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14.6.  ADC INTEITUDLS. ...eteiieieiieeeieeeeeteeee e e e e e e e e e e e e e e e e e eeeeeeeeeeeesemsnnnssnnnnne Hopm

147. WS TAAUSNLRSTIAYADAZY s H (H
14. 7STatus regist.ed (ADC. . . STAT) e, H (pH
14. 7Cdntrol register..0. . . (ADC..CT.LQA) e, H (o
14. 7Cdarotlr regi ster L. ADC. . .CT.LL) . Hop
14. 7Sample time register. 0. .. (ADC.SAMRTQ). ...cccocenn. HdcC
14. 7Sample time register..l.._(ADC.SAMRTIL). ... HoT
14. 7Watchdog high threshol.d..r.e.qg.i.s.t.er..(_(.AD.C._ . \WDhHly)
14. 7Watchdog | ow threshol d..r.e.qg.i.s.t.er..(.ADC.. WDIHTHD
14. 7R®butine sequence r eg..s.t.er...0... . (.ADC...RSQQ)....HDD
14. 7 R»uUutine sequence r eg..s.t.er.. 1. (.ADC..RSQLl)...onn
14. 7. Rbutine sequence reg.i.st.er..2..(.ADC..RSQ2).0nn
14. 7. Robutine data regi.s.t.er. .., ADC. . RDATA) ......ccee. 0ONnM
14. 7. D2ersample control regi s.t.er.. . (. ADC..OV.SAMBRCGH )
14. 7. S3Immary status reg.i.st.ern. . (ADC..SSTAT). ... ono
14. 7. S4.nc contr oDC _rSeYgN CSCLTELL) ... (oA onn
14. 7. S%Ync routine data reg.i.s.t.er. .. (.ADC..SYNCDATA)p

15.Di gitteadal og conveur.t.er. . (DAC). i onc

MP DMIDD S NITA .S oot onc

MP PHIDPK F NI O USNR AU A DR i onc

MP Po@dzy OU A 2 Y ... .2 BSNIBAS oo ony
15, 3 DAC & N e e ony
15. 3DAC 0oUt p U bl f e any
15. 3 DRAC daadmf i QUL 8 lod 0t e e ony
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TG T I N O A G P o o O = USSP ony
TG N B N O oo T o T - S = o 1 o R USPRIY on g
T T - N O o o T T O = I A N A - SRR ondag
15. 3 DAC 00Ut P ULVl @0 B e e e e e e e e e s e ennnes omMnA
1 5 0 3 DA 1 8 U S i oMn
15. SDAC concurr ent.. . .CONM.E.r.S.0 0.0 e omM~Nn
MP ONWS IA AT SNILRSTEAYALAZY e OMM
15. 4 DACx control r@mgl Glt..ek....0. .(.DAC . QMM
15. 4 DACx software trigge.ur..r.eqg.i.s.t.er. . .(.DAC.SWT) mn
15. 4 DACXx _OUThOi tl&liigthhnted data hol dudrdd rRelqiDsHt).e.o mfiDAC
15. 4 DACXx _OUThOi tta2l efnhed data holding regi.steroMAC_OL
15. 4 DACXx _OUBODt Baliigghned data hol ding regi.steraMDAC_ OL
15. 4 DACXx _OUThli tl&liigghnhed data holding reg.i.st.eomgcDAC_O
15. 4 DACXx _OUThli tta2l efnhed data holding regi.steroMdAC_OL
15. 4 DRCx _OU-BbLt Baliighned data hol ding regi.steer.aMTmDAC_OL
15. 4 DACXx concurrbdmnt -anloiggand® data hol di ng .r.e.goimvtt er (L
15. 4. DACXx concurrbdnt-amededed2 datias ther di DACC.elgIvyDH)
15. 4. DIACx concur rbeintt -ariogdjete® data hol ding..r.egmgter (
15. 4. DACx _@OUTUWata output regis.t.er. .. (DAC.OUTO. .00
15. 4. DACx _OUT1 data output reg.i.st.er. .. (.DAC..OUDMJDO)
15. 4. DACxXx st at uls (rDeAga _SSETEANT.0.) s e e e e e e e e e e eeeens OHAN
16. Wat chdog ti med . . . .(.WD.GT )i, OHM
16.1.  Free watchdog tiMer (FWDGT)........uuuuiiiiiiiiiiiiiiiimne e OHM
T R O X VA T G VA O = T PP PP PPPURTTPPPP OHM
16 . 1 .Char @C t i de S il St OHM
16. L FANCE T 0N 0.V Bl Mol MMttt e e e e e e e e e s eee s QHM
16. 1. REgi ster .def i il i 0 QHnN
16.2.  Window watchdog timer (WWDGT)......covvuiiiiiiiieeiieeeiiee e e e e OHT
T O X VA T S VA U= T PP PO PPPURTTTPPPN OHT
16. 2.Char @ C t i de S il S OHT
16. 2 FANCTE T 0N 0.V Bl Nl Mttt e e e e e e e e e e QHT
1&.. 4Regi st er .defi. mi . i 0 e Qon
17.Real time Cl.oCKk. . ( RT.Ciiiiiii e OOH
i T @ Y=Y oV 1= PO PPPPPR OOH
i S O 0 T = T (= (1) 1o PO PURRPRPPNt OOH
17.3.  FUNCLON OVEIVIEW......uviiiiiii e eee ettt e e e eer e e e et e e e e et e e e e eba s e e emeeeeees 00O
17 . 3 B1.0CK 0@l B M 00O
17. 3C20ck source .and..pr.es.cal.er.S ..., oon
17. 3Shadow register.s..i.nt.r.oducl 0N oon
17. 3Chnfalglue and fiel d..mask.abl.e..al.arm.................. oon
17. 3CHnfigurabl ewp&erpUupdC.OUALEO. o oop
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17.3RGLC initializati.am..and..conf.i.gur.a. ... 0.0p
17. 3.CaAl endar . .a. i .G e QaocC
17. 3 R&Bsetting. .t e R G e aoy
17. 3 RT.C shif to ol Gl D Qoy
17.3. ROII.C reference .cl.ock..det.ecl. .. .. ... oodg
17.3. RIT.C coarse dig.i.t.al..cal..b.r.at.i. o0 ... oo g
17.3. RI.C smooth dig.i.t.al..cal.i.br.ati.on ... onn
17. 3. I3 et amp  flUn Gl ON e OnNH
17. 3. TAMpPer deld .l O rrr e e e e e s e snnnes onH
17.3. Calibration..cl.oCKk . 0Ul. pUlo ... ono
A T < T T S o o 0 U S o 0 SRR o.nn
17.3. RT.C power saving mad.e..manag.eme.nl. ...l onn
O A S Y N O o A = O O U 5 o 1 S onn

i S = To | Y =T e [0 ]11 0] o PP PPPPPRRRTPPI onc
17.4T1me register. .. (. RTC.TLME) i, onc
17. 4Date registern. (. RTC.DATE) e onc
17. 4Cdntrol regi s.t.el .  (.RTC...CT.L) e, onrt
17.4S4atus regi st (.RIC. . STAT ) e, opn
17. 4P escal elffl RITE QG P.SI . L OpH
17. 4 Wakeup timer regi.stern. (RTC.WUT) OpH
17. 4Cbarse calibration .r.eg.i.s.t.er.. . (RTC.CQSC)..0po
17. 4 A8arm 0 time and date tr.egl.sterlr. . (RTC.ALRMPMD)
17.4A%arm 1 time and date tr.egi.ster. . (RTLC.ALRMDPPD)
17. 4. Wod.ite protection key..reg.i.st.er. .. (.RT.C.WRK)pc
17. 4. Bub second regi.s.t.ef. .. . ((RTC..SS)iinnnnn. opc
174.1383hift function control..r.eg.i.s.t.er...((RTI.C.SHKHIpFTCTL)
17. 4. T3 me of time stamp..r.eg.i.st.el. .. (RTC.TIS). .. opT
17. 4. DAt emef stamp regi stern. (. RTC.DTS). ..o opy
17. 4. S.ib second of time st amp..r.egi.ster. . (RTCOPHTS)
17.4. H6 . gh resol ut i opne nfsraetqgiuoenn crye gciosm..e.r.....(.RT..C....HRFE )
17. 4. TaAmper registel. . (. RLC.TAMP). i, ocCn
17.4. A8arm O sub second redg.i.st.er. . (RTC.ALRMOILDS)
17.4. A9arm 1 sub second reg..ster. . (RTLC.ALRML®S)
17. 4. Backup registers (RIC..BKPEx)..(.x.70.... 1.9.)....... ocn

18 .Ti mMmer ( Th . MERX )it n ocp

18.1.  Advanced timer (TIMERX, XZ0,.0)....cuuuuiiiieeeiieeiiiiime et e e e e et anrn e e e e occ
T R O B Y O G VA - T .S occ
18. 1 .Char acC t .S il S ——— occ
T R e I o I o A o T O o T VA T Y U = 0 USSR acT
1841 .71 MERX regi sit.erlS. (Xm0 Z e o ¢o

18.2. General levelO timer (TIMERX, X=1, 2, 3,4) it i i MmHAN
T O B VA= I VA T - T .U nHAN
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18 . 2.CRar A C b S il S nHAN
18. 2 FAANCT T 0N 0.V BuloNelee Mttt ettt e e s st e e e e st e e e s sbbeeeeeae 0OHAN
18. 2.T4 MERX 1 edi SR . S (. X )i rrr e e e senneend nop

18.3. General levell timer (TIMERX, X=8, LL).....ccuuuiiiiie e eeme e eeeees nmcmw
S T B O X VA = I G VA T = RSO SP ncwm
18 . 3.CAar A C b . d S il S ncw
18. 3 FRAANCT T 0N 0.V Bl Nl e Wittt e et e e e e st e e e s sbbeeeaeae ncH
18. 3.T4 MERX regi s.t.ern.s.(.X.m8. . .l.l) i, nTtn

18.4. General level2 timer (TIMERX, X=9, 10, 12,.13) .. .cciii e nyT
O T R O N VA T G VA O - PSSR nyr
I T A O T T G T o Y -0 O - O R o PSSR nyr
T A e I o I o A o T O o T VA = T Y = 0 S nyrT
18. 4T4 MERXx registers.(x=9.,..10.... 1.2, 0.3 ), ndop

18.5.  Basic timer (TIMERX, X=5,.8)....cccciiiiiiiiiiiiie e pnc
T T O B V- I A O T . P pnc
18. 5.Char acC t . .S il S ————————— pnc
T T I o I o A o T O o T VA = T Y = 0 R pnc
18. 5T4 MERXx regi s.t.er.s.(.X.5.5.... S T pwmn

19.Uni versal synchronous/ asynchronous...pep

M 0D D M @EIVIEW... ..ttt e e e e e e e e eme et ettt ettt e e et e et e e eeeeeeeesemsssnsssnnnnnnnnnnnne pwMp

M 0D D H @NATACTEIISTICS ...ttt ettt ettt et et e e e et e e e e e e e e e emsnnnenneanees pwMp

M 00 D O FARUNCHON OVEIVIEW.....ci oottt ae s pwmc
19. 3UBART frame. .. .o mal. e pMT
19. 3 Baud rate .g.enelal. . Ol - pMmy
19. B3WUBART tr5 ansS. il e p My
19 . BUBART I B il e e e e e e e e e e e eree ] p.H N
19. 3Use DMA for dat.a..bhuf.f.er..acC.Ce.S8.S PHM
19. 3 HArdware f LW . . . ConL Ol e, pHO
19. 3.MULMtrioc es S Oor fCI0MUMLUILI..CoBmiiiiiiiieieieeeeeeeeeeereie e ee e pHMN
T T ¢ A 42 o T = PP pPHP
19 . 3. SYNCHT 0N 0SS MO0 8 e e e pHC
1913. 1 rDA SI R ENDEGC. .m0 B PHT
19. 3. Hadfupl ex communi.c.at.i.on. . . mo.d.e. ... pHY
19. 3. B2nartcar d-3() SMIABEL..B.....ccoiiiieiiiiiiieeie e pHY
19. 3. UBART 1 Nl U D Sttt e e et e e e e e e e e eanees pon

19.4. REQIStEr UefINITION......uuuiiiiiiiiiiiiiiiiiiit e eenananees poH
19. 4STatud emedi  USART. .S T AT Q)i p.oH
19. 4Data register . ((USART. . .DATA) pon
19. 4Baud rate registefr. . (USART.BAUD) . pon
19. 4Chntrol register. .0 . (USART. .CT.LO) .. p.op
19. 4CH»ntrol register. ..l (USART. . .CTLL) .. p.oT
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19. 4C®ONtrol register...2.(USART. . . CTL2) .. p.oy
19. 4 Guard time and prescal.er..r.egi.s.t.er.. (. USARDPNGP)
19. 4CHNtETr ol 3r € WiISARAIL.C.T. .3 ) e pnm
19. 4 R¢#gceiver timeout r.eg.i.s.t.er.. . (L USART..RT)u........pnH
19. 4. SQ@Q.atus register 1. (USART. . .STAT.L) . pno
19. 4. Coherence control r eg.i.s.t.er..  (USART..CHC).pnn

20.I ntienrt egrated circul.t..i.nt.er.f.ac.e..(.l.2.Q)nc

20.1. OV BIVIBWL ..ttt ettt et e et et e et e e e e e et ema e e et n e n e n s pnc
20.2.  CNArACIEIISTICS. ...ttt ettt enr e s pnc
P20 e R o ¥ g Tox 1ol o)V =T V= PP pnc
20. 3 SDA and SOl i e S e —————— pnT
20. 3 DALt @ VAl d.al i Qs pny
20. 3 START and STOPR.s.0.Gnal e pny
20. 3. CA0ck sSynchir.oni.z.al .0 e, pny
P22 O TG VA o T T A - T A A o o PP pnd
20. 31 @. communi ca.t.il.o.n. . ol oW pndg
20. 3 PFOoOgrammi N.g .. mO. ..l e ppn
20. 3SEL | i ne .Sl l Chi g ppod
20. 3. U%e DMA for Jdat.a..t.r.ansf . el pcn
20. 3. P@cket err or. .. .che kil . e pcn
20. 3. BAlnal og andedif g.l.t.2F.SN.0.0.S e pcn
20 . 3. ISAB U S S U0l ettt rraaa pcwm
20 . 3. ISAIM _ VS U0l ittt pCH
20. 3. S4.at us, error.s..and..i.nt.er.Uupl.S ... pco
20.4.  RegiSter defiNitiON.........ccoiiiiiiiiiiiiiii e pcn
20. 4Cbntrol regi st.er..0..(L.2C. . CTLO) pcn
20. 4Cdntrol regi st.er..L..(L.2C. . CTLL) pcc
20. 4 S3ave address regi s.t.er..0..(.l1l.2.C..SADDR.O).........pC T
20. 4 S4ave address regis.t.er....l...(.1.2.C...SADDR.1).....pCT
20. 4 Ts ansfer buffer utr.egi.st.er..(lL.2C. .DATA). ........pCY
20. 4 Ténasf er status regi.st.er..0...(1L.2.C.STAT0). ....c...... pcy
20. 4 Tfransfer status reg.i.ster. . 1..(JlL2C.STATL). . ..pTM
20. 4C80ck configur@KCR@G).S.t.ell ] 2.Coiiiiii, pTH
20. 4 R9se time regi.siter (.20 RT ). pToO
20. 4. FOl ter control r.eg.i.st.er. . . . (.lL.2.C. . ECT.L) ... pTo
20. 4. SAM control and status..r.eg.i.s.t.er..(.l.2C.SANMQGS)

21.Seri al peripher-4aC sopuedf 4&8€1.1.h2&)...pTC

HMOMIDD S NITA .S oottt pTC
HMOH/OKE NI OG.SNRAGA QA .o pTC
21. 2 SPIl char a . el S il S e pTecC
21. 2028 char a cCd el S . S pTecC

13



Z

GigaDevice GD32FWdxer Manua
HMOPO{Pt L 0f 2 QL RAL. NI e PTT
HMOn{dt L aA3yF £ RSAQONALILA 2N e, PTT

21. 4 Nbr mal conf i gurSakPli oMia.dieNo.t...QuU.a.du..ccccccrniiiiiiininnnnn.n. pPTT
21. 4.0QUaBPl conf i gl al b 0. e pTYy
HMOp{Pt L Fdzy OUA2Y. .2 8SNIBAS Guecieiieeeeeeeeeeeeeeeeeeeee e PTY
21.5SPIl clock timing..and..dat.a..f.or.mat ... pTYy
Y7200 N ST \\ 0 T I o S O o T SR pTd
21.5SPI oper atii.0n. mMo.d 8.5 e ————— pym
Y7200 R T B 7 Y 1 N U o o A O o N o S EEPRP pyy
21 55 CRC f U C Qe e e e e e e e s e e e e e e e e e e e ennnnns pyy
HMOPCPt L A Y S NNIZLIA A it emae e py o
21 . 6.ST @t US. ...l @i S py o
21 . 6. E2 05 00  C O 0., S e py o
HMOTIOH {  0f 2 QL RAL NI e p n
HMOYIOH { aAAYF £ RSAQONALILA 2N e, p pm
HMOPIOH {  Fdzy OU A2y .2 ASNIBAS Gueceiiieeeeeeeeeeeeeeeee e p pm
21. 910 2S audi o ..s.tl.an0.a b d.S. p dwm
21 . 90 2.8  Cl G K ————————————— ppd
2 R @ X+ T G- W A R o Y o PP cnn
210 9 DAMA T U NGB e e e e e cno
HMOMIDHP{ A Y. 0SNNIZLIO A oo emae e camn
21 . 10 .ST At US. .t B, S e a e e e cnan
21 . 10 .E2Z.r 0r € QnbuddodciDil S cnn
HMOMMBPA &0 SNI RSTAYADAZY e cnc
21.11 . Control regi st.er.. 0. . (SPL...CT.LA) i, cnc
21.11.Co.ntrol regi st.er.. .l (SPL...CT.LL) e, cny
21.11.S3.atus regist.ef. . .(.SPL.  STAT ) cnag
21. 11 DAt a regist el . (.SPL  DATA) e cwmn
21.81.CRC polynomi al regi s.t.er. ... .(.SPIL.CRCROLY)...CMM
21.11.ReX. CRC register. (.SRL.RCRC) i, CMM
21.11.TX. CRC register. . (.SPL.TCREC) e, CMH
21.11.1&8.S control regi.s.t.er. . (.SPL..L2SCTL) e C MO
21.11.12.S clock prescaler ..redg.i.st.er..(SPlL.1lL.2SRS®)N
21. 11 Quxd9PlI mode contr ol regi.s.ter. . ..(.SPL.QCT.L) vopf SPI !

22.Digital camer a...nt.er.f.ace..(.DClL.) ... CMT
22.1.  OVEIVIBW .eeeiiiiiiiiiiiiiiiieessee et ea e e e s e e et et e et et et e et e e et e e e e e e e e e e e e emsnnnnnnnnnnnnnnnne CMT
P O (- 1 - T3 (=] 1] Ao PP PTPRTPIN CMT
b2272C TR = 1 o Yod Qo | =T | o= o ¢ 1 CMT
224, SIgNal deSCIIPLION ouueiiii e e e e e eeans C MYy
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225, FUNCLION OVEIVIEW Louiiiiii e eets s et e e e s emr s e e e e e e e e et e e e e e e e e anaas cC MYy
22.5DLCI] hardwar e sync.hr.oni.zadt..on.mo.de. ... cCMy
22. 5 EMmbedded synchroni.zat.i.on.mode. ... c.M
22. 5Capture data using snapshot..ar..cont.i.nuawcsvwdcapt ul
22. 5 W ndoW fulColidiDill et srrree e ee e snneeeeeen C.HN
22. 5P xel formats, dat.a..paddi.ng..and..DMA....... CHAN
a2 S TR 1 1 =T o U o PSP CHM
22.7.  Register defiNitiON ... CHH
22. 7Cbntrol regi s.ted. (.DCL. . .CT. L), CHH
22.7S2atus register0. . (.DCL. .  STAT.O.) CHO
22.7S3atus register.l.  (.DCL. .  STAT.L) CHRI
22 . 714hterrupt en€@bl ENTEDN).s.tL.er (Do, CHI
22. 71 mterrupt flag .r.eqgi.st.er. .. (.DCL. . LNLE)...............CHDP
22. 71@&dterrupt flag cl ear..r.eg.i.s.t.er... . (.DCL..LNT.C) HC
22.7S8S¥%¥nchroni zation cod.e.s..r.eg.i.s.t.er......(.DCIL..SC)..CHC
22.7S8nchronization codes unma.s.k..r.eg.i.s.t.er..(.RGIT_SCUM
22.7C90pping window start posi.t.i.on..r.eg.i.s.t.er.cHDCI _CW
22.7. LGopping window si ze..r.egli.s.t.elrl..(.DCL.CWSZLHY
22. 7. DIATA regi st er. .  (.DCL. . . DAL A) CHY
23.TFLCD interfiac.e .. .(T.Ll ), C O
D22 Tt S O 1V =T 1 con
A T O £ - = T (= ] 10T con
23.3.  BIOCK QIBGIANML. ..ot con
PAC T S ST [ =10 1= ST ] o) £ o TP COoOM
23.5.  FUNCLON OVEIVIEW. .. .cciieeiiiiie e e ettt ettt s e e e e e e et e tne e e e e e estea e e eeeeeeeesssnsnmeeeeees COoOM
23. 5 LD di splaay. . oMl i g COM
23. 5. Ri.xel [V 1 VO 0 U 0 ¢ U o S A o 1 o B OO OUPPPPPPPPPUTPPN COH
2 3. 5 P3 X @1 0 A S e e e coo
23.5LAayer window and..bl.endi.ng..f.unc.t.i.on........C00
23.5LRayer confi g.uwr.at..on...el.o.ad. ... con
23.5D6t hering. . o ln Clil 0 e cop
P22 T T 1 1= (U] o £ T PP P PP P OPPPPPPPTPTRR cop
23.7.  Register defiNitiON.........ccoiiiiiiiiiiiiiii e coc
23. 7Synchronous pul se si ze..r.eg.i.s.t.er..(TLIL..SRPRS2D)
23. 7Backorch size regi.st.er. . . .(.TLL..BRSZ). ... coc
23. 7A%tive size regi.st.el  (TLLILLASZ) corT
23. 7 Tétsailze regi st.er (.T.LL  T.S.Z) s coT
23. 7Co»ntrol regi st (T LI CT L) coy
23. 7Rel oad Il ayer r.egi.steedr.  (T.Ll RL) . codg
23. 7Background col or ur.egi.s.tier.  (T.LLLBGC) ... cn n
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23. 71&terrupt enabl e r.egii.s.tier.  (TLLLNLEN)........cnn
23. 71%9terrupt flag .regi.st.er. . .(TLL.LNLE). ... cnwm
23. 7. 1mterrupt flag cl ear..r.egi.ster. .. (TLL...LNTECHNM
23. 7. 1Lhie mark regi.ster. . (T LI LM CnH
23. 7. XClurrent pixel posi ti.on...eg.i.st.er. .. .(LLL.CRR@S)
23. 7. 1B83atus registel . (.T.LL . STAT ) cno
23.7. 1LAyer x control regi s.teed....(.T.LL..LXCT.L)..(xno 0, 1)
23. 7. 1lmyer x horizont al position (Exaramegtke).s.cmaeigi st e
23. 7. 1laayer x vertical position par amedt.er.s..r.eqipster
23. 7. Layer x cosltoerr k(eTyL Ir_elgxi CKE.Y.)..o(. X m...00,0. 10 ) cnp
23. 7. 1L&ayer x packeted pixel format..r.egi.st.er.cM®ELIl _Lx
23. 7. 1L@yer kKiesgealipha register. . .(.LLL.LXSA). . (xnx 0, 1)
23.7. 2@Gyer x default color r.eg.li.s.t.er.. (. TLIL._.LxXB@)
23.7. 28yet exdbng register (T.LIL.LXBLEND). . (X...200, 1)
23.7. 2Ayer x frame base address reg.i.ster..(.TlinhyLxFBA
23. 7. 23Ayer x frame |l ine |l ength r.egli.ster..(TLIlcnlyxFLLE
23.7. 2Ayer x frame total Il ine numb.ertr..r.egi.st.emdp TLI _
23.7.2myer x |l ook up table reg.i.s.t.er. .. (.T.Ll..LXx.lcWT)

24.Secure digital i nput /.aut.p.ut..i.nt.er.f.acem( SDI

24.1.
24.2.
24.3.

24.4.
2 4.
2 4.

24.5.
2 4.
2 4.
2 4.
2 4.
2 4.

24.6.
2 4.
2 4.
2 4.
2 4.
2 4.
2 4.
2 4.
2 4.
2 4.

110 18 Tox i o] o PP R PP PP PP PPPPPPPP cCpw™m
MAIN TEALUIES ... ne e e e e e e as cCpwM™
SDIO DUS TOPOIOGY. .ot cCpw™m
SDIO functional deSCIPLAN.........ciiiiiiiiiiiiiiie e cpn
/S0 I O T o - U o 1 N = S cpn
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1. System and memory architecture

The devices of GD32F4xx series are 32-bit general-purpose microcontrollers based on the
Arm® Cortex®-M4 processor. The Arm® Cortex®-M4 processor includes three AHB buses
known as I-Code, D-Code and System buses. All memory accesses of the Arm® Cortex®-M4
processor are executed 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®-M4 processor

The Cortex®-M4 processor is a 32-bit processor that possesses floating point arithmetic
functionality, low interrupt latency and low-cost debug. The characteristics of integrated and
advanced make the Cortex®-M4 processor suitable for market products that require
microcontrollers with high performance and low power consumption. The Cortex®-M4
processor is based on the ARMv7 architecture and supports a powerful and scalable
instruction set including general data processing I/O control tasks, advanced data processing
bit field manipulations, DSP and floating point instructions. Some system peripherals listed
below are also provided by Cortex®-M4:

A Internal Bus Matrix connected with I-Code bus, D-Code bus, System bus, Private
Peripheral Bus (PPB) and debug accesses.

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 Memory Protection Unit (MPU).

A Floating Point Unit (FPU).

Figure 1-1. The structure of the Cortex®-M4 processor shows the Cortex®-M4
processor block diagram. For more information, refer to the Arm® Cortex®-M4 Technical
Reference Manual.

Figure 1-1. The structure of the Cortex®-M4 processor
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1.2. System architecture

A 32-bit multilayer bus is implemented in the GD32F4xx devices, which enables parallel
access paths between multiple masters and slaves in the system. The multilayer bus consists
of an AHB interconnect matrix, two AHB buses and two APB buses. The interconnection
relationshinp the AHB i matrix is
the corresponding master is able to access the corresponding slave through the AHB
interconnect matrix, while the blank means the corresponding master cannot access the

of nterconnect

corresponding slave through the AHB interconnect matrix.

Table 1-1. The interconnection relationship of the AHB interconnect matrix

IBUS |DBUS | SBUS | DMAOM | DMAOP | DMA1M | DMA1P |ENET | TLI |USBHS | IPA
FMC-I 1
FMC-D 1 1 1 1 1 1 1 1
TCMSRAM 1
SRAMO 1 1 1 1 1 1 1 1 1 1
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IBUS |DBUS | SBUS | DMAOM | DMAOP | DMA1M | DMA1P | ENET | TLI | USBHS | IPA

SRAM1 1 1 1 1 1 1 1 1

SRAM2 1 1 1 1 1 1 1 1

ADDSRAM | 1 1 1 1 1 1 1 1 1 1

EXMC 1 1 1 1 1 1 1 1 1 1
AHB1 1 1 1
AHB2 1 1 1
APB1 1 1 1 1
APB2 1 1 1 1

As is shown above, there are eleven masters connected with the AHB interconnect matrix,
including IBUS, DBUS, SBUS, DMAOM, DMAOP, DMA1M, DMA1P, ENET, TLI, USBHS and
IPA. IBUS is the instruction bus of the Cortex®-M4 core, which is used for instruction/vector
fetches from the Code region (0x0000 0000 ~ Ox1FFF FFFF). DBUS is the data bus of the
Cortex®-M4 core, which is used for loading/storing data and also for debugging access of the
Code region. Similarly, SBUS is the system bus of the Cortex®-M4 core, which is used for
instruction/vector fetches, data loading/storing and debugging access of the system regions.
The System regions include the internal SRAM region and the Peripheral region. DMAOM and
DMA1M are the memory buses of DMAO and DMAL respectively. DMAOP and DMALP are
the peripheral buses of DMAO and DMAL1 respectively. ENET is the Ethernet. TLI is the TFT
LCD interface. USBHS is the high-speed USB. And IPA is the image processing accelerator.

There are also twelve slaves connected with the AHB interconnect matrix, including FMC-I,
FMC-D, TCMSRAM, SRAMO, SRAM1, SRAM2, ADDSRAM, EXMC, AHB1, AHB2, APB1 and
APB2. FMC-I is the instruction bus of the flash memory controller, while FMC-D is the data
bus of the flash memory controller. TCMSRAM is the tightly-coupled memory SRAM, which
can be accessed only by the DBUS. SRAMO, SRAM1 and SRAM2 are on-chip static random
access memories. ADDSRAM is the additional SRAM, which is available only in some
particular GD32F4xx devices. EXMC is the external memory controller. AHB1 and AHB2 are
the two AHB buses connected with all of the AHB slaves, while APB1 and APB2 are the two
APB buses connected with all of the APB slaves.

The system architecture of GD32F4xx devices is shown in the Figure 1-2. The system
architecture of GD32F4xx devices.
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Figure 1-2. The system architecture of GD32F4xx devices
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1.3.

Memory map

The Arm® Cortex®-M4 processor 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 memory, data
memory, registers and | / O ports are organized within the same linear 4-Gbyte address space
which is the maximum address range of the Cortex®-M4 since the bus address width is 32-
bit. Additionally, a pre-defined memory map is provided by the Cortex®-M4 processor to
reduce the software complexity of repeated implementation of different device vendors. In the
map, some regions are used by the Arm® Cortex®-M4 system peripherals which can not be
modified. However, the other regions are available to the vendors. Table 1-2. Memory map
of GD32F4xx devices shows the memory map of the GD32F4xx series devices, including
Code, SRAM, peripheral, and other pre-defined regions. Almost each peripheral is allocated

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

Table 1-2. Memory map of GD32F4xx devices

Pre-defined .
_ Bus Address Peripherals
Regions
0xC000 0000 - OXDFFF FFFF EXMC - SDRAM
External
) 0xA000 1000 - OXBFFF FFFF Reserved
Device
AHB 0xA000 0000 - 0xA000 OFFF EXMC - SWREG
- 0x9000 0000 - OX9FFF FFFF EXMC - PC CARD
matrix
External 0x7000 0000 - OX8FFF FFFF EXMC - NAND
RAM EXMC i NOR/PSRAM/
0x6000 0000 - OX6FFF FFFF
SRAM
0x5006 0COO0 - OX5FFF FFFF Reserved
0x5006 0800 - 0x5006 OBFF TRNG
AHB2 0x5005 0400 - 0x5006 O7FF Reserved
0x5005 0000 - 0x5005 03FF DCI
0x5004 0000 - 0x5004 FFFF Reserved
0x5000 0000 - 0x5003 FFFF USBFS
0x4008 0000 - Ox4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF USBHS
Peripheral 0x4002 BCOO - 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF IPA
0x4002 A00O0 - 0x4002 AFFF Reserved
AHB1 0x4002 8000 - 0x4002 9FFF ENET
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF DMA1
0x4002 6000 - 0x4002 63FF DMAO
0x4002 5000 - 0x4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF BKPSRAM
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Pre-defined

Regions

GD32FWUxerr
Bus Address Peripherals
0x4002 3CO00 - 0x4002 3FFF FMC
0x4002 3800 - 0x4002 3BFF RCU
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2400 - 0x4002 2FFF Reserved
0x4002 2000 - 0x4002 23FF GPIOI
0x4002 1CO00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0x4002 0C00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 O7FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA
0x4001 6CO00 - 0x4001 FFFF Reserved
0x4001 6800 - 0x4001 6BFF TLI
0x4001 5800 - 0x4001 67FF Reserved
0x4001 5400 - 0x4001 57FF SPI5
0x4001 5000 - 0x4001 53FF SP14/12S4
0x4001 4C00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF TIMER10
0x4001 4400 - 0x4001 47FF TIMER9
0x4001 4000 - 0x4001 43FF TIMERS
0x4001 3CO00 - 0x4001 3FFF EXTI
0x4001 3800 - 0x4001 3BFF SYSCFG
APB2 0x4001 3400 - 0x4001 37FF SPI3/12S3
0x4001 3000 - 0x4001 33FF SPI0 /12S0
0x4001 2CO00 - 0x4001 2FFF SDIO
0x4001 2400 - 0x4001 2BFF Reserved
0x4001 2000 - 0x4001 23FF ADC
0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USARTS
0x4001 1000 - 0x4001 13FF USARTO
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O7FF TIMER7
0x4001 0000 - 0x4001 03FF TIMERO
0x4000 C800 - 0x4000 FFFF Reserved
APB1 0x4000 C400 - 0x4000 C7FF IREF
0x4000 8000 - 0x4000 C3FF Reserved
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Pre-defined
Regions Bus Address Peripherals

0x4000 7CO00 - 0x4000 7FFF UART7
0x4000 7800 - 0x4000 7BFF UART6
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PMU
0x4000 6C00 - 0x4000 6FFF CTC
0x4000 6800 - 0x4000 6BFF CAN1
0x4000 6400 - 0x4000 67FF CANO
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 5FFF 12C2
0x4000 5800 - 0x4000 5BFF 12C1
0x4000 5400 - 0x4000 57FF 12C0
0x4000 5000 - 0x4000 53FF UART4
0x4000 4CO00 - 0x4000 4FFF UART3
0x4000 4800 - 0x4000 4BFF USART2
0x4000 4400 - 0x4000 47FF USART1
0x4000 4000 - 0x4000 43FF 12S2_add
0x4000 3C00 - 0x4000 3FFF SPI12/12S2
0x4000 3800 - 0x4000 3BFF SPI1/12S1
0x4000 3400 - 0x4000 37FF 12S1_add
0x4000 3000 - 0x4000 33FF FWDGT
0x4000 2C00 - 0x4000 2FFF WWDGT
0x4000 2800 - 0x4000 2BFF RTC
0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIMER13
0x4000 1C00 - 0x4000 1FFF TIMER12
0x4000 1800 - 0x4000 1BFF TIMER11
0x4000 1400 - 0x4000 17FF TIMERG6
0x4000 1000 - 0x4000 13FF TIMERS
0x4000 0CO00 - 0x4000 OFFF TIMER4
0x4000 0800 - 0x4000 OBFF TIMER3
0x4000 0400 - 0x4000 07FF TIMER2
0x4000 0000 - 0x4000 03FF TIMER1
0x200B 0000 - 0x3FFF FFFF Reserved
0x2003 0000 - 0x200A FFFF ADDSRAM (512KB)

SRAM r::tlljx 0x2002 0000 - 0x2002 FFFF SRAM2 (64KB)
0x2001 C000 - 0x2001 FFFF SRAM1 (16KB)
0x2000 0000 - 0x2001 BFFF SRAMO (112KB)

AHB Ox1FFF C010 - Ox1FFF FFFF Reserved
Code matrix Ox1FFF CO000 - Ox1FFF COOF Option bytes (Bank 0)

40



Z

GigaDevice GD32FWdxer Manua
Pre-defined
. Bus Address Peripherals
Regions
Ox1FFF 7A10 - Ox1FFF BFFF Reserved
Ox1FFF 7800 - Ox1FFF 7AQ0F OTP (512B)
O0x1FFF 0000 - OX1FFF 77FF Boot loader (30KB)
Ox1FFE C010 - OX1FFE FFFF Reserved
0x1FFE C000 - 0x1FFE COOF Option bytes (Bank 1)
0x1001 0000 - OX1FFE BFFF Reserved
0x1000 0000 - 0x1000 FFFF TCMSRAM (64KB)
0x0830 0000 - OXOFFF FFFF Reserved
0x0800 0000 - 0x082F FFFF Main Flash (3072KB)
Aliased to
0x0000 0000 - Ox07FF FFFF
the boot device
1.3.1. Bi-kandi ng
In order to reduce the time of read-modify-write operations, the Cortex®-M4 processor
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 +(byte_ of(fldetl 32) +.
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 Dbyte_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 + (O0x200 *(122)+ (7
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.
1.3.2. Onchip SRAM memory

The devices of GD32F4xx series contain up to 256KB of on-chip SRAM, 4KB of backup
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SRAM and 512KB additional SRAM. All of them support byte, half-word (16 bits), and word
(32 bits) accesses. The on-chip SRAM is divided into four blocks, including SRAMO (112KB),
SRAM1 (16KB), SRAM2 (64KB), and TCMSRAM (64KB). SRAMO, SRAM1, SRAM2 can be
accessed by almost all AHB masters, while TCMSRAM (tightly-coupled memory SRAM) can
be accessed only by the data bus of the Cortex®-M4 core. The backup SRAM (BKPSRAM) is
implemented in the backup domain, which can keep its content even when the VDD power

supply is down. The additional SRAM (ADDSRAM) is available only in some particular
GD32F4xx devices. Thanks to the AHB interconnect matrix, the SRAM blocks mentioned
above can be accessed by different AHB masters concurrently. For example, the USBHS can
access SRAM1 while the CPU is accessing SRAMO.

1.3.3. Onc hifpash memory overview

The devices provide high density on-chip flash memory, which is organized as follows:

A Up to 3072KB of main flash memory.

A Up to 30KB of information blocks for the boot loader.
A Upto 512B of OTP (one-time programmable) memory.
A Option bytes to configure the device.

Refer to Flash Memory Controller (FMC) Chapter for more details.

1.4. Boot configuration

The GD32F4xx devices provide three kinds of boot sources which can be selected by the
BOOTO and BOOTL1 pins. The details are shown in the following table. The value on the two
pins is latched on the 4th rising edge of CK_SYS after a reset. It is up to the user to set the
BOOTO and BOOT1 pins after a power-on reset or a system reset to select the required boot
source. Once the two pins have been sampled, they are free and can be used for other
purposes.

Table 1-3. Boot modes

Boot mode selection pins
Selected boot source
Bootl Boot0
Main Flash Memory X 0
Boot loader 0 1
On-chip SRAM 1 1

After power-on sequence or a system reset, the Arm® Cortex®-M4 processor 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.

The corresponding memory space of the selected boot source is aliased in the boot memory
space which begins at the address 0x0000 0000. When the on-chip SRAM is selected as the
boot source, in the application initialization code, you have to relocate the vector table in
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SRAM using the NVIC exception table and the offset register. When the main flash memory
is selected to be the boot source, the memory space beginning at the address 0x0800 0000
is aliased in the boot memory space. Since either Bank 0 or Bank 1 of the main flash memory
can be mapped at address 0x0800 0000 according to the configuration of the FMC_SWP bit
in the register SYSCFG_CFGO (refer to_ Configuration register 0 (SYSCFG CFGO0) for more
details), the device can either boot from Bank 0 or from Bank 1.

In order to enable boot bank function, the BB bit in the option bytes has to be set. When this
bit is set and the main flash memory is selected as the boot source, the device can boot from
the boot loader, and the boot loader jumps to execute the code in Bank 1 of the main flash
memory. In the application initialization code, you have to relocate the vector table to the Bank
1 base address by using the NVIC exception table and the offset register.

The boot loader is programmed by GigaDevice during production, which is used to reprogram
the main flash memory. In GD32F4xx devices, the boot loader can be activated through
USARTO (PA9 and PA10), USART2 (PB10 and PB11, or PC10 and PC11) and USBFS(PA9,
PA10, PA1l and PA12).
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1.5. System configuration registers (SYSCFG)
SYSCFG base address: 0x4001 3800
1.5.1. Configuration register 0 (SYSCFG_CFGO0)
Address offset: 0x00
Reset value: 0x0000 000X (X indicates BOOT_MODE[1:0] may be any value according to
the BOOTO and BOOT1 pins)
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
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FMC_ §
Reserved EXMC_SWP[|Reser P7 Reserved BOOT_MODE][ 2:
rw rw rw rw
Bits Fields Descriptions
31:12 Reserved Must be kept at reset value.
11:10 EXMC_SWP[1:0] EXMC memory mapping swap
These bits control the address mapping swap among the memories in EXMC.
00: No memory mapping swap
01: SDRAM Bank 0 and Bank 1 are swapped with NAND Bank 1 and PC CARD.
Then, SDRAM Bank 0 and Bank 1 are mapped at the address region from 0x8000
0000 to OX9FFF FFFF, NAND Bank 1 is mapped at the address from 0xC000 0000
to OXCFFF FFFF, and PC CARD is mapped at the address from 0xD00O 0000 to
OxDFFF FFFF.
Other configurations are reserved.
9 Reserved Must be kept at reset value.
8 FMC_SWP FMC memory mapping swap
This bit controls the address mapping swap between Bank 0 and Bank 1 of the Main
Flash.
0: Main Flash Bank 0 is mapped at address 0x0800 0000 and Main Flash Bank 1 is
mapped at address 0x0810 0000
1: Main Flash Bank 1 is mapped at address 0x0800 0000 and Main Flash Bank 0 is
mapped at address 0x0810 0000
7:3 Reserved Must be kept at reset value
2:0 BOOT_MODE Boot mode (Refer to Boot configuration for details)
[2:0] These bits select the device accessible at address 0x0000 0000. After reset, they

take the initial value from the BOOTO and BOOT1 pins according to the following
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table.

The reset value of [The system will boot
BOOT_MODE[2:0] |from

BOOT1 |BOOTO

X 0 000 Main Flash Memory
0 1 001 Boot loader
1 1 011 On-chip SRAM

More devices can be selected by software configuration. Once these bits are written
by software, the BOOTO0 and BOOT1 pins are ignored.

000: Main Flash memory (0x0800 0000~0x08FF FFFF) is mapped at address
0x0000 0000

001: Boot loader (Ox1FFF 0000~0x1FFF 7FFF) is mapped at address 0x0000 0000
010: SRAM / NOR 0 and 1 of EXMC (0x6000 0000~0x67FF FFFF) is mapped at
address 0x0000 0000

011: SRAMO of on-chip SRAM (0x2000 0000~0x2001 BFFF) is mapped at address
0x0000 0000

100: SDRAM DeviceO of EXMC (0xCO00 0000~0xC7FF FFFF) is mapped at
address 0x0000 0000

Other configurations are reserved.

Note: Even when mapped at address 0x0000 0000, the related memory is still
accessible at its original memory space.

1.5.2. Configuration register 1 (SYSCFG_CFG1)

Address offset: 0x04
Reset value: 0x0000 0000

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
ENET |
Reserved Reserved
HY_SH
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
23 ENET_PHY_SEL Ethernet PHY selection

This bit selects the PHY interface for the Ethernet MAC.

This bit must be configured while the Ethernet MAC is under reset and before the
MAC clocks are enabled.

0: Mll is selected

1: RMIl is selected
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22:0

1.5.3.

31

30

Reserved Must be kept at reset value.

EXTI sources selection

Address offset: 0x08
Reset value: 0x0000 0000

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

29 28 27 26 25 24 23 22 21

register

20

19

18 17

0

16

(SYSCI

Reserved

15

14

13 12 11 10 9 8 7 6 5

2 1

EXTI3_SS[3:0] EXTI2_SS[3:0] EXTI1_SS[3:0]

EXTIO_SS[3:0]

Bits

w w w

Fields Descriptions

w

31:16

15:12

11:8

7:4

Reserved Must be kept at reset value.

EXTI 3 sources selection
0000: PA3 pin

0001: PB3 pin

0010: PC3 pin

0011: PD3 pin

0100: PE3 pin

0101: PF3 pin

0110: PG3 pin

0111: PH3 pin

1000: PI3 pin

Other configurations are reserved.

EXTI3_SS[3:0]

EXTI2_SS[3:0] EXTI 2 sources selection
0000: PA2 pin

0001: PB2 pin

0010: PC2 pin

0011: PD2 pin

0100: PE2 pin

0101: PF2 pin

0110: PG2 pin

0111: PH2 pin

1000: PI2 pin

Other configurations are reserved.

EXTI1_SS[3:0] EXTI 1 sources selection
0000: PA1 pin

0001: PB1 pin
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3.0

1.54.

31

0010: PC1 pin

0011: PD1 pin

0100: PE1 pin

0101: PF1 pin

0110: PG1 pin

0111: PH1 pin

1000: PI1 pin

Other configurations are reserved.

EXTIO_SS[3:0] EXTI 0 sources selection

0000: PAO pin

0001: PBO pin

0010: PCO pin

0011: PDO pin

0100: PEO pin

0101: PFO pin

0110: PGO pin

0111: PHO pin

1000: PIO pin

Other configurations are reserved.

EXTI sources sel ecYtSiCohns _rEeXdril sStSelr)

Address offset: 0x0C
Reset value: 0x0000 0000

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

15

14 13 12 11 10 9 8 7 6 5

2 1

EXTI7_SS[3:0] EXTI6_SS[3:0] EXTI5_SS[3:0]

EXTI4_SS[3:0]

Bits

w A I\

Fields Descriptions

w

31:16

15:12

Reserved Must be kept at reset value.

EXTI7_SS[3:0] EXTI 7 sources selection
0000: PA7 pin
0001: PB7 pin
0010: PC7 pin
0011: PD7 pin
0100: PE7 pin
0101: PF7 pin
0110: PG7 pin
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11:8

74

3.0

1.5.5.

0111:
1000:

Other configurations are reserved.

EXTI6_SS[3:0]

EXTI5_SS[3:0]

EXTI4_SS[3:0]

EXTI

Address offset: 0x10

PH7 pin
PI7 pin

PAG6 pin
PB6 pin
PC6 pin
PD6 pin
PEG6 pin
PF6 pin
PG6 pin
PH6 pin
P16 pin

PA5 pin
PB5 pin
PC5 pin
PD5 pin
PE5 pin
PF5 pin
PGS5 pin
PHS5 pin
PI5 pin

PA4 pin
PB4 pin
PC4 pin
PD4 pin
PE4 pin
PF4 pin
PG4 pin
PH4 pin
Pl4 pin

sour ces

Reset value: 0x0000 0000

EXTI 6 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
Other configurations are reserved.

EXTI 5 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:

Other configurations are reserved.

EXTI 4 sources selection
0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
Other configurations are reserved.

s el

ect

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

(0]

n

register

2

48

(SYSCH



Z

GigaDevice GD32FWdxer Manua
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ EXTI11_SS[3:0] EXTI10_SS[3:0] EXTI9_SS[3:0] EXTI8_SS[3:0] ‘
w w w w
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:12 EXTI11_SS[3:0] EXTI 11 sources selection

0000: PA11 pin

0001: PB11 pin

0010: PC11 pin

0011: PD11 pin

0100: PE11 pin

0101: PF11 pin

0110: PG11 pin

0111: PH11 pin

1000: PI11 pin

Other configurations are reserved.

11:8 EXTI10_SS[3:0] EXTI 10 sources selection

0000: PA10 pin

0001: PB10 pin

0010: PC10 pin

0011: PD10 pin

0100: PE10 pin

0101: PF10 pin

0110: PG10 pin

0111: PH10 pin

1000: PI10 pin

Other configurations are reserved.

74 EXTI9_SS[3:0] EXTI 9 sources selection

0000: PA9 pin
0001: PB9 pin
0010: PC9 pin
0011: PD9 pin
0100: PE9 pin
0101: PF9 pin
0110: PG9 pin
0111: PH9 pin
1000: PI9 pin
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3.0

1.5.6.

31

Other configurations are reserved.

EXTI 8 sources selection
0000: PA8 pin

0001: PB8 pin

0010: PC8 pin

0011: PDS8 pin

0100: PES8 pin

0101: PF8 pin

0110: PGS8 pin

0111: PH8 pin

1000: PI8 pin

Other configurations are reserved.

EXTI8_SS[3:0]

EXTI sources selection

Address offset: 0x14
Reset value: 0x0000 0000

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

30 29 28 27 26 25 24 23 22 21 20 19

register 3

(SYSCH

18 17 16

Reserved

15

14 13 12 11 10 9 8 7 6 5 4 3

2 1 0

EXTI15_SS[3:0] EXTI14_SS[3:0] EXTI13_SS[3:0]

EXTI12_SS[3:0] ‘

Bits

w A I\

Fields Descriptions

w

31:16

15:12

11:8

Reserved Must be kept at reset value.

EXTI15_SS[3:0] EXTI 15 sources selection
0000: PA15 pin
0001: PB15 pin
0010: PC15 pin
0011: PD15 pin
0100: PE15 pin
0101: PF15 pin
0110: PG15 pin
0111: PH15 pin

Other configurations are reserved.

EXTI 14 sources selection
0000: PA14 pin
0001: PB14 pin
0010: PC14 pin

EXTI14_SS[3:0]
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0011: PD14 pin
0100: PE14 pin
0101: PF14 pin
0110: PG14 pin
0111: PH14 pin
Other configurations are reserved.

74 EXTI13_SS[3:0] EXTI 13 sources selection
0000: PA13 pin
0001: PB13 pin
0010: PC13 pin
0011: PD13 pin
0100: PE13 pin
0101: PF13 pin
0110: PG13 pin
0111: PH13 pin
Other configurations are reserved.

3.0 EXTI12_SS[3:0] EXTI 12 sources selection
0000: PA12 pin
0001: PB12 pin
0010: PC12 pin
0011: PD12 pin
0100: PE12 pin
0101: PF12 pin
0110: PG12 pin
0111: PH12 pin

Other configurations are reserved.

1.5.7. |/ O compensation control register (SYSC

Address offset: 0x20
Reset value: 0x0000 0000

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

Reserved

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Reserved CPS_RI Reserved CPS_E

Bits Fields Descriptions

31:9 Reserved Must be kept at reset value.
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8 CPS_RDY I / O compensation cell is ready or not

This bit is read-only.
0: 1/ O compensation cell is not ready
1: 1/ O compensation cell is ready

7:1 Reserved Must be kept at reset value.

0 CPS_EN I / O compensation cell enable
0: 1/ O compensation cell is power-down
1: 1/ O compensation cell is enabled

1.6. Device electronic signature

The device electronic signature contains memory density information and the 96-bit unique
device ID. The 96-bit unique device ID is unique for each device. It can be used as serial
numbers, or part of security keys, etc.

1.6.1. Memory density informati on

Base address: Ox1FFF 7A20
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

FLASH_DENSI TY[15:0]

r

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SRAM_DENSI TY[15: 0]

r

Bits Fields Descriptions
31:16 FLASH_DENSITY Flash memory density
[15:0] The value indicates the Flash memory density of the device in Kbytes.

Example: 0x0020 indicates 32 Kbytes.

15:0 SRAM_DENSITY SRAM density
[15:0] The value indicates the on-chip SRAM density of the device in Kbytes.
Example: 0x0008 indicates 8 Kbytes.

1.6.2. Uni que device I D (96 bits)

Base address: Ox1FFF 7A10
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

UNI QUE_1 D[31:16]
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNI QUE_I D[15:0]
r
Bits Fields Descriptions
310 UNIQUE_ID[31:0] Unique device ID
Base address: OX1FFF 7A14
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
UNI QUE_I D[ 63: 48]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNI QUE_I1 D[ 47:32]
r
Bits Fields Descriptions
31.0 UNIQUE_ID[63:32]  Unique device ID
Base address: Ox1FFF 7A18
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
UNI QUIE[ 95: 80]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
UNI QUE_I D[79: 64]
r
Bits Fields Descriptions
310 UNIQUE_ID[95:64]  Unique device ID
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2. Flash memory controller (FMC)
2.1. Overview

The flash memory controller, FMC, provides all the necessary functions for the on-chip flash
memory. The region of the MCU executing instructions without waiting time is up to 1024K
bytes. It also provides sector erase, mass erase, and word / half-word / byte program
operations for flash memory. The GD32F470xx, GD32F427xx and GD32F425xx series
provide additional page (4KB) erase operation.

2.2. Charactseristic
A Up to 3072KB of on-chip flash memory for instruction and data.
A The region of the MCU executing instructions without waiting time is up to 1024K bytes
(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 GD32F4xx. Bank0 is used for the first 1024KB and bank1 is for the
rest capacity.
A Word / half-word / byte programming, page (4KB) erase, sector erase and mass erase
operation.
A Two option byte blocks size of 16B for user application requirements.
A 512B OTP(One-time program) block and 16B OTP lock block used for user data storage.
A 30K bytes information block for boot loader.
A Option byte 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.
2.3. Function overview
2.3.1. FI amdémoraychi tectur e

For GD32F4xx with flash no more than 3072KB, with 16K bytes of 8 sectors, 64K bytes of 2
sectors, 128K bytes of 14 sectors, 256K bytes of 4 sectors. Each sector can be erased
individually.

Table 2-1. GD32F4xx base address and size for flash memory shows the details of flash

organization.
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Table 2-1. GD32F4xxbase address and size for flash memory
size
Block Name Address Range
(bytes)
0x0800 0000 - 0x0800
Sector 0 16KB
3FFF
0x0800 4000 - 0x0800
Sector 1 16KB
7FFF
0x0800 8000 - 0x0800
Sector 2 16KB
BFFF
0x0800 C000 - 0x0800
Sector 3 16KB
FFFF
0x0801 0000 - 0x0801
Bank 0 Sector 4 64KB
FFFF
1MB
0x0802 0000 - 0x0803
Sector 5 128KB
FFFF
0x0804 0000 - 0x0805
Sector 6 128KB
FFFF
0x080E 0000 - 0x080F
Sector 11 128KB
FFFF
Main Flash 0x0810 0000 - 0x0810
Sector 12 16KB
Block 3FFF
0x0810 4000 - 0x0810
Sector 13 16KB
7FFF
0x0810 8000 - 0x0810
Sector 14 16KB
BFFF
0x0810 C000 - 0x0810
Sector 15 16KB
FFFF
0x0811 0000 - 0x0811
Sector 16 64KB
FFFF
Bank 1
0x0812 0000 - 0x0813
2MB Sector 17 128KB
FFFF
0x0814 0000 - 0x0815
Sector 18 128KB
FFFF
0x081E 0000 - 0x081F
Sector 23 128KB
FFFF
0x08200000 - 0x0823
Sector24 256KB
FFFF

55



Z

GigaDevice GD32FWdxer Manua
size
Block Name Address Range
(bytes)
0x0824 0000 - 0x0827
Sector25 256KB
FFFF

0x082C 0000 - 0x082F

Sector27 256KB
FFFF
) Ox1FFF 0000- Ox1FFF
Information Block Bootloader 30KB
77FF
Ox1FFF 7800 - Ox1FFF
OTP Block OTP area 528B
7AO0F
) O0x1FFF C000 -0x1FFF
BankO option 16B
) COOF
Option bytes Block
) Ox1FFECO000 -
Bank1 option 16B
0x1FFECOOF

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

For the products with 1M bytes of flash memory, the flash sector is divided as shown in the
following figure Table 2-2. The partition of 1M bytes flash memory when DBS = 1 after
setting DBS bit in the option byte.

Table 2-2. The partition of 1M bytesf | ash memory when DBS = 1
size
Block Name Address Range
(bytes)
0x0800 0000 - 0x0800
Sector 0 16KB
3FFF
0x0800 4000 - 0x0800
Sector 1 16KB
7FFF
0x0800 8000 - 0x0800
Sector 2 16KB
BFFF
0x0800 C000 - 0x0800
Sector 3 16KB
Main Flash Bank O FRFF
0x0801 0000 - 0x0801
Block 512KB Sector 4 64KB
FFFF
0x0802 0000 - 0x0803
Sector 5 128KB
FFFF
0x0804 0000 - 0x0805
Sector 6 128KB
FFFF
0x0806 0000 - 0x0807
Sector 7 128KB
FFFF
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size
Block Name Address Range
(bytes)
0x0808 0000 - 0x0808
Sector 12 16KB
3FFF
0x0808 4000 - 0x0808
Sector 13 16KB
7FFF
0x0808 8000 - 0x0808
Sector 14 16KB
BFFF
0x0808 C000 - 0x0808
Sector 15 16KB
Bank 1 FFFF
512KB 0x0809 0000 - 0x0809
Sector 16 64KB
FFFF
0x080A 0000 - 0x080B
Sector 17 128KB
FFFF
0x080C 0000 - 0x080D
Sector 18 128KB
FFFF
0x080E 0000 - 0x080F
Sector 19 128KB
FFFF
2.3.2. 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.

2.3.3. Unl ock the FMOQBIHU/egMGt er

After reset, the FMC_CTL register is not accessible in write mode, and the LK bitin FMC_CTL
register is 1. An unlocking sequence consists of two write operations to the FMC_KEY register
to open the access to the FMC_CTL register. The two write operations are writing
0x45670123 and 0XCDEF89AB to the FMC_KEY register. After the two write operations, the
LK bit in FMC_CTL register is reset to 0 by hardware. The software can lock the FMC_CTL
again by setting the LK bit in FMC_CTL register to 1. Any wrong operations to the FMC_KEY,
set the LK bit to 1, and lock FMC_CTL register, and lead to a bus error.

The FMC_OBCTLO registers are still protected even the FMC_CTL is unlocked. The
unlocking sequence is two write operations, which are writing 0x08192A3B and 0x4C5D6E7F
to FMC_OBKEY register. After the two write operations, the OB_LK bit in FMC_OBCTLO
register is reset to 0 by hardware. The software can lock the FMC_OBCTLXx again by setting
the OB_LK bit in FMC_OBCTLXx register to 1.

2.3.4. Page erase

In the GD32F470xx, GD32F427xx and GD32F425xx series, The FMC provides additional
page (4KB) erase function which is used to initialize the contents of a main flash memory
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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.

1. Unlock the FMC_CTL register if necessary.
Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is
in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

3.  Write Key value 0xA9B8C7D6 in the FMC_PEKEY register to unlock the FMC_PECFG
register.

4. Setthe PE_EN bitin the FMC_PECFG register to enable page erase function.

5. Write the page address in the PE_ADDR][28:0] bit-field in the FMC_PECFG register. The
page address need to follow 4K-byte alignment.

6. Make sure the value of the SN[4:0] bit-field is 0 and set the SER bitin FMC_CTL register.

7. Send the page erase command to the FMC by setting the START bit in FMC_CTL
register.

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

9. Clear the PE EN bit and SER bit to prevent misoperation next time.

10. Read and verify the sector if required using a DBUS access.

When ENDIE bit in the FMC_CTL register is set and the page erase operation is executed
successfully, the END in FMC_STAT register is set, and an interrupt will be triggered. Note
that a correct target page address (4KB alignment) 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 sectors. In this condition, a flash operation error
interrupt will be triggered by the FMC if the ERRIE bit in the FMC_CTL register is set. The
software can check the OPERR bit in the FMC_STAT register to detect this condition in the
interrupt handler. Figure 2-1. Process of page erase operation 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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The FMC provides a sector erase function which is used to initialize the contents of a main
flash memory sector to a high state. Each sector can be erased independently without
affecting the contents of other sectors. The following steps show the access sequence of the
registers for a sector erase operation.

1. Unlock the FMC_CTL register if necessary.
Check the BUSY bit in FMC_STAT register to confirm that no flash memory operation is
in progress (BUSY equals to 0). Otherwise, wait until the operation has finished.

3. Setthe SER bitin FMC_CTL register.

4.  Write the sector number SN bits in the FMC_CTL register.

5. Send the sector erase command to the FMC by setting the START bit in FMC_CTL
register.

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

7. Read and verify the sector if required using a DBUS access.
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When ENDIE bit in the FMC_CTL register is set and the sector erase operation is executed
successfully, the END in FMC_STAT register is set, and an interrupt will be triggered. Note
that a correct target sector number must be confirmed. Or the software may run out of control
if the target erase sector is being used to fetch codes or to access data. The FMC will not
provide any notification when this occurs. Additionally, the sector erase operation will be
ignored on erase/program protected sectors. In this condition, a flash operation error interrupt
will be triggered by the FMC if the ERRIE bit in the FMC_CTL register is set. The software
can check the OPERR bit in the FMC_STAT register to detect this condition in the interrupt
handler. Figure 2-2. Process of sector erase operation shows the sector erase operation
flow.

Figure 2-2. Process of sector erase operation
Start
Is the LK bit 0? L;',z/'lgc_kctThLe —‘
Yes i
b
No
Is the BUSY bitis 0
Set the SER bit,
Write
SN bits
Y
Send the command
to FMC by set
START bit
V‘
No
Is the BUSY bit 0?
Yes
Finish
2.3.6. Mase& ase

The FMC provides a complete erase function which is used to initialize the main flash block
contents. This erase can affect only on Bank0 by setting MERO bit to 1, or only on Bank1 by
setting MER1 bit to 1, or on entire flash by setting MERO and MERL1 bits to 1.The following
steps show the mass erase register access sequence.

1. Unlock the FMC_CTL register if necessary.
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