CoBpemeHHblIe 32-pa3psafaHble
ARM-mukpokouTponnepo! cepuu STM32:
oprasHu3auus namaTu

Oner Banbna (r. Muacc, Yens6unckas oén.)

B ctatbe npuBoAuTCA onucaHue opraHn3auuu namaTu 32-paspsagHbIx
ARM-mukpokoHTponnepos cepumn STM32 komnaHum STMicroelectronics.
PaccmaTtpuBatoTcs cocTaB, apXMTeKTypa U 0CO6€HHOCTU NamATn
MWKPOKOHTpOJNepa, a Takxe OCBeLLaloTCs HEKOTOpbIle HIoaHChl

nporpaMMMpoBaHus.

BBEAEHUE

CTpPyKTypa IaMsTH IIOO0OT0 MUKPOKOH-
TPOJLIEPA AB/AETCSI BAKHOH OOGJIACTBIO
IIPH €10 U3y4eHUH. KaKIbIi MUKPOKOH-
TPOJUIEP MOXKET HMETh OIpEHeIEHHBIE
OCOOCHHOCTH B OpPraHU3AIUH ITaAM-
TH. [IOHMMaHHE 3ITHUX OCOOGEHHOCTEN
HO3BOJISIET YCIIENIHO IPOTPAMMHUPOBATH
U u3berath omMOOK. CrenaeM HEOOb-

IIIO¥ YKCKYPC B NAMSATH MUKPOKOHTPOJI-
aepa STM32 [1], 4TOOBI JI€TYE U JIy4Ile
OBUIO MIOHUMATB €I'0 PabOTY.

OPFAHM3AL|VISI NAMATU
MUKPOKOHTPOJIJIEPA

ApecHOE NPOCTPAHCTBO MHUKPOKOH-
Tposuiepa STM32 opraHu3oBaHO B BUJE
JIMHEHMHOI'O IIPOCTPAHCTBA. Pasmep 310-

06nactb namatin APB

OXFFFF FFFF
0x4002 3400 | Pe3seps |
0x4002 3000 CRC
0x4002 2400 Peseps
OxFFFF FFFF 0x4002 2000 [®naw-uHTepdeiic!
0x4002 1400 | Pe3seps |
0x4002 1000 RCC
0x4002 0400 | Pe3seps |
0xE010 0000 BHyTpeHHAS 0x4002 0000 DMA
nepuchepus 0x4001 4C00 Pe3eps
0xE000 0000 0x4001 4800 TIM17
0x4001 4400 TIM16
0x4001 4000 TIN15
0x4001 3C00 | Peseps |
0xC000 0000 0x4001 3800 USARTT
0x4001 3400 | Pe3seps |
0x4001 3000 SPIH
0x4001 2C00 TIM1
0x4001 2800 [ Peseps |
0xA000 0000 0x4001 2400 ADC1
0x4001 1C00 | Pesep |
Ox1FFF FFFF P 0x4001 1800 Port E
Ox1FFF F8OF €3€ps 0x4001 1400 Port D
Baitbl onuuit 0x4001 1000 Port C
DR 0T Ox1FFF F800 4 0x4001 0C00 Port B
CCTeMHaS 0x4001 0800 Port A
namsTh 0x4001 0400 EXTI
0x1FFF F800 0x4001 0000 AFIO
0x6000 0000 0x4000 7C00 Pe3eps
0x4000 7800 CEC
0x4000 7400 DAC
0x4000 7000 PWR
0x4000 6G00 BKP
0x4000 0000 |_Mepudrepus Peseps 0x4000 5C00 12C2
0x40005800 | Pe3seps |
0x4000 5400 12C1
0x40004C00 | Pesep |
0x4000 4800 USART3
0x2000 0000 |03V 0x0801 FFFF 0x4000 4400 USART2
0x40003C00 | Pesep |
Koa ®naw-namath 0x4000 3800 SPI2
nporpaMmbl 0x0800 0000 0x4000 3400 PeSeQB
0x0000 0000 06nacTtb namsTy, gX4000 3000 IWDG
nepeHasHasaemas %4000 2000 WWDG
0x0000 0000 | 3arpysunkom 0x4000 2800 RTC
0x40001800 | Pe3sepp |
0x4000 1400 TIM7
0x4000 1000 TIM6
0x4000 0C00 Peseps
0x4000 0800 TIM4
0x4000 0400 TIM3
0x4000 0000 TIM2

Puc. 1. Kapta namatun mukpokontponnepa STM32

SJNIEMEHTbI U KOMIMOHEHTbI

I'O IPOCTPAHCTBA ONIpEAE/IeTCA 32-pas-
PAIHOM IIMHOU U MOYKET UMETD IIPEIEIb-
HOe 3HaueHue 232=4 T'6aitt. JlaHHbIN pas-
MEP IMAMATHU OUYCHD BCJIUK U IIPAKTHYCCKU
HCIIONB3YECTCA JIUIb YACTHYHO. Hewuc-
IOJIb3yEMBIE OOJIACTH MAMATHU 3ape3ep-
BUPOBAHBI /11 HOBBIX MOJIETIEH MUKPO-
KOHTPOJUIEPOB. HarsaHoe npeacrasie-
HUe KapThl maMsaty STM32 nipeacraBiaeHo
HA pUCYHKe 1.

Bcé agpecHOE IPOCTPAHCTBO MHKPO-
koHTpOosuiepa STM32 pa3aeneHo Ha 8 6J10-
KOB II0 512 M6arir, T.e. C HHTEPBAJIOM
B 0x20000000 6arirT.

ITamMsATh IpOrpaMM HAYMHAETCA C aApe-
ca 0x00000000. B aTort obimactu xpa-
HATCSL KOABI MIPOIPAMM II0Jb30BATEIIS
U cucreMHasa uH@opmanua. OnepaTus-
Hasa namMsate STM32 umeer HaYaJIbHBIH
aapec 0x20000000. Peructpsl (PyHKITHO-
HJIBHBIX OJIOKOB U YCTPOMCTB BBOJA-
BBIBOJIa MUKPOKOHTPOJUIEPA TAKKE OTO-
OpakeHbI B MAMATH, HAYUHAS C aJipeca
0x40000000. CrienuaabHBIE PETUCTPHI
MUKPOKOHTPOJUIEPA HAXO/SITCS B ITAMSI-
TH, Ha4nHa4g ¢ agpeca 0xE0000000.

BariTel 32-pa3psaaHbIX CJIOB OPIaHU30-
BaHBbI B IAMSTH B IOPS/IKE BO3PACTAHUSIL.
BaiiT c;10Ba C MEHBIIUM HOMEPOM CYUTA-
€TCSI CAMBIM MJIAJJIIUM OAHTOM 3TOTO CJIO-
Ba, a2 6aHT C 60JIBIINM HOMEPOM — CAMBIM
CTapLINM.

BnokK HAYAJNIbHOW 3ATrPY3KMU

Ilepsble 2 K6aUT IaMsITH, B 3aBUCUMO-
CTH OT COCTOSTHHUSI BBIBOJOB YIIPABICHHS
3arpy3KOH, MOTYT OBITh CBA3AHBI C (Y1311~
NaMATHIO, CHCTEMHOM HJIM ONIEPATUBHOM
aMSTBIO.

MuxkpoxkonTposuiepel STM32 umeror
3 Pa3IMYHBIX PEKUMA HAYAJIBHOH 3arpy3-
KU, KOTOpBIE MOTYT OBITb BBIOPAHBI
¢ romonibIo BhIBOJIOB BOOTO 1 BOOT]1,
KaK [IOKA33aHO B TA0/IULIE.

YTOOBI OTYUYUTh TPEOYEMBIH PEKUM
Ha4aJbHOM 3arpy3ku (CM. TaGauLy),
HEOOXOJUMO YCTAHOBHUTH C IIOMOIIBIO
HEPEMBIYEK OIPEAEIEHHOE COCTOSHUE
Bx0/10B BOOTO u BOOT1, xoTOpOe cuu-
TBIBAETCSI MHUKPOKOHTPOJUIEPOM IIOCTIE
c6poca.

Kpome Toro, MUKpOKOHTPOJLIIEP CYUTHI-
Baer cocrossHue BxoaoB BOOTO u BOOT1
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U IPU BBIXOJE U3 PEXKHUMA OKHIAHUA.
IToaTOMYy B peXHUMeE OKUAAHUS BbICTAB-
JICHHBIC YDOBHH JOJUKHBI YICPDKUBATHCA
B COCTOSIHHH, HEOOXO/IMOM JUISI PEXKU-
Ma 3arpy3KH.

Kak mpaBHJIO, COCTOSHHE BXO/OB
BOOTO 1 BOOT1 u3MeHSIOT Iepe/; IIpo-
I'PaMMHUPOBAHUEM MHKPOKOHTPOJUIEPA
I AKTUBALIMY BHYTPEHHETO 3arpy34u-
Ka. 3aT€M COCTOSIHHE 3THUX BXOOB IIepe-
OIIPEAE/IAIOT HAa 4YTEHHE IIaMATHU IIPO-
IpaMM U HE U3MEHAIOT B TEYEHHUE BCETO
BPEMEHU PAGOTHL

BcTpOoeHHBIH 3arpy3YHK PACIOIOXKEH
B CUCTEMHOH IAMATH U IIPOIPAMMHUPYETC
dupmoii ST mpu U3TOTOBJIECHUU IIPOIYK-
1uy. OH UCIIOIb3YETCA U1 IIEPENIPOrpaM-
MHUPOBAHUA (DIMI-NAMATH C IIOMOIIBIO
OJHOT'O U3 AOCTYIIHBIX IOCIE€IOBATEIb-
HBIX UHTEP(EHCOB.

METOJ.'I BUTOBOro OBbEAVUHEHUSA

OGBIYHO OUTOBBIE OIIEPALIUH B OIIEpA-
THUBHOHM IaMSTH MHKPOKOHTPOJUIEPOB
BBIITO/THAIOTCA C IIOMOINBIO HHCTPYK-
1yt AND u OR. 111 3TOro HeO6XO MO
BBIIIO/IHHUTD ITOC/IEAOBATEIBHOCTD TAKHUX
orepanui, Kak YreHue, MoauguKays
U 3aIIUCh. ICIIO/IBb30BAHUE 3TOT'O METOAA
TpedyeT HECKOIBKO HIUMKJIOB Ha BBIIIOIHE-
HHE YCTAHOBKH WJIH COPOCA OTJE/IbHBIX
OUT U YBEJIMYUBAET Pa3Mep IPOTPAMMBL

VCTpaHUTDb 3TU HEAOCTATKU MOXKHO BBE-
J€HUEM HOBBIX MHCTPYKLIHUI I COPO-
Ca M YCTAHOBKH OUT, HO 3TO IIPUBOJUT
K YCJIOXXHEHUIO mpoueccopa. B STM32
IPUMEHEH CIIOCOO, HA3bIBAEMBIN OUTO-
BbIM 0O0'beguHEeHHEM (Bit Banding), koTo-
PBIH IIO3BOJISIET HAIIPAMYIO BO3JEUCTBO-
BAaTb HA OHUTHI IIaAMATH, HE UCIIOJIb3YA IIPU
3TOM HOBBIX HHCTPYKIHMHI. DTO PEAIN30-
BAHO C TIOMOIIBIO CIIELMATIBbHBIX 00/1aCTEH
IIAMATH, IIO3BOIAIONIHUX BBIITOJIHATDH nooHu-
TOBYIO aJJPECAITHIO.

but-aagpecyeMbie 061aCTH KaPThI HAMs-
T STM32 pasaeeHsl Ha ABe yacTu. Ilep-
Basg 4acCTb CJIYXKHUT JUII XpAHEHHUS OUT
u B Heé BxoauT 10 1 M6auT (pusnueckorn
MAMSTH WIHA PETUCTPOB YCTPOKCTB BBO-
Ja-BbIBOJA. BTOpas 4acTb CIyKUT JJIA
JIOCTYIIA K OUTaM U 3aHHUMaeT 10 32 MoauT
namAaTu. IIpy BBIIIOJTHEHMH ONEPALMEHI
C 06/1aCTBIO JOCTYIIA IIPOUCXOIUT OOpa-
meHue K (PAKTUYECKUM aJpecamM OUT
B IIaMATH.

MeToj 6UTOBOIO OO'BETMHEHUS PACCMO-
TPUM Ha IPUMEPE PAOOTHI C PETUCTPAMH
nopToB BBOAA-BbIBOAA GPIO. [l BBIBO-
J1a TAaHHBIX B HUX MUCIIOJIb3yEeTCsA PETUCTP
ODR, 3a11MCbh B KOTOPBIH IIPOU3BOAUTCS
4epe3 omnepanuu «dTeHHe—Moauduka-
IIUA—3AIUCh> C UCIIOIb30BaHueM 16-pas-

SJNIEMEHTbI U KOMIMOHEHTbI

32 M6aiit

[ oxa3rrrrc | oxearrrrs | ox23rFFFF4 | ox23FFFFFO | 0x23FFFFEC | 0x23FFFFES | 0x23FFFFE4 | ox23FFFFEQ |

|0x2200001 C I 0x2200001 8| 0x22000014 | 0x22000010 | 0x220! 22000008 |0x22000004 I 0x22000000 I
LN LN
1 Mé6aiit
7654321 432107654321 0760543210

[T Toposrecee [ [ T T ToosreefeF- T Jogocro] [ [ T ‘odoofeefo] T |

765432107625 43210762543210

6543210

[T Tovoiutoe] T T T Tofushoqa] T 1 T Joogiuin] [ ]  Toduibosn[ ]

Puc. 2. Cxema cooTBeTcTBMSA 06nacTeii namaTh 6UTOBOro 06beAUHEHNS

PeXnuMbl Ha4anbHoOW 3arpy3ku

CocTosHKe BLIBOAOB yNpaBneHus
BOOT1 BOOTO
Ownm 1 0

0 1
1 1

Namsatb

CuctemHas namsTb

pAnHBIX 3Ha4YeHur. Ho cymecrsyerT U Jpy-
o crioco6 yIpasBIeHUsl GUTAMH HTOTO
PETHCTPA — C HIOMOIIBIO PETUCTPA OG-
TOBOH YCTaHOBKH U C6POCA BBIBOJOB IIOP-
Ta BSRR. IIprMepBI TAKOTO yIIPpABIE€HUA
OITMCAaHBI paHee [2].

IIpuseném (popmysTy AIs BHIYUCICHUA
ajgpeca cJ10Ba B 00/IaCTH IOCTYIIA K OUTaM
Ha COOTBETCTBYIOIIUI OUT B 0OJIACTH XPa-
HEHUSI OUT.

bit word_addr=bit_band_base +

+ (byte_offset x 32) + (bit_number x 4),
rae:
bit_ word_addr — agpec ciioBa B 0671aCTH
JOCTyIIa K GUTaM, KOTOPOE OTPAXKAETCA Ha
HY>KHBIH OUT;
bit_band_base — HauanbHBII agpec 061a-
CTH JOCTYIA K OuTaM;
byte_offset — HoMep 6ariTa B 06/1aCTH Xpa-
HEHU OUT, KOTOPBIH COAECPKUT HY>KHBIHI
6I/IT;
bit_number — mo3unysA HY>KHOrO 6UTA OT
0 mo 7 B 6GauTe.

Cnepnyromas (popMysia HOKA3bIBAET, KAK
OTOOGPA3UTh OUT 2 U3 6aliTa, PACIIOTIOKEH-
Horo B O3V no agpecy 0x20000300, Ha
06J1aCTh TOCTYIIA K OUTAM:

bit_word_addr =0x22000000 +
+ (0x300 x 32) + (2 x4) = 0x22006008.
3anwmce 1o azapecy 0x22006008 Gyxer
HMETb TAKOH ke 3P eKT, 4TO U onepaus
«4YTEHHUE—U3MEHEHUE—3aIUCh> IS 6UTa 2
u3 6arira B O3Y 1o agpecy 0x20000300.

Yrenue 1o azapecy 0x22006008 sep-
HET 3HAaYeHue ouTa 2 i 6aiita B O3V
110 aapecy 0x20000300 B BUE 3HAYEHUIT

OcHOBHas (naL-namaTh

OnepatuBHas NamaTh

Pexum 3arpy3ku

lporpamma nonb3oBaTens B OCHOBHOI NamATH
BCTpOEHHbI 3arpy34mK CUCTEMHON NamMATL
[porpamma B onepaTUBHON NamsTyn

0x01 (ecmu 6ut ycraHosneH) win 0x00
(ecim 6UT COpOIIEH).

C IOMOIIBIO MAKPOCA MOXKHO CO3/1aTh
YKa3aTeab Ha 3TOT aPEC B BUJIE CJIEYIO-
e CTPOKU:

#define PB8 (*((volatile unsigned long *)
0x22006008)) // Port B bit 8

JIaHHBIN yKa3aTeIb MOXKHO HCHOJIb30-
BaTh JJIs1 yCTAHOBKH U cOpoca 6ura 8 nop-
Ta B crnenyomum o6pa3om:

PB8=1;//YcraHOBUTH OUT 8 B € JUHUY-
HOE COCTOSTHHE

PB8 = 0; // YcraHOBUTH 6UT 8 B HyJIE-
BOE COCTOSTHUE

Takum 06pa3oM, MOKHO BO3[JIEHCTBO-
BaTb HA 3HAYEHHUE OTAECIbHBIX OUT ITyTEM
o6pameHust K OIPeNeIEHHON 061aCTH
MAMSITH MUKPOKOHTPOJUIEPA 32 MHHHU-
MaJIbHOE KOJIMYECTBO TAKTOB.

Ha pucyHke 2 HarIsggHO BUJHO COOT-
BETCTBHE MEXKIY O01ACTHIO XPAHEHUS OUT
pasmepom 1 MOaiiT 1 061aCThIO JOCTYIIA
K 6uTam pasmMepom 32 Mo6aur.

B niporpamMmax, rjie 4aCTo UCIOIb3yeTC s
YCTaHOBKA U COPOC MHOKECTBA GUT B PETH-
CTPaX YCTPOMCTB BBO/IA-BbIBO/IA, HCIIOJIb-
30BaHHE JAHHOTO METO/IA IIO3BOJISIET CYIIE-
CTBEHHO COKOHOMUTH Pa3Mep KOja MPo-
I'paMMBbI 1 BDEM:A €I'O BBIITOJTHCHUA.
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