O3HaKoOMUTEJIbHOE PYKOBOACTBO M0 ARM-
MUKPOKOHTpoJIepam Cortex-M3
6633 KB ENG WcxogHbin chann

Iﬁ "OsHakomuTenbHoe pykoBoacTeo no ARM-
MUKpOkoHTponnepam Cortex-M3"

I =212 T 1= 4
1.1. SHAKOMCTBO € COMEX . .ovniieiiee e 4
1.2. O0630DP CEMENCTBA STIM32 ..o 6

1.2.1. MHOIOYHKUMOHAMNBHBLIE YBB ... 8
1.2.2. BEBOMACHOCTD .....ievteiteee e et e e et e e e e e eeaaes 8
1.2.3. SALUMLLEHHOCTD ....uieeiieie ettt e e e e e e et e e e e 9
1.2.4. Pa3paboTKa MPOMPAMM ..........uiieeeeeeeee e e e e e e e e e eeeees 9
1.2.5. [pynnbl Performance Line MACCESS LiN€ ........c..ovvveiiieiiiiiiieiiee. 10

2. O630p NPOLECCOPOB COMEX ...oveeieieeee e 11
2.1. Bepcum apXUTEKTYD ARM .. oo 12
2.2. [MNpoueccop CorteX N LITTY COMEX ...c.uoveeiieeiie e 13
G T | I D O o 5 () 13

PG T R o ==Y L= o TR 13
2.3.2. Mogenb NPOrPAMMUPOBAHMS ......ceuneeneeeeneeeeeeeeee e et e e e e e e e e eaeeans 14
2.3.2.T. XPSR ..o 15
2.3.3. PexxMbl PABOTBI LLTTY ..o 16
2.3.4. Habop MHCTPYKLUMIA TAUMD=2 ......ooiiiieiiiieee e 18
2.3.5. KQPTA MAMEATU ....coneeieeeeeeee et e e e e e aaees 19
2.3.6. JocTyn K hparMeHTUPOBAHHBIM JAHHBIM ...........cccvveneeeineeeiieeeeennnns. 21
2.3.7. Metoa "Bit Banding" ........ccouoiiiimiie e 21
A S I [ o To TN T=ToT oo ) o I 0] o (= 24
A LLUMHBI ..o e e e e 24
A \V/ = oY 11 = N1 1 24
2.4.3. CUCTEMHBIN TANMMED .. .cvneeeeeeee e e e e 25
2.4.4. O6pABOTKA NPEPDBIBAHMM .......covneeeeeeeee e e e e eaeees 25
2.4.5. KoHTponsep BAOXEHHbLIX BEKTOPU30BAHHbLIX MPEPBLIBAHUMN ................ 26
2.4.5.1. Pabota KBBI1 npu Bxoae B UCKNHOYUTENbHbIE CUTYALIUN U BbIXOAE U3
17D 27
2.4.5.2. Yny4lleHHble pexXmmbl 00PaOOTKN MPEPBLIBAHUS ........c.veeeeennnnnnn... 28
2.4.5.2.1. [1pNOCTAHOBKA MPEPBIBAHUM .........cevveeeeeeeeeeeeeeeeeeeeeeeeans 28

2.4.5.2.2. HenpepbiBHag 06paboTka npepbiBaHU C UCKITHOYEHNEM
BHYTPEHHUX ONEPALIMMN HAO CTEKOM ....ceueenineeeeeeeeeeee e eeee e e eaeeeeeens 28

2.4.5.2.3. ObpaboTka ono3anaBLIEro BbICOKONPUOPUTETHOIO

T 0TSy 0N |27V 1< PSP 29
2.4.5.3. KoHdurypaumsa v ncnonb3oBanue KBBIT .............ccooeevviiiiiineeeiinnnn... 30
2.4.5.3.1. Tabnuua BEKTOPOB NCKNIOYUTENbHbIX CUTYALIUMA ................. 30
2.5. Pexumbl paboTbl, BAIUAKOLINE HA SHEPTONOTPEDNEHUE ... 35
2.5.1. [Nepexon B SKOHOMUYHbBIN PEXUM PABOTBI ......ceevvneeiiieeeiiieeeeiieeeeee 35
2.5.2. Otnago4yHaga cuctema CoreSight ........cooviiiiiiiiiiiii 36
3. CXEMA BKITHOUEHUSE ... ettt e e e e e aens 38



http://www.gaw.ru/pdf/The_Insiders_Guide_to_the_STM32_ARM-based_Microcontroller_Hitex.pdf
http://www.gaw.ru/pdf/The_Insiders_Guide_to_the_STM32_ARM-based_Microcontroller_Hitex.pdf
http://www.gaw.ru/pdf/The_Insiders_Guide_to_the_STM32_ARM-based_Microcontroller_Hitex.pdf
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_2.htm#2.4.5.2.3.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_5_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_5_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_3.htm#2.4.5.3.1.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_2.htm#2.4.5.2.3.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_2.htm#2.4.5.2.2.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_2.htm#2.4.5.2.2.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_2.htm#2.4.5.2.1.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_4_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3_7.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3_6.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3_2_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/1_2_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/1_2_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/1_2_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/1_2_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/1_2_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/1_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/1_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/1.htm
http://www.gaw.ru/pdf/The_Insiders_Guide_to_the_STM32_ARM-based_Microcontroller_Hitex.pdf

3.7, TUOBL KODIIYCOB ...cvneeieeeee e ettt et et e e e e e e e e 38
3.2. HAMPAKEHME TINTAHUS ... et e e e e e e e e e e 38
TS T 051V 1= 11 0] oo o7- 40
K Y =] 0 Y= 1 0] 0 =) PR 41
3.4.1. BHELHWIN BbICOKOYACTOTHBIN FTEHEPATOP ....vveeeeeeeeeiieeeieieeeeeeieeeeennnns 42
3.4.2. BHELWHWUN HU3KOYACTOTHBIN FTEHEPATOP ...veevvvneeeineeeeeieeeeeieeeeaieeeeeean 42
3.4.3. BbIXOO CUHXPOHUBALINM ...t e e e e 43
3.4.4. BblBOAObI YIpaBNeHUs 3arpy3kom 1 BHYTPUCUCTEMHOE
ODOTPAMMMUPOBAHME ......ueeneenieeeeee et e et e et e e et e et e e e et et e s e e e et e e eenas 43
3.4.5. PEXKUMBI BATPYBKU ... e e e e 43
3.4.6. OTNAOO0UHDBIN TIOPT ..evneeeeeiee ettt et e e e e e e e e e e e aaes 44
4. ApXUTEKTYPA CUCTEMbI MUKPOKOHTPOMIEPOB STM32 ..o, 44
4.1. PacnpeaeneHUE MAMSTU .........eeuneeeeeeee e e 45
4.2. Pabota ¢ MakCUManbHbIM ObICTPOAENCTBUEM ..........ccccevveeeeeeiiiiiiiiaiaaeaeannnn 47
4.2.1. Bnok ha3oBon aBTONOACTPONKMN YACTOTD ....cevneeeneeeieeeeeeeeeeeeeeeanass 48
L I I s = T 0T 1= T 111 = 50
4.2.2. Bydep FIash MAMEATU ......oovvniiieieeeee e 51
4.2.3. [1pAMON AOCTYM K MAMEBATM ..o e e 52
ST o 0Y0) (o3 1= F=T=1=10) A= i) =) 1= 10 ) A = 57
5.1. YBB OBLUEIO HABHAUEHUS ...t 60
5.1.1. OopTbl BBOAA-BbIBOAA OOLLETO HASHAYEHWUS ... 60
5.1.1.1. ANbTEPHATUBHDBIE YHKLINU ... 62
5.1.1.2. CUrHaANM3AUUA COOBITUM ....coveeeeeeeeeee e 63
5.1.2. BHELIHNE MPEPBIBAHUS ......ccvveeeeeeeieeeeee e e e e eeeans 63
R G TR L N | 65
5.1.3.1. Bpemsa npeobpasoBanus 1 rpynnbl npeobpas3oBaHus ............ 66
5.1.3.2. DYHKUNA OKOHHOIO KOMAAPATOPA ..vvvveeeeeriiieeeeeiiriieeeeeeannnnnns 68
5.1.3.3. basoBas koHdurypauma AL ..., 69
5.1.3.4. PexxuMbl cOBOEHHbIX MPEOOPA3OBAHUN .........ccevvneeeeeneeianannnnn, 70
5.1.3.4.1. Pexumbl ogHOBpeMeHHoro npeobpasoBaHud
NHXEKTUPOBAHHbIX rPYnn U 0AHOBPEMEHHOIO npeobpasoBaHms
O SY AN B2 ] 01 D 111 72
5.1.3.5. KoMOGMHUPOBAHHbLIN PEXUM OAHOBPEMEHHOIO NpeobpasoBaHms
PEryNAPHbBIX/MHXEKTUPOBAHHBIX TPYIM . oeeveeeeeeeeeeeeeseeeeeneeiieeeeeeeene 73
5.1.3.6. Pexxumbl ObICTPbIX U MeaneHHbIX npeobpa3oBaHn co
CMELLEHNEM BO BPEMEHM ....ceveeeeeeee e e e e e e e e et e e e e eanas 74
5.1.3.7. PeXnm N004EPEOHOI0 3AMNYCKA ....cvvvvneeeieeiiieeeeeeeiiieeeeeeeeaianen 75
5.1.3.8. KombrnHupoBaHme pexmnma oaHOBPEMEHHOro npeobpasoBaHmd
PErynapHON rpynmnbl U PpeXmmMa No04epPeaHOro 3anyCKa ................e..... 75

5.1.3.9. KombrH1poBaHue pexmnma ogHOBPEMEHHOIO nNpeobpasoBaHus
UHXXEKTUPOBAHHOW rPVMnbl U peXnuma co CMeLLEeHNEM BO BPEMEHM ....76
5.1.4. Taimepbl 06LLEro HasHa4YeHUs N MHOroYHKLMOHaNbHbIE TanMepbl 76

5.1.4.1. TanMepbl OOLLEIO HASHAYEHMUS .......cevneeeneeeeeeeeeeeeeeeeaeeeeeenn 76
5.1.4.1.1. BrIOK 3aXBaTa/CPABHEHUS ........ccovvneeeeeeeeieeeeeeee e 77
5.1.4.1.2. BIIOK 3AXBATA ...c.ueveniieeeeie et 78
5.1.4.1.3. Pexxum namepenus napametrpoB WIAM-curhana ................. 79
O I I V7 [ T =Y 010 0 Y=Y (o TR [0 ) (=Y o Y- N 80
5.1.4.1.5. PEXUM CPABHEHMUS ......covneeeeeeeeeee e ea e 80

5.1.4.1.6. PeXxum LLMPOTHO-UMNYIIBCHON MOOAVASALUMM .....oeveeaeeaanan.. 81



http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_1_6.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_1_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_1_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_1_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_1_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_1_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_9.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_9.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_8.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_8.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_7.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_6.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_6.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_4_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_4_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_4_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_1_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_1_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1.htm#5.1.1.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/4_2_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/4_2_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/4_2_1_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/4_2_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/4_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/4_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_4_6.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_4_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_4_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_4_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_4_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_4_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_4_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/3_1.htm

5.1.4.1.7. PEXUM OOHOBUDDATODRA . cneneeeeee e 82

5.1.4.2. PACLUNPEHHDBIN TANMED ....ccvveeeieeieee e e e e e 82
5.1.4.2.1. DYHKLNA SKCTPEHHOIO OTKIMHOMEHUS ....eeveeeeeeeeeeeeeeeeeeeenn 84

5.1.4.2.2. NHTEPDENC OATUMKA XOIIIA .evvvnrieeieieeeeeeeee e 84

5.1.4.3. CUHXPOHU3NPOBAHHAA PABOTA TANMEPOB ........ccevveeeeeinnnnn.. 84

5.1.5. Yachbl peanbHOro BpeEMEHU 1 PETUCTPbI C Pe3epPBUPOBAHMNEM

= 1 1< 85
5.1.6. Perncrpbl ¢ pe3epBMpoOBaHMEM MUTAHUA WU BXO BMELLIATEeNbCTRA ....87

5.2. KOMMYHUKAUMNOHHBIE YBB . ... 87
5.2.1. IHTEPMEIMC SPI .. .o 87
5.2.2. MOLYIID 12C ..ottt 88
5.2.3.5.2.3. Moavrib YCAIT ... 90

5.3. Moaviii CAN M USB ... .o 92
5.3.1. CAN-KOHTDOIIIED .. cvneieneeeeee e ettt e e e et e e e 92
5.3.2. Moaynb uHTepdemnca USB ..........ccooouiiiiiiiee e 95

. QKOHOMUYHBIE PEXUMBE PAOOTDBL ..c.ueeeeeeee e e eeans 96
B.1. PeXUM RUN ... 96
6.1.1. bydep npeasaputenbHOM BbIOOPKU U PEXUM MNONYLMKAA ................. 97

6.2. QKOHOMUYHBIE PEXUMbI PABOTDB .....ueieieeee e e 97
B6.2.1. PEXUM SLEEP ... 98
6.2.2. PEXUM STOP ... 99

6.3. PeXUM STANDBY ..o 100
6.4. MNoTpebnsaembiri TOk 06NacTK C pe3epPBUPOBAHNEM MUTAHUA ...................... 101
6.5. BO3MOXXHOCTb OTNaAKN B 9KOHOMUYHBIX PEXKUMAX .....cenvenneenieneeeeineeinennnns. 101
. BoamoxxHOoCTM No obecnevenunto 6€30NacHON PABOTBI ...........ccevvvvvveeeeeeeeiiannnnn. 102
7.1. YNIPABAEHUE COPOCOM .....eveieeeee e e e et e e 102
7.2. KOHTPOSIb HANPSAKEHUS TIUTAHMS ....eeveeeieeee e e e e e e e 104
7.3. 3almieHHasa CUCTEMA CUHXPOHUBALMM ........covneeeeneeeeieeeeeieeeeeaeeeeeiaeeeens 104
7.4. CTODOXKEBDBIE TAMMEDDI .....cuueeeeeeee e e e e e e e e e e e e eaaaas 106
7.4.1. OKOHHbBIN CTOPOXKEBOMN TAVMED .....uveeeeiiiiieeeeieriieeeeeeeeaaieaeeeeeeeranans 106
7.4.2. He3aBUCUMBbI CTOPOXKEBOM TANMED .....cevneeeneeeieeieeeeeieeeee e eeenens 108

7.5. OCOBEHHOCTU YBB ... 109
7.5.1. BrioknpoBka KOHDOUIYPAUMUU MBB ..........cooovviiiiieieeeeeeeee 109
7.5.2. OKOHHBIA KOMOBPATOD ....vvneeneeeeeee e e e e e e e e e e e e e e e 110
7.5.3. BXOO 3KCTPEHHOIO OTKITHOMEHMS ... 110

. Moaynb FIASh MAMSTU ......oeeieiie e 110
8.1. 3awumTa n nporpammupoBanme Flash NaMATU .........ccooeevveveiiiiiieiiieeeeeean 110
8.2. Onepaumnm CTUPAHUSA N BAMMCK ......eeneeeeeeee e e e e e e e e 111
LG TG T = 1 1= 10 111 111
LTS T G 7= TN ir= T 1 < Y= 111 [ 112
8.3.2. 3ALLUNTA OT UTEHMS ... 112
8.3.3. KOHDUIYPALIMOHHBIN BANT .....covieeeeieee e 112

. IHCTpyMeHTanbHble cpeactsa AN NPOEKTUPOBAHUS .....ccoeeeeeerieaiiiiiiieei 113
9.1. OUEHOUYHBIE CPEOCTBA ....ueveeeeee e et e e e e e e e e 114
9.2. BUBINOTEKM N MPOTOKOMBHDBIE CTEKM ...t 114

9.3. OnepaLnOHHbIE CUCTEMbI PEANBHOMO BPEMEHM ...ooeeneeeeeeeeeeeeeeeee e 115



http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/9_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/9_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/9_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/9.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/8_3.htm#8.3.3.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/8_3.htm#8.3.2.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/8_3.htm#8.3.1.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/8_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/8_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/8_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/8.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_5.htm#7.5.3.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_5.htm#7.5.2.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_5.htm#7.5.1.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_4_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_4_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/7.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6_4.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6_2_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6_2.htm#6.2.1.
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6_1_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/6.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_3_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_3_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_2_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_2_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_2_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_2_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_2_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_6.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_5.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_3.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_2_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_2_1.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_2.htm
http://www.gaw.ru/html.cgi/txt/doc/micros/arm/cortex_arh/5_1_4_1_7.htm

1. BBenenue

3a npowealme WecTb-CeMb fIET OCHOBHbIE YCUNUS pa3paboTymMKoB MUKPOKOHTPOSEPOB
ObIn NoTpayeHsbl Ha uHTerpupoBaHue LMY ARM7 n ARM9 B MUKPOKOHTpOIepbl obLiero
HasHa4yeHus. U BOT, B HacTosiLee BpeMs pasnnyHbIMU NPON3BOANTENAMM BbiNyCKaeTcs
nopsgka 240 ARM-mukpokoHTponnepoB. K yncny Takmx nponssogmntenem 0THOCUTCS U
komnanusa ST Microelectronics, cemenctso STM32 koTopow, CTano nNepBbiM ee
CEMENCTBOM MUKPOKOHTPOSEPOB, BbINOMHEHHbIX HA ocHoBe Hosoro LIMY ARM Cortex-
M3. 3T MUKPOKOHTPOMNEPDLI CTan HOBbIM 3TarlIOHOM MO YPOBHIO pabounx xapakTepucTuk
n ctoumocTn. Kpome Toro, oHM MOryT UCMNOSib30BaTLCH B MPUMEHEHUSX C ManbiM
3HepronoTpebneHnemM 1 XecTkMMn TpeboBaHNAMM K XapaKTePUCTUKaM ynpaBneHus B
MacwTtabe peanbHOrO BpEMEHM.

1.1. 3aaxkomcTBO ¢ Cortex

Cemencteo ARM Cortex - HOBOE NOKONeHne NpoLieccopoB, KOTOPbIE BbINOSHEHbI MO
CTaHOAPTHOW apXMUTEKTYpe U OTBEYAIOT pPasfinyHbIM TEXHONOrm4eckum TpebosaHunam. B
otnunume ot gpyrux LMY ARM, cemenctso Cortex aBnseTcs 3aBepLUeHHbIM
NpoLecCopHbLIM SA4POM, KOTopoe 0bbeamHseT ctaHgapTHoe LMY n cuctemHyto
apxutekTypy. Cemencteo Cortex 4OCTYMHO B TPEX OCHOBHbIX Npodunsx: npodunb A ons
BbICOKONPOU3BOAUTENbHbLIX NPUMEHEHUI, Npodub R Ansa peanbHO-BPEMEHHbIX
npumMeHeHnn n npodurie M ansa 4yBCTBUTENbHbLIX K CTOMMOCTU Y MUKPOKOHTPOSTNEPHbIX
npumMmeHeHnn. MukpokoHTponnepbl STM32 BbinonHeHbl Ha ocHoBe npoduns Cortex-M3,
KOTopoe cneumanbHO pa3paboTaHo Ans NPUMEHEHUN, rae HeobxoaMMbl pa3BuTbie
CUCTEMHbIE PECYPCbI 1, NPU 3TOM, Manoe aHepronoTpedneHne. OHM XapaKTepusyrTcs
HACTOITbKO HU3KOW CTOMMOCTbIO, YTO MOTYT KOHKYPUPOBATb C TPaaULMOHHbIMKU 8 1 16-
BUTHBIMN MUKpoKOoHTponnepamn. U xota UMY ARM7 n ARM9 6binun ¢ ycnexom
WHTErpupoBaHbl B CTaHOAPTHbIE MUKPOKOHTPOSIIEPHI, B HUX BCE XE MPOCIeXnBaeTCs
N3Ha4vanbHas OPUEHTUPOBAHHOCTb Ha cUcTeMbl Ha KpucTanne (SoC). 3To ocobeHHOo
3aMeTHO no cnocobam 06paboTKM NCKNIYUTENBHBIX CUTYaLMIA U NPEPbIBAHUN, T.K. Y
pasHbIX NPOM3BOANTENEN MUKPOKOHTPOMNEPOB N cNocobbl 06paboTkm peann3oBaHsbl
pasnnyHbiM o6pasom. Cortex-M3 aBnsaeTca ctaH4apTU30BaHHBIM MUKPOKOHTPOMSEPHbBIM
A4poM, KoTopoe nomumo LMY, cogepXuT Bce ocTanbHble COCTaBnsItoLLNE OCHOBY
MUKPOKOHTpOINepa anemMeHTbl (B T.4. CUCTeMa NpepbiBaHUA, cucTeMHbIn Tanmep SysTick,
OTNafioMHas cuctema un kapta namsaTu). 4 rurabantHoe agpecHoe npocTpaHcTBo Cortex-
M3 pasgeneHo Ha 4eTKo pacrnpeaeneHHble obnactu koga nporpammel, ctatudeckoro O3Y,
YyCTPOWCTB BBOOA-BbIBOAA M CUCTEMHbIX pecypcoB. B otnuune ot aapa ARM7, Cortex-M3
BbIMOMHEHO No apBapacKkon apxXuTekType 1, NO3ITOMY, UMEET HECKOSbKO LUWH,
Nno3BonsoLLME BbINOMHATE onepaunn napannensHo. Cemencrteo Cortex nmeet
BO3MOXHOCTb ONepupoBaThb C hparMeHTUPOBaHHbIMU AaHHbIMKU (unaligned data), uTo
TaKkKe OTNMYaeT ero oT npeaLecTsytowmx apxutektyp ARM. 3Tum rapaHTupyetcs
MakcuMmanbHas 3EeKTUBHOCTb MCMONb30BaHUSA BHYTPEHHEro ctatndeckoro O3Y.
CewmenctBo Cortex Takke nogaepXmBaeT BO3MOXHOCTM YCTaHOBKU M cbpoca 6uT B
npegenax asyx obnacren namatmn pasmepom 1 M6ant no metoay bit banding. 3tot meton
npenocTasnseT aPEeKTUBHLIN 4OCTYN K pernctpam n dpnaram YBB, pacnonoxeHHbIx B
obnactu ctatudeckoro O3Y, u ucknoyaetT HeobXxo4MMOCTb MHTErpauun
NONHOMYHKLMOHaNbLHOrO GUTOBOrO npoleccopa.
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OcHoBon STM32 sinsetca npoueccop Cortex-M3. OH npeactaenset cobomn
CTaHOapPTU30BaHHbIN MUKPOKOHTPOMNEP, UHTErpupyowmnn 32-6utHoe LMY, WnHHYyO
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opraHm3aumio NamaTu.



Ewe ogHum kntoveBbIM KOMNoHeHTOM aapa Cortex-M3 aBnsieTca KoHTponnep
BEKTOPM30BaHHbIX BNOXeHHbIX npepbiBaHui (KBBIM). KBBI npegoctaBnsaeT craHgapTHYHO
CTPYKTYpPY npepbiBaHui Ans Bcex Cortex-MUKpOKOHTPONIepoB 1 cnocobbl nx ob6paboTku.

KBBI1 npeanunceiBaeT BekTOpbl NpepbiBaHM Ana 240 NCTOYHUKOB, OS5 KaXX40ro u3
KOTOPbIX MOXET ObITb YCTaHOBMNEH cBou npuopuTeT. Npu paspaboTtke KBBI1 ocoboe
BHUMaHMe yaensanock boicTpogenctautio 06paboTkm npepbiBaHmin. C MOMEHTA NOMyyYeHus
3anpoca Ha npepbiBaHNe 0 BbINOMIHEHNSA NEPBON KOMaHAbl Npoueaypbl 06paboTku
npepbiBaHNA NPOXOANT BCEro Nuib 12 umknos. YacTUYHO 3TO AOCTUTHYTO 3a CHET
aBTOMAaTMYEeCKUX onepauunin co CTEKOM, BbINOSHAEMbIM cneunanbHbIM MUKPOKOAOM BHYTPU
LIFTY. Ecnu e npepbiBaHNA BO3HUKAOT NpakTUYeCcKn ogqHoBpeMeHHo, To KBBI'
ncnonb3yeT cnocob ynopagodeHHon obpaboTkm npepbiBaHU C 3a0ePXKOW nepes
BbI3OBOM o4epeaHon npouenypbl 06paboTkmn npepbiBaHMs BCEro nuilb 6 Lumnknos. B
crny4ae HanoXeHusi NpepbiBaHUI, NpepbiBaHne ¢ 6onee BbICOKUM NPUOPUTETOM MOXET
BbITECHUTb Honee HN3KONPUOPUTETHOE NPepPbIBaHNE, HE pacxoays Npu 3TOM
AononHuTenbHbIX Lmknos LIMY. CTpykTypa npepbiBaHWin Takke TECHO CBSA3aHa C
nogaepxunsaembiMn 9apom Cortex-M3 9KOHOMUYHBIMU pexxumMamMn paboTbl.
[MpeaycmoTpeHa BO3MOXHOCTb KOHpurypaumm LIMY Ha aBToMatnyeckmnin nepexos, B
9KOHOMMYHbLIN pexmnm paboThl No 3aBepLleHnn 0bpaboTkm npepbiBaHus. [locne aTtoro
nepexopa sapo oyaet 6e3gencTBoBaTh BNANOTh 4O BO3HUKHOBEHUSI OYEPELHOM
NCKITIOYNTENBHOW CUTYaLmUW.

HecmoTps Ha To, 4To sigpo Cortex-M3 paspabatbiBanochb Kak Hegoporoe siapo, OHO
octaetca 32-6utHbim LMY u, B cBA3K C 3TUM, NOAOEPKMBAET ABa pexnma paboThbi:
noTokoBbIn pexuMm (Thread) n pexum obpabotumka (Handler), ona kaxxgoro n3 KOTopbIxX
MOXHO CKOHCPUTYypUpoBaTb CBOM COBCTBEHHbIE CTEKU. Bnarogapsi atomy, nosenseTca
BO3MOXHOCTb pa3paboTku 6onee MHTENNEKTyanbHOro NporpaMmMHoOro obecneyeHus u
noaaepXkn onepaunoHHbIX cuctem peanbHoro BpemeHn (OCPB). B sgpo Cortex Takke
BXOAUT 24-OUTHbIN aBTOMATUYECKM Nepesarpyxaembliin Tanmep, NpeaHasHavyeHHbIn ons
reHepauum nepmoanyecKknx npepbiBaHnin n ncnonb3yemoin sgpom OCPB. Ecnu y UMY
ARM7 n ARM9 nmeetcs asa Habopa UHCTpykuun (32-6uTtHein ARM n 16-6utHbIn Thumb),
TO y cemencTtBa Cortex npegycmoTpeHa nogaepxka Habopa nHcTpykumin ARM Thumb-2.
OH npeactasBnsiet cobon cmecb 16- 1 32-6UTHBLIX MHCTPYKLMIA, NO3BONSOWME JOOUTLCS
npounssoanTenbHocTn 32-6utHoro Habopa nHcTpykunin ARM n nnoTHOCTK Koaa,
CBONCTBEHHOM 16-6UTHOMY Habopy MHCTpyKuun Thumb. Thumb-2 - o6wmnpHLIN Habop
WHCTPYKUWUIN, OPUEHTUPOBAHHBIM Ha KOMMNUAATOPbI S3blIkoB C/C++. 3TO 03HaYaeT, 4YTo
nporpamma gnga Cortex-MMKpoKOHTposifiepa MOXET OblTb NOSTHOCTbIO HanMcaHo Ha Cu.

1.2. O030p cemeuncta STM32

[o nosiBneHuns STM32 komnaHna ST yxe nvena B CBOEM BbIyCKAEMOM aCCOPTUMEHTe 4
ceMencTBa MUKPOKOHTponnepoB Ha ocHose saep ARM7 n ARM9, ogHako UMEHHO y
MUKpPOKOHTponnepos STM32 Obino 4OCTUMHYTO CyLEeCTBEHHOE Yrny4ylleHNne COOTHOLLEHUS
CTOMMOCTU U pabounx xapaktepuctuk. MukpokoHTponnepbsl STM32, ueHa KOoTopbIX 3a
LUTYKY NPpY NOKYyMNKe B6oMbLnX KOMYEeCTB CoCTaBnsieT YyTb 6bonee ogHoro EBpo, 6pocatoTt
CEPbE3HbLIN BbI3OB CYLLECTBYIOLWNUM 8-OUTHBIM MUKPOKOHTponnepam. MukpokoHTponnepsbl
STM32 n3HavanbHo BbiNyckanucb B 14 pasnuyHbIX BapuaHTax, pasgefneHHble Ha ABe
rpynnel: Performance Line, B KOTOPYO BOLUSIM MUKPOKOHTPOMSEPbLI C TAKTOBOW YacTOTOM
LIMTY o 72 MI'y, n Access Line (TaktoBas 4yactota go 36 Mlru). O6e rpynnbl
MUKPOKOHTPOSIEPOB COBMECTUMbI MO PACMONOXKEHNIO BbIBOOB Y MPOrpamMMHOMY
obecneveHnto. Ob6bem nx BctpoeHHon Flash namaTu gocturan 128 kbawnt, a cratnyeckoro
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OBY - 20 k6anTt. C MOMEHTa NepBoro NoSBNEHUst MUKPOKOHTponnepoB STM32 nx
aCCOPTUMEHT BbIN CyLLEeCTBEHHO paclUMpeH HOBbIMU NPEACTaBUTENSAMM C MOBbILEHHbIMU
pasmepamu O3Y un Flash namatn, a Takke c 6onee cnoxHoivMn YBB.
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Cemencteo STM32 coctouT 13 ayx rpynn. pynna Performance Line paboTaeT Ha
TaKTOBbIX YacToTax Ao 72 MI'y n ocHaweHa nonHbiM Habopom YBB, a rpynna Access Line
paboTaeTt Ha YacTtoTax go 36 My n nHTerpmpyet orpaHnyeHHbln Habop YBB

1.2.1. MuHoropyHkuuoHajibubsie Y BB

Ha nepBbin B3rnsag Habop BcTpoeHHbIX YBB, B T.U. agBa ALII, Tanmepbl obLiero

HasHaueHus, 12C, SPI, CAN, USB u yacbl peanbHoro BpemeHu (UPB), kaxeTcs
NOEHTUYHBIM CaMbIM NPOCTbIM MUKPOKOHTponnepam. Ho ecnun getanbHO paccMOTPETb
Kaxxgoe n3 atux YBB, To BbiiCHUTCSA, 4TO OHM ropa3go 6onee cnoxHole. Hanpuwvep, 12-
6uTtHbIN AU oBopynoBaH gaTyMkoM TemnepaTypbl U NOAAEPKUBAET HECKONBKO PEXMMOB
npeobpasoBaHus, a MK ¢ gesyma AL moryT ncnonb3oBaTtb X COBMECTHO €LLe B AEBATH
pexrmMmax npeobpasoBaHus. 1o aHanormm ¢ 3TuM, Kaxabli U3 YeTbIpeX TaNnMepOB,
OCHaLLEHHbIX BriokamMu 3axBaTta U CPaBHEHWUSA, MOTYT UCMONb30BaTbCA KaK OTAENbHO, Tak U
COBMECTHO, 06pa3yto 6onee CnoxHble MaccuBbl TaNMEPOB. Y paclUMPEHHOro Tanmepa
(advanced timer) pobasneHa nogaep kka ynpasneHusa anektpoasuratenamMmu. [ns atoro y
Hero npegycmMoTpeHo 6 komnneMmeHTapHbIx LLUMM-BbIxogoB ¢ nporpammMmmpyemMon naysomn
HenepeKkpbITUS N BXOA, 3KCTPEHHOro octaHoBa, KoTopbin nepesoant LUMM-BbIxoab! B
npegBapuTenbHO 3anporpaMmMmmupoBaHHoe 6esonacHoe coctosaHue. Y nHutepdgenca SPI
npegycMoTpeH annapatHbin reHepaTop CRC ans 8 n 16 cnos, 4To ynpoLaeT peanuaawmio
nHTepdenca kapt Flash namatn SD n MMC.

B oTnuumne ot NpocTbiX MUKPOKOHTpONNepoB, y STM32 Takke NnpeaycMoTpeH 7-
KaHanbHbIN 6ok npsimoro goctyna kK namatu (MAMN). Kaxaein kaHan moxet
MCnonb3oBaTbCA A5 nepegayun gaHHbIX Mexay pernctpamu noboro ns YBB un
3anomuHarwmnmm yctporcteamm 8/16 nnmn 32-6utHeimm cnosamun. Kaxxgoe n3 YBB moxet
BbINOMHATb POSb MOTOKOBOro kKoHTpornepa MNAl, npy HeobxoaMMoCcTU OTNpaBNAa AaHHbIE
WU NocbINasa 3anpoc Ha nx nonyvyeHme. ApouTp BHYTPEHHEN WMHbLI U MaTpuua WnH
MUHUMU3NPYIOT NOTPEOHOCTL B apbuTpaxe AocTyna K WwmHam co ctopoHbl LMY n kaHanos
MAM. 310 o3Ha4vaerT, yto 6nok MAIN saBnaeTcs yHMBepcanbHbIM, NPOCTbIM B MPUMEHEHUN U
peanbHO aBTOMaTU3NPYET nepeaady NOTOKOB AaHHbIX BHYTPU MUKPOKOHTpOrnepa.

MukpokoHTponnepbl STM32 otnnyatotca Kasanocb 66l HEBO3MOXHbIM COMETAHMEM
XapaKTepUCTMK Manoro aHepronoTpedbneHns n BbICOKON Npon3sBoanuTensHOCTU. OHK
cnocobHbl paboTtaTtb oT 2B-0ro nctovHmMka nutaHmna Ha TaktoBomn yactote 72MIMuy n
noTpebnaTtb, NPy 3TOM, TOK, C YH4ETOM HaXOXAEHUS B aKTUBHOM COCTOSIHUM BCEX
BCTPOEHHbIX PecypcoB, Bcero nuiwb 36 MA. Ecnu e ncnonb3oBaTb nogaepxmnsaemble
agpom Cortex 3KOHOMUYHbIE PEXUMbI PabOThl, TO NOTPEBNAEMbIA TOK MOXHO CHU3UTb A0
HUYTOXHBIX 2 MKA B pexxume STANDBY. [nsa 6b6ICTpoThl BO30OHOBNEHNSA akTUBHOW paboThl
MUKPOKOHTpOnepa ncnonb3yetca BHyTpeHHU RC-reHepatop Ha yacTtoty 8 MI'y. Ero
aKTUBHOCTb COXPaHAETCS Ha BpeMs 3anycka BHELLHero reHepatopa. bnarogaps 6eictpoTte
nepexoga B 9KOHOMUYHbLIN PEXMM pabOoTbl U BbIXOAA U3 HUX PE3YNbLTUMPYIOLLLAa CPpeaHsst
notpebnaemas MOLLHOCTb eLle 6ornbLle CHMXKAeTCA.

1.2.2. be3onacHoCThb

MHorne coBpeMeHHbIe NPUMEHEHUS, MOMUMO BbICOKOW NPOU3BOAUTENBHOCTU U
MHOroyHKUMOHanbHbIX YBB, aomkxHbl obnagaTte MHCTpyMeHTaMu, obecneynsatoLume
6esonacHocTb. [laHHoe TpeboBaHue 6bino yuyteHo y MK STM32. B HUX nHterpnpoBaH psig
annapaTHbIX 6N1OKOB, oTBeYarLWwmux 3a 6e30MacHOCTb PpaboTbl MMKPOKOHTPOMEpPa, B T.u.
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ManoOMOLLHbIA CyNnepBM30p NUTaHUS, CUCTEMA 3aLLNTbI CUHXPOHU3ALMN 1 ABa OTAENbHbIX
CTOPOXEBbIX Tanmepa. [epBbi CTOPOXEBOW TaMep OTHOCUTCS K OKOHHOMY TUMY
(windowed watchdog). Ero Heob6xoaumo obHOBNATL TOMBKO B Npeaernax oTBeAeHHbIX
BPeMEHHbIX pamMok. Ecnun aTo caenatb CrMLWKOM paHO MKW CAULLKOM NO34HO, TO OH
creHepupyeT curHan cpabaTbiBaHus. [pyron CTOpoXXeBOn TanmMep NOMHOCTLIO HE3aBUCUM
oT nepBoro. OH CMHXPOHM3MPYETCS OT OTAENBHOMO BHYTPEHHErO reHepaTopa, KOTOpbI He
CBSI3aH C MaBHOW CUCTEMHOM CUHXpOHM3aumnen. Y MK Takke ncnonb3yeTtcst cuctema
3aLKUTbl CUHXPOHU3ALUUKN, KOTOpas MOXET BbISBMNSATbL nepedon B paboTe OCHOBHOIO
BHeLLHero reHepaTtopa 1 6e3onacHo nepeksntoyaTbca Ha paboTy oT BHyTpeHHero RC-
reHepartopa 4actotbl 8 MI'u.

1.2.3. 3amMIeHHoCTh

Ewe ogHMM HenpocTbiM TpeboBaHNEM K COBPEMEHHBIM pa3paboTkam siBNSeTCs 3awuTa
Koga nporpammbl OT xuweHus. B atom nnane, Flash namate MK STM32 ocHaweHa
nporpaMmMmmpyemon GrioKMpPOBKOM YTEHUS Yepes O0TnadoYHbIi nopT. [Nocne akTuemnsauum
aTOM BNOKNPOBKM ByaeT Takke HEBO3MOXHO M 3anmncaTb 4YTo-nmbo Bo Flash namate, 4To
NCKITHOYaeT BO3MOXHOCTb BHECEHUSA U3MEHEHUIN B Tabnmuy BEKTOPOB npepbiBaHui. B
ocTanbHon YacTtu Flash namstn moxeT ObITb akTUBMpOBaHa bnokuposka 3anucu. Y MK
STM32 Takke MMerTCs Yacbl peanbHOro BpeMeHn n HebonbLiasa obnactb
9HeproHesaBncumoro ctatndeckoro O3Y, KOTopble NUTAOTCSA OT OTAENBHOIO PE3EPBHOMO
BGaTtapenHoro nctoyHuka. B aton obnactn nmeeTcsa BXoa pearmpoBaHns Ha BHELLHee
BMeLlaTenbCcTBo. [1py n3MeHeHnn COCTOsIHUS Ha AaHHOM BXOAE reHepupyeTcs
npepbiBaHWE 1 OBHYNAETCS COAepPXXMMOe aHEProHe3aBmMcMmMoro cratudeckoro O3Y.

1.2.4. PazpaboTka nporpamm

Ana Tex, kto yxe pabotan ¢ ARM-MUKpokoHTponnepamu, NPUATHON HOBOCTLIO MOXET
oKa3aTbCH BO3MOXHOCTb MOAAEPXKKM MMELLMMUCS CpeacTBamMm A51s NPOeKTUPOBaHUS
Habopa nHcTpykunin Thumb-2 n cemenctea Cortex. B xygwem cnydae, 4tobbl nossunach
Takasi nogaepkka, notpebyercs obHoBNeEHNE NporpaMMHoOro obecnedeHus. ST Takke
npegnaraet 6ubnuoteky apaneepos YBB, 6ubnuoteky ansa paspabotkun USB-
npynoxeHunn, a tTakke 6ubnmoteky ANSI C n nCxogHbIN KOA, KOTOPbIA COBMECTUM C paHee
BbIMyLLEHHbIMM Bnbnnotekamm ans MmkpokoHTponnepos STR7 n STRY. Ha gaHHbIn
MOMEHT AOCTYMNHbI NOPTbI AaHHbIX BUbNnoTek ans Hanbonee NONyNAPHbIX KOMNUNATOPOB.
Ana cemenictBa Cortex Takke npegnaraetcst MHOXECTBO KOMMEPYECKUX U C OTKPbITbIM
kogom OCPB, a Takxe caasytowero MO (TCP/IP, dannosble cuctems! 1 T.0.).

MukpokoHTponnepsl Cortex-M3 Takke oCHalleHbl COBEPLLUEHHO HOBOMW OTNago4HOM
cuctemon CoreSight. loctyn k cucteme CoreSight opraHnsoBaH 4Yepes crneumanbHbIv
nopt Debug Access Port (DAP nopT), cBA3b KOTOPbLIM OCyLLecTBNsAeTcd, nMbo no
cTaHgapTHomy nHtepdgency JTAG unu no nocnegoBateribHOMY 2-NpoOBOAHOMY
nHTepdency. Cuctema CoreSight, noMMmMo ynpasneHus ICNONHEHNEM NporpamMmbl B
OTNago4yHOM peXnme, UMeeT BO3MOXXHOCTb YCTaHOBKM KOHTPOSIbHbIX TOMEK AaHHbIX (data
watchpoint) n nHcTpymeHTansHoOn TpaccupoBku (instrumentation trace).
NHCTpymeHTanbHasa TpaccnpoBka MMeEeT BO3MOXHOCTb OTNPaBATb BbIOPaHHYHO
NpUKNagHyo nHopmaLmio B OTragovHoe cpeacTBo. ATa PYHKUNA MOXET TaKkke
npefocTaBnaTb paclUMPeHHY0 MHGOPMaLMIO O nNpouecce oTnagku U UCNonb3oBaTbCs B
Xo4e TeCTMPOBaHMUS NporpamMmmMHoro obecneyeHus.



1.2.5. I'pynnsl Performance Line u Access
Line

Cemenctso STM32 coctout ns apyx otaenbHbix rpynn: Performance Line n Access Line.
MK Performance Line ocHalleHbl nonHeiM Habopom YBB 1 paboTatloT Ha TakToBbIX
yacTtoTax He 6onee 72 MI'y. B cBoto ovepenb, MK Access Line nmetoT orpaHn4eHHbIN
Habop YBB 1 umetot cHmxkeHHoe o 32 MIMy 6eicTpogencTane. BaxHo 3amMeTuTb, YTO
cpeav MUKPOKOHTPOSIEPOB pasHbIX rpyrnn UMEKTCS BEPCUN B OAMHAKOBbIX KOprycax 1 C
OOMHaKOBbIM pacnonoXeHnem BblBOAOB. bnarogaps aTomy, NoABNAETCS BO3MOXHOCTb
yCTaHaBnMBaTb Ha OOHY M TY Xe NevYaTHyo NnaTy COBMECTMMbIE MUKPOKOHTPOMNEPbI N3
pasHbIX rpynn.
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2. O630p npoueccopon Cortex

Kak ynomunHanoce Bo BBegeHuu, npoueccop Cortex aBngetca BCTpanBaemMbiM S4pO0M
HoBOro nokoneHnsa komnaHum ARM. OH BbINOMTHEH C HEKOTOPLIMK OTXO4aMU OT UAEN,
3anoXeHHbIX B OCHOBY npeaLwecteyowmx LMY ARM, cocTtouT n3 saBepLUeHHOro
npoueccopHoro sapa (o6pasosaH LMY Cortex n okpyxarowmm ero Habopom CUCTEMHbIX
pecypcoB) u siBnseTca "cepguem" BcTpamBaeMblx cuctem. B cBasun ¢ 6onbLlumm
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pa3Hoobpa3snem BCcTpamBaeMbix cucteMm, npoueccop Cortex BbiNycKaeTcs B PasfuyHbIX
npuknagHbix npodunsx. Npodunb o6o3HavaeTca nocne HanmeHoBaHus Cortex.
CywectByeT Tpy npochuns:

Cortex-A - npyknagHble NpoLeccopbl AN CNOXHbIX onepaunoHHbIx cuctem (OC) n
nonb3oBaTeNbCKUX NpunoxeHun. MNMogaepxmeatoT Habopbl MHCTPYKLUMA ARM,
Thumb n Thumb-2.

Cortex-R - npocunb ans onepaumoHHbIX CUCTEM pearibHOro BPEMEHM.
MoppepxumBatoT Habopbl MHCTpykumMin ARM, Thumb 1 Thumb-2.

Cortex-M - MMKPOKOHTpONNEpPHbIN NPOUNb, ONTUMU3NPOBAHHLIN Nog TpeboBaHMs
KPUTUYHBIX K CTOUMOCTM NpUMeHeHun. lNoaaepxmuBaeT TONbKO HABOP UHCTPYKLMI
Thumb-2.

Yucno, 3aBepLiatoLLiee HaumeHoBaHMe npoueccopa Cortex, ykasbiBaeT Ha ero ypoBeHb
pabounx xapakTepucTuk, npuyemM 1 ykasbliBaeT Ha caMbli HU3KUI YPOBEHD, a 8 - Ha caMbli
BbICOKMIA. Ha AaHHbLI MOMEHT B MUKPOKOHTPOSINIEPHOM NMpodhusie HamBbICLLNA YPOBEHDb
XapakTepucTuk - Tpetnin. MukpokoHTponnepbl STM32 BbinosHEHbI HA OCHOBE Npoueccopa
Cortex-M3.

2.1. Bepcuu apxutektyp ARM

NHorga ARM ccbinaetcs Ha cBom Npoueccopbl N0 HAMMEHOBAHWUIO BEPCUM apXUTEKTYPbI,
4YTO MOXET couTb ¢ Tonky. (Mpumepsbl 3anucn Bepcun apxmtektyp: ARMV6, ARMV7 u 1.4.).
Bepcusa apxutektypbl npoueccopa Cortex M3 - ARMV7M.

MoanepxKa
AMHaAMUYeCKWNX
KOMMWNATOPOE
VFPv3
YnydweHHble SIMD
NEQON ™
Thumb&-2 Thumb-2
{onuuA)
TrustZone ™
SIMD
VFPv2
Jazelle® Tonbko Thumb-2

ARMvYS ARMvE ARMv7 AMR ARMYT M

Mpoueccop Cortex-M3 BbinonHeH no apxmutektype ARMV7 n nogaepXuBaeT BbiNOSIHEHME
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NMHCTPYKUun Thumb-2

Takum obpasom, gokymeHTaums Ha Cortex-M3 cocTouT N3 cnpaBovYHOIO PyKOBOACTBA MO
npoueccopy Cortex-M3 n cnpaBo4yHoro pykosoacTtea no apxutektype ARMV7M. O6a atux
AOKYMeHTa MOXHO ckavaTtb ¢ canta ARM .

2.2. ITpoueccop Cortex u IIITY Cortex

YT06bI NOAYEPKHYTL OTNNYMSA MEXOY 3aBepLUEHHbIM BCTpanBaeMbiM sapom Cortex n
BHyTpeHHuM RISC LY, nanee 6yayT ucnons3osatbecs TepMuHbl npoueccop Cortex un
LIMY Cortex, cootBeTcTBEHHO. B cneaytowem naparpade 6yayT paccMOTpeHb! KNoveBble
ocobeHHocTn LMY Cortex, a 3aTem cucteMHble pecypchbl npoueccopa Cortex.

2.3. HITY Cortex

OcHoBown npoueccopa Cortex sienserca 32-6utHoe RISC UIMY. JanHoe LMY ncnonb3yet
YNPOLLEHHYIO Mofenb nporpammupoBanus ARM7/9, Ho, npu aTom, 6onee obLnpHbIN
Habop MHCTPYKLUUIA C XOpOoLUeN NOAAEPKKOW LLeNOYNCIEHHON apUdMETUKN, YyYLLIEHHBIMU
BuTOBLIMM OnepauusaMn n bonee CTPOrMMK peasibHO-BPEMEHHbLIMU XapakTepUCTUKaAMMU.

2.3.1. KoHBenep

LIMY Cortex cnoco6HO BbINOMHATE 6OMBLUMHCTBO MHCTPYKUMIA 3@ OOMH LMK, Takke Kak n'y
LIITY ARM7 n ARM9, ato gocturaetcs ¢ MOMOLLbI0 TPEXCTYNeHYaToro KoHeBenepa.

MaMATE =l Beibopka | dewngppaumajcnonHeHue

3 cTyneHKn
npeasapMuTenbHOK
BbIDOPKH

LIMY Cortex-M3, Takke kak n ARM7/ARM9, ncnonb3dyeT TpexcTyneH4yaTbli KOHBENEP.
Opnako Cortex-M3 Takke nogaoepxuBaeT npeackasaHue nepexogoB Ans MUMHUMU3aumm
KonumyecTBa nepesarpy3ok KOHBenepa

Bo BpeMs BbINOMTHEHMST OAHOW MHCTPYKLUMK, cnefyowas - gewmdpupyertcs, a TpeTbs -
CUNTBIBAETCA U3 NAMATU. DTOT MEXaHWU3M OTIIMYHO paboTaeT C NIMHENHbIM KOAOM, HO, eCcriv
TpebyeTcs BbINOMHUTL Nepexoq, To, Npexae YemM NPOAOIMKUTL BbIMOMHEHNE Koaa
nporpaMmmbl, NOTpebyeTca ouncTka u nepesarpyska koHserepa. Y UMY ARM7 n ARM9
nepexobl CyLECTBEHHO OrpaHM4YMBalOT NPOU3BOAUTENBHOCTL UCMOMHEHNS KoAda
nporpamMmmsbl. Bo nsbexaHune atoro, TpexctyneHyartbii koHerep LIMY Cortex ocHaweH
NOrnKon npeackasaHnsa nepexonoB. OTO O3HAYAET, YTO NPU JOCTUXKEHUN UHCTPYKLMMK
YCNOBHOIO nepexoa BbINOMHAETCH ynpexaatoLias Bobibopka u, B pesynsrarte, oba
Ha3Ha4YeHWs1 MHCTPYKLMM YCNOBHOrO nepexoda 6yayT OCTYMHbI ANS UCMOMHEHNS Y
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CHWXXEHNE NPoM3BOAUTENBHOCTU He Npon3onaeT. Xyxe o6CTosAT Aena ¢ MHCTPYKLUSIMU
KOCBEHHOr0 Nepexoa, T.K. B 3TOM Cryyae ynpexaatoLlyro BbIGOPKY BbINOMHUTL HENMb3s U
nepesarpyska KoHBeepa MOXeT okasaTbCsi HeU3BEXHOMN.

Takum obpa3om, KOHBENEP - UHCTPYMEHT, OT KOTOPOTrO 3aBUCUT pe3ynbTupytoLlas
npounssoantTensHocTb LIMY Cortex n kotopbi He TpebyeT Kaknx-nmbo AencTBui Co
CTOPOHbI KOAa nporpamMmmbi.

2.3.2. Moaejab NporpaMMHUpOBaHU A

LIMY Cortex asnsetca RISC-npoueccopoM, KOTOPbIV BbINOMHEH MO apXUTEKTYpe
yTeHus/3anucu. [1ns BbINONHEHUS onepaunin o6paboTkm AaHHbIX BHavane Heobxoammo
NOMECTUTb onepaHbl U3 NAaMATU B LIEeHTparibHbIN PErMcTPOBbIA ¢pann, 3aTeM BbINOMHUTL
Tpebyemyto onepaumio Hag AaHHbIMU B perucTpax u, HakoHeL, nepesanncaTb pesynsrart
obpartHo B namsThb.

M1 Mov M1, R4

[

Mov M2, R D
M2 ST Add R4 Rq Rz (R4 =R1+R2)

M3 Mov R4, M3 >

Cortex-M3 BbINonHeH No apxutekType YTeHus/3annucu. Bce gaHHble, nepes BbINOSIHEHNEM
WHCTPYKUMK UX 06paboTkn, HEOBXOAMMO NOMECTUTb B LIEHTPanbHbIA PEFMCTPOBbLIN dhalisn

CnepoBatenbHO, BCA aKTUBHOCTb NPOrpaMmbl hOKYCUPYETCH BOKPYr permcTpoBOro danna
LIMY. OanHbI pernctpoBbin hann obpasytoT wecTHaauatb 32-OUTHbLIX PermcTpos.
Pernctpbl R0O-R12 - 06bl4HbIE PErUCTPbLI, KOTOPbIE MOTYT MCMNOSb30BATLCA OS5 XPaHEHUS
NporpaMmHbIX NepemMeHHbIX. Y pernctpoB R13-R15 umetotca ocobble yHKUUKN B pamKax
LMY Cortex. Pernctp R13 BbicTynaeTt B ponu ykasaTtens creka. [JaHHbIn perncTp aBnsieTcs
GaHKOBbIM, 4TO AenaeT Bo3moxHow paboty LIMY Cortex B AByx pexumax paboThl, B
KaXXgoM M3 KOTOPbIX UCMOMb3yeTcs CBOe COBCTBEHHOE MPOCTPAHCTBO cTeka. [laHHas
BO3MOXXHOCTb 0OObIYHO MCMOMb3yeTCcsa onepaumoHHbIMU CUCTEMaMK PeanbHOro BpEMEHMU
(OCPB), koTOpble MOryT BbIMOMHATL CBOM "CUCTEMHBIN" KOA B 3aLUULLEHHOM pexnve. Y
AByx ctekoB LMY Cortex nmetotcst cobCTBEHHBIE HAMMEHOBAHWS: OCHOBHOWN CTEK N CTEK
npouecca. Cneaytowmn pernctp R14 HasbiBaeTca pernctpom ceasu. OH ncnonbayercs
ANS XpaHeHnsa agpeca Bo3Bpara 13 nognporpammel. bnarogapsa Hemy, LMY Cortex
ObICTPO NepexoanT K nognporpaMmme 1 BbIXOAUT U3 Hee. Ecnu e B nporpamme
MCNONb3YeTCA HECKOSNbKO YPOBHEN BNOXEHWUA NOANPOrpaMm, To KOMNunsaTop Gyaer
aBToMaTuyeckn coxpaHatb R14 B ctek. MNocnegHun pernctp R15 - cyetymnk nporpammei;
MOCKOJTbKY OH SIBIISIETCSA YaCTbiO LIEeHTPanbHOro permcTpoBoro dpanna, ero YTeHue u
0bpaboTka MOXET BbINOMHATLCA aHaNoOrM4yHO NOLIM APYrM perncTpam.

14



Main

R4
RS
R6
R7
REB
RO

R10
R1l1

R12 Process
Ykasatens cTeka | Bl ) Sp

Pervctp ceAsu | 20 10000
CyeTyMK NporpamMmel | L0 (e

Y UMY Cortex-M3 nmeetcs pernctpoBbin dains, coctoswmm n3 16 32-6uUTHbIX permcTpoB.
Tarke kak n 'y npeawectaytowmnx LMY ARM7/9 pernctp R13 BbicTynaeT B ponu ykasartens
cteka. R14 - peructp cBsaaun, R15 - cyetumk nporpammbl. R13 aBnsietca 6aHKoBbIM
perncTpom, 4to nossonsiet Cortex-M3 pabotaTb C ABYyMS CTeKamu: CTEKOM npouecca u
OCHOBHbIM CTEKOM

2.3.2.1. XPSR

Nomumo pernctpoBoro hanna, UMeeTca OTAENbHbIA PErNCTP, KOTOPLIN HA3bIBAETCS
pernctpom cratyca nporpammbl. OH He BXOAUT B OCHOBHOW PErMCTPOBLIN hais, a 4OCTyn
K HEMY BO3MOXEH C NMOMOLLbIO ABYX crneunanbHbIX MHCTPYKUMA. B XPSR xpaHsTca
3Ha4YeHMs Nonewn, BIMAIOLWKNX HA ucnonHeHne nHetpykuun LMY Cortex.

31 26 25 24 23 16 1§ 1a a 7 1]
N ZcV QICI/ITT ICI/IT = Howep ISR

ISR - npoueaypa 0dDpadoTEKM NpepLIBaHUA

ICI - BO200HOBNAEKAA NPEPLIBAHMEN WHCTPVHLMA

PeFI/ICTp cTaTtyCa nporpamMmbl COAEPXKUT NOSNA CTaTtyca, OT KOTOPbIX 3aBUCUT UCMOJTHEHUNE
WHCTPYKUMIA. [JaHHbIM PErNMCTP pa3feneH eLle Ha Tpu perucTpa: permcTpbl ctatyca
NpUKNagHon NporpamMmebl, UCMOMHEHNS NPOrpamMMbl 1 NpepbIBaHUN

Butbl pernctpa XxPSR pasaeneHbl Ha Tpu rpynnbl, K KaXKAoW U3 KOTOPbIX BO3MOXEH A0CTYN
Nno co6CTBEHHOMY HaMMeHOBaHU0. BepxHue natb 6uT (cbnarm Koga ycrnoBusi) UMEHYHTCA
perucTpom cratyca npuknagHon nporpammel. [NepBble YeTblpe donara koga ycnosusa N, Z,
C, V (ungukaumsa otpuuatensHoro (N) nnu Hynesoro (Z) pesynerata, nepeHoca (C) u
nepenonHenus (V)) yctaHaBnuealTca U cbpacbhiBatOTCs NO UTOram BbIMOSTHEHUS
NHCTPYKUUKN 06paboTkm AaHHbIX. [1aTbii 6UT Q ncnonb3yeTcs Npy BbINOSIHEHUN
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MaTeMaTUYeCKNX MHCTPYKLUUI C HACbILEHNEM ariropuTMOB LinpoBon obpaboTku
curHanos (LUIOC) ana nHankaumm 4OCTMXEHNA NEPEMEHHOM CBOErO MaKCUMManbHOro unm
MUHMMAaIbHOIo 3Ha4YeHnd. Takke Kak u 32-6uTHble MHCTpYKumMM ARM, HekoTopble
WMHCTPYKUMN Thumb-2 BbINOMHAITCH TOMBKO NPU YCNOBUK COBMNageHns Koga ycrnosus
WMHCTPYKLMKN MU COCTOSAHUSA doriaroB permcrpa craTyca npuknagHon nporpaMmmel. Ecnu kogpbl
YCNOBUSA MHCTPYKLMN HE COBMAAAaloT, TO MHCTPYKUUSA NPOXoAuT no KoHeerepy kak NOP
(HeT onepaunn). ATUM rapaHTUPYETCs PaBHOMEPHOCTb NPOXOXAEHUS MHCTPYKLUMIA MO
KOHBENEPY U MUHUMU3NPYETCH YNCIO Nepes3arpy3ok koHeerepa. Y Cortex gaHHbIM cnocob
pacLuMpeH perncTpoM craTtyca UCMOMHEHNA NporpamMMsbl, KOTOPbIA CBsi3aH ¢ butamu 26...8
pernctpa XxPSR. 31oT permuctp coctout ua Tpex nonewn: none "If then" (IT), none
BO30OHOBMNSIEMOM NpepbiBAHNEM UHCTPYKLUN U nosne MHCTpyKumm Thumb. Habop
NMHCTPYKUMn Thumb-2 peanuayeT a¢peKTNBHBLIA METOA BbINOMHEHNS KOMMNAKTHbIX OrIOKOB
nHcTpykumn Tuna 'if then'. Ecnu nposepsemoe ycrnosme NCTUHHO, 3aMUCbio 3HAYEHUS B
none IT moxHO curHanmamnposatb LIMNY 0 Heo6xoanMmMocCTn BbIMOMHEHNSA OO0 YETbIpeX
cnegyoLwmx MHCTPYKUMIA. Ecnn e npoBepsiemMoe yCcroBue - NOXHoe, TO AaHHble
WMHCTPYKUMK NnponayT no koHeenepy kak NOP. Huxke npuBoantca npuMmep KoanpoBaHus
TUMUYHOW CTPOKM Nporpammel Ha Cu:

If (xr0 ==0)

CMP r0, #0 npoBepka r(0 Ha HOJb

ITTEE EQ ecsiu Ia, BBIIOJHAKWTCSH CJleOyolie IBe MHCTPYKLUM
Then r0 = *rl +2;

IDR r0, [rl] Barpyska OaHHHX K3 namMatu B r0

ADDrO0, #2 cijoxeHue c 2

HecmoTps Ha TO, YTO BONLLUMHCTBO MHCTPYKUMIA Thumb-2 BbINOAHATCA 3a OOUH LMK,
HECKOIMbKO MHCTPYKUUI (HAanpuMep, UHCTPYKLUUK YTeHns/3anncu) TpebyroT ans
BbIMOMHEHNA HECKONLKO LMKNOB. YT06bI TOYHO 3HaTL Bpemsi oTknmka LMY Cortex Ha
npepbiBaHns, AaHHbIE UHCTPYKUUKN OOMKHbI ObITh NpepbiBaeMbiMu. B criyvae
NpeXxaeBpeMEeHHOro NpekpaLLeHnsa NCNOMHEHNA NHCTPYKUMX B None BO30OHOBNAEMbIX
npepbIBaHUSMUN MHCTPYKLUMIA 3aNOMUHAETCS HOMEpP CreayrLero perucrpa, nognexatiero
006paboTKe NHCTPYKLUMEN MHOFOKPATHOIO YTEHNSA 1nun 3anucu. Takum obpasom, cpasy
nocne 3aBepLueHus npoueaypbl 00paboTkm NpepbiBaHus, BbINOSIHEHWE UHCTPYKLMN
MHOrOKPaTHOro YTeHMs/3anmcn MoxeT bbiTb BoccTaHoBNEHoO. [NocnegHee none Thumb
npegycMoTPEHO Ans coBMecTMMocTu ¢ npegwecteyowmmm LMY ARM. [JaHHoe none
CUrHaANN3npyeT, YTO B AaHHbIN MOMeHT LMY BbinonHsaeT nHetpykumo ARM vnmn Thumb. Y
LIMY Cortex-M3 gaHHbIN BUT Bcerga paBeH eanHuue. HakoHew, B none cratyca
npepbiBaHNA XpaHUTCA MHpopmauma o Nodbix NPUOCTAHOBIIEHHbIX 3anpocax
npepbiBaHUA.

2.3.3. Pexumsbl padors! LIITY

HecmoTps Ha To, 4To npoueccop Cortex paspabaTtbiBancs Kak 6bICTpoaencTeyoLLee,
NpOCTOE B UCMOMNb30BaHMUU U C MaribiM YUCIIOM NTOMMYECKUX SIEMEHTOB
MUKPOKOHTpONepHoe S4po0, B HeM Obina ydTeHa nogaepxka OCPB. MNMpoueccop Cortex
noaaepXuBaeT Asa pexnma pabotbl: pexxum Thread (MnNn NOTOKOBbLIV PEXMM) U PEXUM
Handler (nnu pexxum obpabotymka). LMY 3anyckaetca B pexume Thread npwm
HenpepbIBaeMOM, (POHOBOM BbINOSTHEHUU MHCTPYKLUUI U NepeknovaeTcs B pexum Handler
npun obpaboTke ncknounTenbHblx cutyaumin. Kpome toro, LMY Cortex MoxeT BbINOMAHATb
KoA nporpaMmbl B NPUBUNErMPOBAHHOM UITU HEMPUBUIENMPOBAHHOM pexnme. B
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npuBunerMpoBaHHoM pexume, LIMY nmeet goctyn Ko Bcemy Habopy MHCTPYKUWA, a B
HENpPMBUIErMPOBAHHOM PEXMME HEKOTOPbIE NHCTPYKLUKN OTKMOYaKTCA (Hanpumep,
nHcTpykuun MRS n MSR, ocywecTtenstowme goctyn k peructpy XPSR n ero 6utosbim
rpynnam). B aTom pexunme Takke OTKOYaeTcst 4OCTYN K 6ONbLUINMHCTBY perncTpoB
yrnpasneHnsa cucteMHbIMU pecypcamu npoueccopa Cortex. Takke MOXHO
CKOHUrypupoBaTb ncnosnb3oBaHne creka. OcHoBHoM cTek (R13) MOXeT ncnonb3oBaTbCs
B 06ounx pexumax Thread n Handler. AnstepHatnBHO, pexum Handler MOXXHO HacTpouTb
Ha ncnonb3oBaHWe cTeka npouecca (6aHkoBbIn pernctp R13).

CynepeEM30pHLIA
pexuid Handler

MonkzoBaTenLCcKHi
pexcuu Thread

NPHBHIIE- _
FMPOBAHHbIH

ocC

HENPHBHINE

OTKazkI

~at

CHCTEMHBIA BbIZDB
(SV-BL1Z0B)
HEOoNnpeseneHHoN
MHCTPYHLMHK

TMPOBAHHLIH

MNamMAaTe:

- HHCTPYKLMH
- BaHHBIE

MpepbieaiHuA
Copoc

Mpoueccop Cortex-M3 MOXeT ncnonb3oBaTtbcs B 06bI4HOM pexnme (‘flat'), a Takke
noaaep>XnBaeT onepaumoHHbIE CUCTEMbI pearlbHOro BPEMEHW. Y Hero NnpeaycMOTpPEHb!
pexumbl Handler n Thread ¢ BO3MOXXHOCTSIMU BbiGOpa MCNONb3yeMOro cteka (OCHOBHOW
CTEK UNKn CTek npouecca) 1 NpMBUNErMPoOBaHHOIO AOCTYNa K permctpam ynpasneHus
cucteMHbiMK pecypcamm Cortex

Onepauwnun (nocne cbpoca

Crek (nocne cbpoca -

cUTyaumm He
obpabatbiBatoTcs

- 06bl4HOE BbINOSTHEHNE
Koga

MpuBunernpoBaHHble/
HenpuBUNErMpoBaHHbIe

- NPUBUNErMpPOBaHHbIE)  |OCHOBHOW CTEK)
OcHoBHON CTeK
Handler
MpuBMnernpoBaHHoe ncnonedyetcs OC u npu
- obpaboTka
NCrMonHeHne obpaboTtke
NCKITYNTENbHbIX
y MonHoe ynpaBneHune NCKINIOUYNTENbHBIX
cuTyauun o
cuTyauun
Pexxnmbl Thread
(Thread) |'"rea
- UCKITIOYUTESbHbIE

OCHOBHOW CTEK UK CTeK
npouecca

Cpaasy nocne cbpoca npoueccop Cortex 3anyckaetcs B KoHpurypaumm 'flat'. B o6omx
pexunmax, Thread n Handler, MHCTPYKUWM BbINOMHAKTCA B NPUBUNENMPOBAHHOM peXUME,
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T.0. Kakme-nmbo orpaHNYeHns Ha JOCTYN K NPOLECCOPHbBIM pecypcamM OTCyTCTBYHOT. B
pexumax Thread n Handler ncnonb3yercst OCHoBHOM cTek. YTobObl Ha4aTb BbINOSTHEHME
WMHCTPYKLMIN, JOCTAaTOMHO YKa3aTb NpoLeccopy BeKTop cbpoca n cCTapToBbIN agpec cTeka,
nocre 4Yero MoXxHo BbINonHATb Cu-kog nporpammbl. OgHako, ecnu ucnone3yetca OCPB
NN BbINOSTHAETCA pa3paboTKka KPUTMYHOIO K 6e30MacHOCT NPUNOXEHNS, NPOLLECCop
MOXET MCMNoNb30BaTbCs B Bonee n3oLpeHHon KoHurypaumm: pexxmum Handler
(ncnonbayeTtca Npy 06paboTke UCKIYNUTENbHBIX CUTYaUMiA U OnepauMoHHbIMU CUCTEMaMMU
peanbHOro BpeMEHN) C NPUBUIErMPOBaHHBIMU OnepaLmsaMm U UCNONb30BaHMEM
OCHOBHOIO CTeka u pexxum Thread npu MCnonHEHMM NPUKNagHoOro Koga ¢
HenpuBUIerMpoBaHHbIM AOCTYNOM U UCMNOMb30BaHMEM CTeka npouecca. Npn Takom
noaxoae, BeCb Ko NporpaMmmbl pasaensieTcs Ha CUCTEMHbIN U NPUKNagHON 1, MO3TOMY,
ownbkuM B NpMKNagHoM Koae He Bbi3biBatoT cboe OCPB.

2.3.4. HaO0op uncTpykuuid Thumb-2

LMY ARM7 n ARM9 nogaepxuBatoT asa Habopa nHcTpykumi: 32-6utHbeii ARM n 16-
6uTHbIM Thumb. Bnarogaps aTomy, pa3paboTynk UMeeT BO3MOXHOCTb ONTUMU3NPOBATL
CBOIO NporpamMmmy nyTem Ucnonb3oBaHnsa 6onee onTMMmaneHOro Habopa MHCTPYKUUIA NS
KaXKoW KOHKPETHOM npoueaypbl: 32-6UTHble MHCTPYKUMK, rae Bonee BaXHO
GbicTpogencTeune, n 16-6utHble, roe 6onee BaxkHa NNOTHOCTb koga. LMY Cortex
nogaepxmeaet Habop MHCTPYKUMn Thumb-2, KOTOPLIN ABNAOTCA CMeCblo 16- 1 32-BUTHbIX
NHCTPYKUnN. HCTpyKummn thumb-2 gatoT ynyyiweHne nnoTHOCTM koga Ha 26% no
CpaBHEHWUIO C 32-0UTHbIMWU MHCTPYKUnAMM ARM n npoussoguTensHocTu Ha 25% no
CpaBHEHMtO C 16-6UTHBIMU MHCTPYKUMaMn Thumb. B Habope nHcTpykuun Thumb-2
npeaycMOTPEHO HECKOSMBbKO YNYYLUEHHbIX MHCTPYKLMA YMHOXEHUS, UCMOSMHSOLWNXCS 3a
OOVH LMKI, M annapaTtHbIn genutens, Tpebylowmun 2...7 LMKMOB.

CORTEX-M3
DMIPS ARM966 (ARM)
funy

Mo ntoram TectupoBaHus npoueccop Cortex 4eMOHCTPUPYET YPOBEHDL
npounssoautensHoctn 1.2 DMIPS/MIy, 4To akBMBaANEHTHO 1.2 LUMKNam CUHXPOHU3aLUMn Ha
NHCTPYKLNIO

NcTouHUK HasHadeHue [Linknbl
16 6UT X 16 32 6uT 1
out
32 6uT x 16 32 6uT 1
out
32 6uT x 32 32 out 1
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out

32 6uT x 32
out

B Habope nHcTpykumin Thumb-2 Takke NpeaycMoTPeEHbI YyYLlLEHHbIE MHCTPYKLMK
Nepexofos, B T.4. C NPOBEPKOM U CpaBHEHNEM; BITIOKM YCNOBHOIO BbINONHEHUA Tuna if/then
N ynopsigoumBaHue 6anT ans o6paboTkM AaHHbIX; @ TaKKe MHCTPYKL MU N3BNEeYeHns 6ant
nnu nonycnos. byayun RISC-npoueccopom, LMY Cortex obnagaet o6wmpHbIM Habopom
WMHCTPYKLWIA, KOTOPbIN cneLumanbHO pa3paboTaH ¢ y4eToM ero ncnosnb3osaHus Cu-
KomnunaTtopom. TunmnyHas nporpamma ans Cortex-M3 moxeT 6bITb NOMHOCTLIO HAaNUcaHa
Ha ANSI Cn ¢ MMHMManbHbIM Y1cnom HecoBMmecTUMbIX ¢ ANSI krntoueBbIX CnoB., 3a
NCKITIOYEHMEM Tabnuubl BEKTOPOB UCKITHOYUTENbHBIX CUTYaL M, KOTOPYO HEOBXOAMMO
HanucaTb Ha Accembrepe.

64 out 3.7

2.3.5. Kapra mamsitu

Mpoueccop Cortex-M3 aBnsaeTcs cTaH4apTM30BaHHbIM MUKPOKOHTPOSIIEPHBIM S4POM W,
NO3TOMY, ero KapTa namsiTM YeTKo pacnucaHa. HecmMoTpsa Ha UCnonb3oBaHNE HECKOMbKUX
BHYTPEHHMX LUWNH, agpeCcHOe NPOCTPAHCTBO ABMSAETCA NMUHENHbIM U MMeEeT pa3mep 4 [6anT.

MepBble 1 [GanT namaTn pasgeneHbl paBHOMEPHO Mexay obnacTbio Koga nporpamMmmbl U
obnactbto ctatudeckoro O3Y. NMpocTpaHCTBO koga NporpamMmmMbl ONTUMU3MPOBAHO ANs
paboTbl ¢ wrHou I-Code. AHanorM4Ho, NpocTpaHcTBoO cTatudeckoro O3Y JOCTYNHO Yepes
wnHy D-code. HecmoTps Ha To, 4To B obnacTtu ctatndeckoro O3Y nogaepxmBaeTcs
3arpyska u UCNonHEHNEe NHCTPYKLUUIA, nX BbIGOpKa OCYLLECTBNAETCS Yepe3 CUCTEMHYHO
LLUMHY, YTO TpebyeT AONONHUTENBHOIMO COCTOSAHUSA OXMUAAHUS.

Takum o6pa3om, BbINOMHEHNE Koda nporpaMmbl U3 ctatuydeckoro O3Y 6yaet 6onee
MeAnNeHHbIM, YeM 13 BCTpoeHHou Flash namstu, pacnonoxeHHon B obnactu koga
nporpammbl. Criegytowmne 0.5 M6anT namatn - obnactb BCTpoeHHbIX YBB. B aton obnactu
Haxo4ATCcAa BCe nNpegocTaBnsemble Nonb3oBaTento NpomM3BoanTENeM MUKPOKOHTposnepa
YBB. lNepsble 1 M6anT B obnactax ctatuyeckoro O3Y n YBB asngatoTtca
BuTHOagpecyembiMn. [1nsa 3aTOro ncnonbadyerca metog bit banding. Takum obpasom, Bce
AaHHblE, XpaHsALMecsa B aTMx obnactax, Moryt obpabartbiBaTbCs Kak MOCNOBHO, Tak U
nobutHo. Cneaytowme 2 (6ant agpecHOro NpoCTpaHCTBa BblAENEHbI AN BHELUHNX
ctatnyeckoro O3Y u YBB. NocneaHune 0.5 GanT 3ape3epBUpOBaHbl AN CUCTEMHbIX
pecypcoB npoueccopa Cortex n 6yaywmnx pacwmnpenumn npoueccopa Cortex. Bce pernctpel
npoueccopa Cortex pacnonoxeHbl Mo (OUKCUPOBAHHbLIM agpecam Bo Bcex Cortex-
MUKPOKOHTpornnepax. bnarogaps atomy, obneryaerca nopTMpoBaHMe nporpamm Mexay
pasnuyHbiMm MK STM32 n Cortex-MyKpOKOHTpoOnnepaMmmn gpyrmx npomssoguTenen.

Ansa npoueccopa Cortex-M3 onpegeneHa oukcnpoBaHHasa kapta namaTn pasmepom 4
[6anT, B KOTOPOW BblOENEHbI KOHKPETHbIE 0BNacTn Ans XpaHeHnsa Koga nporpaMmmbl,
ctatmyeckoro O3Y, ycTponcTB BBOAA-BLIBOAA, BHELLHEN NAMSATM U YCTPOMCTB, a Takke
cuctemHbix pernctpoB Cortex. [laHHas kapTa namaTu ognHakoBa Ansi Bcex Cortex-
MMUKPOKOHTPONNEpPOB
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2.3.6. locTtyn K (pparMeHTHPOBAHHBIM
JTAHHBIM

Habop nHctpykuun ARM7 n ARM9 nmeet BO3MOXHOCTb 4OCTYNa K 3HAaKOBbIM U
6e33HaKkoBbIM NepeMeHHbIM Tuna 6anT, nonycnoso un crnoso. bnarogapsa atomy, LMY
€CTEeCTBEHHbIM 06pa3oM Noaaep>KMBaET LEeNoYMCreHHbIe nepeMeHHble 6e3
HeobXo4MMOCTM NCNOSb30BaHNSA NPOrpaMMHbIX BMBNMoTeEK, Kak B criydae 8- n 16-6UTHbIX
MUKpOKOHTponnepoB. OgHako y npegwecTtaytowmx LINMY ARM ecTtb oguH HeaQocTaTok,
KOTOpPbIM 3aKno4aeTcs B UX CNOCOBHOCTN onepupoBaTth TOMBKO C
HedparMeHTUPOBaHHbLIMU CIOBamMu UNu nonycriosamun. Benegcreme 3Toro nNuHKep
KoMnunsaTopa HeadhdPEeKTMBHO pa3MeLLaeT AaHHble B cTaTudeckoM O3Y n HekoTopas ero
yacTb 6yaet notepsiHa. (B 3aBMCMMOCTM OT KOMBUHALMN NCNONb3YEMbIX NEPEMEHHbIX
notepu Moryt gocturatb 25%.)

l
long (32)
/ _ char (8) Inni i:-lzi
—: (B; char (8) % P s1sls @ char (8) char (8) char (8)
char ) int (16) long (32) ...
16 /7///,///,4 v . long in?c (16)c
’ int (16) long ...
int (16)c r::_harrr(_ﬁ}r.!; / ... long (32)
B ///////‘fﬁ Z
ong  ccesesssnssasnnssnasnsnnsssssnsnsrnnnnnns

Heucnone3ayemoe (noTepsHHoe)
NMpoCTpPaHCTBO
Cortex-M3 moxeT ocyLecTBnATb AOCTYN K (oparMeHTMPOBAHHbLIM AAHHbIM, YTO
rapaHTupyet apPeKTMBHOCTb UCNONb30BaHus ctatndeckoro O3Y

LMY Cortex nogoepXnBaeT pexnmbl agpecaumm onsi Cros, nonycnos, 6ant n MoXeT
OCYLLECTBNATb (hparMeHTUPOBAHHbIM AOCTYN K AaHHbIM. brnarogapst atomy, nuHkepy
KOMNuAsaTopa NpeaocTaBnsercs nonHas csoboga B 04EPEAHOCTM pas3MeLLLEHNSA OaHHbIX B
namaTtu. Kpome Toro, nogaepxumsaemas LIMY Cortex BoamoxHOCTb bit banding no3sonsiet
rpynnupoBaTth cnarn nporpaMmmbl B NEPEMEHHLIE TUMa CMOBO UM NOMYCNOBO, a He
ncnonb3oBaTth AN KaXaoro cnara otaenbHbIN 6anT.

2.3.7. Metona "Bit Banding"

Y npeawectaytowmnx LMY ARM7 n ARM9 6utosble onepaunn B ctatndeckom O3Y MOXHO
ObIN10 BbINOMHATL TONMBKO € NoMoLLbio MHCTPYKumn AND 1 OR. [1ns atoro Heob6xogmmo
BbINONHMTb nocnegosatenbHocTb YTEHUE - MOONOUKALINA - SATNNCL. OgHako
NCNonb30BaHWe 3TOro MeToAa NPMBOAMT K YPpE3MEPHOMY PaCX040BaHMIO KONMYeCcTBa
LMKITOB Ha BbINOSIHEHME YCTAHOBKU U cOpoca OTAENbHbIX OUT N yBENUYEHUIO
pe3ynbTUPYHOLLIEro Kofga nporpamMmmbi.
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OTENWYEHHE BHEWHKWX COGHTHA
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BrnwyeHHe BHEWHMWXY COGHTMIA
Mertog bit banding no3sonsieT BbINOMHATL BUTOBLIE ONepaLmm Npy COXpaHEHUN
nornyeckux seHtunen LMY Cortex-M3 Ha MYMHMMaNbHOM ypoOBHE

[MpeogoneTb AaHHOE OrpaHNYeHne MOXHO, eCN NPeAyCMOTPETb OTAENbHbIE MHCTPYKLUUN
cbpoca n ycTaHOBKM OUT UM MHTErpupoBaTb NONMHOGYHKUMOHAMNbHbLINA Npoueccop 6GutoBon
06paboTkn, o aHAKO 3TO NPUBELAET K YBENUYEHNIO pa3MepoB 1 crnoxHocTn LIMY. Bmecto
aToro, cnocob, HasbiBaeMbln bit banding, no3BonaeT HanpsiMyro BO3AENCTBOBATb Ha BUTbI
B NamaATu n3 obnacten YBB n ctatudeckoro O3Y, He ncnonb3ysa Nnpu 3ToM Kakmx-nmbo
crneumanbHbIX MHCTPYKUMI. BuTHoagpecyemble obnactu kapTbl namaTy Cortex pasgeneHsl
Ha [Be YacTu: obnacTtb xpaHeHuss 6ut (B Hee BxoadaT oo 1 M6ant msnyeckon namstm nnu
peructpoB YBB) n obnactb goctyna k 6utam, kotopas 3aHumaeT go 32 M6anT kapTbl
namaTn. MonyynTb JOCTYN K KaXXO0MY OTAeNbHOMY BUTY M3 obnactn xpaHeHust BUT MOXHO
Mo COOTBETCTBYIOLLEMY afpecy crnoBa u3 obnactu goctyna Kk 6utam. Takum obpasom,
€eCcnu BbINOMNHATL 3anncb NoO agpecy B obnactu goctyna Kk butam Ha camom aene Mbl
Oyoem BO3gencTBoBaTb Ha 3HAYeHMe onpeaeneHHoro 6uta B omManmyeckon namsaTu.

SudAEFFEEE
’ O6nacTte
s AOCTYNA
K GUMTAM
e 2000000 \
“s4 1FFFEEE b | utFFFEEFF
IS
SnA100000 \ UBB :E-ia!
B UGAaCTE \
0000007 XpaHEeHHd GMT \ :
§ Cudd DO00N0
WAFFEEEEE
SZIFFFFF I
O6nacTe . Crar. 034 0568
1E aocTyna
g K GuTam
B 0000000
S FFFEEFE
11uE A
o DEGE
0 Kon nporpamms
T | 1) = ) 1 e—
somooeon LS ¥pABHEHHA BUT |- R—
v el AL

MeTop Bit Banding nogaepxusaetcsa B obnactax ctatndeckoro O3Y n YBB (nepsbie 1
M6anT), oxBaTbiBas Bce pecypcbl STM32

B utore, Mbl MOXXeM BO34eNCTBOBAaTbL Ha 3Ha4YeHWe OTAenbHbIX 6UT, He npuberas, npu
3TOM, K UCMOMb30BaHMUIO cneumnanbHbIX MHCTPYKLMIW U COXPaHSa pesynbTupytoLme
pa3mepbl sapa Cortex Ha MUHYManbHO BO3MOXHOM ypOBHeE. YTOObI CNonb30oBaTh 3TOT
MeTOo[ Ha npakTuKe, HeobXxoaAMMO BbIMMCIUTL aapec cnosa B obractu gocTtyna kK butam,
KOTOpbIN COOTBETCTBYET 3aaHHON S4Yenku namaTu u3 obnactn YBB unu ctatuyeckoro
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O3Y. BeinonHaeTcd 310 No cnegytowen popmyne:

Appec B obnactu goctyna k 6utam = basoBbii agpec obnactu goctyna Kk butam +
CwmeLlleHne agpeca crnoBa goctyna K outy,

rae CmelueHue agpeca cnoBa gocrtyna Kk 6uty = CmeweHme B 6antax no OTHOLIEHUIO
6a3oBoMy aapecy obnacTtu xpaHeHusa 6uT x 0x20 + Homep 6uTa x 4

Ha camom gene Bce o6CTONT ropasfao NpoLle, YeM MOXKET MoKa3aTbCsl Ha NePBLIN B3rNsA4.
PaccmoTpum npaktnyeckumn npumep. HeobxoamMmo BbINOAHUTL 3annCb B BbIXO4HON
pernctp nopta Beoga-Bbioga (IMNBB) ona yctaHoBKku nnmn cbpoca oTaenbHbIX TMHAI
BBOAa-BbiBOAA. Pnsnyecknin agpec BbIxogHoro permctpa nopta B - 0x40010COC.
[MpeanonoXxum, YTo HY>KHO yCTaHaBnmBaTb 1 copacbiBaTb OUT 8 3TOro perncrpa.
Bocnonb3yemcs npyBefeHHON Bbille (hopMYyIion:
Anpec cjora = 0x40010C0C

BazoBe azmpec objacTu xpaHeHmua OmT YBB = 0x40000000

BazoBrll azpec objlacTu mocTyna k ouram YBB = 0x42000000

CMemeHre B OaMTax IO OTHOWEHMIO 0a30BOMYy alpecy OO0JacTu XpaHeHus OuT =
0x40010C0C - 0x40000000 = 10cCOC

CvemeHue ampeca cjoBa mocryna k oury = (0x10C0C x 0x20) +(8x4) =
0x2181A0

Ampec B obslacTm mocTyna k oOmuram = 0x42000000 + O0x2181A0 = 0x422181A0

Tenepb Mbl MOXEM CO34aTb yKasaTernb Ha 3TOT afpec ¢ NomoLlbio criegytoiein Cu-CTpoku:

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

Mocne aToro, 3TOT yKasaTenb MOXHO UCMONb30BaTh AN YCTaHOBKM U copoca 6uT MNBB:

PB8 = 1; //BKioYaeM CBETOIMON

Mocne komnunsuumn 6yayT creHepupoBaHbl criegytome acceMbnepHble MHCTPYKLUN:

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

,D,J'IFI OTKITIOHEHUA cBeToanoaa 1UCnoJib3dyem CTPOKY:

PB8 = 0; // oTkjmoYaeM CBETOIOUOI

En cooTBeTCTBYIOT Cnegylowme accemobnepHble MHCTPYKUNK:

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

Takum obpasom, onst yCTaHOBKM unu cbpoca buta HeoOXOANMO BbINOSIHUTL TpU 16-
OUTHBIX MHCTPYKUMK. MukpokoHTponnep STM32, paboTtatowmmn Ha Yactote 72 MIu,
BbINOMHUT nx 3a 80 HC. AnNbTepHaTMBHO YCTAHOBKY Ui cOpoc BrTta MOXHO BbINOSTHUTD,
€CNnu NpMMeHnTb normnyeckyto onepaumto "UITN" nnn "N" ko Bcemy cnosy n3 obnactm
XpaHeHus 6ut YBB unu ctatnyeckoro O3Y:

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

Ho B Takom cny4ae, ogHa onepaunsa yctaHoBku/cbpoca notpebyeT BbINOSIHEHUSI CMECH
16- 1 32-6UTHBIX MHCTPYKLMI, KOTOPble 3aiMyT MUHUMYM 14 BalT 1 Ha TON Ke TakTOBOW
yacTtoTe OyayT BbINOMNHATLCA Kak MMHMMYM 180 Hc. Taknm obpasom, B nporpamme, rae
ncnonb3yeTcs ycTaHoBKa/cbpoc MHOXecTBa 6uT B pernctpax YBB, a Takke npumeHstoTcs
cemadpopbl 1 donaru B ctatndeckom O3Y, ncnonb3oBaHne metoga bit banding nossonut
CYLLIECTBEHHO C3KOHOMWTb, KaK pa3mep Kofa nporpamMmsl, Tak U BpEMS €ro BbIMNOMHEHUS.

2.4. IIpoueccop Cortex

2.4.1. HIuubl

Mpoueccop Cortex-M3 BbinonHeH no MapBapackon apxMTekType, KoTopas nogpasymeBaeT
NCnonb3oBaHne pasgesibHbIX WWH AaHHbIX U MHCTPYKUUK. OHM HasbiBatoTcA WwnHom Dcode
n Icode, cootBeTcTBEHHO. O6B€E 3TU LWMHBLI MOTYT OCYLLECTBNATb LOCTYN K MHCTPYKUUSM 1
AaHHbIM B AnanasoHe agpecoB 0x00000000 - Ox1FFFFFFF. Takke nmeetcs
AONONMHUTENbHas CUCTEMHAS LUMHA, KOTOpas NpeaocTaBnsieT 4OCTyn K obnactu
cucTteMHoro ynpaenenus no agpecam 0x20000000-0xDFFFFFFF n
0xE0100000-0xFFFFFFFF. Y BCTpoeHHOWN OTnago4yHon cuctemMol npoueccopa Cortex
NMeeTCs eLle OHa OoMNOoSTHMUTENbHAas WWNMHHAsA CTPYKTypa, KOTopas Ha3bliBaeTCA NOKarbHOM
wuHown YBB (Private Peripheral Bus, PPB).

2.4.2. Marpuna mvH

CuctemMHas WWHa M WNMHA OaHHbBIX NOAKMYATCA K BHELUHEMY MUKPOKOHTPOMNEpPY Yepes
Habop BbICOKOCKOPOCTHbIX LUMH, Ha3biBaeMbIX Matpuuen WwnH. OHa obpasyeT HECKONbKO
napannenbHbIX COeaNHEH Mexay WwuHamm Cortex n gpyrumm BHELIHUMUW LUMHHBIMU
MacTtepamu, Kak Hanpumep, kaHanol MO kK BCTpoeHHbIM pecypcam, ctatnyeckoe O3Y un
YBB. Ecnu gBa wuHHbIX MacTepa (Hanpumep, LMY Cortex n kanan MAM) npeanpyHumatot
nonbITKYy 4OCTYyNa K ogHOMY 1 Tomy e YBB, To BCTYnNUT B AeNCTBUE BHYTPEHHUIA apbuTp,
KOTOpPbI paspeLLmT KOHMMUKT, NpeaocTaBuB JOCTYN K LWWMHE TOMY, KTO MUMEET HauBbICLLUK
npuoputet. OgHako, bnarogapsi TecHon B3anmocssau 6nokos MANM ¢ LMY Cortex,
HeobxoammocTb apbutpaxa BO MHOIMMX criydasx ucknwoyaerca. B aTom mbl ybeammcs npu
paccMmoTpeHunn ocobeHHocTen bnoka MArl.
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2.4.3. CucreMHBIH TaliMep

B agpo Cortex BxoauT 24-0UTHbIN BbIYUTAIOLLNN CHETUMK C PYHKLMAMN aBTOMATUYECKON
nepesarpysku u reHepaumm npepbiaHus. OH Ha3biBaeTcs Tamepom SysTick n
npegHasHa4vyeH ansi ICNonb30BaHWSA B Ka4eCTBe CTaHAApPTHOro Tarmepa Bo Bcex Cortex-
MUKpOKOHTponnepax. Tanmep SysTick MmoxeT ncnonb3oBatbcsa AN POpPMUPOBaHUS
wkanbl BpemeHn B OCPB nnun gnsa reHepaunn nepruogmyeckmx npepbiBaHnn ons
06paboTkn 3annaHMpoBaHHbIX 3a4a4. C NOMOLLBIO perncTpa ynpasneHus u cratyca
Tanmepa SysTick, KOTOpbI pacnosnioXeH B 061acTM CUCTEMHbBIX PECYPCOB NpoLeccopa
Cortex-M3, nonb3oBaTernib MOXET BbiOpaTb MCTOMHMK CUHXPOHM3auun Tanmepa. Ecnn
yctaHoBuTb 6uT CLKSOURCE, 10 Tanmep SysTick 6yaet paboTtatb Ha TakToBOW YacToTe
LIFTY. Ecnu xe ero cbpocutb, TO Tamep OyaeT pabotatb Ha YacToTe, paBHon 1/8
TakToBOW YacTtoTbl LIMTY.

SYSTICK

Y¥npasneHue

W cTaTyC
Mepesarpyaemoe
3Ha4yeHue
Tekyllee sHaYeHUe

Tanmep SysTick - 24-6UTHbIN aBTOMaTUYECKN-NEpe3arpy>kaemMbli Tanmep, sSBMSOLWLMIACA
yacTblo npoueccopa Cortex-M3. OH npegHasHayeH aAng opMmMpoBaHuUs LLKarnbl BpeMeHU
B OMepaLMOHHbIX CUCTEMAX pearibHOro BpeMeH!

Y tanmepa SysTick umeetca Tpu peructpa. [1ns 3agaHusa nepuogmyHoCcTn cHeTa
Heob6X0AMMO MHNLMANU3NPOBaTb PErUCTP TEKYLLEro 3HAYEHUA N PerucTp
nepesarpyxaemoro 3HavyeHus. B permctpe ynpaBneHnunsa n ctatyca UMeroTcs GuThbl
ENABLE, no3sonstowmi aktnsnanposatb padoty Tanmepa, n TICKINT, ynpasnsatowmi
aKTUBHOCTbLIO NMHUM NpepbiBaHusa Tanmepa. [Janee mbl Oygem paccmartpuBaTtb CTPYKTYPY
npepbiBaHuin Cortex n ncnonb3oBaHue Tammepa SysTick ons reHepaunmn nepeomn
NCKMIOYMTESNTbHOW CUTYaLMN B MUKPOKOHTposnepe STM32.

2.4.4. O0paboTKa NpepbIBAHUI

OnHMMK 13 rmaBHbIX ycoBepLUeHCTBOBaHUN gapa Cortex No cpaBHEHUIO C
npeawecteyowmnmm LMY ARM aBnsitoTca CTpykTypa npepbiBaHui U MexaHn3Mm ob6paboTku
ncknrouunTeneHblx cutyauun. LMY ARM7 n ARM9 ncnonb3oBanu gse NMHUM NpepbiBaHUS:
ObICTpOaAENCTBYOLWAA NMUHNA NPEPbLIBAHMS U NIMHMA NPepbIBaHNSA 0BLLEro Ha3Ha4YeHus.
[aHHble NMHMK NogaepXKMBanu BCe UCTOYHUKN NPepbiBaHNA B paMKax MUKPOKOHTpornepa
KOHKpeTHoro npoussogutens. OgHako, HECMOTPS Ha MCMNONb30BaHMeE Ka3anoch Obl
OOMHaKOBbIX MOAXOA0B, KOHKPETHAsA peanusaunsa Morna oTnmyaTbes Mexay pasHbiMu
npoussoautenamm MK. CtpykTtype npepbiBaHiit ARM7 n ARM9 cBOMCTBEHHbI eLle aBe
npobnemsbl. Bo-nepBbix, OHa HegeTeEPMUHUCTUYECKAS, T.K. BpEMS, KOTopoe TpebyeTcs Ha
3aBepLUeHne TekyLen NHCTPYKLMN NPU BO3HUKHOBEHUU NpepbiBaHNUS HENOCTOSIHHO.
KOHeYHO e, BO MHOIMMX NPUOXeHNaX aTO He co3gaeT npobnem, HO B cucteMax
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pearibHOro BpeMeHM MOryT BO3HUKHYTb Bonblume TpyaHoCTU. Bo-BTOpbIX, Nogaepka
BNOXEHHbIX NpepbiBaHun B apxutektype ARM7 n ARM9 peanunsoBaHa Hed(p(eKTUBHO n
TpebyeT HanMcaHusa SONOMHUTENBHbLIX KOAOB NPOrpamMMbl B BUAE acceMOnepHbIX
makpocoB unm OCPB. Takum o6pasom, KN4eBOM 3agadven, Kotopasi ctosana nepea
paspaboTtynkamu siapa Cortex, aBnanacb NpeogoneHne Bcex aTuX orpaHnYeHnin n
pa3paboTka cTaHO4apPTHOW CTPYKTYpPbl NPEpbIBAHUIN, OTNMYAOLWENCA NpeaenbHbIM
ObICTPOAENCTBMEM U OETEPMUHNCTUYHOCTLIO.

2.4.5. KoHTpOJJIEP BJIOKEHHBIX
BEKTOPHU30BAHHBbIX NPePbIBAHUM

KoHTponnep BNoXeHHbIX BEKTOPM30BaHHbIX NpepbiBaHu (KBBIT) sBnsetca ctaHaapTHbIM
6nokom sgpa Cortex. 3To 03HavaeT, 4To y Noboro Cortex-MuKpokoHTponnepa dyaet
NPUCYTCTBOBATb OfHAa M Ta Xe CTPYKTypa npepbiBaHU, HE3aBUCUMO OT ero
npoussoguTens. Takum o6pasom, NpUKIagHOM Kog U onepaumoHHbIE CUCTEMbI MOXHO
nerko noptuposatb ¢ ogHoro MK Ha nobon gpyron n, npu aToM, NPOrpaMMUCTy He
notpebyeTtca nsyyeHme HoBoro Habopa pernctpos. Npu paspabotke KBBI1 Takke
YyYMTbIBarOCh, YTO 3aJepKka pearnpoBaHnsa Ha npepbiBaHne JOMKHA ObITb O4EeHb Marown.
[aHHas 3agaya pelweHa OBosikuM obpa3om: cobcTBeHHO Bo3aMokHocTsiMu KBBI, a Takke
HabopOM MHCTPYKUUN Thumb-2, MHOrOLMKNOBbBIE MHCTPYKLIMN KOTOPOrO, Kak Hanpuvep,
WHCTPYKLUN MHOTOKPaTHOMO YTEHWUS/3anuncu, SBNATCA npepbiBaeMbiMn. 3agepxka
pearmpoBaHUs Ha NpepbIiBaHUE TO Xe SABMSAETCS AETEPMUHUCTUYHOMW, YTO BaXKHO ANs
cuctem pearnbHoro BpemeHn. Kak cnenyet ns HammeHosaHna KBBI, um nogaepxusatotca
BMOXeHHble npepbiBaHUA 1, B YacTHocTH, Y MK STM32 ncnonbayetcs 16 ypoBHen
npuoputetoB. CTpykTypa npepbiBaHnn KBBI1 pa3paboTtaHa ¢ y4eToM nporpaMmmpoBaHus
NOMHOCTLIO Ha Cu 1 ncknyaeT NoTpebHOCTbL B HAaNMcaHum Kaknx-nmbo accembnepHbIX
MaKpOCOB UIK crneyunanbHbiX, HecoBMecTuMbIX ¢ ANSI, anpekTus.

INTNM| i
_".' ﬂnpo
1...240 — npoueccopa
npepelEaHHA -
INTISRIZ30:0] § SRR =
.
Cortex-M3

B npoueccop STM32 BXoAUT KOHTPONNEP BNOXEHHbIX BEKTOPU3OBAHHbIX NPEPbIBAHNN,
nogaepxmeatowmn oo 240 sHewHnx YBB

HecmoTps Ha To, yto KBBIT siBNAeTcs ctaHgapTHbIM 6nokom sigpa Cortex, B Lensax
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MUWHMMU3ALMN KONMYEeCTBa NIOrMYecKnx BeHTunen, paspabotymk MK moxet
CKOHpUIrypupoBaTh KONMMYECTBO NIMHMI NpepbiBaHu, naywmx Kk KBBI1. KoHTponnep
nogaepXmeaeT ogHO HeMackMpyemoe npepbiBaHue 1 elle Ao 240 BHELWHUX NMHUA
npepbiBaHNs, KOTOPbIE MOXHO NOAKMYUTL K Nonb3osaTtensckum YBB. B agpe Cortex
nogaepxmeaetcs ewle 15 4oNONHUTENbHBLIX MICTOYHMKOB NpepbiBaHUI, MCMOMNb3YOLLNXCA
Ansa 06paboTkM BHYTPEHHUX UCKMIOYNTENBHBIX cUTyaunn aapa Cortex. MakcumanbsHoe
4yncno Mackupyemolx nuHuin npepbisaHns KBBIT mukpokoHTponnepos STM32 paBHo 43.

2.4.5.1. Pabora KBBII npu Bxoae B
HCKJIIOYUTEIbHbIE CHTYalluM M BbIX0/€ U3 HUX

Ecnn npepbiBaHme nunuuupyetcs YBB, 1o KBBIT nogkntount LMY Cortex k obpaboTke
npepbiBaHus. Nocne nepexoga LMY Cortex B pexum npepbiBaHUSA, OH NoMeLLaeT Habop
PEerncTpoB B CTEK. JTa onepauns BbIMOMHSAETCS C NOMOLLbIO CheunanbHOro MMKpoOKoAa,
4YTO ynpoLlaeT NpuknagHon kog. B npouecce 3annucu AaHHbIX B CTEK HA LUMHE UHCTPYKLUMA
OCYLLEeCTBRsIETCH BbIOOPKA HaYyanbHOro agpeca npoueaypbl 06paboTkm npepbiBaHUS.
Bnarogaps aTomy, C MOMeHTa BO3HUKHOBEHUS NMpepbiBaHUSA 4O BbINOSTHEHUS NEPBOU
NMHCTPYKLUMKN ero o6paboTkm NpoxoanT BCero Nuib 12 uukros.

e —
:npe,u,u,n,ym,.:} =-Crapoe zHa4eHue 5P

PSR

PC

LR

IRQL |

R12 I

R3 :

R2

AnnapartHad obpaboTka |.7 . 12 »

RO NpepkIBaHUA = *‘ )‘

et

KBBI1 pearnpyet Ha 06paboTKy npepbiBaHus C 3a4epXKon BCero nuub 12 uyuknos. B HMX
BXOAWT BbINOSIHEHME MUKPOKOAA, KOTOPbIN aBTOMAaTMYeCKN NoMeLLaeT Habop pernctpos B
cTeK

K uncny nomellaembix B CTEK AaHHbIX OTHOCATCHA PErMCTP cTaTyca NporpaMmbl, CHETYNK
nporpammbl 1 permcTp cessun. bnarogapsi aTomy, 3anoMmHaeTcsi COCTOsIHUE, B KOTOPOM
Haxogunock LMY Cortex CPU. Kpome Toro, Takke coxpaHsitotca pernctpbl RO - R3. 3T1u
PErncTpbl LUMPOKO UCMOMb3YHTCHA B UHCTPYKUMAX ANS nepegayvm napaMeTpoB, No3TOMY,
noMeLLeHne B CTEK AenaeT BO3MOXHbIM UX UCMOMb30BaHWE B npouenype obpabotke
npepbiBaHns. 3aMblKaeT CNUCOK NOMeLaeMbIX B CTeK pernctpoB - R12. OH BbiCTynaeT B
ponu paboyero pernctpa BHyTpu nognporpammel. Hanpumep, ecnm B KoMnunsitope
aKTMBU3NPOBATb NPOBEPKY CTeKa, TO OyAeT reHepupoBaTbCs AOMONMHUTENbHbIN KOA,
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KoTopbIv Npy notpebHocTu B permuctpe LMY 6yget ucnonesosatb R12. o 3aBepLueHnmn
06paboTkn NpepbiBaHWs BCe AENCTBUS BbINOMHATCA B 0OpaTHOM nopsake: ¢ NOMOLLbIO
MUKPOKOAA N3BMEKAETCA COAePXKMMOEe CTeka 1, napanfiesibHo C 3TUM, OCYLLLeCTBNAETCH
BblOOpKa agpeca Bo3Bpara, Takum obpasom, A5si BO30OHOBNEHMS BbINONHEHNS (DOHOBOWN
nporpammbl noTpebyercsa 12 LMKNOB.

2.4.5.2. Yay4dllleHHbIE peKUMbI 00Pad0OTKH
IpepbIBaHUSA

Momumo BbICOKOro BeicTpoaencTaus obpaboTtkm ogHoro npepbiBaHus, KBBI Takke
xapakTtepuayetcsa acpdekTnBHoM 06paboTKON HECKONBbKMX NPEPbLIBAHNI, YTO BaXXHO OIS
BbICOKOOBLICTPOAENCTBYOLLMX CUCTEM pearnbHOro BpemeHun. [Ansa atoro y KBBIT
Nnoaaep>XMBaAETCA HECKONBbKO OpUIrMHarbHbIX METOAOB, No3BonsoLwmne obpabaTbiBaTb
HECKONbKO 3arnpoCcoB NpepbiBaHUN C MUHUMAaSbHbIMU 3a4ep>XKamMu Mexay npepbiBaHUAMU
N C rapaHTUpPOBaHNEM NPUOPUTETHOCTM 0OPabOTKMN NpepbIBaAHUI.

2.4.5.2.1. IlpuocTaHOBKA NPEePbIBAHUA

KBBIT nmeet BO3MOXHOCTb MPUOCTAHOBKN HaxogsLerocsi Ha obpaboTke npepbiBaHUS,
€Cnn BO3HUKAET npepbiBaHne ¢ 6onee BbICOKMM npuoputetomM. B atom cnyyae, o6paboTka
aKTUBHOIO NpepbiBaHNA NpekpaLlaeTcs, B TedeHne nocnegyowmx 12 umknos
BbINOSIHAETCS COXPaHEHME B CTEK HOBOro Habopa faHHbIX U 3anyckaetca obpaboTka
BbICOKOMPUOPUTETHOIO NpepbiBaHus. 1o 3aBepLueHnn ero 0bpaboTkun, cogepxmmoe cTeka
aBTOMaTMYeCcKkn nssnekaetTcsa n obpaboTka HA3KONPUOPUTETHOIO NPEpPbIBAHMUS
BO306HOBNSAETCS.

2.4.5.2.2. HenpepbiBHast 00pa0d0TKA NMpePbLIBAHUI C
HCKJIIOYEeHUEM BHYTPEHHUX ONepanuii HajJ CTeKOM

Ecnun Ha ob6paboTke HaxoanTCHa BLICOKONPUOPUTETHOE NpepbiBaHME U, NPU 3TOM,
BO3HUKaET HuskonpuoputetHoe, KBBI1 Cortex ncnonb3yetr metoq HenpepbiBHON
006paboTKM C UCKITIOYEHNEM BHYTPEHHUX Onepauni Hag CTEKOM, KOTOPbIN rapaHTupyet
MUHUMarbHOCTb 3a4epXXKn Npu nepexoge k 06paboTke cneayroLlero npepbiBaHus.

= ]

2

%-_ IRQ1 -

2 | o2 -]

- |

Cortex-M3 ISR 1 ISR2 |
AnnapatHaa obpaboTka [ 15 _.| & I‘ 12 ..|
NpepblBaHnA ! & LIMKNOB

Heckonbko npepbiBaHUin 06pabaTbiBatoTCs HENPEPBLIBHO C UCKITHOYEHNEM BHYTPEHHUX
onepauuii Hag CTEKOM, MOITOMY 3aZepkka Nocre 3aBepLueHnst 06paboTkm 0gHOro
npepbiBaHUS 1 Nepea Havanom obpaboTky cneayroLero MMHUMansHa
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Ecnu Bo3HMKaeT aBa npepbiBaHMs, NePBbIM CO CTAaHAAPTHOW 3a4epKKon B 12 LMKIOB
obcnyxuBaeTtcsa npepbiBaHne ¢ 6onee BbICOKMM npuoputetom. OgHako, MO OKOHYaHUK ero
obpabotku, LIMY Cortex He Bo3BpaLLaeTcs K BbINOMHEHNIO (POHOBOW NporpaMmmbl 1
COLEPXMMOE CTeKa He nsernekaetcd. BmecTto atoro, ocylectensaeTcs Bbibopka agpeca
npouenypbl 06paboTkn cneayrowero npepbiBaHUs ¢ y4eToM npuoputeta. Takmm obpasom,
3agepxka nepexoaa kK 06paboTke cneayoLLero npepbiBaHNUA COCTaBUT BCENO NuLLb 6
umknoB. o 3aBepLlueHnn 0bpaboTkn NocneaHero NpepbiBaHNSA U3BIEKAETCS COAEPKMMOe
CTeKa 1 BbINOSHAETCS BbibOpKka agpeca Bo3BpaTa. Takum obpasom, yepes 12 umMknos
BO30OHOBMSETCH BbiNOSIHEHME (POHOBOM NMporpammel. Ecnn xe Bo Bpems Bbixoga u3
aKTUBHOIO NpepbiBaHNSA BO3HUKAET eLle 0AHO HU3KONPUOPUTETHOE NpepbiBaHNE, TO
onepauns n3BrneyvyeHns U3 cTeka npekpallaeTcsa u ykasaTtesib CTeka BEPHETCS K CBOEMY
NCXOL4HOMY 3HAYEHUIO, a BbINofIHEHNe 06paboTKkM HOBOro NpepbIBaHUSA HAYHETCH Yyepes 6
AONONHUTENbHbLIX LMKMOB. B utore, 3agepka Bbl3oBa npoueaypbl 06paboTkn HOBOroO
npepbiBaHns byget B npegenax 7-18 UMKNoB.

S s
= 0 i
i
§ IRQ2 f
Cortex-M3| ISR1 I I_I ISR 2 I
gy -
12 17 7.18 UMKNOB

Mepexoa kK 06paboTke HU3KONPUOPUTETHOIO NPEpPbIBAHNSA, KOTOPOE BO3HUKAET NMpu BbIXxoae
N3 TeKyLLero npepbiBaHUs, BbINOMHAETCS C 3a4ep>kkon 7-18 umknos

2.4.5.2.3. O0padoTKa 011031aBLIICT0 BHICOKONPUOPUTETHOIO
NpepbIBaHUSA

B cuctemax peanbHOro BpeMeHu 4acTo BO3HUKAKT CUTyauuun, Koraa Bo BpeMs nepexona K
06paboTKe HNU3KONPUOPUTETHOIO NPepbIBaHMUS BO3HUKAET eLle 0gHO npepbiBaHue ¢ bonee
BbICOKMM NpuopuTeToM. ECnu Takasa cuTyaumsi BO3HUKHET eLle Ha dhase 3arpysku cteka, To
no ero 3asepieHnn KBBIT nHnuuunpyet nepexoq kK 06paboTke BbICOKONPUOPUTETHOIO
npepbiBaHus. 3arpyska cteka byaeTt npogomkaTbCs ewe MMHUMYM 6 LIMKITOB C MOMEHTa
BO3HMKHOBEHUS BbICOKOMPUOPUTETHOIO NpepbiBaHUS, nocrne Yero 6yaeTt BbiNorHeHa
BbIGOpKa HOBOro agpeca npouenypbl 06paboTkn NnpepbiBaHNA.
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IRQZ‘j
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CRemyaWero
NpEREIEAHHA

[NpHopHTET
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BricokonpuoputeTHoe npepbiBaHve byaet o6paboTtaHo nepBbIM, AaXe ecrniv OHO
BO3HUMKHET Yy)Xe Ha ¢hase nepexona k 06paboTke HU3KONPUOPUTETHOIO NPepbIBaHMS, NpK
3TOM, AONOMHUTENbHbIE OMnepauun Hag CTekoM ByayT UCKMYEHbI

OTnoXxeHHoEe HM3KOMPUOPUTETHOE NpepbiBaHne byaet obpaboTaHo cpasy No 3aBepLUEHNN
06paboTKN BLICOKONPUOPUTETHOIO NPEpPbLIBaHUS C 3a4ePXKKOM 6 LIMKNOB.

2.4.5.3. Kondgurypanusi 1 HCOJIb30BaHH

KBBII

UTtoObl BKMOUMTL B paboTy KBBI1 Heo6xoanMO BbINOMHUTL TpU AencTBus. BHavane
CKOHpUrypupoBaTb Tabnumuy BEKTOPOB MCMNOMb3yeMbIX NpepbiBaHMN. 3aTeM HaCTPOUTb
perncTtpbl KBBI1 ¢ uenbio akTMBmsaumm n yCTaHOBKM YPOBHEN NpuoputeTa npepbiBaHuin
KBBI1. A, HakoHeu, HacTponTb YBB 1 paspewnTs Noagaepxky UMy npepbiBaHUN.

2.4.5.3.1. Tabuiua BEeKTOPOB MCKJIIYHMTEIbHbIX CUTyallMi

Tabnuua BektopoB Cortex HauMHAEeTCs C HMXKHEN YacTu afpeCcHOro NpoCcTpaHcTea.
OpHako Tabnuua BEKTOPOB Ha4YMHAETCA He C HYNEeBOro agpeca, a ¢ agpeca 0x00000004,
T.K. NepBble YeTblpe barTa NCNonb3yTCs AN XpaHEeHNs HadanbHOro agpeca ykasaTtens

CTeka.

Tabnuvua BEKTOPOB UCKITOYUTENbHBIX CUTYaLMA COAEPXUT agpeca, KOTopble 3arpyKatoTcs
B CYETYMK nporpammel, korga LMY nepexoguT B UCKMOYUTENBHYO CUTYaLUIO

Tun
Homep [ncknoumTtenbHon Mpuoputet |Tun npuoputeta |OnucaHune
cuTyaumm
1 Reset -3 (BbICLMIA) |(brkcMpoBaHHHbIM |(CHpocC
. |Hemacknpyemoe
2 NMI -2 PUKCUPOBaAHHHbI Py
npepbiBaHne
O6paboTynk aBapUHbIN
. |COCTOAHUW NO YMONYaHUIo
3 Hard Fault -1 JPMKCUPOBAHHHbLIN noy ’
ecnv apyron He
peanu3oBaH
C6owu B brioke 3awuTe
. [namMaTu unu gocTyn no
4 MemManageFault |0 yCTaHaBfMBaeMbIn Aocty
HecyLLeCcTByOLLEMY
agpecy
- |Ownbkn B nHTEpPdENCce
5 BusFault 1 yCTaHaBn1MBaeMbIn P®
AHB
WcknountensHole
- |cUTyaummn, Bbi3BaHHbIE
6 UsageFault 2 yCTaHaBnuBaeMbln yal
NpoOrpaMmMHbIMM
owmbkamm
7-10 |Reserved N.A. N.A.
11 SVCall 3 yCTaHaBnmBaeMbl |BbI30B CUCTEMHbBIX CIy>K0
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Toukn npepbiBaHuS,
12 DebugMonitor 4 yCTaHaBNMBaeMbI [KOHTPOSbHbIE TOYKH,
BHELLHSAS OTnagka

13 Reserved N.A. N.A.

14 PendSV 5 yCTaHaBnNMBaeMbli Otnpasnsembin 3anpoc
CUCTEMHOMY YCTPONCTBY

15 SYSTICK 6 yCTaHaBnNMBaeMbli CpabarbiBanue

CUCTEMHOro Tanmepa
16 MpepbiBaHue 0 7 ycTaHaBnusaeMsbln | BHelwwHee npepbiBaHue 0
........................................................... YCTAHABITUBAEMBIN |......uvvvieiiiiieieeeiaaaeennn

BHeluHee npepbiBaHue
240

Kaxxabli 3 BEKTOPOB NpepbiBaHUW 3aHMMaEeT 4 6anTa n ykasblBaeT Ha HavarnbHbIM agpec
Ka)KoW KOHKPETHOM npoueaypbl 06paboTkm npepbiBaHus. [epBble 15 BEKTOPOB - agpeca
06paboTKM NCKMUYUTENBHBIX CUTYaL M, BO3HMKaoLWmX B agpe Cortex. K HUM oTHocATCA
BEKTOp cbpoca, Hemacknpyemoe npepbiBaHue, ynpasneHue aBapnammn n owmbkamu,
NCKMOYMTESbHbIE CUTYauuMK OTNago4HOM cucTeMsl 1 npepbiBaHne Tanmepa SysTick.
Habopom nHcTpykumn Thumb-2 Takke Nogaep>KMBaeTcs MHCTPYKUUS, BbINONHEHNE
KOTOPOW NPUBOAUT K reHepauumn UCKNIoYUTENbHOM cnuTyaumn. HaumHas ¢ 16 Bektopa,
cnenyoT agpeca ob6paboTku npepbiBaHUn Nonb3oBaTtensckux YBB. Nx HazHaueHune
3aBUCUT OT KaXK4Oro KOHKpPETHOro npomnssoantend. B nporpamme Tabnvua BEKTOPOB
00bl4HO NpMBOAUTCA B OTAENBHOM hbanne n cogepxuTt agpeca npouenyp ob6paboTku
npepbiBaHUNA:

256 MpepbiBaHne 240 247 yCTaHaBnuBaeMbli

AREA RESET, DATA, READONLY
EXPORT Vectors

__Vectors DCD  initial sp ; BepxHAA IpaHulla CTeKa
DCD Reset Handler ; ObpaboTumk cbpoca
DCD NMI Handler ; OOpaboTuUuMK HEMaCKMPYEMOI'O IIPEPEIBAHUA
DCD HardFault Handler ; OBbpaboTumk aBapuy Tuna HardFault
DCD MemManage Handler ; OOpaboTumMK aBapu¥ OJIOKa 3allMTH HaMITH
DCD BusFault Handler ; ObpaboTumk aBapmuy Tuna BusFault
DCD UsageFault Handler ; ObpaboTumk aBapuy Tuna UsageFault
DCD 0 ; Peszeps
DCD O ; Peszeps
DCD O ; Peszeps
DCD 0 ; Peseps
DCD SVC Handler ; OBpaboTuMk OPOTIPaMMHO-CIE€HEPUPOBAHHOI'O NPEPBIBAHNS
DCD DebugMon Handler ; OBpaboOTuMK MNPEPHBaHMS BCTPOEHHOM OTJIagOYHOM CUCTE
DCD O ; Peszeps
DCD PendSV_Handler ; ObpaboTumk PendSV
DCD SysTick Handler ; OBbpaboTumk NpepeBaHMS TanMepa SysTick

Hanpumep, ecnu ncnonb3yetca npepbiBaHne tanmepa SysTick, To o6bsBneHne Ha Cu
npoueaypbl 06paboTkn NpepbiBaHNS BbINOMHAETCA criegyowmm obpasom:

void SysTick Handler (void)
{
}

Tenepb, koraa ckoHdUryprpoBaHa Tabnuua BEKTOPOB 1 06bsiBNEHa npoueaypa
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06paboTkn npepbiBaHW, Mbl MOXXeM HacTpouTb KBBIT Ha 06paboTky npepbiBaHus
Tanmepa SysTick. OBbl4HO, AN 3TOro BbINOMHAKT ABE ONepauuu: 3agaeTcs npuopuTteT
npepbiBaHWS, a 3aTeM paspellaeTcs UCTOYHUK npepbiBaHna. Pernctpol KBBI
pacnonoXeHbl B 0611acT CUCTEMHbIX PECYPCOB.

KBEI

YnpaeneHue npepblBaHUAMM
YcTaHoEKa M ¢cBpoc zanpoca
npepbiBaHUA

OTnpaBka npepbliBaHWA
AKTEHOCTE NpepbIBaHUA
MNpuopuTeT NpepbIBaHUA
CUcTemMHOe yNpaBneHue
CHUCTeMHBIA NPUOPHUTET
ABapHHHBIE COCTOAHWA

Peructpbl KBBI HaxoasTca B obnactn cuctemHbix pecypcoB Cortex-M3 1 goctyn K HUM
BO3MOXeH npu pabote LMY Tonbko B NpUBUIErMPOBaHHOM pPeXMUME

HacTponka BHYTPEHHUX UCKITIOYUTENBHBIX CUTyauumn npoueccopa Cortex BbINONHAETCA C
MOMOLLIbIO PErMCTPOB CUCTEMHOIO YrpaBneHnsa N CUCTEMHbIX MPUOPUTETOB, a
nonb3oBaTensckux YBB - ¢ nomowbto pernctpos IRQ. MNpepbiBaHue SysTick aensetca
BHYTPEHHEN UCKITIOUYNTENBHOM CUTyauunen npoueccopa Cortex u, noaTtomy, ynpasnsercs
yepes CUCTEMHbIE perncTpbl. HekoTopble BHYTPEHHUE UCKIIOYUTENBbHBIE CUTYauUnm
NOCTOSIHHO paspeLleHbl. K HUM OTHOCATCA npepbiBaHne No cbpocy, HeMackKnpoBaHHOE
npepbiBaHne, a Takke u npepbiBaHne Tanmepa tSysTick, NO3ToOMy, HUKaKuUX AeNCTBUI C
KBBI1 no paspeLleHunto aToro npepbiBaHUs genaTtb He HYXXHO. [na HacTponKn npepbiBaHNA
SysTick Ham Heobx0aMMO aKkTMBU3NPOBATbL Cam TanMep U ero NpepbiBaHUE C MOMOLLbHO
COOTBETCTBYIOLLErO perucTpa ynpaseHus:

SysTickCurrent = 0x9000; //HauanbHoe 3HAUEHUE CUeTUMnKa
SysTick

SysTickReload = 0x9000; //TlepezarpyxkaeMoe 3HaAUYEHUE
SysTickControl = 0x07; //3amnyck cuerTa U paspeleHue

IPEPEIBaHNSI

[MpropuUTET KaXaon BHYTPEHHEN UCKNOYMTENbHOW cnTyaumm Cortex MOXHO 3agaThb B
CUCTEMHbIX pernctpax npuopureta. Y ucknoumtenbHbix cutyaunn Reset, NMI n hard fault
OH (PMKCUPOBAHHbBIN. TUM rapaHTUPYeTCs, YTO A4PO0 Bceraa byaer nepexoguTb K
06paboTke N3BECTHOW UCKIIOYUTENBHON CUTYaUUK. Y BCEX OCTarbHbIX UCKTHOYUTENbHbIX
cuUTyauun nmeeTcs BOCbMUMBUTHOE Nose, KOTOPoe PacnofiOXXEHO B TPEX CUCTEMHbIX
peructpax npuoputeta. MK STM32 ncnonb3ayloT TonbKo 16 ypoBHEN NpuopuTeTa,
NO3TOMY, Y HUX aKTUBHO TOSbKO 4 6uTa atoro nons. OgHako BaXXHO 3arNOMHUTb, YTO
NPUOPUTET YyCTaHaBNMBAETCA YETbIPbMS CTapLnmMm Gutamum.

Kaxxgoe nonb3oBatenbckoe YBB ynpasnsercsa Yepes 6noku permctpos IRQ. Y kaxgoro
Takoro YBB nmeeTcs 61T paspelueHns npepbiBaHud. Bece atm 61Thl HaxogaTcsa B npegenax
ABYX 32-OMTHbIX PEMMCTPOB YCTAHOBKN paspeLleHnsa npepbiBaHni. [1ns oTKAYeHus
MCTOYHMKA NpepbiBaHNA NpeayCMOTpeHbl OTAeNbHbIE PErMCTPbl OTMEHbI paspeLLeHns
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npepbiBaHuin. Y KBBI Takke MMeloTcs permcTpbl OTNPaBneHHbIX U aKTUBHbIX NPepbIBaHUN,
KOTOpble NO3BOSSAOT OTCNEeANTb COCTOSIHME UCTOYHMKA NPepbiBaHUS.

3anucek yCTaHaeNMBaer
PErMCTP pazpeleHua

Januce cOpackigaer
PErucTp pazpelneHuA

3anuck yCTaHaEnMeaet | noruke
PErMCTD OTNPABKM i MPEHOPHTEZALMK

mnsmn]j l

bur
OTNpaBKKH

Peructp npuoputerta

Januce copaceiBaer
PErMCTR OTNPABKA

Y Kkaxgoro UCTOMHUKA NpepbiBaHNA nMeeTca 6ut paspewlenus, kak B KBBI, Tak n B YBB.
Y MK STM32 ncnonb3syetca 16 ypoBHeN NpMopuTETOB

Bcero npegycmoTpeHo 16 pernctpos npuoputeta. Kaxablh U3 HAX pasgeneH Ha YeTbipe 8-
OUTHbIX Nona Ans 3agaHusa npuoputeta. Kaxgoe none cBsA3aHO C KOHKPETHBIM BEKTOPOM
npepbiBaHms. Y MK STM32 ncnonb3yeTca TOMbKO NOMOBMHA TaKOro nons, T.K.
peanu3oBaHo Tosbko 16 ypoBHen npuoputeta. OgHako HeOBXO0ANMO MOMHUTL, YTO
aKTUBHbIE OUTbI NpYopUTETa HAXOAATCSA B cTapLlen TeTpage nongd. o ymonyaHuto none
npuopuTeTa onpegenset 16 ypoBHen npuopuTteTa, npudem ypoBeHb 0 - HamBbICLLINK
npuopuTteT, a 15 - HanHn3wuKn. None npuopuTeTa Takke MOXHO NPeacTaBUTb B BUAE rpynn
n noarpynn npuoputeTa. 3To He [ob6aBnseT 4ONOMHUTENBHbLIX YPOBHEN NpUoOpUTETa,
npocTo obneryaeT ynpaeneHme nmm npm HeobxoaumocTtun 3agaHuna B none PRIGROUP
pernctpa npuknagHblx NpepbiBaHui 1 ynpasneHns cbpocom 6ombLIOro Ymcna
npepbiBaHNN.
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Mone PRIGROUP pasgensiet ypoBHU NPUOPUTETOB Ha rpynnbl U nogrpynmnbl. 3To

HeobxoaMmo Ans NOBbIWEHNA NporpaMMHon abeTpakumm npu paboTe ¢ 6oNbLIMM YMCIOM
npepbIiBaHNN

lpynna Moarpynna
PRIGROUP (3 |[NonoxeHne 3anaTton B 4BOUYHOM |NpUopuTeTa npuoputeta
6uTa) yncne (rpynna.noArpynna) Kon-Bo |Kon-Bo Kon-Bo|Kon-Bo
out YpoBHEN  |BUT YpOBHeM
011 4.0 rrrr 4 16 0 0
100 3.1 rrrn 3 8 1 2
101 2.2 il 2 4 2 4
110 1.3 rnnn 1 2 3 8
111 0.4 nnnn 0 0 4 16

TpexbutHoe none PRIGROUP ynpaBnsaeT pasgeneHnem 4-6UTHbIX NOnen npuopuTteTa Ha
rpynnsl n nogrpynnel. Hanpumep, 3anuce B PRIGROUP 4ncna 3 npuBegeT k co3gaHuio
ABYX rpynn ¢ 4 ypoBHAMU NPUOpUTETOB B Kaxkaow. Nocne aTtoro, Bbl MOXeTe B nporpaMmme
BbIMOMHUTL OrnpeaeneHnsa BbICOKONPUOPUTETHON U HU3KOMPUOPUTETHOM rpynn
npepbiBaHUn. B paMKkax KaXkgown rpynnbl MOXXHO 3aJaBaTb NOAYPOBHU, B T.4. HU3KUMN,
CpedHui, BbICOKMI U OYEHb BbICOKUIA. PaHee yxe roBopunock, YTo 3TO NO3BONSET 6onee
abCcTpakTHO CMOTPETb Ha CTPYKTYPY NpepbiBaHUA 1 MOMOraeT NnporpaMMUCTy ynpasnsTb
6onbLlmmM yncnom npepbiBaHun. KoHdurypauusa npepbiBaHnii YBB oyeHb noxoxa Ha
KOHUrypaLumio BHYTPEHHUX UCKNIOYMTENBHBLIX CUTyauun npoueccopa Cortex. Ecnu B3aTb
B KadecTBe npumepa npepbiBaHme AL, To BHavane Heo6xoamMmo yCTaHOBUTbL BEKTOP
npepbiBaHNS U co3a4aThb Npoueaypy obpaboTku npepbiBaHUN:

DCD ADC IRQHandler ;
void ADC Handler void
{

}

3ateMm HeobxoamMmo nHuumanuamposaTb AL n paspewnTsb NpepbiBaHne B pernctpax YBB
n KBBIT:

ADC1->CR2 = ADC _CR2; //Briouenne Alll B pexyMe HEIPEpPHBHHX NIPeoBpas30BaHMA
ADC1->SQR1 = sequencel; //BHIOOP HOMEPOB KAaHAJIOB B ouepenyu Npeobpa30BaHUSA
ADC1->SQR2 = sequence2; / /% BHOOP KaHAaJIOB IJjisg Hpeobpa30BaHUS

ADC1->SQR3 = sequence3;

ADC1->CR2 |= ADC CR2; //Tlepesannch OuTa BKJIIOUEHUS
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ADC1->CR1 = ADC CR1; //3anyck I'pyNNH KaHAJIOB, pas3peleHue nOpepeBanmsa Al
GPIOB->CRH = 0x33333333; //HacTpoika CBETOOUOIHEIX BHBOINOB HAa BHXOI
NVIC->Enable[0] = 0x00040000; //Paspemenue npepuBaHus Al

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

2.5. Pesxkrmbl padoThl, BAUSIONINAE HA
IHEPromnoTpedIeHne

Bo3amoxxHocTu ynpaBnenunsa aHepronotpebneHnem MK STM32 6yayT paccMoTpeHbl No3xe.
34ecb XKe, Mbl OCTAaHOBMMCS Ha pexnmax paboTbl aapa Cortex, BInSALWMX Ha
aHepronoTpebnenune. LMY Cortex nogaepxusaet pexum SLEEP, koTopbin nepesognT
anpo Cortex B 3KOHOMUYHLIN peXumM paboTbl 1 NPUOCTaHaBNMBAET BbIMOSTHEHNE
WMHCTPYKUMI. B 3TOM cocTosiHMM YacTu4HO npogormkaeT paboty KBBI1, yto no3sonser
BO306HOBUTL paboTy agpa Cortex npu reHepauumn npepbiBaHnin BCTPOeHHbIMK B MK
STM32 YBB.

2.5.1. Ilepexoa B 3KOHOMUYHbBIA PesKUM
padoThI

[nsa nepesoga sgpa Cortex B pexxum SLEEP Heo6xogmmo BeinonHUTb MHCTpyKumio WFI
(oxupaHue npepbiBaHusa) nnn WFE (oxunaaHme cobbitvs). lNocne BbINONHEHUS
nHcTpykuun WFI, sgpo Cortex nproCcTaHOBUT BbINOSTHEHWE NPOrpaMmmbl U 06paboTKy
OTMNpaBreHHbIX NpepbiBaHnin. CyLLeCcTBYET ABa CLeHapusa 3aBepLUEHNsI BbINOMHEHMS
npouenypbl 06paboTkn npepbiBaHua. Mo nepsomy cueHaputo LMY BbixoanT mn3
npouenypbl 06paboTkn NpepbIBaHNS U BO3BPALLAETCS K AarNbHENLLEMY BbIMNOSTHEHUIO
doHoBoM nporpammbl. OgHako, ecnn yctaHoBute 6utT SLEEPON EXIT B peructpe
cucTeMHoro ynpaeneHus, sapo Cortex nocne Bbixoga u3 npouenypbl 06paboTku
npepbiBaHUA aBToOMaTn4eckn nepenget B pexxum SLEEP. Takag BO3MOXHOCTb No3Bonset
co3faBatb ynpaensieMble NpepbiBaHUAMM ManoMOLHble MPUMEHEHNS, B KOTOPbIX
MUKPOKOHTpOniep nocne Bo306HOBNEHNSA paboTbl MCMONHSAET onpedeneHHbI Ko
nporpaMmbl, a 3aTemM CHOBa, He BbIMOSTHASA KakMX-NTMOO MHCTPYKUMIA NS ynpaBneHus
aHepronoTpebneHnem, nepexoaut B pexum SLEEP.

MpepbiBaHne WFE nossonsieT B0306HOBUTL paboTty sapa Cortex ¢ Toro xe mecta, ¢
KOToporo oHo 6bino nepeseaeHo B pexxum SLEEP. 31o npepbiBaHne He npuBoanT K
nepexony K npouenype obpabotkn npepbiBaHus. Bo3obHosnsowee paboTty cobbiTue - 310
00bl4Has NHMS npepbiBaHusa YBB, HO kOTopasa Ha akTMBM3NpOBaHa Kak npepbiBaHne B
KBBI1. bnarogaps atomy, YBB moxeT curHanuaupoBatb sapy Cortex o Heob6xoanmocTu
BO306HOBMNEHMST paboTbl 1 NpogormkeHns o6paboTkm, He npuberast K UCMONb30BaHUIO
npouenypbl 06paboTkn npepbiBaHnda. MHcTpykummn WFI n WFE He nogaepkuBatoTcs
A3blkoM Cun, ogHako KomnunaTopbl Ang Habopa nHcTpykumn Thumb-2 nopgaepxusatoTt
BCTPOEHHbIE MAKPOChI, KOTOPbIE MOXHO UCNOSb30BaTh B NporpaMmme, Kak cTaHaapTHble
Cwun-komaHabl:

__WFI
~ WFE

MoMnmo akoHOMUYHBIX pexnmos paboTel SLEEPNOW n SLEEPONEXIT, sgpo Cortex
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MOXeT reHepupoBaTb curHan SLEEPDEEP ansa octanbHon YacTy MUKPOKOHTPOSSIEPHOM
CUCTEMBI.

SEVONPEND
SLEEPDEEF
SLCCPONCKT

% J

Pernctp cucrtemHoro ynpasnenus koHdurypmpyet pexumbl SLEEP npoueccopa Cortex.
STM32 nogaepXmBatoT JONONHUTENbHBbIE 3KOHOMUYHBLIE PEXUMbI, KOTOPbIE NCMNONb3YOT
reHepupyemMbi npoueccopom Cortex curHan DeepSleep

Bnarogaps aTomy nosiBNsieTcs BO3MOXHOCTb peanmaaumm Taknx 4ONOAHUTENbHbIX
dyHKUM, Kak npnoctaHoBka PAMNY n YBB, ¢ nomowbto koTopbix MK STM32 moxeT
nepexoanTb B peXuMbl paboTbl C HAMMEHbBLUMM 3HepronoTpebneHmnem.

2.5.2. Otnapounas cucrema CoreSight

Y Bcex UMY ARM nmeetcsa cobcTBeHHas BCTpOeHHast oTnagoyHas cuctema. UMy ARM7 um
ARMY, kak MuHUMyM, umetot nopT JTAG, KOTOpbIN SBNSIETCA CTaHAAPTHBIM UHTEPdENCOM
ana nogkntodeHus K LMY, a Takke 3arpy3kun koga nporpaMmmbl Bo BHyTpeHHee O3Y mnnu
Flash namate. MopT JTAG Takke nogaepxusaeT 6a3oBble (OYHKLUN yripaBrieHns
MCNOMHEHNEM NPOrpaMmbl (MoLlaroBoe BbINOMIHEHNE, YCTAHOBKA KOHTPOSbHbLIX TOYEK U
Ap.) N genaet BO3MOXHbIM MPOCMOTP COAEPXKUMOro sideek namaT. C NoOMOLLbIO
crneunanbHoro 6noka, KoTopbI Ha3bIBAETCS BCTPOEHHOW TPACCUPOBOYHOMN MaKpPOSYENKON
(ETM), LIy ARM7 n ARM9 Takke npegocTasnstoT BO3MOXHOCTU TPACCUPOBKU B
mMacLTabe peanbHOro BpemeHn. HecmMoTps Ha To, YTO AaHHas OTnagoyYyHas cucrema
paboTaeT OTNNYHO, OHa UMeeT HekoTopble orpaHndeHns. Korga LMY ARM octaHoBRnEHO,
cBazaHHasa ¢ noptom JTAG oTnagoyHas cuctema, cnocobHa npegocTaBnsiTh TONbKO
OTNaZA0YHY UHAPOPMALMIO U HE UMEET BO3MOXHOCTEN OOHOBMEHUS B peanibHOM
BpemeHn. Kpome Toro, Konm4ecTBO annapaTHbIX KOHTPOSbHbIX TOMEK OrpaHNUYeHO ABYMS.
N3-3a aToro B Habopbl MHCTPYKUMA ARM7 1 ARM9 BKItOYEHbI MHCTPYKLMKN KOHTPOSTbHbIX
TOYEK, KOTOpble OTNaA0YHOE CPeaCTBO MOXET BCTaBNATb B KOA NporpaMmbl (OObIYHO OHM
Ha3bIBaKOTCHA NPOrpaMMHbIMU KOHTPOSbHLIMU TOMKaMu). HakoHel, 4Tobbl nosiBunach
noaaepxka peanbHO-BPEMEHHOW TPaCCUPOBKX, NPON3BOAUTESNb AOIMKEH B yLiepb
CTOMMOCTU MUKPOKOHTpOIepa uHTerpuposaTts B Hero ETM. B utore, B
MUKPOKOHTpOINepax Takonm Nogaepxku valle Bcero He okasbiBaetcs. B HoBom sape
Cortex npumeHeHa abConNTHO MHasa OTNago4YHas cMcTemMa, Kotopas nosny4vuna Ha3saHue
CoreSight.
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KOHTRONBHBIE TOYKM
LAHHEI 1
TRACCMPOEKS
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TRACCHPOEES
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MuTephelc JTAG ¥ Serial Wire
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OtnapgoyHasg cuctema CoreSight ncnonbayet nutepgenc JTAG unu Serial Wire. OHa
OTBEYaET 3a BbINOSIHEHNE PYHKLMIA yNpaBNeHUs UCNOMHEHNEM NporpamMmmbl U
TpaccupoBku. Ee gononHuTenbHoe NpenmyLLecTBO 3aKnio4yaeTcs B BO3MOXHOCTM
ocTaBatbCs B pabote, gaxe korga MK STM32 HaxoguTcs B 3KOHOMUYHOM pexmme. JTo
OonbLuon Wwar Bnepeq oTHocuTensHo ctaHaapTHon JTAG otnagku

OtnapgoyHas cuctema CoreSight nmeet DAP-nopT, KOTOPbI OTBEYAET 3a NOAKITHOYEHME K
MUKpOKOoHTponnepy nocpeactsoM JTAG MHCTpymeHTanbHbIX cpefcts. OTnagoyHbie
WHCTPYMEHTarbHble CPeACcTBa MOryT UCNONb30BaTh ANSA NOAKIOYEHUS CTaHAAPTHbIN 5-
BbIBOAHOM nHTEephenc JTAG nnn 2-nposogHon nutepgenc Serial Wire. NMommmo
Bo3moxxHocten JTAG otnagku, otnagodHas cuctema CoreSight coaepxumt 6nokm
Tpaccuposku Data Watch n ETM. [Ina TecTupoBaHus nporpaMmmbl npegycMoTpeHbl 6roku
WHCTPYMEHTAaNbHOM TpaccupoBKkM 1 koppekTnposkn Flash namatmn (FLASH patch). Y MK
STM32 ncnonb3yeTcda cokpalleHHas Bepcus otnagovHom cuctemsl CoreSight, koTopas
OTNIM4aeTcs OTCYTCTBMEM B €€ CTpyKType b6noka ETM. lNo cyTtu, ncnonbsyemasi 8 MK
STM32 cTpykTypa otnagovHom cuctemsl CoreSight, siBnseTcs Bepcmen ctaHaapTHOM
JTAG 0Tnago4yHom CUCTEMBI, HO C YNYYLUEHHBbIMU pearnibHO-BPEMEHHbIMMU
xapaktepuctukamun. OtnagoyvHas cuctema CoreSight mukpokoHTponnepos STM32
nogaepXxusaeT 8 annapaTHbIX KOHTPOSbHbIX TOYEK, KOTOPblE MOXHO 3aaBaTb U OTMEHSATb
BO Bpems ucnonHeHus LIMY Cortex koga nporpammebl, He OKa3blBasi HA 3TO HUKAKOro
BnnaHna. OtnagoyHas cuctema CoreSight moxeT ocTaBaTbCa aKTUBHOW, AaXe nocne
nepexoga sigpa Cortex B 3KOHOMUYHbIN pexxuM paboTbl. Takas BO3MOXHOCTb HECETe B
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cebe MHOXeCTBO NpPenMyLLIECTB AN OTNagaku MarloMOLLHbIX YCTPOMCTB. Kpome Toro,
Tanmepbl STM32 moryT octaHaBNMBaTbCA O4HOBPEMEHHO C BbINOMHEHHOW CUCTEMOWN
CoreSight octaHoBkon LIY. bnarogaps atoMy, nosBNAeTCA BO3MOXHOCTb MOLLAroBoro
BbINOSIHEHNSA NPOrpamMMbl 1 NOAAEPXKaHUS TANMEPOB B CUHXPOHU3ME C BbINOSIHEHUEM
nHcTpykumnn LMY Cortex. OtnagovHaa cuctema CoreSight MmukpokoHTponnepos STM32
NO3BONSAET CYLLECTBEHHO YNyYLUNUTb BO3MOXHOCTM OTNagkun B Macwtabe peanbHOro
BpeEMEHM Mo cpaBHeHUo ¢ npeawecteyowmmmn LINY ARM7 n ARM9 n, npu atom,
NpeaocTaBnseTr BO3MOXHOCTb UCMOMNb30BaTh CTOSb Xe HEAOPOrylo annapaTHyo YacTb.

3. CxeMa BKJIIOUCHUSA

MpocTtenwaga cxema BkntoveHnss MK STM32 tpebyeTt ot paspaboTtynka MUHUMYM
aencteun. MukpokoHTponnepbl STM32 nmetoT cobctBeHHble RC-reHepaTopbl U cxemy
cbpoca, N03TOMYy, AN BKIIKOYEHUS UX B paboTy AOCTAaTOMHO NogaTh HanpsXKeHue nuTaHus.
B naHHOM pasgene 6yayT paccMOTpeHbl OCHOBHbIE annapaTHble yarbl MK, oT KoTopbIx
3aBUCUT X CXEMa BKIHOYEHUS.

3.1. TUNIBI KOPILYCOB

MwukpokoHTponnepbl n3 cepun Access line 1 COOTBETCTBYHOLLMM UM BEPCUN N3 CEPUN
Performance line gocTynHbl B kKopriycax ogHoro tuna. bnarogapsa aTomy, MOXHO 6bICTpO
BbINONHUTL OOHOBNEHNE cxeMbl 6€3 He0H6X0ANMOCTM NOBTOPHOIO NPOEKTUPOBAHMS
neyatHoun nnatbl. Bce mukpokoHTponnepbl STM32 goctynHbl B kopnycax LQFP ¢ yucnom
BbliBOOOB OT 48 no 144.

3.2. HanpsisxeHue NUTaAHUA

[ns paboTbl MMKpOokOHTponnepoB STM32 nx Heobxoanmo NuTaTb OAHMM HaNps>KeHNEM B
AnanasoHe ot 2.0...3.6B. nsa nutaHua agpa Cortex HanpsbkeHnem 1.8B B MK
NUHTerpmupoBaH ctabmnuaatop HanpsbkeHusi. OgHako kK STM32 moxeT 6bITb NOgaHO eLe
ABa OMNUMOHAIbHbIX HAaNPSKEHNA NUTaHNA. B gomeHe ¢ oTaenbHbIM NUTaHNEM
pacnonoXeHbl Yacbl peanbHOro BpeMeHN 1 HEBObLIOE YNCO PEMMCTPOB, YTO NO3BONSAET
OpraH1M3oBaTb UX pe3epBHOE NUTaHne n obecneynTb paboToCNOCOBHOCTL Aaxe npu
HaxoxaeHun MK B pexxnume nonHoro otkntoyeHus (deep power down). Ecnn ke B cxeme
AaHHas PyHKUUSA HE HYXHa, TO BbIBOA Vg, HEOBXOAUMO COeAnHUTL C V.
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AomMeH Vpopa
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Vssa [1 \hﬂﬁﬂﬂ'—i
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BEOAA-ERIBOAA
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(Noruka Bo30BHOBNEHWA lfllﬂDO
Vs paboTel, WDG, pervcT aMATE
BRCC CSR) Linppoeele YEE
Vop L1 [ CTabunuzatop |
HanpsIHeHrs ]
(. /
CHrHan CHYHEeHWA|HanpTKeHU
l HomeH ¢ pesepBUpoBaHUEM NUTAHWA
4 L=E-reneparop (32 klhu)
Vaar - FPervcTphl ¢ peaepeH. NMTaHKEM

Fervctp RCC BEDCRE
Hackl peansHoro BREmMEHH

MK STM32 paboTtaeT oT ogHoro uctovHunka nutanus 2.0...3.6B. Npun HeobxoanmocTu,
OTAENbHbIM Pe3epBHbIM NUTAHNEM MOXET ObITb 3annTaH cneunanbHbIN JOMEH U, KpOMe
TOro, otaensHoe nutaHne npegycmotpeHo ans AL (Tonbko y MK B 144-BbIBOAHBIX
Kopnycax)

BTopoe onunoHaneHoe HanpshkeHne nuTaHusa npegHasHadeHo ans AUM. Ecnn AL
3a4e1CTBOBaH, TO Ananas3oH OCHOBHOMO HarnpshkKeHUst MMTaHus VDD cyxaetca no 2.4...

3.6B. Y MK B 100-BbIBOgHbLIX KOpMycax MMEKTCA JONOSTHUTESbHbIE BbIBOLbI UCTOYHMKA
onopHoro HanpskeHust (MOH) ALM, Vgee, M Ve . BbiBoa Ve AomKeH BbiTe coeanHeH

C Vppas @ HanpsbkeHne Ha Vi, MOXET BapbupoBaTtbes oT 2.4B fo V.. Y MK Bo BCex

ocTanbHbIX kKopnycax MOH coegmHeH BHyTpeHHe ¢ BbiBogaMmun nutanusa AL, Ha kaxgom
13 BXOAOB NUTaHUst HEOBX0AMMO NPenyCMOTPETbL CTabUNM3aLMOHHbIE KOHAEHCATOPbI, Kak
NMOKa3aHo HUXe.
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Bnaronaps uHtTerpupoBaHuio cxembl cbpoca 1 ctabunusartopa HanpspkeHus, MK
HeobXoANMO AOMONMHUTL TONbKO CEMbIO BHELLHUMW KOHAEHCaTopamMm

3.3. Cxema cOpoca

B MK STM32 BxoguT cxema cbpoca, KoTopas yaepXmBaeT ero B COpOLLEHHOM COCTOSIHUM
no Tex nop, noka VDD 6ynet Huxe 2.0B (ructepesuc 40 mB).

vDD
F
Virh| _POR /. N\
Pl N,
U/ JTeTepeanc 40mB | pog
& 1 N
/'/ : 'Ba,u,epxﬁa \
/;’r :H{ 2 M \‘-1_
i ’ >
oy
: 1
1
|
Cbpoc .
I
|

FOR - ctpoc npy nogayve NUTaHKa,
FPOR - cpoc npW CHUHEHMM HANRA#EHKA

BcTpoeHHble cxembl copoca npu nogade (POR) n cHmxkeHumn (PDR) HanpsikeHnsa nutaHua
rapaHTMpYT BO3MOXHOCTb paboTbl MK Tonbko npu nogaye ctabunbHOrO HanpsXXeHns
nuTaHunsa. BHewHaa cxema cbpoca He TpebyeTtcs
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3.3.1. OcHOBHAA cXxeMa BKJIIOYCHUSA
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HecmoTps Ha TO, YTO BHELUHSAS cxema cbpoca He HyxxHa B cxeMe BkntoveHna STM32, Ha
draze NPoOEKTUPOBAHUSA MOXET OKasaTbCHa yAoOHbIM noakntodeHne BbiBoga nRST k
obblyHOM KHONKe cbpoca. BeiBog NnRST Takke nogkntovaeTcs k otnagodHomy nopty JTAG.
OTO NO3BOMSET OTNIAA0MHOMY CPeacTBY ynpaBnaTb COPOCOM MUKPOKOHTposnnepa. Y MK
STM32 nmeeTcsa HECKONbKO BHYTPEHHNX MCTOMHMKOB cOpoca, KOTOPbLIE aKTUBU3MPYIOTCA B
cnyyae obHapy>XeHUst aBapuUiHbIX PeXXMMOB paboTbl (ByayT paccmaTpmBaTbCs MO3Xe B
pasgene, nocesweHHoM 6e3onacHocTn paboTsbl MK).

3.4. 'eneparopsl

Y MK STM32 umetotcsa BHyTpeHHMe RC-reHepaTopbl, CNOCOBHbIE CUHXPOHU3NPOBaTL
BCTpoeHHyto cxemy PAlMNY. bnarogaps nx coemectHon pabote, MK moryT
CYHXPOHM3MpPOBaTbCSA YacToTon Jo 72 MIy. BHyTpeHHUe reHepaTopsbl, MO CPaBHEHUIO C
KBapLeBbIMWU, HE OTNINYAIOTCHA TaKoW K& BbICOKOW TOMHOCTBIO UM CTabubHOCTbIO,
NO3TOMY, BO MHOIMX NPUMEHEHNAX MOXET NoTpeboBaTbCsl NCNOMb30BaHNE KaKk MUHUMYM
OQHOro BHELUHErO KBapLIEBOro reHepartopa.
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3.4.1. BHemIHUi#l BLICOKOYACTOTHBIM I'eHEePaTop

OCHOBHOWN BHELLHUI UCTOYHMK CUHXPOHM3aLUMM UCMNOMb3YeTCA A8 TaKTUPOBaHNSA
npoueccopa n YBB STM32. OH Ha3bIBaeTCs BHELUHUM BbICOKOYACTOTHLIM FrEeHepaTopoMm
(HSE-reHepaTop). COBMECTHO C reHepaTopoM MOXET UCMOMb30BaTbCA
KBapLeBbli/kepaMUYeCcKuUin pe3oHaTop NN oTAeNbHbIA UCTOMHUK CUHXPOHM3aunn. CurHan
BHELLHEr0 MCTOYHMKA CUHXPOHU3aUUN MOXET UMETb NPAMOYTOfbHY, CUHYCOMAANbHYIO
UNKN TpeyronbHy opMy, HO, MPU 3TOM, 3anofHEHMNE MMMNYNbCOB A0MKHO 6bITb 50%-biM, a
YyactoTa He bonee 25MIu,.

STM32F 10xxx

0SC_IN 0SC_OuT ‘
OSC_IN 0SC_OUT
Rexr! !
(BBICOKD- |:|
MMNE4aHCHEIA) ‘ l ID ‘ ‘
Cl

BHeWHKA
MCTOYHME CL1

2

BHeLHWIA reHepaTop MOXeET paboTaTb COBMECTHO C KBapLIEBbIM PE30HAaTOPOM WK
BHELUHUM UCTOYHMKOM CUHXPOHM3aLMUN

Ecnn xe ncnonb3yeTcsa BHELLHWI KBapLEBbLIN/KeEpaMUYECKNn pe3oHaTop, TO ero Yacrtota
AOMKkHa nexatb B npegenax 4...16 Mlu. Ytobbl nobuteca pabotsl MK Ha ero
MakcumanbHon yactote 72 MI'uy, HeobxoamMmo BbIOpaTh Takyto YacTOTYy BHELLHEN
CMHXPOHM3aummn, koTopast Obl HaLeno genuna MakCcumarnbHyr pabo4yto 4acToTy. ITo
CBSI3aHO C TEM, YTO BHYTpeHHAA cxema GAlMNY ymHoxaeT yactoty HSE-reHepaTtopa Ha
Lernoe 4ucno.

3.4.2. BHelIHMH HU3KOYACTOTHBIA reHepPaTop

MK STM32 moryT nmeTb €eLle OANH BHELLHUIA reHepaTop, KOTOPbIN Ha3bIBAETCHA BHELLHMM
HU3KOYacTOTHbIM reHepaTopomM (LSE-reHepaTop). OH npegHasHayeH Ang CUHXpOHU3aLumm
YacoB pearnbHOro BPEMEHM M OKOHHOIO CTOPOXEBOro Tanmepa. Takke kak n HSE-, LSE-
reHepaTtop MOXeT paboTaTb COBMECTHO C KBapLEBbIM PE30HATOPOM UIM BHELLUHUM
CUrHaNoOM CHMHXPOHU3aLMM CHOBA-TaKM NPSIMOYrOfIbHOW, CUHYCOMAANbHON UIn
TpeyronbHOM opMbl, U € 3anofniHeHnemM nmnynbcos 50%. B kaxgom U3 aTux cnyyvaes
yactoTta LSE-reHepaTopa gomkHa ObiTb paBHa 32,768 kl'L, 4To HeobxoaAMMOo Ans TOYHOM
paboTbl YacoB peanbHOro BpeMeHn. Yacbl peanbHOro BpEMEHN Takke MOryT
CUHXPOHM3MPOBATLCA BHYTPEHHUM HM3KOYACTOTHBLIM reHEpPaToOpPOM, OA4HAKO BBUAY €ro
HEeAOoCTaTOYHOM TOYHOCTU, 0BbIMHO Ans peanu3auun gyHkunn YPB ncnonbayetca LSE-
reHepartop.
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3.4.3. BoIXoa CHHXPOHU3ALUHU

OpHa 13 nMHMIM BBOA4A-BbiBOAA MOXET OblTb HACTPOEHA, KaK BbIXO CUHXPOHM3aLMK
(MCO). B atom pexume, Bbisog, MCO MOXET reHepupoBaTb OANH U3 YETbIPEX BHYTPEHHUX
NCTOYHMKOB CUHXpOHU3auun. O6 atom 6onee aetanbHO NONAET pevb NPU PacCMOTPEHUM
HaCTPOEK BHYTPEHHEN CUCTEMbI CUHXPOHM3ALNN.

3.4.4. BoIBoaBI YIIPABJICHUSA 3arPY3KOM U
BHYTPUCHUCTEMHOE NMPOrPaAMMHPOBAHME

MWKpOKOHTpOMNep MOXET HayaTb CBOKO paboTy B OQHOM U3 TpPeX pasfnnyHbIX PEXMMOB
3arpyskun. 3Tu pexummbl Bbibupatotca ¢ nomolbto Beisogos BOOTO n BOOT1. Ot
BbIOpaHHOro pexnma 3arpysku 3aBUCKUT, Kakyto 0bnacTb KapTbl NamMATU MUKPOKOHTpOsNep
Byget cumntaTtb Hadanom namsatu. MK MoXeT ncnonHaTe kog nporpammel 13 Flash namaTu,
BHyTpeHHero ctatnyeckoro O3Y unun cuctemHon namaTtu. Ecnu BolibupaeTcs 3arpyska u3s
cucTteMHon namaTtun, To STM32 HayHeT cBOKo paboTy C BbINOMHEHUSA
3anporpamMrMpOBaHHOM MPOM3BOANTENEM 3arpy304HOM NporpaMmbl, KOTopas NO3BONSET
nonb3oBaTento nepenporpammMmmpoBatb Flash namaTe BHYyTPUCUCTEMHO.

3.4.5. Pexxumbl 3arpy3ku

[ns pabotbl B 06bI14HOM pexnme BbiBog BOOTO Heobxoanumo coeamHntb ¢ GND. Ecnn xe
NNaHMpyeTCcst MCNOMb30BaHME APYrMX PEXUMOB, HEOOX0AMMO NpeayCcMOTpeTb SXamnepbl
ANS 3a4aHns pasfmMyHbIX COCTOSIHUI Ha BbiBOAAX YNpaBreHnst 3arpy3kon.

N
STM32F 10x00x
Vbpp
l 10 kOmM
—] ] BOOTO

J— Vop
| 10 KM

BbiBOObI YyNpaBneHnst 3arpy3kon no3BonstoT ykasaTb, kakast obnactb namatn 6yaet
NCnonb3oBaTbCA Kak nepsbie 2 k6anT namaTn. B nx kayectse moryT BbicTynatb Flash
namsaTb, BCTPOEHHAsA NporpaMmma 3arpysdnka unm nepsble 2 kbant ctatmyeckoro O3Y.

O6bl4HO NOTPEBHOCTL B 3TOM BO3HUKAET npu obHoBneHumn MO yxe Ha dase akcnnyataumm
npoaykumn. MNMporpamma 3arpysdnka ans nonydeHmst koga nporpammsl ot MK no
YMOSYaHUIo MCNonb3yeT nocnegosaTenbHbii nHTepdenc YCAIM1, noatomy, ecnu
nnaHMpyeTcst ee UCnonb3oBaHue, To B cxeme Heobxoaumo npegycmotpeH NC npnemo-
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nepegatymka RS232.

3.4.6. OT1a1049HBIN OPT

3aBepLuaoLLm 3BEHOM CXEMbI BKIOYEHUS SABSETCA OTNagouHbIn nopT. OH Heobxoanm
Ansa nogknodenna otnagyunka k MK STM32. OtnagoyHaa cuctema Cortex CoreSight
noaaepXumBaeT Aea Tvna nogknoveHnn: 5-soisogHon nopt JTAG u 2-BbiBOAHOM
nocnegosarenbHbl Nopt Cortex. Oba aTux nopTa 3agencTBYIOT 4515 CBA3W C OTNaA4YMKOM
NuHMM BBOAA-BbiBOAa 0obLero HasHauyeHud. Mocne copoca LMY Cortex Ha3HavaeT aTum
NUHUAM UX anbTepHaTUBHbIE PYHKLMU, YTO AaeT BO3MOXHOCTb UCMONb30BaTh OT1aA04HbIN
nopT. MNpn HeoBXOOUMOCTM UCNONBb30BaHUS NIMHUIN OTNALOYHOIO MHTEpdeNnca, Kak
00bIYHbIX NMMHUIM BBOAA-BbIBOAA, HEOOXOAMMO COOTBETCTBYHOLLMM 00pa3om
3anporpamMmMmnpoBaTb PermcTpbl ansTepHaTUBHbLIX OYHKLMI. S-NPOBOLHON UHTEpenc
JTAG BbiBogntce Ha 20-BbiBogHOM pasbem IDC co ctangapTtHeiM ansa scex JTAG-
COBMECTUMBbIX MHCTPYMEHTArNbHbIX CPEACTB PacnofioXKeHMEM BbIBOLOB.
[MocnenoBaTenbHbIV MHTEPdENC ncnons3yet nopt A_13 Ana nocnegoBaTterbHOM
nepegayvm gaHHbIX 1 nopt A_14 ona CUHXPOHU3aLMW.

4. ApXUTEKTYpa CUCTEMbI
MHUKPOKOHTPOJLIepoB STM32

MK STM32 BbinonHeHbl Ha ocHoBe aapa Cortex, koTopoe noakntoyeHo kK Flash namatn no
OTAENbHON WNHE MHCTPYKUUK. LLInHa aaHHbIX U cuctemMHas winHa Cortex NnogksioyeHsb! K
MaTpuLe BbICOKOCKOPOCTHbIX WKWH AHB. BHyTpeHHee cTtatnyeckoe O3Y noakntoveHo
HanpsiMyto K matpuue wuH AHB, ¢ koTopon Takke cBadaH 6nok MNANN. MNoaknoyeHne
BCTPOEHHbIX YBB pacnpegeneHo mexay asyms winHamun APB. Kaxxgasa ns wuH ceasaHa ¢
maTpuuen wuH AHB nocpeactBoMm WMHHBLIX NpeobpasoBaTtenen. Matpuua wnH AHB
CYHXPOHU3MPYETCH TOW Xe YacToTon, 4Tto n aapo Cortex. OgHako, y wnH AHB nmetotcs
OoTAenbHblE NPpeaaennuTenm 1, NO3TOMY, B LIENAX CHUXKEHUSI 9HepronoTpebneHms nx MoxHo
CYHXPOHM3MpOBaTb 6onee HU3KMMKN YacToTamun. BaxkHo oBpaTuTb BHUMaHME, YTO LUMHA
APB2 moxet pabotaTb ¢ MakcumanbHbiM ObiTpogenctanem 72 My, a 6eicTpogencTane
wnHbl APB1 orpaHuyeHo Yactoton 36 MIMy. B kayecTBe LUMHHBIX MacTepoB MOryT
BbicTynatb, kak LI[Y Cortex, Tak n 6nok MNAN. bnarogaps CBOWCTBEHHON MaTpULe LUMH
napannennamy, HeobxogMMocTb B apbuTpa)ke BO3HUKAET TOMbKO B Clydae nonbITOK
OQHOBPEMEHHOrO AocTyna obenx mactepoB k ctatndyeckomy O3Y, wnHe APB1 nnn APB2.
Tem He MeHee, Kak Mbl Y6eaumcs npu ndyvyeHumn pasgena nocsswweHHomy MAMN, WnHHbIR
apbuTp rapaHTMpOBaHHO NpefocTaBnsaeT 2/3 BpemeHn goctyna ana 6noka MAr v 1/3 ana
LIMTY Cortex.
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B cTpykType BHYTPEHHUX LUMH NPeayCMOTPEHbI OTAENbHAs LWWMHA MHCTPYKUMA 1 maTpuua
LLUMH, KOTOpasi NpeaoCTaBNsAeT HECKONMbKO KaHanoB nepegayun gaHHbix ana LMY Cortex n
onoka MAri

4.1 Pacnpenejienue naMaTu

HecmoTps Ha 1o, 4To Y MK STM32 nmeeTca MHOXECTBO BHYTPEHHMX LUMH, agpecHoe
NPOCTPAHCTBO AN NporpaMMmucTa npeanaraeTcsa Kak nmHenHoe pasmepom 4 [M6anT.
Mockonbky MK STM32 BbinonHeHbl Ha ocHoBe Cortex, TO y HUX MCNONb3yeTcs
cTaHOapTHoe pacrnpegeneHne namsaTtu. [NamaTte nporpamMm HaYMHaeTcs ¢ agpeca
0x00000000. BctpoeHHoe ctatnyeckoe O3Y crapTtyeT ¢ agpeca 0x20000000. Bece aueliku
ctatudeckoro O3Y pacnonoxeHbl B o6nactn xpaHeHus 6ut. Pernctpel YBB npeacrasneHbl
B KapTe namsaT, HaunHaa ¢ agpeca 0x40000000, n Takke pacnonoXxeHbl B obnactum
XpaHeHusi ouTt YBB. HakoHeu, pernctpbl Cortex HaxogaTcsa B UX CTaH4ApPTHOM MecTe,
Ha4nHas ¢ agpeca 0xE0000000.
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0XFFFF FFFF

OXED10 0000
0xEQCQF FFFF

BHyTtpeHHuE
YBB anpa

0xE000 0000 Cortex-M3

OX1FFF FOFF
BadTes onuud | ox1FFF F800
Cocremman | OX1FFFFTFF

namMATh
0x1FFF F000

0x0801 FFFF
0x4000 0000

P 3 W-NaMATL

0x0800 0000

0x2000 0000 Crar. 034 / //

A

0x0000 0000 |KOA NpoOrpaMMel / C NOANEepXKoH
Bit-Band
BnEeoan BHbGopa [Erer
PEXHMA IarpysEH SarpyskM
BOOTI1 BOOTO
x o P naw-NnaMATh
NoAL30BaTENA
0 1 CucTemHan
NamATL
1 1 BcTpoeHHoe
crarWu.034

Kapta namsatn STM32 BbinonHeHa no ctraHaapty Cortex. NepBbie 2 KGanT namaTn MoryT
ObITb cBaA3aHbl ¢ Flash namaTblo, cuctemHon namaTbio nnu ctatudecknm O3Y, B
3aBMCUMOCTU OT COCTOAHNA BbIBOAOB YNpaBreHns 3arpy3kon

O6nactb Flash namaTtu pasgeneHa Ha Tpu cekumun. lNepBas - Flash namaTb nonb3oBatens
- HaumHaeTc4a ¢ agpeca 0x0000000. Janee cnegyet cucteMHasa NnamsiTb, KOTOpasa Takke
Ha3sblBaeTcs 6onbLluMM MHOopMaUnoHHbIM Briokom. OHa npeacTtasnset cobon Flash
namaTb pasmepoM 4 k6anT, KoTopas 3anporpaMMmupoBaHa NPon3BoaMTENEM KOOOM
nporpamMmmsbl 3arpyayuka. lNocnegHas cekuus, kotopas ctaptyet ¢ agpeca 0x1FFFF800,
Ha3blBaeTCsl ManbiM MHpOpMaLNOHHBIM 610KOM. B Hen HaxoauTca rpynna onuMoHanbHbIX
6anT, C NOMOLLIbIO KOTOPbIX MOXHO MOBSIMATL Ha HEKOTOPbIE CUCTEMHbIE HACTPOWMKU
MUKpOKoHTponnepa STM32. Nporpamma 3arpy3yumka no3sonser nocpescTtsom
nHTepdenca USART1 3arpy3anTb Ko nporpaMmmbl 1 3anporpaMmmmpoBaTth ero Bo Flash
namaTb nonb3oBatens. Ytobbl nepeBectn MK STM32 B pexxum 3arpysdnka, Hy>KHO Ha
BHeLwHMX BbiBogax BOOTO n BOOT1 ycTaHOBUTb HU3KMIA N BbICOKUI YPOBHM,
COOTBETCTBEHHO. ECrnn yCTaHOBUTbL MUMEHHO Takue COCTOSIHUS Ha BbiBOOAX ynpaBneHus
3arpyskomn, To 6ok cMcTeMHoOM NamaTn HavyHeTes ¢ agpeca 0x00000000. MNocne cbpoca,
MK STM32, BmecTo BbINosIHEHNA npuknagHoro koga ns Flash namatu nonb3oBartens,
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HaYHET BbINOMHEHNE NporpaMmmbl 3arpysdunka. Ytobbl nonb3oBaTernb MMesT BO3MOXHOCTb
cTMpatb 1 nepenporpammmpoBatb Flash namaTb Ha KoMnblOTEPE HEOOBXOAMMO 3anyCTUTb
elle ofHy nporpaMmmy 3arpys4vmka, KOTOpyt MOXHO ckayaTb C canTa komnaHum ST.
Mporpamma gna MNK takke goctynHa B Buge DLL-hanna, 4To no3sonsieT co3nasatb
cobcTBeHHoe MO ans nporpaMmMMpoBaHUS MUKPOKOHTPOSNEPOB Ha (hasax NpomM3BOACTBaA
UK 3KCnyaTauum NpoayKLuuu.

C nomoLbto BLIBOAOB ynpasneHus 3arpyskon agpec 0x00000000 emecTto Flash namsatn
nonb3oBaTens MOXeT ObITb Takke cBs3aH co ctatnyeckum O3Y. [NockonbKy 3arpyska
ctatnyeckoro O3Y ocywecTternsieTcs 6onee 6LICTPO, TO 3Ta BO3MOXHOCTb MOXET
oKasaTbCs None3Houn Ha hase NPOEKTMPOBaHMS AN UCMOMHEHNSA Koda NporpaMmmbl U3
ctatnyeckoro O3Y. Kpome T0Oro, nosiBnsieTcst BO3MOXHOCTb COKPaTUTb YacToTy
nepenporpammmpoBaHus Flash namsaTtn.

4.2. PadoTra ¢ MAKCUMAJIbHBIM
ObICTpOAEHCTBHEM

NMoMnmo OByX BHELIHMX reHepaTopoB, Y STM32 umeetca aea BHyTpeHHUX RC-
reHepaTtopa. Cpasy nocne cbpoca sapo Cortex CMHXPOHU3NPYETCS BHYTPEHHUM
BbICOKOYACTOTHbIM reHepaTopoM, HOMUHanNbHas paboyvasi YacToTa KOTOPOro cocTaenser 8
Ml y. BTOpon BHYTPEHHWIA reHepaTop - HU3KOYACTOTHLIN reHepaTop Ha YacToTy 32,768
K. [JlaHHbIN reHepaTop NpeaHasHavYeH aAns COBMECTHOM paboTbl C Yacamu peanbHOro
BPEMEHN N CTOPOXKEBLIM TAMEPOM.

HSI RC- M . :EI};{MM
i PCLKA
il h' 0o 36MIy,
) PLLCLKE Mpesgen.| | [Npesgen. .
= n,.2.512 ||1,2,98416 | LyMH-x1;
W i SYSCLK
- e oo 72 My, PCLK2
[ 0o 72Mry,
"';T,’"B’qf"' Tatm.2,3,9] TIM1CLK
M
3%:-: EIHEI M1,2,4,8,16 YMH. ¥1,2
CHHEPOHWI.
fizel—
o0s5Cc32 I'Iifil,ur,:l,en. _.LH.I]CCLH
-IN ] 32,768 I’
LSE- . kln r s
g- reHep. * RTCCLK e .
asc32 SR —’ammr
out ~ M,1.5 u,
) Femen, Z2elu | weCLK

Y MK STM32 ncnonb3yeTtcst 4OCTAaTOYHO CIOXHasa CUCTEMA CUHXPOHM3ALUUKN C OBYMS
BHELLHVMW M ABYMS BHYTPEHHUMU reHepaTopamu, a Takke cxemon GAlMY. B uensax
6e3onacHOCTU cUCTeMbl NPeayCMOTPEHA BO3MOXHOCTb MOHUTOPUHIa BHELLUHETO
BbICOKOYACTOTHOIO reHeparopa

Mpoueccop Cortex nogaepxmBaeT BO3MOXHOCTb CUMHXPOHM3ALMN BHELLHUM Un
BHYTPEHHMM BbICOKOYACTOTHbIM reHepaTopoM UMK OT BHYTpeHHen cxembl AlMY.
NCTOYHMKOM CUHXPOHU3aLMn cxeMbl PATMY MOXET CAY>XUTb BHYTPEHHWUIA UM BHELLHUN
BbICOKOYACTOTHbIN reHepartop. Takum obpasom, MK STM32 moryt paboTatb Ha yactoTte 72
Ml 'y 6e3 ncnonb3oBaHUs BHELLHErO reHepatopa. HegoctaTtkom UCnosib3oBaHUs
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BHYTpEHHEero reHepaTtopa Ha 4YactoTy 8MIy aBnseTcsa ero HeBbICOKast TOYHOCTb U
CTabunbHOCTb. Ero Henb3sa ncnonb3oBatb A1 CUHXPOHM3aL MK NocneaoBaTenbHbIX
NHTEPdENCOoB UK ANS BbINOMHEHNS TOYHbLIX U3MEPEHUI BPEMEHHbIX MHTEPBAroB.
HesaBucumo oT BbIGpaHHOro reHepaTopa, 4Tobbl 4obuTbca paboTbl agpa Cortex Ha
MakcumarnbHon Yactote 72 MI'uy, Heobxoammo mncnonb3oBatb GPAlMNY. Bece pernctpel
ynpaBrieHna HacTporkamu reHepaTtopoB, PAlNY n WnH HaxogAaTcsa B rpynne yrnpasneHus
cbpocom 1 cnHxpoHunsaumen (rpynna RCC).

YnpaBneHue copocoM U
CUHXPOHU3aL el

PervcTpbl CUHXpOHU3ALMMK
KoHtpurypauyma WKH

YnpaeneHue AOMeHOM C
peiepEUpOBaHUEM NMMTAaHKUA

YnpagneHuelcTaTyc

Brnok ynpaBneHus cGpocoM 1 CUHXPOHU3aLMeN BO3OENCTBYET Ha CUCTEMY
CUHXPOHU3aLMK, LUMHHbIE NpeobpasoBaTteny U JOMEH C pe3epBUPOBAHMEM MUTAHUS

4.2.1. baok (pa30Boil AaBTONOACTPONKH
YaCTOThI

Cpasy nocne cbpoca NCToO4HUKOM cuHxpoHusaumm LMY asnsetca HSI-reHepatop. B
Takom cocTosiHum MK ero BHyTpeHHUI reHepaTop OTKNo4YeH. [epBbiM LWarom no
obecneyveHunto pabotbl STM32 ¢ MmakcuMarnbHbIM ObICTPOAENCTBMEM SBNSAETCS BKHOYEHME
HSE-reHepaTopa 1 oxugaHue ctabunusayum ero 4acTtoTbl.
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¥npaeneHue| OTOBHOCTL
PANY [Pazpewenne

PaszpeweHHe 3aWmThbl
CHHXPOHH3 ALK
Obxopn (Bypass)

loTOBHOCTL

Fa:ﬁ]emeuue HSE-
CHHXPOHWIALHM

Kanuwbpoeka u HAcTpolKa
Sl-cHHXpOHK UMK

Ynpaeneuue HS!-I loToBHOCTB
CHHXpOHKZauMen |Pazpewenne

e o

Mocne cbpoca MK STM32 paboTaeT OT BHYTPEHHEro BbICOKOYACTOTHOIO reHeparopa.
BHeLwHMI reHepaTop HEOBXOANMO BKINHOYUTD

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

// Oxmpmaume cTabuiIM3aLuuMuU YacTOTH HSE-TeHepaTopa
while (! (RCC->CR &0x00020000))

{

}

BkntovaeTtcsa BHeELWHMI reHepaTtop ¢ nomolbto pernctpa RCC_Control. but rotoBHOCTM
CUrHanNu3upyeT o ctabunmsaunmn 4YactoTbl BHELLHErO reHepaTtopa. [locne Toro, Kak YacTtota
BHELLIHEroO reHepaTopa CTaHeT CTabunbHOM, ero MOXHO BbiOpaThb Kak Bxoa 6noka GAIMY.
BbixogHast yactota 6noka GAIMNY 3aBucUT OT 3a4aHHOTO LIENOYMUCIIEHHOMO 3HAYEHUS
KoadppmUMEHTA YMHOXEHUS YAaCTOTbI, KOTOPOE XPaHUTCH B pernctpe
RCC_PLL_configuration. Ecnu ucnones3syetcs reHepatop Ha 4actoty 8 MI'u, ans
reHepauum MakcMmMmarnbHOW TakToBOW YacToTbl 72 My Heobxoammo 3agatb KoadppnumeHT
YMHOXeHus 9. [locne HacTporkn KoadpdPULMeHTa yMHOXEHUS YacTOTbl, HEOB6X0ANMO
paspewnTb paboty 6noka GAIMNY nocpencTeom permctpa ynpasnenuns. Kak Tonbko
BbIXxogHas YacTtoTa 6noka GAlNY cTtaHeT cTabunbHON, YCTAHOBUTCA COOTBETCTBYHOLL MM
dnar un Boixog PAMNY MoXHO BbibpaTh B Ka4eCcTBE MCTOYHMKA CMHXpOoHM3aumm LMY Cortex.
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Mocne 3anycka HSE-reHepatopa ero curHan MoXxHoO nogatb Ha Bxog, cxeMbl GAlMY. Mo
3aBepLUEeHUN NepexoaHbix npoueccoB BHYTpU cxeMbl PAIMY ee curHan MOXHO
MCNONb30BaTh A4M51 CUHXPOHU3ALMN CUCTEMDI

//CunuxpoHnsanmusa HSE-TeHepaTopoM ¥ yMHOXEHMEM YacTOTHl Ha 9
RCC->CFGR = 0x001D0000; //AxTuBMzaumsa oAU
RCC->CR |= 0x01000000;

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

}

//YCTaHOBKA OCTAJIbHEIX [OJIEV YNPaBJIEHUS
RCC->CR |= 0x00000001;

//YCcTaHOBKA OCTAJIbHEIX [OJIEM KOHOMUTYypaumm
RCC->CFGR |= 0x005D0402;

4.2.1.1. HacTpoiika mivH

Cpasy nocne Bbibopa PAINY B Ka4yecTBe NCTOYHUKA CUCTEMHOWN CUHXPOHU3auuun LMY
Cortex bynet pabotatb Ha YacToTe 72 MI'L. YTobbl ocTanbHast YacTb MUKPOKOHTpoOsepa
pabotana ¢ onTumanbHbIM GbICTpoAeNnCTBNEM, HEOHXOANMO BbINOSTHUTL HACTPOWKY LLMH
AHB n APB.

50



YnpaBneHue
WHHaMKH

Cbpoc APB2
Cbpoc APB1
PaszpeweHue

CUHXpoHKW3auun AHB
PazpeweHue
CUHXpOoHW3aUKMK APB2
PaspeweHune
CUHXpOoHKM3aUMK APB1

Mocne cbpoca cMHXpOoHU3aumst MHorve 13 YBB HaxogsaTtca B COPOLLEHHOM COCTOSHUN U C
OTKIMIOYEHHON CcUHXpoHM3aumen. MNepen ncnonb3osaHmem YBB Heobxoammo paspelmnTb
€ro CMHXPOHM3aLMI0 U BbIBECTU U3 COCTOSIHMS cbpoca

//Paspemenne CUHXpPOHM3aUuM wuH AHB,APBl u APB2

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

//OcBoboxmeHne JuHMUM cOpoca YBB Ha mmHax APBl u APB2
RCC->APB2RSTR= 0x00000000
RCC->APBIRSTR= 0x00000000;

4.2.2. bygep Flash namaru

Ecnn paccmotpetb cuctemuyto apxutektypy MK STM32, He TpyagHO 3aMeTUTb, 4TO 94p0
Cortex-M3 cBsazaHo ¢ BHyTpeHHeun Flash namsaTblio nocpeacTBoM OTAENBHOM LUMHbI
NMHCTPYKUni |-Bus. [laHHas wnHa paboTaeT Ha ToW e YactoTe, YTo u LY, noatomy,
nocne aktnemsaumm GAMNY agpo 6yget nbiTatbcs paboTaTb C HEWM C MaKCUMarnbHbIM
ObicTpoaencTamem (72 MIry). MNMockonbky, 6onbwmnHeTBo onepaumn LIMY Cortex
BbINOSHAET 3a OOQWH NEpPUOA CUHXPOHU3auuK, To goctyn k Flash namaTtu 6yget
ocywecTBnsaTbes kaxable 1.3 He. Cpasy nocne 3anycka MK STM32 cuHxpoHuaunpyeTcs
BHYTPEHHMM reHepaTopom YactoTbl 8MITL, noatomy, npobnem ¢ goctynom kK Flash namsaTu
Ha aToM aTane ewe Het. OgHako cpasy nocne aktusuaaumm 6noka ®AMNY m soibopa ero B
KayecTBe UCTOYHMKA CUMHXPOHU3aLmm Bpems goctyna K Flash namsatu okaxeTtcsa cnmwkom
6onbwnm (35 He), ytobkl LMY Cortex morno pabotatb ¢ MakCcMMarnbHbIM
GbicTpogencTemem. Ytobwl LMY morno pabotatb Ha yacTtote 72 Ml 6e3 coCcTOAHUN
oXmaaHusa B uukne goctyna, y Flash namatn npegycmotpeH Bydep ynpexaatoLuen
BbIOOPKK, cOCTOALWMN U3 ABYyX 64-6uTHbIX BydhepoB. Kaxabii n3 atux 6ydepoB otBeqaeT
3a cunTbiBaHue 64-6uTHOro cnosa u3 Flash namaTtu n ganbHenwyto nepegady 16- nnun 32-
OUTHBIX MHCTPYKUMK B LIMTY Cortex. [JaHHbI cnocob XOpoLIO COBMECTUM C UHCTPYKLMAMMU
YCITOBHOIO nepexoaa Habopa MHCTpYKuMA Thumb-2 n npeackasaHnemM nepexonos Ha
koHBenepe Cortex. B xoge HopmanbHoro yHkumnoHmposaHus MK, nporpaMmMmucTty He
cnenyeT BbINOMNHATbL Kaknx-nnbo ocobbix aencteui ¢ bygepom Flash namatn. OgHako
nepeq Bbibopom PAINY B Ka4ecTBE OCHOBHOIO MCTOMHUKA CUHXPOHM3aUMN Heobxoammo
ybeauntbes, 4To Bydep Flash namatn aktneeH. YnpasneHue Bycdepom ocyliecTBnseTcs
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yepes peructp ynpasneHus goctynom Kk Flash namaTtu. Nomumo aktuemsaumm 6ygepa,
Takke HeobxoamMMo 3agaTb KONMMYECTBO COCTOSHUI OXMAAHUS, KOTOpOe HeobxoaumMo
Oydepy npeasapuTensHon BeIOOPKM A51st CHUMTbIBaHUSA 8 BanT MHCTPYKLUMA 13 Flash
namsTtn. 3agepxka Bblbupaercsa cnegyowmm obpasom:

0< SYSCLK <24MI "y 0 cocTosiHMI OXnaaHus
24< SYSCLK <48MI4 1 cocTosiHue oxuaaHus
48<SYSCLK <72 MI'y 2 cocTosiHUS OXKnuAaaHus

[laHHbIE COCTOSAHUA OXMAAHNSA OENCTBYIOT Mexay Oydepom npeaBapuTenibHON BbIBOPKU U
Flash namaTtblo n He okasbiBatoT BrvsiHUSA Ha LMY Cortex. Nocne sbinonHeHus LMY
WMHCTPYKUUKN 13 NnepBon YacTn bydepa, BTopas ero 4actb 3arpyxaetcs, Takum obpasom,
4YTOObI BbINOMHEHME KOAA OCYLLECTBIIANOCH HENPEPLIBHO C ONTUMAarbHbIM
ObIicTpoaencTBMEM.

4.2.3. Illpsamoii 1ocTyn K NaMATH

[Mepepaya pgaHHbIX Mexay YBB v BHyTpeHHUM cTatnyecknm O3Y MOXeT OCyLLeCTBNATLCS,
Kak npu ydactum LMY Cortex, Tak n aBToMatnyeckn nog ynpaBrieHMeM BCTPOEHHOIO
6noka MAM. bnok MAMN mukpokoHTponnepos STM32 nmveet cemb pasaensHo
HacTpanBaeMbIX KaHanoB, NO3BONSLWME aBTOMATMYECKN NepefaBaTh AaHHbIX U3 NamMATH
B NamaTb, 13 YBB B namaTb, 13 namati B YBB n ns YBB B YBB. lNepegava namatb-
NnamMsiTb BbIMNOMHAETCHA C MakCUMarnbHO-BO3MOXHbIM aAnsa kaHana MAMN 6eicTpogencTanem.
Ecnu xe B nepegave gaHHbix yqacteyeT YBB, To 6nok MOl oka3biBaeTca nog ero
ynpaBneHnem v nepeaadya AaHHblx Oyaet npoucxoamTtb no 3anpocy YBB B ntobom 13
HanpasneHun. NMomnmo nepegaym 6GNoKoB AaHHbIX, Kaxabii 6nok MAOMN moxeT
HenpepbIBHO NepeaasaTth AaHHblE B KombLeBor Bydep. MNMockonbKy BCTPOEHHbIE
KOMMYHMKaunoHHble YBB BoobLue He ocHaweHbl 6ydepamu FIFO, To kanane! MO moryT
ncnonb3oBaTbCAa AN nepegayn gaHHbix mexay YBB n 6ycdepamm B ctatnyeckom O3Y.
Bnok MAMN 6611 cneunaneHo pa3pabotaH nog ocobeHHocT MK STM32 n ontmunanposaH
NoA4 YacTyto nepegady KOPOTKMX MOTOKOB AaHHbIX, YTO TUMUYHO OS5 MUKPOKOHTPOMNEPHbIX
NPUMEHEHNI.

Janpoc 2

3anpoc 1 \
\‘ 1 uMkn I I 5 UMKNOB I '-I
| | ] | Lol
maSg BblﬁDDKH BeMU1CAEHME .D.DCT':II'I K chE EPEIS-; BblﬁDpKa
W apauTpaka W apaHTpaxa
J4MPOCA 1 sapeea i MIOATEEPHAEHNA JAMPOCA 2

Kaxxgaa nepegada namsaTb-naMaTb COCTOUT U3 YeTbipex pa3. Pasa gocTyna K LWnHe
AnnuTCca 5 LUMKNoB, a Bce ocTanbHble - 1 umkn

Kaxxgas nepepava, ocyuwiectensemas 6nokom MO, coctomT 13 YeTbipex as: ¢dasa
BbIGOPKM 1 apbuTpaxa, dhasa BbluMCNEHNs agpeca, basa AocTyna K WuHe n hasa
noaTeepxaeHus. Bece ¢asbl, kpoMe hasbl JocTyna K WwnHe, anarca 1 yukn. ®asa gocryna
K LUMHE (MMeeT MeCTO BCSIKUW pas, Korga nepefarTcs peanbHble AaHHble) AnuTes 3 umkna
n Heobxoamma gns nepegaym cnosa gaHHbiX. YTobbl 6nok MO v Ly Cortex mornum
paboTaTb COBMECTHO, X aKTUBHOCTb Yyepeayetcs, T.0. MO He BnokmpyeT paboty LMY u
HaobopoT. Npexae Yem NepenTn K PaCCMOTPEHNIO MEXaHM3Ma YepeaoBaHUs, He0OXxoaAnMo
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YNOMSIHYTb O BIIMSIHAM MPUOPUTETOB Ha nepeaady Mexay pasnuyHbiMn kaHanamu MNAr.
Kaxxgomy n3 kananos NAIN nporpaMmMHbiM cnoco60M Ha3Ha4YaeTCcsa OAMH U3 YEThbIPEX
ypoBHewn npuoputeta. Ha ase apbutpaxka 4oCTyn K LWUMHE NofydaeT KaHas C HanBbICLUNM
ypoBHEM npuopuTeTa. Ecnu 3anpoc Ha nepegayvy otnpasunu asa énoka MNAM n oba
UMEIOT OANHAKOBBIV YPOBEHb MPUOPUTETA, TO AOCTYN K LUMHE MOMAYYUT KaHarn C
HaMMeEeHbLUUM NOPSAKOBBLIM HOMEPOM.

> J— :
- |
u |
== | |1 L L1 | | } [ 1
-
i

E sanpoca| BE4MG- La3a nog 33ﬁaﬁa Briumic-
T kHuaF-l:l ;:1 NEHHE HocTyn K WHHe TERpE- EEEBOPKH| napue HocTyn K WHHe
E paxa ) aewma “paaia““ agpeca

.L L
= s
= 33?263-33 Briumc- axa nog
E; apxn| nerme JocTyn K WHHE TEepx-
i upaap;am- agpeca AEHKA

! A

Bnok MNAMN paspabotaH ansa 6eicTpon nepegavm HeGONbLUMX NOTOKOB AAHHbIX.
MoTpebHOCTL B Takom nepegade TMnMYHa Ans HebonbLlunx BCTpamBaeMblx cuctem. bnok
MAMN saHnmMaeT WnHy ToNbKO Ha hase JoCcTyna K WuHe

Bnok MAMN moxeT BbINONHATL hady apbuTpaka 1 BblMUCIEHWS agpeca, Aaxe ecnv Apyron
kaHana MNAIN HaxoauTca Ha dpase gocTyna K WnHe. Kak ToMbKO akTUBHBIN KaHasm 3aKOHYNT
nepeaady AaHHbIX N0 BHYTPEHHEN LWnHe, ovepenHon kaHan MAIMN yxe 6yaeT rotos K
nepegayve n HesamennUTENbHO NPUCTYNUT K €€ OCYLLIECTBINEHUIO, KOraa Tekylas
nepegava 3aBepLUMTCA BbINONHEHMEM dda3bl noaTBepXKAeHNA. Taknm obpasom, KaHarbl
MAMN no3BonstoT He TONbKO NepefasaTbh AaHHble ObicTpee, Yem LY. Vx paboTa ewe u
TWaTenbHO YepeayeTcs, a LnMHa 3aHMMaeTCs TONbKO Ha BpeMs hakTUYeCcKomn nepegayu
JaHHbIX.

Wuua ceoboaua ana LINY lluHa ceobogHa an
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Ha kaxxgon case goctyna K wuHe Tpu uukna ceobogHsl ans LY. MNpu nepegadax tuna
namMsaTb-NamaTb 3TUM rapaHTupyetcs, 4to LMY 6yaet BoigaeneHo MuHuMmym 60% LWnHBI,
naxe ecnu MNAMN BbinonHseTca HenpepbIBHO. [TOMHUTE, YTO 3TO KacaeTcs TONbKO
nepegayvn gaHHbIX, a Bbloopky MHCTpykuun LMY Cortex ocywecTBnsieT no otaensHOn
LUMHE MHCTPYKUMn |-code

B nepepavax Tvna namaTtb-naMAaTb Kaxabin u3 kaHanos MO 6yget 3aHUMaTh LWKHY
AaHHbIX TONbKO BO BpeMs dhasbl OCTYNa K LWMHE, Npu 3TOM, Ha nepefady kaxgoro crosa
AaHHbIX OyadeT 3aTpayunBaTbCa 5 LUKIOB. V3 HUX OOUH LMK - ANS YTEHUA U eLle OOWH -
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ANS 3anvMcn, NpyyYemM AaHHble LUKIbl YepeayTcst XONOCTbIMU LuKNamMmu, BO BpeEMS
KOTOpbIX WnHa ocBoboxaaetcsa ana LMY Cortex. 3T1o o3Havaer, yto 6nokum MNAMN 6yayt
ncnonb3osatb He 6onee 40% OT NPOMNYCKHOM CNOCOBHOCTM LUNHbI AaHHbIX JaXe BO BpeMs
HenpepbIBHOW nepeaayvn JaHHbIX HA MakcumarnbHOW ckopocTu. MNpu nepegadax tuna YBB-
YBB 1 YBB-namsaTb cuTyaLmms HeCKONbKO bonee cnoxHas.

Mepenaum no wnHe AHB BbINONHAIOTCSA 3a [ABa LKMKIA HAa YacTOTe CUHXPOHU3aLNN STON
LWMHbI, a nepedayu no wuHe APB TpebytoT aAns BbIMNOMHEHNS 2 UUKITOB Ha YacToTe
CUHXPOHU3ALNKM 3TON LWNHBI U eLle 2 LKUKIa Ha YacToTe CUMHXPOHM3aumn WnHbl AHB.
Kaxxgasa nepegadva 6noka MO coctouT 13 ABYyx NepruofoB nepegayun no LnHe v
csoboaHoro uukna. Hanpumep, nepegada ns moagynsa SPI B ctatnveckoe O3Y coctouT u3
nepegayn ns moaynsa SPI, n3s nepegaym B cratnyeckoe O3Y 1 n3 ogHoro cBo60AHOrO
umkna. CnegoBaTenbHoO,

Mepepaya n3 SPI B ctat. O3Y = lNepenaya SPI (APB) + nepegaya ctat. O3Y (AHB) +
ceoboaHbi unkn (AHB) = (2 umkna APB + 2 unkna AHB) + 2 umkna AHB + 1 umkn AHB =
2 umnkna APB + 5 unknos AHB

MOMHWTE, YTO BCE 3TO KacaeTcsi TONbKO nepeaayun AaHHbIX, T.K. BCe BbIDOPKY MHCTPYKLMIA
LIMY Cortex ocywiecTtsnsier no otaensHou wuHe |-Bus.

Kanan MAn

AnA ynpaeneHWA
npepbiBaHAAMM

1

v

p

Y 6noka MAr nmeetca cemb kaHanoB. Kaxabih kaHan aBNAETCA NOMHOCTbIO
OpPTOroHasbHbIM

OuepenHon xopollen HOBOCTLIO, kacatwencs noka MO, aenaetca 1o, YTO OH
YypesBblvarHO NPOCT B UCNONb30BaHUN. BHavane HeobxoauMo BKNIOYUTbL CUHXPOHU3ALUMIO
6noka MNAIMN n BbIBECTU €ro N3 coCTosiHMA cOpoca. ATO BbIMOHAETCA Yepes perncTp
paspelleHnsa cMHxpoHusaumm AHB B Brnioke ynpasneHus c6pocom 1 CUHXPOHM3aALMEN.

RCC->AHBENR |= 0x00000001; // pazspelmeHue CUHXPOHM3ALMM OJjoka I[IJII

Mocne nogauun nutaHusa Ha 6nok MANM. Kaxabii U3 ero KaHanoB ynpaenseTcs Yyepes
yeTblpe perncTtpa. B oByx permcrtpax xpaHATca agpeca UCTOYHMKA M nonyyartens (perucTp
YBB u siveinnka namstn). [laHHble 0 pa3mepe nepegaymn XpaHaTcsa B pernctpe "konndecTtsa
AaHHbIX", a 06wme xapaktepuctukn MNMAMN-nepegaymn 3agaroTca Yepes perncTp
KOHourypaumu.
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Kanan ngan

KoHturypauuna
KonuyecTBo AaHHbIX
Appecc YBB

Aapec NamAaTH

Kaxabi n3 kananos NAlN ynpaBnaeTca yepes YeTblpe pernctpa v nogaepxmsaet
reHepaumio Tpex npepbiBaHUI: NO 3aBepLUeHU, MOSTOBUHHOM 3aBepLUEeHUN 1 OLIMbKax

nepenaun

Kaxgomy na kaHanos Al MOXHO Ha3HauYnTb YeTbipe YPOBHA npuoputeTa: "odeHb

~non non

BbICOKMIN", "BbICOKMIN", "cpegHuin” n "HnM3knuin". Pasmepa nepegasaemMoro crnosa 3agaeTcs
pasgenbHo anga namatn u YBB. Hanpumep, mbl moxxem nepegatb 32-6MTHOE CNoBo B
kaHan MAr (3 yukna) n3 namsaTtu, a 3atem nepeaatb YeTblpe 8-OUTHbIX CNOBa B PErNCTP
AaHHbIX YAITTT (Bcero notpebyetcsa 35 unknos Bmecto 64, ecnn 6bl BCe AaHHbIEe
nepeaasanu 8-6uTHeIMK nopumsmn.) Takke MeeTcs BO3MOXHOCTb MHKPEMEHTUPOBAHMS
agpecos namat n YBB. NoTpeBHOCTb B 3TOM MOXET BO3HUKHYTb, Hanpumep, npu
nepuoguyeckon nepegadye AaHHbIX U3 peructpa pesynsrata AL B maccmB namatn ons
AanbHenwen obpadoTkn. YTobbl 3aaaTb B KAKOM M3 HanpaeneHun, namaTtb - YBB nnu
YBB - namaTb, He0bxoaMMo nepefasaTtb JaHHbIe, MPegyCMOTPEH BUT HanpaBneHns
nepegayn. Npn nepegadax Tmna namsaTb-NnamMmsaTb HEOBXO4MMO yCTaHOBUTL BUT 14 ong
nepegadn gaHHbIX mexay Asyms 6ydepamm B ctatndeckom O3Y Ha MakcumMarsnbHo-
BO3MOXHOM ckopocTu. MicnonbaoBatb kaHanbl [T MOXHO, Kak B pexXume onpoca, Tak U ¢
NCnorb3oBaHWEM MpepbiBaHUM MO 3aBEPLUEHUIO, MOMOBUHHOMY 3aBEPLLEHUIO U NPU
owmnbkax nepegayn. HakoHeu, nocne 3aBeplueHusi HacTponku MNAMN-nepegayn,
HeobXoaMMo yCTaHOBUTL BUT pa3pelueHna paboTbl kaHana u nepegadya HavyHeTcs.
[Mepepayy NamMaTb-NamMATb MOXHO BbINOSIHUTL C MOMOLLBIO CreAyoLero koga nporpammei:

DMA Channell->CCR = 0x00007ACO;

DMA Channell->CPAR = (unsigned int)src arry;
DMA Channell->CMAR = (unsigned int)arry dest;
DMA Channell->CNDTR = 0xO000A;

TIM2->CR1 = 0x00000001;

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

}

’

’

0
0;
1
0

;index <0xA;index++)

//HacTporka Nepenauu NaMITb-IIaMAaThb
//BHOOD MCTOUHMKA U MOJIydaTesid

//3amaHue pasMepa nepenaun

//3anyck TamMepa
//3anyck MIMN-nepenaumn
//o%Xumanmue BaBeplleHUs Iepelaun

//ocTaHoBKa TariMepa

//cBpoc cueTuuka

//nepesanyck TamMepa

//HoBTOpPARIMECHS ONepaluu, BHIOJHAeMee LY
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CTarT. CTaT.
O3Y o3y

B naHHOM kofe nporpammbl 4EMOHCTPUPYETCS NpocTas nepefadya namaTb-namstb. Cuet
KONMYecTBa LMKIOB BbINOMHAETCSH BHYTPEHHUM TaiMepoMm

B npuBeneHHOM Bbile Koge BbiNonHsetrca nepegada 10 cnoB gaHHbIX MeEXAy ABYMS
mMmaccmBamu B ctatndeckom O3Y: BHavane ¢ ucnons3osanuem NAIM, a 3atem ¢
ncnonb3oBaHnem Tonbko LMY Cortex. B kaxxgom u3 atux cnyyaes, nepeg Hadanom
nepegaym 3anyckaeTcs TaMep U OCTaHaBNMBAETCH MO 3aBepLueHnn nepegayun. B gaHHOM
npumepa 6nok MAMN sBeinonHseT nepegadvy 3a 220 yuknos, LMY - 3a 536.

USERTI_TX

S USART3_TH LISART3 R TIM4_CC2|TIMI_CCU  TIM1_UP USARTI_FB{  USARTZ R USARTZ_Tx

TIMZUP| TIMZ.CC3  iM3_cca[Ti_ce2 TiMi_CCa| | [TIMI_TRIG spiz T |TiMz_cC TIMZ CC2 | TIMZ_CC4

1
~ TiM3_CCTMI_CC3

TiM2 £C3 | TIL.EC1 SRR | (TMEUP 1202 FXx TiM4_CC3 TIHM_UP) | 1201 R
{ { TIM1_CC TLFB': { I ‘SH?_Hi-: 1262, T ‘| I ‘|x1_1ﬂ TTUHIG I l
MnK Wnu L oanm | MM WMnu | unm |
Nporpar: Mporpae+ Miporpat Nporpar: Nporpar+ Mparpans Mporpaes
HHER FHESA maingl MG HHESA [ TTEY Ptz
DK, TAWYCE HAMCE AR ALK A “’T"
— T — —r T —r —r —r
Kanan 1 Kanan 2 Kanan 3 Kawnan 4 Kanan 5 Kanan 6 Kawan 7
= : |
C
» 2anpeoc NAON

Kaxxpoe YBB, kotopoe nognepxusaert N4, cBa3aHO ¢ KOHKpeTHbIM KaHanoM. Nocne
paspelueHuns pabotbl, YBB ctaHoBuTCs KOHTponnepom notoka anga MNAr-nepegaun.
Bnarogaps atomy, npvem n nepegada AaHHbIX BbINOMAHAOTCS 6e3 Kakoro-nnmbo yyactus
uny

HecmoTps Ha To, YTO nepegaym Tuna namsaTb-NnamMsTb BbIFOAHO UCMNOMb3oBaTh A4
MHULUManu3aumm obnacten namaTn, a Takke onda nepegaydm 6rnokoB AaHHbIX, 60MNbLUYHO
yacTb BpeMeHu kaHanbl MNAMN 6yayT ncnonb3oBatbCs ANA NepeMeLLeHns JaHHbIX MeXay
namsaTblo U pasnuyHbiMu YBB. B cBa3n ¢ atnm, kaxabin u3 kaHanos MNAIN ceBaA3aH ¢
onpegeneHHou rpynnon YBB. BHavane, Heobxoammo nHuumnanuanposats YBB un
paspewntb nogaepxky um MAM. 3atem, Hy>XHO HacCTpPOUTb cooTBeTCTBYHOLWMI KaHan M1
AN nepefadv AaHHbIX N0 3anpocy nogaepxunsaemoro um YBB. Hanpumep, 6onee
noapobHo paccmarpuBaemMbin ganee AL no 3aBepLueHumn Kaxxgoro npeobpasoBaHns
nomewtaet 10-6uTHbIN pe3ynbTaT B perncTp pesynsrata npeobpasosanus. Ecnn MO He
ncnonb3osatb, To LY OyaeT BbIHYXAeH nepuoanydeckn obpabaTbiBaTbe NpepbiBaHUSA MO
3aBepLueHuto npeobpasoaHms AUIM. Ecnn ke ncnone3osatsk MNAIMN, To N0 OKoOH4YaHWUK
Kaxkgoro npeobpasosaHusa AL 6yaeT reHepupoBaTth 3anpoc Ha NAN-nepegayy, a 6nok
MArN nepepact pesynerat npeobpasoBaHusa ALM B ctatudeckoe O3Y no
WMHKpeMeHTMpoBaHHOMY aapecy. [pu Takom noaxoge ydyactue LMY notpebyercsa TonbKo
ansa o6paboTkm NoAroToBNEHHOrO MaccuBa AaHHbIX NOCNe 3aBepLleHnsa nepegaymn
nocnegHen BbIGOPKN.
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Kanan 0 Kanan1 Kanwan? HKanwan3 Kanan4 Kanwani Kawan b Kanan7 Kaunan 8

YBB mukpokoHTponnepoB STM32 He cogepxaT kakmx-nnbo 6ycdepoB namsaTu.
Ncnonb3oBanue MMM B ero KonbLeBOM pexmmMme No3BonsieT NCNonb3oBaTh Ntobor 06bem
namsTv B kKadectBe bydepa YBB. Mcnonbaysa npepbiBaHUS NO NOSIOBUHHOMY M MOSHOMY
3aBepLUEHUNIO Nepeaayn, MOXXHO OpraHM3oBaTh 4BOWNHOW KonbLueBon Bydep

UTtoObl 3TOT Npouecc 6bin 6onee addPeKTUBEH, MOXXHO aKTUBU3NPOBATb NOLAAEPKKY
KonbLesoro bydgepa, 4to no3sonut AL HenpepbIBHO 3anncbiBaTh AaHHbIE B 3TOT Bydep.
3arem, ucnonb3ysi NpepbiBaHUs No NOSIOBMHHOMY U NONHOMY 3aBepLueHuto MO
nepegadn, MOXHO co3gaTb ABOMHON Bydep. MNMocne 3anonHeHsi NepBO MNOSTIOBUHBI
Bydepa reHepupyeTcsa npepbiBaHME, KOTOPOE NO3BOSSIET NepenTn kK obpaboTtke
HaKOMMEHHbIX AaHHbIX, &, NPU 3TOM, HOBble AaHHble ByayT NPOAOMKaTb HaKannMBaTbCs BO
BTOPOW NonoBunHe bydepa. AHanorMyHbIM o6pasom, nocne 3anosiHeHs1 BTOPOW YacTu
Bydepa, MOXXHO NnepenTn K 06paboTke AaHHbIX, Npy atom, MO Ha4YHeT nepe3anonHeHune
Bydepa HOBbIMU JaHHLIMWU. Takon xe mexaHuam paboTsl M1 MoXXHO ucnonb3oBaTtb 1
COBMECTHO ¢ apyrumun YBB. EQUHCTBEHHO, BaXKHO 06paTUTh BHUMAHUE, YTO Y
KOMMYHUKaUnoHHbIX YBB peanusoBaHbl pasgeneHble kaHano! MNON nppema n nepegayn.
Hanpumep, moaynb SPI moxeT ogHOBpeMeHHO nepeaaBaTh AaHHbIe B 060Mx
HanpasfeHusX.

S. YceTpoiicTBa BBOAA-BBIBO/A

B naHHOM pa3gene 6yaet npeacrtaeneHa obwasa nHgpopmaumsa ob yctponctesax BBoga-
BbiBoAa (YBB), koTOopble OCTYNHbLI NOMb30BaTESO B Pa3fnyHbIX BEPCUAX
MukpokoHTponnepos STM32. [Ina yoobctea YBB pasgensitotca Ha ase rpynnbi:
MUKPOKOHTpornnepHbie YBB obuero HasHayeHus n kommyHunkaumoHHble YBB. Bce YBB
MUKpPOKOHTponnepoB STM32 oTnuyatoTCcs BbICOKOM CTEMNEHBIO CIOXHOCTU N O4EHb NSTIOTHO
cBs3aHbl ¢ 6nokom MNAMN. Kaxgoe YBB obnagaeT n3dbbITOYHbIMY CXEMHbLIMKW Briokamu,
KOTOpbI€ MNO3BOSMIAT MUHUMU3NPOBATL ydactme LMY B BbINONHEHMM KaXObiM KOHKPETHbLIM
YBB 3agady. ViHbimn crnoBamu, oHM obneryatoT aBToMatu3auunio annapaTHbIX pecypcoB,
CHWxXas Harpy3ky Ha LMY no ynpasnenuio YBB.

57



5.1. YBB 001m1ero naznaueHus

YBB o6Lero HazHa4deHnss MMKpOKOHTponnepoB STM32 cocTosT M3 nopToB BBOA4A-BbIBOAA
(MBB) obLiero Ha3Ha4YeHus1, KOHTPOepa BHELWHNX NpepbiBaHUI, aHanoroBo-LmMgpoBbIX
npeobpasoBarenem, Tanmepos 06LLEro HazHaYeHWs1, pacLUMPEHHOro TaiMepa 1 4acoB
pearibHOro BpEMEHU C 3HEPrOHE3aBMCUMBIMU (3a CHET Pe3epPBUPOBAHUS NMUTAHKUS)
pernctpamm n BXogom obHapyXeHusi BMeLlaTenbCTBa.

5.1.1. IlopTbl BBOAA-BBIBOJAA 00IIET0 HAZHAYCHUS

Y MK STM32 npegycmotpeHo o 80 aByHanpaBneHHbIX NMHUIA BBOA4a-BbiBoAa. Bce nnuHum
BBOJa-BblBOAA pasgeneHbl Ha 5 NopToB Mo 16 NMHUKM BBOA4A-BbIBOAA B KaXXOO0MW.

HacTpoHnka
BLIBOAOB

MopT BEOAA-BbIBOAA
ANbTepHaTUBHAA hYHKUMA
BHewHee NpepbiBaHKWe

Kaxxgas undpoBas nMHMA BBOA4A-BbIBOAA MOXET BbINOMHATL (PYHKLMIO NMUHUN BBOAA-
BbiBOAA OOLLEr0 HAa3Ha4YeHUs Unn ansTepHaATUBHYIO OYHKLUMIO. KaXkabin U3 BbIBOAOB MOXET
BbINOSMHATL AOMNOSTHUTENBHYIO PYHKLNIO OAHOIo U3 16 BXOOO0B BHELLHMX NpepbiBaHNN

[aHHble nopTbl Ha3biBatoTcA A...E n coBmecTumbl ¢ HanpskeHnem 5B. MHorve n3
BHELLHMX BbIBOAOB MOTYT BbINOSHATL anbTepPHaTUBHYK (PYHKLUUIO NMMHUX BBOAA-BbIBOAA
BCTpoeHHoro YBB, Hanpumep, mogyna YCAIMT vnn 12C. Kpome Toro, 16 BXOOHbIX NMHUIA
BCTPOEHHOro Grioka BHELLHMX NpepbiBaHUA MOTyT BbITb COeQMHEHbBI C NObIMKY 13
NUHMSIMUX NOPTOB BBOAA-BbIBOAA.

MopT BBOAA-
BbIBOAA

HNea
KOH¢pUrypaUuUoHHbIX
perucTpa

Beoa AaHHbIX

BbiBoA A3HHbIX
YcTanoBkalcbpoc BuT
BnokupoBKa AocTyna K

KOHhUrypaluK

Kaxgbiv BB nogaoepxuBaeT BO3MOXHOCTb pasfenbHON KOHUrypaumm nMH1Uin Ha BBOL
nnu Ha BbiBog. Kpome Toro, npegycMOoTpeHbl PErncTpbl Kak A51s 3anmMcu LesnbiX CrioB, Tak U
ANs BO3OENCTBUS Ha OTAeNbHble OUTLI. [locne 3aBepLUueHns KOHUrypaumm gocTyn K HER
MOXHO 3abnokMpoBaTb
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Y kaxpgoro NBB nveetcsa asa 32-6UTHbIX KOHUrypaLumMoHHbIX pernctpa. COBMECTHO OHU
06pasytoT 64-6UTHBIN KOHPUTYPALMOHHBIN pernctp. Atn 64 6uta pasgeneHsl Ha 4-6UTHbIE
nonsi, NO3BONSOLWME HACTPOUTb COOTBETCTBYHOLLYIO UM NIMHMIO BBOAA-BbIBOAA. B cBOIO
ovepenpb, 4-6uTHoe none KoHGUrypauum CoctomT U3 2-6UTHOro Nons pexuma n 2-6UTHoOro
nonsi koHdurypauuu. MNMone pexnma No3BONSET yka3aTb, B KAKOM HanpasneHum paboTtaeT
NNHWS: Ha BBOA WM Ha BbIBOL, a None KOHurypaumm no3BonseT HacTpouTb
XapaKkTePUCTUKN ynNpaBneHuns:

«  €CnV NMNHNS HacTPOEeHa Kak BXOA, TO K HEN MOXHO NMOAKMNIOYMUTL NOATArMBAOLWMI K
NACY NN MUHYCY PE3NCTOP;

« JIMHUSA, HACTPOEHHAasi Ha BbIBOO, MOXET ObITb MO0 ABYXTAKTHOW, NTMOO C OTKPbITbIM
CTOKOM. NS NUHWUI BbIBOAA MOXHO TaKKe ykasaTb €e MakCumarnbHoe
obicTpogencrtame: 2, 10 unm 50 Mlu.
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g8 x| BLIX0 O0M ! ABYRTaKTHBIA
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UTeHHE/3aNHCh w—|t | VSSI OTRRBMTEI ETOR
OT BCTPORHHBIX ¥BB e :
Boixop ansTepHatweHon 1 [Jlpafisep seisona
Py HKLYaM
KoHdourypauums CNF1 |CNFO MOD1 MODO
AHarnorosbIn BXo[, 0
MnaBatowmn Bxoq (coctosiHne nocne cbpoca) |0 1 00
Bxopg ¢ nograrmeaHnem K nntocy 1 0
Bxoa ¢ noagTarMBaHMeEM K MUHYCY 1 0
[BYXTaKTHbIN BbIXOA 0 0
Bbixog € OTKPbITbIM CTOKOM 0 1 8(1) ‘1)8:;(/??3
- : L,
[BYXTaKTHbIW BbIX0 ansrepHart. yHKUMK 1 0 10: 2MIL
BbIxo4 € OTKPbITbIM CTOKOM arnbTepHar. 1 1 11: 50MIly,
dyHKUMM

Mocne 3aBepLleHNa HAaCTPOMKM NOPTOB, KOHPUIypaLMOHHbIE NapameTpbl MOXHO
3aWmTnTb. [INs 3TOro He06XO0AMMO BbIMOMHUTL 3anNUCb B perncTp GriokMpoBku
KOHpurypaumm. B aTom pernctpe onsa Kaxxgoro BblBoga NnpeaycMoTpeH 6uT 6noknpoBku.
lMocne ero yctaHOBKM BNOKMpyeTCs BO3MOXHOCTb 3anncu B COOTBETCTBYHOLLME MO
KOHurypaumm n pexxmma. locne yctaHoBkM Bcex TpebyeMbix 6GUT 6rnoKMpoBKy,
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Heobxogumo B 6T 16 pernctpa BroknpoBku 3anncatb nocnegosatenbHoctb 1, 0, 1. ATnm
OyneT akTMBM3MpoBaHa briokMpoBka. YoeamnTbca B akTUBM3aUnmn GNOKMPOBKN MOXHO, ecrin
cpasy nocrie 3an1cu BbINOMHUTL NOAPSA ABa CHUTbIBAHMS 3TOrO e 6uta. CuntbiBaHue
3HadeHun 0, 1 cBnaeTenbCTBYET 00 yCrneLwHon akTmBaumm 6noknpoBkn. [JocTyn K IMHUAM
BBOAA-BblBOAA OCYLLECTBMNSAETCA Yepes perncTpbl BBoAa U BbiBoAa AaHHbIX. [1ns
BbIMNOMHEHNA OENCTBUM Hag, OTAENbHBbIMK BMTaMn MOXXHO UCMonb30oBaTh NMM60
nogaepxmneaembin agpom Cortex cnocob "bit banding" npumeHuTenbLHO K pernctpam
BBOAA M BbiBOAA, NMMBO BOCMONbL30BATLCA ABYMS CleunanbHbIMU permnctpamm 6MToBon
0bpaboTtkn. Pernctp yctaHoBku/copoca ouT - 32-6UTHbIN peructp. BepxHue 16 6ut
CBSA3aHbl C Kaxxaoun n3 nuHum NBB. 3anuck B HMX nornyeckon 1 npuBoamT K copocy
COOTBETCTBYHOLLEN NUHUN BBOAA-BbIBOAA. MOEHTUYHO 3TOMY, 3anucb nornveckon 1 B
no6on n3 mnagwmx 16 6ut NpnBeaEeT K YCTAHOBKE COOTBETCTBYIOLLEN NTMHUN BBO4A-
BblBOAA. BTopon pernctp 6utoson ob6paboTku - pernctp copoca 6ut. 1ot pernctp 16-
OMTHBLIN. 3anuck B ero 61Tkl nornyecknx 1 NnpmBoauT K COPOCY COOTBETCTBYHOLLMX JIMHUIA
BBOAa-BbiBoAa. CoyetaHune pernctpos NBB, cnocoba "bit banding" n pernctpos 6utoson
006paboTkn NpeaoCcTaBnaT NOMb30BATENO OTNIMYHbLIE BO3MOXHOCTU YrpaBrieHnsa BCEMMU
nuHuamMu Beoga-sbisoga MK STM32 1 moryT YpesBbl4aiHO 3hdEKTUBHO UCMOMb30BaThCA
B MPUMEHEHMUSX C MIHTEHCUBHBIM UCMNOMb30BaHMEM NMHUIA BBOAA-BbIBOAA.

5.1. YBB 001m1ero HaznaueHus

YBB o6Lero HazHa4deHnsst MMKpOKOHTponnepoB STM32 cocTosT M3 nopTOB BBOAA-BbIBOAA
(MBB) obLiero Ha3Ha4YeHus1, KOHTPOepa BHELHNX NpepbiBaHUIN, aHanoroBo-LmMgpoBbIX
npeobpa3soBarenen, Tanmepos 06LLEro HasHaYeHNs1, pacLUMPEHHOro TaMepa 1 4acosB
pearibHOro BpEMEHU C 3HEPrOHE3AaBMCUMBIMU (32 CHET Pe3epPBUPOBAHUS NMUTAHUS)
pernctpamm n BXogom obHapyXeHusi BMeLlaTenbCTBa.

5.1.1. IlopThl BBOAA-BBIBOJAA 00IIET0 HAZHAYCHUS

Y MK STM32 npegycmotpeHo o 80 aByHanpasneHHbIX NMHUIA BBOAa-BbiBoAa. Bce nnuHum
BBOJa-BblBOAA pasgeneHbl Ha 5 NopToB Mo 16 NMHUKM BBOA4A-BbIBOA4A B KaXXOOMW.

HacTpoHnka
BLIBOAOB

MopT BEOAA-BbIBOAA
ANbTepHaTUBHAA hYHKUMA
BHewHee NpepbiBaHKWe

Kaxxgas undpoBas nMHMA BBOA4A-BbIBOAA MOXET BbINOMHATbL (PYHKLMIO NMUHUN BBOAA-
BbiBOAA OOLLEr0 HAa3Ha4YeHUs Unn ansTepHaATUBHYIO OYHKLUMIO. KaXkabin U3 BbIBOAOB MOXET
BbINOSMHATL AOMNOSTHUTENBHY PYHKLNIO OAHOIo U3 16 BXOOO0B BHELLHMX NpepbiBaHNN

[aHHble nopTbl Ha3biBatoTCA A...E n coBmecTumbl ¢ HanpskeHnem 5B. MHorve n3
BHELLHMX BbIBOAOB MOTYT BbIMOSHATL anbTepHaTUBHYK (PYHKLUUIO MMHUX BBOAA-BbIBOAA
BCTpoeHHoro YBB, Hanpumep, mogyna YCAIMI unn 12C. Kpome Toro, 16 BXOOHbIX NMHUIA
BCTPOEHHOro Grioka BHELLHMX NpepbiBaHUA MOTyT BbITb COeQMHEHbBI C NObIMKY 13
NUHMSIMU NOPTOB BBOAA-BbIBOAA.
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MopT BBOAA-
BbIBEOAA

Oea
KOH¢pUrypaUuMoHHbIX
perucTpa

Beoa AaHHbIX

BeiBoa AaHHbIX
Yetanoekalcbpoc BuUT
BrnokupoBKa aocTyna K
KOHthUrypaLmumM

Kaxxagbiv NBB nopgaepxuBaet BO3MOXHOCTb pa3fesibHoN KOHUrypauumn MHUin Ha BBOA
unu Ha BbiBog. Kpome Toro, npegycMOTpEHbl PErMCTPbI Kak A4S 3anmMcu LenbiX CrioB, Tak U
OS5 BO3OeNCTBUS Ha oTAeNbHble BUThl. [locne 3aBepLlueHnsa KOHurypaumm gocTyn K Hen
MOXHO 3abnoknpoBaTtb

Y kaxpgoro NBB nmeetca asa 32-6UTHbIX KOHUrypaumoHHbIX pernctpa. COBMECTHO OHU
06pasyloT 64-6UTHBIN KOHPUTYPALMOHHBIN pernctp. 3Tn 64 6uta pasgeneHsl Ha 4-OUTHbIE
nonsi, NO3BONSALME HACTPOUTL COOTBETCTBYIOLLYIO UM NIMHMIO BBOAA-BbIBOAA. B cBOIO
ovepenpb, 4-6uTHoe none KoHGUrypauum CoctomT n3 2-6UTHOro Nons pexmuma n 2-6UTHoro
nonsi koHurypauuu. MNMone pexnma No3BONSAET yka3aTb, B KAKOM HanpasneHun paboTaet
NNHWS: Ha BBOA MUY Ha BbIBOA, a None KOHurypaumm no3BonseT HaCcTpouTb
XapaKkTePUCTUKN yNpaBneHus:

«  €Cnv NMNHNS HAaCcTPOEHa Kak BXOA, TO K HEN MOXHO NOAKMNIOYMUTL NOATATMBAOLWLMI K
NACY NN MUHYCY PE3NCTOP;

« JIMHUSA, HACTPOEHHAasi Ha BbIBOA, MOXET ObITb MO0 ABYXTAKTHOW, NTMOO C OTKPbITbIM
CTOKOM. 1N NUHWMIA BbIBOAA MOXHO Takke ykasaTb €€ MakCumaribHOe
obictpogencrtame: 2, 10 unm 50 Mlu.

e e T e T T
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KoHdourypauums CNF1 /CNFO MOD1 MODO
AHarnorosbIn BXo[, 0

MnaBatowmn Bxog (coctosiHne nocne cbpoca) |0 1 00

Bxopg ¢ nograrmeaHnem K nntocy 1 0

Bxoa ¢ noagTarMBaHMeEM K MUHYCY 1 0

[BYXTaKTHbIN BbIXOA 0 0

Bbixog € OTKPbITbIM CTOKOM 0 1 8(1) ‘1)83'(/?#5
[BYXTaKTHbIW BbIX0 ansrepHart. yHKUMK 1 0 10: 2MIL
Bbixog € OTKPbITbIM CTOKOM ansTepHar. 1 1 11: 50MIly,
dyHKUMM

[Mocne 3aBepLUeHNss HACTPOWKM NOPTOB, KOH(PUrypauMoHHbIE NapameTpbl MOXHO
3aWmTUTh. [Nna 9TOro He0BXoAMMO BbINOMHUTL 3anNnCb B permcTp 6roKnMpoBKku
KOHpurypaumm. B aTom pernctpe onsa Kaxxgoro BblBoga NpeaycMoTpeH 6uT 6noknpoBku.
[Mocne ero ycTaHOBKM BNOKMpPYETCs BO3MOXHOCTb 3anncu B COOTBETCTBYHOLLME NONS
KOHurypaumm n pexxuma. locne yctaHoBkM Bcex TpebyeMbix 6GUT 6rnoKMpoBKy,
Heobxogumo B 6uT 16 pernctpa BrnoknpoBku 3anncatb nocnegosatenbHoctb 1, 0, 1. ATnm
OygeTt akTMBu3npoBaHa bnokuposka. YoeanTteca B akTuBm3aumm 6riokMpoBKM MOXHO, eCru
cpasy nocrne 3anncu BbINOMHUTL NOAPSAL ABa CHUTbIBAHUSA 3TOro Xe buta. CuntbiBaHMe
3HayeHun 0, 1 cenpgeTenbcTByeT 06 ycneLHom akTueauumn 6nokupoBku. [1ocTyn K NMHUAM
BBOAA-BbIBOAA OCYLLECTBNSETCA Yepes perncTpbl BBOAA U BbiIBOAA AaHHbIX. [N
BbINONHEHNSA AENCTBUA HaA OTAENbHbIMU BUTaMn MOXHO UCnonb3oBaTb NMbO
nogaepxmsaembin agpom Cortex cnocob "bit banding" npumeHnTenbLHO K pernctpam
BBOAA W BbiBOAA, MO0 BOCNOMNb30BATLCA ABYMS CreLmanbHbIMK pernctpamm 6utosom
obpaboTtkn. Pernctp yctaHoBku/copoca ouT - 32-6uTHbIN pernctp. BepxHue 16 6ut
cBSA3aHbl C Kaxkaon n3 nuHui MNMBB. 3anucek B HUX nornveckon 1 npueBoanT Kk cbpocy
COOTBETCTBYHOLLEN NMMHUN BBOAA-BbIBOAA. MIOEHTMYHO 3TOMY, 3anucb normyeckon 1 B
nobon n3 mnagwmx 16 6uT NpMBeadeT K yCTaHOBKE COOTBETCTBYHOLLEN NMMHUU BBOAA-
BbiBOAA. Bropon pernctp 6utoson obpaboTku - pernctp copoca 6ut. 3ToT pernctp 16-
BUTHBIN. 3annck B ero 6uTbl normyeckmx 1 NPUBOANT K COPOCY COOTBETCTBYHOLLNX JIMHWUIA
BBOAa-BbiBoAa. CoyetaHune permctpos NBB, cnocoba "bit banding" n pernctpos 6utoson
06paboTkmn NpegoCcTaBnAT NOMb30BATENO OTIIMYHBIE BO3MOXHOCTM YNpaBneHnsa BCEMMN
nuHuamn Beoga-sbisoga MK STM32 1 moryT ypesBbldaiHO 3dEKTUBHO UCMOMb30BaThCA
B MPUMEHEHMUAX C UHTEHCUBHbLIM MCMNONb30BaHMEM NMHUIA BBOAA-BbIBOAA.

5.1.1. AubTepHaTuBHbIC QYHKIIMHT

Pernctpbl anstepHaTMBHbLIX (OYHKUWIW YpaBnsoT NepeknioyeHmem NMHUM BBOA4a-BbIBOAA
mexay MNBB n ogHMM 13 BCcTpoeHHbIX YBB. UTobbl cxeMoTexHU4eckoe NpoekTMpoBaHue
6b1n0 6onee rmbkum, NMHUM BBOAa-BbiBoAa YBB mMoryT 6biTb CBA3aHbI C Og4HUM K3
Heckonbknx sbiBogos MK.
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YNPABNEHUE COBbLITUAMM

NMepeHasHa4YeHUe U HACTPOUKa

oTNaA0YHbIX TMHUUNA
BBOAa-BbIBOAA

OnosgaBLuee BbICOKOMPUOPUTETHOE NPepbiBaHNE OTNOXUT BbINOSTHEHNE
HU3KOMNPUOPUTETHOIO NPEPbLIBAHMSA, HE BbIMOJTHAS NPU 3TOM Kakux-nmmbo OONONTHUTENbHbIX
onepauun Hag CTEKOM

AnbtepHaTuBHble pyHKkuum y MK STM32 ynpaBnatoTcsa Yepes pernctp nepeHasHadyeHus u
otnagku. Kaxxgoe 13 ungpossix YBB (YCAIMI,CAN, Tanmepsl, 12C n SPI) umeeT ogHo-
nnun gByxbuTHOE none, KOTopoe NO3BOSMSIET HAa3Ha4YMTb paboTy C pa3nNUYHO kKoMbrHaumen
BbIBOAOB. [locne Bbibopa ansTepHaTUBHbBIX (PYHKLNA BbIBOAOB, HEOBXOANUMO B
KOH(pUrypaumoHHbIx permuctpax BB nepekntounTs HasHayvyeHne BbiBoAa C NMMHUKN BBOAA-
BbIBOAA Ha anbTepHaTUBHYIO (PYHKUMIO. Pernctp nepeHasHadeHus Takke ynpasnsieT
KOHburypaumen sbiBogoB otnagoyvHoro JTAG-nopta. Cpasy nocne cbpoca, nopt JTAG
aKTMBU3MPYETCS C OTKIHOYEHHON OYHKLMEN TpacCUpPOBKM AaHHbIX. JTAG MOXHO
NepeKnioyYnTb B PeXnM ABYXNPOBOAHOIO OTNag0YHOro MHTepdenca, a Henmcnosib3dyemble
BbIBOAbI MCMOMb30BaTh B Ka4eCTBE NMHUI BBOAA-BbiBOAA O6LLEro Ha3HaYeHus

5.1.2. Curmaaun3zanus coObLITHUI

Mpoueccop Cortex MMeeT BO3MOXHOCTb reHepauumn umMnynbca CurHanusaumm codbITui,
npeaHasHavYeHHbIn A8 BO30OHOBNEHNA paboTbl OTAENbHOIO MUKPOKOHTPONNepa,
HaxogsALerocs B 9KOHOMUYHOM pexume paboTbl. OBbIYHO, MMYMBC CUrHaNU3auumn
cobbITUn NnogaeTcsa Ha Bxo4 Bo30OHOBEeHUs paboTbl BToporo MK STM32. 3ToT nmnyrnbsc
reHepupyeTcs npu BbiNofnHeHnn komaHabl SEV n3 Habopa nHctpykumin Thumb-2. YTo6bl
CBSA3aTb UMNYNbC CUrHaNM3aumm ¢ KOHKpeTHbIM BbiBoAoM BB, npeaycMoTpeH perncTp
ynpasneHunsa cobbiTnamun. Pernctp ynpaeneHms cobbiTusaMy COaepXXuT nons aAnga Bbibopa
nopTa u ero NMHUN BBoAa-BbiBoAa. [locne Bbibopa NUHUKM BBOAA-BbIBOAA, HEOBX0AMMO
3aBEpPLUMTb HACTPOWKY YCTAaHOBKOM BMTa paspeLueHms curHanmaanmm cobbITui.

5.1.2. BHenmiHMe npepbIBAHUSA

Bnok BHewWHMX npepbiBaHUN UMeeT 19 NUHUI NpepbiBaHU, KOTOPbIE CBA3bLIBAKOTCA C
BekTopamu npepbiBaHnn nocpeactsom KBBI1. 3 H1ux 16 nnuHum ceAsaHbl ¢ ninHnamm NBB
N MOTyT reHepupoBaTb NpepbiBaHWe NO HapacTawLeMy unu nogatowemMy poHTY, UNu xe
no o6omm ppoHTam. OcTaBLUMECH TPU NUHUK CBA3aHbI C NTIMHMEN NpepbiBaHus YPB,
nnHnen Bo3obHoBneHus pabotbl nopta USB 1 BbIxogoM curHanusaumm 6noka KOHTpons
HanpspkeHus nutanunsa. KBBI npegocTtaBnsaeT otaenbHble BEKTOPLI NPepbiBaHNN A
NHWUIA BHeLWHMX npepbiBaHnin (EXTI) 0-4, YPB, 6rnioka KOHTPONSA HanpsiKeHns NUTaHus un
6noka USB. OcTtanbHble nuHmn EXTI pasgeneHsl Ha Ase rpynnbl, AMHUA 5-9 1 nuHUK
10-15, kOTOpbIE CBA3aHbI C ABYMS AOMOMHUTENBHBIMU BEKTOpaMU rnpepbiBaHu. Bnok
BHELLHUX NpepbIBaHUIN UTPAET BaXKHYHO Posib AN1S ynpasneHus aHepronoTpebneHnem MK
STM32. [laHHbIN 6ok ABNSETCA aCUHXPOHHBIM U, MO3TOMY, MOXET MCMONb30BaTbCA AN
BO30OHOBMNEHNA paboTbl MUKPOKOHTpONNepa, Haxoasuleroca B pexume STOP, korga oba
OCHOBHbIX reHepaTtopa oTkntoveHbl. EXTI MOXeT reHepupoBaThb nNpepbiBaHWe, Kak asis
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Bbixoda 13 cocTtosaHms Wait B pexxume npepbiBaHUR, Tak U Ang Bbixoga u3 coctosiHma Wait
B peXXume cobbITuN.

3210
I b | Exma
IBI{E[“P“EE e =
npepbiBaHue
KoHdpurypauma 1
' a0
PBD
KoHtpurypaums 4 PoO =L
PD0
PED

MK STM32 nmetoT 16 NMHUIA BHELLHNX NPepbiBaHUN, KOTOPbIE MOXHO MOAKMIOYNTL K
nodon n3 nMHKUM BBOAA-BbIBOAA

Kaxayto n3 16 nuHum EXTI MOXHO cBSi3aTb C COOTBETCTBYIOLLEN NIMHMUEN BBOA4A-BbIBOAA
no6oro 13 nopToB. [11s1 3TOro NPeaycMOTPEHbI YEThIPE KOHGUIYPaLNOHHBLIX PErncTpa.
[laHHble perncTpbl pasaenerbl Ha YeTbIPEXOUTHbIE MONs, CBA3aHHbIE C KAXA0W NMHUEN
EXTI. C nomouwbto gaHHOro nonga kaxagyto nuHnio EXTI MOXHO cBsdaTb € NobbiM M3 NATU
MBB, Hanpumep, nuHuio EXTIO0 moxHoO cesaAsaTtbk ¢ nuHnen 0 nopta A, B, C, D unu E. Takon
noaxog no3eossieT ucnonb3osBatb Nobon 13 BeiBogos MK B kKadecTBe fiMHWUM NpepbIBaHMS.
®dyHkumio EXTI MOXHO Takke MCNoNb30BaTh B CBA3KE C anbTepHaTUBHOW DYHKUMEN,
aKTMBM3MPOBAHHOMW Ha BHELLHEM BbIBOJE.

//HasHaueHue OGyHKUMIM BHENHMX OPEPHIBAHUM JIMHUAM [IBB

AFIO->EXTICRI[O] = 0x00000000;

//Paspemenne MCTOUHMKOB BHEINHWX NPEPLBAaHUNA

EXTI->IMR = 0x00000001;

//Paspemenne BO30OHOBJIEHUS [IPY BHEWHUX COOHTUSIX
EXTI->EMR = 0x00000000;

//BeiOOp mamamomero GpoHTa B KaueCTBEe MCTOUHMKA 3alycka
EXTI->FTSR = 0x00000001;

//BHOOp HapacTawomero GpoHTa B KAaUeCTBE MCTOUHUKA 3anycka
EXTI->RTSR = 0x00000000;

//Pazpemenye UCTOUHUKOB MNPEPHBaHUM B KBBII
NVIC->Enable[0] = 0x00000040;

NVIC->Enable[1] = 0x00000000;

BHelwHee
npepbiBaHue

Macka npepbiBaHWA
Mackan cobbITHA
BeiGop 3anycka

HapacTaloWwMM hpoHTOM
BeiGop zanycka
nagaroWwmm hpoHTOM

MNporpammHoe
npepbiBaHue

OTnpaska
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Y MK STM32 umeetca 16 nuHui npepbiBaHUs, KOTOPbIE MOXHO NOAKIHOYNTL K No6om
NHWK BBOAA-BbIBOAA. [locne nogknoveHus, BbIBOAbI BHELUHUX NPepPbIBAHU MOTYT
reHepupoBaTtb NpepbiBaHne No nagarowemy n/unu Hapacrtarowemy poHTYy

Mocne ycTtaHoBKM perncTpoB kKoHpurypauum EXTI, kaxxgoe BHelLLHee npepbiBaHNE MOXHO
HaACTPOUTb Ha reHepaunto NpepbIBaHNA MO HapacTalLweMy Unu nagaroLlemy ppoHTam.
Takke npegycMOTpeHa BO3MOXHOCTb NMPUHYAUTENBHOW reHepaumm npepbiBaHmna EXTI
nyTemM 3anmcu B COOTBETCTBYIOLLME BUTLI permctpa NporpaMMHOro npepbiBaHNS.

5.1.3. AL

B 3aBucmmocTn ot mogenu, B MMKPOKOHTposiepbl STM32 MoxeT OblTb BCTPOEHO O4MH
UNn gBa aHanoroeo-UngpoBbIX Npeobpasosatens. AL nutatoTcs oTaenbHbIM
HanNpsXKeHMeM, KOTOpOe B 3aBMCUMOCTM TUMa Koprnyca MOXET HaxoauTbCs B npegenax
2.4...3.6B. UcTtouHuk onopHoro HanpsbkeHus (MOH) AL coeguHeH nnbo BHYTPEHHE C
HanpshkeHneM nutanmna AL, nmbo co cneymanbHbIMU BHELWHMMM BbiBogamu. AL
xapakTtepuayetcsa 12-6MTHOWM paspeLuaroLlen cnocobHOCTLIO M YacToToM NpeobpasoBaHms
1MI'u. Y Hero nmeetcs 4o 18 MynbTUNNIEKCUPOBAHHBIX KaHanoB, 16 N3 KOTOPbIX MOXHO
MCNoNb30BaTh N5l UIBMEPEHUS BHELLHUX curHanoB. OcTaBlUMecs ABa KaHana cBa3aHbl CO
BCTPOEHHbLIM AaT4YMKOM TemnepaTtypbl U BHyTpeHHUM NOH.

‘JFIEFJ
VREF-
VDDA ¢
WISA ADCCLK B PCLKZ
mc_mu;r L
ADC_ M1 E ALM * Janpoc NN ~
(i1 i
5| A° 4 HXEETHPOESH- i PErHCTPB naHiwx § .
- HbIE KaHaib g HHxerT.rp.[4x1 26T g ;
ADC_IN15 [} T
Aol Perynaphbie PErucTp gaHHmK pe- |22
ngd‘ﬁ“&“ g T M kanaam rynapaoR rp. [126uT] N 5
pETYPEL | i |
VREFINT

Koneuy npeotpas.

OroHHEA KomMnapaTop K.OHEL WHXEETHD.

Cpatat MbanHe P
TIM1_TRGO_] _ L npeofpasopanHi
TIM1_CC4 ] = — SR e
TIM1_TRGO m Y EoMnenary =

TIMZ CC1 —] I]
TIM3_CC4 1| Bur JEXTRIG PerucTp usHeR SR !
EXT_IT_15 LTIHLTHGD‘ rpanuus [12 Gur] L'—rl *F narw

Bumet JEXTSEL [20] | |

TIM1_CCT
TMIZCE2 ) 3amuee | . Bur paspewenun
TIM1_CC3 = peryn o NPEpLBAHHA
TIM2_CC2 = rpynne| | J
L Bur EXTRIG 1
ExT IT 11 p————] Janyce.
- '[ Bimen EXTSEL [2:0] MHAHEKT, Npepweanue AN & KBBN

rEYnns
B MK STM32 nHTerpupoBaH BblCOKOKa4eCTBEHHbIW 12-6uTHbI AL Ha YacToTy
npeobpasoBaHusa 1 MINy, co BctpoeHHbIMn MOH 1 gatynkom tTemnepaTtypbl
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5.1.3.1. Bpemsi npeoOpa3oBaHus ¥ rpynmnbl
npeoopasoBaHus

AUMM nopoepxmBaeT BO3MOXHOCTb pasaenbHOro nporpaMmMmnpoBaHnsa BpeMeHu
npeobpasoBaHUs B KaXKAoM 13 kaHanos. Bcero npegycmoTpeHa BO3MOXHOCTb Bblbopa 8
ANCKPETHbIX 3Ha4YeHUN U3 guanasoHa ot 1.5 go 239.5 unknos.

AL

7

PCLK2 ADCCLK

EpEHMEHH
pa3oBaHuA

BuGo
npeo

AN

SMPx[2:0]
YacTtoTta npeobpasoBaHus 3agaeTca MHAMBMAYyanbHO Ans Kaxgoro na kaHanos AL

Kaxxabin AL nogaepxuBaeT aBa 6a30BbIX pexunma npeobpasoBaHnd: perynsipHbii
NHXXEKTUPOBaHHbIV. B pexnme perynspHbeix npeobpasoBaHuii 3agaeTcsa KaHan unu rpynna
KaHarnoB, KOTopble B JarnbHenweM npeobpas3oBbIBaOTCA NnoovepeaHo. Yncno kaHanos B
rpynne perynspHbix npeobpa3oBaHUn KOHMUrypmpyetcs nonb3oBatenem (4o 16 kaHanos).
Kpome Toro, MOXHO 3agaBaTth NOpsaoK Npeobpa3oBaHUs KaHanoB, a OOUH M TOT e KaHan
KaHan B LMKne npeobpa3oBaHns MOXET ObiTb oumMdpoBaH HECKOMbKO pas. pynna
perynsipHbix NpeobpasoBaHUin 3anyckaeTcs NPOrpaMMHO UM annapaTtHO pasnnUyHbIMU
cuUrHanamv TaiMmepoB mnu no 1-on NuHUKM BHeWwHMX npepbisaHun (EXTI 1). Cpasy nocne
3anycka, npeobpasoBaHus B peryndapHon rpynne BbINOMHAKTCA HENPEPbLIBHO.
AnbTepHaTUBHO, rpynna MOXeT paboTaTb B pexxmMMe C OCTaHOBKOM NpeobpasoBaHus, korga
no 3aBepLUEHNN OUNGPOBKN BbIBPaHHbIX KaHaNoB NpeobpasoBaHne NPMOCTaHaBNNBAETCA
BMMOTb 4O CreAyoLero 3anycka rpynnbl perynspHbix npeobpasoBaHui.

1-i1 3anyck 2-# 3anyck 3-i1 3anyck

KaHan 0 Kaunan1 Kadnan ? | Kanan 4 KanHan b Kanan 8] Kanan 9 Kanan 11 Kananl?2

4-i1 3anyck l UL

kKananl3 Kananl4 Kananl5t |Kanan 0 Kanan 1 Kanan 2

Ta KoHey npeoBpa3zoBaHUA
MocnepoBatenbHOCTL NPeobpa3oBaHus B rpynne perynspHbiX npeobpasoBaHnii MOXET
ObITb HENPEPBIBHON (LIMKNNYECKOW) UM NEPUOANYECKON, KOraa NoCcrie KaXaoro 3anycka
npeobpasoBaHUI BbINOMHAETCA NpeobpasoBaHne BbIbpaHHbIX KaHaNoB

Kaxgbin pas, korga 3aBepluaetcs oumdpoBKa B rpynne perynspHbix npeobpasoBaHui,
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pesynsTaT NpeobpasoBaHnsa NOMeLLaeTcs B €AUHCTBEHHbIN perncTp pesynsrara
npeobpasoBaHns 1 reHepupyeTcs npepbiBaHne. 12-6uTHbIN pedynesraTt XpaHuTes B 16-
OUTHOM pernucTpe ¢ feBbIM UK NpaBbiM BbipaBHMBaAHMEM OUT.

D11 D10 D9 DB D7 D6 D5 D4 D3I D2 DI DO

D11 D10 DO DE DF D DS D4 D3

12-OUTHbIV pe3ynbTaTt XpaHUTcs B 16-6MTHOM perncTpe pesynsrata C JIeBbIM UK NpaBbIiM
BblpaBHMUBaHMEM 6UT

Y AUM1 nmeetcs cneyunaneHbin kadan MAMN, KOTopbii MOXET UCNOMb30BaTbCA AN
nepeaadn Kaxxgoro pesynsrata npeobpa3oBaHMsa B OpraHM3oBaHHbIN B Namatu Bydep
OaHHbIX. icnonb3oBaHMe AaHHOMo MeToAa No3BOMSIET COKPATUTL YacToTy reHepaumm
npepbIBaHUA 0O OL4HOIO MO 3aBepLUEeHUN Kaxaoro uukna oundpoBKn rpynnbl perynspHbIX
npeobpasoBaHuin. bonee NPoABUHYTLIM METOAOM SIBISIETCA UCMOMb30BaHNE ABOMHOMO
Bydepa, KOTOpbIN NO3BONSAET BbINOMHATL 00paboTKy HAaKOMNEHHbIX AAaHHbIX U3 OAHOM
yactn bydepa 1, Npu 3TOM, NPOLOMKATb 3anucbiBaTb pesynbraTbl NpeobpasoBaHnin BO
BTOPYH YacTb Bydbepa, a no 3aBepLueHnn uukna npeobpaszoBaHna HaobopoT -
obpabaTtbiBaTb AaHHbIE U3 BTOPOW 4YacTu, a NOMeLLaTh HOBbIE AaHHbIE B NepByto. [ns
peanusauun JaHHOro Metoga HeobxoanMMO MCMONb30BaThb NpPepbIBaHMSA NO NOMOBMHHOMY U
nonHomy 3asepLieHnto MNANN, a Takke pexum konbLesoro bydgepa B 6noke MAN.

Peaynetar npeotp.kaHana

Peaynetar npeotp.kaHana 1

PeayneTtar npeotp.KaHana 2
PeayneTtar npeo6p.kaHana 3

_ , Peaynetar npeotp.kaHana 4
Peaynetar npeotp.kaHana b
PeayneTtar npeoGp.kaHana b
Fezynetar npeotp.kaHana 7

PeayneTtar npeo6Gp.kaHana &

 Janpoc ,3‘3"“:":"3  dampoc 3anpoc 3anpoc Sanpoc Janpoc Jdanpoc 3anpoc
Anon - T0AN fnon “mon Tan “nagn non  man nan

F.anan0  FKadanl K.aHan 2 K.aHan3 Kanan4 FKaHanh  Kadanb K.anan ¥

AUM1 nmeet nogaepxky MAMN ans aBTomatnyeckon nepeaaym B CO34aHHbIN
nonb3oBartenem B ctatndyeckom O3Y Gydep gaHHbIX

[Opyras rpynna npeobpa3oBaHnin Ha3blBAETCH MHXEKTUPOBaHHOW. B nocnegoBaTenbHOCTb
npeobpasoBaHNi MHXEKTUPOBAHHOW rPyMMbl MOXET BXOAUTb 40 YETbIPEX KaHanNos, a
3anyck npeobpasoBaHUI BbINOMHAETCS NporpaMMHO Unn annapatHo. Cpasy nocne
3anycka 3Tou rpynnbl, NpUoCTaHaBnNMBaeTCcs ouMdpoBKa B rpynne perynspHbIX
npeobpasoBaHnii, BbINOMHAETCA COBCTBEHHAA NocreqoBaTenbHOCTL Npeobpa3oBaHun, a
3aTeM BO30OHOBNSAETCS ovepefHOCTb NpeobpaszoBaHnin B perynspHom rpynne. Takke Kak 1
B Cnyyae perynspHon rpynnbl, MOXeET ObITb 3afaHbl Nitobas nocrnenoBaTenNbHOCTb KaHanoB
1N MHOrokpaTHoe npeobpa3oBaHne O4HOro M TOro XXe KaHarna B O4HON
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nocnegosaTenbHOCTV NpeobpasoBaHuin. OgHaKo, B OTAIMYME OT PEryNsSIPHON rpynmbl, Y
KaXKQoro MHXeKTUPOBaHHOIO Npeobpa3oBaHNst UMEETCS CBOW COBCTBEHHbIN PerncTp
pesynbTata U PermcTp CMeLLeHMs.

2EX1 2EX] 2EX1 2EX1 DIT DT0 Do DB DA D€ D2 D4 D3 D3 DI DO

SEXT D11 D10 D9 D& DYy D6 D3 D4 D3 D2 D1 DO

Pernctpbl pesynbrata npeobpasoBaHnsi MHXEKTUPOBAHHOW rpynbl JOMNOMIHEHbI OUTOM
3HaKa 1 MoryT 6biTb C NPaBbIM U NEBbLIM BblpaBHUBaAHWUEM

B pernuctp cmeLleHnsa MOXHO 3anporpammupoBaTtb 16-0MTHOe 3Ha4YeHne, KoTopoe
aBTOMAaTMYeCKN BblYMTAETCS M3 pesynbraTta npeobpasoBanHus ALM. Ecnn
pes3ynbTupyloLLee 3Ha4yeHne - oTpuuaTenbHoe, TO PerncTp pesynsrata MHXEKTUPOBaHHOM
rpynnbl JOMOSHAETCH 3HAaKOM. Takke Kak U B perynapHon rpynne, pesynsrat MoXeT
XPaHUTbCS C MpaBbIM UMK NEBbIM BblpaBHUBAHWEM

5.1.3.2. ®yHKIMA OKOHHOI'0 KOMIIaparopa

Mommmo AByx pexxmumoB npeobpasoBaHusd, AL nogaepxunsatoT PyHKLNKO OKOHHOIO
KoMnapaTtopa, KoTopas 3aksioyaeTcs B reHepauum npepbiBaHUs Npu Bbixoge pesynsraTa
npeobpasoBaHns 3a npegensl 3a4aHHbIX MOSIb30BaTENEM HUXKHEN N BEPXHEN rPaHuL,
(YyCrnoBuSa CHUXEHUS N NPEBbILLEHUS HANPs>KeHUsl, COOTBETCTBEHHO). OKOHHbIV
KOMMnapaTop MOXET UCNOoNb30BaTbCH ANA MOHUTOPUHIa BblIOpaHHOIo perynsapHoro unm
NHXXEKTMPOBAHHOIO KaHamna, uim xe Bcex perynapHbIX UM NHXEKTUPOBAHHbLIX KaHanos.
MOMUMO MOHUTOPUHIa HaNPsKeHUs, (PYHKLUMSE OKOHHOTO KoMMapaTopa MoXeT
NCMonb30BaTbCA B KQYeCTBe AeTeKTopa nepeceyvyeHust Hyns.

ADC_IND —\

ADC_INT—

OKOHHBHI KOMNapaTop Mor

Pervctp ctarcryca T

ADC_IN15 —

Jaruie
TEMMEPATYPb

WREFINT —/

®PYHKLMA OKOHHOMO KoMnapaTtopa npefgHasHadeHa gng MOHUTOPMHIa O4HOro Unn Beex
KaHanoB Ha NpegMeT Bbixoda 3a npeaesnbl 3a4aHHON Nosib3oBaTeNieM BEPXHEN U HUXKHEN
rpaHuy
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5.1.3.3. basoBast konpurypamuss AL

AL

YNpaeBneHue U cTaTyc

Bpemsa npeobpa3oBaHus

CMellleHHe B MHIeK-
TUpPOBAaHHbIX KaHanax
Moporn oKOHHOI O
Komnapartopa
Peructpol 3anaHus
nocnenoBaTtenbHOCTH
Peructpu pesynbrarta

Pernctpbl AL pasgeneHbl Ha wecTb rpynn. KoHdurypauusa padotsl AL
OCYLLECTBISETCH Yepes perucTpbl ynpasneHus u craryca

AU nmeet 6nokn perncTpos Anst HACTPOWKU: MHANBMAYANbHOIO BPEMEHN
npeobpasoBaHns, perynsipHbIX U MHXEKTUPOBaHHbIX NOCNeAoBaTENbHOCTEN
npeobpasoBaHUi, 3HAYEHUIN CMELLEHUS ONA NHXEKTUPOBAHHOW rPpynnbl U MOPOroBbIX
3Ha4YeHUn oKoHHOro komnaparopa. Bea HacTponka AL BeinonHaeTca Yepes perncrpbl

ynpaeneHusl 1 ctartyca.

Hacrpofika aHanorosoix
PYHEUHA

Bwbop pexumos

3anyck npeofpas.

Perynsp.

CAEDEHHLX NpeobpasoBaHHA

14

Pexum
OCTAHABNHBAEMbIX
npeobpa3oBaHHA
ABTOMaTHYECKDE
npeobpasoEaHHe
MHXEKTHPOBaHHOR

g:lgnnbl

npasAeH1e
CE.AH-PEXHMOM
PaspeweHnne npepoisaHua

Britiop kaHana anna

HHuxexr.
3anyck B perya. Buitiop sanycka
pexume Crapr

Crapr |

HHxekT pexum | Budop
Kongur.sanycka' sanycka
BoipaBH.gaHHbIx
Paszpew. NMAMN
KanuOpoBka

OKOHHOr o Kosnaparopa

Henpepws.npeotip.
Brmovenue ALLTN

’

5 al

Pexxum pabotbl AL 3agaetca yepes ABa permctpa ynpasneHus. Huke nokasaH npumep
KOH(purypaumm npeobpasoBaHns 0gHOIo KaHana ¢ reHepaumen npepbiBaHns

ADC1->CR2 = 0x005E7003;
ADC1->SQR1 = 0x0000;
ADC1->SQR2 = 0x0000;
ADC1->SQR3 = 0x0001;
ADC1->CR2 |= 0x005E7003;
ADC1->CR1 = 0x000100;

//BxioueHye ALl M paspelleHre HENPEPHBHOT'O Ipeofpas30oBaHUs
//YyCTaHOBKAa IJIMHEI IIOCJIEIOBATEJILHOCTY PAaBHOM 1
//BHOODP mnpeobpaszoBanmsa kaHasa 0

//nepeszanuck O6UTa paspemeHrd pPaboTH
//3anyck npeobpas30BaHUs PEeTryJIApHEX KaHAaJIOB,
//pazpemenre npepuBanyua Al
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NVIC->Enable[0] 0x00040000; //paszpeumeHue npepeiBaHusa Al
NVIC->Enable[1l] = 0x00000000;

B npouenype 06paboTkm npepbiBaHUS pesynbTaT npeobpa3oBaHUs CYUTLIBAETCS U3
perncTpa pesynsrata u BbIBOAWTCS Ha NIMHWMW NOpTa BBOAA-BbIBOAA.

void ADC IRQHandler (void)

{
GPIOB->ODR = ADC1->DR<<5; // konmpoBaume pesysbrara Al B BB

}

BmecTo npouenypbl 06paboTku npepbiBaHnd, ons nepegaym pesynstata AL B NBB
MOXHO ucnonb3oBaTb kaHan MNAr.

DMA Channell->CCR = 0x00003A28; //KOJIbLIEBO pexuM,

//3anaHue ampeca Hal3HAuUeHUS — PEeTUCTP IaHHHX [IBB
DMA Channell->CPAR = (unsigned int) 0x4001244C;

//3arpy3ka ampeca MCTOUYHMKA B PETUCTP NaMATU

DMA Channell->CMAR = (unsigned int) 0x40010COC;
DMA Channell->CNDTR = 0x1; //KOMMYEeCTBO CJIOB NJIA Iepelauu
DMA Channell->CCR |= 0x00000001; //Paspemenre MMl nepemaum

//VHKpEMEHTHPOBaHME YBB M MaMATU OTKJIIOUEHO

Y AU gomkHa 6bITb BKoMeHa nogaepxxka MArl.

ADC1->CR2 |= 0x0100;

5.1.3.4. PeskuMbl CIBOCHHBIX NIPE00OPa30BaHUM

AU mukpokoHTponnepos STM32, kak anst Hegopornx MK obLiero HasHavyeHUns,
ABNSAETCS Ype3BblHaNHO MHOrOPYHKLUNOHaNbHLIM. He criegyeT xaneTb BpeMeHu Ha
n3yyeHmne Bcex BoaMmoxxHocTeun ALIM, T.K. nocrne cooTBETCTBYIOLLEN HACTPOUKM OH MOXET
annapaTHO BbIMNOMHATL Te Xe OeACTBUSA, BbIMOSTHEHUS KOTOPbIX MPU UCMOSTb30BaHUN
06bI4HOro mogynsa AL MoXHO AoBUTBECH TONMBKO HanMcaHMeM OOMNOMHUTENBHOIo Koaa
nporpammsl. Mano Toro, B cemenctee STM32 umetorca MK ¢ oByMst MHTErpypoBaHHbIMU
AL, koTopble nogaep>XMBatoT SOMOMHUTENBbHbLIE PEXUMbI COBOEHHbLIX NPeobpa3oBaHUN.
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ADC_INTS ADC_INT ADC_INO

L O aTyme
TemMnep

4

/ — YREFINT

N

op o

00 4 UHAEBETHPOESHHEL

KAHanoe

a0 168 perunapHey KaHanos

r

v

BHewHe: cotemIe

[pErynapHan rpynnal

BHewHee codbmie
[MH#EKTHPOEAHHAA FpYnnaj

AHANOroBHA AHANOroBHA
TpakT ALLM1 Tpaxt ALLIMZ
BHewHES CHHEPOHMSHMPYOW B
COSkBTHE
U udposoh Lluppoeoi
TpakT PerieTp naHHB: ulpLas
BEAYW ErD 4 NOAYMHEHHOM O
AlLLN AlN
EQOCAIEQC

W

PexuMbl caBOEHHbIX Npeobpa3oBaHmWin NO3BOMSOT CUHXPOHMU3NPOBATL paboTy ABYX
BCTPOeHHbIX AL, npegocTaensis BOCEMb OOMNONMHUTENBHBLIX PEXMMOB

B pexxnmax coBoeHHbIx npeobpasoBaHuin ALMN2 nogunHen AL, o6ecneunBas
noaaepXKy BOCbMU OOMNOSTHUTESNbHbBIX PEXMMOB NpeobpasoBaHus.
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5.1.3.4.1. Pe:xxvMbI OJHOBPEMEHHOI'0
Npeodpa3soBaHUs HHKEKTHPOBAHHBIX TPy H
OTHOBPEMEHHOI0 MpPeodpa3oBaHusl
pPeryJsipHbIX Ipynin

ALlN2 KaHn.0 Kan.1 KaH.2 Kan 3

PATLIIS Ko 1500 Kov: | 380 Kar-1 380 Kar 2|

™

Janyck uHxek- KOHEL HHXEKTHPOBAHHBIX
TUPOBAHHKIX npeoGpa3oeaduii ALUMNT w ALNZ
KaHanoe

PITRERES Kati.0 B0 Kari.1 B0 Kav-2 [0 Kan.3 IRSRSK a1 5

PATLTIS K. 50K v 148K ar. 1 39K v 1 200N a0
ik

£

KoHey npeo6pa3oeaHud

Janyck
PEryNSPHLIX ALIM w ALINZ

KaHanoe

| Butopka

[ MpeospaszosaHue

B nepBbIx ABYX pexmnmax cOBOEHHbIX Npeobpa3oBaHN CUHXPOHU3MPYETCSA
npeobpasoBaHue perynapHoOn U MHXEKTUPOBaHHOWM rpynn npeobpasoBaHusa asyx AL,
OTOT peXuM noseseH npm HeobxoauMOCTU OAHOBPEMEHHOIO N3MEPEHNSA ABYX
PM3MYECKUI BENTMYMH, Hanpumep, TOK U HanpsikeHue.
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5.1.3.5. KoMOMHHMPOBAHHBIN PEKUM
OJTHOBPEMEHHOI0 MPe00pa3oBaHUs
pPeryJasipHbIX/MHKEKTHPOBAHHBIX TPy

AT PR Kan.0 il Kan.1 B Kan. 1l Kan 2l Kan_3
Aum DETEL[OTH, B ka2 B Kan 1 Bl Kan 0]

SanHIK AUN2 [ | Kowew KoHew npeosp.

PEryNApHEIX BKan. 1 50Kan. 1 0 B AT AL

KEHAN0E ALIM g Estelal

Janyck ‘ALI,I'H M ALME

) HHAERETH[. PEH%*‘%" %‘%",_1,%3 H'EHEHHDFD [pkM.: 0OMH M TOT 3KE KaHan
. BuGopka KaHaNoe PEFHEIEF';EE_:%;F'DHHSDEPE_ Henb2d NpeoSpaz0BLIBATE
I NpeospasoBanue MEHEH:IMI'I eoSpazoEaHWer | Asyma AUMN ooHoepemerHo

MH)KEKTHFIDEEE[H B Y

[aHHbIN pexxum nNpeaocTaBnsieT BO3MOXHOCTb CUHXPOHU3MpPOBaTh Npeobpa3oBaHue, kak
PErynsipHbIX, TakK U UHXEKTMPOBaHHbIX rpynn o6omnx ALM.
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5.1.3.6. PeskuMblI OBICTPBIX U MeIJIEHHbIX
Hpeoﬁpa3OBaHnii CO CMelleHHEeM BO BpeMeHH

ALIM2 S ko0
n'

T KoHeu npeotp. ALMEZ

» :

; 5? umknoe ADCCLK = Konew npeotgp. AL
Sanyck peryn.: !
KaHANoE '

. |
[Mper.. MEaKCKMManeHaa 4acToTa Npe0fpa20BaHMA OrpaH1YeHa Ha
YOOBHE 7 UMKNOE CMHXDOHMEauMKE AL

ALIN2 I:m m

‘ ‘“-'-—+K|:|Heu, npeodp. ALM2

Aum /i |: I:m

/
/ '14 Lk oE ADCCLK * Konew npeosp. ALMT

Janyck, péan e
KaHana V28 Ll,HKﬂDE:ﬁDCD]_K

MMM, = MaKCUMMaNEHaA YaCTOTa NPe0Spaz0EaHMA OrpaHHYeHa Ha ypoeHe 14
UMENDE CHHXPQOHKMEaLMIM AL
- PEHMM HEMPEPHIEHLX NPE06Ra30EaHMA HE NOAOEHMESSTCA

| Buwtopka

[ NpeoGpazosanue

B pexumax 6bICTpbIX 1 MeanieHHbIX Npeobpas3oBaHnin CO CMELLLEHMEM BO BPEMEHM
CUHXPOHM3MpYyeTca paboTa perynsipHbix rpynn npeobpasosaHus obomnx AL, ogHako B
OTNNYMeE OT pexnma HenpepbiBHbIX NPeobpas3oBaHUi, 3a4eCb Nepen 3anyckom
npeobpasoBaHusa ALMN1 BBoauTcs Hebonbllasa 3agepxka. B pexunme 6bicTporo
npeobpasoBaHMs CO CMeLLEHMEM BO BpEMEHN 3Ta 3agepXKa paBHa CeMy LMKIam
CUHXpOoHM3aunn AL n ncumcnsaercs No OTHOLWEHWUIO K MOMEHTY 3anycka npeobpasoBaHns
ALN2. B pexxume measneHHbIx npeobpasoBaHnini Co CMeLLLEHMEM BO BPEMEHN 3aaepiKka
paBHa 14 umknam cuHxpoHmsaunmn ALN. Kaxabin U3 aTnx pexxmmMoB MOXeT
MCNONb30BaTbCSA ANS YBENIMYEHNS YacTOTbl ANCKPETU3aUUKN 3a CHET KOMOMHMPOBAHWS
paboTbl ABYX NpeobpasoBaTenen.
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5.1.3.7. PeskuM 1oodepeaHoro 3amycka

o 1=kt 2ENYCK - JWi 3aNYCK — bB-bli 2anyck, P 7-0i 3anyck,
ALM
we DD RN DD G
/ A ~
7Z-0f zanyck /:l—um FANYCK * B-of 2anyck * B-oi zanyck JEG\(;H
AL

| ButGopka

| MpeoGpazoeaxue

B pexxnme noovepenHoro 3anycka annapatHbii 3anyck AL 1 BHavane npueegeT K
3anycky npeobpasoBaHuii MHXeKTMpoBaHHOM rpynnbl ALIM1, a 3aTem - Kk 3anycky
npeobpasoBaHUn MHXEKTUPOBaHHOM rpynnbl ALIM2.

5.1.3.8. KomOuHMpoBaHue pexuma
OJJHOBPEMEHHOI0 MpPeodpa3oBaHus
PeryJsipHOM rPyNIbl U PeKUMA MO00YEPETHOTO
3amycKa

1-BIA WHKEKT.

H 1 U "
i i F.OHEL HMHAEKT. i 0 K
H ! : OHew, Npeotp.
A ! N i
FAUFARN Kan3 I Kan.2 Kan.2 [l ka0 [EANEEEEN Koo |
i L M, |
. g ' i ] :
T Pexum onqHOBEpPEMEHHOrD Npeoipa3oBaHMA ALLM2 - Kan 11
Janyck, PETYAAPHEIX FPYNN NPEPHEIETCA PEXHMOM - : ~aF OHEL MHIKERT,
PEFYAADHEL — 3anycka co CMEUEHHEM B0 EPEMEHH 2-ail H;}KEKT. npeotip. y ALLN2
E.aH3N0E SaMYCK
: [TRM.; OOMH M TOT #e KaHaN
. BuiGopka HENMESA NPE0GPas0ELIEATE
- MpeoGpazoeaHue neyma ALUMN ooHoEpeMeHHD

Pexum nooyepeaHoro 3amnycka MOXXHO CKOMOUHMPOBATL C PEXUMOM OOHOBPEMEHHOIO
npeobpasoBaHust perynspHbix rpynn. Becneacreune atoro, npeobpasoBaHust perynsipHbIX
rpynn o6ounx AL 6yayT BbINONHATLCS CUHXPOHHO, @ UHXEKTUPOBAHHbIX Fpynn -
nooyepeaHo.
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5.1.3.9. KomOuHMpoBaHue pexuma
OJTHOBPEMEHHOI0 MPe00pa3oBaHUs
NHKEKTUPOBAHHOM IPyNIIbI M PesKUMA CO
cCMellleHHEeM BO BpeMeHH

ALIN2 - Fexiir co cMEeWEHKEM BO BDEMEHMK

m _ANPEREIE2ETCA DEHIAMOM

-~ OOHOEPEMEHHOMD NPEOSPEI0EaHMA

AL :m _}-:-:T__: IMHAKEKTMPOBEHHEX MPYnn

_wKoHeL NpE0Bpas0BaHHa MHKEKTHRIOESHHEX

ol
RTINS o 100 Ko 11 AN/

4 f

- NpeoBpaz0BaHKA
ST R a1 Kar10 » koo AL

perynapHora P4 ZAEEpWIEeTCAH
'

KaHana . [—m_ P pectpasosaHWert
Janyck b - kaHanal
e B ko0 B Koo
KEHaNA : Ll

. BuGopka Mpyr.: NpW 0OHOBREMEHHOM

0 5 NpE0EPas30BEaHHK MHAEKTMPOEEHHER FpYnn
- penbpa3nBaHue  qpo ALIM He MOrYT 0OHOEREMEHHD
NPEe0Bpas0BEIBaTE OOMH K TOT HEe KaHan

B nocnegHem pexume npeobpasoBaHnsa npeobpasoBaHune perynapHblx rpynn o6omnx AL
BbINOMHATCA CO CMELLEHMEM BO BPEMEHU, @ UHXEKTUPOBAHHbIX - O4HOBPEMEHHO.

5.1.4. Tantmepsl 00111€Tr0 HA3ZHAYEHUSA U
MHOTO(PYHKIMOHAJIbHbIEC TAUMEPbI

Y MK STM32 nmeetcsa yetbipe 6rioka Tanmepos. Tanmep 1 - paclUMpeHHbIN Tanmep,
npegHasHavyeHHbIM A4na ynpasneHna anektpoasuratenemM. OctanbHble TanMepbl ABNATCA
Tarimepamu obLLero HasHa4vyeHus. Bce TarMepbl BbINOMHEHbI MO O6LLEN apXUTEKTYpE, a
pacLUMpeHHbIN TakMep OTNNYaeTca Nub JobaBneHMeM crneumanbHbIX annapaTHbIX
6nokos. B agaHHOM pasgene Mbl BHavane pacCMOTpUM TarMMepbl 00Lero HasHavyeHus, a
3aTeM nepengem K n3yv4eHuto ocobeHHOCTeN pacluMpeHHoro Tanmepa.

5.1.4.1. TaitMepbI 001EI0 HA3SHAYCHU S

Bce 6noku TanmepoB BbINOSIHEHbI HA OCHOBE 16-OMTHOrO Nepesarpy>kaemMoro cHeTymka,
KOTOPbI CUHXPOHU3UpYyeTcH ¢ Bbixoda 16-6utHoro npegaenuvtens. lNepesarpyxaemoe
3Ha4yeHne XpaHUTCs B oTAenbHOM pernctpe. Cuet MoxeT 6bITb NPsIMON, 06paTHbIN UMK
ABYHanpasneHHbl (CHavana npsMoun 4o onpeneneHHoro 3HavyeHus:, a 3atem obpaTtHbIn).
Bxog CMHXpOHM3aLMK cYETYMKA MOXHO CBA3aTb C O4HMM N3 BOCbMUW Pa3fNYHbIX
MCTOYHMKOB. B nx 4ncno BxogaTt: cneyunarnbHblA CUTHAN CUHXPOHU3aunmn, NPOU3BOAHbIN OT
curHana rnaBHOW CUCTEMHOW CUHXPOHU3ALNN; BbIXO4HOW CUrHan CUHXPOHU3aLUUn 0gHOro
13 Opyrmx TamMepoB WS BHELLHUI CUrHan CUHXPOHU3auuK, CBA3aHHbIN C BbIBO4AMU
3axBaTa/CpaBHEHUS.
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Kaxxabii n3 yetbipex TanmepoB MK STM32 cogepXnt 16-6UTHbIN cYeTYMK, 16-OUTHLIN
npenaenuTenb YacToTbl U 4-kaHanbHbIM 6nok 3axBata/cpaBHeHUs. X MOXHO
CYHXPOHM3MPOBaTb CUCTEMHOM CUHXPOHM3ALUNEN, BHELULHUMUW CUTHaNamu unm gpyrumu
Tanmepamm

MoMMMO COCTaBnSAIOLErO OCHOBY TaMepa CYeTUYUKA, B Kaxabli 6rok Tanmepa Takke
BXOOUT YeTblpexKaHarnbHbIN OOk 3axBaTta/cpaBHeHNS. [JaHHbIN OrOK BLINOMHSAET, Kak
CTaHAapTHble (PyHKUUKM 3axBaTa U CpaBHEHUSA, Tak N pag crneumnanbHbiX QYHKUNA. Kaxabin
N3 TanMepPOB MOXET reHepupoBaTb npepbiBaHna u nogaepxusaet MNON.

5.1.4.1.1. Baok 3axBara/cpaBHeHUs

Kaxabl kaHan 3axBaTta/cpaBHeEHNS ynpaBnseTcs Yepes oanH pernctp. JaHHbIn perucTp
NMEET HECKONbKO (DYHKLINMIN, KOTOPbIE 3aBUCAT OT YCTAHOBOK OUT Bbibopa. B pexume
3axBara, AaHHbIN 6NOK BbIMNOMHAET UMLTPALMIO HA BXOAAX, NOAAEPKUBAET cneumanbHbIn
pexum namepexns sBHewwHero LUMM-curHana, a Takke MeeT BXOAbl 4S5 NOAKITHYEHUS
BHELLHEro aHkoaepa. B pexvnme cpaBHeHWs1, BrioK BbINONHAET CTaHAAPTHbIE (PyHKUMK
cpaBHeHus, reHepaunn LLMM-curHanos, a Takke nogaepXuBaeT OnuUMOHanbHy QYyHKLNIO
ogHoBubpartopa.
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Buxon saxearta
OTMeHa paspeweHHa
Mepesarpyska paspeweHus

Pexum

buicTpoe paspeweHye

Bxopn saxeara

PunLTp

Mpepnenvrents

BwGop 3axeartacpasHeHHA

Y Kaxgoro kaHana SaXBaTa/CpaBHeHVIFI MMEETCA OOANH pEerncTp Anga 3agaHna pexmma

paboTbl

5.1.4.1.2. BJjok 3axBara

Ba3zoBbii 6110k 3axBaTa MMeeT 4 KaHana, NOAKMHYEHHbIX K KOHPUTYpUpyeMbIM
aetekTopam ppoHTOB. NMpn 0BHapyXeHUn HapacTatoLwero unu nagarLlero poHTa,
Tekyllee 3Ha4YeHne CHETUMNKA 3anucbiBaeTcs B 16-OUTHLIN perncTp 3axBaTta/CpaBHEHMS.
Korga Bo3HukaeT cobbiTue 3axBaTta, CHETYMK Tarmepa MOXET ObITb COpOLLEH nnu
npuocTaHoBrieH. Kpome Toro, 0oAHOBPEMEHHO C 3TUM MOXET BbITb 3anyLleHO npepbiBaHe
wnu NAMN-nepenava.

™ |—>

BxogHoM fMAbTR M
JETEKTOR hPOHTOE

T2 |:|—'

BixogHoM grneTE 1
LETEKTOR BPOHTOE

TR

—
TREC | =
|
C

Mpen-
OEMMTENE

Mpen-
OEenWTENE

[ f—

BixogHoM QUneTR 1
AETEETOR fROHTOE

TRC | —

e[ f—

BogHal frneTH |
LETEKTOR POHTOE

—

TRC

IC.
_.'IEE

Mpen-
JEnuTENnE

Mpen-
AEMWTENE

16-GMTHEIR PEMCTR
sEXEATAICPAEHEHMA 1

16-GMTHEIA PEMAC TR
3EEEATAICPaEHEHA 2

16-BMTHEIA pEMCTR
58X EATAICPAEHEHKA 3

1 B-BMTHEIA pEnicTp
FAXEATAICPABHEHKA 4

Kaxgbin n3 yetbipex 6riokoB 3axsata MMEKT BXOQHOW pUNbTP 1 AeTekTop opoHTOB. Mpu
BO3HMKHOBEHMM COBLITUSA 3axBaTa MOXeT ObITb 3anyLueHo npepbiBaHne unuv MAN-
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nepenada

5.1.4.1.3. Pe:xxum u3mepeHus napaMmeTpoB
HINM-curnanaa

Bnok 3axeata MeeT BO3MOXXHOCTb MCMOMb30BaHUSA ABYX KaHanoB 3axsarta asis
aBTOMaTU4eCcKoro namepeHna napameTpos BHelwwHero LUMM-curHana, B T.4. 3anofHeHne
UMMyNbCOB U Nepuog CrefoBaHUs UMMNYNbCOB.

[

CHHXpOHMzaLMA |
Taimepa | U LU LML L L L L L L LT
Wk |— S -
CqETYME

KaHan zaxeata 1 f LA

FANONHEHHE UMY ECOR { T e |
Kanan zaxeata 2; 4
L 10
NepHog chegoeaHna { |
(o,

Fanan zaxeata 1 (IC1)

WM ©

FaHan zaxeata 2 (IC2)

B pexume nsmepeHunsa napametpon LUMM-curHana gsa kaHana mMoryt Ucnosib3oBaTbCs
OS5 aBTOMaTUYeCKoro naMepeHus nepuoga v 3anonHeHna nmnynscos LUMM-curHana

M3->CR1 = 0x00000000; / /10 yMOJTYaHUIO

TIM3->PSC = 0x000000FF; //ycTaHoBKa MakcC. Kosd. NpenneymTesid

TIM3->ARR = 0x00000FFF; //yCcTaHOBKAa MakKC. [Nepe3arpyXaemMoro 3Hau.

TIM3->CCMR1 = 0x00000001; //Bxom ICl ceasmBaem c TI1

TIM3->CCER |= 0x00000000; //ICl pearwpyer Ha HapacTaoumii GpPOHT

TIM3->CCMR1 |= 0x00000200; //Bxon IC2 ceaswBaeM c TI1

TIM3->CCER |= 0x00000020; //IC2 pearupyeT Ha Namawoummi GPOHT

TIM3->SMCR = 0x00000054; //Brebop TI1FP1l B kauecTBe BxOIa, BalyCK IO HapaCTalleM;
//cBpoc cueTuuka

TIM3->CCER |= 0x00000011; //paspemenne KaHAJIOB 3axBaTa

TIM3->CR1 = 0x00000001; //paspemeHnue TanMepa

B pexume namepeHna napametpos LUMAM-curHana BxogHom curHan coenHeH ¢ ABYMS
KaHanamu 3axearta. B Hauane umkna UMM ocHoBHOM cHeTUYMK cOpacbiBaeTca Yepes
BTOpOW KaHan 3axBata (HapacTtatowmin ppoHT LUMM-curHana) n HaunHaeT NpsiMon CYeT.
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Mpn BO3HMKHOBEHUK nagatowero opoHTa WWM-curHana cpabaTtbiBaeT nepBbli KaHas
3axBaTta, YTO NpMBOAUT K (bMKCaumm 3HaYEeHNsT 3anoNTHEHNA UMMNYNbCOB. [Mpu
obHapyXeHuu cnegylowero HapacTarLero poHTa BTOPbIM KaHarnoM 3axsarta B Havarne
cnegywoulero umkna LM cbpacbkiBaeTcs Tanmep n uKCMpyeTcs 3Ha4YeHne nepmoaa
LWM-curnana.

5.1.4.1.4. UuTepdeiic 3HKOAEpPA

Brok 3axBaTa Bcex TalMepoB Takke NoaaepkMBaeT BO3MOXHOCTb HEMOCPEACTBEHHOMO
NOAKIIOYEHUS K BHELLHEMY 3HKOAEPY, KOTOPbIN 0ObIYHO MCNOMb3yeTCs ANst KOHTPONS
YIMOBbIX NepPEMELLEHMI N YAaCTOTbl BpaLLleHWUsi areKTpoaBuraTenei.

FoHTponnep
FanyCcka

FaHTponnep

KMHTepdeic
aHKDZEpA

KoHTponnep eslfiopa an
TH }— > ¥ 0AHARYH. PROHTOE

KoHTpoOnnep eslfiopa | |
L I—" W 0fiHapYH hpOHTOR

Kaxabi Tanmep nmeet BO3MOXHOCTb MOAKMIOYEHUS K IMHENHOMY U MOBOPOTHOMY
SHKOAEPY ANA KOHTPOIS NONOXEHUSA, CKOPOCTU U HanpaBreHns

B maHHOM KOHUrypaumm BeiBOAbl 3axBaTa BbICTYNalOT B PO BXO40B CUHXPOHM3aLNN
cyeTymnka. CoCcTosiHME cyeTUYmMKa B AanbHerweM Ucnonb3yeTca Ansa onpeaeneHms
nonoXxeHus. [na KOHTPONS CKOPOCTM HEOBXOAUMO MCNONb30BaTh eLle oauH Tanmep. OH
Heobxoamm Ons U3MepPEeHUs MHTepBarna BpeMeHn Mexay UMnyrnbcaMmmn curHana aHkogepa.

5.1.4.1.5. Pe:xxum cpaBHeHU A

Kaxxabih Tanmep MUKpokoHTponnepoB STM32 nmeet 4 kaHana cxem cpaBHeHus. B
6a30BOM pexmMme cpaBHeHUS reHepupyeTcs cobbiTue 3axBaTa, ecrnv obHapyxuBaeTcs
coBnageHne COCTOSIHUA cYeTYMKa C 16-BUTHBIM 3HaYEHMEM, XPaHALLMMCS B perucTpe
3axBaTta/cpaBHeHus. [JaHHoe cobbiTe MOXET NCNONb30BaTbCS ANA NBMEHEHUSI COCTOAHMS
CBSA3aHHOIO C KaHaroMm 3axBaTta/cpaBHEHWS BblIBOAA, reHepauun cbpoca Tanmepa,
npepsbiBaHns unu MNAr-nepegayn.
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B pexxnme cpaBHEHWS, KaXKabl KaHan MOXET UCMNONb30BaTbLCSA AN reHepaumm
npepbiBaHNA unm nameHenus coctosHmsa CAP/COM npu coBnageHun cogep>kumoro
perncTpa CpaBHEHUs C TEKYLLMM COOEPKUMbIM CHETUMKA

5.1.4.1.6. Pe:xxumM mIMpoOTHO-UMITYJILCHOM
MOAYJISIIIMH

MoMnmo 6a30BOro pexrma CpaBHEHWS, KaXabl TanMep NogaepXXMBaeT cneumanbHbIn
pexum reHepaumn LUNM-curnanos. B atom pexxume nepuog LUMM 3apaetcs ¢ nomoLbto
pernctpa aBToMaTu4yecKon nepesarpyskn Tanmepa. 3HadyeHue 3anosiHeHUst UMMNYIbCOB
3aaeTcH Yepes perncTp 3axsarta/cpaBHEHNA KaHana. Takum obpa3om, Kaxabli Tanmep
MOXET reHepupoBaTb A0 YeTbipex He3aBnucumMblx LUMIM-curnanos. NMo3xe Mbl yBUOAUM, YTO
TanMepbl MOryT paboTaTb Y CUHXPOHU3NPOBAHHO, NO3BOMASA reHepmpoBaTb 40 16
CUHXPOHU3MpoBaHHbIX LUMM-curHanos.

WWKMM ¢ EbIpaBHUBAHHMEM WWKMM ¢ EbIpaBHUBAHHMEM
CHHxpO- no ¢ppoHTY CHHxpO- no UeHTpy
HMZALMA & HMZALMA 4
Talmepa EoETT I TaiMEpa | Cobkime
nAeBpTeDéa-- !-‘DEHDBREHHH I'IAEBF;IFEDéa- | ™ oBbHOBNEHWA
rpy3Es ! Ty ska
QCx - O

Kaxgblv Tanmep nogaepxmeaet crneunanbHbii pexnm LM, B KOTOpOM MOXHO
reHepupoBaTtb LUMM-curHanel ¢ BbipaBHMBaHWMEM NO PPOHTY UNU LIEHTPY

B kaxxgom kaHane MoxHo reHepuposatb LLUNM-curHan ¢ BbipaBHUBaHWEM MO (OPOHTY Un
no ueHTpy. B pexxnme ¢ BbipaBHMBaAHNEM NO PPOHTY, Nagarowmm poHT nmnynsca Bcerga
coBrnagaeT C MOMEHTOM nepes3arpy3ku Tanmepa. MisameHeHne 3HayeHus B perucrpe
3axBaTa/cpaBHEHMS NO3BOMSET Nerko ynpaBnaTe MOMEHTOM BO3HUKHOBEHUS
HapacTatowlero ¢opoHTta LWNM-curHana. B pexume ¢ BblpaBHMBaHMEM MO LEHTPY, Tanmep
KOH(PUIypupyeTcs Kak peBepCUBHbIA CHETHMK, KOTOPbIN CHavana cyMtaeT B NpsiMoOM
HanpaeneHuu, a 3atem - B obpatHoM. Koraa GyaeT BbIsIBNEHO COBNageHne cHeTvmka ¢
pPerncTpom 3axesata/CpaBHEHUS KaHana, UHBEPTUPYETCHA COCTOSIHNE BbIXOQHOMO cUrHasna
KaHana.
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TIM2->CR1 = 0x00000000; / /MO yMOJIYaHMIO

TIM2->PSC = 0x000000FF; //yCTaHOBKa MaKC. 3HaY. OPEeOOesUTesis
TIM2->ARR = 0x00000FFF; //yCTaHOBKAa MakKC. Iepes3arpyXaemMoro 3Hau.
TIM2->CCMR1 = 0x00000068; //YcTaHnaBauBaeMm pexum VM

TIM2->CCR1 = 0x000000FF; //3amaem cTapToBOe 3HaueHue VM
TIM2->CCER = 0x00000101; //paszpemaeM BExXOHa KaHaja 1

TIM2->DIER = 0x00000000; //paspemaeM OOHOBJIEHME IIPEPHBAHUSA
TIM2->EGR = 0x00000001; //paspemaeM OOHOBJIIEHMUE

TIM2->CR1 = 0x00000001; //pazpemaem pabory TaMepa

5.1.4.1.7. Pe:xxum oqHOBHOpAaTOpA

Kak B 6a30BOM pexume cpaBHeHUs, Tak 1 B pexxume LM 6nokn TaimepoB HenpepbIBHO
reHepupyoT NPAMOYrofbHble UMNyrbebl. OgHako, Npy HEOBXOAMMOCTH, B KaXXO0M 13
TanMepoB MOXHO 3a4eMNCTBOBATb ONUMOHArbHbIN pexnm ogHoBnbpartopa Ans reHepauun
OLMHOYHOIo UMnynbca. [JaHHbI pexuMm, No CyTU, ABASETCS 0COD0OM Bepcuen pexmva
LM, B koTOpOM reHepauus LUMM-curHana nHMumumpyeTcsa BHELLHMM CUrHanom 3anycka
(BHeLWHWI BbIBOA, UK BbIXO 3anycka foboro Apyroro TanMmepa) n Anutca oavH umkn. B
pesynsraTte reHepupyeTcs oguH UMNYIbC C NPOrpaMMmUpyemMon 3aep>KKoun 1
ANUTENBbHOCTLIO.

i

1
1
1
1
1
i
i
i
i
i
1

™

- Leuis et e

B pexume ogHoBnbBpaTopa MOXHO CreHepMpoBaTb OAUHOYHbIA UMMYTLC C
nporpaMMMpyemMon 3a4ep>KKon U ANUTENbHOCTbIO

5.1.4.2. PaciuupeHHbIA TaliMep

PaclumpeHHbIM TalimepoM siBnsieTcs 6nok TaMepa 1. 3ToT TariMep AOMONHEH PSaoM
annapaTHbIX y3noB, NpeaHasHa4YeHHbIX 4N yrpaBneHust areKkTpoaBuraTenem.

B ka)xgoMm 13 Tpex kaHanoB 3Toro TaMepa npegycMoTpeHbl ABa NPOTMBOMAa3HbIX BbIXo4a.
Takmm o6pasom, oH npeacrtasnseT cobon 6-kaHanbHbI LUMM-6n0ok. INMockonbKy AaHHbI
Gnok NnpegHasHayvyeH Ans ynpaeneHus TpexdasHbiM anekTpoasuratenem, y Hero umeeTcs
BO3MOXXHOCTb NPOrpaMMMPOBaHUNS B KaXKAOM KaHane naysbl HenepekpbiTvs U o6Lwuin Bxoa
9KCTPEHHOro oTkNto4eHus. Kpome Toro, B 4ONOMHEHUE K MHTEPdENCy 3HKoaepa 34ecCh
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npeaycMoTpeH MHTepdenc NoaKNoYeHNs AaT4MKoB Xonna.

SRS Clock "
-
ITR1 i KoHTponnep
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PaclumnpeHHbIn TarMep BbINOMHEH HA OCHOBE TOM e CTPYKTYPbI, YTO 1 Tanmepbl odLiero
Ha3Ha4yeHus. Y Tpex KaHarnoB CpaBHEHUS NpegyCcMOTPeHbl NPOTUBOMAa3HbIe BbIXOAb!.
Takke nmeeTca OOMNONMHUTESNbHbIA BXOL, 9KCTPEHHOIO OTKNIOYEHUS N MHTepenc gaTtymkon
Xonna

B kaxaom n3 kaHanoB npegycMoTpeHa BO3MOXXHOCTb MPOrpaMMMpOBaHnNs nay3bl
HenepekpbITUS NPOTMBOgA3HbIX BbIXOA0B, KOTOpasi NO3BONAET U3bexaTb NPoTEKaHUS
CKBO3HOIO TOKa Yepes MoslyMoCT CUMIIOBOrO KOMMyTaTopa.

rEHEpﬂLI,HH nayikl rEHEpﬂLI,HH nayzbl
HENEPEKPBITUA OTEKNHYEeHWA HENePeKpLITUA BKNHOYEHa

OC g

OC s

Lei=t

oCx
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OtxN e M
t =
Bl ]
Y pacluMpeHHoro TaiMepa npeaycMoTpeHa BO3MOXHOCTb NporpaMMMpoOBaHus nayabl

HernepeKkpbliTUA I'IpOTVIBO(baSHbIX BbIXOO40B, YTO Ba)XHO A14 ynpaBJieHNA
aneKkTpoaBuratesnidaMmm

R
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5.1.4.2.1. DyHKIMA SKCTPEHHOI0 OTKJIIOYECHUS]

PaclumpeHHbI TanMmep MMeeT BO3MOXHOCTb nepesecTtu ceoun LLIMM-BbIxogbl 1 nx
nNpoTnBocasHble BbIXOA4bI B 3apaHee 3anporpaMMmnMpoBaHHOE COCTOSIHME NO CUrHany Ha
BXOA€ 9KCTPEHHOrO OTKIHYEHMUS. VICTOYHMKOM AaHHOrO curHana MoXeT ObITb
crneunasnbHbI BHELUHWNIA BbIBOL, 9KCTPEHHOIO OTKITHOYEHUS UM CUCTEMA 3aLMThbl
CMHXPOHM3aLMK, KOTOopasi KOHTPONMPYeT PaboTy BHELIHErO BbICOKOYACTOTHOIO
reHepartopa. Nocne aktmemsaunmn, PyHKLMS IKCTPEHHOIO OTKIOYeHUs paboTtaeT
MOMHOCTbIO aBTOHOMHO 1 rapaHTupyet nepesog LWNM-Bbixoqos B 6e3onacHoe cocTosiHme
B Criydae oTkasa cucTtembl CMHXpoHu3aumm MK STM32 nnu B cnydyae noBpexaeHus
BHELLIHEN CXEMbI.

5.1.4.2.2. Uurepdeiic narunka XoJsia

Kaxxabii n3 Ta iMepoB, B T.4. N pacLUMpPEHHbIN, pa3paboTaH ¢ y4eToM NPOCTOThI
NOAKIIYEeHNs K AaTymky Xornna, npegHasHa4eHHoro A4 UsMepeHust yrroBon 4YacToThbl
BpalLeHna anekTpoasuratens. lNepsble Tpy BbIBOAA 3axBaTa KaXgoro Tanmepa MOoXHO
cBA3aTb C KaHanom 1 yepes nornvecknn anemeHT "uckniovarowee UN". B atom cny4ae,
Nno Mepe BpaLleHUst ABUraTens U NpoxXoXaeHWst BO3ne Kaxaoro aTyuka, B KaHane éyget
reHepmpoBaTtbCcs cobbiTMe 3axBaTa. OTO NpMBEAET K KONMMPOBAHUIO TEKYLLLErO COCTOSAHMS
Tanmepa B perncTp 3axsara KaHana, a Takke kK copocy Tanmepa. Takum obpasom,
3Ha4YeHne cyeTyMKa, KOTOPOe OKaXeTCs B pernctpe 3axsara, MOXHO rnepecymntaThb B
4YacTOTY BpaLLEeHUs anekTpoasuraTens.

5.1.4.3. CuHXpOoHU3MPOBaHHAaA padoTa
TanMepPoB

N xoTs kKaxabin 13 6rOKOB TaiMepoB NOMTHOCTbIO HE3AaBMCUM APYr OT Apyra, Y HUX
npeaycMoTpeHa BO3MOXHOCTb CUHXPOHU3NPOBAHHOW Apyr ¢ Apyrom paboTtbl. 3T
No3BOSSIET CcOo3aaBaTb Oonee CrnoXHble MacCMBbl TAMMEPOB, KOTOpbIe paboTatoT
MOMHOCTbIO aBTOHOMHO U He TpebyoT HanncaHnsa Kkakoro-Nnnbo koga nporpaMmmbl Ans
BbIMOMHEHNSA CIOXHbIX BPEMEHHbIX OYHKLINNA.

Tarmep 1 Tavmep 2
TIMICLK —p—s TIMZCLEK
TRG2—>— |
TRGI—= TRG I+ KoHTpOonnep
KoHTpOonnep = el :
TRG4™ FaAIMyCcHa I TRGOH E.G1 TRG4— > JalMmyrcKa TRGO TRIGJ
- ]
[ —
THFP1_, THFP1
TIZFP2—> - TIZFFZ — :
TavMep 3 Tanmep &
TIMACLE —f————
TIMICLK ™
TRG == ;221_.._.,
TRG2—>—+ 2 TRG4
TRG4—»r— KoHTponnep |izeo -R*EJ TRGI = Kontponnep e
FAMyCHa FanycKa
- ’_‘
TIHFP1_, THEP1 J
TIZFP2—» * TIZEP2Z
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Y Kaxgoro Ta|7lmepa MMEKTCA BXOAbl 3aMyCKa OT ApYyrnx Tpex Talhmepos, a TakKkxe
BHELUHWEe BXOAbl, CBA3aHHbIE€ C BbiBOAamMK 6nokoB 3aXBaTa/CpaBHeHI/IFI

Y kaxgoro n3 6nokoB TaMMepoB UMEETCS BbIXOA 3arnycka, KOTOpbI COeAUHEH C BXOA4amM
Apyrnx Tpex TanmepoB. [JononHUTENbHO, BbIBOAbI BXOAOB 3axBata TanmepoB 1 n 2
(TMFP1 n TI2FP2) coeguHeHbl ¢ KOHTPONNepoMm 3anycka Kaxgoro 6noka tanmepos.
CuHXpOHM3aUna TaiMepoB BO3MOXHA B HECKOMbKNX pasnuUyHbIX pexumax. Huxe
nokasaHbl MpUMepPbl HECKOMNBbKUX TUMUYHBIX KOHUrypaLnii.
BEDYLUMHA TAHMEP
. TAHMEP 1
] KonTp. |1
I'Ipep.'.ﬂ.en:.:‘_ 3aDnH~_.TrEKa'
CHETHMK '

BEDYLUMATIO L HMHEHHBLIA TAHMEP

TAAMEP 2
f FaHTE, [
- | THEEAETESYERE NOLYUHEHHLIA TAHMEP
U Buem g TAHMEP 3
«[Ipepnen. 4CHeT )

TiaE T

i

JEoHTponneg,. :j || Kormponnep| .,
Ay Lk —f ) | samycra

b

BHEWHMA amycK
Pa60Ty BCeX TaVIMepOB MOXHO OpraHn3oBaTb KaCkaaHO C LULMPOKNMU BO3MOXKXHOCTAMUA
KOHdMrypaumm ans co3gaHusl CrioXkHbIX MacCMBOB TaliMepoB

OavH Tanmep sBnseTcs BegyLlmMm, a gpyrue aea - nogdnmHeHHsIMu. Begyuimi tanvep
reHepupyeT CMHXPOHU3aLMIO ANs ABYX NOAYMHEHHbIX TauMepoB, 06pa3yst oanH 6onbLION
TanMmep. AnbTepHaTMBHO, OH MOXET reHepUpoBaTb BPEMEHHYHO 3a4epXKKy 3anycka ABYyX
NOAYNHEHHbIX TaMepPOoB. AHANOrM4YHbIM 06Pa30M, aKTUBHOCTBLIO KaXXA0ro TanmMepa MoxeT
ynpaBnsTb BHELWHUIW CUrHan 3anycka.

5.1.5. HUachl peajibHOI0 BpeMEHHM U PErucTphbl €
pe3epBUPOBAHNEM NMUTAHUSA

Y MK STM32 nmeetca aBa goMeHa NMTaHUs: OCHOBHOW AOMEH NuTaHus cuctembl n YBB,
N JOMEH C pe3epBMpOBaHMEM NuTaHUA. B nocnegHem goMeHe pacnonoXeHbl 16-6uTHble
PEerncTpbl, Yacbl peanbHOro BPEMEHN U HE3aBMCUMBbIN CTOPOXEBOW TanMep.

PacnonoXeHHble B 3TOM AOMEHE PErNCTPbI - 3TO 00bIYHbIE 10 AYeek NnamaTn, KOTopble
MOXXHO MCMOMb30BaTh At XPaHEHNs KpuTmnyeckon nHgopmaumm, korga MK STM32
HaXo4MTCA B AEXYPHOM pexnme paboTbl U OCHOBHOE NUTaHUE OTKIOYEHO. B
9KOHOMMUYHBLIX pexnmax pabotbl MK octatotcs B paboTe Yachl peanbHOro BpeMeHu n
He3aBUCUMbIN CTOPOXXEBOM TaNMep U, MOITOMY, MX MOXHO UCNOSb3oBaTb AN4
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BO30OHOBMNEHNA HOpManbHOM paboTbl cuctembl STM32 nnun ons BeinonHeHUst cbpoca
Bcero MK.

Bxogswume B MK STM32 yacbkl peanbHOro BpeMeHu npeactaBnsaioT cobon 32-6UTHbIN
CYETYMK, ONTUMM3NPOBAHHBIN MO, CHET CEKYHL, MPU CUHXPOHU3aLUMK YacToTon 32.768 KkI'L,.
Bo Bpemsi HACTPONKN CUCTEMbI CUHXPOHM3ALUMN, B KAYECTBE NCTOYHMKA CUHXPOHMU3aLMn
YacoB peanbHOro BPEMEHU MOXHO BblOpaTb BHYTPEHHUIN HU3KOYACTOTHbLIN reHepaTtop,
BHELUHUIM HN3KOYACTOTHbIN reHepaTop UM BHELUHUIW BbICOKOYACTOTHbIN reHepatop. Nocne
Bbl6Opa NCTOYHUK CMHXPOHU3aL MM COEQMHSIETCS C YacaMn pearibHOro BpEMEHU Yepes
AenuTenb YacToTbl C PUKCMPOBAHHBLIM KO3dhduumMeHToMm aenerHna (128). [ina opraHnsaumm
TOYHOrO CYETa CEKYHA Aanee MoxeT ObiTb 3a4eMCTBOBaH ele oavH npeaaenutens YUPB.
CueTtunk YUPB MOXeT reHepupoBaTb TpW NpepbIBaHUS: MPU NHKPEMEHTUPOBAHUM CEKYHA,
nepenoniHeHMM CHETYMKA U cpabaTbiBaHUM yHKUMN curHanuaaumun. NocnegHee
npepbiBaHWE reHepupyeTcs B criydae, Korga Tekyliee 3HadeHune cyetymka YPB gocturHet
3HaYEeHUs, XpPaHSLLErocsa B PErMcTpe yCTaBkM BPEMEHM.

HSE-reHepatop
LS| RC-renepatop —

1M28

LSE- unu EHEWH. reHepaTop —
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I|IFlT c
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pesepEMpOBaAHHMEM
NWTaHWUA
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Perucrp ynpagnedna YUPB

|
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MpM NEpenonHeHUH
CexyHaHoe
npepbLIBaHue

MpepsIBaHyve no

00 AO0CTHHEHWH

a0 aHHOI0 BPEeMEHN
MpepeigaHue

Yacbl peanbHOro BpeMeHN MOryT CUHXPOHU3MPOBATLCSA BHYTPEHHUM MITN BHELLUHUM
HM3KOYaCTOTHbIM reHepaTopoM. C NX MOMOLLbIO MOXHO NOMYYUTb CHETYUK CEKYHA C
BO3MOXXHOCTbIO CUrHanNn3auum o 4OCTUXKEHUN 3a4aHHOTO BpeMEeHU

UPB pacrnonoxeHbl B JOMEHE C pe3epBUpPOBaHNEM NMUTAHWUA, KOTOPbIM MOMy4aeT nuTaHme
oT HanpsxxeHna VBAT, a npepbiBaHne, CUrHanuampyrouiee o 4OCTMKEHUN 3aaHHOIo
BpEMEHU, CBA3AHO C 17-01 NIMHNEN BHELLHUX NPepbiBaHUN. OTO O3HAYaET, YTO nocre
nepesoga OCHOBHOIO AoMeHa nutaHusa STM32 B 9KOHOMUYHBI pexnm paboTtel. YPB
ocTaHyTcs B paboTte. Kpome Toro, BO30enCTBYS Ha NIMHUIO BHELLHEro npepbiBaHuns, YPB
moryT curHanuaunposatb KBBI1 Cortex o HeobxoanmocTu Bo306HOBNEHUSA paboThl
OCHOBHOro goMmeHa nutaHna STM32. [JaHHas koHdUrypauus odeHb BaxkHa Asis
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MarnoMOLLHbIX YCTPOWCTB, KOTOPbIE B Liensix cOepexeHns aHeprum 6atapenHoro MCTodHMKa
BonbLUYI0 YacTb BPEMEHW NPOBOAST B AEXYPHOM pPEXMME, HO NPY 3TOM AOMKHbI UMETb
BO3MOXHOCTb, MPU HEOBXOAUMOCTN, BO30OHOBUTL aKTUBHYIO paboTy.

5.1.6. PerucTpsnl ¢ pe3epBUpOBaHUEM MUTAHUSA
1 BXOJ BMeHIATEJIbCTBA

B aomeHe ¢ pesepBMpoBaHNEM NUTAHNEM TaKKe MMEEeTCH AeCATb 16-OUTHBIX permcTpos,
KoTopble (PYHKLUMOHUPYIOT Kak 3HeproHe3aBncrumoe ctatudeckoe O3Y. XpaHsawmecsa B HUX
AaHHbIE MOXHO CTepeTb NyTEM BbINOSIHEHUS 3aMMCU B COOTBETCTBYIOLLUIN PETUCTP
ynpaBneHns. JTOT XXe pernctp ynpaenseT akTMBHOCTbIO BHELLIHETO BXoAa
BMewlaTenbcTBa. COCTOSAHNE JaHHOIO BbiBOAA (BbICOKOE UIM HU3KOE) MOXHO HacTpoUTb
BO BpeMms 3anycka. B xoge HopmanbHom paboTbl UBMEHEHME NOTMYECKOro YPOBHS Ha 3TOM
BX0oAe NpuBeaeT K 3anycky cobbiTnsa obHapyXeHUs BMeLlaTenbCTBa, YTO BbI3OBET OYUCTKY
PErncTpoB C pe3epBMpoOBaHMEM NMUTAHUSA. Takke MOXHO akTUBMPOBATb NpepbiBaHKE,
koTopoe no3sonsieT MK BbINOMHUTL 3alUTHbIE 4ENCTBUSA NPU OBHapYyXeHun
BMeLLaTenbCcTBa.

5.2. KommyHnukanuoHHbie YBB

B nomeHe ¢ pesepBnpoBaHMEM NUTAHNEM Takke nmeetca aecatb 16-6UTHBIX perncTpos,
KOTOpble (PYHKLMOHUPYIOT Kak 3HeproHe3aBncumoe ctatudeckoe O3Y. XpaHsuwmecsa B HUX
AaHHblE MOXHO CTepeTb MyTeM BbINOSIHEHUS 3aMMCU B COOTBETCTBYIOLLUN PErUCTP
ynpaBneHnd. JTOT Xe pernctp ynpasnsaeT akTMBHOCTbIO BHELLHENO BXoA4a
BMeLllatenbcTBa. COCTOAHME JaHHOIo BbiBoAA (BbICOKOE UIM HU3KOE) MOXHO HacTpoOUTb
BO BpeMms 3anycka. B xoge HopmanbHom paboTbl U3MEHEHME NOrMYECKOro YPOBHS Ha 3TOM
BXOA€e NpuBEAET K 3anycKy cobbITnst OBHapyXeHNs BMeLlaTenbCcTBa, YTO BbI3OBET O4YMUCTKY
PErMcTpoB C pe3epBUPOBaAHNEM NMUTAHUS. TakKe MOXHO aKTUBMPOBaTb NpepbiBaHue,
koTopoe no3sonset MK BbINOMHUTL 3alUTHbIE 4EACTBUA NPY OBHApYXeHUK
BMeLlaTenbCTBa.

5.2.1. Unrepdeiic SPI

[nsa opraHn3saumm 6bICTPOAENCTBYIOLLEN CBA3M C MHTErpanbHbiMu cxemamm y MK STM32
nmeetcs aea moayna SPI, npeaHasHayeHHbIX 418 NOSHO4YNNEKCHOW nepeaayvn AaHHbIX
Ha yactoTe oo 18Mrlu. BaxxHo 06paTtnTb BHUMaHMe, 4To oauH moaynb SPI nogknioveH
BbICOKOCKOpOCTHOW WwnHe YBB APB2, koTopas moxeT paboTtaTb Ha 4acTtote go 72Mlu.
BTopon moaynb cBsidaH ¢ 6onee HM3KOCKOpoCcTHON wnHou APB1, makcnmansHoe
ObICTpOAENCTBME KOTOPOKM OrpaHnymBaeTcsa Yyactoton 36 M. Y kaxgoro n3 mogynen SPI
npegycMoTpeHa BO3MOXHOCTb NPOrpaMmMmMpoBaHUs NOSISPHOCTU U ddasdbl CUHXPOHU3aLMN U
dopmaTta nepegaBaemMbix AaHHbIX (8 unn 16 6uT, Nnepegaya NnepBbIM CTapLLEro Un
MnaaLwero 3Havallero paspsga). Kpome toro, kaxabin mogynbe SPI moxeTt paboTaTth B
BeAyLeM UNu NOOYNHEHHOM PEXUME, YTO NO3BOSSIET EMY CBA3aTbCA ¢ ntobon apyron UC,
OCHalleHHon uHTepdgerncom SPI.
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Kaxxabiih mogynb SPI moxeT paboTatb B BegyLLEM U NOAYMHEHHOM pPEXMME Ha YacToTe
no 18Mrly. [Ans noBblweHnsa apdHekTUBHOCTM Nepefaym AaHHbIX MOXXHO UCMNONb30BaTb
nBa kaHana Mari

[na nepegayun gaHHbIX Ha BOMbLUNMX CKOPOCTSAX Yy Kaxaoro moayns SPI npegycmoTpeHo
ABa kanana MNAMN: oanH ans nepegayn gaHHbIX U OAWH ANS KONMMPOBAHUS MPUHATBIX
AaHHbIX B namsaTb. C nomouwubto MAMN MoxHO AoBUTLCS aBTOHOMHOW ABYHaNpaBreHHOM
nepeaayn BbICOKOCKOPOCTHbLIX MOTOKOB AaHHbIX. B gononHeHue k ctTaHgapTHbIM
BO3MOXHOCTSIM uHTepdenca SPI, mogynb SPI mukpokoHTponnepos STM32 cogepxut aAsa
annapatHbix 6noka CRC. OguH 6nok CRC ucnonb3yeTcs Ans nepefayun gaHHbIX, a Apyromn
- ana npuema. Oba 6noka MmoryT reHepupoBaTb 1 npoeepATb kKoabl CRC8 n CRC16.
[aHHasi BO3BMOXHOCTb Ha NpakTuke HeobxoamMma nNpu MCNoNb30BaHMM OQHOMO N3 Moadynen
SPI ans nogkntoyeHus k kapte MMC/SD.
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Mogynb SPI cogepxuT annapatHbin 6rnok CRC, Heobxoanmbin Ansa NogKIoYeHns K
kaptam Flash namatu Tuna MMC n SD

5.2.2. MoayJib 12C

[nsa cBasu ¢ nHterpanbHbiMmM cxemamm y MK STM32 nmeetcs ewe ogvH cneumanbHbIn
nHTEpdenc - 12C. NHTepdenc 12C moxeT paboTaTb B BeAyLEM UM NOLYNHEHHOM
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pexunme n nogagepxmBaet BOSMOXHOCTb ap6|/|Tpa LUNHBI, YTO HEOBXOANMO B

MynbTUMacCTEPHbIX cuctemax. UHtepdenc 12C nogaepxmBaet oba CKOPOCTHLIX pexnma
LWMHBI: CTaHO4apTHbIN co ckopocTamu Ao 100 kIMy v BbICTPOOENCTBYIOLLNN CO CKOPOCTAMMU
0o 400 Kkl y,.

Mogynb 12C ncnonbayeT 7- n 10-6uTtHble pexmmbl agpecauun. Moayrnb NOSTHOCTbIO
peanuayeT NPOTOKON nepegayv AaHHbIX Mo WWHE 1 TpebyeT Ansa ynpaBneHns TONbKo

Heobxoanmon NpoTokony nepegaym nHopmaumm. Mogynb 12C moxeT reHepupoBartb ABa
npepbiBaHWS: O4HO Npu oBbHapyxeHnun ownboK 1 Apyroe Ang ynpasreHus agpecom CBA3U
n nepegaBaembiMu AaHHbiMU. Kpome Toro, 6nok MNAMN npegoctaensaeT ABa kaHana,
KOTOpble MOXHO MCNONb30BaTh ANS YTeHUs U3 Bydepa nepefayun n 3anucu SaHHbIX B 3TOT
6ydep. Taknum obpasom, cpasy nocne 3agaHus agpeca u nognexalumx nepegade AaHHbIX
MOXHO Ha4yaTb ABYHanpasreHHy nepeaady AaHHbIX NOMHOCTLIO Mo annapaTHbIM
yrnpaBreHnem.

7

Bus Event | 33MP0COE
NpEREIEAHKA

7
Error e 2anpocoE SCL
MpepLIBaHKA
| sME
)| Alert

PEC SMBUS PMBUS

[Ba Moaynst 12C [ONONHeHb! BO3MOXHOCTSIMY, KOTOPbIE AEMatT UX COBMECTUMBIMU C
wnHamm SMBus n PMBus. B HMX BXoguT annapaTHbIn G110k KoppeKLumMn owmbok

Bnarogaps nogaepxke Bcex nepedncrneHHbIX BO3MOXHOCTEN, MOAYIN 12C siBnsiotes
CKOPOCTHbIMU N 3 EKTUBHBIMU LUMHHBIMW UHTepdencamun. OgHako y HUX peann3oBaH
PS4 OOMNOMHUTENbHBIX BO3MOXHOCTEN, MO3BONSOLWMX paclumpuTb 6a3oBble yHKLMM

wuHbl 12C. B Moaynb 12C mukpokoHTponnepos STM32 BxoauT 6rok annapaTHoii IpoBepKM
owmnbok B nakete (6rnok PEC). Nocne aktueusaumn, 6nok PEC 6yaet reHepupoBath 6anT
¢ CRC-kogom ans npoBepku onbok.

JHavenue PEC EblMMCNABTCA M NEepeaeTcA BedyIMK NepesaTyuKoM

- m, Y r “ v ., \ —_ K —
SDA Dauusie 1 ﬂ..:.’]_]':aHHhIEJI_?-:xn X ",.:";[xl,aHHI:IEJ_'ﬂ: ::--PECH...ﬁ]-Z: n'

o || 0O S O A 0

MoaTeEepxaeHne 0T NOAYMHEHHOTO wHTepdeica

[aHHbIN BanT aBTOMaTU4ECKM MOMELLAETCsA B KOHeL, NnepegaBaeMoro noToka AaHHbIX.
Bnok PEC Takxe nmeeT BO3MOXHOCTb NPOBEPKN NPUHATLIX AaHHbIX HA COOTBETCTBUE
nepegaHHoMy 6anTy 3aLuTbl OT OLUNBOK.

[aHHbIN GanT aBTOMATUYECKN NOMELLLAETCA B KOHEL, NepeaaBaeMoro notoka gaHHbIX.
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Bnok PEC Takke nmeeT BO3MOXHOCTb NPOBEPKN NPUHATBLIX AAHHBIX HA8 COOTBETCTBME
nepegaHHomy 6anTy 3aWmThbl OT OLUMOOK.

Mogynb 12C MK STM32 Taioke nogaepXxuneaeTt ABa AOMNOSTHUTENbHBLIX KOMMYHUKALMOHHbIX
npotokona: SMBus n PMBus. NpoTtokon SMBus 6bin npeanoxeH Intel 8 1995 rogy ans
ncnons3oBanusa BHyTpu K n cepeepos. Npotokonom SMBus orosapusatotcs TpeboBaHus
K KaHanbHOMY CIoto, B T.4. ucnonb3oBaHme PEC 1 nepegaya ctaHOapTU30BaHHbIX
KOH(MrypaumoHHbIX AaHHbix Mexay BIOS komnbtotepa n C pasnuyHbix

npoussoagutenen. Pabotaa B pexume SMBuUs, mogynb 12C, nomumo PEC, nogaepxxvBaet
pag Apyrnx Bo3MOXHocTen npoTtokona SMBus. K nx yncny oTHOCATCA NPOTOKON
paspeweHnsa agpeca SMN, npotokon yBegomneHus host-yctponctea n pabota ¢
curHanom SMBALERT. NMpotokon PMBus siBnsietcs pasHoBuaHocTbio SMBus n
npegHasHaveH anga pabotbl B cuctemax anekrponutaHmsa. PMBus nossonsiet
KOH(pUrypmpoBaTb, MpOorpaMMmnpoBaTh U KOHTPONMPOBATL B pearibHOM BPEMEHU CUCTEMbI
anNeKTponuTaHus.

5.2.3. Moayas YCAIIII

HecmoTps Ha TO, 4TO NOPTLI NOCNeAoBaTENlbHOW CBA3U YXXe NpakTU4Yeckn He
ncnonbaytotca B K, OHKM BCce eLle ocTaoTcsa NonynsipHbIMU BO MHOTMMX BCTPanBaeMbIX
NPUMEHEHNAX OS5 OpraHn3aunmn NpoCcToro MHTepdenca nocrnegoBaTesibHom cBaA3un. Ero
BbICOKasi NONYNsipHOCTb 06ycnoBneHa CBOMCTBEHHON eMy HaZEXHOCTbIO paboTbl 1
npoctoTon ucnonb3osaHus. B MK STM32 uHterpupyetca no 3 moaynen YCATI, kaxgbin
N3 KOTOPbIX NOOAEPKMBAET HECKONBKO pacCLUMPEHHbIX PEXUMOB paboTbl, NO3BONSOLWME
ncnonb3oBatb MK B caMbix COBPEMEHHbBIX KOMMYHUKALMOHHBLIX NpUMeHeHuaX. Bece Tpun
YCAII cnocobHbl nepefaBaTh AaHHbIE HA CKOPOCTU A0 4.5 MbuTt/cek. Kaxxabii n3 Hux
Takke NOMHOCTbIO NPOrpamMMUpPYeTCs, B T.4. pa3mep nepeaaBaemMbiX AaHHbIX (8 unu 9 6uT),
nepegadva 6uta naputeta unu cton-omra, a Takke ckopocTtb nepegayn. Oann YCAITT
NOAKMYeEH K WnHe APB2, koTopas cnocobHa CMHXPOHM3MPOBaTbLCS YacToTon Ao 72 My,
a ocTalbHble cBs3aHbl ¢ 36-merarepueson wnHon APB1.

f anpH_ RTS F——
CTS |
< e 3 x YCAMN y
ﬂl'lpl:ll:ﬂ _
—
i Jlpo6Huii reHepaTop
CKOpPOCTH CBA3M

YCAIT MOXHO Mcnonb3oBaTh AN aCUHXPOHHOM cBsAdu ¢ YATTT n mogemamu, a Takke C
nHtepdpencamm LIN, IrDA n cmapTt-kaptamum

Kaxxabin YCAIT nmeeT cOBCTBEHHBIN reHepaTop CKOPOCTU CBSA3M C BO3MOXHOCTAMM
Apo6HOro geneHuns 4actoTbl. B otnnyme ot 06blYHbIX AenuTenen YacToTbl, Takon
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reHepaTop NO3BOSISIET NONYYUTb CTaHAAPTHBIE CKOPOCTU CBA3KN Npu ntobon YactoTe
CUMHXPOHM3aLMN LWKNHbI. Takke Kak U ocTasibHble MOAYNN NocrnefoBaTeribHbIX
nHTepdencos, kaxabin moaynb YCAII ocHaweH asyma kaHanamu MNAOMN ana
ABYHanpaBneHHon cBasun ¢ bydepom gaHHbIX. B koHdurypaunmn YAIT, mogyns YCAIT
MOXeT paboTaTb B HECKOSbKNX pexnmax paboTbl. YCAIT nmeeT BO3MOXHOCTb paboTbl C
O[HONPOBOAHOW NONyAYNSIEKCHOM NMHUEN, UCNOSb3Ys AN 3TOro TONbKO BbiBOA TX. [Ans
CBS3M C MOAEeMaMu, a Takke N5 annapaTtHOro ynpasneHnsa nepegadyen Notoka AaHHbIX, Y
kaxxgoro YCAII npegycMoTpeHbl gononHuTenbHble nnHum ynpaesneHna CTS n RTS.
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Mogynun YCATITT nogaepxmBatoT BO3MOXHOCTb paboTbl C O4HOMPOBOLHOM
nonyaynnekcHoOm fIMHMen CBs3n

Kaxxabin n3 YCAIT Takke MOXeT ncnonb3oBaTbesa Ans nogknioyeHuns K wnHe LIN. [JaHHas
LUMHA MCNOMnb3yeTca B aBTOMOOUNBHOM TpaHCnopTe ANSA HU3KOCKOPOCTHOM CBA3N C
KnactepHbiMn MUKpokoHTponnepamun. Bece YCATT nogaepxmBatoT BO3MOXHOCTU Kogepa/
aekogepa vHdpakpacHon nocnegosartenbHoun ¢Bssun (SIR). 3T BO3MOXHOCTU OTBEYaloT
ctaHgapty IrDA no nHppakpacHomn nepegaye gaHHbIX Ha ckopocTax Ao 115200 6ut/cek ¢
ncnonb3oBaHveM nonygynnekcHo NRZ-moaynsumm n akoHoOMU4YHom paboTon npu
cuHxpoHusaumn YCAIT yactotamum B npegenax 1.4...2.2MI"u. Y kaxgoro YCAIT
nogaepXXmBaeTcs AOMNONHUTESNbHbBIA PEXUM CMapT-KapTbl, B KOTOPOM aKTUBU3NPYETCS
nogaepxka ctaHgapta ISO 7618-3.
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YCAII moryT ncnonb3oBaTbCH B KayecTBe nHTepdenca cmapT-kapta nnu IrDA

Momumo paboTbl B ponn BbICOKOCKOPOCTHOro uHtepdenca YA, kaxabin YCAIT moxeT
ObITb NepeBeaeH B PEXMM CUHXPOHHOM CBA3W. Ero MOXXHO MCnonb30BaTh ASsi CBA3U C
BHelwHMMK YBB, ocHaweHHbIMn SPI-coBMecTMbIM MHTEpPdENCOM, No 3-NpOBOLAHOM
nuHuKn. Pabotas B gaHHoM pexume, YCAIT pabotaeT B ponu BegyLlero wuHbl SPI un
noaaepXnBaeT BO3MOXHOCTb NPOrpaMMUpOBaHUS NOMIAPHOCTM 1 dhasbl CUHXPOHU3aLMMN.
Bnarogaps atomy, BO3MOXHa CBA3b C NnpakTudecku nobon nogunHeHHon SPI UC.

B cnHxpoHHOoM pexume YCAIT MOXHO MCNoNb30BaTh B PONM JOMNOSTHUTENbHbIX BEOYLLNX
nHTepdencos SPI

5.3. Moayau CAN u USB

[1Ba oCcTaBLUNXCHA KOMMYHUKALMOHHBIX MOAYNS MUKpOKOHTponsiepos STM32 - CAN-
KOHTpoOnnep n nitepgenc nonHockopoctHoro yctporctea USB. Ob6a aTtux npotokona
CBSA3WN JOCTATOYHO CITOXHbI, NO3TOMY, €CNN Bbl BNEPBbIE CTaNKMBaeTeCh C HUMU, TO
AONONHUTENBHO HEOBXOAMMO 03HAKOMUTCS C OTAENbHLIMU PYKOBOACTBaAMM MO
nHtepdgencam CAN n USB. Ob6a moaynsa, USB n CAN, TpebytoT BblaeneHuns
cpaBHUTENbHO BonbLuoro oobema cratndeckoro O3Y ans opraHmsaunmn Gygepos
coobueHun, noatomy, y MK STM32 nveetcs gononHuTtensHas obnactb CTaTM4eckoro
O3Y paamepom 512 6anT, koTopas MoxXeT ncnonb3oBatbest mogynsamm CAN n USB.
[locTyn K 9TON NamMATN UMEKOT TONbKO Ha3BaHHbIe MoAyNu. Kpome Toro, 4aHHY0 NamMsTb
MOXHO Ha3Ha4MTb Ha PaboTy TONbKO C OOHMM U3 3TUX MOAYNEen. ATO O3HAYAET, YTO
mogynu CAN n USB He moryT paboTtate ogHoBpeMeHHO. Ecniv xxe B npumeHeHnn
ncnonb3oBaHne obenx nHTepdencoB obs3aTernibHO, TO X paboTy HY>XHO YepenoBaTb.

5.3.1. CAN-KoHTpOJLIIEp

Bxogswmin B MK STM32 CAN-koHTponnep sisnsieTcst noriHooyHKUnoHanbHbiM CAN-
y3rom, oTBevatowmm TpeboBaHnsaM K akTUBHBIM 1 naccuBHbiM ycTponcteam CAB 2.0A n
2.0B n nogaoepxmBarolmnin nepegady gaHHbIX Ha ckopocTtu He 6onee 1 Mout/cek. CAN-
KOHTPOSIiep OCHaLLEeH Takke AOMNOMNHUTENbHBIMU BO3MOXHOCTAMM NS OopraHn3aumm
AETEPMUHUCTMYECKON Nepeaayn gaHHbIX no cneynansHomy CAN-nNpoTokony nepegayv B
peanbHom BpemeHn TTCAN. MNMocne aktusmnsaumm cdoyHkumm TTCAN 6yaet
noaaepXXuBaTbCca aBToMaTu4eckasa NoBTOpHas nepegadya coobLleHnn 1 aBToMatmyeckas
BctaBka B CAN-nakeT AByX AOMNOMHUTENbHbLIX 6anT ¢ 3adPUKCMPOBAHHBIM MOMEHTOM
BpeMeHu nepefadn coobLueHns. Bce 3T BO3MOXHOCTU HEOBXOAMMBI B CUCTEMAX
ynpasnenunsa yepes CAN-uHTepderic B macwtabe peanbHOro BpEMEHM.
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CAN
H

Master Control MNoYyToERE
Master Status ALK
Transmit Priority npreMa K1
Transmit Status nepeaaqr
Receive FIFO
Interrupt
Error Status
Error Interrupt
T x Error Counter
R » Error Counter

NPHEMHEL
FHABTPOE f——  CAN Rx

Diagnostic

Bit Timing

Bit Timing
Filter Mode
Filter Config

Mogynb CAN oteevaet ctaHgapty CAN 2.0B v nogaepxusaet npotokon TTCAN

MonHoe HaumeHoBaHne CAN-koHTponnepa - moaynb bxCAN, roe bx ykasbiBaeT Ha
noaaepKKy Moayrnem SONONHUTENbHbIX BO3MOXHOCTEN. O6bI4HbIM Moaynb CAN
ncnonb3yeT oauH 6ydep npuema n nepenaymn, a y pacumpeHHoro mogyns CAN
ncnonb3yeTca Heckonbko Bydepos npuema n nepegadn. Moayns bxCAN siBnsietcs
rmbpuaom asyx apxutektyp moayrnen CAN. Y Hero nmeercs Tpu NOYTOBLIX ALLMKA NSt
nepegaBaemMbiX COOBLLEHMI 1 ABA NOYTOBbIX AWMKA AN MTPUHUMAEMbIX COOOLLEHNIA.
Kaxabin 3 npUHMMaloLLMX NOYTOBbIX AWKNKOB nmeeT bydep FIFO ana nomelueHnsa B HEro
Tpex coobuweHni. [laHHas apxuTekTypa ABAsieTC KOMNPOMUCCHOWM C TOYKN 3pEHUS
Npon3BOAUTENBHOCTM Nepefayun aHHbIX U 3aHMMaeMoro Mecrta B Kpuctanne UC.

TX
Mailboxes

ID ID ID

Timestamp Timestamp Timestamp
DLL DLL DLL

DATA DATA Data

Moaynb CAN ocHalleH TpemMs NOYTOBbIMW ALLMKaMK AN nepeaadn coobLeHnn n nmeet
BO3MOXXHOCTb aBTOMaTM4YECKOWN BCTABKM B COOBLLEHME TEKYLLIETO BPEMEHU NO NPOTOKONY
TTCAN

Cnepytowasn BaxxHasa gyHkumss CAN-KoHTponnepa - punstpaumsi nonyv4aembix
coobueHunn. Mockonbky CAN sBASIETCA LWMPOKOBELLATENBHOM LUNMHOW, KaXaoe
nepegaHHoe coobLieHne npmHMMaeTcs BceMn yanamm WwnHbl. B CAN-wnHe nobon
pa3yMHOWN CTEMNEHU CIIOXHOCTM NepeaaeTca A40CTaTOMHO 60nbLIoe YMCNOo coobLLEeHNN.
3agaden kaxgoro nogkntoveHHoro k CAN-yany LMY aengaetca pearnposaHne Ha CAN-
coobueHuns. Taknm obpasom, 4Tobbl n3baBuTb CAN-KOHTpONMNep oT npobnemsl Nnpuema B
Bydep HexenaTenbHbIX coobLueHnn, Heobxogmma ux punerpaums. Y CAN-kKoHTponnepa
MUKpokoHTponnepoB STM32 nveetca 14 6aHKoB (OMNBETPOB, KOTOPbIE MOXHO
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ncnonb3osatb Ans 6nokupoBkn Bcex CAN-coobLeHnn, KpoMme n3bpaHHbIX COobLLEHNI
UK rpynn cooBLLEHNIA.

32-bit filter — Id/TList

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

14 cbnnbTpoB coOBLLEHN NOAAEPKNBAIOT ABE KOH(pUrypaLmm, KOTopble MOXHO
ncnonb3oBaTth ANs PUnbTPauun MHAMBNAYanbHbIX COOBLLEHNI

Kaxxabih 6aHk omnbTpoB COCTOUT U3 ABYX 32-OUTHLIX PErnMcTpPoB U MOXET paboTaTh B
OOHOM M3 YeTblpex pexxumoB. Mpu ncnone3oBaHum 6a30BOro MeToAa B KaXAbI perncTp
BaHKka MnbTPOB 3anucbIBaeTCs naeHTugukaTop coobueHus. lNocne noctynneHus
coobLeHnsa NpoBepseTCs ero NOeHTUMUKAToOp N, NCXOAS U3 3TOro, MPUHMMAETCS peLleHne
O Npueme Unm OTKNOHEHUN coobLeHns. [JaHHbI pexumMm NoaaepXXnBaeT ABe
KOHpurypaumm. B nepsown koHdurypaumm pernctpbl 6aHKOB OUILTPOB SABNAOTCA 3-
OUTHBIMW U MOTYT Ucnonb3oBaTbCa Ans uneTpaumm 11- n 29-6UTHBIX Nonen
noeHTudumkatopos coobuleHus, a Takke 6ut RTR n IDE B 16-6uTHOM pexume.

32-bat filter — Id/Mask

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

OpHu 1 Te e 6aHkM PMNLTPOB MOTMYT MCMNOMb30BaTbCA ANA hunbTpaumm rpynnbl
coooLeHnn

Bo BTOpON KOHbUrypaumm, B nepebi 32-6UTHbIA perncTp 3anucbiBaeTcs naeHTudukarop
coobLLEHUNSs, BO BTOPOW - Macka coobuieHuns. Peructp mackm mapkupyet Outbl pernctpa
noeHTudurKaTopa, Kak 'BaxHbl' UnNu 'HeBaxkHbIN'. Bnarogapsa aToMy, nosiBNseTcA
BO3MOXHOCTb MpUHMMaTb Fpynny coobLeHn ¢ NoMOoLL b0 ogHoro 6aHka uneTpoBs. Ecnn
npyHUMatoLme ounbTpbl NPOMycKalT COObLLEHNE, TO BMECTE C HAM NPUHUMAIOLLINIA
6ydep FIFO 6yanet 3anncaH ykasartenb Ha onpefenveLuni coBnageHne ounetp. 3To
NO3BONUT NPUKNAAHOM NporpaMmme yCKopuTb naeHTudmkaumo cooblieHms 6es
HeobX0AMMOCTM CYUUTBIBAHUA N Aelumdpanmm naeHTudukaTopa naketa coobLieHms.

Bce CAN-koHTponnepbl NoaaepX1BatoT ABa pexunma paboTbl: HOPManbHbIN PEXUM AN
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npuemMa n nepefaym nakeToB COOBLLEHNA N PEXUM UHULManNu3aumm ansa 3agaHis
napameTpoB cBA3n. Kak yxe roopunocb, MK STM32 moryTt pabotate B 9KOHOMUYHOM
pexume SLEEP. B atom pexume cuHxpoHusaums mogyns bxCAN oTknodeHa, ogHako
AOCTYN K permctpam noYvToBbIX SLWMKOB ocTaeTca Bo3MoxHbIM. Moaynbe bxCAN nmeet
BO3MOXHOCTb aKTMBM3aunmn paboTbl Npu obHapyxeHun aktneHocTn Ha wunHe CAN. Ero
paboTy MOXHO TaKkKe peakTMBMpOBaTb NPUKIagHoOn nporpammon. PaboTtas B HopManbHOM
pexuMme, NogaepXmnBatroTca Asa LONOMHUTENbHbLIX Nogpexuma. NepBbi NOAPEXUM -
pexum SILENT. B HEM CAN-kOHTponnep MoXeT NPUHUMAaTb COOBLLIEHNSA, HO HE MOXET
nepegasaTtb U He reHepupyeT GUT oWNBOK B NOCHISTKE U MOATBEPXKAEHUS COOBLLEHNS.
[aHHbIn pexm paccumtaH Ha CAN-LIWHBI C NAaCCMBHLIM MOHUTOPMHIOM. BTopon
nogpexum - pexkum LOOPBACK. B aTom pexume, nepefaBaemble COOBLLEHUSA cpasy e
NpYHUMatOTCA B NpuemMHbIn 6ydep. OH Heobxoanm ons peanvsaumm AMarHoCTUYECKNX
dYHKUMIA 1 TakkKe nosneseH Ha ghase oTnagku koga nporpammbl. Oba pacCMOTPEHHbIX
pexunma MOXXHO KoMBuHMpoBaTb. OHM MaeanbHbl 4518 BbINOSTHEHUSA (PYHKUMIA
CaMOTECTMPOBaHMUS NPU NOAKMYEHUN K paboTatoLen WnHe.

5.3.2. Moayas uatepgerica USB

Mogynb nHtepdenca USB, Bxogawmn B coctaB HekoTopbix MK STM32, asnsietcs
MONTHOCKOPOCTHbIM (12 MBuT/cek) n npegHasHaveH Ans B3anmMogencTBus ¢ XOCT-
nHTepdencom USB, kak Hanpumep, ncnonbdyembiM B K. [JaHHbI MOgyMb MNOMHOCTLIO
peanuayeTt oM3n4eCKNin ypoBEHb 1 YPOBEHb NEpedayn AaHHbIX, B T.4. NMpoBepka owmnbokK B
naketax u nostopHas nepegaya. Mutepgenc USB-ycTponctea Takke nogaepxusaet
BO3MOXHOCTW MPUOCTAHOBKN N BO30OHOBNEHMS, HEOOXOANMbIE O1151 CHUXEHUS
notpebnaemon mowHocTn. PaspabatbiBas yCTPONCTBO € nHTepdencom USB, Heobxoammo
XOpOoLUO pa3bupaTbCsa B TEXHUYECKMX XapakTepucTukax nHtepdernca USB n ero
npuknagHbelx knaccax. Ha cante komnaHun ST JocTyneH nosnHbiv Habop paspaboTynka
USB ycTtponcTs. B Hero Bxogut nporpamMmMHbIN CTEK A5 MHUUManuM3aumm nitepdgenca
USB v peanusauumn Hanbonee nonynspHeix USB-knaccos, B T.4. HID, MASS STORAGE,
AUDIO n LEGACY COMMUNICATIONS PORT. Vcnonb3oBaHne JaHHOrO CTeka unm
noboro Apyroro aHanorMyHoro NPOrpPaMMHOro cteka Apyrux KoMnaHum no3BonuT
CYLLECTBEHHO YCKOPUTb NpoLecc NPoekTUpPOBaHUS.

Eydeprl . AHanNoroewi
KOHEYHBX USB 2.0 TRaEHCHEER
TOYEK

Mogynb USB oTtBevaet TpeboBaHunam k USB-ycTponctsy Bepcumn 2.0

NHTepdenc USB nogaepxmeaeT 4O 8 KOHEYHbIX TOYEK, KOTOPble NoSib30BaTeslb MOXET
HaACTPOUTb Kak KOHEYHasi TOYKa yrpasreHus, NpepbiBaHns, NOTOKa UM N30XpoHHas. [Ans
opraHmnsaumm bycepa KOHEYHOM TOYKN MOXET MCNOoNb3oBaTbCcs ctatudeckoe O3Y
pasmepom 512 6anT, ncnonb3oBaHMe KOTOporo coemelleHo ewle n ¢ CAN-KOHTponnepom.
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Mo 3aBepweHnn nHnynanmsauun moayns USB, npuknagHas nporpamma pasgensiet
AaHHoe ctatmyeckoe O3Y Ha nocnegoBaTenbHOCTL Bydepos.

KoHdurypauumsa ctatudeckoro O3Y B kadyecTBe 6ydhepoB KOHEHYHOM TOYKWN BbIMOMHAETCH C
NOMOLLIbIO Tabnuupbl onpeaeneHnn 6ydepos, KOTopasa XPaHNUTCA B OCHOBHOM CTaTUYECKOM
OBY. B Hen ons Kaxxaonm KOHEYHOM TOYKMN YKa3blBaeTCs HayanbHbIA agpec B CTaTUMYECKOM
OBY un 3Ha4eHue, ykasblBatoLLee Ha ee pasmep. Kaxxgas akTuBHasi KOHEYHas TodKa
yrnpaBneHus, npepbiBaHnsi U NOTOKa CBA3aHa ¢ OydhepoM naketa KOHEYHOWN TOYKHK, a
N30XPOHHAasi KOHEYHas To4Ka - C ABOMHbIM Oydepom. bnarogaps aTomy, 4aHHbIE MOXHO
npuHMMaTh B oanH Bydep 1, Npu 3ToM, BbINONHATL 06paboTky AaHHbIX 13 apyroro. MNocne
nony4yeHns oMepeHOro nakeTa, HoBble JaHHble MOCTyNakT BO BTopoun Bydep, a
obpabatbiBatoTcst AaHHble 13 nepsoro bydepa. Metoq aBonHoro dydepa nossonseT
nepegasaTtb pearibHO-BPEMEHHbIE NMOTOKWN AaHHbIX, Kak Hanpumep, ayguMonoTok.

[na xpaHeHna nakeToB AaHHbIX Ucnonb3yetca 512-6antHoe ctatudeckoe O3Y. Bo Bpems
MHULManu3auum, ata obnacTb NaMaTh pa3genseTcs Ha Heckonbko BydepoB ANs KaXaoun
aKTUBHOW KOHEYHOM TOYKWN. MI30XPOHHbIE KOHEYHbIE TOYKM UCMOSb3YIOT CneunanbHbIN
ABOVHON Bydep, KOTOPLIN NO3BONSAET BO BPEMS CHUTbIBAHUS AAHHbBIX U3 OQHOW YacTu
Oydepa npogormkaTb NpueM B ApPYryto YacTb.

6. JKOHOMUYHBIE PEeKUMBI PA0OTHI

MK STM32, 6yay4un BbICOKOKQ4E€CTBEHHLIMW MUKPOKOHTPOMNepaMu, B 4OMNOSTHEHME K
paboTte B 06b1vHOM pexkxume RUN nogaepkmBatoT BO3MOXHOCTb paboThl B HECKOMbKMX
9KOHOMUYHbLIX pexumax. lNpasunbHoe ncnonb3osaHue pexnmor SLEEP, STOP un
STANDBY genaet BO3MOXHbIM peanu3auuio NPakTUYHbIX pelleHni ¢ 6atapenHbim
nutaHmem. MK STM32 obbeanHsieT ABa NpoTUBOPEUNBLIX CBOMCTBA: Maroe
9HepronoTpebneHne n BbICOKYIO Npon3BoanTensHOCTb. [pn 3HakomcTBe ¢ aapom Cortex
y>Xe roBOpUIIOCb, YTO NMocse nepexoaa B 3KOHOMUYHbIN pexnm pabotel LMY 1 YBB
NpUOCTaHaBNMBAaOT CBOO paboTy 1 NOTPebNSAT MMHMManbHY MOLHOCTL. [pu nepexoae
npoueccopa Cortex B 3KOHOMUYHbLIN PEXUM paboTbl, OH MOXET CUrHannM3mpoBaTb 06 3TOM
eLle ogHOMY BHELUHEMY MUKPOKOHTponnepy reHepaunen curHana SLEEPDEEP. [ina
nepexoga B 9KOHOMUYHbLIN PEXMUM paboTbl HEOOXOAMMO BbINONAHUTL UHCTPYKUMO WFI nnn
WEFE. lNocne BbINOMHEHMS TaKOW MHCTPYKUMK ByaeT BBeAEH 3KOHOMUYHBIN PEXUM
paboTbl, YKasaHHbIM B perucTpe ynpasneHunsa aHepronotpebnenvem. lanee 6yget naH
00630p KaXXgoro IKOHOMUYHOIO pexuma paboTbl N NX CPaBHEHME MO NokasaTensam
noTpebnsiemMoro Toka 1 3agepXkn BO30OHOBNEHUSI paboThbl.

6.1. Pexxum RUN

B pexume RUN mukpokoHTponnep STM32 ncnonHsieT Kog nporpaMmmebl, O3TOMY;,
3HepronoTpebrneHne MakcumarsbsHO.

B naHHoM pasgene 6yayT paccMOTPEHbI pasnuyHble Cnocobbl CHUXKEHUSA
pe3ynbTUPYOLLEro 3HepronoTpebneHnst B xoae BbINOMHEHUS Koga nporpaMmmbl. BaxHo
3aNOMHUTb, YTO BCE AaHHbIE BO3MOXHOCTM MOXHO MCMOMb30BaTb ANHAMUYECKN. DTO
0O3Ha4aerT, YTO UMeeTCa BO3MOXHOCTb BbIMOSHATL KO, NPOrpamMmMbl B ManOMOLLHOWM,
HW3KOMPON3BOAMTENBHOM KOH(Urypauum, a 3atemM, B OTBET Ha NpepbiBaHNE NN
nporpaMmHoe cobbiTue NepekntounTcsa K 6onee MOLLHOM 1 BbICOKONPON3BOAMUTENBHOM
KOH(purypaumn.
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Mpn 06bIMHOM Mcnonb3oBaHuK, npoueccop Cortex n 6onbwnHcTBO YBB STM32 moryT
paboTaTb Ha yactoTte 72 MI'y. PaboTas ¢ makcumanbHbiM BbicTpogencTenem, MK
notpednsiet Tok 6onee 30 MA. [NepBbIM CNOCOOOM €ro CHMXEHUS ABMSAETCS OTKMIOYEHNE
CUHXPOHM3aunn Bcex Hemcnonb3yembix YBB. 3To no3BonuT BblIMECTb 3HEPronoTpebneHne
BCEX HENCMNONb3YEMbIX YacTen MUKPOKOHTponnepa. BknioveHme n oTknioveHme
CUHXPOHM3aunn YBB MOXHO oCyLecTBnATb AMHAMUYECKM Yepe3 MOAYIb YNpaBieHu s
cbpocom n cnHxpoHusaumm (RCC).

Ewe 6onbLiero CHMWXeHNs1 3HepPronoTpebneHns MoXXHO 4OOUTLCA CHMXKEHNEM YaCTOThI
CUCTEMHOW CUHXPOHU3aumun. Ecnn pabota Ha BbICOKOW YacToTe He obs3aTenbHa, 6ok
PAMY moxkHo oTkntounTb U MK STM32 Gyget CUHXPOHM3NPOBaTLCA HEMNOCPEACTBEHHO C
BbIxoga HSE-reHepaTopa. [JanbHenwero CHUKeHUs NoTpebneHns MOXXHO JOCTUTHYTb
nepexogom ¢ ncnonb3osaHus HSE- Ha HSI-reHepaTop. OgHako, no cpaBHeHuto ¢ HSE-,
HSI-reHepaTop obnagaet cylecTBEHHbIM HELOCTATKOM - OH He CToNb ToveH. Ewe
HEKOTOPYIO YacTb SHEPronoTpebneHnsa MOXHO UCKITIOUYNTb OTKNoYeHnem LSI-reHepaTopa,
€CNN He NCNOMb3YeTCA OKOHHbIN CTOPOXEBOW TaMep M Yacbl pearibHOro BpeMEHM.

6.1.1. bydgep npeaBapuTebHOM BHIOOPKHU U
peXMM MOJTYIMKJIA

Mpn pabote Hanpamyo oT HSE-reHepaTtopa Ha MakcumanbHom Yactote 8MITL, Takke
MOXHO OTKNOUMTL Bydbep npeaBapuTenbHon BoibopkM Flash namatn n aktnemnposatb
pexuMm nonyuukna. Benegcreme aToro, BBOASATCA AONOSTHUTENbHbIE COCTOSIHUS OXMUOAHUS,
HO MpuW 3TOM, CHUXXaeTca noTpebnsaembi Tok B pexnme RUN.

Mpn paboTe ¢ MakcMMarnbHbIM ObICTPOAENCTBMEM NOTPEDNAEMbIA TOK COCTaABNSAET B
panoHe 34 MA, a npu pabote Ha 4actote 8 MI'y (9.6 DMIPS) oH cTtaHoBUTCS MeHee 1 MA

TunnyHoe
APB1|APB2|YBB  |YacToTa Egggzigme”b“a" ﬁiﬁ;&"mm WFI |Fenepatop gg;p;’gfg“”e

[MA]
DIV4 | DIV2 EKCJ'Ie 72 My Bkr. Otkn. |OTkn.| HSE 33.15
DIV8 | DIV8 |YCAINM| 72 MI'y Bkn. Otkn. |OTkn. HSE 27.75
DIV8 | DIV8 |YCAII| 72 Ml Bkn. Otkn. |OTknN. HSE 23.65
DIV4 | DIV2 |YCATI| 8 My, Bkn. Otkn. |OTkN. HSE 8.65
DIv4 | DIV2 |\YCAIT| 8 Ml OTkn. Otkn. |OTKnN. HSE 8.48
DIv4 | DIV2 |\YCAII| 8 MI'u OTkn. OTkn. Bkn. HSE 1.68
DIV4 | DIV2 |YCATI| 8 My, OTkn. OTkn. Bkn. HSI 0.9

6.2. OKOHOMUYHbIE pEXUMbI PaboTbl

TwatenbHo ckoHdpurypuposas paboty MK B pexxume RUN, MOXHO CHU3NTb
notpebnaembin Tok 4o npmbnunantensHo 8.5 MA. OgHako, 4To6bl peann3oBaTb MNo-
HacTosLWEeMYy MasioMOLLHOEe YCTPONCTBO, HEOBXOANMO NCNOSb30BaTbh SKOHOMUYHbIE
pexumbl pabotel MK STM32.

97




6.2.1. Pexxum SLEEP

MepBasi cTyneHb 3KOHOMUYHOM paboThl - pexxum SLEEP. Mo ymonyanuio, nocne
BbinonHeHnsa npoueccopoM Cortex nHctpykumn WFE nnn WFI, oTkniovyaeTcs BHyTPEHHASA
CYHXPOHM3aUna N NpeKpaLlaeTcs BbINONHEHNE Koda nporpaMmmbl. B pexnme SLEEP,
octanbHas Yacte MK STM32 npogomxaeT paboty. Bbixog u3 pexuma SLEEP npoucxoaur,
koraa YBB reHepupyeT npepbiBaHue. Ecnv MK STM32 cuHxpoHuaunpyetcs 6nokom GAMY
n HSE-reHepaTtopom yactoton 72 My n ucnonesyet Bce YBB, To npu nepexoae B pexum
SLEEP notpebnsiembini Tok cHu3nTca go npnbnuantensHo 14.4MA. Tem He MeHee, ecnu
BbIMOMHUTL cneuunanbHyo nogrotoBky MK STM32 k nepexoaly B 9KOHOMUYHBIN PEXUM,
OTKINIOYMB CMHXPOHM3aLMIo Bcex YBB, kpome Tex, 4TO UCNonb3yTcs Ans BO30OHOBNEHUSA
paboTbl Nnpoueccopa Cortex, n NepeknYNBLLMCE HAa CUHXPOHM3auuto oT HSI-reHepaTopa
(4acToTy KOTOPOro MOXHO CHU3UTL A0 1 MU n gaxe meHee), MOXXHO JOOUTLCHA CHUXKEHUS
notpebnsaemoro Toka Ao npuonuantensHo 0.5 MA.

Motpebnsaembin Tok B pexxume SLEEP MoxHO cHM3nTb o 0.14 MA

Bce YBB Ha
BKITHOYEHbI
72 My 14 .4 5.5
48 MI'y 9.9 3.9
36 My 7.6 3.1
24 MI'y 5.3 2.3
CunxpoHusauusa ot HSE, ansa cHuxkeHus 16 MI'y 3.8 1.8
YacToTbl UCMONb3yeTCcH NpegaenuTens 8 Ml'y 2.1 1.2
AHB 4 Mry 1.6 1.1
2Mly 1.3 1
1My 1.11 0.98
500 kly, 1.04 0.96
125 kY 0.98 0.95 A
64 My 12.3 4.4
48 MI'y 9.3 3.3
36 My 7 2.5
24 Ml'y 4.8 1.8
CuHxpoHusauus ot BHyTpeHHero HY RC 16 MI'y 3.2 1.2
reHepartopa (HSI), ansa cHmxeHna yactotbl| 8 MMy 1.6 0.6
ncnonb3yetcsa npegaenutens AHB 4 MIy 1 05
2Mluy 0.72 0.47
1My 0.56 0.44
500 kl'y, 0.49 0.42
125 kY 0.43 0.41

B ManomoLLHbIX MPUMEHEHUSIX, YTOObI JOBUTLCA MUHUMAaNbHOIO 3HepPronoTpebneHns, B
pexum SLEEP HeobxogmMmo nepexoquTb HAaCTOMNbKO YacTo, HACKOSbKO 9TO BO3MOXHO. Ha
pPe3ynbTMPYIOLLMIA YPOBEHb 3HEPronoTpebneHnsa Takke BvseT 3agepxka, kKotopas
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HeobxogmMma MUKpOKOHTponnepy STM32 ons Bbixoga U3 9KOHOMUYHOMO pexuma paboTbl
BOCCTaHOBIEHMS UCMONTHEHNSA KOAa nporpamMMbl. He npeacTaBneHHbIX HUXEe pUCYHKaxX
OyneT nokasaHo, kakue 3agepxkn Heobxoanmbl LMY Cortex, KOTOpbIN CUHXPOHU3MPYETCSH
oT HSI RC-reHepaTopa, 4ns BO306HOBNEHNS HOPMarnbHOW PaboThl.

6.2.2. Pexxum STOP

MWKpPOKOHTPONNEP MOXXHO HAaCTPOUTb Ha Nepexon B 3KOHOMUYHbIV pexum STOP. [ns
aToro Heobxoaumo yctaHosuTb 6uT SLEEPDEEP B peructpe ynpasneHus
aHepronoTpebneHnem sapa Cortex n copocnte 6ut Power Down Deep Sleep (PDDS) B
pernctpe ynpasneHus aHepronotpebneHnem MK STM32.

OTHNHYEHME PESEPEMPOBAHKMA

MNoporogoe HanpaxeHwe PO
FazpeweHye KOHTRONA NMTaHKA (FYD)

CBpoc dinara STANDEY

CbHpoc dinara STAMNDEY
EBur POWER DOVWWN DEEP SLEEFP

Bur LOWY POWER DEEF SLEEF
l—

Mocne 3aBeplueHus koHGurypauum pexmnma STOP, sbinonHeHne nHCTpykumm WFEI nnu
WFE npuBeaeT k octaHoBke npoueccopa Cortex n otkntoyeHnto HSI- n HSE-reHepaTopos.
dnaw-namarte, ctatndeckoe O3Y n YBB ocTaloTca 3anuTaHHbIMU, NO3TOMY, cocTosHne MK
STM32 cbeperaetca. Takke kak u B cnyyae ¢ pexumom SLEEP, Bbixog n3 pexuma STOP
BO3MOXEH NnyTem reHepaumm npepbisaHms YBB. OgHako B pexume STOP cuHxpoHu3aums
Bcex YBB oTknoveHa, 3a UCKNOYEHNEM KOHTPOMepa BHELLHNX NpepbiBaHUA. Takum
obpasom, Bbixog 13 pexnma STOP BO3MOXEH NPU N3BMEHEHUN COCTOSIHUS No6on 13
NHUK BBOAA-BbIBOAA. Kpome Toro, y KOHTponsiepa BHELHUX NpepbiBaHWU MMeeTcs ogHa
NUHKUA, KOTOpaA MOXET, KaK 3anpawmBaTtb, Tak U reHepupoBaTth npepbiBaHUe no
AOCTWXXEHUN 3aaHHOrO BPEMEHN YacaMu pearibHOro BpeMeHu. Nockonbky y 4YacoB
pearibHOro BpeMeHu nmeeTcs otaenbHbin reHepatop (LS| nnu LSE), To oHn moryT
ncnonb3oBaTbCs ANs reHepaumm nepuogndeckmx npepbiBannm ans soisoga MK STM32 n3
pexuma STOP.

Mocne nepexoga MK STM32 B pexxum STOP ero notpebnsemblin TOK CHUXAETCS C
mMunnnamnep, notpebnaemoix B pexume RUN, o npubnuantensHo 24 mkA. JanbHenwero
CHWXXEHUS aHepronoTpebneHnss MOXHO A0BUTLCS NepeBogOM BHYTPEHHEIO reHepaTopa B
crneumanbHbIi 9KOHOMUYHBIN pexxuM paboTbl. [1na aToro Heo6xoaMMO yCTaHOBUTL BUT
LPDS B peructpe ynpasneHusi aHepronotpebneHnem MK STM32. Ecnu npu nepexoae B
pexum STOP gaHHbI 6GUT Bbin yCTaHOBNEH, TO NOTPebnsaemMbIn TOK CHU3UTCA A0 14 MKA.
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Ecnn ncnonbayotcs Yyackl peanibHOro BpeMeHU, To NoTpebnsembln TOK yBennuyntcs Ha 1.4
MKA.

Vorn/VealVan/V
DD VBA|YDD' VBA
Ycnosus En.nsm.
=2.4B |;=3.3B |~
T T
Crabunmnsartop B pexunme Run, HU3KOYACTOTHbLIN U
BbICOKOYACTOTHLIN BHYTpeHHNe RC reHepatopsbl, a Takke NA o4
BbICOKOYACTOTHbIN reHepaTop OTKMYeHbl (paboTa 6e3
HEe3aBUCMMOro CTOPOXXEBOIro Tanmepa) A
. M
Ctabununsatop B 3KOHOMUYHOM PEXUME, HU3KOYACTOTHbIN U
BbICOKOYACTOTHLIN BHYTpeHHNe RC reHepatopsbl, a Takke NA 14
BbICOKOYACTOTHbIV reHepaTtop OTKMYeHbl (paboTa 6e3
HEe3aBUCMMOro CTOPOXEBOIro Tanmepa)
En.
O6o3HaueHue |[[MapameTp Ycnosus usmepenus  |3HavyeHune msﬂM
Bbixog u3 pexuma STOP 3.52
(ctabunusartop B pexume RUN) '
Bbixoa n3 pexuma STOP
(ctabununsartop B pexunme RUN + 542
WFI)
t BosobHoBneHue no
WUSTOP Bbixog n3 pexuma STOP HSI RC reHepaTtopy MKC
(ctabununsatop B 3KOHOMUYHOM 5.32
pexume + WFE)
Bbixog n3 pexuma STOP
(cTabunusatop B 9KOHOMUYHOM 7.21
pexume + WFI)

3apepxka B0O306HOBNEeHMS npu Bbixoge u3 pexuma STOP B xygwem cnyyae coctasut 5.5
MKC, ecnu ctabununsaTop octaBarncs B NOSMHOCTbIO aKTMBHOM COCTOSIHUM, U 7.3 MKC, ecnu
cTabununsaTop nepeBogurics B 3KOHOMUYHBIN peXxnm paboTsbl.

6.3. Pexxum STANDBY

MK STM32 moxHO HacTpouTb Ha paboTty B pexnme STANDBY, ecnu yctaHoBUTH 61T
SLEEPDEEP B pernctpe ynpasneHus aHepronotpebneHmem sagpa Cortex n yctaHoBUTb
6uTt Power Down Deep Sleep B ogHomeHHoM pernctpe MK STM32. MNocne aToro,
BbinonHeHne nHctpykunn WFI unn WFE npueaet k nepesogy MK STM32 B pexum ¢
HanmeHbLIM 3HepronoTpebnexHmem. B pexume STANDBY MK STM32 abcontoTHo
nonHocTtblo 6e3gencrtayet. OTKIOYEHbI BHYTPEHHMI CTabunnaatop HanpshkeHna n HSE-
HSI-reHepatopbl. B atom pexnme MK STM32 notpebnseT Tok Bcero nuib 2 MKA.

B pexxume STANDBY notpebnsiembin TOK paBeH 2 MKA, a 3agepxka BO306HOBEHMS
coctasnset 50 Mkc

Von/V Von/V

YCroBusi U3SMepeHus DD’ “BAT | "DD" "BAT |En pam.
=2.4B =3.3B

HY BHYTpEeHHUI reHepaTop U HEe3aBUCUMbIN CTOPOXEBOW NA 2 MKA
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Tanmep oTkNoYeHbl, HY reHepaTtop 1 Yackl peanbHOro
BPEMEHW OTKITHYEHbI

HY reHepaTop 1 Yacbl peanbHOro BpeEMeHU BKNHOYEHbI 1.08 14
EanHuua
O6o3HaueHue [[TapameTp YcnoBusi nsmepeHus 3HaueHne |-~ AL
n3mMepeHns
3apepxkka Boso6HoBneHne ¢
twusTDBY BO30OHOBNEHUSA ANst  |CUHXpOHM3auuen HSI 50 MKC
pexuma STANDBY RC-reHepaTopom

Bbixog 13 pexxuma STANDBY BO3MOXEH MO NpepbiBaHMIO YacoOB peanbHOro BpeMeEHU
(BoCTUXeHWe 3ajaHHOIro BpEMEHN) TOMHO TakXKe Kak 1 npu Bbixode 3 pexuma STOP.
Kpome Toro, B0306HOBEHNE BO3MOXHO Yepes BHeLWHU BbiBog copoca MK STM32 nnu ¢
NOMOLLbIO HE3ABUCMMOIO CTOPOXEBOro TaMmepa. Boixoa ns pexxuma STANDBY Takke
BO3MOX€EH Mo HapacTtawuwemy ppoHTy Ha nuHum 0 nopta A. [laHHbIN BbIBOA MOXHO
HacTpouTb, Kak BbiBoA Bo306HoBNeHMs WKUP nytem yctaHoBku 6uta EWUP B peructpe
ynpaBneHnsa aHepronoTpebneHmem u ctatyca. [Nockonbky pexxum STANDBY cambin
ManoMOLLHbIN, TO N BbIXOA U3 HEro OCYLLLECTBNAETCA AOrbLUe BCEro: 3agepxka
BO30OHOBMEHNSA UCMONMHEHNS NHCTPYKLUMI cocTaBnsaeT okorno 50 mkc. Nocne nepexoaa B
pexxum STANDBY cogepxumoe ctatnyeckoro O3Y, peructpos sapa Cortex 1 MK STM32
TepsieTcs. Boixoa n3 pexxuma STANDBY npakTnyeckm ngeHTuyYeH nporpaMmmMmHoMy copocy.

6.4. IloTpedisieMblii TOK 00JIaCTH C
pe3epBUPOBAHUEM NMUTAHUSA

B obnactb ¢ pesepBupoBaHnem nutaHus Bxoasat O3Y n yackl peanbHOro BpEMEHM.
Mogava NMTaHUA Ha HUX COXPaHAETCHA BO BCEX SKOHOMUYHbIX pexumax pabotbl. Mx
noTpebnaembIn TOK TOK Npu HanpshkeHun nutaHus 3.3B coctaBngaeT okono 1.4 MKA.

6.5. BOo3MOKHOCTD OTJIAAKH B DKOHOMUYHBIX
peKuMax

OTnagka TpaguMuMOHHBIX MUKPOKOHTPOSNEPHbIX CUCTEM, B KOTOPbIX MCMOMb3YHTCS
9KOHOMWYHbIE PEXNMbI PpaboTbl, MOXXET OKa3aTbCs 3aTPyAHEHHOW. OTO CBA3a@HO C TEM, YTO
nocre nepexoga B 3KOHOMUYHbIN PEXUM MUKPOKOHTPOMSEp nepecraeT
B3aMMOAENCTBOBATL C OTNnagyYnkom. Becneacrteme atoro, otnagyvvk BblaaeT cooblieHms o6
ownbke nnun nepecrtaet pabortatb. Bo nsbexanne atoro, y MK STM32 npegycmoTtpeHa
BO3MOXHOCTb COXpaHeHusi B pabote HSI-reHepaTopa B ka4eCTBe MCTOYHMKA
CYHXPOHM3aUnn BCTPOEHHOM OTnago4yHomn cuctemol CoreSight gaxke nocne nepesoga MK
B 93KOHOMUYHbIN pexum paboTbl. PaclumpeHHble Bo3aMoxHOCTM otnagkn MK STM32
HacTpauBatoTcs yepes pernctp DBG_MCU.
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7. BO3MOKHOCTH IO 00eCIIeUeHNI0 0e30IMaCHOM
padoThI

MukpokoHTponnepbl STM32 nogaepxmBatoT psif BO3MOXHOCTEN, HAanpaBIieHHbIX Ha
BbIsIBfIEHME HEKOPPEKTHOrO BbINOSTHEHMS KOA4A NPOrpamMMbl U HENPaBUITbHOTO NOBEAEHUS
MUKPOKOHTpornepa B uenom. Ytobbl UCKIOYNTE BO3MOXHOCTb paboThbl
MUKPOKOHTpOMepa OT HeHaAeXHOro cTodHnka nutanuns, y MK STM32 npegycmotpeHa
BCTPOEHHas cxema, KoTopasi NepeBoanT ero B COCTosiHue cbpoca, ecnn HanpsxkeHne VDD
OyneT HMXe MUHMMarbHO-4ONYCTUMOro 3HadeHus. Kpome Toro, B MK nHTerpmposaHa
nporpaMmMmupyemasi Cxema KOHTPOMNS HanpsikKeHUs, KoTopas eLle paHbLue no3sonset
BbISIBUTb NPOBemMbl ¢ nuTaHneM. ocne BbiiBNEHUS HapyLLEHWsI MUTaHUs 3Ta CXxema
reHepupyeT npepbiBaHune, nossonstouiee nepesectn NC B 6esonacHoe coctosiHue. B
CTPYKTYpe cuctembl cMHXpoHusaumm MK npegycmMoTpeHbl anemMeHTbl kKoHTpona HSE-
reHepaTopa. B cnyyae BbisiBneHusa HapylweHun B ero pabote, MK aBTomatunyeckn
nepekntounTca Ha paboty or HSI-reHepaTopa. KoppekTHOCTb BbINOSIHEHUS NPOrpaMmbl
MOXHO KOHTPONMPOBaTh C MOMOLLbIO ABYX BCTPOEHHbIX CTOPOXEBbIX TanmepoB. OanH 13
HUX - OKOHHbIN CTOPOXXEBOW TaMep, KOTOPbIN He0BXo0ANMMO OBHOBAATL C ONpeaeneHHON
yactoToun. [lpyron - He3aBUCUMbIA CTOPOXKEBOW TanMep, KOTOPbIA CUHXPOHU3NPYETCA
OTAENbHbIM reHepaTopoM, HECBSA3AaHHbIM C OCHOBHOM CUCTEMHOWN CUHXPOHU3aumen. Kpome
TOro, BcTpoeHHas Flash namsate nogaepxuBaetT BO3MOXHOCTb XpaHEHUSA JaHHbIX B
TeveHne 30 net npu Temnepartype 85°C, 4To ABNSAETCA Ny4LLMM B CBOEM Krlacce
nokasaTenem XpaHeHUs OaHHbIX 4515 MUKPOKOHTponsepa obLiero HasHadeHus.
[MepeyncneHHble BO3MOXHOCTU No obecneyeHunto 6esonacHon pabotsl MK Henpnemnemsl
AN UCNonb30oBaHNs B 060pygoBaHnn, K KOTOPOMY NPeabsBnATCS MakCUManbHO-
BbICOKMe TpeboBaHus 6e3onacHOCTU (B TakOM 000pyAOBaHUN 3rEMEHTLI, OTBeYarLme 3a
KOHTPOIb NpOrpaMmMHOro obecneyeHns, kak Hanpumep, CTOPOXKEBOW TanMep AOSMKHbI
ObITb OTAENBHLIMW BHELLUHUMMW YCTPOMUCTBaMK). TeM HE MEHee, MUKPOKOHTPOSSEphI
STM32 nosBonstoT pa3pabaTtbiBaTb HaAeXHbIE CAMOKOPPEKTUPYIOLLME CUCTEMbI C
ncnonb3oBaHneM cnocoboB, NPUMEHSIIOLLNXCS B KPUTUYHBIX K 6€30nacHOCTU
aBUALMNOHHBIX 1 aBTOMOOWIBbHBIX CUCTEMAX, HO C UCMOMb30BaHMEM YPE3BbIYaNHO MPOCThIX
CXeMHbIX pelleHnin. brnarogapsi aTomy, BO3MOXHO cO3aHune ropasao bonee HagexHou u
Ka4yeCTBEHHOW HeJOPOron 1 NPOCTON ANEKTPOHHOW TEXHUKM.

7.1. YnpasBieHue cOpocom

Y MK STM32, noM1umMo BHeLLHEN NnHMM cbpoca, UMeeTCa MHOXECTBO MCTOYHMKOB cOpoca.
Cbpoc MK STM32 moxeT ObITb BbINOMIHEH BCTPOEHHbBIMW CTOPOXEBBLIMW TarMepamu,
nporpammHo 4Yepe3 KBBI1, BCTpOeHHbIMM cxeMamu cbpoca npu nogave/oTKo4EHUN 1
CHKEHUWN HMXE JONYCTUMOrO YPOBHS HanpshkeHnsa nutaHua. B cnyyae reHepaumn cbpoca
yCTaHaBNuBalTCA COOTBETCTBYHOLWME brnarn B pernctpe ynpaenenunsa n ctatyca RCC, T1.0.
OnpoCOM 3TUX briaroB MOXXHO ONpeaenuTb NPUYNHY, Bbi3BaBLLYO cOpoc
MUKpPOKOHTpornepa. CocTosiHne gaHHbIX hraroB coxXxpaHsieTca Ao cneaytolero cbpoca
npw nogaye NUTaHus UnNu 4o 3anucu nor. 1 B Gut ctupaHma npuynHbl copoca.
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Reset Flags

External Low Speed OSC Raady
External Low Speed OSC Enabl

UDD
BrHewHWA R
cGpoc oM
-] PUNLTP {}-‘ » SYSTEM NRESET
MREST

WwWWDG RESET
IWDG RESET
Software RESET

POR/PDR RESET
Low power
management RESET

NIEHEFRPATOFR

|<7 MMMNYNECOB
(MKFIH 20 mKrc)

28 27 26 25 24 23 22 20 18 17 16

EEEEEE W

Low Powwers

Widow wabchoog
Indepandan] Watchoog
Software

Powes

Reset Pin

Resat Flags

Remove Reset

External Low Speed OSC Ready
External Low Speed OSC Enable

MukpokoHTponnep STM32 nmeet HeCKOnbKO MCTOMHUKOB cbpoca. OnpeaennTb MCTOYHUK
cbpoca MOXHO C NOMOLLbIO perncTpa ynpaeneHna n ctatyca RCC
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7.2. KOHTPOJIb HANIPSAKEHU S TATAHUS

B coctaB mukpokoHTponnepo STM32 BxoanTt cneumanbHbii 610K Anst MOHUTOPUHra
nutaHms. OH HasbiBaeTca 6r1OKOM KOHTPOIS HanpsixeHus nutanus (bnok PVD). brniok PVD
nogAepXuBaeT BO3MOXHOCTb MporpaMmMmMpoBaHus nopora cpabatbiBaHUSA B AuanasoHe OT
2.2 po 2.9B c warom 0.1B. 10T nopor cpabaTtbiBaHUS 3a4aeTcs B perncTpe yrnpasneHns
SHepronoTpebneHnem.

L J

VDD
4
________ e N
/1 Moporwm CpElﬁElTbIEIEIHHFIﬂ\\
/1 GnokaPVD _ \ _y
I \,\ McTepesuc
/ I “ 100 MB
/ ! N\
/ ! A\
I
|

Buixon 6noka PYD

B MUWKPOKOHTpOINep BXoAUT cneunaribHad cxema KOHTPOJ14 HanpAaXeHnAa nMtaHnA,
KOTOpada MOXeT reHepmnpoBaTb npepbiBaHUE, eCnn HaNpaXxXeHmne nntaHnAa CHUXaeTCcAa HXKe
3aJaHHOro nopora

Bbixog 6noka PVD cBsizaH ¢ 16-o1n nuHmen 6noka BHELWHUX npepbiBaHUI. [1OCKONbKY
NNHUKN BHELLHUX NMpepbiBaHUN MOTYT pearMpoBaTb Ha HapacTalLwWmnn, nagatoLwmin nnu
HapacTalLwmnin 1 nagarowmm dpoHTbl, To 6nok PVD MoXXHO ncnonb3oBaTth Afisi reHepaumm
npepbIBaHNS MPY BbIMOSTHEHUN YCNOBUN NPEBLILLEHUS UMW NOHWXEHUS HaNPshXKeHUs.

7.3. 3alMINEeHHAs] CUCTEMA CHHXPOHU3AIUH

B 6onbmnHcTBe npumeHeHnn MK STM32 B kayecTBe OCHOBHOW CUCTEMHOW
cMHXpoHM3aumn npoueccopa Cortex n YBB STM32 BbicTynaet BHELLHWI KBapLEBLIN
pe3oHaTop, NOAKMYEHHBIN K BbiBogam HSE-reHepaTopa. B cTpykType cuctembl
CMHXPOHM3aLMM NpegycMoTpeH cneunanbHbln 6nok CSS, KOTOpbI KOHTpoOnupyeT
BHELLHWUI curHan. B cnyyae ecnu aTtoT 610Kk 0OHapyXMT 0TKa3 KBapLEeBOro pesoHartopa,
MK nepekntountcs Ha aBapumHy0 CUHXPOHU3aLMI0 OT BHYTPEHHErO reHepaTopa 4acToThbl 8
Ml u.
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HSI RC 8 MIu
osc_ouT [ %2216 |PLLCL SYSCLK
HSE-reH. DAy [F
OSC_IMN — nﬂr?z
u
4-16
My
Bnok koHTpONAa CSS
CHMHXpOHWZ3ALMH

B cnyyae oTkasa BHelUHero reHepartopa, 6nok CSS reHepupyeT npepbiBaHue u
nepekntoyaeTcs Ha paboty ot RC-reHepatopa

Ansa aktmeBuadaumm 6noka CSS Heob6xoaMMO yCTaHOBUTL COOTBETCTBYHOLLMIA BUT B pernctpe
ynpasnenna RCC.

PL Ready
Control Enabile
CLOCK Security Enable

BEypass
Ready

{SE Clock Enable

HSI| Clock Calibration

& Trimming
HEI Ready
Clock Control  JEnable
b o

[nsa BKNOYEHNSA KOHTPONSA CUHXPOHM3aL MM HEOBXOAUMO YCTaHOBUTL BUT paspeLleHns
paboTbl CSS B peructpe ynpasnexmss RCC

Y bnoka CSS nmeeTcsa nuHUA npepbiBaHns, KOTOpasi CBA3aHa C NpepbiBaHNEM MO
9KCTPEHHOMY OTKITHOYEHUIO pacLUMpPEHHOro Taumepa 1, B CBOKO ovepeb COeMHEHHOM C
nuHuen Hemackupyemoro npepbiBaHna KBBIT Cortex. 3Tnum rapaHTupyetcs
HesamegnuTenbHbIn nepexon LUMM-BbixoqoB Tanmepa B npeaBapuTesibHO-
3anporpammMmmpoBaHHoe 6e3onacHoe COCTOsIHME B Crydae OTKaza OCHOBHOIO reHepaTopa.

Takmum o6pasom, ecnm npoueccop Cortex TepsieT ynpasnexme Hag LUMM-Bbixogamu, nx
paboTa 1 CBA3aHHOW C HUMM BHELLHEN cxeMbl briokmpyeTcs. [JaHaa pyHKumMss 0cobeHHO
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BaXHO B yCTpOIZCTBaX ynpasneHuna anekTpoasuratenamMmun.

7.4. CTopoxeBbie TaliMepbl

B MK STM32 BxoaaT ABa OTAENbHbIX CTOPOXEBbLIX TanMepa. He3aBnCMMbIN CTOPOXXEBOW
Tanmep NOMHOCTbLIO oTAeNeH oT ocHoBHOM cuctembl MK STM32. OH pacnonoxeH B
AOMEHE C pe3epBUPOBaAHNEM MUTAHUS U CUHXPOHU3NPYETCS BCTPOEHHBIM HU3KOYACTOTHLIM
reHepaTopoMm (LSI). OKOHHbIN CTOPOXEBOW TanMep ABASETCA YaCTbl0 OCHOBHOW CUCTEMbI
MK STM32 1 cBsi3aH C CUrHanoMm CUHXPOHU3aLmm nepson WnHbl YBB. Oba cTtopoxeBbIxX
Tanmepa NogaepXKmMBatoT BO3MOXHOCTb Pa3AenbHOMO BKITHOYEHUS/OTKIOYEHNS U MOTYT
NCMonb30BaTbCA OAHOBPEMEHHO.

' HezaBUCUMMBIA
CTOpOMEBOM

Tanmep 32 kl'u
OKOHHBIW
CTOPOMEBOW | i DC| K1

Tamep

MK STM32 cogepxaTt ABa CTOPOXEBLIX Taumepa, OANH N3 KOTOPbIX CUHXPOHU3NPYETCS
OTAeNbHbIM reHepaTopoM

7.4.1. OKOHHBIN CTOPOXEBOW Tanmep
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Buxon cépoca
OKOHHOIMO CTOPOXEBOro WWDG_CFR
Trﬂﬁnep = Wa [WS | Wa (W3 | W2 [ W1 ]|Wo

od Eklxod =1, 2c 1
Th:0 »v'6:0

I_ 1 & Umppoeoi koMnapaTop
) B
9 Fanvics WWDG_CR

WDEs | Ta (TS (T4 | T2 | T2 (T1 [T
WWDG_CR b.—\ﬁHTHmH Bkl TEHILLA A CUETUKK

PCLEL NMPEOOENMTEN
(0o 36 MM | (WDGTE)

BriumT. cuetume T[E:0]

A
W ['5 :':l] e :‘-:-___.H_
L |
Sfhpk4————————————- :— ————————————
|
| | :
| | |
) OkHO " BpEI:FI
OGHOBNEHMKA :
|
But TE |
I
Cepoc 1

OKOHHbI CTOPOXEBOW TaMep ABMNAETCA pacLUMPEHHON BEPCUEN TPaAANLMOHHOIO
BCTpanBaeMoro CTOpoXeBoro Tanmepa. llocne aktmensaummn, CTOpOXXEBOW Tanmep
Ha4yMHaET cYeT B 06paTHOM HanpaBreHUn n reHepupyeT cbpoc Npyu N3MEHEHNN COCTOAHNUSA
cyetymka ¢ 0x40 Ha Ox3F, T.e. koraa cbpacbiBaeTcs 6uT T6.

OKOHHBIA
CTOPO¥EBOW TaWuMep

YnpaenexHue
KoHpurypauusa
Craryc

Kpome Toro, B KOH(pMrypaLMoOHHOM PErMCTPE OKOHHOMO CTOPOXEBOIO Tanmepa
npeaoycMoTpeHa BO3MOXXHOCTb 3alaHus BePXHEW rpaHuLbl cyeta. Ecniv Bo Bpems
nporpaMMHOro 06HOBMEHNSI COOEPXKMMOrO CHETYMKA CTOPOXEBOrO TariMepa, ero
dakTMyeckoe 3Ha4YeHMe okaxeTcs borblue 3a4aHHOro, ToXe reHepupyeTcs copoc.
CnepoBaTternbHO, CTOPOXEBOW TalMep BblAensieT nporpamme CTPoro orpaHNYeHHoe BpeMsi
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Ha OOHOBMEHNE COAEPXKMMOro CHETYMKA, YTO NO3BONSAET OblTh YBEPEHHbLIM HE TOMbLKO B
dhakTe BbINOMHEHMS Koga NporpamMMbl Y BO BPEMEHHbIX XapakTepUCTUKaXxX ero
BbIMNONHEHUS.

OKOHHbI CTOPOXEBOW TanMep nNpeactaBnseT cO60n 6-6UTHBIN BbIMMTAOLLNA CHETYMK,
KOTOpPbIA CUHXPOHM3NpyeTcsa curHanom PCLK1 yepes 12-6uTtHbin npegaenutens (4enut
yactoty PCLK1 Ha 4096). Y npeogenutens uMeeTcs 2 AONONHUTENbHbIX OuTa, KOTopble
MOXET 3anporpaMMmnpoBaTh Nonb3oBaTenb AN AanbHEeNLWero AeneHms YacTtoTtbl Ha 1, 2, 4
unu 8. 3tn Gutbl HaxogaTcs B 6 1 7 paspsgax perncrpa ynpasneHus.

Taknm o6pa30M, nepunoa Cpa6aTbIBaHVIFI OKOHHOIO CTOPOXEBOro Tanmepa onpeaensieTcs
MO BbIPpaXeHUIO:

Twwdg = Tpclk1 x 4096 x 2A(WDGTB) x (nepesarpyxaemoe 3HayeHue + 1)

Ecnu Pclk1 nmeet makcumarnbHoe 3HadeHue 36 MIMU, MMHUManbHbIM nepuog,
cpabaTbiBaHUsI CTOPOXEeBOro Tanmepa coctaBuT 910 MKC, a MakcumanbHbin - 58.25 mc.

Mo 3aBepLUIEHMM HACTPOMKN OKOHHOIO CTOPOXXEBOIO Tarmepa, ero paboTty MOXHO
paspeLlnTb YCTaHOBKOW COOTBETCTBYIOLLEro buta B pernctpe ynpaenenus. lNocne
paspeLleHns, OCTaHOBUTb paboTy CTOPOXKEBOro Tanmepa MOXHO TOSNbKO COPOCOM -
NporpaMMHoO 3TO caernaTb HEBO3MOXHO.

7.4.2. He3aBMCUMBII CTOPOKEBO TauMep

HecmMoTps Ha TO, YTO HE3ABUCKMMBbIN CTOPOXEBOMW TaMep SBNSAETCA YaCTbio OQHOMO U TOro
xe kpuctanna MK STM32, oH cMHXpOHM3MpyeTCs COBCTBEHHBIM reHeEpPaToOpPOM, KOTOPbIN
He CBSI3aH C OCHOBHOW cnHXpoHu3aumnen MK STM32. HesaBucumbi CTOpOXKEBOW Tanmep
pacnonoxeH B AomeHe ¢ nutaHnem VDD, koTopoe ocTaeTcst akTuBHbIM B pexxumax STOP
n STANDBY.

| lomen c nutanwen ¥VODI18 !

PerucTp npea- Peruct PerucTp Feriicy]s
P TR P Nepeaarpy«.
nenuTens cTaTyca SHAYEHMS KmHA

12-E1THOE
Nepezarpy.
SHAYEHKE

(32 kL) MFEOOENMTENE

12-BHTHEIA HEZABWMCHHMOIO

EEIUHMTEHWME | CTOPOXEEBOIO
CHETYHK —» TaliMepa

|
|
|
|
|
|L=l-renep. B-GHTHEIA
|
|
|
|
|
|

|
|
|
|
|
|
Brixon c6poca :
|
|
|
|

HesaBuncumbI CTOPOXEBOW TanMep NpeacTaBnsetr cobon 12-6UTHbIN BbluMTaOLLMIA
CYETUMK, KOTOPLIN reHepupyeT curHan cbpoca npu nepexoe Yepes HyrneBoe 3HadYeHue.
CYeTUYNK CMHXPOHU3NPYETCS OT OTAENbHOIO BHYTPEHHEr0 HM3KOYaCTOTHOrO reHeparopa
yepes 8-6uTHbIN Npegaenutens. HomuHanbHas YactoTa LSI-reHepaTopa paBHa 32.768
KI'Y, HO Ha NpakTUKe oHa MOXeT BapbupoBaTbcs B npegenax 30...60 kl'y. Ans
MHULUManmM3aumm CTOPOXKEBOro TanmMepa BHavane HeobxoanMo HaCTPOUTb PETUCTP
npenaenuTensi, UCXoas U3 Toro, 4To KoaddrUNEHT aeneHns YyactoTel LSI-reHepaTopa,
KOTOPbIN MOXET nexatb B npegenax 4...256, paseH 2 B CTENEHN YMCna, 3annucbiBaemMoro B
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perncTp npeggenuetens sHadyeHusi. MnHnmanbeHbIM nepmno cpabaTtbiBaHNA HE3aBUCUMOTO
CTOpOXeBOro Tanmepa cocraenset 0.1Mc, a MakcMmanbHbIn - CBbile 26 cekyHa. [na
3agaHuna nepuoga cpabatbiBaHMs HEOBXOANMMO 3anporpamMmnpoBaThb PErucTp
nepesarpysku.

He3zaBUCUMMBIA
CTOpPOMEBOW TaWMep

Pervctp knoya

Peructp npennenutens
MNepesarpyix.3zHadveHue
CTtaTtyc

HesaBuCuMbIN CTOPOXEBOW TANMEP - BbIYUTAIOLLNN CYETYMK C COOCTBEHHBIM reHEPATOPOM.
OH pacnonoxeH B JOMEHEe C pe3epBUpOBaHNEM MUTAHUS U. MOITOMY, OCTAEeTCs aKTUBHbIM
B pexxumax Stop n Standby

[na aBToMaTU4eCKOM Mnmn NporpaMMHON KOHUrypaumm He3aBUCUMOro CTOPOXKEBOIO
TariMepa MOXeT ObITb 3aa4encTBOBaH HEOONbLLIOW MHAOPMALMOHHLIN 6ok Bo Flash
NamsaATK, COCTOSILLIEN N3 HECKONbKMX ONUMOHanbHbIX 6anT. [Ins 3anycka He3aBMCUMOTO
CTOPOXXEBOro Tarimepa npu NporpammMHOM yrnpasneHun Heobxogmmo 3anucate 0XCCCC B
perncTp kntoya. llocne atoro, c4eT Ha4YHeTCs B 0OpaTHOM HanpaerneHnn Co 3HaYEeHNS
OxFFF. [Ins oGHOBRNEHMs1 CTOPOXEBOrO TanMepa B PErncTp Kroya Heobxoammo 3anucaTtb
OxAAAA. OT0 NpmBedeT K 3annUcu 3agaHHOro nepesarpyaeMoro 3HadyeHus B pernctp
BblYUTAIOLLErO CHETYMKA.

O6bl4HO, OTNaxmneaTtb NPOrpaMmMy MUKPOKOHTPOINEPY C aKTUBHBIM CTOPOXEBbLIM
TanMepoM OYeHb CrOXHO. Ecnu LMY okaxeTcss 0CTaHOBNEHHbLIM, TO 1 OOHOBNATL
cTopoxeBoun Tanmep byaet Hekomy. B utore, npounsonget ero cpabatbiBaHne u dyget
BbIMOMHEH COPOC MUKPOKOHTpPOINEpa, KOTOPbIN HAapyLLWT OTNago4Hyo ceccuto. Bo
n3bexaHue 3Toro, paspaboTymkm 06bIYHO Ha BpeMSs OTMagKM OTKINKOYaT CTOPOXEBON
Tanmep. Ho Takon nogxosd, B CBOK ovepeb, 3aTPYAHSET TECTUPOBAHUE U UCTbITAHUE
dyHKUMN 0BHOBNEHUS cTopoxeBoro Tanmepa. Y MK STM32 B pernctpe MCUDBG
npegycMoTpeHa BO3MOXHOCTb HACTPOWMKN OTKIHOYEHUS] HE3AaBMCUMOTIO U OTAENbHOMO
CTOPOXEBbIX TaMepoB Ha BpeMsi npuoctaHoBku LIMY Cortex-M3, BbINOSTHEHHOW
BCTPOEHHOM oTnagoyHoun cuctemon CoreSight. bnarogaps atomy, nosiBnsiercs
BO3MOXXHOCTb MOLUAroBOro BbINOSIHEHUS KOAA NPOrpamMMbl JaXke C akTUBHbIM CTOPOXEBbLIM
TaMepomMm.

7.5. Ocodoennoctu YBB

BcTpoeHHble YBB TOXe MMetoT pag BO3MOXHOCTEN, HanpaBrieHHbIX Ha obecneyeHne
6esonacHomn padbotbl MK STM32. /X nonHoe onucaHne MOXHO HauTu B pasaene,
nocBsiLLleHHOMY cooTBeTCTBYoWeMY YBB, a 30ecb ocTaHOBUMMCS Ha crnegyloLwemMm:

7.5.1. baokuposka koupurypauuu IIBB

Bo Bpems nHvumanusauumn noptToB BBOAA-BbIBOAA Kaxadas UX NIMHUA HAacTpamBaeTcs Ha
BBOA UNK Ha BbIBOA. 10 3aBepLUeHn HAaCTPOKMKKU, KOHGUIrypaunoHHble peructpel NBB
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MOXXHO 3a6MnoKMpoBaThb. ATO NMOMOXET NPeaoTBPaTUTb BO3MOXHOCTb AanbHENLLINX
HenpeackasyeMbiX U3MEHEHMI HAaCcTPOEK NOPTOB. BNOKMPOBKY Yy KaXXaoro nopta MOXHO
BbIMNOMHUTbL NOBUTHO.

7.5.2. OKOHHBIH KOMIIAPATOP

Y kaxgoro moayns AL nveetca oKoHHbIM KOMMApaTop, KOTOPbIA reHepupyeT
npepbiBaHWE MpU BbIXOAE KOHTPONMPYEMOro HanpsXXeHUs 3a 3afaHHble BEPXHIOK U
HWKHIOKO FpaHnLbl.

7.5.3. BX0a 3KCTPEHHOI'0 OTKJIIOYEHUS

B ycTponcTBax ynpaBneHus anekTpoasuratensiMm MOXeT UCNOofb30BaTbCA BXO.
9KCTPEHHOro OTKIOYeHUs. B cnyyae Bo3gencTBUS Ha 3TOT BXOA UK B Criydae oTkasa
OCHOBHOWM CMHXpOHM3aunn MK, nponcxoanTt aBTomaTUYecKnin nepeBos NpoTuBodasHbIX
LLUMM-BbIxo4oOB B 3apaHee 3agaHHoe 6e30nacHoe COCTOSAHME.

8. Moayanb Flash namsaitu

BctpoeHHasa B MK STM32 Flash namsatb coctouT u3 Tpex obnacten. lNepeas U3 HUX -
ocHoBHagd Flash namaTb, NnpegHasHavyeHHas aAna XxpaHeHUa koda nporpaMmmbl. [laHHas
namaTb aBnsaetcs 64-6MTHoM. ITo He06XoaMMO ANs NOBbILWEHNS ObICTPOAENCTBUSA
CUNTbIBAHUA MHCTPYKUMA B Bydbep npeaBapuTenbHOn BbIGOpkW. [na BbINONHEHNS
nporpaMmMmnpoBaHus U cTupanuna gaHHas Flash namsaTte pasgeneHa Ha 4 TbiC. cTpaHuy,
MamaTb xapakTepunsyeTcsa M3HOCOCTONKOCTbIO 10 ThicAY LmMKNoB nepe3anucu n 30-neTHUM
XpaHeHneM faHHbIX npu TemnepaTtype 85°C. NsaHococTonkocTb Flash namsaTtu
BonbLUMHCTBA OPYrMX MUKPOKOHTponnepoB npusogutces anga 25°C. 3T1o o3HadvaeT, 4to MK
STM32 ocHaweHbl npeBocxogHon Flash namaTbio. [TOMMMO OCHOBHOM NaMATU NporpamMm,
Takke nmeerca ase obnactn MeHbLlero pasmepa: 6onbLwon MHPOPMaLMOHHBIN BOK K
ManbI MHPOPMALMOHHBIN 6oK. BonbLWONn MHHPOPMALNOHHLIN BrIOK 3aHMMaeT 2 KbanT
Flash namatn n npegHasHaveH ons xpaHeHUs 3anporpaMMmMpoBaHHOM NPOU3BOANTENEM
nporpamMmbl 3arpys4dnka, Kotopas Ucnonb3yeT AN nepefadym koga nporpamMmmel
nocnegosatenbHbln MHTepdenc YCAIM 1. Manbii MHOPMaLUMOHHbIN BNOK COCTOUT U3
LIECTN KOHGUrypaunoHHbIx 6ant. OHM NnpegHa3HadeHbl Ans onpeaeneHns cBoMcTB cobpoca
MK STM32 1 ynpaBneHus 3awimTon namsTu.

8.1. 3amura u nporpammuposanue Flash
HaMsATH

BcTtpoeHHyto Flash namsitb MOXXHO OGHOBUTE NoA ynpaBneHMeM BCTPOEHHbIN NPOrpaMmmbl
3arpysyunka, ¢ UCrnorb3oBaHNeEM OTNado4HbIX cpencTB ¢ uHTepdgerncom JTAG nnu
BHYTPUCUCTEMHO C MOMOLLbIO creLmanbHoro Habopa perncTpoB, Ha3biBaeMbIX
KOHTPONNepom nporpaMmmmpoBaHus u ctupanusa Flash namatu (FPEC-koHTponnep).
FPEC-koHTponnep Takke Ucnonb3yeTcs Ang nporpaMMmnpoBaHunsa 6ant onumi B Manom
MHdOpMaLNOHHOM Broke.
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MporpaMmMupoBaHue U
cTupaHue dan3w-NnamMaTy

YnpaBneHue AoCTyNom
Peructp Kknw4a
OnuMoHanbHbIA GanT KNYa
Craryc

YnpaBneHue

Anpec

OnuUuoHanbHbIA GanT
3aumTa OT 3anUcH

FPEC-koHTponnep npegHasHadeH anst BHyTPUCMCTEMHOIO nporpammumpoBaHms Flash
namaTu. Onaw-namaTb MOXHO TakkKe 3alnTUTb OT CHUTbIBAHUS OTIaA04YHbIMU
cpencTBamMu 1 OT 3anucu

8.2. Onepanuu CTUPpAHUS U 3aIUCH

Cpasy nocne cbpoca, pernctpbl FPEC-koHTponnepa 3alumiLeHbl ot 3anmcun. Ytobbl nx
pa3brnokmpoBaTtb, HEO6XOAMMO BbINOMHUTL 3aNUCh CrneunanbHON NocnegoBaTeNbHOCTH
yucen B perncTp knoya. 3annck 0x45670123, a 3atem OXCDEF89AB npuBeget kK
pasbnokupoeke FPEC-koHTponnepa. Ecnu atoro He caoenartb unu caenartb ¢ OWMOKon,
FPEC-koHTponnep ocrtaHeTca 3abnoknpoBaHHbIM BNSIOTb 40 criegytowlero copoca. Cpaasy
nocrne pasbnokupoBkn FPEC-koHTponnepa, nosBnsieTcs BO3MOXHOCTb CTUPaHUS U 3anncu
ocHoBHown Flash namsaTtu. B npegenax ocHoBHoro 6rnoka Flash namaTtu nmeetca
BO3MOXXHOCTb CTUPaHMs BCEN NaMATN NN BbIOpaHHbIX 4 TbIC. CTpaHuUL,. [ns BbINOMHEHWS
MacCCOBOro CTMpPaHUS JOCTaTOYHO YCTaHOBUTbL BUTLI MacCcoBOro CTUpaHUs U ctapTa B
perncTtpe ynpaeneHus. Ecnn 6ut 3aHatoctn BSY B aToM Xe peructpe Oyaet
cOpoLLEHHbIM, TO Kaxaasa avenka ocHoBHou Flash namstn 6yaet nepeBeaeHa K
coctosiHuo OxFFFF. CTpaHnyHoe cTupaHue BbINOMHAETCA Takke NpocTo. BHavane
HeobXxo4MMO 3anporpaMmMMpoBaTh HaYanbHbIM agpec cTpaHuubl Flash namaTtu B pernctp
agpeca, a 3aTeM YCTaHOBUTb OUTbI CTUPaHUS CTPaHMULbl U CTapTa B perMcTpe ynpaBneHus.
OnsaTtb-Taku, ecnn 6ut 3aHaToctn BSY Oynet cOpoLlleHHbIM, TO CTpaHuua dyaet crepra.
3anuncb HOBbIX AaHHbIX B s4enkn Flash namMsatn MOXHO BbINOMAHATL TONbKO NOCe nx
cTMpaHus. [1ns BbINOMHEHUSA 3anMcn HeOBXOAMMO YCTaHOBUTE BUT NpOrpaMMMpOBaHnNS B
perncTpe ynpasneHusi, a 3aTeM BbINOMHUTL 3annUcb NofycrnoBa no Tpebyemomy agpecy.
Ecnn agpecoBaHHasg syerika Flash namatn 6yget ctepton u He 3awmiieHa oT 3anucy,
FPEC-koHTponnep 3anuweT B HEE HOBOE 3HAYeHNeE.

8.3. bauTel onuui

Manbin nHopMaLMOHHbIM 6OK COAEPXUT BOCEMb NPOrpamMMmnpyeMbIX Nofib3oBaTenemM
Gant onuwmin. YeTbipe H6anTa U3 HUX NpegHa3HaYeHbl 4N ynpaBneHnst 3amnTon OT 3anucu
ocHoBHown Flash namaTu. MNaTbin 6anT npegHa3HavYeH Anst yCTaHOBKU 3aLUTbl OT YTEHUS,
KoTopas npeagoTBpallaeT gocTyn K obnactam namatu, korga MK HaxoguTcsa B 0TnagodHoMm
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pexume. Llecton 6ant Heobxoaum anst kKoHduUrypaumm cbpoca n 9KOHOMUYHON paboThI.
MocnenoHne gBa 6anTa - obbIvHbIE suerkn Flash namaTn, koTopble MOryT MCMNOMb30BaThLCA
Nno yCMOTpeHuto nonb3osBatens. lNpexae 4em BbINOSHUTL 3anuck 6anT onumn,
Heobxogmmo pasbnokupoBatb FPEC-KoHTponnep no onncaHHou Beiwe metoauke. Nocne
aToro, Heobxoano pasbdnokmpoBaTb 6aNThl ONLMIN 3aNUCKIO TEX Xe ABYX KIYen B pernctp
Kntoda 6ant onumi. bantbl onuun MCNonb3yT pasnuyHbie Npoueaypbl
NporpaMmMmnpoBaHunst U cTupaHus ocHoBHow Flash namatn. [Ana ctupanuna manoro
MHopMaLMnoHHOro 6noka Heobxoanmo yctaHoBuTb 6UT OPTER B pernctpe ynpaeneHus,
a 3atem 6uT STRT. CurHanunsmnpyet o 3aBepLLUEHUN CTUPaHNUS Manoro MHPOpPMaLMOHHOIO
6rnoka nepexoa B cOpoLeHHOe cocTossHne buTa 3aHaTocTn BSY. UT0ObI BLINONHUTL
nporpaMmmupoBaHue 6arnTta onumin, Heobxogmmo yctaHoButb 6utT OPTPG B pernctpe
ynpaeneHuna Flash namatbto n 3anncatb NnonycnoBo B 6ant onuui. Kaxxabii 6ant onuun
XpaHUTCs B BUAe nonycnosa. B mnagwem 6ante aToro nonycnosa XpaHUTCA 3Ha4YeHne
GanTa onuuin, a B CTapLleM - ero 4BONYHOE gononHeHne. [1BondHoe gonosiHeHme
BblCUMTbIBaeTCs aBTomaTudeckn FPEC-KoHTponnepom cpasy nocrne 3anucu B Mnaglumm
GanT nonycnosa.

8.3.1. 3amuTa ot 3anucH

PaspelueHne 3awmTtol oT 3anucu Flash namsaTtu ocywecTeBnsaeTcs Ha NOCTpaHUYHOM
ocHoBe. Kaxabin 61T 3awmThbl OT 3annUcy OTBEYaET 3a paspeLleHme 3aLlnTbl OT 3anmcu
COOTBETCTBYHOLEN eMy CTpaHuubl Flash namatn. 3awmrta ot 3anucu oTkn4aeTca
CTMpaHnem marnoro nHdpopmaumMoHHOro érnoka.

8.3.2. 3amuTa oT YTEHUA

[Mocne ycTaHOBKM 3awmTbl OT YTEHUS, BOKMPYETCA BO3MOXHOCTb YTeHus U3 Flash namstu
npu nepexoge MK B otnagoyHbi pexum. Joctyn k ctatudeckomy O3Y ocTaeTtcsa
paspeLleHHbIM, NO3TOMY, KOA4 NPOrpamMMbl MOXHO 3arpy»aTb U UCMOMHATL B 3TOM obnacTu
namatn. McnonHsiemas B ctatudeckom O3Y nporpamma MMeeT BO3MOXHOCTb OTKMOYUTb
3aWMTy OT YTEHUS, OAHAKO OQHOBPEMEHHOM C 3TUM ByaeT BbINOMHEHO CTUPaHNE BCEN
BHyTpeHHen Flash namatn. 31o HeobxoaMMO NSt UCKITIOYEHUS BO3MOXHOCTU XULLIEHNS
npowwnskn MK. lNocne akTnBmMsauumn 3awmnTbl OT YTEHUS TaKKe BKIOYAETCS M 3awimTta oT
3anucu Flash namatn. 31o HeobxoanMo ANst NCKMHYEHUSA BO3MOXKHOCTU
HeCaHKUMOHNPOBAHHbLIX N3MEHEHWUI B KO NPOrpaMmbl U B YaCTHOCTW B Tabnuuy BEKTOPOB.
3awmTta Flash namaTtn 6yget akTmBHOW, ecnu 6anT 3aWmThl OT YTEHUSA U ero 4BOUNYHOE
AononHeHue dyayT yctaHoBneHbl paBHbiMu OXFF. [Ina cHATUA 3awmThl HEO6X0ANMO
3anucartb nonycnoso, coctosee n3 OXFA n ero 4BOMYHOro JONOSTHEHMUS, B BanT 3aWmThl
OT YTEHUS.

8.3.3. KonpurypanmuoHHbIH OaUT

KoHuUrypaumnmoHHbIn 6GanT coaepxmuTt Tpy akTUBHbIX 6uTa. [1Ba U3 HUX ynpaBnsoT
MexaHu3moMm nepexoga MK STM32 B pexumbl STANDBY 1 STOP. [Ins kaxxgoro n3 atnx
PEXMMOB MOXHO aKTUBU3MPOBATb reHepaumio cbpoca npu BXoae B pexmM. ITo npusenet
nepeHacTpovike U poBbIX IMHUI BBOAA-BbIBOAA HA BBOA, YTO CHM3UT obLuee
aHepronoTpebneHne MK STM32. Takke 6yayT oTkntodeHsl PAIMNY 1 BHELWHUI reHepaTop, a
MK nepengeTt Ha CUHXPOHU3aLMIO OT BHYTPEHHEro BblcokovacToTHoro RC-reHepartopa.
MocnegHnin BUT KOHGUrypaunoHHOro 6anTa ynpaBnsieT akTMBHOCTbI HE3aBMCUMOIO
CTOPOXEBOro Tanmepa. Y Hero npegycMoTpeHo ABa pexmma paboTbl: annapaTHbIn, B
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KOTOPOM OH BKIto4aeTcs B paboTy cpasy nocre cbpoca npoueccopa, U NporpamMmmHbIii, B
KOTOPOM 3anyck OCyLLEeCTBNSET NPorpaMMHO.

9. UHCTpyMeHTAJIbHBIE CPEACTBA JAJIs
IPOEKTHPOBAHUSA

NHTterpauna agep ARM7 n ARM9 B ctaHOapTHble MUKPOKOHTPOSISIEpbl nNpueena K
HacTosILEMY B3pbIBY B MPEASIOXKEHNAX MHCTPYMEHTanbHbIX cpeacTs ans atux LY.
Bbinyck nHCTpyMeHTanbHbIX cpeacts ansd ARM MUKPOKOHTPOSNEPOB OCYLLECTBNAIOT BCe
Beagywme paspabotumku komnmnaTopos, B T.4. GCC, Greenhills, Keil, IAR 1 Tasking. C
nosieneHnem npoueccopa Cortex K 4aHHbIM MHCTPYMEHTarnbHbIM CpeacTBam bbina
aobasneHa nogaepka Habopa MHCTpykumMn Thumb-2. oaTomy, ecrnuv Bbl yxe
ncnonb3yete nobble apyrne ARM-MUKPOKOHTPONMEpLI, TO Y Bac €CTb XOPOLUMNE LLAHCHI
creHepupoBaTb kog nporpammbl Ana MK STM32 ¢ nomoulbio nmetowmxcs
WMHCTPYMEHTanbHbIX cpeacTB. B xyawem cnyyae moxeT notpeboBarbcst obpalleHne K
NOCTaBLUUKY UCMNOMb3yeMbIX MHCTPYMEHTarbHbIX CPEACTB C 3anpocoM OOHOBNEHUN.

B cnyuvae, ecnu Bbl BnepBble Ucnonb3yete B cBoeM npoekte ARM-MukpokoHTponnep,
NoSABASETCS BO3MOXHOCTb BblIbOpa MHCTPYMEHTarnbHbIX CPEACTB OT Hanbonee
npegnoYvTUTENbHOro AN Bac npoussogutens. Ho, nockornbKy B HaWM AHW OYeHb TPYOAHO
HaNTU NIIOXMe MHCTPYMEHTanbHble CPeacTBa, Aanee nepengemM K obcyxaeHuo aByx
komnunatopos. MNepebin komnunaTop "GCC" unu "GNU". OH npeacTtaBnsieT cobomn
WHCTPYMEHTanbHOE CPeacTBO C OTKPbITbIM MCXOAHBIM KOAOM, MO3TOMY, pacnpoCTpaHseTcs
n ncnonbdyetca 6ecnnatHo. Komnunatop GCC, B uensax CHMKEHNss CTOMMOCTU CPeacTB
AJ151 NPOEKTMPOBaHUS M OLIEHOYHbIX HABOPOB, BCTPanBaeTCs BO MHOMME KOMMEpPYECKMe
WMHTErpMpoBaHHble cpeabl AN NPOEeKTUPOBaHUA 1 otnagyumkn. Hecmotpsa Ha 1o, GCC
KOMMUASATOP SABMSIETCS HAAEXHbIM U CTabubHbIM KOMMUASTOPOM, HaLl ONbIT FOBOPUT O
TOM, YTO reHepupyemMbIn UM KO He CTOrMb aPeKTUBEH, Kak NPy NCNOSIb30BaHNN
KOMMepYeCKnx kKoMnunatopos. Kpome Toro, B criydae BO3HMKHOBEHUS NpobriemM ¢ ero
NCNONb30BaHNEM, HE K KOMY 0BpaTUTCA 3a TEXHUYECKON NOAAEPKKOWN, YTO MOXET
3amMennuTb NpoekTMpoBaHue. Cpeam KOMMEPYECKNX KOMMUNATOPOB MOXHO BblAENUTb
ARM RealView, paspaboTaHHbi komnaHven ARM anga ncnonb3osaHus ¢ ee LY.
Komnunatop RealView goctyneH kak 4acTb Habopa MHCTpyMeHTarnbHbIX cpeacts ARM
RealView. 9T10T Habop opueHTNpOBaH Ha pa3paboTUMKOB CUCTEM Ha KpUCTanse n He
COBCEM MOAXOAUT ANA MUKPOKOHTPOMMEPHbIX NPOEKTOB. TeM He MeHee, HaYnHas C
aHBaps 2006 roga komnunatop RealView nHterpmpyetcs B cCocTaB MUKPOKOHTPOSIEPHOIO
Habopa ansa npoektupoBaHus komnadum Keil (MDK-ARM). N3 HaumeHoBaHua MDK-ARM
crneayerT, YTO AaHHbIN Habop pa3paboTtaH cneumanbHo ans pabotel ¢ ARM-
MUKpOKOoHTponnepamn. Habop MDK npocT B ncnonb3oBaHnn (BECb NPOEKT MOXHO
CKOHPUrypupoBaTb BbIBOPOM OKOS0 4 onuun) 1 npeacrasnset cobon Lenoyky TeCHo-
B3aMMOCBS3aHHbIX MHCTPYMEHTOB OT OAHOMO NPOU3BOAUTENS.

Ecnun Bbl 060cHOBLIBaeTe BbIGOp ncnonb3oBaHus komnunatopa GCC nnn kommep4eckoro
KOMNUNATopa, B NEPBYO odepeab HeobxoaMMo pyKOBOACTBOBATLCA O0aKETOM npoekTa.
BrogxeT npocToro npoekTta Bps4 v No3BOnuT onpaBaatbh NPMOBpeTeHNE KOMMEPYECKMX
WMHCTPYMeHTanbHbIX cpeacTs. OgHako, ecnv Bbl NNaHNUpyeTe MaccoBo ucnonb3oate ARM-
MMKPOKOHTPONNEpPbI, TO 3aTpaTtbl HA OPOrocTosLME NMHCTPYMEHTArbHbIE CpeacTBa
OKYNATCS 3a CHET YCKOPEHMS NPOEKTUPOBAHNS 1 3a CYET reHepaumm 6onee KOMNakTHOro
Koga nporpamMmmsbl. [pu Bbibope kKoMnunaTopa Takke HEOOXOANMMO PYKOBOACTBOBATLCS
ypOBHEM cBoel kBanudukaumm. Ecnu Bbl onNbITHLIM pa3paboTymk, TO, CKOpee BCero,
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pa3paboTka Lenoro npoekTa ¢ ucnonb3oBaHmeM komnunstopa GCC Bam okaxeTcs nop
cuny. OgHako, Npy HEAOCTATOYHbIX HaBblkax, B T.4. NPOrpaMMmnpoBaHnst Ha Cu, MoryT
BO3HUKHYTb CEpPbE3HbIE NPOBNeMmbI.

9.1. OueHoyHbIE CpPeaACTBA

BonbLlMHCTBO pa3paboTynKOB KOMNUIATOPOB TakKe npeanaratoT OLEHOYHbIE U
cTtapToBble Habopbl. OBbLIYHO OHN COCTOAT U3 NEeYaTHOM NnaTbl U COKPALLEHHOW MUn
OrpaHM4YeHHOM NO BpeEMEHU Bepcun Habopa MHCTPYMEHTOB. Ha Bab-cante ST MOXHO
HaWTW aKTyarnbHbIN HA OA@HHBI MOMEHT CMUCOK BbIMyCKaeMbIX OLEHOYHbIX HABOPOB.
OaHnM 13 nyywmnx oueHoYHbIM cpeacteom aesnsaetca STM32 Performance Stick komnaHum
Hitex. Mpwn ueHe Bcero nuwb okono 50 EBpo, Performance Stick npeacrasnset cobon
3aBepLueHHoe oueHouHoe cpeacTtBo ans MK STM32. OH paccunTtaH Ha nogkntodeHue K MK
yepe3 USB-kabenb 1 genaer BO3MOXHOM pa3paboTKy 1 OTrnaaKy HeorpaHMYeHHOro no
pasmMepy Koda nporpaMmmbl B UHTErPUPOBaHHOW cpeae Anga npoektnposaHnsa HITOP u ¢
ncnonb3oBaHnem komnunatopos GCC unu Tasking. Nommumo MK STM32, Ha nnaTte
Performance Stick yctaHoBneH eLe oanH mukpokoHTponnep STR750. OH npegHasHaveH
AN N3MepPEHNS C MOMOLLIbIO BCTPOEHHbIX B Hero AL n TaimepoB notpebnsemoro MK
STM32 ToKka 1 3agepxek pearnpoBaHus Ha npepbiBaHus. JaHHaa nHpopmMaums
nepegaercs B crieumnansbHyto nporpammy Ha K ans susyanusauumu. Nporpamma
BMU3yanusaunmn no3BonsaeT BPYYHYIO OLeHMBaTh pasnnyHble BO3MOXHOCTM MK STM32 u
CpaBHUTb HeKoTopble xapaktepucTukn MK ¢ npuBoguMbiMun B JOKYMEHTaUMU AAaHHBLIMMU,
Hanpumep, NoTpebnsiemMbIn TOK, 3agepXka BO30OHOBNEHNSA paboTbl 1 Ap.

Performance Stick komnaHuu Hitex - BecbMa Hegoporoe oueHo4Hoe cpeacTteo ans MK
STM32.

Performance Stick BbinonHeHo Ha ocHoBe oTtnag4yunka HiTOP n komnunatopa GCC n,
NO3TOMY, HE HaKnaabIBaeT KakMX-NnMbo orpaHnyeHnin Ha paspabaTbiBaeMbli KO
nporpammbl. Ecnn Tpebyetca paspaboTtka NpoayKumnm ¢ Hynsi, TO COBMECTHO C TEMU Xe
MHTErPUPOBAHHON Cpeaon AnA NPOEKTUPOBAHNS N KOMNUASTOPOM MOXET ObITb
ncnonb3oBaH JTAG-otnagyuk Tantino komnaHum Hitex

9.2. bUOJIUOTEKHN U MPOTOKOJIbHBIE CTEKH

UT06bl NOMOYb pa3paboTumky B YCKOPEHUN pa3paboTkn koda nporpaMmmbl, KoMnaHus ST
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paspaboTana 6ubnuoteky nporpamm ansa MK STM32, koTopble MOXXHO CBOBOAHO ckayaTb
c eé Bab-canTta. bubnuorteka nporpamm nogaepxmBaeTt PyHKLUUN ApaniBEPOB HU3KOIO
YPOBHS BCeX BCTpoeHHbIX YBB. Takum obpasom, nonb3osaTento npegocTaBnseTcs
HEKOTOpPOe KONMYecTBO 6a30BbIX COCTaBHbIX BITIOKOB, N3 KOTOPbIX OH MOXET HavaTb
cosgaHne cobcTBeHHOro npoekta. Hanbonee crnoxHeiM YBB cpeaun Bcex CyLLecTBYOLMX
pasHoBugHocten MK STM32 asnsietca koHTponnep USB-yctponctea. Utobbl obnerynts
peanusaunto Hanbonee pacnpocTtpaHeHHbix USB-knaccos, komnanus ST Takke
npeanaraet 6ecnnaTtHbli Habop anga paspaboTtkn USB-ycTponcTs. STOT Habop, Takke Kak
n BubnmMoTeKky NnporpaMmm MOXHO ckadaTtb ¢ Bab-canTta ST. B komnnekt Habopa ong
paspabotkn USB-ycTtponcTts Bxoasat USB-6ubnuoteka n 4eMOHCTpaUNOHHbIE NporpamMMbl
ana knaccos HID, Mass Storage, Audio n Device Field Upgrade.

MpunoxeHue

OCPB

EubnuoTeka gpaneepoB

TCPIP | coaiioBas | Ipaiisep USB | fpaiisep CAN
CpJ'IGLIJ-I'IaMHTH P P \ P P
" PPPISLIP/ ~ HID
Ethernet -. SDMMC Mass Storage G

B cBA3n ¢ Bo3pacTatoLen CroXKHOCTbIO BCTpamMBaeMbIX B MUKPOKOHTporiepbl YBB BaxHO,
4YTOObI BbIGPAHHLIN HAOOP MHCTPYMEHTAabHbIX CPEeACTB AN NPOEeKTUPOBAHUSA LOMOMHANCSA
LUMPOKUM aCCOPTUMEHTOM NPOTOKOSbHBIX CTEKOB U NpuMepamMu nporpamm

Mo mepe nosinenus Hoebix MK STM32, nx 6yayt ocHawaTb Bce bornee n 6onee
cnoxHeimn YBB (MAC-koHTponnep Ethernet, untepcenc TFT-gucnnes v ap.). Takon poct
CMOXHOCTU AenaeT NpOoCTO HEBO3MOXHbIM CaMOCTOATENbHOE HanncaHue BCero Koaa
nporpammel. NMoatomy, eule Ha ase Bblbopa MHCTPYMEHTasbHbIX CPeACcTB HEOBX0AMMO
OLEHUTb AOCTYMHOCTb NPOTOKOSbHbIX CTEKOB, Kak Hanpumep, TCP/IP, n pasnnyHoe
npuknagHoe MO, B T.4. rpacdunyeckne nHTepdencol Nonb3oBaTens, KOTOPOE MOXET
notpeboBaTbCsa B NocneayLwmx npoektax. igeanbHo, YToGbl OHM GbinNn 4OCTYMHbLI OT
OLHOrO 1 TOrO e NOoCTaBLUMKa U ObINM NHTErPUPOBaHbI B BbIOpaHHbIA Habop
WHCTPYMEHTarbHbIX CPeaCTB.

9.3. OnepauMoHHBIE CHCTEMBI PEaIbHOIO
BpeMEHHU

Ecnu Bbl npexae pabotanu ¢ 8- unn 16-6UTHBIMM MUKPOKOHTPOMNepamu, To, ckopee
BCero, ewle He ucnonb3yete OCPB. Ml yxxe mornun yéeantbces, uto npoueccop Cortex-M3
obnagaert cyLecTBEHHO 6OMbLUEN BbIMUCIIUTENBHON MOLLHOCTBLIO MO CPaBHEHUIO C
APYrMMKn CONOCTaBUMbIMW MO CTOMMOCTM MUKPOKOHTPOIepamm 1 paspabotaH ¢ y4eTom
paboTbl Nog yrnpasreHnem 3aHMmarwmmMmm HebonbLioe mecto B namatn OCPB. Takum
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obpasom, ecnu Bbl Npexae He ncnonb3osann OCPB, 1o npu oceoeHun MK STM32 BaxkHO
yaenuTb ee nsydeHunto ocoboe BHMManue. Micnons3osaHne OCPB gact Bam
npevmylectsa 6onee abctpakTHOM pa3paboTkm kofga Nporpammbl, 6onee LMPOKMX
BO3MOXHOCTEW MO MOBTOPHOMY MCMNOMb30BaHMIO NporpamMmm, 6onee NpocToro ynpaeneHus
NPoeKToM 1 bornee WNpoKMx BO3MOXXHOCTen otnagku. Mcnonb3osaHne OCPB Takke
NO3BONSET CTPYKTYPMPOBATbL BaLLy NporpaMmmy. ATO O3HAYaeT, YTO BHa4ane coctaBnsieTcs
nnaH NporpaMmmbl U TONMbKO NOCMe 3TOro HAa4YMHAETCA HanNncaHne TeKcTa NPorpaMmbl.
BonbLwe Bcero cywectsyetr OCPB ana LMY ARM n Cortex, 4yem ans 6onblInHCTBA APYrnX
BCTpauBaeMbix LIMY. MHOrne nocTaBLLMKN KOMNUASTOPOB NpeanaratoT CBOK COOCTBEHHYIO
OCPB, ogHako HanbonbLUyk NONyNsipHOCTb CPeaM ONEPaALMOHHBIX CUCTEM C OTKPbITbIM
ncxogHbiM kogom nmeet "FreeRTOS". Ee MoxHO ckadaTb ¢ canta www.freertos.org.
Kommepueckas Bepcust FreeRTOS HasbiBaeTcs "SafeRTOS". OHa npoTtecTMpoBaHa Ha
cootBeTcTBUE cTaHaapTy 6esonacHoctn IEC 61508 n gocTynHa Ha TOM e canTe.
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