eeeeee

GD32F20x User Manual

GigaDevice Semiconductor Inc.

GD32F20x
ARM® CortexE -M3 32-bit MCU

User Manual

Revision 2.0

(Jun. 2017)



S

Gloabevice GD32F20x User Manual

Table of Contents

TaDIE Of CONLENTS. ... e e e e e e e e e e e e e e emeseee e e rnnennnnnes 2
LISE OF FIQUIES..... et ee ettt e e e e e e e et ettt e s ame e s e e e e eeeeeennnes 21
LISt Of TABIES ... e e e e e e e e e e e e e e e e eme bbb 29
1. System and memory arChit@CtUIe .......cooeeiiiiiiiiii e 33
1.1,  ARM COrteXVI3 PrOCESSOL....ccuuuiiiieiiiieeteiiiitetieiee sttt eeeeett e e s et e saereeseata e e eetan s eerernnaeeens 33
O 1 (=T £ 1= T o] a1 (=T od (1] =SSR SSRRP 34
G T Y/ = a0 Y 1 = o PP 35
1.3 1. Bit-BandiNg..cce oo 38
1.3.2.  ON-Chip SRAM MEIMOIY ...ttt ee et e e e st e e e s st b e e e e e abbreeee e e 38
1.3.3.  ON-Chip FIAaSh MEMOIY ... .oiiiiiiiiiie e a e eb e e e 39

S = T Yo eto ] oV ilo [V ] = 11 o] o FOS USSR 39
1.5. DevVice €leCtroniC SIGNALULE.........ceuiiiiiei i e ee e ere e eee e s e e e e e e e er e e e e e e e e terta e e e e eaeeeaennes 40
151,  Memory Size iNFOMMALION. .....ccoiiiiiiii ittt e st e e e e raeb e e e e aend 40
1.5.2. Unique device ID (96 DItS) .....cccoiiiiiiiiiiiiiiie ittt 40

1.6.  System CONfigration FEOISIEIS ... ..uiii i en e e e e e e 41
2. Flash memory controller (FIMC) ........uuiiiiiiiiiiiiiiiiiiiiime e 43
2.0 OVEBIVIBW. ..ttt ettt oo 4ottt e e 44 e e ettt emr et e e e e e r e e e 43
2.2, CRAACIEIISTICS. ...eiiitittee et e e e ettt e ettt emr e et e e e e e et e e e e e e e e e e me st eeeeas 43
2.3, FUNCHON OVEIVIEW. ....cciiiiiiiiiieie ettt ettt e e e e e r e e e e e et e e e e e e 43
2.3.1. Flash Mmemory arChitECtUIE .........oi e e e e e s e s 43
2.3.2.  ReAd OPEratiONS....coiviiieii ittt et e e s sbreeeeessnnneeeesnnnneeees s DD
2.3.3. UnIOck the FMC_CTLX FEUISIEIS ....eeiiiiiiiiiie ettt eeiie ettt e et e e e e sbbeeeeeeaas 44
2.3.4. PAgE BIASE ... e e e e n e A5
2.3.5. MAISS BIASE ... .coiiiieiei i e oo e e e ettt e e e e e et et e n e e e e e e e e en e A6
2.3.6.  Main flash Programming .........coooiueeiie e e et e et e e e s e e e e s sbaeee e e e 48

P T N O o 1T0] g I )Y (=T = = L] ST ER T PUPPRP 49
2.3.8.  OptioN DYES MOGIY ......ueeiiiiiiiiiie ettt e e e e e s saneee s 50
2.3.9.  Option bYteS AESCIIPLON ......vviiieiiiiiiee ettt e et e e e st e e e s sabee e e e e s sbeeeeeeane 50
2.3.10. Page erase/program ProtECHON .........cuiii ettt e e s s snbre e e e e nnnreeas 51
P20 Tt R S 1= Tol U 1 Y o] 1 (=T 1o o H PP PRP 52
2.4, RegiSter defiNitiON.........uuu i 53
2.4.1. Wait state register (FMC _WS) ...ttt e e e s nnreeeee s 53
2.4.2.  Unlock key register O(FMC_KEYO) ....coiiuuiiiiiiiiiieeeiiiiiee ettt ettt eee e s nebee e e e sinaeeeeennes 53
2.4.3.  Option byte unlock key register (FMC_OBKEY) .......coiiiiiiiiieeiiiiiieee et 54
2.4.4.  Status register O (FMC _STATO)...ccue ittt ettt ettt e et e e s s enbee e e e e snnreeas 54



S

GigaDevice GD32F20X User Manual
2.4.5.  Control register O(FMC _CTLO) ....ccciiiiiiiieeee e et e e e e e e e s s e e e e e e e e e s snnnnnrenneeeeees 55
2.4.6.  Address register 0 (FMC_ADDRO)........ccccciiiiiiiieee e s e e e r e e e e e e e s s s st eeeeeaeeeaesannnnes 56
2.4.7.  Option byte status register (FMC_OBSTAT).......ccciiiiiieiieeee e s ee s s e st e e e e e e e s s s s snnnneeeeees 57
2.4.8.  Erase/Program Protection register (FMC _WP) .......cooooiiiiiiiiiieiie e e e e e 57
2.4.9.  Unlock key register L(FMC _KEYL) ......uuuiiiiieieeeiiiiiiiiuienieeeeeeeeeesesssisssessereeeesesssssssnssnsnssseees 58
2.4.10. Status register 1 (FMC _STAT L) .. ..uuuiiiiiieieeeeeeiiiiierieeereeeee e s e s ssssssnessraaeeeeraaaeeesassnnsesrenneeeeeees 58
2.4.11. Control register L(FMC _CTLL) ...iiiicciiiiiiieeee e e e s et e e e e e e e e s s a e r e e e e e e e e s snnnnnrerneeneeees 59
2.4.12. Address register 1 (FMC_ADDRL).......ccccciiiiiiiieie e et r e e e e e e s e st e e e e e e e e e e s annnnes 60
2.4.13. Wait state enable register (FMC_WSEN) ......ccooiiiiiiiiiiiiiece e e e s vnane e 60
2.4.14. Product ID register (FMC _PID) ......uuiiiiiiiie et e e e e e e s s st eee e e e e e e e e e s s s snnaereeneeeeees 61

3. Power management UNit (PMU) ..o 62

TNt B © 1Y o = PSSP 62
T O o= = 1o (=] 1 1o RPN 62
G 70 T U Tox 1o 0 1Y =T V= T 62
3.3.1. Battery backup OMain .........cooiii i e e e e e e e e e aaaaaead 63

G TRC T2 VA B 1B YAV B T Y AN o To 1V1/= T oo (o1 1 = 1 o PN 64
3.3.3. A o o LY=o (0] o V] o 1SS 66
3.3.4. POWET SAVING MOUES ... it e e e s e e e e e e et et e e e e e e e e e aeaaaeste s e s e e e e e eeaeaeaeas 66
I S (=T K51t oo [ 101 (o] o PPN 69
3.4.1. (7o a1 i o] I ¢=To TR (=T g 1Y/ L N ) T 69
3.4.2. Control and status regisSter (PMU_CS) ......uuuiiiiiiiiiiiii i ee e e e e e a e e e e e e e e e 70
4. Backup registers (BKP) ...t 72
O O 1V = V1= YR 72
I O ¢ - = Tox (= ] [0SR 72
G T 0 o T 1T a0 AV = V=Y T 72
4.3.1. RTC clock CalDration .........cccuveiiiiiiiieec et renneeee e e e e e e e e 2
N T - 10 4 o1 0o [= (= Tox 1o o [PPSR 73
VG TG T - 10 4 o 1Y g Ao 1= (= Tox 1o o [PPSR 73
16.1.1.  WaVefOrmM AeECHION. .......ueeiiiiieeee ettt e e e r e e e e e e e e e e e e s s naebbeeeeeas 73
S S =T 1S3 =T e (= 11 o o 74
4.4.1. Backup data register X (BKP_DATAX) (X= 0..41) ..uuuutiiiiiiiiaeeee et 74
4.4.2. RTC signal output control register (BKP_OCTL) ......uuuiiiiiiiiieaaieiiiieiieeee e 74
4.4.3.  Tamper pin control regisSter0 (BKP_TPCTLO) ......uuutiiiiiiaaiiiiiiiiiiieieeee e e e siieieeeeeeeeeaee e 75
4.4.4.  Tamper control and status register (BKP_TPCS) ....ccoouiiiiiiiiiiiiiieeeee e 75
4.45.  Tamper pin control registerl (BKP_TPCTLL) .....uuuiiiiiiiiaiiiiiiiiiiieieeee e e siieieeeeeeeeeaae e 77
5. Reset and clock unit (RCU) .....ooiiiiiii it 79
5.1. ReSet CONIOl UNIt (RCTL)...uuuutiiiiiiiiiiiiiiiiiiiimne e e e e e e e e e e e e e e e e e e e e e e e e e e eeanees 79
5.1.1. OVEBIVIBW ...ttt ettt e e e e e e e ettt et e e e e e e e e s e e snnnbannssbeeeeaaaeeessssnnnnnnnnneeeeeeaaeeeed O
5.1.2. FUNCLION OVEIVIEW ...ttt e e e e e e e s bbbt et e e e e e e e e e e e e e e nnnnbeeneees 79

3



S

Gigabevice GD32F20x User Manual

5.2, ClOCK CONLIOI UNIE (CCTL) wuuuttiiiiiiiiiiiiiiiitme e e e e e e e s e e e e e e e e e e e e e e e e e e eeeeeeeeenanes 80
L2 S © V= V= SRR SPPP 80
L O 1 F= T = Tod 1= 1 £ o= PO PRPTPPPR 82
5.2.3.  FUNCLON OVEIVIEW ...ciiiiiiiiiii ettt e ettt s sttt e ettt e e ettt e e e s sttt e e e s snbba e e e e s snnneeeesansbaeeeesnnneeend 82
5.3, REQIStEr AefINITION. .....uuiiiiiiiiiiiiiiiiiit et e e e 87
5.3.1.  Control register (RCU_CTL)....cccuuiiiiiiiieee e e e s i esiiiieeee e e e e e e e e s s s s ssbeaaasaaeeeesaeeesssssnnnnsnseneeneeeeens 87
5.3.2.  Configuration register 0 (RCU_CFGO) ........ccoiiuiriiiiiieeee e e ettt e e e e e e e e e s ssssnnnnrneneeeeeae e 89
5.3.3. Interrupt regiSter (RCU_INT) . uuuiiiiiiee ettt ire e e e e e e s s st ae e e e e e e e aae e e s s s s nnannrenneeeeeeeaeeeseannns 92
5.3.4. APB2resetregister (RCU_APBZ2RST) ...ccciii ittt e e e e e e e e e a5
5.3.5. APB1resetregister (RCU_APBLRST) ..ottt ettt e e e e e st ne e e e e e e a8
5.3.6.  AHBL enable register (RCU_AHBILEN)........cuuiiiiieiiiiiiiiiiiiiieier e e e e e s s s sierveeereeeeeee e e e s e s nnnnes 101
5.3.7. APB2 enable register (RCU_APBZ2EN) .........coiiiiiiiiieeeeiessss e eee e 102
5.3.8.  APBL1 enable register (RCU_APBLEN) ........coiiiiiiiiiieecirsss e eee e 105
5.3.9. Backup domain control register (RCU_BDCTL) ...cooiiiiiiiiieiee e 108
5.3.10. Reset source/clock register (RCU_RSTSCK) .....cooviiiiiiiiiiiiiiiiiicces e e e e e e ee e e ee e e eeeeninennns 109
5.3.11. AHB1I1 reset register (RCU_AHBIRST) ...cccoiiiiiiiiiiieeeeeeeicri s e e e e e e e e e e ee e 111
5.3.12. Configuration register L (RCU_CFGL) .......ooiiiiiiiiiiiiiiiiiiies s e e e e e eeeen s 111
5.3.13. Deep-sleep mode voltage register (RCU_DSV) ....ccooiiiiiiiiiieeeeeeiiisis e e e eeenan 114
5.3.14. AHB2 enable register (RCU_AHB2EN)..........ooiiiiiiieccrrsr e 114
5.3.15. APB2 additional enable register (RCU_ADDAPBZ2EN)..........ccottriiiiiiiiiiiiciiiie e 115
5.3.16. APBL1 additional enable register (RCU_ADDAPBLEN)..........cooiiiiriiiiiiiiciei e 116
5.3.17. AHB2 reset register (RCU_AHBZ2RST) ....ccoiiiiiiiiiieeeeeeeecssss s s e e e e e e e e e e e e e ee e 117
5.3.18. APB2 additional reset register (RCU_ADDAPB2RST) ..cccooiiiiiiii e 118
5.3.19. APB1 additional reset register (RCU_ADDAPBILIRST) ..cccooiiiiiiiiiieeeeeee 118
5.3.20. Configuration register 2 (RCU_ CFG2) ....cciiiiiiiii et e e e e e e e e e aa e e aeaenees 119
5.3.21. PLLT control register (RCU_PLLTCTL) ..uuiiiiiiiiii i e e e e e e e e e e e e e aeaeeees 120
5.3.22. PLLT interrupt register (RCU_PLLTINT) ...ccoiiiiiiiiiiiiieiess s e e e e e e e e e e e e e e e e eeeeenesnnnnennae 121
5.3.23. PLLT configuration register (RCU_PLLTCFG) .......uuuuiiiiiiiiiiiiii e eeeeeceeeeeeeeeeevnn s 122
6. Interrupt/event coONtroller(EXTI) ..o 124
L0 B © Y 4= S 124
L O g =T = Toa (=] 1S (o USRS 124
6.3.  INtErrupPts FUNCLION OVEIVIEWL. ......uuiiii e e e e e e e e e e e e e e e e e e emae e e eeeeees 124
6.4. External interrupt and event (EXTI) block diagram..............ccoooiiiiiiiimiiiiiiiiieeeeeee 128
6.5. External Interrupt and Event fuNCLON OVEIVIEW.............vveeeeiireeieiiierses 128
6.6.  REQISTEr AEfINITION. .....uuuiiiiiiiiiiiiiiiiii it e e e e eea e 130
6.6.1. Interrupt enable register (EXTI_INTEN) .....cooiiiii e 130
6.6.2.  Event enable register (EXTI_EVEN) ...t e e 130
6.6.3.  Rising edge trigger enable register (EXTI_RTEN).........uuuiiiiiiiiiiiiiiiieeee e 131
6.6.4.  Falling edge trigger enable register (EXTI_FTEN) ...t 131
6.6.5.  Software interrupt event register (EXTI_SWIEV) ...t 131
6.6.6.  Pending regiSter (EXTI_PD)..... .ttt e e e e e e e e e e e e e e e e e e e annes 132



S

Gigabevice GD32F20x User Manual

7. General-purpose and alternate-function 1/0s (GPIO and AFIO) .........cccccceeene... 133
8 R © Y 4 = PSS 133
A O g - = 1o (=] £ 1o PSSR 133
A T U Tox 1o 0 1Y =T oY= 133
%< B R €1 = (@ I o 11 s oo ) 10 [0 - i o] o 15U 134
7.3.2. External interrupt/@VENL lINES .........uuiiiiiiiiiie e e e e e e e e s e reeeee e 135
7.3.3.  Alternate fUNCUONS (AF) ...uuiiiiiiiiiee e e e s s e e e e e e e e e s s s s sssbaraeereeaaaaeeeesannnnnes 135
4% T S [ o o 1U oo 7o [0 =i o o SRR 135
7.3.5.  OULPUL CONFIQUIALION .....uiiiiiiiiieiee e e e e st e e e e e e s s et e e e e e e e e e e e e s s s snanbeaaneeeeneeeaaeessnsnnnnnne 136
7.3.6.  ANAlOg CONFIQUIALION.......uuuiiiiieieeee i e e e e e e e s s s e e e e e e e e e e s s s sanreaaeeereeeeeaaeessesnnnnnnes 136
7.3.7.  Alternate function (AF) CONfigUIatioN ..........ccooiiiii i i e e e e e e e e e e e e e e aeaaaens 137
7.3.8. (@ o[ I 8T T 1] =T = 1= T o 1o o SRR 138
7.3.9. (€1 [@ 8 To Yo (1 o 10T ox 1 o o 138
7.4. Remapping function I/O and debug configuration................eeeevvevivimiiiminmimiiiiiiiieinennns 138
7.4.1. INEFOAUCTION ...ttt e e et e e e e e e et e et e e e e e e e e e e s e e snnbbbb e e e e e eaeaeaeeeaan 138
7.4.2. MM FEALUIES ...ttt e e et e e e e e e s e bbb e e et e e e e e e e e e e e e aanbbnbeereeeaaaeaeas 138
7.4.3. JTAG/SWD alternate function remMapPing ........ecceeeeeieieiee e eeee e e e e e e e e 139
A S A\ T @ AN o =T o 4 F= T o] o 11 o O 139
7.4.5. LIV = ANl (=T 1= o] o1 T 140
7.4.6. USART AF FrEMAPPING ...eeeeieeeiiieininuuiiiasaeeeeeaeeaetetetetereeereeerranana e aaaaaaaaaeaaaeseeremmmmmmrmmnn. 143
7.4.7. DL @y AN =T g =T o] o 11 o PRSP 144
7.4.8. Y e N =T g F=T o] o 11 T OSSO 144
7.4.9. (07 AN N =T 4 = o] o] o SR 145
A O T g U= g g T AN o =T o= o] o 11 o 146
A N B T O N e =0 0= o] o1 T RS 146
A I B N =2 1 = o] o1 Vo SRR 147
A T O I Qo1 FSR AN ol (=T ¢ =T o] o1 o 148
7.5, REQISIEI AETINITION. ... .uutitiiiiiiiiiiiiiiitit ettt e e e e e e e e emanraeeanees 149
7.5.1. Port control register 0 (GPIOX_CTLO, XZA.1) et eee e 149
7.5.2. Port control register 1 (GPIOX_CTLL, XZA..1) cooiiiiiiieeeeeeee et eeeananees 151
7.5.3. Port input status register (GPIOX_ISTAT, XZA..1) i 152
7.5.4. Port output control register (GPIOX_OCTL, XZA.1) e 153
7.5.5.  Port bit operate register (GPIOX_BOP, XZA..I) c..uuiiiiiiiiiiieei e 153
7.5.6.  Port bit clear register (GPIOX_BC, XA 1) oot 154
7.5.7.  Port configuration lock register (GPIOX_LOCK, XZA..1) .ot 154
7.5.8.  Event control register (AFIO_EC) ... ... i ittt 155
7.5.9.  AFIO port configuration register O (AFIO_PCFO).......ccooiiiiiiiiiiiiieeieeeee et 156
7.5.10. EXTI sources selection register 0 (AFIO_EXTISS0) ....uuiiiiiiiiiiiiiiiiiiieeeeee e 160
7.5.11. EXTI sources selection register 1 (AFIO_EXTISSL) ...uuuiiiiiiiiiiiiiiiiieiieeeeeee e 161
7.5.12. EXTI sources selection register 2 (AFIO_EXTISS2) ....cuuiiiiiiiiiiiiiiiiiieeeeeeeee e 163
7.5.13. EXTI sources selection register 3 (AFIO_EXTISS3) ....uuiiiiiiiiiiiiiiiiieieeeeeeee e 164
7.5.14. AFIO port configuration register 1 (AFIO_PCFL1).....ccccoiiiiiiiiiiiiiiiiieeeeee e 166



S

Gigabevice GD32F20x User Manual
7.5.15. AFIO port configuration register 2 (AFIO_PCF2).......cccooiiiiiiiiiiiiieieeeeee e 167
7.5.16. AFIO port configuration register 3 (AFIO_PCF3).....cccccoiiiiiiiiiiieieeieee e 170
7.5.17. AFIO port configuration register 4 (AFIO_PCF4)........cccooi it 173
7.5.18. AFIO port configuration register 5 (AFIO_PCF5) .....cccccoiiiiiiiiiiiiieereee e 176

8. CRC calculation UNit (CRC) ....uuuiiiii e e e e e e e e 181

S TR0 N © Y o = PR 181
o T O g - = 1o (=] £ 1o PSSP 181
S TR T U Tox 1o I 1Y =T V=S 182
8.4.  REQIStEr AEfINITION. ... ..uiiiiiiiiiiiiiiiiii et e e e e emr e 183
8.4.1. Data register (CRC _DATA) .ot e e e e e et et e e e e e as 183
8.4.2. Free data register (CRC_FDATA) ...coo oottt e e e e e e e e e e e e e e e e e e e e e ae e erarnnannnnas 183
8.4.3. (O70] o1 i o] I =To | E] (=T g (@4 O O I 1) T 184
9. True random number generator (TRNG)........cccoiiiiiiiiiiiiiii e 185
LS TR O © Y o S 185
S O g = 1= Tox (=T 1= (o PPN 185
S IR T U1 [ A o T g oY= Y= 185
9.3.1. (@ 01T = 11T I 0 LY PP 186
9.3.2. o = o £ 186
9.4. Register defiNitioN.. ... e ———————— 187
9.4.1. (70 a1 i o] I =To 5 (=T o (1 3 VLT 3 I T 187
9.4.2. Status register (TRNG ST AT ) oo e e e e e e e e e e as 187
9.4.3. Data register (TRNG _DATA) ...uuiiiiieiiicieeae e et e e e e e e et et et e e ee e e e s e s e s eaeaaaaaeaaaaaaeeeeeeenennnns 188
10. Cryptographic Acceleration Unit (CAU) .......cooviiiiiiiiii e 190
L0 R @ YT 4 T TSR 190
O O o - = Tod (] 1S 1o S P 190
10.3. CAU data type and initization VECIOIS.............oooviiiiiiie e 191
O R T R B - = W 1Y/ o 1= OSSP 191
10.3.2.  INIIANIZALION VECTOIS ... ..ottt ettt et e e e e e e e et bbb e e e e e e e e e e e e e e e e annnnes 192
10.4.  CryptographiC acCeleration PrOCESSOL. .......uuuuurrrrrrrrrrririmraaaeeeseesssesasasssaaeassesimeeeeeeeeens 192
10.4.1. DES/TDES cryptographic acceleration ProOCESSON .......ccuuuieeaiiiiiuiiiiiiieeieeaeae e e eiirieeeeeeeeeas 193
10.4.2. AES cryptographic acceleration PrOCESSON .........ccuiuiiiiuuiiiiiiiieetie e e e ettt e e e e e e e e e e e 197
10.5.  OPeratiNng MOUES........cooiiiii i 202
O T O S\ U B 1Y T g = = T = PP 203
10.7.  CAU INTEITUDES. ..ttt e ame e e e e e e e e e e e e e aeeeeeeeeeeeeeamsannsnnnnnnes 203
10.8. CAU susSpended MOAE........coooiiiiiiiiii ettt ena s 204
10.9.  REQIStEr AEfINITION......uuiiiiiiiiiiiiiiiiiiiit e e eeanneees 206



S

GigaDevice GD32F20X User Manual
10.9.1. CAU control regiSter (CAU _CTL) .uuuiiiiiie ittt eee e e e e e e s s s s rr e e e e e e e e e s s e s snnennanneeeeaeeeaeas 206
10.9.2. CAU Status register 0 (CAU_STATO) ..cceeeeiiiiiiiiiie et e e st r e e e e e e e s e ssnnnrrnareeeaaeee s 207
10.9.3. CAU data input register (CAU_DI) .....cc.uuiiiiiiiiiiee et e e e e e e e s s e e e e e e e e e e s e ennnnnes 208
10.9.4. CAU data output register (CAU_DO)......uuuiiiieeeiiiiiiiiiieireeee e e e e e s s s ar e e e e e aa e e s e s snnnnereneeees 209
10.9.5. CAU DMA enable register (CAU_DMAEN) ......coiiiiiiiiiiciiieiir e ssiierer e e e e e e e e e e e e snene 209
10.9.6. CAU interrupt enable register (CAU_INTEN) .......ooiiiiiiiiiiiiiee e 210
10.9.7. CAU Status register 1 (CAU _STATL) .ooiii it e e srerr e e e e e e e s rrnareaeaaee e 210
10.9.8. CAU interrupt flag register (CAU _INTF) ..o e e s svnrenrne e e e e e e e 211
10.9.9. CAU key registers (CAU_KEY0..3(H/L)) ..uuuuuriiiieeeeiiiiiiiiiieeieeeeie e e e e e ssssiinsneeeessaeeaeeesessnnnnnes 211
10.9.10.  CAU Initial vector registers (CAU_IVO..1(H/L)) ...cooociiiiiiiiee e e e e 214

11. Hash Acceleration Unit (HAU)........cooriiiiiii e 216

I R O 11T 4T 216
I3 O o - = Tod (] 1 1o P 216
11,30 HAU G8LA LY PO, et e e e e e e e e e e e e e e e eeeeaeeeeeesemsnnnsnnnnnnes 216
0 S o 1 U I oo | =TT 218
11.4.1.  Automatic data PAdAiNgG .........ceeeiiiiiiiiiiiier et e e e e e e e e e e ae e aeaaaae 218
I I o 1= o o o T ] o P PPRPS 219
11.4.3. HASN MOAE ..ottt ettt et e e e e e e e s st bbb e e e e e e e e e e e e s aannennnnes 220
R N o 1Y 1 O 43T To [ PSPPSR 220
115, HAU INEEITUDL ..ttt e e e e e e e e e e e e e e e s et et et e et e et e et e e et eeeeeeeeeeeamssnnnsnnnnnne 220
11.6.  REQISEr AefINITION......uuuiiiiiiiiiiiiiiiiiiit et e e e enannenes 222
11.6.1. HAU control register (HAU_CTL) ...coooiiiiiiiiceeeeeeeee s e e e e e e e e e e e e 222
11.6.2. HAU data input register (HAU _DI) .....uuuuiiiiiie e e e e e e e e e e e e e a e e eeeeenenes 223
11.6.3. HAU configuration register (HAU_CFG) ......cooooiiiiiie e e e e e e e e e e e e e aeeens 224
11.6.4. HAU data output register (HAU_DOO..7) ..uuuiiiiiieieie e e e e e e e e 225
11.6.5. HAU interrupt enable register (HAU_INTEN) .......ccoooiiiiiiiii e e 227
11.6.6. HAU status and interrupt flag register (HAU_STAT) ... 227
12. Direct memory access controller (DMA) ......ccoooiiiiiiii e 229
I S © V= V1 = P 229
I O o - - o] 1= S 1 o= 229
D2 T = 1 Vo Yod Qo 1= To = o S 230
12,4, FUNCHON OVEIVIEW ...ttt e e et e ettt e et e e e e e e e e eeeetnnn e e emees 230
D S I B 11V o] o= = 11T o OO U TP T TP 230
12.4.2.  Peripheral RANUSNAKE .........oooi i e e e 233
D T J N4 o] £ = 11T o DU EEET TP TOPPPP 233
D o S N (o [ (=TS R o =T =T = L1 o) o PP PPRPRPPP 234
D ST O | ol U] = T g 1 oo [P UEP P PRSPPI 234
12.4.6.  MemMOry 0 MEMOIY MOUEC. ... .ceiiiiieaiiiiititte ettt e e et e e e e e e e e e e e s e e s babbeeeaeeaaaeaeeaasaannnnees 234
12.4.7.  Channel CONFIQUIALION .......coiiiiiiiii ettt e e e e e e e e e e e e e e e e s e e anneeeeees 234



S

GigaDevice GD32F20X User Manual
o T [ 01 (=] ¢ U o SO PP PPPP PP PPPPPIN 235
12.4.9. DMA r€QUEST MAPPING cereeeeeeiiiiiiiiitieiee e e e e eee e e s s irttetre e e e eeeeeassssassanraraaerreeaeeesessaasnnsesrnnrrraeees 236

12.5.  Register defiNition . ... e 240
12.5.1. Interrupt flag register (DMA _INTF) ... e e e e e e e e e e e e s e ennnnnes 240
12.5.2. Interrupt flag clear register (DMA_INTC) ..oovviiiiiiiiiiiiiieer e e e e 240
12.5.3. Channel x control register (DMA_CHXCTL).......ccccciiiiiiiieiee e e e e aee s 241
12.5.4. Channel x counter register (DMA _CHXCNT)..ooiiiiiiiiiiiiiiiiie e eee e r e e e e e 243
12.5.5. Channel x peripheral base address register (DMA_CHXPADDR)..........ccccccviiiievieeeeeeeininns 244
12.5.6. Channel x memory base address register (DMA_CHXMADDR) .........cccooviveeeeeieiiiicccinnne 244
12.5.7. DMA additional configuration register (DMA_ACFG) .......cccviieiiiiee e e 245

13, DEDUG (DBG) .ottt ettt emee et et e et ene e, 246

R TR I @ YT 4 T 246

13.2.  JTAG/SW CharaCteriStCS.....cciveeeieiiiiieeeeeiiiiers e e e ettt es e s s e e e e e e eeaine e e e aeeeaateaa s e s eeaeaeesnnes 246
13.2.1.  SWItCh JTAG OF SW INTEITACE ... .ueeiiiiiiieiei ittt e et e e e e e e e e eeeeaaaae s 246
R 0 T = E1 = o 1T o | PPt 246
13.2.3.  JTAG daisy ChaiNed StIUCIUI .......uuiiiie e e et e e e e e e e e e e e e e e e e e e e eereeeeeseannanns 247
R 0 S 0 1= o TH o =] 247
13.2.5. JEDEC-106 ID COUR ...cceiituiiteeiiitiieeesititeeeessstteeeeessttaeeeessstteeeeesstbaeeesssstaeeeesssbaeeeessassaeeeessnes 247

13.3. Debug hold fUNCHOMVEIVIEW ........uuuiiiiiiiiiiiiiiiiiitinr e 247
13.3.1. Debug support for pOWer SAVING MOUE ........uuuuuuimiiiiiiiie e eeeeeee e e e aeaeeas 247
13.3.2. Debug support for TIMER, 12C, WWDGT, FWDGT and CAN ........cccccvcieiiiiiiieeeniiiee e 248

13.4. REQISEr AefINITION......uuuiiiiiiiiiiiiiiiiiiit e e e 249
13.4.1. ID code register (DBG _ID) ...cccociiieee et e e e e et 249
13.4.2.  Control register (DBG_CTL)....uuuuuuiiiiiiiiiiiiiieieeeeeeeeeteeeeeeeeeeeaaarstsbas s e s e e e e aaaaeaaaaaaaeeeersennnsnnes 249

14. Analog-to-digital converter (ADC)........ooiiiiiiiiiece e 253

I O @ YT 4T S 253

I O o - = Uod (] 1 1o 253

14.3. Pins and internal SIGNAIS. ..........uuuuuuuiiiiiiiiiiiee ettt 254

I W o Tox 1o I 0 Y=Y YT T 255
I %= 1 1o T = 1o o 1 (I = P PPPRPS 255
I B T O o [ Tor | RSP 256
14.4.3.  ADGCON SWILCH c..utiiiiiiiiiiiie ettt e e e st e e e e et e e e e e nnbb e e e e eeansbeeeeeannsbeeeeeansees 256
14.4.4. Regular and inserted ChannNel groUPS.......oooiiiiiiiiiiiiiie et a e 256
14.4.5.  CONVEISION MOUES. ...ciiiiiiiiiiiiiiitee et ee e e e e e ettt e et e e e e e e e e e e s bbb ettt eeeeaeeeesaaaannrbbbneeeeaaaaaaeas 256
14.4.6. Inserted channel MaNagEMENT ...........ooii it e bbb eeeae s 261
14.4.7.  ANAIOG WALCNAOQ ... oottt ettt et e e e e e e e e s e bbb enba e e e eaaaaeeeeaaannnen 262
14.4.8.  Data aligNMENt .. ..coooiiiiiiiie ettt e e e ettt e e e e e e e e e e e bbb e ee e e e e e e e e e e annne 262
14.4.9. Programmable SamPIe tIME ... 263
I o O DO (=] 1 F= LN (o o = TP PPPRRPT 264
14.4.11. DIMA TEOUEST . ...ttt e e e e e e e e e e e et e ettt et te bt bbbt bbbt e e e e e e e eeaeaeaaaeeeeeeenennes 265



S

GigaDevice

GD32F20x User Manual

14.4.12.  Temperature sensor, and internal reference voltage VREFINT.....cccvrrverrerieeeeesiiiiciinineeeeens 265
14.4.13.  Programmable resolution (DRES) - fast conversion Mode .............ccoecvvvviieeeieeeeeee e i 266
14.4.14.  On-chip hardware overSampling .........cceeeoiiiiiiiiiiieereec e e e e e e e 266
14.5. ADC SYNC MOUE......oiiiiiiiiiiiiiiiiiiet e e s e s e e e e e e e e e e e e e e e e e e e e e e e s rmreeeeeeeeees 268
I I == ¢ 4 To Lo = RPN 269
14.5.2. Regular parallel MOUE .......cooviii i e e e s e e e e e e e e e e e e enrnreees 270
14.5.3. Inserted parallel MOAE .........ccociiiiiiiiiiic e e e e e s e s r e eeeas 270
T S o 1o 1V A o I = 1) B .41 Lo = SO 271
14.5.5. FOHOW-UP SIOW MOUE .....uuiiiiiiiiiie e e e e s ere e e e e e e e e s e s st n e e e e e eaaeaeeessnannnnnnes 271
T T I o To [= T o) = 1o N 1 o T [ PSSR 272
14.5.7. Combined regular parallel & inserted parallel Mode ..., 273
14.5.8. Combined regular parallel & trigger rotation MOAe .............uueuuiiiiiiiiiiiie e 273
14.5.9. Combined inserted parallel & follow-Up MOdE..........uueiiiiiiiiiiii e 274
14.6.  ADC INTEITUDLS. ..ceeeieeeeieiieeeeeeteeeee e e e e e e e e e e e e e e e e aeeeeaeeeeeeesemsnnnssnnnnnes 275
14.7. REQIStEr AefiINITION.......uuuiiiiiiiiiiiiiiiiiit et e e emenenees 276
14.7.1.  Status regiSter (ADC _STAT) ..ot e e e e e e e e e e e e e e re e e e e aeaaaeaaaaees 276
14.7.2. Control register 0 (ADC _CTLO) ...iiiiiiii i s s e e e e e e e e e e e e e e e e e e e eeaeeeeneennas 277
14.7.3. Control register L (ADC _CTLL) cooiiiiiiii it s e e e e e e e e e e e e et e e e e e eeaeeeeeeennas 279
14.7.4. Sample time register 0 (ADC_SAMPTO) .....ccooiiiiii e e e e e e e e e e e aeaeeees 281
14.7.5. Sample time register 1 (ADC_SAMPTL) ....ccoiiiiii s e e e e e e e e e e e aeaees 282
14.7.6. Inserted channel data offset register x (ADC_IOFFX) (X=0..3) ..eevvvereiririrrriniiiiiiiinenieeee e 283
14.7.7. Watchdog high threshold register (ADC_WDHT) .....ccooiiiiiiiiiieeeiesrs e e e e eeea 283
14.7.8. Watchdog low threshold register (ADC_WDLT) ...cccoiiiiiiiii e a e 284
14.7.9. Regular sequence register 0 (ADC_RSQO) .....uuuuuuiiiieiiieieie e e e e eee e a e e e e 284
14.7.10.  Regular sequence register 1 (ADC_RSQL).....uuuuuuuiiiiiiiiiieiiiieeeeeeeeee e 285
14.7.11. Regular sequence register 2 (ADC_RSQ2)......uuuuuuuuuiiiiiiiieieieeeee et ee e 286
14.7.12.  Inserted sequence register (ADC _1SQ) ...ciiiiiiiiiiieiiiiiiiiiirree e e e e e e e e e e e e 286
14.7.13. Inserted data register X (ADC_IDATAX) (X= 0..3) ..iiiiiriirirriieiiieriiiiaeeeeeeeeeaeseseeeseeeeeeeennnns 287
14.7.14. Regular data register (ADC_RDATA) ......ooi it e e e e e e e e e e e ee e 287
14.7.15.  Oversample control register (ADC_OVSAMPCTL) ...ccovviiiiiiiiiiiiiiiiiiiiiee e e e eeeeeeeeeeeeeeeeennns 288
15. Digital-to-analog converter (DAC) ... i ee 290
L T S © V1= V= PP 290
T O o - = 1o (= o1 o 290
15.3.  FUNCHON OVEIVIEW ...ttt e e et e e e e e e e eeeennnn e e emees 291
15.3. 1. DAC ENADIE ...ttt e e e e e e ———————————— 291
15.3.2.  DAC OULPUL DUTFFEI ...ttt et e e e e e e e e e e e e e aee e 292
15.3.3. DAC data CONFIQUIALION........uuiiiiiiiiieiiii ettt e e e e e e s s e e e e e aaaaeeeeaannne 292
TG I T B X O (4 To o [ OO PUPPPPROPOt 292
ST T B )X O o] 0 V7= 5] T o PRI 292
15.3.6.  DAC NOISE WAVE ....ceeviriiieiiiiiiiiiiieeieeee e e e e e e e et et eeeteeeaets et e e s s e sateaeaaaaaaaeeeteeesssesrsrnrnsnannnnnnnsns 293
15.3.7.  DAC OULPUL VOITAGE .....eeiiieieiiieiee ettt ettt e e e e e e e e e e e s nanbb e e e e eeeeeeaaeaeaeaannnees 294



S

GigaDevice

GD32F20x User Manual

15.3.8.  DIMA TEQUEST ... ittt ettt e ettt r e e et e e ta s e e et e et e e e e e naa e e e e et eeab e e e e e e arbnaaes 294
15.3.9.  DAC CONCUITENE CONVEISION ...eeviiiiiiiieeiiiiieieessttteeeessstaeeeessbseeeessaansseeeessnsseeeessnsseeeessnnnnneess 294
15.4.  Register defiNition . ... e e 295
15.4.1. Control regiSter (DAC CTL) uuuiiiiiiee et i i iiiiieiie e e e e e e s e s sr e e et e e e ae e e e e s s s sanrbararereeaeeeseeeanannns 295
15.4.2. Software trigger register (DAC_SWT) ..ottt e e e e e e e e s are e e e e e e e e e e s ennnnes 297
15.4.3. DACO 12-hit right-aligned data holding register (DACO_R12DH).......cccccceevviiiiinvviiieeeneeennn. 298
15.4.4. DACO 12-hit left-aligned data holding register (DACO_L12DH)......cccceeeviiiiiiiiviiiiienreeeeeeeenn, 298
15.4.5. DACO 8-hit right-aligned data holding register (DACO_R8DH) ..........cccccvvvveeeiiiiiiiciiiineeeeen, 299
15.4.6. DACL1 12-hit right-aligned data holding register (DAC1_R12DH).....ccccccccceevviiiiinvririeenneennnn. 299
15.4.7. DACL1 12-hit left-aligned data holding register (DACL _L12DH)......cccccceevvviiiiiiiiniieeneeeeeeeenn 300
15.4.8. DACL 8-hit right-aligned data holding register (DAC1_R8DH) ........ccccccvvvveeeriiiiiiciiiineeeen, 300
15.4.9. DAC concurrent mode 12-bit right-aligned data holding register (DACC_R12DH).............. 301
15.4.10. DAC concurrent mode 12-bit left-aligned data holding register (DACC_L12DH)............ 301
15.4.11. DAC concurrent mode 8-bit right-aligned data holding register (DACC_R8DH) ............. 302
15.4.12. DACO data output register (DACO_DO) ......ccocvviriiieieieiiiiiiiaaeie s e e e e e e eeaeee e e e e e e eeeeeesrnnn 302
15.4.13. DACL1 data output register (DACL_DO) .....cocveiiiiieiiiiieieiiiiaeeie e e e e e e e ee e e e e e e e e e e eeeeeenrnn 303
16.  Watchdog timer (WDGT) ....ooiiiiiiie e e e em e e e e e e e e 304
16.1.  Free watchdog timer (FWDGT)........uuuuiuiiiiiiiiiiiiiimne e 304
I T I O 1YY V1= SRR 304
16.1.2.  CRAIALEIISTICS. .eeiiiiee ettt e ettt e e e e e e e e e e e et e e e e e e s e s aa e s nbbb e e eeeeaeeeeeeaannnn 304
16.1.3.  FUNCLION OVEIVIEW .....utttiiieiieeee e e ittt bttt e e e e e e e e s s bbb e e e et e e e e e e e e se s e bbb be et et et aaaaeeesesaannnnbbennees 304
16.1.4. RegiSter defiNItiON .....cccci it e e e e aaaaas 307
16.2.  Window watchdog timer (WWDGT)......ccoooieiieiieeeeeeee e 310
I T I O 1YY V1= RSP 310
16.2.2.  CRAIALEIISTICS. . eii it e ettt e e oo e e e e ettt et e e e e e e e e s aa s nabb b eeeeeeeeaeeeeaananns 310
16.2.3.  FUNCLION OVEIVIEW .....utiitiietieeee e ettt e e e e e e e s et bbb e e e et e e e e e e e s e s e bbbt b et e e et aaaeeeeeesaannnbbnnnees 310
16.2.4. RegiSter defiNitiON ......cccoi i aaaas 313
17. Real-time CIOCK(RTC)...ouiiiiiii i er e e e 315
I I @ 11T 4T 315
A O o - = Tod (] 1 1o P 315
A T ¥ o 1o T 0 Y=Y YT T 315
A T O (=T S TP TP TP 316
R T = [ OF (T To o To [P P PP PPPPRTT 316
17.3.3. RTC CONFIQUIALION .....ueteiieiiiee ettt ettt ettt e e e e e e e e et e e e e e e e aeeeeessannaebeeeeeas 317
17.3.4.  RTC flag ASSEITION ...ceiiiiieiiii ittt e e e e e e e e e e s bbbt e e e e e e e e e e s e e e nbsbbeeeeeaaaaaeeas 317
17.4. ReQiSter defiNitid ...........uuuuiiiiiiiiiiiiiiiiir e 319
17.4.1. RTC interrupt enable regiSter(RTC_INTEN) .......uuiiiiiiiiiiie it eeeee e 319
17.4.2. RTC control register(RTC_CTL) ..cceiiiiiiiiiieiie ittt ee e e e e e e e e e 319
17.4.3. RTC prescaler high register (RTC_PSCH) ....cooiiiiiiiiiiiiiiie e 320
17.4.4. RTC prescaler Iow regiSter(RTC _PSCL).....uiiiiiiiaeiiiiiiiieiiee et e e e e e eieaees 321



S

Gigabevice GD32F20x User Manual
17.4.5. RTC divider high register (RTC _DIVH) .....cccoiiiiiiiiiiiiiiee et e e 321
17.4.6. RTC divider Iow register (RTC _DIVL) .....ccciiiiiiiiiieieeiee et e e rsrnrvnenr e ae e e 321
17.4.7. RTC counter high regiSter(RTC _CNTH) ...uuuiiiiiiiee i iiciiiiiiieer e s e e e e e e e e e e e s e snennes 322
17.4.8. RTC counter low register (RTC _CNTL) . .iiviiiiiiiiiiciiiieeiee e e e et r e e e e e e s e e s ennrnaeneee s 322
17.4.9. RTC alarm high register(RTC_ALRMH) .......cccuiiiiiiiiie et e e 323
17.4.10. RTC alarm low register (RTC_ALRML) ......cccciiiiiiiiiee et e e e e 323

18, TIMER o e e —— e 324

18.1.  Advanced timer (TIMERX, XZ0,.70)....uuuuuiiie et e e e et e e e 325
RS T I O 1V T V1= RSP 325
B0 O O 4 - - Lox 1= 1) 12 ESR 325
RSB0 G TR =1 Yo 2o 7= Vo | - o o SRRSO 325
S S e W Vg od 1 o] 0 )= Y= SR 327
18.1.5. RegISter defiNItiON ....cccie i e aaaas 356

18.2. General levelO timer (TIMERX, X=1, 2, 3,4) ittt eenns 380
RS T I O 1V V1= RSP 380
S O o = = Tod (=] 1] o 380
S 2 T =1 (o Tod Qe 7= o > 2 SR 380
18.2.4.  FUNCHON OVEIVIEW .....iii i i i e e e e e s e s e s e e e e e e e e e e e e e et e e eeeeaaeeebe e e s e e s e e eaeaaaaaaas 382
18.2.5.  ReQISter defiNItiON ... cccie i e aaaas 399

18.3. General levell timer (TIMERX, X=8, LL)....cccuuiiiiie i e e e e eevvme e e eeeees 419
RS TR T I O 1Y 1= PSP PPPPUUPRPPPPPRRY” & R |
S T O o = = Vo] 1= 1) o 419
S TS T =1 (o Tod Qe = o | =2 1RSSR 420
18.3.4.  FUNCHION OVEIVIEW .....iii i e e e e e e s e e e e e e e e et e e e e e eeaeae et e et et e e s e e s e e e aeaaaaaaans 420
18.3.5.  ReQISter defiNItiON .....ccoc i aaaas 435

18.4. General level2 timer (TIMERX, X=9, 10, 12,.13) ... cciii i e e e 447
L18.4. 1. OVEIVIEW ..eeiiiiiiiiiieeiiitieee e s sttt e e e stbeee e e s ssteeeeessstaeeeessssteeeesssnsseeesssnnseseesessssseeeessnsneeeesssnreneesss AT
S O o = 1 = Vod 1= 1) o 447
S S T =1 (o Tod Qe = o | =2 RS SRSRR 447
18.4.4.  FUNCHON OVEIVIEW .....iiii i i i e e et s e e e e e e e e e e e e e et et e e e e e aeaeee s ee et s e e s e s e e eaeaeaaaaans 448
18.4.5. RegiSter defiNItiON .....cccci it aaaas 459

18.5. Basic timer (TIMERX, XZ5,.0). ...ttt rna e e e e e e e e 469
ST A @ 1 V=T T SR SUSRSRRRRPRPRY'” 1 o 1°)
ST O o F= 1= Vi 1= 1) o 469
TR F =1 (o Tox Qo [F= To | =y DT PP P PR PO 469
18.5.4.  FUNCHION OVEIVIEW .....iiii i i s s e e e e e e e e e e e e e e et e e e e e e e e e as e e st a e e e e e s e aaaeaaaaaaans 470
18.5.5.  ReQIStEr definMitiON .........eeiiiiiiiiiiiiit et e e e e e e e e e e e e e e e e 474

19. Universal synchronous/asynchronous receiver /transmitter (USART) ........ 479

S I @ Y=Y oV 1= PO SPPPPPR 479

S O o = 1= T3 (=T 13 (o 479

11



S

Gigabevice GD32F20x User Manual

19.3.  FUNCHON OVEIVIEW . ....uueiiiie et ece et e e e et s e e e e e e e e e e e et e e e e emennnnns 480
19.3.1.  USART frame fOMM@L......ooi ittt e e e e e s e e e e e e e aeee e e s 481
TR T = - 18 (o I = 1 (T o (=1 1= = LT o RSP 482
S TR T B U S Y A I (= 1 ] 1 0111 = PP PRPRO 482
19.3.4.  USART FBCEIVET ....uetiiee ettt et e e sttt e e e sttt e e e e sttt e e e e anbbe e e e e s e anbbeeeeennbbeaeeennneed 483
19.3.5. Use DMA for data bUffer CCESS.......uuviiiiiiiiiiii e 485
19.3.6.  Hardware floW CONLIOl ..........oeiiiiiiiiiieiiiiie e rree et snreee e e s sneeeee e 480
19.3.7.  Multi-proCesS0Or COMMUINICALION ......ceeeeeiiiictiitie et e e eee e e e e e s s s st reeeeeeeeeesessnnrnrreereeeeeeeeesannan 487
19.3.8.  LIN MOUE....ciiiiieiiii et sie sttt e ste et e e sten e e staeesteeessnanesneeesnnnneesnsnnessenessenesnsenennneeesns $88
19.3.9.  SYNCHIONOUS MOUE... ... eiiiiiiieiie e e re e e e e e e s e e r e e e e e e e e e ssssnnbaeaneaeeeeaeeeeesannnnne 489
19.3.10.  IrDA SIR ENDEC MOUE .....uvieiiiieeiiieiitieesiteeeesieeesteeessteeesstaesssteeesseesassseeesssessnsensesnseeesnes 490
19.3.11. Half-duplex communication MOGE..........uuuuiiiiiii e e aaaa e 491
19.3.12.  Smartcard (ISO7816-3) MOUE .......ccevrrrrrriiiiiiiiiiieie e e e e e e e e eeeeeere e e e e e e aaaeaaeaaaaes 491
19.3.13. LIS AN I 0] (=T U o] R 493
19.4.  Register defiNition . ..o e e e e 495
19.4.1. Status register 0 (USART_STATO).....uuuuuuruuiiiiiiiiieieieeeeeeeeeseeeeeeeeesessssssssnnnnnnnnneseneeeeaaeannn . 495
19.4.2. Data register (USART _DATA) ... ittt e e e e e e e e e e e e eeeeeeeeeeaeserssnnnaned 497
19.4.3. Baud rate register (USART_BAUD) .......cooiiiiiiiiieeeei s e e e e eee s 497
19.4.4. Control register 0 (USART_CTLO) ..ouvvuiiiiiiiiiiiiiiie i eeeeeeeeeeeeeeeeeeesvevevninnnn e neeeeeeeeenn . 498
19.4.5. Control register L (USART _CTLL) ittt rse e s e e e e e e e e e e eaeeneeeeeeees 500
19.4.6. Control register 2 (USART _CTL2) .uuuuuiiiiiiii it se e s e e e e e e e e e e e aeeeeeeaeeees 501
19.4.7. Guard time and prescaler register (USART _GP).......cuuuuiiiiiiiiiiiiiiieee e eeeeeeeeeeeeeeeeeeeeeennnnns 503
19.4.8. Control register 3 (USART _CTL3) ittt se e e e e e e e e e e e e e aeaeeeeeeenes 504
19.4.9. Receiver timeout register (USART _RT) ..ot e e e e e e e e e eeeaae e 505
19.4.10.  Status register 1 (USART _STAT L) . .uuuuiuiiiiiiiiiisie et ee e e e e et ee e e s s e s e e e aeaaaaaaas 506
20. Inter-integrated circuit interface (I2C) ........oiiiiiiieiiie e 508
2O Tt S O 1V =T 1= 508
O I O £ = = T (= ] 10T 508
20.3.  FUNCLON OVEIVIEW. .. .ceiiieeiiiiie s e e e ettt eet e e ettt ee s e e e e e et e e e etne e e eeeestsan e eeeeeeeeesssnnnmeeeeees 508
20.3.1.  SDA AN SCL IINES ...eiiiiiie ittt ettt e e st e e st e e st e e et e e s anaaeesnteeesntaeennnes 509
20.3.2.  DaAta ValIdAtiON..........uueeeiiiiieeeii ittt e e r e e e e e e e e e e e s e ee s 510
20.3.3.  START and STOP CONAIION .....eetiiiiieiiiiiitiiieee ettt e e e e e e e ee e e e e e e e e e e anaes 510
20.3.4.  ClOCK SYNCNIONIZALION ...ttt e e e e e e e et eeeeeaaaeeeaeanns 511
200 T Y g o] 1 2=V i [0 ] PP PURTTTPR 511
20.3.6.  12C cOMMUNICALION FIOW......uuiiiiiiiie ittt et e e e e e e e e e e e e e e e e e aeneee 512
20.3.7.  Programming MOGEI ...........eoiiiiiiiiii ittt ettt e e e e e e st e e e e e e e e aaeeeaeaannaee 512
20.3.8.  Use DMA fOr data trANSTEI .......cciiiiiieiii ettt e e e e e e e e e e e e e e 523
20.3.9.  Packet error ChECKING ..........uueiiiiiii et e e e e e e e e e 523
20.3.10.  SIMBUS SUPPONT . .ciiiiiiiiititeeeieeeettet e e e e e r e e e e e e e e e e e eeeeteeeeeasbebbbbeb b e s s e e e aeaeaeeeeaeeaeeeennnnnes 523
20.3.11.  Status, errors and INLEITUPLS ......oiiuueeiiieieeie e et e e e e e e e e s s s bbb beeeeaaeeeeaeeaannenneees 525
20.4.  RegiSter defiNitiON.........coooiiiiiiiiiiiii e 526



S

GigaDevice GD32F20X User Manual
20.4.1. Control register 0 (I2C _CTLO) ... uuuiiieeeeeeeeiicciiieeere e e e e e e e e s s s e s eereeeeeeesesssssnnrrrereeeeaeaeeeeeas 526
20.4.2.  Control register 1 (I2C _CTLL) .. uuuiiiiiiee e i e e iiccieeiee e e e e e e e e s s s e e e e e e e e e e e e s s s snnnrerereeeeaeaeeeeeas 527
20.4.3. Slave address register 0 (I2C_SADDRO) ......uuuiiiiiieeii it r e e e e e s s e rereereaaeeeseannns 528
20.4.4. Slave address register 1 (I2C_SADDRL) ......uuuuiiiiiiiiii it ee e e e e s s s ssernrereereeeeaaeeeaeanans 529
20.4.5. Transfer buffer register (I2C_DATA) . ..uu ittt e e e e e e e e e e e e s s rreeaae s 529
20.4.6. Transfer status register 0 (I2C_STATO) ....uuuuiiiiieeeeeiiiiiierieere e e e e e e e e e s s ssnrrrreerrereeeeeeeesesnnnnnes 530
20.4.7. Transfer status register 1 (I2C_ STATL) ...uuuiiiiiiieeeeeiiiiiieiieeeeeeee e e e e e ssssnrerreeereeeeeaeeessesnnnnnnes 532
20.4.8. Clock configure register (I2C_CKCFG) ....uuuiiiiiiieeiiiiiiiieiiieeee e e ss st s e e e e e e e e e e s e nnnnes 533
20.4.9. RIS time regiSter (I2C RT)...iccciiiiiieiiiiee e e e e s e st e e e e e e e e s s s st aaate e e e e e eeeeeessannnnnranerereeeeaens 534

21. Serial peripheral interface/Inter-IC sound (SPI/I2S)......ccccoiiiiiiiiiiiiiiiiiieeeeen, 535

A0 Nt O O 1V =T 1 535
A © ¢ - = 1o (= 1] 102 T 535
21.2.1.  SPI CNAIACIEIISTICS ... utvteeeeiieeee ettt e e e e ettt e et e e e e e e e s e sttt e e et e aaaeeeeesaannbnbreeeeeas 535
21.2.2.  12S CRAIACIEIISTICS .....tteeeeiiiiiee ettt et e e e e e st r e et e e e e e e e e e e sabnbbeeeeeas 535
21.3.  SPIDIOCK QIBQIam......ccoiiiiiiiiiiiiiiiiie e e e e e e e e e e e e e e e e s e e e 536
21.4.  SPI SIgNal ESCIIPUONL. .. .uuuiiiiiiiiiiiiiiiiiitinr e s e e e e e e e e e e e e e e e e e eeeenees 536
21.4.1. Normal configuration (Not QUAad-SPl MOUE).........uiiiiiiiieieie i 536
21.4.2.  QUAd-SPI CONfIQUIALION. ... .uuiiieie i e e e e e e e e e e e e e e e e e e e e e eeeeesennnrnnnnnnnnnns 537
A I T S o I (0T g T T I AV =T V= 537
21.5.1. SPI clock timing and data fOrmMat...........cccceiiiiiiiii e e e e e e e e e e e e e e eeaaaees 537
21.5.2. INSS fUNCHON ...ttt e e e e e e e s sttt e et e e ee e e e e e e s e s nnbbbbereeeeaaans 538
21.5.3.  SPI OPEration MOUES.....cccii i i e e e e e e e et e e e e e e e e aaaeaeaaaeaas 539
21.5.4.  DMA TUNCHON ...ttt ettt e e e e e e ettt et e e e e e e s e e s s bbb be e e e e eeeaeeeeaannanns 545
21.5.5.  CROC FUNCHON ...ttt ettt e e e e e e e ettt et e e e e e e s aa s s bbbt eeeeeeeeaeeeeaannanns 545
21.6.  SPIINIEITUPDTS ..ottt eea e e e e 546
21.6.1.  SHALUS flagS ..o oot r e e e e e e e e et e e et e e ara— i a————- 546
21.6.2.  ErrOr CONAILIONS ...coeeiiiiitee ettt ettt e e e e e e e e s s bbb e e et e e e e e e e aesannnnes 546
217, 12S DIOCK IBGIaAML....cciiiiiiiiiiiiiiiieieeee et e e e e e e e e e e e e e e e e e e s e e e e 547
21.8.  12S SIQN@l AESCIIPLION. .. .uuuuiiiiiiiiiiiiiiiiiitinr e e s e e s e e s e e e e e e e e e e e e e e e e e e e e e e e e e e eeeenees 548
21.9.  12S TUNCHION OVEBVIEW ....eeiie et e e ettt e e e e e e e e aea s s e e e e e e e eaaaen e e e e e eeeeenenns 548
21.9.1.  12S QUIO STANAAIAS ........ccoiiiiieeeeeee e e e e e e a e e e e e aaaaeaaaaaaaa 548
PR B 17 ol [ Tod PSPPSR 556
P2 TR T @ o 1= - {0 ] o PP PPRURTTUTR 557
P3RS B S B 11V NG (1] o 1o o 560
P2 I O O 1SR [ 01 (=] U] TP 560
21.10.1.  STAIUS FlAOS -t etieieeei ittt e e e e e et e e e e e e e e e e e e naaa 560
21.10.2. [ o] gt olo] [0 [11 o] I3 USSR 561
21.11. Register defiNitiON.........cooiiiiiiiiiiiiiii e 562
21.11.1.  Control register O (SPI_CTLO) ...cciiiiitetieiieeee et e e e e e e e e e e e e e e e e e e aanneas 562



S

GigaDevice GD32F20X User Manual
21.11.2.  Control register 1 (SPI_CTLL) ..ccciiiiiiiiieiieeee e e e e eee s st e e e e e e e e s s s s s e e e e e aeeeeeesnnnnns 563
21.11.3. Status regiSter (SPl _STAT) it e ettt e e e e e e e e e e e e e e s s e saarrerereeeeeeaeeeeeas 564
21.11.4. Data regiSter (SPI _DATA) .. .ottt s e e e e e aaae e e s e s s e rreerraeaeaeaeeensannns 566
21.11.5. CRC polynomial register (SPI_CRCPOLY) .....cooiiiiiieeiiiee et 566
21.11.6. RX CRC register (SPI_RCRC) ...ccciiiiiiiii ittt ee ettt e e sitaee e e sbaee e e e s s ssbee e e e s snbaeeeesanes 567
21.11.7.  TX CRC register (SPL_TCRC) ....uuiiiiiiiiiieee ittt sriie et e e e s st e e s nnaeee e e s snnaeee s 567
21.11.8. 12S control regiSter (SPI_I2SCTL) .uuuuiiiiiiiiee et e e e e e e s s e e e e e e e e e e e e e s s s snnnreaeeees 568
21.11.9. 12S clock prescaler register (SPI_I2SPSC) ...t svvrrereee e 569
21.11.10. Quad-SPI mode control register (SP1_QCTL) of SPI0........cccooviiiiiiiiiiieieeee e, 570

22. Digital camera interfaCe(DCI) ......cooviiiiiiiie e 572

A R O 1V =T 1 572
A O £ - = T = ] 10 572
22.3.  BlOCK QIBGIANML. ..o 572
22,4, SIGNAI AESCIIPLION. .. .eiiiiiiiiiiieieete ettt e e e e e e e e e e e e e e e e e e e e e e e e e e s ameeeeeees 573
225, FUNCLON OVEIVIEW. .. .cciieeiiiiiiiis e e e e ettt e et ettt s e e e e e e e e e ttne e e eeeestana e e eeeeeeeesssnnnmeeeeees 573
22.5.1. DCI hardware synchronization MOUE..........ccooieieieii i e e e e e e e e e e e e e eeeeeeaaeee K73
22.5.2. Embedded synchronization MOAE.............ooiiiiiiiiiiiiiiccre e e e e 574
22.5.3. Capture data using snapshot or continuous capture MOUES..........cceeeveeeeeeeeeeeeeeeeeeeeiiininienns 574
22.5.4.  WINAOW TUNCHION ...t e et e e e e e e et nre e e e eeeeeeeeaeannnnnes 575
22.5.5. Pixel formats, data padding and DMA ..........ooorriimiiiiice e 575
A T 11 (=T (U] o] £ T PP T PP P UPPPPPTPTPTTR 576
22.7.  Register defiNitiON.........coooiiiiiiiiiiiiii e 577
Y 0 T ©%o T 1 o] I = To 1Y (=1 g (1 O I I T 577
22.7.2. Status registerQ (DCI_STATO) .uuuuu i ie et ee et s s e e s e e e e aeaaaeeeeeeeereeserssennnnns 578
22.7.3.  Status registerl (DCI _STAT L) .o ie oot r e e e e e e e e e e e aeeeeeeeeeeeaersernnanns 579
22.7.4. Interrupt enable register (DCI_INTEN) .......cooiiiiiiiiicc e 579
22.7.5. Interrupt flag register (DCI_INTE)......ooiiiiiiieiierres e r e e e e e e e 580
22.7.6. Interrupt flag clear register (DCI_INTC) ...uuuuiiriuiiiiiiisie e ee e e ee e e a e e e 581
22.7.7. Synchronization codes register (DCI_SC) ......ouiiiiiiiiiiiiiiiiieie e 581
22.7.8. Synchronization codes unmask register (DCI_SCUMSK)......cccceeviiiiiiiieiiiiieeeeeinn 582
22.7.9. Cropping window start position register (DCI_CWSPOS) .....cccceeiiiiiiiieeiieeeeeeenn 582
22.7.10.  Cropping window size register (DCI_CWSZ) ......cooiiiiiiiiiiiiieeee e 583
22.7.11.  DATATEQISIEr (DCI_DATA) ... teiie e iiitee ettt e ettt ettt e e e sttt e ea s e stbeeeeessstaeaeesasbaeeaaaaans 583
23.  TFT-LCD INterface (TLI) .ottt e e e e e aaans 584
DG T I O 1= V1= Y PP 584
DA T O £ 1= 1 7= Tod (=] 1] 102 PRSPPI 584
23.3.  BIOCK QIAGIaNML...cce oo 584
P2 T S T [ =10 1= ST ] o) 4o o TP 585

14



S

Gigabevice GD32F20x User Manual

23.5.  FUNCLON OVEIVIEW. .. .cciiieeiiiiii e e ettt ettt st e e e et e et ttne e e e e eeatsa e e eeeeeeeessnnnmreeeees 585
23.5.1.  LCD diSPlay tIMINQ.....uuueeeeeieeeeeiiiiiiitiuierieeeeeeee e et sssetarreeeerreeeaeeesssssnsestaeareeeeaeaeeessssnnnsnsrsseeees 585
23.5.2.  PiX€I DMA fUNCLION ...oooiiiiiii ettt ettt e e e e et bee e e e e snbbe e e e s enneees 586
P22 BT T ) =] I o] 11 0= £ PSPPSR 587
23.5.4. Layer window and blending fUNCLION............cuuiiiiiiie e 587
23.5.5.  Layer configuration rElOad.............ccoiiiiiiiiiiiiiieiieee e s e e e e e e e e e e s e e e e e e e e e e e e e 588
23.5.6. DIthering fUNCHON ..ot r e e e e e e e s s e e e e reeaeeeeaennne 589

P2 T T 1 1 =T (U o] £ PSP PTPTT 589
23.7.  Register definitiON.........coooviiiiiiiiiiiii e 590
23.7.1. Synchronous pulse size register (TLIL_SPSZ) ......ccccciiiiieiieee e 590
23.7.2. Back-porch size register (TLI_BPSZ) .....uuuiiii oottt e e e e e 590
23.7.3.  ACtiVE SIZ€ regiSter (TLIL ASZ) ...uuu ettt e e e e e e e e e e e e e e e e e e e e e eeaerereananas 591
23.7.4. Total Size reqiSter (TLI_TSZ) ....uuuuiiuiiiiiiiiiisisie i e e e e et e e et ee et s s s e s e e e e e e aaaaaaaaaeeereeennnnnes 591

A T A T ©o T o 11 o I =To 1Y (= o (I O I I 592
23.7.6. Reload layer register (TLI_RL) .....uuuuuiiiiiiiiiiiiiisieee e e e e e eeeee e e e e eeee e s s s s e s e e e e aaeaaaaaaaenens 593
23.7.7. Background color register (TLI_BGQC) ......ccoiiiiiiiiieieiiiiiiiceis s s e e e e e e e e e e e e e eeeae s 594
23.7.8. Interrupt enable register (TLI_INTEN) ......cooiiiiiiiieceis e 594
23.7.9. Interrupt flag register (TLL INTE) .. ... i r e e e e e e e e e e e e e e e e eeeeeeaennns 595
23.7.10. Interrupt flag clear register (TLI_INTC) ...uiiiiiiiieie e e e e 596
23.7.11. Line mark register (TLLLM) ... e e 596
23.7.12.  Current pixel position register (TLI_CPPOS) .......coovviiiiieeeeiie i eeeieens 597
23.7.13. Status register (TLI ST AT ) it e e e e e aaaaees 597
23.7.14.  Layer x control register (TLIL LXCTL) ...ciiiiiiiiei i e e e e e e e e e e e e e eeeeeees 598
23.7.15.  Layer x horizontal position parameters register (TLI_LXHPOS)..............cceeeiiiiiviviinnnnnns 598
23.7.16.  Layer x vertical position parameters register (TLIL_LXVPOS).........cuvvrrrriviviniiiiiiinieieeeenn. 599
23.7.17.  Layer x color key register (TLI_ LXCKEY)......ociiieiiiiiiieeee ettt eeaaae e eeaeanes 599
23.7.18.  Layer x packeted pixel format register (TLI_LXPPF) ... 600
23.7.19.  Layer x specified alpha register (TLI_LXSA) .....ovvviiiieieieieieiiiiieee e se e e e e e e e e eeeeeeeeeeeeeeeenennns 600
23.7.20.  Layer x default color register (TLI_LXDC) .....uuuuiiiiiiieiei e 601
23.7.21.  Layer x blending register (TLI_LXBLEND) ..........cuuuuiuiimiiiiiiieie e eeeeeeeeeeeeeeeee e evennnnnnen 601
23.7.22.  Layer x frame base address register (TLI_LXFBADDR) ...........uuuuuiiiiiiiiiiiieeeeeeeeeeeeeeeeeens 602
23.7.23.  Layer x frame line length register (TLI_LXFLLEN)...........oooirriiriiicciceeeee e, 603
23.7.24.  Layer x frame total line number register (TLI_LXFTLN) .....ccccoeeiiiiiiiieiiiieeeeie, 603
23.7.25.  Layer x look up table register (TLI_LXLUT) ..o 604
24. Secure digital input/output interface (SDIO).......coouviiiiiiiiiiii e 605
D R O 1= V1= Y PP 605
N O £ 1= 1 7= Tod (=] 1] 102U 605
24.3.  SDIO DUS tOPOI0GY. ....ceiiiiiiiiiiiiiieeiee e 605
244,  SDIO fUNCHON OVEIVIEW. ... cceiiiieeeiie et e e e e e e et et e e e e et e e e eetan e eeesaanss 608
P R 1B 1 (@ 2 To F= 1 o (= ST PPUPRPPPT 608
24.4.2.  AHB INEITACE ... oottt e ettt a e e e e aaaaaaaeaeaeeeaaa———_ 612



S

GigaDevice

GD32F20x User Manual

24.5.  Card fUNCLON OVEIVIEW. ... ... e e eeeeeeiiiiaee ettt s e e e e e e e e e ettt s s e e e ameea e e e e eaeeeeneeenaaaeeeeen 614
p R T R OF- 1o N (=T 1] (=] SRR 614
PN O o 411 4= 1 (o PP 615
24.5.3.  RESPONSES .. ittt ettt ettt e e e e e e e rb e e aeerrnnneeed 627
24.5.4. Data PACKEtS FOIMMAL ........uuuiiiieiiee i e e e e e e e e e e s s s s eereeeeeaaeeeseannnnnne 631
24.5.5. Two status fields Of the Card..........ocuuiiiiiiiii e 632

24.6. Programming SEOUENCE.........ccuutitiitteeaeeeeeeameneeeneesssssssesssssseeseesams e 639
24.6.1.  Card identifiCAtION .........eeiiiiiiiie ettt e e e e s naaeee s 639
24.6.2.  NO data COMMEANTAS ......vveiiiiiiiiiie ettt e e e e e st e e s s st e e e e e anbbeeeaeesnbbeeeesanneeas 641
24.6.3. Single block or multiple BIOCK WITLE .........ueeiiiiieeeie i) 641
24.6.4. Single block or multiple BIOCK read...........ccccuvviiiieiieee e 643
24.6.5. Stream write and stream read (MMC ONIY) .......ooviiiiiiiiiiiiree e 644
24.6.6.  EF8SE oo e e e e e e e e e aeeeeeeeannnes 645
24.6.7. BUS WIdth SEIECHON ......ccii it e e 646
P ST T o o1 (= Tou i o o I g =V g = To =T o 0 T= o SO 646
24.6.9.  Card LOCK/UNIOCK OPEIAtiON.......uuieiiiiiiie e i e e eee ettt s e s e e e e e e e e e e e aeaaeeeeeeeeeenrnne 647

24.7.  SPECITIC OPEIALIONS......ciiiiii ittt e 649
24.7.1. SD /O SPECIFIC OPEIALIONS ......uuuutiieeiiiiiiiii et et e e e e et e et e ee et ae e e r e s e e e eeeaaeaaaaaaeeereeenerernnnnes 649
24.7.2. CE-ATA SPECIfIC OPEIALIONS ....ccciei e e e e e e e e e e e e e e e e e e as 653

24.8.  RegiSter defiNitiON.........coooiiiiiiiiiiiiiii e 655
24.8.1. Power control register (SDIO_PWRCTL)......cccoiiiiiiiieeeeeeeiirs s e e e e e e ee e 655
24.8.2. Clock control register (SDIO_CLKCTL) .uuciiiiiiiiei et e e e e e e e e e e e e e eeaenees 655
24.8.3. Command argument register (SDIO_CMDAGMT) ...uuiiiiiiiiiiii e 656
24.8.4. Command control register (SDIO_CMDCTL) ......cooviiiiiiiieeeiiiiiicee e e e e e e e e e e e ae e e e e e eeenenennns 657
24.8.5. Command index response register (SDIO_RSPCMDIDX).........uuuvuiuiiiiiiiiinieieeeeeeeseeeeeeeennnns 658
24.8.6. Response register (SDIO_RESPX X=0..3) ...icvvviiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeessssnnnnnnnnnnnd 659
24.8.7. Datatimeout register (SDIO_DATATO) ...uiiiiiiiii i e e e e e e e e e e e eeaeaeenes 659
24.8.8. Data length register (SDIO_DATALEN) .....ccoiiiiiiii e e e e e e e e e e e e e eeeeaees 660
24.8.9. Data control register (SDIO_DATACTL) ..ouuuuuiriiiiiiiisie et e e e e e a e e e eeas 660
24.8.10. Data counter register (SDIO_DATACNT) ...cciiii i e e e e ee e eeaeaans 662
24.8.11. Status register (SDIO ST AT ) ..ot e e e e e e e e e e eas 662
24.8.12.  Interrupt clear register (SDIO_INTC) ...uiiiiiiiiii i e e e e e e e e e e e e aeeeaees 664
24.8.13. Interrupt enable register (SDIO_INTEN) .......ccoviiiiiiiiiiiiiiiceie e e e e e e e eeene s 665
24.8.14.  FIFO counter register (SDIO_FIFOCNT) ...ciiiiiiiiiiiiiitieeie ettt e e e 667
24.8.15.  FIFO data register (SDIO_FIFO).... ...ttt ee e e e e e e e e e nnneneeed 667

25. External memory controller (EXMOQC) .....cooiiiiiiiiiiii e 669

DA T I O 1= V1= Y PP 669

DA T O £ 1= 1 - Tod (=] 1] 102 PRSPPI 669

25.3.  FUNCHION OVEIVIEW. ...u. ittt e e e e e et e e e e et eme e e e e et e e e e e sba e e s eebansmeaanans 670
A TS 0 I =] (o Tod (qo [T To | =11 DO TP PPUPPPPPT 670
25.3.2. Basic regulation Of EXIMC @CCESS ....cciiiiiiiiiiiitiiiieiteee e e ettt e e e e e e e e e s e eib b e eeaaaae e as 670

16



S

GigaDevice

GD32F20x User Manual

25.3.3. External device addreSSs MapPinNg ......cceeeeeiiiiiuiriieeiieeeeeeeeesissiirrreeereeeeeeseessessnnnnsnereeeeaeeeaes 671
25.3.4. NOR/PSRAM CONLIOIET ...ceiiiiiiiiie ittt sttt sttt e e e e e e e 675
25.3.5.  NAND flash or PC card CONLrOIEr...........eeeiiiiiiiiee ittt e e sraeee e 696
25.3.6.  SDRAM CONIOIET ...ttt ettt e e sttt e e s st e e s s bt er e e e s enbbneeesannnreeeas 702
25.4.  Register definitiON.........coooiiiiiiiiiiiiiii e 714
25.4.1. NOR/PSRAM cONtroller re@QISIEIS ......uuuuiiiiiiieeeeiiiiictitiieeeee e e e e e e s ssssssvnssneseeeseeseeesessssnssssnnnesd L4
25.4.2. NAND flash/PC card controller regiSters........ccccuuireiieeeriiiiicciiiiiereeeeeeeeesssssssnnssssseeeeeeeeen 19
25.4.3.  SDRAM CONtrOllEr FEQISIEIS.......uuiiiiiiiiiiie e i et e e e e e s sannrr e e e e e e e e s s s ssnnsnsenenneeeeses d 2D
25.4.4. SQPI-PSRAM CONLrOlEr FEQISTEIS ..vvvviiieeee i e ittt eee e e e e e s er e e e e e e e e e e s snrnrnnreeeeeeee e s A2
26. Controller area NetWork (CAN) ....cooo i 736
D24 20t S O 1V =T 1 736
I O £ - = T (= ] 1oL 736
26.3.  FUNCLION OVEIVIEW. .. .cciiieieiiiii e e e e et tet e e et e e et s s e e e et e e eettne e e eeeestsnn e eeeeeeeeessnnnnmeeeeees 737
PTG Tt I VAV Lo (] o ' Yo [P SRRSRRRRRRY 4G ¥ 4
26.3.2.  COMMUNICALION MOOES ..ottt e e e e e e s e e et e e e e e e e e e sannbbnnneeeeeeaeaaeeas 738
26.3.3.  DaAta traNSMUISSION .. ..ot e ettt e e e e e e e e e ab bbb e et e e e e e e e e e s e bbb b benbe e e e e e aeeeeeeaaanne 739
LSRRG T N B T U= W (= Tod =Y o] (o] o S SRRRRRRRY £” X |
L IRC TE T 11 = g1 o i 18] o 1 RSP 743
26.3.6. Time-triggered COMMUNICALION ...........uuuuurureeiiiiisieeeeeeeeeeeeeereeeeeeeeeaesseaaa s se s e s eaeeeaeaaaaaaeenees 746
26.3.7. COmMMUNICALION PAIAMETLEIS . .uuuuueiiiiiiiieieeeeeeeeeeeeereeeeeeeeeereeeinennnseeeeeeeeeeaeaeseesesseeesessssessnnnnd 2O
PR Tt TR 1 ¢ o T = Yo L 748
G T O Y (N N1 =T ¢ U] ] €= OPRSRRRRRRY 47 1
26.4.  Register defiNitiON.........coooiiiiiiiiiiiiii e 751
26.4.1. Control register (CAN_CTL) ..uuuuiiiieiiiiiii i e e e e e eeeeeeeeeeeeeee e se e s e e e e aeaeaaeeesessssssssssssssnnnnd DL
26.4.2.  Status register (CAN _STAT) ..ioiiiiiiiiieieieiiisssieeeeeeeaeaeeeet et eeeeeeeaeaerana s aaaaaaaaaaaaaaaaaeeeenennnes 752
26.4.3. Transmit status register (CAN _TSTAT) ..uiiiiii it e e e e e e e e e e e e e eeaeaees 154
26.4.4. Receive message FIFOOQ register (CAN_RFIFOO) .....ccccoiiiiiiiiiiiei e 757
26.4.5. Receive message FIFOL register (CAN_RFIFOL) ....ccoooiiiiiiiiiiiie e 757
26.4.6. Interrupt enable register (CAN_INTEN) ......ouuuiiiiiiiiiiiiiie i eeeeeeeeeee e eeeeeeeeevevenes e A DO
26.4.7. Errorregister (CAN_ERR) ....ouuiiiiiiiiiii i e e e e e e e e e e e e e e e e e e e eee e e 760
26.4.8. Bit timing register (CAN_BT) .. ...uuuiiiiiiieiiiiiiiiis e ee e e e e e e e e et et e e e e eeeae st asseseaaaeaaeaaaaaaeaeeessenes 761
26.4.9. Transmit mailbox identifier register (CAN_TMIX) (X=0..2) ...ceeiiiiiiiiiiiieeeeeeeeeeeeee 162
26.4.10.  Transmit mailbox property register (CAN_TMPX) (X=0..2) ...ccoeiiiiiiiiiiiiiiieeeee e 763
26.4.11.  Transmit mailbox dataO register (CAN_TMDATAOX) (X=0..2) ..eeeeveiieeaiiiiiiiiiiiieeeeaaaeeeeen 763
26.4.12.  Transmit mailbox datal register (CAN_TMDATALX) (X=0..2) ..eeeeierieeiiiiiiiiiiiiiieeeaeaeeeeen 764
26.4.13.  Receive FIFO mailbox identifier register (CAN_RFIFOMIX) (X=0,1).....ccccuvvveeerieeeneninnnnne 764
26.4.14.  Receive FIFO mailbox property register (CAN_RFIFOMPX) (X=0,1).......cuueeeierieeinnniinnnns 765
26.4.15.  Receive FIFO mailbox dataO register (CAN_RFIFOMDATAOX) (X=0,1)......cccccuvrvreeereanenn 766
26.4.16.  Receive FIFO mailbox datal register (CAN_RFIFOMDATALX) (X=0,1)......cccccuvrrreeereaenn 766
26.4.17.  Filter control regiSter (CAN_FCTL) ...uuiiiiiieeiiiiiee ettt e e 767
26.4.18.  Filter mode configuration register (CAN_FMCFG) .......cccooiiiiiiiiiiiiiiiieieeeeieeriiiieeeeeeeeee . BT

17



S

GigaDevice

GD32F20x User Manual

26.4.19.  Filter scale configuration register (CAN_FSCFG) .....cccceveeiiiiiiiiiiiiiiireeeeeee e ssiiveeeenn . £ 08
26.4.20.  Filter associated FIFO register (CAN_FAFIFO) ......ccccuiiiiiieee et e e e e e e sneens 768
26.4.21.  Filter working register (CAN_FW) ...t e e e e e e e e e e e e s nanes 769
26.4.22.  Filter x data y register (CAN_FXDATAY) (X=0..27, Y=0,1) ...cccvvvvrreereeeeeeiiiiiiinninnneeeeeeeeen 69
27. Ethernet (ENET) .ot e e e e e e e e e e e eane s 771
27. 1. OVEIVIEW .etttiiiiiiiiiiiiiiiiiiiiietssies s s s s s e s s s s s s s s s s s e s s s s s e s e s st e e e e e e e e e e e e e eeeeeeeeeeeeeesaessssbsbsasnesnnnnes 771
P O (T 1= T (=] 1 Ao PP PPPPPPPRTTRN 771
V2 20 W = 1 (o ol Qo [ - Vo |- o P ERPRRR 772
27.2.2. MAC 802.3 Ethernet packet desCription...........cccccciiiiiiiieieeee e eevnvneneee A 13
27.2.3. Ethernet signal deSCriPLiON ........ooi it e s e e e e e e e s 774
27.3.  FUNCLON OVEIVIBW ...uiiiiiiiiiiiiiiiiiiiiiiiiitinn e s sssesssssssssssssssssssss st eeeeeseeeeeeeeeeeeeseeseeessanses 775
27.3.1. Interface CONfIQUIAtION .........ccooiiiiiii e a e e e e e e e eaaaaas 775
27.3.2. MAC TUNCLION OVEIVIEW ...ttt e e e et et e e e e e e e e e annbbnnnneeeeeaeaaeeas 779
27.3.3.  MAC StatistiCS COUNEIS: IMSC ...ttt e e e e e e e e e e e e s nanneees 791
27.3.4. Wake up management: WUM ... e e e e e e e e e e e e e e e e e e e e e ae e 791
27.3.5.  Precision time ProtoCOL PTP ... e it e e e e e e e e e e e e e e e e eeeaaanes 795
27.3.6. DMA cONtroller deSCrIPLION .......ciiviieeeeeeeieie e e e e e e e e e e e e s e e e e e aaaaaaeeees 799
27.3.7. Example for a typical configuration flow of Ethernet ..............ccoorrrririciiciicc e, 819
27.3.8.  EtherNet INtEITUPLS ...t r e e e e e e s e e e e e e eaaaaas 820
27.4.  Register defiNitiON .. e 823
27.4.1. MAC configuration register (ENET_MAC _CFG) ....cccciiiiiiiii s a e 823
27.4.2. MAC frame filter register (ENET_MAC_FRMF) ......cooiiiiiiiiie e 825
27.4.3. MAC hash list high register (ENET_MAC _HLH) ... e 827
27.4.4. MAC hash list low register (ENET_MAC_HLL) ....coovviiiiiiiiiieieee s eeeeeeainens 827
27.4.5. MAC PHY control register (ENET_MAC_PHY_CTL) c.uuuiiiiiiiiiii e 828
27.4.6. MAC MIl data register (ENET_MAC_PHY_DATA) ...ooiiiiiiiiiee ittt e siaeee e stveee e snnes 829
27.4.7. MAC flow control register (ENET_MAC_FCTL) ..c.ciiiiiiiiieieeeeie e e e e e e e eeninens 829
27.4.8. MAC flow control threshold register (ENET_MAC_FCTH) ....oovviiiiiiiiiiiiiiiie e, 831
27.4.9. MAC VLAN tag register (ENET_MAC VLT ) iouuiiiiiiiiiiieeiiiiiie e ssiieeee e stieee e s siteeee s ssssneeeesenes 832
27.4.10. MAC remote wakeup frame filter register (ENET_MAC_RWFF) .....ccccoiviiiiiiiiiiiieeee, 832
27.4.11. MAC wakeup management register (ENET_MAC_WUM)..........cccivriiiiriiiiiiiiiccccee e, 833
27.4.12.  MAC interrupt flag register (ENET_MAC _INTF) ...ucoiiiiiiiiii e 834
27.4.13.  MAC interrupt mask register (ENET_MAC_INTMSK)......cuuiiiiiiiiiiiiiiiiiieiiieeeeee e 835
27.4.14.  MAC address 0 high register (ENET_MAC_ADDROH) ......coiiiiiiiiiiiiiiiiiiieeeeeeee e 836
27.4.15. MAC address 0 low register (ENET_MAC_ADDROL).......uutetiiiiaaiiiiiiiiiiniieeeeeae e 836
27.4.16. MAC address 1 high register (ENET_MAC_ADDRIH) .....ooiiiiiiiiiiiiiiiiiiieeeeeeee e 836
27.4.17. MAC address 1 low register (ENET_MAC_ADDRIL)......cuuiiiiiiiiiiiiiiiiiieniieeeeee e 837
27.4.18. MAC address 2 high register (ENET_MAC_ADDRZ2H) .....ccoiiiiiiiiiiiiiiiieiteeee e 838
27.4.19. MAC address 2 low register (ENET_MAC_ADDRZ2L).......uutiiiiiiiiiiiiiiiiiiniieeeeeee e 838
27.4.20. MAC address 3 high register (ENET_MAC_ADDRS3H) .....coiiiiiiiiiiiiiiiieiceeeeeeee e 839
27.4.21. MAC address 3 low register (ENET_MAC_ADDRSL)......uuutitiiiiiiiiiiiiiiieeiieeeee e 840
27.4.22.  MSC control register (ENET_MSC_CTL) ..coiiiiiiiiiiiiiieee et 840



S

GigaDevice

GD32F20x User Manual

27.4.23.  MSC receive interrupt flag register (ENET_MSC_RINTF) ......oooiiiiiiiiiiiiieeeee e 841
27.4.24.  MSC transmit interrupt flag register (ENET_MSC_TINTF) ..o 841
27.4.25.  MSC receive interrupt mask register (ENET_MSC_RINTMSK) .........ccccciiiiiiiiieeeneeenninns 842
27.4.26.  MSC transmit interrupt mask register (ENET_MSC_TINTMSK) .......ccccciiiiireeeeeeiniiinnnns 843
27.4.27.  MSC transmitted good frames after a single collision counter register
(SN ST O T 1\ I SR 843
27.4.28.  MSC transmitted good frames after more than a single collision counter register
(ENET_MSC _MSCCNT) .ttteitiieitieestieesstteasasteeessteeessteeesteseasenassssesessseeesssesesssesesnseseesssssesssesesnseeesses 844
27.4.29.  MSC transmitted good frames counter register (ENET_MSC_TGFCNT).........cccccvvvvneeen. 844
27.4.30.  MSC received frames with CRC error counter register (ENET_MSC_RFCECNT)......... 845
27.4.31. MSC received frames with alignment error counter register (ENET_MSC_RFAECNT)..845
27.4.32. MSC received good unicast frames counter register (ENET_MSC_RGUFCNT) ............ 845
27.4.33. PTP time stamp control register (ENET_PTP_TSCTL) c..ccooeviiiiiiiii e, 846
27.4.34. PTP subsecond increment register (ENET_PTP_SSINC) ........ovvviiiiiiiiiiiiiiiieeeeeeeeeeeeee 847
27.4.35. PTP time stamp high register (ENET_PTP_TSH) ... 847
27.4.36. PTP time stamp low register (ENET_PTP_TSL) ...ouuiiiiiiiiiiii e 848
27.4.37. PTP time stamp update high register (ENET_PTP_TSUH)............ccoo i 848
27.4.38. PTP time stamp update low register (ENET_PTP_TSUL) .......ovvviiiiiiiiiiiiiiiieeeeeeeeeeeee, 849
27.4.39. PTP time stamp addend register (ENET_PTP_TSADDEND) ..........eeeeeeeieiiiiiireeenins 849
27.4.40. PTP expected time high register (ENET_PTP_ETH) .....cccoooiiiiiii e 850
27.4.41. PTP expected time low register (ENET_PTP_ETL) ...cccvvviiiiiiiiiiiiiiiieie e eeeeeeeeeeeeeeeeeenns 850
27.4.42. DMA bus control register (ENET_DMA _BCTL) ..ccooeiiiiiiiieeeeeeeiirsss e a e e e e e 850
27.4.43. DMAtransmit poll enable register (ENET_DMA_TPEN) ..., 852
27.4.44. DMArreceive poll enable register (ENET_DMA RPEN) ........vuiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeenns 853
27.4.45. DMAreceive descriptor table address register (ENET_DMA_RDTADDR).........ccccvvueee. 853
27.4.46. DMA transmit descriptor table address register (ENET_DMA_TDTADDR)..................... 854
27.4.47. DMA status register (ENET_DMA_STAT) it 854
27.4.48. DMA control register (ENET_DMA _CTL)..cciiiiiiiiii it e e e e ae e eeaaaae 858
27.4.49. DMA interrupt enable register (ENET_DMA _INTEN) ......ooviiiiiiiiiiiiiiis i 861
27.4.50. DMA missed frame and buffer overflow counter register (ENET_DMA_MFBOCNT) ...... 863
27.4.51. DMA current transmit descriptor address register (ENET_DMA_CTDADDR) ................. 863
27.4.52. DMA current receive descriptor address register (ENET_DMA_CRDADDR) ................. 864
27.4.53. DMA current transmit buffer address register (ENET_DMA_CTBADDR)..............ccc....... 864
27.4.54. DMA current receive buffer address register (ENET_DMA_CRBADDR).........ccccceevvvinnis 865
28. Universal serial bus full-speed interface (USBFS) .......cccccoeiiviiiiiiiveiiieii, 866
D24 T I O 1= AV 1= Y PP 866
P4 T O £ 1= 1 - Tod (=] 1] 102U PPPP 866
28.3.  BIOCK QIAQIaL....coo e 867
28.4.  SIGNAl AESCIIPLION. ...ciiiiiiiiiiiiiiieie ettt e e e e e e e e e e e e e e e e e e e e e e e e e s ameeeeeees 867
28.5.  FUNCHON OVEIVIEW. ...u. ittt ettt e e e et e e e e et eme e e e e et e e e e e baa e e sesbansmeranans 867
28.5.1. USBFS clocks and WOrking MOAES ...........uuiiiiiiiiiiiiiiiiiie et e e e e e e einaees 867



S

GigaDevice

GD32F20x User Manual

28.5.2.  USB NOSE fUNCLON ...ttt e et e e s st e e e e s et aa e e e s snneeeee s 869
28.5.3.  USB dEVICE TUNCHION .....iiiiiiiiiiiie ittt sttt st e st e e e sttt e e s s e e e e e snneeeee s 871
28.5.4.  OTG fUNCHON OVEIVIEW ....vviieiiiiiiiee ettt e e s ettt e ettt e e e s sttt e e s st e e e e s snbae e e s e snbbe e e e e snasbeeaeeaneees 872

P TR ST B T - B 1 S 873
2SS T S T @ o =1 = 1o ) o [V 1o = 2SR 876

P2 < T T 11T (U o] £ RSP PUPTTTT 880
28.7. Register definitiON..........cooiiiiiiiiiiiiiiii e 882
28.7.1. Global control and Status rEQISTErS........cccuvuiiiiieiiee e e e e cccc st e e e e e s e re e e e e e e e e e sennnnnes 882
28.7.2. Host control and Status regiSEIS ........iccuiiiiiiieie e eee e e e e e e e e e e e s ennnnns 903
28.7.3. Device control and StatUS FEQISTEIS .......uuuuiiiiiieeeee it r e e e e e e s s rrrrrer e e e e e e s s e nnnrrnnees 915
28.7.4. Power and clock control register (USBFS_ PWRCLKCTL) . ...ccvvieiiiiiiiiiiiieeereeeeeee e 939
29.  REVISION NISTOMY ..o er e e e e e e aae s 940

20



S

Gloabevice GD32F20x User Manual

List of Figures

[ To O =Y R O o N 8 N Ee = ] oY Qe [TV [ 2= 1 F T 34
Figure 1-2. GD32F20x Connectivity line series system architeCture ........cccccccevvviiieeee e 35
Figure 1-3. GD32F20X MEMOIY MIAP c.uuttttteeeeiitrrrereeesiasimrssseeeeessaanssneeeeesasssamsssseeessimssssseeeesssnsssmmessessssnns 37
Figure 2-1. Process Of page €rase OPEIratiON .....ccicciiiciiieeeeeiiiiiiieieeee e e s s snrte e e e e e s s ssntasenreseeeessnsntaeeeeesssnsnsens 46
Figure 2-2. Process 0f Mass €rase OPEratiON ......ccciiciiieiiee ittt ise e e e e ssttre e e e e e s stare e s emr e e e s s nnaaee e e e e s s nnnnnnees 47
Figure 2-3. Process of word program OPEIration ..........cccccuureeeeesiiiuiiimiereeeessnrnteeeeesssssssssemseseeesssnnsssseseesns 49
Figure 3-1. POWET SUPPIY OVEIVIEW .. ..eiiiiiiie ettt e st e e e e s s s et e e e e e s e snntan e e e e e e e snnmnnteneeaeeean 63
Figure 3-2. Waveform of the POR/PDR .......cccooi it ccteiiee e reee e e st tamrae e e e e s s sntnae e e e e e s s nnnaeemreeeee s 65
Figure 3-3. Waveform of the LVD threshold .......cccooiercc s eere e eeeeaeeeeeeeeeed 65
Figure 5-1. The SYSTEM FESEL CIFCUIL ....uuuiiiiiiiiiiiiieieiieie s ettt r e e e e e et e e e e s emre e e e e e e e et e taaaaaaaaaaaaeeeeamraaaaaaaaes 80
L o LU O [ Yo Q== TSRS 81
Figure 5-3. HXTAL CIOCK SOUICE w.uuuiiiiiiiieeieeeee ettt 83
Figure 6-1. BIOCK diagram Of EXT1 ....ccciiiiiiiiiiiiiieiitie et es e eeeeesemstsee s sssssseseeeeeeeeeaeeasamseseeeeeeeees 128
Figure 7-1. The basic structure of a standard I/O and five-volt tolerant I/O Port...........ccccceecccnnnnnnns 134
Figure 7-2. INPUL CONFIQUIALTON ....uuiiiiiiiiiiiiiiiiiiiiie et ee e e e e e e e s ensesseseaeeeseeeeeeeeeaesaeaeeamseeeeeeeeeeaeeeaes 136
Figure 7-3. OULPUL CONFIQUIALION c.oovviiiieieecceee e e 136
Figure 7-4. Analog CONFIQUIAtiON .......ocviiiii e 137
Figure 7-5. Alternate funCtion CONTIQUIALION ...........uuuiiiiiiiiiiiiieie e e e e e e e seree e e areereeeeereeeeeeees 137
Figure 8-1. Block diagram of CRC calculation UNit.......ccccccvviiiiiiiiii i, 181
Figure 9-1. TRNG bIOCK diagram .......ooooiiiiiii e e 185
Figure 10-1. DATAM No swapping and Half-word swapping ......cccccoeeiiiiie i 191
Figure 10-2. DATAM Byte swapping and Bit SWapPPiNg ......ucueeeieiiiiiiiiiiieieeceseeeeeeee et aa e e e e e e ae e 192
[ T LU L= 0 S T @7 N W o [>T | > o PP 193
Figure 10-4. DES/TDES ECB €NCIYPLION ...uuiiiiiiiiiiiiiiiiiieeeee s estteteee e e et et et e aeaeaaaaaeamteeeaaaaaaaaaaaaaeaaaaaaaaeesameas 194
Figure 10-5. DES/TDES ECB AECIYPLION ...uuuiiiiiiiiiiiiiiiiiiee et estteee ettt et et e tea e e e e e e e emteeaaaaaaaaaaaaaaaaaaaaeaeeesameas 195
Figure 10-6. DES/TDES CBC €NCIYPLION ...uuutiiiiiiiiiiiiiieiieeeeesasrteseeeseeeeeeeeeteaeaeaaaeaeamteeeaeaaaaaaaaaaaeaaaaaeeeessameas 196
Figure 10-7. DES/TDES CBC ECIYPLION ...uuuuiiiiiiiiiiiiiiiiieeieisestieseeeeeeeeeeeeetetaaeaeaeaeamteaeaeaaaaaaaaaaaaaaaaaeeeessameas 197
Figure 10-8. AES ECB €NCIYPLION .ocoiii it ies e s s sttt s et e s s ts e s essaseeeesemssssnsnnnenees 198
Figure 10-9. AES ECB deCIYPLION ...cci it cieier e s s s et s s ts e saseeseeeesemssssnsnanenees 199
Figure 10-10. AES CBC ENCIYPLION ...uuiiiiiiiiiiiiiieieirtereeeieeetesesssesseseeeeeeeeeeeessamassssseeeeeeeraeaaaaaaaaaeeeameeeeeeeees 200
Figure 10-11. AES CBC AECIYPLION ...uuuuiiiiiiiiiiiiiiiieieeeeeieteteeestsesseseeeeeeeeeeeeesamsasessseeseeeereeaaaaaaaeaeesameeeaeaeees 201
Figure 10-12. Counter DIOCK STIUCTUIE........uiiiiiei et 201
Figure 10-13. AES CTR encryption/deCryPtion ....oo.eeeeiiiiee ettt 201
Figure 11-1. DATAM No swapping and Half-word SWapping ...t 217
Figure 11-2. DATAM Byte swapping and Bit SWapPiNg ......cooiuiiiiiiiiiiiir e 217
Figure 11-3. HAU DIOCK IagIam .......cciiiiiiiiieiiee ettt e e ettt e e e e e s e snbeeenre e e e e s e ennnneeas 218
Figure 12-1. Block diagram OF DIMA ...ttt ettt e e e e e st e e e e e e nnbbeeemeeeaeeeann 230
Figure 12-2. Handshake MeChaniSIM ...t e e 233
Figure 12-3. DMA INTEITUPT TOGIC ..uuriiiiiiiiiiiiiiiie ettt ettt e e et e e e e e et s enre e e e e e e e annees 235
Figure 12-4. DMAOD reqUEST MaPPING «ooeiiiiiiiiiieaeae ittt et e ettt e e e e e asbe e e e e s ame s e s abbe e e e e e e e snbrseeeaeesameannrees 236



S

GigaDevice

GD32F20x User Manual

Figure 12-5.
Figure 14-1.
Figure 14-2.
Figure 14-3.
Figure 14-4.
Figure 14-5.
Figure 14-6.
Figure 14-7.

DMAL reqUEST MAPPING «ooiiieiiieiiiiee ittt ine ettt et e e enr et et e e ann e e e e anb e e e s anbenreeeennee 238
ADC module BIOCK diagram ........cociiiiiiiieiee et 255
SiNGIE CONVEISION MOTE .. ..eiiiiiiiii it s b b e e 257
CoNtiNUOUS CONVEISION MOME .. .uuiiiiiieeiiieiiiee ettt e e e e s mes e e e e e s e snnbeeeaaesesnnen 258
Scan conversion mode, continuous diSable ...t 259
Scan conversion mode, continUOUS €Nable ... 259
DiscoNtinUOUS CONVEIrSION MOTE .....uuiiiiiiiiiiiiei e etietie et e e e ettt e e e e e eene e e e e e s enbereeeaeeaans 260
AULO-INSErTION, CTIN = L oot e s et e e e e e e st ae e e e e e s ame s nnrees 261

Figure 14-8. Triggered INSEITION .....ociii ettt et e b e e e s e e e st enr e e e e nre e e e e 261
Figure 14-9. Data alignment of 12-Dit reSOIULION .....ocuiiiiiiiiieiii e 262
Figure 14-10. Data alignment of 10-Dit reSOIULION ......ccooiiiiiiiiiii e 263
Figure 14-11. Data alignment of 8-Dit reSOIULION ......ccueiiiiiiiiii e 263
Figure 14-12. Data alignment Of 6-Dit r@SOIULION .....ocuiiiiiiiiiiiii e 263
Figure 14-13. 20-bit to 16-hit reSUlt trUNCALION ........viiiiiiie e 267
Figure 14-14. Numerical example with 5-bits shift and rounding ..........cccocciiiiii i 268
Figure 14-15. ADC SYNC DIOCK QIBOTAIM ...cooiiiiiiiiiiie ettt 269
Figure 14-16. Regular parallel mode 0N 16 ChanNelS.........c.ooiiiiiiiiiiiiii e 270
Figure 14-17. Inserted parallel mode 0N 4 ChanNelS ........oooiiiiiiiii e 271
Figure 14-18. Follow-up fast mode on 1 channel in continuous conversion mode ...........cccocceeenee. 271
Figure 14-19. Follow-up slow mode on 1 channel ... 272
Figure 14-20. Trigger rotation: inserted channel group ... 273
Figure 14-21. Trigger rotation: inserted channels in discontinuous mode ............ccccoeviiieiniiiic e, 273
Figure 14-22. Regular parallel & trigger rotation MOde ........c.eeiiiiiiiiiiiiic e 274
Figure 14-23. Trigger occurs during inSerted CONVEISION .......cueiiiiiiieiiiiee e smetee e 274
Figure 14-24. Follow-up single channel with inserted sequence CH1, CH2 ..........ccccciiiieiiiiiicenne 275

Figure 15-1.
Figure 15-2.
Figure 15-3.
Figure 16-1.
Figure 16-2.
Figure 16-3.
Figure 17-1.
Figure 18-1.
Figure 18-2.
Figure 18-3.

(DY YO o] (o Tod 1o [ = To | =1 14 B PO P R TPRP 291
DAC LFSR @IGOTITNM weeiiiiiiieeiee ettt ettt e e sbimr e e sebe e e 293
DAC triangle NOISE WAVE ....cooiiiiiiiiiiii ettt rmi ettt e b e e s rmenne s 293
Free watchdog blOCK diagram .........cooiiiiiiiiiie ettt 305
Window watchdog timer bloCK diagram ..........cceeiiiiiiii e 311
Window watchdog timing diagram ..........ooceieiiiiii i 312
BIoCK diagram Of RTC .. ..ottt et sttt e st e e b e e eae 316
Advanced timer BIOCK diagram .........oooi i 326
Normal mode, internal clock divided DY L.......ccccoeiiiiiiiieee e 327
Counter timing diagram with prescaler division change from 1 to 2 (PSC value change

LLC0] 00 B0 (o T ) PP PRP PSP 328

Figure 18-4.
Figure 18-5.
Figure 18-6.
Figure 18-7.
Figure 18-8.

Up-counter timechart, PSC=0/1 ........ccciuiiiee it emee e e e sieee e emr e seeeen e e e e s ennnneees 329
Up-counter timechart, change TIMERX_CAR 0N the g0 .......cccccoiviiiiiiiiine e 330
Down-counter timeChart, PSC=0/1........uuuiiiiiiiiieeieeime e eaee e e e e e e e 331
Down-counter timechart, change TIMERX_CAR 0N the g0 .....ccccoiiiiiiiiiiiiiiiiieee e 332
Center-aligned counter tIMECNAIT .........coiiiiiii e 333

Figure 18-9. Repetition timecart for center-aligned COUNTET .........coiiiiiiiiiiii e 334
Figure 18-10. Repetition timechart for UP-COUNTEN .......ocuiiiiiiiii e 335
Figure 18-11. Repetition timechart for dOWN-COUNTEN .........cccoiiiiiiiieiiie e 335



S

GigaDevice

GD32F20x User Manual

Figure 18-12.
Figure 18-13.
Figure 18-14.
Figure 18-15.
Figure 18-16.
Figure 18-17.
Figure 18-18.
Figure 18-19.
Figure 18-20.
Figure 18-21.
Figure 18-22.
Figure 18-23.
Figure 18-24.
Figure 18-25.
Figure 18-26.
Figure 18-27.
Figure 18-28.
Figure 18-29.
Figure 18-30.

Figure 18-3 1 .

Figure 18-32.
Figure 18-33.
Figure 18-34.
Figure 18-35.
Figure 18-36.
Figure 18-37.
Figure 18-38.
Figure 18-39.
Figure 18-40.
Figure 18-41.
Figure 18-42.
Figure 18-43.
Figure 18-44.
Figure 18-45.
Figure 18-46.
Figure 18-47.
Figure 18-48.
Figure 18-49.
Figure 18-50.
Figure 18-51.
Figure 18-52.
Figure 18-53.
Figure 18-54.
Figure 18-55.

INPUL CAPTUIE TOGIC .. .eeeiieiitiiie ittt ettt e e e nnnne s 336
Output-compare under thre@ MOAES ......coouuiiiiiiiii et 338
EAPWM HMECRAIT ...t enr e 339
CAPWM HIMECRAIT ....eeiiiiiie ittt ma bbb e et e e e st e e smb e e e e s anneee e e 339
Complementary output with dead-time iNSertion ..........cccceeiiiiii e 342
Output behavior in response to a break (The break high active).........cccccccoviiiien 343
Example of counter operation in encoder interface mode.............occoooiiiiiiien e 344
Example of encoder interface mode with CIOFEO polarity inverted ..........cccccocvveennn. 344
Hall sensor is used t0 BLDC MOTOT ...cciiiiiiiiiiieeeiiieee e smeiee ettt mir e 346
Hall sensor timing between tWo tiMers ... 346
RESTAIT MOTE ..ttt b et et ene e be e e s st e e e e aaneeas 347
PAUSE MO ...ttt ettt am e e s b e e e enbee e e eneee 348
EVENT MOGE ..ottt e bt e e e e et e e e e bae e e e 348
Single pulse mode, TIMERXx_CHXCV = 0x04, TIMERX_CAR=0X60 ........c...ceeeevrvrrererrnnns 349
Timer0O master/slave mode timer @Xample ... e 350
Triggering TIMERO with enable signal of TIMERZ2..........ccociiiiiiiiim e 351
Triggering TIMERO with update signal of TIMER2 ..........coccoiiiiiiiiiniiie e 352
Pause TIMERO with enable signal of TIMERZ ..........ccoooiiiiiiiiie e 353
Pause TIMERO with OOCPREF signal of TIMer2.......c.cccoouieiiiiiiiiiiieeee e 353
Triggering TIMERO and TI MER2. .wi.t.h. .. TILMBR2G6Ss
General Level O timer blOCK diagram .........coooiiiiiiiiieiiee e 381
Normal mode, internal clock divided DY 1. 382
Counter timing diagram with prescaler division change from 110 2.......cccccceevnineens 383
Up-counter timechart, PSC=0/1.........couuiiiiiiiiee i e e a e e nneaaeeae s 384
Up-counter timechart, change TIMERX_CAR 0N the go. ....ccccoviiiiiiiiiiiiece e 385
Down-counter timechart, PSC=0/1........coooiiiiee et e e e e eaeees 386
Down-counter timechart, change TIMERX_CAR 0N the go. .....occcceeiiiiiiiniii i 386
Center-aligned counter tiMeEChart .........oocuuiiiiiii e 388
] o XU A o= T oL U] =3 Fo o | (o T PSPPI P T OTPP 389
Output-compare under thre@ MOAES ......coouuiiiiiiiii e 391
EAPWM HMECRAIT ...ttt s 392
CAPWM HIMECRAIT ....ciiitiiie ittt sttt e st e s smb e e e s nbaeee e e 392
Example of counter operation in encoder interface mode..........cccccevvieiiiiiiiic s 394
Example of encoder interface mode with CIOFEO polarity inverted ..........cccccoooieeenne. 394
[R=E] = 110 Yo = T PP 395
PAUSE MO ...ttt st e s sm b e e st e e e enbee e e eneee 396
V=T o 0 o o [ PRSP 396
Single pulse mode TIMERX_CHXCV = 0x04 TIMERX_CAR=0X60 ........ccccccvveerrrirrrenrnenn. 397
General levell timer BIOCK diagram ........oooiiiiiiiiee e e 420
Normal mode, internal clock divided DY L.......cccoiiiiiiiiiii e 421
Counter timing diagram with prescaler division change from 1t0 2......ccccccceevvinnneen. 422
Up-counter timechart, PSC=0/1 ... it e e seaae e e e e nnenaneae e 423
Up-counter timechart, change TIMERX_CAR 0N the go. ....ccccooviiiiiiiiiiiniec e 423
Down-counter timeChart, PSC=0/1........cooo oot emee v s e e e e e e eees 424

Cl



S

Gigabevice GD32F20x User Manual

Figure 18-56. Down-counter timechart, change TIMERX_CAR 0N the g0 ......cccoiiiiiiiiieiiiiiece e 425
Figure 18-57. Center-aligned counter timeChart ..o 426
Figure 18-58. INPUL CAPTUIE TOGIC ... uuiiiiiiiiieiiiiie ettt et e e e s enr e e s e e 427
Figure 18-59. Output-compare under thre@ MOUES ......c.uiiiiiiiieiiiie e 429
Figure 18-60. EAPWM tIMECRAIT ........coiiiii s 430
Figure 18-61. CAPWM tiMECNAIT........ccoiiiiiiii e 430
Figure 18-62. RESTAI MOTE ...ocoiuiiiiiiiiii ettt ma ekt s st e e e bt e e s ma e e e s enbr e e e ebreeeenees 432
FIgUre 18-63. PAUSE MO .....oiiiiiiii ettt ettt ame bttt e e bt e e et e e st e e e e asbe e e e e nbneeeennes 432
Figure 18-64. EVENT MOUE ......ooiiiiii e s 433
Figure 18-65. Single pulse mode TIMERXx_CHXCV = 0x04 TIMERX_CAR=0X60 .........ccccecvreerirreerninns 434
Figure 18-66. General level2 timer block diagram ...........cccooiiiiiiiim e 448
Figure 18-67. Normal mode, internal clock divided DY 1.....ccoooviiiiiiiii e 449
Figure 18-68. Counter timing diagram with prescaler division change from 1t0 2 ........ccccccoeeeenne 449
Figure 18-69. Up-counter timechart, PSC=0/1........cooiiiiiiiie et n e e s enreee e e e e 450
Figure 18-70. Up-counter timechart, change TIMERX_CAR 0N the g0 ......cccceviiiiiiiii i 451
Figure 18-71. Down-counter timechart, PSC=0/1..........cccciiiiiiiiiiiieeeee e e s snraeee e e 452
Figure 18-72. Down-counter timechart, change TIMERX_CAR 0N the g0 ......ccooiiiiiiiiieiiiiiicee e 453
Figure 18-73. Center-aligned counter timeChart ............ccoovii i 454
Figure 18-74. INPUL CAPTUIE TOGIC ..o iuuiiiiiiiiieiiiiie ettt sttt e e et enr e e e e e 455
Figure 18-75. Output-compare under thre@ MOUES .....ocuuiiiiiiiiiiiiii e 457
Figure 18-76. Basic timer BIOCK diagram ..........cccooiiiiiiiiiiie e 469
Figure 18-77. Normal mode, internal clock divided DY L.......ccoooiiiiiiiiiiiiec e 470
Figure 18-78. Counter timing diagram with prescaler division change from 1t0 2 ........cc.cccoeveeenne 471
Figure 18-79. Up-counter timechart, PSC=0/1 ...........couiiiiiiiiie ettt 472
Figure 18-80. Up-counter timechart, change TIMERX_CAR 0N the g0 .....cccciiviiiiiiiiiiec e 472
Figure 19-1. USART mModule BIOCK diAgram .........cooiiiiiiiiiii ettt 481
Figure 19-2. USART character frame (8 bits data and 1 Stop Dit) .....coccveriiiiiiiiie 481
Figure 19-3. USART tranSmit PrOCEAUIE .........coiiiiiiii ettt nn e 483
Figure 19-4. Oversampling method of areceive frame Dit.........cccoiiiiiiiiiim e, 484
Figure 19-5. Configuration step when using DMA for USART transSmisSion .........cccccevvieeeviieec i 485
Figure 19-6. Configuration step when using DMA for USART reception .........cccoceveinieeiniiineeennnnennn 486
Figure 19-7. Hardware flow control between two USARTS .......cociiiieiiie e 486
Figure 19-8. Hardware fIOW CONTIOL........ooiiiiiiiii et 487
Figure 19-9. Break frame occurs during idle State .........ccccooviiiiiiiiii e 488
Figure 19-10. Break frame occurs during a frame ... e 489
Figure 19-11. Example of USART in SYNChronous MOGE .......ccoouiiiiiiiiieiiiiiee e 489
Figure 19-12. 8-bit format USART synchronous waveform (CLEN=1).........ccccccoeeiiniiiiniiiicie e 490
Figure 19-13. IrDA SIR ENDEC MOTUIE ......oiiiiiiiiiie et 490
Figure 19-14. IrDA data MOAUIALION ......oiiiiiiii ettt e et e e sbeee e 491
Figure 19-15. ISO7816-3 frame fOrMaLl .......cooiiiiiiiiiie et ame e 492
Figure 19-16. USART interrupt mapping diagram ......ooo ettt retee et e s e eesnbeeee e 494
Figure 20-1. 12C module BIOCK iagram .........ccooiiieiiiiiiieine e ree e 509
Figure 20-2. DAta VAlIAALION .........eiiiiiiiieiieee ettt e st e e s ma e e s enbn e e e e nbeeeeneee 510
Figure 20-3. START and STOP CONAITION ....ciiiiiiiiiiiiiiii ittt s e e b e e e 510



S

GigaDevice

GD32F20x User Manual

Figure 20-4. ClOCK SYNCNTONIZALION ......coiiiiiiiiiiiee ettt e e e e e ee e 511
Figure 20-5. SDA LiNe arbitration .......coooiiiiiiiiieiiet et 512
Figure 20-6. 12C communication flow with 7-bit @ddress ........cccccvviiiiiiiiiii e 512
Figure 20-7. 12C communication flow with 10-Dit @ddress........ccccviiiiiiiiiiiiiim e 512
Figure 20-8. Programming model for slave tranSmitting ........coccueeiiiiieiiiii e 515
Figure 20-9. Programming model for SIaVe reCEIVING .....cuiiiiiiiiiiiie et 516
Figure 20-10. Programming model for master tranSmitting .........cccccoveeeiiiiie i 518
Figure 20-11. Programming model for master receiving using Solution A..........cccocoeiiiieiniieeee e 520
Figure 20-12. Programming model for master receiving using solution B..........cccoccceiiiiieiniiieecenen 522
Figure 21-1. Block diagram Of SPl.........cccooiiiiii e e 536
Figure 21-2. SPI timing diagram in NOrmMal MOAE ........ccoiiiiiiiiiiiii e 537
Figure 21-3. SPI timing diagram in Quad-SPI mode (CKPL=1, CKPH=1, LF=0) .......ccccceseurrrernrrrrrninns 538
Figure 21-4. A typical Full-duplexX CONNECTION .....oouiiiiiiiiii ittt 540
Figure 21-5. A typical simplex connection (Master: Receive, Slave: TransSmit).......ccccccocveeeiiieeenninns 540
Figure 21-6. A typical simplex connection (Master: Transmit only, Slave: Receive).........ccccceeenee 540
Figure 21-7. A typical bidirectional CONNECHION .......coiiiiiiiiiiii e 541
Figure 21-8. Timing diagram of quad write operation in Quad-SPI mode..........cccceevviieiiiiiiiiciiiieeene 543
Figure 21-9. Timing diagram of quad read operation in Quad-SPI mode..........ccccccevviiiiiiiiinecnnnnnen. 544
Figure 21-10. BIOCK diagram OF 125 ... ...ttt ene e anee s 547
Figure 21-11. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=0, CKPL=0) ........c.ccccsuvrr... 549
Figure 21-12. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=0, CKPL=1) ........c.cccceuvr... 549
Figure 21-13. 12S Phillips standard timing diagram (DTLEN=10, CHLEN=1, CKPL=0) ..........cccccuvr... 549
Figure 21-14. 12S Phillips standard timing diagram (DTLEN=10, CHLEN=1, CKPL=1) .......cc.ccceuvr... 549
Figure 21-15. 12S Phillips standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) ..........ccccuvr... 549
Figure 21-16. 12S Phillips standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) .......cc.cceruvr... 550
Figure 21-17. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) ..........ccccuvr... 550
Figure 21-18. 12S Phillips standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) .......ccccceruvr... 550
Figure 21-19. MSB justified standard timing diagram (DTLEN=00, CHLEN=0, CKPL=0) .................. 550
Figure 21-20. MSB justified standard timing diagram (DTLEN=00, CHLEN=0, CKPL=1) .................. 551
Figure 21-21. MSB justified standard timing diagram (DTLEN=10, CHLEN=1, CKPL=0) .................. 551
Figure 21-22. MSB justified standard timing diagram (DTLEN=10, CHLEN=1, CKPL=1) .................. 551
Figure 21-23. MSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) .................. 551
Figure 21-24. MSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) .................. 551
Figure 21-25. MSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) .................. 551
Figure 21-26. MSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) ................. 552
Figure 21-27. LSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=0) ................... 552
Figure 21-28. LSB justified standard timing diagram (DTLEN=01, CHLEN=1, CKPL=1) ................... 552
Figure 21-29. LSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=0) ................... 552
Figure 21-30. LSB justified standard timing diagram (DTLEN=00, CHLEN=1, CKPL=1) ................... 553
Figure 21-31. PCM standard short frame synchronization mode timing diagram (DTLEN=00,

(O o T N O O [ = T ) D USRI 553
Figure 21-32. PCM standard short frame synchronization mode timing diagram (DTLEN=00,

(O o T N O O [ o i ) PP 553

Figure 21-33. PCM standard short frame synchronization mode timing diagram (DTLEN=10,



S

Gigabevice GD32F20x User Manual

(O o T N I O 1 o ) SRR 553
Figure 21-34. PCM standard short frame synchronization mode timing diagram (DTLEN=10,

(O T O 1 o ) PSSP 553
Figure 21-35. PCM standard short frame synchronization mode timing diagram (DTLEN=01,

(O T I O 1 o ) SRR 554
Figure 21-36. PCM standard short frame synchronization mode timing diagram (DTLEN=01,

(O T ) SRS 554
Figure 21-37. PCM standard short frame synchronization mode timing diagram (DTLEN=00,

(O T I O [ o ) SRR 554
Figure 21-38. PCM standard short frame synchronization mode timing diagram (DTLEN=00,

(O o T I O 1 o ) SRR 554
Figure 21-39. PCM standard long frame synchronization mode timing diagram (DTLEN=00,

(O o T N O R O 1 o I ) PR SUTPPRRR 554
Figure21-40. PCM standard long frame synchronization mode timing diagram (DTLEN=00,

(O o T N T O R O 1 o I PR SOTPPRRP 555
Figure 21-41. PCM standard long frame synchronization mode timing diagram (DTLEN=10,

(O o T N o R O 1 o I ) PRSP 555
Figure 21-42. PCM standard long frame synchronization mode timing diagram (DTLEN=10,

(O o T N o R O 1 o I PR SOPPPRRRR 555
Figure 21-43. PCM standard long frame synchronization mode timing diagram (DTLEN=01,

(O o T N o R O 1 o I ) PRSPPI 555
Figure 21-44. PCM standard long frame synchronization mode timing diagram (DTLEN=01,

(O o T N o R O 1 o I PRSPPI 555
Figure 21-45. PCM standard long frame synchronization mode timing diagram (DTLEN=00,

(O o T N R O L I ) PRSP 556
Figure 21-46. PCM standard long frame synchronization mode timing diagram (DTLEN=00,

(O o T N e R O L I PRSPPI 556
Figure 21-47. Block diagram 0f 12S ClOCK geNEerator.........oocuuiiiiiiiiiiitee e 556
Figure 22-1. DCI module DIOCK diagram ..........oouiiiiiiiiiei e 572
Figure 22-2. Hardware synchronization MOGOE ..........coiiiiiiiiiiiie et 573
Figure 22-3. Hardware synchronization mode: JPEG format SUPPOrting ......cccocvveeiiieeeiiineeeceiiieeene 574
Figure 23-1. TLI module BIOCK diagram ..........coi i 585
Figure 23-2. Display timing QiAgamM ......cocuuiiiiiiiei ettt e e e e et e e e samaeee e e 586
Figure 23-3. Block diagram of BIENAING .......coiiiiiiiiiiiie et 588
Figure24-1 SDI O fino responseod and..fAno..dat.ao..o.pe.r.at6obns
Figure 24-2. SDIO multiple blocks read OPEration .........ccccoiiieiiiiie i 607
Figure 24-3. SDIO multiple blOCKS WIite OPEration .......cccooiiiiiiiiiie it 607
Figure 24-4. SDIO sequential read OPEration ..........cceeiiiiiiiiiiie et 607
Figure 24-5. SDIO sequential Write OPEration .........ccooiiiiiiiiiiie e 608
Figure 24-6. SDIO DIOCK QiBGTaM .....c.cuviiiiiiieie ittt e s enere e e e s 608
Figure 24-7. Command TOKEN FOIMAL ......cooiiiiiiiiiii et eme e 615
Figure 24-8. ReSpoNSe TOKEN FOIMAL.......cooiiiiiiiiiiie ettt et st eme e 628
Figure 24-9. 1-bit data bus WIth ........cooiiii e e e 631
Figure 24-10. 4-bit data bBuS WIdth ...t 631



S

GigaDevice

GD32F20x User Manual

Figure 24-11. 8-bit data bus WIdth ........c..ooiiiiii s 632
Figure 24-12. Read wait control by stopping SDIO_CLK .......ooiiiiiiiii e 650
Figure 24-13. Read wait operation USing SDIO_DAT[2] ....ccciiuiiiiiiiieeiiiee e rimiiee ettt snmree e 650
Figure 24-14. Function2 read cycle inserted during functionl multiple read cycle .........c.cccooveeennne. 651
Figure 24-15. Read INterrupt CYCIE tIMING .....oouiiiiiiiie ettt e e sbe e e e 652
Figure 24-16. Write interrupt CYCIe tiMiNg......cueei i 652
Figure 24-17. Multiple block 4-Bit read interrupt Cycle timing ... 652
Figure 24-18. Multiple block 4-Bit write interrupt cycle timing .......ccccoviiiiiiiiieeiee e 653
Figure 24-19. The operation for command completion disable signal ..........cccccciviiiiiiei e 654

Figure 25-1.
Figure 25-2.
Figure 25-3.
Figure 25-4.
Figure 25-5.
Figure 25-6.
Figure 25-7.

The EXMC DIOCK iagram .. ..ccoi ittt 670
EXMC MemOTry DANKS .....oooiii e 671
Four regions of bank0 addresSs MappPing ... 672
NAND/PC card addreSs MapPiNg ....ocueeeeiueeieiiiieeariiiineeesieee et e et e e sbseneeessreeesnsereessneeas 673
Diagram of bankl COMMON SPACE ....ciiiiiuiiiiiiiiieiiiie ettt rmee e sbr e saneee s 674
SDRAM addreSSs MaPPiNg «ooooeeeeiiiiiieiiiiee ettt int et e ettt e sebs e e e sbbe e e asbe e e e anbr e e e snnneneee s 675
MOOE L FEAU GCCESS ...uviiieiiiiee ittt ettt ettt ettt sttt e bt e s bbbt e e sabb et e st b e e e s bbe e e e ennneas 679

Figure 25-8. MOAE 1 WIITE @CCESS ....cueiiiiiiiiiiie ettt eme st e e ene e s seme e re e nee e 680
Figure 25-9. MOUE A FEAU GCCESS ....uuiiiiiiiiiiiitie ettt ettt ettt e sttt ettt et e bt e e s s bt e e s st e e s enbb e e e snbbe e e e nres 681
Figure 25-10. MOAE A WIETE GCCESS ..oiuuiiiiiiiiie ittt ettt sttt sttt ettt et e e s bb e e skt e e e e sabe e e e s s et e e snneee s 681
Figure 25-11. MOUE 2/B €80 GCCESS ......cieiiiiieiiie ittt ettt sttt e s s sere e s e enene e e 683
Figure 25-12. MOUE 2 WITE BCCESS ....uiiuiiiiiiitiie sttt sttt me e s sere e e e enen e 683
Figure 25-13. MOUE B WILE GCCESS ...cciuuiiiiiiiiie ettt e e n e s 683
Figure 25-14. MOUE C rea0 GCCESS .....oicuiiiiiiiiiie ittt sttt ne e s ere e s e e enen e eees 685
Figure 25-15. MOUE C WITE ACCESS ...oiiuiiiiiiieiiee et e et e sttt eme e r e e e e re e n e smeme e e 685
Figure 25-16. MOUE D rEa0 GCCESS ....ccicuiiiiiiiiei ettt me e s eee e s e e e s enen e e nene e 686
Figure 25-17. MOAE D WHITE GCCESS ..oiuuiiiiiiiiie ittt ettt ettt sttt sttt et e sttt e e s bt e e e aabb e e e st enee e snneee s 687
Figure 25-18. MultipleX MOde read GCCESS ......c.oiiiiiiiieeiiie e 688
Figure 25-19. MultipleX MOde WIItE BCCESS ......eiiiiiiiiieciie e rre e 688
Figure 25-20. Read access timing diagram under async-wait signal assertion .........cccccccceevvveeennnn 690
Figure 25-21. Write access timing diagram under async-wait signal assertion .........cccccccceevvveeennnn 690
Figure 25-22. Synchronous muxX burst read timMinNg ......c.cooiiiiiiiiiiee e 692
Figure 25-23. Synchronous muxX bBurst Write tiMing ......ccooiiiiiiiiiii e 693
Figure 25-24. SPI-PSRAM BCCESS ......uoiiiiieiiieiieesiee ettt et e e s e re e re e ene e e sne e e sseme s e reeeneeen 695
Figure 25-25. SQPI-PSRAM BCCESS ......uuiiiiieiiieiiie et eme ettt eme e er e r e re e e ne e e sname e eneeenes 696
Figure 25-26. QPI-PSRAM BCCESS .....ooeiiiierriiiiiieiree et st e et e s e smre s sne e e e re e e nree e s e neesnee e 696
Figure 25-27. Access timing of common memory space of NAND flash or PC card controller ...... 698
Figure25-28. Access to none " NCE .dondit..car.e. .. .NAND..FO
Figure 25-29. SDRAM controller BIoCK diagram ............oooiuiiiiiiiiiiiimiece e 704
Figure 25-30. BUISE read OPEIALION .......eiiiiiiiie ittt sttt et e e s e e bs e e e s neeee s 708
Figure 25-31. Data sampling clock delay Chain ... 708
Figure 25-32. BUISt WILE OPEIALION ...veiiiiiiii ettt sttt e ettt e e st e e e sebe e e e snbeeeean 709
Figure 25-33. Read access when FIFO not hit (BRSTRD=1, CL=2, SDCLK=2, PIPED=2) .................. 710
Figure 25-34. Read access when FIFO hit (BRSTRD=L)....ccccuiiiiiiiieiiiiie ettt 710
Figure 25-35. Cross boundary read OPEratioN ........ccccoiueiiiiiiieiimiee et 711



S

Gigabevice GD32F20x User Manual

Figure 25-36. Cross boundary Writ€ OPEIration ..........cocueiiiiiiiiiiiiine et 711
Figure 25-37. Process for self-refresh entry and eXit .........cccoouiiiiiiiiiiiiimie e 712
Figure 25-38. Process for power-down entry and @Xil..........cocuiiiiiiiiiiiiiimee e 713
Figure 26-1. CAN module BIOCK diagram ........c.ueiiiiiiiiiie et 737
Figure 26-2. TranSmMiSSION FEOISTEL ...o.uiiiiiiiiie ittt sttt e sabe e bb e e e neeee s 740
Figure 26-3. State of transSmisSSioN MaAIDOX ......cooiiiiiiiiii e 740
Figure 26-4. RECEPTION FEUISTE ...oiiiiiiiie ittt mi ettt e b e e e et e e e s simab e e e e nbe e e e eneee 742
FIQUIE 26-5. 32-Dit FILET oottt et enr et e e e e e e e nbe e e ennen 743
FIQUIe 26-6. 16-DIt FIITEI ..ottt enr e st re e e e b e e e e s e e e e aneen 743
Figure 26-7. 32-bit Mask MOAE TIITET .....coiiuiiii et 743
Figure 26-8. 16-bit Mask MOAE fIILEI ......ooiuiiiiii e 743
Figure 26-9. 32-bit [iSt MO FIlLEI ... ..eii e e 744
Figure 26-10. 16-Dit liSt MOAE FIlTEI ..ooeeeiiie e 744
Figure 26-11. The DIt tIMe .ottt e st eme e sab e e e st e eeesnbneee e e 747
Figure 27-1. ENET module BIoCK diagram .........cooiiiiiiiiiiiee et 772
Figure 27-2. MAC/Tagged MAC frame fOrMat........oociiiiiiiiiiiiie et 773
Figure 27-3. Station management interface Signals ... 775
Figure 27-4. Media independent interface Signals ... 777
Figure 27-5. Reduced media-independent interface SignalS .......cccccoviiiiiiiii e 779
Figure 27-6. Wakeup frame filter FEQISTON . ..ottt 792
Figure 27-7. System time update using the fine correction method ............ccccoviiiiiiiiec e 796
Figure 27-8. Descriptor ring and Chain SITUCTUIE ........coiiiiiiiii et 800
Figure 27-9. TranSMit AESCIIPTON ..couuiiii ettt e e et e e st rnr e e e nbre e e eneee 805
FIgUre 27-10. RECEIVE GBS CIIPTON ..o ittt ittt ettt ettt ere e st e et e e eaebe e e s eabenre e e enbee e e eneee 813
Figure 27-11. MAC INLerrUPL SChEMIE ..o e 821
Figure 27-12. Ethernet interrupt SCREIME ..ot 821
Figure 27-13. Wakeup frame filter FE@QISTEI ......ooi i 832
Figure 28-1. USBFS DIOCK QIAQIam .....eeiiiiiiie ittt sttt s 867
Figure 28-2. Connection with hoSt or deViCe MO ........oiiiiiiiii e 868
Figure 28-3. Connection With OTG MO ......ccuuiiiiiiiiiiie e 869
Figure 28-4. State transition diagram of NOSt POIt ......oooviiiiiiiiii e 869
Figure 28-5. HOST mode FIFO SPace in SRAM ........oiiiii et 874
Figure 28-6. Host mode FIFO aCCeSS regiSTEI MAP ..ccoiiuiiieiiiiee ittt ettt rbene e e 874
Figure 28-7. Device mode FIFO SPaCe iN SRAM ..ot 875
Figure 28-8. Device mode FIFO acCesS regiSter MapP ......ocveeiiiiiiieiiiiee et e s imree e 875

28



S

Gloabevice GD32F20x User Manual

List of Tables

Table 1-1. EACh DIOCK OFf SRAM ...ttt sttt ettt sttt e st b e e s s bnrte e e snbneeesnneeeas 38
LI 1o LT e = Yo Yo a4 o Yo [ SRR 39
Table 1-3. Bootloader supported PeriPherals .........ueeeie oo e e 40
LI 1oL R B I 52 o ) G T R PR PR 43
I o] (oI R @ o} 4o 1 o) (=TSR 50
Table 3-1. Power Saving MOAE SUMMATY ...ccccciiiiiiiieereeeiittieeineeeessssisteeeeesssssssssssamreeessanssseseeesssansssesesesmes 67
Table 5-1. ClIOoCK OULPUL 0 SOUICE SEIECT ...uviiiieei et e e e e s enre e e e e e s et e e e e e e s e nneeeemre e s 85
Table 5-2. CIOCK OULPUL 1 SOUICE SEIECT ...uviiiieei et e e e s et enr e e e e e e e re e e e e e s e nneeeemree s 86
Table 5-3. 1.2V domain voltage selected in deep-SI€ep MOUE .....oovvveviviiiiiiiiiiii e 86
Table 6-1. NVIC exception types in CoOrteX-IM3........ccoiiiiiiiiiiuieiniimrs et eeseeseesesearssessssssssneseeees 125
Table 6-2. Interrupt VECTOI tahI@ ... rr s re e e e e ssamrnnnnnnnrnrnrnnes 125
TADIE 6-3. EXTT SOUICE .eeeiiiiiiiiiiiee ettt e ettt e e e ettt et e e e e e e s e b e et e e e e e s a bbbt e et et e e e e s nbbbe e e e e e e s anbnbeeeee e 129
Table 7-1. GPIO configuration table...........oooo s 134
Table 7-2. Debug iNterface SIgNalS ... 139
L= o] L= e B B T=T o U o I Lo 8 .= o o1 Lo P 139
Table 7-4. ADCO external trigger inserted conversion AF remapping .....ccccccceuvvrrmrnimimremmimnnnnnenennn. 140
Table 7-5. ADCO external trigger regular conversion AF remapping ......cccccceceeuvurmrnrmrmmeimennnenenennnn. 140
Table 7-6. ADCL1 external trigger inserted conversion AF remapping .....ccccccecvrrermrmmmrmmemmmmnnnnnnrnnnnn. 140
Table 7-7. ADC1 external trigger regular conversion AF remapping ......cccccceeeiuvnvmrermrmmeimnnnnnnnneninnnn. 140
Table 7-8. TIMERO alternate function remapPing ......ccooeeeiiiiiiii e e 140
Table 7-9. TIMER1 alternate function remappPing .....coooeeeeiiiii e e 141
Table 7-10. TIMERZ2 alternate function remMapPinNg ......cooooeiiiiii e 141
Table 7-11. TIMERS3 alternate function remMapPinNg ......coooeeiiiiii i 141
Table 7-12. TIMER4 alternate function remMapPinNg ......cooooiiiiiii i 141
Table 7-13. TIMER7 alternate function remappPing .......ooooeiiiiii i 142
Table 7-14. TIMERS alternate function remappPing @ ... emte e 142
Table 7-15. TIMERS alternate function remapping @ ... emte e 142
Table 7-16. TIMER10 alternate function remapping @ ......cc.oovioiiei e 142
Table 7-17. TIMER11 alternate function remapping M ......coooiiii i 142
Table 7-18. TIMER12 alternate function remapping @ ......c..covieiiciece e 142
Table 7-19. TIMER13 alternate function remapping @ ......ccoooiioiiei e 143
Table 7-20. USARTO alternate function remMapPing ....c.ooceueeeieoiiiiiiiie e e e 143
Table 7-21. USART1 alternate funCtion reMapPing ....c.ooceueeeieiiiiiiiiie e e e 143
Table 7-22. USART2 alternate function remMapPing ......ooceeeeeieiiiiiiiiie e e e 143
Table 7-23. UARTS3 alternate function remMapping .....oooeeo it esr e 143
Table 7-24. USARTS5 alternate function remMapPing ....coooeeeeeieoeiiiiiii et 144
Table 7-25. UARTG6 alternate function remapPing ......ooee oot eenr e 144
Table 7-26. 12C0 alternate fuNCtioN reMAaPPING ....ooii i eme e e e e snbeeee e e e e aaes 144
Table 7-27. 12C1 alternate funCtion reMaPPING .....oueo it e e e e sabeeee e e e e aaes 144
Table 7-28. 12C2 alternate fuNCtion reMaPPING .....oooi i ee e e e e s sbeeee e e e e aaes 144



S

Gigabevice GD32F20x User Manual
Table 7-29. SPIO0 alternate function remappPing M ........ccceioiiiiiieie e 144
Table 7-30. SPI1/I2S1 alternate fuNCtion reMAaPPING ..cccoiveeiiiiiie e 145
Table 7-31. SPI12/12S2 alternate function remapping @ ..o 145
Table 7-32. CANO alternate funCtion remMapPPiNg .....c.eeeiiieieeiiiie et 145
Table 7-33. CAN1 alternate funCtion remMapPPING .....c.eeeiiiiieiiiiie e 145
Table 7-34. ENET alternate function remapping .......oooo et 146
Table 7-35. DCI alternate function reMapPPiNg ......oooiieiee i e s sineee e 146
Table 7-36. TLI alternate funNCtion reMAaPPING ....oveeieiiiiieiiiie e sneee s 147
Table 7-37. OSC32 PiNS CONTIGUIALION ...coiiiiiiiiiiiee ettt e snrmree e 148
Table 7-38. OSC PiNS CONTIGUIALION L.....ociiiiiiiiiiiiieiii e rimi ittt rmi et e e e e nb e e s amnnne s 148
Table 7-39. OSC PiNS CONTIGUIALION 2.....cciiiiiiiiiiiie ittt rmi et e e nb e s amnnne s 148
Table 12-1. DMA transfer operations (Normal MOde) .......coociiiiiiiiiiiiii i 232
Table 12-2. DMA transfer operations (Full_Data MOGE) .........ccuiuiiiiiiiiiiiiiieie e 233
Table 12-3. INTEITUPT EVENTS .. .eiii ittt et s bt e e sk bt e e e st be e e emesabe e e e sbneeeeanbeeeeas 235
Table 12-4. DMAO requests for each channel...........coooiiiiiiie e 237
Table 12-5. DMAL requests for each channel..........ccouoiiiiii e 239
Table 14-1. ADC interNal SIGNaAIS .....ccoouiiiiiiiii ettt e et e e e s reb e e e s abreee e 254
Table 14-2. ADC PiNS defiNITION ..ooueiiiiiii ettt ene e b aanne s 254
Table 14-3. External trigger for regular channels for ADCO and ADC1.......cccccceeiiiiiiiiiieeeiiierciiieeee e 264
Table 14-4. External trigger for inserted channels for ADCO and ADCL........cocccviieeeeiiiiiiivimceeee e 264
Table 14-5. External trigger for regular channels for ADC2........ooiviiiiiee i 265
Table 14-6. External trigger for inserted channels for ADC2........ccuuiiiiiiiiiiiieeiee e 265
Table 14-7. tconv timings depending 0N reSOIULION .......ooiiiii i 266
Table 14-8. Maximum output results vs N and M Grayed values indicates truncation .................... 268
=L o] L= T R B 7N G o1 = S PSPPSR PP 291
Table 15-2. EXternal triggers OFf DAC ... ..ottt err e sttt e et e e st eer e e s 292
Table 16-1. Min/max FWDGT timeout period at 40 KHz (IRC40K) ......cooiiiiiiiiiiiiiiiie e 305
Table 16-2. Min/max timeout value at 60 MHZ (fPCLKL) «+vveeerrrreeeiiiie e 312
Table 18-1. Timers (TIMERX) are divided into fiVe SOMS ... 324
Table 18-2. Complementary outputs controlled by parameters ..........ccooiiiiiiiiinmie e, 341
Table 18-3. Counting direction versus encoder SIgNAIS .......occuuiiiiiiiiiiiiiee e 344
Table 18-4. Slave mode example table ... e 347
Table 18-5. Counting direction versus encoder SIgNAIS .......occuuiiiiiiiiiiiiiee e 393
Table 18-6. Slave CoONtroller @XamMPIES........iii ittt ranre e 394
Table 18-7. Slave CoNtroller @XamMPIES. . ...ttt et e s sbrnree e 431
Table 19-1. USART important pins deSCriPLION .....ccocuiiiiiiieii ettt sebeee e 480
Table 19-2. Stop bitS CONTIGUIALION ....ooiiiiii i 481
Table 19-3. USART INTEITUPE FEQUESTS ..ooiiiiieiiiiiiee it ie ettt ettt e e st e et e e e snbe e e e snbneeessbrmreee e 494
Table 20-1. Definition of 12C-bus terminology (refre to the 12C specification of philips

=T a1 Tod o] Yo [UTe] Kol = PRSPPI 509
Table 20-2. EVENT STAtUS FlAUS ...veeiiiiiieeie ettt ame e et e s 525
LIz o] L= 0 e B 2 O =T o T g i =T SO PRTPRP 525
Table 21-1. SPI SigNal AeSCIIPLION c.ciuiii ettt et bb e e s nnbe e e e 536
Table 21-2. Quad-SPI SigNal deSCIIPLION ..ciiiiiii et 537



S

GigaDevice

GD32F20x User Manual

Table 21-3.
Table 21-4.
Table 21-5.
Table 21-6.
Table 21-7.
Table 21-8.
Table 22-1.
Table 22-2.
Table 22-3.
Table 22-4.
Table 23-1.
Table 23-2.
Table 23-3.
Table 23-4.
Table 24-1.
Table 24-2.
Table 24-3.
Table 24-4.
Table 24-5.
Table 24-6.
Table 24-7.
Table 24-8.
Table 24-9.
Table 24-10

Table 24-11.
Table 24-12.
Table 24-13.
Table 24-14.
Table 24-15.
Table 24-16.
Table 24-17.
Table 24-18.
Table 24-19.
Table 24-20.
Table 24-21.
Table 24-22.
Table 24-23.
Table 24-24.
Table 24-25.
Table 24-26.
Table 24-27.
Table 24-28.
Table 24-29.
Table 24-30.

SPI OPEratioN MOAES ....iiiiiiiii ittt ettt m e et bt e e sa b et e e sabe e e e s ambe e e e s anreee e 539
SPIINTEITUPT FEOUESTS ..ttt ettt ettt e et e e et bt et e e e e e e e 547
12S bitrate calculation FOrMUIAS ........cueiiiiiii e 556
Audio sampling frequency calculation fOrmulas .........cceeeiiiiiiiiiiiec e 557
Direction of 12S interface signals for each operation mode .........cccccevvciieiiiiicinniee e 557
SR 1L (=T o U o T O PP PP PP PTPPPN 561
PINS USEA DY DCl...eiiieiieie ettt ettt e s e e s 573
Memory view in byte padding MOGE ... 575
Memory view in half-word padding MOUE ..........oooiiiiiiiiiii e 576
SEALUS/EITOT TlagS ettt ame et 576
Pins of display interface provided DY TLI ... 585
Supported PIXel FOIMEALS .......eiiiiiiii e e s 587
1= LU RS =T S OO PU PP OPPRPPPPRR 589
S o] g 1 = o LTSRS PP S PPPTRPPPI 589
SDIO /O AEfiNITIONS ..ttt et e st e e et b e e e st e e e sbneee e 609
COMMANT FOPMAL ...ttt s bt et et eme e s bt e e enbe e e e enees 615
Card command ClaSSES (CCCS) ..uuiiiiiiiieiiiiiie ittt rimit ettt s rmib e sibe e snae e e nnneas 616
Basic cOomMmMaNdS (ClASS 0) ..uiiiiiiiiiiiiiie ettt 618
Block-Oriented read commands (ClaSS 2) ....cuuiiiiiiiiiiiiiie ittt 620
Stream read commands (class 1) and stream write commands (class 3).......ccceceeennen 621
Block-Oriented write cOmmands (ClaSS 4) .....uiiiiiiiieiiiiee e e 622
Erase cOmMmMAaNdS (ClASS 5) ..uuriiiiuiiiiiiiiie ittt ettt 623
Block oriented write protection commands (Class 6) ......coevevririiiniiiie it 623
o Yot of= 1o [ (o] F= T3S 4 TSP PP TPRP 624
Application-specific commands (Class 8)......cocuiiiiiiiiiiiiii e 624
/O mode commands (ClASS 9) ....uuiiiiiiiiiiiiie e 625
Switch function commands (ClaSS 10) ....ceiiiiiiiiiiiieiiieie e 626
RESPONSE R .. 628
RESPONSE RZ .ot e e e st e e e e et emr e e e s e e e e e 628
RESPONSE R i e e s e e e e e et emr e e e e e e 629
RESPONSE RA FOr IMMUC ...ttt bttt et ene e e s as 629
RESPONSE RA FOI SD O ..ttt ettt e rntae e 629
RESPONSE RS FOr IMMUC ...ttt bbbttt ee e e s 630
RESPONSE RS FOI SD /O ..uiiiiiiiiie ettt ettt e e s rntae e 630
RESPONSE RB ..ottt ettt e e s et e e e s et amr e e e e e e e e 630
RESPONSE R7 ..o 631
(O 100 [ = U LSRR 633
SD STATUS .oeiieiiit ittt ettt e e e et e e et e e e e e e e e s 635
Performance MOVE fIEld .........ooo i 637
AU _SIZE FIEIG ..o eee et emae e n s en s es s ome e an et annenenaes 637
MAXIMUIM AU SIZE .ttt ettt bt e e bttt e e sabsene e e s nneeesnnnneeas 638
Erase Sz fI@ld ..o e 638
Erase timeouUt fIEld.. ...t e e rre e 639
Erase OffSE fIEIA .....ooiiiii ittt 639



S

Gigabevice GD32F20x User Manual

Table 24-31. LOCK Card dat@ STIUCTUIE ......c.ueiiiiiiie ittt et e et e e e sbne e e s nnrmree e 647
Table 24-32. SDIO_RESPX register at different reSpPoNSe tYPe ......eveiviiiiiiiiiee e 659
Table 25-1. SDRAM MAPPING .tttitittaiitite ittt et e ettt e sabe e e st et e e st amr e e e s abbe e e e sabeeeeaabeeeesbamreeesanbeeeesnreeeesnns 675
Table 25-2. NOR flash interface signals deSCription.......c..cooiiiiiiiiiiiiiiimee e 676
Table 25-3. PSRAM non-muxed Signal deSCrPLION ......eii i 676
Table 25-4. SQPI-PSRAM Signal deSCriPLION .....iiiiiiiiiiiiii et rm et 676
Table 25-5. EXMC bank 0 supports all tranSactioNs ..........cooiiiiiiiiiieeiiieeee et 677
Table 25-6. NOR / PSRAM controller timing Parameters ... 678
Table 25-7. EXMC_timMiNg MOGAEIS....c.cuuiiiiiiiiiiiiiie ettt ettt e e et rmr e e e sebeee e e 678
Table 25-8. Mode 1 related registers CONfIQUIAtioN .........ccooiiiiiiiiiiiie i 680
Table 25-9. Mode A related registers CONfiQUIation .........coooiiiiiiiiiiiii e 681
Table 25-10. Mode 2/B related registers configuration..........ccocueieiiiieiiiimie e 683
Table 25-11. Mode C related registers CONfigUIatioN ........coovuiiiiiiiiieie e 685
Table 25-12. Mode D related registers CONfigUIation .........ooouiiiiiiii i 687
Table 25-13. Multiplex mode related registers configuration .........ccccoovueeeiiiei i 688
Table 25-14. Timing configurations of synchronous multiplexed read mode.........c.cccoocvveiiiineinennn 692
Table 25-15. Timing configurations of synchronous multiplexed write mode.........cccooceeeiviienninne. 693
Table 25-16. SPIH/QPI INTEIFACE ... i eiiiei ettt eme e e e e e e e et e e e e e s ame s s nnsnaeeeeeeseannes 694
Table 25-17. 8-bit or 16-bit NAND interface Signal ..o e 697
Table 25-18. 16-bit PC card interface Signal.........oc.uvi i 697
Table 25-19. Bank1/2/3 of EXMC support the memory and access mode.......ccccccceeevvrvvieereesiceeeenenen 697
Table 25-20. NAND flash or PC card programmable parameters ... iiiieeiiieee e 698
Table 25-21. SDRAM command truth table ... ... 704
Table 25-22. 10 definition 0f SDRAM CONTIOIET ...cooiiiiiiiiiiie et 705
Table 26-1. 32-Dit fIlter NUMDEN ..ot e 744
Tab1e 26-2. FIltEIING IMUEX ..eiiiiiiiii ittt ettt e s amr b e e et e e e nbee e e ennns 745
Table 27-1. Ethernet pin CONTIGUIALION .......coiiiiiiii ettt s 774
TaDIE 27-2. CLOCK FANGE ..ot b e e e ra bt e s sm bt e e s sbb e e e sebe e e e sabneeeans 777
Table 27-3. Rx interface signal ENCOAING ....ouuiiiiiiii e 778
Table 27-4. Destination address filtering table ... 787
Table 27-5. Source address filtering table ... e 787
Table 27-6. Error status decoding in RDESO, only used for normal descriptor........cccocccveivciienninee. 816
Table 28-1. USBFS Signal deSCIIPTION ....cocuuiiiiiiiie ittt ettt ettt e et e e sbrmreee e 867
Table 28-2. USBFS gloDal INTOITUPT....coo ittt 880
Table 29-1. REVISION NISTOTY ..eiiiiiiiii ittt na ettt e e ettt e e e sa b e e e s mnbe e e e s abbeeeesnbeeeean 940

32



S

Gloabevice GD32F20x User Manual

1. System and memory architecture

The system architecture of the GD32F20xs er i es of devices that -includ
M3 processor, bus architecture and memory organization will be described in the following
sections. TMB@rodgssaris @ned generation processor core which offers many

new features. Integrated and advanced f eat ur e a3 meckssor duitatde Cor t e
for market products that require microcontrollers with high performance and low power
consumption. | n -M3pioes$sorintludes th@eAHB lmuse&known as ICode,

DCode and Systembuses. Al | memory ac c e dV8precessof aretekeeute€or t e x E
on the three buses according to the different purposes and the target memory spaces. The

memory organization uses a Harvard architecture, pre-defined memory map and up to 4 GB

of memory space, making the system flexible and extendable.

1.1. ARM Cortex-M3 processor

The Co +MBprocé&ssor is a general-purpose 32-bit processor core especially suitable for
products requiring high performance and low power consumption microcontrollers. It offers
many new features such as Thumb-2 instruction sets, hardware divider, low latency interrupt
respond time, atomic bit-banding access and multiple buses for simultaneous accesses. The
Cor t évi8 Rrocessor is based on the ARMv7 architecture and supports both Thumb and
Thumb-2 instruction sets. Some system peripherals listed below are also provided by
Cor t ew8:E

>

Internal Bus Matrix connected with ICode bus, DCode bus, System bus, Private
Peripheral Bus (PPB) and debug accesses (AHB-AP)

A Nested Vectored Interrupt Controller (NVIC)
A Flash Patch and Breakpoint (FPB)

A Data Watchpoint and Trace (DWT)

A Instrumentation Trace Macrocell (ITM)

A Serial Wire JTAG Debug Port (SWJ-DP)

A Trace Port Interface Unit (TPIU)

A Embedded Trace Macrocell (ETM)

The following figure shows the Cortex E-M3 processor block diagram. For more information,
refer to the -M3RédkhicalRefeterece Hanual.
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Figure 1-1. Co r M2 bidek diagram
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1.2. System architecture

The system architecture of the GD32F20x series is shown in the following figure. The AHB

matrix based on AMBA 3.0 AHB-LITE is a multi-layer AHB, which enables parallel access

paths between multiple masters and slaves in the system. There are seven masters on the

AHB matri x, including | Code, DNMZBocdres PMADYDMAle m b us
Ethernet and TLI. The ICode bus is the instruction bus and also used for vector fetches from

the Code region (0x0000 0000 -M3cd@re The BUedebUSISF) t O
used for loading/ storing data and also for debug access of the Code region. Similarly, the

System bus is used for instruction/vector fetches, data loading/storing and debugging access

of the system regions. The System regions include the internal SRAM region, the external

memory region and the Peripheral region. The AHB matrix consists of eight slaves, including

ICode and DCode interfaces of the flash memory controller, internal SRAMO, SRAM1, SRAM2,

external memory controller, system AHB and AHB2.

The system AHB connects with almost the AHB peripherals including two AHB-to-APB
bridges which provide full synchronous connections between the system AHB and the two
APB buses. The two APB buses connect with all the APB peripherals. APB1 is limited to 60
MHz, APB2 operates at full speed (up to 120 MHz depending on the device).

These are interconnected using a multilayer AHB bus architecture as shown in Figure below:
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1.3.

Figure 1-2. GD32F20x Connectivity line series system architecture
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Memory map

The ARME GuBrptoeessér is structured in Harvard architecture which can use
separate buses to fetch instructions and load/store data. The instruction code and data are

both located in the same memory address space but in different address ranges. Program
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memory, data memory, registers and I/O ports are organized within the same linear 4-Gbyte
address space which is the maxi-M3wsintedlthslar32-bits r an g «

bus address width. Additionally, a pre-defined memory map is provided byt he Co-M3 e x E
processor to reduce the software complexity of repeated implementation of different device
vendor s. However, some r egi ons-Masygempeariphdraldby t he
The following figure shows the memory map of the GD32F20x series of devices, including

Code, SRAM, peripheral, and other pre-defined regions. Each peripheral of either type is

allocated 1KB of space. This allows simplifying the address decoding for each peripheral. The

APB1 peripherals are located at the address region from 0x4000 0000 to 0x4000 FFFF, while

the APB2 peripherals are located from 0x4001 0000 to 0x4001 7FFF. The address region

from 0x4001 8000 to 0x5003 FFFF is used by AHB1 peripherals. And the address region from

0x5004 0000 to Ox5FFF FFFF is used by AHB2 peripherals.
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Figure 1-3. GD32F20x memory map
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1.3.1.

1.3.2.

Bit-banding

In order to reduce the time of read-modify-wr i t € oper at i 0-M3 procdsdore
provides a bit-banding function to perform a single atomic bit operation. The memory map

includes two bit-band regions. These occupy the SRAM and Peripherals respectively. These

bit-band regions map each word in an alias region of memory to a bit in a bit-band region of

memory.

A mapping formula shows how to reference each word in the alias region to a corresponding
bit, or target bit, in the bit-band region. The mapping formula is:

bit_word_addr = bit_band_base + (by-f)e_
where:
A bit_word_addr is the address of the word in the alias memory region that maps to the
targeted bit.
A bit_band_base is the starting address of the alias region.
A byte_offset is the number of the byte in the bit-band region that contains the targeted bit.
A bit_number is the bit position (0-7) of the targeted bit.

For example, to access bit 7 of address 0x2000 0200, the bit-band alias is:
bit_word_addr = 0x2200 0000 + (0x203

Writing to address 0x2200 401C will cause bit 7 of address 0x2000 0200 change while a read
to address 0x2200 401C will return 0x01 or 0x00 according to the value of bit 7 at the SRAM
address 0x2000 0200.

On-chip SRAM memory

The GD32F20x series of devices contain up to 384 KB of on-chip SRAM which starts at the
address 0x2000 0000. It supports byte, half-word (16 bits), and word (32 bits) accesses. On-
chip SRAM is divided into three blocks, including SRAMO, SRAM1, and SRAM2. Each one
owns a dedicated port connected to the AHB bus matrix. It means that they can be accessed
simultaneously. The location and the capacity of them are shown below.

Table 1-1. Each block of SRAM

Block Capacity Location
SRAMO 112KB 0x2000 0000 ~ 0x2001 BFFF
SRAM1 16KB 0x2001 C000 ~ 0x2001 FFFF
SRAM2 256KB 0x2002 0000 ~ 0x2005 FFFF
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1.3.3.

1.4.

On-chip Flash memory

The GD32F20x series of devices provide up to 3072 KB of on-chip flash memory. Read
accesses can be performed 32 bits per cycle without any wait state. Besides, all of byte, half-
word (16 bits) and word (32 bits) read accesses are supported. The flash memory can be
programmed half-word (16 bits) or word (32 bits) at a time. Each page of the flash memory
can be erased individually. The whole flash memory space except information blocks can be
erased at a time.

Boot configuration

The devices of GD32F20x series provide three kinds of boot sources which can be selected
using the BOOT1 and BOOTO pins. The values on the BOOT pins are latched on the 4th
rising edge of SYSCLK after a reset. It is up to the user to set the BOOT1 and BOOTO pins
after a power-on reset or a system reset to select the required boot source. The details are
shown in the following table.

Table 1-2. Boot modes

Boot mode selection pins
Selected boot source
Bootl BootO
Main Flash Memory X 0
System Memory 0 1
On-chip SRAM 1 1

After power-on sequence or a system reset, the ARME C o rM3@nodessor fetches the
top-of-stack value from address 0x0000 0000 and the base address of boot code from 0x0000
0004 in sequence. Then, it starts executing code from the base address of boot code.

Due to the selected boot source, either the main flash memory (original memory space
beginning at 0x0800 0000) or the system memory (original memory space beginning at
Ox1FFF B0O0O) is aliased in the boot memory space which begins at the address 0x0000 0000.
When the on-chip SRAM whose memory space is beginning at 0x2000 0000 is selected as
the boot source, in the application initialization code, you have to relocate the vector table in
SRAM using the NVIC exception table and offset register.

The embedded boot loader is located in the System memory, which is used to reprogram the
Flash memory. In GD32F20x devices, the boot loader can be activated through the USART1
interface.

GD32F2 MCU embedded bootloader supports multi interfaces to update the Flash
memory.There will be one or two USART ports,and standard USB port can be used on
GD32F205xx and GD32F207xx connectivity line products. The details are shown in the
following table.
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Table 1-3. Bootloader supported peripherals

Products line Products

Supported serial peripherals

GD32F205xx

USARTO(PA9 PA10)
USART1(PD5 PD6)
USB(PA9 PA10 PA11 PA12)

Connectivity line

GD32F207xx

USARTO(PA9 PA10)
USART1(PD5 PD6)

USB(PA9 PA10 PA1l PA12)

1.5. Device electronic signature
Connectivity line devices (GD32F20X_CL) are GD32F205xx and GD32F207xx
microcontrollers which the flash memory density ranges from 256 to 3072 Kbytes.
The device electronic signature contains memory size information and the 96-bit unique
device ID. It is stored in the information block of the Flash memory. The 96-bit unique device
ID is unique for any device. It can be used as serial numbers, or part of security keys, etc.
1.5.1. Memory size information
Base address: Ox1FFF F7EO
The value is factory programmed and can never be altered by user.
This register has to be accessed by word(32-bit)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
FLASH_SIZE [15:0]
r
Bits Fields Descriptions
15:0 FLASH_ SIZE[15:0] Flash memory size
The value indicates the Flash memory size of the device in Kbytes.
Example: 0x0020 indicates 32 Kbytes.
1.5.2. Unique device ID (96 bits)
Base address: Ox1FFF F7E8
The value is factory programmed and can never be altered by user.
This register has to be accessed by word(32-bit)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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UNIQUE_ID[15:0]

r

Bits Fields Descriptions
31:0 UNIQUE_ID[31:0] Unique device ID
15:0 UNIQUE_ID[31:16] This field value is reserved for a future feature
Address offset: 0x04
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[63:48]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[47:32]
r
Bits Fields Descriptions
31:0 UNIQUE_ID[63:32] Unique device ID
Address offset: 0x08
The value is factory programmed and can never be altered by user.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
UNIQUE_ID[95:80]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNIQUE_ID[79:64]
r
Bits Fields Descriptions
31:0 UNIQUE_ID[95:64] Unique device ID
1.6. System configuration registers

31

Base address: 0x4002 103C

This register has to be accessed by word(32-bit)

30 29 28

27 26 25 24 23 22 21 20 19 18 17 16

Reserved
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15 14 13

12 11 10 9 8 7 6 5

3

Reserved ‘ CEE ‘

Reserved

Bits Fields

Descriptions

31:8 Reserved

7 CEE

6:0 Reserved

Note: Only bit[7] can be read-modify-write, other bits are not permitted.

Must be kept at reset value

Code execution efficiency
0: Default code execution efficiency
1: Code execution efficiency enhancement

Must be kept at reset value
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2.

2.1.

2.2.

2.3.

2.3.1.

Flash memory controller (FMC)

Overview

The flash memory controller, FMC, provides all the necessary functions for the on-chip flash
memory. There is no waiting time while CPU executes instructions stored in the first 384K(in
case that flash size equal to 256K or 512K, all memory is no waiting time) bytes of the flash .
It also provides page erase, mass erase, and word/half-word program operations for flash
memory.

Characteristics

A Up to 3072KB of on-chip flash memory for instruction and data.

A No waiting time within first 384K bytes when CPU executes instructions (in case that
flash size equal to 256K or 512K, all memory is no waiting time). A long delay when CPU
fetches the instructions out of the range.

A 2 banks adopted for GD32F20x_CL with flash size more than 512KB. BankO is used for
the first 512KB and bank1 is for the rest capacity.

A Only banko0 is adopted for GD32F20x_CL with flash no more than 512KB.

A The flash page size is 2KB for bank0, 4KB for banka.

A Word/half-word programming, page erase and mass erase operation.

A 16B option bytes block for user application requirements.

A Option bytes are uploaded to the option byte control registers on every system reset.

A Flash security protection to prevent illegal code/data access.

A Page erase/program protection to prevent unexpected operation.

Function overview

Flash memory architecture

For GD32F20x_CL with flash no more than 512KB, the page size is 2KB. For GD32F20x_CL
with flash more than 512KB, bankO is used for the first 512KB where the page size is 2KB.
Bank1l is used for the rest capacity where the page size is 4KB. Each page can be erased
individually.

The following table shows the details of flash organization.

Table 2-1. GD32F20x_CL

size
Block Name Address Range
(bytes)
Main Flash Block Page 0 0x0800 0000 - 0x0800 07FF 2KB
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2.3.2.

2.3.3.

size
Block Name Address Range
(bytes)
Page 1 0x0800 0800 - 0x0800 OFFF 2KB
Page 2 0x0800 1000 - 0x0800 17FF 2KB
Page 255 0x0807 F800 - 0x0807 FFFF 2KB
Page 256 0x0808 0000 - 0x0808 OFFF 4KB
Page 257 0x0808 1000 - 0x0808 1FFF 4KB
Page 895 0x082F FOO0O - 0x082F FFFF 4KB
Informati
GD32F20x_CL | Boot loader area | 0x1FFF B0O0O- Ox1FFF F7FF 18KB
on Block -
Option bytes Block Option bytes O0x1FFF F800 - Ox1FFF F80F 16B

Note: The Information Block stores the boot loader. This block cannot be programmed or
erased by user.

Read operations

The flash can be addressed directly as a common memory space. Any instruction fetch and
the data access from the flash are through the IBUS or DBUS from the CPU.

Unlock the FMC_CTLXx registers

After reset, the FMC_CTLO register are not accessible in write mode, and the LK bit in
FMC_CTLO register is 1. An unlocking sequence consists of two write operations to the
FMC_KEYO register to open the access to the FMC_CTLO register. The two write operations
are writing 0x45670123 and OXxCDEF89AB to the FMC_KEYO register. After the two write
operations, the LK bit in FMC_CTLO register is reset to 0 by hardware. The software can lock
the FMC_CTLO again by setting the LK bitin FMC_CTLO register to 1. Any wrong operations
to the FMC_KEYO will set the LK bit to 1, and lock FMC_CTLO register, and lead to a bus
error.

The OBPG bit and OBER bit in FMC_CTLO are still protected even the FMC_CTLO is
unlocked. The unlocking sequence is two write operations, which are writing 0x45670123 and
OxCDEF89AB to FMC_OBKEY register. And then the hardware sets the OBWEN bit in
FMC_CTLO register to 1. The software can reset OBWEN bit to O to protect the OBPG bit and
OBER bit in FMC_CTLO register again.

For the GD32F20x_CL with flash more than 512KB, the FMC_CTLO register is used to
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2.3.4.

configure the operations to bank0 and the option bytes block, while FMC_CTL1 register is
used to configure the program and erase operations to bank1. The lock/unlock mechanism of
FMC_CTL1 register is similar to FMC_CTLO register. The unlock sequence should be written
to FMC_KEY1 when unlocking FMC_CTL1.

Page erase

The FMC provides a page erase function which is used to initialize the contents of a main
flash memory page to a high state. Each page can be erased independently without affecting
the contents of other pages. The following steps show the access sequence of the registers
for a page erase operation.

A Unlock the FMC_CTLx registers if necessary.

A Check the BUSY bitin FMC_STATX registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

A Setthe PER bit in FMC_CTLx registers.

A Write the page absolute address (0x08XX XXXX) into the FMC_ADDRX registers.

A Send the page erase command to the FMC by setting the START bit in FMC_CTLx
registers.

A Wait until all the operations have finished by checking the value of the BUSY bit in

FMC_STATX registers.
A Read and verify the page if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STATX registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLX registers is set. Note
that a correct target page address must be confirmed. Or the software may run out of control
if the target erase page is being used to fetch codes or to access data. The FMC will not
provide any notification when this occurs. Additionally, the page erase operation will be
ignored on erase/program protected pages. In this condition, a flash operation error interrupt
will be triggered by the FMC if the ERRIE bit in the FMC_CTLx registers is set. The software
can check the WPERR bit in the FMC_STATX registers to detect this condition in the interrupt
handler. The following figure shows the page erase operation flow.
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2.3.5.

Figure 2-1. Process of page erase operation
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Forthe GD32F20x_CL with flash more than 512KB, FMC_STATO reflects the operation status
of bank0, and FMC_ STAT1 reflects the operation status of bank1. The page erase procedure
applied to bank1 is similar to the procedure applied to bank0. Especially, when erasing page
in bank1 under security protection, the address should not only be written to FMC_ADRR1
but also to FMC_ADDRO.

Mass erase

The FMC provides a complete erase function which is used to initialize the main flash block
contents. This erase can affect only on bankO by setting MER bit to 1 in the FMC_CTLO
register, or only on bankl by setting MER bitto 1 in the FMC_CTL1 register, or on entire flash
by setting MER bits to 1 in FMC_CTLO register and FMC_CTL1 register. The following steps
show the mass erase register access sequence.

A Unlock the FMC_CTLx registers if necessary.

A Check the BUSY bitin FMC_STATX registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

A Set MER bit in FMC_CTLO register if erase bank0 only. Set MER bit in FMC_CTL1
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register if erase bank1 only. Set MER bits in FMC_CTLO register and FMC_CTL1 register
if erase entire flash.

A Send the mass erase command to the FMC by setting the START bit in FMC_CTLx
registers.

A Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STATX registers.

A Read and verify the flash memory if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STATX registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLXx registers is set. Since
all flash data will be modified to a value of OXFFFF_FFFF, the mass erase operation can be
implemented using a program that runs in SRAM or by using the debugging tool that accesses
the FMC registers directly.

For the GD32F20x_CL with flash size more than 512KB, the mass erase procedure applied
to bank1 is similar to the procedure applied to bankO.

The following figure indicates the mass erase operation flow.

Figure 2-2. Process of mass erase operation
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2.3.6.

Main flash programming

The FMC provides a 32-bit word/16-bit half word programming function which is used to
modify the main flash memory contents. The following steps show the register access
sequence of the word programming operation.

A Unlock the FMC_CTLx registers if necessary.

A Check the BUSY bit in FMC_STATX registers to confirm that no flash memory operation
is in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

A Setthe PG bitin FMC_CTLX registers.

A Write a 32-bit word/16-bit half word to desired absolute address (0x08XX XXXX) by
DBUS.

A Wait until all the operations have been finished by checking the value of the BUSY bit in

FMC_STATX registers.
A Read and verify the Flash memory if required using a DBUS access.

When the operation is executed successfully, the ENDF in FMC_STATX registers is set, and
an interrupt will be triggered by FMC if the ENDIE bit in the FMC_CTLX registers is set. Note
that the word/half word programming operation checks the address if it has been erased. If
the address has not been erased, PGERR bit in the FMC_STATX registers will be set when
programming the address except 0x0. Note that the PG bit must be set before the word/half
word programming operation. Additionally, the program operation will be ignored on
erase/program protected pages and WPERR bit in FMC_STATX is set. In these conditions, a
flash operation error interrupt will be triggered by the FMC if the ERRIE bit in the FMC_CTLXx
registers is set. The software can check the PGERR bit or WPERR bit in the FMC_STATx
registers to detect which condition occurred in the interrupt handler. The following figure
displays the word programming operation flow.
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2.3.7.

Figure 2-3. Process of word program operation

For the GD32F20x_CL with flash more than 512KB, the program procedure applied to
bank1 is similar to the procedure applied to bankO.

Note: Reading the flash should be avoided when a program/erase operation is ongoing in the

same bank. And flash memory accesses failed if the CPU enters the power saving modes.

Option bytes Erase

The FMC provides an erase function which is used to initialize the option bytes block in flash.

The following steps show the erase sequence.

> > > > > >

>

Unlock the FMC_CTLO register if necessary.

Check the BUSY bit in FMC_STATO register to confirm that no Flash memory operation
is in progress (BUSY equal to 0). Otherwise, wait until the operation has finished.
Unlock the option bytes operation bits in FMC_CTLO register if necessary.

Wait until OBWEN bit is set in FMC_CTLO register.

Set OBER bit in FMC_CTLO register.

Send the option bytes erase command to the FMC by setting the START bit in
FMC_CTLO register.

Wait until all the operations have been finished by checking the value of the BUSY bit in
FMC_STATO register.

Read and verify the Flash memory if required using a DBUS access.
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