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B noco6uu n3noxxeHbl METOUYECKHUE PEKOMEH AU, CO/IepKaTEIbHbIE Ma-
TepUabl U KOHTPOJBHBIC 3aJlaHusl JIJI MPOBEJACHHUS JIa0OPaTOPHBIX U MpaKTHUYe-
CKHMX 3aHSTUU MO U3YYEHUIO apXUTEKTYpPbl MUKPOKOHTPOJUIEPOB, MPUEMOB U Me-
TOJIOB MPOTPAMMHUPOBAHHUSI IOPTOB, CUETUYUKOB, CUCTEMBI IIPEPHIBAHUNA MUKPOKOH-
TposuiepoB cemerictBa AVR. B kauecTBe MHCTpyMEHTA MCIIOJIB30BaHa Cpeaa pas-
pabotku AVR Studio u cpena monenupoBanus 31eKTpoHHBIX cxeM Proteus. IToco-
Oue coaepKUT HeOOXOAUMbIE CITPABOYHbBIE MATEPHAIIBI.

Meroanueckue ykaszaHUs IpEeIHAa3HAUYEeHbl JJIA CTYIECHTOB, OOYYarOIIMXCS
no HamnpasieHusM noarotosku 09.03.01 Mudopmatuka v BbIMHCIUTETbHAS TEX-
Huka u 11.03.02 MHbDOKOMMYHUKAIIMOHHBIE TEXHOJOTUA M CUCTEMBI CBS3H, MPO-
¢buneit MHOTOKaHANIbHBIE TEICKOMMYHHUKAIIMOHHBIE CUCTeMbI, CETH CBSI3U U CHC-
TE€Mbl KOMMYTallMU, 3aUIIEHHBIE CUCTEMBI U CETH CBSI3U, CUCTEMBI PAJUOCBS3U U
paanoaocTyma, BeraucnurensHble MalllMHbI, KOMIUIEKCHI, CUCTEMBI U ceTH, [Ipo-
rpaMMHOE 00€CTIeUeHNUE U WHTEIUICKTYalIbHbIE CUCTEMBI.

[TocoOue mpenHa3HA4Y€HO AJI MCIHOJb30BaHUS MPU H3YYEHHH AUCIUIUIMH
Crenranu3upoBaHHbIE MPOLIECCOPbl, MUKPOIPOLIECCOPHBIE CUCTEMBI, Briunciu-
TeJIbHAsI TEXHUKA U UH(POPMAIMOHHBIE TEXHOJIOTHH, & TAKKE MOXKET OBITh UCIIONb-
30BaHO MPENOJAaBATEISMU U CTYJEHTAMH IIPU U3YUYECHHUH POJICTBEHHBIX AUCIUTLINH
U B IIPOLIECCE CAMOCTOSITENIbHON PabOTHI.

VYuyebHoe nmocodue o06cyxaeHo u 0100peHo Ha 3acenanuu kadeapsr UBT.
[TpoTtokon Nel ot 26.08.2019 r.
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1. U3YUYEHME JIOTUYECKOM CTPYKTYPBI
CHHELHKOHTPOJIUIEPA

ge./lb

1. YriyOuTh 1 3aKpenuTh TEOPETUYECKUE 3HAHUS 10 MPUHIKIIAM MTOCTPOe-
HUS CIICIUAIN3UPOBAHHBIX KOHTPOJIEPOB;

2. [IpunoOpecT MpakTHUECKUEe HABBIKK CAMOCTOSITEIHHOTO M3YUCHUS M aHa-
JM3a CXeM KOHTPOJUIEPOB;

3. CoBepIIeHCTBOBATh HABBIKM aHANN3a, 0000IEHUS U CHCTEeMATH3aIlUN T10-
Jy4EHHBIX Pe3yJIbTaTOB, HABBIKA COCTABICHUS W O(POPMIICHHUS OTYCTHBIX MaTepHa-
JIOB, HAaBBIKA TOYHOTO WM JIAKOHUYHOTO TPEICTABJIICHHUS IOKJIAJOB Ha BOIPOCHI
TEXHUYECKOTO XapakTepa.

Yyeonwvie eonpocot

1.1. HazHaueHue, OCHOBHBIE TEXHUYECKUE XAPAKTEPUCTUKU MUKPOKOHTPOJI-
nepa AVR;

1.2. CtpyKTypHas cxema u Ha3HayeHue nepuepuitHbIX YCTPOICTB;

1.3. IIporpamMmmHas MoAeIbr MUKPOKOHTPOJLIEPA.

Jlumepamypa 015 n0020moeKuU K 3aHAMUIO

1. F'onybuoB M.C. MukpokonTposuiepsl AVR: 0T mpocToro k CiIoKHOMY.
M.: COJIOH-IIpecc, 2003. 288 c.

2. Penpkun I1.I1. MukpokonTposuiepsl Atmel apxutexktypsl AVR32 cemeit-
ctBa AT32UC3. PykoBoacTBo mnosib3oBarenisa. M.: Texnocdepa, 2010. -
784 c.

3. benos A.B. Camoyuutens pa3paboTurka yCTPOMCTB Ha MUKPOKOHTPOJI-
nepax AVR. - CII6.: Hayka u texnuka, 2008. -544 c.

4. Pesnu HO.B. IlpakTnyeckoe mporpaMMHpPOBaHUE MHUKPOKOHTPOJUIEPOB
Atmel AVR na s3b1ke accembiiepa. CI16.: BXB-IlerepOypr, 2011. -352c¢.

5. Ectudeer A.B. Muxkpoxontposuiepsl AVR cemerictBa Tiny. Pykoso-
JIICTBO moib3oBaTensd. - M.: M3marenbckuit nom Jlomdka-XXI, 2007 . -
432c.

Cooeporcanue omuema

1. Ha3Banue paboThI.

2. Ha3zBaHue Kaxqoro y4eOHOro BOIpOCa M KPATKUU KOHCIEKT B 0O0beme
MPAKTUYECKUX 3aIAHUN 110 BOIIPOCY.

Bonpocul 015 n0d20moeKu K 3aHAMUIO

1. Anroputm pabOTHI IIEHTPAILHOTO MPOIECcopa.

2. Ilpunnumnel paboTs! oneparuBHoM nmaMsTi u Flash-mamsitu.

3. XapakrepucTuka rapBap/ckoi u GpoH-HeiitmaHOBCKOW apXUTEKTYP.
4. B uem omiimuue CISC u RISC cTpykTyp cucTeMbl KOMaH/I.




AKmyanbHoCmy 3aHAMUSA

CreukoHTpoIIEep SBJISIOTCS OCHOBHBIMHU YCTPOUCTBAMH, OCYIIECTBIISIOIIUM
yhnpaBieHre U oOpaboOTKy JaHHBIX B cucTemax ympasieHus. [losTomy oueHb
Ba)KHO 3HATh €TI0 XapaKTEPUCTUKHU, TEXHUUYECKUE BOZMOKHOCTH B3aUMOJICUCTBHUS C
nepudepueiit 1 NporpaMMHYIO MOJIENb.

3aoanue 1.1. Haznauenue, 0CHOGHblEe MeEXHUUECKUE XAPAKMEPUCHIUKU
Mmuxpokoumponnepa AVR

Muxkponpoueccopsl (MII) u Mukpokontposepsl (MK) nnst BcrpanBaembix
npuioxeHuit [embedded applications] opueHTUPOBaHBI HAa MOCTPOEHUE 3aKOH-
YEHHBIX CUCTEM YIpaBJICHUS U UX y3710B. B yactHocTH 8-paspsausie MK B 001em
0o0beMe TPOIIECCOPHBIX MUKPOCXEM cocTaBisieT uyTh MeHbIe 30%. AVR, nmoxa-
Iy, OJHO M3 CaMbIX WHTEPECHBIX HANpPaBJICHUW, Pa3BUBAEMBIX KOpIIOpaluen
Atmel. OHu npeacTaBisAOT OO0 MOIIHBIA HHCTPYMEHT JIJIsi CO3/IaHUs COBPEMEH-
HBIX BBICOKOIIPOU3BOAUTENBHBIX U 3KOHOMUYHBIX MHOTOLIEJIEBBIX KOHTPOJUIEPOB.
Ha HacTosimuii MOMEHT COOTHOIIEHUE '"IIEHA - MPOU3BOJUTEIBHOCTD - 3HEPTOMO-
Tpedsenne" mia AVR dBisieTcss OIHUM M3 Jy4YIIMX Ha MHPOBOM pBIHKE 8-
pa3psIHBIX MUKPOKOHTposuiepoB. O0bembl mpoaak AVR B Mupe ynBaumBaroTcs
exeroJiHo. B reomeTpuueckoil mporpeccuu pacTeT YUCIO CTOPOHHUX (Pupm, pas-
pabaThIBAIONIMX M BBITYCKAIOIIKUX Pa3HOOOpa3HbIE MPOrpaMMHbBIE W AIllapaTHBIC
CpeACTBa MOJIEPKKU pa3padOToOK 111 HUX. MoKHO cunTaTh, 4To AVR mnocreneH-
HO CTAaHOBUTCS €lI€ OJHUM HHAYCTPUAIBHBIM CTaHIAPTOM CpeIu 8-pa3psiaIHbIX
MUKPOKOHTPOJUIEPOB 00IIIEro Ha3HAUYCHHUS.

MK orinyaroT OT Ipyrux MPOUECCOPHBIX YCTPOMCTB TAKUE CYLIECTBEHHBIE
YEPThI:

- pa3BUTHIE BCTPOCHHBIC aIIApaTHBIE Y3JIbl BBOJIA/BBIBOJIA, PA3rPyKaIOII1e
MPOLIECCOP OT PYTUHHBIX JIEUCTBUM U OIS KUBAIOIIME UHTEP(DENCHI pPa3TUuIHBIX
THUIIOB - JUCKPETHBIN, MAPAJIIENBHBIN, OCIEI0BATEIbHBINA, aHAJIOTOBBI;

- UHTErpUPOBaHHAs Ha KPUCTAJUT aMATh NPOrpamMM U JIAaHHBIX, B TOM YHCIIE,
SHEPrOHE3aBUCUMAS;

- HaJlnure OOJIBIIIOTO YKUCia Pa3HOBUIHOCTEH KPUCTAJIIOB, Pa3IMYarOIIUXCS
YUCJIOM BBIBOJOB M THUIIOM KOpITyca, 00ObeMaMM MaMsTH, COCTaBOM OJIOKOB BBO-
J1a/BBIBOJIA U TIP.;

- BCTPOEHHBIE y3JIbl 3arpy3KH KOJIOB MPOTPAMM U JIAHHBIX W y3JIbl BHYTPH-
CXEMHOMU OTJIaJIKH, paboTaroIIKe M0 MOCIeA0BaTeIbHOMY HHTEp(]ECy;

- TuOKasi cuCTeMa TaKTHUPOBAHUS W YNPABIEHUS YHEPTrONOTPEOICHUEM, YTO
aKTyaJIbHO ISl MOOMJIBHBIX YCTPOMCTB.

OcHoBHble paznuuusa Mexay MK nanHo# rpymnmnbl CBOASTCA K IMPOU3BOJIH-
TEJILHOCTH MPOIECCOpa, OMPEALSTISIEMON COUeTaHUEM CIEAyomux (akTOpPOB: CO-
CTaB CHUCTEMbl KOMAaHJ M PEKUMOB aApecalny, pa3psIHOCTb Ipoueccopa
(8/16/32), yacToTta TakTUpPOBaHUA (AECATKH - COTHU Merarepir). Poct paspsaHoctu
COUYETAETCS C POCTOM YAaCTOThl U CHUKEHUEM HampskeHus nutanus (¢ 5 B mo 3.3
B, a sapa - no 1.2 B).



Ha oreuectBeHHOM pbIHKE 8-paspsanbie MK mpencTaBieHbl Npexae BCEro
«KJIOHaMH» U «rmoTtoMkamu» Mmouenu MCS-8051, cemerictBamu PIC12/14/16/18
(MicroChip), cemetictBoM AVR (pupma Atmel) u nip. 3tu MK opueHTHpOBaHbI Ha
pelieHue 3aja4y ynpapieHus ¢ MpeodiaJaHueM JIOTUYECKUX U HECIOXKHBIX apud-
METHYECKUX 3aKOHOB yIpaBieHus. X MakcuManbHbIe TAKTOBBIE YACTOTHI TIOXOJIST
ceroaus a0 16...25 MI'y npu nutanuu 5 B. YpoBEeHb BXOAHBIX U BBIXOJAHBIX CHUT-
HAJOB MPU STOM HMMEET JOCTATOYHBIN 3arac MOMEXOYCTOMYMBOCTH — MPUMEPHO
OJIHA TPETh OT HAIPSKEHUS ITMTaHUsI, TO €CTh He MeHee 1.7 B.

B uactHOCTH, B TaHHOM Kypce HamOoJjblllee BHUMaHUE OyJeT yIeJIeHO ce-
MeicTBY AVR bupmbl Atmel, Kak OJHOMY U3 TUHAMUYHO Pa3BUBAIOIINXCSA U JTOC-
TYITHOMY Ha OT€YECTBEHHOM PBIHKE.

Cemeticmeom (unu cepueit) MK HazpiBaeTcs psl MUKPOCXEM OTHOPOJHOMU
pa3pabOTKH, UMEIOIIUX UJICHTUYHYIO apXUTEKTypy, HO Pa3IuvyarouIuxcsl KojJude-
CTBOM STYEEK MAMSTH, BBIBOJIOB KOPIyCca, COCTABOM U KOJIMYECTBEHHBIMU XAPAKTE-
PUCTUKAMH BCTPOEHHBIX MepudepuitHpIx Moyliel. Pa3nnyaioT B 3aBUCUMOCTU OT
anmapatHoro ooecrneuenus cemeiicta "AVR-tiny", "AVR-classic" u "AVR-mega"
Beimyck MK 5151 BcTpanBaeMbIX IPUMEHEHHUM B BUJIE CEMEMCTBA MO3BOJISIET MPO-
W3BOJIUTEIISIM CHU3HUTDH 3aTPAThl HA CO3/IaHHE 0OTaToOi HOMEHKIATYPhl MUKPOCXEM
(mpu pa3pabOTKe HOBBIX KPUCTAJUIOB HCHOJB3YIOTCS TOTOBBIE IMPOBEPECHHBIC B
MPOU3BOJICTBE MOJAYJIM KpUCTailia), a moJb3oBareisiMm MK cokpamaer 3aTparsl
BPEMEHHU Ha OCBOCHUE MOJEIeH, Hanbosee MOAXOIAIINX JJIsl PEUICHUs] HOBBIX 3a-
nad.

Hcemopus u ocobennocmu cemeticmea AVR-8

B cepenune 90-x ronos (20 Beka) pupma Atmel Boinyctuna kjaon MK MCS-
8051 no texnonornn K-MOII — cemeiictBo A789xx, B KOTOPOM pean3oBaja JBa
CYILLECTBEHHBIX Ha TOT MOMEHT HOBILIECTBA:

- HHTeTPUPOBAaHHAsl HA KPUCTAJJIe NaMATh nporpamm tumna FlashROM u
SHEpProHe3aBUCHUMas MaMsATh JaHHbIX THIIa EEPROM,

- BCTPOEHHBbII MeXaHHU3M 3arpy3KU/BBITPY3KH COJIEPKUMOIO MaMSITH
nporpamm (FlashROM) n nanusix (EEPROM) ¢ ucnojib30BaHUEM IIOCIIEIOBa-
TenapHOTO uHTEep(deiica (tuna SPI).

CoueraHue THX HOBAIMM 00ECHEeUnsIo CyIIECTBEHHOE YACIIEBICHUE U YII-
polleHHe - OTHajga HeOOXOAMMOCTh B HCIIOJNIB30BAHUM JIOPOTO KEPAMUYECKOTO
KOpIyca C KBapLEBbIM OKHOM JIJIsl YJIbTPa(hHOIETOBOrO CTUPAHUs, U OTHajla He0o-
XOJUMOCTh HCIOJIb30BaHusA He jemeBoro (He meree 300$) mapaiienbHOro mpo-
rpaMMaropa, B KOTOPBIM MPU KaKI0W omneparu 3arnucy MpUuXoauioch MOMearh
KOPIyC C MUKPOCXEMOM naMsaTu nporpamMm. HoBast TeXHOJIOTHS cTaja Ha3bIBaThCA
BHYTPUCHUCTEMHBIM IIpOrpaMMHpoBaHueM [In-System Programming - ISP], cyue-
CTBEHHO YIPOCTUJIA U yJEIIEBUIIAa IPOLEAYPY PEAAKTUPOBAHUS COAEPKUMOTO Ta-
matu nporpamm (IIT) m ganueix (I1J]) - Teneps cTano BO3MOMXHBIM BBHIOJIHATH
nepenporpammupoBanue MK mipsmo "B cucteme", To €CTh Ha 11eJIeBOM miaTe.

Crnenyrommm 1marom pupmer Atmel B xorie 90-x TogoB crana pa3paboTka
HOBOTro ceMmerictBa 8-pazpsaaubix MK AVR-8 (AT90xxxx), B KOTOPOM KPOME HOB-
IIECTB, BHEPEHHBIX U pa3padoTke AT89xx, 100aBUIUCH CIIEAYIOIIHE:



- HHTeTPUPOBAHHbIE HA KPUCTAJLI y3JIbl BBOJAA AHAJOTOBBIX CHTHAJIOB -
aHAJIOTOBBIM KOMITAPATOP U aHAJIOTOBO-IIU(PPOBOM MTpeoOpa3oBaTeb;

- HoBas cucreMa kKomaHa [RISC] cpa3y pa3pabarbiBajgach ¢ pacdeToM Ha
ncnoas3oBanue s3pika C/C++,

- TIpOLIECCOP MOJIEPKUBACT 4-11aroBblil KOHBelep, 4TO 00eCrieunBaET Bbl-
MOJIHEHHE OOJBIIMHCTBA KOMaHJ (KpoMe KOMaHJ Mepexoja) 3a OJUH MAallMHHbBIN
LUK,

- OTKa3 OT aKKyMYJISITOpa ¥ MCIOJb30BAHUE JOCTATOYHO 00JIbIIOro (paiiia
perucTpoB o0mero HazHadyeHus (32*8 OuT) cCHMKACT HEOOXOMAUMOCTh YACTHIX
obpamenuii k [1/1 (O3VY) ¢ 6or1ee qoarumMu Uiy ATUHHBIMU PEKMMaMH apecaliu;
B 3TOM ke (aiisie pazmecTunuch 16-paszpsanbie ykazatenu Ha [1J] u I111;

- OTKa3 OT ucnoiab3oBanus BHewmHed III1 npu Hanuumm GyHKUUA BHYTpU-
CUCTEMHOT'0 MPOrPaMMHUPOBAHUS MO3BOJIWII UCIIOJIB30BATh KOPITYCa C MAJIBIM YK C-
joM Hor (MeHee 40), uto emie 0ojiee CHUXKAET CTOMMOCTh MUKPOCXEMBI. J[onoaHu-
TEJIBHBIM IIPEUMYIECTBOM OTKa3za oT BHemHel IIII crana moBbllIeHHAs! CTENEHb
3amuThl cogepkumoro I1I1 oT HecaHKIIMOHNPOBAHHOTO KOITMPOBAHMSI.

[TocnenoBarenbHOCTh pa3paboTKu mojacemeicTB AVR-8: AT90, ATmega,
[FPSLIC], ATtiny, ATxmega.

B ortuere npencraBuTs:
1. OcunoBublie Texunueckue xapakrepuctuku MKK ATTiny 2313;
2. Ormnune MKK ot mukpomnpoueccopa.

3aoanue 1.2. Cmpykmypunasa cxema u HazHaueHue nepughepuiiHvlx ycm-
poucme

Apxumexmypoul Ha3bIBaIOT 00pa3, BUIUMBIN MOJIL30BATENI0, TO KOHIENTY-
aIbHOE TMPEACTABICHHUE U1l MPOrPaMMKCTA WM CXEMOTEXHHUKA, pabOTaroLIEro ¢
naHHbIM MK. OCHOBHBIMM 3JIEMEHTAMU APXUTEKTYPHI SBIISIOTCS:

* crUcTeMa KOMaH/1 U CriocoObl aipecaluu;

* OpraHu3aiys naMaT U PErucTpoB;

* hopmaT pa3psIHON CETKU

* OpraHu3aiusi BCTPOCHHBIX MepuEepUUHBIX YCTPONCTB, MEXaHU3M O0Opa-
HIEHUS K HUM U CUCTEMbI PEPHIBAHMUIA;

* TUIOBBIE CXEMbl BKJIIOUEHHUS C ONMHCAHUEM HA3HAUYEHUSI M PACIOJIOKECHHS
BBIBOJIOB U OCOOCHHOCTEH BHYTPEHHEHW CXEMOTEXHUKH BHIBOJIOB.

3HaHUE APXUTEKTYPHI ABJISIETCS MUHUMAJIBHO IOCTATOYHBIM JJIsI TOHUMAaHHUS
U MPAKTUYECKON paboThl ¢ MUKPOKOHTpOJUIepoM. CpaBHEHHE OJTHOTUITHBIX YePT U
napameTpoB apXUTeKTyphl pazHbix MK mo3BomsieT rpamotHo BeiOMpaTh MK st
pelIeHusT KOHKPETHOM 3aa4Mu.

Cmpyxkmypa MK oTpaxaeT cocTaB U CBSI3U €0 BHYTPEHHUX OJOKOB B Tpa-
¢dbuueckoMm Buze. 3HaHue cTpykTypbl MK He siBiisieTcst 00s13aTeNbHBIM JIJ1s1 pabOThl
¢ MK, Ho obineryaer nonumanue u cpapienne MK mexmy coOoilt 3a cyeT nomoJi-
HUTEJIBHOTO BU3YaJIbHOI'O BOCIIPUSTHS.



Apxumexkmypa AVR

Cucmema komano 8-pazpsnabix MK cepun AVR conpepxut ot 90 no 133
WHCTPYKIIUH, YUCIO KOTOPBIX 3aBUCUT OT Mojenu. Kak u s OONbIIMHCTBA JIPY-
rux MK, 3ToT Habop MOXKHO YCIOBHO pa3/IenuTh Ha TPU OCHOBHBIE IPYIIIIHI:

- apu(PMeTHKO-IOTUUECKHE, BKIIIOYasi CABUTH (COOCTBEHHO BHIYUCIICHHUS),

- IEpPEeNAaYn JaHHBIX MEXAY ssuernkamu naMatu MK,

- BETBJICHUHU (IIEpex0/I0B) B mporpamme (GopMUPYIOT CTPYKTYpPY IpOrpam-
MBI).

ITo ¢opmary oOpabaTbiBaeMbIX JAHHBIX PA3IUYAIOT KOMaHBI, OIEPUPYIO-
e ¢ 6adtamu (8-OMTHOE CJIOBO) U ¢ OWTaMH, OTJIETbHBIC KOMaHAbl padOTaIOT C
NByx0auTHBRIMU ynciaaMu. Hepenko rpynmy koMaH i paboThl ¢ OUTaMU BBIICIISIIOT B
CaMOCTOSITEIIbHYIO YETBEPTYIO TPYIIILY.

Dopmam KOMAHOBI ONVCHIBAET CTPYKTYPY MAUIMHHOIO CJIOBA KOMAaH/IbI.
YacTh OUT BBIIETSIOT TIOJI KOO onepayuu, 3TO o0A3aTeIbHas YacTh JII0OOH KOMaH-
1. OcTanbHble OMTHI YKa3bIBAIOT ONEpaHObl, TO €CTh JaHHOE, ajpec sSTYCHKH TaH-
HBIX WK aJipec nepexoja. Paznuuaror komauabl Oe30mepaHHbie, OJJHO- U JBYX-
orepaHjHbie. B nByXomnepanaHbpIX KOMaH1ax 00paOOTKH JaHHBIX OJWH U3 ONEepaH-
JIOB HAa3bIBA€TCSI ICTOUHUKOM [source/, €ro COAEepKUMOE HE U3MEHSIETCS, APYTroi —
NPUEMHUKOM [destination], ero coiep>KUMO€E COACPKUT PE3yJIbTAT ONEPALIMH.

Cnocoovl adpecayuu OnpeneNaOT cCocoO0bl KOAUPOBAHUS ONEPaHIOB, IS
KOJMPOBAHMS MCIOJB3YETCA TBOMYHBIA KOJI. Pa3nnyaror cieayromue BUABI aape-
caluu:

- npAmas — apec B BUJE€ KOHCTAHTBI, YACIO OUT 1 ONpeNeseT YUCIO ajpe-
cyeMbIx siueek N = 2n,

- HenocpedcmeenHas (W a0COJIIOTHAS ) — JAHHOE B BHUJI€ KOHCTAHTHI,

- HECKOJIBKO Pa3HOBUIHOCTEH KOCBEHHOU — YKa3bIBAETCS aipec perucrpa-
ykazarens (X, Y, Z, PC, SP), conepKUMoe KOTOPOT'O COJICPKHUT aJipec SUCHKU J1aH-
HBIX WU Iepexoa:

- IpOCTasi KOCBEHHas,

- C MPEAACKPEMEHTOM — 3HAYEHHUE PErucTpa yKazarelsisd yBEIUYUBAECTCS N0
WCIIOJIb30BaHUs aJipeca,

- C IOCTUHKPEMEHTOM — 3HAYEHHUE PErUCTpa yKa3aTessl yMEHbIIAeTCs MOCe
UCITIOJIb30BaHUS ajjpeca,

- UHJEKCHAsl — 3HAYEHHUE aJIpeca BBIYUCISETCS KaK CyMMa COJIEPKUMOTro pe-
TUCTpa yKa3aTelssd U KOHCTAHTHI,

- OTHOCUTENbHAS — pa3HOBUAHOCTb UHJIEKCHOW C UCTIOJIb30BAHUEM CUETUMKA
KOMaH/I KaK perucTpa yka3aTels nepexo/a.



Cmpykmypa AVR

MuxkpokouTtpoiuiep AVR coaepxut: ObicTpbiii RISK-npornieccop (Reduced
Instruction Set Computer), nBa Tuna sHepronezaBucumort namsatu (Flash-namsre
nporpamMm U namsaTh AaHHbIX EEPROM), omeparuBHyio namsite RAM, mopthi
BBO/J1a/BbIBOIA M pa3IndHbIe nepudepuiinbie nuaTepdecasie cxemsl (puc.1.1).

Moaynb 3arpy3ku

FLASH nporpamm |eg—m . N3y

ISP
4 | C
— > WCT peansHoro
BoemeHn RTC
MporpamMmHelA -
cyetynk PC o ALIM
TakToBLIi
reHepaTop BeluicnuTensHoe aapo FYPE———
¥ koMmnapatop AC
C 32 perucTpa
SMUCTP KomanA obwero T "] Mocnwwtepd
Ha3Ha4YeHHA TWI (12C)
| [lOCn.Npremonep.
l l UART/USART
v - BHyTpUCXEeMHOR
O3Y' (SRAM) ANY otnagkn JTAG
- SPI
I + J lNocnea wHTepd.

B T B

CTopoweBon MopTol Taimepbl-
Taimep WDT BEOA&/BLIBOAA CYETYIKA

MNpepeiBaHuA

Puc.1.1. Crpykrypnas cxema MKK AVR

BbruuciureabHoOe PO

Cepauem MUKpokoHTposuiepoB AVR sBiisieTcsi 8-OMTHOE BBIUHUCIUTEIIBHOE
AP0 WU IEHTpalibHOE TporeccopHoe ycrporictBo (LIITY), mocrpoenHoe Ha
npuHiunax RISK-apxutexktypsl. OCHOBOW 3TOro OJIoKa CIIy>XKUT apu(pMETHUKO-
agoruyeckoe yctpoictBo (AJIY). Ilo cucteMHOMY TaKTOBOMY CUTHAly U3 MaMsTH
NporpaMM B COOTBETCTBUHM C COAEPKUMbIM cueTtuyuka komanj PC (Program
Counter) BeIOMpaeTcsi ouepenHas kKomanaa u BeimosHseTcst B AJIY. Bo Bpemst BbiI-
O0opa KOMaH/Ibl U3 MaMITH MPOTPAMM TPOUCXOUT BBIMTOTHEHUE MPEBITYIIECH BbI-
OpaHHOU KOMaH/IbI, YTO W MO3BOJISAET JOCTUYh ObicTpoaeicTBus 1 MIPS na 1 MI'm.
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IMamsars nporpamm (Flash-namsaTs)

[TamsaTh IporpaMm npeaHa3sHayeHa JJIsl XPaHEHHUs MOCIEA0BATEIBHOCTH KO-
MaHJ, YHIpaBsomux (YHKIMOHUPOBAHUEM MUKPOKOHTpOJUIepa, U umeeT 16-tu
outHyro opranuzaiuioo. Bce AVR umeror Flash-nmamsate nporpamm, kotopas mMo-
JKeT OBITh pa3IuuHoOro pasmepa — ot 1 10 256 Kbaiit. Ee ri1aBHOE TOCTOMHCTBO B
TOM, YTO OHA IOCTPOCHA HA MPUHIUIIE 3JIEKTPUUECKON MEPENpOrpaMMUPYEMOCTH,
T. €. JIOMyCKaeT MHOTOKpaTHOE CTHpaHue U 3anuch nHpopmaruu. [Iporpamma 3a-
Hocutcs Bo Flash-mamsite AVR kak ¢ momoIisio 006I9YHOTO MIPOrpaMMaTopa, Tak u
c nomotisio SPI-unTepdetica (mocmenoBaTenbHbIA TIEpUBEPUTHBIA HUHTEPEHC -
Serial Peripheral Interface), B ToM umciie HEMOCPEACTBEHHO Ha COOpPAHHOMU IIjIaTe.
B03MOXHOCTBIO BHYTPHUCXEMHOTO mporpamMmupoBanusa (pynkuus ISP) uyepe3
KOMMYHUKaIMOHHBIN uHTepderic SPI obmagaror Bce MUKpOKOHTpoJuiepbl AVR,
kpome Tinyl1 u Tiny28.

Bce MUKpPOKOHTpOJUIEphl ceMelcTBa Mega UMEIT BO3MOXKHOCTb CAMONPO-
epamMmuposanus, T. €. CAMOCTOSITEIIBHOIO U3MEHEHHUS COJEPKUMOTr0 CBOEH NaMsATH
nporpaMM. OTa OCOOEHHOCTh MO3BOJIIET CO3[1aBaTh Ha MX OCHOBE OUEHb T'MOKHUE
CUCTEMBI, aJITOPUTM PAOOTHI KOTOPBIX OYJET MEHSATHCS CaMUM MUKPOKOHTPOJLIE-
POM B 3aBUCHMOCTH OT KaKUX-THM0O BHYTPEHHHUX YCJIOBUI WJIM BHELITHUX COOBITHI.
["apanTHpoBaHHOE YUCIIO LUKIOB nepe3anucu Flash-mamsatu y MukpokoHTpoie-
poB AVR BTOpOro mokosieHus coctapigeT He MmeHee 10 ThIC. [IUKIIOB MPU TUIIOBOM
3HaueHud 100 toic. nukioB. (B oduumanbHOl TexHUYeCKo JoKymMeHTanuu Atmel
Corp. yka3piBaeTcs 3HaueHHE 10 ThHIC. ITUKIIOB. )

ITaMaTL JaHHBIX

[TaMsTh TaHHBIX pa3/ieJeHa Ha TPU YacTH:

- PETUCTPOBas MAMSITh,

- onepatuBHas namMath (O3Y — onepaTMBHOE 3allOMHHAIOUIEE YCTPOMCTBO
ui RAM)

- saeproneszaBucumas namsaTh (ICIII3Y nnmu EEPROM).

Perucrposas namsats (POH u PBB)

Pezucmpos obweeo nasnauenus (POH - General Purpose Registers — GPR)
Bcero 32, oHu UMeEIoT 6alToBbIN opMart u o0benuHensl B (aitn. POH naxonstcs
B HaYaJie aJipeCHOTO MPOCTPAHCTBA OMEPATHUBHOW MaMATH, HO (U3UUYECKU HE SIB-
Js0TCs €€ 9acThio. [ToaToMy K HUM MOXKHO oOpariarhes AByMs crmocodbamu (Kak K
perucTpaMm M Kak K namsTtu). Takoe peiieHue sBisieTcsi ocooeHHOCThI0 AVR 1 1o-
BbIIIAeT 3(PPEKTUBHOCTH PAOOTHI U MPOU3BOIUTEILHOCTH MUKPOKOHTPOJLIEPA.

Cnyoicebnvie  peeucmpol  88ooa/svieooa (PBB) 00BeIUHSAIOT pErUCTphl
YIPABJICHUS MUKPOKOHTPOJUIEPOM, PETHCTPBI COCTOSIHUS U T. II.,  TAK)KE PETHCT-
pBI yIIpaBiCHUS NEPUPEPUHHBIMA YCTPOHCTBAMH, BXOASIIMMH B COCTaB MHKPO-
KoHTposuiepa. [lo cyTu, ympaBieHne MUKPOKOHTPOJIEPOM 3aKII0YaeTCsl B yIpaB-
JICHUU 3TUMH PETUCTPAMH.
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N POH u PBB pacnonoxensl B agpecHoM npoctpancTtBe O3V, HO He sBs-
I0TCS €70 4acThio. OTIIMYKE MEKy PETUCTPAMU U ONIEPATUBHOM NAMATHIEO COCTOUT
B TOM, YTO C PETUCTPAMHU MOYKHO MPOM3BOAMTH JItOOBIE ornepauuu (apupmernye-
CKUE, JJIOTMYECKHEe, OUTOBBIE), a B ONIEPATUBHYIO MAMSTh MOKHO JIMIIb 3allMCHIBATh
JAHHBIE U3 PETUCTPOB.

JHeprone3apucumasi namathb JaHHbix (EEPROM)

JIJist JONTOBPEMEHHOTO XpaHEHUs pa3InyHON HH(MOpPMAIHU, KOTOPast MOXKET
U3MEHSThCSA B poliecce GyHKIMOHUPOBAHUS MUKPOKOHTPOJIJIEPHONU CUCTEMBI, UC-
nosib3yercs EEPROM-namsate - nepenporpammupyemoe 113V (ITI3Y). Bce AVR
UMEIOT OJIOK PHEPTOHE3aBUCUMOMN SJIEKTPUICCKU MEePe3anrCchbiBACMON aMsATH JTaH-
Hbix EEPROM ot 64 baiit no 4 Kbaiit. TOT TUN naMsTH, TOCTYIIHBIM TPOTpaMMe
MUKPOKOHTPOJIJIEpa HEMOCPEICTBEHHO B XOJI€ €€ BBINOJHEHUS, YI00eH NJisi Xpa-
HEHUSI TPOMEXKYTOUYHBIX JTaHHBIX, PA3JIMYHBIX KOHCTAHT, KOA()PUIUEHTOB, CepHil-
HBbIX HOMEpOB, Kitoued u T.. EEPROM MoxeT ObITh 3arpykeHa U3BHE KakK 4epes
SPI unTepdeiic, Tak U ¢ MOMOIIBIO OOBIYHOrO Mporpammaropa. Yuciao IUKIOB
ctupanue/3anuck — He MmeHee 100 Thic.

JIBa mporpaMMUpyeMbIX OWTa CEKPETHOCTH IMO3BOJISIOT 3alIUTUThH MaMSTh
MpOrpaMM U SHEProHe3aBUCUMYIO NamMsTh HJaHHBIX EEPROM oT HecaHKIIMOHUPO-
BAHHOT'O CYUTHIBAHUS

OneparuBnas namarb (O3Y uian RAM)

BuyTtpennsis onepatuBHas craruyeckas namsth Static RAM (SRAM) umeer
0aiTOBBIN (pOpMAT U UCHOJB3YETCS ISl ONEPATUBHOTO XpaHEHUs JaHHBIX. Pazmep
ONEPATUBHOM MAMATU MOYKET BapbUPOBATHCS y PA3IUYHBIX 4YnIOB OT 64 baut 1o 4
Kbaitt. Uncno nukiioB ureHus u 3anucu B RAM He orpaHnydeHo, HO NMpU OTKIIO-
YEHUU MUTAIOUIEr0 HamnpssKeHUsl Besl MH@opMmanusa Tepsietcs. s HeKOTOphIX
MHKPOKOHTPOJIJIEPOB BO3MOXHA OpraHM3alus MOJKIIOUYEHUSI BHEIIHETO CTATHYe-
ckoro O3V oowemom 1o 64K.

B mukpokontpomiepax AVR peanuzoBana ['apBapickas apXuTeKTypa, B
COOTBETCTBUM C KOTOPOW pa3eieHbl HE TOJIBKO aJPECHBIE IIPOCTPAHCTBA MTAMITH
MIPOTrpaMM U MaMSATH JaHHBIX, HO U IIHWHBI JOCTYIIA K HUM.

ITepudepus mukpokoHTpouiepoB AVR BKiIIOUYaeT: MOPTH BBOJA U BBIBOJIA,
MOJJEPKKY BHEIIHUX IPEPHIBAHUN, TaWMEPBI-CYETUYUKHU, CTOPOKEBOU Tammep,
aHajoroBeie Kommapatopbl, 10-paspsimubiii 8-xananeHbI  ALIl, wuHTEpdeiich
UART, JTAG u SPI, yctpoiictBo cOpoca 1m0 MOHMKEHHIO MUTAHUS, MIUPOTHO-
MMITYJIbCHBIE MOJTYJISITOPHI.

IMopTtsl BBOAa/BBIBOAA (I/0)

IToptet BBOAa/BhiBOJla AVR UMEIOT YHCIO HE3aBUCHUMBIX JIMHUN
“Bxoa/Beixon” oT 3 1o 53. Kaxnas nuHuUs mopTa MOKET ObITh 3alIpOrpaMMHUpPOBaHa
Ha BXOJ WJIM Ha BBIXOJ. MOIIIHBIE BBIXOJHBIC JpaiBEphl 00ECIIEUNBAIOT TOKOBYIO
Harpy304Hyl0 crocoOHocTh 20 MA Ha JUHUIO TOpTa (BTEKAIOIIUN TOK) MPU MaK-
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CUMaJIbHOM 3HaueHuu 40 MA, 4TO MO3BOJISIET, HAPUMEDP, HEMOCPEACTBEHHO MOJ-
KJIF0YaTh K MUKPOKOHTPOJIJIEPY CBETOMOIBI U OUIIOJISIpHBIE TpaH3UCTOPHL. OO01Ias
TOKOBas Harpy3Ka Ha BCc€ JIMHUU OJIHOTO MOPTa He JI0JKHA npeBbimaTh 80 MA (Bce
3HAYCHUSA MMPUBEJEHBI JIJIsl HANPsDKeHUs nuTaHus 5 B).

ApXHUTEKTYypHass OCOOEHHOCTh IMOCTPOEHHUs MOPTOB BBOJA/BhIBOJAa Y AVR
3aKJII0YAETCs B TOM, YTO JIJIsl K&XKI0T0 (PU3NYECKOro BbhIBOJA (ITMHA) CYIIECTBYET 3
OuTa KOHTPOJIS/YIPABJICHHS, a HE 2, KaK y paCIpOCTPaHEHHBIX 8-pa3psIHbIX MUK-
poxortposuiepoB (Intel, Microchip, Motorola u T.1.). 3TO TMO3BOJIsIET M30EKATH
HEOOXOJMMOCTHA UMETh KOIHUIO COJIEPKMMOTO TMOpTa B TAMSTH I 0€301MaCHOCTH
U TIOBBIIIIAET CKOPOCTHh PAOOTHI MUKPOKOHTPOJIIEpA TIPpH paboTe ¢ BHEITHUMHU YCT-
poiiCTBaMH, OCOOEHHO B YCJIOBUSIX BHEIIHUX JICKTPUUECKUX TTOMEX.

HpeposiBanus (INTERRUPTS)

CucreMa npepblBaHUN — OJIHA U3 BAKHEHUIIIMX YacCTEd MUKPOKOHTPOJLIEPA.
Bce mukpokoHTposuiepsl AVR MMEIOT MHOTOYPOBHEBYIO CHUCTEMY IPEPBIBAHUM.
[IpeppiBaHKE MPEKpPAIIAET HOPMAIBHBIA XOJ MPOTPaMMbI JJIsl BBIIIOJIHEHUS IMPH-
OPUTETHOM 3a7auu, ONPENEIIEMON BHYTPEHHUM WM BHEITHUM COOBITHEM.

JJi Ka’kJI0Tr0 TaKoro cOOBITUS pa3pabaThiBaeTCs OT/EIbHAS Iporpamma, Ko-
TOPYIO Ha3bIBalOT MOJAIpOrpaMMoil 00pabOTKM 3ampoca Ha mpepbiBaHue (AJis
KpPaTKOCTH — MOJNPOTPaMMON MPEPBIBAHUA), U PA3MENIAETCS B MMAMSTH IPOTPaMM.
[Ipy BO3HMKHOBEHHMH COOBITHS, BBI3BIBAIOLIEIO MpPEpPhIBAHUE, MUKPOKOHTPOJIIEP
COXpaHsSIeT COAEPKUMOE CUETUYMKA KOMAaHJ, NPEpPHIBAET BBHINOJIHEHUE LIEHTPAJIb-
HBIM TPOIIECCOPOM TEKYIIEH MPOrpaMMbl U MEPEXOAUT K BBIIOJHEHHUIO MOIIPO-
rpaMMbl 00paOOTKH MpEphIBAaHUS.

[Tocne BBIMOIHEHUS! MOANPOTPAMMBI MTPEPHIBAHUS OCYIIECTBIISIETCS] BOCCTA-
HOBJICHHE TMPEJIBAPUTEIBHO COXpAaHEHHOro cuerynka komann PC u mpoueccop
BO3BPAILAETCS K BBIIIOJIHEHUIO IPEPBAHHON TPOTPaMMBI.

JIis KaX/10T0 COOBITHSI MOKET OBITh YCTaHOBJIEH MpuopuTeT. [loHnsTHe npu-
OpUTET O3HAYaeT, YTO BBIMOJHSAEMAas MOANPOrpaMMa IMPEPHIBAHUS MOXKET OBbITh
pepBaHa APYruM COOBITHEM TOJIKO IIPH YCIIOBUH, UTO OHO UMEET O0Jiee BhICOKUI
IIPUOPUTET, YEM TEKyIllee. B MPOTUBHOM Cilydae LEHTPaJIbHbIN MPOLECCOP MEPEH-
JIET K 00paboTKe HOBOTO COOBITHS TOJIBKO IMOCJI€ OKOHYAaHUSI 00paOOTKHU Mpeibl-

JYILETO.

Taitmepsl/cueTunku (TIMER/COUNTERS)

MuxkpokonTtpoiuiepel AVR umeror B cBoem coctaBe oT 1 nmo 4 Taiime-
POB/CUETUHMKOB C pa3psAHOCTbIO 8 win 16 OUT, KOTOpble MOTYT paboTaTh U Kak
TaliMepbl OT BHYTPEHHETO MCTOYHHUKA TAKTOBOM YAaCTOTHI, U KaK CYETYMKU BHEII-
HUX COOBITHA.

WX MOXHO HCIIOJIb30BATh ISl TOYHOTO (DOPMHUPOBAHMS BPEMEHHBIX WHTEP-
BaJIOB, MO/ICUETa UMITYJIbCOB Ha BHIBOJAX MUKPOKOHTpOIUIEPA, (HOPMHUPOBAHUS T1O-
CJIEIOBATEIbHOCTH HMMIIYJbCOB, TAKTUPOBAHUS IMPUEMOINEPENATUNKA TOCIIEI0BA-
TEJIBHOIO0 KaHaJa CBA3M. B pexnme mmMpoTHO-mMmyiabcHOW Monymsunu [HINUM
(PWM) TtaiiMep/cueT4rK MOXET MPEACTABIATh COOON MIMPOTHO-UMITYIBCHBIA MO-
OyJIATOP W MCHOJB3YETCSA JUIsl TE€HEPUPOBAHUS CUTHAJIA C MPOrpaMMUPYEMbIMU
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YaCTOTOW U CKBaKHOCTBIO. TaliMephl/cueTYnKH CIOCOOHBI BHIPA0ATHIBATh 3aMPOCHI
IpephIBaHUM, MEPEKII0Yasi MPOIecCCOp Ha UX OOCIyKUBAHHUE MO COOBITUSIM U OC-
BOOOXK/1ast €ro OT HEOOXOUMOCTHU MEPUOIUYECKOTO OMPOCA COCTOSIHUS TaMEPOB.
ITockoIBbKY OCHOBHOE NPUMEHEHHE MHUKPOKOHTPOJIIEPHI HAXOIAT B CUCTEMAX pe-
aJIbBHOTO BPEMEHHU, TaMEphI/CUETUMKU SIBISIOTCA OJHUM M3 Hauloyiee Ba)KHbBIX
DJIEMEHTOB.

Cropo:xeoii Taiimep (WDT)

Cropoxesoii Taitmep (WatchDog Timer) mpemnasHadeH sl IpenoTBpalie-
HUS KaTacTpOPUUECKUX MOCIEACTBUI OT CIydyalHbIX cO0eB nmporpaMmbl. OH nMe-
eT cBoil coocTtBeHHbI RC-reneparop, padoraromuii Ha wactote 1 MI't. Kak u st
OCHOBHOTO BHyTpeHHero RC-reneparopa, 3Hauenre 1 MI'1 siBisieTcst mpuOIM»KeH-
HBIM M 3aBUCHUT TPEXKAEC BCETO OT BEIWYMHBI HANPSOKEHUS MUTAHUS MUKPOKOH-
TpoJuiepa U OT TemnepaTtypsl. Taiimep cHa0XeH CBOUM COOCTBEHHBIM MpEIeIUTe-
J€M BXOJHOW YacTOThI C MPOrpaMMUPYEMBIM KO3()PUIMEHTOM JelieHus, 4To Io-
3BOJISIET TOJCTPaMBaTh BPEMEHHOM HMHTEpBaj MNEpPENOJIHEHUsl Talimepa u cOpoca
MUKPOKOHTPOJLIEPA.

W nest ucnosib30BaHus CTOPOKEBOTO TaliMepa MPEAEIbHO MPOCTA U COCTOUT B
PETYJISIPHOM €ro cOpachlBaHUHU IO YIIPABICHUEM NPOTrPaMMbl WM BHEIIHETO BO3-
JNEHCTBUS 1O TOTrO, KaK 3aKOHYUTCS €ro BbIJEPXKa BPEMEHU U HE MPOM30MIET
copoc mporeccopa. Ecnu mporpamma padoTaer HOpMaidbHO, TO KOMaHAa cOpoca
CTOPOKEBOr0 TaliMepa JOJKHA PETYJISPHO BBINOJIHATHCA, MPEAOXPAHSS TOLIECCOP
oT cOpoca. Eciu jxe MUKpOIpOIIeCCOp CAyYaiiHO BBIMIEI 3a MPEIebl MporpaMMBbl
(HanpuMep, OT CUJIbHOM MOMEXHU MO UENU MUTaHUs) JTUO0 3aIUKIUICS Ha KaKOM-
aM00 ydacTKe MporpaMMbl, KOMaHJa cOpoca CTOPOKEBOro TaliMepa CKOPEE BCEro
He OyJeT BBINOJIHEHA B TE€YEHHE JOCTATOYHOIO BPEMEHU M MPOU30MAET MOJIHBIN
cOpoc mporeccopa, MHUIHATU3UPYIONTUN BCE PETUCTPBI U IPUBOISIINN CHUCTEMY B
pabouee coCcTOsHUE.

Anasnorosbiii komnapartop (AC)

AmnanoroBeiii kommnapatop (Analog Comparator) cpaBHUBaeT HANPSKEHUS
Ha JIBYX BbIBOJlaX (MHMHAX) MHUKPOKOHTposuiepa. PesynmbraTom cpaBHEeHHs OyneT
JIOTHYECKOE 3HaYCHHE, KOTOPOE MOKET OBITh MPOUUTAHO U3 MPOTPAMMBI.

BbIxol aHanoroBoro KOMIiapaTopa MOKHO BKJIIOYUTH Ha MPEPHIBAHUE OT
aHajoroBoro Kommapartopa. lloib3oBaTenb MOXET YCTaHOBHUTH CpadaTbIBaHHE
IpepbIBaHUs MO HapacTaloleMy WM crHajaronieMy (poOHTY WIHM MO MEepeKIoye-
Huto. [IpucyrcrByeT y Bcex coBpemeHHbIX AVR, kpome Mega8515.

Anajsioro-ungposoii npeodpaszosaresib (A/D CONVERTER)

Amnanoro-mmudpoBoii npeodpazoatens (ALIl) coyxut ang nmomydeHus: 4u-
CJIOBOT'O 3HAYCHHMSI HANPSIKEHUS, MOJAHHOIO Ha €ro BXOJ. DTOT pe3ysbTaT coXpa-
Hsaercs B peructpe nanHbix AL Kakoli u3 BbIBOJIOB (IIMHOB) MUKPOKOHTPOJLIIEpA
oyner aBasaTbes BxonoM AlLILL, ompenensieTcss yucaom, 3aHECEHHBIM B COOTBETCT-
BYIOILIMM PETUCTP.
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YHuBepcajabHblil nociaenoBareabHblii npuemonepenatyuk (UART nian
USART)

YHUBEpCWIbHBIA ~ ACMHXPOHHBIM WM YHUBEPCAJIbHBIA  CHUHXPOH-
Ho/acuHXpoHHBIM npuemonepenatyuk (Universal Synchronous/Asynchronous
Receiver and Transmitter — UART wunu USART) — ynoGHbIii U ipocToi mocneno-
BaTeNbHBIN WHTEpQEhc sl opraHu3alud HHPOPMALMOHHOTO KaHajla oOMeHa
MUKPOKOHTpOJUIepa ¢ BHEIITHUM MHUpoM. CriocoOeH paboTaTh B IYIUIEKCHOM pe-
*uMe (OJHOBPEMEHHAs Iiepeiaya U MpueM JaHHbIX). OH MOJAepKUBAET MPOTOKOI
craggapra RS-232, 4ro obecnieunBaeT BO3MOKHOCTh OpPTaHU3AIUH CBSI3U C TIEPCO-
HaJbHBIM KoMIbIOTEpOM. (/{51 cTthikoBkM MK u koMmbroTepa 00s13aTesibHO MOHA-
NOOUTCS CXeMa COMPSKEHUST YPOBHEW CUTHAJIOB. JlJIsl 3TOro CyHmIECTBYIOT CIIELU-
allbHbIE MUKpPOCXeMbI, Hartpumep MAX232.)

HocaenoBarenbHblii nepudepuiinbiii naTep@eiic SPI

[TocnenoBarenvHbll  niepudepuiinbiii  TpexnpoBoaHbd uHTEpdeiic  SPI
(Serial Peripheral Interface) npennasHaden A opraHU3alMl CHHXPOHHOTO 00OMe-
Ha JaHHBIMH MEXIy NByMs ycTpoiictBamu. C €ro momoIlbi0 MOXKET OCYIIECTB-
JSATHCA OOMEH JaHHBIMH MEXIAY MUKPOKOHTPOJUIEPOM U PA3IUUYHBIMU YCTPOUCT-
BaMHM, TaKMMHU, Kak 1udpossie nmoteHmomerpsl, LIATT/ALIL, FLASH-TII3Y u ap. C
MOMOIIBIO ATOT0 MHTEpdeiica yao0HO MPOU3BOAUTh OOMEH JaHHBIMU MEXY He-
cKkoibKuMH MHKpOKoHTpoimiepamu AVR. Kpome Toro, uepe3 unrepdeiic SPI mo-
KET OCYIIECTBISIThCS MPOTPAMMHUPOBAHIE MUKPOKOHTPOJLIEpa.

J(BYyXnpoBoaHoii nmociaenoBareJabHblil uHTepdeiic TWI

JIByxmpoBoaHoi mocnenoBarenbHbii uHTepdeiic TWI (Two-wire Serial
Interface) aBnsieTcst monHbIM aHasioroM 0a3oBoil Bepcuu uHtepdeiica [12C (aByx-
MPOBOJIHAS JABYHAarnpaBiieHHas muHa) Gupmel Philips. 9toT untepdeiic nmozpomnser
00BeAMHUTHL BMeCTE J10 128 pa3IMuHbIX YCTPOUCTB C TOMOIIBIO IBYHAIIPABICHHOM
IIMHBI, COCTOAIIEH M3 TUHUHU TakToBOTO curHaia (SCL) u nuHum nanusix (SDA).

HNurepdeiic JTAG

Joint Test Action Group — crnenraIu3UPOBAHHBIN alMapaTHIN HHTEPEIIC,
pa3pabOTaHHBIN 1T TECTUPOBAHHS COOpPaHHBIX TEYaTHBIX IUIaT. Pa3paboTan
rpynmnou BeaylUX CHEHUATUMCTOB IO MpoOJeMaM TECTUPOBAHUS SJIEKTPOHHBIX
KOMITOHEHTOB. M3-3a mmpokoi (yHkuroHanbHOCTH JTAG cTayn ucnonb3oBaThCs
JUIsL OTHaAKU U niporpammupoBanus. Ha gannsiii moment JTAG-untepdeiic npu-
MeHseTCs Mpu nepudpepuiiHOM CKaHUPOBAHUU (TECTUPOBAHUM IEUYATHBIX IJIAT C
YCTAHOBJICHHBIMHM HAa HHUX IIPOLIECCOPAMM HA HAJIMYME B LEMSX KOPOTKUX 3aMbIKa-
HUM, Henponaek, 3anaganuid Ha 0 uim 1). Yopasnenue JTAG-unrepdeiicom onu-
ceiBaeTcs B T. H. BSDL-(aiine, koTopsiii npegocTaBisieTcsi pa3paboTIMKOM KaK-
JIO¥ KOHKPETHOM MUKPOCXEMBbI. B OOIBIIMHCTBE CitydaeB 3T (aiiiibl HAXOIATCS Ha
caiite mpousBoauTenss Mukpocxembl. utepdeiic JTAG Obut 3aperucTpupoBaH B
kauecTBe mpombinuieHHoro crangapra IEEE Std 1149.1-1990. YetsipexmpoBoa-
Helii uaTepdeiic JTAG ucnonb3yercs Ui TECTUPOBAHUS MEYATHBIX IIAT, BHYTPH-
CXEMHOM OTJIAAKH, IPOrpaMMHUPOBAHNUS MUKPOKOHTPOJIIIEPOB. MHOrME MUKPOKOH-
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Tposuiepsl cemeiictBa Mega nmerotr coBmectumblii ¢ IEEE Std 1149.1 unTepdeiic
JTAG umun debugWIRE nns BctpoenHo#t otiaaku. Kpome Toro, Bce MUKpPOKOH-
TpoJuiepbl Mega ¢ pidiI-namsaTeio eMKOCThi0 16 KOalT U GoJjiee MOTYT IIporpam-
MupoBaThcs yepes unrepdeiic JTAG.

Mogayas 3arpy3ku ISP

Moy 3arpy3Ku WM MOJYJb BHYTPUCXEMHOTO nporpammupoBanus (ISP-
In-System Programmability) siBisieTcst OCHOBHBIM CITOCOOOM IPOrpaMMHUPOBAHUS
MHKPOKOHTPOJIJIEPOB M NMPOrPAMMHUPYEMBIX JIOTUMECKUX WHTETPAIBHBIX CXEM M
npyrux ycrpoicts ¢ namaTeio Flash unin EEPROM. Moaynps ucnonb3yer Kakoii-
au00 cTaHAApTHBIA MHTEpPQEIC, BCTPOSHHBIA B MPOTrPAMMUPYEMYI0 MUKPOCXEMY
JUTSL TIOCTIEA0OBATENIBHOTO 3aHECEHHSI B HEE KOJOB MPOrpaMM WM TpeOyeMbIX JaH-
HBIX.

BHyTpeHHMH TAKTOBBIA reHEPaTOpP

TakToBbII TeHepaTOp BbIpaOaTHIBAET UMITYJIBCHI JJII CHHXPOHU3AIUU pado-
ThI BCEX Y3JIOB MUKPOKOHTpoJuiepa. BHyTpeHHull TakToBBIi renepatop AVR mo-
KET 3aIyCKaThCAd OT HECKOJIbKUX MCTOYHUKOB ONOPHOM 4acTOTHI (BHELIHUI reHe-
partop, BHEIIHUI KBAapLEBbI PE30HATOP, BHYTPEHHs nin BHeHAS RC-1ienouka).
MuHuManpHas JI0MyCTHUMasi YacTOTa HUYEM HE OrpaHuyeHa (BIUIOTH JO MOIIAro-
BOro pexuma). MakcumanbHas pabodasi yacTOTa ONpPEAENSIeTCs] KOHKPETHBIM TH-
IIOM MHUKpPOKOHTpOJUIEpa M yKa3blBaeTcs Atmel B ero xapakTepUCTHKaX, XOT
npakTudecku 00 AVR-MHUKpPOKOHTpOJIIEp C 3asBICHHON paboyell 4acTOTOMH,
Harpumep, B 10 MI'l mpu KOMHATHOM Temmeparype JIETKO MOKET ObITh “‘pazo-
rHan” g0 12 MI'n u Bbie. Mukpokontposiep ATtinyl5L. On comepxut 0ok
PLL nns anmapaTHOro yMHOKE€HHMSI OCHOBHOM TakTOBOM 4acToThl B 16 pa3. Ilpu
HOMUHAJIBHOM 3HaueHuH nocienneit 1,6 MI'u nomydaemasi BcnoMoraresibHas Ie-
pudepuitnas yactota paBHa 25,6 MI'1. 3ta yacToTa MOXKET CIY>KUTh UICTOUHUKOM
JUIsL OHOTO M3 TaliMEpOB/CYETYUKOB MUKPOKOHTPOJIIEPA, 3HAYUTEIBHO MOBBIIIAS
BPEMEHHOE pa3pelIeHre ero padoThl.

Cucrema peanbHoro spemenn (RTC)

RTC (Real Tie Clock) peann3zoBana Bo Bcex MUKpOKOHTpoJuiepax Mega u B
HEKOTOpbIX Kpucrtamiax “classic”. Taitmep/cuerunk RTC nmeer oTaenbHbli npea-
JEIUTEIb, KOTOPBIM MOXKET OBbITh MPOIPAMMHBIM CITOCOOOM MOAKIIOYEH MU K HC-
TOYHUKY OCHOBHOM TaKTOBOW YAaCTOTHI, WJIU K JONOJHHUTEIBHOMY ACUHXPOHHOMY
MCTOYHUKY OMOPHOW YacTOThI (KBApPLEBbI PE30HATOP WUJIM BHEIIHUA CUHXPOCHT-
Hai). g »Tol 1enu 3ape3epBUPOBAHBI JIBa BBIBOJA MHUKPOCXEMbl. BHyTpeHHUN
OCLIWJIISITOP ONTUMHU3UPOBAH JJisi pa0OThI C BHEIIHUM ‘‘H4aCOBBIM™ KBApLEBBIM pe-
3oHaTOpoMm 32,768 kI'1I.

B mocneaneit Hoparuu cemerictBa AVR-8 — 8/16-pa3psgHom moaceMeincTse
ATxmega, npu HATUIUH TOTO KE SAapa U 00IIel apXUTEKType, KpOMEe YCOBEPIIICH-
CTBOBAHHBIX TalIMEPOB /CUETYMKOB U YCTPOUCTB aHAJIOTOBOTO UHTEp(eiica, BCTpe-
YarOTCs MPUHIUMITHAIBHO HOBBIE nepuepuitHbie OJIOKH:



16

1) Cucrema ympaBiieHUs COOBITHSMU Uil pa3rpy3Kd MpoIeccopa oT mepe-
CBUIKHM CUTHAJIOB Mex 1ty Omokamu MK.

2) KoHTpoJsuiep npsiMOro J0CTyra K MaMsTH - OPUEHTUPOBAH Ha MEPECHUIKY
MAaKeTOB JaHHBIX MexXay O1okamu MK 6e3 ydactus nporneccopa.

AVR (QyHKIIMOHUPYIOT NMPU HANPsOKEHUSAX muTaHus ot 1,8 mo 6,0 Bombr.
Tok notpebiieHHs B aKTUBHOM PEXHME 3aBUCUT OT BEJIMYMHBI HANPSHKEHUS MTUTA-
HUSl ¥ 9aCTOTHI, HA KOTOPOH paboTaeT MUKPOKOHTPOJIJIEpP, U COCTaBIsieT MeHee 1
MA st 500 kI'm,5 ... 6 MA o1 5 MI'mu 8 ... 9 MA s gactotel 12 MI'm. AVR
MOTYT OBITh TIEPEBEACHBI MPOTPAMMHBIM ITyTEM B OJIUH M3 TPEX PEKUMOB IOHH-
YKEHHOT'O SHEPronoTPEOICHHUS.

Pexxum xos10ctoro xoga (IDLE). ITpekparniaer paboTy TOIBKO MpOIECCOp U
(buKcUpyeTcs COAEP)KUMOE MaMSTH JAHHBIX, & BHYTPEHHUN TE€HEpaTop CHUHXPO-
CUTHAJIOB, TallMEphl, CUCTEMA IPEPHIBAHUN U CTOPOKEBOW TalMEP MPOJOJIKAOT
dbyHkunonupoBath. Tok nmoTpediaeHus He mpeBbimaet 2,5 MA Ha yactore 12 MI.

Cronosbiii pexum (POWER DOWN). Coxpansiercst coaepKuMoe peru-
cTpoBoro ¢aiaa, HO OCTaHABIMBACTCS BHYTPEHHUN T'€HEpPaTOp CHUHXPOCHUTHAJIOB,
W, CJEJ0BATENIbHO, OCTAaHABJIMBAIOTCS BCE (PYHKIMHU, MOKA HE TMOCTYMUT CUTHAJ
BHEIITHETO MPEPhIBAaHUS WK anmapaTHoro copoca. [Ipy BKIIOUEHHOM CTOPOKEBOM
TaliMepe TOK MOTPEOJICHUS B 3TOM PEKUME COCTaBIIIET 0KOJIO 80 MKA, a MpH BbI-
KIIFOUeHHOM — MeHee | MKA. (Bce npuBeneHHbIe 3HAYEHUS CIIPaBEIMBBI ISl Ha-
npsbKeHus nutanus 5 B).

Ixonomuunblii pexum (POWER SAVE). [Ipoaomxaer pabotaTh TOJIBKO
reHeparop TaiiMepa, 4To 00ecreyrMBaeT COXpPaHHOCTh BpeMeHHOW 0a3bl. Bce oc-
TaJibHbIEC (DYHKIIUU OTKIIFOYECHBI.

Copoc npu cHuxeHun Hanpsikenusi nuranus (BOD). Cxema BOD
(Brown-Out Detection) oTCleKHMBaeT HaNpsHKEHWE HUCTOYHMKA muTanus. Ecmu
CX€Ma BKJIIOUYEHA, TO MPU CHUKEHUU MHUTAHUS HUKE HEKOTOPOrO 3HAYECHUS OHA
NEPEBOJUT MUKPOKOHTPOJIEP B cocTosiHUE cOpoca. Korga HampsikeHHe MUTaHUS
BHOBb YBEJIMYMUTCSA 1O MOPOrOBOIO 3HAUEHMS, 3aIyCKAETCA TalMep 3aJep KKu
copoca. Ilocne ¢popMupoBanus 3a/Iep>KKM BHYTPEHHHUM CUTHAT cOpoca CHUMAETCS
Y IPOUCXOJIUT 3aITyCK MUKPOKOHTpOJLIEPA.

B otuere npeacrasuts:
1. Ctpykrypnyto cxemy MKK ATTiny 2313;
2. HaznaueHne OCHOBHBIX 3JIEMEHTOB CTPYKTYPHOM CXEMBI.

3aoanue 1.3. Ilpozpammuan mooenvs MUKpoKOHmMpoiepa

[IporpamMMHass Mojaenb MHUKpPOIIpOLIECCOpa MPENCTaBIseT cOOONW COBOKYTI-
HOCTb IIPOTPAMMHO JOCTYIIHBIX PECypcoB. B mporpamMHyr0 MoOzaeinb MUKPOKOH-
TpoJuiepoB cemerictBa AVR Bxoast POH, peructpsl BBOJ1a-BbIBOAA, MAMSITh MPO-
rpamMM, ONEPaTUBHAS MaMATh JTAHHBIX U YHEPrOHE3aBUCHUMAs ITaMSTh JaHHBIX, KO-
TOpbIE NIOKa3aHbl Ha puc.l.2.
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15 0 0 0
$0000 RO (30000) $0060
PercTphI L N| BuyTtpeHHs
N 06IIIETo —— /| omnepaTuBHaA
ITamaTe V| HasHauenns <:: ML
IPOTPAMM (32 x 8) JIAHHBIX RAMEND
R31 ($001F) RAMEND+1
FLASHEND
Brenmsa
l 0 l 0 oInepaTUBHAS
$00 $00 ($0020) I .
N Per IIaMATh
DHeprone3aBUCHUMAad /] CIUCIpLL JTAHHEIX
IaMATh JITAHHBIX /I—_I_ BBO'?BEILII:(EISE;OHE[
N1
$5F | $3F ($005F) XRAMEND
; Ennroe ajpecHoe 1poct paHeT BO

Puc.1.2. ITporpammuas mozaens AVR koHTpoiiepa

POH (RO...R31) MoryT ucnonb3oBaTbCs B Mporpamme sl XpaHEeHUs AaH-

HBIX, aJJPECOB, KOHCTAHT U JIpyroil uHpopmanuu. lllectb crapmmx perucTpoB 00b-

€IUHEHBl IIOMApPHO M COCTAaBIAIOT Tpu 16-paspsamubix peructpa X[R27:R26],
Y[R29:R28] u Z[R31:R30] (puc.1.3).

POH, peructpsl BBOJIa-BbIBOAA U ONEPATUBHAS MaMsTh JaHHBIX 00pa3yroT

€IMHOE aJPECHOE IIPOCTPAHCTBO. AJPECHOE IPOCTPAHCTBO — 3TO MHOKECTBO JOC-

TYHHBIX SYEEK MaMATH, Pa3IMYUMBIX IO aape-

RO caM; agpecoM Ha3bIBACTCsA YUCIIO, OJHO3HAYHO
a UJACHTUDUIIMPYIOIIEEe SUCUKYy maMsITH (pe-
B TUCTP). AJpeca sUeeK IMaMsATH TPAJTUIIMOHHO
e T 3alUCHIBAIOTCS B IIECTHAAUATEPUYHON CHUCTE-
R27 XH X Me CYHCIICHHUS, Ha 9YTO YyKa3blBaeT 3HaK $ B
R28 YL ¥ 0003HaYEHUU ajpeca.
ggﬁ ;E CymiecTByeT J1B€ KOHPUTYpalUU €QUHO-
R31 71 Z ro aJpecHoro mnpocTpaHcTtBa mamsaTd AVR-

MUKpPOKOHTpOJUIepoB. B kondurypanum "A"
mitaamue 32 aapeca ($0000...$001F) coorBet-
cteytor POH, cneagyromme 64 aapeca
($0020...$005F) 3aHuMaroT perucTpbl BBOJA-BBIBOJA, BHYTPEHHSS OTICpAaTUBHAS
namsTh JaHHBIX HauuHaeTcs ¢ aapeca $0060. B korduryparnuu "B" HaunHas ¢ aj-
peca $0060 pa3mematores 160 TONMOTHUTENEHBIX PETHCTPOB BBOAA-BBIBOJIA; BHYT-
PCHHSISI OTIepaTUBHAsS IMaMATh JaHHBIX HaunHaeTcs ¢ anmpeca $0100. Kondurypa-
uust AUCIIONb3yeTcsd B MIIAJIIIMX MOJIENAX MHUKPOKOHTPOJUIEPOB M B HEKOTOPBIX
CTapIINX MOJAENSAX B PEXKUME COBMECTUMOCTH C MOJIEIISIMU, CHSITBIMU C IPOU3BOI-
cTBa; KoH(purypamus B — B cTapmux Moaemnsix.

B nmamsTe nporpamMm, KpoMe COOCTBEHHO MPOrpaMMbl, MOTYT ObITh 3armuca-
HbI MOCTOSIHHBIE JAaHHBIE, KOTOPbIE HE M3MEHSIOTCS B Mpoliecce padoThl MUKPO-

Puc.1.3. Peructpsl Mukpo-
koHTpoJuiepa AVR
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MIPOIIECCOPHONM CUCTEMBI (KOHCTAHTHI, TAOJIUIIBI JIMHEAPU3AINH TaTYUKOB U T. TI.).
BrlnonHeHre mporpaMMbl MPU BKJIIOYEHUHM MUTaHUS WM Tocie cOpoca MUKPO-
KOHTpOJIJIEpa HauYMHACTCsl C KOMaHbl, Haxomasmekics mo aapecy $0000 (t. e. B
MEepBOM SUCHKE) TaMATH MPOrPaMM.

DHeproHe3aBUcUMasl MaMsATh JAHHBIX TpeJHA3HAuYeHa JUIsl XpaHEHUS WH-
dbopmanu, KOTOpas MOXKET H3MEHATHCS HEMOCPEICTBEHHO B Ipoliecce paboTh
MHUKPOIIPOIIECCOPHON CUCTEMBI (KaauOpOBOUYHbIE KOA(DPUIIMEHTHI, KOHPUTYypaIiu-
OHHBIC TMapaMEeTPhl U T. I.). DHEPTOHE3aBUCUMAs TIAMSATh TAHHBIX UMEET OTAEIb-
HOE aJPECHOE MPOCTPAHCTBO W MOXKET OBITh CYMTAHA W 3alMCaHa MPOTPaMMHBIM
IIyTEM.

B ortuere npencraBuTh:

1. IIporpammuyto mogens MKK ATTiny 2313;

2. YTO4YHEHHBIE MapaMeTpbl AJIEMEHTOB IPOTPAMMHOM MOJEIU: Pa3Mephl
TUIIOB TaMATH, Pa3psIHOCTb PETMCTPOB, CUETUYMKA KOMAaH[, yKas3aTelsl CTeKa U
T.J..

Bonpocwt 0na camoxkonmpons

1. Yem ornnuaercs "ctpykrypa" ot "apxuTekTypsl"?

2. Kakue BHeniHue ycTpoucTBa MOTYT OBITh B COCTaBE MUKPOKOHTpPOJLIE-
pa?

3. Kakwue Tunbl naMsTi €CTh B MUKPOKOHTPOJUIEPE M KAKOBO MX Ha3HaYe-

Hue?

KakoBo Haznauenue unrepdeiica SPI?

Jns wero cozmaercs Moaynb 3arpy3ku [SP?

Kak ucnonb3yroTcsi perucTpbl 00111er0 Ha3HAYCHH S ?

KakoBo Ha3HaueHHEe aHAJIOroBOro KoMmaparopa?

KakoBo Ha3HaueHHeE MOCIEA0BATEIBLHOIO PUEMONEepeIaTunKa?

KakoBo Ha3HaueHue nocaeaoBaTeapHoro nuarepderica TWI?

0 YUTo BXOIUT B COCTAB MPOTrpaMMHON MOJIEJIM MUKPOKOHTpoOJiepa?

SeeNave
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2. YHPABJIEHUE IOPTAMU MUKPOKOHTPOJIVIEPA

geﬂb.‘

1. YroyOuTh 1 3aKpenuTh TEOPETUUECKUE 3HAHUA IO MPHUHIIUIIAM MTOCTpPOe-
HUA U pabOThI CIELMAIN3UPOBAHHBIX KOHTPOJIEPOB;

2.

HpI/IO6pCCTH MMPAKTHYCCKUC HABBIKK CaMOCTOATCIIBHOTO YIIPABJICHUA

OpTaMu KOHTPOJLJIEPA;
3. CoBepllIeHCTBOBATh HABBIKK aHaNM3a, 0000IEHUSI U CUCTEMaTH3alluH T10-
JYYEHHBIX pe3yJbTaTOB, HABBIKU COCTABIICHUS U O(POPMIICHUSI OTYETHBIX MaTepHa-
JIOB, HABBIKM TOYHOTO M JIAKOHUYHOT'O MPEICTABICHHUS JIOKIJIaJJ0OB Ha BOMPOCH TEX-
HUYECKOr0 XapaKTepa.

AN e

Yueonwvie sonpocwi:

2.1. IlporpamMmmHasi MoJiesib TOPTOB MUKPOKOHTPOJLIEPA;
2.2. CriocoObl ajipecalivy OnepaHioB;
2.3. Pa3zpaboTka nporpaMmbl yIpaBJIeHUs IOPTaMHU.

JJumepamypa 0,151 n0020MOEKU K 3AHAMUIO

1.

2.

benos A.B. Co3naem yctpoiicTBa Ha MUKpokoHTposuiepax. - CI16.: Hay-
Ka 1 TexHuka, 2007. - 304 c.
Esctudeer A.B. Mukpoxontposiepsl AVR cemeiictBa Tiny. PykoBo-

JICTBO ToJib30oBarens. - M.: M3pgarensckuii gom [omdka-XXI, 2007. -
432c.

. Peenu 1O.B. IlpakTuueckoe MporpaMMUpPOBaHUE MUKPOKOHTPOJUIEPOB

Atmel AVR na sa3eike accemOmepa. CII6.: BXB-IlerepOypr, 2011. -
352c.
Eropos A.A. u np. [IporpammupoBaHre MUKPOKOHTPOJUIEPOB CEMENCTBA

AVR. VYuebno-meroguueckoe mocodbme. - M.:. MzmarensctBo MAU,
2004. - 72c.

Cooepricanue omuema

1. Ha3Banue paboThI.
2. Hazpanue kaxaoro y4eOHOro BOIpOca M KpPaTKUH KOHCIEKT B 0O0beme
NPaKTUYECKUX 3aJJaHUI IO BOIIPOCY.

Bonpocwt o151 noozomoexku Kk 3anusamuio

Anaroput™m paboThl IIEHTPAIBHOTO IIPOLECCOPa;

[TpunHIMTIEI pabOTHI ONIepaTuBHOM amsTy U Flash-mamsitu;
XapakTepucTuka rapBapackoit u pon-HeliMaHOBCKOM apXUTEKTYP;
B uem otimmumne CISC u RISC cTpykTyp cucTemMbl KOMaHT;

Yewm i1 mpoueccopa sABIAETCS MOpT?

B ueMm oTiinuune oOpalieHuil npoueccopa K nopTy u namsatu?

AKmyaabHoCcnb 3aHamus
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CnenkoHTpoIiep SBISIOTCS OCHOBHBIMU YCTPONCTBAMH, OCYIIECTBISIONIMM
yhpaBiieHHe U 00pabOTKy JaHHBIX B CUCTEMax yrpaBiieHus. Pabota ero B pexxume
BKJIIOYEHHUS] M BBIKJIIIOUEHMS] HArpy3Kd SBIsieTCS 0a30BOM, Takue alrOpUTMBbI
UCIIOJIb3YIOTCSl TPAKTUYECKH BO BCEX CUCTEMAX.

3aoanue 2.1. Ilpozpammuan mooeib nopmoe MUKpOKOHmMpOiepa;

W3yunth nporpaMMHyto Mojenb napamuienbHeix moptoB MKK ATtiny2313 ¢
LEJIBI0 IPAKTUYECKOTO UX IPOrPaMMHUPOBAHUSL.

B ortuere npencraBuTh:

1. IIporpamMmMHYy¥0 MOZIENIb TTOPTOB;

2. Anpeca nopTos;

3. Ha3HaueHue perucTpoB MOpTOB.

Ha3navyeHue u BO3MOKHOCTH NOPTOB AVR

ITopter BBOma/BeiBoga (I/0) AVR uMEIOT YHCIO HE3aBUCHUMBIX JIMHUN
“Bxoa/Beixon” ot 3 no 53. Kaxknas auHUS MopTa MOXKET OBITh 3alpOrpaMMHUPOBaHa
Ha BXOJl UJIM HA BbIXOJl. MOIIIHBIE BBIXO/HbBIC JApaiiBepbl 00€CIIEUYNBAIOT TOKOBYIO
Harpy304Hyl0 crocoOHocTh 20 MA Ha JMHUIO MOpPTa (BTEKAIOIIUN TOK) MPU MaK-
CUMaJbHOM 3HaueHuU 40 MA, 4TO MO3BOJSET, HAIPUMEDP, HEMOCPEICTBEHHO MOJ-
KJIF0YaTh K MUKPOKOHTPOJIJIEPY CBETOIUOABI M OUTIOJISIPHBIE TpaH3UCTOPBI. O01Ias
TOKOBas Harpy3Ka Ha BCc€ JIMHUU OJHOTO MOPTa He JI0JKHA npeBbimaTh 80 MA (Bce
3HA4YCHUS IPUBEICHBI JJIs1 HANIPSDKEHUS TuTanus 5 B).

ApXHUTEKTypHass OCOOEHHOCTh IMOCTPOEHUs MOPTOB BBOJAA/BbIBOJAa Y AVR
3aKJIFOYAETCs B TOM, YTO JIJISl K&XKJIOTO (PU3NYECKOro BhIBOJA (ITMHA) CYIIECTBYET 3
OuTa KOHTPOJIS/YyIIPABJICHHS, a HE 2, KaK y PaCIpOCTPaHEHHBIX 8-pa3psIHBIX MHUK-
poxontposuiepoB (Intel, Microchip, Motorola u T.1.). 3T0 TMO3BOJsIET M30EKATH
HEO0OXOJMMOCTA UMETh KOIHIO COJIEPKMMOTO TMOpTa B MaMsTH JJIsi 6€30MacHOCTH
U TOBBIIIAET CKOPOCTh PaOOThI MUKPOKOHTpPOJIJIEpa P paboTe ¢ BHEITHUMHU YCT-
poiicTBaMu, 0OCOOCHHO B YCJIIOBHSIX BHEIIIHUX AJICKTPUUECKUX MTOMEX.

[Toptet AVR mmerot cnenyrommue 0COOEHHOCTH:

1. ITpuem u Bbimauy gaHHbIX (s Tiny 6-20 BbIBOJOB, st Mega - 23-86
BBIBOJIOB);

2. IIporpaMMHOro W3MEHEHUS

Usx
HaIpaBJICHUS TIepeadHu; Ue
3. Hannuwne tpurrepos IlImut- T —e PN At
Usx Usbix  UoTn
Ta Ha BXOJAaxX, 4YTO OOecneuyumBaeT 1 1
BOCCTaHOBJICHUE MPSIMOYTOJIbHOM ROG UBbIX |+
(GhOpMBI CUTHAJIOB TOCJIE MCKAKCHUS R1 t
B JIMHUSX CBs3M (puc.2.1); -

4. B03MOXHOCTb MpPOTrpaMM-
HOTO TOJKJIFOUEHUS MOATITHUBAIOILIe-
IO pe3nuCTopa, 4TO YNPOLIAeT CXeMY

Puc.2.1. JIluarpamMmmbl paboThI TpUTTEpA
[IImutTa
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Y YBEJIIMYMBAET THOKOCTH YIIPABICHUS;

5. [IporpammHoe yripaBieHUE OTAEIbHBIMA OUTaMHU MTOPTOB;

6. CoBMmelieHre BO3MOKHOCTH BBO/A-BBIBOJIA U (DYHKIIUI ympaBlieHUs JJIs
BbIBOI0B IMC, 4TO Tak»ke opraHu3yeTCsi IpOrpaMMHO.

IIporpammuas moaens nopTtoB AVR

B AVR-MUKpPOKOHTpOJUIEpax B 3aBUCUMOCTH OT THIIA UMEETCS OT ABYX JI0
IIECTH YHUBEPCAJIbHBIX JABYHAIIPABICHHBIX TOPTOB BBOAA-BbIBOJA (TIOPTHI A...F),
COJIEpIKAILMX CEMb MM BOCEMb CUTHAJBHBIX JIMHUM, KOTOPBIE COEUHEHBI C COOT-
BeTcTByromMMH BbiBOogamMu bUC mukpokontposiepa. Hanmpumep, B MHUKPOKOH-
tposutepe ATTiny2313 umeercs tpu nopra A, B, u D. CurnansHele TuHANA OPTA
A o6Oo3navatorcs PAO0...PA7, mopra B — PB0...PB7 u 1. a1 /Jua MKK
ATtiny2313 ¢popmaThl napamieabHbIX TOPTOB MOKa3aHbl HA PUC.2.2.

C KaxIpIM IOPTOM CBSI3aHBI TPU PETUCTPA BBOAA-BBIBOJIA!

- PErucTp HaIpaBJIECHUS Iepe-
nmaun gaHHeIX DDRx. OH 3amaer Ha- A [=]=T1=1T—-1-1T2]110]
MpaBJICHUE TEpPeAauyd JaHHBIX MO
KS}KILOI?I CI/IFHaJII)BHOP'I JVHUU TI0pTa B [7l6]s]4f3[2]1]0]
(0 — pa3psin ucnonb3yeTcs AJid BBOJIA D
JAHHBIX, | — 1J1s1 BEIBOAA TAHHBIX);

- Ppeructp JaHHbBIX I[IOpTa Puc.2.2. ®opmaThl peruCTPOB
PORTx. On mo3BojisieT 3ajaBaTh ATtiny2313
COCTOSIHUE CUTHAJIbHBIX JIMHUH MOP-

Ta MpHU BbIBOJIC UH(POPMAITUH;

- peructp BbIBOJOB nopra PINX. OH 103BOISI€T CUUTHIBATh COCTOSIHUE CHUT-
HaJBHBIX JIMHUM MOpTa MpU BBOJIE HH(OpMAIUu.

s MKK ATtiny2313 uMmena u agpeca Takux IMOPTOB CIEAYIOIIHE:

[—[6]5]4f3]2]1[0]

PORTA=$1D PORTB=$18 PORTD=$12
DDRA=$1A DDRB=$17 DDRD=$11
PINA=$19 PINB=$16 PIND=$10

C nomol11bl0 YKa3aHHBIX PETUCTPOB peaIn3yeTcs: TpedyeMblid TPOTOKOI 00-
MEHa JJaHHBIMU. 3/1€Ch TIOJI CIOBOM MPOTOKOJ TMOHHUMAETCS COBOKYIHOCTb MPaBHII
nepeiadyd Wik npuma KoaupoBaHHOW uHGopmaruu. OCHOBHBIMU MpOIEAYypaMu
IpU peaju3alii HEKOTOPOro MPOTOKOJIA SIBIIAIOTCS OMNEepalud WHUIMAIU3AIIH
NopTa, BBIBOJIA IAHHBIX B MOPT, BBOJA JAHHBIX M3 TIOPTA, a Takke POPMHUPOBAHUS
BPEMEHHBIX 3a/IEPHKEK.

Jlnia oOpaiieHust K OTACNbHBIM pa3psiiaM MOPTOB 3ape3epBUPOBAHbI HMEHA
ATUX Pa3pSAI0B (X - 3TO OJIHO U3 UMEH NOPTOB: A, B, D):

- nia peructpa PINx: PINxO ... PINx7;

- s peructpa DDRx: DDx0 ... DDx7;

- s peructpa PORTx: PORTXO ... PORTx7 nim Px0 ... Px7.
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Hnuyuanuzayus nopma cOCTOMT B Ha3HAYEHUM HaIIpaBJICHHS OOMEHa JaH-
HBIMHU TI0 CUTHAJIbHBIM JIMHUAM nopTa. Hanpumep, eciiu curnanbHbie UM PAQ,
PA2, nopra A ciyar 115 BBIBOJA JaHHBIX, a CUTHAJIbHBIE TuHUU PA1 — 1151 BBO-
Jla JaHHBIX, MHUITMATU3AIMS TIOpTa MOXKET OBITh MPOM3BEeHA CISAYIOIUM 00pa-
30M:

Idi  R16, 0b00000101

out DDRA, R16

Bv1600 O0annvix 6 nopm TMPOU3BOIUTCS MyTEM 3alUCH 3HAYCHUI B PETHCTP
PORTXx, nanpumep:

Idi  R16,0b10011101

out PORTA, RI6 ; BBIBOJ coziepkuMoro peructpa R16 B moprt A.

JIJist ©3MEHEHUsI COCTOSTHUSL TOJIBKO OJTHOTO pa3psija MopTa BBOJA-BBIBOAA
yno0HO UcoJib30BaTh KoMaH bl ycTaHOBKU SBI (Set Bit in 1/0 Register) n cOpoca
CBI (Clear Bit in 1/0O Register) Outa B perucTpe BBOJa-BbIBOJIA.

B600 oannvix uz nopma NpoU3BOAUTCS MYTEM YTEHHS COJIEP)KHUMOTO PETHU-
ctpa PINXx BbIBOIOB nopTa, HallpuMmep:
in R16, PINA ; CAUTBIBAaHUE COCTOSIHUA opTa A B peructp R16.

Peructp nanabix PORTXx B 3aBUCUMOCTH OT pEeKHUMa pabOThI MOPTA BBINOJI-
HSET pa3iIn4Hble (QYHKIIUU:
- €CJIM MOPT 3aIpOrpaMMHUPOBAH Ha BBIBOJ, TO B HEM XPAHSTCS BbIIABAEMBbIC
JTAHHBIE;
- €CJIM IIOPT 3aIlpOrPaMMHUPOBAH Ha BBOJ, TO
| - noAKIIFOYAET MOATIATUBAIOIIUI PE3UCTOP;
0 - OTKJIIOYAET NOATATUBAIOIINNA PE3UCTOP

Bapuants! konpurypupoBanus noptoB AVR moxHo cBectu B Tabnumiry 2.1.

Taomuma 2.1
CocTosiHHE 2JIEMEHTOB TIOPTOB B PA3IMYHBIX PEKUMAX

HanpaBneHve [aHHble MogkntoyeH. R Y — Bbigon
DDRB PORTB PUD
1 = BbIX D * OTkn Bbix =D
0 = BxoA 1 O=BKn MNookntoyeH NcT. Toka
1=0TKn OT1kn Z-COCTOsIHME
0 * OT1kn Z-COCTOsAHME

ITo ymomuanuto paspsa PUD (Pull Up Disable) pasen 0 (R — noarsiruBato-
M pesucTop noakioueH). PUD — 7-i paspsa peructpa MCUCR=$35 (MCU

Control Register) - O01muil perucTp ynpaieHUs MUKPOKOHTpOJLIEpA.
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HcxoaHoe cocTosinve mMOpPTOB (YCTPOMCTB) MO YMOJIYAHHIO

[Tocne popmupoBanust komanasl RESTART ucxonHoe nosnoxxeHue amnmnapa-
TYpBI CIEAYIOUIEE:

- YCTPOMCTBA BBIKJIIOUECHBI;

- IOPTHI 3anporpamMmupoBanbl Ha BBoJI (DDRx=0);

- TOATATUBAIOIINE PE3UCTOPHI MOJAKIFOUECHBI;

- 3HAYCHHUSI pa3psA0B OOHYJICHBI.

3aoanue 2.2. Cnocoowul aopecayuu oneparnoos

N3yunts xoManipl niepecbuiki MKK, yTodHUTE 0COOCHHOCTH BBITIOJTHEHUS
Kaxon komau sl B cpefe AVR Studio u cienats BEIBOJBI 00 UCTIOJIB3yEMBbIX CIIO-
cobax anpecanuu onepangoB B MKK. Ilpu HeoOXoauMocTH BOCIIONIB30BATHCS JTH-
pEeKTUBaMH accemOiepa, YIOMSHYTBIMU B TEKCTE€ W M3y4eHHbIMU paHee. CIHCOK
KOMaH 1 acceMOJIepa NMpeICTaBiICH B MIPUIIOKCHHUH.

B otuere npencraButs:

1. Ilpumepsl 3antMcy rpyIn KOMaH[I EPECHUIKY;

2. JIlnama3oH JOCTYITHBIX aIpECOB B KOMAH/IE;

3. Ykazanue criocoba ajpecainu ornepaHioB B KOMaHJIE.

B 3aBUCHUMOCTH OT KOJIMYECTBA MCIOJIB3YEMBIX ONEPaHI0B BO3MOXHBI TPU
tuna koMana AVR-mukpokoHTposuiepa: 6e3aipecHbie, OJHOQAPECHbIC U ABYXal-
pecHble [4]. B nepBoM Tune komaH[ NPUCYTCTBYET ToJIbKO koa oneparuu (KOII),
OTIPEICIISIIONTNI BBITIOJIHSEMYI0 KOMaHA0M (yHKIHIO. B kKOMaHmax BTOporo u
TPETHETO TUIIOB MOMUMO KOJa OINEpPALMHU COIAEPKUTCSA aJApecHasl 4yacThb, yCTaHAB-
JIMBAIOIAS CTIOCO0 TOCTYTAa COOTBETCTBEHHO K OJHOMY WJIM JIBYM YYaCTBYIOIIUM B
KOMaHJie ornepaHiam (aprymeHtaMm komaozbl). Croco6 ¢opmupoBaHusi aapeca
onepaH/ia, yKa3aHUe Ha KOTOPBIM COJIEPHKUTCA B KOMaH/IE, Ha3bIBACTCS aipecaluen
(addressing). C momoIIpi0 TOrO WIM WHOTO CIIOoco0a aapecariii BRIYUCIsSeTCs: (u-
3MYECKHUI ajpec, KOTOPbIM MOCTYMAaeT Ha IIMHY ajpeca Ipoleccopa sl BIOoOpa
SUCUKY TTaMSTH UM PETUCTPA, UCTIOIb3YEMbIX B KOMaH/IE.

B cooTBeTcTBUM ¢ TUIIOM apecyeMoil maMsTH crocoOs! aapecaruu B AVR-
MUKPOKOHTPOJIIEpaX MOKHO pa3fenuTh Ha ciocooOsbl aapecaunu POH u peructpos
BBOJIa-BBIBOJIA, CIIOCOOBI ajipecaliui onepatuBHOM mamsaTu AaHHbIX (O3Y) u cmo-
coObl azpecany MaMmsaTH nporpamMM. Bo3MOXKHOCTH MCIOJIB30BaHUST Pa3IUYHBIX
CIIOCOOOB aJpecaliii MO3BOJIIET COKPATUTh pa3sMep W BPEMS BBITIOJIHEHUS TPO-
rpamm.

s anpecannu POH u perncrposB BBOAa-BbIBOAA IIPEAYCMOTPEH BCETO
OJIMH PEKUM — IIpsIMasi PETUCTPOBAst aApecarusl.
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[Ipu npamwoii pecucmposoii adpecayuu POH onepaHmoM sSBISIETCS CoOnep-
KUMOE perucrpa oOIIero Ha3HaueHUs, YKa3aHHOro B KoMmanje. Komannsl ¢ nps-
MOM perucTpoBoi ajapecarueit MoryTt aapecoBath oauH (Rd) unu nBa (Rr u Rd)
POH. Bo BTOpOM citydae pe3ynbTaT BBIITOJIHEHUS KOMaHJIbl COXPAHSETCS B PETH-
ctpe Rd. [Ipsimas peructposas agpecanusi POH npumensiercs Bo Bcex apudmMeTu-
YECKUX M JIOTMYECKUX KOMaHJaX, a TakKe B HEKOTOPBIX KOMaHJax paboThl ¢ Ou-
TaMmH, T. K. 3TH KOMaH/Ibl BBIMOJHAIOTCA B AJIY Tonbko Haj coaepxkumbiM POH.
Komanzapl, BTOpPHIM ONEpPaHIOM KOTOPBIX SIBJISIETCS KOHCTaHTa, MOTYT HC-
MOJIb30BATh B KQUECTBE MEPBOTO OMEPAH]IA TOJIBKO PETUCTPHI U3 CTAPIIEH MMOJIOBU-
Hel POH (R16...R31).

[Ipu npsamou pecucmposou adpecayuu pesucmpa 6800a-8b18600d OIIEPAH]
COAEPKUTCS B PETUCTPE BBOJA-BBIBOAA, YKA3aHHOM B KOMaHJE€. AJIpec perucrpa
BBOJIa-BBIBOJIA XPAHUTCS B IIECTH pa3psaax ciioBa KomaHael. [Ipsamas peructponas
azpecanusi perucTpOB BBOAA-BbIBOJA MCIOJIb3yEeTCS B KOMaHAax yteHusd IN u 3a-
nucu QOUT peructpa BBOJIa-BbIBOJA, a TAKXKE B psJie APYTUX KOMaHA pabOTHI ¢
perucTpaMu BBOAa-BbIBOAA.

I[.]'Iﬂ ajjpecanumn OﬂepaTHBHOﬁ NaMATH JaHHBbIX HCIIOJB3YIOTCA IIATH CIIO-
co00B aapccainu: HCIIOCPCACTBCHHAS, KOCBCHHAsA, KOCBCHHAA CO CMCIICHHCM,
KOCBCHHA:A C IIPCAACKPCMCHTOM UM KOCBCHHAA C IOCTUHKPCMCHTOM.

1. [Ipu Henocpeocmeennou adpecayuu onepamueHou Namamu OaH-
HbIX ONEPAHAOM SBIIETCS conepxkumoe suerkn O3Y, aapec KOTOpOW yKas3aH B
KOMaHJie. AJIpec onepaHia Coaepkurcs B 16 mmaammx paspsanax 32-pa3psaHoit
koMaHbl. HenmocpencTBenHas aapecauus ucnonb3yercss B komanae LDS (Load
Direct from Data Space) 3arpy3ku u3 O3V u B komanzae ST (Store Direct to Data
Space) 3arpy3ku B O3Y. 3ape3epBupoBarh 0aiitel B O3Y 103BOJIIET TUPEKTHUBA
.byte. JIi1s1 Toro 4TOOBI Ha BBIJICIICHHYIO 00JACTh MaMSITH MOKHO OBLIO CChUIATHCS,
TUpPEKTHBE .Dyte MOMMHKHA MpenalIecTBOBaTh MeTKa. JlupekTuBa .hyfe umeeT OAauH
napaMeTp — KOJMYECTBO BBIICISIEMBIX OAalT U MOXKET HMCIOIh30BAThCS TOJIBKO B
CEerMEHTE JaHHBIX, OMPEACIISIEMOM C IMOMOIIBIO AUPEKTUBHI .dseg (data segment).
3anate TpeOyeMoe pa3MelleHue BhlaeIsieMOl 00JacTi MaMsATH MO3BOJISIET AUPEK-
TuBa .0rg (origin — cMenienue). Hauano nporpaMMHOro cerMeHTa yKas3bIBaeTcs C
MOMOIIBIO TUPEKTUBHI .cseg (code segment). [lupexTuBsl .dseg W .cseg HE nMe-
10T MapaMeTpoB. BhIieieHHbIE B ONIEPAaTUBHOM NMaMATH JIaHHBIX OalThl HE WHUIIA-
JIU3UPYIOTCA.

2. ITpu xoceennoii adpecayuu onepamuenoti namamu OAHHbLIX OIE-
paHzoM siBIsieTcs conepkumoe ssueiiku O3V, agpec KOTOpOMl HaXOAUTCS B PETUCT-
pe X, Y wm Z. KocBeHHast anpecanusi ucrnosb3yercss B komanne LD (Load
Indirect) xoc-BenHoi 3arpy3ku u3 O3Y u xomanne ST (Store Indirect) KocBeHHOMN
3arpy3ku B O3Y.

3. Ilpu koceennoii adpecayuu onepamuHou namsamu OAHHbIX CO CMeUujeHuU-
eM aJipec OomepaHaa B ONEPATUBHOMN MaMSITH JAHHBIX BBIYUCIISETCS MyTEM MpUOaB-
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JIeHUsI K cofepkuMoMy peructpa Y wim Z CMEIIeHUs, YKa3aHHOTO B KOMaHJE.
CwMmellieHue COJIEPXKUTCS B IIECTH pa3psigax ciioBa komaHzabl. KocBeHHas ampeca-
U CO CMeEIIeHHeM Hucnoias3yercss B komaHne LDD (Load Indirect with
Displacement) xocBeHHOM 3arpy3ku u3 O3Y co cmemieHueMm U B komanae STD
(Store Indirect with Dis-placement) xocBeHHO# 3arpy3ku B O3V co cMelieHueM.

4. Ilpu xoceennoti aopecayuu onepamueHou NAMAMU OAHHBIX C NpeoeKpe-
Mmenmom (nat. decrementum — yMEHbIICHHE, YOBLIB) TIEPE]l BHITOJHEHUEM KOMaH-
JIbl COAECPKUMOE YKa3aHHOTO B KOMaH/e peructpa X, Y nin Z N1eKpEMEHTUPYETCS
(YMeHbIIaeTCA Ha €IMHHUILY); IEKPEMEHTHPOBAHHOE coepkumoe peructpa X, Y
UM Z ABISETCA aApecOM OIEPAHAA B ONEPATMBHOM MaMATH AaHHBbIX. KocBeHHas
azpecanus ¢ IpeAeKPEMEHTOM UCIONb3yeTcsl B KoMaHe LD KoCBeHHOU 3arpy3Ku
n3 O3Y u komanzae ST kocBeHHOM 3arpy3ku B O3Y.

5. Ilpu koceennoti adpecayuu onepamugnol namamu OAHHbIX ¢ NOCMUHKpe-
Menmom (NaT. incrementum — yBEJIMUEHUE, POCT) aIpecoOM OIEpaH]a B ONEPaTUB-
HOM IMaMSTH TaHHBIX SBJIIETCS cofep:kuMoe peructpa X, Y nim Z, yKa3aHHOIO B
KOMAaHJI€; I10CJIe BBIIOJIHEHUS KOMaHIbl conuepxkumoe perucrpa X, Y win Z uH-
KPEMEHTHPYETCSI, T. €. YBeJIMUMBaeTcs Ha eauHully. KocBeHHas azxpecanus ¢ mo-
CTUHKPEMEHTOM HCIOJIb3yeTcss B KoMaHjae LD xocBeHHoU 3arpy3ku u3 O3V u
komanjie ST kocBeHHOM 3arpy3ku B O3V,

Jiia agpecanum NaMATH MPOrpaMM HMCIOJIB3YETCA HEIOCPEACTBEHHAS all-
pecanusi, KOCBEHHasl aJpecanns, OTHOCUTENbHAS ajpecanus, aJpecannsi KOHCTaH-
THI U aJipecalys KOHCTAHThI C TOCTUHKPEMEHTOM.

IIpu nenocpeocmeennoii adpecayuu namsamu npoecpamm BBIIOJHEHUE MPO-
rpamMMBbl NPOAOJIKAETCS € afpeca, yKa3aHHOro B komaHae. Hemocpencreennas an-
pecanus naMATH Mporpamm ucnoibzyercs B komanaax JMP wu CALL.

[Ipu koceennoli adpecayuu namsamu npocpamm BBHIIOJIHEHHUE MPOTPaMMBbI
MPOJOJDKAETCA C aapeca, COIAEpkKALIErocs B perucrtpe Z, T. €. B IPOrPAMMHBIN
CUYETUYMK 3arpyxkaerca comepxkumoe perucrtpa Z. KocBeHHas anpecanus namsiTu
nporpaMm ucnoiib3dyercs B komanaax IJMP v ICALL.

[Ipu omnocumenvhoti adpecayuu namsamu npocpamm BBHIIOJIHEHUE TMPO-
rpaMmbl iponosnkaercs ¢ aapeca (PC + k + 1), rne PC — conepkumoe mporpaMmm-
HOTO CY€TUMKa; K — yKa3aHHbBI B KOMaH/I€ OTHOCUTENIbHBIA aJIpec, KOTOPbIA MO-
JKeT npuHUMaTh 3HadeHust ot —2048 no 2047. OTHOcUTENBHAS aapecanusl NaMsITh
nporpamMm ucnosbizyercs B komangax RIMP u RCALL.

[Ipu adpecayuu xoncmanmul agpec O0aiiTa KOHCTAHTBl CONEPKUTCS B PEru-
ctpe Z. Aapecanusi KOHCTAHTBI B MaMATH MPOTPaMM HCIOJIb3YETCS B KOMaHax
LPM (Load Program Memory), KOTOpas 3arpykaeT aJpecOBaHHbIH PErucTpoM Z
OaliT B yKa3aHHBIA B KOMaHAE peructp. Eciu peructp-npuémMHuK He yka3aH (KO-
MaHJIa UCTIOb3yeTcsl 6e3 onepanaoB), OalT 3arpyxaetrcs B peructp R0. Komanna
ELPM (Extended Load Program Memory) CIyXUT JUisl 3arpy3Kd KOHCTAHTHI U3
namMsaTu nporpamm o0bséMom 6osee 64K cios. [Ipu sTOM 11 pacupeHus: perucT-
pa-ykasarens Z ncnoab3yercs peructp RAMPZ, cBsi3aHHbIN ¢ peructpom Z.
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3amaTh JaHHbIE B MaMATh MPOTpaMM TO3BOJsieT Aupektuna .db (define
bytes). JIns Toro, 4toObl Ha 3a/laHHBIE STYEUKHM MaMSITH MOYKHO OBLIO CChUIAThCH,
JUPEKTUBE JOJDKHA IPENIIeCTBOBAaTh MeTKa. [[apaMeTprl AMPEKTUBBI — ITOCIIENO-
BaTEJIbHOCTh BBIPAKCHUM, PA3ACIIEHHBIX 3aIIATBIMU; KaXXI0€ BBIPAXKEHUE JTOJDKHO
OBITh YUCIIOM B quana3oHe —128...255 wiu B pe3ysbTaTe BHIYUCICHUS AaBaTh pe-
3yJlbTaT B 3TOM K€ JAMAIa30HE, B IPOTUBHOM CIIyyae YMCIIO yCEKaeTcs A0 Oaiira.
Jupextusa .db pa3memaercs B IpOrpaMMHOM CETMEHTE U MOKET HUCIIOIb30BaThCS
COBMECTHO C JIMPEKTUBOM .0rg. 3a1aBaTh MOJ0KEHUE JaHHBIX B aMSATH IPOTpaMM
ClIeyeT TaKUM 00pa3oM, 4TOObI ObliIa UCKITI0YEHA BO3MOXKHOCTh HENPETHAMEPEH-
HOT'O NEPEX0/1a K BBIITOJIHEHUIO UX KaK KOMaHJl MUKPOKOHTPOJUIEPA.

IIpu adpecayuu xoncmanmel 6 namamu nNpocpamm ¢ HOCMUHKPEMEHMOM
aapec OaliTa KOHCTaHTBI COJEPKUTCS B peructpe Z u popmMupyercs Tak ke, Kak U
IpU aJpecal KOHCTAaHThl. AJPECOBAHHBIA pEerucTpoM Z, OalT 3arpyxaercs B
YKa3aHHBIA PETUCTP; IOCJIE BBIIOJHEHUS KOMaHIbl CONEPKUMOE perucrpa Z uH-
KpEMEHTHpYeTCsl. Anpecalysi KOHCTaHTbl B IMAMATH IPOTPaMM C ITOCTUHKPEMEH-
TOM HUcnonb3yercs B komannax LPM w ELPM.

B nuanoroBom oxne AVR Simulator Options B paznene Device Selection
YCTAaHOBUTH TAKTOBYIO YaCTOTY MOJIEIMPOBAHUS pabOThl MUKPOKOHTPOJIIEpa, paB-
nyto 8,0 MI'1 (mone Frequency).

BBITTOMTHUTE TPAHCIANMIO W OTJIAJAKY CO3JaHHBIX Tporpamm. Ilo maHHBIM,
BBIBOJIMMBIM T10CJI€ TPAHCISAUUM Ha 3akianke Build oxna Qutput, npoaHnanu3upo-
BaTh UCIOJB30BaHUE MaMATH nporpamm (Program memory usage) non Koj mpo-
rpammbl (Code) u xoHcTaHThl (Constants), OUeHUTh O0OBEM HEUCHOJIb30BAHHOU
(Unused) n oOeii 3ansitoit (Total) mamsitu.

[Ipu oTnaake mporpaMM KCIOIb30BaTh CPEJICTBA HAOIIOACHUS 32 CONEPKU-
MBIM perucTpoB u siueek namsatu. [lo nomio Cycle Counter oOonexta Processor 3a-
kianku /0 oxna Workspace onpeenuTh YUCIO TAKTOB BBIMIOJHEHUS IPOTPAMMBI,
1o noito Stop Watch — Bpemsi BBINIOJIHEHUSI TPOTPaMMBbI (10 BBIIIOJIHEHUSI KOMaH-
JIbI, OPTAHU3YIOIICH OECKOHEYHBIN UKT). 3a(pUKCUPOBATh ATU CBEICHUS B OTUETE.
[To pe3ynbpTaTam BBIMOJHEHUSI TPOTPAMM CJElaTh BBIBOJBI O MPABHJIBHOCTU BbI-
MIOJIHEHUS] KOMaH/I.

3aoanue 2.3. Pazpabomka npozpammel ynpasienus nopmamu

Pa3paboraTe cxemy anroputma M mporpaMMy B COOTBETCTBUU C MOCIEAYIO-
IIMMHU 33JaHASIMU. BBINOIHATH TPaHCISALUMIO U OTIAAKY nporpammsl. IIponemon-
CTpUPOBATh pabOTy MpOrpamMMbl Ha IMYJSITOpe U B porpamme Proteus. Ilpencra-
BUTH JJAHHBIE B OTYETE B COOTBETCTBUM C KAXKIbIM 33aJaHUEM.
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3aoanue 2.3.1. Ynpaenenue ceemoouooom om KHOnKu

Pa3zpaboTaTh yCTpOHCTBO ympaBieHHS OJHUM CBETOIMOJIOM IPHU MOMOIIH
OIHOW KHONKH. [Ipn Ha)kaTUM KHONKU CBETOAMOJI JOJDKEH 3a)KE€UbCsl, MPU OTITYC-
KaHUU - TIOTACHYTh.

Pa3paboTka anropuTMa ynpaBieHHs] OMHUPAETCS HAa KOHKPETHYIO CXEMY all-
napaTHbIX cpeqicTB. [103TOMy pellieHrne JOIKHO HAUMHATHCS ¢ Pa3pab0TKH CXEMBI.

VYrpaBiaeHue cBETOAMOAOM M paboTa C KHONKOW OCYHIECTBISIETCS C MOMO-
160 OpTOB. JKenaTenbHO NOPTHI HA3HAYUTH pa3Hbie (prc.2.3). DTO MO3BOJUT YII-
POCTUTHh HACTPOMKY IMOPTOB: CBETOAMOJ IMOAKIIOYAETCS K MOPTY, HACTPOCHHOMY
Ha BBIBOJI, & KHOIIKA K MIOPTY, HACTPOEHHOMY Ha BBOJ.

Creroaunon VDI BkiIrOUEH Yepe3 TOKOOTpaHWYMBaromui pesucrop R3 u 3a-
JKATAETCs NPY HAJIMYUU HYJIA HA BeIxoAe KoHTakTa PB.0. [Ipu nossiennu Ha BBI-
BOJIE JIOTHYECKOM €AMHUIIBI IOTEHIIMAJIbl HA CBETOANO/IE BHIPABHUBAIOTCS, U OH HE
cBeTuTcs. [Ipn HEOOXOIMMOCTH 3aKUraTh CBETOINO/ BBICOKUM IOTEHIUAIOM, €T0
CJIEIOBAJIO MOAKIIOUYUTH K 0011EMY ITPOBOY.

B ucxonnom cocros-

*5B HUM KOHTAKThl KHOMKU Sl
Ri f] cl tomx  H2 R3 Pa30OMKHYTHI U 4epe3 pe3u-
& I_ & D1 2 crop R1 na Bxox PD.0 mo-
+ 1 Aliny2313 < JAaeTcs IUTI0C HMCTOYHUKA
|_ Ef_..]_4 RST |cPu 2 | vt MUTaHUS, YTO COOTBETCT-
ar = 5| ! e I BYET JIOTMYECKON €IUHUIIE.
rh T 2 ’::0 :; E [Tpu HakaTWW KHOIKH IIO-
|" o9 22 Kl PD:1 PB:G 15 TCHI[MAJI KOHTakKTa IajgacT
I pp.4 |16 710 HYJISl, 9TO COOTBETCTBY-
* A o3 o A €T JIOTUYECKOMY  HYIIIO.
i P Py AL DTO KJAaCCMYECKOEe TOJ-

j_s1 A oos g L KJIFOUEHHE KHOIIKU.
M pos Jns  KOHTpOJIEPOB

AVR cxeMy MOXHO ympo-
Puc.2.3. Cxema MOAKITIOYCHUS CBETOANOA U CTHTh, TOJKIFOUMB BMECTO
KHOIIKH BHEIIIHETO PE3UCTOpa pe3u-
CTOp BCTPOEHHBIN (MOITS-

TUBAIOIIU).

Kpome Toro, cxema HauanbHoro copoca C1R2 Takxke MOXET OBbITh MCKIIIO-
4yeHa, MOTOMY 4TO B KOoHTpoJuiepax AVR uMmeercs BHyTpeHHsIsi cxeMa cOpoca, Ko-
TOpasi obecrneurnBaeT CTaOMIbHBIA COPOC, @ BBICOKMX MTOMEX M HECTaOUIBHOTO MH-
TaHMs HE IPEANOJIAracTCs.

MosxHo 00oiTHCh W 03 BHEUIHEro KBaplia, BOCIOJIB30BABIINCH BCTPOCH-
HBIM reHepaTopoM. Ho ero MoxHO ocTaBUThH B pacueTe Ha Oyayiue 3amgadd. Bee
HACTPOWKHM BHEIIHUX Ieneld MOXKHO obecrieunTs fuse-nepeximouarensmu. [losto-
My CXeMa JIOJDKHA IMOJIYYUThCSl Kak IMoka3aHa Ha puc.2.4. Keap mis ynpoiueHus
CJIEIYET TAKKE UCKIIOYUTD.
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AJNTOPUTM YIIPABIIEHUS] CBETOUOIOM.

BrInonHUTh Onepanyy HadyajabHOM HAcTpouku. Jlanee B HEMPEPHIBHOM LIMK-
JI€ OTNPAIIMBATH KHOMIIKY U IO €€ COCTOSIHUIO YIIPABIISITH CBETOIUOIOM.

Ornepauny HAYAIBHOW HACTPOUKHU:

1. anuuanu3upoBaTh CTEK;

2. Hactpouts nopt B Ha BBIBOZ;

3. Ilonate Ha BeIxoa PB.0 enunuily (MOTyIIMTh CBETOAUON);

4. Cxondurypuponats nop D Ha BBOJ;

5. [IoaKIIFOYUTE NOATIATUBAIOIIUE PE3UCTOPHI;

Onepannu Tenna nuKia:

6. [Ipountath coctostHue KHOMKU: paspsaa PD.O;

7. Ecnu cocrosiHue paspsijia paBHO eIuHUIle (KHOMKA HE Ha)KaTa), BBIKIIIO-
YUTb CBETOIUOL;

8. Ecnu 3nauenue pazpsiga PD.0 paBHO HyIO (KHOMKA Ha)aTa), BKIOYUTH
CBETOJUO/;

9. IlepeliTn HA HaYaJIO LIUKJIA.

CtpykTypa mporpamMmbl yIpaBjieHUs] CBETOAUOA0M Ha AcceMOiepe mokasa-
Ha Ha puc.2.5.

+5B
A1
270
c1 22 D1
H IT ATiny2313 -
1
M gst
a1 4 cPU 2 | o
i XL1 PB.0
H S 2 pe.1 2
c2 22 2.0 pB.2j 4
2 pp.1 ] L
. L Y pe.a8
i pB.5 !
s o L
Aeos a7
M eps

Puc.2.4. YopoiieHHas cxema Mo JKII0UeHUS
KHOIIKU U CBETOJIMOJIA
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N =

-~

©w

10
1
12
13

14
15

16
17
18

CHUBRBBHAHBRRUBUBHERERRHBUBRRBRREBHEB BB RERY

B Npumep 1

ha

1 NporpaMMma ynpasneHWsa CBETOAWOOOM #
THEBBRUBERERB SRR ERERBBBUREHEREBRER BB R RY

R T KomaHg ynpaBneHws

.include "tn2313def.inc”
.list

.def temp = R16

. lpvcoenvHeHue daina onUcaHui
© BknwYeHue NUCTWUHra

. OnpepenexHue rnagHoro paboyero perucTpa

e Hauano nporpamvHoro koga

.org 0

: BwbBOp cermeHTa NporpaMMHoro kKoga
;. YcTaHoBKa Tekywero agpeca Ha HONb

LR WHWumanusaums cTeka

1di temp, RAMEND
SPL, temp

; BuGop agpeca sepumHb CTeka
; Janucob ero B perucTp creka

T L e e HWHwumanuaauyus noptoe BB

1di temp, 0

out DDRD, temp
1di temp, OxFF
out DDRB, temp
out PORTB, temp
out PORTD, temp

. 3anucuiBaem 0 B perucTp temp
;. 3anuceiBaeM 3TOT HOoNb B DDRD (nopt PD Ha BBOM)

. 3anucwBaem yucno $FF B perucTp temp

. 3anucwBaem temp 8" DDRB (nopTt PB Ha BwBOA)

. 3anmnceBaem temp 8 PORTB (noTywwuTb cBeToauop)

; Janucusaem temp B PORTD (BKni4aeMm BHYTpP. pesucT.)

lmmmmemm————ceemeeccesseaaaa WHuumanuaauma komnapaTopa

1di temp, 0x80

: Boiknwouenue komnapaTopa

. YuTaem copepxumoe noprta PD
. Nepecwnaem B8 nopt PB

out ACSR, temp
e L P OcHoBHOW uukn
main in temp, PIND

out PORTB, temp

rjmp main

; K Havany uwkna

Puc.2.5. Crpykrypa nporpammsl Ha AccemOiepe

.nclude "tn2313def.inc" - nceBnooneparop (AupekTHBa accemOIepa) npu-

COCIMHEHMsI TeKCTa. TEKCT BCTABISIETCSI B TOM MECTE, T/Ie YCTaHOBJICH OMEpaTop.
[Tapamerpom siBnsietcst daitn. B mannom ciydae 310 (aii onmucaHuit MUKPOKOH-
tposuiepa. CrannaptHoe mecto ero pasmeunenust C:\Program Files\Atmel\AVR
Tools\AvrAssembler\Appnotes\. B vacTHOCTH U3 yKa3aHHOTO (haityiia TpaHCIATOP
y3HaeT UMEHA U MapaMeTpbl KOHKPETHOTO MUKPOKOHTPOJIJIEpA:

RAMEND EQU 0x00DF
DDRD  EQU $11
SPL EQU $3D urT.n.
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Jist - BKTIOUEHUE TeHepaIuy JTUCTHHTA;

.def temp = R16 - makpoonpenenenue. [IpucBanBaer peructpam cojaepika-
TENbHBIE MMEHA JJIS YBEIUYCHUS HATVIATHOCTA W YHTAOCIBHOCTH TEKCTa MpOo-
TpaMM.

.cseg - BIOOp cerMeHTa kojoB B nmamatu nporpamMm Flash. Jlo oObsBieHus
JPYTOTr0 CETMEHTA BCE KOJBI OyIyT pacnojiaratbCs B BRIOpAHHOW MaMSITH.

OctanbHble CTPOKM MPOrpaMMbl HEOOXOIUMO Pa3zo0paTh MO CHPABOYHHUKY
KOMaH/I ¥ YSCHUTb JIOTHKY pa0OThI IPOrPAMMBI.

Ilpakmuueckoe 3a0anue

1. HaGpaTh mporpammy B cpejie pa3padOTKH, 3allyCTUTh U YCTPAHUTH BBISIB-
JICHHBIE OIINOKHU.

2. IIpomonenupoBath cxeMy ¢ nmomoiisio amynaropa AVR Studio.

3. HaGpats cxemy B cpene Proteus 6e3 BHEIIHEro KBaplia U MpOMOJIEIHPO-
BaTh pabOTy MPOrPAMMBI.

B omueme npeocmasumo:

1. CxemMy NOIKIIOYEHHsS] KHOIKH W CBETOJMOJa (PKeNaTelabHO B Cpeie
Proteus).

2. IIporpamMmy Ha si3bIKE accemOiiepa ¢ HEOOXOAUMBIMU TOSICHEHUSIMU.

3. BeiOpaHHbIe TUIIBI JIEMEHTOB CXEMbI B iporpamme Proteus.

Cmpyxkmypa npozpammol Ha a3vike C

BapuanTt nporpamMmmbl
/******************************************

NPUMEP MUTAHWA CBETOANO/LAOM 10 PA3

*******************************************/

#define F_CPU 1000000UL  // yka3bisaem yacmomy e 2epuax
#include<avr/io.h> // noodknr4eHue 88-8big no muny MKK
#include<util/delay.h> // MOOKA. hyHKUUU YUKI08 300epiKu

// ONPEAE/TEHUNE TTIOBAJIbHbBIX MEPEMEHHbIX

int main(void) // Ha4yasn0 oCHOBHOU Npo2pammsi

{

CLKPR = 0x80; //KoaghdeneH.uacmomeoi cucm. 2eHepamopa
CLKPR = 0x00; //Koagp=

PORTA = 0x00; //MNHuyuanuszayus nopma BB A(Ha 8x00)

DDRA = 0x00; //R nodmsaausarowjue OTK/1 (Z cocmosaHue)



Cikl:

PORTD = OxFF;
DDRD = 0x00;

TCCROA = 0x00;
TCCROB = 0x00;
TCNTO = 0x00;

OCROA = 0x00;
OCROB = 0x00;

TCCR1A = 0x00;
TCCR1B = 0x00;
TCNT1H = 0x00;
TCNTIL = 0x00;
ICR1H = 0x00;
ICR1L = 0x00;
OCR1AH = 0x00;
OCRIAL = 0x00;
OCR1BH = 0x00;
OCR1BL = 0x00;

GIMSK = 0x00;
MCUCR = 0x00;

TIMSK = 0x00;

USICR = 0x00;

ACSR = 0x80;
inti;
DDRD = 0xff;

for (i=1;i<=10;i++)
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//MHuyuanuszayus nopma B

//

//MHuyuanuzayus nopma BB D (Ha 8bixo0)
//Bce eduHuybl Ha 8bix00

//MHuyuanuszayusa maiimepa/cuemyuka 0
//MlcmoyHuK — cucmemHsbili 2eHepamop
//3Ha4yeHue yacmomoi — maiimep 0 ocmaHoen.
//Pexcum Normal makc 3HayeHue FFh

//Bbixo0 OCROA - omkntoyeH

// Bbixod OCROB—omKntoyeH

//MHuyuanuszayus maiimepa/cyemyukal
//McmoyHuUK — cucmemHbili 2eHepamop
//3Ha4yeHue yacmomesl — malimep 1ocmaHoen.
//Pexcum Normal makc 3HayeHue FFFFh
//Noise Canceler: Off

//Input Capture on Falling Edge

//Bbixo0 OCROA —omKsnroyeH

//

// BbixoOOCROB — omKntoyeH

//

//MNHUyuanusayusa eHewHux npepvisaHuli
//INTOO — 8biksa; INTO1 — 8bIKn

//MHuyuanuszayus npepoieaHuii om malimepos

//MHuyuanusayyHue nocaedos uHmepg US|
//PEHUM - 8bIKA

//Clock source: Register&Counter=no clk
//USI Counter Overflovinterrupt: off

//MHuyuanusayusa aHan0208020 Komnapamopda
//Komnapamop ebikaoyeH
//Bx00 om Cy 1 gbiKksnoyeH

// 0bvasnaem nepemeHHyro i
// ece 8b1800bI Mopma D Ha 8bIx00
// uukn "ona", noemop 10 pa3
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PORTD [=_BV(PD1); //"1" Ha PD1 (3axce4yb ceaemoouod)
_delay_ms(250); //3a0epxcka 0.25 cek.
PORTD &=~ _BV(PD1); //"0" Ha PD1 (noeacume caemoduod)
_delay_ms(250); // 3a0epxka 0.25 cek.
} // 3aKpbisarowias CKObKa YuKkaa
// goto Cikl;
} // 3aKpoisarowas ckobka ocH.lpoep.

[Tocne mpucoeaunenus (aina oMucaHUl pa3MelaeTcsl OMUcaHue riaodanb-
HBIX [IEPEMEHHBIX.

Hacrpoiika cucTeMsl 110 YMOJIYAHUIO IPOU3BOJUTCS aBTOMATUYECKU I1OCIE
CUCTEMHOTo cOpoca. OHaKo BKJIIOUYEHHE KOMaHJ HadaJlbHOM HAacTpOWKH obecrie-
YUBAET NMPABUIbHYIO pabOTy MPOTrpaMMbl B CIIyyae OLIMOKU IPOrpaMMBbI U Iepeaa-
4M YIpaBJICHUS HAa HAYaJlo MPOrpaMMBbl, a TaKXkKe IpU cpabaThIBAHUM CTOPOKEBOTO
TanuMepa.

Hacrpoiika npou3BoauTCsA BCEX MOPTOB, AaHAJOTMYHO TOMY, KaK 3TO Jeia-
JIOCh Ha accembuiepe.

Jlanee 3amaeTcsi HENPEPBIBHBIA LHKJI. IJTO 00A3aTEIbHBIM 3JIEMEHT MpO-
TrpaMMBbI JI0OOT0 MUKPOKOHTPOJLIEPA.

Oyukuus _BV() BeIOTHAET NOpa3psaaHbIN CABUT HA YUCIIO pa3pslioB, yKa-
3aHHOE B ckoOkax. Hampumep:

PORTD |=_BV(PD3); // 'yctanoBuTh "1" B pazpsine 3 nopta D;

PORTD &=~ BV(PD4); //ycranoButs "0" Ha muauu 4 nopra D.

OTa 3anuch aHAJIOTMYHA ONIEPAH/IAM:

PORTD |= 1<<3;

PORTD &= ~(1<<4).

Ilpakmuueckoe 3a0anue:

1. Peanu3oBath BapuaHT mporpamMmbl Ha si3bike C, yOeIuThCS B MPaBUILHO-
CTH KOMIWJISAIMH. VICMoNb30BaTh TOJBKO CTPOKH HHHIMATU3AIUU TpeOyeMbIX
MIOPTOB M CTEKa.

2. YcTpaHUTh BbISIBIIEHHBIE OIIMOKY (IIPH HEOOXOUMOCTH).

3. IIpoBepuTth padboTy nporpammel Ha amynaTope AVR Studio. lo6utskcs ee
paboTOCTIOCOOHOCTH.

3. IlpoBeputh paboTy mporpamMmsbl Ha si3bike C C UCIIOB30BAHUEM KOMAaH/IbI
goto Cikl n 6e3 Hee. CnenaTh BBIBOJ O PabOTOCTIOCOOHOCTH OOOMX BapUAHTOB.
VYka3aTb BO3MOXKHYIO TPUYHHY TOJYYHBIIETOCS PE3YJIbTATA;

4. TlpoBepuTh WHUIIMATU3AINIO CTEKa 0€3 MCIOJIH30BAHUS SIBHBIX KOMAaH]
WHUIIAATU3AIHAHN.

5. IllpomoaenupoBath paboTy mporpammsel B cpeae Proteus. 3adukcupoBaTh
HCIIOJIb30BAHHBIE 3JIEMEHTHI CXEMBI.
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B omueme npeocmasumbu:

1. Cxemy anroput™ma 3a1auu;

2. Teker nporpammbl Ha si3bike C (C yKazaHUEM TOJBKO CTPOK MHHUIMATHN3A-
IIUU TTIOPTOB);

3. CxeMy MOAKIIOYEHUS! BHEIIHUX JMCKPETHBIX 3JIEMEHTOB Ha 3MYJISTOPE.
Tunel UCTIOIB3YEMBIX KOMIIOHEHTOB.

4. 3HaueHue yKazarels CTeKa B mporpamMme Ha sizbike C.

3aoanue 2.3.2. Ynpaenenue nepexinioueHuem c6emoouooa om KHOnNKu

Hcnonb3ys Npeaplayniyto cxeMy, 00ecednTh Mpu KaxJA0M HaXXaTUU KHOI-
KU IIEPEKIIOUYECHUE CBETOANO0/IA B IIPOTUBOIIOJIOKHOE COCTOSIHUE.

AJNTOPUTM YIIPABIICHUS OT KHOIKHU:

1. IIpounTats cocrosinne muaamiero paspsaa PD.O;

2. Ecau 3HaueHue pa3psijia paBHO eIMHUILE (KHOIIKA HE Ha)KaTa), TO MepenTH
K Ha4aly IIUKIIa;

3. Ecnu 3HaueHue paspsiaa paBHO HYJIIO (KHOIKA Ha)kaTa), TO U3MEHUTh CO-
crossHue Bbixona PB.0 Ha mpormBomosokHoOe. [l MepeKiIro4eHus CBETOAMOA
IpEeIBaPUTEILHO HEOOXOIUMO ITPOBEPUTH €r0 TEKYILEE COCTOSHHUE;

4. IlepeiiTn Ha HAYAJIO LIUKJIA.

Ilpakmuueckoe 3a0anue

1. CocTaBuTh CXEMY AITOPUTMA.

2. Pazpaborath mporpammy u 100UTHCS MPABUIIBHON KOMITUJISIIIUU.

3. [IpoBeputh paboTocrmocoOHOCTH TporpaMmbl Ha amynaTope AVR Studio.

4. IIpomonenupoBath paboTy nporpammsl B cpee Proteus. 3aduxcupoBaTh
UCIIOJIb30BaHHBIE 3JIEMEHTHhl CXE€Mbl. B KadecTBe KHONKH MOYKHO HCIOJIb30BaTh

kommioHeHT BUTTON ACTIVE.

Ecnu cBeroamon mMuraer 4acTo M yCTOMYMBOE €T0 COCTOSIHME HAa3HAYACTCS
XaO0THYECKH, TO, BEPOSITHO, 3TO MPOUCXOIUT MOTOMY, YTO 3a BpEeMsl Ha)KaTHs OH
yCTIeBaeT MHOTOKPATHO MEPEKITFOYUTHCS, @ MOMEHT OTITYCKaHUS SBJISETCS CITydai-
HBIM. {7151 yCTpaHEHUs 3TOTO SIBJICHHUSA CIIEAYeT MOCie MEePEKITI0UYEeHUs CBETOINO 1A
100aBUTh IWKJI OKUIAHKS OTITyCKaHHUs KHOMKH (korga PD.0 Oynmer paBeH enuHM-
ne). JobaBute B mporpamMmy 3TOT (parMeHT U IPOBEPUTH PabOTOCIIOCOOHOCTH
YCTPOMCTBA.

B omueme npeocmasumbo:

1. Cxemy aniroput™Ma 3a1auu;

2. Tekct mporpamMmbl Ha SI3bIKE MPOTPAMMHUPOBAHHS (TOJHKO OCHOBHOM
LUKJT);
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3. CxeMy NMOAKIIOYEHUSI BHEIIHUX JUCKPETHBIX 3JEMEHTOB Ha 3MYJSATOPE,
€CJIM OHA U3MEHWIACH 110 OTHOLLIECHHUIO K NPEABIAYIIEMY 3a4aHUI0.

3aoanue 2.3.3. Ynpasienue nepekirueHuem ceemoouooa om KHONKU C
3auumoii om opeodesca

Hcnonb3ys Npeaplayniyto cXeMy, 00eCeunTh MpU Ka)JI0M HaKaTHUH KHOII-
KM NEPEKII0YCHUE CBETOAUOAA B IPOTUBOIOIOKHOE COCTOSIHUE. AJITOPUTM J0JI-
YKEH NPEeTyCMOTPETh UCKIIFOUEHHE JIpede3ra KOHTAKTOB KHOIKH.

Hpedesr 3To 3¢(dEeKT BbIJaYu OT JIEMEHTa KOMMYTAIlMU MPU OJHOM Ha)a-
TUU CEPUM UMITYJIBCOB 3a CUYET YNPYTUX CBOMCTB MEXAHWYECKUX DJIEMEHTOB KOH-
CTPYKUHMHU. JTO MPUBOJUT K TOMY, YTO Ha BXOJI IOPTA MOCTYNAET 1Ieasi CepHusl Ie-
peximroueHnid BMecTo oaHoro. Camblii IMTPOCTOM MPOTpaMMHBIN coco0 OOPBOBI ¢
ATUM SIBJICHUEM - BBeJleHHE 3ajepkek. OOHApyKHUB MEepBOE MEPEKII0UEHUE, Mpo-
rpaMma JIOJKHA BBIJIEPKATh 3a/IEPKKY HE MEHEe BpeMEeHH Jipede3ra KOHTAKTOB.

B otuere npeacraBuTh:

1. Cxemy anropuT™Ma 3a/1a4H;

2. Tekct mporpamMmbl Ha S3bIKE MPOTPAMMHUPOBAHHS (TOJBKO OCHOBHOTO
IIUKJIA);

3. YTOUHUTH CXeMy MOAKIIOYCHUS BHENTHUX TUCKPETHBIX AJIEMEHTOB Ha
AIMYJIATOPE, €CIU OHA M3MEHUJIACh TI0 OTHOIICHUIO K TIPEABIAYIIEMY 3aaHHIO.

3aoanue 2.3.4. Ynpaenenue nepekitoueHuem muzaouiezo c6emoouooa

Hcrnonp3ys MICXOMHYIO CXeMy, HA)KaTHEeM KHOTKKA HEOOXOJAMMO BKIIIOYATh U
BBIKJTIOUATh MUTaHHE cBeToauoa. Yactora muranus ceeroauona 5 I' (st obec-
MEeYEHUs] BO3MOKHOCTU HAOJIOJICHHUS MHUTAHUS YacTOTY JIOMYCKAeTCs W3MEHHTb,
HO C YKa3aHUEM €€ PEajbHOI0 3HAYCHUS ).

Anroputm:

1. IIpountars nopt PD;

2. Ecnmu Mnaammmii paspsiji paBeH HYJI0, BKIIOUYUTH aITOPUTM MHUTAHUS;

3. Ecnu mnaammii paspsigi paBeH €IUHUIIBI, BBIKIIIOUUTH AITOPUTM MUTAHHS
Y BBIKJIFOUUTH CBETOIUOI;

4. IlepeiiTu K HaYay OCHOBHOTO IHKJa (11.1).

AJNTOpUTM MUTAHUSA:

1. 3axedb CBETOIHUOL;

2. Beigepxkats naysy;

3. IloTymuTh CBETOAMO/;
4. BeigepkaTh nays3y;
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5. Ilepeiitu x 1. 1.

B oTtyete npenctaButh:

1. Cxemy anroputMa 3a1auu;

2. TekcT mporpamMmbl Ha SI3bIKE POrpaMMHUPOBAaHMS (C YKa3aHHUEM TOJIBKO
OCHOBHOTO 0JIOKa);

3. YTOUHUTH CXeMy MOAKIIOYEHHUS BHEUIHUX JUCKPETHBIX AJIEMEHTOB Ha
AMYJIATOPE, €CIIM OHA U3MEHUJIACh IO OTHOLLIEHUIO K IPEABIAYLIEMY 3aJaHUIO.

3aoanue 2.3.5. bezywjue oznu

OOGecneunTth OETYIIMI OTOHb W3 OJTHOIO CBETOAMOJIA IO TUPJISHJIE U3 BOCh-
MU CBETOAMO0B. HampapiieHne MBMKEHUS THUPJISHIBI TOJDKHO M3MEHSTHCS HaKa-
THeM KHonku. YacTtora muranus ceeroauona 1 I'm.

3aiada pemaercs B TOM K€ MOPSJIKE, KaK U MPeabIyIIHe.

B otuere npeacraBuTh:

1. Cxemy airopuT™Ma 3a/1a4u;

2. Texct mporpaMMBbl Ha 3aJaHHOM SI3BIKE MMPOTPAMMHUPOBAHUS (C YKa3aHUEM
TOJIBKO OCHOBHOT'O 0JI0KA);

3. YTOYHHUTH CXeMy MOAKIIOYEHUS BHENTHUX TUCKPETHBIX AJIIEMEHTOB Ha
AIMYJIATOPE, €CITM OHA M3MEHUJIACh TI0 OTHOIICHUIO K TIPEABIAYIIEMY 3aaHHIO.

Bonpocwt ona camokonmpons

Kakue aapeca 3aHMMarOT NOPTHI BBOAA-BBIBOJIa KOHTpOJuiepa?

Kaxkue peructpsl ynpapisioT nopramu?

Kakue pexruMbl MOKHO 33J1aTh IOpTam?

KakoBa TunoBasi nmporpaMmHas MOJeJb mopra?

Kaxkue cnioco6w1 anpecarust POH u peructpoB BBoa-BbiBo1a AVR-

MUKPOKOHTPOJUIEPOB CYIIECTBYIOT?

Kakue ciocoOs1 aapecanuu naMaTi TaHHBIX AVR-MUKPOKOHTPOJIIICPOB

UCIIOJIBb3YIOTCS HA MPAKTUKE?

7. Kaxkue ucnonb3yrorcs crnocoObl agpecanuu namatu nporpamm AVR-
MHKPOKOHTPOJLIIEPOB?

8. OcoOeHHOCTH BBITIOJIHEHHS apU(PMETHUECKUX U JJIOTUYECKUX ONEepaluii B
AVR-MUKpOKOHTpOJIEpAX.

9. B yem oTnmume koMaH[ 6e3yciaoBHOTO nepexoaa accemoiepa KP580 u
MUKPOKOHTpoOJIIepa?

10./{ns gero npeaHazHadeHa qupextuna .def ?

11. Haznauenue u ucnonb3zoBanue peructpoB X, Y u Z.

12. Kak ocymecTBisieTcss MHULMAIU3AIlHs CTeKa Ha sI3bIKe acceMOiiepa U s3bIKe
C?

13. KakoBa cTpykTypa mporpaMMbl Ha si3bIke accembiepa u sizbike C.

DN AW =

?\



36

14. Kak 3anmcath Ha accemOiepe KOMaHIy WM KOMaH/Ibl, JKBUBAJICHTHBIC KO-
MaHie IpucBarMBaHus Ha s3bike C?

15. Kak 3anucars Ha accemOiiepe KOMaHay WM KOMaH/bl, JKBUBAJIEHTHbBIE KO-
MaHJIaM IuKiIa Ha sa3b1ke C?

16. [IpocMoTpuTEe MalIMHHBIEC KOJIbI, MOTYYAIOLIUECS MTOCIE KOMITHIIAIMY C
a3bika C.

17. Kakoe cocrossare umeroT noptel peructpoB POH u PBB no ymonuanuio?

18.KakoBo HazHauenue pyaknun _BV()?

19.KakoBo Haznauenue ¢pynakmun _delay() ?
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3. YIIPABJIEHUE CHETYUKAMMU MUKPOKOHTPOJIJIEPA

geﬂb.‘

1. YroyOuTh 1 3aKpenuTh TEOPETUUECKUE 3HAHUA IO MPUHIUIIAM MTOCTpPOe-
HUS ¥ paOOThI CIIEHUATIM3UPOBAHHBIX KOHTPOJIEPOB;

2.

[IpnoOpecT NpaKTUYECKUE HABBIKM CaMOCTOSITENBHOTO YIpPaBICHUS

CUCTYMKAMU KOHTPOJIICPA,

3. COBCpIHGHCTBOBaTL HaBBIKHM aHaJIn3a, O606HIGHI/ISI Hn CUCTCMAaTHu3aluu I110-
JIYYCHHBIX PC3YJIbTATOB, HABBIKHN COCTABJICHHA U O(i)OpMJIeHI/IH OTYCTHBIX MaTCpHa-
JIOB, HABBIKHM TOYHOI'O U JIAKOHUYHOTI'O IIPCACTABIICHUA AOKJIA10B Ha BOIIPOCHI TCX-
HHYCCKOI'O XapaKTcpa.

Dn B~ WK =

Yyeonwvie eonpocoi:

3.1. [IporpamMmHasi MOJENb TAUMEPOB-CUETYNKOB MUKPOKOHTPOJLIEPA;
3.2. 3aganue napaMeTpoB CYETHOTO CUTHANA;

3.3. Pa3zpaboTka nporpaMmsbl yrpaBieHUs CYeTYMKaMU B pexkrme Normal;
3.4. Pa3zpaboTka nporpaMmsbl yrpapiieHus cueTdynkamu B pexume CTC;
3.5. Pa3zpaboTka nporpaMmsbl yrpaBieHUs CYETUMKAMU B pexkume PWM.

Jumepamypa 0151 n0020mMOEKU K 3AHAMUIO

l.

2.

benos A.B. Co3naem yctpoiicTBa Ha MUKpokoHTposuiepax. - CI16.: Hay-
Ka 1 TexHuka, 2007. - 304 c.

EBctugdeer A.B. Mukpoxontpomiepsl AVR cemelictea Tiny. PykoBo-
JICTBO moJib3oBatels. - M.: M3parensckuii nom Jlomdka-XXI, 2007. -
432c.

. Pesnu HO.B. IlpakTuueckoe mnporpaMMUpOBaHUE MHUKPOKOHTPOJLIEPOB

Atmel AVR na sa3eike accemOmepa. CII6.: BXB-IlerepOypr, 2011. -
352c.
EropoB A.A. u np. [IporpammupoBaHre MUKPOKOHTPOJIJIEPOB CEMENCTBA

AVR. VYueOHo-meroguueckoe mnocooue. - M.: UzmarensctBo MAU,
2004. - 72c.

Cooepicannue omuema

1. Ha3Banue paboThI.
2. Ha3zBaHue Kaxqoro y4eOHOro BOIpOCa M KPATKUU KOHCIEKT B 0O0beme
MPAKTUYECKUX 3aITAHUN 10 BOIIPOCY.

Bonpocwt 013 noozomoeku K 3anuamuro

Kak pabdotaet cuetunk? Kakue pexxumbl peasiu3yer CHETUHK?
Kakue cymecTByrOT METObI IOCTPOEHUS JETUTENEH?

Kakue curnaiibl BbIIae€T cXeMa CpaBHEHUS?

Ha 4to BnusieT pa3psAHOCTh cyeTYHKa?

Kak nocuntath MakCUMalbHbIA KOJ CHETYUKA?



38

6. Uro Takoe mpepriBanne? Kak oHO oTpabaTeiBaeTcs mpoieccopom?

AKmyanbHocms 3aHAmMus

CrenkoHTpoIuIep SIBISIOTCS OCHOBHBIMHU YCTPOMCTBAMH, OCYIIECTBIISIONINMM
yIpaBjeHue U 00pabOTKy TaHHBIX B CHCTeMax ymnpasieHus. KOHTpoJb BpeMEHHBIX
WHTEPBAJIOB, PEaKIUsl Ha OKOHYAHHUE BPEMEHU TaMepoB, POpMHUpPOBAHHUE IITUPOT-
HO-MMIYJIBCHBIX TOCIEAOBATEIIBHOCTEH ISl YIPABJICHHUS OOBEKTaMU SIBIISFOTCS
OCHOBHBIMH YTIPABIISIOMHUMH (PYHKITUSIMUA MUKPOKOHTposuiepa. [loaTomy moHmma-
HUE TUX MPOIIECCOB M YMEHHUE WX MPOTrPAMMHUPOBATH SBIISCTCS 00S3aTCIBHOMN IS
CIICIIMAJINCTA.

3aoanue 3.1. Ilpocpammuas moodenv maimepos-cuemyuKko8 MUKpOKOH-
mpoanepa

N3yuuts nporpammuyio Mojenb cuetdnkoB MKK ATtiny2313 ¢ menbro
MPAKTUYECKOTO UX MPOTPAMMHUPOBAHUSI.

B omueme npeocmasumo:

1. IIporpaMmMHyI0 MOJENL CUETUUKOB C YKa3aHUEM BCEX MOPTOB U UX aJpe-
COB;

2. CTpyKTypy perucrtpa yrpaBlIeHUs] U TaOJHIIbI 3aaHUsl PEKUMOB PadOThHI
CUYETUYHUKOB;

3. HazHaueHne BHEIIHUX BBIBOJIOB CUYETYMKOB.

Ha3zHaueHue 1 BO3MOKHOCTH c4eTUYMKOB AVR

CueTynky KOHTpOJUIEpAa PELIAIOT pa3jJM4Hble 3aJa4d IPHU BbIIOJHEHUU
yrnpaBieHueckux ¢GyHKIuA. Bce OHM CBSI3aHBI B OCHOBHOM C HEOOXOIUMOCTHIO
(GopMHUPOBaHUS TOYHBIX BPEMEHHBIX MHTEPBAJIOB, IIpUUYEM O€3 JTOMOJHUTEIbHOM
Harpy3Ku Ha MpoIieccop, a TaKXKe ¢ MOJICYETOM YHcia COObITUI:

- U3MEPEHUE U 33J]aHUE BPEMEHHBIX HHTEPBAJIOB;

- MO/ICYET KOJIMYECTBA BHEIIHUX COOBITHI (MMITYJILCOB);

- ¢opMHpOBaHKE OAMHOYHBIX U MEPUOAUUYECKUX UMITYJIBCOB C MOCTOSHHBI-
MU ¥ NIEPEMEHHBIMU MapaMeTpaMu (4acToTa, IJIUTENbHOCTh UMITYJIbCA, KOJTUYECT-
BO UMITYJIbCOB, (ha3bl);

- mpeoOpa3oBaHue BpeMeHHOro uHTepBaa B ko ans ALTI;

- pukcanys COCTOSIHUS CYETUMKA 110 BHEIIHEMY CUTHAITY (3aXBaT) U T.J.

B mukpokoHTposuiepax ObIBaeT 10 aecatu cuetuukoB. B ATtiny2313 ume-
eTcs 1Ba cueTunka: onHoo0anTHei TO u nyxO6aittabiit T1.
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IIporpammHuas moaeb cyeTynkoB AVR

B AVR-mukpokontpomepe ATtiny2313 wumeercs aBa cueryuka: 8-
paspsanabiii TO u 16-paspanssiii T1. CTpykTypa MX MOYTH COBHAAAET, 32 UCKIIIO-
YeHUEM Pa3psIIHOCTH U CPENICTB peanu3anuu 3axBaTta cuetunka juisi T1. Ha
puc.3.1. npencraBieHa BHYTPEHHsIS CTPyKTypa cuerynka T1.

Cuer 3anpoc Ha
Cbpoc_| Bnok npepsbigaHue
Hanpaen. ynpaeneHas | clkry

CenekTop TakTOBOrO CUrHana

A [

fetextop | T

y 4 _} ¢poHTOs
TaitMep/cueTyng 4
TOP BOTTOM C suxona
TCNT1 npepnenvurenst
3anpoc Ha
| OCF1A npepbiBaHue
dopmuposaresnb |
CUrHanos OClA
---- OCR1A --- § |
5 | ®uxcupos. OCF1B 3anpoc Ha
E 3HadeHue npepbiBaHue
':' o ‘ $opmurposartent 0C1B
H CUrHanos
> ]
] ]
I H
g ---0OCR1B ~~- M
o, . C BbIXx0Aa aHanorosoro
3 H 3anpoc Ha KomMnaparopa
3 E ICF1 npepuiBaHue J
u
- ]
HeTtekTop MoaasneHue
ICR1 .__k[ «— | oA
C _ E ¢poHTOB nomMex Il ICP1
=lllllllllllll-f
TCCR1A TCCR1B TCCR1C

Puc.3.1. CtpykrypHas cxema cuetunka T1 ATtiny2313

Ha3nauenue BHelIHUX BbIBOAOB Taiimepa T1 (B ckoOkax ykazaHbl aHAJIO-
TUYHbIC BBIBOJIBI 115 TaliMepa TO):
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- T1 (TO) - Bxonx BHewIHero curHaja taitmepa. Ha »ToT BXO4 moparoTcs
BHEIIIHUE MOJICUATHIBAEMBIE CUTHAJIBL;

- OCIA (OCO0A), OC1B (OCO0B) - BbIXOJl CXeMBbI CpaBHEHUS peructpa A u
B Taiimepa cootBeTcTBeHHO. CurHan opmupyercs npHu COBMAJECHUU KOJia CUET-
YhKa U KoJa B peructpe A uiu B;

- ICP1 - Bxon 3axBara Taitmepa T1. Ilo sToMy curHaimy KoJ cYeTYMKa 3aro-
muHaetcsa B peructpe ICR1 u Moxker ObITh TPOYUTAH MPU BHIIIOJIHEHUH 00padoT-
yuka npepsiBanus ICP. B cuetunke T0O Takoro Bxoja v pexxuma He MpeaycMOTpe-
HO.

Pacnonoxxenne BBIBOAOB TalMEpOB MMKPOKOHTpOJUIEpA IIOKa3aHO Ha
puc.3.2. BeIBoaBI TaliMepOB COBNAAAIOT ¢ BEIBOAAMH ITU(PPOBBIX TOPTOB KOHTPOJI-
Jepa ¥ MOAKIIOYAKOTCA K CYETUYMKAM IIPU YCTAHOBKE €IMHHIL, HACTPAUBAIOIIUX T10-
BEJICHUE 3TUX BBIBOJOB, B PETUCTPAX YHPABJICHUS CUETUYMKAaMHU (CM. Tabi1.3.3)

(RESET/aw) PA2 1 20 vee
(RXD) PDO .} 2 19 | PB7 (UCSK/SCK/PCINT7)
(TXD) PD1 ] 3 18 |2 PB6 (MISO/DO/PCINTS)
(XTAL2) PA1 C] 4 17| PB5 (MOSI/DI/SDA/PCINTS)
(XTAL1) PAO O} 5 16 {2 PB4 (OC1B/PCINT4)
(CKOUT/XCK/INTO) PD2 T} 6 15| PB3 (OC1A/PCINT3)
(INT1)PD3C}7 140 PB2 (OCOA/PCINT2)
(TO)PD4 8 13{3PB1 (AIN1/PCINT1)
(0coB/T1)PD5 9 120 PBO (AINO/PCINTO)
GND 10 11j2PD6(ICP)
DIP/SOIC

Puc.3.2. BoiBoasl MukpokoHnTposuiepa ATtiny2313

KosmuecTBo pernctpoB BBOAA-BBIBOAA, UMEIOIIUXCS B KOHKPETHOM TanMe-
pe-CUETUUKE, 3aBUCUT OT CJIIOKHOCTH, PA3PSIAHOCTA U BO3MOXKHOCTEU MOCIIEIHETO,
KOJINYECTBA T€HEPUPYEMBIX PEPHIBAHUM.

Taitmep-cuerunk T1 (B ckoOkax mpuBe/IeHbI JaHHBIC JIJIsT CYETUYUKA-TaliMepa
T0) umeeT creayoonme NOPTHl, UX aJpeca U HazHaueHue (cm. puc.3.1).

Cuetunk Taiimepa TCNT1 (TCNTO0)

TCNT1 (TCNT0=$32) - peBepcuBHbIii 16-pa3psaHblii (8-pa3psIHbIii) cUYET-
yuk Taitmepa T1 (T0). B ucxomnom nosoxxeHuu (mocie mojaauu MUTaHUs ) CUCTUUK
oOHysieH. MokeT ObITh COpOIIIEH, BBIMOIHATh HHKPEMEHT WIN JIEKPEMEHT 10 KaXK-
JIOMY TaKTOBOMY CUTHamy. JIOCTyIeH aJisi YTeHUs U 3alucy B JIOOOH MOMEHT Bpe-
MEHH. B 3aBUCUMOCTH OT peXuMa cueTa CUETUYHK MPU JTOCTUKEHUH MaKCUMAJIbHO-
ro Wi MUHUMaJIbHOTO 3HaueHus yctaHaBinuBaeTcs diar TOV1 (TOVO) u rene-
pupyetrcs npepbiBaHue. 16-paspsannsii cuetunk TCNT1 nmpencraBien aBymsi 8-
paspsiHbIMU  opTamu: crapmmid O0aii - TCNTIH=$2D wu wmurammmii Oaiit
TCNTI1L=$2C. Takoe neneHue 0OYCIOBICHO 8-pa3psaHON IIMHOW JaHHBIX. 3a-
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IMUCh JaHHBIX B CUCTUMUK JOJIKHO OCYHICCTBIIATLCSA ABYMS IMOCIICAOBATCILHBIMHA
IIOCBIJIKaAMU.

Peructpsol copnagenuss OCR1A, OCR1B

OCRI1A u OCR1B (OCROB=$3C) - 16-pa3psmHbsie (BOCBMHUPA3PSTHBII)
PErUCTphI COBIAJEHUsA. B KaXJA0M TakTe cueTa MPOUCXOIUT HEMPEPHIBHOE CPaB-
HeHue ux 3HaueHuil co cuerynkoM Taitmepa TCNT1 (TCNTO). [Ipu coBnanenuu -
B crenyromeM Takte ycranaBimuBaetTcs guiar OC1A (OCOA) mu OCIB (OCOB) u
reHepupyercs npepsiBanue. KpoMme Toro, mpu COBINAJEHUU MOMKET MEHSATHCSA CO-
ctosinue BbiBoJ1I0B OCIA (OCOA) u OC1B (OCOB), ecnu oHU CKOHOUTYPHPOBAHBI
KaK BbIX0JbI (3TOT OUT B peructpe DDRx nomxeH ObiTh paBeH 1). AHAIOTMYHO
cueTunKy Tavimepa T1, 16-pa3psaHble perucTpbl coBnaacHus cuerunka 11 aape-
CYIOTCS TOOAMTHO: PErucTp OCRIA npencraBiieH crapmum  OaiiTom
OCR1AH=$2B u muammmm 6aiitom OCR1AL=$2A, peructp OCR1B cooTBetcT-
BeHHO - OCR1BH=%$29 1 OCR1BL=$28.

Perucrp 3axBara Taitmepa ICR1

ICR1 - Input Capture Registers - peructp 3axBara taitmepa T1. [Ipencras-
JeH IByMs nopTamu: ctapimii 6ait - ICR1H=$25 u muanmmii 6aiit - [CR1L=$24.
Peructp npenHasHadeH Il COXPAHEHHUS COCTOSHUSL CUETUYMKA B PEKHMME 3axBaTa
IpU TOCTYIJIEHUU aKTUBHOTO (ppoHTa (THN (PpOHTA MOXKET OBITH HACTPOEH) OT
Bxoaa ICP1, nubo mo curHaigy aHajaoroBoro kommaparopa. OJHOBpEMEHHO C 3a-
nuchlo B peructp 3axpara ycranaBnuBaerca ¢uar ICF1 - Input Capture Flag - n
dbopmupyeTcs 3anpoc Ha npepbiBanue. [ 3axBata no curHainy ICP1 3ToT BBIBOJ
JOJDKEH OBITh CKOH(UTypupoBaH Ha Bxoa (0uT peructpa DDRx nomken umets 0).
KonupoBanue cueTurnka B pEerMCTp 3axBara MPOUCXOJIUT C 3aAEPKKON OT 2,5 1o
3,5 TakTOB OT MOMEHTa MOCTYIUICHHsI IEPBOTO (PpOHTA. 3a€P>KKY BHOCSAT CUHXPO-
HU3AaTOp U CXeMa IMoAaBJieHUs noMex. Eciau ke BKIIFOUEeHa cXeMa MOJABIEHUS T0-
MeX, KOTOpasi KOHTPOJIHUPYET elie 4 BHIOOPKU C 4aCTOTOM TaKTOBOTO I€HEpaTopa,
TO 3aJi€p’KKa YBEJIMUMBAETCS €Ile Ha 4 TakTa.

Joctyn k 16-pa3psiAiHBIM perucrpam

JIns yTeHus v 3anucy B 16-paspsiiHbIe pETUCTPHI Yepe3 8-pa3psaaHylo HHY
JAHHBIX KCIONB3YETCS PETMCTP BPEMEHHOI'O XPAHEHHS] B aBTOMATUYECKOM PEXU-
Me. [lepBasg nmepecpuika OCYIIECTBISIETCS ¢ BPEMEHHBIM PETHCTPOM, a BTOpas 3a-
BepIaeT 0OMEeH BceX 16 pa3psaos.

[Toatomy ans 3anucu B 16-pa3psaHblid perucTp HeOOX0IMMO CHayvaja 3aru-
caTh crapmwmii 0aiT, a 3arem Mmuammmid. [Ipu yreHum 16-paspsgHOrO perucrpa
CHauaja Hy>KHO MPOYMUTATh MIIAIINIA OaiT, a 3aTEM CTAPIIIHIA.
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Peructpsi ynpasienuss TCCR1A, TCCR1B, TCCR1C

TCCR1A=$2F

(TCCROA=$30),

TCCR1B=$2E

(TCCROB=$33),

TCCR1C=$22 - peructpsl ynpaBjicHHs cueTInKOM-TaiimepoM. OHH 3a/1al0T BO3-
MOKHBIE PEXKHUMBbI PaOOThl TaMEpPOB U OCYIIECTBIISIIOT BCE APYrHe HACTPOMKHU
CUETUMKOB-TaIMEpPOB: (POPMY CHUTHAJIOB Ha BBIXOJIE, YACTOTY CUETa, UCTOUYHHUK TaK-
TOBOTO CUTHAJIa, 0COOEHHOCTH padOThI OJIOKA CPABHEHUS U T.1.

Peructpel ynpasnenusa mus taiimepa TO n Ha3HaueHHME pa3psAAOB MTOKA3aHBI
Ha puc.3.3. AHAJIOTUYHBIE PETUCTPHI cylecTBYIOT A1t T1 - Ha puc.3.4.

TCCROA=%30 Pernctp A ynpaBneHunsa cyetumka T0

Timer/Counter Control Register

=

6

5

4

3

2 1

0

COMOA1

COMOAQ

COMOB1

COMOBO

- WGMO1

WGMO00

Pexxum paboTbl
Brnoka cpaBHeHVs A
(BbiBog OCOA)

Pexum paboTbl
6noka cpaBHeHnsa B
(ebiBOg OCOB)

Pexum paboTbl
TallMmepalcueTumnKa

TCCROB=$33 Peructp B ynpaeneHnus c4yetyuka 10
Timer/Counter Control Register
7 6 5 4 3 2 1 0
FOCOA FOCOB - - WGMO02 CS02 CSO01 CS00
MNpuHyanTenoH | MNpuUHYQUTENBH Pexum YnpaeneHne TakToBbIM
0€ U3MeHeHWe | 0e U3MeHeHue paboThl CUrHanom
COCTOAHUA COCTOAHMNA Tanmepa/ (MCTOYHUK curHana)

BbiBoga OCOA | BbiBoga OCOB cyeT4nKa

Puc.3.3. Peructpsl ynpasnenus taitmepom TO
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TCCR1A=$2F Peructp A ynpaeneHus cvetymnka T1 (aHanor TCCROA=$30)
Timer/Counter Control Register
7 6 5 4 3 2 1 0
COM1A1 | COM1AO0 | COM1B1 | COM1BO - - WGM11 | WGM10
Pexum paboTbl Pexwum paboThl Pexwum paboThbl
Broka cpaBHeHns A | Brnoka cpasHeHnA B TanmepalcHeTumnKa
(BbiBOg OC1A) (ebiBOg, OC1B) T1

TCCR1B=8$2E PerucTtp B ynpaeneHua cyetdmka T1 (dactuyHo aHanor TCCROB=$33)
Timer/Counter Control Register

7 6 5 4 3 2 1 0
ICNC1 ICES1 - | WGM13 | WGM12 | CS12 CS811 CS10
BknioyeHue Bbibop poHTa Pexunm paboTbl YnpaBneHWe TakTOBbIM
CXeMbl curHana TanMepa/cueTumnka CUrHanom
noaasneHus 3axBaTa (UICTOUHUK curHana)
nomex

TCCR1C=%22 Peructp C ynpasneHus cyetynka T1
Timer/Counter Control Register

7 6 5 4 3 2 1 0
FOC1A FOC1B - - - - - -
MpuHyanTenoHoe MpyHyauTEnbHoOE
n3ameHeHue ebiBoga OC1A n3MeHeHue sbiBoga OC1B
(no COM1A1:COM1A0) (no COM1B1:COM1B0)

Puc.3.4. Peructpsl ynpasienus cueTankom T'1

Taitmep TO MoxkeT paboTaTh B MIECTU PANTMYHBIX PEKUMAaX, KOTOPHIE MOXK-
HO ycTtaHoBUTH Outamu WGMO-WGM?2 (Wave Generator Mode). KomOunaruu
ATUX OUTOB M COOTBETCTBYIOIIME UM PEXKHUMBI MTPEACTABICHBI B Tabuie 3.1.

Tabmwmma 3.1
Pexxumebl paboTsl Talimepa TO

Howmep |\ no2| wGMo1{weMog|  Pexum padors: B::g:b %Tl.‘i'é".-ﬁﬂ'f yE:::::u
pexuma Taiimepa/cyerynka TO (TOP) OCROx dnara TOV0

0 0 0 0 Normal $FF | Hememnenno $FF

] 0 0 ] Phase correct PWM $FF [1pu TOP $00

2 | o ! 0 S;(;H(;if)"” MPMCOB-| )CROA | Hememento|  SFF

3 0 1 1 Fast PWM $FF Ipu TOP $FF

4 1 0 0 3ape3epBHPOBAHO - — -

5 1 0 1 Phase correct PWM | OCROA | Tlpu TOP $00

6 1 1 0 3ape3epBHpPOBaHO — — —

7 1 1 1 Fast PWM OCROA | TIlpu TOP TOP
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Cuerunk T1 aBnsercs 16-pazpsansiM. B otiinune ot TO cyeTunk peanusyer
JIOTIOJIHUTEIBHO PEKUM 3axBaTa. DJIEMEHTbl CTPYKTYphl, 00€CIEeUUBAIOIINE ITOT
PEXKHUM, TOKA3aHbl JKEITHIM IIBETOM (TOHKMMHM JIMHUSAMM) Ha puc.3.1.

Bo3moxHnsle pexxumsbl cuetunka T1 npencraBieHs! B Tadbaune 3.2.

Pesxkxum Normal (Taiimepa)

D10 Hanbosee MPOCTON PEKUM, KOTOPBIA UMEET MECTO B JIFOOOM KOHTPOJI-
aepe:

- CYETYMK paboTaeT KaKk CyYMMHPYIOUIMH OT TAaKTOBOI'O CHTHAJIA 10 MAKCH-
MaJIbHOT'O 3HAYEHUSI;

- pu niepenoiaennu cyetunka TO (kox $FF mensiercs va $00) ycranaBnu-
Baetcs duar nepenojgHenuss TOVO0=1. AHamormyHo mpoucxoauT B cuetuuke T1
(xon SFFFF mensiercs mva kon $0000, ycranaBnuaetcs ¢uiar TOV1);

- TPU COBHAJECHUU KOJIa CUYETYMKA C PETUCTPAMH CPABHEHHUS YCTaHABIUBA-
etrcst coorBeTcTBYrOMI hiar OCFOA win OCFOB (OCF1A unu OCF1B) u rene-
pupyercs npepbiBaHue (€U €CTh Macka 1 0011iee pa3pelieHne MpepbhIBaHms);

- npu noakroueHuu BbiBo10B OCOA i OCOB (OC1A wiu OC1B) Ha HuX
dbopmupyetcsi curnai, ¢popma kKoTtoporo nporpammupyercs 6utamu COM (Com-
pare Match Output Mode) B cooTBeTcTBUU ¢ Tabiuuen 3.3.

Ecnu xomv 00un uz ymux 6umoe ycmamnoenen ¢ 1, mo 6év1600 OCO nepe-
cmaem (YHKUUOHUPOBAMb KAK OObIYHbBLI 6bl600 00UL€20 HA3ZHAUEHUA U NOO-
Kaouaemcsa K cxeme cpasHeHus maimepa cuemyuxka. OOHAKO npu ImMom OH
0o1cen Obimb euje HacmpoeHn Kak 6bix00. Hacmpoiika OC0A u OCOB (OCIA u
OCI1B) doicna 6bimeb 8bINOJHEHA 00 KOHDU2YPUPOBAHUS 81600068 HA 8bLX0O.
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Pexxumbl paboThl cuetunka T1

Tabmuna 3.2

Home Pesxcm paboThl Monynb| OoHoBnenne | Moment
exmml; WGMI13WGM12(WGM11WGM10 TaiiMena /c'fmnxa T] | CU€Ta | PErHCTPOB | YCTaHOBKH
P P (TOP) | OCRIx |dnara TOV1
0 0 0 0 0 | Normal $FFFF | Hemennenuo| $FFFF
L[ o | o | o | 1 |fhaseconectPWM, \goor | mpuTOP 50000
-OMTHBIH
2| o | o o |Phasecomect PWM, | ¢4 cp |\ mouTOP | $0000
9-OMTHbBIH
Phase correct PWM,
3 0 0 1 10-6UTHLL $03FF |Ilpu TOP | $0000
4 | o | 1 | o | o |CIC(cOpocmpucon-|nepalyemennento| SEFEF
nafeHuM)
0 1 0 1 | Fast PWM, 8-6utHbtii | $00FF |Ilpu TOP | [Ipu TOP
0 1 0 Fast PWM, 9-6utHbiii | $01FF | [Tpu TOP [TIpu TOP
71 0 | 1 || Fast PWM, 10-047- 1 503EF | mpuTOP | Mpu TOP
Phase and Frequency
8 1 0 0 0 Correct PWM ICR1 |$0000 $0000
Phase and Frequency
9 i 0 0 1 Correct PWM OCRIA| $0000 $0000
10 1 0 0 Phase correct PWM | ICR1 | IIpu TOP $0000
11 | 0 1 Phase correct PWM | OCRI1A| IIpu TOP $0000
2| 1 1 | o | o |CTC(cOPocHpHCOB-|yopy | Heyennenno| SFFFE
NafeHHH)
13 | | 0 1 | 3apesepBupoBaHo — — —
14 1 1 0 | Fast PWM ICRl |Ilpu TOP |IIpu TOP
15 1 1 1 Fast PWM OCRIA|lpu TOP | IIpu TOP
Ta0muna 3.3
VYnpasnenne BeiBogamu OCOA u OCOB B pexxume Normal
COMOAI COMOAO Onncaime
(COMOBI) (COMOBO0)
0 0 Taiitmep/cuetunk TO otkmioyex ot Beidoga OCOA (OCOB)
0 1 CocTosiHMe BbIBOIa MEHSIETCA Ha MPOTUBOIOI0XHOE
1 0 Beison cOpackiBaercs B 0
1 1 BriBon yctaHaBnuBaeTcs B 1
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[Tpu Heobxoaumoctu cocrosinue BoiBoJoB OCOA u OCOB (OC1A u OC1B)
MOTYT OBITh U3MEHEHBI B COOTBETCTBUU ¢ Tab0i1.5.3 npunyautenbHo (Force Output
Compare) 3anuceto 1 B 6ut FOCOA u FOCOB (FOC1A u FOCI1B) peructpa
TCCROB (TCCR1B). IIpepsiBanue mnpu 3ToM He Tenepupyercs u B pesxkume CTC
He cOpacbIBaeTcs cueTuuk. [Ipu yTeHuu 3TOT BBIBOJ OYIET HYJIEM.

Pexum CTC

Pexxum CTC (Clear Timer on Compare - cOpoc IpU COBIAJCHUH) UCIOJIb-
3yeTcsl JJis TeHEepallMi CUTHAJIOB 3aJJaHHOW 4acTOThl. PexuM xapaktepusyercs
CJIEIYIOLIMMU MPOLIECCAMMU:

- CUETUUK PabOTaeT KaKk CYMMUPYIOIIUHI MO TAKTOBOMY CUTHAIY;

- TIPEAEIbHOE 3HAYEHUE CUETUMKA OINPENEISETCS PETUCTPOM CPABHEHHUS A,
3aTeM cOpOC U OMSTh CUET HAYMHACTCS C HYJIS;

- mocie coBnajzieHus ¢ peructpom ycranasiubaetcs piar OCFOA (OCF1A),
YTO MOJKET MPU PA3PELICHUH COMPOBOKIATHCS MPEPHIBAHUEM;

- OZJTHOBPEMEHHO C YCTAaHOBKOM (hjlara MO>KET U3MEHSTHCA U COCTOSIHUE BbI-
Bo7i0oB OCOA (OCI1A) MuKpokoHTpoiepa. XapakTep U3MEHEHHS 3aBUCUT OT OUT
COMOA1- COMOAO (COM1A1- COM1AOQ). YopapieHue BbIBOJaMU B 3TOM pe-
KUMeE aHajoruyHo pexkumy Normal (cm. 1ab61.3.3);

- COBIIAJICHHUE C PETUCTPOM CpaBHEHUs B, eciin ero 3HaueHue He MPEBbIIIAET
3HAQYEHUS pEerucTpa A, TaK»XKe COMPOBOXKAACTCS BHIPAOOTKON MPEpPhIBAHUS U U3MeE-
HeHueM coctosiHus Beixoaa OCOB (OC1B), HO cueTuuk He cOpachIBaeTCHl.

Huarpammer pexxnma CTC mnpencraBnensl Ha puc.3.S. Takue aumarpaMmbl
MOJTYYalOTCsl MPU 3aJaHUU PEKUMa MEPEKITIOYEHUs] CUTHAJIOB Ha BBIBOJAAX (OUTHI
yIpasieHusl BbIBoJgaMHu cooTBETCTBYIOT 01). Jlerko BUAEThH, UTO MEPUO] T'eHEpPa-
MY YBEJIUYUBAETCS MO MEPE YBEIUYEHHUS KOJa B peructpax cpaBHeHus. Hakion-
Has JINHUS WUTFOCTPUPYET YBEIIMUECHHUE KOAA CUETUHKA.

JI1s1 pacdeTa 4acTOThl TeHepaluu F UCIOIb3yeTCsl BEIpAXKEHUE

— fCLK
2-N-(1+OCR0A)’
rne  Fcrg - TakTOBast yacTOTa MUKPOKOHTPOJLIEPA;
N - koadduiuenT neneHus npeaaeauTess;
OCROA - KOl B perucTpe CpaBHEHHS.
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YcraHasnusaeTca ¢nar
i npepisaiua OCFOA

P
*____________
I S,

CYETYMK /
TCNTO
BbIBO OCOA

Mepuon, |4—1 — b2 ——— 3 -»}4—4——»

Puc.3.5. Bpemennsie quarpammel padotsl B pexkume CTC

Pexum nepexknioyeHus
COMOA1:0 =01

Pexum Fast PWM

Pexxum Fast PWM (Fast Puls-Wedth Modulation - ObiCTpoaeCTBYIOIICH
HIUPOTHO-UMITYJICHON Monaysiiuu - LIIMM) ucnons3zyercss uisi peryIupoBaHus
MOIIIHOCTH, BBIIPSIMIICHHUS, IU(PPO-aHATOTOBOTO MPeoOpa30OBaHUs U T.1.

Pexxum xapakTepusyercs CIeIyIUMU TPOLIECCAMU:

- CUETUUK paboOTaeT B PEKMME CYMMHUPOBAHHUS MO TAKTOBOMY CUTHAIy 10
MakcuMajabHoro 3HaueHuss $FF. B anprepHaTMBHOM BapuaHTe NpH pexxume No7
cuetunka TO (mpu WGMO02=1) - no 3nauenus peructpa cpaBHeHus OCROA. B
ATOM PEXKUME 3aMUCh B PETUCTP CPABHEHUSI MPOUCXOIUT TOIBKO MPU JOCTHKEHUU
cueryrikoMm coctosiaust $FF. DTo HaswiBaeTcs nBoitHOW Oydepusanmeri 3anvcu. B
MPOTUBHOM CJIy4ae MOSBUWINCH Obl HECHUMMETPUYHBIE UMITYJILCHI HA BBIXOJIE MOAY-
asitopa (hopmupoBaTessi CUTHANIOB, cM. puc.3.1);

- npu nepenoHeHnn (riepexon yepe3 $FF) ycranaBnmBaeTcs Quiar mepe-
nojgaenus TOVO;

- NP PABEHCTBE COAEPKMUMOTO CUETUYHMKA M PErHUCTpa CPABHEHUS YCTaHaB-
muBaetrcs (iar copmanenuss OCFOA ninun OCFOB;

- TIPY PaBEHCTBE COJACPKUMOr0 CUYETUMKA M PETUCTPA CPABHEHUS €llle Mpo-
WCXOJIUT yTpaBIICHWE BHIBOJAMU B COOTBETCTBUU C Tabmutiei 3.4.
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Ta6mauma 3.4
VYnpasnenue BeiBogamu OCOA nu OCOB B pexxume Fast PWM
COMOA1 | COMOAO OnHcanHe
(COMOBI) | (COMOBO0)
0 0 Taiimep/cuyeTunk TO otkmoueH ot Brioga OCOA (OCOB)
OCOA:
WGMO02 = 0 — raitmep/cueTyuk TO otkuioyeH ot Bbisofa OC0A;
0 1 WGMO02 = | — cocTosiHKe BHIBOIa MEHSAETCS Ha TPOTUBONIONOXHOE IPH pa-
BeHctBe peructpoB TCNTO u OCROA.
OCOB:
3ape3epBMPOBAHO
CopacniBaercs B 0 npu paBeHcTBe peructpoB TCNTO u OCROx. YcraHasnu-
1 0 Baetcs B | Npy JOCTHXKEHHUH CYETYMKOM MAKCUMAJILHOTO 3HAYEHUs! (HEUH-

BepTupoBaHHblit [ITUM-curuan)

YcranaBnusaetcs B | npu paseHcTse peructpoB TCNTO u OCROx. Copachi-
Baetcs B () NpH JOCTHXEHUH CYETYMKOM MAKCUMAIBHOTO 3HaYeHUs (MHBED-
THpoBaHHbIH LI M-curxan)

Juarpammel curHanoB B pexxuMme Fast PWM npencrasnensl Ha puc.3.6.

Jlerko BuaeTh, uto nipu cuere a0 $FF yBenmndeHnem koma B perucTpe cpas-
HEHMS YBEJIMYMBAECTCS CTENEHD 3al0JIHEHUS €IMHULAMU IIeproia renepaunu. [Ipu
HEOOXOJMMOCTH CHUTHAJ Ha BBIXOJIE MOXKHO MPOWHBEPTUPOBATH, TOMEHSB OWTHI
COMOAI- COMOAO ¢ 10 ma 11.

Peructp

I
coBnageHumsa A

OCROA

CyeTuunk

\

Ycranaenusaerca ¢pnar
coenagerua OCOA

O6Hosnaerca per. OCROA
W ycTaHasnusaerca dbnar
nepenonnenns 1 OVO

e
- ———

T0
TCNTO
OCOA ‘ ‘ ‘ ’ COMOA1:0=10
BbiBog YnpasneHue BbiBOgaAMM
OCOA [ u COMOA1:0=11

Mepuon }-—1 —-|- 2 "I‘—3—+—4_'[‘_5_"_5"l"7_'|

Puc.3.6. lnarpammel curaanoB B pexxume Fast PWM
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Yacrota TCHCPUPYEMOI'O CUI'HaJIa OIIPCACIIICTCA BBIPAKCHUCM!

F — fCLK
0Cc04 )
N-256
rae N - koappuimeHT aeneHus npeaeIuTeNs;
fcLk - TaKTOBas 9acTOTa MUKPOKOHTPOJLIEPA.

Pexxum Fast Correct PWM

Pexxum Fast Correct PWM (ILIUM ¢ TouHo# (a3oil) npeanodturensHet s
YIOPABJICHUS JBUTATEISIMU OJarojapsi CUMMETPUYHOCTH W3MEHEHHUSI COCTOSHUS
cueTurka. B aTom pexxrMe peanuszyeMble IPOIecChl OUeHb MOX0KHU Ha pexuM Fast
PWM, HO ¢ yueToM BBINIOJHEHUSI PEBEPCUBHOTO CUETA:

- CUETYUK CYMMHUPYET OT HYJIA JI0 MAaKCUMAJIbHOTO 3HAYCHMSI, 3aTEM BBIYU-
TaeT 70 Hyss. BO3MOXXHOCTh OrpaHUYEHUs] MAKCUMAIBHOTO KOJIa CUETYHKA PEeru-
CTPOM CpaBHEHUS TAKXKE MPUCYTCTBYET;

- ipu ocTrokeHnu koaa $00 popmupyercs durar nepenonaenus TOVO;

- TIPY COBMAJCHUU C PETUCTPOM CpaBHEHUs (popmupyetcs ¢iar COBMAICHUS
OCOA nmu OCOB;

- IPY COBMAJICHUU C PETUCTPOM CpPaBHEHUS MMPOUCXOAUT U3MEHEHNE CUTHAIIA
Ha BBIXOJIC B COOTBETCTBHU C TaOJIHIIEH 3.5.

Tabnnna 3.5
VYnpasnenue BoiBojgamu, OCOA, OCOB B pexxume Fast Correct PWM
COMOA1 | COMO0AO Ommcanue
(COMOBI)| (COMOB0)

0 0 Taitmep/cueryuk TO otknoyeH ot Beisosa OCOA (OCOB)
OCO0A:
WGMO02 = 0 — taiimep/cueTunk TO otknioyeH ot Beisoga OCOA;

0 I WGMO02 = | — cocTosiHie BbIBOIA MEHSIETCA Ha IPOTHBONO/IOXHOE NPH pa-

seHcTBe peructpoB TCNTO u OCROA.

OCOB:
3ape3epBHPOBAHO

[ 0 CopacbiBaercs B 0 mpy npsiMOM cyeTe ¥ ycTaHaBIUBaeTcs B 1 npu o6paTHoM
cyete (HemHBepTHpoBaHHblit LTUM-curnan)

1 | YcranaBnuBaercs B | npy npsiMoM cuete U copachisaercs B 0 npu oOpaTHOM
cyere (MHBepTHpOoBaHHbIH LIMM-curnan)

C y4eToM peBEepCHUBHOrO cyeTa (3a MepHoJ CUETUUK JBa pa3a rnepedupaet
CBOM COCTOSIHHS) YacTOTa BBIXOJIHOTO CUTHAJI OyneT B 2 pa3a MEHbLIE YacTOTHI B
pexume Fast PWM:

_ fCLK

FOCOA - N-512
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burst FOCOA n FOCOB npuHyAMTENIBHO H3MEHSIOT COCTOSIHUE BBIBOJAA
OCOA u OCOB (B pexxumax Normal u CTC). [Ipu 3anucu 1 B 3TOT OUT COCTOSIHUE
BBIBOJIa U3MEHsIETCS B COOTBeTCTBHM ¢ ycTtaHOBKamMu 6utoB COMOA1-COMOADO.
[IpepbiBanue npu 3TOM He reHepupyetcs u copoc Taiimepa (B pexume CTC) He
MIPOU3BOJIUTCS.

Juarpamma curHainoB B pexume Fast Correct PWM noka3zana Ha puc.3.7.

Ycranasnueaetca ¢nar
coenagenna OCOA
Y Y
O6HoBnseTCA perucTp
cpaBHeHua OCROA
i N il Bk St -t Ycranasnueaetca ¢nar
PerMCTp ' H ! nepenonHeHus TOVO
coBnageHns A Y | LA AR B A ; \Aj
OCROA L AL . ;.
CueTunk ; ¥
TO
TCNTO
Y
OC0A | COMOA1:0=10
BbiBoa
OCOA [ comoat:0=11

MNepunoa }4-——— 1 :I: 2 :l: 3 :I

Puc.3.7. [lnarpamma curnanos B pexume Fast Correct PWM

Pabora cuetunka T1 ATtiny2313 ananoruuyna cuetunky T0O. Ho B Hem pea-
JIM30BaH JIOMOJIHUTEIBFHO PEXKHUM 3aXBaTa M UCIOJIb3YIOTCS JBYXOAaWTHBIE MOPTHI,
YTO YBEJIMYMBAET JUAIA30H UCMOJb3yeMbIX KOJ0B. CTpyKTypHbIe AonojHeHus T1
110 CPaBHEHHIO cO cueTUnKOM T( BbIIEJICHBI )KENTHIM IIBETOM Ha puc.3.1.

3anuchk B AByXOaWTHBIE PETUCTPHI cyeTunka T1 ocyiecTBiseTcs 3a aBa 00-
pamenusi. CHavasia 3aMuChIBACTCS CTApIINil OalT, KOTOPBIN coxpaHseTcs B Oyde-
pe. [Ipu 3amucu mnanmero 6aiTa MPOUCXOIUT pa3MelieHne TBYyX0aUTHOTO Ko/Ia B
peructp taiimepa. Comepxumoe Oydepa, comepikaiiero Crapimii 0aiT, MOXXHO
WCIIOJIb30BAaTh MHOTOKPATHO TPH aJpecanud K MiIaaneMy OaiTy BBIOpaHHOTO
JBYX0aNUTHOTO perucTpa.

[Ipu yrenun 16-6MTHOTO perucTpa MpoUecc JOJHKEH HAYMHATHCS ¢ MJIaJIle-
ro Oaiita. [Ipu aToMm cTapimii 6aiT 3anuceiBaeTcst B 0ydep, U3 KOTOPOro v mpouc-
XOJIUT YTCHHUE CTapIiero OauTa.

[Ipu oOpamieHuu K 16-OUTHBIM perucTpamM npepbiBaHUs HEOOXOAUMO 3ampe-
TUTh BO U30€KaHUE U3MEHEHHS COCTOSIHUSL PETUCTPOB J0 3aBEPILICHUS 0OpaIEHUSI.

YTounuts neranu pabotel Taitmepa T1 moxxHO 10 TuTeparype [2].
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HcxoaHoe cocToOsiHUE CHETYMKOB 110 YMOJTYAHUIO

[Tocne popmupoBanust komanasl RESTART ucxonHoe nonoxkeHue amnmnapa-
TYpBI CIEQYIOUIEE:

- YCTPOMCTBA BBIKJIIOUECHBI;

- IPEJJICIIUTENb BBIKITIOUEH (CUETUMK HE paboTaer);

- BHEIIIHUE BBIXOJbI OTKIIFOUEHBI.

3aoanue 3.2. 3a0anue napamempos cCuemHo20 CUZHANA

W3yunth mporpaMMHYI0 MOJENb YNPaBICHHUS YacTOM pabOThl TaliMepOB-
CUETUYMKOB, HAYYUTHCS MPOrpaMMHUPOBATh TpeOyeMble MapaMeTpbl TAKTOBBIX CHT-
HAJIOB CYETYMKOB-TAUMEPOB.

B omueme npeocmasumo:

1. Anpeca 1 UMEHa PETUCTPOB BBOJA-BBIBOJIa, 00OECTICUUBAIONINX YIIpaBIie-
HUE NPEIIECITUTENEM;

2. Inana3zoH ko3 PUITMEHTOB JeTIEHUs TTPEAICTUTENS;

3. Ha3znauenue OMTOB PErUCTPOB YIIPABICHUS MIPEAICTUTEINS.

[Ipeanenurens TaiiMepoB mpeaHa3HAadeH s (OPMHPOBAHMSI TAKTOBBIX
CUTHAJIOB TaliMEepOB-CUETYMKOB. DYHKIHMOHAJIbHAS CXE€Ma NPENIeIUTeNs Npea-
ctaBieHa Ha puc.3.8. Oba TaliMepa UCIONB3YIOT OAWH NPEAIEIUTENb, HO YIIpaB-
JISIFOTCSI TAKTOBBIE CUTHAJIBI MHANBUIYATBHO.

o cT
clkyo * 10 pa3spsiaoB
R
PSRx T T B & B
= L | =
o = =z Q
— —° o =
[&]
ommmmeemmnsas ! 0
TO — Cunxponuzatop |
e
CS00
CS01 MUX
CS02
v

TakToBbiii curHan TO C|k-m

Puc.3.8. ®yHkuunoHanbHas cxema npegaenurens taitmepos TO u T1
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VYrpaBieHue npeaieuTeNeM 3aKiIovaeTcs B 3ajaHun ko3 duiimenTa aemie-
HUSl TaKTOBOM YacTOTHl KOHTPOJUIEpPA, OCTAHOBKE TalMEpOB, TMEPEKIIOUCHUH Ha
CYeT BHEIIHUX CHTHAJIOB. BO3MOKHBIC NCTOUYHUKU CUTHAJOB /i Taitmepa TO Ha-
3Hauvatotcs ouramu peructpa TCCROB=$33 (puc.3.3) B coorBeTcTBUM ¢ TabauLeit

3.6. Jlns cuetdmka T1 Tabnmuia aHajJoOTHYHAS, HO YNPaBICHHUE OCYIIECTBISETCS
ouramu B peructpe TCCR1B=$2E (puc.3.4).

Tabmuua 3.6
Br160op ncrounnka TaktoBoro curHana cuetryukoB T0 u T1
CS02 CSo1 CS00 Mcroynuk TakToBOrO CHrHaia TO

0 0 0 TaiiMep/cueTYHK OCTAHOBJIEH

0 0 1 clkyo

0 1 0 clkyo/8

0 1 1 clky/o/64

1 0 0 clk;0/256

1 0 1 clkyo/1024

1 1 0 Beison TO, cyeT ocyiecTsisieTcs o crafawiieMy GpoHTy
HMITYJIbCOB

1 1 1 BuiBon TO, cyer ocyiecTBaseTcs no HapacrawieMy GpoHTy
MMIYJIbCOB

Ycranoskoit B 1 6uta PSR10 (Prescaler Reset Timer/Counter) O6mero pe-
ructpa ynpasienus Taiimepamu/cuetTunkamu GTCCR (General Timer/Counter
Control Register) MoxHO cOPOCHUTH MPEAACIUTENH B HOJIb.

3aoanue 3.3. Pazpabomka npozpammvl ynpaeieHus cYemuukamu 6 pe-
scume Normal

Pa3paboraTe cxemy anroputma M IporpaMMmy B COOTBETCTBUU C IOCIENYIO-
IIMMHU 33JaHASIMU. BBINOIHATH TPAHCISALUMIO U OTIAAKY mporpammsl. IIponemon-
CTpUPOBATh pabOTy MpOrpamMMbl Ha IMYJSITOpe U B nporpamme Proteus. Ilpencra-
BUTH JTAHHBIE B OTYETE B COOTBETCTBUE C KAXKIBIM 33 JaHUEM.

B camom ob6miem ciyuyae wHUIMANM3aIMs Taiimepa B pesxkume Normal (B oc-
TaJbHBIX PEKUMaX aHAJIOTUYHO) COCTOUT U3 CIEAYIOIIHNX IIaroB:
- ocranoBka Taiimepa B TCCROB (o6nynenue paspsgos CS00 - CS02):
TCCROB (1<<CS02) | (1<<CS01) | (1<<CS00);
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- 3amanne pexnma pabotsl Normal B TCCROA u TCCROB 6e3 crapra (06-
Hynenue paspsagoB WGMO2 . . . WGMO00):
TCCROA & = ~ (1<<WGMO1)| (1<<WGMO0); //MNo ymon4aHuio
TCCROB & = ~ (1<<WGMO02);

- 3amaHue pexuma padboTel BbIBOJIOB cueTunka B TCCROA (BBIBOJIBI
COMOA u COMOB), nanpumep, B peXUM "U3MEHEHHUE COCTOSIHUS Ha MPOTUBOIIO-
JIOKHOE':

TCCROA & = ~ (1<<COMOAO)| (1<< COMOBO);

- yCTaHOBKa HU(POBBIX MOPTOB "Ha BBIXOA" JUIsl TOJKIIOYEHHS BBIBOJOB
cuetunka OCOA u OCOB (peructpst DDRB, DDRD):
DDRB |= (1<<PB2) //ana soiBoga OCOA
DDRD |= (1<<PD5) // pnsa sbiBoga OCOB;

- ycTaHoBKa HauyaiabHOro 3HaueHus cueryuka TCNTO (TCNT1) wim peruct-
poB cpaBaenust OCRO (OCR1):
TCNTO = const; / /Wi OCROA=... OCROB= ...;

- cOpoc ¢uaroB cuetunka-taiimepa TO B peructpe TIFR:
TIFR |= (1<<OCFOB) | (1<<TOVO0) | (1<<OCFO0A);

- pa3pelieHue npepeiBaHui cuetunka-raiimepa TO B TIMSK:
TIMSK |= (1<<TOIEQ) | (1<<OCIEOB) | (1<<OCIEQA);

- yctaHoBKa npenaenutens cuerunka-raitmepa TO 8 TCCROB, To ecTb cTtapt
Taiimepa:

TCCROB |= (1<<CS02)| (0<<CS01)| (1<<CS00).

Takue maru MOI'yT OBITH BBIITOJHEHBI B ITOJTHOM OOBEME HIIH 9aCTHU4YHO, HUC-
X041 U3 TCKYIIMUX PCIIaCMbBIX 3aaa4.

3aoanue 3.3.1. I'enepamop cucnanoe na ocnoee maiimepa T0

3anporpammupoBath cueTyrk TO B pexkxume Normal ¢ mMakcuManbHON vac-
toto reHepaunu ¢ Beixoga OCOA. Pexxum BhIXOJ1a - U3BMEHEHHUE CUTHAJIa HA MPO-
TUBOIOJIOXKHBIN. TakToBast yactoTa npoueccopa - 4 MI'm.

B omueme npeocmasumbu:

1. BeipaxkeHust u1si pacueTa 4acTOThl U IEPUO/Ia TE€HEPATOPa;

2. IIporpammy Ha s3bike C. CTpyKTYypy AaHHBIX YHPABISIOIINX PETUCTPOB
taiimepa TO;

3. Cxemy MOIETUPOBAHUS C UCIOIB30BAaHUEM OCIIILIOrpada;

4. PacueTsl 4acToThl TeHeparuu 1o JaHHeiM AVR Studio;
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5. Pe3ynbTaThl N3MEpEHUA YAaCTOTHI U MEPUOJA TEHEPALUH C ITOMOIIBIO OC-
mutorpada. BelBog 0 COOTBETCTBUM JaHHBIX pacueTa U U3MEPEHUS.

3adaua 3.3.2. VI3MeHUTH IpOrpaMMy JJId T€HEpalUy CUTHAJIOB Ha BBIXOAAX
OCOA u OCOB co cauroM Ha 4erBepTh nepuona. CoxXpaHHTh B MPOrpaMme
MPEXKHUE HACTPOMKU PETUCTPOB YIIPABICHUS C TOMOIIBIO 3HAKOB KOMMEHTApHEB.

B omueme npeocmasumbo:

1. U3menenus B nporpammy 3anauu 3.3.1.

2. BeipaxxeHus Ui 3a1aHUS pEKUMOB PabOThI CUETUHKA.
3. BeiBog 0 (pa30BOM CIIBUTE CUTHAJIOB.

3adaua 3.3.3. YMeHbIIUTH B 8 pa3 yacToTy renepanuu Ha Beixogax OCOA u
OCOB. Jloka3atb ¢akT U3BMEHEHHs YaCTOThI 10 CHUTHAJIaM Ha ociuuiorpade u mna-
pamerpam AVR Studio.

B omueme npeocmasumo:

1. I3mMenenus B nporpammy 3ajauu 3.3.2.

2. JlanHble pacuera 4acTOThl TeHepauuu no aAaHHeIM AVR Studio u Ha-
cTpoiikaM ocuuiuiorpada. BeiBog 00 UX COOTBETCTBUH.

3aoanue 3.4. Pazpabomka npozpammsl ynpaeieHus cYemuukamu 6 pe-
ancume CTC

Curnan nomxeH renepupoBatbesi Ha Bbixogax OCOA umu OCI1A. Ileneco-
oOpa3Ho ucnoib3oBath pexum CTC, criennanbHO MpeIHA3HAYCHHBIN 71 TeHepa-
MM CHUTHAJIOB HAacTpamBaeMOW 4acTOThl. MCMomb3ysi KOHKPETHBIM BBIOpAaHHBIN
CUETUYMK KOHTpPOJIIEpa, O00OOCHOBATh BO3MOXKHOCTH W 3alPOrpaMMHUpPOBATH KOH-
TpPOJUIEp Ha BbIJauy CUTHaja Ha BbIXoJie peructpa A c¢ yacroroil 1 I'u. TakToBas
yacToTa KoHTpouiepa 4 MI'w.

[Ipumep pacueTa mapameTpOB HACTPOWKHM MPOECKTUPYEMOTO T€HEpATopa Ha
cuetunke T1 s yactoTel 3anaroiero reueparopa ferx= 8 MI'n st BeipaboTKu
CUTHAJIa MPEPBIBAHUSI IO IEPENOTHEHUIO ¢ yacToTou 1 I'1.

JIns pacdera cienyeT UCIOIb30BaTh CIAEAYIOUIUE ITAIbL:

1. KonnuecTBo 3anoigHeHnii cueTurka 3a 1 cek:

8 000 000 /65536 = 122 pas3;

2. Ecnu reHepatop JOJDKEH MEPEKIII0YAETCS BCSIKUAN pa3 MO MEPENOIHEHHMIO,

TO MEPEKIIOYEHUIN (MUTaHU, IEPUOJOB 33 CEKYH/Y) ITOITYYUTCS:
122 /2 =61 pas;

3. dnsa npubnmxenus K 1 ['1 He06X0AMMO YMEHBIIUTD HCXOIHYIO TAKTOBYIO
4acTOTy mporieccopa B 64 paza. IT0 MOXHO BBITIOJHUTH 3a cueT Kod(duimenrta
npegaenutens K=64. [loaTtomy nomyduTcst 4acToTa:
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61/64=0,954Tw;
4. COOTBETCTBEHHO, [JIsl MOJy4eHus: TOUHO | ['1[ cmeqyeT yMeHbIINTh KOJH-
4eCTBO OTCUYETOB cueTtunka B 0,954 paza:
65536 * 0,954 = 62521;

5. CnenoBarenbHO, €CIU A0 MEPENOIHEHUS CUYETYUK JIOJDKEH IMOJYyYHTh

62521 GpoHT TaKTOBOTO CUTHAJIA, TO KOJ MPETyCTaHOBKHU:
65536 - 62521 =3015 = 0BC7H.

[Ipu mepekiroYeHUr TeHepaTopa MO CUTHATYy MPEphIBaHUS MO IMEPEroHe-
HUIO JIJIS1 TIOJTY9eHHST 9acTOTHI nepekimodeHust 1 [’ HeoOxoaumo OyaeT 3TOT KOj
(OBC7H) 3anuceiBath B cueTunk T1 kak KoJ mpeaycTaHoBKU. B oOpaOoTunke
MOXHO C 3TOM K€ YaCTOTOM YIPaBJISITH JOOBIM BHEITHUM YCTPOHCTBOM (32 1¢ Oy-
JIeT BbIJaBaThCs JiBa curHana nepenoyineHus). Kpome toro Ha Beixone OCl1A npu
ycTaHoBKe kojia B peructpe cpaBHeHusi OCRI1A, nanpumep, 0000H taxxke Oyayt
MIPOUCXOIUTH MEPEKIIFOUCHHUSI C TOH K€ YaCTOTOW B MOMEHT cOpoca CUETUHKa.

JUtst pacuera naHHbIX Ui pexxnma CTC B pamMkax MCXOJHOTO 3aJlaHUs He-
00XOJMMO YYECTb, UTO YUCIIO TAaKTOB 10 cOpoca OmpeneisieTcss KOAOM B pErucTpe
cpaBHeHus. [103TOMY MOTydeHHBIN IPU pacdyeTe KoJ HE0OXOAUMO MPOCTO 3aHECTH
B PETUCTpP CpaBHEHUs. 3alOJIHEHHUE CUETUYHKa OyAeT MPOUCXOIUTh OT HYJIS 10 3Ha-
YEHUS PErUCTpa CPABHEHUS, 3aTEM CHOBA C HYJIS.

Kpome Toro npm mHnnmpanmsanuu 16-pa3psaHbIX PErUCTPOB CIECAYET Y4YH-
THIBATh MOPAJIOK 3alMCH U YTEHUSI MJIAJIIEr0 U CTapliero Oaira.

IIpoBepky pacueroB ciieyeT MPOBOAMTH IO AaHHBIM mponeccopa B AVR
Studio. M3mepennst 4acToThl MO JaHHBIM ocLuIorpada B CUCTEME MOJEIUPOBa-
HUS OyAYyT UCKaXKEHbI U3-3a YPE3MEPHOU HAarpy3KH mpoliieccopa.

B omueme npeocmasumo:

1. Pacuets! nmst mosry4eHus: HEOOXOIUMOM YaCTOTHI;
2. IIporpammy 1J1s1 MUKpOKOHTpOJUIEpa Ha si3bike C;
3. Jloka3arenbcTBa NPaBUIIBHOCTH PACUETOB.

3aoanue 3.5. Pazpadbomka npozpammsl YnpasieHus cUemuyukamu 6 pe-
aocume PWM.

3anporpammupoBarsk cuetTunk 10 B pexume Fast PWM ¢ MakCcuMalbHOU
yactotol rerepanuu ¢ Beixoga OCOA. JnmuTenbHOCTh €MMHUYHOTO curHaia - 50%
nepuoja. TakroBasg yactora npoueccopa - 4 MI'w. [locne oTiianku v MoATBEPKe-
HUs pe3yibTaToB Ha Bbixose OCOA3zanporpamMmMupoBaTh (HOPpMUPOBAHKE CUTHAJA
Ha Bbixojie OCOB c 3anonHenuem 20% u cpaBHUTH pe3yabTatThl B cpee Proteus.
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B omueme npeocmagumo:

1. BeipackeHust 111 pacdyeTa 4acTOThI U MEPHUOJia TeHepaTopa JJis JIBYX BbI-
XOJIOB;

2. Ilporpammy Ha si3pike C. CTpYKTYypy JaHHBIX YIPaBJSIONIMX PETUCTPOB
taitmepa TO;

3. PacueTsl yacToThl reHepanuu 1o ganasiM AVR Studio.

4. JInarpaMMy MOJICTTUPOBAHHUS C UCTIOJIb30BAHUEM OcIuiuIorpada;

5. Pe3ynbTaThl n3MEpEHU YaCTOTHI U MEPUOJA TEHEPALUH C MOMOIIBIO OC-
rusutorpada. BeiBo 0 COOTBETCTBUY JaHHBIX pacueTa U U3MEPEHUSI.

3aoanue 3.6. bBecywue ocnu (3adeprcka maimepom 6e3 UCNOTb30BAHUA
npepuvleanuii)

[Ipoananu3upoBaTh MPEACTABICHHYIO Iporpammy. IIpu oTcyTcTBUM 3ame-
YaHUW MOJYYUTh KOJ JJISI MPOrPaMMUPOBAHUS MHKPOKOHTpoiuiepa. CMoaenupo-
BaTh paboTy Oerymux orueut B mporpamme Proteus. [Ipu HeBo3MokHOCTH HAOIIO-
nath 3G @eKxT Oerynmx orHel BBIABUTH MPUYMHY U MPEUIOKUTH CIIOCOOBI yCTpa-
HEHHUSI ATOTO0 HEJAOCTATKa.

#include <avr/io.h>

void wait1 (void) // @YHKUUA 3a0epiKu
{
TCNT1=0;
while (TCNT1<780) {};
}
int main(void) // nasHasa yHKUUA Npo2paMmel
{
unsigned char rab; // Beodum nepemeHHyto rab
PORTB=0xFF; // IHuyuanusayusa nopma B
DDRB=0xFF;
PORTD=0x7F; // MHuyuanuzayua nopma D
DDRD=0x00;
TCCR1A=0x00; // MHuyuanusayua malimepa/cuemyura 1

TCCR1B=0x05;

ACSR=0x80; // IHuyuanusayusa aHan0208020 Komnapamopa

while (1)
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{
if ((PIND &(1<<PDO0))) // lposepka cocmosaHusa nepekaoyamens

{ // Cosue enpaso
rab = 0b100000000; // 3anucb Ha4YanbHO20 3HAYEHUA
while (rab!=0)

{
PORTB=rab"OxFF; // 3anuce a nopm ¢ uHsepcuell
rab =rab >> 1; // Cosue pa3psados
waitl (); // 3a0epxcka 8 200 mCek
}
}
else
{ // Cosue eneso
rab = 0b00000001; // 3anuce Ha4yas1bHO20 3HAYeHUs
while (rab!=0)
{
PORTB=rab/OxFF; // 3anuce 8 nopm c uHeepcueli
rab =rab << 1; // Cosue paspacos
waitl (); // 3a0epxcka 8 200 mCek
}
}
}
}

B omueme npeocmasumbo:

1. Anroputm™ penieHus 3a1auu;

2. IIpensioxeHus o0 yCOBEPIIEHCTBOBAHUIO CXEMBI;
3. Cxemy ycTpoiicTBa B mporpamme Proteus.

Bonpocwt ona camokonmpona

Kakoe HazHaueHne UMEIOT TaMephl/CUeTUUKN?

Kaxkune anpeca 3aHMMAarOT MOPTHI CYETYUKOB KOHTpoOJLIepa’?

Kaxkune peructpsl ynpasisoT cyeTYNKamMu?

Kakune pexnMbl MOXKHO 33/1aTh CUETUHKAM?

KakoBa TunoBast mporpaMmMHasi MOJEIb CYETYMKOB?

Kak ocymiectBisercs MHUIIMATU3aIUsl CTEKa Ha A3bIKe acceMOiiepa U s3bIKe
C?

Kakoe cocTosiHue uMerT perucTpbl BBOAA-BbIBOJIa CYETUUKOB?

Kakne pexuMbl 1 KaKOBO UCXOJHOE COCTOSHUE CUETUYHUKOB IIOCIIE KOMAHBI
RESET?
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9. Ilouemy BMecTO TpOrpaMMHOTO (POPMHUPOBAHUS BPEMEHHOTO HHTEpPBAJIa
HCITOJIb3YIOT aBTOHOMHBINA CYETUUK?

10.Kakumu crioco6amut MOKHO U3MEHUTD YaCTOTY MEPETOTHEHUS! CYETUUKOB?

11.doxaxute, yto Ha cueTunke TO moctpoutsh renepaTop 1 't HEBO3ZMOXKHO.

12.B xakoMm ciyyae BbIpabaThiBaeTCA CUTHAJ CPABHEHHS C perucTpoM B cuer-
yuka B pexxume CTC?
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4. ACCJEJJOBAHME NPEPBIBAHUIM MUKPOKOHTPO.JLJIEPA

geﬂb.‘

1. YriyOutsb 1 3aKpenuTh TEOPETUUECKUE 3HAHUS TI0 MPUHIIUIIAM OpTaHHU3a-
LAY NIPEPBIBAHUN CIIENUATIU3UPOBAHHBIX KOHTPOJUIEPOB;

2. [IpuoOpecTy NpaKTUYECKUE HABBIKA CAMOCTOSITEIBHOIO HCIIOJIb30BaHUS
IIpEpBIBAaHUN U1 PEIICHUS 3a1a4,

3. CoBepIIeHCTBOBAaTh HABBIKU aHAJIN3a, 0000IIEHNS U CUCTEMATU3aUH T10-
JYYEHHBIX Pe3yJIbTaTOB, HABBIKM COCTABIICHUS U O(POPMIIEHUS OTUETHBIX MaTepHa-
JIOB, HABBIKA TOYHOI'O U JIAKOHUYHOTO MPEACTABICHUA JOKIAJ0B HAa BOIIPOCHI TEX-
HUYECKOI'0 Xapakrepa.

Yuyeonwvie eonpocwi:

4.1. Opranuzanus npepeiBannii B AVR MUKpPOKOHTpOJLIEpaX;
4.2. Vicnosib30BaHKE BHELIHUX MTPEPHIBAHUN;
4.3. Mcnosib30BaHKE NPEPHIBAHUIN CYETUYMKOB.

JJumepamypa 0,151 n0020MOEKU K 3AHAMUIO

l.

2.

benos A.B. Co3naeM yctpoiicTBa Ha MUKpOKOHTposuiepax. - CI16.: Hay-
Ka 1 TexHuka, 2007. - 304 c.

EBctudee A.B. Mukpokxontpomiepel AVR cemeiictBa Tiny. PykoBo-
JICTBO IoOJib30oBarens. - M.: M3pgarenbckuii gom [omdka-XXI, 2007. -
432c.

Pesuu 1O.B. Ilpaktnueckoe mnporpaMMHUpPOBAHHE MHUKPOKOHTPOJLIEPOB
Atmel AVR na s3eike accemOiepa. CII6.: BXB-IlerepOypr, 2011. -
352c.

EropoB A.A. u np. [IporpammupoBaHre MUKPOKOHTPOJIEPOB CEMENCTBA
AVR. VYuebno-meroguueckoe mocodome. - M.: MzmarensctBo MAU,
2004. - 72c.

Cooepricanue omuema

1. Ha3Banue paboThI.
2. Ha3BaHue KaXI0ro y4eOHOro BOIPOCa U KPATKUUA KOHCIEKT B 0OBeMe
MPAKTUYECKUX 3aJIAHUN 110 BOIIPOCY.

Bonpocwt o151 noozomoexku Kk 3anusamuio

NNk =

UYTto Ha3bIBaeTCs NpephIBaHUEM?

Hctounuku npepbiBaHu?

UTo Ha3bIBAETCSI KOHTEKCTOM IPH OCYILECTBICHNUN ITPEPHIBAHUS?
Urto Takoe Macka npepbiBaHua? C Kakod UEIbI0 UCIIOIb3YeTCs?
YT0 Ha3pIBa€TCS NPUOPUTETOM MPEPHIBAHUN?

Kaxkune npeppIiBaHNs UCIIONB3YIOTCS B COBPEMEHHBIX DBM?
Oransl MEXaHU3Ma MPEPBIBAHMSL.
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AKmyanvHoCmb 3aHAMUS

MUKpOKOHTpOJUIep paboTaeT B peXUME peaJbHOTr0 BpeMEHU. ITO TpeOyeT
peanu3anuy TOYHBIX BPEMEHHBIX MHTEPBAJIOB, MPU 3TOM pPEAIM3ALUS UX JOJKHA
OCYHIECTBIAThCS 0€3 JOMOJHUTENBHOU 3arpy3ku mpoieccopa. Kpome Toro akry-
albHBIMU SIBIIAIOTCA 3aJa4M T€HEpPAllMM CUTHAJIOB MTPOU3BOJIBHOW YaCTOThI, CUTHA-
JIOB IMIUPOTHO-UMITYJIbCHOM Moayisanuu, ocymectBiaeHus ALl u [TAIT nmpeobpa-
30BaHUl U T.1. Bce 3Tn 3a1aun pemaroT BCTPOEHHBIE TAMEPbI-CUETUHKHU.

3aoanue 4.1. Oprann3zanus npepbiBannii B AVR MUKpPOKOHTpoOJLIEepax

N3yunts opraHusanuio NnpepelBaHUN B MUKpOKOHTposuiepax AVR, cocras
IIPOrpaMMHBIX CpeAcTB A ynpasieHus npepbiBanusamu MKK ATtiny2313, cro-
COOBI MTOJIyYEHHUsI CIPAaBOYHON MH(POPMAIUH.

B otuere npencraBuTh:

1. Pazmenienue u CTpyKTypy TabJIUIIbl BEKTOPOB MPEPHIBAHUN;

2. CriocoObl opraHu3aiuu npepbiBaHuil Ha si3bike accemoOusiepa u C B BUje
MIPUMEPOB MTPOTPaAMM;

3. CoctaB peructpos Jyis yrpasieHus npepbiBanusmu B MKK ATtiny2313;

4. IlyTh ¢ MaKpOpACIIMPEHUIO C ONTMCAHUEM BEKTOPOB TpepriBannii MKK.

Ha3nayenue u MexaHu3M peajm3aluu npepoiBanuii AVR

[IpepsiBanue (Interrupt) — curHan, CBUAETENbCTBYIONINI O HACTYIJIEHUHU Ka-
KOro-nmu60 coObITsi. [Ipy 3TOM BBIMIOHEHNE TEKYIIEH MOCIET0BATEILHOCTH KO-
MaHJ| TPUOCTAHABIMBACTCSA, M YIpaBJICHHE TMepemaacrcsl mpoieaype oopaboTKu
npepbiBanus (00pabOTUYMKY), COOTBETCTBYIOMIEH AaHHOMY coOwiTHio. [locne 3a-
BepIIeHUsT 00paboTuMKa WCIMOJHEHHE KOJa MPOAOKACTCS ¢ KOMaHJbl, KOTopas
SBIIAETCS CICIYIOIIEH MOCIIE TOM, HA KOTOPOX MPOMU30IIIO MPEPHIBAHHUE.

[IpeppiBaHUs MO3BOJISIOT OPraHMU30BaTh U CUHXPOHU3UPOBATH MapaJlIeIbHO
(OTHOBPEMEHHO) ITPOTEKAIOIINE TTPOIECCHI.

Jlist peanu3anuy AaHHOW JIOTMKKA paOOThI MPOLIECCOP BBIMOJIHSIET CIEAYIO-
A€ ACUCTBHUS:

1. Tlo curnany mpepbiBaHUS MPOLIECCOP allapaTHO 3alpellaeT Bce Mpephl-
BaHus (cOpackiBaeT riiodanbHbli Quiar I B peructpe cocrosinust SREG) u coxpans-
€T B CTEKE aJpec CIEeAYIoled KOMaHIbl. AJlpec Clenyrouel KOMaHbl Onpeaens-
€TCSl KaK CyMMa TEKYILEro COCTOSIHUIO CUETYMKA KOMAH]I IUIFOC JITMHA MOCIEIHEN
KOMaH/Ibl, Ha KOTOPOW MPOM30ILI0 mpephiBaHue. JIokanbHBIN (iar, BhI3BABIINAN
MpepbIBaHUE, JOJIKEH OBITH COPOITIEH MPOTPAMMHO B 00pa0OTUMKE MPEPHIBAHUS;

2. B cueTunK KOMaH]l 3arpy»KaeTcs aJIpec BEKTOpa NpepbIBaHUsA, COOTBETCT-
BYIOIIMI JaHHOMY COOBITHIO. Bce COOBITHS, BBI3BIBAIOIINE MPEPBHIBAHUS, UMEIOT
CBOU YHMKAJbHBIN U HEU3MEHHBIN ajpec B TaOJIHIle BEKTOPOB. Bekmopom npepuoi-
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6aHUA HA3BIBAIOT KOJ| B TAOJIMIIE BEKTOPOB, KOTOPKIN 3aKPEIUICH 3a TaHHBIM COOBI-
THEeM (3TO (UKCUpPOBaHHAsI CTPOKA MPOrPaMMHOM 00JIaCTH, ONpeAeroNIas, Kyaa
nepexoauT MporpaMma B ciiydyae BOSHUKHOBEHUs mpepwiBanus). [1o aTtomy anpecy,
KaK MpaBWIO, HAXOAUTCS KOMaHa 0e3yc/l08H020 nepexoda K noonpozpamme oo-
paboTku mpepbiBaHus (00pabOTUMKY). AJpeca BEKTOPOB MPEPHIBAHUM JJISI MUKPO-
koHTposuiepa ATtiny2313 npuBenensl B Tabnuie 4.1. Bcero B 3ToM KOHTpoJuiepe
19 npepriBanuii. [IpepsiBanue ¢ Homepom 0 ocoboe, oHO He umMeeT ¢iara, He MO-
XKeT ObITh MAaCKUPOBAHO. YPOBEHb MPHUOPUTETA YMEHBIIACTCS IO MEpe yBEIHYe-
HUS aJjpeca pa3MeIIeHHsI BEKTOpa MPephIBaHUS.

Tabmuna 4.1
[IpepbiBanust MukpokonTpoepa ATtiny2313

Howep Aznpec Hcrounuk Onucanue npeppIBaHUs
BCKTOpa rnepexoaa

0 0x0000 | RESET Buemnuii cOpoc, cOpoc mpu BKIIO-
YEeHUU NUTaHus, cOpoc Mo cpadatkl-
BAHUIO OXPAHHOT'O TaMepa

1 0x0001 | INTO BremHuit 3anpoc Ha IIpepblBaHue
o Bxony INTO

2 0x0002 | INTI1 BremHuit 3anpoc Ha IpepblBaHue
o Bxoxay INTI

3 0x0003 | TIMERI CAPTI [IpeppiBaHMEe 1O 3axBaTy TauMe-
pa/cueruuka 1

4 0x0004 | TIMER1 COMPA |IlpeppiBaHue MO COBNAJAEHUIO Tail-
Mepa/cueturka 1, kanan A(1=? B f)

5 0x0005 | TIMERI1 OVFI1 IIpepbiBanre 1O MEPENOJHEHUIO
TaliMepa/cueTunka |

6 0x0006 | TIMERO OVFO0 IIpepbiBanre 1O TEPENOJHEHUIO
tariMepa/cueTunka 0

7 0x0007 | UART RX USART, npuem 3aBepuieH

8 0x0008 | UART UDRE USART, 0ydep nanHbIx nyct

9 0x0009 | UART TX USART, nepenaua 3aBepuieHa

10 0x000A | ANA COMP IIpepbiBaHre OT aHAJIOTOBOTO KOM-
naparopa

11 0x000B | PCINT IIpepbiBanr€e 1O U3MEHEHUIO HA JIIO-
OOM U3 BBIBOIOB*

12 0x000C | TIMER1 COMPB | IIpeppiBanue MO COBNAAEHUIO Tail-
Mepa/cuetunkal,, kanan B*

13 0x000D | TIMERO COMPA | IlpepbiBaHue MO COBNAJACHUIO Tail-
Mepa/cuetunkal, kaHam A*

14 0x000E | TIMERO COMPB | IIpepbiBaHue MO COBMAJCHUIO Tai-
mepa/cuyetanka 0,kanan B*

15 0x000F | USI START [IpepsiBanne no USI. ['0TOBHOCTH K
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cTapTy™

16 0x0010 | USI OVERFLOW | IIpepeiBanne no USI, Ilepenonne-
Hue™*

17 0x0011 | EE READY I'oroBHOCTH EEPROM

18 0x0012 | WDT OVERFLOW | [lepenosiHeHne oxpaHHOTO TaiMepa

NMena mpepriBaHUN W Pa3IWYHBIX KOHCTAHT MOYKHO YTOYHHUTH B 3aroJio-
BoYHOM (aitie manHOTO MUKpOoKOHTposuiepa (C:\Program Files\Atmel\AVR
Tools\AVR Toolchain\avr\include\avr\io2313.h).

HMeH BEKTOPOB MOKET ObITh HECKOJBKO, HO CAEJIIAHO 3TO MCKIIOYUTEIHHO
JUTSl COBMECTUMOCTH B PA3HBIX BEPCHUSIX KOMITHIIITOPOB.

3. 3aHeceHueM ajipeca BEKTOpa MPEephIBaHUS B CUETUYMK KOMaH (PaKTUUECKH
3aKaHYMBAECTCS BBIMIOJIHEHUE allapaTHBIX JEHCTBHI MpolEeccopa Ha CUTHAJ Ipe-
peiBanus. Ha nene 3To o3Hayaer, 4to cieayromeil kKoMaH10il OyAEeT BBIMOJHSITHCS
KOMaH/1a, CoJiepKallascs B TaOJIHIIE BEKTOPOB MO apecy, 3aKPEIICHHOMY 3a 3TUM
coObITHEM (HOMEpPOM): O€3yCIIOBHBIN IMepexo/ K MoAnporpaMMme oOpabOTKH JTaH-
HOT'O MPEPHIBAHMUS;

4. Ilonnporpamma 00paOOTKK mpepbiBaHUs (00paOOTUYMK) BBIMNOJHSET BCE
HEOOXOIMMbIC KOMAaHJIbI JIJIsi CBEPIIMBIIETOCS COOBITHS U 3aKaHUYMBAETCS KOMAaH-
JI0¥ BbIXOAa M3 MoanporpamMmsbl o0padoTunka npepbiBanus RETI - RETurn from
Interrupt. Tlo 3ToM KOMaHAE BOCCTaHABIUBAETCS OOIEe pa3pelicHrue Ha MpephiBa-
Hus (¢pnar I peructpa SREG ycranaBnuBaercs B 1), u BepXHUe JaHHBIC CTEKa 3a-
HOCSITCSI B CUETUMK KOMaH. Eciii cTek He HapylleH, TO TaM JOJKEH HAaXOIUThCS
aJipec BO3BpaTa M3 MOANPOTrpaMMbl 00padoTKU mpepbiBanus. [loaToMy 3TH neicT-
BUSI SKBUBAJICHTHBI NEpeAade yNpaBi€HUsS HAa KOMaHIYy, KOTOpas SIBJISIETCS Clie-
JYIOILIEN MOCJE TOW, HA KOTOPOU MpPEPhIBaHUE MTPOU30LLIO. BBINOIHEHNE 3TON KO-
MaH/Ibl 3aHUMaeT yeThipe TakTa. [locae BbIxoaa U3 npepbiBaHus MpoLEeccop BCeraa
BBITIOJTHSIET OJJHY KOMaH/y OCHOBHOM MPOTrPaMMBI, PEXKJIC YeM OOCTYKUTh JTH000€e
OTJI0’KEHHOE MIPEPhIBaHHUE.

Oco0eHHOCTH KOHCTPYMPOBAHUS 00PA0OTYNKOB

Hacrymuienune npepbiBaHus B TPOU3BOJIBHBIE MOMEHT BPEMEHHU OTIPEICISICT,
YTO 000 00pabOTUYMK HE MOXKET MPUHUMATh U IMepefaBaTh KaKuX-TuOo mapa-
MeTpoB. [IpocTo moTOMY, 9TO MOMEHT MpPEPHIBAHUS CIIy4acH U COOBITHE, BHI3BAB-
1Iee MpephIBaHUE, TAKKE HEM3BECTHO 3apaHee.

BryTpu 06paboTunka mpephIBaHUs MOXKHO TTPOTPAMMHO Pa3pelIuTh WA 3a-
peTUTH olIiee mpepbiBanue. /s aToro coorBerctBeHHO kKoMauaout SEI (Set En-
able Interrupt) yctanoBuTh 1 Bo (nar oOuiero npepblBaHus IpepbiBaHus | peruct-
pa cocrosauss SREG winm mporpaMMHO 3anpeTuTh IpepbiBaHus komanaou CLI
(CLear Interrupt) - ouuctuth, T.€. copocuts B 0 daar I. Ha s3p1ike C 3T KOMaHAbI
COOTBETCTBEHHO 3aIMCHIBAIOTCA B BUJIE Makpoca sei() win cli(). Makpocsl mpocTo
MOJICTaBAT B MCXOJHBIA TEKCT COOTBETCTBYIOIIYIO acceMmOyiepHyro komaHay. Ho
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IIPU ATOM, Pa3pEIINB MPEPHIBAHUS, MOXKHO TOJYYHTh BJIOKCHHBIC MPEPHIBAHUS C
HEIPEJICKa3yeMbIMHU ITOCIICICTBHSMHU WM pa3pylicHue creka. [losromy moib3o-
BaTbCsS 3TUM CJIEIyeT C SICHBIM ITOHMMAaHHWEM ITOCIICJICTBHIA. B yacTHOCTH, TIOHM-
Masi, 4TO 3ampemias MmpepblBaHus, 3aKjIaJbIBacM 3alla3blBaHHe B 00pabOTKE BO3-
MO>KHBIX MPEPBIBAHKM, 110 KpaliHel Mepe, 10 OKOHYAHHUS BBHITIOHSIOIIETOCS 00pa-
OOTYHKA.

Hpyrue npepsiBaHUsl HE TOTEPSAIOTC. Bee mocienyromniye npepeiBaHus, Ko-
TOpbIE MOTYT MOCTYIIUTH BO BpeMs BBIMOJIHEHUS 00paboTuMKa U TJ100ambHOTO 3a-
npera o0padOTKU MpepbIiBaHUM, ycTaHOBAT cBou ¢uiaru. [locne paspemenust o6-
[IETO TPEPHIBAHUS OHU CTEHEPUPYIOT CBOU MpEphIBaHUS U OyayT oOpaOOTaHBI.
O6paboTka ocyiecTBisieTcs no npuoputety. [lepBriM oOpabaThiBaeTcss TO mpe-
pBIBaHME, Y€l BEKTOP MEHBIIE 10 aJipecy, Omke K Havany namatu. Eciu 3a Bpems
3arpeTa MOCTYNHIIO HECKOJIBKO MPEPbIBAHUN OT OJIHOTO MCTOYHUKA, TO 00paboTKa
IIPOU30UJIET, ECTECTBEHHO, TOJIBKO OJIMH pa3. Ouepeau OJMHAKOBBIX IPEPhIBAHUN
HE IIPEyCMOTPEHBI.

[Ipu BO3HMKHOBEHUM MPEPHIBAHUSI YCTaHABIMBAETCS (hjiar, COOTBETCTBYIO-
il 3ToMy coObITHIO (ero OUT ycranaBinuBaetcs B 1). [Ipu 3amycke mogmporpam-
MbI 00pa0OTKH MIpEephIBaHUS OH ammapaTtHo cOpackiBaeTcst 0 it hUKcaIuu mnocie-
Oyomux coObituit. Ilpoepammuo copocums hnaz 6 Hob MONHCHO, 3aRUCAE 8 He-
20 1. Hmenno 1!!!

Ecnu mpepeiBaHnMe OPOU30MIET B CISIIEM PEXKUME MHKPOKOHTPOJLIEpA
(sleep mode), To Bpemsi peakIuu TOMUMO OOBIYHBIX YETHIPEX TAKTOB YBEJINYUBA-
€TCsl ellle Ha 4YeThIpe TaKTa, IJI0C Bpems, 3alioxkeHHoe Bo ¢bro3 Outax SUTI u
SUTO (Start-Up Time).

MoMeHT oCTYIIIEHUs TIpepbiBanus Heu3BecTeH. [loaTomMy BCe, UTO UCIONb-
30BaJOCh B MPEPBAHHOM IPOLIECCE JOJIKHO OBITh 0053aTEIbHO COXPAHEHO IOCIIe
3aBepiieHus oopabotuuka. /s aToro B Hauvaje oOpaboT4HKa MOCIIEI0BATEIHHO
coxpansitot B creke (komanna PUSH) peructp coctostaust SREG u Bce Te peruct-
pBI, KOTOPBIE 3a/IelicTBOBaHbI B 0OpadoTunke. [lepen 3aBepiienremM oOpaboTynka
B 00paTHOM MOpPSAJKE UX BOCCTaHABIMBaIOT (komana POP).

[IpepbiBaHMs OTBIIEKAIOT MPOLIECCOP U OJIOKUPYIOT IpYrue MpepbiBaHUs.
[ToaToMy 00paOOTUYMKHU JTOJKHBI OBITh MAaKCUMalIbHO KOPOTKUMHU U OBICTPBIMHU.
Bce npyrue niMHHbBIE TPOLIETYPhI JOJKHBI BHITOIHATHCSA B PoHOBOM pexkume. [1o-
ATOMY MPU HEOOXOAUMOCTH 00paOOTKA MAaCCUBOB JaHHBIX CJleAyeT 00padOoTYNKOM
coxpaHuTh OaHHbIe B Oydepe, a 0OpabOTKy OCYIIECTBIATH 3a IpenenaMu oOpa-
00T4HKa.

IIpeppiBaHMs NPOUCXOAAT B IIPOU3BOJIBHBIA MOMEHT BPEMEHU U 3aBUCAT OT
aBTOHOMHO MPOTEKAIOIINX MPOLIECCOB, & PE3YJIbTAT UX PAOOTHI €lle U OT MOMEHTA
BO3HUKHOBEHUS B OCHOBHOM KoJie. I10 3TOl mpuynHe HEKOPPEKTHO OPraHU30BaH-
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HBIE MIPEPHIBAaHUS MOTYT HOCUTh XapaKTep cO0EB U OUY€Hb TPYAHO MOIIABATHCS JAH-
arHocThpoBaHHio. [loaTOMy Bce, 4TO CBSI3aHO C NPEPBIBAHUAMU JOJDKHO OBIThH
U3YYEHO IITyOOKO U OU€Hb KOHKPETHO.

Tabauua BEeKTOPOB NpepbIBAHU I

Tabnnua BEKTOPOB MpepbIBaHUN (YIIOPSAOYEHHBIN MO MPUOPUTETY CIUCOK
BEKTOPOB MpepbiBaHmil) pacnosaraercs ¢ aapeca 0x00 o01acTu maMsTé TporpaMm.
OH He cThpaeTcs Npyu NPONaJaHuU TUTAHUS.

Agnpecyemasi CTpoka B MPOTPAaMMHOHN 00JacTH MpejcTaBicHa 2-0alTHBIM
cioBoM. B cemelictBe ATtiny cTpoka BeKTOpa pepbIlBaHus 3aHUMaeT 2 0aiita, a B
cemerictBe Mega 3anumarot 4 6aiita. C yuetom 3toro st ATtiny2313 nporpamm-
HBIA KOJI MOKET BBITJISAETH CIAEAYIOLIMM 00pa3oM:

.include "tn2313def.inc"

.cseg ; Bei0op cermenta ko108 (FLASH)
.org 0 ; YKazarenb Tekyuiero aapeca PC
rimp Reset ; BHemHuit copoc

rimp INT_O ; BremHuit 3anpoc o Bxoxy INTO
rimp INT_1 ; BHemnwuit 3anpoc o Bxoay INTI
rimp Timerl_captl ; 3axBaT TaiiMepa/cueTunka I

rimp Timerl compA ; CoBnazienuto Taitmepa/cuetunka 1 kaHam A
rimp Timerl_OVF1 ; Ilepenonnenue taiimepa/cuetyuka 1
rimp Timer0O_OVFO ; Ilepenonnenue taiimepa/cuetdunka 0
rimp UART_RX ; USART, npuem 3aBepiieH

rimp UART_UDRE ; USART, Oydep naHHbIX MycT

rimp UART_TX ; USART, nepenaua 3aBepiieHa

rimp ANA_COMP ; AHaJIOrOBBIM KOMIapaTop

rimp PCINT ; I3smeHeHne Ha 1F000M U3 BEIBOJOB™
rimp Timerl compB » CoBmagenuro T1, kanan B*

rimp TimerO_compA ; CoBmagenuro TO, kagan A*

rimp TimerO_compB ; Comagenunio TO, kanam B*

rimp USI_START ; USI. T'oToBHOCTH K cTapTy*

rimp USI_OVERFLOW ; USI, Ilepenonnenne™

rimp EE _READY ; 'otoBHOCTH EEPROM

rimp WDT_ OVERFLOW ; IlepenoyiHEHHE CTOPOKEBOrO TamiMepa

[IpepriBanmne Reset (COpoc), B OTIIMUKE OT BCEX OCTAIbHBIX, HENB3S 3ampe-
TUTh. Takue npepriBaHus eile HazbiBatoT HeMackupyeMbIMUNMI (Non-maskable
Interrupts). DTo pephIBaHNE BHI3BIBACTCS MATHIO COOBITHUSIMH:
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- BkioueHue nutanusi (Power-on Reset). MUKpOKOHTPOJIIEP HAXOAUTCS B
COCTOSIHUU cOpoca, MoKa HampsHDKeHUE MUTaHUSI HAXOAUTCS HUKE TTOPOTOBOIO 3Ha-
yenus VPOT;

- pHemHu cOpoc (External Reset). MukpokoHTposuiep HaXxOJUTCS B CO-
cTostHUM cOpoca, moka Ha BbiBOJ RESET nonan HU3KUi ypOBEHb;

- TIiepenoJiHeHue ctopoxkeBoro taitmepa (Watchdog Reset). MukpokoHTpoJI-
Jep cOpachIBaeTCsl 4yepe3 HEKOTOPBIN MEPHOJl BPEMEHHU, 3aIaHHbIA B CTOPOKEBOM
TanMepe;

- moHmxkeHue HanpspkeHus (Brown-Out Reset). MukpokoHTpoJsuiep copachl-
BaeTcs, korjga HanpstkeHue nutanus VCC omyckaeTcsi HHKEe MOPOTroBOro 3Haye-
Hust VBOT u xorna Brown-Out 1eTeKTop BKIIIOYEH;

- JTAG c6poc. MUKPOKOHTPOJIIIEP HAXOJUTCA B COCTOSIHUM cOpoca, MoKa B
oIHOOUTHOM peructpe Reset Register HaxonuTcst 3HaUeHUE JTOTUUECKON €TMHUIIBI.
Hcnonb3yeTcs npu nporpaMMUApPOBaHUH.

Ecnu ucnons3yroTcst He BCE MpepbIBaHUs, TO B TaOJIMIIE BEKTOPOB BMECTO
KOMaHJI OTHOCHUTENbHOro mnepexona rjmp METKA 1 BceX HEHCIIONb3YyEMBIX
IpephIBaHUN 3alKMChIBAETCsl KOMaHAa BbIX0Ja U3 00paboTuuka reti. B aTom citydae
CO3/1al0TCs TaK Ha3bIBaeMbl€ 3ariylIKd: oOpalleHue K TabIuIe BEKTOPOB MPOUC-
XOJHUT, a TaM Cpa3y BBIIIOJIHAETCS BBIXOJ U3 00paboTunKa, YTO 00eCIeuynBaeT pea-
JI3aLAI0 BCET0 MEXaHU3Ma 00pabOTKHU MPEPBIBAHUS, HO 1O (PAKTy HUYETO HE MpPo-
UCXOJUT (BBIMOJHAETCS MyCTOM 00pabOTUHK).

Bonee kommnakTHas 3aMucCh MOXKET MOJYUYHUTHCS MPU UCIOJIH30BAHUU TICEB-
JIOKOMAaH/Ibl yKa3aTens Tekyuero aapeca ORG. C ero noMoIubio 3a1aeTcs aapec B
Ta0JKIle BEKTOPOB JJIsl UCIOJIb3YEMOr0 MPEPhIBaHUS U ONpPEAEIsAeTCS Havaao aj-
PECOB KOJIOB OCHOBHOM MPOrPaMMBbl:

.CSeg ; Be16op cermenta xonoB (FLASH)

.org 0 ; YKazarelnb Tekylero ajapeca PC

rimp Reset ; BHemrHwmii cOpoc

.0rg 2 , Ykazanwue agpeca INT 1

» AJTbTCpHATHBHBIM BapHaHT yKa3aHUs aapeca

, .org INT1addr Anpec BaemHero INT 1

; B (aiine onucannii: .equ INT1laddr=$002

rimp INT_1 ; BremrHwmii 3anpoc mo Bxoay INT1
.0rg INT _VECTORS SIZE , KoHell TabnuIib! IpephIBaHMMA

;s ATtuny2313 = 0x0013

INT_1: , O6paboTtumk INT 1



66
reti

RESET: Idi R16,RAMEND ;Vuaunuammu3anus creka =0xDF
out SPL,R16

; MTHULManu3amus BHemHero npepeiBanus INT1 mo nepeanemy GppoHTy
Idi  R17, (1<<ISC011)|(1<<ISC10) ; Kox 0x0C
out MCUCR, R17
Idi  R16, (1<<INTF1) ; Ouucrka (JaroB BHEII. IpepbIBAHHI
out EIFR, R16

Idi R16, 1<<INT1 , paspernienue BHerr. mpep.INT1
out GIMSK, R16 ; Kox 0x80
sej , TnobanbHOe pa3pelieHne npephbis.
forever: nop , [lycras xomanna (no operation)
rimp forever ; BeCKOHEYHBIH MK

Jlerko 3amMeTUTh, UTO OOPaOOTYMKHY MIPEPHIBAHUN PACIOararoTcs 3a TalIu-
el BEKTOpoB. B caMoM HM3y pa3meniaercsi CeKIrs MHUIMAIU3AIMd 1 OCHOBHOE
TEJIO MPOTPaMMBI.

B ucxognom cocrossauu MKK (nocnie RESET) Bce npepriBanust 3anpeiieHsl
(6ut I peructpa SREG pasen 0) - robanbHbIl 3anpet. Kpome Toro, 3ampeiieHbl
BCE MpEPbIBaHMS Ha JOKAIBHOM YpOBHE - cOpoleHbl B 0 Bce OUThI MacKu KaxKJ10TO
IpEPBIBAaHUs MHIWBUAYAJIBHO. Paspemenne npepblBaHUN OCYIIECTBISACTCS WHIH-
BUJyasIbHO. Takue pa3perieHuss Ha ri00albHOM U JIOKAJIbHOM YPOBHSIX CIEAYET
nenath nporpaMMHo. [Ipumep takoro paspemenus ansa INT1 npencrasnen B npe-
JBITYIIEM BapUaHTE IPOTrPaMMBL.

Opranuszanus npepbiBaHuii Ha si3bike C
JIJisi McrioNb30BaHUsl MPEPHIBAHUN HEOOXOIUMO TMOJKIIOUNATHE OHOIHOTEKY
MPEPHIBAHUN C TIOMOIBI0 MAKPOCOB, B KOTOPBIX OIMMCAHBI TOPTHI U BCE BEKTOPHI

MIPEPHIBAHUN:

#include <avr/io.h>
#include <avr/interrupt.h>
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[Tpotienypa 00pabOTKH MpephIBaHUs HE MOXKET HHYErO MPUHUMATH B Kade-
CTBE apryMeHTa, a TaK)Ke HE MOXET HUYEro BO3BpAIlaTh. ITO CBSA3aHO C TE€M, YTO
Bce mpepbiBaHus B AVR acuHXpoHHbBIE, a UCTOYHUKUA U NMPUEMHUKHU JaHHBIX HE
u3BecTHBI. Kpome Toro, 370 cokpariaer Bpemsi 00pabOTKH MPEphIBaHUSI.

[Ipouenypst o6padoTurikoB npepsiBanuii B AVR Studio (AVR GCC), 00b-
SIBIISIIOTCS TIEpe]] OCHOBHOW MPOTPAMMOM C HCIIOJIb30BAHHEM MaKpOOTPEICICHHUS
ISR (Interrupt Service Routine - 00pabOTYHNK TIPEpPHIBAHU ):

ISR (<ums BeKTOpa ripepbiBaHns_vect>)

{
;

/*kox oOpaboTyrka mpepbiBaHus ™/

KaxxmoMy mnpepbhlBaHMIO COOTBETCTBYET BEKTOp MpepbiBaHus. Hampuwmep,
00paboTYHK MPEepPHIBAHUS 110 COBNAJACHUIO 3HAYCHUS TaliMepa cO 3HAaUCHUEM PETH-
ctpa OCRIA Oynetr uMeTh CIAeAyIONUi BUI:

ISR (TIMER1_COMPA_vect)
{

;

/ *Kkon oOpaborunka*/

Ecnu ucnonb3yeTcss HECKOJIBKO 00paOOTYMKOB C OJJTHUM KOJOM, TO MOKHO
COCJIaThCA Ha OJIHY U Ty ke NMpoueaypy o0pabOoTKH NpepbhIBaHU:

ISR(INTO_vect)
{

;
ISR(INT1_vect, ISR_ALIASOF(INTO_vect)),

// O6paboTunk

Tabauya eexkmopos cmpoumcsa KOMRUIAMOPOM camocmoamenvho. He-
MCIIOJIb3YEMbIE BEKTOPBI YaCTO 3amoJHAOTCA 1o anapecy Bekropa RESET. Ioato-
My CIydailHble BBI30BBI HECYIIECTBYIOIIETO MPEPHIBAHUS MPUBOAUT K cOpocy
MKK.

BonpuinacTBO CH-KOMIUIIATOPOB CAMOCTOSITENIBHO BBIUMCIAIOT 3aHSTHIE B
00paboTYMKe PErUCTPHI U MEepe]] Ha4yaJIoOM U 3aBEPIIICHUEM BBITIOJTHEHHS Tela TPOo-
1eaypbl 00pabOTKU TpEphIBAaHUS BCTABISIOT JOMOJHUTENBHBIC "MOAIPOrPaMMbI
COXpaHEHUs/BOCCTAaHOBIIEHUS perucTpoB” obmiero HaznadeHus (POH) u perucrpa
coctosiHus (SREG).

[IporpamMmMHO ympaBieHHE TI00aJbHBIM MPEPHIBAHUEM OCYIIECTBISIETCS C
MOMOILIBI0O MAKPOCOB Sei() - pa3pemnTs u cli() - 3anpetuts. JIOkanbHbIE MpepbIBa-
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HUS YIIPaBJISIIOTCS, KaK U Ha acceMOepe, C MOMOIIBIO 3alMicu OUTOB B PErHCTPHI
MAaCKU IIPEPBIBAHUN COOTBETCTBYIOIUX UCTOYHUKOB.

IIporpaMmmHuasi MoJeJib KOHTPOJLJIepa JJsl yIPaBJIeHUs] NPePbIBAHUSIMHU

Paspemenne/3anpenieHne MpepblBaHU B KOHTPOJUIEPE OCYIIECTBIIACTCS
r106anpHO myTeM ycTaHoBKU B 1/0 mara o61iero paspenieHus npepuiBaHuil - OuT
I - Interrupt Peructpa cocrosinusi SREG (puc.4.1). Manunynisiiiuu BBITOJIHSIETCS
KOMaHAaMu sei/cli, a Takke JOKadbHbIM (MHAMBUAYAJIbHBIM) pa3pelieHu-
eM/3ampenieHueM myTeM ycTaHOBKM 1/0 B OUT Macku COOTBETCTBYIOIIETO MCTOY-
HUKa IPEPHIBAaHUM.

Kpome Toro, cOpoc KOHKPETHOTO JIOKAJIBHOTO U TJI00AJbHOTO pa3perieHnui
OCYILECTBIISIETCS aNlapaTHO MPU BbI30BE KOHKPETHOrO MPEPBIBAHUA, a 3aTEM all-
HapaTHO paspeliaercs rio0aibHOe IPEephIBAHUE IIPU BBIXOJE U3 00paboTUHKA.

SREG=%$3F Peructp cocToaHuna
7 6 ] 4 3 2 1 0
I T H ] ) N Z C
Obwee XpaHe- | MNonoBuH dnar MNepenon | OTpuuar @nar dnar
pazpelwe HWe HbIi 3Haka HEHWE enbHoe Hyna nepeHo-
Hue Konvpye | nepeHac QOnonHn | 3Have- ca
npepeiBa MOro TensHorQ HWe
HWiA Sura kKoga

Puc.4.1. Peructp cocrostnust SREG - Status Register

/i1 ynpasJieHus IPpepbIBAHUAMHU TalilMEPOB HCIIOJIb3YKOTCS PETUCTPHI:

- peructp Macku npepsiBaHuid oT cuetunkoB TIMSK u
- peructp (pnaros npepwiBanuii ot cuetunkoB TIFR (puc.4.2).
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TIMSK=%$39 Pernctp MACKW npepbiBaHnii oT cueTUMka
Timet/Counter Interrupt Mask Register
7 6 5 4 3 2 1 0
TOIE1 OCIE1A OCIE1B | -| TICIE1 OCIEOB TOIEO OCIEQOA
Paspewen | PaspelweH | PaspelueH PaspeweH | PaspeweH | PaspeweH | PaspelueH
npepeiBaH | NpepbiBaH | NpepbiBaH npepbiBaH | NpepeiBaH | NpepblBaH | NpepbiBaH
no no no no no no no
nepenonH | cosnag A | coenag B 3axeaty | cosnag B | nepenonH | coenag IA
T1 T1 T1 T1 T0 T0 T0
TIFR=$38 Peructp $NNAFOB npepbiBaHUii OT cueTUKKa
Timer/Counter Interrupt Flag Register
7 6 5 4 3 2 1 0
TOV1 OCF1A OCF1B | - TICF1 OCFOB TOVO OCFOA
dnar ¢nar dnar dnar $nar dnar $nar
npepbieaH | NpepbiBaH | NpepbiBaH npepbiBaH | NpepbiBaH | NpepbiBaH | NpepblBaH
no nepenonH no no no no no no
T1 Ne5 coenag A | coenag B 3axeary | coenap B | nepenonH | coenag A
T1  Ned [ T1 Nel2 T1 Ne3 [TO Ne1d4 | TO Ne6 | TO Nei3

Puc.4.2. Peructpsl ynpasieHnus npepbiBanusaMy cueTdukoB 10 u T1

WcrounrkaMu mpepbIBaHUM OT CYETUUKOB MOTYT OBITh:

- nepenonHenue cuetunka T0 u T1 (bnar TOV - Timer/Counter Overflow
Flag wn pazpemenue npepsiBanusi TOIE - Timer/Counter Overflow Interrupt Ena-
ble);

- COBIaJIeHUE KoJa cueTurka ¢ peructpoM A u B cuerunkoB TO u T1 (dnar
OCF - Output Compare Flag u pa3pemenue npepsiBanusi OCIE - Output Com-
pare Interrupt Enable);

- 3axBat Taiimepa cuetuuka T1 (dbnar TICF - Timer/Counter Input Compare
Flag v pazpewienue npepsiBanusi TICIE - Timer/Counter Input Compare Interrupt
Enable). OcymiecTBisieTcst 3T0 MPEPHIBAHUE IO CUTHAITY BHYTPEHHETO KOMIapaTo-
pa niu BHemHero curnana cuetuuka ICP - Input Capture Pin.

Jliis1 ynpaBJyieHUs] BHEIITHUMHM TPePbIBAHUSIMH HCTIONB3YIOTCSI PETUCTPBI:

- 006mmit peructp Macku npepeiBanuit GIMSK u
- peructp (maros BHenrHUX npepbiBannii EIFR (puc.4.3);
- peructp coctosinug MukpokoHnTposuiepa MCUCR (puc.4.4).

HcTouynnkaMu BHEITHUX TPEPBIBAHUNA MOTYT OBITh:

- CUTHaJIbl Ha BXoAax BHemHuX npepbiBaHuil INTO v INTI (bnar INTF -
Interrupt Flag u paspeuienue npepbiBanust INT - Interrupt). Tun akTUBHOTO CHT-
Haja Ha 3TUX Bxojaax ompenensercs Ooutamu peructpa MCUCR (cMm. puc.4.4),
KOMOMHAIIMK KOTOPBIX NMPUBEIEHBI B Tabnuue 4.2;

- CUTHAJIBI U3MEHEHUsI cOCcTOsIHUS BBIBOJIOB ((mar PCIF - Pin Change Inter-
rupt Flag v pa3pemenune npeposiBanust PCIE - Pin Change Interrupt Enable).
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GIMSK=$3B Obtwwun peructp MACKW npepblBaHnin
General Interrupt Mask Register
7 6 5 4 3 2 1 0
INT1 INTO PCIE
Paspewerne | PaspeweHne | PaspelueHne
BHELLHero BHELUHero npepbiBaHWSA
npepelBaHns | npepbiBaHWA no
INT1 INTO N3MEeHEHUID
BblBogoe O
EIFR=%3A Peructp ®NAFOB BHelWHWX NpepbiBaHWA
External Interrupt Flag Register
7 6 5 4 3 2 1 0
INTF1 INTFO PCIF
®nar dnar ®nar
BHELLHero BHELLHero npepbIBaHUs
npepblBaHnA | npepbliBaHus no
INTA1 INTO N3MeHeHuo
BbIBOJOB

Puc.4.3. Peructpsl ynpaBiieHUe BHEIIHUMHU MIPEPHIBAHUSIMU

MCUCR=$35 O6wuit pernctp ynpaeneHna MUKPOKOHTponSiepa
MCU Control Register
7 6 5 4 3 2 1 0
- ISC11 ISC10 ISCO1 ISC00
Ycnoeuna reHepauun | Ycnoena reHepayun
BHELLHero BHELLHero
npepeieaHnsa INT1 npepeieaHna INTO

Puc.4.4. O6mumii perucTp ynpaBieHUs MUKPOKOHTPOJIIEPOM

Ta6auma 4.2
Turbl aKTUBHBIX CUTHAJIOB JIJIsl T€HEpAIlMK BHEITHUX MPEPhIBAHUI
Bbut Onucanue
Onpenensiot ycnosue reHepauuy BHeLHMX npepbiBaHuit INTO u INTI
clenyrouum obpazom:
ISCn1{1SCn0 Yenosue

ISCOL:ISC00 | ¢ 0 | ITo HU3KOMY yposHio Ha eiBone INTn
ISCI1:ISC10

0 1 | Tlpu no6oM namMeHeHUH cHrHana Ha Bbipose INTh
1 0 | ITo cnanalouiemMy ppoHTy curHana Ha BeiBone INTn
1 1 | Io HapacTaloweMy GppoHTy curHana Ha Bbipozie INTn

ISC - Interrupt Sense Control - ynpaBiieHre 9yBCTBUTEIHHOCTHIO.

W3menenue curHajioB i (HOpMUPOBAHMS TpepbIBaHUM (pUKcHpyeTcs Ha
BXO0JIaX, COBHAJAIOUIMX C MOPTOM B MUKpOKOHTposuiepa. DTH CHTHAjIbl MOTYT
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MACKHPOBATbCS C MOMOLIbID Perncrpa mMacku mpephlBaHUN IO U3MEHEHUIO CO-
ctostauil BbiBOJI0B PCMSK (puc.4.5), u He popMuUpoBaTh NpephIBAHUS.

PCMSK=$20 Pervnctp MACKW npepbiBaHUiA N0 M3MEHEHWUK COCTOSIHUN BbIBOLOB
Pin Change Mask Register

7 6 5 4 3 2 1 0
PCINT7 | PCINT6 | PCINT5 [ PCINT4 | PCINT3 | PCINT2 [ PCINT1 PCINTO
Pazpewe | Paspewe | Paspewe | Paspewe | Paspewe | Paspelwe | Paspewe | Paspewe

Hue Hue Hue Hue Hne HWe Hue HVe
npepbiBa | NpepbiBa | NnpepbiBa | NpepbiBa | NpepbiBa | NpepbiBa | NpepbiBa | NnpepeiBa
HWSA No HMS Mo HWS No HWSA No HUS Mo HKS no HWSA No HUS No

N3MEHeH | M3MeHeH | M3aMeHeH | M3aMeHeH | U3MeHeH | M3MeHeH | M3MeHeH | U3MeHeH
Mo cocT. | mo cocT. | mo cocT. | uw cocT. | mKo cocT. | u cocT. | M cocT. | uo cocT.

Puc.4.5. Peructp Macku npepbIBaHUI 1O U3MEHEHUIO COCTOSIHUI BBIBOJIOB

[Tpu nanumuuu enunuibl B paspsane PCINTx (Pin Change Interrupt) usmene-
HUE COCTOSIHMS Ha BXOJIE JIJIsl 3TOT0 OUTa BBI3OBET IIPEPhIBAHUE.

BHenue npepbIBaHUsS FEHEPUPYIOTCA JAaXKe NMPU KOH(DUTYPpUPOBAHUU COOT-
BETCTBYIOIINUX BBIBOJOB Ha BBIXOJ. DTO JACT BO3MOKHOCTh T€HEPUPOBATH MIPEPHI-
BAHMS IIPOTPaMMHO. BBIBOIBI MUKPOKOHTpPOJIIIEPA IPEACTABIEHBI HA pUC.4.6.

(RESET/dw) PA2 {1 20bvee
(RXD) PDO O} 2 19 |1 PB7 (UCSK/SCK/PCINT7)
(TXD) PD1 3 18 |0 PB6 (MISO/DO/PCINTS6)
(XTAL2) PA1 T} 4 17 |D PB5 (MOSI/DI/SDA/PCINTS5)
(XTAL1) PAO T 5 16 |1 PB4 (OC1B/PCINT4)
(CKOUT/XCK/INTO) PD2 C} 6 150 PB3 (OC1A/PCINT3)
(INT1)PD3C} 7 140 PB2 (OCOA/PCINT2)
(TO) PD4 [} 8 130 PB1 (AIN1/PCINT1)
(0CoB/T1) PD5 ] 9 12 A PBO (AINO/PCINTO)
GNDO 10 11]DPD6(ICP)
DIP/SOIC

Puc.4.6. BeiBogsr mukpokontposepa ATtiny2313

3aoanue 4.2. Hcnonv3oeanue 6HeUIHUX NPEPLIGAHULL
3aoanue 4.2.1. 3arcuzanue u auienue c6emoouood KHORKou

HaxaTneM KHOTIKM HEOOXOIMMO 3aKUTaTh, a CIICIYIONIUM HaKaTHEM TacHUTh
cBeTonoA. OIMHOYHBIM HaXXaTUEM CUMUTAETCS] HAKATHE KHOMKH C MOCIEAYIOIINUM
ormyckanuem. st puKcarum Ha)xxaTusi KHOTIKMA MCIOJIb30BaTh npepbiBanue INTI.
OHO IOKHO U3MEHUTH (J1ar, Mo 3HAYEHHUSIM KOTOPOTO JTOJKEH BKJIHOYATHCS U BbI-
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KITI0YaThCsl cBeToauo 1. dar MomKeH OBITh 3a/1aH TI00abHO. Paspsn s ympas-
JICHUS CBETOAMOJIOM BBIOPATh CAaMOCTOSTEIIBHO.

[Ipoananu3upoBaTh MpEACTaBICHHYIO Iporpammy. [Ipu oTcyTcTBHMU 3aMme-
YaHUW TOJYYUTh KOJ JUIS MPOrpaMMUPOBAHMS MHUKPOKOHTPOJUIEpAa U MPOBEPUTH
ero paboty B oTiaauuke. CMoAenpoBaTh pabOTy KHOIIKH B Iporpamme Proteus.

Ecnu cxema pabortaer HenpaBWIbHO, TO 10pad0TaTh TaK, YTOOBI 3aKUTAHUE
W TOracaHue CBETOJMOJa IMPOUCXOJIUIIO IO 3agHeMy (QPOHTY, (OPMHUPYEMOMY
KHOITKOH.

BapuanT nporpaMmst:

#include <avr/io.h>
#include <util/delay.h>
#include <avr/interrupt.h>

intnum = 1; // ThobanbHaa nepemeHHas
ISR(INT1_vect){ //O6paboTtumk INT1
if(num==1)

num =0;
else

num =1;
}
int main (void) //OcHoBHas npoueaypa
{
DDRB = OxFF; // NMopT B - BbIXOA,
MCUCR = (0<<ISC11) | (1<<ISC10); //HacTpoiKa Ha ntoboe nsmeHeHune
GIMSK [=(1<<INT1); // Pa3pelueHune nokanbHoe, INT1
sei(); // PaspeleHune npepbi. rnobanbHoe

while(1){

if(num==1)

PORTB |= (1<<PB0); // Bkntouaem PBO
else

PORTB &= ~(1<<PB0); // Bbikntouaem PBO
_delay_ms(100); // aém 100mc

}



73

B omueme npeocmasumbo:

1. AITOpUTM U pOrpaMMy pelieHUs 3a4a4u;

2. IlpenyoxeHus Mo yCOBEPIICHCTBOBAHUIO CXEMBI;
3. DnekTpuyeckyro cxemy B Proteus.

3aoanue 4.2.2. 3axcuzanue u cauienue c6emoouooa pa3HbiMu KHORKamu

Pa3paboTaTe ¥ 0TJIaIUTh IPOrpaMmy, KOTOpas MO3BOJISET BKIOYATh CBETO-
JIAOJT OJJHOW KHOIIKOW, a TaCUTh - APyrou. JlJisi MOJKIIOUEHUSI KHOMOK HUCHOJIb30-
Bath BHemHue npepbiBanus INTO, INT1. Paboty mporpammsl IpoBEpUTH B MPO-
rpammMme Proteus.

B omueme npeocmasumo:

1. AITOpUTM U MpOrpaMMy peIIeHUs 3aa4u;

2. IlpenyoxeHus Mo yCOBEPIICHCTBOBAHUIO CXEMBI;

3. DnekTpuueckyro cxeMy B Proteus (mopaboTath cxemy u3 3ananus 4.2.1).

3aoanue 4.3. Hcnonv3oseanue npepuléanuil cuemyuKkos
3aoanue 4.3.1. Ilpepvieanue cuemuuka no conadeHuro

Hanucate nporpamMmy, obecrieunBarollyl0 MUTaHUE CBETOJMOJIOM C YaCTO-
ToM 11'1 ¢ UCNOJIB30BaHUEM IIPEPBIBAHUI CUETUYMKA IT0 COBIIAJICHHUIO PETHCTpPA A.
Pexxum cuetunka - Normal. CoOpats cxemy B Proteus u yoenutbcst B ee paboto-
criocobHocTH. TakToBast yactoTa mpoieccopa 4 MI.

Ecnu xoaddunment npenaenurens BeiOpaTh 64, TO 4acTOTa TAKTHPOBAHUS
cueTurika TCNT1 Beruucisercs: 4MI'1/64=62,5KI 11, 4TO COOTBETCTBYET MEPHOTY
16 mkc.

Jlns mepuoja npepbiBanus o coBmnajaeHuto 500 Mc TailMep MoayduT 3Haue-
Hue: 500mc/16Mrc=31250, niu 0x7A12. DTO 4KUCIIO BMOJIHE AOMYCTUMO IJisl 16-
OMTHOIO perucTpa.

Otnaguth cxemy. YBEIMYUTh NEPUOT MUTaHUA A0 lc. 3amMepuTh nmepuoj ¢
MOMOIIBIO ociriorpada u cpaBHUTH ¢ pacueTHbIMU AaHHbIME AVR Studio. [Ipo-
BEpPUTH pabOTy MPOrpaMMbl ¢ 00paOOTUHKOM:

[IepBruHBIN BapuaHT IPOTPAMMBI:

#include <avr/io.h>
#include <avr/interrupt.h>
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ISR (TIMER1_COMPA vect); //O6paboTunK npepbiBaHUA

{
TCNT1=0; //O6HyneHne cyeTumKa

if(PORTB &(1<<PB0))
PORTB&="~(1<<PB0);

else
PORTB|=(1<<PBO);

}

int main(void) //OcHOBHas nporpamma
{

DDRB=0xFF;

PORTB=0;

OCR1A=0x7A12; //Kop coBnageHusa B pernctpe A
TIMSK1=(1<<OCIE1A); //Pa3pelumnTb No cOBNaaeHUIO
TCCR1B=(1<<CS11)]/(1<<CS10) ;MNpepaenutens: K=64

sei(); //TnobanbHoe paspeleHne npepbiBaHNM

while(1);
}

B omueme npeocmasumo:

1. CxeMy MOAKIIIOYEHHUS CBETOIUO/IA;

2. PacueTHble COOTHOIIEHUS 115 Tieproja 1 cek;

3. CxeMy aJiropuT™Ma MporpaMmai;

4. OTKOPPEKTUPOBAHHBIN TEKCT MPOTPAMMbI C KOMMEHTAPUSIMU.

3aoanue 4.3.2. I'enepayusn IITUM ¢ nomouwipro maiimepa

Pa3zpaboTaTh 1 OTHaAUTh NPOrpaMMy U CXEMY, 0OECHEUHBAIOUIUX IJIABHOE
W3MEHEHHE SIPKOCTH TOpEHHs cBeroauoaa. lcmosib30BaTh pEXHM MIMPOTHO-
uMmItysbcHor Moaysiuuu (IHMM) Fast PWM.

[IpoBeputh paboTy IpOrpaMmbl B OTJIAIUUKE U TIporpamme Proteus.

VYyects, uro LM xapaktepusyercs koddduinenToM 3anoiHenus D (Be-
anurHa oOpatHas D Ha3bIBaeTCsl CKBaXKHOCTHIO):

¢
D=—
7
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B BeIpakeHuu t - BpeMs 3anoHEHUs B rpaHulie nepuoja T.
HeiicTBytonee Hanpspbkenue (wim cpennee) Ucp curhana mpsiMo IMpomop-
UOHAIBHO KOA(DPUIIMEHTY 3aMOTHEHUS U aMIUTUTYTHOMY 3HaueHuto Uy,

UCPZD*UAM.

Ecnu Takoit curnan mogath Ha (GUIBTP HU3KHX YacTOT, TO MOIYIUTCS aHa-
JIOTOBBIM CUTHAJI, BEJIMYMHA KOTOPOTO TPOIOPIIMOHATLHA BEIMYUHE 3aTOTHEHUS.
DTO MPOCTOM cIOCO0 MOTYUYEHHS aHAJIOTOBOI0 curHana, nmpocteitmmii [{ATL.

BapuanT nporpaMmst:

#include <avr/io.h>
#include <avr/interrupt.h>
#include <stdint.h>

volatile uint8_t pwm_value=0,dn_count=0;

ISR (TIMER1_COMPA_vect)

{
TCNT1=0;

if(dn_count) //nnaBHO MeHAeM APKOCTb AMoAa, MO LWary 3a pas
pwm_value--;
else

pwm_value++;

if(lowm_value==0) //npoBepka rpaHuL, nepexkntoyeHne
//pasropaHue/3aTyxaHue

dn_count=0;

if(owm_value==0xFF)

dn_count=1;

OCROA=pwm_value; //yctaHaBnnBaem HOBbI KO3dP. 3aN0NHEHUSA

}

void main(void)

{
DDRD=0xFF; //HacTpolika nopTa Ha BbIX0oz,
PORTD=0;
OCR1A=0x7A12; //KOHCM., orpedensaow,asa Yyacmomy rnpepbisaHuli

TIMSK1=(1<<OCIE1A); //pa3pewaem npepsis. Mo co8nadeHUro KaHa1a A
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TCCR1B=(1<<CS11)[(1<<CS10);//3anyckaem maiimep 1

TCCROA=(1<<COMOA1)|[(1<<WGMO01)|(1<<WGMO0O0);//maiimep 0 6ydem

//2eHepuposams LLINM
OCROA=128; //HayanbHoe 3HayeHue LLUNM
TCCROB=(1<<CS00); //3anyckaem matimep 0
sei(); //paspewaem npepovieaHus
while(1); //0anbwe rnpouyecc udem Ha npPepsIBAHUAX U

//annapamyom LLUINMe

B 310l nmporpammMe ucnoabszyercss Makpoc stdint.h. B HeM 00bsBIEHBI HEKO-
TOPBIE TUIBI JAHHBIX C SIBHO BBIPAXKEHHON Pa3psAHOCTHIO:

uint8 t — unsigned 8-bit integer type;

uintl6 t — unsigned 16-bit integer type;

uint32 t — unsigned 32-bit integer type;

int8 t — signed 8-bit integer type.

OTH ONKCAHUS NOBBIIAIOT YUTAEMOCTh KOAA, TAPAHTUPYIOT IEPEHOCUMOCTD
KoJa JUIsl APYTMX MUKPOKOHTPOJUIEPOB, MHOTAA COKpAIllaloT HAllMCaHUE MPHU 00b-
SBJICHUU NepeMeHHbIX. HO mpruMeHeHue 3Toro MakpopaclupeHus He 00s3aTeb-
HO.

Monaudukarop volatile o3Ha4aeT, YTO KOMIMIATOPY 3aMpPEIIAETCs ONTHMHU-
3UpOBaTh JAHHYIO MEPEMEHHYI0. DTO JefaeT padoTy KOMIMIATOpA MpeAcKasye-
Moi. [{ns mpenoTBpalleHusi paboThl ONTUMHU3ATOPA MO OTHOIIEHUIO KO BCEU Mpo-
rpaMMe MOXHO MOCTaBUTh YPOBEHb ONTUMH3ALMU -0s B CBOMCTBAX MPOEKTA.

B omueme npeocmasumo:

1. Cxemy NOAKIIIOUEHHS] CBETOAMOJIA (€CJIU CXEMa HE COBMAAACT C MPEbl-
TYIIUMU CXEMaMH );

2. PacueTHble COOTHOIIEHUS 115 Tieproja 1 cek;

3. OTKOPPEKTUPOBAHHBINA TEKCT MPOTPAMMbl C KOMMEHTAPHUSIMH.

4. PacueTsl i1 onpeAesieHUs BPEMEHU MOJIHOTO 3arOpaHus U TOTacaHusl.

Bonpocwt ona camokonmponn

1. Kakue agpeca 3aHMMArOT MOPTHI BBOAA-BBIBOJA YIPABJIEHUS MPEPHIBAHUS-
MH?

Ha3oBurte ocHOBHBIE HCTOYHUKH NpepbiBaHui 11t MKK.

Kaxkue npepbiBanusa umerotcst a1 cuetynkoB B MKK ATtiny2313?
Ha3naueHne Macku npepbIBaHUN CYETUUKOB?

KakuMy KOMaH1aMy pa3peiaroTcs U 3alpeniatoTcs NPEPbIBAHNS?

C Kakoi 11eJIbI0 3aMpeIIatoTCs MPEePhIBAHUS?

ARSI ol e
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7. UTo cocTaBisieT KOHTEKCT Ipoiiecca’?

8. Kak coxpanuth koHTEKCT? C KakOH LEIbI0 €T0 COXPAHSIOT?

9. Ipemnoxute anroput™ GOPMUPOBAHUS ATUTEITHHON 3aI€PKKU C TTOMOIIBIO
TaiiMepoB?

10.ITouemy TaliMepbl CaMOCTOATEIBHO HE MOTYT OPraHW30BaTh MUHYTHOM 3a-
JIePKKU?

11. Kakoe makpopacuiupeHre UCoIb3yeTcs JUIsl paboThl C MPEePhIBAHUSMHU Ha
a3bike C?

12.Kak Hanucatb 00paboTurk Ha si3bike C?

13. Yro npencraBiigeT coO0K peaklyss MUKPOKOHTPOJIJIEPA HA CUTHAN MPEPHI-
BaHUs?

14.KakuM 006pa3oM mpoiieccop 3aBepliaeT BhIoIHeHne 00padoTunka? Uto
IIPU OTOM BBITIOJIHSIETCS?

15. Kakum 06pa3oM ¢ mOMOIIIbIO TaliMepa OpraHu30BaTh 3aA€PKKY OOJIbLION
JUTUTEIIbHOCTH (HampuMep, MUHYTHI)?

16. Kakue HacTpOlKH BBIMOJIHAIOTCA 711 OpPraHU3alluy PEPbIBAHUI?

17. Kakyto poiib BBIOJIHSIOT (iaru mpepbIBaHun?

18. Kak onpenensercss npuOPUTET MPEPbIBAHUN MUKPOKOHTpoOILIepa’?

19. Kak MOHO yTOUHMTH 3ape3epBUPOBAHHbBIE UMEHA 00PabOTUYHKOB;

20. Yto HYXHO c/ies1aTh, YTOObI 00PAOOTUNK HE BBHITOJIHSIICS?

21. CKoJIbKO siYeeK MamsITh 3aHUMAET TabJnIla BEKTOPOB?

22.Kak 70Jro CymecTByeT ¢uiar npepbiBaHus?

23. KakoBa peakiuysi KOHTpOJUIEpa Ha HECKOJIBKO MPEPbIBAaHUI OJJHOT0 OOBEKTA
10 X 00paboTKu?

24. Ilpu KakuX yCIOBHUSX MOTYT 00pa30BaThCs BJIOKEHHBIE IPEPhIBAHUS?

25. Kak M0>XHO OpraHu30BaTh IPOrpaMMHBIE TPEPBIBAHUS?

26. C kakoy LeNblo IPeAyCMOTPEH 3aXBaT TaliMepa?

27.Kak ocyIiecTBIS€TCS MHUIIHAIU3AIUS TaOIUIIbI BEKTOPOB MPEphIBAaHUIN
CYETYHKOB?

28.HacTpoliky Kakux perucTpoB HEOOXOAMMO IPOU3BECTHU AJIsl pa3peleHUs
MpEphIBAaHUN OT TaliMep/CUeTIYNKOB?

29.MO0>HO 1 OTMEHUTH OYEPEAb TPEPHIBAaHUI?

30.Ucxomast 3 4ero onpeaenseTcs 04epeIHOCTh 00pabOoTKH MpephIBaHUMN MpH
BO3HMKHOBEHUHU HECKOJIBKUX MPEPhIBAHUN OJTHOBPEMEHHO?

31.Kakue npepbiBaHusi MOTYT ObITh YTpayeHbl MOCJIE pa3pelieHus: MOSBICHUS ?

32.Kaxko# peructp npeaHa3HaueH JUisl ri00aJbHOr0 pa3pelieHus/3anpeieHus
IIpepbIBaHUA?

33.Kakue perucTpsl UCMOIB3YIOTCS ISl YIPABIEHUS IPEPHIBAHUSIMU CUETU -
KOB?

34.Kakue perucTpbl HCIOIb3YIOTCS JUISl YIIPABIECHNS BHEIIHUMHU ITPEPbIBAHU -
Mu?

35.Yem paznuuaroTcs MEX1y OO0 BHEITHUE MPEePhIBAHUS?



