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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 |IEEE
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 (loT) 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 ARM\8 architecture and
supports a powerful and scalable instruction set including general data processing VO
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 I/Os 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 standad
and advanced communication interfaces: up to two SPIs, a SQPI, a SDIO, two I12Cs,
three USARTS, one 12S, 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. Sewveral power saving modes provide the flexibility for maximum
optimization between wakeup latency and power consumption, an especially important
consideration in low power applications.

The abowe 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, gamingand GPS,
E-bike, optical module and so on.

"ARMCORTEX

Processor Technology

psacertified™ @

functional API CERTIFIED
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2. Device overview
2.1. Device information

Table 2-1. GD32W515xx devices features and peripheral list

GD32W515xx
Part Number
PI PO Tl TG
FLASH (KB) 2048 0 2048 1024
SRAM (KB) 448 448 448 384
General 4 4 3 3
timer (16-b |t) (3-415-16) (3-415-16) (4.15-16) (415-16)
General 2 2 2 2
timer(32-bit) @2 a2 @2 @2
«»| Advanced 1 1 1 1
£ | timer(16-bit) © © © ©
Pl sysTick 1 1 1 1
Basic 1 1 1 1
tim er(16-bit) (5) 5) (5) (5)
Watchdog 2 2 2 2
RTC 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
g SPI/12S
) (0-1)/1) (0-1)A1) (0-1)A1) (0-1)A1)
oy
é SDIO 1 1 1 1
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 0 0
TSI
12 12 7 7
(Channels)
TZGPC 1 1 1 1
&) Units 1 1 1 1
[a)
<| cChannels 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
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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 | boundaryaddress
- - OXE000 1000 - OXEOOF FFFF | Cortex M33 internal peripherals
- 0x9800 0000 - OXDFFF FFFF Reserved
External - 0x9000 0000 - OX97FF FFFF QSPI_FLASH(MEM)
AHB3
device - 06800 0000 - OX8FFF FFFF Reserved
- 06000 0000 - OX67FF FFFF SQPI_PSRAM(MEM)
0x5C06 3000 - OXGFFF FFFF | 0X4C06 3000 - OXMFFF FFFF Reserved
06C06 1000 - 0X5C06 2FFF | 0X4C06 1000 - 0X4C06 2FFF PKCAU
Ox5C06 0CO0 - 0X5C06 OFFF 0x4C06 0CO00 - 0x4C06 OFFF Reserved
0x5C06 0800 - 0X5C06 OBFF | OX4C06 0800 - OX4C06 OBFF TRNG
0X5C06 0400 - 0X5C06 O7FF | 0x4C06 0400 - 0X4C06 O7FF HAU
AHB2
0X5C06 0000 - 0X5C06 03FF | 0x4C06 0000 - 0X4C06 O3FF CAU
0x5C05 0400 - 0X5C05 FFFF | 0X4C05 0400 - 0X4C05 FFFF Reserved
0XC05 0000 - 0X5C05 03FF | 0x4C05 0000 - OX4CO5 O3FF DClI
0x5C04 0000 - 0X5C04 FFFF | 0x4C04 0000 - 0X4C04 FFFF Reserved
0x5C00 0000 - 0X5C03 FFFF | 0X4C00 0000 - 0X4C03 FFFF Reserved
05904 0000 - OGBFF FFFF | 0x4904 0000 - OX4BFF FFFF Reserved
0x5900 0000 - 0X5903 FFFF | 0x4900 0000 - 04903 FFFF USBFS
0600B 1000 - OX58FF FFFF | 0x400B 1000 - Ox48FF FFFF Reserved
0x500B 0800 - 0X500B OFFF | 0x400B 0800 - 0x400B OFFF Reserved
OXE00B 0400 - 0G00B O7FF | 0x400B 0400 - 0X400B O7FF TZBMPC3
0500B 0000 - 0X500B 03FF | Ox400B 0000 - 0x400B O3FF TZBMPC2
Peripheral
0x500A 1000 - 0X500A FFFF | OX400A 1000 - OX400A FFFF Reserved
0X600A 0CO0 - 0X500A OFFF | Ox400A 0COO - 0x400A OFFF TZBMPC1
0500A 0800 - 0X500A OBFF | Ox400A 0800 - 0X400A OBFF TZBMPCO
OE00A 0400 - OG00A O7FF | OX400A 0400 - 0X400A O7FF TZIAC
O500A 0000 - 0X500A O03FF | Ox400A 0000 - 0X400A O3FF TZSPC
AHB1
065008 0400 - 0X5009 FFFF | 0x4008 0400 - 04009 FFFF Reserved
05008 0000 - 05008 O3FF | 0x4008 0000 - 0x4008 O3FF ICACHE
06003 3000 - 06007 FFFF | 0x4003 3000 - 064007 FFFF Reserved
05003 0000 - 06003 2FFF | 0x4003 0000 - 0x4003 2FFF Wi-Fi
05002 BCOO - 05002 FFFF | 0x4002 BCOO - 0x4002 FFFF Reserved
065002 BOOO - 0x5002 BBFF | 0x4002 BOOO - 0x4002 BBFF Reserved
06002 AQ00 - 05002 AFFF | 0x4002 AO00 - 0x4002 AFFF Reserved
05002 8000 - 06002 9FFF | 0x4002 8000 - 0x4002 9FFF Reserved
05002 6800 - 0X5002 7FFF | 0x4002 6800 - 0x4002 7FFF Reserved
065002 6400 - 0X5002 67FF | 0x4002 6400 - 0x4002 67FF DMAL
05002 6000 - 0x5002 63FF | 0x4002 6000 - 04002 63FF DMAO

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

0X5002 5C00 - 0X5002 5FFF | 0x4002 5C00 - 0x4002 5FFF Reserved
0X5002 5800 - X002 5BFF | 0x4002 5800 - 0x4002 5BFF QSPI_FLASH(REG)
0X5002 5400 - X002 57FF | 0x4002 5400 - 0x4002 57FF SQPI_PSRAM(REG)
0X5002 5000 - 05002 53FF | 0x4002 5000 - 0x4002 53FF Reserved
0X5002 4000 - 5002 4FFF | 0x4002 4000 - 04002 4FFF TSI
0X5002 3C00 - 0X5002 3FFF | 0x4002 3C00 - 0x4002 3FFF Reserved
0X5002 3800 - X002 3BFF | 0x4002 3800 - 0x4002 3BFF RCU
0X5002 3400 - X002 37FF | 0x4002 3400 - 0x4002 37FF Reserved
0X5002 3000 - 0X5002 33FF | 0x4002 3000 - 0x4002 33FF CRC
0X5002 2C00 - OX5002 2FFF | 0x4002 2C00 - 0x4002 2FFF Reserved
05002 2800 - 0002 2BFF | 0x4002 2800 - 0x4002 2BFF EFUSE
06002 2400 - 06002 27FF | 0x4002 2400 - 0x4002 27FF Reserved
0X5002 2000 - 05002 23FF | 0x4002 2000 - 0x4002 23FF FMC
0X5002 1C00 - 0X5002 1FFF | 0x4002 1C00 - 0x4002 1FFF Reserved
06002 1800 - 6002 1BFF | 0x4002 1800 - 0x4002 1BFF Reserved
06002 1400 - 065002 17FF | 0x4002 1400 - 0x4002 17FF Reserved
0X5002 1000 - 0X5002 13FF | 0x4002 1000 - 0x4002 13FF Reserved
0X5002 0CO0 - 0X5002 OFFF | 0x4002 0COO - 0x4002 OFFF Reserved
OE002 0800 - 6002 OBFF | 0x4002 0800 - 0x4002 OBFF GPIOC
OE002 0400 - 0002 O7FF | 0x4002 0400 - 0x4002 O7FF GPIOB
0X5002 0000 - 065002 03FF | 0x4002 0000 - 0x4002 O3FF GPIOA
0X5001 8800 - 065001 FFFF | 0x4001 8800 - 0x4001 FFFF Reserved
0X5001 8400 - 0X5001 87FF | 0x4001 8400 - 0x4001 87FF TIMER16
OXE001 8000 - 5001 83FF | 0x4001 8000 - 0x4001 83FF TIMER15
0X500L 7C00 - 0X5001 7FFF | 0x4001 7C00 - 0x4001 7FFF Reserved
0X5001 7800 - X001 7BFF | 0x4001 7800 - 04001 7BFF Wi-Fi_RF
0X5001 6800 - 05001 77FF | 0x4001 6800 - 0x4001 77FF Reserved
0X5001 6000 - 05001 67FF | 0x4001 6000 - 0x4001 67FF HPDF
OE001 5800 - 001 SFFF | 054001 5800 - 0x4001 5FFF Reserved
0X5001 5400 - X001 57FF | 0x4001 5400 - 0x4001 57FF Reserved

APB2 | 06001 4C00 - 06001 53FF | 0x4001 4C00 - 04001 53FF Reserved
0X5001 4800 - OXS5001 4BFF | 0x4001 4800 - 0x4001 4BFF Reserved
OXG00L 4400 - OXB00L 47FF | 0x4001 4400 - 0x4001 47FF Reserved
0X500L 4000 - 05001 43FF | 0x4001 4000 - 0x4001 43FF Reserved
0X500L 3C00 - 0X5001 3FFF | 0x4001 3C00 - 0x4001 3FFF EXTI
0X5001 3800 - X001 3BFF | 0x4001 3800 - 04001 3BFF SYSCFG
0X5001 3400 - 0X5001 37FF | 0x4001 3400 - 0x4001 37FF Reserved
0X5001 3000 - 05001 33FF | 0x4001 3000 - 0x4001 33FF SPIO
0X500L 2C00 - 0X5001 2FFF | 0x4001 2C00 - 0x4001 2FFF SDIO
0X5001 2400 - 05001 2BFF | 0x4001 2400 - 0x4001 2BFF Reserved
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Pre-defined Secure Non-Secure
Bus Peripherals
Regions boundary address | boundaryaddress
05001 2000 - 0X5001 23FF | 0x4001 2000 - 0x4001 23FF ADC
06001 1400 - 06001 1FFF | 0x4001 1400 - 0x4001 1FFF Reserved
05001 1000 - 0x5001 13FF | 0x4001 1000 - 0x4001 13FF USART2
05001 0800 - 0x5001 OFFF | 0x4001 0800 - 0x4001 OFFF Reserved
05001 0400 - 0X5001 O7FF | 0x4001 0400 - 0x4001 O7FF Reserved
05001 0000 - 0X5001 O3FF | 0x4001 0000 - 04001 O3FF TIMERO
OE000 7400 - 06000 FFFF | 0x4000 DOOO - 04000 FFFF Reserved
05000 CCOO - 05000 CFFF | 04000 CCO0 - 0x4000 CFFF Reserved
05000 7400 - 0X5000 CBFF | 0x4000 7400 - 0x4000 CBFF Reserved
05000 7000 - 05000 73FF | 0x4000 7000 - 04000 73FF PMU
0x5000 6CO00 - 0X5000 6FFF 0x4000 6C00 - 0x4000 6FFF Reserved
0x5000 5CO00 - 0x5000 6BFF 0x4000 5C00 - 0x4000 6BFF Reserved
05000 5800 - 0X5000 5BFF | 0x4000 5800 - 0x4000 5BFF 12C1
05000 5400 - 0X5000 57FF | 0x4000 5400 - 0x4000 57FF 12C0
05000 4C00 - 05000 53FF | 0x4000 4C00 - 04000 53FF Reserved
05000 4800 - 0X5000 4BFF | 0x4000 4800 - 04000 4BFF USARTO
05000 4400 - 0X5000 47FF | 0x4000 4400 - 0x4000 47FF USART1L
0x5000 4000 - 0X5000 43FF | 0x4000 4000 - 0x4000 43FF Reserved
0000 3C00 - 065000 3FFF | 0x4000 3CO00 - 04000 3FFF Reserved
05000 3800 - 05000 3BFF | 0x4000 3800 - 0x4000 3BFF SPI1/12S1
APB1
05000 3400 - 0X5000 37FF | 0x4000 3400 - 0x4000 37FF 12S1_add
05000 3000 - 0X5000 33FF | 0x4000 3000 - 0x4000 33FF FWDGT
05000 2C00 - 0X5000 2FFF | 0x4000 2C00 - 04000 2FFF WWDGT
0000 2800 - 05000 2BFF | 0x4000 2800 - 0x4000 2BFF RTC
05000 2400 - 0X5000 27FF | 0x4000 2400 - 0x4000 27FF Reserved
05000 2000 - 0X5000 23FF | 0x4000 2000 - 0x4000 23FF Reserved
05000 1C00 - 0X5000 1FFF | 0x4000 1C00 - 04000 1FFF Reserved
0x5000 1800 - 0X5000 1BFF | 0x4000 1800 - 0x4000 1BFF Reserved
06000 1400 - 06000 17FF | 0x4000 1400 - 04000 17FF Reserved
05000 1000 - 0X5000 13FF | 0x4000 1000 - 04000 13FF TIMER5
05000 0CO0 - 0X5000 OFFF | 0x4000 0CO0 - 04000 OFFF TIMER4
0x5000 0800 - 0X5000 OBFF | 0x4000 0800 - 0x4000 OBFF TIMER3
06000 0400 - G000 O7FF | 0x4000 0400 - 04000 O7FF TIMER2
0x5000 0000 - 05000 O3FF | 0x4000 0000 - 04000 O3FF TIMER1
03007 0000 - OBFFF FFFF | 0x2007 0000 - OXRFFF FFFF Reserved
03004 0000 - 02006 FFFF | 0x2004 0000 - 0X2006 FFFF SRAM3 (192KB)
SRAM AHB | 03002 0000 - G003 FFFF | 0x2002 0000 - 0x2003 FFFF SRAM2 (128KB)
0x3001 0000 - 0x3001 FFFF 0x2001 0000 - 02001 FFFF SRAML1 (64KB)
03000 0000 - 0X3000 FFFF | 0x2000 0000 - 0x2000 FFFF SRAMO (64KB)
Code AHB - 0x1000 0000 - OXLFFF FFFF External memories remap
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Pre-defined Secure Non-Secure
Bus Peripherals
Regions boundary address | boundaryaddress
OX0BFF 8000 - OX0BFF FFFF Reserved
OXOFF8 8000 - OXOFFF FFFF 0x0BF8 0000 —OxOBFF 7FFF Reserved
0XOFF8 4000 — 0XOFF8 7FFF - ROM(16KB)
OXOFF8 0000 — 0X0FF8 3FFF - GSSA(16KB)
OOFF4 E000 — OXOFF7 FFFF | OXOBF4 EO00 — 0XOBF7 FFFF ROM(200KB)
OX0BF4 6000 —0x0BF4 CFFF Reserved
0x0BF4 0000 - OXOBF4 5FFF ROM(24KB)
OXOEO07 0000 - OXOFF4 DFFF 0x0A07 0000 - OXOBF3 FFFF Reserved

0x0E04 0000 - OXOEO6 FFFF 0x0A04 0000 - 0X0A06 FFFF SRAM3 (192KB)

0x0EO2 0000 - OXOEO3 FFFF 0x0A02 0000 - OX0A03 FFFF SRAM2 (128KB)

0x0EOL 0000 - OXOEO1 FFFF | Ox0AO1 0000 - OX0AO1 FFFF SRAM1 (64KB)

0xOE00 0000 - OXOEOO FFFF | OX0A00 0000 - OXOA00 FFFF SRAMO (64KB)

0x0C20 0000 - OXODFF FFFF 0x0820 0000 - OXO9FF FFFF Reserved

0x0C00 0000 - OXOC1F FFFF 0x0800 0000 - OX081F FFFF Flash memory
0x0000 0000 - OXO7FF 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 ©RTO)
RTCSRC[1:0]
2 KHz CK_FWDGT
IRCa2K (to FWDGT)
() CK_SYS
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HOLK _
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KOUTOSEL(L: .
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eripheral enable
16 MHz IRC16 | CK_IRC16M P
IRC16M MDIV TIMER1,23,4,5
CK_HXTAL —— CKAPBLxl 180 MHz max CK_TIMERX
AHB X2 or x4 TIMERX enable
kPP 1stf;iv:ax P 15‘1:7%:;5 o TIME?LZ},A,
CK_PLLDIG +12..512 ma
1 APB2 CK_APB2
$——  Prescaler
+2,4,8,16
20-52 MHz Peripheral enable
HXTAL
PLLSEL TIMERO, 15,16
CK_APB2 x1 180 MHz max CK_TIMERX
X2 or x4 f—————>
TIMERX enable to TIMERO,15,16
ADCCK[2]
ADC
\vco L/PLLP | Prescaler o
468 CK_ADC to ADC
IDIGFS =
YsDIv s 35 Mz max
PIL
ussissa
| p———
I { IUSBFSDIV |
vco Peripheral enable
SDIBSEL to USBFS/TRNG
o
PLIDIG [ !
CK_SDIO
CK_IRC16M o /SDIODIV —
IPLLFI CK_HXTAL: enpheral enable
T , 10 SDIO
| p——
RFDIV CKI160_WIFI
L Peripheral enable —i ) O WIFIIN »
| /PLLI2 |
SPSC 2 CK8O_WIFI
L=
Peripheral enable to WIFILIN
4 CK40_WIFI
-
Peripheral enable —i ) o WIFILIN
<36 CK44DSM_WIFI
Peripheral enable —i ) -
P to WIFILLN
HPDFAUDIOS
Egt()]
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00
cK_I2s
o
Peripheral enable
10 o128
USARTOSEL[1:0] USART2SEL[L:0] 12COSEL[1:0]
CK_APBL 00 CK_APB2 CKL
Ssvs o CK_USARTO _ Sk svs CK_USART2 o ove i CK_I2C0
CK_LXTAL 10 CK_LXTAL 10 =
. to USARTO . to USART2
CK_IRC16M! 11 CK_IRC16M 1 CK_IRC16M 1

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 QFNS56 pin definitions

Table 2-3. GD32W515Px QFN56 pin definitions

Pin 110
Pin Name Pins Functions description
Type® [ Level@
Default: PB7
Alternate: 12S1_WS, SPI1_NSS, EVENTOUT,
PB7 1 /O 5VT
TRACED1, TIMER3_CH1, 12C0_SDA, USARTO_RX,
DCI_VSYNC
Default: PB8
PB8 2 /o 5VT |Alternate: SPI1_SCK, 12S1_CK, EVENTOUT,
TRACED2, TIMER3_CH2, SDIO_D4, DCl D6
Default: PB9
Alternate: 12S1_SD, SPI1_MOSI, EVENTOUT,
PB9 3 /o 5VT - -
TRACED3, TIMER1_CH1, TIMER3_CH3, SDIO_D5,
DCI_D7
Default: PC8
PC8-BOOTO 4 /o ST Alternate: 12CO_SDA, USARTO_TX, [2C1_SDA,
’ EVENTOUT, TIMER2_CH2, SDIO_DO, DCl D2
Additional: BOOTO
Default: JTDI, PA15
PA15- Alternate: 2C0_SCL, USARTO_RX, [2C1_SCL,
5 /o 5VT
WKUP1 EVENTOUT, SPI0_NSS
Additional: WKUP1
Default: JTMS, SWDIO, PA13
PA13 6 /o 5VT [Alternate: USARTO_CTS, USARTL1_CTS,
2CO0_SMBA, EVENTOUT, TSITG
Default: JTCK, SWCLK, PA14
Alternate: USARTO_RTS, USART1_RTS,
PA14 7 {e] 5VT
2C1_SMBA, EVENTOUT
Additional: BOOT1
pC14 Default: PC14
8 /O 5VT |Alternate: USARTO_CK, USART1 _CK, EVENTOUT
OSC32IN Additional: OSC32IN
Default: PC15
PC15- 9 /o ST Alternate: IFRP_OUT, EVENTOUT
0OSC320UT Additional: RTC_ TAMPO, RTC OUT, RTC TS,
0SC320UT
VBAT 10 P Default: VBAT
AVDD33_AN
R - 11 P Default: AVDD33_ANA
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Pin 1/0
Pin Name Pins Functions description
Type® | Level®@
RF 12 AVAO Default: RF
NC 13 -
NC 14 -
PU 15 | Default: PU
NRST 16 Vo Default: NRST
AVDD33 PA 17 P Default: AVDD33_PA
AVDD33_CL
K - 18 P Default: AVDD33_CLK
XTAL1 19 Al Default: XTAL1
XTAL2 20 AO Default: XTAL2
VDDA 21 P Default: VDDA
Default: PAO
Alternate: USARTO_TX, TSI GO_IO0, USART1_CTS,
PAO 22 Vo 5vT |EVENTOUT, TIMERL1_CHO, TIMERL_ET],
TIMER4_CHO
Additional: ADC_INO
Default: PA1
AL 03 /o - Alternate: USARTO_RX, TSI GO_101, USART1_RTS,
EVENTOUT, TIMER1 CH1, TIMER4 CH1
Additional: ADC IN1
Default: PA2
Alternate: USARTO_CK, TSI GO 102, TIMERO CHO,
PA2-WKUPO 24 /o 5VT [EVENTOUT, TIMER1_CH2, TIMER4 CHZ2,
[2S1_CKIN, USART1_TX, HPDF_AUDIO
Additional: ADC_IN2, WKUPO, RTC TAMP1
Default: PA3
Alternate: USART1 _CK, TSI GO 103,
A3 - /o ST TIMERO_CHO_ON,
HPDF_DATAIN1, EVENTOUT, TIMER1_CHS3,
TIMER4_CH3, 12S1_MCK, USART1_RX, RTC _OUT
Additional: ADC_IN3
Default: PCO
PCO 26 /o 5T Alternate: USART1_TX, TIMERO_CH3, 12CO_SMBA,
HPDF_CKINO, EVENTOUT, DCI_D4
Additional: ADC_IN4
Default: PC1
Alternate: 2S1_SD, USART1 RX, DCl HSY NC,
PC1 27 Vo 5vVT |TIMERO_BRKIN, [2C1_SMBA, HPDF_CKIN1,
EVENTOUT, SPI1_MOSI, DCI D8
Additional: ADC_IN5
Default: PC2
PC2 28 Vo 5VT

Alternate: HPDF_CKOUT, [2C1_SDA, 12CO_SCL,
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; ; Pin 1/0 ; -
Pin Name Pins Functions description
Type® | Level®@
TIMER4_CHO, TIMERO_CHO, DCI_VSYNC,
TIMERO_ETI, EVENTOUT, SPI1_MISO,
[2S1_ADD_SD, DCl D9
Additional: ADC_IN6
Default: PC3
Alternate: 2S1_SD, HPDF_DATAINO, 12C1_SCL,
[2C0_SDA, TIMER4_CH1, TIMERO_CHO_ON,
PC3 29 /o 5VT
DCI_PIXCLK, TIMER1_CHO, TIMER1_ET],
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 /o 5VT - — — -
USART1_TX, TIMERO_CH1, EVENTOUT, SPIO_NSS,
USART1_CK
Additional: ADC_IN8
Default: PA5S
Alternate: 12S1_MCK, SPI0O_MISO, QSPI CSN,
PAS5 31 /o 5VT
TIMER4_CH3, DCl VSYNC, USARTL_RX,
TIMERO_CH1_ON, EVENTOUT, SPI0_SCK
Default: PA6
Alternate: 12S1_CKIN, SPI0O_SCK, QSPI 100,
TIMER2_CHO, DCI_PIXCLK, USART2_TX,
PAG 32 /o 5VT - - -
TIMERO_CH1, TIMER1_CH]1,
EVENTOUT, SPI0O_MISO, 12S1_MCK, SDIO_CMD,
HPDF A UDIO
Default: PA7
Alternate: SPIL_NSS, 12S1_WS, SPIO_NSS,
QSPL_I01, TIMERZ2_CH1, DCI D7, USART2_RX,
PA7 33 /o 5VT
TIMERO_CH1_ON,
TIMERL1_CH2, EVENTOUT, TIMERO_CHO_ON,
SPI0_MOSI
Default: PC4
Alternate: 12S1_ADD_SD, SPI0_102, QSPI_lO2,
PC4 34 /o 5VT
TIMER2_CH2, DCI D6, EVENTOUT, SQPI_CLK,
DCI_D12
Default: PC5
Alternate: CK_OUT1, SPI0_IO3, QSPIL_IO3,
PC5 35 /o 5VT
TIMER2_CH3, TIMER2_CHO, DCI_D5, DCI_D7,
EVENTOUT, USART2_RX, SQPI_CSN, DCI| D13
Default: PBO
PBO 36 /o 5VT |Alternate: TSI G1 100, TIMER3_CHO, TIMER2_CH1,

DCl D4, DCI_ D6, EVENTOUT, TIMERO CH1_ON,

20




e

GigaDevice

GD32W515xx Datasheet

Pin Name

Pins

Pin
Type(l)

1/0

Level®@

Functions description

SDIO_D1

PB1

37

/o

5VT

Default: PB1

Alternate: TSI G1_101, TIMER3_CH1, TIMER2_CH2,
DCl D3, DCI D5, EVENTOUT, TIMERO_CH2_ON,
SDIO_D2

PB2-WKUP2

38

Vo

5VT

Default: PB2

Alternate: TSI G1_102, TIMER3_CH2, TIMER2_CH3,
DCI D2, DCI D4, EVENTOUT, TIMER1_CHS3,
SDIO_CK

Additional: WKUP2

PB10

39

/o

5VT

Default: PB10

Alternate: TSI_G1_103, TIMER3_CH3, TIMERO_CH1,
DCI D1, DCI D3, IFRP_OUT, EVENTOUT,
TIMER1_CH2, TIMER3_ETI, USART2_TX, SDIO_D7

PB11

40

/o

5VT

Default: PB11

Alternate: USBFS_ID, TSI G2_IO0,
TIMERO_CH1_ON, DCI_DO, DCI_D2, EVENTOUT,
1251 CKIN, USART2_RX, SDIO_D6

PB12

41

/o

5VT

Default: PB12

Alternate: 2S1_WS, USBFS DP, TSI G2_101,
DCl D1, TIMERO_CH3, EVENTOUT,
TIMERO_BRKIN, SPI1_NSS, USART2_CK

PB13

42

Vo

5VT

Default: PB13

Alternate: USBFS_DM, TSI G2 102, DCI DO,
EVENTOUT, TIMER15_CHO, TIMERO_CHO_ON,
SPI1L_SCK, I2S1_CK, USART2_CTS

PB14

43

/o

5VT

Default: PB14

Alternate: TSI_G2_ 103, EVENTOUT,
TIMER15_BRKIN, TIMERO_CH1_ON, SPI1_MISO,
[2S1_ADD _SD, USART2_RTS

Additional: USBFS_VBUS

VDD

44

Default: VDD

PB15

45

Vo

5VT

Default: PB15

Alternate: 12S1_SD, USART1_TX, USARTO_TX,
[2C0_SCL, I2C1_SCL, IFRP_OUT, EVENTOUT,
RTC_REFIN, TIMERO_CH2_ON, SPI1_MOSI

PA8

46

Vo

5VT

Default: PA8

Alternate: CK_OUTO0, USART1_RX, USARTO_RX,
[2CO_SDA, [2C1_SDA, EVENTOUT, TIMER15_CHO,
TIMERO_CHO, USARTO_CK, USBFS_SOF, SDIO_D1,
RTC_OUT

PA9

47

/o

5VT

Default: PA9
Alternate: SPI0_MOSI, SDIO_CMD, SQPI CLK,
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Pin Name

Pins

Pin
Type(l)

1/0

Level®@

Functions description

QSPI_SCK, EVENTOUT, TIMERL5_CHO_ON,
TIMERO_CH1, SPIL_SCK, 12S1_CK, USARTO_TX,
SDIO_D2, DCl DO

PA10

48

Vo

5VT

Default: PA10

Alternate: SPI0_MISO, SDIO_DO, SQPI_CSN,
QSPI_CSN, EVENTOUT, TIMER16_CHO,
TIMERO_CH2, DClI D1

PA11

49

Vo

5VT

Default: PA11

Alternate: SPI0_SCK, SDIO_CK, SQPI_DO,
QSPL_I00, EVENTOUT, TIMER16_BRKIN,
TIMERO_CH3, DCl D2

PA12-
WKUP3

50

/o

5VT

Default: PA12

Alternate: SPI0O_NSS, SDIO_D1, SQPI D1, QSPI_IO1,
EVENTOUT, TIMER16_CHO_ON, TIMERO_ET],
USARTO_RTS, DCI D3

Additional: WKUP3

PB3

51

/o

5VT

Default: JTDO, TRACESWO, PB3

Alternate: USART2_CTS, SPI0_I02, SDIO_D2,
SQPI D2, QSPI 102, EVENTOUT, TIMERL5_ BRKIN,
TIMERL CH1, SPI0_SCK, USARTO RX

PB4

52

Vo

5VT

Default: NJTRST, PB4

Alternate: USART2_RTS, SPI0_I0O3, SDIO_ D3,
SQPI_ D3, QSP| |03, TIMER1_CHO, TIMER1_ETI,
EVENTOUT, SPI0O_MISO

PC6

53

Vo

5VT

Default: PC6

Alternate: USART2_TX, TIMER1_CH1, TIMERO_CH1,
TIMERO_BRKIN, TRACECK, TIMER16_BRKIN,
TIMER2_CHO, 2S1_MCK, SDIO_D6, DCl DO

PC7

54

/o

5VT

Default: PC7

Alternate: USART2_RX, TIMER1_CHZ2,
TIMERO_CH1_ON, TIMERO_ETI, TIMER16_CHO,
TIMER2_CH1, SPI1_SCK, 12S1_CK, SDIO_D7,
DCI D1

PB5

55

/o

5VT

Default: PB5
Alternate: USART2_CK, TIMER1_CH3, IFRP_OUT,
EVENTOUT, TSITG, SPI0_MOSI, DCI D10

PB6

56

Vo

5VT

Default: PB6
Alternate: SPIL_MISO, EVENTOUT, TRACEDO,
DCI_D5

Note:

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

GD32W515Tx QFN36 pin definitions

Table 2-4. GD32W515Tx QFN36 pin definitions

; _ Pin /0 ; -
Pin Name Pins Functions description
Type® | Level®@
Default: PC8
Alternate: 12CO_SDA, USARTO_TX, 12C1_SDA,
PC8-BOOTO 1 /o 5vT — N -
EVENTOUT, TIMER2_CHZ2, SDIO_DO
Additional: BOOTO
Default: JTDI, PA15
PA15- Alternate: [2C0_SCL, USARTO_RX, 2C1_SCL,
2 Vo 5VT - - -
WKUP1 EVENTOUT, SPIO_NSS
Additional: WKUP1
Default: JTMS, SWDIO, PA13
PA13 3 [e] 5VT |Alternate: USARTO_CTS, USART1_CTS, [2C0_SMBA,
EVENTOUT, TSITG
Default: JTCK, SWCLK, PA14
Alternate: USARTO_RTS, USART1_RTS, 12C1_SMBA,
PA14 4 Vo 5VT
EVENTOUT
Additional: BOOT1
PC14 Default: PC14
5 /o 5VT |Alternate: USARTO_CK, USART1_CK, EVENTOUT
OSC32IN .
Additional: OSC32IN
Default: PC15
PC15- Alternate: IFRP_OUT, EVENTOUT
6 Vo 5VT B N
0OSC320UT Additional: RTC_TAMPO, RTC_OUT, RTC_TS,
0OSC320UT
AVDD33_AN
- 7 P Default: AVDD33_ANA
A
RF 8 AVAO Default: RF
NC -
PU 10 | Default: PU
NRST 11 ] Default: NRST
AVDD33_PA 12 P Default: AVDD33_PA
AVDD33_CL
K N 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 _I00, USART1_CTS,
PAO 17 Vo 5VT

EVENTOUT, TIMER1_CHO, TIMERL1_ETI,
TIMER4_CHO
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Pin Name

Pins

Pin
Type(l)

I/0

Level®

Functions description

Additional: ADC_INO

PA1

18

/o

5VT

Default: PA1

Alternate: USARTO_RX, TSI GO 101, USART1_RTS,
EVENTOUT, TIMER1_CH1, TIMER4_CH1
Additional: ADC_IN1

PA2-WKUPO

19

[e]

5VT

Default: PA2

Alternate: USARTO_CK, TSI GO 102, TIMERO_CHO,
EVENTOUT, TIMER1_CH2, TIMER4_CH2, 12S1_CKIN,
USART1_TX

Additional: ADC_IN2, WKUPO, RTC_TAMP1

PA3

20

/o

5VT

Default: PA3

Alternate: USART1_CK, TSI _GO0_IO3,
TIMERO_CHO_ON, EVENTOUT, TIMER1_CHS3,
TIMER4 _CH3, 12S1_MCK, USART1_RX, RTC OUT
Additional: ADC_IN3

PA4

21

/o

5VT

Default: PA4

Alternate: 12S1_ADD_SD, SPI1_MOSI, 12S1_SD,
SPI0_MOSI, QSPI_SCK, TIMER4_CH2, USART1_TX,
TIMERO CH1, EVENTOUT, SPI0_NSS, USART1 CK
Additional: ADC IN8

PAS5

22

/o

5VT

Default: PA5

Alternate: 12S1_MCK, SPI0O_MISO, QSPI CSN,
TIMER4_CH3, USART1_RX, TIMERO_CH1 ON,
EVENTOUT, SPI0_SCK

PAG

23

/o

5VT

Default: PA6

Alternate: 12S1_CKIN, SPI0_SCK, QSPI_|O0,
TIMER2_CHO, USART2_TX, TIMERO_CH1,
TIMER1_CH1, EVENTOUT, SPI0_MISO, 12S1_MCK,
SDIO_CMD

PA7

24

/o

5VT

Default: PA7

Alternate: SPIL_NSS, 12S1_WS, SPI0_NSS, QSP_I01,
TIMER2_CH1, USART2_RX, TIMERO_CH1_ON,
TIMERL_CH2, EVENTOUT, TIMERO CHO_ON,
SPI0_MOSI

PB11

25

/o

5VT

Default: PB11
Alternate: USBFS_ID, TSI G2 100, TIMERO_CH1 ON,
EVENTOUT, 12S1 CKIN, USART2_RX, SDIO D6

PB12

26

/o

5VT

Default: PB12

Alternate: 12S1 WS, USBFS _DP, TSI G2 101,
TIMERO _CH3, EVENTOUT, TIMERO_BRKIN,
SPI1_NSS, USART2_CK

PB13

27

/o

5VT

Default: PB13
Alternate: USBFS_DM, TSI G2 102, EVENTOUT,
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; ; Pin 110 ; -
Pin Name Pins Functions description
Type® | Level®@
TIMER15_CHO, TIMERO_CHO_ON, SPI1_SCK,
[2S1_CK, USART2_CTS
VDD 28 P Default: VDD
Default: PB15
Alternate: 12S1_SD, USART1_TX, USARTO_TX,
PB15 29 /o 5VT
[2C0_SCL, 12C1_SCL, IFRP_OUT, EVENTOUT,
RTC_REFIN, TIMERO_CH2_ON, SPi1_MOSI
Default: PA8
Alternate: CK_OUTO, USART1_RX, USARTO_RX,
PA8 30 1o 5VT [I2CO0_SDA, I2C1_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 o 5VT [QSP_SCK, EVENTOUT, TIMER15 CHO_ON,
TIMERO_CH1, SPI1_SCK, 12S1_CK, USARTO_TX,
SDIO_D2
Default: PA10
Alternate: SPI0_MISO, SDIO_DO, SQPI_CSN,
PA10 32 /o 5VT
QSPI_CSN, EVENTOUT, TIMER16_CHO,
TIMERO_CH2
Default: PA11
PA11 33 o 5VT [Alternate: SPI0O_SCK, SDIO_CK, SQPI DO, QSPI_IOO0,
EVENTOUT, TIMER16_BRKIN, TIMERO_CH3
Default: PA12
ALY Alternate: SPI0_NSS, SDIO_D1, SQP| D1, QSP_IO1,
34 o 5VT |EVENTOUT, TIMER16_CHO_ON, TIMERO ETI,
WKUP3
USARTO_RTS
Additional: WKUP3
Default: JTDO, TRACESWO, PB3
Alternate: USART2_CTS, SPI0_I02, SDIO_D2,
PB3 35 /o 5VT
SQPI_ D2, QSPI 102, EVENTOUT, TIMER15_ BRKIN,
TIMER1_CH1, SPI0_SCK, USARTO _RX
Default: NJTRST, PB4
Alternate: USART2_RTS, SPI0_I03, SDIO_D3,
PB4 36 /o 5VT
SQPI_D3, QSPI 103, TIMER1_CHO, TIMER1_ETI,
EVENTOUT, SPI0O_MISO
Note:

(1) Type: I =input, O = output, A = analog, P = power.
(2) /O Lewvel: 5VT =5V tolerant.
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2.6.3. GD32W515xx pin alternate functions
Table 2-5. Port A alternate functions summary
Ng::e AFO | AF1 [ AF2 | AF3 | AF4 | AF5 | AF6 | AF7 | AF8 | AF9 [AF10|AF11 [AF12 |AF13 |AF14 |AF15
TIME
o [vsmn [T UE | e e
LIRS I 0_100 S TOUT
ETI
USAR | TIME | TIME USAR
TSI_G EVEN
PAL |TOR |R1.C|R4_C 0101 T1_RT TOUT
X H1 | H1 S
USAR | TIME | TIME TIME HPDF
PA2 |TO C |R1.C|R4_C I)S:E)GZ 'gilli\—l RO_C :fATi _AUDI 5552
K H2 H2 - HO — ow
TIME
A3 LﬁACR F?lM(E: FILM(E: TSI_G |12s1_ LﬁA; RO_C [RTC_ H[P)DAi EVEN
K H3 H3 0_103 [ MCK % H(L_O ouT AINLD TOUT
1251 TIME SPIL_1sar | TiME DCI_H
O e ET b ol R v el B T se| |2
- SD H2 -| K H1 B
SD
USAR 1251_ [QSPI_[sPio_|sPIo TIME FE)M(E: pelv EVEN
— — - — . (
PAS T1>—<R MCK [ csN [ miso | sck R:EC H1_ O SYL\‘C TOUT
N
TIME TIME | TIME DCI_P |HPDF
e S0 e Vi e e (L S e I b e P
HO H1 | H1 - @ oW
SPI1_| TIME TIME
opy |NSS/H|ROC ;'ZM(E: QSPI_[SPIo_|SPI0_| RO_C |DCI_D LgA: RT'lM(E: EVEN
281_ [HOO| "7 I01 | NSS [MOSI |H1 O 7® X Ho TOUT
ws N N
ppg | CKO ;gvlg igA: lﬁA: 12c0o_|12c1_ ﬁiAg ;'1'\2'5 RTC_ ;Jsssg SDIO_ EVEN
uTo — - - SDA | SDA | - - | ouT | 7= D1 TOUT
HO X X K | cHo F
TIME SPI1_ TIME
pro | SP10_| o o [SPIO_|SQPI_|QSPI_sCKiI USAR | R15_ SbIO_[bcI_D EVEN
MOSI —“|cMD | cLk | sck |2s1 C TO_TX| CHO D2 | o® TOUT
H1 — - -
K ON
spio_ | "™E Ispio SQPI_|QsPI TIME DCI_D EVEN
PA10 ~|rRO_C - — — R16 n
. — @)
MISO |7 7| DO [ CSN | CSN oHO 1 TOUT
spio_ | "™ Ispio SQPI_|QsPI TIME DCI_D EVEN
PA11 -|rRO_C - - - R16_B Iy
SCK |,z | ¢k | po [ 100 RKIN 2 TOUT
TIME
TIME USAR
AL RO.E QSPI_ SPIO_ T0.RT SQPI_ R16_ SDIO_ DCIl_D EVEN
101 NSS D1 CHO_ D1 3® TOUT
T S
ON
a3 |owol Tocr| T er
SMBA = = TOUT
o S S
JTCK/ 1201 USAR [ USAR EVEN
PA14 |SWCL SVRA TO_RT|T1_RT ToUT
K S S
i2co_|spio_|12c1_|23AR EVEN
PALS | JTDI scL | Nss | scL TO;R TOUT

26



e

GigaDevice GD32W515xx Datasheet

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 RO_C R2_C |R3_C [1_100¢ SDIO_IDCI_DIDCI_D}q ;3¢
H1 O D1® 40 6@
— H1® Ho® 1 1
NE
FI'OME TIME | TIME [TSI_G so16 Ioer bloer ol EVEN
PB1 -~ |R3_C |R2_C [|1_101¢ el B 7 [TouT
H2_O D20 | 3® | 50
— H1® H2® 1 1
NE
TIME | TIME | TIME [TSI_G EVEN
PB2 R1_C |R3_C [R2_C |1_102¢ SD'%— DC('D—D DC(';D TOUT!
H3® | Ho® | pao | o CKT | 2 4 )
JTDO/ | TIME USAR USAR | TIME
PB3 |TRAC |R1_C leopzl_ SSP(':OK— SF;Z—' TO_R Sg';'— T2_CT|R15 B SDD'S— 5;5'2
ESWO| H1 X S | RKIN
TIME
ppa |NWTR itﬁl QSPI_ SPIO_[SPIO_I ?25/;\3 SQPI_ SDIO_ EVEN
ST 103 Miso| 03 - D3 D3 TOUT
MER1 S
_ETI
IFRP_ TIME TSITG SPIO_( USAR bCID EVE_II\—I<
PBS |q,q@ [RLC @ | MosI T2_C 100 TOU
H3® 1) K® 1)
TRAC SPI1_ bCI D EVEN
( _
PB6 | £pow MI%O = TolL)n*
TIME SPIL USAR DCI_V EVEN
TRAC 12C0_ [NSs® ~
PB7 |cpio R3 C spA® |21 TO_R SYNC TOUT
H1® & 1) 1)
ws®
TRAC TIME 5336 SDIO_|DCI_D EVEN
PBS | epon R3_C Nn2s1 D4® | & TouT
H2(1) — 1)
CcK®
SPI1
TIME | TIME - EVEN
TRA MOSI( DIO_[pcI_D
PB9 g R1 C|R3_C Y oS S 8)— C(l)— TOUT!
ED3Y | | o /1251 D5 7 2
_SD(l)
TIME | TIME | TIME [TSI_G USAR | TIME | __ soio Ioct bloer b EVEN
PB10 R1 C|R3_E |R3_C |1 103 T2_TX|RO_C @ o | Ca o |TouT
Hoo | 1@ | pso | o ® | o [OV b7 | 1 3 Y
TIME
USAR
PB11 RO_C TSI_G [12S1_ T R USBF SDIO_[DCI_D|DCI_D|EVEN
H1_O 2 100 | CKIN ” S_ID D6 oW 20 | TOoUT
N
TIME | TIME TSI_G 22;/7 USAR USBF DCI_D EVEN
PB12 RO B[RO C - T2_C iy
RKIN | H3 2101 | 2s1_ K S_DP 1 TOUT
ws
TIME SPI1
- USAR | TIME
PB13 RO_C TSI_G [ SCKI/I T2.cT| R15_ USBF DC(Il)_D EVEN
HO_O 2102 |2s81_C S_DM 0 TOUT
S CHO
N K
TIME TSI_G [SPI1_|12S1_ |USAR TIME EVEN
PB14 RO_C 2103 | miso' | aDD_ [12_RT|RL>-58 TOUT
H1 O P 5 . RKIN
sp®W s® 1)
NO )
TIME SPI1_
PB1S RTC_|RO_C 12C0_ |MOSI/ |12C1_ [USAR | USAR |IFRP_ EVEN
REFIN|H2_O SCL [12s1_|scL |T1_TX|TO_TX| ouT TOUT
N SD
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Table 2-7. Port C alternate functions summary
Pin
AFO | AF1 | AF2 | AR3 | AF4 | AF5 | AF6 | AF7 | AR8 | AF9 | AF10 |AF11 [AF12 |AF13 |AF14 |AF15
Name
USAR TIME 12C0_ bel p|HPDF | EVEN
PCO |T1_TX RO_C SMBA! A0 |-CKIN TOUT!
@ H3® ) oW B
USAR ;'OME 12C1_ fn?)léﬁ DCI_H| | p[HPDF [EVEN
PC1 |TLR e SMBA( 2 syNC{~ 7 |_CKIN|TOUT!
@ [RKINS 1 )12s1 1 8 @ 1
1
) _SD(l)
TIME | TIME | TIME 12co | SP1L-| 1281 1201 b vl . [HPDF [EVEN
PC2 [RO_E |RO_C|R4_C @ | MIsot| ADD_ @ sYNC{~ 5 | _CKoO|ToUuT!
1™ | Ho® | Ho® SCL y | gp® SDA y |9 ut® [
TIvE SPIL TIME
R1_C | TIME = DCI_P HPDF | EVEN
PC3 HOW/T|R4_C 'SZS:AO(;) 1';;'32'1 |32((::|_1<5 Eg—g IXCLK Dfl'(;)D _DAT |TOUT
IMERL| H1® o o) W Ano®|
ETI® b N
12S1_ | TIME | osp SPIO_| SQPI_ DCI_D|DCI_D EVE;\i
PC4 ADD_|R2_C | o0 0o CLK® 6@ | 108 TOU
sp®W H2® 1)
ck_o | IME | TIME 1 ospy_ spio_t|YSAR | sopi_ DCI_D|DCI_D|DCI_D EVE:i
PCS ymi [R2-CR2.C 100 030 [ 2R | con® 70 | 130 | 50 |TOY
HO® | H3® & 1
TIME TIME
b |TRAC|ROB I:IZM(E: 12S1_ R16_B FI'OM(E: FI'lM(E: iZSAT'?( SDIO_|DCI_D
1) 1 — 1) 1 — — — 1) 1)
ECK® RK)IN( HoW MCK® RK)IN( Hio | pio | ® pe® | o®
TIME Tve | Ve SPiL TIME [USAR | TIME
(]
PC7 |RO_E r2_c |RO-C ScK R16_| T2_.R |R1_C sblo_|pclb
H1_ 0 12s1 D7® | 1@
m H1® NO cKW CHOW| XV | H2®
bcs I:IZM(E: 12C0O_| 12C1_|USAR SDIO_|DCI_D EVEN
o SDA [ SDA [T0_TX Do | 2@ TOouT
USAR |USAR EVEN
PC14 TO}ZC Tlizc ToUT
c1s |'FRP- EVEN
ouT TOUT
Note:

(1) Functions are available on GD32W515Px devices only.
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3. Functional description
3.1. Arm®Cortex®-M33core
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 Upto 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 Watchpointand 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
B 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. Embedded memory

B Upto 2048 Kbytes of SIP Flash memory
B Upto 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,resetand 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 Supenisor: POR (Power On Reset), PDR (Power Down Reset), and low
woltage 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 Vpp is below a specified threshold.
The embedded low voltage detector (LVD) monitors the power supply, compares it to the
woltage threshold and generates an interrupt as a warning message for leading the MCU
into security.

Power supply schemes:

B Vpprange: 1.62t0 3.63V, external power supply for I/Os and the internal regulator.
Provided externally through Voo pins.

B VssaisOV.

B Vpparange: 2.5 to 3.63 V, external analog power supplies for ADC, reset blocks,
RCs and PLL.

B Vgak range: 1.62 to 3.63 V, power supply for RTC unit, LXTAL oscillator, BPOR, and
two pads, including PC14 to PC15 when Vop 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 hit 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 SWBOOT1 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::nPAM 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 modeswhen 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 boot1 and

bootO.
Table 3-3. Boot address modeswhen TrustZone is disabled (TZEN=0)
EFBOOTLK BOOTO BOOT1 Boot address Boot area
SIP Flash when
cfg_qgspiis 0
0 0 ) 0x08000000 QSPIgl_:?asph w hen
cfg_qgspiis 1
0 1 0 0x0BF40000 Bootloader / ROM
0 1 1 0x0A000000 SRAMO
SIP Flash when
1 0 - 0x08000000 cfg_gspils 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 Boot
o
MD == EFBOOTLK BOOTO0 | BOOT1 EFSB Boot area
address
8’hc("
SPI Flash when
0 0 - 0 0x0C000000 cfg_qgspiis O
QSP! Flash when
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GSSAC
MD == EFBOOTLK BOOTO | BOOT1 EFSB Boot Boot area
Fhe address
cfg_gspiis 1
0 0 0 - 1 0XOFF84000 secure boot
0 0 1 0 - 0xO0FF80000 GSSA
0 0 1 1 - 0x0E000000 SRAMO
SPI Flash when
- 1 0 - 0 0x0C000000 o7g_asplie 0
QSPI Flash when
cfg_qgspiis 1
- 1 0 - 1 0XO0FF84000 secure boot
- 1 1 - - 0xO0FF80000 GSSA
1 0 - - - 0xOFF80000 GSSA
Note: (1) When the GSSACMD bit field is 0xOC, it means 1, otherwise it means 0.
The BOOTX (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 BOOTXx values to select the required boot
mode. The BOOTX pin or EFBOOTX bit (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 inthe System memory, which is used to reprogram
the Flash memory. The boot loader can be activated through one of the following serial
interfaces: USARTO (PAS8, PB15), USART1 (PA2, PA3) and USART1 (PB10, PB11).
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 clocksin 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
from the deep-sleep mode including the 16 external lines, the RTC alarm non-secure
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3.6.

3.7.

LVD output, VLVDF interrupt, WIFIL1N wakeup, USBFS wakeup, RTC Tamper and
Timestamp non-secure, RTC Wakeup event non-secure, 12C0 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/SRAMZ2/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)

One-time programmable nonwolatile EFUSE storage cells organized as 256*8 bit.

B All bits in the efuse cannot be rollback from 1 to O.

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 intemal
and external memories.

General-purposeinputs/outputs (GPIOs)

B Upto43 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 PAO ~
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 Foroff-chip memories, the size of non-secure area is defined in TZSPC registers.

B Foron-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 TZBMP C 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
)@2_'_ )<26+X23+ X22+ X16+ X12+ Xll+ 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, SPIs, 12S, 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 awiding 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.

Analogto digital converter (ADC)

B 12-bit SARADC'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 wltage 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 wltage range is between 0 and
Vppa. 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 wltage 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 supportmore 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 (TIMERQO) with internal connection. The
temperature sensor can be used to generate a wltage 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 Vopa is implemented
to achieve better performance of analog circuits. Vpopa can be externally connected to Voo
through the external filtering circuit that avoids noise on Vppa, and Vssa should be
connected to Vssthrough the specific circuitindependently.

Realtime 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-ly 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 alam
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 prescaleris a 7-bit asynchronous
prescaler and the other is a 15-bit synchronous prescaler.

3.15. Timersand PWM generation

B One 16-bit advanced timer (TIMERO), two 32-bit general timer (TIMER1, TIMER?2),
up to five 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 SysTicktimeris dedicatedfor OS, but could also be used as a standard down counter.
The features are shown below:
B AZ24-bit down counter
B Auto reload capability
B Maskable system interrupt generation when the counter reaches 0
B Programmable clock source

3.16. Universal synchronousasynchronous receivertransmitter
(USART)
B Maximum speed up to 11.25 MBits/s
B Supports both asynchronous and clocked synchronous serial communication modes
m DA SIR encoder and decoder support
B LIN break generation and detection
B ISO 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 I2C0 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 I2C 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 I2C 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 calculatoris also provided in I2C interface to perform packet error checking for 12C data.

Serial peripheral interface (SPI)

Up to two SPl 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 SPIO)

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 SPIinterface 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-SPIl 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 (I12S) 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 SQPIcontroller support configuring output clock frequency whichis divided by HCLK.

B SQPIcontroller support no address phase and data phase operation whichis named
special command by the controller.

B SQPIcontroller 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-SPlinterface (QSPI)

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-bit 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.

Securedigitalinputand 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 extemal
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 revi.1.

Universal serialbus 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 devce
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 camerainterface (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/Y CrCb/RGB
Hard/embedded synchronous signals supported

DCI is an 8-hit 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 sensinginterface (TSI)

B 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 forincoming 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-
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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.
3.28. Public Key Cryptographic Acceleration Unit (PKCAU)
B Support RSA/DH algorithms with up to 3136 bits of operands
B Support ECC algorithm with up to 640 bits of operands
B Embedded RAM of 3584 bytes
B Conwersion between the Montgomery domain and the natural domain
B only 32-bit access is supported
Public key encryption is also called asymmetric encryption, asymmetric encryption
algorithms use different keys for encryption and decryption. The Public Key
Cryptographic Acceleration Unit (PKCAU) can accelerate RSA (Rivest, Shamir and
Adleman), Diffie-Hellmann (DH key exchange) and ECC (elliptic curve cryptography) in
GF(p) (Galois domain). These operations are performed in the Montgomery domain to
improve computational efficiency.
3.29. 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 (2-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)

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

m Wi-FiWPS

B Wi-Fi Direct

B Integrated TCP/IP protocol

3.31.2. Wi-Fi MAC
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 wvector (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 senice

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 MCSO0-7, 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 MCS0-7, 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
B |EEE 802.11n mixed mode operation
B Perpacket TXpower 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, woltage, 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 ntegrated 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 (GD32W515Tx).
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 Y®
Symbol Parameter Min Max Unit
Vbb External voltage range® -0.3 3.63 \Y
Vbba External analog supply voltage -0.3 3.63 Vv
VBaT External battery supply voltage -0.3 3.63 \Y,
AVDD33_ANA Wi-Fi Analog voltage -0.3 3.63 \%
AVDD33_PA Wi-Fi PA voltage -0.3 3.63 \%
AVDD33_CLK Wi-Fi Clock voltage -0.3 3.63 Vv
Input voltage on 5V tolerant pin® -0.3 Vpp + 3.63 \%
VIN Input voltage on other VO -0.3 3.63 \
|AVbpy Variations betw een different Vpp pow er pins — 50 mv
llo Maximum current for GPIO pin — +25 mA
Ta Operating temperature range -40 +85 °C
Tste Storage temperature range -65 +150 °C
Ty Maximum junction temperature — 125 °C
(1) Guaranteed by design, nottested inproduction.
(2) All main power and ground pins should be connected to an external power source within the allowable
range.
(3) Vi maximumvalue cannotexceed 5.5V.
(4) Itisrecommendedthat Vppand Vppa are powered by the same source. The maximum difference between
Voo and Vppa doesnot 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
— 16204 33 | 363 | V
Vbp Supply voltage — 27 | 33 | 363
VbpA Analog supply voltage — 27 | 33 | 363 | V
VBar Battery supply voltage — 1620) 33 1363 | v
— 27 | 33 | 3.63
AVDD33_ANA® Wi-Fi Analog voltage — 30| 33 (363 V
AVDD33_PA® Wi-Fi PA voltage — 30 | 33 363 V
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| AVDD33_CLK®

Wi-Fi Clock voltage

| 30 | 33 [3e3]| v |

@

Based on characterization, not tested in production.
(2) OnlyforGD32W515P0Q6.

Figure 4-1. Recommended power supply decoupling capacitors M@

1uF+10 nF

10 yF+N*1 pF

10uF+N*100 nF

VD D/ VB AT

GND

VD DA

GND

AVDD33

GND

(1) When using precision internal reference voltage, and a bypass capacitorabout0.1 pyF (or 1 yF connected

in parallel, which isrecommended) to ground isrequired.

(2) AVDD33include AVDD33_PA, AVDD33_ANA,AVDD33_CLK.
(3) Alldecoupling capacitorsneed to be asclose as possible to the pinson the PCB board.

Table 4-3. Clock frequency @

Symbol Parameter Conditions Min [ Max | Unit
frHok AHB clock frequency — — 180 | MHz
faPB1 APB1 clock frequency — — 45 MHz
fapB2 APB2 clock frequency — — 90 MHz

(1) Guaranteed by design, not tested inproduction.

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

Symbol Parameter Conditions Min | Max [ Unit
Vpprise time rate — L

tvop X — ps IV
Voo fall time rate 20 —

(1) Guaranteed by design, not tested inproduction.
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Table 4-5. Start-up timings of Operating conditions ®@®)
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,nottested in production.
(2) After power-up, the start-up time isthe time between the rising edge of NRST high and the first IO
instruction.
(3) PLLisoff.
Table 4-6. Power saving mode wakeup timings characteristics @@
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 pow er mode) 1.7
tDeep-sieep | Wakeup from Deep-sleep mode (LDO On and Low driver mode) 62 us
Wakeup from Deep-sleep mode (LDO in low pow er 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 eventto the pointat 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

+18dBm®

Power Mode MCU State Wi-Fi State
Active Active Active
- ) Pow er save mode: Wi-Fi w ake up periodically to
Wi-Fi Sleep Active .
listen beacon frame to stay connected to the AP.
) Pow er save mode: Wi-Fi w ake up periodically to
Mild Sleep Pow er on, PLL off, Clock gated |
listen beacon frame to stay connected to the AP.
Mostly pow er off, only the w ake
Hibernation . Pow er off
up source is pow eron
Shutdow n — Pow er off
Table 4-8. Wi-Fi Power consumption characteristics ¥®
Power Mode Description Consumption unit
Wi-Fi Tx 802.11b, CCK 1Mbps, Pout = +18dBm(* 338 mA
Active Wi-Fi Tx 802.11b, CCK 11Mbps, Pout = +17dBm(# 323 mA
Wi-Fi Tx 802.11g, OFDM 6Mbps, Pout =
327 mA
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Power Mode Description Consumption unit
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#
Wi-Fi Tx 802.11n, HT 40M MCSO0, Pout =
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 MCSO0, -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 15 mA
Mild Sleep
DTIM=3 0.75 mA
Hibernation MCU in Standby mode(” 54 pA
Shutdow n — — mA

@)
@
®)
@)
®)
®)
@

Below data are measured at antenna port of GD Wi-Fi Demo board.
Unless otherwise specified, all valuesgivenfor TA conditionand test resultismean value.
DC Power= 3.3V, HXTAL =40 MHz, System clock= 180 MHz.
ContinuousTx, Duty cycle =100%.

Rx Packet Length = 1024 Bytes.

Vb = Vppa =3.3V, HXTAL =40 MHz, System clock = 180 MHz, all peripheralsenabled, except Wi-Fi.
Vpp = Vppa =3.3V, LXTAL off, IRC32K on, RTCon.

Table 4-9. Power consumption characteristics @®@O®©

Symbol Parameter Conditions Min [ Typ@® | Max | Unit
Vpp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 180 MHz, All peripherals — | 56.5 — | mA
enabled
Vpp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 180 MHz, All peripherals — | 29.7 — | mA
Supply current ]
Ibo+lbpa disabled
(Run mode)
Vpp=Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 168 MHz, All peripherals — | 52.9 — | mA
enabled
Vpp=Vppa=3.3 V, HXTAL = 25 MHz,
— | 278 | — | mA
System clock = 168 MHz, All peripherals
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Symbol Parameter Conditions Min | Typ® | Max | Unit
disabled
Vpp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 120 MHz, All peripherals — | 384 — mA
enabled
Vpbp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 120 MHz, All peripherals — | 20.5 — mA
disabled
Vpp=Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 108 MHz, All peripherals — | 34.8 — mA
enabled
Vpp=Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 108 MHz, All peripherals — | 18.6 — mA
disabled
Vpp=Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 96 MHz, All peripherals — | 3.2 — mA
enabled
Vpp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 96 MHz, All peripherals — | 16.8 — mA
disabled
Vpp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 72 MHz, All peripherals — 24 — mA
enabled
Vpp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 72 MHz, All peripherals — | 13.2 — mA
disabled
Vpob =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 48 MHz, All peripherals — | 16.6 — | mA
enabled
Vpp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 48 MHz, All peripherals — 9.5 — mA
disabled
Vpbp =Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 36 MHz, All peripherals — 13 — | mA
enabled
Vpob=Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 36 MHz, All peripherals — 7.7 — | mA
disabled
Vpp=Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 25 MHz, PLL off, All — 9.5 — mA
peripherals enabled
Vpp=Vppa=3.3 V, HXTAL = 25 MHz,
System clock = 25 MHz, PLL off, All ™
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Symbol

Parameter

Conditions

Min

Max

Unit

peripherals disabled

Voo =Vppa=3.3 V, use IRC16M, System
clock =16 MHz, PLL off, All peripherals
enabled

7.8

Vpp=Vbpa=3.3 V, use IRC16M, System
clock =16 MHz, PLL off, All peripherals
disabled

4.8

Vpp =Vppa=3.3 V, use IRC16M, System
clock =8 MHz, PLL off, All peripherals

enabled

55

Vpp=Vbpa=3.3 V, use IRC16M, System
clock =8 MHz, PLL off, All peripherals
disabled

3.6

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

enabled

4.4

Vbobp =Vppa=3.3 V, use IRC16M, System
clock =4 MHz, PLL off, All peripherals
disabled

3.1

Vpp=Vppa=3.3 V, use IRC16M, System
clock =2 MHz, PLL off, All peripherals

enabled

3.8

Vpp =Vppa=3.3 V, use IRC16M, System
clock =2 MHz, PLL off, All peripherals
disabled

2.8

Supply current
(Sleep mode)

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

43.1

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

16.1

Vbbp=Vppa=3.3 V, HXTAL =25 MHz,
System Clock = 168 MHz, CPU clock off,

All peripherals enabled

40.3

Vpbp =Vppa=3.3 V, HXTAL = 25 MHz,
System Clock = 168 MHz, CPU clock off,
All peripherals disabled

15.1

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

29

Vbob=Vppa=3.3 V, HXTAL = 25 MHz,
System Clock = 120 MHz, CPU clock off,

1

50




e

GigaDevice

GD32W515xx Datasheet

Symbol

Parameter

Conditions

Min

Max

Unit

All peripherals disabled

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

26.2

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

9.9

Vpbp =Vppa=3.3 V, HXTAL = 25 MHz,
System Clock = 96 MHz, CPU clock off, All

peripherals enabled

234

Vpp=Vppa=3.3 V, HXTAL =25 MHz,
System Clock = 96 MHz, CPU clock off, All

peripherals disabled

8.9

Vbobp=Vppa=3.3 V, HXTAL = 25 MHz,
System Clock = 72 MHz, CPU clock off, All

peripherals enabled

17.7

Vbob =Vppa=3.3 V, HXTAL = 25 MHz,
System Clock = 72 MHz, CPU clock off, All

peripherals disabled

6.9

Vbbb =Vppa=3.3 V, HXTAL =25 MHz,
System Clock = 48 MHz, CPU clock off, All

peripherals enabled

121

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

4.9

Vpp=Vppa=3.3 V, HXTAL = 25 MHz,
System Clock = 36 MHz, CPU clock off, All

peripherals enabled

9.3

Vpp =Vppa=3.3 V, HXTAL = 25 MHz,
System Clock = 36 MHz, CPU clock off, All

peripherals disabled

3.8

Vbbp=Vppa=3.3 V, HXTAL =25 MHz,
System Clock = 25 MHz, PLL off, CPU

clock off, All peripherals enabled

6.4

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

2.7

Vpp=Vbpa=3.3 V, use IRC16M, System
Clock = 16 MHz, PLL off, CPU clock off, All

peripherals enabled

5.3

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

24
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Symbol Parameter Conditions Min | Typ® | Max | Unit
peripherals disabled
Vpp=Vppa=3.3 V, use IRC16M, System
Clock = 8 MHz, PLL off, CPU clock off, All | — 3.6 — | mA
peripherals enabled
Vopb=Vppa=3.3 V, use IRC16M, System
Clock = 8 MHz, PLL off, CPU clock off, All | — 1.7 — mA
peripherals disabled
Vpp=Vppa=3.3 V, use IRC16M, System
Clock = 4 MHz, PLL off, CPU clock off, All [ — 2.7 — mA
peripherals enabled
Vbopb=Vppa=3.3 V, use IRC16M, System
Clock = 4 MHz, PLL off, CPU clock off, All | — 1.4 — | mA
peripherals disabled
Vbobp =Vppa=3.3 V, use IRC16M, System
Clock = 2 MHz, PLL off, CPU clock off, All [ — 2.3 — mA
peripherals enabled
Vob=Vppa=3.3 V, use IRC16M, System
Clock = 2 MHz, PLL off, CPU clock off, All | — 1.3 — mA
peripherals disabled
Vpp =Vppa=3.3 V, LDO in normal pow er
and normal driver mode, IRC32K off, RTC| — | 379.3 | — MA
off, AllGPIOs analog mode
Vpp=Vppa=3.3 V, LDO in low pow er and
normal driver mode, IRC32K off, RTC off, | — 325 — MA
Supply current
(Deep-Sieep All GPIOs analog mode
Vpp =Vppa=3.3 V, LDO in normal pow er
mode) and low driver mode, IRC32K off, RTC off,| — | 229.7 | — MA
All GPIOs analog mode
Vbp=Vppa=3.3 V, LDO in low power and
low driver mode, IRC32K off, RTC off,All | — | 200.8 | — MA
GPIOs analog mode
Vop = Vopa=3.3 V, LXTAL off, IRC32K on,
RTC on a IRA B e
Supply current [Vpp=Vppa=3.3 V, LXTAL off, IRC32K on,
(Standby mode) RTC off R s
Vpp =Vppa=3.3 V, LXTAL off, IRC32K off,
RTC off il B
Battery supply | Voo off, Vopaoff, Vear =3.63V, LXTAL on
lBAT current (Backup w ith external crystal, RTC on, LXTAL — | 1.98 — MA
mode) Highest driving
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Symbol

Parameter

Conditions

Min

Max

Unit

Vpp off, Vppa off, Vear =3.3V, LXTAL on
w ith external crystal, RTC on, LXTAL
Highest driving

1.88

MA

Vpp off, Vppaoff, Vear =2.7V, LXTAL on
w ith external crystal, RTC on, LXTAL
Highest driving

1.77

MA

Vpp off, Vppaoff, Vear =1.62V, LXTAL on
w ith external crystal, RTC on, LXTAL
Highest driving

1.43

MA

Vpp off, Vppa off, VeaTr =3.63V, LXTAL on
with external crystal, RTC on, LXTAL
Higher driving

1.57

MA

Vpp off, Vppaoff, Veatr =3.3V, LXTAL on
w ith external crystal, RTC on, LXTAL
Higher driving

1.48

MA

Vpp off, Vppa off, Vear =2.7V, LXTAL on
w ith external crystal, RTC on, LXTAL
Higher driving

1.37

MA

Vpp off, Vppa off, Vear =1.62V, LXTAL on
w ith external crystal, RTC on, LXTAL
Higher driving

MA

Vpp off, Vppa off, Vear =3.63V, LXTAL on
w ith external crystal, RTC on, LXTAL High

driving

MA

Vpp off, Vppa off, Vear =3.3V, LXTAL on
w ith external crystal, RTC on, LXTAL High

driving

1.08

MA

Vpp off, Vppa off, Vear =2.7V, LXTAL on
w ith external crystal, RTC on, LXTAL High

driving

0.97

MA

Vpp off, Vppaoff, Vear =1.62V, LXTAL on
w ith external crystal, RTC on, LXTAL High

driving

0.82

MA

Vpp off, Vppa off, Vear =3.63V, LXTAL on
w ith external crystal, RTC on, LXTAL

Low er driving

1.03

MA

Vpp off, Vppaoff, Veat =3.3V, LXTAL on
with external crystal, RTC on, LXTAL

Low er driving

0.94

MA

Vpp off, Vbpaoff, Veat =2.7V, LXTAL on
w ith external crystal, RTC on, LXTAL

Low er driving

0.83

MA
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4.4,

4.5.

Symbol

Parameter

Conditions Min

Max | Unit

Vpp off, Vppa off, Vear =1.62V, LXTAL on
w ith external crystal, RTC on, LXTAL — 0.68

Low er driving

(1) Based on characterization,nottested in production.

(2) Unlessotherwise specified, all valuesgivenfor T . condition andtest resultismean value.
(3) When System Clockis greaterthan 16 MHz, a crystal 25 MHz isused, and the HXTAL bypassfunction

isclosed, using PLL.
(4) When analogperipheral blockssuch asADCs, HXTAL, LXTAL, IRC16M, or IRC32K are ON, an additional

power consumption should be considered.
(5) Withlarge margin, itwill be adjusted accordingto the massproductiondata.
(6) When Wi-Fi power off.

EMC characteristics

EMS (electromagnetic susceptibility) includes ESD (Electrostatic discharge, positive and
negative) and FTB (Burst of Fast Transient voltage, positive and negative) testing resuit

is given in Table 4-10. EMS characteristics, based on the EMS lewels and classes
compliant with IEC 61000 series standard.

Table 4-10. EMS characteristics @

Symbol

Param eter

Conditions

Level/Class

VEsD

Voltage applied to all device pins to

induce a functional disturbance

Vpp =Vppa=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 Vpp and GND

Vpp=Vppa=AVDD33 =3.3V,
Ta = 25 °C, Wi-Fi on, QFN56,
fHcok = 180 MHz
conforms to IEC 61000-4-4

aA

(1) Basedon characterization,nottested in production.

Power supply supervisor characteristics

Table 4-11. Power supply supervisor characteristics

Symbol

Parameter

Conditions Min Typ

Max Unit

VoM

Low Voltage Detector

LVDT[2:0] =000, rising edge — 2.21

LVDT[2:0] =000, faling edge | — 2.11

LVDT[2:0] =001, rising edge | — | 237

Threshold

LVDT[2:0] =001, faling edge | — | 22°

LVDT[2:0] =010, rising edge | — | 21

LVDT[2:0] =010, faling edge | — 2.39
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Symbol Parameter Conditions Min Typ Max | Unit
LVDT[2:0] =011, risingedge | — | 285 | — | v
LVDT[2:0] =011, faling edge | — 2.54 — v
LVDT[2:0] =100, rising edge | — | 2:80 — v
LVDT[2:0] =100, faling edge | — | 268 | — | v
LVDT[2:0] =101, rising edge | — | 29 | — | v
LVDT[2:0] =101, faling edge | — 2.83 — v
LVDT[2:0] =110, rising edge — 3.08 — \%
LVDT[2:0] =110, falling edge — 2.98 — \%
LVDT[2:0] =111, rising edge | — 3.23 — v
LVDT[2:0] =111, faling edge | — | 313 | — | v
Vppa Low Voltage
Vwwp(" — — 2.36 — Y,
Detector Threshold
Vivohyst? LVD hysteresis — — 100 — mv
Pow er on reset
Vpor(" — 1.55 — %
threshold
Pow er dow nreset
Vepr!" _ — 1.51 — \%
threshold
VpPDRhyst? PDR hysteresis — 40 — | mv
trsTTEMPO'?]  Reset temporization — 2.45 _ ms
(1) Based on characterization,nottested in production.
(2) Guaranteed by design, nottested inproduction.
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.
Table 4-12. ESD characteristics @
Symbol Parameter Conditions Min | Typ Max | Unit
Ta =25 °C;
Blectrostatic discharge
VESD(HBM) ESDA/JEDEC JS-001- [ — — 2000 \
voltage (human body model)
2017
Ta =25 °C;
Blectrostatic discharge
VEsD(CDM) . ESDA/JEDEC JS-002- [ — — 500 \%
voltage (charge device model) 2018

(1) Based on characterization,nottested in production.
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(2) Thereisspace for adjustment, itwill be tested soon.
Table 4-13. Static latch-up characteristics
Symbol Param eter Conditions Min | Typ [ Max [ Unit
l-test — — +200 | mA
LU Ta = 25 °C; JESD78E
Vsupply OVer voltage — — 5.4 \%
(1) Basedon characterization, nottested in production.
(2) Thereisspace for adjustment, itwill 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
frxraL() Frequency Range — 192 | 40 | 52 | MHz
CrixraL? Crystal load Capacitance — 9 10 12 pF
ESR®@ Equivalent Series Resistance — — | — | 70 Q
Initial and over
f_tol@ Frequency tolerance 20 | — | 20 | ppm
temperature
Vpp=3.3V,Ta =25 °C,
tsurxraL(? Crystal startup time — 12| — | ms
fuxTAL=40 MHz

(1) Basedon characterization,nottested in production.
(2) Guaranteed by design, nottested inproduction.

Table 4-15. High speed external user clock characteristics (HXTAL in bypass

mode)
Symbol Param eter Conditions Min (Typ| Max | Unit
frxTAL ex!" Frequency Range — — 40| — MHz
VhxtaL? OSCIN Input Voltage — 07 | —| 33 Y,
Ducy +xtan)? Duty cycle — 45 | 50 | 55 %
@1kHz, fHxtaL=40 MHz — — | -125 | dBc/Hz
PN@ Phase Noise @10kHz frxtaL=40MHz | — | — | -138 | dBc/Hz
@100kHz fuxtaL=40 MHz | — — | -143 | dBc/Hz
f_tol? Frequency tolerance | Initial and over temperature| -20 | — | 20 ppm

(1) Basedon characterization,nottested in production.
(2) Guaranteed by design, not tested inproduction.

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

characteristics

Parameter Conditions Min [ Typ [Max [ Unit
fuxal®  |Crystal or ceramic frequency Vpp=3.3V — | 32768 — | kHz
Recommended matching
Cuixal®@ | capacitance on OSC32IN — — 15 | — | pF
and OSC320UT
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Parameter Conditions Min Typ | Max | Unit

Low er driving capability — 4.5 —

Medium low driving
= — 6.5 —

capability
gm? Oscillator transconductance pAN
Medium high driving 13

capability o o
Higher driving capability — 19 —

Vpp=Vpopa=3.3V,
— 0.8 —

Low er driving capability
Vpb =Vppa=3.3 V, Medium

— 0.94 —

; Crystal or ceramic operating low driving capability

Ibouxral - pA
current Vpp =Vppa=3.3 V, Medium 134
high driving capability '
Vpp =Vbpa=3.3 V, Higher
9 — 1.74 —
driving capability
Crystal or ceramic startup
tsuixral (V@ Vpp=3.3V — 2 — s
time

(1) Basedon characterization, nottested in production.

(2) Guaranteed by design, not tested inproduction.

(3) Curau = Cixrare = 2*(Clonp - Cs), For Cixrau and Cixrarz, it isrecommended matching capacitance on
OSC32IN and OSC320UT. For Cioap, it is crystal/ceramic load capacitance, provided by the crystal or
ceramic manufacturer. For Cs, itis PCB and MCU pin stray capacitance.

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

oscillator stabilizationflagsisSET. Thisvalue variessignificantly withthe crystal manufacturer.

Table 4-17. Low speed external user clock characteristics (LXTAL in bypass

mode)
Symbol Parameter Conditions Min Typ Max |Unit
External clock source or
fuxrar_ex(" Vop=3.3V — | 32768 | 1000 | kHz
oscillator frequency
OSC32IN input pin high level
VixtaH@ 0.7*Vobp — —
voltage
- - Vpbp=3.3V \/
OSC32IN input pin low level
Vixa®? — — 0.3"Vop
voltage
tH(Lxran) @ OSC32IN high or low time — 450 — —
ns
triF(LxTAL) ) OSC32IN rise or fall time — — — 50
Cn®@ OSC32IN input capacitance — — 5 — | pF
Ducy xan? Duty cycle — 30 — 70 %
(1) Based on characterization,nottested in production.

@

Guaranteed by design, not tested in production.
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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 v v 33V 16 VH
= =3. — — 74
Reiem (RC16 M) frequency po= VDA
2.7V <Vpp=Vppa<3.63V, -1.6 to o
— — (]
IRC16 M oscillator Frequency Ta = -40 °C ~ +85 °C() 1.3
accuracy, Factory-trimmed Vbb=Vppa=3.3V,
ACC -1 — 1 %
IRC16M Ta = 25°C
IRC16 M oscillator Frequency
. — — 105 | — | %
accuracy, User trimming step("
Ducyirc1em® | IRC16 M oscillator duty cycle Vbb=Vppa=3.3V 45| — |55 | %
IRC16 M oscillator operating
Iboarciem" Vob=Vppa=3.3 V — | 80 | — | pA
current
tsurciem!" |IRC16 M oscillator startup time Vbp=Vppa=3.3V — | 15 | — | us
(1) Basedon characterization,nottested in production.
(2) Guaranteed by design, nottested in production.
Table 4-19. Low speed internal clock (IRC32K) characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
Low Speed Internal
. Vob=Vppa=3.3V,
fircax(! oscillator (IRC32K) — | 32| — | kz
Ta =-40°C ~ 485 °C
frequency
IRC32K oscillator
Iboarc32K? , Vbp =Vppa=3.3 V — | 04| — | pA
operating current
5 IRC32K oscillator startup
tsuircazk? ) Vob=Vppa=3.3 V — 40 — us
time
(1) Guaranteed by design, nottested inproduction.
(2) Based on characterization,nottested 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
fpLLout® PLL output clock frequency — — | — | 200 | MHz
fuco® PLL VCO output clock frequency — — — | 400 | MHz
trock® PLL lock time — — | — | 300 | ps
Ibpa® Current consumption on Vppa VCO freq= 400 MHz — 2 — | mA
cle to cycle Jitter
Jitterp o ( y) VCO freq= 360 MHz — | 30 — | ps
rms
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Symbol Parameter Conditions Min | Typ | Max | Unit
Cycle to cycle Jitter
(peak to peak) — |2 -
(1) Basedon characterization, nottested in production.
(2) Guaranteed by design, nottested inproduction.
(3) Value givenwith mainPLL running.
Table 4-21. PLLDIG characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
frLun® PLL input clock frequency — 19.2 | 40 | 52 | MHz
frLLout®? PLL output clock frequency — — | — | 480 | MHz
fueo® PLL VCO output clock B I N v
frequency
tLock® PLL lock time — — | — | 50 | ps
Ibpa® Current consumption — — | 35| — | mA
JitterpLL Absolute RMS Jitter XTAL freq =40 MHz — 6.5 — ps
(1) Basedon characterization, nottested in production.
(2) Guaranteed by design, nottested inproduction.
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 us
lbpa® Current consumption on Vppa VCO freq= 550 MHz — |15 — | mA
Jitterp Cycle to cycle rms Jitter System clock — 40 — ps
(1) Based on characterization,nottested in production.
(2) Guaranteed by design, nottested inproduction.
(3) Value givenwith mainPLL running.
4.10. Memory characteristics
Table 4-21. Flash memory characteristics
Symbol Parameter Conditions Min | Typ | Max Unit
Number of guaranteed
PEcvc(! program /erase cycles Ta =-40 °C ~ +85 °C 100 — | keycles
before failure(Endurance)
trer() Data retention time — — | 20 | — | years
trroc® | 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,nottested in production.
(2) Guaranteed by design, nottested inproduction.

(3) 4KB.
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4.11. NRST pin characteristics
Table 4-22. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max |Unit
VignrsT)®|  NRST Input low level voltage -0.5 — 10.35 Vpp v
ViHnrsT Y| NRST Input high level voltage | Vpop=Vopa=2.7V [0.65 Vop| — |Vop+0.5
Vhst? | Schmidt trigger Voltage hysteresis — 250 — mv
Vignrsny®|  NRST Input low level voltage -05 — 10.35 Voo v
VinrsT | NRST Input high level voltage | Vop=Vppa=3.3V |0.65 Vpp| — |Vop+0.5
VhstD | Schmidt trigger Voltage hysteresis — 280 — mv
Vinrst)® NRST Input low level voltage -0.5 — 10.35 Vpp v
ViHnrsT [ NRST Input high level voltage |Vop=Vppa=3.63 V|0.65 Vop| — |Vop+0.5
Vit | Schmidt trigger Voltage hysteresis — 300 — mv
Rou(? Pull-up equivalent resistor — — 40 — kQ
(1) Based on characterization,nottested in production.
(2) Guaranteed by design, not tested inproduction.
Figure 4-2. Recommended external NRST pin circuit
Voo Vbb
External reset circuit
: 10 kQ Rpy
NRST
K 100 nF:
e GND_____.]
4.12. GPIO characteristics
Table 4-23. 1/0 port DC characteristics ©®
Symbol Param eter Conditions Min |Typ Max Unit
Standard 10
Low level input|2.7 V< Vpp=Vppa< 3.63 V — — [ 0.35Vpp| V
voltage
Vi
5V-tolerant 10
Low level input|2.7 V< Vpp=Vppa< 3.63 V| — — | 035Vpp| V
voltage
Standard 10
A\ Low level input|2.7 V< Vpp=Vppa< 3.63 V| 0.65 Vpp | — — \Y
voltage
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Symbol Parameter Conditions Min Typ Max Unit
5V-tolerant 10
Low level input (2.7 V < Vpp=Vppa< 3.63 V| 0.65 Vpp | — — \
voltage
Low level Vpp=2.7V — — 0.1
VoL
output voltage Vpp=3.3V — — 0.1
(IO_speed =166 ) \%
foran 10 Pin
MHz) Vpp =3.63V — — 0.1
(lo = +8 mA)
Low level Vpp=2.7V — — 0.2
VoL
output voltage Vpp=33V — — 0.2
(IO_speed =166 ) \%
foran IO Pin
MHz) Vpp =3.63V — — 0.2
(o = +20 mA)
High level Vpp=2.7V 2.6 — —
VoH
output voltage Vpp=3.3V 3.2 — —
(IO_speed =166 \%
foran 10 Pin
MHz) Vpp =3.63V 35 — —
(lo = +8 mA)
High level Vpp=2.7V 23 — —
Vor tput volt Vop=33 V 3.0
output voltage DD = 9. . — —
(IO_speed =166 P g \%
foran IO Pin
MHz) Vpp =3.63V 3.3 — —
(ho = +20 mA)
Low level Vpp=2.7V — — 0.1
VoL output voltage Vpbp=3.3V — — 0.1 v
(IO_speed =25 MHz) [ foran IO Pin
Vpp =3.63V — — 0.1
(lo = +8 mA)
Low level Vpp=2.7V — — 0.3
VoL output voltage Vpp=3.3V — — 0.3 v
(I0_speed =25 MHz) | foran IO Pin
Vpp =3.63V — — 0.3
(ho = +20 mA)
High level Vpp=2.7V 25 — —
VoH output voltage Vpp=3.3V 3.1 — — v
(IO_speed =25 MHz) [ foran IO Pin
Vpp =3.63V 3.4 — —
(lo = +8 mA)
High level Vpop=2.7V 2.2 — —
VoH output voltage Vpp=3.3V 29 — — Vv
(I0_speed =25 MHz) | foran IO Pin
Vpp =3.63V 3.2 — —
(ho = +20 mA)
Low level Vpp=2.7V — — 0.2
VoL output voltage Vpp=33V — — 0.2 v
(I0_speed =10 MHz) | foran IO Pin
Vpp =3.63V — — 0.2
(lo = +8 mA)
Low level Vpp =2.7V — — 0.5
VoL
output voltage Vpp=3.3V — — 0.4 Y,
(I0_speed =10 MHz) )
foran IO Pin Vpp=3.63V — — 0.4
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Symbol Parameter Conditions Min Typ Max Unit
(o = +16 mA)
High level Vpp=2.7V 2.4 — —
VoH output voltage Vpp=3.3V 3.1 — — v
(IO_speed =10 MHz) [ foran IO Pin
Vpp =3.63V 3.4 — —
(lo = +8 mA)
High level Vpp=2.7V 2.1 — —
VoH output voltage Vpp=3.3V 2.8 — — Vv
(I0_speed =10 MHz) | foran IO Pin
Vpp =3.63V 3.1 — —
(o = +16 mA)
Low level Vpp=2.7V — — 0.1
VoL output voltage Vpbp=3.3V — — 0.1 v
(IO_speed =2 MHz) | foran IO Pin
Vpp =3.63V — — 0.1
(lo = +1 mA)
Low level Vpp=2.7V — — 0.4
VoL output voltage Vbp=3.3V — — 0.4 v
(IO_speed =2 MHz) | foran IO Pin
Vpp =3.63V — — 0.4
(lo = +4 mA)
High level Vpp=2.7V 2.6 — —
VoH output voltage Vpp=33V 3.2 — — Vv
(IO_speed =2 MHz) | foran IO Pin
Vpp =3.63V 35 — —
(lo = +1 mA)
High level Vpp=2.7V 2.2 — —
VoH output voltage Vpp=3.3V 29 — — v
(IO_speed =2 MHz) | foran IO Pin
Vpp =3.63V 3.2 — —
(lo = +4 mA)
Internal | All
— — 40 —
Reu@ pull-up | pins kQ
resistor | PU — — 10 —
Internal | All
) — — 40 —
Rep®@ pull-dow n| pins kQ
resistor | PU — — 10 —

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

(2) Guaranteed by design, not tested inproduction.

(3) All pinsexceptPC13/PC14/ PC15. Since PC13to PC15 are suppliedthroughthe 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).

4.13. ADC characteristics

Table 4-24. ADC characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
Vppal" Operating voltage — 27| 33| 36| VvV
Vit ADC input voltage range — 0 — | Vopa| V
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Symbol Parameter Conditions Min | Typ | Max | Unit
fapc(V ADC clock — 01| — | 35 | MHz

s Sampling rate 12-bit 0.007| — | 2.5 | MSPS
Van® Analog input voltage 9 external; 3 internal 0 — |Vopba| V
Ran® External input impedance See Equation 1 — | — |4407
Rapc® Input sampling switch . . . 05 K

resistance
Canc? Input sampling No pin / pad capacitance . . 32 oF
capacitance included

ts@ Sampling time fapc = 35 MHz 004| — | 137 ups

Total conversion
tconv(? time(including sampling 12-bit — | 14 | — |1/faoc
time)

tsu® Startup time — — | — ] 1 Us

(1) Based on characterization,nottested in production.

@

Equation 1: Ran max formula Ry y <

Ts

Guaranteed by design, not tested in production.

— s R
fapc*Capctin(2Mt2) — ADC

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

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

Table 4-25. ADC Ran max for fapc = 35 MHz @

Ts(cycles) ts(us) Rainmax(k Q)
1.5 0.04 0.88
14.5 0.41 12.84
27.5 0.79 24.80
55.5 1.59 50.57
83.5 2.39 76.33
111.5 3.19 102.1
143.5 4.10 131.5
479.5 13.7 440.7
(1) Basedon characterization, nottested in production.
Table 4-26. ADC dynamic accuracy at fapc = 35 MHz @

Symbol Parameter Test conditions Min | Typ [ Max | Unit
ENOB Effective number of bits fabc = 35 MHz, — | 106 | — bits
SNDR | Signal-to-noise and distortion ratio Vopba=3.3V, — | 65.7 | —

SNR Signal-to-noise ratio Input Frequency = 20 — | 665 | — 4B
kHz,
THD Total harmonic distortion Temperature = 257 — -72 —
(1) Based on characterization,not tested in production.
Table 4-27. ADC static accuracy at fapc = 35 MHz

Symbol Parameter Testconditions Typ®| Max | Unit

Offset Offseterror fapc = 35 MHz, +1 — | LSB
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DNL Differential linearity error Vopa=3.3V +1 —
INL Integral linearity error +2 —
(1) Based on characterization,nottested in production.
4.14. Temperature sensor characteristics
Table 4-30. Temperature sensor characteristics @
Symbol Parameter Min Typ Max | Unit
To Vsense linearity w ith temperature — +1 — C
Avg_Slope Average slope — 4.3 —  [mv/C
Vo5 Voltage at 25 °C — 1.42 — \%
tSTART Startup time — 8 — Ms
ts_temp? ADC sampling time w henreading the temperature — 13.7 — MS
(1) Basedon characterization, nottested in production.
(2) Shortest sampling time can be determinedin the application by multiple iterations.
4.15. I2C characteristics
Table 4-28. 12C characteristics W@
Standard Fast mode
Conditio Fast mode
Symbol Parameter mode plus Unit
ns
Min Max Min Max Min Max
tscL(H) SCL clock high time — 4.0 — 0.6 — 0.2 — ys
tscLw) SCL clock low time — 4.7 — 1.3 — 0.5 — us
tsu(sba) SDA setup time — 250 — 100 — 50 — ns
th(sDA) SDA data hold time — 0® | 3450 0 900 0 450 | ns
SDA and SCL rise
tr(sbaiscL) ) — — 1000 — 300 — 120 ns
time
tyspascl) |SDA and SCL fall time| —— — 300 | 344 | 300 | 3@ | 120 | ns
Start condition hold
th(sTA) ) — 4.0 — 0.6 — 0.26 — us
time

(1) Guaranteed by design, nottested inproduction.

(2) Toensure the standard mode 12C frequency, feciki must be atleast 2 MHz. To ensure the fast mode 12C
frequency, fecik1 must be atleast 4 MHz. To ensure the fast mode plusi2C frequency, feck1 must be at
least a multiple of 10 MHz.

(3) The external device should provide a data hold time of 300 ns atleast in orderto bridge the undefined
region of the falling edge of SCL.

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

®)
®)

In the condition of 12C frequency =400 kHz, I0_Speed =50 MHz and Pull-up resistor = 1 kQ.
In the condition of I2C frequency =1 MHz, |IO_Speed = 50 MHz and Pull -up resistor = 1 kQ.
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Figure 4-3. 12C bus timing diagram
SDA . \_
tf(snA)-»é <— —>‘ '<— tr(spA) tn(zlﬂj tout
th(sTA) '<—>- "w’ | LtsL(SEEA)
SCL ¢ [
?«—»ISCL(L) | trsen = "' ‘— trscu) tsu(sTo)
4.16. SPI characteristics

Table 4-29. Standard SPI characteristics @

Symbol Parameter Conditions Min | Typ | Max | Unit
fsck SCK clock frequency — — | 225 | MHz
tsck(H) SCK clock high time Vbob=Vopa=3.3 V — |2222 — ns
tsek (L) SCK clock low time — |2222( — ns

SPI master mode
tv(mo) Data output valid time — — 7 ns
tsu(mi Data input setup time Vbp=Vopa=3.3V 2 — — ns
tHow) Data input hold time 0 — — ns
SPI slave mode
tsu(nss) NSS enable setup time — — ns
Vpp=Vppa=3.3V,
tH(NSS) NSS enable hold time 2 — — ns
- frck =90 MHz
taso) Data output access time — 6 — ns
tpis(so) Data output disable time — 9 — ns
tv(so) Data output valid time — 9 — ns
Vob=Vppa=3.3 V
tsu(sl) Data input setup time 0 — — ns
tH(s)) Data input hold time 1 — — ns

(1) Basedon characterization, nottested in production.
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Figure 4-4. SPI timing diagram - master mode
tsck »
SCK (CKPH=0 CKPL=0) \—l_l—l_l—l_l—l_l—
SCK (CKPH=0 CKPL=1) —m
SCK (CKPH=1 CKPL=0) J— —I_l—l_l—l_l—
TSCK(H) fa—pi
SCK (CKPH=1 CKPL=1) —l _ISCK )_w
LSUMD —»i i
MISO D[0] X X X x D[7]
LF=1,FF16=0 tHv)
MOSI X D[0] X X X x D[7]
<«
tv(mo)
Figure 4-5. SPI timing diagram - slave mode
NSS
tsck H
+ > ;4—» tH(NSS)
SCK (CKPH=0 CKPL=0) ISCK(Hj+—> LSCKL'L 4
tsunss >
SCK (CKPH=0 CKPL=1) _‘_I_l_l_l_l_l_l_
' tois(so) N
ta(so) i+
™ tv(so)
e
Mos! oio] X X X >< b[7]
>ty
tsu(sy ™
4.17. I2S characteristics

Table 4-30. 12S characteristics ¥

Symbol Parameter Conditions Min | Typ | Max | Unit
Master mode (data: 32 bits, B 6.95 _

fek Clock frequency Audio frequency = 96 kHz) MHz
Slave mode — — | 125
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Symbol Parameter Conditions Min | Typ | Max | Unit
tH Clock high time — 81 — ns
- fck=6.25 MHz
L Clock low time — 81 — ns
tvws) WS valid time Master mode — 3 — ns
th(ws) WS hold time Master mode — 3 — ns
tsu(ws) WS setup time Slave mode 0 — — ns
tH(ws) WS hold time Slave mode 2 — — ns
I2S slave input clock duty
Ducysck) Slave mode — 50 — %
cycle
tsu(sb_MR) Data input setup time Master mode 2 — — ns
tsu(sp_sR) 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
tysp_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
tysp_MT) Data output valid time — — 9 ns
(after enable edge)
) Master transmitter
th(sD_mT) Data output hold time 0 — — ns
(after enable edge)
(1) Basedon characterization,nottested in production.
Figure 4-6. 12Stiming diagram - master mode
ek
CPOL=0 / \ / \ /
L
CPOL=1 / \ /
t :
Ve < th, tHWS) —» i
WS output j
—»i e tysD_MT) ; thsp_Mm)
SD transmit >< e >< >< ><
SD receive >< D[] >< >< ><
tsU(SD_MR—» ¢
< »  {H(SD_MR)
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Figure 4-7.12Stiming diagram - slave mode
CPOL=0 _/_\ [ /
L
CPOL=1 \ - —/\ /
< tH » -
WS input tHwsS)
tsuws) [+ tw(sp_sT) ‘—" th(sp_sT)
> H
SD transmit >< D{o] >< >< ><
SD receive >< p[o] >< >< ><
tsusp_sr)y —* i+
< »  {H(SD_SR)
4.18. USART characteristics
Table 4-31. USART characteristics @
Symbol Parameter Conditions Min | Typ [ Max | Unit
fsck SCK clock frequency frckx = 45 MHz — — | 225 | MHz
tsck(H) SCK clock high time frcLkx = 45 MHz 2222 — — ns
tsck(w) SCK clock low time frcLkx = 45 MHz 2222 — — ns

(1) Guaranteed by design, nottested inproduction.
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4.19. SDIO characteristics
Table 4-32. SDIO characteristics ¥
Symbol Parameter Conditions Min Typ | Max [ Unit
fppd Clock frequency in data transfer mode — 0 — | 48 | MHz
twicky® Clock low time fp=48MHz | 105 | 11 | — ns
twickH)® Clock high time fpp = 48 MHz 9.5 10 | — ns
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu® Input setup time HS fop = 48 MHz 4 — | — ns
tin® 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 fpp = 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 fpp = 24 MHz 3 — | — ns
CMD, D outputs (referenced to CK) in SD default mode
tovp® Output valid default time SD fop = 24 MHz — 24 | 28 ns
torn® Output hold default time SD fop = 24 MHz 0.8 — | — ns
(1) CLKtimingismeasured at50% of Vpp.
(2) Capacitive load C =30 pF.
(3) Based on characterization, not tested in production.
(4) Guaranteed by design, not tested inproduction
4.20. USBFS characteristics
Table 4-33. USBFS start up time
Symbol Parameter Max Unit
tstarTUP!Y) USBFS startup time 1 Hs

(1) Guaranteed by design, nottested inproduction.
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Table 4-34. USBFS DC electrical characteristics
Symbol Parameter Conditions Min Typ |[Max| Unit
Vpp | USBFS operating voltage — 3 — 3.6
Vpi | Differential input sensitivity — 0.2 — —
Input Differential common mode
Veum Includes Vpirange 0.8 — |25 V
levels® range
Single ended receiver
Vse — 1.3 — 2.0
threshold
Output | VoL | Static output level low Riof 1.0kQ to 3.6 V — | 0.002 |0.3 v
levels @|Von| Static output level high R of 15 kQ to GND 28 | 348 |36
PB13,
17 19.02 | 24
Rept? PB12(USBFS_DM/DP) ViN= Vop
PB14(USBFS_VBUS) 0.65 — 2.0 Q
PB13,
1.5 [ 1.589 [ 2.1
Rpu@ PB12(USBFS_DM/DP) Vin= GND
PB14(USBFS_VBUS) 0.25 — |0.55
(1) Guaranteed by design, nottested inproduction.
(2) Basedoncharacterization,nottested in production.
Table 4-35. 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
tRFM Rise /fall time matching tr/ tF 90 — 110 %
VCRS Output signal crossover voltage — 1.3 — 2.0 \Y
(1) Guaranteed by design, nottested inproduction.
Figure 4-8. USBFStimings: definition of data signal rise and fall time
Crossover
points
Differential
data lines
V _____ %/ \
CRS. I
SS 1 I I
t o ——t- t, ——t-
4.21. TIMER characteristics
Table 4-36. TIMER characteristics ¥
Symbol Parameter Conditions Min Max Unit
. o — 1 — tcK_TIMERX
tres Timer resolution time
fck TiMERx= 180 MHz | 5.56 — ns
. Timer external clock — 0 2*fCK_TIMERx MHz
EXT
frequency fek_TiMERx= 180 MHz 0 360 MHz
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Symbol Parameter Conditions Min Max Unit
TIMERX except 6
RES Timer resolution (TIMER1& TIMER2) bit
TIMER1& TIMER2 — 32
16-bit counter clock period — 1 65536 tcK_TIMERx
w heninternal clock is
fek_TiMERx= 180 MHz | 0.0056 364 us
selected
tCOUNTER X -
32-bit counter clock period — 1 65536x65536 [tck TIMERx
w heninternal clock is
fck TIMERX= 180 MHz — 23.9 s
selected -
Maximum possible count — — 65536x65536 |tck TIMERx
tMAX_COUNT .
(32-hit) fek_TiMERX= 180 MHz — 23.9 s
(1) Guaranteed by design, nottested inproduction.
4.22. WDGT characteristics
Table 4-37. 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
1/32 011 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, nottested inproduction.
Table 4-38. WWDGT min-max timeout value at 45 MHz (frcix1) @
Min tim eout value _ Max timeout value
Prescaler divider | PSC[2:0] Unit Unit
CNT[6:0] = 0x40 CNT[6:0] = Ox7F
171 00 91.02 5.83
1/2 01 182.04 11.65
ys ms
1/4 10 364.09 23.30
1/8 11 728.18 46.60
(1) Guaranteed by design, nottested inproduction.
4.23. HPDF Characteristics
Table 4-39. HPDF characteristics (V@
Symbol Parameter Conditions Min Typ Max Unit
fHPDFCLK HPDF clock — — fape2 | fsvyscik | MHz
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Symbol Parameter Conditions Min Typ Max Unit
20
fekiN Input clock
SPI mode(SITY P[1:0]=01) — — | (fuPprok/
(1/ TekiN) frequency 4
Output clock
fckouT — — — 20
frequency
Output clock
DutyckouT frequency duty — 30 50 75 %
cycle
SPI mode(SITY P[1:0]=01),
twh(ckiny | Input clock high and Tekin/ 2- |Tekin/
. External clock —
twi(CKIN) low time 0.5 2
mode(SPICKS S[1:0]=0)
ns
) SPI mode(SITY P[1:0]=01),
Data input setup
tsu ) External clock 1 — —
time
mode(SPICKS S[1:0]=0)
SPI mode(SITY P[1:0]=01),
th Data input hold time External clock 1 — —
mode(SPICKS S[1:0]=0)
Manchester
Manchester data (CKouTt (2*CKOU
mode(SITYP[1:0]=10 or 11),
TManchester | period(recovered DV+1)*T| — | TDIV)*Ty
) Internal clock
clock period) HPDFCLK PDFCLK

mode(SPICKS S[1:0]#0)

(1) Guaranteed by design, nottested inproduction.
(2) Outputspeedisset to OSPEEDRyY[1:0]=10; Capacitiveload C=30 pF; Measurementpointsare done
at COMS levels: 0.5*VDD.
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4.24. Serial/ Quad Parallel Interface (SQPI) Characteristics
Table 4-40. 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 forodd clock divided 45 — 7
tkrk (N CLK rise or fall time — 2.0 — ns
tcpr@ CE# high betw een subsequent burst operations 22.2 — — ns
tcem®@ CE# low pulse width 88.8 — — ns
tcsp® CE# setup time to CLK rising edge 5.5 — 1777 | ns
tcHo!? CE# hold time from CLK rising edge 5.5 — 1777 | ns
tspl? Setup time to active CLK edge 55 — 1777 | ns
tnp®@ Hold time fromactive CLK edge 55 — 1777 | ns
thz(® CE# rise to data output high-Z — 0 — ns
tacik? 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) Outputdriven mode is50 MHz. Measured from 10% to 90% of VDD.
(4) Thisisdesigned minimal period. The operatingminimal clockperiod is22.2 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 4-41. Transmitter power characteristics V@

Parameter Rate Typ Unit
11b 21
119 18.3
Tx Power 11n, BW20M 173 dBm
11n, BW40M 17.3
(1) TxPowerlevelisLimited by 802.11 Mask& EVM spec.
(2) Based on characterization,nottested in production.
Table 4-42. Receiver sensitivity characteristics Y
Parameter Rate Typ Unit
11b,1Mbps -97.6
11b,2Mbps -94.4
Rx Sensitivity 11b,5.5Nbps 921 dBm
11b,11Mbps -87.6
119,6Mbps -94.3
119,9Mbps -92.5
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Parameter Rate Typ Unit

11g9,12Mbps -91.0

119,18 Mbps -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) Basedon characterization,not tested in production.

Table 4-43. Rx Maximum Input Level @

Parameter Rate Typ Unit
11b,1Mbps >8.5(
11b,11Mbps >8.5(0
11g,6Mbps >8.5()

Rx Maximum Level Input 119,54Mbps 4.6 4B
11n,HT20,MCS0 >8.5(0)
11n,HT20,MCS7 3.7
11n,HT40,MCS0 5.2
11n,HT40,MCS7 3.7

(1) 1Qxel VSG maxTX power=10dBm, cable loss= 1.5 dB =>maxinput power=38.5dBm.
(2) Basedon characterization, not tested in production.
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Table 4-44. Adjacent Channel Rejection W®
Typ
In-house :
Parameter Rate Interference pattern Unit
interference
by IQxel?®
pattern®
11b, 11Mbps 47.4 48
11g, 6Mbps 34.6 46
119, 54Mbps 15.0 25
Adjacent Channel
o 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 resultdependson interference source.
(2) Waveform generated by LitePointIQxel seriesinstrument, gap = SIFS
(3) Waveform generated by GD32W515xx baseband, gap = SIFS
(4) Based on characterization,nottested in production.
4.26. Parameter conditions

Unless otherwise specified, all values given for Vpp = Vppa= AVDD33_ANA = AVDD33_PA =
AVDD33_CLK =3.3V,Ta=25 °C.
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5. Package information
5.1 QFN56 package outline dimensions

Figure 5-1. QFN56 package outline
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Table 5-1. QFN56 package dimensions

Symbol Min Typ Max
A 0.70 0.75 0.80
A1 — 0.02 0.05
b 0.15 0.20 0.25
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 —
h 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
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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 —
h 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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6.

Ordering information

Table 6-1. Part ordering code for GD32W515xx devices

i Temperature
Ordering code Flash (KB) Package Package type
operating range
Industrial
GD32W515PIQ6 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
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Thisdocumentisthe property of GigaDevice Semiconductor Inc. anditssubsidiaries(the "Company"). Thisdocument, including
any product of the Company describedin thisdocument (the “Product”), isowned by the Company undertheintellectual 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 namesand brandsof third party referred thereto (if any) are the property of their respective ownerand referred to for

identification purposesonly.

The Company makesno warranty of any kind, expressorimplied, with regard to thisdocument orany 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 ofthe application or use of any Product describedinthisdocument. Any information providedin thisdocument
is provided only forreference purposes. Itis the responsibility of the user of thisdocument to properly design, program, a nd tes
the functionality and safety of any application made of thisinformation 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 componentsin 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 devicesor systems, other medical devicesor systems(including
resuscitation equipmentand surgical implants), pollution control or hazardous substancesmanagement, orother useswhere 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 Productsin accordance with the applicable laws and
regulations. The Companyisnotliable, inwholeorin part, and customersshall and hereby do release the Company aswell 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. Customersshall indemnify and hold the Company aswell asit’ssuppliersand/or distributorsharmlessfrom and againg
all claims, costs, damages, and other liabilities, including claims for personal injury or death, arising from or related to any

Unintended Usesof the Products.

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

notice.

© 2021 GigaDevice — Allrightsreserved
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