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3. ®BHE
3.1. AR
B REPFEMHE LVGL B EE, LVGL BN T #EhhlA: https:/github.com/Ivgl/ival
AT WHE F )52 LVGL8.1.0 A . N4k GD32F4xx SDK 5 [E 4 I & 41 GD32F4xx Firmware
Library, F#HuhtA: http://gd32mcu.com/cn/download/72kw=GD32F4 . 7Tt 51 A [ 44 i
AR V2.1.3.
3.2. BT
¥ F #H ) GD32F4xx Firmware Library [& 4 & # & & , # AN H %
“GD32F4xx_Firmware_Library\Template\Keil_project”, iZEZki\ TFE(# ] KEIL4 3797, ¥ T
R4 FRJG 2% “Project.uvproj” 1M~ “Project.uvprojx”, B f# ] KEILS 4T, 4771 /5 FLimin
B 3-1. T LR,
& 3-1. ITHILE
DASVNYw3215\GD32F4xx_Firmware_Libran\GD32F4xx_Firmware_Library\Template\Keil_project\Project.uvprojx - uVision
NS @ % D@9 o e | P RW M| EEE B tounpog g paela-ls oo @-@-| -\|
& E @ 00| 9| epszrax EFIr R
= %% Project: Project
%5 GD32F4XX
{3 Application
-0 CMSIS
R Peripherals
- Startup
L Utilities
-3 Doc
AF MM LVGL & 2 &K L SDRAM {4, [KIL7E Utilities ST F A
gd32f450i_eval_exmc_sdram.c, &A%, #25 38 1T “#include "drv_usb_hw.h"” {524
4 “#include "systick.h"”, %5 188 1T “usb_mdelay (10);” &N “delay_1ms(10);”, 1&ik5e
e, BRI 9w
3.3. S A LVGL 3 KEIL #

SN LVGL 3| KEIL 1, R R
1. 7E GD32F4xx_Firmware_Library H 3% F#H# LVGL 3%,

2. CBRERY Ivgl YRG5 R EL example A1 src SCf3%, “Iv_conf_template.h” 1 “Ivgl.h”
AR LVGL\Ivgl X3 H 34 R, 35K “Iv_conf_template.h” Z &SN “Iv_conf.h”;
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3. 1 “LVGL\lvgl\examples\porting ” 3% H & ~, ¥ “Iv_port_disp_template.c” #
“Iv_port_disp_template.n” SCHF A FRIE SN “Iv_port_disp.c” # “Iv_port_disp.h” . #
“Iv_port_indev_template.c ” 1 “ Iv_port_indev_template.h 7 X f & K 1& &% A
“Iv_port_indev.c” 1 “Iv_port_indev.h” , T2 H F&5 M & 3-2. TFHEHREHTR.

B 3-2. THEEFREWN

Examples

. examples anim
Firmware P

WGl  —— | lvgl—> src arduino

Template & v_conth assets

P = :
Utilities i vglh sven
get_started

layouts

others

pormng  —— [ v port disp.c

| Q{ v_port_disp.h
Stl)’ €5 (i v_port_fs_template.c
widgets o
5
M examples.mk
B header.py
-
| v examples.h
test_ex.sh

scroll

v_port_fs_template.h

[ v port indev.c
[ v port_indev.h

4. 1E KEIL TAZHEIN LVGL FH ¢SO I H A&7 HIT, FF76 0 B & BRI Inxs B2 LVGL Hr.c
A, Forp iv_example SCEEIE T LR U7 SEAE RS A A 4 BIRE . AT EL scroll
15 N i% example 1E iR . WIN KEIL TS5 89 4n &3-3. KEIL TAEZ KT .

& 3-3. KEIL THE&5#

) h_fontunsci_lc T Wdraw_arcc 1 hdispc 0 v flexe ) henime ) herce
1) Iv_font unsci 8¢ 13 w_draw blend.c i eventc 0 b gride ) _anim timeline.c 1 wbare
) hv_font_simsun_16_cjie 1) hv_draw_img.c 1) hgroupc L3 hesnapshet.c ) hareac ) Wbtne
1) hv_font_montserrat 48.c L) v_draw_label.c O windevc L1 e theme, basic.e ) hasynce ) v btnmatrice
) tv_font montserrst dé.c 0 Iv_draw line.c 1 v indev scroll.c L] iv_theme_default.c 1) wbidic 1) wcamasc
B h_font montserrat ddc 1 Wv_drow_maske ) hobje L etheme_meno.c B h_colore B w_checkboxc
() _font_montserrat 42.c. 1 drawrecte ) Wb classc ) o pnimimg.c 0 wsse (3 w_dropdownc
) v font_montserrat_40.c L) _draw trisngle.c ) iv_obj dramc Project: Project [ h_calendarc 2 hgec ) himge
) v font montserat 38.c L Wimg_buf.c L] b _obj posic Ji GD32FAXK L1 bcalendar_hesder arrow.c O wae 0 wabelc
() W_font montserrat 36.c [ Wimg_cachec 1) h_obj_seroll.c % 3 Application L1 hv_calendar_heades_dropdown.c ) hloge B wlinec
) iv_font_montserat 34.c 1] hvimg_decoder.c ) h_objstylec B L3 CMsIs (0 b charte ) v math.c ) tv_objx_templ.c
) v font_montserat_32.c ) Woobistylegenc | 3 Peripherals L1 h_colonwheel.c 2 _mem.c ) wrollere
) Wv_font_montserrat_30.c 3 hv_obj tree.c @ 3 Startup 0 himgbtnic ) b printf.c
B) W_font montserrat 28 comprassed.c 0 orefre @ £3 Utilities 1 b keyboayd.c 2 hostylec Qa itch.c
) hv_font_montserrat 28.c L] v theme.c ® (8 Doc 1 wlede 2 h_style_gen.c 2 Iv_tablec
0 b font montserat 6. | S 0 wliste 0 v templc ) b tatareac
1 h_font_montserrat 24.c L l5FE hdew O hemeter. ) b timerc
() v font montsernat 22.¢ 03 et 0 w.msgborc 0 notise
) v fontmontserat 20.c 3 b font L hespanc O sae
) hv_font_montserrat_18.c 3 _gpu [ w_spinbog.c 0 ot apc
1) v font montsarrst 16.c L1 v_spinnegc ) wtibsc
[ h_font_montserrat_14.c G 1 v tebvie.c
1) tv_font_montserrat_12 subpx.c @ L3 widgets 1 b sleview.
) v font_montserrat_12.c 3 _port 1 by win
) hfont montserrat_10.c O W gpurp_pp.c 5 3 _example 1 by extea
1) v font montserrat .c 0 wgpurop_prp_osa.c
) v font Joaderc B v gpu rop voinec
) hv_font fmt bt 4] tv.gpu.stm32. dma2d.c 1 Iv_scample_scroll_1.c
) tv_font_dejavu_16_persian_hebrew.c 1) h_eample_scroll 2.c
) nfonte 11 W_hal_disp.c 2 heample scroll 3.

1 W hal indev.c Iv_port_disp.c  v_eample_scroll d.c

) w_hal_tick.c L) b _port fs template.c 1 w_example scroll 5.c

el 1) w_port indev.c 1 Iv_eample_scroll f.c

5. fELRETP A INARRf) Sk, 4n & 3-4. KEIL Folder Setup # &R .
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B 3-4. KEIL Folder Setup #%&
Options for Target 'GD32F4XX X

Davics | Target | Output | Listing| Vser  C/C% |sn | Linker | Debug | Ueilities ]|

- Preprq Folder Setup ? x

De|55{up Compiler Include Paths: i A 2

Unde | .\ \Fimware CMS15WGDVGD32F 4o nclude
A AUtilties

la A AFimwareCMSIS
nay A Template

[ B{|.\.\Frmware\CMSIS\GDVGD32F dee Source \ARM =]

nclude

Optimigf \ A\ VGL\vglsre
AALVGL gl vexamples'parting
::O ALVGL gl B
5

e s
Incid T
Pal J

Cortt

Comp ~
v

< ok | Cancel |

0% | Concel | Defaules | Hle |

6. HIRIFIEIAHRA SIBEBCNRA 6, & 3-5. KEIL FESRARENR.
3-5. KEIL i34 E

Options for Target 'GD324501_EVAL' *
Device Tarsst |Output|Listing| ser | C/C++ (ACE) | Asn | Linker | Debug | Utilities |
GigaDevice GD32F4501K e
e ARM Compiler: IUse default compiler version & j
Operating system:  |None j
System Viewer File: [¥ Use MicroLIB ™ Big Endian

IGDBEFivy svd J Floating Point Hardware: ISingIe Precision 'l

[ Use Custom File

— Read/Only Memory Areas — Read/Write Memory Areas

default  off-chip Start Size Startup default  off-chip Start Size Malnit
roeom:[ [ I Raw: | | r
roeom2[ [ ¢ T Ram2 | | r
roemx[ [ ¢ T RAM3: | [ r

on-chip on-chip
M Romi: [BEODOND [BGD000 @ [  Ramr: [x20000000 (030000 r
rowomz [ [ ¢ ™ IRAM2: [0<10000000  [0<10000 r
| 0K | [ cencel || Defauie= | | Hlp |

B Sie B S

TEANINSEFIN Y LVGL SCF R, 7880 Iv_conf.h SCHF, BN AR :
1. 58 1047 “#if 0”7 1BICH “#if 17, fEREIZECE X

2. 1BHGE 2417, ¥ “LV_COLOR_DEPTH32” &N “LV_COLOR_DEPTH 16", Rt E
BRI E RN RGB565;

3. GD32F450i-EVAL-V1.1 JFRIRAC#&% 0 HER N 480272 MIBE%:, RGN & X:
“#define LV_HOR_RES_MAX (480)” il “#define LV_VER_RES_MAX (272)”, M
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LV_HOR_RES_MAX R E/R&FHIKI-53 7%, LV_VER_RES_MAX A 7~ 45 (1) 3 B 7 7

3.5. HINER 24 LVGL BRAeLOBE

BicE TIMERG i 1ms #EN A7, 7EFWrd o LVGL #2464t 1ms (K0 BE 4. TIMERG AH55HD
B R AR 55 ik B # 3-1. TIMER B & .

#* 3-1. TIMER BC B ¥

/* this function handles Timer6 Handler exception */
void TIMER6_IRQHandler(void)

{

if(SET == timer_interrupt_flag_get(TIMERG6, TIMER_INT_FLAG_UP))
[* clear channel O interrupt bit */
timer_interrupt_flag_clear(TIMERG, TIMER_INT_FLAG_UP);
Iv_tick_inc(1);

void timer6_config()
{
J*
TIMERG6 Configuration:
TIMERG6CLK = SystemCoreClock/20000 = 10kHz, the period is 1s(0.1ms).
*

timer_parameter_struct timer_initpara,;
rcu_periph_clock_enable(RCU_TIMERS®);
timer_deinit(TIMER®);

/* initialize TIMER init parameter struct */
timer_struct_para_init(&timer_initpara);

/* TIMERG configuration */

timer_initpara.prescaler =19999;
timer_initpara.alignedmode = TIMER_COUNTER_EDGE;
timer_initpara.counterdirection = TIMER_COUNTER_UP;
timer_initpara.period =9;
timer_initpara.clockdivision = TIMER_CKDIV_DIV1];
timer_initpara.repetitioncounter = 0O;

timer_init(TIMER®G, &timer_initpara);

timer_enable(TIMER®G);

timer_interrupt_flag_clear(TIMERG6, TIMER_INT_FLAG_UP);
timer_interrupt_enable(TIMERG6, TIMER_INT_UP);

nvic_irg_enable(TIMER6_IRQn, 1, 1);

10
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B BRI

LVGL 1R IXE A Z 2 v_prot_disp.h Al Iv_prot_disp.c (1, PN AR — M
MT48LC16M16A2 SDRAM T}, K/ 32MB, B A B KIAEMEAE 1], B LAZEARRS Fd TL
1 frame buffer 5& X il 0x0c000000, 2% Z 3-8. main.c JF#4. 1t LVGL T rikzhH
5E X. COLOR_BUF_SIZE K/NAZEM X E N LVGL 1) buffer, @il DMA )7 200t B8 R 5
PEHEATRH, 12085 RS a1~ Z#3-2. Iv_prot disp.h JFAGMI 2 3-3. lv_prot disp.c JFAGFs:

% 3-2.Ilv_prot_disp.h JEE

/* copy this file as "Iv_port_disp.h" and set this value to "1" to enable content */
#if 1

#ifndef LV_PORT_DISP_TEMPL_H

#define LV_PORT_DISP_TEMPL_H

#ifdef _ cplusplus

extern "C" {

#endif

#include "lvgl.h"

void Iv_port_disp_init(void);
#ifdef _ cplusplus

}
#endif

#endif /*LV_PORT_DISP_TEMPL_H*/

#endif /*Disable/Enable content*/

% 3-3.Iv_prot_disp.c J5Y
#include "lv_port_disp_template.h"
#include "../../lvgl.h"

#include "gd32f4xx.h"

static void disp_flush(lv_disp_drv_t *disp_drv, const lv_area_t *area, Iv_color_t *color_p);
static int32_t x1_ flush;

static int32_t y1 flush;
static int32_t x2_flush;
static int32_t y2_fill;

static int32_t y_fill_act;

static const Iv_color_t *buf _to_flush;
static Iv_disp_t *our_disp = NULL;
static Iv_disp_drv_t disp_drv;

extern uintl6_t *my_fb;

#define LCD_FRAME_BUF_ADDR 0XC0000000
#define TLI_LCD_FRAMEBUF_SIZE (480%272%2)
#define COLOR_BUF_SIZE (LV_HOR_RES_MAX*LV_VER_RES_MAX)

11
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static Iv_color_t
color_buf2[COLOR_BUF_SIZE]__ attribute__(( section(".ARM.__at_0xC007E900")));

/!
\brief dma transfer data
\param([in] src_addr: source address
\param[in] dst_addr: destination address
\param[in] datalength: data length
\param[out] none
\retval none
*/
void dma_transfer(uint32_t src_addr, uint32_t dst_addr, uint32_t datalength)
{
dma_periph_address_config(DMA1, DMA_CHO, src_addr);
dma_memory_address_config(DMA1, DMA_CHO, DMA_MEMORY_0, dst_addr);
dma_transfer_number_config(DMA1, DMA_CHO, datalength);
dma_interrupt_disable(DMA1, DMA_CHO, DMA_CHXCTL_HTFIE);
dma_interrupt_enable(DMA1, DMA_CHO, DMA_CHXCTL_FTFIE);
dma_channel_enable(DMA1, DMA_CHO);
}

void Iv_port_disp_init(void)
{
static Iv_disp_draw_buf_t buf;
Iv_disp_draw_buf_init(&buf, color_buf2, NULL, LV_HOR_RES_MAX * LV_VER_RES_MAX);
Iv_disp_drv_init(&disp_drv);
disp_drv.draw_buf = &buf;
disp_drv.flush_cb = disp_flush;
disp_drv.hor_res = LV_HOR_RES_MAX;
disp_drv.ver_res = LV_VER_RES_MAX;
Iv_disp_drv_register(&disp_drv);

/*Flush the content of the internal buffer the specific area on the display
*You can use DMA or any hardware acceleration to do this operation in the background but
*|v_disp_flush_ready()' has to be called when finished.*/
static void disp_flush(lv_disp_drv_t *disp_drv, const Iv_area_t *area, Iv_color_t *color_p)
{
[*Return if the area is out the screen*/
if(area->x2 < 0) {
return;

}
if(area->y2 < 0) {

12
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return;

}

if(area->x1 > LV_HOR_RES_MAX - 1) {
return;

}

if(area->y1 > LV_VER_RES_MAX - 1) {

return;

[*Truncate the area to the screen*/

int32_t act_x1 = area->x1 <0 ? 0 : area->x1;

int32_t act_yl = area->y1 <0 ?0: area->y1,;

int32_t act_x2 = area->x2 > LV_HOR_RES_MAX -1 ? LV_HOR_RES_MAX - 1 : area->x2;
int32_t act_y2 = area->y2 > LV_VER_RES_MAX-1?LV_VER_RES_MAX - 1: area->y2;

x1_flush = act_x1,;

y1 flush = act_y1,;

x2_flush = act_x2;

y2_fill = act_y2;

y_fill_act = act_y1;

buf_to_flush = color_p;

dma_transfer((uint32_t)buf_to_flush, (uint32_t)&my_fb[y_fill_act * LV_HOR_RES_MAX +
x1_flush],(x2_flush - x1_flush + 1));
}

/* this function handles DMA1 Handler exception */
void DMA1_Channel0_IRQHandler(void)
{
if([dma_interrupt_flag_get(DMA1, DMA_CHO, DMA_INT_FLAG_FTF)) {
dma_interrupt_flag_clear(DMA1, DMA_CHO, DMA_INT_FLAG_FTF);
y_fill_act ++;

if(y_fill_act > y2_fill) {
Iv_disp_flush_ready(&disp_drv);
}else {
buf_to_flush +=x2_flush - x1_flush + 1;
dma_transfer((uint32_t)buf_to_flush, (uint32_t)&my_fb[y_fill_act *
LV_HOR_RES_MAX + x1_flush],
(x2_flush - x1_flush + 1));

13
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1 A R O 2

LVGL Hfb ¥ %5h > 4 1 3452 Iv_prot_indev.h #1 Iv_prot_indev.c X4, 1525 P 4 11 28 3-4.
Iv_prot_indev.h JE#Zf1.2 3-5. lv_prot_indev.c JFAZH 7, AT &1 touch.c A touch.h
5% Z 3-6. touch.h JFAGAI# 3-7. touch.c JFA5.

% 3-4.lv_prot_indev.h JE1G

/* copy this file as "Iv_port_indev.h" and set this value to "1" to enable content */
#if 1

#ifndef LV_PORT_INDEV_TEMPL_H

#define LV_PORT_INDEV_TEMPL_H

#ifdef _ cplusplus

extern "C" {

#endif

#include "lvgl.h"

void Iv_port_indev_init(void);

#ifdef _ cplusplus

} I*extern "C"*/

#endif

#endif /*LV_PORT_INDEV_TEMPL_H*/

#endif /*Disable/Enable content*/

& 3-5.lv_prot_indev.c JEg
#include "lv_port_indev_template.h"
#include "../../lvgl.h"

#include "touch_panel.h"

extern uintl6_t touch_ad_x,touch_ad_y;
static void touchpad_read(lv_indev_drv_t * indev_drv, Iv_indev_data_t * data);

static void touchpad_get_xy(lv_coord_t * x, Iv_coord_t * y);

Iv_indev_t * indev_touchpad;
Iv_indev_t * indev_mouse;
Iv_indev_t * indev_keypad;
Iv_indev_t * indev_encoder;

Iv_indev_t * indev_button;

static int32_t encoder_diff;

static Iv_indev_state t encoder_state;

void Iv_port_indev_init(void)

{

static Iv_indev_drv_t indev_drv;

14
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[*Register a touchpad input device*/
Iv_indev_drv_init(&indev_drv);

indev_drv.type = LV_INDEV_TYPE_POINTER,;
indev_drv.read_cb = touchpad_read,;

indev_touchpad = Iv_indev_drv_register(&indev_drv);

/* will be called by the library to read the touchpad */
static void touchpad_read(lv_indev_drv_t * indev_drv, Iv_indev_data_t * data)
{

static Iv_coord_t last_x = 0;

static Iv_coord_t last_y = 0;

[* Save the pressed coordinates and the state */
if(touch_scan()) {

touchpad_get_xy(&last_x, &last_y);

data->state = LV_INDEV_STATE_PR;
}else {

data->state = LV_INDEV_STATE_REL;

[* set the last pressed coordinates */
data->point.x = last_x;

data->point.y = last_y;

/*Get the x and y coordinates if the touchpad is pressed*/
static void touchpad_get_xy(lv_coord_t * x, Iv_coord_t * y)
{

(*x) = touch_coordinate_x_get(touch_ad_x);

(*y) = LCD_Y - touch_coordinate_y_get(touch_ad_y);
}
/*Get the x and y coordinates if the touchpad is pressed*/
static void touchpad_get_xy(lv_coord_t * x, Iv_coord_t * y)

{

[*Your code comes here*/

(*x) = touch_coordinate_x_get(touch_ad_x);

(*y) =LCD_Y - touch_coordinate_y_get(touch_ad_y);
}

% 3-6. touch.h JFfG
| #ifndef TOUCH_PANEL_H

15
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#define TOUCH_PANEL_H

#include "gd32f4xx.h"

#define AD_Left 300
#define AD_Right 3850
#define AD_Top 220
#define AD_Bottom 3850

#define LCD_X 480
#define LCD_Y 272
#define CH_X 0XD2
#define CH_Y 0X92

/* SPI SCK pin */

#define SPI_SCK_PIN GPIO_PIN_7

#define SPI_SCK_PORT GPIOF

#define  SPI_SCK_LOW() gpio_bit_reset(SPI_SCK_PORT, SPI_SCK_PIN)
#define SPI_SCK_HIGH() gpio_bit_set(SPI_SCK_PORT, SPI_SCK_PIN)

/* SPI MOSI pin */

#define  SPI_MOSI_PIN GPIO_PIN_9

#define SPI_MOSI|_PORT GPIOF

#define  SPI_MOSI_LOW() gpio_bit_reset(SPI_MOSI_PORT, SPI_MOSI_PIN)
#define  SPI_MOSI_HIGH() gpio_bit_set(SPI_MOSI_PORT, SPI_MOSI_PIN)

[* SPI MISO pin */

#define  SPI_MISO_PIN GPIO_PIN_8
#define SPI_MISO_PORT GPIOF
#define  SPI_MISO_READ() gpio_input_bit_get(SPI_MISO_PORT, SPI_MISO_PIN)

/* SPI Chip select pin */

#define SPI_TOUCH_CS_PIN GPIO_PIN_6

#define SPI_TOUCH_CS_PORT GPIOF

#define SPI_TOUCH_CS_LOW() gpio_bit_reset(SPI_TOUCH_CS_PORT,
SPI_TOUCH_CS_PIN)

#define SPI_TOUCH_CS_HIGH() gpio_bit_set(SPI_TOUCH_CS_PORT,

SPI_TOUCH_CS_PIN)

/* LCD touch interrupt request pin */
#define  TOUCH_PEN_INT_PIN GPIO_PIN_3
#define  TOUCH_PEN_INT_PORT GPIOI
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#define TOUCH_PEN_INT_READ() gpio_input_bit_get(TOUCH_PEN_INT_PORT,
TOUCH_PEN_INT_PIN)

/* touch panel gpio configure */

void touch_panel_gpio_configure(void);

/* touch start */

void touch_start(void);

/* write data to touch screen */

void touch_write(uint8_t d);

/* read the touch AD value */

uintl6_t touch_read(void);

/* read the touch pen interrupt request signal */

FlagStatus touch_pen_irg(void);

/* get the AD sample value of touch location at X coordinate */
uintl6_t touch_ad_x_get(void);

/* get the AD sample value of touch location at Y coordinate */
uintl6_t touch_ad_y_get(void);

/* get channel X+ AD average sample value */

uintl6_t touch_average_ad_x_get(void);

/* get channel Y+ AD average sample value */

uintl6_t touch_average_ad_y_get(void);

/* get X coordinate value of touch point on LCD screen */
uintl6_t touch_coordinate_x_get(uint16_t adx);

/* get Y coordinate value of touch point on LCD screen */
uintl6_t touch_coordinate_y_get(uint16_t ady);

uintl6_t touch_data_filter(uint8_t channel_select);
ErrStatus touch_ad_xy_get(uint16_t *ad_x, uint16_t *ad_y);

ErrStatus touch_scan(void);

% 3-7. touch.c JES
#include "gd32f4xx.h"
#include "touch_panel.h"

#include "math.h"
#include <stdlib.h>

/* number of filter reads */

#define FILTER_READ_TIMES 5
/* lost value of filter */

#define FILTER_LOST_VAL 1
[* error range of AD sample value */

#define AD_ERR_RANGE 6

uintl6_t touch_ad_x=0,touch_ad_y=0;

/* set or reset touch screen chip select pin */
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static void spi_cs(uint8_t a);

/* set or reset SPI MOSI pin */

static void spi_mosi(uint8_t a);

/* set or reset touch screen clock SPI SCK pin */

static void spi_clk(uint8_t a);

/* get SPI MISO pin input status */

static FlagStatus spi_miso(void);

/* SPI delay function */

static void spi_delay(uint16_t i);

/!
\brief touch panel gpio configure
\param[in] none
\param[out] none
\retval none

*/

void touch_panel_gpio_configure(void)

{
[* GPIO clock enable */
rcu_periph_clock_enable(RCU_GPIOI);
rcu_periph_clock_enable(RCU_GPIOB);
rcu_periph_clock_enable(RCU_GPIOF);

gpio_af_set(SPI_SCK_PORT, GPIO_AF_5, SPI_SCK_PIN);
gpio_mode_set(SPI_SCK_PORT, GPIO_MODE_OUTPUT, GPIO_PUPD_NONE,
SPI_SCK_PIN);
gpio_output_options_set(SPI_SCK_PORT, GPIO_OTYPE_PP, GPIO_OSPEED_50MHZ,
SPI_SCK_PIN);

gpio_af_set(SPI_MOSI_PORT, GPIO_AF_5, SPI_MOSI_PIN);
gpio_mode_set(SPI_MOSI_PORT, GPIO_MODE_OUTPUT, GPIO_PUPD_NONE,
SPI_MOSI_PIN);
gpio_output_options_set(SPI_MOSI_PORT, GPIO_OTYPE_PP, GPIO_OSPEED_50MHZ,
SPI_MOSI_PIN);

gpio_af_set(SPI_MISO_PORT, GPIO_AF_5, SPI_MISO_PIN);

gpio_mode_set(SPI_MISO_PORT, GPIO_MODE_INPUT, GPIO_PUPD_NONE,
SPI_MISO_PIN);

gpio_output_options_set(SPI_MISO_PORT, GPIO_OTYPE_PP, GPIO_OSPEED_50MHZ,
SPI_MISO_PIN);

gpio_mode_set(SPI_TOUCH_CS_PORT, GPIO_MODE_OUTPUT, GPIO_PUPD_NONE,
SPI_TOUCH_CS_PIN);

gpio_output_options_set(SPI_TOUCH_CS_PORT, GPIO_OTYPE_PP,
GPIO_OSPEED_50MHZ, SPI_TOUCH_CS_PIN);
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/* touch pen IRQ pin PI3 configure */

gpio_mode_set(TOUCH_PEN_INT_PORT, GPIO_MODE_INPUT, GPIO_PUPD_NONE,

TOUCH_PEN_INT_PIN);

gpio_output_options_set(TOUCH_PEN_INT_PORT, GPIO_OTYPE_PP,

GPIO_OSPEED_50MHZ, TOUCH_PEN_INT_PIN);

[* set chip select pin high */
SPI_TOUCH_CS_HIGH();

/!
\brief set or reset touch screen chip select pin
\param[in] a: specified the low or high level of chip select pin output
\param[out] none
\retval none
*

static void spi_cs(uint8_t a)

{
if(a){
SPI_TOUCH_CS_HIGH();
telse{
SPI_TOUCH_CS_LOW();
}
}
/¥
\brief set or reset SPI MOSI pin

\param([in] a: specified the low or high level of SPI MOSI pin output
\param[out] none
\retval none

*

static void spi_mosi(uint8_t a)

{
if(a){
SPI_MOSI_HIGH();
telse{
SPI_MOSI_LOW();
}
}
[*!
\brief set or reset touch screen clock SPI SCK pin

\param[in] a: specified the low or high level of SPI SCK pin output
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\param[out] none
\retval none
*/
static void spi_clk(uint8_t a)
{
if(a){
SPI_SCK_HIGH();
Yelse{
SPI_SCK_LOW();
}
}
!
\brief get SPI MISO pin input status
\param[in] none
\param[out] none
\retval input status of gpio pin: SET or RESET
*/
static FlagStatus spi_miso(void)
{
return SPI_MISO_READ();
}
!
\brief SPI delay function
\param[in] none
\param[out] none
\retval none
*
static void spi_delay(uint16_t i)
{
uintlé_tk;
for (k=0;k<i;k++);
}
!
\brief touch start
\param[in] none
\param[out] none
\retval none
*
void touch_start(void)
{
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spi_clk(0);
spi_cs(1);
spi_mosi(1);
spi_clk(1);
spi_cs(0);

/!
\brief write data to touch screen
\param([in] d: the data to be written
\param[out] none
\retval none
*/
void touch_write(uint8_t d)
{
uint8_t buf, i;
spi_clk(0);
for(i=0;i<8;i++){
buf = ((d >> (7-)) & 0x1);
spi_mosi(buf);
spi_clk(0);
spi_clk(1);
spi_clk(0);

/¥
\brief read the touch AD value
\param[in] None
\param[out] none
\retval the value of touch AD
*
uintl6_t touch_read(void)
{
uintl6_t buf ;
uint8_ti;

buf=0;
for(i=0;i<12; i++{
buf =buf<<1;
spi_clk(1);
spi_clk(0);
if(RESET !=spi_miso()){
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/¥

*

buf =buf+1;

}

return( buf);

\brief read the touch pen interrupt request signal
\param[in] none

\param[out] none

\retval the status of touch pen: SET or RESET
\arg SET: touch pen is inactive
\arg RESET: touch pen is active

FlagStatus touch_pen_irg(void)

{

[

*

return TOUCH_PEN_INT_READ();

\brief get the AD sample value of touch location at X coordinate
\param[in] none
\param[out] none

\retval channel X+ AD sample value

uintl6_t touch_ad_x_get(void)

{

/!

*

if (RESET !=touch_pen_irq()){
[* touch pen is inactive */
return O;

}

touch_start();

touch_write(0x00);

touch_write(CH_X);

return (touch_read());

\brief get the AD sample value of touch location at Y coordinate
\param[in] none
\param[out] none

\retval channel Y+ AD sample value
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uint16_t touch_ad_y_get(void)

{
if (RESET !=touch_pen_irq()){
[* touch pen is inactive */
return O;
}
touch_start();
touch_write(0x00);
touch_write(CH_Y);
return (touch_read());
}
[*!
\brief get channel X+ AD average sample value
\param[in] none
\param[out] none
\retval channel X+ AD average sample value
*/
uintl6_t touch_average_ad_x_get(void)
{
uint8_t i;
uintl6_t temp=0;
for (i=0;i<8;i++){
temp+=touch_ad_x_get();
spi_delay(1000);
}
temp>>=3;
return temp;
}
/¥
\brief get channel Y+ AD average sample value
\param[in] none
\param[out] none
\retval channel Y+ AD average sample value
*
uintl6_t touch_average_ad_y_get(void)
{
uint8_t i;

uintl6_t temp=0;
for (i=0;i<8;i++){
temp+=touch_ad_y get();
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[*!

*

spi_delay(1000);
}

temp>>=3;

return temp;

\brief get X coordinate value of touch point on LCD screen
\param[in] adx : channel X+ AD average sample value
\param[out] none

\retval X coordinate value of touch point

uintl6_t touch_coordinate_x_get(uint16_t adx)

{

¥

*

uintlé_tsx =0;

uint32_t

r =adx - AD_Left;
r*=LCD_X-1;

sx = r/(AD_Right - AD_Left);
if (sx <=0 || sx > LCD_X)

return O;
return sx;
\brief get Y coordinate value of touch point on LCD screen

\param[in] ady : channel Y+ AD average sample value
\param[out] none
\retval Y coordinate value of touch point

uintl6_t touch_coordinate_y_get(uint16_t ady)

{

uintlé_tsy =0;
uint32_t
r =ady - AD_Top;
r*=LCD_Y-1;
sy = r/(AD_Bottom - AD_Top);
if (sy<=0||sy>LCD_Y)

return O;

return sy;
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\brief get a value (X or Y) for several times. Order these values,
remove the lowest and highest and obtain the average value
\param[in] channel_select: select channel X or Y
\arg CH_X: channel X
\arg CH_Y: channel Y
\param[out] none
\retval a value(X or Y) of touch point
*/
uint16_t touch_data_filter(uint8_t channel_select)
{
uintl6_ti=0, j=0;
uint16_t buf[FILTER_READ_TIMES];
uintlé_t sum=0;
uintl6_t temp=0;
[* Read data in FILTER_READ_TIMES times */
for(i=0; i < FILTER_READ_TIMES; i++){
if (CH_X == channel_select){
buf[i] = touch_ad_x_get();
lelse{ /* CH_Y ==channel_select */
buf[i] = touch_ad_y_get();

}
/* Sort in ascending sequence */
for(i = 0; i < FILTER_READ_TIMES - 1; i++){
for(j =i+ 1; j < FILTER_READ_TIMES; j++){
if(buf[i] > buffj]){
temp = bufi];
buffi] = buffj];
buf[j] = temp;

}

sum = 0;

for(i = FILTER_LOST_VAL; i < FILTER_READ_TIMES - FILTER_LOST_VAL; i++){
sum += buf[i];

}

temp = sum / (FILTER_READ_TIMES - 2 * FILTER_LOST_VAL);

return temp;

¥
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\brief get the AD sample value of touch location.
get the sample value for several times,order these values,remove the lowest and
highest and obtain the average value
\param[in] channel_select: select channel X or Y
\param[out] none
\arg ad_x: channel X AD sample value
\arg ad_y: channel Y AD sample value
\retval ErrStatus: SUCCESS or ERROR
*/
ErrStatus touch_ad_xy_get(uintl6_t *ad_x, uintl6_t *ad_y)

{
uintlé_tad_x1=0, ad_y1=0, ad_x2=0, ad_y2=0;

ad_x1 = touch_data_filter(CH_X);
ad_y1 = touch_data_filter(CH_Y);
ad_x2 = touch_data_filter(CH_X);
ad_y2 = touch_data_filter(CH_Y);

if((abs(ad_x1 - ad_x2) > AD_ERR_RANGE) || (abs(ad_y1 - ad_y2) > AD_ERR_RANGE)){
return ERROR,;

}

*ad_x=(ad_x1+ad_x2)/2;

*ad_y = (ad_yl +ad_y2)/2;

return SUCCESS;

[*!
\brief detect the touch event
\param[in] none
\param[out] none
\retval ErrStatus: SUCCESS or ERROR
*
ErrStatus touch_scan(void)
{
uint8_t invalid_count = 0O;
if (RESET == touch_pen_irq()){ /* touch pen is active */
while((SUCCESS != touch_ad_xy_get(&touch_ad_x, &touch_ad_y))&& (invalid_count <
20)X

invalid_count++;

if(invalid_count >= 20){
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touch_ad_x = 0;
touch_ad_y = 0;
return ERROR;
}
else{
touch_ad_x = 0;
touch_ad_y = 0;
return ERROR,;
}
return SUCCESS;
}
3.8. FERBEAAERE

P PR S J5 58 L EXMC #2155 SDRAM #1464, TLI 0% LCD #I464k, SPI 4 11X fi
R WIEEK, DMA WA LVGL ¥16tk, FEWIIEH RS T B 77 example B2, it
WH v_example_scroll_6()e%, 7£ while(1)*AWiiE Iv_task_handler()si%t, F AR 40z 3-8.
main.c JF#5.

% 3-8. main.c JRi%
#include "gd32f4xx.h"
#include "gd32f450i_eval.h"
#include "systick.h"

#include <stdio.h>

#include "exmc_sdram.h"

#include "../../lvgl.h"

#include "lv_port_disp_template.h"
#include "lv_port_indev_template.h"
#include "../Iv_examples.h"
#include "lv_demo.h"

#include "touch_panel.h"

#define HORIZONTAL_SYNCHRONOUS_PULSE 41

#define HORIZONTAL_BACK_PORCH 2
#define ACTIVE_WIDTH 480
#define HORIZONTAL_FRONT_PORCH 2

#define VERTICAL_SYNCHRONOUS_PULSE 10

#define VERTICAL_BACK_PORCH 2
#define ACTIVE_HEIGHT 272
#define VERTICAL_FRONT_PORCH 2

__ 10O uint16_t * my_fb = (__10 uint16_t*) (0xc0000000);
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static void tli_config(void);
static void tli_blend_config(void);
static void tli_gpio_config(void);
static void lcd_config(void);
static void lcd_init(void);
static void dma_config(void);
/!
\brief main function
\param[in] none
\param[out] none
\retval none
*/
int main(void)
{
[* configure systick */
systick_config();
nvic_priority_group_set(NVIC_PRIGROUP_PRE1_SUB3);

[* config the EXMC access mode */
exmc_synchronous_dynamic_ram_init(EXMC_SDRAM_DEVICEO);
lcd_config();

lcd_init();

[* configure the GPIO of SPI touch panel */
touch_panel_gpio_configure();

delay_1ms(50);

dma_config();

delay_1ms(1000);

Iv_init();
Iv_port_disp_init();
Iv_port_indev_init();
Iv_example_scroll_6();
while(1){
Iv_task_handler();

static void dma_config(void)

{
dma_multi_data_parameter_struct dma_init_parameter;
[* peripheral clock enable */
rcu_periph_clock_enable(RCU_DMA1);
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*

/* DMA peripheral configure */
dma_deinit(DMA1,DMA_CHO);

dma_init_parameter.periph_width = DMA_PERIPH_WIDTH_16BIT;
dma_init_parameter.periph_inc = DMA_PERIPH_INCREASE_ENABLE;
dma_init_parameter.memory_width = DMA_MEMORY_WIDTH_16BIT,;
dma_init_parameter.memory_inc = DMA_MEMORY_INCREASE_ENABLE;
dma_init_parameter.memory_burst_width = DMA_MEMORY_BURST_4_BEAT;
dma_init_parameter.periph_burst_width = DMA_PERIPH_BURST_4_BEAT,;
dma_init_parameter.critical_value = DMA_FIFO_4_WORD;
dma_init_parameter.circular_mode = DMA_CIRCULAR_MODE_DISABLE;
dma_init_parameter.direction = DMA_MEMORY_TO_MEMORY;
dma_init_parameter.priority = DMA_PRIORITY_ULTRA_HIGH,;
dma_multi_data_mode_init(DMA1,DMA_CHO0,&dma_init_parameter);

nvic_irq_enable(DMA1_Channel0_IRQn, 0, 0);

\brief LCD Configuration
\param[in] none
\param[out] none

\retval none

static void Icd_config(void)

{

[* configure the GPIO of TLI */
tli_gpio_config();

[* configure TLI peripheral */
tli_config();

static void Icd_init(void)

{

[*!

tli_layer_enable(LAYERO);
tli_layer_disable(LAYER1);
tli_reload_config(TLI_RL_FBR);
[* enable TLI */

tli_enable();

\brief configure TLI peripheral
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\param[in] none
\param[out] none
\retval none

*/

static void tli_config(void)

{

tli_parameter_struct tli_init_struct;

tli_layer_parameter_struct tli_layer_init_struct;

rcu_periph_clock_enable(RCU_TLI);

tli_gpio_config();

[* configure the PLLSAI clock to generate Icd clock */

if(ERROR == rcu_pllsai_config(192, 2, 3)}{

while(1);

}

rcu_tli_clock_div_config(RCU_PLLSAIR_DIV8);

rcu_osci_on(RCU_PLLSAI_CK);

if(ERROR == rcu_osci_stab_wait(RCU_PLLSAI_CK)){

while(1);

}

[* configure TLI parameter struct */

tli_init_struct.signalpolarity_hs = TLI_HSYN_ACTLIVE_LOW,

tli_init_struct.signalpolarity_vs = TLI_VSYN_ACTLIVE_LOW;

tli_init_struct.signalpolarity_de = TLI_DE_ACTLIVE_LOW,;

tli_init_struct.signalpolarity_pixelck = TLI_PIXEL_CLOCK_TLI;

[* LCD display timing configuration */

tli_init_struct.synpsz_hpsz = HORIZONTAL_SYNCHRONOUS_PULSE - 1;

tli_init_struct.synpsz_vpsz = VERTICAL_SYNCHRONOUS_PULSE - 1;

tli_init_struct.backpsz_hbpsz = HORIZONTAL_SYNCHRONOUS_PULSE
HORIZONTAL_BACK_PORCH - 1;

tli_init_struct.backpsz_vbpsz = VERTICAL_SYNCHRONOUS_PULSE
VERTICAL_BACK_PORCH - 1,

tli_init_struct.activesz_hasz = HORIZONTAL_SYNCHRONOUS_PULSE
HORIZONTAL_BACK_PORCH + ACTIVE_WIDTH - 1,

tli_init_struct.activesz_vasz = VERTICAL_SYNCHRONOUS_PULSE
VERTICAL_BACK_PORCH + ACTIVE_HEIGHT - 1;

tli_init_struct.totalsz_htsz = HORIZONTAL_SYNCHRONOUS_PULSE
HORIZONTAL_BACK_PORCH + ACTIVE_WIDTH + HORIZONTAL_FRONT_PORCH - 1,

tli_init_struct.totalsz_vtsz = VERTICAL_SYNCHRONOUS_PULSE

VERTICAL_BACK_PORCH + ACTIVE_HEIGHT + VERTICAL_FRONT_PORCH - 1;
tli_init_struct.backcolor_red = 0;
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tli_init_struct.backcolor_green = 0;

tli_init_struct.backcolor_blue = 0;

tli_init(&tli_init_struct);

memset((void*)my_fb, 0x0000, LV_HOR_RES_MAX * LV_VER_RES_MAX*16);

[* TLI layerO configuration */

[* TLI window size configuration */

tli_layer_init_struct.layer_window_leftpos = HORIZONTAL_SYNCHRONOUS_PULSE
HORIZONTAL_BACK_PORCH;

tli_layer_init_struct.layer_window_rightpos = (480 + HORIZONTAL_SYNCHRONOUS_PULSE

+ HORIZONTAL_BACK_PORCH - 1);
tli_layer_init_struct.layer_window_toppos =  VERTICAL_SYNCHRONOUS_PULSE
VERTICAL_BACK_PORCH,;

tli_layer_init_struct.layer_window_bottompos = (272 + VERTICAL_SYNCHRONOUS_PULSE +

VERTICAL_BACK_PORCH - 1);
[* TLI window pixel format configuration */
tli_layer_init_struct.layer_ppf = LAYER_PPF_RGB565;
[* TLI window specified alpha configuration */
tli_layer_init_struct.layer_sa = 255;
[* TLI layer default alpha R,G,B value configuration */
tli_layer_init_struct.layer_default_blue = 0;
tli_layer_init_struct.layer_default_green = 0;
tli_layer_init_struct.layer_default_red = 0O;
tli_layer_init_struct.layer_default_alpha = 0;
[* TLI window blend configuration */
tli_layer_init_struct.layer_acfl = LAYER_ACF1_SA;
tli_layer_init_struct.layer_acf2 = LAYER_ACF2_SA;
[* TLI layer frame buffer base address configuration */
tli_layer_init_struct.layer_frame_bufaddr = (uint32_t)my_fb;
tli_layer_init_struct.layer_frame_line_length = ((480 * 2) + 3);
tli_layer_init_struct.layer_frame_buf_stride_offset = (480 * 2);
tli_layer_init_struct.layer_frame_total_line_number = 272;
tli_layer_init(LAYERO, &tli_layer_init_struct);

}
[%!
\brief configure TLI GPIO
\param[in] none
\param[out] none
\retval none
*
static void tli_gpio_config(void)
{

/* GPIO clock enable */

+

+
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rcu_periph_clock_enable(RCU_GPIOB);
rcu_periph_clock_enable(RCU_GPIOE);
rcu_periph_clock_enable(RCU_GPIOH);
rcu_periph_clock_enable(RCU_GPIOI);

rcu_periph_clock_enable(RCU_GPIOG);
rcu_periph_clock_enable(RCU_GPIOF);

/* configure HSYNC(P110), VSYNC(PI9), PCLK(PG7) */
/*  configure LCD_R7(PG6), LCD _R6(PH12), LCD_R5(PH11), LCD_R4(PH10),
LCD_R3(PH9),LCD_R2(PH8),
LCD_R1(PH3), LCD_RO(PH2), LCD_G7(PI2), LCD_G6(PI1), LCD_G5(PI0),
LCD_G4(PH15),
LCD_G3(PH14), LCD_G2(PH13),LCD_G1(PE6), LCD_GO(PE5),LCD_B7(PI7),
LCD_B6(PI6),
LCD_B5(PI5), LCD_B4(P14), LCD_B3(PG11),LCD_B2(PG10), LCD_B1(PG12),
LCD_BO(PEA4) */
[* TLI pins AF configure */
gpio_af_set(GPIOE,GPIO_AF_14,GPIO_PIN_5);
gpio_af_set(GPIOE,GPIO_AF_14,GPIO_PIN_6);
gpio_af_set(GPIOE,GPIO_AF_14,GPIO_PIN_4);

gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_2);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_3);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_8);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_9);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_10);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_11);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_12);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_13);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_14);
gpio_af_set(GPIOH,GPIO_AF_14,GPIO_PIN_15);

gpio_af set(GPIOI,GPIO_AF_14,GPIO_PIN_0);
gpio_af_set(GPIOI,GPIO_AF_14,GPIO_PIN_1);
gpio_af_set(GPIOI,GPIO_AF_14,GPIO_PIN_2);
gpio_af_set(GPIOI,GPIO_AF_14,GPIO_PIN_4);
gpio_af_set(GPIOI,GPIO_AF_14,GPIO_PIN_b5);
gpio_af_set(GPIOI,GPIO_AF_14,GPIO_PIN_6);
gpio_af_set(GPIOI,GPIO_AF_14,GPIO_PIN_7);
gpio_af_set(GPIOI,GPIO_AF_14,GPIO_PIN_9);
gpio_af_set(GPIOI,GPIO_AF_14,GPIO_PIN_10);

gpio_af_set(GPIOG,GPIO_AF_14,GPIO_PIN_6);
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gpio_af_set(GPIOG,GPIO_AF_14,GPIO_PIN_7);

gpio_af_set(GPIOG,GPIO_AF_14,GPIO_PIN_10);
gpio_af_set(GPIOG,GPIO_AF_14,GPIO_PIN_11);
gpio_af_set(GPIOG,GPIO_AF_14,GPIO_PIN_12);

[* configure TLI GPIO */

gpio_mode_set(GPIOE, GPIO_MODE_AF, GPIO_PUPD_NONE,
GPIO_PIN_4|GPIO_PIN_5|GPIO_PIN_6);
gpio_output_options_set(GPIOE, GPIO_OTYPE_PP,

GPIO_OSPEED_200MHZ,GPIO_PIN_4|GPIO_PIN_5|GPIO_PIN_6);

gpio_mode_set(GPIOH, GPIO_MODE_AF, GPIO_PUPD_NONE,
GPIO_PIN_2|GPIO_PIN_3|GPIO_PIN_8|GPIO_PIN_9|GPIO_PIN_10
|GPIO_PIN_11|GPIO_PIN_12|GPIO_PIN_13|GPIO_PIN_14|GPIO_PIN_15);
gpio_output_options_set(GPIOH, GPIO_OTYPE_PP,
GPIO_OSPEED_200MHZ,GPIO_PIN_2|GPIO_PIN_3|GPIO_PIN_8|GPIO_PIN_9

|GPIO_PIN_10|GPIO_PIN_11|GPIO_PIN_12|GPIO_PIN_13|GPIO_PIN_14|GPIO_PIN_15);

gpio_mode_set(GPIOl, GPIO_MODE_AF, GPIO_PUPD_NONE,
GPIO_PIN_0|GPIO_PIN_1|GPIO_PIN_2|GPIO_PIN_4
|GPIO_PIN_5|GPIO_PIN_6|GPIO_PIN_7|GPIO_PIN_9|GPIO_PIN_10);
gpio_output_options_set(GPIOI, GPIO_OTYPE_PP,
GPIO_OSPEED_200MHZ,GPIO_PIN_0|GPIO_PIN_1|GPIO_PIN_2|GPIO_PIN_4
|GPIO_PIN_5|GPIO_PIN_6|GPIO_PIN_7|GPIO_PIN_9|GPIO_PIN_10);

gpio_mode_set(GPIOG, GPIO_MODE_AF, GPIO_PUPD_NONE,
GPIO_PIN_6|GPIO_PIN_7|GPIO_PIN_10|GPIO_PIN_11|GPIO_PIN_12);
gpio_output_options_set(GPIOG, GPIO_OTYPE_PP,GPIO_OSPEED_200MHZ,

GPIO_PIN_6|GPIO_PIN_7|GPIO_PIN_10|GPIO_PIN_11|GPIO_PIN_12);

/* LCD PWM BackLight(PB15) */

gpio_mode_set(GPIOB, GPIO_MODE_OUTPUT, GPIO_PUPD_PULLUP, GPIO_PIN_15);

gpio_output_options_set(GPIOB, GPIO_OTYPE_PP,
GPIO_OSPEED_50MHZ,GPIO_PIN_15);

gpio_bit_set(GPIOB,GPIO_PIN_15);
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This document, including any
product of the Company described in this document (the “Product”), is owned by the Company under the intellectual property laws and
treaties of the People’s Republic of China and other jurisdictions worldwide. The Company reserves all rights under such laws and
treaties and does not grant any license under its patents, copyrights, trademarks, or other intellectual property rights. The names and

brands of third party referred thereto (if any) are the property of their respective owner and referred to for identification purposes only.

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

death, arising from or related to any Unintended Uses of the Products.

Information in this document is provided solely in connection with the Products. The Company reserves the right to make changes,

corrections, modifications or improvements to this document and Products and services described herein at any time, without notice.

© 2021 GigaDevice — All rights reserved
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