O3HakomutenbHoe pykoBoacTtso nNo ARM-mukpokoHTponnepam Cortex-M3

1. BBegeHue

3a npoweaue wecTb-CeMb JIET OCHOBHbIE YCUNUSA pa3paboTymMKoB MUKPOKOHTPOMNNEPOB Oblnin NoTpayeHbl Ha
nHterpmposanue LMY ARM7 n ARM9 B MUKpoKOHTponnepbl obuiero HasHavyeHus. M BOT, B HacTosiliee Bpems
pasnuyHbIMK NpousBoauTensamMu BbinyckaeTcsa nopsgka 240 ARM-mukpokoHTpornnepoB. K uucny Takux
npounssoguTenen oTHocutca M komnaHua ST Microelectronics, cemencteo STM32 koTopon, cTano nepBbiM ee
CEMENCTBOM MMWKPOKOHTPOMMNEPOB, BbINOMHEHHbIX Ha ocHoBe Hosoro UMY ARM Cortex-M3. 3tu
MUWKPOKOHTPOMSEpbl CTanu HOBbIM 3TANIOHOM MO YPOBHK paboumx xapakTepucTuk n ctommocTn. Kpome Toro,
OHW MOTYT WCMONb30BaTbCA B MPUMEHEHUSIX C MasnbiM 3HEPronoTpebrneHnem u XecTkumu TpeboBaHUAMM K
XapakTepucTvkam yrnpasneHus B Macutabe peanbHOro BpeMeHw.

1.1. 3HakomcTBO ¢ Cortex

CemencteBo ARM Cortex - HOBOe MOKOMEHMEe MnpOLIECCOPOB, KOTOPbIE BbIMNOMHEHbI MO CTaHAapTHOMW
apxuTekType 1 OTBeYalT pasfnu4yHbIM TexHonormdeckum TpebosaHuam. B otnuume ot gpyrmx LMY ARM,
cemerictBo Cortex sBnsieTca 3aBepLUeHHbIM NPOLECCOPHBbIM SAPOM, KOTOpoe obbeanHsaeT ctaHaapTHoe LMY n
cuctemHyto apxutektypy. CemerictBo Cortex [OCTYNMHO B TpexX OCHOBHbIX npodunax: npodpune A ans
BbICOKONPOU3BOAUTESBbHLIX NMPUMEHEHUI, Npodunb R AN peanbHO-BPEMEHHbLIX MPUMeHeHMI u npodune M ans
YYBCTBUTENbHbIX K CTOUMOCTU U MUKPOKOHTPOMMNEPHbIX NpuMeHeHun. MukpokoHTponnepbl STM32 BbINONHEHbI
Ha ocHoBe npodwmnsa Cortex-M3, koTopoe cneumanbHO pas3paboTaHo ANA NpYMEeHeHWW, roe HeobxoauMmbl
pa3BuTble CUCTEMHbIE PecypcCbl U, MpW 3TOM, Manoe aHepronoTpebneHne. OHWM XapaKTepu3ylTCst HAacTOMbKO
HM3KOW CTOMMOCTbBIO, YTO MOFYT KOHKYpMpOBaTb C TPagMuUOHHbIMKU 8 1 16-6UTHBIMM MUKpPOKOHTponnepamu. U
xotsa UMY ARM7 n ARM9 6binm ¢ ycnexoM MHTErpupoBaHbl B CTaHAAPTHbIE MUKPOKOHTPOMMEPDI, B HUX BCE Xe
NPOCNEeXMBaeTCa M3HayanbHasi OPMEHTMPOBAHHOCTb Ha cMcTeMbl Ha kpucTtanne (SoC). 3To 0cobeHHO 3amMeTHO
no cnocobam o06paboTkM UCKMIOYUTENbHBIX CUTyauund M MpepbiBaHMW, T.K. Yy pasHbIX NPOM3BOAMTENEWN
MUWKPOKOHTpOMNepoB u cnocobbl 06paboTkM peanu3oBaHbl pasnuyHbeliM obpasom. Cortex-M3 saBnseTcd
CTaHOAapTU30BaHHbIM MUKPOKOHTPOMMNEPHbIM  A4pOoM, KoTopoe nomumo LIMY, cogepxuT Bce ocTanbHble
COCTaBMsAIOLWME OCHOBY MWKPOKOHTpOMMepa 3anemeHTbl (B T.4. CUMCTEMa MNpepbiBaHWA, CUCTEMHBIN Tanmep
SysTick, oTnagoyHasi cuctema u kapTa namsaTn). 4 rurabavitHoe agpecHoe npocTpaHcTBo Cortex-M3 paszgeneHo
Ha 4eTKO pacnpegeneHHble obnacTu koga nporpammbl, ctatudeckoro O3Y, yCTpPOMNCTB BBOAA-BbiBOAA U
cucTeMHblx pecypcoB. B otnuumne ot agpa ARMY7, Cortex-M3 BbinonHeHo no [apBapackon apxXuTekType wu,
No3TOMY, UMEET HECKOSBbKO LLUWH, NO3BONAOLLME BbIMOMHATL onepauny napannensHo. Cemencteo Cortex umeet
BO3MOXHOCTb OMnepupoBaTb C hparMeHTUpOBaHHbIMK AaHHbIMK (unaligned data), 4to Takke oTnm4aeT ero oT
npegwecTByoWwmx apxutektyp ARM. OTum rapaHTupyeTcsi makcumanbHas 9(EKTMBHOCTb MCMONb30BaHUSA
BHyTpeHHero ctatudeckoro O3Y. CemerictBo Cortex Takke nogaepxvBaeT BO3MOXHOCTU YCTAHOBKM M cOpoca
6uT B npegenax pAByx obnacten namatn pasmepom 1 M6ant no metogy bit banding. 3toT meTon
npegoctaBnseT 3pdeKTUBHbIA JOCTYN K permctpam u pnaram YBB, pacnonoxeHHbIX B 06nactu ctaTtnyeckoro
O8Y, 1 ncknyaetT HeOOXOAUMOCTb MHTErpaLMn NOSTHOYHKLMOHANBLHOrO BMTOBOrO NpoLeccopa.
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MWUKPOKOHTpOINep, uHTerpmpytowmn 32-6utHoe LIMY, WNHHYIO CTPYKTYpPY, 6510K BNOXEHHbIX
npepbiBaHUI, OTNIaf04YHYHO CUCTEMY U NpeaonpeaAeNieHHYH OpraHM3auuio namsTu.

Ewe ogHuMm kntoyeBbIM kOMNOHeHTOM agpa Cortex-M3 aBnseTcs KOHTPONNep BEKTOPU3OBAHHbIX BIIOXKEHHbIX
npepoiBaHmni  (KBBI1). KBBI1 npepoctaBnser craHOapTHYK CTPYyKTypy npepbiBaHMn ana Bcex Cortex-
MMWKPOKOHTPOIEPOB 1 CNocobbl nx 0b6paboTku.

KBBI1 npegnucbiBaeT BekTOpbl NpepbiBaHUA and 240 UCTOYHMKOB, AN KaXOOro U3 KOTOPbIX MOXET ObITb
ycTaHoBneH cBou npuoputeT. [pu paspabotke KBBI1 ocoboe BHMMaHWe yaensinocb ObICTPOAENCTBUIO
06paboTku npepbiBaHuin. C MOMEHTa MOJTyYEHUsT 3anpoca Ha NpepbiBaHUE A0 BbINONTHEHUSA NEPBON KOMaHAbI
npouenypbl 06paboTkM MpepbiBaHMA NPOXOAWUT BCEro nuwb 12 uUMKNoB. YacTM4HO 3TO JOCTUrHYTO 3a cyeT
aBTOMaTUYECKMX ornepauuin CO CTEKOM, BbIMOMHSAEMbIM crneumanbHbIM MUKpokogom BHYyTpu LIMY. Ecnn xe
npepbiBaHMsA BO3HWUKAIOT NpakTuieckn ogHospeMeHHo, To KBBIT ucnoneayet cnocob ynopsgoveHHon o6paboTku
npepbiBaHWiA C 3a4€PXKKOW Nepep BbI30BOM o4vepenHon npouenypbl 0O6paboTkM npepbiBaHUSA BCEro nub 6
uuknoB. B cnyyae HanoxeHus npepbiBaHWI, NpepbiBaHNe C Gornee BbICOKAM MPUOPUTETOM MOXET BbITECHUTb
bGonee HU3KONPMOPUTETHOE MPepbIBaHWE, HE Pacxogysl NMpy 3TOM [OMNONHUTEnNbHbIX umknoB LIMY. CtpykTypa
npepbIBaHWI Takke TECHO CBsI3aHa C nogaepxmeaembiMmn sapom Cortex-M3 3KOHOMUYHBIMK peXxnmammn paboTsl.
lMpegycMoTpeHa BO3MOXHOCTb KOHpurypaumm LMY Ha aBTOMaTUYECKUN MNepexod B 9KOHOMWUYHBIA PEXnNM
paboTbl Mo 3aBepeHnn obpaboTkm nNpepbiBaHus. ocne aToro nepexona sapo 6yaeT 6e3pencTeoBaTh BMOTh
[0 BO3HUKHOBEHNSA O4epPEeaHON UCKITIOYMTENBHOM CUTyauuu.

HecmoTps Ha T0, 4To agpo Cortex-M3 paspabatbiBanoch kak Hegoporoe s4po, oHo octaetca 32-6utHeim LMY
W, B CBS3M C 3TUM, NOAAEPXKMBAET ABa pexuma paboTbl: NoTokoBbIn pexum (Thread) n pexunm obpaboTtymnka
(Handler), onsa kaxxgoro m3 KOTOPbIX MOXHO CKOH(IUIypMpoBaTb CBOM COBCTBEHHble cTeku. bnarogaps atomy,
NOSsIBIISIETCA BO3MOXHOCTb pa3paboTkm Oonee MHTENNEeKTyanbHOro NporpammMHOro obecneyeHnst N Noaaep Kkn
onepaumnoHHbIX cuctem pearnbHoro Bpemenn (OCPB). B aapo Cortex Takke BXoguT 24-OMTHbIM aBTOMaTUYECKU
nepesarpyxaemblii Tanmep, NpeaHasHadYeHHbIN Ans reHepaunm nepnoandeckmx npepbiBaHum U UCNonb3yemblii
agpom OCPB. Ecnn y UMY ARM7 n ARM9 nmeetcsa gBa Habopa MHCTpyKumi (32-6uTHbin ARM 1 16-6GUTHbIN
Thumb), 10 y cemenctsa Cortex npegycmoTpeHa nopaepxkka Habopa uHcTpykumi ARM Thumb-2. OH
npeactaensieT coboi cmecb 16- n 32-BUTHBLIX MHCTPYKUUIA, NO3BONSAOLWMNE AOOUTLCS NPOM3BOANTENBHOCTU 32-
6uTHOoro Habopa MHCTpykumMin ARM u nnoTHOCTM Kofa, CBOWCTBEHHON 16-6MTHOMY Habopy WHCTpykuuin Thumb.
Thumb-2 - o6WKMPHBIN HAOOP MHCTPYKLWA, OPUEHTUPOBAHHbLIA HA KOMNUNATOPLI A3blkoB C/C++. OTO 03HavaeT,
yT0 Nporpamma ansa Cortex-MMKpoKOHTponnepa MoXeT ObiTb MOMHOCTLIO HanNMcaHo Ha Cu.

1.2. O630p cemencTea STM32

o noseneHnss STM32 komnaHuss ST yxe mmena B CBOEM BbIMYCKAEMOM acCOpPTUMEHTE 4 ceMelncTBa
MUWKPOKOHTponnepoB Ha ocHoBe sgep ARM7 n ARM9, ogHako MMEHHO y MUKPOKOHTpornepoB STM32 6bino
OOCTUTHYTO  CYLLECTBEHHOE  YNy4ylleHWe  COOTHOLIEHUSS  CTOMMOCTM M paboymx  XapakTepuCTUK.
MukpokoHTponnepbl STM32, LeHa KOTopbIX 3a LWTYKY NPW NOKynke 6orblMX KONMYECTB COCTaBNSAET YyTb bonee
ogHoro  EBpo, ©OpocaloT  cepbe3Hbii  BbI30B  CYLUECTBYWLIMM  8-OMTHBIM  MUKPOKOHTpOMepam.
MukpokoHTponnepbl STM32 u3HavanbHO Bbinyckanucb B 14 pasnuuHbIX BapuaHTax, pasferieHHble Ha [Be
rpynnel: Performance Line, B KOTOpYKO BOLUMM MUKPOKOHTPOMMEpbl ¢ TakToBown yactoton LMY po 72 Mlu, n
Access Line (TakToBas yactota go 36 MI'u). O6e rpynnbl MUKPOKOHTPOSIIIEPOB COBMECTUMbI MO PACMONOXEHUIO
BbIBOAOB W nporpammHomy obecneyeHuntio. O6bem ux BcTpoeHHom Flash namstu gocturan 128 k6ant, a
ctatnyeckoro O3Y - 20 k6ant. C MOMeHTa NepBOro NOSBMEHUA MUKPOKOHTpornepoB STM32 nx accopTuMeHT
ObIN CyLEeCTBEHHO pacLUMPEH HOBLIMU NPEACTaBUTENSAMU C NOBbIWEHHbIMU pa3mepamn O3Y u Flash namsaTtu, a
Takke ¢ bornee cnoxHoimn YBB.
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CemenctBo STM32 coctouT U3 aByx rpynn. Fpynna Performance Line pa6oTaeT Ha TakTOBbIX YacToTax
Ao 72 My n ocHaweHa nosnHbIM Habopom YBB, a rpynna Access Line pabotaeTt Ha yacTtoTtax go 36 My
M UHTerpupyeT orpaHu4eHHbIN Habop YBB

1.2.1. MHorodyHKUMoOHanbHbIe YBB

Ha nepBbilt B3rnsg Habop BCTpoeHHbIx YBB, B T.4. aBa AL, TanmMepbl obLiero HasHaueHus, IZC, SPI, CAN,
USB n yachkl peansHoro BpemeHu (UPB), kaxeTca naeHTUYHbIM caMblM MPOCTbIM MUKPOKOHTponnepam. Ho ecnu
JeTanbHO paccMoTpeTb kaxaoe 13 aTnx YBB, To BbIsiCHUTCS, 4TO OHM ropasano bonee crnoxHble. Hanpumep, 12-
6uTHbIn AL obopynoBaH faT4YMKOM TemnepaTypbl U NOAOEPKMBAET HECKONbKO PEXMMOB Npeobpa3oBaHus, a
MK ¢ gByms AL moryT ncnonb3oBaTtb MX COBMECTHO €eLle B AEBATU pexnmax npeobpasoBaHus. o aHanornm ¢
3TUM, KaXabI U3 YeTblipex TaiMepOoB, OCHALLEHHbIX 6rioKamMun 3axBaTa U CpaBHEHWs, MOTYT UCNOSTb30BAaTbCA Kak
OTOEeNbHO, Tak M COBMECTHO, obpasyto Ooree CrnoxHble MaccuBbl TammepoB. Y paclIMpPEeHHOro TariMmepa
(advanced timer) go6aBneHa noggepxka ynpasneHus anekrpoasuratenamun. [na aToro y Hero npeaycMoTpeHo
6 komnnemeHTapHbix LWWM-BbIxo4oB € MporpaMMyMpyeMOn Mnay30M HEMepeKpbITUS W BXOA SKCTPEHHOro
ocTaHoBa, koTopbin nepeBoanT LWWM-Bbixogbl B npedBapuTenbHO 3anporpaMmmmnpoBaHHoe 6esonacHoe
coctosiHue. Y nHtepgenca SPI npegycmoTpeH annapaTHbeii reHepaTtop CRC gnsa 8 u 16 cnos, 4to ynpowaeTt
peanusaunto uHTepdgenca kapt Flash namsatn SD n MMC.

B otnmyme oT mpocTbiX MWKPOKOHTponnepoB, y STM32 Takke npegyCMOTPeH 7-kaHambHbI 650K NpsMoro
poctyna k namatu (MNAOM). Kaxagein kaHan MoxeT MCnonb30oBaTbCA AN nepefayn gaHHbIX Mexay perncrpamu
noboro 13 YBB n 3anomuHatowmmmn yctponctesamu 8/16 mnm 32-6utHeimm cnosamu. Kaxxgoe us YBB moxer
BbIMNOMHATL POSib NOTOKOBOro KoHTponnepa MAMN, npy Heo6XxoAMMOCTM OTNPaBAA AaHHbIE MW NOCkINasa 3anpoc
Ha ux nomnyyeHve. ApOUTP BHYTPEHHEN LWHbI U MaTpuua LWWH MUHUMU3UPYIOT NOTpebHOCTb B apbuTtpaxe
JocTyna K WwuHaM co ctopoHbl LMY u kaHanos MAOM. 31o o3HavaeT, yto 6nok MNAMN ABnseTcst yHMBepcanbHbIM,
NPOCTbIM B NPUMEHEHUN U pearnbHO aBToMaTU3upyeT nepegayy NOTOKOB JaHHbIX BHYTPU MUKPOKOHTponepa.

MukpokoHTponnepbl STM32 oTtnnyatoTtcs, kazanocb Obl, HEBO3MOXHbLIM COYETAHUEM XapakTEepPUCTUK Maroro
3HepronoTpedbneHnsa n BeICOKOW nponssogutensHocTU. OHM cnocobHbI paboTaTbk OT 2B-0ro MCTOYHMKA NUTaHKSA
Ha TakToBoW Yactote 72MI'y 1 NoTpebnATb, Npy 3TOM, TOK, C Y4ETOM HaXOXAEHUSA B aKTUBHOM COCTOSIHUM BCEX
BCTPOEHHbLIX pecypcoB, Bcero nuwb 36 MA. Ecnn xe ucnonb3oBaTb nogaepxusaemble gapom Cortex
9KOHOMWYHbIE PEXMMBbI PaboTbl, TO NOTPEONAEMbIA TOK MOXHO CHU3WUTb A0 HUYTOXHBIX 2 MKA B pexume
STANDBY. [ns 6bicTpoTbl BO30OHOBMNEHMS aKTMBHOW paboTbl MUKPOKOHTPOINEpa UCMNOSb3yeTCsl BHYTPEHHWI
RC-reHepaTtop Ha 4actoTty 8 MIU. Ero akTMBHOCTb COXpaHSeTCs Ha BPEMS 3arycka BHELIHEero reHeparopa.
Bbnarogaps GbicTpoTe nepexofa B SKOHOMUYHBIN PeXUM paboTbl M BbIXOAA M3 HUX Pe3ynbTUpYyoLas cpenHss
notpebnsemMas MOWHOCTb eLle BonbLue CHDKaeTCS.

1.2.2. Be3onacHocTb

MHorve coBpemMeHHble NMPUMEHEHUSA, NOMMUMO BbICOKOW MPOM3BOANTENBHOCTU N MHOTOMYHKLUMOHanNbHLIX YBB,
OOMKHbI 0bnagatb MHCTPyMeHTamu, obecneyunBatowme 6esonacHocTb. [laHHoe TpeboBaHme Gbino yyteHo y MK
STM32. B Hux wuHTErpuMpoBaH psi4 annapatHbix 6nokoB, oTBevawwmx 3a 6GesonacHocTb paboThbl
MUWKPOKOHTpOMMepa, B T.4. MarnoMOLUHbIA CynepBu3Op MNWUTaHWs, cucTema 3aluTbl CUHXPOHW3aUuu u ABa
OTOENbHbIX CTOPOXEeBbiX TavmMepa. [lepBbii CTOPOXEBOW TaWmep OTHOCMTCA K OKOHHOMY Tuny (windowed
watchdog). Ero Heo6xoaumo o6HOBNATL TONBbKO B NpeAeriax OTBeAeHHbIX BpeMeHHbIX pamok. Ecnun a1o caenatb
CIMULLKOM paHO UMY CRIULLKOM MO3AHO, TO OH CreHepupyeT curHan cpabaTbiBaHus. [ipyrovi CTOpoXXeBoun Tanvep
MOSTHOCTbIO He3aBUCUM OT nepBoro. OH CUHXPOHU3NPYETCA OT OTAENBbHOrO BHYTPEHHEro reHeparopa, KOoTopbIi
He CBfiI3aH C [NaBHOW CUCTEMHOW CUHXpoHu3auuen. Y MK Takke wucnonb3yeTcs cuctema 3aliuTbl
CMHXPOHM3aUMK, KOTOpasi MOXeT BbIsIBNSATb Nepebon B paboTe OCHOBHOIO BHELLHEro reHepatopa u 6e3onacHo
nepekntoyaTbecsi Ha paboTy oT BHyTpeHHero RC-reHepaTopa yactoTsl 8 M.
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1.2.3. 3aWuUWEeHHOCTb

Ewe ogHMM HenpocTbiM TpeboBaHMEM K COBpeEMEHHbIM pa3paboTkam siBNSeTCA 3awimTta koga nporpaMmmMbl OT
xuweHus. B atom nnaHe, Flash namsate MK STM32 ocHalleHa nporpammupyemori 611I0KMpOBKON YTEHUS Yepe3
0oTnagoyHbl nopt. MNocne akTuBM3aumm 3TON GrOKMPOBKM ByaeT Takke HEBO3MOXHO M 3anucaTb Y4To-nnbo BO
Flash namaTb, 4TO uckNo4YaeT BO3MOXHOCTb BHECEHUS W3MEHEHWA B Tabnuuy BEKTOPOB npepbiBaHuii. B
ocTtanbHonm 4Yactu Flash namatn moxet 6biTb akTuBMpoBaHa 6nokmposka 3anucu. Y MK STM32 Take nvetotcs
Yyacbl peanbHOro BpeMeHu n Hebonbluasa obrnacte 3HeproHedaBmncumoro ctatudeckoro O3Y, kKoTopble NUTAOTCA
OT OTAENbHOro pesepBHOro 6GaraperHoro uctodHvka. B aTton obnactm umeeTcsi BXOL pearmpoBaHusi Ha
BHELUHEEe BMeLlaTenbCcTBO. [1pyM M3MEHEHUM COCTOSIHUMS Ha [aHHOM BXO4E TeHepupyeTcs npepbiBaHWE W
0obHynsAeTcs cogepXumoe 3HeproHesaBucMmMoro ctatmyeckoro O3Y.

1.2.4. Pa3paboTka nporpamm

Ona Tex, kto yxe pabotan ¢ ARM-MUKpOKOHTpONnepamu, MNpUsITHOM HOBOCTbHD MOXET OKa3aTbCs
BO3MOXHOCTb MOAOEPXKKU MMEKLMMUCS CPeAcTBaMy ANis NPOeKTUpoBaHmsa Habopa uHCTpykumn Thumb-2 n
cemenctea Cortex. B xygwem cnydae, 4tobbl nosiBMNace Takas noggepxka, notpebyercs obHoBneHue
nporpammHoro obecnedenus. ST Takke npegnaraet 6ubnuoTteky aparisepoB YBB, 6ubnuoteky ans paspaboTtku
USB-npunoxeHun, a Takke 6ubnmoteky ANSI C n ncxogHeln Ko, KOTOPbI COBMECTUM C paHee BbIMyLLEHHbIMU
oubnuotekamn ans MuKpokoHTponnepoB STR7 u STRO. Ha pgaHHbIA MOMEHT AOCTYMHbI MOPTbl AaHHbIX
o6ubnuotek ans Haubonee nonynsipHbix KomnunsaTopoB. [nsi cemerictBa Cortex Takke npegnaraeTcs
MHOXECTBO KOMMepYeCKMx 1 ¢ oTKpbITbiM kogoMm OCPB, a Takke ceasytowero MO (TCP/IP, dannosblie cuctemsl
nT.n).

MukpokoHTponnepbl Cortex-M3 Takke oOCHalleHbl COBEpLUEHHO HOBOW oTrnagoyHon cuctemon CoreSight.
Hoctyn k cucteme CoreSight opraHusoBaH yepes cneumaneHbli noptT Debug Access Port (DAP nopT), cBs3b
KOTOpbIM OcyLlecTBnsieTcd, NMmMbo no craHgapTHomy uHTepdericy JTAG wnu no nocrnegoBaTenbHOMY 2-
nposogHoMy UHTepdericy. Cuctema CoreSight, noMnmMo ynpaBneHus UCNOfHeHMeM NporpaMmmMbl B 0TNagouYHOM
pexunume, MMEeT BO3MOXHOCTb YCTAHOBKM KOHTPOJSIbHbIX TOYEK AaHHbIX (data watchpoint) u MHCTpyMeHTanbHowm
TpaccupoBkm (instrumentation trace). MHCTpymeHTanbHas TpaccupoBKa WMEET BO3MOXHOCTb OTNPaBnATb
BbIOpaHHYIO NpUKNagHy MHAOPMAaLMIO B OTNAA0YHOE CPeacTBO. OTa (PyHKUMST MOXET TakkKe NpeaoCcTaBnsiTh
pacLMPEHHY MHOpMaUMio O npoLecce OTNagkM U UCMONb30BaTbCA B XOAE TECTUPOBAHMS MPOrpamMMHOro
obecneyeHuns.

1.2.5. N'pynnbl Performance Line u Access Line

Cemencteo STM32 coctouT 13 AByx oTAenbHbIX rpynn: Performance Line n Access Line. MK Performance
Line ocHalleHbl nonHbIM Habopom YBB 1 paboTtatloT Ha TakToOBbIX YacToTax He 6onee 72 MI'y. B ceoto ovepegp,
MK Access Line nmetoT orpaHnyeHHbIn Habop YBB n nmetot cHmkeHHoe go 32 MIy 6eictpogencreue. BaxHo
3aMeTUTb, YTO CPeAu MWKPOKOHTPOMMEPOB PasHblX Pynn MMEKTCA BepcuM B OAMHAKOBbIX KOprycax U C
OOWHAaKOBbIM pacnonoxeHnemM BblBOAOB. brnarogaps aTomy, NosiBnsieTcs BO3MOXHOCTb YCTaHaBMMBaTb Ha OOHY
M TY Xe NeyaTHyo nnaTy COBMeCTUMblE MUKPOKOHTPOSNEPbI U3 pasHbIX rpymn.
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2. 0630p npoueccopoB Cortex

Kak ynomuHanocb Bo BBegeHun, npoueccop Cortex fABnseTcs BCTpauBaembiM SAPOM HOBOMO MOKONEHMS
koMmnaHum ARM. OH BbINOMHEH C HEKOTOPbLIMW OTXOA4AaMW OT UAEWN, 3anoXXEHHbIX B OCHOBY MPEALUEeCTBYHOLLMX
LMY ARM, coctount 13 3aBepLUEHHOro npoueccopHoro sapa (obpasosaH LMY Cortex n okpyxarowmum ero
Habopom cuCTEMHBIX pecypcoB) M sBndeTca "cepauem" BcTpavMBaeMblx cuctem. B cBasm ¢ 6onbimvm
pa3Hoobpa3uem BCTpanmBaembix cuctem, npoueccop Cortex BbinyckaeTcs B pa3nmnyHbIX NPUKNaaHbIX NPpOnUnsix.
Mpodmnb o6o3HavaeTcs nocne HaumeHoBaHus Cortex. CywecTByeT Tpu npoduns:
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Cortex-A - npuknagHble npoueccopbl AMs CROXHbIX onepaunoHHbix cuctemM (OC) 1 nonb3oBaTeNbCKUX
npunoxexwi. MopgaepxueatoT Habopbl MHCTPYKuun ARM, Thumb n Thumb-2.

Cortex-R - npocunb Ans onepaunoHHbIX CUCTEM peanbHoro BpemeHu. lNogaepxusatoT Habopbl
nHcTpykunn ARM, Thumb 1 Thumb-2.

Cortex-M - MUMKPOKOHTPOMMEPHbIN NPOdUIb, ONTUMU3NPOBAHHBIV NOA TPEOOBaAHNS KPUTUYHBIX K
CTOUMOCTW NpUMeHeHWU. NogaepxmBaeT ToNbKO HAabop MHCTPyKUMIA Thumb-2.

Yucrno, 3aBepliawolliee HavMMeHoBaHMe nmpoueccopa Cortex, ykasblBaeT Ha €ero YypoBeHb paboumx
XapakTepucTuk, npmyem 1 ykasblBaeT Ha Camblil HU3KUIN YPOBEHb, a 8 - Ha caMblil BbICOKMIA. Ha faHHbIN MOMEHT
B MWKPOKOHTPOMNEPHOM Npodure HauBbICLLUMI YPOBEHb XapakTepuUCTuK - TpeTun. MukpokoHTponnepbl STM32
BbIMOSIHEHbI HA ocHoBe npoueccopa Cortex-M3.

2.1. Bepcuu apxutektyp ARM

MHorga ARM ccbinaetcsa Ha CBOM MpoLEeCccopbl MO HAMMEHOBAHMIO BEPCUM apXUTEKTYPbI, YTO MOXET COUTb C
Tonky. (Mpumepbl 3anucu Bepcui apxutektyp: ARMV6, ARMV7 n 1.4.). Bepcua apxuTtekTypbl npoueccopa
Cortex M3 - ARMV7M.

MognepxKa
AWHAMWUYECKKMX
KOMMWMNATOPOE
VFPv3
YydweHHble SIMD
NEON™
Thumb&-2 Thumb-2
{onuuA)
TrustZone ™
SIMD
VFPv2
Jazelle® Toneko Thumb-2

ARMvYS ARMvE ARMyT AMR ARMvYT M

Mpoueccop Cortex-M3 BbinonHeH no apxutektype ARMV7 u nognepxuBaeTt BbINOMHEHUE UHCTPYKLUMN
Thumb-2

Taknm obpasom, fokymeHTauua Ha Cortex-M3 cocTouT M3 cnpaBoOYHOro pyKoBOACTBA Mo npoueccopy Cortex-
M3 n cnpaBo4HOro pykooacTea no apxmtektype ARMV7M. Oba aTnx JOKyMeHTa MOXHO ckadaTb ¢ canta ARM
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2.2. NMpoueccop Cortex u LMY Cortex

Y106kl NOAYEPKHYTL OTNMYNA MEXAY 3aBepLUeHHbIM BCTpanBaembiM sapom Cortex u BHyTpeHHuM RISC LY,
nanee 6yayT ucnonb3oBaTbca TepMuHbl npoueccop Cortex n LMY Cortex, cooTBeTCTBEHHO. B cnepyrowem
naparpade OyayT paccmoTpeHbl knoyeBble ocobeHHocTn LMY Cortex, a 3aTteM cuctemMHble pecypcbl
npoueccopa Cortex.

2.3. LNy Cortex

OcHoBol npoueccopa Cortex siBnsetca 32-6utHoe RISC UMY. OaHHoe LMY uvcnonb3yeT ynpoOLLEHHYHO
mMogens nporpammupoBaHus ARM7/9, Ho, npu aTom, Gonee o6GWMPHLIN HABOpP MHCTPYKUMIA C XOpoLuewn
NOAAEPXKKOWA LIEeMNOYUCIIEHHON apuMeTUKK, YNydlleHHbIMWU OWMTOBLIMKW onepauusMn u Bonee CTporummu
peanbHO-BpEMEHHbLIMU XapakTepUCTUKaMMU.

2.3.1. KonBenep

LMY Cortex cnocoGHO BbIMOMHATL GONBLUMHCTBO MHCTPYKUMIA 32 oAuH umkn. Takke kak n y LIIMY ARM7 u
ARMS9, aTo gocturaeTcs ¢ NOMOLLBI0 TPEXCTYNEHYaTOro KOHBenepa.

MamMATE =l

3 cTyneHK
npeasapuTenbHOM
EbIDOPKH

LMY Cortex-M3, Takke kak  ARM7/ARM9, ncnonb3yet TpexctyneH4yaTbin kKoHBenep. OgHako Cortex-M3
TaKxKe nogpepXxuBaeT NpeAcKkasaHue NepexonoB Afsi MUHMMM3aLUMmM KonnvecTBa nepesarpysok
KOoHBenepa

Bo BpeMsi BbINOMHEHUS OOHOW WMHCTPYKUMW, crnefywlowas - aewmndpupyetcs, a TpeTbs - CHUTbIBAETCH U3
namsaTn. ATOT MEXaHM3M OTNIMYHO paboTaeT C NIMHENHBIM KOAOM, HO, ecnin TpebyeTcsi BbIMONMHUTL Nepexos, To,
npexage Yem NpodoSPKUTb BbIMOMHEHUE KOAa NporpamMmbl, MOTPebyeTCst oUMCTKa U nepesarpyska KoHeerepa. Y
Uy ARM7 un ARM9 nepexoabl CyLWECTBEHHO OrpaHMYMBAKOT MPOU3BOOUTENBHOCTE WCMOSIHEHNUS KoAa
nporpammbl. Bo nsbexaHne atoro, Tpexcrynenyatbin koHsenep LMY Cortex ocHalwleH Norvkon npenckasaHuns
nepexogoB. OTO O3HayaeT, YTO MpuM  LOCTMKEHMM WHCTPYKUMM YCIMOBHOIO Mepexoda BbINOJIHAETCS
yrnpexgatowas Belbopka 1, B pesynbtate, oba HasHayeHUst MHCTPYKL MKW YCINOBHOIO nepexoda OyayT AOCTYMHbI
ONS NCMNOMHEHUS N CHWXKEHME MNPOU3BOOMTENBHOCTU HE Mpou3ongeT. Xyxe obCToAT gena € MHCTPYKUMSMU
KOCBEHHOrO nepexofa, T.K. B 3TOM Clny4ae ynpexaarollyto BblOOPKY BbINOMHWUTL HENb3s M nepesarpyska
KOHBeNepa MOXET oka3aTbCs HEU3DEXHON.

Taknm 0Opa3oM, KOHBENEP - MHCTPYMEHT, OT KOTOPOrO 3aBUCUT pe3ynbTUpytoLLasi Npom3BoanTensHocTb LMY
Cortex n koTOpbIV He TpebyeT KakMx-nMMbo OeNCTBUA CO CTOPOHbI KOAA NPOrpaMmel.
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2.3.2. Mogenb nporpaMmmMmupoBaHuA

Uy Cortex gasnsetca RISC-npoueccopoM, KOTOPbLIN BbINOMHEH MO apXUTEKType 4TeHus/3anuncu. [Ans
BbINOMHEHNs1 onepauun 06paboTkM [AaHHbIX BHayane HeobXoouMO MOMECTUTb onepaHdbl U3 namsaATM B
LeHTpanbHbIi PErMCTPOBBLINA hain, 3aTteM BbINONHUTL Tpebyemyto onepauuio Hag AaHHbIMM B perncrpax u,
HakoHeL,, nepe3anucaTb pe3ynbTaTt 06paTHO B NamsATh.

Mov M4, R4

M1 >

.
M Mov M2, R2 -

Add R4, R1, R2 (R4 = R1 + Rp)

M3 Mov Rg, M3 >

L

Cortex-M3 BbINonHEH NO apxUTeKType YTeHusi/3anucu. Bce paHHble, nepen BbINONHEHMEM MHCTPYKLUN
Mx o6paboTkn, He06XO0AMMO NOMECTUTL B LIeHTPanbHbIN PerncTpoBbIn chann

CnepoBatenbHO, BCA akKTMBHOCTb MporpaMmbl (hokycupyeTcss BOKpyr pernctpoBoro damna LY. OdaHHbin
pervcTpoBbI harn obpasyloT wecTtHaguatb 32-0MTHbIX pernctpoB. Peructpbl RO-R12 - obblyHbIE perncrpbl,
KOTOpble MOryT MCMOMb30BaTbCA ANA XpaHEeHUs nporpaMMHbIX nepeMeHHbiX. Y peructpoB R13-R15 umetotca
ocobble dyHKkumMm B pamkax LMY Cortex. Pernctp R13 BbicTynaeT B ponu ykasatens cteka. [JaHHbI pernctp
ABnsieTca 6aHKoBbIM, YTO AernaeT BO3MOXHow paboTy LMY Cortex B gByx pexumax paboTbl, B KaXgom M3
KOTOpbIX MCNonb3yeTcs cBoe COOCTBEHHOE NPOCTPaAHCTBO cTeka. [JaHHas BO3MOXHOCTb 0ObIYHO McCnonb3yeTcs
onepaunoHHbIMU cuctemamu peanbHoro spemeHn (OCPB), koTopble MOryT BbIMOMHATL CBOW "CUCTEMHBIN" KOO, B
3aluLeHHOM pexume. Y gByx ctekoB LMY Cortex nmeroTcsi co6CTBEHHbIE HaMMEHOBAHUSA: OCHOBHOW CTEK U
cTek npouecca. Cneayowmn pernctp R14 HasbiBaetcs pernctpoM cBasn. OH ucnonb3yeTcs Ans XpaHeHus
agpeca Bo3Bparta M3 nognporpammbl. bnarogaps Hemy, LMY Cortex GbICTpo nepexogut Kk nognporpamMmme u
BbIXOOUT M3 Hee. Ecnu xe B nporpaMme MCnonb3yeTcs HECKONbKO YPOBHEW BMOXEHWW nognporpamm, TO
komnunaTop byaet aBToMaTtuyeckn coxpaHatb R14 B ctek. NMocnegHun permctp R15 - cyeTynk nporpammbi;
MOCKONbKY OH SBMSETCA 4acTbl0 LEHTPanbHOro pernctpoBoro damna, ero uyreHve u obpaboTka moxeT
BbIMNOMHATLCA aHANOMMYHO MNObLIM OPYTMM perncTpam.
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Y LUNy Cortex-M3 nmeetcs pernctpoBbin dann, coctosawmm us 16 32-6MTHbIX peructpoB. Takxke Kak u 'y

npepwecTBytowmx LIMY ARM7/9 pernctp R13 BbicTynaeTt B ponu ykasaTtens cteka. R14 - pernctp cBasun,

R15 - cueTunk nporpammbl. R13 sBnsietcsa 6aHKOBbIM pernctpom, 4to nossonset Cortex-M3 pabotatb ¢
ABYMS CTeKaMMu: CTEKOM npoLecca M OCHOBHbIM CTEKOM

2.3.2.1. XPSR

Momumo permucTpoBoro damna, MMeeTcs OTAENbHbIN PerncTp, KOTOPbIA HasblBaeTCs PerncTpoMm crartyca
nporpaMmmbl. OH He BXOAUT B OCHOBHOW PErucTpoBblid hann, a AOCTYN K HEMY BO3MOXEH C MOMOLLbIO ABYX
crneumanbHbliX MHCTPYKUUN. B XPSR xpaHAaTcs 3HayeHus nonew, BAUSIOLWUX Ha UCMONHeHne UHCTpykuun LMY
Cortex.

i1 26 25 24 23 16 15 1a a 7 o
N Zcv QIymT ICI/IT e Howep ISR

ISR - npougaypa odDpadoTKA NpepeIBaHUA
IC] - BO200HOENAEKAA NPEPLIBaHWEM WHCTPVHLIMA
Pernctp ctatyca nporpaMmmMbl COAEPXKUT NOMS CTaTyca, OT KOTOPbIX 3aBUCUT UCMONHEHNE UHCTPYKLUNA.

[aHHbIN perncTp pasgerneH elle Ha TPU PerucTpa: perucTpbl cTaTyca NpUKNagHon NporpamMmmel,
MCMNOSIHEHUA NporpamMMbl U NpepbIBaHUN

Butbl pernctpa xPSR pasgeneHbl Ha Tpu rpynmbl, K KaXgow U3 KOTOPbIX BO3MOXEH AOCTYMN N0 COGCTBEHHOMY
HanmeHoBaHuO. BepxHue nate 6uT (hbnarv koga ycroBusl) MMEHYKOTCS PErMcTpoM cTaTtyca NpuKnagHowm
nporpammel. [epBble YeTbipe cdnara koga ycnosusa N, Z, C, V (mHamnkauusa otpuuartensHoro (N) unum HyneBoro
(Z) pesynbtata, nepeHoca (C) wm nepenonHenust (V)) ycTaHaBnuBawTca M cOpacbiBaloTcd MO uUTOram
BbINOMTHEHNS1 UHCTPYKUMKN 0OpaboTkn fgaHHbIX. ATl 61T Q Mcnonb3yeTcs Npu BLINOMHEHNN MaTeMaTUYECKMX
WHCTPYKUWUIA C HacbILLEHMEM anropuTMoB LndpoBor ob6paboTku curHanos (LLOC) anst MHoukaumm JOCTUXEHUS
nepemMeHHON CBOEr0 MaKCMMaribHOro UM MUHUMAIbHOTO 3HadeHusl. Takke kak n 32-OUTHble MHCTpyKumMnM ARM,
HeKoTopble UHCTPYKUUK Thumb-2 BbINONHAOTCS TONBKO MpU YCNOBUKX COBMNafeHUs Koaa YCroBUSA UHCTPYKUUKN U
COCTOsIHMSA (pnaroB perucrpa cratyca npuKnagHoM nporpammbl. Ecnu koAbl YCNOBUST UHCTPYKUUM He
coBMagalT, TO WHCTPyKUMs npoxoaumt no koHeernepy kak NOP (HeT onepauun). 3Tum rapaHTupyeTtcs
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PaBHOMEPHOCTb MPOXOXAEHUST UHCTPYKLUUIA MO KOHBENEPY Y MUHUMU3NPYETCS YMCMO nepesarpy3ok KOHBenepa.
Y Cortex gaHHbIN cnoco® pacluMpeH pPerMcTpom cratyca UCMOMHEHWUst NporpamMMbl, KOTOPLIN CBsidaH C Gutamum
26...8 peructpa xPSR. 31oT peructp coctout u3 Tpex nonewn: none "if then" (IT), none Bo3o6HOBNsIEMON
npepbiBaHUEM MHCTPYKLMM 1 none nHCTpykumn Thumb. Habop nHcTpykuun Thumb-2 peannsyeT acbdeKTUBHbIV
MEeTOZ BbINOSIHEHUSI KOMMAKTHbIX OnOKOB MHCTpykumi Tuna 'if then'. Ecnu npoBepsieMoe yCroBWE WCTUHHO,
3anucblo 3HaveHust B none IT moxHo curHanuampoatb LMY o HeobxoaAMMOCTW BLINOMHEHUS OO YeTbipex
cnegyrowmnx UHCTPYKUUW. Ecrnn e npoBepsieMoOe YCrioBue - JIOXHOE, TO AaHHble WHCTPYKUUW NponayT no
koHBenepy kak NOP. Hke npuBognTtcs npMMep KOAMPOBaHWUS TUMMYHOW CTPOKU NporpaMmbl Ha Cu:

If (r0 ==0)

CMP r0, #0 npoBepkxa r(0 Ha HOJb

ITTEE EQ ecnm [a, BHIIOJHAKNTCHA ClelyllMe IOBe MHCTPYKLUM
Then r0 = *rl +2;

IDR r0, [rl] Barpyskxa IOaHHEX U3 nDamaTtu B r0

ADDrO0, #2 cioxeHue c 2

HecmoTpss Ha TO, 4TO OONBLIMHCTBO WMHCTPYKUMA Thumb-2 BbIMOMHAKTCA 3a OOWH LMKI, HECKONbKO
WHCTPYKUUIA (Hanpyumep, MHCTPYKUMM YTeHus/3anucu) TpebytloT AN BbINOMHEHUS HECKONbKO LMKMOB. YTOObI
TOYHO 3HaTb BpeMmsi oTknmka LMY Cortex Ha npepbiBaHus, aHHbIE UHCTPYKLMKN OOIMKHBI ObiTb NpepbiBaeMbIMU.
B cnyyae npexgeBpeMEHHOro MnpekpalleHnst MWCMOSMIHEHUS WMHCTPYKUUM B More  BO30OHOBMSEMbIX
NnpepbiBaHUAMN  MHCTPYKLUMIA  3aNoMMHAETCs HOMEep Crieaylowero peructpa, nognexaiero obpaboTke
WHCTPYKUMEN MHOFOKPATHOrO 4YTeHuMs unu 3anucu. Takum obpasom, cpady nocrie 3aBepLleHusi npouenypbl
06paboTKkn NpepbiBaHUS, BbIMONTHEHWE UHCTPYKLUN MHOFOKPaTHOrO YTEHUSI/3anmcy MoXeT OblTb BOCCTAHOBIEHO.
MocnegHee none Thumb npegycmoTpeHo Ansi coBMeCcTMMOCTU ¢ npeawectsyowmmu LMY ARM. JaHHoe none
CUrHanM3upyeT, 4To B AaHHbli MoMeHT LMY BbinonHset mHctpykumio ARM wnn Thumb. Y LMY Cortex-M3
AaHHbI BUT Bcerga paBeH eavHuue. HakoHel, B none cratyca npepbiBaHWa XpaHUTCca MHgopMauusa o niobbix
NMPMOCTaHOBIEHHbIX 3anpocax npepbiBaHuS.

2.3.3. Pexxumbl paboTtbi LMY

HecmoTtps Ha 71O, 4to npoueccop Cortex paspabatbiBanca kak ObiCTpogencTBylollee, MNpOCToe B
NCMOMb30BaHWM MU C MarbliM YUCIIOM JTOTUYECKMX ANEMEHTOB MMKPOKOHTPOMMEPHOE SA4p0, B HEM Obina yvteHa
nogaepxxka OCPB. TlMpoueccop Cortex nogaepxuBaeT ABa pexuma paboTtbl: pexum Thread (unu NOTOKOBLIN
pexuMm) n pexum Handler (unu pexum obpabotumka). UMY 3anyckaetca B pexume Thread npwm
HenpepbiBaeMOM, (POHOBOM BbINMOMHEHUN MHCTPYKUMIA U nepeknovaeTca B pexum Handler npu obpabotke
uckniounTenbHblx  cutyaumn. Kpome Toro, LY Cortex MoxeT BbINONHATL KOA4 MporpamMmbl B
NPVBUMNErMPOBaHHOM MITN HEMPUBMUIIENMPOBAHHOM pexumMe. B npusunernposaHHom pexume, LMY nmeet goctyn
KO BCeMy Habopy WHCTPYKUWWA, a B HENPUBWUMErMPOBaHHOM PEXUME HEKOTOpble WHCTPYKLUWM OTKIHYaloTcs
(Hanpumep, MHcTpykumm MRS 1 MSR, ocywectensitowme goctyn Kk pernctpy XPSR u ero 6utoBbim rpynnam). B
3TOM peXume Takke OTKIYaeTcs AOCTYN K GOMbLIMHCTBY PErMCTPOB YMpaBrieHWs CUCTEMHBIMU pecypcamu
npoueccopa Cortex. Takke MOXHO CKOHGUrypupoBaTtb Mcrnonb3oBaHue cteka. OcHoBHom ctek (R13) moxer
ncnonb3oBatbcs B obomx pexumax Thread n Handler. AnbtepHatmBHO, pexum Handler MOXHO HacTpoutb Ha
ncnonb3oBaHue cTeka npouecca (6aHkoBbIn pernctp R13).
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Mpoueccop Cortex-M3 moxeT ncnonb3oBaTtbcsi B o6bI4HOM pexume (‘flat'), a Takke nopnepxuBaeT
onepaunoHHble CUCTEMbI pearibHOro BpemeHu. Y Hero npeaycmoTpeHbl pexxumbl Handler u Thread ¢
BO3MOXXHOCTSIMU BbiOOpa MCNONb3yeMoro crteka (0OCHOBHOM CTEK UITN CTEK npouecca) u
npuBUIIErMpoBaHHOro A0CTyMna K permcrpam ynpasJfieHUs cucTeMHbIMK pecypcamu Cortex

Onepaumm (nocne cbpoca - o
PEUPTI | b Crek (nocne cbpoca - OCHOBHOW CTEK)
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Cpasy nocne cbpoca npoueccop Cortex 3anyckaetcs B koHdurypaumm 'flat'. B oboux pexmmax, Thread u
Handler, MHCTPYKUMM BBINOSNHAOTCS B NPUBUIErMPOBAHHOM PEXUME, T.0. KaKne-nmbo orpaHMyeHnst Ha JOCTYN K
NMpPOLIECCOPHBIM pecypcaM OTCyTCTBYHOT. B pexumax Thread n Handler ncnonb3yetcsa OCHOBHOWM CTeK. YTOObI
HayaTb BbIMNOMHEHME UHCTPYKLMA, OOCTAaTOYHO yKasaTb MPOLLECCopy BEKTOP cOpoca u CTapTOBbIN agpec CTeka,
nocrne 4Yero MOXHO BbINONHATL Cu-kog nporpammbl. OgHako, ecniv mncnonedyetcds OCPB vnn BeinonHseTtca
paspaboTka KPUTUYHOTO K GE30MacHOCTU MPUIIOXKEHUS, MNPOLECCOp MOXEeT wucnonb3oBaTbcd B Oonee
N30LLPEHHON KoHdurypaumm: pexum Handler (ucnonb3yetcst npy ob6paboTke MCKNIOYMTENBHBIX CUTYaLUn ©
onepaLMoHHbIMU CUCTEMaMK peanbHOro BpeEMEHW) C MPUBUIIENMPOBAHHBIMU ONEpPaLUaMN U UCMONb30BaHNEM
OCHOBHOTO cTeka M pexxum Thread npy ncnonHeHWM NpuknagHoro Koaa ¢ HeNpuBUIETNMPOBaHHBLIM AOCTYNOM U
ncnonb3oBaHWeM cTeka npouecca. Mpu TakoM nogxone, BeECb KOA MporpaMMbl pasgensieTcs Ha CUCTEMHbIA U
NPWKNagHoM 1, NO3TOMY, OLIMOKM B MPUKNaaHOM KoAe He Bbi3biBatoT cboeB OCPB.

2.3.4. Ha6op uHcTpyKkumn Thumb-2

ury ARM7 u ARM9 noggepxuBatoT aBa Habopa wHcTpykuuid: 32-6utHbii ARM u 16-6utHbii Thumb.
Bnarogaps atomy, pa3paboTynk UMeeT BO3MOXHOCTb ONTUMN3MPOBATb CBOK MPOrpaMmMy NMyTeM MUCMOSb30BaHMS
bonee onTMmManbHOro Habopa MHCTPYKUWUA A8 KaXOOoW KOHKPETHOW npouenypbl: 32-6UTHble UHCTPYKUUK, rae
bonee BaxHO ObicTpoaencTeme, n 16-0uTHbIE, rae 6onee BaxHa NNoTHoCcTb koga. LMY Cortex nogaepxmeaeT
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Habop uHCTpykunn Thumb-2, kKOTOpbIN ABNAOTCA cMecCbio 16- 1 32-6UTHbIX UHCTPYKUMIA. MHCTpyKumm thumb-2
OalT  yny4yweHue nNnoTHOCTM koda Ha 26% no cpaBHeHMo C  32-OUTHbIMM  MHCTpyKuMsimu ARM 1
npousBoguTensHocTh Ha 25% nNo cpaBHEHWO C 16-OMTHBIMU MHCTPyKUMAMM Thumb. B Habope wHCTpyKuuii
Thumb-2 npegycMoOTpeHO HECKOMNBbKO YNy4LUEHHbIX UHCTPYKUUA YMHOXEHWUS, UCTIONHAILLMXCS 3a OOMH LUK, U
annapaTtHbIi genutens, Tpebyowmnn 2...7 LNKIOoB.

CORTEX-M3
DMIPS ARM966 (ARM)

funy
Mo utoram TectupoBaHus npoueccop Cortex AeMoHCTpUpyeT ypoBEHb NPOM3BOAUTENBLHOCTH 1.2
DMIPS/MI'u, 4TO 3KBMBaNEeHTHO 1.2 LIMKIIaM CUHXPOHM3aLUnM Ha UHCTPYKLINIO

UcTtouHuk  |HasHauveHue|Llnknbl
16 6uT x 16 6ut| 32 OUT 1
3206uT x 16 6uT| 32 OBUT 1
32 6ut x 32 6ut| 32 6ut 1
32 6ut x 32 6ut| 64 6ut 3..7*

B Habope wHCTpykum Thumb-2 Takke npegyCcMOTPeHbl yryylleHHble WHCTPYKUMW MepexodoB, B T.M. C
NPOBEPKOW N CpaBHEHMEM; BOKK YCNOBHOIO BbINOMHEHMS Tuna if/then n ynopsinounBaHve 6ant ans o6paboTkm
OaHHbIX; @ TakKe WHCTPYKUMU m3BnedveHuss 6amt wunm nonycrnos. byayun RISC-npoueccopom, LMY Cortex
obrnagaeTt o6WNPHBIM HaBOPOM MHCTPYKLWUIA, KOTOPLIA cneuunansHo paspaboTaH ¢ y4eTOM €ro MCMonb30BaHUSA
Cu-komnunatopom. TunuyHas nporpamma ans Cortex-M3 moxeT ObiTb nonHocTbio HanucaHa Ha ANSI Cu ¢
MUHMMarnbHbIM 4YMCITOM HecoBMecCcTMMbIX C ANSI KnoyeBbIX CMOB, 3a WUCKMOYEHMEM Tabnuvubl BEKTOPOB
NCKMIOYUTENBHBIX CUTYyaUNUii, KOTOPYH HeobxoaMMo HanmcaTb Ha Accembnepe.

2.3.5. Kapta namaTtum

Mpoueccop Cortex-M3 sBnseTca ctaHAapTU30BaHHLIM MUKPOKOHTPOSMEPHBLIM SAPOM M, NMO3TOMY, €ro kapTta
namMsaTn YeTKo pacnucaHa. HecmoTps Ha UCNONb30BaHWE HECKONbKUX BHYTPEHHWX LUWH, afpecHoe
NPOCTPAHCTBO SABMSIETCH NMMHENHBbIM U MeeT pa3mep 4 [6anT.

MepBble 1 [GanT namATM pasgerneHbl paBHOMEPHO Mexay obnacTblo koga nporpaMmbl M obnacTbio
ctatudeckoro OJ3Y. [lpocTpaHCTBO koga MpoOrpaMmbl ONTUMU3NPOBAHO Ans paboTbl ¢ wuHon |-Code.
AHanorn4yHo, npocTpaHcTBo ctatndeckoro O3Y gocTynHo Yepes WwuHy D-code. HecmoTpst Ha To, 4To B obnactu
ctatudeckoro O3Y nogaepxuBaeTcs 3arpyska M UCMONMHEHUE MHCTPYKLMIA, NX BbIDOPKa OCYLLECTBSETCS Yyepes
CUCTEMHYIO LUVHY, 4TO TpebyeT AOMNOMHUTENBHOIO COCTOSIHUS OXXMAAHWS.

Takum 06pasom, BbINOMHEHME koda nporpaMMmbl M3 ctatnyeckoro O3Y OygeT Gonee meaneHHbIM, Yem w3
BcTpoeHHoN Flash namsaATn, pacnonoxeHHon B obnactu koga nporpammbl. Cneaytowme 0.5 Foant namatm -
obnacte BCTpoeHHbIx YBB. B a3tom obrnactm Haxogatcs BCe NpeaocTaBnsieMble  MOSb30BaTENO
npoussoguTenem MukpokoHTponnepa YBB. lNepeble 1 M6anT B obnactax cratudeckoro O3Y n YBB sasnsioTcs
buTHoagpecyembiMu. [Ins aToro ncnonb3yetcs metog bit banding. Taknm obpa3om, Bce AaHHble, XpaHsALWNECs B
aTMx obnactax, moryT obpabaTbiBaTbCs Kak MOCMOBHO, Tak M nobutHo. Crepywowme 2 [6anT agpecHoro
NpOCTpPaHCTBa BblgeneHbl ans BHewHux ctatuyeckoro O3Y n YBB. MocnegHue 0.5 M6anT 3apesepBrMpoBaHbI
ONs CUCTEMHbIX pecypcoB npoueccopa Cortex n Oyaywmx pacwwmpenun npoueccopa Cortex. Bece peructpebl
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npoueccopa Cortex pacnonoxeHbol MO (UKCUMPOBaHHbIM agpecam BO Bcex Cortex-MMKpoKoHTponnepax.
Bnarogaps aTomy, obner4yaetcsi NopTMpOBaHWE nporpamMm mexgy pasnuyHbiMm MK STM32 u Cortex-
MUWKPOKOHTpOMnepamMmm gpyrux npon3Bogutenen.

Onsa npoueccopa Cortex-M3 onpegeneHa doMKCMpoBaHHaA KapTa naMATK pasmepom 4 F6anT, B KoTopon
BblAeneHbl KOHKPeTHbIe 06nacTu ANA XpaHeHUs Koga nporpamMmmbl, ctatudeckoro O3Y, ycTponcTs
BBOJa-BbIBOAA, BHELWHEM NaMATU U YCTPOMUCTRB, a TakkKe CUCTEMHbIX pernctpoB Cortex. [laHHas kapTa
namsiTm ogMHakoBa Ans Bcex Cortex-MMKPOKOHTPOIIIepoB

TaGnuua (N3 | ™
0xEODFF000 i il Cneundonyeckan
OxE0042000 BHew. PPB obnactb npousBoaUTENA
0xE0041000 ETM }: : n YBB
X { 2
e oKanbHas W1HA BHYTPEHHAR | o 00000
0xE0040000 L—=""_7"1  JoKanbHad W1Ha YBB - BHelWHAS OxEDO3FFFF
0xE0000000
OxDFFFFFFF
0xE003FFFF r
PesepB .
0xE000F000 J BHelwHWe
KBEN | » 1 MGaiir
OXEODOED0D | YCTPOMCTBA
PezepB ]
0%E0003000} 1
0xE0002000 Fee j
" DWT | / 0xA0000000
0xE0001000 l 0%9FFFFFFF
0xE0D00000 Ry /
" : BHellHee
o3y 1 lGaiit
0x43FFFFFF
oGnacTb
AocTyna K GuTam
0x42000000 0x60000000
0x4MFFFFFF 0x5FFFFFFF
0x40100000 yetpoucrea oo
0x40000000 ©0NAcTb XpaHeHUA GUT | BBOAa-BbiBOAA
T 0x40000000
0x3FFFFFFF
0x23FFFFFF 5
o6nacTb Cratudeckoe OJY 0.5 lGaiir
AocTyna K Gutam i,
0x22000000 0x20000000
0x21FFFFFF / Ox1FFFFFFF
EE e Koa nporpamMmabl 0.5 reair
O6nacTb XpaHeHus GuUT |~
hoon e 0x00000000

2.3.6. locTyn K ¢pparMeHTUPOBaHHbIM AaHHbIM

Habop mHcTpykumin ARM7 n ARM9 rmeeT BO3MOXHOCTb 4OCTyNa K 3HAaKoBbIM N 6€33HaKOBbIM NepeMEHHbIM
TMna ©6anT, nonycnoBo wu cnoeo. bnarogaps atomy, LMY ecTtecTtBeHHbIM 06pa3oM noggepXxueaeT
LenoyncrneHHble nepeMeHHble 6e3 HeobXoaUMOCTHN UCNONBb30BaHNS NPOrpaMMHbIX BbNMoTek, Kak B crny4yae 8-
n 16-6MTHBIX MUKpOKOHTponnepos. OgHako y npegwectyowmnx LMY ARM ecTb oavMH HegocTaTok, KOTOpbIA
3aKmnyaeTcs B X cnocobHOCTM onepmupoBaTth TONbKO C HedparMeHTUPOBAHHBIMWU CIOBAMW UIN NMOJYCIIOBaMMU.
BcneacTsure 3TOro NUHKEp KoMnunsaTopa Hea@EKTUBHO pasMeLLaeT AaHHble B cTaTudeckom O3Y 1 HekoTopas
ero vyactb Oyget notepsHa. (B 3aBMCMMOCTM OT KOMOMHAUMW MCMOMb3yeMbIX MEPEMEHHbIX MOTEPU MOTYT
pocturatb 25%.)
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Heucnonbayemoe (noTepaHHoe)

NpOCTpPaHCTBO

Cortex-M3 moxeT ocyLecTBNATbL AOCTYN K (hparMeHTUPOBaHHbIM AaHHbIM, YTO rapaHTUpyeT
3t peKTUBHOCTb UCNONb30BaHUA ctatudeckoro O3Y

LMY Cortex nogoepxuBaeT pexumbl agpecauuun Ans CroB, MNOYcrnoB, 6aMT M MOXET OCYLLECTBMSATb
dparMeHTUPOBaHHbIN JOCTYN K AaHHbIM. Bnarogapsi aTomy, NMHKEPY KOMMUMsiTopa NpeaocTaBnAeTCs MonHas
ceoboga B O4vYepedHOCTM pasmelleHus AaHHbix B namsitu. Kpome Toro, nopgaepxmaemas LMY Cortex
BO3MOXHOCTb bit banding nossonseT rpynnupoBaTb riarm nporpaMmmbl B MNEPEMeHHble Tuna CnoBoO Mnn
MomnycroBo, a He UCMOMb30BaTh A1 KAXA0ro dnara oTaenbHbli 6anT.

2.3.7. MeTop "Bit Banding"

Y npepgwectBytowmx LMY ARM7 n ARM9 6utoBbie onepaumn B ctatudyeckoM O3Y MOXHO 6bifo BbIMOMHATD
TONbKO ¢ nomoubto MHCTpykumin AND 1 OR. na aTtoro Heob6xoaumo BbINONMHUTL NocnegoBatensHoctb YTEHUNE
- MOOANPUKALUUMA - BAIMNCb. OpHako wucnonb3oBaHMe 3TOr0 MeToda MpUBOAMT K Ype3MepHOMY
pacxodOoBaHMIO KONMMYECTBa LMKIOB Ha BbINOMHEHWE YCTAHOBKM M cOpoca oTAenbHbiX OGUT M yBenuveHuto
pe3ynbTUPYIOLLEro Koda nporpamMmmbl.

OTKNWYEHHE BHEWHUWX COGHITHE

: » 32 BT N
Hrenue Gaidita (034, perucTp) — — PEANbHAS
I 0 I 1 I p | 0 | 1 | 0 I 1 I 1 I mRhase+N b ..l I ] AUBEHKA
- I—-anMép: 20000000k, 200FFFFFh MAMATH
Macka MoaudgUKauuu GUT |I‘ \
1 IR
HEBREBREBERERER T BUPTYANbBHAA
<< = Nx32+dxbit : <:| Eﬁnamb aocTynak
3anuce GaiTa (03Y. perucrp) [ n;;ﬂ;:juemm
I'J I 1 I 0 | 0 | 1 | 1| j_I ]_I v hase+MNx32 I ki

L, npurep: 22000000k, 23FFFFFFh

/

BrnwuyeHWe BHEWHWX COGLITHR

MeTop bit banding nozBonsieT BbINONHATL GMTOBLIE Oonepauvyn NpyU COXpaHeHUUN NIOrM4ecknx BeHTUnemn
Lny Cortex-M3 Ha MMUHMManNbHOM YpPOBHe

MNpeogoneTb AaHHOe OrpaHMYeHMEe MOXHO, €Cnv MnpeaycMOTpeTb OTAeNbHble WHCTPyKuMm cbpoca wu
YCTaHOBKU OWT mnn WHTErpmpoBaTtb MONMHOMYHKUMOHAmMbHbBIA Mnpoueccop 6utoBon 0B6paboTku, OQHAKO 3TO
npuBeneT K yBeNnnyeHuto pasmepoB u crnoxHoctu LY. BmecTto aToro, cnocob, HasbiBaembl bit banding,
no3BomnseT HanpsMylo BO34encTBoBaTb Ha OuTbl B namsatn mn3 obnacten YBB u cratmdeckoro O3Y, He
NCMNOMNb3ys MpU 3TOM KakuMx-nnbo cneumanbHbIX MHCTPYKUUIA. ButHoagpecyemble obnactu kapTel namaty Cortex
pasgeneHbl Ha ABe 4YacTu: obnacTb xpaHeHwus 6ut (B Hee BxogdAT Ao 1 M6anT duanyeckorm namstTn wnm
pernctpoB YBB) n obnactb goctyna k 6utam, kotopas 3aHumaeT go 32 M6ant kapTel namsatu. MNonyyuntb AocTyn
K Kaxgomy oTAaenbHOMy OuTy u3 obnactu xpaHeHus BUT MOXHO NO COOTBETCTBYHOLLEMY ajpecy croBa K3
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obnactu goctyna k 6utam. Takum o6pa3om, ecnu BbIMOMHATL 3anUchb Mo aapecy B 06nacTu foctyna k butam Ha
caMom ferne mMbl 6yaemM Bo3eiNCTBOBATL HA 3HAYEHWE onpeaeneHHoro 6uTta B onsnyeckoi naMmsiTu.

SsdMFFFEE
’ O6nacThb
R AdocTyna
K GUTamM
e 000000 \
=sd 1FFFFEE % | oetFFrEEEE
s
2w40100003 \ YBB :E'i!l!
uE UBAACTE \
S OO0 XpaHeHMHd BMT
1 Cad0C0000
WFFFFFFF
S 2IFFFFFF T
O6nacTe . Crar. 034 05GH
TS nocrTyna
y K GUTam
S 0000000
S IFFFEEEE
s 15GB
Koa nporparmul
e L OBAECTE. |
B oo L= r
20000000 XpAHEHWS BUT | N

MeTop Bit Banding nogaepxunBaetcs B o6nactax cratudyeckoro O3Y n YBB (nepBbie 1 M6anT),
oxBaTblBas Bce pecypcbl STM32

B wutore, Mbl MOXeM BO3OENCTBOBaTb Ha 3HaAyeHWe OTAenbHbIX OUT, He npuberas, npy 3TOM, K
MCNONb30BaHUIO CMeLManbHbIX MHCTPYKUMIA W COXpaHssa pesynbTupylowme pasmepbl sapa Cortex Ha
MUHMMalibHO BO3MOXHOM YypOBHe. YTob6bl Mcnonb3oBaTb 3TOT MeTo[ Ha MnpakTuke, HeO6XO,D,I/IMO BbIYUCITUTb
agpec cnoBa B o6racty JocTtyna kK butam, KOTOPbI COOTBETCTBYET 3aaHHOW siveliku namstu ns obnactm YBB
unu ctatudeckoro O3Y. BeinonHaeTca 310 Mo cneaytowen dpopmyne:

Anpec B o6nactn goctyna k 6utam = basoBbIi agpec o6nacTu goctyna k 6uram + CmelleHue
appeca crnoea gocTyna K 6uTy,

roe CmelleHne agpeca crioBa AocTyna k 6uty = CmelleHue B 6anTax no oTHOLWEHUIO 6a3oBOMY agpecy
obnacTtu xpaHeHusi 6uT x 0x20 + Homep 6uTa x 4

Ha camom pene Bce oGcToMT ropasgo npolle, YeM MOXET MokasaTbCsi Ha MepBbin B3rnsag. PaccmoTtpum
npakTudeckun npumep. Heobxoanmo BbINOMHMTL 3anNUCh B BLIXOAHOW perncTp nopta Beoga-Beioaa (MBB) ans
YyCTaHOBKM unu cbpoca oTaenbHbIX NMMHWUIA BBOoAa-BbiBoAa. dusmnyeckuin agpec BbIXOOHOMO perncrpa noprta B -
0x40010COC. NMpegnonoxum, YTO HYXXHO yCTaHaBnmBaTb U copackiBaTth 6ut 8 aToro permctpa. Bocnonb3yemcs
npvBeaeHHON Bbille OPMYIoNn:

Agpec cyora = 0x40010COC
BazoBe ampec objacTu xpaHeHusa oOmumT YBB = 0x40000000
BasoBel azmpec obJjlacTM HoCcTyla k OuraMm YBB = 0x42000000
CMemeHMe B OaMrax IO OTHOWEHMI 0as0BOMy alpecy o0JacTu xXpaHeHusa OuT =
0x40010C0C - 0x40000000 = 10cCOC
CMelleHMe azpeca CJjioBa poctyna k 6uTry = (0x10C0C x 0x20) +(8x4) = 0x2181A0
Ampec B ofbjnacTtu mocTymna K Omram = 0x42000000 + O0x2181A0 = 0x422181A0

Tenepb Mbl MOXeM co3faTb ykasaTernb Ha 3TOT agpec ¢ NoMoLLbio crneaytoLent Cu-CTpoKu:

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

lMocne aToro, 3TOT yKasaTernb MOXHO MCNONb30BaThb AN YCTaHOBKM 1 cbpoca 6ut MNBB:

IPBB = 1; //BKjouyaeM CBETOIMOI

Mocne komnunaAumn 6y,EI,YT CreHepupoBaHbl cnegywouimne acceM6neprle MHCTPYKUNNUL
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MOVS r0, #0x01
LDR rl, [pc, #104]
STR r0, [rl, #0x00]

[ns oTknoveHns ceeToguoaa NCMNoJib3yeM CTPOKY:

IPB8 = 0; // oTKJOUaAeM CBETOOMOIN

En cooTBeTCTBYIOT cneaytowmne accemMbnepHblie MHCTPYKLUK;

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

Takum obpasom, Ans ycTaHOBKM MM cbpoca Guta HEOOXOAMMO BbIMOMHUTE TPU 16-OUTHBIX WHCTPYKLUMN.
MukpokoHTponnep STM32, pabotawowmn Ha 4vactote 72 Mlu, BbinonHWT ux 3a 80 HC. AnbTepHaTVMBHO
YCTaHOBKY MnM cOpoc GuTa MOXHO BbINMOMHWUTL, €CNY NPUMEHUTbL norudeckyto onepauuto "MITN" nnn "U" ko
BCEMY CIOBY M3 obnactu xpaHeHus 6ut YBB vnu ctatnyeckoro O3Y:

GPIOB->ODR |= 0x00000100; //BwJjUeHMre 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; //OTkJjoOUeHME CBETOOMOIA
LDR r0, [pc, #40]
ADDS r0,r0, #0x08
ILDR r0, [r0, #0x00]
MOVS r0, #0x00
LDR rl, [pc, #40]
STR r0, [rl, #0xCOC]

Ho B Takom crniyyae, ogHa ornepauus yctaHoBku/copoca notpebyeT BbiNonHeHust cmecn 16- n 32-GUTHBIX
WHCTPYKUWUIA, KOTOpble 3alMyT MUHMMYM 14 GaiT M Ha TOW ke TaKTOBOW 4acToTe OyAyT BbINOMHATLCA Kak
MuHMMym 180 Hc. Takum obpas3om, B nporpamMme, rae MCnonb3yeTcs YycTaHoBKa/cOpoc MHOxecTBa OWT B
peructpax YBB, a Takke npumeHsatoTcsa cemadopbl 1 dnarn B ctatndeckom O3Y, ncnonb3oBaHne metoga bit
banding no3BONMT CyLLECTBEHHO CAKOHOMMUTL, KaK pa3mep koda NporpamMmbl, Tak U BPEMS €70 BbIMOJTHEHMS.

2.4. Npoueccop Cortex

2.4.1. WunHbI

Mpoueccop Cortex-M3 BbiNnonHeH No apBapAcCKOW apXUTEKType, koTopasi NoAgpa3yMeBaeT UCMONb30BaHMe
pasgenbHbIX WWH OAHHbIX U MHCTPYKUun. OHKM HasbiBatoTca wmHon Dcode u Icode, cootBeTcTBEHHO. OGE 3Tn
WMHBI MOTyT OCYLECTBMAATb AOCTYN K WHCTPYKUMSM W [AaHHbIM B AuanasoHe agpecoB 0x00000000 -
Ox1FFFFFFF. Takrke nmeeTca gononHuTenbHas CUCTEMHas LUMHA, KOTOpasi NpedocTaBnseT JoCcTyn K obnactu
cucTemHoro ynpaeneHusi no agpecam 0x20000000-OxDFFFFFFF n 0xE0100000-OxFFFFFFFF. Y BcTpoeHHoON
oTnagoyHon cuctemsl npoueccopa Cortex umeeTtcs ele ofHa AOMNOMHUTENbHAA LWUMHHAA CTPYKTypa, KoTopas
Ha3sblBaeTcs nokanbHow WwnHon YBB (Private Peripheral Bus, PPB).
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2.4.2. MaTtpuua WHH

CucteMHas LWKWHA W LWIWHA [aHHbIX MOAKMIOYAKTCA K BHELUHEMY MWKPOKOHTpOMnepy u4epes Habop
BbICOKOCKOPOCTHbIX LUWH, Ha3biBaeMblx MaTpuuen WwiuH. OHa ob6pa3yeT HECKONMbKO napanmnesbHbIX COeaUHEHWI
mMexay wuHamn Cortex n ApyrMMuM BHELHUMU LIWHHBIMW  MacTepamu, Kak Hanpumep, kaHansl [MAMN k
BCTPOEHHbIM pecypcam, ctatudeckoe O3Y u YBB. Ecnu aBa WunHHbIX MacTepa (Hanpumep, LMY Cortex n kaHan
MAr) npeanpuHMMaloT nonbITKy OOCTyna K OAHOMY M ToMy xe YBB, TO BCTynuMT B OEWCTBME BHYTPEHHWUW
apbutp, KOTOpbIN pa3pewwnT KOHMNNKT, NPeoCTaBnB JOCTYN K LUMHE TOMY, KTO UMEET HaMBbICLUNA NPpUOpUTET.
OpHako, bnarogaps TecHon B3anmocssasn 6rokos MAMN ¢ LMY Cortex, Heo6xoaMMOCTb apbutpaxka BO MHOMMX
cny4vasix ucknoyaeTcs. B aTtom mbl ydeanmcest npu paccmoTpeHumn ocobeHHocTen 6rioka MAM.

2.4.3. CucTeMHbIN Tanumep

B agpo Cortex BxoaunT 24-O6UTHbIN BbIMUTAIOWMIA CHETYMK C (PYHKUMSMU aBTOMaTUYECKOW nepesarpysku u
reHepauum npepbiBaHus. OH Ha3biBaeTcs Taimepom SysTick n npegHasHadyeH Ansg uUcCnosnb30BaHNUsS B KadecTBe
CTaHgapTHoOro Tammepa Bo Bcex Cortex-mukpokoHTponnepax. Tanmep SysTick MoxeT mcnonb3oBaTbCs ANs
dopmmpoBaHmus wkansl BpemeHn B OCPB unun ans reHepaumv nepuognyeckmx npepbiBaHni ans obpaboTtku
3annaHupoBaHHbIX 3agad. C nomoubl peructpa ynpaeBneHuss W cratyca Taumepa SysTick, koTopbin
pacnonoxeH B obnactu cucteMHbIx pecypcoB npoueccopa Cortex-M3, none3oBaTens MoXeT BblIOpaTb MCTOYHUK
CUHXpOHM3auun Tammepa. Ecnu yctanoButb 6ut CLKSOURCE, 10 Tanmep SysTick Gygetr pabotatb Ha
TakTtoBou yactote LIMY. Ecnu xe ero cbpocuTb, To Taimep byaet pabotaTe Ha 4YacToTe, paBHow 1/8 TakTOBOM
yacTtoTbl LY.

SYSTICK

YnpaeneHue

M CTaTyC
Mepesarpyxaemoe
3Ha4YeHue
Tekyllee 3Ha4YeHWe

Tanmep SysTick - 24-6MTHbLIN aBTOMaTUYECKU-NEepe3arpyxaembii Tanmep, ABNAIOLWMUNACA YaCTbIo
npoueccopa Cortex-M3. OH npegHa3HayeH Ansa oopMMPOBaHUS LWIKaNbl BP€MEHUN B ONepaLMoOHHbIX
cucTemax peanbHOro BpeMeHu

Y Tanmepa SysTick umeetrca Tpu peructpa. [na 3ajaHusi NepuognyHOCTM cyeTa Heobxoaumo
WHULMaNn3npoBaTb PErucTp TeKyLlero 3HadeHus U peructp nepesarpyxaemoro 3HadeHus. B peructpe
ynpaBneHust u ctatyca umetotcst 6utsl ENABLE, nossonsitowmin aktuemanposatb paboTy Tanmepa, n TICKINT,
yNpaBnsioWmMiA aKTUBHOCTLIO NMHUKM NpepbiBaHuA TavMepa. [anee mbl Oyaem paccmatpuBaTtb CTPYKTYPY
npepbiBaHui Cortex 1 ucnonb3oBaHue Tanmepa SysTick Ansi reHepaunym NepBOV UCKITHYUTENBHON CUTyauumn B
MUKPOKOHTponnepe STM32.

2.4.4. O6paboTka npepbiBaHUN

OgHvMK 13 rnaeHbIX ycoBeplueHcTBoBaHMK sapa Cortex no cpaBHeHuio ¢ npegwecteyowmmu LMY ARM
SABNAIOTCA CTPYKTYpa MNpepbiBaHUA U MexaHn3m 00paboTku MckmouuTenbHbix cutyauui. LMY ARM7 n ARM9
MCnonb3oBanu ABe NWHWM NpPepbIBaHNSA: ObICTPOOENCTBYIOWAA NMHUA MNpPEepbiBaHUS U NUHUS NpPepbiBaHUSA
obuero HasHayeHus. [laHHble NMHMM NOAAEPKMBANM BCE MCTOYHMKM NPEPbIBAHUN B pamMKax MUKPOKOHTpornepa
KOHKpeTHoro npowussogutens. OgHako, HECMOTPS Ha UCMONb30BaHWE Ka3anocb Obl OAMHAKOBBLIX MOAXOAOB,
KOHKpeTHasi peanusaums Morfna otnuyatbCcs Mexay pasHbivMu npoussoautensmm MK. CTpykType npepbiBaHui
ARM7 n ARM9 cBOWCTBEHHbI elle ABe npobnembl. Bo-nepBbix, oHa HegeTepPMUHUCTUYECKAs!, T.K. BPeEMS,
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KoTopoe TpebyeTcsa Ha 3aBeplleHME TEeKyLEeW WMHCTPYKUMM MpU BO3HWKHOBEHMMW MPEPbIBAHUSA HEMOCTOSIHHO.
KoHeuHOo e, BO MHOIMX MPUIOXEHUAX 3TO He co3gaeT npobrem, HO B cUCTeMax pearibHOro BpeMEHW MOryT
BO3HWKHYTb Oonblune TpyaHOCTU. Bo-BTOpPbIX, NOAAeEpKKa BIIOXEHHbIX NpepbiBaHui B apxutektype ARM7 n
ARM9 peanusoBaHa HeapdEKTMBHO U TpebyeT HanucaHus OOMOSNHWUTENbHBLIX KOAOB MporpaMMmbl B Buae
accemMbnepHbix MakpocoB unu OCPB. Takum ob6pasom, K4eBOW 3agadven, KoTopasi crosiia nepepg
paspabotynkamun sapa Cortex, sBnsnacb NPeoAoneHne Bcex 3TUX OrpaHWYeHuin u pa3paboTka cTaHOapTHOW
CTPYKTYPbI NpepbIBaHNA, OTNMYatoLLEencs npeaernbHbiM 6bICTPOAENCTBUEM U AETEPMUHUCTUYHOCTBIO.

2.4.5. KoHTponnep BroXeHHbIX BEKTOPU30BaHHbIX NpepbiBaHUN

KoHTponnep BMNOXeHHbIX BEKTOPM30BaHHbIX npepbiBaHui (KBBI) sBnsieTcs ctaHgapTHeiM 6nokom sigpa
Cortex. 310 03HavaeT, 4Tto y noboro Cortex-MMKpPOKOHTponnepa OyaeT MNpuMCyTCTBOBaTb OAHA U Ta Xe
CTPYKTYpa npepbiBaHUR, HE3aBUCMMO OT ero npousBogutens. Takum oOpa3om, MpuUKNagHoOW Kog W
onepaunoHHble CUCTEMbI MOXHO nerko noptupoBatb ¢ opgHoro MK Ha nwobow gpyron v, npu 3TOM,
nporpaMMmucTy He notpebyetca un3ydyeHume HoBoro Habopa peructpoB. [lpu paspabotke KBBI1 Takke
YYMTbIBANoCb, YTO 3agepXka pearmpoBaHuMs Ha MpepbiBaHWe JOSkHa ObiTb oyveHb Manown. [anHasa 3apadva
peweHa ABosikuMm obpasom: cobctBeHHO Bo3amoxHocTamu KBBI1, a Tawke Habopom uHCTpykumnm Thumb-2,
MHOMOLIMKINOBbIE MHCTPYKLIMM KOTOPOro, Kak Hamnpumep, MHCTPYKLMU MHOFOKPaTHOrO YTeHus/3anncu, SBnawTcs
npepbiBaeMbiMU. 3afepxka pearMpoBaHusi Ha MNpepbiBaHWE TO Xe ABNAETCA AETEPMUHUCTUYHOWN, YTO BaXHO
ansa cuctem peanbHoro BpemeHu. Kak crneagyet n3 HammeHoBaHus KBBI1, um nogaepxmBatoTcs BNOXEHHble
npepbiBaHus n, B YactHoctn, y MK STM32 ucnonesyetcsa 16 ypoBHen npuoputetoB. CTpyKTypa npepbiBaHWi
KBBI1 paspaboTtaHa c y4eToM NporpamMmmupoBaHus MOSHOCTbIO HAa Cu 1M ucknoyaeT NoTpebHOCTbL B HANMcaHum
Kaknx-nmbo accembnepHbIX MakpoCOB Unu cneunanbHblx, HecoBMecTMMbIX ¢ ANSI, oupekTuB.

INTNM| =

Appo
npoueccopa
Cortex-M3

1...240 —

npepeieaHuA
INTISR[239:0] >

Cortex-M3

B npoueccop STM32 BxoauUT KOHTpoOsnep BIOXEHHbIX BEeKTOPM3OBaHHbIX NpepbiBaHUN,
noaaepxuBarowmm go 240 BHewHnx YBB

HecmoTps Ha 1o, uto KBBI sBnsietcsa ctaHgapTHeIM 6nokom sapa Cortex, B LeNsx MUHMMM3aLMn KonnyecTea
nornyecknx BeHTUNen, paspabotunk MK mMoxeT CKOHpUrypmpoBaTb KONMYECTBO SIMHWUIA NPEepbIBAHUA, MAYLLNX K
KBBI1. KoHTponnep nogaepxuBaeT OAHO HemackMpyemoe mnpepbiBaHve u ewe [0 240 BHEWHMX NMHUA
npepbiBaHKs, KOTOPbIe MOXHO MOAKIIOYMTE K nonb3oBaTensckum YBB. B sgpe Cortex nogaepxuaeTcs ewe 15
OOMOSTHUTENbHBLIX UCTOYHWKOB MPEPbIBAHUN, UCMOMb3YIOLINXCA ANA 00paboTkn BHYTPEHHUX UCKIIOYUTENbHBIX
cutyauun agpa Cortex. MakcumanbHoOe 4MCno mMackupyembix NnHUM npepbiBaHns KBBIT MukpokoHTponnepos
STM32 paBHo 43.
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2.4.5.1. Pa6ota KBBI1 npu Bxoge B UcCknounTesnbHbIe CUTYyaL UM U BbIXOAe U3 HUX

Ecnu npepbiBaHve nHuuyunpyetcs YBB, To KBBI1 nogkntount LMY Cortex k obpaboTke npepbiBaHus. [Nocne
nepexoga LMY Cortex B pexum npepbiBaHus, OH nomellaeT Habop permcTpoB B CTek. JTa onepauus
BbIMOJSIHAETCA C MOMOLLbBIO CneunanbHOro MMKpOKOAa, YTO yrnpollaeT npuknagHon kogd. B npouecce 3anuvcu
AaHHbIX B CTEK Ha LUMHE MHCTPYKLUUIA OCYLLEeCTBSeTCA BblOOpKa HavarnbHOro agpeca npoueaypbl 06paboTku
npepbiBaHus. bnarogaps aTomy, ¢ MOMeHTa BO3HUKHOBEHUS MpepbiBaHWsA A0 BbINOMHEHUS NePBON UHCTPYKLMK
ero 06paboTku NpoxoanT BCEro Nub 12 LMKIOB.

—
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KBBI1 pearvpyeT Ha 06paboTKy npepbIBaHUA C 3aAepXXKon Bcero nuuib 12 uuknos. B HUX BxoguT
BbINOJIHEHME MUKPOKOAA, KOTOPbIA aBTOMaTU4YeCKU NoMeLLaeT Habop perMcTpoB B CTeK

K 4ncny nomeljaemblx B CTEK AaHHbIX OTHOCATCS PErucTp cratyca nporpamMmbl, CHETYMK MporpaMmmbl M
perncTp ceasn. bnarogapsa aTomy, 3anoMMHAETCHA COCTOSIHME, B KOTOpOM Haxogunock LMY Cortex CPU. Kpome
TOro, Takke coxpaHsioTcs pernctpbl RO - R3. 3T perncrpbl LWMPOKO MCNONb3YHOTCA B MHCTPYKUMAX AnNS
nepegayn napameTpoB, MO3TOMY, NMOMELLEHNE B CTEK AenaeT BO3MOXHbIM WX WCMOMb30BaHvWe B Mpouenype
06paboTke npepbiBaHWs. 3aMblKaeT CMMCOK MOMeLlaeMbiX B CTek pernmctpoB - R12. OH BbiCTynaeT B ponu
pabo4yero perncrpa BHyTpM nognporpaMmmel. Hanpumep, ecnu B KOMNUNSTOPE akTUBM3NPOBAaTL NPOBEPKY CTEKA,
To Oygetr reHepvMpoBaTbCs [LOMOMHUTENbHBIA KOA, KOTOpbI Npu noTpebHocTu B peructpe LMY Oyger
ncnonb3oBatb R12. No 3aBepLueHn 06paboTkn NpepbiBaHNsi BCe AENCTBUA BbINOMHATCA B 06paTHOM nopsake:
C MOMOLLbI0 MUKPOKOZA WM3BMEKAETCHA COAEPXKMMOE CTeKka W, napannenbHO C 3TMM, OCYyLLecTBNsieTca BbiOopka
agpeca Bo3Bparta, Takum obpasom, Ons BO30OHOBMEHUS BbINOMHEHWUs (POHOBOW nporpammbl notpebyetca 12
LIMKITOB.

2.4.5.2. YnyulleHHble peXXumMbl 06paboTKkn npepbiBaHUA

Momumo BbicoKOro ObicTpoaencTBus obpaboTkm ogHoro npepbiBaHusi, KBBI1 Takke xapaktepusyetcs
3(PPeKTUBHON 0OPabOTKOM HECKONbKUX MPEpPbIBAHWUA, YTO BaXXHO A7 BbICOKOOLICTPOAENCTBYIOLWLMX CUCTEM
peanbHoro BpemeHu. [ina atoro y KBBI1 nogaepxuBaeTcss HECKONBKO OpUrMHanbHbIX MeTOA0B, NO3BONAOLLINE
obpabaTbiBaTb HECKONbKO 3arnpOCOB MPEpbIBaHWA C MUHUMANbHBIMU 3a4epXXKamMu Mexay npepbiBaHUsSMAU U C
rapaHTpOBaHMEM MPUOPUTETHOCTM 06PabOoTKM NpepbIBaHNA.

2.4.5.2.1. NpuocTaHOBKa nNpepbiBaHUN

KBBI1 umeeT BO3MOXHOCTb MPWOCTAHOBKM Haxogdlierocs Ha obpaboTke npepbiBaHMS, €Cnv BO3HMKaeT
npepoiBaHMe ¢ ©Oornee BbicOkMM npuopuTeToM. B atom cnyyae, obpaboTka akTMBHOro mnpepbiBaHMSA
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npekpalwjaeTcs, B Te4eHne nocrneayroLimx 12 UUKNoB BbINOMHAETCA COXpaHEHME B CTEK HOBOro Habopa AaHHbIX
1 3anyckaeTcs obpaboTka BbICOKONPMOPUTETHOrO npepbiBaHus. Mo 3aBeplueHun ero o6paboTkn, coaepxumoe
cTeka aBTOMaTUYeCK/ U3BreKkaeTcs U 06paboTka HU3KONPUOPUTETHOIO NpepbiBaHUS BO30OHOBNSETCS.

2.4.5.2.2. HenpepbliBHasi 06paboTka NpepbiBaHUM C UCKITIOYEHUEeM BHYTPEHHUX onepauun Hag
CTEKOM

Ecnn Ha o06paboTke HaxoguTCs  BbLICOKOMPUOPUTETHOE MpepbiBaHWE W, Npu  3TOM, BO3HMKAET
HuskonpuoputeTHoe, KBBI1 Cortex ucnone3ayet metoq HenpepbiBHON 06paboTKN C UCKITOYEHUEM BHYTPEHHUX
onepauun Hag CTEKOM, KOTOPbIN rapaHTUPYeT MWHUMAarbHOCTbL 3adepXku npu nepexoge K obpaboTke
crnepyoLero npepbiBaHus.
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Heckonbko npepbiBaHWN oGpaGaTblaaloTcn HenpepbIBHO C UCKITKOYEHNEM BHYTPEHHUX onepauun Hag
CTEeKOM, NO3TOMY 3aZiepXKKa nocre 3aBepLieHnsA o6paboTkn oAHOro NpepbIBaHUA U Nnepea Havyanom
06paboTkm crnefyrowero MMHMMarnbHa

Ecnn Bo3HMKaeT OBa npepbiBaHWs, NepBblM CO CTaHAApPTHOW 3agdepxkon B 12 umknoB obcnyxuBaeTcs
npepbiBaHve c 6Gonee BbiCOKkMM npuopuTeTomM. OgHako, MO OKOHYaHuM ero obpabotku, LMY Cortex He
BO3BpaLLaeTCa K BbIMOMHEHNIO (HOHOBOW NpOrpaMMbl M COAEPXMMOe CTeka He u3Bnekaetcs. Bmecto aToro,
ocylecTBnseTcs Bblbopka agpeca npoueaypbl 06paboTkn crnedyloLwlero npepbiBaHNs C y4eToM npuopuTeTa.
Takum obpasom, 3agepxka nepexoga k 06paboTke crieaytoLero npepbiBaHUS COCTaBUT BCErO MMLb 6 LIMKIOB.
Mo 3aBeplieHnn 06paboTkM MnocredHero npepbiBaHWsS W3BMEKaeTCA COAEepXMMOe CTeka W BbIMOSHAETCA
BblbOpka agpeca Bos3BpaTta. Takum obpasom, 4yepe3 12 uUUKNOB BO30OHOBNSAETCS BbINOMHEHNE (OHOBOW
nporpammebl. Ecnn e BO Bpemsi BbIxog4a M3 akTUBHOMO NpepbiBaHUSA BO3HUKaET eLle OAHO HU3KONPUOpUTETHOE
npepbiBaHvMe, TO onepaums M3BMNEeYEeHUs U3 CTeka NpekpallaeTcd W yKkasaTefb CTeKa BEepHeTCs K CBOeMy
MCXOOHOMY 3HA4eHuIo, a BbINOMHEHNe 0BbpaboTkM HOBOrO MpepbiBaHWMS HA4YHETCs Yepe3 6 OOMOMHUTENbHbIX
uuknoB. B uTore, 3agepxka Bbl3oBa npoueaypbl 06paboTkM HOBOro npepbiBaHusa OygeT B npegenax 7-18
LIMKITOB.
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Mepexon kK 06paboTke HU3KONPMOPUTETHOIO NpPepbIBaHUSA, KOTOPOe BO3HMKaeT Npu Bbixode U3 TeKyLlero
npepbiBaHUSA, BbINOJIHAETCA C 3aAepxKkon 7-18 umknos

2.4.5.2.3. O6paboTKka ono3gaBLUEro BbiICOKONMPUOPUTETHOrO NpepbiBaHUs

B cucremax peanbHOro BpemMeHm 4acto BO3HMKAKT CUTyauuun, Korga BO BpeMd nepexoda K o6pa60TKe
HU3KOMPUOPUTETHOIO npepbiBaHNA BO3HUKAET eulle OAHO npepbiBaHME C bonee BbICOKMM NPUOPUTETOM. Ecnn
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Takas cuTyaumsa BO3HWKHET elle Ha dha3e 3arpy3ku cTeka, 1o no ero 3asepueHun KBBIT nHnuunpyet nepexon K
06paboTke BbICOKONPUMOPUTETHOrO NpepbiBaHus. 3arpyska cteka OyaeT npogomkaTbCs ewwe MUHUMYM 6 LMKIoB
C MOMEHTa BO3HMKHOBEHMWS BblCOKOMPUOPUTETHOrO MNpepbiBaHUs, nocne 4ero OyaeT BbIMONHeHa Bblibopka
HOBOro agpeca npoueaypbl 06paboTku npepbiBaHUS.
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BbicokonpuopuTteTHOE npepbiBaHue 6yaeT o6paboTaHO NepBbIM, Aa)Xe eC/IM OHO BO3HUKHET yXXe Ha
c¢haze nepexopa kK 06paboTKe HU3KONPUOPUTETHOrO NPEepPbLIBAHUSA, NPU 3TOM, AONOJIHUTENbHbIE

onepauuu Hag CTeKOM ByAyT UCKITIOYEHbI

OTnoXeHHOE HU3KOMPUOPUTETHOE MpepbiBaHWe 6GyaoeT o6paboTaHo cpasy Mo 3aBeplleHUM 06paboTKM
BbICOKOMPUOPUTETHOIO MPEpPbIBaHNSA C 3aAEPXKKOM 6 LIMKIOB.

2.4.5.3. KoHdmrypauusa um ncnono3sosaHue KBBI1

YTtobbl BKkMOuNTL B paboTy KBBIT Heobxogumo BbINOMHMTE Tpu gencteusa. BHavane ckoHdurypmpoBatb
Tabnmuy BEKTOPOB UCMOMb3yeMbIX NpepbiBaHWiA. 3aTteM HacTpouTb pernctpbl KBBIT ¢ uenbio aktMBusaumm u
yCTaHOBKW ypoBHel npuoputeTta npepsisaHnin KBBI1. U, HakoHeu, HacTpouTb YBB 1 paspelunts nogaepxky nmm
npepbiBaHUA.

2.4.5.3.1. Tabnuua BEKTOPOB UCKITIOYUTENbHbIX CUTYyaLun

Tabnuua BektopoB Cortex HaYMHAETCSA C HUXKHEWN YacTy aapecHOoro npocTpaHcTea. OgHako Tabnvua BEKTOPOB
HauyMHaeTCsa He C HyneBoro agpeca, a ¢ agpeca 0x00000004, T.k. nepBble YeTbipe GanTa MCNonb3yKTCA ANs
XpaHeHNs Ha4anbHOro agpeca ykasaTens creka.

Ta6bnuua BEKTOPOB UCKNHYNTENbHbLIX cmyauuﬁ COoOepXuUT agpeca, KOTopble 3arpyxarTcd B
CYHEeTHYUK nNporpamMmmbl, Korga uny nepexoguT B UCKINHOYUTENbHYO CUTyauuro

Twn nckntounTensHom

Homep MpuoputeT | Tun npruoputeTta OnucaHve
cuTyauuu
1 Reset -3 (BblcWWIA) [dmKcMpoBaHHHbLIN [CHpoc
2 NMI -2 PUKCUPOBaHHHBLIN [Hemackupyemoe npepbiBaHue
_ |O6paboTymk aBapuiHbIA COCTOSHUI MO
3 Hard Fault -1 PUKCMPOBaHHHBIN P P .
YMOMYaHuIo, eCriv APYron He peann3oBaH
_ICbon B Bnoke 3alimMTe NnamaT UNn 4OCTyn no
4 MemManageFault 0 yCTaHaBnMBaeMblI - AocTy

HECYLLECTBYIOLLEMY afpecy

5 BusFault 1 ycTaHaBnvBaeMbIn|Ownbkm B MHTepderice AHB
_ I cknioumTenbHble CMTyaunn, Bbl3BaHHbIE
6 UsageFault yCTaHaBnvBaeMbln
nNporpaMmHbIiMmn onbkamm
7-10 |Reserved N.A. N.A.
11 SVCall 3 ycTaHaBnMBaeMbIN|BbI30B CUCTEMHBIX CyX6
12 DebugMonitor 4 ycTaHaBnMsaeMbln| TOYKM NpepbliBaHNS, KOHTPOSbHbIE TOYKY,
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BHELLHSAS oTnagka

13 Reserved N.A. N.A.

14 Pendsy 5 YCTaHABNMBAGMbIi OTnpaanﬂeMbM 3anpoc CUCTEMHOMY
YCTPONCTBY

15 SYSTICK 6 ycTaHaBnvBaeMblin|CpabaTbiBaHWE CUCTEMHOrO TaMmepa

16 MpepbiBaHue 0 7 ycTaHaBnvsaembil|BHewHee npepbiBaHme 0

........................................................... YCTAHABMMUBAEMBIN|........vvvveeeeiiiereaeannne

256 |lMpepbiBaHue 240 247 yCcTaHaBnvBaeMmbl|BHellHee npepbiBaHue 240

Kaxabln 3 BEKTOPOB NpepbiBaHUi 3aHMMaeT 4 6anTa 1 yka3biBaeT HAa HaYanbHbIA aApec KaXao KOHKPETHON
npoueaypbl 06paboTkn npepbiBaHus. MepBble 15 BekTOpoB - agpeca 06paboTKM UCKMIOYUTENBHBIX CUTYaUuWn,
Bo3HuKaowmx B sgpe Cortex. K HUM oTHocATcs BekTop cbpoca, HemMackupyemoe npepbiBaHue, yrnpasneHue
aBapusiMm 1 oWNBKaMK, UCKIMYUTENBHbIE CUTYaUUN OTNALOYHOW CUCTEMbI U npepbiBaHue Tanmepa SysTick.
Habopom wuHCTpykuun Thumb-2 Takke noggepXvMBaeTcs MHCTPYKUMS, BbINOMIHEHME KOTOPOM NPMBOAMT K
reHepaumm MUCKMNYUTENbHOM cutTyaumn. HaumHaa ¢ 16 BekTopa, cnegytoT agpeca o6paboTku npepbiBaHUin
nons3oartensckmx YBB. WX Ha3HavyeHwe 3aBMCUT OT Kaxgoro KOHKPeTHOro npoussogutens. B nporpamme
Tabnuua BekTOpoB OObIMHO MPUBOAMTCA B OTAENbHOM dhanne M coaepxuT agpeca npoueayp obpaboTtku
npepbIBaHNI:

AREA RESET, DATA, READONLY
EXPORT _ Vectors

~__Vectors DCD  initial sp ; BepxHAA IpaHMLa CTeKa

DCD Reset Handler ; ObpaboTumk cbpoca

DCD NMI Handler ; OOpaboTuMK HEMACKUPYEMOI'O IPEPEBAaHMA

DCD HardFault Handler ; ObpaboTumMk aBapuM Tuna HardFault

DCD MemManage Handler ; OBpaboTuMK aBapuM OJIOKa 3allMTH HaMSaTU

DCD BusFault Handler ; ObpaboTumk aBapum Tuna BusFault

DCD UsageFault Handler ; ObpaboTumk aBapum Tuna UsageFault

DCD O ; Pezeps

DCD O ; Pezeps

DCD O ; Pezeps

DCD O ; Peseps

DCD SVC Handler ; OBpaboTuMK OPOIPaMMHO-CI'€HEPUPOBAHHOTO
NIpEPEIBaHMUA

DCD DebugMon Handler ; OOpaboTumMK IIPepHBaHMS BCTPOEHHOU
OTJIaIOYHOM CMCTEME

DCD O ; Peseps

DCD PendSV_Handler ; Obpaboruuk PendSV

DCD SysTick Handler ; OBpaboTumk NpepelBaHMA TamMepa SysTick

Hanpumep, ecnu ncnonb3yetcsi npepbiBaHne Tanvepa SysTick, To o6baBneHne Ha Cu npouenypbl 06paboTkm
npepbiBaHKS BbINOMHAETCS CriegyloLwmnm oopa3om:

void SysTick Handler (void)
{
}

Tenepb, korga ckoHdUryprpoBaHa Tabnuua BeKTOpoB U 06bsiBNeHa npouenypa obpaboTku npepbiBaHUNA, Mbl
mMoxem HacTpouTb KBBI1 Ha obpaboTtky npepbiBaHusa Tanmepa SysTick. O6bl4HO, ANA 3TOro BbINOMHST ABe
onepauun: 3agaeTcsa NPUoOpUTET MpepbiBaHUsA, a 3aTeM paspeluaeTcs UCTOYHUK npepbiBaHus. Pernctpel KBBI
pacnonoXxeHbl B 0651aCTU CUCTEMHBIX PECYPCOB.
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KBBI

¥npasneHue npepbiBaHUAMM
¥cTaHoeka U cOpoc zanpoca
npepbiBaHKUA

OTnpaeka npepbiBaHUA
AKTBHOCTbL NpepbIBaHUA
MNMpruopuTeT NpepbIBaHHUA
CUCTeMHOe ynpagneHHue
CUCTEMHBIW NPHUOPUTET
ABapWWHbIE COCTOAHWA

Peructpbil KBBI1 HaxogsaTcsa B o6nactu cucteMHbix pecypcoB Cortex-M3 1 AocTyn K HUM BO3MOXEH Npwm
pa6ote LMY Tonbko B npMBMNernpoBaHHOM pexume

HacTtpoiika BHYTPEHHUX NCKNIOYUTENbHBIX cUTyaumi npoueccopa Cortex BbINOMHAETCS C NOMOLLBIO PerMcTpoB
CUCTEMHOrO yrpaBfeHUs N CUCTEMHbIX NPUOPUTETOB, a nornb3oBaTenscknx YBB - ¢ nomolbio peructpos IRQ.
MpepbiBaHne SysTick sBnsieTca BHYTPEeHHEN WCKNIOYMTENbHOW cuTyauuen npoueccopa Cortex u, noatomy,
yrpaBnsieTcs yepes CUCTEMHbIE pPerucTpbl. HekoTopble BHYTPEHHWE MWCKMAYUTENbHbIE CUTyauuu MOCTOSIHHO
paspelieHbl. K HUM OTHOCATCS nMpepbiBaHMe Mo cOpocy, HEMacKMpOBaHHOE MpepbiBaHUEe, a Takke W
npepbiBaHne Tanmepa tSysTick, noatomy, Hukakux gencteuin ¢ KBBIT no paspelieHunto 3Toro npepbiBaHUSA
Aenatb He HyxHOo. [Ina HacTpowku npepbiBaHusa SysTick Ham Heobxogumo akTMBM3MpPOBaTbL CaMm Taumep 1 ero
npepbiBaHWe C MOMOLLbIO COOTBETCTBYIOLLEro perucTpa yrnpasrneHus:

SysTickCurrent = 0x9000; //HauanbHOoe 3HaueHUe CUeTurKa
SysTick

SysTickReload = 0x9000; //llepesarpyxaeMoe 3HaAUeHUE
SysTickControl = 0x07; //3anyck cueTa M paspeueHue
NpEPEBaHUS

MpuopuTeT Kaxaon BHYTPEHHEN UCKMUYMTenNbHOW cuTyauumn Cortex MOXHO 3afaTb B CUCTEMHBIX perncrpax
npuoputeTa. Y ncknoumtenbHblx cutyauunn Reset, NMI u hard fault oH pukcrnpoBaHHbIN. 3TUM rapaHTupyeTcs,
4YTO AOpOo Bcerda GyneT nepexoanTb kK 06paboTke M3BECTHOW UCKITHUUTENBHOM cuTyauun. Y BCEX OCTasbHbIX
UCKMIOYNTENbHBIX CUTyauuMn KMMeeTcs BOCbMUOMTHOE Morie, KOTOpPOE pacrofioKeHO B Tpex CUCTEMHbIX
permuctpax npuoputeta. MK STM32 ucnonb3ytoT Tonbko 16 ypoBHEN npuopuTeTa, No3TOMY, Y HUX aKTUBHO
Tonbko 4 6uta atoro nons. OgHaKo BaXKHO 3aNOMHMWTb, YTO NPUOPUTET YCTAHABNMBAETCH YeTbIpbMS CTapLUMMU
ouTamum.

Kaxxgoe nonb3oBatenbckoe YBB ynpaBnsietcst yepes 6noku pernctpoB IRQ. Y kaxgoro takoro YBB nmeetcs
OuT paspelueHus npepbiBaHus. Bce aTn Gutbl HaxogaTca B npegenax AByX 32-OMTHbIX PermcTpoB yCTaHOBKU
paspelleHns npepbiBaHni. [ns OTKMYEHMS WCTOYHMKA MpepbiBaHWS NPeayCMOTPeHbl OTAerNbHbIe PEerncTpbl
OTMeHbl paspelweHns npepbiBaHuin. Y KBBIT Takke wuMelTcsa peructpbl OTNPaBMEHHbIX W aKTUBHbIX
npepbiBaHWiA, KOTOPbIE MO3BOMAOT OTCNEeANTb COCTOAHME UCTOYHMKA NpepbiBaHMS.
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3anuck yeTaHagnueaer
PEer|cTp pazpeweHun

Januck copaceigaer [r—
ETUCTP pazpemeHna
perncTp pasp > &
JFanuchk yCTaHAB NMBAET = noruke
PErMcIp OTNPaBKM i NPHOPUTEZALMK
Ly Peructp npuopuTETa
OTNPABKK p npuop

Januce copaceiBaer
PErMCTP 0TNPABKK
Y KaXxporo MCTOYHMKa NpepbiBaHUA umeeTcsi OUT paspelueHuns, kak B KBBI, Tak u B YBB. Y MK STM32
ucnonb3yetcsa 16 ypoBHeN NnpMopuTeTOB

Bcero npegycmoTtpeHo 16 pernctpos npuoputeTta. Kaxabin M3 HUX pasgeneH Ha YeTbipe 8-OUTHbIX nons Ans
3agaHua npuoputeta. Kaxgoe none CBA3aHO C  KOHKPETHbIM BeKTOpoM npepbiBaHus. Y MK STM32
MCNONb3yeTCca TOMbKO MONIOBUHA Takoro nons, T.K. peanu3oBaHO Tonbko 16 ypoBHen npuoputeta. OaHako
Heob6X04MMO MOMHUTb, YTO aKTUBHblE OUTLI NPUOPUTETA HaxoaATCA B cTapllen TeTpage nons. Mo ymonyaHuto
none npuopuTeTa onpegensiet 16 ypoBHewn npuopuTeTa, npudyemMm yposeHb 0 - HamBbICLLIMIW npuopuTeT, a 15 -
HavHu3wwun. lNMone npuopuTeTa Takke MOXHO NpeacTaBuTb B BuAe rpynn v nogrpynn npuoputeta. 310 He
AobaBnsaeT OONOMHUTENbHBLIX YPOBHEN npuopuTeTa, NpocTo obneryaeTt ynpaBrneHue nmm npu Heob6xoanmocTu
3agaHua B none PRIGROUP peructpa npuknagHbix npepbiBaHWiA 1 ynpaeneHns cbpocom 6onbLioro yucna
npepbIBaHUN.

EMDIAMESS
PRIGROUP
VECTCLRACTIVE
VECTRESET

SYSRESETREC

[ >

Mone PRIGROUP pazpensieT ypoBHM NPUOPUTETOB Ha rpynnbl U Noarpynnbl. 3To Heobxogumo ans
NoBbILWEHUSA NPOorpaMMHON abcTpakuum npu paboTte ¢ 60/1bWIMM YACIIOM NpepbIBaHNUA
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. pynna npuoputeTa BT

PRIGROUP (3 MonoxeHne 3ansaTon B ABOMYHOM YMCne npuoputeTa
bura) (rpynna.noarpynna) Kon-so | Kon-so | Kom-Bo [ Kon-Bo
ouTt ypoBHen out YpOBHeN

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 0.4 nnnn 0 0 4 16

TpexbutHoe none PRIGROUP ynpaBnsetr pasgeneHvem 4-OMTHbIX NOMen npuopuTeTa Ha rpynnbl K
noarpynnel. Hanpumep, 3anucb B PRIGROUP uucna 3 npuBeget K cos3gaHuio ABYX rpynn ¢ 4 ypoOBHSAMU
npuoputeToB B Kaxgow. [locne aToro, Bbl MOXeTe B MporpaMme  BbIMOMHUTL  onpeaeneHns
BbICOKOMPUOPUTETHON M HU3KONPUOPUTETHOW rpyrnn npepbiBaHui. B pamkax kaxagow rpynnsl MOXHO 3ajaBaThb
NoAypoBHU, B T.4. HU3KUWA, CPEAHUIN, BbICOKMA U OYEHb BLICOKUA. PaHee yxe roBopurock, YTO 3TO MO3BonseT
bonee abCTpakTHO CMOTPETb Ha CTPYKTYPY MNpepbiBaHUA M NOMOraeT MporpammucTy ynpaensTe GonbLInM
yncrioMm npepbiBaHUA. KoHdwurypauusa npepbiBaHuin YBB o4veHb noxoxa Ha KOHMUrypauuio BHYTPEHHUX
UCKINIOYNTENBHBIX CUTyaumni npoueccopa Cortex. Ecnm B3aTb B KayecTBe npumepa npepbiBaHne AL, T0
BHayarne Heob6XOAMMO YCTAaHOBUTL BEKTOP NPepbIBaHNS U co34aTb NpoLeaypy o06paboTku npepbiBaHUA:

DCD ADC IRQHandler ;
void ADC Handler void
{

}

3atem HeobxoamMMo uHuumanuanposatb AL 1 paspewnTs npepbiBaHue B pernctpax YBB n KBBIT:

ADC1->CR2 = ADC CR2; //BkiueHre ALl B peXxyMe HEeNpPEepHBHBIX
npeobpasoBaHUN

ADC1->SQR1 = sequencel; //BEIGOP HOMEPOB KAHAJIOB B OdYepenm
npeobpasoBaHmsa

ADC1->SQR2 = sequencez; / /v BHIOOP KaHAJIOB IJisg NpeobpasoBaHMUS
ADC1->SQR3 = sequence3;

ADC1->CR2 |= ADC CR2; //llepesanrch OUTa BKJINUYESHNUI

ADC1->CR1 = ADC CRI1; //3amnyck TpyNNe KaHAJOB, pa3pelleHre NpepHBaHUS
AL

GPIOB->CRH = 0x33333333; //HacTporka CBETOOMOIHEIX BHBOIOB Ha BHXOI
NVIC->Enable[0] = 0x00040000; //PaspelnieHre npepeiBaHma Al
NVIC->Enable[1] = 0x00000000;

2.5. Pexxnmbl paboTbl, BNUAKOLWME Ha IHepronoTpeodneHue

BoamoxHocTn ynpasneHus sHepronotpebnenHnem MK STM32 Gyayt paccmoTpeHbl nosxe. 34ecb Xe, Mbl
OCTaHOBUMCSA Ha pexummax pabotbl sgpa Cortex, Bnusiiowmx Ha 3Hepronotpebnenne. LMY Cortex
nogoepxusaet pexum SLEEP, kotopbin nepesoant sigpo Cortex B SKOHOMUYHBLIA pPeEXMM paboTbl U
npuocTaHaBNMBaET BbIMOSTHEHWE MHCTPYKUMIA. B aTOM cocTosiHMM 4acTuyHO npopomkaeT paboty KBBI1, uTo
nossonsieT BO30OHOBUTL paboTy sigpa Cortex npu reHepaumm npepbiBaHuii BCTpoeHHbIMu B MK STM32 YBB.

2.5.1. Nepexoa B 3KOHOMUYHbIN PEXUM paboTbl

Ons nepesopma sgpa Cortex B pexum SLEEP Heobxogumo BbinonHuTb uHCTpykuuto WFI (oxugaHve
npepbiBanusa) unu WFE (oxugaHue cobbitus). [locne BbinonHeHnus uHcTpykumm WFI, aapo  Cortex
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NPUOCTAHOBUT BbIMOMHEHUE Nporpammbl 1 06paboTKy OTNpaBneHHbIX NpepbiBaHui. CyllecTByeT ABa CUueHapusi
3aBEpPLUEHNS BbINOJIHEHMSA Npouenypbl 06paboTku npepbiBaHus. o nepBomy cueHaputo LMY Bbixoaut 13
npouenypbl 06paboTkM NpepbiBaHUSA M BO3BpaLlaeTcsl K AanbHENLEMY BbINOMHEHUIO (POHOBOW Mporpammbl.
OpHako, ecnu ycrtaHoBuTb 6uT SLEEPON EXIT B peructpe cuctemHoro ynpaeneHusi, sapo Cortex nocrne
BbIXO4a W3 npouedypbl 00paboTkM npepbiBaHUA aBTomaTtuvdeckn nepengetr B pexum SLEEP. Takas
BO3MOXHOCTb MO3BOMSET cO3[aBaTb YynpaBnsiemble NpepbiBaHUSAMU ManoMOLLHbIE NPUMEHEHWUS, B KOTOPbIX
MUKPOKOHTPOSIEP Nocne BO30OHOBNEHMS paboTbl UCMOMHAET ONpeAeneHHbIn Kog NporpaMMel, a 3aTeM CHOBA,
He BbIMOJIHSAS Kaknx-nmbo MHCTPYKUWUIA ANS ynpaBneHns aHepronotTpebneHnem, nepexoauT B pexum SLEEP.

MpepbiBaHne WFE no3sonsieT Bo306HOBUTL paboTty sgpa Cortex ¢ TOro ke mMecrta, C KOTOPOro oHo Obino
nepeBegeHo B pexum SLEEP. 3T1o npepbiBaHne He npuBoaWT K nepexogy K npoueaype o6paboTtku
npepbiBaHus. Bo3obHoensiowee paboty cobbiTve - 310 06blMHAs nuHUS npepbiBaHua YBB, HO koTopas Ha
akTMBm3MpoBaHa kak npepbiBaHne B KBBI1. bnarogaps atomy, YBB moxeT curHanusmpoBatb sagpy Cortex o
HeobXx0AMMOCTN BO306HOBMEHUss paboTel M MNPOAOIMKeHWss 06paboTku, He npuberas K MCMNONb30OBAHUIO
npouenypbl o6paboTkm npepbiBaHus. UHcTpykumm WFI n WFE He nogpepxwmBatoTca si3bikom Cu, opHako
KOMNUNATOpPbI Ans Habopa MHCTpykumMn Thumb-2 noggepxmBalT BCTPOEHHble MaKpOChl, KOTOpPble MOXHO
ncnonb3oBaTh B Nporpamme, kak ctaHgapTHble Cu-komaHabl:

_ WFI
WFE

MoMnMo 3KOHOMUYHBLIX pexumoB padoTel SLEEPNOW 1 SLEEPONEXIT, saapo Cortex MoxeT reHepupoBaTth
curHan SLEEPDEEP gns octanbHOM YacTu MUKPOKOHTPOSIEPHOM CUCTEMBI.

SEVONPEND
SLEEPDEEF
SLCCPONCKT

% o

Peructp cuctemHoro ynpasneHust KoHdurypupyet pexumbl SLEEP npoueccopa Cortex. STM32
noaAepXXUBarT [ONONHUTENbHbIE 3KOHOMUYHbIE PEXUMbI, KOTOPbIe UCMONb3YIOT reHepupyeMbin
npoueccopom Cortex curHan DeepSleep

Bnarogaps 3ToMy nosiIBNAETCS BO3MOXHOCTb peanusaumm TakuxX [OOMONHUTENbHbIX  (PYHKUMA, Kak
npunoctaHoBka QAMNY mn YBB, ¢ nomouwsbto koTopbix MK STM32 MoOXeT nepexoauTb B pexumbl paboTbl C
HaMMeHbLUNM aHepronoTpebneHnem.

2.5.2. OTnapoyHasa cuctema CoreSight

Y Bcex LMY ARM wnmeeTtca cobGCTBeHHasi BCTPOEHHasi oTragoyHast cuctema. LMY ARM7 n ARM9, kak
MUHUMYM, nmetoT nopT JTAG, KOTOpbIN SBNSETCA CTaHAapTHbIM uHTepdencom ans nogknoyeHuns k LMY, a
TaKke 3arpys3ku koga nporpammbl BO BHyTpeHHee O3Y unu Flash namste. Mopt JTAG Takke nogaepxuBaeT
6a3oBble hyHKLMN yNpaBreHns UCMONHEHNEM MPOrpaMMbl (MOLLIAroBoe BbIMOMTHEHNE, YCTAHOBKA KOHTPOJIbHbIX
TOYeK M Op.) U AenaeT BO3MOXHbIM MPOCMOTP COAEPXKUMOro siieek namsati. C noMoLLblo crneuunansHoro 6roka,
KOTOpbIA Ha3blBaeTCs BCTPOEHHOW TpaccuMpoBo4yHOW Makposyenkon (ETM), LMY ARM7 u ARM9 Takke
npenocTaBnAaT BO3MOXHOCTU TpacCUpPOBKM B MacluTabe peanbHOro BpemeHu. HecmMoTps Ha To, YTO gaHHas
OoTnagoYHas cuctema paboTaeT OTNNMYHO, OHA MMEET HekoTopble orpaHmdeHus. Korga LMY ARM ocTtaHoBReHO,
cBsizaHHas ¢ noptoM JTAG oTnagoyHas cuctema, cnocobHa nNpefocTaBnsaTh TONbKO OTNAA0YHYH MHOpMaLMIo
N He umeeT BO3MOXHOCTENW OOHOBMEHUS B peanbHOM BpeMeHW. Kpome TOro, KonuyecTBO annapaTHbIX
KOHTPOMbHbBIX TOYEK OrpaHuMdeHo AByMs. M3-3a atoro B Habopbl MHCTpykumn ARM7 n ARM9 BkrtoveHbl
WHCTPYKLUWN KOHTPOMbHBIX TOYEK, KOTOPbIe OTNagovyHoe CpedcTBO MOXET BCTaBMATb B KOA4 Nporpammbl (06bIMHO
OHW Ha3bIBAKOTCA MPOrPaMMHbBIMN KOHTPOSbHBIMUK TOYKamMm). HakoHel, 4Tobbl nosiBunace Nogaepkka peanbHo-
BPEMEHHOW TPaCcCMPOBKW, MPOU3BOAUTENb OOIDKEH B yLlepOd CTOMMOCTM MWKPOKOHTPOINepa UHTErpupoBaTth B
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Hero ETM. B utore, B MUKpPOKOHTpOMMepax Takon NogaepKKy yalle BCcero He okasbiBaeTcs. B HoBom sgpe
Cortex npumeHeHa abcontoTHO MHas OTNagoyHas cuctema, kotopas nonyyuna HassaHue CoreSight.

Cortex—M3

KOHTRONEHEIE TOYEM
JNAHHLL K
TRACCHPOEKS

FIHCTRYMEHTANEHARA
TRACCHOOEES

MopT

DAP-nopT
TRACCHPOEKK

FHTepdeRc JTAG U Serial Wire

CICICICC] D)

~ *,

[ )swot

L /

ITAG-

OTtnapo4Has cuctema CoreSight ucnonbayet uurepcenc JTAG unu Serial Wire. OHa oTBevaeT 3a
BbIMOJIHEHME (PYHKLMI yNpaBrneHusi UCMOJIHEHMEM NporpamMmmbl U TpaccupoBku. Ee nononHutenbHoe
npeumyLLecTBO 3aKIllo4aeTCcA B BO3MOXHOCTU OCTaBaTbCA B paboTe, gaxe korga MK STM32 HaxoauTtcsa
B 3KOHOMMYHOM pexunme. ITo 6ONbLUOW War Bnepea oTHOcuTenbHO ctaHaapTHon JTAG oTtnagku

OtnagoyHas cuctema CoreSight nmeet DAP-NopT, KOTOPbLIV OTBEYAET 3a NOAKMHYEHNE K MUKPOKOHTPOIEPY
nocpeactsom JTAG uvHCTpymMeHTanbHbIX cpeacts. OTnagoydHble  WHCTPYMEHTanbHble Ccpeactsa  MoryT
NCcnonb3oBaTb AN MOAKMIOYEHNA cTaHOapTHbIN 5-BbiBOAgHON MHTepdenc JTAG unu 2-npoBogHon MHTepdeinc
Serial Wire. MNomumo BoamoxHocten JTAG otnagku, otnagovHasa cuctema CoreSight copgepxunt 6noku
TpaccupoBkn Data Watch n ETM. [na TectnpoBaHus nporpaMmmbl NpeaycMOTpeHbl BIOKM MHCTPYMEHTarbHOM
TpaccupoBku n koppektnposkn Flash namartu (FLASH patch). Y MK STM32 ncnonbsyeTtca cokpalleHHas Bepcus
oTnagoyHon cuctembl CoreSight, koTopasi oTnmM4aeTca oTcyTcTBMEM B ee CTpykType 6noka ETM. Mo cytw,
ucnonbdyemas B MK STM32 ctpyktypa otnagodHom cuctembl CoreSight, sBnsetcs Bepcuen cTtaHOapTHOW
JTAG 0TnagoyHou CUCTEMbl, HO C YNyYLEHHbIMW pearnbHO-BpEMEHHbIMU XxapakTtepuctukamn. OTnagoyHas
cuctema CoreSight mukpokoHTponnepos STM32 nopgaepxmsaeT 8 annapaTHbIX KOHTPOSbHbLIX TOYEK, KOTOpble
MOXHO 3ajaBaTb W OTMeHATb BO Bpemsa ucnonHeHusa LMY Cortex koga nporpaMmbl, HE OkasblBas Ha 3TO
Hukakoro BnuaHus. OtnagoyvHas cuctema CoreSight MmoxeT ocTaBaTbCsl akTUBHOW, AaXe nocre nepexoga sapa
Cortex B 3KOHOMWYHbIA pexmnm paboTbl. Takasi BO3MOXHOCTb HeceTe B cebe MHOXECTBO MpeuMmyLlecTB Anis
OTnagku ManoMmoLLHbIX ycTponcTs. Kpome Toro, Tanmepbl STM32 moryt octaHaBnvBaTbCs OAHOBPEMEHHO C
BbiNnonHeHHon cuctemon CoreSight octaHoskon LY. bBnarogaps aToMy, nosiBASieTCA BO3MOXHOCTb
MoLLaroBOro BbINONTHEHUSA MporpamMMbl 1 NOAAEPXKaHUS TalMepoB B CUHXPOHU3ME C BbINOMIHEHNEM WHCTPYKLNIA
LMY Cortex. OTnapoyHasa cuctema CoreSight mukpokoHTponnepos STM32 no3sonseT CyLWeCTBEHHO YNy4LnTb
BO3MOXHOCTM OTnagkyM B mMaclitabe peanbHOro BPEMEHU MO CpaBHEHMIO ¢ npepuwecTeyowmmm LMY ARM7 n
ARMS9 u, npm 3TOM, NpeaocTaBnNAeT BO3MOXHOCTb MCMOSb30BaTh CTOMb XKE HEAQOPOryto annapaTHyHo YacTb.
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3. Cxema BKNOYEeHUA

MpocTteniwas cxema BkmoyeHns MK STM32 Tpebyer o1 paspabotunmka MUHMMYM OEWCTBUN.
MukpokoHTponnepbl STM32 nmetoT cobcTBeHHble RC-reHepaTopbl 1 cxeMmy cbpoca, NoaToMy, Ansi BKIHOYEHUS
nx B paboTy [OCTATOMHO nofaTtb HanpsbkeHwe nutaHus. B gaHHom pasgene OyoyT pacCcMOTpPeHbl OCHOBHbIE
annapatHble y3nbl MK, OT KOTOpbIX 3aBUCUT UX CXEMa BKITHOHEHUS.

3.1. Tunbl KopnycoB

MwukpokoHTponnepbl u3 cepum Access line n cootBeTcTBylOWMM MM Bepcum u3 cepum Performance line
OOCTYMHbI B KOpnycax ogHoro Tuna. brarogaps 9Tomy, MOXHO ObICTPO BbINOMHUTL OOHOBMNEHMe cxembl 6e3
HeobXx0AMMOCTN NMOBTOPHOIO MPOEKTMPOBaHWUS nevaTHou nnaTel. Bce mukpokoHTponnepsl STM32 goctynHbl B
kopnycax LQFP ¢ uicnom BbiBogoB oT 48 go 144.

3.2. HanpsixeHne nuTaHus

Ons paboTbl MUKpokoHTponnepoB STM32 mx HeobxogMMO MUTaTb OAHMM HarnpsiKeHWEM B AuanasoHe OT
2.0...3.6B. Onsa nutanunsa agpa Cortex HanpsbkeHnem 1.8B B MK uHTerpmpoBaH cTtabunmsatop HanpsiKeHus.
OpHako k STM32 moxeT O6blTb NOAAHO elle ABa ONUMOHarbHbIX HaMPsSKeHUs NUTaHusl. B gomeHe ¢ oTAenbHbIM
NUTAHWEM PacMoNOXeHbl Yacbl peanibHOr0 BpeMEeHW W HebomnblIoe YUCIO PEerucTpoB, 4YTO MO3BOMSET
opraHv3oBaTb MX pe3epBHOE NUTaHWE 1 obecnevnTb paboTocnocobHOCTL Aaxe npu HaxoxaeHun MK B pexxmme
nonHoro oTkntoveHus (deep power down). Ecnu xe B cxeme gaHHasi yHKUMS HE HyXHa, TO BbiBOL Vpat
Heob6xoaumo coeanHUTb ¢ Vpp.

http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/


http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/

HomMeH Vpopa

l"“II".I:F I'f .'ﬂ'.l_“_l
Veers HaTunk
TeMNepaTypbl
Vopa Cxema chpoca
Vssa [1 (_PATH
HomeH Vpp AomeH V18
(’ ViHtepdpeiicel Y\ /7 ~
BECAE-BLIEOAE
¥emMa
(NOrMKa Bo300HOBNEHKA ﬁﬂp@
Vss ——| paboTel, WWDG, pericT aMATE
RCC CSE) Lnthpoeele YEBE
I"“IDI} - |

[ CTabunuzatop |
HANPIEHEHNS ]

\\y RN J

(CMIHAN CHMHEHWA|HANDTHEHWA
,EI,CIMEH C pe3epeypOoBaHnemM NUTaHWA

LSE-renepatop (32 kU]

Vear - FercTpel C pe3epEH. MMTaHWEM
Fervctp RCC EDCR

Hackl peankHOro BpemMeHK

MK STM32 paGoTaeT oT ogHOro uctouHuka nutaHua 2.0...3.6B. Npun Heo6xoaUMOCTH, OTAENbHbLIM
pe3epBHbIM NUTaHUEM MOXET ObITb 3aNUTaH cneunanbHbIA AOMEH U, KpOMe TOro, oTAenbHoe NUTaHue
npeanycmoTpeHo ansa AL (tonbko y MK B 144-BbiBOAHBLIX KOpRycax)

BTopoe onuuoHanbHoe HanpsixeHwe nutaHus npegHasHadeHo ans AU, Ecnun AL 3apencTtBoBaH, TO
AvanasoH OCHOBHOMO HamnpshkeHus nutanms Vpp cyxaetca o 2.4...3.6B. Y MK B 100-BbiBOAHBIX KOpnycax
UMEITCA AOMONMHUTENbHbBIE BbIBOALI MCTOYHMKA onopHoro HanpsbkeHusa (MOH) AU, Vier+ U Vger.. BeiBog Vrer.
OOJDKEH ObITb COeaUHEH C Vppa, @ HanpskeHne Ha Vger. MOXET BapbupoBaTbes oT 2.4B go Vppa. Y MK Bo BCcex
ocTtanbHbIx kopnycax MOH coeamHeH BHyTpeHHe c BbiBogamu nutaHusa AL, Ha kaxgom u3 BXxOOOB MUTaHWA
Heobx0AMMO NpeaycMoTpeTb CTabnnnaaunoHHbIEe KOHAEHCATOPbI, Kak MOKa3aHo HUXe.
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Bnaropaps nHterpupoBaHuio cxeMbl COpoca u ctabunusaropa HanpskeHusa, MK Heo6xogumo
AOMOJIHNTb TOJNIbKO CeMbI0 BHELUHUMM KOHAEeHcaTopaMu
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3.3. Cxema cbpoca

B MK STM32 BxoguT cxema cbpoca, koTopas ygepXvBaeT ero B COPOLIEHHOM COCTOSIHMM OO0 TeX Nop, noka
VDD 6yget Huxke 2.0B (ructepesuc 40 mB).
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FPOR - c&poc npy nogaqve nuTaHuA;
FOR - cHpoc NpK CHGKEHMM HANPAE#EHUA.
BcTpoeHHble cxembl copoca npu nopgaye (POR) n cHmxkeHuun (PDR) HanpsixkeHUs nUTaHUs rapaHTUPYOT

BO3MOXHOCTb paGOTbI MK Tonbko npu nopaye cTabunbHoro Hanps>keHnusa nnTaHus. BHelwHAA cxema
cbpoca He TpebyeTtcs

http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/


http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/

3.3.1. OcHoBHasa cxema BKNO4YeHuUs
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HecmoTpsi Ha TO, 4TO BHELIHAss cxemMa cbpoca He HyxHa B cxeme BkrtodeHnss STM32, Ha dhase
NPOEKTUPOBaAHMSA MOXET OKa3aTbCsl yAoOHbIM nogkntoveHne BbiBoga NRST k 0Obl4HOM KHOMKe cObpoca. BbiBoa
NRST Takke nogkniovaetcst kK otnagoyHomy nopty JTAG. 310 no3BonsieT oTnagoyHOMY CpencTBy ynpaBnsTb
cbpocom MukpokoHTponnepa. Y MK STM32 umeeTcsi HECKONBbKO BHYTPEHHMX WCTOYHMKOB cbpoca, KoTopble
aKTUBU3MPYIOTCA B Criydae OOHapyXeHUs aBapuMHbIX pexumoB paboTbl (byoyT paccmaTpuBaTbCs MO3XKE B
pasgerne, nocesweHHoM 6e3onacHocTv paboTel MK).

3.4. NeHepaTOpDLI

Y MK STM32 wumetotca BHyTpeHHMe RC-reHepaTtopbl, CNOCOBHbIE CUHXPOHW3MPOBATb BCTPOEHHYKD CXEMY
@AY, Bnarogapst ux comectHon pabote, MK MoryT cnHxpoHusmpoBaTtbcs Yactoton o 72 M. BHyTpeHHune
reHepatopbl, MO CPaBHEHWIO C KBapueBbiMW, HE OTAMYATCA TakoOM e BbICOKOW TOYHOCTbIO WNn
CTabUNbHOCTBIO, MO3TOMY, BO MHOIMMX MPUMEHEHUSAX MOXET MoTpeboBaTbCA WUCMNOMNb30BaHWE KaK MWHMMYM
O[HOTO BHELLUHEro KBapLEBOro reHeparopa.
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3.4.1. BHewWwHN BbICOKOYACTOTHbIW FreHepaTop

OCHOBHOWN BHELLHWIA UCTOYHUK CUHXPOHM3aLIMM UCNONb3yeTca ANs TakTMpoBaHus npoueccopa n YBB STM32.
OH HasblBaeTCs BHELLUHMM BbICOKOYACTOTHbIM reHepatopoMm (HSE-reHepaTtop). CoBMEcCTHO C reHepaTopom
MOXET MCMoNb30BaTbCs KBapLUEBbIN/KEPAMUYECKMA PE30HATOP UMW OTAENbHbIA UCTOYHUK CUMHXPOHMU3ALUN.
CurHan BHELWHEro MWCTOYHMKA CUHXPOHM3AUUU MOXET WUMETb MNPSIMOYTOSIbHYKO, CUHYCOMOANbHYIO UK
TpeyronbHyto opMy, HO, MPU ITOM, 3arnoSIHEHUE MMMYNbCOB JOIMKHO ObiTb 50%-biM, @ 4acTtoTa He Gonee
25MTIu,.
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BHewHnn reHepaTtop MoxeTt pa60TaTb COBMECTHO C KBapueBbIM pe30HAaTOPOM UM BHELWWHUM
UCTOYHUKOM CUHXPOHU3aUuunun

Ecnun e ncnonb3yeTcsi BHELWWHUA KBapLEBbIN/KEpaMUYECKNA pe30HaTop, TO ero YyactoTa AOSMKHA nexaTtb B
npegenax 4...16 Mlu. Ytobbl gobutbca pabotel MK Ha ero makcumanbHow yactote 72 Mlu, Heobxognmo
BbIOpaTb Takyl 4YacTOTy BHELUHEW CUMHXPOHM3auuu, KoTopas Obl Haueno genvna MakcumanbHyl pabouyto
yacToTy. OTO CBA3AHO C TEM, YTO BHYTpeHHss cxema PAMNY ymHoxaeT yactoty HSE-reHepaTopa Ha uernoe
4yuncrio.

3.4.2. BHewWHU HU3KOYACTOTHbLIN FreHepaTop

MK STM32 moryT umeTb elle oavH BHELLHUA reHepaTop, KOTOPbIA Ha3biBAETCS BHELUHUM HU3KOYaCTOTHbLIM
reHepatopom (LSE-reHepatop). OH npegHasHayeH Ansg CUHXPOHM3auMM YacoB pearibHOro BPEMEHU U OKOHHOTO
cTopoXxeBoro Tammepa. Tawke kak M HSE-, LSE-reHepaTtop MoxeT paboTaTb COBMECTHO C KBapLEBbIM
pe3oHaTopoM WM BHELUHUM CUrHarnoM CUHXPOHM3ALMKM CHOBa-Taku NPSMOYrofbHOW, CUHYcOMAAnbHOW Wnn
TpeyronbHoWn opMbl, 1 ¢ 3anonHeHnem umnynscos 50%. B kaxagom ns atux cnyyaes yactoTa LSE-reHepaTopa
AomkHa OblTb paBHa 32,768 kU, YTo Heobxoaumo AN To4HOW paboTbl YacoB pearibHOro BpemeHWu. Yachbl
peanbHOro BpeMeHU TaKXe MOryT CUHXPOHM3MPOBATbLCS BHYTPEHHUM HU3KOYACTOTHbIM reHepaTopoM, OfHaKo
BBUAY €ro HeJOCTAaTOYHOWM TOYHOCTM, OObIYHO ANnsA peanusaumm pyHkuun YPB ncnonbsyetcsa LSE-reHepatop.

3.4.3. BbIxog CUHXPOHU3aLMKN

OpaHa 13 NHMI BBOA4A-BbIBOAA MOXET OblTb HACTPOEHA, KaK Bbixof, cuHXxpoHusaumm (MCO). B aTom pexume,
BbiBOog, MCO MOXET reHepmpoBaTh OAWH N3 YeTbipeX BHYTPEHHUX UCTOYHMKOB CUHXPOHM3auun. O6 aTtom Gonee
AeTanbHO NonaeT peyb Npu PacCMOTPEHMM HACTPOEK BHYTPEHHEN CUCTEMbI CUHXPOHU3ALNN.
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3.4.4. BbiBOoAbl yNpaBreHnA 3arpy3kon 1 BHYTPUCUCTEMHOE NporpamMmmmpoBaHue

MUKPOKOHTpOSIEP MOXET Ha4YaTb CBOK paboTy B OAHOM M3 TpeX PasfiUyHbIX PEXMMOB 3arpy3ku. TN peXmMbl
BbliOupatoTcs ¢ nomowbto BbiBogoB BOOTO n BOOT1. OT BbIOpaHHOro pexuma 3arpy3ks 3aBUCUT, Kakyto
obrnactb KkapTbl MamMATM MUKPOKOHTponnep OyaeT cuutaTb Hadanom namsatn. MK MoxeT WCMnonHaTb kog
nporpammbl 13 Flash namatn, BHyTpeHHero ctatudeckoro O3Y unu cuctemHon namsatu. Ecnu BbiGupaeTcs
3arpyska M3 cucTeMHon namstn, To STM32 HayHeT cBOW paboTy C BbIMNOMHEHWS 3anporpammMupoBaHHON
nponssoauTenem 3arpy3oyHOW MporpamMmbl, KOTopas Mo3BONAeT nonb3oBaTento nepenporpammmpoBath Flash
namsATb BHYTPUCUCTEMHO.

3.4.5. Pexxumbl 3arpy3ku

Onsa pabotbl B 06bivHOM pexume BbiBog BOOTO Heobxogmmo coeguHnts ¢ GND. Ecnu xe nnaHupyetcs
NCMNONb30BaHWe OPYrnx pexmMoB, Heob6xoanmo NpegycMOTPeTb AKaMnepbl ANsS 3a4aHns pasfnyHbIX COCTOSHUN
Ha BbIBOAaX yrnpaBrneHus 3arpy3kon.
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BbiBoAbI ynpaBneHusi 3arpy3Kko No3BOJIAIOT YKa3aTh, kakas o6nacTb namsaTn 6yaeT Ucnonb3oBaTbCs
KakK nepBble 2 KbanT namATU. B ux kayectBe MoryT BbicTynaTtb Flash namsaTb, BcTpoeHHas nporpamma
3arpy3yuka unm nepBble 2 k6anT ctatudeckoro O3Y.

O6blyHO nMoTpebHOCTb B 3TOM BO3HMKaeT npu obHoBneHun O yxe Ha basde akcnnyaTaumm NPOAYKLUMN.
lMporpamma 3arpy3uvka Agnd nonyyeHus koga nporpammbl oT [IK no ymomyaHuio wucnonbayet
nocneposartenbHbln nHTepgenc YCAIM1, noatomy, ecnu nnaHWpyeTcs ee WCMNofb3oBaHWE, TO B CXEME
Heobxogmmo npegycmoTtpeTb MIC npuemo-nepeaatymka RS232.

3.4.6. OTnagoy4HbIM NOPT

3aBepLualoLwumM 3BEHOM CXeMbl BKMOYEHUS ABSeTCs oTnagoyHbli nopt. OH Heobxooum Ans NogkmdeHus
otnagyuka k MK STM32. OtnagoyHasa cuctema Cortex CoreSight nogoepxvBaeT gBa Tuna nogxknioveHun: 5-
BbiBOgHOM nopT JTAG u 2-BbiBogHOW nocnepoBatenbHbii nopT Cortex. O6a aTux nopta 3agercTBYOT Anst
CBSI3N C OTNaAYMKOM fMHWM BBOAA-BbiBoAa obLiero HasHayeHus. Mocne cbpoca LMY Cortex HasHayaeT aTum
NVHMAM KX anbTepHaTuMBHble (YHKUMM, 4YTO AaeT BO3MOXHOCTb WUCMOMb3oBaTb OTMNaAoYHbIN nopT. [lpu
HeobXoAMMOCTM WCMONb30BaHUS NMHWUIA OTNadoYHOro MHTepdenca, Kak oOblMHbIX NMHUYA BBOAA-BbIBOAA,
HeobXoAMMO COOTBETCTBYHOLWMM 0Opa3oM 3anporpaMMuMpoBaTh PErucTpbl anbTepHATUBHbIX YHKUMA. 5-
nposogHon uHtepdenc JTAG BbiBogutcs Ha 20-BbiBogHoM pasbeM IDC co ctaHgapTHbeiM ans Bcex JTAG-
COBMECTMMbIX WHCTPYMEHTarbHbIX CpeacTB pacronioXeHueM BbIBOAOB. [locnegoBaTenbHbln MHTepdenc
ncnonb3yeT nopt A_13 ans nocnegosaTenbHOW Nnepegaydv gaHHbix 1 nopT A_14 ons cCUHXpoHU3aumm.
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4. ApxuTeKTypa cucteMbl MUKpPOKOHTponnepos STM32

MK STM32 BbinonHeHbl Ha ocHoBe sapa Cortex, koTopoe nogkntoyveHo k Flash namsatn no otgensHow wnHe
WMHCTPYKUMin. LLnHa gaHHbIX 1 cuctemHas wuHa Cortex NoakmnioyeHbl K MaTpule BbICOKOCKOPOCTHbIX LWWH AHB.
BHyTpeHHee cTaTumdeckoe O3Y nogkntodeHo Hanpsmyo K MaTpuue wuH AHB, ¢ koTopon Takke cBsidaH Grok
MAari. MoagknioyeHne BcTpoeHHbIX YBB pacnpeneneHo mexay Asyma wnHamu APB. Kaxpgasa v3 wuH ceBAsaHa ¢
maTpuuen wuH AHB nocpeacTBoM LWMHHBLIX NpeobpasoBaTenei. Matpuua wmH AHB cuHXpoHM3npyeTcst Ton xe
yacTtoTon, uyto u aapo Cortex. OgHako, y wWnH AHB nmMeloTca oTaenbHble Npeaaenutenn 1, No3ToMy, B Liensax
CHWXKEHMWS 3HEPronoTpebneHnss Nx MOXHO CUHXPOHM3UpoBaTb Gonee HM3KMMKU YactoTamu. BaxkHo obpaTtutb
BHMMaHue, 4To WwuHa APB2 moxeT paboTaTb ¢ MakcumarbHbIM GbicTpogencTenem 72 My, a GeicTpogencTene
wuHbl APB1 orpaHnyeHo yactoton 36 MI'y. B kayecTBe LUMHHBIX MacTepoB MOryT BbICTynaTtb, kak LY Cortex,
Tak u 6nok MAOM. Bnarogaps CBOWCTBEHHOW MaTpuue WWH napannennsMmy, HeobxoaMMocTb B apbuTpaxe
BO3HMKAET TOMbKO B Crydae MonbITOK OOQHOBPEMEHHOIO JOCTYNa 06enx mactepoB k ctatudeckomy O3Y, inHe
APB1 nnun APB2. Tem He MeHee, Kak Mbl yoeammcst npu nsyvyeHumn pasgena nocesiweHHomy MO, WWHHBIA
apbutp rapaHTupoBaHHO NpegocTaBnseT 2/3 BpemeHn goctyna ansa 6noka MNAOM v 1/3 ans LMY Cortex.
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B cTpyKType BHYTPEHHMX WWWH NPeayCMOTPEHbI OTAENbHAas WMHA MHCTPYKLUUMA U MaTpUuLua LWWH, KoTopas
npepocTaBnsieT HECKOJNILKO KaHarnoB nepegayvu aaHHbix gnsa LMY Cortex n 6noka NAMN

4.1 PacnpegeneHme namaTu

HecmoTpst Ha 1O, yto y MK STM32 umeeTcsa MHOXECTBO BHYTPEHHWUX LUWH, agpecHoe MpOCTPaHCTBO ANs
nporpaMmmucTa npegraraeTcs Kak nmHenHoe pasmvepom 4 6ant. MNMockoneky MK STM32 BbinonHeHbl Ha OCHOBE
Cortex, TO y HUX Ucnonb3dyeTcs CTaHgapTHOe pacnpegeneHne naMaTtu. [lamats nporpaMmm HavyvMHaeTCs ¢ agpeca
0x00000000. BctpoeHHoe cTtatnyeckoe O3Y craptyeT ¢ agpeca 0x20000000. Bce suerkn ctatudeckoro O3Y
pacnonoXxeHsl B 06rnactu xpaHeHus 6uT. Pernctpel YBB npeacTtaBneHbl B kapTe NaMsTu, HA4uHasi ¢ agpeca
0x40000000, n Takke pacnornoxeHbl B 0bnactu xpaHeHust 6uT YBB. HakoHel, permctpbl Cortex Haxoaatcs B Ux
cTaHOapTHOM MecTe, HaymHas ¢ agpeca OxE0000000.
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KapTta namsatn STM32 BbinonHeHa no ctaHpgapTy Cortex. MNepBbie 2 K6aUT NaMATN MOTyT ObITb CBAA3aHbI
c Flash namsaTblO, cCUCTEMHOM NaMATLIO UnNu ctatnyeckum O3Y, B 3aBUCUMMOCTU OT COCTOSIHUSA BbIBOAOB
ynpaBneHus 3arpy3komn

O6nactb Flash namstu pasgeneHa Ha Tpu cekumun. lNMepeas - Flash namsatb nonb3oBaTens - HaYMHAETCH C
agpeca 0x0000000. [danee crnegyeT cucTemMHass MamsaTb, KOTopas Takke HasbiBaeTcs Oonbluvm
nHpopmaumoHHbim  6riokom. OHa npeactaBnsieT cobon Flash namsate pasmepom 4  kGant, koTopas
3anporpamMmmupoBaHa Npou3BoanTENemM KOAOM NporpaMmbl 3arpysdvka. lNocnegHsas cekuus, kotopas ctapTyeT ¢
agpeca 0x1FFFF800, Ha3sbiBaeTCst ManbiM MHGOPMAaLMOHHBIM 610KOM. B Her HaxoamuTca rpynna onuuoHanbHbIX
6anT, C MOMOLLbI0O KOTOPbIX MOXHO MOBMUATb HA HEKOTOPbLIE CUCTEMHbIE HACTPOMKM MUKPOKOHTponnepa STM32.
Mporpamma 3arpysdmka nos3eBonsieT nocpeactBom wuHTepdenca USART1 3arpysntb ko4 nporpammbl U
3anporpammupoBathb ero Bo Flash namsite none3oBatens. Ytobel nepesectn MK STM32 B pexxum 3arpysuuka,
HY)XHO Ha BHelHux BbiBogax BOOTO n BOOT1 ycTaHOBUTb HU3KWIA U BbICOKMIA YPOBHW, COOTBETCTBEHHO. Ecnun
YCTaHOBUTb MMEHHO TaKMe COCTOSIHWSI Ha BbiBOAax YMpaBfieHUs 3arpy3koi, To ONOK CUMCTEMHOW namsitn
HayHeTcs ¢ agpeca 0x00000000. Mocne copoca, MK STM32, BMecTo BbINOMHEHMS NpuknagHoro koga m3 Flash
NaMsTK NONb30BaTers, HA4YHET BhINOSIHEHNE NPOrpaMMebl 3arpy3dvka. YTobbl nonb3oBaTenb MMen BO3MOXHOCTb
cTupaTtb 1 nepenporpammupoBaTh Flash namsitb Ha komnbloTepe HeOBXo0AMMO 3anycTUTh eLle OgHY NporpaMmmy
3arpy3ynka, KOTOpyl MOXHO ckadaTb ¢ canta komnaHum ST. MNporpamma gna MK takke goctynHa B Buge DLL-
danna, 4To NO3BONSAET co3naBaTb cobcTBeHHoe 10 ans nporpamMMpOBaHUsT MUKPOKOHTPOSIEPOB Ha dhasax
NPOU3BOACTBA MIN 3KCMNyaTaumn NpogyKunm.

C nomolblo BbIBOAOB yrnpaBneHus 3arpy3kon agpec 0x00000000 smecTo Flash namsitn nonb3oBaTtens moxeT
ObITb Tawke cBsA3aH co ctatndeckum O3JY. Mockonbky 3arpyska crtatudeckoro O3Y ocywectensietcsa Gonee
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ObICTPO, TO 3Ta BO3MOXHOCTb MOXET OKa3aTbCsi MOMe3HON Ha hase NpOeKTUPOBaHMA AN UCMOSHEHUST Koaa
nporpammbl M3 ctatudeckoro O3Y. Kpome TOro, nosBnsieTcA BO3MOXHOCTb COKPaTUTb  4acToTy
nepenporpammupoBaHus Flash namatn.

4.2. PaboTa ¢ MaKkcuMaribHbIM ObICTPOAENCTBUEM

Momnmo AByx BHeLWHWX reHepaTopoB, y STM32 umeetca asa BHyTpeHHUX RC-reHepatopa. Cpasy nocne
cbpoca sapo Cortex CMHXPOHM3UPYETCS BHYTPEHHMM BbICOKOYACTOTHBIM reHepaTopoM, HOMUHanbHas paboyas
yacTtoTa KoToporo coctaensieT 8 MI'y. BTopon BHYTPEHHWIA reHepaTop - HA3KOYACTOTHbIN reHepaTop Ha 4acToTy
32,768 «kl'u. JaHHbI reHepaTop npegHasHavyeH Ansi COBMECTHOW paboTbl C YyacamMu peanbHOro BPEMEHU U
CTOPOXEBbIM TalMepPOM.
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i 00 36MIy,
) PLLCLK HDEMEH. "PBMEJI. -
= M,.2..512 | |1,2,9,8416 | Lytn-x1,
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i 80 72 My PCLK2
[ 0o 72MIy,
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fizer—
N "';E’"#E"' ADCCLK
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IN ]
- LSE- 32768kMy " )
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05Cc32 SR —'%MF
ad -~ nA5 11
) Fehen, 32l | moeeLK

Y MK STM32 ucnonb3yeTcsl 4OCTAaTOYHO CIOXHas CUCTEMA CUHXPOHU3ALMUN C ABYMS BHEWHUMU U OBYMSA
BHYTPEHHUMMU reHepaTopamMm, a Takke cxemon PAIMY. B uensx 6e3onacHocTu cucteMbl NpegycMoTpeHa
BO3MOXXHOCTb MOHUTOPUHIra BHeLWHero BbICOKO4aCTOTHOro reHepaTopa

Mpoueccop Cortex nogaepxvMBaeT BO3MOXHOCTb  CUMHXPOHM3AUWW  BHELWHUM  WAM  BHYTPEHHUM
BbICOKOYACTOTHbIM FEHepPaTopoOM Unu oT BHyTpeHHen cxeMbl PAMY. NcTouHnKOM cnHXpoHmn3aummn cxembl PAIMY
MOXET CINY>XUTb BHYTPEHHWUW UMW BHELLUHUA BbICOKOYACTOTHbIN reHepaTop. Takum obpasom, MK STM32 moryT
pabotate Ha yactote 72 Ml 6e3 ucnonb3oBaHWs BHELLHEro reHepatopa. HepgoctaTkom MCnonb3oBaHUS
BHYTPEHHEro reHepartopa Ha JactoTy 8MI'L siBNSieTCA ero HeBbICOKasi TOYHOCTb U CcTabunbHOCTb. Ero Henb3s
nucnonb3oBaTb [ANs CUHXPOHU3aUUKW nocnefoBaTerbHbIX MHTEPdENcoB unM Ans  BbINOMHEHUS TOYHbIX
N3MepeHui BpeMeHHbIX MHTepBanoB. HesaBmucumo oT BbiIOpaHHOro reHepatopa, 4tobbl 4obuTbeca paboThl sapa
Cortex Ha makcumanbHol 4acTtote 72 MIu, Heobxogumo ucnonb3oate PAIMY. Bce pervctpbl ynpaBneHus
HacTpolkamu reHepaTopoB, PAMNY M WKH HaxogAaTca B rpynne ynpaBneHus cOPOCOM M CUHXPOHWU3aLMeWn
(rpynna RCC).
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KoHcurypauma WKH
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peiepEUpOBaHUEM NMUTAHKWA

YnpaeneHuelcTaTyc

Brnok ynpaBneHusi C6pocom U CUHXpPOHU3aLMen BO3AeMCTBYeT Ha CUCTEMY CUHXPOHU3aL UM, LUMHHbIE
npeo6Gpa3oBaTenu U 4OMEH C pe3epBUPOBaHUEM NUTAHUSA

4.2.1. bnok pazoBon aBTONOACTPOMNKUN HaCTOTbI

Cpasy nocne cbpoca NCTOYHMKOM cuHXpoHu3aumm LMY aenaetca HSI-renepatop. B Takom coctosiHum MK ero
BHYTPEHHUI reHepaTop OTKM4YeH. [lepBbiM warom no obecneyeHutio paboTbl STM32 ¢ makcumanbHbIM
ObicTpogencTBmem ABnsieTcs BktodeHme HSE-reHepaTtopa v oxugaHve ctabunmsauum ero 4acTtoThbl.

3 30 29 28 27V 28 25 24 23 22 21 20 19 18 17 16

¥npaeneuve| MoTOBHOCTL
PAMNY|PazpeweHune

PazpeweHne raWlnThbl
CHHXPOHMZALMK
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Pa:ﬁlemeuue HSE-
CHHXPOHH3ALMK

Kanuwbpoeka uw HacTpoiKa
Sl-cHHXpOHWZaUMK

¥npaenenue HS|.| [oToBHOCTE
CHHXPOHWIaUMen |Paspemenue

N r
Mocne copoca MK STM32 paboTaeT oT BHYTPeHHero BbICOKOYaCTOTHOro reHepaTtopa. BHewwHun
reHepaTop He06X0A4UMO BKITHOUYUTb

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

// OxumaHue cTabuimszaluuy 4acToTH HSE-TeHepaTopa
while (! (RCC->CR &0x00020000))
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BkniovaeTtcsi BHeWHU reHepatop ¢ nomoubio permctpa RCC_Control. BuT rotoBHOCTM curHanmsmpyeTt o
ctabunusaumm 4actoTbl BHELUHEro reHepatopa. [locne Toro, kak 4acTtoTa BHELHEero reHepaTopa CTaHeT
ctabunbHon, ero MoXHoO BblbpaTb kak Bxog 6Gnoka PAIMY. BbixogHass yactota 6noka PAIMY 3aBucut oOT
3a0aHHOMO LENIOYUCIIEHHOIO 3HaYeHus1 KoadhdUuLMeEHTa YMHOXEHMS 4acTOTbl, KOTOPOE XPaHWUTCS B perucrpe
RCC_PLL_configuration. Ecnn ucnone3dyetcsa reHepatop Ha 4dactoTy 8 MIU, ons reHepaumm MakcumarnbHOW
TakToBOM YacToThbl 72 My Heobxoaumo 3agaTb KOIPUUNEHT yMHOXEHUSA 9. [Nocne HacTporku koadhdurumeHTa
YMHOXEHUS1 4YacToTbl, He0bxoanmo paspelwnTb padboTy 6noka PAMNY nocpencTesomM permctpa ynpaeneHusi. Kak
TONbKO BbIXOAHasi yactoTa 6noka AlMNY ctaHeT cTabunbHOW, YCTAaHOBUTCSA COOTBETCTBYHOLMIA hnar u BbIXog
DAINY MoxHO BbIOpaTh B Ka4eCTBE UCTOYHMKA CUHXPOHM3auum LMY Cortex.

31 30 20 28 27 28 25 24 23 22 211 20 18 18 117 18
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Mocne 3anycka HSE-reHepaTtopa ero curdan MoXxHo nogartb Ha Bxop cxemMbl PAMMY. Mo 3aBepLueHnm
nepexoAHbIX NpoueccoB BHYTpu cxeMbl PAIMY ee curHan MoXXHO UCMONbL30OBaTh ANl CAHXPOHU3auum
cucTeMbl

//CrHaxpoHmn3alnusa HSE-TeHepaTopoM M yMHOXEHMEM dYacTOTH Ha 9
RCC->CFGR = 0x001D0000; //AxTuBmsaums OAIU
RCC->CR |= 0x01000000;

while (! (RCC->CR & 0x02000000))
{

}

//YCTaHOBKA OCTAJILHHIX MOJIENM yIpPaBJIeHUS
RCC->CR |= 0x00000001;
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//YCTaHOBKa OCTAJIbHEIX [OJIeV KOHOMIypaumm
RCC->CFGR |= 0x005D0402;

4.2.1.1. HacTpo#mka WuH

Cpasy nocne Boibopa PAINY B kayecTBe UCTOYHUKA CUCTEMHON cuHxpoHu3auun LIMY Cortex 6yget pabotats
Ha yactote 72 Mlu. YTtobbl OCTanbHas 4YacTb MWKPOKOHTpomnnepa pabotana € oOnTUManbHbIM
GbIcTpogencTBMeM, HeOOXOAMMO BbINOMHWUTE HACTPOKKy WuH AHB n APB.

YnpaBneHue
IWMHaMK

Cbpoc APB2
Cbpoc APB1
PaspeweHwne

CUHXpOoHKM3aLMK1 AHB
PaspeweHne
CUHXpOHKM3aUuuu APB2
PazpeweHue
CUHXpOoHKMIaumn APB1

Mocne copoca cuHxpoHu3aumsa mHorme us YBB HaxoaAaTcs B COpOLLIEHHOM COCTOSIHMU U C OTKITHOYEHHOW
cuHxpoHu3saumen. Nepen ncnonbszosaHnem YBB Heo6xoanmMo paspewintb €ro CMHXPOHU3aLMIo U
BbIBECTN U3 COCTOAHMA cOpoca

//PaspelieHre CUHXpOHM3auuy mmuH AHB,APB1 u APB2

RCC- AHBENR = 0x00000014;
RCC->APB2ENR = 0x00005E7D;
RCC->APB1ENR = 0x1AE64807;

//0cBoBoxmenue nuHUM cbpoca YBB Ha mmHax APB1 u APB2
RCC->APB2RSTR= 0x00000000
RCC->APB1RSTR= 0x00000000;

4.2.2. bBydep Flash namaTtu

Ecnu paccmoTtpeTb cuctemHyto apxutektypy MK STM32, He TpyaHo 3ameTuTb, 4To sapo Cortex-M3 cBsasaHo ¢
BHyTpeHHen Flash namaTblo nocpeacTBOM OTAENBHOW WWHbBI MHCTPYKUMK |-Bus. [aHHasa wuHa paboTaeT Ha Town
Xe 4acrtorte, yto u LMY, noatomy, nocne aktusmsaumm OAMNY agpo Gyger nbitatbcss paboTaTb C Hel ¢
MakcMManbHbIM GbicTpogencTemem (72 MITy). Mockonbky, 6onbwmHcTBO onepauun LMY Cortex BbInOnHSAET 3a
OLMH Nepuvop, CUHXPOHU3aL MK, To goctyn K Flash namsitu 6yget ocywectensaTbes kaxable 1.3 He. Cpasy nocrne
sanycka MK STM32 cMHXpOHWM3MPYETCA BHYTPEHHWM reHepaTopoM 4YacTtoTbl 8MIU, noatomy, npobnem c
poctynom k Flash namaTtn Ha aToMm aTane ewe HeT. OgHako cpasy nocne aktuemaauum 6noka ®AMNY n Beibopa
€ro B Ka4yecTBe MCTOYHMKA CUHXPOHM3auuMn Bpems gocTyna k Flash namatn okaxeTtcs cnvwkom Gonbwnm (35
Hc), 4ToObI LIMY Cortex morno paboTtaTe ¢ MakcMMarnbHbiM ObicTpogericTBnem. Ytobsl LIMY morno pabotatk Ha
yactote 72 MIy 6e3 cocTosiHuA oxmaaHus B uukne pgoctyna, y Flash namsatm npepycmotpeH 6ydep
yrnpexgarowen BolOOpKU, COCTOAWMA N3 ABYX 64-0MTHbIX GydepoB. Kaxapii n3 atnx 6ydepoB oTBevaeT 3a
cunTbiBaHue 64-6utHoro cnosa u3 Flash namatv n ganbHenwyo nepegavy 16- nnu 32-6MTHBIX MHCTPYKUWIA B
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LMY Cortex. JaHHbIi cnOCcO6 XOpPOLIO COBMECTUM C MHCTPYKUMSIMM YCINOBHOMO nepexoda Habopa WHCTPYKLUiA
Thumb-2 n npeackasaHuem nepexofoB Ha koHBeWepe Cortex. B xoge HopmanbHOro yHkunoHnposaHus MK,
NPOrpaMMmUCTy He crieyeT BbINOMHATb Kaknx-nmbo ocobbix aencteuin ¢ 6ydepom Flash namsatu. OgHako nepep
BbiGopoM PAIMY B kayecTBe OCHOBHOIO MCTOYHMKA CUHXPOHM3aLuM Heobxoaumo ybeantbes, Yto 6ydep Flash
NamMsaTU aKkTMBEH. YnpaeneHue Oydepom ocyllecTBNseTca 4vepe3 peructp ynpasneHus pocTtyrnom k Flash
namaTtu. NMomumo akTnBusaumm bydepa, Takke He06X04MMO 3a4aTb KONTIMYECTBO COCTOSIHWMIN OXMAAHUA, KOTOpPOoe
Heobxooumo Oycdbepy npeaBapuTenbHOW BblIGOPKM ANsl cuMTbiBaHMs 8 GanmT uHCTpykuun mn3 Flash namartw.
3apepxka BolbupaeTcs crnegyolwmmMm o6pasom:

0< SYSCLK <24MTl 4 O cocTossHUI OXuaaHus
24< SYSCLK <48MIy 1 cocTtosiHne oxxnagaHusi
48<SYSCLK <72 MI'U, 2 coCTOsiHMS OXMUAaHUS

[aHHble COCTOSHMA OXMAaaHusa OeNCTBYOT Mexay Oydepom npeaBaputensHon Belbopku u Flash namstbio
He okasbiBaloT BnusaHMA Ha LMY Cortex. MNocne BbinonHeHus LMY uHCTpykuumn u3 nepson 4actu Oydepa,
BTOpasi ero 4Yactb 3arpyxaetcsl, TakuM ob6pa3oM, YTOObI BbIMONIHEHME KOL4A OCYLLECTBIIANIOCh HEMPEPBLIBHO C
onTumarnbHbIM BbICTPOAENCTBUEM.

4.2.3. NMpsamon gocTyn K namATH

Mepenaya pgaHHbIx mexay YBB n BHyTpeHHUM cTtatudecknm O3Y MOXeT OCyLecTBNATbCS, Kak npu yyactuu
LUy Cortex, Tak M aBTOMaTU4eCKM NoOA yNpaBreHMem BCTpoeHHoro 6Gnoka [1AM. Brok AN
MUKpPOKOHTponnepoB STM32 umeeT cemb pasgenbHO HacTpanBaeMblX KaHanoB, MO3BONAOLLME aBTOMaTUYECKN
nepefasaTb AaHHbIX U3 NamMATU B namatb, n3 YBB B namsaTtb, n3 namsatv B YBB n us YBB B YBB. lNepegava
NamMATb-MaMsiTb BbINOJIHAETCSA C MaKCUMarbHO-BO3MOXHbIM Ansa kaHana MO 6eictpogernictBueM. Ecnu xe B
nepegadve gaHHbix ydacteyeT YBB, 1o 6nok lMAIN okasbiBaeTcs nof ero ynpasreHWeM u nepegada AaHHbIX
OyoeTt npoucxoaute no 3anpocy YBB B nbom n3 HanpasneHui. NMomumMo nepegayvm 6nokoB AaHHbIX, KaXKObIN
6rnok AN MoxeT HenpepbiBHO nepefaBaTb [AaHHble B KonbueBow Oydep. [lockonbKy BCTPOEHHbIE
KOMMYHVKaUMoHHble YBB BooOLe He ocHaweHbl 6ydepamu FIFO, To kaHanbl MO moryT ncnonb3oBatbes ANs
nepegayn gaHHeix mexay YBB n 6ycdepamu B ctatudeckom O3Y. bnok MNANM 6bin cneuynansHo paspaboTaH nog
ocobeHHocTn MK STM32 n onTumnanpoBaH nojA YacTyto nepegadvy KOpoTKUX NOTOKOB AAHHBIX, YTO TUMMYHO AnNS
MWUKPOKOHTPOMMNEPHbBIX NPUMEHEHWIA.

Janpoc 1 Janpoc 2\
\1 1 uMKn I I 5 UMKNOB I "I
|| 1 | | .
q:-as.; EEISOPEM BRIYHCAEHMHE MocTyn K Pasa ‘:F'as.; EbIGOpLES
W apduT paska W apauTpaska
SAMPOCA 1 sapese T I 3ATIPOCA 2

Kaxpasn nepepgavya namMmAaTb-namMmATb COCTOUT U3 YeTblpeXx cbas. ®dasza AocTyna K WwWnHe AnuTcs 5 umknos, a
BCe oCTalbHble - 1 LuKn

Kaxpas nepepava, ocywectenaemasn 6nokom MAM, coctomT n3 veTbipex gas: asa BbIOOpKM U apbuTpaxa,
dasa BbluMCrIEHUS agpeca, hasa gocTyna K WnHe u dasa noaresepxaeHus. Bece dasbl, kpome asbl gocTyna K
wuHe, anatca 1 yukn. ®asa goctyna K WuHe (MMeeT MeCcTO BCSKUIA pas, Koraa nepefarTcsi peanbHble AaHHbIE)
anutca 3 uukna n Heobxoamma Ans nepegaym cnosa gaHHbiX. Ytobbl 6nok MAM v UMY Cortex mornu paboTath
COBMECTHO, MX aKTUBHOCTb 4YepegyeTcs, T.0. MMAMN He GnokupyeTt paboty LMY un Haoboport. lNpexae 4vem
nepenTn K pacCMOTPEHUI0 MexaHu3Ma 4YepenoBaHusi, HEOBXOOMMO YMOMSIHYTb O BITUSIHUW MPUOPUTETOB Ha
nepegadvy mexgy pasnuyHbiMu kaHanamu (AN, Kaxgomy w3 kaHanos [MAIN nporpammHbiM  cnocobom
Ha3HayaeTCcs OOWH U3 YeTblpex ypoBHEN npuoputeTa. Ha dase apbuTtpaxka JOCTyn K WMHE NoryyaeT KaHan ¢
HauBbICLUMM YpPOBHeM npuopuTeta. Ecnu 3anpoc Ha nepepadvy oTnpaswnu gBa 6noka TMOM n oba umetoT
O[MHaKOBbIN YPOBEHb NPUOPUTETA, TO AOCTYN K LLUMHE NOMYYUT KaHan ¢ HAUMEHbLUMM NOPSAAKOBLIM HOMEPOM.
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Bnok NAMN paspa6oTaH ans 6bICTPOM NepeAayn HeGONbLIMX NOTOKOB AaHHbIX. [loTpeGHOCTL B Takomn
nepeaave TMNM4YHa AN HeGonblMX BCTpamBaembix cuctem. bnok MNAMN 3aHMmMaeT WKHy TonbKo Ha dase
AocTyna K LWnHe

Bnok MAMN moxeT BbINONHATL ha3y apbutpaxa u BblMMCIEHMS agpeca, gaxe ecnu gpyrom kanana A1
HaxoguTcsa Ha hase gocTyna K WuHe. Kak TONbKO aKTUMBHBIM KaHan 3akOHYUT nepegavy OaHHbIX MO BHYTPEHHEWN
wuHe, ouepegHonm kanan T[AMN yxe OygeT rotoB K nepegadye uM HesamennuTernbHO MNPUCTYNUT K ee
OCYLLECTBIEHMIO, KOrga Tekywasa nepefada 3aBepluntcs BbiMONHEHMEM dasbl NoATBEPXKAEHMS. Takum
obpasoM, kaHanbl MAMN no3BonsawT He TONMbKO NepefaBaTb AaHHble ObicTpee, yem LY. Ux paboTta ewe u
TWaTenNbHO YepeayeTcs, a WMHa 3aHMMaeTCs TOMNbKO Ha BpeMs chakTuyeckon nepenadn AaHHbIX.
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Hoctyn
K WHHE
Hoctyn : :
K WHHe ' ' Hoctyn
' 1 K WHHe
AHB T R Pe-g .
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Ha kaxxpgown dase gocTtyna K WwuHe Tpu umkna ceBo6ogHbl ansa LIMY. Mpu nepegavyax TMna naMatTb-namMsaThb
3TUM rapaHTupyetcs, uto LMY 6yner BbigeneHo mnHumMmym 60% wuHbl, aaxe ecnu MNAMN BbinonHseTcsa
HenpepbIBHO. [lIOMHUTE, 4TO 3TO KacaeTCsl TONIbLKO Nepenayun AaHHbIX, a BbIOOPKY MHCTpyKuun LMY
Cortex ocyuwiecTBnsieT No OTAENbHOW WWHE MHCTPYKUuMM |-code

B nepepavax Tuna namsitb-namsite Kaxabli u3 kaHanos MO 6yaeTt 3aHMMaThb LWNHY AaHHbIX TONbKO BO BPEMS
asbl JOCTYNA K LWMHE, MpU 3TOM, Ha Nepefady KaXXgoro croBa AaHHbIX OyaeT 3aTpadmBaTtbes 5 LMknoB. M3 Hux
OLMH LMKN - AN YTEHUS U eLle OOUH - ANS 3anucu, NpUYeM AaHHbIE LMKIbl YepeayTcs XONOCTbIMU LUKNamMMu,
BO BpeMsi KOTOpbIX WnHa ocBoboxpaetca anst LMY Cortex. 310 o3HavaeT, 4to 6nokm MO 6yayt ncnonb3oBatb
He 6onee 40% OT NPOMYCKHOM CNOCOOHOCTU LUMHBLI AaHHbIX AaXe BO BpeMS HENPEPLIBHOW Nepefayn OaHHbIX Ha
MakcumMarnbHol ckopocTu. Mpu nepepadvax Trna YBB-YBB 1 YBB-namstb cutyaums Heckonbko 6omnee crioxHasi.

Mepenayn no wnHe AHB BLINOMNHSAKTCA 3a ABa LMKINA HAa YacTOTe CUHXPOHM3aLUMK 3TON WNHBI, a nepedayun no
WwrHe APB TpebyloT Anst BbIMOMHEHUS 2 UMKIOB HA 4YacTOTe CUHXPOHWU3aLMW 3TOM LUMHBI U ewe 2 LuMKkna Ha
YacTtoTe CUHXpoHM3aumm WuHbl AHB. Kaxpgas nepegava 6noka MAMN coctouTt n3 AByx NepuofoB nepegayun no
LWKHe n cBobogHoro uukna. Hanpumep, nepegada n3 mogynsi SPI B ctatudeckoe O3Y cocTonT 13 nepegayu us
moayns SPI, n3 nepegaumn B ctatnyeckoe O3Y u n3 ogHoro cesoboaHoro umkna. CnegoBaTensHo,

MNepenaya n3 SPI B ctat. O3Y = lNepepnaya SPI (APB) + nepepaya ctar. O3Y (AHB) + cBo60AHBLIN
uukn (AHB) = (2 ynkna APB + 2 yukna AHB) + 2 uukna AHB + 1 yukn AHB = 2 uukna APB + 5 uuknoB
AHB
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lMomMHuTE, 4YTO BCE 3TO KacaeTCs TOMbKO nepedadv AdaHHblX, T.K. Bce BbIOopky uHcTpykuun LMY Cortex
OCYLLLeCTBNSAET NO oTAEeNbHOM WinHe |-Bus.

Kanan MAn

AnAd ynpagneHWA
npepbiBaHAAMHA

1

\ 4

Y 6noka MNAMN nmeeTcs cemb KaHanoB. Kaxabin kaHan ABNAeTCA NOMHOCTbIO OPTOroOHaNbHbIM

OuepenHon xopollelr HOBOCTbIO, Kacatollerncsa 6noka TMAOMN, sensieTcs To, 4TO OH Ype3BblYAMHO MPOCT B
ncnonb3oBaHun. BHavyane Heob6XxooMMO BKMOYUTL CUHXPOHM3aumio 6roka MAMN n BbIBECTM €ro M3 CoCTOsHUS
cbpoca. DTO BLINOMHAETCS Yepes3 perucTp paspelleHunsa cnuHxpoHmnsaumm AHB B 6noke ynpaeneHusi cbpocom u
CUHXPOHM3aUMeN.

RCC->AHBENR |= 0x00000001; // paspelieHre CHHXPOHMI3ALMM Ojoka 1111

Mocne nogaun nutaHmsa Ha 6ok MNOM. kaxgpii U3 ero kaHanoB ynpasnsieTcs Yyepes YyeToipe pernctpa. B oByx
permcTpax XpaHsaTcs agpeca MCTOYHUKa u nonyyatens (permctp YBB u avenka namatn). [JaHHble 0 pa3mepe
nepegayn XpaHsaTcs B peructpe "KonuuyectBa AaHHbIX", a obwime xapaktepuctukm MNAOMN-nepegayn 3agatotcs
Yepes perncTp KoHpurypauun.

Kanan ngan

KoHtpurypauma

KonnyecTeo AaHHBIX
Appecc YBB
Aapec NamATH

Kaxabin n3 kananoe MNAMN ynpaBnsieTca Yepes YyeTbipe perucrpa v nogaepXXmBaeT reHepaLuio Tpex
npepbiBaHUI: NO 3aBepLUEHUU, MOJIOBMHHOM 3aBepLUeHUU 1 olnbKkax nepegayiu

Kaxxgomy u3 kaHanos MOl MOXHO HasHauuTb YeTbipe YPOBHSA npuopuTeTa: "Oo4eHb BbICOKMW", "BbICOKMI",
"cpegHun" n "HN3KMN". Pasmep nepegasaemMoro cnoea 3agaeTtcs pasfensHo Ang namaTtu n YBB. Hanpumep, mbl
MoXeM nepefatb 32-6utHoe croBo B kaHan MAMN (3 umkna) u3 namsTin, a 3aTem nepepatb YeTbipe 8-OUTHbIX
cnoBa B peructp gaHHbix YA (Bcero notpebyetcsa 35 umknos BmecTo 64, ecnu 6bl Bce AaHHble nepeaaBarnm
8-OMTHbIMM nopuusaMKn.) Takke MMEeTcss BO3MOXHOCTb WHKPEMEHTMPOBAHWS agpecoB namstn un YBB.
MoTpebHOCTb B 3TOM MOXET BO3HUKHYTb, HanpuMMep, Mpu MNepuoauyveckon nepefave OaHHbIX M3 perucrtpa
pesynbTata AL B MaccmB namaTtn gna pganbHenwen obpaboTtku. YTobbl 3agatb B KakOM M3 HanpasreHuw,
namate - YBB wvnn YBB - namsitb, HeoOxoguMMo nepefaBaTb AaHHble, MpegycMOTpeH OUT HanpaBneHus
nepegauun. lNpn nepepadax Tuna namMaTb-NnamsaTe HEOOXOAMMO YCTaHOBUTbL OUT 14 ana nepepayn OaHHbIX
mexay asyms bydepammn B ctatnyeckom O3Y Ha MaKkCUMarnbHO-BO3MOXHOW CKOPOCTU. Vicnonb3oBaTb KaHanbl
MArt moxHo, kak B pexume onpoca, Tak U C MUCMOoMb3oBaHMEM NpepbiBaHUN MO 3aBEPLUEHUIO, MOMOBUHHOMY
3aBepLUeHuto 1 npu owmnbkax nepegadn. HakoHel, nocrne 3aseplieHus HacTponku MNOMN-nepegaymn, Heobxoammo
yCTaHOBUTbL OUT paspelleHns paboTbl KaHamna M nepegadya HadvHeTcs. [lepegady namaATb-NaMsitb MOXHO
BbIMOSIHUTB C MOMOLLbIO CIIeAYHOLLEro Koga nporpamMmmbi:
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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))
{71}
TIM2->CR1 =
TIM2->CNT =
TIM2->CR1 g

for (index 0;index <0xA;index++)
BHIITOJIHAeMBIe [IITY

{
arry dest[index] = arry src[index];
}
TIM2->CR1 = 0; //ocTaHOBKa TarMepa

}

’

’

Il
= o o

//HacTporKa Nepelauy [aMATb-NaMsaTb
//BHOOP MCTOUHMKA U [OJIydaTeJid

//3amaHue pasMepa nepenaun

//3anyck TanMepa
//3anyck IOIN-nepenaun
//oXumaHye BaBeplieHUs Nepelaun

//ocTaHoBka TarMepa
//cBpoc cueTuukKa
//mnepesanyck TanMepa
//TOBTOPAKIMYECS ONepaluy,

CTaT. CTaT.

B paHHOM Kope nporpamMmmMmbl eMOHCTPUPYeETCA NpocTad nepegaya namMmaTb-namMmATb. CuyeT KONMU4yecTBa
UUKNOB BbINOJIHAETCA BHYTPEHHUM TaI;IMepOM

B npmeegeHHOM Bbllle Koae BbINOJNIHAETCA nepenadva 10 crnos OaHHbIX MeXxay ABymMA MaccuBamMu B
ctatudeckom OJY: BHauyane ¢ wcnonb3oBaHuvem [, a 3atem ¢ ucnonb3oBaHuem Tonbko LMY Cortex. B
KaXKgoM M3 3TUX Crydaes, nepep Havyanom nepeaayn 3anyckaeTcsi TaiMep U ocTaHaBNMBAETCS MO 3aBEPLLUEHUN
nepegayun. B gaHHom npumepa 6nok MNAMN BeinonHaeT nepegady 3a 220 uymknos, LMY - 3a 536.

USARTI_TX
TIMA_CC2 [ TIM_CCU  TiM1_UP USARTI_FIX  USARTZ R

ADCT USARTZ_TX USARTI_RX

TIMZ_LUF| TIMZ_CC3 TIMZ CCA|TiM1_CC2 TIM1_CCA| | [TIMI_TRIG SPi2_T |TIM2_CC

TIMZ_CC2 | TIM4_CC1

USARTZ TK

" TiMz_CC2 | TIMZ_Cc4
Tib3_CCi|TIM1_CC3

SPI_TH | (TIMZUP 1202_Fix TiMd_CC3 TIM4_UP I201_Fd
l { TIHH_I:T T‘LFM l | ﬁﬁz_Fi-: 12C2_Tx '| I '|2€1_1i<l jTlHS_Tﬂlﬁ | l
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5 I

» 2anpeoc NAN
Kaxxgoe YBB, kotopoe noaaepxuaet NI, cBA3aHO ¢ KOHKpeTHbIM KaHanoMm. lNMocne paspelweHus
paboTtbl, YBB ctaHoBUTCSA KOHTponnepom notoka ansa MNAMN-nepenayn. Bnarogapsa atomy, npuem u
nepeaava AaHHbIX BbIMOJIHAIOTCA 6e3 kakoro-nnb6o yyactusa LMY

HecmoTps Ha TO, 4TO Nepefayun Tuna namATb-NamsATb BbITOOHO MCMOMb30BaTh ANA MHULManu3aunm obnacren
namaTn, a Tawke pAna nepegadn ONOKOB AaHHbIX, OOnblytd 4YacTb BpemMeHu kaHanol [4M 6yayr
NCMonb30BaTbCA ASS NepeMeLeHns AaHHbIX Mexay NamaTbio U pasnuyHeiMm YBB. B ¢Ba3u ¢ aTum, Kaxabin ua
kaHanoB [0l ceazaH ¢ onpegeneHHon rpynnon YBB. BHauvane, Heobxoaumo uHuumanuaupoBatb YBB un
paspewnTb nogaepxky um [MAMN. 3atem, HyXHO HacTpouTb cooTBeTcTByOWMA kaHan MNAM ans nepepaun
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AaHHbIX MO 3anpocy nogaepxvsaemoro nv YBB. Hanpumep, 6onee nogpobHo paccmaTpmBaembin ganee AL
no 3aBeplleHuMM Kaxpgoro npeobpasoBaHusa nomewaeT 10-6UTHbIM pesynbTaT B peructp pesynbrata
npeobpasoBaHusa. Ecnu MNAM He ucnonb3oBaTb, To LMY OygeT BbiHYXAeH nepuoandeckn obpabaTtbiBaTb
npepbiBaHMs No 3aBepLueHuto npeobpasoBaHms AU, Ecnn xxe mucnonb3oBatb MM, TO N0 OKOHYaHWUM KaXaoro
npeobpasoBaHusa ALIIM OygneT reHepupoBaTh 3anpoc Ha [MAlM-nepepadvy, a 6nok MAMN nepepact pesyneTat
npeobpasoBaHusa AL B ctatudeckoe O3Y no MHKpeMeHTMpoBaHHOMY agpecy. [Npu TakoM Moaxode ydacTue
LMY notpebyeTca Tonbko and obpaboTkn MOAroTOBMIEHHONO MaccvBa AaHHbIX MOCME 3aBepLleHus nepegaydn
nocneaHen BbIGoOpKu.

Janpoc XBanpuc »

3anpoc  _3anpoc Eanpuc/’EanpDD 3anpoc Eanpnc/ﬁanpnc
non " nan " nan " nan " nan " nan A7 nan " nan

rAn

Kanan0 Kanwan1 Kanan? Kanwan3 Kanan4 Kanwan5 Kanwanb6 Kanwan7? Kanan 8

YBB mukpokoHTponnepoB STM32 He coaepxaT kaknx-nm6o 6ycdepoB namaTtu. Ucnonb3oBaHue MNAMN B
€ro KonbLEeBOM peXumMe no3BoJisieT UCNOoNb30BaTh 060 o6bLem namMaATu B KayecTBe 6ydepa YBB.
Ucnonb3ysa npepbiBaHMA MO NOJIOBMHHOMY U MOJTHOMY 3aBEPLUEHUIO NepeAayvun, MOXXHO OpraHM3oBaTh
ABOWHOM KonbLeBoun bycep

YTto6bl 3TOT Npouecc 6bin 6onee achekTMBEH, MOXHO aKTUBM3NPOBATb NOSAEPXKKY KOnbLeBoro 6ydepa, 4to
nosgonut AL HenpepbiBHO 3anucbiBaTb AaHHble B 3TOT Oydep. 3atem, umcnonb3ys npepbiBaHWst MO
NONOBMHHOMY K nonHoMy 3aBepeHunto MAMN nepegayn, MoXHO co3faTb ABonHOM Gydep. Mocne 3anonHeHus
nepBor nNonoBuHbl Oydepa reHepupyeTcs MpepbiBaHWe, KOTOPOE MO3BONSAET nepernTn Kk obpaboTke
HaKOMMEHHbIX AaHHbIX, @, MPU 3TOM, HOBble AaHHble ByayT NPOAOIKaTh HaKanMBaTbCs BO BTOPOW MONOBUHE
O6ydepa. AHanornyHelM obpas3om, Mocre 3anofHeHus BTOpon YacTm bydepa, MOXHO nepentn k obpaboTke
AaHHbIX, npy atoMm, MAMN HayHeT nepesanonHeHue Oydepa HOBbIMU AaHHbIMW. Takon Xe MexaHu3m paboTbl
MAM MoxHO mncnonb3oBatb M COBMECTHO C Apyrumun YBB. EAMHCTBEHHO, BaXkHO obpaTuTb BHUMAHUE, 4TO y
KOMMYHUMKaUMOHHbIX YBB peanusoBaHbl pasgenbHele kadansl MO npuema n nepegaydn. Hanpumep, moayrnb
SPI moxeT ogHOBpeMeHHO nepegaBaTb AaHHble B 060UX HanpaBreHnsIX.

5. YcTponcrtea BBoAga-BbiBoAA

B paHHom pasgene OyoeT npeactaBneHa obwas mHgopmauusa o6 ycTporicTBax BBoAa-BbiBoga (YBB),
KOTOpble OOCTYMHbI MOMb30BaTemnio B PasfnuyHbIX BepCcusix MuUKpokoHTpornepoB STM32. Onsa ygobctea YBB
pasgensawTca Ha ABe rpynnbl: MUKPOKOHTponnepHble YBB obulero HasHavyeHms n KommMmyHukaunoHHble YBB. Bce
YBB mukpokoHTponnepoB STM32 oTnMyaloTcs BbICOKOW CTEMEHbI0 CIIOXHOCTM M OY€Hb MMOTHO CBHA3aHbl C
6nokom TMAOMN. Kaxgoe YBB o6nagaeT M3ObITOYHBIMM  CXEMHbIMM  Grokamu, KOTOpble MO3BONSAOT
MUHUMM3NpoBaTb y4vactve LMY B BbINnonMHeHUM KaxablM KOHKpeTHbIM YBB 3agady. MHbiMu crnosamu, OHU
obneryarT aBTOMaTM3aUMIo annapaTHbIX PECYpPCOoB, CHxasa Harpy3ky Ha LIMY no ynpaenenuio YBB.
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5.1. YBB o6uwero Ha3Ha4yeHuUsi

YBB 06ulero HasHayeHuss MUKpokoHTponnepoB STM32 coctoaT n3 nopTtoB BBOAa-BbiBoga (MBB) obuwiero
HasHa4yeHWsi, KOHTpONiepa BHELHUX MNpPepbiBaHUN, aHanoroBo-UM@POBLIX MNpeobpasoBaTenen, TanMepos
o6LLero HasHa4YeHus, paclUMPEeHHOro TaiMepa M 4acoB peanbHOro BPEMEHN C 3HEProHe3aBMCUMbIMU (3a cHeT
pes3epBMPOBaHUS NUTaHUSA) perncTpamm 1 BXogoMm obHapyXeHus BMeLlaTenbCTBa.

5.1.1. MNopTbl BBOAA-BbIBOAA OOLLEro Ha3Ha4YeHUsA

Y MK STM32 npegycmotpeHo go 80 AByHanpaBneHHbIX NUHWIMA BBOAA-BbiBoAa. Bce nuHum BBOAA-BbIBOAA
pasgeneHbl Ha 5 nopToB No 16 NMHMIA BBOAA-BbIBOAA B KaXKAOMW.

HacTpoHrKa
BbIBOAOB

MopT EBOAA-BLIBOAA
AnbTepHaTUBHaA hyHKUMA
BHewHee NpepbiBaHKne

Kaxpas uncgppoBas nMHMA BBoAa-BbIBOAA MOXET BbINOMHATL (DYHKLUIO TMHUM BBOQa-BbiBoAa oGLiero
Ha3Ha4YeHUs UNK anbTepHaTUBHYIO yHKUMI0. Kaxabiil N3 BbIBOAOB MOXET BbINONMHATL
OONONMHUTENbHYI0 (PYHKLMIO OOHOTO U3 16 BXO[40B BHELHUX NpepbiBaHUi

HanHble nopTtel Ha3biBatoTCA A...E u coBmecTuMbl ¢ HanpsxxeHnem S5B. MHorve n3 BHELWHNX BbIBOOOB MOTYT
BbINOMHATbL anbTepHATMBHY OYHKLMIO NMMHUM BBOAA-BbiBOAa BCTpoeHHoro YBB, nanpumep, mogyna YCAIM
nnn 12C. Kpome T0ro, 16 BXOgHbIX NIMHWI BCTPOEHHOTO 6110Ka BHELLHNX NPepbIBaHUA MOTryT ObiTb COeQUHEHbI C
nodbIMN N3 NMMHUSMY NOPTOB BBOAA-BbIBOAA.

MopT BBOAA-
BbiBoAA

Oea

KOHUIrypaUMOHHbIX
perncTpa

Beoa AaHHbIX

BeiEOA A3HHBLIX
YcTtaHoBKkalcbpoc BuT
BnokupoBKa gocTynak
KOHthUrypaumu

Kaxabin NMBB noanepxuBaet BO3MOXHOCTb pa3aeribHOM KOHdUrypaumm nMHUM Ha BBOA UMK Ha BbIBOA.
Kpome Toro, npeaycMoTpeHbl permcTpbl Kak Ans 3anucu LefbiX C/oB, Tak U Ans BO34eNCcTBUA Ha
otaenbHble 6uThl. NMocne 3aBepeHus KOHdUrypauum QocTyn K Hel MOXHO 3abnokupoBaTtb

Y kaxgoro lNBB umeetcs gBa 32-6UTHbIX KOH(UrypaumoHHbix pernctpa. CoBmMecTHO OHu obpa3syioT 64-
OWTHBIV KOHQUIYpPaLWOHHbIA peructp. 3T 64 Outa pasgeneHbl Ha 4-OMTHbIE MOMsi, MO3BONAKLME HACTPOUTb
COOTBETCTBYIOLLYIO UM NMHWIO BBOAAa-BbiBoAa. B cBo oyepenpb, 4-6utHoe none koHdwurypaumm coctout mns 2-
OuTHOro nonsi pexumMa u 2-6uTHOro nons koHdpurypauun. Mone pexuma No3BONSiET yKasaTb, B KakoM
HanpaBneHun paboTaeT NWMHUS: Ha BBOAL WM Ha BbLIBOA, a MNONie KOHdurypauum no3BonsieT HacTPOUTb
XapaKTepPUCTUKUN yrNpaBlieHUs:
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€CINN NINHNSI HAaCTPOEHa Kak BX0of, TO K HEM MOXHO MOOKIHOYNTb NOATSArMBAOLLMIA K NIOCY MU MUHYCY
pe3ncTop;

NVHKWS, HACTPOEHHAs Ha BbIBOA, MOXET ObITb MO0 ABYXTAKTHOW, NMMOO C OTKPbLITLIM CTOKOM. 18 NIMHWIA
BbIBOZ@ MOXHO TaKXKe yKasaTb ee MakcumarbHoe 6bicTpogencTaume: 2, 10 unmn 50 MIu.
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EblX0f aNETEPHATHE HOWM

iy HELAM
KoHdpurypauums CNF1|CNFOJMOD1|MODO

AHaNoroBbIN BXo[ 0 0
MnaBatowuin Bxog (cocTosiHne nocne cobpoca) 0 1 00
Bxopg c nograrneBaHvem K nntocy 1 0
Bxoa ¢ noararmBaHnem K MUHyCY 1 0
[BYXTaKTHbIN BbIXOA, 0 0 00: pe3eps
BbIX0A C OTKPbITLIM CTOKOM 0 1 01: 10MIy
[BYXTaKTHbIN BbIXOA anbTepHaT. (yHKLWN 1 0 10: 2Ml'y
BbIxo[ € OTKPbITbIM CTOKOM anbTepHaT. yHKumm|1 1 11: 50MI'y

Mocne 3aBeplUeHUsI HACTPOMKU MOPTOB, KOH(UIypauMOHHbIE NapaMeTpbl MOXHO 3awuTuTb. [Ons atoro
Heo6xo4MMO BbIMOSHUTE 3anNUCb B permcTp G6roKMpoBKM KOHGUrypauuun. B aToM perncrpe Ans Kaxgoro BbiBOAA
npeaycMoTpeH out 6noknpoBku. MNMocne ero ycTaHOBKU BGrOKMPYETCSt BO3MOXHOCTbL 3anncu B COOTBETCTBYOLLNE
nons koHdurypaumm n pexuma. Nocne yctaHoBku Bcex Tpebyembix 6uT 6nokmpoBkn, Heobxoammo B 6ut 16
pernctpa 6nokmMpoBku 3anucatb nocnegosatensHocte 1, 0, 1. OTum OygeTr akTMBM3MpoBaHa 6GMOKMpPOBKa.
YbeaouTtbcsa B akTMBM3auumn DNOKMPOBKM MOXHO, €Cv Cpa3sy Nnocre 3anvcu BbINONMHUTE NOAPSAL ABa CUUTbIBAHUS
aT0ro xe 6uta. CuntbiBaHme 3HaveHun 0, 1 ceBmgeTenbcTByeT 06 ycnewHon aktuBaummn 6nokuposku. JocTtyn Kk
NVHMAM BBOAA-BbIBOOA OCYLLECTBMSETCA 4Yepe3 perncrpbl BBOAa W BbiBOAA [AaHHbIX. [Ns BbINOMHEHUS
OEeNcTBUA Hag oTAenbHbIMM BUTaMn MOXHO MCMONb30BaTh NMOO nogaepxmnBaembin sapom Cortex cnocob "bit
banding" npumeHuMTENBHO K perucTpam BBOAA W BbIBOAA, MO0 BOCMONb30BATLCHA ABYMS CheumanbHbIMU
pernctpamn GutoBon obpaboTku. Pervctp yctaHoBku/cbpoca OuT - 32-6uTHbIN perucTp. BepxHue 16 out
CBsI3aHbl C kaxaow 3 nuHui MNBB. 3anuck B HUMX nornyeckoi 1 NpMBoAUT K COPOCY COOTBETCTBYHOLLEW NUHUN
BBOAA-BblBOAA. VIAEHTUYHO 3TOMYy, 3anuck nornyeckon 1 B nobon m3 mnagwmx 16 6MT NnpuBeAET K yCTaHOBKe
COOTBETCTBYIOLLEN NMHMM BBOAA-BbiBOAa. BTopon pernctp 6utoeor obpaboTkm - permctp cbpoca 6ut. IT0T
pernctp 16-6utHbin. 3anucek B ero 6utbl normyeckux 1 nNpmMBoAMT K COPOCY COOTBETCTBYHOLUMX MVMHUIA BBOAA-
BbiBoga. CoyetaHme pernctpos BB, cnocoba "bit banding" n peructpos 6utoBon ob6paboTkm npegoctaBnsAwoT
Monb30BaTEN OTIMYHBbIE BO3MOXHOCTU YMNpPaBfieHWs BCEMU INMHWSMU BBoga-BbiBoga MK STM32 un moryt
ypes3BblYaiHO 3(hHPEKTUBHO MCMONBL30BATLCA B NMPUMEHEHUAX C MHTEHCUBHBLIM MCMONb30BAHNEM JTMHUIM BBOAA-
BbIBOAA.
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5.1.1.1. AnbTepHaTUBHbIE (PYHKLIUU

Pernctpbl anbTepHaTUBHbLIX (QYHKUWA YNpaBnsaoT MNepekrnoyeHneM nvHuM BeBoAa-BbiBoga Mexay [1BB wu
OOHVMM K3 BCTPOeHHbIX YBB. UToObl cxemoTexHMYeckoe npoeKkTupoBaHue Obino 6onee rmbkum, NUHUKM BBOAA-
BbiBoAa YBB MoryT 6bITb CBA3aHbl C 0QHMM M3 Heckonbkux BoiBogos MK.

YMNPABNEHUE COBLITUAMM

epeHasHa4YeHHUe U HaCTPDI{a
oTNaA04YHbIX NTMHUHUHA

OnospaBuwee BbICOKOMpPMoputeTHOEe npepbiBaHne OTNOXWUT BbINONTHEHUE HU3KOMNMPUOPUTETHOIo
npepbiBaHusA, He BbIMNOJIHAA NPU 3TOM KaKUX-Nn6o AononHUTenbHbIX onepauuﬁ Hag CTEKOM

AnbTtepHaTuBHble pyHkumMM y MK STM32 ynpaBnstoTcs Yepes peructp nepeHasHadeHus n otnagku. Kaxgoe
n3 umdposbix YBB (YCAIM,CAN, Ttaiimepbl, 12C n SPI) umeetr ogHo- unu OByxOMTHOE none, KoTopoe
Nno3BonsieT Ha3Ha4yMTb paboTy C pas3nMyHoOM kKoMOUHaumen BeiBOAOB. [ocne Bbibopa anbTepHaTUBHBLIX PyHKLUNIA
BbIBOAOB, HEOOXOOAMMO B KOH(PMrypaumoHHbiX pernctpax BB nepekniounTb HasHavyeHwe BbiBOAA C NIMHUK
BBOAAa-BblBOJA Ha anbTepHaTUBHYIO (PyHKUMIO. Pernctp nepeHasHayeHus Takke ynpasnseT KoHdurypauunemn
BbIBOgoB oTnagoyHoro JTAG-nopta. Cpasy nocne cbpoca, nopt JTAG akTUBM3MPYETCS C OTKIOYEHHOW
dyHKUMen TpaccupoBkn pAaHHbIX. JTAG MOXHO NepekniouMTb B PEXMM [OBYXMPOBOAHOIO OTMaA0YHOro
nHTepdpenca, a Heucnonb3yemble BbIBOOAbl WCMOMb30BaTb B KayecTBe fMHUA BBOAAa-BbiBoAa obuiero
HasHa4veHus.

5.1.1.2. CurHanmsauma coobITUN

Mpoueccop Cortex MMeeT BO3MOXHOCTb FeHepauuym MMnynbCca CurHanm3auumn coObiTUi, NpeaHas3HaYeHHbIN
Ansi BO30OHOBMNEeHMsA paboTbl OTAENBHOMO MUKPOKOHTPOMMEpPA, HaXOAsALerocs B 9KOHOMUYHOM pexnme paboTbl.
O6bIYHO, MMNYMbC cuUrHanm3aumm cobbITMIN MOJaeTcs Ha BXOA4 BO306HOBReHus paboTtsl BToporo MK STM32.
OTOT MMNynbC reHepupyeTcs Npu BeiNoNHEHUN komaHabl SEV 3 Habopa uHcTpykuun Thumb-2. YTobbl cBsi3aThb
UMMYNbC CUrHanmM3auum C KOHKPEeTHbIM BbiBogom [1BB, npegycmoTpeH pervuctp ynpasneHus cobbiTusmu.
Pervctp ynpaBneHusi cobbiTusaMM cogepxuT nonsa Ans Bblbopa nopta U ero nMHUM BBOAA-BbiBoAa. [locne
BbiOOpa nUWHWM BBOAA-BbiBOAA, HEoOXOOMMO 3aBepLUMTb HACTPOWKY YCTAHOBKOW Outa paspelueHust
CUrHanmMsauumn cobbITUN.

5.1.2. BHewHue npepbiBaHUA

Brnok BHelWHUX npepbiBaHnii nmeeT 19 nMHMiA NpepbiBaHNA, KOTOPbIE CBA3bIBAOTCA C BEKTOpaMM NpepbiBaHWI
nocpeactsom KBBI1. N3 Hux 16 nuHMK cBA3aHbl ¢ nuHusamn BB n MoryT reHepupoBaTtb npepbiBaHue Mo
HapacTatoLwemMy unu nogawowemy poHTy, UM xe no obomm gpoHTam. OcTaBlIMECA TPWU NMHUN CBSA3aHbI C
nuHnen npepbiBaHus YPB, nuHuen Bo3oGHoBneHuss pabotbl nopta USB u BbixogoM curHanusaumm 6noka
KOHTpons HanpsxeHus nutaHuda. KBBI1 npegoctaBnseT oTaeNbHble BEKTOPbI NpepbiBaHUN AN IMHUA BHELLHMX
npepbiBaHni (EXTI) 0-4, YUPB, 6noka koHTpons HanpsbkeHuss nutaHusa n 6rnoka USB. OctanbHble nuHnm EXTI
pasgeneHbel Ha ABe rpynnbl, NMHMM 5-9 1 nuHumM 10-15, KOTOpblEe CBSA3aHbI C ABYMSA AOMNOMHUTENbHbLIMU
BEKTOpamMu npepbiBaHWA. Bnok BHEWHMX MpepbiBaHU  UrpaeT BaXHYK ponb Ans  yrnpaBleHus
aHepronoTpebneHnem MK STM32. JaHHbin 6ok SBNAETCA aCUHXPOHHBIM U, NO3TOMY, MOXET UCMOMb30BaTbCA
ans Bo3o6HOBMNeHMst paboTbl MUKPOKOHTponnepa, Haxoasiwerocs B pexume STOP, korga ob6a OCHOBHbIX
reHepartopa oTknwoyeHbl. EXTI moxeT reHepupoBaTtb npepbiBaHWe, Kak Ans Bbixoda un3 coctosHus Wait B
pexXvMMe NpepbiBaHWA, Tak U ANns Bbixoda M3 cocTosiHus Wait B pexxume cobbITUi.

http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/


http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/

3210

EXIT0

BHEI_“HEE _”: i
npepbiBaHUe

KoHturypauma 1

' PAD
PBO
KoHdpurypauma 4 PGO

PDO
PEO

EXITEg

MK STM32 umetot 16 nMHUM BHELHUX NpepbiBaHUNA, KOTOPble MOXHO NOAKNIOYUTL K NHO60N U3 NUHUNA
BBOAAa-BbiBOAA

Kaxgyto n3 16 nuumn EXT| MmOXxHO cBf3aTh C COOTBETCTBYIOLLEN NMMHMEN BBOAA-BbIBOAA NOOOro M3 nopTos.
[Ona 3Toro npegycMOTpeHbl YeTbipe KOHMUIypauMOHHbIX perncrtpa. [aHHble peructpbl pasgeneHbl Ha
YeTbipexbuTHble Mons, CBsi3aHHble ¢ Kaxaowm nuHuen EXTI. C nomoublo gaHHOro nons kaxagywo nuHuio EXTI
MOXHO CBsi3aTb C nobbiM 13 naTtu NBB, Hanpumep, nnHmMio EXTIO moxHo cBasaTe ¢ nuHmen 0 nopta A, B, C, D
unn E. Takon noaxon nossonseT ucnonb3oBatb Nobor u3 BbiBogoB MK B kadecTBe nVMHUKM npepbiBaHUS.
®dyHkumio EXTI MOXHO Takke MCronb3oBaTb B CBSA3KE C anbTepHaATUBHOM PYHKUUEN, aKTUBU3MPOBAHHOW Ha
BHELUHEM BblBOAE.

//HasHauenue OQyHKLMY BHENWHMX OPEPHBAHMM JMHMAM [IBB

AFIO->EXTICRI[O0] = 0x00000000;

//PaspelieHre MCTOUHUKOB BHENHUX [NPEPHBaHUNA

EXTI->IMR = 0x00000001;

//PaspelieHre BO3SOOHOBJIEHUS [PU BHEUHMX COOHTUSX
EXTI->EMR = 0x00000000;

//BeOOp majammero GPOHTa B KaueCTBE MCTOUHMKA 3allyCcKa
EXTI->FTSR = 0x00000001;

//Bu6Op HapacTaomero GpoHTa B KAaueCTBEe MUCTOUHMKA 3anyckKa
EXTI->RTSR = 0x00000000;

//Paspemenre MUCTOUHUKOB NpPEpPHBaHMii B KBBII
NVIC->Enable[0] = 0x00000040;

NVIC->Enable[1] 0x00000000;

BHelHee
npepbiBaHue

Macka npepblBEaHWA
Mackan cobbITUA
Bribop zanycka

HapacTaloWwMM hpoHTOM
Buibop zanycka
nagarowmm hpoHTOM

MporpammHoe
npepbiBaHue

JTnpaska

Y MK STM32 nmeeTcs 16 nMHui npepbiBaHUs, KOTOPbIE MOXHO NOAKIOYUTL K NTIO60OM NMHUKM BBOAa-
BbiBoga. [locne nogkntoyYeHns, BbIBOAbI BHELWHUX NPepbiBaHUA MOTYT reHepMpoBaTh NpepbiBaHMe Mo
napatrowemMy n/mnun Hapacrtarowemy PpoHTy

lMocne yctaHoBKM peructpoB koHwurypauumu EXTI, kaxgoe BHellHee npepbiBaHWE MOXHO HACTpPOUTb Ha
reHepauuio NpepbiBaHMA MO HapacTawLleMy Mnu nagarowemy poHTam. Takke NpefycMoTpeHa BO3MOXHOCTb
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NPUHYOUTENBHON reHepaumn npepbiBaHna EXTlI nytem 3anmcum B COOTBETCTBYWOWME OWTbI  perncrpa
MporpamMmmMHOro npepbiBaHus.

5.1.3. AUN

B 3aBucumocTn ot mogenu, B MUKpoKoHTponnepbl STM32 moxeT 6bITb BCTPOEHO OOUH UK ABa aHaroroBo-
undpoBbix npeobpasoBartens. AL nutarTca OTAENbHLIM HanpsXXeHWEM, KOTOpoe B 3aBUCUMOCTWU Tuna
Koprnyca MOXeT Haxoautbcs B npegenax 2.4...3.6B. NctouHuk onopHoro HanpsbkeHuns (MOH) ALIM coeamHeH
nnbo BHYTPEHHe C HanpsbkeHnem nutanusa AU, nubo co cneumanbHbiMM BHEWHWMK BbiBogamu. ALIM
xapaktepusyetcsi 12-OMTHOM pa3peluatolien cnocobHOCTb0 M 4YacToTon npeobpasoBaHuss 1MIU. Y Hero
nveetcs A0 18 MynbTUNNEKCMPOBAHHBLIX KaHamnoB, 16 U3 KOTOPbIX MOXHO WCMONb30BaTb AJ19 U3MEpPEHUs

BHELWHMX curHanoB. OcTaBLUMECS ABaA KaHarna CBsi3aHbl CO BCTPOEHHbIM AaT4YMKOM TemMnepaTtypbl U BHYTPEHHUM
NOH.

VRE F+|‘I'
;

VREF-
VDDA ?
V354 ADCCLK |, PoLK2
ﬁDE_IND:I: l
ADC_INT Janpoc NN -
m
HEEKTHPOB3H-  PErvcTpo gaHHLx .
| HHxerT.rp. [4x1 26uT] ;
ADC_IN15 T
Perynaprsie Perucrp naHimy pe- z E
rynapuoi rp. [126uT) - s
Koney npeotpas.
DEOHHEA KoMRapaTOp CpaGarbipatme Knue.lﬁn unxenl:i.
IM1_THED—'\ e npeobpasopan
IM1_LCC4 =8 Perucrp eepinel KOMNaparopa |
Ik41_TRG 0= —_ rpavuue [12 Gur) =

IMZCCT — J
IM4_TR 126
EXT_IT_15 = NC0 R I—I—I—I—I

EH':'nlJEHTSEL [20] I |

Janyck " I . Burw pazpewenun
peTyn. i _I | NpEpbiBaHHA
I'Fﬂ_-ll'l'i!nl 1 L
Bur EXTRIG I
EXT_IT_11 | Janycx n
Buren EXTSEL [2:0] HHKEET. pepuieanue ALLN & KBBIN
FEYMnG

B MK STM32 nHterpnpoBaH BbICOKOKa4eCTBeHHbIN 12-6uTHbIM ALl Ha yacToTy npeo6pasoBaHusa 1 MMy
co BCTpoeHHbIMM MOH u paTtuymkom Temnepartypbl

5.1.3.1. Bpems npeobpa3zoBaHusa U rpynnbi npeobpa3soBaHus

AL nopgaoepxmBaeT BO3MOXHOCTb pa3feribHOro NporpaMMMpoOBaHnsa BpeMeHu npeobpasoBaHus B KXKAOM U3
KaHanoB. Bcero npegycmoTpeHa BO3MOXHOCTL Bbibopa 8 AMCKPETHbIX 3HA4YeHu 13 guanasoHa ot 1.5 go 239.5
LIMKIIOB.
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AL
1.5 yukna

1.5 yukna

13.5 uHKnoe

PCLK2 ADCCLK 28.5% yMrknoe

41.5 yMKnoe

5.5 UMENDB

71.5 yMEnoB

2395 uHKnoB

SMPx[2:0]
YacToTa npeobpa3oBaHMA 3agaeTcA MHAUBUAYanbHO ANA Kaxaoro us kaHanos ALIM

Kaxabin ALIM nopoepxvBaeT aABa 6a30BbIX pexrMa Npeobpas3oBaHns: perynsapHbIi U MHXEKTMPOBAHHLIN. B
pexXvMe perynspHbix npeobpa3oBaHui 3agaeTcs KaHan wnu rpynna KaHanoB, KOTopble B AarbHEMNLIEM
npeobpa3oBbIBAOTCA NoodepeHo. Yncno kaHamnoB B rpynne perynspHbix npeobpasoBaHuin KOHUIypupyeTcs
nonb3oBartenem (4o 16 kaHanos). Kpome Toro, MOXXHO 3agaBaTtb NOpPSAOK Npeobpa3oBaHus KaHamoB, a OOUH U
TOT >X€ KaHan B uukne npeobpasoBaHus MoOXeT ObiTb oumdpoBaH HECKONbKO pa3. pynna perynsipHbix
npeobpasoBaHnin 3anyckaeTcs NPOrpaMMHO MMM annapaTHO PasfMYHbIMW CUrHanamu TavMepoB unu no 1-owm
nMHUM BHewHux npepbiBaHun (EXTI 1). Cpasy nocrne 3anycka, npeobpas3oBaHus B pPerynsapHon rpynne
BbIMOMHSAOTCSA  HenpepbiBHO. AnNbTepHATUBHO, rpynna MoxeT paboTtate B pexumMe C  OCTaHOBKOW
npeobpasoBaHnsl, KOorga MO  3aBepuweHnn  oumndppoBKM  BbIOpaHHbIX  KaHanoB  npeobpasoBaHue
npuocTaHaBNMBaeTCs BNOTb A0 CreAyoLwero 3anycka rpynmnsl perynspHbix npeobpasoBaHui.

l1—|‘.«'| 3anyck 2-fi 2anyck l 3-i1 sanyck
kanan 0 Kanan 1 Kanan ? | Kanan 4 Kanan 5 Kanan 8] Kanan 9 Kanan 11 Kananl 2

4-ii zanyck

l 5-i1 zanyck

kananl3 Kananl4d Kadanlh |KaHan 0 Kanan 1 Kanan 2

T KoHey npeo6pazoeadHud

MocnepoBaTenbLHOCTL NpPeoGpa3oBaHUA B rpynne perynsipHbIX Npeo6pa3oBaHUil MOXeT ObITb
HenpepbIBHOM (LIMKITMYECKOMN) UNu nepuoanYeckomn, Korga nocne Kaxaoro 3anycka npeo6pasoBaHum
BbINOJIHAETCA Npeobpa3oBaHMe BbIOpaHHbIX KaHaNnoB

Kaxpgbin pa3, korga 3aBeplliaetcs ouudpoBka B Trpynne perynsipHbix npeobpasoBaHun, pesynbTaT
npeobpa3oBaHNsi MOMeLLaeTcs B €OUHCTBEHHbIA PEerucTp pesynbtata npeobpasoBaHWs U reHepupyeTcs
npepbiBaHne. 12-6uTHbIA pesynbTaT XxpaHuTcs B 16-6UMTHOM perncrTpe ¢ neBbiM MW NpPaBbiM BblpaBHUBAHUEM

out.
Dll D10 D9 D& DY Do D5 D4 D3 D2 D1 Do

D11 D10 DO DE DF D6 D> D4 ‘ L1 0 0 L1

12-6UTHBLIN pe3ynbTaT XpaHUTCA B 16-6MTHOM perucTpe pesynbTaTa C JieBbiM UMK NpaBbIM
BbipaBHMBaHueM ouTt

http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/


http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/

Y AUM1 mumeetcsa cneumanbHbin kaHan MO, KOTOpbI MOXET MCMONb30BaTbCA AMs Mepefaynm Kaxaoro
pesynbTata npeobpasoBaHUsi B OpraHNM3oBaHHbIA B NamsTh Bydep aaHHbIX. Mcnonb3oBaHne gaHHOro mMetoa
MO3BONSET COKPATUTb YacTOTy reHepaLmmn npepbiBaHniAi 40 OAHOMO MO 3aBEPLUEHUN KaXAoro LiMKna oundpoBKu
rpynnbl perynsipHbix npeobpasoBaHuii. Bonee npoaBUMHYTLIM MeTOAOM SIBASIETCS MCMONb30BaHWE ABOWHOMO
Gydbepa, KOTOpbIA MO3BONSIET BbINOMHATL 06pPabOoTKy HAKOMMEHHbLIX AaHHbIX U3 OOHOW YacTu Gydepa u, npu
3TOM, NMpoAOMmKaTb 3anuchbiBaTb pe3ynbTaTbl Npeobpas3oBaHWii BO BTOPYKO YacTb Oydbepa, a no 3aBepLlieHMU
uukna npeobpasoBaHua HaobopoT - obpabaTtbiBaTe AaHHbIE M3 BTOPOW 4YacTu, a NOMeLWaTb HOBble JaHHblE B
nepeyto. [Ons peanusaumm JaHHOTO MeToda HeobxoaMMO UCMonb3oBaTb MPepbiBaHWS MO MONOBUHHOMY U
nonHomy 3asepeHuto MNANM, a Takke pexmm konbLesoro 6ydepa B 6noke MAr.

Pezynwtar npeocp.xaHana 0

Pezynwtar npeoép.kaHana 1

Fezynetar npeotp.kaHana 2
Peaynetar npeobp.kaHana 3

_ . Peaynetar npeobp.kaHana 4

. Peaynetar npeobp.kaHana 5
PeayneTtar npeotp.kaHana b

PeayneTtar npeo6p.kaHana /7

Peaynetar npeo6p.kaHana 8

Danpoc '3-5""!3"3'3 _3an|:n:u:: Janpoc 3anpoc JJanpoc Janpoc -Sanpn:n: Janpoc
Cnon SNAN “non “mon Man ngn non  MAn - nan

F.adan  KaHanl  FKadan2  Kadan3  FKadand  KadanS  KawanE  Kadan?

ALUM1 umeet noapepxky MAM ana aBTomaTtuyeckon nepeagaym B CoO3a4aHHbIN NoNb3oBaTenem B
cratnyeckom O3Y 6ychep AaHHbIX

Hpyrasa rpynna npeobpa3oBaHuii Ha3bIBaeTCA MHXEKTMpPOBaHHOW. B nocnepoBatenbHOCTb npeobpaszoBaHun
WHXEKTUPOBAHHOW TPynnbl MOXET BXOAMTb A0 YeTbIpex KaHamoB, a 3amnyck npeobpas3oBaHWUii BbIMOJHAETCS
nporpammHo unu annapatHo. Cpasy nocrie 3amnycka 3ToWw rpynnbl, NpMoCTaHaBnNMBaeTCs ouMdpoBKka B rpynne
perynspHbix npeobpas3oBaHuin, BbIMNONMHAETCA COOCTBEHHas MOCNeaoBaTeNbHOCTb NPeobpasoBaHU, a 3aTeM
BO30GHOBNSIETCH O4epeaHOCTb Npeobpas3oBaHUin B perynsipHoin rpynne. Takke kak M B criydae perynsipHon
rpynnbl, MOXeT ObITb 3aAaHbl Ntobas nocrefoBaTeNbHOCTL KAHANOB M MHOMOKpaTHOE Npeobpa3oBaHne O4HOro
M TOrO e KaHara B O4HOW nocrefoBaTeNnibHOCTU NpeobpasoBaHun. OgHako, B OTMYME OT perynsipHon rpynbl,
Yy Ka)xgoro WMHXEeKTUPOBAHHOrO NpeobpasoBaHUst MMEETCS1 CBOWM COBCTBEHHLIN pPerucTp pesynbtata U perucTp
CMeLLEeHus.

2EX1 2EX1 2EX1 2EX1 DIYT DT0O Do DB DX De D2 D4 D3 D3I DT

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

Perncrpbl pesynbtata npeo6pa3oBaHUs MHXEKTUPOBAHHOM rpynnbl 4OMNONHEHbl OUTOM 3HaKa u MoryT
ObITb C NPaBbIM UMK NEBbIM BbipaBHMBaHUEM

B pervctp cmeweHus MOXHO 3anporpamMmmupoBatb 16-6uTHOE 3HayeHune, KOTOpoe aBTOMATUYECKM
BbluMTaeTca U3 pesynbTata npeobpasoBaHus ALM. Ecnu pesynbTupylollee 3HadYeHWe - oTpuuaTernbHoe, TO
perncTp pesynbTata WMHXEKTUPOBAHHOW TPynnbl AOMNOSIHAETCS 3HaKoM. Takke Kak U B perynspHoi rpynne,
pes3ynbTaT MOXET XPaHUTLCS C NPaBbIM UK FIEBLIM BblpaBHUBAHMEM
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5.1.3.2. ®PyHKLMA OKOHHOro Komnaparopa

Momumo aByx pexmmoB npeobpasoBaHud, AL nogaoepxmBatoT yHKUMIO OKOHHOIO KOMnapartopa, KoTopas
3aKnoyvaeTca B reHepauum npepbiBaHWA Npu BbixoAe pesynbraTa npeobpasoBaHust 3a npegenbl 3agaHHbIX
nornb3oBaTeneM HWKHEN U BEPXHEN rpaHuLL (YCIIOBUSI CHKEHUS N MPEBBILLEHNS HaNpPs>KeHWs, COOTBETCTBEHHO).
OKOHHbI  KOMMapaTop MOXeT WCMOoNb30BaTbCA Ans  MOHUTOPUHra BbIOpPaHHOrO  perynspHoro  wunu
NHXEKTUPOBAHHOIO KaHana, unm xe Bcex PerynspHbIX UM MHXEKTUPOBAHHLIX KaHanos. [TOMUMO MOHUTOPUHIa
HanpsxeHus, OYHKLMA OKOHHOIO KommapaTopa MOXeT MCNoNb3oBaTbCs B KavyecTBe AeTeKTopa nepecevyeHus

Hyns.
ADC_ING —\

ADC_INT—

OKOHHHA KOMNapaTop i

PervcTtp ctartctyca T

ADC_IN15 —

JaTuue,
TerMNEpaTYpE

WREFINT —/

¢YHKLIMSI OKOHHOro Komnapartopa npegHa3Ha4yeHa gnsd MOHUTOPUHra ogHOro Ui BCex KaHanoB Ha
npegmMeT BbiXoaa 3a npeaernbl 3alaHHOM nonb3oBaTesniem BerHeVI M HWXKHEN rpaHuny

5.1.3.3. bazoBas KoHcurypauma ALIM

Al

YnpaBneHue U cTatyc
Bpema npeobpa3oBaHMs
CMelleHWe B MHIKeK-
TUpPOBAaHHbLIX KaHanax
Moporu okoHHOroO
KoMmnapartopa

PervcTpol 3anaHus
nocnenoBaTenbHOCTH
Pervctpo pesynbrara

Peructpbl AU pa3aeneHsbl Ha wecTb rpynn. KoHdurypaums pabotel AL ocywiecTBnsieTcs yepes
perncTpbl ynpasneHus un ctatyca

ALIM nmeeT BNOKM perucTpoB ONs HACTPOMKU: MHAMBUAYaNbHOrO BpeMeHu npeobpasoBaHns, perynspHbIX U
WHXXEKTUPOBaHHbIX TocreaoBaTenbHOCTEN Npeobpa3oBaHuil, 3HAYEeHWn CMELLEHWUS AN MHXEKTUPOBaHHOM

rpynnbl U MOPOroBbIX 3HAYEHWUI OKOHHOro KomnapaTopa. Bca HacTpoika AL BbiNonHAeTcs Yyepes perucrpbl
ynpasneHus n ctatyca.
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HacTtpoiika aHanorosunix

PYHELMA
Britiop pexumoEe Janyck npeobpas. | Peryaap.
CABDEHHHIX NpeotpasoBaHHR HuxexT.
3anyck B peryn. | Brmbop 3anycka
pEXHME Crapt
1 3 12 11 10 i 4 i
[ & 1
1
] a 1 i - S 1 )
Pexum =
OCTAHABAMEAeHbIX —t .
npeoctpa3osaHHA I 1
ABTOMaTHYECKDE
npeuﬁpasusaﬂueﬁ
HHXEKTH
PN POE3HHD m
NDSENene MhxekT.pexum | Buop
CKAH-PEXHMOM KoHndur.zanycka' zanycka
PazpeweHuye npepsiBaHuAa BripaBH.gaHHbx
Pazpew. I
Buitiop kaHana nna KanuGposka

Henpepws.npeotp.

OKOHHOID KOMMNaparopa
Brmouenue ALLT

g L /

Pexum pa6oTbl ALIM 3apaeTcsa yepes3 ABa peructpa ynpaBneHus. Huxe nokasaH npumep KoHdurypaumm
npeobpa3oBaHUA OQHOIO KaHana Cc reHepauven npepbiBaHus

ADC1->CR2 = 0x005E7003; //Briouenue Alll ¥ paspemeHre HENPEPEIBHOTO

npeobpasoBaHmsa

ADC1->SQR1 = 0x0000; //yCTaHOBKa IJMHBE [NOCJIENOBATEJILHOCTU paBHOM 1

ADC1->SQR2 = 0x0000; //BEIGOP mpeobpasoBaHmsa kaHasa 0

ADC1->SQR3 = 0x0001;

ADC1->CR2 |= 0x005E7003; //nepesanuck OUTa paspemeHus pPaboTH

ADC1->CR1 = 0x000100; //3anyck npeobpasoBaHMa pPeTryJSpHBEX KaHAJOB,
//paspelieHre npepeiBaHua Al

NVIC->Enable[0] = 0x00040000; //paspemenue npepuBanusa Al

NVIC->Enable[1l] = 0x00000000;

B npoueaype 06paboTku npepbiBaHns pesynbTaT NpeobpasoBaHWsl CUMTLIBAETCS U3 perucTpa pesynbTtarta u
BbIBOAUTCA HA NUHUK NopTa BBOAa-BbIBOAA.

void ADC IRQHandler

{
GPIOB->ODR =

}

(void)

ADC1->DR<<5; // wxonupoBaHMe pesynbTaTa ALl B BB

BmecTo npouenypbl 06paboTkmn npepbiBaHus, Ans nepegadu pesynstata AL B NBB moxHO mcnonb3oBaTb
kanan Mar.

DMA Channell->CCR = 0x00003A28; //KOJbLIEBOM PEXUM,

/ /MHKpPEMEeHTHpOBaHre YBB M mamMaTu
OTKJIIOYEHO

//3ananue ampeca Ha3HAUeHUsS — PEeTUCTP

ODaHHBIX [IBB

DMA Channell->CPAR = (unsigned int) 0x4001244cC;

//3arpys3ka ampeca MCTOUYHMKA B PETUCTP NaMATU

DMA Channell->CMAR = (unsigned int) 0x40010COC;

DMA Channell->CNDTR = 0x1; //KOMMYEeCTBO CJIOB IJIA Iepenadn
DMA Channell->CCR |= 0x00000001; //Paspemenue I mepemaum
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Y AU gormkHa ObiTh BrtodeHa nogaepsxka MAOn.

IADC1->CR2 |= 0x0100;

5.1.3.4. PeXXMbl cOBOEHHbIX Npeobpa3oBaHn

AU mukpokoHTponnepoB STM32, kak ansg Hegopormx MK obulero HasHauyeHus, ABNsSeTCA Ype3Bbl4anHO
MHOroyHKUMOHanbHbIM. He cnepyeT XaneTb BpeMeHM Ha u3dydeHue Bcex Bo3MoxHocten AU, T.k. nocne
COOTBETCTBYIOLLIEA HACTPOMKM OH MOXET annapaTHO BBLINONHATL Te Xe AEWCTBUSA, BbINONHEHUS KOTOPbIX Npu
ncnonb3oBaHum ob6biMHOrO Mogyns AU moxHO [obuTbCA TOMbKO HamMCaHWeM [AOMOMHUTENbHOIO KoAda
nporpammbl. Mano Ttoro, B cemencrtee STM32 wumetotca MK ¢ gByms umHTerpupoBaHHbiMu ALIM, koTopble
NOAAEPKUBAIOT AOMOSNTHUTENbHbIE PEXUMbI COBOEHHbLIX Npeobpa3oBaHuin.

ADC_IM15 ADC_INT ADC_IMO

-
= i
FC
T kI
15
- .‘_‘_,.-'
h, Anar ] op,
A0 4 HHAEKTHPOEAHHEN T 0o 16 pErynApHLIR KaHanos
K.aHAN0E
r .l- L
AHanoroeui AHanorosoLif
TpakT AlLM TpakT ALLMZ
Bewree codbmue BHEIWHEE CHHYPOHMSMOYHLL S
[perunApHaA rpyunnal s
BHewHes cofbm9e Unpposoi * lueposoh
[LH#EKTHPOEaHHSA FpYnnal TpaKT FPerucTp oaHHex TpakT
BEAYLWErD 4 NOIYHHEHHOT O
AlN ALLT
EQCAIEQC —‘

PeXXnmbl cOBOEHHbIX Npeo6pa3oBaHUil MNO3BONSAIOT CUHXPOHU3UPOBaTL PaboTy ABYX BCTPOeHHbIx ALM,
npefocTaBnsas BOCEMb AOMNONHUTENbHbLIX PEXUMOB

B pexumax cpaBoeHHbix npeobpasoBaHun ALIM2 noguuHen ALIM1, obecneumBas nogdepxky BOCbMU
OOMOSTHUTENBHBLIX PEXMMOB NpeobpasoBaHus.
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5.1.3.4.1. PeXxuMbl O4HOBpPEMEHHOTO NMpeo6pa3zoBaHNA UHXKEKTUPOBAHHbIX FPynn n
OHOBPEMEHHOro npeobpasoBaHUA perynsapHbIX rpynn

ALN2 | LSGURI KaH.1 Kan.2 B KaH .3

AUt [ETNE

"
Janyck WHXek- KoHeL MHXeKTHpOBaHHLIX
TUpPOBaHHLIX npeo6pa3osadHyi ALMNT W ALINZ
KaHanoe
LA PR Kan. 0 BN Kan.1 B Kau 2 BN Kan_ 3 K.aH.15]

VRS Kan. 1588 Kan. 1488 Kan. 1388 Kan_ 12 I_m
" s
KoHeu npeo6pa3oBaHuyA

ST ALIMT w ALN2

pPErYnApHBX
KaHanoe

| BuiGopka

[ Npeo6pazoeanue

B nepBbix OBYX pexumax COBOEHHbIX NMpeobpa3oBaHW CUHXPOHU3UPYETCS npeobpas3oBaHME PEryrisipHON 1
WHXEKTMPOBAHHOM rpynn npeobpasoBaHms aByx ALIM. 31oT pexum nomneseH npu HeobxoomMmocTu
OOHOBPEMEHHOI0 U3MepPEHUst ABYX (PU3NYECKUI BENUYMH, HANPUMEP, TOK U HANPshKEHMWE.

5.1.3.5. KOMOMHMpPOBaHHbLIN PEeXUM OQHOBPEMEHHOro npeobpasoBaHus
perynspHbIX/MHXEeKTUMPOBaHHbIX rpynn

Alnz |_ Kan 0B Kau 1 B Kan 18 Kan 2B Kan_ 3
AUM | G0 -KaHE -KﬂH.Z-KﬂHJ.KﬂH_I]
; "

SRR = cc. 10 <o 1 1 SO Konew npeosp.

pErYnApHLIX HAKEKTIP. ALM 1 ALNZ
KaHENOE AL - Npeosp.
Janyck * &M WAL
— WMHAEKTHR. PEEKH%" s - Hara MoK, DOMH M TOT e KaHan
@l Bucopka KaHAM0BE perHElEp;Eb':')é;pI?HEDB o HeNb2A NPe0Spas0ELEaTE
- MNpeoGpazopaHue MEHHG npent CER A Aeyma ALUMN ooHoEpEeMeHHD

HH)KEKTHF]DEIE[H Elx rpynn

[aHHbI pexxuMm npefocTaBnseT BO3MOXHOCTb CUHXPOHU3MPOBaTb NpeobpasoBaHue, Kak perynsipHbix, Tak u
NHXXEKTUPOBaHHbIX rpynn o6oux ALIM.
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5.1.3.6. PeXnMbl GbICTPbIX U MeAJIeHHbIX Npeobpa3oBaHU CO CMeLLeHMEM BO BPpeMeHHU

e I - (I

4 TR KoHey npeogp. ALUM?

ALIM I,|'|I

B e
/ . >

| 17 urknoe ADCCLE. % Kowew npeasp. ALMT

Janyck peryn.
KAHEMNOE

o

[MEMM. MEKCMMAaNEHSA YacTaTa Npe06paz0BaHKA OrpaHYEHa Ha
YPOEHE 7 UMKNOE CHHXPOHMIa0MM AL

aunz | WEU
! T KoHeu npeogp. ALME

am B Koo

114 Lyknoe ADCCLK Koneu npeogp. ALMI

Janyck peryn. .
KaHana C 28 umknoe ADCCLE,

M. - MaKCMManeHas YHacToTa NPeospaz0EaHKA OrpaHYeHa Ha YypoeHe 14
LUMKENOE CHHXPOHKSaUMKE AL
- PESKIMM HEMPEREIEHEX NPE0Spas0BEaHHA He NOOOSMHMESSTCH

-

. Bubopka

[ Npeospazoeaunue

B pexxrmax GbICTpbIX U MeaneHHbIX Npeobpa3oBaHnii CoO CMELLLEHMEM BO BPEMEHU CUHXPOHU3MpPYeETCs paboTa
perynspHeix rpynn npeobpasoBaHuss obomx AL, opgHako B OTnMuMe OT pexuyma HenpepbiBHbIX
npeobpasoBaHni, 3geck nepea 3anyckoM npeobpasoaHusa ALIMN1 BBoguTca Hebonbliasa 3agepxka. B pexnve
ObIcTpOro npeobpasoBaHMs CO CMELLEHMEM BO BPEMEHW 3Ta 3afepXka paBHa CEMWU LUKIaM CUHXPOHU3auuu
AUM 1 umcuncnsieTcss No OTHOLUEHUIO K MOMEHTY 3anycka npeobpasoBaHus ALM2. B pexume MeaneHHbIx
npeobpasoBaHnn CO CMELLEHMEM BO BPEMEHM 3afepXkka paBHa 14 uumknam cuHxpoHmsaumm ALM. Kaxagbpin uns
3TUX PEXUMOB MOXET WUCMOMb30BaTbCA ANsl YBENMYEHWUsI YacToTbl AMCKPEeTM3aumM 3a cHeT KOMOMHMpOBaHMSA
paboTbl ABYX Npeobpa3oBaTenen.

5.1.3.7. Pexxnum noo4yepeaHoro 3anycka

— -6l 2ANYCEK - J-MiA zanyck — B-bili 2EnyYck P /-0 Fanyck
P oo IS o I o I oo B
ALM
Az I D EE
/ e
£ 2-0i1 3anyck. -bIli ENYCK © B-of 2anyck, 8-001 zanyck JEOC y
ALM2

i: BuBopka

[ Npeoépasosanue
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B pexvnme noovepenHoOro 3anycka annapaTHbii 3anyck ALM1 BHavyane npuBedeT K 3anycky npeobpasoBaHui
NHXeKkTupoBaHHow rpynnbl AL 1, a 3aTem - k 3anycKy npeobpa3oBaHUii MHXEKTUPOBaHHON rpynnbl ALIM2.

5.1.3.8. KoMOMHpoBaHMe pexrmmMma OgHOBPEMEHHOro npeobpa3oBaHUA PerynsapHon rpynnbi u
pexxuma nooyepenHoro 3anycka

1-bIl1 MHKEET.

ALIMI ””CK

!
1
' K.oHEL MHHEKT.

AL W" npeadp. y AU
Al :
AN ka3 B Kan2 B kanz B Kan. 0 \

T PeXum 0AHOBPEMEHHOIO anDﬁpaSDBﬂHHH AllN2 '
Janyck PEMYAAPHBX FPYNN NPEPLHEBAETCA PEXHMOM m\-‘KDHEu WHAKEKT.
PEFYAAPHEIE — 3amnycka co cHMelleHHeM B0 BpeMeHH npeotp. y ALMNZ

K.oHew npeu:ulfup.
ALM walnz

K.aHAN0E i:ﬂnﬂl;;{:mem. .
— MprM.. OOMH M TOT e KaHan
. BuGopka Henk2A NPe0Spa30BLIEATE
- anDﬁpﬂ3DBﬂHHE AOEYMA ."':'".Lu_l OOHOERPEeMEHHD

PexuM noouyepedHoro 3arnycka MOXHO CKOMOMHMPOBaTb C PEXMMOM OOHOBPEMEHHOro npeoGpa3oBaHus
perynspHbix rpynn. Bcrneacteve aToro, npeobpasoBaHus perynsipHbix rpynn oboux AL 6yayT BbINOMHATLCA
CVHXPOHHO, @ UHXXEKTUPOBAaHHbIX rPynn - nooyYepeaHo.

5.1.3.9. KoMOMHMpoBaHMe pexmmMma OgHOBPEMEeHHOro npeobpa3oBaHUA UHXEKTUPOBAHHOMN
rpynnbl U pexxmma co cMeLLeHneM BO BpeMeHU

ALIN2 FesiiM Co CHMEWEHKEM BO BEMEHM

- Kan.0 - kan.0 /npepuaaemﬂ DEHAMOM

iy _OOHOBREMEHHDOMD I'IFIEDE[CIE[SDEIE[HHFI

ALIM Ew IHHAKEKTUROBAHHEN FRYN
» KOHeL NpeoSpasoBaHHa HHAEKTHDOBaHHEIX
Aunz | HEERNT  WEUREE rpynn ALMT v ALMN2

KoHew
a]
CCUT ST R I Kati11 ) Kau.10 e
RErdAApRars ' /SELEHEFILIJELETCFI

i .
KaHana : .KﬂH_u . Kan.0 npeoSpazoEaHUem
Jdanyck | kaHana 0

MHAEKTHPOBRHHOMD
- Kan.0 - Kan.0

KaHana
| Butopka Mpur. NpK 0OHOBPEMEHHOM

n B NPE0SPaZ0BEaHMM MHXEKTMOOESHHEX FpYnn
- PE0bPA30BAHUE  npq ALM HE MOrYT 0OHOEPEMEHHO

NPecSpas0ERIEaTE O0MH M TOT *e KaHan

B nocnegHem pexume npeoGpasoBaHua npeobpasoBaHue perynspHbix rpynn o6oux ALM BbINOMHATCS co
CMeLLEHNEM BO BPEMEHU, a MHXEKTUPOBAHHbIX - OQHOBPEMEHHO.
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5.1.4. Tanmepbl o6LWEro Ha3Ha4eHUsA U MHOro(PyHKLMOHasNbHbIEe TauMepbl

Y MK STM32 nmeeTcs 4eThbipe 6noka TanvepoB. TariMmep 1 - paclUMpeHHbIA TanMep, NpeaHasHa4YeHHbIN ans
ynpaBneHus anektpoasuratenem. OcTanbHble TavMepbl ABNSATCA Tanmepamu o6Llero HasHadveHusi. Bce
Tanmepbl BLINOMHEHbI MO OOLEN apxXMTEKType, a paclUMpPEeHHbIn TaMmep oTnuyaetcs nuwb gobaBneHmem
cneumanbHblX annapaTtHbix ©OnokoB. B pgaHHOM pasgene Mbl BHavane paccMoTpum Tanmepbl obuiero
HasHayeHwus, a 3aTem nepengem K u3y4eHnto 0CO6EeHHOCTEN paclUMPEHHOro Tanvepa.

5.1.4.1. Tanmepbl 06LLEro Ha3Ha4YeHUsA

Bce O6noku TanmepoB BbIMOfIHEHbI Ha OCHOBe 16-OMTHOrO mMepesarpykaemMoro CcYeT4MKa, KOTOPbIN
CMHXPOHM3upyeTca ¢ Bbixoga 16-6uTtHoro npepaenutens. MNepesarpyxaemoe 3Ha4yeHWe XpaHUTCH B OTAEMNbHOM
peructpe. CyeT MoxeT ObITb NPAMON, 06paTHbIN MW ABYHaNpPaBneHHbIW (CHavana npsMon 4o onpeaeneHHoro
3HayeHwus1, a 3aTem obpaTHbIf). Bxoa CMHXPOHM3aUMM CHETYMKA MOXKHO CBA3aTb C OOHWM M3 BOCbMU PasnnYHbIX
MCTOYHUKOB. B mnx 4ncno BxopaT: cneuuwanbHbIA CUrHam CUHXPOHM3auMu, NPOU3BOAHLIN OT CUrHana rrnasHOWM
CUCTEMHOW CWHXPOHM3aLMU; BbIXOOAHOW CUrHarm CUMHXPOHM3auuu OAHOro U3 ApYyrux TanMepoB UMW BHELLHUW
CUrHan CMHXPOHM3aL MK, CBA3aHHbIV C BbIBOAAMW 3axBaTa/CpaBHEHWS.

ETR (g

Tmi " KoHTponnep| Berog TIMXCLK Konrponnep
—l'
™2 | zanyckaf SIS sanycka
TRZ
Tr: | CHHXpOHMS. —*
-
16-6. npepnen. - —|.| Brifop NONAPHOCTH, LETEKTOR
= (PROHTOE NpE L1ENWT ., ddNETE
. LABTONEpESArpYEka ITR1 » i
= = . o Kourponnep || P55
16-6uTH.pEBEpPC. [ mi ]
CHETHHK N -
T ITRY
[ N THF ED) =
k= | + e cHI
] THFP1 —
CHZ |+ cH2 =
1 3axBaTJ'-:: ABHEHHE . -
CHal I - { = CH3
CH4 F s CHY

Kaxabin n3 yetbipex TanmepoB MK STM32 copepxut 16-6MTHbIN cyeTumkK, 16-0UMTHLIN NpepaenuTenb
YacToTbl U 4-KaHanbHbIN G6NOK 3axBaTa/cpaBHEeHMA. UX MOXXHO CUHXPOHM3UPOBAaTb CUCTEMHOWN
CUMHXPOHU3aLuuen, BHEWWHUMU CUTHaNamMv Unu apyrumm tTanmepamm

Momumo cocTasnsawLWwero OCHOBY Talhmepa cyeTuMKa, B Kaxablh Onok Taﬂmepa TakXe BXogout
‘-IeTpreXKaHaJ'IbeIVI 6ok 3aXBaTa/CpaBHeHI/I$|. [aHHbIN ©OnoK BbINOSHSET, Kak CTaHOapTHbIe (*)YHKLI,I/II/I 3axBaTta un

CpaBHeHWs, Tak MU psag cneumanbHbiX OYHKUUA. Kaxabld 13 TaMepoB MOXET reHepupoBaTb NpepbiBaHUsA U
nogaepxusaet MAr.

5.1.4.1.1. bnok 3axBaTta/cpaBHeHuUs1

Kaxabln kaHan 3aXBaTa/CpaBHeHMﬂ ynpasndaeTca 4epes3 oanH pPeruncTp. [aHHbIN perncTp nmeetT HecCKoJ1bKO
CbYHKLJ,I/IVI, KOTOpbl€ 3aBUCAT OT YCTAaHOBOK ouT Bbl60pa. B pexunmve 3axBsaTta, OaHHbIN OfoK BbINOMHAET
cbmanpau,mo Ha BXodax, nogaepxumBaet cneyunanbHbIN pexumm naMmepeHmnsa BHELLHEro WNM-curnana, a Takxe
nMveeT BxXodbl ONnA noAKni4vYeHna BHELWIHEero aHKoaepa. B pexunve cpaBHEHUA, Onok BbIMNONHAET CTaHOapTHble

dyHKUMK cpaBHeHus, reHepauun LWKM-curHanoB, a Takke noaAepXvMBaeT OMUMOHAmNbHYIO  OYHKUMIO
opHoBubpartopa.
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Buxon zaxeata

OTmeHa paspeweHHa
Mepesarpyska paspeweHHs
Pexum

buicTpoe paspemweHHe

BwGop 3axeara/cpasHeHHA

Bxon zaxearta

P unsTp

Mpeanenurens

Y Kaxxgoro KaHana 3aXBaTa/CpaBH9HMﬂ nmMeeTcda oauH pPerncTp Ana 3agaHna pexunma pa60Tb|

5.1.4.1.2. bnok 3axBaTa

BasoBbin 6rok 3axBata MMeeT 4 kaHana, NOAKIMHYEHHbIX K KOHUIypupyembiM AeTektopam poHTOB. MMpu
obHapyXeHMn HapacTawLllero unu nagatoulero (opoHTa, Tekyllee 3Ha4YeHue cyeTyuka 3anucbiBaetcst B 16-
OUTHBLIN pervcTp 3axeaTta/cpaBHeHus. Korga BO3HMKaeT cobbiTMe 3axBaTa, CHETYMK TaiMepa MOXET ObITb

cOpolleH unu npuoctaHoBreH. Kpome Toro, ogHOBPEMEHHO C 3TUM MOXET ObITb 3amnyLleHO MpepbiBaHME UMK
nar-nepegava.

JENHTENE FRXEATAICHaEHEHNA 1

BaxogHoM fMneTH 1 » .
™ | —*| peTekTOp GpOHTOE = Mpen- L, . 16-GMTHEIM PEMCTH
TRC | —

BaogHoM neTE 1
Tz I "  petextop hpoHToE

Mpeg-

1B-GUTHEIA pEnicTp
JEMNHTENE

FAXEATAICPABHEHKA 2

JEenWTenE 3EEEATAICPaBEHEHKMA 3
TRC | —

BiogHoM dineTH K * . =
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Kaxabin N3 yeTbipex 6510KOB 3axBaTa MMeIOT BXOAHOW (hunbTp u AeTekTop hpoHTOB. Mpun
BO3HMKHOBEHMU COOLITUA 3axBaTa MOXeT ObITb 3anyweHo npepbiBaHue unu MNAM-nepeaayva
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5.1.4.1.3. Pexxum namepeHus napametpon LUAM-curHana

brok 3axeata MeeT BO3MOXXHOCTb MCMNOMb30BaHUS ABYX KaHasnoB 3axBaTta A1 aBToMaTtn4eckoro usmepeHums
napameTpoB BHELLUHEro WKM-curHana, B T.4. 3anofnHeHne nMnynbCcoB 1 nepunoa crnegosaHna MMnNynbCcoB.

F

CHHXpOHMzaUMA |
TalMepa LU e
Lk |— S -
CueTYME

Fauan zaxeata 1:

ZAMNOAHEHWE UMY IECOE ] LT |
FaHan zaxeara 2 r
10
Nepuog cNefoeaHA {] |

o
LM ©

—® Kanan zaxeata 1 (IC1)

S NS

—— KaHan saxeata 2 (IC2)

//'

B pexume nsmepeHus napametpon LUMM-curHana aBa kaHana mMoryT ucnosib3oBaTbcs Ans
aBTOMaTU4YeCKOro usmepeHus nepuoaa v sanosnHeHnsa nmnynscos LLUWM-curHana

M3->CR1 = 0x00000000; / /00 yMOJIYaHMUIO

TIM3->PSC = 0x000000FF; //ycTaHoBKa MakC. KO5b. Ipenmenmreiis
TIM3->ARR = 0x00000FFF; //ycTaHoBKa MaKC. Iepe3arpyXaeMoro 3Hau.
TIM3->CCMR1 = 0x00000001; //Bxon ICl cesaseiBaem c TI1

TIM3->CCER |= 0x00000000; //ICl pearupyeT Ha HapacTaouyil QPOHT
TIM3->CCMR1 |= 0x00000200; //Bxonm IC2 cBasmBaeM ¢ TI1

TIM3->CCER |= 0x00000020; //IC2 pearupyeT Ha Oanaommi GPoHT
TIM3->SMCR = 0x00000054; //Beibop TI1FPl B kKauecTBe BXOIa, 3allyCK IO

HapacTawoumeMy OpoHTY

//cbpoc cueTumkKa
TIM3->CCER |= 0x00000011; //paspelenre KaHaJioB 3axBaTa
TIM3->CR1 = 0x00000001; //paspelieHue TarMepa

B pexvme namepeHusa napametpos LLUNM-curHana BxogHom curHan coefiMHeH ¢ ABYMS KaHanamu 3axeaTta. B
Hayane uukna UMM ocHoBHoM cyeTdmk cOpacbiBaeTcsi Yepe3 BTOPOWM kaHan 3axBaTa (HapacTawwmin OpoHT
WNM-curHana) v HayuHaeT npsamown cyeT. [lpM BO3HMKHOBeHUWM napgawowero dpoHta LWAM-curHana
cpabaTbiBaeT NepBLIN KaHamn 3axeBaTa, Y4TO MpMBOAMT K (OMKCAUMU 3HAYEHUS 3arnorfiHeHUs MMnynbcoB. [lpu
obHapyXeHun crnegyowero HapacTawwero poHTa BTOPbIM KaHanoMm 3axBaTa B Hadvane crnegylowero uukna
LLNM cbpacbiBaeTcsa Tanmep 1 ukcmpyeTcs 3HavyeHne nepynoga LWUNM-curHana.
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5.1.4.1.4. NUnTepdhenc aHKoaepa

brnok 3axBaTa Bcex TaPIMepOB TaKkKe nogaepxumBaet BO3MOXHOCTb HenocpeaCTBEHHOro noAKmk4vYeHua K
BHeELWHeMY 3HKOoAepy, KOTOprIZ 00bI4HO NCnonb3yeTcd AOnd KOHTPOJiA YrinoBbIX nepemeu.l,eHMVl N 4acToThbl
BpaLlleHunda SJ'IeKTpo,EI,BMI'aTeJ'IeIZ.

KoHTponnep
3ANyCKa

KoHTpoARER

MHTepderc
aHKOOERA

KoHTpOnNep eslfiopa ] |
™ }‘_"' W OAHaY. hpOHTOE

KoHTpONNep eslfiopa ||
iz I—'l W 0fiHapYy hpOHTOR

Kaxabin Taﬁmep nmMmeeT BO3IMOXHOCTb NOAKIMKYEeHUA K nMHeﬁHOMy U NnoBOpoOTHOMY 3HKOOepy AnsA
KOHTPOJA NOJNI0OXKeHUA, CKOPOCTU U HanpaBneHuns

B paHHOW koHdMrypaumm BbIBOAbI 3axBaTta BbICTYMaT B PONY BXOAOB CUHXPOHU3auuM cyetymka. CocTosiHme
cYEeTYMKa B JanbHeWLIEeM UCMONb3yeTcsl AN onpeaeneHns nonoxeHus. [ns KOHTPOmMs CKOPOCTM HeobXoanMo
ncrnonb3oBaTtb elle oauH Tanmep. OH HeobxoaMM ONst U3MEPEHUsI MHTEpBana BpeMEHU Mexay MMMynbcamu
curHana sHkogepa.

5.1.4.1.5. Pexxkum cpaBHeHuUs

Kaxgbin Taimep MUKpOKoHTponnepoB STM32 mmeeT 4 kaHana CxXem cpaBHeHusi. B GasoBom pexume
CpaBHEHUs1 reHepupyeTcsl cobbiTve 3axBaTa, ecnv ObGHapyXvBaeTCsi COBMageHne COCTOsAHMA cveTymka ¢ 16-
OUTHBIM 3Ha4YeHMeM, XpaHSLMMCH B peructpe 3axsaTta/cpaBHeHus. [JaHHOoe cobbiTme MOXeT MCMNOoNb30BaTbCs
ONsl U3MEHEHMS1 COCTOSIHMS CBSI3aHHOMO C KaHarnom 3axBaTa/CpaBHeHVs BblBOAA, reHepauun cbpoca Tanmepa,
npepsiBaHug unu MNAM-nepepayn.
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B pexume cpaBHEHMWA, KaXabI KaHan MOXeT UCNOJb30BaTbCA ANA reHepauumn npepbiBaHUA UMK
nm3meHeHus coctosiius CAP/COM npu coBnageHuu coaepKMMoro peructpa CpaBHEeHUA C TEKYLLUM
COAEPXKUMBbIM CYETYMKa

5.1.4.1.6. PeXuM LWMPOTHO-UMNYSIbCHOMN MOAYNALIMK

MomMnMmo ©a30BOro pexvMma CpaBHEHMS, KaXObI TakMep MogOepXMBaET CreLManbHbIi PeXuM reHepaumm
LHAM-curHanos. B atom pexume nepuopg LUMM 3agaeTca ¢ nOMOLLbIO perctpa asToMaTuyecKkon nepesarpysku
TanMmepa. 3HayeHue 3anofHeHMs UMNYMNbCOB 3aJaeTcs Yepe3 peructp 3axeBaTa/CpaBHeHUs KaHana. Takum
00pa3oM, Kaxabli Tammep MOXET reHepupoBaTb A0 4eTbipex HeszaBucumbix LUMM-curHanos. Mo3xe Mbl
yBUOUM, 4YTO Tammepbl MoOryT paboTtaTtb WM CUHXPOHM3NPOBAHHO, MO3BONASA reHepupoBatb [0 16
CUYHXpOHM3npoBaHHbIX LUMM-curHanos.

WM ¢ BbipaBHUBaHWUEM UMM ¢ EbIpaBHUBaHWEM
CHHxpo- no ¢ppoHTY CHHxpo- no LeHTpY
HHZALMA & HHZALMA &
Talimepa CoBLmie TalMepa | CofkTHe
nAeEF:TSéa-- I-‘DEHDBnEHHH nAeEFTeDéa- , [ obHoBNEHMA
rpy3ka : rpYy3Ka
OCx - OCx

Kaxxabin Tanmep noggepxxuBaet cneynanbHbin pexum LLAM, B KOTOpOM MOXHO reHepupoBaTtb LLUAM-
CUrHanbl ¢ BbipaBHMBaHMEM NO (PPOHTY UIN LIEHTPY

B kaxgom kaHane MoxHo reHepuposaTb LUMM-curHan ¢ BbipaBHMBaAHWEM MO (PPOHTY unm no ueHTpy. B
pexume C BblpaBHMBaHWMEM MO POHTY, Magawwumi @POHT uMNynbca Bcerga coBrnagaeT C MOMEHTOM
nepesarpysku tammepa. V/IamMeHeHve 3HayeHWs B perncrpe 3axeaTta/CpaBHEHWsI MO3BONSAET Merko ynpaBndaTb
MOMEHTOM BO3HMKHOBEHUSA HapacTawouwero gpoHta WWM-curHana. B pexume ¢ BbipaBHMBaHMEM MO LIEHTPY,
TanMep KOHUIypupyeTcs Kak peBepCUBHBIA CHETUYMK, KOTOPLIN CHayvana cyutaeT B NpsiMOM HanpasneHuu, a
3aTeMm - B obpatHom. Korga GyaeT BbISIBIIEHO COBMadeHUe CYeTYuKa C perMcTpom 3axsaTa/CpaBHeHUs kaHana,
NHBEPTMPYETCH COCTOSAHNE BbIXOAHOMO CUrHana kaHana.

TIM2->CR1 = 0x00000000; / /00 yMOJIYaHUO

TIM2->PSC = 0x000000FF; //yCcTaHoOBKa MaKC. 3HAau. NPeNnesiMTelid
TIM2->ARR = 0x00000FFF; //yCTaHoBKa MaKC. Nepes3arpyXaeMoro 3Hau.
TIM2->CCMR1 = 0x00000068; //YcTaHaBiuBaeMm pexum VM

TIM2->CCR1 = 0x000000FF; //3amaem cTapToBOe 3Hauehnwe VM
TIM2->CCER = 0x00000101; //paspemaeM BEHXOOA KaHama 1

TIM2->DIER = 0x00000000; //paspemaeM OOHOBJIEHME IPEPHIBAHMSI
TIM2->EGR = 0x00000001; //paspemaemM OOHOBJIEHME

TIM2->CR1 = 0x00000001; //paspemaem paboTy Tarmepa
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5.1.4.1.7. Pexxum ogHOoBMOpaTopa

Kak B 6a3oBOoM pexume cpaBHeHWsl, Tak U B pexume UMM 6nokn TaiMepoB HEMPEPbLIBHO FEHEPUPYHOT
NpsAIMOYronbHble umnynbcbl. OgHako, Npu HeobXxoouMOCTW, B KaXOOM M3 TalMEPOB MOXHO 3a4eiCcTBOBaTb
ONUMOHanbHLIA PeEXMM OfHOBMOpaTopa ANs reHepauuyv OAMHOYHOrO MMMynbca. [JaHHbLIA pexum, Mo CyTw,
aBnsieTca ocobon Bepcuen pexmma UMM, B koTopom reHepaums WWM-curHana vHULMMPYETCA BHELUHUM
CWrHarnom 3arnycka (BHELUHWI BbIBOA WK BbIXOA 3anycka noboro Apyroro Tanmepa) U Anutcs oavH uukn. B
pes3ynbTate reHepupyeTcs OAUH UMMNYNbC C NPOrpaMMUpyeMoin 3a1epPXXKON U ONUTENbHOCTLIO.

m2

— Wiy g b [

B pexvme ogHoBMGpaTopa MOXKHO CreHepupoBaTb OAUHOUYHLIN MMNYNbLC C NPOrpaMmMmupyemMmomn
3aepXKKON U ANUTESIbHOCTLIO

5.1.4.2. PaclumpeHHbI Tanmep

PaclwupeHHbIM TanmepoMm siBnsieTcs Onok TtarmMepa 1. OTOT TarWmMep OOMOSMHEH PSAOM annapaTHbIX Y3IoB,
npegHasHaYeHHbIX ANs yNpaBreHnst aNeKTpoaBuraTenem.

B kaxxgom u3 Tpex KkaHanoB 3TOro Tanmepa npeaycMOTpeHbl ABa NpoTuBodasHbix Bbixoda. Takum obpasom,
OH npeacrtaBnseT cobon 6-kaHanbHbI LUWM-6n0k. MNockonbky AaHHbIM BAOK npegHasHayeH Ans ynpasneHus
TpexdasHbiM aneKkTpoasuraTeneMm, y Hero UMeeTcst BO3MOXHOCTb NpOorpaMmmMupoBaHns B KaxaoM KaHane naysbl
HenepekpbITUSt N OBLLMI BXOA IKCTPEHHOro OTKMoYeHus. Kpome Toro, B AononHeHue K nHTepdeincy aHkogepa
3[ecb NpegycMOTPeH MHTEPdENC NOAKMI0YEHUS AaTYMKOB Xonna.
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PacwumpeHHbIM TanMep BbINOJIHEH Ha OCHOBE TOW e CTPYKTYpPbl, 4TO U TalMepbl oOLero Ha3Ha4vyeHus. Y
Tpex KaHanoB CpaBHEHUS NPeayCMOTPEeHbl NpoTuBodasHbIe Bbixoabl. Takke numeertcs
OONONHUTENbHbLIN BXOA 3KCTPEHHOro OTKNIOYeHUs1 U uHtepdenc gatumkoB Xonna

B kaxgom w13 KaHanos npegycMoTpeHa BO3MOXHOCTb MNporpaMMupoBaHna nay3bl HenepekpbiTUA
ﬂpOTMBO(ba3HbIX BbIXOOO0B, KOTOpaA Mo3BOJIAET nsbexaTtb npoTekaHnA CKBO3HONo TOKa 4epes3 MnoJlyMmocCT
cnnoBoro komMmyTaTtopa.
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5.1.4.2.1. PYyHKLUA IKCTPEHHOrO OTKIOYEHUS

PaclumpeHHbIn Tanmep MMeeT BO3MOXHOCTb nepeBecTn ceon LLIMM-Bbixogbl 1 nx npotnBodasHbie BbiXxoabl B
3apaHee 3anporpaMMMpOBaHHOE COCTOSIHWE MO CUrHany Ha BXOA4E SKCTPEHHOrO OTKIHYEHUsl. VICTOYHWMKOM
AaHHOro curHana mMoxetT OblTb cneumanbHbli BHELLHUIA BbIBOA, 3KCTPEHHOIO OTKITHOYEHUS] UMM CUCTEMA 3aLUUThI
CYHXpOHM3auMK, KOTopasi KOHTponupyeT paboTy BHELHEro BbICOKOYACTOTHOrO reHepaTopa. [locne
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aKTUBM3aLmm, OYHKLNSA 3KCTPEHHOro OTKIHOYEHMs paboTaeT MOfHOCTbI0 aBTOHOMHO M rapaHTUpyeT NepeBog
LLINM-BbIxoooB B Ge30MacHoe COCTOsIHME B criydae oTkasa cuctembl cMHxpoHu3daunm MK STM32 nnu B cniyyae
NOBPEXAEHMWS BHELLHEN CXEMBbI.

5.1.4.2.2. UnTepdenc patuuka Xonna

Kaxgbln 13 TaniMepoB, B T.4. U pacLUMpeHHbIN, pa3paboTaH C y4eTOM MPOCTOTbl MOAKMIOYEHUA K AaT4MKy
Xonna, npegHasHayYyeHHOro Ans U3MEepeHuss YrroBOW 4acToThl BpalleHusi anekTpoasuratens. [lepBbie Tpu
BblBOAA 3axBaTa KaXaoro TanmMepa MOXHO CBs3aTb C KaHanom 1 4yepes3 nornyeckmin anemMeHT "UcKrovaruiee
UINN". B aToM cny4yae, N0 Mepe BpalleHusl ABUraTensi u NpOXOXAeHUs BO3fe Kaxaoro aTyvka, B kaHane byget
reHepupoBaTbCs COObITUE 3axBaTa. OTO MPMBELAET K KOMMPOBAHWUIO TEKYLLEro COCTOSIHWUSA Tanmepa B PErucTp
3axBaTa KaHana, a Takke K cOpocy TariMmepa. TakuM oOpasoM, 3Ha4YeHWe cyeT4vMKa, KOTOPOE OKaXKeTCs B
perncTpe 3axsaTa, MOXHO NepecyMTaTb B HaCTOTY BpalleHUs anekTpoaBuraTens.

5.1.4.3. CuHXpoHu3upoBaHHas paboTa TaumepoB

N xoTa Kaxgbli 13 GrokoB TaMMepoB MOSNHOCTBIO HEe3aBWCWUM [Opyr OT Apyra, Y HUX NpeaycMoTpeHa
BO3MOXHOCTb CUHXPOHW3MPOBaHHOW Apyr ¢ ApyroM paboTbl. OTO MNo3BOfsieT co3fgaBaTb Ooree CroXHble
MaccuBbl TalMepoB, KOTOpble paboTatoT MOMHOCTEHO aBTOHOMHO U He TpeOykoT HanucaHus kakoro-nvbo koaa
nporpaMmsbl A5 BbINOMHEHUS CNOXHbIX BPEMEHHbIX (PYHKLNNA.

Tanmep 1 Tanuep 2
TIMACLK + TIM2ZCLK —
TRGZ—— TRGI—+—+
TRG3—+—» TRG 3= Kontponnep
— KoHTponnep el .
TRG4 * sanycka mRao| TR TRG4— | samycka 1rgo| T RRG2
F F
THFP1_, TIFP1 _,
TIZFFP2—» - TIZFP2 — >
Talinep 3 e TaMMep &
P 4CL + -
T|M3$é-g1___ TRG1 -
TRGE2=» TRG2w—= -
TRG4— Kontponnep |rzqo TRES TRGI——> Kontponnep |,
aMmycKa - FaImycKa
- ’_'
THFP1_, THEP1 .
TEFPZ2— + TIZFF2

Y kaxxaoro TanMmepa MMeTCA BXOAbl 3anyCcKa OT APYrux Tpex TauMepoRB, a Takkke BHelWHNe BXoAbl,
CBfi3aHHble C BbIBOAaMM ONOKOB 3axBaTa/CpaBHEHUA

Y Kkaxgoro us OnoKoB TaMMepoB MMEETCH BbIXOA 3amnycka, KOTOpbIA COeAMHEH C BXOAaMu OpYyrux Tpex
TanMepoB. [JononHuTenoHoO, BbiBOAbI BXOA4o0B 3axsata TauWmepoB 1 u 2 (TIMTFP1 u TI2FP2) coeauHeHbl C
KOHTPOMMepoM 3anycka Kaxgoro ©Onoka TawmepoB. CHMHXpPOHWM3aLMSA TakMepoB BO3MOXHA B HECKOSbKMX
pasnu4yHbIX pexmmax. Huxke nokasaHbl MpuMepbl HECKOMbKUX TUMWYHBLIX KOHUTypauuii.
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PaboTy Bcex TaiMepoOB MOXHO OpPraHM30oBaTb KaCKagHO C LUMPOKUMU BO3MOXHOCTAMU KOH(pUrypaumum
ANA co34aHUA CNOXHbIX MAaCCMBOB TalMepoB

OovH Tanvep sBNSeTCS BeaywMMm, a Apyrme nBa - MNoAvMHEeHHbIMW. Bepywimin Tanimep reHepupyet
CVMHXPOHM3aUMo ONs OBYX MOAYMHEHHbIX TanmepoB, oOpasys oouH Oonblion Tarmep. AnbTepHaATMBHO, OH
MOXET reHepupoBaTb BPEMEHHYH 3a[€epXKKy 3anycka ABYX NMOAYMHEHHbIX TanmepoB. AHanorMyHbIM obpasom,
aKTUBHOCTbLIO KaXaoro TaMepa MOXeT YNpaBnaTh BHELLHUIA CUrHan 3anycka.

5.1.5. Yacbl peanbHOro BpeMeHu U perucTpbl C pesepBUpOBaHMEM NUTAHUA

Y MK STM32 unmeetcs gBa OJOMEHa NUTaHUA: OCHOBHOWM [JOMEH nuTaHua cuctembl 1 YBB, n gomeH c
pe3epBMpoBaHMEM NUTaHMs. B nocnegHem OoMeHe pacnonioxeHbl 16-OMTHble perncTpbl, Yacbl pearlbHOro
BPEMEHMU 1 HE3ABMCUMbIA CTOPOXKEBOWN TanMep.

PacnonoxeHHble B 9TOM JOMEHE perncTpbl - 3To 00blvHble 10 ss4eek NnamsATH, KOTOpble MOXHO UCMONb30BaTh
ONsl XpaHeHust kputudeckon uHdopmaumu, korga MK STM32 Haxogutcs B AEXYPHOM pexunme paboTbl u
OCHOBHOE MUTaHWEe OTKIIYEHO. B aKkoHOMUYHBLIX pexmnmax pabotel MK ocTtaloTca B paboTe yackl peanbHOro
BPEMEHN W HE3ABMCHMMBIN CTOPOXEBOW Tammep M, MO3ITOMY, UX MOXHO WCMOMb3oBaTb AN BO30OHOBMEHUS
HopmanbHol paboTbl cuctembl STM32 unu ans BbinonHeHus copoca Bcero MK.

Bxogswme B MK STM32 u4acbl peanbHOro BpeMeHM MpeacTaBnsitoT cobont 32-OUTHBLIN  CYETYNK,
ONTUMMU3UPOBAHHbLIN NOA CYET CEKYHA NPW CUHXPOHU3auun Yactoton 32.768 k. Bo BpeMsi HacTpomrkn cuctemsl
CVMHXPOHM3aUMN, B KadeCcTBe WCTOYHMKA CUHXPOHU3ALMM YacOB peanbHOro BpEMEHW MOXHO BbIOpaTb
BHYTPEHHUN  HU3KOYACTOTHbIA  FeHepaTop, BHELUHWA  HW3KOYACTOTHbIN  reHepaTtop WU BHELUHWA
BbICOKOYACTOTHbIN reHepaTop. ocne Bbibopa MCTOYHWMK CMHXPOHM3AUUW COEOMHSIETCS C YacaMu peanbHOoro
BPEMEHM 4Yepe3 Jenutenb 4acToTbl C (PUKCUPOBAHHBbIM KOo3dduumeHToM genexus (128). [na opraHusauum
TOYHOrO cyeTa CekyHA Aanee MOXeT OblTb 3a4encTBOBaH ewe oanH npeggenutens YPB. Cuetunk UPB moxet
reHepvpoBaTb TpU MpepbIBaHUSA: NPpU UHKPEMEHTUPOBAHWUM CEKYHZ, NMEPENONTHEHUN cYeTYMKa u cpabaTtbiBaHUn
dyHKUuUKM curHanmsaumu. lNocnegHee npepbiBaHWEe reHepupyeTcs B crnydae, Koraa Tekyllee 3Ha4YeHne cyeTymka
UPB goCTUrHEeT 3HaYeHus, XpaHsLWerocs B permcTpe yCtaBki BpEMEHN.
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Yachbl peanbHOro BpeMeHun Mmoryt CUHXpoHuU3npoBatbCA BHYTP€HHUM Ui BHeWWHUM HU3KOYAaCTOTHbIM
reHepaTtopom. C nx noMoLbo MOXHO noNy4yUTb CHETHUK CeKyH C BO3MOXHOCTbIO CUrHanumsaumm o
AOCTUXEeHUU 3agaHHOro BpemMeHu

YPB pacnonoxeHbl B JOMEHE C pe3epBMPOBAHUEM MUTAHMS, KOTOPbIN MOMy4aeT NUTaHWE OT HanpshkKeHwust
VBAT, a npepbiBaHue, curHanuaupyowee O AOCTMKEHWWM 3a[4aHHOr0 BpeMeHM, CBA3aHO C 17-0M NMHMEN
BHELLHMX npepbiBaHUA. JOTO O3HA4YaeT, 4YTO MOcCre nepeBoda OCHOBHOIMO AOMeHa nuTaHua STM32 B
9KOHOMWYHBIN pexum paboTtbl. YPB ocTaHyTtca B paboTte. Kpome TOro, BO3geMCTBYSt Ha NMHUIO BHELLHErO
npepsbiBanus, YPB moryt curbanuamnposats KBBI1 Cortex o Heob6xogmmocTu Bo306HOBNEHMS paboTbl OCHOBHOMO
aomeHa nutaHua STM32. laHHas KoHUrypaums oYeHb BaxKHa NS ManoMOLLHbIX YCTPONCTB, KOTOpble B Lensx
cbepexeHuns aHeprum 6aTtaperHoro UCTOYHMKA OOMbLUYID YacTb BPEMEHW MPOBOAAT B AEXYPHOM pPEXUME, HO
npW 9TOM JOJPKHbI UMETH BO3MOXHOCTb, MPU HEO6X0AMMOCTIN, BO30OHOBUTL aKTUBHYO paboTy.

5.1.6. Peructpbl c pesepBMpoBaHueM NUTAHUSA U BXOA BMelUaTenbCTBa

B pOomeHe c pe3epBUMpOBaHMEM MUTAHWMEM Takke WMeeTcs [AecsiTb 16-OUTHLIX perucTpoB, KoTopble
hYHKLIMOHMPYIOT Kak aHeproHe3aBucumoe ctatudeckoe O3Y. XpaHsiLmecsi B HAX JaHHbIE MOXHO CTepeTb NyTeMm
BbIMOSIHEHNS 3anMUCU B COOTBETCTBYIOLLUIA PErnCTp ynpaBneHusi. DTOT XKe PerucTp ynpaenseT akTUBHOCTbH
BHELUHero Bxoga BMellaTenbcTBa. COCTosiHME LAHHOMO BbiBOAA (BbICOKOE WM HU3KOE) MOXHO HACTPOWUTb BO
BpeMsi 3anycka. B xoge HopmanbHOW paboTbl U3MEHEHME FIOMMYECKOrO YPOBHS Ha 3TOM BXOAE MpuBedeT K
3anycky cobbiTusi OOHapy)XeHUs BMeLlaTenbCTBa, YTO BbI3OBET OYUCTKY PErUcCTPOB C pe3epBUMPOBaHUEM
nMTaHus. Takke MOXHO akTMBMpOBaTb MpepbiBaHue, koTopoe no3sonseT MK BbINONHWUTL 3alUTHbIE OEACTBUSA
npu obHapy>XeHUn BMeLLaTensLCcTBa.
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5.2. KommyHukaumoHHble YBB

B pomeHe ¢ pesepBupoBaHMEeM MMTaHWEM Takke uMeeTcda gecatb 16-OUTHbIX perncTpos, KOTOpble
YHKUMOHMPYIOT Kak 3HeproHesasucumoe ctatudeckoe O3Y. XpaHsawmecs B HUX AaHHbIE MOXHO CTepeTb NyTem
BbIMOMHEHNS 3anncy B COOTBETCTBYIOLLUA PErMCTP ynpaBneHusa. JTOT Xe Perncrtp ynpaBnsaeT akTMBHOCTbIO
BHELLUHero Bxoda BMewartenbcrBa. COCTOSHWE OAaHHOrO BbiBOAA (BbICOKOE UMM HU3KOE) MOXHO HacTpouTb BO
Bpems 3anycka. B xoge HopmanbHom paboTbl M3MEHEHWE MOrM4eckoro ypoBHS Ha 3TOM BXOAe npuBeneT K
3anycky cobbiTusi OOHapyXeHUs BMellaTenbCTBa, YTO BbI30BET OYUCTKY PErMcTpoB C pe3epBUMPOBaHUEM
nMTaHus. Takke MOXHO akTMBMpOBaTb MpepbiBaHue, koTopoe no3sonseT MK BbINONHWTL 3aluUTHbIE OEVWCTBUSA
npu obHapy>KeHMn BMeLlaTenscTBa.

5.2.1. UnTepdenc SPI

Ons opraHmsauum ObICTpOOENCTBYIOLWEN CBA3W C UHTerpanbHbiMM cxemammn y MK STM32 umeetcs aea
moaynsa SPI, npegHasHayeHHbIX AN MOMHOAYNMEKCHOW nepefadnm AaHHbIX Ha YactoTe o 18MIu. BaxHo
06paTnTb BHMMaHMe, YTo oanH moaynb SPI nogknioyeH BbICOKOCKOPOCTHOM WwinHe YBB APB2, koTopas MoxXeT
pabotatb Ha 4actoTe po 72MIy. BTopon mopynb cBsidaH ¢ 6Gonee HWM3KOCKOPOCTHOW wWwuHon APB1,
MakcMMarnbHOe ObICTpOOENCTBME KOTOPOW orpaHuymMBaeTcs yactoton 36 MIu. Y kaxpgoro us mopynen SPI
npeaycMoTpeHa BO3MOXHOCTb MNPOrpamMMMpPOBaHMS MONSAPHOCTM M asbl CUHXPOHM3aLMM U dopmaTta
nepegaBaemblX AaHHbIX (8 mnu 16 6uT, nepegada nepBbIM CTapLlero uUnu mragwero 3Hadawero paspsga).
Kpome Toro, kaxabin mogynb SPI moxeT paboTtatb B BeAyLem Unm Nog4YMHEHHOM pPEXUME, YTO NO3BOMSET emMy
cBdA3aTbes ¢ mobon apyron UC, ocHaweHHon nHtepdencom SPI.

MOS| | —

% 3anpocoB
npepeliBaHnA

o o = | [

Kaxabin moaynb SPI moxeT paboTaTb B BegyLeM unm nog4MHeHHOM pexume Ha yactote o 18Mru.
Ona noBbiweHus ad¢peKTUBHOCTU NepeaaYvmn AaHHbIX MOXHO Ucnonb3oBaTb ABa KaHana MNAMN

Ons nepepaym gaHHbIX Ha BonblMX CKOpPOCTSAX y Kaxgoro moaynsa SPI npegycmoTtpeHo ABa kaHana MAMM:
OLVH ANsi Nepefayv AaHHbIX U OAWH ON1S1 KOMMPOBaHUA NPUHATLIX AaHHbIX B NaMmaTe. C nomowsto MAMN mMoxHO
A0OUTbCS aBTOHOMHOW OBYHanpaBrieHHOW nepeaayn BbICOKOCKOPOCTHBLIX MOTOKOB AaHHbiX. B gononHeHue k
CTaHOapTHbIM BO3MOXHOCTAM uHTepdernca SPI, moayne SPl mukpokoHTponnepoB STM32 copepxut aBsa
annapatHbix 6noka CRC. OguH 6nok CRC ncnonb3yeTtcs ans nepegayun gaHHblx, a gpyrov - ans npuema. Oba
6rnoka MoryT reHepupoBaTb U npoBepsaATb kogbl CRC8 u CRC16. [JaHHas BO3MOXHOCTb Ha MpaKTUKe
HeobxoaMma npu UCnonb3oBaHMM ogHoro u3 moaynen SPI ana nogkniovenns k kapte MMC/SD.
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Moaynb SPI coaepxut annapaTtHbii 6nok CRC, Heo6xoaMmbIn Ansa noakntoveHus K kaptam Flash
namaTti tTuna MMC n SD

5.2.2. Mogynsb I°C

Onsa ceasu c nHTerpanbHbiMm cxemamun y MK STM32 nmeeTtca ewe oguH crneuunanbHbin nHTepdenc - | °C.
WHTepdbeiic 1°C mMoxeT paboTaTb B BefyleM UMM MOAYMHEHHOM peXUMe W MOAAEPHKMBACT BO3MOXHOCTL
apbutpa wWuHbl, 4TO Heobxooumo B MynbTMMacTepHbix cuctemax. WHTepdernic I’Cc nogaepxusaeTr oba
CKOPOCTHbIX peXvMa LUHbI: CTaHAapTHbIA co ckopocTamu Ao 100 kl'y n BbicTpoaeCTBYIOWNIA CO CKOPOCTAMU

Jo 400 «klu.

Moaynb 1’c ucnonb3yet 7- n 10-6utHble pexumbl agpecaumum. Moayrnb MOMHOCTbIO peanu3yeT MpPOTOKOI
nepegayn [JaHHbIX MO LIJI/IHe n TpebyeT Ona ynpaBneHus TOMbKO HeobxoAMMou NpOTOKOMy nepedayun
nHdopmaumm. Mogyne | 2C MOXeT reHepupoBaThb ABa NPEepbIBAHUS: OAHO MpK obHapyXeHun owmnbok 1 gpyroe
ONsl ynpaBrieHNs adpecoM CBSA3W U nepepaBaeMbiMu AaHHbiMU. Kpome Toro, 6nok MAIMN npegocraensieT gga
KaHana, KOTopble MOXHO UCMonb3oBaTh AN YTeHUs u3 6ydepa nepegavm M 3anvucy aHHbIX B 3TOT Gydep.
Takum oOpasom, cpasy Mocrne 3ajaHus agpeca W nognexawux nepegade [AaHHbIX MOXHO HayaTb
OBYHanpaBfeHHY0 nepefadvy AaHHbIX MOSTHOCTLIO NOA annapaTHbIM ynpaBeHNEM.

7

Bus Event s 3E000C0E
NpepLIEaHKE

DA |——

7

Error sl ZaNpocoe
TR

SCL | e——

NBa moayns I°C AononHeHbl BO3MOXHOCTSIMU, KOTOPbIE AeNaloT UX COBMECTUMbIMM C WiMHaMu SMBus u
PMBus. B HMX BXOoAUT annapaTHbIN G110K KOppeKu1n owmnboK

Bnarogaps nogaepxke BCEX MNEPEYUCIEHHbIX BO3MOXHOCTEMW, MOAYNU I°C SBNSHOTCS CKOPOCTHBIMU K
3P PEKTUBHBIMU LUMHHLIMU UHTEepdencammn. OgHako y X peanusosat psf AOMONHUTENbHbIX BO3MOXHOCTEWN,
NO3BONAIOLWMX pacwmputb 6a3oBble OYHKUUM WKHBI | ’C. B moayns | ’c MUKpPOKOHTponnepos STM32 Bxoaut
O6nok annapaTHoW npoBepkn owmnbok B nakete (6bnok PEC). lMocne aktuBmsaumm, Gnok PEC Oyget
reHepupoBaTtb 6anT ¢ CRC-kogom ans nposepku ownbok.
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3HaveHue PEC Enl4MCRARTCA M NEpeaeTCA BEYIWMWH NEPesaTHNKoOM
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MoaTeepkaedue 0T NOAYMHEHHOTD wHTepdeilca

[aHHbIi 6anT aBTOMAaTMYECKM NOMELLAeTCs B KOHeL, nepegaBaemMoro notoka gaHHbix. bnok PEC Takke nveet
BO3MOXHOCTb MPOBEPKN NPUHATBIX AaHHbIX HA COOTBETCTBUE NepeaaHHoOMYy 6anTy 3alnTbl OT OLLIMBOK.

[aHHbI 6aiT aBTOMaTUYECKM NOMELLAETCS B KOHeL, nepeaBaeMoro notoka AaHHbix. bnok PEC Takke umeet
BO3MOXHOCTb MPOBEPKN NPUHATLIX AaHHbIX HA COOTBETCTBUE NepeaaHHOMY 6anTy 3aLnTbl OT OLLIMOOK.

Moaynb I’C MK STM32 Takxe nogaepkmeaeT Aga AONONHUTENBHbLIX KOMMYHUKALUWOHHBIX npoTokona: SMBus
n PMBus. Mpotokon SMBus 6bin npegnoxed Intel B 1995 rogy ons ucnonb3oBanusa BHyTpu K 1 cepBepos.
MpoTokonom SMBus oroBapuBatoTcsi TpeboBaHMs K KaHanbHOMY CIioto, B T.4. ucnone3oBaHne PEC 1 nepepava
CTaHOApTU30BaHHbIX  KOHUIYpauUMOHHbIX  AaHHbix  Mexgy BIOS komnbiotepa wn MC  pas3nuuHbix
npoussogutenen. Pabotas B pexvme SMBus, mogynb I°C, nomumo PEC, noggepxueaet psag  opyrux
BO3MOXHOCTeN npoTokona SMBus. K ux umucry OTHOCATCA MpPOTOKON paspeweHuns agpeca SMN, npoTokon
yBegomneHus host-yctponictBa u  pabota ¢ curHanom SMBALERT. [potokon PMBus sBngetcs
pasHoBugHocTbio SMBus M npegHasHadeH gnsa pabotel B cuctemax anektponutaHus. PMBus nossonser
KOH(UrypMpoBaThb, MPOrpaMMmnpoOBaThb M KOHTPONMPOBATb B pearibHOM BPEMEHW CUCTEMbI ANEKTPONUTaAHUS.

5.2.3. Moaynb YCAIM

HecmoTpst Ha To, 4TO NOPTLI NOCrefoBaTENbHOM CBA3M YXXe MpakTudeckn He ucnonbsytotcsa B 1K, oHn Bce
eLe oCTarTCs NonynaApHbIMMA BO MHOTMX BCTPanBaeMbIX MPUMEHEHUSAX OIS OpraHM3aumm NpocToro nHrepdeinca
nocnegoBartenbHON cBs3n. Ero Beicokasi nonynsipHoCcTb 06ycroBrneHa CBOMCTBEHHOW EMY HalEXXHOCTbIO paboTbl
N npoctoTtor ucnonb3oBaHus. B MK STM32 wuHterpupyetca go 3 mogynenn YCAIM, kaxabll M3 KOTOPbIX
noaaepXXUBaeT HECKONbKO pPacCLUMPEHHbIX PeXMMoB paboTbl, nossonstowune wucnonb3osate MK B cambix
COBPEMEHHBIX KOMMYHUKaLMOHHBLIX MNpuMeHeHuax. Bce Tpu YCAIM cnocobHbl nepepaBaTb AaHHble Ha
ckopocTu o 4.5 Mbut/cek. Kaxabin U3 HUX Takke NOMHOCTLIO NporpaMMupyeTcs, B T.4. pa3mep nepegaBaembIx
OaHHbIX (8 unn 9 6uT), nepegaya buta naputeta unu cton-bmta, a Takke ckopocTb nepegayn. OgmH YCAIIM
nogknioveH Kk wuHe APB2, kotopas cnocobHa CUHXpOHM3MpoBaTbCA 4actoTon Ao 72 MIu. a octanbHble
cBsA3aHbl ¢ 36-merarepueBon WwmHon APB1.
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YCAIM moxHO ncnonb3oBaTb AnNA acMHXpoHHoW cBA3u ¢ YAIT n mogemamu, a Takxke ¢ uHtepdencamm
LIN, IrDA n cmapTt-kapTamm

Kaxgbim YCAII nmeeT cobCTBEHHbLIN reHepaTop CKOPOCTM CBSI3U C BO3MOXHOCTAMW APOGHOro AeneHus
YacToTbl. B oTnmMyme oT obbluHbLIX AenvTenen 4acToTbl, TAKOW reHepaTop MO3BOMSEeT NOMNy4YuMTb CTaHAapTHbIE
CKOpPOCTM CBS3M nNpu  MBOONM 4YacToTe CUHXPOHU3AUMU LWKWHBL. Tawkke Kak W ocTarnbHble MOOynu
nocrnegoBaTtenbHbIX MHTepdencos, Kaxabin Moaynb YCAIM ocHaweH asyma kaHanamu [0 gns
AByHanpasneHHon cBa3n ¢ bydepom gaHHbIX. B koHurypauun YAIIT, mogynb YCAII moxeT paboTtate B
Heckonbkux pexummax pabotbl. YCAII mMMeeT BO3MOXHOCTb paboTbl C OAHONPOBOAHOW MOMyAYNieKCHON
NUHWEN, UCnonb3ya Ans 3TOro Tonbko BbiBog Tx. [Ona cBA3M ¢ mogemMamu, a Takke And annapaTtHoro
yripaBneHna nepegayen notoka pfAaHHblX, Yy kaxgoro YCAIMI npeaycmMoTpeHbl [ONOMHUTENbHbLIE JIMHUK
ynpasneHua CTS n RTS.
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Moaynu YCAIM noaaepXMBaroT BO3MOXHOCTb PaboThbl C 04HONPOBOAHOM NONYyAYNNEeKCHON JIMHuen
CBSI3U

Kaxxgbin u3 YCAIM Takke MOXeT ucnonb3oBatbCcs And noaknoveHns Kk wuHe LIN. [JanHHaa wuHa
ucnonb3yetcd B aBTOMOOUIIBHOM  TpaHCnopTe  Ansi  HU3KOCKOPOCTHOW  CBA3WM € KNacTepHbIMU
MUKpokOHTponnepamu. Bce YCAII nopoepxvBaloT BO3MOXHOCTU — kopepa/gekogepa  wHGpakpacHowm
nocneposartensHon ceAsn (SIR). 3T BO3MOXHOCTM OTBevatoT ctaHgapTy IrDA no mHdpakpacHow nepepade
AaHHbIX Ha ckopocTax Ao 115200 6wut/cek ¢ wcnomb3oBaHvem nonygynnekcHon NRZ-mogynsaumm um
3KOHOMWYHOW paboTol npu cuHxpoHusaumm YCAIIT yactotamm B npegenax 1.4...2.2Mlu. Y kaxagoro YCAIM
noaaepXuBaeTcs AOMOSNHUTENbHbBIN PeXuM CMapT-KapTbl, B KOTOPOM aKTMBU3UPYETCs nogaepxka craHgaprta
ISO 7618-3.
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YCAIM moryT ncnonb3oBaTbLCA B KayecTBe MHTepdenca cmaprt-kapta unum IrDA

Momnmo paboTbl B ponn BbICOKOCKOPOCTHOrO MHTepderca YA, kaxapin YCAIT MoxeT OblTb NepeBeneH B
PEXMUM CUHXPOHHOW CBA3WM. Ero mMoxHO ucnonb3oBaTb AN CBsA3WM C BHewHumun YBB, ocHauweHHbiMn SPI-
COBMECTMMbIM MHTEepdencom, no 3-npoBoaHon nNuHuMK. PaboTasa B gaHHoM pexume, YCAIIT paboTtaeT B ponu
BeAyLLero WwuHbl SPI 1 nogaepXnBaeT BO3MOXHOCTb NPOrpaMMUPOBaHUS NMONAPHOCTM N dhasbl CUHXPOHMU3ALIMN.
Bnarogaps aTomy, BO3MOXHa CBSA3b C NpakTuyeckun nobon nogumHeHHon SPI NC.

B cuHxpoHHOM pexume YCAIIM mMOXHO MCNONb30BaTbh B POJSIM AONOJSIHUTESIbHbIX BeAyLMX
mHTepdencoB SPI

5.3. Moaynu CAN n USB

[Ba ocTaBLUMXCA KOMMYHUKALUWOHHBIX MOAYNS MUKpoKoHTpornnepoB STM32 - CAN-koHTponnep u nHtepgeinc
nonHockopoctHoro yctporctea USB. O6a aTmx npoTokona CBsI3W JOCTATOYHO CrOXHbI, MO3TOMY, €Cnv Bbl
BrepBble CTankuBaeTecb C HAMU, TO AOMOSTHUTENBHO HEOBXOANMO O3HAKOMMUTCS C OTAENbHBIMW PYKOBOACTBAMM
no nHtepcencam CAN n USB. Oba mogyns, USB n CAN, TpebyloT BblgeneHuss cpaBHUTENbHO 60MbLIOro
obvema cratuveckoro O3Y pgns opraHmsaumm OydepoB coobweHun, noatomy, y MK STM32 wumeetcs
gononHutensHas obnacte ctatnyeckoro O3Y pasmepom 512 6anT, KOTOpas MOXET UCNOMNb30BaTbCA MOAYNSAMMU
CAN un USB. [octyn Kk 3TON NaMaTy MMET TOMNbKO Ha3BaHHble MOAynu. Kpome Toro, AaHHy namMsaTb MOXHO
HasHa4MTb Ha paboTy TONMbKO C OOHWM M3 3TMX Moayrnen. OTo o3HadvaeT, 4Yto moaynn CAN n USB He moryT
paboTaTb ogHOBpemeHHO. Ecnu e B npumeHeHun ucnonb3oBaHue obenx MHTepdencos obs3atensHo, TO UX
paboTy HY>XHO YepeaoBaTb.
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5.3.1. CAN-KoHTpoOnnep

Bxopgawmn B MK STM32 CAN-koHTponnep siBnsieTcs nonHodyHKumMoHanbHbiM CAN-y3riom, oTBevatolmi
TpeboBaHMAM K akTUBHbIM U naccuBHbIM ycTponcTBam CAB 2.0A n 2.0B 1 nogaepxvBaroLwui nepegady gaHHbIX
Ha ckopocTu He 6onee 1 Mout/cek. CAN-KOHTPOMEP OCHALLEH Takke AOMNONHUTENbHBIMU BO3MOXHOCTAMW Ans
opraHv3aumm [OeTEPMUHUCTMYECKON nepefdayn faHHbiXx Mo cneumansHomy CAN-npoTokony nepegayn B
peanbHoMm BpemeHn TTCAN. lMocne aktnBumsaumm cdyHkumm TTCAN OyoeT noagepxmBaTbCs aBToMaTnyeckas
NMoBTOpHas nepegaya coobuieHnn n aBTomatmyeckasd BcTaBka B CAN-nakeT AByX OOMNOSNHUTENbHbIX Gant ¢
3aPUKCUPOBAHHBIM MOMEHTOM BpEMeHM nepegavn coobuieHnsi. Bce 3T BO3MOXHOCTM Heobxogumbl B
cuctemax ynpasnenus yepes CAN-nHTepdenc B macwutabe peanbHOro BpEMEHM.

CAN
H

Master Control MNodToERE
Master Status ALAKM Enokm CAN Tx
Transmit Priority MpHEME W MEWEMHELX

Transrrnit Status nepenaqu FHUAETPOE |—— CAM Rx
Receive FIFO

Interrupt
Error Status
Error Interrupt
T % Errar Counter
R x Error Counter
Diagnostic
Bit Timing
Bit Timing
Filter Mode
Filter Config

Mopgynb CAN otBeuaeTt ctaHgapty CAN 2.0B u nopgaepxuBaet npotokon TTCAN

MonHoe HammeHoBaHne CAN-koHTponnepa - mogynb bxCAN, roe bx ykasbiBaeT Ha MOAAEPXKY MoOynem
OONONHUTENBbHBLIX BO3MOXHOCcTen. ObbiuHbIn Mogynb CAN uvcnonb3yeT oguH bydep npuema n nepepayu, a vy
pacwupeHHoro moayns CAN ucnonb3yeTca Heckonbko 6ydepoB npuema u nepegaun. Mogyne bxCAN
apnsieTca rmbpugom aByx apxutektyp mogynen CAN. Y Hero ummeeTcsas Tpu MOYTOBbIX SAWMKa AnNS
nepegaBaeMbiX COOOLLEHMI 1 ABA NOYTOBbIX ALLMKA A58 NMPUHUMAEMbIX COOOLWEeHUA. Kaxkabiin n3 NpyHMMatoLLmX
no4yToBbIX AWMKOB mmeeT Oydep FIFO gns nomelweHnss B Hero Tpex coobuieHmin. [laHHasi apxuTekTypa
SIBNSAETCA KOMMPOMWUCCHOM C TOYKM 3PEHUSI MPOU3BOAUTENBHOCTM NepeAayn AaHHbIX U 3aHMMAeMOro MecTta B
kpuctanne UC.

X
Mailboxes

ID 1D ID

Timestamp Timestamp Timestamp
DLL DLL DLL
DATA DATA Data

Moaynb CAN ocHalleH TpeMsi NOYTOBbLIMU AALLMKaMK 4NA Nepefavm cooGLieHnin U MeeT BO3MOXHOCTb
aBTOMAaTU4ECKOMN BCTaBKU B COOGLLEeHMe TeKyLero BpemeHn no npotokony TTCAN
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Cnepyowas BaxHas yHkuns CAN-koHTponnepa - punbTpauus nonyvaembix coobweHui. Mockonbky CAN
ABMNSIETCA LUMPOKOBELLATENBHON LUNMHOW, Kaxgoe nepefaHHoe coobLleHe NPUHUMAETCS BCEMU Y3ramu LUMWHBI.
B CAN-wuHe nobor pasyMHOW CTEMEHW CIOXHOCTM NepefaeTcs LOCTAaTOYHO OOmMblIOe YUCNO COOBLLEHWA.
3apadven kaxpgoro nogkntodeHHoro kK CAN-yany LMY sensetca pearnpoBaHume Ha CAN-coobwieHus. Takum
obpazom, 4Tobbl M3baBuTb CAN-KOHTponnep ot npobnembl npuema B Oydep HexenatenbHbIX COOOLLEHUNA,
Heobxoamma wux dunbtpaums. Y CAN-koHTponnepa MukpokoHTponnepoB STM32 wumeetcs 14 6aHkoB
UNbTPOB, KOTOPbIE MOXHO Mcnonb3oBaTb Ans 6noknpoBkm Bcex CAN-coobleHun, kpome n3bpaHHbIX
COODBLLEHUIA UKW TPYMN COOBLLIEHNI.

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

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

Id | | |

14 hunbTpPOB coO6LWEHMN NoAAePXKMBaIOT ABe KOH(UrypaLumm, KOTopble MOXXHO UCNONb30BaTh AN
¢hnnbTpaLMn MHAMBNUAYaIbHbIX COOOLLEeHUN

Kaxgbin 6aHk ounbTpoB COCTOUT M3 ABYX 32-OMTHbBIX PErMCTPOB M MOXeT paboTaTb B OOHOM M3 4yeTbipex
pexumoB. [lpu wncnone3oBaHun 06a30BOro MeToga B Kaxabli pernctp 6aHka unbTpoB 3anucbiBaeTCs
npoeHTndmkaTop coobuieHms. Nocne noctynneHms coobLleHns NPoBepPSAETCa ero naeHTuduKaTop 1, UCXoast u3s
3TOro, NPUHUMAETCA PELUEHNE O MPUEME MWIN OTKIMOHEHMU COOOLLEeHUs. [aHHbIN pexuMm nogaepXuneaeT OBe
KOHcpurypauun. B nepBor KoHdwurypaumm peructpbl 6aHKoB UNbTPOB ABMAAKTCA 3-OMTHbBIMM U MOTYT
ncnonb3oBaTbca Ans dunbTpaummn 11- n 29-6UTHLIX Nonen naeHTUMKaTOPOB coobLleHus, a Takke 6uT RTR n
IDE B 16-OMTHOM pexume.

32-bit filter — Id/Mask

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

Mask | | |

OfaHU 1 Te XKe 6aHKN (PUNLTPOB MOTYT UCMNONbL30BaTLCA AN (PUNbTPALNKM rPYNNbl COOGLIEeHUI

Bo BTopow koHdurypaumu, B nepsbli 32-OMTHBIN PerncTp 3anucbiBaeTcs nMaeHTUdUkaTop cooblieHus, BO
BTOPOW - Macka coobuieHus. Pernctp mackm mapkupyet 6utbl permctpa ngeHtudurkartopa, Kak 'BakHbIn' vnm
'HeBakHbIN'. Bnarogapsa 3aToMy, NOSABMASETCH BO3MOXHOCTb NPUHMMAaTbL rPynny COOBLWEHN C NOMOLLbIO OAHOMO
6aHka cunbTpoB. Ecnn npuHnmarowme dunbTpbl NPONycKalT cooblieHrne, TO BMECTe C HUM MPUHUMAIOLWMIA
oycdep FIFO 6ygeT 3anucaH ykasaTternb Ha onpeaenueBlUMiA coBrnageHne punbTp. ITO NO3BONUT MPUKNagHON
nporpamme YcKopuTb uaeHTUdMKaumio cooblleHns 6e3 HeobxoaMMOCTM CuUMTbiBaHWS W Aelumdpaumm
naeHTudmKaTopa naketa coobLieHus.

Bce CAN-KoHTponnepbl NOAAEPXKMBAIOT ABa pexunma paboTbl: HOpMarbHbIA PeXuM Ans npuema u nepegayu
MakeToB COOBGLLEHUIA M PEeXUM MHMUManu3auMn Ans 3ajaHus napameTpoB cBsidu. Kak yxe rosopwunock, MK
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STM32 moryt paboTtatb B 9kOHOMMYHOM pexume SLEEP. B atom pexume cuHxpoHusauusa mogyns bxCAN
OTKMOYEHa, OfHAaKO AOCTYN K peructpam MoYvTOBbIX SLMKOB OcCTaeTcs BO3MOXHbIM. Moaynb bxCAN umeet
BO3MOXHOCTb akTvBM3auum paboTbl npu obHapyxeHun aktmBHocTM Ha wmHe CAN. Ero paboTty MOXHO Takke
peakTMBMpOBaTb MpuWKNagHom nporpammon. PaboTtas B HOpmanbHOM pexume, noadepxuBalTca [Ba
pononHuTenbHblix nogpexuma. [epsbin nogpexum - pexum SILENT. B Hém CAN-koHTponnep MoxeTt
npuHMMaTb COObLLEHNs, HO HE MOXET nepegaBaTtb U He reHepupyeT OMT oWnOOK B NOCHINIKE U NOATBEPXKAEHNS
coobuweHus. OaHHbii pexunm paccdmtaH Ha CAN-LWUWHBI C NacCMBHLIM MOHMTOPUHIOM. BTopon nogpexum -
pexvum LOOPBACK. B aTom pexnme, nepegaBaemble cOObLLEHNS Cpady e NPMHUMAOTCS B NpueMHbIni Bydep.
OH HeoOxoguMMm Ans peanu3auum AMarHOCTUYECKMX (YHKUMIA W Takke none3eH Ha pase oTnagku kopga
nporpammbl. O6a pacCMOTPEHHbBIX PEXMMa MOXHO KOMOUHMPOBaTb. OHW ngeanbHbl AN BbINOMHEHUS (PyHKUNIA
CaMOTECTUPOBAHUSA NPU MNOAKIIOYEHNM K paboTatoLen wnHe.

5.3.2. Moaynb untepcenca USB

Moayne uHTepdenca USB, Bxogsawmn B coctaB HekoTopbix MK STM32, asnsetcs nonHOCKOPOCTHbIM (12
M6wuTt/cek) n NnpegHasHadeH Ans B3aumModencTBus ¢ xocT-uHtepderncom USB, kak Hanpumep, NCNonb3yembiM B
MK. OJaHHbIn MoAynb MOMHOCTBIO peanusyeT U3NYECKUA YpPOBEHb W YpOBEHb Mepefadn AaHHbIX, B T.4.
npoBepka OWMOOK B MakeTax M MoBTopHas nepepada. WHtepdernc USB-ycTpoicTBa Takke nopaepxusaet
BO3MOXHOCTM MPUOCTAHOBKM U BO30OHOBMEHMUS, Heobxoaumble AONS CHMXEHWUs NOoTPebnsieMon MOLLHOCTW.
PaspabatbiBass ycTponcTtBo € uWHTepdericom USB, Heobxogmmo xopowo pas3bupaTbCsl B  TEXHUYECKMX
xapaktepuctukax nHtepgenca USB n ero npuknagHbix knaccax. Ha cante komnaHum ST AocTyneH MOMHbIN
Habop paspabotunka USB ycTpowcTB. B Hero BxoguT nporpamMHbIA CTEK ANA MHMuManusauumn nHtepdenca
USB n peanu3aunn Hambonee nonynapHbix USB-knaccos, B 1.4. HID, MASS STORAGE, AUDIO n LEGACY
COMMUNICATIONS PORT. Ucnonb3oBaHne JaHHOrO CTeka unm niboro gpyroro aHanormyHoro NporpamMmmMHoro
CTeKa Apyrmx KOMnaHui No3BONUT CYLLECTBEHHO YCKOPUTb NPOLECC NPOEKTUPOBAHUS.

—— D+
Bysdepkl AHaN0roeei
KOHEUHEIX TRaHCHEERD
TOUEK — D-

Moaynb USB otBevaeT Tpeb6oBaHusim kK USB-ycTponcTBy Bepcum 2.0

UHtepdennc USB nogoepxmBaeT 40 8 KOHEYHbIX TOYEK, KOTOpble MONb3oBaTeflb MOXET HaCTPOUTb Kak
KOHeYHasl To4yKa ynpaBlieHWsi, NMpepbiBaHMsl, NOTOKa WUNU M30XpOoHHas. [Ona opraHu3auun Oydepa KOHe4YHoW
TOYKM MOXET ucnorb3oBaTbest cratudeckoe O3Y pasmepom 512 6aiT, MCNoNb30BaHNE KOTOPOro COBMELLLEHO
ewe n ¢ CAN-koHTponnepom. o 3aBepleHun wHMUManusaumm mogyna USB, npuknagHas nporpamma
pasgenset gaHHoe ctatndeckoe O3Y Ha nocrnegoBaTenbHOCTb Oydepos.

KoHdurypaums ctatndeckoro O3Y B kadecTBe OydhepoB KOHEYHOWN TOYKM BhIMOSHAETCS C NOMOLLbI0 Tabnuubl
onpeaeneHu 6ycgepos, KOTopas XpaHUTCst B OCHOBHOM cTaTudeckom O3Y. B Hel Ansa KaXaon KOHEYHOW TOYKM
yKa3blBaeTcs HavanbHbli agpec B crtatudeckom O3Y u 3HaveHue, ykasbiBawlwee Ha ee pasmep. Kaxpas
aKTVMBHas KOHeYHasi TouKa yrnpaBfieHusl, NpepbiBaHUSA 1M MOTOKa cBA3aHa ¢ Bycdepom nakeTa KOHEYHOW TOYKM, a
N30XPOHHasA KOHEeYHasi To4ka - C ABOVHbIM Oydepom. Brnarogaps 3ToMy, AaHHbIE MOXHO MPUHUMAaTbL B OAWH
Oydep un, Npy 3TOM, BbINONHATL 06paboTKy AaHHbIX 13 gpyroro. locne nonyyeHus odepenHoro naketa, HoBble
AaHHble MocTynakwT BO BTopon Oydep, a obpabaTbiBaloTCs AaHHble M3 nepsoro Gydepa. Metog OBOMHOMO
Oydepa no3BonseT nepegaBaTb peanbHO-BPEMEHHbIE NMOTOKM AaHHbIX, KaKk Hanpumep, ayaMonoToK.

[na xpaHeHus nakeToB AaHHbIX ucnonb3dyeTtcs 512-6antHoe ctatnyeckoe O3Y. Bo Bpems mHuumnanusauum,
3Ta obnacTb NamMsaTK pasgenseTcsa Ha HeCKObKo OydepoB Ana Kakgon akTUBHOM KOHEYHOW TOYKM. MI30XpOHHBbIE
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KOHEYHble TOYKM WUCMOMb3YIT crneuuanbHbI OBOMHOW Oydbep, KOTOpbIA NO3BONSET BO BPEMS CYUTbIBAHUS
AaHHbIX 3 ogHON YacTu Bydepa npogomkaTbe NpueM B APYryto YacTb.

6. DKOHOMUYHLbIE PeXUMbl PpaboThbl

MK STM32, 6yayym BbICOKOKAYECTBEHHBIMW MUKPOKOHTPOMNepaMu, B AOMNOMHEHUe Kk paboTe B OObIYHOM
pexvuMme RUN noggepxvBaloT BO3MOXHOCTb pPaboTbl B HECKOMbKMX 3KOHOMWYHbIX pexunmax. [paBunbHoe
ncnonb3oBaHue pexumos SLEEP, STOP 1 STANDBY pgenaet BO3MOXHbIM peann3aunio NPakTUYHbIX PeLLeHni
c OaraperHbim nutaHmem. MK STM32 obbeauHseT OBa MNPOTMBOPEYMBBLIX CBOWCTBA:  Marnoe
3HepronoTpebrneHne 1 BbICOKYIO NPON3BOANTENBHOCTL. [pn 3HakomcTBe ¢ gapoM Cortex yke roBopusnoch, 4YTo
nocrne nepexofa B 3KOHOMWUYHbINA pexum paboTsl LMY n YBB npuoctaHaenusatoT cBoto paboTy u notpebnsawoT
MUHMManbHyt0 MolHocTb. [Mpu nepexope npoueccopa Cortex B 9KOHOMMWYHBLIA peXum paboTbl, OH MOXeT
CUrHanuaupoBaTtb 06 3TOM eLle 0AHOMY BHELLUHEMY MUKPOKOHTPOMNepy reHepaunei curHana SLEEPDEEP. Ons
nepexoga B 3SKOHOMMWYHbLIN pexum paboTbl Heobxoammo BbINONHWUTL MHCTpykumio WFI wnn WFE. TNocne
BbIMOMHEHNST TaKOW MWHCTPYKUMM OydeT BBeAEH OSKOHOMWYHbBIA pexum paboTbl, yKasaHHbIl B perucrpe
yrnpaeneHusa aHepronotpebnexHnem. [Janee OypeT gaH 0630p KaXZoro 3KOHOMUYHOIO pexuma paboTbl U nx
CpaBHEHwue No nokasaTensiM NoTpebrigsemMoro Toka 1 3agepXkm Bo3ob6HOBNEHNs paboTbl.

6.1. Pexkum RUN

B pexvme RUN wmwukpokoHTponnep STM32 uvcnonHAeT Kog nporpammbl, MO3TOMY, 3HepronotpebneHue
MaKCHMMarbHO.

B pmaHHom pasgene GyayT  pacCMOTPEHbl  pasfnuyHble  Crocobbl  CHWKEHUS  pe3ynbTUpYHoLero
3HepronoTpebneHus B Xoae BLINOMHEHUS! KOda NporpamMmMbl. BaxHO 3anomMHUTb, YTO BCe AaHHblE BO3MOXHOCTU
MOXHO MCMOMb30BaTb AMHAMUYECKU. JTO O3HAYAET, YTO UMEETCS BO3MOXHOCTb BbIMONHATEL KOA4 NporpaMmbl B
MarnoMOLLHOW, HU3KONPOU3BOAMTENBHOW KOHUrypaumu, a 3aTteM, B OTBET Ha MpepbiBaHUE UMW NPOrpaMMHOe
coBbITHE NepeKniounTCs K Gonee MOLLHOM U BbICOKONPOU3BOAMTENBHOW KOHDUTYypaLIMu.

Mpu obbivHOM Mcnonb3oBaHuKM, npoueccop Cortex u GonbwmHcTBo YBB STM32 MoryT pabotaTth Ha yacTtoTe
72 MI'y. PaboTas ¢ makcumarnbHbiM bbicTpoaerictBueM, MK notpebnsiet Tok 6onee 30 MA. NMepBbiM cnocobom
€ro CHWXKEHUS ABMSIETCA OTKIMIOYEHUE CUHXPOHM3aALMM BCEX Heucnonb3yeMbix YBB. OTO Mo3BONMWT BblYECTb
aHepronoTpebneHne BCEX HEUCNOfb3yeMbIX YacTel MUKPOKOHTponnepa. BkniodeHune w  oTknoYeHve
CUMHXpOHM3auun YBB MOXHO oOcylwecTBNsATb AUMHAMWYECKM 4epe3 MOoAyfnb ynpaBneHust cbpocoMm wm
cuHxpoHu3auum (RCC).

Ewe Oonbliero CHWXeEHUA 3HeEpPronoTpebneHnss MOXHO [O0OUTbLCA CHWKEHWMEM 4YacTOTbl CUCTEMHOWN
CUHXpOHM3auuun. Ecnn pabota Ha BbICOKOW 4acTtoTe He obsizaTenbHa, 6nok GAMY moxHO oTkmounTb 1 MK
STM32 OyneT CMHXPOHM3NPOBATLCA HEMOCPEACTBEHHO C Bbixoda HSE-reHepaTopa. [JanbHewnwero cHmxeHus
noTpebneHMss MOXHO [OCTUrHYTb NepexodoM C wucnonb3oBaHuss HSE- Ha HSI-renepatop. OpHako, no
cpaBHeHnto ¢ HSE-, HSI-reHepaTop obnagaeT cCywleCTBEHHbIM HEOOCTaTKOM - OH He CTonb TodeH. Ewe
HEKOTOPYK 4YacTb 9HepronoTpebneHMss MOXHO WCKMNIYMTL  OTKMoYeHunem LSl-reHepatopa, ecnu  He
NCNONb3YeTCHA OKOHHbLIV CTOPOXEBOW TaMep U Yachl peansHOro BpeMeHMU.

6.1.1. Bydep npeaBapuTenbHON BbIGOPKU U PEXUM NOSyLUKNA

Mpn pabote Hanpsimyto oT HSE-reHepaTtopa Ha MakcumanbHon 4yactoTe 8MIL, Takke MOXHO OTKITHUYUTb
Oydep npegBaputenbHonm Bblibopku Flash namstn n akTmeBupoBaTb pexum nonyuukna. Bcrnepctsme 3aTtoro,
BBOAATCS AOMOSMHWUTENbHbIE COCTOSHUSI OXMAAHWUS, HO NPU 3TOM, CHWXAaeTCs noTpebrnsembll TOK B pexume
RUN.

Mpu paboTe ¢ MakcMManbHbIM GbICTPOgENCTBUEM NOTPEeONAEMbIN TOK COCTaBNsAET B panoHe 34 MA,
a npwm pa6ote Ha yactote 8 MI'y (9.6 DMIPS) oH cTaHOBUTCA MeHee 1 MA
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APB1lAPB2| VBB |uacrora MpenBapuTenbHas Pexum WFI |Femepatop TunuyHoe n?Tpe6neHwe
BblGOpKa Monyumkn npu 25°C [MA]

DIV4 [ DIV2 BBK;e 72 My Bkn. Otkn.  |Otkn| HSE 33.15

DIV8 | DIV8 |YCAINM| 72 MI'y, Bkn. OTkn. Otkn.| HSE 27.75

DIV8 | DIV8 |YCAINM| 72 MI'y Bkn. OTkn. Otkn.| HSE 23.65
DIV4|DIV2 [YCAIM| 8 My, Bkn. OTkn. OTkn. HSE 8.65

DIV4 | DIV2 |YCANIM| 8 MI'y OTxn. OTkn. Otkn.| HSE 8.48

DIV4 | DIV2 |YCAMNM| 8 MI'y OTxkn. OTkn. Bkn. HSE 1.68
DIV4|DIV2 [YCAIM| 8 My, OTkn. OTkn. Bkn. HSI 0.9

6.2. DKOHOMUYHbIE PEXNUMbI PabOTbI

TwaTtensHo ckoHurypupoas paboty MK B pexume RUN, MOXHO CHM3UTb noTpebnaembini TOK A0
npubnuautensHo 8.5 MA. OpHako, 4ToObl peanu3oBaTb MNO-HACTOSILLEMY MariloMOLUHOE YCTPOWCTBO,
Heob6xo0QMMO MCMONb30BaTb 3KOHOMUYHbIE pexnmbl paboTel MK STM32.

6.2.1. Pexxum SLEEP

MepBas cTyneHb 3KOHOMWYHOW paboThl - pexum SLEEP. o ymonyaHuio, nocne BbINOMHEHMS MPOLECCOPOM
Cortex uHcTpykumn WFE unu WFI, oTkniovaeTcs BHYTPEHHAS CUHXPOHM3aUMs U npekpallaeTcs BbliNONHEeHne
koga nporpammel. B pexume SLEEP, octanbHasa yacte MK STM32 npopormkaet paboty. Beixog us pexuma
SLEEP npovcxoguT, korga YBB reHepupyeTt npepbiBaHune. Ecnu MK STM32 cuHxpoHuaupyetcs 6nokom OAMY
n HSE-reHepatopom uactoton 72 MIu n ucnonb3yeT Bce YBB, T0 npu nepexoge B pexum SLEEP
noTpebnsiembli TOK CHM3UTCS A0 npubnuantensHo 14.4MA. Tem He MeHee, ecnu BbIMOMHUTBL CneunanbHYo
nogrotoBky MK STM32 k nepexofy B 9KOHOMWYHbIN PEXMM, OTKITHOYMB CUHXPOHU3aumio Bcex YBB, kpome Tex,
YTO MCNONb3YHTCA ANs BO306HOBMeHNs paboTtbl npoueccopa Cortex, u NepeKnoymBLLMCD Ha CUHXPOHMU3ALMI0 OT
HSI-reHepaTopa (4acTOTy KOTOPOro MOXHO CHM3NTb Ao 1 MIy u gaxe MeHee), MOXHO JOOUTLCA CHUXKEHUS
notpebnsiemoro Toka Ao npubnmnantensHo 0.5 MA.

MoTtpebnsaembin Tok B pexxume SLEEP moXxHO cHU3uTb Ao 0.14 mA

VCHOBUS f Bce YBB Ha wuHe Bce YBB En.
HCLK| APB BkrtoueHbl OTKMIOYEHBbI | 13M.
CuHxpoHusauusa ot HSE, ansa cHUXeHus 4acToTbl 72 14.4 55 VA
ucnonesyetcq npegaenutens AHB MIy ) )
48
My 9.9 3.9
36
My 7.6 3.1
24
My 53 2.3
16
My 3.8 1.8
8
My 2.1 1.2
4
My 1.6 1.1
2
My 1.3 1
1
My 1.11 0.98
500 104 098
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Ky
125 0.98 0.95
Ky,
64
MMy 12.3 4.4
48
My 9.3 3.3
36
My 7 25
24
My 4.8 1.8
16
My 3.2 1.2
CuHxponunsaums ot BHyTpeHHero HY RC renepartopa (HSI), 8 16 06
019 CHUWKEHUS YacToTbl ucnonedyetcs npegaenutens AHB | MITy, ’ '
4
My 1 0.5
2 0.72 0.47
My, ' ’
1
My 0.56 0.44
500 0.49 0.42
Ky
125 0.43 0.41
Ky

B ManoMoOLHbIX MpUMEHEHUsIX, YTOObl A0OUTLCA MWHMMAanbHOrO 3HepronoTpebneHus, B pexum SLEEP
HeobOXO4MMO NEepPEXOAWTb HAaCTOMbKO 4YacTO, HACKOMbKO 3TO BO3MOXHO. Ha pesynbTupylowmin ypoBeHb
aHepronoTpebneHusa Takke BNUsieT 3adepxka, KoTopasi Heobxoauma MUKpokoHTponnepy STM32 aonsa Beixoga
N3 SKOHOMMWYHOIO pexuma paboTbl M BOCCTAHOBMEHUS WCMOSHEHUS KOA4a nporpaMmmbl. Ha npeacraBneHHbIX
HWKe pUCYHKax OyaeT nokasaHo, Kakue 3agepxkum Heobxogumbl LMY Cortex, KOTOpbIA CUMHXPOHM3UPYETCS OT
HSI RC-reHepatopa, Ans BO306HOBNEHNS HOpMaribHON paboTbl.

6.2.2. Pexxum STOP

MMVKPOKOHTPONEP MOXHO HACTPOUTb Ha nepexon B 3KOHOMUYHbIN pexum STOP. [Ons atoro Heobxoammo
ycTaHoBuTb 6uT SLEEPDEEP B peructpe ynpaeneHusi sHepronotpebnennem sgpa Cortex n cbpocutb OuT
Power Down Deep Sleep (PDDS) B pernctpe ynpaeneHus aHepronotpedbneHmem MK STM32.
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OTHNKYEHWE PEIEQEMPOBAHKA

Moporoeoe HanpAxeHwe PYD
FaspeweH1e KOHTPONA NMTaHka [(FYD)

ChBpoc dinara STANDEY

Chpoc dinara STANDEY s
But POWER DOWWN DEEFP SLEEF

Bur LOW POWER DEEF SLEEF
S

Mocne 3aBepuweHunsa koHdwurypauumn pexuma STOP, BbinonHeHune mHcTpykumm WFI vunm WFE npuBeget K
ocTaHoBKe npoueccopa Cortex n otkntoyveHmto HSI- n HSE-reHepatopoB. ®naw-namartb, ctatudeckoe O3Y un
YBB ocTatoTcsl 3anuTaHHbIMK, NoaToMy, coctosiHue MK STM32 cbeperaetcs. Takke kak 1 B Cliydae ¢ peXXMMom
SLEEP, Bbixog n3 pexuma STOP Bo3MoxeH nytem reHepauuu npepbiBaHusa YBB. OgHako B pexume STOP
CUHXpOHM3auusi Bcex YBB oTkntoyeHa, 3a NCKIMYEHNEM KOHTPOIIEPa BHELLHUX NpepbiBaHWiA. TakuM obpasom,
BbIXxog 13 pexvnma STOP BO3MOXeH Npu M3MEHEHUN cOCTosAHMSA Ntobol 13 NMHUM BBoAa-BbiBoAa. Kpome Toro, y
KOHTpONnepa BHELLIHUX MNpepbiBaHUN WMMEEeTCs ofHa IMHUA, KOTopas MOXeT, Kak 3anpawmsatb, Tak W
reHepvpoBaTb NpepbiBaHUEe MO AOCTWXKEHUM 3a4aHHOINO BPEMEHM Yacamu pearibHOro BpemMeHu. [MOoCcKombKy y
4YacoB pearibHOro BpEMeHU nMmeeTcs otaenbHbl reHepatop (LS| unn LSE), To oHM mMoryT ucnonb3oBatbcs Ans
reHepaumm nepmoguydeckunx npepbisanumn ans sbisoga MK STM32 un3 pexxuma STOP.

Mocne nepexoga MK STM32 B pexum STOP ero notpebnsiembil TOK CHWXaeTcd C Munnvamnep,
notpebnsembix B pexume RUN, go npubnusmtensHo 24 MkA. [anbHenwero CHWXeHus aHepronoTpebneHus
MOXHO J0OMTbCS NepeBOodOM BHYTPEHHEro reHepartopa B CrneunanbHbli 9KOHOMWYHbBIA pexum paboTbl. Ons
3TOro Heobxoammo yctaHoBuTb 6uT LPDS B peructpe ynpasneHus aHepronotpebneHmem MK STM32. Ecnn npu
nepexoge B pexvm STOP paHHbIi OMT Obln yCTaHOBIEH, TO NOTPebnsieMbld TOK cHU3uTCcA Ao 14 mkA. Ecnn
NCMNOMNb3YylTCH Yacbl peanbHOro BpeMeHu, To NoTpebnaemMbln ToK yBenmuuTcs Ha 1.4 MKA.

Ycnosus VDD/VBAT=2-4B VDD/VBAT=3-3B En.nsm.
Crabunusatop B pexunme Run, HU3KOYACTOTHbIV U BbICOKOYACTOTHbI
BHyTpeHHMe RC reHepaTtopbl, a Takke BbICOKOYACTOTHbIV reHepaTop NA 24
OTKMNoYeHbI (paboTa 6e3 He3aBMCMMOro CTOPOXEBOIO Tanmepa)
Crabunusatop B 3KOHOMUYHOM PEXMUME, HU3KOYACTOTHbIN U MKA

BbICOKOYaCTOTHbI BHYTPEHHNe RC reHeparTopsbl, a TakxKe

. NA 14
BbICOKOYACTOTHbIV reHepaTop OTKIoYeHbl (paboTta 6e3 He3aBNCUMOro
CTOPOXEBOro TanmMmepa)
En.
O603HayeHne MapameTp Ycnosusi namepeHust 3HadeHune 3
Bbixog 13 pexuma STOP (cTtabunusartop B 352

pexvme RUN)

Bbixog 13 pexuma STOP (cTtabunusartop B
twusTop pexume RUN + WFI) Boso6HoeneHne no HSI RC 5.42 MKC

reHepatopy

Bbixoa 13 pexuma STOP (ctabunmsaTtop B 532
3KOHOMUYHOM pexume + WFE) )
Bbixoa n3 pexuma STOP (ctabunumsaTtop B 7.21
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|3KOHOMM‘-IHOM pexume + WFI) | | |

3agepxka BO30OHOBNEHMs npu Bbixoge u3 pexmma STOP B xygwem cnydae coctaBuT 5.5 mkc, ecnu
cTabunmsaTop ocTaBascsi B NMOMHOCTbIO akTUBHOM COCTOSIHMKM, U 7.3 MKC, ecnu ctabunnsatop nepeBoausncs B
3KOHOMWYHBIV peXxmnm paboThbl.

6.3. Pexxum STANDBY

MK STM32 moxHO HacTpouTb Ha paboty B pexume STANDBY, ecnu ycrtaHoButb 6ut SLEEPDEEP B
peructpe ynpasneHus 3HepronotpebneHnem sgpa Cortex n yctaHoButb 6ut Power Down Deep Sleep B
ogHoumeHHom pernctpe MK STM32. lNocne atoro, BbinonHenne wHcTpykumn WFI mnm WFE npuBeget «k
nepesogy MK STM32 B pexvMm C HavMmeHbwuMm 3Hepronotpebnenvem. B pexume STANDBY MK STM32
abcontoTHO nonHocTelo GesaerictByeT. OTKMIOYEHbI BHYTPEHHWUIA cTabunu3atop Hanpsbkenuss u HSE- n HSI-
reHepatopsbl. B aTom pexume MK STM32 noTpebnsieT Tok BCero nuilb 2 MKA.

B pexxume STANDBY noTpe6Gnsiembi TOK paBeH 2 MKA, a 3agep)xka Bo3o6HoBneHus coctasnsiet 50

MKC

YcnoBus namepeHuns Voo/Vear=2.4B|Vpp/Vear=3.3B|EO.nam.
HY BHYTpeHHUI reHepaTop 1 HE3aBUCUMMbII CTOPOXEBOW TanMep NA >
OTKMoYeHbl, HY reHepaTop 1 Yyacbl peanbHOro BpEMEHMW OTKITHOYEHDI MKA
HY reHepaTop 1 Yacbkl peanbHOro BpEMEHU BKIHOYEHbDI 1.08 1.4

EovHunua
O6o3Ha4veHne MapameTp YcnoBus nsmepeHust 3HayeHne AnHAL
N3MepeHus

i 3agepxxka Bo306HOBMEHUst Ans |Bo306HOBEHNE C CUHXPOHM3aUMEN 50 MKC
WUSTDBY pexxvma STANDBY HSI RC-reHepaTopom

Beixog n3 pexuma STANDBY BO3MOXEH MO nNpepbiBaHWIO YacoB peanbHOrO BpeMeHu (JOCTWKEeHue
3a[jJaHHOro BPEMEHM) TOYHO TakKe Kak v npu Bbixoge us pexunma STOP. Kpome Toro, BO306HOBNEHNE BO3MOXHO
Yyepes BHewWwHuN BbiBog cbpoca MK STM32 unu ¢ nomoLbio HE3aBMCMMOTO CTOPOXEBOro TanMepa. Beixog m3
pexmMma STANDBY Takke BO3MOXeH Mo HapacTawowemy PpoHTy Ha nuHum 0 nopta A. [JaHHbIN BbIBOA MOXHO
HacTpouTb, Kak BbiBog Bo30O6HoBneHus WKUP nytem ycraHoBkum 6Guta EWUP B pernctpe ynpaeneHust
aHepronoTpebneHnem un cratyca. lNMockonbky pexum STANDBY cambiii ManoMOLLHbIA, TO U BbIXO4 U3 HEro
OCYLLECTBMNAETCSA [oJblle BCEro: 3adepxka BO30OHOBNEHMS MCMNOSIHEHUSA WHCTPYKUWUA cocTaensieT okono 50
mkc. MNocne nepexoga B pexum STANDBY copepxumoe ctatmyeckoro O3Y, peructpoB agpa Cortex n MK
STM32 tepsietca. Boixog 13 pexxuma STANDBY npakTuyeckum naeHTUYeH nporpammHomMy cbpocy.

6.4. NMoTpebnaemMbIn TOK 06nacTn ¢ pesepBUMpoBaHMEM NMUTAHUSA

B obnactb ¢ pesepBupoBaHuem nutaHusa Bxoasat O3Y u yackl peanbHoro BpeMeHu. lNogaya nutaHusa Ha HUX
COXpaHSeTCA BO BCEX 3KOHOMMUYHbLIX pexuMax paboTbl. X noTpebnsembin TOK Npy HanpshkeHun nutadusa 3.3B
coctaBnseT okono 1.4 MkA.

6.5. BO3MOXHOCTb OTNagku B 3KOHOMUYHbLIX pexunumax

OTnagka TpaauLMOHHbIX MUKPOKOHTPOSNEPHBIX CUCTEM, B KOTOPbLIX UCMOMb3YHTCS 3KOHOMWYHbLIE PEXUMBI
paboTbl, MOXET OKa3aTbCA 3aTPYAHEHHOW. OTO CBSI3aHO C TEM, YTO MOCIE Nepexoda B 3KOHOMUYHBIA PEXUM
MWUKPOKOHTPOMNep nepectaeT B3auMOLENCTBOBaTb C OTMNagyMkoM. BcreacTtBue 3Toro, oTnagyumk BbloaeT
coobuieHns o6 owwnbke unu nepecraeTr pabotatb. Bo unsbexanue atoro, y MK STM32 npegycmoTpeHa
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BO3MOXHOCTb COXpaHeHusa B pabore HSI-reHepaTtopa B KayecTBe MCTOYHMKA CUMHXPOHU3AUUN BCTPOEHHOW
oTnagoyHon cuctembl CoreSight gaxe nocne nepesoga MK B 3KOHOMWYHBI pexum paboTbl. PaclumpeHHble
Bo3mMoxxHoCcTu otnagkm MK STM32 HacTpanBatoTcsa Yepes permctp DBG_MCU.

7. Bo3aMOXHOCTM nNo obecne4vyeHUo 6e3onacHoun padoThl

MukpokoHTponnepbel STM32 noggepxmBaloT psg  BO3MOXHOCTEMW, HarpaBfeHHbIX Ha  BbiSBEHWE
HEKOPPEKTHOro BbIMOSTHEHUA KOAa Nporpammbl U HENPaBUITbLHOrO NOBEAEHUS MUKPOKOHTpOsfepa B LESoM.
YUT06bl MCKNIOYNTL BO3MOXHOCTb PaboTbl MWKPOKOHTpONNepa OT HEeHaAeXHOro WCTOYHWKa nuTaHus, y MK
STM32 npegycmoTpeHa BCTPOEHHasi cxema, KoTopasi MepeBOAMT ero B COCTOsiHME cOpoca, ecnv HanpshkeHve
VDD 0yneT HWke MUHUManbHO-A0NYCTUMOro 3HayveHusi. Kpome toro, B MK MHTerpupoBaHa nporpammupyemasi
Cxema KOHTPOSS HanpshXeHWs, KoTopas elle paHblue MOo3BOSSeT BbiABUTb Npobrnembl ¢ nutaHvem. [locne
BbISIBIIEHNSI HapyLIEHNs NUTaHWs 3Ta cxema reHepupyeT npepbiBaHWe, nossonsowee nepesectn NC B
Be3onacHoe cocTosiHue. B cTpykType cnctembl cMHxpoHm3daummn MK npeaycMoTpeHbl anemeHTsl KoHTpons HSE-
reHepartopa. B cnyyae BbisiBNeHus1 HapyLieHui B ero pabote, MK aBTomaTnyecku nepekntioumTcst Ha paboTy ot
HSI-reHepatopa. KOppeKTHOCTb BbLIMOMHEHUS MNPOrpamMmbl  MOXHO KOHTPOMMPOBaTb C MOMOLLLIO  ABYX
BCTPOEHHbIX CTOPOXEBbIX TanWMepoB. OOUH M3 HMX - OKOHHbIA CTOPOXEBOW TawMep, KOTOpbIM Heobxogumo
OBHOBMATE C onpegeneHHom 4actoTow. [pyrom - He3aBWCHMMbIA CTOPOXEBOW Tammep, KOTOPbIN
CYHXPOHM3NPYETCH OTAENbHbIM reHepaTopoM, HECBA3AHHBIM C OCHOBHOW CUCTEMHOM CUHXpoHu3auuen. Kpome
TOoro, BCTpoeHHasa Flash namaTe nopaepXvBaeT BO3MOXHOCTb XpaHeHUsA AaHHbIX B TedeHwe 30 net npwu
TemnepaTtype 85°C, 4TO ABMASEeTCA nNyywWMM B CBOEM Knacce rnokasaTeneM XpaHeHus [AaHHbIX Ans
MWKPOKOHTpornepa obLero HasHadyeHus. NepedncrneHHble BO3MOXHOCTU Nno obecneveHuto 6esonacHomn paboThbl
MK Henpvemnembl Anst Cnonb3oBaHUs B 060pyAOBaHUM, K KOTOPOMY NPeAbsABASIOTCS MaKCMMarbHO-BbICOKME
TpeboBaHna GesonacHOCTM (B TakoM OOOpPyAOBaHWM 3feMeHTbl, OTBevallye 3a KOHTPOSib MPOrpamMmmHOro
obecrneyeHus, kKak HanpuMep, CTOPOXXEBON TalMep AOMKHbI ObiTb OTAEMbHBIMW BHELUHUMK YCTpocTBaMm). Tem
He MeHee, MUKPOKOHTponnepbl STM32 no3BonsitoT pa3pabaTbiBaTb HAAEXHbIE CAMOKOPPEKTUPYIOLLME CUCTEMBI
C NCMONb30BaHMeM cnocoboB, NPUMEHSIOLMXCA B KPUTUYHBIX K 6€30MacHOCTU aBMaLMOHHBIX U aBTOMOBUIBHBIX
cucTemMax, HO C UCMOMb30BaHMEM Ype3Bbl4aNHO MPOCTLIX CXEeMHbIX pelleHui. bnarogaps 9ToMy, BO3MOXHO
co3gaHve ropasgo 6onee HageXXHOM N Ka4eCTBEHHOW HeJOPOron N NPOCTON ANEKTPOHHOW TEXHUKM.

7.1. YnpaBneHue copocom

Y MK STM32, noMnmo BHELLHE NUHUKN cOpoca, MMeeTcsl MHOXECTBO UCTOYHUKOB cbpoca. Copoc MK STM32
MOXeT OblTb BbINOMHEH BCTPOEHHLIMU CTOPOXEBLIMWU TarkiMepamu, nporpammHo vepe3 KBBI1, BCcTpoeHHbIMU
cxemMamu cbpoca npu nogayve/oTKIIYEHUN U CHUXKEHUN HUXKE AOMYCTUMOrO YPOBHS HanpsbkeHWsl nutaHusi. B
crnyyae reHepaumm cbpoca ycTaHaBnMBAlOTCA COOTBETCTBYHWOLIME chnary B PerncTpe ynpaereHust u craTyca
RCC, T.0. onpocom aTux ¢hnaroB MOXHO OMpeaenuTb MpUYMHY, Bbi3BaBLUYD COPOC MUKPOKOHTpoIepa.
CocTtosiHve gaHHbIX dhriaroB COXpaHsieTcs 4O criegyrowero copoca npu nogaye nutaHvua unu go 3anucu nor. 1 8
OuUT cTMpaHnsa NpuynHbl cbpoca.
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MukpokoHTponnep STM32 nmeeT HeCKONbKO UCTOUYHUKOB cbpoca. OnpenennTb UCTOYHUK cOpoca
MOXHO C MOMOLLbLIO perncTpa ynpaeneHusi n cratyca RCC

7.2. KOHTpOnb HanpsbkeHUsa NUTaHuA

B coctaB MukpokoHTponnepos STM32 BxoAuT chneuuanbHbli OnNOK ANs MOHUTOpMHra nuTaHusa. OH
HasbiBaeTca GNOKOM KOHTpOns HanpsbkeHus nutadus (bnok PVD). Bnok PVD nopaepxvBaeT BO3MOXHOCTb
nporpaMmMmpoBaHns nopora cpabaTbiBaHusa B gmana3oHe ot 2.2 go 2.9B ¢ warom 0.1B. 3toT nopor
cpabaTtbiBaHUSA 3a0aeTCs B permcTpe ynpasrieHnsi dHepronotTpetneHnem.

VDD

&

/ Moporu cpataTuiBaHus I
AN 6nokaPVD A\ :
McTepesuc
100 mB

L J

Boixon 6noka PVD

B MUWKPOKOHTpOINep BXoaAUT cnelyunanbHasda cXeMa KOHTPOJNA HaNnpAXeHUA NUTaHusA, KotTopasa MoXeT
reHepupoBaTb nNpepbiBaHue, eCrin Hanps>xeHne nNTaHnNA CHNXXaeTcdA HMXXe 3agaHHOro nopora

Bbixog 6noka PVD cBsizaH c 16-0M nuHuen 6noka BHELWHMX MpepbiBaHWMA. [MOCKONbKY MMHUM BHELLUHMX
npepbiBaHWA MOryT pearmpoBaTtb Ha HapacTalwuin, nagarolwmin unm Hapactalwmn 1 nagaowmn pPoHTLI, TO
6rok PVD MOXHO MCMonb30oBaTb AN reHepauun npepbiBaHWs Npy BbIMOMHEHMU YCIOBWUIA NMPEBLIWEHNS UNn
MOHWXEHNS HaNPSXXEHUS.

7.3. 3awmueHHasa cncteMa CUHXPOHU3aummn

B GonbwunHcTBEe npuMeHeHun MK STM32 B kayecTBe OCHOBHOW CUCTEMHOM CUHXPOHM3aUMM npoueccopa
Cortex 1 YBB STM32 BbiCTynaeT BHELIHWA KBapLEBbLIN pe3oHaTop, MOAKMYEHHbIW K BbiBogam HSE-
reHepatopa. B cTpykType cucCTeMbl CUHXPOHW3aLMW MNPefyCMOTPEH cneuuanbHbii 6nok CSS, koTopbi
KOHTpONMMpyeT BHELWHMI curHan. B cnyyae ecnu atoT 6rok obHapyxuT oTka3 KBapueBoro pesoHatopa, MK
NepeKnioYNTCS Ha aBapyUIHYIO CUHXPOHM3aLUMI0 OT BHYTPEHHEro reHepaTopa 4actoTel 8 My,
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HSI RC 8 My
Os5C_0ouT — SYSCLE
HSE-rex. xjhﬁ .ﬁﬁ
OSC_IM —]
4-16
My

bnok KoHTpORA
CHHXpPOHMZaLMKH

B cny4yae oTka3a BHelUHero reHepaTtopa, 6nok CSS reHepupyeT npepbiBaHMe U NepeKryaeTcs Ha
pa6oty oT RC-reHepaTopa

CSS

[nsa aktmBusauum 6noka CSS Heob6xo4MMO YyCTaHOBUTL COOTBETCTBYHOLWMNIN 6UT B peructpe ynpasneHnst RCC.

PLI Ready
Contral Enable

CLOCK Security Enable

Bypass
Ready
ISE Clock Enable

HSI| Clock Calibration

& Trimming
HSI Ready
Clock Control  |Enable
b J

[Ansa BKNOYeHUs1 KOHTPONA CUHXPOHM3aLUN He06X0AMMO YCTaHOBUTbL OUT pa3pelueHusi pabotbl CSS B
peructpe ynpaeneHusa RCC

Y 6noka CSS nmeeTcsa nuHMs NpepbiBaHWs, KOTOpas CBsi3aHa C MpepbiBaHMEM MO 3KCTPEHHOMY OTKITHOYEHUIO
paclwupeHHoro tarvMepa 1, B CBOIO oyepedb COEOUHEHHOW C NUHMEN Hemackupyemoro npepbiBaHus KBBI
Cortex. 3Tum rapaHTupyeTca HesamegnuTenbHbll nepexop LUAM-BbixogoB TarimMepa B npeaBapuTenbHO-
3anporpamMmmunpoBaHHoe Be3onacHoe COCTOsIHWE B Cry4ae oTKasa OCHOBHOIO reHepartopa.

Taknm obpasom, ecnn npoueccop Cortex TepsieT ynpaesneHme Hag LLUMM-Beixogamu, nx paborta n cBsi3aHHOM
C HWMW BHeWHen cxembl Grnokvpyetcd. [JaHas ¢yHKkuns ocobeHHO BaXHO B YCTPOWCTBaX YymnpaBneHus
anekTpoaBuraTenamu.
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7.4. CtopoxeBble TauMepbl

B MK STM32 BxogaT ABa OTAENbHbIX CTOPOXEBbLIX TaviMepa. HezaBncumbln CTOPOXKEBOW Tanmep NOMHOCTLIO
otgeneH ot ocHoBHow cuctembl MK STM32. OH pacnonoxeH B JOMEHe C pe3epBMPOBaHUEM MUTaHWUS U
CVMHXPOHM3UPYETCS BCTPOEHHbIM HU3KOYaCTOTHbLIM reHepaTopoM (LSI). OKOHHbIV CTOpOXXEBOW Tanmep siBNAeTCS
YacTblo OcHoBHOW cuctembl MK STM32 n cBsisaH C curHanom CUHXpoHu3auunm nepeor wuHbl YBB. O6a

CTOPOXEBbIX TarMepa MNoAdEPKMBAOT BO3MOXHOCTb pPas3genibHOro  BKIOYEHUS/OTKIIOYEHUS U MOTyT
MCMonb3oBaTbCs OAHOBPEMEHHO.

HezaBUMCHUMMBIA

LSl-reHepatop
CTOPOMEBOW | e
TE?I?IME 32 kly

OKOHHBIA
CTOPOMEBOW PCLK1
Tanmep

MK STM32 conepaTt ABa CTOPOXEBbIX TauMepa, OAMH U3 KOTOPbIX CUHXPOHU3UPYETCS OTAENbHbIM
reHepaTopom
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7.4.1. OKOHHbIN CTOPOXEBOWU TanMep

Buxon cGpoca

OKOHHOIMD CTOpPOXEBOIro WWDG_CFR
TTﬂﬁHEp - WE WS | WE W3 W2 | W1 | WO
0 Eklxon =1, ecni /_./
Th:0 >»Whk:0
L 1 & Uncppoeoi kKoMiapaTop

, |
9 Januce WDG_CE“

WDGA [Te [TS [T4 [T3 | T2 [T1 |TO
WWDG_CR bﬂiumuﬁ EEIUMTEHIWMEA CUETULK

PCLK1 MPEOAENMTEN
—
(a0 36 MM | (WDGTB)

BeiduT. cuetume T[E:0]

w[6:0] F—-———————— 1“—“=r=_ﬁ

SFhF4-————————-
| ' |
| : |
I L I e
N OkHO ': Bpersa
OGHOBNEHWSA |
|
EuT T6 !
I
CEpoc 1

OKOHHbIVI  CTOPOXEBOW Tammep SBMSIETCH pacLUMPEHHOW Bepcuen TPaauLMOHHOIO BCTPamBaeMoro
CTOPOXeBOro TanvMepa. [locne akTnBusaumun, CTOPOXEBOW TalMep HavyMHaeT cYeT B 06paTHOM HanpasreHun u
reHepupyet cbpoc npm M3aMeHeHun coctosHuA cueTdmnka ¢ 0x40 Ha 0x3F, T.e. korga cOpacbkiBaetca out T6.

CKOHHBIA
CTOPOXEBOW TawMep

YnpaenexHwe
KoHpurypauusa
Craryc

Kpome TOro, B KOHd)MpraLIMOHHOM perncTpe OKOHHOro CTopoXxeBoro Taﬁlmepa npenoycMoTpeHa BO3MOXXHOCTb
3agaHuna BerHeIZ rpaHuLbl c4eTa. Ecnn Bo BpemMA nporpaMmmMmHOro 0OHOBNEHUS COAEepPXMMOro c4eT4uka
CTOPOXeEBOIo Taﬁlmepa, ero (*)aKTVI‘-IeCKoe 3HayeHne okaxkeTcsl bonblue 3aQaHHOro, ToXe reHepupyetcd C6pOC.
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CnepoBaTenbHO, CTOPOXEBOW TaiiMep BbigensieT MporpamMMe CTPOro OrpaHuyeHHoe Bpemsi Ha OBHOBneHue
COEpPXXMMOTrO CYETYMKA, YTO MO3BOJSET OblTb YBEPEHHbIM HE TOMNbKO B (hakTe BbINOMHEHUs koda nporpammbl 1
BO BPEMEHHbIX XapaKTEPUCTMKaX ero BbIMOSTHEHUS.

OKOHHBIA  CTOPOXEBOW TamMmep NpeAacTaBnsieT cobon  6-OMTHbIA  BblYMTAKOLWMIA  CYETYMK, KOTOpPbIA
CUHXpOHM3upyeTcst curHanom PCLK1 yepes 12-6utHbii npepaenutens (genut vactoty PCLK1 Ha 4096). Y
npepgenuTenst uMeeTcsa 2 AOMNOSHUTENbHbLIX OUTa, KOTOpble MOXET 3anporpaMMMpoBaTh MOMb3oBaTeNb AN
JanbHenwero geneHust Yactotbl Ha 1, 2, 4 nnn 8. OTn OGUTbI HaxoasaTcs B 6 u 7 paspsgax perucrpa
ynpaBreHusl.

Takum o6pasom, nepuoa cpabaTbiBaHUS OKOHHOIO CTOPOXEBOro Tanmepa onpeaenseTcs No BblPaXKEHUH0:
Twwdg = Tpclk1 x 4096 x 2A(WDGTB) x (nepe3arpyxaemoe 3Ha4yeHue + 1)

Ecnn Pclk1 nmeeT makcumanbHoe 3HadyeHne 36 MIU, MUHMMAanbHbIA nepuog cpabaTbiBaHUS CTOPOXEBOIo
Tanmepa coctauT 910 MKC, a MakcumarnbHbIli - 58.25 mc.

Mo 3aBeplUeHUM HACTPOMKM OKOHHOTO CTOPOXKEBOro Talmepa, ero paboTy MOXHO paspellnTb YCTAHOBKOW
COOTBeTCTBYIOLIEro 6uTta B perucTpe ynpasreHus. locne paspelleHusi, 0CTaHOBUTb PaBoTy CTOPOXEBOro
TanMmepa MOXHO TOJSIbKO COPOCOM - MPOrPamMMHO 3TO caenaTb HEBO3MOXHO.

7.4.2. He3aBUCUMbIN CTOPOXEBOMU Tanumep

HecMoTpsi Ha TO, YTO HE3ABUCMMbIN CTOPOXEBOMN TaNMep SBNSETCS YacTbio OAHOMo M Toro e kpuctanna MK
STM32, OH CUHXPOHM3MPYETCHA COOCTBEHHLIM reHEPaATOPOM, KOTOPbLIN He CBSI3aH C OCHOBHOW CUMHXPOHM3aLMen
MK STM32. HesaBucumbli CTOPOXEBOW TakMep pacnornoxeH B gomeHe ¢ nutaHnem VDD, koTopoe octaeTtcsd
akTuBHbIM B pexxumax STOP n STANDBY.

| lomex c nutanwem¥DD18 !

|

|

| Pervctp npea- Feructp HEE‘EFQQEEHX PerucTp
[ AENHMTENA CTaTYCa SHAYEHME EAHIYE
|
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(32 kL) MPEOOENMTENE Buxon cépoca
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BEIYMTAKWMWEA | CTOPOXEBOrD
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|
|
|
|
|
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|
|
|
|
|
|

HesaBucumbiin CTOpOXEBOW Tanmep npeactaBnsiet cobon 12-OMTHbLIA BblYMTAKOLWNA CYETUMK, KOTOPbIN
reHepupyeT curHan cbpoca npu nepexode 4epe3 HyneBoe 3HadeHue. CYEeTYMK CUHXPOHU3MpYeTCcs OT
OTOENBbHOTO BHYTPEHHEro HWU3KOYACTOTHOrO reHepaTopa u4epe3 8-OuTHbIM nNpepgenuTens. HomuHanbHas
yactoTa LSl-reHepaTtopa paBHa 32.768 kl'L, HO Ha NpakTUKe OHa MOXeT BapbhpoBaTbcsa B npegenax 30...60
KMy, [Ona vHuguanusauum CTOpPOXEBOro TamMmepa BHavarne HeoOGXOAMMO HACTpPOUTb PEerucTp npeanenutens,
NCXOAsl U3 TOro, YTo KoadppmumeHT aenennsa yactotel LSI-reHepaTopa, KOTOpbIA MOXET nexaTb B npegenax
4...256, paBeH 2 B CTeneHM 4ucna, 3anucbiBaeMoro B PEeructp npeggenutensa 3HavyeHus. MuHumarnbHbIN
nepvoa cpabaTbiBaHMSA HE3ABMCUMOTO CTOPOXEBOro Tanmepa coctaensieT 0.1Mc, a MakcMMarnbHbIN - CBbIlEe 26
cekyHa. [ins 3agaHusa nepuoga cpabartbiBaHWst HEOOXOAMMO 3anporpamMmmMmMpoBaTh PETMCTP Nepe3arpysku.
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HezaBUMCcUMMBIA
CTOPOXEBOW TaWMep

Peructp knwoya

PervcTtp npennenntensa
Mepe3arpyx.aHaveHue
Crartyc

He3aBucumbin cTopoxxeBoM TauMep - BbIYMTAKOLWMNA CHETUYUK C COOCTBEHHBbIM reHepaTopom. OH
pacnonoxeH B JOMEHe C pe3epBMpOBaHNEM NUTaHUA U. MO3TOMY, OCTAaeTCsl akTUBHbIM B pexumax Stop
n Standby

[ns aBTOMaTM4eCKON UNN NPOrpamMMHON KOHMUrypaLuum He3aB1UCMOro CTOPOXXEBOro Tanmepa MOXeT ObiTb
3afencTBoBaH HebOmMbLWOW MHGOPMAUUOHHBIM 6nok Bo Flash namstu, coctosiwen w3  HECKOMbKUX
onuuoHanbHbIX 6anT. Ona 3anycka He3aBWCMMOrO CTOPOXEBOrO TavMepa Mpu NPOrpaMMHOM  yrpaBrieHuu
Heobxoammo 3anucate OXCCCC B pernctp kntoya. lNocne a1oro, cyeT Ha4yHeTCH B 0O6paTHOM HampaBreHun co
3HauveHuns OxFFF. [ns obHOBNeHMs CTOPOXEBOro Tanmepa B perncTp knova Heobxogumo 3anmcaTb OxAAAA.
OTO NpvBedeT K 3anncu 3agaHHOro Nepesarpy’Kaemoro 3Ha4eH s B PErnCTp BblYMTAKOLWEro CHeTYMKa.

O6bIYHO, OTnaxmBaTb NPOrpaMmy MUKPOKOHTPOMNEPY C aKTUBHbIM CTOPOXEBBIM TaMEPOM OYE€Hb CIOXHO.
Ecnn LMY okaxeTcss OCTaHOBMEHHbIM, TO M OOHOBMATL CTOpOXeBoW Tammep OygoeT Hekomy. B wuTore,
npon3onaeT ero cpabaTtbiBaHMe N GyaeT BbIMOMHEH COPOC MUKPOKOHTPOSIIEPA, KOTOPbLIA HAPYLUUT OTNIagouHYo
ceccuio. Bo nsbexaHue aToro, paspaboTumku 0ObI4HO Ha BPEMSsI OTNAfKU OTKITHOYAKT CTOPOXEBOWN Tanmep. Ho
Takow Moaxopn, B CBOK ovyepenb, 3aTPYAHSET TECTUPOBAHUE U UCTbITAHME PYHKLMM OOHOBIIEHUSA CTOPOXEBOIO
Tanmepa. Y MK STM32 B peructpe MCUDBG npegycMoTpeHa BO3MOXHOCTb HACTPOWKM OTKITHOYEHUS
HEe3aBUCMMOrO M OTAENIbHOIMO CTOPOXEBbLIX TarkMepoB Ha BpeMs npuoctaHoBku LMY Cortex-M3, BbInONHEHHOM
BCTpPOEeHHON oTnago4vHon cuctemon CoreSight. Bnarogapsa atomy, nodBnseTcss BO3MOXHOCTb MOLLAroBOro
BbINOMHEHNSI KOAa NporpamMmMbl 4aXe C aKTUBHbLIM CTOPOXXEBLIM TANMEPOM.

7.5. OcobeHHocTn YBB

BcTtpoeHHbie YBB TOXE MMeEoT psa BO3MOXHOCTEN, HanpaBneHHbIX Ha obecneyeHne 6e3onacHon pabotsl MK
STM32. Nx nomHOe onucaHMe MOXHO HaWTW B pasfgene, NnocBAeHHOMY cooTBeTcTBylowemy YBB, a 3gech
OCTaHOBUMCS Ha creayoLwem:

7.5.1. bnokupoBka KoHdurypauum NBB

Bo BpemMs uHuumnanusaumm nopToB BBOAA-BbIBOAA Kaxdas UX NIMHUSA HAcTpamBaeTCsa Ha BBOA UMW Ha BbIBOA.
Mo 3aBeplleHMM HaACTPOWMKKM, KOHpurypaumoHHble peructpbl BB MoxHO 3abnokmpoBaTb. JOTO NOMOXET
npeaoTepaTUTb BO3MOXHOCTb JarbHEWWNX HenpeackasyemblX WU3MeHeHWUW HacTpoek NopToB. BriokMpoBky vy
Ka>K4oro nopTa MOXHO BbIMOSHUTE MOBUTHO.

7.5.2. OKOHHbIX KOMMNapaTop

Y kaxpgoro moaynsa AL MMeeTcs OKOHHbIM KOMMNapaTtop, KOTOPbIA reHepupyeT npepbiBaHWe npu BblXode
KOHTPONMMPYEMOro HanpsbkeHWs 3a 3afaHHble BEPXHIOK U HUXKHIOIO rpaHuLb.

7.5.3. Bxon, 3KCTPEHHOro OTKMo4YeHus

B ycTpoicTBax ynpaeneHusi anekTpoaBuratensiMm MOXeT MCNOoNb30BaTbCsl BXOL, 9KCTPEHHOro OTKMoYeHus. B
crnyyae BO3QEWCTBUS Ha STOT BXO4 WM B Crydae OTKa3a OCHOBHOW CUMHXpoHu3auum MK, npoucxogut
aBTomaTtuyeckuin nepesog npoTtneodasHbix LLUIMM-BbIxoaoB B 3apaHee 3agaHHoe 6e30nacHoe COCTOsIHME.
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8. Moaynb Flash namsaTun

BctpoeHHas B MK STM32 Flash namaTb cocTout 13 Tpex obnacrten. NepBasi U3 HUX - ocHoBHast Flash namsaTb,
npegHa3HavYeHHasa AN XpaHeHws koda nporpammbl. [aHHas namatb seBnseTcs 64-6utHoW. 3TO Heobxoanmo
ANns noBblweHnsi ObICTPOAEWNCTBUA CUYUTBLIBAHUSA WHCTPYKUuA B Oydhep npepsapwtenHon Bbibopku. [Ons
BbINOMHEHNS MPOrpaMMUPOBaHMA U CTUpaHWs AaHHasa Flash namaTtb pasgeneHa Ha 4 Tbic. cTpaHuy. [NamaTtb
XapakTepusyeTcsi M3HOCOCTOMKOCTbIO 10 ThbicAY uUMKoB nepesanvcn M 30-NeTHUM XpaHEeHMeM [OaHHbIX Mpu
TemnepaType 85°C. MN3HococTomkocTb Flash namsitu GonbluMHCTBA APYrMX MUKPOKOHTPOSIEPOB MPUMBOAUTCSA
ans 25°C. 370 o3HavaeT, 4yto MK STM32 ocHalueHbl npeBocxogHon Flash namaTeto. [oMMMO OCHOBHOWM nNamsATh
nporpaMm, Takke umeeTtcss ABe obnactM meHbluero pasmepa: 6onbliort MHPOPMAUMOHHBIN BNOK 1 Manbin
NMHOPMaLMOHHBIN 6nok. Bonblon nHdopmMaumoHHbIn 6ok 3aHnmaeT 2 kbanTt Flash namsatn n npegHasHayveH
ONsl XpaHeHus1 3anporpamMMpoOBaHHON Mpou3BoauTENeM nporpamMmMbl 3arpy3yuka, KoTopasi ucnonb3dyet Ans
nepegayn Koga nporpammbl nocriegoBatenbHbii MHTepdenc YCAMM 1. Manbin nHGOpMaUMOHHbIN 6ok
COCTOUT U3 LIECTU KOH(UrypaumoHHbix 6anT. OHM MpegHasHadveHbl AN onpegeneHus ceoncTtB cbpoca MK
STM32 1 ynpaBneHus 3aLiuTon namsaTu.

8.1. 3awumTa n nporpammupoBaHue Flash namaTtu

BcTtpoeHHyto Flash namsite MOXHO OGHOBWMTBL MOA4 YynpaBfieHMEM BCTPOEHHbIN Mporpammbl 3arpys3uuka, C
Ncnonb3oBaHWeM OTNaA0YHbIX CPeacTB ¢ uHTepdercoM JTAG unu BHYTPUCUCTEMHO C NOMOLLIbIO CeLManbHOro
Habopa perMcTpoB, HasbiBaeMblX KOHTPOMMEPOM nporpaMmupoBaHms u ctupadusa Flash namatn (FPEC-
koHTpornnep). FPEC-koHTponnep Takke wcnonb3yetca Ansi NporpaMmupoBaHus 6aMT onuuin B Marnom
NHOPMaLMOHHOM Broke.

MporpaMMmupoBaHue U
cTupaHue n3w-NnamMaTi

YnpaBneHue AoCTynom
Pernctp knya
OnuUoHanbHbIA 6anUT KNKYa
Ctatyc

¥npaBneHue

Anpec

OnuMoHanbHbIN GanuT
3awmTa o1 3anUcH

FPEC-koHTponnep npeaHasHa4deH AN BHyTPUCMCTeMHoOro nporpammupoBaHus Flash namaTtu. ®naw-
namsaTb MOXHO TaKXe 3alUTUTb OT CYUTbIBAHUA OTNAaAOYHLIMM CPEeACTBaMMU U OT 3anNucu

8.2. Onepauumn cTupaHusa n 3anucum

Cpasy nocne cbpoca, peructpbl FPEC-koHTponnepa 3awmuieHbl OT 3anmMcu. Ytobbl ux pasbnokMpoBaTsb,
Heo6XxoOMMO BbIMOMHUTE 3anMUCb CreuManbHOW MOCnefoBaTeNbHOCTM YMcen B PErncTp knw4a. 3anucb
0x45670123, a 3aTem OxCDEF89AB npusegeT k pasbnoknposke FPEC-koHTponnepa. Ecnn aTtoro He coenatb
unun caenatb ¢ owwunbkon, FPEC-koHTponnep octaHeTcs 3abnokMpoBaHHLIM BMIIOTH 4O Criegyolero copoca.
Cpa3sy nocne pasbnokupoBkn FPEC-koHTponnepa, nosiBrsieTcsi BO3MOXHOCTb CTMPaHWsi U 3anvcyM OCHOBHOWM
Flash namaTtn. B npegenax ocHoBHoro 6noka Flash namaTn nMeeTcsi BO3MOXHOCTb CTUPaHUS BCel NaMsTu Unm
BblIOpaHHbIX 4 ThiC. CTpaHuy,. [ns BbINOMHEHUST MAacCOBOr0 CTUPaHUS JOCTAaTOMHO YCTAHOBUTL BUTbI MaccoBOro
CTMpaHMsa W cTapTa B peructpe ynpaenenus. Ecnu ©6ut 3aHaToctv BSY B atom xe peructpe Oyget
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cOpoLeHHbIM, TO Kakgasd sderika ocHoBHom Flash namatn Oymetr nepesegeHa k coctosHuo OxFFFF.
CTpaHun4yHOe cTupaHue BbINOMHAETCS Takke npocto. BHavyane Heobxoammo 3anporpamMmmupoBaTh HadarbHbIN
agpec ctpaHuupbl Flash namatn B pernctp agpeca, a 3aTeM yCTaHOBUTb GUTbI CTUPAHUS CTpaHWLbl U cTapTa B
peructpe ynpasneHus. Onatb-Taku, ecnv ouT 3aHsTocTn BSY GyaeT cOpolueHHbIM, To cTpaHuua OyaeT crepTa.
3anucb HOBLIX [AaHHbIX B fA4verikn Flash namMaTu MOXHO BbINOMNHATbL TOMBKO Mocne ux cTtupaHusa. [Ons
BbINOMHEHNST 3anMcn HeobXoOUMO YCTAHOBUTL OMT MporpammMuUpOBaHWS B PErMCTPe YMNpaBlieHWs, a 3aTeM
BbINOMHUTL 3anucb nonycrnoBa no Tpebyemomy agpecy. Ecnn agpecoBaHHas sdvenka Flash namatm 6yget
CTEPTON 1 He 3awuuieHa ot 3anucu, FPEC-koHTponnep 3anuweT B HE€ HOBOE 3HAYEHNE.

8.3. Bantbl onuun

Manbin nHopMaUMOHHbBIN BNOK CoOAepXXUT BOCEMb MPOrpaMMupyeMbIxX nonb3oBaTtenem 6ant onumin. Yetoipe
Ganta M3 HWUX NpefHasHadeHbl AN ynpaBneHus 3almuTon OT 3anucu ocHoBHoW Flash namsatu. MaTteii 6anT
npegHasHadeH Ans yCTaHOBKU 3alLMTbl OT YTEHMS, KOTOpasi NpeaoTBpallaeT AOCTyn K obnacTtam namsTy, koraa
MK HaxoguTcs B oTnagovHom pexume. Lecton 6ant Heobxooum Ans KoHdurypauum copoca n 3KOHOMUYHOW
pabotbl. NocnegHne pBa Ganta - obOblyHble s4Yerikn Flash namsitTn, koTopble MOryT MCMNonb3oBaTbCsA MO
YCMOTPEHU0 nonb3oBaTtens. [pexae 4Yem BbIMONMHUTL 3anvMcb OalT onuui, Heobxooumo pasbrokupoBaTb
FPEC-koHTponnep no onucaHHon Bbile MeTtoauke. Nocne aToro, Heobxoaumo pasbrioknpoBaTb 0alTbl ONUUiA
3anMCbio TEX e OBYX KIoYen B perncTp krova 6ant onumn. banTtel onuuin ncnonb3yloT pasnuyHblie npoueaypbl
NpOrpaMMmpoBaHns U CTupaHusa ocHoBHow Flash namatu. Ons ctupaHua manoro uHdopmaunoHHOro 6noka
Heobxogumo yctaHoBuTb 6ut OPTER B peructpe ynpasnenus, a 3atem 6ut STRT. CurHanmsmpyeT o
3aBEpLUEHUN CTUPAHNST Marioro MHOpPMaLUNOHHOro Grioka nepexos B cOpOLIEHHOE COCTOsIHME Buta 3aHATOCTU
BSY. YT06bl BbINONHUTE NporpammupoBaHne 6anta onuun, Heobxogumo yctaHoButb 6ut OPTPG B peructpe
ynpaBneHus Flash namsatbio n 3anucatb nonycnoBo B Gant onuuin. Kaxgeln Gant onuuin xpaHWTCA B BuAe
nonycnoea. B mnagwem 6aiite 3TOrOo nonycrnoBa XpaHUTCA 3HadeHue Garita onuui, a B cTaplleMm - €ero
OBOWYHOe pgonornHeHue. [1BonyHoe AonofHeHue BbiCUMTbIBaeTCs aBTomatuyeckun FPEC-koHTponnepom cpasy
nocne 3anvcy B Mnagwmn 6ant nonycnosa.

8.3.1. 3awumTa ot 3anucu

PaspeleHne 3awmtbl oT 3anucu Flash namaTtyM ocywlecTBnsaeTca Ha nocTpaHu4How ocHoBe. Kaxapid 6wt
3alWMTbl OT 3anMcy OTBeYaeT 3a paspelleHne 3awWuTbl OT 3anucu COOTBETCTBYHLLEN eMy cTpaHuubl Flash
namsaTu. 3almTa oT 3anMcy OTKMYaeTcs CTUpaHMeM Manoro nHdopmMaLMoHHOro 6roka.

8.3.2. 3awumTa OoT YTeHun

Mocne ycTaHOBKM 3aWwuThbl OT YTEeHKS, BroKMpyeTcss BO3MOXHOCTb UTeHus u3 Flash namsatu npu nepexoge MK
B OTnago4Hbln pexum. floctyn k ctatnyeckomy O3Y ocTaeTcs paspelleHHbIM, NO3TOMY, KOA4 NporpaMmMbl MOXHO
3arpyxatb M WUCMONHATb B 3TOM obnactu namaAtu. McnonHsemas B crtatndeckom O3Y nporpamma vmeet
BO3MOXHOCTb OTKMIOYUTb 3aLUUTY OT YTEHUS, OQHAKO OOHOBPEMEHHO C 3TUM OyAEeT BbIMONHEHO CTUPaHUe BCew
BHyTpeHHen Flash namaTtn. 310 HEOOXOAMMO ANS MCKIIOYEHNST BO3MOXHOCTU xuwweHus npowuski MK. MNocne
aKTMBM3aLMK 3alMTbl OT YTEHUS Takke BKNoYaeTcs u 3awmTa ot 3anucu Flash namatn. 3t1o Heobxogumo ans
NCKMIOYEHNS BO3MOXHOCTM HECAHKLVOHMPOBAHHbBIX M3MEHEHMI B KO MpOrpamMmbl M B YacTHOCTM B Tabnwuuy
BekTopoB. 3awwTa Flash namatn 6yget aktmBHON, ecnv 6anT 3aWwmUTbl OT YTEHMS M €r0 ABOUNYHOE AOMNOMNHEHUe
OyayT yctaHoBneHbl paBHbiMu OxFF. [Ona cHATMS 3awmTbl HeOO6X0OUMO 3anmcaTtb MOMyCrioBO, COCTosLee U3
OxFA 1 ero oBOMYHOro AOMONHEHUS, B OaNT 3aLLUMUTbI OT YTEHUA.

8.3.3. KoHcurypaumoHHbIn 6anT

KoHdurypaumoHHbIn 6ant cogepXuT Tpu akTMBHbIX BuTta. [1Ba 13 HUX ynpaBnstoT MexaHnamom nepexoga MK
STM32 B pexunmbl STANDBY 1 STOP. [na kaxgoro M3 3aTux peXuMOB MOXHO akTUBW3MPOBaTb reHepauuto
cbpoca npu Bxode B pexum. JTO NpUBEAET NepeHacTponke LUpoBLIX NUHWIA BBOOA-BbIBOAA HA BBOA, YTO
cHM3NT obuee aHepronoTpebneHne MK STM32. Takke 6yayT oTkntodeHbl AMNY n BHelwHWI reHepatop, a MK
nepengetr Ha CUHXPOHU3AUMIO OT BHYTPEHHero BbicokodacToTHoro RC-reHepatopa. [locnegHun 6ut
KOH(purypaumoHHoro Ganta ynpaBnseT akTUBHOCTBIO HE3aBMCMMOIO CTOPOXEBOro Tanmepa. Y Hero
npenycMoTpeHo ABa pexuma paboTbl: annapaTtHbliA, B KOTOPOM OH BKItovaeTcs B paboTy cpa3sy nocre cbpoca
npoueccopa, 1 NporpamMmmHbIA, B KOTOPOM 3anyCK OCYLLECTBISIET NPOrpamMMHO.
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9. UHCcTpyMeHTanbHbIe cpeacTBa AN NPOeKTUpoBaHUA

WHTterpauna apep ARM7 n ARM9 B cTtaHapTHble MUKPOKOHTPOMNEPbLl npuBena K HacTosLleMy B3pbiBY B
NpeanoXeHnsax MHCTpPYMeHTanbHblX cpeacts ans atux LY. Beinyck nHcTpymeHTanbHbiX cpeacts ansa ARM
MUKPOKOHTPONEPOB OCYLLECTBMAIOT BCe Beaylme pa3paboTymkn komnunstopos, B T.4. GCC, Greenhills, Keil,
IAR un Tasking. C nosisneHvem npoteccopa Cortex K 4aHHbIM MHCTPYMEHTarnbHbIM cpeAcTBam Obina gobasneHa
nogaepxka Habopa MWHCTpykumMn Thumb-2. MMosTomy, ecnum Bbl yxe wucnonb3yete nwobble gpyrme ARM-
MUKPOKOHTPONMEpPLI, TO Yy Bac €CTb XOpOLUMe LaHCbl creHepupoBaTb koA nporpammbl and MK STM32 c
MOMOLLIbIO MMEIOLLMXCA UHCTPYMEHTAamNbHbIX CpeacTB. B xyawem cnyvyae moxeT notpeboBaTtbca obpalleHme K
NOCTaBLUUKY UCMOSb3YEMbIX MHCTPYMEHTAIbHbIX CPEACTB C 3anpocomM 0OHOBMEHWIA.

B cnyyae, ecnu Bbl BnepBble ucnonb3yete B cBoeMm npoekte ARM-MUKPOKOHTpOMMep, NOsSBRsSieTcs
BO3MOXHOCTb BbIOOpa MHCTPYMEHTanbHbLIX CPEACTB OT Hanbosee NpeanoyTUTENBHOMO ANs Bac NpoM3BOAMTENS.
Ho, mockonbKy B Hawu AHWM OYeHb TPYAHO HaWTW NIIOXME MHCTPYMEHTanbHble CPEeACTBa, Jarnee nepevgem K
obcyxgeHutio aByx komnunstopo. [lepBbii komnunsaTop "GCC" wnm "GNU". OH npepcrtaBnsetr cobon
WHCTPYMEHTanbHOEe CPeacTBO C OTKPbITbIM MCXOAHbIM KOAOM, MO3TOMY, PacrnpoCTpaHseTcd M ucnonb3yeTcs
6ecnnatHo. Komnunatop GCC, B Uensax CHWKEHWss CTOMMOCTU CPeACTB AMs NPOEKTUPOBAHMSA M OLLEHOYHbIX
HabopoB, BCTpauBaeTCAd BO MHOMME KOMMEPYECKME WHTErpypoBaHHble cpedbl ANs MPOEKTUPOBAHUS W
otnagymkn. Hecmotps Ha 1o, GCC koMNUNSTOp SIBNAETCS HaAEeXHbIM U CTabuinbHbIM KOMAUASTOPOM, HaLl ONbIT
rOBOPUT O TOM, YTO FEHEpUPYEMbIA UM KoA He CTONb 3(hPEKTUBEH, KaK MpU UCMOMb30BAHUN KOMMEPYECKNX
koMnunaTopoB. Kpome Toro, B criyyae BO3HWKHOBEHMSA Mpobiem C ero NCrnonb3oBaHWEM, HE K KOMY obpaTtutcs
3a TEXHUYECKOW MOAAEPKKOW, YTO MOXET 3amennunTb npoekTupoBaHue. Cpean KOMMEPYECKUX KOMMUMSITOPOB
MoxHo Bblaenutb ARM RealView, paspaboTaHHbii komnaHunen ARM ans ucnonb3oBaHus ¢ ee LY.
KomnunsTtop RealView goctyneH kak 4yacTb Habopa MHCTpymeHTanbHbix cpegcte ARM RealView. 3toT Habop
OPUEHTUPOBAH Ha pa3paboTYMKOB CUCTEM Ha KpucTanie M He COBCEM MoaxXoauT ANS MUKPOKOHTPOISNIEPHbIX
npoektoB. TeM He MeHee, HaunHasa ¢ aHBapsa 2006 roga komnunatop RealView uHTerpupyetcsa B cocTaB
MUWKPOKOHTpoMnepHoro Habopa ans npoektmposaHus komnaHum Keil (MDK-ARM). 3 HanmeHoBaHua MDK-ARM
crnepyeT, YTO AaHHbIM Habop paspaboTtaH cneunansbHo ansa pabotsl ¢ ARM-mukpokoHTponnepamu. Habop MDK
MPOCT B MCMNOMNb30BaHUN (BECb MPOEKT MOXHO CKOH(pMrypnpoBaTb BbIGOPOM OKOMO 4 onuuin) U npegcrasnseT
coboM LenoYKky TECHO-B3anMOCBA3aHHbIX MHCTPYMEHTOB OT OQHOrO NPOM3BOAMTENS.

Ecnu Bbl 06ocHOBbIBaeTe BbibOp ncnonb3oBaHus komnunaropa GCC unu kKoMMep4yeckoro KoMnunatopa, B
nepByto ovyepeab HEOOXOAMMO PYKOBOACTBOBATLCH GOAXETOM npoekTa. bBiogxeT mpoctoro npoekra Bpsg nv
Mo3BONWT oOnpaBdatb MpuobpeTeHne KOMMEPYECKUX WHCTPYMeHTanbHbiX cpeacts. OpHako, ecnu Bbl
nnaHvpyete maccoBo ucnonb3oBatb ARM-MUKpPOKOHTpoOMnnepbl, TO 3aTpaTbl Ha  Aoporocrosiue
MHCTPYMeHTanbHble CPEeACTBa OKYMSATCA 3a CYET YCKOPEeHWs MpPOEeKTUpOBaHMA M 3a cuyeT reHepauum Gonee
KOMMNakTHOro koaa nporpammebl. [py Bbibope komMnunaTopa Takke HeobXoAMMO PYKOBOACTBOBATLCS YPOBHEM
cBoel kBanudwukaumn. Ecnn Bbl OnbITHBIM pa3paboTymk, TO, ckopee Bcero, paspaboTka Lenoro npoekra c
ncnonb3osaHvem komnunsatopa GCC Bam okaxetca nof cuny. OgHako, NpW HEAOCTaTOYHbIX HaBblkax, B T.u.
nporpammmnpoBaHns Ha Cu, MOryT BO3HUKHYTb Cepbe3Hble Npobnembl.

9.1. OueHouHble cpeacTBa

BonbWMHCTBO pa3paboTyMKoB KOMMMAATOPOB Takke MpeanaratT OLEHOYHble WM CTapToBble Habopbl.
OOGbIYHO OHM COCTOSIT M3 NMEeYaTHOW MNnaTbl U COKPALLEHHOW WM OrpaHMYEHHON MO BPEMEHW Bepcuu Habopa
MHCTPyMeHTOB. Ha B3bG-cante ST MOXHO HaWTW akTyarnbHbIl Ha AaHHbI MOMEHT CMUCOK BbIMyCKaeMbIX
OLEHOYHbIX HabopoB. OgHMM M3 MyYlWMX OLUEHOYHbIM cpeAacTBom sBnsetcs STM32 Performance Stick
komnaHum Hitex. MNpu ueHe Bcero nuwb okono 50 EBpo, Performance Stick npeactaensieT cobon 3aBepLUeHHOe
oueHo4vHoe cpeacTtBo ans MK STM32. OH paccuuTaH Ha nogkntodeHne k MK yepes USB-kabenb n genaet
BO3MOXHOW pa3paboTky 1 oTnaaky HeorpaHM4YeHHOro No pasMepy Koga nporpaMmMbl B UHTETPUPOBaHHOW cpefe
ansa npoektuposaHusa HiTOP u ¢ ncnonesosannem komnunsatopoe GCC unu Tasking. Nomumo MK STM32, Ha
nnate Performance Stick yctaHoBneH ewe oanH MukpokoHTpornep STR750. OH npegHasHayeH ans
N3MEpPEHNst C MNOMOLLbI0 BCTPOEHHbIX B Hero AL n Tanmepos notpebnsemoro MK STM32 Toka u 3agepxek
pearMpoBaHns Ha npepbiBaHuA. [aHHaa uMHdopmauusa nepefaeTcs B cneumanbHyo nporpammy Ha MK ana
Bu3yanusaumn. [porpamma Bu3dyanu3auum MNO3BOMSET BPYYHYO OLIEHMBATb pasfnyHble BO3MOXHOCTM MK
STM32 n cpaBHWUTL HekoTopble xapaktepuctukn MK ¢ npvBogumbiMK B OOKYMEHTaLMW OaHHLIMW, Hanpumep,
noTpebnsembin TOK, 3agepka BO306HOBNEHMS paboThl 1 ap.
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Performance Stick komnaHuu Hitex - Becbma Hegoporoe oueHo4Hoe cpencTtBo ansa MK STM32.

Performance Stick BbinonHeHo Ha ocHoBe otnagyvka HITOP u komnunatopa GCC un, noatomy, He
HaknagblBaeT Kakux-nmbo orpaHnYeHUn Ha paspabaTbiBaeMblii ko4 nporpammbl. Ecnn TpebyeTtca paspaboTka
NPOAYKLUMUM C HYNSl, TO COBMECTHO C TEMW e UHTErpUpoBaHHON Cpeaoi Ansl NPOEKTUPOBAHMUSA U KOMMUISTOPOM
MoXeT ObITb ucnonb3oBaH JTAG-otnagyuk Tantino komnaHum Hitex

9.2. BUGNNOTEKN N NPOTOKOJIbHbIE CTEKU

Yto6bl MOMOYb pa3paboTumMKky B YCKOpPeHWnM pas3paboTkm koga nporpammbl, komnanusa ST paspaboTtana
6ubnmoteky nporpamm ans MK STM32, kotopble MOXHO cBOGOAHO ckayaTb ¢ €€ Bab-camta. bubnuorteka
nporpaMm noaaepXxmBaeT (OYHKLMM LpalBEpPOB HM3KOMO YPOBHSA BCEX BCTPOEHHbIX YBB. Takum oGpaszom,
nonb30BaTeNo NPeAoCTaBNAETCA HEKOTOPOE KONMMYECTBO 6A30BbIX COCTABHbIX GJIOKOB, N3 KOTOPbIX OH MOXET
HayaTb co3gaHume cobcTBeHHoro npoekta. Haubonee cnoxHbiv YBB cpegu BCex CyLIECTBYHOLUMX
pasHoBugHocTen MK STM32 sensetca koHTponnep USB-ycTporictBa. YToGbl 06nerdymTb peanusauuio
Hambonee pacnpocTpaHeHHblx USB-knaccoB, komnavus ST Takke npegnaraetr ©OecnnatHbii Habop ans
paspaboTkn USB-ycTponcT. 3TOT Habop, Takke kak u BMONMoTeky nporpaMM MOXHO ckadaTtb ¢ Bab-canTa ST.
B komnnekt Habopa pna paspaboTtkm USB-yctporictB Bxoasat USB-6ubnvoteka u OEeMOHCTpauUMOHHbIE
nporpammbl anga knacco HID, Mass Storage, Audio n Device Field Upgrade.

MpunoxeHue

OCPB

EubnuoTeka ApavEepoB

TCPIP | cncromaany | nmpaiisep USB  [paiisep CAN
¢hN3W-NAMATH . . " P
PPPISLIP! HID
Ethernet SD/MMC Mass Storage E

B cBAi3n c Bo3pacTalollei CroXHOCTbLI0 BCTpanBaeMbIX B MMKPOKOHTponnepbl YBB BaXHO, YTOObI
BbIGpaHHbIN HAGOP UHCTPYMEHTasbHLIX CPeACTB AN NPOEeKTUPOBaHUSA AOMNONHANCS LWUPOKUM
aCCOPTMMEHTOM NMPOTOKOMbHbLIX CTEKOB U NpUMepaMm nporpamm

Mo mepe nosBneHus HoBbix MK STM32, nx 6yoyt ocHawaTb Bce 6onee u Gonee cnoxHeiMm YBB (MAC-
koHTponnep Ethernet, nHtepderic TFT-gucnnesa v gp.). Takon poCT CNOXHOCTU AenaeT NPOCTO HEBO3MOXHbIM
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CaMOCTOATENbHOE HamnucaHue BCEero koga nporpammbl. [oatomy, euwe Ha ¢ase BbIOOpaA MHCTPYMEHTAmNbHbIX
cpenctB HeobXoouUMO OLEHWUTb AOCTYMHOCTb MPOTOKOSBbHBIX CTEKOB, kak Hanpumep, TCP/IP, n pasnuyHoe
npuknagHoe IO, B T.4. rpadmyeckne uHTepdelicbl MNosfb3oBaTensl, KOTOpoe MOXeT noTpeboBaTbCcA B
nocneayowmux npoektax. igeanbHo, 4ToObl OHM ObINMM JOCTYMHbLI OT OZHOrO WM TOrO Xe MOCTaBLUUKA U Obinn
WHTErpupoBaHbI B BbIOpaHHbI HAbOP MHCTPYMEHTarbHbLIX CPEeACTB.

9.3. OnepaunoHHbIe CUCTEMbI pearibHOro BpeMeHU

Ecnn Bbl npexpe pabotann ¢ 8- unm 16-OMTHbIMM MUKPOKOHTPOSINIEpamMu, TO, CKOpee BCEro, ele He
ucnono3yete OCPB. Mbl yxe mornu yoegutbcs, 4To npoueccop Cortex-M3 obnagaet cywecTtBeHHO GonbLien
BbIYUCITUTENBHOM MOLLHOCTBIO MO CPABHEHMIO C APYIMMW COMOCTAaBUMbIMU MO CTOMMOCTU MUKPOKOHTpOIiepamm
N paspaboTaH ¢ y4eToM paboTbl NoA ynpaBreHnemM 3aHumarowmmm Hebonbluoe mecto B namsatn OCPB. Takum
obpasom, ecnu Bbl npexae He wucnomnb3oBanu OCPB, 1o npu ocBoeHun MK STM32 BaxHO yaenutb ee
nsy4yeHnto ocoboe BHMMaHue. Wcnonb3oBaHne OCPB pgact Bam npeumyulectBa 0Oonee abGcTpakTHOWM
pa3paboTku koda nporpamMmbl, Oornee LIMPOKUX BO3MOXHOCTEN MO MOBTOPHOMY WCMONb30BaHMIO MpOrpamMm,
Gonee NpoCTOro ynpaBfieHUs NMPOEKTOM M Gonee LUIMPOKUX BO3MOXHOCTeWn oTnagku. Mcnonb3osaHne OCPB
TaKkKe MO3BONISIET CTPYKTYpUpOBaTb Bally nporpammy. OTO O3Ha4yaeT, 4TO BHadane CocTaBnsieTcs nnaH
nporpaMmmbl M TOSbKO MOCIE 3TOr0 HAYMHAETCS HanucaHuwe TekcTa nporpammbl. bonblue Bcero cyuiecteyet
OCPB gna UMY ARM u Cortex, 4yem ans 6onblwmHcTBa Apyrmx BcTpamBaembix LIMY. MHorne noctasimku
KOMMUNATOPOB npefnaraioT cBo coberBeHHyto OCPB, opgHako Havbombliytd MONynsipHOCTb  Cpeau
OnepaLMoHHbIX CUCTEM C OTKPbITbIM MCXoAHblM kogom umeeT "FreeRTOS". Ee MOXHO ckayaTb C cauvTa
www.freertos.org. Kommepueckaa Bepcuss FreeRTOS HasbiBaetca "SafeRTOS". OHa npoTtecTupoBaHa Ha
cooTBeTcTBME cTaHAapTy 6e3onacHoctu IEC 61508 n gocTynHa Ha TOM Xe cauTe.
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