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BeryniieHue oT nepeBoIunKa

Kaxk mosBHICS ¥ KOMY IpEIHA3HAYEH 3TOT IIEPEBOI
Y10 CTOUT B IIEPBYIO 04Yepeab rnounratb 00 ARM/STM32
OcobennocTy 0hOPMIIEHHUS ITOTO IIEPEBOJIA

Kak nosiBujics u KOMY IPE€AHAZHAYCH I3TOT MEPEBOJA

Cawm st mporpaMMHCT MUKPOKOHTPOJIIEPOB, paboTall, B ocHOBHOM, Ha AVR. beut oguna
npuwinyHbli poekT Ha TMS320VC5509a. Teneps nosiBuiiack He0OX0AMMOCTh MopaboTats ¢ ARM, a
touHee ¢ kamHeM STM32F107.

K coxkanenuto, s HEIOCTATOYHO XOPOIIIO 3HAIO AHTIUHCKUH, 9TOOBI CBOOOTHO YUTATH
JIOKyMeHTaIuio. Besikre 0030psl erie Mory "MomucTars" U yJIOBUTh OOIIYIO CYyTh. A BOT KOTJIa U3yYaelllb
OonbIoit TokymeHT, Thna Refery Manual nnu Programming Manual, To 1oBuib ce0st Ha TOM, 4TO
OJIHOBPEMEHHO TOYHO NEPEBOJUTH BCE JETAIU U 3alIOMUHATH BCE 3TO, KaK-TO He mojiydvaercs. [ ne-To Ha
MSATOM CTPAHHUIIE 3a0BIBACIIL O TOM, YTO OBUIO Ha mepBoil. [loaTomMy BeIpaboTal aiist cedst Takok crocoO.
Te pazaenbl JOKyMEHTAllUU, K KOTOPBIM MPEAIoiaraeTcss HeOJAHOKpaTHOE oOpallleHue, CHayaa
NIEPEBOXKY, a IOTOM YK, JOCKOHAJIBHO U3y4aro Ha "puaHoi MoBe". KOHEUHO, 3TO 04€Hb MEJIEHHO U MO€
PYKOBOJICTBO HE B BOCTOPIe, HO MO APYrOMY y MEHS HE TOJTy4aeTcsl.

[ToaTomy, 3TO JOKYMEHT sl 0OpMIIsL, B IEPBYIO O4epeb, i cedst modumoro. Ho, ecinu kTo-TO
HaMJIeT 3TOT MepeBOI MOJIE3HBIM Ui ce0sl, 1 COKOHOMHT Ha HEM Ky4y BpeMEeHHU, s Oyay Toibko pa. [Ipu
3TOM YECTHO MpEeAYNPEkKIat0, UTO HE MOTY rapaHTUPOBATh OTCYTCTBHE OLIMOOK, CBSI3aHHBIX JIHOO €
HE/I0CTaTOYHBIM 3HAHUEM SI3bIKa, JIUOO C HEJJOCTATOUYHBIM TOHUMAaHUEM TEeXHUUYECKOU cyTu. Bpsn mu
TaKOH MEpEeBOJI 3aMHTEPECYET NPOrpaMMepa, XOPOIIO BIaICIOIUM aHIIHHCKIM. OTHAKO, S AyMalo, 9T
HaiiJ1eTcs HeMallo Jiroiel, KOTOpbIe TOXKE TOJIbKO Havyaiau ocBauBaTh ARM U BIaACIOT S3bIKOM IPUMEPHO
Ha MOEM YPOBHE, WJIH XK€ CIIIe HIDKE.

Bech mapamokc cuTyaruu ¢ nepeBoiaMu mo100HOM TeXHUYECKON JOKYMEHTAINH 3aKITI0YaeTCs B
TOM, YTO BPSJ JIX B 0003pUMOM OyAyIIeM MbI YBUJIUM NMPOGECCHOHATBHBINA ITEPEBOI.
[TpodeccrnonanpHbIe MEPEBOTIHNKA C AHTIIMHCKOTO, KaK MPABUIIO, HE BIA/ICIOT IPEIMETOM MEPEBOIA, U HE
OepyThCs 3a MOJ00HYI0 paboTy (a eciii U OEpyThCs, TO HUYETO IMyTHOTO U3 ATOTO HE BBIXOIUT, IUIABAJIH,
3HaeM). [IpodeccrnonaabHBIM POrpaMMHCTaM, XOPOLIO BIAJCIOIIUM H S3bIKOM U IPEAMETOM, 3TO, BO
MEPBBIX, HEUHTEPECHO, a BO BTOPBIX, OHM UCKPEHHE CUUTAIOT, YTO 3TO HUKOMY HE HY>KHO, MOJI, IIPOLIE U
ObIcTpee U3yYUTh SI3BIK, YeM 3aHUMAThCS 3ToM (urneit. [loaTomy, ciaceHue yronarouux (B Mope
nH(pOpMAITUN) - 1e710 PYK CaMUX YTOTIAOIITUX.



YTo cTOMT B EePBYI0 oUepeab mountatb 00 ARM/STM32

S 10BOJIBHO MHOTO BPEMEHHU MOTEPST HA TO, YTOOBI ONMPEAETUTHCS, YTO UMEHHO CTOUT YUTATh B
nepByto ouepeib. [103Bouto cebe BhICKa3aTh TO, UTO Y MEHS MOIyYMIIOCh. ONATh e, MOKET 3TO
ITO3BOJIUT KOMY-TO COKOHOMMTB JIparolieHHoe BpeMs. Ho qaHHbIE COBETHI KacaroTCsl TOIBKO TEX, KTO
cobupaercs uzyuyath fokymeHTanuio no STM32F1xx. [y kamHel Apyrux Npou3BOUTENEH 3TH COBETHI
MOTYT OKa3aTbCsl HEKOPPEKTHBIMH.

1. HaunHaTh CTOUT C KAaKOTO-TO 0030PHOTO MaTepHasa Mo apXuTeKType, Tuma (Qaitia
STM32 MCU_family.pdf (10 ctp.). Ha pycckom si3bIke €CTh HEIUIOXOM TOKYMEHT
"O3nakomumenvnoe pykoeoocmeo no ARM-mukpoxonmponnepam Cortex-M3", KOTOpbIN B
Pa3HbIX BapHalUsaX NPUCYTCTBYET HA MHOTUX caiTax.

2. Tlo naee, HOO ObI MOYNTATH JOKYMEHTHI OT upmMbl ARM, KOTOpBIe MOKHO HalTH Ha €e
poaHoM caiite. OHAKO, BO MEPBBIX, TAM HATUBHBIN aHTJTUHUCKUMA, KOTOPBINA 3aMETHO CIIOKHEE
MPOU3BOAHBIX A3bIKOB, THNA "MHauiickoro anrnuiickoro" wim "Hopeexckoro anriuiickoro"”. Bo
BTOPBIX, IO KpaiiHell Mepe 3To KacaeTcs fokyMmeHTauuu ot ST, Bce yTo Hafgo NOBTOPSIETCS B
JIOKYMEHTaxX Ha KOHKpeTHoe u3nenue. Tak uto "mpoaupaTrhca CKBO3b 3TH JOKYMEHTBI CTOUT
TOJILKO B UCKTFOUUTEIBHBIX CITydasix, KOT/Ia SBHO HE XBaTaeT MH()OpPMAIIMKA BO BTOPUIHBIX
JNOKYMEHTAaX.

3. 3arem Hazno u3yuuts ¢aitn "STM32F10xxx Cortex-M3 programming manual.pdf” (137
cTp.). B HeM KkpaTko onmrcaHbl OCHOBBI apXUTEKTYPHI siipa ARM, mprueM TOJIBKO T€ aCTEeKThI, YTO
BakHbI A1 u3yuenus STM32F1xx.
31ech ecTh MO MepeBOI OOJIBIIEH YaCTH ATOTO IOKyMEHTa (KpOME ONMCaHUsI HHCTPYKIIAHN ).

4. Tenepb MOKHO ITpOCMOTpeTh (aiin datasheet Ha cBoii koHTpOIIEp. B MoeM ciyyae 310
daiin "STM32F105_107xx.pdf" (93 ctp.). HeT 0co60if HEOOX0IMMOCTH B TIEPEBOJIC ATOTO (haia.
OH ucnonb3yercs Kak KpaTKUil CIpaBOYHUK 10 BO3MOYXKHOCTSIM KaMHsl, U 3/IECh IOCTATOYHO
CaMOr0 MAHUMAJIbHOTO 3HAaHUS aHTJIUHCKOTO.

5. 3arem Hano u3yuuts daiin "STM32F105 107 Reference manual.pdf” (995 ctp.). 31ech
€CTh MOM MepeBOJ 3aMETHOM YaCTH 3TOTO JOKYMEHTA.

6. U HakoHe1, HaJ0 00s3aTEIbHO MTOYUTATh CITMCOK OIMTMOOK Ha CBOM KaMEHb, B MOEM CITydae
ato (haiin "Errata_stm32f107.pdf" (26 ctp.). B Hem kpaTko onucanbl Te omuoku siipa ARM, urto
BakHbl 111 STM32F1xx, a Takke cooctBennbie ommOku ST. Huuero "cTpamHoro" s B HeM He
HalleJ, HO 3HaTh €0 COJAEPKUMOE, IS CIIOKOWCTBUS AYIIH, HA10. 3/1eCh €CTh MOM MEPEBO/I 3TOTO
JIOKyMEHTA.

3710, Ha MO B3IJIs], TOT KaHIUAATCKUI MUHUMY, 4TO HEOOXOIUM AJisl O0Jiee NI MEHEe
YBEPEHHOH OpHeHTanuu B Teme 1pu nporpammupoBanu STM32F10xxx.

Ho sto Tonbko BepmnHa aiicoepra. CyiiecTByeT Ky4a Apyroi JOKyMEHTAaIlH, U, B IEPBYIO
ouepeb, 3To "Pexomennanuu no npumeHenuio" (AppNote). Ho 310 y3ko-cniennanu3upoBanHas
JIOKYMEHTAIMs, ¥ €€ HE CTOUT YUTaTh BCIO MOJPSI AJis OOLIEro pa3BUTHS, €€ CIIMIIKOM MHOTO. 371eCh
HYXXHO ""CUMTOMaTHYecKoe JiedeHue": ecThb MpodiieMa, KOTOPYIO He PeLIUTh ¢ IOMOIIbIO TOKYMEHTOB
o011ero HampaBJiIeHUs, TOTAa UIEM HYKHBIH JOKYMEHT, YUTaeM U periaeM npodiemy. Mickate nmonobHbie
JIOKYMEHTHI HY>KHO, B TIEpBYIO ouepe/ib, Ha caiite ST, ecTh Takke Heroxast moJ{00pKa CChIIOK 3/1€Ch.


http://www.promelec.ru/stm/stm32/
http://www.promelec.ru/UPLOAD/fck/file/stm_files/stm32/STM32_MCU_family.pdf

OcodennocTu oopmiteHHs 3TOT0 NepeBoaa
31ech, B OJTHOM JIOKYMEHTE, HaXOJIATCS MEPEBOIBI TPEX TOKYMEHTOB ¢ caiita ¢pupmer ST:

* Yacruunsiii nepeon daitna "STM32F10xxx Cortex-M3 programming manual. PDF"
peBususa 2 ot 18.01.2010.

* Yactuunsiii nepeon ¢aiina "STM32F105_107_Reference manual.pdf"
pesusus 9 ot 14.09.2009.

 Tlonusii nepeson daitna "Errata_stm32f107.pdf" pesusus 3 ot 14.01.2010.

51 co3HaTeIbHO CBAWII B Ky4dy BCE€ 3TH JIOKyMeHTHl. KOHE4HO, B TakOM BUE Opay3ep 3aMEeTHO
noaTopMaxusaer. OJIHaKO, BO3MOXHOCTb OBICTPO HAWTH BCE YIIOMHUHAHUS 110 KAKOMY-TO Y311y, PETUCTPY,
MMEHOBAaHHOMY OWTY, Ha MO B3TJIsI/I, 3aMETHO MEPEBEUIMBAIOT ATOT HEJJOCTATOK (KOHEYHO, €CIIH
cmotpuM B OffLine).

[IpakTH4eCKH BECh OPUTHHAIBHBIN TEKCT COXPAaHEH, YTO OBl MPU MaJICHIIIEeM COMHCHHUH B
MPaBWIHLHOCTH MIEPEBOJIa MOYKHO OBLIO OBICTPO CIPABUTHCS C OpUTHHATIOM.!!!

Taxum ¢hoHOM BBIZIETEH TEKCT MEPEBOIA.
Taxum ¢porom BBIACTICHBI IPUMEUAHUS, HEIOYMEHUS U TIpoYast OTCEOsATHHA IMTePEBOTINKA.
Taxum ¢oHOM BBIJIETEHBI T€ MECTa, KOTOPHIE MEPEBOIYUK "HeaCHIHI".

Tax kak, BcneactBue usmMenenus popmara gokymenta ¢ PDF na HTML, Obuta yrepsiHa naHesnb
HaBUTalMH, TO, B LIEJSIX KOMIIEHCAIIUH, OblJIa UCIIOJIb30BaHA CUCTEMA HePapXUUECKUX COJepKAHUH, 110
KOTOPBIM MOKHO CITYCKaThCsl BIUIyOb JOKyMEHTa U BO3BpAILlaThCs Ha3al.



1 STM32F10xxx Cortex-M3 programming manual
PykoBOACTBO IporpamMmMucra

1 About this document (O6 3TOM JOKyMEHTE)

2 The Cortex-M3 processor (IIporeccop Cortex-M3)

3 The Cortex-M3 instruction set (HaGop unctpykuumii sapa Cortex-M3 Iloka HeT nepeBoja)
4 Core peripherals (ITepudepus snpa)

5 Revision history (Mctopus namMeHeHuit)

This programming manual provides information for application and system-level software
developers. It gives a full description of the STM32F10xxx Cortex™-M3 processor programming model,
instruction set and core peripherals.
3TO PyKOBOJCTBO IO IPOTPAMMHUPOBAHHIO MTPEIOCTABISIET HHPOPMAITUIO ISl pa3padOTIHKOB
NPUIOKEHUH U IPOrPaMMHOT0 00ecreueHus] CHCTEMHOT0 ypoBHs. OHO J]aeT MOJIHOE OMHCAHUE MOIEITH
IIporpaMMUpOBaHus, Habopa HHCTpYKUUi U nepudepun siipa npoueccopa STM32F10xxx Cortex-M3.

The STM32F10xxx Cortex™-M3 processor is a high performance 32-bit processor designed for
the microcontroller market. It offers significant benefits to developers, including:
Ycerpoiictea STM32F10xxx Cortex-M3 siBisitoTcst BICOKO3(PEeKTUBHBIMU 32-X pa3psiAHBIMU
MPOIIECCOPaMH, CIIPOCKTHPOBAHHBIMU JIJIsl PHIHKA MUKPOKOHTPOJIEPOB. OHU MPEIOCTABIISIFOT
CYIIECTBEHHBIE MMPEUMYILECTBA pa3padOTUNKaM, BKIFOYAs:

* Outstanding processing performance combined with fast interrupt handling
Bbiaroriyrocst mpou3BOIUTENIbHOCTh B KOMOHHAIMH ¢ OBICTPOI 00pabOTKOM TpephIBaHHIA

* Enhanced system debug with extensive breakpoint and trace capabilities
Y COBEpIICHCTBOBAHHYIO CUCTEMY OTJIQJIKH C OOIIUPHBIMU BO3MOKHOCTSIMH YCTAHOBKH
KOHTPOJIbHBIX TOYCK M TPACCHPOBKHU

» Efficient processor core, system and memories
D¢ dexTuBHBIE PO MpoOIIECCOpPa, CUCTEMY U AMSITh

» Ultra-low power consumption with integrated sleep modes
YipTpamarnoe moTpediieHre MOIIHOCTH C BCTPOCHHBIMH PEKHUMaMH CHa

* Platform security (bezonacuyro miargopmy)

30ecv, 6 opucuHarbHOM meKcme, HAX0OUMCS NOTHOE COOEPHCaHUue OOKYMEHMA, HO, KaK yice
VHOMUHANOCH 8 NPEOUCTIO8ULL, OHO DbLIO NePedesanHo 8 CUCEM) UEPAPXUYECKUX COOePHCAHUL.
Taxorce 30eco, 8 OpULUHANLHOM MeKCme, HAX00UMCcs nepedensb mabauy u nepeueHb PUCYHKOS.
A Hu pazy He nonvb308a1ca NOOOOHBIM CEPEUCOM, NOIMOMY CHEll BO3ZMONHCHBIM ONYCMUMb UX.



1 About this document (O0 3TOM 10KYMeHTe)

1.1 Typographical conventions (Tunorpadckue cornamieHus )

1.2 List of abbreviations for registers (Criricok cokparieHui st perucTpoB)
1.3 About the STM32 Cortex-M3 processor and core peripherals

(O mpoureccope STM32 Cortex-M3 u nepudepun sijipa)

This document provides the information required for application and system-level software
development. It does not provide information on debug components, features, or operation. This material
is for microcontroller software and hardware engineers, including those who have no experience of ARM
products.

OTOT JOKYMEHT MPEIOCTABISAET HHPOPMAIIHIO, HEOOXOIUMYIO ISl pa3pabOTKH MPHUIOKEHUN U
POTPaMMHOTO 00ECTICUeHHsI CUCTEeMHOTO ypoBHs. OH HE TPEIOCTABISAET HHPOPMAIINIO O KOMIIOHEHTAX,
0COOEHHOCTSIX WJIM OTEPALUAX OTIAJAKH. ITO MaTepHal AJs IPOrPaMMUCTOB U Pa3pabOTINKOB
00opyn0BaHus Ha 6a3e MUKPOKOHTPOJUIEPOB, BKIIFOYAs TEX M3 HUX, Y KOTO HET HUKAKOTO OTBITa PabOTHI
¢ ARM npoaykramu.

1.1 Typographical conventions (Tunorpadckue corameHnus)

The typographical conventions used in this document are:
B 3TOM JOKYMEHTE UCIIOIB3YIOTCS CIICAYIOIINE THITOrpadCKue COranieHus:

Highlights important notes, introduces special terminology, denotes internal cross-
italic references, and citations.
Kypcue Briensier BakHbIe TPUMEYaHUs], BBOJHUT CIEHHUANBHYIO TEPMUHOJIOTHIO, 0003HAYaeT
BHYTPEHHHUE TTEPEKPECTHBIE CCHUIKH U LIUTATHI.

Enclose replaceable terms for assembler syntax where they appear in code or code
fragments. For example: LDRSB<cond> <Rt>, [<Rn>, #<offset>]

DJIeMEHTHI, 3aKJIFOUSHBIE B YTIIOBBIE CKOOKH, JOJDKHBI 3aMEHECHSATHCS peaIbHBIMU
3HAYEHUSIMH, COTIIACHO CHHTAKCUCY acceMmOIepa Tam, I71e OHU TOSBISIFOTCS B KOJIE

i ero pparmenrax. Hanpumep: LDRSB<cond> <Rt>, [<Rn>,
#<offset>]

<and >



1.2 List of abbreviations for registers (Cnmcoxk cokpaieHuii 151 perucTpoB)

The following abbreviations are used in register descriptions:
Crnenyroniue COKpaIieHus UCTIONb3YIOTCS IPH OMUCAHUH PETUCTPOB:

read/write (1w)

read-only (1)

write-only (w)

read/clear (rc_wl)

read/clear (rc_ w0)

toggle (t)

Reserved (Res.)

Software can read and write to these bits.
[IporpaMmMa MOKET YUTATh U 3aMHCHIBATH ATH OUTHI.

Software can only read these bits.
[TporpamMma MOKET TOJIBKO YUTATh 3T OUTHI.

Software can only write to this bit. Reading the bit returns the reset value.
[TporpamMMa MOKeT TOJTBKO 3aITUCHIBATH ATH OWTHL. [Ipu uTeHnn 6uTa
BO3BpAII[AETCS €r0 3HAYCHHUE Tociie copoca.

Software can read as well as clear this bit by writing 1. Writing ‘0’ has no effect
on the bit value.

[IporpaMmMa MoO’KeT UuTaTh ITOT OUT, a TAaK e OYMILATH €ro 3anuchio '1'. 3anuck
'0' He umeet 3 dexTa.

Software can read as well as clear this bit by writing 0. Writing ‘1’ has no effect
on the bit value.

[IporpamMmmMa MOKET YUTaTh ATOT OUT, a TaK e OUUIIATh ero 3amuchio '0'. 3anuck
'l' He umeet 3 dexTa.

Software can only toggle this bit by writing ‘1°. Writing ‘0’ has no effect.
[IporpaMmMa MOKET TOJIBKO MEPEKI0YaTh 3TOT OUT 3anuchio B Hero '1'. 3amucs '0'
He umeeT dddexra.

Reserved bit, must be kept at reset value.
3ape3epBUPOBAHHBIN OUT, TOMKEH YASPKUBATH TO 3HAUCHUE, YTO ObLIO
MOJTy4eHO 1ocJe copoca.



1.3 About the STM32 Cortex-M3 processor and core peripherals
O npoueccope STM32 Cortex-M3 u nepudepun siapa

1.3.1 System level interface (CucteMHbIil ypoBeHb HHTEpdetica)

1.3.2 Integrated configurable debug (MuTerprpoBanHblii KOHPUTYPHUPYEMBI OTIIATUHK )
1.3.3 Cortex-M3 processor features and benefits summary

Oco6ennoctu npoueccopa Cortex-M3 u pe3romMe IPeuMyIIECTB

1.3.4 Cortex-M3 core peripherals (Ilepudepus sapa Cortex-M3)

The Cortex-M3 processor is built on a high-performance processor core, with a 3-stage pipeline
Harvard architecture, making it ideal for demanding embedded applications. The processor delivers
exceptional power efficiency through an efficient instruction set and extensively optimized design,
providing high-end processing hardware including single- cycle 32x32 multiplication and dedicated
hardware division.

[Tponieccop Cortex-M3 nocTpoeH Ha BRICOKO3((GEKTUBHOM MPOIIECCOPHOM SAPE, C 3-X ITAIMHBIM
KOHBeiepoM ["apBapICKOi apXUTEKTYPBI, UYTO JEIAeT €ro HACaTbHBIM JIJISl BCTPAMBAEMBIX MPHIIOKESHHH.
[Tponieccop mpeaoCcTaBIsAeT UCKIIOUUTENBHYIO 3(()EKTUBHOCTH MOTPEOIIEMON MOIIIHOCTH 32 CUET

3 PEKTHBHOTO HAOOPA MHCTPYKIMI U SKCTEHCHBHO ONTHMU3UPOBAHHOTO JM3aiiHa, 00ecIeurnBas
TpeOOBaHUS BBICOKOIIPOU3BOIUTENBHBIX YCTPOUCTB, BKJIIOYAsI MOAYJIb OJJHOTAKTHOT'O YMHOXKUTENS 32x32
Y BCTPOCHHBIN anmapaTHBIN JEIUTENb.

Figure 1. STM32 Cortex-M3 implementation (Peamuzanus STM32 Cortex-M3)

STM32 Cortex-M3

processor
Processor Embedded
- »| NVIC e core " Trace Macrocell [* T
Debug [ ] Serial
- »| BCCESE ¥ ¥ wire »
part Elash Data viewer

patch wetchpoints 'y

& I 1

» L L 4
Bus matrix

Code SRAM and
interface reripheral interface

; ;

215904

To facilitate the design of cost-sensitive devices, the Cortex-M3 processor implements tightly-
coupled system components that reduce processor area while significantly improving interrupt handling
and system debug capabilities. The Cortex-M3 processor implements a version of the Thumb®
instruction set, ensuring high code density and reduced program memory requirements. The Cortex-M3
instruction set provides the exceptional performance expected of a modern 32-bit architecture, with the
high code density of 8-bit and 16-bit microcontrollers.

Uro0b1 007eTYHTh pa3paboTKy yCTPOICTB, UYyBCTBUTENBHBIX K CTOUMOCTH, Tiporieccop Cortex-M3
BKITIOYAET B €051 KOMITOHEHTBI, TECHO CBSI3aHHBIE C CUCTEMOM, YTO YMEHbIIAET OOIIYIO TUIOMIA/Ib
MHUKPOKOHTPOJIIEPA, M B TO K€ BPEMsI, 3HAUUTEIILHO yIy4IIaeT 00paboTKy MpephIBaHUA U BO3MOKHOCTH
otnanku cuctemsl. [Ipomeccop Cortex-M3 peanmmu3syer Bepcuro Habopa koMmana Thumb, rapantupys



BBICOKYIO IJIOTHOCTh KOJIa ¥ yMEHbIIasi HOTpeOHOCTh nporpamm B namsati. Habop komang Cortex-M3
obecreunBaeT HCKITIOYUTEBHYIO TIPOU3BOIUTEILHOCTD, OKUIAEMYIO TSI COBPEMEHHOMN 32-X pa3psiHON
ApPXUTEKTYPBI, C BBICOKOH INIOTHOCTBIO KOAA, XapaKTEPHBIX IS 8-MHU U 16-TH pazpsaaHbIX
MUKPOKOHTPOJIIEPOB.

The Cortex-M3 processor closely integrates a configurable nested interrupt controller (NVIC), to
deliver industry-leading interrupt performance. The NVIC includes a non-maskable interrupt (NMI), and
provides up to 256 interrupt priority levels. The tight integration of the processor core and NVIC provides
fast execution of interrupt service routines (ISRs), dramatically reducing the interrupt latency. This is
achieved through the hardware stacking of registers, and the ability to suspend load-multiple and tore-
multiple operations. Interrupt handlers do not require any assembler stubs, removing any code overhead
from the ISRs. Tail-chaining optimization also significantly reduces the overhead when switching from
one ISR to another.

ITpoueccop Cortex-M3 TeCHO UHTETPUPOBAH C KOHTPOJLIEpOM BiokeHHBIX npepbiBanuii (NVIC), uto
JaeT TUAUPYIOIIYIO B OTPACIIH MPOU3BOIUTENLHOCTh 00paboTku npepruiBanuil. NVIC Bkitouaet
Hemackupyemoe npepbiBanue (NMI), u obecrieunBaet 10 256 ypoBHEN NPUOPUTETA MTPEPHIBAHUI.
Tecnast unrerpanus siapa nporeccopa 1 NVIC obecnieunBaet ObICTpoe 00CTyKUBaHHE 00paOOTYUKOB
npepeiBanuil (ISRs), 3aMeTHO yMeHbIIast BpeMsl OKUJaHMs ISl IPEpbIBaHUsA. JTO JOCTUTAETCS 3a CUET
anmnapaTHOTO CTeKa PETUCTPOB, U CIIOCOOHOCTH MPUOCTAHABIMBATH ONEPALIMU MHOKECTBEHHOU
3arpysku/coxpanenus. OOpadOTINKHN pephIBaHUN HE TPEOYIOT HUKAKUX aCCEMOJIEPHBIX MPOJIOTOB H
SMUJIOTOB, YTO YJAISAET JIFOOOU qomoaHuTeNbHBIA Ko 13 ISR. Bo3MoxkHOCTB mporieayps! "mocaaku Ha
XBOCT" TIPEIBIAYIIEMY MIPEPHIBAHUIO TAKXKE 3HAUUTEIIFHO YMEHBIIAeT HEOOXOIUMOCTh B
JOTIOTHUTENBHBIX MHCTPYKIUSX, PU NEPEKII0OUEHUH C OAHOr0 00paboTunKa MpephIBaHUs Ha IPyToe.

To optimize low-power designs, the NVIC integrates with the sleep modes, that include a deep
sleep function that enables the STM32 to enter STOP or STDBY mode.
Yro0Obl ONITUMU3HUPOBATH YCTPOMCTBA ¢ HU3KUM 3HepronorpediaenueM, NVIC unrerpupyercs ¢
pPEeKMMaMHU CHa, YTO BKJIIOYAET PEKUM INIyOOKOrO CHa, KOTOPBIH JaeT Bo3MoxHOCTh STM32 BXxoauTh B
pexxum STOP unu STDBY.

1.3.1 System level interface (CucremHblii ypoBeHb HHTep(eiica)

The Cortex-M3 processor provides multiple interfaces using AMBA® technology to provide high
speed, low latency memory accesses. It supports unaligned data accesses and implements atomic bit
manipulation that enables faster peripheral controls, system spinlocks and thread-safe Boolean data
handling.

[Tponieccop Cortex-M3 obGecrieunBaeT MHOXECTBO HHTEP(DEHCOB, UCTIONB3Ys TexHonoruio AMBA
technology, 4To0ObI 00ECTICUNTh BRICOKYIO CKOPOCTh, M HU3KYIO 3aJIEpXKKY ocTyma K namatu. OH
NOJ/IEP’KUBACT HEBBIPOBHEHHBIN JIOCTYII K TJAHHBIM U aTOMapHbIe TOOUTOBBIC MAHUITYJISIIHH, KOTOPbIE
MO3BOJISIIOT YCKOPHUTH yIIpaBiieHue nepudepuci, system spinlocks u 6e3onacHyro o6padotky byneBbix
JAHHBIX, IPH paboTe B MYJIbTU-TPEAOBOM PEKUME.

1.3.2 Integrated configurable debug
HNHTerpupoBaHHbIA KOHPUTYPUPYEMbIH OTJIATYUK

The Cortex-M3 processor implements a complete hardware debug solution. This provides high
system visibility of the processor and memory through either a traditional JTAG port or a 2-pin Serial
Wire Debug (SWD) port that is ideal for small package devices.

[Tpoueccop Cortex-M3 npenocTaBiisieT 3aKOHYEHHOE aIlllapaTHOE PEIICHUE I OTIAIKH. ITO
o0ecrieunBaeT BBICOKYIO BHIMMOCTB IPOIIECCOPA U MaMSTH C TOMOIIbIO TpaauioHHoro nmopta JTAG
WM Yepes3 2-X MPOBOAHBIN nocienoBaTenbHbli nopt otinaaku SWD (Serial Wire Debug), koTopblii
UJIeaJIeH ISl yCTPOMCTB B MaJIO-BBIBOJIHBIX KOPITyCaX.



For system trace the processor integrates an Instrumentation Trace Macrocell (ITM) alongside
data watchpoints and a profiling unit. To enable simple and cost-effective profiling of the system events
these generate, a Serial Wire Viewer (SWV) can export a stream of software-generated messages, data
trace, and profiling information through a single pin.

Jiist TpaccUpOBKH CUCTEMBI B Iporieccop uHterpupoBad moayis I'TM (Instrumentation Trace Macrocell)
Hapsaay ¢ MoayisiMu watchpoints u npodunupoBanus. YToOb1 00ecrieyuTh MPOCTOE U JICIIEBOE
npopUINPOBAHHE CUCTEMHBIX COOBITHI, KOTOPBIE OHU FeHepUPYIOT, Moyib SWYV (Serial Wire Viewer)
MOJKET HKCIOPTUPOBATH MOTOK IIPOrPaMMHO CT€HEPHUPOBAHHBIX COOOIIEHUH, TPACCUPOBKU JaHHBIX, U
uH(pOpMaLuio s npodaiiiepa yepe3 eAMHCTBEHHbIH BHIBO/I.

The optional Embedded Trace Macrocell™ (ETM) delivers unrivalled instruction trace capture in
an area far smaller than traditional trace units, enabling many low cost MCUs to implement full
instruction trace for the first time.

Brepssie, onmmonsslii Moayns ETM obecrieurBaeT HENIPEB30WICHHBIN 3aXBaT TPACCUPOBKU
MHCTPYKIWH B 0071aCTH, HAMHOTO MEHBILIEH, YeM Jar0T TPaJAUIIMOHHBIE MOIYJIN TPACCHPOBKH, J1aBast
BO3MOXXHOCTh MHOTHM JICIIEBBIM MUKPOIPOIIECCOPAM OCYIIECTBUTH MOJHYIO TPACCUPOBKY HHCTPYKITHIA.
Yyscmsyio, 30ect CUTbHO HANOPMAYUL.

1.3.3 Cortex-M3 processor features and benefits summary
Ocobennoctu npoueccopa Cortex-M3 u pe3romMe nNpeuMyLIECTB

* Tight integration of system peripherals reduces area and development costs
Tecnas uHTErpanys CUCTEMHON Nepupeprun YMEHBIIAET CTOUMOCTh Pa3pabOTKH U TUIOIAIb
KpHUCTaia

* Thumb instruction set combines high code density with 32-bit performance
Ha6op xomarnx Thumb gaeT xoponryro KOMOWHAITHNIO BRICOKOU TJIOTHOCTH KOJa U
IIPOU3BOJUTENBHOCTH 32-X pa3psAaHbIX CUCTEM

* Code-patch ability for ROM system updates
CnocobHOCTB HcnpaBiieHus u 00HoBieHus koaa it ROM based cuctem Flash emecmo ROM

* Power control optimization of system components
OnTuMH3NPOBaHHOE YIPABJIEHUE OTPEOJICHNEM CUCTEMHBIX KOMIIOHEHTOB

* Integrated sleep modes for low power consumption
WHTerpupoBaHHbIC PEXKUMBI CHA JUISI YCTPOMCTB ¢ HU3KHUM TOTPEOICHHEM

* Fast code execution permits slower processor clock or increases sleep mode time
BrIcTpoe BBIMTOIHEHUE KO/1a TTO3BOJISIET YMEHBITUTH BpeMst pabOTHI IIpoIieccopa, a 3HaUYUT
YBEIUYUTH BPEMST HAXOXKICHUS B PEKUME CHA

* Hardware division and fast multiplier
AnmnapaTHbIil 1eIUTeNh U ObICTPBIA MOYJIb YMHOXKEHUS

* Deterministic, high-performance interrupt handling for time-critical applications
JlerepMUHUpPOBaHHAsI, BEICOKOA((eKTUBHAsI 00paboTKa MpephIBaHU TSI TPHUIIOKECHUH,
KPUTUYHBIX K BDEMEHH BBITIOJTHCHUS

» Extensive debug and trace capabilities:
OO6mmpHbIE BOBMOXHOCTH T10 OTJIAJKE U TPACCUPOBKE:

* Serial Wire Debug and Serial Wire Trace reduce the number of pins required for
debugging and tracing. ITopt SWD (Serial Wire Debug) n monyne SWT (Serial Wire Trace)
COKpAIIAIOT YMCIIO BHIBOJIOB, TPEOYEMBIX JUIS OTIAIKHA U TPACCUPOBKH.



1.3.4 Cortex-M3 core peripherals (Ilepudepus sigpa Cortex-M3)
These are: (Ilepudepueii sapa SBISIOTCS:)
Nested vectored interrupt controller (KoHTposiep BI0OXEHHBIX BEKTOPOB MPEPHIBAHHIA)

The nested vectored interrupt controller (NVIC) is an embedded interrupt controller that supports
low latency interrupt processing.
KoHntposnep BioxkeHHbIX BekTopoB mpepbiBanuii (NVIC) sBiseTcs BCTpOSHHBIM KOHTPOJIEPOM
IpepbIBaHM, KOTOPBIA MOJAEPKUBACT 00paOOTKY MPEpHIBAaHHUM ¢ HU3KUM BPEMEHH OKUIaHUS.

System control block (biok ynpaBneHust cuctemoii)

The system control block (SCB) is the programmers model interface to the processor. It provides
system implementation information and system control, including configuration, control, and reporting of
system exceptions.
brnok ynpasnenus cuctemoit (SCB) siBisiercst uuTepdericoM Ui nporpaMMupoBaHust rporeccopa. Ox
NPEOCTABISIET HHOOPMAIIHIO O peaTM3aIlii CUCTEMBI © BO3MOXXHOCTD YIIPABJICHUSI CHCTEMOH, BKITFOUYAs
ee KOH(UTypaIuio, ypaBjieHUE, U TIOTy4eHUE COOOIIEHUH O CUCTEMHBIX UCKITIOUCHHUSX.

System timer (CuctemHbIi TaiiMep)

The system timer, SysTick, is a 24-bit count-down timer. Use this as a Real Time Operating
System (RTOS) tick timer or as a simple counter.
Cuctemnsiii Tatimep SysTick, sBisiercst 24-xX GUTOBBIM TaiiMepoM oOpaTHOTO oTcueTa. Mcnonb3yiite ero
B KauecTBe tick-TaiiMepa onepannonHoi cucteMsl peanbHoro BpeMen (RTOS), nnu kak nmpoctoit
CUETYHK.



2 The Cortex-M3 processor (IIpoueccop Cortex-M3)

2.1 Programmers model (Monens mporpaMMupoOBaHus )
2.2 Memory model (Monens maMsti)

2.3 Exception model (Moaenb UCKITIOUEHHI)

2.4 Fault handling (O6paboTka omudoK)

2.5 Power management (YmpaBiaeHue NOTpEOJICHHEM )

2.1 Programmers model (MoaeJsbs nporpaMmmMupoBaHus)

2.1.1 Processor mode and privilege levels for software execution

PesxxuMBbl iporieccopa ¥ ypOBHH MTPUBHIIETHH TSI TPOTPAMMHOTO KOJIa

2.1.2 Stacks (Ctexn)

2.1.3 Core registers (Peructpsr siipa)

2.1.4 Exceptions and interrupts (MckitoueHus 1 npepbIBaHus)

2.1.5 Data types (Tumbl 1aHHBIX)

2.1.6 The Cortex microcontroller software interface standard (CMSIS)
CranaapTHbIN IporpaMMHBIN uHTEpdeiic kK MukpokoHTposiepy Cortex (CMSIS)

This section describes the Cortex-M3 programmers model. In addition to the individual core
register descriptions, it contains information about the processor modes and privilege levels for software
execution and stacks.

OTOT pa3felnn onuchbiBaeT MoJeNb porpaMMmupoBanus Cortex-M3. B nononHeHue kK onucaHusIM
WHIVBHIYAJIbHBIX PETHCTPOB Spa, OH COACPKUT MH(OPMALINIO O peKUMAax MPOIEcCcopa U YPOBHAX
NPUBUJIETHH I IPOTPAMMHOTO KOJA U CTEKOB.

2.1.1 Processor mode and privilege levels for software execution
Pexxumbl nponeccopa ¥ ypOBHH NPUBHJICTHi AJIs1 IPOrPAMMHOIO KOJAA

The processor modes are: (Y mporieccopa ecThb CIeIyIOIINe PEKUMBI:)

Thread mode Used to execute application software. The processor enters Thread mode when it
comes out of reset.
Hcnomb3yeTcst st BHITIOTHEHUS KoJia MPHIoKeHus. [Iporieccop BXOAUT B PEKUM
Thread, xorja BEIXOIUT U3 cOpoca.

Handler mode Used to handle exceptions. The processor returns to Thread mode when it has
finished exception processing.
Hcnons3yercs st 00paboTku uckmoueHui. [lporeccop Bo3BpariaeTcst B pexum
Thread, xorga 3akanyuBaeT 00pabOTKy UCKITFOYCHHUS.

The privilege levels for software execution are: YpoBHM NPUBHIETUH 7151 IPOrPAMMHOTO KOJa:

Unprivileged The software: (Ko mporpammsi:)

* Has limited access to the MSR and MRS instructions, and cannot use the
CPS instruction
Nwmeet orpanndenssiil foctyn K nuHCTpyKuusiM MSR u MRS, u He Moxer
KCIOJb30BaTh HHCTpYKIUIO CPS



» Cannot access the system timer, NVIC, or system control block

He moxet oOpatuthcs k peructpaM cucreMuoro taiimepa, NVIC, nnmu SCB
* Might have restricted access to memory or peripherals.

Bo03M0KHO, IMeeT OrpaHHYEHHBIH TOCTYI K TaMSITH WU TIEpUQEpUH.

Unprivileged software executes at the unprivileged level.
HenpuBunernpoBaHHbIil MPOrpaMMHBIH KOJ] BBITOJIHSACTCS HA
HEIPUBUJICTUPOBAHHOM YPOBHE.

Privileged The software can use all the instructions and has access to all resources.
Kox mporpamMmbl MOXKET MCIIOJIB30BaTh BCe MHCTPYKIIUU U UMEET JOCTYI KO BCEM
pecypcam.

Privileged software executes at the privileged level.
[TpuBMIErHPOBAHHBINM IPOTPAMMHBIIN KOJT BHITIOIHIETCS Ha IPUBHICTHPOBAHHOM
YpOBHE.

In Thread mode, the CONTROL register controls whether software execution is privileged or
unprivileged, see CONTROL register on page 20. In Handler mode, software execution is always
privileged.

B pexxume Thread peructp CONTROL ynpasnsiet, OyaeT i KOA NPUBUIETUPOBAHHBIM UITU
HenpuBHiIerupoBaHHbiM, cM. naparpad "Peructp CONTROL" B paznene 2.1.3. B pexxume Handler
BCErZla JaroT PUBUIIETUIO IPOIPAMMHOMY KOAY.

Only privileged software can write to the CONTROL register to change the privilege level for
software execution in Thread mode. Unprivileged software can use the SVC instruction to make a
supervisor call to transfer control to privileged software.

Tonbko npuBMIErHpoBaHHbINA Koa MokeT nucath B peructp CONTROL, 4yToOb1 HI3MEHUTH YPOBEHb
MPUBWIETHN 1J14 porpamMMHoro koaa pexkuma Thread. HenpusunernpoBaHHbIN TPOrpaMMHBIN KO
MOYKET UCTOJIb30BaTh HHCTPYKIHIO SVC, 4TOObI Ba3BaTh CyNepBU30pP, KOTOPHIH MEepeaacT yrpaBieHUe
MPUBWIETHPOBAHHOMY KOJTY.



2.1.2 Stacks (Ctekn)

The processor uses a full descending stack. This means the stack pointer indicates the last stacked
item on the stack memory. When the processor pushes a new item onto the stack, it decrements the stack
pointer and then writes the item to the new memory location. The processor implements two stacks, the
main stack and the process stack, with independent copies of the stack pointer, see Stack pointer on page
14. Tlponieccop UCTIONB3YET MOJTHBIN HUCXOSAIINI CTEK. ITO O3HAYAET, YTO YKa3aTeJIb BEPIIMHBI CTEKA
yKa3bIBaeT Ha MOCJICIHUI COXPAHEHHBIN B CTEKE DJIEMEHT B IIaMATH cTeka. Koraa mporeccop momermaet
HOBBI 3JICMEHT Ha CTEK, OH JICKPEMEHTUPYET YKa3aTelIb BEPIIMHBI CTEKA U 3aTEM IHUILET ITOT JIEMEHT
Ha HOBOE MecTo B mamsTh. [Iporeccop moanepkuBaet aBa cTeka, main stack u process stack, ¢
HE3aBHCHUMBIMH KOIUSIMH yKa3aTesl BEpIINHBI CTeKa, cM. aparpad "Ykaszarens cteka" B pasgene 2.3.1.

In Thread mode, the CONTROL register controls whether the processor uses the main stack or the
process stack, see CONTROL register on page 20. In Handler mode, the processor always uses the main
stack. The options for processor operations are:

B pexxume Thread peructp CONTROL ymnpasisier, OyaeT Jiv mponeccop UCroib3oBaTh main stack wim
process stack, cm. naparpag "Pernctp CONTROL" B pa3znene 2.1.3. B pexxume Handler nporeccop
BCer/a ucroiib3yeT main stack. J{ns onepanuii mporieccopa BO3MOXKHBI CIIETYIONTNE BAPHAHTHI:

Table 1. Summary of processor mode, execution privilege level, and stack use options
PesxxuMebI miporieccopa, YpOBHH NMPUBHIIETHH BBITTOJHEHHUS, M CTEK: BAPUAHTHI HCIIOJIB30BAHUS

Processor Used to Privilege level for
. Stack used
mode execute software execution
‘Thread HApplications HPriVileged or unprivileged" HMain stack or process stack(!) ‘
‘Handler HException handlers HAlways privileged HMain stack ‘

1. See CONTROL register on page 20. (Cm. maparpad "Peructp CONTROL" B pazaene 2.1.3)




2.1.3 Core registers (PerucTpsl sigpa)

General-purpose registers (Peructpsl o0miero Ha3HaueHus)

Stack pointer (Vka3aTenb cTeka)

Link register (Peructp cBsi3n)

Program counter (CueTunk nporpaMmsl)

Program status register (Peructp craryca mporpammsi)
Application program status register (Peructp craryca npuioxeHus)
Interrupt program status register (Peructp cratryca npepbIBaHuil)
Execution program status register (Peructp craryca HCKIIOUeHHIT)
Interruptible-continuable instructions

(ITpepriBaeMble HHCTPYKIIMU paOOTHI C OJIOKOM JaHHBIX )

If-Then block (bnox unctpykumii 1ist If-Then)

Exception mask registers (Pernctpbl Macok UCKITIOUEHUH)

Priority mask register (Peructpsl Macok IpuOpPUTETOB)

Fault mask register (Peructp macok ommo6oK)

Base priority mask register (Peructp Macok 6a3bl IPHOPUTETOB)
CONTROL register (Peructp CONTROL)

Figure 2. Processor core registers (Peructps! sigpa npoieccopa)
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Table 2. Core register set summary (Ilepedern peructposB spa)

Required Reset
1 . .
Name Type®) privilege® value Description
RO-R12 read-write  Either Unknown Gene;ral—p urpose registers on page 1,?(
Cw. "PerucTpbl 0011er0 Ha3HAYEHUS
MSP read-write  Privileged See description StaCk,{) ointer on page 1,,4
(Cwm. "Ykazarenb creka')
PSP read-write  Either Unknown Stack”p ointer on page 1,,4
(Cwm. "Ykazarenb cTeka')
LR read-write  FEither OXFFFFFFFp LIk register on page 14
(Cwm. "Peructp cBsizu")
PC read-write | Either See description Prog'fﬂam counier on page 1,,4
Cwm. "CueTynk nporpaMmel
PSR read-write  Privileged ~ 0x01000000  Lrogram status register on page I3
Cwm. "Peructp craryca nporpamMmmel
Application program status register on page
ASPR read-write | Either 0x00000000 16 (Cm. "Peructp craTyca nporpaMMsl
npuoxeHus")
IPSR read-only  Privileged 0x00000000 Inter'l'fup L program status register ovn"p age 17
Cwm. "Peructp cTaryca nmpepblBaHUit
EPSR  read-only Privileged  0x01000000  CXecution program status regisier on page
18 Cm. "Peructp cratyca UCKIIOYEHUN
PRIMASK read-write  Privileged ~ 0x00000000  1/ority maskregister on page 9
CM. "PerucTpbl Macok MPHOPUTETOB
FAULTM . . Fault mask register on page 19
ASK read-write  Privileged 0x00000000 Cu. "PerHCTD MACOK OLIHGOK"
BASEPRI read-write Privileged ~ 0x00000000  D¢sepriorily mask register on page 20
Cwm. "Peructp Macok 6a3bl IPUOPUTETOB
. . CONTROL register on page 20
CONTROL read-write  Privileged 0x00000000 C. "Perucry CONTROL"

1. Describes access type during program execution in thread mode and Handler mode. Debug access can
differ. OnuceIBaeT TUI AOCTYyMa BO BpeMsl BBITIOJIHEHU porpaMMbl B peskumax Thread u Handler.
I[OCTYH OTJIaadYuKa MOXKET OTIINYAaThCA.

2. An entry of Either means privileged and unprivileged software can access the register. Tepmun Either
O3HAYaeT, YTO U MPHUBWICTHPOBAHHBINA M HEMPUBHUIIETHPOBAHHBIN KO MOXKET 0OPATUTHCS K PETUCTPY.

General-purpose registers (PerncTpbl 0011ero Ha3HAYEHUS)

RO-R12 are 32-bit general-purpose registers for data operations.
RO0-R12 - 5710 32-X OUTHBIE PETUCTPHI OOIIETO HA3HAYCHUS TSI MAHUITYJISIANA C TAHHBIMHU.




Stack pointer (Yka3artejib cTeKa)

The Stack Pointer (SP) is register R13. In Thread mode, bit[1] of the CONTROL register indicates
the stack pointer to use:
Peructp R13 unu SP - 5to Ykazarens Bepmnnbl creka. B pexxume Thread bit[1] peructpa CONTROL
yKa3bIBaeT, KAKOW U3 yKa3aTelel CTeKa UCIOJIb3yeTCs:

* 0 =Main Stack Pointer (MSP). This is the reset value.
VYkazarens Ha Main Stack (MSP). D10 ykazaTens 1Mo yMOJ4aHHIO MMOCKE cOpoca.

* 1 =Process Stack Pointer (PSP). (Vka3arens Ha Process Stack (PSP))

On reset, the processor loads the MSP with the value from address 0x00000000.
[Toce cOpoca mporieccop 3arpyxaetr B MSP 3naueHue, kotopoe Haxoautes o aapecy 0x00000000.

Link register (Peructp cBsi31)

The Link Register (LR) is register R14. It stores the return information for subroutines, function
calls, and exceptions. On reset, the processor loads the LR value OxXFFFFFFFF.
Peructp R14 unu LR - 310 Peructp cBs3u. OH XpaHUT HHPOPMALIMIO O TOYKE BO3BpaTa U3
MOAMPOTPaMM, BbI3BaHHBIX (pyHKIMH 1 uckmroueHui. [locme copoca mporeccop 3arpyxaet B LR
3Hauenne OxXFFFFFFFF.

Program counter (CueT4uK mporpamMmbi)

The Program Counter (PC) is register R15. It contains the current program address. Bit[0] is
always 0 because instruction fetches must be halfword aligned. On reset, the processor loads the PC with
the value of the reset vector, which is at address 0x00000004.

Peructp R15 unu PC - 310 Cuetuuk [IporpamMmmbl. OH COAEPKUT aJipec Ha TEKYIIYI0 HHCTPYKIIHIO
nporpammel. but [0] Bcerna 0, moromy 4To onepaiysi BBIOOPKH HHCTPYKLUU AOKHBI ObITh BHIPOBHEHHA
1o noiycioBa. [locne copoca mporeccop 3arpyxaet B PC 3Hauenue Bektopa oopabotumka copoca,
KOTOpbIX HaxoauTcs 1o aapecy 0x00000004.

Program status register (PerucTp cratyca nporpamMmal)

The Program Status Register (PSR) combines:
Peructp craryca nmporpammsl (PSR) o0senunsieT B cebe:

* Application Program Status Register (APSR) (Peructp cratyca npuioxxeHusi)

* Interrupt Program Status Register (IPSR) (Peructp cratyca npepbiBaHuii)

* Execution Program Status Register (EPSR) (Peructp craryca nuckiroueHuii)

These registers are mutually exclusive bitfields in the 32-bit PSR. The bit assignments are as
shown in Figure 3 and Figure 4.
OTH perucTpsl UMEIOT HEMepeceKaroIIrecss OMTOBBIE MOJIsI, OTPAKEHHbIE Ha 32-X pa3psAHbINA pErUCTp
PSR. Haznauenue OUT 1oka3aHo Ha pUCyHKax 3 u 4.



Figure 3. APSR, IPSR and EPSR bit assignments (Haznauenune outr APSR, IPSR u EPSR)

3130 29 28:27 26 25 24 23 15515 109 8 0
APPSR INIZ|CIV|Q Reserved
IPSR Reserved ISR_NUMBER
EFSR Reserved ICIAT| T Reserved ICIIT Reserved

Figure 4. PSR bit assignments (Haznauenue 6ut PSR)

3130 28 28/27 26 25 24 23 16115 109 B 0

NMIZ|CIV|QICHIT|T Reserved ICUIT ISR_NUMBER

Reserved —|

Access these registers individually or as a combination of any two or all three registers, using the
register name as an argument to the MSR or MRS instructions. For example:
MoxHO 00paIaThCs K 3TUM PErucTpaM MHIUBUAYAIbHO, MU KaK K KOMOMHALIMY JIFOOBIX JBYX, UM BCEX
TPEX PETUCTPOB, UCIIONb3Yys Ha3BaHUE PETUCTpa Kak apryMeHT i nHcTpykuuu MSR uin MRS.
Hanpuwmep:

* Read all of the registers using PSR with the MRS instruction
Uwuraem Bce peructpsl ucnoibiys nHeTpykiuto MRS ¢ aprymentom PSR

*  Write to the APSR using APSR with the MSR instruction.
3anuceiBaeM B APSR ncnons3ys uncrpykuuto MRS ¢ aprymentom APSR

The PSR combinations and attributes are:
Bosmosxxuble koMOuHanuu 1 atpulOyTsl peructpa PSR

Table 3. PSR register combinations (Kom6unamuu peructpa PSR)

‘ Register H Type H Combination ‘
PSR read-write!) (2) APSR, EPSR, and IPSR

IEPSR  read-only 'EPSR and IPSR |
IAPSR read-write(! APSR and IPSR

EAPSR  read-write® APSR and EPSR

1. The processor ignores writes to the IPSR bits. (IIpoueccop urnopupyer 3anucek B 6utsl IPSR)
2. Reads of the EPSR bits return zero, and the processor ignores writes to the these bits
Urenue 6uroB EPSR Bo3Bparaer Hyib, ¥ MPOLIECCOP UTHOPUPYIOT 3aITUCh B OUTHI

See the instruction descriptions MRS on page 99 and MSR on page 100 for more information
about how to access the program status registers.
Cwum. onncanue uHctpykiuiit MRS 1 MSR 11151 monydenust 1onoiaHUTEIbHOW HH(GOPMALIUU O TOM, KaK
00paTUTHCS K PETUCTPaM COCTOSIHUS ITPOrPaMMBbI.



Application program status register (PermcTp cratyca npu/ioKeHus )

The APSR contains the current state of the condition flags from previous instruction executions. See the
register summary in Table 2 on page 13 for its attributes. The bit assignments are:

APSR cozepxuT Tekyiiee coCTosiHIE (DIaroB yCIOBHS OT BBIMIOJIHEHU MPeIbIIyieid nHCTpyKuuu. Cm.
aTpulyThl peructpa B Tabnuie 2 "[lepeyenb peructpoB siapa'. bUtel UMEIOT cienyroliee Ha3HaYeHHE:

Table 4. APSR bit definitions (Hasznauenue 6utoB peructpa APSR)

‘ Bits H Description

Bit 31

N: Negative or less than flag: (®nar "Otpunarensubiil" unu "MeHbIne yem")
0: Operation result was positive, zero, greater than, or equal
Pesynbrar onepanuu 6bu1: "[lonoxkurensueiit", "Homs", "bonbine wim paBuo"
1: Operation result was negative or less than.

Al

Pesynbprar onepamuu Obut: "OTpuniaTenbHbI" WK "MeHbIIe yem"

Bit 30

Z.: Zero flag: (Onar HyJ€BOTroO pe3yabTaTa)
0: Operation result was not zero (Pe3ynbTar onepanuu He ObLIT paBeH HYIIIO)
1: Operation result was zero. (Pe3ynbTar onepaiu 65UT paBeH HYITIO)

Bit 29

C: Carry or borrow flag: (dnar nepeHoca uiam 3aema)

0: Add operation did not result in a carry bit or subtract operation resulted in a borrow bit
B onepauuuu cnoxxeHus He ObLT BBICTaBJIEH OUT MEPEHOCa, WM B ONEPAIlMH BEIYUTAHUS
WCIIOJIb30BaJICs OUT 3aeMa

1: Add operation resulted in a carry bit or subtract operation did not result in a borrow bit.
B omepanmmnu cnoxeHus ObUT BEICTABJICH OWT NIEpEeHOCa, WM B OTIEPAIIMU BEIYUTAHUS HE
WCTIOJIB30BAJICS OUT 3aeMa.

Bit 28

V: Overflow flag: (daar nepenosHeHys )

0: Operation did not result in an overflow (B pe3ynbrare onepamuu He ObUTO
MEePENOIHEHUS )

1: Operation resulted in an overflow. (B pe3ynbsTare onepanuu GbUI0 IEPENOTHEHKE)

Bit 27

Q: Sticky saturation flag: (dnar HaceIeHUS )

0: Indicates that saturation has not occurred since reset or since the bit was last cleared to
zero He ObUTO COOBITHS HACBIIIICHHSI TTIOCIIE MTOCIISHETO cOpoca, HIT TIOCTIE MOCIeTHEH
OYKMCTKH 3TOr0 OMTa
1: Indicates when an SSAT or USAT instruction results in saturation.

HOK@SBIB&CT, YTO OBLIO COOBITHE HACBIIICHUS MTOCIIC UCIIOJIB30BAHUA NHCTPYKIIUU SSAT unu
USAT.

This bit is cleared to zero by software using an MRS instruction.

3TOT OUT MOXKHO OYMCTUTH MPOrPAMMHO, ¢ TOMOIIbI0 HHCTPYKIMK MRS.

‘Bit 26:0 HReserved.




Interrupt program status register (Peructp craryca npepbiBaHuii)

The IPSR contains the exception type number of the current Interrupt Service Routine (ISR). See
the register summary in Table 2 on page 13 for its attributes. The bit assignments are:
IPSR coxmepxut HOMEp UCKITIOUCHHS TEKYyIIeH mpoueaypsl 0opadotku npepeiBanms (ISR). Cu.
aTpuOyTsl peructpa B Tabnuiie 2 "[lepeyenb perucTpoB siapa'. BUTel UMEIOT cienyroliee Ha3HauYeHHE:

Table 5. IPSR bit definitions (Hasnauenue 6uros peructpa IPSR)

‘ Bits ‘ ‘ Description

‘Bit 31:9 HReserved.

ISR_NUMBER:

This is the number of the current exception: (3T0 HOMEp TEKYIIEro UCKITFOYCHHUS: )
: Thread mode

: Reserved

: NMI

: Hard fault

: Memory management fault

: Bus fault

: Usage fault

: Reserved

NN kWi — O

Bit 8:0 10: Reserved

11: SVCall

12: Reserved for Debug
13: Reserved

14: PendSV

15: SysTick

16: IRQO(1)

83: IRQ67(1)
see Exception types on page 32 for more information.
Cwm. pazzaen 2.3.2 "Tumbl uCKIIOUEHUA" 7Sl TOTIOJIHUTEIBHON HH(DOPMAITUH.

1. See STM32 product reference manual/datasheet for more information on interrupt mapping
CM. CIpaBOYHHKH M PyKOBOJCTBA 10 TipoaykraM STM32 st momoTHATEIbHONH HHPOPMAITUH TI0
OTPaKEHUIO MPEPHIBAHUM.

Execution program status register (PerucTp craryca uCKJIIOYeHUIl)

The EPSR contains the Thumb state bit, and the execution state bits for either the:
EPSR conepxut 6ut ncronb3oBanus Habopa komana Thumb, a Taxke ciaemyromue OUTHI COCTOSTHUS
BBITIOJIHEHUSI HHCTPYKIIAMN:

e If-Then (IT) instruction (Muctpykuus If-Then (IT))

* Interruptible-Continuable Instruction (ICI) field for an interrupted load multiple or store
multiple instruction.
[Tone ICI cocTosiHus MpephIBaeMbIX HHCTPYKIIUN 3arpy3KH/COXpaHeHUs OJI0Ka JaHHBIX.

See the register summary in Table 2 on page 13 for the EPSR attributes. The bit assignments are:
Cwm. atpuOytsl peructpa EPSR B Tabauie 2 "Ilepedyens perncTpoB sipa". BUTHI HMEIOT clienyomiee
Ha3HAuCHUE:




Table 6. EPSR bit definitions (Haznauenue 6utoB peructpa EPSR)

‘ Bits ‘ ‘ Description

‘Bit 31:27 HReserved.

ICI: Interruptible-continuable instruction bits

buthl mpepriBaeMoit HHCTPYKIIHA PAOOTHI ¢ OJJOKOM JTaHHBIX

See Interruptible-continuable instructions on page 18.

Cwu. maparpa¢ "IIpepbiBaeMble HHCTPYKIMU PAGOTHI ¢ 0J0KOM TaHHBIX"

Bits 26:25, 15:10

IT: Indicates the execution state bits of the IT instruction, see IT on page 93.

Bits 26:25, 15:10
butel cocrostnue BoinoaHeHns nHCTpykuuu IT.

‘Bit 24 HAlways setto 1. (Bcerma 1)
‘Bits 23:16 HReserved.
‘Bit 9:0 HReserved.

Attempts to read the EPSR directly through application software using the MSR instruction
always return zero. Attempts to write the EPSR using the MSR instruction in application software are
ignored. Fault handlers can examine EPSR value in the stacked PSR to indicate the operation that is at
fault. See Section 2.3.7: Exception entry and return on page 36
[TonbiTka yntath EPSR HenmocpeacTBEHHO U3 MPUKIAHONW MPOrpaMMBbI, ¢ TOMOIIbI0 HHCTpYKIIMKM MSR
BCeria Bo3BpaiatoT HyJb. [lonbiTka 3anvcu B EPSR ¢ momombio nucTpykiimu MSR B nipukiiaaHoi
nporpamMe urnopupyercsi. O6padoTunku omudoK MoryT nposepsaTh 3HadyeHne EPSR B coxpanenHoM B
cteke PSR, uToOBI OnpeiennuTh onepaiuio, KoTopast mpuBenia K onmoke.

Cwum. paszmen 2.3.7: "Bxosa B HCKJIFOUEHHUE U BBIXOJ U3 HEro".

Interruptible-continuable instructions (IIpepbiBaemMble HHCTPYKIIUH PadOTHI ¢ 0JIOKOM JAHHBIX)

When an interrupt occurs during the execution of an LDM or STM instruction, the processor:
Ecnu cnydaercst nmpepbiBanue Bo Bpemst pabotsl uncTpykuuii LDM unun STM, To npoueccop:

* Stops the load multiple or store multiple instruction operation temporarily
BpeMeHHO nprocTaHaBIMBAECT HHCTPYKIIUU PAOOTHI C OJIOKOM JaHHBIX

» Stores the next register operand in the multiple operation to EPSR bits[15:12].
CoxpaHsieT cinenyromuil perucTpoBbIi olepaH Takol HHCTpYKUMHU B 6utax [15:12] peructpa
EPSR.

After servicing the interrupt, the processor: (Ilocie o6cmykuBaHus IpephIBaHUS, IPOLIECCOP: )

* Returns to the register pointed to by bits[15:12]
BosBpariaercs k peructpy, Ha KOTOPbIH yKa3bIBatOT OUTHI [15:12]

* Resumes execution of the multiple load or store instruction.
[TpomomkaeT BBIMOIHEHHE 3arPYy3KH/COXpaHEHUsI 0JIOKA TaHHbBIX.

When the EPSR holds ICI execution state, bits[26:25,11:10] are zero.
Korna EPSR xpanut cocrosiaue Boinonnenus ICI, B 6urax [26:25,11:10] mHaxonarcs HyIH.



If-Then block (biok uncrpykumii aas If-Then)

The If-Then block contains up to four instructions following a 16-bit IT instruction. Each
instruction in the block is conditional. The conditions for the instructions are either all the same, or some
can be the inverse of others. See IT on page 93 for more information.
bnox unctpykumii 1yt If-Then conepkuT 10 yeTblpex HHCTPYKLUH, CIEAYIOMUX 3a 16-T1 OUTHON
uHcrpykiuei IT. Kaxxaas nHCTpyKIus B 3TOM OJIOKE - YCIIOBHOE BBIpAKEHHUE. Y CIIOBUS JIJIST MHCTPYKITHI
71100 BCE OJJMHAKOBBIE, JINOO HEKOTOPBIE MOTYT OBITh MHBEpcHen Apyrux. Cm. onucanue nactpykuuid IT.

Exception mask registers (PerucTpbl MacoK HCKJIHOYEHNH)

The exception mask registers disable the handling of exceptions by the processor. Disable
exceptions where they might impact on timing critical tasks.
Peructpsl Macok UCKITFOYCHHUH OTKIIFOYAOT 00pabaTKy UCKIIOUEHUH mporeccopoM. OTKITIOUHUTE Te
UCKITIOUEHHSI, KOTOPbIe MOTJIM OBl BO3/IEHCTBOBATh HAa BPEMs BHITIOJIHEHHSI KPUTHUECKUX 3a7ad.

To access the exception mask registers use the MSR and MRS instructions, or the CPS instruction
to change the value of PRIMASK or FAULTMASK. See MRS on page 99, MSR on page 100, and CPS
on page 97 for more information.

Ut0o06b! 00paTUTHCS K PETUCTPAM MACOK UCKIOYEHUN ncnoib3ytoT HHCTpyKuuu MSR u MRS win CPS,
y100b1 U3MeHUTH 3HaueHrne PRIMASK niu FAULTMASK. Cwm. onucanue unctpykuuii MRS, MSR,
CPS 115 noTy4eHus TOTOTHATENLHOW HH(POPMAIIUH.

Priority mask register (Perucrpbl Macok NpHOPHUTETOB)

The PRIMASK register prevents activation of all exceptions with configurable priority. See the
register summary in 7able 2 on page 13 for its attributes. Figure 5 shows the bit assignments.
Peructp PRIMASK npenoTspariaeT akTHBaIMIO BCEX UCKIIOUEHUN ¢ KOHDHUTYpUPYEMBIM
npuoputeroM. CM. arpulyTsl peructpa B Tabmuie 2 "Ilepeyenb peructpoB syipa”. Pucynok 5
MOKa3bIBACT Ha3HAYCHUE OUTOB.

Figure 5. PRIMASK bit assignments (Hasznauenue o6uros perucrpa PRIMASK)

31 | 1 0

Reserved
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Table 7. PRIMASK register bit definitions (Onucanue 6utoB peructpa PRIMASK)

‘ Bits ‘ ‘ Description

‘Bit 31:1 HReserved.

PRIMASK:

0: No effect (Her adpdekra)

0: Prevents the activation of all exceptions with configurable priority.
[TpenoTBpamniaeT aKTUBAIMIO BCEX UCKITIOYCHHIA ¢ KOHDUTYPHPYEMBIM IPUOPUTETOM

Bits 0




Fault mask register (PerucTp Macok ommnook)

The FAULTMASK register prevents activation of all exceptions except for Non-Maskable
Interrupt (NMI). See the register summary in 7Table 2 on page 13 for its attributes. Figure 6 shows the bit
assignments.

Peructp FAULTMASK npenotBpainiaeT akTUBAIMIO BCEX UCKIIOYEHUH, 3a UCKIIIOYECHUEM
Hemackupyemoro npepsiBanus (NMI). Cum. atpubytsl peructpa B Tabnuue 2 "Ilepeyenn peructpos
siapa". PucyHok 5 nmokaspiBaeT Ha3Haue€HUE OUTOB.

Figure 6. FAULTMASK bit assignments (Haznauenue 6utos peructpa FAULTMASK)
31 | 1 0

Reserved

FAULTFﬂASHJ

Table 8. FAULTMASK register bit definitions (Onucanue 6utoB perucrpa FAULTMASK)
‘ Bits H Description ‘
‘Bit 31:1 HReserved. ‘

FAULTMASK:

0: No effect (Her addekra)

1: Prevents the activation of all exceptions except for NMI.
MPEAOTBPAIIACT aKTUBALIUIO BCEX uckinroueHni, kpome NMI.

Bits 0

The processor clears the FAULTMASK bit to 0 on exit from any exception handler except the
NMI handler. Iponeccop ouniaer 6ut FAULTMASK 1o Beixony u3 1o0oro oopadorumnka
uckioueHnii, kpome NMI.

Base priority mask register (PermcTp macok 6a3bl NpMOPUTETOB)

The BASEPRI register defines the minimum priority for exception processing. When BASEPRI is
set to a nonzero value, it prevents the activation of all exceptions with same or lower priority level as the
BASEPRI value. See the register summary in Table 2 on page 13 for its attributes. Figure 7 shows the bit
assignments.

Peructp BASEPRI onpenenser MUHUMAITbHBINA TPUOPUTET JJIT 00pab0TKK nckimoueHus. Korma
BASEPRI ycTaHOBIJIEH B 3HaUE€HUE OTJIMYHOE OT HYJISA, OH IIPEIOTBPALLAET AKTUBALIMIO BCEX
WCKIIFOUYCHHI C TeM K€ CaMbIM WM 00Jiee HU3KUM npruoputeToM, 4yem 3HadeHue BASEPRI. Cwu.
aTpubyThl peructpa B Tabnuie 2 "[lepevyeHb peructTpoB saapa'. PUCYHOK 7 MoKa3bIBaeT Ha3HAYCHHE
OUTOB.

Figure 7. BASEPRI bit assignments (Hasnauenue 6uros peructpa BASEPRI)

31 B 7 0

Reserved BASEPRI




Table 9. BASEPRI register bit assignments (Onucanue 6utoB peructpa BASEPRI)
‘ Bits H Description ‘
‘Bit 31:8 HReserved. ‘

BASEPRI|[7:4] Priority mask bits(!)
0x00: No effect (Het apdexra)
Bits 7-4 Nonzero: defines the base priority for exception processing. The processor does not
rocess any exception with a priority value greater than or equal to BASEPRI.
(Ompenenser 6a30BbIi TpUOpUTET At 00padoTku uckmoueHus. LIITY He obpabareiBaeT
UCKJIIOYEHHSI C IPUOPUTETHBIM 3HaU€HueEM, Oosblie yeM, win paBHblii BASEPRI.)

‘Bit 3:0 HReserved. ‘

1. This field is similar to the priority fields in the interrupt priority registers. See Interrupt priority
registers (NVIC IPRx) on page 111 for more information. Remember that higher priority field values
correspond to lower exception priorities.

OTO MoJje MoX0Ke Ha MOoJIe MPUOPUTA B pETUCTpax npuopuTeTa npepreiBanus. Cm. pazaen 4.2.7 "Peructp

npuoputeroB npepeiBannil (NVIC IPRx)" ams moydeHust TONOJIHUTENbHON nHpopmarun. [TomuuTe,
41O 00JIee BHICOKHE 3HAUEHUS IIPUOPUTETA COOTBETCTBYIOT 00JI€€ HU3KUM IIPUOPUTETAM UCKIIIOUCHHUS.

CONTROL register (Peructp CONTROL)

The CONTROL register controls the stack used and the privilege level for software execution
when the processor is in Thread mode. See the register summary in Table 2 on page 13 for its attributes.
Figure 8 shows the bit assignments.

Peructp CONTROL ymipaBiisieT HCHoib3yeMbIM CTEKOM M YPOBHEM MPUBHIIETH JIJIs1 IPOTPAaMMHOIO
Koza, Korna mporeccop Haxoautcs B pexkume Thread. Cm. atpubytsl peructpa B Tabnuie 2 "IlepeveHnb_
peructpoB sapa". PucyHok 8 nokassiBaeT Ha3HaYeHHE OUTOB.

Figure 8. CONTROL bit assignments (Haznauenue 6uto peructpa CONTROL)
31 2 1 0

Reserved

Active stack pointer —
Thread mode privilege level

Table 10. CONTROL register bit definitions (Onucanue 6utos perucrpa CONTROL)

‘ Bits H Description
‘Bit 31:2 HReserved.
Bits 1 ASPSEL: Active stack pointer selection (Bsi0op akTHBHOTO cTEKa)

Selects the current stack: (Beibupaet Tekymimii cTek:)
0: MSP is the current stack pointer (Yka3arens Ha Texyuii crex - MSP)
1: PSP is the current stack pointer. (Yka3atens Ha Tekymmuii crek — PSP)

In Handler mode this bit reads as zero and ignores writes.
B pexxume Handler sTot OUT ynTaeTcs Kak HOJb, a 3aIIUCh UTHOPHPYETCS.

TPL: Thread mode privilege level (YpoBens npuseneruii B pexxume Thread)
Defines the Thread mode privilege level.

Bit 0 Omnpenensier ypoBeHb npuseneruii B pexkume Thread

0: Privileged

1: Unprivileged.




Handler mode always uses the MSP, so the processor ignores explicit writes to the active stack
pointer bit of the CONTROL register when in Handler mode. The exception entry and return mechanisms
update the CONTROL register.

Pexxum Handler Bcerna ncnons3zyer MSP, mosTomy mpoiieccop UTHOPUPYET SBHYIO 3aITUCh B TOT OUT

peructpa CONTROL B sToM pexxume. [Iporieaypbl BXoa v BO3BPAIICHHS U3 HCKIIOUEHUN OOHOBIISIOT
peructp CONTROL.

In an OS environment, it is recommended that threads running in Thread mode use the process
stack and the kernel and exception handlers use the main stack.
B cpene OS pexomenayercs, yToObI Tpesl 3amyckaiuchk B pexxume Thread u ucnons3oBaiiu cTek
process, a siipo ¥ 00pabOTYNKU HCKITIOYCHUHN MCIIOJIb30BAIMA CTEK main.

By default, Thread mode uses the MSP. To switch the stack pointer used in Thread mode to the
PSP, use the MSR instruction to set the Active stack pointer bit to 1, see MSR on page 100.
[To ymomuanuto, B pexxume Thread ncnonb3yercs MSP. UToObl nepekiounuTh yKazaTeib CTEKa,
ucnonb3yembiit B pexxuM Thread, na PSP, ncnons3yiite nuactpykiuo MSR, 4ToObI yCTaHOBUTH OUT
aKTUBHOTO yKa3aTtess cteka B 'l', cm. onucanue MSR.

When changing the stack pointer, software must use an ISB instruction immediately after the
MSR instruction. This ensures that instructions after the ISB execute using the new stack pointer. See ISB
on page 99.
[Ipu cmene ykazaTens cTeka, mporpaMmma J0JKHA HEMEJIEHHO MCIOIb30BaTh HHCTpYKIMIO ISB mocie
uHcTpykumu MSR. D10 rapanTupyer, 4To HHCTPYKLUH, cienytonue nocie ISB, OyayT BEIIOIHATHCS C
WCIIOJb30BaHUEM HOBOTO yKa3arelns cteka. CM. onucanue ISB.

2.1.4 Exceptions and interrupts (Mckiro4eHnsi U npepbIBaHUA)

The Cortex-M3 processor supports interrupts and system exceptions. The processor and the
Nested Vectored Interrupt Controller (NVIC) prioritize and handle all exceptions. An exception changes
the normal flow of software control. The processor uses handler mode to handle all exceptions except for
reset. See Exception entry on page 37 and Exception return on page 38 for more information.
[Tpoueccop Cortex-M3 moaziepkiuBaeT MpepbIBaHUs U CUCTEMHbIE HcKitoueHus. [Iporeccop u
KOHTPOJIIEP BIOXEHHBIX BeKTOPOB npepbiBanuii (NVIC) 00pabaThIBalOT BCE UCKITIOUEHHS B MTOPSAKE UX
npruopUTETOB. VICKIIIOUeHNEe N3MEHIET HOPMAJIBHOE TEeUEHHE YIpaBJIeHus mporpammoit. [Ipomeccop
ucnonb3yeT pexkum Handler npu o0cimy’)kuBaHUM BCEX MCKITIOYCHUH, Kpome copoca. CM. maparpadsl
"Bxon B uckitouenue" u "Bo3Bpat u3 uckiovyeHus" 17s MOJIyIeHHS JOTIOJHUTEIbHON HH(pOopMaIuu.

The NVIC registers control interrupt handling. See Nested vectored interrupt controller (NVIC)
on page 104 for more information.
NVIC peructpupyet odpabareiBaroiiiee npepbiBanue ymnpasienus. Cm. pasaen 4.2 "Kontpomiep
BJIO’KEHHBIX BeKTOPOB npepbiBaHuil (NVIC)" g nosydyeHus: AOMOJHUTEIBHON HHPOPMAIIIH.

2.1.5 Data types (Tunsl 1aHHBIX)

The processor: (ITpoeccop:)

* Supports the following data types: (ITomnepxuBaeT cieayIONNe THITHI TaHHBIX: )

-- 32-bit words
-- 16-bit halfwords
-- 8-bit bytes



* supports 64-bit data transfer instructions.
MOJIEPKUBACT UHCTPYKIIMU 0OMeHa 64-X OUTHBIMH JaHHBIMU

* manages all memory accesses (data memory, instruction memory and Private Peripheral
Bus (PPB)) as little-endian. See Memory regions, types and attributes on page 24 for more
information.

YIIPaBIISIET BCEM JOCTYIIOM K MaMSITH (K ITaMSATH TaHHBIX, K TAMATH KOMaHa U K YacTHOM
[Mepudepuiinoii lllune (PPB)) B pexxume little-endian. Cm. maparpad "PervoHsr maMstu, THIT U
aTpuOyTHI" JJIs TIOTYYEHUS TOTIOTHUTEILHONW HH(OPMAITUH.

2.1.6 The Cortex microcontroller software interface standard (CMSIS)
CranaapTHbIii NPOrpaMMHbINA HHTepdeiic kK MUKPOKOHTpPosLIepy Cortex (CMSIS)

For a Cortex-M3 microcontroller system, the Cortex Microcontroller Software Interface Standard
(CMSIS) defines:
Jiist MukpokoHTposiepoB cucteMmbl Cortex-M3 cTaHgapTHBIN porpaMMHBIN HHTEpdEic K
MukpokoHTpoiuiepy Cortex (bubnuorexka CMSIS) onpenenser:

* A common way to: (O0menpuHATHIi croco0 as:)

— Access peripheral registers (JlocTyma k peructpam nepudepun)
— Define exception vectors (Ha3zHaueHus: BEKTOPOB UCKITIOUYCHHIA )

* The names of: (O0menpuHATHIN CIOCOO UMEHOBAHUS JIISI:)

— The registers of the core peripherals (Peructpos nepudepuu spa)
— The core exception vectors (BekTopoB UCKIItOUeHH siipa)

* A device-independent interface for RTOS kernels, including a debug channel
Hutepdeiic k RTOS spa n kaHamaMm OTJIauuKa, HE3aBUCUMBIN OT pealn3allui yCTpOWCTBa

The CMSIS includes address definitions and data structures for the core peripherals in the Cortex-
M3 processor. It also includes optional interfaces for middleware components comprising a TCP/IP stack
and a Flash file system. CMSIS Bxitouaer onpeaeneHue aipecoB U CTPYKTYp AAHHBIX IS Tepudepun
snpa u npoueccopa Cortex-M3. OHa BKIIIOYAET TaK)Ke OMIIUOHHBIE HHTEP(ENCHI JIs1 KOMIIOHEHTOB
cessytomrero 10, Takux kak crek nporokosioB TCP/IP u daitnosyro cucremy ains Flash.

CMSIS simplifies software development by enabling the reuse of template code and the
combination of CMSIS-compliant software components from various middleware vendors. Software
vendors can expand the CMSIS to include their peripheral definitions and access functions for those
peripherals. CMSIS ymnporiaet pa3paboTKy IporpaMMHOT0 00ecriedeH s, JOIMyCKasi MHOTOKPaTHOE
UCTIOJIb30BaHUE 1Aa0JIOHOB KoJla M KomMOuHupoBanue komnoneHtoB CMSIS-coBmectumoro T10 ot
pasnu4HbIX TocTaBIIMKOB cBs3yroiero [10. [Toctasmuku [1O moryt pactmmputrs CMSIS, uToObI
BKJIIOYATh B HEE CBOU OIIPEJICIICHUS ISl pETUCTPOB nepudeprn u GyHKIUHN TOCTYyIa K HUM JUIS CBOUX
BHEIIIHUX YCTPOMCTB.

This document includes the register names defined by the CMSIS, and gives short descriptions of
the CMSIS functions that address the processor core and the core peripherals.
DTOT JOKYMEHT MCIIOJIL3YET HAa3BaHUSI PETUCTPOB, onpeaeneHasie B CMSIS, 1 1aeT KOpoTKHE ONUCaHUS
dbynkuit CMSIS, koTopbie 00paIiaTces K siApy Mpoleccopa U OCHOBHBIM BHEIITHUM YCTPOICTBAM.

This document uses the register short names defined by the CMSIS. In a few cases these differ
from the architectural short names that might be used in other documents. The following sections give
more information about the CMSIS:

DTOT TOKYMEHT UCIONB3yeT a00peBUaTyphl perucTpoB, onpeaeneHusie B CMSIS. B HekoTOphIX cirydasix



OHU OTJIMYAKOTCA OT TCX, YTO AAHBI IIPHU ONMMCAHHUU apXUTCKTYPHI AApa, U KOTOPBIC MOT'YT UCIIOJIb30BATHLCS
B Ipyrux nokymeHtax. [locnemayromme pa3nensl naioT moapooHyro napopmarmo o CMSIS:

* Section 2.5.4: Power management programming hints on page 43
Paznen 2.5.4: "PexoMeHnamy mo mporpaMMHUPOBAHUIO YIIPaBICHUEM MTOTpeOaeHuEM "

* Intrinsic functions on page 49 (Paznen 3.2 "Intrinsic functions")

* The CMSIS mapping of the Cortex-M3 NVIC registers on page 105
Paszgen 4.2.1 "Kak CMSIS oro6paxaer peructpsl Cortex-M3 NVIC"

* NVIC programming hints on page 113

[Taparpad "Cosetsl 1o nporpammupoBanuio NVIC" B paznene 4.2.10.



2.2 Memory model (Moaeanb mamMsiTu)

2.2.1 Memory regions, types and attributes (Pernonsl mamsatu, TUI U aTPUOYTHI)
2.2.2 Memory system ordering of memory accesses

Kak koHTpoJuIep MaMsTH peryaupyeT MOpsIOK JOCTyNa K Hel

2.2.3 Behavior of memory accesses (IToBeaenue npu goctymne K HamsTH)

2.2.4 Software ordering of memory accesses

(ITporpammHOe ynopsiiourBaHue JIOCTYyTa K aMsITH)

2.2.5 Bit-banding (ITo6uToBbIE ONEpanuy B MaMsTH)

2.2.6 Memory endianness (ITopsimok 6aiiToB endianness)

2.2.7 Synchronization primitives (IIpuMUTHBBI CHHXPOHH3ALINN)

2.2.8 Programming hints for the synchronization primitives
PexoMenaanuu 1mo mporpaMMHpOBaHUIO IPUMHUTHBOB CHHXPOHU3AIHH

This section describes the processor memory map, the behavior of memory accesses, and the bit-
banding features. The processor has a fixed memory map that provides up to 4 GB of addressable
memory.

OTOT pa3ieN OMUCHIBAET KapTy MaMATH MPOIleccopa, €ro NOBEACHHUE IPH JOCTYIIE K MaMAITH, U
ocobenHocTh bit-banding (mo6utoBoii padboTsl). [Iporieccop nmeeT GUKCUPOBAHHYIO KApTy MaMSITH,
KoTopast obecrieunBaet 10 4 I'baiiT anpecyemoii mamsTH.

Figure 9. Memory map (Kapra mamsiti)
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The regions for SRAM and peripherals include bit-band regions. Bit-banding provides atomic
operations to bit data, see Section 2.2.5: Bit-banding on page 27.
B obnactt SRAM u namsitu iepudepun eCTh 00JIacTh, TOMYCKAroIIas MOOUTOBYIO padoTy. IT0
¢bynknus Bit-banding, kotopast oGecriedynBaeT aToMapHbIe ONIEPAMH TTOOUTOBOM pabOTHI C JaHHBIMH,

1

cM. pazaen 2.2.5: "[1oOuToBbIe onepaly B maMsaTu'.

The processor reserves regions of the Private peripheral bus (PPB) address range for core
peripheral registers, see Section 4.1: About the STM32 core peripherals on page 104.
[Tporieccop pesepBupyet odnacts namsata PPB (Private Peripheral Bus) nisi anpecaniuu K perucTpam
nepudepun sapa, cm. pazaen 4.1 "O nepudepun sapa gans STM32".

2.2.1 Memory regions, types and attributes
Pernonsl naMsATH, THII M AaTPUOYTHI

The memory map splits the memory map into regions. Each region has a defined memory type,
and some regions have additional memory attributes. The memory type and attributes determine the
behavior of accesses to the region.

Kapra namsatu pa30uBaeT namsTh Ha PErHOHbI. Y KaXJJOr0 PErHOHa €CTh ONPE/IeNCHHbIN TUTl TAMATH, a Y
HEKOTOPBIX PETHOHOB €CTh JOMOJTHUTEIbHBIC aTPUOYTHI TAMATH. THII MaMSATH U aTPUOYTHI TTAMSTH
OTIpEeNIeNIAI0T MOBEICHUE PU JOCTYIE K PETUOHY MaMSTH.

The memory types are: (EcTb cneayrommue TUITBI TAMSTH: )

Normal The processor can re-order transactions for efficiency, or perform speculative
reads.
[Tporieccop MOXKET EPEYMOPAIOIUTH TPAH3AKIIUH IS TOBBIIICHUS
3(1)(1)GKTI/IBHOCTI/I A0CTYIIa, WA BBIIIOJIHATE MHUMOC YTCHUC.

Device The processor preserves transaction order relative to other transactions to
Device or Strongly-ordered memory.
[Tpu o6MeHe ¢ ycTpOHCTBOM, MPOLIECCOP HE MEHSIET MOPSIOK TPaH3aKIIHH,
OTHOCHUTEIILHO JIPYTHX TPAH3AKIUI YCTPONUCTBA, HIIU OTHOCHTEIHHO
TpaH3aKui AocTyna K naMmstu tuna Strongly-ordered.

Strongly-ordered The processor preserves transaction order relative to all other transactions.
[Tpu o6mene ¢ namsaThio THa Strongly-ordered, mporieccop HE MEHsIET
MOPSIIOK TPAH3AKIUH OTHOCHUTEIBHO BCEX IPYTUX TPAH3AKIIUM.

The different ordering requirements for Device and Strongly-ordered memory mean that the
memory system can buffer a write to Device memory, but must not buffer a write to Strongly-ordered
memory.

Pasznuunbie TpeOOBaHUS K CMEHE MOpsAKa TPaH3aKIMK st Y CTpONCTB U maMsitu Tuna Strongly-ordered
O3HAYaeT, 4TO KOHTPOJUIEP MaMsATH MOKET Oydepr3oBaTh 3anich B MaMATh Y CTPOWCTB, HO HE JAETAET 3TO
IIPY 3amucy B namaTh Strongly-ordered.

The additional memory attributes include:
HmeroTcs crneayronuye JOMOHUTENbHBIE aTPUOYThI MaMSTH:

Execute Never (XN) Means the processor prevents instruction accesses. Any attempt to fetch an

Huxorna ve ucnonuate  instruction from an XN region causes a memory management fault exception.
DTO 03HAYAET, YTO MPOIECCOP OJIOKUPYET AOCTYH K HHCTPYKIUAM. JIroOas
MOTBITKA BEIOOPKH HHCTPYKIHMU B 0071aCTH XN BBI3BIBAET UCKITIOUCHUE
OITMOKY YITPABJICHUS MTAMSTHIO.



2.2.2 Memory system ordering of memory accesses
Kak koHTpoOJJIEp MaMATH peryJupyeT NOpPsiioK J0CTyNa K Heil

For most memory accesses caused by explicit memory access instructions, the memory system
does not guarantee that the order in which the accesses complete matches the program order of the
instructions, providing this does not affect the behavior of the instruction sequence. Normally, if correct
program execution depends on two memory accesses completing in program order, software must insert a
memory barrier instruction between the memory access instructions, see Section 2.2.4: Software ordering
of memory accesses on page 26.

J1nst GONBIIMHCTBA OTIEPAIMiA TOCTYIIA K MaMSTH, BRI3BAHHBIX SIBHBIMU HHCTPYKIUSIMH JOCTYTIA K ITaMSTH,
KOHTPOJUIEP MaMSTH He TapaHTHPYET, YTO TOPSIIOK, B KOTOPOM HJIET PealibHBIN TOCTYII, COOTBETCTBYET
HOPSIKY MHCTPYKIMI B KOZE IPOTPaMMBI, HO 3TO HUKAK HE 3aTParuBaeT IMOBEJCHNUE CAMHUX MHCTPYKIIHA.
OOBIYHO, €CITM KOPPEKTHOE BBIIMOJIHEHHE MTPOTPAMMEI 3aBHCUT OT BPEMEHH 3aBEPIICHUS IBYX JOCTYIIOB K
HaMsTH, COTJIACHO UX TOPSAKY B KOJE MPOTrPaMMBbI, TO IPOrpaMMa JI0JDKHA BCTABUTh HHCTPYKIIUIO
Oappepa MaMsATH MEXy TaKUMU HHCTPYKLUSAMU JOCTYTA K MaMATH, cM. pazzaen 2.2.4: "[Iponenypa
JOCTyMa K nmaMartu".

However, the memory system does guarantee some ordering of accesses to Device and Strongly-
ordered memory. For two memory access instructions Al and A2, if Al occurs before A2 in program
order, the ordering of the memory accesses caused by two instructions is:

OpHako, cucTeMa naMsTd TapaHTUPYET HEKOTOPOE YIOPAJ0USHHUE JOCTyIa K MaMsATH Y CTPOMCTB U
namaATy tumna Strongly-ordered. [{ns AByx nHCTpyKIM Aoctyna k nmaMatu Al n A2, eciim Al cTour
nepea A2 B KOZI€ IPOrpaMMbl, TO OyAET CIEAYIOIINNA TOPSIIOK 0CTYIA K MaMSITH:

Table 11. Ordering of memory accesses(!) (ITopsimok nocrymna K maMsTn)

| A2
Al ‘ Device access ‘ Strongly ordered
Normal access
‘ Non-shareable H Shareable ‘ access

h\lormal access ‘ - - ; ‘ i
Device access, i < i -
non-shareable

‘Device access, shareable - - H< H<
‘Strongly ordered access - H< H< H<

1. '-' means that the memory system does not guarantee the ordering of the accesses.

'-' 03HAYaeT, YTO KOHTPOJUIEP MaMITH HE TApaHTUPYET MOPSIIOK JOCTYTIA.

'<" means that accesses are observed in program order, that is, A1l is always observed before A2.
'<' 03HaYaLT, YTO HAOJFOIAETCs JOCTYIl B COOTBETCBUU C KOJIOM IMPOTPaMMBbl, TO ecTh, Al Bcerna
HaOmroaroTes mepen A2.




2.2.3 Behavior of memory accesses
IloBenenune npu qocTyne K NnamMsTH

The behavior of accesses to each region in the memory map is:
[ToBemeHue pH TOCTYIIE K MAMSTH [T KQXKIOT0 pEerHoHa OYIET CIEIYIOINM:

Table 12. Memory access behavior (IloBenenue npu noctyne K namsiTH)

Address Men.lory Memory XN Description
range region type
Executable region for program code. You can also put
0x00000000- Code N OB data here.
0x1FFFFFFF orma O6nacTe maMsTH TS KOJIa IporpamMmbl. Bel MoxeTe
TaKXe MOMECTHTD 3/IECh U JJaHHBIC.
Executable region for data. You can also put code here.
This region includes bit band and bit band alias areas,
see Table 13 on page 27.
0x20000000- SRAM N e O6nacTh maMsITH I JAHHBIX ¢ BO3MOXKHOCTBIO
0x3FFFFFFF orma i HCHOJIHEHUS Koa. BEI MOXKeTe TakKe IIOMECTUTE 3/1ECh
U KOJI. DTOT PETUOH BKJIIOYAET TaK)Ke 00JIaCTh JAHHBIX C
BO3MOXKHOCTBIO UX MOOUTOBOM 00pabOTKH, CM. TaOJIUILy
13.
This region includes bit band and bit band alias areas,
see Table 14 on page 27.
81;‘12%%%%0&; Peripheral Device() ' XN(1 Dot pernon BkmouaeT 061acTh JaHHBIX C
BO3MOXKHOCTBIO UX MOOUTOBOI 00pabOTKH, CM. TaOJIUILy
14.
0x60000000-  External Executable region for data.
0xOFFFFFFF  RAM Normal® - O0sacTh maMATH U1 JAHHBIX C BO3MOXHOCTBIO
UCTIOJIHEHUSI KOJIa.
0xA0000000- External Device® XN External Device memory
OxDFFFFFFF device evice [TaMsTh BHEIIHUX YCTPOWCTB
External This region includes the NVIC, System timer, and
0xE0000000-  Private Strongly- <N system control block.
0xEOOFFFFF  Peripheral ordered!) OTOT PETHMOH BKIIIOYAET apeca CUCTEMHBIX PETUCTPOB
Bus NVIC, cuctemHoro taitmepa u 6;10xka SCB.
0xE0100000- f/}(et;rgal This region includes all the STM32 standard peripherals.
OXxFFFFFFFF mappelgly Device(D) | XN D10t pernon Bmouaer agpeca perucTpoB Beei
peripherals nepudepun STM32

1. See Memory regions, types and attributes on page 24 for more information.
Cwum. maparpad "Pervonsl naMsaTu, TUI U aTPUOYTHL" /IS MOTyYEHUs JOMOIHUTENBHON HHPOPMAITIH.

The Code, SRAM, and external RAM regions can hold programs. However, it is recommended
that programs always use the Code region. This is because the processor has separate buses that enable
instruction fetches and data accesses to occur simultaneously.

Peruonsl nmamsitu Code, SRAM, u BHemHeir RAM MoryT conepxath Ko nporpammbl. O1Hako,
PEKOMEHIyeTCs1, YTOOBI KOJI ITporpamMMBbI Beeria pazmemiaics B peruone Code. Tak kak y mporeccopa
€CTh pa3/eNbHbIE IHUHBI KOJA U TAHHBIX, YTO JOMYCKAET, B TAKOM CJIy4ae, OJIHOBPEMEHHYIO BEIOOPKY
WHCTPYKITUHU ¥ TOCTYN K JaHHBIM.




2.2.4 Software ordering of memory accesses
IIporpaMmMHoe ynopsizounBaHue J0CTyNAa K MaMATH

The order of instructions in the program flow does not always guarantee the order of the

corresponding memory transactions. This is because:
[Tops1 10K HHCTPYKIIHIA B KOJIE TPOrPaMMBbI HE BCET1a TAPaHTUPYET MOPSIOK COOTBETCTBYIOIIMX
TpaH3aKLUH B HaMATH. DTO MPOUCXOUT NOTOMY, YTO:

* The processor can reorder some memory accesses to improve efficiency, providing this
does not affect the behavior of the instruction sequence.
[Tpomeccop MOXKET MepeymnopsA0UUTh PSJ] TOCTYIIOB K TTAMSITH, YTOOBI MMOBBICHTH 3()()eKTHBHOCTH,
OJTHAKO TO HUKaK HE OTPAXKAETCs Ha MOBEJCHUN CAMHUX MHCTPYKIIHA.

* The processor has multiple bus interfaces
[Ipouieccop umMeeT HeCKOIbKO IIUH UHTEpdeiica

* Memory or devices in the memory map have different wait states
CoOCTBEHHO MaMSITh U IAMSITh YCTPOUCTB, OTPaKEHHAS HA KapTy MaMSITH, UMEIOT Pa3InIHbIE
TalMUHTU

Some memory accesses are buffered or speculative.
HekoTopsie 1ocTymbl K maMsaTé OyGepu3upyrOTCs WIH SBIISIOTCS MHUMBIMA

Section 2.2.2: Memory system ordering of memory accesses on page 25 describes the cases where

the memory system guarantees the order of memory accesses. Otherwise, if the order of memory accesses
is critical, software must include memory barrier instructions to force that ordering. The processor
provides the following memory barrier instructions:

Paznen 2.2.2: "Kak KOHTposIep MaMsaTy PEryJupyeT NOpsSI0K TOCTyNa K HE'" OMUChIBAET Clly4au, Koraa
KOHTPOJUIEP MaMSTH TapaHTUPYET MOPSAOK AOCTyIA K MaMATH. B Ipyrux cirydasix, €ciiv BaKeH MOPSI0K
JIOCTyIa K MaMsATH, B KOJ IIPOrpaMMbl HY>)KHO BKJIIOUaTh HHCTPYKLIUHU Oapbepa MaMsaTH, YTOObI
o0ecreunTh HYXHBIH TOpsiok. [Iporeccop mpeaocTaBiseT ciaenyromue HHCTPYKIMHA O0apbepa maMsIT:

DMB

DSB

ISB

The Data Memory Barrier (DMB) instruction ensures that outstanding memory
transactions complete before subsequent memory transactions.

See DMB on page 98.

Huctpykuus DMB (Data Memory Barrier) TapaHTUPYET, YTO MPEIBIIYIIHAE
TpaH3aKIMU NaMATH OyIyT 3aBEPIIEHBI Mepe]l MOCIEAYIONUMHU TPAaH3aKIHSIMH
namatu. Cm. onucanue uHcTpykimu DMB.

The Data Synchronization Barrier (DSB) instruction ensures that outstanding
memory transactions complete before subsequent instructions execute.

See DSB on page 98.

Unctpykuus DSB (Data Synchronization Barrier) rapaHTUPYET, YTO TIPEABLAYIITNE
TpaH3aKIMU TaMAITH OyIyT 3aBEPILIEHBI MEepe]l MOCIEAYIOUUMH HHCTPYKIIHSIMH.
Cwum. onucanue uHctpykiuu DSB.

The Instruction Synchronization Barrier (ISB) ensures that the effect of all
completed memory transactions is recognizable by subsequent instructions.

See ISB on page 99.

Wuctpykius ISB (Instruction Synchronization Barrier) rapanTupyer, 4to 3G dexT
OT 3aBEpIICHHSI BCEX TPAH3AKIIUI MaMaTh OyJeT pacrio3HaBaeM BCEMH
MOCEAYIONMMHA UHCTPYKIUsIMU. CM. ontucanue uHCTpykuuu ISB.



Use memory barrier instructions in, for example:
[TpumMeps! UCII0JIB30BAHNS HHCTPYKLUN Oapbepa MaMsaTu:

* Vector table. (Tadiuua BekTOPOB.)
If the program changes an entry in the vector table, and then enables the corresponding exception,
use a DMB instruction between the operations. This ensures that if the exception is taken
immediately after being enabled the processor uses the new exception vector.
Ecnu mporpaMma M3MEHSIET 3JIEMEHT B TaOJIUIIC BEKTOPOB, a 3aTEM pa3peniaeT COOTBETCTBYIOMICE
UCKJIIOUEHHE, UCTIONIB3YiTe HHCTpYKIMI0 DMB Mexny TakuMu onepanuusiMu. OTO TapaHTHPYET,
4TO, €CJIM OY/IeT 3aIpOoC Ha UCKIIIOYCHUE CPa3y MOCIIEe ero pa3pelieHus:, TO MPOIECCOp UCTIONb3YeT
HOBBII BEKTOP UCKITIOUYCHHSI.

* Self-modifying code. (Camomoauduuupyommuiics Koj.)
If a program contains self-modifying code, use an ISB instruction immediately after the code
modification in the program. This ensures subsequent instruction execution uses the updated
program.
Ecnu mporpamMma cosiep>kut caMoMOAU(DHUIMPYIOMUKCS KO, UCTIONb3yiTe HHCTpYyKinio ISB
cpasy mociie MoAu(pHUKanuy KoJa B MporpamMme. ITo TapaHTUPYET, YTO MOCIIEAYIOIIast
UHCTPYKLHUS OyeT U3 OOHOBJICHHOM MPOrpamMMmBl.

* Memory map switching. (Ilepex;1rouenne KapThl HAMSATH)
If the system contains a memory map switching mechanism, use a DSB instruction after switching
the memory map in the program. This ensures subsequent instruction execution uses the updated
memory map.
Ecnu cuctema coiepKUT MEXaHU3M NEePEKITIOUeHHs KapThl HaMSITH, UCIIOJIb3YHTE HHCTPYKIIUIO
DSB nocne nepexitoueHus: KapThl NaMATH B Iporpamme. DTO TapaHTUPYET, YTO MOCIeAyIOIIast
MHCTPYKLHUS OyAyT UCIOIb30BaTh OOHOBICHHYIO KapTy MaMsTH.

* Dynamic exception priority change.
JluHaMH4YecKoe N3MeHeHHe IPHOPUTETA HCKII0YEHHUS.
When an exception priority has to change when the exception is pending or active, use DSB
instructions after the change. This ensures the change takes effect on completion of the DSB
instruction.
Korna nomkeH U3MEHUTHCS IPUOPUTET UCKITIOYECHUS, KOT/1a UCKIIIOUEHHE SBIISIETCS OTI0KEHHBIM
WIN YK€ SIBIIIETCS] aKTUBHBIM, MCIIONIBb3YiTe HHCTPYKIKI0 DSB mocie n3MeHeHus mpropuTeTa.
3TO rapaHTupyer, 4YTo U3MEHEHHE BCTYIAEeT B CUIIY 110 3aBepUICHUI0 HHCTpYKUuu DSB.

* Using a semaphore in multi-master system.
Hcnoabs3oBanue cemadopa B cuCTeMe ¢ HECKOJBKUMH MacTepaMH.
If the system contains more than one bus master, for example, if another processor is present in the
system, each processor must use a DMB instruction after any semaphore instructions, to ensure
other bus masters see the memory transactions in the order in which they were executed.
Ecnu cucrema conepkut 6osiee 0JHOrO MacTepa Ha IIUHE, HAPUMEp, €CIIA B CHCTEME
MPUCYTCTBYET APYTOM MPOLIECCOp, KAXKAbIA MPOLECCOp JO0JKEH UCII0NIb30BaTh HHCTpYKIMio DMB
nocJe Jr0bIX ceMa(OpHBIX HHCTPYKIMH, YTOOBI rapaHTHPOBATH, YTO APYTHE MacTepa IIUHbI
BUJISAT TPAH3aKIMK NTaMSATH B TOM MOPSAJIKE, B KOTOPOM OHH BBITIOJHSIIHCH.

Memory accesses to Strongly-ordered memory, such as the system control block, do not require
the use of DMB instructions.
Hoctyn k mamstu Tuna Strongly-ordered, Takoit kak 6510k SCB, He TpeOyIOT UCTIOIB30BAHUS
uHctpykui DMB.



2.2.5 Bit-banding (IToOuTOBBIC ONEpALIUU B IAMSTH)

A bit-band region maps each word in a bit-band alias region to a single bit in the bit-band region.
The bit-band regions occupy the lowest 1 MB of the SRAM and peripheral memory regions.
OO6macTh MOOUTOBBIX OTMIEPAIMI OTpaKaeT KaX10€ CJI0BO U3 001acTH XpaHeHus 6uT bit-band alias Ha
€MHCTBEHHBIN OUT B 00acTu goctymna k outam bit-band.

The memory map has two 32 MB alias regions that map to two 1 MB bit-band regions:
Kapra mamsaru umeer nBe obnactu xpanenus out bit-band alias no 32 Mbaiita, koTopsle 0TOOpakaroTCs
Ha JiBe obnacTu nocryna k 6uram bit-band no 1 Mbaiiry:

* Accesses to the 32 MB SRAM alias region map to the 1 MB SRAM bit-band region, as
shown in Table 13
Hoctyn x 32 MbaiitHoit o6nactu bit-band alias orpaxaercs Ha 1 MbaiitHyto o6nacts bit-band
B peruoHe SRAM, kak nokasano B Tabnuue 13

* Accesses to the 32 MB peripheral alias region map to the 1 MB peripheral bit-band region,
as shown in Table 14.
Hoctyn x 32 MbaiitHoii o6nactu bit-band alias orpaxaercs Ha 1 MbaiitHyto o6macts bit-band
B PEruoHe mamsTu nepudepun, Kak rmokasaHo B radbnune 14

Table 13. SRAM memory bit-banding regions (O6nacts bit-banding B pernone namsatu SRAM)

A M .
ddress emory Instruction and data accesses
range region
Direct accesses to this memory range behave as SRAM memory accesses, but
0x20000000 SRAM this region is also bit addressable through bit-band alias.
bit-band  TIpsiMoli qocTym K 3TOM 00J1aCTH MaMSATH BEJET CEOs KaK JIOCTYIT K TaMsATH
0x200FFFFF .
region SRAM, HO 5Ta 007aCTh JOCTYITHA TAK)KE MMOOUTHO, C TOMOIIBIO CCHIJIOK U3
obrnactu bit-band alias.
Data accesses to this region are remapped to bit band region.
A write operation is performed as read-modify-write.
Instruction accesses are not remapped.
SRAM .
0x22000000- bit-band JlocTyn K TaHHBIM B 3TOM 00JIaCTH MEepeHa3HAYACTCS
0x23FFFFFF alias Ha o0Osacth bit band.
Omnepanys 3ayucy JaHHBIX BBITIOIHSACTCS B CTHIIE
"yTeHHe-U3MEHEHUEe-3aIuCh".
[Tpu BEIOOpKE HHCTPYKITUU OIEpaIysl IepeHa3HAYCHHS HE TTPOU3BOIUTCS.




Table 14. Peripheral memory bit-banding regions
O6mnactp bit-banding B pernone namstu nepudepuu

Address Memory

. Instruction and data accesses
range region

Direct accesses to this memory range behave as peripheral memory accesses,
Peripheral but this region is also bit addressable through bit-band alias.

bit-band  IIpsmoii qocTym K 3TOH 00IaCTH AMSTH BeIeT ceOst Kak JOCTYI K MaMsATH
alias nepudepuu, Ho 3Ta 00JaCTh JOCTYITHA TaK)Ke MMOOMTHO, C TTIOMOIIBIO CCHIJIOK
u3 obnactu bit-band alias.

0x40000000-
0x400FFFFF

Data accesses to this region are remapped to bit band region.
A write operation is performed as read-modify-write.

) Instruction accesses are not permitted.
Peripheral .
0x42000000- bit-band JlocTym K TaHHBIM B 3TOM 001aCTH MepeHa3HAYACTCSI
0x43FFFFFF region Ha oOiracts bit band.

Onepaliys 3aMUCH JaHHBIX BBITTOJHSACTCS B CTHIIC

"uTeHrue-u3MCHEHHE-3alIHCh "
[Tpu BEIOOpKE HHCTPYKITUH OTEPAIHs MePeHa3HAUYCHUS HE TIPONU3BOIUTCA.

A word access to the SRAM or peripheral bit-band alias regions map to a single bit in the SRAM
or peripheral bit-band region.
Joctyn urenus cioBa B obnactu bit-band alias B SRAM unu namsitu iepudepun orodpakaercs Ha
enuHCTBeHHBbIN OMT B SRAM wmnu mamsatu nepudepum.

The following formula shows how the alias region maps onto the bit-band region:
Crenyromas ¢popmyiia Hokas3bIBaeT, kak 06aacts bit-band alias oto6paxaer Ha o6nacTs bit-band:

bit_word_offset = (byte_offset x 32) + (bit_number x 4)
bit_word_addr = bit_band_base + bit_word_offset

Where: (I'ne:)

* Bit word offset is the position of the target bit in the bit-band memory region.
Bit_word_offset - mo3umus uenesoro 6uta B obaactu bit-band.

* Bit word addr is the address of the word in the alias memory region that maps to the
targeted bit.
Bit_word_addr - anpec cioBa B o6nactu bit-band alias, koTopoe oToOpaxaercst Ha 1e/IeBOH
our.

* Bit band base is the starting address of the alias region.
Bit_band_base - crapToBslii anpec o6mnactu bit-band alias.

* Byte offset is the number of the byte in the bit-band region that contains the targeted bit.
Byte offset - Homep OaiiTa B o6mactu bit-band, KOTOpBIN COAEPKUT 1IETEBOM OUT.

* Bit number is the bit position, 0-7, of the targeted bit.
Bit_number - no3unus ueneoro Outa 6ura B Auanazone 0-7.

Figure 10 on page 28 shows examples of bit-band mapping between the SRAM bit-band alias
region and the SRAM bit-band region:
Pucynox 10 nmoka3ssiBaeT mpuMep MOOUMTOBOTO OTOOpakeHUsT MKy o0acTeio bit-band alias u
oOmnacteio bit-band B pernone SRAM:



* The alias word at 0x23FFFFEO maps to bit[0] of the bit-band byte at
Crnoso o agpecy 0x23FFFFEOQ B o6mactu bit-band alias orobpaxkaercs Ha bit[0] B o6actu bit-
band
0x200FFFFF: Ox23FFFFEO = 0x22000000 + (OXFFFFF*32) + (0*4).
* The alias word at 0x23FFFFFC maps to bit[7] of the bit-band byte at
Croso o agpecy 0x23FFFFFC B o6mactu bit-band alias orobpaxkaercs Ha bit[7] B o6mactu bit-
band
Ox200FFFFF: Ox23FFFFFC = 0x22000000 + (OXFFFFF*32) + (7*4).
* The alias word at 0x22000000 maps to bit[0] of the bit-band byte at
Croso o agpecy 0x22000000 B o6:actu bit-band alias otoOpaxaercst va bit[0] B o6mactu bit-
band
0x20000000: 0x22000000 = 0x22000000 + (0*32) + (0 *4).

* The alias word at 0x2200001C maps to bit[7] of the bit-band byte at
Croso 1o agpecy 0x2200001C B o6iactu bit-band alias oto6pakaercs Ha bit[7] B obmacTu bit-
band

0x20000000: 0x2200001C = 0x22000000+ (0*32) + (7*%4).

Figure 10. Bit-band mapping (ITo6uroBoe oTo6paxeHue)
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Directly accessing an alias region (IIpsimoii noctyn B 0s1acTu bit-band alias)

Writing to a word in the alias region updates a single bit in the bit-band region.
3amuchk coBa B 3Ty 00JacTh OOHOBIISIET €MHCTBEHHBIN OUT B 001actu bit-band.

Bit[0] of the value written to a word in the alias region determines the value written to the targeted
bit in the bit-band region. Writing a value with bit[0] set to 1 writes a 1 to the bit-band bit, and writing a
value with bit[0] set to 0 writes a 0 to the bit-band bit.
bur [0] 3nauenus, 3anucannoro B oonacts bit-band alias, onpenenser 3HaueHne, 3aTMCaHHOE B IIEJICBOM
out B oonactu bit-band. 3anuck 3naueHus ¢ 6utoMm [0] ycTanoBierHoro B 'l' 3anuiier '1' B 0T oOnactu
bit-band, a 3anuce 3nauenus ¢ 6utom [0], cOpomennoro B '0' 3anmumet '0' B 6ut obmactu bit-band.



Bits[31:1] of the alias word have no effect on the bit-band bit.
Writing 0x01 has the same effect as writing OxFF.
Writing 0x00 has the same effect as writing 0xOE.
butst [31:1] cnoBa B o6nactu bit-band alias e umerot a3pdexra Ha 6uT B o6mactu bit-band.
3anuck 3HaueHus 0x01 umeer Takoii ke 3¢dexr, uro u 3anuch 0XFF.
3anuck 3Hauenus 0x00 umeet Takoi xe 3¢ dekr, uto u 3anuck 0x0E.

Reading a word in the alias region: (Urenue cnoBa B o6nactu bit-band alias)

* 0x00000000 indicates that the targeted bit in the bit-band region is set to zero
3unauenue 0x00000000 rosopur o Tom, yTo 6UT B 0o6sacTH bit-band ycranosien B '0'".

* 0x00000001 indicates that the targeted bit in the bit-band region is set to 1
3unauyenue 0x00000001 roBoput o Tom, uro OuT B 061actu bit-band ycranosnen B '1'".

Directly accessing a bit-band region (IIpsimoii noctyn B 6s1actu bit-band)

Behavior of memory accesses on page 25 describes the behavior of direct byte, halfword, or word
accesses to the bit-band regions.
Paznen 2.2.3 "[loBenenue npu 1ocTyne K namsaTu" OMMCHIBAET MOBEACHHUE NP MPSIMOM JIOCTYIE K OailTy,
MOJTyCTIOBY, WJIH CJIOBY B oOnactu bit-band.

2.2.6 Memory endianness (Ilopsizok 6aiiToB endianness)

The processor views memory as a linear collection of bytes numbered in ascending order from
zero. For example, bytes 0-3 hold the first stored word, and bytes 4-7 hold the second stored word.
I[poneccop paccMaTpuBaeT MaMATh KakK JIMHEHHYIO KOJUICKIHIO 0aliTOB, MPOHYMEPOBAHHBIX B IOPSAKE
BO3pacTanus ot Hyis1. Hanpumep, 6aiitel 0-3 cogepxar nepBoe COXpaHEHHOE CIIOBO, a OalThl 4-7
COZIepIKaT BTOPOE COXPAHEHHOE CIIOBO.

Little-endian format (®opmar Little-endian)

In little-endian format, the processor stores the least significant byte of a word at the lowest-
numbered byte, and the most significant byte at the highest-numbered byte. See Figure 11 for an example.
B ¢opmare Little-endian nporieccop xpaHuTt Miaamiuii 6aiT ciosa B 6aiiTe ¢ 0ojiee HU3KUM HOMEPOM, a
cTapuii 0aiT cioBa B OaiiTe ¢ 0oJsiee BBICOKUM HoMepoM. CM. mpumep Ha pucyHke 11.

Figure 11. Little-endian example (ITpumep popmara Little-endian)

Memory Register
7 u;
3 2423 | 18615 87 | 0
Address A| BO lsbyte B3 B2 B1 BO
A+ B1
A+2| B2

A+3| B3 ms byte




2.2.7 Synchronization primitives (IIppyMUTHBBI CHHXPOHU3ALIMH)

The Cortex-M3 instruction set includes pairs of synchronization primitives. These provide a non-
blocking mechanism that a thread or process can use to obtain exclusive access to a memory location.
Software can use them to perform a guaranteed read-modify-write memory update sequence, or for a
semaphore mechanism.

Ha6op xomang Cortex-M3 BKIIIO4aeT mapbl IPUMHTHBOB CHHXpOHK3auH. OHU 00€CIeunBaoT
HEOJIOKMPYIOMINI MEXaHU3M, KOTOPBI MOTYT MCIIOJIb30BaTh TPEAbI WIIM TPOLIECCHI, YTOOBI MOyYHTh
MOHOTIOJIBHBIN JOCTYT K 00JIaCTH B TaMsTH. [IporpamMmma MOXKET HCITOB30BaTh UX, YTOOBI
rapaHTHPOBAHHO BBITIOJIHUTE OTIEPAINIO "dTeHHE-U3MEHEHHE-3a1Ch", HIIH IS OpraHu3anuu cemadopa.

A pair of synchronization primitives comprises: (Ilapbl TpUMHTHBOB CHHXPOHHU3AIMH BKIHOYAIOT:)

A Load-Exclusive Used to read the value of a memory location, requesting exclusive access to
instruction that location.

WucTtpykiumn Hcnone3yroTcs A YTeHUs 3HaYeHUs B TaMSTH, Korjia Tpedyercs
MOHOITOJIBHOM 3arpy3Kd  MOHOITOJIBHBIN JOCTYII K JAHHBIM.

A Store-Exclusive Used to attempt to write to the same memory location, returning a status bit to
instruction a register. If this bit is:

WHucTpyknn Vcrions3yroTest JJTs TIOTIBITKY 3aITUCH B TY e CaMyro 00J1acTh IMaMsTH,
MOHOIIOJILHOTO BO3BpaIias OUT COCTOSIHUA B CTaTyCHOM peructpe. Ecnu 3ToT 6UT paBeH:
COXpaHEeHUs 0: it indicates that the thread or process gained exclusive access to the

memory, and the write succeeds 3T0 3TO yKa3bIBaeT, YTO TPE I MPOIIECC
MOJTYYHIT MOHOTIOJIBHBIHN JTOCTYII K TAMSITH, M 3aIMCh OblJIa YCIIEUTHON

1: itindicates that the thread or process did not gain exclusive access to
the memory, and no write is performed 370 3T0 yka3bIBaeT, 4T0O Tpea UIU
IpOLIECC HE MOTYYMIA MOHOMOIBHBIN TOCTYH K IaMsTH, U 3aIIHCh HE ObLia
BBITTOJIHEHA

The pairs of Load-Exclusive and Store-Exclusive instructions are:
[Taper MHCTPYKITUH JJIsT MOHOTIOJIBHOM 3arpy3KH/COXpaHEHUs CIeAYIONINE:

* The word instructions LDREX and STREX
HNuctpykuun onepanwii co cioBamu LDREX u STREX

* The halfword instructions LDREXH and STREXH
Huctpykiuu onepanuii ¢ noxycioBamu LDREXH u STREXH

* The byte instructions LDREXB and STREXB.
Wuctpykuun onepanuii ¢ 6aiitamu LDREXB u STREXB.

Software must use a Load-Exclusive instruction with the corresponding Store-Exclusive
instruction.

HpOF paMMa JOJIZKHA UCITIOJIb30BATh HMHCTPYKIIUIO MOHOITOJIbHOM 3arpys3Ku € COOTBeTCTByIOH_[eﬁ r[ap0171
MOHOITIOJIBHOT'O COXPAaHCHUA.

To perform a guaranteed read-modify-write of a memory location, software must:
UToOBI rapaHTHPOBAHHO BHITIOJIHATH MPOIEAYPY 'UTCHHE-U3MEHEHHE-3aiCh" B TIAMSTH, IPOrpaMma
JIOJIKHA:

1. Use a Load-Exclusive instruction to read the value of the location.
Hcrnonp30BaTh HHCTPYKIIMIO MOHOITOJIBHOU 3aIPy3KH, YTOOBI IPOYMTATH 3HAUCHHE B [TAMSTH.

2. Update the value, as required. (OGHOBUTB 3TO 3HaYCHHE, KaK 3aTPEOOBAHO).



3. Use a Store-Exclusive instruction to attempt to write the new value back to the memory
location, and tests the returned status bit. If this bit is:
Hcnonp30BaTh HHCTPYKIIUIO MOHOIIOJILHOTO COXPAaHEHUSI, YTOOBI OMBITATHCS 3aITUCATh HOBOE
3HAYCHHUE B MaMsITh, U IPOBEPUTH BO3BPALICHHBIN OUT cocTosiHUA. Eciu 3TOT OUT paBeH:

0: The read-modify-write completed successfully,
[Iponenypa "ureHue-U3MEHEHHE-3aNUCh" 3aBEPUINIACH YCIICIITHO,

1: No write was performed. This indicates that the value returned at step 1 might be out of
date. The software must retry the read-modify-write sequence.
3anuch He OblIa BBIMOJIHEHA. DTO YKa3bIBACT, YTO 3HAYCHHE, BO3BpallleHHOEe Ha mare 1, might be
out of date. [IporpamMmma g0KHA TOBTOPHUTH MPOLIEAYPY '"ITeHUE-U3MEHEHHE-3aIHCh "

Software can use the synchronization primitives to implement a semaphores as follows:
[TporpaMMa MOKET UCTIOIH30BaTh MPUMHUTHBBI CHHXPOHHU3AINH, YTOOBI OPTaHU30BaTh ceMadopbl
CIIEAYIONIMM 00pa3oM:

1. Use a Load-Exclusive instruction to read from the semaphore address to check whether the
semaphore is free.
Hcnonb30BaTh HHCTPYKIMIO MOHOIIOJIBHON 3arpy3KH, YTOOBI MPOYUTATH MO ajpecy cemadopa,
YTOOBI IPOBEPUTD, ABIIAETCS JIU ceMadop CBOOOAHBIM.

2. If the semaphore is free, use a Store-Exclusive to write the claim value to the semaphore
address.
Ecnu cemadop sBisercsi cBOOOAHBIM, UCIIOIB30BaTh HHCTPYKIIMIO MOHOIIOJIBHOTO COXPAaHEHHUS,
9TOOBI 3aMrcaTh TpebyeMoe 3HaueHue 1o ajapecy cemadopa.

3. If the returned status bit from step 2 indicates that the Store-Exclusive succeeded then the
software has claimed the semaphore. However, if the Store-Exclusive failed, another process
might have claimed the semaphore after the software performed step 1.

Ecnu Bo3BparieHHbIi OUT COCTOSIHYS Ha mIare 2 yKas3bIBaeT, YTO MHCTPYKIIKS MOHOIIOJIBHOTO
COXPaHEHUs BHITIOJHEHA YCIICIIHO, TO MporpaMma ocBoboxkmaeT cemadop. OmHako, eciu 3Ta
WHCTPYKIUS BepHYJIa OIIHOKY, TO BO3MOXKHO JIPYTOii Mpoliecc 3aHs1 cemadop mocie Toro, Kak
MporpaMMa BEITIOJTHIIIA TIIar 1.

The Cortex-M3 includes an exclusive access monitor, that tags the fact that the processor has
executed a Load-Exclusive instruction.
Cortex-M3 BKIIFOYAaET MOHUTOP MOHOTIOJIBHOTO JTOCTYTA, KOTOPBIH OTMeUYaeT (akT, 4TO MPOIECCOp
BBITOJIHAJI HHCTPYKIIUEO MOHOTIOJIBHOM 3arpy3KHu.

The processor removes its exclusive access tag if:
[poueccop yaamnsiet cBO (piar MOHOIIOJIEHOTO JTOCTYIA, €CITH:

* [t executes a CLREX instruction (On Beimonaun uHCTpykiuio CLREX)

» [t executes a Store-Exclusive instruction, regardless of whether the write succeeds.
OH BEIIOJIHAI HWHCTPYKIIUIO MOHOIIOJIBHOI'O COXpPaHCHH, HE3aBUCUMO OT TOr'O, ITpOIIlIa JIX OHa
YCHEIITHO.

* An exception occurs. This means the processor can resolve semaphore conflicts between
different threads. [Ipoucxoaut uckiaroueHue. IT0 03HAYAET, YTO MPOLIECCOP MOKET Pa3pELIUTh
KOH(JIMKTBI ceMadopa MEXy pa3InIHbIMH TPEIaAMH.

For more information about the synchronization primitive instructions, see LDREX and STREX
on page 69 and CLREX on page 70.
JJ1s oTydeHus TOTOTHATENbHOW HHPOPMALIMU 00 HHCTPYKIUAX TIPUMHTHBOB CHHXPOHHU3AIUH, CM.
onucanne uHCTpykuuiit LDREX n STREX u CLREX.



2.2.8 Programming hints for the synchronization primitives
Pexomenaanum no nporpaMMHpPOBAHUI0 MIPUMHUTHBOB CHHXPOHU3AIUM

ANSI C cannot directly generate the exclusive access instructions. Some C compilers provide
intrinsic functions for generation of these instructions:
Crangapt ANSI C He MOXET HENOCPEACTBEHHO I€HEPUPOBATh MHCTPYKIIMU MOHOIIOJIEHOTO JTOCTYTIA.
Hexoropsie C KOMIMIATOPBI 00ECTIEYNBAIOT BCTPOSHHBIE (DYHKITUH [T TEHEPUPOBAHUS 3TUX
WHCTPYKLIUH:

Table 15. C compiler intrinsic functions for exclusive access instructions
Berpoenssie pynkiyy B C KOMIWISATOP U1 HHCTPYKIMI MOHOIIOJIBHOT'O I0CTYTIA

‘ Instruction H Intrinsic function
LDREX, LDREXH, or LDREXB unsigned int __Idrex(volatile void *ptr)
‘STREX, STREXH, or STREXB Hint __strex(unsigned int val, volatile void *ptr)
CLREX void __clrex(void)

The actual exclusive access instruction generated depends on the data type of the pointer passed to

the intrinsic function. For example, the following C code generates the require LDREXB operation:

dakTnuecu CICHCPpHUPOBAHHA MHCTPYKIUA MOHOIIOJIBHOI'O AOCTYIIA 3aBUCHUT OT THUIIA JAHHBIX, KOTOPbIC

nepeaaT BCTPOCHHOM (DYHKIIMHU ¢ TIOMOUIbIO yKa3aTens. Hanpumep, cnenyronmii C Kox reHepupyeT
Tpebyemyto unctpykuuio LDREXB:

—ldrex((volatile char *) OXFF);




2.3 Exception model (Moaeab HCKJIIOYEHHNH)

This section describes the exception model. (3TOT pa3aen onuckBaeT MOIEITb UCKITFOUCHHIA. )

2.3.1 Exception states (CtaTyc UCKIIFOUCHHUS)

2.3.2 Exception types (Tumbl uckiIoueHnit)
2.3.3 Exception handlers (O6paOoTYNKH UCKITIOYESHUH)

2.3.4 Vector table (Tabmuma BeKTOpoB)

2.3.5 Exception priorities (IIpropuTeThl HCKITIOYESHNUH)

2.3.6 Interrupt priority grouping (I"pynnupoBka NpuOPUTETOB UCKITIOYCHHUIA)

2.3.7 Exception entry and return (Bxoj B UCKIIIOUEHHE U BBIXOJ U3 HETO)

2.3.1 Exception states (CTaTyc HCK/II0UEHHA)

Each exception is in one of the following states:
Kaxxnoe uckimroueHne MOKeT HaXOJAUThCS B OJTHOM M3 CIICTYIOIIUX COCTOSTHUM:

Inactive
HeaxtuBHoe

Pending
3anpoleHHoe
WIH
OtnoxeHHoe

Active
AKTHUBHOE

Active and
pending
AKTHBHOE U
OTJI0KEHHOE

The exception is not active and not pending.
HckinroueHne HEaKTHBHO M HE 3aIPOILICHO.

The exception is waiting to be serviced by the processor. An interrupt request from a
peripheral or from software can change the state of the corresponding interrupt to
pending.

Hcxmodyenue ket 00CTy)KHBaHUs OT MPOLIECcopa. 3armpoc Ha MPEpPbIBAaHUE OT
nepudeprn Wik OT IPOTrPaMMbl MOKET U3MEHUTh COCTOSTHIE COOTBETCTBYIOIICTO
IpephIBaHMs Ha 3arpoIIeHHOE.

An exception that is being serviced by the processor but has not completed. Note: An
exception handler can interrupt the execution of another exception handler. In this case
both exceptions are in the active state.

Hckirouenue, KOTopoe 00CIyKMBAETCsl POLIECCOPOM, H €Il He 3aBepIIniock. Note:
00pabOTYHK OTHOTO UCKITFOUEHHSI MOXKET TPEPBATh BBHIITOIHEHNE 00pad0TINKa
Jpyroro UcKiIoueHus. B aTom cinydyae 00a HCKIIIOUEHHST HAXOIATCSl B AKTUBHOM
COCTOSTHUH.

The exception is being serviced by the processor and there is a pending exception from
the same source.

HckirodeHue y:xe 00CTyKUBACTCs IPOIIECCOPOM U €CTh OTIIOKEHHOE UCKITFOUCHHE OT
TOTO K€ CAaMOT'0 HCTOYHHKA.



2.3.2 Exception types (Tunbl nckIro4eHunin)

The exception types are: (EcTb creayromnye THITBI HCKITFOYCHHH: )

Reset

NMI

Hard fault

Memory
manageme
nt fault

Bus fault

Reset is invoked on power up or a warm reset. The exception model treats reset as a special
form of exception. When reset is asserted, the operation of the processor stops, potentially
at any point in an instruction. When reset is deasserted, execution restarts from the address
provided by the reset entry in the vector table. Execution restarts as privileged execution in
Thread mode.

COpoc, BbI3bIBaHHBIN MOAAYeH MUTAHUS WK KHOMIKOH "ropsunii” cOpoc. Monenb
uckiroueHuii ooOpabateiBacT Reset, kak criernuanbHyto hopmy uckimoueHus. Korna
BBICTaBIIsIeTCS curHal Reset, oneparuu nporeccopa 0CTaHaBIUBAIOTCS, MOTEHIIMAIBHO, B
1r000# MOMEHT 00pabOTKU MHCTPYKIMK Ha KoHBeepe. Koraa curnan copoca otmyckaercs,
BBITOJIHEHHE BO30OHOBIISIETCS € TOTO aJpeca, YTo yKa3aH B aneMeHTe Reset Tabmuibt
BeKTOpPOB. [locne pectapra npoiieccop nepexoaut B npusBuierupoBanubiid pexum Thread.

A NonMaskable Interrupt (NMI) can be signalled by a peripheral or triggered by software.
This is the highest priority exception other than reset. It is permanently enabled and has a
fixed priority of -2. NMIs cannot be:

Hemackupyemoe npepbiBanrie NMI MOKET 3aTpOCUTh BHEITHEE YCTPOMCTBO WIJIM OHO
MOYKET OBITh BBI3BAHO MPOTPAMMHO. DTO HCKIIOYEHUE C CAMOM BBICOKHM MTPHOPUTETOM,
Kkpome copoca. OHO Bcerja paspenieHo u uMmeet ¢pukcupoBanHbiil mpuoputeT '-2'. NMI He
MOJKET OBITh:

* Masked or prevented from activation by any other exception
OTKIII0OYEHO WK 320JI0KUPOBAHO JPYTUM HCKIIOYEHUEM

* Preempted by any exception other than Reset.
[IpepBano kakuM IuOO APYrUM HCKIIOUEeHHEM, KpoMe Reset.

A hard fault is an exception that occurs because of an error during exception processing, or
because an exception cannot be managed by any other exception mechanism. Hard faults
have a fixed priority of -1, meaning they have higher priority than any exception with
configurable priority.

Hard fault, 5To uckimtoueHue anmnapaTHoi omIMOKH, KOTOPOE MPOUCXOTUT U3-3a OLIHOKH BO
BpeMst 00paOOTKH UCKITFOUEHHSI, WIIA TIOTOMY YTO UCKIIFOUSHHEM HE MOXKET YIPaBIISITh
HUKaKOW JAPYro MexaHU3M UCKIIOYCHHS. ATMapaTHas OmrOKa uMeeT (pUKCHpOBaHHBIN
npuoputeT '-1', 3T0 03HaYaeT, 4YTO OHA UMEET O0siee BRICOKHI MPUOPHUTET, YeEM JTFO00E
UCKJTIOYCHHE ¢ KOHQUTYPUPYEMBIM IPUOPUTETOM.

A memory management fault is an exception that occurs because of a memory protection
related fault. The fixed memory protection constraints determines this fault, for both
instruction and data memory transactions. This fault is used to abort instruction accesses to
Execute Never (XN) memory regions.

Ommoka yrmpaBieHUsI TaMSATBIO - 3TO UCKIIIOUEHHE, KOTOPOE MPOUCXOIUT U3-3a OITUOKH,
CBSI3aHHOM C 3aIIUTOHN MaMATH. DTy OIIMOKY ONpPENeNIIOT yCTAaHOBJICHHbBIE OTPAHUYCHUS
JUTS 3aIIATHI TAMSITH, KaK JJIl KHCTPYKIMH, TaK W JUIs TPAH3aKIUi B MaMSATH JaHHBIX. JTa
omMOKa UCTIONB3YETCs, YTOOBI IPEpBaTh BHIOOPKY MHCTPYKIUI B pETMOHE MAMATH THIIA
XN (Hukoeoa ne Bvinoansams).

A bus fault is an exception that occurs because of a memory related fault for an instruction
or data memory transaction. This might be from an error detected on a bus in the memory
system. [1luHHas ommoOKa - 3TO UCKIIIOYEHHE, KOTOPOE MPOUCXOIUT U3-3a OIITHOKH,
CBSI3aHHOM C MaMAThHIO, IPH BHIOOPKE MHCTPYKIUH WM TIPU TPAH3AKIIUU B TAMSTH JTaHHBIX.
OHO MOXeT OBITh BBI3BAHO OIIMOKOH, 0OHAPYKEHHOI Ha ITUHE KOHTPOJUIEPOM TTaMSTH.



Usage fault A usage fault is an exception that occurs because of a fault related to instruction execution.

SVCall

PendSV

SysTick

Interrupt

(IRQ)

This includes:
[Tonb30BaTenbCcKas OMIMOKA - ATO UCKITIOYCHHE, KOTOPOE MPOUCXOIUT U3-3a OLTHOKH,
CBSI3aHHOU C BERINOJHEHHEM KOMaHIbl. OHO BKJIIOYAET:

* An undefined instruction (Heomno3naHHy10 HHCTPYKIIHIO)
* An illegal unaligned access (HeBbIpoBHEHHBIH 10CTYIT)
 Invalid state on instruction execution
HeBepHoe cocTosiHUE MOCIIE BBITOJHEHUS HHCTPYKLIUU
* An error on exception return. (Ommn0ka Bo3Bpata U3 UCKIIOUYCHNU )

The following can cause a usage fault when the core is configured to report them:
Crenyromee MOXXET BbI3BAaTh MOJIH30BATENbCKAsL OMIUOKY pU KOH(DUTYPUPOBAHUH SIIIPA,
9TO0BI COOOLIUTE 00 ITOM:

* An unaligned address on word and halfword memory access
HeBBIpOBHCHHBII\/'I aapec CI0Ba UIIM IMOJIYCJIOBaA IIPHU JOCTYIIC K IaMATH
* Division by zero (/lenenue Ha HOJB)

A supervisor call (SVC) is an exception that is triggered by the SVC instruction. In an OS
environment, applications can use SVC instructions to access OS kernel functions and
device drivers.

Br13oB cynepsuzopa (SVC) siBisieTcs UCKITIOYEHHEM, KOTOpO€e BbI3BaHO MHCTpyKIueit SVC.
B cpene OS npuiosxeHust MOTYT UCTOIb30BaTh HHCTPYKIMH SVC, 4T00BI 00paTUTHCS K
¢yskuusm siapa OS u qpaiiBepam yCTpOMCTB.

PendSV is an interrupt-driven request for system-level service. In an OS environment, use
PendSV for context switching when no other exception is active.

PendSYV - 510 ynpasnseMslii pepbIBaHUSMHU 3aIIPOC Ha 00CITY>KUBAaHHE CUCTEMHOTO
ypoBHs. B cpeae OS, ucnonsiyiite PendSV 15 nepexitoueHnss KOHTEKCTa, KOT/1a HUKaKoe
JPYro€ UCKITIOUEHHE HE SIBJISIETCS] aKTUBHBIM.

A SysTick exception is an exception the system timer generates when it reaches zero.
Software can also generate a SysTick exception. In an OS environment, the processor can
use this exception as system tick.

SysTick - 3T0 UCKIIIOYEHHE, KOTOPOE TEHEPUPYET CUCTEMHBIH TaliMep, KOria ero CYeTUHK
nocturaet HyJsi. [IporpamMmmHoe oOecriedeHne TakKe MOXKET TeHEpUPOBaTh HCKITIOYCHUE
SysTick. B cpeae OS nporieccop MOKET UCIOIB30BATh 3TO UCKITIOUYEHUE, KaK CUCTEMHBIIM
TaKTOBBII CUTHAI.

A interrupt, or IRQ, is an exception signalled by a peripheral, or generated by a software
request. All interrupts are asynchronous to instruction execution. In the system, peripherals
use interrupts to communicate with the processor.

[NpepriBanue, wau IRQ - 310 HCKIIOUEHHE, KOTOPOE TEHEPUPYETCSI BHEITHIM YCTPOWCTBOM
WK TIPOrpaMMHO. Bee mpephiBaHus SBISIOTCS aCHHXPOHHBIME K BBITTOTHEHHIO
MHCTPYKIUU. B cucTemMe BHEIIHHME YCTPOHCTBA HCIOIB3YIOT MPEPBIBAHMS, YTOOBI 00IIAThCS
C MIPOIIECCOPOM.



Table 16. Properties of the different exception types (CBoiicTBa pa3IM4HbIX TUIIOB UCKJIFOUEHUI)

Vector
E ti i
xcell)a 1(();1) Il:)Q " EX:ePtelon Priority address or Activation
number number yp offset®
‘ 1 H - H Reset ‘ -3, the highest H 0x00000004 H Asynchronous
2 14 NMI 2 © 0x00000008 Asynchronous
| 13 Hardfault -1 | 0x0000000C -
Memory
4 12 management  Configurable®) =~ 0x00000010 Synchronous
fault
Synchronous when precise,
5 11 Bus fault  Configurable®® = 0x00000014 asynchronous when
imprecise
6 10 Usage fault  Configurable® = 0x00000018 Synchronous
70 - - - Reserved :
11 -5 SVCall Configurable® = 0x0000002C Synchronous
‘ 12-13 H - H - H - H Reserved H -
14 -2 PendSV  Configurable® = 0x00000038 Asynchronous
15 -1 SysTick  Configurable®® 0x0000003C Asynchronous
Interrupt ) 0x00000040
16-83 0-67 (IRQ) Configurable and abovel Asynchronous

1. To simplify the software layer, the CMSIS only uses IRQ numbers and therefore uses
negative values for exceptions other than interrupts. The IPSR returns the Exception number, see
Interrupt program status register on page 17.

Urto6s! yripoctuTh porpammupoBanue, CMSIS ucnons3yer Tonbko Homepa IRQ u, mostomy,
HCIIOJIb3YET OTPULIATENbHBIE 3HAUECHMS JAJIs T€X UCKIOYEHUH, YTO HE SBIISIOTCS IPEPHIBAHUSMH.
Wuctpykuus IPSR Bo3BpaliaeT HoMep HUCKIIIOYeHUs1, cM. laparpad "Peructp craryca

~

npepbiBanuit” B pazgene 2.1.3.

2. See Vector table on page 35 for more information.
Cwm. paznen 2.3.4 "Tabauna BekTopoB" 1l MOTY4YE€HUS JOTOJIHUTEIBHON HH(OpMaIUK.

3. See System handler priority registers (SHPRx) on page 122.
Cwm. paznen 4.3.7 "PerucTpbl npuOpUTETOB CUCTEMHBIX 00padoTunkoB (SHPRx)"

4. See Interrupt priority registers (NVIC IPRx) on page 111.
Cwm. paznen 4.2.7 "Peructp npuopureroB npepoiBadnii (NVIC _TPRx)"

5. Increasing in steps of 4. (YBenuunBaetcs ¢ marom 4.)

For an asynchronous exception, other than reset, the processor can execute another instruction
between when the exception is triggered and when the processor enters the exception handler.
J1J1s1 aCHHXPOHHOTO UCKJIFOUEHUS, KpoMe cOpoca, MPOIEcCOp MOKET YCIETh BBITOJHUTD APYTYIO
MHCTPYKIHUIO MEX/Yy TEM MOMEHTOM, KOT/Ia BI3BAaHO MCKIIIOYCHHE, H TEM, KOTJIa IMPOIECCOP BXOHT B
00pabOTUYMK HCKITIOUCHUS.

Privileged software can disable the exceptions that Table 16 on page 33 shows as having
configurable priority, see: [IpuBrIernpoBaHHBIN KOJ MOXKET OTKJIFOUYHUTh T€ HCKIIFOUEHUs, 9T0 B Tadmie
16 yka3zaHbl Kak UMEIOIINE KOHPUTYPUPYEMBIN IPUOPUTET, CM.



* System handler control and state register (SCB_SHCSR) on page 124
Paznen 4.3.8 "Peructp ynpaBiaeHus U COCTOSHUS CUCTEMHBIX 00padoTurkoB (SCB_SHCSR)"

» [Interrupt clear-enable registers (NVIC ICERx) on page 107
Paznen 4.2.3 "Peructp Beikaodenus npepbiannii (NVIC _ICERXx)"

For more information about hard faults, memory management faults, bus faults, and usage faults,
see Section 2.4: Fault handling on page 39.
Jist mostydeHus: JOMOIHUTENbHON HHpOpMaIUK 00 anmnapaTHbIX OMIMOKaxX, OUIMOKaX yrpaBiIeHUs
MaMsThIO, OIMOKaX [IMHBI, U MOJIb30BATEIbCKUX OMIHMOKAxX, cM. pa3aen 2.4 "OopadoTka omndok’.

2.3.3 Exception handlers (O0padoTunky UCKJIIOYEHMIH)

The processor handles exceptions using:
[Tponieccop 0OpabaTeiBaeT UCKIIIOYCHHUS, UCTIONB3YSI CIEAYIOIIEe:

Interrupt Service Interrupts IRQO to IRQ67 are the exceptions handled by ISRs.

Routines (ISRs)

Fault handlers

System handlers

[TpepriBanus ot IRQO 10 IRQ67 SABISIIOTCS UCKIIIOYEHUSAMH, KOTOPHIE
obpabarsiBarotcs ¢ momoiisio ISR.

Hard fault, memory management fault, usage fault, bus fault are fault exceptions
handled by the fault handlers.

ATnmapaTHbIe OIIMOKH, OIIUOKH YITPABJICHUS TTAMSTHIO, OITHOKHU IIIWHBI U
MOJIb30BATEIHCKUE OITMOKH SIBJISIFOTCSI HCKITFOUEHUSIMHU, KOTOPBIE 00padaThIBAIOTCS C
MTOMOIIBI0 00PaOOTYMKOB OIIHOOK.

NMI, PendSV, SVCall SysTick, and the fault exceptions are all system exceptions
that are handled by system handlers.

NMI, PendSV, SVCall, SysTick 1 uckitoueHust onmooK - 3TO BCE CUCTEMHBIC
UCKJTIOYCHHSI, KOTOPhIE 00pabaThIBAIOTCS C IOMOIIBIO CHCTEMHBIX 00Pab0OTUHKOB.



2.3.4 Vector table (Tabimnua BekTOpOB)

The vector table contains the reset value of the stack pointer, and the start addresses, also called
exception vectors, for all exception handlers. Figure 12 on page 35 shows the order of the exception
vectors in the vector table. The least-significant bit of each vector must be 1, indicating that the exception

handler is Thumb code.

Tabnuia BEKTOPOB COAEPAKUT 3HAUEHUE yKazaTells CTeKa rociie copoca, M HadajbHbIE ajipeca JJs BCceX
00pabOTYMKOB UCKITIOUEHHI, KOTOPhIE HA3bIBAIOTCS TAK)KE BEKTOPAMH UCKITIOUEHHH. PucyHok 12
MIOKa3bIBAET MOPAJOK BEKTOPOB UCKIIOUYEHUH B TabauIle BEKTOPOB. Mitaaimuii OUT KakJoro BEKTopa
JOJKeH OBITh paBeH 'l', ykasbIBasi Ha TO, 4TO KO/ 00padoTYHKa HCKITFOUEHUH HCIOIb3yeT Habop KOMaH/

Thumb.

Figure 12. Vector table (Ta6numa BekTopoB)

Exception number IRQ number
843 &7
18 2
17 1
16 0
15 1
14 2
13
12
11 5
10
g
8
7
6 -10
5 11
4 12
3 13
2 -14
1

Offzet

Ox014C

Ox004C
00048
Ox0044
0x0040
Ox003C
Ox0038

Ox002C

0x0018
Ox0014
00010
Ox000C
Ox0008
0x0004
O0x0000

Vector

IRQET

IRG2

IRO1

IRCO

Systick

Pend8Wv

Reserved

Reserved for Debug

SVCall

Reserved

Usage fault

Bus fault

Memory management fault

Hard fault

ML

Reset

Initial SF value

2115905

On system reset, the vector table is fixed at address 0x00000000. Privileged software can write to
the VTOR to relocate the vector table start address to a different memory location, in the range

0x00000080 to 0x3FFFFF&0, see Vector table offset register (SCB_VTOR) on page 118.

[Tocne cOpoca cuctembl TabIUIA BEKTOPOB HaxoauTcs 1o (pukcupoBanHomy anpecy 0x00000000.
[TpuBunerupoBaHHbIi Ko MokeT 3anucath B peructp VIOR, 4ToObI mepeMecTuTh Hauaao TaOIHuIlbI
BEKTOPOB B Jpyroe mecto B namsty, B quana3one ot 0x00000080 no 0x3FFFFF80, cm. paznen 4.3.3

"Peructp cmenienns Tabauiel BektopoB (SCB_VTOR)".




2.3.5 Exception priorities (IlppopuTeThl HCKIKOYEHUI)

As Table 16 on page 33 shows, all exceptions have an associated priority, with:
Kak mokassiBaeT Tabnuiia 16, Bce HCKITFOUCHUST HMEIOT aCCOIMUPOBAHHBIE C HUMH TIPHOPUTETHI.

* A lower priority value indicating a higher priority
Bonee Hu3koe 3HaUEHUE MPUOPUTETA MTOKA3bIBAET 00JI€E BHICOKUI IPUOPUTET

» Configurable priorities for all exceptions except Reset, Hard fault, and NMI.
Bce uckmouenus, kpome Reset, Hard fault u NMI, umeror KoHQUTYpUpyeMBbIi IPHOPHUTET.

If software does not configure any priorities, then all exceptions with a configurable priority have
a priority of 0. For information about configuring exception priorities see
Ecnu nporpamma He KOHQUTYPUPYET HUKAKHX TIPUOPUTETOB, TO BCE UCKITIOUYCHUS C KOHPUTYPUPYEMBIM
npuoputeroMm umeet npuoputet 0. s uHGopMaIuu o KOHGUTYPUPOBAHUH TPHOPUTETOB UCKITFOUCHHI
CMOTpH:

» System handler priority registers (SHPRx) on page 122
Paznen 4.3.7 "Peructpbl mpuopuTeTOB cHCcTeMHBIX 00paboTurkoB (SHPRx)"

» [Interrupt priority registers (NVIC IPRx) on page 111
Pasnen 4.2.7 "Peructp npuopureros npepoiBanuii (NVIC _IPRx)"

Configurable priority values are in the range 0-15. This means that the Reset, Hard fault, and NMI
exceptions, with fixed negative priority values, always have higher priority than any other exception.
3HaveHHsI KOHQUTYPUPYEMBIX TPHOPUTETOB HaXOATCs B quamnazone 0-15. 3to o3Havaer, 4To
uckmoueHus Reset, Hard fault u NMI, ¢ ¢pukcupoBaHHBIMU OTpULIATEIBHBIMHU IPHOPUTETHBIMH
3HAYEHUSIMH, BCET/Ia UMEIOT 0oJiee BHICOKUH MPUOPUTET, YEM JIF000€ IPYroe UCKIIYCHHUE.

For example, assigning a higher priority value to IRQ[0] and a lower priority value to IRQ[1]
means that IRQ[1] has higher priority than IRQ[0]. If both IRQ[1] and IRQ[0] are asserted, IRQ[1] is
processed before IRQ[O0].

Hanpumep, npucBoenue 6oiee BBICOKOTo 3HaueHus mpuopurera s npepsiBanus IRQ[0] u 6onee
HU3KOTO 3HaueHus npuopureta s npepoiBanus IRQ[1] o3nauaer, uto IRQ[1] umeer 6omnee BbICOKUi
npuoputeT, yeM IRQ[0]. Eciiu ogHOBpeMeHHO Oy/eT BbicTaBiieH 3anpoc Ha npepbeiBanue IRQ[1] u
IRQ[0], To npepriBanue IRQ[1] Oyxet o6padoTano nepen npepbianuem IRQ[0].

If multiple pending exceptions have the same priority, the pending exception with the lowest
exception number takes precedence. For example, if both IRQ[0] and IRQ[ 1] are pending and have the
same priority, then IRQ[0] is processed before IRQ[1].

Ecnu ecTh HECKOJIBKO 0XKUAAIOIINX 3aPOCOB UCKIIIOUEHHUH C TEM K€ CaMbIM MPUOPUTETOM, TO
IPUOPUTET MOIYUYUT TO UCKIIIOUSHHE, YTO UMEET CaMblii HU3KHI HOMep UcKItoueHus. Hampumep, eciu
€CTh JIBa OTJIOXKEHHBIX 3anpoca Ha npepbiBaHue IRQ[0] u IRQ[1] 1 oHM UMEIOT OMH IPUOPUTET, TO
npepsiBanre IRQ[0] 6yner oOpadorano nepex npepsiBanuem IRQ[1].

When the processor is executing an exception handler, the exception handler is preempted if a
higher priority exception occurs. If an exception occurs with the same priority as the exception being
handled, the handler is not preempted, irrespective of the exception number. However, the status of the
new interrupt changes to pending.

Koraa mporeccop BBIMOIHAET 00pab0TKy UCKIIIOUSHHSI, U IIPUXOIUT 3aIPOC OT UCKIIIOUCHHH ¢ Ooliee
BBICOKUM TIPHOPHUTETOM, TO MPOLIECCOP MPUOCTAHABIMBAET M BBITPY)KAET TEeKylllee UCKiItoueHue. Eciu
NPUXOIMT 3aIPOC OT UCKITFOUCHUS C TEM XKE MPHOPUTETOM, YTO y 00padaThIBAEMOT0 HCKITIOYCHHUE, TO
00paboTUYMK MPOJOIIKAET paboTy, HE3aBUCUMO OT HOMEPA 3TOTO UCKIII0UYEHUs. TOIBKO COCTOSIHHE
HOBOTO MPEPHIBAHUS U3MEHSIETCSI Ha OTIIOKEHHOE.



2.3.6 Interrupt priority grouping (I'pynnupoBka NpUOPHUTETOB UCKJIIOYEHMIH)

To increase priority control in systems with interrupts, the NVIC supports priority grouping. This
divides each interrupt priority register entry into two fields:
YToOb! YCUIUTH KOHTPOJIb HAJl IPUOPUTETAMH B CHCTEMaX ¢ MHOXKeCTBOM npepbiBanuii, NVIC
HOJIEP)KUBACT TPYNIUPOBKY MPHOPUTETOB. OHA BBIMOIHACTCS 32 CUET JIEJICHHUS KXKIO0TO MO
NPUOPUTETA B PETHCTPE PUOPUTETOB MPEPHIBAHNHN HA JBa CyOMOJIs:

* An upper field that defines the group priority
Crapiee cybmnosne, KOTOpoe ONpeAesseT rPyny NpUoOpUTeTa

* A lower field that defines a subpriority within the group.
W mnamimee cyOrmosie, KOTOpoe OmpeeiseT NOAIPUOPUTET B TIPEEIax TPYIIIIbL.

Only the group priority determines preemption of interrupt exceptions. When the processor is
executing an interrupt exception handler, another interrupt with the same group priority as the interrupt
being handled does not preempt the handler.

ToNBKO IPUOPHUTET TPYIIIBI ONIPENeNseT, OyeT U MpepBaHa 00paboTka TeKyIero uckiodenus. Korma
MPOIIECCOP BBIMOIHAET 00pabOTKY MCKIIOYCHHUS, TO IPYTOe MPEPhIBAHUE C TOW K€ CaMOM TPYIIION
IIPUOPUTETA, HE CMOXKET IIPEPBATh TEKYLIUI 00pabOTUHK.

If multiple pending interrupts have the same group priority, the subpriority field determines the
order in which they are processed. If multiple pending interrupts have the same group priority and
subpriority, the interrupt with the lowest IRQ number is processed first.

Ecnu HeCKOJIBKO OTJIOKEHHBIX MPEPBIBAHUI UMEIOT OHY TPYIITY IPUOPUTETA, TO MOJIE TIOATPHOPHUTETA
orpeenseT NopsI0K, B KOTOPOM OHHU OyayT oOpaboTraHbl. Eciy HECKOIBKO OTI0XKEHHBIX MPEpbIBAaHUN
UMEIOT OJIHY TPYIITy MPHOPUTETA U OJJUHAKOBBINA MOIPUOPHUTET, TO 00pabOTKa MpephIBaHUi OyaeT
HPOM3BOJIUTHCSA B COOTBETCTBUH C UX HOMEPAMH, UEM MEHBIIIE HOMEp, TeM paHblie 00padoTKa.

For information about splitting the interrupt priority fields into group priority and subpriority, see
Application interrupt and reset control register (SCB_AIRCR) on page 119.
JJ1s1 JONIOTHUTENTEHOW HHPOPMAIIUU O pa30UEHHUHU TIOJIS IPHOPHUTETA MTPEPHIBAHUS HA CYOTIONS TPYIIITEI

IIPUOPUTETA U MOANPUOPUTETA, CM. pa3aen 4.3.4 "Peructp npeprlBaHi MPUIOKEHNS U YIIPABICHUS
copocom (SCB_AIRCR)".

2.3.7 Exception entry and return (Bxox B HCK/Il0UeHHE U BBIXO/ U3 HEr0)

Descriptions of exception handling use the following terms:
[Tpu onmcarnu 00pabOTKU UCKITIOYCHHIA UCTIONIB3YIOTCS CIIEIYIOIIHE TEPMHUHBI:

Preemption When the processor is executing an exception handler, an exception can preempt the
IIpepeiBanne  exception handler if its priority is higher than the priority of the exception being handled.
npepeiBanust  See Section 2.3.6. Interrupt priority grouping for more information about preemption by
an interrupt.
Korna nporneccop BbIMONMHAET 00paObOTKy UCKIIOUEHHS, TO APYroe UCKITIOUEHHE MOKET
BBITPY3UTh TEKYIIUH 00pabOTUnK, eciii ero npuopuret Boime. Cm. Paznen 2.3.6

"I'pynnupoBKa NPUOPUTETOB MCKIIOUEHUI'" JJIs1 HOMyYEHUS TOMOJIHUTEIBLHON
uHbOpMaIMU O MPUOPUTETHOM MPEPHIBAHUU MPEPHIBAHUM.

When one exception preempts another, the exceptions are called nested exceptions. See
Exception entry on page 37 more information.

Koraa oHO HCKITFOUEHUE BBITPYXKACT APYroe, TO TAKOE HCKIFOYCHUE HA3bIBAIOT
BiOXeHHBIM. CM. maparpa¢ "Bxoj B uckiodenne" B 3TOM pasfere.




Return This occurs when the exception handler is completed, and:
Bosspar (13 D10 npoucxoaut, Korjaa o0paboTUMK UCKIIIOUEHUS 3aKOHYUI paboTy, U:
o0OpaboTuunka)
* There is no pending exception with sufficient priority to be serviced
Het HMKAKOTO OTI0KEHHOTO UCKIIOUEHUS C IOCTATOYHBIM IPUOPUTETOM,
KOTOPBIH HEOOXOAMMO OOCITYKUTh
* The completed exception handler was not handling a late-arriving exception.
3aBepIeHHbIH 00pabOTUMK UCKITIOUEHHSI He ObLT 3amyIieH kKak "UyTh mo3xe
npuiieamee” UCKIYEHUE.

The processor pops the stack and restores the processor state to the state it had before the
interrupt occurred. See Exception return on page 38 for more information.

[Iponeccop BRITANKMBAET CTEK U BOCCTAHABIMBAECT COCTOSIHUE TIPOIIECCOPa Ha TOT
MOMEHT, 4TO OBLJI J10 BX0/ia B IpepbIBaHue. /i MOTydeHuUs JONOTHUTEIbHON
uHpopMaiuu cM. naparpad "BosBpar u3 uckiatoyenus" B 3TOM paszede.

Tail-chaining  This mechanism speeds up exception servicing. On completion of an exception handler,
"CecTh Ha if there is a pending exception that meets the requirements for exception entry, the stack
XBOCT" pop is skipped and control transfers to the new exception handler.
DTOT MEXaHU3M YCKOpPsIET oOcayKnBaHue UCKItoueHus. [1o 3aBepiieHno 00padoTKu
UCKIJIIOUEHHS, €CITU €CTh OTIIOKEHHOE UCKIIIOUCHHE, KOTOPOE OTBEYaeT TPeOOBAHUAM IS
BXO/Ia B UCKJIFOUEHHE, TO TIPOIIEyPa BHITATIKUBAHHS U3 CTEKA MPOITyCKACTCS, U
yIIpaBJIeHUE MEPEXOUT K HOBOMY 00paOOTUHKY UCKIIIOUCHHUS.

Late-arriving  This mechanism speeds up preemption. If a higher priority exception occurs during state

Uyte mo3ke  saving for a previous exception, the processor switches to handle the higher priority

npumrenmiee  exception and initiates the vector fetch for that exception. State saving is not affected by
late arrival because the state saved is the same for both exceptions. Therefore the state
saving continues uninterrupted. The processor can accept a late arriving exception until
the first instruction of the exception handler of the original exception enters the execute
stage of the processor. On return from the exception handler of the late-arriving
exception, the normal tail-chaining rules apply.
DTOT MEXaHU3M YCKOPSET MPEepPhIBAHUE MPEephIBaHUs. Eciu mpuxoauT 60see BHICOKO-
IPUOPUTETHOE UCKITIOUEHHE HA CTAJUU COXPAHEHHS COCTOSIHUS IS TIPEIBIIYIIETO
UCKJTFOUEHHS, TO TIPOIIECCOp cpa3y MmepeaeT yrnpapieHHe 00paboTYHKY ATOTO BHICOKO-
MPUOPHUTETHOTO MCKITFOUEHUS M HHUIIUATH3UPYET BRIOOPKY BEKTOPA TSI TOTO
uckimoueHus. [Iporecc COXpaHEHUsI COCTOSIHUS HE 3aTParMBaeTCsl 3ITUM COOBITHEM, TaK
KaK COXpaHEHHOE COCTOSTHUE OYyJIeT OJIMHAKOBBIM /I 000UX UCKItoueHui. [loaTomy
IPOIIECC COXPAHEHHUsI COCTOSIHUS He TpepbiBaeTcs. [Iporieccop Moxer npuHATh "UyTh
No3Ke MpUIenee” HCKIIIOUEHUE, MOKa MepBasi HHCTPYKIHS 00pad0TINKa TEKYIIETO
UCKIJIFOUSHHS HE YCTIelia IIOCTYIHTh Ha UCIIOJTHSIOIIYIO CTaano0 KoHBeepa. [1o

Exception entry (Bxoa B nckiouenue)

Exception entry occurs when there is a pending exception with sufficient priority and either:
BxoJ1 B UCKITIOYEHHE MTPOUCXONUT, KOT/Ia €CTh 3aIPOIICHHOE UCKIIFOUYEHUE C IOCTATOYHBIM MPUOPUTETOM
Y OJIHO M3 CJICIYIOIIUX yCIOBUM:

* The processor is in Thread mode (IIpoueccop Haxoautcs B pesxkume Thread)

* The new exception is of higher priority than the exception being handled, in which case the
new exception preempts the original exception.
HoBoe uckitouenne nmeet 0oJiee BHICOKAN MPUOPUTET YeM 00pabaThiBa€MOE UCKITFOYCHHE, TOTIa



HOBOC UCKJIFOUCHUC MPECPBIBACT OPUTHMHAJIBHOC UCKIIFOUCHUC.

When one exception preempts another, the exceptions are nested.
Korna o/1HO HCKITIOUEHUE MPEPHIBAET APYroe, TO OHO SBIISETCS BIOKCHHBIM.

Sufficient priority means the exception has more priority than any limits set by the mask registers,
see Exception mask registers on page 18. An exception with less priority than this is pending but is not
handled by the processor.

JlocTaTouHBIN IPUOPUTET O3HAYAET, UTO UCKITFOUEHHE UMEET 00JIee BEICOKUI IPHOPHUTET, YeM JTF0ObIC
OrpaHUYEHUS], YCTAHOBJICHHbBIE PETUCTPAMH MAcKu, cM. naparpad "PerucTpel Macok MCKIIOUYEHUH" B
paznene 2.1.3. MckitoueHne ¢ MpUOPUTETOM HUXKE JOCTATOYHOTO BHICTABIIACTCS, HO HE 00pabaThiBaeTCs

HPOLIECCOPOM.

When the processor takes an exception, unless the exception is a tail-chained or a late-arriving
exception, the processor pushes information onto the current stack. This operation is referred as stacking
and the structure of eight data words is referred as stack frame. The stack frame contains the following
information:

Korma nmporeccop 6epet uckimodeHue, eciu 3to He nporeaypa "[locagku Ha xBocT" min "UyTh mo3xe
npuiieee" NCKIIYEHNEe, TO OH 3aTaIKUBAaeT HH(POPMAINIO HAa TEKYIIIMNA CTeK. DTa Onepaus
HasbIBaeTcs stacking, a cTpykTypa U3 BOCBMU CJIOB JIaHHBIX HAa3bIBACTCS "'CTEKOBBIM (peiimom".
"CTeKOBbI PperiM" COAEPKUT CIEAYIONTYI0 HHPOPMAIIHIO:

RO-R3, R12
Return address
PSR

LR.

Immediately after stacking, the stack pointer indicates the lowest address in the stack frame.
Unless stack alignment is disabled, the stack frame is aligned to a double-word address. If the
STKALIGN bit of the Configuration Control Register (CCR) is set to 1, stack align adjustment is
performed during stacking.

HememeHHo, TIOCIe COXpaHeHUs B CTEKE, yKa3aTelb CTEKa YKa3bIBAaeT HA CAMbIid MIIAJIIINI aapec B
"CrekoBoM ¢peiime". Eciu omnus BeIpaBHUBaHUS CTeKa He 3a0J0KHpoBaHa, To ajapec "CTeKoBOTo
¢dpeiitma" BeipoBHeH 110 1BoitHOMY ciioBY. Eciin 6ut STKALIGN peructpa CCR (Configuration Control
Register) ycTaHOBJIEH B 1, TO ONIIMS BBIPABHUBAHUS CTE€KA BKIIIOYEHA, M OHO BBITIOJHSIETCS BO BPeMs
OIepalyy COXpaHECHHUs B CTEKE.

The stack frame includes the return address. This is the address of the next instruction in the
interrupted program. This value is restored to the PC at exception return so that the interrupted program
resumes.

"CrtekoBbIl (peliM" BKITIOYAET afpec BO3BpaTa. DTO aJipec CAeAyIOIeil HHCTPYKIIUU B IPEPBAHHOMN
nporpamme. JTo 3HaueHue BoccTtaHoBIuBaeT peructp PC npu Bo3BpallleHnn U3 UCKIIOYEHHSI TaK, YTOObI
IpepBaHHasi IporpaMmma Bo300HOBHIIA Pa0dOTy.

In parallel to the stacking operation, the processor performs a vector fetch that reads the exception
handler start address from the vector table. When stacking is complete, the processor starts executing the
exception handler. At the same time, the processor writes an EXC RETURN value to the LR. This
indicates which stack pointer corresponds to the stack frame and what operation mode the was processor
was in before the entry occurred.

[TapanmiensHO ¢ omepanueil CoXpaHeHHs B CTEKe, MPOLIECCOP BHITIOIHIET BEIOOPKY BEKTOPa, TO €CTh
YUTaeT HAYaJbHBIN agpec o0paboTurKa UcKIItoueHus B Tabauie BekTopoB. Koraa coxpanenue B cTeke
3aKOHYEHO, MIPOIECCOP HAYMHAET BBIMIOJIHATH 00paboTUMK HCKIItoUeHUs. B TO ke camoe BpeMs,
nponeccop 3anuchiBacT 3HadeHne EXC RETURN B peructp LR. OHO noka3bIBaeT, Kakoil yKa3zaTeib
cTeka cooTBeTcTBYeT "CTeKkoBOMY (peliMy" U B KaKOM peKUMe padoTai Mporeccop a0 TOro, KaKk
MIPOM3OIIEN BXOJ] B UCKJIIOUEHHE.



If no higher priority exception occurs during exception entry, the processor starts executing the
exception handler and automatically changes the status of the corresponding pending interrupt to active.
Ecnu, B mporiecce BXo/1a B HCKIIIOYEHHE, HE OBUIO 3aIpoca Ha UCKII0UEHHE ¢ O0siee BBICOKUM
MPUOPUTETOM, TIPOIIECCOP HAYMHACT BBIMTOJIHATH TEKYIIHI 00paO0TUYMK U aBTOMATUYECKH U3MEHSIET €ro
COCTOSIHUE C OTJIOKEHHOTO Ha aKTHBHOE.

If another higher priority exception occurs during exception entry, the processor starts executing
the exception handler for this exception and does not change the pending status of the earlier exception.
This is the late arrival case.

Ecnu, B poriecce Bxo/1a B UCKITIOYCHHE, TIPUIIUIO HOBOE UCKITFOUYEHUE C 00JIee BEICOKHM IMPUOPUTETOM, TO
MPOIIECCOpP HAYMHAET BBIMOIHATH HOBBIH 0OpaOOTUUK U HE MEHSET CTaTyC PaHee 3alpOLIICHHOTO
UCKIIIOUEHHUsI. DTO ciaydaid "UyTh mo3kKe NpUILEIIero" HCKITIOYSHUS.

Exception return (Bbixoa u3 nckirveHus)

Exception return occurs when the processor is in Handler mode and executes one of the following
instructions to load the EXC RETURN value into the PC: Bo3Bpaienue u3 UCKIIOUEHHs IPOUCXOINUT,
Kora mnporieccop Haxonutcs B pexxume Handler u BITONHIET OHY U3 CIEAYIOMUX HHCTPYKIIHMA, YTOOBI
3arpy3utb 3HaueHue EXC_RETURN B peructp PC:

* A POP instruction that includes the PC
Wuctpykuus POP (BoccranaBnuBaeT peructpsl, Bkitoyas PC)

* A BX instruction with any register.
Wuctpykuus BX ¢ m00bIM pErucTpoM B Ka4ecTBE apryMeHTa

* An LDR or LDM instruction with the PC as the destination
Wuctpykuus LDR unu LDM ¢ aprymentom PC B kauecTBe 1enu

EXC RETURN is the value loaded into the LR on exception entry. The exception mechanism
relies on this value to detect when the processor has completed an exception handler. The lowest four bits
of this value provide information on the return stack and processor mode. Table 17 shows the
EXC RETURN][3:0] values with a description of the exception return behavior.

EXC_RETURN - 510 3HaueHue, 3arpyxeHHoe B LR npu Bxoze B uckitouenue. MexaHu3m UCKIIOUEHUN
TMIOJIATaeTCsl Ha ATO 3HAYCHHE, YTOOBI OOHAPYKUTh, KOTa MPOIECCOP 3aBEPIIHI 00padOTKy HCKITFOUCHHUSI.
Muaamuie yeTbipe 6uTa 3TOro 3Ha4eHUs NPEAOCTABISAIOT HH(POPMAIHIO O CTEKE U peXXUMe Tpoleccopa
o Bo3BparnieHuto. Tadmmia 17 mokaseiaet 3HaueHus EXC_RETURN][3:0] u onucanue moBeaeHus mpu
BO3BPALICHUN U3 UCKIIIOYCHHUSI.

The processor sets EXC _RETURN bits[31:4] to OXFFFFFFF. When this value is loaded into the
PC it indicates to the processor that the exception is complete, and the processor initiates the exception
return sequence. [Iponeccop ycranasnupaet 6utel EXC_RETURN][31:4] B 0xFFFFFFF. Korna sto
3Ha4yeHue 3arpyxeno B PC, 370 yka3pIBaeT mpoueccopy, 4To UCKITIOUEHHE 3aKOHYEHO, U TIPOLIECCOop
MHHUIAAIA3HPYET TMOCIIECA0BATEILHOCTh BO3BPAIICHUS M3 UCKIFOUYCHUSI.

Table 17. Exception return behavior (IloBenenue npu Bo3BpalieHUy U3 UCKIIOUYEHUS])

'EXC_RETURN[3:0] Description
‘Obxxxo ‘ ‘Reserved.

Return to Handler mode. (Bo3spart B pexxum Handler)

0b0001 Exception return gets state from MSP. (BoccranoBnenue cocrosinusi u3 MSP)
Execution uses MSP after return. (McnonszoBanne MSP nocrne Bo3Bpara.)

0b0011 Reserved.




0b01x1 ‘ ‘Reserved.

Return to Thread mode. (Bo3epar B pexxum Thread)
0b1001 Exception return gets state from MSP. (BoccranoBnenue cocrosiausi u3 MSP)
Execution uses MSP after return. (McnonszoBanne MSP nocine Bo3Bpara.)

Return to Thread mode. (Bo3epar B pexxum Thread)
0Ob1101 Exception return gets state from PSP. (BoccranoBnenue cocrostaust u3 PSP)
Execution uses PSP after return. (Mcnons3oBanue PSP nocnie Bo3Bpara.)

Oblx11 ‘ ‘Reserved.

2.4 Fault handling (O0pa6oTka ominooK)

2.4.1 Fault types (Tumnbl omm60K)

2.4.2 Fault escalation and hard faults (Ycunenue ommOku u anmapaTHbIE OITHOKH)
2.4.3 Fault status registers and fault address registers

Peructpsl cratyca ommbok u Peructp anpeca omuoOku

2.4.4 Lockup (byioxupoBka)
Faults are a subset of the exceptions, see Exception model on page 32. The following generate a

fault: OmmbkH - 3TO MOAMHOKECTBO UCKIIIOUEHUH, cM. pazaen 2.3 "Mojaeab HCKJII0YeHni".
Crnenyrouiye ycioBusi FTeHEPUPYIOT OLIMOKY:

* A bus error on: (OmmOKka MIMHBI TIPH:)

* An instruction fetch or vector table load
Bri0opke HHCTPYKIIMU HITH TIPH 3arpy3Ke BEKTOpa U3 TaOIUIIbI

* A data access ([locTyne k JaHHBIM)

* An internally-detected error such as an undefined instruction or an attempt to change state
with a BX instruction
BuyTpenne-oOHapyxeHHast omOKa, Takas Kak HEONO3HAHHASI MHCTPYKILIMS WU MOMBITKA
U3MEHUTH COCTOsSIHUE MHCTpyKLIuen BX

* Attempting to execute an instruction from a memory region marked as Non-Executable
(XN).
[TonbITKa BBIIOIHUTH UHCTPYKLIMIO U3 00s1acTH namsTH, momeueHHo! kak XN (Non-Executable).

2.4.1 Fault types (Tunsl ommdoK)

Table 18 shows the types of fault, the handler used for the fault, the corresponding fault status
register, and the register bit that indicates that the fault has occurred. See Configurable fault status
register (SCB_CFSR) on page 126 for more information about the fault status registers.

Tabnuna 18 nmokaspiBaeT: THMBI OIIKMOOK, 00paObOTUHK, UCIIOJIB3YEMBIH JIIsl OIIMOKH, COOTBETCTBYIOIINN
pErucTp craTyca OmIMOKHU, U OUT PEerucTpa, KOTOPBIA yKa3bIBaeT, YTo omroka npousonuia. CM. pasen
4.3.9 "Peructp cratyca koHdurypupyembix ounbok (SCB_CFSR)" nis nosnydeHus: OMOJIHUTENBHOMN
UH(POPMALIMHU O PErHCTPaxX CTaTyca OMINOKH.




Table 18. Faults (OmmOkun)

Fault H Handler H Bit name H Fault status register
Bus error on a vector read VECTTBL Hard fault status register
OmnOKa MMHBI TPU YTCHUH BEKTOPA Hard (SCB_HFSR) on page 129

aul 4.3.10 "Peructp craryca

Fault escalated to a hard fault FORCED AITIAPATHBIX OIHGOK
VYcunenue ommoOKH 10 anmapaTHOn (SCB HFSR)"
Bus error: (Ommn0xa muHBI:) - ‘-
During exception stacking
B nporiecce coxpaHenus B CTEKe AJIst STKERR
UCKITIOUCHHUS
During exception unstacking
B nporiecce BoccTaHOBIEHUS U3 CTEKA UNSTKERR Configurable fault status register
Al i Bus fault (SCB_CFSR) on page 126
During instruction prefetch 4.3.9 "Peructp craryca
B nporiecce npenBaputensHON BEIOOPKH IBUSERR KOH(QUTYpUPYEMBIX OHIMOOK
WHCTPYKIIUU (SCB_CFSR)"
Precise data bus error PRECISERR
OmnpeneneHHas omMOKa MIMHBI TaHHBIX
Imprecise data bus error IMPRECISERR
Heomnpenenennas onmmoka MIMHBI JaHHBIX
Attempt to access a coprocessor NOCP
[TombITKa AOCTYIA K COMPOIIECCOPY
Undefined instruction UNDEFINSTR
Heono3nanHas nHCTpyKIUSA
Attempt to enter an invalid instruction set
state(!) INVSTATE Configurable fault status register
[TonbITKa BOUTH B HEKOPPEKTHOE (SCB_CFSR) on page 126
COCTOSIHME JIJIsl TEKYIIEro Habopa KaMaH.1 Esi‘tge 4.3.9 "Peructp craryca
Invalid EXC_RETURN value “ KOHQUIYPHPYEMBIX OMIHOOK
HekoppekTHoe 3HaUeHHE INVPC (SCB_CFSR)"
EXC_RETURN
[llegal unaligned load or store
3arpy3ka/coxpaHeHue ¢ HEeKOPPEKTHBIM UNALIGNED
BBIPABHUBAHUEM
Divide By 0 (JlenieHue Ha HOJID) | DIVBYZERO

1. Attempting to use an instruction set other than the Thumb instruction set.
[TombITKa MCIIONIB30BaTh UHCTPYKIUIO U3 Habopa KoMaH] oTiinuHOro ot Thumb.




2.4.2 Fault escalation and hard faults (Ycunenue ommmOku U annapaTHbie OIIUOKH)

All faults exceptions except for hard fault have configurable exception priority, see System
handler priority registers (SHPRx) on page 122. Software can disable execution of the handlers for these
faults, see System handler control and state register (SCB_SHCSR) on page 124.

Bce uckitouenns ommodoK, KpoMe anmnapaTHOH OMMOKH, UMEIOT KOH(QUTYPUPYEMBIH IPUOPHUTET, CM.

paznen 4.3.7 "PerucTpbl IpHOPUTETOB CUCTEMHBIX 00paboTunkoB (SHPRX)". TIporpamMmma mMoxeT

OTKITIOYHTH BBITIOJIHEHHE 00pabOTKM TaKMX OMHMOOK, cM. paszen 4.3.8 "Peructp ynpapieHus u

COCTOSIHHSI CUCTEMHBIX 00paboTunkoB (SCB_SHCSR)".

Usually, the exception priority, together with the values of the exception mask registers,
determines whether the processor enters the fault handler, and whether a fault handler can preempt
another fault handler, as described in Section 2.3: Exception model on page 32.

OObIYHO, IPUOPHUTET UCKITIOUEHHSI, BMECTE CO 3HAUEHUSIMH PETUCTPOB MACOK MCKIIOYEHUH, ONPEAEIIIOT,
BOi1/IeT 11 mpoiieccop B 00pabOTUMK OMIMOKU, U MOXKET JIM 00pabOTUMK OMIKMOKU BBITPY3UTh IPYroi
00paboTUYMK OIMIMOKH, KaK 3TO ONMUCAHO B pazaeine 2.3 "Mogeab HCKII0YeHHn " .

In some situations, a fault with configurable priority is treated as a hard fault. This is alled priority
escalation, and the fault is described as escalated to hard fault. Escalation to hard fault occurs when:
B HEKOTOPBIX CUTYyaIHsIX, OIINOKA C KOHPHUTYPUPYEMBIM PUOPUTETOM PACCMATPHBACTCS KaK
amnmaparHasi omOka. ITo Ha3bIBAaeTCs YCUIICHUEM OLIMOKH, M, IPU OMMCAHUU OLIMOKU, TOBOPHUTCS 00
YCWICHHH JI0 anmapaTHOW OMMOKHU. Y CHIICHHE JI0 anmnapaTHOW OMMMOKH MPOUCXOINT, KOTIa:

* A fault handler causes the same kind of fault as the one it is servicing. This escalation to
hard fault occurs because a fault handler cannot preempt itself because it must have the same
priority as the current priority level. B o6paboTunke onmmoOKH MPOUCXOAUT TOT K€ CaAMBIN THIT
OIHMOKH, KOTOPBINA ceifuac 00CcaykMBaeTcsl. DTO YCHICHHE JI0 anmapaTHOW OMHUOKH MPOUCXOIUT
MOTOMY, YTO 00Pa0OTYHK OIIMOKK HE MOXET IPepBaTh caM ce0sl, BBUY OJJUHAKOBBIX
MIPHOPHUTETOB.

* A fault handler causes a fault with the same or lower priority as the fault it is servicing.
This is because the handler for the new fault cannot preempt the currently executing fault handler.
B 00paboTynke OmMOKHM MPOUCXOAUT OMIMOKA C TEM K€ CaMBbIM WJIK 00JIee HU3KUM IPHOPHUTETOM.
3TO yCUIICHUE TIPOUCXOAMUT TIOTOMY, YTO OOpaOOTUHMK Il HOBOM OIIMOKK HE MOXET NpepBaTh
TeKyIIHii 00pabOTYNK ONIMOKH.

* An exception handler causes a fault for which the priority is the same as or lower than the
currently executing exception. B 00paboT4rKke UCKITIOUCHUS TPOUCXOTUT OIMIHOKA C TEM KE
CaMbIM HJIH 00Jiee HU3KUM TIPUOPUTETOM.

* A fault occurs and the handler for that fault is not enabled.
[Ipoucxonut ommnbka, 00pabOTYMK KOTOPOH OTKITIOYEH.

If a bus fault occurs during a stack push when entering a bus fault handler, the bus fault does not
escalate to a hard fault. This means that if a corrupted stack causes a fault, the fault handler executes even
though the stack push for the handler failed. The fault handler operates but the stack contents are
corrupted. Eciiu mpoucxoauT muHHAas OMMOKa BO BpeMsi COXpaHEHHUs B CTEKE, IIPU BXO/1€ B 00pabOTIHK
OIIMOKH IIMHBI, TO IIWHHAS OIINOKA HE YCUJIMBACTCS IO alllapaTHOM OMMOKH. DTO 03HAYAET, YTO €CIIH
ATy OMIMOKY BBI3BIBAET Pa3pyIICHHBINH CTEK, TO 00pabOTUYHK OIIMOKH MPOIOJIKACT BBITTOIHSIETCS JTaKe
IIPH TOM, YTO OTIEPAIIHs COXPAHEHUS B CTEKE JIJIsl ATOr0 00paboTurka Obliia HEKOPpeKTHOW. OOpaboTUnK
OIIMOKHU paboTaeT, HO COJIEPKUMOE CTEeKA Pa3pyIICHO.

Only Reset and NMI can preempt the fixed priority hard fault. A hard fault can preempt any
exception other than Reset, NMI, or another hard fault. Tonsko Reset 1 NMI moryT npepBath



00paboTYMK anmapaTHON OMMOKU ¢ (PUKCHPOBAHHBIM MPUOPUTETOM. AMIaparHasi OMIMOKa MOXKET
npepBaTh Jiroboe uckimodenne kpome Reset, NMI, nin o6paboTurka apyroi anmaparHas OMUOKH.

2.4.3 Fault status registers and fault address registers
Perucrpsl craryca omudok u Perucrp aapeca omuoku

The fault status registers indicate the cause of a fault. For bus faults and memory management
faults, the fault address register indicates the address accessed by the operation that caused the fault, as
shown in Table 19. Peructpsi craryca ommOO0K yKa3pIBarOT IPHYKUHY OMUOKH. [[1s1 OMMOOK MIMHBI 1
OMMOOK YIPaBICHHS MaMSThIO, PETHCTP apeCcOB OIMOOK yKa3bIBAaET aJipec, 0OpalieHne K KOTOpOMy
BBI3BAJIO OIMOKY, KaK NMOKa3aHo B Tadiuie 19.

Table 19. Fault status and fault address registers (PerucTpsl ctaTyca u apecoB OIIHOOK)

Status = Address
Handler register = register Register description
name name

Ward fault status register (SCB_HFSR) on page 129
4.3.10 "Peructp craryca annaparneix ommbok (SCB_HFSR)"

Hard fault HFSR

‘Conﬁgurable fault status register (SCB_CFSR) on page 126
4.3.9 "Peructp cratyca KOHOUTYPHUPYEMBIX OIIMOOK

Memory
(SCB_CFSR)".
Eiiagement MMESR [MMFAR emory management fault address register (SCB_MMFAR) on

age 130 (4.3.11 "Peructp anpeca onmmoOKU ypaBIeHUS MaMIThIO
(SCB_MMFAR)")

‘Conﬁgurable fault status register (SCB_CFSR) on page 126
4.3.9 "Peructp craryca KOHQUTYpHUPYEMBIX OMIHOOK

Bus fault BFSR BFAR (SCB _CFSR)".

U?us fault address register (SCB_BFAR) on page 130

4.3.12 "Peructp aapeca ommnbku munsl (SCB_BFAR)"

‘Conﬁgurable fault status register (SCB_CFSR) on page 126
4.3.9 "Peructp craryca KOHQUTYpHUPYEMBIX OMIHOOK

(SCB_CFSR)".

Usage fault UFSR

2.4.4 Lockup (biokupoBka)

The processor enters a lockup state if a hard fault occurs when executing the NMI or hard fault
handlers. When the processor is in lockup state it does not execute any instructions. The processor
remains in lockup state until either:

[Tpoueccop BXOAUT B COCTOSIHUE OJIOKUPOBKH, €CIIM AMIapaTHas OMKUOKa IPOUCXOAUT IIPH BBIITOJIHEHUU
oOpaborunka NMI nnu AnnapatHoit onmmbku. Korna npoueccop HaxoauTcst B COCTOSHUM OJIOKUPOBKHY,
OH HE BBITIOJHIET HUKAKNX MHCTpYKIuii. [Iporieccop octaeTcs B COCTOSHUU OJOKUPOBKH 710 OJTHOTO U3
CJIEYIOIINX COOBITHIA

* It is reset (IIpousomien copoc)

* An NMI occurs (Cinyunnocs uckaouenue NMI)

If lockup state occurs from the NMI handler a subsequent NMI does not cause the processor to
leave lockup state.
Eciu cocrosiaue OJI0KHPOBKY MTPOUCXOAUT H3-3a 00padborunka NMI, To mocienyroiee HCKITIoUeHUEe
NMI He MOXeT NeO6IOKUPOBATEH MPOIIECCOP.



2.5 Power management (YnpasJjeHue norpedjaeHuemM)

2.5.1 Entering sleep mode (Bxonx B pexxum cHa)
2.5.2 Wakeup from sleep mode (ITpoOyxaeHue u3 pexxnuma cHa)
2.5.3 The external event input (Bxox BHenIHero coObITHs)

2.5.4 Power management programming hints
PekoMeHamnmu 1mo mporpaMMHpPOBAHHIO YITPABICHHEM MTOTPEOICHUEM

The STM32 and Cortex-M3 processor sleep modes reduce power consumption:
Pesxxumel cHa 1yt iporieccopoB STM32 u Cortex-M3 ymeHbIIaioT ob1iee norpediaeHue.

* Sleep mode stops the processor clock. All other system and peripheral clocks may still be
running. Pe&)XUM CHa OCTaHABJIMBACT TAKTOBBII CUTHAI Tpolieccopa. Bee npyrue cructeMHbIe U
nepugepuiiHbIe TAKTOBBIE CUTHAIIBI BCE €I11€ MOTYT BBITIOJIHSTHCS.

* Deep sleep mode stops most of the STM32 system and peripheral clocks. At product level,
this corresponds to either the Stop or the Standby mode. For more details, please refer to the
“Power modes” Section in the STM32 reference manual.

PexxuM riry0OKOT0o CHa OCTaHABIMBAET OOJBIIMHCTBO CHCTEMHBIX U MEPH(EPHITHBIX TAKTOBBIX
curHaioB STM32. Ha ypoBHe u3zemnus 3T0 COOTBETCTBYET pexumy Stop (Ocmanoska) niu
Standby (Oorcuoanue). 3a nONOHUTETBPHON WHPOPMAITUEH, TOKATYHCTa, OOPATUTECH K Pa3aeTy
"Power modes" B noxymenre "STM32 reference manual".

The SLEEPDEERP bit of the SCR selects which sleep mode is used, see System control register
(SCB_SCR) on page 120. For more information about the behavior of the sleep modes see the STM32
product reference manual.
butr SLEEPDEEP peructpa SCR BbIOHpaeT, Kakoil pexuM CHa UCIOJIb3yeTcs, cM. pasznen 4.3.5
"Peructp ynpasnenus cucremort (SCB_SCR)". [Ins momydeHHs TOMOJHUTETLHON HHGOPMAITIH O
MIOBE/ICHNUU PEKUMOB OXKHUIAHUA CM. T0KyMeHT "STM32 reference manual".

This section describes the mechanisms for entering sleep mode, and the conditions for waking up
from sleep mode. DTOT pa3aen OMUCHIBAET MEXaHU3MBI BXO/Ia B PEKUM CHA, U YCIOBUS JIJIS
IpOOYKICHUS U3 ITOTO PEKHUMA.

2.5.1 Entering sleep mode (Bxox B pexxum cHa)

This section describes the mechanisms software can use to put the processor into sleep mode.
DTOT pa3aen ONMMCHIBAET MEXaHU3MBI, KOTOPBIE MOXET HCITOJIB30BATh MMPOrpaMMa, YTOOBI TIOMECTHUTh
MPOIIECCOP B PEXKHUM CHA.

The system can generate spurious wakeup events, for example a debug operation wakes up the
processor. Therefore software must be able to put the processor back into sleep mode after such an event.
A program might have an idle loop to put the processor back to sleep mode.

CucremMa MOXET FeHEPUPOBATh (UKTHUBHBIC COOBITHS IPOOYKICHHUS, HATIPUMEP OTEPAIHsl OTIAJIKH
pa30ynut mpoueccop. [ToaToMy nmporpamma J0KHA OBITH B COCTOSIHUHM BEPHYTH IPOIIECCOP B PEKUM CHA
nocie Takoro coobrTus. [Iporpamma MoxkeT UMeTh mycTol (idle) uKi, 4ToOBI BEPHYTH MPOILIECCOP B
PSKHUM CHa.

Wait for interrupt (Oxxuaanue npepbiBaHus)

The wait for interrupt instruction, WFI, causes immediate entry to sleep mode. When the
processor executes a WFI instruction it stops executing instructions and enters sleep mode. See WFI on
page 103 for more information.

WNuctpyknus oxunanus npepeiBanus WFI BeI3biBaeT HeMeUIeHHBIN BXOJ B peKuM cHa. Korna



npoueccop BbInoaHsAeT HHCTPYKIUIO WFI, OH npekpaiaer BhIIOIHATh UHCTPYKLUU U BXOAUT B PEKUM
cHa. Cum. onucanue uHcTpykuu WFI s monmydenus: 1omoTHUTENbHON HH(DOpMAITUH.

Wait for event (O:xxnganue coobITHA)

The wait for event instruction, WFE, causes entry to sleep mode conditional on the value of an
one-bit event register. When the processor executes a WFE instruction, it checks this register:
Wuctpyxkius oxxunanust coobituss WFE BBI3bIBaeT yCIIOBHBINM BXOJI B PEKUM CHA, KOTOPBII 3aBUCUT OT
3Ha4YeHMsI OJHOOUTHOrO peructpa coObitus. Korna nmponeccop Beinonnser uHctpykiuo WFE, on
IIPOBEPSIET ITOT PETUCTP:

» If the register is 0 the processor stops executing instructions and enters sleep mode
Ecnu 3Hauenue perucrpa paBHo '0', TO Ipoeccop OCTaHABIMBAET BBIIOJHEHUE UHCTPYKLIUN U
BXOJIUT B PEXKUM CHA

» If the register is 1 the processor clears the register to 0 and continues executing instructions
without entering sleep mode.
Ecnu 3nauenue peructpa pasHo 'l', To npoueccop ouumiaet peructp B '0' 1 mpoiomkaeT
BBITIOJTHEHHNE HHCTPYKIUN 0€3 BX0Ja B PEXKHUM CHA

See WFE on page 102 for more information.
Cwm. onucanune uHCTpyKIu WFE 115 omydeHus: TOmOoTHATETbHOW HHPOPMALIUH.

If the event register is 1, this indicate that the processor must not enter sleep mode on execution of
a WFE instruction. Typically, this is because an external event signal is asserted, or a processor in the
system has executed an SEV instruction, see SEV on page 101. Software cannot access this register
directly.
Ecnu 3HaueHue peructpa coObITUs paBHO '1', TO 3TO YKa3bIBaeT, 4TO MPOLECCOpP HE TOJHKEH BXOAUTH B
pexxuM cHa npu BeinoaHeHnu nHcTpykuun WFE. Kak npaBuio, 3To Iporucxoaut NoTomMy 4To ObLI
BBICTaBJIEH CUTHAJI BHEIIHETO COOBITHS, HJIU MPOLIECCOP B CUCTEME BBIMOIHII HHCTPYKIUIO SEV, cMm.
onucanue uHCTpykuu SEV. [IporpaMmMa He MOXET 0OpaTUTHCS K 3TOMY PETUCTPY HEMOCPEICTBEHHO.

Sleep-on-exit (3achinanue Mo BLIXOAY)

If the SLEEPONEXIT bit of the SCR is set to 1, when the processor completes the execution of an
exception handler it returns to Thread mode and immediately enters sleep mode. Use this mechanism in
applications that only require the processor to run when an exception occurs.

Ecimu 6utr SLEEPONEXIT B peructpe SCR ycranosiieH B 'l', koraa npoieccop 3aBepiiaet
BBINOJIHEHHE 00pabOTYMKA UCKITFOUYCHUS, OH Bo3BpainaeTcs B pexxuMm Thread u HeMeieHHO BXOIUT B
pexuM cHa. VcTIoNb3yiTe 3TOT MEXaHNU3M B IPUIIOKEHUSIX, KOTOPbIE TPEOYIOT, 4TOOBI IPOIIECCOP
BBITOJIHSUT KO TOJIBKO TOT/Ia, KOT/Ia MPOUCXOTUT UCKITFOUCHUE.



2.5.2 Wakeup from sleep mode (IIpo0yskaeHue u3 pe:kuma cHa)

The conditions for the processor to wakeup depend on the mechanism that cause it to enter sleep
mode. YcnoBust 115 mpoOyKIeHUS TIPOIleccopa 3aBUCAT OT MEXaHNW3Ma, KOTOPBIN BBI3BAJl BXOJ] B PEXKUM
CHa.

Wakeup from WFI or sleep-on-exit (Ilpooy:xnenue or WFI uin ycioBus sleep-on-exit)

Normally, the processor wakes up only when it detects an exception with sufficient priority to
cause exception entry. OOBIYHO, TPOIIECCOP MPOCHIMACTCS TOIBKO TOT/IA, KOTJa OH OOHAPYKUBAET
UCKIJIIOUEHHE C JIOCTaTOYHBIM MPHOPUTETOM, YTOOBI BBI3BaTh BXO/] B UCKIIIOUEHHE.

Some embedded systems might have to execute system restore tasks after the processor wakes up,
and before it executes an interrupt handler. To achieve this set the PRIMASK bit to 1 and the
FAULTMASK bit to 0. If an interrupt arrives that is enabled and has a higher priority than current
exception priority, the processor wakes up but does not execute the interrupt handler until the processor
sets PRIMASK to zero. For more information about PRIMASK and FAULTMASK see Exception mask
registers on page 18.

HekoTopbIM BCTPOEHHBIM CHCTEMAaM, BO3MOXKHO, IPUJIETCS BBITMIOJIHUTH CUCTEMHBIE 3a7aun
BOCCTaHOBJICHHUSI TIOCJIE€ TOTO, KaK MPOIIECCOP MPOCHIMAETCS, U MPEX/IE, YEM OH BBITIOJHUT MPOTPaMMy
00paboTku pepbiBaHus. UTOOBI BBITOTHUTE 3T0, ycTaHoBuTe OUT PRIMASK B 'l', a 6uT
FAULTMASK B '0'. Eciiu npuxoIuT npepbiBaHre, KOTOPOE Pa3peLIeHO U UMEET 0oJiee BBICOKUI
MIPUOPUTET, YEM MIPUOPUTET TEKYIIETO UCKIIOYESHHUS, TO MPOILIECCOP MPOCHINAETCS, HO HE BBIMOIHSET
nmporpaMmy o0pabOTKH MpepbIBaHus, moka mpoieccop He o0HymuT PRIMASK. [[nst mony4enus
nononautenbHoi uHbopMmauu o PRIMASK u FAULTMASK cwm. naparpad "Peructpel macok
uckioueHuit" B pasaene 2.1.3.

Wakeup from WFE (IIpo6yxkaenne or WFE)
The processor wakes up if: (IIporeccop nmpocsimnaercs eciu:)

* it detects an exception with sufficient priority to cause exception entry
OH OOHAPYKUBAET UCKITFOYCHUE C JIOCTATOYHBIM IIPUOPUTETOM, YTOOBI BBI3BATH BXO/ B
UCKITFOUCHHE

it detects an external event signal, see The external event input on page 43
OH 0OHapYKUBAET CUTHAJ BHEIIHETO COOBITUSA, CM. pa3aen 2.5.3 "Bxo BHeNHero coobITus"

In addition, if the SEVONPEND bit in the SCR is set to 1, any new pending interrupt triggers an
event and wakes up the processor, even if the interrupt is disabled or has insufficient priority to cause
exception entry. For more information about the SCR see System control register (SCB_SCR) on page
120.

Kpowme toro, ecr 6utr SEVONPEND B peructpe SCR ycranosies B '1', To 1000e HOBOE BHICTaBICHHOE
IpepbIBaHUE BBI3BIBAET COOBITHE U OYIUT MPOLECCOP, JAaXe €CIIM NPEPhIBAHUE BBIKIIOUEHO MU UMEET
He)IOCTaTO‘IHBIﬁ IMPUOPUTET, 4TOOBI BBI3BATH BXO/ B UCKJIFOUYCHUC. 21.]'[5[ MMOJIYYCHUA )IOHOHHHTGHBHOﬁ
urpopmanuu o SCR cm. pasnen 4.3.5 "Peructp ynpasnenus cucremoit (SCB_SCR)".




2.5.3 The external event input (Bxoa BHeIIHero coo0bITHS)

The processor provides an external event input signal. This signal can be generated by the up to 16
external input lines, by the PVD, RTC alarm or by the USB wakeup event, configured through the
external interrupt/event controller (EXTI).

[Tporeccop mpeaocTaBIseT BXOIBI AJIsi CUTHAJIA BHEITHETO COOBITHS. DTOT CUTHAJI MOXKET OBITh
CTEHEPUPOBAH CIIECAYIOIINM: BHEITHUMH BXOJHBIMH JTUHUAMU (110 16-TH), TeTeKTOpoM HanpsokeHus PVD,
CUTHAJIOM TpeBory yacoB peanbHoro BpemeHr RTC wiu coObitueM nmpodyxaenust ot USB,
CKOH(DHTYpHPOBAaHHBIX C MIOMOIIBIO KOHTPOJIIepa BHEMTHUX TTpepbiBanmi/coobiTHil (EXTI).

This signal can wakeup the processor from WFE, or set the internal WFE event register to one to
indicate that the processor must not enter sleep mode on a later WFE instruction, see Wait for event on
page 42. Fore more details please refer to the STM32 reference manual, section 4.3 Low power modes.
OTOT CUrHaJl MOXET MPoOyKaaTh mporeccop, kotopslid 3acHyn1 oT WFE, unu craBuTh BHYyTpeHHUN
peructp coobiTus 1151 WFE B 'l', 4T00bI yKa3aTh, 4TO MPOLIECCOP HE JIOJKEH BXOJAUTH B PEKUM CHA OT
nocinenyromied nactpykuu WFE, cum., naparpad "Oxunanue coObitus". J{ns 1omonHUTEIbHON
uHpopMaluy, noxanyiicra, ooparurech Kk JokyMeHTy "STM32 reference manual", B pa3nen 4.3 "Low

power modes".

2.5.4 Power management programming hints
PexomeHanmu o NporpaMMHpPOBAHUIO YIIPABJIEHHEM NOTPedIeHueM

ANSI C cannot directly generate the WFI and WFE instructions. The CMSIS provides the
following intrinsic functions for these instructions:
Crannapt ANSI C He moxet HenocpeacTBeHHO renepupoBats HHCTpYKIH WFI 1 WFE. bubnuoreka
CMSIS obGecnieynBaeT CIeayONnMe BCTPOCHHBIC (DYHKITMH I STUX HHCTPYKIIHAMN:

void _WFE(void) // wait for Event
void _WFE(void) // wait for Interrupt

3 The Cortex-M3 instruction set

Omom paszoen noka He nepeseoeH.



4 Core peripherals (Ilepudepust sapa)

4.1 About the STM32 core peripherals (O nepudepuu sapa ans STM32)
4.2 Nested vectored interrupt controller (NVIC)

(KoHTpoiuiep BIIOKEHHBIX BEKTOPOB MPEPHIBAHUH )

4.3 System control block (SCB) (biok perucTpoB ynpaBieHUsI CHCTEMOH )
4.4 SysTick timer (STK) (CucteMHbli TaiimMep)

4.1 About the STM32 core peripherals (O nepudgepuu sigpa niasa STM32)

The address map of the Private peripheral bus (PPB) is:
Anpecnoe npoctpanctBo YactHoii [lepudepuiinoii lluusr (PPB):

Table 33. STM32 core peripheral register regions

‘ Address H Core peripheral H Description
0XE000E010-0xEOOOEOIF  System timer ‘Table 41 on page 135
Nested vectored interrupt

0xEOOOE100-0xEOOOE4EF Table 37 on page 114

controller

‘OXEOOOEDOO—OXEOOOED3F

‘System control block ‘Table 40 on page 131

MPU type register

i (1)
0XxEO0OED90-0xE000ED93  Perwctp trma MPU (momyns  mplemented
3aIUTHI TAMSITH) IIpy 4TeHHH JaeT HYIIb, YTO

nokassiBacT orcyrcrsue MPU

Reads as zero, indicating no MPU is

Nested vectored interrupt

0xEOOOEF00-0xEO00EF03
controller

Table 37 on page 114

1. Software can read the MPU Type Register at 0OXEOOOEDO0 to test for the presence of a memory

protection unit (MPU).

[Tporpamma moxet yntath peructp Tuna MPU no anpecy 0XEO00OED90, uTo651 mpoBepUTh HAIWYHE

MOAYJIA 3alIUThI ITaMsATH.

In register descriptions: (IIpu onucanuu perucTpoB:)

* The required privilege gives the privilege level required to access the register, as follows:
VYpoBeHb MpUBUIIETHI, HEOOXOAUMBIN PU OOPAILIEHUH K PETUCTPY, YKa3bIBAETCS CIIEIYIOIIUM

obOpazom:

Privileged Only privileged software can access the register.

Tonbko Kon, pa60TaIOH.[PII>i B IPUBUJICTCPOBAHHOM PCIKUME, MOXKET UMCTb JOCTYII K pCrUCTpPYy.

Unprivileged Both unprivileged and privileged software can access the register.
JIr000i1 KO MOXKET UMETH JOCTYI K PETHCTPY.



4.2 Nested vectored interrupt controller (NVIC)
KounTpoJsiep Bi10:KeHHBIX BEKTOPOB NMpepbIBAHUM

4.2.1 The CMSIS mapping of the Cortex-M3 NVIC registers

Kak CMSIS oto6paxaet peructpsl Cortex-M3 NVIC

4.2.2 Interrupt set-enable registers (NVIC ISERxX) (Peructp paspeiieHus mpepbIBaHmUii)
4.2.3 Interrupt clear-enable registers (NVIC ICERX) (Peructp BbIKIIOUEHHS IPEPHIBAHUIN)
4.2.4 Interrupt set-pending registers (NVIC ISPRx)

(Peructps! ycTaHOBKM 3aIipoca Ha IPEPHIBAHUE)

4.2.5 Interrupt clear-pending registers (NVIC ICPRx)

(Peructp ouncTku ¢uiaroB npepbIBaHHiA)

4.2.6 Interrupt active bit registers (NVIC TABRx)

(Peructp OMTOB aKTUBHOCTH MPEPHIBAHUI)

4.2.7 Interrupt priority registers (NVIC IPRx) (Peructp mpuopuTeToB MpephIBaHmi)
4.2.8 Software trigger interrupt register (NVIC STIR)

(Peructp mporpaMMHOTO 3aImycka MpephIBaHU )

4.2.9 Level-sensitive and pulse interrupts

(UYyBCTBUTETHLHOCTH IPEPHIBAHUN K YPOBHIO U (DPOHTY)

4.2.10 NVIC design hints and tips (Pa6ota ¢ NVIC, pekoMeHIaIlui U COBETHI)

4.2.11 NVIC register map (Kapra peructpos NVIC)

This section describes the Nested Vectored Interrupt Controller (NVIC) and the registers it uses.
The NVIC supports: 9tot paznen onuceiBaet Kontpomiep Bioxennsix Bektopos [IpepreiBanuit (NVIC)
U perucTpsl, kotopbie oH ucnoiszyer. NVIC noaaepxxuBaer :

* up to 68 interrupts (10 68 mpeprIBaHUIA)

* A programmable priority level of 0-15 for each interrupt. A higher level corresponds to a
lower priority, so level 0 is the highest interrupt priority
[TporpammupyeMblie ypOBHH MPHOPUTETOB, oT 0 10 15 st Kaxkaoro mpepbiBanus. Beicimit
YPOBEHb COOTBETCTBYET HU3IIEMY IIPHOPUTETY, TaK yPOBEHB ) - 3TO BBICIIHIA TPUOPUTET
IpEpbIBAHUSL.

* Level and pulse detection of interrupt signals
JleTekTHpOBaHUE MPEPBIBAHMS 110 YPOBHIO HIIH Hepernany CUrHaua

* Dynamic reprioritization of interrupts (JJluHamMudeckyto cMeHy NPHOPUTETOB MIPEPHIBAHUI)

* Grouping of priority values into group priority and subpriority fields
['pynnupoBKy 3HaYEHUH TPUOPUTETOB I10 IPYIIAM U CyOrpymmnam

* Interrupt tail-chaining (®yHk1uio "mocaaku Ha XBOCT" MPEIbIAYIIEMY IPEPHIBAHUIO)

* An external Non-maskable interrupt (NMI) (Bremnne Hemackupyemble pepbIBaHUs)

The processor automatically stacks its state on exception entry and unstacks this state on exception
exit, with no instruction overhead. This provides low latency exception handling.
[Tporeccop aBTOMAaTHYECKH COXPAHSET B CTEKE CBOE COCTOSIHUE MPH BXOJIE B UCKITFOUCHUE H
BOCCTaHABIIMBAET 3TO COCTOSIHUE U3 CTEKA TMPH BBIXOJE U3 UCKITIOUEHHS, O€3 TOTIOIHUTEIBHBIX
UHCTPYKIUH. DTO 00ecreunBaeT HU3KYIO 33JIepKKy 00paOOTKU UCKITFOUSHHIA.

The hardware implementation of the NVIC registers is:
NVIC BkitodaeT B ce0sl CIelyIolue perucTpsl:



4.2.1 The CMSIS mapping of the Cortex-M3 NVIC registers
Kax CMSIS oro0paxaer peructpsbl Cortex-M3 NVIC

To improve software efficiency, the CMSIS simplifies the NVIC register presentation. In the
CMSIS: Uto6s1 ymydmuts 3G GeKTHBHOCTH MporpammupoBanusi, CMSIS ynpormiaeT npencraBieHue
peructpos NVIC. B CMSIS:

* The Set-enable, Clear-enable, Set-pending, Clear-pending and Active Bit registers map to
arrays of 32-bit integers, so that:
Peructprl pa3penieHns u 3amnpeTa MpepbIBaHUi, yCTAHOBKH W OYMCTKH ()J1aroB MpepbhIBaHUM, U
OWTOB aKTUBHOCTH, OTPAKAFOTCSI HA MACCUBBI 32-X OUTHBIX IIENBIX TaK, YTOOBI:

* The array ISER[0] to ISER[2] corresponds to the registers ISERO-ISER2
Maccus ISER|[0]...ISER[2] cootBeTcTBYeT peructpam ISERO-ISER2

* The array ICER[0] to ICER[2] corresponds to the registers [CERO-ICER2
* The array ISPR[0] to ISPR[2] corresponds to the registers ISPRO-ISPR2
* The array ICPR[0] to ICPR[2] corresponds to the registers ICPRO-ICPR2

* The array TABR[0] to IABR[2] corresponds to the registers IABRO-IABR2.

* The 8-bit fields of the Interrupt Priority Registers map to an array of 8-bit integers, so that
the array IP[0] to IP[67] corresponds to the registers [IPRO-IPR67, and the array entry IP[n] holds
the interrupt priority for interrupt n.
8-mu OutoBsle nois peructpoB IIpuopureros IlpepsiBannii 0ToOpaxaroTCsi HA MacCUB 8-MHU
OUTOBBIX IENBIX YKCeN, Tak, yToObl MaccuB IP[0]...[67] cooTBeTcTBOBaN peructpam IPRO-IPR67,
a anieMeHT MaccuBa IP[n] coxepxut npuopurer s npepbIBaHus N.

The CMSIS provides thread-safe code that gives atomic access to the Interrupt Priority Registers.
For more information see the description of the NVIC_SetPriority function in NVIC programming hints
on page 113. Table 34 shows how the interrupts, or IRQ numbers, map onto the interrupt registers and
corresponding CMSIS variables that have one bit per interrupt.
CMSIS oGecnieunBaet aTomapHsblii JocTyn kK Peructpam IIpuopureroB [IpepsiBanmii, KOTOPBIH sBIsETCS
0€e30MacHBIM NP UCTIOIb30BAaHUH MYJIBTU-TPENOB. /115l mosrydeHus JOMOoIHUTENbHON HHPOPMAIIUHU CM.
onucanue ¢pynkuun NVIC_SetPriority() B coBetax no nporpammupoBanuio NVIC. Tabnuna 34
MOKA3bIBAET, KAK HOMEP MPEPHIBAHUS 0TOOPAKAETCs HA PETUCTPHI MPEPHIBAHUS U COOTBETCTBYIOIIHE
nepemerHbie CMSIS, KoTopbie copeprkaT Mo 0JJHOMY OUTYy Ha IpepbIBaHHE.

Table 34. Mapping of interrupts to the interrupt variables
OTtoOpakeHue MpepbrIBaHU Ha CBOU MIEPEMEHHBIC

Interrunts H CMSIS array elements!) ‘
P H Set-enable H Clear-enable H Set-pending H Clear-pending H Active Bit ‘

0-31 [ISER[0] JICER[0] ISPR[0] [ICPRI[0] IABR[0]
32-63 ISER[1] ICER[1] ISPR[1] ICPR[1] IABR[1]
64-67 ISER[2] ICER[2] ISPR[2] ICPR[2] IABR[2]

1. Each array element corresponds to a single NVIC register, for example the element ICER[1]
corresponds to the ICER1 register.
Kaxaplii a5ieMeHT MaccuBa COOTBETCTBYET eAuHCTBEHHOMY peructpy NVIC, Hanpumep, 31eMeHT
ICER[1] cootBerctByeT peructpy ICERI1.



4.2.2 Interrupt set-enable registers (NVIC _ISERXx)
PerucTtp paspenienusi npepbiBaHuii

Address offset: 0x00 - 0x0B
Reset value: 0x0000 0000
Required privilege: Privileged

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SETENA[31:16]

(E] | rs | (E] | rs | rs | rs | rs | rs | rs | rs | rs | rs ‘ rs | rs | rs | rs
15 14 13 12 1 10 9 B 7 & 5 4 3 2 1 0
SETENA[15:0]

(E] | rs | (E] | rs | rs | rs | rs | rs | rs | rs | rs | rs ‘ rs | rs | rs | rs

Bits 31:0 SETENA|31:0]: Interrupt set-enable bits. (butbl pa3penienusi npepbIBaHMIA.)
Write (I1pu 3amucn):
0: No effect (Het apexra)
1: Enable interrupt (Pa3pemraer npepriBaHue)
Read (Ilpu urenun):
0: Interrupt disabled (IlpepriBanne OTKIIIOUEHO)
1: Interrupt enabled. (IIpepbiBanue pazpemieHo)

See Table 34: Mapping of interrupts to the interrupt variables on page 105 for the correspondence
of interrupts to each register bit.

Cwm. Tabnuny 34: "OTo6paskeHue MpephIBAHUI HAa CBOU IIEPEMEHHBIE" MPHU MOMCKE COOTBETCTBHUS

MIPEepBIBaHMs KQXKJIOMY OUTY pEerucTpa.

If a pending interrupt is enabled, the NVIC activates the interrupt based on its priority. If an
interrupt is not enabled, asserting its interrupt signal changes the interrupt state to pending, but the
NVIC never activates the interrupt, regardless of its priority.

Ecnu 3anpomenHoe npepeiBanue paspemeHo, To NVIC akTuBu3upyeT npepblBaHue B
COOTBETCTBHHM C €r0 NMPHOpUTETOM. Eciu npepbIiBaHNE OTKIIIOYEHO, TO CUTHAJ, COOTBETCTBYIOLIMH
3aIpocy Ha MpepbIBaHUE, U3MEHSET cocTosiHue npepbiBanus, HO NVIC HUKOra He aKTUBU3UPYET

TaKo€ MpepbIBaHUE, HE3AaBUCHMO OT €T0 MIPUOPHUTETA.

4.2.3 Interrupt clear-enable registers (NVIC ICERX)
PerucTp BhIK/II0OYEHUS NPEePbIBAHUM

Address offset: 0x00 - 0x0OB
Reset value: 0x0000 0000
Required privilege: Privileged

The ICERO-ICER?2 registers disable interrupts, and show which interrupts are enabled.
Peructpel ICERO-ICER?2 oTK/1104atOT NpephIBaHUS U MOKA3bIBAIOT, KAKUE U3 MPEPbIBAHUN ceifuac

OTKJIKOYCHBEI.

31 30 29 2B 27 26 25 24 23 22 21 20 18 18 17 18
CLREMA[31:18]
c_wi |r:_wl | ro_wi | rc_wi | ro_w | ro_wi | re_w1 | ro_wi | ro_w | ro_wi | ro_wi | ro_wi | ro_wi rc_wi | ro_w1 | ro_w1
15 14 13 12 11 10 ] B 7 & & 4 3 2 1 o

CLAEMA[15:0]

rc_wi | ro_wl | ro_wl

_wil |r:_-.'.'1 | rc_wi | rc_wi | ro_wl | rc_wi | rc_w | ro_wi | ro_wl | rc_wi | rc_w | rc_w | rc_wi




Bits 31:0 CLRENA[31:0]: Interrupt clear-enable bits. (buTbI 0TK/II04eHHMs TPEePbIBAHNH)

Write (I1pu 3amucn):
0: No effect (Her appexra)
1: Disable interrupt (OTKIIO9aeT MpephIBaHUE)
Read (Ilpu urenun):
0: Interrupt disabled (IlpepriBanne OTKIIIOUEHO)
1: Interrupt enabled. (IIpepriBanue paspemnieHo)

See Table 34: Mapping of interrupts to the interrupt variables on page 105 for the correspondence
of interrupts to each register bit.

Cwm. Tabnuny 34: "OTo6paskeHue NpephIBAHUI Ha CBOU IIEPEMEHHBIE" MPH MOMCKE COOTBETCTBHUS

MIPEepBIBaHMs KQXKJIOMY OUTY pEerucTpa.

4.2.4 Interrupt set-pending registers (NVIC ISPRXx)
PerucTpsl ycTAHOBKH 3a1poca HA NpepbIBaHHE

Address offset: 0x00 - 0x0OB
Reset value: 0x0000 0000
Required privilege: Privileged

The ISPRO-ISPR2 registers force interrupts into the pending state, and show which interrupts are

pending. Peructpsl ISPRO-ISPR2 nepeBoasT npepblBaHus B COCTOSTHUE 3a1IpOCa, U MOKA3bIBAIOT, KAKOe
U3 IIpEphIBaHUM HaXOJUTCSI B COCTOSIHAN 3aIIpoca.

30 28 2B 27 26 25 24 23 22 21 20 18 18 17 16

SETFPEND[31:18]

s
=
ia
=
mw
m
-~
o
m
F
G
[+
(=]

Bits 31:0 SETPEND|31:0]: Interrupt set-pending bits

Write (IIpu 3anucn):
0: No effect (Her adexra)
1: Changes interrupt state to pending (CtaBur ¢uiar 3anpoca npepbIBaHHs)

Read (ITpu urenun):
0: Interrupt is not pending (HeT cocTtosiHus 3anpoca npepbIBaHus)
1: Interrupt is pending (EcTh cocTosiHME 3ampoca mpepbIBaHMS)

See Table 34: Mapping of interrupts to the interrupt variables on page 105 for the correspondence
of interrupts to each register bit.

Cwm. Tabnuiy 34: "OrobpakeHre NpepbIBaHUN HA CBOW IEPEMEHHBIE" TIPH MOUCKE COOTBETCTBUS

MPEPBIBAaHUS KOKIOMY OUTY pEerucTpa.

Writing 1 to the ISPR bit corresponding to an interrupt that is pending:

- has no effect.
3amucs '1' B Out peructpa ISPR ¢ yxe ycraHOBIEHHBIM (pi1arom 3ampoca He uMeeT 3P QeKTa.

Writing 1 to the ISPR bit corresponding to a disabled interrupt:
- sets the state of that interrupt to pending.
3anuce '1' B uuctelii 6ut peructpa ISPR craBur ¢nar 3anpoca npepbIiBaHUS.




4.2.5 Interrupt clear-pending registers (NVIC_ICPRXx)
Peructp ouyucTku ¢yiaroB npepbiBaHUM

Address offset: 0x00 - 0x0OB
Reset value: 0x0000 0000
Required privilege: Privileged

The ICPRO-ICPR?2 registers remove the pending state from interrupts, and show which interrupts
are pending. Peructpsl ICPRO-ICPR2 ounmaroT cocTosiHue 3ampoca IpepblBaHUN U IIOKa3bIBAIOT, KAKOE
U3 IpepbIBaHUN HAXOIUTCS B COCTOSIHUM 3aIpoca.

3 30 20 28 7 26 25 24 23 a2 21 20 19 18 17 18
CLRPEMD[31:16]

c_wl [ro_wt | re_wt | re_wl | re_wl | re_wl | re_wl | rewt | oro_wt | oroowl | ore_wt | roowtl | ore_wt | ore_wl | re_wl | re_wl

15 14 13 12 1 10 8 B 7 ] 5 4 3 2 1

CLRPEMD[15:0]

e_wi |r:_w1 |r:_-.';1 |r:_-.'.'1 |r:_-.';1 |r:_w1 | rz_wi | rc_w | re_wi | rc_wi | re_wi | rc_wi | re_wi | rc_wi | re_wi | re_wi

Bits 31:0 CLRPEND(31:0]: Interrupt clear-pending bits (buTbl 0uncTKH 3anpoca npepbIBaHus)
Write (IIpu 3anucn):
0: No effect (Her a¢ppexra)
1: Removes the pending state of an interrupt (O4niaeT cocTosiHUE 3aMpoca MPEPHIBAHMS)

Read (IIpu utenun):
0: Interrupt is not pending (HeT coctosiHus 3ampoca y mpepbIBaHHs)
1: Interrupt is pending (EcTb cocTosiHUE 3ampoca y npepbIBaHUs)

See Table 34: Mapping of interrupts to the interrupt variables on page 105 for the correspondence
of interrupts to each register bit.

Cwm. Tabmuiy 34: "OrobpaxkeHne npepbIBaHUI HA CBOU MepeMeHHbIe" MPU MOUCKE COOTBETCTBUS

MIPEPBIBAaHMS KOKIOMY OUTY pEerucTpa.

Writing 1 to an ICPR bit does not affect the active state of the corresponding interrupt.
3amucs '1' B Out peructpa ICPR He nmeet 3¢ dekra Ha COCTOSIHUE aKTHBHOCTH COOTBETCTBYIOIIETO

IIPEPHIBAHMSI.

4.2.6 Interrupt active bit registers (NVIC _TABRXx)
PerucTp OMTOB aKTHBHOCTH NPEPbIBAHUH

Address offset: 0x00 - 0xOB
Reset value: 0x0000 0000
Required privilege: Privileged

The IABRO-IABR2 registers indicate which interrupts are active. The bit assignments are:
Peructpel IABRO-IABR?2 noka3biBaroT, Kakoe U3 IpEepbhIBaHUN ceiiuac aKTUBHO.

3 30 2 28 7 2% 2% 24 23 2 2 20 19 18 17T 18
ACTIVE[31:16]

r | r | r | r | r | r | r | r | r | r | r | r | r | r | r | r

15 14 13 12 1 10 9 B 7 8 g 4 3 2 1 0




Bits 31:0 ACTIVE|[31:0]: Interrupt active flags (®daru aKkTHBHOCTH NpPepPbIBAHUI)
0: Interrupt not active (IIpepriBaHIe HEAKTHUBHO)
1: Interrupt active (IIpepriBaHuEe aKTHBHO)

See Table 34: Mapping of interrupts to the interrupt variables on page 105 for the correspondence

of interrupts to each register bit. Cm. Tabmwuiy 34: "OtoOpakeHre NpepbIBAHUN HA CBOM
IepeMeHHbIe" TIPH MOMCKE COOTBETCTBHSI MMPEPHIBAHUS KaXIOMY OUTY perucTpa.

A bit reads as 1 if the status of the corresponding interrupt is active or active and pending.
bur unraercs kak 1, ecnmu COOTBETCTBYIOIIEE MPEPhIBAHNE aKTUBHO, UJIM AKTUBHO U UMEET CTaTyC
OTJIOKEHHOTO 3aIpoca.

4.2.7 Interrupt priority registers (NVIC_IPRXx)
Perucrp npuopureTroB npepbiBaHUM

Address offset: 0x00- 0x0B
Reset value: 0x0000 0000
Required privilege: Privileged

The IPRO-IPR16 registers provide a 4-bit priority field for each interrupt. These registers are byte-
accessible. Each register holds four priority fields, that map to four elements in the CMSIS interrupt
priority array IP[0] to IP[67], as shown in Figure 18. Peructpsr IPRO-IPR16 o6ecnieunBaroT 4-x 6uToBOE
0JI€ TIPUOPUTETA JIJISl KAXKJI0TO IPEPbIBAHUSA. DTU PETUCTPBI UMEIOT OalTOBBIN nocTyn. Kaxaplil peructp
COJICPKUT YEThIPE MOJIsI IPUOPHUTETA, KOTOPBIE 0TOOpaXxaroT yeTbipe 31nementa B CMSIS maccuse
npuopureroB npepsiBanuii IP[0]...IP[67], kak nmokazaHo Ha puc. 18.

Figure 18. NVIC__IPRXx register mapping (Oto6paxenune peructpos NVIC__IPRx)

31 2423 1615 B.7 o
IPR16 IP[67] IP[EG] IP[& 5] IP[64]
IPRm IP[4m <+ 3] IP[4m < 2] IP[4m—=+1] IP[4m]
IPRO 1P[3] 1P[2] IP[1] IP[O]

Table 35. IPR bit assignments (Haznauenust Outos IPR)

‘ Interrupts H Name H Function

‘[3 1:24] HPriority, byte offset 3 ‘ Each priority field holds a priority value, 0-255. The lower the
23:16 Prioritv. b ffset o Value, the greater the priority of the corresponding interrupt. The
‘[ | H riority, byte otise processor implements only bits[7:4] of each field, bits[3:0] read as

‘[15:8] HPriority, byte offset 1 | 7er0 and ignore writes.
HIKE 3HAYEHHUE, TEM BBIIIE MPUOPUTET COOTBETCTBYIOLIETO
[7:0] Priority, byte offset 0 | mpepeiBanus. IIponeccop MpUHUMAET TOJIBKO OUTEI [7:4] Kaxa0r0

noJisi, OuThl [3:0] ynTaroTCs Kak HyJIb U 3alIUCh B HUX
urHopupupyercs. (Cemericmeo CL npunumaem éce noe)

Kaxnoe nosie mpuoputera coaepkuT ero 3nauenue, 0-255. Yem




See The CMSIS mapping of the Cortex-M3 NVIC registers on page 105 for more information
about the IP[0] to IP[67] interrupt priority array, that provides the software view of the interrupt priorities.
Cwmortpu pazgen 4.2.1 "Kak CMSIS otobpaxaert peructpsl Cortex-M3 NVIC" nnst onoaHUTENBHON
uHdopmarus o maccue npuoputetoB npepbiBanuii IP[0]...IP[67], koTopsiii oOecnieunBaeT
MIPOrPaMMHOE MPEACTABICHUE MPUOPUTETOB MTPEPHIBAHUIA.

Find the IPR number and byte offset for interrupt N as follows:
UtoOs! HaitTu uncno IPR u cmenienue 6aifra s npepeiBanus N, Ha0:

* The corresponding IPR number, M, is given by M = N DIV 4
CootsercrBytomuii IPR Homep M Boruncisiercs kak N fenenHoe Ha 4

* The byte offset of the required Priority field in this register is N MOD 4, where:
BaitToBoe cMemenre st HEOOXOIMMOTO TOJISI MPUOPHUTETA B 3TOM PETUCTPE onpeenseTcs Kak N
(mo monyto 4), rae:

* byte offset O refers to register bits[7:0]
6aifroBoe cMenienue 0 otHocutcs k 6utam [7:0] peructpa

* byte offset 1 refers to register bits[15:8]
OaifroBoe cMenieHue 1 otHocurcs k 6utam [15:8] peructpa

* byte offset 2 refers to register bits[23:16]
OaiiToBoe cMerieHue 2 oTHocuTes K outam [23:16] peructpa

* byte offset 3 refers to register bits[31:24].
OaiiToBoe cMelieHre 3 oTHOCUTCS Kk Outam [31:24] peructpa

4.2.8 Software trigger interrupt register (NVIC_STIR)
PerucTp nmporpaMMHOIo0 3amycKa npepbiBaHuil

Address offset: 0xE00
Reset value: 0x0000 0000

Required privilege: When the USERSETMPEND bit in the SCR is set to 1, unprivileged software
can access the STIR, see Section 4.3.5: System control register (SCB_SCR). Only privileged software can
enable unprivileged access to the STIR.

Heoo6xogumas npusuierus: Korna 6ut USERSETMPEND B SCR ycTtaHoBiieH B 1, To Ko TporpaMMBbI
B HEMPUBHWJIETHPOBAHHOM pekuMe MoxkeT o0patuthest K STIR, cm. pasnen 4.3.5: "Peructp ynpapieHus
cuctemoit (SCB_SCR)". TonbKo NpUBUIETUPOBAHHBIN KOJI MOXKET pa3pelluTh HENPUBUIETHPOBAHHOMY
nocryny k STIR.

3 30 29 2B 27 26 25 24 23 22 21 20 14 18 17 18
Reserved
15 14 13 12 11 10 & ) T & ] 4 3 2 i 0
INTID[8:0]
Reserved
W | W | W | W | W | W ‘ W | W | W
Bits 31:9 Reserved

must be kept cleared. (ITpu 3ammcu Bcerma 0)



Bits 8:0 NTID[8:0] Software generated interrupt ID

(MpeHTH(UKATOP NPOTPAMMHO FeHEPUPYEMOI0 NMpPePbLIBAHUA)
Write to the STIR to generate a Software Generated Interrupt (SGI). The value to be written is the
Interrupt ID of the required SGI, in the range 0-239. For example, a value of 0b000000011 specifies
interrupt IRQ3.
3anummte B STIR, uTo0BI crenepupoBath nporpamMmmuoe npepeiBanue (SGI). 3nauenne, kotopoe
Oyner 3anucano, siBisercs uneHTudukaropom ID Heo6xonumoro SGI, u MoxeT ObITH B TUana3oHe
0-239. Hanmpumep, 3Hauenue 0b000000011 onpenensier npeprianue IRQ3.

4.2.9 Level-sensitive and pulse interrupts
YyBCTBUTEJIBbHOCTH NPEPHIBAHUN K YPOBHIO U (DPOHTY

STM32 interrupts are both level-sensitive and pulse-sensitive. Pulse interrupts are also described
as edge-triggered interrupts.
ITpepriBanust B STM32 MOryT ObITh UyBCTBUTENBHBI KaK K YPOBHIO, TaK U K UMITYJIbCY CUTHAJIA.
[TpepbIBaHMs OT UMITYJIbCa UMEHYIOTCS TAKXKE KaK MPEPhIBAHMUS, 3aITyCKaeMble TIEPETa oM CUTHAJIA.

A level-sensitive interrupt is held asserted until the peripheral deasserts the interrupt signal.
Typically this happens because the ISR accesses the peripheral, causing it to clear the interrupt request. A
pulse interrupt is an interrupt signal sampled synchronously on the rising edge of the processor clock. To
ensure the NVIC detects the interrupt, the peripheral must assert the interrupt signal for at least one clock
cycle, during which the NVIC detects the pulse and latches the interrupt.

JUis mpepbIBaHMs, YyBCTBUTEIBHOTO K YPOBHIO, 3aIIpOC YAEPKHUBAETCS 10 TEX MOp, TOKa BHELIHEE
YCTPOMCTBO HE CHUMET CUTHaJ npepbiBaHus. OObIYHO 3TO cityyaeTcst motomy, uto ISR obOpaiaercs
BHEIIIHEMY YCTPOICTBY, 3aCTaBIIsis €0 OYMCTUTH 3alpoc Ha mpepbiBanue. [IpepsiBaHne OT HMIyIbca -
ATO CHTHAJI MPEPHIBAHMUS, BBIOOPKA KOTOPOTO MPOU3BOIUTCS CHHXPOHHO, 110 )POHTY TAKTOBOTO CHTHAJIA
nporieccopa. /i rapanTupoBaHHOTr0 00HapyxeHus npepbiBanust NVIC, BHenIHee ycTpOHCTBO JOIKHO
yIep)KUBATh CUTHAI MPEPBIBAHUS 110 KpallHEH Mepe B TEUSHHH OJHOTO ITUKJIA TAKTOBOTO CUTHAJA, BO
BpeMs koToporo NVIC oOHapyKuBaeT UMITYJIbC U 3alIETIKUBACT IIPEPhIBAHUE.

When the processor enters the ISR, it automatically removes the pending state from the interrupt,
see Hardware and software control of interrupts. For a level-sensitive interrupt, if the signal is not
deasserted before the processor returns from the ISR, the interrupt becomes pending again, and the
processor must execute its ISR again. This means that the peripheral can hold the interrupt signal asserted
until it no longer needs servicing.

Korna nporneccop BXoauT B 00paObOTUYHK MPEPhIBaHUS, OH aBTOMATHYECKHU yAISIET COCTOSIHUE 3alpoca OT
MpepbhIBaHmsI, CM. Mmaparpad "AmnmapaTHoe ¥ MPOrpaMMHOE YIIPABJICHHUE MpephiBaHuAMHU" . JIJis
MPEPBIBAHMSI, YYBCTBUTEIHHOTO K YPOBHIO, €CJIM CUTHAJ HE OBLI CHAT JI0 BO3BPAIIEHHUS MPOIIECCOpa U3
ISR, To cHOBa MOABISAETCA 3aMIPOC HA MIPEPHIBAHUE, U MPOLIECCOP JOJKEH BBIMTOIHUTE ATOT ISR cHOBa.
DT0 03HAYaeT, YTO BHEIIHEE YCTPOMCTBO MOXKET YACPKUBATH CUTHAI MPEPHIBAHUS JI0 TEX TOP, MTOKA HE
MpoIaieT HeOOXOAMMOCTD B €r0 00CTyKUBaHUH.

Hardware and software control of interrupts
AnmapaTrHoe H IPOrpaMMHOE yNpaBJieHHEe NPEePbIBAHUAMHA

The Cortex-M3 latches all interrupts. A peripheral interrupt becomes pending for one of the
following reasons: Snpo Cortex-M3 3amienkuBaeT Bce MpepbiBaHus. 3alpoc Ha MPEepPbIBAHUE OT
BHCILIHECTO YCTpOfICTBa CTAHOBUTCA 110 OI[HOI\/'I H3 CICAYIOIUX MMPHUYNH:

* The NVIC detects that the interrupt signal is HIGH and the interrupt is not active
NVIC netexTupyeT, 4TO CUTHAJI MPEPhIBAHKUS UMEET BHICOKUM YPOBEHb, a IPEPhIBAaHUE MOKA
HEaKTHUBHO



* The NVIC detects a rising edge on the interrupt signal
NVIC nerextupyeT Haquuue GpoHTa CUTHAJA MPEPhIBAHUS

» Software writes to the corresponding interrupt set-pending register bit, see Section 4.2.4:
Interrupt set-pending registers (NVIC ISPRx), or to the STIR to make an SGI pending, see
Section 4.2.8: Software trigger interrupt register (NVIC _STIR).

[Iporpamma 3anuceiBaeT '1' B COOTBETCTBYIOLIUI OUT pETUCTpa 3alpoca Ha MpepbIBaHUE, CM.
paznen 4.2.4 "Peructpsl ycraHoBKH 3anpoca Ha npepbiBadue (NVIC _ISPRXx)", niu peructpa
STIR, 4T00BI BEI3BATh MIPOTPAMMHOE MpEpPhIBaHUE, CM. paszaen 4.2.8 "Peructp mporpaMMHOro

zanycka npepbiBanuil (NVIC _STIR)".

A pending interrupt remains pending until one of the following:
@1ar BpI30BA MPEPHIBAHUS OCTACTCS BBICTABJICHHBIM JIO OJTHOTO M3 CISAYIONINX COOBITHIA:

* The processor enters the ISR for the interrupt. This changes the state of the interrupt from
pending to active. Then:
IIpoueccop Bxoaut B ISR a11s1 3TOr0 pepriBanus. IT0 U3MEHSET COCTOSIHUE IIPEPBIBAHMUS C
OTJIOKEHHOT'O Ha akTUBHBIN. Torna:

* For a level-sensitive interrupt, when the processor returns from the ISR, the NVIC
samples the interrupt signal. If the signal is asserted, the state of the interrupt changes to
pending, which might cause the processor to immediately re-enter the ISR. Otherwise, the
state of the interrupt changes to inactive.

Jlnist mpepbIBaHMs, YyBCTBUTEIBHOTO K YPOBHIO, KOT'1a Ipolieccop Bo3Bpaimaercs u3 ISR,
NVIC cuuTtsiBaeT cUrHai npepbriBanus. ECiu cUrHan BbICTaBIICH, TO COCTOSTHUE
MIPEePHIBAaHUS U3MEHSETCS Ha OTJIIOKEHHOE, YTO MOXKET MPUBECTH K TOMY, UYTO IPOIIECCOP
HeMmemieHHO moBTOpHO BoiaeT B ISR. B nmpoTuBHOM ciiydae, COCTOSIHUE MTPEPhIBAHUS
U3MEHSETCs Ha HEAaKTUBHOE.

* For a pulse interrupt, the NVIC continues to monitor the interrupt signal, and if this
is pulsed the state of the interrupt changes to pending and active. In this case, when the
processor returns from the ISR the state of the interrupt changes to pending, which might
cause the processor to immediately re-enter the ISR. If the interrupt signal is not pulsed
while the processor is in the ISR, when the processor returns from the ISR the state of the
interrupt changes to inactive.

Jlia npepeiBanust oT umimynbca NVIC nponoikaeT KOHTPOJIUPOBAaTh CUTHAN IIPEPbIBAHUS,
U €CJIM Ha HeM MOSBJISETCS] UMITYJIbC, TO COTOSIHUE TPEPBIBAHUS U3MEHSAETCS HA aKTUBHOE
u oTiIokKeHHOe. B 3ToM cimyuae, korna mpoueccop Bo3Bpamaercs u3 ISR, To cocrosinue
MIpephIBaHUS U3MEHSIETCS Ha OTIIOKEHHOE, YTO MOKET IIPUBECTU K TOMY, UYTO MPOLIECCOP
HeMmeyieHHo moBTopHO BoiaeT B ISR. Eciu Ha curnane npeppiBaHus He OBUIO UMITYJIbCA,
noka mnpoieccop Haxoautes B ISR, To, mo Beixoay npoieccopa u3 ISR, cocrosinue
IIpEphIBaHUS U3MEHSETCSI HA HEAKTUBHOE.

* Software writes to the corresponding interrupt clear-pending register bit. For a level-
sensitive interrupt, if the interrupt signal is still asserted, the state of the interrupt does not change.
Otherwise, the state of the interrupt changes to inactive. For a pulse interrupt, state of the interrupt
changes to:

[Iporpamma numieT '1' B COOTBETCTBYIOIINK OUT pErucTpa OYUCTKH 3ampoca npepbiBanus. J{ms
NIPEepBIBaHMs, YyBCTBUTEIHHOIO K YPOBHIO, €CJIM CUTHAJ MIPEPHIBAHUS BCE €I BBICTABJICH, TO
COCTOSIHHE TpephIBaHus He u3MeHseTcs. MHade, cocTosiHue npepblBaHUs U3MEHSAETCS Ha
HeakTHBHOE. |1 pephIBaHKS OT UMITYJIbCA COCTOSIHUE TPEPhIBAHUS U3MEHSETCS Ha:

* Inactive, if the state was pending
HeakTuBHOe, €ClTi COCTOSIHUE OBLTO OTII0KEHHBIM

* Active, if the state was active and pending.
AKTHBHOE, €CITU €CITH COCTOSIHHE OBLIIO aKTHBHBIM U OTJIOKCHHBIM.



4.2.10 NVIC design hints and tips (Padota ¢ NVIC, pekoMeHIauMH U COBETHI)

Ensure software uses correctly aligned register accesses. The processor does not support unaligned
accesses to NVIC registers. See the individual register descriptions for the supported access sizes.
Y06enureck, 4To MporpaMma MoJrydaeT JOCTYI K PETUCTPAM ¢ KOPPEKTHBIM BBIPAaBHUBAEM M Pa3MEPOM.
[Ipoueccop He noanep:kuBaeT HeBbIpoBHEHHBbIN qocTyn K peructpaM NVIC. Cwm. onucanusa Ha
WHIMBUIYAILHBIC PETHCTPBI IS OTIPECIICHUST HY)KHOTO pa3Mepa JI0CTyIa.

A interrupt can enter pending state even it is disabled.
[IpeprIBaHNE MOXKET MOIYYHTH CTATYC OTIOKEHHOTO, J]AXKe €CIIH OHO OTKITFOUCHO.

Before programming VTOR to relocate the vector table, ensure the vector table entries of the new
vector table are setup for fault handlers, NMI and all enabled exception like interrupts. For more
information see Section 4.3.3: Vector table offset register (SCB_VTOR) on page 118.

[Tpexne, yem nporpammupoBat VITOR, 4To0bI mepeMecTuTh TaOIHIly BEKTOPOB, YOSIUTECh, YTO
3aJjaHbl BEKTOPHbIE BXO/IbI HOBOI TaOIUIIBI 17151 00pabOTYMKOB OMIMOOK, HEMACKUPYEMOTO IPEPHIBAHUS U
BCEX UCKIIFOUCHH, Pa3pEIICHHBIX KaK MpepbhiBanus. [ moaydeHns: JONOTHUTEIBHOW HH(POPMAIIUU CM.

pasznen 4.3.3: "Peructp cmenienus tTadnuibl BekTopoB (SCB_VTOR)".

NVIC programming hints (Cosersl no nporpamvuposannio NVIC)

Software uses the CPSIE I and CPSID I instructions to enable and disable interrupts. The CMSIS
provides the following intrinsic functions for these instructions:
[Tporpammu ucnomns3yet uacrpykuuu 'CPSIE I' u 'CPSID I', uToObl pa3pemuTh U OTKIIOYUTh
npepsiBanust. CMSIS npenocrasisier cieayromue BCTpOSHHbIe (YHKIUU IS 3TUX KOMaH/I!

void __disable_irq(void) // Disable Interrupts
void __enable_irq(void) // Enable Interrupts

In addition, the CMSIS provides a number of functions for NVIC control, including:
Kpome toro, CMSIS npenocrasisier kyuy Gpynkuuit ps ynpasnenust NVIC, Bkiovast:

Table 36. CMSIS functions for NVIC control (CMSIS ¢yukuuu ans ynpasieaus NVIC)
‘ CMSIS interrupt control function H Description ‘

void NVIC_SetPriorityGrouping(uint32 _t
priority grouping)

‘Void NVIC_EnableIRQ(IRQn_t IRQn) HEnable IRQn (Pa3pemienne mpepbIBaHMs N) ‘
‘Void NVIC DisableIRQ(IRQn_t IRQn) HDisable IRQn (3ampernienue mpepbIBaHUS N) ‘

uint32 t NVIC GetPendinglRQ (IRQn_t | Return true (IRQ-Number) if IRQn is pending (Bo3Bparaer

Set the priority grouping
3ajiaHue Pyl IPUPUTETA

IRQn) true (Homep IRQ), ecnu ecth iar 3ampoca)
}/I({)ginI;IVIC_SetPendlngIRQ (IRQn_t Set IRQn pending (CtaBuT 3ampoc npepeIBaHus N)
void NVIC ClearPendinglRQ (IRQn_t  Clear IRQn pending status

IRQn) OumiaeT 3anpoc NpepbIBaHus n

Return the IRQ number of the active interrupt (Bo3Bparaer
HOMEp aKTHBHOT'O MPEPHIBAHHS )

void NVIC_SetPriority (IRQn_t IRQn, Set priority for IRQn

uint32 t NVIC GetActive (IRQn_t IRQn)

uint32_t priority) 3a1aeT NpUOPHUTET NPEPHIBAaHUS N
uint32 t NVIC GetPriority (IRQn t Read priority of IRQn
IRQn) UuTaer mpuopuTET MPEPHIBAHUS N

‘Void NVIC_SystemReset (void) HReset the system (IIporpamMMHBIii COPOC CUCTEMBI)




For more information about these functions see the CMSIS documentation.
Jnst mosmydeHust TOMOJIHUTEILHON nHpopMaIu 00 3TUX QyHKIUAX cM. nokymeHTanuto Ha CMSIS.

4.2.11 NVIC register map (Kaprta perucrpoB NVIC)

The table provides shows the NVIC register map and reset values. The base address of the main

NVIC register block is 0OXEOOOE100. The NVIC STIR register is located in a separate block at
0xEOOOEF00. Ta6auma nokassiBaet kapty peructpoB NVIC u ux 3nauenue nocie copoca. bazossbrit
aapec rinaBHoro 6soka peructpoB NVIC - 0xEQ000E100. Peructp NVIC_STIR pacnionoxxeH B
otaenbHOM O110Ke 110 aapecy 0XxEOO00EF00.

Table 37. NVIC register map and reset values
Kapra peructpoB NVIC u ux 3HaueHue nocie copoca

Offset| Register |5 QN QR YRYF[] 22N LAY o=~ o <o
55000 NVIC_ISERO SETEMA[31:0] I
* Reset Value D|D|D|D|D|D|D|E:l|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|E:l
%004 NVIC_ISER1 SETEMA[RR:3Z]
Heset Value n|:u|:u|:u|a|a|n|a|n|n|n|n|n|n|n|a|n|a|a|a|a|a|a|a|n|n|n|n :JS|E:JT|E21L:J
OxD0R NVIC_ISER2 Reserved [67:64]
Feset Value n|a|a|a
5080 NVIC_ICERD CLRAEM A[31:0]
* Reset Value :u|:u|:u|:u|:u|:u|:u|:u|::u|::u|:u|::u|:u|:u|:u|n|:u D|D|D|D|D|D|D|D|D|D|D|D|D|D|D
ox084 NVIC_ICER1 CLAEMA[B3: 32]
Heset Value :u|n|a|n|:u|:u|n|a|n|n|n|n|n|n|n|a|n a|a|a|a|a|a|a|n|n|n|n nlsﬁL:;Ln
OxOBE NVIC_IcER2 Reserved [67:64]
Feset Value n|a|a|a
NVIC_ISPRO SETPEMND[31:0]
Ox200 o Vaie JHEEEEE D E DL
w204 NVIC_ISPR1 SETPEMD[R3:32]
Heset Value n|:u|:u|:u|a|a|n|a|n|n|n|n|n|n|n|a|n|a|a|a|a|a|a|a|n|n|n|n DSL:;,JEHLD
Ox208 NVIC_ISPR2 Reserved [67:64]
Feset Value n|a|a|a
NVIC_ICPRO CLAPEMND[31:0]
Ox2B0 o Vane 5O 30O 3003003008 [0]0[0[a[0[0[a[a[o[o[3[o[o]0]0
o284 NVIC_ICPR1 CLRPEMND[&S: 32]
* Heset Value D|D|D|D|D|L‘I|D|L‘I|D|L‘I|D|L‘I|D|D|L‘I|D|D|D|D|D|D|D|D|D|D|D|D|D 3C|L;i;hj|ca
x2BB NVIC_ICPR2 Rezerved [67:64]
Feset Value n|a|a|a
o300 NWVIC_IABRO ACTIVE[31:0]
s Reset Value 3|:-|3|3|3|:-|:)|3|3|3|3|:-|:)|:-|:-|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3|3
. NWVIC_lABR1 ACTIWVE[B3:32]
Ox304 Reset Value :-|:)|a|:)|:)|:-|:)|3|3|3|3|:)|3|:-|:)|:)|3|:-|3|3|:-|:-|3|3|:-|3|3|3 :)|:-|:)|a
OxE08 NVIC_IABR2 Reserved ?E;F:SL;E
Reset Value :)|:-|:)|a
an0 NVIC_IPROD IP[3] IP[2] IP[1] P[]
* Reset Value 3|:-|3|3|3|:-|:)|3 3|3|3|:-|3|:-|:-|3 3|3|3|3|3|3|3|3 3|:-|3|:)|3|:-|:)|3
NVIC_LIF’H 16 IP[E7] IP[BE)] IP[EE) 1P[B4)
oxs10 Reset Value :)|:-|a|:)|:)|:-|:)|a 3|3|a|:-|3|:-|:-|3 3|3|3|3|3|3|3|3 :)|:-|a|:)|:)|:-|:)|a
SCE registers
Reserved
NVIC_STIR IMNTI D8]
OxEDO Reset value Reserved SEEEEEEEE




4.3 System control block (SCB)
B0k perucTpoB ynpaBJjieHUs1 CHCTEMOM

4.3.1 CPUID base register (SCB_CPUID) (Peructp naentudukaropa L{ITY)
4.3.2 Interrupt control and state register (SCB_ICSR)

Peructp ynpaBnenus npepoiBanusiMu U ux coctosiauem (SCB_ICSR)

4.3.3 Vector table offset register (SCB_VTOR) (Peructp cmenieHus TabIuIbl BEKTOPOB)
4.3.4 Application interrupt and reset control register (SCB_AIRCR)

Peructp npepsiBanmii npusnoxenus u ynpasienus copocom (SCB_AIRCR)
4.3.5 System control register (SCB_SCR) (Peructp ynpaBicHHsS CHCTEMOI)
4.3.6 Configuration and control register (SCB_CCR)

(Peructp koHpuUrypamuu u yrnpaBiacHuUs )

4.3.7 System handler priority registers (SHPRx)

(PerucTpbl IpHOPUTETOB CUCTEMHBIX 00PaOOTUYNKOB)

4.3.8 System handler control and state register (SCB_SHCSR)

Peructp ynpaBnenus u coctossausi cucteMHbix 00padotunkoB (SCB_SHCSR)
4.3.9 Configurable fault status register (SCB_CFSR)

(Peructp cratyca KOHGUTYPUPYEMBIX OLTHOOK)

4.3.10 Hard fault status register (SCB_HFSR) (Peructp craryca annapaTHbIX OIIHOOK)
4.3.11 Memory management fault address register (SCB_MMFAR)

Peructp aapeca ommbku ynpapnenus namsateio (SCB_MMFAR)

4.3.12 Bus fault address register (SCB_BFAR) (Peructp agpeca ommoOKy myHbI)
4.3.13 System control block design hints and tips

[TporpammupoBanue peructpoB 610ka SCB: pekoMeHIaIuy U COBETHI

4.3.14 SCB register map (Kapra peructpos 610ka SCB)

The System control block (SCB) provides system implementation information, and system
control. This includes configuration, control, and reporting of the system exceptions. The CMSIS
mapping of the Cortex-M3 SCB registers.
bnok ynpasiennst cuctemoit (SCB) mpenocTaBisoT HHGOPMAIIHIO O peaTu3alliid CUCTEMBI, 1
BO3MOXHOCTb YIPABJICHUS! CHCTEMOM. DTO BKIIOUACT KOH(PUTYpAIHIO, YIIPABJIECHUE, U COOOIICHUE
cucteMHbIX uckmrodeHuii. CMSIS otobpaxaet peructpsl Cortex-M3 Ha 610k SCB.

To improve software efficiency, the CMSIS simplifies the SCB register presentation. In the
CMSIS, the byte array SHP[0] to SHP[12] corresponds to the registers SHPR1-SHPR3.
YroOsl ynyqmuTs 3¢ dexrnBHOCTS IporpamMmmupoBanmst, CMSIS ynporaeT npenctaBieHIe peTUCTPOB
SCB. B CMSIS 6aiitoBsiit maccuB SHP[0]...SHP[12] cootBercTBYyeT peructpam SHPR1-SHPR3.

4.3.1 CPUID base register (SCB_CPUID) (Peructp nagearudguxaropa L{IIY)

Address offset: 0x00
Reset value: 0x411F C231
Required privilege: Privileged

The CPUID register contains the processor part number, version, and implementation information.
Peructp CPUID conepxut HOMep MpoIeccopa, ero BEPCHI0, U HPOPMAIIUIO O PeaTH3AIIIH.

3 30 28 2B 27 26 25 24 23 22 21 20 18 18 17 16
Impleme nter Variant Constant

r | r | r | r | r | r | r | r r | r | r | r r | r | r | r

15 14 13 12 11 10 g B 7 & 5 4 3 2 1 0




Bits 31:24 Implementer: Implementer code (Koa peanuzannun)
0x41: ARM

Bits 23:20 Variant: Variant number (Homep Bapunanun)
The r value in the rnpn product revision identifier
3HavyeHue I B UACHTU(PHUKATOPE FNPN PEBU3UU IPOTYKTa

Ox1: ripl

Bits 19:16 Constant: (Koncranra)
Reads as OxF (Yuraercs kak 0xF)

its 15:4 PartNo: Part number of the processor (Homep npoueccopa)
0xC23: = Cortex-M3

Bits 3:0 Revision: Revision number (Homep pesusun)
The p value in the rmpn product revision identifier
3Ha4yeHue p B UACHTU(UKATOPE NPN PEBU3HH MPOAYKTA
Ox1: =rlpl

4.3.2 Interrupt control and state register (SCB_ICSR)
PerucTp ynpaB/jieHusi NpepbIBAHUAMH U MX COCTOSTHHEM

Address offset: 0x04
Reset value: 0x0000 0000
Required privilege: Privileged

Peructp ICSR:

* Provides: (mpemocTaBiseT:)

* A set-pending bit for the Non-Maskable Interrupt (NMI) exception
BuT ycTaHOBKH 3ampoca UCKIIIOUSHHS [T HEMaCKUPYEMOTO TIPEPhIBAHHUS

* Set-pending and clear-pending bits for the PendSV and SysTick exceptions
butel ycTaHOBKM 1 0uMcTKH 3anpoca i uckitoueHuil PendSV u SysTick

* Indicates: (IToxa3biBaerT:)

* The exception number of the exception being processed
Homep oOpabaTsiBaeMOT0 UCKITIOYCHHS

*  Whether there are preempted active exceptions
EcTh 1 pepBaHHbIC AKTUBHBIE HCKITFOUCHUS

* The exception number of the highest priority pending exception
Homep uckiroueH s A1 OTI0KEHHOTO UCKITFOUCHHUS C BBICIIIAM MPHOPUTETOM

* Whether any interrupts are pending. (EcTb 711 0TJI0’)K€HHBIE TPEPHIBAHUS )

Caution: When you write to the ICSR, the effect is unpredictable if you:
Ipeaynpe:xaenue: Koraa ol numniere B ICSR, a¢ddexT Henpeackazyem, €ciiu BI:

e Write 1 to the PENDSVSET bit and write 1 to the PENDSVCLR bit
IMTumwure '1' B 6utr PENDSVSET u outr PENDSVCLR



e Write 1 to the PENDSTSET bit and write 1 to the PENDSTCLR bit.
IMTumwure '1' B 6ur PENDSTSET u 6utr PENDSTCLR.

H 30 28 28 27 26 25 24 23 22 21 20 18 18 17 16

NMIPE PEND | PEND | PEND | PENDS ISAPE
NDSET| Reserved |SVSET |SVCLR|STSET| TCLR |  Reserved | NDING

W rw W e W r r | r | r | r | r | r

15 14 13 12 11 10 8 ] 7 ] 3] 4 3 2 1 0

VECTPENDING[S:4]

VECTPENDING[Z:0] e VECTACTIVE[E:0]
Reserved

r | r | r | r r rw | rw | rw | rw | rw | W | W | W | rw

Bit 31 NMIPENDSET: NMI set-pending bit. (but ycranosku 3anpoca Ha NMI)
Write (I1pu 3amucn):
0: No effect (Het a¢pexra)
1: Change NMI exception state to pending. (CtaBut 6T 3ampoca Ha uckirouearne NMI)
Read (Ilpu urenun):
0: NMI exception is not pending (Het 3anpoca Ha uckimtouenue NMI)
1: NMI exception is pending (Ectb 3anpoc Ha uckmouenne NMI)

Because NMI is the highest-priority exception, normally the processor enter the NMI exception
handler as soon as it registers a write of 1 to this bit, and entering the handler clears this bit to 0. A
read of this bit by the NMI exception handler returns 1 only if the NMI signal is reasserted while
the processor is executing that handler.

Tak kak uckmodenne NMI umeeT BbICIIMNA TPUOPUTET, OOBIYHO, ITPOIIECCOP BXOAUT B 00pabOTUNK
NMI cpa3y, kak ToabKO TUmieTcs '1' B 3TOT OUT perucrpa, a BXo1 B 00pabOTUYUK OYUIIIAET ITOT OUT.
Yrenue storo 6uta B o6padotunke NMI gact 'l' Tonbko B ToM ciydae, ecinu curaai NMI
MOBTOPHO BBICTaBIJICH B TO BPEMsI, IOKa MPOLIECCOP BBIIOIHACT KO 00paboTyHKa.

Bits 30:29 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)

Bit 28 PENDSVSET: PendSV set-pending bit. (but ycranoBku 3anpoca Ha PendSV)
Write (I1pu 3amucn):
0: No effect (Het a¢pexra)
1: Change PendSV exception state to pending. (CtaBut 6uT 3anpoca Ha uckirodeHue PendSV)
Read (Ilpu urenun):
0: PendSV exception is not pending (Het 3anpoca na uckitouenue PendSV)
1: PendSV exception is pending (Ects 3anpoc Ha uckinoyenue PendSV)

Writing 1 to this bit is the only way to set the PendSV exception state to pending.
3anucek 'l' B 3TOT OUT - 3TO €IMHCTBEHHBIN CITOCO0 3ampocuTh uckioueHne PendSV

Bit 27 PENDSVCLR: PendSV clear-pending bit. (but ouncrku 3anpoca Ha PendSV)
Write (I1pu 3amucn):
0: No effect (Het a¢ppexra)
1: Removes the pending state from the PendSV exception.
VY nansier cocrosinue 3amnpoca Ha uckitoueHue PendSV.

Bit 26 PENDSTSET: SysTick exception set-pending bit. (but ycranoBku 3anpoca Ha SysTick)
Write (IIpu 3anucn):
0: No effect (Her addexra)
1: Change SysTick exception state to pending (CtaBut 6ut 3anpoca Ha uckiatouenue SysTick)
Read (ITpu urenun):
0: SysTick exception is not pending (Her 3ampoca na ucxiouerue SysTick)
1: SysTick exception is pending (Ectb 3anpoc Ha uckmouenne SysTick)




Bit 25 PENDSTCLR: SysTick exception clear-pending bit. (but ouncrku 3anpoca Ha SysTick)
Write (I1pu 3amucn):
0: No effect (Het a¢pexra)
1: Removes the pending state from the SysTick exception.
VY nanser cocrosiuue 3anpoca Ha uckiaodenue SysTick

This bit is write-only. On a register read its value is unknown.
D10 OHT TOJBKO JUIst 3amucy. [Ipu MombITKe YTEHUs 3HAaYCHUE ITOTO OUTa HEONPEIENICHO.

Bit 24 Reserved
must be kept cleared. (ITpu 3anucu Bceraa 0)

Bit 23 Reserved
This bit is reserved for Debug use and reads-as-zero when the processor is not in Debug.
OTOT OUT 3ape3epBUPOBAH IS OTIAJOUHBIX Lesel 1 ynTaeTcs Kak '0', eciu mporeccop He
HaxoauTcsa B pexxume Debug.

Bit 22 ISRPENDING: Interrupt pending flag (®Jar 3anpoca Ha npepbiBaHue)
excluding NMI and Faults (Bkmtouast or NMI u ot omm6ok)
0: Interrupt not pending (Het 3anpoca Ha npepbIBaHHE)
1: Interrupt pending (EcTh 3ampoc Ha npepbsiBaHUE)

Bits 21:12 VECTPENDING]|9:0] Pending vector (BekTop 3anpoca)
Indicates the exception number of the highest priority pending enabled exception.
[Toka3bIBaeT HOMEp OTIOKEHHOT'O UCKIIIOUEHHS C BBICIIMM IPUOPUTETOM
0: No pending exceptions (Her 3ampoca Ha HCKIIIOUEHUE)
Oother values: The exception number of the highest priority pending enabled exception.
Homep HucKITI0UeHUs TOTO U3 OTJIOKEHHBIX UCKITFOUEHHH, YTO UMEET BBICIIUI IPHOPUTET

The value indicated by this field includes the effect of the BASEPRI and FAULTMASK registers,
but not any effect of the PRIMASK register.

3HaveHwne, mokazaHHoe B 3ToM moJe, BkiaodaeT 3¢ ekt peructpoB BASEPRI u FAULTMASK, u
qacTth 3 dexroB peructpa PRIMASK.

Bit 11 RETOBASE: Return to base level (Bo3BpaT Ha 0a30BbIil YypOBEHb)
Indicates whether there are preempted active exceptions:
YKa3bIBaeT, €CTh JIM MPEPBaHHBIC AKTHBHBIC HCKITFOUCHUS:
0: There are preempted active exceptions to execute
EcTb BEIrpy)XeHHOE aKTHBHOE MCKITIOYCHHUS, KOTOPOE CIICYET 3aBEPIIUTh
1: There are no active exceptions, or the currently-executing exception is the only active
exception. Het HUKaKMX aKTUBHBIX UCKITFOUEHHH, WM TO UCKITIOYCHHE, YTO CEYac BBITIOIHSIETCS -
SIBJISICTCS. €JIMHCTBCHHBIM aKTUBHBIM UCKITFOUCHHCM.

Bits 10:9 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)

Bits 8:0 VECTACTIVE[8:0] Active vector (AKTUBHBbII BEKTOP)
Contains the active exception number: (CoaepKuT HOMEp aKTHBHOTO UCKITIOUCHHS )
0: Thread mode (Pexum Thread)

Other values: The exception number(! of the currently active exception.
Apyroe 3HayeHue: Homep TOro UCKIKOYEHHUS, YTO aKTUBHO B TEKYIIUHA MOMEHT.

Note: Subtract 16 from this value to obtain the IRQ number required to index into the Interrupt
Clear-Enable, Set-Enable, Clear-Pending, Set-Pending, or Priority Registers, see Table 5 on page
17.

Note: Berurure 16 u3 3Toro 3adeHus1, 9To0bl monyduTh Homep IRQ, KoTopsIil TpedyeTces mis
MHJIEKCUPOBAHMs OUTA B PETHCTPAX Pa3pelICHHUs U OTKIIOUEHUS MPEPhIBAHUHN, YCTAHOBKHU H



OYMCTKH 3aIlpoca MpephIBaHuUs, UM B pETUCTpax Npuopurera, cM. Tabmuiy 5.

1. This is the same value as IPSR bits[8:0], see Interrupt program status register on page 17.

310 TO )€ camoe 3HaueHue, uro u noie IPSR[8:0], cm. maparpad "Peructp craryca npepeiBaHumit'

B pazzgene 2.1.3.

4.3.3 Vector table offset register (SCB_VTOR)
Peructp cMemenns Ta0JuIbl BEKTOPOB

Address offset: 0x08
Reset value: 0x0000 0000
Required privilege: Privileged

'

3 30 20 28 27 26 25 24 23 22 21 20 19 18 17
TBLOFF[22:18]
Reserved
v | re ‘ re | e | e | e | e | re | rw | e | re | rw | re
15 14 13 12 11 10 8 B 7 6 B 4 3 2 1
TBLOFF[15:5] A 5
BSEMVe
™ | It | e | e | r | r | re

Bits 31:30 Reserved
must be kept cleared (ITpu 3anucu Bceraa 0)

Bits 29:11 TBLOFF[29:9]: Vector table base offset field. (Cmenienue 6a3p1 Ta61M1bI BEKTOPOB)

It contains bits [29:9] of the offset of the table base from memory address 0x00000000. When
setting TBLOFF, you must align the offset to the number of exception entries in the vector table.
The minimum alignment is 128 words. Table alignment requirements mean that bits[8:0] of the
table offset are always zero. Bit 29 determines whether the vector table is in the code or SRAM
memory region.

Ot 6uThI [29:9] conepkar cMmemieHre 6a3pl TabIUIIbI OTHOCUTENBHO anpeca namsatu 0x00000000.

[Ipu 3amannu 3TOr0 3HaYEHUs, BbI JOKHBI BHIPOBHUTH CMEIICHUE 10 YUCITY UCKIIOYSHHH B
TabnuIe BEKTOPOoB. MUHMMabHOE BhIpaBHUBaHME - 128 cioB. TpeOoBaHMUs BEIpaBHUBAHUS
TaOIMIIBI 03HAYAIOT, YTO OUTHI [8:0] cMeleHus: TaOIHIIbI BCETa SBISIOTCS HysieM. but 29
oTpeenseT, HaXOAUTCS JI TaOIuIla BEKTOPOB B 00aCTH Koaa win B ooactu SRAM mamsTu.
0: Code
1: SRAM
Note: Bit 29 is sometimes called the TBLBASE bit.
Bur 29 unorna masssaror Outom TBLBASE.

Bits 10:0 Reserved

must be kept cleared (ITpu 3anucu Bcerna 0)




4.3.4 Application interrupt and reset control register (SCB_AIRCR)

Pernctp npepbiBaHuii NPUJIOKEHHUSI M YIIPABJIeHUsI COPOCOM

Address offset: 0x0C

Reset value: 0OxFA05 0000
Required privilege: Privileged

AIRCR obecneunBaeT ynpaBlieHHEe TPYNIUPOBKON MPUOPUTETOB I MOJICTH UCKIIIOUEHUH, CTaTyC

The AIRCR provides priority grouping control for the exception model, endian status for data
accesses, and reset control of the system.

endian (TOpsIIOK yIIakOBKHU OAWT B CJIOBE) [ IOCTyIA K JaHHBIM, U yIIpaBjIeHHEe cCOPOCOM CUCTEMBI.

To write to this register, you must write 0x5VA to the VECTKEY field, otherwise the processor
ignores the write. [1pu 3amucu B 3TOT perucTp, Bbl JOJKHBI 3anucaTh 3HaueHne 0xSVA B nose
VECTKEY, nnaue npoueccop NpOMrHOpUpYeT 3aIUCh.

3 3 28 28 27 %% 25 24 23 22 21 20 19 18 17 16
VECTKEY STAT[15:0](read)/ VECTKEY[15:0(write)
rll'f. | n’f‘ | rllif. | rll'f. | rllif. | rllif. | n’f‘ | rll'f. | rllif. ‘ rllif. | rllif. | rllif. ‘ rllif. | rllif. | rllif. ‘ rllif.
15 14 13 THRT 10 9 B 7 & 5 4 3 2 i 0
SYS | VEGT
ﬁ"éns';‘ PRIGROUP RESET| CLR JEESC%
Reserved Reserved REC |ACTIVE

r

r Ilif. | rllifl | r Ilif.

Bits 31:16 VECTKEYSTAT|[15:0]/VECTKEY[15:0] Register key
Reads as 0x05FA (Yutaetcs kak 0x0SFA)
[Tpu 3anucu, mummre 3HadeHre 0xSFA 8 VECTKEY, nnaue 3anuch OyaeT mpoOUrHOPHUPOBAHA.

Bit 15 ENDIANESS Data endianness bit (but cratyca endian)
Reads as 0. (YuTaercs kax 0)

Bits 1

0: Little-endian

4:11 Reserved

must be kept cleared (IIpu 3anucu Bceraa 0)

Bits 10:8 PRIGROUP|2:0]: Interrupt priority grouping field
[Mose rpynnupoBKY NPUOPUTETOB MPePbIBAHUIA

This field determines the split of group priority from subpriority, see Binary point on page 119.
DTO TOJIe OTpeAesIeT TOYKY OTIIEJICHUS TPYIIIBI IPUOPHUTETA OT CYOIIPHOPUTETA, CM. TIaparpad
"bunHapHas Touka" YyTh HUXKE.

Bits 7

:3 Reserved

must be kept cleared (ITpu 3anucu Bceraa 0)

Bit 2 SYSRESETREQ System reset request (TpedGoBanne Ha cOpoc cucTeMbl)
This is intended to force a large system reset of all major components except for debug.
DTOT OUT MpeAHa3HAueH AJI1 HHUIMALNH "00IbIIOr0" cOpoca CUCTEMBI, BCEX €€ TNIaBHBIX
KOMITOHEHTOB, 32 UCKJIFOUCHUEM MOJIYJIS OTJIAIKH.

This bit reads as 0. (3tot 6uT unTaetcs kax 0)

0: No system reset request (Her 3ampoca Ha cOpoc cucTemsl)
1: Asserts a signal to the outer system that requests a reset.

BricTaBisier curaan copoca TEM YacTsM CHCTEMBI, 9To TpeOyroT cOpoca




Bit 1 VECTCLRACTIVE
Reserved for Debug use. This bit reads as 0. When writing to the register you must write 0 to this
bit, otherwise behavior is unpredictable.
3ape3epBuUpOBaH s e oTaaaku. IToT ouT yntaetcs kak '0'. [Ipu 3amucu B perucTp BbI
JOJOKHBI Ticath '0' B 3TOT OUT, MHAYE MOBEACHHUE OyIET HEMPEACKA3yeMbIM.

Bit 0 VECTRESET
Reserved for Debug use. This bit reads as 0. When writing to the register you must write 0 to this
bit, otherwise behavior is unpredictable
3ape3epBUpOBaH IS Leel oTaaaku. IToT OuT yutaercs kak '0'. [Ipu 3anucu B perucTp Bbl
TOJDKHBI icath '0' B 3TOT OUT, WHAYE TIOBEICHHE OyIeT HEMPECKa3yeMbIM.

Binary point (bunapHas Touka)

The PRIGROUP field indicates the position of the binary point that splits the PRI n fields in the
Interrupt Priority Registers into separate group priority and subpriority fields. Table 38 shows how the
PRIGROUP value controls this split.

[Tone PRIGROUP yka3siBaeT nmo3uiuio OMHAPHOM TOUKH B IBOUYHOM UYHKCIE, KOTOpasi pa30OUBaeT Mmois
PRI_n B peructpe IPR Ha oTnenbHbIe CyOTIONS TPYIITBI IPHOPUTETA U cyOnpropurteTa. Tabnuma 38
nokasbiBaeT, kak 3HadeHne PRIGROUP ynpaginset 3TuM pa3oueHueM.

Table 38. Priority grouping (I'pynmnupoBka npuopuTeTOB)

H Interrupt priority level value, PRI_N|[7:4] H Number of
PRIGROUP — —

[2:0] Binary point ! Grou[l))ilt):wrlty Subg;‘tlsrlty pg(l;:ilg)e S Sub priorities
© 0b011 | Obxxxx | [74] | None 16 [ None
©0b100 | Obxxxy | [75]  [4] 8 [ 2
©0bl01 | Obxxyy | [7:6]  [54] 4 [ 4
©0b110 | Obxyyy [7] o [64] 2 [ 8
~ 0bll1l | Obyyyy = None  [74] | Nome 16

1. PRI n[7:4] field showing the binary point. x denotes a group priority field bit, and y denotes a
subpriority field bit.
[Tone PRI _n[7:4] noka3aHo ¢ GMHapHOW TOYKOM. X 0003Ha4aeT OUT CyOIoIs TPYMIbl IPUOPUTETA, & Y
0003HavaeT OUT cyOross cyonpuopuTeTa.

Determining preemption of an exception uses only the group priority field, see Section 2.3.6:
Interrupt priority grouping on page 36. Ilpu onpeneneHny NPUOPUTETA UCKIIFOYEHUS UCTIOJIb3YETCS
TOJIBKO I10JI€ TPYIIIBI IPUOPUTETA, CM. paznen 2.3.6 "[ pynnupoBka NpUOPUTETOB UCKIIOUYEHUN" .

(B cemeticmee CL ucnonvsyromes ce 8 bum nois.)




4.3.5 System control register (SCB_SCR) (Peructp ynpaBJieHusi CHCTEMOM)

Address offset: 0x10
Reset value: 0x0000 0000
Required privilege: Privileged

The SCR controls features of entry to and exit from low power state. Peructp SCR ympasisier
0COOEHHOCTSIMH BX0J1a B COCTOSIHME OTPEOJICHUS] MaJIO MOIIIHOCTH U BBIXOZA U3 HETO.

3 30 28 28 27 26 25 24 23 22 21 20 18 18 17 18
| Reserved
15 14 13 12 1 10 8 B 7 -] 5 4 3 2 1 0
SEVOM SLEEF SL&IJEP
Reserved FEND Hes. DEEF EXIT Res.

e e e

Bits 31:5 Reserved
must be kept cleared (Ilpu 3anucu Bcerna 0)

Bit 4 SEVEONPEND Send Event on Pending bit (CuntaTts 3anpoc IRQ co0biTHeM npo0y:kaenns)
When an event or interrupt enters pending state, the event signal wakes up the processor from WFE.
If the processor is not waiting for an event, the event is registered and affects the next WFE. The
processor also wakes up on execution of an SEV instruction or an external event.

Koraa coObiTre minu npepeiBaHue CTaBAT ¢uiar 3arnpoca, To 3T0 IpoOyKaaeT IpoLeccop 13
cocrostnust WFE. Eciu npouieccop He 5KJI€T 3TOro COObITUS, TO OHO PETUCTPUPYETCSI U UMEET
ad ekt Ha To, uTo crneayeT nocie coctosuus WFE. [Ipouieccop Takxke nmpoceinaercs npu
BbIOTHeHNH HHCTPYKIMK SEV mim ot BHEIHeTro coObITHSI.

0: Only enabled interrupts or events can wakeup the processor, disabled interrupts are excluded
TonpKo pa3pernieHHbIe TPEePhIBAaHMS WIH COOBITUS MOTYT Pa30yAUTh TPOLIECCOpP.

1: Enabled events and all interrupts, including disabled interrupts, can wakeup the processor.
Paspemennbie cOOBITHS ¥ BCEe IPEPHIBAHMS, BKIIOYAs 3allPEIICHHbBIC, MOTYT pa30yaUTh MPOIECCOp.

Bit 3 Reserved
must be kept cleared (Ilpu 3anucu Bcerna 0)

Bit 2 SLEEPDEEP
Controls whether the processor uses sleep or deep sleep as its low power mode:
Yupasinser, OyIeT 1 MpoLeccop UCIOIb30BaTh MPOCTON COH WM TNTyOOKUN COH MPH BXOJE B
PEXUM Majoro nNoTpedIeHus:
0: Sleep
1: Deep sleep. (I'myGokmii con)

Bit 1 SLEEPONEXIT

Configures sleep-on-exit when returning from Handler mode to Thread mode. Setting this bit to 1
enables an interrupt-driven application to avoid returning to an empty main application.
Kongurypauus pexrma coH-O-BBIXOAY, ITPU BO3BpaTe U3 00paboTUMKa MPEPhIBAaHUS B PEKUM
Thread. YcranoBka 3Toro 6ura B '1' 1aeT BO3MOKHOCTh MPHIIOKEHHIO, YIIPABISIEMOMY TOJIBKO OT
IpepBIBAHMH, M30€KaTh BO3Bpallenus B mycTyo Gpynkuuo main().

0: Do not sleep when returning to Thread mode.
Her 3aceimanns npu Bo3spare B pexuM Thread.

1: Enter sleep, or deep sleep, on return from an interrupt service routine.
Bxop B peskuM CHa WK TIIyOOTOTO CHA TI0 BO3BPALICHUIO U3 TPOIIEYPHl 00paOOTKHU MPEPHIBAHMUS.

Bit 0 Reserved
must be kept cleared (Ilpu 3anucu Bcerna 0)



4.3.6 Configuration and control register (SCB_CCR)
Peructp koHgurypauuu u ynpabJjieHus

Address offset: 0x14
Reset value: 0x0000 0200
Required privilege: Privileged

The CCR controls entry to Thread mode and enables:

Peructp CCR ynpasinser BxogoM B pexxuM Thread u no3sosiser:

* The handlers for NMI, hard fault and faults escalated by FAULTMASK to ignore bus
faults O6padotunkam mss NMI, anmapaTHbIX omMOOK M OIIMOOK, YCHIICHHBIX /IO AlIIapaTHBIX C
nomotbio FAULTMASK, urHopupoBath OINTHOKH ITUHBI

* Trapping of divide by zero and unaligned accesses
[TepexBaThIBaTh COOBITHS JICJICHUS HA HOJIb M HEBBIPOBHEHHOTO JIOCTYIIA

* Access to the STIR by unprivileged software, see Software trigger interrupt register
(NVIC STIR) on page 112. JaBath noctyn Kk STIR a5 HempuBUIETUPOBAHHOTO KO, CM. pa3ien

4.2.8 "Peructp nporpammuoro 3amycka npepbiBannii (NVIC_STIR)"..

39 30 28 38 57 56 25 24 23 ) 21 30 18 18 17 18

| Reserved
15 14 13 12 1 10 3 B 7 & 5 4 3 > i o
NON
STK | BFHF DIv_0_ -ﬂ\LIIJCEJI\I USSIL_EP BASE
Aesered ALIGN | NMIGH Ressred TRP M- Res [ oEnp| THRD

EMA

Bits 31:10 Reserved

must be kept cleared (IIpu 3anucu Bceraa 0)

Bit 9 STKALIGN

Configures stack alignment on exception entry. On exception entry, the processor uses bit 9 of the
stacked PSR to indicate the stack alignment. On return from the exception it uses this stacked bit to
restore the correct stack alignment.
Kongurypauus BeipaBHUBaHUS CTE€Ka MPU BXOJE B UCKIItoueHue. [Ipu BXo/e B HCKIIIOUEHUE
IpoIIecCop UCTIONb3yeT OUT 9, u3 coxpaHeHHOTro B cteke PSR, uToObI 3a71aTh BEIpaBHUBaHUE CTEKA.
[To BO3BpaIIeHHIO U3 UCKITFOUEHHSI OH HCIIOIB3YET ATOT OUT U3 PETHCTPA, COXPAHEHHOTO B CTEKE,
4TOOBI BOCCTAHOBUTbH MTPABUIILHOE BHIPABHIUBAHUE CTEKA.

0: 4-byte aligned

1: 8-byte aligned

Bit 8 BFHFNMIGN

Enables handlers with priority -1 or -2 to ignore data bus faults caused by load and store
instructions. This applies to the hard fault, NMI, and FAULTMASK escalated handlers. Set this bit
to 1 only when the handler and its data are in absolutely safe memory. The normal use of this bit is
to probe system devices and bridges to detect control path problems and fix them.
JlaeT BO3BMOKHOCTh 00paboTunkaM ¢ mpuopureToM '-1' unu '-2' mpoUrHOpUpPOBaTh OMIUOKY IITHHBI
JTAaHHBIX, BBI3BAHHbIE MHCTPYKLIUAMH 3arpy3ku (load) u coxpaneHus (sfore). T0 OTHOCUTCS K
00paboTUYMKaM UCKIIOUEHHUH OT alMapaTHbIX OUTMOOK, HEMACKHPYEMOTo MPEephIBaHUs, U
oOpaboTunkam, ycuiaeHHBIM 10 anmapatHeix ¢ moMoiisio FAULTMASK. YcranaBnuBaiiTe 3TOT
out B 'l' TONBKO TOTA, KOT/Ia 00pabOTYHK U €ro JaHHBIE HAXOAATCS B aOCOIIOTHO Oe30macHOi
obnactu namsiTH. OOBIUHO, 3TOT OUT UCIOJIB3YIOT JJII TECTOBBIX 00pPa3LlOB YCTPONUCTB U MOCTOB
CHCTEMBI, UTOOBI OOHAPYKHUTh IMyTH 00X0/1a TPOOIEMbI U YCTPAHUTD HX.

0: Data bus faults caused by load and store instructions cause a lock-up
OmunOKM MIMHBI TaHHBIX, BBI3BAaHHBIE HHCTPYKLUSAMU 3aTPY3KH U COXPAaHEHUS, IPUBOJAT K



OJIOKUPOBKE CHCTEMBI.

1: Handlers running at priority -1 and -2 ignore data bus faults caused by load and store
instructions. O6pabOTUMKH, BHITIOIHSIOIIHUECS ¢ TPUOPUTETOM '-1' U '-2', UTHOPUPYIOT OIINOKU
IIMHBI JAHHBIX, BHI3BAHHBIC MHCTPYKIIUSIMH 3arpy3KHd U COXpaHCHUSI.

Bits 7:5 Reserved
must be kept cleared (ITpu 3anucu Bceraa 0)

Bit4 DIV_0_TRP
Enables faulting or halting when the processor executes an SDIV or UDIV instruction with a
divisor of 0: [lomyckaeT cBoit 00pabOTUMK, KOT'/1a MPOLeccCop BHINOIHIET HHCTpYKIuU SDIV mnu
UDIV c nenurenem paBHbIM 0:
0: Do not trap divide by 0 (He mepexBatbiBaTh COOBITHE ACTECHUS HA HOJIb )
1: Trap divide by 0. (ITepexBaTbhiBaTh COOBITHE IETICHUS HA HOJIb)

When this bit is set to 0, a divide by zero returns a quotient of 0.
Korpna stot 6ut ycranosieH B '0', To feneHne Ha HOJb Bo3BpamaeT yactHoe '0'.

Bit 3 UNALIGN_TRP
Enables unaligned access traps: (Pa3pemaeT nepexBat HEBRIPOBHEHHOT'O IOCTYIIA)
0: Do not trap unaligned halfword and word accesses
He nepexBaTbIiBaTh COOBITHE HEBBIPOBHEHHOTO JIOCTYIIA K CIIOBY MIIU TOJYCIIOBY
1: Trap unaligned halfword and word accesses.
[lepexBaTbiBaTh COOBITHE HEBBIPOBHEHHOTO JOCTYIA K CJIOBY HJIH MOJIYCIOBY

If this bit is set to 1, an unaligned access generates a usage fault. Unaligned LDM, STM, LDRD,
and STRD instructions always fault irrespective of whether UNALIGN TRP is set to 1.

Ecnu 3T0oT 6UT ycTaHOBJEH B 'l', TO HEBBIPOBHEHHBIH JJOCTYI TEHEPUPYET MOJIb30BATEIBCKYIO
ommOKky. HeBpipoBHeHHBIH nocTyn uHCTpyKinid LDM, STM, LDRD, u STRD Bcerna BbI3biBaeT
CHCTEMHYIO OIIMOKY, He3aBUCUMO OT Toro, ycranoBieH Jiu UNALIGN_TRP B '1'.

Bit 2 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)

Bit 1 USERSETMPEND
Enables unprivileged software access to the STIR, see Software trigger interrupt register
(NVIC STIR) on page 112:
Pa3pemaer HenpusuiernpoanHoMy koay noctyn k STIR, cm. pasaen 4.2.8 "Peructp
nporpammHuoro 3amycka npepeiBanuii (NVIC_STIR)"..
0: Disable (octym 3ampernieH)
1: Enable. (doctyn pa3perieH)

Bit 0 NONBASETHRDENA
Configures how the processor enters Thread mode.
Kondurypupyer, kak npoueccop Bxoaut B pexkxuMm Thread.
0: Processor can enter Thread mode only when no exception is active.
[Ipoueccop Moxer BoltH B pekuM Thread ToJbKO KOrga HET aKTUBHBIX UCKIIFOYEHU.
1: Processor can enter Thread mode from any level under the control of an EXC RETURN
value, see Exception return on page 38.
[Tponieccop moxet Boiitu B pexxuM Thread c mo60ro ypoBHsI, 3aJaHHOTO 3HAYECHUEM
EXC_RETURN, cwm. naparpa¢ "BozBpat u3 uckirouenus" B pazaene 2.3.7.




4.3.7 System handler priority registers (SHPRXx)
PerucTpbl NpuopuTeTOB CHCTEMHBIX 00PA0OTYNKOB

The SHPR1-SHPR3 registers set the priority level, 0 to 15 of the exception handlers that have
configurable priority.
Peructpsr SHPR1-SHPR3 ycranaBnuBaioT ypoBeHb npuopureta ot 0 10 15 s rex 06paboTunKoB
UCKITIOYEHHI, KOTOPBIE NMEIOT KOH(DUTYPHUPYEMBIi IPHOPUTET.

SHPR1-SHPR3 are byte accessible. (3Tu peructpsl UMEIOT MOOANTOBBIN JTOCTYII. )
The system fault handlers and the priority field and register for each handler are:

OO6paboTYMKN CHCTEMHBIX OIMTHOOK U TOJIE TPHOPUTETA U PETUCTP IS KaXKI0T0 00paboTYnKa,
CIIEYIOIINE:

Table 39. System fault handler priority fields
[Tons mpuopureTa i 00pabOTYMKOB CUCTEMHBIX OIINOOK

‘ Handler H Field H Register description
Memory PRI 4
management fault - o ‘
‘Bus fault HPRI_S ‘ System handler priority register 1 (SCB_SHPR1)
‘Usage fault HPRI_6 ‘
‘SVCall HPRI_I 1 H"Svstem handler priority register 2 (SCB_SHPR2)" on page 123
PendSV PRI_14 o
- = "System handler priority register 3 (SCB_SHPR3)" on page 124
SysTick PRI_I5

Each PRI N field is 8 bits wide, but the processor implements only bits[7:4] of each field, and
bits[3:0] read as zero and ignore writes.
Kaxnoe mone PRI_N mupuHoii 8 6MTOB, HO IpoIiecCOp MPUHUMAET TOIBKO OUTHI [7:4] Ka)10T0 1Mo, a
ouTsl [3:0] YUTAIOTCS KaK HYJIb U 3aMHCh B HUX UTHOPUPYETCSI.
(B cemeticmee CL ucnonvsyromes ece 8 bum noss.)

System handler priority register 1 (SCB_SHPR1)

Address offset: 0x18
Reset value: 0x0000 0000
Required privilege: Privileged

3 30 28 28 27 26 25 24 23 22 21 20 18 18 17 18
PRI_B[7T:4] PRI_&[3:0]
Reserved
v | v | re | v r | r | r | r
15 14 13 12 1 10 ] B 7 & & 4 3 2 1 0
FRI_E[T:4] PRI_B[3:0] PRI_4[7:4] FRI_4[7:4]
v ‘ v | e | rw r | r | r | r v | e | e | v r | r | r | r

Bits 31:24 Reserved
must be kept cleared (ITpu 3anucu Bcerna 0)

Bits 23:16 PRI_6[7:0]: Priority of system handler 6
usage fault (ITpuopuTteT MoIB30BaTETHCKON OMIMOKH )



Bits 15:8 PRI_5(7:0]: Priority of system handler 5
bus fault (ITpuopuret ommOKM IMHBI )

Bits 7:0 PRI_4[7:0]: Priority of system handler 4

memory management fault (ITpupopuTeT ommOku yrpaBiaeHUs TaMSATHIO)

System handler priority register 2 (SCB_SHPR2)

Address offset: 0x1C
Reset value: 0x0000 0000
Required privilege: Privileged

31 30 28 2B 27 26 25 24 23 22 21 20 18 18 17 16
PRI_11[7:4] PRI_11[3:0]
Reserved
v | e | e | e r | r | r | r
15 14 13 12 11 10 8 B 7 i 5 4 3 2 1 0
| Reserved

Bits 31:24 PRI_11[7:0]: Priority of system handler 11
SVCall (ITpuoputet uckmouenust SVCall)

Bits 23:0 Reserved,
must be kept cleared (ITpu 3anucu Bceraa 0)

System handler priority register 3 (SCB_SHPR3)

Address: 0xE000 ED20
Reset value: 0x0000 0000
Required privilege: Privileged

3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PRI_15[7:4] PRI_15[3:0] PRI_14[7:4] PRI_14[2:0]
e | rw | rw | rw r | r | r | r v | ! | v | v r | r | r r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Reserved

Bits 31:24 PRI_15[7:0]: Priority of system handler 15
SysTick exception (IIlpuoputer cucreMHOro Taimepa)

Bits 23:16 PRI_14[7:0]: Priority of system handler 14
PendSV (ITpuoputer uckmouenust PendSV)

Bits 15:0 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)




4.3.8 System handler control and state register (SCB_SHCSR)
Peructp ynpaBjieHusi U COCTOSTHUSI CHCTEMHBIX 00pa00TYMKOB

Address offset: 0x24
Reset value: 0x0000 0000
Required privilege: Privileged

The SHCSR enables the system handlers, and indicates:
Peructp SHCSR paspemraer cucteMHble 00pab0OTUUKHI U MPEIOCTABIISIET CICIYIONTYI0 HH(OPMAITHIO:

* The pending status of the bus fault, memory management fault, and SVC exceptions
Craryc 3anpoca OT OIMOKH IIMHBI, OIIMOKH YIIPaBICHUS aMAThIO, 1 UCKrodeHus1 SVC

* The active status of the system handlers.
CocrosiHMe aKTUBHOCTH CUCTEMHBIX 00paOOTINKOB.

If you disable a system handler and the corresponding fault occurs, the processor treats the fault as
a hard fault. Eciin BBI OTKITIOUMITN CHCTEMHBIN 00pabOTUYHK, ¥ IPOUCXOJUT COOTBETCTBYIOMIAS OIIMOKA,
nporieccop 00padaThiBaeT TaKyI0 ONMIUOKY, KaK ammnapaTHylo.

You can write to this register to change the pending or active status of system exceptions. An OS
kernel can write to the active bits to perform a context switch that changes the current exception type.
BbI MOXeTe MPOU3BECTH 3aMKCh B 3TOT PETUCTP, YTOOBI M3MEHUTH CTATYC 3aIllpoca WA aKTUBHOCTH
CUCTEMHBIX UCKIIIOUEHU. SIIpo onepalimoHHON CUCTEMBI MOXKET MHUCATh B OUTHI aKTUBHOCTH, YTOOBI
BBITIOJTHUTH MTEPEKITFOYCHIE KOHTEKCTA, YTO U3MEHSET TUI TEKYIIETO UCKITFOUCHUS.

* Software that changes the value of an active bit in this register without correct adjustment
to the stacked content can cause the processor to generate a fault exception. Ensure software that
writes to this register retains and subsequently restores the current active status.

[Iporpamma, KoTOpast K3MEHSIET 3HAUCHUE OUTAa aKTUBHOCTH B 9TOM peructpe 6e3
COOTBETCTBYIONICH HACTPOUKHU COACPIKUMOT0, COXPAHEHHOT'O B CTEKE, MOKET MPUBECTH K TOMY,
YTO MPOLIECCOP CTEHEPHUPYET OMMOKY. Y O0eqUTech, 4TO IPOrpaMMa, KOTopast IeJIaeT 3aluch B 3TOT
PETHCTp, COXPAHSET U, BIIOCICACTBUH, BOCCTAHABIUBACT TEKYIIEE COCTOSHHE aKTUBHOCTH.

* After you have enabled the system handlers, if you have to change the value of a bit in this
register you must use a read-modify-write procedure to ensure that you change only the required
bit. [Tocie Toro, Kak BbI pa3peminif CHCTEMHBIE 00paOOTIHKH, €CITH BbI JOKHBI H3MEHHUTH
3HaYeHHe OUTa B 3TOM PETHCTPE, BBl JOJKHBI HCIIONIB30BATh MPOLIEAYPY UTeHHe-U3MEHEHHe-
3armuch", 9TOOBI TAPAHTUPOBATH, YTO BBl U3MEHSETE TOJIHKO HEOOXOIUMBIH OUT.

31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 18

UsSG | BUS | MEM

FAULT | FAULT | FAULT

Reserved EMA EMA EMA

n ny ny

15 14 13 12 11 10 g 8 7 & 5 4 3 2 1 0

SV | BUS | MEM 4 USG | oo | pgpp MONIT | SV USG BUS | MEM
CALL | FAULT | FAULT | FAULT

penD | PEND | PEND | PEND | TIEK | SV OR CALL FAULT FAULT | FAULT

ACT | ACT | Res ACT ACT Reserved ACT | HRes ACT ACT

ED ED ED ED

ne e e rw e e rw e e e e




Bits 31:19 Reserved
must be kept cleared (ITpu 3anucu Bceraa 0)

Bit 18 USGFAULTENA: Usage fault enable bit
bur pa3pemennsi moJjib30BaTe/bCKOl OIINOKHU

set to 1 to enable! (moctaBbTe B 'l', 4TOOBI pa3peIInuTh )

Bit 17 BUSFAULTENA: Bus fault enable bit (but pa3spemenusi oliMOKH HIUHBI)
set to 1 to enable! (mocraBbTe B '1', 4TOGBI pasperHTh)

Bit 16 MEMFAULTENA: Memory management fault enable bit
bur paspemenns omiMOKHU ynpasjieHUsi IAMATHIO

set to 1 to enable! (mocraBbTe B '1', 4TOGBI paspelHTh)

Bit 15 SVCALLPENDED: SVC call pending bit (but 3anpoca Bbi3oBa SVC)
reads as 1 if exception is pending2 (Uuraercs kak 'l', ecnu ecTh 3aMpoc UCKIIIOUSHUS)

Bit 14 BUSFAULTPENDED: Bus fault exception pending bit
but 3anpoca uck/oYeHns OMMOKH IHHBI

reads as 1 if exception is pending2 (Uuraercs kak 'l', eciu ecTh 3a1pOC UCKITIOYESHUS )

Bit 13 MEMFAULTPENDED: Memory management fault exception pending bit
but 3anpoca nckiveHns: OIMOKHU YNIPaBJIeHUS NAMSATHIO

reads as 1 if exception is pending2 (Uuraercs kak 'l', eciu ecTh 3apoc UCKIIOUEHUS )

Bit 12 USGFAULTPENDED: Usage fault exception pending bit
but 3anpoca nckiYeHns OIMOKHU MOJIb30BATEIbCKON OIIMOKH

reads as 1 if exception is pending2 (Uuraercs kak 'l', eciu ecTh 3ampoc UCKIFOUSHUS )

Bit 11 SYSTICKACT: SysTick exception active bit
BuT aKTHBHOCTH CHCTEMHOI0 TailiMepa

reads as 1 if exception is active’ (Unraercs kak 'l', eciy HCKIIOUCHHE AKTUBHO)

Bit 10 PENDSVACT: PendSYV exception active bit
burt akTuBHOCTH HCcKIIOYeHUus1 PendSV
reads as 1 if exception is active (Uuraercs kak 'l', ecim HCKIIFOYECHUE aKTUBHO )

Bit 9 Reserved
must be kept cleared (ITpu 3anucu Bcerna 0)

Bit 8 MONITORACT: Debug monitor active bit (buT akTHBHOCTH MOHUTOPA OTJIATUYNKA)
reads as 1 if Debug monitor is active (UuTtaetcs kak 'l', ecnu akTHBEH MOHUTOP OTJIaTUHUKA)

Bit 7 SVCALLACT: SVC call active bit (but akTuBHocTH BbI30Ba SVC)
reads as 1 if SVC call is active (Uutaercs xak 'l', ecnu Bbi3oB SVC akTHBEH)

Bits 6:4 Reserved
must be kept cleared (ITpu 3anucu Bcerna 0)

Bit 3 USGFAULTACT: Usage fault exception active bit
BuT aKTHBHOCTH MCKJIIOYEHHSI M0JIH30BATEIbCKON OIINOKHU
reads as 1 if exception is active (Uuraercs kak 'l', eciiu UCKITFOUEHNE aKTUBHO)

Bit 2 Reserved
must be kept cleared (ITpu 3anucu Bceraa 0)

Bit 1 BUSFAULTACT: Bus fault exception active bit



BuT aKTUBHOCTH MCKJIIOYEHHUS OMIMOKHU IIHMHbI
reads as 1 if exception is active (UuTaercs kak 'l', ecimu HCKIIOYEHUE aKTUBHO )

Bit 0 MEMFAULTACT: Memory management fault exception active bit
BUT aKTHBHOCTH UCKJIIOYeHHUsl YNIPABJIeHUS MAMSITHIO
reads as 1 if exception is active (Uutaercs kak 'l', ecu UCKITFOUEHNE aKTUBHO)

1. Enable bits, set to 1 to enable the exception, or set to 0 to disable the exception.
butsl paspernienus, ycraHoBUTe OUT B 'l', 4TOOBI pa3peninTh UCKIIOYCHHE, WIH YCTAHOBUTE €T0 B
'0', YTOOBI BEIKJIIOYHMTEL UCKITFOUCHHE,

2. Pending bits, read as 1 if the exception is pending, or as O if it is not pending. You can
write to these bits to change the pending status of the exceptions.
butsl 3anpoca, unTtaercs Kak 'l', eciim eCTh 3aIpOC OT UCKIIOUEHHUs, WK Kak '0', eciiu HET 3ampoca.
Bb1 MOxeTe MpON3BOANUTE 3aIIUCh B 9TH OUTHI, YTOOBI U3MEHUTH CTaTYC 3alpoca OT UCKIIIOUCHHUS.

3. Active bits, read as 1 if the exception is active, or as 0 if it is not active. You can write to
these bits to change the active status of the exceptions, but see the Caution in this section.
buTthl akTHBHOCTH, YNTAIOTC Kak '1', €ClIM HCKITIOUEHHE SIBIISISTCS aKTUBHBIM, MK Kak '0', ecimm
OHO HE aKTHBHO. BbI MOXeTe MPOU3BOUTH 3aITUCh B 3TU OUTHI, YTOOBI H3MEHHUTH CTaTYC
aKTUBHOCTH UCKITFOYCHHH, HO cM. IIpepocTepeskeHue HIDKE B 3TOM paszeiie.

4.3.9 Configurable fault status register (SCB_CFSR)
Perucrp craryca KOH(pUIrypupyeMbIX OIIMOOK

Address offset: 0x28
Reset value: 0x0000 0000
Required privilege: Privileged

The CFSR is byte accessible. You can access the CFSR or its subregisters as follows:
Peructp CFSR nmeer noGaiitoBsiii goctyn. Bel moxere oopatutbess K CFSR nnm ero cybpeructpam
CJIEIYIONUM 00pa3oM:

* Access the complete CFSR with a word access to 0OXEOOOED28
[TocnoBusiii noctyn k nosHoMy CFSR no agpecy 0OxEO00ED28

* Access the MMFSR with a byte access to 0OxEOOOED28
baiitoeiii noctyn Kk MMFSR no anpecy 0xEO00OED28

e Access the MMFSR and BFSR with a halfword access to 0OxEOOOED28
[onycnosusiii noctyn kK MMFSR u BFSR 1o anpecy 0xEO0O0ED28

* Access the BFSR with a byte access to 0OXEOOOED29
baiirossrii noctyn k BFSR no agpecy 0xE000ED29

* Access the UFSR with a halfword access to 0xEOOOED2A.
[Tonycnosneiii noctyn k UFSR 1o anpecy 0xEQOOED2A

The CFSR indicates the cause of a memory management fault, bus fault, or usage fault.
CFSR yka3pIBaeT NIPUUMHY OMIUOKH yIIPABJICHUS MaMSTBIO, OIIMOKHU IUHBI, HITH MTOJIb30BATEIHCKON
OIIMOKH.



Figure 19. CFSR subregisters (Cyopeructpsr CFSR)

31 5 16115 B 7 0
. Bus Fault Status Memory Management
Usage Fault Status Register Register Fault Status Register
| | § A )
UFSR BFSR MMVFSR
K] 30 29 28 27 26 25 24 23 22 21 20 18 18 17 16
DIVBY | UMALI INV | UNDEF
MOCP | INVPC
Resarved ZERO | GNED Resarved STATE | INSTR
c_wl | re_wi re_wl | re_wl | ro_wl | ro_wi
15 14 13 12 11 10 8 ] 7 ] 2] 4 ] 2 1 0
IMFRE L
BFARY STK |UNSTHK CIS FRECI | IBUS [ MMAR METHK UNSTK DACC | 1ACC
ALID Reservad ERR | ERR | 7 |SERR| ERR | VALID Resarved ERR | "ChR | Res | VIOL | viOL
Fn'i. rlnii. r':’i. rlnii. n‘i‘ r':’il rlri. rlnii. rlnii. r':’il r':’il

Bits 31:26 Reserved
must be kept cleared (ITpu 3anucu Bceraa 0)

Bit 25 DIVBYZERO: Divide by zero usage fault
IMoab3oBaTebcKasi OLIUOKA JAeIeHUs HA HOJIb
When the processor sets this bit to 1, the PC value stacked for the exception return points to the
instruction that performed the divide by zero. Enable trapping of divide by zero by setting the
DIV _0 TRP bit in the CCR to 1, see Configuration and control register (SCB_CCR) on page 121.
Korpaa nponeccop ycranaBinuaet 3ToT OuT B '1', TO 3Hauenue PC coxpaHeHHOE B CTEKE KaK TOYKa
BO3BpAIICHUS U3 UCKIIIOUEHUS, YKa3bIBa€T HA MHCTPYKIIMIO, KOTOPAsl BBHITIOJIHUIIA JIEIICHHUE Ha HOJb.
Pa3pemmre 10ByIIKY 1S IeneHns Ha HOJb, ycTaHoBUB B '1' outr DIV_0_TRP B peructpe CCR,
cM. pazzaen 4.3.6 "Peructp xonburypanuu u ynpasienus (SCB_CCR)".
0: No divide by zero fault, or divide by zero trapping not enabled
Her nenenust Ha HOJIb WM JIOBYIIIKA JJIs IGTICHUS HA HOJIb HE pa3pelieHa
1: The processor has executed an SDIV or UDIV instruction with a divisor of 0.
[Iponeccop BbmonHua uHCTpyKKo SDIV nnu UDIV ¢ Hynem B kauecTBe JEIUTENS.

Bit 24 UNALIGNED: Unaligned access usage fault:
IHoab30BaTebcKas OIIMOKA HEBHIPOBHEHHOT0 J0CTYIA
Enable trapping of unaligned accesses by setting the UNALIGN_TRP bit in the CCR to 1, see
Configuration and control register (SCB_CCR) on page 121. Unaligned LDM, STM, LDRD, and
STRD instructions always fault irrespective of the setting of UNALIGN_TRP.
PaspemuTe j10BYyIIKY 151 HEBRIPOBHEHHOTO J0CTYyMa, yctaHaBuB OuT B peructpe CCR, cm. paznen
4.3.6 "Peructp kondurypamu u ynpasiaenus (SCB_CCR)". HeBeipoBHeHHbIE HHCTpYKIIMM LDM,
STM, LDRD u STRD Bcerma npuBoasT K ommOKe, HE3aBUCUMO OT YCTaHOBKH OWTa
UNALIGN_TRP.
0: No unaligned access fault, or unaligned access trapping not enabled
HeT ommOKy HEBBIPOBHEHHOTO JOCTYIA MJIH JIOBYIIKA JIS HEBBIPOBHEHHOTO JIOCTYIIA HE
pasperieHa
1: the processor has made an unaligned memory access.
[Tporieccop BBIMOTHIIT HHCTPYKIIUIO HEBBIPOBHEHHOTO JIOCTYTIA

Bits 23:20 Reserved
must be kept cleared (ITpu 3anucu Bcerna 0)




Bit 19 NOCP: No coprocessor usage fault.
I[Hoab30BaTeabcKas OIIMOKA - HET CONMPOLIECCOPA
The processor does not support coprocessor instructions:
[Tporneccop He moaAEP)KUBACT HHCTPYKITMH COTIPOIIECCOPA:
0: No usage fault caused by attempting to access a coprocessor
Her monp3oBaTenbckoi OmMMOKH, BRI3BAHHOM MOMBITKON JOCTYIIA K COMPOIIECCOPY
1: the processor has attempted to access a coprocessor.
[Tporieccop BBITOIHUII TOMBITKY TOCTYIIAa K COMPOIECCOPY.

Bit 18 INVPC: Invalid PC load usage fault:
IHoan30oBaTenbckas omMOKA - HeBepHas 3arpy3ka B PC
Caused by an invalid PC load by EXC_RETURN
When this bit is set to 1, the PC value stacked for the exception return points to the instruction that
tried to perform the illegal load of the PC.
Brizsana negonyctumbiM 3HaueHneM PC B none EXC_RETURN
Kornaa stor 6ut ycranosien B "1', To 3nauenue PC, coxpaneHHOe B CTE€Ke, KaK TOYKa BO3BPAIICHUS
U3 UCKITIOYEHMSI, YKa3bIBa€T HA MHCTPYKIIMIO, KOTOPas MOMbITAIACh BBIIIOJHUTH HE3aKOHHYIO
3arpy3ky PC.
0: No invalid PC load usage fault
Her nonw3oBaTenbeckoii ommoOKy HeomycTumoit 3arpy3ku PC
1: The processor has attempted an illegal load of EXC RETURN to the PC, as a result of an
invalid context, or an invalid EXC RETURN value.
[Tpoueccop BoinoaHMa onbITKy HeponyctuMon 3arpy3ku nojis EXC RETURN B peructpe PC,
KaK pe3ysIbTaT HapylleHus KoHTekcTa, uiu npocto HeBepHoe 3HaueHne EXC_RETURN.

Bit 17 INVSTATE: Invalid state usage fault:
IMoab3oBaTebcKasi OMINOKA - HEAOMYCTHMOE COCTOSTHHE
When this bit is set to 1, the PC value stacked for the exception return points to the instruction that
attempted the illegal use of the EPSR. This bit is not set to 1 if an undefined instruction uses the
EPSR. Korma stoT 6ut ycranosineH B '1', To 3Hauenne PC, coxpaHeHHOE B CTEKe, KaK TOYKa
BO3BpAIICHUS U3 HUCKIIFOUEHUS, YKa3bIBa€T HA MHCTPYKIIHIO, KOTOPAS MOMBITATACH BBHITIOIHUTH
He3akoHHOe ucnoab3oBanre EPSR. DTor 6uT He cTaButcs B 'l', ecniu HeonpeneneHHas UHCTPYKITUS
ucnoaszyetr EPSR.
0: No invalid state usage fault
Het nonbp3oBaTenbckol OMMOKKA HETOMYCTUMOTO COCTOSIHUS
1: The processor has attempted to execute an instruction that makes illegal use of the EPSR.
[Tponieccop mbITaNCS BBHITOTHUTH HHCTPYKITHIO, KOTOPAst MPUBEIA K HEBO3MOKHOCTH HCIIOIH30BATh
EPSR.

Bit 16 UNDEFINSTR: Undefined instruction usage fault:
IHoab30BaTenbcKas OIIMOKA - HEOMO3HAHHAS UHCTPYKIMS
When this bit is set to 1, the PC value stacked for the exception return points to the undefined
instruction. An undefined instruction is an instruction that the processor cannot decode.
Korpga stor 6ut ycranosinen B 'l', To 3Hauenne PC, coxpaHeHHOE B CTEKe, KaK TOYKa BO3BPAILICHUS
U3 UCKITIOYEHMSI, YKa3bIBae€T HAa HEOMO3HAHHYIO MHCTPYKIMIO. Heono3HaHHas MHCTPYKIUS - 3TO
MHCTPYKLUS, KOTOPYIO HE MOXKET JEKOJUPOBATH MPOLIECCOP.
0: No undefined instruction usage fault
Het nonp3oBaTenbckoi OMIMOKY - HEOTTO3HAHHAS UHCTPYKIUS
1: The processor has attempted to execute an undefined instruction.
[Tporieccop mbITaNCS BHITIOJHUTH HEOMO3HAHHYIO MHCTPYKIIHIO.



Bit 15 BFARVALID: Bus Fault Address Register (BFAR) valid flag:

@DJiar BAJIMIAHOCTH aIPECHOT0 PEerucTpa Npu omudKe MUHbI
The processor sets this bit to 1 after a bus fault where the address is known. Other faults can set this
bit to 0, such as a memory management fault occurring later. If a bus fault occurs and is escalated to
a hard fault because of priority, the hard fault handler must set this bit to 0. This prevents problems
if returning to a stacked active bus fault handler whose BFAR value has been overwritten.
[Tponieccop yctanaBnuBaet 3TOT OUT B '1' mocne ommOKy MUHBI, KOT/a ajipec u3BecTeH. Jpyrue
OLIMOKU MOTYT YCTaHOBUTH 3TOT OUT B '0', Takue Kak OmMOKa yrpaBiIeHUs MaMAThIO, CYYHBIIASCS
no3xe. Eciu mporcxoaut ommodKa MIHHbIL, KOTOpast, U3-3a MPUOPHUTETA, YCUIUBAETCS /10
amnmapaTHOM OIMMOKHU, TO 00pabOTUMK anmapaTHON OMIMOKH JTODKEH YCTaHOBUTH 3TOT OUT B '0'. 31O
IpeOTBpalaeT MpodIeMbl, KOTra HIET BO3BpAT B IPEPBaHHbIN 00pa0OTYHK OMIMOKHM IIHUHBI, Te
3HaueHne BFAR 0b110 mepenucaHo.
0: Value in BFAR is not a valid fault address
3nauenre B BFAR He sBisieTcst mpaBUIIBHBIM aJIPECOM OITHOKH
1: BFAR holds a valid fault address. (BFAR copepxut npaBHIbHBIM apec OIMOKH. )

Bits 14:13 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)

Bit 12 STKERR: Bus fault on stacking for exception entry
Omudka NIUHBI MPU COXPAHEHUH B CTEK, MPH BX0/1€ B HCKIIOYEHHE
When the processor sets this bit to 1, the SP is still adjusted but the values in the context area on the
stack might be incorrect. The processor does not write a fault address to the BFAR.
Korma nporneccop ycranaBiauaet 3ToT OuT B 'l', To SP BCe eme KoppeKkTeH, HO 3HAUCHUS
KOHTEKCTa B CTEKE MOTYT OBITh HETIPaBMWIBHBIMU. [Ipo1ieccop He 3aluChIBacT aapec OMUOKY B
BFAR.
0: No stacking fault (Het ommOku coxpaHeHus: B CTEKe)
1: Stacking for an exception entry has caused one or more bus faults.
Omneparysi COXpaHEeHUs B CTEKE MIPH BXOJIe B UCKITIOUCHHE MIPHUBEIIA K OJHOM WK Oosee ommboKkam
IIUHBI.

Bit 11 UNSTKERR: Bus fault on unstacking for a return from exception
Omudka NIUHBI PU BOCCTAHOBJIEHUH M3 CTEKa, P BbIX0/e U3 UCKJIIOYEHHS
This fault is chained to the handler. This means that when the processor sets this bit to 1, the
original return stack is still present. The processor does not adjust the SP from the failing return,
does not performed a new save, and does not write a fault address to the BFAR.
O6paboTUHK ATOM OMIMOKH ""CaUTCA Ha XBOCT" TEKyIeMy 00paboTUnKy. DTO 03HAYAET, YTO, KOTJa
MPOIIECCOp YCTaHABIMBAET 3TOT OUT B 'l', OpUTHHANIBHBIN CTEK BO3BpaTa BCE €IIe MPUCYTCTBYET.
[Ipoueccop He koppekTupyet SP ipu Heynade Bo3BpaTa, HE A€IaeT HOBOTO COXPaHEHHUS B CTEK, U
He 3anuceiBaeT ajnpec omnOku B BFAR.
0: No unstacking fault (Het omm6ku nmpu BOCCTaHOBICHUH U3 CTEKA)
1: Unstack for an exception return has caused one or more bus faults.
Omnepariysi BOCCTAHOBJICHHSI U3 CTE€Ka MPUBENIa K OAHON WK OoJiee OImrOKaM IINHBIL.

Bit 10 IMPRECISERR: Imprecise data bus error

Heonpenesennas ommnOKa MHUHbI JAHHBIX
When the processor sets this bit to 1, it does not write a fault address to the BFAR. This is an
asynchronous fault. Therefore, if it is detected when the priority of the current process is higher than
the bus fault priority, the bus fault becomes pending and becomes active only when the processor
returns from all higher priority processes. If a precise fault occurs before the processor enters the
handler for the imprecise bus fault, the handler detects both IMPRECISERR set to 1 and one of the
precise fault status bits set to 1.
Korna nporieccop ycranasnmuBaet 3ToT Out B 'l', oH He 3anmchiBaeT anpec ommoOku B BFAR. D10
omuOKa acCHHXpOHHOTO Tuma. [loaToMy, ecii oHa 0OHapy)eHa, KOTAa MPHOPUTET TEKYIIETO
MpoIecca BBIIIE YeM IPUOPUTET OIITUOKH IMIMHBI, TO OIIMOKA IIIMHBI OTKIIAJBIBAETCS M CTAHOBUTCS
AKTHBHOHM TOJIKO TOT[a, KOT/Ia IIPOIIECCOP BO3BPAIIAETCS U3 BCEX 00JIee BBICOKO-TIPUOPUTETHBIX
nporeccoB. Eciu siBHast ommOKa MIUHBI IPOUCXOAUT HPEXKIE, YEM MPOLIECCOpP BOMIET B



00pabOTUHK [T HEONPEAeIECHHOM OMMOKY IIMHBI JaHHBIX, TO 00pa0OTYUK OOHAPYKHUBAET 00€
npuurHbl, 1 OuT IMPRECISERR ycranoBineH B 'l' 1 0iuH U3 SBHBIX OMTOB OITUOKN COCTOSTHHS
ycTaHoBJEH B 'l

0: No imprecise data bus error (Het HeonpeneneHHON OMMOKH MIWHBI JAaHHBIX )

1: A data bus error has occurred, but the return address in the stack frame is not related to the
instruction that caused the error.
EcTh ommbka mmHbI JaHHBIX, HO apec BO3BpaTa, COXpAaHCHHBIN B CTEKE, HE CBS3aH C
MHCTPYKIMEHN, KOTOpast BbI3BaJla OLIUOKY.

Bit 9 PRECISERR: Precise data bus error (OnpeaejieHHast 0IHOKA HIUHBI JAHHbBIX)
When the processor sets this bit is 1, it writes the faulting address to the BFAR.
Korna nporieccop ycranasiuBaet 3ToT 6T B '1', oH 3anmuckiBaet aapec omuOku B BFAR
0: No precise data bus error (Het onpeaeneHHON OMNUOKY MIMHBI TaHHBIX )
1: A data bus error has occurred, and the PC value stacked for the exception return points to the
instruction that caused the fault.
Ecth ommbka mmHb! JaHHBIX, U 3HaueHne PC, coxpaHeHHOe B CTEKe, KaK TOYKA BO3BPAIICHUS U3
UCKJTIOYEHHMS, YKA3bIBAET HA MHCTPYKIIMIO, KOTOpasi BbI3Baja OIIMOKY.

Bit 8 IBUSERR: Instruction bus error (Omm0xa mmuHbl HHCTPYKIH)

The processor detects the instruction bus error on prefetching an instruction, but it sets the
IBUSERR flag to 1 only if it attempts to issue the faulting instruction. When the processor sets this
bit is 1, it does not write a fault address to the BFAR.
[Tporieccop oOHapyUBaeT OMUOKY IWHBI MHCTPYKLUH MPHU MPEABAPUTEIBHOM BEIOOPKE
UHCTpYKIUH, HO 3T0 ycrtaHaBnuBaeT ¢uiar IBUSERR B 'l' TobKO mpy MOTBITKE 3aMTyCTUTh
omnOouHyt0 HHCTpYKIHMIo. Koraa mporeccop ycraHaBIuBaeT 3TOT OUT B '1', OH He MHIIET aapec
omn6kxu B BFAR.

0: No instruction bus error (Het ommOku MIMHBI HHCTPYKIIUIA )

1: Instruction bus error. (EcTs ommoOka mMHBI HHCTPYKIIHA )

Bit 7 MMARVALID: Memory Management Fault Address Register (MMAR) valid flag
@Jiar BAJIMAHOCTH aipeca OIIMOKM YIIPaBJIeHUA NAMSATHIO
If a memory management fault occurs and is escalated to a hard fault because of priority, the hard
fault handler must set this bit to 0. This prevents problems on return to a stacked active memory
management fault handler whose MMAR value has been overwritten.
Ecnu nmpoucxoaut onmmodka yrnpaBiaeHHs TaMIThIO U OHA YCHUJIMBAETCA JI0 allllapaTHOM, BCIEACTBUU
ee MPUOPUTETA, TO 00PaObOTUMK anmapaTHON OMMOKY TOJKEH YCTaHOBUTH 3TOT OUT B '0'. DTO
MpeA0TBpaIaeT MpoOIeMbl, KOT/Ia HIET BO3BPAT B MPEPBAaHHBIN 00paOOTYMK OMIMOKHU yIpaBICHUS
namsTeio, T1e 3Haueane MMAR 0Ob110 niepenucaHo.
0: Value in MMAR is not a valid fault address
3nayenne B MMAR He siBisieTcst IpaBUIIBHBIM aPECOM OLIHOKU
1: MMAR holds a valid fault address. (MMAR coaep>XuT npaBUIBHBIN aJIpeC OMUOKH. )

Bits 6:5 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)

Bit 4 MSTKERR: Memory manager fault on stacking for exception entry
Omubdka ynpasJ/jieHus IAaMATHIO IPH COXPAHEHHUH B CTeK NMPH BXO/1e B HCKIIOYEHUE
When this bit is 1, the SP is still adjusted but the values in the context area on the stack might be
incorrect. The processor has not written a fault address to the MMAR.
Korga stor 6ut 'l', SP Bce emie KOppeKTeH, HO 3HAYEHUSI KOHTEKCTa B CTEKE MOTYT OBITh
HernpaBuabHBIMU. [Iporieccop He 3anuckiBaeT aapec ommbOku B MMAR.
0: No stacking fault (Het ommOku nipu COXpaHEHHUH B CTEK)
1: Stacking for an exception entry has caused one or more access violations.
Omnepanus coXpaHeHHs B CTEKe, IIPU BXOJE B UCKIIOUEHHE, IPUBEIa K OTHOW WK OoJiee ommbKkam
yIpaBiIeHUs NaMsIThIO



Bit 3 MUNSTKERR: Memory manager fault on unstacking for a return from exception
Omudka ynpasJjieHusl IAMATHIO IPH BOCCTAHOBJIEHHH U3 CTEKA, P BbIX0/€e U3 UCKJIKYeHHSA
This fault is chained to the handler. This means that when this bit is 1, the original return stack is
still present. The processor has not adjusted the SP from the failing return, and has not performed a
new save. The processor has not written a fault address to the MMAR.
O6paboTYHK ATOM OMIMOKH ""CaiUuTCA Ha XBOCT" TEKyIeMy 00pabOoTUnKy. DTO 0O3HAYAET, YTO, KOTJa
MPOIIECCOp YCTaHABIMBAET 3TOT OUT B 'l', OpUTHHANIBHBIN CTEK BO3BpaTa BCE €IIe MPUCYTCTBYET.
[Ipoueccop He koppekTupyet SP pu Heynade Bo3BpaTa, M HE A€IaeT HOBOI'O COXPAaHEHHUS B CTEK.
[Tpoueccop He 3anuchiBaeT aapec oumdoku B MMAR.
0: No unstacking fault (Her omm6ku nmpu BOCCTaHOBICHUH U3 CTEKA)
1: Unstack for an exception return has caused one or more access violations.
Oneparnysi BOCCTAaHOBJICHHSI U3 CTEKa, IIPH BBIXOJIE U3 UCKIIOUEHNUs, IpHUBeJia K 0JIHOM uiu Oonee
OIMOKaM YIPABIICHUS MAMSITHIO.

Bit 2 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)

Bit 1 DACCVIOL: Data access violation flag (®aar HapyumeHUs1 IPABWJI J0CTYIIA K TaHHBIM)
When this bit is 1, the PC value stacked for the exception return points to the faulting instruction.
The processor has loaded the MMAR with the address of the attempted access.

Korpga stor 6ut ycranosinen B 'l', To 3Hauenne PC, coxpaHeHHOE B CTEKe, KaK TOUYKA BO3BPAILICHUS
U3 UCKITIOYEHMS, YKa3bIBae€T HAa MHCTPYKIINIO, KOTOpas BbI3Baja omuOKy. [Iporeccop 3arpyxaet B
MMAR azpec NONBITKH 10CTyNa.

0: No data access violation fault
Het omm0Oxu HapymeHus mpaBuwI AOCTyNAa K TaHHBIM

1: The processor attempted a load or store at a location that does not permit the operation.
[Tporieccop mbITanCs 3arpy3uTh WM COXPAHUTH JaHHBIE B 00JIACTH, KOTOpAsi HE pa3pelaeT 3T
oTieparyi.

Bit 0 IACCVIOL: Instruction access violation flag
@Jiar HapylIeHHsl PABUJI A0CTYNA J1JIsl MHCTPYKIUIA
This fault occurs on any access to an XN region. When this bit is 1, the PC value stacked for the
exception return points to the faulting instruction. The processor has not written a fault address to
the MMAR.
Ota ommbKa IPOUCXOIUT TIpH JIFoOoM foctyne k oomactu XN. Korma stor 6ut 'l', To 3HaueHnE
PC, coxpaHneHHOE B CTEKe, KaK TOUKA BO3BPAILCHUS U3 UCKITIOUEHHSI, YKa3bIBAET Ha HHCTPYKLHUIO,
KoTopasi BeI3Bajia omuOKy. [Iporeccop He 3anmuckiBaeT aapec ommbku 8 MMAR.
0: No instruction access violation fault
Het ommOku HapymeHus: paBuil 1711 HHCTPYKITHI
1: The processor attempted an instruction fetch from a location that does not permit execution.
[Ipoueccop mbITancs 3amyCTUTh HHCTPYKIMIO U3 001aCTH, KOTOpasi HE JJOIYCKAeT UCIIOIHEHHUE.



4.3.10 Hard fault status register (SCB_HFSR) (Peructp craryca annmapaTHbIX OIIM00K)

Address offset: 0x2C
Reset value: 0x0000 0000
Required privilege: Privileged

The HFSR gives information about events that activate the hard fault handler. This register is read,
write to clear. HFSR maet undopmaiuio o coObITHIX, KOTOPbIE aKTUBU3UPYIOT 00pa0OTYMK anmapaTHbIX
OmMOOK. DTOT PETUCTP JJIsl YTCHUS U 3aIUCH, HO TOJIBKO B LEJSIX OYHCTKH.

This means that bits in the register read normally, but writing 1 to any bit clears that bit to 0.

DTO 03HAYAET, YTO OUTHI B PETUCTPE YMTAOTCS HOPMAJIBHO, HO 3amuCh '1' B IF0O0OW OUT, OYHUIIIAECT 3TOT
our B '0".

< 30 20 2B 27 26 25 24 23 22 3| 20 e 18 17 16
DEBU | FORC
G_vT ED Reserved
c_wil | re_wi
18 14 13 12 11 10 ] B 7 & B 4 3 2 1 0
VECT
Reserwed TEL Res.
re_wi

Bit 31 DEBUG_VT: Reserved for Debug use. (3ape3epBUpoOBaH B 1IeJIAX OTJIAAKH)
When writing to the register you must write 0 to this bit, otherwise behavior is unpredictable.
IIpu 3anucu B 3TOT PerucTp BbI JOJDKHBI UcaTh '0' B 3TOT OUT, MHAUE NOBeieHUe OyaeT
HENPEICKa3yeMbIM.

Bit 30 FORCED: Forced hard fault (Boi3biBaeT annmapatHyio omuoKy)

Indicates a forced hard fault, generated by escalation of a fault with configurable priority that
cannot be handles, either because of priority or because it is disabled: When this bit is set to 1, the
hard fault handler must read the other fault status registers to find the cause of the fault.
VYka3bIBaeT Ha MPUHYIUTEIHHYIO allllapaTHYIO OMIMOKY, BRI3BAHHYIO YCHUJICHHUEM JIPYTOi OIMIMOKH C
KOH(PHUTypHUPYEMbIM IPHOPUTETOM, KOTOPYIO HEllb3s 00paboTaTh MHAYE, JTUOO BCIEACTBUN €€
HU3KOTO MPHOPHUTETA, JTMOO IOTOMY, YTO OHA OTKIroueHa: Korna atot 6ut ycranosieH B 'l', To
00paboTYHK anmapaTHON OMIMOKHU JOJDKEH YUTATh IPYTUE PErHCTPhI COCTOSHHS OIINOOK, YTOOBI
HAWTH peanbHYIO PUYNHY OIIUOKH.

0: No forced hard fault (Het ahekra)

1: Forced hard fault. (Bei3biBaer anmapaTHyr OmuoKy)

Bits 29:2 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)

Bit 1 VECTTBL: Vector table hard fault (Ommn6ka mmuHbI 0T YTeHHs TA0JIMIBI BEKTOPOB)
Indicates a bus fault on a vector table read during exception processing: This error is always
handled by the hard fault handler. When this bit is set to 1, the PC value stacked for the exception
return points to the instruction that was preempted by the exception.

VYka3pIBaeT Ha OMMOKY IIMHBI, BEI3BAHHYIO YTEHHEM TaOJIUIBI BEKTOPOB BO BpeMsi 00pabOTKH
HCKIIFOUCHMsI: JTa ommbKa Bcera oopadaTeiBacTcs 00pabOTUMKOM armapaTHoi omnoku. Korma
9TOT OUT ycraHosineH B '1', To 3Hauenue PC, coxpaHeHHOE B CTEKe, KaK TOYKa BO3BPAIICHUS U3
UCKJTIOYECHHSI, YKA3bIBAET HAa MHCTPYKIIMIO, KOTOpasi BbI3Bajia HCKIIIOUEHUE.

0: No bus fault on vector table read (HeT ommOKu muHbI OT YTEHUS TAOIUIIBI BEKTOPOB)

1: Bus fault on vector table read. (EcTs ommOka mmHBI OT YTEHUS TAOJIHUIIBI BEKTOPOB)

Bit 0 Reserved
must be kept cleared (Ilpu 3anucu Bceraa 0)



4.3.11 Memory management fault address register (SCB_MMFAR)
Peructp aagpeca omimOKH ynpaBJjieHUs IAMATHIO

Address offset: 0x34
Reset value: undefined
Required privilege: Privileged

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MM FAR3T 18]

v o v [w [ w v w [w o v w o lw]w]o]e
15 14 13 12 11 10 ] B 7 B 5 4 3 2 1 ]
MMFAR[1 5:0]

v o [ [ w [ w [ w v [w o [w[w o [w][w]w]w

Bits 31:0 MMFAR[31:0]: Memory management fault address

Azpec oIIMOKHU yHIpaBJIeHUs NAMATBHIO
When the MMARVALID bit of the MMFSR s set to 1, this field holds the address of the location
that generated the memory management fault.
Korga 6utr MMARVALID peructpa MMESR ycTtanosien B 'l', To 3T0 mojie COAEPKUT aapec,
KOTOPBIN CreHepupoBaj OUIMOKY yIpaBiIeHUs MaMAThIO.

When an unaligned access faults, the address is the actual address that faulted. Because a single
read or write instruction can be split into multiple aligned accesses, the fault address can be any
address in the range of the requested access size.

Korna ecth ommbka HEBHIPOBHEHHOTO JJOCTYIIA, TO 3TO PeabHbIH aJpec, KOTOPHIH BbI3BAJ OMIUOKY.
[TockoMbKY MHCTPYKIIUST OJJUHOYHOTO YTCHHUS WIIM 3AITHCH MOXKET OBITh pacuIeHeHa Ha JOCTYIIBI K
OTAETHHBIM YaCTSIM JIEMEHTA, TO aJipec OIMOKU MOXKET OBITh JIFOOBIM aJIpeCcOM B JIana3oHe
TpebyeMoro pa3Mepa J0CTyIa.

Flags in the MMFSR register indicate the cause of the fault, and whether the value in the MMFAR
is valid. See Configurable fault status register (SCB_CFSR) on page 126.

@naru B peructpe MMFSR yka3biBatoT npuuuHy omuOKy, U siBisiercs jau 3Hauenne B MMFAR
npaBwiIbHbIM. CM. pazaen 4.3.9 "Peructp craryca kondurypupyemsix ommbok (SCB_CFSR)".

4.3.12 Bus fault address register (SCB_BFAR)
Peructp agpeca omm0OKH MIHHBI

Address offset: 0x38
Reset value: undefined
Required privilege: Privileged
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Bits 31:0 BFAR[31:0]: Bus fault address (agpec om0Ku MIUHBI)
When the BEFARVALID bit of the BFSR is set to 1, this field holds the address of the location that
generated the bus fault. When an unaligned access faults the address in the BFAR is the one
requested by the instruction, even if it is not the address of the fault. Flags in the BFSR register
indicate the cause of the fault, and whether the value in the BFAR is valid. See Configurable fault
status register (SCB_CFSR) on page 126.
Korna 6ut BFARVALID B peructpe BFSR ycranosiien B '1', 3To moje conep>KuT aapec, KOTOPbIi
cre"HepupoBan omuOKy mmHbL. Korma 3anuck aapeca B BFAR Bri3Bana ommbdka HEBEHIPOBHEHHOTO
JI0CTYTIa, TO 3TO TOT aapec, KOTOPHI 3aTpedoBaia MHCTPYKIIUS, @ HE TOT, YTO peaabHO BHI3BAI
omuoOky. ®@maru B peructpe BFSR yka3pIBalOT IpUUMHY OMMUOKH, U SBIJISICTCS JIM 3HAUCHHUE B

BFAR npasunsabM. CM. pazzen 4.3.9 "Peructp craryca KOHOUTYPUPYEMBIX OIIHO0K
(SCB_CFSR)".

4.3.13 System control block design hints and tips
IIporpammupoBanue peructpoB 0;10ka SCB: pekomMeHIaluM U COBETHI

Ensure software uses aligned accesses of the correct size to access the system control block
registers (Y0enuTech, 4To MporpaMma UCIoIb3yeT BBIPOBHEHHBIH TOCTYIT PAaBUIBHOTO pa3mepa Js
oOpartenus k peructpam 610ka SCB):

» except for the CFSR and SHPR1-SHPR3, it must use aligned word accesses
3a uckimoueHneM CFSR u SHPR1-SHPR3 Hy»HO KCI0/1b30BaTh MOCIOBHBINA BEIPOBHEHHBIN
JOCTYI

» for the CFSR and SHPR1-SHPR3 it can use byte or aligned halfword or word accesses.
st CFSR 1 SHPR1-SHPR3 M0XHO HCTIONB30BaTh MOOAWTOBBIN HIIH TTOTYCIIOBHBIN
BBIPOBHEHHBIN JTOCTYII.

The processor does not support unaligned accesses to system control block registers.
[Ipouieccop He noIEpKUBAET HEBBIPOBHEHHBIN JocTyn K peructpam SCB.

In a fault handler. to determine the true faulting address:
B 00paboTunke ommoOKH, YTO0BI ONPEAETUTh UCTUHHBIN aipec OMIUOKH:

1. Read and save the MMFAR or BFAR value.
[Ipountaiite n coxpanute 3HaueHne MMFAR win BFAR.

2. Read the MMARVALID bit in the MMFSR, or the BFARVALID bit in the BFSR. The
MMFAR or BFAR address is valid only if this bit is 1.
ITpountaiire 6ur MMARVALID B peructpe MMFSR, win 6ut BFARVALID B peructpe
BFSR. Anpec MMFAR wunu BFAR npaBuiies ToibKko Torja, korga 3tot our '1'".

Software must follow this sequence because another higher priority exception might change the
MMFAR or BFAR value. For example, if a higher priority handler preempts the current fault handler, the
other fault might change the MMFAR or BFAR value.

[TporpaMma AOKHO ClIeA0BATh ATOW MOCIEA0BATENBHOCTH, TaK KaK Apyroe 0oJjiee BHICOKO-
PUOPUTETHOE UCKITIOUeHHE MOkeT n3MeHuTh 3HaueHne MMFAR win BFAR. Hanpumep, eciiu 6oee
BBICOKO-TIPUOPHUTETHBIA 00pa0OTUMK MPEPhIBAET TEKYIIHA 00pabOTYMK OMIMOKH, TO ApyTrasi OIHOKa
MoxeT u3meHuThb 3Hauenne MMFAR unu BFAR.



4.3.14 SCB register map (Kapra peructpos 010ka SCB)

The table provides shows the System control block register map and reset values. The base
address of the SCB register block is 0xEO00 ED00. (Tabnuma nokassiBaeT KapTy peructpoB 6moka SCB
1 UX 3Ha4eHHS mociie copoca. ba3ossrii agpec 61oka peructpoB SCB - 0xE000 ED00).

Table 40. SCB register map and reset values (Kapta peructpoB SCB u ux 3nadeHus mocie copoca)
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4.4 SysTick timer (STK) (CucremHblii Talimep)

4.4.1 SysTick control and status register (STK_CTRL)

Peructp ynpasieHus u ctaryca CUCTEMHOTO Taiimepa

4.4.2 SysTick reload value register (STK_LOAD)

(Peructp 3HaueHHs neperpy3Ku CUCTEMHOTO TaitMepa)

4.4.3 SysTick current value register (STK VAL)

(Peructp Tekymiero 3Hau€HUsI CHCTEMHOTO Taiimepa)

4.4.4 SysTick calibration value register (STK CALIB)

Peructp 3HaueHus1 KaNUOPOBKU CUCTEMHOTO TaiiMepa

4.4.5 SysTick design hints and tips

ITporpaMmmupoBaHue CUCTEMHOTO TaiiMepa: peKOMEHAllUU U COBETHI
4.4.6 SysTick register map (Kapra peructpoB cucteMHOro TaiimMepa)

The processor has a 24-bit system timer, SysTick, that counts down from the reload value to zero,
reloads (wraps to) the value in the LOAD register on the next clock edge, then counts down on
subsequent clocks.

[Tponeccop nmeet 24-x OuToBbI cucteMHblit Talimep SysTick, KoTopslii cunTaeT B 00paTHOM MOPSIJIKE,
OT 3HAYCHMS TIEpe3arpy3Ku 10 HyJIs, eperpyxaet 3Hadenue B peructpe LOAD nHa cienyromiem ¢GpoHTe
CUHXPOMMITYJIbCA, 3aTEM OIATH CYMTAET B OOPATHOM MOPSAKE HA MOCIEAYIOMUX TaKTaX.

When the processor is halted for debugging the counter does not decrement.
Koraa mporieccop ocTaHOBIIEH IS OTIAIKU, CYETUYUK TOXKE OCTaHABIUBACTCS.

4.4.1 SysTick control and status register (STK _CTRL)
Perucrp ynpasjieHusl ¥ cTaTyca CHCTEMHOI'0 TaiMepa

Address offset: 0x00
Reset value: 0x0000 0004
Required privilege: Privileged

The SysTick CTRL register enables the SysTick features.
Peructp CTRL cuctemMHOro Taitmepa paspeuiaer ero.

31 30 2o ZB 27 28 25 24 28 2z 21 20 19 18 17 16
COUNT
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Bits 31:17 Reserved
must be kept cleared. (ITpu 3anucu Bceraa 0)

Bit 16 COUNTFLAG:
Returns 1 if timer counted to 0 since last time this was read.
Boszppamiaer '1', ecau taliMep ycren JOCYUTATh 0 HYJIA, C TEX HOpP, KaK NOCIeAHUN pa3 ObLIo
CUMTAHO €ro 3Ha4YeHHeE.

Bits 15:3 Reserved
must be kept cleared. (ITpu 3anucu Bceraa 0)



Bit 2 CLKSOURCE: Clock source selection
Selects the clock source. (Bpibop ucTOUHMKA TAKTOBOTO CHTHAJIA)
0: AHB/8
1: Processor clock (AHB)

Bit 1 TICKINT: SysTick exception request enable
Pa3penienne 3anpoca HCK/IIOYeHHSI OT CHCTEMHOI0 TaliMepa
0: Counting down to zero does not assert the SysTick exception request (Het pazpemenust)
1: Counting down to zero to asserts the SysTick exception request.
Cuet BHM3 10 Hys BbI3bIBAET 3arpoc uckiatodeHus SysTick.
Note: Software can use COUNTFLAG to determine if SysTick has ever counted to zero.
[Tporpamma moxet ucnonb3zoBate COUNTFLAG, uto0s! onpeaenuTs, ObLTO JH KOTaa-11uoo
oOHyJICHHE TaiimMepa.

Bit 0 ENABLE: Counter enable (Pa3pemenne cueTunka)
Enables the counter. When ENABLE is set to 1, the counter loads the RELOAD value from the
LOAD register and then counts down. On reaching 0, it sets the COUNTFLAG to 1 and optionally
asserts the SysTick depending on the value of TICKINT. It then loads the RELOAD value again,
and begins counting.
Korga 6utr ENABLE ycranosnen B 'l', cuetunk 3arpyskaercs 3nadeHueM RELOAD wu3
peructpupa LOAD, a 3atem cuutaer B 00paTHOM nopsake. [Ipu noctikeHun Hyisi, OuT
COUNTFLAG craButcs B 'l' u Bo3amoxkHO ctaButcs 3anpoc Ha SysTick, B 3aBucuMoctu ot
3naveHus: outa TICKINT. Cuetuuk 3arpyxkaet 3Hadenne RELOAD cHoBa, 1 HAUMHAET CYeT.
0: Counter disabled (Taiimep BbIKITIOUEH)
1: Counter enabled (Taiimep BKIFOUECH)

4.4.2 SysTick reload value register (STK_LOAD)
PerucTp 3HaveHns neperpy3ku CHCTEMHOI0 Taiimepa

Address offset: 0x04
Reset value: 0x0000 0000
Required privilege: Privileged

ki 30 29 28 27 26 25 24 23 22 21 20 18 18 17 18

Reserved

Bits 31:24 Reserved
must be kept cleared. (ITpu 3anucu Bceraa 0)

Bits 23:0 RELOAD[23:0]: RELOAD value (3nauenne neperpysku)
The LOAD register specifies the start value to load into the VAL register when the counter is
enabled and when it reaches 0. Peructp LOAD onpenensier HayaabHOE 3HaU€HHE, KOTOpoe Oy/eT
3arpyxatbces B peructp VAL, korjga cyeTyuk paspelieH u koraa oH gocturaet 0.

Calculating the RELOAD value (Pacuer 3Hauenus neperpy3ku)

The RELOAD value can be any value in the range 0x00000001-0x00FFFFFF. A start value of 0 is
possible, but has no effect because the SysTick exception request and COUNTFLAG are activated
when counting from 1 to 0. 3nauenre noas RELOAD MoxeT ObITh JTFOOBIM B IMAITa30HE
0x00000001-0x00FFFFFF. Hauanpuoe 3aueHne 0 TakKe BO3MOYKHO, HO OHO HE UMEET HUKAKOT'O
s dexta, moromy uto 3ampoc uckiodeHus SysTick u paar COUNTFLAG akTuBU3UpYyIOTCS MpH
nepexoze cuera ¢ 1 Ha 0.



The RELOAD value is calculated according to its use:
3HavYeHNE TIepeTPy3KH PACUUTHIBACTCS B COOTBETCTBHH C MCIIOJIb30BAaHUEM TaiiMepa
* To generate a multi-shot timer with a period of N processor clock cycles, use a RELOAD
value of N-1. For example, if the SysTick interrupt is required every 100 clock pulses, set
RELOAD to 99.
YroOsI TaiiMep reHepupoBall MHOTOKPATHBIM CUTHAI ¢ TIEpHoA0oM N TaKTOBBIX LIUKJIOB
npoueccopa, ucnonbzynre 3HaueHne RELOAD = N-1. Hanpumep, ecinu npepbiBaHuEe OT
SysTick tpebGyercs kaxabie 100 TakToBBIX 1IUKIOB, ycTaHOBUTE RELOAD = 99.
* To deliver a single SysTick interrupt after a delay of N processor clock cycles, use a
RELOAD of value N. For example, if a SysTick interrupt is required after 400 clock pulses,
set RELOAD to 400.
YroOsl monmyunTh eauHcTBeHHOE npepriBanue oT SysTick mocne 3aaepxku B N TakTOBBIX
LIUKJIOB TIporieccopa, ucnonb3dyire 3HadeHne RELOAD = N. Hanpumep, ecnu nipepsiBaHue
ot SysTick tpebyercs nocie 400 TakToBbIX 1MKIIOB, ycraHOBUTE RELOAD = 400.

4.4.3 SysTick current value register (STK_VAL)
Perucrp Tekyuiero 3HaueHusi CHCTEMHOTI'0 TaiiMepa

Address offset: 0x08
Reset value: 0x0000 0000
Required privilege: Privileged

3 30 28 28 27 26 25 24 23 22 21 20 18 18 17 18

Reserved

Bits 31:24 Reserved
must be kept cleared. (ITpu 3anucu Bceraa 0)

Bits 23:0 CURRENT][23:0]: Current counter value (Texyuiee 3Hauenune taiimepa)
The VAL register contains the current value of the SysTick counter. Reads return the current value
of the SysTick counter. A write of any value clears the field to 0, and also clears the COUNTFLAG
bit in the STK CTRL register to 0.
Peructp VAL coaepxurt Tekymiee 3nauenue cuerurnka SysTick. Utenue perucrtpa Bo3Bpalaer 3To
TEKyIllee 3HaYCHHE. 3anKch JF000T0 3HaYCHHS ouunIaeT mosie B '0', a Takke OuuInaeT OuT
COUNTFLAG B peructpe STK_CTRL.




4.4.4 SysTick calibration value register (STK_CALIB)
Perucrp 3HayeHus1 KAJIUOPOBKH CHCTEMHOI0 TailiMepa

Address offset: 0x0C
Reset value: 0x0002328
Required privilege: Privileged

The CALIB register indicates the SysTick calibration properties.
Peructp CALIB noka3siBaeT cBoiicTBa kanuOpoBku SysTick.
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Bit 31 NOREF: NOREF flag
Reads as zero. Indicates that a separate reference clock is provided. The frequency of this clock is
HCLK/S.
Uuraercs kak HOub. [1oka3bIBaeT, 4TO NMPEAOCTABIICH OTACIBHBINA TAKTOBBIN CUrHAI. YacToTa 3TOro
curiasia HCLK/S.

Bit 30 SKEW: SKEW flag
Reads as one. Calibration value for the 1 ms inexact timing is not known because TENMS is not
known. This can affect the suitability of SysTick as a software real time clock.
UuraeTcs Kak equHUIA. 3HaUeHHEe KaauOpPOBKY AJIsl YCIOBHO TOYHOIO Meproja B 1 ms He U3BECTHO,
Tak Kak He u3BecTHO 3HaueHne TENMS. DT0 MOXKeT MOBIUSATH Ha BO3MOKHOCTh UCIIOJIb30BaTh
SysTick B kauecTBe MporpaMMHBIX 4YaCOB PEATLHOIO BPEMEHU.

Bits 29:24 Reserved
must be kept cleared. (ITpu 3amucu Bceraa 0)

Bits 23:0 TENMS|23:0]: Calibration value (3Hauenue kaJudpoBKH)
Reads as 9000. Indicates the calibration value when the SysTick counter runs on HCLK max/8 as
external clock. For 72 MHz HCLK clock, the SysTick period is 1ms. If calibration information is
not known, calculate the calibration value required from the frequency of the processor clock or
external clock.
Yuraercs kak 9000. Yka3piBaeT 3HaueHUE KaTnOpoBKH, Koraa taiimep SysTick paGoraer ot
BHEITHETO TAKTOBOTO CUTHANA, B KauecTBe KOToporo ucnoibiyetcs 1/8 curnana HCLK. [{ns
takToBOro curHasia HCLK B 72 MI'1 aTo cootBercTBYyeT nepuoay SysTick B 1ms. Eciu
uHpopManus 0 KaTHOPOBKE HE U3BECTHA, pacuuTaiTe TpeOyeMoe 3HaYeHNE KATUOPOBKH 110
4acTOTe TAKTOBOTO CUTHAJA MPOIIeCCOopa WM BHEUTHETO CUTHAIA.



4.4.5 SysTick design hints and tips

IIporpaMmMupoBaHne CHCTEMHOTO TaiiMepa: peKOMEeHIAIHN 1 COBETHI

The SysTick counter runs on the processor clock. If this clock signal is stopped for low power

mode, the SysTick counter stops.

Taiimep SysTick pabotaeT ot nporieccopa. Eciii 3TOT curHan 0OCTaHOBJIEH B PEXXKUME MOTPEOJICHUS

MaJIO MOIITHOCTH, TO ocTaHaBiIuBaeTca v cueTuuk SysTick.

Ensure software uses aligned word accesses to access the SysTick registers.

y6eI[I/ITeCB, 4ToO IporpamMmma UCIOJIb3YCT BBIpOBHGHHBIfI IMOCJIOBHBIN AOCTYII IpA O6paH_IeHI/II/I K

peructpam SysTick.

4.4.6 SysTick register map
Kapra peructpoB cucreMmHoro taiimepa

The table provides shows the SysTick register map and reset values. The base address of the

SysTick register block is 0xE000 EO10.

Ta6nmia nmokaseiBaeT KapTy peructpoB SysTick u nx 3Hauenuii nmocie copoca. bazoBriit aapec 610ka

peructpoB SysTick - 0xE000 E010.

Table 41. SysTick register map and reset values
Kapra perucrpoB SysTick u nx 3Hauenuit nocie copoca

Offset| Register |ZI2|RISNISIQTDNTISI2I2 =2 T2 S o|w|~w oo
Ll
< 2l |4
STK_CTAL E 2E |z
Ox00 = Reserved % Reserved g E ;
8 3|
o
Reset Value 0 1100
04 STK_LOAD S RELOAD[23:0]
Reset Value olofo]ojojojojojojolojo]ojojoja]jojojo]jajo]oja]o
08 STR_VAL R CURRENTIZ30]
Reset Value olojolojo]olo|o|o|o|olo|o]olo|ofo]o]olo]a]ola]o
- STR_CALIB — TENMSZS0]
Reset Value olojojojolojolo]ojo|ololololo]o]o]ojo]o]jo]olo]o
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1 Documentation conventions (CoryiameHusi M0 JIOKYMEHTAIIMH)

1.1 List of abbreviations for registers (Ilepeuens abOpeBUaTyp 17151 pErHCTPOB)

1.2 Glossary (I'moccapuit)
1.3 Peripheral availability (Bo3moxxnoctu nepudepun)

1.1 List of abbreviations for registers (Ilepeyenb a00peBHaTYp 1JI PErUCTPOB)

The following abbreviations are used in register descriptions:
[1pu onvicaHUU PETUCTPOB UCTIONB3YIOTCS CIIEyIOIINe a00peBUATYPHI:

read/write (rw)
read-only (r)

write-only (w)

read/clear
(rc_wl)

read/clear
(rc_wo0)

read/clear
by read (rc_r)

read/set (rs)

read-only write
trigger (rt_w)

toggle (t)

Reserved (Res.)

Software can read and write to these bits.
[IporpaMma MOKeT YUTaTh U 3aIUCHIBATH ATH OUTHI.

Software can only read these bits.
[TporpaMma MOKET TOJIBKO YATATh ITU OHTHI.

Software can only write to this bit. Reading the bit returns the reset value.
[TporpamMmMa MOKeT TOJBKO 3aIUCHIBATh B 3TH OWTHL. [Ipu uTeHNN OuTa BO3BpamaeTcs
3Ha4YeHue 1ocie copoca.

Software can read as well as clear this bit by writing 1. Writing ‘0’ has no effect on
the bit value.

[IporpamMma MOKeT YMTaTh 3TH OUTHI U OYMINATH UX 3amuchio '1'. 3amucek '0' He
OKa3bIBaeT BJIMSHUS Ha 3HAUYEHUE OUTA.

Software can read as well as clear this bit by writing 0. Writing ‘1’ has no effect on
the bit value.

[IporpamMmMa MOKET YUTaTh 3TH OMTHI M OUMINATH WX 3anuchbio '0'. 3anuce '1' He
OKa3bIBACT BJIUAHUA HA 3HAYCHUC 61/ITa.

Software can read this bit. Reading this bit automatically clears it to ‘0’. Writing ‘0’
has no effect on the bit value.

IIpu yTeHun 3TUX OUTOB OHU aBTOMaTHYecku ouniatorcs B '0'. 3anuck '0' He
OKa3bIBaeT BIIMSHUS HA 3HAUCHHUE OUTA.

Software can read as well as set this bit. Writing ‘0’ has no effect on the bit value.
[IporpamMma Mo’KeT UUTaTh 3TU OUTHI M YCTAaHABJIMUBAThH UX. 3anuch '0' He OKa3bIBaeT
BJIMSIHUSL HA 3HaYCHUE OUTa.

Software can read this bit. Writing ‘0’ or ‘1’ triggers an event but has no effect on the
bit value.

[Tporpamma MoxeT yuTaTh 3T0T 6UT. 3anuch '0' i '1' nepexiarodaeT coobITHE HO HE
OKa3bIBaeT BIIMSHMS HA 3HAUEHHUE OUTA.

Software can only toggle this bit by writing ‘1°. Writing ‘0’ has no effect.
[Tporpamma MOXET TOIBKO MEPEKITI0YaTh 3HAUeHUE 3TOro Omra 3anuchio '1'. 3anuch
'0' He umeet dpdexra.

Reserved bit, must be kept at reset value.

3ape3epBUPOBAHHBIN OUT, €r0 3HAYCHHUE JOJDKHO YACPKUBATHCS TAKMM, KaK OHO
ObL10 TIocTie cOpoca.



1.2 Glossary (I'toccapmii)

Low-density devices are STM32F101xx, STM32F102xx and STM32F103xx microcontrollers
where the Flash memory density ranges between 16 and 32 Kbytes.
VYerpoiictBa cemelictBa Low-density (HU3K0i MIoTHOCTH, dasiee LD) - 7TO MUKPOKOHTPOJLIEPHI
STM32F101xx, STM32F102xx u STM32F103xx, y kotopsix 06beM Flash namstu Haxonutces B
nuanasone 16-32 Kbaiira.

Medium-density devices are STM32F101xx, STM32F102xx and STM32F103xx microcontrollers
where the Flash memory density ranges between 64 and 128 Kbytes.
YcerpoiictBa cemeiictBa Medium-density (cpemneii miotTHoCTH, daee MD) - 3T0 MEKPOKOHTPOJIIIEPHI
STM32F101xx, STM32F102xx 1 STM32F103xx, y kotopsix 00beM Flash namsatu Haxonurcs B
nuanasone 64-128 Kbaiir.

High-density devices are STM32F101xx and STM32F103xx microcontrollers where the Flash
memory density ranges between 256 and 512 Kbytes.
YcrpoiictBa cemerictBa High-density (Bricokoii mnotHoCTH, dasiee HD) - 3T0 MUKPOKOHTPOJLIEPHI
STM32F101xx u STM32F103xx, y kotopsix 00beM Flash namstu Haxonutcs B auanasone 256-512
Kbaiir.

Connectivity line devices are STM32F105xx and STM32F107xx microcontrollers.
VYcrpoiictBa cemeiictBa Connectivity line (Jiunus 111 kommyTauuu, oanee CL) - 310
MuKpokoHTposuiepsl STM32F105xx u STM32F107xx

This section applies to the whole STM32F10xxx family, unless otherwise specified.
Paznensl aTOro nokymeHnTa npuMeHuMbl Ko BceM cemeiictBam STM32F10xxx, eciii He yKa3aHO UHOE.

1.3 Peripheral availability (Bo3mo:xnocTtu nepudgepun)

For peripheral availability and number across all STM32F10xxx sales types, please refer to the
low-, medium- and high-density STM32F101xx and STM32F103xx datasheets, to the low- and medium-
density STM32F102xx datasheets and to the connectivity line devices, STM32F105xx/STM32F107xx.
Jis uHpOpManuM 0 HUJIMYUH U Yncie nepudepun no Bcem kommepueckuM tiumnaMm STM32F10xxx,
noXkanyiicta oopatutech k datasheet, COOTBETCTByIOIIEMY BallleMy HU3IEIHIO.



2 Memory and bus architecture (ApXMTeKTypa IIUH U MAMSATH)

2.1 System architecture (ApXUTEKTypa CUCTEMBI)

2.2 Memory organization (Opranu3amusi mamMsTH)

2.3 Memory map (Kapra namsaru)

2.4 Boot configuration (Konurypamnus HagyaibHON 3arpy3KH)

2.1 System architecture (ApxuTeKTypa CHCTEMBbI)

In low-, medium- and high-density devices, the main system consists of:
Hns cemeiicts LD, MD 1 HD ocHOBHas cucTteMa COAEPKUT CIEAYIOLIEE:

* Four masters (4 mmHHBIX MacTepa (BEAYIIUX KOHTPOJUICPOR)):

* Cortex™-M3 core DCode bus (D-bus) and System bus (S-bus)
[Iuna nanubix (D-bus) u cuctemuas munHa (S-bus) sapa Cortex-M3

* GP-DMAL1 & 2 (general-purpose DMA) (1Be DMA 1mmHbI 00111€T0 Ha3HaYSHHS )

* Four slaves (4 Be1TOMBIX IIUHHBIX KOHTPOJIJIEPOB):
 Internal (Buyrpennsas) SRAM
* Internal Flash memory (Buyrpennsist Flash mamsts)

« FSMC

* AHB to APB bridges (AHB2APBXx), which connect all the APB peripherals
Moctsl ¢ AHB Ha APB (AHB2APBX), k0TOpble 00BEINHSIOT BCE BHEIIHUE YCTPOMCTBA
muHbel APB

These are interconnected using a multilayer AHB bus architecture as shown in Figure 1:
DTH MOy COSTMHEHBI MKy c000i ¢ momotnbio AHB muyHbI ¢ MHOTOCIIOHHOM apXUTEKTYPO, KaK
MOKa3aHo Ha puc. 1:



Figure 1. System architecture (ApxuTekTypa CHCTEMBI)
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In connectivity line devices the main system consists of:
Hns cemeiictBa CL 0cHOBHasi cucTemMa COACPKUT CIEAYIOIIEE:

* Five masters (5 IIMHHBIX MAacTEPOB (BEAYIINX KOHTPOJIJIEPOB)):

* Cortex™-M3 core DCode bus (D-bus) and System bus (S-bus)
[Iuna nanueix (D-bus) u cuctemuas munHa (S-bus) sapa Cortex-M3

* GP-DMAL1 & 2 (general-purpose DMA) (1Be DMA 1mmHbI 00111€T0 Ha3HAYSHHS )
* Ethernet DMA

* Three slaves (3 Be1OMbIX IIUHHBIX KOHTPOJIJIEPOB):
* Internal (Bayrpennsiss) SRAM

* Internal Flash memory (Buytpennsst Flash mamsts)

* AHB to APB bridges (AHB2APBXx), which connect all the APB peripherals
Moctsl ¢ AHB Ha APB (AHB2APBX), K0TOpBbIe 00BEIUHSIOT BCE YCTPONCTBA IIMHBI
APB

These are interconnected using a multilayer AHB bus architecture as shown in Figure 2:
OTH MOAYJIU COEAMHEHBI MEXIY c0o00# ¢ momorbio AHB 1muHBI ¢ MHOTOCTIOWHON apXUTEKTYpOH, KakK
MOKa3aHo Ha puc. 2:



Figure 2. System architecture in connectivity line devices
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ICode bus (Illmaa nHCTPYKIMIT)

This bus connects the Instruction bus of the Cortex™-M3 core to the Flash memory instruction
interface. Prefetching is performed on this bus.
DTa myHa MOAKIIYAET MUHY HHCTPYKIui sapa Cortex-M3 k untepdeiicy Flash namsaru nuHCTpyKITHid.
Ha 5710if mmue BeIMOMHACTCS IpeaBapUTeIbHast BHIOOPKA.

DCode bus (Illmna 1aHHBIX)

This bus connects the DCode bus (literal load and debug access) of the Cortex™-M3 core to the
Flash memory Data interface.
DTa muyHa MOAKIIYAET MUHY AaHHBIX sapa Cortex-M3 (ecTh TOCTYI ISl OTJIAQTYMKA U TTIOCUMBOJIBHOTO
3arpy3urka) K unrepdeiicy Flash mamaru nanHbIX.

System bus (CucremHasi miuHa)

This bus connects the system bus of the Cortex™-M3 core (peripherals bus) to a BusMatrix which
manages the arbitration between the core and the DMA.
Ota muHA MOJIKII0YaeT CUCTEMHYIO muHY siapa Cortex-M3 (mmHa nepudepun) K MaTpuLle uH,
KOTOpas sIBJISETCS apOuTpom Mexay siampom 1 DMA.



DMA bus (IIluHa npsAMOro AocTymna)

This bus connects the AHB master interface of the DMA to the BusMatrix which manages the
access of CPU DCode and DMA to SRAM, Flash memory and peripherals.
Orta muHa noakirovaetr macrep uatepderica DMA ¢ AHB k maTpuiie myH, KOTopas yIpaBisieT
nocrynom LITY u DMA k namsatu SRAM, Flash mamsti u namsitu nepugepun.

BusMatrix (MaTpuna muH)

The BusMatrix manages the access arbitration between the core system bus and the DMA master
bus. The arbitration uses a Round Robin algorithm. In connectivity line devices, the BusMatrix is
composed of five masters (CPU DCode, System bus, Ethernet DMA, DMA1 and DMA?2 bus) and three
slaves (FLITF, SRAM and AHB2APB bridges). In other devices, the BusMatrix is composed of four
masters (CPU DCode, System bus, DMA1 bus and DMAZ2 bus) and four slaves (FLITF, SRAM, FSMC
and AHB2APB bridges).

Martpuna mmH "pa3pyauBaer” KOHOIUKTH JOCTyIa MEXIy CUCTEMHOMW IITMHOM siipa u mactepom DMA
mmHBbL. [ apbutpaxa ucnoss3yercs anroputM Round Robin. [lns ycrpoiicts cemerictBa CL, maTpuiia
muH o0beauHseT B cede maTh MactepoB muH (CPU DCode, System bus, Ethernet DMA, DMA1 u
DMAZ2) u tpu Benombix koHTpoiiepa muH (FLITF, SRAM u AHB2APB moctsl). [lig npyrux
YCTPOMCTB MaTpulia uH o0beauHseT B cebe yethipe macTepa muH (CPU DCode, System bus, DMAT1 u
DMA?2) u getsipe Benomeix konTpoiepa muH (FLITF, SRAM, FSMC u AHB2APB mocThr).

AHB peripherals are connected on system bus through a BusMatrix to allow DMA access.
Bces AHB nepudepust moakirodeHa K CHICTEMHOH IIWHE Yepe3 MaTPUILy IIKH, YTO O3BOJISIET UMETh K HEel
npsmoit noctyn (DMA).

AHB/APB bridges (APB) (AHB/APB mocThbI)

The two AHB/APB bridges provide full synchronous connections between the AHB and the 2
APB buses. APBI is limited to 36 MHz, APB2 operates at full speed (up to 72 MHz depending on the
device).
JIsa AHB/APB mocTa 06ecreunBaroT MOJTHOCTHI0O CHHXPOHH3UPOBAHHOE COCTMHEHNE MEKTY ITMHOMN
AHB u nByms mmnamu APB.

Refer to Table 1 on page 41 for the address mapping of the peripherals connected to each bridge.
CwMmortpure Tabm. 1, Te npuBeneHa KapTa aapecoB neprudepun, MOAKIIOYSHHON K KaKIOMY MOCTY.

After each device reset, all peripheral clocks are disabled (except for the SRAM and FLITF).
Before using a peripheral you have to enable its clock in the RCC_ AHBENR, RCC_APB2ENR or
RCC_APBIENR register.

[Tocne xaxmoro copoca ycTpoiicTBa, Bce TAKTOBbIE CUTHANBI AJIs Nepuepun OTKII0YaroTCs (Kpome
curnana 11 SRAM u FLITF). [lepen Tem, kak UCONIb30BaTh NepUGEpUI0, Bbl JOIKHBI Pa3pEIInTh €€
coOctBenHbli TakToBBIN curtai B peructpe RCC_AHBENR, RCC_APB2ENR unu RCC_APBI1ENR.

Note: When a 16- or 8-bit access is performed on an APB register, the access is transformed into a 32-bit access:
the bridge duplicates the 16- or 8-bit data to feed the 32-bit vector.

Note: Koeoa evinonnsiemes 16-mu unu 8-mu 6umossiii docmyn k pecucmpy APB, maxoti docmyn
mparchopmupyemcsi 6 32-x oummwiii: mocm 0yoaupyem 16-mu unu 8-mu 6umogvle OanHvle, Ymoodwvl obecneuumn
32-paspsonwiii sexmop.



2.2 Memory organization (Opranu3amnusi naMmsiTH)

Program memory, data memory, registers and I/O ports are organized within the same linear 4-
Gbyte address space. [laMsTh mporpamMmsl, aMsTh JaHHBIX, TPOCTPAHCTBO peructpos u I/O moptos
opranu3oBaHbl B equHoe 4-x ['urabailTHoe agpecHOoe TPOCTPAHCTBO.

The bytes are coded in memory in Little Endian format. The lowest numbered byte in a word is
considered the word’s least significant byte and the highest numbered byte the most significant.
baiiTel 3akonupoBansl B maMatd B popmare Little Endian. baiit cioBa ¢ camblii HU3KMM HOMEpPOM
CUHTAIOT CaMbIM MJIQAIIUM OaliTOM 3TOro Cj0Ba, a OalT ¢ CaMbIM BBICOKMM HOMEPOM CUUTAIOT CaMbIM

CTapIUHM.

For the detailed mapping of peripheral registers, please refer to the related chapters.
Jis monoMHATENbHOW HHPOPMALIUU 00 agpecax perucTpoB nepudepun 0OpaTHTECTh K
COOTBETCTBYIOIIMM IJIaBaM 3TOTO PYKOBOJICTBA.

The addressable memory space is divided into 8 main blocks, each of 512 MB.
AnpecyemMoe pOCTPAHCTBO MaMSITH pa3fielieHo Ha § TIaBHBIX OJOKOB, KaXKAbli 1o 512 MOaiT.

All the memory areas that are not allocated to on-chip memories and peripherals are considered
"Reserved". Refer to the Memory map figure in the corresponding product datasheet.
Bce obnactu nmamsITi, KOTOphIE HE paclpe/ieieHbl Ha BHYTPEHHIOK NTaMSITh YHIIA WU Iepudepuro,
cuurarorcs "3apeszepBupoBaHHBIMU". CMOTpH KapTy naMstu B datasheet Ha cooTBeTCTBYIOLIEH IPOAYKT.

2.3.1 Embedded SRAM (Bcrpoennas SRAM)
2.3.2 Bit banding (PaboTa ¢ oTaenpHBIME OUTaMH )

2.3.3 Embedded Flash memory (Bctpoennas Flash namsts)

2.3 Memory map (Kapra namsitn)

See the datasheet corresponding to your device for a comprehensive diagram of the memory map.
Table 1 gives the boundary addresses of the peripherals available in all STM32F10xxx devices.
Cwmotpu datasheet, cooTBeTCTBYIONINI BalieMy YCTPOICTBY, I'/ie IPUBEACHA BCEOObEMITIONIAs KapTa
namsty. Tabmuia 1 maet rpaHuyYHBIC agipeca nepudepuu, TOCTYITHONW Ha BCEX YCTPOUCTBAX CEPUU

STM32F10xxx.

Table 1. Register boundary addresses (I'pannuHble afgpeca perucTpoB)

‘ Boundary address

‘ ‘ Peripheral

| Bus |

Register map

0x5000 0000 - 0x5000 03FF

'USB OTG FS

0x4003 0000 - 0x4FFF FFFF  Reserved

AHB

‘Section 26.14.6 on page 778

0x4002 8000 - 0x4002 9FFF  Ethernet Section 27.8.5 on page 946
0x4002 3400 - 0x4002 7FFF  Reserved AHB |
0x4002 3000 - 0x4002 33FF  CRC

0x4002 2000 - 0x4002 23FF

HFlash memory interface

0x4002 1400 - 0x4002 1FFF

‘ ‘Reserved

0x4002 1000 - 0x4002 13FF

HReset and clock control RCC

0x4002 0800 - 0x4002 OFFF

‘ ‘Reserved

0x4002 0400 - 0x4002 07FF

DMA2

‘Section 6.3.11 on page 102

‘Section 10.4.7 on page 196

|
|
|
|
|
‘Section 3.4.4 on page 52 ‘
|
|
|
|
|




0x4000 60001 - 0x4000 63FF L

Shared USB/CAN SRAM 512
ytes

‘Section 21.5.4 on page 540

‘Section 24.6.10 on page 652

‘Section 24.6.10 on page 652

‘Section 25.6.8 on page 693

‘Section 25.6.8 on page 693

‘Section 25.6.8 on page 693

‘Section 25.6.8 on page 693

‘Section 23.5 on page 614

‘Section 23.5 on page 614

0x4002 0000 - 0x4002 03FF  DMAL | Section 10.4.7 on page 196 |
0x4001 8400 - 0x4001 7FFF  Reserved | | |
0x4001 8000 - 0x4001 83FF  SDIO | Section 20.9.16 on page 510 |
0x4001 4000 - 0x4001 7FFF  Reserved | | |
0x4001 3C00 - 0x4001 3FFF  ADC3 | Section 11.12.15 on page 231
0x4001 3800 - 0x4001 3BFF  USART1 | Section 25.6.8 on page 693
0x4001 3400 - 0x4001 37FF  TIMS timer | Section 13.4.21 on page 317 |
0x4001 3000 - 0x4001 33FF  SPII | Section 23.5 on page 614 |
0x4001 2C00 - 0x4001 2FFF  TIMI timer | Section 13.4.21 on page 317 |
0x4001 2800 - 0x4001 2BFF  ADC2 | Section 11.12.15 on page 231
0x4001 2400 - 0x4001 27FF  ADCI | Section 11.12.15 on page 231
0x4001 2000 - 0x4001 23FF  GPIO Port G 'APB2 Section 8.5 on page 167
0x4001 1C00 - 0x4001 1FFF  GPIO Port F | Section 8.5 on page 167
0x4001 1800 - 0x4001 1BFF  GPIO Port E | Section 8.5 on page 167
0x4001 1400 - 0x4001 17FF  GPIO Port D | Section 8.5 on page 167
0x4001 1000 - 0x4001 13FF  GPIO Port C | Section 8.5 on page 167
0x4001 0C00 - 0x4001 OFFF  GPIO Port B | Section 8.5 on page 167
0x4001 0800 - 0x4001 OBFF  GPIO Port A | Section 8.5 on page 167
0x4001 0400 - 0x4001 07FF  EXTI | Section 9.3.7 on page 181
0x4001 0000 - 0x4001 03FF  AFIO | Section 8.5 on page 167
0x4000 7800 - 0x4000 FFFF  Reserved 'APB1
0x4000 7400 - 0x4000 77FF  DAC | Section 12.5.14 on page 252
0x4000 7000 - 0x4000 73FF  Power control PWR | Section 4.4.3 on page 65
0x4000 6C00 - 0x4000 6FFF  Backup registers (BKP) | Section 5.4.5 on page 70
0x4000 6800 - 0x4000 6BFF  Reserved | |
0x4000 6400 - 0x4000 67FF  bxCANI | Section 22.9.5 on page 583
0x4000 6400 - 0x4000 67FF  bxCAN2 | Section 22.9.5 on page 583

|

|

|

|

|

|

|

|

|

|

|

|

0x4000 5C00 - 0x4000 SFFF  USB device FS registers
0x4000 5800 - 0x4000 SBFF  12C2

0x4000 5400 - 0x4000 57FF  12C1

0x4000 5000 - 0x4000 53FF  UARTS

0x4000 4C00 - 0x4000 4FFF  UART4

0x4000 4800 - 0x4000 4BFF  USART3

0x4000 4400 - 0x4000 47FF  USART2

0x4000 4000 - 0x4000 3FFF  Reserved

0x4000 3C00 - 0x4000 3FFF  SPI3/12S

0x4000 3800 - 0x4000 3BFF  SPI2/12S

0x4000 3400 - 0x4000 37FF  Reserved

0x4000 3000 - 0x4000 33FF  Independent watchdog (IWDG)

‘Section 17.4.5 on page 403




0x4000 2C00 - 0x4000 2FFF  Window watchdog (WWDG) Section 18.6.4 on page 408

| |

0x4000 2800 - 0x4000 2BFF  RTC | |
0x4000 1800 - 0x4000 27FF  Reserved | |
0x4000 1400 - 0x4000 17FF  TIM7 timer | |
0x4000 1000 - 0x4000 17FF  TIM6 timer | Section 15.4.9 on page 386 |
| |

| |

| |

| |

‘Section 16.4.7 on page 398

‘Section 15.4.9 on page 386

0x4000 0C00 - 0x4000 OFFF  TIMS5 timer Section 14.4.19 on page 373
0x4000 0800 - 0x4000 OBFF  TIM4 timer Section 14.4.19 on page 373
0x4000 0400 - 0x4000 07FF  TIM3 timer Section 14.4.19 on page 373
0x4000 0000 - 0x4000 03FF  TIM2 timer Section 14.4.19 on page 373

1. This shared SRAM can be fully accessed only in low-, medium- and high-density devices, not
in connectivity line devices. (K aToit SRAM cOBMECTHOTO HCTIOIH30BAHMSI MOXKHO TTOTYYUTH TOTHBIN
npoctyn Tosbko B cemernictBax LD, MD u HD, HO He B ycTpolicTBax cemericta CL).

2.3.1 Embedded SRAM (Bcrpoennas SRAM)

The STM32F10xxx features 64 Kbytes of static SRAM. It can be accessed as bytes, half-words
(16 bits) or full words (32 bits). The SRAM start address is 0x2000 0000.
Cepus STM32F10xxx nogocrasinser 64 Kbaiira crarnueckoit SRAM mamsitu. K Helt MoxHO
oOparatecs Kak k 0aiTy, momycnoBy (16 6utoB) unu noaHoMy cioBy (32 6ura). Anpec Hadana SRAM -
0x2000 0000.

2.3.2 Bit banding (PadoTa ¢ oTAeJIbHBIMH OMTAMH)

The Cortex™-M3 memory map includes two bit-band regions. These regions map each word in an
alias region of memory to a bit in a bit-band region of memory. Writing to a word in the alias region has
the same effect as a read-modify-write operation on the targeted bit in the bit-band region.

Kapra mamsartu sinpa Cortex-M3 Bxirodaet ABe obnactu tumna bit-band. 3t obnactu (cocmoam uz 08yx
yacmeli 1) 0TOOpaKaroT KaXkJ10€ CJI0BO U3 00J1aCTH JocTyna K Outam (alias region) Ha OlMH OUT B
obnactu xpanenus: our (bit-band region). 3anuck ciioBa B 001acTH JOCTYyIa K OUTaM UMEET TOT XKe
caMblIit 93¢ deKT, yTo U oneparys "dTeHrne - Moau(UKaIKA - 3aMKUCh" HaJl 1IeJIeBBIM OUTOM B 00J1acTH
XpaHeHHUs1 OUT.

In the STM32F10xxx both peripheral registers and SRAM are mapped in a bit-band region. This
allows single bit-band write and read operations to be performed.
B cepun STM32F10xxx kak peructpsl nepudepun, Tak 1 SRAM oToOpaxeHsl Ha oOactu tuma bit-
band. D10 M03BOJSET BHINOIHATE ONEPALIUN OAMHOYHON 3aIIMCH U YTEHHS B ATOH 0biacTu.

A mapping formula shows how to reference each word in the alias region to a corresponding bit in
the bit-band region. The mapping formula is:
®opmyrna 0ToOpakeHHsI TOKA3bIBAET, KAK COCIATHCS C MIOMOIIBIO CJI0Ba B 00JIaCTH AOCTyIa K OUTaM Ha

COOTBETCTBYIOLIHNI OUT B 001acTH XpaHeHust OuT. @opmyiia 0ToOpaKeHHs CiIeIyromast:
bit_word_addr = bit_band_base + (byte_offset x 32) + (bit_number x 4)

where (I'ne):
bit_word_addr is the address of the word in the alias memory region that maps to the targeted bit.
3TO ajpec CJIOBA B 00JACTH JOCTyMA K OMTaM, KOTOPOE OTPaKACTCs Ha I1eIeBOM OHT.

bit_band_base is the starting address of the alias region
ATO HaYaJIbHBIN aJipec 00IacTH 10CTyma K OuTam



byte_offset is the number of the byte in the bit-band region that contains the targeted bit
9TO HOMEp TOro OalTa B 00JIaCTH XpaHEHHs OUT, KOTOPBIH COMEPKUT IIEICBOM OUT

bit_number is the bit position (0-7) of the targeted bit.
3TO To3uIMsl 1eneBoro 6ura (0-7) B Oaiite.

Example (Ilpumep):

The following example shows how to map bit 2 of the byte located at SRAM address 0x20000300
in the alias region:
Crenyromnuii mpuMep MOKa3bIBaeT, Kak 0TOOpa3uTh OUT 2 u3 OaiiTa, pacnonoxenHoro B SRAM no

aapecy 0x20000300, na o6nacTh goCTyNa K OUTaM:
0x22006008 = 0x22000000 + (0x300%*32) + (2%4).

Writing to address 0x22006008 has the same effect as a read-modify-write operation on bit 2 of
the byte at SRAM address 0x20000300.
3amnucek o agpecy 0x22006008 nmeeT TOT xe camblil 9PQeKT, 4To U onepanus "YTeHue-u3MeHeHHE-
3anuch" s 6urta 2 u3 6aiita B SRAM mo aapecy 0x20000300.

Reading address 0x22006008 returns the value (0x01 or 0x00) of bit 2 of the byte at SRAM
address 0x20000300 (0x01: bit set; 0x00: bit reset).
Urenue mo agpecy 0x22006008 sepHet 3nauenue 6uta 2 (0x01 wu 0x00) 1st Gaiita B SRAM o anpecy
0x20000300 (0x01: 6ut ycranosieH; 0x00: 6ut cOporeH).

For more information on Bit-Banding, please refer to the Cortex™-M3 Technical Reference
Manual. O6paturech k nokymeHTy "Cortex-M3 Technical Reference Manual" 3a 6onee netanbHON
uHpopMmarnueit o paboTe ¢ OUTaMHu.

2.3.3 Embedded Flash memory (Bcrpoennasi Flash mamsTs)

The high-performance Flash memory module has the following key features:
Moayns BeicokoddextrBHOM Flash-mamsati nmeet cienyromye KiIt0YeBble 0COOCHHOCTH:

* Density of up to 512 Kbytes (O6bpem nmamsitu g0 512 Kbaiit)

* Memory organization: the Flash memory is organized as a main block and an information
block: Opranuzamnus namsatu: Flash-mamste oprann3oBaHa Kak TJIaBHBIA OJIOK TUTIOC OJI0K
uHpOpMaLnK:

* Main memory block of size: (I'1aBHBII 070K MaMATH UMEET pa3Mep:)
up to 4 Kb x 64 bits divided into 32 pages of 1 Kbyte each
10 4 Kb x 64 6uta, pa3nenennbix Ha 32 crpanunbl o 1 Kb kaxmas
for low-density devices (see Table 2) (m1s ycTpoiictB cemeiictBa LD (cMm. Ta6m. 2))
up to 16 Kb x 64 bits divided into 128 pages of 1 Kbyte each
1o 16 Kb x 64 6uta, paznenennbix Ha 128 ctpanun o 1 Kb kaxmas
for medium-density devices (see Table 3) (mst ycrpoiictB cemetictea MD (cm. Ta6m. 3))
up to 64 Kb x 64 bits divided into 256 pages of 2 Kbytes each
1o 64 Kb x 64 6uta, pazneneHubix Ha 256 ctpanui] no 2 Kb kaxmas
(see Table 4) for high-density devices (nns yctpoiictB cemeiictBa HD (cm. Tabm. 4))
up to 32 Kbit x 64 bits divided into 128 pages of 2 Kbytes each
1o 32 Kb x 64 6uta, paznenennbix Ha 128 ctpanun o 2 Kb kaxmas
(see Table 5) for connectivity line devices (mst ycrpoiicts cemerictBa CL (cM. Tabm. 5))

* Information block of size: (MupopmaninoHHslii 6J10K HaMsITH UMEET pa3Mep:)



2360 x 64 bits for connectivity line devices (see Table 5)

2360 x 64 6uta gy ycrporicts cemeiictBa CL (cm. Tabm. 5)

258 x 64 bits for other devices (see Table 2, Table 3 and Table 4)

258 x 64 6urta 11 YCTPOMCTB APYTUX CEMEUCTB (CM. Tabnuiibl 2, 3, 4)

The Flash memory interface (FLITF) features:
Unrepdeiic ¢ Flash-mamsareio (FLITF) umeer cnenyromme 0coO€HHOCTH:

* Read interface with prefetch buffer (2x64-bit words)
Wntepodeiic urenus ¢ 6ydepom npeaBapuTenbHoil BBIOOPKH (2 cioBa 1o 64 6ura)

* Option byte Loader (OnunoHHbIN OaTOBBIN 3arpy34yuK )
* Flash Program/Erase operation (Onepauuu [Iporpammuposanus/Ctupanus Flash-namsitu)

* Read/Write protection (3amura ot UreHwus/3anucn)

Table 2. Flash module organization (low-density devices)
Opranuszanus Flash-monyns (yctpoiictBa cemelictsa LD)

Block Name Base addresses Size (bytes)
Page 0 0x0800 0000 - 0x0800 03FF 1 Kbyte
Page 1 0x0800 0400 - 0x0800 O7FF 1 Kbyte
Page 2 0x0800 0800 - 0x0800 OBFF 1 Kbyte
Main memory Page 3 0x0800 0CO00 - 0x0800 OFFF 1 Kbyte
Page 4 0x0800 1000 - 0x0800 13FF 1 Kbyte
Page 31 0x0800 7C00 - 0x0800 7FFF 1 Kbyte
System memory Ox1FFF FO0O - Ox1FFF F7FF 2 Kbytes
Information block
Option Bytes Ox1FFF F800 - Ox1FFF F80F 16
FLASH ACR 0x4002 2000 - 0x4002 2003 4
FLASH KEYR 0x4002 2004 - 0x4002 2007 4
FLASH OPTKEYR 0x4002 2008 - 0x4002 200B 4
FLASH SR 0x4002 200C - 0x4002 200F 4
lnfgi‘fj‘céng;‘;zrs FLASH CR 0x4002 2010 - 0x4002 2013 4
FLASH AR 0x4002 2014 - 0x4002 2017 4
Reserved 0x4002 2018 - 0x4002 201B 4
FLASH OBR 0x4002 201C - 0x4002 201F 4
FLASH WRPR 0x4002 2020 - 0x4002 2023 4




Table 3. Flash module organization (medium-density devices)
Opranmsanus Flash-monyns (yctporictBa cemeiictea MD)

Block Name Base addresses Size (bytes)
Page 0 0x0800 0000 - 0x0800 03FF 1 Kbyte
Page 1| 0x0800 0400 - 0x0800 07FF 1 Kbyte
Page 2 0x0800 0800 - 0x0800 OBFF 1 Kbyte
Main memory Page 3 0x0800 0CO00 - 0x0800 OFFF 1 Kbyte
Page 4 0x0800 1000 - 0x0800 13FF 1 Kbyte
Page 127 0x0801 FCOO - 0x0801 FFFF 1 Kbyte
System memory Ox1FFF FO0O - Ox1FFF F7FF 2 Kbytes
Information block
Option Bytes O0x1FFF F800 - 0x1FFF F80F 16
FLASH ACR 0x4002 2000 - 0x4002 2003 4
FLASH KEYR 0x4002 2004 - 0x4002 2007 4
FLASH OPTKEYR 0x4002 2008 - 0x4002 200B 4
FLASH SR 0x4002 200C - 0x4002 200F 4
_ Flash memory FLASH CR 0x4002 2010 - 0x4002 2013 4
interface registers
FLASH AR 0x4002 2014 - 0x4002 2017 4
Reserved 0x4002 2018 - 0x4002 201B 4
FLASH OBR 0x4002 201C - 0x4002 201F 4
FLASH WRPR 0x4002 2020 - 0x4002 2023 4
Table 4. Flash module organization (high-density devices)
Opranmsanus Flash-monyns (ycrpoiicta cemeiicta HD)

Block H Name H Base addresses H Size (bytes) ‘
| Page 0 ~ 0x0800 0000 - 0x0800 07FF 1 Kbyte
| Page 1  0x0800 0800 - 0x0800 0FFF  2Kbyte

_ | Page 2 . 0x0800 1000 - 0x0800 17FF  2Kbyte

Main memory
| Page 3  0x0800 1800 - 0x0800 IFFF  2Kbyte
| Page 255 . 0x0807 F800 - 0x0807 FFFF = 2Kbyte
. ‘ System memory H Ox1FFF FO0O - Ox1FFF F7FF H 2 Kbytes ‘
Information block -
.~ OptionBytes  OxIFFF F800 - OxIFFF F8OF | 16 |
.~ FLASH_ACR  0x40022000 - 0x4002 2003 4 |
.~ FLASH KEYR  0x4002 2004 - 0x4002 2007 4 |
Flash memory gy \oH OPTKEYR  0x4002 2008 - 0x4002200B | 4 |
interface registers =
| FLASH_SR | 0x4002 200C - 0x4002 200F 4 |
| FLASH CR | 0x40022010 - 0x40022013 4 |




Block H Name H Base addresses H Size (bytes)
.~ FLASH_AR  0x40022014 - 0x40022017 4
| Reserved | 0x40022018 - 0x4002201B 4
~ FLASH_OBR  0x4002201C - 0x4002 201F 4
- FLASH_WRPR  0x4002 2020 - 0x4002 2023 4

Table 5. Flash module organization (connectivity line devices)
Opranuzanus Flash-monyns (yctpoiictBa cemeiictBa CL)

Block H Name H Base addresses H Size (bytes)
| Page 0  0x0800 0000 - 0x0800 07FF 1 Kbyte
| Page 1 . 0x0800 0800 - 0x0800 OFFF 2 Kbyte

, | Page 2 .~ 0x0800 1000 - 0x0800 17FF 2 Kbyte

Main memory
| Page 3 . 0x0800 1800 - 0x0800 IFFF 2 Kbyte
| [ [
Page 127 0x0803 F800 - 0x0803 FFFF 2 Kbyte
| | |
_  Systemmemory  OxIFFF B000 - OxIFFF F7TFF | 18 Kbytes
Information block -
~ OptionBytes  OxIFFF F800 - Ox1FFF F§OF | 16
.~ FLASH_ACR  0x40022000 - 0x4002 2003 | 4
.~ FLASH_KEYR  0x40022004 - 0x4002 2007 | 4
 FLASH OPTKEYR  0x4002 2008 - 0x4002 200B | 4
| FLASH SR 0x4002 200C - 0x4002 200F 4
inf;ffsiénfen;i"szrs ~ FLASH.CR  0x40022010- 0x4002 2013 | 4
.~ FLASH AR 0x40022014-0x40022017 | 4
| Reserved . 0x40022018 - 0x4002 201B 4
.~ FLASH OBR  0x4002201C - 0x4002 201F | 4
.~ FLASH_WRPR  0x40022020 - 0x4002 2023 | 4

Note: For further information on the Flash memory interface registers, please refer to the STM32F [ Oxxx Flash
programming manual.

Note: J[ns oononnumensroul ungopmayueii 0o unmepgetice Flash-namsamu oopamumeco k 0oKymenmy
"STM32F10xxx Flash programming manual".

Reading the Flash memory (Urenue Flash-namsitu)

Flash memory instructions and data access are performed through the AHB bus. The prefetch
block is used for instruction fetches through the ICode bus. Arbitration is performed in the Flash memory
interface, and priority is given to data access on the DCode bus.

Hoctyn k nHCTpyKIMAM U 1aHHbIM Bo Flash-nmamsitu Bemmonnsercs yepes muny AHB. biok
npeaBapuTeNbHON BEIOOPKU MCIIONB3YETCsl IPpU YTeHUH MHCTpYKuui uepe3 muHy ICode. ApOutpax
BbInosHseTcs B uutepdeiice Flash-namsatu, u npuoputer otnaercs AocTymny K AaHHbIM Ha mHe DCode.

Read accesses can be performed with the following configuration options:
JloCTyII 77151 YTEHUSI MOYKET OBITh BBITIOJIHEH CO CJICAYIOIIMMHU OIIUSIMHU KOH(PHUTYPAITUH:




Note:

* Latency: number of wait states for a read operation programmed on-the-fly
Bpemst oxxunanusi: YUCIO COCTOSIHUM OKUJAHUs JUIsl ONlepalliy YTeHHs TporpaMmMupyercs "Ha
agery"

» Prefetch buffer (2 x 64-bit blocks): it is enabled after reset; a whole block can be replaced
with a single read from the Flash memory as the size of the block matches the bandwidth of the
Flash memory. Thanks to the prefetch buffer, faster CPU execution is possible as the CPU fetches
one word at a time with the next word readily available in the prefetch buffer
Bydep npeaBapurtenpHOit BEIOOpKH (2 X 64 OUTOBBIX OJI0KA): pa3peleH mocie copoca; 1ebIi
OJIOK KOMaHJ1 YTEHHSI MOXKET ObITh 3aMEHEH €MHCTBEHHON KOMaH/I0i YTeHUs1 BO DIdII-NIaMsTH,
ecJIi pa3mep OJI0Ka COOTBETCTBYET MPOMyCKHOU criocooHocTH dmm-namsitu. biiarogaps 0ydepy
NpeIBapUTEILHON BEIOOPKU BO3MOXKHA Oostee ObicTpast padota LIITY, Tak kak mporeccop
BBIOMPACT OJIHO CIIOBO OJJHOBPEMEHHO CO CIEIYIOLIMM CIIOBOM, KOTOPOE JIOCTYITHO JUISl YTCHHS B
Oydepe npeaBapuTEIbHON BHIOOPKH

» Half cycle: for power optimization
[TonoBHHA IMKJIA: AJIsI ONTUMH3AIHU TOTPEOISIEMOI MOLIIHOCTH

These options should be used in accordance with the Flash memory access time. The wait states represent
the ratio of the SYSCLK (system clock) period to the Flash memory access time:

Omu onyuu 00AHCHBL UCNOTL30BAMBCSL 8 COOMBEMCMBUU C BPeMeHeM OOCMYNA K (hadu-namsaimii.
Cocmosinus odxcudanus npedcmagnsaiom cooou omuowerue nepuoda SYSCLK (cucmemnwlii maxmossii

CUSHAT) K BpEMEHU Oocmyrga K (hdw-namsamu.
zero wait state, if 0 < SYSCLK < 24 MHz
one wait state, if 24 MHzZ < SYSCLK < 48 MHz

two wait states, if 48 MHz < SYSCLK < 72 MHz

Half cycle configuration is not available in combination with a prescaler on the AHB. The system clock
(SYSCLK) should be equal to the HCLK clock. This feature can therefore be used only with a low-
frequency clock of 8 MHz or less. It can be generated from the HSI or the HSE but not from the PLL.
Kongueypuposanue nony-yuxia ne 0ocmynno @ komounayuu ¢ deaumenem wacmomuol wiunvt AHB.
Cucmemmnwiti maxmosuiii cuenan (SYSCLK) oonoicnwt 6vimo pagen maxmogomy cuenany HCLK. [losmomy
MY 0COOEHHOCTb MONACHO UCNONL30BANb MOJLKO C HUZKOUACHOMHBIMU MAKMOBbIM CUSHAIOM PABHbIM 8
MTy, unu menvue. Taxoii cueHan modxcHo ceenepuposams ¢ nomowvto HSI unu HSE, no ne PLL.

The prefetch buffer must be kept on when using a prescaler different from I on the AHB clock.
byghep npeosapumenvhoil blOopru dondicen dvlms 6cee0a exoueH, ecau 0asi wunvt AHB ucnonvsyemcs
oenumenb MmaxKmogou Yacmomaol, OMAUYHbLIL om 1.

The prefetch buffer must be switched on/off only when SYSCLK is lower than 24 MHz. The prefetch buffer
is usually switched on/off during the initialization routine, while the microcontroller is running on the
internal 8 MHz RC (HSI) oscillator.

bypep npedsapumenvhotl 6b160pKu 00IICEH BKIIOUAMBCS WU BLIKTIOUAMbCS MOALKO NPU YACMOMe
SYSCLK nuoice 24 MI'y. Obwiuno d6yghep npedsapumenshoii 8b100pKU Nepekniowaemcs (6Ki/6viki) 60
8peMst UHUYUATIU3AYUU NPOSPAMMYL, 8 MO BPeMsL MUKPOKOHMpPOJLiep pabomaem om guympennezo 8 MIy
RC cenepamopa (HSI).

Using DMA: DMA accesses Flash memory on the DCode bus and has priority over [Code instructions.
The DMA provides one free cycle after each transfer. Some instructions can be performed together with
DMA transfer.

HUcnonvsosanue DMA: DMA oopawaemcsa k @asw-namamu no wune DCode u umeem npuopumem nao
xomanoamu wunel ICode. DMA obecnewusaem ooun nycmotl yuki nocie Kaxicoou mpaH3aKyuil.
Hekxomopbie uncmpyKyuu MOJ*CHO GbINOJIHEHAMb 00HOBPEMENHO ¢ 00MmeHnom no DMA.



Programming and erasing the Flash memory
IIporpammupoBaHue U cTupaHue GJIMI-NAMATH

The Flash memory can be programmed 16 bits (half words) at a time.
@OmI-namMaTh MOXKHO MPOrPaMMHPOBATh 10 16 GMTOB (MOTYCIOBO) 33 OMH pa3.

The Flash memory erase operation can be performed at page level or on the whole Flash area
(mass-erase). The mass-erase does not affect the information blocks.
Onepaumo CTUpaHUA Dpm-naMITH MOKHO BBIITOJIHATE IMMOCTPpAaHNYIHO UJIN CTCPETH BCIO o0JIacTh maMATH
(MaccoBoe cTupanue). MaccoBoe cTUpaHUe HE 3aTparuBaeT HHPOPMAIIMOHHBIE OJIOKH.

To ensure that there is no over-programming, the Flash Programming and Erase Controller blocks
are clocked by a fixed clock.
YroObI rapaHTUPOBATH OT CIYYaWHOTO MPOrPAMMHPOBAHUS, OJIOKK KOHTpOsuiepoB [IporpamMmmupoBanus U
CTI/IpaHI/IH TAKTUPYKOTCA OTACIBbHBIM TAKTOBBIM CUT'HAJIOM.

The End of write operation (programming or erasing) can trigger an interrupt. This interrupt can
be used to exit from WFI mode, only if the FLITF clock is enabled. Otherwise, the interrupt is served
only after an exit from WFI.

Komnen onepanuu 3anucu (IporpaMMHPOBAHNE WM CTUPAHUE) MOKET BBI3BATh MPEPhIBAHUE. DTO
npephIBaHIE MOYKHO UCIIOJIB30BaTh, YTOOBI BRINTH OT pexkuma oxxunanuss WFI, eciiu koHeuHO pasperieH
takToBbIli s FLITF. MHaue, npepsiBanue OyaeT 00CIy>KEHO TOIBKO MOCIE BHIXOA U3 PEKIMA
oxnnanna WFI.

Note: For further information on Flash memory operations and register configurations, please refer to the
STM32F10xxx Flash programming manual.

Note: J[ns Oononnumenshou un@opmayuu 00 onepayusx ¢ Paau-namsamoio u KOHQUISYPAYUOHHBIX PeUCTPax
oopamumecs k doxymenmy "STM32F10xxx Flash programming manual".

2.4 Boot configuration (Kon¢urypanusi Ha4aJbHON 3arpy3KH)

In the STM32F10xxx, 3 different boot modes can be selected through BOOT][1:0] pins as shown
in Table 6.
Cepus ycrporictB STM32F10xxx nmeer 3 pa3iuuHbIX peKMMa HauyalbHOU 3arpy3KH, KOTOPbIE MOTYT
OBITH BBIOpaHBI ¢ TOMOIIEI0 BBIBOIOB BOOT|[1:0], kak moka3aHo B Ta0OauIle 6.

Table 6. Boot modes (PexxrMbl HauanbHOU 3arpy3KH )

Boot mode
selection pins
Boot mode Aliasing
BOOT BOOT
1 0
< 0 Main Flash ‘Main Flash memory is selected as boot space (B kauectBe obmactu
memory 3arpy3Kd BhIOpaHa OCHOBHAs ()IIDII-NIAMSITh)
0 1 System ‘System memory is selected as boot space (B kauecTBe o0nacTu 3arpy3ku
memory BBIOpaHa CUCTEMHAs NIAMSTD (6CIMPOCHHbILL 3A2PY3HUK))
1 1 Embedded ‘Embedded SRAM is selected as boot space (B xauecTBe obmactu
SRAM 3arpy3ku BelOpaHa BcrpoeHHass SRAM namsTh)




The values on the BOOT pins are latched on the 4th rising edge of SYSCLK after a Reset. It is up
to the user to set the BOOT1 and BOOTO pins after Reset to select the required boot mode.
3nauenust Ha BOOT BeiBogax cunthiBaThiBatoTcs Ha 4-oMm pponte SYSCLK mnocne copoca. UmerHO
N0JIK30BaTeNb CTaBUT ypoBHU Ha BbiBogax BOOT1 u BOOTO0 nocne copoca, 4To0bI HOTYIHUTH
TpeOyeMBbIi PEKUM HauaJbHOM 3arpy3KHu.

The BOOT pins are also re-sampled when exiting from Standby mode. Consequently they must be
kept in the required Boot mode configuration in Standby mode. After this startup delay has elapsed, the
CPU fetches the top-of-stack value from address 0x0000 0000, then starts code execution from the boot
memory starting from 0x0000 0004.

[Tpu BbIxoa€e U3 pexuma oxunanus BOOT BbIBo/IbI CUNTHIBATHIBAIOTCS MOBTOPHO. Clie10BaTENbHO, B
pEeKUME 0XKUIAHUS OHU JOJKHBI YAECPKUBATHCS B HEOOXOMMOM KOH(UTYpaAIK I peKUMa 3arpy3Ku.
[Tocne Toro, kak UCTEKIIa 3Ta 3a7eprKKa 3amycka, L{ITY BeiOupaet 3HaueHHe BEPIIMHBI CTEKA M0 aApecy
0x0000 0000, 3aTem 3amycKaeT BBIIIOJIHEHUE KOJIa ¢ 00IACTH MaMSITH HaYaJlbHOM 3arpy3Ky, HAaUWHAs CO
cmerenus 0x0000 0004.

Due to its fixed memory map, the code area starts from address 0x0000 0000 (accessed through
the ICode/DCode buses) while the data area (SRAM) starts from address 0x2000 0000 (accessed through
the system bus). The Cortex-M3 CPU always fetches the reset vector on the ICode bus, which implies to
have the boot space available only in the code area (typically, Flash memory). STM32F10xxx
microcontrollers implement a special mechanism to be able to boot also from SRAM and not only from
main Flash memory and System memory.

BcenenctBun ¢pukcupoBaHHOM KapThl HaMsTH, 00J1acTh Kojia HaunHaeTcs ¢ agpeca 0x0000 0000
(moctymHa uepes muHbl ICode/DCode), B To Bpems kak o6nacts gaHHBIX (SRAM) HaunHaeTcs ¢ agpeca
0x2000 0000 (noctynHa yepe3 cuctemuyto muHy). LITY sapa Cortex-M3 Bcerna BEIOMpaeT BEKTOP
copoca Ha mHe ICode, uTo moapazymeBaeT, 4To 00JaCTh HAYAIbHOM 3arpy3KU JOCTYITHA TOJIBKO B
oOmactu koja (00br4HO, DduI-namaTh). MukpokoHTpouiepsl STM32F10XXX UMEIOT crieraabHbII
MEXaHU3M, KOTOPBIN JAaeT BO3MOXKHOCTb 3arpy3uThes Takxke 3 SRAM, a He TosbKko U3 Ti1aBHON Ddmr-
namsTy win CUCTEeMHON aMsITH.

Depending on the selected boot mode main Flash memory, System memory or SRAM is
accessible as follows:
B 3aBucUMOCTH OT BEIOPAaHHOTO pEXUMa HaYaIbHOM 3arpy3Ku, OCHOBHON DI3II-mmaMsaTH, CUCTEMHON
namatu uiin SRAM, 10CTynHO ClieyroIHe:

* Boot from main Flash memory: the main Flash memory is aliased in the boot memory
space (0x0000 0000), but still accessible from its original memory space (0x800 0000). In other
words, the Flash memory contents can be accessed starting from address 0x0000 0000 or 0x800
0000.
3arpy3ka u3 rinaBHoM DduI-maMsTy: riiaBHas OduI-maMsTh - oTpaxkaercs (aliased) Ha
MPOCTpPaHCTBE MaMATH HadabHOU 3arpy3ku (0x0000 0000), Ho Bce elie JOCTYITHA T10 €€
opuruHanbHoOU obmactu mamatu (0x800 0000). [[pyrumu cioBamu, K KOHTEKCTY DidII-namMsaTi
MOXHO 00patuthbes, HaunHas ¢ aapeca 0x0000 0000 v 0x800 0000.

* Boot from System memory: the System memory is aliased in the boot memory space
(0x0000 0000), but still accessible from its original memory space (0x1FFF B00O in connectivity
line devices, 0x1FFF FO0O in other devices).
3arpy3ka u3 CucremHoi namsatu: CucremMHas namsTh - oTpaxkaercs (aliased) Ha mpOCTpaHCTBE
naMaTi HadaasHO# 3arpy3ku (0x0000 0000), Ho Bce elie JOCTyITHA 0 €€ OPUTHHAILHON 00J1acTH
namst (0x1FFF B000 B cemeiictee CL, 0x1FFF F000 B npyrux cemeiicrpax).

* Boot from the embedded SRAM: SRAM is accessible only at address 0x2000 0000.
3arpyska u3 BctpoeHHO SRAM: SRAM nocrtynHa Toabsko ¢ aapeca 0x2000 0000.



Note: When booting from SRAM, in the application initialization code, you have to relocate the vector table in
SRAM using the NVIC exception table and offset register. Ilpu 3aepysxe us3 SRAM, ¢ npuxnaonom kooe
UHUYUATU3AYUL, 8bl OONIHCHBL nepemecmums madauyy éexkmopos 6 SRAM ucnoavsys mabnuyy uckmowenuti NVIC
u pecucmp cmeujeHusl.

Embedded boot loader (BcTpoeHHbBIi 3arpy34HK)

The embedded boot loader is located in the System memory, programmed by ST during
production. It is used to reprogram the Flash memory with one of the available serial interfaces:
Bcetpoennsrii 3arpy3unk pacrosioxkeH B CUCTEMHOM maMsaTH, B mporpammupyetcs pupmoit ST npu
M3TOTOBJICHUU NPOAYKIHHA. OH UCIOIB3YeTCs TSl MeperporpaMMHUpoBanust DIdII-TaMATH ¢ TOMOIIBIO
OJIHOTO M3 JIOCTYITHBIX TOCTIEI0BATENbHBIX HHTEP(EHCOB:

* In low-, medium- and high-density devices the bootloader is activated through the
USART]1 interface. For further details please refer to AN2606.
B cemeiictax LD, MD u HD 3arpyska npousBoautcs uepe3 unrepgeiic USART1. Obpaturech k
nokymeHty "AN2606" 3a 6onee neranbHON HHPOpPMaLIUEH.

* In connectivity line devices the bootloader can be activated through one of the following
interfaces: USART1, USART2 (remapped), CAN2 (remapped) or USB OTG FS in Device mode
(DFU: device firmware upgrade).

The USART peripheral operates with the internal 8 MHz oscillator (HSI). The CAN and USB
OTG FS, however, can only function if an external 8 MHz, 14.7456 MHz or 25 MHz clock (HSE)
is present. For further details, please refer to AN2662.

B cemeiictBe CL 3arpy3ka MOKeT NMPOU3BOAMUTCS Y€pe3 OAUH U3 CISAYIOIUX UHTep(eiCcOoB:
USART1, USART?2 (nepenaznauennsiii), CAN2 (nepenasnauennsiil) win USB OTG FS B
pexume Device (DFU: device firmware upgrade (o6noBnenue nporpammel MK)).

USART pabotaer ot BHyTpeHHHTO TeHepaTopa Ha 8§ MI'1 (HSI). Oqnako, CAN u USB OTG FS
MOTYT paboTaTh TOJIBKO TOT/A, KOTAA MPECTaBICH BHEIIHUI pe3oHaTop Ha 8§, 25 i 14.7456
MI'u (HSE). OGparturecs k fokymMeHTY "AN2662" 3a 601ee netanbHON HHPOpMaLUEH.



3 CRC calculation unit (MoxyJas pacuera CRC)

(30ecwb Haxooumcs pumyanvroe Hanomunanue o Hanuuuu 4-x cemeticms 0t STM32F10xxx, u
umo 2mom OOKyMeHm 000 8cex cemelicmeax, eciu Hem npsamozo ykazanus. Cm. paszoen 1.2 I'noccapuii).)

3.1 CRC introduction (Bsenenue B CRC monynb)

3.2 CRC main features (OcnoBnbie ocobeHHOCTH CRC Momysst)

3.3 CRC functional description (®yukiuonansHoe onucanue CRC momyns)
3.4 CRC registers (Peructpsr CRC moyns)

3.1 CRC introduction (BBenenne B CRC moayJib)

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit data
word and a fixed generator polynomial.
Monyns Berancienns CRC (KOHTpOIBHOM CyMMBI) UCTIONB3YyeTcs, 4ToO0bI moiyunTh ko CRC mns 32-x
pa3psAIHOro CJIOBA JAHHBIX C (PUKCHPOBAHHBIM ITOJIMHOMOM.

Among other applications, CRC-based techniques are used to verify data transmission or storage
integrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of verifying the Flash memory
integrity. The CRC calculation unit helps compute a signature of the software during runtime, to be
compared with a reference signature generated at link-time and stored at a given memory location.
Texnonorus ucnonszoanust CRC, 310 mpocto mporpamma, KOTopast UCTIONB3YIOTCS U IPOBEPKH
LIEJIOCTHOCTH Tepeiaun JaHHbBIX WU coAepKuMoro B namsatu. B rpanunax crannapra EN/IEC 60335-1
3Ta TEXHOJIOTHS IpeIaraeT CPeACTBO MOATBEPKACHUS enoctHocTH Dmaur-namaru. Moxynbs
Berynciiennss CRC momoraer onpeneanTh CUTHATYPY MPOTPAMMHOT0 00ECTICUEHHS BO BPEMSI €€
BBITIOJTHEHHSI U CPABHUTH €€ C TOI CUTHATYpOH, YTO OblIa CreHEPHPOBAaHHA BO BPEMSI IMHKOBKHU
MpOTPaMMBI U ObLIa COXpaHEHa B ONPEICIIEHHOM MECTOIIOIOKEHUH TTaMSITH.

3.2 CRC main features (OcHoBHbIe 0co0enHOcTH CRC MoayJis1)

* Uses CRC-32 (Ethernet) polynomial (32-X pa3psiiHbIil TOJTMHOM TOJIB30BATENS (IS

Ethernet)): 0x4C11DB7
-X32 + X26 + X23 + X22 + X16 + X12 + X11 + X10 +X8 + X7 + X5 + X4 + X2+ X +1

* Single input/output 32-bit data register (Exunpiii 32-X pa3psiiHbIiA perucTp TaHHBIX)

* CRC computation done in 4 AHB clock cycles (HCLK)
Pacuer CRC Brimonasiercs 3a 4 takta muHsl AHB (HCLK)

* General-purpose 8-bit register (can be used for temporary storage) (8-mu OUTHBIN PETUCTP
o0rmiero Ha3HaueHUs (MOYKHO MCIOJIb30BATh IS XPaHEHUS! BPEMCHHBIX JaHHBIX ))

The block diagram is shown in Figure 3. (CtpykTypHast cxema npejcTaBjieHa Ha puc. 3.)



Figure 3. CRC calculation unit block diagram (Ctpykrypnas cxema Moyins Beranciaenust CRC)
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3.3 CRC functional description
@OynkuuoHaabHoe onucanue CRC monyas

The CRC calculation unit mainly consists of a single 32-bit data register, which:
Monyns Beraucnennss CRC cocTout, B OCHOBHOM, M3 €JMHCTBEHHOTO 32-X pa3psiIHOTO PETHCTa,
KOTOPBIN:

* isused as an input register to enter new data in the CRC calculator (when writing into the
register)
WCTIONIBL3YETCS KaK BXOJIHOM perucTp, 4ToObl BBECTH HOBBIE JaHHbIE B KanbKynsiTop CRC (npu
3aIlCU B PETUCTP)

* holds the result of the previous CRC calculation (when reading the register)
COJIEPKUT pe3ynbTat npeasiayiero BeruuciaeHuss CRC (mpu 4treHuu peructpa)

Each write operation into the data register creates a combination of the previous CRC value and
the new one (CRC computation is done on the whole 32-bit data word, and not byte per byte).
Kaxxgas oneparnins 3anucu B perucTp JaHHBIX cO37aeT KoMOuHaImio npeasiaymero 3nadenns CRC, u
ero HoBoro 3HaueHus (Beruucienre CRC BBITIONHIETCS Ha/I LETBIM 32-pa3psiIHBIM CJIOBOM, a HE
MoOANTHO).

The write operation is stalled until the end of the CRC computation, thus allowing back-to-back
write accesses or consecutive write and read accesses.
Omneparusi 3aMucy OCTaHOBIUBaeTcs 110 3aBepiieHus Berarnciennss CRC, mo3Bossis, TakuM 00pa3om,
OCYIIECTBIISATH 3aMUCh "BIPUTHIK" WM OCYIIECTBIATH MOCIEAOBATEIbHBINA JOCTYII 3alUCH U YTEHUSI.

The CRC calculator can be reset to FFFF FFFFh with the RESET control bit in the CRC_CR
register. This operation does not affect the contents of the CRC_IDR register.
Monyns Beraucienus CRC moxuao copocuts B 3HaueHre FFFF FFFFh ¢ nomomisto 6uta RESET B
peructpe CRC_CR. DOta onepanus He 3aTparusaet cogepxumoe peructpa CRC_IDR.



3.4 CRC registers (Peructpsl CRC moxy.is)

3.4.1 Data register (CRC _DR) (Peructp n1aHHBIX)

3.4.2 Independent data register (CRC IDR) (Peructp He3aBUCHUMBIX TaHHBIX )
3.4.3 Control register (CRC_CR) (Peructp ynpasneHus)

3.4.4 CRC register map (Kapra peructpos CRC)

The CRC calculation unit contains two data registers and a control register.
Monynb Berarcienuss CRC coaepKuT qBa peructpa JaHHbIX U YIPABISIOMINN PETUCTP.

3.4.1 Data register (CRC_DR) (Peructp nanHbIx)

Address offset: 0x00
Reset value: OxFFFF FFFF

a1 a0 29 28 27 26 25 24 23 22 21 20 19 18 17 18
DR [31:16]

e e iy e e e e e iy e e e s e iy e
15 14 13 12 11 10 3 B 7 & 5 4 3 2 i 0
DR [15:0]

e e e e iK' e e e e iK' iK' e e e e iK'

Bits 31:0 Data register bits (buTbl perucrpa 1aHHbIX)
Used as an input register when writing new data into the CRC calculator. Holds the previous CRC
calculation result when it is read.
Hcnonb3yeTcst Kak BXOJHOW PErHCTp MPH 3alUCH HOBBIX JaHHbIX B Kanbkynarop CRC. [Ipu
YTEHUH COJACPKUT Mpenbl Iy pe3ynbpTat Beraucienns CRC.

3.4.2 Independent data register (CRC_IDR) (PerucTp He3aBUCHMBbIX JaAHHBIX)

Address offset: 0x04
Reset value: 0x0000 0000

15 14 13 12 11 10 8 B 7 ] & 4 3 2 1 0

IDR[7:0]

Reserved
r'.'n' r Il'i. r Il’i. r ll’ﬂ. r Il’i. r II’F. r Il'i. r Il’i.

Bits 31:8 Reserved

Bits 7:0 General-purpose 8-bit data register bits (8-vu OMTHBIN perucTp 001Iero Ha3HAYEHHUA )
Can be used as a temporary storage location for one byte. This register is not affected by CRC
resets generated by the RESET bit in the CRC _CR register.
MokeT UCTIONB30BAThCS ISl BpEMEHHOTO XPaHSHHS OJTHOTO 0aiiTa. ITOT PETUCTp HE 3aTParuBaeTCs
copocom CRC, Bri3BanHoro 6utom peructpa CRC_CR.



3.4.3 Control register (CRC_CR) (PerucTtp ynpaJieHHUs1)

Address offset: 0x08
Reset value: 0x0000 0000

31 30 25 2B 27 26 25 24 23 22 21 20 15 18 17 16
Reserved
15 14 13 12 10 8 B 7 ] 3] 4 3 2 1 0
RESET
Reserved

Bits 31:1 Reserved

Bit 0 RESET bit (but copoca)
Resets the CRC calculation unit and sets the data register to FFFF FFFFh. This bit can only be set,

it is automatically cleared by hardware.

CopacsiBaeT moaynb BeruucieHns CRC u ycranaBiuBaet peructp aanHbix B 3HaueHue FFFF
FFFFh. 310oT OUT MOHO TOJIBKO CTaBUTh, COPAChIBACTCS OH aBTOMATHYECKH, alllapaTHo.

3.4.4 CRC register map (Kaprta peructpos CRC)

The following table provides the CRC register map and reset values.

[Tocnenyromas Tabnuia naet kapty peructpoB moayiis CRC u ux 3HadeHus nocie copoca.

Table 7. CRC calculation unit register map and reset values
Kapra peructpoB CRC u ux 3nauenue nocie copoca

Offset | Register | 31-24 | 23-16 | 15-8 7 6 5 4 3 2 1 0
0x00 CRC_DR Cata reqister
Heset value FFFF FFFF
Ox04 CRC_IDR Heserved Independent data register
Heset value 0x00
0x08 CRC_CR Heserved Reserved |RESE
Heset value 0 0




4 Power control (PWR) (YnpaB/jieHue nuTanuem)

(B0ecy naxooumca pumyanvroe nanomuranue o Haauyuu 4-x cemevicms 011 STM32F10xxx, u
umo amom OOKyMeHm 000 8cex cemelcmeax, eciu Hem npsamozo ykasanus. Cm. pasoen 1.2 I'noccapuid).)

4.1 Power supplies (ITogauya nutaHus)

4.2 Power supply supervisor (CynepBu30p 1mogadu MATAHUS )
4.3 Low-power modes (Pe>xuMbl HU3KOT0 MOTpeOIeHNs )

4.4 Power control registers (Peructpsl ynpapieHuss TUTaHUEM )

4.1 Power supplies (ITogaua nuranus)

4.1.1 Independent A/D converter supply and reference voltage
HezaBucumoe nuranne ALIT u onopHoe HampsibkeHne

4.1.2 Battery backup domain (Pe3epBHOe nutanue)
4.1.3 Voltage regulator (PerynsTop HanpsoKeHUs)

The device requires a 2.0-to-3.6 V operating voltage supply (V). An embedded regulator is

used to supply the internal 1.8 V digital power.
YerpoiictBy Heobxoaumo padouee Hanpsokenue (Vp) ot 2.0 10 3.6 B. uto6s! obecnieunTs BHYTpEHHEE

HanpspkeHue 1.8 B ucnonbp3yercsi BCTpOSHHbBI UMITYJIBCHBIN PETYISTOP HANIPSIKEHHUS.

The real-time clock (RTC) and backup registers can be powered from the Vi , 1 voltage when the
main V5 supply is powered off. TakroBsii curtai yacos peanbroro Bpemenn (RTC) u pesepBHbie

PErUucCTphl MOKHO 3alIMTHIBATL OT LCTIN VBAT’ KOoraga OCHOBHOC IMMTAHUEC HA ICITHU VDD OTKJIKOYCHO.

Figure 4. Power supply overview (O630p cxeMbl I0J1a4u TUTAHUS )

Vppa domain
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Note: 1V, and V¢, must be connected to V,, and V ¢, respectively.

HenuVpp  uVeey OondicHblL ObIMb NOOKIOUensl K V 1y u Vg coomeemcmeento.



4.1.1 Independent A/D converter supply and reference voltage
He3asucumoe nuranue ATl u onopHoe HanpsizkeHHue

To improve conversion accuracy, the ADC has an independent power supply which can be
separately filtered and shielded from noise on the PCB.
YroObl yaydImIUTh TOUHOCTH NpeodpazoBanus, ALl nmMeeT He3aBUCUMYIO LIeTb MUTAHUS, HA KOTOPYIO
MOYKHO "TTOBECHUTH" OTIEIBHBIA (QMIBTP, 9YTOOBI OTPATUTH €€ OT IIYMOB Ha IUIATE.

* The ADC voltage supply input is available on a separate Vi, pin.

enp nutanus ALl umeeT oTaeIbHBIN BEIBOL VDD N

* Anisolated supply ground connection is provided on pin Vg, .

N3onmupoBanHas o01as 11enb MUTaHUS MPEIOCTABICHA Ha BBIBOJIC VSS f

When available (according to package), V must be tied to V

REF~ SSA*
Korza ectb BBIBOA Vo (3aBHCHT OT KOpITyCa), OH JOJDKEH OBITH CBSI3aH € Vg, .

On 100-pin and 144- pin packages (111 kopnycoB Ha 100 u 144 BeiBOA)

To ensure a better accuracy on low voltage inputs, the user can connect a separate external
reference voltage ADC input on Vg, and Vi . The voltage on Vi, can range from 2.4 Vto Vi .

YtoObI rapaHTUPOBATh JTYUYIIYI0 TOUHOCTh MPEOOPa30BaHMsI HU3KO-BOJIBTHOT'O CUTHAJA, I10JIb30BATEh

MOKET HOAKIIOYUTh OTAEIIbHBIM BHEITHUM UCTOYHUK OIMIOPHOI'0 HAIIPSXKCHUA K BBIBOAAM VREF + 1 VREF-'

Hanpsiokenue Ha VREF + MOXET OBITH B mpezenax ot 2.4 B no VDD i

On 64-pin packages (151 kopnycoB Ha 64 BbIBO/1a)

The VREF+ and V.- pins are not available, they are internally connected to the ADC voltage

supply (Vppa) and ground (Vg )-

BeiBogber V 1 Vppp. HEAOCTYIIHEI, OHH BHYTPCHHE IIOJKIIOYCHBI K HCTOYHUKY muTanus ALII

REF+
(Vppa) 1 o0ueit uenn (Vg ,)-

4.1.2 Battery backup domain (Pe3epBHoe nuTanue)

To retain the content of the Backup registers and supply the RTC function when V5 is turned
off, Vg

Yrobs! coxpanuts coaepxxkumoe BKP peructpos u ¢pynkunonuposanue RTC, korna cHITO MuTaHue
Vpp> MOKHO IOAKIFOYUTH BBIBOJ Vg \ ¢ K JIOTIONHATEIBHBIM PE3EPBHOMY HCTOYHHUKY MMUTAHHS, KOTOPOE

MOCTYMNAET OT OaTapeKu WK JPYroro HCTOYHUKA.

pin can be connected to an optional standby voltage supplied by a battery or by another source.

The Vi , 1 pin powers the RTC unit, the LSE oscillator and the PC13 to PC15 IOs, allowing the
RTC to operate even when the main digital supply (V) is turned off. The switch to the Vi, 1 supply is

controlled by the Power Down Reset embedded in the Reset block.
Hemnb Vg , r mutaer Mmoayins RTC, LSE reneparop u 1/0 seiBoast ot PC13 o PC1S, uto mossossier

RTC pabotaTh gake TOra, KOrjaa CHITO OCHOBHOE IMUTAHKUE MU(PPOBBIX IETICH (VDD). IMoaxnroueHnem
nuTaHus oT Vg \ o ynpasisier Moayiis Power Down Reset (Copoc om nponadanus nanpssicenus),

KOTOpPBIN BCTpoeH B MoyJib COpoca.



Warning: During tp ey oo (temporization at Vi, iy startup) or after a PDR is detected, the power switch between
Vg and Vy,p, remains connected to Vy .. During the startup phase, if V. is established in less than tp iy im0
(Refer to the datasheet for the value of t gy me) and Vi > Vy o+ 0.6 V, a current may be injected into Vi
through an internal diode connected between V, , and the power switch (V). If the power supply/battery
connected to the Vy . pin cannot support this current injection, it is strongly recommended to connect an external
low-drop diode between this power supply and the Vg .. pin.

IIpeoynpesicoenue: Bo epems tygrrpapo (OMmcuumoisaemes om nooauu Vpp) unu nocie moeo, Kaxk 0OHapydicen
PDR, nepexniouamens numanus numanusi mexcoy Vo oo u Vo ocmaemes ceszannvim ¢ Ve 4. Bo epems paso
sanycka, eciu 'V, yemanosuics panvuie, 4em 3aKOHUUNLOCh Ly ormres o (CM. datasheet omnocumenvho snavenus
testrEMPO) Y YV = Vpag T 0-6 B, mo moowcem 6o3nurnyme mok, emexarowuii 6 yens Vg (o uepes eHympennui
0uo0, ceazvieaiowuii V p,r, u nepexniouamens numanus (Vg o). Ecau ucmounux numanus/6amaperixa,

NOOKIIOUEHHbIU K 6b160()y Vv He Modicem obecnequms maKoi MOK, nMo HACMOoAmMejabHO peKOMeH()yemC}l

BAT
NOOKAIOYUMb GHEUHUN OUOO C HUSKUM NAOeHUueM HANPANCEHUA Me.?fC()y MAaKUM UCTMOYHUKOM NUMAHUS U 6b16000M

VBA T

If no external battery is used in the application, it is recommended to connect Vy , 1 externally to
Vpp through a 100 nF external ceramic capacitor (for more details refer to AN2586).
Ecin BHewHs1s Gatapeiika He UCTIONb3YeTCs, TO PEKOMEH/YETCs MOAKIIOUATD LUenb Vg \ o K tenu Vo

yepes BHEUTHUH kepamudeckuit konaeHcatop Ha 100 nF (3a monmonauTensHOM nHpOpManuei oopaTuTech
K mokymeHTy "AN2586").

When the backup domain is supplied by Vy (analog switch connected to V), the following

functions are available:
Korna monyns BKP nuraercs ot Vi (aHaNMOTOBBIN MEPEKITIOYATENb MOAKIIOYEH K Vpp)» TO AOCTYIHBI

cienyromue QyHKIuu:

* PC14 and PC15 can be used as either GPIO or LSE pins
BriBonel PC14 u PC15 moxHO ucnoins3osath kKak GPIO uinu xak BeiBoasl LSE.

* PCI13 can be used as GPIO, TAMPER pin, RTC Calibration Clock, RTC Alarm or second
output (refer to Section 5: Backup registers (BKP) on page 66)
BriBon PC13 MmoxHO ncnionb3oBath kak GPIO, BeiBomn TAMPER, BbIx0o1 KaTMOPOBKH TaKTOBOTO

g RTC, Beixoxa tpeBoru or RTC nnm kak BTopu4HbIN BeIX0X (cM. pa3zaen 5 "Pe3epBHble
peructpsr").

Note: Due to the fact that the switch only sinks a limited amount of current (3 mA), the use of GPIOs PC13 to
PC15 in output mode is restricted: the speed has to be limited to 2 MHz with a maximum load of 30 pF and these
10s must not be used as a current source (e.g. to drive an LED).

Note: Bcreocmaue mozo, umo Hacpy304nas cnocoOOHOCMb nepexaoyamens ocpanuiena (3 mA), mo ocpanuiero u
ucnoavzosanue PCI3...PC15 6 xauecmge bixo0a 00weco Ha3HaueHus: 4acmoma 00adiCHA OblMb 02panuyena 0o 2
MTy ¢ maxcumanvruou naepyszxou 30 pF, u omu 6616006l He 00IICHBL UCTOIB308AMBCS 8 KAYECTNEEe MEKYUe20
ucmounuKa (Hanpumep, 0Jis YNpasieHus c6emoouo0om).

When the backup domain is supplied by Vy ,  (analog switch connected to Vi,  because V) is not

present), the following functions are available:

Korzna monyns BKP nuraercs o1 Vi , 1 (aHAJIOTOBBIN IIEPEKIIOYATEND MOKIIOYCH K V TaK KaK Vo

BAT?
OTKJIIOYEH), TO JOCTYIHBI CIEAYIOIIHE (QYyHKITAN:



* PCI14 and PC15 can be used as LSE pins only
Breisoasr PC14 1 PC15 M05XHO HCIIOIL30BaTh TOJIBKO Kak BEIBOALI LSE

* PCI13 can be used as TAMPER pin, RTC Alarm or Second output (refer to Section 5.4.2:
RTC clock calibration register (BKP_RTCCR) on page 68).
BriBon PC13 MoxHO ucnonb3oBath kak BeiBOJ TAMPER, Beixoa TpeBoru ot RTC win kak
BTOpUYHBIN BbIX0A (cM. pazaen 5.4.2 "Peructp kamuOpok RTC (BKP_RTCCR)").

4.1.3 Voltage regulator (PerynsaTop Hanpsi:keHus )

The voltage regulator is always enabled after Reset. It works in three different modes depending
on the application modes. Perymnsitop Hanpsixenus Bceraa paspeieH nocie Copoca. OH paboTaer B Tpex
Pa3IMYHBIX PEKUMAX B 3aBUCHMOCTH OT PEIKUMOB TPHITOKCHHSL.

* In Run mode, the regulator supplies full power to the 1.8 V domain (core, memories and
digital peripherals).
B PaGouem pexxume peryasaTop cHaOaeT MOJIHBIM MTUTaHUEM MOYJIH, paboTaronue oT
HanpsbkeHus 1.8 B (sapo, mamarts u nugposas nepudepus).

* In Stop mode the regulator supplies low-power to the 1.8 V domain, preserving contents of
registers and SRAM.
B pexume [IpuoctanoBku (Stop) perynsarop cHaOkaeT NOHMKEHHBIM ITUTaHUEM MOJTYJIH,
paborarommue ot HanpsbkeHus 1.8 B, mpu aToM copepxumoe peructpoB 1 SRAM coxpaHsieTcs.

* In Standby Mode, the regulator is powered off. The contents of the registers and SRAM
are lost except for the Standby circuitry and the Backup Domain.
B pexume Oxunanus (Standby) perymnstop Beikitouaercs. Coaepxkumoe peructpoB 1 SRAM
TepsieTcs, 3a uckiItoueHrueM moayneil Standby u BKP.



4.2 Power supply supervisor (CynepBu30p moga4u nNuTaHus)

4.2.1 Power on reset (POR)/power down reset (PDR)
(Copoc mpu mojaue/CHATHN HATPSKEHUS)

4.2.2 Programmable voltage detector (PVD) (IIporpammupyemblii A€TEKTOp HAMPSKEHNUS )

4.2.1 Power on reset (POR)/power down reset (PDR)
CoOpoc npu nogave/CHATUM HANIPAKEHUS

The device has an integrated POR/PDR circuitry that allows proper operation starting from/down
to2 V.
YcrpoiictBa nMeroT nHTerpupoBannyio cxemy POR/PDR, koTtopast oGecrieunBaeT HaajeKame
OlepaLuy NPy NPEBbILICHUU/TIOHMKEHUH 110pOra HanpsbkeHus 2 B.

The device remains in Reset mode when V,,/Vy , is below a specified threshold, Vi, p ppgrs

without the need for an external reset circuit. For more details concerning the power on/power down reset
threshold, refer to the electrical characteristics of the datasheet.
YCTpoicTBO OcTaeTes B CoCTosiHMM cOpoca, oka Vi /Vio | Hibke ykasanHoro nopora (Vpop ppr): 0€3

NOTPeOHOCTH BO BHEITHEM CUTHAJIE MO IenH cOpoca. 3a TOMOoIHUTENbHON HHPOPMaIIueil OTHOCUTEIBHO
nopora copoca, cM. JIEKTpUIECcKHe XapakTepucTuku B datasheet.

Figure 5. Power on reset/power down reset waveform
Bpemennas nuarpamMma cOpoca mpu mojade/CHATHN HATPSHKEHUS
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4.2.2 Programmable voltage detector (PVD)
IIporpaMmmupyemblii 1eTEKTOP HANIPAKEHUA

You can use the PVD to monitor the V,,/V 5, power supply by comparing it to a threshold

selected by the PLS[2:0] bits in the Power control register (PWR_CR).

Bl MoxeTe ucnonp3oBats PVD, 4T00b1 KOHTPOIMPOBATh HAPshKEHUE nUuTanus Vo p/V CpaBHMBAas

DDA’
ero ¢ noporoM, BeiOpanHbiM 6utamu nodist PLS[2:0] B peructpe ynpasnenus nutanueMm PWR_CR.

The PVD is enabled by setting the PVDE bit. (Pa3pemenne PVD ycranaBiuBaercst Outom
PVDE.)

A PVDO flag is available, in the Power control/status register (PWR _CSR), to indicate if

Voo Vppa 18 higher or lower than the PVD threshold. This event is internally connected to the EXTI

linel6 and can generate an interrupt if enabled through the EXTI registers. The PVD output interrupt can

be generated when Vi, /V;5, drops below the PVD threshold and/or when V;,/V ;5 , tises above the

PVD threshold depending on EXTI linel6 rising/falling edge configuration. As an example the service
routine could perform emergency shutdown tasks.
®nar PVDO, nocrynsiii B peructpe PWR_CSR, niokaszasaet, Bbiwie Jin Hanpsokerue Vo o/Voo o

nopora PVD, nnu Huxe. 910 coObiTHe BHyTpeHHE cBsA3aHo ¢ JuHueil 16 EXTI u Mmoxxer renepupoBaTh
npepeiBanue, ecau oHo paspenieHo B EXTI perucrpax. [IpepsiBanue or PVD MoxeT ObITh
crenepupoBaHo, koraa Vpo/Vp s | cHimkaeres Hiwke nopora PVD n/wnm xorna Vo /Viy o | noBblmaercs

BhImie mopora PVD, B 3aBucuMocTu ot KoHpuUryparuu nepenana (ppont/cpe3) Ha muaun 16 EXTI.
Hanpumep, 00paboTIMK pephIBaHUS MOKET BBITIOJTHUTH HEKHE 3a/1a49M IPU aBApUUHOM 3aBEPIICHUN
3aj1auu.

Figure 6. PVD thresholds (ITopor PVD)
+ Voo/Vopa
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4.3 Low-power modes (Pe:kumMbl HU3KOT0 MOTPedJIeHMs1)

4.3.1 Slowing down system clocks (IToHnkeHHe 4acTOThI CUCTEMHBIX TAKTOBBIX CUTHAJIOB)
4.3.2 Peripheral clock gating (CTpoOupoBaHUE TAKTOBBIX CUTHAJIOB TIepU(EpUn)

4.3.3 Sleep mode (Pexxum Cha)

4.3.4 Stop mode (Pexxum IpuocraHoBkM)

4.3.5 Standby mode (Pexxum Oxunanus)

4.3.6 Auto-wakeup (AWU) from low-power mode

ABTOTIPOOYXIEHHE U3 PEKUMA HUZKOTO MOTPEOICHNUS

By default, the microcontroller is in Run mode after a system or a power Reset. Several low-
power modes are available to save power when the CPU does not need to be kept running, for example
when waiting for an external event. It is up to the user to select the mode that gives the best compromise
between low-power consumption, short startup time and available wakeup sources.

[To ymMon4anuio, MUKpPOKOHTpPOJUIEp HaxonuTces B Pabouem pexxume mocie cuctemHoro Copoca uimu
C6pOC3. OT IMoga4u IMUuTaHuA. I[OCTYHHBI HCCKOJIBKO PCKUMOB C HU3KUM HOTpCGJIeHI/ICM, JJIs1 DKOHOMUU
MUTaHUs, KOTria HeT HeoOxomumocTH B pabote LIITY, Hanpumep, pu 0’KUAAHUU BHEITHETO COOBITHSI.
VIMeHHO 10JIb30BaTeNb BHIOPACT TOT PEXKUM, KOTOPBIM JaeT HAMIYYIINH KOMIIPOMHUCC MEXy YPOBHEM
noTpeOIeHNs, BPEMEHEM BOCCTAHOBJICHHUS U IOCTYITHBIM UCTOYHUKOM COOBITHS MTPOOYKICHHS.

The STM32F10xxx devices feature three low-power modes:
YerpotictBa STM32F10XXX HMEIOT TpH peXUMa HU3KOTO TIOTPEOJICHHUS :

* Sleep mode (CPU clock off, all peripherals including Cortex-M3 core peripherals like
NVIC, SysTick, etc. are kept running)
Pexum CHa (TaktoBblii curnan LITY BeikitodeH, a Bes nepudepus, BKIoYas nepudepuro sapa
Cortex-M3, Takyto kak NVIC, SysTick, u T.1., npoomkaeT paboTaTh)

* Stop mode (all clocks are stopped)
Pexum [IprocTaHoBKH (OCTaHOBJICHBI BCE TAKTOBBIE CUTHAIIBI)

» Standby mode (1.8 V domain powered-off)
Pexxum Oxunanus (CHATO MUTaHUE C MOTyJIeH, moTpebstomux 1.8 B)

In addition, the power consumption in Run mode can be reduce by one of the following means:
Kpome Toro, norpednenue B Pabouem pexxrme MOXKET ObITh YMEHBILICHO OJHUM U3 CIIETYIOIIHX
CIOCO0OO0B:

* Slowing down the system clocks (YMeHblIeHHE 4aCTOThl CUCTEMHOI'O TAKTOBOT'O CUTHANA)

* Gating the clocks to the APB and AHB peripherals when they are unused.
CrpobupoBanue (OTKIIOUYEHUE) TAKTOBOTO curHasa nepudepun Ha muHax APB u AHB, korma
OHHU HE UCTIONB3YIOTCS.



Table 8. Low-power mode summary (CBojka 1o pexxumaM HU3KOTO MOTPEOICHHUS )

Effect on
Mode Entry wakeup Effect on 1.8V Vob
name (Bxon B peskum) | (IIpoOy:knenue) domain clocks =~ domain Voltage regulator
clocks
Sleep Any interrupt CPU clock OFF
(Sleep now WFI (JIroboe no effect on other
or MIPEPHIBAHME) clocks or analog
Sleep-on clock sources
-exit) TakroBeii L{ITY | None ON
(BacHyTb Wakeup event BBIKJL. Ha
cpasy wm  WFE (CoberTHe OCTaJIbHBIC
110 BBIXOAY o0y /IKK) TaKTOBEIE HE
u3 ISR) JIEUCTBYET
PDDS and LPDS Any EXTI lipe ON or in low-
bits + (conﬁgurc?d in the power mode
Stop SL.EEPDEEP bit + EXTI registers) All 1.8V domain (depends on Power
WFI or WFE Jlro6as EXTI . OmaI ' ray and control register
JVHUSA clocks OFF HSE (PWR_CR))
BpIki. TakTOBBIM .
WKUP pin rising scex 1.8 B oscillators
PDDS bit + edge, RTC alarm, ' yionymneit OFF
Standby SLEEPDEERP bit +  external reset in OFF
WFI or WFE NRST pin, IWDG
reset

4.3.1 Slowing down system clocks
INoHun:KeHUe YACTOTHI CHCTEMHBIX TAKTOBBIX CUTHAJIOB

In Run mode the speed of the system clocks (SYSCLK, HCLK, PCLK 1, PCLK2) can be reduced
by programming the prescaler registers. These prescalers can also be used to slow down peripherals
before entering Sleep mode.
B Pa6ouem pexnme vactoTy cucteMHbIx TakToBbIX curHaioB (SYSCLK, HCLK, PCLK1, PCLK2)
MOYKHO YMEHBIIUTh, TPOrPAMMHPYS PETHUCTPHI ACTUTENS YACTOThI. DTH JCIUTEIN YaCTOTHI MOTYT TaKKe
UCTIONB30BAThCS, YTOOBI 3aMeIITUTh epudeprro Tepes] BXoaoM B pexxum CHa.

For more details refer to Section 6.3.2: Clock configuration register (RCC _CFGR).
Jns nonomauTensHON nHbopMalm odpatutech k pasaeny 6.3.2 "Clock configuration register
(RCC_CFGR)"

4.3.2 Peripheral clock gating
CtpoOupoBaHne TAKTOBbIX CUTHAJIOB nepudepun

In Run mode, the HCLK and PCLKx for individual peripherals and memories can be stopped at
any time to reduce power consumption.
B Pa6ouem pexume taktoBbie HCLK 1 PCLKX /1 MHAWBUAYAIBHBIX EPUPEPUIHBIX YCTPOHCTB U
MaMsTH MOXXHO OCTaHOBUTH B JIF000€ BpeMs, YTOObl YMEHBIIUTH MOTPEOICHHE.

To further reduce power consumption in Sleep mode the peripheral clocks can be disabled prior to
executing the WFI or WFE instructions.
YroOsI e11ie yMEHBIIUTH MOTPEOICHIE MOITHOCTH B peskuMe CHA, MOXKHO OTKJIFOUNTh TAKTOBBIC CHTHAJIBI




nepudepuu 10 BeimonHeHus HHCTpYKuid WFI ninin WFE.

Peripheral clock gating is controlled by the AHB peripheral clock enable register
(RCC _AHBENR), APBI peripheral clock enable register (RCC_APBIENR) and APB2 peripheral clock
enable register (RCC _APB2ENR).
CrtpobupoBaHue TaKTOBBIX CUTHANOB niepudepun ynpasisiercs peructpamu RCC_AHBENR (Pezucmp
paspewerusi maxkmogwvix cuenanos AHB nepugpepuu), RCC_APBIENR (Pecucmp paspewenus
maxmogvix cuenanos APBI nepugepuu), n RCC_APB2ENR (Pezucmp paspewenus maxmoswix
cuenanos APB2 nepughepuu).

4.3.3 Sleep mode (Pexum CHa)

Entering Sleep mode (Bxox B peskum CHa)

The Sleep mode is entered by executing the WFI (Wait For Interrupt) or WFE (Wait for Event)
instructions. Two options are available to select the Sleep mode entry mechanism, depending on the
SLEEPONEXIT bit in the Cortex-M3 System Control register:

UrtoOs1 BoiiTH B pexuM CHa, HaJ10 BRIMOIHUTE HHCTPYKIHIO WFI (oxxunanue npepeiBanus), uin WFE

(oxumanue coObIThs). JI71s BXOAAa B MEXaHHU3M CHA JIOCTYITHBI JBE OIIIMU, B 3aBUCUMOCTH OT OUTA
SLEEPONEXIT B peructpe Ynpasnenus Cuctemoii Cortex-M3 (SCB_SCR):

* Sleep-now: if the SLEEPONEXIT bit is cleared, the MCU enters Sleep mode as soon as
WFI or WFE instruction is executed.
3acHyTh HememeHHo: eciit OouT SLEEPONEXIT=0, [{ITY BxoauT B pexxum CHa cpa3y mocie
BbInoNIHEHN MHCTPpYKIMY WFI ninmn WFE.

* Sleep-on-exit: if the SLEEPONEXIT bit is set, the MCU enters Sleep mode as soon as it
exits the lowest priority ISR.
3acHyTth 1o Beixoay: eciu outr SLEEPONEXIT=1, [{ITY BxoauT B pexum CHa cpasy 1O BBIXOAY
13 00padoTYHKA MPEPHIBAHUS C HU3IIMM IPUOPUTETOM.

In the Sleep mode, all I/O pins keep the same state as in the Run mode.
B pexume Cra Bce 1/0 BBIBOABI yIEPKUBAIOTCS B TOM COCTOSTHUH, 4TO ObLTH B Pabouem pexume.

Refer to Table 9 and Table 10 for details on how to enter Sleep mode.
Cwm. tabmuiet 9 u 10 A1 TOTOTHUTETFHOW HH(POPMAIIHK O BX0oJ1e B pexuM CHa.

Exiting Sleep mode (Bbixox u3 pesxkxuma CHa)

If the WFI instruction is used to enter Sleep mode, any peripheral interrupt acknowledged by the
nested vectored interrupt controller (NVIC) can wake up the device from Sleep mode. If the WFE
instruction is used to enter Sleep mode, the MCU exits Sleep mode as soon as an event occurs. The
wakeup event can be generated either by:

Ecnu st Bxona B peskum CHa ucnosnb3yercst uHCTpykiust WFI, To mo0oe npepsiBanue nepudepu,
MIPUHATOE KOHTPOJUIEPOM BEKTOPOB BiioKeHHBIX npepbiBanus (NVIC), MoxeT pa3OyauTh yCTPONCTBO U3
storo Pexuma. Ecnu 11t Bxona B pesxuM CHa ucnonssyercst uHCTpykunus WFE, to LIITY Beiiinet u3
pexxuma CHa, Kak TOJIbKO Mpou30iaeT coosiTre. CoObITHE MPOOYKIECHUS MOKET OBITh CTEHEPUPOBAHO
JFOOBIM U3 CIEIYIOUINX JACHCTBHIA:

* enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex-M3 System Control register. When the MCU resumes from
WFE, the peripheral interrupt pending bit and the peripheral NVIC IRQ channel pending bit (in
the NVIC interrupt clear pending register) have to be cleared.



paspelieHre npepbIBaHus B peructpe ynpasienus nepudepueii, Ho He B NVIC, u ycraHOBKa
outa SEVONPEND B peructpe Ynpasnenus Cuctemoii Cortex-M3 (SCB_SCR). Korga LITY
BoccTanoButcsi oT WFE, To OuTHI 3ampoca npepsiBaHuii OT epudeprur U OUTHI 3ampoca
npepsiBaamii oT kaHasioB NVIC (B peructpe NVIC_ICPRX) He00X0AMMO OYUCTHUTh.

* or configuring an external or internal EXTI line in event mode. When the CPU resumes
from WFE, it is not necessary to clear the peripheral interrupt pending bit or the NVIC IRQ
channel pending bit as the pending bit corresponding to the event line is not set.

WU KoH(puryprupoBanue BHemHed niu BHyTpenHei muann EXTI B pexxume coOwrtrs. Korma
LITY BoccranoButcst or WFE, To HET HE00X0IMMOCTH B OYHCTKE OUTOB 3aIipoca MpephIBaHUi OT
nepudepuu 1 OUTOB 3ampoca npepbiBanuii oT kaHamoB NVIC, Tak kak OMTHI 3ampoca,
COOTBETCTBYIOIINE JTMHUAM COOBITHI, HE YCTaHOBIIMBAIOTCSL.

This mode offers the lowest wakeup time as no time is wasted in interrupt entry/exit.
DTOT peXKHUM MPEIOCTABIIIECT CAMOE HU3KOE BpEMS MPOOYKICHUS, TOCKOIBKY HET JOMOJHUTEIBHBIX

HCHYXHbBIX 3aTpaT BPECMCHU IIpU BXO,[[C/ BbIXOC U3 ITPCPbIBAHUA.

Refer to Table 9 and Table 10 for more details on how to exit Sleep mode.
CwM. Tabnunpst 9 u 10 qis AonoJHUTENBHOM HH(pOpMAIMK O BbIX0Je U3 pexxuma CHa.

Table 9. Sleep-now (3acHyTbh HEMEIJICHHO)

Sleep-now mode ‘ ‘ Description

Mode entry WFI (Wait for Interrupt) or WFE (Wait for Event) while:

Oxuganue IpepbIBaHUS WU OKUJIAHUE COOBITUS

- SLEEPDEEP = 0 and

- SLEEPONEXIT =0

Refer to the Cortex™-M3 System Control register. (Cm. peructp SCB_SCR)

If WFI was used for entry: (Ecnu nns Bxoga ucnonszyercss WFI:)
Interrupt: Refer to Table 53: Vector table for other STM32F 10xxx devices
[IpepsiBanue: Cm. Tabm. 53

Mode exit
If WFE was used for entry (Ecnu ans Bxona ucnons3yercs WFE:)
Wakeup event: Refer to Section 9.2.3: Wakeup event management
CoOsbiTue npoOyxaenus: Cm. paszgen 9.2.3.

‘Wakeup latency ‘ h\lone

Table 10. Sleep-on-exit (3acHYTb MO BBIXOY)

‘ Sleep-on-exit H Description

WFI (wait for interrupt) while: (Oxxunanue npepbIBaHmsI)
Mode entr - SLEEPDEEP = 0 and

y - SLEEPONEXIT = 1
Refer to the Cortex™-M3 System Control register. (Cm. peructp SCB_SCR)
. Interrupt: Refer to Table 53: Vector table for other STM32F 10xxx devices

Mode exit

[IpepriBanue: Cm. Tabi. 53

Wakeup latency ‘ h\lone




4.3.4 Stop mode (Pexxum IIprocTaHOBKH)

The Stop mode is based on the Cortex-M3 deepsleep mode combined with peripheral clock
gating. The voltage regulator can be configured either in normal or low-power mode. In Stop mode, all
clocks in the 1.8 V domain are stopped, the PLL, the HSI and the HSE RC oscillators are disabled.
SRAM and register contents are preserved.

Pexwum [IpuocranoBKM OCHOBaH Ha pexume riryookoro cHa ais Cortex-M3, B koMOMHaLuU co
CTpOOMPOBAaHMEM TAKTOBBIX CUTHAJIOB Nepudepun. PerynsTop HampspkeHUst MOKET OBbITh
KOH(HUTYpHPOBaH HA HOPMAIBHBIH PEKUM WM PEKUM ¢ HU3KUM ToTpedsieHrneM. B pexnme
[IprocTaHOBKM OCTaHOBIIEHBI BCE TAKTOBBIE CUTHANIBI Moayel ¢ nmutanuem ot 1.8 B, a PLL, HSI u RC
HSE renepatops! otkintoueHsl. Cogepxumoe SRAM 1 perucTpoB coxpaHsieTcsl.

In the Stop mode, all I/O pins keep the same state as in the Run mode.
B pexxume I[Ipuoctanosku Bce 1/0 BBIBOABI COXPAHSIOT TO COCTOSIHUE, UTO ObuTH B Pabouem pexume.

Entering Stop mode (Bxoa B peskum IIpuocranoBku)

Refer to Table 11 for details on how to enter the Stop mode.
Cwm. 1ab. 11 mns qomoaHUTENBHONW HH(pOPMAIUK O BXOJIE B peXuM [IprocTaHOBKH.

To further reduce power consumption in Stop mode, the internal voltage regulator can be put in
low-power mode. This is configured by the LPDS bit of the Power control register (PWR_CR).
YrtoOHI e1e yMEeHbIUTh oTpebiieHne B peskuMe [IprocTaHOBKY, BHYTPEHHHN PETYJISATOP HAIIPSKCHUS
MO>KHO BKJIFOUHTB B PEXKUM C HU3KUM MOTpedieHueM. I1o koHpurypupyercs outom LPDS perucrpa
ynpasnenus nuranueM (PWR_CR).

If Flash memory programming is ongoing, the Stop mode entry is delayed until the memory
access is finished. Ecu uaer nporecc nporpammupoBanust Oidmi-maMsaTH, TO BXO B PEXKUM
[TprocTaHOBKH OTKJIAABIBACTCS, TIOKA HE 3aBEPIIUTHCS TOCTYII K MAMSTH.

If an access to the APB domain is ongoing, The Stop mode entry is delayed until the APB access
is finished. Ecim uaer npomuecc nocrymna k nomeny APB, To Bxon B pexxum IprnoctanoBku
OTKJIA/IBIBACTCS, TIOKA HE 3aBEePIIUThCS qocTym K APB.

In Stop mode, the following features can be selected by programming individual control bits:
B pexxume [TprocTaHOBKM MOYKHO BBIOpATh CIIEAYIONIHNE OCOOCHHOCTH, TPOTPaMMUPYsl UHINBUAYaIbHbBIE
YIPaBISAIOLIUE OUTHI:

* Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by
hardware option. Once started it cannot be stopped except by a Reset. See Section 17.3 in Section
17: Independent watchdog (IWDG). HezaBucumsiii watchdog (IWDG): IWDG 3amyckaercs
3aIMKChI0 B €TO KIIFOUEBOM peructp wiu anmapaTtHo. [locne 3amycka ero Helab3s OCTAaHOBUTH HHAUE
Kak o6muM copocom. Cm. moapazaen 17.3 B pazaene 17 "Independent watchdog (IWDG)".

* real-time clock (RTC): this is configured by the RTCEN bit in the Backup domain control
register (RCC_BDCR) Yacsi peanbaoro Bpemenn (RTC): konpurypupyrotcs 6urom RTCEN
peructpa RCC_BDCR.

 Internal RC oscillator (LSI RC): this is configured by the LSION bit in the Control/status
register (RCC_CSR). Buyrpennnii RC renepartop (LSI RC): koundurypupytorcs 6urom LSION
B peructpe RCC_CSR.

* External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the
Backup domain control register (RCC_BDCR). Buemnmii renepatop Ha 32.768 kI'1ii (LSE OSC):
koHpurypupyotcs 6urom LSEON B peructpe RCC_BDCR.

The ADC or DAC can also consume power during the Stop mode, unless they are disabled before
entering it. To disable them, the ADON bit in the ADC_CR?2 register and the ENx bit in the DAC_CR



register must both be written to 0. ALIIT umu LTAIT Taxke MOryT moTpedasSTh MOIIHOCTH BO BPeMs
pexnma [IprocTaHOBKH, €Ci OHHM HE OTKITIOYEHBI TIepe]] BXOJ0M B PeXXHM. UTOOBI OTKITIOUUTH MX, HA/I0
copocuts nBa 6uta, ADON B peructpe ADC_CR2 u ENx B peructpe DAC_CR.

Exiting Stop mode (Bbixoa u3 pe:xxuma IIpuocranoBkm)

Refer to Table 11 for more details on how to exit Stop mode.
Cwm. Taba. 11 m1st fonoaHUTENbHOU HH(OPMALIMU O BBIXOJE U3 pexuma [IpuocTaHoBKY.

When exiting Stop mode by issuing an interrupt or a wakeup event, the HSI RC oscillator is
selected as system clock. Ilpu Beixone u3 pexxuma [IprocTaHOBKH OT pepbIBaHUS WIH COOBITHS, B
Ka4yecTBE CHCTEMHOro TakToBoro curnana Beioupaercss HSI RC reneparop.

When the voltage regulator operates in low-power mode, an additional startup delay is incurred
when waking up from Stop mode. By keeping the internal regulator ON during Stop mode, the
consumption is higher although the startup time is reduced. Korma perynstop HanpspKeHUs HAXOAUTCS B
pEeKUME ¢ HU3KUM MOTPEOICHUEM, TO TPH BBIX0/E U3 pexnmMa [IprnocTaHOBKM BO3ZHUKAET
JIOTIOJTHUTENbHAS 3ajiepiKKa 3amycka. Eciin B pexkxume [IpnocTaHOBKHM OCTaBUTh BHYTPEHHHI PETYIISITOP
BKJIIOYEHHBIM, TO MOTpeOIeHHE OY/AET BBIIIE, HO BPeMs 3aIlyCKa COKPATUTHCA.

Table 11. Stop mode (Pexxum IIproctanoBKH)

Stop .

mode Description
Mode  WFI (Wait for Interrupt) or WFE (Wait for Event) while:
entry Oxunanue IpepbIBaHUS WU OKHUJIAHUE COOBITUS

- Set SLEEPDEEDP bit in Cortex™-M3 System Control register
Crasuthcst out SLEEPDEEP B peructpe SCB_SCR

- Clear PDDS bit in Power Control register (PWR_CR)

Ouuniaercst Out PDDS B peructpe PWR_CR

- Select the voltage regulator mode by configuring LPDS bit in PWR _CR
Br160p pexuma perynaropa 6utom LPDS B peructpe PWR_CR

Note: To enter Stop mode, all EXTI Line pending bits (in Pending register (EXTI _PR)) and
RTC Alarm flag must be reset. Otherwise, the Stop mode entry procedure is ignored and
program execution continues.

Note: UToOb1 BOWTM B pexxuM IIprocTtaHoBKH, HaJ0 COPOCUTH BCE OMTHI 3arpoca 1o JIMHUIM
EXTI B peructpe EXTI_PR u c6pocuts guiar RTC Alarm.

Mode  If WFI was used for entry: (Ecnu mist Bxona ucnonb3yercst WFI:)
exit
Any EXTI Line configured in Interrupt mode (the corresponding EXTI Interrupt vector
must be enabled in the NVIC). Kondurypuposanue no60ii EXTI nunun B pexxume
MpephIBaHmi (0JDKEH ObITh paspenieH coorBercTByromuii EXTI BekTop). Refer to
Table 53: Vector table for other STM32F10xxx devices on page 172. Cm. tabi. 53.

If WFE was used for entry: (Ecnu nns Bxoga ucnons3yercss WFE:)
Any EXTI Line configured in event mode. Refer to Section 9.2.3: Wakeup event

management on page 175
Kondurypuposanue moboii EXTI nunun B pexume coobitiif. CMm. pazaen 9.2.3.

HSI RC wakeup time + regulator wakeup time from Low-power mode
3anepxka: Bpems mpooyxaeHuss HSI RC + Bpemst mpoOykIeHHs peTyJIsaTopa U3 PekuMa
MaJjioro moTpeodIeHus.

Wakeup
latency




4.3.5 Standby mode (Pexxum O:xxuganus)

The Standby mode allows to achieve the lowest power consumption. It is based on the Cortex-M3
deepsleep mode, with the voltage regulator disabled. The 1.8 V domain is consequently powered off. The
PLL, the HSI oscillator and the HSE oscillator are also switched off. SRAM and register contents are lost
except for registers in the Backup domain and Standby circuitry (see Figure 4).

Pesxxum OsxknaHust TO3BOJISIET JOCTHTATh CaMOT0 HU3KOTO moTpedienus. OH OCHOBaH Ha peXXUMeE
riyookoro cHa st Cortex-M3, ¢ BRIKJIFOUEHHBIM PETYIISTOPOM HANpsDKCHUs. Bece Moy i, muTarommuecs
ot 1.8 B nocnenoBarenbHo BeikouaoTcs. HSI u HSE renepatops! u PLL Takke BBIKIIIOUAIOTCS.
Conepxxumoe SRAM 1 perucTpoB TEPSIOTCS, 32 UCKITIOUeHUeM peructpoB Moayiisi BKP u u cxemHOro
y3na Standby (cwm. puc. 4).

Entering Standby mode (Bxoa B peskum Oxunanus)

Refer to Table 12 for more details on how to enter Standby mode. In Standby mode, the following
features can be selected by programming individual control bits:
Cwm. 1ab:. 12 s qonoaHuTENbHOM HHPOpMaluu o Bxoje B pexxum Oxumaanns. B Pexxume Oxunanus
CIIETYIOIIIE OCOOCHHOCTH MOTYT OBITh BRIOPAHBI 33 CUET POrPaMMHUPOBAHUS WHAHUBUIYAIbHBIX
YIPaBISIOMUX OUTOB:

* Independent watchdog (IWDG): the IWDG is started by writing to its Key register or by
hardware option. Once started it cannot be stopped except by a reset. See Section 17.3 in Section
17: Independent watchdog (IWDG).

Hezasucumeiit watchdog (IWDG): IWDG 3anyckaeTcst 3a1chio B €ro KIFOYEBOW pErucTp Win
anmapatHo. [Tocie 3amycka ero Hellb3si OCTAHOBUThH MHA4Ye Kak o0muM copocom. CM. Toapasaen
17.3 B pazaene 17 "Independent watchdog (IWDG)".

* real-time clock (RTC): this is configured by the RTCEN bit in the Backup domain control
register (RCC_BDCR)
Yacer peansroro Bpemenn (RTC): konpurypupyrorcst 6utom RTCEN peructpa RCC_BDCR.

 Internal RC oscillator (LSI RC): this is configured by the LSION bit in the Control/status
register (RCC_CSR).
Buytpennuit RC reneparop (LSI RC): kondurypupyrorcs 6urom LSION B peructpe
RCC_CSR.

» External 32.768 kHz oscillator (LSE OSC): this is configured by the LSEON bit in the
Backup domain control register (RCC_BDCR)
Buemnmii reneparop Ha 32.768 kI'1i (LSE OSC): koudurypupytorcs 6utom LSEON B peructpe
RCC_BDCR.

Exiting Standby mode (Bbixoa u3 pe:xxuma Oxuaanus)

The microcontroller exits Standby mode when an external Reset (NRST pin), IWDG Reset, a
rising edge on WKUP pin or an RTC alarm occurs. All registers are reset after wakeup from Standby
except for Power control/status register (PWR_CSR).

MHUKpPOKOHTpOJIIEp BRIXOAUT U3 pexnma Oxkuganus ot BHemHero copoca (Ha BeiBoge NRST), copoca ot
IWDG, dponTta curnana Ha BeiBojge WKUP unu ot tpeBoru RTC. Ilocne npoOyskaeHus U3 pexxuma
O>kugaHus BCe PEeruCTphl COPOIIEHBI, KpOMe peructpa ynpasieHus/coctosaus nmurtanust (PWR_CSR).

After waking up from Standby mode, program execution restarts in the same way as after a Reset
(boot pins sampling, vector reset is fetched, etc.). The SBF status flag in the Power control/status register
(PWR_CSR) indicates that the MCU was in Standby mode.
[Tocne mpoOyxaeHus n3 pexxuma OXKuIaHUS BOZHUKAET PECTapT BHIMIOJHEHHS TPOrPAaMMBI, TOYHO TaKXKe,
Kak oT o01iero copoca (MpOUCXOUT CYUTHIBAHUE COCTOSIHUS BBIBOIOB HAYAJILHOW 3arpy3KH, CYUTHIBAaHHUE



BekTopa copoca u 1.1.). CrarycHusiii paar SBF B peructpe PWR_CSR noxkassiBaer, uto L{ITY
Haxoauics B pexume OxugaHus.

Refer to Table 12 for more details on how to exit Standby mode.
Cwm. Ta6:. 12 ms qomoaHUTENbHOM HHpOpMaUK 0 BeIXoe u3 peskuma OKuIaHus.

Table 12. Standby mode (Pexxum Oxunanus)

Standby modeH Description

WFI (Wait for Interrupt) or WFE (Wait for Event) while:
OsxuaHue pephIBaHNS WIN OXKUTaHUE COOBITHS

- Set SLEEPDEEP in Cortex™-M3 System Control register
CraButhcst out SLEEPDEEP B peructpe SCB_SCR

Mode entry - Set PDDS bit in Power Control register (PWR_CR)
CraButncst out PDDS B peructpe PWR_CR
- Clear WUF bit in Power Control/Status register (PWR_CSR)
Ounmraercst out WUF B peructpe PWR_CSR
Mode exit WKUP pin rising edge, RTC alarm, external Reset in NRST pin, IWDG Reset.

ITo ¢pponty Ha WKUP, ot tpeBoru RTC, BHemnmii copoc Ha NRST, copoc ot IWDG.

Regulator start up. Reset phase

Wakeup latency 3ajeprKKka: 3amycK peryisTopa Ha (asze copoca

I/O states in Standby mode (Coctosinue 1/0 B pexume Oxunanns)

In Standby mode, all I/O pins are high impedance except:
B pexume Oxunanns Bce 1/0 BbIBOZIbI HAXOATCS B BBICOKO-MMIIEJAHCHOM COCTOSIHUY, 32
UCKJIIOUEHHUEM:!

* Reset pad (still available) (Bxoxg Copoca (Bce erie qJ0CTyIeH))

* TAMPER pin if configured for tamper or calibration out
BriBon TAMPER, ecii oH CKOH(PUTYpHPOBaH Kak BX0J] cOpoca pe3epBHBIX TaHHBIX WM KakK
BBIXOJ1 KaJTUOPOBKHU.

*  WKUP pin, if enabled (Bxox npooyxaeaus WKUP, eciu pazpemen)
Debug mode (Pexum Otiiagkn)

By default, the debug connection is lost if the application puts the MCU in Stop or Standby mode
while the debug features are used. This is due to the fact that the Cortex™-M3 core is no longer clocked.
[To ymoir4aHut0, OTIIATUYMK TEPSET MOAKIIOUCHHE, €CTi priiokeHune nomerniaet LITY B pexum
[MpuocranoBku wim OXHUIaHUS, @ B TOKE BPeMs 0COOCHHOCTH OTJIAIKU MCIIOIB3YIOTCS. DTO BO3HHKACT
BCJIEJICTBHE TOTO, 4TO si7ipo Cortex-M3 Goiibiiie He TAKTUPYETCSI.

However, by setting some configuration bits in the DBGMCU_CR register, the software can be
debugged even when using the low-power modes extensively. For more details, refer to Section 29.16.1:
Debug support for low-power modes.

OpHako, eciy yCTaHOBUTH HEKOTOpbIe OuThl KoH(puryparuu B peructpe DBGMCU_CR, 1o
IIpOrpaMMHOE 00€ecTieyeHe, KOTOPOE€ MHTEHCUBHO HUCIIOJIb3YET PEKUMBI C HU3KUM MOTPEOICHUEM,
MOJKET OBITh OTJIAXKEHO. 3a TOMOJIHUTEIbHOU nH(popManueit ooparurecs k Pasneny 29.16.1 Debug
support for low-power modes.



4.3.6 Auto-wakeup (AWU) from low-power mode
ABTONPOOYXK/AEHHE U3 PEKMMA HU3KOI'0 NOTPedIeHUs

The RTC can be used to wakeup the MCU from low-power mode without depending on an
external interrupt (Auto-wakeup mode). The RTC provides a programmable time base for waking up
from Stop or Standby mode at regular intervals. For this purpose, two of the three alternative RTC clock
sources can be selected by programming the RTCSEL[1:0] bits in the Backup domain control register
(RCC BDCR):

Jns npoOyxaenust LIITY u3 pexxuma ¢ HU3KUM notpediieHneM MoxkHo ucroisb3oBath RTC, ato paboraet
HE3aBHCUMO OT BHEIIHHX NpepbiBanuil (pexuM Auto-wakeup). RTC gaer Bo3MOXHOCT
IPOrpaMMHPOBATh UHTEPBAI BPEMEHH JIJIsl IEPUOAMIECKOTO MPoOyxIeHus u3 pexkuma [TproctaHoBKH
v Oxuganus. s 9TOH e MOKHO BBIOPATh JBa U3 TPEX aJbTEPHATUBHBIX HCTOYHHKOB TAKTOBOTO
curHazna 1151 RTC, ¢ nomousio 6utoB RTCSEL[1:0] peructpa RCC_BDCR:

* Low-power 32.768 kHz external crystal oscillator (LSE OSC).
This clock source provides a precise time base with very low-power consumption (less than 1pA
added consumption in typical conditions)
I'enepatop ¢ HU3KUM noTpedIeHreM oT BHemHero kBapua Ha 32.768 k['u (LSE OSC). Oror
MCTOYHUK MPEJOCTABIISET CTAOMIBHBIN TAKTOBBIN CUTHAJ MPU OYE€Hb HU3KOM MOTPeOIeHUH (B
TUMWYHBIX YCIOBHIX OH MOTpeOsieT He Oonee 1HA)

* Low-power internal RC Oscillator (LSI RC).
This clock source has the advantage of saving the cost of the 32.768 kHz crystal. This internal RC
Oscillator is designed to add minimum power consumption.
Buytpennuit RC reneparop ¢ auzkum norpednenuem (LSI RC).
OTOT UCTOUYHHUK TAKTOBOT'O CUTHAIA UMEET TO NPEUMYIIECTBO, YTO MOKHO COKOHOMHTD Ha
cTOoUMOCTH KBapia Ha 32.768 kI'u. OtoT BHyTpeHHH RC 'eHepaTop cipoeKTHUpPOBaH TakK, YTOOBI
noTpeOIATh MUHUMAJIbHYIO MOIIHOCTb.

To wakeup from Stop mode with an RTC alarm event, it is necessary to:
Uto0Os1 mpoOyauTh U3 pexkuma IIpruocranoBku ¢ momoiisto coosrtrs TpeBoru RTC, HeoOX01uMo
cleyrolee:

* Configure the EXTI Line 17 to be sensitive to rising edge.
Cxkondurypupyiite nunuto 17 EXTI, uroObl oHa cpabaTbiBajia 1o GppoHTY CUTHAJIA.

* Configure the RTC to generate the RTC alarm.

Cxkondurypupyiite RTC Ha reHepaliinio curaana TPEeBOTH.

To wakeup from Standby mode, there is no need to configure the EXTI Line 17.
YroOsl mpoOynuTh U3 pexkuma Okuganus HeT He0OX0UMOCTH KoHGUrypuposats auauto 17 EXTI.



4.4 Power control registers (PerucTpbl ynpapJieHlsi TUTAHHEM)

4.4.1 Power control register (PWR _CR) (Peructp ynpaBieHusi TUTaHUEM )
4.4.2 Power control/status register (PWR_CSR) (Peructp ynpasnenus/ctaryca PWR)
4.4.3 PWR register map (Kaprta peructpo PWR)

4.4.1 Power control register (PWR_CR) (Peructp ynpaBJjieHusi TUTAHUEM )

Address offset: 0x00
Reset value: 0x0000 0000 (reset by wakeup from Standby mode)
(cOpaceIBaeTcs pu MPOOYkKACHUU U3 peskuma OXUTaHus)

<] 30 28 28 27 26 25 24 23 22 21 20 18 18 17 16
| Reserved
15 14 12 12 11 10 ] B 7 ] ) 4 2 2 1 0
OBP PLS[2:0] PVDE | C3BF | CWUF | PODS | LPDS
Reserved

I I | I | I I c_w 1 rc_w 1 I I

Bits 31:9 Reserved
always read as 0. (Bcerna uutaercs kax '0'.)

Bit 8 DBP: Disable backup domain write protection.
OTkir0veHne 3alUTHI OT 3anucu MoayJasi BKP.
In reset state, the RTC and backup registers are protected against parasitic write access. This bit
must be set to enable write access to these registers.
[Tocne copoca peructpel RTC u BKP 3amumieHs! oT CIy9aifHOTO JOCTYIA Ha 3aIUCh. UTOOBI
pa3pelInTh 3aMUCh B 3TH PETUCTPBI HY)KHO YCTAHOBUTH ITOT OWUT.
0: Access to RTC and Backup registers disabled
Hoctyn k peructpam RTC u BKP 3anperuen.
1: Access to RTC and Backup registers enabled
Hoctyn k peructpam RTC u BKP paspemen.

Note: If the HSE divided by 128 is used as the RTC clock, this bit must remain set to 1.
Ecmu nnst takroBoro RTC ucnonb3yercst curnan ot HSE, nonenennsiit Ha 128, aTot OuT Beeraa
JOJHKEeH OBITh yCTaHOBJIEH B '1'.

Bits 7:5 PLS[2:0]: PVD level selection. (Bbi60op ypoBHsi mopora cpadaTrbiBaHHs.)
These bits are written by software to select the voltage threshold detected by the Power Voltage
Detector DTOT OUT CTaBUTHCS POTPaMMHO, YTOOBI BEIOpATh mopor cpabaTteiBanus nenu PVD
(Power Voltage Detector)

000: 2.2V
001: 2.3V
010: 2.4V
011: 2.5V
100: 2.6V
101: 2.7V
110: 2.8V
111: 2.9V

Note: Refer to the electrical characteristics of the datasheet for more details.
Jlist TOMOHUTENbHONU HHPOPMALIUU CM. pazaen "DnekTpudeckue xapaktepuctuku' B datasheet.



Bit 4 PVDE: Power voltage detector enable. (Pa3pemenue uenu PVD.)
This bit is set and cleared by software. (3TOT OUT CTaBUTHCS M OUHUIIIAETCS TIPOTPAMMHO. )
0: PVD disabled (1iemp oTkiIr04YeHa)
1: PVD enabled (uens BkItOUEHA)

Bit 3 CSBF: Clear standby flag. (Ouuctka ¢uiara Haxoxxaenusi B pesxkume Qxxunanus)
This bit is always read as 0. (3toT 6ut Bcerna ynraercs kak '0'.)
0: No effect (neT apdekra)
1: Clear the SBF Standby Flag (write). (Ilpu 3anucu ounmiaetcs dpaar CSBF)

Bit 2 CWUF: Clear wakeup flag. (O4uucrka ¢guiara npo0y:xaenus)
This bit is always read as 0. (3toT 6ut Bcerna ynraercs kak '0'.)
0: No effect (net apdekra)
1: Clear the WUF Wakeup Flag after 2 System clock cycles. (write)
[Tpu 3anucu ounmaercst paar CWUF uyepe3 1Ba 11KIIa TAKTOBOTO.

Bit 1 PDDS: Power down deepsleep. (Ilepexoa B pesxuM riiy0oKoro cHa.)

This bit is set and cleared by software. It works together with the LPDS bit.

DTOT OWUT CTaBUTHCS U ouHuIaeTcs mporpamMmuo. OH paboTtaet coBMecTHO ¢ outom LPDS.
0: Enter Stop mode when the CPU enters Deepsleep.

The regulator status depends on the LPDS bit.

Bxon B pexxum IIpuocranoBku, koraa LITY BXoauT B pexxum riry00oKoOro cHa.

CocrosiHue perynaropa 3aBucut ot outa LPDS.
1: Enter Standby mode when the CPU enters Deepsleep.

Bxon B pexxum Oxupanus, koraa LITY BXoauT B pekuM riry00KOTO CHa.

Bit 0 LPDS: Low-power deepsleep. (Pexum rirydokoro cHa ¢ MaJbIM NOTpedIeHHEM.)
This bit is set and cleared by software. It works together with the PDDS bit.
OTOT OUT CTaBUTHCS U OYHILAETCS TporpaMMHO. OH paboTaer coBMecTHO ¢ 6utom PDDS.
0: Voltage regulator on during Stop mode
B pexume IIpnocTaHOBKY PETYIIATOP BKIIOUEH
1: Voltage regulator in low-power mode during Stop mode
B pexume [IprocTaHOBKY perynsiTop HAXOJUTCS B PEKHME MAJIOTO MOTPeOIeHUs

4.4.2 Power control/status register (PWR_CSR) (Peructp ynpasienusi/ctatyca PWR)

Address offset: 0x04
Reset value: 0x0000 0000 (not reset by wakeup from Standby mode)
(1e cOpacwIBaeTCst IpH NPOOYNKIACHUU U3 pexuma O ugaHus)

Additional APB cycles are needed to read this register versus a standard APB read.
UTOoOBI MPOYMUTATH ITOT PETUCTP HEOOXOIUMBI JIOTIOTHUTEIbHBIE ITUKIIBI IMHBI APB.

<3| 30 28 28 27 26 25 24 23 22 21 20 18 18 17 16
Reserved
15 14 13 12 1" 10 8 B 7 il B 4 3 2 1 0
EWUP PO SEBF WU F
Reserved Reserved

rw r r

Bits 31:9 Reserved
always read as 0. (Bcerga unraercs kak '0'.)




Bit 8 EWUP: Enable WKUP pin (Pazpemenue BsiBoga WKUP.)

This bit is set and cleared by software. (3TOT OUT CTaBUTHCSI M OUHUIIIACTCS TIPOTPAMMHO. )

0: WKUP pin is used for general purpose I/0. An event on the WKUP pin does not wakeup the
device from Standby mode.
BriBog WKUP ncnionb3yercst Kak BBIBOJ 0011ero HazHadeHus. CoObITHE HA 3TOM BBIBOJIC HE
poOyXIaeT yCTPOUCTBO U3 pexxuma OxugaHus.

1: WKUP pin is used for wakeup from Standby mode and forced in input pull down
configuration (rising edge on WKUP pin wakes-up the system from Standby mode).
BriBog WKUP ucnonb3yercst uist mpoOyxaeHust u3 peskuma OXUIaHUs U TPUHYIUTEIHHO
CTaBUTCS B PEXKHUM BXOJa MPUTSIHYTOTO K 3eMIIE.
Note: This bit is reset by a system Reset. (3ToT 6uT cOpackiBaeTcst 001muM cOpocoM. )

Bits 7:3 Reserved
always read as 0. (Bcerga unraercs kak '0'.)

Bit 2 PVDO: PVD output (Bbixoa nerexkropa PVD.)
This bit is set and cleared by hardware. It is valid only if PVD is enabled by the PVDE bit.
DTOT OUT CTaBUTHCS M OUUIIaeTCs mporpaMmHo. OH paboTaeT TOJIBKO Mmpu paspernieHHoM PVD
ourom PVDE.

0: Vpn/Vppa 18 higher than the PVD threshold selected with the PLS[2:0] bits.

Hanpsokenne Ha Vyp/Vp o | BbILIE, 9eM I0POT, BbIOpaHHbIi Ouramu PLS[2:0].
1: Vp/Vppa is lower than the PVD threshold selected with the PLS[2:0] bits.
Hanpsoxenue Ha VDD/VDD A HIDKE, 9eM II0pOT, BbIOpanHbIi OuTamu PLS[2:0].

Note: The PVD is stopped by Standby mode. For this reason, this bit is equal to 0 after Standby or
reset until the PVDE bit is set.

Pabora nerekropa PVD ocranaBnuBaercs B pexume Oxuganus. [1o 310l mpuunHe 3TOT OUT paBeH
'0" mocye BeIxoAa u3 peskuma OKHIaHUS WK TTOC)Ie cOpoca U OCTAeTCsl B ’TOM COCTOSTHUH, TIOKa HE
oyzner noctasiieH out PVDE.

Bit 1 SBF: Standby flag (®aar naxoxaenusi B pesxkume QxkuaaHus.)
This bit is set by hardware and cleared only by a POR/PDR (power on reset/power down reset) or
by setting the CSBF bit in the Power control register (PWR CR)
9t10T 6I/IT CTAaBUTCA allllapaTHO U OUUIIACTCS TOJIBKO C6pOCOM oT HOIIa‘-II/I/ CHATHSA IIUTAaHUA UIIN
ycranoBkoi 6uta CSBF B peructpe PWR _CR.
0: Device has not been in Standby mode (YcrtpoiicTBo He ObLTO B peskrme OXumTaHus )
1: Device has been in Standby mode (YctpoiicTBo 06110 B pexume OxugaHus )

Bit 0 WUF: Wakeup flag (®aar codbiTusi npodysKaeHus.)
This bit is set by hardware and cleared only by a POR/PDR (power on reset/power down reset) or
by setting the CWUF bit in the Power control register (PWR_CR)
DTOT OUT CTAaBUTCS aNNapaTHO U OUYUIIAETCS TOJBKO COPOCOM OT MOAAYM/CHATHS MUTAHUS WIH
ycranoBkoi 6uta CWUF B peructpe PWR_CR.
0: No wakeup event occurred (He 65110 coObITHS TPOOY>KICHHS )
1: A wakeup event was received from the WKUP pin or from the RTC alarm
brino monyueno cobwitre npooyxaeHus Ha BeiBoge WKUP wmm ot curnana tpesoru RTC.

Note: An additional wakeup event is detected if the WKUP pin is enabled (by setting the EWUP
bit) when the WKUP pin level is already high.

Note: JleTrekTupyeTcst TOTIOTHUTEIBHOE COOBITHE MPOOYkKACHUS, eciiu paspertaeTcs Beisog WKUP
(ycranoBkoii 6ura EWUP) B TO BpeMsi, KaK YK€ €CTh BHICOKUN YPOBEHb Ha 3TOM BBIBOJIE.



4.4.3 PWR register map (Kapra peructpoB PWR)

The following table summarizes the PWR registers.
[Tocnenyromas Tabauia qaeT kapty peructpo moayisi PWR.

Table 13. PWR register map and reset values
Kapta perucrpoB PWR u ux 3nauenue nocie copoca

Offse | Register [5[S[R SNSRI SRSEEEEEEEE RNl
o BN ER
PLE2:0) (2 (B2 |2 |0
aooo | PWRCR Reserved g 0= HEEE
Reset value ] D|D|D ojofo|o|D

[
e
PWR_CSR 2 2 & |2
w004 Reserved E Reserved E w |z
Reset value 0 (0|0

Refer to Table 1 on page 41 for the register boundary addresses.
Cwm. Talm. 1, rae 1aHbl OTHOCUTEBHBIC a/Ipeca PETUCTPOB.




5 Backup registers (BKP) (Pe3epBHBIE perucTpbl)

(30ecv naxooumcs pumyanvroe nanomunanue o Hanuyuu 4-x cemeticme onsi STM32F10xxx, u
umo 2mom OOKyMeHm 000 8cex cemelicmeax, eciu Hem npsamo2o ykazanus. Cm. paszoen 1.2 I'nmoccapuii).)

5.1 BKP introduction (Beenenne B BKP)
5.2 BKP main features (OcnoBHbie ocobeHHOCcTH BKP)

5.3 BKP functional description (Oynkunonansnoe onucanre BKP)
5.4 BKP registers (Peructpst BKP)

5.1 BKP introduction (Beenenue B BKP)

The backup registers are forty two 16-bit registers for storing 84 bytes of user application data.
They are implemented in the backup domain that remains powered on by VBAT when the VDD power is
switched off. They are not reset when the device wakes up from Standby mode or by a system reset or
power reset.
Peructpsl pezepBHbix naHHbIX BKP - 5T0 copok aBa 16-TH pa3psiiHBIX perucTpa Ijis XpaHeHus 84-x 6auT
10JIb30BaTENbCKUX JaHHbIX. OHU peanu3oBaHbl B JoMeHe BKP, KoTOpbIil ocTaeTcsl MOAKIIOYEHHBIM K
BeIBOAY VBAT, korna nutanue Ha BeiBojge VDD cHumaetcs. OHu He cOpachIBalOTCs MpU MPOOYKICHUH
ycTpoiicTBa U3 pexxuma Standby, cucTeMHBIM cOpOCOM HITH cOPOCOM OT MOAAYH MUTAHMUS.

In addition, the BKP control registers are used to manage the Tamper detection feature and RTC
calibration.
Kpome toro, peructps ynpasienus nomeHoM BKP ncnonb3yrorest Takke, 4ToObI yIPaBIsATh QYHKIIUCH
obHapyxenust Tamper (copoc pezepsHuix Oanibix) N KATHOPOBKOW 9acoB peanbHOro BpeMenu RTC.

After reset, access to the Backup registers and RTC is disabled and the Backup domain (BKP) is
protected against possible parasitic write access. To enable access to the Backup registers and the RTC,
proceed as follows:

[Toce cOpoca, moctym k peructpam pesepBHbIX JaHHBIX 1 RTC 3a6m0kupoBan, u qomed BKP 3amnumien
OT BO3MOXHOTI'0 CIIy4aifHOTO JlocTyma Ha 3anuck. Utoos! paspenmts goctyn K BKP u RTC Hano
BBITNIOJIHUTD CIIEAYIOIIYIO MPOLENYPY:

 enable the power and backup interface clocks by setting the PWREN and BKPEN bits in
the RCC_APBIENR register
paspelmTe moa4y TAKTOBOTO CUTHAJA Ha 010K yrnpaBieHus nutanueM u jomeH BKP ¢
nomotbio ycranoBku 6uToB PWREN 1 BKPEN B peructpe RCC_APB1ENR

» set the DBP bit the Power Control Register (PWR_CR) to enable access to the Backup
registers and RTC.
nocraBbTe OUT DPB B peructpe Ynpasnenus notpediennem PWR _CR, 4To65! pa3pemuTsb
noctyn K BKP u RTC.



5.2 BKP main features (OcHoBHBbIe 0co0enHOCcTH BKP)

» 20-byte data registers (in medium-density and low-density devices) or 84-byte data
registers (in high-density and connectivity line devices)
Peructpsr pezepBHBIX AaHHBIX 00BeMoM 20 Gaiit (B cemeiictBax MD u LD) niu o6semom 84
6aiit (B cemeiictax HD u LC)

» Status/control register for managing tamper detection with interrupt capability
Peructp cocrostusi/ymipaBinenus uisl yrnpaBieHus: GyHKIe ooHapyxenus Tamper ¢
BO3MOYKHOCTBIO IIPEPBIBAHUA

 (Calibration register for storing the RTC calibration value
Peructp nns xpanenus 3nauenust kanmuoposku RTC

* Possibility to output the RTC Calibration Clock, RTC Alarm pulse or Second pulse on
TAMPER pin PC13 (when this pin is not used for tamper detection)
BosmoxnocTs BeiBecTu KanubpoBanusiii TakToBbll curtain RTC, umnynsc "Tpesoru" RTC nnun
Bropuunsiii ummynsc RTC Ha BeiBom TAMPER (PC13) (korja 3TOT BBIBOJ] HE UCTIOIB3YETCS
s ooHapyxenus Tamper)

5.3 BKP functional description (PynkumnonaabHoe onucanue BKP)

5.3.1 Tamper detection (lerekTupoBanune coobiTusi Tamper)

The TAMPER pin generates a Tamper detection event when the pin changes from 0 to 1 or from 1
to 0 depending on the TPAL bit in the Backup control register (BKP CR). A tamper detection event
resets all data backup registers. BeiBog TAMPER renepupyet coobiTie oOHapyxeHust Tamper npu
M3MeHeHUH ypoBHs Ha BbiBozie ¢ 0 10 1 wm ¢ 1 1o 0, B 3aBucumoctu ot yctaBku outa TPAL B peructpe
BKP_CR. CobbiTue obHapyxenus Tamper cOpaceiBaeT Bce peructpsl 61oka BKP.

However to avoid losing Tamper events, the signal used for edge detection is logically ANDed
with the Tamper enable in order to detect a Tamper event in case it occurs before the TAMPER pin is
enabled. Opnako, 4T00bI N30€KaTh TOTEPH cCOOBITUS Tamper, cCUTHAN, UCTIONB3YEMBIN IS
oOHapyxeHus nepenana, oobeaunsercs jgoruuecku (AND) ¢ pazpemienuem Tamper, 4uToObl 0OHAPYKUTH
coObiTie Tamper B ciaydae, KOria OHO IPOUCXOIUT Mpex e, ueM paspenieH BoiBog TAMPER.

* When TPAL=0: If the TAMPER pin is already high before it is enabled (by setting TPE
bit), an extra Tamper event is detected as soon as the TAMPER pin is enabled (while there was no
rising edge on the TAMPER pin after TPE was set)

Korga TPAL=0: Eciin Ha BeiBogie TAMPER y»e npucyTcTBOBaI BBICOKAN YPOBEHb MPEXKIIE,
4yeM OH ObL1 paspereH (ycranoBkoi 6ura TPE), To nerektupyercs JOMOIHUTENBHOE COOBITHE
Tamper, xak Tonbko paspeuraercs BbiBog TAMPER (xoTs He Obl10 HUKaKoro (poHTa CUrHAJIa
Ha BeiBoJie TAMPER mnocine toro, kak 6bu1 ycranoBieH TPE)

* When TPAL=1: If the TAMPER pin is already low before it is enabled (by setting the TPE
bit), an extra Tamper event is detected as soon as the TAMPER pin is enabled (while there was no
falling edge on the TAMPER pin after TPE was set)

Korna TPAL=1: Ecnu Ha BeiBoie TAMPER yxe npucyTcTBOBai HU3KUN YPOBEHD MPEXKIIE, YEM
oH Oyzet paspenieH (ycranoBkoi 6uta TPE), To neTektupyercst JOMOJHUTEIbHOE COOBITHE
Tamper, xak Toabpko pasperiaercst BoiBo TAMPER (x0Ts He ObIJIO HUKaKOTO Cpe3a CUrHajla Ha
BbIBOJIc TAMPER mnocne Toro, kak 6611 ycranoBiieH TPE)



By setting the TPIE bit in the BKP_CSR register, an interrupt is generated when a Tamper
detection event occurs. Ecmu yctanasien out TPIE B peructpe BKP_CSR, To, B cirydae oOHapyKeHUs
cobbiTust Tamper, OyneT creHeprupoOBaHO MPEPHIBAHUE.

After a Tamper event has been detected and cleared, the TAMPER pin should be disabled and
then re-enabled with TPE before writing to the backup data registers (BKP_DRx) again. This prevents
software from writing to the backup data registers (BKP_DRx), while the TAMPER pin value still
indicates a Tamper detection. This is equivalent to a level detection on the TAMPER pin.

[Tocne Toro, kak coobiTe Tamper O6bu10 00HapYkeHO U ounieHo, BbIBoT TAMPER noimkeH ObITh
OTKJIFOYEH, a 3aTeEM BHOBB paspenieH ¢ nomoupto TPE npexze, yeM cHOBa YTO-TO MUCAaTh B PETUCTPBI
pesepBHBIX 1aHHBIX (BKP_DRX). OT0 HEe maet mporpamme 4To-TO MHCATh B PETUCTPHI PE3EPBHBIX
JAHHBIX B TO BpeMsi, kak 3HaueHne Ha Bxoje TAMPER Bce emie moka3siBaeT 00HApYKEHUE COOBITHS
Tamper. 3T0 SKBUBAJICHTHO HAJIMYMIO JIeTekTopa ypoBHs Ha Bxoge TAMPER.

Note: Tamper detection is still active when VDD power is switched off. To avoid unwanted resetting of the data
backup registers, the TAMPER pin should be externally tied to the correct level.

Note: J[lemexmuposanue Tamper ocmaemcsi akmusHuiM, Ko20a numanue Ha evigooe VDD cnamo. Ymobwi
usbesicams HediceamenbHo2o copoca pecucmpos pesepshvix oannvix, 6x00 TAMPER Oonicen bvimo Heutte
ROOKIIOYUEH K NPAGUTILHOMY VPOBHIO.

5.3.2 RTC calibration (Kaau6poBka RTC)

For measurement purposes, the RTC clock with a frequency divided by 64 can be output on the
TAMPER pin. This is enabled by setting the CCO bit in the RTC clock calibration register
(BKP _RTCCR).
Yacrota TakroBoro curnaiga RTC, nogenennas Ha 64, moxket ObITh BeiBeZicHA Ha BeiBog TAMPER, B
HeJsaX ee u3MepeHus. Ito paspemaercs ycranaBkor outa CCO B peructpe kanmudposku RTC
BKP_RTCCR.

The clock can be slowed down by up to 121 ppm by configuring CAL[6:0] bits.
YacToTy TaKTOBOT'O CUTHAJNIA MOYKHO YMEHBIIIUTE HA BENMUYUHY 10 121 ppm (muniuonnou doau),
koH(purypupys 6utet CAL[6:0].

For more details about RTC calibration and how to use it to improve timekeeping accuracy, please
refer to AN2604 "STM32F101xx and STM32F103xx RTC calibration”.
Jnns nononmauTeNnbHOM mHpOpMarmn o kanuopoBke RTC 1 kak ee UCTIONb30BaTh IS YIyUIICHUS
TOYHOCTH XPOHOMETPHPOBAHUS, MOXKaAIyicTa oOpaTtuTech K mokymeHTy AN2604 "STM32F101xx and
STM32F103xx RTC calibration".



5.4 BKP registers (Peructpsi BKP)

Refer to Section 1.1 on page 37 for a list of abbreviations used in register descriptions.
Cwm. pazzgen 1.1, rae nmpuBeIeH epeueHb COKPAICHHI, UCTIONB3YEMBIX MPU OMHMCAHUU PETUCTPOB.

5.4.1 Backup data register x (BKP_DRx) (x =1 ..42) (Peructp X pe3epBHbIX JaHHBIX)
5.4.2 RTC clock calibration register (BKP_RTCCR) (Peructp xanmu6poku RTC)
5.4.3 Backup control register (BKP_CR) (Peructp ynpasnenus 6iokom BKP)

5.4.4 Backup control/status register (BKP_CSR)

(Peructp craryca/ynpasnenus 61oka BKP)

5.4.5 BKP register map (Kapra peructpos BKP)

5.4.1 Backup data register x (BKP_DRXx) (x =1 ..42) (Peructp X pe3epBHbIX JaHHbIX)

Address offset: 0x04 to 0x28, 0x40 to 0xBC
Reset value: 0x0000 0000

Bits 15:0 D[15:0] Backup data (Pe3epBHbIe 1aHHBbIE)
These bits can be written with user data.
B 5T OUTHI MOTYT OBITH 3aMMCAHBI TIOJIH30BATEIILCKHE JTAHHBIC.

Note: The BKP_DRx registers are not reset by a System reset or Power reset or when the device
wakes up from Standby mode. They are reset by a Backup Domain reset or by a TAMPER pin
event (if the TAMPER pin function is activated).

Note: Peructpet BKP_DRX He cOpachIBaloTCS CHCTEMHBIM COPOCOM, WITH COPOCOM TIPH T10/1a4e
MUTAHUS, I TIPH MPOOYKICHUH ycTpoiicTBa n3 pexxuma Standby. Onu cOpacbiBaroTcst cOpocom
nomeHa BKP wim coosiTem Ha Bxoge TAMPER (ecnu 3Ta GyHKIUS aKTHBHPOBaHA).

5.4.2 RTC clock calibration register (BKP_RTCCR) (Peructp kaauoposku RTC)

Address offset: 0x2C
Reset value: 0x0000 0000

10

]
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Resered

ASOS

ASOE

CCO

ny

ny

Bits 15:10 Reserved

always read as 0. (Bcerma unraercs kak '0'.)




Bit 9 ASOS: Alarm or second output selection
Bri0op Bbixoaa kak "Tpesora' wim "Bropuunbiii curaan'.
When the ASOE bit is set, the ASOS bit can be used to select whether the signal output on the
TAMPER pin is the RTC Second pulse signal or the Alarm pulse signal:
Korna ycranosien 6utr ASOE, To MoxHO ucnionb3oBath 6ut ASOS, 4T00BI BBIOpATh, SBISETCS TN
BbIXOAHON uMITysbC Ha BeiBoJe TAMPER "Bropuunsim curnaiom" RTC wim curnaiom
"Tpesoru" RTC:
0: RTC Alarm pulse output selected (BriOpan curnan "TpeBoru" RTC)
1: RTC Second pulse output selected (BoiOpan "Btopuunstii curaan" RTC)

Note: This bit is reset only by a Backup domain reset.
OtoT O6uT cOpackiBaeTcs ToJbKo copocoM nomeHa BKP.

Bit 8 ASOE: Alarm or second output enable

Pa3pemenne Boixona aias "Tpesorn' nim "Bropuunoro curmana"
Setting this bit outputs either the RTC Alarm pulse signal or the Second pulse signal on the
TAMPER pin depending on the ASOS bit. The output pulse duration is one RTC clock period. The
TAMPER pin must not be enabled while the ASOE bit is set.
YcranoBka 3Toro 6uTa paspemaet BpIBOJ UMITYJIbCHOTO curHana "Tpesoru" wim "BropudHoro
curnaia" RTC ua BeiBon TAMPER, B 3aBricumoctu ot 6uta ASOS.
[TpoaoKUTENIPHOCTh UMITYJILCHOTO CUTHANA - oJuH nepuoa TaktoBoro RTC. B nponecce
ycranoBkH O0uta ASOE BeiBon TAMPER nomkeH ObITh OTKITIOUEH.

Note: This bit is reset only by a Backup domain reset.
Ot1oT 6uT cOpackiBaeTcs ToJbko copocom nomeHa BKP.

Bit 7 CCO: Calibration clock output (Bbixoa kaiu0poBaHHOI0 TAKTOBOI0)
0: No effect (Her adpdexra)
1: Setting this bit outputs the RTC clock with a frequency divided by 64 on the TAMPER pin.
The TAMPER pin must not be enabled while the CCO bit is set in order to avoid unwanted Tamper
detection. YcranoBka 3Toro oura BeIBOAUT TakToBEIM curHail RTC, monenennoi Ha 64, Ha BEIBOL
TAMPER. B npouiecce yctanoBku 6uta CCO BbeiBog TAMPER nomkeH ObITh pa3pelieH, YTo0bI
n30exaTh HeXeNaTeIbHOro coobITH oOHapyxeHus: Tamper.

Note: This bit is reset when the VDD supply is powered off.
OTOT OUT cOpackIBacTCs IPH CHIATHH MUTaHUs ¢ BeiBoga VDD.

Bit 6:0 CAL[6:0]: Calibration value (3HaueHue KaJuOpoOBKHM)
This value indicates the number of clock pulses that will be ignored every 220 clock pulses. This
allows the calibration of the RTC, slowing down the clock by steps of 1000000/2"20 PPM. The
clock of the RTC can be slowed down from 0 to 121 PPM.
DT0 3HaUEHUE YKA3bIBACT YHCIIO TAKTOBLIX UMITYIhCcOB RTC, KoTOpHIe OYAYT IPOUTHOPUPOBAHBI
Kaxpie 220 uMIysIbcoB. D10 1mo3BojsieT kannopoBath RTC, 3amenisist 4ackl ¢ marom
1000000/2"20 ppm. TaxToBbiii curaan RTC moxet 6b1Th 3ameuieH ot 0 1o 121 ppm (munnuonnou
ooau).



5.4.3 Backup control register (BKP_CR) (Peructp ynpasiaenust 6;10kom BKP)

Address offset: 0x30
Reset value: 0x0000 0000

TPAL | TPE

Resarved

e ny

Bits 15:2 Reserved
always read as 0. (Bcerna unraercs kak '0'.)

Bit 1 TPAL: TAMPER pin active level (AkTuBHbIi1 ypoBenb BoiBoia TAMPER)

0: A high level on the TAMPER pin resets all data backup registers (if TPE bit is set).
Bricokuit ypoBens Ha BeiBoga TAMPER cOpacbiBaeT Bce perucTphbl pe3epBHBIX JAHHBIX (€CIIn
yctanorieH out TPE).

1: A low level on the TAMPER pin resets all data backup registers (if TPE bit is set).
Huzkuii ypoens Ha BeiBojia TAMPER cOpackiBaeT Bce perucTphbl Pe3epBHBIX JaHHBIX (€CIH
ycranosinieH 6ut TPE).

Bit 0 TPE: TAMPER pin enable (Pa3pemenne BoiBoga TAMPER)
0: The TAMPER pin is free for general purpose I/0
Bremog TAMPER cBoOoaeH 11 ucroiis3oBadus kak 1/Q o0miero HazHaueHus
1: Tamper alternate I/O function is activated.
AxTuBUpOBaHa anbTepHaTuBHas GyHKIMS BhiBoga TAMPER

Note: Setting the TPAL and TPE bits at the same time is always safe, however resetting both at the same
time can generate a spurious Tamper event. For this reason it is recommended to change the TPAL bit
only when the TPE bit is reset.

Note: OgnoBpemennas ycranoka 6utoB TPAL u TPE Bcerna 6e3onacHa, 0JiHako, OTHOBPEMEHHBIN
cOpoc 3TuX OUTOB MOKET FeHEPUPOBATH J10kHOEe coObiTe Tamper. [1o 3Toi npuunHe peKOMEeHIyeTCs
u3MenaTb 6ut TPAL Tonbko npu copommennom 6ure TPE.

5.4.4 Backup control/status register (BKP_CSR)
Peructp craryca/ynpasiaenus 0jo0xka BKP

Address offset: 0x34
Reset value: 0x0000 0000

TIF TEF TFIE CTI CTE
Reserved Reserved

Bits 15:10 Reserved
always read as 0. (Bcerga unraercs kak '0'.)



Bit 9 TIF: Tamper interrupt flag (®aar npepsiBanust ot Tamper)
This bit is set by hardware when a Tamper event is detected and the TPIE bit is set. It is cleared by
writing 1 to the CTI bit (also clears the interrupt). It is also cleared if the TPIE bit is reset.
DTOT OWT CTAaBUTCS anmapaTHo, Koraa ooHapyxkeHo coosiTre Tamper u ycranosien out TPIE. On
ountaercs npu 3amucu '1' B Out CTI (310 Takxke ouniaeT npepeiBanue). OH TaKkkKe OYHUIIASTCS
nipu copoce 6uta TPIE.
0: No Tamper interrupt (Her npepsiBanus or Tamper)
1: A Tamper interrupt occurred (Cyuminock npepsiBanue oT Tamper)
Note: This bit is reset only by a system reset and wakeup from Standby mode.
OTOT OUT cOpackIBaeTCs TOJBKO CHCTEMHBIM COpOCOM M MpoOyx)aeHneM nu3 Pexxuma Standby.

Bit 8 TEF: Tamper event flag (®aar co0biTuss Tamper)
This bit is set by hardware when a Tamper event is detected.
It is cleared by writing 1 to the CTE bit.
DTOT OWUT CTaBUTCS anmapaTHo, Koraa oOHapykeHo coosiTre Tamper.
On ounmraercs npu 3anucu '1' B 6ut CTE.
0: No Tamper event (Her coObrtst Tamper)
1: A Tamper event occurred (Ciyunnock cobbitrie Tamper )
Note: A Tamper event resets all the BKP_DRx registers. They are held in reset as long as the TEF
bit is set. If a write to the BKP_DRx registers is performed while this bit is set, the value will not be
stored.
Note: CoOpiTue Tamper cOpaceiBaet Bce peructpsl BKP_DRxX. OHE yaepKUBarOTCS B COCTOSIHUU
copoca, noka ycranosieH out TEF. Ecnu Oyaet BeimonuensaTbes 3anuck B peructpsl BKP__DRX,
MOKa 3TOT OUT YCTaHOBJIEH, TO 3allMCAaHHOE 3HAYCHHE HE OyJIET COXPAHEHO.

Bits 7:3 Reserved
always read as 0. (Bcerga unraercs kak '0'.)

Bit 2 TPIE: TAMPER pin interrupt enable
Pa3pemenne npepsiBanus ot Bbisoga TAMPER

0: Tamper interrupt disabled (IIpepsiBanue ot Tamper oTkiIt0U€HO)

1: Tamper interrupt enabled (the TPE bit must also be set in the BKP_CR register)
[IpepriBanue ot Tamper pazpemieHo (Takxe gomkeH ObITh yeranoBieH 6ut TPE B peructpe
BKP_CR)

Note:
1. A Tamper interrupt does not wake up the core from low-power modes.
[IpepriBanue or Tamper He TPOOYKIACT SAAPO U3 PEKUMA C HU3KUM ITOTPEOTICHUEM.
2. This bit is reset only by a system reset and wakeup from Standby mode.
OTOT OUT cOpackIBacTCs TOIBKO CUCTEMHBIM COPOCOM M MPOOYKaeHneM U3 Pexxnma
Standby.

Bit 1 CTI: Clear tamper interrupt (Ounmenue npopsiBanus ot Tamper)
This bit is write only, and is always read as 0.
3T0 OUT TONBKO AJIS 3AIMCH, IPH €r0 YTEHUH Beera momydaem '0'.
0: No effect (Her appexra)
1: Clear the Tamper interrupt and the TIF Tamper interrupt flag.
Ouwnmraer npopeiBanue oT Tamper u ero daar TIF.

Bit 0 CTE: Clear tamper event

Ounmenne coobiTus Tamper
This bit is write only, and is always read as 0.
DT0 OWUT TOIBKO JJIS 3aUCH, TIPU €T0 YTEHUHU Bceraa noiydaem '0'.
0: No effect (Her apdexra)
1: Reset the TEF Tamper event flag (and the Tamper detector)
CopacsiBaet ¢uar coositust Tamper - TEF (1 nerexrop Tamper)



5.4.5 BKP register map (Kapra perucrpos BKP)

BKP registers are mapped as 16-bit addressable registers as described in the table below:
Peructpsl BKP oToOpaxeHsl kak 16-pa3psiqHO apecyeMble PerucTphl, Kak OMUCAHO B TAOJUIIC HUXKE:

Table 14. BKP register map and reset values (Kapra peructpos BKP u ux 3nadenue nocie copoca)

i S| M~(w w0 ||| M~(w(w|= o) =

Offset| Register [T |22 (F|5ISIGISISINSIZ2I2=L 222N |2 oo~ 0w olu~lo
Ox00 Reserved
OwiDd BKP_DR1 Reserwed D[15:0]

Heset value Dlojojolojoofofololoyojoyoyoyo
%08 BKP_DR2 SR D[15:0]

Heset value Djojojojojojofojojofojoyojo]joyo
e BKF_DR3 Resarved D[15:0]

Heset value L‘l|D|[J|D|3|D|D|D|D|D|D|D|3|E|E|D
010 BKP_DR4 Resarved C[15:0]

Feset value DJo0[0JoJoJo|oJoJoJo]oJoJoJo]o]o
D14 BKP_DRS5 Resarved D[15:0]

Resat value EI|[:I|D|D|D|D|D|D|D|D|D|D|3|D|D|D
0x18 BKP_DRG Reserved D[15:0]

Resat value D|D|D|D|D|D|D|D|D|D|D|D|D|D|D|D




Offset| Register |o|S|QISINISILSQNSISIZ2|E|C|L 2N cIla|w~ow| o~
x1C BKP_DR7 Reserved D{15:0;
Heset valua D|D|D|’J|D|D|L‘I|D|D
il
020 BKP_DR8 Reserved D[15:0]
Heset value D|D|D|D|D|D|D|D|D
il
024 BKP_DR9 Reserved D[15:0]
Reset value D|D|D|D|D|U|U|U|a
Wiyl
0x28 BKP_DR10 Ress rved D[15:0]
Heset value ofofo D|’._‘l|’._‘-|’._‘l|’._‘n|’._‘n|3
BKP_RTCCR g8 |2 CALED)
0x2 = Reserved 2|2 o "
Reset value cfofo D|D|’._‘l|’._‘l|’._‘n oo
BKP_CR Y
O30 = Heserved g E
Heset valua 515
BKP_CSR L | Wz fw
(34 = Researved = ||:| Resarved E & E
Heset valua R 5ToT0
(w38 Reserved
x3C Reserved
fd) BKP_DR11 Resarved D[15:0]
Hesst valua D|D|D|’J|’J|L‘u|a|a|a
Tl
Oxdd BKP_DR12 Reserved D[15:0]
Reset valua D|D|D|’J|’J|L‘u|a|a|a
il
OxdB BKP_DR13 Ressrved D[15:0)
Reset value D|D|D|D|U|U|a|a|a
|I'L"|'
OwAC BKP_DR14 Reserved D[15:0]
Reset value D|D|D|D|D|D|D|a|a
il
oxsg | BKP-DRIS o D[15:0]
Heset valua D|D|D|D|L"|L"|D|D|D
Wl
Ox54 BKP_DR16 Ress rved D[15:0]
Heset value ﬁ|D|D|D|D|D|D|D|D
.l"'l'
0458 BKP_DR17 Rese rved D[15:0]
Reset value ﬁ|D|D|D|D|D|D|D|D
.l'L"l'
x5C BKP_DR18 Reserved D{15:0]
Reset value D|D|D|D|L‘||U|L‘n|ﬁ|ﬁ
OwB0 -
(B0 BKP_DR19 Resarved D[15:0]

Reset valua




Offset| Register S22 NIGIQSI QN SIQSI2=L|LT2 N |8 o|w|~ww «na~e

)

OxBd BKP_DR20 Reserved D{15:0]
Heset value 3'|’-"|3'|9|3|D|’~."|D|D|D|D|D|D|D|D|D

.I'L‘l'

OxE8 BKP_DR21 Reserved D{15:0]
Heset value 3'|’-"|3'|9|3|D|’~."|D|D|D|D|D|D|D|D|D

)

OxeC BKP_DR22 Reserned D[15:0]
Reseat value U|3|U|U|3|D|U|D|D|D|D|D|D|D|D|D

.I'L‘l'

0x70 BKP_DR23 Reserved D{15:0]
Reseat value 3|3|U|'C'|'-"|D|'J|D|D|D|D|D|D|D|D|D

74 BKP_DR24 Resarved D[15:0]
Reseat value 3|3|U|'C'|'-"|D|'J|D|D|D|D|D|D|D|D|D

.I'L‘l'

Ox7E BKP_DR25 Aeserved Dis:0)
Reseat value 3|3|U|'C'|'-"|D|'J|D|D|D|D|D|D|D|D|D

)

0x7C BKF_DR26 Reserned D[15:0]
Heset value 3|3|U|9|3|U|U|D|D|D|D|D|D|D|D|D

.I'L‘l'

OxBO BKP_DR27 Reserved D{15:0]
Heset value U|3|U|U|3|D|U|D|D|D|D|D|’J|D|D|D

)

(B4 BKP_DR28 Reserved D{15:0]
Resat value :'|3|3'|'C'|'C'|C'|'J|D|D|’J|U|D|’J|3|D|D

i) o

wBE BKP_DR2% Resarved D[15:0]
Resat value :'|3|3'|'C'|'C'|3'|'J|D|D|’J|U|D|’J|3|D|D

)

0x8C BKF_DR30 Reserned D[15:0]
Reseat value U|U|U|U|3|D|U|D|D|D|D|D|D|D|D|D

.l"'l'

020 BKP_DR31 Ressrved D[15:0]
Heset value 3|3|U|9|3|U|U|D|D|D|D|D|D|D|D|D

.l"'l'

Dx0d BKP_DR32 Ressrved D[15:0]
Heset value 3|3|U|9|3|U|U|D|D|D|D|D|D|D|D|D

.l"'l'

0GR BKP_DR33 Resarved D[15:0]
Heset value 3|3|U|9|3|U|U|D|D|D|D|D|D|D|D|D

.l"'l'

0x5C BKP_DR34 Reserned D[15:0]
Resat value :'|3|3'|'C'|'C'|C'|'J|D|D|’J|U|D|’J|3|D|D

)

DAD BKP_DR35 Resarved D[15:0]
Resat value :'|3|3'|'C'|'C'|3'|'J|D|D|’J|U|D|’J|3|D|D

.I'L‘l'

A BKP_DR36 Reserved D[15:0]
Resat value :'|3|3'|'C'|'C'|3'|'J|D|D|’J|U|D|’J|3|D|D




Offset| Register 5|2 |28 NS GISISN SIS E|C| R IR NS o|o|~|e|v <+ m|lnr|e
oxag | BKP_DR3? Aesared D[15:0]

Hesel valle 0 0000000000 0{0({0]0]0
oxac | BKP_DR3S Aesared D[15:0]

Hesel valie 0o (000000 0]{0{0]{0{0{0]0]0
™BO | BKP_DR39 S D[15:0]

Reset value Ojo[o[o[oJoJoJoJo[o[o]a]o]o[o]0
wgs | BKP_DR40 S D[15:0]

Reset value 0JoJ0J0JOo[0]0]0]O0J0[0]0[0]0]0]0
B8 | BKP_DR41 S D[15:0]

Reset valle D[0D]0[0[0[0]0[0[0[0]0[0[0D[0][0]0
nec | BKP-DRE2 Aesered D[15:0]

Reset valle D[DJ0[0[0[0]0[0[0[0]0O[0[D[0[0]0

Refer to Table 1 on page 41 for the register boundary addresses.
Cwm. Tabm. 1, rie JaHbl OTHOCUTENBHBIC a/Ipeca PErucTpoB.




7 Connectivity line devices: reset and clock control (RCC)
CemeiictBo CL: ynpaBJiieHue cOpOCOM U TAKTOBBIMH

(B0ecy naxooumces pumyanvroe nanomurarue o Haauyuu 4-x cemevicms 011 STM32F10xxx, u
umo amom OOKyMeHm 000 8cex cemelcmaax, eciu Hem npsamozo ykasanus. Cm. pasoen 1.2 I'moccapuid).)

7.1 Reset (Copoc)
7.2 Clocks (TakToBbIE CUTHAIIBI)
7.3 RCC registers (Peructpst RCC)

7.1 Reset (Copoc)

7.1.1 System reset (CuctemHblii cOpocC)
7.1.2 Power reset (COpoc mpu mojiaue NUTaHus)
7.1.3 Backup domain reset (Copoc nomena BKP)

There are three types of reset, defined as system Reset, power Reset and backup domain Reset.
Ectb Tpu THIA cOpoca, onpeneneHHbIx kak "CuctemHslit copoc”, "COpoc npu nogaue nutaHus" u
"Copoc nomena BKP".

7.1.1 System reset (CucremHblIii cOpoc)

A system reset sets all registers to their reset values except the reset flags in the clock controller
CSR register and the registers in the Backup domain (see Figure 4).
"CucTteMHBIH cOpoc" ycTaHABIMBAET BCE PETUCTPHI B MX 3HAUEHUS Tocie copoca, kpome ¢raros copoca B
peructpe ynpasieHust TakToBeIMH CSR u peructpos B tomene BKP (cwm. puc. 4).

A system reset is generated when one of the following events occurs:
"CucteMHBIii cOpoc" reHepupyeTcsi, Kora NpOUCXOAUT OJTHO U3 CIEAYIOIIUX COOBITH:

1. A low level on the NRST pin (external reset)
Hwuskuii ypoBens Ha BeiBosie NRST (BHemHuUi cOpoc)

2. Window watchdog end of count condition (WWDG reset)
VYcnoBue okoHuanus cuera okonHoro WatchDog (cOpoc ot WWDG)

3. Independent watchdog end of count condition (IWDG reset)
Ycnoue okonuanus cueta HezaBucumoro WatchDog (cOpoc ot IWDG)

4. A software reset (SW reset) (see Section : Software reset)
[Tporpammustii copoc (copoc SW) (cm. pasznen "[Iporpammuslii copoc')

5. Low-power management reset (see Section . Low-power management reset)
COpoc 0T KOHTpOJIIEpa MOHIKEHHOTO MOoTpedieHus (cM. pasaen "COpoc OT KOHTpoILIepa
IMOHMKEHHOTO NoTpebieHus")

The reset source can be identified by checking the reset flags in the Control/Status register,
RCC_CSR (see Section 7.3.10: Control/status register (RCC CSR)).
HcTounuk cOpoca MOXKeT OBITh UACHTU(UIIMPOBAH MTPOBEPKOH (1aroB cOpoca B perucTpe
Vupasnenus/cratryca RCC_CSR (cm. pa3gen 7.3.10 "Peructp ynpasnenus/cratyca (RCC_CSR)")




Software reset (Ilporpammublii copoc)

The SYSRESETREQ bit in Cortex™-M3 Application Interrupt and Reset Control Register must
be set to force a software reset on the device. Refer to the Cortex™-M3 technical reference manual for
more details. UToObI BBI3BaTh MpOTrpaMMHBIH cOpoc ycrpoiicTBa Haao nmoctaButh OUT SYSRESETREQ
B peructpe SCB_AIRCR. O6paturecs k noxkymeHty "Cortex-M3 technical reference manual" 3a 6onee
JeTanbHOU MH(pOpMaIIUEH.

Low-power management reset (COpoc 0T KOHTPOJ/IJIEPA MOHUKEHHOTO MOTPedJIeH sl )

There are two ways to generate a low-power management reset:
EcTp aBa cioco6a rereprupoBaTh COpPOC OT KOHTPOJIIEPA MTOHMKEHHOTO TTOTPEOICHUS:

1. Reset generated when entering Standby mode: (I'enepammst coOpoca npu BXoze B peKUM
Standby:)
This type of reset is enabled by resetting nRST STDBY bit in User Option Bytes. In this case,
whenever a Standby mode entry sequence is successfully executed, the device is reset instead of
entering Standby mode. Dtot Tun copoca paspemaercs copocom 6ura nRST _STDBY B "User
Option Bytes" (Onyuonnvie [lonvzosamenvckue batimet). B 3TOM citydae, BCsikuii pa3, koraa
YCIIEIIHO BBITIOIHSIETCS TIOCIIE0BATEILHOCTh BX0/1a B pexkuM Standby, BMecTo TOTO, 4TOOBI
BOMTHU B 3TOT PEKUM, YCTPOHUCTBO OyeT COPOIIECHO.

2. Reset when entering Stop mode: (I'eneparus cOpoca mpu Bxojie B pexxum Stop:)
This type of reset is enabled by resetting NRST STOP bit in User Option Bytes. In this case,
whenever a Stop mode entry sequence is successfully executed, the device is reset instead of
entering Stop mode. DtoT TN cOpoca pazpemaercs copocom 6uta NRST STOP B "User
Option Bytes". B aToM cinyuae, BCAkuit pa3, KOT/ia yCIEIIHO BBITIOIHIETCS MOCIE0BaTEIbHOCTD
BXOJIa B PSKUM Stop, BMECTO TOTO, YTOOBI BOWTH B ATOT PEXKHUM, YCTPOUCTBO OYyJeT COPOIICHO.

For further information on the User Option Bytes, refer to the STM32F10xxx Flash programming
manual. [Ing nonomnurensHoit nHpopmanuu o "User Option Bytes", oOpatutech kK JOKyMEHTY
"STM32F10xxx Flash programming manual".

7.1.2 Power reset (COpoc npu nogave nuTaHus)

A power reset is generated when one of the following events occurs:
"COpoc npu rmojave MUTaHUS" TEHEPUPYETCS, KOTIa CAYyYaeTCs OAHO U3 CICTYIOIINX COOBITHIA:

1. Power-on/power-down reset (POR/PDR reset)
[Tpu "Tlomaye/Cusitun nutanus" (copoc or POR/PDR)

2. When exiting Standby mode (IIpu Beixoae u3 pexxuma Standby)

A power reset sets all registers to their reset values except the Backup domain (see Figure 4)
These sources act on the NRST pin and it is always kept low during the delay phase. The RESET service
routine vector is fixed at address 0x0000 0004 in the memory map. For more details, refer to Table 53:
Vector table for other STM32F 10xxx devices on page 172.
COpoc npu moj1aye MUTAHUST YCTAaHABIMBAET BCE PETUCTPHI B UX 3HAUEHUS TOcie cOpoca, Kpome
peructpoB nomeHa BKP (cwm. puc. 4). O1tu ucrounnku Bo3nencTByoT Ha BeiBoX NRST u ynepxusarot
€ro B HU3KOM COCTOSIHHH BO BpeMms ¢a3bl 3a1epkku. Bexktop o6pabotunka RESET dukcuposan 1mo
anpecy 0x0000 0004 B xapte nmaMsTH. 3a JOMOJTHUTEIbHON HH(OpMaIuei oopatutech k Tabmwuie 53:
"Vector table for other STM32F 1 0xxx devices".



Figure 10. Reset circuit (L{erru cOpoca)
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7.1.3 Backup domain reset (Copoc nomena BKP)

The backup domain has two specific resets that affect only the backup domain (see Figure 4).
Jomen BKP nmeet 1Ba cienupuuHbIx cOpoca, KOTOpbIe BO3ACHCTBYIOT TOJBKO Ha 3TOT JJOMEH (CM. pHC.

4).

A backup domain reset is generated when one of the following events occurs:
Copoc nomena BKP renepupyeTtcs, Koraa ciaydaeTcs OQHO U3 CISTYIOIINX COOBITHMN:

1. Software reset, triggered by setting the BDRST bit in the Backup domain control register
(RCC BDCR).
[IporpammusIii cOpoc, Bei3BaHHbIN ycTaHoBKOM 6uta BDRST B peructpe RCC_BDCR.

2. VDD or VBAT power on, if both supplies have previously been powered off.
[Togaua nuranus Ha BeiBo VDD unu VBAT, ecnu nepen 3TuM Ha 000MX BBIBOJIaX HE ObLIO

IIMTaHUA.



7.2 Clocks (TakToBBI€ CHTHAJIBI)

7.2.1 HSE clock (TakroBsiit or HSE)

7.2.2 HSI clock (Takrosiii ot HSI)

7.2.3 PLLs

7.2.4 LSE clock (TakToBslit oT LSE)

7.2.5 LSI clock (TaxtoBsiit ot LSI)

7.2.6 System clock (SYSCLK) selection (Bb160p TaKTOBOTO CHCTEMBI)

7.2.7 Clock security system (CSS) (Cuctema 6€30macHOCTH TAKTOBOTO CUTHAJIA)
7.2.8 RTC clock (TaxtoBsrit anst RTC)

7.2.9 Watchdog clock (Takroserit s Watchdog)

7.2.10 Clock-out capability (PyHKIHs BBIBOAA TAKTOBOTO)

Three different clock sources can be used to drive the system clock (SYSCLK):
st ynipaBieHust cucteMHbBIM TakTOBBIM curHaJIOM (SYSCLK) MOTyT MCTIONIB30BaThCSl TPH Pa3IMIHBIX
WUCTOYHMKA!

* HSI oscillator clock (Curnan ot pezonaropa HSI)

* HSE oscillator clock (Curnan ot pezonatopa HSE)
* PLL clock (Curnan ot PLL)

The devices have the following two secondary clock sources:
YCTpOI\/'ICTBa HMCIOT JIBa BTOPUYHBIX UCTOYHHUKA TAKTOBOI'O CUTHAJIA:

* 40 kHz low speed internal RC (LSI RC) which drives the independent watchdog and
optionally the RTC used for Auto-wakeup from Stop/Standby mode.
Buytpennuii Huzko-uyactotHbiii RC reneparop Ha 40 kI’ (LSI RC), koTopslii ynipaBiseT
HezaBucuMbiM WatchDog u, no xenanuto, yacamu peasibHoro BpemeHu RTC, koTopeie
WCTIOJNIBL3YIOTCS I aBTOMATHYECKOTO MPoOYKIeHus U3 pexkuma Stop/Standby.

* 32.768 kHz low speed external crystal (LSE crystal) which optionally drives the real-time
clock (RTCCLK)
Bueunnit Hu3ko-uactotHbI pezoHatop (LSE crystal) va 32.768 xI'11, KOTOpBIi, IO KEJIaHUIO,
ynpasisieT TakToBbIM curHajioMm (RTCCLK) s RTC.

Each clock source can be switched on or off independently when it is not used, to optimize power
consumption.
Kamnmﬁ WCTOYHHK TaKTOBOI'O CHUTHAJIa MOYKET OBITh HE3AaBUCUMO BKJIFOUYEH MIIH BBIKJIFOYEH, €CJIN OH HE
UCTIONB3YETCsI, YTOOBI ONTUMU3UPOBATH MOTPEOIAEMYIO MOIITHOCTb.



Figure 11. Clock tree ("/lepeBo" TaKTOBBIX CHUTHAJIOB)
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1. When the HSI is used as a PLL clock input, the maximum system clock frequency that can

be achieved is 36 MHz.
Korga, B kauecTBe ncrounuka curtana st PLL ucnonssyercs HSI, To MmakcumanbHast
CUCTEMHas TAKTOBAsl YaCTOTA, KOTOPasi MOKET ObITh IOCTUTHYTA, cocTaBisieT 36 MI .

2. For full details about the internal and external clock source characteristics, please refer to

the “Electrical characteristics” section in your device datasheet. s momomHUTEIHFHOM
nH(popMaIiel 0 XapaKTepUCTHKaX BHYTPEHHUX U BHEITHUX MUCTOYHUKOB TAKTOBOTO CUTHAJA,

noskanyicra, ooparutech Kk pazueny "Electrical characteristics" B datasheet Ha Baiie
YCTPOMCTBO.

The advanced clock controller features 3 PLLs to provide a high degree of flexibility to the

application in the choice of the external crystal or oscillator to run the core and peripherals at the highest

frequency and guarantee the appropriate frequency for the Ethernet and USB OTG FS.

VYiIydIeHHbI KOHTPOJUIEP TaKTOBOTO curHaia uMeeT Tpu PLL, 94T00b1 06ecnednTh BBICOKYIO CTETIEHb

rMOKOCTH /7S IPUJIOKEHHSI B BOIPOCE BbIOOpa BHELIHETO KBapIla WIIM PE30HATOPA, UTOOBI 00ECTIEUUTh
AIpO U BHEIIHUE YCTPONCTBA CAMOU BBICOKOM JOITYCTUMOM 4aCTOTOM U FapaHTUPOBATH IIPU 3TOM




HeoOxonumyto yactoty uist Ethernet u USB OTG FS.

A single 25 MHz crystal can clock the entire system and all peripherals including the Ethernet and
USB OTG FS peripherals. In order to achieve high-quality audio performance, an audio crystal can be
used. In this case, the I2S master clock can generate all standard sampling frequencies from 8 kHz to 96
kHz with less than 0.5% accuracy. For more details about clock configuration for applications requiring
Ethernet, USB OTG FS and/or 12S (audio), please refer to "Appendix A Applicative block diagrams" in
your connectivity line device datasheet.
EnuncTBeHHbIH kBapil Ha 25 MI'1T MOXKeT 00ecieunTh TAKTOBBIMU CUTHAIAMU BCIO CUCTEMY U BCE
BHEIITHHUE YCTPOMCTBA, BKIItOUas Takyro nepudeputo, kak Ethernet 1 USB OTG FS. Uto0b! 1OCTUTHYTH
BBICOKOKAUECTBEHHOU 00pabOTKM ayuo-CUTHAJA, MOXHO MCIOJIB30BaTh 3BYKOBOM KpucTai. B aTom
cllydae, TeHepaTop TaKTOBbIX cUTHaJoB i1 "Benymero" I2S MoxeT reHepupoBaTh BCEe CTaHAAPTHBIE
YacTOThI COMITIMPOBaHUS OT 8 10 96 kI'11 ¢ TouHOCTHIO HE MeHee 0.5%. 3a TonmoTHUTETLHON
uH(pOpManueil 0 KOHQUTYpAIIUU TAKTOBBIX CUTHAJIOB ISl IpHIIOskeHHH, TpeOyromux Ethernet, USB
OTG FS w/unm 128 (ayano), moxanyicra oopatutech k pasneny "Appendix A Applicative block
diagrams" B datasheet Ha Bamie ycrpoiictBo cemeiictBa Connectivity Line.

Several prescalers allow the configuration of the AHB frequency, the high speed APB (APB2) and
the low speed APB (APB1) domains. The maximum frequency of the AHB and the APB2 domains is 72
MHz. The maximum allowed frequency of the APB1 domain is 36 MHz.
Heckonbko nenurenei 4acTOThI MO3BOJISIIOT KOH(PUTypUpPOBaTh YacTOTY Uit JOMEHOB uHbl AHB,
BBICOKO-4acTOTHOU UHBI APB (APB2) u Huszko-yactotHoi mHsl APB (APB1). MakcumanbsHas
yactota fomeHoB AHB n APB2 cocrasnsier 72 MI'n. MakcumaneHO ponyctumast yactora fomesa APB1
cocrtaBiseT 36 MI 1.

All peripheral clocks are derived from the system clock (SYSCLK) except:

Bce Hequ)epHﬁHbIe TAKTOBBIC CUTHAJIBI ABJISAFOTCA ITPOU3BOAHBIMU OT CUCTCMHOT'O TAKTOBOI'O CUTHAJIA
(SYSCLK), xkpome:

* The Flash memory programming interface clock which is always the HSI clock
TakrtoBbiii curaan narepdeiica ¢ Flash-maMsiteio mporpamm, KOTOpBIi BCeria sBISICTCS
TakTOBbIM curHasiom HSI

* The USB OTG FS 48MHz clock which is derived from the PLL VCO clock
TaxToBslit curian USB OTG FS Ha 48 MI'n, kotopslii sBisitoTcst npousBoanbM ot PLL VCO

* The I2S2 and 12S3 clocks which can also be derived from the PLL3 VCO clock (selection
by software)
TaxToBble curnansl A 1282 u 1283, koropbie MoxHO Takxke noxyuuts u3 PLL3 VCO
(BBIOMpAETCs MPOrPaMMHO)

* The Ethernet MAC clocks (TX, RX and RMII) which are provided from the external PHY.
For further information on Ethernet configuration, please refer to Section 27.4.4: MII/RMII
selection.
TaxToBble curnansl A1 Ethernet MAC (TX, RX u RMII), kotopsie o0ecrieunBaroTCsl BHEIIHUM

PHY. [lna nononuutenbHON nHGopMmaiuu o koHpurypauuu Ethernet, noxanyiicta, obpatutech
K pasneny 27.4.4 "MII/RMII selection".

The RCC feeds the Cortex System Timer (SysTick) external clock with the AHB clock (HCLK)
divided by 8. The SysTick can work either with this clock or with the Cortex clock (HCLK), configurable
in the SysTick Control and Status Register. The ADCs are clocked by the clock of the High Speed
domain (APB2) divided by 2, 4, 6 or 8.

RCC cnabxaet cucremsrii Taitmep (SysTick) Baemraum taktoBbiM curHaiom AHB (HCLK),
noaeneHHbIM Ha 8. SysTick moxer paboTaTs 1100 C ITUM CUTHAIIOM, JINOO C TAKTOBBIM CUTHAJIOM sI/Ipa
(HCLK), uto kondurypupyercs B ero peructpe STK_CTRL. ALII TakTUpyIOTCS CUTHAJIOM BBICOKO-
yacToTHOTO TomMeHa (APB2), moneneHasiM Ha 2, 4, 6 uiu 8.



The timer clock frequencies are automatically fixed by hardware. There are two cases:
YacToTa TaKTOBOTO CHTHAJIa TaiiMEpPOB aBTOMAaTHYECKN (UKCHpYyeTcs, anmapaTtHo. EcTe aBa ciryqast:

1. if the APB prescaler is 1, the timer clock frequencies are set to the same frequency as that
of the APB domain to which the timers are connected.
eciu 3HaueHue Jenutens yactotel APB = 1, To yactoTa TakTOBOrO CUTHAJIA Taiimepa
COOTBETCTBYET YACTOTE CUTHAJIA TOrO JoMeHa APB, ¢ KOTOpBIM OH CBsA3aH.

2. otherwise, they are set to twice (%2) the frequency of the APB domain to which the timers
are connected.
B IIPOTUBHOM ClTy4yae, OHa paBHa JBYKpaTHOU (X2) yacTtore nomeHa APB, ¢ koTopbiM TaiiMep
CBSI3aH.

FCLK acts as Cortex™-M3 free running clock. For more details refer to the ARM Cortex™-M3

Technical Reference Manual.
FCLK neficTByeT Kak TaKTOBBIN CUTHAI siapa cBoOoaHOro X0oAa. OOpaTutech k mokymeHty "Cortex-M3
technical reference manual" 3a 6onee netanbHON MHPOPMALIUECH.

7.2.1 HSE clock (TakToBslii or HSE)

The high speed external clock signal (HSE) can be generated from two possible clock sources:
Bricoko-yactoTHbli BHeHUHE TakToBBIN curHail (HSE) MoxeTr ObITh CreHepupoBaH U3 IBYX BO3MOXKHBIX
VCTOYHHKOB:

* HSE external crystal/ceramic resonator
C moMOIIIBI0 BHEIITHETO KBapILEBOT0/KEPAMHUYECKOTO PE30HATOPA

* HSE user external clock (C momo1pio BHEIITHETO CUTHATIA)

The resonator and the load capacitors have to be placed as close as possible to the oscillator pins
in order to minimize output distortion and startup stabilization time. The loading capacitance values must
be adjusted according to the selected oscillator. Pe3onarop u Harpy3ouHble KOHACHCATOPHI TOKHBI OBITH
MOMEIIEHBI TaK OJM3KO K BHIBOJIAM F€HEPaTOpa, HACKOJIBKO 3TO BO3MOKHO, YTOOBI MUHUMU3UPOBAThH
WCKa)KEHUS ¥ BpeMsl CTaOMIIM3alny TIpH 3aITycKe. 3HAUCHHsI Harpy309YHbBIX KOHJIEHCATOPOB JTOJIKHBI OBITh
OTKOPPEKTHPOBAHBI B COOTBETCTBUU C BHIOPAHHBIM PE30HATOPOM.

Figure 12. HSE/LSE clock sources (Mcrounuku TakToBoro curaaia HSE/LSE)
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External source (HSE bypass) (Buemnuii ucrounuk (B 00xox HSE))

In this mode, an external clock source must be provided. It can have a frequency of up to 50 MHz.
You select this mode by setting the HSEBYP and HSEON bits in the Clock control register (RCC _CR).
The external clock signal (square, sinus or triangle) with ~50% duty cycle has to drive the OSC_IN pin
while the OSC_OUT pin should be left hi-Z. See Figure 12.
B sToMm pexxumMe J0KEeH ObITh IPEeOCTaBIIeH BHEIIHUN UCTOYHUK TAaKTOBOTO cMrHana. Ero gacrora
MoxeT ObITh 10 50 MI'1. Bel BeiOupaere 3ot pexxum, ycranasnusas outsl HSEBYP 1 HSEON B
peructpe RCC_CR. BHenHui TaKTOBBIM CUTHAT (TIPSIMOYTOIBHBIN, CHHYCOMJIAbHBIN WK
TPEYTOJIbHBIN), CO CKBAXXHOCTHIO 0K0JI0 50%, nosmkeH ObiTh mogaH Ha BbiBoA OSC_IN, B TOo Bpemst Kak
BbIBOJ OSC_OUT HyXHO OCTaBUTH B BBICOKO-UMIIEAAHCHOM cocTOsiHUU. CM. puc 12.

External crystal/ceramic resonator (HSE crystal)
Buemnnii kBapuesblii/kepamudeckuii pezonarop (HSE)

The 3 to 25 MHz external oscillator has the advantage of producing a very accurate rate on the
main clock.
Buemnuii pezonatop ot 3 1o 25 MI'1 umeeT To NpeuMyIIeCTBO, YTO MPOU3BOIUT OCHOBHOM TaKTOBBIN
CUTHAJI C OYE€Hb BBICOKOW TOYHOCTHIO.

The associated hardware configuration is shown in Figure 12. Refer to the electrical
characteristics section of the datasheet for more details.
CooTBeTcTBYIOMIAs cXeMa MOAKITIOYCHUS TTpuBeaeHa Ha puc. 12. [yt TonoJIHUTEIsHON nHpOpMaIreit
obparutecsk k pazneny "Electrical characteristics" B datasheet Ha Barie ycTpoicTBO.

The HSERDY flag in the Clock control register (RCC _CR) indicates if the high-speed external
oscillator is stable or not. At startup, the clock is not released until this bit is set by hardware. An interrupt
can be generated if enabled in the Clock interrupt register (RCC _CIR).
®nar HSERDY B peructpe RCC_CR nokassiBaet, cradmied HSE renepatop, unu Het. [locne 3anmycka,
TaKTOBOT'O CUI'HaJIa He OyZIEeT /10 TeX I0p, IOKa He Oy/eT amnmapaTHo yCTaHOBIEH 3TOT O6uT. [Ipu sTom
MOXET OBITh CTEHEpHUPOBAHO MpephIBaHuE, eciin 0HO paspenieHo B peructpe RCC_CIR.

The HSE Crystal can be switched on and off using the HSEON bit in the Clock control register
(RCC _CR).
Pexxum HSE Crystal moxHo BkitounTh min BeIKTIOUHTE 0MToM HSEON B peructpe RCC_CR.

7.2.2 HSI clock (TakroBslit o HSI)

The HSI clock signal is generated from an internal 8 MHz RC Oscillator and can be used directly
as a system clock or divided by 2 to be used as PLL input.
TakroBbiii curnan HSI renepupyercs ¢ nomombto BHyTpeHHero RC reneparopa Ha 8 MI'n, u moxer
HCIIOJIB30BAThCS HEIIOCPEACTBEHHO B KAYECTBE CUCTEMHOIO TAKTOBOI'O CUTHAJIA, WIIH, TIOCIIE JCJICHHs Ha
2, HCIIOJIB30BaThC B KadecTBe Bxoaa it PLL.

The HSI RC oscillator has the advantage of providing a clock source at low cost (no external
components). It also has a faster startup time than the HSE crystal oscillator however, even with
calibration the frequency is less accurate than an external crystal oscillator or ceramic resonator.

HSI RC reneparop uMeeT TO NPEUMYILECTBO, TO 00ECIIEUNBACT JICIIEBbII HCTOYHUK TAKTOBOI'O CUTHAJIa
(HMKaKMX BHEIIHUX KOMIIOHEHTOB). OH Takke umeeT O6osee OpicTpoe BpeMs 3anmycka, yem HSE
reHepaTop Ha pe30HaTOpe, OJTHAKO, JAaXKe MOCIe KaTHOPOBKH, €ro 4acToTa MEHee TOUHaA U cmaduibid,
YeM y TeHepaTopa Ha BHEIIHEM KBapIeBOM MJIH KEPAMUIECKOM Pe30HaTope.



Calibration (KaiuopoBka)

RC oscillator frequencies can vary from one chip to another due to manufacturing process
variations, this is why each device is factory calibrated by ST for 1% accuracy at TA=25°C.
Yacrtora RC reneparopa MOXeET ObITh Pa3JIMYHON Yy Pa3HBIX YUIIOB BCIICCTBHU HECTAOMILHOCTH
MPOM3BOJICTBEHHOTO TIpoliecca, mo3ToMy kaxaoe ST ycrpoiicTBo umeet hadpuuHyro KamuOpoBky 1%-oi
touHocTH Tipu TA = 25°C.

After reset, the factory calibration value is loaded in the HSICAL[7:0] bits in the Clock control
register (RCC _CR).
[Tocne cOpoca, pabpuunoe 3HaUeHHE KannOpoBkH 3arpyxaetcs B mosie HSICAL[7:0] peructpa
RCC_CR.

If the application is subject to voltage or temperature variations this may affect the RC oscillator
speed. You can trim the HSI frequency in the application using the HSITRIM[4:0] bits in the Clock
control register (RCC _CR).

Ecnu Bare uzenue moaBep:KEHO 3aMETHBIM H3MEHEHHSIM HATIPSKSHUS ITU TEMIIEPATyPhl, TO 3TO MOKET
noBiusATH Ha yacToTy RC reneparopa. Bl MoxkeTe nporpaMMHO HEMHOTO TOACTpoUuTh yactoty HSI,
ucnonb3ys outet HSITRIM[4:0] peructpa RCC_CR.

The HSIRDY flag in the Clock control register (RCC _CR) indicates if the HSI RC is stable or not.
At startup, the HSI RC output clock is not released until this bit is set by hardware.
®nar HSIRDY B peructpe RCC_CR noka3biBaer, Boimren a1 HSI RC rereparop Ha cTaOWIbHBIN
pexxuM. [Tocne 3amycka, TakroBoro curHaiia HSI RC He Oyzer 10 Tex mop, moka He Oy/eT anmapaTHo
YCTaHOBJIEH 3TOT OUT.

The HSI RC can be switched on and off using the HSION bit in the Clock control register
(RCC CR).
Pexxum HSI RC mosxno BrmounTth win BeikI0unTh 0utoMm HSION B peructpe RCC_CR.

The HSI signal can also be used as a backup source (Auxiliary clock) if the HSE crystal oscillator
fails. Refer to Section 7.2.7: Clock security system (CSS) on page 112.
Curnan HSI M0>XHO Tax)ke NCIIOJIb30BaTh B KAYECTBE PE3EPBHOTO (JOMOJIHUTENBHOI0) UICTOYHHUKA
TaKTOBOTO curHaia, eciim otkaxetr HSE renepatop Ha pezonarope. Cm. pazaen 7.2.7 "Cucrema
0€3011aCHOCTH TaKTOBOI'O cUrHana'".

7.2.3 PLLs

The main PLL provides a frequency multiplier starting from one of the following clock sources:
I'maBubIii PLL nMeeT MHOXKUTENb 4aCTOTBI, KOTOPBIM MOJIy4aeT CUTHAJ C OJHOTO U3 CIEAYIOIINX
HUCTOYHHKOB TaKTOBOTO:

» HSI clock divided by 2 (Curnan HSI nonenenusiii Ha 2)

* HSE or PLL2 clock through a configurable divider
Curnan HSE wi PLL2, nocie KOHQUTypHUpyeMOTo JIeIUTeNs

Refer to Figure 11 and Clock control register (RCC CR).
Cwm. puc 11 u pazgen 7.3.1 "Peructp ynpasienus taktoBeiMu (RCC_CR)"

PLL2 and PLL3 are clocked by HSE through a specific configurable divider. Refer to Figure 11
and Clock configuration register 2 (RCC_CFGR2)
PLL2 u PLL3 taktupytotcs ot HSE uepe3 cnenuanbHeiii koHGUrypupyemsiii qenurens. Cm. puc 11 u

paznen 7.3.12 "Peructp kondurypanuu taktooro curtaia 2 (RCC_CFGR2)"



The configuration of each PLL (selection of clock source, predivision factor and multiplication
factor) must be done before enabling the PLL. Each PLL should be enabled after its input clock becomes
stable (ready flag). Once the PLL is enabled, these parameters can not be changed.

Kondurypamms kaxxgoro PLL (Bei00p ncrounnka, koddduireHTa neneHus u koddduimenta
YMHOKEHUS ), JOJDKEH OBITh clienan npexne, yem paspemnts PLL. Kaxneiii PLL gomkeH ObITh
pas3pelieH nocje TOro, Kak ero BXOJHOW CUTHAJ CTAHOBUTCS YCTOMYUBBIMHU ((iar roroBHocTH). Kak
tonbko PLL pasperieH, 3Tu mapaMeTpsl HE MOTYT ObITh H3MEHEHBI.

When changing the entry clock source of the main PLL, the original clock source must be
switched off only after the selection of the new clock source (done through bit PLLSRC in the Clock
configuration register (RCC _CFGR)).

[Ipy U3MEeHEeHNM NUCTOYHMKA BXOAHOTO curHaia riaBHoro PLL, opuruHaibHbII UCTOYHUK CUTHAIIA
JIOJI’KEeH OBITh BBIKIIIOYEH TOJILKO MOCTIE BRIOOpa HOBOTO UCTOYHHKA (JI€aeTCs ¢ TOMOIIIbIO OuTa
PLLSRC B peructpe RCC_CFGR).

An interrupt can be generated when the PLL is ready if enabled in the Clock interrupt register
(RCC CIR).
[Tocne roroBHOcTH PLL MOXeT ObITh CTEHEPUPOBAHO NMPEPHIBAHUE, €CITH OHO Pa3pelIeHO B PETUCTpE
RCC_CIR.

7.2.4 LSE clock (TakToBblii oT LSE)

The LSE crystal is a 32.768 kHz Low Speed External crystal or ceramic resonator. It has the
advantage providing a low-power but highly accurate clock source to the real-time clock peripheral
(RTC) for clock/calendar or other timing functions.

Pesxxum LSE crystal - 310 ncnonp30BaHre HU3KO-4aCTOTHOTO BHEITHETO KBAPIIEBOT'O HITH KEPAMHYECKOTO
pe3oHaTopa Ha yactoty 32.768 kI'11. Y 3TOro pexxuma ecTh TO MPEUMYIIECTBO, YTO OH MPEIOCTABISIET
MaJIOMOIIIHBIH, HO OYEHb TOYHBIH HCTOYHHK TAKTOBOT'O CUTHAJIA /ISl 4acoB peaibHoro Bpemenu (RTC),
JUISL 9aCcOB/KaJIeHAaps WU IPYTUX MMOJIOOHBIX 3a/1a4.

The LSE crystal is switched on and off using the LSEON bit in Backup domain control register
(RCC BDCR).
Pexxum LSE crystal moxxHo BrmounTs niM BeikmouuTsh 6utom LSEON B peructpe RCC_BDCR.

The LSERDY flag in the Backup domain control register (RCC_BDCR) indicates if the LSE
crystal is stable or not. At startup, the LSE crystal output clock signal is not released until this bit is set by
hardware. An interrupt can be generated if enabled in the Clock interrupt register (RCC _CIR).
®nar LSERDY B peructpe RCC_BDCR nokassiBaet, Boimen i LSE crystal Ha cTaOMIbHBINR pexuM.
[Tocne 3amycka, TaktoBoro curHaia LSE crystal He Oyner 10 Tex mop, moka He OyJeT anmnapaTHo
yCTaHOBJIEH 3TOT OUT. [Ip 3TOM MOXKET ObITh CreHEPUPOBAHO MPEPBIBAHUE, €CIIM OHO PAa3pPEIICHO B
peructpe RCC_CIR.

External source (LSE bypass) (Buemnnii ncrounuk (B 00xoa LSE))

In this mode, an external clock source must be provided. It must have a frequency of 32.768 kHz.
You select this mode by setting the LSEBYP and LSEON bits in the Backup domain control register
(RCC BDCR). The external clock signal (square, sinus or triangle) with ~50% duty cycle has to drive the
OSC32_IN pin while the OSC32 OUT pin should be left Hi-Z. See Figure 12.
B sTOM pexxnme 10yKeH ObITh MPEIOCTaBIEH BHEIIHUM HCTOYHUK TaKTOBOro curHana. Ero vacrora
noixHa ObITh 32.768 kI'11. Bel BeiOMpaeTe 3ToT pexxuM, ycraHaBiausas 6utel LSEBYP u LSEON B
peructpe RCC_BDCR. BHennuii TakToBbIi curHain (IpsMOYyroibHbIH, CHHYCOMIATbHBIA WIH
TPEYTOJIbHBIN), CO CKBAXHOCTHIO 0K0JI0 50%, momkeH ObiTh mogaH Ha BeiBoa OSC32 IN, B To Bpems Kak
BbIBO OSC32_OUT HyXHO OCTaBUTH B BBICOKO-UMIIEIAHCHOM cocTOsiHUU. CM. puc 12.



7.2.5 LSI clock (TaktoBbiii ot LSI)

The LSI RC acts as an low-power clock source that can be kept running in Stop and Standby mode
for the independent watchdog (IWDG) and Auto-wakeup unit (AWU). The clock frequency is around 40
kHz (between 30 kHz and 60 kHz). For more details, refer to the electrical characteristics section of the
datasheets.
LSI RC neficTByeT Kak HICTOYHHMK TAKTOBOI'O CUTHAJa C HU3KUM MOTPEOIEHUEM, KOTOPBI MOKHO
ocTaBUTH paboTaromuM B pexkumax Stop u Standby mist HezaBucumoro WatchDog (IWDG) u moayns
ABto-nipoOy:xaeHus (AWU). TakroBas yactora cocrasiseT npudnusurensHo 40 k' (mexay 30 k' u
60 xI'm).

The LSI RC can be switched on and off using the LSION bit in the Control/status register
(RCC _CSR).
Pexxum LSI RC moxHO BKitounTh wiik BeIKIT0unTh 6uToM LSION B peructpe RCC_CSR.

The LSIRDY flag in the Control/status register (RCC_CSR) indicates if the low-speed internal
oscillator is stable or not. At startup, the clock is not released until this bit is set by hardware. An interrupt
can be generated if enabled in the Clock interrupt register (RCC_CIR).
®nar LSIRDY B peructpe RCC_CSR nokasbiBaer, Boimen jau LSI RC reaepatop Ha cTaOuiIbHBIMA
pexxuM. [Tocne 3anmycka, TakroBoro curHasia LSI RC He OyneT 10 Tex nop, moka He OyieT anmnapaTHo
yCTaHOBJEH 3TOT OUT. [Ipr 3TOM MOXKET OBITH CreHEPUPOBAHO MPEPHIBAHUE, €CIIH OHO Pa3peIleHO B
peructpe RCC_CIR.

LSI calibration (Kainuoposka LSI))

The frequency dispersion of the Low Speed Internal RC (LSI) oscillator can be calibrated to have
accurate RTC time base and/or IWDG timeout (when LSI is used as clock source for these peripherals)
with an acceptable accuracy.

Pa36poc yactoTsl HU3KO-4yacToTHOrO BHyTpeHHero RC reneparopa (LSI) MokHO 0TKamuOpoBaTh, YTOOBI
uMeThb 6a3y ¢ mpuemsieMoi TouHOCThIO 71t RTC w/unm nns nezaucumoro WatchDog (IWDG) (xorna
LSI ncnonp3yercst Kak HCTOYHUK TAKTOBOT'O CUTHAJA Ui 3TOM nepudepun).

This calibration is performed by measuring the LSI clock frequency with respect to TIMS5 input
clock (TIM5CLK). According to this measurement done at the precision of the HSE oscillator, the
software can adjust the programmable 20-bit prescaler of the RTC to get an accurate time base or can
compute accurate IWDG timeout.

Ota KaanOpoBKa BBIMOIHIETCSA ¢ TOMOIIbIO U3MEPEHUs TaKTOBOM yacToThl LSI oTHOCHTENBHO BXOAHOTO
curHasia TIMS (TIMSCLK). CornacHo 3ToMy u3MepeHnuto, caenanHomy ¢ Tounocteio HSE reneparopa,
porpaMmma MOXKET CKOPPEKTUPOBaTh IporpammupyeMbiii 20-tu 6utoBbiid genutenb RTC, aToObt
IOJIyYUTh TOUHYIO oCHOBY BpeMeHHU it RTC, uinu MoXeT BBIYMCINTh TOYHBIA BPEMEHHON UHTEPBAI
IWDG.

Use the following procedure to calibrate the LSI:
Jis kanubposku LSI ncnons3yiiTe ciaenyromnyro npoueaypy:

1. Enable TIMS timer and configure channel4 in input capture mode
Paspemre taiimep TIMS u kondurypupyiite channel4 na pexxum 3axBata Bxoja

2. Set the TIM5CH4 IREMAP bit in the AFIO_ MAPR register to connect the LSI clock
internally to TIMS channel4 input capture for calibration purpose.
YcranoBure 6utr TIMSCH4 IREMAP B peructpe AFIO_MAPR, uro6b1 BHyTpeHHE
noaktounTh curdHan LSI ko BXxoy 3axBata kaHana 4 taiiMepa 5 B HENIAX KaTMOPOBKH.

3. Measure the frequency of LSI clock using the TIMS Capture/compare 4 event or interrupt.
Nmeprte yactoty LSI curnaina, ncnonb3ys coObiTie win npepsiBanue Capture/compare 4
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4. Use the measured LSI frequency to update the 20-bit prescaler of the RTC depending on
the desired time base and/or to compute the IWDG timeout.
B 3aBucuUMOCTH OT TOTO, YTO BbI XOTUTE TOTYYUTh, TOUHYIO OCHOBY BpeMeHu st RTC, nnn
BBIUUCIUTh TOUHBIA BpeMeHHOHM nHTtepBai IWDG, ucnons3yiite namMmepernyo yactoty LSI,
9T00BI 00HOBUTH 20-TH OUTOBKIN nenutens RTC.

7.2.6 System clock (SYSCLK) selection (Bb100p TAKTOBOIr0 CHCTEMBbI)

After a system reset, the HSI oscillator is selected as system clock. When a clock source is used
directly or through the PLL as the system clock, it is not possible to stop it.
[Tocne "CucremHoro copoca" B kauecTBe TakToBoro curnana Beibupaercs HSI reneparop. Korna
MCTOYHUK TAKTOBOTO CHTHAJIA UCIOJIB3YETCs B KAUECTBE CHCTEMHOTO TAKTOBOTO CHTHAJIa
HernocpeAcTBeHHo, wiu uyepe3 PLL, To HeT criocoba 0ocTaHOBUTH €TO.

A switch from one clock source to another occurs only if the target clock source is ready (clock
stable after startup delay or PLL locked). If a clock source which is not yet ready is selected, the switch
will occur when the clock source will be ready. Status bits in the Clock control register (RCC CR)
indicate which clock(s) is (are) ready and which clock is currently used as system clock.
[lepexitoueHue ¢ OJHOTO UCTOYHUKA Ha IPYTOi MPOUCXOIUT TOJIBKO TOT/a, KOT/Ia LEIeBOW HCTOYHUK
CHTHaJIa TOTOB (CUTHAJ CTAaOMIM3UPOBAJICS TOCIIE CTAPTOBOM 3a7Iep KKK WiH rocie cueruieHust PLL).
Ecnu BbIOpaH HCTOYHUK TAaKTOBOTO CUTHAA, KOTOPBIH €lle He TOTOB, TO MEPEKII0YCHHUE TPOU30MIET 10
rOTOBHOCTU UCTOYHMKA. buThl coctosiHus B peructpe RCC_CR noka3biBaloT, KakKlMe HCTOUHUKH YiKE
TOTOBBI U KaKOW UCTOYHHK B HACTOSIIEE BPEMs UCIOIB3YIOTCS B KaUYECTBE CUCTEMHOTO TaKTOBOTO
CHUTHasa.

7.2.7 Clock security system (CSS) (Cucrema 6e€30acCHOCTH TAKTOBOI0 CUTHAJIA)

Clock Security System can be activated by software. In this case, the clock detector is enabled
after the HSE oscillator startup delay, and disabled when this oscillator is stopped.
Cuctema 6€30MaCHOCTH TAaKTOBOTO CUTHAJIA MOKET ObITh aKTHBMPOBaHA MPOrpaMMHO. B aToMm ciydae,
JIETEKTOp TAKTOBOTO CHUTHAJIA pa3pelniaeTcs mocie craproBoi 3aaepxkun HSE reneparopa, n
OTKJTIOYAETCsI, KOTJIa 3TOT T€HEPaTOP OCTAHOBIIEH.

If a failure is detected on the HSE oscillator clock, this oscillator is automatically disabled, a clock
failure event is sent to the break input of the TIM1 Advanced control timer and an interrupt is generated
to inform the software about the failure (Clock Security System Interrupt CSSI), allowing the MCU to
perform rescue operations. The CSSI is linked to the Cortex™-M3 NMI (Non-Maskable Interrupt)
exception vector.

Ecnu oOnapyxen otka3 HSE reneparopa, To 3TOT reHepaTop aBTOMaTHYECKH OTKJIFOYAETCs, OChLIAETCs
coObITHE 0TKa3a TeHepaTopa Ha MpephIBarOIINiA BXo 1 paciupenHoro taiimepa TIM1 u renepupyetcs
IpepbIBaHKe, YTOOBI COOOLIUTH Mporpamme 00 3Tom otkase (npepriBanue CSSI), mozsossis LIITY
BBINOJIHUTH ONEpalMIo 1o craceHuto cutyanuu. [pepsiBanue CSSI cBsizaHo ¢ BeKTOpOM
HeMackupyemoro uckimouenus (NMI) sapa Cortex-M3.

Note: Once the CSS is enabled and if the HSE clock fails, the CSS interrupt occurs and an NMI is automatically
generated. The NMI will be executed indefinitely unless the CSS interrupt pending bit is cleared. As a consequence,
in the NMI ISR user must clear the CSS interrupt by setting the CSSC bit in the Clock interrupt register
(RCC_CIR).

Note: Kax monvko CSS paspewien u, eciu ecms omkas maxkmogoeo cuenanra HSE, mo npoucxooum npepuisanue
CSS, u asmomamuuecku cenepupyemes uckmovenue NMI. Eciu 6um sanpoca npepvisanus CSS ne 6yoem
ouuwyen, mo npepuvigarue NMI 6ydem svinonnamocs beckoneuno. Credo8amenvHo, no1b308amentb 00IHCeH
ouucmums 3anpoc Ha npepvisanue CSS 6 opabomuuxe NM1, ycmanosus oum CSSC 6 pecucmpe RCC_CIR.



If the HSE oscillator is used directly or indirectly as the system clock (indirectly means: it is used
as PLL input clock directly or through PLL2, and the PLL clock is used as system clock), a detected
failure causes a switch of the system clock to the HSI oscillator and the disabling of the external HSE
oscillator. If the HSE oscillator clock is the clock entry of the PLL (directly or through PLL2) used as
system clock when the failure occurs, the PLL is disabled too.

Ecnmu HSE reHepatop ucmoab3yeTcst MPsSMO WIIH KOCBEHHO B KAYECTBE CHCTEMHHOTO (KOCBEHHO
03HA4aeT: 4To OH ucnoib3yercs kak Bxoa PLL Hanpsmyto, ninu uepe3 PLL2, a Beixox PLL yxe
UCTIONIb3YIOTCS KaK CUCTEMHBIN TaKTOBBIN CUTHAI), TO OOHAPYKEHHBII OTKa3 BbI3bIBACT NEPEKITIOYECHUE
1oJa4u cucreMHoro TakroBoro curxHana ot HSI reneparopa u otkimouenue BHemHero HSE reneparopa.
Ecnu curnan HSE renepartopa sisnsiercs Bxogom PLL (HenmocpencrBernHo uinu yepe3 PLL2), Bexox
KOTOPOT'O UCIIOJIb3YEMBINM KaK CUCTEMHBINM TAaKTOBBIN CUTHAJI, KOTAA MPOUCXOaUT 0TKa3, To PLL Takxke
OTKJIIOYAETCSl.

7.2.8 RTC clock (TaktoBbiii 1js1 RTC)

The RTCCLK clock source can be either the HSE/128, LSE or LSI clocks. This is selected by
programming the RTCSEL[1:0] bits in the Backup domain control register (RCC_BDCR). This selection
cannot be modified without resetting the Backup domain.

Hctounukom taktoBoro curiaia RTCCLK wmoryt 6wk curnanst HSE/128, LSE unu LSI. D10
BbIOupaercs nporpammuo outamu RTCSEL([1:0] B peructpe RCC_BDCR. O10T BBIOOp HE MOXKET OBITH
u3MeHeH 6e3 copoca nomeHa BKP.

The LSE clock is in the Backup domain, whereas the HSE and LSI clocks are not. Consequently:
Taxrosslii curian LSE npucyrctByer B nomene BKP, B To Bpemst kak curnansl HSE u LSI - Her.
CrienoBaTenbHO:

* IfLSE is selected as RTC clock: (Ecnu curnan LSE Boi6pan kak takrosbliit 11t RTC, To:)

* The RTC continues to work even if the VDD supply is switched off, provided the
VBAT supply is maintained. Ecnu ectp nmutanue Ha BeiBosie VBAT, To RTC
IIPOJOJDKAIOT paboTaTh, JaXKe KOI/la CHUMAETCs MUTaHue ¢ BeiBoga VDD.

* If LSIis selected as Auto-Wakeup unit (AWU) clock:
Ecnu curnan LSI BeIOpaH Kak TakTOBBIN 11 MOy ABTonpoOyxaeHus (AWU), To:

* The AWU state is not guaranteed if the VDD supply is powered off. Refer to
Section 7.2.5: LSI clock on page 111 for more details on LSI calibration.
Cocrosisnue AWU He rapanTupyeTcsi, €Ciii CHUMaeTcsl nuTaHue ¢ BeiBoga VDD.
O6parutech k pazaeny 7.2.5 "Takroseii ot LSI" 3a nononHuTe1sHON HHGOpMAITHEH O
kamnoposke LSI.

» If the HSE clock divided by 128 is used as RTC clock:
Ecnu B xauectBe TaktoBoro /st RTC ucnonsiytores curnan HSE, nogenennsiit Ha 128, to:

* The RTC state is not guaranteed if the VDD supply is powered off or if the internal
voltage regulator is powered off (removing power from the 1.8 V domain).
Cocrosinue RTC He rapanTupyercs, eciiu CHUMaeTcsl nutanue ¢ Beioga VDD wmnu ¢
BHYTPEHHETO PErysITOpa HAMPSHKEHUs! (CHATHE MUTAHUS C JOMEHOB, KOTOPBIE 3alUTaHBI
ot 1.8 B).

* The DPB bit (Disable backup domain write protection) in the Power controller
register must be set to 1 (refer to Section 4.4.1: Power control register (PWR_CR)).
but DPB (Otkitouaet 3amuty ot 3anucu jomMena BKP) B peructpe ynpapienus
MUTaHUEM JIOJDKEH ObITh ycTaHoBJeH B '1' (oOpatutech k paszneny 4.4.1 ""Power control
register (PWR_CR)").



7.2.9 Watchdog clock (TakToBslii 1751 Watchdog)

If the Independent watchdog (IWDG) is started by either hardware option or software access, the
LSI oscillator is forced ON and cannot be disabled. After the LSI oscillator temporization, the clock is
provided to the IWDG.
Ecnu 3anmymen HezaBucumeiii WatchDog (IWDG), annapatHo uinu mporpamMmHo, To BkitodaeTcst LSI
TeHepaTop M He MOXeT ObITh oTKMIoueH. [Tocie crapToBoii 3anepkku LSI reHepaTopa TakTOBBIM CUTHAT
nocrynaet Ha IWDG.

7.2.10 Clock-out capability (PyHKkuMs BbIBOAA TAKTOBOIO0)

The microcontroller clock output (MCO) capability allows the clock to be output onto the external
MCO pin. The configuration registers of the corresponding GPIO port must be programmed in alternate
function mode. One of 8 clock signals can be selected as the MCO clock.
Oynknus MCO (Microcontroller Clock Output) Io3BOSIET BRIBECTH TAKTOBBIN CUTHA HA BHEITHUH
BeIBOJ MCO. KoHpuryparuonsslie peructpbl coorBercTBytomiero noptra GPIO nomkHbI ObITH
3alporpaMMHPOBaHBI HA PEXKUM aTbTEPHATUBHBIX GYHKIWH. OJMH U3 8 TAKTOBBIX CUTHAJIOB MOXKET OBITH
BbIOpaH Kak Bbixox MCO.

* SYSCLK (CuctemHbIi TAKTOBBIN )

* HSI (BbicoK0-4aCTOTHBIM BHYTPEHHUIN CUTHAN)

* HSE (BblcOK0-4aCTOTHBIN BHELTHUI CUTHAIT)

* PLL clock divided by 2 selected (Brixon PLL, nenennbiii Ha 2)

* PLL2 clock selected (Beixox PLL2)

* PLL3 clock divided by 2 selected (Beixon PLL3, nencHubIi Ha 2)

* XTI external 3-25 MHz oscillator clock selected (for Ethernet)
Curnan 3-25 MI'1 ¢ BeiBoga XT1 BHemHero pe3onatopa (11 Ethernet)

* PLL3 clock selected (for Ethernet) (Beixon PLL3 (ans Ethernet))

The selected clock to output onto MCO must not exceed 50 MHz (the maximum I/O speed).
Bri6panHbIii TakTOBBIN cUTHAM, s BBIBoAa Ha MCO, He noypkeH npesbimars 50 M1 (MakcumalibHast
yactota s I/O BBOMA).

The selection is controlled by the MCO[3:0] bits of the Clock configuration register
(RCC CFGR).
Bei6opom ympasisitor 6utet MCO[3:0] B peructpe RCC_CFGR.



7.3 RCC registers (Pernctpsi RCC)

7.3.1 Clock control register (RCC_CR) (Peructp ynpaBieHus TAKTOBBIMH )

7.3.2 Clock configuration register (RCC_CFGR) (Peructp koH(puUrypamuu TakTOBOTO CUTHAA)

7.3.3 Clock interrupt register (RCC_CIR) (Peructp npepbiBaHus OT TAKTOBBIX )

7.3.4 APB2 peripheral reset register (RCC_APB2RSTR) (Peructp copoca nepudepuu APB2)
7.3.5 APBI peripheral reset register (RCC_APB1RSTR) (Peructp cOpoca nepudepuun APB1)

7.3.6 AHB Peripheral Clock enable register (RCC_AHBENR)

(Peructp pazpemenus nepudepun AHB)

7.3.7 APB2 peripheral clock enable register (RCC_APB2ENR)

(Peructp pazpemenus nepudepun APB2)

7.3.8 APBI peripheral clock enable register (RCC_APBI1ENR)

(Peructp pazpemenus nepudepun APB1)

7.3.9 Backup domain control register (RCC _BDCR) (Peructp ynpasnenus qomenom BKP)
7.3.10 Control/status register (RCC_CSR) (Peructp ynpasneHus/craryca)

7.3.11 AHB peripheral clock reset register (RCC_AHBRSTR) (Peructp copoca nepudeprun AHB)

7.3.12 Clock configuration register 2 (RCC_CFGR2)

(Peructp xoH¢urypaum TakTOBOro CUrHana 2)

7.3.13 RCC register map (Kapra perucrpos RCC)

Refer to Section 1.1 on page 37 for a list of abbreviations used in register descriptions.
CwMm. paszgen 1.1, rae npuBeieH NepeueHb COKPALEHUH, NCIIOIb3YEMBIX IIPU ONMCAHUU PETUCTPOB.

7.3.1 Clock control register (RCC_CR)
PerucrTp ynpaB/jieHusi TAKTOBBIMH

Address offset: 0x00

Reset value: 0x0000 XX83 where X is undefined. (X - HeonpeaeneHHOE 3HAYCHUE)
Access: no wait state, word, half-word and byte access
Hert cocTosiHus 0kuIaHus, TOCTYI CIIOBHBIM, TOTYCIOBHBINA U OaWTOBBIN

r | r ‘ r ‘ r ‘ r | r | r | r

w | rw | rw ‘ rw | rw

Hes.

l;ll‘:"\r'f' Pé‘hj ELDL\[,E Pé‘hz PLLADY | PLLON CSS0N |HSEBYP|HSERDY | HSEON
Resarved Reserved
r w r w r w w w r rw
15 14 13 12 11 10 8 B 7 6 5 4 3 2 1 0
HSICAL[T:0] HSITRIM[4:0] HSIRDY | HSION

r

e

Bits 31:30 Reserved
always read as 0. (Bcerma uuraercs kax '0'.)

Bit 29 PLL3RDY: PLL3 clock ready flag (®aar roroBHocTu curnana or PLL3)

Set by hardware to indicate that the PLL3 is locked.
CraBuTCs anmapaTHo, 4TOObI MMoka3ath cueruienue ¢ PLL3

0: PLL3 unlocked (PLL3 pa3oMKHYT)
1: PLL3 locked (PLL3 cuenuen)




Bit 28 PLL3ON: PLL3 enable (Pa3pemenue PLL3)
Set and cleared by software to enable PLL3.
Cleared by hardware when entering Stop or Standby mode.
CtaBuUTCS ¥ OYHIIIACTCS TPOrPaMMHO, YTOObI paspemuTs PLL3.
OuuiaeTcst anmnapaTHo Ipu BXoJie B pexumM Stop wiu Standby.
0: PLL3 OFF (PLL3 BbIKiII0YEH)
1: PLL3 ON (PLL3 BkitoueH)

Bit 27 PLL2RDY: PLL2 clock ready flag (®Jar roroBHoctu curnajia ot PLL2)
Set by hardware to indicate that the PLL2 is locked.
CraBuTcs anmapatHo, YTOOBI Moka3aTh cuerieHue ¢ PLL2
0: PLL2 unlocked (PLL2 pa3oMKHYT)
1: PLL2 locked (PLL2 cremien)

Bit 26 PLL2ON: PLL2 enable (Pa3pemenue PLL2)

Set and cleared by software to enable PLL2. Cleared by hardware when entering Stop or Standby
mode. This bit can not be cleared if the PLL2 clock is used indirectly as system clock (i.e. it is used
as PLL clock entry that is used as system clock).
CraBuTCS U OYMIIAETCS IPOrPaMMHO, 4T0OBI paspemuTs PLL2. Ounmiaercs anmapaTHO IpU BXO/IE
B pexum Stop wim Standby. DToT 6UT HE MOXKeT OBITh ouHIIeH, eciau curHai PLL2 kocBeHHO
HCIOJIB3YIOTCA B KaUCCTBC CUCTCMHOI'O TAKTOBOI'O CUI'HAJIa (TO CCTb OH HUCIOJIL3YCTCA KaK BXOI IJIA
PLL, KOTOpBI# yXKe UCIIOJIB3YETCs] KaK CHCTEMHBIM TaKTOBBIN).

0: PLL2 OFF (PLL2 BbIKIIIOYEH)

1: PLL2 ON (PLL2 BkitoueH)

Bit 25 PLLRDY: PLL clock ready flag (®aar roroBHocTu curiana or PLL)
Set by hardware to indicate that the PLL is locked.
CraButcs anmapaTHO, 9TOOBI ToKa3aTh crerwieHue ¢ PLL
0: PLL unlocked (PLL pa3omMKHYT)
1: PLL locked (PLL cremen)

Bit 24 PLLON: PLL enable (Pa3zpemienue PLL)

Set and cleared by software to enable PLL. Cleared by hardware when entering Stop or Standby
mode. This bit can not be reset if the PLL clock is used as system clock or is selected to become the
system clock. Software must disable the USB OTG FS clock before clearing this bit.
CtaBUTCS M OUYHUIIIAETCS TPOrpaMMHO, uToObI pazpemmuTh PLL. Ouumiaercs anmapatHo Mpu BXOJIE B
pexxum Stop wiu Standby. IToT OUT HE MOKET OBITh OuuIleH, eciii curiain PLL yxe
UCIOJIB3YIOTCSl B KAUECTBE CUCTEMHOT'0 TAKTOBOT'O CUTHANA, UM BHIOPaH, 4YTOOBI CTaTh TAKOBBIM.
[Tporpamma nomkHa oTkI0uUTh TakToBEI USB OTG FS, npexae ueM 04ucTUTh 3TOT OUT.

0: PLL OFF (PLL BbIK/IIOYEH)

1: PLL ON (PLL BxitoyeH)

Bits 23:20 Reserved
always read as 0. (Bcerga unraercs kak '0'.)

Bit 19 CSSON: Clock security system enable
Paspemenne "Cucrembl 6€30MaCHOCTH TAKTOBOI0 CUrHaJa'"
Set and cleared by software to enable clock detector.
CraBUTCS U OYMINACTCS IPOTPAMMHO, YTOOBI PA3PEUIUTh IETEKTOP TAKTOBOT'O CUTHANIA.
0: Clock detector OFF (/leTekTop TaKTOBOTO CUTHaja BBIKIIOYEH )
1: Clock detector ON if external 3-25 MHz oscillator is ready.
JleTeKTop TaKTOBOI'O CUTHAJIA BKIIFOYEH, €CJIM TOTOB CUTHAJI OT BHEIIHETO pe3oHaTopa 3-25 MI'm.



Bit 18 HSEBYP: External high-speed clock bypass
O0xo01 BHEIIHEr0 BBICOKO-YaCTOTHOI0 CUTHAJIA
Set and cleared by software in debug for bypassing the oscillator with an external clock.
This bit can be written only if the external 3-25 MHz oscillator is disabled.
CraBUTCS M OYMINACTCS IPOTPAMMOMN OTJIa9HKa, YTOOBI 0OONTH reHepaTop C BHEIIHUM
pEe30HATOPOM. DTOT OUT MOKET OBIThH 3allMCaH TOJIBKO TOTA, KOTJAa OTKIIOYEH BHEIIHUI reHepaTop
Ha 3-25 MI'l.
0: external 3-25 MHz oscillator not bypassed (Pa6oraet BHemHuit renepatop 3-25 MI'n)
1: external 3-25 MHz oscillator bypassed with external clock
Buemrnwmii renepatop 3-25 MI'1 06X0AUTCSI BHEIITHUM CUTHAJIOM

Bit 17 HSERDY: External high-speed clock ready flag
@1ar rOoTOBHOCTH BHEIIHET0 BHICOKO-4AaCTOTHOI0 TAKTOBOI0 CUTHAJIA
Set by hardware to indicate that the external 3-25 MHz oscillator is stable. This bit needs 6 cycles
of external 3-25 MHz oscillator clock to fall down after HSEON reset.
CraBuTCs anmapaTHO U MOKA3bIBAET, YTO BHElHMIA 3-25 MI'11 reHepaTop cTabuimm3upoBanics.
Heo6xoaumo 6 UKIIOB TAKTOBOT'O CUTHAA OT BHemIHero 3-25 MI'1 renepaTop, 4To0OBI 3TOT OUT
neperen B '0' mocne copoca 6ura HSEON.
0: external 3-25 MHz oscillator not ready (Buemnuii 3-25 MI'1; renepatop He TOTOB)
1: external 3-25 MHz oscillator ready (Buemnuii 3-25 MI'11 reHepaTop TOTOB)

Bit 16 HSEON: External high-speed clock enable
Pa3pemienne BHelIHEro BbICOKO-4YaCTOTHOIO TAKTOBOI0 CHTHAJIA
Set and cleared by software. Cleared by hardware to stop the external 3-25MHz oscillator when
entering Stop or Standby mode. This bit can not be reset if the external 3-25 MHz oscillator is used
directly or indirectly as system clock or is selected to become the system clock.
CraButcs u ouminaercs nporpaMmMHo. O4MIAaeTCs anmnapaTHoO IPU BXOJIE B PEXKUM Stop niu
Standby, uTo6b1 oOcTaHOBUTH BHENTHUH 3-25 MI'11 reHepaTop. DTOT OUT HE MOKET OBITH OUMIIICH,
ecin BHeIHUH 3-25 MI'1| reneparop yke UCHOIb3YIOTCSl B KAUECTBE CUCTEMHOT'O TAKTOBOT'O
CUTHAaJa, MPsIMO WM KOCBEHHO, UM BBIOPAH, YTOOBI CTaTh TAKOBBIM.
0: HSE oscillator OFF (Bbicoko-4acTOTHBIN reHEepaToOp BHIKIIIOYEH)
1: HSE oscillator ON (BricOKO-4aCTOTHBIN T€HEPATOP BKIIOUECH)

Bits 15:8 HSICAL[7:0]: Internal high-speed clock calibration
Kanu0poBka BHyTpeHero BbICOKO-4aCTOTHOIO TAKTOBOI0 CUTHAJIA
These bits are initialized automatically at startup.
DTy OUTHI MHULIMUPYIOTCS aBTOMaTHYECKHU, TIPU 3aITyCKe.

Bits 7:3 HSITRIM[4:0]: Internal high-speed clock trimming

IMoacTpoiika BHYTpeHero BbICOKO-4aCTOTHOI0 TAKTOBOI'0 CUTHAJIA
These bits provide an additional user-programmable trimming value that is added to the
HSICAL[7:0] bits. It can be programmed to adjust to variations in voltage and temperature that
influence the frequency of the internal HSI RC. The default value is 16, which, when added to the
HSICAL value, should trim the HSI to 8 MHz + 1%. The trimming step (Fhsitrim) is around 40
kHz between two consecutive HSICAL steps.
Otu 6UTHI 00ECTIEYUBAIOT JOMOJHUTENBHOE, POTPAMMHPYEMOE TI0JIb30BaTENIEM 3HaUCHHE
MOJICTPONKH 4acTOThI, KoTopoe nobasisercs k outam HSICAL|[7:0]. Dto 3HaueHre MOKHO
3aMporpaMMHUpPOBaTh, YTOOBI CKOPPEKTUPOBATH BIUSHUE U3MEHEHHSI HAMIPSHKEHUS U TEMIIEPaTyphl
Ha yactoTy BHyTpeHHero HSI RC. 3nauenue no ymon4anuio - 16, koropoe, Korja 1o0aBiseTcs K
3HaueHuo HSICAL, nomxHo coorBercTBOoBaTh yactote HSI 8 MI'my £+ 1%. [llar noxctporikwy,
Mexay aByms nocnenoBarenbHbpiMu maramu HSICAL, cocraBnser npubnuzurensHo 40 kI .

Bits 2 Reserved
always read as 0. (Bcerga unraercs kak '0'.)



Bit 1 HSIRDY: Internal high-speed clock ready flag
®J1ar rOTOBHOCTH BHYTPEHEr0 BbICOKO-4aCTOTHOI0 TAKTOBOI'0 CUTHAJIA

Set by hardware to indicate that internal 8 MHz RC oscillator is stable. After the HSION bit is
cleared, HSIRDY goes low after 6 internal 8 MHz RC oscillator clock cycles.
CraBuTcs anmapaTHO M NoKa3bIBaeT, 4to BHyTpeHHHH 8§ MI't RC reneparop cTabmim3npoBaics.
Heo6xomumo 6 1ukiioB TakToBOTrO curHana ot BHyTpeHHero 8 MI'tt RC reneparopa, 4To0bI 3TOT
out nepemen B '0' mocine copoca 6ura HSEON.

0: Internal 8 MHz RC oscillator not ready (Bayrpennuii § MI'iy RC reneparop He TOTOB)

1: Internal 8 MHz RC oscillator ready (Buytpennuit § MI'u RC renepaTtop roros)

Bit 0 HSION: Internal high-speed clock enable
Pa3spenienne BHyTpeHero BbICOKO-4aCTOTHOT0 TAKTOBOI0 CUTHAJIA

Set and cleared by software. Set by hardware to force the internal 8§ MHz RC oscillator ON when
leaving Stop or Standby mode or in case of failure of the external 3-25 MHz oscillator used directly
or indirectly as system clock. This bit can not be cleared if the internal 8 MHz RC is used directly
or indirectly as system clock or is selected to become the system clock.
CraButcs u ouminaercs nporpaMmmHo. CTaBUTCS anmapaTHO, YTOObI IPUHYAUTEIHHO BKIIOUUTh
BHyTpeHHuil 8 MI'1 RC reneparop npu Beixoze u3 pexxuma Stop uinu Standby, win B citydae
OTKa3a BHemHero 3-25 MI'11 reHepaTtopa, KOTOPBIM UCIIOJIB30BAJICS B KAUECTBE CHCTEMHOIO
TaKTOBOTO CHTHAJIA, IPSIMO WJIA KOCBEHHO. DTOT OUT HE MOXKET OBITh OUHUIIICH, €CIIM BHYTPEHHUN 8
MTI't RC renepatop yxe UCHOIB3YIOTCA B KaU€CTBE CUCTEMHOTO TAKTOBOTO CUTHAJIA, MPSAMO HIIH
KOCBEHHO, WJIM BBIOPaH, YTOOBI CTaTh TAKOBBIM.

0: Internal 8 MHz RC oscillator OFF (Buytpennuit 8 MI't RC reHepaTop BBIKIIOUEH)

1: Internal 8 MHz RC oscillator ON (Bayrpennuii 8§ MI'tt RC renepatop BKITIOUEH)

7.3.2 Clock configuration register (RCC_CFGR)
PerucTp koHGuUrypauuu TaKTOBOro CUrHaJjaa

Address offset: 0x04

Reset value: 0x0000 0000

Access: 0 <= wait state <=2, word, half-word and byte access

0 <= cocTosiHME 0’)KMJAHUS <= 2, JOCTYII CJIOBHBIM, MOITYCIOBHBIN 1 OaNTOBBIN

MCO[3:0] ggg; PLLMUL[3:0) X‘I?IL_ II;IE I;; :5
Reserved Res.
e e e e v W e e o v o
15 14 13 12 11 10 9 B 7 6 & 4 3 2 1 0
ADC PRE[1:0] PPRE2[2:0] PPRE1[2:0] HPRE[3:0] SWE[1:0] SWI1:0)
e i o w e e e e e v W e r r v o

Bits 31:27 Reserved

always read as 0. (Bcerga unraercs kak '0'.)




Bits 26:24 MCO|3:0]: Microcontroller clock output (BbIxo1 TAKTOBOr0 CUTHAJIA)

Set and cleared by software. (CTaBuTCS 1 OUMIIIAETCS MPOTPAMMHO. )
00xx: No clock (Her curnana ua BeiBoge MCQO)
0100: System clock (SYSCLK) selected (BbiOpan cucTeMHbIi TAKTOBBIN CUTHAI)
0101: HSI clock selected (BbiOpan BbICOKO-4aCTOTHBINM BHYTPEHHUI CUTHAN)
0110: HSE clock selected (BriOpan BbICOKO-4aCTOTHBIN BHEITHHIA CUTHAT)
0111: PLL clock divided by 2 selected (Beibpan curnain ¢ Beixona PLL, neneHHsbIil Ha 2)
1000: PLL2 clock selected (BriOpan curnan c Beixona PLL2)
1001: PLL3 clock divided by 2 selected (Beibpan curnan ¢ Beixoga PLL3, nenenusbiii Ha 2)
1010: XTI external 3-25 MHz oscillator clock selected (for Ethernet)

Bri6pan curnan 3-25 MI'n ¢ BeiBoga XT1 BHemHero pe3onatopa (11t Ethernet)
1011: PLL3 clock selected (for Ethernet) (Boiopan curnan ¢ Beixoga PLL3 (s Ethernet))

Note: This clock output may have some truncated cycles at startup or during MCO clock source
switching. The selected clock to output onto the MCO pin must not exceed 50 MHz (the maximum
I/O speed).

Note: Y 3TOro BEIXOJHOTO CHUTHAIA MOXKET OBITh TOTEPS] HEKOTOPHIX LIUKIIOB TPH 3aITyCKE, KT BO
BpeMs nepekitoueHne ucrounnka curnana st MCQO. BeiOpaHHBIN TaKTOBBIM CHTHAJ, /711 BRIBOJA
Ha MCO, ve nomxken npesbimath 50 MI' (MakcumanbsHas yactora s I/0O BBoga).

Bit 22 OTGFSPRE: USB OTG FS prescaler (deautens ajasi USB OTG FS)

Set and cleared by software to generate the 48 MHz USB OTG FS clock. This bit must be valid
before enabling the OTG FS clock in the RCC_APBI1ENR register. This bit can not be cleared if the
OTG FS clock is enabled.
CTtaBUTCS ¥ OYHUIIIAETCS TPOTrPAMMHO, YTOOBI TeHEpUPOBaTh TakTOBbIN curaan 48 MI'y nis USB
OTG FS. Orot 6ut 10omKeH ObITh KOPPEKTHBIM Iepe/1 pa3pelieHuemM nojayu takrosoro na USB
OTG FS B peructpe RCC_APBIENR. DT0T OUT HENb3s1 OYUCTUTH, €CIIH MOjjada TAKTOBOTO Ha
USB OTG FS pa3pemieHa.

0: PLL VCO clock is divided by 3 (TakroBslii curaan ¢ Beixoga PLL VCO nenutcs Ha 3)

1: PLL VCO clock is divided by 2 (TaktoBsrit curaain ¢ Beixoga PLL VCO genutcs Ha 2)

Bits 21:18 PLLMUL[3:0]: PLL multiplication factor (Ko>¢duuuent ymuo:kenus aias PLL)
These bits are written by software to define the PLL multiplication factor. They can be written only
when PLL is disabled.

OTH OUTHI MEHSIOTCS] IPOTPAMMHO, YTOOBI onpenenuTs ko3 dunuent ymuoxxenus s PLL. Ux
MO>KHO MEHSTH TOJBKO ToTAa, korna PLL BEIKITIOYCH.

000x: Reserved

0010: PLL input clock x 4

0011: PLL input clock x 5

0100: PLL input clock x 6

0101: PLL input clock x 7

0110: PLL inputclock x 8

0111: PLL inputclock x 9

10xx: Reserved

1100: Reserved

1101: PLL input clock x 6.5

111x: Reserved

Caution: The PLL output frequency must not exceed 72 MHz.
Mpenynpe:xnenune: Beixonnas yacrora PLL He nomknaa npesbimats 72 MI .



Bit 17 PLLXTPRE: LSB of division factor PREDIV1 (Ko3¢duuuent neaenus nias LSB)
Set and cleared by software to select the least significant bit of the PREDIV1 division factor. It is
the same bit as bit(0) in the RCC_CFGR2 register, so modifying bit(0) in the RCC_CFGR2 register
changes this bit accordingly.
If bits[3:1] in register RCC_CFGR2 are not set, this bit controls if PREDIV1 divides its input clock
by 2 (PLLXTPRE=1) or not (PLLXTPRE=0).
This bit can be written only when PLL is disabled.
CTtaBUTCS ¥ OYHUIIIACTCS TPOTrPAMMHO, YTOOBI BEIOpATh MaAmui OUT KodhpuIreHTa neaeHus
PREDIV1. Oto ToT e camblii 6ut, uro u bit(0) B peructpe RCC_CFGR2, nostomy, nu3MeHeHUe
bit(0) B peructpe RCC_CFGR2 u3zmeHseT u 3TOT OUT COOTBETCTBEHHO.
Ecnu outsl [3:1] B peructpe RCC_CFGR2 He ycTaHOBIEHBI, TO 3TOT OUT yIpaBisieT TeM, OyaeT
a1 PREDIV1 nenuts BxoaHoi curHan Ha 2 (PLLXTPRE=1) wm ne 6yner (PLLXTPRE=0).
DTOT OUT MOXKHO MEHSTh TOJILKO Toraa, korna PLL BeIKIIIOUEH.

Bit 16 PLLSRC: PLL entry clock source (McTo4YHUK BX0AHOTro curnaJa aias PLL)
Set and cleared by software to select PLL clock source.
This bit can be written only when PLL is disabled.
CraBUTCS ¥ OYMINACTCS IPOTPAMMHO, YTOOBI BEIOpaTh HCTOYHUK BXOAHOTO curHana st PLL.
OTOT OUT MOXKHO MEHSTH TOJIbKO Toraa, korna PLL BEIKIIOUEH.
0: HSI oscillator clock/2 selected as PLL input clock
Bxonom mst PLL BeIOpaH BEICOKO-4YaCTOTHBIA BHYTPEHHUHN CUTHAI, JCIICHHBIN Ha 2
1: Clock from PREDIV1 selected as PLL input clock
Bxonom mst PLL BeiOpan Beixon aenurens PREDIV1

Note: When changing the main PLL’s entry clock source, the original clock source must be
switched off only after the selection of the new clock source.

Korna n3mMeHsieTcss UCTOYHUK curHana Jyuis Bxoza riasHoro PLL, To opuruHanbHbBIA HCTOYHUK
CHUTHaJIa JOJI’)KEH 6I>ITB BBIKJIFOUYECH TOJIBKO ITIOCJIC B13160pa HOBOI'O UICTOYHHKA.

Bits 14:14 ADCPRE[1:0]: ADC prescaler (deantesns qjsa ADC)
Set and cleared by software to select the frequency of the clock to the ADCs.
CraBsTCsl ¥ OUMIIAIOTCS MPOTPAMMHO, YTOOBI BBIOpaTh TaKTOBYIO YacToTy Ayt ALIIL.
00: PLCK2 divided by 2
01: PLCK2 divided by 4
10: PLCK2 divided by 6
11: PLCK2 divided by 8

Bits 13:11 PPRE2[2:0]: APB high-speed prescaler (APB2)
JeauTeb 1J1s1 BBICOKO-4acTOTHOM muHbI (APB2)
Set and cleared by software to control the division factor of the APB High speed clock (PCLK2).
CraBATcs U OYHUINAIOTCS MPOTPAMMHO, YTOOBI YIPABIATH KOOPHUIIUEHTOM JAETIECHUS TAKTOBOTO
curHaja Jyis Bbicoko-dyacToTHOM muHbl (PCLK2).
Oxx: HCLK not divided
100: HCLK divided by 2
101: HCLK divided by 4
110: HCLK divided by 8
111: HCLK divided by 16



Bits 10:8 PPRE1[2:0]: APB Low-speed prescaler (APB1)
JeauTeanb AJ1s1 HU3K0-4acTOTHOH muHbI (APB1)

Set and cleared by software to control the division factor of the APB Low speed clock (PCLK1).
CraBsITCS ¥ OYHMIIAIOTCS TPOTPAMMHO, YTOOBI YIPABIATh KOAPPHUIIMEHTOM JICICHUS TAKTOBOTO
cur"aia Jyisi Hu3ko-yactotno muHsl (PCLK1).

Oxx: HCLK not divided

100: HCLK divided by 2

101: HCLK divided by 4

110: HCLK divided by 8

111: HCLK divided by 16

Caution: Software must configure these bits ensure that the frequency in this domain does not
exceed 36 MHz.

IMpexynpexnenue: [IporpamMmma, mpu KOHGUTYPUPOBAHUHU ITUX OUTOB, TODKHA YOSTUTHCS, UTO
yacToTa B 3TOM JIOMEHe He npeBbliaet 36 MIw.

Bits 7:4 HPRE|[3:0]: AHB prescaler (deaureas nis AHB)

Set and cleared by software to control AHB clock division factor.
CraBsTCS ¥ OYHMIIAIOTCS TPOTPAMMHO, YTOOBI YIPABIIATh KOAPPHUIIMEHTOM JICICHUS TAKTOBOTO
cur"Haina gi1 AHB.

Oxxx: SYSCLK not divided

1000: SYSCLK divided by 2

1001: SYSCLK divided by 4

1010: SYSCLK divided by 8

1011: SYSCLK divided by 16

1100: SYSCLK divided by 64

1101: SYSCLK divided by 128

1110: SYSCLK divided by 256

1111: SYSCLK divided by 512

Note: The prefetch buffer must be kept on when using a prescaler different from 1 on the AHB
clock. Refer to the section Reading the Flash memory on page 47 for more details.

Note: Korna nucnosib3yeTcs IeIUTeNb 4acTOThl, OTJIMYHBIN OT 1, miig TaktoBoro curiasia AHB, To
Oydep nmpeaBapUTETHHON BEIOOPKH TOJDKEH YACPKUBATHCS B cocTostHnA ""BrimtoueH". OOpaTuTech
K pazneny "Reading the Flash memory" 3a nonoaHUTEIbHON HH(POpPMAITHEH.

Bits 3:2 SWS[1:0]: System clock switch status
CraTyc nepekJiouyaTesisi CHCTEMHOI0 TAKTOBOT'0 CHIHAJIA

Set and cleared by hardware to indicate which clock source is used as system clock.
CraBuTCS M OUYMILIAETCS anmapaTHO, YTOOBI OKa3aTh, KAKOW U3 HCTOUHUKOB HCIOJIB3YETCS B
Ka4yeCcTBE CUCTEMHOI'0 TAKTOBOT'O CUTHAJIA.

00: HSI oscillator used as system clock (B kauecTBe cicTeMHOT0 TaKTOBOTO CHTHAA
HCIIOJIb3YETCSI BHYTPEHHUN BBICOKO-4aCTOTHBIN T'€HEPaTOp)

01: HSE oscillator used as system clock (B xauecTBe cucTeMHOT0 TaKTOBOTO CUTHAJIA
HCIIOJIb3YETCs] BHEITHUN BBICOKO-YAaCTOTHBIN reHepaTop)

10: PLL used as system clock
B xauecTBe CHCTEMHOT0O TaKTOBOTO CHUTHAJIA HCHOJIb3yeTCs Bbixo PLL

11: Not applicable (He ncrons3oBath)



Bits 1:0 SW[1:0]: System clock Switch (Ilepex/1ro4aTe b CHCTEMHOI0 TAKTOBOI0 CUT'HAJIA)

Set and cleared by software to select SYSCLK source. Set by hardware to force HSI selection when
leaving Stop and Standby mode or in case of failure of the HSE oscillator used directly or indirectly
as system clock (if the Clock Security System is enabled).
CraButcs u ouyMIaeTcss NporpaMMHo, 4ToObl BeIOpaTh uctounuk it SYSCLK. CraButcs
amnmaparHo, YToObl mpuHyAuTeIbHO BKIIOYNTE HSI npu BeIXoe u3 pexkuma Stop win Standby,
nnu B cinydae otka3a HSE reneparopa, KoTOpblii HCHIOIb30BAJICSA B KAUECTBE CUCTEMHOTO
TaKTOBOT'O CHTHAJIa, IPSIMO WM KOCBEHHO (ecim paspernieHa "CrucrteMa 6€301macHOCTH TAaKTOBOTO
curnana").

00: HSI selected as system clock (Bb160p BHyTpeHHEr0 BEICOKO-4aCTOTHOTO F'eHepaTopa B
KaueCTBE CHCTEMHOTO TaKTOBOT'O CUTHAJIA)

01: HSE selected as system clock (Bbi6op BHemHero BbICOKO-4acTOTHOTO T€HEpaTopa B
KaueCTBE CHCTEMHOTO TaKTOBOT'O CUTHAJA)

10: PLL selected as system clock
Bri6op Beixona PLL B kauecTBE CHCTEMHOTO TAKTOBOTO CUTHAJA

11: Not allowed (He ucnonp3oBath)

7.3.3 Clock interrupt register (RCC_CIR)
Peructp npepbiBaHus OT TAKTOBBIX

Address offset: 0x08

Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

Hert coctostHus o)kuaaHus, JOCTYH CIOBHBIN, TIOJYCIIOBHBIA U OaHTOBBIN

CSSC FLL3 | PLLZ PFLL HSE H3I LSE LSl
Reservad ROYC | ROYC | RODYC | RDYC | RODYC | ROYC | ROYC
W W W W W W W W
15 14 13 12 11 10 a & 7 & 5 4 3 2 1 0
PLLE | PLL2 PLL HSE HEI LSE L3l CSsF PFLL2 | PLL2 PLL HSE HSI LSE LSl
Aes. ROYIE | AOYIE | ROYIE | ROYIE | ROYIE | ROYIE | ROYIE ROYF | ACDYF | ROYF | ROYF | ROYF | BROYF | ROYF
w rw w ] e rw e r r r r r r r r

Bits 31:24 Reserved
always read as 0. (Bcerma unraercs kak '0'".)

Bit 23 CSSC: Clock security system interrupt clear
Ouncrka npepoiBanus oT ""CucremMbl 0€30I1aCHOCTH TAKTOBOI0 CUrHaJa'"
This bit is set by software to clear the CSSF flag.
DTOT OUT CTAaBUTCS MPOTPAMMHO, YTOOBI 0OUUCTUTH (iiar CSSF.
0: No effect (Het apexra)
1: Clear CSSF flag (Ouuctka ¢mara CSSF)

Bit 22 PLL3RDYC: PLL3 Ready Interrupt Clear
Ouncrtka npepoiBanus oT roropuoctu PLL3
This bit is set by software to clear the PLL3RDYF flag.
DTOT OUT CTaBUTCS POrpaMMHO, YToObI 0uuCTUTh (hiar PLL3RDYF.
0: No effect (Het apexra)
1: Clear PLL3RDYF flag (Ounctka dinara PLL3RDYF)



Bit 21 PLL2RDYC: PLL2 Ready Interrupt Clear
Ouncrka npepoiBanus oT roropHoctu PLL2
This bit is set by software to clear the PLL2RDYF flag.
OTOT OUT cTaBUTCS POrpaMMHO, YToObI 0uuCcTUTh (hiar PLL2RDYF.
0: No effect (Het a¢ppexra)
1: Clear PLL2RDYF flag (Ounctka dnara PLL2RDYF)

Bit 20 PLLRDYC: PLL ready interrupt clear
OumncTka npepoiBanus oT roropuoctu PLL
This bit is set by software to clear the PLLRDYF flag.
OTOT OUT CTaBUTCS MPOrpaMMHO, YToObI 0uuCTUTh (hiar PLLRDYF.
0: No effect (Het a¢pexra)
1: Clear PLLRDYTF flag (Ouuctka ¢pmara PLLRDYF)

Bit 19 HSERDYC: HSE ready interrupt clear
Ouncrka npepoiBanus oT roropHoctu HSE
This bit is set by software to clear the HSERDYF flag.
OTOT OUT CTaBUTCS MpOrpaMMHO, YToObI 0uuCcTUThH (hiar HSERDYF.
0: No effect (Het a¢pexra)
1: Clear HSERDYF flag (Ouuctka ¢grara HSERDYF)

Bit 18 HSIRDYC: HSI ready interrupt clear
Ouncrka npepoiBanus oT roropaoctu HSI
This bit is set by software to clear the HSIRDYF flag.
OT1OT O6UT cTaBUTCS porpamMmHo, 4ToObl ouucTuTh (hiar HSIRDYF.
0: No effect (Het a¢ppexra)
1: Clear HSIRDYF flag (Ouuctka ¢mara HSIRDYF)

Bit 17 LSERDYC: LSE ready interrupt clear
Ouncrtka npepoiBanus oT roropHoctu LSE
This bit is set by software to clear the LSERDYF flag.
OTOT OUT cTaBUTCS POrpaMMHO, YToObI 0ouucTUTh (hiar LSERDYF.
0: No effect (Het a¢ppexra)
1: Clear LSERDYTF flag (Ouunctka ¢pmara LSERDYF)

Bit 16 LSIRDYC: LSI ready interrupt clear
OuncrTka npepoiBanus oT roropaoctu LSI
This bit is set by software to clear the LSIRDYF flag.
DTOT OUT cTaBUTCS MPOrpaMMHO, YToO0bI 0uuCTUTh (ar LSIRDYF.
0: No effect (Het a¢pexra)
1: Clear LSIRDYF flag (Ounctka ¢nara LSIRDYF)

Bit 15 Reserved
always read as 0. (Bcerna unraercs kak '0'.)

Bit 14 PLL3RDYIE: PLL3 Ready Interrupt Enable
Pa3pemenne npepoiBanust oT roroBHoctu PLL3
Set and cleared by software to enable/disable interrupt caused by PLL3 lock.
CTaBHTCS M OYMIAETCS NPOTPAMMHO, YTOOBI Pa3peINTh/3aPETUTh IPEPhIBAHNE, BBI3BAHHOE
cuemienuem ¢ PLL3.
0: PLL3 lock interrupt disabled (IlpepsiBanue ot cuernenus ¢ PLL3 3anpemieno)
1: LL3 lock interrupt enabled (IIpepriBanue ot cuerenus ¢ PLL3 pa3pemieHo)



Bit 13 PLL2RDYIE: PLL2 Ready Interrupt Enable
Pa3pemenne npepbiBanusi oT roroBHocTy PLL2
Set and cleared by software to enable/disable interrupt caused by PLL2 lock.
CTaBHTCS M OYMIIAETCSA NPOTPAMMHO, YTOOBI Pa3pEeINTh/3aPETUTD IPEPhIBAHNE, BBI3BAHHOE
cueruienuem ¢ PLL2.
0: PLL2 lock interrupt disabled (IlpepsiBanue ot cuerenus ¢ PLL2 3anpemieno)
1: PLL2 lock interrupt enabled (IIpepriBanue ot cuerenust ¢ PLL2 pa3pemieHo)

Bit 12 PLLRDYIE: PLL ready interrupt enable
Paspemienne npepbiBanus oT rorosHoctd PLL
Set and cleared by software to enable/disable interrupt caused by PLL lock.
CraBuUTCS U OYMIACTCS TPOTPAMMHO, YTOOBI Pa3pelInTh/3alPETUTh NPEPhIBAHNE, BHI3BAHHOE
cuermiegueM ¢ PLL.
0: PLL lock interrupt disabled (IIpepriBanue ot cueruienust ¢ PLL 3anpenieHo)
1: PLL lock interrupt enabled (IIpepsiBanue ot cuerenust ¢ PLL pa3pemieno)

Bit 11 HSERDYIE: HSE ready interrupt enable
Pa3pemenne npepoiBanusi ot roroBHocTH HSE
Set and cleared by software to enable/disable interrupt caused by the external 3-25 MHz oscillator
stabilization.
CraBuTCS U OYMIACTCS TPOTPAMMHO, YTOOBI Pa3pelInTh/3alPEeTUTh MPEPhIBAHNE, BHI3BAHHOE
crabunmzanueit BHemHero 3-25 MI'1 reneparopa.
0: HSE ready interrupt disabled (IIpepriBanue ot roroBHocT HSE 3anpernieHo)
1: HSE ready interrupt enabled (IIpepsiBanue ot roroBHOcTH HSE paspernieHo)

Bit 10 HSIRDYIE: HSI ready interrupt enable
Pa3pemenne npepbiBanusi or roroBHocT HSI
Set and cleared by software to enable/disable interrupt caused by the internal 8 MHz RC oscillator
stabilization.
CraBuTCS U OYMIACTCS TPOTPAMMHO, YTOOBI Pa3pelInTh/3alPEeTUTh NPEPhIBAHNE, BHI3BAHHOE
crabunmzanueit BayTperHero 8 MI'm RC reneparopa.
0: HSI ready interrupt disabled (IIpepsiBanue ot roroBuoctu HSI 3anpemieHo)
1: HSI ready interrupt enabled (IIpepsiBanne ot roroBHocTH HSI paspenieHo)

Bit 9 LSERDYIE: LSE ready interrupt enable
Pa3pemenne npepoiBanus ot roroBHoctu LSE
Set and cleared by software to enable/disable interrupt caused by the external 32 kHz oscillator
stabilization.
CraBuUTCS U OYMIACTCS TPOTPAMMHO, YTOOBI Pa3pelInTh/3alPEeTUTh MPEPhIBAHNE, BHI3BAHHOE
crabunnzanueit BHemHero 32 kI reneparopa.
0: LSE ready interrupt disabled (IIpepsiBanue ot roroBHoctu LSE 3anpemieno)
1: LSE ready interrupt enabled (ITpepsiBanue ot rotoBHOCTH LSE pazpemieno)

Bit 8 LSIRDYIE: LSI ready interrupt enable
Pa3pemenne npepoiBanus otT roropuoctu LSI
Set and cleared by software to enable/disable interrupt caused by internal RC 40 kHz oscillator
stabilization.
CraBuUTCS U OYMIACTCS TPOTPAMMHO, YTOOBI Pa3pelInTh/3alPETUTh NPEPhIBAHNE, BHI3BAHHOE
crabmmzarueit BHyTpeHHero 40 k' RC reneparopa.
0: LSI ready interrupt disabled (IlpepsiBanue ot rotoBHocTH LSI 3ampenieno)
1: LSI ready interrupt enabled (IlpepsiBanue ot rotoBHOocTH LSI pazpemieno)



Bit 7 CSSF: Clock security system interrupt flag
®@Jiar 3anpoca npepbiBanus o1 "'CucreMbl 0€30MMaCHOCTH TAKTOBOI0 CUrHaJja'"
Set by hardware when a failure is detected in the external 3-25 MHz oscillator. It is cleared by
software setting the CSSC bit.
CraBuTcs anmapaTHo, Korja oOHapyXeH oTka3 BHenHero 3-25 MI' reneparopa. OH ounmaercs
nporpamMmmHo, yctanoBkon 6uta CSSC.
0: No clock security interrupt caused by HSE clock failure
Her nmpepriBanmst ot "CucteMbl 6€30MaCHOCTH TAKTOBOTO CUTHAJA'", BBI3BaHHOTO 0TKazoM HSE
1: Clock security interrupt caused by HSE clock failure
Ectp ipepriBanne ot "Cuctembl 0€30MacHOCTH TaKTOBOTO curHana", Bei3BaHHOTO oTkazoM HSE

Bit 6 PLL3RDYF: PLL3 Ready Interrupt flag
®Jiar 3anpoca npepbiBanus oT rorobHoctu PLL3
Set by hardware when the PLL3 locks and PLL3RDYIE is set. It is cleared by software setting the
PLL3RDYC bit.
CraBurcs anmapatHo, korja ects cueruienue ¢ PLL3 u crasurcs 6ut PLL3RDYIE. On
ouHuIaeTcs nmporpamMmmuo, yctanoskor 6uta PLL3RDYC.
0: No clock ready interrupt caused by PLL3 lock
Hert npepbiBanusi, BbI3BaHHOTO TOTOBHOCTHIO PLL3
1: Clock ready interrupt caused by PLL3 lock
Ectb npepriBanue, BbI3BaHHOE rOTOBHOCTHIO PLL3

Bit S PLL2RDYF: PLL2 Ready Interrupt flag
®@Jiar 3anpoca npepbiBanus oT roroBHocT PLL2
Set by hardware when the PLL2 locks and PLL2RDYDIE is set. It is cleared by software setting the
PLL2RDYC bit.
CraBurcs anmapatHo, korja ects cueruienue ¢ PLL2 u crasurcs 6ut PLL2RDYIE. On
OYHMIIAeTCs MporpamMmHuo, yctaHoBkor 6uta PLL2RDYC.
0: No clock ready interrupt caused by PLL2 lock
Her npepbiBanusi, BBI3BAaHHOTO TOTOBHOCTHIO PLL2
1: Clock ready interrupt caused by PLL2 lock
Ectb npepriBanue, BbI3BaHHOE TOTOBHOCTHIO PLL2

Bit 4 PLLRDYF: PLL ready interrupt flag
®Jiar 3anpoca npepbiBanus ot roroBHoct PLL
Set by hardware when the PLL locks and PLLRDYDIE is set. It is cleared by software setting the
PLLRDYC bit.
CraBurcs anmnapatHo, korja ects cueruienue ¢ PLL u craButcst 6ut PLLRDYIE. On ouniaercs
nporpammHo, yctanoBkor 6uta PLLRDYC.
0: No clock ready interrupt caused by PLL lock
Her npepbiBanusi, BbI3BAaHHOTO TOTOBHOCTHIO PLL
1: Clock ready interrupt caused by PLL lock
Ectb npepriBanue, BbI3BaHHOE TOTOBHOCTHIO PLL

Bit3 HSERDYF: HSE ready interrupt flag
®Jiar 3anpoca npepbiBanus oT roroBHocT HSE
Set by hardware when External Low (High) Speed clock becomes stable and HSERDYIE is set. It
is cleared by software setting the HSERDYC bit.
CraBuTcs anmapaTHO, KOT/1a BHEITHUIA BRICOKO-YaCTOTHBIN TAaKTOBBIA CUTHAJT CTAHOBUTHCS
ctabmibHbIM 1 cTaBuTcs OuT HSERDYIE. OH ounmaercst mporpaMMHO, YCTAaHOBKOW OuTa
HSERDYC.
0: No clock ready interrupt caused by the external 3-25 MHz oscillator
Her npepsiBanusi, BBI3BAHHOI'O TOTOBHOCTBIO TAKTOBOTO CUTHAJIA OT BHEIHero 3-25 MI'ng
re’eparopa
1: Clock ready interrupt caused by the external 3-25 MHz oscillator
Ectb npepriBanue, BI3BAaHHOE TOTOBHOCTHIO TAKTOBOT'O CHMTHaja OT BHemHero 3-25 MI'g
re’epaTopa



Bit 2 HSIRDYF: HSI ready interrupt flag
®Jiar 3anpoca npepbiBanus oT roroBHocT HSI

Set by hardware when the Internal High Speed clock becomes stable and HSIRDYIE is set. It is
cleared by software setting the HSIRDYC bit.
CraBuTcs anmapaTHO, KOT/1a BHYTPEHHUI BBICOKO-YACTOTHBIN TAKTOBBIM CUTHAJI CTAHOBUTHCS
ctabmibHbIM U cTaBuTcs OutT HSIRDYIE. On ounmiaeTcst mporpaMMHO, YCTaHOBKOW OuTa
HSIRDYC.

0: No clock ready interrupt caused by the internal 8 MHz RC oscillator
Her npepsiBanus, BBI3BaHHOTO TOTOBHOCTHIO TAKTOBOTO CUTHaa OT BHyTpeHHero 8 MI'q RC
re’eparopa

1: Clock ready interrupt caused by the internal 8 MHz RC oscillator
Ectb npepriBaHue, BBI3BAHHOE TOTOBHOCTHIO TAKTOBOTO CUTHaja OT BHyTpeHHero 8§ MI'y RC
reHeparopa

Bit 1 LSERDYF: LSE ready interrupt flag
®qar 3anpoca npepbiBaHusi OT roroBHOcTH LSE

Set by hardware when the External Low Speed clock becomes stable and LSERDYIE is set. It is
cleared by software setting the LSERDYC bit.
CraBuTcs annapaTHo, KOr/ia BHEIIHUM HU3KO-YaCTOTHBIN TAaKTOBBIN CUTHAJI CTAHOBUTHCS
crabuibHbIM U ctaBuTca 6uT LSERDYIE. OH ouniaercs nporpaMMHO, yCTaHOBKOM OnTa
LSERDYC.
0: No clock ready interrupt caused by the external 32 kHz oscillator
Her npepbiBanusi, BBI3BAHHOTO TOTOBHOCTBIO TAKTOBOI'O CUTHaa OT BHelHero 32 kI 11 reneparopa
1: Clock ready interrupt caused by the external 32 kHz oscillator
Ectb npepriBaHue, BBI3BAHHOE TOTOBHOCTHIO TAKTOBOT'O CUTHAja OT BHeIHero 32 k' renepaTopa

Bit 0 LSIRDYF: LSI ready interrupt flag (®aar 3anpoca npepsiBaHusi oT roroBHoctu LSI)

Set by hardware when Internal Low Speed clock becomes stable and LSIRDYE is set. It is cleared
by software setting the LSIRDYC bit.
CraButcs anmapaTHoO, KOrJja BHYTPEHHHN HU3KO-YaCTOTHBIN TAaKTOBBIM CUTHAJI CTAHOBUTHCS
crabuibHbIM U ctaBuTca 6uT LSIRDYIE. OH ouniaercs nporpaMMHO, yCTAaHOBKOM OuTa
LSIRDYC.

0: No clock ready interrupt caused by the internal RC 40 kHz oscillator
Hert npepbiBanusi, BBI3BAHHOTO TOTOBHOCTBIO TAKTOBOTO curHaia ot BHyTpeHHero 40 kI'n RC
reHeparopa

1: Clock ready interrupt caused by the internal RC 40 kHz oscillator
EcTp npepsiBanue, BbI3BAHHOE TOTOBHOCTBIO TAKTOBOTO curHana ot BHyTpeHHero 40 kI'u RC
re’eparopa

7.3.4 APB2 peripheral reset register (RCC_APB2RSTR)
Peructp copoca nepudepun APB2

Address offset: 0x0C

Reset value: 0x00000 0000

Access: no wait state, word, half-word and byte access

Hert coctostHus 0)kuaaHus, JOCTYN CIOBHBIN, TIOJYCIIOBHBIA U OAaHTOBBIN

31 30 28 28 27 26 25 24 23 22 21 20 15 18 17 16
Reserved
15 14 13 12 11 10 g g 7 i) ] 4 2 2 1 0
USART1 5PN TIM1 | ADCZ | ADCH IOFE | IOFD | IOPC | IOFE | 1OPA AFIO

Res.

RST RST | HST RST RST RST RST RST RST HST RST

Res. Resarved Res.
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Bits 31:15, 13, 8, 7, 1 Reserved: always read as 0. (3ape3epBupoBanbl. Beerna unrarores kax '0'.)

Bit 14 USARTI1RST: USART!I reset (Copoc USART1)

Bit 12 SPI1RST: SPI 1 reset (Copoc SPI 1)

Bit 11 TIM1RST: TIMI1 timer reset (Copoc Taiimepa TIM1)

Bit 10 ADC2RST: ADC 2 interface reset (Copoc unrtepdeiica ADC 2)
Bit 9 ADC1RST: ADC 1 interface reset (Copoc untepdeiica ADC 1)
Bit 6 IOPERST: /O port E reset (Copoc I/0 nopra E)

Bit 5 IOPDRST: I/O port D reset (Copoc I/0 mopta D)

Bit 4 IOPCRST: 10 port C reset (Copoc I/0 nopta C)

Bit 3 IOPBRST: 10 port B reset (Copoc 1/0 nopta B)

Bit 2 IOPARST: I/O port A reset (Copoc I/O nopra A)

Bit 0 AFIORST: Alternate function I/O reset (Copoc anbrepHatuBHO#i hyHKImH 1/0)

Set and cleared by software. (CTaBsATCSI M OUHIIAIOTCS TPOTPAMMHO. )
0: No effect (Her addexra)
1: Reset interface (COpoc ykazanHOro HHTEpdeiica)

7.3.5 APBI1 peripheral reset register (RCC_APB1RSTR)
Peructp copoca nepudpepuu APB1

Address offset: 0x10

Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

Hert cocrostHusl 0’KuIaHus, JOCTYI CIIOBHBIH, ITOJTYCIOBHBIM U OaHTOBBIIM
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Bits 31:30, 24:23, 16, 13:12, 10:6 Reserved: always read as 0.
3apesepBupoBanbl. Beerga unratorcs kak '0'.

Bit 29 DACRST: DAC interface reset (Copoc unrepgeiica DAC)
Bit 28 PWRRST: Power interface reset (COpoc unrepdeiica Power)
Bit 27 BKPRST: Backup interface reset (Copoc unrepdeiica BKP)
Bit 26 CAN2RST: CAN2 reset (Copoc CAN2)

Bit 25 CAN1RST: CANI reset (Copoc CAN1)

Bit 22 12C2RST: 12C 2 reset (Copoc 12C 2)

Bit 21 I2C1RST: 12C 1 reset (Copoc 12C 1)

Bit 20 UARTSRST: USART 5 reset (Copoc UART 5)

Bit 19 UART4RST: USART 4 reset (Copoc UART 4)

Bit 18 USART3RST: USART 3 reset (Copoc UART 3)

Bit 17 USART2RST: USART 2 reset (Copoc UART 2)

Bit 15 SPI3RST: SPI 3 reset (Copoc SPI 3)

Bit 14 SPI2RST: SPI 2 reset (Copoc SPI 2)

Bit 11 WWDGRST: Window watchdog reset (Copoc Window watchdog)
Bit 5 TIM7RST: Timer 7 reset (Copoc Timer 7)

Bit 4 TIM6RST: Timer 6 reset (Copoc Timer 6)

Bit 3 TIMSRST: Timer 5 reset (Copoc Timer 5)

Bit 2 TIM4RST: Timer 4 reset (Copoc Timer 4)




Bit 1 TIM3RST: Timer 3 reset (Copoc Timer 3)
Bit 0 TIM2RST: Timer 2 reset (Copoc Timer 2)

Set and cleared by software. (CtaBsTcsi 1 OUMIIAIOTCS MPOTPAMMHO. )

0: No effect (Her a¢ppexra)
1: Reset interface (COopoc ykazanHoro uHTepdeiica)

Address offset: 0x14
Reset value: 0x0000 0014

7.3.6 AHB Peripheral Clock enable register (RCC_AHBENR)
Peructp paspemenust nepupepun AHB

Access: no wait state, word, half-word and byte access
Her coctosiHust o’kuganusi, JOCTYI CIOBHBIN, TTOJYCIIOBHBIA U OAUTOBBIN
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Bits 31:17, 13, 11-7, 5, 3 Reserved: always read as 0. (3ape3epBupoBanbl. Bcerga unratorcs xak '0'.)

Bit 16 ETHMACRXEN: Ethernet MAC RX clock enable
Paspemenne nogaun TakToBoro curxaia Ha npueMHuk Ethernet

Note: In the RMII mode, if this clock is enabled, the RMII clock of the MAC is also enabled.

Bit 15 ETHMACTXEN: Ethernet MAC TX clock enable
Paspenienue momayn TakTOBOro curHana Ha nepenaatunk Ethernet

Note: In the RMII mode, if this clock is enabled, the RMII clock of the MAC is also enabled.

B pexxume RMII, ecnu nogaH TakToBbli curHai Ha npueMHUK Ethernet, To curaan RMII niis
MAC Taxke pa3pelieH.

B pexxume RMII, ecnu nogaH TakToBbIM curHai Ha nepenatuuk Ethernet, To curnan RMII st
MAC Takke pa3pelieH.

Bit 14 ETHMACEN: Ethernet MAC clock enable
Pazpemenue nogaun takroBoro curnaia Ha MAC Ethernet

Note: Selection of PHY interface (MII/RMII) must be done before enabling the MAC clock.
Bri6op PHY unrepdetica (MII/RMII) nomkeH OBITE ClieNaH 0 pa3peuieHns ’TOro CUrHaja.

Bit 12 OTGFSEN: USB OTG FS clock enable

Paspemienue nonaun trakroBoro curHana Ha USB OTG FS

Bit 6 CRCEN: CRC clock enable (Pa3zpemenue nomauu takroBoro curtaia Ha CRC)




Bit 4 FLITFEN: FLITF clock enable
Paspewmenne nogaun takrosoro curHaia Ha FLITF Bo Bpems cHa

Bit 2 SRAMEN: SRAM interface clock enable
Pa3pemenre nmogaun tTakToBoro curnana Ha uHTepdeiic SRAM B pexume Sleep

Bit 1 DMA2EN: DMA2 clock enable (Pa3pemenne mogaun TaktoBoro curaaia Ha DMA?2)

Bit 0 DMAI1EN: DMAI1 clock enable (Pa3pemenne mogaun taktoBoro curaaia Ha DMAT)

Set and cleared by software. (CTaBsaTcst U OUHINIAIOTCS TPOTPAMMHO. )
0: Interface clock disabled (OTkiIr0O4YeH TaKTOBBIN CUTHAT UHTEpdeEiica)
1: nterface clock enable (Ilogan TakTOBBINM CUTHA HA YKa3aHHBIA UHTEPQEIiCc)

7.3.7 APB2 peripheral clock enable register (RCC_APB2ENR)
Peructp paspemenus nepugepuu APB2

Address: 0x18
Reset value: 0x0000 0000
Access: word, half-word and byte access (JlocTym cOBHBIH, MOTYCTOBHBIN 1 OaWTOBBIN )

No wait states, except if the access occurs while an access to a peripheral in the APB2 domain is
on going. In this case, wait states are inserted until the access to APB2 peripheral is finished.
Her cocrostnus oxuaanusi, KpoMe cirydasi, KOria JOCTYI MPOUCXOAUT B TO BPeMs, KaK YK€ €CTh Jpyrou
noctyn k 1oMeHny APB2. B aToM ciiydae BCTaBiIsIeTCS COCTOSIHUE OKUAAHUs, MOKA TEKYIIUNA TOCTYI K
nepudepun APB2 He Oyzner 3aBepiieH.

31 30 28 2B 27 26 25 24 23 22 21 20 18 18 17 16
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Res. T1EM Aes. EM EM EM EN Aesarved EN EN EN EM EN Aes. EN
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Bits 31:15, 13, 8, 7, 1 Reserved: always read as 0. (3ape3epBupoBansl. Beerna unrarorcs kax '0'.)
Bit 14 USARTI1EN: USART]1 clock enable (Pa3pemenne momgaun takroBoro curuana Ha USART1)
Bit 12 SPI1EN: SPI 1 clock enable (Pa3pemenne nogaun TakroBoro curaana Ha SPI 1)

Bit 11 TIM1EN: TIMI1 Timer clock enable
Pa3penienne nonauu TakToBOro curxHana Ha taiimep TIM1

Bit 10 ADC2EN: ADC 2 interface clock enable
Pa3pemenne nmogaun taktoBoro curHaia Ha uHTepdeiic ADC 2

Bit 9 ADC1EN: ADC 1 interface clock enable
Paspemenne nogaun TakToBoro curnana Ha unrepgeiic ADC 1

Bit 6 IOPEEN: I/O port E clock enable (Pa3zpemenue nogaun TakroBoro curnana Ha 1/0 nopt E(
Bit 5 IOPDEN: 1/O port D clock enable (Pa3pemenune nmogauu takroBoro curtaia Ha I/0 mopt D)
Bit 4 IOPCEN: I/O port C clock enable (Pa3pemenue nogaun takroBoro curtana Ha I/0 nopt C)
Bit 3 IOPBEN: I/O port B clock enable (Pa3pemenue nmomgaun takroBoro curHaia Ha I/0 mopt B)
Bit 2 IOPAEN: I/O port A clock enable (Pa3zpemenue nogauu TakroBoro cursana Ha 1/0 nopt A)



Bit 0 AFIOEN: Alternate function I/O clock enable
Pa3pemenre nmogaun TakTOBOrO CHTHaja Ha aibTepHaTHBHBIC QyHKIHH 1/O

Set and cleared by software. (CtaBsaTcst U OUHMINAIOTCS TPOTPAMMHO. )
Interface clock disabled (OTkitoueH TakTOBBIN CUTHAII HHTEpderica)
Interface clock enable (ITogan TakTOBEII cHTHA HA YKa3aHHBIA HHTEpdEic)

0:
0:

7.3.8 APBI1 peripheral clock enable register (RCC_APB1ENR)
Peructp paspemenus nepugepuu APB1

Address: 0x1C

Reset value: 0x0000 0000

Access: word, half-word and byte access (JlocTym coOBHBIH, MOTYCTOBHBIN 1 OAWTOBBI )

No wait state, except if the access occurs while an access to a peripheral on APB1 domain is on
going. In this case, wait states are inserted until this access to APB1 peripheral is finished.
Het cocrostHusl 0’)KUIaHuUs, KpPOME CITydasi, KOT/1a JIOCTYII POUCXOIUT B TO BPEMsI, KaK YK€ €CTh APYron
noctyn k toMeny APB1. B aToMm citydyae BCTaBiIsieTCsl COCTOSIHUE OKUAAHUsA, MOKA TEKYIIUNA TOCTYI K
nepudepun APB1 He Oyzner 3aBepiieH.
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EMN EN Aessrved GEM Aeserved EN EM EM EM EM EN
e v Y e e e e e e

Bits 31:30, 24, 23, 16, 13, 12, 10:6 Reserved: always read as 0.

3apesepBupoBanbl. Beerna yntarorcs kak '0'.

Bit 29 DACEN: DAC interface clock enable

Paspenienue monayn TakToBOro curHana Ha uaTepgeiic DAC

Bit 28 PWREN: Power interface clock enable

Pa3pemenne nmogaun TakToBOTO curHaia Ha uHTepdeiic Power

Bit 27 BKPEN: Backup interface clock enable
Pazpemenne nojgaun TakToBOro curHana Ha unrepgeiic BKP

Bit 26 CAN2EN: CAN2 clock enable (Pa3pemenue nonaun taktoBoro curnaia Ha CAN2)
Bit 25 CAN1EN: CANI clock enable (Pa3pemenue mogaun taktoBoro curaaina Ha CAN1)

Bit 22 12C2EN: 12C 2 clock enable (Pa3pemenue mogauu taktoBoro curaana Ha 12C 2)
Bit 21 I2C1EN: 12C 1 clock enable (Pa3pemenue nogauu taktoBoro curaana Ha 12C 1)

Bit 20 UARTSEN: USART 5 clock enable (Pa3zpemenue nogaun takroBoro curiana Ha USART 5)
Bit 19 UART4EN: USART 4 clock enable (Pa3pemenne nonaun takroBoro curnaina Ha USART 4)

Bit 18 USART3EN: USART 3 clock enable (Pa3zpemenue nogaun takroBoro curnana Ha USART 3)
Bit 17 USART2EN: USART 2 clock enable (Pa3zpemenune nonauu takroBoro curHana Ha USART 2)
Bit 15 SPI3EN: SPI 3 clock enable (Pa3pemenne nogauu TaktoBoro curnana Ha SPI 3)
Bit 14 SPI2EN: SPI 2 clock enable (Pa3pemenue nogauu TaktoBoro curnana Ha SPI 2)

Bit 11 WWDGEN: Window watchdog clock enable
Pa3pemenne nonaun trakrosoro cursana Ha Window watchdog




Bit S TIM7EN:
Bit 4 TIM6EN:
Bit 3 TIMSEN:
Bit 2 TIM4EN:
Bit 1 TIM3EN:

Timer 7 clock enable (Pa3pemenue nogaun TaktoBoro curnaia Ha Timer 7)
Timer 6 clock enable (Pa3pemenue nogaun TakroBoro curtaina Ha Timer 6)
Timer 5 clock enable (Pa3pemenue nogaun TaktoBoro curnaia Ha Timer 5)
Timer 4 clock enable (Pa3pemenue nogaun TakroBoro curtaina Ha Timer 4)
Timer 3 clock enable (Pa3pemenue nogaun TaktoBoro curnaia Ha Timer 3)

Bit 0 TIM2EN: Timer 2 clock enable (Pa3pemenue nogaun takroBoro curtaina Ha Timer 2)

Set and cleared by software. (CtaBsaTcst U OUHMINAIOTCS TPOTPAMMHO. )
0: Interface clock disabled (OTkir0OUeH TaKTOBBIN cUTHAT UHTEpdElica)
0: Interface clock enable (Ilogan TakTOBBIN CUTHAN HA YKa3aHHBIN HHTEP]EHC)

7.3.9 Backup domain control register (RCC_BDCR)
Peructp ynpasJienusi iomesom BKP

Address: 0x20

Reset value: 0x0000 0000, reset by Backup domain Reset. (cOpaceiBaercs ot "Copoca nomena BKP")
Access: 0 <= wait state <= 3, word, half-word and byte access

0 <= cocTosiHMe OkKUJAHUS <= 3, TOCTYI CIOBHBIHU, MOTYCIOBHBIN 1 OaHTOBBIN

Wait states are inserted in the case of successive accesses to this register.
CocTosiHME 0KUaHMsI BCTABIIAETCS B CIIy4ae YCIEIIHOrO JOCTyIa K 3TOMY PETUCTPY.

Note: LSEON, LSEBYP, RTCSEL and RTCEN bits of the Backup domain control register (RCC_BDCR) are in
the Backup domain. As a result, after Reset, these bits are write-protected and the DBP bit in the Power control
register (PWR_CR) has to be set before these can be modified. Refer to Section 5 on page 66 for further
information. These bits are only reset after a Backup domain Reset (see Section 7.1.3: Backup domain reset). Any
internal or external Reset will not have any effect on these bits.

Note: bumovt LSEON, LSEBYP, RTCSEL u RTCEN pecucmpa RCC_BDCR naxoosmces 6 oomene BKP. B
pe3yabmame, nocie copoca, smu OUMsl 3aUUUEeHbl OM 3ANUCU, U, NPENCOe YeM USMEHIMb MU OUmMbvl, HAOO
yemanosums oum DPB ¢ pecucmpe PWR_CR. Obpamumecs k pazoeny 5 015 00noIHUmenbHou uHpopmayuu.
Omu 6umul copacvisaromest moavko npu copoce domena BKP (cm. pazoen 7.1.3 "Copoc domena BKP!"). Jliobot
sHympennul unu enewnutl Copoc ne Oyoem umems HUKAKO20 dhdexma Ha dmu Oumol.
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Bits 31:17 Reserved
always read as 0. (Bcerna uuraercs kax '0'.)

Bit 16 BDRST: Backup domain software reset (Ilporpammuslii copoc nomena BKP)
Set and cleared by software. (CTaBuUTCS 1 OUHIIAETCS TPOTPAMMHO. )
0: Reset not activated (COpoc HEe aKkTUBUPOBaH)
1: Resets the entire Backup domain (Copoc Bcero nomena BKP)



Bit 15 RTCEN: RTC clock enable (Pa3spemenne noxaumn takroBoro curaaja Ha RTC)
Set and cleared by software. (CTaBuTCS 1 OUMIIIAETCS TPOTPAMMHO. )
0: RTC clock disabled (Otkmtouen takroBsiii curHan RTC)
1: RTC clock enabled (ITogan TakToBsIii curaan Ha RTC)

Bits 14:10 Reserved
always read as 0. (Bcerna unraercs kak '0'".)

Bits 9:8 RTCSEL[1:0]: RTC clock source selection
Br10op ncrounuka takroBoro curaana aisst RTC
Set by software to select the clock source for the RTC.
Once the RTC clock source has been selected, it cannot be changed anymore unless the Backup
domain is reset. The BDRST bit can be used to reset the RTCSEL[1:0] bits.
CrtaBuTCS IPOrpaMMHO, YTOOBI BEIOpATh NCTOYHUK TakTOBOTO curHana st RTC.
Kak Tonpko ucrounuk myist RTC 6bu1 BEIOpaH, OH HE MOXKET OBITh M3MEHEH WHa4Ye, KaK TOJBKO
yepe3 copoc nomena BKP. MoxHo ucnonszoBate 0uT BDRST, uTo0b1 cOpOCUTE OUTHI
RTCSELJ1:0].
00: No clock (Her TakToBOIO)
01: LSE oscillator clock used as RTC clock (B kauectBe TakToBoro currana jisi RTC
WCIIOJIB3YETCS BHEITHUN HU3KO-9aCTOTHBIM TeHepaTop )
10: LSI oscillator clock used as RTC clock (B xauectBe TakToBOro curnaia s RTC
WCIIONIB3YETCSl BHYTPEHHHM HU3KO0-4acTOTHBIN RC reneparop)
11: HSE oscillator clock divided by 128 used as RTC clock
B kauectBe TakroBoro curtana st RTC ucnonp3yercs CUrHan BHEIIHETO BBICOKO-4aCTOTHOTO
re’HepaTopa, oeJacHHbIN Ha 128

Bits 7:3 Reserved
always read as 0. (Bcerga unraercs kak '0'.)

Bit 2 LSEBYP: External Low Speed oscillator bypass
O0xox BHeIIHEr0 HU3K0-4YaCTOTHOIO reHepaTopa
Set and cleared by software to bypass oscillator in debug mode.
This bit can be written only when the external 32 kHz oscillator is disabled.
CraBUTCS U OYMILAETCS IPOTPAMMHO, YTOOBI 000ITH reHepaTop B PEKUME OTIAIAKH. DTOT OUT
MO>KHO MEHSTb TOJBKO TOT/Ia, Kor/ia BHEIIHUM 32 K['11 reHepaTop BBIKIIIOYECH.
0: LSE oscillator not bypassed (Pa6oraer LSE reneparop)
1: LSE oscillator bypassed (O6xox LSE reneparopa)

Bit 1 LSERDY: External Low Speed oscillator ready
['0TOBHOCTH BHEIIIHET0 HU3KO0-YACTOTHOI0 reHepaTopa
Set and cleared by hardware to indicate when the external 32 kHz oscillator is stable. After the
LSEON bit is cleared, LSERDY goes low after 6 external low speed oscillator clock cycles
CrtaBuUTCS ¥ OUYHUIIIACTCS anapaTHo, YTOOkI MOKa3aTh, YTO BHemHUM 32 KI 11 reHepaTop
ctabunm3uposasucs. Heo6xoaumo 6 UKIOB TAKTOBOTO CHTHAIA OT BHEITHETO HU3KO-9aCTOTHOTO
reHeparopa, uToosl 3ToT 6uT nepemen B '0' mocie copoca 6ura LSEON.
0: External 32 kHz oscillator not ready (Bueurauii 32 kI'11 reHepaTop HE TOTOB)
1: External 32 kHz oscillator ready (Bremnnii 32 kI 11 renepaTop roToB)

Bit 0 LSEON: External Low Speed oscillator enable
Pa3pemnienne BHeNIHEro HU3K0-4aCTOTHOTO TeHepaTopa
Set and cleared by software. (CTaBuUTCS 1 OUHIIIAETCS TPOTPAMMHO. )
0: External 32 kHz oscillator OFF (Buemnuii 32 kI'1i1 reHepaTop BBIKIIIOUYEH)
1: External 32 kHz oscillator ON (Bremrauii 32 kI 11 reHepaTOp BKIIIOYCH)



7.3.10 Control/status register (RCC_CSR)
Peructp ynpasjaenusi/craryca

Address: 0x24

Reset value: 0x0C00 0000, reset by system Reset, except reset flags by power Reset only.
CopacsiBaercs "CucteMHbIM cOpocoM", 3a HCKITIOUeHUEM (praroB cOpoca, KOTOpble COPachIBAIOTCS
TosIbKO "COpOCOM OT TO/TaYu MTUTAHUSA".

Access: 0 <= wait state <= 3, word, half-word and byte access

0 <= cocTosiHHE OKUIAHUS <= 3, JOCTYH CIIOBHBIN, TTOJYCIIOBHBIA U OAHTOBBIH

Wait states are inserted in the case of successive accesses to this register.
CocTosiHUE 0KUIaHMsI BCTABIIETCS B CIIy4ae YCIEITHOTO TOCTyIa K 3TOMY PETUCTPY.
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Bit 31 LPWRRSTF: Low-power reset flag (®aar copoca ot "[lonu:xkeHnHoro norpedsienus')
Set by hardware when a Low-power management reset occurs.
It is cleared by writing to the RMVF bit.
CraBuTcs anmapaTHO, KOTJla ciiydaeTcsi COpoc OT KOHTpoJIIepa MOHMKEHHOT0 OTpedIeH s, a
ouniaercs 3anuceio B our RMVF.
0: No Low-power management reset occurred
Het cOpoca ot KOHTpOIIIepa TOHMKEHHOTO OTPEOICHUS
1: Low-power management reset occurred
Cryuauncs cOpoc OT KOHTpOJUIepa MOHMKEHHOTO MOTPEOICHUS
For further information on Low-power management reset, refer to Section : Low-power
management reset.
Jlnst nononHuTeNnsHOU HHpOpManueil o copoce 0T KOHTPOJUIEPA MOHUKEHHOTO MOTPEOICHUS CM.
paznen "COpoc oT KOHTpOoJUIEpa NOHMKEHHOTO MOTpebaeHus" .

Bit 30 WWDGRSTF: Window watchdog reset flag (®aar copoca ot okonnoro WatchDog)
Set by hardware when a window watchdog reset occurs.
It is cleared by writing to the RMVF bit.
CraButcs anmnapaTHo, Korja ciydaercs copoc ot okoHHoro WatchDog, a ouniiaercst 3anucbio B
outr RMVF.
0: No window watchdog reset occurred (Her copoca oT okonHoro WatchDog)
1: Window watchdog reset occurred (Ciyunics copoc ot okonHoro WatchDog)

Bit 29 IWDGRSTF: Independent watchdog reset flag
®jar copoca ot Hezaucumoro WatchDog
Set by hardware when an independent watchdog reset from VDD domain occurs.
It is cleared by writing to the RMVF bit.
CraBuTcs anmnapaTHo, Korja ciydaercs copoc ot HezaBucumoro WatchDog, a ouniaercst 3anucbio
B 6ut RMVF.
0: No watchdog reset occurred (Het copoca ot nHezaBucumoro WatchDog)
1: Watchdog reset occurred (Cayuuics copoc ot HezaBucumoro WatchDog)



Bit 28 SFTRSTEF: Software reset flag (®aar copoca ot "IIporpammuoro copoca')
Set by hardware when a software reset occurs. It is cleared by writing to the RMVF bit.
CraButcs anmnapatHo, korja ciaydaercs "[IporpammHsblil cOpoc”, a oumIaeTcs 3amuchbio B OUT
RMVF.
0: No software reset occurred (Het cOpoca ot "[Iporpammuoro copoca')
1: Software reset occurred (Cmyumicst copoc ot "IIporpammuoro copoca')

Bit 27 PORRSTF: POR/PDR reset flag (®aar copoca ot "Ilogaun/Casitust nuranus'")
Set by hardware when a POR/PDR reset occurs. It is cleared by writing to the RMVF bit.
CraButcs anmnapatHo, korja ciydaercs ot "[lonaun/CHatus nutanus', a OUMIIAeTCs 3aM1ChI0 B
our RMVF.
0: No POR/PDR reset occurred (Het copoca or POR/PDR)
1: POR/PDR reset occurred (Cayuunics copoc or POR/PDR)

Bit 26 PINRSTF: PIN reset flag (®aar copoca ot BeiBoaa ""Copoca'')
Set by hardware when a reset from the NRST pin occurs.
It is cleared by writing to the RMVF bit.
CraBuTtcs anmapatHo, Korjaa ciydaercs oT BeiBoga NRST, a ounmaercs 3anuceio B Outr RMVF.
0: No reset from NRST pin occurred (Her copoca ot BeiBoga NRST)
1: Reset from NRST pin occurred (Ciyumicst copoc ot BeiBoga NRST)

Bit 25 Reserved
always read as 0. (Bcerna unraercs kak '0'".)

Bit 24 RMVF: Remove reset flag (Ouuctka ¢iaros copoca)
Set by software to clear the reset flags.
CraBuTCs IPOrpaMMHO, YTOOBI OUUCTHUTD (haru cOpoca.
0: No effect (Her addexra)
1: Clear the reset flags (Ounctka dmaros copoca)

Bits 23:2 Reserved
always read as 0. (Bcerga unraercs kak '0'.)

Bit 1 LSIRDY: Internal low speed oscillator ready
I'0TOBHOCTH BHYTPEHHEIr0 HU3K0-4aCTOTHOI'0 FeHepaTopa
Set and cleared by hardware to indicate when the internal RC 40 kHz oscillator is stable. After the
LSION bit is cleared, LSIRDY goes low after 3 internal 40 kHz RC oscillator clock cycles.
CtaBuUTCS ¥ OUYHUIIACTCS anmapaTHo, YTOOkI Moka3aTth, 4to BHyTpeHHHUH 40 kI'11 RC reneparop
crabunmsupoBaiucs. Heooxomaumo 3 mukia TaktoBoro curnana ot BHyTpennero 40 kI['ig RC
reHeparopa, uToosl 3ToT OuT nepemren B '0' mocne copoca 6mra LSION.
0: Internal RC 40 kHz oscillator not ready (Buyrpennnii 40 k' RC reneparop He roToB)
1: Internal RC 40 kHz oscillator ready (Buyrpennnii 40 xI'1t RC renepatop roton)

Bit 0 LSION: Internal low speed oscillator enable
Pa3penienne BHyTPeHHEro HU3KO-4aCTOTHOTO TeHepaTopa
Set and cleared by software. (CTaBuTCSt 1 OUHIIIAETCS TPOTPAMMHO. )
0: Internal RC 40 kHz oscillator OFF (Buytpennuii 40 kI'tt RC renepatop BBIKIIOYEH)
1: Internal RC 40 kHz oscillator ON (Buyrpennwuii 40 k't RC reneparop BKIIOYEH)



7.3.11 AHB peripheral clock reset register (RCC_AHBRSTR)

Peructp copoca nepudgepun AHB

Address offset: 0x28

Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

Hert coctostHus 0)kuaaHust, JOCTYH CIOBHBIN, TIOJYCIIOBHBIA U OaHTOBBIN

| 30 2o 2B 27 26 25 24 23 2z 3| 20 18 18 17 16
Reserved
15 14 13 12 11 10 ] B 7 6 5 4 3 2 1 0
ETHMAC OTGFS
RST RST
Res. Res. Reserved

ny e

Bits 31:15, 13, 11:0 Reserved: always read as 0. (Bcerna uyurtatorcs xak '0'.)

Bit 14 ETHMACRST Ethernet MAC reset (Copoc Ethernet MAC)

Bit 12 OTGFSRST USB OTG FS reset (Copoc USB OTG FS)

Set and cleared by software. (CtaBsATCS 1 OYMIIAIOTCS TIPOTPAMMHO. )

0: No effect (Het a¢pexra)
1: Reset interface (COpoc ykazaHHOTro HHTEpderica)

7.3.12 Clock configuration register 2 (RCC_CFGR?2)

Peructp KoHGUIrypauuu TAKTOBBIX 2

Address offset: 0x2C

Reset value: 0x0000 0000

Access: no wait state, word, half-word and byte access

Hert coctosiaust o’kxumanusi, JOCTYN CIOBHBIN, TTOJYCIIOBHBIA U OAHTOBBIN

31 30 29 28 27 o8 25 24 23 22 21 20 19 18 17 18
12535 | 12528 | PREDI
Reserved AC AC |wiSAC
e e e
15 14 13 12 1 10 ) B 7 g 5 4 3 2 1 0
PLLAMUL[3:0] PLL2MUL[3:0] PREDIV2[3:0] PREDIV1[3:0]
e | ] | e | i e | e | e | e e | e | ] | e e | e | e | e

Bits 31:19 Reserved
always read as 0. (Bcerga unraercs kak '0'.)

Bit 18 12S3SRC: 1283 clock source (McToUYHUK TAKTOBOTO curHaJja auas 12S3)
Set and cleared by software to select 12S3 clock source. This bit must be valid before enabling 12S3
clock. CtaBuTcs 1 ouMIaeTCsi MPOrpaMMHO, YTOOBI BBIOPAaTh UCTOYHUK TAKTOBOT'O CUTHAJA JJIst
12S3. OtoT OUT TOMKEH OBITH KOPPEKTHBIM Iepe]l ojaueii TakroBoro Ha 12S3.

0: System clock selected as 12S3 clock entry

B kauectBe TakToBoro /s 12S3 BeiOpan cuctemusiii TakToBbIN curHaln (SYSCLK)

1: PLL3 VCO clock selected as 12S3 clock entry
B kauectBe TaktoBoro /i 12S3 BeiOpan curnan ¢ PLL3 VCO




Bit 17 12S2SRC: 12S2 clock source (McToYHMK TAKTOBOrO cUrdasa s 12S2)
Set and cleared by software to select 12S2 clock source. This bit must be valid before enabling 12S2
clock. CraBuTcs 1 OUYHIaeTCs NPOrPaAMMHO, YTOOBI BEIOPATh HCTOYHUK TAKTOBOTO CUT'HAJIA JIS
12S2. DroT OuT MOIKEH OBITH KOPPEKTHBIM TIEpe]T MoAadeh TakToBoro Ha 12S2.
0: System clock (SYSCLK) selected as 12S2 clock entry
B kauectBe TakToBoTO /U1t 12S2 BRIOpaH cuctemMHbIi TakToBBIN curHai (SYSCLK)
1: PLL3 VCO clock selected as 12S2 clock entry
B kagectBe TakroBoro /It 12S2 BeiOpan curnan ¢ PLL3 VCO

Bit 16 PREDIV1ISRC: PREDIV1 entry clock source
HcTounuk TakToBOro curuaja s sxoga PREDIV1
Set and cleared by software to select PREDIV1 clock source. This bit can be written only when
PLL is disabled. CtaBuTCst 1 0UnIIaeTCsi MPOrpaMMHO, YTOOBI BEIOpATh UCTOYHHUK TAKTOBOTO
curHana st geaurenss PREDIV1. DToT OUT MOKHO MEHSTEH TOJIBKO Toraa, korna PLL oTkiIrodeH.
0: HSE oscillator clock selected as PREDIV1 clock entry
B kauectBe curnana mist Bxoaa aenurenst PREDIV1 Beiopan HSE renepatop
1: PLL2 selected as PREDIV1 clock entry
B kauectBe curnana mist Bxoaa aenurenst PREDIV1 Beiopan PLL2

Bits 15:12 PLL3MUL[3:0]: PLL3 Multiplication Factor (Kod¢duuuent ymuoxkenus aias PLL3)
Set and cleared by software to control PLL3 multiplication factor. These bits can be written only
when PLL3 is disabled.

CraBATcsl ¥ OYUIIAIOTCS MMPOTPAMMHO, YTOOBI YIPABIATE KA huimeHToM ymMHOKenus st PLL3.
OTH OUTHI MOKHO MEHATH TOJNILKO Torna, korga PLL3 oTkimrodeH.

00xx: Reserved

010x: Reserved

0110: PLL3 clock entry x 8

0111: PLL3 clock entry x 9

1000: PLL3 clock entry x 10

1001: PLL3 clock entry x 11

1010: PLL3 clock entry x 12

1011: PLL3 clock entry x 13

1100: PLL3 clock entry x 14

1101: Reserved

1110: PLL3 clock entry x 16

1111: PLL3 clock entry x 20

Bits 11:8 PLL2MUL[3:0]: PLL2 Multiplication Factor (Ko3¢¢duuunent ymHo:xxenus ais PLL2)
Set and cleared by software to control PLL2 multiplication factor. These bits can be written only
when PLL2 is disabled. CtaBsiTcs n oUMIaroTcs MpOrpaMMHO, YTOOBI YIPABIATh KOAPPHUIUEHTOM
ymuoxkeHus 1y PLL2. 3T GUThI MOXHO MEHSITh TOJIBKO Toraa, kKorna PLL2 oTkirodeH.

00xx: Reserved

010x: Reserved

0110: PLL2 clock entry x 8
0111: PLL2 clock entry x 9
1000: PLL2 clock entry x 10
1001: PLL2 clock entry x 11
1010: PLL2 clock entry x 12
1011: PLL2 clock entry x 13
1100: PLL2 clock entry x 14
1101: Reserved

1110: PLL2 clock entry x 16
1111: PLL2 clock entry x 20



Bits 7:4 PREDIV2[3:0]: PREDIV2 division factor (Koa¢uuuenr nenenns a1 PREDIV?2)
Set and cleared by software to select PREDIV2 division factor. These bits can be written only when
both PLL2 and PLL3 are disabled.

CtaBsTCsl ¥ OUMIIAIOTCS MPOTPAMMHO, YTOOBI YIPaBisATh Kodhdumuerntom nenerust PREDIV2.
OTH OMTBI MOXKHO MEHSTH TOILKO Toraa, korna PLL2 u PLL3 oTKIIO4YeHBI.

0000: PREDIV2 input clock not divided

0001: PREDIV2 input clock divided by 2

0010: PREDIV2 input clock divided by 3

0011: PREDIV2 input clock divided by 4

0100: PREDIV2 input clock divided by 5

0101: PREDIV2 input clock divided by 6

0110: PREDIV2 input clock divided by 7

0111: PREDIV2 input clock divided by 8

1000: PREDIV2 input clock divided by 9

1001: PREDIV2 input clock divided by 10

1010: PREDIV2 input clock divided by 11

1011: PREDIV2 input clock divided by 12

1100: PREDIV2 input clock divided by 13

1101: PREDIV2 input clock divided by 14

1110: PREDIV2 input clock divided by 15

1111: PREDIV2 input clock divided by 16

Bits 3:0 PREDIV1[3:0]: PREDIV1 division factor (Ko dunuenr nesenus aiasa PREDIV1)
Set and cleared by software to select PREDIV1 division factor. These bits can be written only when
PLL is disabled.

Note: Bit(0) is the same as bit(17) in the RCC_CFGR register, so modifying bit(17) in the
RCC_CFGR register changes Bit(0) accordingly.
CraBsTC U OYHMIIAIOTCS MPOrPAMMHO, YTOOBI YIPaBIATh KodpduunenTom aenenuss PREDIVI.
OTH OUTHI MOKHO MEHATH TOJILKO Toraa, korga PLL oTkimrodeH.
Note: Bit(0) - aTo TOT )¢ camblii 6ut, uro u bit(17) B peructpe RCC_CFGR, nostomy,
m3menenue bit(17) B peructpe RCC_CFGR usmenser u bit(0) cCOOTBETCTBEHHO.

0000: PREDIVI1 input clock not divided

0001: PREDIVI input clock divided by 2

0010: PREDIVI input clock divided by 3

0011: PREDIVI input clock divided by 4

0100: PREDIVI1 input clock divided by 5

0101: PREDIV1 input clock divided by 6

0110: PREDIVI input clock divided by 7

0111: PREDIVI input clock divided by 8

1000: PREDIVI input clock divided by 9

1001: PREDIVI input clock divided by 10

1010: PREDIVI input clock divided by 11

1011: PREDIVI input clock divided by 12

1100: PREDIV1 input clock divided by 13

1101: PREDIVI input clock divided by 14

1110: PREDIVI input clock divided by 15

1111: PREDIVI input clock divided by 16

7.3.13 RCC register map (Kapta peructpo RCC)

The following table gives the RCC register map and the reset values.
B tabnuue Hmke nana kapra peructpoB RCC u ux 3HaueHue nocie copoca.

Table 16. RCC register map and reset values
Kapta peructpoB RCC u ux 3Hauenue nocie copoca
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Refer to Table 1 on page 41 for the register boundary addresses.

Cwm. Tabn. 1, rae naHsl OTHOCUTENBHBIE aJIpeca PETUCTPOB.



8 General-purpose and alternate-function I/Os (GPIOs and AFIOs)
OcHoBHbIC M ajibTepHATHBHbIE PyHkuu I/0

(30ecv naxooumcs pumyanvroe nanomunanue o Hanuuuu 4-x cemeticme onss STM32F10xxx, u
umo amom OOKyMeHm 000 8cex cemeltcmeaax, eciu Hem npsamozo ykasanus. Cm. pasoen 1.2 I'noccapuid).)

8.1 GPIO functional description (®ynkunonansnoe onucanue GPIO)
8.2 GPIO registers (Peructpet GP10)

8.3 Alternate function I/0O and debug configuration (AFIO)
AnbrepHaTuBHble QyHKIMU 1/O 1 KOHDUTrypalis TopTa OTJIAIKU

8.4 AFIO registers (Peructpet AF1O)

8.5 GPIO and AFIO register maps (Kapta peructpos GPIO u AFIO)

8.1 GPIO functional description (PynkuuonanbHoe onucanue GPI0O)

8.1.1 General-purpose I/O (GPIO) (I/0 obmero nazHauenus (GPIO))

8.1.2 Atomic bit set or reset (ATomMapHbIi cOpOC U yCTaHOBKA OHTa)

8.1.3 External interrupt/wakeup lines (JInHuM BHEITHETO MpepbIBAHUS/TIPOOYKICHIS)

8.1.4 Alternate functions (AF) (AnpTepHaTUBHBIC (DYHKIINH)

8.1.5 Software remapping of I/O alternate functions (IlepHaznaueHre anbTepHATUBHBIX (YHKIIHIA)
8.1.6 GPIO locking mechanism (Mexauu3m 6okupoBku GPIO)

8.1.7 Input configuration (Kondurypamus BeiBoga kak "Bxox'")

8.1.8 Output configuration (Kondwurypamus seiBosa xak "Berxoxa™)

8.1.9 Alternate function configuration (Kondurypanus BeiBoaa kak "AnbTepHaTUBHAS QYHKIUS")
8.1.10 Analog input configuration (Kondurypamnus BeiBoga kak "AHaI0roBblii BXoA'")

8.1.11 Peripherals’ GPIO configurations (Koudurypauus GP1O ans unrepdeiicoB uunrma)

Each of the general-purpose I/O ports has two 32-bit configuration registers (GPIOx CRL,
GPIOx_CRH), two 32-bit data registers (GPIOx_IDR, GPIOx_ODR), a 32-bit set/reset register
(GPIOx_BSRR), a 16-bit reset register (GPIOx BRR) and a 32-bit locking register (GPIOx LCKR).
Kaxnpriit u3 noptoB I/0Q obmiero Ha3Ha4eHUS IMEET J1Ba 32-X pa3psIHBIX pETUCTpa KOH(pUTypanun
(GPIOx_CRL, GPIOx_CRH), nBa 32-x pa3psaanbix peructpa gauisix (GPIOx _IDR, GPIOx_ODR),
32-x pa3psinabiii peructp ycraHoBku/copoca (GPIOx_BSRR), 16-tu pa3psaHbiii peructp copoca
(GPIOx_BRR) u 32-x pa3psansiii peructp 61okupoBku (GPIOx_LCKR).

Subject to the specific hardware characteristics of each 1/O port listed in the datasheet, each port
bit of the General Purpose 10 (GPIO) Ports, can be individually configured by software in several modes:
AnmnapatHble xapakTepuctuku kaxzaoro I/0 nmopra npusenens! B Tadbnune B datasheet. Kaxpiit 6ut 1/0
nopta obmiero HazHaueHHst (GPIO) MoxeT ObITh MHIUBUAYATEHO CKOH(PUTYPHPOBAH IPOrpaMMOil B
OJIMH U3 HECKOJBKUX PEKUMOB:

— Input floating ("IInaBarormmit" Bxom)

— Input pull-up (Bxon, npuTsHyTHINi K HENH MUTAHNSA )

— Input-pull-down (Bxoa, mpuTsSHyTHIN K OOIICH IIETIH)

— Analog Input (AHan0TrOBBIi BXO)

— Output open-drain (BbIxoJ ¢ OTKPBITEIM KOJJIEKTOPOM )

— Output push-pull (JIByXTaKkTHBIH BBIXON)

— Alternate function push-pull (JIByXTakTHBIN BBIXOJT aTbTEPHATUBHOU (PYHKITHH )

-- Alternate function open-drain (BeIxo/ ¢ OTKPBITBIM KOJJIEKTOPOM alIbTePHATUBHOMN (DYHKITHN )

Each 1/0O port bit is freely programmable, however the I/O port registers have to be accessed as
32-bit words (half-word or byte accesses are not allowed). The purpose of the GPIOx BSRR and
GPIOx_BRR registers is to allow atomic read/modify accesses to any of the GPIO registers. This way,



there is no risk that an IRQ occurs between the read and the modify access.

Kaxnprit out 1/0 mopTa nporpaMMHUpyeTCsl HE3aBUCUMO, OJTHAKO, K PETHCTPaM MOPTa HY)KHO 00pammaThes
32-X pa3psiIHBIMU CIIOBaMH (TIOJIYCIIOBHBIN WM OaTOBBIN 1OCTYM He pa3penieH). HasHauenune perucTpon

GPIOx_BSRR 1 GPIOx_BRR cocTouT B TOM, 4YTOOBI 00ECTICUUTHh AaTOMAPHBIN TOCTYIT YTEHUS-

moudukarmu K modomy u3 GPIO peructpos. Ilpu 3ToMm criocobe HEeT HUKAKOro prcKa, 4To MPOU30MIeT

3aIlpoc Ha MpepbIBaHNE MEX]Ty YUTCHHEM U MOAU(]UKAIHEH.

Figure 13 shows the basic structure of an I/O Port bit.
Pucynox 13 nokassiBaeT 6110K-cxemy Jij1st omHoro 6uta I/0 mopra.

Figure 13. Basic structure of a standard I/O port bit (biok-cxema crangaptaoro I/0 nopra)
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1. VDD FT is a potential specific to five-volt tolerant I/Os and different from VDD.
Llens VDD _FT cneuuduuna as /0, Tepnumbix kK HanpspkeHuto S B, u ona otnmvaercst ot VDD.

Table 17. Port bit configuration table (buTtsl KoHGHUTYpaIUy TOPTA)

Configuration mode CNF1 CNF0 MODE1 MODEO0 f:g(l)s]t)::
Push-pull 0 Oorl
General purpose output Open-drain 0 %} (1)(1)
Alternate Function output giz}:iitgin 1 ﬁul) see Tcllllyle 18 /ﬁ_jzz’t ::
‘Analog input ‘ 0 0 don’t care
Input ‘Input floating ‘ 1 00
‘Input pull-down ‘ E
‘Input pull-up ‘ : 0 1
Table 18. Output MODE bits (butsl pexx1uMoB BbIX0Aa)
| MODE]1:0] [ Meaning |
‘ 00 HReserved ‘
‘ 01 HMax. output speed 10 MHz ‘
‘ 10 HMax. output speed 2 MHz ‘
‘ 11 HMax. output speed 50 MHz ‘

8.1.1 General-purpose I/0 (GPIO) (I/O o61mero Ha3Ha4yeHust)

During and just after reset, the alternate functions are not active and the I/O ports are configured in
Input Floating mode (CNFx[1:0]=01b, MODEXx[1:0]=00b).
B mpornecce cOpoca u cpasy mocie Hero, abTepHATHUBHbBIC (DYHKIIUH HE SIBJISIOTCS aKTUBHBIMH, U BHIBOJIBI
I/0 noptoB ckoHpuUTypupoBaHb! Kak "turaBatontue” BXxoasl (Input Floating) (CNFx[1:0]=01b,
MODEXx[1:0]=00b).

The JTAG pins are in input PU/PD after reset:
BeiBogsl uatepdeiica JTAG Haxoasatcs B pexumax input PU/PD nocne copoca.

PA15: JTDI in PU (IIpursHyTslii BBEpX)
PA14: JTCK in PD (IlputsHyTblil BHU3)
PA13: JTMS 1in PU (IIputsHyThIii BBEPX)
PB4: INTRST in PU (IlputsHyTblii BBEpX)

When configured as output, the value written to the Output Data register (GPIOx_ODR) is output
on the I/O pin. It is possible to use the output driver in Push-Pull mode or Open-Drain mode (only the N-
MOS is activated when outputting 0). Ilpu koHpUryprpOBaHHU BBIBOJOB KaK BBIXOJ0B, 3HAUECHUE,
3alMCaHHOE B perucTp BoIXOAHBIX HJaHHBIX GPIOX_ ODR, noctynaet Ha BbIX0J. BbixomHoM npaiBep
MOYKHO UCIIOJIb30BaTh B IBYXTAKTHOM pexxuMe (Push-Pull) unu B pesxuMe ¢ OTKPBITBIM KOJIJIEKTOPOM
(Open-Drain) (npu BeiBoAe 0 akTuBU3UpyeTCs TOAbKO HIKHUN n-MOII Tpan3ucTop kitoua).

The Input Data register (GPIOx IDR) captures the data present on the I/O pin at every APB2
clock cycle. Peructp Bxoanbix ganaeix GPIOx_IDR 3amenkuBaeT naHHble, IpeCTaBICHHBIE HA




BXOJHBIX BBEIBOJIAX Ha KaXXIOM TaKTOBOM Iukie HIUHEI APB2.

All GPIO pins have an internal weak pull-up and weak pull-down which can be activated or not
when configured as input. Bce BeiBogbl GPIO uMeroT BHyTpeHHHE PEe3UCTOPHI, MMOATATHBAIONINE 1IETTh
BBEPX HJIU BHHU3, KOTOPBIE MOKHO aKTUBUPOBATh, KOT/Ia BBIBOJI KOH(DUTYPHPYETCS KaK BXO/I.

8.1.2 Atomic bit set or reset (ATomapHbIi cOpoc 1 YCTAHOBKA OHUTA)

There is no need for the software to disable interrupts when programming the GPIOx ODR at bit
level: it is possible to modify only one or several bits in a single atomic APB2 write access. This is
achieved by programming to ‘1’ the Bit Set/Reset Register (GPIOx_BSRR, or for reset only
GPIOx_BRR) to select the bits you want to modify. The unselected bits will not be modified.

Het HuKkakoil He0OOXOAMMOCTH B TIPOTPAMMHOM OTKITFOYSHUH TPEPHIBAHAN HAa BPEMsl TPOrPaMMHPOBAHUS
GPIOx_ODR Ha ypoBHE OUTOB: BIIOJIHE BO3MOXHO U3MEHUTh OJMH WJIK HECKOJIBKO OMTOB B
€IMHCTBEHHOM aTOMapHOM JIOCTYyIIE Ha 3anuch kK mmHe APB2. OTo nocturaercs yctaHoBKOi B '1'
HYXXHBIX OMTOB B peructpax ycraHoBku/copoca (peructp GPIOx_BSRR, unu, ecinu HyeH TOJIBKO
copoc, To GPIOx_BRR), uToObI BEIOpaTh T€ OUTHI, KOTOPBIE BBl XOTUTE U3MEHUTh. HeBbIOpaHHbBIE OUTHI
He OyIyT MOJU(PHUINPOBATHCS.

8.1.3 External interrupt/wakeup lines (JIunHun BHemIHero npepbIiBaHus/IPo0y-KIeHMs )

All ports have external interrupt capability. To use external interrupt lines, the port must be
configured in input mode. For more information on external interrupts, refer to:
BbIBO/IBI BCEX TOPTOB MOXKHO HCIIONIB30BATh KaK BXOJIbI BHEIIHUX MPEepbIBaHUI. UTOOBI HCIIOIB30BATH
BBIBOJI B 3TOM PEKUME, OH JIOJDKEH OBITh CKOH(UTYPHPOBaH Kak BXOA. JIs MOTydeHHs JOTOIHUTEIbHON
MH(OPMALIMU O BHEIIHUX NPEPHIBAaHUAX, 0OPAaTUTECH K:

* Section 9.2: External interrupt/event controller (EXTI) on page 174 and
Pazneny 9.2 "External interrupt/event controller (EXTI)"

» Section 9.2.3: Wakeup event management on page 175.
Pazneny 9.2.3 "Wakeup event management'"

8.1.4 Alternate functions (AF) (AJibTepHaTHBHBIE QyHKIINN)

It is necessary to program the Port Bit Configuration Register before using a default alternate
function. [Ipexie 4eM UCIOBb30BaTh ATBTEPHATHBHYIO (DYHKIIHIO [0 YMOTYaHHUIO, HEOOXOIUMO
POTPaMMHUPOBATh PETUCTP KOH(HUTYpaluu OUTOB MOPTA.

* For alternate function inputs, the port must be configured in Input mode (floating, pull-up
or pull-down) and the input pin must be driven externally.
J11s allbTepHATUBHBIX BXOAHBIX (DYHKIIUH MOPT AOJDKEH OBITH CKOHDUTYPHUPOBAH B PEKUME
JIbTEPHATHBHOTO BX0/1a (TIJIABAOILIETO, MOATIHYTOIO BBEPX WM MPUTSIHYTOTO BHU3), U Ha BXOJ
JIOJDKEH TT0/1aBaThCS BHEITHHIA CUTHAIT.

Note: It is also possible to emulate the AFI input pin by software by programming the GPIO controller. In this
case, the port should be configured in Alternate Function Output mode. And obviously, the corresponding port
should not be driven externally as it will be driven by the software using the GPIO controller.

Note: Bo3modcho makaice npocpamMmuo dIMyauposams CUSHATL HA ATbMePHANUBHOM 6X00e, NPO2PaAMMUPY3L
xkonmponnep GPIO. B smom cayuae, nopm 0ondicen Obimb KOHDUSYPUPOBAH KAK AlbMEPHAMUBHbBII 8b1X00. M
0YeBUOHO, UMO HA COOMBEMCMBYIOWULL 8bIBOO He O0JINHCEH N00ABAMbCA GHEUHUL CUSHAIL, NOCKOILKY OH Oydem
VIPABIAMbCSL NPOSPAMMHO, ¢ nomoubio konmpoaiepa GPIO.



* For alternate function outputs, the port must be configured in Alternate Function Output
mode (Push-Pull or Open-Drain).
J1J1s1 alTbTepHATUBHBIX BBIXOJHBIX (DYHKIIMHA TIOPT JOJDKEH OBITh CKOH(MUTYPUPOBAH B pEXKHME
QIBTEPHATHBHOTO BBIXO/A (IBYXTAKTHOTO HIIU C OTKPBITHIM KOJUIEKTOPOM).

* For bidirectional Alternate Functions, the port bit must be configured in Alternate Function
Output mode (Push-Pull or Open-Drain). In this case the input driver is configured in input
floating mode
Jln1st IByHAIIPaBIICHHBIX aTbTEPHATUBHOTO (YHKIIMK TIOPT JOJDKEH OBITh CKOH(MUTYPUPOBAH TAKKE
B PEXKUME aTbTEPHATHBHOTO BBIXO/Ia (ABYXTAKTHOTO MIJIA C OTKPBITHIM KOJUIEKTOpOM). B aToM
citydae KOHQUTYpUPYETCS U BXOIAHOM IpaliBep Ha PEXKHUM IUIABAIOIIETO BXO/IA.

If you configure a port bit as Alternate Function Output, this disconnects the output register and
connects the pin to the output signal of an on-chip peripheral.
Ecnu BbI KOHUTYpHpYeTe OUT MmopTa IS ANbTEPHATHBHON BBIXOAHOH (DYHKIIHH, 3TO OTKIFOYUT €T0 OT
perucTpa BbIXOAHBIX JIaHHBIX U MOIKIIOYUT K BHIXOJIHOMY CUT'HAy nepudepuu dyuna.

If software configures a GPIO pin as Alternate Function Output, but peripheral is not activated, its
output is not specified.
Ecnu nporpamma koudurypupyetr GPIO BbIBOA 117151 albTEpHATUBHON BBIXOIHON (DYHKIIMH, HO
nepudepursi He aKTUBUPOBAHA, TO €€ BHIXOIHOM CUTHAI HE ONpEeIeH.

8.1.5 Software remapping of I/O alternate functions
IIporpaMMHOe nepHa3HAYEHHE ATbTEPHATUBHBIX PYHKIMA

To optimize the number of peripheral I/O functions for different device packages, it is possible to
remap some alternate functions to some other pins. This is achieved by software, by programming the
corresponding registers (refer to AFIO registers on page 158. In that case, the alternate functions are no
longer mapped to their original assignations.

YroOBI OITUMHU3UPOBATH YHCIIO HHTEP(EHCOB, MOAKIIOYCHHBIX K YATIAM B Pa3JIMYHBIX KOpITycax,
BO3MOJKHO TIEpPEHA3HAUYUTh HEKOTOPHIC aIbTepPHATUBHBIC (DYHKIIUH HA IPYTHe BHIBOABL. DTO TOCTHTACTCS
"

POTPaMMHO, KOH(PHTYpanrei COOTBETCTBYIONINX PEruCTpoB (0OpaTtuTech K pazzaeny 8.4 "Perucrper
AFIO". B sTtoMm cityuyae, anbTepHaTUBHBIE (YHKIUH OOJIbIIE HE MOJKIIOYEHBI K UX UCXOAHBIM BBIBOJAM.

8.1.6 GPIO locking mechanism (Mexauu3m 0s0kupoBku GPIO)
The locking mechanism allows the 1O configuration to be frozen. When the LOCK sequence has
been applied on a port bit, it is no longer possible to modify the value of the port bit until the next reset.
Mexanu3M OJOKHPOBKH MO3BOJISIET ""3aMopo3uTh" kKoHpuryparuto I/0 nopros. Korna, k 6uty mopra

Obl1a MPUMEHEHA MOCIEA0BATEILHOCTh MPOLEAYPhI OJIOKHPOBKH, TO €r0 KOHPHUTypaIuo 00JIbIle HeIb3s
M3MEHUTBH JI0 CcIexyroniero copoca.

8.1.7 Input configuration (Kondurypauus seiBoaa kak ""Bxoxa'"')

When the I/O Port is programmed as Input: (Koraa I/O nopt nporpammupyetcs kak "Bxoxa'":)

* The Output Buffer is disabled. (OTkimtouaercs Oydep BRIXOAHBIX JaHHBIX.)
* The Schmitt Trigger Input is activated. (AxTuBu3upyercs BxoaHoi tpurrep Llmuara.)

* The weak pull-up and pull-down resistors are activated or not depending on input
configuration (pull-up, pull-down or floating).



B 3aBucuMocTH OT KOH(UTYpaIK BX0a MOXKET akTuBUpoBaThes pull-up n/nnu pull-down
pe3ucTop.

* The data present on the I/O pin is sampled into the Input Data Register every APB2 clock
cycle.
Jlannsbie, npeactarieHHbie Ha 1/0Q BbIBOJIE, 3aIIETKUBAIOTCS B pErHCTp BXOAHBIX HaHHBIX (IDR)
Ka)kIbli TakT UHLEI APB2.

* A read access to the Input Data Register obtains the I/O State.
Hoctyn urenus k peructpy IDR Bo3Bpamaer cocrosaue I/0 BpIBOIOB MopTa.

The Figure 15 on page 142 shows the Input Configuration of the I/O Port bit.
Puc. 15 nokasbiBaet koHurypamuio BsiBosa I/0 nopra kak Bxona.

Figure 15. Input floating/pull up/pull down configurations
Kondurypauus miasaroniero, HoATSHYTOIO BBEPX/BHU3 BX0/1a
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1. VDD FT is a potential specific to five-volt tolerant I/Os and different from VDD.
errs VDD _FT cnenuduuna mist 1/0, TepriiuMbix kK HanpsbkeHuto S B, u ona otmmuaercs ot VDD.

8.1.8 Output configuration (Konpurypauust Boisoga kak '"'Boixoa'')

When the I/O Port is programmed as Output: (Korga I/O nopt nporpammupyetcs kak "Bpixon'":)

* The Output Buffer is enabled: (ITonxmrodaercst 6ydep BEIXOTHBIX JaHHBIX )

* Open Drain Mode: A “0” in the Output register activates the N-MOS while a “1” in
the Output register leaves the port in Hi-Z. (the P-MOS is never activated)
B pexume "c OTKpbITBIM KOJITIEKTOpOM': 3HaueHue '0' B perucTpe BHIXOHBIX JaHHBIX
(ODR) aktuBuzupyet Tpanzuctop n-MOII kimtoua, a 3HaueHue '1' ocTaBiIseT KIOY MopTa B
BBICOKO-UMIIETAHCHOM COCTOSTHUH (TpaH3uctop p-MOII Hukora He aKTUBU3UPYETCS).

* Push-Pull Mode: A “0” in the Output register activates the N-MOS while a “1” in
the Output register activates the P-MOS.
B pexume "nByxtaktHbeiit": 3Hauenue '0' B peructpe BoIXoAHbIX JaHHBIX (ODR)
aktuBu3upyet Tpanzuctop n-MOII kiroua, a 3Hayenue '1' - p-MOII.



* The Schmitt Trigger Input is activated. (AxTuBu3upyercst Bxoanoi tpurrep Llmuara.)

* The weak pull-up and pull-down resistors are disabled.
pull-up u pull-down pe3nucTopsl OTKIOYAIOTCA.

* The data present on the I/O pin is sampled into the Input Data Register every APB2 clock
cycle. JlanHsbie, mpejcraBieHHble Ha I/O BBIBOJIE, 3AIENKHBAOTCS B PETHCTP BXOTHBIX JTAHHBIX
(IDR) kax b1t TakT muHbl APB2.

* A read access to the Input Data Register gets the I/O state in open drain mode
Hoctyn utenus k peructpy IDR Bo3Bpamaer coctossuue 1/0 BbIBOJOB 1opTa B pekume "c
OTKPBITHIM KOJUIEKTOpOM".

* A read access to the Output Data register gets the last written value in Push-Pull mode
Hoctymn utenus k peructpy ODR Bo3BpaiiaeT nocieiHee 3aMcaHHOe B HErO 3HAYEHHUE B PEKUME
"MBYXTaKTHBIN".

The Figure 16 on page 143 shows the Output configuration of the I/O Port bit.
Puc. 16 nmokassiBaeT koHpuUrypamuto BeiBoaa I/Q mopra kak BeIxoja.

Figure 16. Output configuration (Koundurypamus Berxosa)
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1. VDD FT is a potential specific to five-volt tolerant I/Os and different from VDD.
Ilens VDD_FT cneuuduyna ms 1/0, repnumMbix K HanpspkeHuto 5 B, u ona otinuaercs ot VDD.

8.1.9 Alternate function configuration
Kondurypauus BpiBoaa kak "AnbrepHaTuBHas QpyHKuus'"

When the I/0O Port is programmed as Alternate Function:
Korga I/0 nopt nporpamMupyetcs kak "AnbrepHaTuBHAs QyHKIUA":

* The Output Buffer is turned on in Open Drain or Push-Pull configuration
[Toaxmrouaercst Oydep BHIXOMHBIX TAHHBIX B PEKUME "C OTKPBITBIM KOJIJIEKTOPOM' HITH
"MIBYXTaKTHBIN"



* The Output Buffer is driven by the signal coming from the peripheral (alternate function
out) Bydep BBIXOAHBIX JAHHBIX YIPABISIETCS CUTHAJIOM, IPUXOAAIINM U3 HHTepdeiica (pyHKIus
I TEPHATHBHOTO BBIXOJIA)

* The Schmitt Trigger Input is activated (AxTuBusupyercst BXxoanoi tpurrep Llmuara)

* The weak pull-up and pull-down resistors are disabled.
pull-up u pull-down pe3ucTOpbI OTKITIOYAOTCA.

* The data present on the I/O pin is sampled into the Input Data Register every APB2 clock
cycle [lannbie, npeacraBieHHbIe Ha 1/O BbIBOIE, 3aIIEIKUBAIOTCS B PETUCTP BXOIHBIX JTAHHBIX
(IDR) kax b1t TakT mnHbsl APB2

* A read access to the Input Data Register gets the 1/O state in open drain mode
Hoctyn urenus k peructpy IDR Bo3Bpamaer coctosinue I/0 BbIBOAOB mopTa B pekume ''c
OTKPBITHIM KOJJIEKTOPOM".

* A read access to the Output Data register gets the last written value in Push-Pull mode
Hoctymn utenus k peructpy ODR Bo3BpaiiaeT nocieHee 3aMcaHHOe B HErO 3HAYEHHUE B PEKUME
"MBYXTaKTHBIN".

The Figure 17 on page 144 shows the Alternate Function Configuration of the I/O Port bit. Also,

refer to Section 8.4: AFIO registers on page 158 for further information.
Puc. 17 nokasbiBaet koHpuUrypamuio BeiBosa I/0 mopra kak anbrepHatuBHOU (yHKuuu. Kpome toro,
obpartutecsk k pazneny 8.4 "Peructper AFIOQ" 3a monoaHUTEIbHON HHPOPMAITHEH.

A set of Alternate Function I/O registers allow you to remap some alternate functions to different

pins. Refer to ..?? (Pebsama moponunuco ouens...)
HabGop peructpoB anbTepHATUBHBIX (DYHKITUH TIO3BOJISIET BaM MepeHa3HAYATh HEKOTOPHIC
IbTEpPHATHBHBIC (DYHKITUH HA IPYTHE BHIBOIBI.

Figure 17. Alternate function configuration (Kondurypauus ansrepHaTUBHON QYyHKIINH)
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1. VDD FT is a potential specific to five-volt tolerant I/Os and different from VDD.

Llens VDD _FT cnemuduyna as I/0, Tepnumbix kK HanpspkeHuto 5 B, u ona otnmvaercst ot VDD.



8.1.10 Analog input configuration (Konpurypanusi BbiBoga kak ' AHaJoroBbiii Bxoa'')

When the I/O Port is programmed as Analog Input Configuration:
Korzna I/0 nopt nporpammupyercs Kak "AHaja0roBblid BXOJ'":

* The Output Buffer is disabled. (OTtkirouaercs 0ydep BbIXOIHBIX JAHHBIX. )

* The Schmitt Trigger Input is de-activated providing zero consumption for every analog
value of the I/O pin. The output of the Schmitt Trigger is forced to a constant value (0).
JleaktuBupyercs BxoaHoi Tpurrep llImunara, obecnieunBas HyJneBoe MOTpeOIeHUE IS KaXKI0Tr0
aHaJIOTOBOTO BXO/JIA.

* The weak pull-up and pull-down resistors are disabled.
pull-up u pull-down pe3ncTopsl OTKIOYAIOTCA.

* Read access to the Input Data Register gets the value “0”.
Hoctyn urenus k peructpy IDR Bo3Bpamaer '0'.

The Figure 18 on page 144 shows the High impedance-Analog Input Configuration of the I/O Port bit.
Puc. 18 moka3siBaeT koHurypanuto Beioaa I/0 mopra kak "Beicoko-umnenancHblii AHaIOTOBBIN BXO"

Figure 18. High impedance-analog input configuration
Kondurypauus BbICOKO-UMITEJAHCHOTO aHAJIOTOBOT'O BXOJa
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8.1.11 Peripherals’ GPIO configurations
Kongpurypauus GPI1O nast unrepdeiicoB yuna

Table 19 to Table 29 give the GPIO configurations of the device peripherals.
Tabmunpl, ¢ 19-ii o 29-10, moka3zeiBatoT kKoHpuUrypamuto BsiBogoB GPIO nns unrepdeiicos unna.

Table 19. Advanced timers TIM1/TIMS8 (VYnyuieHHble TaliMepb)

TIM1/8 pinout H Configuration H GPIO configuration

‘Input capture channel x (Bxop 3axBara kaHaia X) HInput floating

TIM1/8_CHX  Qutput compare channel x

Alternate function push-pull
BbIxo1 cpaBHEHHS ¢ KaHAJIOM X

Complementary output channel x

TIM1/8 CHxN 9
- JlonoaHUTENBHBINM BBIXOJ KaHAJIA X

Alternate function push-pull

TIM1/8 BKIN

‘Break input (Bxoxa npepbiBaHus cueta) ‘Input floating

External trigger timer input
Bxop BHenHero 3aiycka raiiMepa

TIM1/8 ETR Input floating

Table 20. General-purpose timers TIM2/3/4/5 (Taiimeps! 0011ero Ha3HAYCHHMS )

TIM2/3/4 pinout H Configuration H GPIO configuration

‘Input capture channel x (Bxoj 3axBaTa kaHasa X) Hlnput floating

TIM2/3/4/5_CHX  Output compare channel x

Brixon CpaBHCHHA C KaHAJIOM X

}Alternate function push-pull

TIM2/3/4/5 ETR gifga;etiigeiti?;;;ﬁ:‘;;ﬁmpa Input floating
Table 21. USARTS

USART pinout H Configuration H GPIO configuration ‘
USARTx TX ‘Full duplex HAlternate function push-pull ‘
- ‘Half duplex synchronous mode HAlternate function push-pull ‘
USARTx RX ‘Full duplex Hlnput floating / Input pull-up ‘
- ‘Half duplex synchronous mode W\Iot used. Can be used as a general 10 ‘
‘USARTX_CK HSynchronous mode HAlternate function push-pull ‘
‘USARTX_RTS HHardware flow control HAlternate function push-pull ‘
|

‘USARTX_CTS HHardware flow control Hlnput floating/ Input pull-up




Table 22. SPI

SPI pinout H Configuration H GPIO configuration
‘Master HAlternate function push-pull
SPIx_SCK .
- ‘Slave HInput floating
‘Full duplex / Master HAlternate function push-pull
Full duplex / slave Input floating / Input pull-u

‘Simplex bidirectional data wire / master HAlternate function push-pull

‘Simplex bidirectional data wire / slave w\lot used. Can be used as a GPIO

SPIx_MISO

‘Full duplex / Master HInput floating / Input pull-up

‘Full duplex / slave HAlternate function push-pull

‘Simplex bidirectional data wire / master w\lot used. Can be used as a GPIO

‘Simplex bidirectional data wire / slave HAlternate function push-pull

SPIx_ NSS

‘Hardware Master / Slave HInput floating/ Input pull-up / Input pull-down

‘Hardware Master/ NSS output enabled HAlternate function push-pull

‘Software w\lot used. Can be used as a GPIO

Table 23. 12S

128 pinoutHConﬁgurationH GPIO configuration

12Sx WS

‘Master ‘%lternate function push-pull

‘Slave HInput floating

2Sx CK

‘Master ‘%lternate function push-pull

2Sx_SD

‘Transmitter ‘%lternate function push-pull

‘Receiver HInput floating/ Input pull-up/ Input pull-down

12Sx MCK

‘Master ‘%lternate function push-pull

|
|
|
|
‘Slave HInput floating ‘
|
|
|
|

‘Slave ‘h\lot used. Can be used as a GPIO

Table 24. 12C interface

H 12C pinout H Configuration H GPIO configuration H

12Cx_SCL

HI2C clock HAlternate function open drain H

\ 12Cx_SDA

HI2C Data I/0 HAlternate function open drain H

Table 25. BxCAN

H BxCAN pinout H GPIO configuration H

HCAN_TX (Transmit data line) HAltemate function push-pull H

“CAN_RX (Receive data line) HInput floating / Input pull-up H




Table 26. USB

USB

. GPIO configuration
pinout

As soon as the USB is enabled, these pins are connected to the USB internal transceiver
automatically. (Kak Tonbko ecth paspemnienre USB, 3TH BBIBOJBI aBTOMATHICCKU
TIOJIKITFOYAETCSI K BHYTpeHHEMY npreMo-tiepenarauky USB.)

USB_DM /
USB_DP

Table 27. SDIO

‘ SDIO pinout H GPIO configuration ‘

‘SDIO_CK HAlternate function push-pull ‘
|
|

‘SDIO_CMD HAlternate function push-pull
‘SDIO[D7:DO] HAlternate function push-pull

Figure 19. ADC / DAC
H ADC/DAC pinout H GPIO configuration H
“ADC/DAC 'Analog input H

Table 28. FSMC

‘ FSMC pinout H GPIO configuration H FSMC pinout H GPIO configuration

FSMC A[25:0] . FSMC NWAIT .
FSMC_D[15:0] Alternate function push-pull FSMC_CD Input floating/ Input pull-up
FSMC NIOSI6,
FSMC _CK Alternate function push-pull FSMC_INTR Input floating
FSMC INTJ[3:2]
FSMC _NOE . FSMC NL .
FSMC_NWE Alternate function push-pull FSMC_NBL[1:0] Alternate function push-pull
Egﬁg—ﬁgg[;]z] FSMC_NIORD,
- ’ Alternate function push-pull FSMC NIOWR  Alternate function push-pull
FSMC NCE4 1 FSMC NREG
FSMC NCE4 2 -
Table 29. Other 10s ([Ipyrue BXxoabl/BbIX0/bl)
Pins H Alternate function H GPIO configuration
‘RTC output ‘Forced by hardware when configuring the BKP CR and

BKP_RTCCR registers
Tamper event input  CTABSTCS aINapaTHO NPH KOHGUIYPUPOBAHUHH PETHCTPOB
BKP_CR u BKP_RTCCR

TAMPER-RTC pin

MCO HClock output HAlternate function push-pull

External input

EXTTI input lines interrupts

Input floating / input pull-up / input pull-down




8.2 GPIO registers (Peructpsl GPIO)

8.2.1 Port configuration register low (GPIOx CRL) (x=A..G)

Peructp koHpUrypanmu miaiei moJoBUHbI TOpTa

8.2.2 Port configuration register high (GPIOx CRH) (x=A..G)

Peructp koHpUrypanuu crapiieii HoJI0BUHbI OPTa

8.2.3 Port input data register (GPIOx IDR) (x=A..G) (Peructp BXOAHBIX JaHHBIX)

8.2.4 Port output data register (GPIOx_ODR) (x=A..G) (Peructp BBIXOJHBIX JaHHBIX)

8.2.5 Port bit set/reset register (GPIOx BSRR) (x=A..G) (Peructp ycranoBku/copoca 6UTOB)
8.2.6 Port bit reset register (GPIOx BRR) (x=A..G) (Peructp copoca OUTOB)

8.2.7 Port configuration lock register (GPIOx LCKR) (x=A..G)

Peructp 6;10kMpOBKU KOH(MUTYpALIMU TOPTA

Refer to Section 1.1 on page 37 for a list of abbreviations used in register descriptions.
Cwm. paznen 1.1, rae npuBeeH NepeueHb COKPALIEHUM, HCTIOJIb3YEMBIX ITPU OMTMCAHUH PETUCTPOB.

8.2.1 Port configuration register low (GP1Ox CRL) (x=A..G)
PerucTp koHpurypauuu miaauiei noJJOBUHbI OPTA

Address offset: 0x00
Reset value: 0x4444 4444

3 30 29 22 27 26 25 24 23 22 21 20 12 18 17 18

CNF7[1:0] MODET[1:0] CNFE[1:0} MODES[1:0] CNF5[1:0] MODES[ 1:0] CNF4[1:0] MODE4[1:0]

W | I Y | nw Y | s n | m v | v mw | s L | e m | m

15 14 13 12 1 10 g 8 7 § 5 4 3 2 1 0

CNF3[1:0] MODE3[1:0] CNF2[1:0] MODEZ[1:0] CNF1[1:Q] MODE1[1:0] CNFO[1:0] MODEQ[1:0]

m na i | e e | n e | e e | i e | n e | n e | e
Bits 31:30, CNFy][1:0]: Port x configuration bits (y= 0 .. 7) burtbel koHpHUTYypupOBaHUs TTOpTA X
27:26, These bits are written by software to configure the corresponding 1/O port.

23:22,19:18, Referto Table 17: Port bit configuration table on page 140.
15:14, OTH OUTHI MUANTYTCS IPOTPAMMHO, YTOOBI KOH(QUTYPUPOBATH COOTBETCTBYIOLIHIA MTOPT.
11:10, 7:6, 3:2 Cm. Taba. 17 "Kondurypaims 6utos mopra'.
In input mode (MODE[1:0]=00):
00: Analog input mode
01: Floating input (reset state)
10: Input with pull-up / pull-down
11: Reserved
In output mode (MODE[1:0] > 00):
00: General purpose output push-pull
01: General purpose output Open-drain
10: Alternate function output Push-pull
11: Alternate function output Open-drain

Bits 29:28, MODEYy[1:0]: Port x mode bits (y= 0 .. 7) (butsl pexxuma nopra X.)

25:24, These bits are written by software to configure the corresponding 1/0O port.
21:20,17:16, Referto Table 17: Port bit configuration table on page 140.

13:12, OTu OGUTHI MUITYTCS TPOTPAMMHO, YTOOBI KOH(OUTYPHUPOBATH COOTBETCTBYIOLIUH TOPT.

Cwm. Tabx. 17 "Kondurypanus 6utoB mopra'.
00: Input mode (reset state)
01: Output mode, max speed 10 MHz.
10: Output mode, max speed 2 MHz.
11: Output mode, max speed 50 MHz.

9:8,5:4,1:0



8.2.2 Port configuration register high (GPIOx_CRH) (x=A..G)
PerucTp koHdgurypauuu crapuei 1moJJOBMHbI IOPTA

Address offset: 0x04

Reset value: 0x4444 4444

31 30 28 28 27 26 25 24 23 22 21 20 18 18 17 18
CNF15[1:0] | MODE1S[1:0] | CNF14[1:0] MODE14[1:0] CNF13[1:0] MODE13[1:0] CNF12[1:0] MODE12[1:0]
v ‘ e w | rw rw | W mn | s w | rw s | W rw | s W ‘ w
15 14 13 12 11 10 g B 7 & 5 4 3 2 1 0
CNF11[1:0] | MODE11[1:0] | CNF10[1:0] MODE10[1:0] CNF8[1:0] MODES[1:0] CNFB[1:0] MODER[1:0]
i} ‘ m W | iy il | Iy m | iyl W | il iyl | Iy il | iyl Iy ‘ W

Bits 31:30, CNFy|[1:0]: Port x configuration bits (y=0 .. 7)

27:26, butel koHpUTYypUpOBaHUs MTOpPTA X

23:22,19:18, These bits are written by software to configure the corresponding I/O port.

15:14,

11:10, 7:6, 3:2 In input mode (MODE[1:0]=00):

Bits 29:28,
25:24,

21:20, 17:16,

13:12,

9:8,5:4,1:0

Refer to Table 17: Port bit configuration table on page 140.

OTH OUTHI MUITYTCS MPOTPAMMHO, YTOOBI KOH(DUTYPHUPOBATH COOTBETCTBYIOIIUHN TIOPT.
CwMm. Ta6a. 17 "Koudwurypanus 6uros nopra'.
00: Analog input mode

01: Floating input (reset state)

10: Input with pull-up / pull-down
11: Reserved

In output mode (MODE[1:0] > 00):

00: General purpose output push-pull
01: General purpose output Open-drain
10: Alternate function output Push-pull
11: Alternate function output Open-drain

MODEY][1:0]: Port x mode bits (y=0 .. 7) (butsl pexxuma nopTa X)

These bits are written by software to configure the corresponding 1/O port.

Refer to Table 17: Port bit configuration table on page 140.

OTH OUTHI MUITYTCS TPOTPAMMHO, YTOOBI KOH(DUTYPHUPOBATH COOTBETCTBYIOIIUH TIOPT.

Cwm. Taba. 17 "Kondurypanus 6uto mopra'.
00: Input mode (reset state)
01: Output mode, max speed 10 MHz.
10: Output mode, max speed 2 MHz.
11: Output mode, max speed 50 MHz.




8.2.3 Port input data register (GPIOx_IDR) (x=A..G) (PerucTp BX0JHbIX TaHHbIX)

Address offset: 0x08
Reset value: 0x0000 XXXX

3 a0 20 2R 27 28 25 24 23 22 21 20 18 18 17 168
| Resarved
15 14 13 12 11 10 8 B 7 i & 4 3 2 1 0

IDR15 | IDR14 | IDR13 | IDA12 | IDR11 | IDR1O | IDRE | IDRE | IDA? | IDHE

IDHE

IDA4

r r r r r r r r r r

Bits 31:16 Reserved
always read as 0. (Bcerna uuraercs kax '0'.)

Bits 15:0 IDRy[15:0]: Port input data (y=0 .. 15) (IlopT BXOAHBIX JAHHBbIX)

These bits are read only and can be accessed in Word mode only. They contain the input value of

the corresponding 1/O port.

3T0 OUTHI TOJBKO IS YTEHUS U 00pamarbcs K HIM MOKHO TOJIBKO MOCTIOBHO. OHU cofiepkaT

BXOJIHbIE 3HaUY€HUs cooTBeTCTRYOMIEro I/0 nmopra.

8.2.4 Port output data register (GPIOx_ODR) (x=A..G) (PerucTp BbIXOJHbIX JaHHbBIX)

Address offset: 0x0C
Reset value: 0x0000 0000

31 a0 28 2B &7 26 25 24 23 &2 21 20 18 18 17 16
Resersed
15 14 13 12 11 10 o ] 7 & & 4 3 2 1 0

ODR15 (ODA14 | ODA13 (ODR12 | ODAN (ODRA10 | ODAS | ODORE | ODRT | ODRG

O0ARS

CDoR4

O0oRZ

ODR1

QDRO

ey

ny

ne

ne

Bits 31:16 Reserved
always read as 0. (Bcerma unraercs kak '0'".)

Bits 15:0 IDRy[15:0]: Port output data (y=0 .. 15) (IlopT BHIXOAHBIX JaHHBIX)

These bits can be read and written by software and can be accessed in Word mode only.

OTH OMTBI MOXKHO YUTATh M IIUCATh nporpaMmMHO 1 o6pamaTLc;1 K HUM MOKHO TOJIBKO ITOCJIOBHO

Note: For atomic bit set/reset, the ODR bits can be individually set and cleared by writing to the

GPIOx_BSRR register (x = A .. G).

Jnst aromapHO# ornepaiui coOpoca/ycTaHnoBKH, OUTHI peructpa ODR M0XHO MHIUBUAYaTBEHO

cTaBUTh U ounmath 3anuckio B peructp GPIOx BSRR (rae x=A .. G).




8.2.5 Port bit set/reset register (GPIOx_BSRR) (x=A..G)
Perucrtp ycranoBku/coOpoca 0MTOB

Address offset: 0x10
Reset value: 0x0000 0000

31 30 28 28 27 26 25 24 23 22 21 20 18 18 17 18
BR15 | BR14 | BA12 | BA12 | BA11 | BA10O | BAS | BRE | BA7 | BRE | BRS | BA4 | BR3 | BR2 | BA1 | BRD
v W W v v W v W W v W v W v W W
15 14 13 12 1 10 g B 7 & 5 4 3 2 1 0
BS15 | BS14 | BS13 | BS12 | BS11 | BSI10 | BSS | BS8 | BS7 | BSE | BSS | BS4 | BS3 | BS2 | BS!1 | BSO
W W W W W W W W W W W W W W W W
Bits 31:16 BRy: Port x Reset bity (y=0 .. 15) (Copoc OuTa y nopra x)
These bits are write-only and can be accessed in Word mode only.
D710 OUTHI TOMBKO JAJIS 3aMIMCH M 00palaTbcs K HUIM MOXKHO TOJIBKO MOCJIOBHO.
0: No action on the corresponding ODRx bit (Her Bo3aeiicTBust Ha 6utr ODRX)
1: Reset the corresponding ODRx bit (Copoc cootBercTBytomero ounra ODRXx)
Note: If both BSx and BRx are set, BSx has priority.
Ecnm ycranoBnensr o6a 6ura, BSx u BRx, To mpuoputet umeer BSx.
Bits 15:0 BSy: Por t x Set bity (y=0 .. 15) (YcranoBka OuTa y nopra Xx)
These bits are write-only and can be accessed in Word mode only.
3T0 OUTHI TOJIBKO JJIS 3aITUCU M 00paIIaTbcsi K HUIM MOYKHO TOJIBKO ITOCIIOBHO.
0: No action on the corresponding ODRx bit (Her Bo3zaeiictBus na 6utr ODRX)
1: Set the corresponding ODRx bit (Y cranoBka cootBercTBytomiero oura ODRX)
8.2.6 Port bit reset register (GPIOx_ BRR) (x=A..G) (Peructp coOpoca 6uTOB)
Address offset: 0x14
Reset value: 0x0000 0000
3 30 23 28 27 26 35 24 23 22 21 20 18 18 17 18
| Reserved
15 14 12 12 11 10 3 B 7 & 5 4 3 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BRS | BRe | BAT | BRAs | BAS | BR4 | BR3 | BA2 | BRA1 | BRD

Bits 31:16 Reserved
always read as 0. (Bcerma unraercs kak '0'".)

Bits 15:0 BRy: Port x Reset bit y (y=0 .. 15) (Copoc 6uTa y nopra x)
These bits are write-only and can be accessed in Word mode only.
3T0 OUTHI TOJBKO IS 3aITUCH U 0OPAIIATHCS K HUM MOYHO TOJIBKO HOCIOBHO.
0: No action on the corresponding ODRx bit (Her Bo3zaeiictBust Ha 6ut ODRX)
1: Reset the corresponding ODRx bit (Copoc cootBercTByromero 6uta ODRX)




8.2.7 Port configuration lock register (GPIOx_ LCKR) (x=A..G)
Pernctp 0,10KMPOBKH KOH(pUTYypauuu nMopra

This register is used to lock the configuration of the port bits when a correct write sequence is
applied to bit 16 (LCKK). The value of bits [15:0] is used to lock the configuration of the GPIO. During
the write sequence, the value of LCKR[15:0] must not change. When the LOCK sequence has been
applied on a port bit it is no longer possible to modify the value of the port bit until the next reset.

OTOT PErHCTpP UCTIOIB3YETCs UTs OJIOKUPOBKU KOH(UTYpalnu OUTOB MOPTA, KOTAA MPUMEHEHA
npaBUJIbHAs MocienoBareabHOCTh 3anucu k outy 16 (LCKK). Jlns 6okupoBku koHpurypanuu GPIO
ucnomab3yercs 3HaueHue 6uros [15:0]. Bo Bpems nocnenoBarensHocTH 3anucu 3HaueHue LCKR [15:0]
HE JTOJDKHO M3MEHsAThCs. Koraa mocieioBaTeIbHOCTh MPOLeAyphl OJIOKUPOBKU ObLIA IPUMEHEHA K OUTY
MOPTa, TO €ro KOH(PUTypaIuo 0OJIbIIe HeNb3s U3MEHHTH JI0 CIEAYIOIero copoca.

Each lock bit freezes the corresponding 4 bits of the control register (CRL, CRH).
Kaxxaplit 6ut 6110kMpoBKH "3amopakuBaet” 4 cOOTBETCTBYIOIUX OuTa peructpa ynpasienus (CRL,
CRH).

Address offset: 0x18
Reset value: 0x0000 0000

3 a0 20 2B a7 26 25 24 23 2z 21 20 18 18 17 16
LCKK
Resarved
w
15 14 13 12 11 10 & B 7 & & 4 3 2 1 0

LCK15 | LCK14 | LCK13 | LCK12 | LCK11 | LCK1Q | LCKg | LCKE | LCKT | LCKE& | LCKE | LCK4 | LCKZ | LCKZ | LCK1 | LCKD

e ne e ny ey ny e ne ny e e ny mny ne ny ey

Bits 31:17 Reserved
Bit 16 LCKK][16]: Lock key (Kiirou 0/10KkUpoBKH)
This bit can be read anytime. It can only be modified using the Lock Key Writing Sequence.
DTOT OUT MOKHO YUTATH B JII000€ BpeMs. Ero MO)KHO MOIU(PHUIIMPOBATH TOJIBKO MPaBUIIEHON
[I0CJIEIOBATEIBHOCTBIO 3aIUCH.
0: Port configuration lock key not active (biokupoBka He akTUBHPOBaHa)
1: Port configuration lock key active. GPIOx_LCKR register is locked until an MCU reset
occurs. (Kitou 6;1okupoBku KoHpuUrypanuu nopta aktuBupoBat. Peructp GPIOx LCKR
3absokupoBaH 10 copoca LIITY.)

LOCK Kkey writing sequence: (1ociiei0BaTeIbHOCTBIO 3aMHUCH OJIOKUPOBKH )
Write 1, Write 0, Write 1, Read 0, Read 1 (this read is optional but confirms that the lock is active
3TO YTEHHE HEO00sA3aTeIHHO, HO OHO MOJITBEPKIAET, YTO OJIOKUPOBKA aKTUBUPOBAHA. )

Note: During the LOCK Key Writing sequence, the value of LCK[15:0] must not change.

Any error in the lock sequence will abort the lock.

Note: B npouecce nocnenoBarenbHOCTH 3anucu OinokupoBku 3HaueHne LCK[15:0] e nomkHO
n3MeHaAThed. JI1obas omubka B mporecce mocie0BaTeIbHOCTY MPUBEIET K MPEPHIBAHUIO
MPOLIEAYPHI.

Bits 15:0 LCKy: Port x Lock bity (y=0 .. 15) (bsokupoBka 0uTa y nopra x)
These bits are read write but can only be written when the LCKK bit is 0.
D10 OWTHI IS UTEHUS U 3aMKCH, HO 3alMCh B HUX OyaeT Toibko Toraa, korga out LCKK = 0.
0: Port configuration not locked (Her 610kupoBKH KOHGUTYpaIiy MopTa)
1: Port configuration locked. (Konduryparus nmopra 3absokupoBaHa)



8.3 Alternate function I/O and debug configuration (AFI1O)
AJubTepHaTuBHbIe pyHKIUH I/O 1 KOHPUTrypanus nopra oTJaAKH

8.3.1 Using OSC32 IN/OSC32 OUT pins as GPIO ports PC14/PC15

Hcnonbs3oBanue BbiBogoB OSC32 _IN/OSC32_OUT xak GPIO noptet PC14/PC15

8.3.2 Using OSC _IN/OSC OUT pins as GPIO ports PD0/PD1

HNcnonps3oBanne BbiBogoB OSC_IN/OSC_OUT xaxk GPIO noptst PD0O/PD1

8.3.3 CANI alternate function remapping (Ilepenaznauenue ansrepHatuBHoi ¢pyHkimn CAN1)
8.3.4 CAN2 alternate function remapping (Ilepenasnauenue anbrepHaTuBHON QyHKIUN CAN2)
8.3.5 JTAG/SWD alternate function remapping

(ITepenaznauyenue anprepHaTuBHON QyHKIMH JTAG/SWD)

8.3.6 ADC alternate function remapping (Ilepenaznauenue anprepHatuBHoi pyHkunu ADC)
8.3.7 Timer alternate function remapping (Ilepenasnauenue anbrepHaTuBHON QyHKIMN Timer)
8.3.8 USART Alternate function remapping (Ilepenaznauenue anprepaatuBHoi pynkunu USART)
8.3.9 12C1 alternate function remapping (Ilepenaznauenue anprepHatuBHoi ¢pyHkuuu 12C1)
8.3.10 SPI1 alternate function remapping (Ilepenaznauenue anprepHaTuBHON pyHKIIMU SPIT)
8.3.11 SPI3 alternate function remapping (Ilepenaznauenue ansrepHatuBHON ¢pyHkuuu SPI3)
8.3.12 Ethernet alternate function remapping

(ITepenaznauenue anprepHatuBHOM pyHKIMKU Ethernet)

To optimize the number of peripherals available for the 64-pin or the 100-pin or the 144-pin
package, it is possible to remap some alternate functions to some other pins. This is achieved by software,
by programming the AF remap and debug 1/O configuration register (AFIO_MAPR) on page 159. In this
case, the alternate functions are no longer mapped to their original assignations.

YroOBl ONITUMHU3UPOBATH YHCIO UHTEP(PEICOB, MOIKIIOYEHHBIX K YUIaM B Pa3IMYHBIX KOpIycax Ha 64,
100 wim 144 BBIBOZIA, BO3MOXKHO MTEPEHA3HAYNTh HEKOTOPHIC aIbTEPHATUBHBIC (DYHKITUU HA APYTHE
BBIBOZIBI. DTO JIOCTUTAETCS MPOrpaMMHO, KoHpurypamueit peructpa AFIO_MAPR. B stom ciydae,
anbTepHATUBHBIC (YHKIIUHU OOJIbIIE HE MOAKIIOUEHBI K X UCXOJAHBIM BBIBOJAM.

8.3.1 Using OSC32_IN/OSC32_OUT pins as GPIO ports PC14/PC15
Hcnoas3oBanne BbiBoa0B OSC32 IN/OSC32_OUT kak GPIO nopter PC14/PC15

The LSE oscillator pins OSC32_IN and OSC32 OUT can be used as general-purpose /O PC14
and PC15, respectively, when the LSE oscillator is off. The LSE has priority over the GPIOs function.
BriBonbt OSC32_IN u OSC32_OUT LSE reneparopa MoxxHo0 ucnoib3oBats kak 1/0 PC14 u PC15
o0u1ero Ha3HaueHusl COOTBETCTBEHHO, Koraa LSE reneparop BoikimtoueH. ¥ LSE ectb npuoputer Haj
¢yukuueit GPIO.

Note:

1. The PC14/PC15 GPIO functionality is lost when the 1.8 V domain is powered off (by entering standby
mode) or when the backup domain is supplied by VBAT (VDD no more supplied). In this case the IOs are
set in analog input mode.

@yuxyuonanvivie osmoxchocmu PCI14/PC15 GPIO mepsiiomcs, Koeoa 0mKio4aom 0omMensl,
ucnoavzyiowue Hanpsoicenue 1.8 B (6x00 6 peacum Standby) unu xoeoa oomen BKP numaemcs om VBAT
(VDD omcymcmayem). B amom cayuae smu 86180061 YCMAHOBIUBAIOMCS 8 pedcum "Ananoeosuiii 6x00".

2. Refer to the note on 10 usage restrictions in Section 4.1.2 on page 54.
Cm. npumeuanue pazoena 4.1.2 omunocumenvro oepanuyenutl ucnoavzosanus 1/0.



8.3.2 Using OSC_IN/OSC_OUT pins as GPIO ports PD0/PD1
Ucnoas3oBanue BoiBoa0B OSC_IN/OSC_OUT kak GPIO nopter PD0O/PD1

The HSE oscillator pins OSC_IN/OSC_OUT can be used as general-purpose I/O PD0O/PD1 by
programming the PDO1_REMAP bit in the AF remap and debug I/O configuration register
(AFIO_MAPR).

Breisonst OSC_IN/OSC_OUT HSE reneparopa MoxxHO ucnionb3oBath kak 1/0 PDO/PD1 o6miero
HazHadyeHus1, nporpammupys 6ut PD01_REMAP B peructpe AFIO_MAPR.

This remap is available only on 36-, 48- and 64-pin packages (PD0 and PD1 are available on 100-
pin and 144-pin packages, no need for remapping).
OTO nepeHazHayeHue BO3MOKHO TOJBKO Uil KopiiycoB Ha 36, 48 u 64 BeiBoa0B (BbIBOALI PDO 1 PD1
JnocTynHbl B kKopirycax Ha 100 u 144 BbIBOAOB, U HE HYKJAIOTCS B IEPEHA3HAYEHUN ).

Note: The external interrupt/event function is not remapped. PD0 and PD1 cannot be used for external
interrupt/event generation on 36-, 48- and 64-pin packages.

Note: Dynxyus enewHe2o npepvléanus/codvimus ne nepenasnavaemcs. Boieoovt PD0 u PD1 nenvss
UCNONIL308aMb 0I5 2EHEPAYUL BHEUHE20 NPepbleanus/codbvlimus 6 Kopnycax Ha 36, 48 u 64 evisoda.

8.3.3 CANI alternate function remapping
Ilepenaznavyenue aabrepHaTuBHON GyHkuun CAN1

The CAN signals can be mapped on Port A, Port B or Port D as shown in Table 30. For port D,
remapping is not possible in devices delivered in 36-, 48- and 64-pin packages.
Curnansl mopta CAN MOXHO Ha3Ha4YMTh Ha MOpT A, B wim D, kak mokazano B Tabmuie 30.
ITepenasnauenue nis nopta D HeBO3MOXKHO B Kopiiycax Ha 36, 48 u 64 BeIBOJA.

Table 30. CAN1 alternate function remapping (Ilepenaznauenue anprepHaTuBHON GyHKIMH CANI)

Alternate CAN_REMAP[1:0]= CAN_REMAP[1:0] = CAN_REMAP[1:0] =
function? “00” «107® «11703)

CAN1 RX or

CAN_RX PATl PBS PDO

CANI1 TX or

CAN_RX PA12 PB9 PDI

1. CAN1 RX and CAN1_TX in connectivity line devices; CAN_RX and CAN_TX in other
devices with a single CAN interface.
CAN1_RX u CAN1_TX B cemeiictBe Connectivity Line; CAN_RX u CAN_TX B npyrux
cemeiicTBax, riae Toabko oguH CAN.

2. Remap not available on 36-pin package (IlepenasnaueHre HEBO3MOXKHO B KOpiryce Ha 36
BBIBOJIOB. )

3. This remapping is available only on 100-pin and 144-pin packages, when PD0 and PD1 are
not remapped on OSC-IN and OSC-OUT.
DTO nepeHazHaueHne BO3MOXKHO TOJBKO /i kopiycoB Ha 100 u 144 BeiBo/a, KOT/1a HET
nepenasHauenuss PD0O u PD1 na OSC-IN u OSC-OUT.



8.3.4 CAN2 alternate function remapping
Ilepenaznayenue anbTepHaTUBHOM (QyHKIUM CAN2

CAN?2 is available in connectivity line devices. The external signal can be remapped as shown in

Chapter Table 31. (CAN2 noctymHo B cemeiictBe Connectivity Line. BuenrHuii curaan MoxHO
NepeHa3HauYUTh, KaK MokKa3aHo B Tabmure 31.)

Table 31. CAN2 alternate function remapping (Ilepenasnauenue anprepHatuBHoi pyHkuuu CAN2)

. Alternate function | CAN2 REMAP=%0" CAN2_REMAP = “1” H
CAN2 RX [ PA12 [ PB5 H
HCANz_TX [ PAI3 [ PB6 H

8.3.5 JTAG/SWD alternate function remapping
Ilepenasnavenue anbrepHaTuBHON QyHkuuu JTAG/SWD

The debug interface signals are mapped on the GPIO ports as shown in Table 32.
Curnaibl uHTEpdeiica omnagunka HazHaueHbl HA GPIO noptsl, kKak nokasaHo B Tabnuie 32.

Table 32. Debug interface signals (Curnans! naTepdeiica oTiaqanka)

‘ Alternate function H GPIO port ‘
JTMS / SWDIO . PAIZ
JTCK / SWCLK . PAl4
JTDI . PAIS
JTDO / TRACESWO [ PB3 |
JNTRST [ PB4 |
TRACECK [ PE2 |
TRACEDO [ PE3 |
TRACEDI [ PE4 |
TRACED2 [ PE5 |
TRACED3 [ PE6 |

To optimize the number of free GPIOs during debugging, this mapping can be configured in
different ways by programming the SWJ CFG[1:0] bits in the AF remap and debug I/O configuration
register (AFIO_MAPR). Refer to Table 33. D10 Ha3Hau€HUE MOXET OBITH CKOH(DUTYPUPOBAHO
pa3InYHBIM 00pa30oM, 4TOOBI ONITUMHU3UPOBATh YKcio cBoOOHBIX GPIO Bo Bpems 0TJIafKH, ¢ TOMOLIbIO
o6utoB SWJ_CFG[1:0] B peructpe AFIO_MAPR. Cm. Tabmuiry 33.

Table 33. Debug port mapping (Ha3HaueHus BRIBOJIOB MTOPTa OTJIATINKA)

SWJ 1/0 pin assigned
SWJ_CFG Available debug ports PA13/ PA14/ o .. PB3/JTDO/ ..
[2:0 JTMS/ JTCK/S "o TRACE (1 oqr
SWDIO WCLK SWO
000 Full SWJ (JTAG-DP + SW-DP) < < < < <
(Reset state)
Full SWJ (JTAG-DP + SW-DP)
00T byt without INTRST X X X X free




JTAG-DP Disabled and
(D
JTAG-DP Disabled and
100 SW-DP Disabled free free free free free
‘Other ‘ ‘Forbidden ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

1. Released only if not using asynchronous trace.
Peanu3yercs TONBKO B CiTydae, KOT/la HE HCIOJIb3yeTCs aCHHXPOHHAS TPACCUPOBKA.

8.3.6 ADC alternate function remapping
Ilepenasnavenue anbrepHaTUBHON GyHkuuu ADC

Refer to AF remap and debug I/O configuration register (AFIO_MAPR).
Cwm. peructp nepenaznauenuss AFIO_MAPR.

Table 34. ADC1 external trigger injected conversion alternate function remapping(l)
[lepena3Hauenue anpbTepHaTUBHON QyHKIMK BHewHero 3anycka ADC B pexume injected conversion

. Alternate function | ADC1_ETRGINJ_REMAP=0 ADC1_ETRGINJ REMAP=1
. . ADCI external trigger injected ADCI1 external trigger injected
CAO?iselr;);tnernal trigger injected conversion is connected to conversion is connected to
EXTI15 TIM8 CH4

1. Remap available only for high-density devices.
IlepenaznaueHre BO3MOKHO ToJIbKO 151 cemeiictBa High-Density.

Table 35. ADC1 external trigger regular conversion alternate function remapping(l)
[lepenasnauenue anpTepHaTUBHON QyHKIMK BHewHero 3amycka ADC1 B pexxume regular conversion

. Alternate function  ADC1_ETRGREG_REMAP =0 ADC1 ETRGREG_REMAP=1
. ADCI external trigger regular ADCI1 external trigger regular
é)?lselr;zfmal trigger regular conversion is connected to conversion is connected to
EXTIN1 TIM8 CHO

1. Remap available only for high-density devices.
Ilepenaznauenue BO3MOKHO ToJIbKO 15 cemeiicTBa High-Density.

Table 36. ADC2 external trigger injected conversion alternate function remapping(l)
ITepenaznauenue anpTepHATHBHON (yHKIIMK BHemHero 3amycka ADC?2 B pexume injected conversion

. Alternate function  ADC2_ETRGINJ_REMAP =0 ADC2_ETRGINJ_REMAP=1
. . DC2 external trigger injected ADC?2 external trigger injected
é)?lsezr;zfmal rigger injected conversion is connected to conversion is connected to
EXTI15 TIMS8 CH4

1. Remap available only for high-density devices.
[lepenaznaueHnue BO3MOKHO ToJibKO 15 cemeiicTBa High-Density.



Table 37. ADC2 external trigger regular conversion alternate function remapping(l)
[TepenasnaueHue anbTepHATUBHON QyHKIMH BHEMIHETO 3amycka ADC2 B pexxume regular conversion

. Alternate function | ADC2_ETRGREG_REMAP =0  ADC2_ETRGREG REMAP=1
. ADC?2 external trigger regular ADC?2 external trigger regular
cAoII)n(/:ezrsei)c()tIfmal trigger regular conversion is connected to conversion is connected to
EXTIN1 TIMS8 CHO

1. Remap available only for high-density devices.
[TepenaznaueHnne BO3MOKHO TOJbKO 17151 cemeiicTBa High-Density.

8.3.7 Timer alternate function remapping
Ilepenaznayenue aabTepHaTUBHON GpyHkuuM Timer

Timer 4 channels 1 to 4 can be remapped from Port B to Port D. Other timer remapping
possibilities are listed in Table 40 to Table 42. Refer to AF remap and debug /O configuration register
(AFIO _MAPR). Kanansl ¢ 1-ro no 4-ii Taiimepa 4 MOHO TiepeHa3HauyuTh ¢ nopra B Ha mopt D.
Bo3MoxHOCTH TTepeHa3HaYeHus IS IPYTUX TaiMepoB repeurcieHsl B Tadmmnax ¢ 40 mo 42. Cwm.
peructp nepeHaznauenus AFIO_MAPR.

Table 38. TIMS alternate function remapping(l)
[Tepenasnauenue anbrepHatuBHON ¢yHkimu TIMS

 Alternate function ~ TIM5CH4_IREMAP =0 TIM5CH4_IREMAP = 1 H
TIMS Channel4 is LSI internal clock is connected to TIM5 CH4

connected to PA3 input for calibration purpose.

TIM5_CH4

1. Remap available only for high-density and connectivity line devices.
ITepena3nauenue Bo3MokHO Tousibko i cemeiicts High-Density u Connectivity Line.

Table 39. TIM4 alternate function remapping (Ilepenaznauenue anprepHatuBHol GpyHkIn TIM4)

 Alternate function | TIM4_REMAP=0 TIM4_REMAP = 1 |
| TIM4_CHI1 [ PB6 [ PD12 |
| TIM4_CH2 [ PB7 [ PDI3 |
| TIM4_CH3 [ PBS8 [ PD14 |
| TIM4_CH4 [ PB9 [ PDI5 |

1. Remap available only for 100-pin and for 144-pin package.
ITepena3HaueHue BO3MOKHO TOJIBKO 111 KopirycoB Ha 100 u 144 BeiBoa.

Table 40. TIM3 alternate function remapping (Ilepenaznauenue anprepHatuBHoi ¢pyHkunu TIM3)

TIM3_REMAP[1:0] = TIM3_REMAP[1:0] = TIM3_REMAP[1:0] =
“00” (no remap) “10” (partial remap) “11” (full remap)

Alternate function

- TIM3_CHI PB6 [ PB4 [ PC6 |
. TIM3.CH2 PB7 [ PB5 [ PC7 |
. TIM3.CH3 PBO [ PC8 |
- TIM3_CH4 PBI [ PC9 |

1. Remap available only for 64-pin, 100-pin and 144-pin packages.
[lepena3znaueHre BO3MOKHO TOJBKO 17151 KopirycoB Ha 64, 100 u 144 BeiBOAA.



Table 41. TIM2 alternate function remapping (Ilepenasnauenue anprepuatuBHor Gynkmun TIM2)

:0 TIM2_REMAP][1:0
TIM2 REMAP([1:0 1 IM2_REMAP[1:0 TIM2_REMAPIL0] vy iy ppmapii:o
Alternate - 1= |= = 1=
function “OrN%® - “01” (Partial “10” (partial “11” a
00” (no remap) remap) remap)(l) 117 (full remap)
TIM2_CHI _ETR
—%) - PAO IINE PAO PA15
. TIM2_CH2 PAl [ PA3 [ PAl [ PA3
 TIM2_CH3 PA2 [ PB10
. TIM2_CH4 PA3 [ PBI1

1. Remap not available on 36-pin package.
[TepenaznadyeHre BO3MOKHO TOJBKO /JI KOPIYCOB Ha 36 BHIBOJIOB.

2. TIM _CHI1 and TIM_ETR share the same pin but cannot be used at the same time (which is
why we have this notation: TIM2 _CH1 ETR).
Brisoast TIM_CH1 u TIM_ETR pa3aensitoT 0JIuH BBIBOJ M HE MOT'YT MCIOJIb30BAThCS
OJIHOBPEMEHHO (BOT OYEMY MBI Uclosib3yeM Takyto Hotauuto: TIM2 _CHI1_ETR).

Table 42. TIM1 alternate function remapping (Ilepenaznauenue anprepHatuBHor ¢pyHkuun TIM1)
TIM1_REMAP[1:0] =  TIM1_REMAP[1:0]= TIM1_REMAP[1:0] =

Alternate function

mapping “00” (no remap) “01” (partial remap) “11” (full remap)(l)
- TIMI_ETR PA12 [ PE7
- TIMI_CHI PAS [ PE9
~ TIMI_CH2 PA9 [ PE11
~ TIMI_CH3 PA10 [ PE13
~ TIMI_CH4 PAll [ PE14
TIM1_BKIN PB12® PA6 PE15
TIM! CHIN PB13® PA7 PES
TIM1_CH2N PB14® PBO PE10
TIM1_CH3N PB15? PBI PEI2

1. Remap available only for 100-pin and 144-pin packages.
[Tepenaznauenne BO3MOXHO TOJBKO 11 kKoprycoB Ha 100 u 144 BeiBoAA.

2. Remap not available on 36-pin package.
Ilepena3HaueHne HEBO3MOKHO ISl KOPITYCOB Ha 36 BBIBOJIOB.




8.3.8 USART Alternate function remapping
Ilepenasnayenue anbrepHaTUBHON GyHKunu USART

Refer to AF remap and debug I/O configuration register (AFIO_MAPR).
Cwm. peructp nepenaznauenust AFIO_MAPR.

Table 43. USART3 remapping (Ilepenaznauenue USART3)

Alternate function | USART3_REMAP[1:0] = USART3_REMAP[1:0] =  USART3_REMAP[1:0] =
“00” (no remap) “01” (partial remap)() “11” (full remap)®

. USART3.TX PB10 [ PC10 [ PD8 |

. USART3_RX | PB11 | PC11 | PD9 |

. USART3_CK | PB12 | PC12 | PD10 |

. USART3_CTS | PBI13 | PD11 |

. USART3_RTS | PB14 | PDI2 |

1. Remap available only for 64-pin, 100-pin and 144-pin packages.
[Tepenaznauenune BO3MOXKHO TOJIbKO JiJisi KoprycoB Ha 64, 100 u 144 BeiBoaa.

2. Remap available only for 100-pin and 144-pin packages.
[lepenaznauenne BO3MOXKHO TOJIbKO Ji71st KoprycoB Ha 100 u 144 BeiBoaa.

Table 44. USART?2 remapping (Ilepenasnauenue USART?2)

" Alternate function ~ USART2_REMAP=0 USART2_REMAP = 1) |
| USART2_CTS [ PAO [ PD3 |
| USART2_RTS [ PAI [ PD4 |
| USART2_TX | PA2 | PD5 |
| USART2_RX | PA3 | PD6 |
| USART2_CK | PA4 | PD7 |

1. Remap available only for 100-pin and 144-pin packages.
Ilepena3znaueHnure BO3MOKHO TOJBKO JiJ1s1 KopitycoB Ha 100 u 144 BbiBOAA.

Table 45. USART1 remapping (Ilepenaznauenue USART1)

| Alternate function | USART1_REMAP =0 | USART1_REMAP =1 H
H USARTI_TX | PA9 | PB6 H
“ USART1_RX | PA10 | PB7 H

8.3.9 I12C1 alternate function remapping
Ilepena3znavenne anbTepHaTuBHOM Qpynkuun 12C1

Refer to AF remap and debug 1/O configuration register (AFIO_MAPR)
Cwm. peructp nepenasnauenuss AFIO_MAPR.

Table 46. 12C1 remapping (Ilepenaznauenue 12C1)

H Alternate function [ 12C1_REMAP =0 [ 12C1_REMAP = 1) H
H 12C1_SCL | PB6 | PBS H
H 12C1_SDA | PB7 | PBY H

1. Remap available only for 36-pin packages.
[TepenazHaueHre BO3MOKHO TOJILKO ISl KOPITYCOB Ha 36 BHIBOJIOB.



8.3.10 SPI1 alternate function remapping
Ilepenasnayenue anbTepHaTUBHON pyHkuuu SPI1

Refer to AF remap and debug I/O configuration register (AFIO_MAPR)
Cwm. peructp nepenaznauenust AFIO_MAPR.

Table 47. SPI1 remapping (Ilepenaznauenue SPI1)

| Alternate function [ SPI1_REMAP =0 [ SPI1_REMAP = 1
| SPI1_NSS [ PA4 [ PAIS
| SPI1_SCK [ PAS [ PB3
| SPI1_MISO [ PA6 [ PB4
| SPI1_MOSI [ PA7 [ PB5

8.3.11 SPI13 alternate function remapping
Ilepenasnayenue anbrepHAaTUBHON pyHKunu SPI3

Refer to AF remap and debug I/O configuration register (AFIO_MAPR). This remap is available

only in connectivity line devices. (CMm. peructp nepenaznauenuss AFIO_MAPR. Dto nepenazHaueHue
BO3MOKHO TOJBKO [Tt cemericTBa Connectivity Line.)

Table 48. SPI3 remapping (Ilepenaznauenne SPI3)

| Alternate function [ SPI3_REMAP = 0 [ SPI3_REMAP =1
| SPI3_NSS [ PA15 [ PA4
| SPI3_SCK [ PB3 [ PC10
| SPI3_MISO [ PB4 [ PCI1
| SPI3_MOSI [ PB5 [ PC12

8.3.12 Ethernet alternate function remapping
Ilepenasnayenue anbTepHaTUBHOM pyHKuuM Ethernet

Refer to AF remap and debug I/O configuration register (AFIO_MAPR). This remap is available

only in connectivity line devices. (CM. peructp nepenasznHauenust AFIO_MAPR. OT1o nepeHa3HaueHue
BO3MOYKHO TOJBKO 1 cemeiicTBa Connectivity Line.)

Table 49. ETH remapping (Ilepenaznaueaue ETH)

| Alternate function [ ETH_REMAP =0 [ ETH_REMAP =1
| RX_DV-CRS_DV [ PA7 [ PDS

| RXDO [ PC4 [ PD9

| RXDI [ PC5 [ PD10

| RXD2 [ PBO [ PD11

|

RXD3 [ PBI [ PD12




8.4 AFIO registers (Peructpsl AFI0O)

8.4.1 Event control register (AFIO_EVCR) (Peructp ynpaBineHusi COOBITUSMU )

8.4.2 AF remap and debug I/O configuration register (AFIO_MAPR) (Peructp nepenazHaueHus)
8.4.3 External interrupt configuration register 1 (AFIO_EXTICR1)

(Peructp xon¢wurypamuu npepsisanuii 1)

8.4.4 External interrupt configuration register 2 (AFIO_EXTICR2)

(Peructp xoH¢urypamuu npepsiBanuii 2)

8.4.5 External interrupt configuration register 3 (AFIO_EXTICR3)

(Peructp xoH¢uryparuu npepsisanuii 3)

8.4.6 External interrupt configuration register 4 (AFIO_EXTICR4)

(Peructp xon¢urypamuu npepsisanuii 4)

Refer to Section 1.1 on page 37 for a list of abbreviations used in register descriptions.
Cwm. paznen 1.1, rae npuBeeH NepeueHb COKPALIEHU, NCTIOJIb3YEMBIX ITPU OMTMCAHUH PETUCTPOB.

Note: To read/write the AFIO_EVCR,AFIO _MAPR and AFIO EXTICRX registers, the AFIO clock should first be
enabled. Refer to Section 6.3.7: APB2 peripheral clock enable register (RCC_APB2ENR).

Note: Ymoowl npouzeooums onepayuu umenus/3anucu pecucmpos AFIO_EVCR, AFIO_MAPR u
AFIO_EXTICRX, naoo cuayana paspewums maxmogoiti cuernan o AFIO. Cu. pazoen 6/7.3.7 "Pecucmp _
paspewenus nepugepuu APB2"

8.4.1 Event control register (AFIO_EVCR) (Peructp ynpaBjieHusi COOLITUSIMH)

Address offset: 0x00
Reset value: 0x0000 0000

3 30 28 28 27 26 25 24 23 22 21 20 18 18 17 16
| Reserved
15 14 13 12 11 10 ] ] 7 ] ] 4 3 2 1 0
EVOE PORT[2:0] PIM[3:0]

Resarved

I I | e ‘ e e ‘ e | m | m

Bits 31:8 Reserved

Bit 7 EVOE: Event output enable (Pa3peumienne BbIBOAa COOLITHS)
Set and cleared by software. When set the EVENTOUT Cortex output is connected to the I/0O
selected by the PORT[2:0] and PIN[3:0] bits.
CraBurcs u ouniaercs nporpaMmmuo. Korga ycranosnen 6ut EVENTOUT, To Beixon Cortex
noaktoueH K I/0 BeiBoxy, BeiOpanHOoMy Outamu PORT[2:0] u PIN|[3:0].

Bits 6:4 PORT][2:0]: Port selection (Bbi0op mopra)
Set and cleared by software. Select the port used to output the Cortex EVENTOUT signal.
CraBuTcs U OYMIIACTCS IPOrpaMMHO. BeiOupaeT nmopt, KOTOpbIN OyneT UCIOIb30BaThCs IS
BeiBoga curHaia Cortex EVENTOUT.
Note: The EVENTOUT signal output capability is not extended to ports PF and PG.
Bo3moxuocts BeiBoga curnana Cortex EVENTOUT wue pacnpoctpansercs Ha noptel PF u PG.
000: PA selected
001: PB selected
010: PC selected
011: PD selected
100: PE selected



Bits 3:0 PIN[3:0]: Pin selection (x = A .. E) (Bb100op BBOaa nmopra)
Set and cleared by software. Select the pin used to output the Cortex EVENTOUT signal.
CTaBHTCS ¥ OYMINACTCS IPOrpaMMHO. BEIOMpaeT BBIBO MOPTA, KOTOPBINA OYICT HCITOJIB30BATHCS
st BeiBoga curnana Cortex EVENTOUT.

0000:
0001:
0010:
0011:

1111:

8.4.2 AF remap and debug 1/O configuration register (AFIO_MAPR)
PerucTp nepeHasHayeHus

Px0 selected
Px1 selected
Px2 selected
Px3 selected

Px15 selected

Address offset: 0x04
Reset value: 0x0000 0000

Memory map and bit definitions for low-, medium- and high-density devices:
Omnpenensier KapTy NaMATH U Ha3HaueHus: OUToB g cemeiicTB Low-, Medium- u High-Density:

31 30 29 28 27 26 25 34 23 29 21 20 19 18 17 18
apcz_[ance_[apci_[apci_[ .
SWJ_ ETRGR|ETRGIN| ETRGR [ETRGIN| | =CF
Reserved CFG[2:0] Reserved EG_RE | JL_REM |EG_RE | LREM |~ ="
MAP | AP | MAP | 4P

W | W | W e e (Y} e e

15 14 13 12 1 10 9 B 7 5 5 a 3 5 i 0
PDO1_ | CAN_REMAP | TiM4_ | TIM3_REMAP | TIM2_REMAP | TIM1_REMAP USARTS_ '-'S;‘HT '-'51‘”:” i2c1_ | sPi_
REMAP [1:01 REMAP [:0] [1:01 REMAPI10] | qoyiap|mEriap |REMAP [REMAP

mn i | mn e i mn e W Iy & W n i i) mn i

Bits 31:27 Reserved

Bits 26:24 SWJ_CFGJ2:0]: Serial wire JTAG configuration (Koudurypauus ueneii JTAG)
These bits are write-only (when read, the value is undefined). They are used to configure the SWJ
and trace alternate function I/Os. The SWIJ (Serial Wire JTAG) supports JTAG or SWD access to
the Cortex debug port. The default state after reset is SWJ ON without trace. This allows JTAG or
SW mode to be enabled by sending a specific sequence on the JTMS / JTCK pin.
DT0 OUTHI TOJMBKO JJIs 3alMCH (3HAUEHUE TIPU YTEHUU He orpeneneHo). OHU UCTIONB3YIOTCS AJs
KOH(puryprpoBanus anbrepHaTuBHBIX QyHKIUNH SWJ u tpaccupoku. SWJ (ITocnenoBaTenbHbIit
JTAG) noxnepxxuBaeT goctyn k nmopty otinaaku Cortex nmo uarepdeiicy JTAG, wim mo SWD.
[Tocne cOpoca moOpT OTIAAKK HAXOIUTCH B pexume: SWJ BKITFOUeH 03 TpacCUPOBKH. DTO
no3BosisieT pazpemath pexkxuM JTAG niu SW, nockuias onpeiesieHHYI0 MOCIE0BaTeIbHOCTh Ha
BeiBox JTMS/JTCK.

000: Full SWJ JTAG-DP + SW-DP): Reset State
001: Full SWJ (JTAG-DP + SW-DP) but without INTRST
010: JTAG-DP Disabled and SW-DP Enabled
100: JTAG-DP Disabled and SW-DP Disabled
other combinations: no effect

Bits 23:21 Reserved




Bits 20 ADC2_ETRGREG_REMAP: ADC 2 external trigger regular conversion remapping
Ilepenaznauenue BbIBOJAA BHelIHero 3anycka ADC2 B pexxume regular conversion
Set and cleared by software. This bit controls the trigger input connected to ADC2 external trigger
regular conversion. When this bit is reset, the ADC2 external trigger regular conversion is
connected to EXTI11. When this bit is set, the ADC2 external event regular conversion is
connected to TIM8 TRGO.
CraBuTCS U OYMIACTCS MPOTPAMMHO. DTOT OUT YIpaBISET MOJKIOYEHHUEM BX0/Ia 3aITyCcKa B
pexume regular conversion 1t ADC2. Korna 3ToT OUT cOpOIIieH, TO 3TOT BXOJ MOIKIIOUEH K
BbiBoy EXTI11, nnaye - x Beisony TIM8_TRGO.

Bits 19 ADC2_ETRGINJ REMAP: ADC 2 external trigger injected conversion remapping
ITepenasnauenne BpiBoa BHemHero 3anmycka ADC2 B peskume injected conversion
Set and cleared by software. This bit controls the trigger input connected to ADC2 external trigger
injected conversion. When this bit is reset, the ADC2 external trigger injected conversion is
connected to EXTI15. When this bit is set, the ADC2 external event injected conversion is
connected to TIM8 Channel4.
CraBUTCS ¥ OUYMILAETCS IPOTPaMMHO. DTOT OUT yIpaBIiseT NOIKIIOYEHHEM BX0/1a 3aIlyCKa B
pexxume injected conversion s ADC2. Korga 3ToT OUT cOpOIIeH, TO 3TOT BXO/I MOIKIIOUYEH K
BeiBOy EXTI15, nnaye - xk BoiBogy TIM8 Channel4.

Bits 18 ADC1_ETRGREG_REMAP: ADC 1 external trigger regular conversion remapping

Ilepenaznauenue BbIBOAA BHelHero 3anycka ADC1 B pexxume regular conversion
Set and cleared by software. This bit controls the trigger input connected to ADC1 External trigger
regular conversion. When reset the ADC1 External trigger regular conversion is connected to
EXTI11. When set the ADC1 External Event regular conversion is connected to TIM§ TRGO.
CraBuTCs U OYMIAECTCSA IPOTPAMMHO. DTOT OUT YIpaBiseT MOJKIYEHUEM BX0/Ia 3aIlycKa B
pexxume regular conversion 1151 ADC1. Korga 3ToT 6uT cOpoitieH, To 3TOT BXO MOJKIIOUEH K
BeiBoy EXTI11, unaye - xk BoiBogy TIM8 TRGO.

Bits 17 ADC1_ETRGINJ_REMAP: ADC 1 External trigger injected conversion remapping

Ilepenaznauenue BbIBOAA BHelIHero 3anycka ADC1 B pe:xume injected conversion
Set and cleared by software. This bit controls the trigger input connected to ADC1 External trigger
injected conversion. When reset the ADC1 External trigger injected conversion is connected to
EXTI15. When set the ADC1 External Event injected conversion is connected to TIM8 Channel4.
CraBUTCS M OYMILAETCS IPOTPaMMHO. DTOT OUT yIpaBIseT NOIKIIOYECHHEM BX0/1a 3aIlyCcKa B
pexxume injected conversion 111 ADC1. Korga 3ToT OuT cOpoIIeH, TO 3TOT BXOJI MOIKIIOUYEH K
BeiBOy EXTI15, nnaye - xk BoiBogy TIM8 Channel4.

Bits 16 TIMSCH4_IREMAP: TIMS channel4 internal remap

IlepenaznaueHnue BbIBOAA KaHaJa 4 Talimepa S
Set and cleared by software. This bit controls the TIM5 CH4 internal mapping. When reset the
timer TIMS CH4 is connected to PA3. When set the LSI internal clock is connected to TIM5 CH4
input for calibration purpose.
CTtaBUTCS ¥ OYHUIIACTCS TPOTrPAMMHO. DTOT OUT yrpasiseT noakodeHuemM Bxoaa TIMS CH4.
Korga stot 6ut cOpoieH, To 3TOT BX0A MoakiIoueH K BeiBoay PA3. Korna stot 6ut ycTaHoBIEH,
T0 KO0 Bxoay TIMS_ CH4 noakiiroueH BHYTPEHHHUI TakTOBBIM curHan ot LSI B nensax ero
KaJTHOPOBKH.



Bit 15 PD01_REMAP: Port D0/Port D1 mapping on OSC_IN/OSC_OUT
IHepenaznauenue BoiBoA0B PD0O/PD1 na OSC_IN/OSC_OUT
This bit is set and cleared by software. It controls the mapping of PDO and PD1 GPIO functionality.
When the HSE oscillator is not used (application running on internal 8 MHz RC) PDO0 and PD1 can
be mapped on OSC_IN and OSC_OUT. This is available only on 36-, 48- and 64-pin packages
(PDO and PD1 are available on 100-pin and 144-pin packages, no need for remapping).
OTOT OUT CTAaBUTCS U OYHUINAETCS MporpaMMHO. OH ynpasisieT QyHKIIMOHATFHBIM Ha3HAYCHHEM
BbIBOZIOB PD0 1 PD1 GPIO. Korga HSE renepatop He ucnosib3yercs (MpuiIoKeHne paboTaer oT
BHyTpeHHero 8 MI'n RC renepatopa), To Ha mecto BbiBo0B OSC_IN 1 OSC_OUT MoxHO
HazHaunTh PD0 1 PD1. DT0 BO3MOKHO TOJIBKO 7151 KOPITYcOB Ha 36, 48 1 64 BHIBOJIOB (BBIBOJIBI
PDO u PD1 nocrynss! B kopriycax Ha 100 u 144 BbIBOIOB, M HE HY)KJAIOTCS B IEPEHA3HAYEHUH).
0: No remapping of PD0 and PD1 (Her nepenasnauenus ans PD0O u PD1)
1: PDO remapped on OSC IN, PD1 remapped on OSC OUT,
PDO nepenaznauen va OSC_IN, a PD1 - va OSC_OUT.

Bits 14:13 CAN_REMAP[1:0]: CAN alternate function remapping
IHepenaznauenue anbrepHaTUBHON pyHknun CAN
These bits are set and cleared by software. They control the mapping of alternate functions
CAN _RX and CAN TX in devices with a single CAN interface.
OTH OUTHI CTABATCS M OUUINAIOTCS MporpaMMHO. OHU YIIPaBISAIOT HA3HAYCHUEM aJIbTePHATUBHBIX
¢byakumii BeiBo1oB CAN_RX u CAN_TX B ycrpoiictBax ¢ omaum CAN uHTEepdeiicom.
00: CAN RX mapped to PA11, CAN TX mapped to PA12
CAN_RX naznauen Ha PA11, CAN_TX - Ha PA12
01: Not used (He ucronp3oBath)
10: CAN_RX mapped to PBS, CAN_TX mapped to PB9 (not available on 36-pin package)
CAN_RX Ha3znauen Ha PB8, CAN_TX - Ha PB9 (HenocTynHO 1715 KOpItycoB Ha 36 BBIBOJOB)
11: CAN RX mapped to PD0O, CAN_ TX mapped to PD1
CAN_RX Ha3znauen Ha PD0, CAN_TX - na PD1

Bit 12 TIM4 REMAP: TIM4 remapping (Ilepenaznauenue aias TIM4)
This bit is set and cleared by software. It controls the mapping of TIM4 channels 1 to 4 onto the
GPIO ports.
OTOT OUT CTAaBUTCS U OYHUILAETCS TporpaMMHO. OH yIpaBisieT Ha3Hau€HHEM BBIBOJOB JIJIsi KAHAJIOB
¢ 1-ro no 4-ii raitmepa TIM4 na noptsl GPIO.
0: No remap (Her nepenaznauenus)
(TIM4_CH1/PB6, TIM4 CH2/PB7, TIM4 CH3/PB8, TIM4 CH4/PB9)
1: Full remap (ITomHOE MepeHa3HaueHuUE)
(TIM4_CH1/PD12, TIM4 CH2/PD13, TIM4 CH3/PD14, TIM4 CH4/PD15)

Note: TIM4 ETR on PEO is not re-mapped. (BeiBon TIM4_ETR/PE0 He nepenaznauaercs. )

Bits 11:10 TIM3_REMAP[1:0]: TIM3 remapping (Ilepenaznauenne gias TIM3)
These bits are set and cleared by software. They control the mapping of TIM3 channels 1 to 4 on
the GPIO ports.
OTu OUTHI CTABITCA U OYUIIAIOTCS TporpaMMHO. OHH ypaBIsSiOT HA3HAYEHHEM BBIBOJIOB IS
KaHajoB ¢ 1-ro no 4-i raiimepa TIM3 na noptsl GPIO.
00: No remap (Her nepenasnauenusi) (CH1/PA6, CH2/PA7, CH3/PB0, CH4/PB1)
01: Notused (He ucronp3oBath)
10: Partial remap (Yactuunoe nepenasznadenue) (CH1/PB4, CH2/PBS, CH3/PB0, CH4/PB1)
11: Full remap (ITomuoe nepenasnauenue) (CH1/PC6, CH2/PC7, CH3/PCS8, CH4/PC9)

Note: TIM3 ETR on PEO is not re-mapped. (BeiBog TIM3_ETR/PE0 He nepena3znauaercs. )



Bits 9:8 TIM2_REMAP[1:0]: TIM2 remapping (Ilepenaznauenue nisa TIM?2)

These bits are set and cleared by software. They control the mapping of TIM2 channels 1 to 4 and

external trigger (ETR) on the GPIO ports.

OTu OUTHI CTABITCA U OYUIIAIOTCS MporpaMMHO. OHH yHpaBIsSiOT HA3HAYEHHEM BBIBOJIOB IS

taiimepa TIM2: xanans! ¢ 1-ro no 4-ii u Bxoz BHewmHero 3anycka (ETR), na nmopter GPIO.
00: No remap (Her nepenasnauenusi) (CHI/ETR/PAO, CH2/PA1, CH3/PA2, CH4/PA3)
01: Partial remap (YacTuuHoe nepeHa3HayeHUE)

(CHI/ETR/PA1S, CH2/PB3, CH3/PA2, CH4/PA3)
10: Partial remap (YacTuuHoe niepeHa3HAYCHHE)

(CHI/ETR/PAO, CH2/PA1, CH3/PB10, CH4/PB11)
11: Full remap (ITonHoe nepeHazHaueHue)

(CHI/ETR/PA1S5, CH2/PB3, CH3/PB10, CH4/PB11)

Bits 7:6 TIM1_REMAP[1:0]: TIM1 remapping (Ilepenaznauenue nisa TIM1)

These bits are set and cleared by software. They control the mapping of TIM2 channels 1 to 4, IN
to 3N, external trigger (ETR) and Break input (BKIN) on the GPIO ports.
OTu OUTHI CTABITCA U OYUIIAIOTCS TporpaMMHO. OHH yIpaBIsSiOT Ha3HAYEHHEM BBIBOJIOB IS
taiimepa TIM1: kananst 1-4, IN-3N, Bxox BHemHero 3anycka (ETR) u Bxon npeprsiBanus cuera
(BKIN), na noptet GPIO.

00: No remap (Her nepenaznauennsi) (ETR/PA12, CH1/PAS, CH2/PA9, CH3/PA10,
CH4/PA11, BKIN/PB12, CHIN/PB13, CH2N/PB14, CH3N/PB15)

01: Partial remap (Uactuunoe nepenaznauenue) (ETR/PA12, CH1/PAS, CH2/PA9,
CH3/PA10, CH4/PA11, BKIN/PA6, CHIN/PA7, CH2N/PB0, CH3N/PB1)

10: not used (He ucnonb3oBath)

11: Full remap (ITomnoe nepenasnauenue) (ETR/PE7, CH1/PE9, CH2/PE11, CH3/PE13,
CH4/PE14, BKIN/PE15, CHIN/PES, CH2N/PE10, CH3N/PE12)

Bits 5:4 USART3 _REMAP[1:0]: USART3 remapping (Ilepenaznauenue nist USART3)
These bits are set and cleared by software. They control the mapping of USART3 CTS, RTS, CK,
TX and RX alternate functions on the GPIO ports.
DT OUTHI CTABITCSA U OYUIIAIOTCS MporpaMMHO. OHM YIPaBIsIOT HA3HAYCHUEM alTbTEPHATUBHBIX
¢bynaxumii BeiBos1oB CTS, RTS, CK, TX u RX mns USART3 na noptet GPIO.
00: No remap (Her nepenaznaueHus)
(TX/PB10, RX/PB11, CK/PB12, CTS/PB13, RTS/PB14)
01: Partial remap (UacTuuHoe nmepeHa3HauCHUE)
(TX/PC10, RX/PC11, CK/PC12, CTS/PB13, RTS/PB14)
10: not used (He ucmonp3oBath)
11: Full remap (ITomHOE mepeHa3sHaYCHUE)
(TX/PD8, RX/PD9, CK/PD10, CTS/PD11, RTS/PD12)

Bit 3 USART2 REMAP: USART2 remapping (Ilepenaznavenue njsa USART?2)
This bit is set and cleared by software. It controls the mapping of USART2 CTS, RTS, CK, TX and
RX alternate functions on the GPIO ports.
DTOT OUT CTAaBUTCS U OUYHUIIAETCS IporpaMMHo. OH yIpaBisieT Ha3HAYEHUEM allbTEPHATHBHBIX
¢bynakuwmii BeiBos1oB CTS, RTS, CK, TX u RX mns USART?2 na noptet GPIO.
0: No remap (Her nepenaznauenusi) (CTS/PAO, RTS/PA1, TX/PA2, RX/PA3, CK/PA4)
1: Remap (ITepenasznauenue) (CTS/PD3, RTS/PD4, TX/PD5, RX/PD6, CK/PD7)

Bit 2 USART1_REMAP: USART1 remapping (Ilepenaznauenue nias USART1)
This bit is set and cleared by software. It controls the mapping of USART1 TX and RX alternate
functions on the GPIO ports. DTOT OUT cTaBUTCS M OYUIIAETCs MporpaMMHO. OH yIpaBisieT
HazHaueHneM aibrepHaTuBHBIX QyHKIMK BRIBOJOB TX 1 RX mist USART1 na nopter GPIO.
0: No remap (Het nepenasnauenus) (TX/PA9, RX/PA10)
1: Remap (Ilepenaznauenue) (TX/PB6, RX/PB7)



Bit 1 12C1_REMAP: 12C1 remapping (Ilepenasnauenne nias 12C1)
This bit is set and cleared by software. It controls the mapping of [2C1 SCL and SDA alternate
functions on the GPIO ports.
DTOT OGUT CTAaBUTCS U OYHINAETCs MporpaMMHo. OH yIpaBiisieT Ha3HaYeHUEM allbTePHATUBHBIX
¢ynkuuii BeiBo1oB SCL 1 SDA nnst 12C1 va noptet GPIO.
0: No remap (Het nepenaznauenus) (SCL/PB6, SDA/PB7)
1: Remap (Ilepenaznauenue) (SCL/PBS, SDA/PB9)

Bit 0 SPI1_REMAP: SPI1 remapping (Ilepenaznauenne as SPI1)
This bit is set and cleared by software. It controls the mapping of SPI1 NSS, SCK, MISO, MOSI
alternate functions on the GPIO ports.
DTOT OUT CTAaBUTCS U OUYHUIIAETCS IporpaMMHo. OH yIpaBisieT Ha3HAYeHUEM allbTEPHATHBHBIX
¢bynkumii BeiBos1oB NSS, SCK, MISO, MOSI 11 SPI1 Ha noptet GPIO.
0: No remap (Het nepenasnauenus) (NSS/PA4, SCK/PAS, MISO/PA6, MOSI/PAT)
1: Remap (ITepenaznauenue) (NSS/PA1S, SCK/PB3, MISO/PB4, MOSI/PBS)

Memory map and bit definitions for connectivity line devices:
Omnpenensier KapTy NaMATH U Ha3HauyeHUs OuToB i ceMmelicTBa Connectivity Line.

31 3D 29 28 27 28 25 24 23 22 21 20 18 18 17 18
TIM2IT
Felac| mI_ | sPis_ SWJ_ Mi_Rmi| canz_ | ETH_R P
Res. | 1ip |F|EFE-:A REMAP| pas. CFG[2:0) I_SEL |REMAP | EMAP Reserved P
e e e W | W | W e e e e
15 14 13 12 1 10 3 B 7 & 5 a 3 2 | 0
PDO1_ | CANI_REMAP | TIM4_ | TIM2_REMAP | TIM2_REMAP | TIM1_REMAP USART3_ '-'5;":”_ US;"F'T 12c1_ | sPI1_
REMAP [1:0] REMAP [1:0] [1:0] 101 REMAPI10] |G | 1= |REMAP |REMAP
e i | e e e | e e | e e e e e i e e e

Bit 31 Reserved

Bit 30 PTP_PPS_REMAP: Ethernet PTP PPS remapping
Ilepena3nauenue s Ethernet PTP PPS
This bit is set and cleared by software. It enables the Ethernet MAC PPS PTS to be output on the
PBS5 pin. (OT0T 6UT cTaBuTCs M ouniaetcs nporpaMmuo. OH paspemaeT BbiBoJ curHana Ethernet
MAC PPS_PTS Ha BeiBog PBS.)
0: PTP_PPS not output on PB5 pin. (Her BoiBoga curnana PTP_PPS na BriBog PBS)
1: PTP_PPS is output on PBS5 pin. (Curnana PTP_PPS BeiBoautcs Ha BeiBoz PBS)

Note: This bit is available only in connectivity line devices and is reserved otherwise.
OTOT OUT IOCTYIIEH TOJIBKO iist ceMericTBa Connectivity Line, B mpoTuBHOM ciiydaeT oH
3ape3epBUPOBaH.

Bit 29 TIM2ITR1_IREMAP: TIM2 internal trigger 1 remapping
ITepenasHayeHne BHYTPEHHEr0 NOAKJIOYEeHNs BXoAa 3anycka 1 aiusa TIM2
This bit is set and cleared by software. It controls the TIM2 ITRI internal mapping.
OTOT OUT CTAaBUTCS U OYHUILAETCS IPporpaMMHO. OH yHpaBisieT BHyTPEHHUM MOAKIIOYECHUEM
TIM2_ITRI1.
0: Connect TIM2 ITRI1 internally to the Ethernet PTP output for calibration purposes.
Buyrpenne nonkmouaer TIM2_ITRI1 k Beixony Ethernet PTP B nensix kanuOpoBku.
1: Connect USB OTG SOF (Start of Frame) output to TIM2 ITRI1 for calibration purposes.
Buytpenne nonkmouaer TIM2_ITR1 kx Beixony USB OTG SOF B nemnsix kanuOpoBKU.

Note: This bit is available only in connectivity line devices and is reserved otherwise.
OTO0T OUT 1OCTYTIEH TOIbKO A1 ceMmelicTBa Connectivity Line, B mpoTUBHOM ciiydaeT OH
3ape3epBUPOBaH.



Bit 28 SPI3_REMAP: SPI3 remapping (Ilepenaznadenue nias SPI3)
This bit is set and cleared by software. It controls the mapping of SPI3 NSS, SCK, MISO, MOSI
alternate functions on the GPIO ports.
DTOT OGUT CTAaBUTCS U OYHINAETCs MporpaMMHo. OH yIpaBiisieT Ha3HaYeHUEM allbTePHATUBHBIX
¢ynknuii BeiBogoB NSS, SCK, MISO, MOSI mis SPI3 va noptet GPIO.
0: No remap (Het nepenasnauenus) (NSS/PA15, SCK/PB3, MISO/PB4, MOSI/PBS)
1: Remap (Ilepenaznauenue) (NSS/PA4, SCK/PC10, MISO/PC11, MOSI/PC12)

Note: This bit is available only in connectivity line devices and is reserved otherwise.
DTOT OWUT IOCTYIIEH TOJBKO it ceMeticTBa Connectivity Line, B mpoTuBHOM ciiydaeT oH
3ape3epBUPOBAH.

Bit 27 Reserved

Bits 26:24 SWJ_CFGJ2:0]: Serial wire JTAG configuration (Kondurypauus JTAG)

These bits are write-only (when read, the value is undefined). They are used to configure the SWJ
and trace alternate function I/Os. The SWJ (Serial Wire JTAG) supports JTAG or SWD access to
the Cortex debug port. The default state after reset is SWJ ON without trace. This allows JTAG or
SW mode to be enabled by sending a specific sequence on the JTMS / JTCK pin.
3T0 OUTHI TOJBKO IS 3aNUCH (IIPU YTEHUH UX 3HAYEHUE He orpeeneHo). OHU UCTIONb3YIOTCS JUIs
KoH(purypamuu anprepHaTuBHBIX GyHKIUNH SWJ u Tpaccuposku. [locie cOpoca mopT oTinaaku
HaxonuTcs B pexkume: SWJ BitoueH 0e3 TpacCUpOBKH. DTO MMo3BojsieT paspemiats pexuM JTAG
nnu SW, nockuiasi onpenesieHHyro nocieaoBaTteabHocTh Ha BeIBOJ JTMS/JTCK.

000: Full SWJ (JTAG-DP + SW-DP): Reset State

001: Full SWJ (JTAG-DP + SW-DP) but without INTRST

010: JTAG-DP Disabled and SW-DP Enabled

100: JTAG-DP Disabled and SW-DP Disabled

other combinations: no effect

Bit 23 MII_RMII_SEL: MII or RMII selection (Beioop MII niaun RMII)
This bit is set and cleared by software. It configures the Ethernet MAC internally for use with an
external MII or RMII PHY.
3tOoT OUT cTaBUTCS U oumIaercs nporpamMmuo. OH konpurypupyet Ethernet MAC nHa
ucnoas3oBanue ¢ BHemHuM MII PHY nnu ¢ RMII PHY.
0: Configure Ethernet MAC for connection with an MII PHY
Ethernet MAC ckxonduryposan Ha noakitrodeHue k MII PHY
1: Configure Ethernet MAC for connection with an RMII PHY
Ethernet MAC cronduryposan Ha noaximrodeHrne kK RMII PHY

Note: This bit is available only in connectivity line devices and is reserved otherwise.
3TOT OUT HOCTYTIEH TOIbKO AJis cemelicTBa Connectivity Line, B mpoTHBHOM ciiydaeT oH
3ape3epBUPOBaH.

Bit 22 CAN2_REMAP: CAN2 1/O remapping (Ilepenasnauenne njass CAN2)
This bit is set and cleared by software. It controls the CAN2 TX and CAN2 RX pins.
OTOT OUT CTAaBUTCS U OYHILAeTCsa mporpaMMHo. OH ynpasisieT HazHaueHHeM BbiBoJoB CAN2_RX
u CAN2_TX
0: No remap (Het nepenasnauenus) (CAN2 RX/PB12, CAN2 TX/PB13)
1: Remap (Ilepenaznauenue) (CAN2 RX/PB5, CAN2 TX/PB6)

Note: This bit is available only in connectivity line devices and is reserved otherwise.
3TOT OUT NOCTYTIEH TOIBKO AJisi cemelicTBa Connectivity Line, B mpoTHBHOM ciiydaeT oH
3ape3epBUPOBaH.



Bit 21 ETH_REMAP: Ethernet MAC 1/0 remapping (Ilepenaznauenue nis Ethernet MAC)

This bit is set and cleared by software. It controls the Ethernet MAC connections with the PHY.
OTOT OUT CTaBUTCS U ouHIaeTcs nmporpamMmuo. OH ynpasisier nojakiaoueHuem Ethernet MAC k
PHY.

0: No remap (Her nepenaznauenus)
(RX_DV-CRS DV/PA7,RXD0/PC4, RXD1/PC5, RXD2/PB0, RXD3/PB1)

0: Remap (Ilepenasnauenue)
(RX_DV-CRS _DV/PDS§, RXD0/PD9, RXD1/PD10, RXD2/PD11, RXD3/PD12)

Note: This bit is available only in connectivity line devices and is reserved otherwise.
OTOT OUT OCTYTIEH TOIBKO AJis cemelicTBa Connectivity Line, B mpoTHBHOM ciiydaeT oH
3ape3epBUPOBaH.

Bits 20:17 Reserved

Bits 16 TIMSCH4_IREMAP: TIMS channel4 internal remap

IlepenaznaueHnue BbIBOAA KaHaJa 4 Talimepa S
Set and cleared by software. This bit controls the TIM5 CH4 internal mapping. When reset the
timer TIMS CH4 is connected to PA3. When set the LSI internal clock is connected to TIM5 CH4
input for calibration purpose.
CTtaBUTCS ¥ OYHUIIACTCS TPOTrPAMMHO. DTOT OUT yrpasiseT noakodeHuemM sxoaa TIMS CH4.
Korga stot 6ut cOpoieH, To 3TOT BX0A MoakiIoueH K BeiBoay PA3. Korna stot 6ut ycTaHoBIeH,
To KO0 Bxoay TIMS_CH4 noakiroueH BHYTPEHHUI TakTOBBIM curdan ot LSI B ensax ero
KaJTHOPOBKH.

Bit 15 PD01_REMAP: Port DO/Port D1 mapping on OSC_IN/OSC_OUT
Ilepena3nauenue BoiBoA0B PD0O/PD1 na OSC_IN/OSC_OUT
This bit is set and cleared by software. It controls the mapping of PD0O and PD1 GPIO functionality.
When the HSE oscillator is not used (application running on internal 8 MHz RC) PD0 and PD1 can
be mapped on OSC_IN and OSC_OUT. This is available only on 36-, 48- and 64-pin packages
(PDO and PD1 are available on 100-pin and 144-pin packages, no need for remapping).
DTOT OGUT CTaBUTCS U OYHINAETCs TporpaMMHo. OH yrpaBisieT (pyHKIMOHATBHBIM Ha3HAYEHUEM
BbIBOJI0B PD0 1 PD1 GPIO. Korga HSE reneparop He ucnomib3yercs (MpriiokeHrne paboTaeT oT
BHyTpeHHero 8 MI't RC reneparopa), To Ha MecTo BeiBOJIoB OSC_IN 1 OSC_OUT moxHO
HazHauuTh PD0 u PD1. DT0 BO3MOKHO TOJILKO 151 KOPITYycOB Ha 36, 48 1 64 BHIBOJOB (BBIBOJIbI
PDO u PD1 noctynusl B kopmycax Ha 100 u 144 BBIBOJIOB, 1 HE HYKIAIOTCS B IEPEHA3HAYCHHH ).
0: No remapping of PD0 and PD1 (Her nepenaznauenus ans PD0O u PD1)
1: PDO remapped on OSC _IN, PD1 remapped on OSC_OUT,
PDO nepenasnauen Ha OSC_IN, a PD1 - va OSC_OUT.

Bits 14:13 CAN1_REMAP|1:0]: CAN1 alternate function remapping
ITepenasnauenne aabTepHaTHBHON pyHkuun CAN1
These bits are set and cleared by software. They control the mapping of alternate functions
CAN1 RX and CAN1 TX.
OTu OUTHI CTABITCA U OYUIIAIOTCS MporpaMMHO. OHM yIpaBIsiOT Ha3HAYCHUEM aJIbTePHATUBHBIX
¢ynkuuii BeiBoioB CAN1_RX n CAN1_TX.
00: CANI RX mapped to PA11, CAN1 TX mapped to PA12
CAN1_RX naznauen Ha PA11, CAN1_TX - Ha PA12
01: Not used (He ucnonb3oBatb)
10: CANI1 RX mapped to PBS, CAN1_ TX mapped to PB9 (not available on 36-pin package)
CAN1_RX naznauen Ha PB8, CAN1_TX - na PB9Y (HemocTymHO 17151 KOPIycoB Ha 36 BHIBOJIOB)
11: CANI1 RX mapped to PD0O, CAN1 TX mapped to PDI
CAN1_RX naznauen Ha PD0, CAN1_TX - na PD1



Bit 12 TIM4_REMAP: TIM4 remapping (Ilepenaznauenue nisa TIM4)
This bit is set and cleared by software. It controls the mapping of TIM4 channels 1 to 4 onto the
GPIO ports.
DTOT OUT CTaBUTCS U OYHILAETCs mporpaMMHo. OH yIpaBiisieT Ha3HaYeHUEM BBIBOJIOB ISl KAHAJIOB
¢ 1-ro no 4-ii Taiimepa TIM4 na noptel GPIO.
0: No remap (Het nepenaznauenus)
(TIM4_CH1/PB6, TIM4 CH2/PB7, TIM4 CH3/PBS, TIM4 CH4/PB9)
1: Full remap (ITomHOE MEepeHa3HauYCHHE)
(TIM4_CH1/PD12, TIM4 CH2/PD13, TIM4 CH3/PD14, TIM4 CHA4/PD15)

Note: TIM4 ETR on PEO is not re-mapped. (BeiBog TIM4_ETR/PE0 He nepena3znauaercs. )

Bits 11:10 TIM3 _REMAP|[1:0]: TIM3 remapping (Ilepenaznauenue xiass TIM3)
These bits are set and cleared by software. They control the mapping of TIM3 channels 1 to 4 on
the GPIO ports.
OTu OUTHI CTABIATCA U OYUIIAIOTCS MporpaMMHo. OHH YIPaBISIOT HA3HAYCHUEM BBIBOJIOB IS
KaHajoB ¢ 1-ro no 4-if taitmepa TIM3 Ha noptsl GPIO.
00: No remap (Her nepenaznauenns) (CH1/PA6, CH2/PA7, CH3/PB0, CH4/PB1)
01: Not used (He ucnonb3oBatb)
10: Partial remap (Yactuunoe nepenasznadenne) (CH1/PB4, CH2/PBS, CH3/PB0, CH4/PB1)
11: Full remap (ITomunoe nepenasnauenue) (CH1/PC6, CH2/PC7, CH3/PC8, CH4/PC9)

Note: TIM3 ETR on PEO is not re-mapped. (BeiBonx TIM3_ ETR/PE0 He nepenaznauaercs. )

Bits 9:8 TIM2_REMAP[1:0]: TIM2 remapping (Ilepenaznadenue nisa TIM?2)

These bits are set and cleared by software. They control the mapping of TIM2 channels 1 to 4 and

external trigger (ETR) on the GPIO ports.

OTu OUTHI CTABITCA U OYUIIAIOTCS porpaMMHO. OHH yHpaBIsSiOT HA3HAYEHHEM BBIBOJIOB IS

taiimepa TIM2: xanans! ¢ 1-ro no 4-ii u Bxoz BHewmHero 3anycka (ETR), na nopter GPIO.
00: No remap (Her nepenasnauenusi) (CHI/ETR/PAO, CH2/PA1, CH3/PA2, CH4/PA3)
01: Partial remap (UacTuuHoe nmepeHa3HauCHUE)

(CHI/ETR/PA1S, CH2/PB3, CH3/PA2, CH4/PA3)
10: Partial remap (YacTuuHoe niepeHa3HAYCHHE)

(CHI/ETR/PAO, CH2/PA1, CH3/PB10, CH4/PB11)
11: Full remap (ITonnoe nepeHazHaueHue)

(CHI/ETR/PA1S, CH2/PB3, CH3/PB10, CH4/PB11)

Bits 7:6 TIM1_REMAP[1:0]: TIM1 remapping (Ilepenaznauenue nisa TIM1)

These bits are set and cleared by software. They control the mapping of TIM2 channels 1 to 4, IN
to 3N, external trigger (ETR) and Break input (BKIN) on the GPIO ports.
OTu OUTHI CTABITCA U OYUIIAIOTCS TporpaMMHO. OHH ypaBIsSiOT HA3HAYEHHEM BBIBOJIOB IS
taiimepa TIM1: kanans! 1-4, 1N-3N, Bxoz BHemHero 3anycka (ETR) u Bxox npepbiBanus cuera
(BKIN), na noptet GPIO.

00: No remap (Her nepenaznauennsi) (ETR/PA12, CH1/PAS, CH2/PA9, CH3/PA10,
CH4/PA11, BKIN/PB12, CHIN/PB13, CH2N/PB14, CH3N/PB15)

01: Partial remap (Uactuunoe nepenaznauenue) (ETR/PA12, CH1/PAS, CH2/PA9,
CH3/PA10, CH4/PA11, BKIN/PA6, CHIN/PA7, CH2N/PB0, CH3N/PB1)

10: not used (He ucmonp3oBath)

11: Full remap (ITomnoe nepenasnauenue) (ETR/PE7, CH1/PE9, CH2/PE11, CH3/PE13,
CH4/PE14, BKIN/PE15, CHIN/PES, CH2N/PE10, CH3N/PE12)



Bits 5:4 USART3_REMAP[1:0]: USART3 remapping (Ilepenaznadenue njast USART3)
These bits are set and cleared by software. They control the mapping of USART3 CTS, RTS, CK,
TX and RX alternate functions on the GPIO ports.
OTu OUTHI CTABITCA U OYUIIAIOTCS MporpaMMHO. OHM yIpaBIsAiOT Ha3HAYCHUEM aJIbTePHATUBHBIX
¢ynkuii BeiBogoB CTS, RTS, CK, TX u RX nns USART3 na noptet GPIO.
00: No remap (Het nepenaznauenus)
(TX/PB10, RX/PB11, CK/PB12, CTS/PB13, RTS/PB14)
01: Partial remap (UacTuuHoe nepeHa3HaueHUE)
(TX/PC10, RX/PC11, CK/PC12, CTS/PB13, RTS/PB14)
10: not used (He ucnonb3oBats)
11: Full remap (ITonHoe nepeHazHaueHue)
(TX/PD8, RX/PD9, CK/PD10, CTS/PD11, RTS/PD12)

Bit 3 USART2_REMAP: USART2 remapping (Ilepenaznadenue nias USART2)
This bit is set and cleared by software. It controls the mapping of USART2 CTS, RTS, CK, TX and
RX alternate functions on the GPIO ports.
DTOT OUT CTaBUTCA U OYHINAETCs MporpaMMHo. OH yIpaBiisieT Ha3HaYeHUEM allbTePHATUBHBIX
¢yukuii BeiBogoB CTS, RTS, CK, TX u RX nns USART?2 na noptet GPIO.
0: No remap (Het nepenasnauenusi) (CTS/PAO, RTS/PA1, TX/PA2, RX/PA3, CK/PA4)
1: Remap (Ilepenaznauenue) (CTS/PD3, RTS/PD4, TX/PDS5, RX/PD6, CK/PD7)

Bit 2 USART1_REMAP: USART1 remapping (Ilepenaznavenue njasa USART1)
This bit is set and cleared by software. It controls the mapping of USART1 TX and RX alternate
functions on the GPIO ports.
3TOT OUT CTAaBUTCS U OYHUINAETCS MporpaMMHO. OH yIpaBisieT Ha3HAaYeHUEM aJbTePHATUBHBIX
¢byaxumii BeiBo1oB TX 1 RX 1t USART1 Ha optet GPIO.
0: No remap (Het nepenasnauenus) (TX/PA9, RX/PA10)
1: Remap (Ilepenaznauenue) (TX/PB6, RX/PB7)

Bit 1 12C1_REMAP: 12C1 remapping (Ilepenasnauenne nias 12C1)
This bit is set and cleared by software. It controls the mapping of [2C1 SCL and SDA alternate
functions on the GPIO ports.
DTOT OUT CTaBUTCS U OYHINAETCS MporpaMMHo. OH yIpaBiisieT Ha3HaYeHUEM allbTepPHATUBHBIX
¢ynkuuii BeiBo1oB SCL 1 SDA nnst 12C1 va noptet GPIO.
0: No remap (Het nepenaznauenus) (SCL/PB6, SDA/PB7)
1: Remap (Ilepenaznauenue) (SCL/PBS, SDA/PB9)

Bit 0 SPI1_REMAP: SPI1 remapping (Ilepenaznauenne as SPI1)
This bit is set and cleared by software. It controls the mapping of SPI1 NSS, SCK, MISO, MOSI
alternate functions on the GPIO ports.
DTOT OUT CTAaBUTCS U OUYHUIIAETCS IporpaMMHo. OH yIpaBisieT Ha3HAYECHUEM alIbTEPHATHBHBIX
¢bynkumii BeiBos1oB NSS, SCK, MISO, MOSI 111 SPI1 Ha noptet GPIO.
0: No remap (Het nepenaznauenusi) (NSS/PA4, SCK/PAS, MISO/PA6, MOSI/PAT)
1: Remap (ITepenaznauenue) (NSS/PA15, SCK/PB3, MISO/PB4, MOSI/PBSY)



8.4.3 External interrupt configuration register 1 (AFIO_EXTICR1)
Perucrp xonpurypanuu npepoisanuii 1

Address offset: 0x08
Reset value: 0x0000

21 20 29 28 27 26 25 24 23 20 21 20 19 18 17 16
| Resarved
15 14 13 12 1" 10 ] ;] 7 g 5 4 3 2 1 0
EXTI3[3:0] EXTI2[3:0] EXTI[3:0] EXTIO[3:0]
v | Lyl v | W v | vl ‘ il | I v | Yl | Lyl ‘ il W | Iy | iyl | Lyl
Bits 31:16 Reserved

Bits 15:0 EXTIx[3:0]: EXTI x configuration (x=0 to 3)
Kondurypanus BHemnero npepbiBanus EXTIx

These bits are written by software to select the source input for EXTIx external interrupt. Refer to

Section 9.2.5: External interrupt/event line mapping on page 176

OTu OUTHI MUITYTCS MPOrPAMMHO, YTOOBI BEIOpATh MOPT Ji1s BHemHero npepeiBanust EXTIx.

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA[x] pin
PBJ[x] pin
PC[x] pin
PD[x] pin
PE[x] pin
PF[x] pin
PG[x] pin

8.4.4 External interrupt configuration register 2 (AFIO_EXTICR?2)
Peructp xondurypauuu npepbiBaHuii 2

Address offset: 0x0C
Reset value: 0x0000

31 0 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Reserved
15 14 13 12 11 10 g B 7 & 5 4 3 2 1 0
EXTI7[3:0] EXTIE[3:0] EXTIS[3:0] EXTI4[3:0]
il | I | Yl ‘ I e | Lyl | I | Yl v | Iy | Lyl | I iy ‘ iyl | Iy | I
Bits 31:16 Reserved

Bits 15:0 EXTIx[3:0]: EXTI x configuration (x=4 to 7)

These bits are written by software to select the source input for EXTIx external interrupt.
OTH OUTHI MUIITYTCS IPOTrPAMMHO, YTOOBI BEIOpaTh MOPT /Tl BHeNIHero npepbiBanus EXTIX.

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA[x] pin
PBJ[x] pin
PC[x] pin
PD[x] pin
PE[x] pin
PF[x] pin
PG[x] pin




8.4.5 External interrupt configuration register 3 (AFIO_EXTICR3)
Perucrp xondgurypauuu npepsiBanuii 3

Address offset: 0x10
Reset value: 0x0000

21 20 20 28 27 28 25 24 23 20 21 20 19 18 17 18
| Resensed
15 14 13 12 1 10 ] B 7 & 5 4 3 2 1 0
EXTI11[3:0] EXTI10[3:0] EXTIS[3:0] EXTIB[3:0]
iyl | Lyl ‘ il | W Iy | iy | vl ‘ il I | W | s | iyl Lyl | W | W | Iy
Bits 31:16 Reserved

Bits 15:0 EXTIx[3:0]: EXTI x configuration (x= 8 to 11)
These bits are written by software to select the source input for EXTIx external interrupt.
OTH OUTHI MAIITYTCS TPOTPAMMHO, YTOOBI BEIOpATh MOPT /Tl BHeNTHero npepbiBanus EXTIX.

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA[x] pin
PBJ[x] pin
PC[x] pin
PD[x] pin
PE[x] pin
PF[x] pin
PG[x] pin

8.4.6 External interrupt configuration register 4 (AFIO_EXTICR4)

Peructp kondurypauuu npepsisanui 4

Address offset: 0x14
Reset value: 0x0000

3 30 29 2B 27 26 25 24 23 22 21 20 18 18 17 16
| Reserved
15 14 13 12 11 10 8 8 7 & 5 4 3 2 1 o
EXTI15[3:0] EXTI14[3:0] EXTI13[3:0] EXTI2[3:0]
s | n ‘ rw | w W | rw | n ‘ rw nw | w | rw | s n | n | w | W
Bits 31:16 Reserved

Bits 15:0 EXTIx[3:0]: EXTI x configuration (x= 12 to 15)
These bits are written by software to select the source input for EXTIx external interrupt.
OTu OUTHI MUITYTCS TPOTPAMMHO, YTOOBI BEIOpATh MOPT 171 BHemHero npepeiBanus EXTIx.

0000:
0001:
0010:
0011:
0100:
0101:
0110:

PA[x] pin
PB[x] pin
PC[x] pin
PD[x] pin
PE[x] pin
PF[x] pin
PG[x] pin




8.5 GPIO and AFIO register maps (Kapra perucrpo GPIO u AFIO)

Refer to Table 1 on page 41 for the register boundary addresses. The following tables give the
GPIO and AFIO register map and the reset values.
Cwm. Tab6m. 1, rae qansl OTHOCHTENBHEIE aapeca perucTpoB. [lociemyroniue TabauIbl Jal0T KapTy
peructpoB GPIO u AFIO u ux 3nauenus nocine copoca.

Table 50. GPIO register map and reset values
Kapra peructpoB GPIO u ux 3HaueHue mnociue copoca

Offset| Register | 21212 | R |KIQIQ | QSR (B (21922 ¥ 2|20 (o [~ ow |+ 6o~ e
aPIOx CAL |CNF7|MODE7|CNF6|1ODES|CNFS|MODES|CNF4 [MODE4|CNF3 | MODES| CNF2|MODE2| CNF 1|MODE 1| CNFO|MODED
0x00 - meor| pear |peor| ooy (peon| oo {peon | peon || o [peon| oo |peon| peor | eon| (o
Resetvalue [0[ 1[0 |0 fo|1|o|olej1]|ofofejt|ojolojt]|ofolelt|o]ofojt|ojo]o]t|o]o
CNF |MODET| CNF [MODE1| CNF |MODE 1| CNF |MODE 1] CNF [MODE!| CNF |MODE1| CNF CNF
npe |GPIOXCRH | 15 | 5 |4 | 4 f93 | 3tz 2 |1 1ol 0 | ""[':1”,33'.59 B ""ﬂ'?n'.fﬁ
. meor| o |peor| ooy |eor| peo {peor| oo [ eon| o oo | opeor [pean | M g | P
Resetvalie [0] 1] 0|0 of1|o]o|oft]|ojo]o[1]|ojolojt|ojoloj1|ojo]ojt|ofo]ojt|o]o
o0s | GPIOX_IDR Aesarved IDR[1 5:0]1
Reset value ojofo|olojofo|o|ofojo]O|o[ojO|0
soc | GPIOX_ODR Aesarved ODR[15:0]
Reset value ojofo|olojofo|o|ofojo]O|o[ojO|0
210 |GPIOX_BSRR BR[15:0] BSA[15:0]
Resetvalue |0]0| 0|0 |0]0|0 |0 |ojo]jo|o]ojo]jo|o|ojojo]o|ojojo]o]olejo[o]ojojo]o
o1s | GPIOX_BRR Aeserved BR[15:0]
Reset value ojofo|olojofo|o|ofojo]o|ofojo|0
! &
ouis |GPIOX_LCKR Aesorved % LCK[15:0]
Reset value o|ojojo]olo]ojo]ofojofo]oofo]o]o




Table 51. AFIO register map and reset values
Kapra peructpoB AFIO u ux 3HaueHue nociue copoca

ofiset| Register_|z elalalr a3 [z[a[r[R[2[=[E[e[e[F[el8[E[R]e]=] o [o[<[o]s[-[
m
oo | AFIO_EVCR Feserved %PDHT[E:D_ PIN[3:0]
Reset value ofojojojofofo
HEHE
|_|§|_|§'5L =zl l=lzl=lzlzl2E |8 =
zl=|= EEIE%&EE%EEEEEE&ﬂggu&
AFIO_MAPR FlElE m_jm_jgzggzﬁﬁgﬁﬁﬁgguugg
low-, medium- i (% & EEIEEFIEEEEIEIZIZIZIZEIEEIE|R|S|E|LD
0x04 |and high-density |  Fesened |2 |2 |2 Hssswsdgg g N A e e A A A A P P el o
devices 0 = |= ala e || < = 5 BT E |G |7
3 |5 Ehhhéﬁﬁﬁgzzszzzmmﬁzﬁg%
i g FEEIEEIEER
all=IgEl B9 [FIFIFIF|FIF i
8888 =2 |2
ol -
Hezat value 0|00 olojojofojofofofofololojo|olo]o
oo|e o —_ = =|=|=|==]=[=Z
= = = —IEZIEIZIEE ISR S
SEk| |xl=lslalzle R I ol ol - Tl ol ol o ol ol = = R O |
il bl = [ oo 4 |<
AFIO_MAPR ugE EEE“%% E§§§§EEEEEEEE““§§
|::t"t|'§ —ngl—l—l—zmu § “lEEIEEEEIEEEE R R
qwpa | COMnectivity line |€ o | | Clof@ = s = zlz|z|D|D|D|T|D (D a - |Z |
devices T o PO i P el el [l [~ I E I|= e L Lo Lol ool Lo o e el Y
d&tadﬁﬁﬁ_z_ & gl2iz|z |2 o el = 2 T T
Tle | |m|® EEE o 35%%;%%%%55%%%%5m
= = g |d FIFIFIFIFIFIS|S]= P
Hezat value 0|00 olojojofo]o ofojof{ofofofofolojol|oj0jo|o|o|ofo
008 | AFIO_EXTICR! Aesared EXTIZ[@0) | EXTIZ@:0] | EXTI[30] | EXTIO[E:0)
Hezet value D|D|D|D D|D|D|D D|D|D|D D|D|D|D
soc | AFIO_EXTICR2 - EXTIT[3:0] | EXTIE@:0] | EXTISE0] | EXTI4[3:0)
Heset valce 0[0[0]0|0[0]0[0|0]0[0]0|0]0]0]0
210 | AFIO_EXTICR3 Aesarved EXTI1[3:0] | EXTHOE0) | ExTIgE0) | Exnis@o;
Feset valie OO0 0[O0 [0 00000 0 000
oc1a | AFIO_EXTICR4 Aesarved EXTIE3:0] | EXTH42:0] | EXTI33:0] | EXTIZ3:0]
Heset value D|D|D|D DlﬁllﬁllD DlﬁllDlB DlﬁllﬁllD

Refer to Table 1 on page 41 for the register boundary addresses.
Cwm. Tabu. 1, rae gaHbl OTHOCHUTENBHBIE apeca PErUCTPOB.




9 Interrupts and events (IlpepbiBaHus U COOBITHSA)

(30ecv naxooumcs pumyanvroe nanomunanue o Hanuyuu 4-x cemeticme onsi STM32F10xxx, u
umo 2mom OOKyMeHm 000 8cex cemelicmeax, eciu Hem npsamozo ykazanus. Cm. paszoen 1.2 I'nmoccapuii).)

9.1 Nested vectored interrupt controller (NVIC) (KoHTposiep BI0KEHHBIX BEKTOPOB MPEPHIBAHHIA)
9.2 External interrupt/event controller (EXTI) (KoHTpoisiep BHEITHUX TpEPbIBAaHUNA/COOBITHIA)
9.3 EXTI registers (Peructpst EXTI)

9.1 Nested vectored interrupt controller (NVIC)
KonTpoJsiep BJ10KeHHBIX BEKTOPOB NpepPbIBAHU M

9.1.1 SysTick calibration value register (Peructp xanmuOpoOBKHM 3HAYECHUS TSI CHCTEMHOTO TaiiMepa)
9.1.2 Interrupt and exception vectors (Bekropa uckitoueHuil 1 npepuIBaHuUil)

Features (OcoGenHoctn)

* 68 maskable interrupt channels (not including the 16 interrupt lines of Cortex™-M3)
68 MackupyeMBbIX KaHaJIOB IIpepbIBaHuil (He cunTas 16 nuHuil npepsiBanuii Cortex-M3)

* 16 programmable priority levels (4 bits of interrupt priority are used)
16 mporpaMMHUpyeMbIX YpOBHEH NPHOPUTETOB
(ucnionb3yercs 4 OuTa NPUOPUTETOB NpepbIBaHUl (kpome cemeticmea CL))

* Low-latency exception and interrupt handling
Masiasi 3ajiep>kka 00pabOTKM UCKITIOUEHHUH 1 TIpepbIBaHUN

* Power management control (YnpaBinenue notpeOieHrueM )

* Implementation of System Control Registers
Peanusanus perucTpoB ynpaBiIeHHs] CHCTEMOM

The NVIC and the processor core interface are closely coupled, which enables low latency
interrupt processing and efficient processing of late arriving interrupts.
Monyns NVIC u uatepdeiic ¢ sapom nporeccopa CUIbHO B3aMMOCBSI3aHbI, BCICACTBHH Y€TO HMEEM
MaJTy1o 3a/Iep>KKy 00paboTKH npepriBaHui 1 3 HEKTUBHYI0 00pabOTKy NpephIBAHUHN, MPUILIEAIINX YyTh
TIO3KeE.

All interrupts including the core exceptions are managed by the NVIC. For more information on
exceptions and NVIC programming see Chap 5 Exceptions & Chap 8 Nested Vectored Interrupt
Controller of the ARM Cortex™-M3 Technical Reference Manual.

Bce npeppiBanus, BKIIIO4as UCKIIIOYEHUS sapa, yrnpaisatorcs moayieM NVIC. JlonogHUTenbHYIO
uHpOpMaLHUIO N0 UcKIoueHusM U nporpammupoBanuio NVIC cwm. B rnase 5 "Exceptions" v rnase 8
"Nested Vectored Interrupt Controller" noxymenta "ARM Cortex-M3 Technical Reference Manual".



9.1.1 SysTick calibration value register
Pernctp kaanOpoBKHU 3HAYEHHS JJI51 CHCTEMHOI0 TaiiMepa

The SysTick calibration value is fixed to 9000, which gives a reference time base of 1 ms with the
SysTick clock set to 9 MHz (max HCLK/S).
3nauenune kamuOpoBku cucremHoro taiiMepa SysTick npenycranosieno u pasao 9000, uto gaer
uHTepBaj ocyeTa B 1 Mc npu 3HaueHuu takroBoro currana SysTick - 9 MI' (72/8).
(Cm. paszoen 4.4.4 ooxymenma "STM32F 10xxx Cortex-M3 programming manual".)

9.1.2 Interrupt and exception vectors (BekTopa nck/JIr04YeHUil U NPpepbIBAHUI)
Table 52 and Table 53 are the vector tables for connectivity line and other STM32F10xxx devices,

respectively. Ta6muubt 52 u 53 - 370 TabnuLBl BeKTOpoB A cemeiicTBa Connectivity Line u npyrux
cemerictB STM32F10xxx, COOTBETCTBCHHO.

Table 52. Vector table for connectivity line devices

Ta6mmira BekTopoB 11 cemerictBa Connectivity Line

Po P.r Ty.peoof Acronym Description Address
s 1 priority

- |- - Reserved 8’50000—00

-3 fixed Reset Reset 820000_00
L, Non maskable interrupt. The RCC Clock Security 0x0000 00
||| feed M1 System (CSS) is linked to the NMI vector. 08

-1 fixed HardFault Al class of fault 820000_00

0 settable MemManage Memory management (1)’50000_00

1 settable BusFault Pre-fetch fault, memory access fault (1)20000—00

2 settable = UsageFault  Undefined instruction or illegal state (1)20000—00
B 0x0000_00

1C-

| [ ik 0x0000_00
L 2B

3 settable SVCall System service call via SWI instruction géoooo_oo
] Debug : 0x0000_00

i settable Monitor Debug Monitor -

s - Reserved (3)20000_00

5 settable PendSV Pendable request for system service 2)8(0000_00

6 settable SysTick System tick timer (3))&0000_00




0 7 settable WWDG Window Watchdog interrupt 2’50000_00
1 8 settable PVD PVD through EXTI Line detection interrupt 220000—00
2 9 settable TAMPER Tamper interrupt 220000_00
3 10 settable  RTC RTC global interrupt 2’&0000_00
4 11 settable FLASH Flash global interrupt (5)’50000_00
5 12 settable =~ RCC RCC global interrupt (5)20000_00
6 13 settable  EXTIO EXTI Line0 interrupt (5)20000_00
7 14 settable EXTII1 EXTI Linel interrupt 2’&0000_00
8 15 settable  EXTI2 EXTI Line?2 interrupt 2?50000_00
9 16 settable  EXTI3 EXTI Line3 interrupt 220000_00
10 17 settable  EXTI4 EXTI Line4 interrupt 2;0000_00
11 18 settable DMAI_Chan DMAT1 Channell global interrupt 0x0000_00
L nell 6C

12 19 settable  DMALChaN prra 1 Channel2 global interrupt 0x0000_00
] nel2 70

13 20 settable DMAI_Chan DMAT1 Channel3 global interrupt 0x0000_00
L nel3 74

14 21 settable DMAI_Chan DMAT1 Channel4 global interrupt 0x0000_00
] nel4 78

15 22 settable DMAI_Chan DMAT1 Channel5 global interrupt 0x0000_00
L nel5 7C

16 23 settable DMAI_Chan DMAT1 Channel6 global interrupt 0x0000_00
B nel6 0

17 24 settable DMAI_Chan DMA1 Channel7 global interrupt 0x0000_00
L nel7 34

18 25 settable  ADC1 2 ADCI and ADC2 global interrupt (8)20000_00
19 26 settable CAN1 TX CANI TX interrupts 320000_00
20 27 settable  CAN1 RX0 CAN1 RXO interrupts 830000_00
21 28 settable  CANI_RX1 CANI1 RXI interrupts 820000_00
22 29 settable  CAN1 SCE CANI1 SCE interrupts 820000_00
‘settable HEXTI9_5 HEXTI Line[9:5] interrupts HOXOOOO_OO




| | 9C
settable ~ TIM1 BRK TIMI Break interrupt %0000_00
settable TIM1_UP TIM1 Update interrupt OA’ZOOOO_OO
TIM1 TRG . L 0x0000 00
settable COM TIM1 Trigger and Commutation interrupts AS
settable TIM1_CC TIM1 Capture Compare interrupt OAX(?OOO—OO
settable  TIM2 TIM2 global interrupt %%0000_00
settable TIM3 TIM3 global interrupt %’20000_00
settable  TIM4 TIM4 global interrupt ](;20000_00
settable 12C1_EV 12C1 event interrupt 103’?000_00
settable  12C1 ER  12C1 error interrupt 0C>B0000_00
settable 12C2 EV 12C2 event interrupt (3‘0000_00
settable  [2C2 ER  I12C2 error interrupt 0C>§0000_00
settable SPI1 SPI1 global interrupt (gg)ooo_oo
settable SPI2 SPI2 global interrupt ]0)%0000_00
settable ~ USARTI1 USART! global interrupt %’20000_00
settable  USART2  USART? global interrupt %’;0000_00
settable =~ USART3 USARTS3 global interrupt %"(?000_00
settable  EXTII5 10  EXTI Line[15:10] interrupts %’(‘)0000_00
settable RTCAlarm  RTC alarm through EXTTI line interrupt %20000—00
OTG_FS_ W USB On-The-Go FS Wakeup through EXTI line 0x0000 00
settable — = ) B
KUP interrupt ES
0x0000 00
EC-
- Reserved 0x0000 01
04
settable  TIMS TIMS global interrupt 320000_01
settable SPI3 SPI3 global interrupt 8’&0000_01




52 59 settable  UART4 UART4 global interrupt (1”50000_01
53 60 settable  UARTS UARTS global interrupt (1)20000_01
54 61 settable  TIM6 TIM6 global interrupt (l)>8<0000_01
55 62 settable TIM7 TIM7 global interrupt ?20000_01
56 63 settable  DMA2.ChAN py\ia5 Channell global interrupt 0x0000_01
R nell 20
57 64 settable DMA2_Chan DMAZ2 Channel2 global interrupt 0x0000_01
N nel2 24
58 65 settable  PMAZChAN byt Channel3 global interrupt 0x0000_01
T nel3 28
59 66 settable DMA2_Chan DMAZ2 Channel4 global interrupt 0x0000_01
R nel4 C
60 67 settable  DMAZChAN byias Channels global interrupt 0x0000_01
L nel5 30
61 68 settable ETH Ethernet global interrupt (3)20000_01
62 69 settable  ETH WKUP Ethernet Wakeup through EXTI line interrupt (3”8‘0000—01
63 70 settable  CAN2 TX  CAN2 TX interrupts (3)20000_01
64 71 settable  CAN2 RX0 CAN2 RXO interrupts %0000_01
65 72 settable  CAN2 RXI (CAN2RXI interrupt 220000_01
66 73 settable  CAN2 SCE CAN2 SCE interrupt 220000_01
67 74 settable  OTG_FS  USB On The Go FS global interrupt 2’&0000_01
Table 53. Vector table for other STM32F10xxx devices
Tabmua BextopoB ams apyrux cemeincts STM32F10xxx
Po P.r Ty-pe.of Acronym Description Address
s 1 priority
0x0000_00
L - Reserved s
-3 fixed Reset Reset 0x0000_00
L L] 04
Non maskable interrupt. The RCC Clock Security 0x0000_00
L] i . NMI System (CSS) is linked to the NMI vector. 08
-1 fixed HardFault All class of fault 8750000_00
0 settable = MemManage Memory management (1)’(;0000_00




| 1 settable BusFault Pre-fetch fault, memory access fault (I)ZOOOO—OO
N ; settable ~ UsageFault Undefined instruction or illegal state (1)20000—00
R 0x0000_00

Bl | - (1)5(3000_00
LI 2B

3 settable SVCall System service call via SWI instruction (2))((:0000—00
| : settable Debug Monitor Debug Monitor ;))(;OOOO_OO
n '7 P - Reserved (3)20000_00
| ; settable PendSV Pendable request for system service 3)8(0000_00
N : settable SysTick System tick timer (3)’(‘:0000_00
07 7 settable WWDG Window Watchdog interrupt 2’50000—00
17 ; settable PVD PVD through EXTI Line detection interrupt ZZOOOO—OO
; ; settable TAMPER Tamper interrupt 2?0000_00
37 5 settable RTC RTC global interrupt 2’(‘:0000_00
4 : settable ~ FLASH Flash global interrupt 27(;0000_00
: ; settable ~ RCC RCC global interrupt (5)20000_00
6 13 setable  EXTIO EXTI Line0 interrupt (5’?0000_00
77 a settable  EXTII EXTI Linel interrupt (5)’(‘:0000_00
§ 15 setable  EXTI2 EXTI Line2 interrupt 2750000_00
97 ; settable  EXTI3 EXTI Line3 interrupt 220000_00
10 17 setible  EXTH EXTI Line4 interrupt Ox0000.00
: g settable BMAI_Channe DMAT1 Channell global interrupt 2’(‘:0000—00
1219 settable DMALChanne buiAT Channel2 global interrupt 0x0000_00
; ; settable gMAl_Channe DMAT1 Channel3 global interrupt (7)20000—00
‘settable HDMAI_Channe‘ ‘DMAI Channel4 global interrupt H()X()()()()_()()




12 | 78
settable gMAI_Channe DMAT1 Channel5 global interrupt (7))&0000—00
settable EMAI_Channe DMAT1 Channel6 global interrupt 3)50000—00
settable BMAI_Channe DMA1 Channel7 global interrupt 220000_00
settable ADCI 2 ADC1 and ADC2 global interrupt 330000_00
settable U%}? _HP_CAN USB High Priority or CAN TX interrupts g)éOOOO—OO
settable USB_LP_CAN USB Low Priority or CAN RXO0 interrupts 0x0000_00
RX0 90
settable ~ CAN_RXl CAN RXI interrupts (9)20000_00
settable  CAN_SCE CAN SCE interrupts (9)’2;0000_00
settable  EXTIO9 5 EXTI Line[9:5] interrupts 8?&0000_00
settable ~ TIM1 BRK  TIMI Break interrupt 232)0000_00
settable ~ TIM1 UP TIM1 Update interrupt OA’;OOOO_OO
settable gi\/[/ﬂ—TRG—C TIM1 Trigger and Commutation interrupts 23;0000—00
settable ~ TIMI1_CC TIM1 Capture Compare interrupt OAX((:)OOO—OO
settable ~ TIM2 TIM2 global interrupt %’60000_00
settable  TIM3 TIM3 global interrupt %’ZOOOO_OO
settable ~ TIM4 TIM4 global interrupt %’;0000_00
settable 12C1_EV 12C1 event interrupt %XCOOOO_OO
settable 12C1_ER 12C1 error interrupt (()j’BOOOO_OO
settable 12C2 EV 12C2 event interrupt OC)ZOOOO_OO
settable 12C2_ER 12C2 error interrupt (():);0000_00
settable SPI1 SPI1 global interrupt OCXCOOOO_OO
settable SPI2 SPI12 global interrupt %’BOOOO_OO
settable  USARTI USART!] global interrupt %?;0000_00
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0x0000_00

settable USART?2 USART?2 global interrupt DS
settable USART3 USARTS3 global interrupt %XC(:)OOO_OO
settable  EXTIIS 10 EXTI Line[15:10] interrupts %’80000_00
settable RTCAlarm RTC alarm through EXTT line interrupt %ZOOOO—OO
settable USBWakeup USB wakeup from suspend through EXTI line interrupt %);OOOO—OO
settable TIM8 BRK  TIMS Break interrupt %XCOOOO_OO
settable ~ TIM8 UP TIM8 Update interrupt 12’(‘)0000_00
settable 311\1}/[8_TRG_C TIMS8 Trigger and Commutation interrupts 1220000—00
settable ~ TIM8_CC TIMS8 Capture Compare interrupt 12)§OOOO_OO
settable ~ ADC3 ADC3 global interrupt 12)&0000_00
settable ~ FSMC FSMC global interrupt 8’50000_01
settable SDIO SDIO global interrupt 8:0000_01
settable  TIM5 TIMS5 global interrupt 820000_01
settable SPI3 SPI3 global interrupt 8’(‘30000_01
settable  UART4 UART4 global interrupt ?’50000_01
settable ~ UARTS UARTS5 global interrupt (1)20000_01
settable  TIM6 TIMG6 global interrupt (1)20000_01
settable TIM7 TIM7 global interrupt (1)’(;0000_01
settable =P DMA2 Channel 1 global interrupt 0x0000_01
settable BMA2_Channe DMAZ2 Channel2 global interrupt (2):0000—01
settable gMAZ_Channe DMA?2 Channel3 global interrupt (2);0000—01
settable Bli/gA2_Channe DMAZ2 Channel4 and DMA?2 Channel5 global interrupts (2))(;0000—01




9.2 External interrupt/event controller (EXTTI)
KonTposiep BHeIIHUX NpepbIBAHUI/COOBITHI

9.2.1 Main features (OcHOBHBIE OCOOCHHOCTH)

9.2.2 Block diagram (CtpykTypHas cxema)

9.2.3 Wakeup event management (YmpaBiieHHe COOBITUSIMH MPOOYKICHUS )
9.2.4 Functional description (PyHKIIMOHAIBHOE OMHUCAHUE)

9.2.5 External interrupt/event line mapping (Ha3HadeHust neneit a1 BHEITHUX
NIpepBIBaHUI/COOBITHIA)

The external interrupt/event controller consists of up to 20 edge detectors in connectivity line
devices, or 19 edge detectors in other devices for generating event/interrupt requests. Each input line can
be independently configured to select the type (pulse or pending) and the corresponding trigger event
(rising or falling or both). Each line can also masked independently. A pending register maintains the
status line of the interrupt requests.

KonTtposutep BHENIHUX MpepbIBaHUi/coObITHII MMeeT 20 TETEKTOPOB Tepenasa JIjisl TeHepaluy 3alpocoB
npepeiBaHmii/coobITHI. Kaxkas BXoqHas JIMHUS MOKET OBITh HE3aBUCHUMO CKOH(UTYPHpPOBAHA HA BEIOOD
THIIAa CUTHaIA (MMITYJIBC/ypOBEHB) U TUMa niepenana (ppont/cpe3/oda) mis 3amycka coobitus. Kaxxmas
JIMHUSI MOXKET OBITh HE3aBUCHMO MacCKHpOBaHa. Peructp 3ampocoB npepbiBaHUN COACPKHUT (Iiaru
COCTOSIHUSI 3aIIPOCOB Ha MPEephIBaHUE.

9.2.1 Main features (OCHOBHBIE 0COOEHHOCTH)

The EXTI controller main features are the following: (OcHoBHbIe 0cob6eHHOCTH EXTI
KOHTpOJIJIEpA:)

* Independent trigger and mask on each interrupt/event line
HezaBucumplii ¢uiar 3anpoca 1 Macka JUisl KaXJ10¥ JTUHUH PEPHIBAHUS/COOBITHS

» Dedicated status bit for each interrupt line
Boienennsiii OUT craTyca Ui KasKI0W JTMHUU MTPEephIBaHUS

* Generation of up to 20 software event/interrupt requests
I'enepupoBanue 10 20 MpOrpaMMHBIX 3alPOCOB MPEPHIBAHNUIN/COOBITHIA

» Detection of external signal with pulse width lower than APB2 clock period. Refer to the
electrical characteristics section of the datasheet for details on this parameter.
JleTekTupOoBaHKUE BHEIIHUX CUTHAJIOB, IUPUHA UMITYJIbCOB KOTOPBIX MEHBIIIE, YEM MIEPUO.T
TaKTOBOI'O curHaia muHsl APB2.



9.2.2 Block diagram (CtpykTypHas cxema)
The block diagram is shown in Figure 20. (CTpykTypHas cxema npuseieHa Ha puc. 20.)

Figure 20. External interrupt/event controller block diagram
CTpyKTypHas cxema KOHTpOJUIepa BHEIIHUX MPEPHIBAHUN/COOBITHUI
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9.2.3 Wakeup event management (YnpasJjieHHe COObITUAMHU MPOOYKIACHUS)

The STM32F10xxx is able to handle external or internal events in order to wake up the core
(WFE). The wakeup event can be generated either by:
STM32F10xxx criocoOeH HCIOIb30BaTh BHEIIHNUE HIIH BHYTPEHHUE COOBITHS JUIsl POOYKACHUS sIIpa
(WFE). Cob6piTHE TPpOOYKACHUS MOXKET UCXOAUTh:

* enabling an interrupt in the peripheral control register but not in the NVIC, and enabling
the SEVONPEND bit in the Cortex-M3 System Control register. When the MCU resumes from
WFE, the peripheral interrupt pending bit and the peripheral NVIC IRQ channel pending bit (in
the NVIC interrupt clear pending register) have to be cleared.

IIpU pa3pellieHnuH IpepbIBaHUs B perucTpe ynpasieHus nepudepueit, Ho He B Moayie NVIC, npu
pazpemenHoM 6ute SEVONPEND B peructpe ynpasnenus cuctemorr SCB_SCR. Korna HITY
npocHetcst oT WFE, To 6ur 3anpoca npepsiBanus ot nepudepun (ISRPENDING ?) u 6ut
3anpoca npepbiBanus oT IRQ kanana moxyns NVIC (B NVIC peructpe o4ucTky 3ampoca
npepsiBanuii (NVIC _ICPRx ?)) Hai0o OYUCTUTD.

 or configuring an external or internal EXTI line in event mode. When the CPU resumes
from WFE, it is not necessary to clear the peripheral interrupt pending bit or the NVIC IRQ
channel pending bit as the pending bit corresponding to the event line is not set.
npu KoH(pUrypupoBanuu BHemHen uinu BHyTpeHHer muaun EXTI Ha pexxum "cobpitue". Korma



HITY mpocuercst ot WFE, To HeT He00X0AUMOCTH OYHIIATh OUT 3aIipoca MpephIBaHUS OT
nepudepun wim out 3anpoca npepbiBanus oT IRQ kanama moayns NVIC, Tak kak OuT 3ampoca
COOTBETCTBYIOIICH JTMHUN COOBITHS HE YCTaHABIMBACTCS.

In connectivity line devices, Ethernet wakeup events also have the WFE wakeup capability.
B ycrpoiictBax cemeiictBa Connectivity Line, coOsitust ot Ethernet Taxoke nmeror ciocooHocts WFE
POOYKICHHUS.

To use an external line as a wakeup event, refer to Section 9.2.4: Functional description.

UYTo0b! NCTIONH30BaTh BHEIIHUE JIMHUU KaK cOOBITHE MPOOYKaeHUs, cM. pa3aen 9.2.4: "DyHKIHOHAILHOE
ornucauue'.

9.2.4 Functional description (PyHKINOHAJIbHOE ONIUCAHNE)

To generate the interrupt, the interrupt line should be configured and enabled. This is done by
programming the two trigger registers with the desired edge detection and by enabling the interrupt
request by writing a ‘1’ to the corresponding bit in the interrupt mask register. When the selected edge
occurs on the external interrupt line, an interrupt request is generated. The pending bit corresponding to
the interrupt line is also set. This request is reset by writing a ‘1’ in the pending register.

YroObl TeHEpUPOBATH MPEPHIBAHKE, JIMHHS MTPEPHIBAHUS TOJKHA OBITh CKOHPHUTYPHPOBaHA U pa3pelIcHa.
3TO BBIMOJIHACTCS MPOrPAaMMHUPOBAHUEM JIBYX PETHCTPOB 3aIyCKa, II€ BEIOMpPAETCsl Hy>KHBIN Iiepenas
CUTHAJIa TIPEPBIBAHMS, ¥ Pa3pelICHUEM MPEPhIBAHUS 3aITUChIO '1' B COOTBETCTBYIOIINI OUT perucrpa
MacKHpOBaHUs pepbiBanus. Koraa ciaydnscst BBIOpaHHbIH Mepernaj Ha JIMHUHA BHEIIHETO IPephIBaHMs,
TeHEpUpPYETCs 3alpoc Ha MpepbiBaHue. Takke ycTaHaBIUBaeTcs (hiar 3ampoca OT COOTBETCTBYIOIICH
JIMHUY TIpEpbIBaHUA. DTOT (Iiar 3armpoca MOKHO cOpOCHTH 3anichio '1' B peructp coOpoca npepriBaHusl.

To generate the event, the event line should be configured and enabled. This is done by
programming the two trigger registers with the desired edge detection and by enabling the event request
by writing a ‘1’ to the corresponding bit in the event mask register. When the selected edge occurs on the
event line, an event pulse is generated. The pending bit corresponding to the event line is not set.

YToOBI CreHepupoBaTh COOBITHE, JIMHHS COOBITHS JOJDKHA OBITh CKOH(PUTYpUpPOBaHA U pa3penieHa. JTo
BBIMIOJTHSACTCS IPOTPaMMHUPOBAHKUEM JIBYX PETHCTPOB 3aIlyCKa, IJIe BBIOMPAETCS HYKHBIN TIepena
CHTHaJa COOBITHS, M Pa3peUICHUEM COOBITHS 3aIKChI0 '1' B COOTBETCTBYIOLIHMIA OUT perucTpa
MacKupoBaHusi coObITHs. Koraa ciryuusicst BRIOpaHHBIH Mepenaj] Ha JIUHUN COOBITHUS, TeHEPUPYETCSI
UMITYJIbC cOOBITHA. Drtar 3ampoca AJsi COOTBETCTBYIOIIECH JTMHUH COOBITHS HE YCTAHABINBACTCSI.

An interrupt/event request can also be generated by software by writing a ‘1’ in the software
interrupt/event register. 3ampoc npeprIBaHUsA/COOBITHS MOXKHO TaKXKe CTeHEPHPOBATH POTPAMMHO,
3anuckio '1' B peructp "MporpaMMHOTO MpepbIBaHUS/COOBITHS .

Hardware interrupt selection (Bpi0op annapaTHOro HCTOYHHUKA NPePbIBAHNA)

To configure the 20 lines as interrupt sources, use the following procedure:
Yrobs! ckoHpUrypupoBath 20 THMHHNA, KaK HICTOUHUKOB MTPEPHIBAaHUM, HCIIOIB3YITE CIEAYIOUIYIO

OpoLenypy:

* Configure the mask bits of the 20 Interrupt lines (EXTI IMR)
Kondurypupyiite 6utsl mackupoBanus 20-tu munuii npepeianus (EXTI_IMR).

* Configure the Trigger Selection bits of the Interrupt lines (EXTI RTSR and EXTI FTSR)
Kondurypupyiite 6utsl Beibopa tuna 3amycka 3tux unuil (EXTI_RTSR u EXTI_FTSR).

* Configure the enable and mask bits that control the NVIC IRQ channel mapped to the
External Interrupt Controller (EXTI) so that an interrupt coming from one of the 20 lines can be
correctly acknowledged.



Kondurypupyiite 6uThl pa3pemeHust 1 OMThl MACKUPOBAHHSI, KOTOPbIE YIIPABISAIOT Ha3HAYEHUEM
NVIC IRQ kanasioB Ha TuHUH KOHTposuiepa BHemHUX npepbiBanuii (EXTI), Tak uToOb!1
npepbIBaHe, NpUIIe/IIee OT OAHON U3 20-TH JTUHUN, MOTJIO OBITh KOPPEKTHO OMO3HAHO.

Hardware event selection (Bb100p annmapaTHOro MCTOYHNUKA COOBLITHA)

To configure the 20 lines as event sources, use the following procedure:
Yro6s! ckoHpUryprupoBath 20 JHHMIA, KaK HICTOYHUKOB COOBITHIA, HCIIONB3YHTE CIEAYIOUIYIO MPOLEIYPY:

* Configure the mask bits of the 20 Event lines (EXTI _EMR)
Kondurypupyiire 6utsl mackupoBanus 20-tu munuit coobitTuii (EXTI_EMR).

* Configure the Trigger Selection bits of the Event lines (EXTI_RTSR and EXTI FTSR)
Kondurypupyiite 6utsl Beioopa tuna 3amycka 3tux Juauid (EXTI_RTSR u EXTI_FTSR).

Software interrupt/event selection
Bb100p nporpaMMHOIo HCTOYHHKA NMPEPbIBAHUS/COOBITHS

The 20 lines can be configured as software interrupt/event lines. The following is the procedure to
generate a software interrupt.
Otu 20 1MHUN MOXKHO CKOH(UTYpUPOBATh, KaK JMHUH MPOTPAMMHOI0 IPEPHIBAHUS/COOBITHSI.
Hcnonp3yiiTe cneayoulyto Npoueaypy A1 TeHEpalliy IPOrpaMMHOTO IPEPbIBAHNUS.

* Configure the mask bits of the 20 Interrupt/Event lines (EXTI IMR, EXTI EMR)
Kondurypupyiire 6utsl mackupoBanus 20-tu munuii npepsiBanus/coobitust (EXTI_IMR,
EXTI_EMR).

» Set the required bit of the software interrupt register (EXTI _SWIER)
YcranoBure Tpedyemblii OUT 3ampoca B peructpe nporpammuoro npepsiBanust (EXTI_SWIER).

9.2.5 External interrupt/event line mapping (HazHauenusi nenei 1Jisi BHEIITHUX
NpepbIBAHNN/COOBITHIT)

The 112 GPIOs are connected to the 16 external interrupt/event lines in the following manner:
112 muuuit GPIO nonkitodeHs! K 16 BHEIIHUM JTMHUSM HPEpbIBAaHUNI/COOBITUH CIEAYIOIUM 00pa3oMm:

Figure 21. External interrupt/event GPIO mapping
Haznadenus nieneit 11 BHEIIHUX TIPEPhIBAHNN/COOBITHIA



EXTIO[3:0] bits in AFIO_EXTICA1 register
!
Pan O———»
peo0 O——m
pco O——m
FOO O———»
PEQ O——
PFo O——m*=
PpGo O——m

EXTIO

EXTI1[3:0] bits in AFIO_EXTICRH1 register

Pal O—»| ™.
FE1 O———
PC1 O——*
FO1 OO - »
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pPF1 O———

PG1 O -~

EXTIE[3:0] bits in AFIO_EXTICR4 register

|

Pa1E ——
PE1s O—
pois O———»
FO1§ ————
PE1s O———+

PF1s O————
PG15s O—»

EXTIE

1. To configure the AFIO EXTICRXx for the mapping of external interrupt/event lines onto
GPIOs, the AFIO clock should first be enabled. Refer to Section 6.3.7: APB2 peripheral clock enable
register (RCC_APB2ENR) for low-, medium- and high-density devices and, to Section 7.3.7: APB2
peripheral clock enable register (RCC_APB2ENR) for connectivity line devices.

1. YUroOsl ckonpurypupoBate AFIO _EXTICRX a5 HazHAaYeHHS BHEIIHUX JTHHHHA
npepeiBaHuit/coobITUil Ha BbIBOABI GPIO, cHauana Hajgo pa3pemuTh nojauy TaKTOBOI'O CUTHAJIA Ha
AFIO. Cwm. paznen 7.3.7 "Peructp paspemenus nepudepun APB2 (RCC_APB2ENR)" (a5 cemeiicTBa
Connectivity Line) wim paznen 6.3.7 (st oCTaJIbHBIX CEMEUCTB).

The four other EXTI lines are connected as follows:
Yetpipe apyrux quaur EXTI mogkmoueHs! ciieayronmm 00pa3oMm:

EXTI line 16 is connected to the PVD output (JIuaus 16 EXTI noxgkimtouena k Beixoay PVD)
EXTTI line 17 is connected to the RTC Alarm event (moaxitouena k coosituio RTC Alarm)

EXTI line 18 is connected to the USB Wakeup event (moakitouena k coosituro USB Wakeup)

EXTI line 19 is connected to the Ethernet Wakeup event (available only in connectivity line
devices) (moaxmouena k coosituio Ethernet Wakeup (tonbko st cemeiictsa CL))



9.3 EXTI registers (Peructpsi EXTI)

9.3.1 Interrupt mask register (EXTI IMR) (Peructp MackupoBaHusi pepbIBaHUH)

9.3.2 Event mask register (EXTI EMR) (Peructp MmackupoBaHus cOOBITHIA)

9.3.3 Rising trigger selection register (EXTI RTSR)

(Peructp BbIOOpa TMHUI, 3aMTycKarOmuUXcs M0 GPOHTY)
9.3.4 Falling trigger selection register (EXTI FTSR
(Peructp BbIOOpa TMHUI, 3aITyCKAIOIUXCS TIO CPE3Y)
9.3.5 Software interrupt event register (EXTI SWIER)

(Peructp nporpaMMHBIX ITPEepPbIBAaHUI/COOBITHIA)
9.3.6 Pending register (EXTI PR) (Peructp ¢dnaros 3ampoca)

9.3.7 EXTI register map (Kapra peructpos EXTI)

Refer to Section 1.1 on page 37 for a list of abbreviations used in register descriptions.
Cwm. paznen 1.1, rae npuBeeH NepeueHb COKPALIEHUM, HCTIOJIb3YEMBIX ITPU OMTMCAHUH PETUCTPOB.

9.3.1 Interrupt mask register (EXTI_IMR) (Peructp MackupoBaHus NPEPbIBAHUIN)

Address offset: 0x00

Reset value: 0x0000 0000
31 30 28 2B 27 26 25 24 23 22 21 20 12 18 17 16
vAt1e | MAte | mA17 | MAtE
Heserved
na nw e e
15 14 13 12 11 10 g B 7 & 5 4 3 ) 1 o
MA15 | MA14 | MA1Z | MA12 | MAT1 | MATD | MAS | MAE | A7 | MAG | MAS | MR4 | MAZ | MAZ | MA1 | MAD
& nw e e e i) i e e e & e e nw e e
Bits 31:20 Reserved

Bits 19:0 MRx: Interrupt Mask on line x (MackupoBaHnue npepbiBaHusi HA THHUH X)

must be kept at reset value (0). (Ilpu 3anmucu Bceraa 0)

0: Interrupt request from Line x is masked (3anpoc npepbIiBaHus OT TMHUUA X MACKHPOBAH )
1: Interrupt request from Line x is not masked (3ampoc npepsiBaHusl OT JIMHUM X Pa3pelIeH)

Note: Bit 19 is used in connectivity line devices only and is reserved otherwise.

But 19 ucnonsiyercs Tonbpko B cemeiictBe CL 1 3ape3epBUpOBaH y IPYTUX CEMENCTB.

9.3.2 Event mask register (EXTI _EMR) (Pernctp MmackupoBaHusi COObITHIT)

Address offset: 0x04

Reset value: 0x0000 0000
a1 30 29 28 27 28 25 24 23 20 21 20 19 18 17 16
MA1S | MR18 | MBR17 | MA1E

Resarvad

i} e iy e
15 14 13 12 11 10 g B 7 & 5 4 3 2 1 0
MA15 | MA14 | mA13 | MA12 | mA11 | MRt | MR | MR8 | MA7 | MAs | MAs | mAs | MAs | MRz | mA1 | mAo
& e e e e e e e e e ne e e e e e




Bits 31:20 Reserved
must be kept at reset value (0). (Ilpu 3anucu Bceraa 0)

Bits 19:0 MRx: Event Mask on line x (MackupoBanue coObITHSI HA JINHUH X)
0: Event request from Line x is masked (3ampoc coOBITHS OT JIMHUU X MACKUPOBaH )
1: Eventrequest from Line x is not masked (3anpoc coObITHS OT JTHHUM X Pa3PEILECH)
Note: Bit 19 is used in connectivity line devices only and is reserved otherwise.
But 19 ucnonsiyercs Tonbko B cemeiictBe CL u 3ape3epBUpPOBaH y IPYTUX CEMENCTB.

9.3.3 Rising trigger selection register (EXTI_RTSR)
Perucrtp BbI0Opa JTMHHMH, 32IlyCKAOIIMXCH 110 (PPOHTY

Address offset: 0x08
Reset value: 0x0000 0000

31 a0 20 2B 27 28 25 24 23 2z 21 20 18 18 17 18
TH1Z | TRH1E | TRIT | TRI&

Resarved
w w w w
15 14 13 12 11 10 o ] T ] 5 4 3 2 1 0
TR1E TR14 TH1Z TR1Z2 TH11 TR10 THE THE TR? TRHE THE TR4 TRH3 TR2 TH1 THO

Bits 31:20 Reserved
must be kept at reset value (0). (IIpu 3anucu Bceraa 0)

Bits 19:0 TRx: Rising trigger event configuration bit of line x
Kondurypupyer 6nThI 3anycka JUHHHA X 10 QPOHTY
0: Rising trigger disabled (for Event and Interrupt) for input line
3amyck 1Mo GpOHTY Ha JIMHUM OTKIIOYEH (Ul COOBITHS U MIPEPhIBAHUS )
1: Rising trigger enabled (for Event and Interrupt) for input line.
Pazpemen 3amyck o ¢GpoHTY Ha JIUHUH (IJ1s1 COOBITHS U IPEPhIBAHMS)

Note: Bit 19 is used in connectivity line devices only and is reserved otherwise.
But 19 ucnonsiyercs Tonbpko B cemeiictBe CL u 3ape3epBUpOBaH y IPYTrUX CEMEHCTB.

Note: The external wakeup lines are edge triggered, no glitches must be generated on these lines. If a rising edge
on external interrupt line occurs during writing of EXTI _RTSR register, the pending bit will not be set. Rising and

Falling edge triggers can be set for the same interrupt line. In this configuration, both generate a trigger
condition.

Note: Brnewmnue nunuu npooyscoenus 3anyckaiomes no nepenaody, HUKaKux nomex He 00JCHO 00NYCKAMbCs Ha
omux nuHusx. Eciu ¢pponm cuenana npouszotidem na enewsnell TUHUU NPEPLIBAHUS 80 BPEMS 3ANUCU Pe2UCTNPA
EXTI RTSR, mo 6um 3anpoca npepuviganus ne 6yoem ycmanosien. Oba paspewenus, Ha 3anyck u om Qporma u
Om cpe3a, MOJICHO YCMAanasnueamy 0jis 00HOU JuHuu. B amou kongueypayuu 0ba nepenada ceHepupyiom yciogue

3anycka.




9.3.4 Falling trigger selection register (EXTI_FTSR)
Peructp BbIOOpa JTUHMIA, 321y CKAKOIIUXCS MO Cpe3y

Address offset: 0x0C
Reset value: 0x0000 0000

31 30 258 2B 27 26 25 24 23 22 21 20 18 18 17 16
TR12 [ TR1E | TH1T TH1E
Reserved
e e e e
15 14 13 12 1 10 o B 7 E 5 4 3 2 1 0
TR15 TR14 TR13 TR12 TH11 TR10 TRS TRE TRY TRE TRE TR4 TR3 TR2 TAR1 TRO
L | e | W | e | e/ ‘ e | W | e | e | W | e | W ‘ e | e/ ‘ e | e

Bits 31:20 Reserved
must be kept at reset value (0). (ITpu 3anucu Bceraa 0)

Bits 19:0 TRx: Falling trigger event configuration bit of line x
Kondurypupyer 6uThI 3anycka JMHHHU X IO Cpe3y
0: Falling trigger disabled (for Event and Interrupt) for input line
3ammyck 1o cpe3y Ha JTUHHUH OTKIIOYEH (1711 COOBITUS U TIPEPHIBAHMUS)
1: Falling trigger enabled (for Event and Interrupt) for input line.
Paspemnien 3amyck 1o cpe3y Ha TUHHUH (111 COOBITHSI U TIPEPHIBAHIS )
Note: Bit 19 used in connectivity line devices and is reserved otherwise.
But 19 ucnonsiyercs Tonbko B cemeiictBe CL u 3ape3epBUpPOBaH y IPYTrUX CEMENCTB.

Note: The external wakeup lines are edge triggered, no glitches must be generated on these lines. If a falling edge
on external interrupt line occurs during writing of EXTI FTSR register, the pending bit will not be set. Rising and
Falling edge triggers can be set for the same interrupt line. In this configuration, both generate a trigger
condition.

Buewnue nunuu npobysrcoenus 3anyckaromes no nepenady, HUKAKUx nomex ne 00AH#CHO 00Ny CKaAmbCs Ha MUX
aunusx. Eciu cpes cuenana npousotioem na eHewnell iuiuu npepviéanus 6o epems zanucu pecucmpa EXTI RTSR,
mo 6um 3anpoca npepvisanus ve 6yoem ycmarnosnen. Oba pazpewieHus, Ha 3anycK 1 om pounma u om cpesa,
MOJICHO YCMAaHasIueamy 07 00HOU JuHuY. B amoil kongueypayuu 06a nepenada ceHepupyiom yciosue 3anycd.

9.3.5 Software interrupt event register (EXTI SWIER)
Peructp nporpaMMHBIX NpepbIBAHUI/COOBITHI

Address offset: 0x10
Reset value: 0x0000 0000

| a0 28 2B 27 26 25 24 23 22 21 20 18 18 17 16
SWIER | SWIER | SWIER | SWIER

Heserved 12 18 17 16

A& e W m

15 14 13 12 11 10 o B 7 & 5 4 3 2 1 ]
SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER SWIER

15 14 13 12 11 10 =] B 7 B 1 4 3 2 1 0

n | it | ny | ny | & | & | ny | ny | ne | ny | W | ny | Y | ny | ny | W

Bits 31:20 Reserved

must be kept at reset value (0). (Ilpu 3anucu Bceraa 0)



Bits 19:0 SWIERX: Software interrupt on line x (IlporpaMmMHoe npepsiBaHue HA JIMHUH X)
Writing a 1 to this bit when it is at O sets the corresponding pending bit in EXTI PR. If the interrupt
is enabled on this line on the EXTI IMR and EXTI EMR, an interrupt request is generated.
This bit is cleared by clearing the corresponding bit of EXTI PR (by writing a 1 into the bit).
3amucs '1' B 3T0T O6UT, KOT/1a OH ObUT paBeH '0', CTABUT COOTBETCTBYIOIIMH (uiar 3ampoca B
EXTI_PR. Ecnu pa3pemieno npepeiBanue ot 3toi 1uauu B peructpax EXTI IMR u
EXTI_EMR, To OyzeT creHepupoBaH 3arpoc Ha IpepbhIBaHUE.
OtoT 6uT oumiaercs 3anuckio '1' B coorBeTcTBytonuit out EXTI PR.

Note: Bit 19 used in connectivity line devices and is reserved otherwise.
But 19 ucnonsiyercs Tonbko B cemeiictBe CL u 3ape3epBUpPOBaH y IPYTUX CEMENCTB.

9.3.6 Pending register (EXTI_PR) (Peructp ¢.iaros 3anpoca)

Address offset: 0x14
Reset value: undefined

31 30 28 2B 27 28 25 24 23 22 21 20 18 18 17 18
FR18 | PR1E | PR17 | FPR1G

Reserwed

c_wl | re_wl | ro_wi ro_wi

15 14 13 12 " 10 ] B 7 & & 4 3 2 1 0

PR15 PHR14 PR1Z PR12 PR11  PRID FRS FRE FRT PRE FRES FR4 PR3 PRZ PR1 FRO

ro_wi | re_wil ‘ rc_wi |r:_w1 |r:_w1 re_wil |r:_-.'.'1 |r:_-.'.'1 | ro_w | re_wil | ro_wi

e_wil |r:_-.';1 | c_w |r:_w1 rc_wil

Bits 31:20 Reserved
must be kept at reset value (0). (Ilpu 3anucu Bceraa 0)

Bits 19:0 PRx: Pending bit (but 3anpoca)
0: No trigger request occurred (Her 3ampoca)
1: elected trigger request occurred (Cay4riioch BBIOpAaHHOE YCIIOBHE 3aITyCKa)
This bit is set when the selected edge event arrives on the external interrupt line.
This bit is cleared by writing a 1 into the bit or by changing the sensitivity of the edge detector.
DTOT OUT CTaBUTCSI, KOT/Ia HA BHEITHEH JIMHUU TIPEPhIBAHHS CITYYHUIOCH BBIOPAHHOE YCIIOBHUE
3amycka. TOT OUT OUMINAETCS 3aMUChIO B HETO '1' UM M3MEHEHHEM YYBCTBUTEIILHOCTH JETEKTOpA
nepenana.
Note: Bit 19 is used in connectivity line devices only and is reserved otherwise.
But 19 ucnonb3yetcs Tonapko B ceMeiictBe CL 1 3ape3epBUpOBaH y APYrUX CEMENUCTB.



9.3.7 EXTI register map (Kaprta perucrpoB EXTI)

The following table gives the EXTI register map and the reset values. Bits 19 in all registers, are
used in connectivity line devices and is reserved otherwise.

Ta6muua Hmwke naet kapty peructpoB EXTI u ux 3Hauenus mocne copoca. But 19 Bo Bcex perucrpax
UCTIONB3YeTCs TONMBKO B cemeiicTBe CL 1 3ape3epBUPOBaH y APYTHX CEMEHCTB.

Table 54. External interrupt/event controller register map and reset values
KapTta peructpoB KOHTpoOJIIepa BHEIIHUX MPEPHIBAHUI/COOBITUI U UX 3HAYEHHS TIOCiIe cOpoca

Offset| Register |Z|2| IS |INISIGIS QN SISIZIB=C|2I2 (Y c|8 o/~ e|wl«|nla~o
500 EXTI_IMR S MR[18:0]

Reset value ojojofofo]ofo]o|o|ojojojo]olo]ololojo]o
ox0a EXTI_EMR Reserved MR 8:0]

Heset value ojojofofo]ojo]ojojojojojofolo]olojojo]O
0408 EXTI_RTSR Feserved TR[18:0]

Reset value ojojolojo]ojo]ojojojo]ojofo]ojofo]ofo]0
O EXTI_FTSR Resarved TR[19:0]

Heset value ojojofofo]ofo]ojojojojojofolo]olojojo]o
oxio | EXTLSWIER S SWIER[18:0]

Reset value olojolo|ololo]olojolo]o]olo]o]o]alola]o
- EXTI_PR — PR[18:0]

Heset value ojojofofo]ojo]ojojojojojo]olo]olojojo]o

Refer to Table 1 on page 41 for the register boundary addresses.
Cwm. Tab6x. 1, roe qaHbl OTHOCHTENBHBIE aJpeca PETUCTPOB.




10 DMA controller (DMA) (KonTpoJuiep npsaMoro J0CTyIa)

(30ecv naxooumcs pumyanvroe nanomunanue o Hanuuuu 4-x cemeticms onsi STM32F10xxx, u
umo amom OOKyMeHm 000 8cex cemelicmeax, eciu Hem npsamozo ykasanus. Cm. pazoen 1.2 I'noccapwuii).)

10.1 DMA introduction (Beenenne B DMA)

10.2 DMA main features (OcHoBHBIE 0OcoOeHHOCTH DMA)

10.3 DMA functional description (OynkuuonansHoe onucanne DMA)
10.4 DMA registers (Peructpst DMA)

10.1 DMA introduction (Beexenne B DMA)

Direct memory access (DMA) is used in order to provide high-speed data transfer between
peripherals and memory as well as memory to memory. Data can be quickly moved by DMA without any
CPU actions. This keeps CPU resources free for other operations.

[Tpsamoii noctyn k namatu (DMA) ucnionb3yercs, 4To0bl 00€CIIEYUTh BHICOKOCKOPOCTHYIO Nepeaayy
JTAHHBIX MKy BHEITHUMH yCTpOHCTBaMH (Tieprdepueii) 1 maMsaThio, a TaK JKe Iepenaqy THUTA TTaMsTh-
namsTh. JlaHHbIe MOTYT OBITH OBICTPO MepeMeneHbl ¢ moMoinbio DMA 6e3 kakux 1000 neifctuit LIITY.
910 octasisieT pecypebl LIITY ¢cBoGOAHBIMU TS IPYTUX OTEpaIUid.

The two DMA controllers have 12 channels in total (7 for DMA1 and 5 for DMA?2), each
dedicated to managing memory access requests from one or more peripherals. It has an arbiter for
handling the priority between DMA requests. J[Ba DMA koHTposiepa uMeroT B o6mmem 12 kananos (7
11t DMAT1 u 5 nis DMA?2), KaXIbIi U3 KOTOPBIX CHEIHAIM3UPYETCS Ha YIPABICHUH 3aIIPOCaMH
JIOCTyIA K MaMSATH OT OAHOTO WK 0oJiee BHEIHUX ycTpoiCcTB. DMA KOHTpOJUIEPHI HMEIOT apOUTp IS
00paboOTKH IPUOPUTETOB MEKIY 3alPOCAMU HA MPSIMOM JOCTYII K MaMSTH.

10.2 DMA main features (OcHoBHbIe 0oco0eHHOCTH DMA)

* 12 independently configurable channels (requests): 7 for DMA1 and 5 for DMA2
12 He3aBUCHMMO KOH(MHUTYypHUpyeMbIX KaHaIOB (3ampocoB): 7 mist DMA1L u 5 nns DMA?2

* Each of the 12 channels is connected to dedicated hardware DMA requests, software
trigger is also supported on each channel. This configuration is done by software.
Kaxxnpiit u3 atux 12 xaHajaoB CBs3aH CO BbIJEICHHBIMHU amnmapatHbiMu DMA 3anpocamu, Takxke
Ha Ka)/IOM KaHaJe MMO/JIep>KUBAETCsl MPOrpaMMHBIN ImyckoBoi Mexanu3Mm. Konduryparms
3aJ1aeTCs MPOTPaMMHO.

* Priorities between requests from channels of one DMA are software programmable (4
levels consisting of very high, high, medium, low) or hardware in case of equality (request 1 has
priority over request 2, etc.) IIpuopureTsl MeXIy 3alpocaMu OT KaHajaoB ogHoro DMA
KOHTPOJUIEPA 33Jaf0TCS TPOTPAaMMHO (BO3MOXKHBI 4 YPOBHS: OUYEHb BBICOKUH, BBICOKHIA, CPETHUH,
HU3KHI) a B Cllydae paBEHCTBA POTPAMMHBIX MIPHOPHUTETOB, Pa3pyIHBAOTCS aniapaTHO (3arpoc
C HOMepoM | MMeeT MPUOPUTET HaJl 3aIIPOCOM 2, | T.JI.)

* Independent source and destination transfer size (byte, half word, word), emulating
packing and unpacking. Source/destination addresses must be aligned on the data size.
He3zaBucumble pa3Mepsl 371eMEHTOB 0OMEHa /i1l ICTOUYHMKA U ajpecaTa (0alT, Moy1yciioBo,
CJIOBO), SMYJISIIHS YITAKOBKH U PACIaKOBKH. AJipeca HCTOYHUKA/IPHEMHUKA OOMEHA JOJDKHBI
OBITH BEIPOBHEHHI 110 pa3mepy (2emenma) NaHHbBIX.

* Support for circular buffer management (ITognepsxka KosbleBBIX OydepoB)



* 3 event flags (DMA Half Transfer, DMA Transfer complete and DMA Transfer Error)
logically ORed together in a single interrupt request for each channel Tpu dnara coOwiTus
(ITomoBuna oomena DMA, 3aBepiienue ooMena DMA n Ommuoka oomena DMA) noruuecku
o0wseuHsrOTCS BMecTe (1o OR) B eHbIi 3amipoc Ha TpephIBaHUE IS KAXKAO0TO KaHaia

*  Memory-to-memory transfer (OOMeH Tuma "namsaTh-naMsTh'")

* Peripheral-to-memory and memory-to-peripheral, and peripheral-to-peripheral transfers

Oo6wmens! Tana "nepudepus-namaTe”, "mamare-niepudepus” u "nepudepus-nepudepus”

* Access to Flash, SRAM, peripheral SRAM, APB1, APB2 and AHB peripherals as source
and destination J{loctyn k Flash, SRAM, namsaru nepudepun, mmnam nepudepun APB1, APB2
u AHB, kKaK K ICTOUHUKY U KaK K TPUEMHHKY JAHHBIX

* Programmable number of data to be transferred: up to 65536
[IporpamMmupyeMslii pa3Mep JaHHBIX A1 oOMeHa: 10 65536

The block diagram is shown in Figure 22. (CtpykTypHas cxema npuBeeHa Ha puc. 22.)

Figure 22. DMA block diagram in connectivity line devices Ctpykrypnas cxema DMA (ms CL)
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1. The DMA2 controller is available only in high-density and connectifity line devices.
KonTponnep DMA2 nocrynen tonbko i cemericts HD u CL.

2. SPI/I2S3, UART4, TIMS, TIM6, TIM7 and DAC DMA requests are available only in
high-density and connectivity line devices.
3amnpocsl Ha DMA ot SPI/I12S3, UART4, TIMS, TIM6, TIM7 u DAC B0O3MOXHBI TOJIBKO 15
cemeticts HD u CL.

3. ADC3, SDIO and TIM8 DMA requests are available only in high-density devices.
3anpocsl Ha DMA ot ADC3, SDIO u TIMS8 Bo3M0xHBI TOJIbKO 111 cemerictBa HD.



10.3 DMA functional description (DyHkunoHajibHoe onucanue DMA)

10.3.1 DMA transactions (DMA TpaH3aKIun)

10.3.2 Arbiter (Apburp)

10.3.3 DMA channels (DMA kaHab!)

10.3.4 Programmable data width, data alignment and endians

[TporpammupoBaHie BhIPABHUBAHUS TAHHBIX U TOPSIKA CIICAOBaHUs OAHTOB
10.3.5 Error management (O6paboTka omuOoK)

10.3.6 Interrupts (IIpepeiBanus)

10.3.7 DMA request mapping (Oto6paxenue DMA 3anpocos)

The DMA controller performs direct memory transfer by sharing the system bus with the
Cortex™-M3 core. The DMA request may stop the CPU access to the system bus for some bus cycles,
when the CPU and DMA are targeting the same destination (memory or peripheral). The bus matrix
implements round-robin scheduling, thus ensuring at least half of the system bus bandwidth (both to
memory and peripheral) for the CPU. DMA koHTpoJIep BBINOIHSAET NPSIMOM OOMEH C IMaMsThIO,
pazzaeinsisi cucteMHyto muny ¢ aapom Cortex-M3. DMA 3anpoc MoeT npuocTaHoBuTh goctym LITY k
CHUCTEMHOU IIMHE HAa HECKOJBKO TakTOB MIMHHKI, eciii L{ITY u DMA paGoTaroT ¢ oTHUM aipecaToM
(mamsTh WM BHEITHEE YCTPOMCTBO). MaTpuiia mmH padoTaet 1o aroputMmy round-robin (mukandeckoe
IUITAHUPOBAHKE), TAPAHTUPYS, TAKUM 00pa30oM, 10 KpaitHel Mepe MOJIOBUHY MPOIMYCKHOM CIOCOOHOCTH
cucteMHo# muHb! 1yst LITY (mpu oOpameHnn kKak K MaMsITH, TakK U K IEpUGEPHn ).

10.3.1 DMA transactions (DMA TpaH3aKuuu)

After an event, the peripheral sends a request signal to the DMA Controller. The DMA controller
serves the request depending on the channel priorities. As soon as the DMA Controller accesses the
peripheral, an Acknowledge is sent to the peripheral by the DMA Controller. The peripheral releases its
request as soon as it gets the Acknowledge from the DMA Controller. Once the request is deasserted by
the peripheral, the DMA Controller release the Acknowledge. If there are more requests, the peripheral
can initiate the next transaction. ITocne coOwrTust mepudepus mockuraeT curHan 3amnpoca Ha DMA
KoHTposuiep. DMA KOHTposiep 00CITy>KUBAET 3TOT 3alpOC B 3aBUCUMOCTH OT IpHopUTeTa KaHana. Kak
Toibk0 DMA KOHTpOJIEp TOJTydaeT JOCTYII K epudeprun, OH TOChIIACT € CUTHAJ YBEIOMJICHUSI.
BuemHee yCcTpoHCTBO CHUMAET CBOM 3aIpOC, KaK TOJIBKO OHO IOJIy4aeT CUTHAI yBeaoMileHns oT DMA
KoHTpoJuiepa. Kak Tobko cHUMaeTcsi curaan 3ampoca ot nepudepun, DMA KoHTposuiep, B CBOIO
ouepesib, CHUIMaeT CUTHaJ yBeoMiIeHus. Ecin ecTh JONOIHUTENbHBIE 3aIIPOCH, TIEPHU(EPUs MOXKET
MHUIMAIM3UPOBATh CIACAYIOUIYIO0 TPAaH3aKIIUIO.

In summary, each DMA transfer consists of three operations:
B urore, kaxapiii DMA 0OMeH COCTOHUT M3 TPEX OTepaIlnii:

* The loading of data from the peripheral data register or a location in memory addressed
through an internal current peripheral/memory address register. The start address used for the first
transfer is the base peripheral/memory address programmed in the DMA CPARX or
DMA_ CMARKX register 3arpy3ka JaHHBIX U3 PETHCTPOB JaHHBIX Mepudeprn wim u3 00JIacTu
MaMATH, TPOU3BOAUTCS C IIOMOIIBIO0 BHYTPEHHETO PETHCTPa TEKYILIETO ajpeca
nepudepun/mamsta. CTapTOBBIH agpec, KOTOPBIN HCIOIB3YETCs IS TIEPBOTO 0OMEHa, SBISIETCS
0a30BBIM azpecoM nepudepun/mamsTi, u nporpammupyercs B peructpe DMA_CMARX i
DMA_CPARXx

* The storage of the data loaded to the peripheral data register or a location in memory
addressed through an internal current peripheral/memory address register. The start address used
for the first transfer is the base peripheral/memory address programmed in the DMA CPARXx or
DMA CMARKXx register CoxpaHeHUe JaHHBIX, 3arPy3KOW B PETUCTPHI Nieprudepru Uiu B 001acTh
MaMSITH, aIpecysl UX Yepe3 BHYTPECHHUH PErHCTp TEKYIIETo aapeca nepudepun/maMsTH.
CrapToBblil agpec, KOTOPBIN HCIOIB3YETCs AJIs IEpBOro 0OMeHa, ABJIsieTCs: 0a30BBIM a/IpecOM
nepudepun/namsaty, u nporpammupyercs B peructpe DMA_CMARXx nin DMA_CPARx



* The post-decrementing of the DMA CNDTRXx register, which contains the number of
transactions that have still to be performed.
[Toct-nekpement peructpa DMA CNDTRX, KOTOPBIil COAEPKUT YUCIIO TPAH3AKIIMI, KOTOPbIE
€I1e HAJIO BHITIOJIHUTb.

10.3.2 Arbiter (ApouTp)

The arbiter manages the channel requests based on their priority and launches the
peripheral/memory access sequences.
ApOuTp ynpapisieT 3apocamMu KaHaJIoB, HA OCHOBE UX IMPHOPHUTETOB, M 3aITyCKAET MOCIEI0BATEIBHOCTh
J0CTyMa K nepudepun/maMsTH.

The priorities are managed in two stages: (IIlpuopureramu ynpapisioT Ha BYyX YPOBHSIX:)

* Software: each channel priority can be configured in the DMA CCRx register. There are
four levels:
[IporpaMMHBI: MTPUOPUTET KAXKAOTO KaHaIa MOXKET ObITh CKOH(UTYPUPOBAH B PETUCTpPE
DMA_CCRx. Ectb ueTbipe ypoBHS:

— Very high priority (O4eHb BBICOKHI1 IPHOPUTET)
— High priority (Beicokuii mpuopurer)

— Medium priority (Cpeanuii mpuopureT)

— Low priority (Huzkuii nmpuopurer)

* Hardware: if 2 requests have the same software priority level, the channel with the lowest
number will get priority versus the channel with the highest number. For example, channel 2 gets
priority over channel 4.

ATnmapaTHBbIi: €cu /1Ba 3apoca UMEIOT OJIMHAKOBBIN IPOrpaMMHBIN PUOPUTET, TO KaHAJ C
0oJiee HU3KUM ITOPSIKOBBIM YHCIIOM IMOJYYHUT IIPHOPUTET HAJl KAHAIOM C 00JIee BBICOKUM
MOPSAKOBBIM 4yKcioM. HarpumMep, kaHai 2 MOJy4YUT MPHOPUTET HAJ KaHAJIOM 4.

Note: In high-density and connectivity line devices, the DMAI controller has priority over the
DMA?2 controller. (B ycmpoiicmeax cemeticmea HD u CL, konmpoanep DMAI umeem npuopumem Hao
koumpoanepom DMA2.)

10.3.3 DMA channels (DMA kaHaJjbl)

Each channel can handle DMA transfer between a peripheral register located at a fixed address
and a memory address. The amount of data to be transferred (up to 65535) is programmable. The register
which contains the amount of data items to be transferred is decremented after each transaction.

Kaxxapiit kanan Mmoxet o6padbotath DMA 00MeH MeXTy perucTpoM nepudepuu, UMEroIeMy
(buKCHPOBaHHBIN ajipec, U aapecoM B mamMsaTH. KonndyecTBo JaHHBIX, KOTOpBIE OyAeT nepenano (1o 65535
AIIEMEHTOB), IPOrpaMMUpPYeTCs. PerucTp, KOTOPBIN CONEPKUT KOJIMYECTBO JAHHBIX, KOTOPBIE HATO
nepeaTh, OyIeT JeKPEeMEHTHPOBATHCS TOCTIE KX I0H TpaH3aKIIHH.

Programmable data sizes (Ilporpammupyemblii pasmep o6mMeHa)

Transfer data sizes of the peripheral and memory are fully programmable through the PSIZE and
MSIZE bits in the DMA_CCRx register.
Pa3Mepsbl 371eMEHTOB JaHHBIX OOMEHa /71 epu(epun U NaMATH MOJIHOCTBIO TPOrpaMMUPYETCsI ¢
nomotsio 6utoBbix nojneit PSIZE u MSIZE B peructpe DMA_CCRXx.



Pointer incrementation (MHKpeMeHT yka3aTeJisi)

Peripheral and memory pointers can optionally be automatically post-incremented after each
transaction depending on the PINC and MINC bits in the DMA CCRXx register. If incremented mode is
enabled, the address of the next transfer will be the address of the previous one incremented by 1, 2 or 4
depending on the chosen data size. The first transfer address is the one programmed in the
DMA CPARx/DMA_CMARKX registers. During transfer operations, these registers keep the initially
programmed value. The current transfer addresses (in the current internal peripheral/memory address
register) are not accessible by software. Yxkazarenu /s nepudepuun U maMmsiTu MOTYT, IO JKEJIaHHIO,
ABTOMATHYECKH MHKPEMEHTUPOBAThCA MOCIe KaXKA0H TpaH3aKkIuH, B 3aBucuMocTu ot 6utoB PINC u
MINC B peructpe DMA_CCRXx. Eciu paspernien pexxuM HHKPEMEHTa, TO aJpec CIAeAYIOmen
TpaH3aKLIKU OyJIeT aipecoM MpeablyIIel TpaH3aKIUH, YBEeIMUeHHBIA Ha 1, 2 uiau 4, B 3aBUCUMOCTH OT
BbIOpaHHOTO pa3Mepa 31eMeHTa AaHHbIX. [lepBblit agpec oOMeHa - 3TO TOT ajipec, YTo
3anporpammupoBat B peructpax DMA_CPARx, DMA_ CMARKXx. Bo Bpewms onepanuii oOMeHa 3Tu
PETUCTPBI COXPAHSIOT MIEPBOHAYAIBHO 3aIPOrpaMMHUpPOBAaHHOE 3HaUeHHE. Tekymue agpeca ooMeHa (Bo
BHYTPEHHEM PETrUCTpe TEKYIIEro ajapeca nepudepun/namsaTi) He JOCTYIHBI IpOorpaMMe.

If the channel is configured in noncircular mode, no DMA request is served after the last transfer
(that is once the number of data items to be transferred has reached zero). In order to reload a new number
of data items to be transferred into the DMA CNDTRX register, the DMA channel must be disabled.
Ecnu xanan ckoHGUTypupoBaH B HELUKINIECKOM PEXHUME, TO, ITOCTE MOCISIHEH TpaH3aKIMK, HUKaKOH
DMA 3anpoc He 00CITy)XKHBaeTCs (3TO MOTOMY, YTO YHCIIO 3JIEMEHTOB JJAHHBIX, KOTOPBIC HAJIO
nepeaaBarh, 10CTUrio Hyist). Ytoosl 3arpy3uts B peructp DMA_CNDTRX HOBOE YHCIIO 3JIEMEHTOB
JAHHBIX, KOTOpBIE Halo nepenaBarb, DMA kaHall J0JDKeH ObITh 320JI0KHPOBaH.

Note: If a DMA channel is disabled, the DMA registers are not reset. The DMA channel registers (DMA CCRx,
DMA CPARx and DMA_CMARx) retain the initial values programmed during the channel configuration phase.
Note: Eciu DMA kanan 6nokupyemcsi, mo DMA pecucmp ne copacvieaemcs. Pecucmpor DMA kananos
(DMA_CCRx, DMA_CPARx u DMA CMARX) coxpansiom Ha4aibHble 3HAYeHUs], 3aNpOcPaAMMUPOBAHHbLE HA
amane Kouguaypayuu Kanaia.

In circular mode, after the last transfer, the DMA CNDTRXx register is automatically reloaded
with the initially programmed value. The current internal address registers are reloaded with the base
address vaules from the DMA CPARx/DMA CMARKX registers. B IUKIHYECKOM pexuMe, mociie
nocieaHer Tpanzakiuu, peructp DMA CNDTRX aBroMaTruecku nepe3arpyaercsi IepBOHavYalIbHO
3amporpaMMHUpPOBaHHBIM 3HaYeHHEM. BHYTpEHHHE PETUCTPhI TEKYIIETO ajipeca mepudepun/maMsaTu
nepe3arpykaroTcsi 3Ha4YeHUsIMH U3 peructpoB 6azoBoro agpeca DMA_CPARx/DMA_CMARXx.

Channel configuration procedure (IIpouenypa koH(purypannu KaHajioB)

The following sequence should be followed to configure a DMA channelx (where x is the channel
number). YtoOs ckoHpurypupoBats DMA kanan channelx (rze x - Homep KaHaja), HEOOX0IIMO
BBITIOJIHUTD CIIEAYIOIIYIO MOCIE0BATEIbHOCTb.

1. Set the peripheral register address in the DMA CPARX register. The data will be moved
from/ to this address to/ from the memory after the peripheral event.
3anaiite anpec peructpa nepudepuu B peructpe DMA_CPARX. [lannbie OyayT nepeMenieHbl
U3/TI0 ATOMY aJpecy B/U3 MaMSATH MOCJE COOBITHS OT Hepudepui.

2. Set the memory address in the DMA CMARKX register. The data will be written to or read
from this memory after the peripheral event. 3anaiite agpec namstu B peructpe DMA_CMARX.
JlaHHble OyAyT 3amycaHbl B WM IPOYUTAHBI U3 ATOM MaMATH Mocie cOObITHs Ha nepudepuu.

3. Configure the total number of data to be transferred in the DMA_ CNDTRXx register. After
each peripheral event, this value will be decremented. 3apgaiiTe obriee yncio TaHHBIX (8
batimax?), KOTOpble HaIO TiepemMecTuTh, B peructpe DMA CNDTRXx.



4. Configure the channel priority using the PL[1:0] bits in the DMA CCRX register
3amaiite mpuopuTeT KaHana ¢ nmomoribio 6uToB PL[1:0] B peructpe DMA_CCRXx.

5. Configure data transfer direction, circular mode, peripheral & memory incremented mode,
peripheral & memory data size, and interrupt after half and/or full transfer in the DMA CCRx
register 3anaiiTe HampaBJICHUE MIEPEMELICHUS JAHHBIX, PEKUM [UKIUYHOCTH, PEKUM HHKPEMEHTA
nepudepun U NaMsTH, pa3Mep JEMEHTa JaHHBIX Nepudepuu 1 MaMsTi, U HICTOYHUK MPEPbIBaHUS
(3aBepiieHre TOJOBHHBI MK Bcero ooMeHa) B peructpe DMA _CCRx.

6. Activate the channel by setting the ENABLE bit in the DMA CCRX register.
AxTuBupyiite kanan yctaHoBkoid 60uta ENABLE B peructpe DMA_CCRx.

As soon as the channel is enabled, it can serve any DMA request from the peripheral connected on
the channel. Kak Tonpko kanan OyneT pasperieH, oH cMoxeT o0ciayxuBaTh DMA 3ampockl oT
neprdepuu, MOIKITIOYCHHON K KaHATYy.

Once half of the bytes are transferred, the half-transfer flag (HTIF) is set and an interrupt is
generated if the Half-Transfer Interrupt Enable bit (HTIE) is set. At the end of the transfer, the Transfer
Complete Flag (TCIF) is set and an interrupt is generated if the Transfer Complete Interrupt Enable bit
(TCIE) is set.

Kak Tonbpko Oyzer nepeaana nojoBuHa 0aiitoB, Oynet ycranoieH ¢uar noamyoomena HTIF, u Oynet
Cr'€HEpPUPOBAHO MpepbhIBaHuE, eciu Takoe npepbiBanue paspemieHo 6utoM HTIE. B xonue oomena 0ynet
ycraHosieH ¢auar 3aBepmenuss O6mena TCIF, u 6yzaer creHepupoBaHO MpepbIBaHKUE, €CITU TAKOE
npepsiBanue pazpemieHo outom TCIE.

Circular mode (PesxumM HUKJIMYHOCTH)

Circular mode is available to handle circular buffers and continuous data flows (e.g. ADC scan
mode). This feature can be enabled using the CIRC bit in the DMA CCRx register. When circular mode
is activated, the number of data to be transferred is automatically reloaded with the initial value
programmed during the channel configuration phase, and the DMA requests continue to be served.
MOHO HCIIONIb30BaTh PEKUM IIUKIUIHOCTH JIJIsl YIIPABJICHUS HETIPEPHIBHBIM TIOTOKOM JJAHHBIX C
MOMOIIBIO KOJIBIEBBIX Oy(depoB (Hampumep, or ALIIL B peskxume ckaHUpOBaHMs). ITa 0COOEHHOCTh
MoxeT ObITh pazpemieHa 6utom CIRC B peructpe DMA _CCRx. Koraa pexuM MUKIAYHOCTH
AKTUBU3UPOBAH, TO 3HAUEHUE YUCIIA TaHHBIX, KOTOpbIe OYAyT Mepenansbl (3a 00uH Yukil), aBTOMaTUIECKH
nepe3arpyaeTcsi HauaJlbHbIM 3HaYCHHEM, 3alIPOrPaMMHUPOBAHHBIM Ha dTarie KOHPUTypaluy KaHaia, ’
DMA 3amnpocsl IpoI0IKa0T 00CITyKUBATHCSL.

Memory-to-memory mode (Pexxum "namMaTb-namsaTh'')

The DMA channels can also work without being triggered by a request from a peripheral. This
mode is called Memory to Memory mode. DMA kaHaJibl MOTYT TaKke paboTaTh 0e3 3ampoca oT
nepudepun. Takoi pexuM Ha3bIBAIOT "'MAMSITh-TIAMSTH".

If the MEM2MEM bit in the DMA CCRXx register is set, then the channel initiates transfers as
soon as it is enabled by software by setting the Enable bit (EN) in the DMA CCRx register. The transfer
stops once the DMA CNDTRXx register reaches zero. Memory to Memory mode may not be used at the
same time as Circular mode. Ecnu ycranoinen 6utr MEM2MEM B peructpe DMA_CCRX, To KaHan
WHUIHATM3HPYET 0OMEH, KaK TOJIbKO OH pa3pemaetcs B mporpamme 6utom EN B peructpe DMA_ CCRx.
OOMeH ocTaHaBIMBAaETCs, KaK ToJbko 3HaueHHe B peructpe DMA CNDTRx nocturaer Hyns. Pexxum
"MaMsThb-MIaMsATh" HE MOXKET MUCIOJIb30BaThCSl OTHOBPEMEHHO C PEKUMOM HUKIMYHOCTH.



10.3.4 Programmable data width, data alignment and endians
IIporpamMupoBanue BLIPABHUBAHUS JAHHBIX U MOPAIKA CJIeJ0BAHUA 0ATOB

When PSIZE and MSIZE are not equal, the DMA performs some data alignments as described in
Table 55: Programmable data width & endian behavior (when bits PINC = MINC = 1).
Korna 3nauenus B OutoBbix nossix PSIZE u MSIZE paznuunsl, To DMA BBINONHAET HEKOTOPOE
BBIPABHUBAHHE JAHHBIX, KAK 3TO OMKCAHO B TA0JI. HIDKE.

Table 55. Programmable data width & endian behavior (when bits PINC = MINC =1)
[ToBeneHre pu MPOrPaMMUPOBAHUN IITUPUHBI JTAHHBIX U MOPSJIKA CIeT0BaHUS OaTOB

Number
Source . .. |of data Destin ation
port Dﬂftt';?:'tgn items to Sa%udr:::siuxn;::;. Transfer operations content:
width po transfer address /data
(MDT)
@0x0 /B0 1: READ BO[7:0] @0x0 then WRITE BO[7:0] @0x0 @0ox0 /B0
R B 4 @0ox1 /61 2: READ B1[7:0] @0x1 then WRITE B1[7:0] @0x1 @0x1/B1
@ox2 /B2 3: READ B2[7:0) @0x2 then WRITE B2[7:0] @0x2 @oxz /B2
@0x3 /B3 4: READ B3[7:0) @0x3 then WRITE B3[7:0] @0x3 @0x3 /B3
B0x0/B0 1: READ BO[7:0] @0x0 then WRITE 00B0[15:0] @0x0 @0x0 /00B0
) 18 4 @ox1/B1 2: READ B1[7:0] @0x1 then WRITE 00B1[15:0] @0x2 @0xz [/ 00B1
@ox2 /B2 3: READ B3[7:0) @0x2 then WRITE 00B2[15:0] & Ox4 @0xd /00B2
@ox3 /B3 4: READ B4[7:0] @0x3 then WRITE 00B3([15:0] @0x6 @0x6 /[ 00B3
@0x0 /B0 1: READ BO[7:0) @0x0 then WRITE 000000B0[31:0) @0x0 @ 0w0 / 000000B0
) 33 4 @0x1/81 2: READ B1[7:0) @0x1 then WRITE 000000B1[31:0] & 0xd @0x4 /00000081
@ox2 /B2 3: READ B3[7:0) @0x2 then WRITE 000000B2[31:0] & Ox& @0xE / 00000062
B0x3/83 4: READ B4[7:0) @0x3 then WRITE 000000B3[31:0] @0xC @0xC /000000B3
@0ox0/B1B0O 1: READ B1B0O[15:0] @0x0then WRITE BO[7:0] & 0x0 @0ox0 /B0
16 B 4 @0x2/B3B2 2: READ B3B2[15:0] @0x2 then WRITE B2[7:0] @ 0x1 @0ox1/B2
@0x4 /B5B4 3: READ B5B4|15:0] @0x4 then WRITE B4[7:0] @ (x2 @oxz /B4
@0x6 /B7B6 4: READ B7B6[15:0] @0x6 then WRITE B&[7:0) @ 0x3 @0x3 /B6
@0x0/B1B0 1: READ B1B0[15:0] @0x0 then WRITE B1B0[15:0] &0x0 @0x0/B1B0
16 16 4 @0x2 /B3B2 2: READ B3BZ[15:0) @0x2 then WRITE B382[15:0] @ 0n2 @oxz | B3B2
@0xd4 /B5B4 3: READ B5B4[15:0] @0x4 then WRITE B5B4[15:0] & Oxd @0xd / B5B4
@0x6 /BTB6 4: READ BTBG[15:0] @0x6 then WRITE B7B6[15:0] @0xé @oxs / BTB6
@0x0/B1B0 1: READ B1B0[15:0] &0x0 then WRITE 000051B0(31:0) @ Ox0 @0w0 /0000B1B0
16 55 4 @0x2/B3B2 2: READ B3B2[15:0] @0x2 then WRITE 0000B3B2[31.0) @ 0x4 @0x4 / 0D00B3E2
@0xd / B5B4 3: READ B5B4(15:0] @0x4 then WRITE 00008564[31:0) @ OxE @0xE / 0D0DBSE4
@0x6/B7B6 4: READ B7BE[15:0) @0x6then WRITE 0000B7B6[31.0) @0xC @0xC / 0000BTES
@0x0/B3B2B1B0 |1: READ B3B2B1B0[31:0] @00 then WRITE BO[7:0] @0x0 @0ox0 /B0
5o R 4 @0xd4 /B7BEBEEB4 |2: READ BYBEBSB4(31:0]) @ 0x4 then WRITE B4[7:0] @ 0x1 @0x1 /B4
@0xE /BEBABYBE |3: READ BEBABSBE([31:0) @0xE then WRITE BB[7:0] @0x2 @oxz /B8
@0xC /BFBEBDBC |4: READ BFEEBDBC[31:0] @ 0xC then WRITE BC[7:0) @0x3 @oms /BC
B@0x0/B3B2B1B0 |1: READ B3B2B1B0[31:0] @00 then WRITE B1B0[7:0] &0x0 @0x0/B1B0
52 16 4 @0xd /| BTBEBSE4 |2: READ BTBEB5E4[31:0] @ 0xd then WRITE BSB4[7:0] & 0x1 @0oxz /| B5B4
B@0xE /BBEBABOBE |3: READ BEBABOBE([31:0]) &0xB then WRITE BOBE[7:0] &@0x2 @0x4 / BOBE
@0xC / BFEEBDBC |4: READ BFEEBDBC[31:0) @0xC then WRITE BDBC[7:0) @0x3 @ox6 / BDBC
@0x0/B3B2B1B0 |1: READ B3B2B1B0(31:0) @ 0x0 then WRITE BSB2B160(31:0] @0x0 @ 0w/ B3B2B1B0
5o 55 4 @0x4 /B7BEBSB4 |2: READ B7BEB5B4[31:0] @0x4 then WRITE B7BEB5B84(31:0] & Oxd @0x4 | BTBEB5B4
@0xE /BEBABSBE |3: READ BEBABSBE([31:0] @0xE then WRITE BBBABSBR[31:0] @0x6 |&0xE/BEBABSEBSE
@0xC /BFBEBDBC |4: READ BFBEBDBC([31:0] @0xC then WRITE BFBEEBDBC[31:0] @0xC |@0xC /BFBEBDBC

Addressing an AHB peripheral that does not support byte

or halfword write operations

Anpecanus Toil nepugepun Ha muHe AHB, 4yTo He moaaep:kUBaeT JOCTYN 0ATOM HIN
MOJIyCJI0BOM

When the DMA initiates an AHB byte or halfword write operation, the data are duplicated on the
unused lanes of the HWDATA[31:0] bus. So when the used AHB slave peripheral does not support byte
or halfword write operations (when HSIZE is not used by the peripheral) and does not generate any error,
the DMA writes the 32 HWDATA bits as shown in the two examples below:

Korna DMA uHHIManU3upyeT OlNepaluio 3anucu 6aita uin nonayciosa Ha mmHe AHB, To Takue



JaHHbIE TyOMupyroTCs Ha Heucnoiab3dyeMoit mupune mmmasl HWDATA[31:0]. IlosTomy, koraa
ucnonb3yercs slave nepudepust Ha mmue AHB, koTopas He oxaep)KUBAET AOCTYN OAUTOM HITH
noJycioBoM (koraa ona He "BuauT" 3HaueHue HSIZE) u npu 3ToM OHa He TeHepupyeT OIUOKH, TO
DMA 3amuceiBacT B HWDATA 32 Oura, kak moka3aHo B IBYX MpUMeEpax HUXKeE:

* To write the halfword "0xABCD", the DMA sets the HWDATA bus to "0OxABCDABCD"
with HSIZE = HalftWord
UtoOs1 3anucats norycioso "0xABCD", DMA BrictaBisier Ha muHe HWDATA 3nauenue
"0xABCDABCD" u craButr HSIZE=HalfWord.

* To write the byte "0xAB", the DMA sets the HWDATA bus to "0xABABABAB" with
HSIZE = Byte
Uto0Os! 3anucath 0aiT "0xAB", DMA BricTaBnser Ha muHe HWDATA 3Hauenne
"0OxABABABAB" u ctasut HSIZE=Byte.

Assuming that the AHB/APB bridge is an AHB 32-bit slave peripheral that does not take the
HSIZE data into account, it will transform any AHB byte or halfword operation into a 32-bit APB
operation in the following manner:

[Tpeanonoxum, uto AHB/APB moct - 310 32-x pazpsianas slave AHB nepudepusi, koropas He
npuHuMaeT Bo BHuManue 3Hauenue HSIZE, Torna ona nmpeoOpasyeT Jito0yro onepanuio ¢ 6aiToM min
nosryciioBom Ha AHB B 32-x paspsannyio APB oneparuto cieayrommm oopa3om:

* an AHB byte write operation of the data "0xB0" to 0x0 (or to 0x1, 0x2 or 0x3) will be
converted to an APB word write operation of the data "0xBOBOBOBO0" to 0x0
ornepauus nepesanucu 6aiita Ha AHB u3 0xB0 B 0x0 (v mo00e apyroe 3HaueHue) Oyaer
npeoOpa3zoBaHa B orneparuio nepesanucu ciiosa u3 0xBOBOB0BO0 B 0x0

* an AHB halfword write operation of the data "0xB1B0" to 0x0 (or to 0x2) will be
converted to an APB word write operation of the data "0xB1BOB1B0" to 0x0
onepanus nepe3amnucu noiyciosa Ha AHB u3 0xB1B0 B 0x0 Gynet npeoOpazoBaHa B oneparyio
nepe3anucu ciaosa u3 0xB1B0B1B0 B 0x0

For instance, if you want to write the APB backup registers (16-bit registers aligned to a 32-bit
address boundary), you must configure the memory source size (MSIZE) to "16-bit" and the peripheral
destination size (PSIZE) to "32-bit".

Hanpumep, ecnu Bl xotute 3anucars B APB BKP peructpsl pesepBupoBanus (310 16-T1 pa3psiaHbie
PErUCTPHI, BBIPOBHEHHBIE 110 32-X pa3psAHOM IpaHulle aapeca), Bbl JOJDKHBI CKOH(DUTYPUPOBAThH pa3Mep
namsati ucrounnka MSIZE kak 16-0ut, a pasmep nepudepun npuemuuka PSIZE kax 32 Oura.

10.3.5 Error management (O0padoTka omudoK)

A DMA transfer error can be generated by reading from or writing to a reserved address space.
When a DMA transfer error occurs during a DMA read or a write access, the faulty channel is
automatically disabled through a hardware clear of its EN bit in the corresponding Channel configuration
register (DMA CCRX). The channel's transfer error interrupt flag (TEIF) in the DMA_IFR register is set
and an interrupt is generated if the transfer error interrupt enable bit (TEIE) in the DMA CCRX register is
set.
['eneparust ormmbku oomMena mo DMA MoXeT BO3HUKHYTH IPH ONepaliii YTEHUH WK 3aIUCH B
3ape3epBUPOBAHHOM aJIpecHOM IpocTpaHcTBe. Koraa npoucxonut omubdka oomena no DMA Bo Bpems
JOCTyIa HAa YTEHUE WJIH 3aIUCh, TO TAKOW KaHAJI aBTOMAaTHUECKU OTKIFOYAETCS MOCPEICTBOM
arnmapatHoro copoca 6ura EN B peructpe koHndurypamnuu coorBerctBytomero kavaima (DMA CCRXx).
BeicraBnsiercst duiar 3anpoca npepbiBanus ot omnOku oomena B kanane (TEIF) B peructpe DMA_IFR,
U TeHepUpyeTcs mpepriBanue, eciu oHo pazpemeHo outom TEIE B peructpe DMA CCRXx.



10.3.6 Interrupts (IlpepbiBaHus)

An interrupt can be produced on a Half-transfer, Transfer complete or Transfer error for each
DMA channel. Separate interrupt enable bits are available for flexibility.
3armpoc Ha mpephIBaHIE MOXKET FeHepHpoBaTcs coObITHIMH "3aBepinenus [lonoBuasl OOMeHa",
"3aBepmenus [loaaoro O6mena" wnu "Omubkoit oomena" B kaxaom DMA kanane. [{ns yno0cTBa,
JIOCTYITHBI OTJIETIbHOE OUTHI pa3pelIeHUs MpephIBaHUMH.

Table 56. DMA interrupt requests (3anpocs! npepbsiBanuii ot DMA)

‘ Interrupt event H Event flag H Enable Control bit ‘
Half-transfer [ HTIF [ HTIE |
‘Transfer complete H TCIF H TCIE ‘
‘Transfer error H TEIF H TEIE ‘

Note: In high-density devices, DMA2 Channel4 and DMA2 Channel5 interrupts are mapped onto the same
interrupt vector. In connectivity line devices, DMA2 Channel4 and DMA2 Channel5 interrupts have separate
interrupt vectors. All other DMAI and DMA2 Channel interrupts have their own interrupt vector.

Note: B ycmpoiicmeax cemeticmea HD, npepvisanusi om xananos DMA2 Channeld u DMA2 Channel5
omoobpasicaiomest Ha 00un eexmop npepvisanus. B ycmpoiicmeax cemeticmea CL npepvieanus om kananroe DMA2
Channel4 u DMA2 Channel5 umerom omoenvhvie sekmopul npepuviéarusi. IIpepvleanus cex Opyaux KaHauos8
xkoumpoanepog DMAI u DMA2 umerom ¢80l cCOOCMBEHHbIL 8eKMOP NPEPbIBAHUSL.

10.3.7 DMA request mapping (Oto0paxenue DMA 3anpocoB)
DMAT1 controller (Kourpoaiaep DMA1)

The 7 requests from the peripherals (TIMx[1,2,3,4], ADCI1, SPI1, SP1/12S2, 12Cx[1,2] and
USARTX[1,2,3]) are simply logically ORed before entering DMA1, this means that only one request must
be enabled at a time. Refer to Figure 23: DMAT1 request mapping.

Cewmp 3ampocos ot nepudepuu (TIMx[1,2,3,4], ADC1, SPI1, SPI/12S2, 12Cx[1,2] u USARTX][1,2,3])
noruyecku oobeaunstores (mo OR) mpexe, yem noctynuth Ha DMA1, 3T0 03HaYaeT, 4TO B OJTHO BPEMsI
MOJKET OBITh pa3pelieH ToJIbKO ouH 3ampoc. Obpatureck k puc. 23: "OTobpaxenue 3anpoco DMA1".

The peripheral DMA requests can be independently activated/de-activated by programming the
DMA control bit in the registers of the corresponding peripheral.
3ampocsl ot nepudepun Ha DMA MOXHO HE3aBHCUMO aKTUBUPOBATh/IEaKTHBHPOBATh, TIPOTPAMMUPYSI
out ynpasienus DMA B peructpax COOTBETCTBYIOLIETO BHEIIHETO YCTPOMCTBA.




Figure 23. DMAI1 request mapping (Oto6paxenue 3anpocoB Ha DMAT1)

Peripheral Fixed hardware priority
request signals
High pricrity
ADCH T HW reguest 1 ™ crannel 1
TIM2_CH3 )/‘ > ame 1
[}
TIM4_CH W trigger (MEM2MEM bit) — |
USART3_TX Channel 1 EM bit
TIM1_CH1 Y\ W request 2 ~
- Channel 2
TIMZ2_UP [>| | ™ anne
TIM3_CH3 /" swi trigger (MEM2MEM bit) —»
SPI1_AX |-
Channel 2 EN bit
USART3_RX
TIM1_CH2 \l W request 3 ™ channal 3
TIM3_CH4 [> ) > i
TIM3_UP S _ .
= - (L1 [} [} [} [} '
SPI1_TX W trigoer (MEMZMEM bit) —lf.
internal
USARTI_TX Channel 3 EN bit | I
TIM1_CH4 i DMA1
TIMI_TRIG N \I HW request 4 ™ cranel4 requsst
TIM1_COM ;lj/ »
[
TIM4_CH2 £ 2w trigger (MEM2MEM bit) —»
SPI/I252_AX == >
12C2_TX
Channel 4 EM bit
USART1_RX
TIM1_UP -
- (T Y —_—
SPI1282_TX \ \. HW request 5 Channel §
TIMZ_CH1 /I /»’
TIM4_CH3 A" SW trigger (MEM2MEM bit)
12C2_RX
Channel & EN bit
USARTZ_RX =
TIM1_CHZ =, HW REQUEST & ™
) o Channel &
TIM3_CH1 | /. »f | nEMNEE
TIM3_TRIG 43N TRIGGER (MEM2MEM bit) _
12C1_TX e

Channel & EM bit

—
USARTZ_TX Y \'. HW reguest 7 ‘
iz, CHz | . Channel 7

/ Low priority
TIMZ_CH4 ) »
TIM4_UP L_A—/ SW trigger (MEMZMEM bit) _',,-f

1201 _RX

Channel 7 EM bit

Table 57 lists the DMA requests for each channel.
B tabnuue 57 npuBeneH cnucok 3anpocoB Ha DMA aiist KaX0ro KaHaua.



Table 57. Summary of DMAT1 requests for each channel
CojnHas Tabauia 3amnpocoB Ha DMA1 u1st Kaa0ro KaHaia

‘PeripheralsHChannel IH Channel 2 H Channel 3 H Channel 4 H Channel 5 H Channel 6 H Channel 7 ‘

__ADCI ADCI H H H | H |
. SPUR2S | | SPIIRX | SPII_TX | SPUVI2S2_ RX  SPII2S2 TX | | |
. USART | | USART3_TX USART3_RX USARTI_TX USARTI_RX USART2 RX USART2 TX
. nc | | | | RC2.TX | 1C2RX  DRCLTX | I2CLRX |
TIM1_CHé4
TIMI TIMI_CHI | TIMI_CH2 TIMI_TRIG ~ TIMI_UP  TIMI_CH3
TIMI_COM
TIM2  TIM2_CH3 TIM2_UP TIM2_CHI Eﬁ?ggi
TIM3_CHé4 TIM3_CHI
TIM3 TIM3_CH3 1173 up TIM3_TRIG
. TIM4  TIM4 CHI | | TIM4_CH2 | TIM4_CH3 | | TIM4_UP

DMAZ2 controller (Koutposaiaep DMA2)

The 5 requests from the peripherals (TIMx[5,6,7,8], ADC3, SPI/I2S3, UART4,
DAC Channel[1,2] and SDIO) are simply logically ORed before entering to the DMA2, this means that
only one request must be enabled at a time. Refer to Figure 24: DMA2 request mapping.
[Tate 3amipocoB ot nepudepun (TIMx[5,6,7,8], ADC3, SPI/I2S3, USARTx[4], DAC_Channel[1,2] u
SDIO) noruyecku oobenunsroTcs (mo OR) mpexae, yem noctynutsh Ha DMA2, 5T0 03Ha4aer, 4To B
OJIHO BpeMs MOKET OBITh pa3pelleH TOJLKO oJuH 3ampoc. ObpaTturech k puc. 24: "OTobOpakeHue

3anpocoB DMA2".

The peripheral DMA requests can be independently activated/de-activated by programming the
DMA control bit in the registers of the corresponding peripheral.
3ampocsl ot nepudepun Ha DMA MOXHO HE3aBHCUMO aKTHBHUPOBATh/ ICaKTHBHPOBATh, IIPOTPAMMHUPYSI
out ynpaeneHuss DMA B peructpax COOTBETCTBYIOIIETO BHEIIIHETO YCTPOMCTBA.

Note: The DMA?2 controller and its relative requests are available only in high-density and connectivity line
devices. (Koumponnrep DMA2 u coomseemcmeyiowue emy 3anpocvl 0ocmyntuvl moivko 6 cemeticmeéax HD u CL.)




Figure 24. DMA2 request mapping (Oto6paxenue 3anpocoB Ha DMA?2)

TIMs_CH4
TIME_TRIG
TIME_CH3
TINB_UF
SPINZ253_RX

TIMB_CH4
TIME_TRIG
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TIME_CH3

TIME_UP
SPIZS3_TX

TIME_CH1
UART4_RX
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TIM5E_CH2
S0Io
TIMT_UR/DAC _Channel2

ADC3
TIMB_CHz2
TINME_CH1
UARTE_TX

Peripheral request signals

Fixed hardware priority

|:>\\:' HWW request 1 o B ‘ Channel 1
-"i""} SW trigger (MEMZMEM bity  —
Channel 1 EL bit
|:>T\\" HW request 2 r"“»- Channal 2
4" SW trigger (MEM2MEM bit) —»{ _
Channel 2 EM bit
ﬂ\. HW requesi 3 . 5 Channel 3
L—’/E".".l' trigger (MEMZMEM bit) —*
1

Channel 3 EN bit

HW reguest 4

=)

4

SW trigger (MEMZMEM bit)

Channel 4 EN bit

HW reguest 5

" - Channel 4
—

=P

SW trigger (MEMZMEM bit)

HIGH PRIORITY

Y

LOwW FRIORITY

=

internal

DAz
reqguest

N h Channel 5
—

Channel 5 EN bit

Table 58 lists the DMA2 requests for each channel.
B Tabnuue 58 npuBenen cnucok 3anpocoB Ha DMA2 i Kax10ro KaHaia.

Table 58. Summary of DMAZ2 requests for each channel
CojaHas Tabauia 3ampocoB Ha DMA2 juist KaI0ro KaHaia

‘ Peripherals H Channel 1 H Channel 2 H Channel 3 H Channel 4 H Channel 5 ‘
_apcs) | | | o ApG
. SPII2S3 SPIM2S3_RX | SPII2S3_TX | I | |
| UART4 | | | UART4 RX | UART4_TX |
_ spo® | | . spo |
TIMS ;%55—]5:1{{1?} T]%\{\I/fs_%lf TIMS CH2 TIM5 CHI
TIM6/ TIM6_UP/
DAC_Channell DAC_Channell
TIM7/ TIM7_UP/
DAC_Channel2 DAC_Channel2
TIM8_CH4
M TIM8_CH3 8 TRIG 8 CHI 8 CH2
TIM8 TIMS UP %1\1\;[18:(?811\/[ TIM8_CH TIM8_CH

1. ADC3, SDIO and TIM8 DMA requests are available only in high-density devices.
3anpocsl Ha DMA ot ADC3, SDIO u TIMS8 noctynss! Toibko B cemeiictse HD.




10.4 DMA registers (Peructpsl DMA)

10.4.1 DMA interrupt status register (DMA_ISR) (Peructp craryca npepsiBanuiit DMA)
10.4.2 DMA interrupt flag clear register (DMA IFCR)

(Peructp ounctku naros mpepsiBanuii DMA)

10.4.3 DMA channel x configuration register (DMA CCRx) (x=1 ..7)

Peructp xonpurypanuu kanaga x DMA

10.4.4 DMA channel x number of data register (DMA_CNDTRx) (x=1 ..7

Peructp pasmepa nanubeix kanaia x DMA

10.4.5 DMA channel x peripheral address register (DMA_CPARx) (x=1..7)

Peructp anpeca nepudepun s kanana x DMA

10.4.6 DMA channel x memory address register (DMA_ CMARX) (x=1 ..7)

Peructp anpeca mamsitu nis kanaina x DMA
10.4.3 DMA register map (Kapra peructpos DMA)

Refer to Section 1.1 on page 37 for a list of abbreviations used in the register descriptions.
Cwm. paznen 1.1, rae npuBeeH NMepedyeHb COKPALIEHUM, HCIIOJIb3YEMbIX ITPU OMTMCAHUH PETUCTPOB.

Note: In the following registers, all bits relative to channel6 and channel7 are not relevant for DMA?2 since it has
only 5 channels. (B nociedyrowux pecucmpax éce Oumol, OMHOCAUUECS K KaHALam 6 u 7 He Cyuecmeer bl OJis

DMA2, max kax on umeem mobKo nsimv KAHAN08.)

10.4.1 DMA interrupt status register (DMA_ISR)
Perucrp craryca npepsiBannii DMA

Address offset: 0x00
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 18
TEIFT | HTIFT | TCIFT GIF7 | TEIFE | HTIFE | TCIFE | GIFE | TEIFE | HTIFE | TCIFS GIFS
Reserved
r r r r | r r r r r r r r
18 14 13 12 11 10 ] B 7 & 5 4 3 2 1 0
TEIFZ | HTIFZ2 | TCIFZ | GIF2 | TEIF1 | HTIF1 | TCIF1 GIF1

TEIF4 | HTIF4 | TCIF4 | GIF4 | TEIF3 [ HTIF3 | TCIFE | GIF3

r r r r r r r r | r r r r r r r

Bits 31:28 Reserved
always read as 0. (Bcerna unraercs kak '0'".)

Bits 27, 23, 19, 15, 11, 7, 3 TEIFx: Channel x transfer error flag (x=1..7)
®yar omudkyu o0MeHa B KaHaJle X
This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA _IFCR register. (3ToT 6uT cTaBuTcs anmnapatHo. O4uiaeTcsi mporpaMMHO 3auckio '1' B
cootBercTBytouMii 6ut perucrpa DMA_IFCR.)
0: No transfer error (TE) on channel x (HeT omm0ku o6meHa B kaHaje X)
1: A transfer error (TE) occurred on channel x (EcTp omubka o6MeHa B kaHase X)

Bits 26, 22, 18, 14, 10, 6, 2 HTIFx: Channel x half transfer flag (x =1..7)
@ar 3aBepuIeHHs NOJOBHHbI 00MeHA B KaHAJIe X
This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA IFCR register. (3ToT 6uT cTaBUTCS anmapaTHo. O4HIaeTCs MPOrpaMMHO 3amuckio '1' B
cootBeTcTBytolui 6ut peructpa DMA_IFCR.)
0: No half transfer (HT) event on channel x
Hert coGbITus 3aBepiieHus 0JIOBUHBI 0OMEHA B KaHaje X
1: A half transfer (HT) event occurred on channel x
EcTb coObITHE 3aBepILIeHUs IOJOBUHBI OOMEHA B KaHAJIEe X




Bits 25,21, 17, 13,9, 5, 1 TCIFx: Channel x transfer complete flag (x =1 ..7)
@Jiar 3aBepiIeHUs 00MeHa B KaHaJle X
This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA _IFCR register. (3ToT OuT cTaBUTCs anmapaTHo. OUnIaeTcss MPOorpaMMHO 3anuchio '1' B
cootBercTBytommii 6ut perucrpa DMA_IFCR.)
0: No transfer complete (TC) event on channel x
Het coObiTus 3aBepuieHnst oOMeHa B KaHaJle X
1: A transfer complete (TC) event occurred on channel x
Ectb coObITHE 3aBepIieHuss OOMEHa B KaHaJe X

Bits 24, 20, 16, 12, 8, 4, 0 GIFx: Channel x global interrupt flag (x =1 ..7)
OO0mmii porar npeppIBaHusA B KaHaJIe X
This bit is set by hardware. It is cleared by software writing 1 to the corresponding bit in the
DMA _IFCR register. (3ToT OuT craBuTcs annapaTHo. Ouuiaercs nporpaMMHO 3anuceio '1' B
cootBercTBytOomMi Out perucrtpa DMA_IFCR.)
0: No TE, HT or TC event on channel x
Her uu omnoro coositus npepsiBanus TE, HT wim TC
1: ATE, HT or TC event occurred on channel x
Ectp oo u3 coowrtnii npepsiBanus TE, HT wiu TC

10.4.2 DMA interrupt flag clear register (DMA_IFCR)
Pernctp ouncrku ¢uiaros npepbiBannii DMA

Address offset: 0x04
Reset value: 0x0000 0000

3 30 28 28 27 26 25 24 23 2z2 21 20 18 18 17 16
CTEIF | CHTIF | CTCIF | CGIF | CTEIF | CHTIF | CTCIF | CGIF | CTEIF | CHTIF | CTCIF | CGIF

Reserved 7 7 7 7 & & & & 5 5 5 5

v v v v v W v v v v v W

158 14 13 12 1 10 8 B 7 & B 4 3 2 1 o
CGIF

Bits 31:28 Reserved
always read as 0. (Bcerna unraercs kak '0'".)

Bits 27, 23, 19, 15, 11, 7, 3 CTEIFx: Channel x transfer error clear (x=1..7)
Ouncrka ¢uara omudku oOMeHa B KaHaJIe X
This bit is set and cleared by software. (3TOT OUT CTaBUTCS U OUHUIIIAETCS IPOTPAMMHO. )
0: No effect (Het aexra)
1: Clears the corresponding TEIF flag in the DMA ISR register
Ounctka cootBercTBytomiero TEIF ¢nara B peructpe DMA_ISR

Bits 26, 22, 18, 14, 10, 6, 2 CHTIFx: Channel x half transfer clear (x =1 ..7)
Ouucrtka ¢Jara 3aBepuieHus MOJOBHHbI 00MeHA B KaHAJIe X
This bit is set and cleared by software. (3TOT OUT CTaBUTCS U OUHUIIIAETCS IPOTPAMMHO. )
0: No effect (Het aexra)
1: Clears the corresponding HTIF flag in the DMA ISR register
Ounctka cootBerctBytomiero HTIF ¢uara B peructpe DMA_ISR




Bits 25,21, 17,13, 9, 5, 1 CTCIFx: Channel x transfer complete clear (x =1 ..7)
Ouncrtka ¢uara 3aBepuieHusi 00MeHa B KaHaJIe X
This bit is set and cleared by software. (3TOT OUT CTaBUTCS U OYHUIIIACTCS IPOTPAMMHO. )
0: No effect (Her adpdexra)
1: Clears the corresponding TCIF flag in the DMA ISR register
Ounctka coorerctByromiero TCIF ¢nara B peructpe DMA_ISR

Bits 24, 20, 16, 12, 8, 4, 0 CGIFx: Channel x global interrupt clear (x=1..7)
I'nodanbHast ouncTka uiaroB nNpepbIBAaHUA KaHAJA X
This bit is set and cleared by software. (3TOT OUT CTaBUTCS U OYHUIIIACTCS TPOTPAMMHO. )
0: No effect (Her addexra)
1: Clears the GIF, TEIF, HTIF and TCIF flags in the DMA ISR register
Ouuctka dnaros GIF, TEIF, HTIF u TCIF B peructpe DMA ISR

10.4.3 DMA channel x configuration register (DMA_ CCRx) (x=1..7)
Pernctp konpurypauuu xkanana x DMA

Address offset: 0x08 + 20d x Channel number
Reset value: 0x0000 0000

3 30 20 2B 27 26 2R 24 23 a2 2 20 18 18 17 18
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Bits 31:15 Reserved
always read as 0. (Bcerma unraercs kak '0'".)

Bit 14 MEM2MEM: Memory to memory mode (Pe:xxum "namsiTe-namMars'')
This bit is set and cleared by software. (3TOT OUT CTaBUTCS ¥ OYHUIIIACTCS TIPOTPAMMHO. )
0: Memory to memory mode disabled (Pexxum "maMsaTb-amMsTh" OTKITFOUEH )
1: Memory to memory mode enabled (Pexxum "mamsaTe-naMsaTh" pa3perieH)

Bits 13:12 PL[1:0]: Channel priority level (YpoBenb npuopurera kaHama)
These bits are set and cleared by software. (3TOT OUT CTaBUTCSA W OUMUIAETCS TPOTPAMMHO. )
00: Low (Huskwii)
01: Medium (Cpenuuii)
10: High (Beicokwii)
11: Very high (O4ens BbicOKHIA)

Bits 11:10 MSIZE[1:0]: Memory size (Pa3mep 31eMeHTa JaHHBIX B IIaMSITH)
These bits are set and cleared by software. (3TOT OUT CTaBUTCSA W OYMUIIAETCS TPOTPAMMHO. )

00: 00: 8-bits
01: 16-bits
10: 32-bits

11: Reserved

Bits 9:8 PSIZE[1:0]: Peripheral size (Pa3mep 3;1eMeHTa 1aHHBIX B epudepun)
These bits are set and cleared by software. (3TOT OUT CTaBUTCSA W OYMUIIAETCS TPOTPAMMHO. )

00: 8-bits
01: 16-bits
10: 32-bits

11: Reserved




Bit 7 MINC: Memory increment mode (PesxumM HHKpeMeHTa yKa3aTe/isi B TaMsITH)
This bit is set and cleared by software. (3TOT OUT cTaBUTCS ¥ OYUIIIACTCS TIPOTPAMMHO. )
0: Memory increment mode disabled (Pexxum nHKpeMeHTa yKazaTemns B HaMsITH OTKIIOYCH )
1: Memory increment mode enabled (Pexxum nHKpeMeHTa yka3aTens B TaMsTH pa3pericH )

Bit 6 PINC: Peripheral increment mode (Peskxum HHKpeMeHTa yKka3aTeJ/isi B nepugepun)
This bit is set and cleared by software. (3TOT OUT cTaBUTCS ¥ OYHUIIIACTCS TIPOTPAMMHO. )
0: Peripheral increment mode disabled
PexuM nHKpeMeHTa yka3aTens B nepu(epun OTKIIOUECH
1: Peripheral increment mode enabled
PexxuM nHKpeMeHTa yka3atens B nepudepun pasperieH

Bit 5 CIRC: Circular mode (Pe:xuM HMKJINYHOCTH)
This bit is set and cleared by software. (3TOT OUT CTaBUTCS ¥ OYHUIIIACTCS TIPOTPAMMHO. )
0: Circular mode disabled (PexxuM MUKIUYIHOCTH OTKITIOYCH )
1: Circular mode enabled (PexxuM NUKIMYHOCTH pa3peIieH )

Bit 4 DIR: Data transfer direction (HanpaB/jieHue o60MeHa JaHHBIX)
This bit is set and cleared by software. (3TOT OUT cTaBUTCS ¥ OYUIIIACTCS TIPOTPAMMHO. )
0: Read from peripheral (Urenue u3 nepudepun)
1: Read from memory (UteHue u3 nmamsTv)

Bit 3 TEIE: Transfer error interrupt enable (Pa3spemenne npepsiBanusi 0T omin0ku odMeHa)
This bit is set and cleared by software. (3TOT OUT cTaBUTCS ¥ OYHUIIIACTCS TIPOTPAMMHO. )
0: TE interrupt disabled (IlpepsiBanue ot TE 3anpemieHo)
1: TE interrupt enabled (IlpepriBanue ot TE pa3pemieno)

Bit 2 HTIE: Half transfer interrupt enable
Pa3pemenne npepbiBaHusi OT COOBLITUSA 3aBepILIEHUS MOJOBUHBI 00MeHA
This bit is set and cleared by software. (3TOT OUT CTaBUTCS U OYHUIIIACTCS IPOTPAMMHO. )
0: HT interrupt disabled (IIpepsiBanue ot HT 3anpermieHo)
1: HT interrupt enabled (IlpepriBanue ot HT pa3pemieHo)

Bit 1 TCIE: Transfer complete interrupt enable
Pa3spemenne npepbiBaHus OT COOBITHS 3aBeplICHUsI 00MEHa
This bit is set and cleared by software. (3TOT OUT cTaBUTCS ¥ OUHUIIIACTCS TIPOTPAMMHO. )
0: TC interrupt disabled (IlpepriBanue ot TC 3anpemieHo)
1: TC interrupt enabled (IIpepsiBanue ot TC pa3pemieHo)

Bit 0 EN: Channel enable (Pa3pemenne kanaJa)
This bit is set and cleared by software. (3TOT OUT CTaBUTCS ¥ OYUIIIACTCS TIPOTPAMMHO. )
0: Channel disabled (Kanan oTkmiroueH)
1: Channel enabled (Kanan pa3pemien)



10.4.4 DMA channel x number of data register (DMA_ CNDTRx) (x=1..7)
Peructp pasmepa nannbix kanajaa x DMA

Address offset: 0x0C + 20d x Channel number
Reset value: 0x0000 0000
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Bits 31:16 Reserved

always read as 0. (Bcerna unraercs kak '0'.)

Bits 15:0 NDT[15:0]: Number of data to transfer (Pa3mep nanHbIx 00MeHa)

Number of data to be transferred (0 up to 65535). This register can only be written when the
channel is disabled. Once the channel is enabled, this register is read-only, indicating the remaining
bytes to be transmitted. This register decrements after each DMA transfer.

Yucno nauHbIxX (8 Oaumax?), kotopsie 0yayT nepenansl (0 1o 65535). B aTot peructp MoxxHO
MIPOM3BOIUTH 3AMKCH TOJIBKO TOT/A, KOT/Ia KaHaJl BBIKIIOYEeH. Kak TObpKO KaHall Oy/eT pa3pelieH,
3TOT PETUCTP MOXKHO OYZIET TOJIIBKO YUTaTh, YTOOBI ONPENEIUTh YUCIIO OalT, ocTaBIIeecs Al
oOMeHa. DTOT PerucTp AeKpeMeHTupyercs mocie kaxaon DMA TpaH3akiuu.

Once the transfer is completed, this register can either stay at zero or be reloaded automatically by
the value previously programmed if the channel is configured in uto-reload mode.

Kaxk Tonbko 0OMeH 3aBepiiieH, 3TOT PETUCTP MOXKET JTUOO OCTaThCS B HYJIE, TUOO aBTOMAaTUYECKU
nepe3arpy3uThcs paHee 3aporpaMMUPOBAHHBIM 3HAUEHUEM, €CITU KaHal CKOH(UTYPHUPOBaAH B
peXHUME aBTO-TIepe3arpy3ku (PeKuM IUKIMYHOCTH).

If this register is zero, no transaction can be served whether the channel is enabled or not.
Ecnu 3HaueHue 3TOro perucTpa paBHO HYJI0, HUKaKasi TPAH3aKIMs HE MOXKET ObITh 00CIIyKeHa,
HE3aBHCUMO OT TOTO, pa3peIleH KaHall, I HeT.




10.4.5 DMA channel x peripheral address register (DMA_CPARx) (x=1..7)
Pernctp agpeca nepudepun aiasa kanana x DMA

Address offset: 0x10 + dx20 x Channel number
Reset value: 0x0000 0000

This register must not be written when the channel is enabled.
B 3TOT peructp Henb3s NpOU3BOIUTH 3aMUCh, KOT/Ia KaHAJ pa3pelleH.
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Bits 31:0 PA[31:0]: Peripheral address (Anpec nepudepun)
Base address of the peripheral data register from/to which the data will be read/written.
When PSIZE is 01 (16-bit), the PA[0] bit is ignored. Access is automatically aligned to a half-word
address. When PSIZE is 10 (32-bit), PA[1:0] are ignored. Access is automatically aligned to a word
address.
Peructp 6a3oBoro aapeca gaHHBIX B Iepudepuu, U3/TI0 KOTOPOMY OYAYT YUTATHCS/3aTUCHIBATHCS
nannele. Korna PSIZE=01 (snement 16-tu 6utHsiit), 6ut PA[0] urnopupyercs. Jloctyn
aBTOMATHUYECKH BhIpaBHUBAETCS 10 anapecy nomycioba. Korma PSIZE=10 (anemeHT 32-X OUTHBINH),
outsl PA[1:0] urnopupyrotcs. JlocTyn aBTOMaTn4ecky BEIpPAaBHUBAETCS TI0 a/Ipecy CIIOBA.

10.4.6 DMA channel x memory address register (DMA CMARX) (x =1 ..7)
Peructp agpeca mamsatu aias kaHaia x DMA

Address offset: 0x14 + dx20 x Channel number
Reset value: 0x0000 0000

This register must not be written when the channel is enabled.
B 3TOT peructp Henb3s NPOU3BOANTH 3aIKMCh, KOT/1a KaHaJ pa3pellicH.
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Bits 31:0 MA[31:0]: Memory address (Aapec B namsiTi)
Base address of the memory area from/to which the data will be read/written.
When MSIZE is 01 (16-bit), the MA[0] bit is ignored. Access is automatically aligned to a half-
word address. When MSIZE is 10 (32-bit), MA[1:0] are ignored. Access is automatically aligned to
a word address.
Peructp 6a30Boro agpeca JaHHbIX B HaMSATH, U3/TI0 KOTOPOMY OYyAyT UMTAThCS/3aMUChIBATHCS
nannabie. Korga MSIZE=01 (anemeHnT 16-tu OutHbIi), OuT MA|[0] urnopupyercs. Jloctym
aBTOMATHYECKHU BbIpaBHUBaeTCs 10 aapecy noiycioBa. Korna MSIZE=10 (s31emenT 32-X OUTHBIN),
o6utel MA[1:0] urHopupyrorcs. JlocTynn aBTOMaTHUECKH BBIPABHUBAGTCSI 110 aJJPECy CIIOBA.



10.4.7 DMA register map (Kapra perucrpos DMA)

The following table gives the DMA register map and the reset values.

[Tocnemyromas TabnuIa 1aet kapty peructpo Moyt DMA u ux 3HaueHue nocie copoca.

Table 59. DMA register map and reset values
Kapra peructpoB DMA u ux 3HaueHue nocie copoca
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Refer to Table 1 on page 41 for the register boundary addresses.
Cwm. Tabu. 1, rae qaHbl OTHOCUTENBHBIE aJjpeca PErucTpPoB.



24 Inter-integrated circuit (I2QC) interface (MuTepdeiic 12C)

24.1 12C introduction (Beexenue B 12C)

24.2 12C main features (OcHoBHBIe 0coOeHHOCTH 12C)

24.3 12C functional description (®ynkmmonansHoe onucanue 12C)
24.4 12C interrupts (ITpepriBanus ot 12C)

24.5 12C debug mode (Pexxum otmagku u 12C)

24.6 12C registers (I2C peructpsl)

(B0ecy naxooumca pumyanvroe nanomuranue o nHaauduu 4-x cemevicms 011 STM32F10xxx, u
umo amom OOKyMeHm 000 8cex cemelcmaax, eciu Hem npsamozo ykasanus. Cm. pasoen 1.2 I'noccapuid).)

24.1 12C introduction (BBexenne B 12C)

12C (inter-integrated circuit) bus Interface serves as an interface between the microcontroller and
the serial 12C bus. It provides multimaster capability, and controls all I2C bus-specific sequencing,
protocol, arbitration and timing. It supports standard and fast speed modes. It is also SMBus 2.0
compatible. 12C unrepdeiic (inter-integrated circuit) paboraet xak uarepdeiic mexaxy MK u
nociegoBarenbHor 12C mmuoi. OH nonmyckaeT HeCKoJbko "Benymumx" Ha IMHE U yIpaBisIeT BCEMU
ocobenHocTsiMu mHHbI 12C, mpoTokoiaoM, apOouTpaxeM, BpeMEHHBIMHU XapakTepucTukamu. OH
MOJAEP>KUBAET BRICOKO-CKOPOCTHOM pexxuM. OH coBmecTuM Takxke ¢ SMBus 2.0.

It may be used for a variety of purposes, including CRC generation and verification, SMBus
(system management bus) and PMBus (power management bus).
Ero MOoXHO MCIONTb30BaTh JJIS IHPOKOTO CIIEKTPa MPUIIOKEHUH, BKITFOYAst TCHEPAIUIO U BEpU(HUKAITIIO
KOHTpoJIbHOM cymMbl, SMBus (system management bus) u PMBus (power management bus).

Depending on specific device implementation DMA capability can be available for reduced CPU
overload. B 3aBucuMocTH OT crieU(HUKN YCTPOKHCTBA, UCIOIb30BaHKE BCTpoeHHOro DMA MokeT
YMEHBIIUTH Harpy3ky Ha LIITY.

24.2 12C main features (OcHoBHbIe 0co0enHocTH [12C)

* Parallel-bus/I2C protocol converter (KonBeprammsi mapaienbHbIX JaHHBIX B [2C
IIPOTOKOJT)

* Multimaster capability: the same interface can act as Master or Slave (ITognepxka
HEeCcKOJbKUX "Benymux": ouH U TOT e uHTepgeiic MoxkeT padboTarh Kak "Bemymuil" wim kak
"Benompbrii")

* [2C Master features: (Ocobennoctu "Bemymero" 12C:)
— Clock generation (I'eHepupyeT TaKTOBBII CUTHAI)
— Start and Stop generation (I'enepupyet cTapT- U CTON-COCTOSHHUE)

* 12C Slave features: (Ocobennoctu "[logunaenHoro" 12C:)
— Programmable 12C Address detection
(HderextupoBanue nporpammupyemoro 12C aapeca)
— Dual Addressing Capability to acknowledge 2 slave addresses
JIBolHOI afpec: BO3MOXKHOCTh UMETH 2 slave anpeca
— Stop bit detection (/lerekTrpoBanue cTon-6mrta)

* Generation and detection of 7-bit/10-bit addressing and General Call
I'eneparus u nerexktupoBanue 7-bit/10-bit agpeca u 001Iero BEI30Ba



* Supports different communication speeds: (ITogaepkuBaet pa3nudHbIe CKOPOCTH OOMEHA: )
— Standard Speed (up to 100 kHz), (Crangaptaas ckopocts (1o 100 kHz),)
— Fast Speed (up to 400 kHz) (Bricokast ckopocTts (110 400 kHz))

» Status flags: (Onaru crartyca:)
— Transmitter/Receiver mode flag ®nar pexuma [lepenayga/Ilpuem
— End-of-Byte transmission flag ®nar konna nepegauun 6aiita
— I2C busy flag ®nar roroBaoctu 12C

* Error flags: (dnaru ommbok:)
— Arbitration lost condition for master mode (ITotepst mpaB Ha MIMHY)
— Acknowledgement failure after address/ data transmission
OmmbKa yBeTOMIICHHS TTOCTIE TIepelau aipeca/JaHHbIX
— Detection of misplaced start or stop condition
OOHapykeHUsI HEYMECTHOTO CTapT- WA CTON-COCTOSHHS
— Overrun/Underrun if clock stretching is disabled
[Tepenonnenne/Henocraya, eciiv OTKITIOUEHA OMNIHS PACTSHKEHUSI TAKTOBOTO

* 2 Interrupt vectors: (/IBa BekTOpa nmpeprIBaHUI: )
— 1 Interrupt for successful address/ data communication
OnuH 7151 yCTIGNTHOM mepenavn aapeca/ TaHHbIX
— 1 Interrupt for error condition (Emre oaus s ormmmbox)

* Optional Clock Stretching (OnnoHHBINA PEXUM PACTSIKEHUS TAKTOBOTO)

* 1-byte buffer with DMA capability
OnHoOaiTHEIH Oydep, ¢ BO3MOKHOCTBIO HCITOJIb30BaTh DMA

* Configurable PEC (Packet Error Checking) Generation or Verification:
Kondurypupyemas resepanus/npoBepka KOHTpoiabHOH cymmbl nakera (PEC):
— PEC value can be transmitted as last byte in Tx mode
3navyenue PEC mosxeT ObITh HiepeiaHo, Kak nociae Hui 6ait B pexume Tx
— PEC error checking for last received byte
ITpoBepka omnbku PEC B nocneaHeM npuHsAToM Oaiite

* SMBus 2.0 Compatibility: (CoBmectumocts ¢ SMBus 2.0:)
— 25 ms clock low timeout delay
KoHTpoJib BpeMeHN HU3KOI0 COCTOSIHUS Ha IIMHE 25 MC
— 10 ms master cumulative clock low extend time KoHTpoJib BpeMeHH BpEeMEHH
HU3KOI0 COCTOsIHUS Ha muHe 10 Mc, mpu pacTsbkeHuu TaktoBoro "Begymmm"
— 25 ms slave cumulative clock low extend time KoHTpoisib BpeMeHH BpeMeHU HU3KOTO
COCTOSIHMSI Ha IIMHE 25 MC, IPU PACTSHKEHUH TakToBOTO "Benompim”
— Hardware PEC generation/verification with ACK control
ArnmapaTHoe reHepupOBaHHE/IPOBEpKa KOHTPOJIbHOU cyMMbI ¢ yBegomieHneM ACK
-- Address Resolution Protocol (ARP) supported
[Tognepxka MpoTokosa AuHaMU4YecKux aapecoB ARP

* PMBus Compatibility (CoBmectumocts ¢ PMBus yctpoiicTBamu)

Note: Some of the above features may not be available in certain products. The user should refer to the product
data sheet, to identify the specific features supported by the 12C interface implementation.

Hexomopbie u3 gviuie nepeuucieHHbix ocobeHHocmell Mo2ym Obims HeOOCMYNHbL 8 HeKOMOPbIX Uz0enusx. Boi
00icHbL nocmompems onucarue 12C Ha KonkpemHoe uzoenue.



24.3 12C functional description (PynknuonanbHoe onucanue 12C)

24.3.1 Mode selection (Bsi6op pexuma)

24.3.2 12C slave mode (I2C B pexume "Bemomprit")

24.3.3 12C master mode (I12C B pexume "Benymmit")

24.3 .4 Error conditions (YcmoBus ajsi OUTMOKH )

24.3.5 SDA/SCL line control (Ynpasneunue nuausmu SDA/SCL)
24.3.6 SMBus

24.3.7 DMA requests (3ampoc Ha ucnonb3zoBanue DMA)

24.3.8 Packet error checking (ITpoBepka ommOoOk nakeTHpoOBaHMUs)

In addition to receiving and transmitting data, this interface converts it from serial to parallel
format and vice versa. The interrupts are enabled or disabled by software. The interface is connected to
the 12C bus by a data pin (SDA) and by a clock pin (SCL). It can be connected with a standard (up to 100
kHz) or fast (up to 400 kHz) 12C bus.

Kpome npuema u nepenauu JaHHBIX, 3TOT HHTEp(ENC KOHBEPTUPYET NAaHHbBIE U3 MapaUIeIbHON (GOpMBI B
MocJieI0BaTeNNbHYI0 U Ha000poT. [IpepriBaHMs pa3peniaoTcs U OTKII0YaloTCs mporpaMMHo. MHTepdeiic
¢ I2C ocymecTBasiercs noaxatoueHueM TuHuM AaHHbIX SDA u nunuu takroBoro SCL. MoxHO
noakmodaThes K 12C ycTpoiicTBY co cTaHaapTHOM ckopocThio (10 100 kI'11) nim BEICOKOM CKOPOCTHIO
(mo 400 xI'm).

24.3.1 Mode selection (Bbioop pe:xuma)

The interface can operate in one of the four following modes:
NuTepdeiic MoxkeT paboTaTh B OHOM M3 YETHIPEX CICAYIOUINX PEKUMOB!

— Slave transmitter (IToqunHeHHBII epeaaTyNK)
— Slave receiver (IlogunHeHHBIN TPUEMHUK )

— Master transmitter (Bemymmii mepenaTamk)

— Master receiver (Begymuii npueMHHK)

By default, it operates in slave mode. The interface automatically switches from slave to master,
after it generates a START condition and from master to slave, if an arbitration loss or a Stop generation
occurs, allowing multimaster capability.

[To ymonyanuto, oH pabotaet B pexume "Benomsril". MaTepdeiic aBToMaTnyecku NepeKIrovaeTcs ¢
"Benomoro" Ha "Bexymuit", mocie renepupoBaHus cTapT-yciioBus, u ¢ "Bexymero" Ha "Bemomsrii", nmpu
norepe apOUTpaka W 10CIie TeHEPUPOBAHMS CTOI-YCJIOBUS, YTO MO3BOJISIET pabOTaTh HECKOIBKUM
"Bexymum".

Communication flow (IIlpoueaypa oomena)

In Master mode, the 12C interface initiates a data transfer and generates the clock signal. A serial
data transfer always begins with a start condition and ends with a stop condition. Both start and stop
conditions are generated in master mode by software.

B pexume "Benymumit", 12C nannurpyer oOMEH JaHHBIMHU U T€HEpUPYET TaKTOBbIN curHai. [lepenade
M0CJIEI0BATENbHBIX JJaHHBIX BCET/1a MPEALIECTBYET CTapT-yYCIOBHE, a 3aBepIIaeTCcsi 0OMEH BCerja CToll-
ycnoBueM. O0a 3TUX YCIOBHS FeHEpUpPYIOTCs B pexxumMe "Beaymuii" nporpaMMHo.

In Slave mode, the interface is capable of recognizing its own addresses (7 or 10-bit), and the
General Call address. The General Call address detection may be enabled or disabled by software.
B pexxume "Benomsrit”, I2C ciocoOGeH pacro3HaTh cBoii coOcTBeHHbIH anpec (7 wmu 10-bit), u aapec
obmiero Bei3oBa. Onpe/ieicHne HATHIUs aJipeca 00IIero BEI30Ba MOYKHO BKIIFOUUTH WIIA OTKITFOUUTH
MIPOrPaMMHO.



Data and addresses are transferred as 8-bit bytes, MSB first. The first byte(s) following the start
condition contain the address (one in 7-bit mode, two in 10-bit mode). The address is always transmitted
in Master mode.

AJlpec ¥ TaHHBIE TIEpeIar0TCsl 8-MU OUTHBIMU OaiiTamu, cTapuuM OuTom Brepen. [lepBorit 6aiT(b),
CIIeTYIOIININ 32 CTApPT-yCIOBUEM, COACPKHUT aapec (0auH OalT B 7-Mu OUTHOM pexxume, U aBa Oaiita B 10-
TH OUTHOM pexuMe). Afpec Bceraa nepenaercs B pexxume "Bemymmii".

A 9th clock pulse follows the 8 clock cycles of a byte transfer, during which the receiver must
send an acknowledge bit to the transmitter. Refer to the following figure.

3a BOCeMbIO TaKTaMH Mepeadu 0aiTa JaHHbBIX cleayeT 9-il TakT, B TEUEHUH KOTOPOTO MPUEMHHK
JIOJDKEH TTOC)IaTh OUT yBeaoMiieHHss. CM. CIIeTYIOITNI PHCYHOK.

Figure 231. 12C bus protocol (ITlpotokon I12C mmHs)
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Acknowledge may be enabled or disabled by software. The I2C interface addresses (dual
addressing 7-bit/ 10-bit and/or general call address) can be selected by software.
Hanuune yBemomieHus MOXKHO BKJITFOUMTH HIJIM OTKITIOUUTH TIporpammMHo. Anpeca 12C (nBoiiHoi aapec
7/10 6ut w/unm agpec oOIIero BI30Ba) MOKHO BBIOpPATh MPOTrPAMMHO.

The block diagram of the I12C interface is shown in Figure 232.
bnok-cxema unTepdetica 12C npuBenena Ha puc. 232.

Figure 232. 12C block diagram (bnok-cxema 12C)
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Note: SMBALERT is an optional signal in SMBus mode. This signal is not applicable if
SMBus is disabled.




24.3.2 12C slave mode (I12C B pe:xkume ""Benombiii'')

Slave transmitter (Beqomsrii nepeaaTdnk)
Slave receiver (Begomslii mpreMHHUK)
Closing slave communication (3akpsiTie oOMeHa B peskume "Bemgombrii")

By default the I2C interface operates in Slave mode. To switch from default Slave mode to Master
mode a Start condition generation is needed.
[To ymomuanuto 12C pabotaer B pexxume "Benombiit". UToOBI EpEeKIIOUNTEHCS U3 PEKKUMA IO
ymonyanuio "Benowmslit" B pexum Benymmii", He00X0AMMO CreHepUpOBATh CTAPT-yCIOBHUE.

The peripheral input clock must be programmed in the [2C_CR?2 register in order to generate
correct timings. The peripheral input clock frequency must be at least:
Bxopanas gacrora nepudepun nomkHa ObITh ckoHGUrypupoBaHna B peructpe 12C_CR2 Tak, 4To0sI
TeHepUPOBATh KOPPEKTHBIC BpEMEHHBIC COOTHOIIIEHUS (TaiMUHTH). BXxomHas yacTtora nepudepun
IOJKHA OBITH HE MEHEE:

* 2 MHz in Standard mode (2 MI'11 B cTaHIapTHOM PEKUME)

* 4 MHz in Fast mode (4 MI'11 B ObICTpOM pexuMe)

As soon as a start condition is detected, the address is received from the SDA line and sent to the
shift register. Then it is compared with the address of the interface (OAR1) and with OAR?2 (if
ENDUAL=1) or the General Call address (if ENGC = 1).

Kaxk Tonmbko 00HapyXeHO CTapT-ycaoBUE, MPUHUMAETCS aapec Ha Bxojae SDA 1 mocTymnaer B CIBUTOBBII
peructp. 3ateMm oH cpaBHUBaeTcs ¢ aapecom uHtepdeiica OAR1 u OAR2 (ecntu ENDUAL=1), unu ¢
aapecoM o6mero Be3oBa (eciiu ENGC=1).

Note: In 10-bit addressing mode, the comparison includes the header sequence (11110xx0), where xx denotes the
two most significant bits of the address.

Ecnu aopecayus 6 10-mu 6umnom pesicume, mo cpasmnenue exiowaem oatim szazonoska (11110xx0), 2oe xx
ommeuaem 06a cmapuiux ouma aopeca.

Header or address not matched: the interface ignores it and waits for another Start condition.
Eciu 3aro/10BoK WM ajpec He COBIAJIU: TO HHTEpQEiic UTHOPUPYET OOMEH M KJIET CIICAYIOILIETO
CTapT-yCIIOBHS.

Header matched (10-bit mode only): the interface generates an acknowledge pulse if the ACK bit
is set and waits for the 8-bit slave address.
Ecsin 3aroJ10Bok coBnaJ (Toibko Ais 10-Tu OuTHOTO pesknmMa): To uHTepdelic reHepupyeT OuT
yBenpomiierus (eciu crout out ACK) u xaer 8 Out agpeca.

Address matched: the interface generates in sequence:
Ecau aapec coBnag: To uHTepEiic reHepupyeT ciaeayromee:

* An acknowledge pulse if the ACK bit is set
out yBenomienus (eciu crout 6ut ACK)

* The ADDR bit is set by hardware and an interrupt is generated if the ITEVFEN bit is set.
butr ADDR craBuTcs anmapaTtHo U TeHepupyercs npepbiBanue, eciiv ectb 0uT ITEVFEN.

 IfENDUAL=I, the software has to read the DUALF bit to check which slave address has
been acknowledged.
Ecniu ENDUAL=1, to nporpamma uutaet 0ut DUALF, uT0oOBI IpOBEpUTH, KaKOI U3 aJIpecoB JUIs
BEJIOMBIX YCTPOWCTB OBLIT IPHUHSIT.



In 10-bit mode, after receiving the address sequence the slave is always in Receiver mode. It will
enter Transmitter mode on receiving a repeated Start condition followed by the header sequence with
matching address bits and the least significant bit set (11110xx1).

B 10-tu GuTHOM pexuMe, MOCIe MOTydeHus aapeca, "BemoMerit" Bceria HAXOIUTCS B peXKUME TIpreMa.
OHO BOWJET B PEXKUM IEpeJaTINKa IOCIIE TOITY4YEeHUS TOBTOPHOTO CTAPT-YCIOBHUS, C MOCIEIYIOIUM
3aroJIOBKOM C COOTBETCTBYIOIIUM apPECOM, T/I€ MIIA I OUT ycTaHoBieH B enuamiry (11110xx1).

The TRA bit indicates whether the slave is in Receiver or Transmitter mode.

~non

but TRA mnoka3bIBaeT, B kKakoM pexume Haxoautes "Benomerit", "nepenaya” wiam "npuem".
Slave transmitter (Bexomblii mepeaaTymnk)

Following the address reception and after clearing ADDR, the slave sends bytes from the DR
register to the SDA line via the internal shift register.
[Tocne momy4enus aapeca u ourictku 6ura ADDR, "Benomsrii" nocsutaer 6aittel u3 peructpa DR Ha
nuHnio SDA ¢ TOMOUIBI0 CABUTOBOIO PETUCTPA.

The slave stretches SCL low until ADDR is cleared and DR filled with the data to be sent (see
Figure 233 Transfer sequencing EV1 EV3).
"Benomerit" pactsaruBaet HU3Kui ypoBeHb Ha uHuK SCL 10 Tex nop, noka He 0ynet ountiieH ADDR u
DR, 3anonHeHHbIH TaHHBIMU, HE HaYHET nepenady (cM. coctossaust EV1 EV3 na puc 233 ).

When the acknowledge pulse is received: (Korma mosryaen OUT yBejoMIICHHUS )

* The TXE bit is set by hardware with an interrupt if the ITEVFEN and the ITBUFEN bits
are set. bur npepriBanus TXE craBurcst anmapatao, eciu ctost 6utel ITEVFEN u ITBUFEN.

If TXE is set and some data were not written in the [2C_DR register before the end of the next data
transmission, the BTF bit is set and the interface waits until BTF is cleared by a read to [2C_SR1
followed by a write to the [2C_DR register, stretching SCL low. Ecnu 6utr TXE noctaBnen u Hekue
JTaHHbBIE ente He Obutn 3anmucanbl B peructp 12C_DR 10 okoHYaHUS TIepeaadn TeKYIUX TaHHBIX,
ctaButcs out BTF u untepdetic xnet, moka 6ut BTF ne Oyner ounmien utennem I12C_SR1, ¢
nocnenyromiei 3amuchio B peructp [2C_DR, uto 3atsruBaet Hu3kuii ypoBeHns Ha SCL.

Figure 233. Transfer sequence diagram for slave transmitter
Juarpamma 1151 BEIOMOTO NepeiaTunKa

7-bit slave transmitter

S| Address | A Dstal |J5. Data? |J5. DataM h-C\._F‘|
BV1 |E'-.f3-1 EV3 | EVa Eva| EVa-2

10-bit slave transmitter

| S| Header |-ﬁ. |£\::I::Iress |-ﬁ.

Ev1
[ o[ [reager[4 | Datal | A ..[DataN AT P |
EV1 |E~;3_1 |Et.fs | EV3 EV3-2

Legend: S= Start, S, = Repeated Start, P= Stop, A= Acknowledge, NA= Mon-acknow ledge,
EVx= Event (with interrupt if ITEVFEN=1)

EV1: ADDR=1, cleared by reading SR1 followed by reading SR2

EV3-1: TxE=1, shift register empty, data register empty, write OR.

EV3: TxE=1, shift register not empty, data register empty, cleared by writing DR
EV3-2: AF=1; AF is cleared by writing ‘D' in AF bit of SR register.

Motes: 1- The EV1 and EV3_1 events stretch SCL low until the end of the corresponding software seguence.
2- The EV3 software seguence must complete before the end of the current byte transfer.
515883




Slave receiver (BeroMblii npueMHHK)

Following the address reception and after clearing ADDR, the slave receives bytes from the SDA
line into the DR register via the internal shift register. After each byte the interface generates in sequence:
[Tocne nomyyenus anpeca u ounctku 6ura ADDR, "Benowmsrii" npunumaet 6aiitel ¢ tuaun SDA B
peructp DR ¢ momomipio ciaBurooro peructpa. [lociie kaxmporo Oaiira naTepdEelic TeCHEPUpPyeT
CIIEYIOIIYIO OCIEA0BATEIbHOCTH:

* An acknowledge pulse if the ACK bit is set

Ecnu ects 6utr ACK, renepupyetcst OUT yBeTOMJICHUS

* The RxNE bit is set by hardware and an interrupt is generated if the ITEVFEN and

ITBUFEN bit is set. butr RXNE craBuTcs annapaTHO ¥ FeHepUpYeTCsl pephIBaHNE, €CH CTOSAT
o6utsl ITEVFEN u ITBUFEN.

If RxNE is set and the data in the DR register is not read before the end of the next data reception,
the BTF bit is set and the interface waits until BTF is cleared by a read from [2C _SR1 followed by a read
from the I2C DR register, stretching SCL low (see Figure 234 Transfer sequencing). Eciu 6utr RXNE
1ocTaBJieH U JaHHble B peructpe DR eiie He mpodnTaHbl 10 OKOHYaHMS ITpUeMa TeKYIUX JaHHBIX,
crasurcst out BTF u untepdeiic xnet, moka 6ut BTF ne 6yner ounmen urenunem 12C_SR1, ¢
nocienyronmm ureHrueM peructpa I12C_DR, uro 3ataruBaet Huzkuii ypoBerb Ha SCL (cMm. puc. 234).

Figure 234. Transfer sequence diagram for slave receiver J[marpamma Be1omMoro npueMHHUKa

7-bit slave receiver

| a8 | Address

A Datat |-ﬁ. Data2 |-ﬁ. |DataN |-ﬁ. P

EVi Ev2 Eva| Ev2 | Ev4 |

10-bit slave receiver

| ] | Header | A | Address

A Data1 | A | DataN | Al P

EV1 Ev2 Ev2 | Eva |

Legend: S= Start, 5,= Repeated Start, P= Stop, A= Acknowledge, NA= MNon-acknowledge,
EWx= Event (with interrupt if ITEVFEN=1)

EV1: ADDR=1, cleared by reading SR1 followed by reading SR2
EV2: RxMNE=1 cleared by reading DR register.
EVd: STOPF=1, cleared by reading SR1 register followed by writing to the CR1 register

Motes: 1- The EV1 event stretches SCL low until the end of the corresponding software sequence.
2- The EVZ2 software sequence must complete before the end of the current byte transfer.
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Closing slave communication (3akpbiTe 00MeHa B pexume ''Begombiii')

After the last data byte is transferred a Stop Condition is generated by the master. The interface
detects this condition and sets, Ilocne Toro, kak nepenan nociueaHui 0alT naHHbIX, "Bexymmii"
reHepUpYyeT cTon-ycioBue. MHTepdeiic 1eTekTupyeT 3TO YCIOBHE U CTaBUT,

* The STOPF bit and generates an interrupt if the ITEVFEN bit is set.
but STOPF u renepupyertcs npepsiBanue, ecinu ctout 6ut ITEVFEN.

Then the interface waits for a read of the SR1 register followed by a write to the CR1 register (see
Figure 234 Transfer sequencing EV4). 3arem untepdeiic sxnet urenus peructpa SR1 ¢ mocnemyromeit
3anuchio B peructp CR1 (cMm. atan EV4 nHa puc. 234).



24.3.3 12C master mode (I2C B pe:xume "Bexymmii')

Start condition (Ctapt-ycioBue)
Slave address transmission (ITepenaua agpeca BeJOMOMY YCTPOWUCTBY)
Master transmitter (Bexymuii nepenaTumk)

Closing the communication (3akpbiTHE OOMEHA)
Master receiver (Beayumii nprueMHUK)

Closing the communication (3akpbiTHE OOMEHA)

In Master mode, the 12C interface initiates a data transfer and generates the clock signal. A serial
data transfer always begins with a Start condition and ends with a Stop condition. Master mode is selected
as soon as the Start condition is generated on the bus with a START bit.

B pexxume "Benymumii", uarepgeiic 12C nnunuupyet oOMeH JaHHBIMU U T€HEPUPYET TaKTOBBIM CUTHAJL.
[Tepenaua nocnenoBaTeIbHBIX JAHHBIX BCETIa HAUMHAETCS CO CTAPT-YCIOBUS U 3aKaHUYMBAETCS CTOII-
ycnoBueM. MHtepdeiic Bxoaut B pexxuM "Beaymumii", kak TOJIbKO T€HEpUPYETCs CTapT-yCJIOBUE HA LIMHE.

The following is the required sequence in master mode.
Criemyroras moclieIoBaTEIbHOCTh TpeOyeTes s pexkuma "Bemymmmit".

* Program the peripheral input clock in I2C_CR2 Register in order to generate correct
timings Kondurypanus BxoaHoi yactoTsl nepudepuu B peructpe 12C_CR2, Tak 4To0BI
TeHEePHUPOBATH KOPPEKTHBIE TAMMUHTH

* Configure the clock control registers (Kondurypamus peructpa takroporo curHana CCR)
* Configure the rise time register (Konduryparus peructpa cKkBaxHOCTH)

* Program the I12C_CRI1 register to enable the peripheral
Kondurypamus peructpa 12C_CR1, 9to0b1 pazpemuts nepudepuio

* Setthe START bit in the [2C_CRI1 register to generate a Start condition
YcranoBka 6uta START B peructpe 12C_CRI1, 4T00BI CreHEPUPOBATH CTAPT-YCIOBUE

The peripheral input clock frequency must be at least:
Bxoanas gacrora nepudepun 10kKHa ObITh HE MEHEE:
— 2 MHz in Standard mode (2 mI'11 B cTaHgapTHOM pexuME)
—4 MHz in Fast mode (4 mI'1 B OBICTPOM peKUME)

Start condition (CrapT-ycioBue)

Setting the START bit causes the interface to generate a Start condition and to switch to Master
mode (M/SL bit set) when the BUSY bit is cleared.
VYcranoBka 6uta START BbI3bIBaeT reHEpalnio CTAPT-YCIOBHSA U MEPEKIIOUACT HHTEPQEIC B peKUM
"Benymmit" (craButcst out M/SL) xorna ounien 6ut BUSY.

Note: In master mode, setting the START bit causes the interface to generate a ReStart condition at the end of the
current byte transfer. B peacume "Bedywuii”, cmanosxa buma START 6 xonye nepedauu mexyuezo dbaima

6bl3bledem ceHepayuro no6MopHoco cmapni-yCcjlo6Usl.

Once the Start condition is sent: (Kak ToJbK0 ocIaHO CTapT-yCIOBUE:)

* The SB bit is set by hardware and an interrupt is generated if the ITEVFEN bit is set.
but SB craBuTcs anmapaTtHO U TeHepupyeTcs npepoiBanue, ecii ctouT out ITEVFEN.

Then the master waits for a read of the SR1 register followed by a write in the DR register with
the Slave address (see Figure 235 & Figure 236 Transfer sequencing EVS).



3areM "Benymmii" et urenus peructpa SR1 ¢ nocnenyromeii 3anuceto B peructp DR agpeca
BeoMoro ycrpoiicTa (cm. atam EVS nHa puc. 235 u 236).

Slave address transmission (Ilepenaua agpeca BeroMoMy ycTpoiicTBY)

Then the slave address is sent to the SDA line via the internal shift register.
3areM MochbUIaeTCs aApec BEIOMOTo YCTpoicTBa Ha TMHUIO SDA ¢ mOMOIIbIO CIBUTOBOTO PETUCTPA.

* in 10-bit addressing mode, sending the header sequence causes the following event:
B pexxume 10-Tr OuTHOTO aapeca, MOCHUTKA 3aT0JIOBKA BBI3BIBACT CIIEAYIONINE COOBITHS:
— The ADDI10 bit is set by hardware and an interrupt is generated if the ITEVFEN bit is
set. AnmapaTtHo ctaButcst OuT ADD10 u renepupyercsi npepbIBaHUE, €CIIU CTOUT OUT
ITEVFEN.

Then the master waits for a read of the SR1 register followed by a write in the DR register with
the second address byte (see Figure 235 & Figure 236 Transfer sequencing).
3atem "Bemymmuit" sxxnet uyrenus peructpa SR1 ¢ mocnenyromeii 3anuckio B peructp DR BTOporo
Oaiita agpeca (cM. puc. 235 u 236).
— The ADDR bit is set by hardware and an interrupt is generated if the ITEVFEN bit is set.
Amnmapatrao ctaButcsi OuT ADDR u reHepupyeTcs mpepbIBaHUE, €CIIA CTOUT OUT
ITEVFEN.

Then the master waits for a read of the SR1 register followed by a read of the SR2 register (see
Figure 235 & Figure 236 Transfer sequencing). 3arem "Benymmii" xaet urenus peructpa SR1 ¢
nocienyomum ytenueM peructpa SR2 (cm. puc. 235 u 236).

* In 7-bit addressing mode, one address byte is sent.
B pexxume 7-mMu OUTHOTO ajpeca MocklIaeTcst OMUH OalT ajpeca.
As soon as the address byte is sent, (Kak ToibpK0 afpecHbIi 6aiiT mociaH,)
— The ADDR bit is set by hardware and an interrupt is generated if the ITEVFEN bit is set.
Amnmapatro craButcsi out ADDR u renepupyeTcs npepeIBaHNE, €CIIH CTOUT OUT
ITEVFEN.

Then the master waits for a read of the SR1 register followed by a read of the SR2 register (see
Figure 235 & Figure 236 Transfer sequencing). 3atem "Benymuit" sxxaet urenus peructpa SR1 ¢
nocienyomuM uyteHueM peructpa SR2 (cm. puc. 235 u 236).

The master can decide to enter Transmitter or Receiver mode depending on the LSB of the slave
address sent. "Bemymuii" MOXET pemnuTh MEPEHTH B PEKUM TIEpeadn WK IPUEMa B 3aBUCUMOCTH OT
MUTAJIIIEro OUTa aapecHOMN MOCHUIKH.

* In 7-bit addressing mode, (B pexxume 7-mu OUTHOTO ajpeca,)
— To enter Transmitter mode, a master sends the slave address with LSB reset.
Uro0s! BOITH B pexxuM nepenaud, "Beaymuii" nocbuiaer aapec co COpOIEeHHBIM
MJIAIIIAM OUTOM.

— To enter Receiver mode, a master sends the slave address with LSB set. UToOr! BoiiTH B
pexxum npuema, "Benymmii" mocsutaeT agpec ¢ yCTaHOBICHHBIM MIIAILIINM OHUTOM.

* In 10-bit addressing mode, (B pexxume 10-tu 6uTHOTO aapeca,)
— To enter Transmitter mode, a master sends the header (11110xx0) and then the slave
address with LSB reset, (where xx denotes the two most significant bits of the address).
Urto0s! BOITH B pexxuM nepenaud, "Beaymuii" nocbuiaer 3aronosok (11110xx0), a 3atem
aJipec BEJJOMOT0 CO COPOIICHHBIM MJIaIIIMM OUTOM, (TI€ XX O3HAYaeT JBa CTApUINX OUTa
azpeca).



-- To enter Receiver mode, a master sends the header (11110xx0) and then the slave
address with LSB reset. Then it should send a repeated Start condition followed by the
header (11110xx1), (where xx denotes the two most significant bits of the address).

UtoOBI BOWTH B pexkuM npuema, "Begymuii" noceinaet 3aromoBok (11110xx0), a 3atem
aZipec BEAOMOTO CO COPOIIEHHBIM MJIAAIINM OUTOM. 3aTeM OH JIOJDKEH MOCIaTh MOBTOPHOE
CTapT-yCJIOBHE C mocieayomuM 3arojoBkoM (11110xx1), (rae XX o3HAYaeT Ba CTAPIINX
oura aapeca).

e The TRA bit indicates whether the master is in Receiver or Transmitter mode.
but TRA mnoka3siBaeT B KakoM pexxuMe Haxoautes "Benymmit", "nepenaya” wiu "npuem".

Master transmitter (Bexymuii nepegaT4uk)

Following the address transmission and after clearing ADDR, the master sends bytes from the DR
register to the SDA line via the internal shift register. Ilocne nepenaun agpeca u ounctku 6ura ADDR,
"Bemymmuit" moceutaer 6aiTel 3 peructpa DR Ha muaMI0O SDA ¢ MOMOIIBIO CABUTOBOTO PETUCTpA.

The master waits until the first data byte is written into [2C_DR (see Figure 235 Transfer

sequencing EV8 1). 3arem "Bemymmii" xaer, moka nepsslii 0aiiT nanubix He OyneT 3anucad B 12C_DR
(cm. atannt EV8_1 Ha puc. 235).

When the acknowledge pulse is received: (Korna npunst 6ut yBejoMiIeHus: )

* The TXE bit is set by hardware and an interrupt is generated if the ITEVFEN and

ITBUFEN bits are set. Anmaparso craBurcs out TXE u reHepupyeTcs npepbsIBaHUe, €CIIH CTST
outsl ITEVFEN u ITBUFEN.

If TXE is set and a data byte was not written in the DR register before the end of the last data
transmission, BTF is set and the interface waits until BTF is cleared by a read from I12C_SR1 followed by
a write to [2C_DR, stretching SCL low.

Ecnu 6ut TXE nocrapiieH u 6aiT qaHHBIX He ObLT 3amucaH B peructp DR 10 okoHuaHus nepegaun
TeKyIuX AaHHbIX, ctaButcs out BTF u unrtepdeiic sxxaer, moka 6ut BTF He Oyzner ounineH ureHreM
I12C_SR1, c nocnenyromeii 3anuceto B peructp I2C_DR, uto 3aTsaruBaer Hu3kuil ypoBeHb Ha SCL.

Closing the communication (3akpbiTHe 00MeHA)

After writing the last byte to the DR register, the STOP bit is set by software to generate a Stop
condition (see Figure 235 Transfer sequencing EV8 2). The interface goes automatically back to slave
mode (M/SL bit cleared).

[Tocne 3anmucu mocnenuero 6airta B peructp DR, 6ut STOP craBuTcst mporpaMMHO, YTOOBI
CreHepupoBaTh cromn-ycioBue (cMm. stan EV8 2 nHa puc.235). Marepdeiic aBToMaTHUECKH MEPEXOIUT B
pexum "Begompiii" (outr M/SL ouuntiaercs).

Note: Stop condition should be programmed during EVS 2 event, when either TxE or BTF is set.

Cmon-ycnogue 0014CHO OblMb YCMAHOBIEHO npocpammHo 6 mederuu smana EV8 2, koeoa cmasumcs 6um TxE
wiu BTF.



Figure 235. Transfer sequence diagram for master transmitter
Juarpamma nepenauu B pexume "'Bexymmii”

7-bit master transmitter
F Adcress [ A Datal | & Dataz [ A [ Datan [a ?|

BEvE EVE | EVE_1 EVE EUEl EVE EWB_2

10-bit master transmitter
|? Header | A fodress | A Datal | & [ Datan [ A )

EVE EVE EUE| EVE_1 EVE E\."E| EVE_2

Legend: S= Start, 5, = Repeated Start, P= Stop, A= Acknowledge, MA= Mon-acknowledge,
EWx=Event (with interrupt if ITEVFEMN = 1)

EVS: SE=1, cleared by reading SR1 register followed by writing DR register with Address.
EVE&: ADDR=1. cleared by reading SA1 register followed by reading SR2.
EV8_1: TxE=1, shift register empty, data register empty, write DR.
EV8: TxE=1, shift register not empty, data register empty, cleared by writing DR register
EV8_2: TxE=1, BTF = 1, Program Stop request. TxE and BTF are cleared by hardware by the Stop condition
EV9: ADD10=1, cleared by reading SR1 register followed by writing DR register.
MNotes: 1- The EVE, EVE, EVS, EVB_1 and EV8_2 events stretch SCL low until the end of the corresponding software sequence.

2- The EVE software sequence must complete before the end of the current byte transfer.
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Master receiver (Beaxymmii npueMHUK)

Following the address transmission and after clearing ADDR, the 12C interface enters Master
Receiver mode. In this mode the interface receives bytes from the SDA line into the DR register via the
internal shift register. After each byte the interface generates in sequence:

[Tocne nepenaun anpeca u ounctku 6uta ADDR, 12C unrepdeiic BxoauT B pexxuM "Bemyrmii”
nepeaarduk. B atom pexxume "Beaynuii" nomydaer 6aiTel ¢ muaun SDA B peructp DR ¢ momorisio
cABUTOBOTO peructpa. I[locne xkaxaoro Oaiita mHTEp(dENc reHepupyeT CIeaYIOUIYIO MOCIeI0BATEIbHOCTD:

* An acknowledge pulse if the ACK bit is set
Ecnu ects 6utr ACK, rernepupyetcst OUT yBeTOMJICHUS

* The RxNE bit is set and an interrupt is generated if the ITEVFEN and ITBUFEN bits are
set (see Figure 236 Transfer sequencing EV7). CraBurcs 6ut RXNE u renepupyercs
npepsiBarne, eciu cTAT outel ITEVFEN u ITBUFEN (cMm. stan EV7 Ha puc. 236).

If the RxNE bit is set and the data in the DR register is not read before the end of the last data
reception, the BTF bit is set by hardware and the interface waits until BTF is cleared by a read in the SR1
register followed by a read in the DR register, stretching SCL low.

Ecnu 6utr RxNE nocrasnen u ganasie B peructpe DR eie He mpounTaHbl 10 OKOHYAHHS TIpUeMa
TeKylux AanHbIx, craBurcs out BTF u unrtepdeiic sxxaer, moka 6ut BTF He Oyzner ounineH ureHnemM
SR1, ¢ nocaenyromum urenrueM peructpa DR, uto 3arsruBaetr Hu3kuii yposenb Ha SCL.

Closing the communication (3akpbiTHe 00MeHA)

The master sends a NACK for the last byte received from the slave. After receiving this NACK,
the slave releases the control of the SCL and SDA lines. Then the master can send a Stop/Re-Start
condition. "Benymmit" noceimaer NACK no momyuenuu nociennero 6aiira ot "Begomoro". [Tocne
npuema 3toro NACK, "Benomsiit" ornyckaer auanu SCL u SDA. 3arem "Benymumit" moxxer nocnarb
CTOII-yCJIOBHE UJIU IOBTOPHOE CTAapPT-yCJIOBUE.

* In order to generate the non-acknowledge pulse after the last received data byte, the ACK
bit must be cleared just after reading the second last data byte (after second last RxXNE event).



Uto0Obl HE TeHEepUPOBATh OUT YBEOMIICHHS TIOCIIE MpUeMa rmocieaHero 6aiira ganueix, out ACK
JIOJDKEH OBITh OYMINCH Cpa3y MOCIe YTSHUS PEANOCIeIHEro 0aiTa TaHHbIX (ITOCIe
npeanociueasero coositusi RXNE).

* In order to generate the Stop/Re-Start condition, software must set the STOP/START bit
just after reading the second last data byte (after the second last RXNE event).
YroObl reHepHpPOBATH CTOMN-YCIOBHE WIM TOBTOPHOE CTAPT-YCIOBHE, IPOTrpaMMa JI0JKHA
noctaBuTh OUT STOP nnu START cpasy mocie yTeHus NpeArnocieHero 6aiTa JaHHBIX (TTOCIe
npeanocineanero codsitusi RXNE).

* In case a single byte is to be received, the Acknowledge disable and the Stop condition
generation are made just after EV6 (in EV6 1, just after ADDR is cleared).
B cityuae, xorna HaJ1o MPUHATH OJMHOYHBINA OANT, OTKIIIOUEHHE YBETIOMIICHHS U TeHepaIysi CTOII-
YCIIOBUS BBIMONHSIOTCS cpasy nocie stana EV6 (na staen EV6_1, cpa3y nocie ounctku 6uta
ADDR).

After the Stop condition generation, the interface goes automatically back to slave mode (M/SL

bit cleared). Ilocne renepanuu cTomn-yciaoBus , uHTEp(dec aBTOMaTUYECKH BO3BPAIIAETCS B PEKUM
"Benomeiii" (6ut M/SL ouuraercs).

Figure 236. Transfer sequence diagram for master receiver
Huarpamma npuema B pexkume "Bemymmin"

7-bit master receiver

Address | A Datat [A) Dataz | A DataM |r\n P |

EVS EVE w5_1| E'».-'?| E'».-'?l E'».-'?_1| EVT

bit master receiver

Haadar ] A -ﬂ-:l:lrassl A

EVE EVa EVE

Legend: 5= Start, 5; = Repeated Start, P= Stop, A= Acknowledge, MA= Mon-acknowledge,

EVx= Evernt (with interrupt if ITEVFEN=1)

EV5: 5B=1, cleared by resding SR1 register followed by writing DR register.

EVE6: ADDR=1, cleared by reading SR1 register followed by reading SR2. In 10-bit master receiver mode, this se-
guence =hould be followed by writing CR2 with START =1.

EV6_1: no azsociated flag event, uszed for 1 byte reception only. The Acknowledge dizable and Stop condition
genergtion are made just after EVE, that is after ADDH i= cleared.

EVT: AxMNE=1 cleared by reeding DR register.

EV7_1: RxME=1 cleared by reading DR register, program AC K=0 and STCP reguest

EV9: ADD10=1, cleared by reading SR1 register followed by writing DR register.

|_,|s_ Haadar | A Datat |.ﬂ.i1:D3132 | A Datah |m P |

EVS EV [Eva_1 EVT Evr| Bv7_1) EVT
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1. If a single byte is received, it is NA. Ecnu npuanMaeTcs onuHOYHBIN 0aiiT, 3T0 paBHO NA.

2. The EV5, EV6 and EV9 events stretch SCL low until the end of the corresponding
software sequence.
CoOwitust EVS, EV6 u EV9 ynepxuBator SCL Ha HU3KOM ypOBHE, YTOOBI 3aBEPIIHTH
COOTBETCTBYIOIIME TPOrPAMMHBIC OTICPAIUH.

3. The EV7 software sequence must complete before the end of the current byte transfer.
[Iporpammustiii sTan EV7 nomken ObITh 3aBepIlieH 10 OKOHYaHUSA Mepeady TeKyIero 6anra.

4. The EV6_1 or EV7 1 software sequence must complete before the ACK pulse of the
current byte transfer. [Iporpammusiii 3tann EV6_1 wiu EV7_1 nomken ObITh 3aBepIlieH 10 OUTa
yBenomiienns ACK npu nepenade tekyiero 0aiTa.



24.3.4 Error conditions (Y cJoBus 1Jisi OIINOKH)

The following are the error conditions which may cause communication to fail.
Crenyromue ycaoBusl MOTYT BBI3BAaTh OIIMOKY OOMEHa.

Bus error (BERR) (Omm6xa muHsbI)

Acknowledge failure (AF) (Ommubka yBenomieHus)

Arbitration lost (ARLO) (IToteps nmpaB Ha HIMHY)

Overrun/underrun error (OVR) (Omubxka nepenosHeHus/HeJ0CTaun )

Bus error (BERR) (Omm0ka mmHbI)

This error occurs when the 12C interface detects a Stop or a Start condition during a byte transfer.
In this case, Dta ommoOKka ciryqaercs, korna [2C uaTepdeiic TeTeKTUPYET CTOM- WK CTapT-YCIOBHE B
nporiecce nepenaun Oaiira. B atom ciryuae:

* The BERR bit is set and an interrupt is generated if the ITERREN bit is set
CraBurcs 6utr BERR u renepupyercst npepriBanue, eciu ctout 6ut ITERREN

* In case of Slave: data is discarded and the lines are released by hardware:
B cnyuae pexuma "Benomplit": qaHHBIE OTBEPrarOTCs U TUHUH OTIYCKAIOTCS allapaTHo:

* in case of misplaced start, the slave considers it is a restart and waits for address, or
stop condition. B cimyuae HeymecTHOTrO cTapT-yciaoBus, "Benomslit" paccmMaTpuBaeT 310,
KaK pecTapT W JKJIET aJIpeC WU CTOI-YCIIOBHE.

* in case of misplaced stop, the slave reacts like for a stop condition and the lines are

Al

released by hardware. B cinyuae HeymecTHOTO cTOM-yCcinoBus, "BegoMerit" pearupyeT kak
Ha CTOII-YCJIOBHUC U JIMHUHN OTITYCKAIOTCA allllapaTHO.

Acknowledge failure (AF) (Omm0ka yBe1oMjIeHus)

This error occurs when the interface detects a non-acknowledge bit. In this case, Ota ommbka
ciy4daercs, korna unrepgeiic nerekrupyet NACK (Het 6uta yBenomienus). B atom ciyuae:

* The AF bit is set and an interrupt is generated if the ITERREN bit is set
CraBurcs 6ut AF u renepupyercst npepsiBanue, eciu ctout 6ut ITERREN

e A transmitter which receives a NACK must reset the communication:
[epenarunk, kotopsiit nomydaer NACK, nomkeH cOpocuts 0OMeH:

» If Slave: lines are released by hardware
B pexxume "BenoMslil": TMHUM OTIYCKAIOTCS allliapaTHO

* If Master: a Stop condition must be generated by software
B pexume "Benymuii": 101KHO OBITH CTEHEPUPOBAHO CTOI-YCIOBUE, TPOrPAMMHO

Arbitration lost (ARLO) (IloTepsi npaB Ha HINHY)

This error occurs when the I12C interface detects an arbitration lost condition. In this case,
Orta ommbOKa clrydaeTcsi, Korjaa HHTepQeiic NeTeKTUpyeT MOTEPIo MpaB Ha MmuHy. B aToMm cinyyae:

» the ARLO bit is set by hardware (and an interrupt is generated if the ITERREN bit is set)
CraButcs 6ut ARLO u renepupyercs npepsiBanue, eciii ctout out ITERREN



* the I2C Interface goes automatically back to slave mode (the M/SL bit is cleared). When
the 12C loses the arbitration, it is not able to acknowledge its slave address in the same transfer,
but it can acknowledge it after a repeated Start from the winning master.

Wutepdeiic aBromaTinuecku Bo3Bpariaercs B pexxuM "Benomsriit" (6ur M/SL ounmaercs). Korna
Befyiee ycrpoiictBo I12C TepsieT mpaBa Ha MIUHY, OHO HECIIOCOOHO YBEIOMUTH 00 ATOM
"Benompblii" B 3TOM ke ceaHce Nepeiadyu, HO OHO MOKET YBEJOMUTD €T0 MOCIE YCIEIIHOTO
MOBTOPHOTO CTapTa.

* lines are released by hardware (JIuHMM OTITyCKarOTCS armapaTHO)
Overrun/underrun error (OVR) (Ommudka nepenojHeHus1/HeJOCTAYN)

An overrun error can occur in slave mode when clock stretching is disabled and the I 2C interface
is receiving data. The interface has received a byte (RxNE=1) and the data in DR has not been read,
before the next byte is received by the interface. In this case,

OmmOKa nmepenoHeHUs MOXKET CIIYIUThCS B pekume "Begomplid", Koraa OTKIIF0YeHa BO3MOXKHOCTh
pactsbkeHus Takta, a 12C unrepdeiic npuaumaet nanusie. Matepdeiic npuaumaet 6aiit (RxNE=1) Ho
nanubie B DR He ObIT IpOYMTaHBI 10 TOTO, KaK HAYaJICS TIPUEM clieyroliero Oaira. B atom ciyyae:

* The last received byte is lost. (I[Tocneaamii MPUHSITHIN OAUT TepseTCs.)

* In case of Overrun error, software should clear the RXNE bit and the transmitter should re-
transmit the last received byte.
B ciygae ommOku nepenonHeHus, nporpamma qobkHa ouuctuth 0uT RXNE 1 nepemparank
JIOJDKEH TMIOBTOPHO TepeiaTh MOCIEHNN OaiT.

Underrun error can occur in slave mode when clock stretching is disabled and the I 2C interface is
transmitting data. The interface has not updated the DR with the next byte (TxE=1), before the clock
comes for the next byte. In this case, OmmOka HegOCTaul MOXKET CIYIUTHCS B pexkume "Benomsbrit"”,
KOTJ]a OTKJIFOYEHA BO3MOXKHOCTh pacTsbkeHHs TakTa, a [2C nntepdeiic nepenaer nannsie. Matepdeiic He
MoskeT 00HOBUTH coaepxkumoe DR cnenyromum 6aiitom (TxE=1), 1o Toro, kak npuaeT TaKTOBBIH IS
ciemytorero 6aiita. B aTom ciyyae:

* The same byte in the DR register will be sent again
Baiit B peructpe DR Oyzaer nocian moBTOpHO

* The user should make sure that data received on the receiver side during an underrun error
are discarded and that the next bytes are written within the clock low time specified in the 12C bus
standard. IIporpamma jo/nKHA YOSAUTHCS, YTO IPUEM HAa CTOPOHE IIPUEMHUKA, B TIPOIECCe
OIMOKK HEIOCTa4YH, OTBEPTHYT M YTO CIIEAYIOIINN OalT 3amucal B TEYCHUU HU3KOTO YPOBHS
TaKTOBOTO, Kak ornpenaenseT cranaapt Ha 12C.

For the first byte to be transmitted, the DR must be written after ADDR is cleared and before the
first SCL rising edge. If not possible, the receiver must discard the first data.
Jlnis mepBoro Gaiita, KOTOPBIN 10JKEH ObITh NepenaH, peructp DR nosmkeH ObITh 3amKcaH nocie
ounctku 6ura ADDR u 10 Toro, kak nosiButcs nepsbiii GppoHT Ha JuHUK SCL. Eciu 5T0 HEBO3MOXKHO,
INPUEMHHUK JIOJKEH OTBEPTHYTh OEpBBIii OAMT.



24.3.5 SDA/SCL line control (Ynpasaenne juansimu SDA/SCL)

» If clock stretching is enabled: (Ecnu pa3periena BO3MOXHOCTh PACTSKEHHSI TaKTa:)

* Transmitter mode: If TxE=1 and BTF=1: the interface holds the clock line low
before transmission to wait for the microcontroller to read SR1 and then write the byte in
the Data Register (both buffer and shift register are empty).

B pexxume "nepenaua: ecnu 6ut TXE=1 u 6ut BTF=1: uarepdeiic yaepkuBact
TaKTOBYIO JINHUIO B HU3KOM COCTOSTHUH, ITOKa MEPeIaTIUK 0KHUAAET, UTO
MuKpokoHTposutep npoureT SR1, a 3arem 3anmumier 6aiit B peructp DR (kak Oydep, Tak u
CABHUTOBBIM PETUCTP MYCTHIE).

* Receiver mode: If RxXNE=1 and BTF=1: the interface holds the clock line low after
reception to wait for the microcontroller to read SR1 and then read the byte in the Data
Register (both buffer and shift register are full).

B pexxume "npuem": ecnu Out RXNE=1 u 6ut BTF=1: unrepdeiic ynep>kxuBaer TaKTOBYIO
JIMHUIO B HU3KOM COCTOSIHUH TIOCIIE TIpUeMa, 9YTOOBI IOI0KaTh, TTIOKa MUKPOKOHTPOJLIED
npoureT SR1, a 3aTem nmpouret OaiiT B peructpe DR (kak Oydep, Tak U cIBUTOBBIH
pErucTp mycTble).

* If clock stretching is disabled in Slave mode:
Ecnu B pexxume "Benomplit" oTKIIOUEHA BO3MOKHOCTD PACTSXKEHUS TaKTa:

* Overrun Error in case of RxXNE=1 and no read of DR has been done before the next
byte is received. The last received byte is lost.
B cnygae RxXNE=1 Oynet ommbka nepenoaHeHust u Hukakoro ytenus DR He OyzneT 1o
npuema cienytomiero Oaira. [locnennuil npuHATHINA OailT TepsieTcs.

* Underrun Error in case TxE=1 and no write into DR has been done before the next
byte must be transmitted. The same byte will be sent again.
B cnyuyae TxE=1 Oyaer omunbka HepocTaun U HUKaKo# 3anucu B DR He Oynet no
nepeaayu cienyomero 6aita. Oaun 6aifT OyaeT nepeaaH MOBTOPHO.

*  Write Collision not managed. (Komnusuu 3anvcu He pa3pyaruBarOTCs. )



24.3.6 SMBus

Introduction (BBenenue)

Similarities between SMBus and 12C (Cxoactso mexny SMBus u 12C)

Differences between SMBus and [12C (Paznmuuus mexny SMBus u 12C)

SMBus application usage (McnonszoBanne SMBus npuiosxeHreM)

Device identification (Maentudukamms yctpoiicTa)

Bus protocols (IIInHHBIA TPOTOKOIT)

Address resolution protocol (ARP) (ITpoTokon nunamudeckoro onpenenenus aapeco ARP)
Unique device identifier (UDID) (YHuKaTbHBIN HIEHTU()UKATOP YCTPOICTBA)

SMBus alert mode (Pexxum TpeBorn SMBus)

Timeout error (OmmOKa MpeBbIICHNUs BPEMEHH )

How to use the interface in SMBus mode (Kak ucnons3oBath uaTepdeiic B pesxkume SMBus)

(A smum unmepgheticom HuKo20a He NONBL30BAILCS, NOIMOMY, NPU nepesode, Moz nepespamy!!!)
Introduction (BBeaenmue)

The System Management Bus (SMBus) is a two-wire interface through which various devices can
communicate with each other and with the rest of the system. It is based on I12C principles of operation.
SMBus provides a control bus for system and power management related tasks. A system may use
SMBus to pass messages to and from devices instead of toggling individual control lines.

SMBus (System Management Bus) - 3T0 ABYXIIPOBOJIHBIN HHTEPQEIC, MOCPEACTBOM KOTOPOTO
pas3InYHbIC YCTPOUCTBA MOTYT OOMEHHMBATHCS MH(DOPMAITUEH JPYT C IPYTOM U C OCHOBHOM CUCTEMOM.
Ero paGota ocHoBaHa Ha Tex e npuHIunax, yto u 12C. SMBus npenocraBisieT yrpaBieHHE IIMHOM
CHCTEME, a YIpaBJIeHHE MOTPEOJICHUEM COOTBETCTBYIOIINM 3a1a4aM. CHCTeMa MOXKET UCTIOIb30BaTh
obmryro muHy SMBus 17151 nepenadn cooOIIeHNH YCTPOWCTBAM B OT HUX, BMECTO HCIIOJIb30BAHUS
WHIMBUAYAJIbHBIX COCIUHCHHA.

The System Management Bus Specification refers to three types of devices. A slave is a device
that is receiving or responding to a command. A master is a device that issues commands, generates the
clocks, and terminates the transfer. A host is a specialized master that provides the main interface to the
system's CPU. A host must be a master-slave and must support the SMBus host notify protocol. Only one
host is allowed in a system. Cnemndukanus SMBus onpeznenser Tpu THa ycTpoicTs. "Bemomsrit" - 310
YCTPOHCTBO, KOTOPOE MPUHUMAET WIIM OTKJIMKAeTCsl Ha KoMaHy. "Beaymmii" - 3T0 ycTpoicTBO, KOTOpOE
BBIJIACT KOMaH/Ibl, TEHEPUPYET TAaKTOBBIC CUTHAJIBI, M MTPEeKpamaeT ooOMeH. XOCT - 3TO
cnenuanuzupoBanHoe "Bexymuii", kotopoe obecnieunBaeT ocHoBHOM nuHTepdeiic ¢ LIITY cucremsr. XocT
noikeH ObITh Benymmii-Benomslii u nomken noanepxxusats SMBus nporokosn it Xocta. Tonapko
o1H XOCT MOXET OBITh B CUCTEME.

Similarities between SMBus and 12C (CxoacTBo me:xkny SMBus u 12C)

* 2 wire bus protocol (1 Clk, 1 Data) + SMBus Alert line optional
2-X TIPOBOHBIN MPpoToKo (1 11 TakToBOTO, | NI71s1 TaHHBIX) + OMIIMOHATBLHAS JIMHUS TPEBOTH
SMBus Alert

* Master-slave communication, Master provides clock
Oo6wmen B ctuiie Benymuii-Benomsiii, rae "Benymmii" BeIpaOaThIBaeT TaKTOBBIM CUTHAT

* Multi master capability ([lo