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1. S

RN FARAR MR T EEMUL ROIRTT SR SeEEEERAIE-IE A T GD32 RIUHEHIZRAY Flash
XIFRUIEHL EEPROM HRiait . EAFTHEE GD32 k& LTI S B A MESHIFHEHRE
T BPEERD ERE TR B T2,

REICRINFHITRAR 56 2 BF15E 3 FEIFICEA--RYA Flash fF#=3A9295RLAN EEMUL
P 5eBRiX LRI PR BANRITRN o IBARX AR Al R E T PRI B SRR EINEN .
H4ER 7 ERHLFAT: NUEREE. INMISLIEHRRE . IMTESEREIIE PLAKR
SIS R AR A MR KA TIR T . 28 8 B2l API SEEATENRRHSE , 5 9 Sl
HIEHIEERIIE L. 5 10 ENE T FEHFrETRIE .

NEIFMERAEIC, LENE GD32 MCU [NTF=HISS(FMC)ANRIE, FraeisFA GD32
REINR SRS A C REEH . BIRARIEZAEFEMSHEMIMREE, BIFFE--
RECENEREH AN BB ER.

RXHIEH51BRY EEMUL JRACHEBFIEIR UGk Z EUFEN GD32 iali-BrI—sin T
K. BEEIZCIFHE SRR MIRENERFTRA o

IR ANAECXESE, E5RFPFNSEEFMRTERR, LIBRFMEEEFMA
o YRLEIRIE GD32 S4B SLARF FMMLEL Flash B FRITAIESEL .
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2,

2.1.

2.2,

2.3.

Flash Z{EEZA RIS EEPROM [E)#

H{t+4 GD32 MCU ~&& EEPROM

HIFR) EEPROM(EE AR R RIS E 2R ST F R RIERAIRIZIRIE, BRITMR 10 TR
RUAE . SR EEREF EEPROM BAISIEIISRERM I ZERE . S BN
B9 MCU--835% GD32 RF--{N&p kL Flash 77fifiz8, KEEE45Thk EEPROM 17 9&RHILLH
ERASHEHERER.

XFIF GD32 JRBAIFRE o B PMIRATUTIIIRBEMSG X [IBAETIRIA Flash FEFES
EEPROM AAEE, ERFTEHFHEZSEEERA. BHERANSREER. 5
pfHTEHL EEPROM J3E 2R, BN T XEER .

[Ri& Flash AYPYAE AN )R

Flash FFEFENNRS, FEEABEEZEUY EEPROM, B8—#B2Lfr LM, EEMUL
ERRRIX L BRI

B—RIERAE R, Flash FERTREENZEE 1(BRKE)RIZNELE 0(REIRT), T8E
@, INFBHREN 1, REEFEEZBTHIENR, GD32 RIRA/NAESTHE, FEN
BILBEFT, RRLEFT . XERENEFSHI—FT, BREFRAESEMEXI,
ZR LEFRIEMEIERRIRGEE , BIIERITER, BRI REEERIEERAINE

ETEENRHER . SXIERINERIE, Flash FEETETEL . B EHIRBERE
BETRE, XB—ER/IMAEIS(GD32 KL Flash —f&8 1 FX), RE@ELETEME, R
NASRSHEMER—E, BEHINES , UKL Flash XiEiEFRERSE0 -
BlangEitEam s 10 £, GUE—IR, BrEy 3.15 R EIRE--28 ) Flash REEE
i A ERY 3.15 F1E.

BRI . —IX Flash ENIRMFFEEHER(BEHE)TIEERE . INRED
TR URIZIBREE--TIe AR IRIR IR R IRiE T --# R B SEEIE NN B FHEEIRTE . 10
NRA"EFREEN"MZE, —BiEBEXORIGE): SAMERRE, NBELEFEEE It

AR,

FBURTEEFHRIERR . EEPROM AIHMESF R FUER, M Flash BRRAFHHEE,
B FOREGRESE I NH, Flash REREEGMERE . SIURSEER, FRIFEN
BTR

EEMUL §{aiZE—fER iAo

EEMUL £33 EIRPINa o BUIR M T BRTLE] . BIRHEBISTREE T A Flash XIEFHRAH
ESHIEI . #EABEIERN, 8T HESARPRIF R, FERUS L EEIR .
RBEERTERRFERIW IS TR TEIRRE,
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BSANMA MBS I E ER(wear leveling)##ik . SREBNNE XS ™EINFEINEE, Ers
EEMAERASZIERR—R XFTHID RN, BERENEGhEsESEE
REERISF

IR RIPBIT R RN I AR B NIRRT, TR FA TR RIEB N,
REFRFAABARERIINSUES MG, NRERRZAEER, RIERXicSAER, &9
BRBAE TR EBEMNEF . BRRERISAEHREFIEIR .

FRREFEIETEATHSHRRREM . NAFP—AaRSHFIEX/)\, EEMUL E1E
BEEMSHHITERE, WESHRBERPEERRE RAM E2FEDX, FHISRIRIELE
X TFHLRRMUNBIEEANBIRIF, TIED Flash jE51-IX N ER(TERIF) RIS EZAIEF
RERIE . SERERMAT, TRRBEAFNEBERRIR; RHIETES, EEMUL {XBki
£/B7 OxFF BIXIFFTT, ENEERAY Flash B25TRDY OXFF,



&

AN335
GD32 Flash t#&# EEPROM =i[a){4

GigaDevice
3. EEMUL 2245
3.1. (L2

3.2

EEMUL FREMHEANRNEXH R AENBERER . 81T HERAERRSTIREBE.
& 3-1. ISR

By (23 BEERE
SENNTAPI, EXASER, K2, SBHAMENEREL.
eemul.h eemul_handle_tE{TATEEMLAN FI B AT RE SR, NARFEEEIZLX

o MBI AIFHDoxygen X, BRI,

FTERPEHII. BERIEHE. FFRER. DEER. MREE. Z5518

.
eemul.c W, EhXEBR A ATAPIRELINENELE,
BEHHMREHALZEOEN . FIBTHERFLIAE/Seemul_port_ops3s
eemul_port.h

£, AItEEMCURERAMHIEESR.

HALIG R E15BREIRSEEL . B &erase_page. program. read#[(A]
eemul_port_template.c E)cre32 E 2 EEAIFIRREL, FLUTRRFMT IR R EARER S R AT
MCU/J” i SDKIEREREFR

RIRECESL N, JIHFIEREZ . BOMERAERIRE .. SISEHEFIEIIN

eemul_config_template.h
—conig_temp BrhE & Neemul_configh, FEEERS.

FRER Flash Xig;

EEMUL &t 5 E Flash B9—EOEEEXS, X NAFELNBER, ZIEFRAERETE
1B, ZXIFHERNRIFPSEHHE: EEMUL_REGION_END_ADDR(IH 5 R IE k) F0
EEMUL_NUMBER_OF_FLASH_PAGES( #) I Flash ™ % ) . B # #t H
EEMUL_REGION_END_ADDR g X i 2 A/ NEohiESmE .

ZKIFERE S _ ERKI D A—RINBER . BIERE EEMUL RSB NN&/NETT. BMEE
BRE— P EIEA/NIL B R ZERRIEEA/ NI EIRSATHR - SkEPE ST IR R
RITTEE, HIREEE SRBEATTH RTINS BRI SRIE.

FERHER AP RBZXIFZE— P XESE . IRREHSIEHEZSSRBIIXIG T, TR
BEaTELt M ERBEENE, NMEBZCFMEIISE . GCC(LD HIZ)F0 IAR(ICF BIA)RIER
PR ERE AR, EHNE 62T,

R MWREMREEFA Flash TI(EEMUL_NUMBER_OF_FLASH_PAGES >=2), X—&3K
FH eemul.h FRYGEIERT#error SRFIHIT . [RETETF EEMUL LEABHEMRE S HBIERAIR,
MERE—R, VWEREENRIER B NFEE.



&

GigaDevice

AN335
GD32 Flash t#&# EEPROM =i[a){4

3.3.

3.4.

RMFE

EEMUL XHEFRFWIIEM BRI, BT HESERINIMREIZ Flash WL, HBHANEER
EEXNEFREERE .. BAMAMENRAEETAN,

£I3(Page)t&1{(EEMUL_BLOCK_MODE_PAGE) T, B MZEREA—1EZ 1 m2HIME
Flash I1, RA/NZE EREREAITUAR . XEKRE 1KB REMERAE 200 FHAIEIER
e (CLEB+EIREI=2Y 216 FTLXIFFR), MHAERED 1KB R, RERIE&ERIIMET
I, SFEENTREANRKA, SEDTRERMEMETFREER&ENER.

FEFHR(Sub-Block)t&zt,(EEMUL_BLOCK_MODE_SUBBLOCKS) T, &MJIE Flash T
RENEERNGIE, BMER—MEER. 490, INRREK/NCELEBIIX ST ERIEIREE)
73 32 =75, Flash TWA/NA 1KB, BPA—RALAAM 32 NFHR, XHAXEINSR: B
2KB RUEHI X1, ERERENTRERN 2 PR, MEFHEXTIEH 64 MFIR, FEAN
it AR T 32 15

BAMNMET FRIRE RS AN CLEB+EE ) BER A/ NERR . AR BATA--BINLE
FR-BABRAIFRYESRD, XNERTAERANEREAMNSZREHMFERM . T
INEISHE(DHE/NT 64 1), FRIEN/LIFERBRIEERE.

% 3-2. BUERIILL

BE REER FHRER

AR [G) DU SR ENEE AEE + BUIEETE, YISFRIEEMUL_ALIGN_BYTES

BIURE 1(48£%) floor(FAAR/INVERZFT5E)

RIS REAT (KT AN—F) |/NGfeT; MEAMERAM

[DFSESE: FTRERHY BIURE x (REBEL

e S Ul R=IA, &8 SPRHEZ—IT; (NEBTUARI A ER

BR3LEB

BNZERERLISLERTR, kEPBE=INEZE(FA: 7R Flash Xig-hBEZIAYI EEMUL 1R, 1RIE
BNRFSRA . TRCRAERR . R (FURI) TR AIRA . EEMUL FRAFRRHLERE
I, FJTEmIEATERE,

fEEkEta 16 =1, BRaKIIERREFIFENR/NFER . magic FEA 32 i ASCIl B2
"EMUL"(0x4C554D45) , {HIRAIBITNF T A LEC LR SEE 7 BN RRE--X o] i LE 5 EZ R
Flash(iZ2HX 9 OXFFFFFFFF) XA ERFIIBEHIEUERE . sequence FE 32 (U RIFIE
Bit#es . AXKEFIIEAMIABEBEIIRT, sequence (BRAEBNRITRIHIIR, Fk/9iE
&R , bad_marker FEIBE /9 OXFFFFFFFF , Z£2 7 Flash #RICERIE(FEESLANTEE LY HT)
NS5 9 0OxBADOBADO, 7K AIBTRIZIR . commit_flag FFERERXHE: B ANFHARBHIBMS
OXFFFFFFFF (XNTEEIEE T 2B NG , 7= EFIHEI#HIEZ (/9 0x00000000) .35 magic
FERUTEL. bad_marker F~EIB1&EE commit_flag 3 0x00000000 A, HRA#MASIERZER
B . BELEAEETEN CRC--UIRFENETIRA, 1BHHELER,

10
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GigaDevice
SEEESLER S 32 15, AR TE Sk AR LI R 7 ST B MR X FER Jmagic B2 &I 64 i ASCII
FRTER"EEMULATE"(0x4554414C554D4545) , payload_len FERICFEEFTH, EFIC
MAITEL . descriptor_crc FEREBEZSHIHIARTEAE, oJF EEMUL NIEHEFHESHMB
HIZE{L . bad_marker FERIEFE N OXFFFFFFFF, SREZREHEIRK AIRIKE N REES 9
0xBADOBADO, FeELEREEIEL—HY block_crc FER: ZFRENRIALEBFE (magic.
sequence. payload_len. descriptor_crc)f1E/ M #iEE T HAY CRC32, T block_crc —
MBS EFT, R OUFHUENRMAEEYEY T —RAZBCLEk. BAR
ofT, block_crc RIFIERIRE(OXFFFFFFFF), (REEEHATEENG, ARXFIINER
CRC ZBH#FIRIZ( 3.5 1),
x 3-3. RAMPFRSE
FBR BRE(167T) | E(B2FD) 1588
. N 641z SEPIBENFER, SETEMFERHTR
magic 32{y"EMUL" ) . -
"EEMULATE" (38, magic R FRIBREHERZABET o
) ) PIFBIBNEITHES. rEBEIRF
sequence uint32_t uint32_t e
sequence{BERAHIRBIATENIR
. . HAEEMIE T F 1530, it EHRAYEET K
payload_len ~EH uint32_t . .
INGIZEARFFUIELEIZIR
) . ) VIR AT SEEIARTEZBRICRC ., 10IE]
descriptor_crc TEA uint32_t o
HEFEEARTIEL
HEI20F T3k ER(magic. sequence.
payload_len. descriptor_crc) &N EiE
block_crc TER uint32_t  |EEIHICRC32, EHFBEANES
descriptor_crc—iieEA— " WFmIE. 1Q
MK ER AT F TR IRA .
PR EMEED S (5 a1k mie8, TRk
0xBADOBADO= | 0OXBADOBADO= .
bad_marker - Rtk Ri524), EMRMBIEFSE N, LIS
BislE EHIK A FRIZR
OxFFFFFFFF= o
. [FFIR ER. RB
, PR3 ; _
commit_flag I commit_flag=0x00000000 EFrE Elfthta 2=
0x00000000=2, . N
e BIR, RABM.
=%
3.5. [RF RN - R E TR

[RFARIMNE—TE, RIETICIRTRIER, EEMUL AN iR EPRIATED 5
18 o XN ESE Flash FAEAIYIESS IR (UNEEM 1 TR 0(FRiE), TELE 0x00000000
NFEASSZEN . BRI EA RN FIRERE, STHRNEFEER-
—IREEEIREIRIN T\ T, BRE—2, UriliNRELREREESZEAA:
F1 2-MEFFETX: M Flash ZZEUEMNEIEZEE RAM 22F& FX (shadow_buf) , 1X
BEREENARTEEN, BEREUESER Flash it B E4¥k ., WIS FEIXIFE
EFESHIHIIRS.

11
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55 2 --f£ RAM RN BZER: BIBRAISHENN AR FEITX . EEMUL REfRREXERY
T FRPXSIREERTEF TR . WRBELFRLEZN, WZEAIHFEAFERE
EEMUL_STATUS_OK, Flash R {E--IXMER SR A ERTHAIX IS o

% 3 S-EET—MEER: EEMUL IEFERFIIFRIIT— 1R, EREERXT, SPhigX
BNESNRFTTER) Flash TUAPRIEMR(LABI R IRPRIERNEUR); EFHIENT, S NEERAH
HE—R, WIRSEFFENRAS . fRC ARt SRR . IRSBELEEER, 012
LM, eemul_write_param()/eemul_write_at()iR[E] EEMUL_STATUS_ERR_HW,

56 4 --BRRMREI: AIREERGTIERL, SRAEFREN P ARAE N FRERRR
EEHHLE), NWEXNWEHITERG . XSRERI—F(@E 1-10ms). NRIATEE, &
RA=ZEEN; KER EEMUL 2EFRFHHHIIE.

LB 5 - BEATURRELER: RIBIELEPIITIRRAIS--RELEP N 8 15, TELEFN 16 F
T--84E magic FiFYS , EELEMER T IAEIE payload £ .descriptor_crc # block_crc
FEREHEIRMBE(OXFFFFFFFF): BlIREESRE 7 P—edRiz, & payload FERT, XFEX
1 8 FHERITRE—IR(ECC Flash RIBEMEEK), commit_flag tBERIFEFME(OXFFFFFFFF).
RGP RIC A TR RIE" . SR ULASIRE, IRERBER . RERS, EEMUL BEZIR magic 1
F5IE0TES, {8 commit_flag != 0x00000000, FRLAEZF A EERIBI—NEEIR,.

IR 6 - JRiE payload: 5T payload M shadow buffer Z=E5 NEiEHRAY Flash payload X
f8 . 81 =FLL EEMUL_ALIGN_BYTES B\ —R4RIZ. =LA OxFF #J align-unit =Hkid--
EATUEMREEERXMIRT, BHITIRERE .. XHSE A% OxFF AERY payload {E(FI40
uinté4_t FERZETF UINT64_MAX)7E ECC {RIFAINF Flash EA[LAZEFIR, B FMC =318
#% OxFF BN, WNRItATIEE, payload 5[ BN, {E commit_flag {379 OxFFFFFFFF,
FRLAZIR TR . E—NERISR SRR

S 7 - (TEFHE N descriptor_crc # block_cre({X5ZELER): EEMUL X381 20 P kERFTH
(magic.sequence .payload_len.descriptor_crc)5NIZRF2HY payload FT#{ZfE1TE& CRC32,
B8/=% descriptor_crc 1 block_crc {EAEEA 8 X F(DW2) iz 2RISR TH-
—IRGwiE, BILERE. NRIEHEE, WFAIEREBoRmEBELARN 1 &85 0), B
commit_flag 1739 OxFFFFFFFF, ELGZRBEFUERIZIE, WENSHKER . ERELEME
TL(EEMUL_USE_FULL_BLOCK_HEADER = 0) FiX— W& -- REL IR g o
% CRC,

H$IZ 8- [RFIERT: commit_flag #R4RFE9 0x00000000 , X Z2—IXE= Flash JRiZiR{E. BA
RESSRL, RELAFANEDIR, BASEBRIERTR . AMFERERES: —REIRERES
RENF, HEMFABAE. WERE, REREBEMEEHCEF R AFIENR

X))\ N EBRIEEEENZIERE R RN ER 2B RS . FEET commit_flag 2&/5
BN, HER—REFRERIE, TREBLEELT, descriptor_crc 1 block_crc &7&
commit_flag ZBI—REAN, FEULINERAIREEHHE SEFXLRE NRISLERF payload
FHRELITAY CRC,

12
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3.6.

3.7.

3.8.

WERE - el

EEMUL {ERZMHAFAEIIEIRERIE AR RIS ARIIZE S| (active_block_index) »
BREBHBAR, {E%HRA active_block_index+1, JRE—MREEEIEE] 0, XHEEHR
EE ARSI EA

ZEERTERFE . 85, SRIEXERSMREKEIZD—REREZR, A28
PR IR BR-RAEEISER . BUX, LHEXFEEE, THENETRIRE RAM FRY
BEIHE, FAS M RAESPRIFIISEF N DR ERRIRZIAIEE .

HERESRISEIRI R RINKIFRIE NI A MZ IERABL IR . KigA 64 NFHRNET
PSR Flash B NIXEIRY 64 {&--B) 10000 XA ERZA 64 FIRNABESA , (HUREKR
PRZET.

RGN TE

FEHHERPE I RESERLE Flash TUEFREARIZERY . IRBIMRALIERTY, B—K A 8EKABRLE
BN . EEMUL {2 ERF oI EC ERIREIRIAR

BN (EEMUL_BADBLOCK_POLICY_RETRY)7E RAM thhE MNR4EHF— N EIRITEIEE .
B A 4 K BT EE IR TH L +1 . 1T EI X bad_retry_threshold , Ht £ RAM Y
bad_block_flags #4HHRCHBEE AR EEEFIRATE . X LEE RAM fR&E4, EEMUL
SERERNERZR . WRIEERATFERNEIRN ESD B4 BRnseikEHE .

Flash #Ri25 A8 (EEMUL_BADBLOCK_POLICY_MARK)ZEEIX MR EM R Mk
bad_retry_threshold f&i=/X#HY, EEMUL IA=¥5 bad_marker {E(0xBADOBADO)E A Flash
LA, ZinCRERELMB XA FEN, KAZILZRERBEEBEIAGER.
bad_marker FEREMRIPLER(RiELRE 8, "ELR® 24)F19F, FHUIESHTIRAHLEME
o PEHEPRTEA R ARY, SRABLLERRS o

Shadow RAM Buffer {IZ 0B\

1 EEMUL G#F1E RAM th#EP—/ shadow buffer, X/\&F payload BIEXITFAR/N,
shadow buffer D2 BB HRITIEIAVE . EEMUL ¥I3A10AT, BT Flash iZEGERIR
1Y payload 3&iE7s shadow buffer, shadow buffer fEAZENBANFIMEFFNEEZX(WT),
MIAFEENEER . EENEERBMET Flash RUERIR, 7 GD32 18:% LIRES SRAM —3, T
Flash 2£taiB,

1BKEARS, EEMUL =M Flash HETERNHRRIFT shadow buffer, FHEERIFEEFTXY
tb, MRS MXFEMEFTEHERNET, BASHTEIE : EEMUL BHEIR[D
EEMUL_STATUS_OK, REZEBANER. ESSAGUNFER REFTESH(TILSH
EARTHNMBAEGNE, flilErEEmaNRERBERT.

PYINIER = , shadow buffer [RERFITFAERYE . EAEIRENRIELSTM Flash BIFTEXILE—IR,

13
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3.9.

LA buffer &/RE55 Flash RSEHZE -
FFHISHiRE

FMEXHET — 32 (BIEFRIS, EXENREBIE, HEXIEEFESIESHERK
B HEXERNAMSPIBEIR, NFSHEAE NIENR . IR (commit_flag 1= 0x00000000)
magic ToBIRLAN -- o2& 3L ZR1E 2 T --block_crc 5811 header+payload CRC A FFRIRERS
SRl

enable_monotonic_sequence At BT HIKTERAIX I BN AEFIISI1TH . true(HE=)RT ,
SIS next_sequence #J9a{4 9 active_sequence+1, F{RIEN AN ENIA ST IE R
Hi . A false BY, SUEFINSEEN 1, BLUFIISHENIES EAEEHEASE
NFESERNFEFERN BRERNELSE, RIF AT EIBER next_sequence FTARIELIN RAM
INEIESEER

RE1372 (eemul_recoven XTI PTG REE TR . BIZEEMRLES, RI¥E magic.
payload_len.descriptor_crc.bad_marker #1commit_flag .7E55EELEME T FIA51EEY payload
FHEHTE header+payload CRC, JtL block_cre--#REARFUNER . IBZEEMLATFS
AR, REESMNTEELEREE bad_marker LURE K AMMHUTE . IRERERNERES N
# % shadow buffer, WNRIKBHEIBEBUR--UNENREEIET Flash XigiE=--EEMUL Bapt&z(
U KIFFrETREER, SA%E— payload £ 0(0x00)#JaLAIIREIER, NEFBESEUR M
EMRL B,
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4,

fES%E

PrEsmFERECE BT eemul_config.h TEXAZIE]. FEEH eemul_config_template.h, €&
TERAZNAMES . BEEHIFTIE include B2, T35 eemul_config.h, FRIEREER K
FREREARE. Z=H eemul.h FEFFEEAE NEILIE, EEREDNERES.

X4 EEBERSE

M

ROME

RBgHLRIHES

EEMUL_REGION_END_ADDR

0x08010000

BRI E AER B, XIgfELbhteE
REABEZMBIL) , WSFlashiRIAFRIT
3%, ERiaHbEE end - (pages x
page_size) ESEH , FlUN: BXEHKE
1£64 KB FlashfY&/52 KB, end =
0x08010000, start = 0x0800F800,

R XA IEFlashTTE]

B X TRIYIEFlashiEE .. EHn)
B/AMEN2(NRIEERIRE D T2, R
FATHE) . S = SEREE =
At . IBEMAMEFE RS FFlashit
BZE .

YRR ANETS)

0x400 (1 KB)

PIERAIF AN . BRS BirstHaIERR
RIFEILAC . GD32RITANNNEE AT
NBEFHIABSERMIM KBRS, B

BRERAPFMFMCE T IREVERE.

FlashmiEXS 5 FIRLE (1)

FlashfRIEXSSFAIRLE (1) . PTESNIRIE
HLAZBALHT . SHFHER2(HET).
A(F)FN8(WF) » FTERAELRS Bined
HHIFMCYRIZERTTILED: HECCIRIPAINY
FFlashi//98, M+FHIFFMCOITEE
HRTFEERESR/ESE. KB LIRS
SEERENITH; IO N EREATES
#errorfE AT IFIHES

BHXDEHREE., 0= IBEPXEmELN
Vs SEEE B p Bo (o, ERTRE
KREFREZIRIRE). 1= BFXE
eemul_init()ATAmalloc/callocy B, A/NM&Z
SCPMEIRTF D EC . HERS M ERIARTAY
EEMULZLfI. SiRAMBIRBESHECRE
AEREFINRA.

BRABRHEAAINFD)

128

FRARMIISASHFTEREHMAAN, BT
BSENX Db LI>=HAETES
HE9SH . (ERESoE
(EEMUL_ENABLE_DYNAMIC_ALLOC =
)R AT EEB A MCRCEITX . AR

15
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M

ROAME RBAHRIHES

AR BB LIRS, eemul_init()
IR[EIEEMUL_STATUS_ERR_LAYOUT,
D EATLRERRS: FrEE X (8
oL CRCIIGATEE H X ) TEHIIA AT ERIZSE
FREIARF D EC

SHIRBITTE

SHRBEF. 1= YIBHEEMULITE
B SHEREHETHNF L REHREE
BHERD . RENEEERFTO()HEEHK
R, 0= BRIpEIESEHEATTEH
IHER®E, TERAMER TR EMIE, X
ZHNARNER.

RASHHE

AP RASHME, AT
EEMUL_ENABLE_PRECOMPUTE_PARA
M_OFFSETS = 1AJE#&RIBERA/N . 2R
EATTEESEBIE 32 S HFIBAUE.

32

EAERERL

0 = HERN6FT5L(magic "EMUL", F7!
£, bad_marker, commit_flag), o522t
CRC, &/ MULERFHH, RANEBIRAYF
REE, 1= 55832571 L(magic
"EEMULATE", &3S, payload_len,

0 descriptor_crc, block_crc, bad_marker,
commit_flag), block_crcFERB = LERERE
BIIAFERNBNERE, RAtnEmTE
MR . AT MISKER+EETHRIR . KSR
BURCFEAEERN . BNEFRFE
o

UTNREER ERZEHHE, AIENBREPER:

& 4-2. JREREE

IRER

KDHAREN

{REBFlashXigt 2 K/ NET)

EEMUL_NUMBER_OF_FLASH_PAGES x
EEMUL_FLASH_PAGE_SIZE, {RBEFlashXiFS2=T#,

EEMUL_REGION_END_ADDR -

R BB Xigicaaitbtit EEMUL_REGION_SIZE_BYTES. {F2&Xigftctattit
(&)
ZHEER T H0x4C554D45("EMUL"), TS T A
0x4554414C554D4545("EEMULATE") , EAZIEMRSL,
L magiclE ) N
Heemul.h/fd#ifndeffRiP, TRAEE, NAAE
eemul_config.hthEE,
0xBADOBADO, FlashiRicssls, SALSL(E &=
s AR B X IRIBFlashtRicER RS (RET 5

#)bad_marker=RLUK A MEFFILRAYVE

16
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5. #%1&% GD32 MCU
5.1. IR HAL 52245

EEMUL &it 527 FEa4EE MCU 3§ Flash 3RzNEE ., ®IT eemul_port_ops_t Z5H#3(A
(REE—HAREIEE)S Flash IBHZE , IZLEIMATE eemul.h FEN, HEVIIAKAHEIERLS
eemul_init() . ESBZEDRISEHRFEDRTR, FEER. fRIZIE Flash ITEREARXL

thiahZE SE IR B R 7 SEFMER] : 15 EEMUL B1EIFRY GD32 BtR _RFEE#H C
B HPLRONRE(=ZNRR, —PHIE), FTHEBRENERDE . BRXH
eemul_port_template.c {2t 7 EFIFMAISCIESRIZ BIE 1 R EAYERES -

% 5-1. HAL imOR%dE0

BRI

o=

KE R SLIRAA

erase_page

fi

bool (*)(uint32_t addr)

EpRaddribry— M IEFlashTT
addr2 IR TR . ERALINR
[Eltrue, ME4HREEIREfalse . 7R
PEZE B = RFRTT - REERE A fIA
SeRYEIIR[E . SCHRRT N BfReS R
FtBRIAIFMCHRRRER E(TAELA
fmc_page_erase, BXEH
fmc_sector_erase), FEEIR[EIAY

fmc_state_enum,

program

el

bool (*)(uint32_t addr, const void

*src)

$&srcehRYEEMUL_ALIGN_BYTES
FrotEthRTEEIFlashittiitaddr,
addriaZ&xd>7 2!
EEMUL_ALIGN_BYTES, F{I1iR
[Eltrue, EHEIRIREfalse, F4
F2(EEMUL_ALIGN_BYTES=4)f:
BsrcE#IFuint32_tFFiER
fmc_word_program() . XF4mie
(EEMUL_ALIGN_BYTES=8)RJ: i@

Fafmc_doubleword_program() .

read

ali

void (*)(uint32_t addr, void *dst,
uint32_t len)

MFlashitbiitaddriZEEllen=T5%
dst, GD32(}AZ#ARM Cortex-
M MCU)RIAERFlash 2 R FIRET,
BIHCPUEREAIN . FILCILEREUE
ESCIN: memcpy(dst, (const
void*)addr, len), ERFRI7ZMRET
FlashAFEIZEVAY, FRENE.

crc32

uint32_t (*)(const void *data,

1+&datarhlen=F=T5AICRCI213E

17




c AN335
GigaDevice GD32 Flash *E}u EEPROM EF'|\EH1"—JF
BRE T g2 L9 E M LB BB
uint32_t len) 8. X
EEMUL_USE_FULL_BLOCK_HEA
DER = 1HIHE., WNR#E
eemul_port_ops_t&EHa{ARISE f
NULL, EEMULEBmFRRERN
{HCRC32LH,, BRI ERRE
{CRCETTHEMANEZETIZRAES
==,
5.2. FMC fESi5 L8 - <EEXK
GD32 Flash FiEiEHIZE(FMC)ERTERER T RIZIRERIEEITERIFY . RIS
£ FMC_KEY ZHFRB AR MEFEZ$A(UNLOCK_KEYO 1 UNLOCK_KEY1), =G,
wEdIRE FMC_CTL B9 LK & L8, [RERB: {®RIF Flash FEEMLEEIMEXL,
AR PG LE 538 5T bug BRIAEESE .
erase_page 1 program M~ HAL BREERAUESNE: R, PITIERIE. LBIRURIZE. GD32 1R
HEAMZ R fme_unlock()F0 fme_lock()BBFLE BRI im[O/EFRIRFRANIRIZE R EUA N T IRIE
BIEM fmc_flag_clear();&FRPIEFAIERY FMC IREITE, B ABDIRIER PSSR BESE
BB AIRHIRIE,
EE UEERRERIZEIE M BIRIER Flash T3 TS, WATHITH kB EHth Flash
bank. SRAM Z#§$4E1F, B bank RENMFIE FMC B{EHAE CPU Riz{TF4EFSL
SRAM 7, ZIEffECE FMC SRS, FBEERIREHFPFEMR.
5.3. GD32F50x SeE42scm

GD32F50x Z7!{EF 2 KB(bank0)a} 4 KB(bank1)Flash T, H3>IFHFaFRmIERE, LAT
SRR OSLIME T GD32F50x FEIMEE . LI T R/ L SURZ . i56% bank EBIREITAE,
HEETIRIEGIRIE FMC RASREIEA/RER .
2% 5-2. GD32F50x HAL i [sCH

-

* File: eemul_port_gd32f50x.c

* Target: GD32F50x (page-based FMC, half-word/word programming)
* Requires: gd32f50x_fmc.h from the GD32F50x Standard Peripheral Library
*/

#include "eemul_port.h"

#include "gd32f50x_fmc.h"

#include <string.h>

/* -- bank-specific flag helper */

18
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I+
* GD32F50x parts larger than 512 KB are dual-bank: bankO owns the
* lower 512 KB and reports through FMC_STATO, bank1 owns the upper
* region and reports through FMC_STAT1. Every program/erase
* evaluates the owning bank's ready state, so the bank's sticky
* error flags must be cleared before every operation.
* fmc_flag_clear() accepts exactly one flag per call - the flag enums
* encode a register offset plus a bit position, so OR-ing several
* together does not form a valid combined value. Each flag of the
* owning bank is therefore cleared with its own call.
*/
static void gd32_bank_clear_flags(uint32_t address)
{
#ifdef FMC_BANKO_END_ADDRESS
if (FMC_BANKO_SIZE < FMC_SIZE) && (address > FMC_BANKO_END_ADDRESS)) {
fmc_flag_clear(FMC_FLAG_BANK1_END);
fmc_flag_clear(FMC_FLAG_BANK1_WPERR);
fmc_flag_clear(FMC_FLAG_BANK1_PGERR);
return;
}
#endif
fmc_flag_clear(FMC_FLAG_BANKO_END);
fmc_flag_clear(FMC_FLAG_BANKO_WPERR);
fmc_flag_clear(FMC_FLAG_BANKO_PGERR);

}

/* -- erase_page */
s
* Erases the Flash page that starts at the given address. The FMC
* must be unlocked before erasing and locked after. The owning
* bank's status flags are cleared on both sides of the call so a
* stale flag never blocks the operation.
*/
static bool gd32_erase_page(uint32_t address)
{
fmc_unlock();
gd32_bank_clear_flags(address);

fmc_state_enum state = fmc_page_erase(address);

gd32_bank_clear_flags(address);
fmc_lock();

19
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return (state == FMC_READY);
}

/* -- program */

I+
* Programs exactly EEMUL_ALIGN_BYTES bytes to the given Flash
* address. GD32F50x supports half-word (2-byte) and word (4-byte)
* programming; the matching branch is selected at compile time.
* src may not be alignment-aligned, so it is copied into a local
* variable first.
*/

static bool gd32_program(uint32_t address, const void *src)

{

#if (EEMUL_ALIGN_BYTES == 4U)

/* 4-byte programming via one 32-bit word */

uint32_t word,;

fmc_state_enum state;

memcpy(&word, src, 4U);
fmc_unlock();
gd32_bank_clear_flags(address);

state = fmc_word_program(address, word);

gd32_bank_clear_flags(address);

fmc_lock();

return (state == FMC_READY);

#elif EEMUL_ALIGN_BYTES == 2U)

/* 2-byte programming via one 16-bit half-word */
uint16_t halfword;

fmc_state_enum state;

memcpy(&halfword, src, 2U);
fmc_unlock();
gd32_bank_clear_flags(address);

state = fmc_halfword_program(address, halfword);

gd32_bank_clear_flags(address);

fmc_lock();

return (state == FMC_READY);

#else

#error "EEMUL_ALIGN_BYTES must be 2 or 4 for GD32F50x"

20



" AN335
GigaDevice GD32 Flash *E}u EEPROM EF' |‘Eﬂ'f"—JF
#endif
}
/* -- read */
I+
* GD32F50x Flash is memory-mapped in the CPU address space starting
* at 0x08000000. Reading is identical to reading SRAM - a simple
* memcpy from the Flash address is all that is required.
*/
static void gd32_read(uint32_t address, void *dst, uint32_t len)
{
memcpy(dst, (const void *)address, len);
}
/* -- eemul_port_ops */
[
* The global port operations structure required by eemul_port.h.
* crc32 is left at NULL - EEMUL falls back to its built-in software
* CRC32. If full-header mode is enabled and throughput matters,
* connect the GD32F50x hardware CRC unit (configurable polynomial,
* init value and reflection) here for a measurable speed-up.
*/
const eemul_port_ops_t eemul_port_ops = {
.erase_page = gd32_erase_page,
.program= gd32_program,
oread =gd32_read,
/*.crc32 = NULL (software CRC fallback) */
2
5.4. XTFETEBXH Flash BTSSR

8 GD32 RYIKRBETEXHAY Flash 2243, R EEPIEZSE)HIE-1EBE Flash #2585
—HE/\HBEX, MEEFSEANEX ., EEMUL_FLASH_PAGE_SIZE W/RETFiSGiEil
XBEXPYEEGRET, BtMMBXEReMNTFR—KINBEXA,

BIUEWNEBEINXMBEEEBEXXNAN., IRAEAED 16 KB BX, ®E
EEMUL_FLASH_PAGE_SIZE = 0x4000(16 KB) , /NBE2MAE NS 60 1), FHRiEXTE
T 32 FH AT floor(16384 / 32) = 512 NFik, 2 TRLE 1024 MA-TE(FETUAZITT A RIE
B SET ARIISEN.

EFBEXMBF~H FMC APl 1 ¥ A fmc_sector_erase(sector_number) & {{
fmc_page_erase(address) . FEtimISLINES EEMUL 1&5%H) Flash IHRBEABXS, §J
MiBdaxRgiReEIBEXmEEETEBIMRENEX ID,
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2R ETEXANKRE EEMUL_ALIGN_BYTES B FMC RZFNERTE, MIEBXHE--BE
7 4(F)sk 8(W=F) . IBEFNIREAFFM FMC ETHIAIFE.

5.5. KTFWF4mIEM ECC Flash fUEEFIN

ZB> GD32 i {#FF 64 (UNFEIRIZEARMRIZIE, FFEIE Code Flash P WNFE LEH
@t ECC(LU4E18) . BLE EEMUL BYEMRIMN S EIX 44,

LE351R &5 EEMUL_ALIGN_BYTES IR&E 8 8., G EEMUL B12{EEBLA 8 ZHER{UIIT,
HE FMC IR FmIZIRS] . SAEAR/NSLEANE 8 ZTHXITF, REHEHIEKERTHE,
(BiX ZrE IR ERIESK,

ECC fEFFHEB AR, X EEMUL EAIERS , SHAFERIEENRTE B2 IE; WEAFEIR
MIRENSLEER . XERERFEGIEN, TF EEMUL isORER . BFf ECC 1T
FEM EEMUL: —2REBERBENFEEN Flash EAftA ECC $EIR(EEMUL 44R% 8 =
TEFRIELER), Z2X RS OxFF fIONF R THRIESH FMC 1E4(R A4 R% ECC &
18). EEMUL XJUtt=Bkid port program()iER, MM&EEEE OxFF SREVEHRAIARYIAHEIZF
EZ. uint64_t 5 UINT64_MAX)EJIEEHIR . AAtA ECC fHIR.
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6. DEERIERE
ATFMNEE EEMUL ERp5E) GD32F50x IIEMREITRE, BNSRHESRIEHRE, M
MU BIRIET % . A1 BF19 GD32F503VG(1024 KB Flash, 96 KB SRAM), £ Keil MDK
N GD32F50x FREIMEE o

6.1. T 1 - FINEBXEEITE
M EEMUL BESHI FIISHEIIMEER .. ZINMAE Middleware/EEMUL/FHER:
eemul.h--RNHLIH; FBIIAGRIFSZ LSRR
eemul.c—-AR{EMFSCHL; FRHmIFFFIEE
eemul_port.h--HAL #3324
eemul_port_template.c--E %[5 E 4573 (20 eemul_port_gd32f50x.c), FF#hFeiE{ESCIN
eemul_config_template.h--EFIFE#E 0 eemul_config.h, FiEESE
£ Keil MDK F: BRTEEOFPIIBERE, 1%EEE"Add Existing Files", 70 eemul.c F1{RAJR
H.c X%, ¥ Middleware/EEMUL/ BRI\ TwiFesE & 1812 (Project -> Options for Target ->
C/C++ -> Include Paths),

6.2. TR 2 - TESEEZ TR Flash [Xig

HEERR IR ERPAX A=, BNHEER I ReRBAD . RiEuEs i@ E RN RE X,
EEMUL iIzfTIdBHFEENEE

GD32F503VG(1024 KB Flash)iEHl X IER/G 8KB(bank1 A9 4KB 1), ##E8 1016KB FH
FTREBEEREZHE- VX ZHMNBRIEEEETR., Z2HBFEREWUT:
EEMUL_REGION_END_ADDR = 0x08100000(1024 KB Flash #5 == i it ) |,
EEMUL_NUMBER_OF_FLASH_PAGES =2, EEMUL_FLASH_PAGE_SIZE = 0x1000,

7 6-1. GD32F503VG #5#aRfI 422 (GCC / LD)

/* GD32F503VG: 1024 KB Flash, 96 KB SRAM  */

/* Emulation region: last 8 KB of Flash (2 x 4 KB pages on bank1)*/

MEMORY

{
FLASH (rx) :ORIGIN =0x08000000, LENGTH =1016K
EEMUL_RGON (rx) : ORIGIN = 0x080FE000, LENGTH = 8K
RAM(xrw) : ORIGIN = 0x20000000, LENGTH = 96K

SECTIONS
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{
/* ... your standard sections (text, rodata, data, bss) ... */
/* EEMUL region - must be kept EMPTY by the linker. */
/* The KEEP directive prevents the linker from discarding it. */
.eemul_region (NOLOAD) :
{
KEEP(*(.eemul_region))
} > EEMUL_RGON
}
Keil MDK 383 {4(ARM Linker) ] scatter 4 ; IAR EWARM(.icf) B #IIa1L/E AT region
. e o0, IBERIREBIHERST SH(EHENY project_name.map)iZEfEXAKS
HERSEE.,
ER Bl AR EEEEEFENmELRE. W8 map MHHFRSEREIEIRERE
375 1E EEMUL_REGION_START_ADDR #1 EEMUL_REGION_END_ADDR 28] , A&z &
B =80 Flash BEREIZREIEFADNIIMLII, THIFSEEIR-AZ4 CMSIS-Pack BIETEHE
3 SEE AR E ST 50
6.3. #1123 - Bl# eemul_config.h

18 eemul_config_template.h E£IZIINE include BRFHZ 9 eemul_config.h, fRIESELL
DCEC(RAOREAFNZESK » 21 7RI A GD32F503VG, SHER/INESMAE<64 F15), BAFIR
BRICLRESEATAM, LEMEERAREE .

K 6-2. GD32F503VG B eemul_config.h(FHET,, BELER)
I
* eemul_config.h
* EEPROM emulation configuration for GD32F503VG
* Flash: 1024 KB, Page size: 4 KB (bank1), Word programming
* Region: last 8 KB of Flash (0x080FEO000 - 0x08100000)
*/
#ifndef EEMUL_CONFIG_H
#define EEMUL_CONFIG_H

/* Flash region definition */

#define EEMUL_REGION_END_ADDR 0x08100000U  /* exclusive end of 1024 KB Flash */
#define EEMUL_NUMBER_OF_FLASH_PAGES2U/* 2 pages = 8 KB total region*/

#define EEMUL_FLASH_PAGE_SIZE 0x1000U /* 4 KB pages on GD32F50x bank1  */
#define EEMUL_ALIGN_BYTES 4U/* word (32-bit) programming */

/* Buffer strategy: static (no heap required) */
#define EEMUL_ENABLE_DYNAMIC_ALLOC 0U
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6.4.

#define EEMUL_MAX_PAYLOAD_BYTES64U  /* must be >= sum of param sizes */

/* Parameter offset caching */
#define EEMUL_ENABLE_PRECOMPUTE_PARAM_OFFSETS 1U
#define EEMUL_MAX_PARAM_COUNT 8U /* number of parameters in our descriptor */

/* Header format: compact (16 B) - maximizes sub-block count  */
/* Switch to 1 for full (32 B) header in production systems*/
#define EEMUL_USE_FULL_BLOCK_HEADEROU

#endif /* EEMUL_CONFIG_H */

FRAAREE, FiHBHIMERFAERE--TEEI EEMUL_MAX_PAYLOAD_BYTES,
ZENRFFSENX AN, T8 4 PEXEAFEE 44 775, BRESENGER: BK
1%=2 x 4096=8192 F77; RA/N=3L(16 FT0)+HZ 4 FHIARITTHIRAE(16+44=60 =15, &
£2X93%); BITFIR=floor(4096 / 60)=68; =IREL=2 IT x 68 FR=136 1R; SAMA4=136 x
10,000=1,360,000 )RR BEN, {HA—REXEIEM AR ZH .

FA4L - EXSHEIRT

SRR EEMUL MO O . BR—1 uint8_t (B34AH, B REE— TSR
FIH . SHEBNZHAPINEFRRIRSIIRR, XIS D,

RIFAEA IR IS EEER XIS HAS TR, FHRLFRN B FERIEIEREMRER /N,
EENEEFER sizeof()TITRERBEE, EAFRFESUUEMONETRX/NEN, WRE
NS B--F1i0, BEERM 16 =T £ E 32 FH--UERTFMIAEH, eemul_config.h
FE) EEMUL_MAX_PAYLOAD_BYTES (&t % UE R HNLAPTAL .

UNRBIAEBHIEFINAEX T — LIRS HE: BIIFMRA(FRT OTA BlR). IRERE. &
IxES. TIFEHRT EEEFIEEH S5
& 6-3. SEIHARFTENTH)

/*

* Application parameter types.

* Using typedef arrays makes the sizes explicit and avoids magic numbers.

*/
typedef uint8_t app_fw_version_t[4]; /* major.minor.patch.build  */
typedef uint8_t app_calib_coeff_{[16];/* 4x float32 calibration values */
typedef uint8_t app_error_log_t[8]; /* last 8 error codes (1 byte each) */
typedef uint8_t app_op_counter_t[4]; /* uint32_t operation cycle counter */

typedef uint8_t app_ctrl_params_t[12];/* 3x float32 active PID gains  */

/*

* Parameter IDs - use an enum for readability and to avoid magic numbers.

* The enum value equals the parameter index in s_descriptor][].
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*/
typedef enum {
APP_PARAM_FW_VERSION =0, /*4bytes */
APP_PARAM_CALIB_COEFF =1, /* 16 bytes */
APP_PARAM_ERROR_LOG =2, /*8bytes */
APP_PARAM_OP_COUNTER =3, /*4bytes */
APP_PARAM_CTRL_PARAMS =4, /*12 bytes */
APP_PARAM_COUNT /* = 5, used as array size guard */
} app_param_id_t;
s

* Descriptor array: one entry per parameter, value = size in bytes.

* Total payload =4 + 16 + 8 + 4 + 12 = 44 bytes.

* Aligned to 4 bytes = 44 bytes (already a multiple of 4).

*/
static const uint8_t s_descriptorfAPP_PARAM_COUNT] = {
[APP_PARAM_FW_VERSION] = sizeof(app_fw_version_t), /4 */
[APP_PARAM_CALIB_COEFF] = sizeof(app_calib_coeff_t), /* 16 */
[APP_PARAM_ERROR_LOG] = sizeof(app_error_log_t),/*8 */
[APP_PARAM_OP_COUNTER] = sizeof(app_op_counter_t), /4 */
[APP_PARAM_CTRL_PARAMS] = sizeof(app_ctrl_params_t), /*12*/
2

6.5. £5F - alRENF

EEMUL #ItAHESREENSE ., BA eemul_init)SIRFEHTILMRIE: BiFMASEFIE
B, PES4EaTIRE DX, WIE Flash X/ A4, ABEXIGUSKSEHEIE
IR, WIRAKKE(ERENURTEIME . XLEFIRIEE AT AEMII M, REIRIKRES
EEIE AN b= N IS

TEAF eemul_init()Z B, #IAHECELEIK(eemul_init_config_tyWRTEES . B1FERH
TR NE R IRAR SR E badblock_policy FEREZ Flash HUEIRkmiE L MATAILLIE
XFEFFRIT, #IA EEMUL_BADBLOCK_POLICY_MARK, EAERLABEEXA R
AR, FA&HAE), EEMUL_BADBLOCK_POLICY_RETRY i&& FEX B ZE S A g8lImAT H
$BHYIR bad_retry_threshold FERIZE—MARIT 2/ MEHEIRE AR EA--2 2 3RAGIE,
BETE A XIBRRT SRS BFI N I & A B TRFAAVIR 2 INIGL21E enable_monotonic_sequence
IREN true, XABHLEXIGEREFRIIST=ELE N,
& 6-4. EEMUL ¥Jiat 58 samab 18

-

* Module-level EEMUL handle. This struct holds all runtime state.

* It must persist for the lifetime of the application - do not
* declare it on the stack of a function that returns.
*/
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static eemul_handle_t s_eemul;

void storage_init(void)
{
I+
* Configuration for the emulation behavior.
* These values are tuned for a production design:
* - MARK policy: permanently retire pages that fail
* - SUBBLOCKS mode: 68 sub-blocks per 4 KB page
* - Retry threshold: retire after 2 consecutive failures
* - Monotonic sequence: prevent wrap-around ambiguity
*/
const eemul_init_config_t cfg = {
.badblock_policy =EEMUL_BADBLOCK_POLICY_MARK,
.block_mode =EEMUL_BLOCK_MODE_SUBBLOCKS,
.bad_retry_threshold =2U,

.enable_monotonic_sequence = true,

h

eemul_status_t status = eemul_init(

&s_eemul,

&eemul_port_ops, /* HAL functions from eemul_port_gd32f50x.c */
&cfg,

s_descriptor,

APP_PARAM_COUNT

);

switch (status) {
case EEMUL_STATUS_OK:
/* Normal case: active block found or region formatted. */

break;

case EEMUL_STATUS_ERR_PARAM:

J*
* A configuration error: NULL pointer, invalid descriptor,
* or malloc failure when dynamic allocation is enabled.
* This is a firmware error - fix the configuration.
*/

Error_Handler();

break;

case EEMUL_STATUS_ERR_LAYOUT:
/*
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* The computed block size exceeds the page size, or the
* derived region geometry is invalid. Adjust macros in
* eemul_config.h - payload too large for page/header combo.
*/

Error_Handler();

break;

case EEMUL_STATUS_ERR_HW:

I+
* Auto-format failed: Flash hardware returned an error
* during erase or program. Check FMC configuration,
* write-protection option bytes, and board power supply.
*/

Error_Handler();

break;

case EEMUL_STATUS_ERR_NOBLOCK:

[
* No usable blocks remain (all blocks bad).
* This should not occur on first boot. If it does,
* the reserved region may be write-protected.
*/

Error_Handler();

break;

}

}

6.6. £ 6 - TSR

B1d eemul_read_param()iZENSHSESEBEMNNFIRET Flash FEESNREHI N BER
RMHBRETX, £ GD32 8% L, Flash MEIE] CPU #bhtZS[E), FEIEENR 22— MEg
NREEFHIRE, /U ERTH, B2k, TEE, TERIRERE . iGaRIAER
FEARRANE.

Birg XA/ N R SEATTHREIPINSHK/)\ee2—% . EEMUL fEiz{THI3IEILL PTEL,
ER—HNR[E EEMUL_STATUS_ERR_PARAM, ITHASG &£ B BEirE Y X{EHER
typedef( QIR RBIFR) eI FR A/ NB IR .

% 6-5. ITMBH - RO
/* -- Reading a single parameter */

app_fw_version_t fw_ver;
eemul_status_t st = eemul_read_param(&s_eemul, APP_PARAM_FW_VERSION, &fw_ver);
if (st == EEMUL_STATUS_OK) {
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/* fw_ver[0] = major, fw_ver[1] = minor, etc. */
printf("FW: %d.%d.%d.%d\n", fw_ver[0], fw_ver[1], fw_ver[2], fw_ver[3]);
}

/* -- Reading calibration coefficients */

app_calib_coeff_t calib;
eemul_read_param(&s_eemul, APP_PARAM_CALIB_COEFF, &calib);

/* Interpret the bytes as four float32 values */
float offset, gain, temp_comp, reserved;
memcpy(&offset,&calib[0], sizeof(float));
memcpy(&gain, &calib[4], sizeof(float));
memcpy(&temp_comp, &calib[8], sizeof(float));

/* -- Raw offset read (advanced use) */

[
* eemul_read_at() reads directly from the active block payload in Flash by byte offset.
* Useful when accessing sub-fields of a parameter or reading partial data.
* The offset is the byte position within the full payload image.
*/
uint16_t param_offset = eemul_get_param_offset(&s_eemul, APP_PARAM_ERROR_LOG);

uint8_t first_error;

eemul_read_at(&s_eemul, param_offset, &first_error, sizeof(first_error));

FR]RT - EASH(BENMHIRTRE)

{3 eemul_write_param()EANBNMSHSMA 3.5 THEANTE )\ LEFIRRITRE. LtiE
B EERIFHIREMINERZ Flash B & 4EEIR . REE, MREANRL, MEFE DX
EEFHLARMEE

EZPERNERE, FRSHRIFEEEENEIEER eemul_write_param() % EHSXH
—-EEASNIEIPTEE, s7BMR[E] EEMUL_STATUS_OK BASE{E(d Flash 12(E. Hitt, NBIEF
AR REFEEPLTEMAHER eemul_write_param(), MA44E:10 Flash IS 21R4E

BSAPEIRMIBREE , EEMUL_STATUS_ERR_HW ERIEM T 4RISHIEA S Flash TEAEL
fE., EXMBERT, EEMUL EERXBEAN, RRIEEETIIMHRE ., NEEFBEMNCREIR
FEHE TSRl EIRINAB Y . H2E 0 BL SRS T BRIRREBERANTALE)
BF, theixkEERA EEMUL_STATUS_ERR_HW {13, XZRBIE XIS CERe™ERY .
SN APl 7£&i&R[E EEMUL_STATUS_ERR_NOBLOCK; ZABRESEINAE eemul_init() /
eemul_recover()f&Z L IR1R P,
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& 6-6. EASH - THISHIRAIE

/* -- Writing the firmware version at startup ------------------- */

const app_fw_version_tnew_fw={1,2,0,7}; /*v1.2.0 build 7 */

eemul_status_t st = eemul_write_param(&s_eemul, APP_PARAM_FW_VERSION, &new_fw);
if (st I= EEMUL_STATUS_OK) {

/* Log the error - do not halt; old data remains valid */

log_error(LOG_STORAGE, st);

}

/* -- Incrementing the operation counter --------------------—-- */

app_op_counter_t counter;
eemul_read_param(&s_eemul, APP_PARAM_OP_COUNTER, &counter);

uint32_t count;
memcpy(&count, counter, sizeof(uint32_t));
count++;

memcpy(counter, &count, sizeof(uint32_t));

eemul_write_param(&s_eemul, APP_PARAM_OP_COUNTER, counter);

/* If count was unchanged (overflow to same value), no Flash write occurs */

I* -- Appending to the error log */

app_error_log_t log;
eemul_read_param(&s_eemul, APP_PARAM_ERROR_LOG, &log);

/* Shift existing entries and add new error at index 0 */
memmove(&log[1], &log[0], 7);

log[0] = (uint8_t)new_error_code;

eemul_write_param(&s_eemul, APP_PARAM_ERROR_LOG, log);

LR 8 - IBFEH(ETSH, —IXER)

HEFHAOFEE Flash EAFHRN SN SHBITETEL . XERINHSNESHSBIEX
IS EXBE--PINRIERFN EXERIGH, si—EBmBEVIEBE—XIEHSE. IR
NBPSEEERIFRA—IX eemul_write_param(), WIREBERZEEIRFE, RASLTEL
DEHRES, BLSENIEE, BLAHE.

WEENMBIEL FRIXPEFMEENENMER, AERRBEBENEFEPXEN— TR
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o imizdl T JFF eemul_begin_batch(EEENIRERIAIEIEEMBE T FEFX, &
VEMEL;, WBNZEENRISEHIEAE eemul_update_param_in_shadow() ; & F3
eemul_commit_batch() & T B EH W T FE P XE N Flash fERAFHHR . IR
eemul_commit_batch()k, NASIRIATATFE--FCRIRIRIAIERNR

HEFIMARAEMEELE n M SHERRE—XBNEER, MIE n PNEIEA Flash BANEER.
EBNENEEEREEH Flash 84 £, XEEEZEE/)> CPU SZIETF Flash /ERIATIE]

% 6-7. WEFH - RTBSSHREX
"

* Scenario: updating calibration coefficients AND PID gains together.
* Both must be stored atomically - an inconsistent state (new gains

* with old calibration, or vice versa) would cause incorrect behavior.
*/

/* New values computed by the calibration routine */
app_calib_coeff_t new_calib;

app_ctrl_params_t new_ctrl;

/I* ... (populate new_calib and new_ctrl from calibration algorithm) ... */

* Begin batch: snapshot current shadow buffer */
eemul_status_t st = eemul_begin_batch(&s_eemul);
if (st 1= EEMUL_STATUS_OK) {
log_error(LOG_STORAGE, st);

return;

}

/* Stage the calibration coefficients in the shadow buffer (no Flash write) */
st = eemul_update_param_in_shadow(&s_eemul,
APP_PARAM_CALIB_COEFF,
&new_calib,
sizeof(new_calib));
if (st 1= EEMUL_STATUS_OK) {
log_error(LOG_STORAGE, st);
return; /* batch is abandoned; no Flash changes made */

}

/* Stage the PID gain parameters (no Flash write) */
st = eemul_update_param_in_shadow(&s_eemul,
APP_PARAM_CTRL_PARAMS,
&new_ctrl,

sizeof(new_ctrl));

if (st 1= EEMUL_STATUS_OK) {
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log_error(LOG_STORAGE, st);

return;

}

I+
* Commit: write the entire updated shadow buffer as a new Flash block.
* After this returns EEMUL_STATUS_OK, both parameters are atomically
* committed. If power fails before commit completes, neither update
* is visible - the old values remain the active block.
*/

st = eemul_commit_batch(&s_eemul);

if (st '= EEMUL_STATUS_OK) {

log_error(LOG_STORAGE, st);

/* old calibration and PID values remain in effect - safe to continue */

}
eemul_commit_batch()sxI0iREE, FHEREDAENR, FEfE@IY eemul_read_param()isEEY
=Y BEMREFTE.
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7.

71.

7.2

7.3.

IZITRERS LRI
e IEFRROBRIE T,

AR FREAEFEERERRIEERRK . REMUREE: ANRDEATANCEER+XS
FEENATREANI—F, NERRERN . SNERFHREN . BARBEI— T REER
MSPFRES, FREXTBEENSE . MRBFTAKRREEE—NFIR, WFREXTN
%, RMEEZEEFHE.

T BAZ IR, EEPROM BH-FEREEE . RESIE. 1T8E5. xR AS- ST
200 75, WEIA/N 1KB BER . XFMER FLF S BNIZGEFRIE

HRIE A MR SR E AR AN

ERERIUKIE RN, BNIAMERRE, BAAESNER: NAS/N(EHEX)ER
eemul_write_param()g eemul_commit_batch()Z/Mx? BT RmEas (\i) . XS
EIFrFBRIN AR ENIRE -

BE, ITEEINECE THIZERES: FHRIELT, total_blocks=(Ta%{ x TREIA/N)/RK/N;
TREMRED T, total_blocks=T#{, 8 Flash TUE A& A2 10,000 X#EE[FER, FILS Flash
FEdp=total_blocks x 10,000, WNRLERAKFHNARENEK, NEEREBEL

= 71. EpitERG)

B= TTEMER

FFEES NRE: 60 x 24 x 365 x 10 = 5,256,000, FHu&E=, 1 KB
W, 48FTR: 21N FHYT x 43T = 841k, MHIAE =84 x 10,000
= 840,0000)XE N, ~E. IBINEI8I: 16858 x 10,000 =
1,680,000, AARE. BRFHZE: FHM16 KBEEX
(EEMUL_FLASH_PAGE_SIZE = 0x4000), {§F348=T53k:
floor(16384 / 48) = 341MFHY/TT x 2T = 6828k, MHAE =682 x
10,000 = 6,820,000 X5\, 1.3EHE, B,

TifERkes, BOMEAN—R, &
FR%&an105

FRES NRE: 24 x 365 x 5 = 43,800, FHiE=, 1 KBE, 80=F
R 12N FHYE x 2T = 2488, TIAE = 24 x 10,000 =
240,000kB5\ . BEK(5.5(5), .

HERRE, B\BA—IX, 55

A
3 AP

FREENRE: 100,000, FHUE, 1 KBR, 48FTiR: 214 F
HYTR x 251 =428k, TAZE =42 x 10,000 = 420,000k B\ . 4.2
SRE, Bt

ZERE, BREBEA—R, 20
5, 100,000% EFB/EHA

oL RIELXL

FErFmiRit, BRAFZ ROM StRE EIRGAYISEIR, BUNEREL ., TRLREM: B
A ERI (FRELF K EFERAVR) A RF CRC B0 (1 B4 EfAT R IEpR X T & 28
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7.4.

SHNB) . XERLSIBINIIWETE 3-4 ZR)(E Flash 9MZEY), Biz{TRI TSN
(5, NERCHREGRAEE—MEN TR, WE 3.7 15, )

RELERTRRAA . SHhBNEREZNNRENER, s FREERANIIZEIRES
BEIINE . EEAEFRIN IR E Rk,

R (N4(FEF EEMUL_BADBLOCK_POLICY_MARK(fE{F—3L#&= )Y, bad_marker =
EBA 4B\ Flash, S8F EEMUL_BADBLOCK_POLICY_RETRY A, bad_marker =X H I
ESLEETh, REBIRRAMESES AN, 24 EEMUL_USE_FULL_BLOCK_HEADER=1f%, 5
L AIER MR T payload_len #0 descriptor_cre AR o

RINSEEYIIRW

& EEMUL BRI BEKIG(ERFNEMEI)RT, MIaRAIFENSEEREZ(0x00),
LIRS R FRNAY IR FEEAES X BIRE B —XFFHAT , eemul_read_param()&iR[EIEFE9 0x00
REDX, FRIFNRREFRENSARIME,

IEUERERRIL eemulinit()Z /R BIBEANFIME . WUERFAIRERERCE
— N EEBR FTEFSNTIFESH-LNERHRASFTERE 1 iKT 1. EERES
1ZEXJ9 0x00, MIZRAAINIRIASTUIL, NEANFIAME.

& 7-2. BIRIEMROMEDIR S

void storage_init_with_defaults(void)

{

/* ... (eemul_init as shown previously) ... */

/* Check if this is first boot by reading a sentinel parameter */
app_fw_version_t fw_ver;
eemul_read_param(&s_eemul, APP_PARAM_FW_VERSION, &fw_ver);

if (fw_ver[0] == 0x00) {

/* First boot detected (zero-initialized): write factory defaults */

const app_fw_version_t default_fw ={1,0,0,0};

const app_calib_coeff_t default_calib = {/* all zeros */ };

const app_error_log_t  default_log = { OxFF, OxFF, OxFF, OxFF,
OxFF, OxFF, OxFF, OxFF };

const app_op_counter_t default_counter={0,0,0,0};

const app_ctrl_params_t default_ctrl= { /* factory PID gains */ };

/* Use a batch write to commit all defaults in one Flash write cycle */
eemul_begin_batch(&s_eemul);
eemul_update_param_in_shadow(&s_eemul, APP_PARAM_FW_VERSION,
&default_fw, sizeof(default_fw));
eemul_update_param_in_shadow(&s_eemul, APP_PARAM_CALIB_COEFF,

&default_calib, sizeof(default_calib));
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eemul_update_param_in_shadow(&s_eemul, APP_PARAM_ERROR_LOG,
&default_log, sizeof(default_log));

eemul_update_param_in_shadow(&s_eemul, APP_PARAM_OP_COUNTER,
&default_counter, sizeof(default_counter));

eemul_update_param_in_shadow(&s_eemul, APP_PARAM_CTRL_PARAMS,
&default_ctrl, sizeof(default_ctrl));

eemul_commit_batch(&s_eemul);

}

}
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8.

8.1.

8.2

APl| &%

RH

PG EEMUL API iR9iR[E] eemul_status_t {8, FERAINEREIARIRIMEEEL . N FBRE YA
LI0EEIR APLHERRNRENE, THESERE, RAnEHTHSEUKAM Flash BEAHEIRE

M

= 8-1. eemul_status_t IR[O]F5

A3 =1

B XN R

EEMUL_STATUS_OK 0

RIERRINTER . XITEIRIE, HIREIRZEFlash, &
HERZ(EFGN)MBE BN

EEMUL_STATUS_ERR_PARAM 1

TSI EER. REEE: Dmadsi/aNULL.
SHIDBYTE . KMNSHSEATALE. BAS
> EchImallocK . LEEEIRRBABEIHZIERNE, FRAM
R NEERRIR o

EEMUL_STATUS_ERR_HW 2

Flashf@{412{ESLM . erase_pageiprogram HALEREIR
[Elfalse, KMERAGIARITEIEIEMN . BI—iEIRAE
Mo ICRIERABE-FRIERATEEAN100%HY, &
AR AR A AR EEIR

EEMUL_STATUS_ERR_LAYOUT 3

T Flashh/S . BRI FHESAIRA/MEER
KN, BXEATEL
EEMUL_MAX_PAYLOAD_BYTES, S{i&IEEh 11
%, IBMBEEMUL_FLASH_PAGE_SIZE.
EEMUL_ALIGN_BYTES.
EEMUL_MAX_PAYLOAD_BYTESHIEIRGF R &G A
N, R B TR EER-- VRN EERNE T RS
B,

EEMUL_STATUS_ERR_NOBLO
CK

RILEOTAR . SIRERTERIRE BatE LM
B, eemul_init()/eemul_recover()&IR[EIAEIR . 1517
BB N B R K- BB To p) RIS RS -HR &S 0
EEMUL_STATUS_ERR_HW, TiaELtftRS., Lthor=E
B, FENUXIEEEFERTAERERFlashi#fE.
NOBAIMEH X IFEAR AR BRI

AR S an R HARR

% 8-2. MR ErsEHA API

EEd

EEHE 15288

eemul_init(handle, port_ops, init_config,

param_descriptor, param_count)

IR, RIGFFB]AN, 45E

eemul_status_t N = "
HAL, FutEhEiREEE, 38
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8.3.

EREL

REE

15288

Flash&3KiEsNR, WIRKKEE
RN B ST« RIRTEEAD
APIERARTIER . AEREEEMUL
SEHRERRFE(RRAR DT
FRIREIFEEE L),

eemul_deinit(handle)

void

RAa R, MR
EEMUL_ENABLE_DYNAMIC_AL
LOC =1, WEMFrBzSo BRI
&KX, HHERENENE
o FHSOBERIVT, LEHIEZA
TR, BSERREBIRE,

eemul_recover(handle)

eemul_status_t

BiEFlashFHIREIENIR . &
FTHNEBFlashiRF(ANEIH-OTATH
BRI RE UK S E . 1)
YR ERIEAERE R . TN
SRR PRI RITICHIRE IR

Eg_;o

RS

% 8-3. &5 API

EREL

REE

15288

eemul_read_param(handle, param_id, dst)

eemul_status_t

&R param_id S A0 X FiE
MATFRREIFlashSHI5dst, dstis
TUERFIHEIA T Fparam_idFEAAK
INTE—HE X, 7EGD32
+t, ZERAEEATFEY, TR
AR, tNRparam_idiBHSEEE
dstANULL, RRE]
EEMUL_STATUS_ERR_PARAM

o

eemul_write_param(handle, param_id, src)

eemul_status_t

[FFiE3param_idSEAIH{E. F
BERSN: SHEMNZEE
shadowZZ M X{EIERE, MEER
EIEEMUL_STATUS_OK, REA
Flash, BNUHITRE/\LREFiE
o FlashH iy TIRIERATIRE]
EEMUL_STATUS_ERR_HW,

eemul_read_at(handle, offset, dst, len)

eemul_status_t

NIEENRBE R (R TFIRET Flash)
fEERoffsetF Ty FHiRIEE len=
T35, offset/aBXEFTHAIEISF
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8.4.

EREL

REE

15288

TUE, FIES8ID. T8
eemul_get_param_offset()5REF
EBHRE . TZINSFERNT
BT RSHGEEN .

eemul_write_at(handle, offset, src, len)

eemul_status_t

KB E Toffsethlhb 5 NlenZFT5(J&R
FIER). FAtEERERSEN.
ERTERASHNFFRMELHE
BUEE,

MEEHTEREL

2 8-4. JLEEH API

R

REE

1528

eemul_begin_batch(handle)

eemul_status_t

NEZSHMEEHMES . FBENR
B3 Zi T M Flash/iNZiZlshadow
buffer, #EI7EMELL . AREEAR
&, shadow bufferaJ#I5 %
eemul_update_param_in_shadow()
SHEN, BERM
eemul_commit_batch() . &7
NULLBE XA RG]
EEMUL_STATUS_ERR_PARAM,

eemul_update_param_in_shadow(handle,

param_id, src, len)

eemul_status_t

TR FETXPEFSHERETR
RZEFlash, lenRETFHHARFTH
param_idZ&=EARI AN, TE
eemul_begin_batch()F
eemul_commit_batch()Z /B8] 2%
B . KNAESKIDIETIRE]
EEMUL_STATUS_ERR_PARAM,

eemul_commit_batch(handle)

eemul_status_t

BB EEFNE FEPXELNEN
BANRFHYRREFlash, WNSRTELL

WU, FrEEFRSEASEK
1RAZ--FERIBENPDABER . 1232
BE, ¥FETXRMEEEFE
2, FlashZWEk G al FRIEHRATIR

[EIEEMUL_STATUS_ERR_HW,
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8.5. SCAHRREL

% 8-5. SCFJ API

BREL REHE 15288

REINIRC AT PITE LRSI
YHEAARNFT) . BFEE. 12EFNRKIE
EEMUL_MAX_PAYLOAD_BYTESHIA/
=B,

eemul_get_payload_size(handle) uint16_t

R[ElpayloadiZ R HSE{param_idHIF 151w
eemul_get_param_offset(handle, param_id) [uint16_t |82, EEWITEREIT, XE—RXR0(1)%&
&1k, param_idGRATIR[EIO,

REIEAFFHIEERIS Blparam_idRIFEREA

eemul_get_param_size(handle, param_id) uint16_t o . .
INFTT) . BHSEERNREO0,
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9.

HEHFE

AT HAER EEMUL BTBEINRE

& 9-1. WEHIEEE

NERSIZ TR

RRNREREBRTTIE

eemul_init()ix[g]

EEMUL_STATUS_ERR_LAYOUT

EEMUL_FLASH_PAGE_
SIZE, SBMEEBLET
EEMUL_MAX_PAYLOAD
_BYTES, fEFHER
T, REARHGEIR;
FEERT, RERES
FELRFHEEN
B9

nR RARE BRTTIE
THEHAIRANEE+RITF
[RRYBEREA AT BARDSE DB ATLAERSL i

AN—IR, BAEKX
EEMUL_MAX_PAYLOAD_BYTESLAZE
EAT, HENRELREFEL
LAT DA, EETIREITUEH
&0
EEMUL_NUMBER_OF_FLASH_PAGE
SHBITRIEMHEZZE.

eemul_init()ix[g]

EEMUL_STATUS_ERR_HW

Ba&EM: B
S[EeE L ALl ES
FREIREEIR, EIE
= :
EEMUL_REGION_END_
ADDRE{,PAGE_SIZEIRE
EIR(SEFMEHR)
REBXIESA T FlashE{k
PIEIFT5, HFMCHEE
HATFLIRAHE -

TEIRIEIR B HUEFAIIE
EEMUL_REGION_END_ADDR#[
EEMUL_FLASH_PAGE_SIZE, =Bk
FHIRER KR (SPC/WPFER).
IFFMCECE, S1ESFIRE. BB
£, FHRIERAMBmMc_unlock().

BEREESER%Ei%EI0x00

BERBEIRIFlash %,
EEMULBE &L XigFHF
BENBEATRNA
2F(0x00), XZFREAIT
H--R AR
BSANEIMES

RERT AT FRSE EDR IR aiiR o
wWNEEREDE, R
eemul_begin_batch/update/commit_ba
tchfE—RFlashE NFENFRB LT B
NI=

ESGZESSS

eemul_write_param() B I{E¥TEES

ZE RGN D TR
TEERGN) . FFET

XWBESsrctiE, Frlblig
BREFlashE \-BE.F
FHXEMBERASIFA
4. FlashXiFAIaE %S5y,
B2IRE.

SRINISPNCIED A amEd: e =S

EER ST AIE(0X00), SNE

INME. FIFREIXINEE, BEHEEES

IFEYEEMUL_REGION_START_ADDR
REREUESR, HRHRELES A\Flashf9=FT5
27

eemul_write_param()ix[@]

FlashZERBE 0=

EEMUL_STATUS_ERR_HWH

TR RRERER: X
WEFEZAEIRE AR,
BARTERENR(ZE
HRREMEIHEINERR),

)l
EEMUL_NUMBER_OF_FLASH_PAGE
SRR FHRIRTC LB IHEAFIRE
£, EEOERIERER(ATEEN
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& RARE BRI iE
FHIRR KA MRS ERE R B EEE) . TR

EEMUL_STATUS_ERR_
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This
document, including any product of the Company described in this document (the "Product"), is owned by the Company
according to the laws of the People's Republic of China and other applicable laws. The Company reserves all rights
under such laws and no Intellectual Property Rights are transferred (either wholly or partially) or licensed by the
Company (either expressly or impliedly) herein. The names and brands of third party referred thereto (if any) are the
property of their respective owner and referred to for identification purposes only.

To the maximum extent permitted by applicable law, the Company makes no representations or warranties of any
kind, express or implied, with regard to the merchantability and the fitness for a particular purpose of the Product, nor
does the Company assume any liability arising out of the application or use of any Product. Any information provided in
this document is provided only for reference purposes. It is the sole responsibility of the user of this document to
determine whether the Product is suitable and fit for its applications and products planned, and properly design, program,
and test the functionality and safety of its applications and products planned using the Product. The Product is designed,
developed, and/or manufactured for ordinary business, industrial, personal, and/or household applications only, and the
Product is not designed or intended for use in (i) safety critical applications such as weapons systems, nuclear facilities,
atomic energy controller, combustion controller, aeronautic or aerospace applications, traffic signal instruments,
pollution control or hazardous substance management; (ii) life-support systems, other medical equipment or systems
(including life support equipment and surgical implants); (iii) automotive applications or environments, including but not
limited to applications for active and passive safety of automobiles (regardless of front market or aftermarket), for
example, EPS, braking, ADAS (cameral/fusion), EMS, TCU, BMS, BSG, TPMS, Airbag, Suspension, DMS, ICMS,
Domain, ESC, DCDC, e-clutch, advanced-lighting, etc.. Automobile herein means a vehicle propelled by a self-
contained motor, engine or the like, such as, without limitation, cars, trucks, motorcycles, electric cars, and other
transportation devices; and/or (iv) other uses where the failure of the device or the Product can reasonably be expected
to result in personal injury, death, or severe property or environmental damage (collectively "Unintended Uses").
Customers shall take any and all actions to ensure the Product meets the applicable laws and regulations. The Company
is not liable for, in whole or in part, and customers shall hereby release the Company as well as its suppliers and/or
distributors from, any claim, damage, or other liability arising from or related to all Unintended Uses of the Product.
Customers shall indemnify and hold the Company, and its officers, employees, subsidiaries, affiliates as well as its
suppliers and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims
for personal injury or death, arising from or related to any Unintended Uses of the Product.

Information in this document is provided solely in connection with the Product. The Company reserves the right to
make changes, corrections, modifications or improvements to this document and the Product described herein at any
time without notice. The Company shall have no responsibility whatsoever for conflicts or incompatibilities arising from
future changes to them. Information in this document supersedes and replaces information previously supplied in any

prior versions of this document.

© 2026 GigaDevice Semiconductor Inc. - All rights reserved
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