O6wasn nHdpopmaumsa o nporpammumposaHun MK AVR Ha Cu

Bepcust nokymenTa: 1.00

B pamkax 3TOro IOKyMEHTa MBI PacCMOTPHM, YTO TaKO€ MHUKPOKOHTPOJUIEP M OCHOBHBIE OCOOEHHOCTH
ucrnonb3oBanus  s3pika  Cu (Bepcunm  GCC, wu3 moctraBku WinAVR) s mporpaMMHpOBaHHS
MUKPOKOHTpOJIIEpoB cemeiictBa AVR. Mpl OyneM cuuTaTh, YTO YHTAaTeNh YK€ 3HAKOM C OCHOBaMH
UCTIONB30BaHusl si3bika CH BoOOIIE (A1 9TOTO CYHIECTBYET Macca JIMTEPaTypbl, 3TOT S3bIK MPEMoJaloT B
IIKOJIaX Y BBICIINX y4EOHBIX 3aBEJCHUS U TaK Jayee).

Ymo makoe MUKpokoHmpousnep

MuxkpokoHTpoiiep (cokpameHHO HazpiBaeMbid Takke MK wmm mo-anrmuiicku MCU wmm pC) — 310
mporpaMmupyemMasi MUkKpocxema. Bakueiimeit oco6eHHOocThI0 MK sBISI€TCS TO, YTO BBIMOITHIEMBIE WM
(GyHKIMM HEe 3aJal0TCsl OKOHYATEJFHO MpPU MPOM3BOACTBE MHKPOCXEMBI, a B 3HAYMTEIILHOW CTENECHH
ONpPEACIAIOTCS 3allHCaHHOW B HEr0 MporpaMMoOd. MHKpPOKOHTPOJUIEPE MPUMEHSIOTCS BO MHOTHX
COBPEMEHHBIX NpUOOpax, TaKUX, Kak Telae(oHbl, CTHPaAJbHBIE MAIIMHBI, YCTPOICTBaX YIpPaBICHUA
MPOMBIIUIEHHBIM 000pyI0BaHUEM, U T. I, © KOHEYHO B pOOOTaXx.

[Io cyTd, MHUKPOKOHTPOJUIEp - 3TO KOMBIOTEp M3 OAHOM MuKpocxembl. Tunmunbsli MK cocrout us
mporieccopa, MaMsITH TMpOTpaMM, NaMsATH JaHHBIX W Habopa YCTpPOWCTB BBOAA-BBIBOAA. llapamerpsr
pazmmuabix MK MoryT o4eHp cuiabHO OTiIM4aThes. Hampumep, mporeccop MoKeT paboTaTh € TaKTOBOH
yactorod oT IMI'm mo coren MI'1, mamsaTh JAHHBIX MOXET OBITh OT HECKOJBKHUX JECSATKOB OalT 10
HECKOIIbKHX JIECATKOB KUIOOANT, a TaMATh MPOTPAMM - OT COTEH OaMT 0 COTEH KHIOOANT.

B cpene pycckoropopsmux podocTpouTesnicii Hanbosiee MOMyIsipHbBI MUKPOKOHTPOJUIEPhI ceMelicTBa AVR,
Beimyckaemble kommnanueit ATMEL. bonee moapo6HO ycrpoiictBo MK MBI paccMOoTpuM Ha mpuMepe
mukpocxembl ATMega32 cepun ATMega 3Toit QupMBI, HCIONB3YeMON, HApALy C IPYTHMH, B MOMYIISAX
OpenRobotics.

YenmpanbHbIl npoyeccop:

MuxkpokonTpoiiepel AVR sBnstorcss 8-OMTHBIMH. OTO 3HAYMT, YTO MPOIECCOp OMEpUpPYeT NaHHBIMHU
pa3mepom B 1 Gaiit. [Iporieccop cOCTOUT U3 apUPMETHKO-JIOTUYECKOTO YCTPONUCTBA, 32 8-OUTHBIX PErHCTPOB
obmero HasHaueHusi (POH), permcrpa craryca W mporpaMMHOro cdeTdmka. lIporpaMMHBIN cueTdnk
COIIEP)KUT afpec CIeRyIoIIeH HCIONHAEeMOW KOMaHIbl. VcXomHble MaHHBIE [UII KOMAHI ITOMEINAIOTCS B
PErucTphl 001ero Ha3HAYCHHUSI, B HUX e MMOMEINAIOTCS Pe3yJIbTaThl BHIIOIHEHHs KoMaH. Peructpa cratyca
COJEPIKUT JOTIOIHUTEIbHYIO HH()OPMAIIHIO O COCTOSIHUH MPOLIECCOpa U Pe3yNbTaTe BBHIIOIHEHHS MOCTIeTHEH
KOMaH/Ibl. BOJIBIIMHCTBO KOMaH T IPOIIECCOP UCIIONHSET 3a OJJMH NIEPHOJ TAKTOBOW YaCTOTHI.

Mamsmb npoz2pamm:

[TamsTh IPOTPaMM TpeHA3HAYEHA IS XpaHEHHs KOMaH/I, UCTIOHAEMBIX MporieccopoM. OHa TpeacTaBiseT
co00¥f MOHOTKpATHO MEepernporpaMMUpyeMyto (hiI3II-maMaTh, Jomyckaromyro He menee 10'000 numkios
nepenporpammupoBanus. Pazmep mamsitu nporpamm B ATMega32 cocrasisiet 32KO0.

Mamsmb OaHHbIX

[lamsaTe gaHHBIX (OTMEpaTHBHOE 3amoMHUHamomee ycrtporcTBo, O3Y) xpanut nanHbsle, oOpabaThiBaeMble
nporeccopoM. CoaepuMoe mamMsATH JaHHBIX COXPAHAETCS TOJIBKO MPH HAIWYUH MUTAIONIEr0 HAMPSKEHUS.
Muxpoxontposiep ATMega32 umeet 2K6 BctpoenHoro O3Y.

EEPROM

MuxkpokonTposiepel ATMega coaepkaT TakkKe IepernporpaMMUpyeMoe 3alOMUHAIONIEE YCTPONUCTBO
(EEPROM). Jlanusie B mamatu EEPROM He mpomnanaioT Mmpu BBIKIIOYEHWH MUTAaHUS. MHUKPOKOHTPOIIIED
MMeeT CIeIuanbHble KoMaH bl Juist 3anucd B EEPROM u urenus u3 wero. JJoctyn k EEPROM Bo MHOTO pa3
memnenHe, yeM kK O3Y. EEPROM ponyckaer He meHee 100'000 mmkmoB nepesamucu. O6sem EEPROM y
monemn ATMega32 cocrasmsier 1 K6.



Ycmpolicmea eso0da-ebieo0da:

MuxkpoxonTtpomepsl ATMega nMeroT pa3BUTYIO CUCTEMY YCTPOICTB BBOJIa-BhIBOAA. BBOJ 1 BEIBO/ JAHHBIX
ocymecTBisieTcsi 4epe3 nopmeul. llopt mpencraBisier co0oil  Tpymmy BBIBOAOB, dYepe3 KOTOpHIE
OCYILECTBIISIETCSl IPHEM M Ieperavya MU(POBBIX CUTHAIOB. BOJMBIIMHCTBO MOPTOB COCTOST U3 8 BHIBOJOB
(uHorma wenbine). CocTossHMEM BBIBOJOB IOPTa MOMKHO YIPaBIATh KaK OJHOBPEMEHHO, TaK M IO
OTAeNBHOCTH. JII000# BEIBOJ] TOPTa MOXKET HE3ABHCUMO OT JIPYTHUX HCIIOIB30BAThCs KaK BXOJ HITH BBIXO/I.

Mmuorue BbBogsl MK wnMeroT ampTepHaTHBHBIE (DYHKIUH. OTO 3HAYUT, YTO BMECTO IPOTPAMMHOTO
YIIpaBJICHHUS COCTOSTHAEM BBIBOJIA, OH MOJKIIIOYAETCS K OJHOMY M3 CHEIHaIbHBIX YCTPONCTB BBOAA-BHIBOIA.
VYcrpoiictBa BBoga-BeiBo1a MK ATmega BKITI04YarOT B ce0s:

* Taiimepsr. Talimep sBiseTCS MHOTO(QYHKIMOHAIBHBIM YCTPOHCTBOM. OH MOXET HCIOIB30BATHCS
st GOPMHPOBaHHMS BPEMEHHBIX 3aJepiKeK, IMOoJcueTa KOJIMYeCTBa HMMITYIbcOB Ha BbiBoAe MK,
HU3MEpEeHHs] UINTEIBHOCBTH HUMITYJIBCOB, TEHEpalMd HWMIIYJbCOB C 3aJaHHOW YacTOTOH U
ckBakHOCTRIO (LLIMM). MukpokonTpoiiep ATMega32 umeeT B CBOEM COCTaBe OT 3 Taiimepa.

* AmnanoroBelii kommaparop. CpaBHHBaeT 3HAu€HHs HaNpsDKEHWH, MPUCYTCTBYIOIIMX Ha MABYX
BeIBoZax MK. Pe3ynbTaT cpaBHEHHS MOXKET OBITH IPOUNTAH U3 PETUCTPOB.

* AmnanoroBo-umdposoii npeodpazoBatens (ALII). [IpeoOpasyer HampsykeHHe, TPUCYTCTBYIOLIEE Ha
BeIBoZic MK B mudposyro hopmy. PesynpraT mpeoOpa3oBaHus MOKET OBITH MPOYNTAH U3 PETHCTPOB.
Kontpomnep ATMega32 umeet 8 Bxomos ALIIL.

* TlocaenoBarensHbIi nHTEpdEiic SPI.

» JIByxnpoBoanslii uHTepderic TWI. A6OpeBuatypoit TWI kommanust Atmel mo ropuauueckum
NIpUYMHAM Ha3biBaeT nHTepdetic 1°C, pazpadborannsiii dupmoit Philips.

* YHHBEpCaIbHBIN CUHXPOHHO-aCUHXPOHHBIN NPUEMOIIEPENATUUK (USART). Moxer
HCTIONb30BaThCA, HAPUMED, JIJIsl ¢Bsi3u ¢ komnbroTepoM win KIIK depes mocienoBatenbHbIN MOPT.

Jns  ynpaBieHust YCTpOWCTBAaMH BBOAA-BBIBOJA IPEAHA3HAUCHBI pecucmpul  8600a-6vi600a. OHHU
NPEACTABISAIOT U3 cedsl CHeUUaIbHBIC SUCHKM MaMsTU. 3anvchbiBasi JAaHHBIE B 3TH SUYEHKU M 4YUTask UX
COJIEP’)KUMOE, MOXKHO HW3MEHATh PEXHMBI pabOTHI MOPTOB BBOJA-BBIBOJA, MOxydaTh AanHble ¢ ALl
nepenaBaTh HHPOPMALIUIO Yepe3 TOCIeA0BaTeIbHbIH MOPT, 3aIlyCKaTh TalMepbI, U T.J.

lpepbieaHusi:

WMHorna BO3HMKAaeT HEOOXOAMMOCTh IPEPBAaTh MWCHOJIHEHHWE TMPOrPaMMBbl, IS TOTO, YTOOBI
o0ecrieunTh pPEakIuio Ha BHemHee coObiTHe. Hampmmep, MHKpPOKOHTpOJUIEp, YHPABIISIOUIMN
AJIEKTPOJABHUTraTEIeM, JIOJUKEH HEMEIJICHHO CHSTh HaIpsDKEHHE ¢ MOTOpa NMPH BO3HUKHOBEHHUH
KOPOTKOTO 3aMBIKaHHs WIHM 3aKJIMHUBAHUM MEXaHU3Ma, 4TOOBI MPEAOTBPATUTH BBIXOJ M3 CTPOS
JBUTATENsT M CXeMbl yrpasieHus. Jns oOpaboTku coOBITHH, TpeOYIOUIMX He3aMeINTebHON
PEaKINH, TPMEHSIOTCS MIPEPhIBAHUSL.

[TpepbiBaHue - 3TO CUTHAJ, COOOIIAIOUINIA MPOLECCOPY O BO3HHUKHOBEHHH KaKOTO-THOO COOBITHS.
[Ipumepsl Takux COOBITHI: M3MeHEeHHEe cUTHaa Ha Bxoje MK (HaxxaTme KHOMKH, cpabaThIBaHWE
JaTylKa), UICTEYeHUE MHTEepBajla BPEMEHH, NMOCTYIUICHHEe OaiiTa JaHHBIX Yepe3 MOCIIe0BaTEIbHBIN
nopt. [Ipu 3TOM BBHIMOTHEHHE TEKYIIEH IOCIENIOBATEIFHOCTH KOMAaHJ NPUOCTAHABIMBACTCS, U
ympaBieHue nepenaércs o0padOTUHMKY MpEephIBaHMs, KOTOPBIA BBIOJIHSAET paboTy mo oOpaboTke
COOBITHS ¥ BO3BpAIIACT yIIPABICHUE NIPEPBAHHON IPOrpaMMe.

ITpakTHueckn Bce YCTpOWCTBa BBOJA-BbIBOAA MHUKpPOKOHTposuiepoB ATmega MOryr BbI3BIBaTh
IIPEPBIBAHMS.



OcHoebl ucnonb3oeaHusi Cu Onsi npoepammupoesaHusi MK AVR

lModdepxuesaembie munbl OaHHbIX
Mpg1 HpI/IBe)IéM TOJBKO OCHOBHBIC THUIIbI TAaHHBIX:

LlenouncneHHbIE:
1. uint8 t/int8 t— 0e33HAKOBOE WU CO 3HAKOM 8-OHMTHOE IIeII0¢;
2. uintl6_t/int16_t — Ge33HaKOBOE MM CO 3HAKOM 16-OMTHOE 11eTI0e;
3. uint32_t/int32_t— Ge33HaKOBOE WJIM CO 3HAKOM 32-OMTHOE 11eJI0e;
4. uint64 t/int64 t— 6e33HAKOBOE MJIM CO 3HAKOM 64-OHUTHOE IEITOoE;
C mnaBaromeli 3amstoit (IpoOHEIE):
1. float, double — 32-0uTHOE C IUIABAIOIIEH 3aMIATOM;
CHUMBOJBHEIE:
1. char — onun cumBoi (1 6aiiT), KOHCTaHTBI ONPEACIISIFOTCS OJUHAPHBIMU KaBBIYKAMHU.

2. CTpokM — TOCIIENOBATEIBHOCTH CHMBOJIOB C 3aBEpIIAIONIMM CHMBOJOM C KoaoMm «0», Tak
Ha3biBaeMble «Null-terminating Strings». KoHCTaHTBI OnpeAesSoTCs TBOHHBIMU KaBbIUKaMHU.

Paboma ¢ nopmamu eeo0da-ebie00a obuw,e2o Ha3Ha4YeHusl

Bce nuamm BBOma-BeIBoma obmiero HazHadeHus MK AVR crpynmmpoBansl mo 8§ mTyk (MHOTIA MEHBIIE),
TaKue TPYIIbI Ha3bIBAIOT MOPTaMu B 0003HAYAIOT JIATHHCKOM OyKkBoii (A, B, C, D u Tak nanee).

KaxnoMmy Takomy mopry cooTBeTcTBYeT 3 peructpa B MK, cOOTBEeTCTBYIOIME OMTHI KOTOPBIX OTBEYAIOT 32
HACTPOUMKY pexuMa paboThl MOpTa W INepelady\noiydyeHue 3HadeHuil ¢ atoro nopra (OykBoW «x» Oyner
0003Ha4aThCs1 OYKBa COOTBETCTBYIOIIETO MOPTA):

1. DDRx — peructp B KOTOPOM YKa3bIBaeTCsl HallpaBjeHUEe paboThl mopTa (BXoA WM Beixond). Eciu
COOTBETCTBYIOIIMI OUT BhICcTaBieH B 0, 3HAYMT mopT OyneT padoTaTh Kak BXOZX, €ClIH B 1, 3HAYMUT
KaK BBIXOJ.

2. PORTx — peructp, HazHaueHHE OUT KOTOPOTO 3aBUCHT OT pPEXHUMa PabOThl COOTBETCTBYIOIIEH
JTUHUW TI0pTa, 3amanHoro DDRx. Ecnim nuHHS paboTaeT Kak BBIXOA, TOTJIa OWT 3TOTO pETHCTpa
MPOCTO OIPEeNeNsieT COCTOSTHHE COOTBETCTBYIOIIETO BbIxomHoro koHTakTa MK. Ecnmm ke muHUS
paboTaeT KaK BXOJ, TOTAa OUT 3TOTO perucTpa onpenesnser, OyAeT Ju MOAKIIOUYEH MOATITUBAOIIUHI
K «+» nmutaausg MK pesuctop Ha 3TOM BXoJie.

3. PINx — peructp, B 6uTax KOTOPOTO MOXHO TIPOYMTATh BXOJAIINE JIOTHIECKE YPOBHU JIMHUNA MOPTa,
eciy OHM paboTaloT KaK BXOJBI (ompenensieTcsa cocTosiarueM out peructpa DDRXx).

[ToaTaruBaronye pe3ucTopbl YAOOHO HCIIOJIB30BaTh, HANpUMeEp, Koraa TpeOdyeTcs MHOoAKIouuTs Kk MK
OOBIYHBIM KOHTAKTHBIH AATYMK, TOIZA MOXHO HPOCTO OJHOW CTOPOHOHM LIEIUIATH €ro K 3€MJIe CXEMBI, a
BTOPOI - HanpsAMYI0 Ha oAuH U3 Bxo70B MK. B 3TOM citydae mpu He3aMKHYTHIX KOHTaKTaX MOATATHBAIOIINI
pesucTop OyneT MoanepKUBaTh HAIMPSHKEHUE «+» MHUTaHus Ha Bxone B MK, a mpu 3aMbIkaHUM KOHTAaKTOB
HaIpsHKEHHUE YIageT 10 HyJIEBOrO.

HpnMep HCIOJb30BAHUA MMOPTOB BBOAAa-BbIBOAA:

DDRB=0xFO0; //Onpemenum smummu 0-3 nopra B Kak BXOIE, a JMHMM 4-7 KakK BHXOIE
PORTB |= 0x80; //BeiBemeM B 7 JIMHMIO [HOPTa B JIOTMUECKYD eOVHUIY
PORTB |= 0x04; //BKJIOYMM [OATATMBAKIMIA PE3UCTOP Ha JIMHMM 2 [opTa B

uint8 t status=(PINB & 0x04) >> 2; //CoxpaHmMm B IepeMeHHy© status cocrosnme 2 jmHMM nopra B



Paboma c npedonpedesieHHbIMU pe2ucmpamu

MHoxecTBO (QYHKIIMOHATBHBIX 0JI0kOB MK NMOCTYIHO Uit MCIIONB30BaHUS Yepe3 CHelUaIbHBIE PErHCTPhI
(mpenomnpeaeneHHble SYEHKM MaMSITH CO CIeUualbHbIMH (yHKuusiMHu). Hampumep, MoxHO 3amucaB B
COOTBETCTBYIOILIME PETUCTPHI MPaBHIbHBIE HACTPOHKH, 00ECIIEUHThH BbAAUY cO creunuanbHoro nopra MK
MPSIMOYTOJIBHBIX UMITYJIBCOB HY>KHOW IIUPHHBI.

IIpu npaBUIBHOM HACTPOMKE MPOEKTOB BCE PETUCTPHI JOCTYIHBI MPU MPOrPaMMHUPOBAHIH KaK IepEeMEHHbIE
MOJ1 COOTBETCTBYIOIIMM UMEHEM, HAaITMCAaHHOM B BepxHeM peructpe. B Tom uncie PORTA, DDRA u PINA —
3TO MPHUMEPHI TAKUX CIELUAIBHBIX PETUCTPOB TOCTYIHBIX IJIS1 HCIIOJIb30BAHUS B IIPOrPaMMe.

[MonpoOHel 0 BCEBO3MOXKHBIX BCTPOSHHBIX (DYHKIIMOHAIBHBIX MOMAYJSX M CBSI3aHHBIX C HUMH PETUCTPax
MOHO MpouuTath B fokyMmeHTaru k MK (B Tak Ha3eiBaeMbix DataSheet'ax). Cxauats e€ k mooomy u3z MK
tama AVR MokHO 1o azapecy:  http:/www.atmel.com/products/avr/default.asp, B  pasmene
«DataSheets».

IIpumep ucnoap3oBanus peructpoB B MK ATMega32:

TCCR2=0x69; //BryourM TanMep 2 ¥ Ha HEM lMM ¢ MHOxuTeseMm 1 (1 Tuk TaiMepa kaxmeni TakT MK)
//Pexum MM — HOPMAaJIbHENE, NPKM OOCTMXEHMM BaTaHHOTO BHadyeHus cOpaceBaeM B 0 IOPT

OCR2=0x80; //yCTaHOBMM CKBaXHOCTb mMIyJbca 128/255 ~= 50%

OnpedeneHue ¢hyHKUUU, 8bi3bieaeMbIx nNpu ob6pabomke npepbieaHuUll

Jns onpeneneHust QyHKIWA, KOoTopble OyqyT BBI3BIBATHCS NMpH 00pabOTKE NpepbIBaHHMN MPEAyCMOTPEH
CIeNMaNbHBIA (hopMaT 00O03HAYeHHS STHX (YHKIHHA, cofepkamuii kiaroueBoe ciioBo SIGNAL u nmanee B
CKOOKax MACHTU(UKATOP TPEPHIBAHMS, KOTOPOE MBI OyZeM 00pabaThIBaTh.

IIpumep onpeneseHusi 06padoTUNKA NPePHIBAHMSA 110 NepenoJHeHnI0 Taiimepa Ne(:
SIGNAL (SIG_OVERFLOWO) {

count++; //YBenmumM CBOM CYETUMK Ha 1 [PM BO3HMKHOBEHWM [E€PEIOJIHEHMs CYeTdrka TamMepa

}i

BOﬂpOCbl pasmMeuwieHus OaHHbIX 8 NnamMsimu npoecpamm

Bce KOHCTaHTBI IO YMOTYaHHUIO PACIONaraloTcs B ONepaTUBHON MaMsATH, KoTopoil 06sr4ao B MK tma AVR
HE OuYeHb MHOTro. B psme ciiydyaeB 5TO MOXKET CTaThb CEpbE3HONW MpoOIEeMOW, €caM BaM HYKHO HMETh
Oomnpuioli 0o0beM 3apaHee C(HOPMHUPOBAHHBIX HAaHHBIX. OIMH M3 CaMbIX HPOCTHIX BBIXOJOB B JAHHOM
CUTYaIlll — COXPAaHUTH JaHHBIE B AMSTH Iporpamm. [lenaercs aTo ciemyromum o0pa3om:

1. B nporpammy moGaBisieM CChUIKY Ha CIICIMATbHBIN 3aro0BOYHBIN (aiin <avr/pgmspace.h>;
2. B ompeznenenne KoHCTaHTH HobasiseM Mmoanpukatop PROGMEM;

3. Tlepen ucrmonb30BaHKEM JaHHBIE HYKHO OyneT u3Biedsb GpyHkuueir pgm_read byte(address).

HpnMep paﬁOTbl C JaHHBIMH B NNIaMATH NIPpOorpamMmm:
#include <avr/pgmspace.h>
const char PROGMEM my array[] = {0, ...};

void main ()

{

int my_ array index = 0;
char my_value = pgm read byte(my_ array + my_array index);
while (1) ;

return 0;


http://www.atmel.com/products/avr/default.asp
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