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Introduction

GD322071-EVAL evaluation board uses GD32F207IKT6 as the main controller. As a
complete development platform of GD32F207xx connectivity line powered by ARM®
Cortex™-M3 core, the board supports full range of peripherals. It uses Mini USB interface or
AC/DC adapter as 5V power supply. JTAG, Reset, Boot, User button key, LED, CAN, I2C,
I12S,DCI,SDRAM,USART, RTC, EXMC, SPI, USB_OTG, ADC, DAC, GD-Link. TLDI RGB-LCD.
SDIO, Ethernet and Extension Pin are also included. This document details its hardware
schematic and the relevant applications.

Function pin assignment

Table 2-1 Pin assignment

Function Pin Description
PF6 LED1
PF7 LED2
LED
PF8 LED3
PF9 LED4
RESET K1-Reset
PAO KEY1
KEY PC13 KEY2
PB14 KEY3
PA9 USB_VBUS
PAl11 USB_DM
USB_OTG
PA12 USB_DP
PD13 VBUS control pin
PB8 CAN1_RX
PB9 CAN1_TX
CAN
PB5 CAN2_RX
PB6 CAN2_TX
PB6 [2C1_SCL
12C
PB7 I2C1_SDA
PB12 12S_WS
PB15 12S_DIN
PB13 12S_CK
12S PC6 12S_MCK
PA4 MSEL
PA5 MCLK
PA7 MDIN
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Function Pin Description
RESET NRST
PA9 USART1_TX
USART1
PA10 USART1_RX
PD14 EXMC_DO
PD15 EXMC_D1
PDO EXMC_D2
PD1 EXMC_D3
PE7 EXMC_D4
PE8 EXMC_D5
EXMC PE9 EXMC_D6
PE10 EXMC_D7
PD11 EXMC_A16
PD12 EXMC_A17
PD4 EXMC_NOE
PD5 EXMC_NWE
PD6 EXMC_NWAIT
PD7 EXMC_NE1
PA2 SPIL_WP_102
PA3 SPI1_HOLD_l03
S| PA5 SPI1_SCK
PAG SPI1_MISO_IO1
PA7 SPI1_MOSI_IO0
PB1 SPIFlash_CS
ADC PC3 ADC123_IN13
DAC PA4 DAC_OUT1
PA5 DAC_0OUT2
PC12 SDIO_CLK
PD2 SDIO_CMD
<DIo PC8 SDIO_DATO
PC9 SDIO_DAT1
PC10 SDIO_DAT2
PC11 SDIO_DAT3
PC6 DCI_DO
PC7 DCI_D1
PC8 DCI_D2
PC9 DCI_D3
DCI PCi11 DCI_D4
PD3 DCI_D5
PB8 DCI_D6
PB9 DCI_D7
PA6 DCI_PIXCLK
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Function Pin Description
PA8 DCI_XCLK
PG9 DCI_VSYNC
PH8 DCI_HSYNC
PB10 DCI_l2C2_SCL
PB11 DCI_I2C2_SDA
PH4 LCD_RO

Pi3 LCD_R1
PC10 LCD_R2

PH9 LCD_R3
PH10 LCD_R4
PH11 LCD_R5
PH12 LCD_R6
PG6 LCD_R7

PE5 LCD_GO

PE6 LCD_G1
PH13 LCD_G2
PH14 LCD_G3
PH15 LCD_G4

Pi0 LCD_G5

Pi1 LCD_G6

Pi2 LCD_G7
PE4 LCD_BO

RGB_TFTLCD PG12 LCD_B1

PG10 LCD_B2
PG11 LCD_B3

Pi4 LCD_B4

Pi5 LCD_B5

Pi6 LCD_B6

Pi7 LCD_B7
PG7 LCD_CLK
Pi10 LCD_HSYNC
PF10 LCD_DE

Pi9 LCD_VSYNC
PH7 LCD_Touch_Busy
PH6 LCD_PWM_BackLight
PA5 LCD_SPI1_SCK
PA7 LCD_SPI1_MOSI
PH5 LCD_Touch_PENIRQ
PG3 LCD_SPI1_NSS
PAG LCD_SPI1_MISO

SDARM PD14 EXMC_DO

10
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Function Pin Description
PD15 EXMC_D1
PDO EXMC_D2
PD1 EXMC_D3
PE7 EXMC_D4
PES8 EXMC_D5
PE9 EXMC_D6
PE10 EXMC_D7
PE11 EXMC_D8
PE12 EXMC_D9
PE13 EXMC_D10
PE14 EXMC_D11
PE15 EXMC_D12
PD8 EXMC_D13
PD9 EXMC_D14
PD10 EXMC_D15
PFO EXMC_AO
PF1 EXMC_A1l
PF2 EXMC_A2
PF3 EXMC_A3
PF4 EXMC_A4
PF5 EXMC_AS5
PF12 EXMC_A6
PF13 EXMC_A7
PF14 EXMC_A8
PF15 EXMC_A9
PGO EXMC_A10
PG1 EXMC_Al11
PG2 EXMC_A12
PEO EXMC_NBLO
PE1 EXMC_NBL1
PH2 EXMC_SDCKEO
PG4 EXMC_BAO
PG5 EXMC_BA1l
PG8 EXMC_SDCLK
PG15 EXMC_SDNCAS
PF11 EXMC_SDNRAS
PH3 EXMC_SDNEO
PCO EXMC_SDNWE
PB11 RMII_TX_EN
Ethernet PB12 RMII_TXDO
PB13 RMII_TXD1

11
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4.1.

Function Pin Description
PC4 RMII_RXDO
PC5 RMII_RXD1
PA7 RMII_CRS_DV
PC1 RMII_MDC
PA2 RMII_MDIO
PBO RMII_INT
PAl RMII_REF_CLK

Getting started

The EVAL Board uses Mini USB connecter or adapter to get power, the hardware system
power is +3.3V. A Mini USB cable and a J-Link tool are necessary to down programs. Select
the correct boot mode and then power on, the LED5 will turn on, which indicates the power
supply is ready.

Hardware layout overview

Power supply

Figure 4-1 Schematic diagram of power supply
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4.2.

4.3.

Boot option

Figure 4-2 Schematic diagram of boot option
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1 }— +3v3 10KQ
BOOTO
IP3
g I GNIRS by BOOTI

BOOT1
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Table 4-1 Boot configuration

BOOT1 BOOTO Boot Mode
Any 2-3 User memory
2-3 1-2 System memory
1-2 1-2 SRAM memory

LED

Figure 4-3 Schematic diagram of LED function
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4.4. Key

Figure 4-4 Schematic diagram of Key function
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Figure 4-5 Schematic diagram of USARTL1 function
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4.6. ADC/DAC

Figure 4-6 Schematic diagram of ADC/DAC function

TP2 +3V3
ADC123_IN13PC3 ] R12 VR1
TP ADin 49.90 10K
Cc2
50V/0.1u
GND
PA5 is an AFIO, please refer to SPI Schematic for right config
PA4 is an AFIO, please refer to 12S Schematic for right config JP7
PA5 DAC 0UT?2 anol| g
PA4 DAC OUT1 1
DAC

4.7. 12C

Figure 4-7 Schematic diagram of 12C function

12C

C26 +3V3
| +
U4 50V/0.1uF GND[]|R10 []R11
1 8 =N
2 A0 vee 7 47K Q[4.7KQ
Al WP
31 A scL 6 12C1 SCL _PB6
4 GND SDA 5 12C1 SDA PB7
. AT24C02C-SSHM-T PB6 is an AFIO, please refer to CAN Schematic for right config

15



>

GigaDevice

User Manual
GD322071-EVAL

4.8.

4.9.

SPI-Serial Flash

Figure 4-8 Schematic diagram of SPI-Serial Flash function
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Figure 4-9 Schematic diagram of USB function
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4.10. CAN

Figure 4-10 Schematic diagram of CAN function
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4.11. RTC

Figure 4-11 Schematic diagram of RTC function
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4.12. TLDI RGB-LCD

Figure 4-12 Schematic diagram of TLDI RGB-LCD function

PAS5, PAT are AFIOs, please refer to SPI schematic for right config
PAG are AFIOs, please refer to DCI schematic for right config
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o A e
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4.13. EXMC-NAND Flash

Figure 4-13 Schematic diagram of EXMC-NAND Flash function
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4.14.

4.15.

Ethernet

Figure 4-14 Schematic diagram of Ethernet
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Figure 4-15 Schematic diagram of GD-Link
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4.16. SDIO

Figure 4-16 Schematic diagram of SDIO
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4.17. 12S

Figure 4-17 Schematic diagram of 12S
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4.18.

SDRAM

Figure 4-18 Schematic diagram of SDRAM

EXMC_AO

EXMC_A1

EXMC_A2

EXMC_A3

EXMC_A4

EXMC_A5

EXMC_A6

EXMC_A7

EXMC_AS

EXMC_A9

EXMC_A10

MC_A11

EXMC_A12

EXMC_DO

EXMC_D1

EXMC_D2

EXMC_D3

E7

EXMC_D4

EXMC_D5

EXMC_D6

EXMC_D7

EXMC_D8

EXMC_D9

EXMC_D10

EXMC_D11

C_D12

MC_D13

MC_D14

o|o|o|o|o|o|o|o|o|z|e|e|e|e|o|o
r mi|rm|r
NI N(S)

MC_D15

PE EXMC NBLO
PE1 EXMC NBL1
PH2 EXMC SDCKEO
PG4 EXMC BAO
PG5 EXMC BA1
PG8 EXMC SDCLK
PG15 EXMC SDNCAS
PF11 EXMC SDNRAS
PH3 EXMC SDNEO
PCO EXMC SDNWE

+3Vv3

2

csd ol csd cs] osd cs1 osd

sowo,ﬁlf_sowo.ﬂ!t_ SOV/O.EF SOV/o,ﬁF sowo.ﬁ!t_sowo.lﬂf_ 5OV/0.1EF
-

U9

1
+3vh EXMC D02 |

3
3V EXMC DI__4 |
EXMC D2 5 |

6
] EXMC D37
EXMC D48 |

9
+3vh EXMC D5_10 ]
| EXMC D6 11

2

GNDI|| EXMC D7 _13
h 4
+3VB EXMC NBLO 15

EXMC SDNWE 16 |

R8 EXMC SDNCAS17 |
10K Q__EXMC SDNRAS18
EXMC SDNEO 19
EXMC BAO 20
EXMC BA1 1
EXMC A10 2
EXMC A0 23 |
EXMC Al 24

EXMC A2 25 |
EXMC A3 26 |

+3v3|—27‘

VDD
DQO
VDDQ
DQ1
DQ2
VSSQ
DQ3
DQ4
VDDQ
DQ5
DQ6
VSSQ
DQ7
VDD

_LbQm

WE

CAs

RAS
csS
BAO
BAL
AL0/AP
A0
Al
A2
A3
VDD

GND
54
DQSiS e o | oD
52
\53314 51 __EXMC D14 |1 eno
Do19—50 EXMC DI3
49 |
\g%lic 48 EXMC DLz | V3
Do1]—47__EXVC DIl
1—
\égslg 45__EXMC D10 |1 eno
D44 EXMC D9
23 |
vggs 42 _Exmc s 1 OV3
S53—al |Ir enD
NC—22 |
UDOy—28_EXMC NBL
oK/ —38__EXMC SDCLK
K| 31 ExmC SDCKEO
I3 _EXMC AL
Al T35 _ExMC AIL
ag| _34__EXMC A9
33 _Exmc As
32 _ExmC A7
Al 31_EXMC A6
S| 30 _Exmc A5
P29 Exmc Aa
55—28 “I- GND

MT48LC16M16A2P-6AIT

DCI_8bit, RGB_TFTLCD and SDRAM can be used at the same time
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4.19.

4.20.

DCI

Figure 4-19 Schematic diagram of DCI

Short JP22(1,2) for Ethnet function Short JP23(1,2) for Ethnet function Short JP24(1,2) for SP1 or RGBLCD function Short JP25(1,2) for 12S function
Short JP22(2,3) for DCI function Short JP23(2,3) for DCI function Short JP24(2,3) for DCI function Short JP25(2,3) for DCI function
Jp22 JP23 JP24 JP25
RMII REF CLK| 1 RMII TX EN 1 SPI1 MISO 101 1 12S MCK 1
PA8 2 PB11 2 PA6 2 PC6 2
DCI XCLK 3 DCI _12C2 SDA 3 DCI PIXCLK 3 DCI DO 3
HEADER 3 HEADER 3 HEADER 3 HEADER 3
Short JP26(1,2) for SDIO function Short P2(1,2) for CAN function
Short JP26(2,3) for DCI function Short P2(2,3) for DCI function
JP26 P2 PB10 DCI_12C2 SCL
SDIO DAT3 1 CAN1 TX 1 PG DCI_VSYNC
PC11 2 PB9 2 PH: DCI_HSYNC
DCI D4 3 DCI D7 3 PD: DCI_D5
| I L= | PC DCI D1
HEADER 3 MHDR1X3 DCI 8b
It
Short JP28(1,2) for SDIO function Short P3(1,2) for CAN function GND
Short JP28(2,3) for DCI function Short P3(2,3) for DCI function *_'3|_V3 P27 _—
JP28
SDIO DAT1 1 P3 DCI _12C2 SCL ; i DCI_I12C2 SDA
PC9 2 CAN1 RX 1 DCI_VSYNC 5 6 DCI_HSYNC
DCI D3 3 PB8 2 DCI_PIXCLK 7 g DCI_XCLK
L= | DCI D6 3 DCI D7 9 10 DCI_D6
HEADER 3 DCI_D5 1 12 DCI D4
MHDR1X3 DCI_D3 13 14 DCI_D2
Short JP29(1,2) for SDIO function DCI D1 15 16 DCI_DO
Short JP29(2,3) for DCI function
JP29 8>2P2.54
SDIO _DATO
pen— OV7670
DCI_D2 3
HEADER 3

DCI_8bit, RGB_TFTLCD and SDRAM can be used at the same time

Extension

Figure 4-20 Schematic diagram of Extension Pin
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5.

5.1.

5.1.1.

5.1.2.

Routine use guide

GPIO running light

DEMO Purpose

GD322071-EVAL-V1.0 development board has four LED lights:LED1, LED2, LED3 and
LED4.This DEMO will show you how to control the effect of four LED lights flashing in
implementation of running water. Also the DEMO will tell you the demonstration of
GD32F20X internal GPIO configuration method, and shows you GPIO output characteristic.
The key is how to control the 10 output different levels of this DEMO, and then the LED
flashing, in this DEMO, you will master the basic use of GD32F20X GPIO.

GD32F20X GPIO main features:

Input/output direction control

Each pin weak pull-up/pull-down function

Output push-pull/open drain enable control

Output set/reset control

External interrupt with programmable trigger edge — using EXTI configuration registers
Analog input/output configurations

Alternate function input/output configurations

Port configuration lock

DEMO Principle

GD32F20X GPIO port can be configured into 8 modes by software:

Analog input

Floating input

Pull-up input

Pull-down input

Open-drain output
Push-pull output

Alternate Open-drain output
Alternate Push-pull output
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Corresponding to the GD32 library file is defined as follows:

typedef enum

{
GPIO_MODE_AIN = 0x0,
GPIO_MODE_IN_FLOATING = 0x04,
GPIO_MODE_IPD = 0x28,
GPIO_MODE_IPU = 0x48,
GPIO_MODE_OUT_OD = 0x14,
GPIO_MODE_OUT_PP = 0X10,
GPIO_MODE_AF_OD = 0X1C,
GPIO_MODE_AF_PP = 0X18

}GPIO_ModePara;

Figure 5-1 GPIO output driver block diagram

v VadVdd_rT
o . dd
utput driver
Write Bit Set/Clear | | j
Registers |
Output Output 110 pin
Data
. Control
) Register I
Read/Write |
Vss —
Vss

Note: Vad_r1 is dedicated for five-volt tolerant I/Os and is different from Vad
When GPIO pin is configured as output:

B The Schmitt Trigger Input is activated.

B The weak pull-up and pull-down resistors are disabled.

B The Output Buffer is enabled:

Open Drain Mode: a “0” in the output register activates the N-MOS while a “1” in the
Output register leaves the port in Hi-Z.

Push-Pull Mode: a “0” in the output register activates the N-MOS while a “1” in the
Output register activates the P-MOS.

B Read the Data Output Register gets the last written value in Push-Pull mode
B Read the Data Input Register gets the I/O state in open drain mode

The GPIO is configured as a push-pull output, and in order to realize the effect of light water,
the 10 output is controlled by the GPIO setting or resetting function. When the port is set , the
GPIO output will be high, and the LED will light, When the port is reset, the GPIO output will
be low, and the LED will be off.
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5.1.3.

Figure 5-2 Schematic diagram of LED

GND

LED1
1€ R13 LED1
"4
LEDOGo3  470°
LED? R14 LED2 PF6
vy 470Q [_PE7_
LED0603 PF8
LED3 R15 LEDa PFEY
'S4
LEDOG03  470°
LED4
R16_ LED4
| "4
LEDO603 4700

The above shows the LED circuit diagram, where the resistance of the LED series, in series
with the LED is mainly used to limit the current to avoid damaging the LED and the GPIO

port.

DEMO Implementation Result

Download the program to the development board, the implementation of the results is the
development board LED1 will be the light first, and then off, and LED2 be light So LED1,
LED2, LED3, LED4 are successfully be light in a flow. One of the LED switch to another
every 500ms to achieve the function of running light water. The position of the four LEDs are
shown in the red region of the graph.
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5.2.

5.2.1.

GPIO key polling mode

DEMO Purpose

GD322071-EVAL-V1.0 development board has four keys: K1 (Reset), K2 (Wakeup), K3
(Tamper), K4 (User Key).In this Demo, only K3 (Temper) is used. This Demo will introduce
the GD32F20X GPIO Input function, and demonstrate the GD32F20X internal GPIO
configuration method, show the GPIO input characteristics.

GD32F20X GPIO main features:

Input/output direction control

Each pin weak pull-up/pull-down function
Output push-pull/open drain enable control
Output set/reset control

External interrupt with programmable trigger edge — using EXTI configuration registers
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5.2.2.

B Analog input/output configurations
B Alternate function input/output configurations

B Port configuration lock

DEMO Principle

GD32F20X GPIO port can be configured into 8 modes of software:

B Analog input

B Floating input

B Pull-up input

B Pull-down input

B Open-drain output

B Push-pull output

B Alternate Open-drain output

B Alternate Push-pull output

Corresponding to the GD32 library file is defined as follows:
typedef enum

{

GPIO_MODE_AIN = 0x0,
GPIO_MODE_IN_FLOATING = 0x04,
GPIO_MODE_IPD = 0x28,
GPIO_MODE_IPU = 0x48,
GPIO_MODE_OUT_OD = 0x14,
GPIO_MODE_OUT_PP = 0X10,
GPIO_MODE_AF_OD = 0X1C,
GPIO_MODE_AF_PP = 0X18

}GPIO_ModePara;
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Figure 5-3 GPIO input drive block diagram
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Input driver Vss

Note: Vdd_rt is dedicated for five-volt tolerant I/Os and is different from Vaqd
When GPIO pin is configured as Input:

B The Schmitt Trigger Input is activated

B The weak pull-up and pull-down resistors could be chosen

B The data present on the I/O pad is sampled into the data input register every APB2
clock cycle

B The Output Buffer is disabled

Figure 5-4 GPIO output driver block diagram

v Vdd/Vdd_FT
. dd
Output driver
Write Bit Set/Clear | | j
Registers |
Output Output 110 pin
Data Control
. Register I
Read/Write |
Vss —
Vss

Note: Vdd_rt is dedicated for five-volt tolerant 1/0Os and is different from Vad
When GPIO pin is configured as output:

B The Schmitt Trigger Input is activated.

B The weak pull-up and pull-down resistors are disabled.

B The Output Buffer is enabled:

Open Drain Mode: a “0” in the output register activates the N-MOS while a “1” in the
Output register leaves the port in Hi-Z.

Push-Pull Mode: a “0” in the output register activates the N-MOS while a “1” in the
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Output register activates the P-MOS.
B Read the Data Output Register gets the last written value in Push-Pull mode
B Read the Data Input Register gets the I/O state in open drain mode

In this DEMO floating input mode is adopted, and external pull up resistance is used, Refer
to the output driver block diagram, the GPIO is configured as a floating input. When the key
is pressed down, read the data input register. if the data is zero, then delay some time and
read pin data input register again, if the data is one, It means that the key pressing is not
successful, it is still be zero, then the key pressing is successful, and the LED2 toggles.

Figure 5-5 Schematic diagram of KEY

a3 Wakeup v lamper . USER
R17 R18 R19
10K0 10K0 10K0
PAD_ KEYL KZ: PCI3  KEY2 K3: PB4 _ KEY3 K4:
K-11028 K-1102B K-11028
c28 c29 C30
|| |l ||
1 ] 1
SOVIO.LUF| SOVIO.LUF| SOVIO.LUF|
GND GND GND

The GPIO is configured as a push-pull output, and in order to realize the effect of light water,
the 10 output is controlled by the GPIO setting or resetting function. When the port is set , the
GPIO output will be high, and the LED will light, When the port is reset, the GPIO output will
be low, and the LED will be off.

Figure 5-6 Schematic diagram of LED

LED1
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LEDOG03  470°
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The above shows the LED circuit diagram, where the resistance of the LED series, in series
with the LED is mainly used to limit the current to avoid reducing LED use age.

29



=

GigaDevice

User Manual
GD322071-EVAL

5.2.3.

5.3.

5.3.1.

DEMO Implementation Result

Download the program to the development board, the phenomenon is that the K3 be pressed
down the first time in the development board, and LED1 turns on. and K3 be pressed down
the second time, LED1 turns off. The position of the four LEDs and K3 is shown in the red

-
;
o
E o
g‘a
~N =
8.;.
o8

GPIO key interrupt mode

DEMO Purpose

GD322071-EVAL-V1.0 development board has four keys: K1 (Reset), K2 (Wakeup), K3
(Tamper), K4 (User Key).In this DEMO, only K3 (Temper) is used. This DEMO will introduce
the external interrupt characteristics of GD32F20X port, demonstrate the configuration
method of GD32F20X GPIO external interrupt, and show the GPIO external interrupt
characteristics. For EXTI principle learning.
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5.3.2.

GD32F20X GPIO main features:

Input/output direction control

Each pin weak pull-up/pull-down function

Output push-pull/open drain enable control

Output set/reset control

External interrupt with programmable trigger edge — using EXTI configuration registers
Analog input/output configurations

Alternate function input/output configurations

Port configuration lock

GD32F20X EXTI main features:

Cortex-M3 system exception

Up to 90maskable peripheral interrupts

4 bits interrupt priority configuration—216 priority levels
Efficient interrupt processing

Support exception pre-emption and tail chaining
Wake up system from power saving mode

20 independent edge detectors in EXTI

Three trigger types: rising, falling and both edges
Software interrupt or event trigger

Trigger sources configurable

DEMO Principle

GD32F20X GPIO port can be configured into 8 modes of software:

Analog input
Floating input
Pull-up input
Pull-down input
Open-drain output
Push-pull output

Alternate Open-drain output
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B Alternate Push-pull output
Corresponding to the GD32 library file is defined as follows:
typedef enum

{

GPIO_MODE_AIN = 0x0,
GPIO_MODE_IN_FLOATING = 0x04,
GPIO_MODE_IPD = 0x28,
GPIO_MODE_IPU = 0x48,
GPIO_MODE_OUT_OD = 0x14,
GPIO_MODE_OUT_PP = 0X10,
GPIO_MODE_AF_OD = 0X1C,
GPIO_MODE_AF_PP = 0X18
}GPIO_ModePara;

Figure 5-7 GPIO input drive block diagram
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Input driver Vss

Note: Vdd_rt is dedicated for five-volt tolerant 1/0Os and is different from Vad
When GPIO pin is configured as Input:

B The Schmitt Trigger Input is activated

B The weak pull-up and pull-down resistors could be chosen

B The data present on the 1/O pad is sampled into the data input register every APB2
clock cycle

B The Output Buffer is disabled
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Figure 5-8 GPIO output driver block diagram
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Note: Vdd_rt is dedicated for five-volt tolerant I/Os and is different from Vaqd

When GPIO pin is configured as output:

The Schmitt Trigger Input is activated.

The weak pull-up and pull-down resistors are disabled.

The Output Buffer is enabled:

Open Drain Mode: a “0” in the output register activates the N-MOS while a “1” in the
Output register leaves the port in Hi-Z.

Push-Pull Mode: a “0” in the output register activates the N-MOS while a “1” in the
Output register activates the P-MOS.

Read the Data Output Register gets the last written value in Push-Pull mode

Read the Data Input Register gets the I/O state in open drain mode

In this DEMO floating input mode is adopted, and external pull up resistance is used, Refer
to the output driver block diagram, The GPIO is configured to the falling edge trigged of an
external interrupt. If the key (K3) is pressed down, an external interrupt will occur. In the
external interrupt service function, the LED2 toggles.

Figure 5-9 Schematic diagram of KEY
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The GPIO is configured as a push-pull output, and in order to realize the effect of light water,
the 10 output is controlled by the GPIO setting or resetting function. When the port is set, the
GPIO output will be high, and the LED will light, When the port is reset, the GPIO output will
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be low, and the LED will be off.

Figure 5-10 Schematic diagram of LED
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The above shows the LED circuit diagram, where the resistance of the LED

series, in series with the LED is mainly used to limit the current to avoid damaging the LED

and the GPIO port.

External Interrupt and Event(EXTI)The EXTI contains 20 independent edge detectors and
generates interrupts request or wake up event to the processer. The EXTI has three trigger
types: rising edge, falling edge and both edges. Each edge detector in the EXTI can be
configured and masked independently. Figure below is the block diagram of EXTI.
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5.3.3.

Figure 5-11 Block diagram of EXTI

Polarity Software
Control Trigger
EXTI Line0~19 Edge
detector
A 4
To NVIC
Interrupt Mask
Control >
Event Event Mask To Wakeup Unit
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Generate Control

The EXTI trigger source includes 16 external lines from GPIO pins and 4 lines from internal
modules (including LVD, RTC Alarm, USB Wake-up and Ethernet Wake-up, please), but this
four EXTI lines are connected to the external trigger. All GPIO pins can be selected as an
EXTI trigger source by configuring AFIO_ESSRX registers in GPAFIO module (please refer
to GPIOs and AFIOs section for detail).

EXTI can provide not only interrupts but also event signals to the process. The Cortex-M3
processor fully implements the Wait For Interrupt (WFI), Wait For Event (WFE) and the Send
Event (SEV) instructions. The GD32F20x include a Wake-up Interrupt Controller (WIC). This
enables the processor and NVIC to be put into a very low-power sleep mode leaving the WIC
to identify and prioritize interrupts and event. EXTI can be used to wake up processor and
the whole system when some expected event occurs, such as a special GPIO pin toggling or
RTC alarm.

DEMO Implementation Result

Download the program to the development board, the phenomenon is that the K3 be pressed
down the first time in the development board, and LED1 turns on. And K3 be pressed down
the second time, LED1 turns off. The position of the four LEDs and K3 is shown in the red
region of the graph.
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5.4.

5.4.1.
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DEMO Purpose

GD322071-EVAL-V1.0 board extract USART1 (Universal synchronous asynchronous
receiver transmitter). GD32F207IKT6 hold 8 serial port, this Demo set USART1 for example,
to show GD32F20X series USART print features and using method.

GD32F20X USART main features:

Full duplex, asynchronous communications
Half duplex single wire communications
NRZ standard format (Mark/Space)
Programmable baud-rate generator allowing speeds up to 7.5 MBits/s when the clock
frequency is120 MHz and oversampling is by 16.
Fully programmable serial interface characteristics:
- Even, odd or no-parity bit generation/detection
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- Adata word length can be 8 or 9 bits

- 1, 1.5 or 2 stop bit generation

Configurable data polarity

Hardware Modem operations (CTS/RTS)

Configurable multi-buffer communication using centralized DMA
Separate enable bits for Transmitter and Receiver
Transfer detection flags:

- Receive buffer full

- Transmit buffer empty

- End of Transmission flags

Parity control:

- Transmits parity bit

- Checks parity of received data byte

Error detection: Overrun, Noise, Frame and Parity error
LIN Break generation and detection

IrDA Support

Synchronous mode and transmitter clock output for synchronous transmission
ISO 7816-3 (T=0 and T=1) compliant smart card interface
Multiprocessor communication

- Enter into mute mode if address match does not occur
- Wake up from mute mode by idle line or address mark detection
Support for ModBus communication

- Timeout feature

- CRJ/LF character recognition

12 interrupt sources with flags:

- CTS changes

- LIN break detection

- Transmit data register empty

- Transmission complete

- Receive data register full

- Idle line detected

- Overrun error

- Framing error

- Noise error

- Parity error

- Receiver timeout interrupt

- End of block interrupt

While USART1/2/3/6 is fully implemented, UART4/5/7/8 is only partially implemented with
the following features not supported.

Smartcard mode

Synchronous mode

Hardware Modem operations (CTS/RTS)
Configurable data polarity
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5.4.2.

DEMO Principle

Table 5-1 USART important pins description

Pin Type Description
RX Input Receive Data
TX Output Transmit Data. high level When
I/O (single-wire/smartcard | enabled but nothing to be transmitted
mode)
CK Output Serial clock for synchronous
communication
nCTS Input Clear to send in Hardware flow control
mode
nRTS Output Request to send in Hardware flow
control mode

Figure 5-12 USART module block diagram
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This DEMO realize print function, GD32F207I_EVAL board get through RS232 connect
to computer for communication.

According to the following steps, USART transmit data.

1. Write the WL bit in USART_CTLR1 to set the data bits length

2. Set the stop bits length in USART_CTLR2
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5.4.3.

3. Setthe baud rate in USART_BRR.

4. Setthe UEN bit in USART_CTLR1 to enable the USART
5. Setthe TEN bit in USART_CTLR1.

6. Wait for the TBE set

7. Write the data to in the USART_DR register

8. Wait until TC=1 to finish

This routine hardware principle diagram is shown as following.

Figure 5-13 Schematic diagram of USARTL1
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Note: for normal operation of COM1, configure JP5 USARTL.

DEMO Implementation Result

After downloading program to board, Information via a serial port output as following.
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USART Printf Example: Please press the Key

Press K2 key, serial port output as following.

USART Printf Example

4 |

COMB, Read: 4937(Bytes) | Write: 768(Bytes)

5.5. USART1 Echo_Interrupt_mode

5.5.1. DEMO Purpose

GD322071-EVAL-V1.0 board extract USART1 (Universal synchronous asynchronous
receiver transmitter). GD32F207 IKT6 hold 8 serial port, this DEMO set USARTL1 for example,
to show GD32F20X series USART interrupt features and using method.

GD32F20X USART main features:
B Full duplex, asynchronous communications
B Half duplex single wire communications
B NRZ standard format (Mark/Space)
B Programmable baud-rate generator allowing speeds up to 7.5 MBits/s when the clock
frequency is120 MHz and oversampling is by 16.
B Fully programmable serial interface characteristics:
- Even, odd or no-parity bit generation/detection
- Adata word length can be 8 or 9 bits
- 1, 1.5 or 2 stop bit generation
B Configurable data polarity
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Hardware Modem operations (CTS/RTS)

Configurable multi-buffer communication using centralized DMA
Separate enable bits for Transmitter and Receiver

Transfer detection flags:

- Receive buffer full

- Transmit buffer empty

- End of Transmission flags

Parity control:

- Transmits parity bit

- Checks parity of received data byte

Error detection: Overrun, Noise, Frame and Parity error
LIN Break generation and detection

IrDA Support

Synchronous mode and transmitter clock output for synchronous transmission
ISO 7816-3 (T=0 and T=1) compliant smart card interface
Multiprocessor communication

- Enter into mute mode if address match does not occur
- Wake up from mute mode by idle line or address mark detection
Support for ModBus communication

- Timeout feature

- CRJLF character recognition

12 interrupt sources with flags:

- CTS changes

- LIN break detection

- Transmit data register empty

- Transmission complete

- Receive data register full

- Idle line detected

- Overrun error

- Framing error

- Noise error

- Parity error

- Receiver timeout interrupt

- End of block interrupt

While USART1/2/3/6 is fully implemented, UART4/5/7/8 is only partially implemented with
the following features not supported.

Smartcard mode

Synchronous mode

Hardware Modem operations (CTS/RTS)
Configurable data polarity
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5.5.2. DEMO Principle

Table 5-2 USART important pins description

Pin Type Description
RX Input Receive Data
TX Output Transmit Data. high level When
I/O (single-wire/smartcard | enabled but nothing to be transmitted
mode)
CK Output Serial clock for synchronous
communication
nCTS Input Clear to send in Hardware flow control
mode
nRTS Output Request to send in Hardware flow

control mode

Figure 5-14 USART module block diagram
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GD32F20X USART support full duplex interrupt transmission function, this DEMO transmit
interrupt and receive data at the same time.

According to the following steps, USART transmit and receive interrupt.
1. Write the WL bit in USART_CTLRL1 to set the data bits length

2. Set the stop bits length in USART_CTLR2
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3. Set the baud rate in USART_BRR.

4, Setthe UEN bit in USART_CTLR1 to enable the USART

5. Setthe TEN bit and REN bit in USART_CTLR1.

6. Configure USART1 interrupt, enable USART transmit and receive interrupt.

7. Wait for transmit and receive finish, compare TxBuffer and RxBuffer.

This routine hardware principle diagram is shown as following.

Figure 5-15 Schematic diagram of USART1

Short JP5(1,2)for USART1 function
Short JP5(2,3)for USB OTG function
JP5
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Note: for normal operation of COM1, configure JP5 USARTL.

DEMO Implementation Result

This DEMO firstly transmit 256 byte data and wait for receiving then 256 byte data verify. If
the transmitted data are same with the received data, LED on the board will be on in turn,

otherwise blink meanwhile.

After downloading program to board, Information via a serial port output as following, Then
transmitted 256 byte data by the serial assistant software.Observe LED on the board, if data
send and data receive is same verify correctly, LED on the board will be on in turn, otherwise

blink meanwhile.
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5.6.

5.6.1.
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USART1_DMA

DEMO Purpose

GD322071-EVAL-V1.0 board extract USART1 (Universal synchronous asynchronous
receiver transmitter). GD32F207 IKT6 hold 8 serial port, this DEMO set USART1 for example,
to show GD32F20X series USART DMA features and using method.

GD32F20X USART main features:

Full duplex, asynchronous communications

Half duplex single wire communications

NRZ standard format (Mark/Space)

Programmable baud-rate generator allowing speeds up to 7.5 MBits/s when the clock
frequency is120 MHz and oversampling is by 16.

Fully programmable serial interface characteristics:

- Even, odd or no-parity bit generation/detection

- Adata word length can be 8 or 9 bits

- 1,1.5 or 2 stop bit generation

Configurable data polarity

Hardware Modem operations (CTS/RTS)

Configurable multi-buffer communication using centralized DMA
Separate enable bits for Transmitter and Receiver
Transfer detection flags:

- Receive buffer full

- Transmit buffer empty

- End of Transmission flags

Parity control:

- Transmits parity bit

- Checks parity of received data byte

Error detection: Overrun, Noise, Frame and Parity error
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5.6.2.

LIN Break generation and detection

IrDA Support

Synchronous mode and transmitter clock output for synchronous transmission
ISO 7816-3 (T=0 and T=1) compliant smart card interface

Multiprocessor communication

- Enter into mute mode if address match does not occur

- Wake up from mute mode by idle line or address mark detection
B Support for ModBus communication

- Timeout feature

- CRJLF character recognition
B 12 interrupt sources with flags:

- CTS changes

- LIN break detection

- Transmit data register empty

- Transmission complete

- Receive data register full

- Idle line detected

- Overrun error

- Framing error

- Noise error

- Parity error

- Receiver timeout interrupt

- End of block interrupt

While USART1/2/3/6 is fully implemented, UART4/5/7/8 is only partially implemented with
the following features not supported.

B Smartcard mode

B Synchronous mode

B Hardware Modem operations (CTS/RTS)

B Configurable data polarity

DEMO Principle

Table 5-3 USART important pins description

Pin Type Description
RX Input Receive Data
TX Output Transmit Data. high level When
I/O (single-wire/smartcard | enabled but nothing to be transmitted
mode)
CK Output Serial clock for synchronous
communication
nCTS Input Clear to send in Hardware flow control
mode
nRTS Output Request to send in Hardware flow
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control mode

Figure 5-16 USART module block diagram
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GD32F20X USART support DMA transmit function, this DEMO transmit and receive data in
independent DMA channel. This DEMO firstly transmit 256 byte data and wait for receiving
then verify.

According to the following steps,

1.

2.

7.

Write the WL bit in USART_CTLR1 to set the data bits length

Set the stop bits length in USART_CTLR2

Set the baud rate in USART_BRR.

Set the UEN bit in USART_CTLR1 to enable the USART

Set the TEN bit and REN bit in USART_CTLR1.

Configure DMA, enable DMA corresponding channel, enable USART DMAtransmit and

receive.

Wait for transmit and receive finish, compare TxBuffer and RxBuffer.

This routine hardware principle diagram is shown as following.
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Figure 5-17 Schematic diagram of USART1
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Note: for normal operation of COM1, configure JP5 USARTL.

DEMO Implementation Result

This DEMO firstly transmit 256 byte data and wait for receiving then 256 byte data verify. If
the transmitted data are same with the received data, LED on the board will be on in turn,

otherwise blink meanwhile.

After downloading program to board, Information via a serial port output as following, Then
transmitted 256 byte data by the serial assistant software.Observe LED on the board, if data
send and data receive is same as well verify correctly, LED on the board will be on in turn,
otherwise blink meanwhile.

T
18
30
u8
60
78
20
ne
co
D8
Fo

81
19
31
49
61
79
91
ao
c1
D9
F1

92
1A
32
nA
62
70
92
AR
c2
DA
F2

83
18
33
uB
63
7B
93
]
c3
DB
F3

a4
1c
34
ue
64
7C
oy
ac
ch
DC
Fu

g5
10
35
4D
65
7D
95
)
cs
DD
F5

86
1E
36
4E
66
7E
26
AE
Cé
DE
Fé

07
1F
37
uF
67
7F
97
AF
c7
DF
F7

iE]
28
38
58
68
86
98
BB
c8
EB
F8

ag
21
39
51
69
81
99
B1
co
E1
F2

53]
22
3a
52
6A
82
9a
B2
]
E2
Ff

i3]
23
3B
53
6B
83
9B
B3
CB
E3
FB

oac
24
3C
54
6C
84
o9C
BL4
CC
EL
FC

ap
25
3D
5%
ab
8%
oD
BS
CD
ES
FD

BE
26 2
3E 3
56 &
6E 6
86 8
9E 9
B B
CE C
E6 E
FE F

aF

18
7 28
F 48
FAR-1
F 78
7 88
F AB@
7 B8
F DB
7 EB
F

11
29
"
59
71
89
a1
B9
D1
E9

12
2A
42
A
72
8A
Az
BA
D2
EA

13
2B
43
5B
73
8B
A3
BB
D3
EB

14
2c
uy
5S¢
7h
8C
Ak
BC
D4
EC

15
2D
L4
5D
75
8D
AS
BD
DS
ED

16
2E
ué
SE
76
8E
06
BE
D6
EE

17
2F
47
SF
77
8F
07
BF
D7
EF

m

47




C>

GigaDevice

User Manual
GD322071-EVAL

5.7.

5.7.1.

5.7.2.

I2C read and write EEPROM

DEMO Purpose

GD322071-EVAL-V1.0 board integrated the 12C (circuit inter-integrated) module, and the
module provides an 12C interface which is an industry standard two line serial interface for
MCU to communicate with external 12C interface. In this Demo, putting the common
AT24C02C-SSHM-T chip with the 12C interface as the access object, through the DEMO, we
can have an in-depth understanding of the I12C bus, and then master how to read and write
the EEPROM interface 12C.

GD32F20X 12C main features:

B Parallel-bus to 12C-bus protocol converter and interface

B Both master and slave functions with the same interface

B Bi-directional data transfer between master and slave

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

B Multi-master capability

B Supports Standard Speed (up to 100 kHz) and Fast Speed (up to 400 kHz)
B Configurable SCL stretching in slave mode

B Supports DMA mode

B SMBus 2.0 and PMBus compatible

B 2 Interrupts: one for successful byte transmission and the other for error event

B Optional PEC (packet error checking) generation and check

DEMO Principle

AT24C02C-SSHM-T access interface is 12C interface. The 12C module has two external lines,
the serial data SDA and serial clock SCL lines. The two wires carry information between the
devices connected to the bus. Both SDA and SCL are bidirectional lines. Data on the 12C-bus
can be transferred at rates of up to 100 kbit/s in the standard-mode and up to 400 kbit/s in
the fast mode.

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or
LOW state of the data line can only change when the clock signal on the SCL line is LOW.
One clock pulse is generated for each data bit transferred. As shown in the figure below:
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so- L h

SCL

All transactions begin with a START (S) and are terminated by a STOP (P). AHIGH to LOW
transition on the SDA line while SCL is HIGH defines a START condition. A LOW to HIGH
transition on the SDA line while SCL is HIGH defines a STOP condition. As shown in the
figure below:

START

SDA

SCL

STOP

SDA

SCL

12C communication flow:

Each I12C device is recognized by a unique address (whether it is a microcontroller, LCD
driver, memory or keyboard interface) and can operate as either a transmitter or receiver,
depending on the function of the device.

An 12C slave will continue to detect addresses after a start condition on 12C bus and
compare the detected address with its own address which is programmable by software.
Once the two addresses matches, the 12C slave will send an ACK to the 12C bus and
responses to the following command on 12C bus: transmitting or receiving desired data.
Additionally, if General Call is enabled by software, an 12C slave always responses to a
General Call Address (0x00). The 12C block support both 7-bit and 10-bit addresses.

An 12C master always initiates or end a transfer using Start or Stop condition and it’s also
responsible for SCL clock generation.

12C communication flow with 7-bit address:

data transferred
(n bytes+acknowledge)

. From master to slave A=acknowledge
A=no acknowledge
S = start condition

D From slave to master P = stop condition

12C communication flow with 10-bit address:
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11110XX

- Bl

data transferred

(n bytes+

l From master to slave A=acknowledge acknowledge)
A=no acknowledge
S = start condition
D From slave to master P = stop condition

In this DEMO, the board GD322071-EVAL-V1.0 comes with EEPROM AT24C02C-SSHM-T,
and the chip capacity is 2Kbit. The board through the processor comes with the hardware
I12C1 interface and the EEPROM connection. Circuit diagram as follows:

Figure 5-18 Schematic diagram of 12C

12C

C26 +3V3
I
I

U4 50V/0.1uF

GND[]R10 []R11
A0 vee ==
o s 47K Q47K @

Jut

1
2 7
3 6 12C1 SCL _PB6
A2 SCL
4 GND SDA 5 12C1 SDA PB7
. AT24C02C-SSHM-T PB6 is an AFIO, please refer to CAN Schematic for right config

In this DEMO, firstly through the 12C interface write 256 bytes of data to EEPROM, and then
read our just written into the data. Compare the data written and read the data is consistent.
In the experiment the data to read, etc will be printed out through the serial port. Before the
experiment using the jumper cap to connect P4(1,2).

DEMO Implementation Result

Download procedures, and under normal circumstances, serial print out the following
information:
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GD3ZZ0TC-EVAL-V1.0 System 15 Starting up...
D32207C-EVAL-V1. 0 Progran Version mumber:GDL.0

GI3Z207C-EVAL-V1.0 Frogran Conpile time: (Sep 9 2015 - 09:33:44)

(GD3220TC-EVAL-VL. 0 GIA2F20x_StdPeriph Version:l 0.0

(G032207C-EVAL-V1. 0 SystenCoreClock: 1200000001z

(GD32207C-EVAL-Y1. 0 Flash: 512K Bytes

GI32207TC-EVAL-V1. 0 The CPU Unique Dewice ID:[36353133-8343433-54350F3C]

(GI3ZZ0TC-EVAL-VE. 0 T2C-24C02 configured. ..

3 The I2C1 is Hardware interface

» The Speed iz 400000AT24002 Writing . 0x00 Ox01 Ox02 Ox03 0x04 0x05 Ox0B 0x0T 0x03 0x09 OOk 0x0B 0x0C 0z0D 0x0E Ox0F
Oxl0 Ox11 Ox12 Oxl3 Oxl4 Ox15 Ox16 Ox17 OxlS Ox19 Oxlh Ox1E OxlC Ox1D Ox1E Ox1F Ox20 Ox2l 0x22 0x23 Ox24 Ox25 0x26 0x27 025 Ox29
[x2h Oz2B 0220 02D OxPE 022F 030 0231 0232 0233 0x34 0235 038 0237 0x38 0239 Ox34 Ox3B 0x3C 030 Ox3F Ox3F Oxed0 Ox4] 042 Oxdd
Oxdd Ox45 Ondf OxdT Odd Oxdd Oxdh OxdB OxdC OxdD Ox4E OxdF 050 Ox5l 052 053 Ox54 055 Ox36 057 055 Ox59 OxSh 035 0xSC Ox50
Ox2E Ox2F 080 Oxfl Oxf2 OxB3 Oxfd OxBS OxfB OxBT OxB8 OxB9 Oxfh OxBE OxBC 0x8D OxBE OxBF OxT0 0xT1 072 OxT3 OxT4 0xT5 Ox78 OxT7
0xT8 0xT9 0xTh OxTE OxTC OxTD OxTE OxTF OxB0 OxB1 0x82 0x83 OxB4 (xB5 086 0x87 083 (xBY OxBh 0x8B Ox8C CxBD 0x8E 0x8F 090 Ox01
[x82 Ox33 O0x94 OS5 OxB6 Ox97 Ox98 Ox99 OxBA 0x9B Ox3C Ox90 Ox9E OxOF Oxdl Oxdl OxdZ OxA3 Oxdd OxAS Oxdf OxAT OxAS OxAS Oxdd OxAB
OxhC OzADl OxAE OxAF OxBO OxBl 0xB2 0xB3 OxBd 0285 0xB6 0xBT OxBS CxBY OxBA 0xBB OxBC CxBD 0xBE 0xBF OxCO Oxll 0C2 0203 OxC4 OxCS
OxCh 0xCT 0xCH 0xCH OxCh OxCH OxCC OxCD OxCE OxCF OxD0 OxD1 OxD2 OxD3 OxD4 005 OxD& OxDT OxD8 0xD9 OxDA CxDB OxDC 0xD0 OxIE CxDF
OxE0 OxE1 OxE2 OxE3 OxB4 OxES OxE6 OxET OxES 0xE9 OxEA OxEE OxEC OxED OxEE OxEF OxFO OxFl 0xF2 0xF3 OxF4 OxFS 0xF6 0xF7 OxF5 OxF3
[zFh OzFB OxFC 0xFD OxFE OzFF

BT24002 Reading, .. 000 Ox01 0x02 0203 Ow04 0x09 0x06 x0T 005 0x09 OxOk 0x0B 020 Ow0D Ox0F 0x0F 0210 Owll Oxl2 O0xl3 Oxl4 013
Oelf OxfT 018 Owl9 Oelh OxiB OxiC OwlD) OwlE OlF 0x20 O0x21 0P2 Ox23 Ox24 085 0P8 02T 0x28 0x29 OxPh OxPB 0220 0x20 0x2F Ox2F
Ox30 Ox31 0532 0x33 Ox34 0x35 0x36 0x37 Ox35 0x39 Ox3A Ox30 Ox3C Ox3D Ox3E 0x3F Owd0 Oxdl Oxd2 Oxdd Oxdd Oxd5 Oxd6 047 OxdS Oxd3
Oxdh Ox4B OxdC OxdD Ox4E Ox4F O30 0x51 Ox52 023 Ox54 055 056 Ox57 028 0x59 024 Ox3B Ox3C 030 0xSE OxSF OxB0 061 062 Oxf3
Oefid OxB5 0BG 0BT OxBd OxBY OxBh OxBH OxfC OxBD 0xBE OxEF OxT0 OxTl 0xT2 0273 OxT4 OxT5 OxT6 0x77 OxT8 OxT9 OxTA 0xTE 0x7C OxT0
OxTE OxTF 080 081 OxB2 OxB3 Oxf4 0xE5 0BG 0BT 088 0x89 OxBA OxBB OxBC 080 OxSE OxBF Ox30 Ox91 0x82 093 Ox94 0x95 096 Ox97
(38 0x99 OO OxOR OxBC 0x9D 0x9F OxOF OwhD Oehl OxA? Oxd3 Ohd OehS Oxdf OxAT OxdB Oehd Oxdk OxAB OxAC OwhD OxAR DxAF OxBO OB
[xB2 (xB3 OxB4 OxES OxB6 (xBT 0xB8 OxB9 OxBA 0xBB OxBC OxBD OxBE CxBF 0xCO 0xCl 0xC2 OxC3 0xC4 0x05 OxCB OxCT 0xC8 0xC9 OxCh OxCH
0xCC 0xCD OxCE OxCF Ox00 OxD! 0xD2 003 OxD4 0xD5 OxD6 OxD7 OxDS OxD9 OxDA OxDE OxIC OxDD OxDE OxDF OxEO OxEl 0xE2 0xE3 OxB4 OxES
[zB6 (zET 0xE3 0xE9 OxEA OzER OxEC OxED OxEE OxEF 0xF0 OxF1 OxF2 OxF3 OxF4 0285 OxFE CxFT 0xF8 0xF9 OxFh OxFE 0xFC 0xFD OxFE OxFF
T20-K124002 Test Passed!|

Firstly print some information on the board, data to written and data to read out,
and then print the results of the written data and read the results are consistent.

Program from address 0x00 sequential writes 256 bytes of data to the EEPROM, then
program from address 0x00 order to read 256 bytes of data. To compare the data and read
the data read, if the same, serial print out "Test Passed 12C-AT24C02!", while the board of
the four LED lights flashing, otherwise serial print out "Read and Write are't Matching.
Err:Data”, while the four LED fight fully.

5.8. SPI-Flash quad wire flash read and write

5.8.1. DEMO Purpose

This Demo use SPI1 interface of GD322071-EVAL-V1.0 development board to read and write
SPI NOR FLASH at quad SPI mode. The SPI NOR FLASH is a serial FLASH memory chip
GD25Q16B which size is 16Mbit ,the chip supports standard SPI and quad SPI operation
instructions.

GD32F20X SPI main features:
B Master or slave operation

B Quad wire configuration available in master mode
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B Programmable clock bit rate

B Programmable clock polarity and phase

B Separate transmit and receive buffer, 16 bits wide

B Programmable data frame size, 8 or 16 bits

B Programmable data order, transmit MSB-first or LSB-first

B Hardware CRC calculation and transmit automatic CRC error checking

B Full-duplex synchronous transfers on three lines

B Simplex synchronous transfers on two lines

B NSS work in software mode or hardware mode for both master and slave
B SPI bus busy status flag

B Transmission and reception flags with interrupt capability

B Master configuration fault, overrun and CRC error flags with interrupt capability

B Transmission and reception by DMA capability

DEMO Principle
Quad SPI principle
In quad wire configuration, SPI uses 6 pins: MOSI, MISO, 102, 103, SCK and NSS.

MOSI: This pin is used to transmit data in quad write mode and receive data in quad read
mode.

MISO: This pin is used to transmit data in quad write mode and receive data in quad read
mode.

I02: This pin is used to transmit data in quad write mode and receive data in quad read
mode.

I03: This pin is used to transmit data in quad write mode and receive data in quad read
mode.

SCK: The configuration and behavior of SCK pin is the same as single wire mode except that
there are only 2 clock cycles per data frame in quad wire configuration.

Data frame format: The frame length is fixed to 8 bit in quad wire mode, as shown below.
NSS: when this pin is driven low means external chip is selected.

The following figure is SPI data clock timing in quad wire mode(SCKPL=1,SCKPH=0)
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Figure 5-19 SPI data clock timing in quad wire mode(SCKPL=1,SCKPH=0)
SCK
MOSI D[4] D[0] D[4] D[0]
MISO D[5] D[1] D[5] D[1]
102 D[6] D[2] D[6] D[2]
103 D[7] D[3] D[7] DI3]

SPI FLASH principle:

According to the principle of FLASH storage, FLASH must erase before write. GD25Q16B
each sector size is 4K byte and sector is the smallest unit of erase. But when user write data
to, flash ,the smallest unit is a page, the page size is 256 bytes. When you read data, you
can read the entire FLASH after send reading command. Please refer to the GD25Q16B
reference manual for the specific operation instructions.

Hardware design

In order to read and write FLASH,we connect SPI1 pin to each SPI FLASH signal line.
Connected line is show as following :

PB1——SPIFLASH_CS——GD25Q16B_CS
PAS——SPI1_CLK——GD25Q16B_SCLK
PA7——SPI1_MOSI_I00——GD25Q16B_SI
PA6——SPI1_MISO_I01——GD25Q16B_SO
PA2——SPI1_WP_102——GD25Q16B_WP

PA3——SPI1_HOLD |I03——GD25Q16B_HOLD

The following figure is GD322071-EVAL-V1.0 development board Hardware connection of
SPI FALSH module:
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Figure 5-20 Schematic diagram of SPI
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SPI1_MOSI I)O3
HEADER 3

SPI1 MISO 101
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10K Q
SPIFlash C3
SPI1_MISO 1012

SPI1 WP 102 3

GND Sl
GD25Q16BS

Cs VCC
SO HOLD
WP SCLK|
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Software design

Based on the firmware library, according to the GD SPI FLASH datasheet, the serial FLASH
driver file is added. According to the operation instructions described in the data sheet, to
achieve the GD SPI FLASH ID read, erase, data read and write operations. Please refer to
the GD25Q16B datasheet for specific instructions.

This Demo use quad SPI interface to read and write SPI NOR FLASH. Firstly, read the ID of
SPI_FLASH, and then erase a sector from an address, lastly, use the quad wire mode to
write and read 256 bytes from the address.

The following describes how to achieve quad wire write operation according to the clock

timing of GD25Q16B datasheet:
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Figure 5-21 Quad write operation timing diagram of GD25Q16B

cs# \ )
SCLK __JUyuupuUgupUpyul -
l«—— Command 24-bit address —p{ Byte1 | Byte2
swon) 777 w080 --COOCHACO0 -
S 50000000 =
WP#(102) eX2XEX2KeX2XEX2)- -
HOLD#(103) 00000000
cs# _ e o N £
40 414243 44 454647 4849505152535455 DB B B3 83 3 3 3
sk TUPUPUPUPUPUpUpUL Juyuyuuut —
Byte11Byte12]  [Byte253 Byte256
NN 00 00 0.0 00 0.0 00 00 00 s 0000 0.0 0.0 Gl
SOUO - KEX XX DXEXDXEX XX DXEXDIKEXDIEX D —KEXDXEXXEXXEX X
WERI02) - (BX2XEX2XEXEXXEXDEXBEXRIEXDI —(EXIKEXIX X
el 00, 9.6,9.99.0,90,0.0 9000 0000 0000 Gl

Following is the code how to write 256 bytes to the FLASH:

void QSPI_FLASH_ PageWrite(uint8_t*  pBuffer, uint32_t  WriteAddr, uintl6 _t
NumByteToWrite)

{
[* Enable the FLASH Quad Mode */
QSPI_FlashQuad_Enable();
* Enable the write access to the FLASH */

SPI_FLASH_WriteEnable();

[* Select the FLASH: Chip Select low */
SPI_FLASH_CS_LOW();

/* Send "Quad Write to Memory " instruction */
SPI_FLASH_SendByte(QUADWRITE);

[* Send WriteAddr high nibble address byte to write to */
SPI_FLASH_SendByte((WriteAddr & OxFF0000) >> 16);

/* Send WriteAddr medium nibble address byte to write to */
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SPI_FLASH_SendByte((WriteAddr & OXFF00) >> 8);

[* Send WriteAddr low nibble address byte to write to */
SPI_FLASH_SendByte(WriteAddr & OxFF);

[* Enable the QSPI */

QSPI_Enable(SPI11,ENABLE);

[* Enable the QSPI Write Operation*/
QSPI_Write_Enable(SPI1,ENABLE);

/* while there is data to be written on the FLASH */

while (NumByteToWrite--)

{
/* Send the current byte */
SPI_FLASH_SendByte(*pBuffer);
[* Point on the next byte to be written */
pBuffer++;

}

[* Deselect the FLASH: Chip Select high */
SPI_FLASH_CS_HIGHJ();
[* Disable the QSPI Function */
QSPI_Enable(SPI1,DISABLE);
[* Wait the end of Flash writing */
SPI_FLASH_WaitForWriteEnd();

}

Quad wire write operation process:

1. Send command to the FLASH, use the QSPI_FlashQuad_Enable () function to achieve
the  FLASH into quad mode

2. Pull low chip select signal, send quad write command QUADWRITE (0x32) and following
24 bit starting address that the data wan to write in standard SPI mode

3 .Enable the GD32MCU SPI1 QSPI function, and set the write operation;

4. Until the end of the GD32MCU SPI1 transmission in the quad wire mode, and then chip
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5.8.3.

5.9.

5.9.1.

select pin driven high, close the SPI1 quad wire SPI function;
5. Achieved a page data write operation after the last data write complete.

Quad wire SPI read operation is similar to the write operation. Please refer to the GD25Qxx.c
file. In addition, the read ID command, erase command, read or write register command of
FLASH memory chip GD25Q16B is performed in the standard SPI mode, only user read or
write data at quad SPI mode.

DEMO Implementation Result

Ensure GD32207I1-EVAL-V1.0 development board JP4/JP12/JP13/JP19/JP27 jumper cap
jump to SPI, computer serial port line connected to the COM1 port of development board, set
the baud rate of serial assistant software to 115200, 8 bits data bit, 1 bit stop bit. Download
the program into the development board, through the serial assistant software can observe
the operation condition, will display the ID of the flash, 256 bytes data which write to and
read from flash. The following is the experimental results.

GD32207I-EVAL-V1.0 System is Starting up...

(GD32207I-EVAL-V1. 0 Program Version number:GD1. 0. 0000

GD32207I-EVAL-V1. 0 Program Compile time:(Sep 8 2015 - 17:48:08)

GD32207I-EVAL-V1.0 SystemCoreClock:120000000Hz

GD32207I-EVAL-V1. 0 Flash:65535K

GD322071-EVAL-V1.0 The CPU Unique Device ID:[FFFFFFFF-FFFFFFFF-FFFFFFFF]

GD32207I-EVAL-V1. 0 SPI Flash:GD25Q16 configured...

The Flash_ID:0xC84015

Write to Tx_Buffer:0x00 0x01 0x02 0x03 0x04 0x05 0x06 0x07 0x08 0x09 0xO04 OxOB 0xOC 0xOD OxOE OxOF 0x10 Ox1l 0x12 0x13 Oxl4 0x15 Ox16 Ox17 O0x18 0x19 Oxla
0x1B 0x1C Ox1D Ox1E Ox1F 0x20 0x21 0x22 0x23 0x24 0x25 0x26 0x27 0x28 0x29 0x2A4 0x2B 0x2C 0x2D O0x2E 0x2F 0x30 0x31 0x32 0x33 0x34 0x35 0x36 0x37 0x38 0x39
0x34 0x3B 0x3C 0x3D Ox3E 0x3F 0x40 Ox41l 0x42 0x43 Ox44 0x45 0x46 0x47 0x48 0x49 Ox4h Ox4B Ox4C Ox4D Ox4E Ox4F 0x50 0x51 0x52 0x53 0x54 0x55 0x56 0x57 0x58
0x59 0x5A 0x5B 0x5C 0xS5D O0xS5E OxSF 0x60 0x61 0x62 0x63 Ox64 0x65 0x66 0x67 0x68 0x69 Ox6A 0x6B 0x6C 0x6D OxBE 0x6F 0x70 0x71 0x72 0x73 0x74 0x75 0x76 0x77
0x78 0x79 0xTA 0x7B 0x7C 0x7D Ox7E Ox7F 0x80 0xB81 0x82 0x83 0x84 0xB85 0x86 0xB7 0x88 0xB89 0xB4 0xB8B 0x8C 0xB8D 0x8E OxB8F 0x90 0x91 0x92 0x93 0x94 0x95 0x96
0x97 0x98 0x99 0x94 0x9B 0x3C 0x9D O0xSE Ox9F OxAO OxAl OxA2 OxA3 OxAd OxAS OxA6 OxA7 OxA8 OxA9 OxAA OxAB OxAC OxAD OxAE OxAF OxBO 0xBl 0xB2 0xB3 0xB4 OxBS
0xB6 0xB7 0xB8 0xBY 0xBA 0xBE 0xBC OxBD OxBE OxBF 0xCO 0xCl 0xC2 0xC3 0xC4 0xCS 0xC6 0xC7 0xC8 0xC9 0xCA 0xCBE 0xCC 0xCD 0xCE OxCF 0xDO 0xD1 0xD2 0xD3 0xD4
0xD5 0xD6 0xD7 0xD8 0xD9 0xDA 0xDB 0xDC 0xDD OxDE OxDF O0xEQ OxEl O0xE2 OxE3 OxE4 OxES OxE6 OxE7 OxE8 OxE9 OxEA OxEE OxEC OxED OxEE OxEF 0xFO OxF1 0xF2 OxF3
0xF4 OxF5 OxF6 OxF7 OxF8 0xF9 OxFA OxFB OxFC OxFD OxFE OxFF

Read from Rx_Buffer:0x00 0x01 0x02 0x03 0x04 0x05 0x06 0x07 0x08 0x09 Ox04 0xOB 0xOC 0xOD OxOE OxOF 0x10 Ox1l 0x12 0x13 Ox14 0x15 Ox16 0x17 0x18 0x19 Oxli
0x1B 0x1C Ox1D Ox1E Ox1F 0x20 0x21 0x22 0x23 0x24 0x25 0x26 0x27 0x28 0x29 0x2A4 0x2B 0x2C 0x2D 0x2E 0x2F 0x30 0x31 0x32 0x33 0x34 0x35 0x36 0x37 0x38 0x39
0x34 0x3B 0x3C 0x3D Ox3E O0x3F 0x40 Ox4l Ox42 Ox43 Oxdd O0x45 Ox46 O0x47 Ox48 O0x49 Ox4A OxdB Ox4C Oxd4D Ox4E Oxd4F 0x50 0x51 0x52 0x53 0x54 0x55 0x56 0x57 0x58
0x59 0x5A4 0x5B 0x5C 0x5D O0xS5E OxS5F 0x60 0x61 0x62 0x63 0x64 0x65 0x66 0x67 0x68 0x69 Ox6A Ox6B 0x6C 0x6D Ox6E Ox6F 0x70 0x71 0x72 0x73 0x74 0x75 0x76 0x77
0x78 0x79 0x74 0x7B 0x7C 0x7D Ox7E Ox7F 0x80 0xB81 0x82 0xB83 0x84 0xB85 0x86 0xB7 0x88 0x89 0x84 0xB8B 0x8C 0xB8D 0x8E O0xB8F 0x90 0x91 0x92 0x93 0x94 0x95 0x96
0x97 0x98 0x99 0x94 Ox9B 0x9C 0x9D Ox9%E Ox9F OxA0 OxAl OxA2 OxA3 OxAd OxAS OxA6 OxAT OxA8 OxA9 OxAA OxAB OxAC OxAD OxAE OxAF OxBO OxEl 0xB2 0xE3 0xB4 OxES
0xB6 0xB7 0xBS 0xBY OxBA O0xBE OxBC OxBD OxBE OxBF 0xCO 0xCl 0xC2 0xC3 0xC4 0xCS 0xC6 0xC7 0xC8 0xC9 0xCA O0xCE 0xCC 0xCD OxCE OxCF 0xDO 0xD1 0xD2 0xD3 0xD4
0xD5 0xD6 0xD7 0xD8 0xD9 0xDA 0xDB 0xDC 0xDD OxDE OxDF 0xEQ OxEl 0xE2 OxE3 OxE4 OxES OxE6 OxE7 OxE8 OxE9 OxEA OxEB OxEC OxED OxEE OxEF 0xFO OxF1 0xF2 0xF3
0xF4 OxF5 OxF6 OxF7 OxF8 0xF9 OxFA OxFB OxFC OxFD OxFE OxFF

SPI Flash:GD25016 Initialize Successfully!|

EXMC_NAND Flash

DEMO Purpose

There is a 1Gb NAND Flash (HY27UF081G2A) on the GD32207I-EVAL-V1.0 board. The
NAND Flash can be accessed via EXMC module of GD32F207IKT6. This Demo is used to
show how to use EXMC NAND Flash controller to access NAND Flash.

GD32F20X EXMC main features:
B Supported external memory:
-  SRAM

- PSRAM/SQPI-PSRAM
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5.9.2.

-  ROM
- Nor Flash
- 8-bit or 16-bit NAND Flash
- 16-bit PC Card
- Synchronous DRAM(SDRAM)
B Conversion interface between the AHB bus and the external device protocol
B Offer a variety of programmable timing parameters to meet user specific needs
B Each bank has a separate chip-select signal which can be configured independently

B Support independent configuration of reading and writing operation timing for some
devices

B Provide ECC calculating hardware module for NAND Flash memory block

B Provide 8-bit or 16-bit or 32-bit data bus

B Support address and data bus multiplexing for NOR Flash and PSRAM

B For some devices, write enable signal and byte select signal can be provided

B Automatic split AHB transaction if AHB bus data size is greater than external memory
data size

DEMO Principle

As shown below, EXMC module includes six parts: AHB bus interface, EXMC configuration
registers, NOR Flash memory controller, NAND Flash and PC Card controller, SDRAM
controller, external device interface. Reference clock of EXMC module is the AHB clock
(HCLK).
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Figure 5-22 The EXMC block diagram
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NAND Flash interface:

Table 5-4 8-bit or 16-bit NAND Flash interface signal

EXMC Pin Direction Functional description
A[17] Output NAND Flash address latch (ALE)
A[16] Output NAND Flash command latch (CLE)
D[7:0) D[15:0] Input /Output 8-bit multiplexed, bidirectional address/data bus
16-bit multiplexed, bidirectional address/data bus
NCE[X] Output Chip select, x =2, 3
NOE(NRE) Output Output enable
NWE Output Write enable
NWAIT/INTx Input NAND Flash ready/busy input signal to the EXMC, x=2, 3

EXMC provides the conversion interface between AHB bus and external device protocol.
32-bit of AHB read or write accesses can be split into several consecutive 8-bit or 16-bit read
or write operations.

EXMC external memory can be divided into many banks and they can support different types

of memory. Each bank is 256 Mbytes. The address space of each bank and the supported
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memory type are shown in following figure.

Figure 5-23 EXMC memory banks

Address

0x6000 0000

OX6FFF FFFF
0x7000 0000

OX7FFF FFFF
0x8000 0000

OX8FFF FFFF
0x9000 0000

OXOFFF FFFF

0xC000 0000

OXCFFF FFFF
0xD00O 0000

OXDFFF FFFF

Banks

Supported memory type

NOR/PSRAM
Bank1(4x64M) SQPI-PSRAM
Bank2(256M)

NAND
Bank3(256M)
Bank4(256M) PCCard
Bank5(256M)

SDRAM
Bank6(256M)

You can access NAND Flash through the Bank2 or Bank3, and EXMC module provides
dedicated registers to generate the appropriate read and write timing according to user

needs and the characteristics of external memory. In addition, EXMC provide ECC

computing module for access NAND Flash.

As shown below, both Bank2 and bank3 are divided into two sections, which are attribute

memory space and common memory space.
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Figure 5-24 NAND address mapping

Address

0x70000000

OX73FFFFFF

0x78000000

Ox7BFFFFFF

0x80000000

Ox83FFFFFF

0x88000000

OX8BFFFFFF
OX8FFFFFFF

Memory Space

Common Memory Space

N

Attribute Memory Bank

Common Memory Space

Attribute Memory Bank

EXMC Memory Bank

> Bank2

> Bank3

For NAND Flash, common space and attribute space in the low 256K bytes of bank2 or
bank3 space can be divided into three sections. The following figure is a partition diagram of

bank2 common space. The attribute space of bank2, the common space and attribute space

of bank3 are divided as well.

Figure 5-25 Diagram of bank2 common space

HADDR[17:16]

00

01

1X

Address

0x70000000

0x7000 FFFF
0x70010000

0x7001 FFFF
0x70020000

0x7003 FFFF
0x70040000

OX73FF FFFF

Memory Space  EXMC Memory Bank

Data Area(64K)

Command Area(64K)

Address Area(128K)

M

Bank2
> Common
Space

HADDR [17:16] bit are used to select one of the three area. HADDR [17:16]=00 selects the
data area, HADDRJ[17:16]=01 selects the command area, and HADDR[17:16]=1X selects
the address area. Application software uses the 3 area to access NAND Flash. Operating
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rules are as follows:

Send a command to NAND Flash memory: Software writes commands in the command

Specified the NAND Flash operation address: Software writes the operation address in

the address area. If the number of operation address bytes is excessive, the process of

writing operation address should be split into several consecutive writes in the address

1)

area.
2)

section.
3)

Read or write the data to NAND Flash: The software reads or writes the data from or to

NAND Flash data area. Since the NAND Flash memory will increase the operation

address automatically, there is no need to increase the address of the data section

manually to access consecutive memory locations.

The schematic diagram of 1Gb NAND Flash (HY27UF081G2A) which is on the
GD322071-EVAL-V1.0 board is shown in Figure 5-26. Data width of the NAND Flash is 8bit.
Page size is (2K+64 spare) Bytes. Block size is 64 pages, hamely, (128K + 4K spare) Bytes.
The total storage space of this NAND Flash is (2K+64) x Bytes 64 x Pages 1024 Blocks. It is
programmed basically by page, and the Erase operation is done on a block basis.

Figure 5-26 Schematic diagram of EXMC-NAND Flash function

PD14 EXMC DO PD11 EXMC A16
PD15 EXMC D1 PD12 EXMC Al17
PDO EXMC D2 PD7 EXMC NE1
PD1 EXMC D3 PD4 EXMC NOE
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PE8 EXMC D5 PD6 EXMC

PE9 EXMC D6

PE10 EXMC D7
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Nand Flash
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According to NAND Flash access rules, it is required to send command firstly. And different

NAND Flash device may have different operating commands .The command sets of

HY27UF081G2A are shown below.

Table 5-5 Command sets

Acceptable
FUNCTION 1st CYCLE| 2nd CYCLE | 3rd CYCLE |4th CYCLE| command during
busy
READ 1 00H 20H
READ FOR COPY-BACK 00H 35H
READ ID 90H
RESET FFH YES
PAGE PROGRAM 80H 10H
COPY BACK PGM 85H 10H
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5.9.3.

BLOCK ERASE 60H DOH
READ STATUS REGISTER 70H - - - YES
CACHE PROGRAM 80H 15H
RANDOM DATA INPUT 85H
RAMDOM DATA OUTPUT 05H EOH
CACHE READ START 00H 31H
CACHE READ EXIT 34H

To send the 28 addresses needed to access the 1Gbit NAND Flash, 4 clock cycles (x8 bit)
are needed. The address of each cycle is listed as follows:

Table 5-6 Address Cycle Map

100 101 102 103 104 105 106 107
1st Cycle AO Al A2 A3 A4 A5 A6 A7
2 Cycle A8 A9 Al10 All L) L) L) L)
3rd Cycle A12 A13 Al4 A15 Al16 Al7 A18 A19
4th Cycle A20 A21 A22 A23 A24 A25 A26 A27

NOTE:

1. L must be set to Low

DEMO Implementation Result

The NAND Flash on GD32207I-EVAL-V1.0 board is connected to the Bank2 of EXMC. This
Demo achieved the functions of read NAND Flash ID, erase, page write, page read
through EXMC module.

After initialization, the program read NAND Flash device ID first, and print the read ID
through the serial port. If the ID value read from the NAND Flash is not equal to the true
device ID, the error message will be print out. Otherwise, the program will write 1K bytes
data starting from a designated address of NAND Flash, then read out 1K bytes data from
the designated address for verification. If all the read data and write data are equal, there are
four LEDs on the GD322071-EVAL-V1.0 board will be turned on and the serial port will print
out the successful access information and the 1K bytes data read from NAND Flash. If the
read and write failure, only LED1 and LED2 will be turned on, and the failure information will
be print out.

Put jumper "JP5" to "USART1" and the serial line connect to COM1.The operating result can
be view via the serial port.

After you download the program to the development board, if the program is running
correctly, the following information will be shown through the serial port.
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5.10.

5.10.1.

Hand

Flash ID:0xAD 0xF1 0x80 OxlD -

Write data successfully!

Read

data successfully!

The result to access the nand flash:
hecess nand flash successfully!
Printf data to be read

0200
015
OxZh
0:3F
OS54
063
0xTE
093
Oz A5
0zxED
002
0:xET
0xFC
011
0xZ6
0:3E
050
065
02T A
MwAF

0x01 0202 0x03 0x04 0=x05 0:x08 0x0T Ox08 0:x09 Ox0hi O0x0B O0x0C 0:x0D O0xOF 0x0F 0x10 0x11 0212 0x13 Ox14
1B 0x17 018 0219 Oxld OxlB OxIC OxlD 0x1E OxlF O0x20 O0x2l 022 0x23 O0xE4 0x25 0x26 0x2T 0x25 0x29
0x2B 0x2C 0x2D 0x2E 0x2F 0x30 0x31 0x32 0:x33 0x34 0x35 0x36 0x37 0x55 0x39 Ox3h 0x35B 0x3C 0x3D 0x3E
Ox40 Ox41l 0x42 Ox43 Oxdd Ox4S Owxdf OxdT Ox4d OxdD Ox4A Ox4E Oxd4C Ox4D O0x4E Oxd4F 0250 0x51 0252 0x53
0x55 0x56 0x5T 0x58 0x59 0x54 0x5E OxSC 0x5D OxS5SE O0xSF 0x60 0x51 O0x62 0x63 O0x64 0x65 0x66 0xET Ox65
OxBh 0x6E 0xBC OxBD 0xBE OxBF 070 OxT1 0xTZ2 0xT3 0xT4 0xTS OxT6 OxTT O0x75 O0xT9 OxTA OxTE O0xTC Ox7D
0xTF 0x80 0x81 0x82 0x83 0xS4 085 O0x86 0:x87 O0x58 0:x89 O0xSA 0x8B 0xS8C 0x8D 0xSE 0xSF 0x90 0x91 0x92
0x94 0x95 0x96 0x9T7 0x98 0x99 OxJh Ox9E 0:x3C O0x3D 0x9E O0x9F OxA0 OxAl Oxs2 OxAS Oxdd OxAS Oxs6 OxAT
DA OxAb OB OxAC OxAD OxAE OxAF OxBO O0xBl OxBZ2 O0xB3 OxB4 0xBS O0xBS 0xBT 0xBES 0xE9 OxBA O0xEE OxEC
0xBE 0xEF 0xCO 0xCl 0xC2 0xC3 0xC4 OxCS 0xC6 OxCT O0xCS 0xCY 0xCA O0xCE 0xCC 0xCD 0xCE 0xCF 0xDO 0xD1
0xD3 0xD4 0xDS 0xDE 0xDT 0xDS 0xDY OxDAa 0xDE OxDC OxDD OxDE OxDF OxED OxEl OxE2 OxE3 OxE4 0xES OxEB
0xES 0xE9 0xEh 0xEB 0xEC 0xED OxEE OxEF 0xF0 OxFl 0xF2 0xF3 0xF4 0xFS 0xF6 0xFT 0xF5 0xF9 0xFA OxFE
0xFD 0xFE 0xFF 0:x00 0x01 0:x02 0x03 Ox04 0x05 Ox08 0x07 0x08 0:x03 Ox0A 0:x0B 0x0C 0=x0D 0x0E 0x0F Ox10
012 0x13 Oxld 0x15 Ox16 OxlT Oxlf Oxl9 Oxlh OxlB O0x1C Ox1D 0x1E Ox1F 0xE20 0x21 0x22 0x23 0x24 0x25
0x2T 0228 0229 0xZh 0x2E 0x2C 0x2D 0x2E 0x2F 0x30 O0x31 0x32 0233 O0x34 0x35 0x38 0x3T 0x38 0x39 Ox3h
030 0230 0x3E 0x3F Ox40 Ox4l D42 Oxd3 Oxdd OxdS O0x46 O0x4T 045 O0x49 Oxdd Ox4B 0x4C O0xdD 0x4E Ox4F
0x51 0x52 0x53 0x54 0x55 0x56 0x5T Ox58 0x59 OxS5h 0x5E 0x5C 0x5D 0xSE 0xSF 0x60 0x61 0x6Z 0x63 Ox64
0xB6 O0x6T 0x65 0xB9 OxBh 0xBE 0xBC OxBD 0xBE CQwxBF O0xT0 ODxT1 O0xT2 O0xT3 O0xT4 O0xTS OxT6 OxTT OxTS Ox79
0xTE 0xTC 0xTD 0xTE OxTF 0280 051 0282 0:x83 O0x54 0x85 0x56 0:x8T7 0x55 0x89 0xSh 0x8E 0x58C 0x5D 0x5E
Mr0n w91 M0 Ne93 MeOd Ow95 MeOR Ow9T Me0R 099 NrOd Ow98 MO0 OGN MeQF Ow9F Dedll Ovd! Oed? Neds

m

If the read ID is wrong, you can see the following information through the serial port.

Hand Flash ID:0x0 0x0 Ox0 Ox0 -
Fead HAHD ID failwe!

SDIO TF card test DEMO

DEMO Purpose

The SD/SD 1/0 /MMC card host interface (SDIO) provides an interface between the AHB

peripheral bus and MultiMediaCard (MMC), SD memory cards, SD I/O cards or CE-ATA

devices.

GD32F20X SDIO main features:

B Full compliance with MultiMediaCard System Specification Version 4.2(and previous
versions). Card supports for three different databus modes: 1-bit (default), 4-bit and 8-bit

B Full compliance with SD Memory Card Specifications Version 2.0

B Full compliance with SD I/O Card Specification Version 2.0: card support for two different
databus modes: 1-bit (default) and 4-bit

B Full support of the CE-ATA features (full compliance with CE-ATA digital protocol Version
1.1)

B Data transfer up to 416 Mbit/sec for the 8-bit mode(the maximum frequency of MMC4.2
is 52MHz )

B Data and command output enable signals to control external bidirectional drivers

B Interrupt and DMA request to processor

B Completion Signal enables and disable feature (CE-ATA)
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Based on the GD322071-EVAL-V1.0 Board, this Demo presents how to use the SDIO
controller of the MCU to initialize then communication with the SD MEMORY card which
includes SD card, mini SD card and micro SD card. TF card is the another name of micro
SD card.

DEMO Principle

The followings are the hardware the Demo used:

USART1: USARTL1 is used to print the information of the Demo when the Demo is running.
SDIO: SDIO controller is used to communication with the SDIO MEMORY.

LED: LED shows the state of the running program.

The following picture is the hardware layout of SDIO:

Figure 5-27 Schematic diagram of SDIO

PC11is an AFIO, please refer to DCI Schematic for right config
PC8is an AFIO, please refer to DCI Schematic for right config +3V3
PC9 is an AFIO, please refer to DCI Schematic for right config
PC10 is an AFIO, please refer to RGB_TFTLCD Schematic for right confr
PC11 SDIO DAT3 R46
PD2 SDIO CMD 10K Q JP32
PC12 SDIO CLK 9 |
PC8 SDIO DATO SDIODATL 8 0
PC9 SDIO DAT1 SDIO DATO 7 DO
PC10 SDIO DAT2 6 |
soio cLéNo| 5] SND
2 CLK
spio_cmp 3V 3 \é,(\:/l%
SDIO DAT3 2 D3
SDIO DAT2 1 D2

TF_CARD_SOCKET

+3V3

16V/10uF,AVX

L.
1

.
GND

The SD Memory Card system defines two alternative communication protocols: SD mode
and SPI mode. The host system (SDIO controller) can choose either one of the modes. The
card detects which mode is requested by the CS(dat3) pin output level when the reset
command is received, low level means SPI mode.

The following figure shows the general shape and interface contacts of the TF Card.
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Figure 5-28 SD Memory Card Shape and Interface

|
9

SD Memory
Card

AN
12345

(MR
678

EWD

The following table defines the card contacts:

Table 5-7 Memory card alternate-function

Pin SDIO mode SPI mode
Name Description Name Description

Card Detect/ .

1 CD/DAT3 Cs Chip Select
Data Line 3

2 CMD Command/Response | DI Data In

3 VSS1 Supply voltage VSS Supply voltage
ground ground

4 VDD Supply voltage VDD Supply voltage

5 CLK Clock SCLK Clock

6 VSS2 Supply voltage VSS2 Supply voltage
ground ground

7 DATO Data Line O DO Data Out

8 DAT1 Data Line 1 Reserved

9 DAT2 Data Line 2 Reserved

The flow diagram of the Demo shows below :
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Figure 5-29 Program flow diagram

USART. LED
initialization

h 4

SDIO
initialization

No

Initializatio
n success?

Output the
information of
the card

Test program

Running
success?

4 4
Light on LED1 Light on LED2
End -

Firstly, the program initializes the USART1 and the GPIO of LED and USARTL.

Secondly, the program initializes TF card by SDIO controller .If the initialization runs
successfully, the controller will get the information of the card, then we can select the SDIO
mode (1-bit mode or 4-bit mode) and data transformation method (DMA or polling),
otherwise USART1 will output “Card init failed” with the program entering an infinite loop, at
the meanwhile lights on LED2.

After initialization, USART1 outputs the information about the TF card, including the version
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of the SD protocol the card supports, the card type, the card capacity, the supported
command sets of the card and so on.

Finally, testing the basic function of the card, read and write operation, lock and unlock
operation, erase operation, users can uncomment “#define DATA_PRINT” to watch the
details of the test program through the output of USART1.At last lights on LED1 if the test
program is passed.

Jumper settings: JP5 jump to the end of USART1, JP26, JP28, JP29 and JP31 jump to the
end of SDIO.

DEMO Implementation Result

Note: 1.This Demo may destroy file system on the card, please backup the content of the
card if there exists a kind of file system.

This Demo only supports SDHC card.

Execute the Demo in the folder called “10_SDIO_SDCardTest” successfully, USART1
outputs the follow messages:

Card init success

Card informatiorn;

Card version 3.0x

SOHC card

Device zize 1= 7OER312KE
Block, zize iz 5128

Block count iz 15130624

CardComandClazses iz b5

Block operation supported
Lackiunlock supparted

Eraze supported

Application specific operation supported
Switch funchion suppaorted

This indicates a successful initialization, USARTL1 prints the card information. Then test the
basic function of the card, USART1 prints the following messages:

Card test:

Black write success
Block read success
The card iz locked
Eraze failed

The zard iz unlocked
Eraze success

Block read success
kul block, write success
kul black read success

The message “Erase failed” belongs to lock function test, if the card is locked, erase
operation can’t be achieved.
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5.11.1.

5.11.2.

RTC_Calendar

DEMO Purpose

GD322071-EVAL-V1.0 development board integrated RTC (clock Real-time) real-time clock.
If the battery has been installed, the accuracy of the current date and time can be
guaranteed when the system is reset or power down RTC is essentially an independent timer,
usually used for calendar clocks. This Demo is used to demonstrate the function and usage
of the RTC module in the GD322071-EVAL-V1.0 development board.

GD32F20X RTC main features:

B 32-bit programmable counter for counting elapsed time
B Programmable prescaler:

- Division factor up to 2%

B Separate clocks:

- PCLK1 clock

- RTC clock (must be at least 4 times slower than the PCLK1 clock)
B RTC clock source:

- HSE clock divided by 128

- LSE oscillator clock

- LSl oscillator clock

B Maskable interrupt source:

- Alarm interrupt

- Seconds interrupt

- Overflow interrupt

DEMO Principle

The RTC includes two major units, APB1 Interface and RTC Core.

APBL1 Interface is connect with the APB1 bus. It includes a set of 16-bit registers, can be
read or write from APB1 bus. In order to interface with the APB1 bus, the APBL1 interface is
clocked by the APB1 bus clock.

RTC Core includes two major blocks. One is the RTC prescaler block, which generates the
RTC time base TR_CLK. TR_CLK can be programmed to have a period of up to 1 second.
RTC prescaler block includes a 20-bit programmable divider (RTC Prescaler). If Second
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Interrupt is enabled in the RTC_CTLR register, the RTC will generate an interrupt in every
TR_CLK period.Another block is a 32-bit programmable counter, which can be initialized with
the value of current system time. If alarm interrupt is enabled in the RTC_CTLR register, the
RTC will generate an alarm interrupt when the system time equals programmable date
(stored in the RTC_ALRMR register),

Figure 5-30 Block diagram of RTC

< APB1 BUS >
PCLK1

4>‘ APBL1 interface ‘

RTC_Second

RTCCLK

RTC_Overflow

TR_CLK
‘ RTC_DIV ‘ RTC_CNT } NVIC
. interrupt
? Reload COMPARE Sl controler
RTC_PRL
RTCSEL[1:0] RTC_ALR ¥

Rising edge

BACKUP DOMAIN EXIT STANDBY MODE

The APBL1 interface and the RTC_CTLR register are reset by system reset. The RTC Core
(Prescaler , Divider, Counter and Alarm) is reset only by a Backup domain reset.

Steps to enable access to the Backup registers and the RTC after reset are as follows:

1. Set the PWREN and BKPEN bits in the RCC_APB1CCR register to enable the power and
backup interface clocks;

2. Enable access to the Backup registers and RTC by setting the DBP bit in the Power
Control Register (PWR_CTLR).

The major hardware of RTC on GD32207I1-EVAL-V1.0 development board is integrated
within the processor, a LES(40KHz) has been integrated within GD32F207, In order to
ensure the accuracy of RTC, increase the 32.768KHz crystal drive circuit, see below.

Figure 5-31 Schematic diagram of RTC

BT1 VBAT
GND|||__2I |’17 ‘|>|—‘ +3V3
Battety |
o0 N
JPO
Vhbat select

GD32F20X VBAT adopt button battery and 3.3 V hybrid power supply, When the power is
supplied by the external power supply (3.3 V),BT1 doesn't work , the power is supplied by
the BT1 when the external power supply is disconnected. This hybrid power supply method
can guarantee the continuous operation and precision of RTC. VBAT power supply circuit as
shown below.
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Figure 5-32 Schematic diagram of VBAT power supply

BT1 VBAT
Battety L
o0 N
JPO
Vhbat select

Jumper: battery is not installed, JPO will jump to +3.3V using an external power supply. When
installing the battery, the JPO jumps to the Bat to use the battery power supply.

DEMO Implementation Result

Download the program to the development board, serial port output information, as shown in
the following figure. If the development board run the program for the first time, serial port
output following information "GD322071-EVAL RTC not yet configured....", that requires the

user to set up time.

GISZZ0TI-EVAL-V1.
GISZ20TI-EVAL-¥1.
GISZZ0TI-EVAL-V1.
GIIZZ0TI-EVAL-V1.
GISZ20TI-EVAL-¥1.
GISZZ0TI-EVAL-V1.
GISZ20TI-EVAL-¥1.

Pleaze Zet Hours

Program Version number G011, 0. 0000

Frogram Compile time: (Sep 23 2015 - 15:27:54)
GI32F20:_StdFeriph Wer=siom:1.0.0

SystemCoreClock: 120000000Hz

Flash:BEL35K Byte

The CFU Unique Device ID: [FFFFFFFF-FFFFFFFF-FFFFFFFF]
BIC not yet configured. ..

BIC configured. ..

Settings

According to the serial port output information prompt, setting time, serial port will print out

the current time every second, as shown below.

16:34:00
16:54:01
16: 34 :02]
16:534:03

Time:
Time:
Time:
Time:

GISEZ0TI-EVAL-V1.
GI3ZZ0TI-EVAL-V1.
GISEZ0TI-EVAL-V1.
GI3ZZ0TI-EVAL-V1.
GISEZ0TI-EVAL-V1.
GI3ZZ0TI-EVAL-V1.
GISEZ0TI-EVAL-V1.
GI3ZZ0TI-EVAL-V1.

Fleaze Set Hours:
Pleaze Set Minmtes: 34
Fleaze Set Seconds: O

GO3Z20TI-EVAL-V1.0 Display time in infinite loop. ..

System 13 Starting up. .

Program Ver=zion number:zD1. 0. 0000

Frogram Compile time: (Sep 23 2015 - 15:27:54)

GO32F20x_StdPeriph Ver=sionm:1.0.0

SystemCoreClock: 120000000H:

Flaszh:B5535K Byte

The CPU Unique Dewice ID: [FFFFFFFF-FFFFFFFF-FFFFFFFF]

RIC not wet configured. ...

ETC configured. ..

Settings
16

If the development board is not the first run of the program, time has been set up in the last
run, after the system reset or battery power restart, as shown below, serial port output
following information "GD32207I-EVAL No need to configured RTC....", serial port continue
printing time information.
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5.12.1.

GOSZ20TI-EVAL-V1. 0
GO3Z20TI-EVAL-V1.0
GOSZ20TI-EVAL-V1. 0
GO3Z20TI-EVAL-V1.0
GOIZ20TI-EVAL-V¥1. 0 Flash:B5535E EByte
0
]
0
0

Program Version number:GD1. 0. 0000

Frogram Compile time: (Sep 23 2015 - 15:27:54)
GO32F20:x_StdPeriph Ver=zion:1.0.0
SystemCoreClock: 120000000Hz

GOIZ20TI-EVAL-V1.
GOSZ20TI-EVAL-V1.
GOIE0TI-EVAL-V1.
GO3Z20TI-EVAL-V1.

The CPU Unique Dewice ID: [FFFFFFFF-FFFFFFFF-FFFFFFFF]
Power On Rezet oceourred. . ..

Ho need to configzure RTC. . ..

Display time in infinite loop. ...

Time: 16:35:17
Time: 16:35:16
Time: 16:35:19
Time: 16:35:20
Time: 16:35:21
Time: 16:35:22|

ADC analog digital conversion, including internal

temperature sensor and reference voltage

DEMO Purpose

Analog to digital converter, is a module used to convert the analog signal into digital signal.
This Demo will introduce the function and application method of ADC (analog to digital
converter) module on the GD322071-EVAL-V1.0.

GD32F20X ADC main features:

The 12-bit ADC is a successive approximation analog-to-digital converter. The analog
watchdog allows the application to detect if the input voltage goes outside the user-defined
higher or lower thresholds. A/D conversion of the various channels can be performed in
single, continuous, scan or discontinuous mode. The output of the ADC is stored in a
left-aligned or right-aligned 16-bit data register. An on-chip hardware oversample scheme
improves performances while off-loading the related computational burden from the MCU

B High performance
—12-bit, 10-bit, 8-bit or 6-bit configurable resolution
—ADC sampling rate: 2 MSPs for 12-bit resolution, 2.3 MSPs for 10-bit resolution,
Faster sampling rate can be obtained by lowering the resolution
— Self-calibration
—Programmable sampling time
—Data alignment with built-in data coherency
—DMA support

B Analog input channels
—24 external analog inputs
—1 channel for internal temperature sensor (VSENSE)
—1 channel for internal reference voltage (VREFINT)
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B Start-of-conversion can be initiated
—By software
—By hardware triggers

B Conversion modes
—Converts a single channel or scan a sequence of channels.
—Single mode converts selected inputs once per trigger.
—Continuous mode converts selected inputs continuously
—Discontinuous mode
—Dual mode(the device with two or more ADCs)

B Analog watchdog

B Interrupt generation at the end of regular and inserted group conversions, and in case of
analog watchdog

B Oversampler
—16-bit data register
—Oversampling ratio adjustable from 2 to 256x
—Programmable data shift up to 8-bits
B ADC supply requirements: 2.6V to 3.6V, and typical power supply voltage is 3.3V

B ADC input range: VREF- <VIN <sVREF+

DEMO Principle

Analog to digital converter module(ADC),The 12-bit ADC is a successive approximation
analog-to-digital converter. It has up to 18 channels, 16 internal channels and 2 external
signal sources, A/D conversion of the various channels can be performed in single,
continuous, scan or discontinuous mode. The conversion result of the ADC is stored
left-aligned or right-aligned in a 16-bit data register.ADC input clock must not exceed 28MHz.
In this Demo, DMA is used to transfer data continuously,PC3 (channel 13) acquisition and
development board can adjust the potentiometer voltage, Internal temperature sensor
(channel 16) and internal reference voltage (channel 17).Jumper cap (JP5) should be in 1
and 2.

Figure 5-33 Schematic diagram of ADC

TP2 +3V3

ADC123_IN13PC3 ] R:12|_’” VRL
TPADIn | z990 10K

Cc2r——
50V/O.lu{

GND

The Potentiometer connects with PC3 on the GD322071-EVAL-V1.0 development board, The
external analog signal can be obtained from the 3.3V voltage divider resistance by the
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potentiometer. VR1 is the potentiometer of 10K, According to the principle of voltage divider,
the output voltage is: Vout = Vcc*(Rdown/VR1). where Vcc provides the potentiometer
voltage, it is 3.3V. Rdown is the lower part resistors be sampled by ADC, which is related to
the current position of the slider. R12 and C27 form a RC filter circuit, as a filter for the output
of the potentiometer, thus making the input of ADC is more stable. Capacitor values can't be
too high, a high value will make the circuit unable to work as a filter, while a low value turn to
the result that, the ability to resist interference will be weak and also be unable to meet the
requirements.

DEMO Implementation Result

Download the program to the development board, the implementation of the results is That we
can check the sampled value by live watch In debug mode. Also it can be seen through the

serial port printing out the data.

1Z2_AIC Temperature Senzor REFINT Chanmel
ADC Value 1.105

Temperature 15

VREF_¥alue 3. 35344

The position of the Potentiometer and ADC peripheral circuit is shown in the red region of the
graph.
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5.13.1.

5.13.2.

DAC digital analog conversion

DEMO Purpose

This Demo will introduce the function and application method of DAC (digital to analog
converter) module on the GD322071-EVAL-V1.0.

GD32F20X DAC main features:

The 12-bit DAC module is a voltage output digital-to-analog converter. The DAC can be
configured in 8 or 12 bit mode and may be used in conjunction with the DMA controller. The
DAC has two output channels, each with its own converter. In dual DAC channel mode,
conversions could be done independently or simultaneously when both channels are
grouped together for synchronous update operation. An input reference pin VREF+(shared
with ADC) is available for better resolution.

B 12-bit mode .Left or right data alignment

B Two DAC converters: one output channel each

B DMA capability for each channel

B Noise-wave generation

B Conversion update synchronously

B Triangular-wave generation

B Dual DAC independent or simultaneous conversions
B Conversion trigged by external triggers

B Input voltage reference, VREF+

DEMO Principle

The DACx_ODR can't be written directly and any data to transfer to the DAC channel must
be performed by loading the DACx_DHR register (write on DACx_R12DHR,

DACx_R8DHR,DACD_R12DHR, DACD_L12DHR ,DACD_R8DHR).If no hardware trigger is
selected (DTENx bit in DAC_CTLR register is reset),Data stored into the DACx_DHR
register are automatically transferred to the DACx_ODR register after one APB1 clock cycle.
However, if a hardware trigger is selected (DTENXx bit in DAC_CTLR register is set) and a
trigger occurs, the transfer is performed three APB1 clock cycles later. When DACx_ODR is
loaded with the DACx_DHR contents, the analog output voltage becomes available after a
time of Tsetting that depends on the power supply voltage and the analog output load.
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Figure 5-34 Timing diagram for conversion with trigger disabled DTENx =0

DACx_DHR OX1AC

DACx ODR Ox1AC — Output voltage available
- onDACX- OUT pin

<—Tsetting—>

DAC output voltage:

The analog output voltages on the DAC channel pin are determined by the following

equation:
DAC output = VREF*DACx_ODR /4096
Digital inputs are converted to output voltages on a linear conversion between 0 and VREF+.

According to the DAC1 and DAC?2 set of data, converted into the corresponding voltage
value. Jumper cap (JP12) should be in 1 and 2. Jumper cap (JP21) should be in 1 and 2.
Figure 5-35 Schematic diagram of DAC

PA5 is an AFIO, please refer to SPI Schematic for right config
PA4isan AFIO, please refer to 12S Schematic for right config ~ JP7

PAS DAC OUT?2 GND|| g
PA4 DAC OUT1 {
DAC

DEMO Implementation Result

Download the program to the development board, the implementation of the results is that
we can get corresponding voltage value on DAL (JP7) and DA2 (JP7) by a amultimeter or an
oscilloscope. The voltage value of DAL (JP7) is 1.655V, the voltage value of DA2 (JP7) is
0.413V. The position of the DAC peripheral circuit is shown in the red region of the graph.
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5.14.1.
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Controller Area Network (bxCAN)

DEMO Purpose

GD322071 EVAL-V1.0 development board integrates the CAN (Controller Area Network) bus
controller, which is a common industrial control bus. In this chapter, CAN bus controller
follows the CAN bus protocol of 2.0 A and 2.0 B.

CAN bus controller can handle the data transmission and reception on the bus, and the
application will get the desired data frame after being filtered. There are 28 filters in
GD32F205 and GD32F207 series products. The application can send the data to the bus by
3sending boxes, and get the data from bus through 2 FIFOs which is of 3-worddepth. Also,
CAN bus controller supports Time triggered CAN communication (Time-trigger
communication). In this Demo, the function and application method of the CAN module on
GD322071 EVAL-V1.0 board will be showed.

GD32F20X CAN main features:
B Supports CAN protocol version 2.0 A, B

B Baud rates up to 1 Mbit/s
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B Supports the time-triggered communication

B Maskable interrupts

Transmission

B 3 transmit mailboxes

B Prioritization of messages

B Time Stamp on SOF transmission

Reception

B 2 receive FIFOs with 3 message deep

B 14 scalable/configurable identifier filter banks in GD32F203
B 28 scalable/configurable identifier filter banks in GD32F205 and GD32F207
B FIFO lock

Time-triggered communication

B Disable retransmission automatically

B 16-bit free timer

B Time Stamp on SOF reception

B Time Stamp sent in last two data bytes

DEMO Principle

Figure below shows the CAN block diagram.
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Figure 5-36 CAN module block diagram

Transmit Receive

mailbox[0..2] FIFO[0..1] CAN1 Tx/Rx

CAN1

0 xoq|ie
| Xoq|leiN
Z xoq|ie|n

Transmit Receive

mailbox[0..2] FIFO[0..1] CAN2 Tx/Rx

CAN2

0 xoq|ie
| Xoq|leiy
Z xoq|ie

The bxCAN interface has four communication modes:

B  Silent communication mode

B |Loopback communication mode

B Loopback and silent communication mode

B Normal communication mode

Silent communication mode

Silent communication mode means reception available and transmission disable.

The Rx pin of the bxCAN can get the signal from the network and the Tx pin always holds
logical one.

When the SCM bit in CAN_BTR register is set, the bxCAN enters the silent communication
mode. When it is cleared, the bxCAN leaves silent communication mode.

Silent communication mode is useful on monitoring the network messages.
Loopback communication mode

Loopback communication mode means the sending messages are transformed into the
reception FIFOs.

Set LCM bit in CAN_BTR register to enter loopback communication mode or clear it to leave.
Loopback communication mode is useful on self-test.

Loopback and silent communication mode

79



4
C; User Manual

GigaDevice GD32207|'EVAL

Loopback and silent communication mode means the RX and TX pins are disconnected from
the CAN network while the sending messages are transformed into the reception FIFOs.

Set LCM and SCM bit in CAN_BTR register to enter loopback and silent communication
mode or clear them to leave.

Loopback and silent communication mode is useful on self-test. The TX pin holds logical one.
The RX pin holds high impedance state.

Normal communication mode

Normal communication mode is the default communication mode unless the LCM or SCM bit
in CAN_BTR register is set.

Scale

In GD32F203, the filter consists of 14 banks: bankO to bank13. In GD32F205 and GD32F207,
the filter consists of 28 banks: bankO to bank27. Each bank has two 32-bit registers:
CAN_FDRO and CAN_FDR1.

Each filter bank can be configured 32-bit or 16-bit.
32-bit: SFID[10:0], EFID[17:0], FF and FT bits. As shown in figure below.

Figure 5-37 32-bit filter

[ FDR[31:21] | FDR[20:3] | FDR[2:0] |
& & & &
& & # &

| SFID[10:0] | EFID[17:0] | FE [FT [0 ]

16-bit: SFID [10:0], FT, FF and EFID[17:15] bits. As shown in figure below.

Figure 5-38 16-bit filter

[ FDR[31:21] | FDR[20:16] | FDR[15:5] | FDR[4:0] |
// I // Ed //

& &
| SFID[10:0] | FT | FF JEFID[17:15]] SFID[10:0] | FT | FF [EFID[17:15]]

Mask mode

In mask mode the identifier registers are associated with mask registers specifying which
bits of the identifier are handled as “must match” or as “don’t care”. 32-bit mask mode
example is shown in figure below.

Figure 5-39 32-bit mask mode filter

ID FDOR[31:21] FDOR[20:3] FDOR[2:0]
Mask FDIR[31:21] FD IR[20:3] FDIR[2:0]
# < # &
[ SFID[10:0] | EFID[17:0] | ¥ [FT [0
List mode
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The filter consists of frame identifiers. The filter can decide whether a frame will be discarded
or not. When one frame arrived, the filter will check which member can match the identifier of
the frame.

32-bit list mode example is shown in figure below.

Figure 5-40 32-bit list mode filter

FDOR[31:21] FDOR[20:3] FDOR[2:0]

FDIR[31:21] FDIR[20:3] FDIR[2:0]
& & # &
| SFID[10:0] | EFID[17:0] [ ¥e [rr o]

Filter number

Each filter within a filter bank is numbered from 0 to a maximum dependent on the mode and
the scale of each of the filter banks.

For example, there are two filter banks. Bank 0 is configured as 32-bit mask mode. Bank 1 is
configured as 16-bit list mode. The filter number is shown in figure below.

Figure 5-41 32-bit filter number

Filter Filter
Filter Data Regi
Bank " eguster Number

FIDOE-32bitID

FIDIR-32bit-Mask
FIDIE-32bitID 1
FIDIR-32bitID 2

N
ol

L=

=)

Associated FIFO

28 banks can associate to FIFOO or FIFOL1. If the bank associated FIFOO, the frames passed
through the bank will fill the FIFOO.

Active

The filter bank needs to be configured activation if the application wants the bank working
and while filters not used by the application should be left deactivated.

Filtering index

Each filter number corresponds to a filtering rule. When the frame from the CAN bus passes
the filters, a filter number must associate with the frame. The filter number is called filtering
index. It stores in the CAN_RFMPR.FI when the frame is read by the application.

Each FIFO numbers the filters within the banks associated with the FIFO itself whatever the
bank is active or not.

The example about filtering index is shown in figure below.
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Figure 5-42 Filtering index

Filter ) Filter Filter ) Filter
Bank FIFoo Active Number Bank FIFO1 Active Number
0 FIDE-32kit-ID Ves 0 FXDOB[13:0]-16bit-ID 0
FID1E-32bat-Mask 5 F2DOE[31:15]-18bat-Mask Ves
E FI1DE-32kat-ID Ves 1 F2DI1E[15:0]-16bat-ID )
F1D1E-32kit-ID 2 F2DIE[31:15]-18bit-Mask
E3DIE[15:0]-18bat-ID 3 . F4DE-32bit-ID o .
3 E3DIR[31:16]-16bit-Mhask o F4D1E-32bit-Mask
E3DIR[15:0]-18bat-ID : s EF3D0E-32bit-[D No 3
FiD1E[31:16]-16bit-Mask FID1E-32bit-[D 4
FTDIR[13:0]-14bit-ID 3 FSDOR[13:0]-16bit-ID 3
- |ETDIE[31:16])-16bit-ID o ] ¢ ESDOE[31:15]-16bit-ID Ves ]
FTDIR[15:0]-16bit-ID 7 FaD1E[153:0]-16bit-ID 7
EFTD1E[31:16]-16bit-ID 8 FSD1E[31:15]-146bit-ID 3
FIDIR[13:0]-14bit-ID g F10DE]13:0]-146bit-ID o
. F3DIE[31:16]-16bit-ID Ves 10 0 F10DE[31:16]-16bit-Mask No
FID1R[13:0]-16bit-ID 11 F10DIE[135:0]-16bit-ID 0
FID1E[31:16]-16bit-ID 12 F10DIE[31:16]-16bit-Mask
FSDIR[13:0]-16bit-ID T FUIDE[13:0]-16bit-ID 11
. FSDOR[31:16])-16bit-Mask Vs " F11DR[31:16]-16bit-ID No 12
ESDIR[13:0]-18bit-ID i F11DIE[13:0]-16bit-ID 13
FODIE[31:16]-16bit-Mask F11D1E[31:16]-16bit-ID 14
. El?:]ﬂR-‘Eb%t-:J Ves i3 . Eli:]SR-SEb?t-E:] Ves 15
F12D1E-32bit-Mhask F15DIE-32bit-ID 15
Priority

The filters have the priority:
1. 32-bit mode is higher than 16-bit mode.
2. List mode is higher than mask mode.

3. Smaller filter index value has the higher priority.

The CAN module on GD32207I-EVAL-V1.0 development board has addedaCAN

transceiverSN65HVD230 for data sending and receiving on CAN bus.

Figure 5-43 Schematic diagram of CAN function

+3v3
c33 GhD
i no T,
50V/0.1uF U - P
CAN1 TX 1 8 R22 L
=~ D RS << — 2
CANL RX | )| = GN\D CANH<'% CANIE 1200 !
- VCC  CANL=x}
R Vref o—m—
SN65HVD230

Jumper Settings: P2 / P3 / P4 should be configured to the Correct position.
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Short P2(1,2) for EXMC function
Short P2(2,3) for CAN1 function

P2

3 CAN1 TX

5 PD1

1 EXMC D3
MHDR1X3

Short P3(1,2) for EXMC function
Short P3(2,3) for CAN1 function

P

3 CAN1 RX

2 PDO

1 EXMC D2
MHDR1X3

Short P4(1,2) for 12C1 function
Short P4(2,3) for CAN2 function

P4
: CAN2 TX
= PB6
1 12C1 SCL
MHDR1X3

DEMO Implementation Result

Let the signal pins of CAN1 and that of CAN2 connect together, L connects with L, H
connects with H, and download the program to the development board, then the following

information will be showed through the serial output.
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5.15.

5.15.1.

0 0 0 0 00 0 o 0 0 0 00 0 o o o e
CAN-Bus Test

CANZ Beceiwe Data: 0O

CANl BReceiwe Data: 10000

CANZ BReceiwe Data: 1
CAH] Beceiwe Data: 9999

m

CANZ Beceiwe Data: 2
CAN] Beceiwe Data: 9905

CANZ Beceiwe Data: 3
CAN] Beceiwe Data: 9997

CANZ Beceiwe Data: 4
CAH] BReceiwe Data: 9996

CANZ Beceiwe Data: 5
CAH] BReceiwe Data: 9995

CANZ Beceiwe Data: B
CAN] Beceiwe Data: 9994

CANZ Beceiwe Data: T
CAN] Eecaiwe Data: 9993

-

The result shows that CAN2 has successfully received the data from CANL1, and also CAN1
has successfully received data from CAN2. CAN1 transmits data from 0, and do
self-increment each time, while CAN2 transmit data from 10,000, and doself-decrement each
time.

Cryptographic Acceleration Unit

DEMO Purpose

GD322071-EVAL-V1.0 development board integrated CAU(Cryptographic Acceleration Unit),
The Cryptographic Acceleration Unit supports acceleration of DES, Triple-DES 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 or Counter mode (CTR) mode. This Demo is used to demonstrate the
function and usage of the CAU module in the GD32207I-EVAL-V1.0 development board.

GD32F20X CAU main features:
B Supports DES, Triple-DES or AES algorithm

B AES supports 128bits-key, 192bits-key or 256 bits-key
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B AES supports Electronic codebook (ECB), Cipher block chaining (CBC) mode or
Counter mode (CTR) mode.

B DES/TDES supports Electronic codebook (ECB) or Cipher block chaining (CBC) mode.
B TDES supports 64bits-key, 128bits-key or 192bits-key

B [N FIFO and OUT FIFO store 8x32bits data.

B Supports DMA transfer for IN FIFO or OUT FIFO

B Supports half-word swapping, byte swapping or bit swapping for IN/OUT data

DEMO Principle

The block diagram of the Cryptographic processor is shown as follows.

Figure 5-44 Block Diagram

cau_reg
‘ CAU_SFR ‘ ‘CAU_DCTLR‘ ‘ CAU_IER ‘
‘CAUiEIFR‘ ‘ CAU_IFR ‘
=~
‘ CAU_DO ‘ ‘ CAU_DI ‘ ‘ CAU_KO..3 H CAU_IVO...1
Out datal In data Key Initialzation
vectors
cau_fifo cau_core
- ~_~
control and status
DES
In data
OUT FIFO INFIFO ||
8>32bit 8532bit TDES
Out data
AES
control signal

The cau_reg is the register of CAU processor, which configured by AHB bus. It includes
CAU_CTLR, CAU_SFR, CAU DCTLR, CAU DI, CAU DO, CAU _IER, CAU_IFR,
CAU_EIFR, CAU_KO0...K3, CAU_IVO...1.

The cryptographic fifo have two 32x8 bits fifos to store in/out data. The IN FIFO is written by
cau reg, when the AHB bus writes the CAU_DI register Then the data is read to calculation by
CAU processing core. It store the input data, which is plaintext when encryption and
ciphertext when decryption. The OUT FIFO is written by CAU processing core to store

processing result, and read by cau_reg to CAU_DO register. It stores the output data, which
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is plaintext in deccryption or ciphertext in enryption.

The cau_core module is the CAU processing core to process AES/DES/TDES algorithm.
The CAU processing core gets input data from IN FIFO, and control register from cau_reg.
After calculation, the processing core send calculation result to OUT FIFO.

The CAU processing core include AES processing core, which process AES algorithm and
DES/TDES processing core, which process DES/TEDS algorithm.

GD322071-EVAL-V1.0 development board CAU hardware circuits are integrated within the
processor, no external circuit is needed.

DEMO Implementation Result

Download the program to the development board, serial port output information, as shown in
the following figure.

================= Crypt Using H¥ Crypto

Flain Data :

[0xBE] [02C1 ] [0xEE] [02E2 ] [0x2E ] [0x40] [0:9F ] [02x96 ] [O2ED] [0::30] [0%TE]
[0:11] [0273] [0x93] (0171 [0x24] Block O
[0xAE] [022D] [0x84] [0x57] [0x1E] [0x03] [D:eaC] [023C] [03E] (0BT ] [06F ]
[0:ACT [02x45] [0xAF] [0x8E] [0x51] Block 1
[02:30] [0:C6] [0x1C] [0246] [D:cAZ] [025C] [0cE4] [0211] [02ES] [0xFE] [0xC1]
[0:19] [0 1 4] [0x04] [0x52] [0xEF]  Block 2
[OxFE] [029F ] [0x24] [0245] [0x0F ] [0%4F ] (02098 ] [De1 T [OeeAD] [02:2R ] [Oxed1 ]
[0x7TE] [0=E6] [0x6C] [0x3T] [0x10] Block 3

1: DES algorithm
2. TDES algorithm
3. AES algorithm

Plaintext data value, and the encryption algorithm can be selected are shown. After the user
setting the algorithm according to the serial output information indicating, serial port will print
out selectable mode, as shown below.

Tou choose to use DES algzorithm

1: ECE algorithm
2. CBC algorithm
3. CTR algorithm

After selection mode, the program starts encryption and decryption operations, the results
through the serial port to print, and return to the start for user to select a different algorithm
and mode repeat Demo. As shown below.,
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5.16.1.

Tou choose to use ECEH mode

Encrypted Data with DES Mode ECE

[0%BE] [0xDF] [0:01 ] [0xET ] [OzA0] [0:01] [C:CD] [0:17] [0xC0] [0%C5] [0xTF] [0:FT ] [0x9C ]
[0xF&]1 [0xT2]1[0xD0] Eleclk O
[0:11] (02971 [0:chB] [02D2] [02c13] [0:5'9] [D2e4F ] [0 TA] [0x3D] [0:7C] [027C ] [0xEC] [0:EC]
[0x0D0] [0x02] [0x20] Block 1
[0x34] [0xT5] [0%8E] [0x06] [0xTS] [02:2E ] [Teed&] [0200] [0255] [0%0F ] (020D ] [057 ] [Da54]
[0xF1] [0x3E] [0x94] Block 2
[0315] (0507 [0:4D] [0:chl 1 [0x1E] [Ox14] [0:75] [0x6E] [0x0F] [0:09] [0x08] [0:64] [0x16]
[0:xAD] [0x601[0:x14] Block 3

Decrypted Data with DES Mode ECE

[0x6E] [0xC1] [0xBE] [0xE2] [0:2E ] [0:x40] [C:8F ] [0:96] [0xEQ] [0:30] [0xTE] [021 1] [0x73]
[0x93] [0x171[0x24] Block O
[0xAE] [0%2D] [OxfA] [0x57] [0x1E] [0203 ] [ToeAC] [023C] [0:3E] [0BT ] [0:6F ] [DahC ] [Dae45]
[0xAF] [0x8E] [0x51] Black 1
[030] [0%C8] [0:1C] [0:468 ] [0:AS] [0:5C] [CaB4] [011] [0xES] [0xFE] (0201 ] [0:19] [zl AT
[0:x04] [0x52] [0xEF] Eleck 2
[0xF6] [0x9F] [0:x24] [0245] [0:DF 1 [0:4F ] (02095 ] [02:17] [0xAD] [0x2E] [0:x41 ] [02TE] [0:E6]
[0x6C] [0%37] [0x10] Block 3

Example restarted. ..

Hash Acceleration Unit

DEMO Purpose

m

GD322071-EVAL-V1.0 development board integrated HAU (Hash Acceleration Unit) ,The
HASH Acceleration Unit supports acceleration of SHA-1, SHA-224, SHA-256, MD5 algorithm
and the HMAC (keyed-hash message authentication code) algorithm, which called the
SHA-1, SHA-224, SHA-256 or MD5 hash function to calculate key, message, digest three
times. This Demo is used to demonstrate the function and usage of the HAU module in the

GD322071-EVAL-V1.0 development board.

GD32F20X HAU main features:

B Supports SHA-1, SHA-224 and SHA-256 algorithms, compliant with FIPS PUB 180-2

(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 SHA-1, SHA-224

and SHA-256 algorithms.
B Automatic padding to fit modulo 512.

B Support DMA mode for input data flow.
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DEMO Principle

The block diagram of the hash processor shown as follows.

Figure 5-45 Block Diagram

hash
hash_reg
HAU_CTLR HAU_STR HAU_IER HAU_IFR
HAU_DI HAU_DORO...7
message digest
control and status hmac
hash_fifo
- __message | hash_core
16)62b|t When fifo.is full or
SCAL writtento 1 hash_sha/
md5
control signal

The hash_reg contains the register of hash processor, which configured by AHB bus. The
HAU_IER is interrupt enable register Setting the mask bit to 1 enables the interrupts. The
HAU_IFR is status register These two registers generator interrupt signal to CPU NVIC. The
HAU_CTLR is HASH control registers. The HAU _STR is HASH start registers. The
HAU_DORO0...DOR7 are HASH digest registers which store hash digest.

The hash FIFO is a 32X16 bits FIFO to store message. When write to the HASH_DI register,
the data is written to hash_fifo. If FIFO is full then hash_core module is ready to calculate the
hash algorithm, the receive data is read to hash_core.

The hash_core module is the calculation module to process hash algorithm. The hash_core
module get message from hash_fifo module, and control register from hash_reg module.
After calculation, the hash_core send digest and flag to hash_reg module.

GD32207I-EVAL-V1.0 development board HAU hardware circuits are integrated within the
processor, no external circuit is needed.
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5.16.3. DEMO Implementation Result

Download the program to the development board, serial port output information, as shown in
the following figure.

1: SHAl algzorithm
2. SHAZZY alzorithm
3: SHAZSE alzorithm
4: MDS algorithm

The user can enter the corresponding algorithm number based on the needs, the serial
output as shown below

You choosze to use SHAl algorithm

1: HASH mode
2: HMAC mode

The user continue to enter the corresponding serial number, select the mode, after the serial
output message and key data, and the output of the algorithm user selected, mode and the
digest of the calculation.

Tou choose to use HASH mode

==== HASH Example ====

Text to be Hashed (254 bits):

The G52 FZ series is the result of a perfect symbiosis of the real-time control capabilities of an MCU and the
signal processing performance of a DSF, and thus complements the GISZ portfolio with a new class of dewices,
digital signal controllers [(DSC).

HMAC Key [ 248 bits):

The hash processor is a fully compliant implementation of the secure hash algorithm (SHA-1), the MDS (message-
digest algorithm 5) hashalgorithm and the HMAC (keyed-hash message authentication code) algorithm suitable for a
wariety of applications.

Alzorithm: SHAL Mode: HASH
SHAL Mez=zage Digest (160 bitz):

[0xT49190=2]
[Oxec3Bl1£8]
[0x0442deTE]
[0x53132a09]
[0xEa8TT0ce]

HO
Hi
Hz
H3
H4

Example restarted ..
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5.17.

5.17.1.

5.17.2.

Random number generator (RNG)

DEMO Purpose

GD322071-EVAL-V1.0 development board integrated RNG(Random number generator), The
random number generator (RNG) module can generate a 32-bit value using continuous
analog noise. This Demo is used to demonstrate the function and usage of the RNG module
in the GD32207I-EVAL-V1.0 development board.

GD32F20X RNG main features:
B About 40 period PLL clock consumed between two consecutive random numbers
B Disable RNG module will reduce the chip power consumption

B 32-bit random value seed is generated from analog noise

DEMO Principle

Figure 5-46 RNG Block Diagram

AHB 32-bit Bus

RNG_CTLR RNG_STR RNG_DTR

|4—>

Clock fault & Seed fault
Check

B

Analog Seed

LFSR

The random number seed comes from analog circuit. The analog seed signal output to a
linear feedback shift register (LFSR) and in that block will generate a 32-bit width random
number.

The analog seed is generated by several ring oscillators whose outputs are XORed. The
LFSR is driven by a configurable PLLCLK clock, so that the quality of the random number is
independent of the HCLK frequency.

The 32-bit value of LFSR will transfer into RNG_DTR register after a significant number of
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5.18.

5.18.1.

seeds have been entered into the LFSR.

At the same time, the analog seed and PLLCLK clock are monitored. When the analog seed
occurs fault or the PLLCLK clock occurs fault, the corresponding status bit in RNG_STR will
assert and an interrupt is generated if the interrupt enable control bit is enabled.

GD32207I-EVAL-V1.0 development board RNG hardware circuits are integrated within the
processor, no external circuit is needed.
DEMO Implementation Result

Download the program to the development board, serial port output information, as shown in
the following figure.

Flease input min num:

The user can enter any number between 0x00 to Oxff in hexadecimal form as the minimum
value of random numbers generated by the serial port. After entering the complete diagram
is shown below.

Fleaze input min noum:
Flease input max num:

Then the user can enter any number in the same range as the maximum value to generate
random numbers, the program will show the minimum and maximum values just entered,
randomly generates and show two random numbers based on the input range by serial
output.

Fleaze input min nouam:
Fleaze input max nouam:

Input min num 1=z 0O

Input max num iz 255
renerate random numl 1= 180
renerate random numZ 1= 52

Fleaze input min nouam:

TLDI_without_GUI

DEMO Purpose

GD322071-EVAL-V1.0 board integrate TLDI(TFT display interface). The TFT(LCD) display
interface provides a parallel digital RGB (Red, Green, Blue) and signals for horizontal,
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vertical synchronization, Pixel Clock and Data Enable as output to interface directly to a
variety of LCD(Liquid Crystal Display) and TFT(Thin Film Transistor) panels. This Demo
show TLDI features and using method.

GD32F20X TLDI main features:

B 24-bit RGB Parallel Pixel Output; 8 bits-per-pixel (RGB888)

B 2 display layers with dedicated FIFO (64x32-bit)

B Color Look-Up Table (CLUT) up to 256 color (256x24-bit) per layer
B Supports up to SVGA (800x600) resolution

B Programmable timings for different display panels

B Programmable Background color

B Programmable polarity for HSync, VSync and Data Enable

B Up to 8 Input color formats selectable per layer

B Pseudo-random dithering output for low bits per channel

B Flexible blending between two layers using alpha value (per pixel or constant)
B Color Keying (transparency color)

B Programmable Window position and size

B Image size up to 800x600

Pixel Clock as fast as HCLK when one layer enable in ARGB format.

DEMO Principle

TLDI provides a 24-bit RGB Parallel display interface, which is shown in table below.

Direction Name Width Description

0 LCD_HSYNC 1 Horizontal Synchronous
@) LCD_VSYNC 1 Vertical Synchronous
0 LCD_DE 1 Data Enable

@) LCD CLK 1 Pixel Clock

@) LCD_RJ[7:0] 8 Pixel Red Data

@) LCD_G[7:0] 8 Pixel Green Data

O LCD_BJ[7:0] 8 Pixel Blue Data
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Figure 5-47 TLDI module block diagram
Interrupts
¢ |
_ ) R
APB Registers Timing —— G
Generator -y B
Dithering ——» hs
i ——p Vs
—> de
Reload ™ 4’ pix_clk
=l 1
ayer | |
=) FIF)E)l = PFCL =)
AHB i
AHE Interface . - Blending
ayer
=) FIF{DZ =) PFC2 =)

The TLDI contains these modules: Layer FIFO: One FIFO 64x32 bit per layer, PFC: Pixel
Format Convertor performing the pixel format conversion from the selected input pixel format
of a layer to words, AHB interface: For data transfer from memories to the FIFO, Blending,
Dithering unit and Timings Generator. Figure above shows the block diagram of the TLDI
module.

Different LCD has its specific synchronous time sequence, window effective area configure
method is as follows:

Layer WindowRightPos= (Offset_X + Hsync + HBP);
Layer_WindowLeftPos= (Offset X + Hsync + HBP + Window_Width - 1);
Layer_WindowBottomPos= (Offset_Y + Vsync + VBP);
Layer_WindowTopPos= (Offset_Y + Vsync + VBP + Window_Heigh - 1);

Window_Width and Window_Heigh should be configured depending on picture size
displaying.

This Demo configure first layer all below.
TLDI_Layer_InitStruct.Layer_WindowRightPos = 42;
TLDI_Layer_InitStruct.Layer_WindowLeftPos = (480 + 42 - 1);
TLDI_Layer_InitStruct.Layer WindowBottomPos = 12;
TLDI_Layer_InitStruct.Layer_WindowTopPos = (272+12 - 1);

The picture will be displayed as background.
This Demo configure second layer all below.

TLDI_Layer_InitStruct.Layer_WindowRightPos =110;
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TLDI_Layer_InitStruct.Layer_WindowLeftPos = (140+ 110-1);

TLDI_Layer_InitStruct.Layer_WindowBottomPos = 100;

TLDI_Layer_InitStruct.Layer_WindowTopPos = (60+ 100-1);

The window effective area is consistent with the size of the dynamic images. User can
depend need to change the related parameters, such as transparency and default RGB
values. Specific can consult routines.

This example hardware principle diagram is shown as following.

Figure 5-48 Schematic diagram of TLDI RGB-LCD function

PA5, PAT are AFIOs, please refer to SPI schematic for right config
PAG6 are AFIOs, please refer to DCI schematic for right config RGB_TFTLCD
PE4 LCD_BO 30 sy
PG12 LCD_B1
PH5 LCD_Touch_PENIRQ PG10 L CD B2 LCD_Touch_PENIR! a 2
PA7 SPIL_ MOSI 100 LCD_SPI1_MOSI POIL LCDiB3 LCD_SPI1_MOSI 3 4 LCD_SPI1_MISO
PA6 SPI1_MISO_lO1 LCD_SPI1_MISO PI4 LCD_B4 LECD[;S:\I;RASC;“L- hts 6 LCD_SPI1_NSS
PA5 SPI1_SCK LCD_SPI1_SCK PI5 LCD B5 | _| i 7 3 ||I GND
PG3 LCD_SPIL_NSS o6 b B6 __LCD Touch Busy | o 10—
LCD_PWM_BackLight = LCD_RO LCD_R1
PH6 Sidldus g PI7 LCD_B7 112
PH7 LCD_Touch_Busy LCD_R2 13 19 LCD_R3
LCD_R4 15 1 LCD_R5
LCD_R6 LCD_R7
PH4 LCD_RO PG7 LCD_CLK LcD Go 17 18 LoD GL
PI3 LCD_R1 PI10 LCD_HSYNC LCD_GZ 19 20 LCD_GS
PI9 LCD_VSYNC = 21 22 =
PF10 LCD_DE LCD_G4 23 24 LCD_GS
PHO LCD_R3 = LCD_G6 25 2 LCD_G7
PHIO LCD R4 LCD_BO 27 28 LCD_B1
PHIL LCD_RS LCD_B2 29 20 LCD_B3
PH12 LCD_RS LCD_B4 " 2 LCD_B5
PG6 LCD_R7 =
= - LCD_B6 LCD_B7
Short JP31(2,3) for RGB_TFTLCD function — 5 o1 8 %
LCD_HSYNC % % LCD_VSYNC
PE5 LCD_GO0 i —LCD OF 37 38 |——————=
PES teo et Short JP31(1,2) for SDIO function - ®  of——
PH13 LCD_G2 L
PH14 LCD_G3 P31 20X2P2.54 —
PH15 LCD_G4 SDIO_DAT2_| GND
PIO LCD_G5 PC10 2 .
PIL LCD_G6 LcD R2 5 DCI_8bit, RGB_TFTLCD and SDRAM
P2 Lep c7 can be used at the same time
HEADER 3

note: Configure JP31 LCD_R2.

DEMO Implementation Result

After downloading program to board, LCD appear a running cheetah on the background of
GD logo, output as following.
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5.19.1.

5.19.2.

TAMPER and Waveform Detection

DEMO Purpose

GD322071-EVAL-V1.0 development board integrates TAMPER and Waveform Detection
function, it includes two TAMPER sources and two Waveform Detection, and it can be
controlled by the BKP register in Backup domain. The Backup registers are located in the
Backup domain that remains powered-on by Vear even if Voo power is shut down, they are
forty two 16-bit (84 bytes) registers for data protection of user application data, and the
wake-up action from Standby mode or system reset are not affect these registers.

GD32F20X BKP main features:

B 384 bytes Backup registers which can keep data under power saving mode. If tamper
event is detected, Backup registers will be reset

B The active level of Tamper source (PC13 and PI8) can be configured

B RTC Clock Calibration register provides RTC alarm and second output selection, and
sets the calibration value

B Tamper interrupt event register (BKP_TIER) can control tamper detection and
waveform detection with interrupt or event capability

B Two square waveform detection on PC13->PI8 or PC14->PC15

DEMO principle

In order to protect the important user data, the MCU provides the tamper detection function,
and it can be independently enabled on TAMPER_1 pin (PC13)/ TAMPER_2 pin (PI8) by
setting corresponding TPE_1/ TPE_2 bit in the BKP_TPCR1/ BKP_TPCR?2 register. To
prevent the tamper event from losing, the edge detection is logically ANDed with the TPE_1/
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TPE_2 bit, used for tamper detection signal. So the tamper detection configuration should be
set before enable TAMPER_1/ TAMPER_2 pin. When the tamper event is detected, the
corresponding TEF_1/ TEF_2 bit in the BKP_TIER register will be set. Tamper event can
generate an interrupt if tamper interrupt is enabled. Any tamper event will reset all Backup
data registers.

In this Demo, the TAMPER1 (PC13) is selected. It used the K3 trigger, and the detection
active level is set to low.

Figure 5-49 Schematic diagram of KEY
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There are two waveform detect. Send a square waveform on PC13 if TPM_1 bit is set or on
PC14 if TPM_2 bit is set. Receive and check square waveform on PI8 if TPM_1 bit set or on
PC15 if TPM_2 bit is set. When the check is wrong, the corresponding TEF_2 bit in the
BKP_TIER register will be set. Tamper event can generate an interrupt if tamper interrupt is
enabled. Any tamper event will reset all Backup data registers.

In this Demo, the second Waveform detection is selected. Since PC14 and PC15 are used in
this program, the LSl is used instead of LSE when the RTC clock source is configured.

Demo program has two functions: TAMPER1 and the second Waveform Detection, it is
selected by main.h file, and by means of conditional compilation in program. TAMPER1
using PC13 to trigger TAMPER interrupt to clear the BKP data, and turn on LED. The second
Waveform using PC14 and PC15 were receive and check square waveform, if the detection
is not successful, it will trigger TAMPER interrupt to clear the BKP data, and turn on LED.

This Demo uses the LEDs and the corresponding GPIO pins as shown below:
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5.19.8.

5.20.

5.20.1.

5.20.2.

Figure 5-50 Schematic diagram of LED
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Jumper: Battery is not installed, JPO will jump to +3.3V using an external power supply.
When installing the battery, the JPO jumps to the Bat to use the battery power supply.

DEMO Implementation Result

After downloading the program to the development board, the data will be written to the
backup data register, if the write successfully, LED1 on, otherwise, LED2 on. If there is
TAMPER or Waveform detection error is triggered, LED3 on, LED4 off, otherwise, LED3 and
LED4 are all off.

USB OTG_FS virtual mouse

DEMO Purpose

GD322071-EVAL-V1.0 board support USB Host and USB Device with its own USB OTG FS
(FS, Full Speed, 12Mbps).This Demo has been realized a USB HID Device by using USB
OTG FS to simulate a USB Mouse.

DEMO Principle

USB, Universal Serial BUS, Is an external bus standard used to regulate the connection and
communication between the computer and the external device.USB interface supports
device plug and play and hot plugging functions.

USB's development has experienced a number of versions of USB1.0/1.1/2.0/3.0/3.1. At
present, the most used is USB 2.0, and the USB 3.0 is also becoming more and more
popular. GD32207I's conforms to USB 2.0 specification.

Standard USB is composed of four lines, in addition to VCC/GND, the other are D+ and D-,
the two data lines, which use the differential voltage mode for data transmission. On the USB
host, D+ and D- are all connected the 15K resistance to ground, so the D- and D+ are low

when there is no device to connect. And on the USB peripheral, if it is full-speed device, it will
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connect a 1.5K resistor to VCC on the D+, and if low-speed device, the connection will be on
the D-. When the device is connected to the host, the host can judge whether there is a
device to access, and to determine the device is full-speed or low-speed.

USB OTG is USB On-The-Go, means USB is in the process. USB OTG makes USB get rid
of the limitation of the original master-slave architecture, and realizes the transmission mode
of the end to end. USB OTG standard is fully compatible with the USB2.0 standard, and add
limited host ability and the role exchanging function, which allows the device to operate at
times as a host and at times as a peripheral (OTG dual role function). OTG dual role function
device is fully in line with the USB2.0 standard and can provide limited host ability. It supports
the host negotiation protocol (HNP) and the session request protocol (SRP). In OTG, the
initial host is called the A-device, the initial peripheral is known as the B-device. It mainly use
cable connection mode to determine the initial role, the mini-AB receptacle which use is
added the ID pin to identify different cable ends. Mini-A plug ID pin is connected to ground
and mini-B plug ID pin is in floating. When the OTG device detected the ID pin is connected
to ground, the default device is an A-device (the host) and the detection of the floating ID pin
device is considered to be a B-Device (the peripheral). Once the system is connected, the
OTG host and peripherals can realize the role exchange by using HNP protocol. A-device as
the default host will provide VBuUs power, reset bus, enumerate and configure B-device in the
detection of the device is connected. Session request protocol (SRP) allows the B device to
open the VBus power and start a session on the A device. An OTG session can be
determined by the time of the A- device to provide VBus power (Note: the A device is always
powered for VBuUS, even is set as a peripheral). It can also be used to shut down the VBus
power supply to save power, which is very important in battery powered products. Next, turn
to the GD322071 USB OTG controller.

The USB OTG FS of the GD322071 is a dual-role device (DRD) controller that supports both
device and host functions and is fully compliant with the On-The-Go Supplement to the USB
2.0 Specification. It can also be configured as a host-only or device-only controller, fully
compliant with the USB 2.0 Specification. In host mode, the OTG_FS supports full-speed
(FS, 12M bhits/s) and low-speed (LS, 1.5M bits/s) transfers whereas in device mode, it only
supports full-speed (FS, 12M bits/s) transfers. The OTG_FS supports both HNP and SRP.

The main features of GD322071 OTG FS include three categories: general, host-mode and
device-mode features.

General features
B Fully compliant with the On-The-Go Supplement to the USB 2.0 Specification

B In PHY, it includes fully support for the optional protocol detailed in the On-The-Go
Supplement Rev 1.3 specification

— Supports the insertion A-B type device identification (USB ID line)
— Supports Host Negotiation Protocol (HNP) and Session Request Protocol (SRP)

— Allows host to turn Vg off to conserve battery power in OTG applications
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— Supports Vss level detection with internal comparators
— Supports dynamic switching between host and device roles
It can be configured by software to operate as:

— USB OTG_FS dual role device (host or device)

— USB FSI/LS host (A-device)

— USB FS Peripheral (B-device)

It supports SOF (at FS) and keep-alive (at LS) by

— SOF pulse PAD connectivity

— SOF pulse internal connection to TIMER2

— Configurable framing period

— Configurable end of frame (EOF) interrupt

It provides a dedicated RAM of 1.25 KB with advanced FIFO control for flexible and
efficient use of RAM:

— Configurable partitioning of RAM space into different FIFOs
— Each FIFO can hold multiple packets
— Dynamic and contiguous memory allocation

It guarantees max USB bandwidth for up to 1 frame via hardware and needs no system
intervention

It provides power saving features during USB suspend:
— Stop system

— Switch off clock domains internal to the digital core, PHY and FIFO power
management

It supports suspend and resume

Host-mode features

Needs an external charge pump or 5V power for Veus voltage generation

Provides one port which is able to deliver a minimum of 100mA for a configured or
un-configured device, and optionally, up to 500mA for a configured device

Up to 8 host channels: each channel is dynamically configured in control, interrupt, bulk
or isochronous transfer type

Built-in hardware scheduler, it holds two hardware queues:

— Up to 8 periodic transfer (interrupt or isochronous) requests in the periodic
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hardware queue

— Up to 8 non-periodic transfer (control or bulk) requests in the non-periodic hardware

queue

In order to use the USB data RAM efficiently, it is allocated as a shared Rx FIFO, a

periodic Tx FIFO and a non-periodic Tx FIFO to manage

Device-mode features

Draws 100mA or less from the bus before configuration

Can draw up to 500mA from the bus after successful negotiation with the host

1 bidirectional control endpoint (endpoint 0)

3 IN endpoints and 3 OUT endpoints configurable to support bulk, interrupt or

isochronous transfers

Management of a shared Rx FIFO and up to 4 dedicated Tx FIFOs (one for each active
IN endpoint) for efficient usage of the USB data RAM and less load on the application

Support the soft disconnect feature

Can be bus-powered or self-powered

GD322071 USB OTG FS block diagram as shown in Figure:

Figure 5-51 USB OTG FS block diagram
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The GD322071 access the OTG FS USB function module through the AHB bus (AHB
frequency must be greater than 16MHz). USB 48MHz clock is get from the PLL by frequency
division.

About other GD322071 USB OTG FS introduction, please refer to the “ARM Cortex-M3 32-bit
MCU user manual”, the twenty-third chapter, here is no longer a detailed introduction.

In order to use the GD322071 USB normally, you have to write USB driver, and the entire
USB communication process is very complicated, need to understand the entire USB
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protocol stack and the specific device class protocol. It can’t be described in detail here, for
more details please refer to the USB 2.0 protocol standards. Of course, GD provides a
complete USB OTG FS driver (including the host and the device), through this library can
easily achieve the functions of the various USB Demo, without the need to understand the
entire drive USB, greatly reducing the development time and effort. This drive library can be
downloaded from the official website of GD.

This Demo mainly implements a USB mouse. USB mouse is very widely used HID devices
currently. HID, the Human Interface Device, is the device which computer directly interacting
with human, including keyboard, mouse and joystick, etc... However, the HID device does
not necessarily have a human interface, as long as it conforms to the HID class specification.

USB host understands the USB device through a series of descriptors, for some type of
device class, there will be some special descriptors. For HID devices, the most important
special descriptor is the report descriptor. For information about the HID device class, please
refer to the HID 1.11 protocol.

The GD322071 USB OTG FS interface schematic diagram is shown in the following diagram,
in the device mode it support from the USB interface to take electricity, in the host mode it
control USB device power supply through the PD13.

Figure 5-52 Schematic diagram of USB
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The USB OTG is only used as a device in this Demo, so it just takes electricity from the USB

interface.
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5.20.3.

5.21.

5.21.1.

5.21.2.

Jumper settings: JP5 whether jump to the end of the USB, according to the USB OTG
global configuration register NOVBUSSENS bit to decide: if NOVBUSSENS bit is 1, then
JP5 no need to jump to the end of the USB. At this time USB VBUS wire not connected to the
PA9; if NOVBUSSENS bit is 0, then jp5 need to jump to the end of the USB. At this time the
USB VBUS wire connected to the PA9. The role of the NOVBUSSENS bit, please refer to the
user manual.

Due to the Demo using the LCD print the USB running log information, so also are LCD
related jumper settings, and the cache of the LCD using SDRAM, so also SDRAM related
jumper settings. Please refer to the related sections about these 2 modules in this manual.

DEMO implementation result

After the Demo compiled and download, PC can detect the HID device, because the
Windows comes with a born USB mouse driver, so there is no need to manually install the
driver. Next, you can find a new added USB mouse device in the computer equipment
manager. At the same time, you can see log about device enumeration on the LCD.

When tested, the results are as follows:

When the Wakeup key is pressed on the GD32207I-EVAL-V1.0 board, the mouse pointer
moves towards left on the computer screen;

When the Tamper key is pressed on the GD32207I-EVAL-V1.0 board, the mouse pointer
moves towards right on the computer screen;

When the User key is pressed on the GD32207I-EVAL-V1.0 board, the mouse pointer moves
towards up on the computer screen.

USB OTG_FS virtual U disk

DEMO Purpose

GD322071-EVAL-V1.0 board support USB Host and USB Device with its own USB OTG FS
(FS, Full Speed, 12Mbps).This Demo has been realized a USB MSC Device by using USB
OTG FS to simulate a U disk.

DEMO Principle

USB, Universal Serial BUS, Is an external bus standard used to regulate the connection and
communication between the computer and the external device.USB interface supports
device plug and play and hot plugging functions.

USB's development has experienced a number of versions of USB1.0/1.1/2.0/3.0/3.1. At
present, the most used is USB 2.0, and the USB 3.0 is also becoming more and more
popular. GD32207I's conforms to USB 2.0 specification.

Standard USB is composed of four lines, in addition to VCC/GND, the other are D+ and D-,
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the two data lines, which use the differential voltage mode for data transmission. On the USB
host, D+ and D- are all connected the 15K resistance to ground, so the D- and D+ are low
when there is no device to connect. And on the USB peripheral, if it is full-speed device, it will
connect a 1.5K resistor to VCC on the D+, and if low-speed device, the connection will be on
the D-. When the device is connected to the host, the host can judge whether there is a
device to access, and to determine the device is full-speed or low-speed.

USB OTG is USB On-The-Go, means USB is in the process. USB OTG makes USB get rid
of the limitation of the original master-slave architecture, and realizes the transmission mode
of the end to end. USB OTG standard is fully compatible with the USB2.0 standard, and add
limited host ability and the role exchanging function, which allows the device to operate at
times as a host and at times as a peripheral (OTG dual role function). OTG dual role function
device is fully in line with the USB2.0 standard and can provide limited host ability. It supports
the host negotiation protocol (HNP) and the session request protocol (SRP). In OTG, the
initial host is called the A-device, the initial peripheral is known as the B-device. It mainly use
cable connection mode to determine the initial role, the mini-AB receptacle which use is
added the ID pin to identify different cable ends. Mini-A plug ID pin is connected to ground
and mini-B plug ID pin is in floating. When the OTG device detected the ID pin is connected
to ground, the default device is an A-device (the host) and the detection of the floating ID pin
device is considered to be a B-Device (the peripheral). Once the system is connected, the
OTG host and peripherals can realize the role exchange by using HNP protocol. A-device as
the default host will provide VBuUs power, reset bus, enumerate and configure B-device in the
detection of the device is connected. Session request protocol (SRP) allows the B device to
open the VBus power and start a session on the A device. An OTG session can be
determined by the time of the A- device to provide VBus power (Note: the A device is always
powered for VBuUS, even is set as a peripheral). It can also be used to shut down the VBus
power supply to save power, which is very important in battery powered products. Next, turn
to the GD322071 USB OTG controller.

The USB OTG FS of the GD322071 is a dual-role device (DRD) controller that supports both
device and host functions and is fully compliant with the On-The-Go Supplement to the USB
2.0 Specification. It can also be configured as a host-only or device-only controller, fully
compliant with the USB 2.0 Specification. In host mode, the OTG_FS supports full-speed
(FS, 12M bits/s) and low-speed (LS, 1.5M bits/s) transfers. Whereas in device mode, it only
supports full-speed (FS, 12M bits/s) transfers. The OTG_FS supports both HNP and SRP.

The main features of GD322071 OTG FS include three categories: general, host-mode and
device-mode features.

General features
B Fully compliant with the On-The-Go Supplement to the USB 2.0 Specification

B In PHY, it includes fully support for the optional protocol detailed in the On-The-Go
Supplement Rev 1.3 specification

— Supports the insertion A-B type device identification (USB ID line)
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— Supports Host Negotiation Protocol (HNP) and Session Request Protocol (SRP)
— Allows host to turn Vg off to conserve battery power in OTG applications
— Supports Ves level detection with internal comparators

— Supports dynamic switching between host and device roles

It can be configured by software to operate as:

— USB OTG_FS dual role device (host or device)

— USB FSI/LS host (A-device)

— USB FS Peripheral (B-device)

It supports SOF (at FS) and keep-alive (at LS) by

— SOF pulse PAD connectivity

— SOF pulse internal connection to TIMER2

— Configurable framing period

— Configurable end of frame (EOF) interrupt

It provides a dedicated RAM of 1.25 KB with advanced FIFO control for flexible and
efficient use of RAM:

— Configurable partitioning of RAM space into different FIFOs
— Each FIFO can hold multiple packets
— Dynamic and contiguous memory allocation

It guarantees max USB bandwidth for up to 1 frame via hardware and needs no system
intervention

It provides power saving features during USB suspend:
— Stop system

— Switch off clock domains internal to the digital core, PHY and FIFO power
management

It supports suspend and resume

Host-mode features

Needs an external charge pump or 5V power for Veus voltage generation

Provides one port which is able to deliver a minimum of 100mA for a configured or
un-configured device, and optionally, up to 500mA for a configured device

Up to 8 host channels: each channel is dynamically configured in control, interrupt, bulk
or isochronous transfer type

104



C>

GigaDevice

User Manual
GD322071-EVAL

Built-in hardware scheduler, it holds two hardware queues:

— Up to 8 periodic transfer (interrupt or isochronous) requests in the periodic
hardware queue

— Up to 8 non-periodic transfer (control or bulk) requests in the non-periodic hardware
queue

In order to use the USB data RAM efficiently, it is allocated as a shared Rx FIFO, a
periodic Tx FIFO and a non-periodic Tx FIFO to manage

Device-mode features

Draws 100mA or less from the bus before configuration
Can draw up to 500mA from the bus after successful negotiation with the host
1 bidirectional control endpoint (endpoint 0)

3 IN endpoints and 3 OUT endpoints configurable to support bulk, interrupt or
isochronous transfers

Management of a shared Rx FIFO and up to 4 dedicated Tx FIFOs (one for each active
IN endpoint) for efficient usage of the USB data RAM and less load on the application

Support the soft disconnect feature

Can be bus-powered or self-powered

GD322071 USB OTG FS block diagram as shown in Figure:

Figure 5-53 USB OTG FS block diagram
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The GD322071 access the OTG FS USB function module through the AHB bus (AHB
frequency must be greater than 16MHz). USB 48MHz clock is get from the PLL by frequency

division.

About other GD322071 USB OTG FS introduction, please refer to the “ARM Cortex-M3 32-bit
MCU user manual’, the twenty-third chapter, here is no longer a detailed introduction.
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In order to use the GD322071 USB normally, you have to write USB driver, and the entire
USB communication process is very complicated, need to understand the entire USB
protocol stack and the specific device class protocol. It can’t be described in detail here, for
more details please refer to the USB 2.0 protocol standards. Of course, GD provides a
complete USB OTG FS driver (including the host and the device), through this library can
easily achieve the functions of the various USB Demo, without the need to understand the
entire drive USB, greatly reducing the development time and effort. This drive library can be
downloaded from the official website of GD.

This Demo mainly implements a U disk. U disk is very widely used removable MSC devices
currently. MSC, the Mass Storage device Class, is a transport protocol between a computer
and mobile devices, which allow a universal serial bus (USB) equipment to access a host
computing device, file transfer between them, mainly including mobile hard disk, mobile U
disk drive, etc... The MSC device must have a storage medium, and this Demo uses the
MCU's internal SRAM and internal Flash as the storage medium. For more details of the
MSC protocol please refer to the MSC protocol standard by yourself.

MSC device will use a variety of transport protocols and command formats for
communication, so it need to choose the appropriate protocol and command format in the
realization of the application. This Demo selects the BOT (bulk only transport) protocol and
the required SCSI (small computer interface) command, and is compatible with a wide
variety of Window operating systems. Specific BOT protocol and SCSI command
specification please refer to the standard of their agreement.

The GD322071 USB OTG FS interface schematic diagram is shown in the following diagram,
in the device mode it support from the USB interface to take electricity, in the host mode it
control USB device power supply through the PD13.
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5.21.3.

Figure 5-54 Schematic diagram of USB
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The USB OTG is only used as a device in this Demo, so it just takes electricity from the USB
interface.

Jumper settings: JP5 whether jump to the end of the USB, according to the USB OTG
global configuration register NOVBUSSENS bit to decide: if NOVBUSSENS bit is 1, then
JP5 no need to jump to the end of the USB. At this time USB VBUS wire not connected to the
PA9; if NOVBUSSENS bit is 0, then jp5 need to jump to the end of the USB. At this time the
USB VBUS wire connected to the PA9. The role of the NOVBUSSENS bit, please refer to the
user manual.

Due to the Demo using the LCD print the USB running log information, so also are LCD
related jumper settings, and the cache of the LCD using SDRAM, so also SDRAM related
jumper settings. Please refer to the related sections about these 2 modules in this manual.

DEMO Implementation Result

After the Demo compiled and download, user need connect the device to the PC with USB
cable. Next, PC can detect the MSC device, because the Windows comes with a born USB
MSC driver, so there is no need to manually install the driver. After Demo running, you can
see log information about device enumeration on the LCD. When you open the computer
equipment manager, you will find a USB large capacity storage device is in the universal
serial bus controller, and there are 2 more disk drives.
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5.22.

5.22.1.

5.22.2.

Then, after opening the resource manager, you will see more of the 2 disks.

At this point, the write/read/formatting operation can be performed as the other mobile
devices.

USB OTG_FS virtual ComPort (VCP)

DEMO Purpose

GD322071-EVAL-V1.0 board support USB Host and USB Device with its own USB OTG FS
(FS, Full Speed, 12Mbps).This Demo has been realized a USB CDC Device by using USB
OTG FS to simulate a virtual serial port.

DEMO Principle

USB, Universal Serial BUS, Is an external bus standard used to regulate the connection and
communication between the computer and the external device.USB interface supports
device plug and play and hot plugging functions.

USB's development has experienced a number of versions of USB1.0/1.1/2.0/3.0/3.1. At
present, the most used is USB 2.0, and the USB 3.0 is also becoming more and more
popular. GD32207I's conforms to USB 2.0 specification.

Standard USB is composed of four lines, in addition to VCC/GND, the other are D+ and D-,
the two data lines, which use the differential voltage mode for data transmission. On the USB
host, D+ and D- are all connected the 15K resistance to ground, so the D- and D+ all low
when there is no device to connect. And on the USB peripheral, if it is full-speed device, it will
connect a 1.5K resistor to VCC on the D+, and if low-speed device, the connection will be on
the D-. When the device is connected to the host, the host can judge whether there is a
device to access, and to determine the device is full-speed or low-speed.

USB OTG is USB On-The-Go, means USB is in the process. USB OTG makes USB get rid
of the limitation of the original master-slave architecture, and realizes the transmission mode
of the end to end. USB OTG standard is fully compatible with the USB2.0 standard, and add
limited host ability and the role exchanging function, which allows the device to operate at
times as a host and at times as a peripheral (OTG dual role function). OTG dual role function
device is fully in line with the USB2.0 standard and can provide limited host ability. It supports
the host negotiation protocol (HNP) and the session request protocol (SRP). In OTG, the
initial host is called the A-device, the initial peripheral is known as the B-device. It mainly use
cable connection mode to determine the initial role, the mini-AB receptacle which use is
added the ID pin to identify different cable ends. Mini-A plug ID pin is connected to ground
and mini-B plug ID pin is in floating. When the OTG device detected the ID pin is connected
to ground, the default device is an A-device (the host) and the detection of the floating ID pin
device is considered to be a B-Device (the peripheral). Once the system is connected, the
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OTG host and peripherals can realize the role exchange by using HNP protocol. A-device as
the default host will provide VBuUs power, reset bus, enumerate and configure B-device in the
detection of the device is connected. Session request protocol (SRP) allows the B device to
open the VBus power and start a session on the A device. An OTG session can be
determined by the time of the A- device to provide VBus power (Note: the A device is always
powered for VBuUS, even is set as a peripheral). It can also be used to shut down the VBus
power supply to save power, which is very important in battery powered products. Next, turn
to the GD322071 USB OTG controller.

The USB OTG FS of the GD32207I is a dual-role device (DRD) controller that supports both
device and host functions and is fully compliant with the On-The-Go Supplement to the USB
2.0 Specification. It can also be configured as a host-only or device-only controller, fully
compliant with the USB 2.0 Specification. In host mode, the OTG_FS supports full-speed
(FS, 12M bits/s) and low-speed (LS, 1.5M bits/s) transfers. Whereas in device mode, it only
supports full-speed (FS, 12M bits/s) transfers. The OTG_FS supports both HNP and SRP.

The main features of GD322071 OTG FS include three categories: general, host-mode and
device-mode features.

General features
®  Fully compliant with the On-The-Go Supplement to the USB 2.0 Specification

B In PHY, it includes fully support for the optional protocol detailed in the On-The-Go
Supplement Rev 1.3 specification

— Supports the insertion A-B type device identification (USB ID line)
— Supports Host Negotiation Protocol (HNP) and Session Request Protocol (SRP)
— Allows host to turn Ve off to conserve battery power in OTG applications
— Supports Vgs level detection with internal comparators
— Supports dynamic switching between host and device roles
B |t can be configured by software to operate as:
— USB OTG_FS dual role device (host or device)
— USB FS/LS host (A-device)
— USB FS Peripheral (B-device)
B |t supports SOF (at FS) and keep-alive (at LS) by
— SOF pulse PAD connectivity
— SOF pulse internal connection to TIMER2
— Configurable framing period

— Configurable end of frame (EOF) interrupt
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It provides a dedicated RAM of 1.25 KB with advanced FIFO control for flexible and
efficient use of RAM:

— Configurable partitioning of RAM space into different FIFOs
— Each FIFO can hold multiple packets
— Dynamic and contiguous memory allocation

It guarantees max USB bandwidth for up to 1 frame via hardware and needs no system
intervention

It provides power saving features during USB suspend:
— Stop system

— Switch off clock domains internal to the digital core, PHY and FIFO power
management

It supports suspend and resume

Host-mode features

Needs an external charge pump or 5V power for Veus voltage generation

Provides one port which is able to deliver a minimum of 100mA for a configured or
un-configured device, and optionally, up to 500mA for a configured device

Up to 8 host channels: each channel is dynamically configured in control, interrupt, bulk
or isochronous transfer type

Built-in hardware scheduler, it holds two hardware queues:

— Up to 8 periodic transfer (interrupt or isochronous) requests in the periodic
hardware queue

— Up to 8 non-periodic transfer (control or bulk) requests in the non-periodic hardware
queue

In order to use the USB data RAM efficiently, it is allocated as a shared Rx FIFO, a
periodic Tx FIFO and a non-periodic Tx FIFO to manage

Device-mode features

Draws 100mA or less from the bus before configuration
Can draw up to 500mA from the bus after successful negotiation with the host
1 bidirectional control endpoint (endpoint 0)

3 IN endpoints and 3 OUT endpoints configurable to support bulk, interrupt or
isochronous transfers

Management of a shared Rx FIFO and up to 4 dedicated Tx FIFOs (one for each active

IN endpoint) for efficient usage of the USB data RAM and less load on the application
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B Support the soft disconnect feature
B Can be bus-powered or self-powered
GD322071 USB OTG FS block diagram as shown in Figure:

Figure 5-55 USB OTG FS block diagram

USB OTG

USB interrupt

Cortex-M3

< AHB Peripheral USB2.0 OTG
@ OTG FS Fs
USB suspend Core PHY
A
Power & Clock module NG
USB Clock at 48MHz
System clock USB clock ude Bus
USB FIFO(L.25Kbyte) | —mamBE— domain domain

The GD322071 access the OTG FS USB function module through the AHB bus (AHB
frequency must be greater than 16MHz). USB 48MHz clock is get from the PLL by frequency
division.

About other GD322071 USB OTG FS introduction, please refer to the “ARM Cortex-M3 32-bit
MCU user manual’, the twenty-third chapter, here is no longer a detailed introduction.

In order to use the GD322071 USB normally, you have to write USB driver, and the entire
USB communication process is very complicated, need to understand the entire USB
protocol stack and the specific device class protocol. It can’t be described in detail here, for
more details please refer to the USB 2.0 protocol standards. Of course, GD provides a
complete USB OTG FS driver (including the host and the device), through this library can
easily achieve the functions of the various USB Demo, without the need to understand the
entire drive USB, greatly reducing the development time and effort. This drive library can be
downloaded from the official website of GD.

This Demo mainly implements a virtual serial port, is also a virtual COM port (UART). The
COM port is not so common today, but much industrial software is still using this classic port.
COM port belonging to the CDC, the Communication Device Class, is a type of dedicated
USB sub class which is defined by USB organization to be used by a variety of
communications equipment (telecommunications equipment and medium speed network
communication equipment) using, mainly includes analog telephone and modem, digital
telephone (including mobile phones) and virtual COM port. The content of the CDC protocol
please refer to the standard of the protocol.

Usually a CDC class is made up of two interfaces subclasses: Communication Interface
Class and Data Interface Class. Application is mainly through the communication interface to

manage and control the device, and through the data interface to transfer data. These two
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interfaces have different numbers and types of Endpoints. However, for the purposes of this
Demo, the communication interface is not used, but in order to be compatible with windows it
remains to be added to this interface.

The GD322071 USB OTG FS interface schematic diagram is shown in the following diagram,
in the device mode it support from the USB interface to take electricity, in the host mode it
control USB device power supply through the PD13.

Figure 5-56 Schematic diagram of USB
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The USB OTG is only used as a device in this Demo, so it just takes electricity from the USB
interface.

Jumper settings: JP5 whether jump to the end of the USB, according to the USB OTG
global configuration register NOVBUSSENS bit to decide: if NOVBUSSENS bit is 1, then
JP5 no need to jump to the end of the USB. At this time USB VBUS wire not connected to the
PA9; if NOVBUSSENS bit is 0, then jp5 need to jump to the end of the USB. At this time the
USB VBUS wire connected to the PA9. The role of the NOVBUSSENS bit, please refer to the
user manual.

Due to the Demo using the LCD print the USB running log information, so also are LCD
related jumper settings, and the cache of the LCD using SDRAM, so also SDRAM related
jumper settings. Please refer to the related sections about these 2 modules in this manual.
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5.22.3.

DEMO Implementation Result

This Demo actually implements a USB-USART bridge, which can realize the communication
between PC (not through the RS232 port). PC application in communication is the Windows
super terminal. The actual USART is Usartl, so it must be configured with the USB OTG
global configuration register NOVBUSSENS bit is 1 so that the VBUS USB line is not
connected to the PA9. So you can jump JP5 to the Usartl end, the PA9 to the Usartl Tx port.

After the Demo compiled and download, you need to install the appropriate driver
(GDUSB2Ser.inf), the driver can be downloaded from the official website of GD. The
installation method can refer to the installation documentation in the VCP Driver GD folder
after the decompression. After the installation is successful, you can find a new serial port in
the computer equipment manager.

Next, the actual Usartl is required to connect the development board to PC, and then open
the PC super terminal, super terminal port selection will appear in two ports: COM14 (virtual
serial port) and COM8 (real development board serial port). So, this time need to open 2
super terminals for communication, as follows:

Hello world! I'm mot real COM, I am USE! -
Hello world! I'm not real COM, I am USE!
Hello world! I'm mot real COM, I am USE!
Hello world! I'm not real COM, I am USE!
Hello world! I'm mot real COM, I am USE!
T | s BEH | BUAEE # R | RTs
= OTA
02 [om -] @ xige0| #m | gre0| #wEn| Coeen
Hello world! I'm real COM, I am Usartl! -
Hello world! I'm real COM, T am Usartl!
Hello world! I'm real COM, I am Usartl!
Hello world! I'm real COM, T am Usartl!
Hello world! I'm real COM, I am Usartl!
Hello world! I'm real COM, T am Usartl!
TR | R LN | BUEH ¥ E | A
— DTR
2Oe come ~| @ Zms0 | #m | eEe0 | swen| romes!

Special note: how to modify the VID and PID

If users want to develop their own driver, they can modify the VID and PID in the Demo, and
they need to modify the driver VID and PID in GDUSB2Ser.inf at the same time to maintain
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5.23.

5.23.1.

5.23.2.

the definition of PID and VID.

When modifying, the following two sections are found in the GDUSB2Ser.inf file, and then
the 018A and 28E9 are required to be replaced by your own VID and PID.

[Standard.NTx86]
%GD32VCP.DeviceDesc%=GD32VCP_Device, USB\ID_28E9&PID_018A
[Standard.NTamd64]

%GD32VCP.DeviceDesc%=GD32VCP_Device, USB\VID_28E9&PID_018A

USB OTG_FS MSC host

DEMO Purpose

GD322071-EVAL-V1.0 board support USB Host and USB Device with its own USB OTG FS
(FS, Full Speed, 12Mbps).This Demo has been realized a USB MSC Host (the host) which
can access USB MSC Device (the slave).

DEMO Principle

USB, Universal Serial BUS, Is an external bus standard used to regulate the connection and
communication between the computer and the external device.USB interface supports
device plug and play and hot plugging functions.

USB's development has experienced a number of versions of USB1.0/1.1/2.0/3.0/3.1. At
present, the most used is USB 2.0, and the USB 3.0 is also becoming more and more
popular. GD32207I's conforms to USB 2.0 specification.

Standard USB is composed of four lines, in addition to VCC/GND, the other are D+ and D-,
the two data lines, which use the differential voltage mode for data transmission. On the USB
host, D+ and D- are all connected the 15K resistance to ground, so the D- and D+ all low
when there is no device to connect. And on the USB peripheral, if it is full-speed device, it will
connect a 1.5K resistor to VCC on the D+, and if low-speed device, the connection will be on
the D-. When the device is connected to the host, the host can judge whether there is a
device to access, and to determine the device is full-speed or low-speed.

USB OTG is USB On-The-Go, means USB is in the process. USB OTG makes USB get rid
of the limitation of the original master-slave architecture, and realizes the transmission mode
of the end to end. USB OTG standard is fully compatible with the USB2.0 standard, and add
limited host ability and the role exchanging function, which allows the device to operate at
times as a host and at times as a peripheral (OTG dual role function). OTG dual role function
device is fully in line with the USB2.0 standard and can provide limited host ability. It supports
the host negotiation protocol (HNP) and the session request protocol (SRP). In OTG, the
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initial host called the A-device, the initial peripheral known as the B-device. It mainly use
cable connection mode to determine the initial role, the mini-AB receptacle which use is
added the ID pin to identify different cable ends. Mini-A plug ID pin is connected to ground
and mini-B plug ID pin is in floating. When the OTG device detected the ID pin is connected
to ground, the default device is an A-device (the host) and the detection of the floating ID pin
device is considered to be a B-Device (the peripheral). Once the system is connected, the
OTG host and peripherals can realize the role exchange by using HNP protocol. A-device as
the default host will provide VBuUs power, reset bus, enumerate and configure B-device in the
detection of the device is connected. Session request protocol (SRP) allows the B device to
open the VBus power and start a session on the A device. An OTG session can be
determined by the time of the A- device to provide VBus power (Note: the A device is always
powered for VBuUS, even is set as a peripheral). It can also be used to shut down the VBus
power supply to save power, which is very important in battery powered products. Next, turn
to the GD322071 USB OTG controller.

The USB OTG FS of the GD32207I is a dual-role device (DRD) controller that supports both
device and host functions and is fully compliant with the On-The-Go Supplement to the USB
2.0 Specification. It can also be configured as a host-only or device-only controller, fully
compliant with the USB 2.0 Specification. In host mode, the OTG_FS supports full-speed
(FS, 12M bits/s) and low-speed (LS, 1.5M bits/s) transfers. Whereas in device mode, it only
supports full-speed (FS, 12M bits/s) transfers. The OTG_FS supports both HNP and SRP.

The main features of GD322071 OTG FS include three categories: general, host-mode and
device-mode features.

General features
m  Fully compliant with the On-The-Go Supplement to the USB 2.0 Specification

B In PHY, it includes fully support for the optional protocol detailed in the On-The-Go
Supplement Rev 1.3 specification

— Supports the insertion A-B type device identification (USB ID line)
— Supports Host Negotiation Protocol (HNP) and Session Request Protocol (SRP)
— Allows host to turn Ve off to conserve battery power in OTG applications
— Supports Vgs level detection with internal comparators
— Supports dynamic switching between host and device roles
B |t can be configured by software to operate as:
— USB OTG_FS dual role device (host or device)
— USB FSI/LS host (A-device)
— USB FS Peripheral (B-device)

B |t supports SOF (at FS) and keep-alive (at LS) by
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— SOF pulse PAD connectivity
— SOF pulse internal connection to TIMER2
— Configurable framing period
— Configurable end of frame (EOF) interrupt

It provides a dedicated RAM of 1.25 KB with advanced FIFO control for flexible and
efficient use of RAM:

— Configurable partitioning of RAM space into different FIFOs
— Each FIFO can hold multiple packets
— Dynamic and contiguous memory allocation

It guarantees max USB bandwidth for up to 1 frame via hardware and needs no system
intervention

It provides power saving features during USB suspend:
— Stop system

— Switch off clock domains internal to the digital core, PHY and FIFO power
management

It supports suspend and resume

Host-mode features

Needs an external charge pump or 5V power for Veus voltage generation

Provides one port which is able to deliver a minimum of 100mA for a configured or
un-configured device, and optionally, up to 500mA for a configured device

Up to 8 host channels: each channel is dynamically configured in control, interrupt, bulk
or isochronous transfer type

Built-in hardware scheduler, it holds two hardware queues:

— Up to 8 periodic transfer (interrupt or isochronous) requests in the periodic
hardware queue

— Up to 8 non-periodic transfer (control or bulk) requests in the non-periodic hardware
queue

In order to use the USB data RAM efficiently, it is allocated as a shared Rx FIFO, a
periodic Tx FIFO and a non-periodic Tx FIFO to manage

Device-mode features

Draws 100mA or less from the bus before configuration

Can draw up to 500mA from the bus after successful negotiation with the host
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B 1 bidirectional control endpoint (endpoint 0)

B 3 IN endpoints and 3 OUT endpoints configurable to support bulk, interrupt or
isochronous transfers

B Management of a shared Rx FIFO and up to 4 dedicated Tx FIFOs (one for each active
IN endpoint) for efficient usage of the USB data RAM and less load on the application

B Support the soft disconnect feature
B Can be bus-powered or self-powered
GD322071 USB OTG FS block diagram as shown in Figure:

Figure 5-57 USB OTG FS block diagram
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The GD322071 access the OTG FS USB function module through the AHB bus (AHB
frequency must be greater than 16MHz). USB 48MHz clock is get from the PLL by frequency
division.

About other GD322071 USB OTG FS introduction, please refer to the “ARM Cortex-M3 32-bit
MCU user manual”, the twenty-third chapter, here is no longer a detailed introduction.

In order to use the GD322071 USB normally, you have to write USB driver, and the entire
USB communication process is very complicated, need to understand the entire USB
protocol stack and the specific device class protocol. It can’t be described in detail here, for
more details please refer to the USB 2.0 protocol standards. Of course, GD provides a
complete USB OTG FS driver (including the host and the device), through this library can
easily achieve the functions of the various USB Demo, without the need to understand the
entire drive USB, greatly reducing the development time and effort. This drive library can be
downloaded from the official website of GD.

This Demo mainly implements a USB Host, the ability of which is relatively limited. The USB
host can only detect USB devices, enumerate the USB MSC devices, and it can only
communicate with the USB MSC class devices. So, this Demo has been realized a
dedicated USB Host.

117



C>

GigaDevice

User Manual
GD322071-EVAL

The USB OTG Host is usually not required to install the device driver, because it acts as a
driving role itself. In order to communicate with USB MSC Device, it requires the support of
the MSC protocol, and the ability to send a MSC class device request. These have been
implemented in Demo. In order to access the contents of USB MSC Device, FATFS
(Allocation Table File System File) was added in the experiment. For more details please
refer to the relevant file.

The GD322071 USB OTG FS interface schematic diagram is shown in the following diagram,
in the device mode it support from the USB interface to take electricity, in the host mode it
control USB device power supply through the PD13.

Figure 5-58 Schematic diagram of USB
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The USB OTG is only used as a host in this Demo, so it need control the VBUS power supply
to USB device through the PD13.

Jumper settings: JP5 don't need jump to the end of the USB, because in host mode, USB
OTG VBUS need not connect to PA9 all the time.

Due to the Demo using the LCD print the USB running log information, so also are LCD
related jumper settings, and the cache of the LCD using SDRAM, so also SDRAM related
jumper settings. Please refer to the related sections about these 2 modules in this manual.
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5.23.3. DEMO Implementation Result

After Demo compiled and download, use the DC power supply to the development board.
Then connect a U disk to the development board through the USB adapter. Next, you can
operate according to the print information on the LCD, the results are as follows:

1. After peripheral is connected, LCD will display the device information from the host
enumerating:

2. After pressing User key, the application will initialize file system and LCD will display
MSC device capacity:
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3. After pressing Tamper key, LCD will display the file content in the MSC device, showing
the level of the folder is 2:

4. After pressing User key, application will write GD32.txt file to the MSC device:
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5.24.

5.24.1.

Last operation is to show picture in the MSC device, but this operation has not been realized.

ETH

DEMO Purpose

GD322071-EVAL-V1.0 development board integrated ETH (Random number generator), The
Ethernet peripheral of GD32F20x contains the 10/100Mbps Ethernet MAC(media
access controller), designed to provide optimized performance through the use of DMA
hardware acceleration, support two standard communication interface with the physical layer
(PHY): Mll(media independent interface) and RMIl(reduced media independent interface) to
transmit and receive data. This Demo is used to demonstrate the function and usage of the
ETH module in the GD322071-EVAL-V1.0 development board.

GD32F20X ETH main features:

MAC

B Support 10/100 Mbit/s data transfer rates.

B Support CSMA/CD Protocol for half-duplex Back-pressure operation.

Support IEEE 802.3x flow control for full-duplex operation, Automatic transmission of
pause frame on deassertion of flow control input.

Option for automatic pad/CRC generation in transmit operation.

Option for automatic pad/CRC stripping in receive operation.

Option for frame length to support Standard frames with sizes up to 16 KB.

Option for interframe gap (40-96 bit times in steps of 8).
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5.24.2.

Support different receiving filter mode.

Support IEEE 802.1Q VLAN tag detection for reception frames.

Support mandatory network statistics with RMON/MIB counters (RFC2819/RFC2665).

Support Detection of LAN wakeup frames and AMD Magic Packet frames.

Support Receive feature for checksum off-load for received IPv4 and TCP packets

encapsulated by the Ethernet frame.

B Support Enhanced receive feature for checking IPv4 header checksum and TCP, UDP,
or ICMP checksum encapsulated in IPv4 or IPv6 datagrams.

B Support Ethernet frame time stamping as described in IEEE 1588-2002. 64 bit time
stamps are given in each frame’s transmit or receive status.

B Two independent FIFO of byte 2K for transmitting and receiving.

B Support statistics by generating pulses for frames dropped or corrupted (due to overflow)
in the Receive FIFO.

B Automatic generation of PAUSE frame control or back pressure signal to the MAC core
based on Receive FIFO-fill (threshold configurable) level.

B Discard frames on late collision, excessive collisions, excessive deferral and underrun

conditions.
B Calculate and insert IPv4 header checksum and TCP, UDP, or ICMP checksum in
frames transmitted in Store-and-Forward mode.

DMA

B Support ring or chain descriptor chaining.

Each descriptor can transfer up to 8 KB of data.

B Round-robin or fixed-priority arbitration between reception and transmission controller
priority.

PTP

B Support IEEE1588 time synchronization function.
B Support two correction methods: Coarse or fine.
B Pulse per second output.

DEMO Principle

The Ethernet module is composed of a MAC (media access controller) module, MII/RMII
module and a DMA module by descriptor control.
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Figure 5-59 ETH module block diagram
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The MAC module is connected to the external PHY by MIl or RMII through one selection bit
(refer to AFIO_PCFRL1 register). The SMI interface (MDIO and MDC), is used to configure
and manage external PHY.

Transmitting data module includes:

- Tx DMA controller, used to read descriptors and data from memory and writes status to
memory.

- Tx FIFO, used to cache for MAC transmission data.

- The MAC transmission control register group, used to control frame transmit.

Receiving data module includes:

- Rx DMA controller, used to read descriptors from memory and writes data and status to
memory.

- MAC receive control register group, used to control frame receive and marked the receiving
state.

- The receiving filter, can use a variety of filtering mode, filter out specific Ethernet frame

- Rx FIFO, delay a received frame to achieve, thus filter can filter out specific frames, and
then receives the frame into the memory.

GD32F2 ETH can communication that must have external PHY chip, , PHY chip is
connected to the internal MAC through the MIl / RMII interface, and supports SMI (MDIO &
MDC) interface that allows MAC configuration of the external Ethernet PHY chip.

Next, the PHY chip interface SMI and MAC communication interface MIl / RMII are
introduced. And describes the PHY chip development board used.

MII/RMII selection

The application has to set the MII/RMII mode through configuration of the AFIO_PCFR1
register 23 bits MIl_RMII_SEL while the Ethernet controller is under reset or before enabling
the clocks. The MII mode is set by default.

Station management interface: SMI

Station management interface (SMI) through two wire: clock line(MDC) and data line(MDIO)
for communication with the external PHY, it can access to the any PHY register. The
interface supports accessing up to 32 PHYs, but only one register in one PHY can be
addressed at the same time.
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Two wires: MDC and MDIO Specific functions as follows:

- MDC: a clock of maximum frequency is 2.5 MHz. The pin remains low level in the idle state.
The minimum high and low times for MDC must be 160 ns each, and the minimum period for
MDC must be 400 ns in data transmission.

- MDIO: Used to transfer data in conjunction with the MDC clock line, receiving / sending
data.

SMI write operation

Applications need to write transmission data to the ETH_MAC_PHYDR register and operate
the ETH_MAC_PHYAR register as follows: Set the PHY device address and register
address will operate, PW is set to 1, so that can enable write mode. After that set PB bit start
transmission. In the process of transaction PB is always high until the transfer is complete
SMI interface will clear it. The application can determine whether a transaction complete
through PB bit. When PB is 1, the application should not change the PHY Address register
contents or the PHY Data register. Write operations to the PHY Address register or the PHY
Data Register during this period are ignored (the PB bit is high), and the transaction is
completed without any error.

SMI read operation

Applications need to operate the ETH_MAC_PHYAR register as follows: Set the PHY device
address and register address will operate, PW is set to 0, so that can enable read mode.
After that set PB bit start reception. In the process of transaction PB is always high until the
transfer is complete SMI interface will clear it. The application can determine whether a
transaction complete through PB bit. When PB is 1, the application should not change the
PHY Address register contents or the PHY Data register. Write operations to the PHY
Address register or the PHY Data Register during this period (the PB bit is high) are ignored,
and the transaction is completed without any error.

Note: Because the PHY register address 16-31 register functions define by each
manufacturer, access different PHY devices’s this part registers should accord to the
manufacturer manual to adjust the parameters of software. Details of Catalog that
GD32F20x firmware library currently supports the PHY device can refer to firmware library
related instructions.

SMI clock selection

The SMI clock is a divided clock whose source is the application clock (AHB clock). In order
to guarantee the clock frequency is less than 2.5MHZ, according to the AHB clock frequency
set the PHY address register related bit, select the appropriate frequency division factor. The
following table lists the frequency factor corresponding AHB clock selection.

Table 5-8 Clock range

AHB clock MDC clock Selection

Reserved - 0100, 0101, 0110, 0111
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20~35MHz AHB clock/16 0011
35~60MHz AHB clock/26 0010
90~108 MHz AHB clock/64 0001
60~90MHz AHB clock/42 0000

Media-independent interface: Mll

The media-independent interface (MIl) defines the interconnection between the MAC
sublayer and the PHY for data transfer at 10 Mbit/s and 100 Mbit/s.

Figure 5-60 Media independent interface signals
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- MII_TX_CLK: clock signal for transmitting data. For the data transmission of 10M /s, the
clock is 2.5MHz, for the data transmission of 100M /s, the clock is 25MHz.

- MII_RX_CLK: clock signal for receiving data. For the data transmission of 10M /s, the clock
is 2.5MHz, for the data transmission of 100M /s, the clock is 25MHz.

- MIl_TX_EN: Transmission enable signal. It must be asserted synchronously with the first bit
of the preamble and must remain asserted while all bits to be transmitted are presented to
the MII.

- MII_TXD [3:0]: Transmit data line, each 4 bit data transfer, data are valid in the MIl_TX_EN
signal is effective. MII_TXD [0] is the least significant bit, MII_TXD[3] is the most significant
bit. While MII_TX_EN is deasserted the transmit data must have no effect upon the PHY.

- MIl_CRS: Carrier sense signal, only working in half duplex mode. Controlled by the PHY,
enable it when either the transmit or receive medium is non idle. The PHY must ensure that
the MIl_CRS signal remains asserted throughout the duration of a collision condition. This
signal is not required to transition synchronously with respect to the TX and RX clocks.

- MII_COL: collision detection signal, only working in half duplex mode. Controlled by the
PHY, enable it when detection of a collision on the medium and must remain asserted while
the collision condition persists. This signal is not required to transition synchronously with

respect to the TX and RX clocks.
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- MIl_RXDJ3:0]: Receive data line, each 4 bit data transfer, data are valid in the MIl_RX_ DV
signal is effective. MIl_RXDI0] is the least significant bit, MIl_RXD[3] is the most significant
bit. While MII_RX_EN is deasserted and MIl_RX_ER is asserted, a specific MIl_RXD[3:0]
value is used to indicate specific information (see Table 10-3).

- MII_RX_DV: Receive data enable signal. Controlled by the PHY, enable it when PHY is
presenting on the MII for reception. It must be asserted synchronously with the first bit of the
frame and must remain asserted while all bits to be transmitted are presented to the MII. It
must be deasserted prior to the first clock cycle that follows the final bit. In order to receive
the frame correctly, the effective signal starting no later than the SFD field.

- MIl_RX_ER: Receive error signal.lt must be asserted for one or more clock periods to
indicate MAC detected an error in the receiving process. The specific error reason need to
cooperate with the state of the MIl_RX_DV and the MIl_RXD[3:0] data value.

MIl clock sources

To generate both TX_CLK and RX_CLK clock signals. The external PHY must be clocked
with an external 25 MHz. The clock does not require the same with MAC clock. Can use the
external 25MHz crystal or GD32F20x microcontroller MCO pin provides the clock. When the
clock source from MCO pins need to configure the appropriate PLL, ensure the MCO pin
output clock for 25MHZ.

Reduced media-independent interface: RMII

The reduced media-independent interface (RMII) specification reduces the pin count when
ethernet communication. According to the IEEE 802.3 standard, an MIl contains 16 pins for
data and control. The RMII specification is dedicated to reduce the pin count to 7 pins

The RMII block has the following characteristics:

- The clock signal needs to be increased to 50MHz.
- MAC and external PHY need to use the same clock source

- Using the 2-bit wide data transceiver
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Figure 5-61 Reduced media-independent interface signals

TX_EN

TXD[1:0]

CRS_DV

A

RXD[1:0]

A

MAC Controller PHY

MDC
MDIO

A

REF_CLK

MII/RMII bit transmission order

Each bit from the MIl is transmitted on the RMII a dibit at a time with the order of dibit
transmission. as follows: The first transmit / receive low 2 bits, then transmit / receive high 2
bits.

RMII clock sources

To ensure the synchronization of the clock source by the same clock source to the MAC and
Ethernet PHY REF_CLK pins. Can use the external 50MHz crystal or GD32F20x
microcontroller MCO pin provides the clock. When the clock source from MCO pins need to
configure the appropriate PLL, ensure the MCO pin output clock for 50MHZ.

The Demo selected PHY chip DP83848 and used RMII interface to connect external PHY.
Detailed information on the DP83848 chip, please refer to the relevant datasheet

The Demo used the LWIP as TCP / IP protocol stack. LWIP is a small open source TCP / IP
protocol stack, with or without operating system support can run and reduce the occupation
of RAM on the basis of maintaining the main functions of the TCP protocol, it can run just
used a dozen KB RAM and 40K or so ROM. For more information about LWIP can refer to
the website: http://savannah.nongnu.org/projects/Iwip/ .

Demo of ETH in GD322071-EVAL-V1.0 development board needs to use external PHY chip
and RJ45 connector with integrated magnetics, The hardware circuit is shown in the
following diagram.
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Figure 5-62 Schematic diagram of Ethernet
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Jumper: Need to JP13/JP18/JP19/JP20/JP22/JP23 configured to the correct location.

Short JP13(1,2) for Ethernet function Short JP20(1,2) for Ethernet function
Short JP13(2,3) for SPI_Flash or 12S or RGBLCD function Short JP20(2,3) for SPI1_Flash function
JP13 JP20
RMII CRS D 1 RMII MDIO | 1
PA7 2 PA2 [ &
SPI1 MOSI I)O3 SPI1 WP 102 3
HEADER 3 HEADER 3

Short JP22(1,2) for Ethnet function
Short JP18(1,2) and JP19(1,2) for Etherner function Short JP22(2,3) for DCI function

Short JP18(2,3) and JP19(2,3) for 12S function JP22
JP18 JP19 RMIlI REF CLK] 1
RMII TXD( 1 RMII TXD] 1 PA8 2
PB12 | > PB13 | 2 DCI XCLK 3
12S WS | 3 12S CK_ | 3
HEADER 3
HEADER 3 HEADER 3

Short JP23(1,2) for Ethnet function
Short JP23(2,3) for DCI function

P23
RMII TX EN [
PBIL [ 5
DCI 12C2 SDA] 3
HEADER 3

5.24.3. DEMO Implementation Result

Connecting PC to the development board with a network cable, Download the program to the
development board, serial port output information, as shown in the following figure.
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GD32 Conmectiwity Line Dewice

TCFSerwer; telnet;ping;. ..

IF addre== is: 19Z. 165.51. 100

Static IP address

19Z. 163. 51. 100

Tour MAC are configured: CC:EE:A&:99:55:1

Static IF address: 19Z. 163. 51. 100

m

==>ETH_Speed_100M!

==>ETH Mode_ FullDuplex!

Tour MAC are configured: CC:EB:AA:99:55:1
Tour Tp are comfigured: 192 165.51.100

Tour gw are configured: 192 168.51.1

User must ensure that the IP address in board and the PC on the same network segment.
The user can experiment with CMD command-line tool. According to the chart shows, the
development board IP address 192.168.51.100, enter telnet 192.168.51.100 in the CMD
command line returns the following results:
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@l Telnet 192.162.51.100 - o

#udanuitt Yelcome GigaDevice HEHEHHIREHEE
You telnet computer’s IP is: 192.168.51.115

== Telnet SUCCESS ==
Hello. What is your name?

Enter “PING 192.168.51.100” can be implemented on the development board PING operation

BN C:\Windows\system32\cmd.exe |£@J—hj

Microsoft Windows LHfAN 6.1.76011
W BT <c> 288? Microsoft Corporation. -

C:~Usgers~mli>ping 192 .168.51.188

\F7F Ping 192.168.51.18 : :
192 .168.51._108 [ - 2 TTL=255
192.168.51.188 [} ' 8] TTL=255
5 192.168.51.100 - T|] TTL=255
B 192.168.51.i88 BIOE: =5 (8] TTL=255

C:“lUsersmli>

S i
User can also use network assistant software build TCP connection with the development
board by port 8000, when TCP connection is established the board will return information
shown below
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5.25.

5.25.1.

BiRizE

o [Receive from 192.165.51.100 : 80007 :
(1) s Telnet:192. 165.51. 115

| TCPE i d | s Weloone GizaDevice sebbsbbbb:
(2) AR5 25 IPHI4E

{192 .168.51 .100

e e HelloGigaDevice e e
(3) R&EwmO
|BDUU -= GD32 ==
© ﬁ ﬁ. == Telnet SUCCESS==
BRRLE Hello. What is your name?
[~ gt

EERER
[~ BRXHFEHEER. ..
I~ Bh&iEpfhnf
M REERBhET
I fat7stlRE , ,
I SHRREIT R ZHTe: [192.168.51 115 AMBEOS:[56213

[ BIRfTET
™ +7#HET
I~ EEERET

BFE HEET

EXMC_SDRAM

DEMO Purpose

There is a 256Mb SDRAM (MT48LC16M16A2P-6AIT) on the GD322071-EVAL-V1.0 board.
The SDRAM can be accessed via EXMC module of GD32F207IKT6. This Demo is used to
show how to use EXMC SDRAM controller to access SDRAM.

GD32F20X EXMC SDRAM main features:

Two SDRAM banks with independent configuration

8-,16- or 32-bit wide data bus

Up to 13-bits Row Address, 11-bits Column Address, 2-bits internal banks address
Memory size: 4x16Mx32hit(256 MB), 4x16Mx16bit (128 MB), 4x16Mx8bit (64 MB)
AHB Word, half-word, byte access

Independent Chip Select control for each memory bank

Independent configuration for each memory bank
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B Write enable and byte lane select outputs

B Automatic row and bank boundary management

B Multibank ping-pong access

B SDRAM clock can be fHCLK/2 or fHCLK /3

B Programmable timing parameters

B Automatic Refresh operation with programmable Refresh rate
B SDRAM power-up initialization by software

B CAS latency of 1,2,3

B Write Data FIFO with 16 x35-bit depth

B Write Address FIFO with 16x31-bit depth

B Cacheable Read Data FIFO with 6 x32-bit depth

B Cacheable Read address FIFO with 6 x14-bit depth
B Ajustable read data sample clock

B Self-refresh mode

B Power-down mode

DEMO Principle

As shown in Figure 5-63, EXMC module includes six parts: AHB bus interface, EXMC
configuration registers, NOR Flash memory controller, NAND Flash and PC Card controller,
SDRAM controller, external device interface. Reference clock of EXMC module is the AHB
clock (HCLK).
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Figure 5-63 The EXMC block diagram

HeLK AHB Bus Interface EXMC

from clock interrupt

controller to NVIC

EXMC Configuration
Register
SDRAM NAND-Flash/PC Card NOR-Flashh/PSARM
Controller Controller Controller
A A 4 A A A A
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Lud Sw O LN SN e 55 =) S -
Ocw ¥ 2% waggqlqlx o o0 < w W S ;5 !, O
ZZ2 8288 o202 988E EB 229 o 2 <3
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SESI S ES SESE IR T TS 553 Ingn | Sxx
SDRAM PC Card NAND  NOR/PSRAM Shared PSRAM/ NOR/PSRAM
Pins Pins Pins /NAND Pins SDRAM Pins
Shared Pin Shared
Pin

SDRAM can be accessed through the SDRAM controller of EXMC. Table 5-9 lists the

SDRAM interface.

Table 5-9 SDRAM interface signal

Signal Direction Description

SDCLK (0] SDRAM memory clock
SDCKEJ0] (0] Clock enable for SDRAM memory 0
SDCKE[1] (0] Clock enable for SDRAM memory 1
SDNEJ0] (0] Chip select for SDRAM memory 0, active low
SDNE [1] (0] Chip select for SDRAM memory 1, active low
SDNRAS (e} Row address strobe, active low
SDNCAS (@] Column address strobe, active low
SDNWE (0] Write enable, active low

A[12:0] (0] Address

BA[1:0] (0] Bank address

D[31:0] 110 Read/Write Data

NBL[3:0] (0] Write data mask

EXMC provides the conversion interface between AHB bus and external device protocol.
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32-bit of AHB read or write accesses can be split into several consecutive 8-bit or 16-bit read
or write operations.

EXMC external memory can be divided into many banks and they can support different types
of memory. Each bank is 256 Mbytes. The address space of each bank and the supported
memory type are shown in Figure 5-64.

Figure 5-64 EXMC memory banks

Address Banks Supported memory type
0x6000 0000
NOR/PSRAM
Bankl(4x64M) SQPI-PSRAM
Ox6FFF FFFF
0x7000 0000
Bank2(256M)
Ox7FFF FFFF
NAND
0x8000 0000
Bank3(256M)
Ox8FFF FFFF
0x9000 0000
Bank4(256M) PC Card
Ox9FFF FFFF
0xC000 0000
Bank5(256M)
OXCFFF FFFF
SDRAM
0xD000 0000
Bank6(256M)
OXDFFF FFFF

You can access SDRAM through the Bank5 or Bank6, and EXMC module provides
dedicated registers to generate the appropriate read and write timing according to user
needs and the characteristics of external memory.

As shown in Figure 5-65, the SDRAM controller of EXMC module mainly includes the
following sub modules: RW split module, refresh timer, command mode FSM, SDCLK
generator, signal generator. The RW split module accepts AHB commands, and transfers
them to single read/write access on the SDRAM memory according to the ratio of the data
width between the AHB bus and the SDRAM memory interface. Inside the RW split module,
there are two write FIFOs, which buffers the data and address of the AHB write commands.
The refresh timer calculates the auto-refresh interval and generates auto-refresh request.
The command mode FSM generates corresponding requests to the signal generator to make
the command true and record the state of the external memory devices. The SDCLK
generator generates clock for the SDRAM. The signal generator handles requests from
command mode FSM, refresh timer and the RW split module.
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Figure 5-65 SDRAMC block diagram

EXTERNAL
SDRAM

- 4[31:0] >
WADDR
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WDATA REFRESH SDCK
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ref_req 4 ref_ok
| RADDR -
AHBS_IF_MEM FIFO -
ack.req » sdeke[L:0]|—
RDATA r———ack_ok: . o
FIFO sdne[1:0]
COMMAND i L
W_feq———» TIMERS SCnas >
ACTIVE e L
CACHE ———w_ok pLca >
AL sdnwe >
ADDRESS pre_req————» .01 >
DECODE k GENERATOR ba[1:0] >
~ pre_o a[12:0] >
RW SPLIT
A
cm_req cm_ok
Y
AHBS_IF_REG SDRAMC REGS —CO'"';;ZE‘:ST"“» COMMAND MODE FSM

The initialization sequence of SDRAM is shown in Figure 5-66.

Figure 5-66 initialization sequence of SDRAM controller

Set
EXMC_SDCTLRx

Set
EXMC_SDCMDR
NARF and
CMD = 3'b011

Set
EXMC_SDCMDR
MRC and
CMD = 3'b100

Set EXMC_SDTRX

Set
EXMC_SDCMDR
CMD = 3'b010 to
issue Prechageall

Set
EXMC_SDARFIR

Set
EXMC_SDCMDR
CMD = 3'b001 to
make CKE high

Wait 100us

The schematic diagram of 256Mb SDRAM (MT48LC16M16A2P-6AIT) which is on the
GD322071-EVAL-V1.0 board is shown in Figure 5-67.
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Figure 5-67 Schematic diagram of SDRAM
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DCI_8bit, RGB_TFTLCD and SDRAM can be used at the same time
a— ’ pa—

Data bus width of SDRAM is 16bit. SDRAM is internally configured as a quad-bank DRAM
with a synchronous interface. Each of the banks is organized as 8192 rows(13 bits width of a
row address) by 512 columns(9 bits width of column address) by 16 bits. And it provides for
programmable read or write burst lengths (BL) of 1, 2, 4, or 8 locations, or the full page.

Prior to normal operation, the SDRAM must be initialized. The initialization sequence is
managed by software and executed by the Command Mode FSM.

According to user needs and the characteristics of the SDRAM, configuring the
EXMC_SDCTLRx and EXMC_SDTRX registers. After the configuration is complete, sending
a CKE high command to SDRAM to enable the clock. Then, the SDRAM requires a 100us
delay. during this 100us period, COMMAND INHIBIT or NOP commands must be applied.
After the 100us delay, software should send a precharge all command to make all banks into
idle state. Once in the idle state, at least two AUTO REFRESH cycles must be performed,
which will make the SDRAM into the ready state of the load mode register. Because the
mode register will power up in an unknown state, it must be loaded prior to applying any
operational command. Finally, the SDRAM the
EXMC_SDARFIR register.

programming refresh rate into

After the completion of the initialization, the SDRAM enters the ready state to receive any
command.

The definition of the mode register can refer to the SDRAM user manual. It defines the
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5.26.

5.26.1.

specific mode of operation, including burst length (BL), burst type, CAS latency (CL),
operating mode, and write burst mode. The mode register is programmed via load mode
register command and retains the stored information until it is programmed again or the
device loses power.

DEMO Implementation Result

The SDRAM on GD322071-EVAL-V1.0 board is connected to the Bank5 of EXMC. This
Demo mainly achieved the read and write operations of SDRAM through EXMC module.

First, the SDRAM is initialized by the software according to the initialization sequence. Then,
write 256 bytes data starting from a designated address of SDRAM and read out the data for
verification. If all the read data and write data are equal, LED1 and LED3 on the
GD322071-EVAL-V1.0 board will be turned on and the serial port will print out the successful
access information and the 256 bytes data read from SDRAM. Otherwise, four LEDs will be
turned on, and the serial port will print out the failure information.

Put jumper "JP5" to "USART1" and the serial line connect to COML1. The operating result can
be view via the serial port.

After you download the program to the development board, if the program is running
correctly, the following information will be shown through the serial port.

EXMC-SDEAM write data..........
EXMC-SDEAM read data .........
Checle the result.........
EXMC-SDEAM Test Fassed!
Frint out the data:

u] 1 2 3 4 5 B T g 9 10 11 12 13 14 15 186 17 15 19
20 21 22 23 24 25 26 2T 23 23 30 31 32 33 34 3™ I/ 3T I 39 40
41 42 43 44 45 486 47 48 49 50 51 52 53 54 55 56 ST 55 59 B0 Bl
EZ B3 B4 BS BB BT B3 B9 TO T1 T2 T3 T4 7T5 T6& T7T T8 T9 80 81 82
53 B84 85 B8 BT 85 89 90 91 92 93 94 95 98 97 98 99 100 101 102 103
104 105 106 107 108 109 110 111 112 113 114 115 116 117 115 119 120 121 122 123 124
125 126 127 125 129 130 131 132 133 134 135 136 137 135 139 140 141 142 143 144 145
146 14T 145 149 150 151 152 153 154 155 156 157 158 159 160 161 1682 163 164 1BS 166
167 188 189 170 171 172 173 174 175 176 17T 173 179 180 181 182 183 184 185 188 187
1858 189 190 191 132 193 194 195 1968 137 198 199 200 201 202 203 204 205 208 207 203
209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 2PA 227 228 229
230 231 232 233 234 235 236 23T 238 239 240 241 242 243 244 245 248 247 248 249 250
251 252 253 254 255

DCI Camera Capture

DEMO Purpose

This Demo uses OV7670 camera capture images and display on the TFT-LCD screen of
GD322071-EVAL-V1.0 board. Digital camera interface is a synchronous parallel interface,
you can get the video and images from digital camera, support for 8, 10, 12 and 14 bit data
flow and DMA operation.
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GD32F20X DCI main features:

B Digital video/picture capture

W 8/10/12/14 data width supported

B High transfer efficiency with DMA interface

B Video/picture crop supported

B Various pixel formats supported including JPEG/YCrCb/RGB

B Hard/embedded synchronous signals supported

DEMO Principle

DCI principle:

Digital camera interface can receive the external 8, 10, 12, 14 bit CMOS camera capture
images , support different data formats: JPEG, RGB and YCrCb. DCI receives the image
data through DMA, the image data can choose VSYNC and HSYNC hardware
synchronization, or embedded code synchronization.

DCl interface through the DCI_HSYNC, DCI_PIXCLK, DCI_VSYNC to obtain the image data
timing input, through the DCI_DJ[0:13] to get the image data, through the DCI_XCLK to
provide external camera clock input.

OV7670 principle:

OV company defines a serial camera control bus SCCB, compatible with the 12C protocol,
the internal registers of the image sensor through the SCCB interface access. Via XCLK
signal line input clock. The output image data of the camera is controlled by VSYNC, HREF
and PCLK pins, and the image data is output through D[7:0]. Here is the functional
framework of the OV7670 camera:
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Processing correction, = D[7:0]
de-noise, white/
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50/60 Hz | | correction. auto
Auto :llf:;e balance,
Detect
) |
Column Sense Amp Exposure/Gain
Detect
°
2
3 Image Array s
2 (656 x 488)
e Registers
Clock |—| Video Timing Generator I Inffr(f:che

=

XCLK STROBE HREF PCLK VSYNC RESET# PWDN SIo_C SIO_D

Hardware design:

In this Demo, the signal line is connected to the OV7670 module using the DCI interface. The
following diagram is a schematic diagram of the OV7670 module:

= vce vee  vee
=a n 2 Ir3 Ul

00=F T47K 14.':»: 47K xax B [ooe orome | B2 smom Pl
D > i
50D ‘ A sop 2
i - SI0_C 3

D Bl & : Dl
s 5| PWON  VSINC (= r
gy 2| RESET HREF [—= 5
L e 6
vee vess)  C2 VREF POLE El oLX 7
VREF2 - . s
D7 (£ 2 9
DVDD D6 |5= = 10
DOVDD DS [—rs - - 1
AVDD 2 12
e 13
o 14
AGND — 15
DOGND ~ 16

Header 16
V1670

Connected linesare shown as follows:
PB10——I12C2_SCL——0V7670_SIO_C
PB11——I2C2_SDA——OV7670 SIO_D
PG9——DCI_VSYNC——0V7670 _VSYNC
PH8——DCI_HSYNC——0V7670 _HREF
PA6——DCI_PIXCLK——0V7670 _PCLK

PA8——DCI_XCLK——0V7670 _XCLK
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PC6——DCI_DO0——O0V7670 _DO

PC7——DCI_D1——0V7670 _D1

PC8——DCI_D2——0V7670 _D2

PC9——DCI_D3——0V7670 D3

PC11——DCI_D4——-=0V7670 _DA4

PD3——DCI_D5——0V7670 _D5

PB8——DCI_D6——0V7670 _D6

PB9——DCI_D7——0V7670 D7

The following figure is GD32207I-EVAL-V1.0 development board Hardware connection of

OV7670 module:

Figure 5-68 Schematic diagram of DCI

Short JP22(1,2) for Ethnet function
Short JP22(2,3) for DCI function

JP22
RMII REF CLK| 1
PA8 2
DCI_XCLK 3
HEADER 3

Short JP26(1,2) for SDIO function
Short JP26(2,3) for DCI function

JP26

SDIO DAT3 1

PC11 >

DCI D4 3
HEADER 3

Short JP28(1,2) for SDIO function
Short JP28(2,3) for DCI function

JP28

SDIO DAT1 1

PC9 2

DCI D3 3
HEADER 3

Short JP29(1,2) for SDIO function
Short JP29(2,3) for DCI function
JP29

1
2
3

HEADER 3

SDIO_DATO
PC8
DCI D2

Short JP23(1,2) for Ethnet function
Short JP23(2,3) for DCI function

JP23

RMII TX EN 1

PB11 2

DCI _12C2 SDA 3
HEADER 3

Short P2(1,2) for CAN function
Short P2(2,3) for DCI function

P2

CAN1 TX 1

PB9 2

DCI D7 3
MHDR1X3

Short P3(1,2) for CAN function
Short P3(2,3) for DCI function

P3

CAN1 RX 1

PB8 2

DCI D6 3
MHDR1X3

DCI_8bit, RGB_TFTLCD and SDRAM can be used at the same time

Short JP24(1,2) for SPI or RGBLCD function

Short JP24(2,3) for DCI function

P24
SPIL MISO 10] |
PAB 2
DCIPIXCLK_| 3
HEADER 3
PB10 DCI 122 SCL
PG: DCI_VSYNC
PHi DCI_HSYNC
PD: DCI D5
PC DCI DL

Short JP25(1,2) for 12S function
Short JP25(2,3) for DCI function

P25
125 MCK 1
PC6 3
DCI DO 5
HEADER 3
DCI 8bit
GND
+3V3 P27 =
DCI_12C2 SCL % i DCI 12C2 SDA
DCI_ VSYNC 5 3 DCI_HSYNC!
DCI PIXCLK 2 3 DCI XCLK
DCI D7 5 @ DCI D6
DCI D5 M B DCI D4
DCI D3 ® @ DCI D2
DCI D1 B @G DCI DO
852P2.54

Software design:

Firstly, Camera Demo initialize the camera, then read the camera ID, and finally displayed on
the TFT-LCD screen, at the same time ,the demo can take photos and return camera capture
state use different key. There are four parts: camera initialization, image storage , image

display and Take photos

Camera initialization

OV7670 camera through the SCCB interface to initialize the camera sensor internal registers,
SCCB protocol compatible with 12C. Use 12C2 of GD322071-EVAL-V1.0 board initialize the
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camera sensor internal registers. In the initialization process you can change the parameters
to set the camera's performance. The specific parameters are prefer to the OV7670
datasheet. In addition, the camera's clock input, provided by the PA8 pin of
GD322071-EVAL-V1.0 development board.

The configuration of the DCI camera interface needs to be configured according to the
OV7670's output sequence:

I* DCI configuration ***ikkissicick ikt ook |
DCI_InitStructure.DCI_SnapshotMode = DCI_CAPMODE_CONTINUOUS;
DCI_InitStructure.DCI_SyncMode = DCI_SYNCMODE_HARDWARE;
DCI_InitStructure.DCI_CKPolarity = DCI_CKPOL_RISING;
DCI_InitStructure.DCI_VPolarity = DCI_VPOL_HIGH;
DCI_InitStructure.DCI_HPolarity = DCI_HPOL_LOW;
DCI_InitStructure.DCI_FrameRate = DCI_FRATE_ALL FRAME;
DCI_InitStructure.DCI_InterfaceFormat = DCI_INTERFACEFORMAT _8B;

The following figure is the horizontal output timing diagram of OV7670:

<$—tPCLK

VAWAY U

tPHL_> B = tone
55
HREF (Row Data)
— L________
> o, fe—
>t
D[7:0] XLast Byte First Byte X XLast ByteX
5 3
tPDV

The following figure is VGA frame output timing diagram of OV7670:
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5.26.3.

< 510 xt,, >
VSYNC e | |
| - a80xt, — -
3 X bume T T 1T e e Le = 7841L, "A 10t >
«>— 144 1,
HREF L | |
—»{ 640 t, {=
80 tp? |<— a| <45t —> |<— 1? t,
e PR
SS
D[7:0] Invalid Data 1 1 - J ([F--1ll Invalid Data

PO - P639 4-—»‘

Row 0 Row 1 Row 2 Row 479

The output signal of OV7670: data is valid when the VSYNC low level, data is valid when the
HREF high level, camera output data in the falling edge of PCLK. Therefore the DCI
interface should be configured to: VSYNC pin high level is valid (data is invalid), the HSYNC
pin is low level valid (data is invalid), in the rising edge of PIXCLK capture data.

Image storage

Because read speed of the inside FLASH is fast, but write speed is slow, so it is used to store
the data that is not frequently modified, the background LOG images are converted into
arrays stored in FLASH. And the internal SRAM capacity is limited, For the expansibility, the
capture image through the DMA transmission to the SDRAM, and the displayed image data
from the SDRAM. After the initialization of the SDRAM, you can write and read data directly
to the corresponding address. SDRAM initialization and read or write operations, please
refer to the introduction of SDRAM Demo.

Image display

The image shown part uses TLDI module displayed two level image. First layer display the
480*272 sizes GD LOG ,is the same as the LCD screen. The second layer is 240*272 image
window , is the same as output image size. LCD display related information please refer to

the TLDI display module.
Take photos

You can press the User key on development board to take photos. After press the key, the
image will be stored in internal FLASH of the chip, waiting for the end of the image storage.
Press the tamper key, read the photo from FLASH and displayed on the LCD screen. You
can return to the camera capture state when press the Wakeup key on the development
board. The previous photo will be covered after you take photo next time.

DEMO Implementation Result

Before running the Demo, connect jumper JP22/ JP23/JP24/ JP25/ JP26/JP28/JP29/ P2/P3
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5.27.

5.27.1.

5.27.2.

to DCMI and jumper JP31 to LCD on GD322071-EVAL-V1.0 board. Download program to the
board, the correct installation of LCD display and OV7670 camera to the development board.
After power on, you can observe the capture image of camera displayed on the LCD screen,
You can press the User key to take photo and press tamper key display photo. You can also
return to the camera capture state when press the Wakeup key on the development board.

I2S Audio Play

DEMO Purpose

GD322071-EVAL-V1.0 board integrated the 12S (Inter-IC Sound) module, and the module
can communicate with external devices using the 12S audio protocol. This Demo mainly
studies how to use the 12S interface of the board for audio output.

DEMO Principle

The Demo transmits audio data to the DA chip PCM1170 through the 12S GD32 interface,
and sends the control information to the DA chip PCM1170 through the SPI1 interface. The
program firstly initializes the 12S GD32 and SPI1 interface, and then the processor reads the
audio files placed in their own, to determine whether the audio file format is legal. Program
according to some parameters in the audio file sets the parameters of the I2S interface.
Program through the SPI1 interface sends some control information to the DA chip PCM1170,
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such as increasing the volume, reduce the volume, mute, etc.

12S introduction:

GD32F20X 12S main features:

B Supported 12S standards:

B 12S Phillips standard

B MSB justified standard

B LSB justified standard

B PCM standard (both short and long frame synchronization mode)

B Supported operation modes:

B Master transmission

B Master reception

B Slave transmission

B Slave reception

B The data length can be 16 bits, 24 bits or 32 bits

B The channel length can be 16 bits or 32 bits

B 16-bit shift register for transmission and reception

B Data direction is always MSB first

B 8-bit programmable linear prescaler to reach accurate audio sample frequencies from 8
kHz to 192 kHz

B Programmable idle state clock polarity

B Master clock can be output to drive an external audio component

B Error flags including the transmission underrun error flag (TXURE) and the reception
overrun error flag (RXORE)

B DMA capability for both transmission and reception

I12S diagram:
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—SYSCLK:
-~ ) ’ TPAD o SpLsO)
Control Clock Generator -
Registers e s SLSoK
. J
Master Control Logic
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" L IPAD HEZ:\’;‘VSSS/
0~ Slave Control Logic
16
TX Buffer pits—~ 1
o SPI_MOSI/
PAD |« -
vsg Shift Register («sg [ 258D
16
RX Buffer |« pita—r~L
N

The 12S shares the same pins, flags, interrupts, data buffers, and shift register with SPI.
When the 12SSEL bit in the SPI1_I2SCTLR register is set, the resources are occupied by 12S.
Or, they are used by SPI.

There are four pins on the 12S interface, including I12S_CK, 12S_WS, 12S_SD, and 12S_MCK.
I2S_CK is the serial clock signal, which shares the same pin with SPI_SCK. 12S_WS is the
data control signal, which shares the same pin with SPI_NSS. 12S_SD is the serial data
signal, which shares the same pin with SPI_MOSI. 12S_MCK is the master clock signal,
which shares the same pin with SPI_MISO. I2S_MCK is an optional signal for I2S interface.
It produces a frequency rate equal to 256 x Fs, where Fs is the audio sampling frequency.

The inter-IC sound function supports four audio standards, including 12S Phillips standard,
MSB justified standard, LSB justified standard, and PCM standard. It can operate in four
modes, including master transmission mode, master reception mode, slave transmission
mode, and slave reception mode. MSB justified standard timing diagram:

Hrame 1 (channel [ef) Hrame 2 (channel righ)

15K UANAUANE TAVATANAUAYAN

)
.15 I

| El | | REE = E | ¥ (-

PCM1770 introduction:

PCM1770 pin diagram as follows:
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LRCK [
DATA 1T
BCK 1
PD [
AGND 1]
HGND 1=
Veom B
HoutR T

PCM1770
PW PACKAGE
(TOP VIEW)

@]

16 13 scKI
151 MsS
41 mc
1313 mD
12T v
N ve
101 AN
9T Hoytl

[==R N« I & o IR - S L B . I

PCM1770 pins are defined as shown in the figure below:

TERMINAL 110 DESCRIPTION
NAME  NO.

AGND 5 - |Analeg ground. This is a retum for Vee.

AIN 10 | | Monaural analog signal mixer input. The signal can be mixed with the outputs of the L- and R-channel DACs

BCK 3 IO | Serial bit clock. Clocks the individual bits of the audio data input, DATA. In the slave interface mode, this clock
is Input from an extemal device. In the master interface mode, the PCM1770 device generates the BCK output
to an external device.

DATA 2 | | Senal audio data input

HGND 6 - |Analog ground. This is a retum for Vip.

Hayrl 9 O |L-channel analog signal output of the headphone amplifiers

HgR 8 O |R-channel analog signal output of the headphone amplifiers

LRCK 1 /O | Left and right clock. Determines which channel is being input on the audio data input, DATA. The frequency of
LRCK must be the same as the audic sampling rate. In the slave interface mode, this clock is input from an
external device. In the master interface mode, the PCM1770 device generates the LRCK output to an external
device.

MC 14 | | Mode control port senial bit clock input. Clocks the individual bits of the control data input, MD.

MD 13 | | Mode control port serial data input. Controls the operation mode on the PCM1770 device.

s 15 | | Mode control port select. The control port is active when this terminal is low.

FO 4 | |Reset input. When low, the PCM1770 device is powered down, and all mode control registers are reset to
default settings.

SCKI 16 || System clock input

Vee 12 | - |Power supply for all analog circuits except the headphone amplifier.

Veom 7 — | Decoupling capacitor connection. An external 10-pF capacitor connected from this terminal to analog ground is
required for noise filtering. Voltage level of this terminal is 0.5 Vi nominal.

Vi " - |Analog power supply for the headphone amplifier circuits. The voltage level must be the same as Vee.

PCM1170 can directly drive headphones, with the software to control the volume size, chip
mode and analog voice synthesis and other functions. PCM1170 supports industry standard
audio data formats, including standard mode (standard), 12S PHILPS, MSB alignment
(left-justified). In the Demo PCM1770 is in the slave equipment mode and the standard of
MSB alignment. PCM1170 MSB alignment as follow:
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Left-Justified Data Format; L-Channel = HIGH, R-Channel = LOW (Master Mode)
(The frequency of BCK is 64 f5 and SCKI is 256 f5 only)

qu iLi

LRCK_ L-Channel + R-Channel n+—
= SR AR ARARR— AL
|

S

|
| |
DATA 1|2|3|—————|M|n-||N| |1|2|3|— ————— —|N-2|N-I|N| 1|2|

MSB LSB M3B LSB f

Hardware connection:

Use of the main hardware resources are GD32 12S interface, SPI1 interface and external DA
chip PCM1770 in the Demo. The processor sends the audio data to the PCM1770 through
the I12S interface, and PCM1770 decodes the audio data which is sended to J3. The
processor accesses the PCML1770 register through the SPI1 interface to achieve
configuration and control functions.

Figure 5-69 Schematic diagram of 12S

PC6 is an AFIO, please refer to DCI Schematic for right config
PAT7 is an AFIO, please refer to SPI Schematic for right config
PA5 is an AFIO, please refer to SPI Schematic for right config +3V3
PC6 128 MCK U10
PB15 125 DIN
PA7_SPI1_MOSI 100 __MDIN 25 WS L Lrok  sckile———lzs Mck [1R2
PAS SPILSCK ____ MCLK 125 DIN 2| patA  Tisl18 MSEL
12S CK 31 Bek mc/—14 MCLK +3V3
Short JP18(1,2) and JP19(1,2) for Etherner function NRST 4 =) MD 13 MDIN P
Short JP18(2,3) and JP19(2,3) for 12S function +E4
P18 P19 5 12 l,
AGND  VCC| c43
RMIL_TXDf RMIl TXD] T S0VI010F T 16V/100F AVX
PB12 5 PB13 2 61 HenD 11
12S WS 3 12S CK 3 EIG" e
7 10
HEADER 3 HEADER 3 10+ vem AR X =
16V/10uF AVX 8 9 GND
HoutR  HoutL | £7 13
. +[1|
Short JP21(1,2) for DAC_OUT1 function — SV TV
_OL = PCM1770 PM Ul 4]
Short JP21(2,3) for 125 function GnD 10V/220uF AVX
P21 E8
DAC OUTL[ , +[| 1
PA4 2 I PJ-307C
MSEL 3 10V/220uF, AVX
HEADER 3
R43  []Ras GND
160 160
ce | ca
sovizzonf | 50V/220nF
_L_
GND

Note: before the experiment the with jumper cap connect JP18(2, 3), JP19(2, 3), JP21(2,
3),JP25(1,2),JP12(2, 3),JP13(2, 3).

5.27.3. DEMO Implementation Result

After downloading the program, insert the earphone into the audio port J3, then listen to the
audio file. Press the "User" key, the volume decreases, and the state of the LED1 changes.
Press the "Tamper" key, the volume increases, and the state of the LED2 changes. Press the

"WakeUp" key, mute on or mute off, while the state of the LED3 changes.
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6. Revision history

Table 6-1. Revision history

Revision No

Description

Date

0.0

Test version

15-Jul-2015
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