multi-poll (PSMP), and multiphase PSMP operation.

B Interframe space timing support, including RIFS.

B Support for RTS/CTS and CTS-to-self frame sequences for protecting frame
exchanges.

B Back-off counters in hardware for supporting multiple priorities as specified in the
WMM specification.

B Timing synchronization function (TSF), network allocation vector (NAV)
maintenance, and target beacon transmission time (TBTT) generation in hardware.

B Hardware engine for AES-CCMP, legacy WPA TKIP, legacy WEP ciphers, and
support for key management.

B Programmable independent basic service set (IBSS) or infrastructure basic service

set or Access Point functionality.
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3.31.3. Wi-Fi PHY
B Single antenna 1x1 stream in 20MHz and 40MHz channels
B Supports IEEE 802.11b DSSS-CCK modulation: 1, 2, 5.5, 11Mbps
B Supports IEEE 802.11g OFDM modulation: 6, 9, 12,18, 24, 36, 48, 54Mbps
B Supports IEEE 802.11n HT modulations MCS0-7, 20MHz, 800ns guard interval: 6.5,
13.0, 19.5, 26, 39, 52.0, 58.5, 65.0Mbps
B Supports IEEE 802.11n HT modulations MCS0-7, 20MHz, 400ns guard interval: 7.2,
14.4,21.7, 28.9, 43.3, 57.8, 65, 72.2Mbps
B Supports IEEE 802.11n HT modulations MCSO0-7, 40MHz, 800ns guard interval:
13.5, 27, 40.5, 54, 81, 108, 121.5, 135Mbps
B Supports IEEE 802.11n HT modulations MCSO0-7, 40MHz, 400ns guard interval: 15,
30, 45, 60, 90, 120, 135, 150Mbps
®m |[EEE 802.11n mixed mode operation
B Per packet TX power control
B Advanced channel estimation/equalization, automatic gain control, CCA,
carrier/symbol recovery, and frame detection
B Digital calibration algorithms to handle CMOS RF chip process, voltage, and
temperature (PVT) variations
B Per-packet channel quality and signal-strength measurements
B Compliance with FCC and other worldwide regulatory requirements
3.31.4. Wi-Fi Radio
B Fractional-N for multiple reference clock support
B Integrated PA with power control
B Optimized Tx gain distribution for linearity and noise performance
B Direct conversion architecture
B On-chip gain selectable LNA with optimized noise figure
B High dynamic range AGC
B Frequency Range 2.4G-2.5G
3.32. Debug mode
B Serial wire JTAG debug port (SWJ-DP)
The Arm® SWJ-DP Interface is embedded and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.
3.33. Package and operation temperature

QFN56 (GD32W515Px) and QFN36 (GD32W515TXx).
Operation temperature range: -40°C to +85°C (industrial level).
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4, Electrical characteristics
4.1. Absolute maximum ratings

The maximum ratings are the limits to which the device can be subjected without

permanently damaging the device. Note that the device is not guaranteed to operate

properly at the maximum ratings. Exposure to the absolute maximum rating conditions
for extended periods may affect device reliability.

Table 4-1. Absolute maximum ratings ®O®

Symbol Parameter Min Max Unit
Vbp External voltage range® -0.3 3.63 \Y
Vbpa External analog supply voltage -0.3 3.63 \%
Vaar External battery supply voltage -0.3 3.63 \%

AVDD33_ANA Wi-Fi Analog voltage -0.3 3.63 \%
AVDD33_PA Wi-Fi PA voltage -0.3 3.63 Vv
AVDD33_CLK Wi-Fi Clock voltage -0.3 3.63 Vv
Vin Input voltage on 5V tolerant pin® -0.3 Vop + 3.63 \Y
Input voltage on other I/O -0.3 3.63 \Y,

Variations between different VDD power 50

|AVppx| ) — mvV

pins
lio Maximum current for GPIO pin — +25 mA
Ta Operating temperature range -40 +85 °C
P Power dissipation at Ta = 85°C of QFN56 — 1044 iy
Power dissipation at Ta = 85°C of QFN36 — 939
Tstc Storage temperature range -65 +150 °C
Ty Maximum junction temperature — 125 °C

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

(2)  All main power and ground pins should be connected to an external power source within the allowable
range. When the RF function dose not used, the power supply of AVDD33_PA can be disconnected, and
when EFUSE function dose not used, the power supply of AVYDD33_ANA can be disconnected.

(3) Vv maximum value cannot exceed 5.5 V.

(4) 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.

4.2. Operating conditions characteristics

Table 4-2. DC operating conditions

Symbol Parameter Conditions Min® | Typ [Max®| Unit
— 1.62@ 3.3 | 3.63
Vop Supply voltage — 07 33 | 363 \%
Vopa Analog supply voltage — 2.7 33 363 | V
Vear Battery supply voltage — 1.62@® | 33 [ 363 | V
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Symbol Parameter Conditions Min® | Typ [Max®| Unit
— 2,79 3.3 | 3.63
AVDD33_ANA Wi-Fi Analog voltage — 3.0 3.3 | 3.63 \%
AVDD33_PA Wi-Fi PA voltage — 3.0 3.3 | 3.63 \%
AVDD33_CLK Wi-Fi Clock voltage — 3.0 3.3 | 3.63 \%

(€0
@
®

Based on characterization, not tested in production.
Only for GD32W515P0Q6.
In the application which Vgar supply the backup domains, if the Vgar voltage drops below the minimum

value, when Vpp is powered on again, it is necessary to refresh the registers of backup domains and
enable LXTAL again

Figure 4-1. Recommended power supply decoupling capacitors®®e)

10uF+N*100 nF

1uF+10 nF

10 yF+N*1 uF

VDD/VBAT

GND

VDDA

GND

AVDD33

GND

@

in parallel, which is recommended) to ground is required.

@

When using precision internal reference voltage, and a bypass capacitor about 0.1 pF (or 1 yF connected

AVDD33 include AVDD33_PA, AVDD33_ANA, AVDD33_CLK. When the W515 does not use the Wi-Fi

function, AVDD33_CLK and AVDD33_ANA normally supplies power and attaches 1uF decoupling
capacitor. It is recommended that AVDD33_PA supply power without decoupling capacitor to save BOM.

®

Table 4-3. Clock frequency @

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

Symbol Parameter Conditions Min | Max | Unit
freLk AHB clock frequency — — 180 | MHz
fapB1 APB1 clock frequency — — 45 | MHz
fapB2 APB2 clock frequency — — 90 | MHz

€0

Guaranteed by design, not tested in production.
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Table 4-4. Operating conditions at Power up / Power down ®
Symbol Parameter Conditions Min | Max | Unit
Vpp rise time rate — 0
tvop — ps IV
Vop fall time rate 20 —
(1) Guaranteed by design, not tested in production.
Table 4-5. Start-up timings of Operating conditions W@®
Symbol Parameter Conditions Typ Unit
) Clock source from HXTAL 1415
tstart-up Start-up time us
Clock source from IRC16M 246
(1) Based on characterization, not tested in production.
(2) After power-up, the start-up time is the time between the rising edge of NRST high and the first 1/0
instruction.
(3) PLLis off.
Table 4-6. Power saving mode wakeup timings characteristics (M@
Symbol Parameter Typ Unit
tsleep Wakeup from Sleep mode 7.2
Wakeup from Deep-sleep mode (LDO On) 1.7
Wakeup from Deep-sleep mode (LDO in low power mode) 1.7
tpeep-sieep | Wakeup from Deep-sleep mode (LDO On and Low driver mode) 62 us
Wakeup from Deep-sleep mode (LDO in low power and Low driver 62
mode)
tstandby Wakeup from Standby mode 261
(1) Based on characterization, not tested in production.
(2) The wakeup time is measured from the wakeup event to the point at which the application code reads
the first instruction under the below conditions: Vpp = Vppa = 3.3 V, IRC16M = System clock = 16 MHz.
4.3. Power consumption

GD32W515xx is designed with advanced power management technologies and suitable
for Internet of Things applications.

Table 4-7. Wi-Fi Power consumption characteristics

Power Mode MCU State Wi-Fi State
Active Active Active
o ) Power save mode: Wi-Fi wake up periodically to
Wi-Fi Sleep Active .
listen beacon frame to stay connected to the AP.
) Power save mode: Wi-Fi wake up periodically to
Mild Sleep Power on, PLL off, Clock gated |
listen beacon frame to stay connected to the AP.
) . Mostly power off, only the wake
Hibernation ] Power off
up source is power on
Shutdown — Power off
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Table 4-8. Wi-Fi Power consumption characteristics @)

Power Mode Description Consumption unit
Wi-Fi Tx 802.11b, CCK 1Mbps, Pout = +18dBm®) 338 mA
Wi-Fi Tx 802.11b, CCK 11Mbps, Pout = +17dBm*) 323 mA
Wi-Fi Tx 802.11g, OFDM 6Mbps, Pout =
327 mA
+18dBm®)
Wi-Fi Tx 802.11g, OFDM 54Mbps, Pout =
289 mA
+15dBm®)
Wi-Fi Tx 802.11n, HT 20M MCSO0, Pout =
297 mA
+16dBm®)
Wi-Fi Tx 802.11n, HT 20M MCS7, Pout =
272 mA
+13dBm®)
i Wi-Fi Tx 802.11n, HT 40M MCSO, Pout =
Active 280 mA
+14dBm®)
Wi-Fi Tx 802.11n, HT 40M MCS7, Pout =
267 mA
+12dBm®)
Wi-Fi Rx 802.11b, CCK 1Mbps, -90dBm®) 101 mA
Wi-Fi Rx 802.11b, CCK 11Mbps, -80Bm®) 102 mA
Wi-Fi Rx 802.11g, OFDM 6Mbps, -80dBm® 120 mA
Wi-Fi Rx 802.11g, OFDM 54Mbps, -70dBm(®) 126 mA
Wi-Fi Rx 802.11n, HT 20M MCS0, -75dBm(®) 120 mA
Wi-Fi Rx 802.11n, HT 20M MCS7, -65dBm(®) 126 mA
Wi-Fi Rx 802.11n, HT 40M MCSO0, -72dBm(®) 124 mA
Wi-Fi Rx 802.11n, HT 40M MCS7, -62dBm(®) 129 mA
Wi-Fi Sleep MCU in Run mode® 56.5 mA
DTIM=1 1.5 mA
Mild Sleep
DTIM=3 0.75 mA
Hibernation MCU in Standby mode(™ 5.4 HA
Shutdown — — mA

(1) Below data are measured at antenna port of GD Wi-Fi Demo board.

(2) Unless otherwise specified, all values given for TA condition and test result is mean value.
(3) DC Power = 3.3V, HXTAL = 40 MHz, System clock = 180 MHz.
(4) Continuous Tx, Duty cycle = 100%.

(5) RxPacket Length = 1024 Bytes.

(6) Vobo = Vopa=3.3V, HXTAL =40 MHz, System clock = 180 MHz, all peripherals enabled, except Wi-Fi.
(7)  Vop = Vppa=3.3V, LXTAL off, IRC32K on, RTC on.

Table 4-9. Power consumption characteristics @@®E)XE)7)

System clock = 180 MHz, All peripherals

Symbol Parameter Conditions Min | Typ® | Max | Unit

Vobp = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 180 MHz, All peripherals | — | 56.5 — | mA

Supply current
Ibo+lppa enabled
(Run mode)

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,

— | 29.7 — | mA
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Symbol Parameter Conditions Min | Typ® | Max | Unit
disabled
Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 168 MHz, All peripherals | — | 52.9 — | mA
enabled
Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 168 MHz, All peripherals | — | 27.8 — | mA
disabled
Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 120 MHz, All peripherals | — | 38.4 — | mA
enabled
Vop = Vopa = 3.3V, HXTAL = 25 MHz,
System clock = 120 MHz, All peripherals | — | 205 | — | mA
disabled
Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 108 MHz, All peripherals | — | 34.8 — | mA
enabled
Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 108 MHz, All peripherals | — | 18.6 — | mA
disabled
Vop = Vopa = 3.3V, HXTAL = 25 MHz,
System clock = 96 MHz, All peripherals — | 312 | — | mA
enabled
Vob = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 96 MHz, All peripherals — | 16.8 — | mA
disabled
Vob = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 72 MHz, All peripherals — 24 — | mA
enabled
Vob = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 72 MHz, All peripherals — | 13.2 — | mA
disabled
Vob = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 48 MHz, All peripherals — | 16.6 — | mA
enabled
Vob = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 48 MHz, All peripherals — 9.5 — | mA
disabled
Vobp = Vppa = 3.3 V, HXTAL = 25 MHz,
System clock = 36 MHz, All peripherals — 13 — | mA
enabled
Vobp = Vppa = 3.3 V, HXTAL = 25 MHz,
System clock = 36 MHz, All peripherals | ™A
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Conditions

Min

Typ®

Max

Unit

disabled

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 25 MHz, PLL off, All

peripherals enabled

9.5

mA

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System clock = 25 MHz, PLL off, All

peripherals disabled

5.8

mA

Vop = Vopa = 3.3 V, use IRC16M, System
clock = 16 MHz, PLL off, All peripherals
enabled

7.8

mA

Vop = Vopa = 3.3 V, use IRC16M, System
clock = 16 MHz, PLL off, All peripherals
disabled

4.8

mA

Vop = Vopa = 3.3 V, use IRC16M, System
clock = 8 MHz, PLL off, All peripherals
enabled

5.5

mA

Vop = Vopa = 3.3 V, use IRC16M, System
clock = 8 MHz, PLL off, All peripherals
disabled

3.6

mA

Vop = Vopa = 3.3 V, use IRC16M, System
clock = 4 MHz, PLL off, All peripherals
enabled

4.4

mA

Vob = Vopa = 3.3 V, use IRC16M, System
clock =4 MHz, PLL off, All peripherals
disabled

3.1

mA

Vob = Vopa = 3.3 V, use IRC16M, System
clock =2 MHz, PLL off, All peripherals
enabled

3.8

mA

Vop = Vopa = 3.3 V, use IRC16M, System
clock =2 MHz, PLL off, All peripherals
disabled

2.8

mA

Supply current
(Sleep mode)

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System Clock = 180 MHz, CPU clock off,
All peripherals enabled

43.1

mA

Vobp = Vppa = 3.3 V, HXTAL = 25 MHz,
System Clock = 180 MHz, CPU clock off,
All peripherals disabled

16.1

mA

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System Clock = 168 MHz, CPU clock off,
All peripherals enabled

40.3

mA

Vop = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 168 MHz, CPU clock off,

15.1

mA
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Conditions

Min

Typ®

Max

Unit

All peripherals disabled

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System Clock = 120 MHz, CPU clock off,
All peripherals enabled

29

mA

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System Clock = 120 MHz, CPU clock off,
All peripherals disabled

11

mA

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System Clock = 108 MHz, CPU clock off,
All peripherals enabled

26.2

mA

Vop = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 108 MHz, CPU clock off,
All peripherals disabled

9.9

mA

Vop = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 96 MHz, CPU clock off, All
peripherals enabled

23.4

mA

Vop = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 96 MHz, CPU clock off, All
peripherals disabled

8.9

mA

Vob = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 72 MHz, CPU clock off, All
peripherals enabled

17.7

mA

Vob = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 72 MHz, CPU clock off, All
peripherals disabled

6.9

mA

Vob = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 48 MHz, CPU clock off, All
peripherals enabled

12.1

mA

Vob = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 48 MHz, CPU clock off, All
peripherals disabled

4.9

mA

Vop = Vopa = 3.3 V, HXTAL = 25 MHz,
System Clock = 36 MHz, CPU clock off, All
peripherals enabled

9.3

mA

Vobp = Vppa = 3.3 V, HXTAL = 25 MHz,
System Clock = 36 MHz, CPU clock off, All
peripherals disabled

3.8

mA

Vob = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 25 MHz, PLL off, CPU

clock off, All peripherals enabled

6.4

mA

Vop = Vopa = 3.3V, HXTAL = 25 MHz,
System Clock = 25 MHz, PLL off, CPU

27

mA
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Conditions

Min

Typ®

Max

Unit

clock off, All peripherals disabled

Vop = Vopa = 3.3 V, use IRC16M, System
Clock = 16 MHz, PLL off, CPU clock off, All

peripherals enabled

5.3

mA

Vop = Vopa = 3.3 V, use IRC16M, System
Clock = 16 MHz, PLL off, CPU clock off, All

peripherals disabled

24

mA

Vop = Vopa = 3.3 V, use IRC16M, System
Clock = 8 MHz, PLL off, CPU clock off, All
peripherals enabled

3.6

mA

Vop = Vopa = 3.3 V, use IRC16M, System
Clock = 8 MHz, PLL off, CPU clock off, All
peripherals disabled

1.7

mA

Vop = Vopa = 3.3 V, use IRC16M, System
Clock = 4 MHz, PLL off, CPU clock off, All
peripherals enabled

2.7

mA

Vop = Vopa = 3.3 V, use IRC16M, System
Clock = 4 MHz, PLL off, CPU clock off, All
peripherals disabled

1.4

mA

Vop = Vopa = 3.3 V, use IRC16M, System
Clock = 2 MHz, PLL off, CPU clock off, All
peripherals enabled

23

mA

Vob = Vopa = 3.3 V, use IRC16M, System
Clock =2 MHz, PLL off, CPU clock off, All
peripherals disabled

1.3

mA

Supply current
(Deep-Sleep

mode)

Vop = Vopa = 3.3 V, LDO in normal power
and normal driver mode, IRC32K off, RTC
off

379.3

MA

Vop = Vopa = 3.3V, LDO in low power and
normal driver mode, IRC32K off, RTC off

325

MA

Vop = Vopa = 3.3 V, LDO in normal power
and low driver mode, IRC32K off, RTC off

229.7

MA

Vop = Vopa = 3.3 V, LDO in low power and
low driver mode, IRC32K off, RTC off

200.8

MA

Vop = Vopa = 3.3 V, LDO in low power and
low driver mode, IRC32K off, RTC off, Wi-
Fi. SRAM1. SRAM2. SRAMS3 sleep

129

MA

Supply current
(Standby mode)

Vop = Vopa = 3.3 V, LXTAL off, IRC32K on,
RTC on

5.75

MA

Vop = Vopa = 3.3 V, LXTAL off, IRC32K on,
RTC off

5.55

MA
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Symbol

Parameter

Conditions

Min

Typ®

Max

Unit

Vob = Vopa = 3.3 V, LXTAL off, IRC32K off,
RTC off

5.25

MA

IBaT

Battery supply
current (Backup
mode)

Voo 0ff, Vopa 0ff, Vear = 3.63V, LXTAL on
with external crystal, RTC on, LXTAL
Highest driving

1.98

MA

Vop off, Vopa 0off, Vear = 3.3V, LXTAL on
with external crystal, RTC on, LXTAL
Highest driving

1.88

MA

Vop off, Vopa off, Vear = 2.7V, LXTAL on
with external crystal, RTC on, LXTAL
Highest driving

1.77

MA

Voo off, Vopa off, Vear = 1.62V, LXTAL on
with external crystal, RTC on, LXTAL
Highest driving

1.43

MA

Voo off, Vopa off, Vear = 3.63V, LXTAL on
with external crystal, RTC on, LXTAL
Higher driving

1.57

MA

Voo 0ff, Vopa off, Vear = 3.3V, LXTAL on
with external crystal, RTC on, LXTAL
Higher driving

1.48

MA

Vop off, Vopa 0ff, Vear = 2.7V, LXTAL on
with external crystal, RTC on, LXTAL
Higher driving

1.37

MA

Voo off, Vopa 0ff, Vear = 1.62V, LXTAL on
with external crystal, RTC on, LXTAL
Higher driving

MA

Voo off, Vopa 0ff, Vear = 3.63V, LXTAL on
with external crystal, RTC on, LXTAL High

driving

1.16

MA

Vob off, Vopa 0ff, Vear = 3.3V, LXTAL on
with external crystal, RTC on, LXTAL High

driving

1.08

MA

Vob off, Vopa off, Vear = 2.7V, LXTAL on
with external crystal, RTC on, LXTAL High

driving

0.97

MA

Vop off, Vopa off, Vear = 1.62V, LXTAL on
with external crystal, RTC on, LXTAL High

driving

0.82

MA

Vop off, Vopa off, Vear = 3.63V, LXTAL on
with external crystal, RTC on, LXTAL

Lower driving

1.03

MA
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Symbol

Parameter

Conditions

Min

Typ®

Max

Unit

Voo off, Vopa off, Vear = 3.3V, LXTAL on
with external crystal, RTC on, LXTAL

Lower driving

0.94

MA

Vop off, Vopa off, Vear = 2.7V, LXTAL on
with external crystal, RTC on, LXTAL
Lower driving

0.83

MA

Voo Off, Vopa 0ff, Vear = 1.62V, LXTAL on
with external crystal, RTC on, LXTAL

Lower driving

0.68

MA

(1) Based on characterization, not tested in production.
(2) Unless otherwise specified, all values given for T condition and test result is mean value.
(3) When System Clock is greater than 16 MHz, a crystal 25 MHz is used, and the HXTAL bypass function
is closed, using PLL.
(4) When analog peripheral blocks such as ADCs, HXTAL, LXTAL, IRC16M, or IRC32K are ON, an additional
power consumption should be considered.
(5) With large margin, it will be adjusted according to the mass production data.
(6) When Wi-Fi power off.
(7) Al GPIOs are configured as analog mode except standby mode.

4.4. EMC characteristics

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

negative) and FTB (Burst of Fast Transient voltage, positive and negative) testing result
is given in Table 4-10. EMS characteristics, based on the EMS levels and classes
compliant with IEC 61000 series standard.

Table 4-10. EMS characteristics @

Symbol

Parameter

Conditions

Level/Class

VEsp

Voltage applied to all device pins to

induce a functional disturbance

Vob = Vopba = AVDD33 =3.3V,
Ta =25 °C, Wi-Fi on, QFN56,
frck = 180 MHz
conforms to IEC 61000-4-2

2A

VEtB

Fast transient voltage burst applied to
induce a functional disturbance through
100 pF on VDD and GND

Voo = Vopba = AVDD33 =3.3V,
Ta =25 °C, Wi-Fi on, QFN56,
freik = 180 MHz
conforms to IEC 61000-4-4

4A

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

4.5. Power supply supervisor characteristics

Table 4-11. Power supply supervisor characteristics

Symbol

Parameter

Conditions Min

Typ

Max

Unit

Vivo(™

Low Voltage Detector | LVDT[2:0] = 000, rising edge —

221
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Symbol Parameter Conditions Min Typ Max | Unit
Threshold LVDT[2:0] = 000, falling edge | — | 211 | — Vv
LVDT[2:0] = 001, rising edge — 2.37 — \%
LVDT[2:0] = 001, falling edge — 2.25 — \%
LVDT[2:0] = 010, rising edge — 251 — \%
LVDT[2:0] = 010, falling edge — 2.39 — \%
LVDT[2:0] = 011, rising edge — 2.65 — \%
LVDT[2:0] = 011, falling edge — 2.54 — \%
LVDT[2:0] = 100, rising edge — 2.80 — \Y,
LVDT[2:0] = 100, falling edge — 2.68 — \Y,
LVDT[2:0] = 101, rising edge — 2.94 — \Y,
LVDT[2:0] = 101, falling edge — 2.83 — \Y,
LVDT[2:0] = 110, rising edge — 3.08 — \Y,
LVDT[2:0] = 110, falling edge — 2.98 — \Y,
LVDT[2:0] = 111, rising edge — 3.23 — \Y,
LVDT[2:0] = 111, falling edge — 3.13 — \%
Vppa Low Voltage
Vo™ — — 2.36 — \%
Detector Threshold
Vivphyst®) LVD hysteresis — — 100 — mV
Power on reset
Vpor(" — 1.55 — \%
threshold
Power down reset
Vepr(" _ — 1.51 — \%
threshold
VppRhyst? PDR hysteresis — 40 — mV
trsTrEMPO?)| Reset temporization — 2.45 — ms
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
4.6. Electrical sensitivity

The device is strained in order to determine its performance in terms of electrical

sensitivity. Electrostatic discharges (ESD) are applied directly to the pins of the sample.

Static latch-up (LU) test is based on the two measurement methods.
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Table 4-12. ESD characteristics ®
Symbol Parameter Conditions Min | Typ | Max | Unit
o Ta =25 °C;
Electrostatic discharge
VESD(HBM) ESDA/JEDEC JS-001- | — — 2000 V
voltage (human body model)
2017
o Ta =25 °C;
Electrostatic discharge
VEsD(cDM) ) ESDA/JEDEC JS-002- | — — 500 \%
voltage (charge device model)
2018
(1) Based on characterization, not tested in production.
(2) There is space for adjustment, it will be tested soon.
Table 4-13. Static latch-up characteristics @
Symbol Parameter Conditions Min | Typ | Max | Unit
I-test — — +200 | mA
LU Ta =25 °C; JESD78E
Vsupply OVer voltage — — 54 \%
(1) Based on characterization, not tested in production.
(2) There is space for adjustment, it will be tested soon.
4.7. External clock characteristics

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

characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
frxrac(!) Frequency Range — 19.2 | 40 | 52 | MHz
ChixTaL® Crystal load Capacitance — 9 10 12 | pF
ESR®@ Equivalent Series Resistance — — — 70 Q
f_tol@ Frequency tolerance Initial and over 20 | — 20 | ppm
temperature
tsumxtal Crystal startup time Voo =33V, Ta=257C, | 12 | — | ms
fuxtaL = 40 MHz
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
Table 4-15. High speed external user clock characteristics (HXTAL in bypass
mode)
Symbol Parameter Conditions Min |Typ| Max | Unit
fraxTaL_ext() Frequency Range — — |40 | — MHz
VhxtaL® OSCIN Input Voltage — 07 | — | 33 \%
DucyHxTaL@ Duty cycle — 45 | 50 | 55 %
@1kHz, fuxtaL= 40 MHz — | — | -125 | dBc/Hz
PN@ Phase Noise @10kHz fuxtaL=40 MHz | — | — | -138 | dBc/Hz
@100kHz fuxta,=40 MHz | — | — | -143 | dBc/Hz
f tol® Frequency tolerance |Initial and over temperature| -20 | — | 20 ppm

56




Z

GigaDevice

GD32W515xx Datasheet

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

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

characteristics

Parameter Conditions Min Typ |Max | Unit
fixtal™™  |Crystal or ceramic frequency Vop = 3.3V — 32,768 | — | kHz
Recommended matching
CxtaLl®® | capacitance on OSC32IN — — 15 — | pF
and OSC320UT
Lower driving capability — 4.5 —
Medium low driving
— 6.5 —
capability
gm® Oscillator transconductance pANV
Medium high driving 13
capability
Higher driving capability — 19 —
Voo = Vopa= 3.3V,
— 0.8 —
Lower driving capability
Vop = Vopa= 3.3 V, Medium 0.94
Crystal or ceramic operating low driving capability '
IopLxTAL() pA
current Vop = Vopa= 3.3 V, Medium 134
high driving capability '
Vob = Vooa= 3.3 V, Higher
— 1.74 | —
driving capability
Crystal or ceramic startup
tsuLxral (M i Vop =3.3V — 2 — | s
ime

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

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

() Cuixraur = Cixrarz = 2*(Croap - Cs), For Cixral1 and Cixrac, it is recommended matching capacitance on
OSC32IN and OSC320UT. For Cioap, it is crystal/ceramic load capacitance, provided by the crystal or
ceramic manufacturer. For Cs, it is PCB and MCU pin stray capacitance.

(4) tsuLxTaL is the startup time measured from the moment it is enabled (by software) to the 32.768 kHz

oscillator stabilization flags is SET. This value varies significantly with the crystal manufacturer.

Table 4-17. Low speed external user clock characteristics (LXTAL in bypass
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mode)
Symbol Parameter Conditions Min Typ Max [Unit
External clock source or
fixraL_ext ) Vob =3.3V — 32.768 | 1000 |kHz
oscillator frequency
OSC32IN input pin high level
VixTaLH® 0.7*Vop — —
voltage
- - Vop =33V \
OSC32IN input pin low level
VixTaLL® — —  |0.3*Vop
voltage
triLxtan® OSC32IN high or low time — 450 — —
ns
triF(LxTAL) @ OSC32IN rise or fall time — — — 50
Cin@ OSC32IN input capacitance — — 5 — pF
Ducy(xtan)® Duty cycle — 30 — 70 %
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
4.8. Internal clock characteristics
Table 4-18. High speed internal clock (IRC16M) characteristics
Symbol Parameter Conditions Min | Typ [Max| Unit
High Speed Internal Oscillator
firc16Mm Vop = Vooa =3.3V — | 16 | — | MHz
(IRC16 M) frequency
2.7V <Vpp =Vopa<3.63V, -1.6 to %
— — 0
IRC16 M oscillator Frequency Ta=-40°C ~ +85 °C(") 1.3
accuracy, Factory-trimmed Vop = Voba = 3.3V, .
ACCirc16Mm Ta = 25°C -1 _ 1 %
IRC16 M oscillator Frequency
L — — 105 | — | %
accuracy, User trimming step("
Ducyircism@ | IRC16 M oscillator duty cycle Vop = Vopa = 3.3V 45| — |55 | %
IRC16 M oscillator operating
Iopairc1em™M Vop = Vopa = 3.3V — | 80 | — | pA
current
tsuirciem™ |IRC16 M oscillator startup time Vop = Vopa = 3.3V — | 15 | — | ps
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
Table 4-19. Low speed internal clock (IRC32K) characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
Low Speed Internal
. Vob = Vopa = 3.3V,
fircazk! ! oscillator (IRC32K) — 32 — | kHz
Ta=-40°C~+85°C
frequency
IRC32K oscillator
Iopairca2k@ ) Vop = Vppa = 3.3V — 0.4 — MA
operating current
IRC32K oscillator startup
tsuircazk@ i Vop = Vppa = 3.3V — 40 — Ve
ime
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(1) Guaranteed by design, not tested in production.
(2) Based on characterization, not tested in production.
4.9. PLL characteristics
Table 4-20. PLL characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
frLun® PLL input clock frequency — 1 — 2 MHz
feLLouT® PLL output clock frequency — — — | 200 | MHz
fvco® PLL VCO output clock frequency — — — | 400 | MHz
tLock® PLL lock time — — | — | 300 | ps
Ibpa® Current consumption on Vopa VCO freq = 400 MHz — 2 — | mA
Cycle to cycle Jitter
Yy Yy . 30 .
(rms)
JitterpL ® - VCO freq = 360 MHz ps
Cycle to cycle Jitter
— | 210 | —
(peak to peak)
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
(3) Value given with main PLL running.
Table 4-21. PLLDIG characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
feLLn® PLL input clock frequency — 19.2 | 40 | 52 | MHz
frLLouT® PLL output clock frequency — — — | 480 | MHz
PLL VCO output clock
fuco@ — — | 960 | — | MHz
frequency
tLock® PLL lock time — — — 50 us
Iopa® Current consumption — — | 35| — | mA
JitterpLL Absolute RMS Jitter XTAL freq = 40 MHz — 6.5 — ps
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
Table 4-22. PLLI2S characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
frLn® PLL input clock frequency — 2 — 16 | MHz
fvco®@ | PLL VCO output clock frequency — — — | 550 | MHz
tLock® PLL lock time — — — | 300 | ps
Ippa® Current consumption on Vopa VCO freq = 550 MHz — |15 | — | mA
JitterpL ® Cycle to cycle rms Jitter System clock — 40 — ps

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
(3) Value given with main PLL running.
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4.10. Memory characteristics

Table 4-23. Flash memory characteristics

Symbol Parameter Conditions Min | Typ | Max Unit
Number of guaranteed
PEcyc" program /erase cycles Ta=-40°C~+85°C 100 | — — | keycles
before failure(Endurance)
tret(™ Data retention time — — | 20 — years
trroG® word programming time Ta=-40°C ~ +105 °C — | 475 | 106 us
terase® Page® erase time Ta=-40 °C ~ +105 °C — | 45 | 300 ms
tmerase®@ Mass erase time Ta=-40°C ~ +105 °C — 6 20 s

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
(3) 4KB.

4.11. NRST pin characteristics

Table 4-24. NRST pin characteristics

Symbol Parameter Conditions Min Typ Max  |Unit
Vinrsny® | NRST Input low level voltage -0.5 — |0.35 Vop v
ViHnrsT)P | NRST Input high level voltage | Voo =Vppa=2.7V |0.65Vop| — |Vop+0.5

Vhyst | Schmidt trigger Voltage hysteresis — 250 — mv
Vinesny® | NRST Input low level voltage -0.5 — |0.35 Vop v
ViinrsT® | NRST Input high level voltage | Voo =Vopba=3.3V [0.65Vpop| — |Vopo+0.5

Vhyst® | Schmidt trigger Voltage hysteresis — 280 — mV
VitnrsTy® | NRST Input low level voltage -0.5 — 10.35Vop v
ViinrsT® | NRST Input high level voltage  |Vop = Vooa =3.63 V| 0.65Vpop| — |Vopo+0.5

Vhyst® | Schmidt trigger Voltage hysteresis — 300 — mV

Rpu® Pull-up equivalent resistor — — 40 — kQ

(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
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Figure 4-2. Recommended external NRST pin circuit("
i Voo i Vop
External reset circuit
' 10kQ Rpy
: i | NRsT
i oL
: K / I 100 nF i
S GNR.connnn
(1) Unless the voltage on NRST pin go below ViL(NrsT) level, the device would not generate a reliable reset.
4.12. GPIO characteristics

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

Symbol Parameter Conditions Min Typ Max |Unit
Standard 10 Low
. 1.62V<Vpp<3.63V — — [0.35Vop | V
v level input voltage
IL
5V-tolerant 10 Low
) 1.62V<Vpop<3.63V — — [0.35Vop | V
level input voltage
Standard 1O Low
) 1.62V<Vpp<363V|0.65Vop| — — \Y,
level input voltage
Vin
5V-tolerant 10 Low
) 162V <Vpp<363V|0.65Vop| — — \Y
level input voltage
Vobp = 1.62V — 0.142 — \Y,
VoL Low level output
Vpp = 2.7V — 0.1 —
(IO_speed = 166  |voltage for an 10 Pin
Vob=3.3V — 0.1 — \Y,
MHz) (ho = +8 mA)
Vop = 3.63V — 0.1 —
Vobp = 1.62V — 0.427 — \%
VoL Low level output
] Vop=2.7V — 0.2 —
(IO_speed = 166 |voltage for an 10 Pin
Vop=3.3V — 0.2 — \
MHz) (ho = +20 mA)
Vop = 3.63V — 0.2 —
Vop = 1.62V — 1.406 — \Y,
VoH High level output
) Vop=2.7V — 2.6 —
(I0_speed = 166 |voltage for an 10 Pin
Vop=3.3V — 3.2 — \
MHz) (ho = +8 mA)
Vpp = 3.63V — 35 —
Vop = 1.62V — 1.265 — \%
VoH High level output
Vpp = 2.7V — 2.3 —
(IO_speed = 166 |voltage for an 10 Pin
Vob=3.3V — 3.0 — \Y,
MHz) (ho =+20 mA)
Vop = 3.63V — 3.3 —
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Symbol Parameter Conditions Min Typ Max |Unit
Vop = 1.62V — 0.204 — \Y,
Low level output
Vou Vop = 2.7V — 0.1 —
voltage for an 1O Pin
(I0_speed = 25 MHz) Vop=3.3V — 0.1 — \
(ho = +8 mA)
Vop = 3.63V — 0.1 —
Vop = 1.62V — 1.477 — \Y,
Low level output
VoL i Vop=2.7V — 0.3 —
voltage for an 1O Pin
(I0_speed = 25 MHz) Vop=3.3V — 0.3 — \
(ho =+20 mA)
Vop = 3.63V — 0.3 —
Vop = 1.62V — 1.297 — \Y,
High level output
Vo ) Vop = 2.7V — 25 —
voltage for an 10O Pin
(I0_speed = 25 MHz) Vop=3.3V — 3.1 — \%
(o = +8 mA)
Vop = 3.63V — 3.4 —
Vop = 1.62V — 1.125 — \Y,
High level output
VoH Vop = 2.7V — 2.2 —
voltage for an 10 Pin
(I0_speed = 25 MHz) Vop=3.3V — 2.9 — \%
(ho = +20 mA)
Vop = 3.63V — 3.2 —
Vop = 1.62V — 0.403 — \Y,
Low level output
VoL Vop = 2.7V — 0.2 —
voltage for an 10 Pin
(I0_speed = 10 MHz) Vop=3.3V — 0.2 — \%
(ho =+8 mA)
Vop = 3.63V — 0.2 —
Vop = 1.62V — 1.381 — \Y,
Low level output
VoL Vpp = 2.7V — 0.5 —
voltage for an 10 Pin
(I0_speed = 10 MHz) Vop=3.3V — 0.4 — \%
(ho = +16 mA)
Vop = 3.63V — 0.4 —
Vobp = 1.62V — 1.073 — \%
High level output
VoH ) Vop=2.7V — 24 —
voltage for an 10 Pin
(I0_speed = 10 MHz) Vop=3.3V — 3.1 — \%
(ho =+8 mA)
Vop = 3.63V — 34 —
Vop = 1.62V — 0.927 — \Y,
High level output
VoH ) Vop=2.7V — 2.1 —
voltage for an 10 Pin
(I0_speed = 10 MHz) Vop=3.3V — 2.8 — \%
(ho = +16 mA)
Vop = 3.63V — 3.1 —
Vobp = 1.62V — 0.160 — \Y,
Low level output
VoL Vop = 2.7V — 0.1 —
voltage for an 10 Pin
(I0_speed = 2 MHz) Vop=3.3V — 0.1 — \Y,
(ho =+1 mA)
Vpp = 3.63V — 0.1 —
Low level output
voltage for an IO Pin Vop = 1.62V — 0.359 — \Y,
VoL (ho =+2 mA)
(I0_speed = 2 MHz) _
Low level output Voo = 2.7V - 0.4 - v
voltage for an 10 Pin Voo=3.3V o 0.4 -
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Symbol Parameter Conditions Min Typ Max |Unit
(ho =+4 mA) Vop = 3.63V — 0.4 —
Vobp = 1.62V — 1.375 — \Y,
High level output
VoH Vop = 2.7V — 2.6 —
voltage for an 1O Pin
(I0_speed = 2 MHz) Vop=3.3V — 3.2 — \
(ho =+1 mA)
Vop = 3.63V — 35 —
High level output
voltage for an 1O Pin Vop = 1.62V — 1.130 — \Y,
VoH (IO =+2 mA)
(I0_speed =2 MHz) | High level output Vop= 2.7V — 2.2 —
voltage for an 1O Pin Vop=3.3V — 29 — \%
(o = +4 mA) Vop = 3.63V — 3.2 —
Internal | Al pins — — 40 —
Rpu® pull-up kQ
resistor PU T o 10 o
Internal | All pins — — 40 —
Rpp® pull-down kQ
i PU — — 10 —
resistor

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

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

Table 4-26. 1/0 port AC characteristics W@

GPIOx_MDy[1:0] bit value® Parameter Conditions Typ | Unit
1.62V<Vpp<3.63V,CL=10pF
GPIOx_CTL->MDy[1:0]=10 Maximum
1.62V<Vop<363V,CL=30pF| 4 MHz
(I0_Speed = 2 MHz) frequency®
162V <Vpp<3.63V, CL=50pF
1.62V<Vpp<3.63V,CL=10pF| 25
GPIOx_CTL->MDy[1:0] = 01 Maximum
1.62V<Vpp<3.63V,CL=30pF| 23 | MHz
(10_Speed = 10 MHz) frequency®
162V <Vpop<3.63V,CL=50pF| 22
1.62V<Vpp<3.63V,CL=10pF| 86
GPIOx_CTL->MDy[1:0]=11 Maximum
1.62V<Vpp<3.63V,CL=30pF| 61 MHz
(10_Speed = 25 MHz) frequency®
1.62V<Vpp<3.63V,CL=50pF | 53
) 1.62V<Vpp<3.63V,CL=10pF | 180
Maximum
GPIOX_CTL->MDy[1:0]=11(I0_S 162V < Vop<3.63V, CL=30pF| 155 | MHz
frequency®
peed = 166 MHz) 1.62V<Vpp<3.63V, CL=50pF| 133

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

(2) Unless otherwise specified, all test results given for To = 25 °C.
(3) Thel/O speed is configured using the GPIOx_OSPDO0->OSPDy [1:0] bits. Refer to the GD32W515xx user
manual which is selected to set the GPIO port output speed.

(4) The maximum frequency is defined in Figure 4-3, and maximum frequency cannot exceed 100 MHz.
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Figure 4-3. /0 port AC characteristics definition
90% 90%

EXTERNAL 50%,

OUTPUT 10% 10%

ON 50pF : : :

trqo)out ia—p ‘—p [f(IO)out
If (tr + tf) < 2/3 T, then maximum frequency is achieved.
The duty cycle is (45%-55%) when loaded by 50 pF.

4.13. ADC characteristics

Table 4-27. ADC characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
Vopal" Operating voltage — 27 | 33 | 36 \%
Vin® ADC input voltage range — 0 — |Vooa| V
fanc™ ADC clock — 01| — | 35 | MHz
fs() Sampling rate 12-bit 0.007| — | 2.5 | MSPS
Vant Analog input voltage 9 external; 3 internal 0 — |[Voba| V
Ran® | External input impedance See Equation 1 — — |440.7| kQ
Raoc? Input sanlwpling switch B B _os 0
resistance
Croc? Input sampling No pin / pad capacitance B . 30 oF
capacitance included
ts®@ Sampling time fanc = 35 MHz 0.04 | — |13.7| wus
Total conversion
tconv® time(including sampling 12-bit — | 14 | — |[1/fapc
time)
tsu®@ Startup time — — | — 1 us

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

Equation 1: Ran max formula Ry <

Ts

S S—"]
fapc*CapcIn(2N+2) ~ADC

The formula above (Equation 1) is used to determine the maximum external impedance allowed

for an error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

Table 4-28. ADC Ran max for fapc = 35 MHz @

Ts(cycles) ts(us) Ranmax(kQ)
1.5 0.04 0.88
14.5 0.41 12.84
275 0.79 24.80
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Ts(cycles) ts(us) Ranmax(kQ)
55.5 1.59 50.57
83.5 2.39 76.33
111.5 3.19 1021
143.5 4.10 131.5
479.5 13.7 440.7
(1) Based on characterization, not tested in production.
Table 4-29. ADC dynamic accuracy at fapc = 35 MHz ®
Symbol Parameter Test conditions Min | Typ | Max | Unit
ENOB Effective number of bits fapc = 35 MHz, — | 10.6 | — | bits
SNDR |[Signal-to-noise and distortion ratio Vopa = 3.3V, — | 65.7 | —
SNR Signal-to-noise ratio Input Frequency =20 | — | 66.5 | — dB
kHz,
THD Total harmonic distortion Temperature = 25C — -72 —
(1) Based on characterization, not tested in production.
Table 4-30. ADC static accuracy at fapc = 35 MHz
Symbol Parameter Test conditions Typ®| Max | Unit
Offset Offset error +1 —
DNL Differential linearity error froc =35 MHz, +1 | — | LSB
INL Integral linearity error Voo =33V +2 —
(1) Based on characterization, not tested in production.
4.14. Temperature sensor characteristics
Table 4-31. Temperature sensor characteristics ®
Symbol Parameter Min Typ Max | Unit
TL Vsensk linearity with temperature — +1 — T
Avg_Slope Average slope — 4.3 —  |mV/C
Vas Voltage at 25 °C — 1.42 — \%
tsTART Startup time — 8 — V&
ts emp@ | ADC sampling time when reading the temperature — 13.7 — us

(1) Based on characterization, not tested in production.
(2) Shortest sampling time can be determined in the application by multiple iterations.
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4.15.

|2C characteristics

Table 4-32. 12C characteristics W@E)

Standard Fast mode
o Fast mode
Symbol Parameter Conditions mode plus Unit
Min Max Min Max Min Max
SCL clock high
tscL(H) ) — 4.0 — 0.6 — 0.2 — us
time
tscuwy |SCL clock low time — 4.7 — 1.3 — 0.5 — us
tsu(spa) SDA setup time — 250 — 100 — 50 — ns
tHspa)  |SDA data hold time — 0® | 3450 0 900 0 450 ns
SDA and SCL rise
tr(spA/sCL) . — — 1000 — 300 — 120 ns
time
SDA and SCL fall
tr(spasscL) ] — — 300 | 3@G) | 300 | 3¥W® | 120 ns
time
Start condition hold
tH(sTA) . — 4.0 — 0.6 — 0.26 — us
time
Repeated Start
tsu(sTa) condition — 4.7 — 0.6 — 0.26 — us
setup time
Stop condition
tsu(sTo) ) — 4.0 — 0.6 — 0.26 — us
setup time
Stop to Start
tBuFF condition time (bus — 4.7 — 1.3 — 0.5 — us
free)

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

(2) To ensure the standard mode 12C frequency, fpcik1 must be at least 2 MHz. To ensure the fast mode 12C
frequency, feciks Must be at least 4 MHz. To ensure the fast mode plus 12C frequency, fecik1 must be at
least a multiple of 10 MHz.

(3) The external 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.

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

(5) Inthe condition of 12C frequency = 400 kHz, IO_Speed = 50 MHz and Pull-up resistor = 1 kQ.

(6) Inthe condition of 12C frequency = 1 MHz, IO_Speed = 50 MHz and Pull-up resistor = 1 kQ.

66




Z

GigaDevice GD32W515xx Datasheet
Figure 4-4. 12C bus timing diagram
tsu(sTA) - .
SbA : E E 70% i70%
i H _________ \ > tBurr | W
tF(SDA)—bg 4— —>‘ é‘-tR(SDA) ' ‘
tH(STA);—Pg 5‘_’tSCL(H) | LtS_U(’SSDA)
SCL o) : ool
fi—vtscul') . trisen _> <_ "‘ <- tr(scL) tsu(sto)
4.16. SPI characteristics

Table 4-33. Standard SPI characteristics @

Symbol Parameter Conditions Min | Typ | Max | Unit
fsck SCK clock frequency — — | 225 | MHz
Tsck(H) SCK clock high time Vob = Vopa= 3.3V — 2222 — ns
Tsck (L) SCK clock low time — 2222 — ns
SPI master mode
tvimo) Data output valid time — — 7 ns
tsumi Data input setup time Vop = Vopa= 3.3V — — ns
tHemi Data input hold time 0 — — ns
SPI slave mode
tsunss) NSS enable setup time 0 — — ns
Vobp = Vopba= 3.3V,
tH(NSS) NSS enable hold time — — ns
frcik = 90 MHz
ta(so) Data output access time — 6 — ns
tois(so) Data output disable time — 9 — ns
tv(so) Data output valid time — 9 — ns
Vop = Vppa = 3.3V
tsu(si Data input setup time 0 — — ns
tH(s1) Data input hold time 1 — — ns

@

Based on characterization, not tested in production.
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Figure 4-5. SPI timing diagram - master mode
. tsck >
SCK (CKPH=0 CKPL=0) /—\_/_\_
SCK (CKPH=0 CKPL=1)
-/
SCK (CKPH=1 CKPL=0) / \ / \
SCK (CKPH=1 CKPL=1) < » 14
tsu(w}_, — / \ /
MISO D[0] >< >< D[7]
LF=1,FF16=0 < > itrom)
MOSI >< D[0] > >< D[7]
< —>i—
tvinio) tHMO)
Figure 4-6. SPI timing diagram - slave mode
NSS
< » tsck tHnss)
tsuss) e > < >
SCK (CKPH=0 CKPL=0) tscK(H —/ \
SCK (CKPH=0 CKPL=1) tSCK(L \ / \ [\ /
th(so) ;
- 4> {pis(s0)
tA(SO) 4—}: g tV(SO) ,
MISO ——% D[0] >< D[7] >—:
tsu@;> —
MOSI D[0] >< )< D[7] >;
‘tH(SI)'
4.17. I2S characteristics
Table 4-34. 12S characteristics @
Symbol Parameter Conditions Min | Typ | Max | Unit
Master mode (data: 32 bits,
fex Clock frequency ) — | 625 | — | MHz
Audio frequency = 96 kHz)
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Symbol Parameter Conditions Min | Typ | Max | Unit
Slave mode — — | 125
tH Clock high time — 81 — ns
- fck=6.25 MHz
tL Clock low time — 81 — ns
tvws) WS valid time Master mode — 3 — ns
tHws) WS hold time Master mode — 3 — ns
tsuws) WS setup time Slave mode — — ns
tHws) WS hold time Slave mode — — ns
I2S slave input clock duty
Ducy(sck) Slave mode — 50 — %
cycle
tsu(sp_mR) Data input setup time Master mode 2 — — ns
tsu(sp_sRr) Data input setup time Slave mode 0 — — ns
tH(SD_MR) ) ) Master receiver 0 — — ns
Data input hold time -
tH(SD_SR) Slave receiver 1 — — ns
o Slave transmitter
tv(sp_sT) Data output valid time — — 9 ns
(after enable edge)
) Slave transmitter
tH(sD_sT) Data output hold time 3 — — ns
(after enable edge)
o Master transmitter
tv(sp_m) Data output valid time — — 9 ns
(after enable edge)
) Master transmitter
tH(sD_mT) Data output hold time 0 — — ns
(after enable edge)
(1) Based on characterization, not tested in production.
Figure 4-7. 12S timing diagram - master mode
_ fek
CPOL=0 / \ / \ / /
L
CPOL=1 / \ / /
s> ‘_ < th » tHwWSs) —» 4—
WS output —\ ;
'—" tH(SD_MT)

SD transmit

SD receive

—»! ie— tv(sD_MT)

X -

X o

A X
A X

A

tsu(sb_MR)—»

A

»  {4(SD_MR)
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Figure 4-8. 12S timing diagram - slave mode
» fck
CPOL=0 / \ / \ / /
t
CPOL=1 \ D / \ / /
< tH P> —>
WS input tHws)
tsuws) > tv(sp_sT) ‘—" tH(sD_sT)
SD transmit ><D[0] >< >< ><
SD receive >< Do) >< >< ><
tsusb_sr) —*i
< > {H(SD_SR)
4.18. USART characteristics
Table 4-35. USART characteristics @
Symbol Parameter Conditions Min | Typ | Max | Unit
fsck SCK clock frequency froLkx = 45 MHz — — | 225 | MHz
tsck(H) SCK clock high time frcLkx = 45 MHz 2222 — — ns
tsckw) SCK clock low time frcLkx = 45 MHz 2222 — — ns

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

Table 4-36. SDIO characteristics W@

Symbol Parameter Conditions Min | Typ | Max | Unit
fpp® Clock frequency in data transfer mode — 0 — | 48 | MHz
twcky)® Clock low time fpp = 48 MHz 10.5 11 — ns
twckr)® Clock high time fop = 48 MHz 9.5 10 — ns
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu® Input setup time HS fpp = 48 MHz 4 — | — ns
tiH® Input hold time HS fpp = 48 MHz 3 — — ns
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov® Output valid time HS fpp = 48 MHz — — | 138 ns
ton® Output hold time HS fop = 48 MHz 12 — — ns
CMD, D inputs (referenced to CK) in SD default mode
tisup® Input setup time SD fop = 24 MHz 3 — | — ns
tinp® Input hold time SD fop = 24 MHz 3 — — ns
CMD, D outputs (referenced to CK) in SD default mode
tovo® Output valid default time SD fop = 24 MHz — 24 | 2.8 ns
torp® Output hold default time SD fop = 24 MHz 0.8 — — ns

(1) CLK timing is measured at 50% of Vpp.

(2) Capacitive load C, = 30 pF.

(3) Based on characterization, not tested in production.
(4) Guaranteed by design, not tested in production

4.20. USBFS characteristics

Table 4-37. USBFS start up time

Symbol Parameter Max Unit

tstarTup® USBFS startup time 1 us

(1) Guaranteed by design, not tested in production.
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Table 4-38. USBFS DC electrical characteristics
Symbol Parameter Conditions Min | Typ |[Max| Unit
Vop | USBFS operating voltage — 3 — 3.6
Voi | Differential input sensitivity — 0.2 — —
Input Differential common mode
Vem Includes Vpi range 0.8 — 25| V
levels® range
Single ended receiver
Vse — 1.3 — 2.0
threshold
Output | Vo Static output level low RLof1.0kQto 3.6 V — | 0.002 {0.3 v
levels @ |Von | Static output level high RLof 15 kQ to GND 2.8 | 348 |3.6
PB13,
17 | 19.02 | 24
Rpp®@ PB12(USBFS_DM/DP) ViNn = Vbp
PB14(USBFS_VBUS) 0.65 — 2.0 ‘o
PB13,
1.5 | 1.589 |21
Rpy@ PB12(USBFS_DM/DP) Vin=GND
PB14(USBFS_VBUS) 0.25 — |0.55
(1) Guaranteed by design, not tested in production.
(2) Based on characterization, not tested in production.
Table 4-39. USBFS full speed-electrical characteristics @

Symbol Parameter Conditions Min | Typ | Max | Unit
tr Rise time CL =50 pF 4 — 20 ns
tr Fall time CL =50 pF 4 — 20 ns

trEM Rise / fall time matching tr/ tr 90 — 110 %
VCRs Output signal crossover voltage — 1.3 — 2.0 \%
(1) Guaranteed by design, not tested in production.
Figure 4-9. USBFS timings: definition of data signal rise and fall time
Crossover
points
Differential
data lines
Ves— — — — — l></ \ I
| |
Vs I T T I
t e ——- t, —t
4.21. TIMER characteristics
Table 4-40. TIMER characteristics ¥
Symbol Parameter Conditions Min Max Unit
— 1 — tck_TIMERX
tres Timer resolution time
fck_TiMerx = 180 MHz | 5.56 — ns
; Timer external clock — 0 2*fck_TIMERx MHz
EXT
frequency fck_TimMerx = 180 MHz 0 360 MHz
RES Timer resolution TIMERX except — 16 bit
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Symbol Parameter Conditions Min Max Unit
(TIMER1& TIMER2)
TIMER1& TIMER2 — 32
16-hit counter clock period — 65536 tck_TIMERX
when internal clock is
fck_TiMerx = 180 MHz |0.0056 364 V]
selected
fcounTER : )
32-bit counter clock period — 65536x65536 | tck_TiMERX
when internal clock is
fck_TiMerx = 180 MHz — 23.9 s
selected
Maximum possible count — — 65536x65536 | tck_TiMERX
tMAX_COUNT .
(32-bit) fck_TIMERX = 180 MHz — 23.9 s
(1) Guaranteed by design, not tested in production.
4.22. WDGT characteristics
Table 4-41. FWDGT min/max timeout period at 32 kHz (IRC32K)
Min timeout Max timeout
Prescaler divider PSC[2:0] bits Unit
RLD[11:0] =0x000 RLD[11:0] = OXFFF
1/4 000 0.03125 511.90625
1/8 001 0.03125 1023.78125
1/16 010 0.03125 2047.53125
1/32 (0K K| 0.03125 4095.03125 ms
1/64 100 0.03125 8190.03125
1/128 101 0.03125 16380.03125
1/256 110 or 111 0.03125 32760.03125
(1) Guaranteed by design, not tested in production.
Table 4-42. WWDGT min-max timeout value at 45 MHz (fecLk1)
Min timeout value . Max timeout value
Prescaler divider | PSC[2:0] Unit Unit
CNT[6:0] = 0x40 CNTI[6:0] = 0x7F
11 00 91.02 5.83
1/2 01 182.04 11.65
us ms
1/4 10 364.09 23.30
1/8 11 728.18 46.60
(1) Guaranteed by design, not tested in production.
4.23. HPDF Characteristics
Table 4-43. HPDF characteristics @
Symbol Parameter Conditions Min Typ Max Unit
fuPDFCLK HPDF clock — — fape2 | fsyscik | MHz
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Symbol Parameter Conditions Min Typ Max Unit
20
fexin Input clock
SPI mode(SITYP[1:0]=01) — — |(fvPoFeLk /
(1/ TekiN) frequency
4)
Output clock
fekout — — — 20
frequency
Output clock
Dutyckout frequency duty — 30 50 75 %
cycle
) SPI mode(SITYP[1:0]=01),
twhickivy | Input clock high and Tekin/ 2- [Tekin/
External clock —
twi(ckINy low time 0.5 2
mode(SPICKSS[1:0]=0)
ns
] SPI mode(SITYP[1:0]=01),
Data input setup
tsu . External clock 1 — —
time
mode(SPICKSS][1:0]=0)
SPI mode(SITYP[1:0]=01),
th Data input hold time External clock 1 — —
mode(SPICKSS][1:0]=0)
Manchester
Manchester data (CKOUT (2*CKOuU
] mode(SITYP[1:0]=10 or 11),
Twmanchester | period(recovered DIV+1)*T| — |TDIV)*TH

clock period)

Internal clock
mode(SPICKSS[1:0]#0)

HPDFCLK

PDFCLK

(1) Guaranteed by design, not 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*VDD.
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4.24. Serial / Quad Parallel Interface (SQPI) Characteristics
Table 4-44. SQPI characteristics
Symbol Parameter Min Typ Max | Unit
tok@ CLK period 11.04) — — ns
e CLK high level duty for even clock divided 45 50 55 %
CLK high level duty for odd clock divided 45 — 71
trrrk (N CLK rise or fall time — 2.0 — ns
tcpr® CE# high between subsequent burst operations 22.2 — — ns
tcem® CE# low pulse width 88.8 — — ns
tcsp® CE# setup time to CLK rising edge 55 — 177.7 | ns
tcrp® CE# hold time from CLK rising edge 5.5 — 1777 | ns
tsp®® Setup time to active CLK edge 55 — 177.7 | ns
trp®@ Hold time from active CLK edge 55 — 177.7 | ns
tnz(® CE# rise to data output high-Z — 0 — ns
tacLk® CLK fall to data output valid delay — 0 — ns
tkon® Data hold time from CLK falling edge — 0 — ns
(1) Based on characterization, not tested in production.
(2) Guaranteed by design, not tested in production.
(3) Output driven mode is 50 MHz. Measured from 10% to 90% of VDD.
(4) This is designed minimal period. The operating minimal clock period is 22.2 ns (45 MHz = 180 MHz / 4).
4.25. Wi-Fi Radio characteristics

Below data are measured at antenna port of GD Wi-Fi Demo board.

Table 4-45. Transmitter power characteristics (V@

Parameter Rate Typ Unit
11b 21
11g 18.3
Tx Power 11n. BW20M 173 dBm
11n, BW40M 17.3
(1) Tx Power level is Limited by 802.11 Mask & EVM spec.
(2) Based on characterization, not tested in production.
Table 4-46. Receiver sensitivity characteristics @
Parameter Rate Typ Unit
11b,1Mbps -97.6
11b,2Mbps -94.4
Rx Sensitivity 11b,5.5Mbps 921 dBm
11b,11Mbps -87.6
11g9,6Mbps -94.3
119,9Mbps -92.5
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Parameter Rate Typ Unit

11g9,12Mbps -91.0

119,18Mbps -89.1

119,24Mbps -84.6

119,36Mbps -82.4

119,48Mbps -77.0

119,54Mbps -76.3
11n,HT20,MCS0 -94.0
11n,HT20,MCS1 -90.3
11n,HT20,MCS2 -88.5
11n,HT20,MCS3 -84.4
11n,HT20,MCS4 -82.0
11n,HT20,MCS5 -76.6
11n,HT20,MCS6 -75.6
11n,HT20,MCS7 -74.2
11n,HT40,MCS0 -89.6
11n,HT40,MCS1 -85.4
11n,HT40,MCS2 -83.5
11n,HT40,MCS3 -80.3
11n,HT40,MCS4 -77.9
11n,HT40,MCS5 -72.7
11n,HT40,MCS6 -71.8
11n,HT40,MCS7 -70.7

(1) Based on characterization, not tested in production.
Table 4-47. Rx Maximum Input Level Y@

Parameter Rate Typ Unit
11b,1Mbps >8.5(1
11b,11Mbps >8.5(
11g,6Mbps >8.5(M

Rx Maximum Level Input 119,54Mbps 46 dBm
11n,HT20,MCS0 >8.5(1
11n,HT20,MCS7 3.7
11n,HT40,MCS0 5.2
11n,HT40,MCS7 3.7

(1) 1Qxel VSG max TX power = 10 dBm, cable loss = 1.5 dB => max input power = 8.5 dBm.
(2) Based on characterization, not tested in production.
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Table 4-48. Adjacent Channel Rejection M®
Typ
In-house .
Parameter Rate Interference pattern . Unit
by IQxel® interference
xe
y pattern®
11b, 1MMbps 47.4 48
11g, 6Mbps 34.6 46
11g, 54Mbps 15.0 25
Adjacent Channel
L 11n, HT20,MCS0 31.8 45 dB
Rejection
11n,HT20,MCS7 12.3 20
11n,HT40,MCS0 171 32
11n,HT40,MCS7 8.6 16
(1) ACR result depends on interference source.
(2) Waveform generated by LitePoint IQxel series instrument, gap = SIFS
(3) Waveform generated by GD32W515xx baseband, gap = SIFS
(4) Based on characterization, not tested in production.
4.26. Parameter conditions

Unless otherwise specified, all values given for Voo = Vopa = AVDD33_ANA = AVDD33_PA =
AVDD33 CLK=3.3V,Ta=25 °C.
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5.

5.1.

Package information

QFN56 package outline dimensions

Figure 5-1. QFN56 package outline

D2

b
- b
1 \M 1 ﬁ YUUUUUUIUUUUTY i
| B a
B I D A R S =
| = =
| U
TOP VIEW BOTTOM VIEW
|
H:mm#ﬂw_u<
I
SIDE VIEW
Table 5-1. QFN56 package dimensions
Symbol Min Typ Max
A 0.70 0.75 0.80
A1l — 0.02 0.05
b 0.15 0.20 0.25
c 0.18 0.20 0.25
D 6.90 7.00 7.10
D2 5.10 5.20 5.30
E 6.90 7.00 7.10
E2 5.10 5.20 5.30
e — 0.40 —
0.30 0.35 0.40
K 0.20 — —
L 0.35 0.40 0.45
Nd — 5.20 —
Ne — 5.20 —

(Original dimensions are in millimeters)
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Figure 5-2. QFN56 recommended footprint
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5.2.

QFN36 package outline dimensions

Figure 5-3. QFN36 package outline

D b _bl K
% T
- JjoU0goo0D
1 .\% _:* 11
: = nE=E
-] N (@
e -
- + - w 2 - + -
-] (@
-] (@
- D2 -
‘ d
000Q000
E-J EXPOSED THERMAL
Nd PAD ZONE
TOP VIEW BOTTOM VIEW
|
<
© <
SIDE VIEW
Table 5-2. QFN36 package dimensions
Symbol Min Typ Max
A 0.70 0.75 0.80
A1 0 0.02 0.05
b 0.15 0.20 0.25
b1 — 0.14 —
c — 0.203 —
D 4.90 5.00 5.10
D2 3.40 3.50 3.60
E 4.90 5.00 5.10
E2 3.40 3.50 3.60
e — 0.40 —
0.30 0.35 0.40
K — 0.35 —
L 0.35 0.40 0.45
Nd — 3.20 —
Ne — 3.20 —

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

Thermal characteristics

Thermal resistance is used to characterize the thermal performance of the package
device, which is represented by the Greek letter “8”. For semiconductor devices, thermal
resistance represents the steady-state temperature rise of the chip junction due to the
heat dissipated on the chip surface.

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

0.8: Thermal resistance, junction-to-board.

BJ4c: Thermal resistance, junction-to-case.

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

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

8.a=(T4-Ta)Pp (5-1)
8,8=(Ty-Ts)/Pp (5-2)
8yc=(Ty-Tc)/Pp (5-3)

Where, Ty = Junction temperature.

Ta = Ambient temperature

Ts = Board temperature

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

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

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

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

Table 5-3. Package thermal characteristics®

Symbol Condition Package Value Unit
] QFN56 38.32

Bua Natural convection, 2S2P PCB °C/IW
QFN36 42.58
QFN56 17.23

Ou8 Cold plate, 2S2P PCB °C/IW
QFN36 12.22
QFN56 13.28

Buc Cold plate, 2S2P PCB °C/W
QFN36 16.76
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Symbol Condition Package Value Unit
] QFN56 17.48

wiB Natural convection, 2S2P PCB °C/W
QFN36 12.81
) QFN56 2.90

W Natural convection, 2S2P PCB °C/W
QFN36 0.69

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

83



Z

GigaDevice

GD32W515xx Datasheet

6.

Ordering information

Table 6-1. Part ordering code for GD32W515xx devices

Temperature
Ordering code Flash (KB) Package Package type .
operating range
Industrial
GD32W515P1Q6 2048 QFN56 Green
-40 °C to +85 °C
Industrial
GD32W515P0Q6 0 QFN56 Green
-40 °C to +85 °C
Industrial
GD32W515TIQ6 2048 QFN36 Green
-40 °C to +85 °C
Industrial
GD32W515TGQ6 1024 QFN36 Green
-40 °C to +85 °C
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7.

Revision history

Table 7-1. Revision history

Revision No.

Description

Date

1.0

Initial Release

Nov.23, 2021

1.1

o

Update the 12C characteristics in Table 7-2.

Change the 16-bit general timers from five to four in
chapter 3.15.

Delete TRACEDO~3 in chapter 2.6, refers to_Pin
definitions.

Update the I/O port DC characteristics in Table 7-3.
Change the title of chapter 3.2 from Embedded memory
to On-chip memory.

Add the pin definitions of USARTx_DE.

Jul.12, 2022

1.2

a pr 0w o

Add comments for Table 4-1, Table 4-2 and Table 4-7.
Add BOOT pin USBFS (PB12/PB13/PB14).

Update Figure 4-4.

Update PA14 to PA14-BOOT1 in chapter 2.3 and 2.6.
Change Vpp to VDD in chapter 4.1, 4.2 and 4.4.

Dec.28, 2022
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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 under the intellectual property
laws and treaties of the People’s Republic of China and other jurisdictions worldwide. The Company reserves all rights under
such laws and treaties and does not grant any license under its patents, copyrights, trademarks, or other intellectual property
rights. 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.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product, including, but not
limited to, the implied warranties of merchantability and fitness for a particular purpose. The Company does not assume any
liability arising out of the application or use of any Product described in this document. Any information provided in this document
is provided only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test
the functionality and safety of any application made of this information and any resulting product. Except for customized products
which has been expressly identified in the applicable agreement, the Products are designed, developed, and/or manufactured
for ordinary business, industrial, personal, and/or household applications only. The Products are not designed, intended, or
authorized for use as components in systems designed or intended for the operation of weapons, weapons systems, nuclear
installations, atomic energy control instruments, combustion control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, life-support devices or systems, other medical devices or systems (including
resuscitation equipment and surgical implants), pollution control or hazardous substances management, or other uses where the
failure of the device or Product could cause personal injury, death, property or environmental damage ("Unintended Uses").
Customers shall take any and all actions to ensure using and selling the Products in accordance with the applicable laws and
regulations. The Company is not liable, in whole or in part, and customers shall and hereby do release the Company as well as
it's suppliers and/or distributors from any claim, damage, or other liability arising from or related to all Unintended Uses of the
Products. Customers shall indemnify and hold the Company as well as it's 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 Products.

Information in this document is provided solely in connection with the Products. The Company reserves the right to make changes,
corrections, modifications or improvements to this document and Products and services described herein at any time, without

notice.

© 2022 GigaDevice — All rights reserved
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