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1.1. 3HakomcTBO ¢ Cortex

Cemencteso ARM Cortex - HOBOe MOKONEHUe NpoLeccOopoB, KOTOPblE BbIMOMHEHbI MO CTaHOAPTHOW apXUTEKType u
OTBEYAKT pasnMyHbIM TEXHOMOrMyeckum TpeboBaHusiM. B otnmume ot gpyrmux LMY ARM, cemenctBo Cortex siBnaetcs
3aBepLUEeHHbIM MPOLLECCOPHbIM SAPOM, KOTopoe obbeauHsieT ctaHaapTtHoe LMY n cuctemHyto apxutektypy. CemencTso
Cortex JOCTYyMHO B TpeEX OCHOBHbIX Mpocunsax: npoduibe A AN BbICOKONPOM3BOAMTENBHBIX MPUMEHeHUR, npocdunb R gns
peanbHO-BPEMEHHBIX MPUMEHEHUN 1 Npocunb M Anst YyBCTBUTENBHBIX K CTOMMOCTU M MUKPOKOHTPOSNEPHBIX MPUMEHEHWIA.
MwukpokoHTponnepbl STM32 BbinonHeHbl Ha ocHoBe npoduns Cortex-M3, koTopoe cneumanbHo paspaboTaHo Ans
NPpMMEHEeHW, rae Heobxoaumbl pasBUTbIE CUCTEMHbIE pecypcbl W, MpuM 3TOM, Manoe aHepronoTpebneHue. OHu
XapaKTepuayloTCsd HaCTOMbKO HWU3KOW CTOMMOCTbIO, 4YTO MOMyT KOHKYpMpoBaTb C TpaguuuoHHbIMM 8 un  16-OUTHBIMUK
MuKpokoHTponnepamu. U xota LMY ARM7 n ARM9 Obinm ¢ ycnexom MHTErpupoBaHbl B CTaHAAPTHbIE MUKPOKOHTPOSEpHI,
B HMX BCE € MPOCMeXMnBaeTcs M3HavanbHag OpPMEHTUPOBAHHOCTb Ha cucTeMbl Ha kpuctanne (SoC). 31o ocobeHHo
3aMeTHO no cnocobam 06paboTkM WCKMIYUTENBHLIX CUTyauun W MpepbiBaHUA, T.K. Yy pasHbIX npou3soguTenen
MUWKPOKOHTPOMNEPOB 1 cnocobbl 06paboTku peanuaoBaHbl pa3nuyHeiM obpasom. Cortex-M3 siBnsieTca cTaHaapTU30BaHHbIM
MUKPOKOHTPONMEPHbIM  AApOM, KOoTopoe nomumo LMY, cogepxuT BCe oOcTanbHble COCTaBAslOLME  OCHOBY
MUKPOKOHTpOINMepa aneMeHTbl (B T.4. cucteMa npepbiBaHuiA, cucteMHbln Tanmep SysTick, oTnagoyHasa cuctema u kapTa
namstn). 4 rurabantHoe agpecHoe npocTpaHcTBo Cortex-M3 pasgeneHo Ha 4YeTko pacnpefeneHHble obractn kopa
nporpammsl, ctatndeckoro O3Y, ycTponcTB BBOAA-BbIBOAA M CUCTEMHBIX pecypcoB. B otnnune ot agpa ARM7, Cortex-M3
BbINOMHEHO MO [apBapACKOM apxMTekType W, MO3TOMY, MMEET HECKOMbKO LUWH, MO3BOMSIOWNE BbIMNOMHATE Onepauuun
napannenbHo. Cemencteo Cortex nmeeT BO3MOXHOCTb OnepupoBaTh ¢ oparMeHTUpOBaHHbIMK AaHHbIMK (unaligned data),
YTO TaKKe OTNMYaeT ero OT npepwecTByoWmx apxuTektyp ARM. 3Tum rapaHTupyetca makcumarnbHas 3(EKTUBHOCTb
NCnonb30BaHUSA BHYTpeHHero cratmdeckoro O3Y. Cemencteo Cortex Takke nogaepxmBaeT BO3MOXHOCTU YCTAHOBKU U
cbpoca 6uT B npegenax oByx obnacten namatun pasmepom 1 Mb6ant no metoay bit banding. 3ToT MeToa npefocrasngaeT
apdekTuBHLIN JOCTYyn K pernctpam u dnaram YBB, pacnonoxeHHblx B obnactn ctatudeckoro O3Y, n ucknwovaet
HeoBbX0AMMOCTb MHTErpauumn NoNHOMYHKUMOHaNLHOro BUTOBOrO NpoLueccopa.

Ewe ogHum knoyeBbiM KoMMoHeHTOM saapa  Cortex-M3  sBnseTcs KOHTpOnnep BEKTOPM3OBAHHbLIX BIOXEHHbIX
npepbisaHui (KBBIT). KBBI1 npepoctaBnsaeT ctaHOapTHYHO CTPYKTYPY npepbiBaHun Ans Bcex Cortex-MUKpOKOHTPOMNepos u
cnocobbl nx 06paboTku.

KBBI1 npegnuckiBaeT BekTopbl npepbiBaHui Ans 240 UCTOYHMKOB, ANS1 KaXOOro U3 KOTOPbIX MOXET ObiTb YCTaHOBMEH
ceon npuoputeT. lNpn paspabotke KBBIT ocoboe BHMMaHue yagensanocb ObicTpoaencTBuio obpaboTkm npepbiBaHun. C
MOMEHTa Mofy4YeHns 3anpoca Ha npepbiBaHWE [0 BbINOMHEHWUS NEPBOM KOMaHAbl npouenypbl 06paboTku npepbiBaHus
npoxoauT Bcero nuub 12 umMknoB. YacTMYHO 3TO AOCTUrHYTO 3a CHET aBTOMATUYECKMX OnepaLMii CO CTEKOM, BbINOSTHAEMbIM
crneumanbHbIM MUKPOKOAOM BHyTpu LY. Ecnu xe npepbiBaHUA BO3HUKAKT MpakTuyecku opHoBpemeHHo, To KBBI
ncnosnb3dyet cnocob ynopsiAoydeHHoW 00paboTku MnpepbiBaHWMA C 3a0epXXKOW nepen BbI3OBOM O4YepedHOr Npoueaypb
06paboTkn npepbiBaHMA BCEro nuwb 6 LMKNOB. B cnyvyae HanoXeHus npepbiBaHWA, NpepbiBaHWe C Ooniee BbICOKUM
NPYOPUTETOM MOXET BbITECHUTL DONee HN3KOMPUOPUTETHOE NPEpPbIBAHNE, HE pacxodys NPy 3TOM AOMNOMHUTENBHBIX LUKIOB
LIMY. CtpykTypa npepbiBaHWiA Takke TECHO CBHA3aHa C nogaepxuBaemMbivMn sapoMm Cortex-M3 3KOHOMWYHBIMW peXMMamm
paboTbl. [MpegycmoTpeHa BO3MOXHOCTb KOHurypauum LMY Ha aBToOMaTUYecKuin nepexos B 9KOHOMUYHbBIA peXnM paboThbl
no 3aBepLueHun obpaboTkm npepbiBanHus. [ocne aToro nepexona sapo Oypet 6e3gencTBoBaTh BNOTh 4O BO3HMKHOBEHUS
oyepeaHON UCKITIYUTENbHOW CUTYaLmN.

HecmoTps Ha To, 4To sgpo Cortex-M3 paspabatbiBanoch kak Hegoporoe siaApo, OHo octaeTcs 32-6utHbiM LY n, B cBS3K
C 3TVUM, NOAAEPXKMBAET ABa pexnma paboTbl: NoToKoBbIM pexum (Thread) n pexxnm obpabotuunka (Handler), onsa kaxgoro m3
KOTOPbIX MOXHO CKOHOUIypupoBaTb CBOM COBCTBEHHble CcTekn. bnarogaps aTtomy, nosABnseTCcs BO3MOXHOCTb pa3paboTku
fbornee uWHTENNeKTyanbHOro MNPOrPaMMHOro obecneyeHns N MNOAAEPXKKN OMepaumMOHHbIX CUCTEM pearibHOro BpEMEHU
(OCPB). B sagpo Cortex Takke BXOguT 24-OMTHbIM aBTOMATUYECKU Mepe3arpy’kaembiii TalMep, npedHasHayeHHbIn Ons
reHepauuv nepnoamyeckmx npepbiBaHuin n ncnonbsyemoin sgpom OCPB. Ecnn y LMY ARM7 n ARM9 umeetcs asa Habopa
UHCTpyKuun (32-6utHbin ARM 1 16-6utHbin Thumb), 10 y cemenictBa Cortex npegycmoTpeHa noggepxka Habopa
nHcTpykuun ARM Thumb-2. OH npeactaenset cobon cmecb 16- 1 32-6UTHBLIX WHCTPYKUWMA, NO3BOMsOWME [0OUTLCA
npousBoguTensHocTn 32-6utHoro Habopa WHCTpykuun ARM M nnoTHOCTM Koda, CBOWCTBEHHOW 16-OuTHOMY Habopy
MHCTpyKuuin Thumb. Thumb-2 - oBWKMpHBIA HAOOP MHCTPYKLMIA, OPUEHTUPOBAHHBLIN HA KOMNUASATOPLI sA3bikoB C/C++. 370
o3HayaeT, 4To nporpamma anst Cortex-MMKpOKOHTposnnepa MoxeT ObITb NOMHOCTLIO HanMcaHo Ha Cu.
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OcHoBon STM32 aBnseTcsa npoueccop Cortex-M3. OH npeacTaBnsieT co6om cTaHAAPTU3OBaHHbIN
MWKPOKOHTpoOnnep, nHterpupyowmn 32-6utHoe LMY, WnHHy CTPYKTYpPY, 610K BNOXEHHbIX NpepbiBaHUN,
OTNafo4HYyI CUCTEMY U NpedonpeaeneHHy OpraHu3auuio namaTu.



1.2. O630p cemenctBa STM32

Oo nosBneHns STM32 komnaHus ST yxe wumMena B CBOEM BbIMyCKAEMOM accoOpTUMeHTe 4 ceMencTea
MWKPOKOHTpOmnepoB Ha ocHoBe saep ARM7 un ARM9, ogHako MMEHHO Yy MUKpPOKOHTponnepoB STM32 6bino JOCTUrHYTO
CYLLECTBEHHOE YIyylleHue COOTHOLUEHUS CTOMMOCTM M paboumx xapaktepucTuk. MukpokoHTponnepbl STM32, ueHa
KOTOpbIX 3a LUTYKY Mpu MOKyrnke G0nblIMX KONMMYECTB COCTaBNAeT 4yTb Gonee ogHoro EBpo, OpocaloT cepbe3Hbil BbI30OB
cylecTByoUM 8-6UTHBIM MUKpPOKOHTponnepam. MukpokoHTponnepbl STM32 nsHayanbHO Bbinyckanucb B 14 pasnmyHbIX
BapuaHTax, pasfeneHHsle Ha e rpynnbl: Performance Line, B KOTOpYO BOLUAM MUKPOKOHTPOSIEPLI C TAKTOBOW 4acTOTON
Uy pgo 72 MI'uy, n Access Line (taktoBas 4actota go 36 MIu). OGe rpynnbl MUKPOKOHTPOSMNEPOB COBMECTUMbI MO
pacrnonoXeHno BbIBOAOB M NporpaMmHoMy obecnedeHutio. O6bem mnx BcTpoeHHow Flash namsatn gocturan 128 kbant, a
crtatmyeckoro O3Y - 20 kbant. C MOMEHTa MnepBOro MNOSIBNIEHNS MUKPOKOHTporinepoB STM32 mx accopTUMEHT Obin
CYLLECTBEHHO paclUMpeH HOBbIMU MPEACTABUTENAMU C NOBbIWEHHbIMK pa3mepamu O3Y n Flash namsatu, a Takke c bonee

CcrnoXxHbiMn YBB.

Tanmep Systic

6x16 out LIAM
Ao 16 BHeWHUE
npepLIBaHuil
32/49/80° nuHMI
BBOAA-BLIBDAA
1x5PI1

. (make. 72MIMu)

1 = YCAINN/LIN
M/ CH kaprirDA
YNPAEN.HO0EHOH

{makc. 36 MIu)

TarAmep Systic

A0 16 BHEWHUX
npepbIBaHuM

32/49/80° nuHuUi
BEOJA-BLIBOAA

1x5PI

{Makc. 36 MIu)

1 = YCANIN/LIN
W/t capT-KapTirDA

32512 koanut
hnaw-namMATH

6kb- 64kb
co3y
20 balT perncrpoe

C pezepBHp. NUTAH. B .

Hutepdeic
BHEWHEW NaMATH™
Hutepheic
twoToCceAcopa

¥npaenenue
CHMHXpPOHWZaUMEN

234 % 16-0UTHBIA
TalMep

| 7 CTOpPOMEBbIX

TauMepa
2 = A=

2 x 12-out. ALN
16 kaHanosMMIL,

JLaT4HK TEMNEpaTYpbI

32.512 koant
hnaw-nauaTH

6kb-48 kb
co3y
20 baiT perucTpoe

C pezepeMp. NUTaH. |y

Hutepdenc
BHEWHEHR NaWATH™

¥npaenenue
CHHXPOHWZAUMe

2/3/3 % 16-0DMTHBEIA
TauMep

| 2 CTOpPOMEBBIX
TalMepa

2 x LA™

2 % 12-0mT. ALN
16 kaHanosMMIL,

JLaT4HK TEMNEpaTYPLI

Craounuzartop
HanpAxeHuAl.8B,
FOR, PDR, PVD

Keapu.renepatopbl
32klu + 4...16 Mlu,

Buytp. RC-renep.
32 klu + 8 Ml

OAMNY

| Yacol peantHOro

BpereHn/AWL
1 x SDIO=

1= USB 2.0F5
1 % bxCAN 2.0B

2 x SPl2ZC™

| 1/2/4 x YCANN/LIN
. W/ih cMapT-KapTArDA

YTIPAEN. HOJEMOM
0/1 = SPI

172 x 12C

CrabunuzaTtop

s Hanpsxenual.8B,

POR, PDR, PVD

Keapu.resvepatopel
32kl + 4...16 MIy,

Buytp. RC-renep.
32 klu + 8 Ml

®AMY

| Yackl peancHoro
| BpexeHnw/AWLU

| ynpaen. MOJEMOM

01 = SPI

1/2 x I2C

CemenictBo STM32 coctouT n3 agByx rpynn. Npynna Performance Line paboTaeT Ha TakToBbIX YacTtoTax Ao 72 My m
OCHalleHa nonHbIM Habopom YBB, a rpynna Access Line pa6oTaeTt Ha yacTotax go 36 MI'y n uiterpupyetr
orpaHuyeHHbI Habop YBB



1.2.1. MHorodyHKUMOHanbHbIe YBB

Ha nepsbii B3rnsig Habop BCTpoeHHbIX YBB, B T.4. aoBa ALII, Talimepbl 00LLero HasHa4YeHus, IZC, SPI, CAN, USB u yacsl
peanbHoro BpemeHu (UPB), kaxeTca naeHTUYHbIM CaMbIM NPOCTBIM MUKPOKOHTpornepam. Ho ecnu aetanbHO paccMoTpeTb
kaxxgoe u3 atux YBB, To BbIACHUTCS, 4TO OHU ropa3go bonee cnoxHble. Hanpumep, 12-6utHbin ALIMN o6opyaoBaH gatymkom
TemnepaTtypbl U MOAAEPXKUBAET HECKONbKO PeXMMoB npeobpasoBaHus, a MK ¢ gsymsa AU moryT ucnonb3oBaTb MX
COBMECTHO ellle B AEBATU pexmMax npeobpasoBaHus. 1o aHanormm ¢ aTuM, Kaxabll U3 YeTbipex TaMepoB, OCHALLEHHbIX
6rnokamn 3axBaTa W CPaBHEHMWS, MOMyT WUCMOfMb30BaTbCA Kak OTAENbHO, Tak M COBMECTHO, obpasyio Oornee CroxHbie
MaccuBbl TavmepoB. Y  pacwupeHHoro Tammepa (advanced timer) poGaBneHa nopdepxka — ynpaBreHus
anekTpoasuraTenamu. [Insa 3Toro y Hero NpeaycMoTpeHo 6 koMmnneMmeHTapHbix LUVIM-BbIX040B ¢ nporpammMuMpyemon nay3om
HenepekpbITMA N BXOL  3KCTPEHHOro  OCTaHoBa, KoTopbl nepesoaut LWWMM-BbIxOAbl B npeaBapUTENbHO
3anporpammupoBaHHoe 6esonacHoe coctosHue. Y uHtepdenca SPI npegycmoTtpeH annapaTtHbin reHepatop CRC gnsa 8 u
16 cnos, 4TO ynpollaeT peanusaumio nHtepdenca kapt Flash namsatn SD n MMC.

B oTnuume oT npocTbIX MUKPOKOHTposiepoB, y STM32 Takke npegyCMOTPEH 7-KaHanbHbI 610K mpsMoro Joctyna K
namatu (MAM). Kaxagbin kaHan MoXeT MCNONb30oBaTbCA ANS Nepedadn OaHHbIX Mexay pernctpamu nwoboro m3 YBB u
3anoMuHawLwmmm ycrponcteamu 8/16 nnu 32-6utHeiMm cnoBamu. Kaxgoe u3d YBB MOXeT BbINOMHATL POfb NMOTOKOBOrO
koHnTponnepa MNAr, npy HeobxoguMoOCTH OTNPaBNSAS AaHHbIE UMW MOCbINAsA 3anpoc Ha X nonydvyeHne. ApouTp BHyTpPeHHEN
LWMHbI ¥ MaTpuua LWWUH MUHUMU3MPYIOT NOTPEOHOCTL B apbuTpaxke JocTyna K WwmHam co ctopoHsl LIMY u kananos MAMMN. 3T1o
o3Ha4aeT, uTo 6nok MAOMN sBnseTcs yHuBepcarbHbIM, NPOCTbIM B MPUMEHEHUMU U peanbHO aBTOMaTU3UPYeT nepepavy
NMOTOKOB AaHHbIX BHYTPWU MUKPOKOHTpOsepa.

MukpokoHTponnepel STM32 oTnuyaloTca  Kasanocb Obl HEBO3MOXHbLIM  COYETaHWEM  XapakTepUCTMK  Maroro
3HepronoTpebneHns 1 BbICOKoN npom3BoanTensHocT. OHM cnocobHbl paboTaTe OT 2B-0ro UCTOUYHMKa NUTaHUA Ha TaKTOBOW
yactote 72MIy 1 NOTPebNATb, NPU 3TOM, TOK, C Y4ETOM HaxOXAEHUs1 B aKTMBHOM COCTOSIHUM BCEX BCTPOEHHbLIX PECYpPCOB,
Bcero nuuwb 36 MA. Ecnn xe wucnonb3oBatb nogaepxuBaemble sgpoM Cortex 3KOHOMWYHbIE peXxumbl paboTbl, TO
noTpedbnsaembli TOK MOXXHO CHU3UTb A0 HUYTOXHLIX 2 MKA B pexxume STANDBY. [1na 6bICTpoTbl BO30OHOBNEHNSA aKTUBHON
paboTbl MUKPOKOHTpOMepa Ucnonb3yeTcs BHyTpeHHU RC-reHepaTop Ha yacTtoTy 8 M. Ero akTmBHOCTbL CoxpaHsAeTcs Ha
BpeMs 3arnycka BHEeLLUHero reHepaTtopa. bnarogaps ObicTpoTe nepexofa B 9KOHOMWYHBIN PEXMM paboThbl U BbiIxoda U3 HUX
pes3ynbTupyloLwasa cpegHsas notpebnsemas MOLWHOCTb elle BornbLue CHMXaeTcs.

1.2.2. Be3onacHocTb

MHorne coBpemeHHble NPUMEHEHNS], MOMUMO BbICOKON MPOM3BOAUTENBHOCTM U MHOMOMYHKUMOHANbHbIX YBB, 4OMXKHbI
obrnagatb MHCTpyMeHTamu, obecnedmBarowme BesonacHocTb. [aHHoe TpebosaHue 6bino yyteHo y MK STM32. B Hux
WHTErpupoBaH psg annapaTtHbix Gr0KoB, OTBevaLlmx 3a 6e3onacHOCTb paboTbl MUKPOKOHTpOMNEepa, B T.4. ManoOMOLLHbIN
CYNepBu30p MUTaHUSA, CUCTEMA 3alUUTbl CUHXPOHU3AUMM U OBa OTAENbHbIX CTOPOXEBLIX TavMepa. [MepBbit CTOPOXEBOK
Tanmep OTHOCUTCH K OkoHHOMY Tuny (windowed watchdog). Ero Heo6xoamMmMo o6HOBNATL TOMLKO B Npedenax OTBEAEHHbIX
BPEMEHHbIX paMok. Ecnin aTo cgenaTtb CRMLLKOM paHO WM CIIULLIKOM MO3AHO, TO OH CreHepupyeT curHan cpabaTbiBaHus.
[pyroii cTOpoXeBoW TanWMep MOMHOCTbI He3aBUCUM OT nepBoro. OH CUHXPOHU3NPYETCS OT OTAENbHOro BHYTPEHHEro
reHepaTtopa, KOTOpPbIA He CBSA3aH C rNaBHOW CUCTEMHOW CUHXpoHu3auuen. Y MK Takke ucnonb3yeTcsa cuctema 3awuTbl
CVMHXPOHM3aUunN, KOTOpasd MOXET BbiSBNATb nepebon B paboTe OCHOBHOIMO BHELLHEro reHepatopa u ©6e3onacHo
nepeknoyaTbesl Ha paboTy oT BHyTpeHHero RC-reHepaTopa yactoTel 8 MIy,.

1.2.3. 3aWMLLEHHOCTb

Ewe ogHum HenpocTbiM TpeboBaHWEM k COBpPeMEHHBIM pa3paboTkaM ABMNsieTCs 3almTa koga nporpaMmMel OT XuLLeHus. B
aToMm nnaHe, Flash namsate MK STM32 ocHalleHa nporpaMMypyeMol 6110KMPOBKOM YTEHUS! Yepes OTnagoYHbini nopt. Mocne
aKTMBM3aLMKM 3TOM ONOKMpoBKM OyaeT Takke HEBO3MOXHO M 3anucaTb 4To-nnbo Bo Flash namatb, 4to wcknoyaet
BO3MOXHOCTb BHECEHUS] M3MEHEHMIN B Tabnuuy BEKTOpPOB MpepbiBaHui. B octanbHoM 4actu Flash mamaTtn moxeT ObiTb
akTmBmMpoBaHa OnokupoBka 3anucu. ¥ MK STM32 Takke MMEKTCSl Yacbl peanbHOro BpeMeHW U Hebonblias obnacTb
3HeproHesaBMcMMoro cratuyeckoro O3Y, KOoTopble NUTAKTCA OT OTAENbHOro pe3epBHOrO HaTapenHOro UCToYHMKa. B aTon
obrnactm umeeTcs BXOL pearvpoBaHUS Ha BHELIHee BMeLaTenbCTBO. [1pM M3MEHEeHMU COCTOSHMS Ha OaHHOM BXO4e
reHepupyeTca npepbiBaHne n oObHyNSeTcs CoaepXMMoe SHeproHe3aBmcnmoro cratmyeckoro O3Y.

1.2.4. PaspaboTka nporpamm

Ona Tex, kto yxe pabotan ¢ ARM-MUKpOKOHTpOMnnepamu, NPUSATHOW HOBOCTbIO MOXET OKa3aTbCA BO3MOXHOCTb
NOAAEPKKN UMEKOLUMUCS CPeacTBaMu ANs NPOEKTUPOBaHUSA Habopa UHCTpykuun Thumb-2 n cemeinctea Cortex. B xyawem
cnyyae, 4toObl nosiBMNack Takas noadepxka, noTpebyetrcss oGHOBNeHWe nporpammHoro obecneveHus. ST Takke
npegnaraet 6ubnunoteky apansepoB YBB, bubnunoteky ans paspabotkn USB-npunoxeHnii, a Takke 6nbnmoteky ANSI C u
NCXOOHBIN KO, KOTOPbIN COBMECTMM C paHee BbiMyLeHHbIMU Gubnunotekamn ans MmkpokoHTponnepoB STR7 n STR9. Ha
OaHHbI MOMEHT AOCTYMHbI NOPThl AaHHbIX 6MbnMoTek onsa Hanbonee nNonynsipHeIX KOoMNMnaTopoB. Ans cemenctea Cortex
Takke npegriaraeTcs MHOXECTBO KOMMEPYECKMX U C OTKpbITbIM kogom OCPB, a Takke cszytowero MO (TCP/IP, dainosbie
CUCTEMBI U T.M.).



MukpokoHTponnepbl Cortex-M3 Takke oOcCHalleHbl COBEPLUEHHO HOBOW oTnagodHon cuctemonm CoreSight. Joctyn K
cucteme CoreSight opraHmsoBaH 4epe3 cneumanbHbii nopt Debug Access Port (DAP nopt), €Bs3b KOTOPbIM
ocyulecTtendeTcda, nmbo no craHgaptHomy mHTepdency JTAG unu no nocnegoBatenbHOMY 2-NPOBOAHOMY UHTEpPdENncy.
Cuctema CoreSight, noMmmo ynpaBneHUs MCMOMHEHMEM MNPOrpaMmbl B OTNAAOYHOM peXunme, MMEET BO3MOXHOCTb
YCTaHOBKN KOHTPOSbHbIX ToYek AaHHbiX (data watchpoint) n mnHcTpymeHTanbHoW TpaccupoBkn (instrumentation trace).
MHCTpyMeHTanbHas TpaccMpoBKa MMeEeT BO3MOXHOCTb OTNPaBnsiTe BbIGpaHHYO NpuknagHy uHdopmMaumio B 0TnagovyHoe
cpeactBo. OTa PyHKUMA MOXET Takke nNpedoCTaBNsATb paclMpPeHHY WHdOopMauMio O npouecce OTnagkm u
NCMNonb30BaTbCH B X0A4e TeCTUPOBaHWSA NporpaMMHoOro obecneyeHuns.

1.2.5. N'pynnbl Performance Line u Access Line

CewmelictBo STM32 coctouT M3 AByx oTAenbHbix rpynn: Performance Line n Access Line. MK Performance Line
OCHalLeHbl NonHbIM Habopom YBB 1 paboTatoT Ha TakToBbIX YacToTax He Gonee 72 MI'y. B cBoto ouepenp, MK Access Line
UMEKT OrpaHu4veHHbin Habop YBB u mmetor cHwxkeHHoe o 32 Ml ObicTpopencrtBue. BaxHO 3amMeTuTb, YTO cpeau
MUWKPOKOHTPOSNEPOB pa3sHbIX FPymnin MMEKTCS BEPCUMU B OAMHAKOBbLIX KOpnycax U ¢ OAUHAKOBbIM pacrofioXkeHNeM BbIBOAOB.
Bbnarogaps aTomy, MOSIBNSIeTCS BO3MOXHOCTb YCTaHaBNMBaTb HA OZHY W Ty Xe MevYaTHyl nnaty COBMECTMMble
MUWKPOKOHTPOMNEPLI N3 pasHbIX rpynn.
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2. O630p npoueccopoB Cortex

Kak ynomuHanock Bo BBefeHuu, npoueccop Cortex aBngeTcs BCTpaMBaeMbIM S4POM HOBOMO nokoreHus komnadum ARM.
OH BbINOMHEH C HEKOTOPbIMW OTXO4aMu OT WAEeWn, 3anoXeHHbIX B OCHOBY npedwectsytowmx LMY ARM, coctout un3
3aBepLUEHHOr0 npoueccopHoro sgpa (obpasosaH LMY Cortex v okpyxawowmm ero HabopoM CUCTEMHBIX PECYPCOB) U
aBnsieTca "cepauem” BCTpamBaeMbiX cucTeM. B cBsAsu ¢ Gonblunm pasHoobGpasnem BCTpavMBaeMbIX CUCTEM, MPOLLECCOpP
Cortex BbinyckaeTcsi B pasnuyHbiX MpuKnagHbix npodungax. Mpodwune obo3HadaeTca nocne HavmeHoBaHust Cortex.
CyuwiecTtByeT Tpu npodunsi:

Cortex-A - npuknagHsle NpoLeccopbl AN CRNOXHbIX onepaLmoHHbIx cucteM (OC) 1 nonb3oBaTenNbCKUX
npunoxeHui. MogaepxusatoT Habopbl MHCTPYKUMn ARM, Thumb n Thumb-2.

Cortex-R - npocunb aAns onepaunoHHbIX CUCTEM peanbHOro BpemeHu. MNMogaepxunsatoT Habopbl MHCTPYKUun ARM,
Thumb n Thumb-2.

Cortex-M - MMKPOKOHTPOSIIEPHBIV NPOUIb, ONTUMU3NPOBAHHbLIN NOA TPEOOBAHUST KPUTUYHBIX K CTOMMOCTU
npumeHeHui. NopaepxmeBaeT TONbKO Habop MHCTPyKUM Thumb-2.

Yucno, 3aBepLuaroliee HaumeHoBaHWe npoueccopa Cortex, ykasbiBaeT Ha ero ypoBeHb paboyumx XxapakTepUCTUK, Npuyem
1 yka3bIBaeT Ha cambli HU3KMIA YPOBEHb, a 8 - HA CaMblll BbICOKUI. Ha JaHHBIA MOMEHT B MUKPOKOHTPOMSIEPHOM npodoune
HaMBbICLLNIM YPOBEHb XapaKTepPUCTUK - TpeTuin. MunkpokoHTponnepbl STM32 BbinonHeHbl Ha OCHoBe npoueccopa Cortex-M3.

2.1. Bepcuu apxutektyp ARM

MHorga ARM ccbinaetcs Ha CBOM NpOLECCOpbl MO HAMMEHOBAHWIO BEPCUN apXUTEKTYPbl, YTO MOXeT COuUTb C TOrKY.
(Mpumepsbl 3anucy Bepcuit apxuTtektyp: ARMV6E, ARMV7 n 1.4.). Bepcus apxuTektypbl npoueccopa Cortex M3 - ARMV7M.

MoanepxKa
AWMHaMUYeCKKX
KOMMWNATOPOE
VFPv3
YnydweHHble SIMD
NEOMN ™
Thumb®-2 Thumb-2
{onunA)
TrustZone™
SIMD
VYFPv2
Jazelle® Tonbko Thumb-2

ARMvYS ARMvG ARMvY7 AMR ARMvT M

Mpoueccop Cortex-M3 BbinonHeH no apxutektype ARMV7 u noaaep:kuBaeT BbINONIHEHME MHCTPYKUun Thumb-2

Takmm obpasom, gokymeHTaumsi Ha Cortex-M3 cocTouT M3 cnpaBoOYHOro pykoBOACTBa Mno npoueccopy Cortex-M3 un
crnpaBo4YHOro pykosoactea no apxutekrype ARMV7M. Ob6a aTmux AOKyMeHTa MOXHO ckayaTtb ¢ canta ARM .

2.2. NMpoueccop Cortex u LMY Cortex

YToObl NOAYEPKHYTb OTNNYUA MEXAY 3aBepLUEHHbIM BCTpamBaemMbiM sapom Cortex n BHyTpeHHum RISC LMY, ganee
OyayT mncnonb3oBaTbcs TepMuHbl Npoueccop Cortex n LMY Cortex, cootBeTcTBEHHO. B cnepgytowem naparpadge 6ygyT
paccMoTpeHbI kntoveBble ocobeHHocTn LMY Cortex, a 3atem cucteMHble pecypckl npoueccopa Cortex.



2.3. UMYy Cortex

OcHoBowi npoueccopa Cortex sBnsetca 32-6utHoe RISC UIMY. OanHoe LMY wcnonb3yeT ynpoLLEHHY0 Mopaenb
nporpammupoBanms ARM7/9, Ho, npu 3ToM, 6onee o6LWMPHBIA HABOP MHCTPYKLUMUIA C XOPOLLEN NOAAEPXKKOW LENOYNCIIEHHON
apndMeTUKK, yrnyyleHHbIMM GUTOBbIMK onepaumsaMy u 6oree CTPOrMmMmn peanbHO-BPEMEHHbIMU XapaKTepUCcTUKaMu.

2.3.1. KouBeunep

LMY Cortex cnocobHO BbINOMHATE GONBLUMHCTBO MHCTPYKUMI 3a oauH umkn. Takke kak n y LMY ARM7 n ARM9, ato
OOCTUraeTcsl C MOMOLLbIO TPEXCTYMNEHYATOro KOHBENepPa.

MaMATE =l

3 CTyNeHu
npeaBapUTe NsHOH
EbIGOPKH

LNy Cortex-M3, Takke kak n ARM7/ARM9, ncnonb3yet TpexctyneH4yarbi koHBenep. OgHako Cortex-M3 Takxke
nopAaepXxuBaeT npeackasaHue nepexonoB AN MUHUMU3aL MU KONMYecTBa nepesarpy3ok KoHBenepa

Bo BpeMs BbIMNOMHEHWUS OOHOW MHCTPYKUMK, crnegylowas - AelndpupyeTcsl, a TPeTbsl - CUUTLIBAETCS U3 namsitn. ITOT
MEeXaHU3M OTNMYHO paboTaeT C NIMHENHBIM KOOOM, HO, ecrin TpebyeTcs BbINOMHMTL Nepexos, TOo, Mpexae Yem npoaorikuTb
BbIMOSTHEHNE KOAa MporpamMmbl, NoTpedyeTcs oumcTka u nepesarpy3ka koHsewepa. Y LMY ARM7 n ARM9 nepexofbl
CYLLECTBEHHO OrpaHU4MBatoOT NPOM3BOANTENBHOCTb UCMONHEHNST KoAa nporpaMmMbl. Bo nsbexaHune atoro, TpexcryneH4yatbii
koHBeriep LMY Cortex ocHalleH NOrMKon npeckasaHus nepexodoB. ITO O3HaAYaeT, YTO MNPy OOCTUXKEHUN WHCTPYKLMU
YCINOBHOIO nepexoda BbIMOMHAETCA ynpexaawllas Bbibopka M, B pe3ynbTate, oba HazHaYeHUs WHCTPYKUMW YCIIOBHOMO
nepexoga OyayT AOCTYMHbI ANS WCMOMHEHUS U CHWDKEHME MPOM3BOAMUTENBHOCTM He npomusonaet. Xyxe obCTosT Aena C
WHCTPYKUMSMM KOCBEHHOro nepexofa, T.K. B 9TOM Crnyvae ynpexgalollyl BblOOpKY BbIMOMHWUTL HeMb3s U nepesarpyska
KOHBelepa MOXeT okasaTbCs HEM3OEeXHON.

Takum 0B6pas3oM, KOHBEWEpP - MHCTPYMEHT, OT KOTOPOro 3aBUCUT pesyrnbTupylollas npoussoamTensHocTb LMY Cortex n
KOTOpbI He TpebyeT Kaknx-nmbo AeCTBUIA CO CTOPOHbI koda NporpaMmbl.

2.3.2. Mopenb nporpaMmmMupoBaHuA

LMY Cortex gaensetca RISC-npoueccopomM, KOTOPbIA BLIMNOMHEH MO apXMTekType 4TeHus/3anucu. Ons BbINOAHEHUs
onepauun obpaboTkM AaHHbIX BHa4ane HeobxoamMmo NOMeCcTUTb OnepaHabl M3 NamMAaTh B LlEeHTPanbHbIN perncTpoBbi dans,
3aTeM BbINOMHMTL Tpebyemylo onepauuio Hag AaHHbIMW B perncrpax W, HakoHeu, nepesanucaTb pesynbtaT obpaTHoO B
namsTb.

Mov M1, R
M1 2kl el IEW
— 1
Mov M2, R
M2 222 Add R4 Ry R2 (R4 = Rq +R2)
—_— 1
M3 Mov Rg, M3 b
e ——

Cortex-M3 BbInosnHeH No apxuTekType YteHus/3anucu. Bce aaHHble, nepea BbINOIHEHUEM MHCTPYKLIMKN UX
06paboTkn, He06X0AMMO NOMECTUTb B LieHTParibHbIN PerncTpoBbIn dann

CnepoBaternbHO, BCA akTMBHOCTb NporpamMMbl ookycupyeTcsa BOKpyr pernctposoro cavina LMY. JaHHbIn perncTpoBbiii
avin obpasyoT wectHaguatbe 32-6uTHbix permuctpoB. Pernctpel R0-R12 - o6blyHble perncTpbl, KOTOpble MOryT



NCMNoMb30BaTbCA OIS XPaHEHMS NMPOrpaMMHbIX NepemeHHbIX. Y permctpoB R13-R15 umetotcs ocobble yHkumm B pamkax
LMY Cortex. Peructp R13 BbiCTynaet B ponu ykasatensa creka. [laHHbIA peructp siBnsietcss GaHKOBbIM, 4TO genaer
BO3MOXHoW paboty LMY Cortex B OBYyX pexumax paboTbl, B KaXAOM M3 KOTOPbIX MCMONb3yeTcs cBoe cobCcTBEHHOe
NpOCTpaHCTBO cTeka. [daHHad BO3MOXHOCTb OObLIMHO WCMOMb3yeTCd OnepauMOHHbIMA CUCTEMaMW pearibHOro BpeMeHM
(OCPB), koTOpble MOryT BbINOMHATL CBON "CUCTEMHBIN" KO B 3alLMLeHHOM pexume. Y apyx ctekoB LMY Cortex nmetotca
COBCTBEHHbIE HAMMEHOBAHMSA: OCHOBHOM CTeK M cTek npouecca. Cnegytowmii pernctp R14 HasbiBaeTcs pernctpomM CBSA3W.
OH ncnonb3yeTca Ans XxpaHeHus agpeca Bo3epaTta u3 nognporpammbl. bnarogaps Hemy, LMY Cortex 6bicTpo nepexoauT K
noanporpaMMme u BbIXoauT M3 Hee. Ecnn xe B nporpaMme UCNonb3yeTcs HECKOMbKO YPOBHEN BIIOXEHWI NoAanporpaMm, To
KoMmnunaTop bygeT aBTomatuyeckn coxpaHaTe R14 B ctek. MNocnegHuii permctp R15 - cyeTumk nporpammbl; NOCKOMbKY OH
ABMSAETCA YaCTblO LieHTpanbHOro perMcTpoBoro ganna, ero YteHne n obpabotka MOXET BbINOMHATLCS aHarNorMyHo Nodbim
OPYrMM perncTpam.

Main

R10O

R11

R12 Process
Yiasatens cteka | oiElGS] SP
Pervctp ceAsm | 20100

CYeT4MK nporpammel | 2 (s

Y LUNY Cortex-M3 nmeetcs peructpoBbin cann, coctoswmm us 16 32-6MTHbIX perncTpoB. Takxke Kak u y
npegwecTtByrowmx LMY ARM7/9 pernctp R13 BbicTynaeT B ponu ykasartens cteka. R14 - peructp cesasu, R15 -
cyeT4uK nporpammbl. R13 siBnsieTcs 6aHKOBbLIM perucTpom, 4to nossonsiet Cortex-M3 paboTtatb ¢ ABYMS CTEKaMu:
CTEKOM fpoLiecca U OCHOBHbIM CTEKOM

2.3.2.1. XPSR

Mommnmo permctpoBoro darina, uMeeTcs OTAENbHbIA PETUCTP, KOTOPbIA Ha3blBA€TCSl PErMCTPOM cTaTyca nporpammbl. OH
He BXOOWT B OCHOBHOW PEerMcTpoBbi danrn, a AOCTYN K HEMY BO3MOXEH C MOMOLLbIO ABYX cneumanbHblX MHCTPYKUnA. B
XPSR xpaHaTca 3HadeHus nonen, BAMSIOLWNX Ha UCNonHeHne nHetTpykumi LMY Cortex.

| 26 25 24 21 1§ 15 id B 7 1]
N zZc Vv QIcr/IT T ICI/IT e Howep ISR

ISR - npougaypa oDpadoTHA NpepsIBaHMA
ICI - BO20DOHOBNAEHMAA NPEepLIEAHMEM HHCTPYKLMA
PerncTtp ctatyca nporpammMbl cogepXuT NMoJisi cTaTyca, OT KOTOPbIX 3aBUCUT UCNOJTHEHUE UHCTPYKUMA. [laHHbIN

perucTp pasgeneH elle Ha TPU perucTpa: permcTpbl cTaTyca NpUKNagHon NporpaMmmbl, UICMOSTHEHUA NPOrpaMMbl U
npepbiBaHUM

Butbl pernctpa xPSR pasgeneHbl Ha Tpu rpynnbl, K KaXdoW W3 KOTOPbIX BO3MOXEH [AOCTyn Mo COBCTBEHHOMY
HammeHoBaHWO. BepxHune nate 6uT (dnarm koda ycrnoBws) MMEHYIOTCA PerncTpoM craTyca MpWKNagHoOW nporpammbl.
MepBble YeTbipe dnara koga ycnosusa N, Z, C, V (nHamkauus otpuuartensHoro (N) unu Hynesoro (Z) pesynbrarta, nepeHoca
(C) n nepenonHenus (V)) yctaHaBnNmMBaKTCs M cOpacbIBAOTCS MO MTOram BbIMOSTHEHUS MHCTPYKUUKM 0O6paboTKM AaHHbIX.
Matein 6GUT Q ucnonb3yeTcd Npu BbIMNOMIHEHMWM MaTeMaTUYEeCKUX WMHCTPYKUUA C HacblLLEHUEeM anropuTtMoB LUmndpoBOn
obpabotkn curHanos (LOC) gna uHAvKaumym [JOCTWKEHWS NEPEMEHHOW CBOEro MakCUMarbHOro WM MWHWManbHOro
3Ha4veHus. Takke kak n 32-6utHble HCTpyKuumn ARM, HekoTopble MHCTPYKUMM Thumb-2 BLINONHATCA TONBKO NpY yCroBun
COBMafieHns1 Kofda YCMoBUS MHCTPYKUMU WM COCTOSIHUA priaroB peructpa crartyca npukragHow nporpammbl. Ecnv koabl



YCMNOBNS WHCTPYKUMM He COBMagalT, TO WHCTPYKUMA MpoxoauT no KoHeenepy kak NOP (HeT onepauun). 3Tum
rapaHTUpyeTcs pPaBHOMEPHOCTb MNPOXOXAEHUS WHCTPYKUMI MO KOHBEWepy W MUHMMU3NPYETCH YUCRO nepesarpysok
KoHBenepa. Y Cortex gaHHbIi cnocob paclumpeH permcTpom cratyca UCMOSIHEHUSI MporpamMMbl, KOTOPLIN CBA3aH ¢ butamm
26...8 peructpa xPSR. 3101 pernctp coctout 13 tpex nonen: none "If then" (IT), none Bo306GHOBNSAEMON NMpepbIBaHNEM
WHCTPYKUUN 1 nomne MHCTpykumm Thumb. Habop wHcTpykuuin Thumb-2 peanusyeT apdeKTUBHbLIA METOA BbIMNOSIHEHWS
KOMMaKTHbIX 6r10koB MHCTPykumi Tuna 'if then'. Ecnv npoBepsemoe ycrnoBme UCTUHHO, 3anucblo 3HaveHns B none IT MoxHo
curHanusmposaTb LMY o HeobxooumocCTV BbINOMHEHMS OO0 YeTbipex cneaylowmx MHCTpykuuin. Ecnu xe nposepsemoe
yCrnoBue - NOXHoe, TO AaHHble WHCTPYKUMWM nponadyT no kKoHserepy kak NOP. Hwxe npuBoauTcs npumep KOAMPOBaHWUS
TUNWYHOW CTPOKM Nporpammel Ha Cu:

If (ro ==0)
CMP r0, #0 npoBepka r(0 Ha HOJb

ITTEE EQ ecnm [a, BHIIOJHAKNTCSH Clelyllle OBE MHCTPYKLUN
Then rO = *rl1 +2;

LDR r0, [rl] Barpyska »maHHBX M3 namMaTtu B r0

ADDrO0, #2 croxenue c 2

HecmoTpa Ha TO, 4TO OOMBLWIMHCTBO MHCTPYKUMIA Thumb-2 BbIMOMHAKTCA 3a OOWH LMKI, HECKOJIbKO MHCTPYKLMIA
(Hanpumep, MHCTPYKUMU YTEeHUS/3annucK) TpebyoT ans BbIMOSTHEHNSA HECKOSBKO LMKITOB. YTOObI TOYHO 3HATb BPEMS OTKIMKa
LMY Cortex Ha npepbiBaHWs, OaHHble MWHCTPYKUMW OOMKHbI OblTb npepbiBaembiMU. B cnyvae npexgeBpemMeHHOro
NpeKkpaweHnss WUCMOMHEHNSs WHCTPYKUMU B MNofie BO30OHOBMSIEMbIX MPEPbIBAHUAMU WHCTPYKUUA 3anoMMHaeTcd Homep
cnegylowero permctpa, nognexatiero obpaboTke MHCTPYKUMEN MHOTOKPATHOMO YTEHUS unu 3anucu. Takum obpasom, cpasy
nocne 3aBepLueHus npouenypbl 06paboTkM NpepbiBaHUS, BbINONTHEHWE WMHCTPYKLMM MHOFOKPATHOMO YTEHUs/3annucu MoxeT
ObITb BOccTaHoBrneHo. ocnegHee none Thumb npegycmoTpeHo Ans coBmMecTMMOCTM ¢ npeawectsytowmmn LMY ARM.
[aHHoe none curHanuaupyeT, 4TO B AaHHbI MOMeHT LMY BbinonHseT uHctpykuuio ARM unm Thumb. Y LMY Cortex-M3
OaHHbI OWUT Bcergda paBeH eguHuue. HakoHel, B none craTtyca npepbiBaHus XpaHuTca WHdopmaums o nobbix
NPUOCTaHOBIEHHbIX 3anpocax NpepbiBaHuS.

2.3.3. Pexxumbl paboTtbl LMY

HecmoTpsa Ha T0, yTtO npoueccop Cortex paspabaTtbiBancs kak GbiCTpogencTeylollee, NpocToe B MCMNONb30BaHUN U C
MarnbIM YMCIIOM JIOTMYECKMX 3NIEMEHTOB MUKPOKOHTPOMMepHoe S4po, B Hem Obina yyteHa nogaepxka OCPB. [NMpoueccop
Cortex nogaepxuBaeT fBa pexuma paboTbl: pexum Thread (MnvM MOTOKOBLIN pexum) n pexnm Handler (unu pexum
obpabotumka). LMY 3anyckaetca B pexume Thread npu HenpepbiBaemMoM, (POHOBOM BbINOMHEHUM WHCTPYKUMA U
nepekntoyaetca B pexxum Handler npu o6paboTke mckntountensHbix cutyauun. Kpome toro, LMY Cortex MoxeT BbINONHATL
KoA nporpamMmmbl B NPUBUAErMPOBAHHOM UMM HEMPUBUNErMPOBaHHOM pexume. B npusunernposaHHom pexume, LMY umeet
JOCTyn KO BCeMmy Habopy WHCTPYKUWA, a B HENPUBUIENMPOBAHHOM PEXUME HEKOTOpble WHCTPYKUMM OTKIHYarTCs
(Hanpumep, MHCcTpykuMn MRS n MSR, ocywecTtenswowme goctyn k permctpy XPSR n ero 6utoBeiM rpynnam). B atom
pexnMe Takke OTKMYaeTcsl 4OCTyN K OOMbLUMHCTBY PErMCTPOB YNpaBlieHnst CUCTEMHBIMU pecypcamu npoueccopa Cortex.
Takke MOXHO CKOH(UIypMpoBaTb Mcnonb3oBaHne cteka. OcHoBHon cTek (R13) MOXeT ncnonb3oBatbCcs B 000MX pexnmax
Thread n Handler. AnbTepHatuBHO, pexum Handler MOXHO HacTpouTb Ha UCMONb30BaHWE CTeka npouecca (6aHKoBbIV
pernctp R13).

NPHBHNE- OTKazkl

Cynepen3opHLIA -
pesicnu Handler TMPOBAHHBIH e EEEPHBM“H
poc

oc

CHCTEHHBIA BbIZOB
(5V-BbI30B)
HEONpEeAeneHHoN
MHCTPYKLNM
Monb3oBaTenbckuit HENPHBHE-

pesicun Thread TMPOBAHHbIA

MNamAaTs:
- HHCTPYKUMKH
- AdHHbIE
Mpoueccop Cortex-M3 moxeT ucnonb3oBatbcs B 06bIYHOM pexume (‘flat’), a Takke nognepxuBaeT onepayUoOHHbIe
CuUCTeMbl pearnibHOro BpemMeHu. Y Hero npegycmoTpeHbl pexnmbl Handler u Thread ¢ BoamoxHocTsimm BbiGopa
MCNoJIb3yeMOoro cTeka (OCHOBHOM CTEK UIIN CTeK npolecca) U NpMBUIIErMpoBaHHOro A4OCTyna K perucrpam
ynpaBneHusi cucteMHbIMu pecypcamu Cortex




Onepauum (nocrne cbpoca - -
PENTT P Crek (nocne cbpoca - OCHOBHOMW CTEK)

NPUBUINErMPOBaHHLIE)
Handler .

MpusunernposaHHoe ncnonHeHne |OcHoBHOM cTek ucnonb3dyetca OC v npu
- 06paboTka UCKIHYNTENBHBIX .
cuTyaUMi MonHoe ynpaBneHune 006paboTKe NCKMIOYMTENBHBIX CUTYaLNIA

Pexunmsbl

(Thread) | Thread
- UCKMoYnTEnNbHbIE cuTyauun |MpuBunernpoBaHHble/

He obpabaTtbiBatoTcs HeNpuBUIErMpoBaHHbIE
- 0Obl4HOE BbINOMHEHNE Koaa

OcHoBHON CTEK MnNu CTek npouecca

Cpasy nocne cbpoca npoueccop Cortex 3anyckaetca B koHdurypaumm ‘flat'. B oboux pexumax, Thread n Handler,
WHCTPYKLUWN BbIMOMHSAIOTCA B NPUBUMETMPOBAHHOM peXume, T.0. Kakme-nnbo orpaHnmyeHus Ha JOCTyn K MpoLeCCOpHbIM
pecypcam oTcyTcTByloT. B pexumax Thread u Handler ncnonb3yetcs OCHOBHOW cTek. YToObl HayaTb BbINOJIHEHUE
WHCTPYKUUIA, JOCTAaTOYHO yKa3aTb NpoLeccopy BeKTop cbpoca M CTapTOBbINM agpec CTeka, MOCHe Yero MOXHO BbIMOSHATb
Cu-kog nporpammbl. OpgHako, ecnu ucnonbdyetcs OCPB unu BbinonHsieTcs paspaboTka KpUTUMYHOrO K 6e3onacHocTu
NPUNOXEHNSs], MPOLLECCOP MOXET MCMONb30BaTbCsA B Goree M3oLpPEeHHON KoOHurypaumm: pexnm Handler (ncnonb3yeTcsa npu
06paboTKe WUCKMIOYUTENBHBIX CUTYyauMn M OnepauMoHHbIMU CMCTEMaMM peanibHOro BpeMEHW) C MNpYBUIErMpOBaHHbLIMU
onepauMsiMM U WCMONb30BAHMEM OCHOBHOMO CcTeka W pexum Thread npu  MCNOMHEHWM MpUKNAgHOrO kKoda ¢
HEeNpMBWUMIErMpoBaHHbIM AOCTYMOM M WUCMONb30BaHWEM cTeka npouecca. lNpu Takom noaxoge, BeCb ko Mporpammbl
pasgensieTcs Ha CUCTEMHBIN Y NPUKagHoOW 1, NO3TOMY, OLWMBKKM B NpukNagHoM kofde He BbidbiBatoT cboeB OCPB.

2.3.4. Ha6op uHcTpykumn Thumb-2

LMY ARM7 n ARM9 nogaepxusatoT aea Habopa MHCTpykuuin: 32-6utHbin ARM 1 16-6utHein Thumb. Bnarogaps atomy,
pa3paboTynk MMeeT BO3MOXHOCTb ONTMMU3NPOBATL CBOK MporpaMmy MyTeM MCMONb30BaHMsA Gonee onTumansHoro Habopa
WHCTPYKUUIA ONs KaKOOW KOHKPEeTHOW npoueaypbl: 32-6UTHble MHCTPyKUMKM, raoe Oomnee BaxHO ObicTpogencrtsue, n 16-
OuTHble, rae 6onee BaxHa NNoTHOCTb koga. LIMY Cortex nogaepxmBaeT Habop MHCTpyKumin Thumb-2, KOTOpbIN SABRASOTCS
cMecbito 16- 1 32-6UTHbIX MHCTPYKUMIA. MHCTpyKumm thumb-2 gatoT ynyyiieHne nnoTHOCTM Koda Ha 26% no cpaBHEHUIo ¢ 32-
OUTHBIMM UHCTPYKUMAMM ARM n npoussogutenbHOCTM Ha 25% no cpaBHEHU C 16-OUTHbIMU MHCTPYKUuuaMn Thumb. B
Habope nHcTpyKkumii Thumb-2 npegyCMOTPEHO HECKOMNBbKO YIyYLIEHHbIX MHCTPYKUMIA YMHOXEHUS, UCNOMNHSIOWMXCH 3a OAMH
LMKM, U annapaTtHbIA genutens, Tpebylowmi 2...7 LUKoB.

CORTEX-M3
DMIPS ARM966 (ARM)

funy
Mo utoram TectupoBaHusa npoueccop Cortex AeMOHCTpPMpYyeT YpoBeHb NpousBoautensHoctn 1.2 DMIPS/MI'y, yto
3KBUBANIEHTHO 1.2 LMKNaM CUMHXPOHU3ALMM Ha MHCTPYKLUIO

UctouHuk  |HasHauyeHue |Linknbl
16 6uT x 16 6ut| 32 OUT 1
3206uT x 16 6UT| 32 OUT 1
32 6ut x 32 6ut| 32 out 1
3206uT x 32 6UuT| 64 6UT 3..7%

B Habope uHCTpykuuin Thumb-2 Takke npegyCMOTPEHb! YryYlIEHHbIE MHCTPYKLMU NEPEXonoB, B T.4. C MPOBEPKOW U
cpaBHeHWeM; Onoku ycrnoBHOro BhINOMHEHWst Tuna if/fthen n ynopspgounBaHue 6anT gna obpaboTkM AaHHbIX; a Takke
WHCTPYKUMN n3BreveHus 6ant wnm nonycnos. byayun RISC-npoueccopom, LMY Cortex obnagaet obwmpHbIM Habopom
WHCTPYKLUUIA, KOTOPbIA creunansHo pa3paboTaH ¢ y4eTOM ero Mcrnonb3oBaHusa Cu-komMnunaTopom. TunmnyHasi nporpamma
ansa Cortex-M3 MmoxeT ObITb NOMAHOCTLIO HanMcaHa Ha ANSI Cu ¢ MMHUMabHbBIM YMucriom HecoBMecTUMbIX ¢ ANSI krtoueBbIx
CIOB, 3a UCKMNOYEHNEM TabnuLbl BEKTOPOB UCKITHOYMTENBHBIX CUTYaLMI, KOTOpyo Heobxoaumo Hanncatb Ha Accembnepe.




2.3.5. Kapta namatu

Mpoueccop Cortex-M3 gBnsieTca cTaHOapTM30BaHHLIM MUKPOKOHTPONMEPHbIM SAPOM U, MO3TOMY, €ro Kapta namsitu
4YeTKO pacnucaHa. HecmoTps Ha UCNOMb30BaHUE HECKONbKUX BHYTPEHHWX LUWMH, aJpecHOe MNPOCTPaHCTBO SBNAETCS
NHENHbIM 1 MeeT pa3mep 4 [6anT.

MepBble 1 [GanT NnamaTh pasgeneHsl paBHOMEPHO Mexay obnacTblo Koga nporpaMmmbl M obnacteto ctatudeckoro O3Y.
MpocTpaHCTBO Kofa nporpaMmmbl ONTUMU3MPOBAHO Ans paboTsl ¢ wnHon [-Code. AHanorm4Ho, NPOCTPaHCTBO CTATUYECKOrO
OB8Y poctynHo yepes3 wuHy D-code. HecmoTps Ha TO, 4to B obnactm crtatudeckoro O3Y nopaepXkuBaetcsa 3arpyska u
NCMNOSMHEHNE MHCTPYKLMIA, X BbIOOPKa OCYLLECTBNSETCA YePE3 CUCTEMHYIO LUMHY, YTO TPeOyeT JONOMHUTENBHOMO COCTOSHUSA
oXunaaHus.

Taknm obpasom, BbIMONHEHWE koda nporpammbl u3 ctatndeckoro O3Y Gyaet 6onee MearneHHbIM, YEM U3 BCTPOEHHOM
Flash namsaTn, pacnonoxeHHon B obnactu koga nporpammel. Cnegytowme 0.5 M6ant namsaTh - obnacte BCTpoeHHbIX YBB. B
3TON obracTn HaxodsTcs Bce MpedocTaBrnsieMble Nofb30oBaTerno Npou3BoauTerneM MUKPOKOHTponnepa YBB. lNepsbie 1
M6aiT B obnactax cratudeckoro O3Y n YBB saBnsatoTca butHoagpecyembimu. [Ina atoro ucnone3dyetca metog bit banding.
Taknum obpas3om, BCe AaHHble, XpaHAWwMecs B 3TMX obnactsax, mMoryT obpabaTbiBaTbCA Kak MOCIOBHO, Tak M MOBUTHO.
Crnepyowme 2 6anT agpecHoOro NpoCTpaHCTBa BblgeNeHbl Ansi BHEWHNX ctatnyeckoro O3Y u YBB. MocnegHue 0.5 M6ant
3apesepBupoOBaHbl AN CUCTEMHBbIX pecypcoB npoueccopa Cortex n 6yaywmx pacwwupeHun npoueccopa Cortex. Bce
pernctpbl npoueccopa Cortex pacnonoxeHbl No @UKCUPOBaHHLIM agpecam Bo Bcex Cortex-MYKpoKoHTponnepax.
Bnarogaps aTomy, obnerdaetca noptTupoBaHue nporpamm mexgy pasnuuHsiMu MK STM32 n Cortex-MukpokoHTponnepamm
OpYyrux nponssoanTenen.

Ons npouyeccopa Cortex-M3 onpegeneHa doMKcMpoBaHHaA KapTa NnaMATH pa3mepom 4 F6anT, B KOTOPOMN BbigeneHbl
KOHKpeTHble 06nacTu AnsA xpaHeHUs Koga nporpaMmmbl, ctatudeckoro O3Y, ycTpocTB BBOAA-BbIBOAA, BHELUHEN
NamMATU N YCTPOMCTB, a TaKKe CUCTEMHbIX pernctpoB Cortex. [laHHas kapTa namAaTM oguHakoBa ans Bcex Cortex-
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Habop mHcTpykumn ARM7 1 ARM9 nmeeT BO3MOXHOCTb AOCTYMNa K 3HAKOBbIM 1 DE€33HAKOBbIM NepeMeHHbIM Tuna 6anT,
nonycnoso u cnoso. bnarogaps atomy, LMY ectectBeHHbIM 06pa3om nogaepxveaeT LienodyncrieHHble nepemMeHHble 6e3
HeoBbX0AMMOCTU UCMNOMb30BaHNS NporpamMHblx 6ubnuoTek, kak B criydae 8- n 16-6uTHbIX MUKpOKOHTponnepos. OgHako y
npepwecteyowmx LMY ARM ecTb oaMH HeOoCTaToK, KOTOPbIA 3aKmyaeTcs B MX CMOCOBHOCTM onepupoBaTb TOMbKO C
BcnegcteBue aToro nuHKep  komnunatopa  HeddhdEKTUBHO
pasmellaeT gaHHble B ctatudeckom O3Y u HekoTopas ero yacTb OyaeT notepsiHa. (B 3aBucumocTu OT komGuHaLMM

Hed)paFMeHTMpOBaHHbIMI/I cnoBamn UM nosnycnoBamu.
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2.3.6. loctyn K hparMeHTUpOBaHHbIM AAHHbLIM

ncnonb3yeMbIX NepeMeHHbIX NoTepu MoryT gocturatb 25%.)
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NpocTpPaHCcTEO
Cortex-M3 moxeT ocylwecTBNATbL AOCTYN K (hparMeHTUPOBaHHbIM AaHHbIM, YTO rapaHTupyeT 3¢peKTUBHOCTb
ucnonb3oBaHus cTatuyeckoro O3Y
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0x9FFFFFFF

0x60000000
0x5FFFFFFF

0x40000000
0x3FFFFFFF

0x20000000
0x1FFFFFFF

0x00000000



UMy Cortex nopgepxvMBaeT pexuMmbl agpecauuMn Ond  Ccrnos, MOMycnoB, 6awT W MOXET OCyLecTBAATb
hparMeHTUPOBaHHbIA AOCTYN K AaHHbIM. bnarogapsa aTtomy, NMMHKepy KOMNunaTopa npegocTaBnsieTcd nonHasd csobopa B
0O4YepedHoOCTN pasMelleHust gaHHbix B namatn. Kpome Toro, noggepxuBaemas LMY Cortex Bo3amoxHocTb bit banding
no3BonseT rpynnmpoBaTh drary nporpamMmmbl B NepeMeHHbIe TUMa CoOBO MMM MOJTYCrIOBO, @ He MCNONb30BaTb ANA KaXK4oro
dnara oTaenbHbIN GanT.

2.3.7. MeTtop "Bit Banding"

Y npegwectaytowmnx LMY ARM7 n ARM9 6utosble onepauun B ctatmdeckom O3Y MOXHO ObINio BbINOMHATL TOMBKO C
nomoubto MHeTpykumin AND 1 OR. [Ins aToro Heo6xoammo BbINoNHUTL nocnegosartenbHocTs Y TEHUE - MOONOUKALNA -
3AMNNCb. OpHako MCMoONb3oBaHME 3TOr0 MEeToAda MNPMBOAWUT K YPE3MEPHOMY PacXOdOBaHMIO KOMMYECTBA UMKIIOB Ha
BbINOSHEHWNE YCTAaHOBKU N cOpoca OTAENbHbBIX OUT 1 YBENUYEHNIO PE3YNbTMPYIOLLIETNO Koga NporpaMmel.

OTKNWUYeHHE BHEWHMX COGHTHA

C 32 BT

YHrenue Gaita (03Y. pervcTtp) .
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MeTop bit banding nozBonsieT BbINONHATL GUTOBLIE onepauyu Npu coxpaHeHuu nornyeckux seHtunen LMY Cortex-
M3 Ha MMHMManNbHOM YpPOBHe

MpeogoneTb faHHOE OrpaHMYeHne MOXHO, ecrnv NpeaycMOoTpeTb OTAerNbHblE MHCTPYKUMM cOpoca 1 YCTaHOBKU OUT mnu
WHTErpnpoBaTb NOMHOMYHKLMOHAMNbHBIN npoLeccop 6utoBor 06paboTkM, OOHAKO 3TO NMPUBEAET K YBENMYEHUIO pa3MepoB U
cnoxHoctn LIMY. BmecTto atoro, cnocob, HasbiBaembivi bit banding, no3sonsieT HanpsMmyio BO34EeNCTBOBATb Ha OUTbI B
namstn u3 obnacten YBB wn cratudeckoro O3Y, He wucnonb3ys npyv 3TOM Kakux-Nnbo chneumanbHbIX WHCTPYKLMA.
ButHoagpecyemble obnactu kapTel namaTn Cortex pasgeneHbl Ha ABe YacTu: obnacTb xpaHeHust 6uT (B Hee BxogAaT Ao 1
M6ant cumsundeckorn namaTm unm permctpos YBB) n obnactb goctyna k 6utam, kotopas 3aHMMaeT o 32 MOanT kapThbl
namsTtu. MNonyunTb JOCTYN K KaXXgoMy OoTAernbHOMY BUTy u3 obractu xpaHeHus GUT MOXXHO NO COOTBETCTBYIOLLEMY adpecy
cnosa 13 obnactu goctyna k 6utam. Takum obpasom, ecrnim BbINOMHATL 3anncb No agpecy B obnactu goctyna Kk butam Ha
caMoM ferne Mbl Byaem Bo3dencTBOBaTh Ha 3HaYeHWe onpeaeneHHoro buta B ousnyeckon namsaTu.
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MeTop Bit Banding nognepxuBaetca B obnactax ctatnveckoro O3Y un YBB (nepBbie 1 M6anT), oxBaTbiBas Bce
pecypcbl STM32

B wutore, Mbl MOXeM BO3AENCTBOBaTb Ha 3HayeHWe oTAenbHbiXx OuT, He npuberas, nNpu 3TOM, K UCMNOMb30BaHMUIO
crneumanbHbIX MHCTPYKUMA U COXpaHssa pesynbTupyowime pasmepbl gapa Cortex Ha MMHMManbHO BO3MOXHOM YPOBHE.
UTtobbl ucnonb3oBaTb 3TOT METO4 Ha MpakTuke, HeoOXOAMMO BbIYUCIIUTL agpec crnoBa B obnactu goctyna k GuTam,
KOTOPbIA COOTBETCTBYET 3aJaHHOM A4verkn namstu m3 obnactm YBB unm ctatudeckoro O3Y. BbinonHAeTca 370 Mo
cnepytowen popmyne:



Appec B obnactu goctyna k 6utam = basoBbI agpec obnacTu foctyna k 6utam + CmelleHune agpeca cnosa
AocTyna K bury,

roe CmelleHne agpeca crnoBa goctyna k 6uty = CmelleHme B 6anTax no oTHoweHUo 6asoBomMy agpecy obnacTtu
XpaHeHus 6uT x 0x20 + Homep 6uTa x 4

Ha camom gene Bce ob6CTOWT ropasgo NpoLle, YEM MOXKET MoKas3aTbCs Ha NepBbi B3rNsS4d. PaccmMoTpum npakTu4eckui
npumep. HeobxoamMmo BLIMOMHUTL 3anNncb B BLIXOOHOW peructp nopta BeoAa-sbiBoga (MBB) anst yctaHoBkM mnn cbpoca
OoTAEenNbHbIX NMMHUIA BBOAA-BbiBOAA. PM3Mdecknii agpec BbixogHoro perucrtpa nopta B - 0x40010COC. Mpegnonoxum, 4to
HY>KHO yCTaHaBnMBaTh 1 cbpackiBaTb OMT 8 aToro pernctpa. Bocnonesyemcsi npMBegeHHOM Bbille OPMYIION:

Agpec csoea = 0x40010C0C

BazoBel anpec objacTu xpaHeHus 6mr YBB = 0x40000000

BaszoBe anmpec objacTu ImocTyna k 6mumram YBB = 0x42000000

CMvemeHme B OaMTax IO OTHOmEHMH 0as30BOMYy alpecy objacTtu xpaHeHus Our = 0x40010CO0C -
0x40000000 = 10cCOC

CMelleHMe azpeca CJjioBa poctyna k 6ury = (0x10C0C x 0x20) +(8x4) = 0x2181A0
Anpec B ofbyacTu pmoctTyna k O6uram = 0x42000000 + O0x2181A0 = 0x422181A0

Tenepb Mbl MOXXEeM CO30aTb YKadaTeslb Ha 3TOT aAapecC C NOMOLLbIO Cﬂeﬂ,}/IOIJJ,eIZ CI/I-CTpOKVIZ

#define PortBbit8 (*((volatile unsigned long *) 0x422181A0 ))

Mocne aToro, 3TOT yKasaTenb MOXHO MUCMOoNb30BaTh AN YCTaHOBKM U cOpoca out MNBB:

PB8 = 1; //BkioYUaeM CBETONMOI

Mocne komnunsauumn 6yoyT creHepmpoBaHbl criegyoLme accembnepHble MHCTPYKLUK:

MOVS r0, #0x01
LDR rl, [pc, #104]
STR r0, [rl, #0x00]

[ns oTknoyeHnsa ceeToanona MCnoJib3yeM CTPOKY:

}PBS = 0; // oTkjoYaeM CBETOIMOZN

Eit cooTBETCTBYIOT CrieaytoLume accembrepHble MHCTPYKLUMN:

MOVS r0, #0x00
LDR rl, [pc, #88]
STR r0, [rl, #0x00]

Takum o6pasomMm, AONg ycTaHOBKM unmM cbpoca 6uTa HeobXxoaMMO BbIMONMHUTL TpU  16-BUTHBLIX WHCTPYKLMW.
MukpokoHTponnep STM32, paboTtatowmii Ha YactoTe 72 MI'Y, BoINONHUT ux 3a 80 HC. AnbTEpPHATMBHO YCTaHOBKY uUnun cbpoc
Bu1Ta MOXHO BbINOMHUTL, €CIN NPUMEHUTb Noruyeckyto onepauuio "VITN" nnn "U" ko Bcemy cnosy 13 obnactu xpaHeHus eut
YBB unu ctatudeckoro O3Y:

GPIOB->ODR |= 0x00000100; //BrjnueHMre CBETOOMOIA
LDR rO0, [pc, #68]
ADDS r0,r0,#0x08
LDR r0, [0, #0x00]
ORR r0,r0,#0x100
LDR rl, [pc, #64]
STR r0, [rl, #0xCOC]
GPIOB->ODR &=!0x00000100; //OrkJjouyeHue CBETOIOMOILA
LDR r0, [pc, #40]
ADDS r0,r0, #0x08
LDR r0, [r0, #0x00]
MOVS r0, #0x00
LDR rl, [pc, #40]
STR r0, [rl, #0xCOC]




Ho B Takom cnyyae, ogHa onepauusi yCTaHOBKu/cOpoca noTpebyeT BbINOMHEHN cMecn 16- 1 32-GUTHBIX MHCTPYKLMHA,
KOTOpble 3aNMyT MUHUMYM 14 GalT u Ha TOM Xe TaKTOBOMW 4acToTe OyayT BbIMOMHATLCA Kak MMHMMYM 180 HcC. Takum
obpasom, B nporpamme, rge UCnonb3yeTcsl ycTaHOBKa/cbpoc MHOxecTBa O6uT B pernctpax YBB, a Takke npumeHsitoTcs
cemacpopbl 1 cdnarm B cratndeckom O3Y, ucnonb3oBaHne metoga bit banding no3BonuT CyLeCTBEHHO COKOHOMWTb, Kak
pasmep koga nporpaMmmbl, Tak U BpEMS ero BbIMOSIHEHUS.

2.4. NMpoueccop Cortex

2.4.1. WuHbI

Mpoueccop Cortex-M3 BbinonHeH no MapBapAcCkon apxmMTeKType, koTopas nogpasyMeBaeT UCNONb30BaHNE pasgerbHbiX
LWMH OaHHbIX U MHCTPYyKuun. OHM HasbiBatoTcs WwWnHon Dcode u Icode, cootBeTcTBEHHO. O6€E 3TN LWNHBI MOTYT OCYLLIECTBNATD
JOCTYN K MHCTPYKUMSM M AJaHHbIM B AuanasoHe agpecoB 0x00000000 - Ox1FFFFFFF. Takke umeeTcs OONONHUTENbHAas
CUCTEMHas LWMHa, KOoTopas NpedocTaBnsieT AOCTyn K obriactu cucTeMHoro ynpaeneHust no agpecam 0x20000000-
OxDFFFFFFF n 0xE0100000-OxFFFFFFFF. ¥ BCTpOeHHOW OTnagoyHoOM cuctemMbl npoueccopa Cortex umeercs ewe ogHa
OOMONHUTENbHAs LWMHHAsA CTPYKTypa, KOTopas HasbiBaeTcs fokanbHou wuHon YBB (Private Peripheral Bus, PPB).

2.4.2. MaTpumua WINH

CncTteMHas WMHa U LWIMHA AaHHbIX NOAKMYATCA K BHELUHEMY MWKPOKOHTPOINEpPY Yepe3 Habop BbICOKOCKOPOCTHBLIX
WKWH, Ha3blBaeMbix MaTpuuen wmH. OHa obpasyeT HEecKOoNnbKO napanfesnbHbiX COoeavHeHUn mexay wmHamu Cortex u
OPYTVMW BHELUHVMMM LUMHHBIMKM MacTepamu, Kak Hanpumep, kaHanbl [OIM kK BCTpoeHHbIM pecypcam, ctatndeckoe O3Y wm
YBB. Ecnu gBa wuHHbIX MacTtepa (Hanpumep, LMY Cortex n kanan MAMN) npegnpuHMMaloT nonbITKy 4OCTyna K OgHOMY U
TomMy e YBB, TO BCTynuT B OEWCTBUE BHYTPEHHUI apOuTp, KOTOPLIN paspelumT KOHQIUKT, NpeaoCcTaBuB AOCTYM K LUMHE
TOMYy, KTO MMeeT HawmBbicWwnin npuoputeT. OpHako, Gnarogaps TecHow B3ammocBssum 6nokoe AN ¢ LMY Cortex,
HeobxooMMOCTb apbuTpaxa BO MHOIMMX Crnydasix uckrnodaeTcs. B atom mbl y6eanmmcst npy paccMoOTpeHMM oCcoBeHHoCTen
onoka Mnari.

2.4.3. CucteMHbIU Tanmep

B sgpo Cortex BXoaWUT 24-OGUTHBLIN BbIYMTAOLWUA CHETYMK C PYHKLUUAMWU aBTOMaTUYECKOW Mepesarpys3ku u reHepaumm
npepbiBaHns. OH Ha3biBaeTca Tanmepom SysTick U npegHasHavyeH Ang UCNorb30BaHUA B Ka4yecTBe CTaH4apTHOro Tanmepa
Bo Bcex Cortex-mukpokoHTponnepax. Tanmep SysTick mMoxeT mcnonb3oBaTbCs AN (POPMUPOBAHUSA LUKamNbl BPpeMEHU B
OCPB vnu gnsa reHepaumm nepmoguydecknx npepbiBaHMn ana o6paboTku 3annaHMpoBaHHbIX 3agad. C nomoLblo permctpa
ynpaBneHus u ctaTyca Tanmepa SysTick, KoTopbii pacnonoxeH B obnactn cucteMHbIx pecypcoB npoueccopa Cortex-M3,
nonb3oBaTenb MOXET BbIOpaTb WUCTOYHWK CUHXPOHM3auuu Tammepa. Ecnm yctaHoButb 6ut CLKSOURCE, 10 Tanmep
SysTick 6yget pabortaTb Ha TakToBOoM 4actote LIMY. Ecnm xe ero cbpocutb, TO Taimep bymeTt paboTtaTb Ha vacTtoTte,
paBHoM 1/8 TakToBOW YacToThbl LIMTY.

SYSTICK

YnpaeneHue

W CTaTyC
Mepesarpyx#aemoe
3Ha4yeHue
Tekyllee 3HaYeHUe

Tanmep SysTick - 24-6MTHLIN aBTOMaTU4YeCKU-Nepe3arpykaeMbii Taumep, ABNAIOWUIACSH YacTbIO Npoueccopa
Cortex-M3. OH npegHa3sHaueH Ans (bopMMPOBaHUS LWKaNbl BPEMeHU B onepalMoHHbIX cMcTeMax peanibHOro
BpeMeHu

Y Tanmepa SysTick umeetcss Tpu peructpa. [Ons 3agaHns NepuoguMyHOCTU cyeTa HeoOXOAMMO MHUUManvM3upoBaTtb
PervcTp TEKyLLEero 3Ha4YeHns 1 perncTp nepesarpykaemoro 3HadeHusi. B perncrpe ynpaBneHus un ctatyca nMmeroTcs tuthbl
ENABLE, nossonstowmin aktmemusnpoBaTb paboty Tanmepa, un TICKINT, ynpaBnstowwmii akTUBHOCTBIO JIMHUKW MpepbiBaHUs
Tanmepa. [lanee mbl Gyaem paccmaTpyBaTb CTPYKTYpy npepbiBaHum Cortex n mcnonb3oBaHue Tammepa SysTick ans
reHepauny NepBon UCKIIOYUTENBHON CUTYaumMmn B MUKPOKOHTpornnepe STM32.



2.4.4. ObpaboTKa npepbiBaHUN

OagHvMK 13 rnaBHbIX ycoBeplueHcTBoBaHMM sapa Cortex no cpaBHeHuto ¢ npepwecteyowiumn LMY ARM asngatoTtca
CTPYKTypa MNpepbiBaHWiA N MexaHn3M obpaboTku MUcKMounUTenbHbIX cutyaumi. LMY ARM7 n ARM9 ucnonb3oBanu gee
NIVHUK NpepbIBaHUS: ObICTPOOENCTBYIOLAS NNHUSA NPEPLIBAHUSA U NMUHUSA NPEpbIBaHNs 00Lero HasHavyeHus. [aHHble NMHUK
NoAdepKMBanm BCe NCTOYHMKN MPEepPbIBAHUIN B pamMKax MUKPOKOHTPOIIEpa KOHKpeTHOro nponssogutensi. OgHako, HecmoTps
Ha UCMonb30BaHWEe Kasanocb Obl OOUHAKOBbLIX MOAXOAO0B, KOHKpPETHas peanu3auus Morfla oTnvMyaTbCa Mexay pasHbiMU
npoussogutenamm MK. Ctpyktype npepbiBaHni ARM7 n ARM9 cBoicTBeHHbI elle aBe npobnembl. Bo-nepsbix, oHa
HeJeTepMUHNCTMYECKas, T.K. BpeMs, KOTOpoe TpebyeTcda Ha 3aBeplueHune TeKylewn WHCTPYKUMM NpU BO3HMKHOBEHMU
npepbiBaHNs HEMOCTOAHHO. KOHEYHO e, BO MHOIMX MPUITOXEHMAX 9TO He co3gaeT npobnem, HO B cucTemMax pearibHOro
BPEMEHN MOTYT BO3HWKHYTb OonblUMe TpyaHOCTU. BO-BTOPLIX, MOAAEPKKA BIOXEHHbIX NpepbiBaHUn B apxmutektype ARM7 n
ARMS9 peanusoBaHa HeaeKkTMBHO U TpebyeT HanncaHus OOMOMHUTENbHbLIX KOAOB MporpaMMbl B Buae acceMbnepHbix
makpocoB mnn OCPB. Takum obpasom, KnyeBOM 3agaden, koTopas crosna nepeq paspabotumkamu agpa Cortex,
SBNSANacb MpeoforieHne BcexX 3TUX OrpaHuyeHuMn M paspaboTka CTaHOAPTHOW CTPYKTYpbl MPEepbIBaHWA, OTNMYaloLencs
npegenbHbIM ObICTPOOENCTBUEM N AETEPMUHUCTUHHOCTBHO.

2.4.5. KoHTponnep BIOXEeHHbIX BEKTOPM3OBaHHbIX NpepbiBaHNN

KoHTponnep BMOXeHHbIX BEKTOPU30OBaHHbIX npepbiBaHui (KBBI1) siBnaetca ctangapTHeiM G6nokoM sgpa Cortex. 910
O3HavaeT, 4to y nboro Cortex-mMmukpokoHTponnepa OyaeT MNpMCyTCTBOBaTb OOHA M Ta Xe CTPyKTypa npepbiBaHWN,
He3aBMCMMO OT ero npomssBoauTens. Takum o6pa3om, MNpPUKNagHOM KOO W OnepauuoHHble CUCTEMbI MOXHO Ierko
noptupoBatb ¢ ogHoro MK Ha mnwoboi gpyron n, npu 3TOM, NPOrpaMMmUcCTy He noTpebyeTcsa mM3yyeHne HOBOro Habopa
peructpos. [pu paspaboTtke KBBI1 Taike yunTbiBanock, 4To 3afepxka pearmpoBaHus Ha npepbiBaHue JomkHa BblTb O4YeHb
manon. [laHHas 3agaya pelleHa OBOSIKMM obBpasoM: cobctBeHHO Bo3damoxHocTamu KBBI, a Takke HabopoM MHCTPYKLMI
Thumb-2, mMHOrouvknoBble WMHCTPYKLUUM KOTOPOrO, Kak HamnpuMep, UHCTPYKLMU MHOFOKPATHOrO YTeHus/3anucu, ABnstoTcs
npepbiBaeMbiMU. 3adepka pearmpoBaHus Ha MpepbliBaHWE TO Xe ABNSeTCH AeTEPMUHUCTUYHOW, YTO BaXHO ANs CUCTEM
peanbHoro BpeMeHn. Kak criegyeT ns HaumeHosaHus KBBIT, M nogaepxuvBatoTcs BNOXEHHbIE NPepbIBaHNS U, B YHaCTHOCTH,
y MK STM32 wucnone3dyetca 16 ypoBHel npuoputeToB. CTpykTypa npepbiBaHmin KBBI1 paspabotaHa ¢ yyeToM
NporpamMmMmnpoBaHKs MOSTHOCTBIO HA Cu 1 ucknoyaeT NoTpebHOCTb B HAaNMcaHumM Kakmx-nnbo acceMbnepHbiXx MakpOCOB MIu
crneumanbHbIX, HecoBMecTUMbIX ¢ ANSI, oupekTuB.

INTNM| s
— Anpo
1...240 —_—lb NpouUeccopa
NpepbiBaHuA » Cortex-M3
INTISR[239:0] orex
—ine
Cortex-M3

B npoueccop STM32 BxoguT KOHTpOnep BOXEeHHbIX BeKTOPM30BaHHbIX NpepbiBaHUi, nogaepxuBarowmmn go 240
BHewHux YBB

Hecmotpsa Ha TO, yto KBBI1 gBnsietcs ctangapTHbiM 6nokom sgpa Cortex, B UensX MUHUMW3aLMKM KONu4ecTBa
niorm4yeckux BeHTurnen, paspaboTtumk MK MOXeT CkOH(MrypupoBaTb KONMYECTBO NUHWMIA NpepbiBaHvi, vaywmux k KBBIT.
KoHTponnep nogaepxuBaeT OOHO HemMackMpyemoe npepbiBaHve 1 ewe Ao 240 BHEWHUX JIMHWA MpepbiBaHUs, KOTOpble
MOXHO MOOKNIYMTL K nornb3oBaTtensckum YBB. B sape Cortex nogoepxuBaetcsa ewe 15 gONONMHUTENbHLIX MCTOYHUKOB
npepbiBaHNA, UCMNOMb3YOLWMXCA Ans 06paboTkM BHYTPEHHMX MWCKIIOYMTENbHbIX cuTyaumi agpa Cortex. MakcumanbHoe
4YNCIIO Mackmpyembix nNuHUA npepbiBaHusa KBBI mukpokoHTponnepos STM32 paBHo 43.



2.4.5.1. Pabota KBBI1 npu Bxoae B UCKNIOYNTENbHbIE CUTYyaLUU U BbiXoae U3 HUX

Ecnu npepbiBaHne mHuummpyetca YBB, 1o KBBIT nogkntount LMY Cortex k o6paboTke npepbiBaHus. Mocne nepexoaa
LMY Cortex B pexum npepbiBaHUsA, OH NomeLLlaeT Habop perncTpoB B CTeK. ATa onepauust BbIMONHAETCA C MOMOLLLHO
crneumanbHOro MUKpPOKOAa, YTO ynpollaeT npuknagHon kod. B npouecce 3anncu AaHHbIX B CTEK Ha LUMHE WMHCTPYKLMA
ocyulecTBnsieTcd BblOOpKa HadanbHOrO agpeca npoueaypbl obpaboTku npepbiBaHus. bnarogaps atomy, ¢ MOMeHTa
BO3HUKHOBEHUS NPEpPbIBaHNS 4O BbINOMHEHWUSI NEPBOW MHCTPYKLUMM ero 06paboTku NpoxoanT BCero nvib 12 LMKIOB.
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KBBI1 pearnpyeTt Ha 06paboTKy npepbiBaHUA C 3a4epPXKKOM Bcero nuuwb 12 LuuknoB. B HUX BXoauT BbINONHEHNe
MUWKPOKOAa, KOTOPbIM aBTOMaTU4YeCKM NomMeLaeT Habop perncTpoB B CTEK

K 4ncny nomewaembix B CTEK AaHHbLIX OTHOCATCH PErucTp cratyca nporpammbl, CHETYMK MPOrpaMMbl U PEFUCTP CBA3MW.
Bnarogapsa atomy, 3anoMmHaeTcsa COCTosiHME, B koTopom Haxogunochb LMY Cortex CPU. Kpome Toro, Takke coxpaHarTcs
permnctpbl RO - R3. 3TK perncTpbl LWUMPOKO NUCMOMb3YOTCH B UHCTPYKLMAX ONA nepegayn napameTpos, NO3TOMY, NOMELLEeHne
B CTeK JernaeT BO3MOXHbIM MX MCMONb3oBaHMe B npoueaype ob6paboTke npepbiBaHWs. 3aMblkaeT CMMCOK NOMeLlaemblX B
cTek pernctpoB - R12. OH BbicTynaeT B ponu paboyero pernctpa BHyTpu noanporpammbl. Hanpumep, ecnu B komnunsitope
aKTUBM3MpOBaTb NPOBEPKY CTeka, TO ByAeT reHepupoBaTbCA AOMONMHUTENBHBIN KOA, KOTOPbIA MpU NOTPeBHOCTM B pernctpe
LIMY 6yget ncnone3oBaTte R12. Mo 3aBepLieHun o6paboTkm npepbiBaHMS BCE OEWNCTBUSA BbINOMHATCA B 0OpaTHOM MOpsake:
C MOMOLLbI0 MUKPOKOAA W3BIEKAETCA COAEPKMMOE CTeKka M, mapanfiefnibHoO C 3TMM, OCyLlecTBrnsieTcss Bbibopka agpeca
BO3BpaTa, Taknum obpasom, Ansi BO30OHOBIEHNS BbINOMHEHNS (DOHOBOW Nporpammbl noTpedyeTcsa 12 LMKnos.

2.4.5.2. YnyJweHHble pexXumMbl 06paboTKkn npepbiBaHUA

Mommumo Bbicokoro BbicTpodencTBuss obpaboTtkm ogHoro npepbiBaHus, KBBI1 Takke xapaktepusyetcs adhdeKkTUBHON
06paboTKOM HECKONbKMX MpPepbiBaHWA, YTO BaXHO A1 BbICOKOOLICTPOOAENCTBYIOLNX CUCTEM pearnbHOro BpemMeHwn. [Ons
atoro y KBBI1 nogaepxmBaeTcsi HECKOSNbKO OpUrMHanbHbIX METOAOB, No3Bonsowme obpabaTbiBaTb HECKOMbKO 3anpocoB
npepbiBaHWn C MUHMMAanbHbIMU 3afepXKKaMu Mexay npepbiBaHUSMU U C rapaHTUpOBaHWEM MPUOPUTETHOCTU 0OpaboTkM
npepbIBaHNN.

2.4.5.2.1. [IpuocmaHoBKa npepbisaHull

KBBIT MmeeT BO3MOXHOCTb NMPMOCTAHOBKM HaxoAsllerocs Ha o6paboTke NpepbiBaHWUsA, eCriu BO3HUKAeT MpepbiBaHue C
Gonee BbICOKMM MpuopuTeToM. B aToM cnyyae, obpaboTka akTMBHOrO NpepbiBaHUS MpekpallaeTcs, B TeyeHue
nocnegyrowmnx 12 LMKIOB BbINOMHSAETCA COXpaHeHWe B CTeK HOBOro Habopa AaHHbiX WM 3anyckaeTcs obOpaboTka
BbICOKOMPUOPUTETHOTO NpepbiBaHus. Mo 3aBeplueHMn ero o6paboTkM, COAepKMMOe CTeka aBTOMAaTUYECKU M3BIeKaeTcs U
0b6paboTka H13KOMPUOPUTETHOTO NpPepPbIBaHNS BO30GHOBNAETCS.

2.4.5.2.2. HenpepbieHasi o6pabomka rpepbigaHull ¢ UCKJIFOYeHUeM 8HYMpeHHUX onepayul Had
cmeKom

Ecnu Ha o6paboTke HaxoaMTCs BbICOKONPUOPUTETHOE MpepbIBaHME 1, NPYU 3TOM, BO3HWKaeT HuskonpuoputeTHoe, KBBI
Cortex ucnonb3yeT MeToA4 HenpepbiBHONM 06paboTkM C UCKMOYEeHMEM BHYTPEHHMX onepauui Hag CTEKOM, KOTOpbIn
rapaHTUpyeT MUHUManbHOCTb 3aepXXku Npu nepexoae kK 06paboTke cneaytoLLero npepbiBaHns.
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Heckonbko HpepblBaHMﬁ 06paGaTblBaIOTCﬂ HenpepbIBHO C UCKINTHOYeHUeM BHYTPEeHHUX onepaumﬁ Hag CTeKoMm,
Nno3TOMY 3aAepXKa nocrie 3aBepLieHus OGpﬁGOTKVI O4HOro npepbiBaHNA U nepen Havyarnom OGPGGOTKM cneaywoulero
MUWHUMaArnbHa

Ecnu Bo3HMKaeT OBa MpepbiBaHWs, MEPBbIM CO CTAaHAAPTHOW 3adepXKon B 12 UMKNOB obCcnyxuBaeTcs npepbiBaHne c
bonee BbicokMM npuoputetom. OgHaKo, MO OKOHYaHuM ero obpabotkm, LIMY Cortex He Bo3BpawlaeTcsi K BbIMNOSHEHUIO
(hOHOBOW MpOrpaMMbl U COAEPKUMOE CTeKa He M3BrnekaeTcs. BmecTo aToro, ocyllecTenseTcs Bblbopka agpeca npoueaypbl
00paboTkM criegytollero npepbiBaHUA C y4eToM npuopuTeta. Takum o0pas3om, 3agepxka nepexoga Kk obpaboTke
crnegylowero npepbiBaHWs COCTaBWUT Bcero nvuwb 6 umknoB. 1o 3aBepweHun o6paboTkM MNOcnegHero npepbiBaHuA
n3BreKaeTca COAepXUMOe CTeka W BbINONHAeTcs Bblbopka agpeca BosBpaTta. Takum obpasom, yepe3 12 umknos
BO300OHOBNSAETCHA BbINOMHEHNE (POHOBOW NporpaMmbl. Ecnin xe Bo Bpems Bbixo4a M3 akTUBHOTO NpepbiBaHNs BO3HUKAET eLle
OOHO HM3KOMPUOPUTETHOE NpepbIiBaHUE, TO onepauusi U3BNeYeHns N3 cTeka npekpawiaeTcs U ykasaTenb CTeka BEpHEeTCs K
CBOEMY UCXOOHOMY 3Ha4eHuto, a BbiNonHeHne 06paboTkM HOBOro NpepbiBaHWs HAa4YHETCS Yepe3 6 A0NOMHUTENbHbIX LINKITOB.
B nTore, 3agepxka Bbl3oBa npoueaypbl 06paboTkn HOBOro npepbiBaHns byaeT B npegenax 7-18 LUMKoB.
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nepexop. K 06p360TKe HU3KONPUOPUTETHOIo nNpepbiBaHNA, KOTOpOe BO3HMKaeT Npu BbiXxoae U3 TeKyliero
npepbiBaHuA, BbINOJIHAETCA C 3a,qep)KKO|7l 7-18 uukKnoB

2.4.5.2.3. O6pabomka orno30dasuwe20 8bICOKONMPUOPUMEMHO20 NpepbieaHUusi

B cucrtemax peanbHOro BpeEMEHM YacTO BO3HMKAOT CuUTyauumu, Korga BO BpeMsi nepexoga K obpaboTke
HU3KOMPUOPUTETHOIO MpepbiBaHMS BO3HMKAET elle OAHO npepbiBaHWe ¢ Gornee BbICOkUMM npuoputeToMm. Ecnn Takas
cUTyaumss BO3HMKHET elle Ha hase 3arpysku cTeka, To no ero 3aBeplieHun KBBIT uHuuumnpyeT nepexopn k obpaboTke
BbICOKOMPMOPUTETHOTO MpepbiBaHnsa. 3arpy3ka creka OydeT npogorkatbCs ewe MUHUMYM 6 UUMKIOB C MOMEHTA
BO3HUKHOBEHWNSI BbICOKOMPMOPUTETHOIO MpepbiBaHUs, nocrne vyero OydeT BbiNnonHeHa BbIOOpKa HOBOro agpeca npoueaypbl
06paboTkn npepbiBaHUS.
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BbICOKoanOPMTeTHoe npepbiBaHue 6y.qu 06p660T3H0 nepBbiM, gaxe eClin OHO BO3HUKHET yXXe Ha (*)ase nepexoga
K 06paboTke HU3KONMPMOPUTETHOIO NPepbIBaHus, NPU 3TOM, AONONHUTENbHbIE ONepauun Hag CTEKOM byayT
UCKIKOYEeHbI

MMEHMopHTET

OTnoXeHHOEe  HU3KOMPUOPUTETHOE MpepbiBaHMe OyneT ob6paboTaHo cpasy Mo  3aBepweHun  0bpaboTkm
BbICOKOMPUOPUTETHOTO NPEepbIBaHNS C 3a4EPXKON 6 LIMKMOB.



2.4.5.3. KoHdurypauma n ncnono3osaHme KBBI1

Ytobbl BkMouMTb B paboty KBBI1 Heobxooumo BbINONHWUTL Tpu AencTeusi. BHadane ckoHdwurypupoBaTb Tabnuuy
BEKTOPOB UCMOMb3yeMbIX MpepbiBaHun. 3ateM HacTpouTb peructpbl KBBI1 ¢ Lenblo akTmBM3auum U yCTaHOBKM YPOBHEN
npuoputeTa npepbiBaHuii KBBI1. U, HakoHew, HacTpouTb YBB 1 paspelunTs nogaepxky MMy npepbiBaHUn.

2.4.5.3.1. Tabnuya eekmopoe UCK/IIYuUmesibHbIX cumyayul

Tabnuua BekTopoB Cortex HauMHaeTCsi C HWXXHEW 4YacTM agpecHoro npoctpaHcTBa. OpgHako Tabnuua BeEKTOPOB
Ha4MHaeTca He C HyneBoro agpeca, a ¢ agpeca 0x00000004, T.k. nepBble YeTbipe GariTa MCNOMb3YOTCS AN XpaHeHus
HayanbHOro aJpeca ykasaTens cTeka.

Tabnuua BEeKTOPOB UCKNIOYUTENbHbIX CUTYaLU COAEPXKUT afpeca, KOTOpbIe 3arpyXaroTcs B CHETUYMK
nporpammsbl, korga LMY nepexoauTt B UCKMIOYUTESIbHYIO CUTYyaLMIO

Tun ncknioYnTEenbHON
Homep [Npuoputet Twvn npuoputeta Onucanune
cuTyauun

1 Reset -3 (BblCWNIA) |PUKCMPOBAHHHbIN Cbpoc

2 NMI -2 PUKCUPOBAHHHBIN Hemackupyemoe npepbiBaHne

3 Hard Fault P (PMKCHPOBAHHHBIIA O6pa60TqM§ aBapPUNHBIN COCTOSTHUI MO YMOSTYaHUio,
€cnv 4pyron He peanv3oBaH

4 MemManageFault 0 yCTaHaBnMBaeMbIn Cboit B Grioke 3aluTe NAMATM UMK AOCTYN MO
HeCyLLLeCTBYOLEMY afpecy

5 BusFault 1 ycTaHaBnmBaemMbin  |Owmnbkm B nHTepdence AHB

6 UsageFault 2 YCTaHABNNBASMbIIA VckntounTenbHble cUTyauun, Bbi3BaHHbIE
NporpaMmmHbIMK OLLIMBKaMu

7-10 |Reserved N.A. N.A.

11 SVCall 3 yCTaHaBNMBaeMbI  |BbI30B CUCTEMHbBIX CINYyX0

12 DebugMonitor 4 YCTAHABNNBAEMbIIl TOYKM NpepbIBaHUSA, KOHTPOSbHbIE TOYKW, BHELLIHSAS
oTnagka

13 Reserved N.A. N.A.

14 PendSV 5 ycTaHaBnmBaembli  |OTnpaBnsieMbIvi 3anNpoc CUCTEMHOMY YCTPONCTBY

15 SYSTICK 6 ycTaHaBnvMBaeMbll  |CpabaTbiBaHWe CUCTEMHOIO Taimepa

16 MpepbiBaHne 0 7 yCTaHaBnMBaeMbin  |BHeluHee npepbiBaHme 0

yCTaHaBnMBaeMbIit
256  |[pepbiBaHne 240 247 ycTaHaBnuesaembll  |BHewHee npepbiBaHue 240

Kaxgbih 13 BEKTOPOB MpepbiBaHMM 3aHMMaeT 4 6aiTa u ykasbiBaeT Ha HadvamnbHbI adpec KaKOoW KOHKPETHOMN

npouenypbl 06paboTkn npepbiBanus. [NepBble 15 BekTOpoB - agpeca 06paboTKM UCKITHOYMTENBHBIX CUTYaLMA, BO3HUKAIOLLNX
B sape Cortex. K HUM oTHOcATCs BekTop cOpoca, HemacKkupyeMoe MNpepbiBaHue, yrnpaBfieHMe aBapusmMu 1M owmnbkamu,
UCKIMIOYUTENbHBIE CUTYauunM OTNagoYHON CUCTEMBI U NpepbiBaHne Tanmepa SysTick. Habopom nHcTpykumidi Thumb-2 Takke
NoAdEePKMBAETCA MHCTPYKLUWS, BbINOMHEHNE KOTOPOW MPUBOOUT K FEHepauuy UCKNoYuTenbHOW cutyauun. HauuHas ¢ 16
BEKTOpa, crnenywT agpeca obpaboTku npepbiBaHWiA nonb3oBaTenbckux YBB. WX HasHauyeHue 3aBUCUT OT KaKgoro
KOHKpeTHOro npowussogutens. B nporpamme Tabnuua BeKTOpPOB OObIMHO MPMBOAUTCS B OTAENbHOM hanne v COoaepXuT
agpeca npouenyp 06paboTku npepbiBaHWI:

AREA RESET, DATA, READONLY
EXPORT  Vectors

~__Vectors DCD  initial sp ; BepxHaA TrpaHuMLa CTeKa
DCD Reset Handler ; OBbpaboTumk cbOpoca
DCD NMI Handler ; OBpaboTUuMK HEMAaCKUPYEMOI'O IIPEPEIBaHUA
DCD HardFault Handler ; ObpaboTumk aBapuM Tumna HardFault
DCD MemManage Handler ; OBpaboTumk aBapuy¥ OJIOKA BallMTH [IaMSITH
DCD BusFault Handler ; ObpaboTumk apapuy Turoa BusFault
DCD UsageFault Handler ; ObpaboTumk aBapuy Tuna UsageFault
DCD O ; Peszeps
DCD O ; Peszeps
DCD O ; Peszeps
DCD O ; Pezeps
DCD SVC Handler ; OBpaboTuMK NPOTPAaMMHO-CITEHEPMPOBAHHOTO NPEPHBaHUA
DCD DebugMon Handler ; OBpaboTuMK MNPEPHBaHMS BCTPOEHHOM OTJIagOYHOM CUCTEME
DCD O ; Peszeps
DCD PendSV_Handler ; OBbpaboTumk PendSV
DCD SysTick Handler ; OBbpaboTumk NOpepuBaHMs TanMepa SysTick




Hanpumep, ecnn ucnonb3dyeTtcs npepbiBaHne Tanmepa SysTick, 1o obbsBneHne Ha Cu npouenypbl 06paboTku
npepbIBaHMS BbINOSHAETCS CreayroLwmm obpasom:

void SysTick Handler (void)
{
}

Tenepb, Koraa CkoOHGUrypupoBaHa Tabnvua BEKTOPOB M 0ObsBNeHa npouenypa o0paboTkm npepbiBaHWI, Mbl MOXEM
HacTpouTb KBBI1 Ha o6paboTky npepbiBaHus Tanmepa SysTick. O6bI4HO, Ons 9TOro BLIMOSHAT ABE onepauuu: 3agaeTcs
NpuoOpUTET MNpepbiBaHNs, a 3aTemM paspellaeTcs WUCTOYHUMK npepbiBaHus. Permctpol KBBI1 pacnonoxeHsl B obnactu
CUCTEMHbIX PECYPCOB.

KBBN

¥YnpaeneHue npepbiBaHUAMMK
YcTaHoBKa U cbpoc sanpoca
npepbIBaHUA

OTnpaeka npepbiBaHUKA
AKTEHOCTBL NpepbIBaHUA
MNpuopuTeT NpepblBaHUA
CUcTeMHOe ynpaBneHue
CUCTEMHBIW NPUOPUTET
ABapWWHbIe COCTOAHMA

PerucTtpbl KBBI1 HaxoaaTca B obnactu cucteMHbix pecypcoB Cortex-M3 n goctyn K HAM BO3MOXeH nNpu paboTte
LMY TonbKko B npMBUNerupoBaHHOM pexume

HacTpowka BHYTPEHHUX WCKMIOYUTENBHBIX CUTyauun npoueccopa Cortex BbIMOMHAETCA C MOMOLUBK PEFMCTPOB
CMCTEMHOTO YNpaBfeHUs 1 CUCTEMHBIX NPUOPUTETOB, a Nomnb3oBaTenbckux YBB - ¢ nomowwbio pernctpoB IRQ. MpepbiBaHve
SysTick dBnsieTcss BHYTPEHHEN MWCKIIOYMTENbHOW cuTyaumen npoueccopa Cortex n, nostomy, ynpaensieTcs 4Yepes
CUCTEMHbIE PErUCTpbl. HekoTopble BHYTPEHHWE WUCKMIOYUTENbHbIE CUTYyauMM MOCTOSHHO paspelleHbl. K HMM oTHocsTCA
npepbiBaHne no cbpocy, HeMackMpoBaHHOE MpepbiBaHWE, a Takke U npepbiBaHve Tammepa tSysTick, nosTomy, HuMKakmux
pencteun ¢ KBBIT no paspelueHuio 3TOro npepbiBaHMsS OernaTb He HYXHO. [nsi HacTponku npepbiBaHusa SysTick Ham
H606XO,D,I/IMO aKTMBM3nMpoBaTb cam Taﬁmep M ero npepbiBaHne C NOMOLLbO COOTBETCTBYHIOLLIEro perncrtpa ynpaBsneHua:

SysTickCurrent = 0x9000; //HauanbHoe 3HaueHme cuerumka SysTick
SysTickReload = 0x9000; //TlepeszarpyxaemMoe 3HAUEHUE
SysTickControl = 0x07; //3anyck cueTa M paspelleHre MNPEePLBaHUS

[MpuopuTeT KaXXaon BHYTPEHHEN UCKINIoYMTENbHOW cutyaumm Cortex MOXHO 3a4aTb B CUCTEMHbIX perncrpax npuopurera.
Y ucknountensHbix cutyaunn Reset, NMI v hard fault oH dumkcupoBaHHbIn. 3TUM rapaHTMpyeTcs, 4To A4po Bcerga byaet
nepexoanTb K 06paboTke N3BECTHOW UCKITIOYMTENBHON CUTyaumun. Y BCeX OCTanbHbIX UCKTIOYUTENbHbIX CUTyauMin nMeeTcs
BOCbMUOUTHOE MNore, KOTOPOE PacrofioKEHO B TPEX CUCTEMHBIX pernctpax npuoputeta. MK STM32 ncnonb3sytoT Tonbko 16
YPOBHEW npuopuTeTa, NMO3TOMY, Y HMX aKTUBHO Tonbko 4 Guta aToro nond. OgHako BaXHO 3anoOMHUTb, YTO NpuopuTeT
yCTaHaBNvMBaeTCH YeTbipbMs CTapLnmy Gutamu.

Kaxgoe nonb3oBaTensckoe YBB ynpaensietcs vepe3 6noku peructpoB IRQ. Y kaxgoro takoro YBB wmmeetca 6wt
paspelleHus npepbiBaHus. Bce atn OuTbl HaxogsaTcs B npegenax AByX 32-OMTHbLIX PErMcTpoB YCTAHOBKM pa3peLleHus
npepbiBaHniA. [ONsa OTKMYEHUS MCTOYHUKA MNpepbiBaHWA MPeayCMOTPEHbl OTAENbHblE PErUCTpbl OTMEHBLI pa3peLleHus
npepbiBaHuii. Y KBBI Takke uMetoTcs pernctpbl OTNPaBReHHbIX U akTUBHBLIX NPEPbIBAHUIA, KOTOPbLIE NMO3BOMSOT OTCNEAUTb
COCTOSIHME UCTOYHUKA NPepbIBaHMSI.
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Y KaXkgoro UCTOYHMKa NpepbiBaHMUA uMeeTcs 6uT paspelwueHus, kak B KBBI, Tak n B YBB. Y MK STM32
ncnonb3yetcs 16 ypoBHEN NPUOPUTETOB

Bcero npegycmoTpeHo 16 pernctpoB npuoputeta. Kaxabini 3 HUX pasgeneH Ha 4veTblpe 8-OMTHbIX nons Ans 3agaHust
npuoputeTa. Kaxgoe none cBA3aHO C KOHKPETHbIM BEKTOPOM npepbiBaHus. Y MK STM32 ncnonbsyeTcsa TONbKO NOMoBMHa
Takoro nons, T.K. peanu3oBaHO Tonbko 16 ypoBHew npuoputeta. OgHako HEO6XOAMMO MOMHMUTb, YTO aKTUBHbIE OUTBI
npuopuTeTa Haxo4aTCa B cTaplien Tetpage nons. o ymonyaHuio none npuopuTeta onpegenseT 16 ypoBHen npuoputeTa,
npuyem yposeHb 0 - HauMBbICLLNIA NpUopuTeT, a 15 - HanHU3LWKIA. MNone nNpuopuTeTa Takke MOXHO NpeacTaBuTb B BUAeE rpymnn
1 noarpynn npuoputeta. 310 He AobaBnseT JOMONHMTENbHbLIX YPOBHEN NpuopuTeTa, NpocTo obneryaet ynpasneHue Mmu

npu HeobxoammocTtn 3agaHusa B none PRIGROUP perucTpa npuknagHbixX npepbiBaHU 1 ynpaBneHms copocom 6ombLioro
yncna npepbiBaHUN.
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VECTRESET
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Mone PRIGROUP pasgensieT ypOBHU NPUOPUTETOB Ha rpynnbi U NOoArpynnbl. 3To He06X0AMMO ANA NOBbIWEHUSA
nporpamMmHon abcTpakumm npm paéoTte ¢ 60/bLLINM YMCIIOM NpPepbIBaHUN

PRIGROUP (3 MonoxeHne 3ansTol B ABOMYHOM YnCrIe [pynna npuoputeta | Moarpynna npuoputeta
6V|Ta) (rpynna_nop‘rpynna) Kon-Bo KOH-BOv Kon-Bo KOJ'I-BOV
out YPOBHeiA out YPOBHeii
011 4.0 rrrr 4 16 0 0
100 3.1 rren 3 8 1 2
101 2.2 rrnn 2 4 2 4
110 1.3 rnnn 1 2 3 8
111 04 nnnn 0 0 4 16

TpexbutHoe none PRIGROUP ynpaBnsieT pasgeneHneM 4-6uTHbIX MOMEn npuvoputeTa Ha rpynnbl U MNOArpynnbl.
Hanpwumep, 3annce B PRIGROUP uucna 3 npuBegeT K co3gaHvio AByX rpynn ¢ 4 ypoBHAMU NPUOPMTETOB B Kaxadon. [ocne



3TOro, Bbl MOXETE B NpOrpamMmme BbINOMHUTE ONpeaerieHnst BbICOKOMPUOPUTETHON U H3KOMPUOPUTETHON rpynn NpepbIBaHNN.
B pamkax kaxgow rpynnbl MOXHO 3adaBaTb NOAYPOBHW, B T.Y4. HU3KUA, CPeaHWI, BbICOKMW N OYeHb BbICOKMW. PaHee yxe
roBOPUIOChb, YTO 3TO Mo3BonseT 6ornee abCTpPakTHO CMOTpPETb Ha CTPYKTYpY MNpepbiBaHWiA M nomoraeT nporpamMmucty
ynpaenaTb 60nbwnm Yncrom npepbiBaHuin. KoHgurypaumsa npepbiBaHmin YBB o4eHb noxoxa Ha KOHGUrypauu BHYTPEHHMX
UCKIIOUNTENBHBIX cUTyaumi npoueccopa Cortex. Ecnu B3aTb B KadectBe npumepa npepbiBaHve AL, To BHavane
Heobx0aMMO YCTaHOBUTL BEKTOP NpepbiBaHNs U co3aaTth npoueaypy ob6paboTku npepbiBaHUN:

DCD ADC IRQHandler ;
void ADC Handler void
{

}

3arem Heobxoanmo nHnumanuanposaTb AL n paspewntb npepbiBaHne B pernctpax YBB n KBBIT:

ADC1->CR2 = ADC _CR2Z2; //BrimoueHye ALl B pexyuMe HEIPEPHBHEX Npeofpa30BaHUM
ADC1->SQR1 = sequencel; //BBIODOP HOMEPOB KAHAJIOB B Ouyepeny Npeobpas30BaHMs
ADC1->SQR2 = sequencez2; / /v BHOOp KaHAaJIOB IJisd Npeofpasz30oBaHUS

ADC1->SQR3 = sequence3;

ADC1->CR2 |= ADC CR2; //llepeszanmuchk OUTa BKJIIOUYEHUSI

ADC1->CR1 = ADC CRI1; //3amnyCck TpyINNne KaHAJIOB, paspelleHre NpepeiBaHma Al
GPIOB->CRH = 0x33333333; //HacTpoyka CBETOOMOIHHX BEBOILOB Ha BHXOIL
NVIC->Enable[0] = 0x00040000; //Paspenienve npepeBaHus Al

NVIC->Enable[1] = 0x00000000;

2.5. Pexxumbl paboTbl, BNusLWmMe Ha aHepronoTpedneHmne

Bo3moxHocTn ynpaeneHus aHepronotpebnenem MK STM32 6yayT paccMoTpeHbl No3xe. 34ech Xe, Mbl OCTaHOBMMCS
Ha pexumax paboTbl sapa Cortex, Bnusitomnx Ha aHepronoTpebnenue. LMY Cortex nopgaepxumeaeT pexum SLEEP, koTophbin
nepesoauT 94po Cortex B 3KOHOMUYHBIN PeXnM padoTbl 1 MPUOCTaHABNMBAET BbINOSIHEHME UHCTPYKLUMIA. B aTOM cocTosAHMM
YacTMyHO npopgormkaet paboty KBBI1, 4to nossonsieT Bo30OHOBUTL paboTy agpa Cortex mpu reHepauvu npepbiBaHWN
BCTpoeHHbIMM B MK STM32 YBB.

2.5.1. MNepexoq B 3KOHOMUYHbIN PEXUM PaboTbl

IOna nepeeopa sigpa Cortex B pexum SLEEP HeobxogmMmo BbinonHUTb MHCTpykumio WFI (oxkngaHne npepbiBaHMS) Unn
WFE (oxungaHue cobbitus). MNMocne BoinonHeHusa nHetpykumm WFEI, agpo Cortex npyocTaHOBUT BbIMONIHEHWE NPOrpamMmbl U
0o6paboTky oTnpaBneHHbIX npepbiBaHMi. CyllecTByeT ABa CuUeHapus 3aBepLueHust BbIMONHEeHMs npoueaypbl 06paboTku
npepbiBaHus. Mo nepsomy cueHapuio LMY BbixoguT wm3 npoueagypbl 06paboTkM npepbiBaHUS M BO3BpaLaeTcs K
JanbHenLwemy BbINOMHEHUIO hoHoBOM Nporpammbl. OgHako, ecnu yctaHoBuTe 6uT SLEEPON EXIT B pernctpe cuctemHoro
ynpaeneHus, sapo Cortex nocne Bbixoga M3 npoueaypbl 06paboTky npepbiBaHUV aBTOMaTUYEeCKU NepenaeT B pPexunm
SLEEP. Takas BO3MOXHOCTb MO3BOSSIET CO3[aBaThb yrnpaBnsemMble npepbiBaHNSIMU MarioMOLLHbIE NMPUMEHEHUS, B KOTOPbIX
MWKPOKOHTpOMNep nocne BO306HOBNEHUs paboTbl MCMOMHAET OnpedeneHHbln KOA NporpaMMbl, a 3aTeM CHOBa, He
BbIMOMNHASA KaKUX-NMB0 MHCTPYKUMI ANs ynpasBneHus aHepronotpebneHvem, nepexoant B pexxvum SLEEP.

MpepbiBaHe WFE no3sonseTt Bo3obHOBUTL paboTy sigpa Cortex ¢ Toro e mMecTa, ¢ KOTOPOro oHo Obino nepeBefeHoO B
pexvm SLEEP. 3710 npepbiBaHue He MpuBOAMT K nepexogy K npouegype obpaboTku npepbiBaHus. BosobHoenstowee
paboTty cobbiTne - 310 0bbl4HasA NMHUS MpepbiBaHus YBB, HO koTopas Ha akTuBM3MpoBaHa kak npepbiBaHne B KBBI.
Bnarogaps atomy, YBB moxeT curHanuanposatb agpy Cortex o HeobxoamMMocTu Bo30OHOBNEHMS paboThl U NPOAOIKeHUs
obpaboTkn, He npuberas K WUCMNONMb30BaHUIO Mpouedypbl 0b0paboTku npepbiBaHus. WHctpykumm WFI n WFE He
noggepxumeatrTca A3bikom Cu, ogHako KOMmunATopbl Ans Habopa mHCTpykumi Thumb-2 nogaepxuBaloT BCTPOEHHbIE
MaKpOChl, KOTOPbIE MOXHO MCMOMb30BaTh B Nporpamme, kak ctaHgapTHble Cu-komMmaHabl:

WE'T

WEE

MoMMMO 3KOHOMMYHBLIX pexumoB pabdoTel SLEEPNOW n SLEEPONEXIT, agpo Cortex MoXeT reHepvpoBaTtb curHar
SLEEPDEEP anga octansHON YacTn MUKPOKOHTPOMNNEPHOW CUCTEMBI.
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PerncTp cuctemHoro ynpaBneHusi KoHcpurypupyet pexumbl SLEEP npoueccopa Cortex. STM32 nogaepxuBaroT
[OMNOJTHUTENbHbIE 3KOHOMUYHbIE PEXUMbI, KOTOPbIe UCNONbL3YIT FreHepupyembin npoueccopom Cortex curHan
DeepSleep

Bnarogapsa aToMmy nosiBNAEeTCH BO3MOXHOCTb peannsauny Takux ONONHUTENbHbIX (PYHKUMIA, Kak npuocTtaHoBka GAMY un
YBB, ¢ nomoubto kKotopbix MK STM32 moxeT nepexoantb B pexunmsl paboTbl C HaMMEHbLUMM 3HepronoTpebneHnem.

2.5.2. OTnapgo4Hasn cucrtema CoreSight

Y Bcex LMY ARM umeeTcst coGCcTBEHHAst BCTpOeHHas oTnagoyHas cuctema. LMY ARM7 n ARM9, kak MUHUMYM, UMEIOT
nopt JTAG, KOTOpbIV ABNSIETCA CTaHAAPTHbIM MHTEepdencom ansa nogknoveHns k LMY, a Tarke 3arpysku koga nporpammbl
BO BHyTpeHHee O3Y unu Flash namsts. Mopt JTAG Takke nogaepxunBaeT 6a3oBble PyHKLUMM yNpaBreHUs UCMNOJSTHEHUEM
nporpaMmsbl (NOLLIAroBoe BbINOMHEHME, YCTAHOBKA KOHTPOSIbHbBIX TOYEK 1 Ap.) U AenaeT BO3MOXHbIM MPOCMOTP COAEPXKUMOro
ayeek namsatu. C nomolblo cneumanbHOro 65ioka, KOTOPbIA Ha3blBAETCA BCTPOEHHOW TPACCMPOBOYHOW MakKpOSYEnKom
(ETM), UMy ARM7 un ARM9 Takke npenocTaBnsioT BO3MOXHOCTM TpacCUpOBKM B MacwwTabe peanbHOro BpeMeHwu.
HecmoTpsa Ha To, 4TO AaHHasA oTnagoyvHas cuctema paboTaeT OT/IMYHO, OHa MMEET HekoTopble orpaHunyerus. Korga LMY
ARM ocTtaHoBneHo, cBsidaHHass ¢ noptom JTAG oTnagoyHas cuctema, cnocobHa npefocTaBnsTb TOMBKO OTNad0YHYHO
MHOPMaLNIO U HE UMEET BO3MOXHOCTEN OOHOBMNEHMS B peanbHOM BpeMeHu. Kpome Toro, KOnmMyecTBO annapaTtHbIX
KOHTPOSbHBIX TOYEK OrpaHuyeHo ABymsi. M3-3a atoro B Habopbl MHCTpykumMn ARM7 n ARM9 BKMOYEHbI MHCTPYKLMK
KOHTPOSbHBIX TOYEK, KOTOpble OTNagoYHOE CPEACTBO MOXET BCTaBnATb B Ko nporpammbl (06bIMHO OHM Ha3biBalOTCA
NpOrpaMMHbIMU  KOHTPOSIbHbIMKW TOYKamMu). HakoHeu, 4TOObl MosiBUNacb MOAAEPXKKA pearibHO-BPEMEHHOW TPacCUPOBKM,
npovsBoguTeNnb OO/MKEH B ywepd CTOMMOCTM MUKPOKOHTponrepa uHTerpupoBate B Hero ETM. B wutore, B
MUWKPOKOHTpOMepax Takon Nogdepku yalle Bcero He okasbiBaetcs. B HoBom sgpe Cortex npumeHeHa abCconoTHO nHas
OTrafoyHas cuctema, Kotopas nonydmna Hasanue CoreSight.

Cortex—M3

KOHTRONEHEIE TOUKM
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MHCTRYMEHTANBHAA
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OTtnapoyHas cuctema CoreSight ucnonbayet nnrepdeinc JTAG unu Serial Wire. OHa oTBevaeT 3a BbINOJIHeHUe
(hbyHKLMIA ynpaBneHUsa ucnosiHeHneM nporpaMmmbl U TpaccupoBku. Ee gononHutenbHoe npenmMyLecTBo
3aKnoyvaeTcs B BO3MOXHOCTU OCTaBaTbCA B paboTe, Aaxe korga MK STM32 HaxoguTcA B 3KOHOMUYHOM pexume.
370 6onbluoK War Bnepea oTHocUTenbHO cTaHpgapTHon JTAG oTtnagku



OtnapoyHas cuctema CoreSight nmeetr DAP-nopT, KOTOpbIi OTBEYaeT 3a MOAKIMIOYEHNE K MUKPOKOHTponepy
nocpeactBom JTAG uvHCTpymMeHTanbHbiX cpeacts. OTnagoyHble MHCTPYMEHTanbHble CpeacTBa MOryT UCMOMb3oBaTh OIS
NOAKMIOYEHUs CTaHOapTHbIM  5-BbiBogHOM uHTepdenc JTAG wnm 2-npoBogHon uHTepdpenc Serial Wire. [lMomumo
Bo3moxHocTen JTAG oTtnagku, otnagoyHasa cuctema CoreSight cogepxut 6nokn Tpaccmposkm Data Watch u ETM. [ns
TECTUPOBaHWA MNporpamMmmbl NPeaycMOTpeHbl 6MOKU MHCTPYMEHTanbHOW TpacCUMpoBKM W KoppekTupoBku Flash namsatu
(FLASH patch). Y MK STM32 ncnonb3yeTcs cokpalleHHas Bepcust oTrnagoyHomn cuctemsl CoreSight, koTopas oTnvyaetcs
OTCYTCTBMEM B €€ CTpykType bnoka ETM. No cytn, ncnonedyemasi B8 MK STM32 ctpykTypa otnagoyHon cuctemol CoreSight,
asnsietca  Bepcuen crtaHgaptHon JTAG  oTnagodHOM CUCTEMbI, HO € YNYYLWEHHbIMW  pearnbHO-BpeMEeHHbIMU
xapaktepuctukamu. OtnagovHasa cuctema CoreSight mukpokoHTponnepos STM32 nogaepxuBaet 8 annapaTHbIX
KOHTPOIbHbIX TOYEK, KOTOpble MOXHO 3ajaBaTb U OTMeHSTb BO Bpems ucronHeHusa LMY Cortex koga nporpammebl, He
OKasblBas Ha 3TO HMKakoro BnuaHWs. OTnagoyvHasa cuctema CoreSight MoOXeT ocTaBaTbCst aKTMBHOM, Aaxe nocne nepexoa
sanpa Cortex B 3KOHOMUYHBIA pexunm paboTel. Takasi BO3MOXHOCTb HeceTe B cebe MHOXECTBO MpenMyLLECTB AN OTnagku
ManoMoOLLHbIX yCcTponcTB. Kpome Toro, Tamepbl STM32 mMoryT ocTaHaBNMBaTbCA OOHOBPEMEHHO C BbINOJTHEHHOW CUCTEMOWN
CoreSight octaHoBkon LY. Bbnarogaps 3TOoMy, MOSIBNAETCA BO3MOXHOCTb MOLUArOBOrO BbIMOMHEHUS NpPOrpamMmbl 1
nognepXXaHnsa TaMmMepoB B CUHXPOHU3ME C BbIMoriHeHnem uHeTpykumi LMY Cortex. OtnagoyHas cuctema CoreSight
MUKpOKOHTponnepos STM32 no3BonseT CywecTBEHHO YNy4ylnTb BO3MOXHOCTM OTNaAkn B macwrtabe peanbHOro BpeMeHu
no cpaBHeHuto ¢ npegwecTayowmmn LMY ARM7 n ARM9 u, npu atom, npegoctaBnaeT BO3MOXHOCTb UCMOMb30BaTb CTOMb
e HeJopOorylo annapaTHyio YacTb.

3. Cxema BKNOYEeHUsA

MpocTenwas cxema BknoyeHns MK STM32 TpebyeT oT paspabotynka MUHUMYM AencTBun. MukpokoHTponnepsl STM32
nmetoT cobcTBeHHble RC-reHepatopbl M cxemy cOpoca, noaTomy, ANs BKMOYEHMS MX B paboTy OOCTaTovHO noAatb
HanpshkeHne nuTaHus. B gaHHom pasgene GyayT paccMOTpeHbl OCHOBHble annapaTtHble y3nbl MK, OT KOTOpbIX 3aBUCUT UX
CXeMma BKITYeHMS.

3.1. Tunbl KopnycoB

MukpokoHTponnepbl U3 cepun Access line n cooTseTcTBylOWMM UM Bepcumn 13 cepun Performance line goctynHel B
Kopnycax ogHoro Tuna. bnarogapsi aTomy, MOXHO BbICTPO BbINONHUTL 06HOBNEHWE CxeMbl 6e3 He0BX0AMMOCTM NOBTOPHOIO
NpoeKTUpoBaHus neyaTtHon nnatbl. Bce mukpokoHTponnepsl STM32 goctynHel B kopnycax LQFP ¢ yucnom BbiBOAOB OT 48
no 144.

3.2. HanpsixxeHne nuTaHuA

[Onsa paboTbl MMKkpokoHTponiepoB STM32 nx Heobxoanmo nuTaTtb OAHMM HanpsXXeHneM B gmManasoHe ot 2.0...3.6B. [ns
nutanusa gapa Cortex HanpsbkeHnem 1.8B B MK uHTerpmpoBaH ctrabunusatop HanpsbkeHusi. OgHako k STM32 moxeT ObITb
NoAaHo elle ABa ONuMOHalbHbIX HAMPSHXKEHUS NUTaHns. B gomeHe ¢ oTAenbHbIM NUTaHMeM pacrnonoXeHbl Yackl pearibHOro
BpeMEHN 1 HebOomMbLIOE YWUCNO pPEerucTpoB, YTO MO3BOMSAET OpraHM3oBaTb WX pPe3epBHOE nuTaHMe U obecnednTtb
paboTocnocobHocTb gaxe npw HaxoxgeHun MK B pexvme nonHoro oTknodeHus (deep power down). Ecnn xe B cxeme
OaHHast PYHKUUA He HYXXHa, TO BbIBOg, Var HEOOXOOUMO cOeamHUTb C Vpp.
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MK STM32 pa6oTaeT oT 04HOro MICTOYHUKA nuTaHuaA 2.0...3.6B. Npun Heo6xo0ANUMOCTH, OTAENIbHbIM Pe3epPBHbIM
nUTaHMeM MOXeT ObITb 3anuTaH crneuuanbHbIA JOMEH U, KpOMe Toro, oTaesribHoe NUTaHue NpeaycMoTpeHo Ans
AL (Tonbko y MK B 144-BbIBOAHBLIX KOpnycax)

BTopoe onuuoHanbHOEe HanpskeHue nuTaHus npegHasHadeHo gnsa AL, Ecnm AL 3agencTtBoBaH, TO AvanasoH
OCHOBHOTO HanpsbkeHus nutaHus Vpp cyxxaetcsa o 2.4...3.6B. Y MK B 100-BbIBOAHBIX KOpnycax MMEKTCS AONOMHUTENbHbIE
BbIBOAbl MCTOMHMKa onopHoro Hanpshkenus (MOH) ALIM, Vgers U Vger.. BbiBOO Vger. AOMKeH 6blTb coeamHeH € Vppa, a
HanpsbkeHne Ha Vgrgr+ MOXET BapbupoBatbes OT 2.4B go Vppa. Y MK Bo Bcex octanbHbix kopnycax WOH coepuHeH

BHYTpeHHe ¢ BbiBogamu nutanua AL, Ha kaxgom n3 BxogoB NUMTaHMA HEOOXOAMMO NpedycMoTpeTb CTabunnsaumoHHble
KOHOEHCaTOopbIl, KaK NOKa3aHO HuXe.
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Bnarogaps nHTerpupoBaHuIO cxeMbl COpoca u ctabunusartopa HanpsxxeHus, MK Heo6xoanmo AONONMHUTL TONBKO
CeéMbio BHELWWHMMU KOHAeHCcaTopamMu




3.3. Cxema cbpoca

B MK STM32 BxoauT cxema cbpoca, koTopas yaepXmMBaeT ero B COpOLLEHHOM COCTOsIHUM 0 Tex nop, noka VDD 6yanet
Huxe 2.0B (ructepesnc 40 mB).
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POR - chpoc npK nogaYe nMTaHuA;
POF - cBpoc npY CHAKEHWKA HANDAKEHWA.

BcTpoeHHble cxembl copoca npu nogaye (POR) n cHmxkeHun (PDR) HanpsbkeHUA NUTaHUS rapaHTUPYOT
BO3MOXHOCTb paboTbl MK Tonbko npu nogave ctabunbHOro HanpsikeHUs nuTaHus. BHewHAA cxema copoca He
TpebyeTcA

3.3.1. OcHosHasi cxema 8K/r0YeHUS
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HecmoTps Ha TO, YTO BHELLUHAS cxema cOpoca He HyXHa B cxeme BkItoveHus STM32, Ha dpaze NpOeKTMPOBaHUS MOXET
okasaTbCs ygoOHbIM nogknodeHne BbiBoga NRST k obblvHOM kHOMke cOpoca. BeiBog nRST Takke nogkniovaeTtcss K
otnagoyHomy nopty JTAG. 310 no3BonsaeT oTnagovyHoOMy CPeAcTBY ynpaensATb cOpocoM MukpokoHTposnepa. Y MK STM32
UMEETCS HECKONbKO BHYTPEHHWX MCTOYHMKOB cbBpoca, KOTOpble aKkTMBU3MPYKOTCA B criydae obGHapyxeHWst aBapUiHbIX
pexxumoB paboTel (byoyT paccmaTpuBaTbhCs NoO3Xe B pasgene, nocesweHHom 6e3onacHocTn pabotsl MK).

3.4. N'eHepaTOpbI

Y MK STM32 wumetotcss BHyTpeHHWe RC-reHepaTopbl, CNOCOOHble CUHXPOHW3MPOBaTb BCTPOEHHYK cxemy PAIMY.
Bnarogaps ux coBmecTtHon pabote, MK MoryT cMHXpoHM3MpoBaTbCs YacToTon Ao 72 MIu. BHyTpeHHMe reHepaTopbl, No
CPaBHEHUIO C KBApPLEBbLIMW, HE OTNIMYAKOTCA TAKOW K& BbICOKOW TOYHOCTbIO MMM CTabWMMbHOCTLIO, MO3TOMY, BO MHOIMX
NPUMEHEHMAX MOXET NOTPeboBaTLCHA MCNOMNBb30BaHNE Kak MMHUMYM OOHOMO BHELLHEro KBapLEBOro reHepartopa.

3.4.1. BHelWWHN BbICOKOYaCTOTHbLIU reHepaTop

OCHOBHOW BHELUHUA WCTOYHWK CUHXPOHU3aUMM WCMOMb3yeTcs AN TakTuposaHus npoueccopa u YBB STM32. OH
Ha3blBaeTCs BHELWHMM BbICOKOYACTOTHbIM reHepaTopoMm (HSE-reHepaTtop). CoOBMECTHO C reHepaTtopoM MOXET
ncnonb3oBaTbCA KBapLEeBblN/KEpaMUYECKUA Pe30HaTOP UMW OTAENbHbLIA UCTOMHUK CUHXPOHM3auun. CurHam BHELUHEro
NUCTOYHMKA CUHXPOHU3ALMU MOXET UMETb MPAMOYrOfbHYI0, CUHYCOMAANbHYIO UNW TPEeyronibHyto opMmy, HO, Npu 3TOM,
3anosfiHeHne MMNynbCcoB AOIMKHO ObITb 50%-bIM, a YacToTa He 6onee 25MI L.
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BHelwwHuUn reHepaTtop MoxeTt pa60TaTb COBMEeCTHO C KBapueBbIM pe30HaTOpOM Ui BHelWWHUM UCTOYHUKOM
CUHXPOHU3aUunun

Ecnu xe ncnonb3dyetcs BHELWHUA KBapLUeBbIN/KepaMUYeCKUn pe3oHaTop, TO ero YactoTa JOfxHa nexaTb B npegenax
4...16 MI'y. YTt0bbl fO6UTECA paboTbl MK Ha ero makcumanbHol Yactote 72 My, Heob6xoauMoO BbIOpaTb Takyl 4YacToTy
BHELIHEN CUMHXPOHM3auuW, koTopas Obl HaUeno Jenvna MakcumarnbHyk pabodvylo 4acToTy. OTO CBA3aHO C TeM, 4TO
BHYTpeHHsAs cxema OAlNY ymHoxaeT yactoTy HSE-reHepaTtopa Ha uenoe 4nicno.

3.4.2. BHeWHNN HU3KOYACTOTHbIN reHepaTop

MK STM32 moryT MMeTb eLle OOuH BHELLHUIM reHepaTop, KOTOPbI Ha3biBA€TCA BHELUHUM HU3KOYACTOTHBIM FEHEPaToOpPOM
(LSE-reHepatop). OH npegHasHavyeH Ans CUMHXPOHM3auUM 4acoB pearnbHOro BPEMEHU M OKOHHOTO CTOPOXEBOro Tawvmepa.
Tawkke kak n HSE-, LSE-reHepaTop MoXeT paboTaTb COBMECTHO C KBapLEBblM PE30HATOPOM WU BHELIHWM CUrHanom
CUMHXPOHM3aLMN CHOBa-TakM NPSMOYrOfibHON, CUHYCOMOANBHOW UMW TPeyronbHOW (PopMbl, U C 3anofiIHEHMEM UMMNYNbCOB
50%. B kaxxgom n3 atux cnydaes Yactota LSE-reHepaTopa gomkHa 6biTb paBHa 32,768 kl'l, 4To HeoO6XoaUMO Ans TOYHON
paboTbl 4YacoB peanbHOr0 BpeMeHW. Yacbl peanbHOr0 BpPEMEHU Takke MOryT CUMHXPOHW3MPOBATbCS BHYTPEHHUM
HM3KOYaCTOTHbIM FreHepaTopoM, OJHAKO BBMOY €ro HeAOCTaTOMHOW TOYHOCTM, OObIMHO Ana peanu3auun dyHkumn YPB
ncnoneadyetcs LSE-reHepaTop.

3.4.3. Bbixoa CUMHXpPOHU3aLUKN

OpHa 13 nMHUIM BBOA4A-BbiBOAA MOXET ObITb HACTPOEHA, Kak Bbixof cnHxpoHmnsaumm (MCO). B atom pexume, BbiBog MCO
MOXET reHepMpoBaTb OOUH U3 YeTblpeX BHYTPEHHUX MCTOYHMKOB CUHXpOHM3aumn. O6 aTom Gornee geTanbHO nonaeTt peyb
Npu PacCMOTPEHUN HAaCTPOEK BHYTPEHHEN CUCTEMbI CUHXPOHM3aLUN.



3.4.4. BbiBoAbI ynipaBrieHUs1 3arpy3Kkou U BHYTPUCUCTEMHOE NporpaMmmMupoBaHue

MUVKPOKOHTpONNEp MOXeT HayaTb CBOW paboTy B OOHOM M3 TPEX PasfMuYHbIX PEXMMOB 3arpy3kM. OTU pPexXunmbl
BblibupatoTca ¢ nomolbio BeieogoB BOOTO n BOOT1. OT BbIGpaHHOIO pexvma 3arpy3ku 3aBMCUT, Kakyro obnacTb KapThbl
NnamsiTh MUKPOKOHTposnnep OygeT cuutatb Hadanom namsaAtv. MK moxeT mcnomnHsATb kog nporpammbl u3 Flash namstu,
BHyTpeHHero ctatudeckoro O3Y unu cuctemHon namsatu. Ecnu BbiOupaeTcs 3arpy3ka us cuctemHow namsitn, To STM32
HayHeT CBOK paboTy C BbINOMHEHUS 3anporpaMMMPOBaHHON MPOU3BOAUTENEM 3arpy304HOW MporpamMmbl, KoTopas
Nno3BoMsieT NONb30oBaTento nepenporpamMmmmpoBaTthb Flash namsite BHyTprcMcTEMHO.

3.4.5. PexxuMbl 3arpy3ku

[ns paboTtbl B 06b14HOM pexume BbiBog BOOTO Heobxoammo coegnHnts ¢ GND. Ecnum e nnaHupyeTcsa ncnonb3oBaHue
OPYrMX pexmMMoB, HEO6X0OUMO NpeaycMOTpeTb AXamnepbl Ans 3adaHus pasnuMyHbIX COCTOSHWMI Ha BbIBOAAX ynpaBrneHus
3arpyskon.

STM32F 10xxx
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BbiBoAbI ynpaBneHus 3arpy3Kkon No3BONsAOT yKa3aTb, Kakasi obnactb naMaTn 6yaeT MCNoNbL30BaTbCA Kak nepsble 2
k6anT namaTn. B nx kayectBe MmoryT BbicTynatb Flash namatb, BcTpoeHHasa nporpamma 3arpy3yvka unm nepBble 2
K6anT ctatuyeckoro O3Y.

O6bl4yHO NOTPebHOCTL B 3TOM BO3HMKaeT npu obHoBneHun MO yxe Ha dase akcnnyaTauuy npogykumun. Nporpamma
3arpysumka ons nonyveHus koga nporpammel oT K no ymonyaHuio ucnons3yet nocrnegosatensHbln nHtepdenc YCAIMI,
NoaToMy, eCfnv NIaHUpPyeTCs ee UCNOSNb30BaHNE, TO B CXxeMe Heobxoamnmo npegycmoTpeH MIC npmemo-nepeaatymka RS232.

3.4.6. OTnago4HbIN NOPT

3aBepLuaoLwmm 3BEHOM CXEMbI BKITIOYEHWS ABMSIETCA OTNagoyHbin nopT. OH Heobxoanm Anis NOAKMYEHUS OTnagymka K
MK STM32. Otnago4yHas cuctema Cortex CoreSight nogaepxvBaeTt aAsa Trna nogkntoveHun: 5-sbisogHon nopt JTAG n 2-
BbIBOAHOW nocnegosaTenbHbin nopT Cortex. O6a aTMx nopTa 3agencTByOT AN CBA3M C OTNIad4YMKOM NIMHMM BBOAA-BbIBOAA
obuwero HasHauyeHud. lNMocne cbpoca LMY Cortex HaszHavaeT 3TUM NUHUAM WX anbTepHATMBHbIE (PYHKUMWM, 4YTO AaeT
BO3MOXHOCTb MCMONb30BaTb OTNagouHbIN NopT. [1pn HEOBXOOUMOCTM MCMONb30BaHUSA NIMHUIA OTNAAO0YHOro UHTepdenca,
Kak O0Obl4HbIX JMHWIA BBOAA-BbiIBOAA, HEOOXOAMMO COOTBETCTBYHOLWMM o6pa3om 3anporpaMMuMpoBaTb  PerncTpbl
anbTepHaTMBHbIX PyHKUMIA. 5-npoBoaHomn nHTepdernc JTAG BbiBoauTes Ha 20-BbiBogHOM pasdbeM IDC co ctaHaapTHbIM Ans
Bcex JTAG-COBMECTUMbIX WHCTPYMEHTanbHbIX CpeacTB pacrnonoXeHueMm BbiBOAOB. [locrnegoBaTenbHbI UHTEpdenc
ucnonb3yeT nopT A_13 ona nocnegoBaTensHOM nepeaaym AaHHbIX U nopT A_14 Ans CUHXPOHU3aLMK.



4. ApxuteKktypa cucteMbl MUKPOKOHTponnepoB STM32

MK STM32 BbinonHeHbl Ha ocHoBe sapa Cortex, koTopoe noakntoyeHo K Flash namaTtn no oTaensHOM WKHe MHCTPYKLMA.
LLnHa gaHHbIX U cuctemHasd wuHa Cortex nogknioYeHbl K MaTpuLe BblICOKOCKOPOCTHbIX WinH AHB. BHyTpeHHee cTtaTudeckoe
OBY nopgknoyeHo Hanpsmyto K matpuue wuH AHB, ¢ koTopoi Takke cBaszaH 6rok MANN. MogkntoyeHne BCTpoeHHbIX YBB
pacnpegeneHo mexay Asyms wmnHamun APB. Kaxpgas u3 wwuH cBdsaHa ¢ matpuuen wunH AHB nocpeacTBOM LUMHHBIX
npeobpasosBatenen. Matpuua wuH AHB cnHXpoHM3MpyeTcsa Ton xe 4JactoTor, 4to 1 aapo Cortex. OgHako, y wuH AHB
NUMeTCS OTAerNbHble NMpeaaenUTeny n, NO3TOMY, B LENAX CHWKEHWUS] SHepronotTpebneHns nx MOXHO CUHXPOHU3NPOBATb
oonee Hu3kMMKM 4acToTamn. BaxHo oOpaTuTb BHUMaHue, 4to wWwumHa APB2 wmoxeT pabotate ¢ MakcMmanbHbIM
obiTpogenctenem 72 My, a OeictpogencTeue wuHbl APB1 orpaHnyeHo vactotor 36 My, B kayecTBe LUMHHBIX MacTepoB
MOryT BbiCcTynaTtb, kak LMY Cortex, Tak u ©6nok [AMN. Bnarogaps CBOWCTBEHHOW MaTpuue LWWH Napaniennsmy,
HeobxooMMOCTb B apbuTpake BO3HMKAET TOMbKO B Cliyyae MnoMbITOK OOHOBPEMEHHOro AocTyna obemx MacTepoB K
ctatnyeckomy O3Y, wuHe APB1 unn APB2. Tem He MeHee, kak Mbl ybeaumcs npu nsyvyeHunu pasgena nocsswerHHomy MNArT,
LUMHHBLIN apOuTp rapaHTMpOBaHHO NpefocTaBnsaeT 2/3 BpemeHun goctyna gnsa 6noka MAM v 1/3 gnsa LMY Cortex.
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B cTpyKType BHYTPEHHMX LUMH NpegyCcMOTPeHbl OTAeNIbHaA WMHA UHCTPYKLUMA U MaTpuLa LWWKH, KoTopas
npepocTaBnsieT HECKOMbKO KaHanoB nepegayvu gaHHbix gns LMY Cortex u 6noka NAMN

4.1 PacnpegeneHve namatu

HecmoTpsa Ha 10, uto y MK STM32 nmeeTcsi MHOXECTBO BHYTPEHHUX LUMH, aapecHoe MPOCTPaHCTBO AN nporpammMucta
npegnaraetcsi kak nuHenHoe pasmepoM 4 [Gawt. MMockonbky MK STM32 BbinonHeHsl Ha ocHoBe Cortex, TO y Hux
ucnonb3yeTca CTaHgapTHoOe pacnpegeneHve namaTtu. MNamate nporpamm HadmvHaeTcs ¢ agpeca 0x00000000. BetpoeHHoe
ctatnyeckoe O3Y crapTtyeT ¢ agpeca 0x20000000. Bce ayeriku ctatndeckoro O3Y pacnonoxeHsl B 00nactu xpaHeHus 6uT.
Peructpbl YBB npeacTtaBneHbl B KapTe namsaTtv, HaumHasi ¢ agpeca 0x40000000, u Takke pacnosioxeHbl B obnacTtu
xpaHeHus 6uT YBB. HakoHeu, pernctpbl Cortex HaxoasitTcst B x CTaHOApTHOM MecTe, HadmHas ¢ agpeca 0xE0000000.
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Kapta namsatn STM32 BbinonHeHa no ctaHgapty Cortex. NepBble 2 k6anT NnaMATU MOryT ObITb cBsi3aHbl ¢ Flash
namMsaTbi, CACTEMHOM NaMATbLIO Unu ctatnyecknm O3Y, B 3aBUCUMOCTU OT COCTOSHUSI BbIBOAOB yNpaBleHuns
3arpyskomn

O6nactb Flash namatn pasgeneHa Ha Tpu cekuun. MNepBasi - Flash namaTe nonb3oBaTens - HauyMHaeTCcs C agpeca
0x0000000. fanee cneagyeT cucTeMHasi namsTb, KOTOpas Takke HasblBaeTcsl 60nbwWMM MHAOPMALMOHHLIM 6rokom. OHa
npegcrtaenseT cobon Flash namsaTe pasmepom 4 kbaiiT, KoTopas 3anporpaMmMMpoBaHa Npou3BoaUTENIEM KOAOM MPOrpamMMbl
3arpysuuka. lMocneaHasa cekuus, kotopas ctapTyet ¢ agpeca Ox1FFFF800, HasbiBaeTcst ManbiM MHAOPMALMOHHLIM GITOKOM.
B Helt HaxoaUTCs rpynna onumMoHanbHbIX 6aiT, C MOMOLLBI KOTOPbIX MOXHO MOBIMUATL HA HEKOTOPLIE CUCTEMHbIE HACTPOWKU
MUKpoKoHTpornnepa STM32. lNporpamma 3arpy3ynka no3eonsieT nocpeactsBoM uHtepdpenca USART1 3arpyautb ko
nporpamMmel 1 3anporpamMmmmpoBatb ero Bo Flash namate nonb3oeatens. Utobbl nepeectn MK STM32 B pexum 3arpy3uuka,
HY>KHO Ha BHelHux BbiBogax BOOTO n BOOT1 ycTaHOBUTb HU3KWI U BbICOKMI YPOBHW, COOTBETCTBEHHO. Ecnn ycTaHoBUTL
WMEHHO Takne COCTOSIHUS Ha BbIBOAAX YNpPaBIieHWs 3arpy3koun, To 6rok cMCTeMHOM NamaTn HavyHeTcest ¢ agpeca 0x00000000.
Mocne c6poca, MK STM32, BMecTo BbINONHEHUS NpuUKIagHoro koga n3 Flash namatn nonb3oBaTens, Ha4HET BbIMOMHEHNE
nporpaMmmbl 3arpysymka. Ytobbl nonb3oBaTeslb MMEN BO3MOXHOCTb CTUpaTb M nepenporpammupoBaTtb Flash nmamsartb Ha
KOMMNblOTEPE HEOOXOAMMO 3anyCTUTb €lle OAHY NporpamMmy 3arpysyvka, KOTOPYH MOXHO ckadaTb C canWTa komnaHum ST.
Mporpamma pgns MK Takke poctynHa B Buage DLL-dparina, 4to nossonsieT cosgaBaTb cobcTtBeHHoe [10  gns
nporpamMmmMmnpoBaHns MMKPOKOHTPOMMEPOB Ha hasax Npon3BoACTBa UK IKCMyaTaLumn NpogyKLmn.

C nomoLulblo BbIBOAOB ynpaerieHusa 3arpyskon agpec 0x00000000 Bmecto Flash namaTtu nonb3oBatensa MoxeT ObiTb
Takke cBsizaH co cTtatudeckum O3Y. lNMockonbky 3arpyska ctatudeckoro O3Y ocyllecternsieTcss 6onee 6GbiCTpo, TO 3Ta
BO3MOXHOCTb MOXET OKa3aTbCs MONe3HON Ha ha3e NpoeKTUPOBaHMSA AMS UCTIONHEHWUSI koda NporpaMmbl U3 CTaTUYECKOro
OBY. Kpome TOro, nosiBrsieTcsi BO3MOXHOCTb COKPaTUTL YacToTy nepenporpaMmMmupoBanust Flash namaTu.



4.2. PaboTa ¢ MaKkCMMarsibHbIM ObICTPOAENCTBUEM

MoMMMO [ByX BHeELUHMX reHepaTtopoB, Y STM32 umeetcs gBa BHyTpeHHUXx RC-reHepatopa. Cpa3sy nocne cbpoca sapo
Cortex CUHXPOHM3UPYEeTCA BHYTPEHHMM BbICOKOYACTOTHbIM TFEHepaTopoM, HOMMWHarnbHasi paboyas 4acToTa KOTOpOro
coctaBnsetr 8 MIU. BTopor BHYTpPEHHUI reHepaTop - HWU3KOYACTOTHbIM reHepaTop Ha 4actoty 32,768 klu. [aHHbIn
reHepaTop npegHasHa4YeH ans CoOBMECTHON paboThbl C YacaMu pearbHOro BpEMEHN N CTOPOXKEBLIM TAaNMEPOM.
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Y MK STM32 ucnonb3yeTcsi 4OCTAaTOYHO CIIOXHas CMCTEMA CUHXPOHU3ALMU C ABYMS BHELWHUMU U OBYMSA
BHYTPEHHUMU reHepaTopamm, a Takke cxemon PAIMY. B uensx 6e3onacHocTu cuctemMbl NpegycMoTpeHa
BO3MOXHOCTb MOHUTOPUHIa BHELLHEro BbICOKOYAaCTOTHOrO reHepaTopa

Mpoueccop Cortex nogaepXxvMBaeT BO3MOXHOCTb CUMHXPOHM3aUUU BHELWHWUM WM BHYTPEHHUM BbICOKOYACTOTHbLIM
reHepaTtopoM unn ot BHYTpeHHen cxembl PAIMY. VICTOYHMKOM cuHXpoHM3auumn cxembl PAMY MOXET CnyXuTb BHYTPEHHUN
WM BHELHWIM BbICOKOYACTOTHBIM reHepaTtop. Takum obpasom, MK STM32 moryt pabortate Ha 4dactote 72 MIy 6Ges
MCMOMb30BaHNA BHELUHEro reHepatopa. Hepoctatkom UCMOMNb30BaHWMA BHYTPEHHEro reHepaTtopa Ha 4vacTtoty 8MIy
SABNSETCSA €ro HeBbICOKas TOYHOCTb U CTabunbHOCTb. Ero Henb3s ucnonb3oBaTh ANS CUHXPOHW3aUUKM nocrnegoBaTenbHbIX
WMHTEPdENCOB WM AN BbIMNOSIHEHUS TOYHBIX W3MEPEHUA BpEMEHHbIX WHTepBanoB. HesaBucumMo oOT BbiGpaHHOMO
reHeparopa, 4Tobbl JobuTbca paboTel sapa Cortex Ha makcumanbHon Yactote 72 MI'y, Heobxoaumo ncnone3oBatb GAMY.
Bce perncTpbl ynpaBneHus HacTtpomkamu reHepatopoB, PAMNY M WKH HaxogdaTcs B rpynne ynpasneHus cb6pocoMm u
cuHxpoHusauuer (rpynna RCC).

YnpaBneHue copocoM U
CUHXpOHU3aL el

PervcTpbl CHHXpPOHU3ALMMK
KoH¢purypauma LWu1H

YnpaeneHue AOoMeHOM C
pe3epEUPOEAHUEM NUTAHWUA

YnpasneHuelcTaTyc

Bnok ynpaBrneHusi cGpocoM U CUHXPOHM3aumnen BO3AeiCTBYeT Ha CUCTEMY CUHXPOHMU3ALUK, LUMHHBbIE
npeoGpasoBaTenu U 4OMEH C pe3epBUpOBaHMEM NMUTaAHUSA



4.2.1. Bnok hazoBon aBTONOACTPOUKN HAaCTOTbI

Cpa3sy nocrne cbpoca WCTOYHMKOM CUHXpoHu3aumm LMY saensetca HSI-reHepaTtop. B Takom coctosHun MK ero
BHYTPEHHWI reHepaTop OTKMtoYeH. MepBbiM Wwarom no obecneveHunto pabotel STM32 ¢ MmakcMmanbHbIM ObICTpO4ENCTBMEM
saBnseTcsa BkNtoyeHne HSE-reHepatopa n oxmgaHne ctabununsaumm ero 4actoTbl.

¥npaeneuue| MoToBHOCTB
QAMNY |Pazpewenune

PazpeweHue 3awuThl
CHHXPOHW3aLLHH
Obxopn (Bypass)
[DTOEBHOCTEL
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Kanuwbpoeka W HacTpoiKa
Sl-cuHXpoHKUZaUMHK
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CHHXPOHKZaUMEN |Paspewenne
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Mocne copoca MK STM32 paboTaeT OT BHYTPeHHEro BbICOKOYaCTOTHOro reHepaTtopa. BHewwHui reHepaTop
Heob6XxoANUMO BKMHOYUTb

RCC->CR |= 0x10000; //Bximouenme HSE

// Oxmmaume cTabuimsauumM dacToTe HSE-TeHepaTopa
while (! (RCC->CR &0x00020000))
{

BkntoyaeTcsa BHeLWHWIA reHepaTop ¢ nomolbto pernctpa RCC_Control. BT rotoBHOCTU curHannampyeT o ctabunusaumm
4YacTOTbl BHELLIHEro reHepaTtopa. locne Toro, Kak YactoTa BHELUHEro reHepaTopa CTaHeT CTabuIbHOW, ero MOXHO BbiOpaTb
kak Bxoa 6noka ®AlNY. BeixogHas yactoTa 6rnoka PAINY 3aBUCUT OT 3a4aHHOIO LIENOYMUCITIEHHOMO 3HaYeHUs KoadpdmumeHTa
YMHOX€EHUS 4acToTkl, koTopoe xpaHuTtcsa B pernctpe RCC_PLL_configuration. Ecnn ncnonb3yeTtcsi reHepaTop Ha 4actoTy 8
MIu, onsa reHepaLMn MakCMMarnbHOW TakTOBOW YacToThl 72 MIy Heobxoaumo 3agatb KO3dduUMEHT yMHOXeHNs 9. Nocne
HaCTPOWNKM KO3(PULMEHTA YMHOXEHUSA 4acTOTbl, HeobxoamMmo paspewnTb paboTy Onoka PAIMY nocpencTBom permctpa
ynpaeneHus. Kak Tonbko BbixogHasa 4yactoTa 6noka PAlMNY ctaHeT cTabunbHOW, YCTAHOBUTCA COOTBETCTBYHOLLMI donar u
Bbixog ®AINMY MOXHO BbIGpaTh B KQ4eCcTBE NCTOYHMKA CUHXPOHM3aumm LMY Cortex.
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Mocne 3anycka HSE-reHepaTopa ero curHan MoOXHo nogatb Ha Bxoa cxeMbl PAIMY. Mo 3aBepLueHUM nepexoHbIX
npoueccoB BHyTpu cxembl PATY ee curHan MoXHO UCMONb30BaThb AN CUHXPOHM3aLUU CUCTEMbDI




4.2.1.1. HacTpouka WuH

Cpasy nocrne Bbibopa PAIY B kavyecTBe UCTOYHMKA CUCTEMHON CUHXpoHM3aumm LMY Cortex 6ygeT paboTtaTb Ha YactoTe
72 Mlu. YTobbl OcTanmbHas 4acTb MUKPOKOHTposnnepa paboTtana ¢ onTuManbHbIM ObICTPOAENCTBUEM, HEOOXO4MMO
BbINOMHUTL HAcTpomnky wuH AHB n APB.

YnpaBnexHue
IIMHaMMK

Copoc APB2
Cépoc APB1
PaspeweHue

CUHXpOoHKUIaLMK AHB
PaspeweHue
CUHXpOHWU3Iauuu APB2
PaszpeweHue
CUHXpOHKM3aumKn APB1

MNocne c6poca cMHXpoHU3auma mHorue u3s YBB HaxoaaTcs B COPOLLIEHHOM COCTOSIHUM U C OTKITHOYEHHOM
cuHxpoHusauuei. Mepep ucnonb3soBaHnem YBB Heo6XxoaAMMO paspeLlnTb ero CUHXPOHU3aLUMIo U BbIBECTU U3
cocCTosIHUA c6poca

//Paspemenue CUHXPOHM3alUuM wmH AHB,APBl m APB2
RCC- AHBENR = 0x00000014;
RCC->APB2ENR = 0x00005E7D;
RCC->APB1ENR 0x1AE64807;

//0OcBoboxmenne nauHut cbpoca YBB Ha mmHax APBl m APB2
RCC->APB2RSTR= 0x00000000
RCC->APB1RSTR= 0x00000000;

4.2.2. bydep Flash namaTtu

Ecnn paccmotpeTb cuctemHyto apxutektypy MK STM32, He TpygHo 3ameTtutb, 4to dapo Cortex-M3 cBsizaHo C
BHyTpeHHen Flash namsaTbio nocpeacTBOM OTAENBHON WNHBI MHCTPYKUMIA |-Bus. [JaHHas wuHa paboTaeT Ha ToW e YacToTe,
yto u UMY, noatomy, nocne aktuemsauun ODAMNY agpo Oygetr nbitaTtbCcss paboTtaTtb C HEW € MaKCMMalbHbIM
obicTpogencteneMm (72 Mrlu). [Mockoneky, 6onbwmHcTBO onepauun LMY Cortex BbINOMHAET 3a oAWH Nepuopg
CUMHXpOHM3auun, To goctyn K Flash namsatn Oyget ocywecTtBnaTtecs kaxable 1.3 Hc. Cpasy nocne 3anycka MK STM32
CUHXPOHN3NPYETCS BHYTPEHHUM reHepatopoM 4acTtoTbl 8MIL, nostomy, npobnem ¢ goctynom Kk Flash namatn Ha aTom
aTane ewe HeT. OgHako cpady nocrne aktmemdauumn 6noka GAMNY n BbibOpa ero B Ka4eCcTBe UCTOYHMKA CUHXPOHMU3ALMM
Bpemsa poctyna kK Flash namatu okaxetrca cnvwkom 6Gonbwum (35 Hc), ytobbl LMY Cortex morno pabotatb C
MakcumanbeHbIM BbicTpogencTanemM. Ytobel LMY morno pabotath Ha yactote 72 Ml 6e3 COCTOSHUIM OXMAaHusa B LMKNE
poctyna, y Flash namatu npegycmotpeH 6ydbep ynpexgawowlen BblIGOpKKM, COCTOAWMA U3 ABYX 64-6UTHbIX Bydepos.
Kaxgpli n3 atux bydepos oTBevaeT 3a cuuTbiBaHne 64-6utHoro cnosa 13 Flash namsatn n ganbHenwyo nepegady 16- unu
32-6uTHbIX MHCTPYKUuin B LMY Cortex. [aHHbIN cnocob XOpoLlo COBMECTMM C MHCTPYKLUMSIMU YCIOBHOIO nepexoda Habopa
WHCTpYKuun Thumb-2 1 npeackaszaHveM nepexofoB Ha koHeenepe Cortex. B xoge HopmarnbHoro ¢oyHkLmMoHuposaHusa MK,
NporpamMmMuCTy He criefyeT BbINOMHATL Kakux-nnbo ocobbix aercteuii ¢ bydepom Flash namsatn. OgHako nepen BbIoopom
DAY B KayecTBE OCHOBHOIMO MCTOYHMKA CUHXPOHU3auMuM Heobxogumo ybeguTbesi, 4TOo Oydep Flash namstn aktvBeH.
YnpaeneHue Oydepom ocyLlecTBRAseTCca Yyepe3 pernctp ynpaeneHus goctynom k Flash namstu. MNomumo aktuBm3aumm
Oydepa, Takke HeobXxooMMO 3adaThb KONIMYECTBO COCTOSIHUI OXMAAHMS, KOTOpoe Heobxoanmo Oydepy npeaBapuTensHOn
BbIOOPKKM AN cunTbiBaHns 8 6anT MHCTpyKuuin n3 Flash namsitu. 3agepxka BoidnpaeTcs cneayiowmm obpasom:

0< SYSCLK <24MTIy 0 cocTosiHuin oxnpgaHus
24< SYSCLK <48MTI'u 1 cocTosiHME oXuaaHus
48<SYSCLK <72 MI'y 2 cocTosiHUSA OXUaaHus

[aHHble COCTOSIHMA OXMOaHus OenCTBYOT Mexay Oydepom npenBapuTenbHow BblOopkM u Flash namsatelo n He
okasbiBaloT BnmsHMA Ha LMY Cortex. Mocne BbinonHeHus LMY nHCTpykumm 13 nepeon 4actu Gydepa, BTopas ero yactb
3arpyxaeTtcs, TakuMm 00pa3oM, 4TOObl BbINOMHEHME KOO4A  OCYLLECTBMANOCH HEMNPEPbIBHO C  ONTMMAaribHbIM
ObICTpOLENCTBUEM.




4.2.3. NMpamMon [ocTyn K namMaTn

Mepenaya gaHHbIX Mexay YBB v BHyTpeHHUM ctatudeckum O3Y MOXET OCyLecTBNATLCS, Kak npu ydyactum LMY Cortex,
Tak U aBTOMaTM4ecku nog ynpaesrneHunem BcTpoeHHoro 6noka MAM. bnok MAMN mukpokoHTponnepoB STM32 umeeT cemb
pasfenbHO HacTpauBaeMblX KaHaroB, MO3BONSALLME aBTOMATUYECKU NepedaBaTh AaHHbIX U3 NaMATU B NamsaTtb, n3 YBB B
namsTtb, n3 namatu B YBB n na YBB B YBB. lNepegaya namsatb-namsaTb BbINOSIHAETCSA C MaKCMMaribHO-BO3MOXHbLIM A5
kanana AN 6eictpogenctemem. Ecnu xe B nepegade paHHbix ydactsyeT YBB, 1o 6nok Al okasbiBaeTca nog ero
yrnpaBrneHnem 1 nepefaya AaHHbiX OygeT npovcxoauTb no 3anpocy YBB B niobom v3 Hanpasnexwuin. [Nomumo nepepayv
OnoKoB OaHHbIX, Kaxabii 6nok MAMN MoxeT HenpepbIBHO NepefaBaTth AaHHblE B KOMbLEeBoW 6ydep. MocKomnbKy BCTPOEHHbIE
KOMMYHMKaunoHHble YBB BooOLe He ocHalueHbl 6ydepamu FIFO, To kaHanbl MAIN moryT ncnonb3oBaTtbCca A8 nepegaym
OaHHbix mexagy YBB n 6ydepamn B ctatnueckom O3Y. bBnok MAOM Obin cneunanbHo paspaboTtaH nog ocobeHHoctn MK
STM32 »n onTMMM3upoBaH NoA YacTylo nepegady KOPOTKUX MOTOKOB Aa@HHbIX, YTO TUMUYHO ANA MUKPOKOHTPOMIEPHbIX
NPUMEHEHNI.
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Kaxpasn nepenavya namMATb-NnamMmATb COCTOUT U3 HYeTblpeX d)as. ®dasa AocTyna K WwunHe onuTtcAd 5 uuknos, a Bce
ocTanbHble - 1 uuKn

Kaxpass nepepava, ocyuwectensiemass 6nokom [N, coctouT M3 yeTbipex ¢as: dasa Bblbopkn u apbutpaxa, dasa
BblYMCIEHUs agpeca, dpasa JocTyna K WwuHe n dpasa noatesepxaeHus. Bee dasbl, kpome hasbl gocTyna K wuHe, andarcs 1
uukn. dasa gocTyna K wWwuHe (MMeeT MEeCTO BCSKUA pa3, Korga nepefarTcsd peanbHble AaHHble) AnmTca 3 umkna u
HeobxoouMMa ans nepegaymn crnosa AaHHbIX. YTobbl 6ok MANM n LMY Cortex mornn pabotaTtb COBMECTHO, X aKTUBHOCTb
yepeayetca, T1.0. IMAIN He GnokupyeTt pabdoty LMY un Haobopot. MNMpexage yem nepenTn K pacCMOTPEHUI0 MexaHu3Ma
yepegoBaHUsA, HeobXOAMMO YMOMSHYTb O BMSHUM MPUOPUTETOB Ha nepedady Mexgy pasnuyHbiMyi kaHanamu T100T.
Kaxxgomy u3 kananos [N nporpamMmmHbiM cnocoboM HasHavaeTcs OauH U3 4YeTblpex ypoBHeW npuoputeTta. Ha dase
apbuTpaxa OOCTyn K LUMHE MofydaeT KaHan C HauBbICLUMM YPOBHEM npuoputeta. Ecnm 3anpoc Ha nepegadvy oTnpasunuv
asa 6noka MAOM n oba MMeT OAMHAKOBBLIN YpOBEHb NpuopuTeTa, TO AOCTYN K LUMHE NOMyYMT KaHanm C HauMeHbLUUM
NopsiAKOBbIM HOMEPOM.
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Bnok MNAOMN pa3spa6oTaH ans 6bICTpon Nnepeaayn He6oNbLINX NOTOKOB AaHHbIX. [loTpeOHOCTL B Takon nepepave
TUNUYHaA ANa Hebonbwnx BCcTpanBaembix cuctemMm. bnok MAMN 3aHMmaeT WKMHY TONbKO Ha hase gocTyna K WuHe

Brnok MAMN MoxeT BbINONMHATL a3y apbuTpaxa u BblYUCIIEHUS agpeca, gaxe ecnv gpyron kanana MAIN HaxoguTes Ha
dase gocTtyna K wuHe. Kak ToNbKo akTMBHBIN KaHan 3akOHYMT nepefady OaHHbIX MO BHYTPEHHEN LUWHe, ovepeaHon KaHan
MAan yxe 6yget rotoB K nepegade M HesameanuTenbHO NPUCTYNUT K ee OCYLIEeCTBMNEHMWIO, Korga Tekylas nepegada
3aBepLlUMTCS BbINOMHeHMeM dasbl noaTeepxaeHus. Takum obpasom, kaHanbel AN no3sonawT He TONbKO nepedaBaTb
AaHHble ObicTpee, yem LY. UNx pabota elwe w TwaTenbHO 4YepedyeTcd, a LIMHA 3aHUMMaeTCd TOMbKO Ha Bpems
dhakTuyeckon nepegaydv aHHbIX.
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Ha kaxxgow chase gocrtyna K WwWrHe Tpu uukna ceBo6oaHbl ansa LMY. NMpu nepegavyax Tuna namATb-NnaMATb 3TUM

rapaHTupyetcs, 4yto LMY 6yaeTt BbigeneHo MuHumMmym 60% wnHbl, gaxe ecnu MNAIN BbinonHAeTcA HenpepbIBHO.

MomHuMTe, YTO 3TO KacaeTCA TONbKO NepeAayun AaHHbIX, a BbIOOpKy nHcTpykuum LMY Cortex ocywectTBnsAeT no
oTAeNbHOM WNHEe MHCTpyKumn I-code

B nepepadax Tvna namsitb-namaTb Kaxabii u3 kaHanos [MAMN GyneTt 3aHMMaTth LWMHY OaHHBIX TONbKO BO Bpems dhasbl
[OCTyna K LWMHe, Npu 3TOM, Ha nepeady Kaxaoro cnoBa AaHHbIX OyaeT 3aTpaumBaTbesa 5 UMKNOB. M3 HUX oguH LuKn - Ans
YTEHMS U elle OAWH - Onsi 3anvcu, NPpUYEM AaHHble LMKIbl YepeayrTCsl XONoCTbiIMU LUKIamMmn, BO BPeMS KOTOPbIX LUMHA
ocBoboxpaetcsa anga LMY Cortex. 3T1o o3HavaeT, yto 6nokm MAMN 6yayt ncnone3oBate He 6onee 40% OT NponycKHOW
CNOCOBHOCTU LUNHBI AaHHBIX Aa)e BO BPeMs HenpepbIBHOW Nepeaayn AaHHbIX Ha MakcuManbHoun ckopocTu. Mpu nepegavax
Tuna YBB-YBB 1 YBB-namsaTb cutyauumns Heckonbko bornee cnoxHas.

Mepenauun no wmHe AHB BbINONHAIOTCA 3a ABa LMKNA HA 4acToTe CUHXPOHU3aLMK 3TOW WKHbLI, a nepedayn no wuHe APB
TpebyoT AN BbINOMHEHUSA 2 LUUKMOB Ha YacTOTe CMHXPOHU3ALUUM 3TOM LUKMHBI U elle 2 UMKMa Ha 4acToTe CUHXPOHU3auum
wuHbl AHB. Kaxxgas nepegava 6noka MAMN coctont 13 gByx NepuogoB nepegaydum no WwuHe n ceoboaHoro umkna. Hanpumep,
nepepaya n3 moayns SPI B ctatudeckoe O3Y coctont n3 nepepauun u3 moayns SPI, us nepegaum B cratnyeckoe O3Y u 13
ogHoro ceoboaHoro umkna. CnegoBaTensHo,

Mepepaya u3 SPI B ctat. O3Y = Nepepaua SPI (APB) + nepegaya ctat. O3Y (AHB) + cBo60ogHbIN uukn (AHB) = (2
uukna APB + 2 ynkna AHB) + 2 uukna AHB + 1 uukn AHB = 2 uukna APB + 5 yuknos AHB

lMomHWTE, 4YTO BCE 3TO KacaeTcs TOMbKO Nepedadn AaHHbIX, T.K. Bce BblI6opKy MHCTpyKuuin LIMY Cortex ocywliectengaeT no
oTaenbHoun WwuHe |-Bus.
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Y 6noka nan nmeercsa cemb KaHanoB. Kaxabin kaHan siBNnsieTcsi NOJIHOCTbIO OPTOroHanbHbLIM

OyepepgHow xopoLuen HOBOCTbIO, kacatLenca onoka MAMM, senseTca To, YTO OH Ype3Bbl4aNHO MPOCT B UCMOSNb30BAHUN.
BHavyane HeobXxoouMo BKMIOYUTL CUMHXpOHM3aumo 6noka MO 1 BbIBECTM €ro n3 coctosiHua cbpoca. ATO BbIMONHAETCSA
yepes pernucTp paspeLueHns cuHxpoHuaaumm AHB B 6noke ynpaBneHms cbpocom 1 CUHXPOHM3aUUEN.

RCC->AHBENR |= 0x00000001; // paspemeHue CUHXpPOHM3aLuMM OGjioka IOl

Mocne nogayv nutaHusa Ha 6nok MO, kaxgpii N3 ero kaHanoB ynpaBnseTcsa Yepes YeTbipe pernctpa. B aByx perucrpax
XpaHATCS agpeca UCTOYHUKa u nonyyatens (permctp YBB u auenka namatm). [JaHHble 0 pa3mepe nepenayvv XpaHATcs B
perncTpe "konmyecTBa AaHHbIX", a obwme xapaktepuctukm MNAMN-nepegayn 3agatoTes Yepes perncTp KoHdurypaumm.
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Kaxgbiin us kananos MAOMN ynpaBnseTca Yepes YeTbipe perucTpa u nogaepXxuBaeT reHepaLuio Tpex npepbiBaHUM:
no 3aBepLlUeHUU, NOSIOBUHHOM 3aBepLUEHUUN U owmnbKkax nepeaayun

Kaxxgomy u3 kaHanos N[O MOXHO HasHaunTb YeTbipe YPOBHS MpuopuTeTa: "ouyeHb BbiCOKURN", "BbicokuRn”, "cpegHun" n
"Hu3kmin". Pasmepa nepefaBaemoro crnoBa 3ajaetcsa pasfenbHo ang namsatu n YBB. Hanpumep, Mbl MOXeM nepenatb 32-
6uTHoe cnoBo B kaHan MAM (3 umkna) us namaTtn, a 3aTtem nepegaTb YeTbipe 8-OUTHBLIX CroBa B pernctp AaHHbix YAIT
(Bcero notpebyetca 35 uuknoB BMecTo 64, ecnv Obl BCce OaHHble nepedaBanu 8-6uTHbIMKM nopumsiMu.) Takke nmeeTcs
BO3MOXHOCTb MHKPEMEHTUPOBaHMSA agpecoB namatn u YBB. MoTpebHOCTb B 3TOM MOXET BO3HWKHYTb, Hanpumep, npu
nepnoanyeckon nepenave gaHHbIX U3 peructpa pesynbtata AL B maccuB namatv anga ganbHernwen obpabotkm. YToobl
3afaTb B KaKOM M3 HanpaeneHun, namate - YBB unu YBB - namaTe, HeobxooumMo nepeaaBaTh OaHHbIe, NPeAyCMOTPeH but
HanpaBneHus nepegayun. lNpu nepegavax Tvna namMaTb-NamMsaTb HEOOXOOUMO YCTaHOBWUTL OUT 14 ona nepegayn AaHHbIX
mexay Asyms bydepamu B ctatmdeckom O3Y Ha MakcMmMarnbHO-BO3MOXHON ckopocTu. Micnonb3osaTtk kaHanb! MO MoxHo,
KaK B pexume onpoca, Tak U C UCMOSb30BaHMEM NPEPbIBaHMI MO 3aBEPLUEHMNIO, MOMTOBUHHOMY 3aBEPLLEHMIO 1 NPU OLIMbKax
nepegayn. HakoHeu, nocne 3aBepweHus HacTpouvku [OMM-nepegayn, Heobxogumo ycTaHOBUTL BUT paspelleHns paboThbl
KaHana v nepefada HauHeTcq. [Nepeaady NnamMaTb-NaMsTb MOXHO BbINOMHUTL C NOMOLLBIO CReayoLero koga nporpamMmmbi:

DMA Channell->CCR = 0x00007ACO;

DMA Channell->CPAR = (unsigned int)src arry;
DMA Channell->CMAR = (unsigned int)arry dest;
DMA Channell->CNDTR = 0x000A;

TIM2->CR1 = 0x00000001;

DMA Channell->CCR |= 0x00000001;
while (! (DMA->ISR & 0x0000001))
{7}
TIM2->CR1 =
TIM2->CNT
TIM2->CR1
for (index =
{
arry dest[index] = arry src[index];
}
TIM2->CR1 = 0; //ocTaHoBKka TanMepa

}

’

0
O/
1
0

2

;index <0xA;index++)

//HacTpoyka IepemaumM NaMsaTb-NaMsaThb
//BHOOP MCTOUHMUKA U [IOJyUdaTesid

//3amanue pasMepa nepenadm

//3anyck TaliMepa
//3anyck I[OIN-nepenaumn
//oXumaHue 3aBepllieHus nepenaun

//oCcTaHOBKa TamMepa

//cbpoc cueTuduka

//nepeszanyck TamMepa

//TOoBTOpPANIMECS ONepaluy, BHIIOJHIeMbe LY

CTaT.

03Y nAan

CTaT.
o3y

B paHHOM koge nporpaMmbl AeMOHCTPUpPYETCA NpocTas Nnepefaya NamMATb-NamMATb. CYeT KonmyecTsa LIUKIOB
BbIMOJIHAETCA BHYTPEHHUM TallMepoM

B npvBegeHHOM Bbile KoAe BbIMONHAeTCA nepegada 10 crnoB AaHHbIX Mexdy OBYMS maccuBamu B ctatuyeckom O3Y:
BHavane c mcnonb3oBaHveMm [, a 3atem ¢ ucnonb3oBaHnem Tonbko LMY Cortex. B kaxgom mM3 3Tux criyvyaes, nepeg
Hayanom nepefayun 3arnyckaeTcsl TaMep U OCTaHaBNMBAETCH MO 3aBepLleHun nepegayun. B gaHHom npumepa 6nok MAMN

BbINonHseT nepegady 3a 220 umknos, LMY - 3a 536.
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Zanpec NAnN
L ]
Kaxpoe YBB, koTopoe nogaepxuaet MNAMN, cBA3aHO ¢ KOHKpeTHbIM KaHanom. lMocne paspeweHnsa padboTtsl, YBB
CTaHOBUTCA KOHTponrnepomM notoka ana MAM-nepegaun. bnarogapsa atomy, npueM n nepepayva gaHHbIX
BbIMOJIHAIOTCA 6e3 kakoro-nu6o yyacrtusa LMY

HecmoTps Ha To, 4YTO nepedaym Tuna NamsaTb-NamsaTb BbIFOAHO MCNOMb30BaTh AN UHMLManu3aumMm obnacren namsartu, a
Takke Ans nepegavv GroKoB aHHbIX, 6onbllyo YacTe BpeMeHn kaHanbl MAMN 6ygyT ucnone3oBaTbCs NS NepeEMELLEHNS
OaHHbIX MexXay namsaTbio 1 pasnuyHbiMn YBB. B ¢Bs3u ¢ aTum, kaxabin n3 kaHanos A cea3aH ¢ onpegeneHHon rpynnomn
YBB. BHaudane, Heob6xoaMmo uvHuumanuaupoBaTb YBB u paspewwnts noggepxky vmm AN, 3aTem, Hy)XHO HacTpOUTb
cootBeTcTBYtOWMA kaHan [AOIN gns nepepadn OaHHbIX MO 3anpocy noaaepxvmBaemoro um YBB. Hanpumep, Gonee
nogpobHo paccmartpuBaembin ganee AL no 3aBeplueHun kaxagoro npeobpasoBaHus nomeltaet 10-OMTHbIM pe3ynbTaT B
peructp pesynbTata npeobpasosaHus. Ecnu [MAMN He wcnonb3oBatb, To LMY 6yaeT BbIHYXAEH nepuoavyecku
obpabaTbiBaTb MpepbiBaHUsA MO 3aBepLueHuto npeobpasoBanHus AL, Ecnm xe ucnone3osatb AN, TO No OkoHYaHMKM
kaxgoro npeobpasoBanust AL ©ynet reHepupoBaTtb 3anpoc Ha [AM-nepepavy, a 6nok MO nepepacTt pesynbtaT
npeobpasoBaHusa AL B ctatndeckoe O3Y no MHKpeMeHTMpoBaHHOMY agpecy. [pu Takom nopxoge ydactue LMY
notpebyetrca Tonbko Ans o6paboTKM MOArOTOBMEHHOrO MaccvMBa [aHHbIX MOCMe 3aBeplLleHus nepedayun nocrnegHen
BbIOOpPKMU.

3anpoc  _GFanpoc  _3anpoc _3anpoc  _3anpoc  _3anpoc  _3anpoc _Ganpoc  3anpoc
non " nan /" nan A" nan " non " nan A" nan _~* nan_ " ngn

Kanan 0 Kanwan1 Kanan? KaHan3 Kanwand Kanwan5 Kanwanbt Kadan 7 Kanan 8

Pervctp ganueix AL

YBB mukpokoHTponsnepoB STM32 He cogepxaTt Kakux-nmbo 6ycgepoB namatn. Ucnonb3oBanue MNAMN B ero
KOJIbLIEBOM peXume No3BONIAET MCNOJIb3OBaTh NII0O60M 06bLeM namATH B KavyecTBe 6ydepa YBB. Ucnonb3aysa
npepbIBaHMA NO MNOJIOBUHHOMY M MOJIHOMY 3aBEepLUEHUIO Nepeaavun, MOXXHO OpraHM3oBaThb ABOMHOMN KOJNbLEBOMN

6ydbep

YTtoObl 3TOT Npouecc 6bin 6onee adhpekTMBEH, MOXXHO aKTMBM3NPOBATb MOAAEPXKKY KOMbLEBOro bydepa, 4To No3BONUT
AU HenpepblBHO 3anucbiBaTb AaHHble B 3TOT Bydhep. 3atem, mcnonb3ys npepbiBaHWS MO MOSIOBUHHOMY M MOMHOMY
3asepuwenuto AN nepegayn, MoxHO cosgatb AsowHon Oydbep. [Mocne 3anonHeHus nepBoW MOMOBUHBLI Bydepa
reHepupyeTcs npepbiBaHue, KOTOpoe No3BonseT nepentn kK 06paboTke HaKoMMeHHbIX AaHHbIX, a, NPY 3TOM, HOBble JaHHbIE
OyoyT npoporkaTb HakannMBaTbCA BO BTOPOMW norosuHe Gydpepa. AHanornyHbiM obpa3oM, nocrne 3anosiHeHUs BTOPOW
YyacTtu Bycepa, MOXHO nNepenTn k 0bpaboTke AaHHbIX, Npu 3aToM, MAIN HayHeT nepe3anonHeHue Gydepa HOBbIMY AAHHBLIMU.
Takon ke MexaHuam pabotbl MO MOXHO Mcnonb3oBaTb U COBMECTHO ¢ apyrumun YBB. EgnHcTBEHHO, BaHO obpaTtuTb
BHMMaHWe, 4YTO Yy KOMMYHUKaLUWOHHbIX YBB peanusoBaHbl pasgenbHble kaHanel MO npuema n nepepayvu. Hanpumep,
mMoayrnb SPI MOXeT 0AHOBPEMEHHO NnepedaBaTth AaHHbIE B 000MX HaMpaBneHUsX.



5. YcTponctea BBoga-BbiBoAa

B paHHOM paspene OygeT npenctaBneHa obuwasi MHgopMauusa ob ycTpowcTBax BBoga-BbiBoga (YBB), koTopble
OOCTYMHbI NONb30BaTENO B PasfMYHbIX BEPCUMAX MUKPOKOHTponnepoB STM32. [ina ynobctea YBB paspensiotca Ha aBe
rpynnbl: MUKPOKOHTpoOnnepHole YBB o0uero HasHayeHuss M kKomMyHuKaumoHHble YBB. Bce YBB mukpokoHTponnepos
STM32 oTnu4yaloTcsi BbICOKOW CTEMNEeHbl CIMOXHOCTU U OYeHb NIOTHO cBsidaHbl ¢ 6nokom [MAMN. Kaxnoe YBB obnapaet
N30bITOYHBIMA CXEMHbIMU BflOKamMK, KOTOpble MO3BOMASIT MUHMMU3MPOBaTb Yydactve LMY B BbIMOMHEHUU KaXObIM
KOHKpeTHbIM YBB 3agad. VHbiMmn crioBamu, OHM 06rieryaroT aBTomMaTM3auuio annapaTtHbIX PeCypcoB, CHMXas Harpysky Ha
LMY no ynpasnenuio YBB.

5.1. YBB ob6uwero Ha3HayeHus

YBB 06Lero HasHayeHus MUKpoKoHTponnepos STM32 cocTtosaT n3 noptoB BBoda-BbiBoAa (MBB) obliero HasHaveHwus,
KOHTpONnfepa BHELIHUX MpepbiBaHWN, aHanoroBo-undpoBbix npeobpasoBaTenen, TanmepoB oOLEro HasHadeHwus,
paclwnpeHHOro TaviMepa UM 4acoB peanbHOr0 BPEMEHW C SHEProHEe3aBUCUMMbLIMW (32 CYET pes3epBMPOBaHWUS MNUTaHUS)
perucTpamun n BXogom obHapyxeHus BMeLlaTenbCcTBa.

5.1.1. lMopmbl e800a-ebI600a 06we20 Ha3Ha4YeHus

Y MK STM32 npegycmoTpeHo oo 80 aAByHanpaBneHHbIX NMHUIA BBOAa-BbiBOAA. Bce nvHMKM BBOAa-BbIBOAA pa3feneHbl Ha
5 nopTtoB no 16 NMHWMIn BBOAA-BLIBOAA B KaXKOOW.

HacTpoHKa
BbIBOAOB

MopT EBOAA-BLIBOAA
AnbTepHaTUEHAA ¢$HyYHKLUMA
BHewHee NpepbiBaHKE

Kaxxgas undpoBas nMHUA BBoAA-BbIBOAA MOXET BbINONHATbL (PYHKLMIO IMHMM BBOAA-BbIBOAA O6LEro HasHauYeHus
WU anbTepHaTUBHYO QyHKUMIO. Kaxabii M3 BbIBOAOB MOXET BbINOSIHATb AONONHUTENbHYH (DYHKLUIO OOQHOro U3
16 BXO4OB BHELWHUX NpepbiBaHUM

[aHHble nopTbl HasbiBatoTCA A...E 1 coBMeCcTUMbI C HanpseHnem 5B. MHorme ns BHeLWHNX BbIBOAOB MOTYT BbIMNOMHATL
anbTepHaTUBHYIO (byHKUMIO NMMHUK BBOAA-BbIBOAa BCTpoeHHoro YBB, Hanpumep, moaynsa YCAIM vnu 12C. Kpome Toro, 16
BXOOHbIX NIMHWIA BCTPOEHHOIo 6noka BHELUHUX NpepbiBaHUIN MOTyT OblTb CO€AMHEHBI C NIIOOLIMM N3 NIMHUAMKW MOPTOB BBOAA-
BblBOAA.

MopT BBOAA-
BbiBOAA

Oea
KOHUIypauuoHHbIX
pervcTpa

Beoa AaHHbIX

BriBoA AaHHbIX
YcTaHoBKkalcbpoc BuT
BrnokupoBKa gocTyna kK

KOHthUrypaumm

Kaxabiv NBB nopgaepxuBaeT BO3MOXHOCTb pa3aenibHOM KOHUrypauum NIMHUMA Ha BBOA U Ha BbiBoAa. Kpome
TOro, NpeaycMoTpPeHbI PerMcTpbl Kak A 3anvcu Lernbix CrioB, Tak U ANs BO34eNCTBUA Ha oTAeNbHble 6uThl. NMocne
3aBepLUeHUA KOHUrypauumm gocTyn K He MOXHO 3ab1oKMpoBaTh

Y kaxpgoro BB wmeetca gBa 32-OMTHbIX KOH(UrypaumoHHbix peructpa. CoBMecTHO OHM 06pasyloT 64-6UTHbIN
KOHDUrypaLMOHHbIA perncTp. 3Tn 64 6uta pasgeneHsl Ha 4-6UTHbIE NOMS, NO3BONSALMNE HACTPOUTL COOTBETCTBYIOLLYIO UM
nuHuio BBoAda-BbiBOAAa. B cBoto ovepenp, 4-6UTHOE none KoHdurypauuym coctouT n3 2-6UTHOro nons pexuma n 2-6utHoro



nonsi koHdurypauun. Mone pexvma No3BonsieT ykasaTb, B KAKOM HanpaBfieHnn paboTaeT NYHNUA: Ha BBOA MNM Ha BbIBOA, a
nosie KOHUrypaLum no3BonsieT HAaCTPOUTb XapakTePUCTHKM yripaBlieHus:

€CI1 NIMHNSI HaCTPOEeHa KaK BX0[, TO K HEN MOXHO NOAKMYUTL NOATATMBAOLLNIA K MAKCY UM MUHYCY PE3NCTOP;
NVHUS, HACTPOEHHAs! Ha BbIBOA, MOXET ObITb NMMOO ABYXTAKTHOW, MO0 C OTKPbITLIM CTOKOM. [1nsa NMHUIA BbiBOAA
MO>XHO TaKXKe ykasaTb ee MakcumanbHoe 6bicTpogencTame: 2, 10 unmn 50 MIu.
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EBIX0[, SN TERHATHE HOM _Apafeep puiBopa

dy HKLAb
KoHdpurypaums CNF1|/CNFO/MOD1|/MODO

AHaNoroBbIN BXOA, 0 0
Mnasatowuin Bxopf (coctosHmne nocne cbpoca) |0 1 00
Bxoa ¢ noatsarMBaHnemM K nrocy 1 0
Bxog ¢ noatarmBaHneM K MUHyCY 1 0
[1BYXTaKTHbIN BbIXOA 0 0 00: peseps
Bbixog, ¢ OTKPbITbIM CTOKOM 0 1 01: 10MI'y
[BYyXTaKkTHbIN BbIXOA anbTepHaT. OYHKLMK 1 0 10: 2MI'y
BbIxof, ¢ OTKPbITbIM CTOKOM arnbTepHaT. yHKuUnn |1 1 11: 50Mry

lMocne 3aBepLlUeHMS HACTPOMKM MOPTOB, KOHUrypauUOHHbIE MapamMeTpbl MOXHO 3alWwuTuTb. [ns aTtoro Heobxooumo
BbINOMHUTbL 3annCb B pPernctp OMOKMPOBKM KOHUrypauuu. B aToM perncrpe Ons Kaxaoro BbiBoAa NpenycMOTpeH OuT
©nokupoBku. [ocne ero ycraHoBkn 6NOKMpyeTCa BO3MOXHOCTb 3arnncu B COOTBETCTBYHOLLME NOMNSA KOHUIypaLumn n pexuma.
lMocne ycTaHOBKM Bcex Tpebyembix OUT ORokMpoBkM, HeobxogMmo B OuT 16 pernctpa OMNOKMPOBKM 3anucatb
nocnegosartenbHocTb 1, 0, 1. OTum OyaeT akTMBM3MpoBaHa GnokvMpoBka. YOeouTbCst B akTMBU3aumMm ONOKMPOBKM MOXHO,
€ecnv cpasy nocfne 3anucu BbINOMHUTE MOAPSiA ABa CYUTbIBAHUSA 3TOro e 6wuta. CumTbiBaHve 3HaveHun 0, 1
CBUAETENLCTBYET 006 yCNeLIHOW akTMBaLmMmn 6110KMpoBKN. [loCcTyn K MMHUSAM BBOAA-BbIBOAA OCYLLECTBIISETCS Yepes perncTpbl
BBOOA W BbIBOAA [aHHbIX. [Ona BbINOMHEHWs LENCTBMWA Had OTAENbHbIMM OUTaMyM MOXHO WUCMNOfb3oBaTb JMGO
nogaepxumeaembin  gapom  Cortex cnoco6 "bit banding" npumenHuTenbHo K peructpam BBOga M BbiBoga, Jmbo
BOCMONb30BaTLCS ABYMS CreumanbHbiMK pernctpamm 6utoBon obpaboTku. Pernctp yctaHoBku/cOpoca 6ut - 32-6UTHbIN
pernctp. BepxHue 16 6ut cBA3aHbl ¢ Kaxgonm u3 nuHmi [NBB. 3anuck B Hux nornyeckon 1 npuBogut K cbpocy
COOTBETCTBYIOLLEN NUHUN BBOAA-BbIBOAA. NOeHTUYHO aTOMY, 3anmck norndeckon 1 B niobon n3 mnagwmnx 16 6ut npuseaet
K YCTaHOBKE COOTBETCTBYIOLLEN NMHUN BBOAA-BbIBOA4a. BTopon pernctp dutoson obpaboTkm - pernctp cbpoca 6ut. IToT
permctp 16-6utHbin. 3anucb B ero 6uTbl normdecknx 1 MpuBOAMT K COPOCY COOTBETCTBYHOLLMX FIMHUA BBOAA-BbIBOAA.
CouyetaHue peructpoB [NBB, cnocoba "bit banding” n pernctpoe GutoBoi 06paboTknM NpefoCTaBnAlT MOMb30BaTENO
OTIIMYHbIE BO3MOXHOCTU ynpaBrneHus BCcemMu NuHuaMU BeBoAa-BbiBoga MK STM32 n moryT 4pessbldanHO 3dhpekTUBHO
NCnonb30BaTbCA B NPUMEHEHUSIX C UHTEHCUBHBLIM UCNONb30BaHNEM NUHUIA BBOOA-BbIBOAA.



5.1.1. AnbTepHaTUBHbIEe PYHKLUN

Pernctpbl anbTepHaTUBHbLIX (PYHKLUMIA YNpaBnsioT nepekniovyeHneM nuHuM BBoAa-BbiBoga Mexay [1BB n ogHum un3
BCTPOeHHbIX YBB. UT0o6bl cxeMoTexHMYeckoe NpoekTMpoBaHune bbino 6onee rmbknm, NMHMM BBoga-BbiBoga YBB MoryT GbIThb
CBs3aHbl C OAHUM 13 Heckonbknx BolBogos MK.

YMNPABINEHUWE COBbLITUAMM

epeHasHa4YeHHUe K HECTPDI{H
0TNaaAO4YHbIX NTHHUHUH

Ono3spgaBlee BbICOKONMPUOpUTEeTHOE NpepbiBaHne OTNOXUT BbINOJIHEHUE HU3KONPUOPUTETHOIO NnpepbiBaHuA, He
BbINOJIHAA NP 3TOM KaKux-in6o AoNoNHUTENbHbIX onepauvm Hag CTEKOM

AnbTepHaTuBHble yHKUMM y MK STM32 ynpaBnswTca 4epe3 peructp nepeHasHadyeHuss u otnagku. Kaxpgoe u3
uncpposeix YBB (YCAI,CAN, Tanmepsl, 12C n SPI) umeet ogHo- unu gByxobutHoe nomne, KOTOpPOe MO3BONSIET HA3HaAYNTb
paboTy c pasnuMyHon KombuHaumen BbiBO4OB. [locrie Bbibopa anbTepHaTMBHbIX (PYHKUUA BbIBOAOB, HEOOXOOUMO B
KOHdurypauuoHHbix peructpax BB nepekniounTe HasHayeHve BbiBOA4a C NVMHUM BBOAA-BbIBOA4A Ha anbTepHATMBHYHO
dyHKumo. Pernctp nepeHasHayeHus Takke ynpasnsieT KoHdurypaumen eoiBogoB otnagoyvHoro JTAG-nopta. Cpasy nocne
cbpoca, nopt JTAG akTMBM3MpyeTCH C OTKMOYEHHOW (PyHKUMen TpaccmpoBkn AaHHbIX. JTAG MOXHO NEPEKIoYUTL B PEXUM
OBYXNPOBOAHOrO OTNaA04YHOro UHTEpdenca, a Heucnonb3yemble BbIBOAbI UCMOMb30BaTh B KAYECTBE NUMHMIA BBOAA-BbIBOAA
obLLero HasHa4YeHus.

5.1.2. CurHanusauma coobITUn

Mpoueccop Cortex umeeT BO3MOXHOCTb reHepauuMvM MWMMynbca CUrHanmMsauum cobbiTUi, npegHasHaYeHHbIA Ans
BO30OHOBMNEHNS paboTbl OTAENbHOIO MUWKPOKOHTPOSfepa, HaxOAsWerocs B 3KOHOMWYHOM pexunme paboTtbl. OOblvHO,
UMMYNbC CUrHanu3aumm cobblTUA NojaeTca Ha BxO4 B0300OHOBMeHuA pabotbl BToporo MK STM32. 3toT ummnynsbc
reHepupyeTca Npu BbINOMHEHUN koMaHabl SEV n3 Habopa nHcTpykuun Thumb-2. YTobbl cBA3aTbL MMMYNbC CUrHanM3aumm ¢
KOHKpeTHbIM BbiBoAoM BB, npegycmoTpeH pernctp ynpasneHus cobbitusmu. Pernctp ynpaBneHus cobbITUsMU COaepxuT
nons Ans Bbibopa nmopta v ero nuHMM BBOAa-BbiBoda. [locne Bbibopa nuHMM BBOAA-BbiBOAA, HEOOXOAMMO 3aBEpLUNTb
HaCTPOWKY yCTaHOBKOM BMTa paspeLleHns curHanmaarmm cobbitun.

5.1.2. BHelwlHUe npepbiBaHUA

Brnok BHewHWX npepbiBaHWA uMMeeT 19 NMHMK nNpepbiBaHWn, KOTOPblE CBA3bLIBAOTCA C BEKTOpaMu npepbiBaHU
nocpenctsom KBBI1. N3 HUX 16 nuHuiA cBs3aHbl ¢ nuHuMaMU [1BB 1 MoryT reHeprpoBaTb NpepbiBaHMe No HapacTalLlemy
unu nogatowemMy pPOHTY, unm xe no odoum dpoHTam. OcTaBlIMECH TPU NIMHMM CBSA3AHbI C NIMHWEN npepbiBaHus YPB,
NHMe BO30OHOBNEHUA paboTbl nopta USB m BbIXOOOM cuUrHanmusauum Ofioka KOHTpoOns HanpsbhkeHust nutaHus. KBBI
NpefgocTaBnsieT OTAENbHblIE BEKTOPbI NMPepbIBaHUA NS NUHWIA BHEWHMX npepbiBaHui (EXTI) 0-4, YPB, 6noka koHTpons
HanpsbkeHus nuTaHnss n 6rnoka USB. OctanbHble nuHum EXTI pasgeneHbl Ha gBe rpynnbl, IMHUKM 5-9 1 nuHum 10-15,
KOTOpbl€ CBA3aHbl C ABYMS OOMOMHUTENbHBIMM BEKTOPaMM npepbiBaHni. Bnok BHELWHNX NpepbiBaHUA UrpaeT BaXKHY poOrib
ana ynpaeneHuss aHepronotpebneHnem MK STM32. [daHHbii 6noK ABMASETCA ACUHXPOHHBLIM M, MO3TOMY, MOXET
ncnonb3oBaTbCA A1 BO30OHOBNEHNA paboTbl MUKPOKOHTpONNepa, Haxoaswerocs B pexumve STOP, koraa o6a OCHOBHbIX
reHepatopa otknioveHol. EXTlI MoxeT reHepupoBaTb npepbiBaHue, kak Ans Bbixoga u3 coctosHus Wait B pexume
npepbiBaHUA, Tak 1 ANs Bbixoda U3 coctosHus Wait B pexxnme coObITUIA.

3210
i r:r EXITO
BHEI_“HEE [
npepbiBaHue
KoHtpurypauma 1
' PAD
PBO
KoHthburypaums 4 PCO =0
PDO
PEQ

MK STM32 umeroT 16 NMHUIA BHELWHUX NpepbIBaHUNA, KOTOpPble MOXHO NOAKIMIOYUTL K N0GOM U3 NMHMIA BBoAa-
BbiBOAa



Kaxgyto n3 16 nuHmnii EXTI MOXHO cBsi3aTb C COOTBETCTBYIOLLEN NMHMEN BBOAA-BbiBOAA Ntoboro M3 noptos. Ona aToro
NpeaycMoTpeHbl YeTblpe KOHMUrypaumoHHbIX perncrtpa. [aHHble peructpbl pasgernieHbl Ha 4eTbipexOuTHble nons,
CBsi3aHHble C Kaxxgon NuHmen EXTI. C nomowbo gaHHOro nons kaxayto nuHuio EXTI MoxHO cBsizaTb € NOObIM U3 NSATH
MBB, Hanpumep, nuHuio EXTIO moxHO cBsaizate ¢ nvHuen 0 nopta A, B, C, D wnm E. Takon nogxom no3BonsieT
ucnonb3osaTb nbon n3 eeiBogoB MK B kayectBe nuHum npepbiBaHusa. ®yHkumio EXTI MOXHO Takke mcnonb3oBaTtb B
CBSA3Ke C anbTepHaTUBHOW (PYHKUMEN, aKTUBU3NPOBAHHOW Ha BHELLHEM BblBOAE.

//HasHaueHnue OyHKLMI BHEWHMX OPEPHIBAHMM JIMHMAM [IBB

AFIO->EXTICRI[0] = 0x00000000;

//Paspemenne MCTOUHMUKOB BHENHWX IPEPLBAHUMA

EXTI->IMR = 0x00000001;

//PaspenieHue BO3OOHOBJIEHVS IPY BHEMHUX COOBITUAX
EXTI->EMR = 0x00000000;

//BeiGop mamammero GpoHTa B KaueCTBE MCTOUHMKA 3alycka
EXTI->FTSR = 0x00000001;

//BEIGOP HapacTaomero GpoHTa B KAaUeCTBE MCTOUHMKA 3amlycka
EXTI->RTSR = 0x00000000;

//PaspelleHrie UCTOUHUKOB MNpPEpPHBaHMi B KBBII
NVIC->Enable[0] = 0x00000040;

NVIC->Enable[1] = 0x00000000;

BHellHee
npepbiBaHue

Macka npepblBaHMA
Mackana cobbITHA
BoiGop 3anycka

HapacTaloLWMUM (hpOHTOM
Beibop sanycka
nagawwmm hpoHTOM
MporpammHoe
npepbiBaHue

OTnpaeka

Y MK STM32 nmeeTcs 16 nuHui npepbiBaHNA, KOTOPble MOXHO NOAKIHOUYUTL K N06OM NMHMKM BBoAa-BbiBoAa. Nocne
NOAKIOYEHUA, BbIBOAbI BHELUHUX NPepbIBaHUMA MOTyT reHepMpoBaTh NpepbiBaHue Mo nagarowemMy m/mnm
HapacTawLwemy OpoHTY

Mocne ycTtaHoBKM pernctpoB KoHdurypaumm EXTI, kaxgoe BHellHee npepbiBaHWE MOXHO HACTPOUTb Ha reHepauumio
npepbiBaHWs NO HapacTalwemy unu nagalowemy ¢dpoHTaMm. Takke npegycMOTpeHa BO3MOXHOCTb NPUHYAUTENbHON
reHepauuu npepbiBaHnsa EXTI nyTtem 3anucu B cooTBeTCTBYIOLWME BUTHI perncTpa NnporpamMmmHOro npepbisaHus.




5.1.3. AUN

B 3aBucumocTy oT mogenu, B MUKpOKOHTponnepbl STM32 MoxeT ObiTb BCTPOEHO OAWH UMW [Ba aHanoroBo-LMdpoBbIX
npeobpasosatens. AL nuTaoTca oTAeNbHbIM HaNPshKeHMEM, KOTOPOE B 3aBUCUMOCTM TuMa KOpnyca MOXET HaxoouTbCs B
npegenax 2.4...3.6B. UctouHumk onopHoro Hanpsikernus (MOH) AL coeanHeH nubo BHYTPEHHE C HaMNpPsPKEHWEM MUTaHWSA
AUIM, nubo co cneunanbHbiMK BHELWHMMMK BbiBogamu. AL xapaktepuayeTcsa 12-6uTHOM paspeluarollent CnocobHOCTLIO U
yacTtoTon npeobpasoBaHua 1MIU. Y Hero mmeetca OO0 18 MynbTUNMEKCUMPOBAHHBLIX KaHanoB, 16 M3 KOTOPbIX MOXHO
ucnomnb3oBaTe ON9 WU3MEPEHUSA BHELWHMX curHanoB. OcTaBliMecd [Ba KaHama CBsf3aHbl CO BCTPOEHHbIM AAaTYMKOM
TeMmnepaTypbl U BHyTpeHHUM NOH.
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rEYNML
B MK STM32 nHTerpnpoBaH BbICOKOKa4YecTBeHHbIN 12-6uTHbIM ALIMN Ha yacToTy npeo6pa3soBaHus 1 My co
BcTpoeHHbiMM MOH n paTtunkom Temnepartypbl

5.1.3.1. Bpemsa npeobpasoBaHus u rpynnbl npeobpasoBaHus

ALM nogaepxvnBaeT BO3MOXHOCTb pa3fenbHOro NporpaMMMpoOBaHUS BPEMEHU NpeobpasoBaHUs B KaXAOM U3 KaHanos.
Bcero npegycmoTpeHa BO3MOXHOCTb Bblibopa 8 ANCKPETHbIX 3Ha4YeHUn n3 gnanasoHa ot 1.5 go 239.5 yuknos.

AL

S

PCLK2 ADCCLK

EpEMEHH
pazoBaHuA

Bub
npeo

SMPx[2:0]

YactoTa npeobpa3oBaHuA 3agaeTca MHAMBUAYaNbLHO ANA Kaxaoro u3 kaHanos AL

Kaxgeim AL nopgaepxusaeT ABa 6asoBbix pexuma npeobpasoBaHust: perynspHbii U MHXEKTUPOBaHHbIN. B pexnmve
perynspHbix npeobpasoBaHWi 3agaeTcs KaHan Wnu rpynna kKaHanoB, KOTOpble B JanbHenwem npeobpasoBbiBalOTCA
nooyepenHo. Y1cno KaHanoB B rpynne perynspHbix npeodpasoBaHuii KOHUIypupyeTcs nonb3oBaTtenem (4o 16 kaHanos).
Kpome TOro, MoXHoO 3agaBaTb Nopsaok Nnpeobpa3oBaHuMsi KaHAMNOB, a OAMH U TOT XXe KaHan KaHan B uukne npeobpa3oBaHus



MOXeT BbITb ouMcpoBaH Heckonbko pas. pynna perynspHbiXx npeobpasoBaHuii 3anyckaeTcst NporpaMMHO UM annapaTHO
pasnUYHbIMKM CuUrHanamm TanlMepoB wunu no 1-om nuHMM BHewHux npepbiBaHmi (EXTI 1). Cpasy nocne 3anycka,
npeobpasoBaHns B perynspHoi rpynne BbINOMHSATCSA HENPEpPbLIBHO. ANbTEPHATUBHO, rpynna MoXeT paboTaTb B pexume C
OCTaHOBKOM npeobpasoBaHusA, Korga Mo  3aBeplieHun oumdpoBKM  BbIOpaHHbIX  kaHanoB npeobpasoBaHune
npuocTaHaBnuBaeTCs BNOTb 40 CrieayoLwero 3anycka rpynnbl perynsipHoix npeobpasoBaHuii.

1-ii 3anyck 2-i 3anyck 3-i1 zanyck

KanHan 0 KadHan 1 Kanan ? | Kanan 4 Kadan 5§ Kanan 8] Kanan 9 Kanan 11 Kananl?2

4-ii zanyck

l 5-it 3anyck

kanHanl3 Kananl4d Kananlhb |Kadan 0 Kanan 1 KaHan 2 [

T KoHey npeo6pazoeadHud

MocnepoBaTenbHOCTL NPeobpa3oBaHUA B rpynne perynsapHbIX Npeodpa3oBaHUi MOXET ObiTb HENPEPbIBHOM
(UMKNMYecKon) nnu nepmoanYvecKomn, Korga nocrie Kaxaporo 3anycka npeo6pasoBaHUM BbINOJNHAETCA
npeo6pa3zoBaHune BblIGPaHHbIX KAHANOB

Kaxabli pas, korga saBepluaeTcs ouvdpoBka B rpynne perynspHbix npeobpas3oBaHuii, pesynbTaT npeobpasoBaHus
nomeLLaeTcs B €AUHCTBEHHLI perucTp pesynbTata npeobpa3oBaHna U reHepupyeTcs npepbiBaHne. 12-GUTHbIN pesynbTaT
XpaHuTcs B 16-6UTHOM perncTpe C NeBbIM UK NPaBbiM BelpaBHUBAHWEM GUT.

D11 D10 D9 DB DF D6 D5 D4 D3I D2 D1

D11 Dl D DE DF D6 DS D4 D3

12-0MTHbIN pe3ynbTaT XpaHUTcs B 16-06MTHOM perncTpe pesyrnbTaTa € IeBbIM UIU NMPaBbIM BblpaBHUBaHUEM OUT

Y ALIM1 umeetcs cneumnanbHbin kaHan MO, KOTOpbI MOXET UCNONMb30BaTbCA ANsl MEepedayn Kaxgoro pesynbraTta
npeobpasoBaHUs B OpraHn3oBaHHbI B NamaTn Oydep AaHHbIX. Mcnonb3oBaHWe [aHHOrO MeToda MO3BOSSIET COKpPaTUTb
4acToTy reHepauuMuM MpepbiBaHM L0 OQHOTO MO 3aBepLleHMM KaXZoro Luukna oumdpoBKU TFpynnbl  perynsipHbIX
npeobpasoBaHuin. bornee nNpoaBUHYTHIM METOAOM SBISIETCS UCMOSMb30BaHWE ABOWHOrO Oydpepa, KOTOpLIN Mo3BONseT
BbINOMHATE 06paboTKy HAKOMMEHHbIX AaHHbIX M3 OAHOW YacTu Gydepa u, Npu 3aToM, NPOAOIPKAaTL 3anucbiBaTb pe3yrbTaThl
npeobpa3oBaHnii BO BTOPYH YacTb Bydhepa, a no 3aBeplueHnmn Lukna npeobpasoBaHusa HaobopoT - obpabaTbiBaTh AaHHbIE
13 BTOPOW YacTu, a Nomellatb HOBblE OaHHble B NepByto. [Ina peanu3aummM gaHHOrO Metoga HeobxoaMmo MCMNonb3oBaTb
npepbiBaHMs MO NOMOBUHHOMY M NonHoMy 3aBepLueHuto MO, a Takke pexum konbLuesoro bydepa B 6rioke MAONT.

Fezynetar npeotp.kaHana 0
Fezynetar npeotp.xaHana 1

Fezynetar npeotp.kaHana 2
Peaynetar npeotp.kaHana 3

_ . Fezynetar npeotp.kaHana 4

. Fezynetar npeotp.kaHana b
Peaynetar npeotp.kaHana b
PeayneTtar npeo6p.kaHana 7

PeayneTtar npeotp.kaHana &

Zanpoc Janpoc Sampoc Janpoc Sanpoc Janpoc Janpoc  3anpoc Janpoc
C“non T0AN fnon “nan Man ‘ngn fnon man nan
F.ananO  FKanan 1 F.aHan 2 ; : ; G
ALM1 umeet noppepxky MAMN ana aBTomaTtnyeckon nepeaaym B CO3AaHHbIA Nonb3oBaTenem B ctatudyeckom O3Y
O6ydhep AaHHbIX

Opyraa rpynna npeobpas3oBaHM HasbiBAaeTCA WHXEKTMpPOBaHHOW. B  nocnepoBaTenbHOCTb  npeobpasoBaHMn
WHXXEKTUPOBAHHOW IPynbl MOXET BXOAMTb A0 YETbIPEX KaHAroB, a 3anyck Npeobpa3oBaHunii BbINOMHAETCA NPOrPaMMHO UIu
annapatHo. Cpasy nocrie 3arnycka 3TOW rpynnbl, MPMOCTaHaABNMBAETCS oUMpOBKa B rpynne perynsipHbIX npeodbpasoBaHui,



BbIMOMHAETCA CcOBCTBEHHas nocrefoBaTenbHOCTb  Npeobpa3oBaHWiA, a 3arteM  BO300OHOBMSIETCA  04epedHOCTb
npeobpasoBaHni B perynsipHon rpynne. Takke Kak M B Cnydae perynspHon rpynnbl, MOXET ObiTb 3agaHbl nobas
nocneaoBaTenbHOCTb KaHanoB U MHOTOKpaTHOe npeobpasoBaHne OOHOro M TOro Xe KaHana B O4HOW MocrneaoBaTeribHOCTU
npeobpasoBaHun. OgHako, B OTAMYME OT PErynspHON rpynnbl, Y KaX4oro WHXEKTMPOBAHHOrO npeobpasoBaHus MMeeTcs
CBOW COBCTBEHHbLIN pErncTp pesynbtaTa U PerucTp CMeLLeHus.

2EX1 2EXL 2EX1 2EX1 DIT DTO0O Do DB DA D@ D2 D4 D3I D35S DT DO

SEXT D11 D10 DO D& DF D6 D3 D4 D3I D2 D1 DO m

PerVICprI pe3ynbTaTa Hp906p83OBaHV|iI I/IH)KeKTVIpOBaHHOFI rpynnbl AONOJIHEeHbI O6MTOM 3HaKa u MOoryT ObITb C
npaBbiM U neBbiM BbipaBHUBaHNEM

B pernctp cmelleHMsi MOXHO 3anporpammupoBaTth 16-OMTHOE 3HayeHue, KOTOpoe aBTOMAaTMYeCKU BblMUTAETCH U3
pesynbTata npeobpasoBaHus ALM. Ecnu pesynbTupylolwlee 3HayeHue - oTpuuaTenbHoe, TO Peructp pesynbTaTta
WHXXEKTUPOBAHHOW rpyrnbl AOMOMHAETCS 3HaKoM. Takke Kak U B perynsipHoi rpynne, pesynbTaT MOXET XPaHUTbCS C MPaBbIM
UK NeBbIM BblpaBHWBaHWEM

5.1.3.2. ®yHKUMA OKOHHOro KoMnaparopa

MomMmMo OByx pexnmoB npeobpasoBaHus, AL nogaoepkmBatoT OyHKLMIO OKOHHOrO KOMMapaTtopa, KoTopas 3akno4aeTcst
B reHepauun npepbiBaHUs Npu BbIXOAE pe3ynbTaTta npeobpas3oBaHus 3a Npedernbl 3aaHHbIX NOofb30BaTeNEM HUKHEN U
BEpPXHEN rpaHuL (YCrOBUS CHWXKEHUA W MNPEBbILEHUS HanpsXXeHusi, COOTBETCTBEHHO). OKOHHbIA KOMMapaTop MOXET
NCMNomb30BaTbCA AMsi MOHUTOPWHIA BbIOPAHHOIO PErynsipHOro UMM MHXEKTUPOBAHHOMO KaHara, WUIn e BCEeX PerynspHbiX
WM VHXEKTUPOBAHHBIX KaHamnoB. [lOMMMO MOHWUTOpPUHra HanpskeHus, (YHKUMS OKOHHOro KoMmnapartopa MOXeT
MCMNomb30BaTbCA B KAYECTBE AeTeKTopa NepeceyeHns Hynsl.

AOC_IND —\

ADC_INT—

OKOHHHA KOMNapaTop R

PerucTtp ctarcryca T

ADC_IN15 —

DaTu,
TEMNEpaTypEl

WREFINT —/

®DYHKLMA OKOHHOro KOMNapaTopa npeAHasHaveHa ANA MOHUTOPMHIa O4HOMO UMK BCeX KaHanoB Ha npegmeT
BbIXxoA4a 3a npepesibl 3a4aHHON NoJib3oBaTesieM BepPXHerM U HUXKHeMN rpaHul

5.1.3.3. ba3oBas koH¢urypaumsa AL

AL

YnpasneHue u cTatyc
Bpema npeobpazoBaHus
CmelleHne B MHKeK-
TUPOBaHHLIX KaHanax
Moporn oKoHHOI o
KoMmnapartopa

Pervctpo 3anaHus
nocnenoegaTenNbHOCTH
Peructpo pesynbTarta

Peructpbl ALIN pa3geneHsbl Ha wecTtb rpynn. KoHdurypauus padoTtsl ALM ocywecTenseTca yepes perucTpbl
ynpaBneHus U ctatyca



AU umeetr 6nokM perncTpoB pAns HACTPOMKW: MHOMBMAYaANbHOrO BpPEMEHM Npeobpas3oBaHus, perynspHbIX U
WHXXEKTUPOBAHHbIX MocregoBaTenbHOCTEN Npeobpas3oBaHWi, 3HAYEHUN CMELLEHWUs ONA MHXKEKTUPOBAHHOM Tpynnbl U
NOPOroBbIX 3HAaYEHUN OKOHHOMO KomnapaTtopa. Bea HacTporka AL BeinonHAETCA Yepes perncTpobl ynpaBrieHus 1 ctaTyca.

Hacrpofika aHanor oBwx
PYHKELHA

Bwfiop pexymMoB

Janyck npenﬁpas.l Perynap.

CABOEHHHK NpeofpasoBaHUi HHxekT.
Janyck B peryn. | Brtiop sanycka
pEXHME Crapr

1 4 1 ] ] 4 ] 1
Pexu
OCTaHAEAMBAEMBIX
npeobpa3oBEaHHA
ABTOMAaTHYECKDE
anDﬁpaSDBﬂHHEﬁ
MHAXEKTHPOEAHHD
rPYnne N ‘Crapr
npaeneHHe HHXEKT_pexum Buitop
CK.QH-PENHMOM KoHpur.zanycka' sanycka
BoipagH.paHHWx —

Paspewenue npepweaHu4n

Easpgm.ﬂﬂﬂ
Bwfiop kaHana anAa anuopoBKa
nxnuﬁhrn xnmﬁ%paTnpa Henpepws. npeotp.

Brmouenue ALLN

Pexum pa6oTtbl ALM 3agaeTca yepes aBa peructpa ynpasneHusi. Huxke nokasaH npumep KoHdurypaumm
npeo6pa3oBaHUA 0OQHOro KaHana ¢ reHepaumen npepbiBaHUs

ADC1->CR2 = 0x005E7003; //BrioueHye Alll M paspeleHyre HENPEPHBHOTO IPeofpas30oBaHMUs
ADC1->SQR1 = 0x0000; //yCTaHOBKAa IJIVHBEl MOCJIEIOBATEJIBLHOCTY PABHOM 1

ADC1->SQR2 = 0x0000; //BRIOOP mpeobpaszoBaHva kaHasa 0

ADC1->SQR3 = 0x0001;

ADC1->CR2 |= 0x005E7003; //mepesanuct OuTa paspemeHrs paboTH

ADC1->CR1 = 0x000100; //3anycK NpeoBpasoBaHMa PEeTyJISPHEIX KaHAaJOB,

//paspemenue npepuBaHusa Al
NVIC->Enable[0] 0x00040000; //paspeumenue npepuBaHusa Al
NVIC->Enable[1l] = 0x00000000;

B npouenype obpaboTku npepbiBaHMsl pe3yrbTaT npeobpa3oBaHusl CUUTLIBAETCA U3 perucTpa pesynbTaTa U BbiIBOOUTCSH
Ha NMHKMK NopTa BBOAA-BbiBOAA.

void ADC IRQHandler (void)
{
GPIOB->ODR = ADCl->DR<<5; // konmupoBaHue pesynabTara ALl B IIBB
}

BmecTo npoueaypbl 06paboTku npepbiBaHus, And nepedayn pesynbtata AL B NBB moxHo ncnonb3osatb kaHan MAr.

DMA Channell->CCR = 0x00003A28; //KOJBILIEBOM PEXUM,
/ /VHKpPEeMeHTYpOBauye YBB M HmaMaTM OTKJIOUEHO

//3amnanue ampeca Ha3HAUeHUS — PETMCTP IOaHHBX [IBB
DMA Channell->CPAR = (unsigned int) 0x4001244cC;

//3arpy3ka ampeca MCTOYHMKA B PETUCTP OaMATU
DMA Channell->CMAR = (unsigned int) 0x40010CO0C;

DMA Channell->CNDTR = 0x1; //KOIMYECTBO CJIOB IJId Iepenaum
DMA Channell->CCR |= 0x00000001; //Paspemenyve Il nepemaum




Y AL gomkHa GbIThb BKNtoveHa nogaepxxka MAr.

ADC1->CR2 |= 0x0100;

5.1.3.4. PexxkuMbl cABOEHHbIX Npeobpa3oBaHUM

AUM mukpokoHTponnepoB STM32, kak pgna Hegopormx MK obuwlero HasHauyeHunsi, SIBRsieTCs  YpesBblvaniHO
MHOro(pyHKUMOHaNbHbIM.  He cnegyet XxaneTb BpemMeHuM Ha u3ydeHne Bcex Bo3aMoxHocten AL, T.K. nocne
COOTBETCTBYHOLLIEN HACTPONKN OH MOXET annapaTtHO BbINOMHATL Te Xe AeNCTBUS, BbINOMHEHUS KOTOPbIX MPWY MCNOMb30BaHNA
o6blyHOro mMopyns AL MOXHO A0BUTBCA TONMbKO HanucaHWeM AOMONMHWUTENbHOro Koga nporpammbl. Mano Toro, B
cemenctee STM32 nmetotca MK ¢ asymsa mHTerpuposaHHbiMu AL, koTopble noadepxmBaloT AONOMHUTENbHbLIE PEXUMbI
CABOEHHbIX NpeobpasoBaHUii.
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PeXxumbl cABOEHHbIX Npeobpa3oBaHUM NO3BOJIAOT CUHXPOHM3UMpPOBaTb PaboTy ABYX BCTPOeHHbIx ALIM,
npenocTaBnsas BOCEMb AONONHUTENbHbIX PEXVUMOB

B pexmmax cgoBoeHHbIX npeobpasoBaHui ALIM2 nogumHeH AU, obecneumBas nogaepikky BOCbMW OOMOSNTHUTENbHbIX
pexxuMoB NpeobpasoBaHus.

5.1.3.4.1. PeXXumMbl OA4HOBPEMEHHOI0 Npeodpa3zoBaHMA UHXEKTUPOBAHHbIX rpynn u
OHOBPEMEeHHOro npeobpa3zoBaHUA perynsapHbIX rpynn
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B nepBbix [OBYX pexumax COBOEHHbIX Mpeobpa3oBaHUi CUHXPOHU3NPYETCA nNpeobpas3oBaHWe perynspHon U
WHXXEKTMPOBAHHOW rpynn npeobpasoBaHusa asyx AU, 3ToT pexum noneseH npu HeobXxoaMMOCTU OOHOBPEMEHHOro
n3mepeHns AByx n3MHECKUn BENNYMH, HanpumMep, TOK U HanpsbkeHne.

5.1.3.5. KOMOMHUpPOBaHHLIN PEeXNUM OA4HOBPEMEHHOIo Npeobpa3oBaHuUA
perynsipHbIX/MHXeKTUPOBaHHbLIX rpymnn
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[aHHbIA  pexum npegocTaBnsieT BO3MOXHOCTb CUHXPOHU3MPOBAaTb Mpeobpa3oBaHne, Kak perynsipHbIX, Tak WU
WHXXEKTUPOBaHHbIX rpynn o6omux ALIMT.

5.1.3.6. PexxnMbl ObICTPbLIX U MeANeHHbIX Npeobpa3oBaHUN CO CMeLeHneM BO
BpeMeHMU

B

T KDHeu, npeuﬁp ALI,I'IE

;. ]
ALIMT ;‘i Kan.0 Bl Kan.0
|'|II '? LI,HK;'IIIIEF ADCCLE  *KoHeunpeofp. ALI,I'H
Janyck peryn.: E

KaHanoe ' i
MMM MaKCKManeHaA YaCcTOTa NPE08pa20EHWMA OrpaHMYEHa Ha,
UpOBHE ¥ LMKNOE CMHXOOHMZanMM AL

a2

T KoHey npeotp. ALNZ

f, |
aum /| _me

/ 14 LMENOE .-‘*’-.DCCLK - KoHey npeotp. ALUM1

Janyck peryn. | e
KaHana, ¢ 28 LlENoB ADCDLK

MMEKM. - MaKCUMAaNEHaA YAcToTa Npeofpaz0BaHHMa OrpaHMYeHa Ha YpoEHE 14
LMKNOE CHHXQOHMSaLMIK AL
- ESKIM HEMPEREIEHBX NPE0SPa20BaHMA HE NOLOEHKMEAETCA

| BuGopka

[ NpeotGpazoeanue

B pexuMmax ObICTpbIX U MeaNneHHbIX Npeobpa3oBaHUn CO CMELLEHMEM BO BPEMEHM CUHXPOHM3UpyeTcs paboTta
perynsipHbix rpynn npeobpasoBaHus oboux AL, ogHako B OTnuvuMe OT pexmnma HenpepbiBHbIX Npeobpa3oBaHMN, 34ecb
nepen 3anyckoMm npeobpasoBanus ALM1 BBoauTca Hebonbliad 3agepxka. B pexume ObicTporo npeobpasoBaHus co
CMeLleHVEM BO BPEMEHM 3Ta 3afepXKa paBHA CeMU UMKIaM CUHXpoHu3aumm AL 1M ucumcnsieTcs no OTHOLIEHWUK K
MOMEHTY 3anycka npeobpasoBanusa ALIM2. B pexrme meaneHHbIX npeobpa3oBaHnii CO CMELLEHNEM BO BPEMEHWN 3afepKKa
paBHa 14 uumknam cumHxpoHusaumm AL, Kaxagbii M3 3TUX PexrMMOB MOXET WCMOSb30BaTbCA AM1S1 YBENUYEHUA 4acTOThbl
OncKpeTnsaumm 3a cyeT KOMOMHMPOBaHNS paboTbl ABYX NpeobpasoBaTenen.



5.1.3.7. Pexxkum noo4yepeaHoOro 3anycka
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[ Npeotpaszosanue

B pexume noodepenHoro 3arnycka annapatHbeii 3anyck ALIM1 BHayane npuBegeT K 3anycky npeobpasoBaHui
nHXxXekTupoBaHHon rpynnbl ALIM1, a 3aTem - k 3anycky npeobpa3oBaHuii MHXEKTMpOBaHHOM rpynnbl ALIM2.

5.1.3.8. KomGuHMpoBaHue pexuma ogHOBpPEMEHHOro npeobpasoBaHus
perynapHoun rpynnbl U pexxuma noovyepeaHoro sanycka

1-BI MHHEKT.
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PEMYNADHLE — SAMYCKa CO CMEUEHHEM B0 BPEMEHM npeotp. y ALMZ
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e MRKM.. OOMH W TOT e KaHan
| Buopka HENBLSA NPE0SPAS0ELIEATE
- MNpeoGpasoBaHue neyr1a AUMN ooHoeperMeHHo

Pexum nooyepefHoro 3arnycka MOXHO CKOMOWHMPOBATb C PEXMMOM OAHOBPEMEHHOrO Npeobpas3oBaHuUsi perynsipHbIX
rpynn. BcrnegctBue aToro, npeobpasoBaHus perynspHbix rpynn obomx AUIM 6yoyT BbIMOMHATLCA CUMHXPOHHO, a
WHXEKTUPOBAHHbIX Py - NOOYEPESHO.

5.1.3.9. KomGMHUpoBaHue pexmma ogHOBPEMEHHOro npeobpasoBaHuA
MHXEKTUPOBAHHOW rPynrbl U peXXnuma co CMeLeHneM BO BpeMeHU

ALMN2 FesxliM Co CMEIWEHMEM BO EQEMEHI
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- MNpeotpazoeanne Aea AU He MOryT oAHOBPEMEHHD
NPe0Spas0BEIEATE OOMH M TOT e KaHan

B nocnegHem pexume npeobpasoBaHus NpeobpasoBaHue perynspHbix rpynn o6omx ALIM BLINOMHATCS CO CMeLeHNeM BO
BPEMEHM, a8 UHKEKTUPOBAHHbIX - OZIHOBPEMEHHO.



5.1.4. Taumepbl oOLWEro Ha3Ha4YeHUsA 1 MHOropyHKLIMOHasrbHble TauMepbl

Y MK STM32 nmeeTcs YeTbipe 6rnoka TanmepoB. Tanmep 1 - pacluMpeHHbI TakmMep, NpegHa3HadYeHHbIN AS ynpaBneHus
anektpogsuratenem. OcTanbHble TanMepbl ABMNSAOTCS TakMepamu obliero HasHadeHus. Bce Tammepbl BbIMOMHEHbI MO
obLLelit apxuTeKkType, a paclUMpPEHHbI TakMep OTnMYaeTca Nuwb AobaBneHveM crneuuanbHbIX annapaTHbix Gnokos. B
JaHHOM pasfgerne Mbl BHa4ane pacCcMOTpyMM TaiMepbl O0LLEro HasHayeHus, a 3aTeM nepengem K nsyvyeHno ocobeHHocTewn
pacLUMPEHHOro Tanvepa.

5.1.4.1. Tanmepbl oOLWEro Ha3Ha4YeHus

Bce 6nokn TanmepoB BLINOMIHEHbI HA OCHOBE 16-OMTHOrO nepesarpy)kaemoro cyeTymka, KOTOPbIN CUHXPOHMU3MPYETCS C
BbIxoga 16-6utHoro npegpenutens. Nepesarpykaemoe 3Ha4YeHWe XpaHUTCA B OTAenbHOM peructpe. CyeT MoxeT ObITb
npsiMon, obpaTHbIN UNu AByHanpaBMeHHbIN (CHavana npsMon A0 onpedeneHHoro 3HadveHus, a 3atem obpatHbi). Bxoa
CUHXPOHM3aUMN CHETUMKA MOXHO CBSA3aTb C OOHWM M3 BOCbMW Pa3fU4HbIX UCTOYHUKOB. B X uncno BxogaT: cneumanbHbIn
CUrHan CMHXpPoHU3aunn, NPon3BOAHbLIN OT CUrHana rnaBHON CUCTEMHOW CUHXPOHU3AUWW; BIXOOAHOW CUrHaN CUHXPOHU3aLmu
OQHOro U3 ApYrux TanmMepoB NN BHELLHWUIA CUrHan CUHXPOHW3aLmMK, CBA3aHHbLIA C BbIBOAAMW 3axBaTa/CpaBHEHWS.
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Kaxabin n3 yetbipex TanmepoB MK STM32 copepxut 16-6MTHBIN cuyeTumnk, 16-0MTHLIN NpepaenuTenb 4YacToThbl U 4-
KaHanbHbIN 650K 3axBaTa/cpaBHeHUsA. UX MOXXHO CUHXPOHU3NPOBaTb CUCTEMHOW CUMHXPOHM3aLnen, BHELUHUMU
cuUrHanamuv unv gpyrumm Tammepamu

[MoMMMO coCTaBRAIOLEro OCHOBY TanMepa CYeTYuka, B Kaxabln 6nok Tarimepa Takke BXOOUT YeTblpexkaHanbHbIi 6ok
3axBaTta/cpaBHeHus. [laHHbIM BNOK BLINOMHAET, Kak CTaHA4apTHbIE (PYHKUMM 3axBaTa U CpaBHEHUS, Tak U psag cneumanbHbIX
DyHKUMN. Kaxabin n3 TanmepoB MOXeT reHepupoBaTth npepbiBaHvs 1 nogaepxusaet MNOMN.

5.1.4.1.1. bnok 3axBata/cpaBHeHUA

Kaxgbin kaHan 3axBaTa/CpaBHEHMS yNpaBnsaeTcs vyepe3 OAMH perucTtp. [aHHbIi pernctp MMeeT HECKONbKO (DYHKLWNA,
KOTOpble 3aBUCAT OT YCTAHOBOK OuT Bbibopa. B pexvme 3axBaTa, AaHHbI GMOK BbINOMHAET hunbTpauuio Ha Bxoaax,
noadepKmMBaeT crneuvanbHbIl pexum uamepeHus BHewHero LWWM-curHana, a Takke MMeeT BXOAbl AN MOOKMYEHMS
BHELUHEro sHkogepa. B pexume cpaBHeHUs, OMOK BLIMNOMHSAET CTaHAapTHble (OYHKLUMM cpaBHeHus, reHepauun LLUVM-
CMrHanoB, a Takke nogaepXvBaeT onuMoHanbHyt yHKUM0 ogHoBMGpaTopa.
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Buxon zaxearta

Ormena paspeweHHn
lMNepesarpysrka paspewieHHA
Pexum

buicTpoe paspemweHHe

BwGop 3axeara/cpasHeEHMA

Bxon zaxeata

P unsTp

Mpeanenurens

Y Kakgoro KaHana 3axBaTa/cpaBHEHUs UMeeTCsl OAUH PerucTp Ans 3afAaHUA peXxuma paboTbl

5.1.4.1.2. Bnok 3axBaTa

BasoBbI 610K 3axBaTa MMeeT 4 KaHana, NOAKIIOYEHHBIX K KOHUIypupyeMbiM geTektopaM OpoHTOB. [Npu obHapyxeHnn
HapacTaloLwero wnu nagawwero ¢QpoHTa, TeKyllee 3HayeHne cyeTyMKka 3anucbiBaetcss B 16-OuTHbIN  perucTp
3axBaTta/cpaBHeHus. Korga Bo3HMKaeT cobObiTME 3axBaTa, CYETYMK Tanmepa MOXeT ObiTb COpOLUEH UMM MPUOCTAHOBIEH.
Kpome Toro, 04HOBPEMEHHO C 3TUM MOXET ObITb 3anyLUeHOo npepbiBaHne unu MAMN-nepegava.

JENHTENE FRXEATAICRAEHEHKA 1
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BaxogHoM uneTE K1 * =
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T4 | | ¥ meTekTop hpOHTOE iz [~ Tpea- 16-GMTHEIA pencTh
TRE JEMATENE ™ 3axEATACpaEHEHWA 4

Kaxpbin N3 yeTbipex OMOKOB 3axBaTa UMEIOT BXOAHOM (hunbTp U AeTeKTop PPoHTOB. [py BO3ZHMKHOBEHUN
Cco6ObITUA 3axBaTa MOXeT ObITb 3anyLleHo npepbiBaHue unu MAMN-nepeaayva



5.1.4.1.3. Pexxum namepeHus napametpon LLUIMM-curHana

brnok 3axeata MMeeT BO3MOXHOCTb MCMOSb30BaHNA OBYyX KaHalnoB 3axBaTa Ald aBTOMaTU4eCKOoro wusamepeHus
napamMmeTpoB BHeELIHEro LUMM-curHana, B T.4. 3arnonHeHne nMnynbLcoB 1 nepuon cnegosaHnAa MMNyrbCoB.

CHMHXpOHMZaLMA |
Taimepa LM o L UL
LWk |— [ L
CHETYME

FaHan zaxeata 1;
SANONHEHWE UMY NECOE

Kauan zaxeata 2
MEpHOL CNefoEaHMA

O
LM ©

Fanan zaxeata 1 (1C1)

KaHan zaxeara 2 (IC2)

B pexume namepenus napametposn LLIKM-curHana aoBa kaHana MOryT UCnonb30BaTbCA ANSA aBTOMaTU4eCKOro
M3MepeHus nepuoaa U 3anonHeHmsa umnynscos LUMM-curHana

M3->CR1 = 0x00000000; / /00 yMOJYaHMo
TIM3->PSC = 0x000000FF; //ycTaHoBKa Makc. Kosb. Nnpenmenmreiis
TIM3->ARR = 0x00000FFF; //yCcTaHOBKa MakKC. INepes3arpyXaeMoro 3Hau.
TIM3->CCMR1 = 0x00000001; //Bxon ICl ceaswiBaeM c TI1
TIM3->CCER |= 0x00000000; //ICl pearmpyeT Ha HapacTaoumii GpPOHT
TIM3->CCMR1 |= 0x00000200; //Bxom IC2 ceasmBaem c TI1
TIM3->CCER |= 0x00000020; //IC2 pearvpyeT Ha Namamommi OPoHT
TIM3->SMCR = 0x00000054; //Bubop TI1FPl B KauecTBe BXOIa, 3alyCK IO HapacTawleMmy
dpoHTY

//cbpoc cueTumMka
TIM3->CCER |= 0x00000011; //paspelieHre KaHAJIOB 3axBaTa
TIM3->CR1 = 0x00000001; //paspeleHre TarMepa

B pexume mamepenus napametposB LLUMM-curHana BxogHOW cuUrHan coeauvHeH ¢ ABYMS KaHanamu 3axsata. B Havane
unkna LM ocHoBHOM cuyeTumk cOpacbiBaeTcs 4Yepe3 BTOPOW kaHan 3axBaTa (Hapactawowmi poHT LWUM-curhana) u
HauMHaeT npsamon cyeT. [Npu Bo3HMKHOBEHMM nagatowero ppoHTa LMM-curHana cpabatbiBaeT nepBbii kaHan 3axeaTta, YTo
NpVBOANT K chMKCaLMM 3HaYeHUs 3anonHeHns nvnynbcoBs. [Npu obHapyxeHnn cnegyoLLero HapacTaoLwero ppoHTa BTOPbIM
KaHanom 3axgaTta B Hadyane cnegywouwero uvkna LM cbpacbiBaeTca Tarimep n dukecnpyetca 3HadeHue nepuoga LUVM-
CUrHana.



5.1.4.1.4. NHTepdenc aHkoaepa

Brnok 3axsaTta Bcex TaVIMGDOB TakKkKe noanepxmpaet BO3MOXHOCTb HenocpeaCTBEHHOro nOAKIMH4YeHUA K BHELWWHEMY
SHKOAEepY, KOTOprIZ 00ObIYHO ncnonb3dyetcdad OnAa  KOHTPOIAd  yrnoBbIX I'Iep8MeLIJ,eHMIZ M 4acCToTbl BpalleHunsA
3ﬂeKTp0ﬂ,BMFaTeﬂeVl.
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Kaxabiii TaiMep MMeeT BO3MOXHOCTb NOAKMIOYEHUSA K IMHEWHOMY MU NOBOPOTHOMY 3HKOAEPY ANA KOHTPOns
NonoxeHusi, CKOPOCTU M HanpaBrieHUs

B naHHoI KoHUrypauum BeiIBOAbI 3axBaTa BbICTYMNalOT B POV BXOAOB CUHXPOHM3aUUK cyeTymka. COCTosIHME cYeTyrKa B
JanbHenweM 1crnonb3yeTcs ANs onpeaesieHns NonoxeHus. [ns KOHTPOs CKOPOCTU HeoBX0oAMMO MCMONb30BaTh eLe OauH
Taimep. OH HeoBxoaMM ONa U3MEPEHUs NHTepBana BpeMeHn Mexay UMNynbcaMm curHana aHkogepa.

5.1.4.1.5. Pexxum cpaBHeHuUA

Kaxgbin Tarmep MukpokoHTponnepoB STM32 umeeT 4 kaHana cxeM cpaBHeHusl. B ©a3oBom pexume cpaBHEHWsI
reHepupyetcsi cobbiTe 3axBaTa, ecnu OOHapyXMBaeTCsl COBMadeHMe COCTOSIHUA cyeTyuka ¢ 16-OMTHbIM 3HadeHuem,
XpaHSaWUMCA B perncTpe 3axsaTta/CpaBHEHWsl. [JaHHOoe COObITUe MOXET WUCMOoNb30BaTbCA AN WU3MEHEHUSI COCTOSIHUS
CBSI3aHHOrO C KaHanoMm 3axBaTa/cpaBHEHMS BbiBOAaA, reHepaumm copoca tanmepa, npepbiBannsa unv MNArMN-nepegayn.
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B pexuMe cpaBHeHUS, KaXabl KaHan MOXeT UCNOJb30BaTbLCA ANA reHepauun npepbiBaHUsA UMW U3MEHeHUs
coctosiiusa CAP/COM npu coBnageHun coaepXumMoro peructpa cpaBHeHuUs! C TEKYLUUM COAePXKUMbIM cYeTuMuKa



5.1.4.1.6. PeXXum WWMPOTHO-UMNYNbCHOU MOoAYyNALUN

MoMmMMO ©a3oBOro pexnmma CpaBHEHWs, KaXabll TakMep noadepKvMBaeT creumanbHbll pexunm reHepaumm LLUAM-
curHanos. B atom pexume nepuop LUMM 3ajaeTca ¢ NOMOLLLIO perMctpa aBTOMaTMYECKOW nepesarpysku Tanmepa.
3HadeHne 3anosiHeHNs UMIMYNbLCOB 3a4aeTcsa Yepes PerncTp 3axBata/CpaBHEHUs kKaHana. Takum obpasomM, Kaxabii TanmMep
MOXeT reHepupoBaTb [0 4YeTbipex HesdaBucumbix LLUNM-curHanos. Mo3xe Mbl yBUAMM, YTO TavMepbl MOryT paboTtatb u
CVMHXPOHM3MPOBAHHO, NMO3BOMsA reHepnpoBaTh 40 16 CUHXPOHU3NpoBaHHbIX LUVIM-curHanos.

UMM ¢ EBIpaBHUBaHMEM WM ¢ EbipaBHUEBAHMEM

CHHXpo- no ¢poHTY CuHxpo- No LeHTPY
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rpiska : rpyzKa

OCx - OCx

! - i -

Kaxpgbin Tanmep nogaepxuBaeT cneymanbHbiv pexxum LUAM, B koTopoM MOXHO reHepupoBaTtb LUMM-curHansi ¢
BblpaBHUBaHMWEM NO (hPOHTY UINU LEHTPY

B kaxgom kaHane MoxHO reHepuposatb WWM-curHan ¢ BblpaBHMBaHUEM MO (PPOHTY uUnu No ueHTpy. B pexume c
BblpaBHUBaHMEM MO (PPOHTY, Najawowuin POHT UMMynbCa BCerga CoBMajaeT C MOMEHTOM Mepesarpys3ks Tavmepa.
N3meHeHne 3HadeHus B peructpe 3axsBaTa/CpaBHEHUS MO3BONSAET Jierko YNpaBnsATb MOMEHTOM BO3HUKHOBEHUSA
HapacTtawwero d¢poHta WWM-curHana. B pexume c BblpaBHMBaHMEM MO LUEHTPY, TanWMep KOHUrypupyeTca Kak
pPEBEPCUBHBINA CHETUMK, KOTOPBIN CHa4vana cyMtaeT B MPSIMOM HanpasneHuu, a 3atem - B obpatHom. Korga GyaeT BbiABMEHO
CoBMageHne cHeTUYnKa C perucTpoM 3axBaTta/CpaBHEHUS KaHana, MHBEPTUPYETCSA COCTOSIHME BbIXOL4HOMO CUrHana KkaHana.

TIM2->CR1 = 0x00000000; / /IO yMOJITUaHMIO

TIM2->PSC = 0x000000FF; //yCcTaHOBKAa MaKC. 3HAU. NpPennejiuTelis
TIM2->ARR = 0x00000FFF; //yCTaHOBKa MaKC. [Nepe3arpyXaeMoTO SBHau.
TIM2->CCMR1 = 0x00000068; //Ycra"naenvBaeMm pexum MM

TIM2->CCR1 = 0x000000FF; //3amaem crapToBOe 3HaueHue M
TIM2->CCER = 0x00000101; //paspemaeM BHXOOA KaHajia 1

TIM2->DIER = 0x00000000; //paspemaeM OOHOBJIEHME NPEPHBAHUS
TIM2->EGR = 0x00000001; //paspemaeM OBHOBIIEHME

TIM2->CR1 = 0x00000001; //paszpemaeMm paboTy TanmMepa

5.1.4.1.7. Pexxum ogHOBUOGpaTopa

Kak B 6a30BOM pexunme cpaBHeHUs, Tak u B pexume LLUNM 6noku TanmMepoB HeNnpepbIBHO FEHEPUPYIOT NPSIMOYToSibHblE
umnynscbl. OgHako, Mpu HeOOXOAMMOCTW, B KaXXOOM W3 TalMEepoB MOXHO 33a4eiCTBOBaTb OMUMOHANBHBLIA PEXUM
ofHoBMOpaTopa Ana reHepauum OOUHOYHOro MMnynbca. OaHHbI pexum, Mo CyTw, ABMsSieTCss 0COOON Bepcuen pexuma
WM, B koTopom reHepaumst LUMM-curHana MHMUMMPYETCS BHELLHWM CUrHarom 3anycka (BHELUHWMIW BbIBOA WM BbIXOZ4
3anycka noboro gpyroro TaiMepa) u AnNMTca OAVH UMk, B pesynbTate reHepupyeTcst oauH UMMyNbC C NporpamMmmupyemon
3a4EPXKKON N ONTUTENBHOCTLH.
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B pexxnme ogHoBMGpaTOpa MOXHO CreHepMpoBaTb OAMHOUYHbIM UMNYNbLC C MPOrpaMMUPYyeMON 3a8epPXKKOM n
ANUTENbHOCTLIO




5.1.4.2. PaclumpeHHbIN Tanmep

PacwupeHHbiM  TanmvepoM saBnsieTcss 6nok Tarmepa 1. OTOT TanWMep [AOMNOMHEH psgoM  annapaTHbIX  Y3oB,
npeaHasHayYeHHbIX ANg ynpasneHus anekTpoasuratenem.

B kaxgom M3 Tpex KaHanoB 3TOro Tawmepa npegyCcMOTpeHbl ABa MNpOTUMBOdA3HbIX Bbixoda. TakMum obpasom, OH
npeactasngeT cobon 6-kaHanbHbIi LUVM-6nok. Mockonbky AaHHbIM 6ROk npegHasHaveH onsd ynpasneHus TpexdasHbiM
anekTpoABuraTeneM, y Hero MMeeTcs BO3MOXHOCTb NPOrpaMMMPOBaHUS B KaXKOOM KaHane naysbl HenepekpbiTus v obLmin
BXOJ 3KCTPEHHOro oTknioYeHus. Kpome Toro, B AOMNOMHEHUE K UHTEpPdENCY 3HKoAepa 34ecb npefycMoTpeH UHTepdenc
NOAKIMIOYEHNs JaT4mKoB Xonna.
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PacluMpeHHbIN TaiMep BbINOSIHEH HA OCHOBE TOM XXe CTPYKTYpPbl, YTO M TaMepbl 0bLIero HasHavyeHus. Y Tpex
KaHanoB cpaBHEHUA NpeAycMOTpPeHbI NpoTuBodasHblie BbiXxoAabl. Takke MMeeTCcA AONONHUTENbHbLIN BXO4
3KCTPEHHOro OTKIIHYEeHUs U nHtepdenc gatumkos Xonna

B kaxgom K13 KaHanos npeaycMoTpeHa BO3MOXXHOCTb MNporpaMmmMmmnpoBaHnA nay3bl HeNnepeKkpbiTuaA I'IpOTI/IBO(*)a3HbIX
BbIX040B, KOTOpaA No3BonAeT nsbexaTtb NnpoTeKaHNA CKBO3HOIo TOKa 4epe3 nosiyMmoCT CUJ10BOro KOMMyTaTtopa.
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5.1.4.2.1. PyHKLUMNA IKCTPEHHOro OTKITHOYEHMUA

PaclumpeHHbIi TanMep MMeeT BO3MOXHOCTb nepeBectn cson LLUMM-Bbixogbl M nx npotnBodasHblie BbiXoObl B 3apaHee
3anporpaMmMmMpoBaHHOE COCTOsIHME MO CUrHany Ha BXO4E 3KCTPEHHOro OTKMYeHUd. CTOYHMKOM AaHHOro curHana Moxet
OblTb cneumarnbHbI BHELIHUA BbIBOA 3KCTPEHHOrO OTKIIHYEHUS MMM cUcTeMa 3aliuTbl CUHXPOHM3aUMK, KoTopasi
KOHTpOnupyeT paboTy BHELLIHEro BbICOKOYACTOTHOrO reHepatopa. locne aktuBmsaumm, yHKLUSA SKCTPEHHOTO OTKIKOYEHMWS
paboTaeT MOMHOCTbLIO aBTOHOMHO W rapaHTupyeT nepesog LWMM-BbixogoB B ©Ge3onacHoe COCTOsSiHME B Criyyae OTKasa
cuctembl cnHxpoHnsaumn MK STM32 unn B criyyae noBpeXaeHust BHELLIHEN CXEMBI.

5.1.4.2.2. NuTepdenc aatumka Xonna

Kaxgbin 13 TaWmepoB, B T.4. U paclIMPEHHbIN, pa3paboTaH C yd4eToM NPOCTOTbl MOAKMIOYEHMS K AaTymky Xonna,
npegHa3Ha4YeHHOro Ans 3MepeHnst YrnoBon YacToThbl BpalleHus anekTpoasuraTens. MNepsBble Tpyu BbiIBOAA 3axBaTa Kaxgoro
TarMepa MOXHO CBsi3aTb C KaHanoMm 1 uepes norudeckui anemeHT "nckniovatowee WUJIN". B atom cnyyae, no mepe
BpalleHusa OBuratens U npoxoXaeHUsa BO3Me Kax[aoro AaTyuka, B KaHane OyaeT reHepupoBaTbcs cobblTve 3axBaTa. OTO
npuBegeT K KONUMPOBaHMIO TEKYLLLEro COCTOSIHMSA Talumepa B pPerncTp 3axsaTa kaHana, a Takke K cOpocy Tammepa. Takum
o0pa3oM, 3HaYeHWe cyYeTuYMKa, KOTOpPOE OKaKEeTCA B perncrpe 3axBata, MOXHO MepecdMtaTb B 4acTOTy BpalleHus
anekTpoaBurartens.

5.1.4.3. CnHxpoHunsnpoBaHHasa paboTta TanmeposB

N xoTa kaxablh M3 BGrokoB TaMepoB MNOMHOCTbIO HE3aBMCUM ApYr OT Apyra, Y HWX NpeaycMOTpeHa BO3MOXHOCTb
CUMHXPOHM3MPOBAaHHON Apyr ¢ ApyroM paboTbl. OTO No3BonseT co3gasBaTb H6omnee CrnoxHble MaccuBbl TanMepoB, KOTOpbIe
paboTaloT MOMHOCTBI0 aBTOHOMHO U He TpebytT HanucaHus Kakoro-nnmbo koga nporpammbl AN BbIMNOSHEHUS CMOXHbIX
BPEMEHHbIX (OYHKLIMIA.
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Y Kaxgoro Tanmepa UMeroTcsl BXoAbl 3anycka oT APYrMx Tpex TauMepoRB, a Takke BHeLWHUe BXoAbl, CBfiI3aHHbIe C
BbIBOAamMu 6/10KOB 3axBaTa/cpaBHEHUA

Y kaxgoro n3 6rokoB TanMepoB MMEETCs BbIXOA 3anycka, KOTOpPbIM COeAMHEeH C BXO4amMu ApYyrnx Tpex TanlMepoB.
JononHutenbHo, BbiBOAbLI BXoAoB 3axsaTa TavmepoB 1 un 2 (TIMFP1 n TI2FP2) coegnHeHbl ¢ KOHTpOnnepom 3anycka
Kaxgoro 6noka TavmepoB. CUHXPOHM3aLUA TaMepoB BO3MOXHA B HECKOMbKMX PasfuyHbIX pexmmax. Huxke nokasaHbl
NPUMEpPbI HECKOMNBbKUX TUMUYHBIX KOH(pUrypaLui.
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OavH Taiimep siBNsieTcs BedywWwyM, a Apyrue ABa - nogYMHeHHbIMU. Begylwuii Taiivep reHepupyeT CUHXPOHMU3aLMIO Ons
[ABYX MOAYVHEHHBIX TaiMepoB, o6pa3ys oauH Gonbluoi Tanmep. ANbTEpHATUBHO, OH MOXET reHepupoBaTb BPEMEHHYIO
3a0epXKy 3anycka [OBYX MNOOYMHEHHbIX TalMMepoB. AHarorMyHblM 00pPa3oM, aKTUBHOCTBIO KaXKOOro Tanmepa MOXeT
yNpaBnsATb BHELLHWUIA CUTHAan 3arnycka.

5.1.5. Yacbl peanbHOro BpeMeHu U perucTpbl ¢ pe3epBUpOBaHNEM NUTAHUA

Y MK STM32 nmeeTcs gBa JOMEHa NMUTaHMS: OCHOBHOM AOMEH NUTaHUA cuctembl 1 YBB, 1 goMeH ¢ pesepBupoBaHNEM
nutaHus. B nocnegHem [OomeHe pacnonoXeHbl 16-OUTHble PperncTpbl, 4Yacbl peanbHOro BPEMEHW U HEe3aBUCUMBIN
CTOPOXEBOW TakMep.

PacnonoxeHHble B 3TOM JOMEHEe peructpbl - 370 0ObldHble 10 sA4Yeek namsATh, KOTOpble MOXHO WMCNONb3oBaTb ANs
XpaHeHus KpuTudeckon MHdpopmauum, korgaa MK STM32 Haxogoutcs B OeXYypHOM pexunme paboTbl U OCHOBHOE MUTaHue
OTKNIOYeHO. B 3koHOMMYHLIX pexumax paboTbl MK ocTatoTcss B paboTe 4acbl peanbHOro BPEMEHWM U He3aBUCUMMbIN
CTOPOXXEBOW TaMep U, MOSTOMY, UX MOXHO MCMONb30BaTh ANs BO30OHOBNEHUSA HOpMarbHOW paboTel cuctembl STM32 mnu
Ans BeiNnonHeHns cbpoca Bcero MK.

Bxogsawue B MK STM32 yacbkl peanbHOro BpemMeHu NpeactaBnsanT cobor 32-OUTHbIN CHETUYUK, ONTUMU3NPOBAHHbLIV NOA
CYeT CeKyHA Mpu CUHXpoHM3aumm yactoton 32.768 klu. Bo BpeMsi HacTpOWKU CUCTEMbI CUHXPOHU3ALUWN, B KayecTBe
NCTOYHMKA CMHXPOHM3ALUN YacoB pearlbHOro BpEMEHW MOXHO BblOpaTb BHYTPEHHUA HU3KOYACTOTHbIA reHepaTop, BHELUHWNA
HW3KOYaCTOTHbLI TEHEpPaTOpP WM BHELIHMW BbICOKOYACTOTHLIN reHepaTop. [locne BbIGOpa WMCTOYHMK CUHXPOHU3ALMU
COEVHSETCS C YacaMy pearnibHOro BpeMeHW Yyepes genuTernb YacToTbl C PUKCUPOBaHHBLIM KoadhduumeHTom genenms (128).
[nsa opraHm3aumm TOYHOrO c4eTa CeKyHA fanee MoxeT OblTb 3a4elCTBOBaH elle oavH npegaenutens YPB. Cuetunk YPB
MOXeT FeHepupoBaTb TPW MpepbiBaHWA: MPU MHKPEMEHTUPOBAHMN CEKyHA, MEPEnofiHEHUM cyeTdyMka u cpabaTbiBaHWK
dyHKUMM curHanusaumn. ocnegHee npepbiBaHWE reHepupyeTcs B Criydae, Korga Tekyllee 3HayeHue cyetdmka YPB
OOCTUTHET 3HAaYeHWs!, XPaHSLLErocs B perncTpe yCTaBkn BPEMEHM.
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Yacbl peanbHOro BpeMeH"n Mmoryt CMHXpoHu3npoBaTtbCsad BHYTP€HHUM Ui BHeWHUM HU3KOYaCTOTHbLIM
reHepatopom. C nX NOMOLLbI MOXHO noNny4ynTb CHETHYUK CeKyH C BO3MOXHOCTbI CUrHanusaumm o oOCTUNXeHnn
3aA4aHHOro BpemMeHu

UPB pacnonoxeHbl B AOMEHE C pe3epBUPOBaHMEM MNUTAHUS, KOTOPbI NonydyaeT nutaHuve oT HanpsbkeHus VBAT, a
npepbiBaHNE, CUTHANU3MPYLOLLEE O JOCTVXXEHUN 3a4aHHOIO BPEMEHMW, CBA3AHO C 17-0M NMHWEN BHELLHNX NpepbiBaHNA. 3TO
O3HavaeT, YTo nocrie nepesoga OCHOBHOIO goMeHa nuTaHua STM32 B 3KOHOMUYHBIA pexum paboTbl. YPB octaHyTca B
paboTe. Kpome TOro, BO3OENCTBYS Ha JMHUIO BHELIHero npepbiBaHusa, YPB moryTt curHanuampoBats KBBI1 Cortex o
Heobxo4MMOCTN BO30OHOBINEHUSA paboTbl OCHOBHOIO AoMeHa nutaHus STM32. [daHHas koHdurypauus odeHb BakHa Onis
MasilOMOLLHbIX YCTPOWCTB, KOTOpble B Lenax cbepexeHus dHeprum HaTtapenHoro MCToYHMKa 60Mbluylo YacTb BPEMEHU
NPOBOASAT B AEXKYPHOM PEXUME, HO MpY 3TOM LOIMKHbI UMETb BO3MOXHOCTb, MNP HEOOXOAMMOCTN, BO30OHOBUTL aKTUBHYHO
paborTy.

5.1.6. PerucTtpbl ¢ pesepBupoBaHUEeM NUTaAHUA U BXO4 BMellaTeNbCTBaA

B OomeHe ¢ pe3epBMpOBaHUEM MUTaAHWEM Takke UMeeTcst AecaTb 16-OUTHBLIX perncTpoB, KOoTopble (PYHKLUMOHUPYIOT Kak
3HeproHesaBucumoe cratndeckoe O3Y. XpaHsilmecss B HUX [aHHble MOXHO CTepeTb NyTeM BbINOMHEHUSI 3anucu B
COOTBETCTBYIOLMIA PEFUCTP ynpaBrieHusl. JTOT e PerucTp yrnpasBnsieT akTMBHOCTbIO BHELUHEro Bxoda BMeLLATenbCTBa.
CocTosiHMe gaHHOro BbiBOAA (BbICOKOE WM HU3KOE) MOXHO HACTpouUTb BO BpeMs 3anycka. B xoge HopmanbHoW paboTbl
N3MEHEeHWNEe NOrMYecKoro YpoBHS Ha 3TOM BXOAe NPUBEAET K 3anycKy cobbITUS OBHapy»xeHWs BMeLLaTenbCTBa, YTO BbI30OBET
OYMCTKY PErucTpoB C Pe3epBUPOBaAHMEM MUTaHUS. Takke MOXHO aKTUBMPOBATb MNpepbiBaHWe, koTopoe no3sonseT MK
BbIMNOJTHUTb 3aWNTHbIE ﬂeVICTBMﬂ npu 06Hapy>|<eva| BMeLllaTesibCTBa.

5.2. KommyHukaumoHHsle YBB

B nomeHe c pesepBupoBaHneM NMUTAHMEM Takke UMeeTcs AecsATb 16-6UTHBIX PerncTpoB, KOTopble YHKLMOHMPYIOT Kak
aHeproHesasucmumoe crtatuyeckoe OJY. XpaHslMecs B HUX [OaHHble MOXHO CTepeTb MyTEM BbIMNOMHEHUA 3anucu B
COOTBETCTBYHOLUIA PErucTp yrnpaeneHusi. ATOT Ke PEerucTp ynpasnsieT akTMBHOCTbIO BHELUHEro BXoda BMellaTerbCTBa.
CocTosiHMe OaHHOro BbiBOoAa (BbICOKOE WM HU3KOE) MOXHO HacTpouUTb BO BpeMs 3anycka. B xoge HopmanbHoi paboThbl
N3MEeHEeHMWe NOrMYEeCcKoro YPOBHS Ha 3TOM BXOAe NMPUBEAET K 3arnycky cobbITUS OOHapPYXeHUs! BMelLaTerNbCTBa, YTO BbI3OBET
OYMCTKY PErMcTPOB C pe3epBMpPOBaHMEM MUTaHusl. Takke MOXHO aKTMBMPOBaTb NpepbiBaHMe, koTopoe no3sonsetT MK
BbIMOMTHWUTL 3alLMTHbIE AeNCTBMS Npu 06HaPYXeHUN BMeLLaTenbCTBa.



5.2.1. UHTepchenc SPI

Ons opraHu3aumy ObICTPOAENCTBYOLWEN CBSA3N C UHTerparnbHbiMu cxemamn y MK STM32 umeetcs gea mogyna SPI,
npefHasHayYeHHbIX 4N NONHOA4YNEKCHOW NepeAayn AaHHbIX Ha YactoTe Ao 18MIy. BaxxHo obpatuTb BHUMaHWE, YTO OAMH
mMogynb SPI nogkntoyeH BbICOKOCKOPOCTHOW WnHe YBB APB2, koTopas moxeT paboTtaTte Ha yacTtote go 72MIu. BTtopon
MOOyMnb CBsi3aH C Ooree HU3KOCKOPOCTHOW wWuHoW APB1, makcumanbHoe ObICTpOOencTBME KOTOPOW OrpaHu4MBaeTcs
yactoton 36 MIy. Y kaxgoro m3 mogynen SPl npegycMoTpeHa BO3MOXHOCTb MPOrpaMMMpOBaHUA NONAPHOCTA 1 dasbl
CUMHXpOHM3auun n dopmarta nepegaBaeMblX AaHHbIX (8 wnmM 16 OuT, nepedaya nepBbiM CTapLlero WM Mnagwero
3Havaulero paspsga). Kpome Ttoro, kaxgbim mogynb SPI moxeT pabotatb B BeAylWeEM WM MOAYUHEHHOM PEXUME, YTO
no3eonsieT emy ceasatbes ¢ nobown apyron NC, ocHawweHHon nHTepdericom SPI.
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Kaxabin moaynb SPI moxeT pabotaTh B BeAyLueM UM NogYUHEHHOM pexunme Ha YactoTe go 18MIy. Onsa
noBblWweHUA 3 ¢heKTUBHOCTU Nepenavn JaHHbIX MOXHO ucnonb3oBaTb ABa KaHana MAr

[ns nepegayv gaHHbIX Ha GoONbLUMX CKOPOCTSX Y Kaxgoro moaynsa SPI npegycmotpeHo gga kaHana MANM: oguH ans
nepegayvv AaHHbIX Y OOMH ON9 KONMPOBaHMSA NPUHATBIX AaHHbIX B NaMaTe. C nomotubto MAMN MoxHO foBUTbCA aBTOHOMHOMN
OBYyHanpaBfieHHON nepefaynm BbICOKOCKOPOCTHbLIX MOTOKOB [aHHbIX. B gononmHeHwe Kk cTaHAapTHbIM BO3MOXHOCTSAM
nHtepcerica SPI, mogynb SPI mukpokoHTponnepoB STM32 cogepxut gBa annapatHbix 6noka CRC. OagmH 6nok CRC
ucnonb3yeTcsa Ans nepenadv gaHHbIX, a gpyron - anga npyema. O6a 6noka moryT reHepupoBaTth 1 npoBepsiTb kogbl CRC8 u
CRC16. [JaHHas BO3MOXHOCTb Ha MpakTuke Heobxoauma npu UCnosfb3oBaHMM OgHOro u3 moaynen SPI ons nogknoyeHns K
kapte MMC/SD.
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Moaynb SPI cogepxut annapaTtHbii 6nok CRC, Heo6xoanmMbin AnsA noaknovyeHus Kk kaptam Flash namatn tTuna
MMC n SD



5.2.2. Moayns I°C

[ns cBA3n ¢ uHterpaneHbiMu cxemamu y MK STM32 nmeetcs elle oauH cneuunansHbii MHTepdenc - I°C. MHTepdeic I°C
MOXeT paboTaTb B BeAYyLLEM MIK HODHVIHeHHOM pexume 1 noaaepXXMBaeT BO3MOXHOCTb apObuTpa LLMHbI, YTO HeOOX0AMMO B
MynbTUMacTepHbIX cuctemax. WHTepdenc I°C nogaepxuBaet oba CKOPOCTHbIX pPeXuma LUUHbI: CTaHAapTHbIA CO
ckopocTtamm go 100 kl'y n BeicTpoaencTByoLWMIA co ckopocTamu go 400 kly,.

Mogaynb I>’C ucnone3dyet 7- n 10-OMTHble pexumbl agpecaumn. Moaynb MONMHOCTBI peannayeT MpPOTOKON nepep,aqm
OaHHbIX MO WKHe 1 TpebyeT aAns ynpaBneHusl TONbKO HeoBXoanMOoNn NPOToKoNy nepegayvn nHpopmauun. Mogynb I>’C moxeT
reHepupoBatb [Ba MpepbiBaHWUs: OAHO MNpu OOHapyXeHun ownMbOoK M [pYyroe Ans ynpaerieHWst agpecoMm CBSA3UN U
nepegaBaeMbiMu AaHHbIMU. Kpome Toro, 6nok IO npegoctaBnsieT ABa kaHana, KOTOpble MOXHO MCMNOfb30BaThb AN
yTeHus u3 Oydepa nepefayn M 3anucu faHHblXx B 3TOT Oydep. Takmm obpasom, cpady nocre 3agaHusd agpeca u
nognexawmx nepegave AaHHbIX MOXHO HavaTb [OBYHanpaBrieHHYK MNepegady OaHHbIX MOSHOCTBbI MOoA annapaTHbIM
yrnpaBrieHneM.
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PEC SMBUS PMBUS

[OBa moaynsa I’c OOMNOJIHEHbl BO3MOXHOCTAMM, KOTOpPbIe AeNnalT UX COBMeCTUMbIMU ¢ WwumHamu SMBus n PMBus. B
HUX BXOAUT annapaTtHbIi 6NOK KOPpPeKLMUM oLunMbok

Bnarogapst nogepXKe BCEX MEpeunCrieHHbIX BO3MOXHOCTEN, Modynmn |°C SBMSIOTCS CKOPOCTHBIMU U 3PEKTUBHBIMM
LWUMHHBIMK UHTEpgEcamu. OnHaKo y HUX peanusoBaH psf AOMOMHNTENbHbIX BO3MOXXHOCTEW, NMO3BOMSOLINX pacLUMpUTb
0a3oBble PYHKUMM WKHBI | ’C. B moaynb | ’c MUKpOKOHTpornepoB STM32 BxoguT 6n0K annapaTHOM MPOBEPKM OLLIMOOK B
nakete (6nok PEC). MNocne aktuensaumm, 6nok PEC 6yaeT reHepupoBatb 6ant ¢ CRC-kogom ansa npoBepku owmbok.

3Ha4qenue PEC epiuMcnAeTcA W NnepenaeTcA EEOYWMH NEPEAATHHKDH

o W Y ’ . F, N - 1 e - —K —_—
SDA 5,D,EHHI:IE ']L, "::',ﬂ,aHHhIE??{‘ n r L n ;"-'le,aHHbIEHh‘: "]:l|5|::|:-'|"jt n ‘

A

MoaTEEpHAEHHE OT NOAHWHEHHOIO uuTepdeiica

[aHHbin GanT aBTOMATMYECKM MOMeLlaeTcsl B KOHel, nepedaBaemMoro noToka pAaHHblx. brnok PEC Takke umeet
BO3MOXHOCTb MPOBEPKN MPUHSATBIX AaHHbIX HA COOTBETCTBUE NepeaaHHOMYy 6anTy 3almTbl OT OLLMBOK.

OaHHbii 6aiT aBTOMaTU4eCkum nOMELLaeTCs B KOHeL nepegaBaemMoro noTtoka AdaHHbix. bnok PEC Takke wnmeer
BO3MOXHOCTb NMPOBEPKN MPUHATBIX AaHHbIX HA COOTBETCTBUE NepeaaHHoOMYy 6anTy 3almTbl OT OLNBOK.

Moaynb I°C MK STM32 Takxe noaaepxmBaeT ABa AOMONHUTENbHbLIX KOMMYHUKAUMOHHBIX npoTokona: SMBus n PMBus.
MpoTtokon SMBus 6bin npeanoxeH Intel B 1995 rogy ans mncnonb3osaHusa BHyTpu MK 1 cepsepos. Npotokonom SMBus
oroBapvBalTca TpeboBaHWs K KaHanbHOMY Cnot, B T.M. ucnonb3oBaHve PEC u nepemaya craHaapTM30BaHHbIX
KOHd)MpraLl,I/IOHHbIX OaHHbIX Mexay BIOS komnbtotepa n UC pasnuuHbix npounssogutenen. PaboTas B pexume SMBus,
Moayrb I°C, nomumo PEC, nogaepXxuBaet psa Apyrnx Bo3MoXHocTen npotokona SMBus. K nx ymcny oTHOCATCS NPOTOKON
paspelueHus agpeca SMN, npotokon yBegomMneHus host-yctponcrtea n pabota ¢ curianom SMBALERT. Mpotokon PMBus
ABNSeTCA pasHoBuaHocTelo SMBuUs M npegHasHayeH gna paboTbl B cucTtemax anektponutanums. PMBus nossonser
KOHMrypmpoBaTb, NPOrpamMmmMmnpoBaTh ¥ KOHTPONIMPOBATL B pearibHOM BPEMEHW CUCTEMbI ATIEKTPONUTAHNS.



5.2.3. Moaynb YCAIM

HecmoTpsa Ha TO, 4TO NOPThI NOCNeAoBaTENLHOM CBA3U YXXe NpakTuieckn He ucnonb3ytotcs B K, oHM Bce elle ocTatoTes
nonynapHbIMM BO MHOTUX BCTpanuBaeMbIxX MPUMEHEHUAX AN OpraHu3aumnm NpocToro uHTepderica nocnegoBaTenbHOM CBA3M.
Ero Bbicokasi nonynspHOCTbL 0OycroBneHa CBOMCTBEHHOW €My HafeXHOCTbH paboTbl U NpoCTOTOW mMcnonb3oBaHus. B MK
STM32 wHTerpupyetca go 3 mogynen YCAIT, kaxablh M3 KOTOPbIX NMOAAEPKUBAET HECKONBKO PaCLUMPEHHBIX PEXMMOB
paboTbl, no3sonsowme ucnonb3oBate MK B cambix COBpEMEHHbLIX KOMMYHUKALUOHHbIX NpuMeHeHuax. Bce tpu YCAIT
cnocobHbl NepefaBaTh AaHHbIE Ha ckopocTu Ao 4.5 M6ut/cek. Kaxapii U3 HUX Takke MOSTHOCTBIO MpOrpaMMMpyeTcs, B T.u.
pa3mvep nepedaBaeMbiX AaHHbIX (8 unm 9 6uT), nepegava GuTta napuTeTa Unm cTon-6mTa, a TaKkke CKOPOCTb nepenayu.
OanH YCAIM nogkntoyeH K wuHe APB2, koTopasi cnocobHa CUHXPOHM3MpoOBaTbCA Yactotonm o 72 MIU. a ocTtanbHble
cBs3aHbl ¢ 36-merarepueBon wnHon APB1.

Y RTS
CTS

3 x YCAIM w

Rx

Npepu-
BaHUA
10
anpoco

IrDA
ouT

IrDA
I

IlpoGHui reHepaTop
CKOpPOCTH CEBSZM

SCLK

YCAIM moxHO ucnonb3oBaTb ANA aCMHXPOHHOM cBs3u ¢ YA n mogemamu, a Takke ¢ uHtepcgpencamum LIN, IrDA n
cMapT-KapTamu

Kaxgbin YCAIT nmeeT cOOCTBEHHbIN reHepaTop CKOPOCTU CBSA3M C BO3MOXHOCTAMM APOOHOro geneHus 4actoTtbl. B
oTnMyYne OT OBbIYHBLIX AenuTenen 4acToTbl, TAKOW reHepaTop NO3BONAEeT MOMy4nTb CTaHAaAPTHbIE CKOPOCTU CBSA3M MpU
nobon 4YacToTe CUHXPOHM3AUMM LKMHBLL. Takke Kak M ocTanbHble MOAYynW nocriefoBaTenbHbIX WHTEPdEncoB, Kaxablv
mogynb YCAIM ocHaweH gByms kaHanamu MAOMN gna gByHanpaBneHHow cBs3n ¢ Oydepom aaHHbIX. B KoHdwurypaumm
YAIM, mogynb YCAII moxeT pabotaTb B HeCKonbkux pexumax pabdotbl. YCAII umeeT BO3MOXHOCTb paboTbl C
OOHOMPOBOAHOW NONYAYNIEKCHOW NUHNEN, NCMOMb3ys ANS 3TOro Tonbko BbiBoA TX. [AnA ¢BA3n ¢ MogeMamu, a Takke Ans
annapaTHOro ynpaBneHus nepegadert MoToka AaHHblX, y kaxgoro YCAII npegycmoTpeHbl OOMOMHUTENbHbIE NMHUK
ynpaenexusa CTS n RTS.
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Moaynu YCAIM nopgaepxMBatoT BO3MOXHOCTb paboTbl ¢ OAHONPOBOAHON NONYAYNNEKCHON FIMHMEN CBA3MN

Kaxgbin n3 YCAIT Takke MOXET Mcnonb3oBaTbCs Ans nogkmnoyveHus k wuHe LIN. JaHHasa wwuHa ucnonb3yeTcs B
aBTOMOOUIIBHOM TpaHCMOpPTE AN HWU3KOCKOPOCTHOW CBA3M C  KMacTepHbIMUM  MUKPOKOHTponnepamu. Bce YCAIMM
noadepKMBalT BO3MOXHOCTU Kogepa/gekogepa uHdpakpacHon nocnegosatensHon ceasy (SIR). 3TM BO3MOXHOCTU
oTBedvaloT ctangapty IrDA no mHdpakpacHor nepegade AaHHbIX Ha ckopocTax go 115200 6ut/cek ¢ mMcnonb3oBaHMEM
nonyaynnekcHon NRZ-mogynsiuMm M 3KOHOMUYHOW paboTol npu cuHxpoHu3daumm YCAII yactoTamm B npegenax
1.4...2.2MI'u. Y kaxpgoro YCAI nogaepxvBaeTcs AOMOMHUTENbHBIA PEXUM CMapT-KapTbl, B KOTOPOM aKTUBU3UpYeTCH
nogaepka ctaHgapta ISO 7618-3.



SCLKL}

N

Te/ SW_Ry Tx

aal
L I i

I - B
nepenaridk
. 'l' E EriA QU

npuem_uux PSS
Hexopep | oo

G 4

YCAIM moryT ncnonb3oBaTbCs B kayecTBe uHTepcenca cmapr-kapta unm IrDA

Mommnmo paboTbl B ponu BbicokockopocTHoro uHtepdenca YAIM, kaxabii YCAIT mMoxXeT ObiTb NepeBefeH B pPexum
CUHXPOHHOM CBA3W. Ero MOXHO wucnonb3oBaTb ANd CBsA3M C BHewHumu YBB, ocHalweHHbiMu SPI-coBmecTuMbIM
nHTEepdencom, no 3-nposogHon nuHun. PaboTas B gaHHoM pexume, YCAIT paboTtaeT B ponu Begyuwero wuHel SPI u
nogaepueBaetT BO3MOXHOCTb MPOrpaMMUPOBaHMSA MOMNSPHOCTU U hasbl CUHXPOHM3aLMW. Bnarogapsi aTomy, BO3MOXHaA
CBS13b C NpaKkTu4ecku nodon nogunHeHHon SPI1 UC.

B cnHxpoHHoM pexxume YCAII MoxHO ucnonb3oBaThb B PO JONOJSIHUTENbHbLIX Begylwmux nHtepdencon SPI

5.3. Moagynu CAN u USB

[Ba ocCTaBWMXCA KOMMYHMKAUMOHHbBIX MOAyns MukpokoHTponnepos STM32 - CAN-koHTponnep w wHTepdenc
nonHockopocTHoro yctporctea USB. Ob6a aTux npoTokona CBsA3WM AOCTATOMHO CIIOXKHbBI, NO3TOMY, €Cnv Bbl BMEpBble
CTarnkuBaeTecb C HUMW, TO OOMOMHUTENbHO HEOOXOOUMO O3HAKOMWTCS C OTAENbHbIMWM PYKOBOACTBaMM MO MHTepdencam
CAN n USB. O6a mogynsi, USB n CAN, TpebytoT BbiAeneHns cpaBHUTENbHO Bonblioro o6bema cratmdeckoro O3Y gns
opraHusaumm OydepoB cooOuieHuit, noatomy, y MK STM32 umeeTca gononHutenbHas obnactb cratudeckoro O3Y
pasmepom 512 Gant, koTopass MoxeT ucnonb3doBatbca Mogynsmu CAN m USB. [JocTyn Kk 3TOM NamaATM MMET TONbKO
HasBaHHble MoAaynu. Kpome Toro, JaHHy NamMaTe MOXHO Ha3HaunTb Ha paboTy TOMbKO C OAHMM M3 3TUX Mopynen. JTo
o3HavaeT, yto mogynm CAN un USB He moryT pabotaTb OOHOBPEMEHHO. Ecnn e B NpMMeHeHuu ncnonb3oBaHue obeunx
nHTepdencoB o6s3aTenbHO, TO NX paboTy HYXKHO YepenoBaThb.



5.3.1. CAN-kKoHTpoOnnep

Bxogawwmin B MK STM32 CAN-koHTponnep sBnsetcsa nonHodyHkumoHanbHbiM CAN-y3noM, oTBevarowmuin TpeboBaHusam K
aKTMBHBLIM U naccuBHbiM ycTponctBam CAB 2.0A n 2.0B n nogaepxuBaroLlLmin nepegadvy AaHHbIX HA CKOpocTu He Gonee 1
M6uT/cek. CAN-KOHTpOMNep OCHaLLeH Takke AOMONTHUTENbHLIMU BO3MOXHOCTSIMU 41151 OpraHn3aummn 4eTEPMUHNCTUYECKON
nepegaym AdaHHeix no cneuunansHomy CAN-npoTokony nepegaym B peanbHom BpemeHun TTCAN. [lMocne aktneBu3aumm
dyHkumn TTCAN GyaoeT nogaepkmBaTbCs aBToOMaTMyeckas NnoBTopHasa nepefadya coobLLUEHUA 1 aBTOMaTUYeCKas BCTaBKa B
CAN-nakeT OByx [OOMOMHUTENbHBIX GanT € 3aMKCUMPOBAHHLIM MOMEHTOM BpEMEHW nepegadn coobuieHus. Bce atu
BO3MOXHOCTU HEOOXoauMbl B cuctemax ynpasnenunsa yepes CAN-nHTepdenc B macwitabe peanbHOro BpeMeHu.

(=

Master Control MNoyToBERE
Master Status ALK
Transmit Priority npHeMa K1
Transmit Status nepegaqu
Receive FIFO
Interrupt
Error Status
Error Interrupt
T % Error Counter
R » Error Counter

MPHEMHBL
$UNBTROE f——  CAN Rx

Diagnostic
Bit Timing
Bit Timing
Filter Mode
Filter Config

Moaynb CAN oTtBeuaeT ctaHgapty CAN 2.0B u nopnepxusaet npotokon TTCAN

lMonHoe HaumeHoBaHve CAN-koHTponnepa - wmogynb bxCAN, rge bx ykasbiBaeT Ha noggepxky mogynem
OOMONHUTENbHBLIX BO3MOXXHOCTEN. O6bIYHbIA Mogynb CAN ncnonb3yeT oguH Oydep npuema 1 nepeagaydun, a y pacluMpeHHoro
mogyns CAN wucnonb3yeTca Heckomnbko OydepoB npuema u nepegadn. Mogyne bxCAN saBnsietca rmbpuaom OBYX
apxutektyp mopynernn CAN. Y Hero nmeeTcs Tpy NOYTOBbLIX SLLMKA NS NepefaBaeMbiX COOOLLEHMI M ABA MOYTOBLIX SILLMKA
AN NpYHUMaeMbix coobleHnin. Kaxabin 3 npuHMMaloLwmx novToBbIX AWmkoB umeet 6ydgep FIFO ana nomelleHns B Hero
Tpex coobLieHun. [laHHasa apxMTeKTypa ABMSeTCA KOMINPOMUCCHOW C TOYKU 3PEHUS MPON3BOANTENBHOCTU Nepeaaydn AaHHbIX
N 3aHMMaemoro mecta B kpuctanne UC.
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Timestamp Timestamp Timestamp
DLL DLL DLL
DATA DATA Data

Moaynb CAN ocHalleH TpeMs NOYTOBbIMU AILLMKAMK ANA nepegavym cCoobLEHUA U UMeeT BO3MOXHOCTb
aBTOMaTU4YeCKOW BCTaBKM B cOOOLLeHMe TeKyllero BpemeHu no nporokony TTCAN

Cnegytowas BaxHasa yHkumss CAN-KoHTponnepa - punbTpaumsa nonyvyaemblx coobiennin. Mockonbky CAN aBnsieTcst
LUMPOKOBELLATENBbHOM LUMHON, Kaxgoe nepefaHHoe cooblieHne npuHumaeTcst Bcemn yanamm wuHel. B CAN-wunHe nobon
pa3yMHOI CTEMEHN CMOXHOCTU nepedaeTcs AOCTAaTOYHO DOoMbLUOe YnCno coobLieHun. 3agadent Kaxxaoro nogKnioYeHHoro K
CAN-y3ny UMY saensetca pearmpoBaHne Ha CAN-cooOuweHus. Takum obpasom, 4Tobbl n3baButb CAN-kOHTpoOmnep oT
npobrnembl npvema B Oydep HexenatenbHbIX cooOWeHW, Heobxogmma ux dunbTpauua. Y CAN-koHTponnepa
MUKpokoHTponnepoB STM32 umeetca 14 6aHkoB pUNbTPOB, KOTOPbLIE MOXHO MCNonb3oBaTh Ans 6rnokuposku Bcex CAN-
COoO00LLEHUIN, KPOME N30PaHHbIX COOBLLEHU MW TPYNN COOOLLEHWNIA.



32-bit filter — Id/Tist
Id | | | | |

Id | | | | |

16-bit filter — Id/List
Id | | |
Id | | |
Id | | |

Id | | |

14 hunbTPOB COOGLIEHMI NOAAEPKMBAIOT ABE KOH(PUrypaLum, KOTopblie MOXHO UCNOMNb30BaTh AN unbTpauum
MHAMBMAYaNbHbIX COOOLEHUN

Kaxgbin 6aHk pmnbTpoB cocTonT N3 ABYX 32-BUTHBLIX PEMMCTPOB U MOXET paboTaTe B OAHOM M3 YeTbIpex pexumos. Mpu
ncnonb3oBaHUM 6a30BOro MeToda B Kaxabin pernctp 6aHka pmnbTpoB 3anuncbiBaeTca naeHTugukatop coobuleHus. Mocne
NOCTYMNEHUss coobLLEHNS NPOBEPSIETCA €ro MOEHTUMUKATOP U, UCXOAS U3 3TOro, NPUHMMAETCH peLLUEeHNE O NMpUEMe Unu
OTKIMOHEHMM coobLleHmns. JaHHbI pexuM nogaepxuBaeT ABe koHdurypaumu. B nepeon koHdurypauum permctpbl 6aHkoB
UNbTPOB ABNATCA 3-OUTHLIMK M MOTYT MCNoNb3oBaTbes Ans unstpaumm 11- n 29-6UTHLIX Nonen MAeHTUMUKaTOPOB
coobueHus, a Takke 6uT RTR n IDE B 16-OMTHOM pexume.

32-bit filter — Id/Mask

Id | | | | |
Mask | | | | |
1 6-bit filter — Id/Mask
Id | | |
Mask | | |
Id | | |

Mask | | |

OfaHU 1 Te e 6aHKn PUNLTPOB MOTYT UCMOJbL30BaTbLCA ANA PUNbTPaLUM FPYMNNbl COOOLLEHUN

Bo BTOpOI KOH(pUrypaumm, B nepBbin 32-OUTHbIN PEMUCTP 3anucbiBaeTCa MAEHTMGUKATOP COOOLLEHUS, BO BTOPOW - Macka
coobueHus. Pernctp Mmacku mapkmpyeT OuThbl permctpa naeHTudgumkaTopa, Kak 'BaxkHbIA' Unun 'HeBaxkHbl'. bnarogaps atomy,
NosiBNSIETCA BO3MOXHOCTb MPUHUMATL Fpynny coobweHunin ¢ noMolblo ogHoro BaHka dunbTpoB. Ecnv npuHumatowme
uNbTPbl NponyckalwT coobleHne, ToO BMecTe C HuM npuHuMatrowmn 6ydep FIFO 6ygeTr 3anucaH ykasatenb Ha
onpeaenueLUNiA coBnageHve unbeTp. ITO NO3BONUT NPUKNAAHON Nporpamme YCKopuTb naeHTudmkaumioo coobleHns bes
HeobX0AMMOCTM CUYMNTBIBAHUA U Aelumdpaunm naeHTndunkaTopa naketa coobLueHums.

Bce CAN-koOHTpoOnnepbl NogaepkuBaloT ABa pexuma paboTbl: HOpMarbHbIM PexuM Ang npyemMa M nepegayv rnaketos
COOBLLEHUN N PeXUM MHUUManu3auum ang 3agaHns napameTpoB cBsAsu. Kak yxe rosopunocb, MK STM32 moryT paboTtath B
3KoHOMUYHOM pexunme SLEEP. B atom pexume cuHxpoHusauma moayns bxCAN oTknoyeHa, ogHako AOCTYNn K perucrpam
MOYTOBbLIX ALWMKOB ocTaeTcs Bo3MOXHbIM. Moaynb bxCAN MMeeT BO3MOXHOCTb akTuBM3auun paboTbl Npu oBHapyXeHuu
aKkTMBHOCTM Ha WwuHe CAN. Ero paboTy MOXHO Takke peakTMBMPOBaTb NPUKNagHOW nporpammon. Pabotasa B HopmansHOM
pexume, NOOAEPXKMBAKOTCA OBa OOMOMNHUTENbHbIX nogpexuma. [Nepebin nogpexum - pexum SILENT. B Hém CAN-
KOHTpOMfep MOXET NpuMHMMaTb COOOLLEHMS, HO HEe MOXET nepefaBaTb U He reHepupyeT OMT OWMGOK B MOCLISKE U
noaTeBepxaeHus coobuienns. JaHHbii pexum paccumTtad Ha CAN-LMHBI C NaCCUBHBIM MOHUTOPUHIOM. BTopor nogpexum -
pexum LOOPBACK. B 3tom pexume, nepefaBaemble COOOLIEHMSI cCpasy >Xe MPUHUMAKOTCA B npuemHbin Gydep. OH
HeoOxoOMM Ans peanu3aumyM OMarHOCTMYEeCKUX (YHKUUM M Takke noneseH Ha ase otnagku koga nporpammbl. ObGa
PacCMOTPEHHBIX PeXUMa MOXHO KOMBuHMpoBaTb. OHM ungeanbHbl ANS BbINOAHEHUS (PYHKUMA CaMOTECTUPOBAHMSA Mpu
noaKntoveHun K paboTatoLLen LnHe.



5.3.2. Moaynb nHtepdenca USB

Mogynb nHTepdernica USB, Bxogswmin B coctaB HekoTopbix MK STM32, siBnseTca nonHOckopocTHbIM (12 MowuT/cek) n
npegHasHayeH And B3auMOAEWCTBUS C XOCT-UHTepdencom USB, kak Hanpumep, ucnonssdyembim B K. JaHHbIn Moaynb
NOSHOCTLIO peannayeT n3NYECKUA YPOBEHb U YPOBEHb Nepeaayn AaHHbIX, B T.4. MPOBEpPKa OLIMOOK B NakeTax 1 NOBTOPHas
nepegava. WHtepderic USB-ycTpoiicTBa Takke MNOAOEPXKMBAET BO3MOXHOCTU MPUOCTAHOBKA U BO30OHOBNEHMS,
HeoOXoaMMble AN CHUXKEHUSA noTpebrnsiemorn molwHocTn. PaspabaTteiBas ycTponcteo ¢ mHTepdericom USB, Heobxoaumo
XOpOLLO pa3bupaTtbCsa B TEXHUYECKMX XapakTepucTukax nHtepdenca USB n ero npuknagHeix knaccax. Ha cante komnaHum
ST pocTtyneH nomnHbIn Habop paspabotumka USB ycTponcTtB. B Hero BxOAMT MpOrpaMMHbIA CTEK ANS MHMUManusaumm
nHtepderica USB u peanusauun Hanbonee nonynsipHbix USB-knaccos, B 1.4. HID, MASS STORAGE, AUDIO n LEGACY
COMMUNICATIONS PORT. Ucnonb3oBaHne gaHHOro cteka wmnm noboro Apyroro aHanorMyYHoro nporpamMmmHOro CTeka
OpYrux KOMNaHW NO3BOSNUT CYLLECTBEHHO YCKOPUTbL MPOLIECC NPOEKTUPOBAHMS.

I D+
Bygepel AHANOroBLIRA
KOHEYHBIX TRaHCHMEER
TOUEK — D-

Moaynb USB otBeyvaeT TpeboBaHmsam k USB-ycTtponcTBy Bepcuu 2.0

WHTtepdenc USB nogaoepxunBaet A0 8 KOHEYHbIX TOYEK, KOTOpblE MONb30BaTEflb MOXET HACTPOUTb KaK KOHEYHasi ToYKa
yrnpaBneHus, nNpepbiBaHns, NOTOKa MU M30XPOoHHasdA. [Ona opraHusaumm Bydepa KOHEYHOM TOYKM MOXET UCMOSb30BaThCS
ctatmyeckoe O3Y pasmepom 512 0aiT, Ucnonb3oBaHWe KOTOporo coBmewleHo ewe M ¢ CAN-koHTponnepom. [lo
3aBeplieHUn uHuumManusaumm wmoayns USB, npuknagHas nporpamMmma  pasgensieT gaHHoe cratudeckoe O3Y Ha
nocriefoBaTenbHOCTL OydepoB.

KoHdurypaumsa cratnyeckoro O3Y B kadectBe OydepoB KOHEYHOW TOYKM BBIMOMHAETCA C MOMOLbB Tabnuubl
onpegenenni OydepoB, KoTopas XpaHWTCA B OCHOBHOM cTatmdeckom O3Y. B Hem [na KaXgow KOHEYHOM TOYKU
yKkasblBaeTCs HadanbHbll agpec B crtatudeckom O3Y u 3HayeHve, ykasbiBawowee Ha ee pasvep. Kaxgas aktvBHas
KOHeYHas TOYKa ynpaBneHus, npepbiBaHns U MOTOKa cBA3aHa ¢ bydepom naketa KOHEYHOW TOYKW, @ U3OXPOHHAsH KOHEYHas
TOYka - C ABOVHbIM Bydepom. brarogaps aTomy, AaHHble MOXHO MPUHUMAaTb B OAuMH Oydep u, Mpu 3TOM, BbINOMHATb
006paboTKy AaHHbIX M3 gpyroro. Nocne nony4vyeHus oyepeaHoOro nakeTa, HOBble AaHHbIE MOCTynaklT BO BTOpon Gydep, a
obpabaTtbiBaloTcs AaHHble 13 nepBoro bydepa. Metoa asowHoro bydepa nossonseT nepefasaTb peanbHO-BPEMEHHbIE
MOTOKWU AaHHbIX, KaK HanprMMep, ayauomnoTok.

[Ina XxpaHeHus NakeToB AaHHbIX ucnonbdyetcs 512-6antHoe ctatudeckoe O3Y. Bo BpeMsi nHmumManmsaumm, ata obnactb
namaTn pasgensdeTca Ha HecKonbko OydepoB Ans KaKOoW akTMBHOW KOHEYHOW TOUKM. WM3OXPOHHBIE KOHEYHblE TOYKU
NCNonb3yloT crneuunanbHbli ABoVHON Bydep, KOTOpbIN NO3BOMNSET BO BPEMS CHUTbIBAHWA OaHHbLIX U3 ogHon yacTun Bydepa
npooskaTe NPUeM B OPYryHo YacTb.

6. 9KOHOMUYHbIE PeXUMbl paboTbl

MK STM32, 6yay4m BbICOKOKA4YECTBEHHBIMW MUKPOKOHTPOMMEpamMu, B AONOSIHEHME K paboTe B 0ObivHOM pexnme RUN
NOAAEPKMBAKOT BO3MOXHOCTb PaboTbl B HECKOSbKUX 3KOHOMMWYHBLIX pexmmax. [MpaBunbHOE WUCMOMb30BaHME PEXMMOB
SLEEP, STOP 1 STANDBY genaeTt BO3MOXHbIM peann3aumio NpakTUYHbIX pelennn ¢ bataperiHibiM nutaHnem. MK STM32
obbeavHAeT [OBa NPOTUBOPEYMBBIX CBOWCTBA: Marioe 3HepronoTpebrneHne u BbICOKYHD MNPOM3BOAMTENBHOCTb. [pu
3HakomcTBe Cc agpom Cortex yxe roBopuriocb, YTO MOCre nepexoda B 3KOHOMWYHLIN pexum paboTel LMY n YBB
npuocTaHaBnMBaloT CBOK paboTy M noTpebnsAwT MuHMManbHy MolwHOCTb. [lpu nepexoge npoueccopa Cortex B
3KOHOMUYHBIA pexnm paboTbl, OH MOXET curHanuauposatb 06 39TOM ele OOHOMY BHELUHEMY MUKPOKOHTpONnepy
reHepaumen curHana SLEEPDEEP. [Ina nepexoga B 3KOHOMWYHbLIA pexum paboTbl HEOBXOAMMO BbINONHUTL MHCTPYKLUIO
WFI unn WFE. lNMocne BbINOMHEHNS TaKOW MHCTPYKLUMN OyAeT BBEAEH SKOHOMUYHLIN peXXnuMm paboTbl, yKasaHHbI B pernctpe
ynpaBneHus aHepronoTpebneHnem. Janee 6ynet naH 0630p KaXaoro aKOHOMUYHOIO pexxnma paboTbl M UX CPaBHEHWE MO
nokasarensm notpebnsemoro Toka n 3agepXkkm Bo306HOBNEHNSA paboTbl.

6.1. Pexxsum RUN

B pexxume RUN mukpokoHTponnep STM32 ncnonHsieT Kog nporpamMmbl, MO3TOMY, 3HEpronoTpebneHne makCcumarbHO.



B paHHom pasgene OyayT paccMOTpeHbl pasfnnyHble Cnocobbl CHUXKEHWUS pe3ynbTMpyoLEero aHepronoTpebnexHus B xoge
BbIMONHEHNS KOAA Nporpammbl. BakHO 3anOMHUTB, YTO BCE AaHHbIE BO3MOXXHOCTU MOXHO MCMOMb30BaTh AMHAMUYECKU. OTO
O3HavaeT, 4YTO WMeeTCHd BO3MOXHOCTb BbIMOMHATL KO4 MpOrpaMmbl B ManOMOLLHOM, HW3KOMPOWU3BOAUTENbHOW
KOH(urypaumm, a 3atem, B OTBET Ha MpepbiBaHWE WNu NporpaMmMHoe cobbiTve nepeknoynMTca K Gornee MOLLHON K
BbICOKONPOW3BOANTENBHON KOHPUrypaumm.

Mpn obblvHOM ncnonb3oBaHuM, npoueccop Cortex n GonbwmHcTBO YBB STM32 moryT paboTate Ha yacTtote 72 My,
PaboTtaa ¢ makcumanbHbiM ObicTpogencTeuem, MK notpebnsiet Tok 6onee 30 MA. lNepBbiM CMOCOOOM €ro CHWXEHMUS
ABMAETCA OTKMIOYEHME CUHXPOHM3ALUMM BCeX Heucnomnb3yembix YBB. OTO no3BonuT BblMECTb 3HepronoTpebneHne Bcex
Hencnonb3yeMblX YacTeh MWUKPOKOHTpornepa. BknioyeHne u OTKMNoYeHue CuMHXpoHm3auum YBB MOXHO ocCylecTBnATb
AnHaMuyeckn Yepes Moaynb ynpasneHns cbpocom n cnHxpoHusaumm (RCC).

Ewe 6onbLuero cHwkeHWs aHepronoTpebneHns MoXHO JOBUTECA CHKEHMEM YacTOTbl CUCTEMHOW CUHXPOHU3auun. Ecnin
paboTta Ha BbICOKOW YacToTe He obssartenbHa, 6nok PAMNY MoxHOo oTknoumTe 1 MK STM32 GyaeT CMHXpOHM3MpoBaTLCS
HenocpeAcTBeHHO ¢ Bbixoga HSE-reHepaTtopa. [anbHenwero CHMWXeHUs noTpebneHns MOXHO OOCTUrHYTb MepexogoMm C
ucnonb3dosanns HSE- Ha HSI-reHepatop. OpgHako, no cpaBHeHutwo ¢ HSE-, HSI-reHepatop obnapaeTt cyllecTBEHHbIM
HeLOCTaTKOM - OH He CTOfb ToyeH. Elle HeKkoTopyl YacTb IHEpPronoTpebneHnss MOXHO MCKMYUTL OTKMoveHnem LSI-
reHepartopa, ecinm He UCMNorb3yeTCsl OKOHHbLIN CTOPOXEBOW TaMep U Yacbl pearibHOro BpeMeHMU.

6.1.1. bycdep npeaBapuTenbHON BbIOOPKU N PEXMUM NOMyLuuKna

MMpn paboTte Hanpsamyw ot HSE-reHepatopa Ha MakcumanbHoW 4YactoTe 8MIU, Takke MOXHO OTKMo4YMTb Oydep
npegBaputenbHo BbiOopkn Flash namatM wm  aktmBuMpoBaTb pexum nonyuukna. BcrnepctBue a3toro, BBOOATCSA
OOMNONHNUTENBbHBbIE COCTOSAHMS OXUAAHUS, HO NMPU 3TOM, CHXKaeTca noTpebnsaemoin Tok B pexnme RUN.

Mpu paboTe ¢ MakKCMManbHbIM ObICTPOOENCTBUEM NOTPeONsieMbIN TOK cocTaBnsAeT B panoHe 34 MA, a npu
pa6oTe Ha 4yacToTe 8 MI'y (9.6 DMIPS) oH cTaHOBUTCA MeHee 1 MA

APB1/APB2 VBB |Uactora lNpenBaputenbHas Pexum WFI [FeHepaTop TunuyHoe n?TpeﬁneHme npu
BblGOpKa Monyuwmkn 25°C [mA]
DIV4 | DIV2 EK(f 72 My Bkn. OTkn. Otkn.| HSE 33.15
DIV8 |DIV8 |YCAII | 72 MI'y Bkn. OTkn. Otkn.| HSE 27.75
DIV8 |DIV8 |YCAIMI | 72 MI'y Bkn. OrTkn. Otkn.| HSE 23.65
DIV4 |DIV2 |YCAII| 8 MI'y, Bkn. OTkn. Otkn.| HSE 8.65
DIV4 |DIV2 |YCAIM | 8 MI'y, OTkn. OTkn. Otkn.| HSE 8.48
DIV4 |DIV2 |YCAIM| 8 MI'y, OTkn. OTkn. Bkn. HSE 1.68
DIV4 |DIV2 |YCAII| 8 MI'y, OTkn. OTkn. Bkn. HSI 0.9

6.2. DKOHOMUYHBbIE pPeXNUMbI paboTbl

TwaTensHo ckoHdurypmposas paboty MK B pexume RUN, MOXXHO CHM3WUTb NoTpebnsembin Tok Ao npubnusmTtensHo 8.5
MA. OpgHako, 4TobObl peanuM3oBaTb MNO-HACTOSILLEMY MaslOMOLLHOE YCTPOMCTBO, HEOOXOAMMO WUCMOSb30BaTh SKOHOMMUYHLIE
pexumbl pabotel MK STM32.

6.2.1. Pexxum SLEEP

[MepBas cTyneHb 3KOHOMWYHOW paboTbl - pexkum SLEEP. Mo ymonuyanuio, nocne BbinonHeHus npoueccopomM Cortex
nHcTpykuun WFE nnn WFI, oTknoyaeTcs BHYTPEHHAS CUHXPOHU3ALUMUS U NpekpallaeTcs BbiNONHeHWe kofda nporpammbl. B
pexume SLEEP, octanbHas yacte MK STM32 npogomkaeT paboty. Beixog u3 pexuma SLEEP npowucxogut, korga YBB
reHepupyet npepbiBaHne. Ecnn MK STM32 cuHxpoHuaupyetcs 6nokom PAMNY n HSE-reHepaTopom vactoTton 72 My m
ucnonb3yeT Bce YBB, To npu nepexoge B pexum SLEEP notpebnsembiin TOK CHU3WUTCS 40 nNpubnuauTtensHo 14.4MA. Tem He
MeHee, €eCnu BbINOMHUTL crneumanbHyto nogrotoBky MK STM32 k nepexogy B 3KOHOMWUYHBLIN PEXMM, OTKIHOYMB
CUMHXpoHM3auuo Bcex YBB, kpome Tex, 4TO wncnonb3ylTcs Ans Bo3obHoBneHus paboTtbl npoueccopa Cortex, wu
nepeknioyYnBLUNCE Ha CUHXPOHM3aumio oT HSI-reHepaTopa (4acToTy KOTOPOro MOXHO CHU3WUTL Ao 1 My n gaxe meHee),
MOXHO A0BUTBECA CHUXEeHMsA noTpebnsemoro Toka Ao npubnuantensHo 0.5 MA.




MoTpebnsiembin ToK B pexxume SLEEP MoxHO cHuantb go 0.14 mA

Venosus f Bce YBB Ha wuHe Bce YBB En.
RIGLL APB BKNtOYeHbI OTKMIOYEHBbI | U3M.
72 My 14.4 55
48 MI'y, 9.9 3.9
36 My 7.6 3.1
24 Ml'y 53 2.3
16 My, 3.8 1.8
CuHxponunsaumst ot HSE, onsa cHwkeHnsa yactoTbl 8 Mr 21 12
ncnonb3yetcsa npeagenutens AHB Y : :
4 My, 1.6 1.1
2 My 1.3 1
1My, 1.1 0.98
500 kl'y, 1.04 0.96
125 klMy, 0.98 0.95 WA
64 My 12.3 4.4
48 MI'y, 9.3 3.3
36 My 7 25
24 Ml'y 4.8 1.8
16 My, 3.2 1.2
CuHxpoHunsauums ot BHyTpeHHero HY RC reHepatopa (HSI), 8 Mr 16 06
ONS CHKEHNs1 YacToThl ucnone3dyeTcs npegaenutens AHB H : :
4 My, 1 0.5
2 MIy 0.72 0.47
1My 0.56 0.44
500 kl'y, 0.49 0.42
125 kl'y, 0.43 0.41

B ManomoLLHbIX NpUMEHEHUsX, YTobbl JOOUTLCA MUHUMANbLHOrO 3HepronoTpebneHus, B pexunm SLEEP Heobxogumo
nepexoauTb HACTOMBKO YacTO, HACKOMBKO 3TO BO3MOXHO. Ha pe3ynbTupyoLuin ypoBEHb 3HEPronoTpebneHnst Takke BNUseT
3ajepxkka, koTopass Heobxoguma MUKpPOKOHTpomrnepy STM32 pna Bbixoga M3 3KOHOMUYHOTO pexmnma paboTbl u
BOCCT@HOBMEHUS UCMOMHEHUSA KoAa Nporpammbl. He npeacTtaBneHHbIX HUMKE PUCYHKax OyaeT nokasaHo, Kakue 3agepiKku
Heobxogumbl LIMY Cortex, koTopbii cuHxpoHnsmpyeTtcsa oT HSI RC-reHepaTopa, Ans Bo306HOBNEHNST HOpMarnbHON paboThl.

6.2.2. Pexxum STOP

MMKPOKOHTPONMNEpP MOXHO HACTPOWUTb Ha Nepexos B 3KOHOMUYHbIA pexuMm STOP. [na aToro HeobxoauMo yCTaHOBUTb
6ut SLEEPDEEP B peructpe ynpaeneHusi aHepronotpebnennem sapa Cortex n copocutb 6ut Power Down Deep Sleep
(PDDS) B peructpe ynpasnexus aHepronotpebnerem MK STM32.

15 14 13 12 11 10 9

JTHNHYEHWE PESERBUAOEAHIKA

Moporoeoe HanpaxeHywe PYD
FaspeweHKe KoHTPONA NuTaHka [(PYD)

Chpoc danara STAMDBY

(4]

Chpoc dinara STANDEY

But POWER DOWVN DEEFP SLEEF

But LOWY POWER DEEF SLEEF

—




Mocne 3aBeplueHus koHpurypauum pexmma STOP, BbinonHeHune uHcTpykumm WFI vnn WFE npuBegeTt k ocTaHOBKe
npoueccopa Cortex n otkmoyeHnto HSI- n HSE-reHepatopoB. ®nsw-namartb, cratmdeckoe O3Y u YBB octawTtcs
3anuTaHHbIMK, No3aTomy, coctosaHne MK STM32 cbeperaetcsa. Takke kak n B crniydae ¢ pexumom SLEEP, Bbixog 13 pexuma
STOP Bo3MOXeH nyTem reHepauum npepbiBabnsa YBB. OgHako B pexume STOP cuHxpoHu3auus Bcex YBB oTkntouyeHa, 3a
WCKITHOYEHMEM KOHTpOSepa BHELLHUX NpepbiBaHUiA. Takum obpasom, Bbixoa u3 pexuma STOP BO3MOXEH Npy U3MEHEHUU
COCTOsIHMA Nobor M3 NHMKM BBOAa-BbiBOAa. Kpome TOro, y KOHTpornnepa BHELHUMX NpepbiBaHWA MMEETCS OAHa NUHWUS,
KOTOpasi MOXET, Kak 3anpaluBaTtb, TaKk WU reHepvpoBaTb MNpepbiBaHME MO AOCTMXKEHMM 3a4aHHOTO BPEMEHM 4vacamu
peanbHOro BpemeHu. lNockoneky y 4acoB pearnbHOro BpeMeHU UMeeTCH oTAenbHbIn reHepatop (LS| unu LSE), To oHn moryT
ncnonb3oBaTbCA ANd reHepalmu nepnoanyeckux npepboisaHun ans seisoga MK STM32 u3 pexuma STOP.

Mocne nepexoga MK STM32 B pexum STOP ero notpebnsembil TOK CHWXaeTca C Munnuamnep, notpebnsembix B
pexvme RUN, go npubnuantensHo 24 MkA. [anbHenWero CHWKEHNs aHepronoTpebrneHns MoxHO Jobutbca nepesogom
BHYTPEHHEro reHepaTopa B CreLuMasnbHbIi SKOHOMUYHBIN pexxum paboTbl. [na aToro HeobxoamMmo yctaHoBute 6ut LPDS B
peructpe ynpaeneHuss aHepronotpebnenvem MK STM32. Ecrnu npu nepexoge B pexum STOP pgaHHbin 6MT Obin
yCTaHOBMNEH, TO NOTpebnsembii TOok cHuM3uTca o 14 MKA. Ecnv mncnomnb3ylTcs 4acbl pearnibHOro BpEMEHW, TO
notpebnaembln TOK yBenmumTcsa Ha 1.4 MKA.

Ycnosus VDDNBAT=2-4B VDDNBAT=3-3B Epn.n3m.
Crabunuaartop B pexume Run, HU3KOYaCTOTHbIN 1 BbICOKOYACTOTHBIN BHYTPEHHUE
RC reHepaTtopsbl, a Takke BbICOKOYACTOTHBIN reHepaTop OTkIoYeHbl (paboTa 6e3 NA 24
HEe3aBMNCMMOro CTOPOXEBOro TamMepa) WA
Crabunusatop B 3KOHOMWYHOM PEXUME, HU3KOYACTOTHBLINA N BbICOKOYACTOTHBLIN
BHyTpeHHMe RC reHepaTophbl, a Takke BbICOKOYACTOTHbIA reHepaTop OTKIHOYEHbI NA 14
(paboTta 6e3 He3aBMCKMMOrO CTOPOXEBOIO Tanmepa)
Ea.
O6o3HayeHne MapameTp Ycnosusi usmepeHuns 3HaveHune uam
Bobixog 13 pexvma STOP (ctabunmsatop B pexume
3.52
RUN)
Bobixog 13 pexuma STOP (ctabunumsatop B pexxume RUN 542
+ WFI) Boso6HosneHne no HSI RC )
twustop MKC
Bobixog u3 pexuma STOP (ctrabunusatop B reHeparopy 532
3KOHOMMYHOM pexume + WFE) '
Bbixog 13 pexuma STOP (ctabunmsatop B 791
3KOHOMUYHOM pexmme + WFI) '

3apepxka BO306HOBNEHWs Npu Bbixoae u3 pexuma STOP B xygwem cnyydae coctaBut 5.5 MKC, ecnu ctabunusaTtop
OCTaBariCs B MOMHOCTbIO aKTUBHOM COCTOSIHUM, M 7.3 MKC, ecnu ctabunusatop nepeBoauncs B 9KOHOMUYHBLIN PEXUM
paboTbl.

6.3. Pexxum STANDBY

MK STM32 moxHO HacTpouTb Ha paboty B pexume STANDBY, ecnu yctaHoButb 6ut SLEEPDEEP B peructpe
ynpaeneHus aHepronotpebnennem sapa Cortex u yctaHosuTb 6uT Power Down Deep Sleep B ogHoumeHHoM pernctpe MK
STM32. lNocne atoro, BbinoniHeHne HCTpykuun WFI nnn WFE npueeget k nepesogy MK STM32 B pexxvMm ¢ HauMeHbLUUM
3HepronoTpebneHnem. B pexume STANDBY MK STM32 abcontoTHO nonHocTbio 6e3pencreyeT. OTKIHOYEHBI BHYTPEHHWIA
ctabunmsatop HanpsbkeHusa n HSE- n HSI-reHepatopsl. B atom pexume MK STM32 notpebnsieT Tok Bcero nuub 2 MKA.

B pexume STANDBY notpebnsiembin TOK paBeH 2 MKA, a 3aep)kka BO306HOBneHusi coctaBnset 50 mkc

YcnoBusi uamepeHus Vppo/Vear=2.4B |Vpp/Vear=3.3B |Ea.nam.
HY BHYTpeHHWI reHepaTop N HE3aBUCUMbIN CTOPOXEBOW TauMep OTKMNoYeHb!, HY NA 2
reHepaTop 1 Yacbl peanbHOro BpeMEHMW OTKITHOYEHbI MKA
HY reHepaTop 1 Yacbl peansHOro BpeMeHU BKIMNIOYEHbI 1.08 14
EaovHuua
O6o3Ha4veHne MapameTp YcnoBusi uamepeHus 3HaueHune AnHnL
n3MepeHnst
i 3apepxka BO30GHOBNEHUS AnA Bo3o6HoBneHne ¢ cuHxpoHusaumen HSI 50 MKC
WUSTDBY pexxuma STANDBY RC-reHepaTopom

Bobixoa n3 pexxuma STANDBY Bo3MOXeH No npepbiBaHMIO YacoB pearnibHOro BpeMeHu (JOCTMXEHNe 3afaHHOro BpeMeH!)
TOYHO TaKxke Kak u npu Bbixode n3 pexuma STOP. Kpome Toro, BO306HOBNEHE BO3MOXHO Yepes BHELIHMIN BbiBOg cbpoca



MK STM32 nnu ¢ noMowbio HE3aBUCMMOIO CTOPOXEBOro Tammepa. Bbixog u3 pexuma STANDBY Takke BO3MOXEH MO
HapacTatoemy opoHTy Ha nuHuKM 0 nopta A. [laHHbIN BbIBOL MOXHO HacTPOMUTb, Kak BbiBog Bo306HOBNeHMs WKUP nytem
ycTaHoBku 6uta EWUP B peructpe ynpaBneHust sHepronotpebneHnem n crartyca. lNockoneky pexum STANDBY cambin
MasilOMOLLHbIVA, TO U BbIXOA U3 HEro OCyLLEeCTBMSeTCA OOoNblue BCEro: 3agepkka BO30OHOBEHNS] MCMOSNTHEHWNS UHCTPYKLMI
cocTtaenseT okono 50 mkc. Mocne nepexoaa B pexum STANDBY cogepxumoe ctatudeckoro O3Y, permnctpos sgpa Cortex u
MK STM32 tepsietca. Boixoa n3 pexuma STANDBY npaktuieckn ngeHTu4eH nporpammHomy copocy.

6.4. NMoTpebnaemMmbIin TOK 06NnacTu ¢ pesepBUpoBaHNEM NMUTAHUSA

B obnactb c pesepBupoBaHumeM nuTaHus BxoasaT O3Y M 4acbl peanbHoro BpemMeHW. [logaya nUTaHWUs Ha HUX
COXpPaHSIETCS BO BCEX SKOHOMMYHBIX pexumax paboTbl. VX notpebnsembli TOK TOK NpW HanpsbkeHun nuTtanna 3.3B
cocTaBnsieT okosio 1.4 MKA.

6.5. BO3MOXHOCTb OTNaAKu B 3KOHOMUYHLIX peXxunumax

OTtnagka TpaguUMOHHBLIX MWKPOKOHTPOMSEPHBLIX CUCTEM, B KOTOPbIX MCMNOMb3YKTCS 3KOHOMUYHbIE PEXUMbI PaboThI,
MOXET OKa3aTbCsl 3aTpyAHEHHOW. OTO CBA3aHO C TeM, YTO Mocre nepexoda B 9KOHOMMUYHBLIN PEXMM MUKPOKOHTpONnep
nepecrtaet B3aMMOAENCTBOBaTb C OTnagyuMkom. Bcneacteue 3Toro, otnaguvk BbigaeT coobueHna o6 ownbke wunu
nepectaet pabotatb. Bo usbexaHue atoro, y MK STM32 npegycMoTpeHa BO3MOXHOCTb cCOXpaHeHuss B paborte HSI-
reHepartopa B KayeCTBe MCTOYHUKA CUHXPOHM3aLMM BCTPOEHHOW oTnago4yHon cuctembl CoreSight gaxe nocne nepesoga MK
B SKOHOMWYHLIN pexuMm paboTbl. PaclumpeHHble Bo3MOXHocTM oTnagku MK STM32 HacTpauBatoTcs 4vepes3 perucrtp
DBG_MCU.

7. Bo3aMoOXHOCTK No obecneyeHUo 6e3onacHou pabdboTbl

MwukpokoHTponnepbel STM32 noggepxuBalT psig BO3MOXHOCTEW, HaMpaBfeHHbIX Ha BbISIBNIEHNE HEKOPPEKTHOro
BbINOMHEHNS Koda NPOrpaMmMbl U HEMPAaBUITLHOIO NOBEAEHWS MUKPOKOHTpONepa B uenom. Ytobbl NCKMYNTbL BO3MOXHOCTb
paboTbl MUKPOKOHTpOMMepa OT HeHageXHOro McTtovHuka nutanud, y MK STM32 npegycmoTpeHa BCTpoeHHasd cxema,
KOoTOpasi NepeBOAUT ero B COCTosIHME cbpoca, ecnu HanpskeHne VDD BygeT Huke MUHUMAaNbHO-OONYCTUMOrO 3HayYeHus.
Kpome Toro, B MK mHTerpupoBaHa nporpammupyemasi CxeMa KOHTPONSA HanpsbkeHus, KoTopas elle paHblle no3BonsieT
BbISIBUTb Mpobnembl ¢ nuTaHvem. [locne BbIABNEHUS HapyLUEHUMS NUTaHUA 3Ta CXemMa reHepupyeT npepbiBaHue,
nossonstoulee nepesectn MC B GesonacHoe cocTosiHMe. B cTpykType cuctembl CuHXpoHu3aumm MK npegycMoTpeHbl
anemeHTbl KOHTponst HSE-reHepaTopa. B cnyyae BbisiBNeHus HapyLlueHuii B ero pabote, MK aBToMaTuiecku nepekniounTcs
Ha paboty oT HSI-reHepaTopa. KoOppekTHOCTb BbINOMHEHUS MPOrpaMMbl MOXHO KOHTPONMPOBaTb C MOMOLLLIO [OBYX
BCTPOEHHbIX CTOPOXEBbIX TanmepoB. OAMH U3 HUX - OKOHHbIA CTOPOXEBOW TamMep, KOTOPbIN HEOOXOAMMO OBHOBNATL C
onpegeneHHon 4actoton. [pyroM - He3aBUCUMMbIA CTOPOXEBOW TavMep, KOTOPbIA CUHXPOHU3NPYETCA OTAENbHbIM
reHepaTopoM, HecCBHA3aHHbIM C OCHOBHOW CUCTEMHOM CUHXpOHu3auuen. Kpome Toro, BCTpoeHHasa Flash namats
noaaep>XmBaeT BO3MOXHOCTb XpaHeHMs AaHHbIX B TedeHne 30 neT npu TemnepaType 85°C, 4To ABNAETCS Ny4YLIMM B CBOEM
Knacce nokasatenem XpaHeHusi AaHHbIX ONS MUKPOKOHTpornepa obuiero HasHavyeHus. [lepeyncrneHHble BO3MOXHOCTU Mo
obecneyeHuto 6esonacHon pabotsl MK Henpuemnemsl Ans NCNOMb30BaHMA B 060pyaoBaHMM, K KOTOPOMY MpeabsaBnsAloTCS
MaKkcuMMarbHO-BbiCOKMe TpeboBaHua 6Ge3onacHocTM (B TakoM o60pyaoBaHMM 3NeMEHTbl, OTBevawlme 3a KOHTPOMb
nporpammHoro obecnedeHusl, kak HanpuMep, CTOPOXEBOW TakMep OOSPKHbI ObiTb OTAENbHLIMU BHELLUHUMW YCTPOWCTBAMK).
Tem He MeHee, MUKpoOKOHTponnepbl STM32 nos3eonsioT pa3pabaTtbiBaTb HadeXHble CaMOKOPPEKTUMPYHOLIME CUCTEMBI C
NCMNOSb30BaHNEM CMOCOBO0B, NPUMEHSIIOLLMXCS B KPUTUYHBIX K 6€30MacHOCT aBMALMOHHbBIX 1 aBTOMOOMITbHBLIX CUCTEMAX, HO
C WCMONb30BaHMEM 4Ype3BblYalNHO MPOCTbIX CXEMHbIX pelleHuin. bnarogaps atomy, BO3MOXHO co3faHue ropasgo bonee
HageXHOW N KayeCTBEHHOW HeJOPOron U NPOCTON SNEKTPOHHOM TEXHUKMN.

7.1. YnpaBneHue copocom

Y MK STM32, noMMmMo BHELLHEWN nnHuM cbpoca, MMEeeTCss MHOXECTBO MCTOYHMKOB cbpoca. Copoc MK STM32 moxeT
ObITb BLINOMHEH BCTPOEHHBIMWU CTOPOXEBLIMU TaviMepamu, nporpaMmHo vepes KBBI1, BCTpoeHHbIMM cxemamu cbpoca npu
Nnoaaye/OTKMNIOYEHUM N CHWXKEHUM HWKe JOMyCTMMOro YPOBHS HanpsbkeHws nuTtaHus. B cnyyvae reHepauunm cbpoca
yCTaHaBMNMBaKTCA COOTBETCTBYHLIME cdhnarn B pernctpe ynpasnenunsa n ctatyca RCC, T.0. onpocom aTux ¢hnaroB MOXHO
onpeaenuTb NPUYMHY, BbI3BaBLUYIO COPOC MUKPOKOHTponnepa. CoctosHMe AaHHbIX draroB COXpaHAeTCA A0 crneayroLlero
cbpoca npu nogaye NUTaHWs v 4o 3anvcu nor. 1 B OUT cTMpaHus npuymHel cbpoca.
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NOMOLLLIO pernucTpa ynpasneHus n cratyca RCC



7.2. KOHTpONb HanpsaXeHUs NUTaHusA

B coctaB mukpokoHTponnepoB STM32 BxoauTt cneumanbHblin 610K AN MOHUTOPUHIa NutaHusa. OH Ha3biBaeTcst 6110kOM
KOHTpOnNsi HanpsbhkeHus nutaHus (6nok PVD). bnok PVD nogaepxvBaeT BO3MOXHOCTb MPOrpaMMMpOBaHUSA nopora
cpabaTtbiBaHus B guanasoHe oT 2.2 go 2.9B ¢ warom 0.1B. OT0T nopor cpabaTbiBaHWA 3a4aeTcs B pernctpe ynpaeneHus
3HepronoTpebdrieHnem.
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Beixon 6 noka PVD

B MUKPOKOHTpOINep BXoAUT cneunarnibHasd cXxeMa KOHTPOJIA HanpsXXeHnsa nntaHnsa, Kotopasd MOXXeT reHepupoBaTb
npepbiBaHue, eCrin Hanps>XxXeHne NUTaHnAa CHMXxXaeTcAa HMXxe 3agaHHOro nopora

Boeixog 6noka PVD cBsizaH ¢ 16-ov nMHuen 6noka BHELHNX NpepbiBaHui. MOCKONbKY IMHUM BHELUHWX NPEpPbIBAHUIA MOTYT
pearnpoBaTb Ha HapacTalLWuWi, NagaLwWwmin UM HapacTaLlWmMiA U NagaLwmin PpoHTLIl, To 6ok PVD MOXHO ncnonb3oBaTtb
ON9 reHepauumn npepbiBaHMS MPU BbIMOSTHEHUW YCIOBUIA MPEBLILLEHNST MU MOHWXKEHWS HANPsDKEHNS.

7.3. 3awmeHHas cucteMma CUHXpPOHU3auumn

B GonblwuHcTBe npumeHeHnii MK STM32 B kadecTBe OCHOBHOW CUCTEMHOM CUHXpOHM3aLmmn npoueccopa Cortex n YBB
STM32 BbiCTynaeT BHELWHWI KBapLUEBbI pe30oHaTop, NOAKMNIOYEHHbIN K BoiBogam HSE-reHepaTopa. B cTpykType cuctemsl
CUMHXPOHM3auUM NpeaycMoTpeH crneuunanbHblii 6nok CSS, KOoTOpbIA KOHTpONUpYeT BHeEWHW curHan. B cnyyae ecnu atot
6nok 0oGHapyXuT OTka3 kBapueBoro pesoHaTopa, MK nepekmoumMTcs Ha aBapuHYKO CUMHXPOHW3aUMIO OT BHYTPEHHEro
reHepaTtopa 4YactoTbl 8 MIu.

HSI RC 8 My
osc_out [ %2..216 |PLLCL WSYSCLK
HSE-reH. dpANy K >
OSC_IN — no 72
1 B My
4-16
My .
Bnok koHTpONA L CS5S
CMHXpOHU3ALMH
B cnyuae oTka3a BHelLUHero reHepatopa, 6rnok CSS reHepupyeT npepbiBaH/We U nepeknoYvyaeTcs Ha paboTy ot RC-
reHepaTopa

[nsa aktmBusaumm 6noka CSS Heob6xo4MMO YCTaHOBUTL COOTBETCTBYHOLWMIN 6UT B peructpe ynpaeneHunst RCC.
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. o

[Ons BKNIOYEHUS KOHTPOJISA CUHXPOHU3aLMN HEOGXOAUMO YCTaHOBUTbL OUT paspeLlueHus paboTbl CSS B perucrpe
ynpaBneHusa RCC

Y ©6noka CSS wumeeTcsi NvHMSA NpepbiBaHWs, KOTOopasi CBsi3aHa C MNpPepbiBAHWMEM MO 3KCTPEHHOMY OTKIIOYEHUIO
paclmMpeHHoro TarMmepa 1, B CBOK ovepedb COEOUHEHHOW C NUHMEN Hemackmpyemoro npepbiBaHust KBBI1 Cortex. OTum
rapaHTMpyeTcs HesamegnuTenbHbli nepexon LUNM-BbixogoB TalimMepa B nNpefBapuTeNnbHO-3anporpaMmMmnpoBaHHoOe
6e3onacHoe COCTOsiHME B Crydae oTka3a OCHOBHOIO reHepaTtopa.

Takum obpasom, ecnn npoueccop Cortex TepseT ynpasnenne Hag LUMM-Bbixogamm, nx pabota u CBSI3aHHOW C HUMU
BHeELUHeNn cxeMbl 6rokupyeTcs. [JaHasa pyHKLMA 0COBGEHHO BaXXHO B YCTPOMCTBAX YNpaBleHNs1 SNEeKTpoABUraTtensamu.

7.4. CtopoxeBble TaumMepbl

B MK STM32 BxogAT ABa OTAENbHbIX CTOPOXEBLIX TaiMepa. He3aBMCHMMbIN CTOPOXEBOW TakMep NMOSTHOCTLIO OTAENEH OT
ocHoBHon cuctembl MK STM32. OH pacnonoxeH B IOMEHE C PE3ePBMPOBAHNEM MUTAHUSA N CUHXPOHU3NPYETCA BCTPOEHHBIM
HU3KOYaCTOTHbIM reHepaTopoM (LSI). OKOHHbIA CTOPOXEBOW Tanmep SBMSETCHA 4acTbio OCHOBHOW cuctembl MK STM32 u
CBSI3aH C CUrHaNoM CUHXPOHM3auumn nepBor WuHbl YBB. O6a cTopoxeBbix Tanmepa noaaepXMBatoT BO3MOXHOCTb
pa3aenbHOro BKIIOYEHNUS/OTKITIOYEHUSA U MOTYT NCMOMb30BaTbCA O4HOBPEMEHHO.

He3aBWCUMBIA -
CTOPOKEBOM LSIl-reHepatop

TawMep 32 kl'y

OKOHHBIW
CTOpPOMEBOW PCLK1
TanMep

MK STM32 copepxaT ABa CTOPOXeBbIX TalilMepa, OAUH U3 KOTOPbIX CUHXPOHU3NUPYETCH OTAEeNbHLIM reHepaTopoM



7.4.1. OKOHHbIN CTOPOXEBOWU Taumep
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OKOHHBIV CTOPOXXEBOWN TaMep ABMSIETCA pacLUMPEHHON BEpCUen TpaauLmMoHHOro BCTpanBaeMoro CTOpOXXeBoro Tanmepa.
[Mocne akTMBM3aLUK, CTOPOXEBON TanmMep HauyMHaeT cYeT B 0BpaTHOM HanmpaBrneHun 1 reHepupyeT c6poc Npu U3MEHeHUU
cocTosiHMA cyeTumka ¢ 0x40 Ha 0x3F, T.e. korga cbpacbkiBaetca 6ut T6.

OKOHHBIA
CTOPO¥EBOW TaWMep

¥YnpaeneHue
KoHpurypauua
CrtaTtyc

Kpome TOro, B KOH(bI/IpraLIMOHHOM perncTtpe OKOHHOro CTopoXxXeBoro Taﬁmepa npenoycMoTpeHa BO3MOXHOCTb 3adaHusA
BerHeIZ rpaHnubl cHeTa. Ecnu BO BpemMA nporpaMmmMmHOro 0OHOBNEHNs CoAepXnmMoro cHeT4ymkKa CTopoXXeBoro Taﬁlmepa, ero
(*)aKTVI‘-IeCKOG 3HayeHne okaxeTcsl bonblle 3aJaHHOro, ToXe reHepupyertcd CGpOC. CnepoBarerbHo, CTOpO)KGBOVI TaVlmep
BblAoendeT nporpamme CTporo orpaHm4yeHHoe BpeMdA Ha oBHoBNEeHNe coaepPXMMOro cCYeT4ynka, 41O NO3BOJIAET ObITb
yBEPEHHbIM He TOJ1bKO B (T)aKTe BbINOJIHEHNA KOAaA NporpaMmmMbl 1 BO BpEMEHHbLIX XapaKTepUCTUKAX ero BbIMNOJTHEHUA.

OKOHHbIVI CTOPOXEBOW TaviMep NpeacTaBnseT CoO0N 6-OMTHbBIN BbIYUTAIOLWMIA CYETYUK, KOTOPbIA CUHXPOHWU3MpPYETCH
curHanom PCLK1 uepes 12-6utHbii npeggenutens (genut 4vactoty PCLK1 Ha 4096). Y npeppenutens umeetcs 2
OOMONHUTENbHBIX OUTa, KOTOPbIE MOXET 3anporpaMmMupoBaTh Nofb3oBaTenb AN AanbHENLWero genexnns Yactotel Ha 1, 2, 4
unu 8. 3Tn BnTbl HaxogATcsa B 6 1 7 paspsigax perucrpa ynpaBneHus.



Takum obpasom, nepuog cpabaTtbiBaHWsS OKOHHOTO CTOPOXXEBOro TaiMepa OnpeaernsieTcs Mo BblPaXKEHUHO:
Twwdg = Tpclk1 x 4096 x 2~ (WDGTB) x (nepe3arpyxaemoe 3Ha4yeHue + 1)

Ecnn Pclk1 nvmeetr makcumanbHoe 3HaveHue 36 MIU, MvHMManbeHbIM nepuog cpabaTtbiBaHWMS CTOPOXEBOro TarmMepa
coctaBuT 910 MKC, a MakcuManbHbIn - 58.25 Mc.

Mo 3aBeplweHMM HaCTPOWKU OKOHHOIO CTOPOXEBOro TanWmMepa, ero paboTy MOXHO paspellnTb YCTaHOBKOW
COOTBETCTBYIOLLEro BMTa B peructpe ynpasneHus. ocne paspelleHnsi, OCTaHOBUTbL paboTy CTOPOXEBOro TaiMepa MOXHO
TONbKO COPOCOM - NMPOrPamMmMHO 3TO cAernaTb HEBO3MOXHO.

7.4.2. HezaBUCUMbIN CTOPOXEBOU Taumep

HecmoTps Ha TO, YTO HE3ABMCUMBbIV CTOPOXXEBOW TaMep SIBMSIETCS YacTbio OQHOro 1 Toro xe kpuctanna MK STM32, oH
CUMHXPOHM3MpyeTcs COBCTBEHHbIM FEHEpaTopoM, KOTOPbIA He CBSI3aH C OCHOBHOW CUMHXpoHu3auuen MK STM32.
Hes3aBncuUMbIA CTOPOXEBOW TarMep pacnonoxeH B goMmeHe ¢ nutaHnem VDD, koTopoe OCTaeTcs akTUBHbIM B pexummax
STOP 1 STANDBY.
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HesaBuCKMMbI CTOPOXEBOW Tammep npeacTtaBnsaeT cobon 12-OMTHLIA BbIMUTAIOLWMIA CYETYMK, KOTOPLIA reHepupyet
curHan cbpoca npu nepexoge 4vepe3 HyneBoe 3HadeHue. CYeTYMK CUMHXPOHM3UPYETCS OT OTAENbHOr0 BHYTPEHHEro
HN3KO4YaCTOTHOro reHepartopa Yepes3 8-OMTHbIM NpegaenuTens. HomnHanbHas Yactota LSI-reHepaTtopa paBHa 32.768 kI,
HO Ha NpaKkTuKe oHa MOXeT BapbupoBaTtbcs B npegenax 30...60 kly. Ana nHMumManusaumm CTOpoXeBOro TaiMepa BHavane
HeODOXOAMMO HacTpOUTb PErncTp NpeagenvTens, UCXOA4a M3 TOro, YTo KoadhduumeHT aeneHus vactoTel LSI-reHepatopa,
KOTOpPbIN MOXeT nexaTtb B npegenax 4...256, paBeH 2 B CTeMNeHW 4ucra, 3anucbiBaemMoro B Pervctp npeggenuetens
3HayeHns. MuHMManbHbIn nepuvod cpabaTbiBaHUS HEe3aBMCMMOIO CTOpPOXEBOro Tawmmepa coctaendetr 0.1mc, a
MaKkcMMarbHbI - CBbille 26 cekyHA. [ns 3agaHusi nepvopa cpabaTbiBaHUS HEOOGXOAMMO 3anporpaMMmpoBaThb PErncrTp
nepesarpysku.

HezaBUCHUMMBIW
CTOPO¥EBOW TaWMep
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He3aBucumbin cTopoxeBon Tanmep - BbIMUTAKOLWUNA CHETYMK C COOCTBEHHbIM reHepaTopoM. OH pacnosnoxeH B
AOMeHe € pe3epBMpoOBaHUEM NUTAHUA U. NO3TOMY, OCTAeTCA aKTUBHbLIM B pexunmax Stop u Standby

[na aBTOMatM4yeckom wnu MPOrpaMMHON KOH(UIypaLumMnm HEe3aBUCUMOrO CTOPOXEBOro Tammepa MOoOXeT ©ObiTb
3agencTBoBaH HebonbLLON MHhopMaUUMOHHEIN 6ok Bo Flash namsaTtu, cocToswen 3 HeCKONbKMX onunoHaneHbIX 6ant. [Anga
3anycka He3aBMCMMOro CTOPOXEBOro Tanumepa npu NporpaMMHOM ynpasreHun Heobxoaumo 3anmcatb OXCCCC B peructp
kntova. lNocne aTtoro, cyet HayHeTcA B 0OpaTHOM HanpaBneHun co 3HayveHnusa OxFFF. [nsa oBGHOBNEHUs CTOPOXEeBOro
Tanmepa B peructp knwda Heobxogmmo 3anucatb OxAAAA. OTo npuBedeT K 3anvMcy 3adaHHOro nepesarpyxaemoro
3HaYeHus1 B PErMCTp BbIMUTAIOLLErO cHETYMKA.



OO6bIYHO, OTNaxMBaTb NPOrpamMmmMy MUKPOKOHTPOMMEPY C aKTMBHLIM CTOPOXEBbLIM TAaNMEpPOM OYeHb crnoxHo. Ecnm LMY
OKaXXeTCs OCTAHOBSIEHHBLIM, TO 1 OOHOBMSATL CTOPOXEBOW Tanmep byaeT Hekomy. B utore, npomsonget ero cpabartbiBaHme 1
OyadeT BbINOMHEH COPOC MUKPOKOHTPOMSEpa, KOTOPLIN HApPYLIMT OTNagoyvHyto ceccuto. Bo nsbexaHne atoro, paspaboTynkm
0ObIYHO Ha BpeMsi OTNadKM OTKMYalT CTOPOXEBOW Tammep. Ho Takoh noaxod, B CBOK oyepenb, 3aTtpygHsaeT
TecTupoBaHue u ucnbiTaHne @yHKUMM OBHOBMNeHus crtopoxesoro Tammepa. ¥ MK STM32 B peructpe MCUDBG
npeaycMoTpeHa BO3MOXHOCTb HACTPOMKU OTKMYEHUS HEe3aBUCUMOTO U OTAENbHOrMO0 CTOPOXEBLIX TauMepoB Ha BpeMs
npuoctaHoBkn LMY Cortex-M3, BbInonHeHHoOW BCTpoeHHOW oTnagoyHon cuctemon CoreSight. Bnarogaps aTtomy,
NnosiBNSIETCA BO3MOXHOCTb MOLLIAroBoro BbIMOMIHEHWS KoAa NPOrpaMmmbl Aaxke C aKTUBHBLIM CTOPOXEBbLIM TalkMEpPOM.

7.5. OcobeHHOoCcTU YBB

BcTpoeHHble YBB ToXe uMetoT psig BO3MOXHOCTEN, HanpaBeHHbIX Ha obecneveHne 6e3onacHom padotsl MK STM32. Nx
NnosiHoe oOrnucaHne MOXHO HaWTu B pasfene, NocBAWeEHHOMY cooTBeTcTByowemy YBB, a 3gecb ocTaHoBMMCHA Ha
cnegyowem:

7.5.1. brnokupoeka koHuaypauyuu l1BB

Bo Bpems umHMUManusaumMu NOPTOB BBOAA-BbIBOA4A Kaxdas WX JMHWS HacTpavMBaeTCs Ha BBO4 wnu Ha BbiBog. [o
3aBEpLUEHUN HACTPOVKK, KOHUrypaumoHHbie peructpbl MNMBB MOXHO 3abnokvpoBaTb. JOTO MOMOXET NpenoTBpaTuTb
BO3MOXHOCTb AanbHenLnX HenpeackasyeMblX WM3MEHEHWA HacTpoek MOpToB. BrokMpoBKy y Kaxgoro mnopta MOXHO
BbIMOJSTHUTb MOOUTHO.

7.5.2. OKOHHbIU KOMMapamop

Y «kaxgoro mopyns ALl wvmeeTcsa OKOHHbIM KOMMapaTop, KOTOPbIN reHepupyeT npepbiBaHWe Mpu BbiIxoae
KOHTPOMNMPYEMOro HanpsbkeHWs 3a 3afaHHble BEPXHIO M HVXKHIOK rpaHuubl.

7.5.3. Bx0O 3KCmpeHHO20 OMKJIF0YeHUSs

B ycTpovictBax ynpaBneHus anektpoasuraTensMv MOXEeT WCMONb30BaTbCA BXOA SKCTPEHHOro OTKMoYeHus. B cnyyae
BO3[ENCTBMSA Ha 3TOT BXOA MIM B Criydae OTka3a OCHOBHOW CUHXpoHu3auun MK, npoucxoguT aBTOMatU4eckuin nepesos
npotusodasHbix LUMM-BbIxoOoB B 3apaHee 3agaHHoe Be3onacHoe COCTOsHME.

8. Moaynb Flash namaTtu

BctpoeHHass B MK STM32 Flash namsaAtb coctout M3 Tpex obnactei. lNepBasi M3 Hux - ocHoBHasi Flash namsTb,
npegHasHadeHHas Ons XpaHeHus Koda nporpammbl. [daHHas namsatb anseTrca 64-6utHon. 310 Heobxoammo Ans
MOBbILLEHNS ObICTPOAENCTBUSA CUUTbIBAHUSA WHCTPYyKUM B Oydep npeaBapuTenbHOn BbIOOpKW. [ns  BbIMNONHEHMS
nporpaMmMupoBaHns U CTupaHus AaHHaa Flash namsaTe pasgeneHa Ha 4 Teic. cTpaHuy. [lamATb xapakTtepusyeTcs
n3HococtomkocTetdo 10 ThicaY uuknoB nepes3anvcn u  30-NeTHMM XpaHeHWeM [faHHbix npu  Temnepatype 85°C.
M3HococTomkocTe Flash namsitn 6onblUMHCTBa ApYrMx MUKPOKOHTponnepoB npusoautcsa ansa 25°C. 9to o3HavaeT, yto MK
STM32 ocHaweHbl npesocxogHon Flash namatbio. [loMruMO OCHOBHOM NaMsaTK MporpaMmm, Takke mmeeTcs ABe obnactu
MeHbLlero pasmepa: 60nbwon NHHOPMALMOHHBIN BNOK M Manbii MHPOPMaLUOHHLIN 6noK. Bonblon MHHMOPMALIMOHHBIN
6rnok 3aHumaet 2 kbanT Flash namatv u npegHasHadeH ONA XpaHeHWs 3anporpaMMMpPOBaHHOW MpouM3BoOAUTENEM
nporpaMmbl 3arpysumnka, Kotopas MCnonb3yeT Ana nepefayy koga nporpaMmmbl nocnenoBaTenbHbl MHTepdernic YCATM 1.
Manbin MHpOpMaUMOHHBIA BNOK COCTOMT M3 LIECTU KOH(pUrypaumoHHbix Gant. OHM NpegHasHaveHbl Ana onpenenexHvs
cBouictB copoca MK STM32 u ynpaBneHus 3auTton namsaTu.

8.1. 3awuTa v nporpammupoBaHue Flash namsaTtu

BcTpoeHHyto Flash namaTe MOXXHO OOGHOBUTL MOA yNpaBrieHMEM BCTPOEHHbI NPOrpamMmbl 3arpy3ymka, ¢ UCMosfib30BaHMEM
OTNafoudHbIX cpeacTB ¢ uHTepdencom JTAG mnm BHYTPUCUCTEMHO C MOMOLLBIO crieuuanbHOro Habopa perncrpos,
Ha3bIBaeMbIX KOHTPOJIIIEPOM MporpammMmmpoBaHns n ctupanuna Flash namatn (FPEC-koHTponnep). FPEC-koHTponnep Takke
ncnonb3dyeTcs Ans NporpaMmmmpoBaHms 6anT onumim B ManomM nHgpopmaunmoHHom 6roke.
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FPEC-koHTponnep npegHasHaveH AN BHYTPUCUCTEMHOrO nporpammupoBaHus Flash namaTtu. ®dnaw-namaTb
MOXHO TaKXe 3alMUTUTb OT CYUTbIBAHUA OTNAAO04YHbIMU CpeacTBaMM U OT 3anucu

8.2. Onepauunu cTupaHua N 3anucu

Cpasy nocne cbpoca, peructpbl FPEC-koHTponnepa 3awmileHsl oT 3anucu. Ytobbl nx pasbnoknposaTb, He0H6X04MMO
BbINOMHUTL 3anNUCb ChneuuanbHON nocneaoBaTenbHOCTM yucen B pernctp knoda. 3anmce 0x45670123, a 3aTem
OxCDEF89AB npusegeT k pasbnokuposke FPEC-koHTponnepa. Ecnu aTtoro He cgenatb unu cgenatb ¢ owmnbkon, FPEC-
KOHTpoOnfep ocTaHeTcs 3abnokupoBaHHbIM BMOTb [0 criegytowero cbpoca. Cpasy nocne pasbnokuposkn FPEC-
KOHTposepa, NosiBNsAeTCs BO3MOXHOCTb CTUPaHUSA 1 3anucu ocHoBHoW Flash namsaTtu. B npegenax ocHoBHoro 6noka Flash
NamsiTh UMEEeTCs1 BO3MOXHOCTb CTMpaHWs BCel NaMAaTU Unu BblOpaHHbIX 4 TbiC. cTpaHuy,. Ona BbINOSIHEHUS MaCCOBOrO
CTMpPaHWSa OCTATOYHO YCTAHOBUTbL OMTBI MAacCOBOro CTUPaHMS U cTapTa B peructpe ynpasnenus. Ecnv 6ut 3aHaTtoctn BSY
B 9TOM e peructpe OyaeT cOpoLUeHHbIM, TO Kaxgas siderika ocHoBHoW Flash namsaTtn OypeT nepeBedeHa K COCTOSIHUIO
OxFFFF. CTpaHu4HOe CTupaHue BbLIMNOMHAETCS Takke npocTo. BHauyane HeobxoaMmo 3anporpaMMmpoBaTb HavarbHbINA
agpec ctpanuubl Flash namatn B pernctp agpeca, a 3atem ycTaHOBWUTb OUTbI CTUpPaHWUS CTpaHuubl U CcTapTa B perncrpe
ynpaenenus. OnsaTb-Takn, ecnu 6mut 3aHaToctn BSY GygeT cOpolweHHbIM, TO CTpaHuua OygeT crepta. 3anmcb HOBbIX
OaHHbIX B a4verkn Flash namatv MOXHO BbIMOMHATL TOMbKO Mocre ux CTupaHus. [ns BbIMNOMHEHUSA 3anucyu Heobxoammo
YCTaHOBUTb OMT MporpammMuMpoBaHuNs B PErMCTpe ynpasrfieHusi, a 3aTeM BbIMOMHUTbL 3anucb Mnofycrnosa no Tpebyemomy
agpecy. Ecnv agpecoBaHHas sivenka Flash namstn 6ygeT ctepton u He 3awmieHa ot 3anucn, FPEC-koHTponnep sanuwert
B HEe HOBOE 3HayeHue.

8.3. bantbl onuun

Manbln MHPOPMALIMOHHBIN BIIOK COAEPXUT BOCEMb MPOrpaMMUpyeMbIX Mofb3oBaTtenemM 0anT onumn. Yetbipe OanTa m3
HUX MpefHasHayeHbl AS ynpaBneHus 3almMToOn OT 3anmMcu ocHoBHow Flash nmamsatn. MaTtein 6ant npegHa3HayeH Ons
YCTaHOBKM 3alUMThl OT YTEHUs, KOTOpasi MpegoTBpallaeT Aoctyn K obnactam namaTu, koraa MK HaxoguTca B 0Tnago4HOM
pexume. LLlecton 6anTt Heobxoamm ansa KoHduUrypaumm copoca n 3KOHOMMYHOWM paboTol. [NocnegHre aBa GanTa - 0OblYHbIE
a4yenkn Flash namsaTtu, KoTopble MOryT MCMONb30BaTbCA NO YCMOTPEHUIO norb3oBaTens. lNpexae Yyem BbINONHUTL 3anuch
©anT onuumin, Heobxoaumo pasbnokuposatb FPEC-koHTponnep no onucaHHow Bbiwe metoauke. [locne atoro, Heobxoamo
pasbnoknpoBaTb 6anTbl OMUMI 3anNUCbIO TEX Xe ABYX KMNoYen B perncTp knwoya 6anT onuuin. Bantbl onumii MCnonb3yroT
pasnuyHble npouedypbl NPOrpammMupoBaHWs W CTUpaHua ocHoBHoW Flash namatv. [Ona  cTupaHus  manoro
nMHdopmaunoHHoro 6noka Heobxogumo yctaHoBuTb 6uT OPTER B peructpe ynpaeBneHus, a 3atem 6ut STRT.
CurHanuanpyeT O 3aBEPLUEHUN CTMpaHMA Manoro WHdopmaumMoHHOro Groka nepexop B COpOLIEHHOe cocTosHue 6uTa
3aHATOCTU BSY. YT0ObLI BLINOMHUTE NporpaMMuMpoBaHue Gawvita onuui, Heobxogmmo yctaHoBuTb out OPTPG B peructpe
ynpaeneHusa Flash namateio u 3anucaTe nonycnoBo B 6anT onumi. Kaxgbin 6aiT onuui xpaHuTca B Buge nonycrnosa. B
mragwem 6anTe aTOro NomnycroBa XpaHUTCA 3HayeHe banTa onuun, a B CTapLlleM - ero ABOMYHOEe AoMNonHeHue. [1BonyHoe
JOMorHeHWe BbicHNTbiBaeTca aBToMaTudeckn FPEC-koHTponnepom cpasy nocrne 3anucu B Miagwmi 6ant nonycnosa.

8.3.1. 3awyuma om 3anucu

PaspeleHne 3awmtbl oT 3anucu Flash namaTtn ocyuwiectBnseTca Ha NOCTpaHUYHOW ocHoBe. Kaxapii OuT 3awutbl OT
3anuncu oTBeYaeT 3a paspeLleHne 3almTbl OT 3anncu COOTBETCTBYOLWEN eMy cTpaHuubl Flash namartn. 3awmra ot 3anucu
OTKIIOYAETCs CTUPaHUEM Manoro MHopmaunoHHoro Groka.

8.3.2. 3awyuma om ymeHus

lMocne ycTaHOBKM 3aluUTbl OT 4YTEHMS, ONOKMpyeTcsi BO3MOXHOCTb 4YTeHusa u3 Flash namatu npu nepexoge MK B
OoTnagoyHbin pexum. [Joctyn k ctatudeckomy O3Y ocTaeTcs paspeLleHHbIM, MO3TOMY, KO4 MPOrpaMmMbl MOXHO 3arpyxatb U
MCNonHATb B 3TOM obnacTtn namatu. VicnonHsemas B ctatudeckom O3Y nporpamma MMeeT BO3MOXXHOCTb OTKMIOUNTL 3aLuTy



OT YTEHWsi, OQHAKO OOHOBPEMEHHOM C 3TUM ByaeT BbINOMHEHO CTUpaHWe Bceln BHyTpeHHen Flash namaTtn. 310 Heobxogmmo
0TS UCKITIOYEHNsT BO3MOXHOCTM xuwieHus npowmekn MK. Tocne aktuBmMsaumm 3awuTbl OT YTEHUS TakKkKe BKITOYAETCHA U
3awmTa oT 3anucu Flash namsatn. 910 HEO6XOOMMO ONSA UCKITHYEHNST BO3MOXHOCTM HECAHKLVNOHUPOBAHHBIX U3MEHEHU B
KOZ nNporpaMmbl U B YAaCTHOCTK B Tabnuuy BekTopoB. 3awmTta Flash namatn GyaeTt aktuBHOW, ecriv 6anT 3awuTbl OT YTEHMS
N ero ABOMYHOE JononHeHne ByayT ycTtaHosneHbl paBHbiMu OXFF. Ons cHATUS 3awuTbl HeobXoauMO 3anmcaTb NonyCcnoBso,
cocTosee n3 0xFA n ero oBOMYHOro JOMNONHEHUS, B 6aNT 3aLlUThI OT YTEHUS.

8.3.3. KoHghueypauyuoHHbIl 6atim

KoHurypaumoHHbin 6anT cogepXuTt Tpy akTMBHbIX 6uta. [1Ba U3 HUX ynpaBnsioT mexaHuamom nepexoga MK STM32 B
pexumbl STANDBY n STOP. [ns kaxgoro us aTuUX pexuMMOB MOXHO akTUBM3UPOBaTb reHepauuio cbpoca npu Bxoge B
pexvMm. OTO NpuBedeT nepeHacTponke ungpoBbiX NUHWUIA BBOOA-BbIBOAA Ha BBOA, YTO CHU3UT obLiee aHepronoTpebneHue
MK STM32. Takke 6ygyT oTkntodeHbl AMNY 1 BHewHMN reHepatop, a MK nepengeTt Ha CMHXPOHM3aUMIO OT BHYTPEHHETO
BblcokoyacToTHoro RC-reHepatopa. lNocnegHun 6uT koHdWrypauMoHHoro GanTta ynpaBnseT akTMBHOCTbIO HE3aBMCMMOrO
CTOPOXEBOro TarvMepa. Y Hero npegycMOTPeHO ABa pexuma paboTbl: annapaTtHbI, B KOTOPOM OH BKIOYaeTcsa B paboTty
cpasy nocne cbpoca npoleccopa, ¥ NPorpaMMHbINA, B KOTOPOM 3aryCK OCyLLECTBSET NPOrpaMMHO.

9. UHcTpyMeHTanbHbIe cpeacTBa AN NPOEeKTUpPOBaHUA

WHTerpauusa sgep ARM7 n ARM9 B ctaHOapTHble MUKPOKOHTPOSIIEPLI NPUBENA K HACTOSALWEMY B3pbIBY B MPeaoXeHMsaX
WHCTPYMeHTanbHbIX cpeactB ana atmx UIMY. Beinyck MHCTpymeHTanbHbiX cpeactB ans ARM  MUKPOKOHTponnepos
OCYLLECTBNSAT BCe BeayLme paspabotumkn komnunatopos, B 1.4. GCC, Greenhills, Keil, IAR n Tasking. C noasneHuem
npoueccopa Cortex K JaHHbIM MHCTPYMEHTarnbHbIM cpeacTeBam Obina gobasneHa nogaepxka Habopa MHCTpykumin Thumb-2.
Moatomy, ecnu Bbl yxe wucnonb3dyete nwobble apyrne ARM-MWKPOKOHTpOMnepbl, TO y Bac €CTb XOPOLUME LUAHCHI
creHepupoBatb kof nporpammbl angd MK STM32 ¢ noMoLb0 MMEIOLLMXCA MHCTPYMEHTanbHbIX cpeacTs. B xyawem cnydvae
MOXeT NnoTpeboBaTbCcs obpaLLeHNe K MOCTaBLUUKY UCMONb3YEMbIX MUHCTPYMEHTAlbHbIX CPEACTB C 3anpocoM 0BHOBNEHMWNA.

B cniyyae, ecnu Bbl BriepBble ncnonb3yete B cBoeM npoekte ARM-MUKPOKOHTpoOnnep, NosBnseTcs BO3MOXHOCTL Bblbopa
WMHCTPYMEHTalbHbIX CpeacTB OT Hanbornee NpeanodTMTENBHOrO ANns Bac npomnssoantens. Ho, NocKonbKy B Hally AHW OYeHb
TPYLHO HaWTU NIIOXME MHCTPYMEHTanbHble CpeacTBa, fanee nepengeM K 006CyXOeHMIo OBYX KOMMunAaTopoB. [lepBbli
komnunaTop "GCC" unm "GNU". OH npeacraBnsieT cobon MHCTPYMEHTanbHOE CPeacTBO C OTKPbITbIM UCXOAHBbIM KOOOM,
NnoaToMy, pacnpocTpaHsieTcs u ncnonbayetcs 6ecnnatHo. Komnunstop GCC, B uensax CHMUXEeHUA CTOMMOCTU CpeacTB Anis
NMPOEKTMPOBaHNS M OLEHOYHbIX HabopoB, BCTpavMBaeTCs BO MHOMME KOMMEpPYECKME WHTErpvpoBaHHble cpedbl Arnis
NPOEKTMPOBaHus 1 oTnagumkn. Hecmotpsa Ha 1o, GCC koMNUNATop SBMASETCH HageXHbIM U CTabUNbHBIM KOMMUIIATOPOM,
Hal OMbIT FOBOPUT O TOM, YTO FEHEPUPYEMBIA MM KO He CTOMb 3PdPEKTUBEH, KaK MPU UCMOMNb30BaHUM KOMMEPYECKUX
koMmnunaTopoB. Kpome TOro, B Crny4ae BO3HWKHOBEHWS MpoGrem C ero ucrnonb3oBaHWEM, He K KoMy obpartuTcsa 3a
TEXHUYECKON NOAAEPKKOM, YTO MOXET 3aMeaNunTb NpoekTupoBaHne. Cpean KOMMEpPYECKNX KOMMUMASTOPOB MOXHO BbIOENUTb
ARM RealView, paspabotaHHbii komnaHnen ARM anga ucnone3oBaHus ¢ ee LIMY. Komnunatop RealView goctyneH kak
YacTb Habopa MHCTpyMeHTanbHbix cpeactB ARM RealView. 3101 Habop opueHTUpoBaH Ha paspaboTyMKOB CMCTEM Ha
KpucTtanne u He COBCEM MOAXOAUT ANsi MUKPOKOHTPOSNEPHLIX NPOEKTOB. TeM He MeHee, HauuHada ¢ aHBapsa 2006 roga
komnunaTop RealView nHTerpmpyeTcs B cCOCTaB MUKPOKOHTPOIEPHOro Habopa ans npoektupoBannst komnanun Keil (MDK-
ARM). N3 HaumeHoBaHns MDK-ARM crnepgyeT, 4To gaHHbIi Habop paspaboTaH cneumanbHo gns pabotbl ¢ ARM-
MUKpOKoHTponnepamu. Habop MDK npocT B ncnonb3oBaHuM (BECb NPOEKT MOXHO CKOH(UIypupoBaTb BbIGopoM okosno 4
onuui) N npeacTaenseT cobon LenoYyky TECHO-B3anMOCBA3aHHbIX MHCTPYMEHTOB OT OOHOMO NPOW3BOAMTENS.

Ecnu Bbl 06oCHOBLIBaeTe BbIOOpP Mcnonb3oBaHus komnunsitopa GCC unm KoMMep4Yeckoro KOMNunaTopa, B MEpBYHO
ovyepenb HeobxoaMMoO PYKOBOLCTBOBATLCA OHOAKETOM NpoekTa. brogkeT NpocToro npoekTa Bpsif, M NO3BONUT OonpaBgaTth
nprvobpeTeHNe KOMMEPYECKUX UHCTPYMEHTanbHbIX cpeacts. OgHako, ecnv Bbl MNaHUpyeTe MaccoBo ucnonb3oBatbe ARM-
MUWKPOKOHTPOMMEpbl, TO 3aTpaTbl Ha [OOPOroCTOSLUME WHCTPYMEHTalnbHble CPEACTBA OKYMATCA 3a CYET YCKOpEeHus
MPOEKTMPOBaHWSE M 3a cyeT reHepauum 6onee KOMMAKTHOroO koda nporpammbl. [lpu Bbibope KomnunATopa Takke
HeobXxo4MMO PYKOBOACTBOBATLCA YPOBHEM CBOen kKBanudukauun. Ecrniv Bbl OnbITHBIM pa3paboTymk, TO, CKopee BCEro,
pa3paboTka Lienoro npoekra ¢ ncnosnb3oBaHnem komnunaropa GCC Bam okaxeTcst nog cuny. OgHako, Npy He4OCTaTOYHbIX
HaBblKax, B T.4. NporpaMmmMmpoBaHnst Ha Cu, MOryT BO3HUKHYTb Cepbe3Hble NpobnemMbl.

9.1. OueHo4HbIe cpeacTBa

BonbWKHCTBO pa3paboTymMKoB KOMMUISTOPOB TakkKe npeafiaralT OLEHOYHble UM cTapToBble Habopbl. OObIMHO OHM
COCTOSIT 13 NevaTHOM NrnaThl U COKPALLEHHON UM OrpaHMYEHHOM MO BPEMEHU BepcumM Habopa MHCTpyMeHToB. Ha BabG-cavite
ST MOXHO HaWTW akTyasnbHblA Ha LaHHbI MOMEHT CMUCOK BbIMYyCKAEMbIX OLEHOYHbIX HabopoB. OOHWM K3 NydLImnx
oLeHo4YHbIM cpeacTBoM gaBnsieTca STM32 Performance Stick komnanum Hitex. Mpu ueHe Bcero nuwb okono 50 EBpo,
Performance Stick npeacrtaBnsieT coboli 3aBeplleHHoe oueHovHoe cpeactBo ana MK STM32. OH paccuntaH Ha
nogkntoveHue Kk MK yepes USB-kabenb n genaeTt BO3MOXHON pa3paboTky u oTnagky HeorpaHM4yeHHoOro no pasmepy koga
nporpaMmbl B MHTErpMpoOBaHHOM cpefe ans npoektupoBaHust HITOP u ¢ ucnonb3oBaHuem komnunstopoB GCC wunu
Tasking. NMomumo MK STM32, Ha nnate Performance Stick ycTtaHoBneH ewe oavH MukpokoHTponnep STR750. OH
npegHasHayeH Ans M3MepeHust ¢ MOMOLLbIO BCTPOEHHbIX B Hero AL u Tanmepos notpebnaemoro MK STM32 Toka u
3afepXeKk pearmpoBaHus Ha npepbiBaHns. [JaHHas wnHpopmauus nepefaeTcsa B crneumanbHylo nporpammy Ha MK ans
Bu3yanu3aumu. [lporpamma Busyanusaumm MNO3BOMSET BPYYHYK OLEHUBaTb pasnuyHble Bo3MoxHoctn MK STM32 wu



CpaBHWUTb HekoTopble XapaktepucTukn MK ¢ npvBoauMbIMM B AOKYMEHTaUUW AaHHbIMW, Hanpumep, NoTpebnsemblin TOK,
3afepXka BO30OHOBIEHUS paboThl u ap.

Performance Stick komnaHum Hitex - Becbma Hegoporoe oueHo4Hoe cpeacTBo ans MK STM32.

Performance Stick BbinonHeHo Ha ocHoBe oTnag4ymka HiTOP n komnunatopa GCC u, no3TOMy, HE HaKnaAblBaeT KaKuX-
nnbo orpaHn4eHUn Ha paspabaTtbiBaemMblli KOA4 nporpaMmmbl. Ecnn TpebyeTtcs paspaboTka nNpoayKumm ¢ Hynsl, TO COBMECTHO
C TEMM X€ MHTErPUPOBaAHHON Cpedon Ans NPOEKTUPOBAHMS U KOMMUIATOPOM MOXET ObiTb ncnonb3oBaH JTAG-oTnagumk
Tantino komnaHum Hitex

9.2. BUGNNOTEKN N NMPOTOKOJIbHbIE CTEKU

YTtobObl Nomoyb pas3paboTynKy B YCKOPEHWWM pas3paboTkuM Koga nporpammbl, komnanust ST paspabotana 6ubnuoteky
nporpamm gns MK STM32, koTopble MOXHO CBOOOAHO ckayaTb C €€ Bab-cavita. bubnuoteka nporpamm nogaepxuBaeT
PYHKLMN OpariBEpOB HN3KOIO YPOBHSI BCEX BCTPOEHHbIX YBB. Takum o6pa3om, nonb3oBaTento NnpegocTaBnsieTcsl HeKoTopoe
KOnmM4ecTBO 0a30BbIX COCTaBHbIX OIIOKOB, M3 KOTOPbIX OH MOXET HayaTb co3gaHue cobCTBeHHOro npoekTta. Havbonee
cnoxHeiM YBB cpeam Bcex cywecTtBytowmnx pasHougHocten MK STM32 sensetca koHTponnep USB-ycTtponcTtea. YTtobbl
obneruntb peanunsaumio Hanbonee pacnpocTpaHeHHbix USB-knaccoB, komnanua ST Takke npeanaraet 6ecnnaTHbii Habop
ans paspabotkn USB-yctponctB. OT10T Habop, Takke kak um GUGNMOTEeKy nporpamMm MOXHO ckadyaTb ¢ B3O-camta ST. B
KOMMnekT Habopa pns paspaboTkm USB-yctporicte Bxogsat USB-6mMGnvoTteka M AEMOHCTPAUMOHHbIE NporpamMmbl Anis
knaccos HID, Mass Storage, Audio n Device Field Upgrade.

MpunoxeHue

OCPB

EuvbnuoTeka ApanBepoBE

TCPIP | chciumaany | npavisep USB  [paiigep CAN
¢ NIW-NamaTH : : P P
PPPISLIP! HID
Ethernet SDMMC Mass Storage B

B cBsi3u ¢ Bo3pacTalllen CNnoXXHOCTbI0 BCTpauBaeMbiX B MUKPOKOHTponnepbl YBB BaxHO, YTOObI BbIOpPaHHbIN
HaGop MHCTPYMEHTalNbHbIX CPeACTB ANS NPOEeKTUPOBaHUA AOMNOJTHANCA LUMPOKUM aCCOPTUMEHTOM NMPOTOKONbHbIX
CTEKOB M NpUMepaMu nporpamm

Mo mepe nosienenunsa HoBbix MK STM32, ux 6yayt ocHawaTtb Bce 6onee n 6onee cnoxHoiMn YBB (MAC-koHTponnep
Ethernet, nHtepdenc TFT-gucnnea u gp.). TakorW pPOCT CMOXHOCTU [enaeT MpPOCTO HEBO3MOXHbIM CaMOCTOATENbHOE
HanucaHne Bcero koda nporpammebl. Moatomy, elle Ha ¢ase BbiGopa UHCTPYMEHTAsbHbIX CpeacTB HEOOXOAMMO OLEHUTb
OOCTYMHOCTb MNPOTOKOSbHBIX CTEKOB, Kak Hanpumep, TCP/IP, n pasnuyHoe npuknagHoe [0, B T.4. rpadudeckue
MHTEpMeENCLl Nonb3oBaTens, KOTOpoe MOXeT noTpeboBaTbCsl B Mnocnegyowmx npoektax. MgeanbHo, 4Tobbl OHM Obinn
OOCTYMHbI OT OQHOIO U TOrO XXe NOCTaBLUMKA U ObINN MHTETPUPOBaHbI B BbIOPaHHbIA HABOp MHCTPYMEHTAanNbHbLIX CPEACTB.



9.3. OnepaunoOHHbIe CUCTEMbI pearibHOro BpeMeHu

Ecnu Bbl npexae pabotanu ¢ 8- unun 16-6UTHLIMN MUKPOKOHTPONEpPamMn, TO, CKOpee BCero, elle He ucnons3yete OCPB.
Mbl yxxe mornun ybeantbes, 4to npoueccop Cortex-M3 obnagaeT cylwecTBEHHO GonbLUel BIYUCIUTENBHON MOLLHOCTbLIO MO
CPaBHEHUIO C OPYrUMU COMOCTaBUMbIMW MO CTOMMOCTU MWKPOKOHTpoOnnepamm u paspabotaH C¢ y4eTom paboTbl nog
yrnpaBneHnem 3aHnmarowmnmmn Hebonbwoe mecto B namsatn OCPB. Takum obpa3om, ecnv Bbl Mpexae He MCMonb3oBanm
OCPB, 10 npu ocBoeHmnn MK STM32 BaxHO ygenutb ee uadyveHuto ocoboe BHuUmaHue. Mcnonb3osaHne OCPB gact Bam
npemmyliectea Oonee abcTpakTHOM pa3paboTkM Koda nporpaMmbl, Gornee LWMPOKMX BO3MOXHOCTEN MO MOBTOPHOMY
NCNonb30BaHUIO nporpamMm, Goree npocToro ynpaBreHUs MNPOEKTOM U 6onee LUMPOKMX BO3MOXHOCTEN OTMaAKM.
Mcnonb3oeaHne OCPB Takke no3BonsieT CTPyKTypupoBaTb Bally nporpammy. OTO O3HayaeT, YTO BHadasrie COCTaBrsieTcs
nnaH NporpaMmbl 1 TOSBKO MOCIe 3TOro Ha4YMHAETCs HanncaHue TekcTa nporpammel. bonbLue Beero cyuwectsyet OCPB ans
LY ARM wu Cortex, yem ans 6onbluMHCTBa ApYrnx BcTpameaemblx LIMY. MHorne nocrasLmkmM KOMIUMNATOPOB nNpeanaratoT
cBoto cobectBeHHyto OCPB, ogHako HambornbLuylo NOMynsipHOCTb Cpeau OnepauMOHHbIX CUCTEM C OTKPbITbIM MCXOAHbLIM
kogom nmeet "FreeRTOS". Ee moxHO ckayaTb ¢ canta www.freertos.org. Kommepueckas Bepcusa FreeRTOS HasbiBaeTcs
"SafeRTOS". OHa npoTecTupoBaHa Ha COOTBETCTBUE cTaHaapTy 6e3onacHocTu IEC 61508 n goctynHa Ha Tom Xe caiTe.
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