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1 ®S

AT32F437 A NBESRE S H 2%, $45%k 32 /7 ARM® Cortex®-M4 W%, Bl&eit TE 5% 4
HARZE 1NV A Cortex®-M4 f5 1 E AT g 288MHz (138 S . P 210 5fkS P U7 5508 B B 7T (FPU).
755 A 23 (DSP) ATt 23 (R B e (MPU),  $5TL & MG L RIS I e dpLa], feibe 2
FhATUER N o fi e ] S R K A B 4032KB 1IN 7E(Flash) Rl i% 512KB ) SRAM, Y 7 7 200
FrKFo

AT32F437 FRFIBREE R AL RE R E FA R SE, 3\ sLib %24 % (Security Library), B SCRE# SRS
fREJCHEF X, J7RBE R OHEIEZIIXE, R4S MR M Ot k. 53R 24> OTG
P il 2% (I S AL RS ME ik [Xtal-less]). £k 2 4~ QSPI #:01. H-T3CRFAMES SPI N A7 17
220 SPIRAM ¥ 1. 8 41 UART &1, 2 41 CAN &4k, 4 70 SPI/PS(2 A4 W T). 3 4% (5.33
Msps)ADC M7 58, 8~14 A FEATRAHNLEE 1(DVP), 54 XMC 7] 37+ SDRAM. SRAM.
PSRAM Z577 {241, R4 G2 IEEE-802.3 10/100Mbps DA A /4 1145 il 245 5l i F T4 BEk 90 o7
F, AT (RIS 28 0 7= P RSB PR AR SOA K 2 ik . AT32F437 WIHEAT T Tl i FE v [l -
40~105° C, JFHRIN ZHEMNAEHT R, Rt— KPS MEH, HFEFHH ERESR. &%
B AN LB — T 75w 4 4, REAE A T Mk B 84k (industrial automation), HL#L$% ] (motor
control), #IERA (10T) K231 2% P Hi 7 (consumer electronics)& & fhmna . KAFEME 7 SR ¥t

AT32F437 25| IR R B g5 R

B 4. 288 MHz

B T{EHE: 2.6-3.6V

B T{ERE: -40-105°C

B 3. ®=iA 4032KB Flash/512KB SRAM, 10/100 Mbps Ethernet, SDRAM, X{ QSPI,
X OTG, DVP, 5.33 Msps ADC

B N YERNOC, R ORSEE, ETEIL, ST, HMI, LED SoRBE, 4ERNf,
20y, Tolkfsh], 5G N

AT F LLAT32 Apnote JyEfit, FFMIELFEEG A &, IRAIRE, [HEEE RRIRAT3I2F437 2511 & Fh
hfig.
SILEA A EE), BAEEIELECA PR, B VEAER S, 1h e b A R

XSGR RS | AT32FA37 K= Dhee, H HARHHRZ SCHYONIRET « B SEBIE MDKS5 4
PRas FomEiE, KREHFE FHMERF 2] AT-SURF-F437 FF &AM, BRI AT SZIG 6 .

TR iR, — 2yl R BN DR R R A S, ARIR M IR BRIt . BUOLH ik
AT32 MCU [ LA SR AT .

B AT32F437 B M= s B

B AT32 MCU APnote

B AT32 MCU FAQ

B AT32 MCU Sample Code
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2 AT32F437 BRZEH

AT32F437 ZA WAz HI s AR T 32 7 ARM ®Cortex-M4F 43 2%, AN 16 A7 Al 32 7 f) & I
¥, AHMEFEID IRTMR, DMA #5ii3%, EDMA i85, serfif4f ERTC, SPI#EEH:M, QSPIi#
fZH00, 12C @580, USART/UART (@545, SDIO #210, CAN S IsHIRE, SMBAEfE 2 H 2%
XMC, USB2.0 OTG 4=z, LK MAC, g kitirH:0, HICK H3IN Bt ACC, 12
£ ADC, 12 fii DAC Fl PVM BEREEAMA . KE MBS . Cortex-MAF Ab 25 S RFHY 58 1 1=
% DSP 844, WEY BRI 16/32 fiskik RIngs (MAC). W 16 iz MAC 84 ik 8/16
A7 SIMD i& 8 R FE e 4, I HEHHKEE (IEEE-754) FAIsH It (FPU). RSVEANSH
WAL

HEXT 4~25 MHz
e 4 A
SWITAG —) : | XMC HICK 48 MHz
ARM y PLL
Cortex-M4F " N c::* SDIO1/2 Max.288 MHz
(Freg. Max. 288 | Y
MHz) RN R y FCLK
NVIC T CRC | | CRM HELK,
A 2 PCLK2
DMA1_2 @ I 11
14 Channel |" % *;3| AHB1 |
s
EDMA \
: Flash
8 Channal [~ & =) Con?rzller (ﬁ){ Flash @Vop
- OTGFS1/2 < PORILVR
| otersiz {—)
£ (5] Comrolier i SRAM1 | 2
< »| EMAC | S 00 12V
10/100M (I SRAZ -
EMA DMA 0 (= Controfler =) SRAM2
T
< (:::)| QSPI1/2 |<—>
- DVP
(=) GPIO A/BICIDIEIFIGIH |€—»
APB1 Bridge {——) (—) APB2 Bridge
T T
ES ES
TMR2/5 @Vo
LG EXTI/ WKUP
TMR3/4
- " WDT - TMR1/8/20
TMR12113114 z LICK < SPI1/’S1
SPI2 / I°S2 < 40KHz S
s 3 USART1/6
SPIs/ies g S w7 |
g @Vorr g UART7/8
USART2/3 g 1 ERTC 5 SPI4 / I°S4
UART4/5/7/8 = < TMR9/10/11
2 LEXT 2
2C1/2/3 E]. 32KHz E\ﬁl 12S2/3ext
m m
CAN1/2 % & Tegsﬁfsitrure
(——I ADCIF |&®{ ADC1
<Horci >
DACL |4t |\~ TMR6/7 —
<aH{ DAC2 e CoOntroller WWDT @Voon
@Vopa ACC
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2.1 ARM Cortex-M4F Ah¥ 52

Cortex-M4F Ab B2} & — KT FEAERES, BAMKITEL AR Wil B AR BAS R R RE i SCRFALHE
DSP 182 577 rig H e, FElE & TR BN U8 F2 7 75 ZAUd A ibime N2 D) R . Cortex-
M4F Lb3E 83 2T ARMV7-M 2244, BESZHE Thumb #5483 FF DSP #5844

NN Cortex-M4F 4bFRZS N ERHER, 15200 (ARM®Cortex-M4 iR ST T i< T Cortex-

M4F PR R R
Bl 1. Cortex-M4F FIFHER
| Cortex-M4F |
Interrupts and Power control
‘ NVIC » | Cortex-M4 Core
' FPU
1 A A
wic
A A
FPB MPU DWT
I A
v v ‘
SSV\‘I’\;RESr AHB-AP « >  Bus Matrix | > IT™
TPIU
I [
Y
SWIITAG r
IBUS DBUS SBUS
ROM Table
S 1 1 S L] -
R4 2.0.3
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22 KREREMRE
SRS PR R BT
A 2. AHB K ER5EEE

ARM
Corter-M4 DMA1 DMA2 EDMA EMAC

ICODE DCODE SBUS p

FLASH
I SRAM1
SRAM2

APB1

APB2

GPIO

AHB1

EMAC

SDIO1

USBOTG2

USBOTG1

DVP

SDIO2

XMC_
MEM

QSPI1_
MEM

QSPI2_
MEM

AHB BUS MATRIX
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3 HEHE
3.1  BEHNH

AT32 SUFR Board t#%# 1 & 2 7ML T8 AT32F437 o8 7 SR M A, B—ANThae#l
PO T VE R BIRE 7 LR SCRY,  J7 8 %5 7 BRs (1) # % AT32F437 8 Fh /e, I 7= fi R Rk
E.

A 3. AT32 SUFR Board

AT Link EZ TFTLCD Micro SD Camera [

PFEEPROM

TINAOR AY1LIL G¢ (L)

SDRAM p—
CAN1
QSPI Flash i .
i OTG HOST
QSP| SRALZESE S B —
28 OTG2
X
LINE IN
COM Nl
LINE OUT
RS485
Ethernet Variable \ - p—
ROBLED Resistor Key Joystick BUZZ Receiver

32  HHENA

AT32 SUFR Board 7=l e 304 B 45 W T

Libraries: AT32 FEfEF

middlewares: H[i] )2 N LT

project\at_surf_f437_board: #F4hik. AMELE F REIFE T
project\at_surf_f437\examples: #&Ff]¥
project\at_surf_f437\applications: #-Fft 5 FH#H < 1451 -1
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4 RBMEH
4.1  Ff BOITE
411 fEf

i VT ED 3T T 5 R SR 40 S 8, 7R P I 346 printf B8 50 35 P 0 11, SRU A
FH printf 3T E15 ..

412 RFEEE
B EIREE:
XF N i 785 () AT-SURF-F437 Board
B ORISR
AT32F435 437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\uart_printf

4.1.3 AT
A Z S R R4 LCD BorBr. 10 1. MMNAS I F:
1. BHRFEMEH

w5 PIN Name AR ThEE £
1 PA9 USARTL TX HBORIE
X I P HE B B B 4 R

B 4. HR R R P

(Default on)

ATLK RX 3 P 4 PA9/UART] TX/OTG1 FS VBUS
ATLK TX 2 PA10/UARTI RX/OTG1 FS ID

—

JP1

4.1.4 BT

1) & CETERIR
B WAtk E H
B AP A CTENE
2) REEAH
B main REACRE R
int main(void)

{

I VIR RGeS B ¥/

system_clock_config();

I* WG R AR e e
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);
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I* WIGEASEIS R 2 */
delay_init();

I* ¥kt LCD ¥/
lcd_init(LCD_DISPLAY_VERTICAL);

I* FihateE
uart_print_init(115200);

PSR

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"UART Print Test");

while(1)

{
delay_ms(1000);

[ OERFTEMEE ¥/
printf("Artery 2022 \r\n");
}
}

B void uart_print_init(uint32_t baudrate) $f i ik

[
* @brief initialize uart
* @param baudrate: uart baudrate
* @retval none
*/

void uart_print_init(uint32_t baudrate)

4.1.5 TFEHIUE
B EFZHBE DM PC, IR OBITF, & 1TEH—RER.
B 5. Szigs R

i XCOM V2.6 - 0 bod
Artery 2022 2. 100000 A Port

hrtery 2022 2. 100000

Artery 2022 2. 100000 COM=6: USE e

Artery 2022 2100000

hrtery 2022 2. 100000 Baud rate |115200 i

Artery 2022 2100000

Artery 2022 2. 100000 Stop bits |1 w

brtery 2022 2. 100000

drtery 2022 2. 100000 Data bits & ~

hrtery 2022 2. 100000 .

Artery 2022 2. 100000 Parity Hone ~

hrtery 2022 2. 100000 _—

hrtery 2022 2. 100000 Operation @ Close
b4

Single Send Multi Send Protocol Tramsmit Help
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4.2 ZE# RGB LED
4.2.1 TfREifr
RGB LED /7T /& ALL& W =t IRDGT le  LA=JRESLRIZ G, 1ok, WA #E LED Fl& 3
B, DL LED Btd RGB %806k, Fo4k LED 6t BB GRS 505 28 i, H 2 A mm
FUHALIIREEE, IXFMETE, 1E/E RGB [FFh, FRRFLLRELL.  Zkaiest. Wt R WEmReE, 760
R b, HA5 52 UL
RGB J& MEi 8 G SR BER BT E 1Y), 8 Rl e B EIR & 7 R A 4L, &, =RIT, 4
AR E G RNAE, CRAHR, MrENET RS, BRGSO, EmER
I
gL, g, BRI MEINEN, PO=0RRNENMKCO A, INEREG IR A S IEE.
2L, gt WEAPUEE M (R 5 256 B ot e, £E O I “XT” B8 ——=2 K, ML 255 i
“UT7 e M= EIKFERUEARIN, PEAERFEKEER KO, B =K 0 I, W i R
i, = IREEH Y 255 B, S B A
RGB Bt mmpk s, FAGEEE R G Al B WINfE—i (RIFTE Yk A [FIIRES ) w2k E
o IR TIREDG, AT ENL R RS . B, SoRaHEd e, SEFE a5 e Rk
FEAERB . AR 2 BTG AR R N, Sk, (RGB) = EOBIEAF LU AR iR iX
et s KAEES, WP EE. PR,
RGB LED #5324 P Fh 77
B 75— %38 GPIO it & RGB LED ifs CH R
PB10 ###i] RED J1-/1, PD13 %] GREEN JFi4], PB5 =il BLUE J1 [, i A] DLt py iy 2H
G, E=HE, DURREHIASFE B H P .
ZJ7 ABUE GPIO, A5 FHHAMRANE, Ml 8, EARHAT AT .
B 7R TMRECE RGB LED #itf2 (MEH AT A0
TMR2 j#iE 3 %4 RED JF ISR, TMR4 ifiE 2 #51i] GREEN JFHAIEE, TMR3 id@iE 2 4%
il BLUE JFHIAIZESE . AFELEEH G LR R A FEBIE, TMR EE R 525 H DS RGB LED 7%
B
2 ANHEMEH GPIO f1 TMR, AT B Al = BT .
AR I BB, 1A — A 77 .
422 BEHEE
BRI
Xf N i 785 () AT-SURF-F437 Board
L IRCLSIN)
AT32F435_ 437 Firmware_Library V2.x.x\project\at_start f437\ examples\rgb_led
4.2.3 AT
A S M)A A 5 J5E LCD SosBE. RGB-LED XS f 5] A F
x 2. BAREMEA
W5 PIN Name S ThER -2
1 PB10 GPIO RGB LED R
2022.9.22 - - #2017 - - A 2.0.3




?F ? AT-SURF-F437 Board Application Note

w5 PIN Name A EEThEe Z1E
PD13 GPIO RGB LED G
PB5 GPIO RGB LED B
X N2 PP EEL B R A S

& 6. RGB-LED H. % 5 3 &

+3v3
LED2
PBI10/RGB LED R RO3 \AAS0R 3 W 4 4
PD13/RGB LED G R94 \\\LSK 2 '\\m 5 4
PBS/RGB_LED B R96 ,A330R 1 "'\'\l‘ 6

RGB_LED

4.2.4 AT

1) ffif¥%# GPIO it & RGB LED if2

B [LE GPIO it

B & GPIO fiith =ik LA#% | RGB LED
2) fRBgA2H

B main KERAD SIS

int main(void)
{
I WIaatk ZGemtsh

system_clock_config();

I* Wiate e g 4 ¥
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* HIGEACIERS B */
delay_init();

I* ¥1haf LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

PR

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"RGB LED Test");

I* ¥lis1k RGB LED */
rgb_led_init();

/* LED 5K ¥/

2022.9.22 2R JRZs 2.0.3
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rgb_led_off();

rgb_led_set(RGB_LED_GBLUE);
delay_ms(500);

rgb_led_set(RGB_LED_PURPLE);
delay_ms(500);

rgb_led_set(RGB_LED_WHITE);
delay_ms(500);

rgb_led_set(RGB_LED_YELLOE);
delay_ms(500);

while(1)

{
rgb_led_toggle(RGB_LED_RED);
delay_ms(500);

}

}

B void rgb_led_init(void) Ff S ik

[
* @brief initialize rgb led
* @param none
* @retval none
*/

void rgb_led_init(void)

B void rgb_led_set(uint16_t color) ¥f Uit ic

/**
* @brief set rgb led color,and turn on.
* @param color: rgb led corlor

* this parameter can be one of the following values:
* -RGB_LED_RED

* - RGB_LED_GREEN

* -RGB_LED_BLUE

* -RGB_LED_YELLOE

* - RGB_LED_GBLUE

* -RGB_LED_PURPLE

* -RGB_LED_WHITE

* @retval flag_status (SET or RESET)
¥/
void rgb_led_set(uint16_t color)

2022.9.22 #2271 JRZs 2.0.3
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B void rgb_led_off(void)e& E L ik

[
* @brief turn off reg led.
* @param none
* @retval none
*/

void rgb_led_off(void)

B void rgb_led_toggle(uint16_t color)ef £ f Ut ik

=
* @brief reg led toggle.
* @param none
* @retval none
*/
void rgb_led_toggle(uint16_t color)

425 TFEHHAE

B SR RIS S RGB LED LU BB ECEEAT AN [ B 1) 46t

2022.9.22 # 231 JRZs 2.0.3
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4.3  Ff] NG IRIE
4.3.1 TR
AT32-SUFR H#k | — Mg &5, g sl b fai e, N n] K s .
£ SUFR i #4028V B HGER: MCU 1710, 1222 —A 10 ¥t PCA9555. PCA9555
BT 1PC B ZiEEE MCU, 2475 45| PCA9555 1) 10 HE~FIF, MCU it I12C &2k % PCA9555
ORI A AR AT IO E . A0 AT32 1) GPIO iyt #2840k, X 277485 0, XL 10 Hi ik
HPs X A5 1, X 10 Hr it & o
4.3.2 BIRHES
[ IR IE SIS F
XF N i 785 () AT-SURF-F437 Board
B ORISR
AT32F435_437_Firmware_Library V2.x.x\project\at_sufr_f437\examples\buzz
4.3.3 WM&
A A FH R R BRI WS 25 . PCAQ555, S M IF 5| AN T
*x 3. WHREMEH
S PIN Name A EThER &/
1 PH2 12C2 SCL PCA9555 SCL4
2 PH3 12C2 SDA PCA9555 SDA%;
3 PG3 GPIO PCA9555 INT4;
% 2. PCA9555 B IRIE
ETEe) PIN Name Bl #iE
1 100_4 D PG 247 1 )
o I P R SR A
2022.9.22 - - 247 - - A 2.0.3
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& 7. PCA9555 Hi % J5 38 &

+3V3 +3V3

4.3.4 T

GND:'IH Clo3 §
0.1uF
R88
10K U21
PCA9555PW
PG3/I0 EXP INT RR9,,470R 1 24
ROQ . 10K 2 ET Vgg 23 1202 SDA
RO 0K 3 S 22 12C2 SCL
GND1| A2 SCL
100 0/BL_CTRL 4 21 R92, ALOK
51 1000 A0 [5p v |lionp
100_1/EMAC PDN — e
100 2/PA-CTRL 6 iog—; %01—7 19 OTG2 PWR_SW
100 3/Card detect 7 IOO_ 101—6 18 OTGl PWR SW
100 4/BUZZ 8 00_3 OL.5 17 101 2/JOT LT
100_5/DVP_PD 9| 100_4 101 4 Mg 101 4/JOY CT
100 6/SP1 EX EN 10 100_5 101_3 15 101 3/J0Y DN
)E“ 100_6 101_2 14 101 1/JOY RT
12| 100_7 101_1 13 101 0/J0Y UP
VSS 101 0
= Default I2C Address: 0100 000
GND
8. WEN 3% Fh B i 3 A
By
BUZZ
[an]
100 4/BUZZ R95, ., 470R 1 Q1
SS8050
o~
>R7
< 10K
SRY97
10R
GND
1) RS 2R
B a1tk 12C B0
B KRN 2T 3 PCA9S55 10 HfC B picki Hi A =
B 54 PCA9555 10 IR Ens 2%
2) ARIGAEH
B main KEARILHER
- [ F | [ ] . 1 [ ]

2022.9.22
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int main(void)

{
I* WU RS B/

system_clock_config();

I* B s a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS R 2 */
delay_init();

I* #lus1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

[* WENS ERRIERAL
buzz_init();

VN ==

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"Buzz Test");
while(1)
{

[* WENS ESATIT ¥

BUZZ_ON();

delay_ms(100);

[* WENS 2R OCH ¥/
BUZZ_OFF();

delay_ms(5000);

[ WENSZRFT I ¥/
BUZZ_ON();

delay_ms(40);

[* eSS OCIH ¥
BUZZ_OFF();

delay_ms(5000);

B void buzz_init(void) & E L ik

/**

2022.9.22 # 261 JRZs 2.0.3
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* @brief buzz init.
* @param none.
* @retval none.
*/

void buzz_init(void)

435 TFEREIE

L LRSS SRS Y P

2022.9.22 #2TH JRZs 2.0.3
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4.4
4.4.1

4.4.2

4.4.3

2022.9.22

E SN
faifr

L ER) i 2 AT F 5 R QL BEL R A

HLRELBE - éﬁﬁﬁ:—i‘aﬁﬁﬁﬁf BRRE R AEMNERS, G RERERIEAEME (X, ) FeffifaE X
ARKRAY ARBRI LI, ST A A A RO R HU AR B XA Y AbR, MCU SeliUfifeocs J, 3k
B fib o B

HABE: TR, M A A, BT R R BLS A R kS A B, SRR
MCU Bt C F s SRIE i &

& 4. BB FX

G i H AR LN
1 MBEIE N BRI KAEFEIN KA AARAEFKIT, EHTEHHE
2 | BN AR AN M AT B BB BECAEEAR
3 fish F5KE SEFARINBRA, A L5 H AR FEREANE B A R R
4 fish 5 R FHREER B, FH. PETLMER S P s 7 o o e 5 S 7 A 4
5 % K fifx AT UAZ i fihdz AREZ Rifidz
6 R ik i JC e 5 P A e SR
7 i EL LB BE 51 10~50% igia 9

AT32-SUFR Hi ) B3 18 F AR5 e 9 LA A g, A Jr Oy GTO1M, T 12C A AT32
MCU #$%.

RIRHE %

[FALSTN R

Xif 72 i 5 ) AT-SURF-F437 Board

BAF B .
AT32F435_437_Firmware_Library_V2.x.x\project\at_sufr_f437\examples\touch

BEAF B

ARG I RE A SRR LCD R B, XL 51 B

RS BEHRE/EM

k=2 PIN Name SEThRR &/
1 PB6 I2C1 SCL SCLZ;
2 PB7 12C1 SDA SDA%;
3 PE3 TP INT i P A BT 2%
4 PD11 TP RST e Y K VA2
Xof I R B S AN R

# 28| R 2.0.3
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B 9. it b B SR ]

CN2
PD7/XMC NEI 1 2 PGO/XMC_A10
PD5/XMC NWE 3 LCD_CS LCD_RS 4 PD4/XMC NOE
NRST anR1Z_ LCD RST 5 &%CLK LCD—D%DO 6 PD14/XMC_D0
470R  PDIS/XMC DI 7 Di?.l DB2 8 PDO/XMC D2
PDI/XMC D3 9 DB3 DB4 10 PE7/XMC D4
v PE8/XMC_D5 11 DB5 DB6 12 PEY/XMC D6
= PE10/XMC D7 13 DB7 DBS 14 pE1/XMC DS
PE12/XMC_D9 15 16 PE13/XMC D10
PE14/XMC D11 17 gg?l gg}g 18 PEIS/XMC DI12
R13 PD8/XMC DI3 19 20 PDY/XMC D14
10K PDILO/XMC D15 21 | DBI3 DBI14 1753 |
100_(/BL_CTRL 23 | DBIS GND 57 | liGxo
Default: Backlight ON 1 25| BL VDD3.3 3¢ V3
TR 571 VDD33  GND [3g )
GI\Dllll PGT/TP_RES 29 | GND BL_VDD ?’U—Wh\
PE3/TP_INT 31 | TP_RES TP SDA 1335
D1LTE RST 33| TPINT NC X
TP RST TP CLK
Header 17X2 PEIDCI DA R14 p4GLTK o 1.5y
TFT_LCD Module PBO/2CI SCL_ R15 ,, 47K

4.4.4 BiFwRTE

1) AdBEEK
B IR AR
BRI B N, LCD B oR AR
2) ARHAH
B main RECRE R
int main(void)

{

I* WG R GE Bt/

system_clock_config();

I* FIgsAC R e 4l ¢/
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* VIR IERS B E */
delay_init();

I* ¥1haf LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* WIGHAC AL e
touch_init(TOUCH_SCAN_VERTICALY);

PR

Icd_string_show(10, 20, 200, 24, 24, (uint8_t *)"Touch Test");

while(1)

2022.9.22 # 291 JRZs 2.0.3
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lcd_string_show(10, 60, 200, 24, 24, (uint8_t *)"X:");
lcd_string_show(10, 90, 200, 24, 24, (uint8_t *)"Y:");

* S AR ¢
if(touch_read_xy(x_dot, y_dot) == SUCCESS)
{
[* W X Aeky ¥/
lcd_num_show(40, 60, 200, 24, 24, x_dot[0], 3);

[* IR Y Mk ¥/
lcd_num_show(40, 90, 200, 24, 24, y_dot[0], 3);
} o}

B error_status touch_init(void) $f S it ik
=
* @brief this function is init touch.
* @param none
* @retval function execution result.

* - SUCCESS.
* - ERROR.
¥/

error_status touch_init(void)

B error_status touch_read_xy(uint16_t *x, uint16_t *y) & ZUCAL ik
=
* @brief this function is read data from touch.
* @param x/y : coordinate vaule.
* @retval function execution result.

* - SUCCESS.
* - ERROR.
*/

error_status touch_read_xy(uint16_t *x, uint16_t *y)

4.45 TFERIIE

B QR LCD B Rl fAL KR .

2022.9.22 % 301 JRZs 2.0.3
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B 10. LR

Ethernet
o~
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4.5
4.5.1

4.5.2

4.5.3

2022.9.22

Z4 ERTC Sch B4
fRifr

AT32 SERfI B (ERTC) /2 —> BCD i+, WHESZERMSEEl 17 H it #8024, ERTC it #uZiEAr
Tt R, R ZEfEsE E, ERTC i —HIglr, NZRGEALIK VDD .
ERTC EZAA LT ThE:

— Hpoige: . A. B, & o0 B

—  REHThRE: WPk AL R B

—  JAITEMEE D) e

—  ARINThEE

—  IRHEDhRE: AEERAE. RIRS R HE

ZHIREE R T A ERTC seIL H piZhe, JfiEid LCD Bkt H I Eor k.

BEURHE %
BRI
Xif B i 785 ) AT-SURF-F437 Board
BRI
AT32F435_ 437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\calendar

BEAF B
SR PO VAT 416 32768Hz e, whuita, X2 31 A F
# 6. BARRG

=R PIN Name SR IhEE &
1 VBAT VBAT FELth £ E 5 | A
PC14 OSC_IN el
PC15 OSC_OuT T el
ot N2 FR) B S ER A S
B 11, SRR S e o B R L
c1s_|| PCI4/LEXT IN
pell
1 v
GNDr || |—‘ 1 32 768kH2
1
c19 || : PC15/LEXT OUT
10pF 1

#3271 R 2.0.3
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A 12, HEib A B R A

JP4
2

+3V3 1

3

VBAT

(Default on:1-2)

——Ca30

1uF

45.4 BiFwTH

1)  Hpzis

B Y61k ERTC

B HERE LCD B L
2) fRBgA-2H

B main KERADHE IS

int main(void)

{
uint8_t temp = 0;
ertc_time_type time;

I VIR RGeS B ¥/

system_clock_config();

I* HrsAe W e o ¥

I* FIGEACIERS B E ¥/

delay_init();

I* ¥1haf LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I WECE P A
calendar_init();

PR

PRI

nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"Calendar Test");

Icd_string_show(10, 60, 200, 24, 24, (uint8_t *)" - -

2022.9.22 & 33|

R4 2.0.3
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while(1)

{
I* SRBCHATI ] */
ertc_calendar_get(&time);

if(temp != time.sec)

{

temp = time.sec;

[* BIRE
Icd_num_show(10, 60, 200, 24, 24, time.year + 2000, 4);

* BoxAH ¥
Icd_num_show(70, 60, 200, 24, 24, time.month, 2);

T N =R
Icd_num_show(106, 60, 200, 24, 24, time.day, 2);

[* SEIRE
Icd_num_show(142, 60, 200, 24, 24, time.hour, 2);

[* SoRgy
lcd_num_show(178, 60, 200, 24, 24, time.min, 2);

AR TN

lcd_num_show(214, 60, 200, 24, 24, time.sec, 2);

B void calendar_init(void) & ALk

[
* @brief calendar init.
* @param none.
* @retval none.
*/

void calendar_init(void)

455 TFEIIUE

m [ Jfi{E LCD i &R,

2022.9.22 #3447 JRZs 2.0.3
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B 13. SRR

Note

Calendar Test
2021-05-01 12:01

Y

P S R 1L
§

e

gl

m "'\
; 7o 5 %
it Ty N > % — . 13

- c— e -
2022.9.22

N
% 3B/W
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4.6 R e
46.1 T

AT32-SUFR H# T PHANSL$5 88, PN B BLEERE S MCU 1910 O, 44285 R 10 PR E
BT, Y49 e NI 1O B~ PN HSF, MCU BRI 10 b iy v~ B AT S0 2 i e 75 4%
o

4.6.2 WIRHE
U BRI ZS-
Xt P2 LS () AT-SURF-F437 Board
B IR
AT32F435_437_Firmware_Library V2.x.x\project\at_sufr_f437\examples\key

4.6.3 WM

ARG O RE A BT PSS 12, 6 2 51 B T -

R7. BHEREFEH
WS PIN Name A ThRE &
1 PAO GPIO okl
2 PC13 GPIO g2
X N2 PR EEL B S B A S
14, HEEE R R
1553
PAO/KEY] R98 A470R l_‘ 3E—|+_w3
Bl
R100
10K § —— Cl04
) 0.1uF
GND 1 3
PCI3/KEY2 R103 \\a470R . 8E—|+3v3
B2
EI‘(I)IO(’*' 3 Cl11
) 0.1uF
GND

4.6.4 BHEETH
1) HER
B R EEFEI 10 FIRCE AR A B
B IO KT, IR R

2022.9.22 #3671 JRZs 2.0.3
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2) REEAH
B main REACRL R
int main(void)

{

I VIR ARG B ¥/

system_clock_config();

I* B s a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIEEASERS R 2 */
delay_init();

I* #lus1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* VIRt EEE ¥
key_init();

I RoRER Y
lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"Key Test");
Icd_string_show(10, 60, 280, 24, 24, (uint8_t *)"Press any key to begin");

while(1)

{
PR
key_value = key_press();

switch(key_value)
{
S 7
case KEY_1:
Icd_string_show(10, 100, 310, 24, 24, (uint8_t *)"key value: key 1");
break;

I s 2 4% ¥

case KEY_2:
Icd_string_show(10, 100, 310, 24, 24, (uint8_t *)" key value: key 2");
break;

default:
break;

2022.9.22 # 3TH JRZs 2.0.3
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B void key_init(void) & H ARG filiik
[
* @brief key init.
* @param none.
* @retval none.
*/
void key_init(void)

B key type at32_key press(void)k £tk
=
* @brief returns which key have press down
* @param none
* @retval the key have press down
¥/
key_type at32_key_press(void)

4.6.5 TFHEIGIE
B REEE T, R TS E LCD R EaRH k.
B 15. LR

Key Test
Press any key to begin

key value: key 1

47  FfH ADC EH
471 fEH

ADC & — MR NAS S #0912 f1. 10 £, 8 sk 6 A 37 (E S 1o, AT32F437 4 3
A~ ADC £15 19 NMEIBEYR, KFER i E Tk 5.33MSPS.
AT32F437 ADC - B A DL 4.

— R PR A2 460, 10 fn. 8 fLEL 6 AL

2022.9.22 & 38| JRZs 2.0.3
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4.7.2

4.7.3

4.7.4

2022.9.22

—  ADC I B 7E B R HZE 80MHz I Fe4fe it [7] 2y 0.1875 us (7p##3 12 fiif)
— ADC WP 7E £ K A% 80MHz i # 4 if (8] 4 0.1125 ps (4 #1766 i)
—  SIRTE LS AT T B R N (R

— R B SRR 2 PN [ I 2 i 4

— AR EEREE R ST

— X kF DMA £

AT32-SUFR g v — AN rr I, wTif L PH 23] ADC, it ADC SRAFAE AT ARITE =4 i il 4 HEPH
CNIN=E 2

BRI
B IR
Xt P2 LS () AT-SURF-F437 Board
B IR
AT32F435_437_Firmware_Library V2.x.x\project\at_sufr_f437\examples\variable_resistor

BEfF BT

AR SRS PRV BE A B 5 R R HLL BELGS IS (9 51 A G

x 8. T RIRMEH
WS PIN Name S TheE &
1 PA5 ADC_CHANNEL 5 ADC1iliiE5
X I P FEL B B B 40 R
Fl 16. W] Ba PH A R R R A
33
PAS/ADC/DAC 1 JP6 2
_T_Cloz =2 DI:I VR
InF
(ED GED
Close to MCU

1) ADC Jlix
WAL E N 28 1 T fih % ADC 3, il %452y 10Hz
¥kt DMA FI-F ADC ¥udi iz
Wltsit ADC
B LCD &/~ ADC [P REE 2 f R AE
2) AR AH
B main REARISHIA

% 39W R4 2.0.3
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int main(void)
{
I* WIEEt RGimt i

system_clock_config();

I* B s a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS R 2 */
delay_init();

I* #lus1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

* DE AR FLBE ) ADC #JiRAL */
variable_resistor_init();

VN ==

Icd_string_show(10, 20, 310, 24, 24, (uint8_t *)"Variable Resistor Test");

while(1)
{
/* ADC 4t */
if(adc_overflow_flag != 0)
{
I OBIREREE Y
Icd_string_show(10, 120, 310, 24, 24, (uint8_t *)"Error occur: ");

[* BN IREL Y
lcd_num_show(114, 60, 310, 24, 24, adc_overflow_flag, 3);
}

I* ADC 458 i */
else if(dma_trans_complete flag == 1)

{
I* ERRESE R E Y
dma_trans_complete_flag = 0;

I RS Y

voltage = 3.3 * adc_convert_value / 4095;

[T NN
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"Voltage:");

[ BIREAE
Icd_float_num_show(114, 60, 310, 24, 24, voltage, 3);

% 40

R4 2.0.3
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4.7.5

2022.9.22

B void variable_resistor_init(void)e& ¥ f Ut ik

=
* @brief variable_resistor init.
* @param none.
* @retval none.
¥/

void variable_resistor_init(void)

TERRBAE
W BRI, (5 LCD E U 4 KA B A
& 17. SKRHR

Variable resistor Test

Voltage: 2.118

' P —

B MR

WA= 2.0.3
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4.8 Ff DAC #iH
4.8.1 ”m’ﬁ“ 7’}‘
DAC (Hiifeinds) B— B G5 ol E 5 sk, AT32F437 #1524~ DAC, W
A~ DAC #HE ST, AT DIRSL AT Bk e, ] AXU DAC A il & 347 4. DAC KA 8 frali#
12 MiEFdN, PP 0 BESE R Z RIMERE L . MASH B E VREF+1] DUAEFE e/ E 5 ks
o
AT32F437 DAC T % HA5 DL N
—  BFER T AR E A 8 frak#E 12 Ak
—  THFIN DAC BN TR AR T
— X¥FSEHE VREF+
—  >¥F DMA
—  SCERME A/ =M
— X DAC & ¥4 DAC1/DAC2 Jf 37 #%
— 44/ DAC1/DAC2 % ¥ DMA #% =
— R R B A ik R B e
T AT32-SUFR #k DAC HLEIEFER] 7 nlf HBE, 3 I 55 Z0 5 Bk kg JP6 Wi .
4.8.2 WIFEHELR
L BB TICSZS
Kot N i 5 ) AT-SURF-F437 Board
B ORI
AT32F435_ 437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\dac
4.8.3 WM
ARZBEH LR YEAE TFT LCD W Sh 2~ BF . DAC #hsE, S5 F :
x9. WHRFEMEH
£ PIN Name AR ThEE &1
1 PAS DAC2
SNof I P FEL I R R U
&l 18. DAC H % JH K]
3V3
PAS/ADC/DAC 1 JP6 2
_T_cmz & >I:I VR
InF
Close to MCU
232.9.22 - - 8421 - - R4 2.0.3
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4.8.4 BWMHETT
1) DAC ik
B YJihtk DAC
At 300ms HhN 0.1V fr, CKedth i R R AE LCD |
2) ARISAEH
B main REACRE R

int main(void)

{
uint16_t voltage = 0;

I IR RGeS B ¥

system_clock_config();

I FIgsAe R e 4l
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I WIGAALSERS R 3 */
delay_init();

I* ¥4atk LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* DAC W46tk */
dac_init();

/* E%{%l%\*/

Icd_string_show(10, 20, 200, 24, 24, (uint8_t *)"DAC Test");

while(1)

{
[* U N 0.1V ¥/
voltage += 100;

if(voltage > 3300)
{

voltage = 0;

}

I BIRBRER
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"Output Voltage:");

[* BRI L Y
Icd_float_num_show(200, 60, 310, 24, 24, voltage / 1000.0, 1);

2022.9.22 # 431 JRZs 2.0.3
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/* DAC %ith & & */
dac_output_voltage_set(voltage);

delay_ms(300);

B void dac_init(void) & E AL ik
[
* @brief dac init.
* @param none.
* @retval none.
*/
void dac_init(void)

485 TFEHHAE

B A 300ms BN 0.1V i, LCD bR R Bk
B 5 RNE PAS Sl E, AT LAE R0 E A ELE AT LCD b SR g H EE T A 6

A 19. SZRHE

DAC Test
Output Voltage: 1.9

2022.9.22 #4471 JRZs 2.0.3
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4.9 % PWM DAC %
4.9.1 fH

PWM DAC BliEid PWM 5231 DAC DhEe, PWM 552 M ETFES, HREEKTEEL. £250
T, PWM 5 SR HEEWRA DA R — MRS S, Lok B rigmkE, o LAl —AMERS 11
DAC. iXxI-F¥## ADC AN IS thicE H, RONIXFERT LT — 5 DAC (&, A B PR K
A

4.9.2 BIFHE
B IR
Xt PE LS () AT-SURF-F437 Board
B IR
AT32F435_437_Firmware_Library V2.x.x\project\at_sufr_f437\examples\pwm_dac

4.9.3 T

A BIE I BEAE BT TFT LCD WS Son 5. TMR Ak, X2 5| BN T -

10. HE4-EIEME A
w5 PIN Name AR ThEE £
1 PC7 TMR8_CH2 PW M
X N2 PR EEL B T B A S
&] 20. PWM DAC H&FEEK
JP15
PA15/PWM_DAC R&S MALZK  RR6AATKS 1 el 2 PWM DAC
v i |
C100 C101
1.5nF 150pF
GND GND
494 AT

1) PWM DAC ik
B YiHtk TMR 1) PWM %t
Wi 300ms BN 0.1V frth, K R oRTE LCD |
2) RN
B main RERIE R
int main(void)

{

uint16_t voltage = 0;

I* WIRI RS B ¥/

2022.9.22 # 4511 JRZs 2.0.3
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system_clock_config();

I* B s a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS BRI 2 */
delay_init();

I* ¥kt LCD ¥/
lcd_init(LCD_DISPLAY_VERTICAL);

I* ¥ PWM DAC */
pwm_dac_init();

VN = =

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"PWM DAC Test");

while(1)
{

[* U 0.4V ¥
voltage += 100;

if(voltage > 3300)
{

voltage = 0;

}

[ RIRbRE %
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"Output Voltage:");

I BRI EE Y
Icd_float_ num_show(200, 60, 310, 24, 24, voltage / 1000.0, 1);

/* PWM DAC %t & & */
pwm_dac_output_voltage set(voltage);

delay_ms(300);

void pwm_dac_init(void)& Hf ik

/**
* @brief pwm dac init.
* @param none.

* @retval none.
¥/

% 46 T

R4 2.0.3
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‘ void pwm_dac_init(void) ‘

B void pwm_dac_output_voltage set(uint16_t voltage)s& £ AL ik
/**
* @brief pwm dac output voltage set.
* @param voltage: output voltage

* the range is 0~3300 representing 0~3.300V.
* @retval none.
*/

void pwm_dac_output_voltage_set(uint16_t voltage)

495 TFEHHAE

B A 300ms BN 0.1V #iH, LCD bR R ik
B HJTHRNE IP15 Bk kbR, ] LA W& H A B AN LCD b S5 4 H HE AR X R

A 21, SRR

'PWit DAC Test
| Output Volt

2022.9.22 4T H JRZs 2.0.3
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4.10 £ RS485 jHE{=
4.10.1 f&f+

RS485 i i K H ML HI R4, AW, HHT ToldEd], #ie Ei R fE e nl k2] 1200
Ko M EPLLERZ ARG, TEMAR AFRZEE RS A DR B 14 AR A28 A 850 B /)
A, BT RS485 (55 £ ZENES, ATl EAEERMIPITIREE . Sg sl = s oy =R 1
EIGEZ0Y VIR

AT32 SUFR H# 7 — i 485 5/, MCU it s SR RHZE T, ERERIEN, MCU B3k iEid
HORIES] 485 it Fr, 485 O O B e il 2 5 S AL B S 2k . TERRIREY, 485 Rk
(22005 SHER R IEFH O, MCU @it 4 B .

B 22. JUEHE

4.10.2 WIFEHEE
BRI
Xof 277 i B (1) AT-SURF-F437 Board
BRI
AT32F435_437_Firmware_Library_V2.x.x\project\at_sufr_f437\examples\rs485

4.10.3 BBt
ARG PR R VR U4 485 854, RYRLNT AR -
% 1. SR

w5 PIN Name A ThER BiE
1 PC10 USART3_TX O RIE S|
2 pPC11 USART3_RX RIS
3 PD12 DE 4855 Fr Rk MR ) e
I P FEL B E A0 R

2022.9.22 % 48 JRZs 2.0.3
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P 23. 485 H R &

+3V3

P c89 | 0.1uF +3V3

2R67

JP11 T47K _U16 2R68

PCLO/SDIO] D2/USART3 TX | Y 2 USART3 TX 4 DI GND 5 ||, T10K
PCIUSDIOL DY/USART3 RX 3 | o ol 4 USARTS RX R107\a470R 3 DE A 6 1 ]

PDI12/USART3 RTS DE R70 sand70R 2 7 a_ RILJ20R 2
(Default on) i 1 RE# & 8_' V3 2
Ly
R73
SP3485EN-L/TR 10K

4.10.4 HHE®IF

1) RS485 ik

B Y1k RS485

BRSO, SRR

B PC i & SUFR 1R

B SUFR BRERIEIESE 5, (£ LCD Bf b S siallca i Hs

B AAEEREMEEEREL, AEEEARNEN, EE LRPH
2) fRBgA-2H

B main KERAD SIS
int main(void)

{

I WIRE RGeS B ¥

system_clock_config();

I* wiate e g 4 ¥
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I WIGAALSERT BRI 3 */
delay_init();

I* ¥1haf LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* ¥listk RS485 */
rs485_init();

PR

Icd_string_show(10, 20, 200, 24, 24, (uint8_t *)"RS485 Test");

lcd_string_show(10, 60, 200, 24, 24, (uint8_t *)"RX data:");

while(1)

2022.9.22 #4911 JRZs 2.0.3
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2022.9.22

{
I* R EE
if(rs485_rx_number)

{
PR R E R
rx_buf[rs485 rx_number] = 0;

I SRR rx_buf */
rs485 data_receive(rx_buf, rs485_rx_number);

[*EE R IX
lcd_fill(10, 100, 310, 124, WHITE);

I BRI EE
Icd_string_show(10, 100, 200, 24, 24, rx_buf);

I* RIEEE
rs485_data_send(tx_buf, 17);

B void rs485_init(void) & £tk

/**
* @brief initializes rs485.
* @param none
* @retval none
*/

void rs485 _init(void)

B void rs485_data_send(uint8_t* pdata, uint16_t num)& S A

=
* @brief send data.
* @param pdata: data buffer.
* @param num: data size.
* @retval none.
*/

void rs485_data_send(uint8_t* pdata, uint16_t num)

B void rs485_data_receive(uint8_t* pdata, uint16_t num) & AL it

[
* @brief receive data.
* @param pdata: data buffer.
* @param num: data size.
* @retval none.

# 50 | R 2.0.3
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*/
void rs485_data_receive(uint8_t* pdata, uint16_t num)

4.10.5 TEIUE

B PC @& OBhFRI%E “Artery 2022”7 %] SUFR # .
B CYBEREIEEES, 1E LCD B E SR R R .
B A5 SUFR W RIE—Wi%dE “AT32-SUFR-BOARD” #l| PC.

E 24. PC 55 OB

i XCOM V2.6 - m| x
[rrsz-surRF4sT | 3 Port

COME : USE -

Baud rate

Stop bits |1 w

Data bits |8 £

Farity Hone ~

Operation @ Close

Save Data || Clear Data

[] Hex [JoTR
[ &8

[J TimeStamp 1000 o
Single Send Multi Send Protecel Transmit Help

Art 20zz
] z

Clear Send

2022.9.22

- - - Ik 2.0.3
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& 25. SUFR #

Note

RX data:

Artery 2022

W
Sap

oy @@ w SWEIE

S

»
7

1580 1% CNHG0N 8 SWEW M 60 40 S0 €0 Wisy M 8
T 34 V0S I COTINDE +IZIW 010 83 90 +0 20 00 0

G .
1 - i S
N 7 cm(#
Fo o : z g capml]
i 83
g8

&

- SN . .
2022.9.22

N
%52 W

WA 2.0.3
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411 £H CANEF
411.1 &H

CAN 45428 1/ 4% (Controller Area Network) [Ifi R, +&HifEE BOSCH AT AN, &
BN EBrbrdE, R E PR BN RSTIZ KIS LZ —. CAN ARt fm il SEtt, Cay 2N
HF T Az M. 354 T R& % J5m.
AT32F437 CAN T EHA DLk

—  >CFF CAN 1 2.0A #12.0B.

— PRl B AR A R e R AR S AT IE M bit/s
—  SCHFIN A i A

— SRR AN BE

—  HIELTRER T

Ri%

—  B3ARIENEAE

—  RERELTRE

—  SCRRREIT R

Bk

— 2MREN 3 FIFO

— 28 Wit yEsedl

— LR IRFF IR

— TR IR A

— W FIFO R B

— I I f A E A AR

— 16 frE N a4

— IR A

AT32 SUFR ## 7 W85 CAN )5, %54 SNE65HVD230DR, ek i 75 Hyd = 1E 1 15 B Wk 2k
B, DA CAN 81 H R L A5 5282 Binte e —ie .

4.11.2 RIFHER
L IR TIESINE
XoF 77 i B (1) AT-SURF-F437 Board
BRI
AT32F435_ 437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\can

4.11.3 &

A BIE A BEAE B TFT LCD Ui SonBe . PR SN6SHVD230DR CAN it i, X i 5| Al 4
T

2022.9.22 & 531 JRZs 2.0.3
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12, BRI

w5 PIN Name S ThER B
1 PB8 CAN1 RX CAN1#:UR
2 PB9 CAN1 TX CAN1% %
2 PB12 CAN2 RX CAN24ZIRX
4 PB13 CAN2 TX CAN2K %
X I P R ER AR
& 26. CAN1 H % F 3 &
+3vspﬂwﬂl u12__ SNB5HVD230DR
PBY9/CANI TX 1| e 8 .

_3\;3'&%& (‘,\]]_)||| - 2 END CAE& 7 || GND CANI H_ ].r_.l
L R119 4 NC ) 3 16 63 120R. 2
+5V] VW - ; VCC CANL 2

CANI RX MR 4 R VREF 5 CANI L
L .. R109  470R L ‘] CNG
0.1uF v} R120 4 4 hANC "(:87” NC |||.
E] 27. CAN2 Hi.B% JFEH K]
3ROz AIK uta  SNB5HVD230DR
, CAN2 TX ije 8 G
+5vj Rw Gl\l.)lll 2 gND CAIGEI U || ™ e . lr.i_
savil— RI16 , OR 3Vee CANL e 120R |_2| >
- CAN2 RX o 4 R VREF 5 CAN2 L
p— R111 470R ] CN7
0.1uF viRUNC ¢ co) IM—“I'
28. Bk g R A
JP10
CAN2 RX I 2 CAN2 TX
PBI12/1282 WS/ICAN2 RX/OTG2 FS ID 3 4 PB13/1288 CK/CAN2 TX/OTG2 FS VBUS
1252 WS [252 CK
5 6
‘Header 3X2
(Default on:3-5/4-6)

4.11.4 &

1) CAN @ il

B YU TFTLCD

W41k CAN1 fil CAN2

B CAN1 Ki(¥iE4 CAN2, CAN2 Kik¥iEss CAN
2) RIESHH

B main KERIS IR

‘ int main(void)

2022.9.22 ¥ 547 JRZs 2.0.3
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uint32_tcnt = 0;

I VIR RS B ¥/

system_clock_config();

I* B s a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS R E */
delay_init();

I* #luE1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

[* can 1 ¥l4atL */
can_init(CAN1);

I* can 2 ¥l4HtL */
can_init(CAN2);

VN YW

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"CAN Test");

while(1)

{
/* can 1 HEWIa61L */
can_data_init(CAN1);

[ 8t can 1 KIEEHE ¥/
can_transmit_data(CAN1, can1_tx_message);

I* can 2 HEVIAHAG */
can_data_init(CAN2);

[ @ik can 2 KIEHHE ¥/
can_transmit_data(CAN2, can2_tx_message);

[* can 1 B EIHHE */
if(can1_rx_flag != 0)
{
I* EER can 1 EUCEIERRE Y
cani1_rx_flag = 0;

I SRR I
Icd_string_show(10, 60, 200, 24, 24, (uint8_t *)"can 1 received");

2022.9.22 & 551

R4 2.0.3
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I* & filter index */
Icd_string_show(10, 100, 200, 24, 24, (uint8_t *)"filter_index:");
lcd_num_show(170, 100, 200, 24, 24, can1_rx_message.filter_index, 1);

if (can1_rx_message.id_type == CAN_ID_EXTENDED )
{
[* &7~ extended id */
Icd_string_show(10, 130, 200, 24, 24, (uint8_t *)"extended_id:");
lcd_num_show(170, 130, 200, 24, 24, can1_rx_message.extended_id, 1);
}
else
{
[* &7 standard id */
Icd_string_show(10, 130, 200, 24, 24, (uint8_t *)"standard_id:");
lcd_num_show(170, 130, 200, 24, 24, can1_rx_message.standard_id, 1);
}

if (can1_rx_message.frame_type == CAN_TFT_REMOTE )
{
Tl/v% €/ I
Icd_string_show(10, 160, 200, 24, 24, (uint8_t *)"remote frame: no data");
}
else
{
I BAEEE *
if(buffer_compare(can2_tx_message.data, can1_rx_message.data, 8) == 0)
{
I* Bs BRI ¥
lcd_string_show(10, 160, 310, 24, 24, (uint8_t *)"can 1 #d i Thiz");
}
else
{
I BE R
lcd_string_show(10, 160, 310, 24, 24, (uint8_t *)"can 1 EFEEIc =",
}
}
}

[* can 2 BSCEIEHE ¥/
if(can2_rx_flag != 0)
{
I* JEF can 2 Bl dE bR b ¥/
can2_rx_flag = 0;

[* SBoRbrel ¥/

2022.9.22

% 56 R 2.0.3
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Icd_string_show(10, 220, 200, 24, 24, (uint8_t *)"can 2 received");

I* & filter index */
Icd_string_show(10, 260, 200, 24, 24, (uint8_t *)"filter_index:");
lcd_num_show(170, 260, 200, 24, 24, can2_rx_message.filter_index, 1);

if (can2_rx_message.id_type == CAN_ID_EXTENDED )
{
[* &7~ extended id */
lcd_string_show(10, 290, 200, 24, 24, (uint8_t *)"extended_id:");
lcd_num_show(170, 290, 200, 24, 24, can2_rx_message.extended_id, 1);
}
else
{
* {7~ standard id */
Icd_string_show(10, 290, 200, 24, 24, (uint8_t *)"standard_id:");
lcd_num_show(170, 290, 200, 24, 24, can2_rx_message.standard_id, 1);
}

if (can2_rx_message.frame_type == CAN_TFT_REMOTE )
{

Tl/v% €/ I

Icd_string_show(10, 320, 200, 24, 24, (uint8_t *)"remote frame: no data");
}

else
{
I s
if(buffer_compare(can1_tx_message.data, can2_rx_message.data, 8) == 0)
{
I* Bs BRI ¥
lcd_string_show(10, 320, 310, 24, 24, (uint8_t *)"can 2 i s I#UK");
}
else
{
I BEECER
lcd_string_show(10, 320, 310, 24, 24, (uint8_t *)"can 2 #HaHU ="
}
}
}

cnt++;

I* RIRARRR AL ]
Icd_string_show(10, 380, 200, 24, 24, (uint8_t *)"transfer number:");
lcd_num_show(206, 380, 250, 24, 24, cnt, 1);

2022.9.22
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delay_ms(1000);

}
}

B void can_init(can_type *can_x) ¥ LS ik

/**
* @brief initialize can.
* @param can_x: select the can peripheral.
* this parameter can be one of the following values:

* CAN1, CAN2.
* @retval none
*/

void can_init(can_type *can_x)

B void can_transmit_data(can_type *can_x, can_tx_message_type tx_message_struct)pfi %
M EE o

[
* @brief can transmit data
* @param can_x: select the can peripheral.
* this parameter can be one of the following values:
* CAN1, CAN2.
* tx_message_struct: transmitmessage
* @retval none
*/
void can_transmit_data(can_type *can_x, can_tx_message_type tx_message_struct)

4.11.5 FEHEAE

B CAN1 KiEFHEY CAN2, CAN2 Kix#iEsZ CAN1

B CANL1 fil CAN2 W BI¥ds 5, % bl 3 50 2 75 1E A
B 7 LCD i I B/Ridis B

2022.9.22 &% 58 1
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& 29. SERAR

can 1 received

filter_index: 0
standard_id: 1638
can 1 receive ok

can 2 received

filter_index:2
standard_id: 1024
can 2 receive ok

transfer number: 51

484 N1 O ONDOON 78 S1O 10110 80 <0 90 €O 101 W

108 2 V08 24 ONDOONOND +10Z10 010 80 30 0 20 0 04 3
et

S S L5 7 1 | IS S S N
2022.9.22 & 59| - JRZs 2.0.3
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4.12  ZEI FHRFW
4.12.1 faifr

AT32-SUFR #i 2 1 — MR TN CLLAEAT 188D, Sk B~ s, #2830 5 AAH
) FEAE, RURELE A D 5 M E . AFTHIR 7 AR R AN R, PR E
AL R TN R

A 30. fLmTBATH R R

|L;J (WS [
z
@©

|O'\ LHT-IB

7E SUFR R TR A BLHEERE MCU B 10, T2 iERE3—/ 10 ¥ /@t r PCA9555,
PCA9555 Jlit 12C M4 iEH: 3] MCU, 4 PCA9555 (1) 10 B FE R AL, 768 INT Lap=4:
— AR, MCU ZERINS] T FRIBR T 25, @it 12C M2 iHL PCA9S555 1) 10 dRAS 2 17 2e 133124
i 10 HRZS

4.12.2 BIREE

B RERIAR
Xif 72 i 5 ) AT-SURF-F437 Board

BRI
AT32F435_437_Firmware_Library_V2.x.x\project\at_sufr_f437\examples\joystick

4.12.3 W
A SNk FH RO REE A SRR Ui AR A 4 EE . PCA9555, X M5 BN
x®13. BEHRREFEH

ETae PIN Name AT RE &1
1 PH2 I2C2 SCL PCA9555 SCL%;
2 PH3 12C2 SDA PCA9555 SDAZ
3 PG3 GPIO PCA9555 INT%;

% 2. PCA9555 %R F

w5 PIN Name 5 Thee &
1 1010 & BIRCIEZY SR /37
2 101 1 i BIRCIEZY SR /37
3 101 2 T BIRCIEZY SR /37
4 101_3 ik BIRCIEZY SR /37
5 101_4 Vo T [ FRAT
X I P R S R

2022.9.22 & 60 R JRZs 2.0.3
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& 31. PCA9555 Hi [ 5 3 &

+3V3 +3V3
GNDt | II——I Iﬂio
0.1uF
R88
10K U21
PCA9555PW
PG3/I0 EXP INT _RR9,,470R 1 24
R9Q JOK 2 ET \S/gi 23 12C2 SDA
R9],JOK 3 22 12C2 SCL
GND'|| A2 SCL
100 0/BL. CTRL 4 21 0K
100 I/EMAC PDN__ 5 100_0 A0 20 |I'GND
1001 101 7 X
100 2/PA-CTRL 6 100 2 10176 19 OTG2 PWR_SW
100 3/Card detect 7 10073 10175 18 OTGl PWR _SW
100 4/BUZZ 8 — - 17 101 2/JOT LT
100 5/DVP_PD 9 }08—4 %01—4 16 101 4/JOY CT
100 6/SP1 EX EN 10 00_5 013 15 101 3/JOY DN
)E“ 100_6 101_2 14 101 1/JOY RT
12 100_7 I01_1 13 101 _0/JOY_UP
VSS 101_0
=  Default I2C Address: 0100 000
GND
B 32. JEXRTA L R P
+3V3 RP7 3V3
10K
4 5
3 6 1
2 7
R99 B4 ] 3
10K
1 ot &101 0JOY UP
101 2/JOT LT L 2 ;\/c 5 ® 101 1/JOY RT
101 4/JOY CT 3 o o 6 101 3/JOY DN
_K10s Lm? Lms kmg C110
10nF [10nF Tll’)nF IIOnF 10nF
L
GND GND
4.12.4 HHEwI
1) AR IIEC
B Yistk 1PC B0
WO TN iR T 2% PCA9555 10 L & i A
B EHUPCA9555 10 IRA, Hllre S AR A
2) ARIGAEH
B main KEARILHER
int main(void)
{
uint16_tx =0, i;
S S - S S S ] -
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joy_type key;

I VIR RS B ¥/

system_clock_config();

I Wits e g4+
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS R E */
delay_init();

I* #luE1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* WA TR REAT 1L
joystick_init();

Icd_clear(BLACK);

VN = =

Icd_string_show(80, 20, 200, 24, 24, (uint8_t *)"Joystick Test");

lcd_string_show(50, 400, 200, 24, 24, (uint8_t *)"key value:");

while(1)

{
/* SLHL PCA9555 10 IR%& */
pca9555 io_scan();

I* SRELEEAE */
key = joystick_press();

switch(key)

{
case JOY_LEFT:

Icd_string_show(200, 400, 100, 24, 24, (uint8_t *)"left ");

pitch = 10;
roll=0;
yaw= 0;
break;
case JOY_RIGHT:

Icd_string_show(200, 400, 100, 24, 24, (uint8_t *)"right");

pitch = -10;
roll= 0;
yaw= 0;

2022.9.22
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break;

case JOY_UP:

Icd_string_show(200, 400, 100, 24, 24, (uint8_t*)'up ");
pitch = 0;

roll=-10;

yaw=0;

break;

case JOY_DOWN:

Icd_string_show(200, 400, 100, 24, 24, (uint8_t *)"down ");
pitch = 0;

roll=10;

yaw=0;

break;

case JOY_ENTER:

Icd_string_show(200, 400, 100, 24, 24, (uint8_t *)"enter");
pitch = 0;

roll= 0;

yaw = 10;

break;

case JOY_NONE:

break;

default:

break;

lcd_fill(80,80,230,220,BLACK);
for(i=0; i<8; i++)

rotate(cubeli], pitch/360, roll/360, yaw/360);
for(i=0; i<28; i+=2)

delay_ms(10);

lcd_draw_line(160+cubeflineid[i]-1][0], 150+cube[lineid[i]-1][1], 160+cube[lineid[i+1]-
1]0], 150+cube[lineid[i+1]-1][1], WHITE);

void joystick_init(void)e& Ff L $ ik

* @brief joystick_init.
* @param none.
* @retval none.

2022.9.22

# 63T

R4 2.0.3




,’I?I' ? AT-SURF-F437 Board Application Note

‘ void joystick_init(void)

B void dac_init(void) & H A ik

=
* @brief dac init.
* @param none.
* @retval none.
¥/

void dac_init(void)

m void dac_output_voltage_set(uint16_t voltage)s& S5 ik

/**
* @brief dac output voltage set.
* @param voltage: output voltage

* the range is 0~3300 representing 0~3.300V.
* @retval none.
*/

void dac_output_voltage_set(uint16_t voltage)

4.12.5 THIGIE
B REEIE T, R PR E i@ LCD B R k.
& 33. LR

Joystick Test
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4.13 Zf| EEPROM &S
4.13.1 fEifr

AT32-SUFR & | — BBl 5 4 24C02 [¥] EEPROM it v, %S A &R 256 7715, A 12C K4 AN
AT32 MCU E$z. AFTiHiA 7 il AT32 [ 12C #2 O sEIix EEPROM By S, JREHE
S5 JE I R TR K .

12C 24 (Inter-Integrated Circuit bus) & WHIH = FARF A B —Fh M L HILE 2, F T AR
B . 12C B R F s LRt Fbsik, B/ECTE 50 2 K AR &R 1000 2R A IC s
Ak, 12C SRR T & Pl 2, Flin REE H AL (SMBus).  HLEE BLEZE(PMBUS).

12C 2 1) — Lkt

— WAHREPIFEL: —kBITHIEL SDA FI— 2 HATIN B2k SCL;

—  EEPRLNENMIEE —ANME e, LA DGR K EASF e S R ML

— RIEMZEHEL, A Ia A, AR AN B AN 45 5 i 2 2008 14 S 2o
IR

—  ALEEEEARER . (Standard-mode) TJiE 100 kbit/s, 7EPLEREZL (Fast-mode) FHik
400 kbit/s, 7EHEssEiEE (Fast-mode Plus) FHJiA 1 Mbit/s;

— AT RLER R F BRI 1IC BUR AN SZ i R R R TR R 1

& 34. 12C B &M A5

MICRO - LCD STATIC
CONTROLLER DRIVER RAM OR
A EEPROM
[ SDA
[scC | | |
MICRO -
GATE CONTROLLER
ARRAY ADC B

12C SMAHHE AL i 2 UL START 40105, STOP SRR, AN 515 (8bit) fLHse)E, 125
9 ™ bit B J7H SDA BAFMKHIE ACK, WIREAHFALAREILE NACK, & EHAEYH]
NACK J& 45 s i .

35. I’C B &HEmR

| — 7‘ r— 51
o | \L_/ XXX/ OO XX
| | MSB acknowledgement acknowledgement | Sr |
| ‘ signal from slave signal from receiver | |
el lsorsrl \J/1\JS2\____/7 8 9 WIHDS 9 lsrorp
L2 ACK ACK L——2
START or ) STOP or
repeated START byte complete, — clock line held LOW repeated START
condition interrupt within slave while interrupts are serviced condition
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AR Z) A = Al 0T S Sz EEPROM (935 1], P AT DA B FH R i i Bl i 07 2.
— R =@ A R A R T A A

— Rl @ R 3 s AR

— DMA J5zUliH: 1 F DMA 5 .

4.13.2 BIREE

L IR TICSINE
XoF 7= i B 1) AT-SURF-F437 Board
BRI
AT32F435_437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\eeprom

4.13.3 [T
A AL F AR U5 AT 24C02, XS] IR

F14. BEHRFEEH
W5 PIN Name ST Be &
1 PH2 12C2 SCL SCLZ;
2 PH3 12C2 SDA SDAZ;

X I P R SR ER AR
& 36.24C02 H % R E

+3V3

RS2
15K} 1.5K 120 3V3

PH2/I2C2 SCL___ RR3ap33R ¢ 12C2 SCL
PIB/2C2 SDA R84\, 33R 12C2 SDA g[C)IA VCC

[, [=)
co

WP
EO
El

4
E2 GND

= K24C02 =i
GND petault 12C Address: 1010000 NP

W=

4.13.4 BT

1) fEHARFEZ A EEPROM iR
W WGtk 12C #:i0

i FH A6 WA 205 B

i FH A6 AR QI A

A1 FH o A 25 s

i FH A s A

f# F DMA #i305 % dis

2022.9.22 & 6611 JRZs 2.0.3
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2022.9.22

m i DMA #ECi AR

2) MR

B main &S IA

int main(void)

{

i2c_status_type i2c_status;

I* VIR ARG B ¥/
system_clock_config();

I* B s a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIEEACIERS B E ¥/
delay_init();

I* #luE1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* %141t EEPROM */
eeprom_init(EE_12C_CLKCTRL_400K);

VN =

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"EEPROM Test");

* ey N5 #dE 3 EEPROM */

if((i2c_status = eeprom_data_write(&hi2c2, EE_ MODE_POLL,
EEPROM_I2C_ADDRESS, 0, tx_buf1, BUF_SIZE, 12C_TIMEOUT)) != 12C_OK)

{

error_handler(i2c_status);

}

delay_ms(1);

I* 177U\ EEPROM BL%# */
if((i2c_status = eeprom_data_read(&hi2c2, EE_MODE_POLL, EEPROM_I2C_ADDRESS,
0, rx_buf1, BUF_SIZE, 12C_TIMEOUT)) != 12C_OK)

{

error_handler(i2c_status);

}

delay_ms(1);

rep i U5 ¥dlE £) EEPROM */
if((i2c_status = eeprom_data_write(&hi2c2, EE_ MODE_INT, EEPROM_12C_ADDRESS,
0, tx_buf2, BUF_SIZE, I2C_TIMEOUT)) != 12C_OK)

#eTH R4 2.0.3
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{

error_handler(i2c_status);

}

delay_ms(1);

I i N EEPROM 525544 */

if((i2c_status = eeprom_data_read(&hi2c2, EE_MODE_INT, EEPROM_I2C_ADDRESS, 0,
rx_buf2, BUF_SIZE, 12C_TIMEOUT)) != 12C_OK)

{

error_handler(i2c_status);

}
delay_ms(1);

/* DMA 77 N5 #i#5 3) EEPROM */

if((i2c_status = eeprom_data_write(&hi2c2, EE_MODE_DMA, EEPROM_I|2C_ADDRESS,
0, tx_buf3, BUF_SIZE, I12C_TIMEOUT)) != 12C_OK)

{

error_handler(i2c_status);

}
delay_ms(1);

/* DMA 75 X )\ EEPROM i34 */

if((i2c_status = eeprom_data_read(&hi2c2, EE_ MODE_DMA, EEPROM _12C_ADDRESS,
0, rx_buf3, BUF_SIZE, I2C_TIMEOUT)) = 12C_OK)

{

error_handler(i2c_status);

}

xRS NI R A B HE & 7 R ¥
if((buffer_compare(tx_buf1, rx_buf1, BUF_SIZE) == 0) &&
(buffer_compare(tx_buf2, rx_buf2, BUF_SIZE) == 0) &&
(buffer_compare(tx_buf3, rx_buf3, BUF_SIZE) == 0))
{
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"eeprom write/read ok");
}

else

{

error_handler(i2c_status);

}

while(1)
{
}

2022.9.22
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2022.9.22

1}

void eeprom_init(void) & L ik

/**

* @brief eeprom_init.
* @param none.
* @retval none.

*/

void eeprom_init(void)

eeprom_data_read ()& Hf g ik

/**

* @brief read data from eeprom.

* @param hi2c: the handle points to the operation information.

* @param mode: i2¢ transfer mode.

* - EE_MODE_POLL: transmits data through polling mode.
* - EE_MODE_INT: transmits data through interrupt mode.
* - EE_MODE_DMA: transmits data through dma mode.

* @param address: eeprom address.

* @param mem_address: eeprom memory address.

* @param pdata: data buffer.

* @param number: the number of data to be transferred.

* @param timeout: maximum waiting time.

* @retval i2c status.

*/

i2c_status_type eeprom_data_read(i2¢c_handle_type* hi2c, eeprom_i2¢c_mode_type mode,
uint16_t address, uint16_t mem_address, uint8_t* pdata, uint16_t number, uint32_t timeout)

void eeprom_data_write() & E AL fiik

/**

* @brief write data to eeprom.

* @param hi2c: the handle points to the operation information.

* @param mode: i2¢ transfer mode.

* - EE_MODE_POLL: transmits data through polling mode.
* - EE_MODE_INT: transmits data through interrupt mode.
* - EE_MODE_DMA: transmits data through dma mode.

* @param address: eeprom address.

* @param mem_address: eeprom memory address.

* @param pdata: data buffer.

* @param number: the number of data to be transferred.

* @param timeout: maximum waiting time.

* @retval i2c status.

*/

i2c_status_type eeprom_data_write(i2c_handle_type* hi2c, eeprom_i2c_mode_type mode,
uint16_t address, uint16_t mem_address, uint8_t* pdata, uint16_t number, uint32_t timeout)

# 69T
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4.13.5 THREIE

B SGETIER, 5N EdEAE R LCD B o eeprom write/read ok
B RiEW AR, LCD B2 R eeprom write/read error

& 37. SZIGRR

EEPROM Test ‘ i
eeprom write/read ok

thernet

E 6D
_—~ P2
- - oND .

Y ~  RGB_LED
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4.14 | TFT LCD &/

4.14.1 f&fr

TFT LCD ¥ S B 2 I Ay A8 BV T s B, TRT MRS B M R AR T DB s, DRI A1
SRR RAL,  FF AT DLESRE ], XA T Sos R BGE L, I8 [ AT LORS B ) s by, P
PATFT ORI OO . TRT MRS BonBRIAS R2 e aF . XTELRE R . R OERGR . Pt fE, (Hib

AR U BRA L R AN A2 -

AT32 SUFR ## T —A 3.5 ~J'f) TFT LCD W&o he, 70 #i% 0y 480*320, i#id 4k XMC iE#: .

4.14.2 BIEHER

[ IR TLESYN-
wof B P2 i B2 ) AT-SURF-F437 Board
B ORI

AT32F435_437_Firmware_Library V2.x.x\project\at_sufr_f437\examplesitft_Icd

4.14.3 W

AR RGE I RIBEAF SR TFT LCD WA o 5. PCA9S55 10 §™ et Fry X LA 51N R »

* 15. BARFERA
S PIN Name SR ThER &/
1 PGO XMC_A10
2 PD14 XMC_DO
3 PD15 XMC_D1
4 PDO XMC_D2
5 PD1 XMC_D3
6 PE7 XMC_D4
7 PE8 XMC_D5
8 PE9 XMC_D6
9 PE10 XMC_D7
10 PE11 XMC_D8
11 PE12 XMC_D9
12 PE13 XMC_D10
13 PE14 XMC_D11
14 PE15 XMC_D12
15 PDS8 XMC_D13
16 PD9 XMC_D14
17 PD10 XMC_D15
18 PD7 XMC_NE1
19 PD5 XMC_NWE
20 PD4 XMC_NOE
21 NRST NRST LCDE AL
% 16. PCA9555 1 /i
WS PIN Name 5 HTheR &/
1 100_0 LCD_BL_CTRL LCDE Otz
2022922 T BETMRA - - FRZ 2.0.3
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X 7 () HE B i S
& 38. TFT LCD H.i%F ¥ &
CN2
PD7/XMC NEI 1 2 PGO/XMC_A10
PD5/XMC NWE 3| LCD_CS LCD RS 7 PD4/XMC NOE
NRST aR12_ LCD RST 5| WR/CLK LCD_RD g PD14/XMC_DO
470R PDI5/XMC DI 7] RST DBO 73 PDOXMC D2
PD1/XMC D3 9| DBI DB2 g PE7/XMC D4
v PER/XMC_D5 11| DB3 DB4 M b rorxmc 6
= PE1O/XMC D7 13| DBS DB6 77 PEI1/XMC D8
PE12/XMC D9 15 DB7 DBS 16 PE13/XMC D10
PE14/XMC D11 17 gg?l gg}g 18 PEIS/XMC DI2
R13 PD8/XMC D13 19 20 PDY/XMC D14
10K PDLOXMC DIS 21 ggg ]?]EI:J]S 22 |||.(~.ND
100 0/BL_CTRL 23 24
Default: Backlight ON 1 25| BL VDD3.3 75¢ f3v3
) | +3V1 27 VDD3.3 GND 28 )
Gr\DII|| PG7/TP_RES 29 | GND BL_VDD 755 R55 OR tsv
PE3/TP INT 31 TP_RES TP_SDA 32
PDLI/TP RST 33 | TP_INT NC 57X
TP RST TP CLK
Header 17X2 PB7/12C1 SDA__R14 \W\gLTK T—{—svs
TFT _LCD Module PBO/2CI SCL_ R15, 47K
&l 39. PCA9555 Hi, % J5 3 ]
+3V3 +3V3
GND| II——I Iﬂ&o
0.1uF
R88
10K U21
PCA9555PW
PG3/10 EXP INT _RR89,,470R 1 24
R9Q, JOK 2 ET \S/gg 23 12C2 SDA
R9 0K 3 22 12C2 SCL
GNDt | A2 SCL
100 O/BL CTRL ___4 21 0K ||IGND
100 _I/EMAC PDN___ 5 }88—(1] IOlAg 20E (
100 2/PA-CTRL 6 100 2 10176 19 OTG2 PWR SW
100 3/Card_detect 7 100 3 10175 18 OTG1 PWR SW
100 4/BUZZ 8 100_4 101—4 17 101 2/JOT LT
100 _5/DVP_PD 9 10075 10173 16 101 4/JOY _CT
100 6/SPI EX EN 10 100 101 2 15 101 3/JOY DN
:E“ 00_6 O1_ 14 101 1/JOY RT
12| 100_7 101_1 13 101 0/JOY_UP
VSS 101 0
——  Default 12C Address: 0100 000
GND
4.14.4 HHEEIF
1) TFTLCD iz
B Yk TFT LCD
B (5B EIRME LCD Bk
2) AREAH
B main REACIS IR
‘ int main(void)
S S L5 7 1 | IS S S L] -
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uint8_t step = 0;

I VIR RS B ¥

system_clock_config();

I* B s a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS R E */
delay_init();

I* #luE1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

while(1)
{
I+ AR WoRE e+
switch(step)
{
case 0: Icd_clear(WHITE ); break;
case 1: lcd_clear(BLUE ); break;
case 2: lcd_clear(BRED ); break;
case 3: lcd_clear(GBLUE ); break;
case 4: lcd_clear(RED ); break;
case 5: Icd_clear(BRRED ); break;
case 6: lcd_clear(GREEN ); break;
case 7: lcd_clear(YELLOW); break;
default: step = 0; break;

I BRER Y
lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"TFT LCD Test");
lcd_string_show(10, 60, 200, 24, 24, (uint8_t *)"2021-01-20");

step++;
if(step ==7)
{

step = 0;
}

delay_ms(1000);
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B void lcd_init(void) & Ff SR ik
[
* @brief initialization Icd screen
* @param direction: display direction
* @retval none
*/
void lcd_direction(uint8_t direction)

4.14.5 TEIIE

B /£ LCD ff LRRER, M — R ERE R

40. LR

car|b

lﬂ_—q ceay | 5

€771 €78

PWM_DAC 53
- CI6hw
o
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415 ZH SD Ei&EiR
4.15.1 &

SD ffifi Rt —Ff e T2 AR I IZ A BB — iz s, T edBlh. B LA R,
AR SR OL RIRRIE . 8 R 1R E

SD KA FHLER. ZRZ. SanDisk 1999 kS HfEH, LI MPEAEH MMC KK, HT
HAEMMC +, SD RIEING —EArUER I, RTINS, HEF SD R,

iR SD RAUSUMI B P HLIE TR, AR ARG ZE 0 L1 B SD REHT BRI S sial bl 1, (HAZ IR
SD R HTmMEAE, ZRehl TR, 84 SD P BRI 7 B AT A SO Rk, B
ARSI I TSRS, &SR HLI S RS IR 2 Ll FatFS. ThreadX FileX. RL-
FlashFS. FreeRTOS FAT.

AT IR demo FERIE FatFS, FatFS & —ANNUFFRI SO RS, W H TR
RS FAT U RSE, FatFS 784 B 10 2, AMOBIEL-F &, &) DL R B PRIV
NG A

AT32-SUFR ## T —~ SD &, AT32F437 i#jd SDIO #2141 SD < .

4.15.2 BIFHES

L IR TIESINE
Xof 277 i B (1) AT-SURF-F437 Board
BRI
AT32F435_ 437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\sd_card

4.15.3 W%
ARG F g %R TFT LCD WAk Bon Bt SD &, SN IS BT
R A7. BHBEHEH

R PIN Name SR TER E- 323
1 PB4 SDIO_DO SDR##E 5| |0
2 PC9 SDIO_D1 SD-R¥iE 5l 11
3 PC10 SDIO_D2 SD-R¥iE 5| 2
4 PC11 SDIO_D3 SD-R¥fE 5 13
5 PC12 SDIO_CLK SD-R I £ 5]
6 PD2 SDIO_CMD SDRA4 51

7 18. PCA9555 i F

wWe PIN Name 5 Thee B e

1 100 3 Card_detect SD-RAM 5]
XTI ) R i BRI TS
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K 41. SD FH % FHEE
+3V3
I I I ° T C52 H.[LLLLL“'.GND
2R32 2R33 R34 IR35 2RI6 2R37
T47K 747K T47K T47K T47K T47K
[ CN4
PC10/SDIOT D2/USART3 TX 1
PC11/SDIOT D3/USART3 RX 2 gA}-Az 3
PD2/SDIOT CMD/UARTS RX ® 3 CBISATA
4
. R VDD
PC12/SDIO1 CK/UARTS TX 2 CLK
e VSS
PB4/SDIO1_DO 7
PCY/SDIO1 DI ¢ ® 8 DATAO
100 3/Card_detect . 9| DATAI
10 Cd
T VSS
5] VSS
3] VSs
VSS
D Micro_SD Card socket
42. PCA9555 Hi & 5 3 /&
+3V3 +3V3
GND1| |H IQL»
0.1uF
R88
10K U21
PCA9555PW
PG3/10 EXP INT __RR9, ,470R 1 24
RO\ JOK 2 PH:;T \SJBR 23 12C2 SDA
R9},, 10K 3 22 12 scL
GNDt| A2 SCL
100 0/BL CTRL 4 21 0K
=1 1000 A0 55 |'GND
100 1/EMAC PDN 100 1 01 7 e
100 2/PA-CTRL 6 100 2 1016 19 0TG2 PWR_SW
100 3/Card detect 7 100" 01— 18 OTG1 PWR SW
100 4/BUZZ 8 00_3 O1_5 17 101 2/JOT LT
100 5/DVP PD 9 }08—4 %01—4 16 101 4/JOY CT
100 6/SPT EX EN 10 00_5 013 15 101 3/JOY DN
:5“ 100_6 101_2 14 [01 1/JOY RT
12 100_7 I01_1 13 101 _0/JOY _UP
VSS I01_0
"= Default I2C Address: 0100 000
GND
4.15.4 HHEwIT
1) SD &Mk
B YiHtk TFTLCD
B Y46tk SD k
B X SD RiE
B {5 ESORTE LCD Bt b
2) AREAH
B main KEARILHER
S S L5 7 1 | IS S S L] -
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int main(void)
{
FRESULT ret;
UINT bytes_written = 0;
UINT bytes_read = 0;
DWORD fre_clust, fre_sect, tot_sect;
FATFS* pt_fs;

I* VIR R G B ¥/

system_clock_config();

I* WG R AR S e
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* HIEEACIERS B E ¥/
delay_init();

I* #luE1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

¥ BoR{E R
lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"SD Card Test");

* SD R UK fatfs LI RGHIMEL */
if(file_system_init() == SUCCESS)
{
Icd_string_show(10, 55, 200, 24, 24, (uint8_t *)"sd card init ok");
}

else

{
Icd_string_show(10, 55, 200, 24, 24, (uint8_t *)"sd card init error");

}

I ATIFSCHE, AR BAT B A 2
if((ret = f_open(&file, flename, FA_READ | FA_WRITE | FA_CREATE_ALWAYS)) != 0)
{

error_handler(ret);

}

I HEHERIC
if((ret = f_write(&file, write_buf, sizeof(write_buf), &bytes_written)) != 0)
{

error_handler(ret);

}

I* RENSCAHEE BRI AL Y

2022.9.22 ®/ITH JRZs 2.0.3
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f_Iseek(&file, 0);

I W SCAF BRI ¥/
if((ret = f_read(&file, read_buf, sizeof(read_buf), &bytes_read)) != 0)
{

error_handler(ret);

}

I* RASCAR
if((ret = f_close(&file)) 1= 0)

{
error_handler(ret);

}

pt_fs = &fs;

I* SRER LA T A 8]/
ret = f_getfree("1:", &fre_clust, &pt_fs);

if(ret == FR_OK)

{
[+ SREUR AL ARG R 3 B CRAL XD ¥
tot_sect = (pt_fs->n_fatent - 2) * pt_fs->csize;
fre_sect = fre_clust * pt_fs->csize;

P
tot_sect = tot_sect * 512/ 1024 / 1024;
fre_sect = fre_sect * 512 /1024 / 1024;

I SRR E Y
Icd_string_show(10, 100, 300, 24, 24, (uint8_t *)"card capacity: MB");
Icd_num_show(182, 100, 200, 24, 24, tot_sect, 1);

I RIRFIRAE
Icd_string_show(10, 130, 300, 24, 24, (uint8_t *)"free capacity: MB");
lcd_num_show(182, 130, 200, 24, 24, fre_sect, 1);

[ R TAEX ¥/
ret =f _mount(NULL, "1:", 1);

I* XS N A
if(buffer_compare((uint8_t*)read_buf, (uint8_t*)write_buf, sizeof(write_buf)) == 0)
{
Icd_string_show(10, 175, 310, 24, 24, (uint8_t *)"file write/read ok");
}

2022.9.22
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else
{
Icd_string_show(10, 175, 310, 24, 24, (uint8_t *)"file write/read fail");
}
while(1)
{
}
}
4.15.5 TFEIGE
B X SD K5 i, FERER S SO S SRR
B /£ LCD B L ER(E)
& 43. SLHBE
SD Card Test
sd card init ok
card capacity:3346 MB
free capacity: 3222 MB
file write/read ok
2022.9.22 - - % 79 - = k203
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4.16 £ OTG MR
4.16.1 fEifr

AT32F437 i& Fr NS AN AL OTGFS #idl, SrRpfditet. Kam. Wkl [E 2444,

OTGFS #itt 1 OTGFS controller. W EYFLZE (PHY) LA 1280 75 SRAM ZH 1.

OTGFS /& USB & X thix# (DRD) 4%, i ID LHPIRAFER OTGFS NENIL R B X
ID Zk77S), OTGFS 1A%+, 4 ID Zdthiy, OTGFS HNFEHL. OTG PHY NE&E | 1.5KQ Fi

HLRELAT 15KQ R rERE, DA R U (B4 7 2

OTGFS fF e, SCHF 1 AXUAE R £, 7 A IN Sy 74> OUT S il O ENLR, S0FF 16

A EHLIEIE.
OTGFS CHFHfEta, #AHEH S OTGFS 418 .

OTGFS fE & &I, NFTA OUT s Bt — M4t —1 FIFO 2247, AN IN ¥ s % H 2 e — AN 5
] FIFO 22475 OTGFS fEATNLN, NArEEZIEE DB | — N E— IR FIFO, AFTAHER
HAME ROEIEE D BC— DN — 1 K& FIFO, AATA I EAYE Kik@iE s fic— N5 — K1k FIFO.
OTGFS S HiH:A M, 7EmH ol 145 % 1792 (OTGFS_PCGCCTL)/ STOPPCLK fr &5, 4iks:
3ms KULFD LS 5K, OTGFS &t AEitis; OTGFS i&n] LUEIIAC E OTGFS i A i 45 id
7517 % (OTGFS_GCCFG){) LP_MODE i PHY B, AT ik 5 ML S RE AR .

ABIREER T OTG SEHLEA A LI ThRE, AN 75 e USB £ki%d SUFR #i ¥ OTG1 #1H

GBSV

4.16.2 BIFHER
B ERIA
XF NP i 5 ) AT-SURF-F437 Board
BRI
AT32F435_ 437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\otg

4.16.3 WEF¥TTH
A ZBEH R RELEEYEA TFT LCD W Sh o~ BF . USB A&, X5 BT
R 19. BEHEFIRMLEH

p- = PIN Name AR ThEE &1
1 PAL1l OTG1_FS DM
2 PA12 OTG1_FS DP
3 PA9 OTG1_FS_VBUS
XF N2 PP B B B A T

2022.9.22 & 80|
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4.16.4

2022.9.22

B 44. OTG Hi%EH &

+5V

D3 R65
BZX584C2V4-V-G-08 1K
OTGL PWR SW ’\ [ Las
C ¢ = T si2301
VElUFSI
[ WL ||-GND
PA9/UARTI TX/OTGI FS VBUS  R114,,WNC o )\ olo
u1s 1 oo
PALI/OTGL FS D- _R69 ,\22R 6 1 OTGL TS D- 2 VBUS wi
b 101 101 OTG1 FS D+ 3 D-
— D+ CN9
5 2
G| {-S29] JO LuF VBUSGND 1D
PA12/OTGl FS D+ R72 4 3 * GND & &
JOTG] Fr w228 102 102 N
USBLC6-2SC6
PALO/UARTL RX/OTGL FS ID A OTGL TS ID
R74 47K =

Bt
1) OTG ik
B ¥)ihtk OTG

B PC i KiEHIEE] SUFR R
B Y SUFR BZIREIEIR S, 78 LCD Bt b WU 2 5
B AREERIEENE R dEE PC

2) RN
B main KEACITHEIR

int main(void)

{

uint16_t data_len;
uint32_t timeout;

delay_init();

I* ¥4k LCD */

I* WAL RGeS B/

system_clock_config();

I* VIR IERS s % */

uint8_t send_zero packet = 0;

I* FIgsAe i e a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

lcd_init(LCD_DISPLAY_VERTICAL);

WA= 2.0.3
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I* ¥Rtk otg */
otg_init();

PSR

Icd_string_show(10, 20, 300, 24, 24, (uint8_t *)"OTG Test");

PSR

Icd_string_show(10, 50, 300, 24, 24, (uint8_t *)"Virtual Serial Port");

while(1)
{
I SRR R B

data_len = usb_vcp_get rxdata(&otg_core_struct.dev, usb_buffer);

if(data_len > 0 || send_zero_packet == 1)
{
I RN R R
Icd_fill(10, 80, 300, 140, WHITE);
Icd_string_show(10, 80, 300, 24, 24, (uint8_t *)"Receive data:");
Icd_string_show(10, 110, 300, 24, 24, usb_buffer);

if(data_len > 0)
send_zero_packet = 1;

if(data_len == 0)
send_zero_packet = 0;

timeout = 5000000;

do

{
I RIEE AR ENL ¥
iflusb_vcp_send_data(&otg_core_struct.dev, usb_buffer, data_len) == SUCCESS)
{

break;

}

twhile(timeout --);

B void otg_init(void)s& £/ ik
[
* @brief otg init.
* @param none.
* @retval none.
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¥/
void otg_init(void)

4.16.5 FHHIE
B PC il & O BhFKkiE “Artery 2022”7 F] SUFR #R.
B YRREIEIES, fE LCD 5 b BRI EEE
B )5 SUFR R R EdE “Artery 20227 % i% %] PC.

F 45. PC %58 OB

#5i XCOM v2.6 - O ®
prtery 7072 | 3 Port
COME 7 USE ~
Baud rate
Stop bits |1 L
Data bits & LY
Farity Fone L

Operation @ Cloze

Save Data || Clear Data

[] Hex [] TR
[ Errs

[JTimeStamp 1000 o

Single Send Multi Send Frotocol Transmit Help

Art 2022

Clear Send

2022.9.22
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& 46. SUFR R %

0TG Test
Virtual Serial Port

Receive data:
Artery 2022

1580 1% CNHG0N 8 SWEW M 60 40 S0 €0 Wisy M 8
©900ND® +1ZW 010 80 50 40 20 00 05

08 0 ves

% 84 = A 203
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4.17 | SDRAM i
4.17.1 &

SDRAM 15t 2 [0 s &S BEHLAA I N AE, ETHENLRE R T T 2R . 7R3 5 HLNH T SRAM Al
SDRAM #EH T4 & MCU W71#, JE% SDRAM AT KRAEY &, M SRAM H T/NEEY JE.

FHLET SRAM, SDRAM i KA FELZ U MBS A dr 2 AL, 1 SRAM 7] LE V5, LA SDRAM
TR — 2 N AT RHT 78 B A BECRAZE I, BB S VE %, 1 SRAM AT L 3T th 56 £ A7 2

i
SDRAM TEEHUFIE NI fF B e Rk ar & . i d. md. 5mesE, BAmMiEs%
SDRAM it F H 548 -4t -
# 20. SDRAM #1 SRAM #F S5t

wmS SDRAM SRAM

1 TR (Fke4ms) AN R IR 7 v

2 M AREE, AR K i &, 2R/

3 DIFERAR B

5 A bankALi Tebank#H L

5 P 752 44 P ] 2

SUFR ##k 7 —5i SDRAM &5, %54 WO825G6KH-6, AN 32M F47, Hdf s fEN 16 i,
BT XMC #H0f1 MCU %2, 76 288M T4 ~, SDRAM I 44 288 / 3= 96MHz.

4.17.2 BIRER

L IR TIESINE
Xif 7 i 5 ) AT-SURF-F437 Board
BRI
AT32F435_437_Firmware_Library V2.x.x\project\at_sufr_f437\examples\sdram

4.17.3 AT

AZGE TR TFT LCD W ah Wbt . W9825G6KH-6 SDRAM it -, XJ B i 5| i T

& 21. BAEREAEA
WS PIN Name AR TEk HIE
1 PD14 XMC_DO
2 PD15 XMC_D1
3 PDO XMC_D2
4 PD1 XMC_D3
5 PE7 XMC_D4
6 PES XMC_D5
7 PE9 XMC_D6
8 PE10 XMC_D7
9 PE11 XMC_D8
10 PE12 XMC_D9
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WS PIN Name SR ThBE P
11 PE13 XMC_D10 -
12 PE14 XMC_D11 .
13 PE15 XMC_D12 -
14 PD8 XMC_D13 .
15 PD9 XMC_D14 .
16 PD10 XMC_D15 -
17 PFO XMC_AO -
18 PF1 XMC_A1 -
19 PF2 XMC_A2 -
20 PF3 XMC_A3 -
21 PF4 XMC_A4 ]
22 PF5 XMC_A5 .
23 PF12 XMC_A6 .
24 PF13 XMC_A7 -
25 PF14 XMC_A8 -
26 PF15 XMC_A9 .
27 PGO XMC_A10 -
28 PG1 XMC_A11 -
29 PG2 XMC_A12 -
30 PC3 XMC_SDCKEO -
31 PGS XMC_SDCLK -
32 PC2 XMC_SDNEO -
33 PCO XMC_SDNWE -
34 PG15 XMC_SDNCAS -
35 PF11 XMC_SDNRAS -
36 PG4 XMC_SDBAO -
37 PG5 XMC_SDBA1 -
38 PEO XMC_NBLO -
39 PE1 XMC_NBL1 -

X I P R SR AR
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& 47. SDRAM H %5 E

+E\13
) o vt IO P )] L=
PC3I/XMC SDCKEOD ;g CKE g g E gggé’
PGR/XMC SDCLK CLK gggg
PC2XMC SDNEQ 19 4(}; ¢
PCO/XMC SDNWE 16 \CMSE NC
PGISXMC SDNCAS 17 15 PEO/XMC NBLO
PF1I/XMC_SDNRAS 18 gig SQQME 39 PEL/XMC NBLI
PEOXMC_AQ 23 2 PDI4XMC DO
PEL/XMC Al 24 i? EQ? 4 PDISXMC DI
PELXMC_A2 25 Q 5 PDOXMC D2
PE3/XMC_A3 26| A2 bQ2 1 PDI/XMC_D3
PF4/XMC A4 29 A3 DQ3 g PET/XMC D4
PES/XMC_AS 30 | A4 DQ4 T PES/XMC D5
PFI2/XMC A6 31| A DQ5 I PEY/XMC D6
PF13/XMC A7 32| A6 DQ6 73 FEI0/XMC D7
PF14/XMC A8 33| A7 DQ7 42 PEL1/XMC D&
PF15/XMC A9 34| A8 DQ8 73 PEI1Z/XMC D9
PGOXMC ALD 2| A9 DQY 1745 PE13/XMC D10
PGUXMC All 35| AlO DQI0 7 PE14/XMC D11
PGUXMC _A12 36 | All DQIT g PEIS/XMC D12
Al2 EQg 50 pDS/XMC D13
PG4/XMC_SDBAD 20 Q 51 PDY/XMC D14
PGS/ XMC _SDBAL 21 Ei? oo gg%;‘ 53 PDIOXMC D15
muUmwmUmumTmwn
muUmwmwmmTmwn
g
UG
Wwog25GeKH-6 =312 |1F
GND

4.17.4 HEE
1) SDRAM jllig
B YUtk TFTLCD
B Y41t SDRAM
B 5¥#E% SDRAM
B )\ SDRAM 4k
B {5 EE/RTE LCD B I
2) REEAH
B main REARIS A

int main(void)

{

uint16_ti;

I* VIR RS B ¥/

system_clock_config();

I* At e oA ¥
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nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASERS R 2 */
delay_init();

I* ¥kt LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

[* initialize sdram */
sdram_init();

VN =

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"SDRAM Test");

I* Wi EEE
for(i = 0; i < BUF_SIZE; i++)
{

write_buf[i] = i;

}

I* 5%#E%] SDRAM */
sdram_data_write(0, write_buf, BUF_SIZE);

/* ). SDRAM BLEUHE */
sdram_data_read(0, read_buf, BUF_SIZE);

[ 5 P AT S N A
if(buffer_compare((uint8_t *)write_buf, (uint8_t *)read_buf, BUF_SIZE * 2) == 0)
{

Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"sdram write/read ok");

}

else

{
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"sdram write/read ok");

}

while(1)

B void sdram_init(void)e& E AL ik
/**
* @brief init sdram interface
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* @param none
* @retval none
*/

void sdram_init(void)

B sdram_data_write FRECAL IR

[
* @brief writes a half-word buffer to the sdram memaory.
* @param pbuffer : pointer to buffer.
* @param writeaddr : sdram memory internal address from which the data will be
* written.
* @param numbhalfwordtowrite : number of half-words to write.
* @retval none
*/
void sdram_data_write(uint32_t writeaddr, uint16_t* pbuffer, uint32_t numhalfwordtowrite)

B sdram_data_read s RS HER

=
* @brief reads a block of data from the sdram.
* @param pbuffer : pointer to the buffer that receives the data read from the
* sdram memory.
* @param readaddr : sdram memory internal address to read from.
* @param numbhalfwordtoread : number of half-words to read.
* @retval none
*/

void sdram_data_read(uint32_t readaddr, uint16_t* pbuffer, uint32_t numhalfwordtoread)

4.17.5 TEHIEAE

2022.9.22

¥ 453 SDRAM
M SDRAM &%
X EL S ECRN BN B 2 A, K5 SR oRTE LCD Bt b
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& 48. LERE

INOATT_ YT 3T o0

SDRAM Test
sdram write/read ok

e
TR

i
o

v §

ee9c103
B-0r92
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4.18 B aibEik
4.18.1 faifr

CLANRESE R — AL AR g, BAPITINRE 198 TIARIR. ARSI =, W T A as g
o LLAMERE IR R AL AMD O BAR AT AR MR, Ak il i 21 A A S 8 e i 22 1 i )
RILLAME, o il LM — B RN ZL A, SR I SRS 2 o

FERL 25Tl R ST 2D ANE 12 SR B AL, N DXOAE T LAt Z0AME S5 A 2L 5h g 5 Bl
A NEC. Philips RC5, 4R AT LM H & LA ARG, A RGIRE 8 4040 bS 2y NEC 2w
.

NEC il /44

AL AR A

B IR A AT #0 T BT AR HEE AR 0L, R IRAIAE 0N Oms IR T+4.5ms = HLT,  WURFGBEFF %
N RA R, TR AR EE W, ER WY Oms fIKHT+2.25ms = HLT

&l 49. NEC B 4L5

9ms : 4 5ms

1 1
L= o i |
I'". Pl ™ II
: start code :
I
9ms ‘_!/2.25ms..‘

-——f -

|
|
repeat code :

(AL
0 f&4: Wy 1.12ms, fIRHL-FIS IRy 560us, & LTI E] D 560us;
1 A&%0: JDy 2.25ms, AL 8]0 560us, LTI E] Y 1690us.

&l 50. NEC fri&aitg =X,

560us 1 560us ' 560us i 1690us
- e, ’I"H o - S o

bit 0 : bit 1 : bit 0

“‘N‘
—_— M _

ik 3
H— Mtz 20, R+ bk + b S i+ iy & +air & B PU A5, Herhstuhik S i A i S b
RIR KA 15 1R QRGN KReFIFE 110ms A 5 = it
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B 51. NEC $iE miiss =X

start code address address cmd cmd repeat code

| 110ms J
1

<
<

IRE FP A P R I 2 PO N AR R T RE DN &R PP S8 B, AT T 0l

4.18.2 BIFHSE

L IR TICSINE
Xt R i LS 1) AT-SURF-F437 Board

BRI
AT32F435_437_Firmware_Library_V2.x.x\project\at_sufr_f437\examples\infrared_receiver

4.18.3 MWEF¥TTH

ARG B REA B U5 TFT LCD Wi fh 2os 5. IRM-56384 ZLAMEk, Xf R 51 AN T

R 22, EHEFIRMLEH
W5 PIN Name AP ThER £
1 PC8 TMR3_CH3 FHF 5 A Fi 3R
X N ) HE S TR PR AN R
E 52. 4 bhEl iR EE
13V3
u22
R102 ==C105 IRM-56384
10K 10uF| 5
, Vs
PC&/DVP D2/IR RX R]ﬂ' 70R é OUT *};
GND
GI:JD

4.18.4 B

1) oA
B Wi TFTLCD
B WAtk TMR HIFHdkME 5
B (S S EIRTE LCD bE L
2) MR
B main X EAUID IR
int main(void)

{

uint8_t key_value;
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I* VIR RS B ¥/

system_clock_config();

I* WIgEA R AR e g o2 */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS BRI 2 */
delay_init();

I* ¥luEtk LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* MR LA
infrared_receiver_init();

VN =

Icd_string_show(10, 20, 200, 24, 24, (uint8_t *)"Infrared receiver Test");

while(1)
{
I* LLAMEHBEEREL ¥/
if(infrared_receiver_key_get(&key_value) == SUCCESS)
{
T 32 1R AR
Icd_string_show(10, 90, 310, 24, 24, (uint8_t *)'key address: ");
lcd_num_show(178, 90, 310, 24, 24, (uint8_t)(key_value >> 8), 3);

Icd_string_show(10, 120, 310, 24, 24, (uint8_t *)"key cmd: ")
led_num_show(178, 120, 310, 24, 24, (uint8_t)(key_value & OxFF), 3);

B void infrared_receiver_init(void) & L5tk

[
* @brief infrared receiver init.
* @param none.
* @retval none.
*/

void infrared_receiver_init(void)

B error_status infrared_receiver_key get(uint16_t *val)p& /g iR

/**

% 93|
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* @brief getinfrared key.
* @param the pointer of key value.
* @retval error_status.
*/
error_status infrared_ receiver_key_get(uint16_t *val)

4.18.5 TEIIE

B VRt TMR A T o
W ARG MRk H L
mREIE RS, R B R aRfE LCD B B

& 53. ERAR

Infrared receiver

key address: 000
key emd: 152
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4.19 ZH RIIFEEN
4.19.1 i

AT32F437 %% MCU TAEHEEHEN 2.6V % 3.6V, N T F#IKIIFE, $24E T =P i ——HEAR
B, PR PERERRAE AR MU L, A P ) DAZE CPU I8 AT I [A) BEaK . Sl BRI DI FE AT Hr h . =
PR DAL N DIFEAR IRy MRAIRASE 0> V% B B AR A 20> A LR 2

4.19.2 BIFH%
U BRI ZS-
Xt P2 LS () AT-SURF-F437 Board
B IR
AT32F435_437_Firmware_Library V2.x.x\project\at_sufr_f437\examples\low_power_mode

4.19.3 BEMH&TT
AR G5 PR PO R 4 VAT 7 /ST 45, XSG 51 A F -

x 23. BHRREMEH
WS PIN Name A ThRE &

1 PAO EXINTZ:0 Tk, FHTeBRR DR

X IV ) FEL SR T
54. 548 g R A

PAOKEY! R98 \AAZOR l ' V3
R100 Bl

10K T =—=Cl04
) 0.1uF

4.19.4 BT

1) ARIAEN
B R EBERC B R EXINT BT RSl Ac i sk, T me R IR T A5 X
B MCU AR FERI
BN IR R AR T FER
2) RS
B main RERIE R
int main(void)

{

I VIR R G B ¥/

system_clock_config();
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I Wits i se g a4+
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS R E */
delay_init();

I* ¥kt LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I WIS B (Hsk 2) ¥
wakeup_pin_init();

I* g PWC B8R */
crm_periph_clock_enable(CRM_PWC_PERIPH_CLOCK, TRUE);

PORRES

Icd_string_show(5, 20, 310, 24, 24, (uint8_t *)"Low power mode test");

/¥ FEIR 1 Fb ¥/
delay_ms(1000);

#if defined TEST_SLEEP_MODE

I BoRfER
Icd_string_show(5, 60, 310, 24, 24, (uint8_t *)"Enter sleep mode");
lcd_string_show(5, 90, 310, 24, 24, (uint8_t *)"Prese button 2 to wakeup");

/¥ 3k sleep fz */
pwc_sleep_mode_enter(PWC_SLEEP_ENTER_WFI);

I* M\ sleep FEUnkfg */
Icd_string_show(5, 140, 310, 24, 24, (uint8_t *)"Wakeup from sleep mode");

#elif defined TEST_DEEPSLEEP_MODE
PR
Icd_string_show(5, 60, 310, 24, 24, (uint8_t *)"Enter deepsleep mode");

Icd_string_show(5, 90, 310, 24, 24, (uint8_t *)"Prese button 2 to wakeup");

[* BLE LDO &= */
pwc_voltage_regulate_set(PWC_REGULATOR_LOW_POWER);

I* # N deepsleep #i= */
pwc_deep sleep_mode _enter(PWC_DEEP_SLEEP_ENTER_WFI);
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I* VIR R G B ¥/

system_clock_config();

I* M deepsleep 1 Mafif *
Icd_string_show(5, 140, 310, 24, 24, (uint8_t *)"Wakeup from deepsleep mode");

#endif

while(1)
{

B void wakeup_pin_init(void) & $o i ik

/**

* @brief wakeup pin init.
* @param none.
* @retval none.
*/
void wakeup_pin_init(void)

4.19.5 FEHEIE

B fE R e AR
B G 2 4% T I MR FE AR s i

& 55. SERAR

Low power mode test

Enter sleep mode
Prese key 1 to wakeup

Wakeup from sleep mode
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420 | QSPIFLASH &
4.20.1 f&ifr

QSPI (Quad SPD 72—~ 6 ki) SPI, HHfy 4 WL AL, HIL TSR 4 2641 SPI (2 1R
FEARLD, R FARKIE R 4 2 SPI Y 4 £%, BTLL QSPI FLASH #HEE T4 4l 4 Z:4fi] SPI
FLASH s o KZ4H 4 15145 (SEbr LiAAR], TELEBRmGLSFET). 54 QSPI T By
J& MCU 1) FLASH H T 1817/ 7,

AT32 SUFR 4k T —Bi% = 4y W25Q128JVSIQ ff) FLASH, % FLASH [f)%5 5 % 16M byte.

4.20.2 BIEHER
L LS8
Sof V7 i 75 [ AT-SURF-F437 Board

BRI
AT32F435_437_Firmware_Library V2.x.x\project\at_sufr_f437\examples\gspi_flash

4.20.3 ¥

AZHE B TTRE TFT LCD WAk s Bf . W25Q128JVSIQ FLASH & f, XL 5| B4 T

*x 24. BARFERA
w5 PIN Name S EThER B
1 PF10 QSPI1_CLK I A 5]
2 PG6 QSPI1_NSS vl il
3 PF8 QSPI1_DO ¥k 510
4 PF9 QSPI1_D1 s 5 L
5 PF7 QSPI1_D2 s 5 |2
6 PF6 QSPI1_D3 HHf 513
X I () HE B R B G T

& 56. QSPI FLASH H % EEE

+3V

3
PG6/QSPI1 NSS R16 ,..33R 1 P ] 1—|C49 I—U—L""F—|I||GND
10/()% b A
PF9/QSPIL 101 RI7, 2 gf’) 101 VI((?)(; 7 R18 A 33R PF6/QSPIL 103
PE7/QSPIL 102 R19 3 [02( ) CLK 6 R20 \\p 23R PF10/QSPI1 SCK
4 5 R21 . Aa33R PF$/QSPIL_100
] GND DI(100) Wy

W25Q128JVSIQ

GND

4.20.4 BT

1) QSPIFLASH i
B Y44 TFT LCD
B ¥iHi QSPI FLASH
B 5¥dEE) QSPI FLASH
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® )\ QSPI FLASH ¥

B 5 EEIRTE LCD B L
2) AR

B main &S IA

int main(void)

{
uint16_ti;

I VIR R G B ¥/

system_clock_config();

I* WG R AR e e
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* HIEEACIERS B E ¥/
delay_init();

I* #luE1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* ¥liEtk QSPI FLASH */
gspi_flash_init();

VN YW

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"QSPI Flash Test");

I* VIEEE */
for(i = 0; i < BUF_SIZE; i++)
{
write_buf[i] = i % 256;
}

I YERREIX 0%/
gspi_flash_erase(0);

I* 5% 3] QSPI FLASH */
gspi_flash_data_write(0, write_buf, BUF_SIZE);

/* M QSPI FLASH i */
gspi_flash_data_read(0, read_buf, BUF_SIZE);

[* %FEeE AN B N e/
if(buffer_compare(write_buf, read_buf, BUF_SIZE) == 0)
{
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"flash write/read ok");

2022.9.22 # 99| JRZs 2.0.3
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}

else

{
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"flash write/read ok");

}

while(1)
{

m  void gspi_flash_init(void)e& F AL filiik

[
* @brief initializes quad spi flash.
* @param none
* @retval none
*/

void gspi_flash_init(void)

B void gspi_flash_data_write(uint32_t addr, uint8_t* buf, uint32_t total_len) & Zf Lo ifiidk

=
* @brief qspi flash write data
* @param addr: the address for write
* @param total_len: the length for write
* @param buf: the pointer for write data
* @retval none
*/
void gspi_flash_data_write(uint32_t addr, uint8_t* buf, uint32_t total_len)

B void gspi_flash_data_read(uint32_t addr, uint8_t* buf, uint32_t total_len) & £ CHS ik

[
* @brief qspi flash read data
* @param addr: the address for read
* @param total_len: the length for read
* @param buf: the pointer for read data
* @retval none
*/
void gspi_flash_data_read(uint32_t addr, uint8_t* buf, uint32_t total_len)

B void gspi_flash_erase(uint32_t sec_addr) & iS4

/**
* @brief qspi flash erase data
* @param sec_addr: the sector address for erase
* @retval none

& 100 | R4 2.0.3
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*/
void gspi_flash_erase(uint32_t sec_addr)

4.20.5 TEIIE

2022.9.22

B ¥#E 3] QSPI FLASH
M QSPI FLASH %48
X EE R EORN B N BE 2 A4, BE S E/RTE LCD JF &

B 57. LR

QSPI Flash Test
flash write/read ok

pos
poe

[ e |
25

[T
o S
. [
- ?’:“ 2 »
m
oL
20

Tl

1580 1% S CNHC0N @ SWEW W 60 40 S0 €0 Wisy M
T 34 V0S I CITINDE +IZIW 010 80 90 +3 20 00 0
—
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421 £ QSPI SRAM f#
4.21.1 &y

QSPI SRAM 52 ff H QSPI 2 H ¥ SRAM, QSPI (Quad SPD J&—1> 6 i) SPI, HHf 4
WA BAEL, M TSR 4 4] SPI (2 RSBk, PG b ALMIEEE 4 L] SPI i) 4

f&o

AT32 SUFR ##k 7 — 85y LY68L6400SLI (1) SRAM, % SRAM [1%5 &y 8M byte, {ii HIIN 75 %

TEEBLIRI LB E

4.21.2 BIBHER

L BN UCSAN: ¥

wof B 2 i B2 ) AT-SURF-F437 Board

LI /CEEIN: ¢

AT32F435 437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\gspi_sram

4.21.3 W

A AL AR U545 TFT LCD i Sh S5t LYB8L6400SLI SRAM 31, SR 5] Bian R .

* 25. BEHREFH
WS PIN Name A ThEE &
1 PB1 QSPI2_CLK gl
2 PBS8 QSPI2_NSS Frig sl
3 PBO QSPI2_D0 w510
4 PG12 QSPI2_D1 B 5| 1
5 PG10 QSPI2_D2 B 5| 2
6 PA3 QSPI2_D3 B 5| 3
X I P FEL B B B 40 R
&] 58. QSPI SRAM H.B& H K]
+3V3
QSPI2 NSS R25 , A 33R 1 B 8 T 051” ||IlGND
PG12/QSPI2 101 R26 :&_gm 2 (S:ngI o1 VSVI((?S 7 R27 \an33R PA3/QSPI2 103
PG10/QSPI2 102 R29 ,An33R 3 3102 CLK 6 R30 \aa33R PB1/QSPI2 SCK
4 5 R31 \aa33R PB0/QSPI2 100
|— GND SI/SIO0 v
GND LYB8L6400SLI

2022.9.22
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& 59. QSPI SRAM Bk4; 5 3 &

JP7

1 CANI RX

|E
PBS/QSPI2 NSS/CANI RX 2 | o

(Default on:2-3)

|: 3 OSPI2 NSS

4.21.4 HHE®IF

1) QSPI SRAM jilliz

2022.9.22

¥Ikik TFT LCD
¥4kt QSPI SRAM
H¥#E# QSPI SRAM
M QSPI SRAM i 3#E
#15 B EoR1E LCD B L

2) US4

main pRECHS IR

{

int main(void)

uint16_ti;

I IR RGeS B ¥

system_clock_config();

I* HrsAe W e o ¥

nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* HIGEACIERS B E */
delay_init();

I* ¥1hEf LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

I* #1iE4k QSPI SRAM */
gspi_sram_init();

PR

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"QSPI Sram Test");

I* Rl E */
for(i = 0; i < BUF_SIZE; i++)
{
write_buf[i] = i % 256;
}

# 103 |
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I* E¥¥E %] SRAM */
gspi_sram_data_write(0, write_buf, BUF_SIZE);

* M\ SRAM EUEHE */
gspi_sram_data_read(0, read_buf, BUF_SIZE);

1 0 bs AT S N E AR
if(buffer_compare(write_buf, read_buf, BUF_SIZE) == 0)

{
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"sram write/read ok");
}
else
{
Icd_string_show(10, 60, 310, 24, 24, (uint8_t *)"sram write/read ok");
}
while(1)
{
}
}

B void gspi_sram_init(void)e& Ff UL ik

/**
* @brief initializes quad spi sram.
* @param none
* @retval none
*/

void gspi_sram_init(void)

B void gspi_sram_data_read(uint32_t addr, uint8_t* buf, uint32_t total_len) & Zf LS ik

[
* @brief qspi sram read data
* @param addr: the address for read
* @param total_len: the length for read
* @param buf: the pointer for read data
* @retval none
*/

void gspi_sram_data_read(uint32_t addr, uint8_t* buf, uint32_t total_len)

B void gspi_sram_data_write(uint32_t addr, uint8_t* buf, uint32_t total_len) ek £ LD ik

/**
* @brief qspi sram write data
* @param addr: the address for write
* @param total_len: the length for write

& 104 R R4 2.0.3




,’I?I' ? AT-SURF-F437 Board Application Note

* @param buf: the pointer for write data
* @retval none
*/
void gspi_sram_data_write(uint32_t addr, uint8_t* buf, uint32_t total_len)

4.21.5 TEEIE

B 5¥¥E3 QSPI SRAM
B ) QSPI SRAM %% #
B X ORI S N BRSNS, S BB R7E LCD B L

& 60. SERAR

:  QSPI Sram Test
sram write/read ok
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422 RB| FREBSR
4.22.1 fifr

AT32 SUFR B T —BUH 2 Jy WMB988 1) St . WMB98S f&— Sk R TNE. if Hffr
VR GRS, AT SN B LR o 205 R T 31 2 AN ST AT E AL ok it
. XAMBALEE R KR

WMB988 1 LM EHLEMHLIAT, SCHF& R i, (047 12 5% 24MHZ USB %45, sithii
256fs # %, U1 12.288MHz fl1 24.576MHz. SZHFiANF ISR FEZR, G0 96kHz, 48kHz.

44 1kHz.

WMB988 FI7E 1.8~3.6V I HUE T T4E, SEAAEH/NTHHY 4xdmm COL 138, & & 4R
i 15 P R«

BRI T A SD K LG M, SRS 2o B RRRD S, K5 R % B WIMBO8S 5 Y 3
TR, HATSIIT MP3. WAV, APE. FLAC F3UI T FAB I, 1518 I S 3 5 SO
1E SD KH H 3 MUSIC SCi % .

4.22.2 BIREE

[ IR HE SIS F
Xif 72 i 5 ) AT-SURF-F437 Board

BRI
AT32F435_437_Firmware_Library_V2.x.x\project\at_sufr_f437\examples\audio

4.22.3 W

AL H AR TFT LCD i s xbf . PCA9555 10 ¥ Jigith /. WM8988. SD <. #%4i,
Xt IS R 5] AR -

% 26. PCA9555 % Ef# H
WY PIN Name Bl iIThEe £a
1 100_2 DR T 5%

K 27. BARFEER

WS PIN Name AR TEk HIE

1 PH2 12C2 SCL

2 PH3 12C2 SDA

3 PB12 12S52_WS

4 PB13 12S2_CK

5 PB14 12S2_SDIN

6 PB15 12S2_SDOUT

X I P R SR AR
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& 61. WM8988 H % J5 72 ]

U4 AYDD
LINPUTI___C64 | |1uF 41 our vop K v +3v3_AUD
GND GND Y Y Y
(AL GBS | [IuF - TZ e cnnmu:oMm
m scL T LINPUT2 C67 | | ur x|
=
U1 3
waesse % 8| & €| & s oo e -
£ 2 2 8 E CN13
JO61252 MCK/DVE DO LW 1 S g 2 v S % -1
+3V3_AUL T ) 2. pevop - v 22 CBB‘H“"
: 5 onete Lo
il —P“F_F‘“F 4 Zi:zu LR:IZ 18
I . s ik oo B L j{) GMR:}IOOMM <3V3 AUD
ST I : |76 DACDAT _ HPVDD ‘]m 73 L
R mE 0: CS kz NE ME :4 ‘E’ RE2 20K NS
Lrgig i o NI ;
. ROUT2 _RB1 NC C76 | [uF R58,pn 10 4 0 I =Y @
e o = T IR o8
crr 78l um"——— —{sHutoown Vo2 i o,
A.TuF, - Tul soun_cat #|{10u I‘X_j& T TcsoozD L .
ﬁ ROUTI a4 +|{ 10uF )é_l. sy} R8O, 10K 100 JPACTRL GND GND
Default 12C Address: 0011 010 B CN14 Default: CTRL=1,PA in Shutdown mode
62. WM8988 14k 5 22 &l
JP14
OTG2 FS D- 1 D) OTG2 FS D+
PB14/0TG2 FS D-/12582ext SD 3 4 PB15/0TG2 FS D+/1282 SD
1252 SDIN [2S2 SDOUT
5 6
Header 3X2
(Default on:3-5/4-6)
/&l 63. WM8988 Bk /5 2
JP10
CAN2 RX 1 B CAN2 TX
PB12/12S2 WS/CAN2 RX/OTG2 FS 1D 3 4 PB13/12SS CK/CAN2 TX/OTG2 FS VBUS
[282 WS [2S2 Ck
5 6
Header 3X2
(Default on:3-5/4-6)

4.22.4 HHEEIF

1)  FHHINR
B YUtk TFTLCD
¥Igsit SD
¥IuHk WM8988 % 4t
FEE R
¥ & IR ME B RoRTE LCD Bt I
GBS £t bd i RIIE N )i O T £
m AR AT S E
2) RiGAHH
B main REARISHIA

‘ int main(void)
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I* VIR RS B ¥/

system_clock_config();

I* WIgEA R AR e g o2 */
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEASEIS BRI 2 */
delay_init();

I* ¥luEtk LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

VN =

lcd_string_show(10, 20, 200, 24, 24, (uint8_t *)"Audio Test");

I* VIEW SRS
if(file_system_init() = SUCCESS)

{
Icd_string_show(10, 55, 300, 24, 24, (uint8_t *)"sd card init error");

while(1);
}

[* HIUEt 10 § R ¥
pca9555_init(PCA_I2C_CLKCTRL_100K);

I* VIRt EEE ¥
key_init();

I VIR B s AR s ¢/
variable_resistor_init();

I WA E RS R
audio_init();

Tl (7)) §=02

music_play(&audio_info);

while(1)
{

B void audio_init(void)e Ff L ik

/**

2022.9.22 % 108 | 4 2.0.3




AR

AT-SURF-F437 Board Application Note

* @brief audio codec init
* @param none
* @retval error status
*/
error_status audio_init(void)

D

B void music_play(audio_type *audio)& H Uik

=
* @brief play music.
* @param audio: audio information structure.
* @retval none
¥/

void music_play(audio_type *audio)

4.22.5 TFTEHEE

LS EBITF4K SD R R RO BET R

B KEY 1", "KEY2 BEAT Ak DI, A JoyStick I “AfiiA” B8 5 sl FR 80 ok

15 ¥ B AR FH AR 47 5 245 )
Bk 5 B W R7E LCD B I
& 64. LR

A eay

Audio Test
imusic file found success
|

13/14 00:47 Volume:39
| test_16_2.wav
100:24

16 bits per sample
44100 Hz sample rate
2 Chanel

1S¥9 INT 9N ONSOON 78 SI0E10 110 60 20 SO €O W0 iSa M S
798 ON YOS ON ONOOCNONS #10Z10 010 80 90 +0 20 00 ¥ Su

EMBOD 2300
K¢ 22w

- -~
koout

2022.9.22
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4.23 RH Tk
4.23.1 &M

By 58 AT H 0 (DVP)H T Hili3k CMOS S SR th 1 FAT s . B B U i, ATk
FE AR [0 AR Y b ) AR QAT IR P AT AP . R A SR, A& ieds], e
IR, BYRCAT I DhRE AT DAOR B R D it , & Hthi o (I R R I B ThRE, TR HE
EEAS BUR AT R 3 BT S il . EL A as 7 M A, I AEANAE] CPU BIRIIRAS T, R
PREIEAL I B R IC. A DS IR i SR b i, s e IR Rl

—  XFF8AI. 1047 12605 14 ArFRfTHe0 .

—  SCHRPIRAT R DB 5 07 AU

— SRR RS A BN RS (R

— SRR R IR B U PR A

—  SCFFR

—  CFFBIRCE M ThEE.

—  XFFEGBRST DR

—  FFRBEG A

—  SCRFEBERAFAE AR R AR S R R AR

—  SCRRbERGE . B FP RS ST REE IS MRS i

— SO SRt S PN R (R D A PR R 0 R B

AT32 SUFR #i#k 7 —MEE N 200 Jim$4 sk, %55 OV2640, fiiH DVP #1051 MCU iE#:.
& 65. HgL

AR[=RY

oL
cod ci(CD CDC4
,T U1-;!!" 5”‘U2

f|

=)
=
o
<+
©
~
>
o
o
)
2
<

=

C9 C3 GIRI
TR

e <3

GND

X1

L Dm0 Des
RE3 cocsucaes
)
\jz

Ny DR

V3 -2

pLY,

OV2640 & —Fiffi Fl SCCB £: 11+ 1) CMOS KLk, EHUG /M Hi% A 1632x1232, AA A
NG ERAREER . AT DU R T 45 A 145 8 A7/10 AL %, UXGA 2 HER ] LUA BIAERD
15 Wi(fps). ERMGALHE ERAABRH]. M. APl CORWAE. GREh. oG RER.
S HUH DR OV2640 IS EHE—AN 451 %, H TR ). £ OV2640 HAEH T EHI
FRIBASBIAR, 8 I I b sl B L R B R R 5 G Cn [ e PRI R s . 4255 SR m EUGUR
2, MEETE. saeierEGg.

—  IREHEE I B R

—  FrifE SCCB 1

— %S IA RGB. RGB565. RGB 555. GRB422. YUV/(422/420)#1 YCbCr(4:2:2)
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—  RASHFEIE RS UXGA. SXGA. SVGA

— B AZEOGER] (AEC). HIEhEES (AGC). H3hH ¥ (AWB). HEHE (ABF) Al
HZh B TP (ABLC) EME i &= 4% il

— GFBORWAE. M. B GAZHEMm). BRI, ABRRMEER. M HER

4.23.2 BIFHE

L IR TICSINE
Xof 7= i B 1) AT-SURF-F437 Board

BRI
AT32F435_437_Firmware_Library_V2.x.x\project\at_sufr_f437\examples\camera

4.23.3 W

AR GGE I BRE A B TFT LCD WSR2 5. OV2640 $A8:k, XS 51 Ran T -

% 28. BEHFRFEEH
W5 PIN Name AN i) #1
1 PC6 DVP_DO
2 PC7 DVP_D1
3 PCs8 DVP_D2
4 PG11 DVP_D3
5 PB3 DVP_D4
6 PD3 DVP_D5
7 PE5 DVP_D6
8 PE6 DVP_D7
9 PAB DVP_VSYNC
10 PA4 DVP_HSYNC
11 PH2 12C2_SCL
12 PH3 12C2_SDA -
13 PD6 DVP_RST WBLEAL
X I () HE B R B G T

2022.9.22 A K JRZs 2.0.3
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& 66. HAGCkHEFEHEE

+3V3
I.DJ.“LQ—| I | I(GND

CN3
. N 1 2 - e
PGY9/DVP VSYNC [2C2 SCL
PA4/DVP HSYNC 3 4 [2C2 SDA
PD6/DVP RST R22 A”&Z“B | S 6 PC6/1252 MCK/DVP DO
PC7/DVP DIl 7 8 PC8/DVP D2/IR RX
PG11/DVP D3/SPI EX INT 9 10 PB3/SWO/DVP D4
PD3/DVP D5 I 12 PES/DVP D6/SPI4 MISO
PE6/DVP_D7/SP14 MOSI 13 14 PA6/PIXCLK
PAB/CLKOUT A XCLK }g ig +TR24 100 5/DVP_PD
R23 33R 470R
CON 9Xx2 Default: Normal mode
R28
47K
GND

4.23.4 AT

1) RN
m stk TFTLCD
B YRRk

¥ & EoR7E LCD Bt b

2) RigHH
B main KERIL IR

int main(void)

I* VIR RGNS B ¥

system_clock_config();

I* WG R AR S e
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* WIGEACIERS BB ¥/
delay _init();

I* ¥ls1k LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

PSR

Icd_string_show(10, 20, 200, 24, 24, (uint8_t *)"DVP Test");

delay_ms(500);

2022.9.22
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I* ¥IUE4 ov2640 */
while(ov2640_init() = SUCCESS)

{
lcd_string_show(10, 140, 200, 24, 24, (uint8_t *)"ov2640 init err");

delay_ms(400);
}

PSR

lcd_string_show(10, 60, 300, 24, 24, (uint8_t *)"ov2640 init ok");

lcd_string_show(10, 100, 300, 24, 24, (uint8_t *)"dvp initializing...");

I JraR R EIR
ov2640_capture();

while(1)
{

B error_status ov2640 _init(void)e& Ff UL ik
[
* @brief initialize ov2640
* @param none
* @retval error_status: SUCCESS, ERROR
*/
error_status ov2640_init(void)

B void ov2640_capture(void) & FfCHg ik
[
* @brief startimage capture and display on Icd
* @param none
* @retval none
*/
void ov2640_capture(void)

4.23.5 FEHIGUE
B BRI T T 2 )5, 1E LCD i EoREE.
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& 67. SLBAR

—S TN
e

N
Mt
]
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4.24 R M#ERE
4.24.1 f&fr

AT32F437 1L A R s F35et DU A % #4E (10/100Mbps), 454 IEEE 802.3-2002 4. LA
IR A S 5 i Pdobs v 2 TR B S22 PHY :  |EEE 802.3 SCE XSSz - S (9432 11 (MIN) A g
A RS T SR () 42 1 (RMI

£ SUFR #_EARE 7 — A5y DMO162 [ PHY 5, {3108 RMIL. A VR4l FE 43 B LWIP
TCP/IP Hh A% SEHL TCP Server Wik

LWIP ;2 &8 TCP IP ¥k, A AR RGN SRS AT LUZAT . LWIP SEIL E R fELRFFE TCP
P EE DR A DX RAM 5 A, B H 7 )L KB 1) RAM Fil 40K 7247 1) ROM 3t rf LLizg
17, Xff LWIP il ikid & ERum IR A R R G A

4.24.2 HIREE

[ IR IE SIS F
Xif 72 i 5 ) AT-SURF-F437 Board
BRI
AT32F435_437 Firmware_Library V2.x.x\project\at_sufr_f437\examples\tcp_server

4.24.3 WA

I 22454 FH RS R A TFT LCD sk S 5. PCA9555 10 4 @ ith v DM9162 385 1, X Rifr) 5|

TR
* 29. BAHRFERH
ETEe) PIN Name AT RE &1
1 PA1 RMII_REF_CLK
2 PC1 EMAC_MDC
3 PA2 EMAC_MDIO
4 PG13 RMII_TXDO
5 PG14 RMII_TXD1
6 PB11 RMII_TX_EN
7 PC4 RMII_RXDO
8 PC5 RMII_RXD1
9 PA7 RMII_CRS_DV
& 30. PCA9555 fii [
WS PIN Name 5 zhee &y
1 100_1 EMAC_PDN PHY: A Power ondZ
X I P R SR AR
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& 68. PHY Hi R 2 &

RP4 33R
PGLA/RMIL TXD1 [ 18
PGLRMIL TXDO 2l —17
PBIURMII TX_EN 3l =16
PALRMII REF CLK 4 _:__S
GND
RPS 31R w3 J-:nwl—wL
povemacwoe 1] 18 LED Y
pazevacmpio 21— T7
PCS/RMIL RXDI 3l — 16 - U9
PCARMII RXDO 4l =15 i o DM9162EP
—; gaxzsoamToLs
IV3_EMAC %EGQCDECDZSE
EsfrrrzriLs
2§ FEREEETZO 3V3_EMAC
R39 v & =4
1.5K g £ g R40
25 ] 12 ED G
26 MDIO ﬁ E LEDI/OP1 TM-(_ 10K paaui-powerdown mode
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& 70. PCA9555 H 2% )5 38 K]
+3V3 +3V3
GNDIl”—-”——<C103 3
0.1uF
R&8
10K U2l
PCA9555PW
PG3/10 EXP INT RS89, ,470R 1 24
R9QJOK 2 ET \S/gg 23 12C2 SDA
GND'|| R9 0K 3 A2 SCL 22 12C2 SCL
4 21

100 G’BL CTRL 100 0 AO RO2AnLOK ||IGND
100 I/EMAC PDN __ 3 1001 01 7 %<
100 2/PA-CTRL 6 1002 o1 19 OTG2 PWR SW
100 3/Card detect 7 100" 101—6 18 OTGl PWR SW
100 4/BUZZ 3 IOO_i 101—2 17 101 2/JOT LT
100 5/DVP_PD 9 100~ 101" 16 101 4/J0Y _CT
100 6/SPI EX EN 10 5 3 15 101 3/JOY DN

)EH 100_6 101_2 14 101 1/JOY RT

12 | 100_7 101_1 13 101 04JOY UP
VSS 101 0 '

— Default 12C Address: 0100 000
GND

4.24.4 HHE®IF

1) TCP Server JlliK

2022.9.22

W4E4L TFT LCD

YliHiL TCP Server

EAr R P IR

P ImIERE b TR IR Hello!" 45 %% /7 i

W RN 2 P s ORI, RIS B W 2 R 7E LCD BF |k

2) MR

main pRECHS IR

{

int main(void)

I* WG RGeS B/

system_clock_config();

I* FIgsAe i e a4l </
nvic_priority_group_config(NVIC_PRIORITY_GROUP_4);

I* VIR IERS B E */
delay_init();

I* ¥4tk LCD */
lcd_init(LCD_DISPLAY_VERTICAL);

PSR

Icd_string_show(10, 20, 200, 24, 24, (uint8_t *)"TCP Server Test");

M7 H
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I* ¥4tk pca9555 10 ¥ it */
pca9555_init(PCA_I2C_CLKCTRL_400K);

I* ¥itatt emac */
if(emac_system_init() == SUCCESS)
{
Icd_string_show(10, 60, 200, 24, 24, (uint8_t *)"emac init ok");
}
else
{
Icd_string_show(10, 60, 200, 24, 24, (uint8_t *)"emac init fail");
while(1);
}

I* WAL tepip */
tcpip_stack_init();

I* ¥Igai tep BRSas ¥
tcp_server_init();

IR ip
lcd_string_show(10, 90, 300, 24, 24, (uint8_t*)"p : . . . ")
lcd_num_show(82, 90, 200, 24, 24, local_ip[0], 3);

lcd_num_show(130, 90, 200, 24, 24, local_ip[1], 3);
lcd_num_show(178, 90, 200, 24, 24, local_ip[2], 3);
lcd_num_show(226, 90, 200, 24, 24, local_ip[3], 3)

e BoRMK
lcd_string_show(10, 120, 300, 24, 24, (uint8_t *)"gw : N
lcd_num_show(82, 120, 200, 24, 24, local_gw[0], 3
lcd_num_show(130, 120, 200, 24, 24, local_gw([1], 3
lcd_num_show(178, 120, 200, 24, 24, local_gw[2], 3
lcd_num_show(226, 120, 200, 24, 24, local_gw([3], 3

~

~— ~— ~—

e BoRAER

Icd_string_show(10, 150, 300, 24, 24, (uint8_t *)"'mask: I
lcd_num_show(82, 150, 200, 24, 24, local_mask[0], 3);
lcd_num_show(130, 150, 200, 24, 24, local_mask[1], 3);
lcd_num_show(178, 150, 200, 24, 24, local_mask[2], 3);
lcd_num_show(226, 150, 200, 24, 24, local_mask[3], 3);

TN & R
Icd_string_show(10, 180, 300, 24, 24, (uint8 _t *)"port: ");
lcd_num_show(82, 180, 200, 24, 24, TCP_LOCAL_PORT, 1);

2022.9.22
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while(1)

B error_status emac_system_init(void) & AU ik

/**
* @brief enable emac clock and gpio clock
* @param none
* @retval success or error
*/
error_status emac_system_init(void)

B void tcpip_stack_init(void) & S EG HiiA

[
* @brief initializes the Iwip stack
* @param none
* @retval none
*/

void tcpip_stack_init(void)

B void tcp_server_init(void) & LAk

[
* @brief initialize tcp server
* @param none
* @retval none
*/

void tcp_server_init(void)

4.24.5 TEHIAE

B LR B EE R SUFR HROAT i
B SRS TCE FE A i X %
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B 71, A P E

Internet 4 (TCP/IPv4) Properties x
General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(") Obtain an IP address automatically
(®) Use the following IP address:

IP address: | 192 . 168 . 1 . 30 |
Subnet mask: | 255 255 255 . 0 |
Default gateway: | 192 . 168 . 1 . 187||

Obtain DNS server address automatically

(®) Use the following DNS server addresses:

Preferred DNS server: | . . . |

Alternate DNS server: | . . . |

[] validate settings upon exit Advanced...

SUFR & _FH, #1454k TCP Server, Server IP 5 192.168.1.37, 15 1030

HL i B “ 2% BN T 38 TCP Server, 4RiIhigEsE B, SUFR HOE £ K% — il
=H “Hello!”

FE R BT ) SUFR MR 5%, SUFR H#k LCD 5 b B sl 3 i,
IR G PR RSB ) B i 1) L g

El 72. PC w3k R

TCE/UDE Het Assilstant

Seltings Data Receive | User support | Cmsoft V4.3.7
[1) Pratocol
TCP Client v I Hello!
[2) Remote hast addr 3
192.168.1.37 Artery2022
Hello!

(3) Remate host port
1030

@ Disconnect | 1

[ Recewe Optons
(¢ ASCIT ( HEX
[~ Display as log
[7 Auto linefeed
[~ Receive to file...

[~ Pause receiving

Save. .. Clear

Send Options

(¢ ASCIT ( HEX

|¥ Decode escape char
v AT CMD auto+CR+LF

[” Auto send checksum Daia Send
| Data from file ... E0EE ¥ Clear L Clear

|7 Period 1 ms hr tery2022
2 Send
Shortout History
|& Settings | RX:34 TX:10 Reset |
N S S IS S S .| -
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& 73. SUFR 2R

L e L L ]

TCP Server Test

emac init ok

ip : 192.168.001.037
gw : 192.168.001.187
mask: 255.255. 255. 000
port: 1030

receive data:
Artery2022

4520 NI 3% ONDOON 8 SI0EI0TI0 60 40 SO €O 10 1Sy o
T8 30 VIS Jn GO0 +I0ZI0 010 60 S0 43 20 00 G5 S _

— e—
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5  XHEERAERE

R 31, CHRRAE
H# fg 4 RE
2022.3.11 2.00 | WA
2022.4.26 2.0.1 | Hhna. 225 S ARG R
2022.6.14 2.0.2 |fZIELCD#E{LCD3| JffidHE %
2022.9.22 203 |BUHEAFESER
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ETZLRA - HFAsE

ST EAT FSTREASCIRMERE 777 AR 55 (KRN R JO AN AR 5 1 5 5 P A S AR 0 7 B AR 35 A G KT A 54T

T RIS A IR, AT DAEATT7 2T TR BGHAT A W78 BB R B4R AL BVF AT o A SRASTR AT 733 S AR AT
B EURS, ARAATERS A ] A =05 7 iRk 55 SRR R R TR, S N Je DME T 7 2UAE A T
L5 = 7 7 i B8 35 BCH P T R P AR DRALE

FRARLERERE I I Ak rh A B, I, R R R 07 ) P A s S AN AT T R BRI RAE,  BAR (A IR T4 &
EERERSE RHARYEE T ) 4 X B A R 50D, BURIAERT & A, MBS B A R B BRR RALE .

HERS 7 IF AR B R TTH T ORI M (A X VEAREA ZORIOB AL, Blln: AfySCie. BaEA RSB 7 Mg 2 2
R ARG (B MR (O MIRRHEMIRIEE: (D) (3%, H/sl (B) HAbrTReSBASHH . Jer LUr=4E MR A . SR
B BRI T RIR R, RIS R e AR o At T TR A, XU BV R ST b RO G SRR AH LRI R ) 5 S w2 ] o
R AT AL R .

ZERH BUHERE 777 0 AN R T AR SCRS rh 4R A B 7 R BB R LB, 4 ST RIS BURERF ) 1506 A SO MRS 07 U 95437 T HOAE AT ERAIE
KA IFHAR DRI 2 sl IR I AR 53 4E
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