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npakTUYecKuM 3aHsATusM. Poctos-Ha-Jlony: CeBepo-KaBkasckuit ¢umman MTY-
CH, 2019.- 77 c.

B noco6uu n3noxxeHbl METOUYECKHUE PEKOMEH AU, CO/IepKaTEIbHbIE Ma-
TEepUabl ¥ KOHTPOJIbHBIC 3aJaHus I TPOBEICHUS JTaOOPATOPHBIX W MpPaKTHYEC-
CKHX 3aHSATHH MO0 M3YyYCHUIO apXHTEKTYyphl MHUKPOKOHTPOJIJIEPOB, IPHEMOB U Me-
TOJOB TPOTPAMMHPOBAHHS TTOPTOB, CUETYMKOB, CHCTEMBI IMPEPHIBAHUA MHUKPO-
KOHTpoJUIepoB cemeiictBa AVR. B kadecTBe MHCTpyMEHTa MCHOJIb30BaHa Cpena
pa3zpabotkn AVR Studio u cpena moaenupoBaHus 3JIEKTPOHHBIX cxeM Proteus.
[Tocobue conepKUT HEOOXOAUMBIE CIIPABOYHbBIC MaTEPHUAIIBI.

MeToaudeckue yKazaHus TpeIHa3HA4YeHBl AJSI CTYACHTOB, OOYYaroIIMXCs
no HamnpasieHusMm noarotosku 09.03.01 Mudopmatuka v BbIMHMCIUTETbHAS TEX-
Huka u 11.03.02 MHbHOKOMMYHUKAIIMOHHBIE TEXHOJOTUA M CUCTEMBI CBS3H, MPO-
¢buneit MHOrokaHajgbHbIE TEIEKOMMYHUKAIIMOHHBIE CUCTeMbl, CeTu CBSI3U U CH-
CTEMbI KOMMYTAIUH, 3alIUIIEHHbIE CUCTEMBI U CeTH CBsI3H, CHCTEMBI paIuOCBSI3H
U PaJNoIOCTyIa, BhrancauTeIbHbIe MAIMHBI, KOMIUIEKCHI, CHCTEMBI U ceTH, [Ipo-
rpaMMHOE 00€CTIeUeHNUE U WHTEIUICKTYalIbHbIE CUCTEMBI.

[TocoOue mpemHa3HAYEHO MJIS MCIOJB30BAaHUS MPU M3YYCHHUH JUCITUTUIHH
Criennanm3upoBaHHbBIE MPOIECCOPBI, MHUKPOIIPOIIECCOPHBIE CUCTEMBI, Bhrancin-
TeJIbHas TEXHUKA ¥ MH(POPMAIIMOHHBIE TEXHOJOTHH, & TAK)KE MOYKET OBITh UCITONb-
30BaHO MPENOAaBATEIIIMU U CTYICHTAMH TIPH U3YYCHUH POJACTBEHHBIX TUCIUILIAH
U B TIPOIIECCE CAMOCTOSTEIHHON paOOTHI.

YuebHoe nmocodue 06cyxaeHo U 0100peHo Ha 3acenanuu kadeapsr UBT.
[Tporokon Nel ot 26.08.2019 r.

Peuenzent 3aB. kadenpoit UBT a.1.H. npodeccop Coxonor C.B.
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1. U3YUYEHME JIOTUYECKOM CTPYKTYPBI
MHUKPOKOHTPOJUUIEPA

geﬂb

1. YriyOuTh 1 3aKpenuTh TEOPETUYECKUE 3HAHUS M0 MPUHIIMIIAM MTOCTPOe-
HUS CIIEIUATIN3UPOBAHHBIX KOHTPOJUIEPOB;

2. ITpnoOpecTH NMpaKTUYECKUE HABBIKK CAMOCTOSITENIBHOTO U3YYEHUS U aHa-
JIM3a CXEM KOHTPOJUIEPOB,;

3. CoBepIIeHCTBOBATh HABBIKU aHAJIN3a, 0000IIEHUS U CUCTEMATH3aIUH T10-
Jy4EHHBIX Pe3yJIbTaTOB, HABBIKA COCTABICHUS W O(POPMIICHHUS OTYETHBIX MaTepHa-
JIOB, HaBBIKM TOYHOIO M JIAKOHMYHOI'O MPEACTABICHHS IOKIAJI0B Ha BOIPOCHI
TEXHUYECKOTO XapaKTepa.

Yyeonwvie eonpocot

1.1. HazHaueHune, OCHOBHbIE TEXHUYECKUE XapaKTEPUCTUKA MUKPOKOHTPOJI-
nepa AVR;

1.2. CtpykTypHas cxema 1 Ha3HaYeHHUe MepruepUiHbIX yCTPOICTB;

1.3. IIporpaMmMHasi MoJIelIb MUKPOKOHTPOJLIEPA.

Jlumepamypa 015 n0020moeKuU K 3aHAMUIO

1. Tony6moB M.C. MukpokonTpoiiepsl AVR: 0T mpocToro K CioxHOMY.
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 pa3paboTuvka 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. EBctudeer A.B. Mukpokoutposiepsl AVR cemeiictBa Tiny. PykoBoa-
CTBO Tosib3oBartels. - M.: M3natensckuit nom Jlomska-XXI, 2007 . -432c.

Cooeporcanue omuema

1. Ha3Banue paboThI.

2. Ha3zBaHue Kaxq0oro y4eOHOro BOIpOCa M KPATKUU KOHCIEKT B 0O0beme
MPAKTUYECKUX 3aJIAHUN 110 BOIIPOCY.

Bonpocul 015 n0d20moeKu K 3aHAMUIO

1. Anroputm paGoThl IEHTPAIBHOTO MpPOLIeccopa.

2. TlpuHnunel paboThl oniepaTuBHOM nmamsath u Flash-mamsru.

3. XapakTtepucTtuka rapapckoii u hpoH-HeliMaHOBCKOW apXUTEKTYP.
4. B uem omiimune CISC u RISC cTpykTyp cucTeMbl KOMaH/I.

Axm YaibHOCHLIb 3AHAMUA




CnenkoHTpoIiep SBISIOTCS OCHOBHBIMU YCTPONCTBAMH, OCYIIECTBISIONIMM
yhpaBjieHHe U oOpabOTKy JaHHBIX B cHcTemax ympasieHus. [losTomy oueHb
Ba)KHO 3HATh €TI0 XapaKTEPUCTUKHU, TEXHUUYECKUE BO3MOKHOCTH B3aUMOJICUCTBHUS C
nepudepueiit 1 NporpaMMHYIO MOJIENb.

3aoanue 1.1. Haznauenue, 0CHOGHble MeEXHUUECKUE XAPAKMEPUCHIUKU
Mmuxpokoumpoinnepa AVR

Muxkponpoueccops! (MII) n mukpokontposepsl (MK) nnst BcrpanBaembix
npuiokenuit [embedded applications] opueHTHpOBaHBI Ha MOCTPOCHHE 3aKOH-
YEHHBIX CUCTEM YIpaBJIeHUs U UX y3710B. B yactHocT 8-paspsaausie MK B 001em
o0BbeMe MPOIIECCOPHBIX MUKPOCXEM cocTaBisieT 4yTh MeHble 30%. AVR, noxa-
Iy, OJHO M3 CaMbIX WHTEPECHBIX HANPaBJICHUW, Pa3BUBAEMBIX KOpIOpauuen
Atmel. OHu npeacTaBisAOT OO0 MOIIHBINA HHCTPYMEHT JIJIsl CO3/IaHUs COBPEMEH-
HBIX BBICOKOIIPOU3BOAUTENBHBIX U 3KOHOMUYHBIX MHOTOLIEJIEBBIX KOHTPOJUIEPOB.
Ha HacTosimuii MOMEHT COOTHOIIEHUE '"IIEeHA - TPOU3BOJUTEIBLHOCTD - SHEPTOMO-
Tpebnenue" mis AVR dBisieTcss OJHUM M3 JY4IIMX HAa MHPOBOM pBIHKE 8-
pa3psIHBIX MUKPOKOHTposuiepoB. O0bembl mpoaak AVR B Mupe ynBaumBaroTcs
exeroJiHo. B reomeTpuueckoi mporpeccuu pacTeT YUCIO CTOPOHHUX (Pupm, pas-
pabaThIBAIONIMX M BBITYCKAIOIIUX Pa3HOOOpa3Hble MPOrpPaMMHBIE U allllapaTHBIC
CpeACTBa MOJIEPKKU pa3padOToOK 111 HUX. MOoKHO cunTaTh, 4To AVR mnocreneH-
HO CTAaHOBUTCA €€ OJJHUM HHAYCTPUAIBHBIM CTaHIAPTOM CpeIu 8-pa3psaIHbIX
MUKPOKOHTPOJUIEPOB OOIIEro Ha3HAUYCHHUS.

MK oTinnyaroT OT Ipyrux MPOUECCOPHBIX YCTPOMCTB TAKHE CYLIECTBEHHBIE
YEPTHI:

- pa3BUTHIC BCTPOCHHBIE allllapaTHBIE Y3JIbI BBOJIAa/BBIBOJIA, PA3rPyKaIOIIUE
MPOLIECCOP OT PYTUHHBIX EUCTBUM U OIS KUBAIOIIE UHTEP(DENUCHl pPa3TUuIHBIX
THUIIOB - TUCKPETHBIN, TAPAIUICIbHBIN, TOCIEIOBATEIIbHBINA, AHAJIOTOBBI;

- UHTETPUPOBAHHAS HA KPUCTAJJI IaMSTh OIPOTPaMM U JIaHHBIX, B TOM YHCIIE,
SHEPrOHE3aBUCHUMAS;

- HaJTnyue OOJIBIIOTO YKCiia PA3HOBUIHOCTEN KPUCTAJIIOB, PA3IMYAIOIIUXCS
YUCJIOM BBIBOJIOB M THIIOM KOpIyca, 00beMaMHu MaMsTH, COCTAaBOM OJIOKOB BBO-
J1a/BBIBOJIA U TIP.;

- BCTPOEHHBIE y3JIbl 3arpy3KH KOJOB MPOTPaMM M JIAHHBIX U y3JIbl BHYTPUC-
XEMHOM OTJIaJKH, paboTarolre Mo MoCiIeI0BaTeIbHOMY HHTEpQEHCy;

- Tu0Kasi CUCTEMa TAaKTHUPOBAHUSA W YIIPABJIEHUS YHEPTOMNOTPEOICHUEM, YTO
aKTyaJIbHO ISl MOOMJIBHBIX YCTPOMCTB.

OcHoBuble paznuuusa Mexay MK nanHo# rpynmnbl CBOASTCA K IMPOU3BOIH-
TEJILHOCTH MPOIECCOpa, OMPEALSTIEMO COUeTaHUEM CIeAyIomux (akTOpPOB: CO-
CTaB CHUCTEMbl KOMAaHJ M PEKUMOB aApecalny, pa3psIHOCTb Ipoueccopa
(8/16/32), wactora TakTUpOBaHUS (IECATKH - COTHU Merarepir). Poct paspsimHoctu
COYETAETCSI C POCTOM YaCTOThl M CHMKEHUEM HamnpspkeHus nutanus (¢ 5 B mo 3.3
B, a sapa - 1o 1.2 B).



Ha oreuectBeHHOM pbIHKE 8-paspsaHbie MK mpencraBieHsl Npekae BCETO
«KIIOHaMU» U «rotoMkamm» moxaenu MCS-8051, cemeiicrBamu P1C12/14/16/18
(MicroChip), cemeiicteom AVR (pupma Atmel) u np. Ot MK opueHTHpOBaHBI Ha
pelieHue 3aj1a4y ynpapieHUus ¢ MpeodsialaHueM 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 NTMTaHUsI, TO €CTh He MeHee 1.7 B.

B uactHOCTH, B TaHHOM Kypce HamOoJjblliee BHUMaHUE OyJeT yIeJIeHO ce-
meiictBy AVR ¢upmbr Atmel, kak ogHOMY M3 TWHAMHYHO Pa3BUBAIOIIMXCS U JIO-
CTYITHOMY Ha OT€YECTBEHHOM DPBIHKE.

Cemeticmeom (unu cepueit) MK Ha3zpiBaeTcsa Pl MUKPOCXEM OJHOPOIHOM
pa3pabOTKH, UMEIOINUX HICHTUYHYIO apXUTCKTypy, HO Pa3IUYarONINXCsl KOJUIe-
CTBOM SU€EK MaMsTH, BBIBOJIOB KOPITyCa, COCTAaBOM U KOJIMYECTBEHHBIMHU XapaKTe-
PUCTUKAMH BCTPOEHHBIX MepuepuitHpIx Moyiel. Pa3nuyaioT B 3aBUCUMOCTH OT
armapatHoro odecrnedenus cemerictra "AVR-tiny"”, "AVR-classic" u "AVR-mega"
Boeimyck MK st BcTpanBaeMbIX MPUMEHEHUN B BUJIE CEMENCTBA MO3BOJISIET MPO-
W3BOJIUTEIISIM CHU3HUTDH 3aTPAThl HA CO3/IaHHE 0OTaToOi HOMEHKIATYPhl MUKPOCXEM
(mpu pa3pabOTKe HOBBIX KPUCTAJUIOB HCHOJB3YIOTCS TOTOBBIE IMPOBEPECHHBIC B
MPOU3BOJICTBE MOJIYJIM KpUCTauia), a mois3oBarenssM MK cokpamaer 3arpaTsl
BPEMEHHU Ha OCBOCHUE MOJEIEH, Hanbosee MOAXOIAIIMX JJIsl PEUICHUs] HOBBIX 3a-
Jad.

Hcmopus u ocobennocmu cemeticmea AVR-8

B cepemune 90-x romos (20 Beka) pupma Atmel Bermycrina knon MK MCS-
8051 no Texnonoruu K-MOII — cemeiictBo AT89XX, B KOTOpOM peanu3oBaia JIBa
CYIIIECTBEHHBIX Ha TOT MOMEHT HOBIIIECTBA:

- HHTerPUPOBaHHAsI HA KPUCTAJLJIe NaMsATh nporpamm tumna FlashROM wu
SHEProHe3aBUCUMas MaMsTh JaHHBIX THIIa EEPROM,

- BCTPOEHHBII MeXaHM3M 3arpy3Ku/BBITPY3KHM COJEPKUMOTO MaMSTH
nporpamm (FlashROM) u nmanneix (EEPROM) ¢ ucnonb3oBaHueM MociieaoBa-
TesibHOTO MHTEepdeiica (Tuma SPI).

CoueraHue S3THX HOBalUi 00ECIEUYUJIO CYUIECTBEHHOE YACLIEBICHHE U
YIOPOIIEHUE - OTMajia He0OXOAUMOCTh B MCIOJIb30BAaHUHU JIOPOTO KEPAMUUYECKOTO
KOpITyca ¢ KBapIleBbIM OKHOM IS YIbTPa(HUOIETOBOTO CTUPAHUs, U OTHalla He0O-
XOJUMOCTh HCIOJIb30BaHus He jemeBoro (He meree 300$) mapaiienbHOro mpo-
rpaMmaropa, B KOTOPBIA MPU KKIOW OIepariiy 3alicy MPUXOIUIOCH TTOMEIIATh
KOPIYyC C MHKPOCXEMOM TaMsATH TporpaMM. HoBast TEXHOJIOTHS cTajla Ha3bIBaThCS
BHYTPHCHUCTEMHBIM NporpammupoBanueM [In-System Programming - ISP], cyme-
CTBEHHO YIPOCTHJIA U YACIIEBUIIA MTPOLEAYPY PEAAKTUPOBAHUS COJIEPKUMOTO Ta-
matu nporpamm (IIT) m ganueix (I1J]) - Teneps cTano BO3MOMXHBIM BBHIMOJIHATH
nepenporpammupoBanue MK mipsmo "B cucteme", To €CTh Ha 11eJI€BOM 1iaTe.

Craenyromum 1rarom ¢pupmbel Atmel B korie 90-x romoB craiga paspaboTka
HOBoro cemerictBa 8-paspsaabpix MK AVR-8 (AT90xxxX), B KOTOPOM KpOMe HOB-
IIECTB, BHEPEHHBIX pu pa3zpadoTke AT8IXX, 100aBUIUCH CIIEAYIOIIHE:



- HHTErPUPOBAHHBbIE HA KPUCTAJLI y3Jibl BBOJA AHAJIOTOBBIX CUTHAJIOB -
aHAJIOTOBBIM KOMITAPATOP U aHAJIOTOBO-IIM(PPOBOM MTpeoOpa3oBaTelb;

- HoBas cucrema komanja [RISC] cpa3y paspabarbiBaiach ¢ pacyeToM Ha
ucroib3oBanue sa3eika C/C++,

- TIPOIIECCOp MOJEPKUBAET 4-1IaroBbIi KOHBelep, 4TO 00eCIeUnBaET BbI-
MOJIHEHHE OOJBIIMHCTBA KOMaHJ (KpoMe KOMaHJ Mepexo/a) 3a OJUH MAIIUHHBIN
LUKII,

- OTKa3 OT aKKyMYJISITOpa M MCIOJIb30BAHUE JOCTATOYHO 00JbIIOro (haiiia
perucTpoB o0mero HazHadyeHus (32*8 OuT) cHMKACT HEOOXOIAUMOCTh YACTHIX
obpamenuii k [1J1 (O3VY) ¢ 6oree qoarumMu Uiu ATUHHBIMU PEKUMaMH apecalliu;
B 3TOM ke (paiisie pasmecTunnch 16-pa3psansie ykasatenu Ha [1]] u T111;

- OTKa3 OT ucnojab3oBanus BHewmHeH [1I1 npu Hanuuuu GyHKIMK BHYTPHCH-
CTEMHOT'0 TPOrPAMMHUPOBAHMS TTO3BOJIMII HUCIIOIB30BATh KOPITYCa ¢ MAJIBIM YHCIIOM
Hor (MeHee 40), uTo emie 0osiee CHUKAET CTOUMOCTh MUKPOCXEMBI. JlOMIOIHUTEb-
HBIM NIPEUMYIIECTBOM OTKa3a oT BHemHe [1I1 crana noBbileHHAs CTENEHb 3alllu-
ThI coaepkumoro I1I1 oT HecaHKIMOHUPOBAHHOTO KOITMPOBAHUSI.

[TocnenoBarensHOCTh pazpadoTku moacemeiictB AVR-8: AT90, ATmega,
[FPSLIC], ATtiny, ATxmega.

B oTuere npencTaBuTh:
1. OcHoBHuble TexHn4eckue xapakrepuctukn MKK ATTiny 2313;
2. Ormnune MKK ot mukpomnpoueccopa.

3aoanue 1.2. Cmpykmypnasa cxema u Ha3HaA4eHUue nepughepuiinvlx
ycmpoucme

Apxumexmypoul Ha3bIBaIOT 00pa3, BUIUMBIN MOJIb30BATENI0, TO KOHIENTY-
aIbHOE MPEACTABICHHUE U1l MPOrPaMMKCTA WM CXEMOTEXHHUKA, pabOTaroLIEero ¢
naHHbIM MK. OCHOBHBIMM 3JIEMEHTAMU APXUTEKTYPHI SBIISIOTCS:

* crUcTeMa KOMaH/1 U CriocoObl aipecaluu;

* OpraHu3aiys naMaT U PErucTpoB;

* hopmaT pa3psIHON CETKU

* Opra"u3aiusi BCTPOCHHBIX MepuEepUUHBIX YCTPONCTB, MEXaHM3M 0Opa-
HIEHUS K HUM U CUCTEMBbI IPEPHIBAHUIA;

* TUIIOBBIE CXEMbl BKJIIOUYEHHUS C ONMKHCAHUEM HA3HAUYECHUS U PACIIOIOKECHHS
BBIBOJIOB U OCOOCHHOCTEH BHYTPEHHEHW CXEMOTEXHUKH BHIBOJIOB.

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

Cmpyxkmypa MK oTpaxaeT cocTaB U CBSI3U €0 BHYTPEHHUX OJOKOB B Tpa-
dbuueckom Buje. 3HaHue cTpykTypsl MK He siBisieTcst 00s3aTeabHbIM JJ1s1 pa0OThI
¢ MK, Ho obineryaer nonumanue u cpapienne MK mexmy coOolt 3a cyeT nomoJi-
HUTEJIBHOTO BU3YaJIbHOI'O BOCIIPUSTHS.



Apxumexkmypa AVR

Cucmema komano 8-pazpsinubix MK cepun AVR conepxut ot 90 no 133
WHCTPYKIIUH, YUCTIO KOTOPBIX 3aBUCUT OT Mojenu. Kak u ayis GoJbIIMHCTBA JIPY-
rux MK, 3ToT Habop MOXKHO YCIOBHO pa3/IenuTh Ha TPU OCHOBHBIE IPYIIIIHI:

- apu(METUKO-TIOTUYECKHE, BKITIOYAs CABUTH (COOCTBEHHO BHIYUCIICHHUS),

- Iepelavn JaHHBIX MEXAY AderikamMu namsatu MK,

- BETBJICHUH (TIepex0jI0B) B mporpamme ((pOopMHUPYIOT CTPYKTYpy Hporpam-
MBI).

[To ¢opmary oOpabaTbiBaeMbIX JAHHBIX PA3IUYAIOT KOMaHJBI, OMEPUPYIO-
e ¢ 6aiitamu (8-OMTHOE CJIOBO) U ¢ OWTaMH, OTJIETbHBIC KOMaH/Abl pabOTaIOT C
nByXOaWTHBIMU yrciiamu. Hepeako rpynmy koMan1 paboThl ¢ OUTaMH BBIJEISIOT B
CaMOCTOATENbHYIO YETBEPTYIO TPYIIITY.

Dopmam KOMaHObB! ONUCHIBAECT CTPYKTYPY MAIIMHHOTO CJIOBa KOMAaHJbI.
YacTh OUT BBIIETSIOT TIOJI KOO onepayuu, 3TO o0sA3aTeIbHAs YacTh JII0OOH KOMaH-
1. OcTanbHble OUTHI YKa3bIBAIOT 0NEpaHObl, TO €CTh JaHHOE, ajpec sSTYCHKH IaH-
HBIX WJIM ajapec nepexoga. PaznmyaroT xomaHzbsl Oe3omnepaHaHble, OJHO- U JIBY-
XornepaHHbie. B AByXomnepaHIHbIX KOMaHJax O0OpaOOTKM JAHHBIX OJMH W3 OIle-
PaHJIOB HA3bIBACTCS UCTOYHHKOM [SOUrNCe], ero coaepkuMoe He U3MEHSACTCS, Ipy-
roii — npuemHukoMm [destination], ero comepkxuMoe COAEPKHUT pe3yibTaT Olepa-
1107078

Cnocoovl adpecayuu OnpeiensaoT Cnoco0bl KOAUPOBAHUS ONEPAHAOB, IS
KOJIMPOBAHUS UCIIOJIB3YETCS JIBOMUHBINA KoJ. Paznuyaror ciemyroiiye BUIbI ajipe-
caluu:

- npsamas — aapec B BUJI€ KOHCTAHTBI, YUCIO OUT N ONMpEAeNsieT YUCIIO aape-
cyembix siaeek N = 2n,

- Henocpeocmeentas (U abCOMIOTHAS ) — IAaHHOE B BUJIE KOHCTAHTHI,

- HECKOJIbKO Pa3HOBUJHOCTEW KOCBEHHOU — YKA3bIBAETCS aJpec PErucTpa-
ykazarens (X, Y, Z, PC, SP), conepxuMoe KOTOPOTO COJIEPKUT aJipec SUCHKU J1aH-
HBIX WJIM TMepexoia:

- MPOCTasi KOCBEHHAa,

- C MPEeIJACKPEMEHTOM — 3HAYCHHE PErucTpa yKazaTess YBEIUYUBACTCA 0
UCITIOJIb30BaHUS ajjpeca,

- C TIOCTUHKPEMEHTOM — 3HAYEHHE PETUCTpa yKa3aTelisd YMEHbIAETCs Toclie
UCITIOJIb30BaHUS ajjpeca,

- UHACKCHAs — 3HaYEHUE aJipeca BBIYUCISIETCS KaK CyMMa COJEP>KUMOr0 pe-
TUCTpa yKa3aTessl U KOHCTAHTHI,

- OTHOCUTEJIbHAS — PA3HOBUJHOCTh MHJEKCHOM C MCIOJIb30BaHUEM CUETUMKA
KOMaH/[ KaK peTUCTpa yKa3aTesl mepexo/a.



Cmpyxkmypa AVR

Muxkpokontposuiep AVR conepxkut: ObicTphiii RISK-nponeccop (Reduced
Instruction Set Computer), nsa tumna sHeprone3asucumoii mamsatu (Flash-mamsars
nporpamM U namsaTh AaHHbIX EEPROM), oneparuBHyio mamsite RAM, mopTsl
BBOJ1a/BBIBOIA M pa3IudHbIe nepudepuiinbie nuaTepdeiicasie cxemsl (puc.1.1).

Moaynb 3arpy3ku

FLASH nporpamm |eg— - M3y

ISP
4 | C
— > WCT peansHoro
BoemeHn RTC
MporpaMMHeIA >
cyetymk PC - AL
TakTOBbIN
reHepaTop Bel4MCNUTENBHOE AAPO AHANOrOBLIA
¥ komnapatop AC
o 32 perucTpa
ErucTp KoMaHa oBulero - Mocn uHTepd
Ha3Ha4YeHHA TWI (12C)
«—| [lOCn.Npremonep.
l l UART/USART
N BHyTpuCXeMHOI
O3Y (SRAM) ANY otnaakn JTAG
- SPI
I + J lNMocnen wHTepd.

B S S B

CTopoweBon MopThl Taimepbl-
Taimep WDT BBEOAA/ELIBOAA CYETYMKA

lNpepeiBaHuA

Puc.1.1. Crpykrypnas cxema MKK AVR

BbruuciureabHoOe PO

Cepauem MukpokoHTposuiepoB AVR siBisieTcsi 8-OMTHOE BBIUHCIUTEIBHOE
AP0 WU ILEHTpalibHOE TporieccopHoe ycrpoictBo (L{I1Y), moctpoeHHoe 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) BrIOMpaeTcsi ouepeHas kKoMaHa u BeimosiHsgeTcst B AJIY. Bo Bpems BbI-
O0opa KOMaH/Ibl U3 MaMITH MPOTPAMM TPOUCXOUT BBHIMOTHEHUE MPEBbITYIIECH BbI-
OpaHHOU KOMaH/IbI, YTO W MO3BOJISAET JOCTUYh ObicTpoaeicTBus 1 MIPS na 1 MI'm.
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IMamsars nporpamm (Flash-namsars)

[TamsaTh TporpaMm npeaHa3HayeHa JJIsl XPaHEHHUs MOCIIEI0BATEIBHOCTH KO-
MaHJ, YIpaBJsomux (YHKIMOHUPOBAHUEM MUKPOKOHTpOJUIepa, U umeeT 16-tu
outHyro opranuzaiuio. Bce AVR umeror Flash-namsate nporpamm, koTopas mMo-
JKeT OBITh pa3IuuHoOro pasmepa — ot 1 1o 256 Kbaiit. Ee riiaBHOEe 10CTOMHCTBO B
TOM, YTO OHA IOCTPOEHA HA MPUHLHUIIE IEKTPUUECKON MEPENPOrpaMMUPYEMOCTH,
T. €. IOMyCKaeT MHOTOKpaTHOE CTHpaHue U 3anuch uHpopmarmu. [Iporpamma 3a-
Hocutcs Bo Flash-mamsate AVR kak ¢ momoIsio 006IYHOTO MIPOrpaMMaTopa, Tak u
¢ momotisio SPI-unTepdetica (mocmenoBaTeNbHBIN NIepUpEPUHBIA HHTEpdEHC -
Serial Peripheral Interface), B ToM 4mciie HemOCpPEeICTBEHHO HA COOpPaHHOW ILIaTe.
B03MOXHOCTBIO BHYTpPHCXEMHOTO mporpammupoBanus ((pynkuus ISP) uepes
KOMMYHUKalIMOHHBIA uHTepderic SPI obmanaror Bce MUKpOKOHTpoiepsl AVR,
kpome Tinyl1 u Tiny28.

Bce MUKpOKOHTpOJuIephl ceMelicTBa Mega UMET BO3MOXKHOCTb CAMONPO-
epamMmuposanus, T. €. CAMOCTOSITEIIBHOIO U3MEHEHHUS COJEPKUMOTr0 CBOEH NaMsTH
nporpaMM. OTa OCOOEHHOCTh MO3BOJIIET CO3[1aBaTh Ha MX OCHOBE OUEHb T'MOKHUE
CUCTEMBI, AJITOPUTM PAOOTHI KOTOPBIX OYJIET MEHSATHCS CaMUM MUKPOKOHTPOJLIE-
POM B 3aBUCHMOCTH OT KaKUX-TM0O BHYTPEHHHUX yCJIOBUI WJIM BHELITHUX COOBITHI.
["apanTHpoBaHHOE YUCIIO LHUKIOB nepe3anucu Flash-mamstu y MukpokoHTpoie-
poB AVR BTOpOro mokosieHus coctapigeT He MmeHee 10 ThIC. [IUKIIOB MPU TUIIOBOM
3HaueHud 100 toic. nukioB. (B oduumanbHol TexHUYeCcKON qoKymMeHTanuu Atmel
Corp. yka3biBaeTcst 3HaueHue 10 ThIC. ITUKIIOB. )

ITaMaTL JaHHBIX

[TaMsTh TaHHBIX pa3/ieJeHa Ha TPU YacTH:

- perucTpoBas MaMATh,

- oneparuBHas namsATh (O3Y — omnepaTWBHOE 3alIOMHUHAIONIEE YCTPOKUCTBO
ui RAM)

- sHepronesasucumas namsath (ICIII3Y unmun EEPROM).

Perucrposas namsars (POH u PBB)

Pecucmpos obweco naznauenus (POH - General Purpose Registers — GPR)
Bcero 32, oHu UMeEIoT 6alToBbIN opMart u o0benuHensl B (aitn. POH naxonstcs
B HayYaJie aJipeCHOTO MPOCTPAHCTBA OMEPATHUBHOW MaMATH, HO (U3UUYECKH HE SIB-
JS0TCS €€ 9acThio. [ToaToMy K HUM MOXKHO oOpariarhes AByMs criocobamu (Kak K
perucTpaM M Kak K namsTtu). Takoe peiieHue sBisieTcsi ocooeHHOCThI0 AVR 1 1o-
BbIIIAeT 3(PPEKTUBHOCTH PAOOTHI U MPOU3BOIUTEILHOCTH MUKPOKOHTPOJLIEPA.

Cnyoicebnvie  pecucmpvi  6600a/svi600a (PBB) 00BbEIUHSIOT pPErUCTPHI
YIPABJICHUS MHUKPOKOHTPOJUIEPOM, PETHCTPHI COCTOSHUSA W T. M., a TaK)Ke PETHh-
CTpBI yIpaBjcHUs neprudepuiiHbIMU YCTPOUCTBAMH, BXOJISIIIIUMHA B COCTaB MUKPO-
KoHTposuiepa. [lo cyTu, ympaBieHre MUKPOKOHTPOJIEPOM 3aKII0YaeTCsl B YIpaB-
JICHUU YTUMH 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
JTaHHBIE U3 PETUCTPOB.

JHeprone3apucumasi namathb JaHHbix (EEPROM)

JIJist JONTOBPEMEHHOTO XpaHEHUs pa3InyHON HH(MOpPMAIHU, KOTOPast MOXKET
U3MEHSAThCSA B Ipoliecce GyHKIMOHUPOBAHUS MUKPOKOHTPOJIJIEPHONU CUCTEMBI, UC-
nosib3yercst EEPROM-namsats - nepenporpammupyemoe 113V (II13Y). Bce AVR
UMEIOT OJIOK PHEPTOHE3aBUCUMOMN SJIEKTPUICCKU MEePe3anrCchbiBACMON aMsITH JTaH-
Hbix EEPROM ot 64 Baiit 1o 4 Kbaiit. OTOT TN aMsITH, JOCTYITHBINA MPOrpaMme
MUKPOKOHTPOJIJIEpa HEMOCPECTBEHHO B XOJI€ €€ BBINOJIHEHUS, YI00eH NJisi Xpa-
HEHUSI TPOMEXKYTOUYHBIX JTaHHBIX, PA3JIMYHBIX KOHCTAHT, KOA()PUIMEHTOB, Cepuii-
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 JaHHBIX EEPROM oT HecaHKIIMOHUPO-
BAHHOT'O CYUTHIBAHUS

OneparuBHas namarb (O3Y uian RAM)

BuyTtpennsis onepatuBHas craruyeckas namsth Static RAM (SRAM) umeer
0aiTOBBIN (pOpMAT U UCHOJB3YETCS ISl ONEPATUBHOTO XpPAHEHMS 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 MpU OTKIIO-
YEHUU MUTAIOUIEr0 HamnpssKeHUsl Besl MH@opMmanusa Tepsietcs. s HeKOTOphIX
MHKPOKOHTPOJIJIEPOB BO3MOXKHA OpraHU3alds MOJKIIOYEHUS BHEIIHETO CTaTH4e-
ckoro O3V oowemom 1o 64K.

B mukpokontpomiepax AVR peanuzoBana ['apBapickas apXuTeKTypa, B
COOTBETCTBUM C KOTOPOW pa3eieHbl HE TOJIBKO aJPECHBIE IIPOCTPAHCTBA MTAMITH
MpOrpaMM U MaMSITHU JAHHBIX, HO U IIUHBI JOCTYIA K HUM.

ITepudepus mukpokoHTpouiepoB AVR BKiIOUYaeT: MOPTHI BBOJA U BBIBOJIA,
MOJJEPKKY BHEIIHUX IPEPHIBAHUN, TaWMEPBI-CYETUYUKHU, CTOPOKEBOU Tammep,
aHajoroBeie Kommaparopbl, 10-paspsimubiii 8-xananeHbI  ALIl, wuHTEpdeiich
UART, JTAG u SPI, yctpoiicTBO cOpoca M0 MOHWKCHHUIO MUTAHUS, IIHPOTHO-
HUMITYJIbCHBIE MOJTYJISITOPHI.

IMopTtsl BBOAa/BBIBOAA (I/0)

IToptet BBOga/BhiBOJla AVR UMEIOT YHCIO HE3aBUCHUMBIX JIMHUN
“Bxoa/Bbixon” oT 3 1o 53. Kaxpaas nuHus mopra MOKeT ObITh 3alIpOrpaMMHUpPOBaHa
Ha BXOJ WJIM Ha BBIXOJ. MOIIIHBIE BBIXOJHBIE JApaiBEphl 00ECIEUNBAIOT TOKOBYIO
Harpy304Hyl0 crocooHocTh 20 MA Ha JUHUIO TOpTa (BTEKAIOIIUN TOK) MPU MaK-
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CUMaJIbHOM 3HaueHuu 40 MA, 4TO MO3BOJISIET, HAPUMEDP, HEMOCPEICTBEHHO MOJ-
KJIF0YaTh K MUKPOKOHTPOJIJIEPY CBETOMOIBI U OUIIOJISIpHBIE TpaH3UCTOPHL. OO01Ias
TOKOBas Harpy3Ka Ha BCc€ JIMHUU OJIHOTO MOPTa He JI0JKHA npeBbimaTth 80 MA (Bce
3HAYCHUSA MMPUBEJEHBI JIJIsl HANPsDKeHUs nuTaHus 5 B).

ApXHUTEKTYypHass OCOOEHHOCTh IMOCTPOEHHUs MOPTOB BBOJA/BhIBOJAa Y AVR
3aKJII0YAETCs B TOM, YTO JJIsl KaKI0ro (PU3NYECKOro BeIBOJIA (ITMHA) CYIIECTBYET 3
OuTa KOHTPOJIS/YIPABJICHHS, a HE 2, KaK y paCIpOCTPaHEHHBIX 8-pa3psIHbIX MUK-
poxoratposuiepoB (Intel, Microchip, Motorola u T.1.). T0 TO3BOJIsIET M30EKATH
HEOOXOJMMOCTHA UMETh KOIHUIO COJIEPKMMOTO TMOpTa B TAMSTH I 0€301MaCHOCTH
W TIOBBIIIAET CKOPOCTH PabOThl MHUKPOKOHTpOJUIEpa MpH paboTe ¢ BHENTHUMHU
YCTPOHCTBaMH, OCOOCHHO B YCIOBUSAX BHEITHUX JIEKTPUIECKUX TTOMEX.

HpeposiBanus (INTERRUPTS)

CucreMa npepblBaHUN — OJIHA U3 BAKHEHUIIIMX YacCTEd MUKPOKOHTPOJLIEPA.
Bce mukpokoHTposuiepsl AVR MMEIOT MHOTOYPOBHEBYIO CHUCTEMY IPEPBIBAHUM.
[IpeppiBaHKE MpeKpaliacT HOpMaJIbHBIM X0 MPOTrpaMMBbl JJIs1 BBIIIOJIHEHUS MPHUO-
PUTETHOM 3a7auu, ONpeesieMON BHYTPEHHUM WM BHEITHUM COOBITHEM.

JIJis Ka>kJI0T0 TaKoro cOOBITHS pa3pabaThiBaeTCs OTNEIbHAS Iporpamma, Ko-
TOPYIO Ha3bIBalOT MOJAIpOrpaMMoil 00pabOTKM 3ampoca Ha mpepbiBaHue (AJis
KpPaTKOCTH — MOJNPOTPaMMON MPEPBIBAHNUA), U PA3MEIIAETCS B MAMSATU IPOTPAMM.
[Ipy BO3HMKHOBEHHMH COOBITHS, BBI3BIBAIOLIEIO MpPEpPhIBAHUE, MUKPOKOHTPOJIIEP
COXpaHSIeT COAEPKUMOE CUETYMKA KOMAaHJ, NPEpPHIBAET BBHINOJIHEHUE LIEHTPAJIb-
HBIM TPOIIECCOPOM TEKYIIEH MPOrpaMMbl U MEPEXOAUT K BBIIOJHEHHUIO MOIIPO-
rpaMMbl 00paOOTKH MpEphIBAaHUS.

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

JIis KaX/10r0 COOBITHSI MOKET OBITh YCTaHOBJIEH NpuopuTeT. [lonsTie npu-
OpUTET O3HAYaeT, YTO BBIMOJHSAEMAs MOANPOrpaMMa IMPEPHIBAHUS MOXKET ObITh
pepBaHa APYruM COOBITHEM TOJIKO IIPH YCIIOBUH, UTO OHO UMEET O0Jiee BhICOKUI
IIPUOPUTET, YEM TEKyIIee. B MPOTUBHOM Cilydae LEHTPaJIbHbBIN MPOLIECCOP MEPEH-
JIET K 00paboTKe HOBOTO COOBITHS TOJIBKO IMOCJIE OKOHYAaHUSI 00paOOTKHU Mpeibl-
IYILIETO.

Taiimepsi/cyeTunku (TIMER/COUNTERS)

MukpoxonTtposiepsl AVR umeror B cBoeM cocraBe ot 1 nmo 4 Ttaiime-
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 (DOPMHUPOBAHMSI BPEMEHHBIX WHTEP-
BaJIOB, [0/ICU€Ta UMITYJIbCOB Ha BBIBOJAX MUKPOKOHTpOJIEPa, (HOPMHUPOBAHUS T1O-
CJIEIOBATEIbHOCTH HMMIIYJbCOB, TAKTUPOBAHUS IMPUEMOINEPENATUNKA OCIIEI0BA-
TEJIBHOTO KaHajla CBs3U. B pexume mupOoTHO-UMMyJIbCHOM Monayisinuu [HINUM
(PWM) rtaiimep/cyeTduK MOXKET HPEACTABIISTh COOOW MUPOTHO-UMITYIIBCHBIH MO-
JYJIATOP W UCIOJB3YETCS Il TEHEPUPOBAHMS CUTHANA C MPOTPaMMHUPYEMBbIMH Ya-
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CTOTOM M CKBaXXHOCTBHIO. TaliMepbl/CUeTUMKU CIIOCOOHBI BBIpa0aTHIBATh 3aIMPOCHI
IpephIBaHUM, MEpEeKIoYas MPOoLEeccop Ha UX OOCITYy)XKMBAaHUE IO COOBITUSIM H
0CBOOOXkAast €ro 0T HEOOXOAUMOCTH MEPUOJIUYECKOTO ONPOCa COCTOSHUS TaliMe-
poB. I1oCKOIBKY OCHOBHOE IPUMEHEHNE MUKPOKOHTPOJIJIIEPHI HAXOAAT B CHCTEMAX
pEaIbHOTO BPEMEHH, TAMMEPBI/CUETUUKH SIBJISIOTCS OJIHUM U3 HauOoJsiee Ba)KHBIX
DJIEMEHTOB.

Cropo:xeBoii Taiimep (WDT)

Cropoxesoii Taitmep (WatchDog Timer) mpennasHadeH st penoTBpalie-
HUS KaTacTpOPUUECKUX MOCIEACTBUI OT CIydyalHbIX cO0eB nmporpaMmbl. OH nMe-
eT cBoil coocTtBeHHbI RC-reneparop, padorarommii Ha wactote 1 MI't. Kak u st
ocHOBHOTrO BHyTpeHHero RC-reneparopa, 3Hauenue 1 MI'11 saBnsieTcst mpuOIMKeH-
HBIM W 3aBUCHUT TMPEXJE BCEro OT BEIWYMHBI HANPSKEHUS TUTAHHUS MHKPO-
KOHTpOJIJIEpPA U OT TeMIieparypbl. Taiimep cHaOXeH CBOUM COOCTBEHHBIM Mpeie-
JUTENEM BXOJHOW 4acTOThI C MPOrpaMMUpPYEMBbIM KOA()(PUIIMEHTOM NIEJIEHHUS, YTO
MO3BOJIET MOJCTPAauBaTh BPEMEHHOM MHTEpBaJl MEpenoHEeHUs TaiiMepa u copoca
MUKPOKOHTPOJLIEPA.

Wnes vcnonb3oBaHMs CTOPOKEBOTO TaiMepa MpeiebHO IPOCTa U COCTOUT B
PETYJISIPHOM €ro cOpachlBaHUHU IO YIIPABICHUEM NPOTrPaMMbl WM BHEIIHETO BO3-
JNEHCTBUS 7O TOTO, KaK 3aKOHUYUTCSl €r0 BBIAEP’KKA BPEMEHU U HE IPOU30MIET
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 IO LENU MUTaHUA) JU00 3aLUKINICS Ha KaKOM-
aM00 ydacTKe MporpaMMbl, KOMaHJa cOpoca CTOPOKEBOro TaliMepa CKOPEE BCEro
He OyJeT BBINOJIHEHA B TEUYEHHE JOCTATOYHOIO BPEMEHU M MPOU30MAET MOJIHBIN
cOpoc mporeccopa, MHUIHATU3UPYIONTUN BCE PETUCTPBI U IPUBOISIINN CHUCTEMY B
pabouee cocTosHUE.

Anasnorosbiii komnapartop (AC)

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

BbIxol aHanmoroBoro KOMIIapaTopa MOKHO BKJIIOYUTH Ha MPEPHIBAHUE OT
aHajoroBoro Kommapartopa. lloib3oBaTenb MOXET YCTaHOBHUTH CpadaTbIBaHHE
IpepbIBaHUs MO HapacTalolEeMy WM crHajaroniemMy (pOHTY WIHM MO MEepeKIoye-
Huto. [IpucyrcrByeT y Bcex coBpemeHHbIX AVR, kpome Mega8515.

Anajsioro-ungposoii npeodpaszoaresib (A/D CONVERTER)

Amnanoro-mudpooii peodpazosatens (ALIT) ciaykuT nas moaydeHus duc-
JIOBOTO 3HAYEHUS HANPSIKEHUS, IOJJAHHOTO Ha €ro BXOJI. DTOT pe3yJIbTaT COXPaHsi-
ercs B peructpe nanubix AIIIl. Kakoil u3 BbIBOJIOB (HMHOB) MUKPOKOHTpOJLIEpA
oynet sBnsatbest Bxomom AlLIIL, ompenensercss 4uciiomM, 3aHECEHHBIM B COOTBET-
CTBYIOIIUM 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 win USART) — ynoOHBIN B POCTOM MOCIIE0-
BaTeNbHBIN WHTEpQEhc sl opraHu3alud HHPOPMALMOHHOTO KaHajla oOMeHa
MUKPOKOHTpoOJUIepa ¢ BHEIIHUM MHUpoM. CriocoOeH paboTaTh B IYIUIEKCHOM pe-
XuMe (OJHOBPEMEHHAs Iiepeiaya U MpueM JaHHbIX). OH NOaAepKUBAET TPOTOKOI
cragmapra RS-232, 9to obecneunBaeT BO3MOKHOCTh OPTaHU3AIUH CBSI3U C TIEPCO-
HaJbHBIM KOoMIbIOTEpOM. (/{51 cTthikoBkM MK u koMmbroTepa 00s13aTesIbHO MOHA-
NOOUTCS CXeMa COMPSKEHUST YPOBHEW CUTHAJIOB. JlJIsl 3TOro CymIECTBYIOT CIIELU-
aJllbHbIE MUKpPOCXEMbI, Harrpumep MAX232.)

HocaexoBarenbHblii nepudepuiinbiii naTep@eiic SPI

[TocnenoBarenvHbll  niepudepuiinbiii  TpexnpoBoaHbd uHTEpdeiic  SPI
(Serial Peripheral Interface) npennasHaden A1 opraHU3alMl CHHXPOHHOTO 00OMe-
Ha JAHHBIMH MEXIy AByMs ycTpoiicTBamu. C €ro moMoIbl0 MOYKET OCYIIECTB-
JSATHCA OOMEH JaHHBIMU MEXIY MHUKPOKOHTPOJUIEPOM M Pa3IMYHBIMHU YCTPOM-
CTBaMH, TaKUMH, Kak nudposbie nmoteHmomerpsl, LIATT/ALIL, FLASH-II3Y u ap.
C nomortipio 3TOoro uHTEpdeiica y100HO MPOU3BOAUTH OOMEH JaHHBIMHU MEX]Ty He-
cKkoibKuMH MHKpOKoHTpoimiepamu AVR. Kpome Toro, uepe3 unrepderic SPI mo-
KET OCYLIECTBIATHCSA TPOrPAMMHUPOBAHNE MUKPOKOHTPOILIEPA.

J(BYyXnpoBoaHoii nmociaenoBareJabHblil uHTepdeiic TWI

JIByxnpoBoaHON TmochenoBareabHbli nHTepdeiic TWI (Two-wire Serial
Interface) aBnsieTcst monHbIM aHasioroM 0a3oBoil Bepcuu uHtepdeiica [12C (aByx-
MPOBOJIHAS ABYHarnpaBiieHHas muHa) Gupmel Philips. Dtot untepdeiic mozpomuser
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 — crieruaaTu3upoBaHHbIN ammapaTHbIN HHTEpdETiC,
pa3pabOTaHHBIN JJII TECTUPOBAHHS COOpaHHBIX TMEYaTHBIX IUaT. Pa3paboTan
rpynmnou BeaylUX CHEHUATUMCTOB IO MpoOJeMaM TECTUPOBAHUS SJIEKTPOHHBIX
KOMITOHEHTOB. M3-3a mmpokoil ¢pyHkuronansHocTH JTAG cTan ucnonb3oBaThCs
JUIsL OTHaAKy U niporpammupoBanus. Ha nanueiii Mmoment JTAG-untepdeiic npu-
MeHseTcs npu nepudpepuiiHOM CKaHUPOBAHUU (TECTUPOBAHUU IMEYATHBIX IJIAT C
YCTaHOBJICHHBIMU Ha HMX MPOLECCOPAMH Ha HAJIMYME B LEMAX KOPOTKUX 3aMbIKa-
HUM, Henponaek, 3anaganuid Ha 0 uim 1). Yopasnenue JTAG-unrepdeiicom onu-
ceiBaeTcs B T. H. BSDL-(aiine, koTopslil npeocTaBisieTcs: pa3paboTIMKOM Kax-
JIO¥ KOHKPETHOM MUKPOCXEMBbI. B OOIBIIMHCTBE CitydaeB 3T (aiiiibl HAXOIATCS Ha
caiite mpousBoauTenss Mukpocxembl. Mutepdeiic JTAG Obut 3aperucTpupoBaH B
kauectBe mpombinieHHoro ctanaapra I[EEE Std 1149.1-1990. YetsipexmnpoBo-
Helii uHTepderic JTAG ucnonb3yercs A TECTUPOBAHMS MEYATHBIX IUIAT, BHYT-
PUCXEMHOW OTIAAKU, MPOrPaMMHUPOBAHUS MUKPOKOHTPOJIIEPOB. MHOTME MHKPO-
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KOHTpoJieps! cemeiictBa Mega umeror copmectumblii ¢ IEEE Std 1149.1 untep-
detic JTAG wim debugWIRE nis Bctpoennoit otnaaku. Kpome Toro, Bce MUKpPO-
KOHTpoJuiepbl Mega ¢ ¢GudII-naMsaThlo eMKOCThI0 16 KOaT U Gosiee MOTYT TPO-
rpamMMupoBathes uepe3 uarepdeiic JTAG.

Mogayas 3arpy3ku ISP

Moy 3arpy3Ku WM MOJYJIb BHYTPUCXEMHOTO nporpammupoBanus (ISP-
In-System Programmability) sBisieTrcst OCHOBHBIM CITOCOOOM TIPOTpaMMHUPOBAHUS
MHKPOKOHTPOJIJIEPOB M NMPOrPAMMHUPYEMBIX JIOTUMECKUX WHTETPAIBHBIX CXEM M
npyrux ycrpoicts ¢ namaTeio Flash unin EEPROM. Moaynes ucnomnb3yer Kakoii-
au00 cTaHAApTHBIA MHTEpPQEIC, BCTPOSHHBIA B MPOTrPAMMUPYEMYI0 MUKPOCXEMY
JUTSl IOCTIEAOBATENIBHOTO 3aHECEHUS] B HEE KOJOB MPOrpaMM WM TpeOyeMbIX J1aH-
HBIX.

BHyTpeHHMH TAKTOBBIA reHEPaTOpP

TaxToBBIN TeHEpaTOp BbIpaOATHIBAET UMITYJIBCHI JUIsI CHHXPOHHU3AUN pado-
ThI BCEX Y3JIOB MUKPOKOHTpoJuiepa. BHyTpeHHuil TakToBbIil reHepatop AVR mo-
KET 3aIyCKaTbCA OT HECKOJIbKUX MCTOYHUKOB OMOPHON YacTOTHI (BHEIIHUI reHe-
paTop, BHEIIHMI KBapLEBbId pe30HATOP, BHYTPEHHsIA niau BHEIHAs RC-nenoyka).
MuHnumainbHas 1OMycTUMas 4acTOoTa HUYEM HE OrpaHHMYeHa (BIUIOTH JO IMOIAro-
BOro pexuma). MakcumanbHas pabodasi yacTOTa ONPEAENSIeTCs] KOHKPETHBIM TH-
IIOM MHUKpPOKOHTpOJUIEpa M yKa3biBaeTcs Atmel B ero xapakTEepHCTHKaX, XOTS
npakTUYecKu 000 AVR-MUKPOKOHTpOJUIEp € 3adBJICHHOM padoveil 4yacTOTOH,
Harpumep, B 10 MI'l mpu KOMHATHOW Temmeparype JIErKO MOKET ObITh “‘pazo-
rHan” g0 12 MI'n u Bbie. Mukpokontposiep ATtinyl5L. On comepxut 0ok
PLL ayig anmapaTHOro yMHOKE€HHS OCHOBHOW TakTOBOM yacToThl B 16 pa3. Ilpu
HOMUHAJIBHOM 3HaueHuH nociuenneit 1,6 MI'u nomydaemasi BcnoMorareiibHas Ie-
pudepuitnas yactota paBHa 25,6 MI'1. 3ta yacToTa MOXKET CIY>KUTh UICTOUHUKOM
JUIsL OHOTO U3 TaiMEpOB/CYETYUKOB MUKPOKOHTPOJIIEPA, 3HAUYUTEIBHO MOBBIIIAS
BPEMEHHOE pa3pelIeHre ero padoThl.

Cucrema peanbHoro spemenn (RTC)

RTC (Real Tie Clock) peann3zoBaHa Bo BceX MUKPOKOHTpOJUIepax Mega u B
HEKOTOpbIX Kpucrtamuiax “classic”. Taitmep/cuerunk RTC nmeer oTaenbHbli npea-
JEIUTEIb, KOTOPBIM MOKET OBbITh TPOrPAMMHBIM CITOCOOOM MOAKIIOYEH MIIM K HC-
TOYHUKY OCHOBHOM TaKTOBOW YAaCTOTHI, WJIU K JONOJHHUTEIBHOMY ACUHXPOHHOMY
MCTOYHUKY OMOPHOW YacTOThI (KBAPLEBbI PE30HATOP WMJIM BHEIIHUA CUHXPOCHT-
Hai). g »Tol 1enu 3ape3epBUPOBAHBI JIBa BBIBOJA MHUKPOCXEMbl. BHyTpeHHUI
OCLWJIISITOP ONTUMHU3UPOBAH JIJIsl pabOThl C BHEIIHUM ‘‘HaCOBBIM’ KBapLEBBIM pe-
3oHaTOpoMm 32,768 kI'1I.

B nocaenneii HoBaiuu cemeiictea AVR-8 — 8/16-pa3psaHoM moaceMencTse
ATxmega, pu HATUYUU TOTO K€ siipa U oOLIel apXUTEKType, KpOME yCOBEpIIECH-
CTBOBAHHBIX TalIMEPOB /CUETYMKOB U YCTPOMCTB aHAJIOTOBOTO HHTEp(erica, BCTpe-
YarOTCs MPUHIUMITHAIBHO HOBBIE nepuepuitHbie OJIOKH:
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1) Cucrema ympaBieHUs COOBITHSIMHU JIJIsi pa3rpy3Kd Ipolieccopa oT mepe-
CBUIKHM CUTHAJIOB Mex 1ty Omokamu MK.

2) KoHTpoJsuiep npsiMOro J0CTyIa K MaMsTH - OPUEHTUPOBAH Ha MEPECHUIKY
MaKeTOB JaHHBIX MexXay 01okamu MK 6e3 yuactus nporeccopa.

AVR (yHKIIMOHUPYIOT TIPU HANpsDKEHUSAX nuTaHus ot 1,8 mo 6,0 Bombr.
Tox nmotpebiieHHs 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 qoig S MI'mu 8 ... 9 MA g gactotel 12 MI'. AVR
MOTYT ObITh MIEPEBEJICHBI MPOrPAMMHBIM IMYTEM B OJIMH U3 TPEX PEKUMOB MOHHU-
YKEHHOT'O SHEPronoTPEOICHHUS.

Pexum xos10ctoro xoga (IDLE). ITpekpaniaer paboTy TOIBKO MpoLEccop u
(buKcUpyeTCcs COAEP)KUMOE MaMSTH JaHHBIX, & BHYTPEHHUN TE€HEpPaTOp CUHXPO-
CUTHAJIOB, TallMEphl, CUCTEMA IPEPHIBAHUN U CTOPOKEBOW TalMEP MPOJOJIKAOT
dbyHkunonupoBath. Tok nmoTpediaeHus He mpeBbimaet 2,5 MA Ha yactore 12 MI.

Cronosbiii pexxum (POWER DOWN). Coxpansiercst coaepKuMoe peru-
cTpoBoro ¢aiiya, HO OCTaHABIIUBACTCS BHYTPEHHUU T'€HEPATOP CUHXPOCUTHAJIOB,
W, CJEJ0BATENIbHO, OCTAaHABJIMBAIOTCS BCE (PYHKIMHU, MOKA HE TMOCTYMUT CUTHAJ
BHEIITHETO MPEPhIBAaHUS WK anmapaTHoro copoca. [Ipy BKIIOUEHHOM CTOPOKEBOM
TaiiMepe TOK MOTPEOJICHUS B 3TOM PEKUME COCTaBIIAET 0KOJIO 80 MKA, a Mpu BbI-
KIIIOUeHHOM — MeHee 1 MKA. (Bce mpuBeneHHbIE 3HAUEHMS CIPABENJIMBBI IS
HaIpspKeHus nutanus 5 B).

Ixonomuunblii pexum (POWER SAVE). [Ipoxomxaer pabotaTh TOJIBKO
reHeparop TaliMepa, 4TO OOEeCleYyMBaeT COXPAHHOCTh BpeMeHHOH 0asbl. Bce
OCTaJIbHbIE (YHKLIUU OTKIIOUYEHBI.

Copoc npu cHuxeHun Hanpsikenusi nmuranus (BOD). Cxema BOD
(Brown-Out Detection) oTClie)XHBaeT HampsOKEHHE HWCTOYHMKA mHTaHus. Eciu
CX€Ma BKJIIOUEHA, TO MPU CHUXKECHUU MUTAHUS HUKE HEKOTOPOTO 3HAYECHUS OHA
NEPEBOIUT MUKPOKOHTPOJIEP B cocTosiHUE cOpoca. Koraa 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. Ctpykryphayto cxemy MKK ATTiny 2313,
2. HaznaueHue OCHOBHBIX 3JIEMEHTOB CTPYKTYPHOU CXEMBI.

3aoanue 1.3. Ilpozpammuan mooenvs MUKpoKOHmMpoiepa

[IporpamMHass MOJENh MHUKPOMPOIIECCOpa MPEACTaBIsET COO0N COBOKYTI-
HOCTh MPOrpaMMHO JIOCTYIIHBIX peCypcoB. B mporpamMmHyr0 Monellb MHUKpPO-
koHTpoJiepoB ceMeiictBa AVR Bxoast POH, peructpsl BBOIa-BbIBOJIA, MaMATh
MporpaMm, ONepaTUBHAS MaMSTh JJAHHBIX U SHEPrOHE3aBUCUMAas MaMATh JTAHHBIX,
KOTOpBIE MTOKa3aHbl Ha puc.l.2.
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15 0 0 0
$0000 RO ($0000) $0060
Permetpet [\ BryTtpenmsis
N 061IIero —— /| omnepaTuBHaA
[Tamste BT T — <: naMATh
IPOTPAMM (32 x 8) JIaHHPIX RAMEND
R31 ($001F) RAMEND+1
FLASHEND
Bremmsa
7 0 0 onepaTUBHAL
00 $00 ($0020) I ¢
N per HaMsTh
DHEProHe3aBUCHMAs —/ CIACIPEL TaHHLIX
IaMATh JIdHHBIX /I—_I_ BBO'?BEILI__I:(E)IS]?OHE"
A S —
$5F | $3F ($005F) XRAMEND
; ErHoe apecHoe [poctT paHeT BO

Puc.1.2. [Iporpammuas moaens AVR koHTposiepa

POH (RO...R31) MoryT ucnosib3oBaTbCs B MporpamMme Jisl XpaHEeHUs JaH-

HBIX, aJJPECOB, KOHCTAHT U JIpyroi nudopmauu. lllects cTapmmx perucTpoB 00b-

€AUHEHBbl TOMApPHO W COCTAaBISAOT TpU 16-pa3psamnbix peructpa X[R27:R26],
Y[R29:R28] u Z[R31:R30] (puc.1.3).

POH, peructpsl BBOJIa-BbIBOA U ONEPATHUBHAS MaMsTh JAHHBIX 00pa3yroT

€IMHOE aJIPECHOE MPOCTPAHCTBO. AIPECHOE MPOCTPAHCTBO — 3TO MHOXECTBO J0-

CTYIHBIX SYEEK MaMsTH, PA3IMYUMBIX I10 aJIpe-

RO caM; aJpecoM Ha3bIBACTCS YUCIIO, OAHO3HAYHO
a uaeHTuuIupyonee sYeky mnamata  (pe-
| TUCTp). AIpeca SUYCeK MaMATH TPATUIIMOHHO
et T 3aMUCHIBAIOTCSA B IICCTHAANATCPUIHON CHUCTeE-
R27 XH X ME CYMCJICHHS, Ha YTO YKa3bIBaeT 3HaK $ B
R28 YL Y 0003HaYEHUH aJipeca.
Egﬁ ;E CymiecTByeT Be KOHPUTYpaIMu €IUHO-
R31 ZH z ro aapecHoro mnpoctpaHctBa mnamatu AVR-

MUKpPOKOHTpOJUIepoB. B kondurypamuum "A"
mtazmue 32 aapeca ($0000...$001F) coorBet-
cteytor POH, cnenyromme 64  anpeca
($0020...$005F) 3anuMaroT perucTpbl BBOJIA-BBIBOJA, BHYTPEHHSS OTICpAaTHBHAS
namsATh JaHHBIX HaunHaeTcs ¢ agpeca $0060. B konduryparuu "B" HaunHas ¢ aj-
peca $0060 pasmemarorcst 160 TOMOTHUTEILHBIX PETUCTPOB BBOJIA-BhIBOIA; BHYT-
pEHHSIST OIepaTHBHAS MaMsATh JaHHBIX HaumHaeTcs ¢ aapeca $0100. Kondurypa-
1Usi AMCTIONB3YyeTCS B MIIQJIIIUX MOJICNIAX MHUKPOKOHTPOJUIEPOB M B HEKOTOPBIX
CTapIIMX MOJAEISAX B PEKUME COBMECTUMOCTH C MOJICIISIMU, CHATBIMU C TIPOU3BO/I-
cTBa; KoHpuUryparus B — B cTapimmx Moaemsx.

B nmamsTe nporpamMm, KpoMe COOCTBEHHO MPOrpaMMbl, MOTYT ObITh 3aruca-
HBbI TTOCTOSTHHBIE JAaHHBIC, KOTOPhIE HE M3MEHSIOTCS B MPOIEcce padOThl MUKPO-

Puc.1.3. Peructpsl Mukpo-
koHTposuiepa AVR
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MIPOIIECCOPHOM CUCTEMBI (KOHCTAHTHI, TAOMUIIHI IMHEAPU3AIUHA JATIYNKOB U T. II.).
BrlnonHeHre nporpaMMbl MPU BKJIIOYEHUHM MUTaHUS WM TOcie cOpoca MUKPO-
KOHTpOJIJIEpa HauYMHACTCsl C KOMaHbl, Haxomasmekics mo aapecy $0000 (t. e. B
MepBOM SUCHKE) TaMATH MPOrPaMM.

DHeproHe3aBUCHUMasl MaMsATh JAHHBIX TpeJHA3HAuYeHa JUIsl XpaHEHUsS HH-
dbopmanu, KOTOpas MOXKET H3MEHATHCS HEMOCPEICTBEHHO B Ipoliecce paboTh
MHUKPOIIPOIIECCOPHON CUCTEMBI (KaauOpOBOUYHbIE KOA(D(PUIIMEHTHI, KOHPUTYypaIiu-
OHHBIC MapaMEeTPhl U T. I.). DHEPTOHE3aBUCUMAs TIAMSATh TAHHBIX UMEET OTHEIb-
HOE aJPECHOE MPOCTPAHCTBO W MOXKET OBITh CYMTAHA W 3alMCaHa MPOTPaMMHBIM
IIyTEM.

B ortuere npencraBuTh:

1. Iporpammuyto monens MKK ATTiny 2313;

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

Bonpocwt 0na camoxkonmpons

1. Yem otnuyaetcs "cTpykTypa" oT "apXUTEKTYyphI"?

2. Kakue BHemIHHE yCTPOMCTBa MOTYT OBITH B COCTaBE MHUKPOKOHTPOJIJIE-
pa?

3. Kakue Tumbl mamMsaTH €cTh B MUKPOKOHTPOJUIEPE W KaKOBO MX Ha3Hade-

Hue?

KakoBo Haznauenue nntepdeiica SP1?

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?

10 YUTo BXOIUT B COCTAB MPOTrPaMMHON MOJIEJIM MUKPOKOHTpOJIepa?

©o~No O~
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2. YHPABJIEHUE IOPTAMU MUKPOKOHTPOJIVIEPA

enb:

1. YroyOuTh 1 3aKpenuTh TEOPETUUECKUE 3HAHUA MO MPUHIIUIIAM MTOCTpPOe-
HUS U pabOThI CIELHMAIM3UPOBAHHBIX KOHTPOJIEPOB,;

2. IlpuoOpecTd NPaKTUYECKUE HABBIKM CaMOCTOSATEIBHOIO YIIPABICHMUS
[IOpTaMyu KOHTPOJLIEPa,;

3. CoBepIIeHCTBOBAaTh HABBIKU aHAJIN3a, 0000IIEHNS U CUCTEMATU3alUH T10-
JYYEHHBIX Pe3yJIbTaTOB, HABBIKM COCTABIICHUS U O(POPMIIEHHS OTUETHBIX MaTepHa-
JIOB, HABBIKA TOYHOI'O U JIJAKOHUYHOTO IPEICTABICHUSA JOKIAJI0B HA BOIIPOCHI TEX-
HUYECKOI'0 XapaKkrepa.

Yueonvie 6onpocor

2.1. IlporpamMmmHasi MOJieJIb TOPTOB MUKPOKOHTPOJLIEPA;
2.2. Crioco0nI aipecarii OrepaH/ioB;
2.3. Pa3zpaboTka nporpaMMsbl yrpaBieHUs TOPTAMH.

JJumepamypa 0,151 n0020MOEKU K 3AHAMUIO

1. benos A.B. Co3maem yctpoiicTBa Ha MukpokoHtposuiepax. - CIIO.:
Hayxka u Texauka, 2007. - 304 c.

2. EBctudeer A.B. Mukpokontposuiepsl AVR cemeiictBa Tiny. PykoBon-
CTBO Tosib3oBartels. - M.: M3natensckuit nom Jlomska-XXI, 2007. - 432c.

3. Pesuu 1O.B. Ilpaktuueckoe mnporpaMMHpOBaHHE MHUKPOKOHTPOJUIEPOB
Atmel AVR nHa s3weike accemOmepa. CII6.: BXB-IlerepOypr, 2011. -
352c.

4. EropoB A.A. u ap. [IporpammupoBaHue MUKPOKOHTPOJIJIEPOB CEMENCTBA

AVR. VYuebno-meroguueckoe mocodome. - M.: MzmarensctBo MAMU,
2004. - 72c.

Cooepocanue omuema

1. Ha3Banue paboThI.

2. Ha3Banue kaxaoro y4eOHOro BOINpOCa M KPaTKUH KOHCIEKT B 00beMe
MPAKTUYECKUX 3aJIAHUN 110 BOIIPOCY.

Bonpocwt 0151 no02omogKku K 3auamuio

AnTopuTM pabOThI IEHTPATHHOTO MPOIIECCOPa;

[MpuHIUIBEl pabOTHI ONEpaTHBHOM MamsaTH U Flash-mamsTu;
XapaktepucTrka rapBapackoit u gpon-HeliMmaHOBCKO# apXUTEKTYP;
B uem otnmmuue CISC u RISC cTpykTyp crcTEMbI KOMaH[;

UeM n71s mporieccopa sBJISIETCA nopT?

B dem otnmuue obpaiiieHuii mporeccopa K mopTy v naMsTu?

oghkwhrE

AKmyaabHocnb 3aHamusl
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CnenkoHTpoIiep SBISIOTCS OCHOBHBIMU YCTPONCTBAMH, OCYIIECTBISIONIMM
yhpaBiieHHe U 00pabOTKy JaHHBIX B CUCTeMax yrpasiieHusi. PaboTta ero B pexxume
BKJIIOYEHHUS] M BBIKJIIIOUEHMS] HArpy3Kd SBIsieTCS 0a30BOM, Takue alrOpUTMBbI
UCIIOJIb3YIOTCSl TPAKTUYECKH BO BCEX CUCTEMAX.

3aoanue 2.1. Ilpozpammuan mooeib nopmoe MUKpOKOHmMpOiepa;

N3yunTh mporpaMMHy0 Moielh mapauienbHbix moptoB MKK ATtiny2313 ¢
LEIbI0 MPAKTUYECKOTO UX MPOrPaMMHUPOBAHUS.

B ortuere npencraBuTh:

1. IIporpamMmMHYy¥0 MOJIENIb TTOPTOB;

2. Anpeca nopTos;

3. Ha3HaueHue perucTpoB MOpTOB.

Ha3navyeHue u BO3MOKHOCTH NOPTOB AVR

[Topter BBOma/BeiBoga (1/O) AVR wuMelOT 4YHMCIO HE3aBHCHUMBIX JIMHUH
“Bxoa/Bbixon” oT 3 1o 53. Kaxnas 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, HEMTOCPEICTBEHHO 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
3aKJTFOYAETCs B TOM, YTO JJIsi KQKI0T0 (PU3NYECKOTro BhIBOJIA (ITMHA) CYIIECTBYET 3
OuTa KOHTPOJIS/YyIIPABJICHHS, a HE 2, KaK y PaCIpOCTPaHEHHBIX 8-pa3psIHBIX MHUK-
pokonTpoiepoB (Intel, Microchip, Motorola u T.1.). OT0 mo3BoOIsSET M30OEKATH
HEO0OXOJMMOCTA UMETh KOIHIO COJIEP)KMMOTr0 TIOpTa B MaMSTH JjIsi 6€30MacHOCTH
U TIOBBIIIAET CKOPOCTh PabOThl MHUKPOKOHTpOJUIEpa MpH paboTe ¢ BHENTHUMU
YCTPONCTBAMH, OCOOCHHO B YCIOBUAX BHEUTHUX JIEKTPUUECKUX TTOMEX.

[Toptet AVR umeroT cienytonme 0COOEHHOCTH

1. [Ipuem u Beimauy manubix (mas Tiny 6-20 BeiBomoB, mins Mega - 23-86
BBIBOJIOB);

2. IIporpaMMHOTO H3MEHEHUS

Usx
HaIpaBJICHUS TIepeadHu; Ue
3. Hanmnuwne tpurrepos [lImut- T —e PN At
Usx Usbix  UoTn
Ta Ha BXO0JAaX, 4YTO oOOecmeymBaer 1 1
BOCCTaHOBJICHUE IPSIMOYTOJILHOM ROG Usbix |
(hOpMBI CHUTHAJIOB TOCJIE MCKAKCHUS R1 t
B JIMHUSX CBs3M (puc.2.1); -

4. BO3MOXHOCTb HIPOTrpaMM-
HOTO TOJKITIOUEHUS TOATITHUBAOIIE-
r0 PEe3UCTOpa, YTO YMPOULIAET CXEMY

Puc.2.1. JluarpamMmsl paboThl TpUTTEpA
[IImurTa
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Y YBEJIIMYMBAET THOKOCTH YIIPABICHUS;

5. [IporpammHoe yripaBieHUE OTAEIbHBIMA OUTaMHU MTOPTOB;

6. CoBmelieHre BO3MOKHOCTH BBO/A-BbIBOJIA U (DYHKIIMI yTpaBlieHUS IS
BbIBOI0B IMC, 4TO Takke opraHu3yeTcsi IpOorpaMMHO.

IIporpammuas moaeanb mopTtoB AVR

B AVR-MUKpPOKOHTpOJUIEpax B 3aBUCUMOCTH OT THIIA UMEETCA OT ABYX 10
IICCTH YHUBEPCAIBHBIX JBYHAIPABICHHBIX ITOPTOB BBOJAA-BBIBOAA (TIOPTHI A...F),
CoJIepKallluX CEMb MJIM BOCEMb CUTHAJIBHBIX JIMHHI, KOTOPHIE COEIUHEHBI C COOT-
BeTCTBytOIMMHU BhiBogamMu bBUC wmukpokontposepa. Hampumep, B MHKpO-
koHTpoiuiepe ATTiny2313 umeercst Tpu nopra A, B, u D. CurHansHble JTUHUH
nopta A ob6o3nauatorcs PAO...PA7, nopra B — PB0...PB7 u 1. a. Jlngs MKK
ATtiny2313 ¢popmaTsl mapauie/IbHBIX MOPTOB IMOKa3aHbl Ha pUC.2.2.

C KaXXJIbIM TOPTOM CBSI3aHBI TPU PETUCTPA BBO/Ia-BHIBOJIA!

- PETUCTp HaIlpaBJICHUS Tepe-
maun pganHelx DDRX. OH 3amaer A [=]=T1=1T—-1-1T2]110]
HaIpaBJeHUE Tepeaadd JaHHBIX IO
Kamlzloﬁ CI/IrHaJHf)Hoﬁ JVHUU TI0pTa B [7l6]s]4f3[2]1]0]

0 — pa3psia ucnonb3yeTcs JUisl BBOAA
(O paspaa ueriomsyeres at sso1a py =T FT 5 4132 [ 1] 0]
TAHHBIX, | — 11 BRIBOJIA TAHHBIX );

- PperuCTp JAaHHBIX TMOpTa Puc.2.2. ®opMartsl perucTpon
PORTX. OH mo3BoOJIICT 3aJaBaTh ATtiny2313

COCTOSIHUE CUTHAJIBHBIX JIMHUM TIOP-
Ta MpHU BbIBOJIC UH(POPMAITUH;

- peructp BbIBOOB nopta PINX. OH mo3BoJisieT CUNTHIBATh COCTOSIHUE CUT-
HaJBHBIX JIMHUM MOpTa MpU BBOJIE HH(OpMAIuu.

Jlna MKK ATtiny2313 umena u agpeca TaKux MOPTOB CIICAYIOIIHE:

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

C moMoIIpl0 yKa3aHHBIX PETUCTPOB peaanu3yercs TpeOyeMblil MPOTOKOI 00-
MEHa JJaHHBIMU. 3/1€Ch TIOJI CJIOBOM MPOTOKOJ TMOHUMAETCS COBOKYMHOCTb MPaBHII
nepeayu Wik mpuMa KoaupoBaHHOW uHMopManuu. OCHOBHBIMHU MpOLETypaMu
IpU peaau3aliid HEKOTOPOro MPOTOKOJIA SIBIIAIOTCS OMNEepalud WHUIMATIU3AIUU
TOpTa, BHIBOJIA TAHHBIX B MOPT, BBOJA JAaHHBIX M3 MOPTa, a TAKke GopMUpOBaHUS
BPEMEHHBIX 3a/IEPHKEK.

Jlist oOpareHust K OTAEIbHBIM paspsiaM MOPTOB 3ape3epBHPOBAHBI NMEHA
ATUX Pa3psAI0B (X - 3TO OJIHO U3 UMEH NOPTOB: A, B, D):

- st peructpa PINx: PINxO ... PINx7;

- st peructpa DDRx: DDxO0 ... DDx7;

- g peructpa PORTX: PORTXO0 ... PORTX7 unu PXO0 ... PX7.
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Hnuyuanuzayus nopma cOCTOMT B Ha3HAUYEHUM HaIIpaBJICHHS OOMEHa JaH-
HBIMHU TI0 CUTHAJIbHBIM JIMHUAM TopTa. Hanmpumep, eciiu curHaiabHbie JTMHUN PAQ,
PA2, nopra A ciykar 115 BBIBOAA JaHHBIX, a CUTHAJIbHBIE TuHUU PA1 — 1151 BBO-
Jla JaHHBIX, MHUITMATU3AIMS TIOpTa MOXKET OBITh MPOM3BEeHA CISAYIOIUM 00pa-
30M:

Idi  R16, 0b00000101

out DDRA, R16

Bb1600 Oannbix 6 nopm TPOU3BOIUTCS MyTEM 3alMCH 3HAYCHUI B PETHCTP
PORTX, nampumep:

Idi R16, 0010011101

out PORTA, R16 ; BBIBOJI coziepkuMoro peructpa R16 B mopt A.

JIns M3MEHEHHsI COCTOSIHHMS TOJIBKO OJHOTO paspsijia mopTa BBOA-BbIBOJA
y1o0HO HCIoJIb30BaTh KoMaH bl yeraHoBku SBI (Set Bit in 1/O Register) u copoca
CBI (Clear Bit in I1/O Register) 6ura B peructpe BBo/ia-BbIBO/IA.

B600 oannvix uz nopma npoU3BOAUTCS MYTEM YTEHUS COJIEP)KHUMOTO PETHU-
ctpa PINX BbIBOZIOB 1OpTa, HaNpuMep:
in R16, PINA ; CAUTBIBAaHUE COCTOsIHUA 1opTa A B peructp R16.

Peructp ganasix PORTX B 3aBUCHMOCTH OT pexuma pabOThI IOPTA BBIMOJ-
HSET pa3iIn4Hble (QYHKIIUU:
- €CJIM MOPT 3aMpOrpaMMUPOBAH Ha BBIBOJI, TO B HEM XPAHATCS BbIIaBaE€MbIe
JTAaHHBIE;
- €CJIM ITOPT 3aIIPpOrpaMMHUPOBaH Ha BBOJ, TO
1 - moaKIIOYaeT NOATATUBAIOIINN PE3UCTOD;
0 - oTKJIFOYAET MOATIATUBAIOIIUN PEIUCTOP

Bapuants konpurypupoBanus noptoB AVR moxxHo cBectu B Tabnwuiry 2.1.

Ta0muma 2.1
CocTrosiHHE 2JIEMEHTOB TIOPTOB B PAa3IMYHBIX PEKUMAX

HanpasneHue HaHHble MogkntoyeH. R RnoaTsir Bbigon
DDRB PORTB PUD
1 = BbIX D * OTkn Bbix =D
0 = BXxofa 1 O=BKn MNoakntoyeH NcT. ToKa
1=0TKn OT1kn Z-COCTOsIHME
0 * OT1kn Z-COCTOsAHME

[To ymomuanuto paspsay PUD (Pull Up Disable) pasen 0 (R — noarsiruato-
muii pesuctop moakmoden). PUD — 7-it paspsa peructpa MCUCR=$35 (MCU

Control Register) - O61muii perucTp yrnpasacHUS MUKPOKOHTPOJLIEPA.
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HcxoaHoe cocTosinve mMOpPTOB (YCTPOMCTB) MO YMOJTYAHHIO

[Tocne popmupoBanust komanasl RESTART ucxonHoe nonoxkeHue anmnapa-
TYpBI CIEAYIOUIEE:

- YCTPOMCTBA BBIKIIOYECHBI;

- MOPTHI 3anporpammupoBansl Ha BB (DDRX=0);

- NOATATUBAIOLINE PE3UCTOPHI MOAKIFOUECHBI;

- 3HAUCHMS Pa3psIOB OOHYJICHBI.

3aoanue 2.2. Cnocoodwt adpecayuu onepanoos

N3yunts xoManipl niepecbuiki MKK, yTodHUTE 0COOCHHOCTH BBITIOJTHEHUS
Kaxioi komaH sl B cpefie AVR Studio u ciaenats BEIBOJBI 00 UCTIOJIB3yEMBbIX CIIO-
cobax anpecanuu onepangoB B MKK. IIpun HeoO0XoauMOCTH BOCIIOIB30BATHCS JIH-
pEeKTUBaMH accemOiepa, YIOMSHYTBIMH 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 ajpecaiuu ornepaHaoB B KOMaHJIE.

B 3aBUCHUMOCTH OT KOJIMYECTBA MCIOJIB3YEMBIX ONEPaHI0B BO3MOXHBI TPU
tuna koMa"na AVR-mMukpokoHTposuiepa: 6e3aipecHbie, OJHOQAPECHbIC U JABYXal-
pecHbie [4]. B nepBoM THIIE KOMaH[ MPUCYTCTBYET TOJIbKO Koi omnepanuu (KOIT),
OTIPEISIISIIONTNI BBITIOJIHSIEMYIO KOMaH 101 QyHKIHI0. B KOMaHax BTOpOro u Tpe-
THETr0 TUIIOB TOMUMO KOJa OINEpallK COAEPKUTCSA apecHas 4acTh, yCTaHABIIMBA-
I0I1asi CIIOCO0 JIOCTYIa COOTBETCTBEHHO K OJTHOMY WJIM JIBYM YYacTBYIOIIUM B KO-
MaHJIe omnepaHaaM (aprymentaMm komanisl). Croco6 dhopmupoBanus aapeca orie-
paHIa, yKa3aHUE Ha KOTOPBIA COJAEPKUTCS B KOMaHJE, HA3bIBaeTCs ajpecanuei
(addressing). C moMoIp0 TOro WM HHOTO CIIOco0a ajpecalviv BRIYUCIIeTCs Gu-
3UYECKUN aJpec, KOTOPBIM MOCTynaeT Ha IIUHY ajpeca mpoleccopa Jjsi BbIOOpa
SUCUKY TTaMSTH UM PETUCTPA, UCTIOIb3YEMbIX B KOMaH/IE.

B cooTBeTcTBUM ¢ THUIIOM aJpecyemMoi maMsTH crocoOsl aapecarui B AVR-
MUKPOKOHTPOJIJIEpaX MOKHO pa3ieuTh Ha criocoObl aapecaniuu POH u peructpon
BBOJIa-BBIBOJIA, CIIOCOOBI ajipecaliui onepatuBHON namsTu AaHHbIX (O3Y) u cmo-
coObl azpecanyy MaMsaTH nporpamMM. Bo3MOXKHOCTH MCIOJIB30BaHUS PA3TUUHBIX
CIIOCOOOB aJpecaliiy MO3BOJIIET COKPATUTh pa3Mep W BPEMS BBITIOJIHEHUS TPO-
rpamm.

Mo agpecanuun POH u perucTpoB BBOJa-BbIBOAA MPEIYCMOTPEH BCETO
OJIMH PEXUM — MPsIMasi PETUCTPOBAst aApecalusl.
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[Ipu npamwoii pecucmposoii adpecayuu POH omnepaHmoM SBISIETCS CoOnep-
KUMOE perucrpa oOIIero Ha3HaueHUs, YKa3aHHOro B KoManje. Komannel ¢ nps-
MOM perucTpoBoi ajapecaieit MmoryT aapecoath oauH (Rd) wim gsa (Rr u Rd)
POH. Bo BTOpOoM citydae pe3ynbTaT BBIITOJTHEHUS KOMaH]Ibl COXPAHSETCS B PETH-
crpe Rd. Ilpsimas peructpoas aapecarus POH npumensieTcst Bo Bcex apudmMeTu-
YECKUX M JIOTMYECKUX KOMaHJaX, a TaKKe B HEKOTOPBHIX KOMaHax paboThl ¢ Ou-
TaMmH, T. K. 3TH KOMaH/Ibl BBIMOJHAIOTCA B AJIY Tonbko Haj coaepxkumbiM POH.
Komanzapl, BTOpPHIM ONEPAaHIOM KOTOPBIX SBJSIETCS KOHCTaHTa, MOTYT HC-
M0JIb30BaTh B KAUE€CTBE MEPBOT0 OMEPaH/ia TOJIbLKO PETUCTPHI U3 CTApIIEH MOJIOBH-
el POH (R16...R31).

[Ipu npsamou pecucmposoii adpecayuu peaucmpa 6800a-8b18600d OIEPAH]
COJICPKUTCSI B PETUCTPE BBOJAA-BBIBOJA, YKA3aHHOM B KOMaHje. AJpec perucrpa
BBO/Ia-BBIBOJIa XPAHUTCS B IIECTH pa3psigax cioBa koMaHabl. [Ipsmas peructpoBas
ajzipecaliis perucTpoB BBOJAA-BBIBOJIA UCTONIB3YyeTCs B KoMaHaax uteHust IN u 3a-
nucu OUT peructpa BBOJIa-BbIBO/A, a TAKXKE B psJie APYTUX KOMaHI pabOTHI €
perucTpaMu BBOAa-BbIBOAA.

I[.]'Iﬂ ajjpecanumn OﬂepaTHBHOﬁ NaMATH JaHHBbIX HCIIOJB3YIOTCA IIATH CIIO-
co00B ajJpceCannu:. HCIIOCPCACTBCHHAA, KOCBCHHAA, KOCBCHHAA CO CMCIOCHHCM,
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 onepaHja CoaepkutTcs B 16 mmaammx paspsaax 32-pa3psaHoit
KoMaHbel. HemocpencTBenHas aapecanus ucnonb3yercs B komanne LDS (Load
Direct from Data Space) 3arpysku u3 O3Y u B komanjae STS (Store Direct to Data
Space) zarpy3ku B O3Y. 3apesepBupoBaTh 0aiitel B O3Y 1m03BONSET AUPEKTHBA
.byte. lnis Toro uToObI Ha BBIICICHHYIO 00J1aCTh TAMSTH MOYKHO OBLTO CCBLIAThCS,
nupextuBe . byte mommkHa mpenmiectBoBathk MeTKa. upektusa .byte mmeer oauH
napaMeTp — KOJMYECTBO BBIICISIEMBIX OAalT U MOXKET HMCIOIh30BAThCS TOJIBKO B
CErMEHTE JIaHHBIX, ONpEIeIIIEeMOM C MTOMOIIBI0 TupekTuBhl .dSeg (data segment).
3anate TpeOyeMoe pa3MelleHue BhIAeIsieMOl 00JacTi MaMsATH MO3BOJISIET AUPEK-
tuBa .0rg (origin — cmemienne). Havano mporpaMMHOIO CerMeHTa yKa3bIBaeTCs C
MOMOIIBI0 AUPeKTHBBI .CSeg (code segment). JlupekTuBbl .0Seg u .CSey He MMe-
10T MapaMeTpoB. BhIieieHHbIE B ONIEpaTUBHOM NMaMATH JIaHHBIX OalThl HE WHUIIA-
JIU3UPYIOTCA.

2. [lpu koceennoll adpecayuu onepamusHol namsimu OAHHbIX OTIC-
paHzoM siBisieTcs coaepxkumoe ssuerku O3Y, aapec KOTOpPOWl HaxXOAUTCS B PErH-
ctpe X, Y wm Z. KocBeHHas azapecaius ucrnojib3dyercs B komanae LD (Load
Indirect) xoc-Bennoii 3arpy3ku u3 O3Y u xomange ST (Store Indirect) kocBeHHOM
3arpy3ku B O3Y.

3. [lpu koceenmnoii aopecayuu onepamueHou namsamu OAHHbIX CO CMeUujeHuU-
eM aJipec OornepaHaa B ONMEPATUBHOMN MaMSITH JAHHBIX BBIYUCIISIETCS MyTEM MpUOaB-
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JIEHUS K COJCPKUMOMY peructpa Y uiau Z CMEIICHUs, YKa3aHHOTO B KOMaHJE.
CMeleHue COIePKUTCS B IIECTH pa3psaax cioBa komaHjbl. KocBeHHas aapeca-
Us CcO CMelleHneM wucmonb3yercs B komanze LDD (Load Indirect with
Displacement) xoceennoit 3arpy3ku uz O3Y co cmemieHueM U B komanjae STD
(Store Indirect with Dis-placement) kocBenHoi#t 3arpy3ku B O3Y co cMeleHueM.

4. Ilpu xoceenHoli adpecayuu onepamusHol namsamu OAHHbIX C NpeoeKpe-
menmom (nat. decrementum — ymeHbIlIeHHE, YOBUTB) MTEPE]] BRITIOJIHEHUEM KOMaH-
JIbl COJIEP>)KMMOE YKa3aHHOTO B KoMaHJie peructpa X, Y uinu Z JeKpeEMEHTUPYETCS
(YMeHbIIaeTCA Ha €IMHHUILY); IEKPEMEHTHPOBAHHOE coepkumoe peructpa X, Y
UM Z ABISETCA aApecOM OIEPAH/AA B ONEPATMBHOM MaMATH AaHHbIX. KocBeHHas
azpecanus ¢ IpeAeKPEMEHTOM HCIONb3yeTcsl B KoMaHe LD KoCBeHHOU 3arpy3Kku
n3 O3Y u komanzae ST kocBeHHOM 3arpy3ku B O3Y.

5. Ilpu koceennoti adpecayuu onepamuenoti namamu OAHHbIX ¢ NOCIMUHKpe-
menmom (J1aT. INCrementum — yBeIHUYeHHE, POCT) aApPECOM OIEpaHIa B ONEPaTHB-
HOW MaMsTH JTaHHBIX SIBISIETCS conepkumoe peructpa X, Y win Z, yKa3aHHOTO B
KOMaH/ie; NOCJe BBIOJHEHUSI KOMaHbl cojepxumoe perucrpa X, Y wiu Z UH-
KPEMEHTHpPYETCsl, T. €. yBEJIMYMBAEeTCs Ha equHuly. KocBeHHas ajapecanus C
INOCTUHKPEMEHTOM HucnoJib3yeTcs: B komanje LD kocBenHoi 3arpy3ku uz O3V u
komanjae ST kocBeHHoOM 3arpy3ku B O3Y.

Jlnst agpecaniui MaMATH MPOTrPaAMM HCIOIb3yeTCsl HEMOCPEACTBEHHAS aJl-
pecanusi, KOCBEHHasl aJipecalusi, OTHOCUTEIbHAs ajpecalus, ajpecanus KOHCTaH-
ThI M aJIpecalusi KOHCTAHThI C TOCTUHKPEMEHTOM.

IIpu nenocpeocmeennoli adpecayuu namsamu npoecpamm BBIIOJHEHUE MPO-
rpaMMBbI TIPOJOIDKAETCA C ajpeca, yKa3aHHOTO B KoMmaHje. HemocpeacTBeHnas aj-
pecarusi naMsATu porpamMmm ucnoib3yercs B komanaax JMP u CALL.

[Ipu koceennoti adpecayuu namsamu npocpamm BBHIIOIHEHUE MPOTPaAMMBI
MPOJIOJDKACTCA C ajpeca, cojaeprKamierocss B peructpe Z, T. €. B NPOrpaMMHBIN
CUE€TUMK 3arpyxaercsi coaepxkumoe peructpa Z. KocBeHHas aapecanus namstTu
nporpamm ucnoibsdyercs B komanaax |IJMP u ICALL.

[Ipu omnocumenvhoti adpecayuu namsamu npocpamm BBHIIOJIHEHUE TMPO-
rpaMmbl ipopospkaercs ¢ aapeca (PC + k + 1), rne PC — conepxxumoe nporpamMm-
HOTO CY€TUMKa; K — yKa3aHHbBI B KOMaH/I€ OTHOCUTENbHBIA aJIpec, KOTOPbIA MO-
JKeT nmpuHUMaTh 3HadeHust ot —2048 no 2047. OTHOcUTENBHAS aapecanusl NaMsITH
nporpamm ucnosibdyercs B komanaax RIMP u RCALL.

[Ipu adpecayuu xoncmanmul agpec O0aiiTa KOHCTAHTBI CONEPKUTCS B PEru-
cTpe Z. Anpecarusi KOHCTaHTBI B TIaMATH MPOTpaMM HCIIOJIB3yeTCsl B KOMaHIax
LPM (Load Program Memory), koTopas 3arpykaeT aJpecOBaHHbIN perucTpom Z
OaliT B yKa3aHHBIA B KOMaHAE peructp. Ecinu peructp-npuéMHuK He yka3aH (KO-
MaHJIa UCTIOB3yeTcsl 6e3 onepanaoB), 0anT 3arpyxaercs B peructp RO. Komanna
ELPM (Extended Load Program Memory) ciayuT i 3arpy3kd KOHCTaHTBI M3
namMatu nporpamm oobsémMom Oonee 64K cros. [lpu sToM ais pacimpeHust peru-
cTpa-ykasarens Z ucnodbdyercsa peructp RAMPZ, ceg3anHblil ¢ peructpom Z.
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3agath MaHHBIE B HaMmsITh nporpamm mospoisier mupektuBa .db - (define
bytes). lnst Toro, 4ToOBl Ha 3a/laHHBIC SUCHKH MaMSATH MOXKHO OBLIO CCBUIATHCS,
JUPEKTUBE JOJDKHA MPEALIECTBOBaTh MeTKa. [lapameTprl TUPEKTUBBI — MOCIEN0-
BaTEJIbHOCTh BBIPAKEHUH, pa3lIeaEHHbIX 3aIIAThHIMU; KaX/J10€ BBIPAKEHUE JOJHKHO
OBITh YUCIIOM B quana3oHe —128...255 wium B pe3ysbTaTe BBIUYUCIECHUS AaBaTh pe-
3yJlbTaT B 3TOM K€ JAMAIa30HE, B IPOTUBHOM CIIyyae YMCIIO yCEKaeTcs A0 Oaiira.
Jupektusa .db pa3meraercst B iporpaMMHOM CETMEHTE M MOYKET UCIIOJIb30BATHCS
COBMECTHO C IMPEKTUBOH .0rg. 3a/1aBaTh MOJIOKEHHUE JAaHHBIX B MAMSATH IPOrpPaMM
ClIeyeT TaKuM 00pa3oM, 4TOObI ObliIa UCKITI0YEHA BO3MOKHOCTh HEMPETHAMEPEH-
HOTO MePeX0/1a K BBIMOJHEHUIO UX KaK KOMaH]l MUKPOKOHTPOJUIEpA.

[Tpu aodpecayuu xoncmanmer 6 namsamu npocpamm ¢ NOCHMUHKPEMEHMOM
aznpec OaiiTa KOHCTaHTBI COJIEPKUTCS B perucTpe Z u popMHupyeTcs Tak ke, Kak U
IpU aJpecaly KOHCTAaHThl. AJPECOBaHHBIM peructpoM Z OalT 3arpyxaercs B
YKa3aHHBIM PErucTp; Mociie BHIIOJHEHUS] KOMaHbl COJAEPKUMOE perucrpa Z uH-
KpeMEHTHpYyeTcs. Apecalysi KOHCTaHTbl B aMATU MPOTrpamMM C MOCTUHKPEMEH-
TOM UcHoJib3yercsa B komanaax LPM u ELPM.

B auamorosom oxne AVR Simulator Options B pasaene Device Selection
YCTaHOBUTH TAaKTOBYIO YaCTOTY MOJICIIMPOBAHUS pabOThl MUKPOKOHTPOJLIEpa, paB-
uyto 8,0 MI' (mose Frequency).

BBITTOMTHUTE TPAHCIANMIO W OTJIAJAKY CO3JaHHBIX Tporpamm. Ilo maHHBIM,
BBIBOJIMMBIM ITOCJIC TpaHCIIAMK Ha 3akiaake Build okna Output, npoananmsupo-
BaTh MCIIOJIb30BaHUE MaMsITH mporpamm (Program memory usage) mnoj Koj mpo-
rpammbl (Code) u koHctanTel (Constants), oneHUTh 00BbEM HEUCTIOIH30BAHHOM
(Unused) u o6reii 3ausroit (Total) mamsitu.

[Ipu oTnazke mporpaMm HCIOJIB30BAaTh CPECTBA HAOIIOACHHS 32 COACPIKH-
MBIM perucTpoB u stueek mamsatu. 1o momto Cycle Counter oobexTa Processor 3a-
kiaanku 1/O oxna Workspace ompeaeuTh Yo TAKTOB BBIMIOJHEHUS TIPOTPaMMBI,
no oo Stop Watch — Bpemst BoimosiHeHHsI IpOrpaMMBbI (10 BBITIOJHEHUST KOMaH-
JIbI, OPTAaHU3YIOIICH OCCKOHEUHBIN IUKI). 3aMKCUPOBATH ITH CBEICHUS B OTUETE.
[To pe3ynpTaTam BBITIOJHEHUS MPOTPAMM CHACNATh BBIBOABI O MPABHILHOCTH BHI-
TIOJTHEHUST KOMaH/I.

3aoanue 2.3. Pazpabomka npozpammel ynpasienus nopmamu

Pa3zpaboTaTh cxeMy ajJropuT™Ma U NporpaMMmy B COOTBETCTBHH C MOCIIETYIO-
HIMMU 33IaHUSIMU. BBITOJIHUTE TPAHCISALUIO U OTIAAKy mporpammel. [Ipogemon-
CTpUPOBATh pabOTy MpOrpamMMbl Ha 3MYJSITOpe U B mporpamme Proteus. Ilpencra-
BUTH JJAHHBIE B OTYETE B COOTBETCTBHUH C KaXKJIbIM 33JJaHUEM.
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3aoanue 2.3.1. Ynpaenenue ceemoouooom om KHOnKuU

Pa3paboraTe ycTpOMCTBO yHpaBiIeHUS OAHMM CBETOJUOJIOM IPU IOMOILU
OHOM KHONKH. [Ipy Ha)kaTMM KHONIKM CBETOAUOJ JOJDKEH 3a)K€UbCs, IIPU OTITyC-
KAaHHM - IOTaCHYTb.

Pa3paboTka anropurma ynpaBlIeHUs OIHUPAETCS HA KOHKPETHYIO CXEMy all-
napaTHbIX cpeacTB. [loaToMy perieHue JoMKHO HAUUHATHCS C pa3padO0TKH CXEMBI.

VYrpaBiaeHue cBETOAMOAOM M paboTa ¢ KHOINKOW OCYHIECTBISIETCS C MOMO-
b0 NopTOB. JKenaTenbHO MOPTHI HA3HAYUTH pasHble (puc.2.3). DTO MO3BOJUT
YIPOCTUTh HACTPOUKY MOPTOB: CBETOAMO MOAKIIOYAETCS K MIOPTY, HACTPOECHHOMY
Ha BBIBOJI, & KHOIIKA K MIOPTY, HACTPOEHHOMY Ha BBOJ.

Ceetomnon VD1 BxiroUYeH yepe3 TOKOOTpaHWIMBAOIMNA pe3uctop R3 u 3a-
JKATAETCs NPY HAJIMYUU HYJIA HA BeIxoAe KoHTakTa PB.0. [Ipu nossiennu Ha BBI-
BOJIE€ JIOTHYECKOMN €AMHUIIBI IOTEHIIMAJIbl HA CBETOANO/IE BHIPABHUBAIOTCS, U OH HE
cBeTuTcs. [lpn HEOOXOIMMOCTH 3a)KUraTh CBETOAMO BBICOKUM MOTEHIUAIOM, €T0
CJIEIOBAJIO MOAKIIOUYUTH K 0011EMY ITPOBOY.

B ucxognom cocrosi-

*58  HMM KOHTaKThl KHONKH Sl
Rt [I] ct 1o R2 R3 Pa30MKHYTHI U Yepe3 pe3u-
2 s D1 270
|__ crop R1 na Bxox PD.O no-
+ Atiny2313 S
; JAeTCsl TUTIOC HWCTOYHUKA
|_ Ef_—l__“ RST |cPu o | i MUTaHUs, YTO COOTBETCTBY-
at = 5| ! PBOr €T JIOTUYECKOW EIUHUIIC.
AMry T R e [lpy HakaTUU KHOMKH TIO-
PD.0 PB.2|—
I'— = 2 3] 001 N [T TEHIIMAJ KOHTAKTa TMajacT
] op.a |8 70 HYJISI, YTO COOTBETCTBY-
L il pa5H7 €T JJOTUYECKOMY HYJII0. IDTO
Sl eos a6 HE KJIACCUYECKOE MOAKIIIOYE-
: st Sl s pa.7H8 HUE KHOIIKH.
M pps Jns  KOHTPOJIIEpOB

AVR cxeMy MOXHO yIpo-
Punc.2.3. CxemMa OAKIIIOUEHNS CBETOINOIA U CTHTB, TIOIKJIIOYHB BMECTO
KHOIIKH BHEIIHETO PE3UCTOpa pE3U-
CTOp BCTPOCHHBINA (TIOATS-

TUBAIOIIU).

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

MosxHo 00oiTHCh W 03 BHEUIHEro KBaplia, BOCIOJIb30BABIINCH BCTPOCH-
HbIM reHepaTopoM. Ho ero MoxHO ocTaBUThH B pacueTe Ha Oyayuiue 3agadd. Bee
HACTPOWKHM BHEIIHUX Ienel MOXKHO obecrieunTs fuse-mepexmouarensimu. [losTo-
My cXema JI0OJbKHA MOJYYUThCA Kak MokazaHa Ha puc.2.4. Kap s ynpouieHus
CJIEIYET TAKKE UCKIIOYUTD.
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AJNTOPUTM YTIPABJIEHUS CBETOIUOIOM.

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

Onepanyu Ha4aIbHOM HACTPOMKH:

1. anuuanu3upoBaTh CTEK;

2. Hactpouts nopt B Ha BBIBOZ;

3. Ilonats Ha BeIxoa PB.0 enunuily (MOTymuTh CBETOAMON);

4. Cxondurypuponats nop D Ha BBOJ;

5. [IoaKIIFOYUTE NOATIATUBAIOIIUE PE3UCTOPHI;

Onepauuu Tena HUKa;

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

7. Ecnu cocrosiHue paspsijia paBHO equHUIle (KHOMKA HE Ha)KaTa), BBIKIIIO-
YUTH CBETOJUO/;

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

9. IlepeliTn HA HaYaJIO LIUKJIA.

CtpykTypa mporpamMmbl yIpaBjieHUs] CBETOAUOJA0M Ha AcceMmOiepe mokasa-
Ha Ha puc.2.5.

+5B
R1
270
c1 22 D1
H ATiny2313 -
I | 1
— RsST
Yl — 4 CPY 2 | w1
M XL1 PB.0
|—-| ] FVP p.1 2
02 22 21000 pe.2}4
3 15
=1 pD.1 PR32
\ S ep2 pB.4E
$1 7 17
dpp3 pB.5 |
1 Hea PRS2
Hops pe.7H2
Y eps

Puc.2.4. YopoieHHasa cxema noJIKI0ueHus
KHOIIKU U CBETOJIMOJIA
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N -

<o

10
11
12
13

14
15

16
17
18

CHBRBHHBHABBUBBBBHABBBB BB BBBRBBBRERERBRSLRY
; Npumep 1 L
g 4 NporpaMMa ynpasnerus CBETOANOLOM :4:4
CHUBRBROHBRABBBBARBRBABRRHHBBRABBBRSS USRI BERE

e KoMaHgb ynpasnexus

.include "tn2313def.inc”

; lNpucoepvHenne ¢anna onucaHwi
: Bknouenune nucTuHra

: Onpepenexue rnasHoro paboyero perucTpa

e Havano nporpaMMHoro kofaa

: Bwfop cermeHTa NporpaMMHOro Koga
; YcTaHoBka Tekywero afgpeca Ha HoNb

. Bwbop appeca sepumvHb cTeka
; 3danucb ero B perucTp creka

R L e L L WHuumanuaaums noptos BB

; 3anucuBaeM 0 B perucTtp temp
; JanuceiBaeM 3TOT Honb B DDRD (nopt PD Ha BBOA)

. 3anucwBaeMm uucno $FF B perucTtp temp

; 3anucuBaeM temp " DDRB (nopt PB Ha BuwBOA4)

; 3anwceiBaem temp B PORTB (noTywwTb cBeTOoaunoa)

; 3anucuiBaem temp B PORTD (Bknw4aeMm BHYTp. Pe3wucT.)

Jmmmmmmssssomsosooosessoes WHnumanusaums komnapaTopa

; BuknioueHue KomnapaTopa

; YuTaem copepxwumoe nopta PD
. Nepecunaem 8 nopt PB

Jlist
.def temp = R16
cseg
org 0
e WHuumanusaums creka
1di temp, RAMEND
out SPL, temp
1di temp, 0
out DDRD, temp
1di temp, OxFF
out DDRB, temp
out PORTB, temp
out PORTD, temp
1di temp, 0x80
out ACSR, temp
T ittt OcHOBHOW umkn
main in temp, PIND
out PORTB, temp
rjmp main

; K Havany uwmkna

Puc.2.5. Ctpykrypa nporpammsl Ha Accembiiepe

Jinclude "'tn2313def.inc'" - nceBmoonepaTop (AUpeKTHBa acceMOiIepa) MmpH-

COCIMHEHUS TEKCTa. TEeKCT BCTABIAETCS B TOM MECTE, TJI€ YCTAHOBJICH OIEpaTop.
[Tapamerpom siBisieTcst ¢aiin. B manHoM ciydae 510 (haiim ommcaHU MUKPO-

KOHTpOJLIIEepa.

CrangapTHoe

MECTO

ero pasmemenus  C:\Program

Files\Atmel\AVR Tools\AvrAssembler\Appnotes\. B dacTHOCTH W3 yKa3aHHOTO
(aiina TpaHCAATOP y3HAET UMEHA U TapaMEeTPbl KOHKPETHOTO MUKPOKOHTPOJUIEpa:

RAMEND EQU OxO00DF
DDRD EQU $11
SPL EQU $3D urT.A.
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Jist - BkimtoueHne renepanum JUCTUHTA;

.def temp = R16 - makpoonpenenenue. [IpucBanBaeT perucrpam cojepixa-
TENbHBIC MMEHA ISl YBEJIMYCHUS HATJISIHOCTH W YUTAOCIBHOCTH TEKCTa TIPO-
TpaMM.

.CSeg - BBIOOp cerMeHTa KoaoB B mamMstH nporpamm Flash. [lo o0bsBneHus
JPYroro CErMEHTa BCe KOJBI OyyT pacroiaraThCsi B BRIOPAaHHOM MaMsITH.

OcranbHble CTPOKM MPOrpaMMbl HEOOXOIUMO Pa3zo0paTh MO CIPABOYHHKY
KOMaH/I ¥ YSCHUTb JIOTHKY pa0OThI IPOrPAMMBI.

Ilpakmuueckoe 3a0anue

1. HaGpath nporpammy B cpejie pa3pabOTKH, 3alTyCTUTh U YCTPAHUTH BbISB-
JICHHBIE OIINOKHU.

2. IIpomonenupoBath cxeMy ¢ nmomoiisio amynaropa AVR Studio.

3. Habpatp cxemy B cpene Proteus 6e3 BHEmIHEro KBaplia U MpOMOJIEIHPO-
BaTh pabOTy MPOrPaAMMBI.

B omueme npeocmasumo:

1. Cxemy NOIKIIOYEHHsS] KHOIKH W CBETOJMOJa (PKelaTelabHO B cCpeie
Proteus).

2. IIporpammy Ha si3bIKE accemOiiepa ¢ HEOOXOAUMBIMU TOSICHEHUSIMU.

3. BeiOpaHHbIe TUIIBI 3JIEMEHTOB CXEMBI B porpamme Proteus.

Cmpyxkmypa npozpammol Ha a3vike C

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

NPUMEP MUTAHWA CBETOANO/LAOM 10 PA3

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

#define F_CPU 1000000UL  // yka3bieaem 4acmomy 8 2epyax
#include<avr/io.h> // nookn4eHue 88-8big no muny MKK
#include<util/delay.h> // MOOKA. pyHKUUU YUK/I08 300epiKu

// ONPEAE/TEHUNE TTIOBAJIbHbBIX MEPEMEHHbIX

int main(void) // Ha4yasa10 0CHOBHOU NMPo2pammsi

{

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

PORTA = 0x00; //MNHuyuanuszayusa 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;
TCNT1L = 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

//

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

//MHuyuanuszayua maiimepa/cyemyuka 0
//McmoyHuK — cucmemHsbili 2eHepamop
//3HayeHue yacmomeoi — maiimep 0 ocmaHoen.
//Pexcum Normal makc 3HayeHue FFh

//Bbixo0 OCROA - omkntoyeH

// Bbixod OCROB—omKntoyeH

//MHuyuanuszayus maiimepa/cyemyukal
//McmoYHuUK — cucmemHbili 2eHepamop
//3Ha4yeHue yacmomsl — malimep 1locmaHoen.
//Pexcum Normal makc 3HayeHue FFFFh
//Noise Canceler: Off

//Input Capture on Falling Edge

//Bbixo0 OCROA —omKsnroyeH

//
// Bbixo0OCROB — omkntoyeH

//

//MHuUyuanusayusa eHewHux npepvisaHuli
//INTOO — 8biksa; INTO1 — 8biKn

//MHuyuanuszayus npepoieaHuii om maiimepos

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

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

//MHuyuanusayusa aHan0208020 Komnapamopda
//Komnapamop evikaoyeH
//Bx00 om Cy 1 gbiKno4eH

// obvasnsem nepemeHHyro i
// ece 8bi800bI Mopma D Ha 8bIx00
// uukn "ona", noesmop 10 pa3



32

{
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); // 3a0epxkKa 0.25 cek.
} // 3aKpbisarowias CKObKa Yuknaa
// goto Cikl;
} // 3aKpbiearow,as ckobka ocH.lpoap.

[Tocne mpucoeaunenus (aiina oMucaHUl pa3MelaeTcsl OMUcaHue riIodanb-
HBIX TIEPEMEHHBIX.

Hacrpoiika cucTeMsl 110 YMOJIYAHUIO IPOU3BOJUTCS aBTOMATUYECKU I1OCIE
CUCTEMHOT0 cOpoca. OHaKo BKJIIOUYEHHE KOMaHJ HadaJlbHOM HAacTpOWKH obecrie-
YUBAET NMPABUIbHYIO pabOTy MpOrpamMMbl B CIIyyae OLIMOKM IPOrpaMMBbI U Iepea-
4M YIpaBJICHUS HAa HAYaJlo MPOrpaMMBbl, a TaKXkKe IpU cpabaThIBAHUM CTOPOKEBOTO
TanuMepa.

Hacrpoiika npou3BoauTCsS BCEX MOPTOB, aHAJOTMYHO TOMY, KaK 3TO Jeia-
JIOCh Ha accembuiepe.

Jlanee 3amaeTcsi HENPEPBIBHBIA LHMKJI. JTO 00S3aTEIbHBIM 3JIEMEHT MpO-
TrpaMMBbI JI0OOT0 MUKPOKOHTPOJLIEPA.

@yukius _BV() BBIMOIHSIET Opa3psIHBIA CIBUT HA YUCIIO Pa3psiioB, yKa-
3aHHOE B ckoOkax. Hampumep:

PORTD |= _BV(PD3); // ycranoButh "1" B paspsae 3 nopra D;

PORTD &= ~_BV(PD4); // yctanoButs "0" Ha nmuauu 4 nopta D.

OTa 3anuch aHAJIOTMYHA ONIEPAH/IAM:

PORTD |= 1<<3;

PORTD &= ~(1<<4).

Ilpakmuueckoe 3a0anue:

1. Peanu3zoBaTh BapuaHT mporpamMmsl Ha si3bike C, yOeauThCsl B PABUIIBHO-
CTM KOMOWISIUHU. Vcrnosb30BaTh TOJIBKO CTPOKH HMHMIIMANIU3ALUU TpeOyeMbIX
MOPTOB U CTEKA.

2. YcTpaHuUTh BbISIBIIEHHBIE OLIMOKY (IIpH HEOOXOJUMOCTH).

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

3. IIpoBeputh paboTy mporpammsel Ha si3bike C C UCTIOB30BAHUEM KOMAaHIbI
goto Cikl u 6e3 nee. CaenaTh BBIBOJ O PabOTOCIIOCOOHOCTH OOOMX BapHaHTOB.
VYkazaTh BO3MOXKHYIO IPUYUHY MMOJTYYUBIIETOCS pe3yybTaTa;

4. TIpoBepuTh WHUIIMATU3AINIO CTEKa 0€3 MCIOJIh30BAHUS SIBHBIX KOMAaH]
WHUIMATU3AIINN.

5. IllpomoaenupoBath paboTy mporpammsel B cpese Proteus. 3adukcupoBaTh
HCIIOJIb30BAHHBIE 3JIEMEHTHI CXEMBI.
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B omueme npeocmasumbo:

1. Cxemy anroput™ma 3a1auu;

2. Tekcr nporpammbl Ha si3bike C (C yKazaHHEM TOJIBKO CTPOK MHHUITHAIIN3A-
IIUU TIOPTOB);

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

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

3aoanue 2.3.2. Ynpaenenue nepexkniouenuem c6emoouooa om KHONKu

Hcnonb3ys npeaplayniyto cxeMy, 00ecednTh Mpu KaXXA0M HaXXaTUU KHOII-
KU IIEPEKIIOUYECHUE CBETOANO0/IA B IIPOTUBOIIOJIOKHOE COCTOSIHUE.

AJNTOPUTM YTIPABIICHUS OT KHOIIKH:

1. ITpouuTaTh coctosiHue Miaiiiero paspsana PD.O;

2. Ecnu 3HaueHue paspsijia paBHO equHuIe (KHOIMKA He HaXkKaTa), TO IeperTH
K Ha4aly IIUKIIa;

3. Eciiu 3HaueHue pa3psijia paBHO HYIIO (KHOIKA Ha)kata), TO U3MEHUTDH CO-
crossuue BbixoAa PB.0 Ha mpoTuBomosoxkHoe. [ MepexsIroueHusi CBETOAMOAA
MpeBAPUTEILHO HEOOXO0IMMO MTPOBEPUTH €r0 TEKYIEE COCTOSHUE;

4. IlepeiiTn Ha HAYAJIO LIUKJIA.

Ilpakmuueckoe 3a0anue

1. CocTaBUTh CXEMY AJTOPUTMA.

2. Pa3paborate nporpamMmmy 1 JOOUTHCS MPABUILHONW KOMIMIISILIUU.

3. [IpoBeputh paboTocrnocoOHOCTH TporpaMmbl Ha amynaTope AVR Studio.

4. IIpomonenupoBaTh paboTy mporpamMmsl B cpeae Proteus. 3aduxcupoBaTh
UCIIOJIb30BaHHBIE 3JIEMEHTHI CXEMbl. B KadecTBe KHONKH MOXHO HCHOJIb30BaTh

komroHenT BUTTON ACTIVE.

Ecnu cBeToamoa MHUIaeT 4acTo M yCTOMYMBOE €ro COCTOSIHUE Ha3zHAdyaeTCs
XA0TUYECKH, TO, BEPOATHO, ITO MPOUCXOJIUT MOTOMY, UYTO 32 BpEeMsI HaKATHUS OH
yCIieBaeT MHOTOKPATHO MEPEKIIOUNTHCS, @ MOMEHT OTITYCKaHUS SIBJISICTCS Clydai-
HbIM. J[J11 yCTpaHEHUs 3TOTO SIBJICHUS CJIEAyeT MOCie MEePEeKIOUEHUs] CBETOAMO 1A
100aBUTh LIUKJ OKUJIaHUS OTIyckaHus kHomku (korga PD.0 6yner paBeH enuHu-
ne). JobaButh B mporpamMmy 3TOT (parMeHT U MPOBEPUTH PAOOTOCIIOCOOHOCTH
YCTPOMCTBA.

B omueme npeocmasumbu:

1. Cxemy aniroput™Ma 3a1auu;

2. Tekct mporpaMMbl Ha S3bIKE MHPOrPaMMHUPOBAHHS (TOJBKO OCHOBHOM
LIUKII);
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3. CxeMy NMOAKIIOYEHUS BHEIIHUX JHCKPETHBIX 3JEMEHTOB Ha 3MYJSATOPE,
€CJIM OHA U3MEHWIACH 10 OTHOLLIECHUIO K NPEIBIAYIIEMY 3a4aHUI0.

3aoanue 2.3.3. Ynpaenenue nepexniouenuem céemoouooa om KHONKU C
3auumoii om opeodesca

Hcnonb3ys Npeaplayniyto cXeMy, 00eCeunTh MpU Ka)JI0M HaKaTHH KHOII-
KM NEPEKII0YCHUE CBETOAUONA B IPOTUBOIOIOKHOE COCTOSHUE. AITOPUTM J0JI-
YKEH NPEeTyCMOTPETh UCKIIFOUEHHE JIpede3ra KOHTAKTOB KHOIKH.

Hpebesr 310 3¢ deKT BhIIauu OT dJIEeMEHTa KOMMYTAIIUU TIPH OJTHOM HaXKa-
TUU CEPUM UMITYJIBCOB 3a CUYET YNPYTUX CBOMCTB MEXAHWYECKUX DJIEMEHTOB KOH-
CTPYKUHMHU. JTO NPUBOJUT K TOMY, YTO Ha BXOJ MOPTA MOCTYNAET 1Ieasi Cepusl Ie-
peximroueHnid BMecTo oaHoro. Camblii IMTPOCTOM MPOTpaMMHBIN coco0 OOPBOBI ¢
ATUM SIBJICHHEM - BBeJleHHE 3ajepkek. OOHApyKHUB MEpBOE MEPEKII0UEHUE, Mpo-
rpaMma JIOJKHA BBIJICPKATh 3a/IEPKKY HE MEHEE BpEeMEHH Jipede3ra KOHTAKTOB.

B oTuere npeacTaBuTh:

1. Cxemy ajroputMa 3aaaum;

2. TekcT mporpaMmbl Ha SI3bIKE€ HPOTPAMMHUPOBAHUS (TOJBKO OCHOBHOIO
1[UKJIA);

3. YTOUHUTH CXeMy MOIKIIOYEHHS BHEIIHMX TUCKPETHBIX JJIEMEHTOB Ha
IMYIIATOPE, €CIH OHA N3MEHMIIACH 110 OTHOMICHHIO K MPEIbIAYIIEMY 3aIaHHIO.

3aoanue 2.3.4. Ynpaenenue nepekinioueHuem Muzaouiezo c6emoouooa

Hcrnonp3ys MICXOMHYIO CXeMy, HA)KaTHEeM KHOTKKA HEOOXOJAMMO BKIIIOYATh U
BBIKJTIOUATh MUTaHHE cBeToauoa. Yactora muranus ceeronuona 5 I' (st obec-
MEeYeHUs] BO3MOXKHOCTH HAOJIIOICHUS] MUTAHUS YacTOTY JOMYCKAeTCs HM3MEHUTD,
HO C YKa3aHUEM €€ PEeaIbHOTO 3HAUCHUS).

Anroputm:

1. [Ipounrars nopt PD;

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

3. Ecnm Mnaammii paspsigi paBeH €IUHUIIBI, BBIKIIIOUYUTEH alITOPUTM MUTAHHS
Y BBIKJIFOUUTH CBETOIUOI;

4. IlepeiiTu K HaYay OCHOBHOTO IMKJA (11.1).

AJNTOPUTM MUTAHUS:

1. 3axedb CBETOIHUOL;

2. Belnepkatp 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 0JI0Ka);

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

3aoanue 2.3.5. becyujue ocnu

ObecnieunTh OETyIINl OTOHB M3 OJHOTO CBETOIMO/A MO THPJSHAE U3 BOChH-
MU CBeTOIMO010B. HampaBieHne NBUKCHHS TUPJISTHIBI TOJKHO U3MECHSATHCS HaXKa-
THeM KHonKku. Yacrora muranus ceeronuona 1 I'm.

3agaua pemraercs B TOM e MOPSAIKe, KaK | MPeIbITyIIHeE.

B otuere npeacraBuTh:

1. Cxemy airopuT™Ma 3a/1a4u;

2. Texct mporpaMMbl Ha 3aJaHHOM SI3BIKE MMPOTPAMMHUPOBAHUS (C YKa3aHUEM
TOJIBKO OCHOBHOT'O 0JI0Ka);

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

Bonpocwt ona camokonmpons

Kakue aapeca 3aHrMaroT mopThl BBOAA-BBIBOJIa KOHTpoOJLIepa?

Kakue peructpsl ynpasisitoT mopramu?

Kakue pexxuMbl MOXKHO 3aJ1aTh OpTam?

KakoBa TumnoBas mporpamMmHasi MoJiesib mopra?

Kaxkue crioco6w1 anpecarust POH u peructpoB BBosa-BeiBoga AVR-

MUKPOKOHTPOJUIEPOB CYIIECTBYIOT?

6. Kakue criocoOnI agpecanun namsatu JaHHBIX AV R-MukpokoHTpouiepoB
UCIIOJIB3YIOTCS HA MPAKTUKE?

7. Kaxkue ncnonb3yrorcs crnocoObl agpecanuu namatu nporpamm AVR-
MUKPOKOHTPOJIJIEPOB?

8. Oco0OeHHOCTH BHITIOTHEHUS apU(METHICCKHUX U JIOTUYECKUX ONepalnii B
AVR-MUKPOKOHTpOJIIEpax.

9. B yeMm oTimume koMaH[ 6e3yciaoBHOTO nepexoaa accemoiepa KP580 u
MUKPOKOHTpoJIIepa?

10.Jl5is wero nmpeaHa3zHadeHa aupektusa .def ?

11. Ha3naueHue U ucnoiib3oBaHue peructpoB X, Y u Z.

12. Kak ocymiecTBisieTcsl MHUITMAIN3AIMs CTeKa Ha S3bIKe acceMOuiepa U s3bIKe
C?

13. KakoBa cTpykTypa nmporpammsl Ha si3bIke accemOrepa u si3bike C.

ke
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14. Kak 3anucath Ha acceMOiepe KOMaH 1y WJIM KOMaH Ibl, 5KBUBAJIICHTHBIE KO-
MaHie IpucBarMBaHus Ha s3bike C?

15. Kak 3amnucath Ha acceMOiepe KOMaH Iy WJId KOMaHIbl, 9KBUBAJIEHTHBIE KO-
MaHJIaM IuKiIa Ha sa3b1ke C?

16. IIpocMoTpHTE MAIIMHHBIE KOABI, TOJYYAIOIIUECS TOCIe KOMIUIISIIUU C
a3bika C.

17. Kakoe coctostaue umetrot nopthl peructpoB POH u PBB no ymonuanuio?

18.KakoBo naznauenue Gpynkiuu BV()?

19.KakoBo naznauenue Gpynkiuu _delay() ?
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3. YIIPABJIEHUE CHETYUKAMMU MUKPOKOHTPOJIJIEPA

geﬂb.‘

1. YroyOuTh 1 3aKpenuTh TEOPETUUECKUE 3HAHUA IO MPUHIUIIAM MTOCTpPOe-
HUS U paOOThI CIIELUAIM3UPOBAHHBIX KOHTPOJUIEPOB;

2. IlpmoOpectn NpaKTUYECKHE HABBIKM CAMOCTOSITEIBHOTO YIPaBICHUS
CYETYMKAMU KOHTPOJLIEPA;

3. CoBepIIeHCTBOBAaTh HABBIKU aHAJIN3a, 0000IIEHNS U CUCTEMATU3aluH T10-
JYYEHHBIX Pe3yIbTaTOB, HABBIKM COCTABIICHUS U O(POPMIIEHHS OTUETHBIX MaTepHa-
JIOB, HABBIKA TOYHOI'O U JIJAKOHUYHOTO MPEACTABICHUSA JOKIAJ0B HAa BOIIPOCHI TEX-
HUYECKOI'0 Xapakrepa.

Yyeonwvie eonpocoi:

3.1. IlporpamMmmHast MOJIeIb TATMEPOB-CUETYMKOB MUKPOKOHTPOJUIEPA;
3.2. 3ajanue nmapamMeTpoB CYETHOTO CUTHAJA,

3.3. Pa3zpaboTka nporpaMmsbl yrpaBieHUs CYeTYMKaMU B pexkume Normal;
3.4. PazpaboTka nporpaMmsl yrpasiieHus cueTurkamu B pexxume CTC;
3.5. Pa3zpaboTka nporpaMmsbl yrpaBiieHUs cyeTurKaMu B pesxkume PWM.

Jumepamypa 011 n0020mo8KU K 3aHAMUIO

1. benos A.B. Co3maem yctpoiicTBa Ha MuUKpokoHTposuiepax. - CIIO.:
Hayka u rexnuka, 2007. - 304 c.

2. Erctudee A.B. Mukpokontpomepst AVR cemeiictBa Tiny. PykoBoa-
CTBO MoJib3oBateis. - M.: U3narensckuii qom Jomgska-XXl, 2007. - 432c¢.

3. Pesnu 10O.B. Ilpaktrueckoe mporpaMMHpOBAHWE MHUKPOKOHTPOJUICPOB
Atmel AVR nHa s3bike accemOiepa. CII6.: BXB-IlerepOypr, 2011. -
352c.

4. EropoB A.A. u ap. [IporpammupoBaHue MUKPOKOHTPOJIJIEPOB CEMEMCTBA
AVR. VYueOHo-meromuueckoe mnocodoue. - M.: UzgmarenbctBo MAU,
2004. - 72c.

Cooeporcanue omuema

1. Ha3Banue paboThI.

2. Ha3zBaHue Kaxq0oro y4eOHOro BOIpOCa M KPATKUN KOHCIEKT B 0O0beme
MPAKTUYECKUX 3aIaHUN 110 BOMIPOCY.

Bonpocut 011 noozomoeKu K 3anamuio

Kak pabdotaet cuetunk? Kakue pexxumbl peasiu3yet CHETUHK?
Kakue cymecTBytoT METObI HOCTPOECHUS ACIUTENCH?

Kakue curHaiipl BbIJIa€T CXeMa CpaBHEHUS?

Ha 4to BiusieT pa3psaHOCTh cUETYHKA?

Kaxk mocunTats MakCHMaabHBIN KOJ CUEeTYHNKA?

Yro Takoe npepriBanue? Kak oHO oTpabaTheiBaeTCs mpoIieccopom?

ook wnE
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AKmyanbHocms 3aHAMuUs

CrenkoHTpouiep SIBIASIOTCS OCHOBHBIMHU YCTPOMCTBAMH, OCYIIECTBIISIONINM
yrIpaBjeHue U 00pabOoTKy TaHHBIX B CHCTeMax ynpasicHus. KOHTpoJb BpeMEHHBIX
WHTEPBAJIOB, PEaKIUsl Ha OKOHYAHHUE BPEMEHU TalMepoB, (OpMHUPOBAHUE IITUPOT-
HO-UMITYJIbCHBIX TIOCJICOBATEILHOCTEN MJIs YNpaBieHUS OOBEKTaMU SBIISIOTCS
OCHOBHBIMH YTIPABIISIOMKUMH (PYHKITUSIMHA MUKPOKOHTposuiepa. [loaTomy moHmMa-
HUE TUX MPOIIECCOB M YMEHHUE WX MPOTrPAMMHUPOBATH SBIISICTCS 00S3aTSIIBHOMN IS
CIICIIMAJIACTA.

3aoanue 3.1. Ilpocpammnasa modenv maiimepos-cuemuuKko8 MUKpo-
KOHmponepa

W3yunth mporpamMMHyro Mozeiab cuetunkoB MKK ATtiny2313 ¢ mesbio
MPAKTUYECKOTO UX MPOrPaMMHUPOBAHUS.

B omueme npeocmasumo:

1. [IporpaMmmMHy10 MOJIETTh CUETYUKOB C YKa3aHHUEM BCEX MOPTOB U UX ajpe-
COB;

2. CTpyKTypy peructpa ynpaBieHUs W TaOJIUIIBI 3aJaHUS PEKUMOB PaOOTHI
CUYCTUYHKOB;

3. HazHaueHne BHEIIHUX BBIBOJIOB CUYETYMKOB.

Ha3nauenue u Bo3moxkHOCTH cueTunkoB AVR

CueTynky KOHTpOJUIEpAa PELIAIOT pa3jW4Hble 3aJa4d IpPHU BBIIOJHEHUU
yrnpaBieHueckux (GyHKIuA. Bce OHM CBS3aHBI B OCHOBHOM C HEOOXOJIUMOCTHIO
(GopMHUpPOBaHUS TOYHBIX BPEMEHHBIX MHTEPBAJIOB, IpUUYEM O€3 JTOMOJHUTEIbHOM
Harpy3Ku Ha MpoIieccop, a TaKXKe ¢ MOJICYETOM YHciIa COOBITUI:

- I3MEPEHME U 33/1aHNE BPEMEHHBIX HHTEPBAJIOB;

- IIOJICYET KOJMYECTBA BHEITHUX COOBITUN (MMITYJIbCOB);

- (popMHUpOBaHUE OJMHOUYHBIX U MEPUOAMYECKUX UMITYJIBCOB C MOCTOSIHHbI-
MU U MEPEMEHHBIMU NapamMeTpaMH (4acToTa, JJIUTEIbHOCTh MMITYJIbCa, KOJUYe-
CTBO UMITYJIbCOB, (pa3bl);

- npeoOpa3oBaHKie BpEMEHHOI0 nHTepBaia B koA st ALIL;

- pukcarus COCTOSHUS CUETUMKA IO BHEUTHEMY CUTHAJTy (3aXBar) U T.]I.

B mukpoxoHTposiepax ObIBaeT A0 aecaty cueTunkoB. B ATtiny2313 ume-
eTcs 1Ba cueTurka: ogHoOaTHeI TO u aByxOaiTHbIM T1.

Iporpammuas moaeb cueTunkoB AVR
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B AVR-muxpokontpoimiepe ATtiny2313 wumeercs 1Ba cueTyuKa:
paspsansiii TO u 16-pa3panssiii T1. CTpykTypa MX MNOYTH COBHALAET, 3a UCKIIIO-
YeHUEM Pa3psIIHOCTH U CPENICTB peanu3anuud 3axBaTa cuetunka juisi T1. Ha
puc.3.1. npencraBieHa BHYTPEHHsIS CTPYKTypa cuerynka T1.

8-

Cuer TOV1 3anpoc Ha
Cbpoc_| Bnok npepsiaHue
Hanpaen. ynpagneHust clkry
CenexTop TakToBOro cUrHana
A A
Hetextop |, e
y 4 > ¢GpoHToB
TaitMep/cyeTynK 4
TOP BOTTOM C suxona
TCNT1 npepaenuTens
3anpoc Ha
OCF1A npepbiBaHne
dopmuposaresnb | OC1A
j curHanos
--- OCR1A -~ : |
E dukcnpos. OCF1B 3anpoc Ha
. 3HadeHue npepbiBaHue
':' JOP dopMupoBaTenb 0C1B
| E CUrHanos
>
: i :
g --- OCR1B --- H
3 . C BbIXOAa aHaNoroBoro
T - 3anpoc Ha Kxomnaparopa
3 E ICF1 npepuiBaHue J
u
= -
HeTtekTop MoaaBnexue
ICR1 -——1—[ — s
| C . ppoHTOB nomex || ICP1
=lllll.lllllIllf-
TCCRI1A TCCR1B TCCR1C

Puc.3.1. Ctpykrypnas cxema cuetunka T1 ATtiny2313

Ha3snayenue BHemHuX BbIBOA0OB Taiimepa T1 (B ckoOkax yka3aHbl aHAJIO-
TUYHBIC BBIBOBI 115 TaliMepa TO):
- T1 (TO) - Bxon BHemIHero curHajga taiimepa. Ha »ToT BXOj momaroTcs
BHEIIIHUE MOJICUUTHIBAEMBIE CUTHAJIBL;
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- OC1A (OCO0A), OCIB (OCO0B) - BbIX0J CXEMbI CpaBHEHHUS peructpa A u
B Taiimepa cootrBeTcTBeHHO. CurHan (opmupyercs npHu COBMAJECHUU KOJia CUET-
4yiKa U Koja B peructpe A uinu B;

- ICP1 - Bxon 3axBara Taiimepa T1. [Io aToMy curHaizy Koj cueTuyuKa 3aro-
muHaercsa B peructpe ICR1 u MoxkeT ObITh TPOYUTAH MPU BHIIIOJHEHUH 00padoT-
yuka npepsiBanust ICP. B cuetunke T0O Takoro Bxoja u pexxuma HE IpelycCMOTpe-
HO.

PacnonioxxeHrne BBIBOAOB TaWMEpOB MHMKPOKOHTpOJUIEpA ITOKA3aHO Ha
puc.3.2. BeIBoabI TaliMEpPOB COBMAAAIOT ¢ BEIBOAAMH ITU(PPOBBIX TOPTOB KOHTPOJI-
Jepa v MOIKII0YAI0TCS K CUETYMKAM MPU YCTAHOBKE €MHUI, HACTPAUBAIONTUX TI0-
BEJICHHE dTUX BBIBOJIOB, B PETHICTpaX YIPABICHUS CUeTIMKaMH (CM. Ta0:1.3.3)

(RESET/aw) PA2 ] 20 vee
(RXD)PDOC}2 191 PB7 (UCSK/SCK/PCINT7)
(TXD) PD1 3 18 |p PB6 (MISO/DO/PCINTS)
(XTAL2)PA1}4 17D PB5 (MOSI/DI/SDA/PCINTS)
(XTAL1) PAO O} 5 16 | PB4 (OC1B/PCINTA4)
(CKOUT/XCK/INTO)PD2C}6 150 PB3 (OC1A/PCINT3)
(INT1)PD3C}7  14[1PB2 (OCOA/PCINT2)
(TO)PD4C}§8  13[0PB1 (AIN1/PCINT1)
(OCOB/T1)PD5CS 120 PBO (AINO/PCINTO)
aNodi0 11 PD6(ICP)

DIP/SOIC
Puc.3.2. BeiBogbl MukpokoHTposiepa ATtiny2313

KosmuecTBo pernctpoB BBOAA-BBIBOAA, UMEIOIIUXCS B KOHKPETHOM TanMe-
pe-CUeTUYUKE, 3aBUCUT OT CJIIOKHOCTH, PA3PSIAHOCTH U BO3ZMOXKHOCTEU IOCIIECIHETO,
KOJINYECTBA T€HEPUPYEMBIX PEPHIBAHUM.

Taitmep-cuetunk T1 (B ckoOKax MpuBEEHbI JaHHBIE JIJIsl CYETYHKA-TaliMepa
TO0) umeeT crenyrolye MOPTHI, KX aapeca U HazHaueHue (cM. puc.3.1).

Cuetunk Taiimepa TCNT1 (TCNTO)

TCNT1 (TCNT0=$32) - peBepcuBHbIi 16-pa3psanblii (8-pa3psiaHblii) cUeT-
yuk TaiiMepa T1 (T0). B ucxoqHoM nosioxxeHuu (mocie nogayv MUTaHus) CYETUUK
oOHyJieH. MOKeT OBITh COPOIIICH, BHIMOIHATH, MHKPEMEHT WJIM IEKPEMEHT 10 KaK-
JIOMY TaKTOBOMY CUTHally. JlOCTyneH AJisi YTeHHsl U 3alicH B JIF0OOH MOMEHT Bpe-
MEHH. B 3aBUCUMOCTH OT peXuMa cueTa CUETUYHUK MPU JTOCTHKEHUH MaKCUMAJIbHO-
r0 WM MUHUMAJIBHOTO 3HaueHHUs ycraHaBiuBaetrcs (ar TOV1 (TOVO) u rene-
pupyetcs npepbiBanue. 16-paspsansiii cuetunk TCNTI1 nmpencraBnen nByms 8-
paspsaHbIMU  TopTamu: crapmmid Oavt - TCNTIH=$2D wu wmumagmmii Oaiir
TCNTI1L=$2C. Takoe aeneHue 0OyCIOBJICHO 8-pa3psAHON IIMHON JaHHBIX. 3a-
MUCh JAHHBIX B CYETUMK JIOJHDKHO OCYIIECTBISATHCS ABYMS IMOCIEA0BATEIbLHBIMU
MOCBUIKAMH.
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Peructpsl conagenust OCR1A, OCRI1B

OCRI1A u OCR1B (OCR0B=$3C) - 16-pa3psiaHbiec (BOCBMUPA3PSIIHBIN)
pETUCTPHI COBMACHMs. B KakIOM TakTe cueTa MPOMCXOIUT HETMPEpPHIBHOE CpaB-
HeHHUE uX 3HaueHui co cyerunkoM taiimepa TCNT1 (TCNTO). Ilpu coBnaaeHuu -
B cienyromeM Takte ycrtaHaBiuBaetcs ¢guiar OC1A (OCOA) wim OC1B (OCOB) u
reHepupyercsi npepbiBanue. Kpome Toro, mpu COBMageHUN MOKET MEHSTHCS CO-
crositaue BeiBos1IoB OC1A (OCOA) u OC1B (OCOB), ecnmit oHM CKOHMUTYPUPOBAHBI
KaK BbIXOJbI (3TOT OMT B peructpe DDRx noikeH ObITh paBeH 1). AHalOru4Ho
cuetunKky Taiimepa T1, 16-pa3psaHbie peructpsl coBnajaeHus cuetunka T1 agpe-
CYIOTCS TIOOAMTHO: PErucTp OCR1A npencraBieH crapmuM OaiiToM
OCR1AH=$2B u mmammum Gaiirom OCR1AL=%$2A, peructp OCR1B cootBer-
crBerHo - OCR1BH=$29 1 OCR1BL=$28.

Peructp 3axBara taiimepa ICR1

ICRL1 - Input Capture Registers - peructp 3axBata Taiimepa T1. [Ipeacras-
JieH AByMst mopTaMu: crapiimii 6aiT - ICR1H=$25 u miaammii Gaiit - ICR1L=$24.
Peructp npennasHadeH NI COXpaHEHHUS COCTOSHUSI CUETYMKA B PEKHUME 3axBaTa
IPU TOCTYIJIEHUM aKTUBHOTO (PpoHTa (THUN (DpOHTA MOXKET OBITH HACTPOEH) OT
Bxoaa ICP1, nubo mo curHaidy aHajaoroBoro kommaparopa. OJHOBpPEMEHHO C 3a-
IUCBIO B peructp 3axpara ycranaBimBaercs ¢iar ICF1 - Input Capture Flag - u
dbopmupyeTtcs 3anpoc Ha npepsiBanue. [ 3axBata o curHainy ICP1 »ToT BbiBOI
JIOJKEH OBITh CKOH(pUTYpupoBaH Ha Bxo (Out peructpa DDRx nomken umets 0).
KonmpoBanue cueTtymka B pErHCTpP 3axBara MPOUCXOJUT C 3aAEPKKOU OT 2,5 10
3,5 TaKTOB OT MOMEHTA MOCTYIIEHHUS MEPBOT0 PpoHTA. 3aIePKKY BHOCAT CUHXPO-
HU3aTOp M cXema mojiaBieHus: nomex. Ecnu ke BKIIIoUeHa cxema MOJABJICHHUS T10-
MeX, KOTOpasi KOHTPOJIUPYET e1le 4 BHIOOPKU C YAaCTOTOW TaKTOBOTO I€HEpaTopa,
TO 3aJIep>KKa YBEIIMYUBAETCS e1lle Ha 4 TakTa.

Joctyn k 16-pa3psiHbIM perucrpam

JIns yTeHus v 3anucy B 16-paspsiiHbIe pETUCTPHI Yepe3 8-pa3psaaHylo MHHY
JAHHBIX UCIIOJb3YETCSI PETUCTP BPEMEHHOTO XPAHEHHUSI B aBTOMAaTUYECKOM PEkKH-
Me. [lepBasg nmepecpuika OCYIIECTBISIETCS ¢ BPEMEHHBIM PETHCTPOM, a BTOpas 3a-
BepIiaeT 0OMeH Bcex 16 pa3psiaoB.

[TosTomy n1st 3amucu B 16-pa3psiHbIi perucTp HEOOX0AUMO CHavaja 3aru-
caTh crapmwuii O0ailT, a 3arem muammmid. [lpu drenun 16-paspsgHOro perucrpa
CHavaJia Hy>)KHO TTPOYUTATh MJIQAIINNA OaiT, a 3aTeM CTapIIui.

Peructpsl ynpasiaenusa TCCR1A, TCCR1B, TCCR1C
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TCCR1A=$2F (TCCROA=$%30), TCCR1B=$2E (TCCR0B=$33),
TCCR1C=%$22 - peructpsl yrnpaBicHUs CYCTUUKOM-TaliMmepoM. OHHU 3a/1a10T BO3-
MOJKHBIE PEXHMBI paOOThI TaiMEPOB W OCYIIECTBIISIOT BCE IPYTHE HACTPONKU
CYCTYHKOB-TaiMEpOB: (JOPMY CUTHAJIOB Ha BBIXOJIE, YACTOTY CUETa, UCTOYHHUK TaK-
TOBOTO CHUTHAJIa, 0COOCHHOCTH PabOTHI OJI0OKA CpaBHEHUS U T.I.

Peructper ynpasnenust ais taitmepa TO u Ha3HaueHUe pa3psI0B MOKa3aHBI
Ha prc.3.3. AHAIOTUYHBIC PETUCTPHI CymecTBYIOT it T1 - Ha puc.3.4.

TCCROA=%$30 Perunctp A ynpaBneHus cyetymka T0
Timer/Counter Control Register

7 6 5 4 3 2 1 0
CCMOA1 | COMOADO | COMOB1 | COMOBO - - WGMO01 | WGMO00
Pexxum paboTbl Pexum paboTbl Pexum paboTbl
bnoka cpaBHeHns A | Gnoka cpaBHeHus B TalmMmepa/cueTymnKa

(ebiBog OCOA) (ebiBOg OCOB)

TCCROB=$33 Peructp B ynpaeneHus c4etynka TO
Timer/Counter Control Register
7 6 5 4 3 2 1 0
FOCOA FOCOB - - WGMO02 CS02 CS01 CS00
[NpuHyguTensH | MNpuHyguTencH Pexum YnpaeneHne TakTOBbIM
o€ N3MeHeHne | oe U3MeHeHue paboThbl CUrHanom
COCTOAHMUA COCTOSAHNA Tanumepa/ (MCTOYHUK curHana)

BeiBoaa OCOA | BeiBopa OCOR cyeTvmrKa

Puc.3.3. Peructps! ynpasnenus taiimepom T0
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Timer/Counter Control Register

TCCR1A=$2F Peructp A ynpaeneHus cuetumka T1 (aHanor TCCROA=$30)

7 6 5 4 3 2 1 0
COM1A1 | COM1AQ | COM1B1 | COM1BO - - WGM11 [ WGM10
Pexvm paboTel Pexwvm paboTel Pexum paboTel
Broka cpaeHeHna A | 6rioka cpaBHeHus B TavMepa/cyeT4uKa

(eeiBOg OC1A) (biBOog OC1B) T1

TCCR1B=$2E Peructp B ynpaBneHua cyetuunka T1 (4actuyro aHanor TCCROB=$33)
Timer/Counter Control Register
7 6 5 4 3 2 1 0
ICNC1 ICES1 - | WGM13 | WGM12 | CS12 CS11 CS10
BknoyeHne Bribop dppoHTa Pexxum paboTbl YnpaeneHne TakToBbIM
CXEMbI curHana Tanmepa/cyeTyumka CUrHanom
nogasnexHna 3axBara (UICTOYHUK curHana)
nomMmex
TCCR1C=%22 Peructp C ynpaeneHua cyetymka T1
Timer/Counter Control Register
7 6 5 41 3| 2 1 0
FOC1A FOC1B - - - - - -
MpuHyauTensHoe MpuHyauTensHoe
MU3MeHeHMe BbiBoga OC1A U3MeHeHuKe BbiBoga OC1B
(no COM1A1:COM1AQ) (no COM1B1:COM1B0)

Puc.3.4. Peructps! ynpapnenus cayetankom T1

Taitmep TO MoxeT paboTaTh B MIECTU PANTMYHBIX PEKUMAaX, KOTOPHIE MOXK-
HO ycraHoBuTh Outamu WGMO-WGM2 (Wave Generator Mode). KomOuHarwu
ATUX OUTOB M COOTBETCTBYIOIIME UM PEXKHUMBI MTPEACTaBICHBI B Tabuie 3.1.

Tabauma 3.1
Pexxumebl paboTsl Talimepa TO

Howep |\ 100 (wevon | wenoo|  Perompabor | PCome %i'fﬁﬁ';‘éif" yﬁé’r&i’.&
pexumMa TaiiMepa/cuerynka T0 (TOP) OCROx ¢nara TOVO

0 0 0 0 Normal $FF | Hememnenno $FF

] 0 0 1 Phase correct PWM $FF IIpu TOP $00

2 | o I 0 gﬂf}fﬁfgm PHCOB-| CROA | Hememienso| — $FF

3 0 1 1 Fast PWM $FF ITpn 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 | IIpu TOP TOP
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Cuerunk T1 aBnsercs 16-pazpsaneiM. B otiinune ot TO cyeTunk peanusyer
JOTIOJTHUTENIBHO PEXHUM 3aXBaTa. DJIEMEHThI CTPYKTYpbI, 00ECIEeUMBAIOIINE ITOT
PEXUM, IMOKa3aHbI KEITHIM I[BETOM (TOHKMMHU JTUHUAMH) Ha puc.3.]1.

BosmoskHbie pexxumbl cueturka T1 npencrapiensl B Tabauie 3.2.

Pesxkxum Normal (Taiimepa)

D10 HamboJee MPOCTON PEKUM, KOTOPBI UMEET MECTO B JTFOOOM KOHTPOJI-
aepe:

- CUYETYMK PabOTaeT KaKk CyMMHUPYIOIINI OT TAaKTOBOTO CHTHAja J0 MaKCH-
MaJbHOTO 3HAYEHUS;

- pu niepenotHeHun cueryrka TO (kox $FF mensercs na $00) ycranasiu-
Baercsa (uar nepenonnenuss TOVO=1. Ananoruydo mpoucxoaut B cyeTunke T1
(xon $FFFF mensiercs Ha ko $0000, ycranasiuBaercs ¢uiar TOV1);

- TIPU COBMAJICHUM KOJIa CUETUMKA C PErUCTpaMU CPABHEHHS YCTaHaBIIUBa-
ercs coorBercTByronuid guar OCFOA nin OCFOB (OCF1A unu OCF1B) u rene-
pupyercs npepbiBaHue (€U €CTh Macka 1 0011iee pa3pelieHne MpepbhIBaHms);

- mpu okiroYeHn BeiBo10B OCOA mimu OCOB (OC1A unu OC1B) Ha Hux
dopmupyercsi curnan, Gopma kotoporo nporpammupyercs ouramu COM (Com-
pare Match Output Mode) B cooTBeTcTBHHM ¢ TabmuIeH 3.3.

Ecau xomv 00un u3 smux o6umoe ycmanoenen ¢ 1, mo evt600 OCO nepe-
cmaem (QYHKUUOHUPOBAMb KAK 00bIUHbBLI 861600 00Ui€20 HAZHAYEHUA U NOO-
Klouaemces K cxeme cpasHeHus maiimepa cuemuurka. OOHAKO npu 3mom OH
0o1cen Obimb euje HacmpoeHn Kak 6bix00. Hacmpoiika OC0A u OCOB (OCIA u
OC1B) dossrcna 6bimp 6vinonena 00 KOHQPuzypuposanus 6b160008 Ha 6bLX00.
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Pexxumbl paboThl cuetunka T1

Tadmumna 3.2

Home PesxaM paboThi Mopnyab | O6HoBneHne | MomeHT
exmml; WGM13WGM12|WGM11{WGM 10 Taitmepa/ cfermxa T | CU€TR | PETHCTPOB | YCTaHOBKM
P P (TOP) | OCRIx |dnara TOVI

0 0 0 0 0 |Normal $FFFF | HemennenHo| SFFFF
1 | o | o | o | 1 |PhasecomectPWM, Jeoore ImpuTOP | $0000
8-OUTHBIH
2| o | o 0 |grasecorect PWM, I 5o1FF | mpuTOP | 80000
-OMTHBII
Phase correct PWM,
3 0 0 1 1 10-6UTHBL $03FF |Ilpu TOP | $0000
4 | o | 1 | o | o |CIC(cOpocmpucos-|nepal yeyennento| SFFFF
nageHuu)
5 1 0 Fast PWM, 8-6utHniii | $00FF | I[1pu TOP [Ipu TOP
6 1 1 0 | Fast PWM, 9-6utHniit | $01FF |Ilpu TOP | IIpu TOP
70 0 | 1 1 || FastPWM, 10-047- o3k F: | mipuTOP | pu TOP
Phase and Frequency
8 1 0 0 0 Correct PWM ICR1 |$0000 $0000
Phase and Frequency
9 1 0 0 1 Correct PWM OCRI1A] $0000 $0000
10 1 0 1 0 | Phasecorrect PWM |ICR1 |IIpu TOP $0000
11 1 0 1 1 | Phase correct PWM | OCRIA|ITpu TOP | $0000
2 | 1 1 | o | o |CIC(cOpocTpHCOB-\1epi | Hovennenno| SFFFF
nafieH!H)
13 1 1 0 | 3ape3epBHUpPOBaHO — — —
14 1 ] | 0 |FastPWM ICRl |[IpuTOP |IIpu TOP
15 1 1 1 1 Fast PWM OCRIA|IIpu TOP | IIpu TOP
Taonuma 3.3
VYnpasnenue BeiBogamu OCOA u OCOB B pexxume Normal
COMOAL COMOAO Onmcaiye
(COMOBI) (COMO0B0)
0 0 Taitmep/cyeTyrk TO otkumioueH ot BeiBoga OCOA (OCOB)
0 1 CocrosHye BbIBOIA MEHSETCA Ha IPOTHBOMOIOXHOE
1 0 BeiBon cOpachiBaercs B 0
1 1 BriBon ycraHaBnuBaeTca B 1
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[Tpu HeoOxoaumocTu coctosiHue BbiBo10B OCOA 1 OCOB (OC1A u OC1B)
MOTYT OBITh M3MEHEHBI B COOTBETCTBUU ¢ Ta0/1.5.3 npunyaurensHo (Force Output
Compare) 3anuceio 1 B outr FOCOA u FOCOB (FOC1A u FOC1B) peructpa
TCCROB (TCCR1B). IlpepsiBanue mpu 3ToM He reHepupyetcs u B pexxume CTC
He cOpachIBaeTcs cueTyuK. [Ipy 9TeHnn 3TOT BBIBOJ OyA€T HYJIEM.

Pexum CTC

Pexxum CTC (Clear Timer on Compare - cOpoc npu COBIAJCHUN) HCIIOJIb-
3yeTcsl Ui TEeHepalluu CUTHAJIOB 3aJJaHHON 4YacTOThl. Pexxum Xapaktepusyercs
CJIEYIOIIMMU MIPOLIECCaMU:

- CYETYHK PabOTaeT KaKk CYMMHUPYIOITUI 110 TAKTOBOMY CUTHAITY;

- TIpeJIeJIbHOE 3HAYEHUE CUETUYMKA OIPEAENACTCS PETUCTPOM CPaBHEHHS A,
3aTeM cOpOC U OMSTh CUET HAYMHACTCS C HYJIS;

- ocJie CoBMajieHus ¢ peructpom ycranaBnuBaetcs guiar OCFOA (OCF1A),
YTO MOKET MPHU Pa3pEIICHUH COITPOBOXKIATHCS MTPEPHIBAHUEM;

- OJIHOBPEMEHHO C YCTaHOBKOM (py1ara MOKET U3MEHSTHCS U COCTOSTHUE BBbI-
Boj10B OCOA (OC1A) MukpokoHTpoJuIepa. XapakTep U3MEHEHHsI 3aBUCUT OT OUT
COMOA1- COMOAO (COM1A1- COM1AO0). YnpaBicHrue BbIBOAAMH B 3TOM pe-
KUME aHaJIOTUIHO pexxumy Normal (cm. Ta6i1.3.3);

- COBTIQJICHHUE C PETUCTPOM CpaBHEHHMs B, eciu ero 3HaueHHE HE TPEBBINIACT
3HAUCHUS PETUCTpa A, TaKXKe COMPOBOXKIACTCS BBIPAOOTKOM MPEPHIBAHUS B U3ME-
HenueM coctostaus Beixoga OCOB (OC1B), Ho cueTunk He cOpachIBacTCs.

Huarpammer pexxuma CTC mpencraBnensl Ha puc.3.5. Takwe aumarpaMMbl
MIOJTYYArOTCS TIPY 3aJaHUU PEKHUMa TIEPEKITIOYCHUS CUTHAJIOB Ha BBIBOJAX (OWTHI
yIpaBieHUsl BbIBoJgaMHu cooTBETCTBYIOT 01). Jlerko BUAETH, UTO MEPUOI T'eHEpPa-
IIMU YBEIIMYUBAETCS M0 MEpPEe YBEJIMUEHHUS KOJla B PETUCTpax cpaBHeHUs. Hakion-
Hasl JJMHUS WUTIOCTPUPYET YBEIMYCHHUE KOJIa CUCTUHKA.

Jyist pacyeTa 4acTOThl reHeparuu F ucrnonb3yeTcs: BhIpakeHnue

E— foik
2-N-(1+OCROA)"’
rie  FcLk - TakTOBas 4acTOTa MUKPOKOHTPOJLIEPA,;
N - koadduiuent neneHus npeaaeauTess;
OCROA - ko B peructpe CpaBHEHHUSI.
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YctaHasnueaertca ¢nar
i npepbisaiua OCFOA

P R
*____________
R —

CYETYMK /
TCNTO
BbIBO OCOA

Nepuop, |<—1 — pe——— 22— 3 -»}4—4——»

Puc.3.5. Bpemennbie quarpammel pabotsl B peskume CTC

Pexum nepekniodveHus
COMOA1:0 = 01

Pexxum Fast PWM

Pexum Fast PWM (Fast Puls-Wedth Modulation - GsicTpoaeticTByromIICH
HIUPOTHO-UMIYJICHON Monayisiiuu - LIIMM) ucnons3zyercss uisi peryIupoBaHus
MOIIIHOCTH, BBIIPSIMIICHHUS, IU(PPO-aHATOTOBOTO MPeoOpa3oBaHus U T.1I.

Pexxum xapakTepu3yeTcs CIeIyIONUMHU TPOLIECCaMMU:

- CYETYHMK pabOTaeT B PeKUME CYMMHPOBAHUS 0 TAKTOBOMY CHUTHAIY JI0
MakcuMajabHoro 3HaueHuss $FF. B anprepHaTMBHOM BapuaHTe NpH pexxume No7
caetyrika TO (mpu WGMO02=1) - no 3nauenus perucrpa cpaBHenuss OCROA. B
ATOM PEKHUME 3aMHUCh B PETUCTP CPABHEHUS MPOMCXOAUT TOJBKO MPU JTOCTHIKCHUU
cuetyrikoMm coctostaust $FF. DTo Ha3wiBaercs nBoitHOW Oydepusanmeri 3anucu. B
MIPOTUBHOM CITy4ae MOSBHUIIMCH OBl HECHMMETPUYIHBIC HMITYJILCHI Ha BBIXOJE MOJTY-
asitopa (popMHupoBaTeIst CUTHAIOB, M. puc.3.1);

- mpu nepenosiHeHun (nepexos uepe3 $FF) ycranaBnmmBaercst ¢uiar mepe-
nojgaenus TOVO;

- TIPY PABEHCTBE COJCPKUMOTO CUYETUMKA UM PErUCTpa CpaBHEHHUS YCTaHAB-
muBaetcs diar coBnagenuss OCFOA niu OCFOB;

- TIPY PaBEHCTBE COJCPKUMOTO CUETYHKA W PETUCTPaA CPaBHEHUS eIe Mpo-
WCXOJIUT yMPaBIICHUE BHIBOJAMHU B COOTBETCTBHUH C TaduIei 3.4.
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Tabmanma 3.4

VYnpasnenue BeiBogamu OCOA u OCOB B pexume Fast PWM

COMOA1
(COMOBI)

COMOAO
(COMOBO)

Onucaunue

0

0

Taiimep/cuetynk TO otkmoueH ot BriBoga OCOA (OCOB)

OCOA:

WGMO02 = 0 — Taitmep/cuyeTynk TO otktoueH ot Bbisoga OCOA;

WGMO02 = | — cocTosiH1e BbIBOA2 MEHSIETCS HAa TPOTHBOIOJIOXHOE NPHU pa-
BeHcTBe peructpoB TCNTO u OCROA.

OCoOB:

3ape3epBUPOBAHO

Copacniaercs B 0 npu paBeHcTBe peructpoB TCNTO 1 OCROx. YcraHasin-
BaeTcs B | py JOCTHXKEHUH CYETYNKOM MAKCUMAJILHOTO 3HaUYeHUS (HEUH-
BepTUpoBaHHblit LIUM-curnan)

Ycranapnusaercs B | nipu paBeHctse peructpoB TCNTO u OCROx. Copacsi-
Baetcs B 0 pH JOCTUXEHUH CYETINKOM MAaKCUMAJIbHOTO 3HaueHUs (MHBEp-
THpoBaHHbIi ILIUM-curHan)

Huarpammel curaanoB B pexxume Fast PWM nipencrasiens Ha puc.3.6.

Jlerko BuaeTh, uto nipu cuere a0 $FF yBenmndeHnem koma B perucTpe cpas-
HEHUs YBEJIMYUBACTCS CTETICHb 3aMOIHEHUS eIMHUIIAaMU Teproa renepanuu. [Ipu
HEOOXOJMMOCTH CHUTHAJ Ha BBIXOJIE MOXKHO MPOWHBEPTUPOBATH, TOMEHSB OWTHI

COMOA1- COMOAO ¢ 10 Ha 11.

Peructp .
coBnageHus A !
\

OCROA

YcraHasnusaetca ¢nar
coenageHus OCOA

O6nosnaetca per. OCROA
1 ycTaHasnusaercs dnar
nepenonHennsa 1 OVO

e
- ———

CyeTynk
mwm J Vv VvV |V i VT
TCNTO
OCOA ‘ ‘ ‘ ’ COMOA1:0=10
BeiBoa B YnpasneHue BbiBOAaMM
OCOA [ u COMOA1:0=11

Mepunoa l-—1 ——|<- 2 —-l-—s—-!-—4—+—5—+4—6—+—-7—~|

Puc.3.6. luarpammel curnanoB B pexume Fast PWM
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YacToTa reHepupyeMoro CUTrHaJIa ONPeAeIsIeTCs BIPAXKEHUEM:
F _ fCLK
OCOA — ’
N - 256
rie N - koapduruenT neneHus npeaeauTeNs;
fcLk - TakTOBas YacTOTAa MHUKPOKOHTPOJLICPA.

Pexxum Fast Correct PWM

Pexxum Fast Correct PWM (VM ¢ TouHO#M ha3oif) mpearnouTuTeIbHEH 115
yIpaBICHUS JBUTATENSIMU OJaromaps CHUMMETPHYHOCTH W3MEHEHHUS COCTOSHHS
cdeT4yrka. B aToM pexxuMe peanu3yeMble TpOoIecChl OUeHb MOXO0KU Ha peskuM Fast
PWM, HO ¢ y4eTOM BBITIOJIHEHHSI PEBEPCUBHOIO CUETA!

- CUETYMK CYMMHUPYET OT HYJS O MaKCHMaJIbHOTO 3HAU€HHUS, 3aT€M BBbIUH-
TaeT 70 Hyss. BO3MOXXHOCTh OrpaHUYEHUs] MAKCUMAIBHOTO KOJIa CUETYHKA PEeru-
CTPOM CpaBHEHUS TAK)KE MPUCYTCTBYET;

- mpu gocTwkeHnn koaa $00 popmupyercst daar nepenoarenus TOVO;

- TIPU COBMAJICHUH C PETHCTPOM CpaBHEHUS GpopMupyeTcs (ar COBNAACHUS
OCOA mmu OCOB;

- IPY COBMAJICHUH C PETHCTPOM CPABHEHUS ITPOUCXOIUT U3MEHCHUE CUTHAJIA
Ha BBIXOJE B COOTBETCTBUH ¢ Tabmuieit 3.5.

Tab6anma 3.5
VYmpasnenue BeiBosgamu, OCOA, OCOB B pexxume Fast Correct PWM

COMOA1 | COMOAO

(COMOBI)| (COMOBO) Omucanne

0 0 Taitmep/cuerynk TO otkmioyeH ot BriBoaa OCOA (OCOB)
OCOA:
WGMO0? = 0 — taiimep/cueTunk TO otkimoyeH ot BbiBoga OCOA;

0 1 WGMO02 = | — cocTosiHye BbIBONIa MEHSIETCSA Ha NPOTHBOMOJIOXKHOE MK pa-

BeHcTBe pernctpoB TCNTO 1 OCROA.

OCOB:
3ape3epBMPOBAHO

[ 0 Copacbiaetcs B 0 npu npsiMOM cueTe M yCTaHaBAMBaeTcsl B | mpu o6paTHOM

cyete (HeMHBepTHpoBaHHbIH ILIMM-curxan)

YcraHaBnuBaercs B | npy npsiMoM cyete U cbpacoiBaetcs B ) npu oOpaTHOM
cyete (MHBepTUpOBaHHbIit IIITMUM-curnan)

C ydeTroMm peBepCHBHOIrO cyeTa (3a MEpPHOJl CUETYUK JBa pas3a nepedupaer
CBOM COCTOSIHUSI) YaCTOTa BBIXOJHOTO CUTHaI OyJeT B 2 pa3a MEHbIIE YacTOThI B
pexume Fast PWM:

fCLK

Focos =
OCOA N -512
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buter FOCOA u FOCOB mnpuHyauTenbHO H3MEHSIOT COCTOSIHHUE BBIBOJA
OCOA u OCOB (B pesxumax Normal u CTC). Ipu 3anucu 1 B 3T0T OUT COCTOSTHUE
BBIBOJIa U3MEHsIETCS B COOTBeTCTBHM ¢ ycTtaHOoBkamMu 6utoB COMOA1-COMOADOD.
[IpepbiBanne npu 3TOM He reHepupyercs u copoc taiimepa (B pexxume CTC) He
TIPOU3BOIUTCS.

Jluarpamma curnainoB B pexxume Fast Correct PWM nokazana Ha puc.3.7.

YcraHasnusaerca ¢nar
coBnageHus OCOA
\j \/
O6HoBnAeTCA perucTp
cpaBHeHns OCROA
et et i ¥ —— i -t Ycrawasnusaetcs ¢pnar
Peructp ! ! ! nepenonHexust TOVO
coBnageHust A ¥ i vV v oy E vy
] ] 1
OCROA - L AL . /
1 1
Cuetuk / | N\ Vv ./ [7TK V7 v
TO
TCNTO
Y
OCOA

' '
| I LCOMOA1ZO=10
[ [ comoat:0=11
1
g

i

BeiBoa

Ll
OCOA [
MNepuon ‘4—— 1 =||<

Puc.3.7. Inarpamma curnanos B pexxume Fast Correct PWM

2

Pabora cuetunka T1 ATtiny2313 ananoruuyna cuetunky T0. Ho B Hem pea-
JIM30BaH JIOMOJIHUTEILHO PEXHM 3aXBaTa M UCIOJIb3YIOTCS JBYXOaWTHBIE MOPTHI,
YTO YBEJIMYUBAET JMAMA30H UCIIOIB3yeMbIX KO0B. CTpyKTypHBIe qomoiaHeHus T1
10 CpaBHEHHIO cO cueTYMKOM TO BbIENEHBI KEATHIM I[BETOM Ha puc.3.1.

3anuchk B qByXx0aiiTHbIE perucTpbl cueTunka T1 ocyiecTBisercs 3a 1Ba 00-
pamenusi. CHavasia 3aMUChIBACTCS CTApIIN OAlT, KOTOPBIN coxpaHseTcs B Oyde-
pe. [Ipu 3amucu mnanmero 6alTa MPOUCXOIUT pa3MelieHne TBYX0alTHOTO KO/Ia B
peructp taiimepa. Comepxumoe Oydepa, comepikaiiero Crapimii 0aiT, MOXXHO
WCIIOJIb30BaTh MHOTOKPATHO TPH aJpecanud K MiaameMy OailTy BBIOpaHHOTO
NBYX0aWTHOTO perucTpa.

[Tpu yrenun 16-6MTHOTO perucTpa MpoUecc JOJKEH HAYMHATHCS ¢ MJIaJIIe-
ro Oaiita. [Ipu aToM cTapimii 6aiT 3anucsiBaeTcst B 0ydep, U3 KOTOPOro v mpouc-
XOJIUT YTCHHUE CTapIiero OauTa.

[Ipu oOpanieHuu k 16-OUTHBIM perucTpaM npepbiBaHUs HEOOXOAUMO 3ampe-
TUTh BO U30€KaHUE UBMEHEHUS COCTOSIHUS PETUCTPOB J0 3aBEPILICHUS 0OpaILIEHUS.

YTounuTh neranu padboTel Taiimepa T1 MoxxHO 1o yTeparype [2].
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HcxoaHoe cocToOsiHUE CHETYMKOB 110 YMOJTYAHUIO

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

- YCTPOMCTBA BBIKIIOYECHBI;

- IPEIISTUTENb BBIKIIIOUYEH (CUETUHUK HE paboTaeT);

- BHEIIHUE BBIXObI OTKIIFOUEHBI.

3aoanue 3.2. 3a0anue napamempoe cuenmnoz20 cuzHana

N3yunth mporpaMMHYI0 MOJENb YNPaBICHHUS YacTOM pabOThl TaMepOB-
CUETYHKOB, HAYUUTHCS MPOTPaAaMMHUPOBATh TpeOyeMble mapaMeTpbl TAKTOBBIX CHUT-
HAJIOB CYETYMKOB-TAUMEPOB.

B omueme npeocmasumo:

1. Anpeca u UMeHa PEruCTPOB BBOJIa-BbIBOJA, 00ECIEUMBAIOIINX YIPaBIIC-
HUE NPEIIECITUTENEM;

2. Inana3zoH ko3 PUITMEHTOB JeTIEHUs TTPEAICTUTENS;

3. Ha3znauenue OMTOB PErUCTPOB YIIPABICHUS MIPEAICTUTEINS.

[Ipeanenurens TailiMepoB NpeaHa3HAYeH s (GOPMHUPOBAHUSA TaKTOBBIX
CUTHAJIOB TaliMepOB-CUETYMKOB. (DYHKIMOHAJIbHAS CXE€Ma NpPEIIeIUTeNs Ipea-
ctaBieHa Ha puc.3.8. O0a TaiimMepa HCIONB3YIOT OAMH MPEIACTUTENb, HO YIIpaB-
JISIFOTCSI TAKTOBBIE CUTHAJIBI MHANBUIYATBHO.

o cT
clkyo * 10 pa3spsiaoB
R
© <t w p
PSRx TR OR B B
= L |8 =
) == =z Q
— —° o 4
[&]
ommmmeemmnsas ! 0
TO — Cunxponuzatop |
e
CS00
CS01 MUX
CS02
v

TakToBbiii curHan TO C|k-m

Puc.3.8. ®ynknuonanbHas cxema npegaenutens taitmepoB TO u T1
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VYrpaBieHue npeieuTeNeM 3aKiodaeTcs B 3ajaHuu kodduiuenta aemne-
HUSl TaKTOBOM YacTOTHl KOHTPOJUIEpPA, OCTAHOBKE TalMEpOB, TMEPEKIIOUCHUH Ha
CY4eT BHEIIHUX CHUTHAJIOB. BO3MOXHBIE MCTOYHHUKH CHUTHAJIOB Juis Taiimepa TO
Ha3HavaroTcs ouramu peructpa TCCROB=$33 (puc.3.3) B coorBeTCcTBHHM C Ta0NIH-

neit 3.6. Jlns cuerunka T1 Tabnuiia aHAJIOTHYHAS, HO YIIPABJICHUE OCYIIECTBIIACT-
cst 6utamu B peructpe TCCR1B=$2E (puc.3.4).

Tabmuma 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

Ycranorkoit B 1 6ura PSR10 (Prescaler Reset Timer/Counter) OGriero pe-
ructpa ympasienus taiimepamu/cuerunkamu GTCCR (General Timer/Counter
Control Register) Mo»xHO cOpOCHUTH MPEAACTUTENb B HOJIb.

3aoanue 3.3. Pazpabomka npozpammvl YnpaseieHus cuemuyukamu 6 pe-
aocume Normal

Pa3zpaboTaTh cxeMy ajJropuT™Ma U MporpaMMy B COOTBETCTBHH C MOCIIETYIO-
HIMMU 33JaHUSIMU. BBITOJHUTE TPAHCISAUIO U OTIAAKY mporpammsl. [Ipogemon-
CTpHUpOBATh pabOTy MpOrpamMMbl Ha IMYJISITOpe U B nporpamme Proteus. Ilpencra-
BUTH JJAHHBIE B OTYETE B COOTBETCTBUE C KAXK/IBIM 33JJaHUEM.

B camom o6iieM ciayuae mHMIManu3anus Taiimepa B pekume Normal (B
OCTAJILHBIX PEKUMaX aHAJIOTUYHO) COCTOUT U3 CJICIYIONIUX I1aroB:
- ocranoBka Taiimepa B TCCROB (o0nynenue paspsaor CS00 - CS02):
TCCROB (1<<CS02) | (1<<CS01)| (1<<CS00);
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- 3amanue pexxnma padorel Normal 8 TCCROA u TCCROB 6e3 crapta (00-
nynenue paspsagos WGMO02 . . .WGMO0):
TCCROA & = ~ (1<<WGMO1)| (1<<WGMO00); / /o yMon4yaHuto
TCCROB & = ~ (1<<WGMO02);

- 3ajaHue pexuma padboTbl BbIBOJOB cuetuynka B TCCROA (BBIBOJIBI
COMOA u COMOB), Hanpumep, B pe)KUM "H3MEHEHUE COCTOSIHUS Ha MPOTHBOIIO-
JIOKHOE':

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

- yCTaHOBKa IU(POBBIX MOPTOB 'HA BBIXOJ' [JIs1 MOJKIIOYEHHUS BBIBOJOB
cuerurika OCOA u OCOB (peructpsr DDRB, DDRD):
DDRB |= (1<<PB2) //ana BoiBoga OCOA
DDRD |= (1<<PD5) //ana sbiBoga OCOB;

- ycraHoBKa HadanbHOTO 3HaueHus cueturka TCNTO (TCNTL) mmm peru-
ctpoB cpaBHeHus OCRO (OCRI1):
TCNTO = const; //Wnn OCROA=... OCROB= ...;

- cOpoc (aaros cuerunka-raimepa TO B peructpe TIFR:
TIFR |= (1<<OCFOB)| (1<<TOVO0) | (1<<OCFO0A);

- pa3penieHue npepeiBanui cuetunka-raitmepa T0O B TIMSK:
TIMSK |= (1<<TOIEQ) | (1<<OCIEOB) | (1<<OCIEQA);

- yctaHoBKa npeanenutens cuerunka-raitmepa TO 8 TCCROB, To ecTb cTtapt
TarmMepa:

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

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

3aoanue 3.3.1. I'enepamop cuzcnanos na ocnoge maitmepa T0

3anporpammupoBath cuetuuk T0O B pexkxume Normal ¢ MakcuMallbHOM ya-
ctotoii reHeparuu ¢ Bbixoga OCOA. PexxuM BbIXOJa - M3MEHEHHWE CUTHajla Ha
MPOTHUBONOJIOKHBIN. TakToBasg yactora nmpoieccopa - 4 MI .

B omueme npeocmasumbu:

1. Beipaxenus i pacdyeTa 4acTOThI U TIEPHO/Ia TEHEPaTopa;

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

3. CxeMmy MOJIETMPOBAHUS C UCTIOIB30BaHUEM OcIIIIIorpada;

4. PacueTsl 4acToThl TeHepaluu 1o AaHnaeiM AVR Studio;
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5. Pe3ynbrarel u3MepeHns 4acTOThl U MEPUOJIa TEHEPALMH C TOMOIIBIO OC-
mutorpada. BelBog 0 COOTBETCTBUM JaHHBIX pacueTa U U3MEPEHUS.

3aoaua 3.3.2. VI3MeHUTH NporpaMMy JJis T€HEpallud CUTHAJIOB Ha BBIXOJIaX
OCOA u OCOB co ciaurom Ha 4derBepTh mepuojaa. COXpaHHTh B IpOrpaMme
PEeKHUE HACTPOUKH PETHCTPOB YIIPABIICHUS C TIOMOIIBIO 3HAKOB KOMMEHTAPHEB.

B omueme npeocmasumbo:

1. U3menenus B mporpamMmy 3aaauu 3.3.1.

2. BeipaxxeHus Ui 3a1aHUS pEKUMOB PabOThI CUETUHKA.
3. BoiBoa 0 a30BOM CIBUTE CUTHAJIOB.

3aoaua 3.3.3. YMeHbIUTh B 8 pa3 yacToTy reHepanuu Ha Beixogax OCOA u
OCOB. Jloka3atb ¢akT U3BMEHEHHS YaCTOThI 110 CUTHAJaM Ha ociuiorpade u mna-
pamerpam AVR Studio.

B omueme npeocmasumo:

1. Usmenenus B nporpammy 3agauu 3.3.2.

2. JlanHble pacueTa 4YacTOThl TeHepamuu 1o ngaHHeIM AVR Studio u
HacTpoiikam ocruuiorpada. BeiBos 00 1X COOTBETCTBUMU.

3aoanue 3.4. Pazpabomka npozpammsl YnpaseieHus cUemuyuKkamu 6 pe-
acume CTC

Curnan gomxeH reHepupoBatbes Ha Bbixogax OCOA wmm OCLA. Ileneco-
oOpa3Ho ucnoib3oBath pexum CTC, criennanbHO MpeTHA3HAYCHHBIN 71 TeHepa-
MM CHUTHAJIOB HACcTpamBaeMOW 4acTOThl. Mcrmosib3ys KOHKpPETHBIN BBIOpaHHBIN
CUETUYMK KOHTpOJIIEpa, O00OOCHOBATh BO3MOXKHOCTh W 3alPOrpaMMHUPOBATH KOH-
TpOJUIEp Ha BbIJauy CUTHaja Ha Bbixojzie peructpa A c¢ yactotoil 1 I'u. TakToBas
yacToTa KoHTpouiepa 4 MI'w.

[Ipumep pacdera mapamMeTpoOB HACTPOUKH MPOCKTUPYEMOTO Te€HepaTropa Ha
cuerurike T1 juIs gacToTel 3amaromiero reHeparopa fo k= 8 MI' mist BeIpaOOTKH
CUTHAJIa MPEPBIBAHUSI IO IEPENOTHEHUIO ¢ yacToTou 1 I'1.

Jlnst pacuera cieayeT UCIoab30BaTh CIEAYIOIINE ITAIIbI:

1. KonnyecTBo 3aIl0JIHEHUH CUETUYMKA 3a 1 Cek:

8 000 000 /65536 = 122 pas3;

2. Ecim reHepaTop JM0JDKEH MEePEKITF0YaeTCs BCSIKUM pas 10 MEePeIoTHSHHUIO,

TO NEPEKIIIOUCHUN (MUTAHUI, IEPUOAOB 33 CEKYHAY) MOTYUUTCS:
122 /2 =61 pas;

3. Jns mpubnuxenus k 1 ' He00X0IMMO YMEHBIIIUTHh HCXOAHYIO TAKTOBYIO
4acTOTy mporieccopa B 64 paza. IT0 MOXHO BBITIOJHUTH 3a cUeT KOAP(UIIUCHTA
npegaenutens K=64. [ToaTtomy nomyduTcst 4acToTa:
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61/64=0,954T'L;
4. CoOTBETCTBEHHO, Ui MOJy4YeHHs TOUHO | I'I1 ciileryeT yMEeHbIINTh KOIU-

4eCTBO OTCUYETOB cueTtunka B 0,954 paza:
65536 * 0,954 = 62521,

5. CnenoBarenbHO, €CAU J0 TEPENOJHEHUS CUETYUK JIOJDKEH MOJIYYHUTh

62521 GpoHT TaKTOBOTO CUTHAJIA, TO KO/ MPETyCTaHOBKHU:
65536 - 62521 = 3015 = OBCT7H.

[Ipu nepekiroYeHUr reHepaTopa MO CUTHATYy MPEphIBaHUS MO IMEPENoHe-
HUIO JIJIS1 TIOJTY9eHHST 9acTOTHI nepekimodeHust 1 [’ HeoOxoaumo OyaeT 3TOT KOj
(OBC7H) 3anmceBath B cyetunk T1 kak Ko mpemyctaHOBKH. B oOpaboTumke
MOKHO C 3TOH K€ YaCTOTOU YIPaBJIATh JTIOOBIM BHEITHUM YCTPOUCTBOM (3a 1c Oy-
JIeT BbIJaBaThCs JiBa curHana nepenoyineHus). Kpome toro Ha Beixone OCl1A npu
ycTaHoBKe kojia B peructpe cpaBHeHusi OCRI1A, nanpumep, 0000H taxxe Oyayt
MIPOUCXOIUThH MEPEKIIFOUCHHUS C TOM K€ YaCTOTOM B MOMEHT cOpOca CUETUHKA.

JUis pacuera naHHbiX a1 pexuma CTC B paMkax HCXOJHOTO 3aJaHHUs
HEOOXOJMMO Y4€eCTb, YTO YHUCIIO TAKTOB JI0 cOpoca Ompeneisercss KoJOM B peru-
ctpe cpaBHeHMs. [10ATOMY MOJyyeHHBIN P pacyeTe KoJl He0OXOIUMO MPOCTO 3a-
HECTH B PErHCTP CPAaBHEHUS. 3allOJIHEHUE CUeTUYHMKa OyAeT MPOUCXOAUTH OT HyJIS
710 3HAYEHUs pETUCTPA CPABHEHHUSI, 3aTEM CHOBA C HYJISL.

Kpome Toro npm mHnnmpanmsanuu 16-pa3psaHbIX PErUCTPOB CIECAYET Y4YH-
THIBATh MOPSAJIOK 3alUCH M YTEHUS MJIAIIETO U cTapuiero oaira.

[IpoBepky pacueroB cieayeT MPOBOAWTH MO AaHHBIM mpoieccopa B AVR
Studio. M3mepennst 4acToThl MO JAaHHBIM ocLuIorpada B CUCTEME MOJEIUPOBa-
HUS OyAYyT UCKaXKEHbI U3-3a YPE3MEPHOU HAarpy3KH Mpoliieccopa.

B omueme npeocmasumo:

1. Pacuets! nmst mosry4eHus: HEOOXOIUMOM YaCTOTHI;
2. IIporpammy 1Jis1 MUKPOKOHTpOJUIEpa Ha si3bike C;
3. Jloka3arenbcTBa NPaBUIIBHOCTH PACUETOB.

3aoanue 3.5. Pazpabomka npozpammsl ynpaeneHus cYemyukamu 6 pe-
acume PWM.

3anporpammupoBath cyetTuuk T0 B pexume Fast PWM ¢ makcumanbHoi
yactoToi reHepanuu ¢ Beixoga OCOA. JlnurenbHOCTh eAMHUYHOTO curHana - 50%
nepuoja. TakroBasa yactora npoueccopa - 4 MI'w. [locne oTiiaaku v MoATBEPKe-
Hus pesyibTaToB Ha Bbixosne OCOA3zamporpamMmmupoBaTh (hOpMUPOBAHKE CUTHAJA
Ha Bbixozie OCOB ¢ 3amonnenuem 20% u cpaBHUTH pe3yibTaThl B cpefie Proteus.
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B omueme npeocmasumo:

1. BeipackeHus 11 pacdyeTa 4acTOThI U MEPUOJia TeHepaTopa JJIs JBYX BbI-
XOJIOB,

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

3. PacueTsl yacToThl reHepanuu 1o ganasiM AVR Studio.

4. JlnarpaMMy MOJICTHPOBAHUSI C UCIIOJIB30BaHUEM ocIuiuiorpada;

5. Pe3ynbTaThl M13MEpEHU YAaCTOTHI U MEPUOJA TEHEPALUH C MOMOIIBIO OC-
rusutorpada. BeiBo 0 COOTBETCTBUY JaHHBIX pacueTa U U3MEPEHUSI.

3aoanue 3.6. bezywue ocnu (3adeprcka maimepom 06e3 UCNONb306AHUA
npepuvleanuii)

[Ipoananu3upoBaTh MPEACTaBICHHYIO Nporpammy. I[Ipu oTcyrcTBUM 3ame-
YaHUW MOJYYUTh KOJ JJISI IPOrPaMMUPOBAHUS MHUKPOKOHTpoJuiepa. CMoaenupo-
BaTh paboTy Oerymux orueut B mporpamme Proteus. [Ipu HeBo3MoxkHOCTH HAOIIO-
nath 3Q@eKxT Oerynmx orHel BBISBUTH MPUYMHY U MPEUIOKUTH CIIOCOOBI yCTpa-
HEHMSI ITOTO 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 nepekayamens
{ // Cosue enpaso
rab = 0b100000000; // 3anucb Ha4YanbHO20 3HAYEHUA
while (rab!=0)

{
PORTB=rab"OxFF; // 3anuce a nopm ¢ uHsepcuel
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 3a1auy;

2. IIpensioxeHrs M0 yCOBEPIIEHCTBOBAHUIO CXEMBI,
3. Cxemy ycTpoiicTBa B mporpamme Proteus.

Bonpocwt ona camokonmpona

Kakoe HazHaueHre UMEIOT TaiMephl/CUeTYUKU?

Kakue agpeca 3aHMMaIOT TOPTHI CYETYUKOB KOHTpOJLIEepa?

Kakue peructpsl ynpaBisitoT CUETYUKAMU ?

Kakue pexxuMbl MOXKHO 33/1aTh CUETUUKAM?

KakoBa TunoBas nporpamMmHasi MOAEIb CYETYUKOB?

Kak ocymiecTBisieTcss MHUIIMATU3AINS CTeKa Ha SI3bIKE acceMOepa U SI3bIKe
C?

Kakoe cocTosiHe UMEIOT PerucTphl BBOJIa-BbIBOAA CUCTUNKOB?

Kakune pexxuMbl 1 KaKOBO MCXOJHOE€ COCTOSIHUE CUETYHMKOB IMOCIEC KOMAaHIbI

RESET?



58

9. Ilouemy BMecTO TpOrpaMMHOTO (POPMHUPOBAHUS BPEMEHHOTO HHTEpPBAJIa
HCITOJIb3YIOT aBTOHOMHBINA CYETUUK?

10.Kakumu ciocobaMu MOKHO U3MEHUTH YaCTOTY MEPEIOJHEHHS CUETYMKOB?

11. lokaxkute, yto Ha cueTunke TO nmoctpouts reHeparop 1 I'1 HEBO3MOXKHO.

12.B kakoM city4yae BbIpaOaThIBA€TCSl CUTHAJI CPaBHEHUS ¢ peructpom B cueT-
yuka B pexxume CTC?



59

4. ACCJEJJOBAHME NNPEPBIBAHUI MUKPOKOHTPOJLJIEPA

geﬂb.‘

1. YriyOutsb 1 3aKpenuTh TEOPETUUECKUE 3HAHUS TI0 MPUHIIUIIAM OpTraHHU3a-
LAY NIPEPBIBAHUN CIIENUATIN3UPOBAHHBIX KOHTPOJUIEPOB;

2. IIpuoOpecTn NpakTUUECKUE HABBIKA CAMOCTOSATEIBHOTIO HCIOJIb30BAaHUS
IIPEPBIBAHUN JUJIS1 PELLICHUS 3a1aY;

3. CoBepIlIeHCTBOBATh HABBIKK aHaNM3a, 0000IEHUSI U CUCTEeMaTH3alluH T10-
JYYEHHBIX pe3yJbTaTOB, HABBIKU COCTABIICHUS U O(POPMIICHUSI OTYETHBIX MaTepHa-
JIOB, HAaBBIKA TOYHOTO Y JIAKOHWUYHOT'O MPEACTABICHUS JTOKJIAA0B Ha BOIIPOCHI TE€X-
HUYECKOT0 Xapakrepa.

Yyeonwvie eonpocoi:

4.1. Opranuzanus npepeiBanuii B AVR MukpokoHTposuiepax;
4.2. icniosib30BaHUE BHEITHUX MPEPHIBAHUIM;
4.3. cnionib30BaHUE MPEPhIBAHUN CYETUUKOB.

JJumepamypa 0,151 n0020MOEKU K 3AHAMUIO

1. benoB A.B. Co3zmaem ycTpoiicTBa Ha MHKpOKOHTpoyuiepax. - CII6.:
Hayka u rexnuka, 2007. - 304 c.

2. Erctudeer A.B. Muxpokontpomiepsl AVR cemeiictBa Tiny. PykoBo-
CTBO Tosib3oBartels. - M.: M3natensckuit nom Jlomrka-XXI, 2007. - 432c.

3. PeBuu HO.B. Ilpaktuyeckoe mnporpaMMUpOBaHHE MUKPOKOHTPOJUIEPOB
Atmel AVR nHa s3weike accemOmepa. CII6.: BXB-IlerepGypr, 2011. -
352c.

4. EropoB A.A. u np. [IporpammupoBanre MUKPOKOHTPOJIEPOB CEMENCTBA

AVR. VYueOHo-meroguueckoe mnocodoue. - M.: UzgmarensctBo MAU,
2004. - 72c.

Cooepocanue omuema

1. Ha3Banue paboThI.

2. Ha3Banue kaxaoro y4eOHOro BOMpOCa M KPaTKUW KOHCIIEKT B 00beMe
MPAKTUYECKUX 3aJaHUI TIO BOIIPOCY.

Bonpocwt 013 nod2omogku K 3anamuio

Uto Ha3bIBaeTCs MpepbIBAHUEM?

Hctounuku npepbiBaHu?

Uto Ha3bIBAETCS KOHTEKCTOM IIPU OCYILECTBICHUU MTPEPHIBAHUA?
Urto Takoe Macka npepbiBaHusa? C Kakod UEIbI0 UCIOIb3YEeTCs?
Uto Ha3bIBAETCS MPUOPUTETOM MPEPHIBAHUI?

Kaxkune npeppIBaHNs UCIIONB3YIOTCS B COBPEMEHHBIX DBM?
DTanbl MEXaHU3Ma MPEepPhIBAHMUS.

NogabkowbdE

AKmyaabHoCcnb 3aHamus
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MUKpOKOHTpOJUIEp paboTaeT B PEeKUME PEaTbHOTO BpEeMEHU. ITO TpeOyeT
peanu3anuy TOYHBIX BPEMEHHBIX MHTEPBAJIOB, MPU 3TOM pPEAIM3ALUS UX JOJKHA
OCYHIECTBIATHCS 0€3 JOMOJHUTENBHOU 3arpy3ku mpoieccopa. Kpome Toro akry-
aNbHBIMU SIBJIAIOTCA 3aJ1a4M T€HEpPAllMi CUTHAJIOB ITPOU3BOJIBHONW YaCTOThI, CUTHA-
JIOB IIUPOTHO-UMITYJILCHON Moayismnuu, ocymectBiaeHus ALl u [TAIT npeobpa-
30BaHUl U T.1. Bce 3Tn 3a1aun peniaroT BCTPOEHHBIE TaHMEPbI-CUETUHKHU.

3aoanue 4.1. Opranm3zanus npepsiBannii B AVR MmukpokonTposiepax

N3yuuTh opraHuzanuio npepsiBaHuil B MUKpokoHTposuiepax AVR, cocras
POTPAMMHBIX CPEACTB Juisi yrpasieHus npepbBanusvu MKK ATtiny2313, cro-
COOBI TTOJTyYEHHUs CIIPABOYHON WH(OPMAIIUH.

B oTtyete npenctaButh:

1. Pazmernienue u CTpyKTypy TabJIUIIbI BEKTOPOB MPEPhIBAaHUMH;

2. CrocoObl opranu3aiuu npepbiBaHuil Ha si3bike accemoiiepa u C B Buje
MPUMEPOB MPOTPaAMM;

3. CoctaB perucTpoB s yrpasieHus npepsiBannsamu B MKK ATtiny2313;

4. IlyTh ¢ MaKpOpACIIMPEHUIO C OMMCaHeM BeKTOpoB npepriBanuit MKK.

Ha3nauyeHue u MmexaHu3M peajusanuu npepbiBanuii AVR

[IpepsiBanue (Interrupt) — curHan, CBUAETENbCTBYIONINI O HACTYIJIEHUHU Ka-
KOro-nmuo0 coObITus. [Ipy 3TOM BBINOJHEHUE TEKYIIEH MOCIEI0BATEIbHOCTH KO-
MaHJ TPUOCTAHABIMBACTCSA, M YIpaBJICHHE Mepemaacrcs mpoieaype oopaboTKu
npepbiBanus (00pabOTUYMKY), COOTBETCTBYIOIIECH AaHHOMY coOwiTHio. [locie 3a-
BepIIeHUsT 00paboTuMKa WCIOJHEHHE KOJa MPOAOKACTCS ¢ KOMaHIbl, KOTopas
SABIIIETCS CICIYOIIEH MTOCII€ TOM, HA KOTOPOU MPOMU30IILIO TPEPHIBAHUE.

[IpeppiBaHUs MO3BOJISIIOT OPraHMU30BaTh U CUHXPOHU3UPOBATH MapaJlIeIbHO
(0THOBpEMEHHO) MPOTEKAIOLIUE MPOLIECCHI.

JIist peanu3anuy AaHHOW JIOTMKKA paOOThl MPOLIECCOP BBIMOJIHSET CIEHYIO-
A€ ACUCTBHUS:

1. Tlo curnany mpepbiBaHUS MPOLIECCOP anmapaTHO 3alpeiiaeT Bce Mpepbl-
BaHus (cOpackiBaeT riodanbHbii daar I B peructpe coctosinuss SREG) u coxpans-
€T B CTEKE aJpec CIEeAYIolIed KOMaHIbl. AJlpec Cilenyroued KOMaHbl Onpeaens-
€TCsl KaK CyMMa TEKYILETr0 COCTOSIHUIO CUETYMKA KOMAaH/]I TUTIOC JIJTMHA MOCTIeHEN
KOMaH/Ibl, Ha KOTOPOW MPOM30ILIO MpephiBaHue. JIoKanbHBINA (ar, BHI3BABIINAN
pepbIBaHUe, JOJKEH OBITH COPOIICH MPOTPAMMHO B 00pa0OTUMKE MPEPHIBAHUS;

2. B cyeTunK KOMaHJ 3arpy»aercsl aJipec BEKTOpa MpEepbIBaHUS, COOTBET-
CTBYIOIINI JTaHHOMY COOBITHIO. Bce cOOBITHSI, BBI3BIBAIOIINE TPEPHIBAHUS, UMEIOT
CBOU YHUKAJIbHBIM U HEU3MEHHBIN ajjpec B TaOIHIle BEKTOPOB. Bekmopom npepuoi-
6aHUA HA3BIBAIOT KOJ B Ta0JMIIE BEKTOPOB, KOTOPHIN 3aKPEIUICH 3a JaHHBIM COOBI-
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THeM (3TO (PUKCHpPOBAHHASI CTPOKA MPOTPAMMHON 00IACTH, OMPEAeIsoNnIasi, Ky1a
nepexoauT MporpaMma B ciiydyae BOSHUKHOBEHUs mpepwiBanus). [1o atomy anpecy,
KaK MpaBWJIO, HAXOAUTCS KOMaHa 0e3yc/l08H020 nepexoda K noonpozpamme oo-
paboTku mpepbiBaHus (00pabOTUMKY). AJpeca BEKTOPOB MPEPHIBAHUM JJIST MUKPO-
koHTposuiepa ATtiny2313 npuBenens! B Tadnuie 4.1. Becero B 3ToM KOHTpoJuiepe
19 npepriBanuii. [IpepsiBanue ¢ Homepom 0 ocoboe, oHO He uMeeT (ara, He MO-
KeT ObITh MACKUPOBAHO. YPOBEHb MPUOPUTETA YMEHBILIAETCSA MO MEpe yBeIude-
HUS aJjpeca pa3MeIIeHHs BEKTOpa MPephIBAaHUS.

Tabmuna 4.1
[pepsiBanus mukpokoHTpoiniepa ATtiny2313
Howep Anpec Hcrounnk Onucanue npeppiBaHUS
BEKTOpa | Tmepexona

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

1 0x0001 | INTO BHemnuii 3ampoc Ha mOpepbIBaHUE
o Bxony INTO

2 0x0002 | INT1 BHemHuii 3ampoc Ha mpepbIBaHUE
o Bxoxay INTI

3 0x0003 | TIMER1_CAPTI [IpepbiBaHMe 1O 3axBary Taiime-
pa/cuetunka 1

4 0x0004 | TIMER1_COMPA | IlpeppiBanue MO COBMAACHHUIO Taii-
Mepa/cyerunka 1, kanan A(1=? B f)

5 0x0005 | TIMER1_OVF1 [IpeppiBaHHE TI0 MEPEMOTHEHUIO
TaliMepa/cueTunka |

6 0x0006 | TIMERO_OVFO [IpeppiBaHHE TI0 MEPETOTHEHUIO
tariMepa/cuetunka 0

7 0x0007 | UART_RX USART, npuem 3aBepiiieH

8 0x0008 | UART_UDRE USART, Gydep naHHbpIX mycT

9 0x0009 |UART_TX USART, nepenaua 3aBepiieHa

10 0x000A | ANA_COMP [IpepbiBaHME OT aHAJIOrOBOTO KOM-
naparopa

11 0x000B | PCINT IIpepbiBaHuE 10 U3MEHEHUIO HA JIIO-
OOM U3 BBIBOJOB*

12 0x000C | TIMER1_COMPB | IlpepbiBanue MO COBMHAJCHHUIO Taii-
Mepa/cuetunkal, kanan B*

13 0x000D | TIMERO_COMPA | IIpepbiBaHu€e MO COBHAJACHHUIO Taii-
Mepa/cuetunkal, kaHaim A*

14 0x000E | TIMERO_COMPB | IlpepsiBanue 1O COBNAJICHUIO Tai-
Mepa/cuerunka 0,kanan B*

15 O0x000F | USI_START [IpepriBanne mo USI. ['oTroBHOCTH K
cTapry™
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16 0x0010 | USI_OVERFLOW | IIpepwiBanue mo USI, Ilepemnonne-
HuEe™*

17 0x0011 | EE READY I'otoBHOCTH EEPROM

18 0x0012 | WDT_OVERFLOW | [IepenosHeHne oxpaHHOTO TaiMepa

MMeHa mipepbIBaHUM M Pa3IMIHBIX KOHCTAHT MOXKHO YTOYHHTH B 3aroJio-
BOYHOM (paitile manHoro wmwukpokontposuiepa (C:\Program Files\Atmel\AVR
Tools\AVR Toolchain\avrinclude\avnio2313.h).

ViMeH BEKTOPOB MOXET OBITh HECKOJIBKO, HO CIIEIaHO 3TO HCKIIOYUTEIIHHO
JUISI COBMECTUMOCTH B Pa3HBIX BEPCHIX KOMITUIISITOPOB.

3. 3aHeceHneM ajjpeca BEKTOpa MPEPHIBAHUS B CUETUNK KOMAH] (PaKTUUYECKU
3aKaHYMBACTCS BBINOJHEHUE aIIAPATHBIX JEWCTBUM IMpOLECCOpa HA CUTHAI Mpe-
peiBanus. Ha nene 3To o3Havaer, 4To cienyromie KoMaHa0i Oy1eT BBITOJIHATHCS
KOMaH/1a, CoJIeprKalasicsi B TaOJIUIE BEKTOPOB IO aJpecy, 3aKPEINIEHHOMY 33 3TUM
coObITHEM (HOMEPOM): O€3yCIOBHBIN IMepexo] K MOoANporpaMMe oOpabOTKU JaH-
HOT'O IIPEPBHIBAHUS;

4. Ilopnporpamma 00paOOTKK mpephiBaHUs (00paOOTUMK) BBIMOJIHSIET BCE
HEO0OXOIMMbIE KOMaH/AbI JIJISl CBEPIUMBIIETOCS COOBITHS M 3aKAHUMBAETCS KOMaH-
JIOW BBIXOJIa M3 MOJIPOrpaMMbl oOpadoTunka mpepsiBanuss RETI - RETurn from
Interrupt. I1o 3Toi1 KOMaH € BOCCTaHABIMBAETCS O0ILEE pa3pelleHue Ha MTpephIBa-
Hus (¢uar I peructpa SREG ycranaBimmBaetcst B 1), 1 BepXHUE TaHHBIE CTEKa 3a-
HOCSITCSL B CUETUMK KOMaHA. Eciy cTek He HapylleH, TO TaM JOJDKEH HaXOAUTHCS
azipec BO3BpaTa U3 MOJNpPOrpaMMbl 00paboTku mpepbiBaHus. [loaTtomy 3T nei-
CTBUSI SKBUBAJICHTHBI IIepeadye yIpaBiIeHUsI HA KOMaHIy, KOTOpas SIBJIETCA Clie-
JYIOILEN MOCJE TOW, HA KOTOPOU MPEPBIBAaHUE MTPOU30LLIO. BBIIOJIHEHUE 3TOM KO-
MaH/Ipl 3aHUMAaeT yeThlpe TakTa. [locne BbIxoaa U3 npepsIBaHus IpOLEccop BCErIa
BBITNOJIHAET OHY KOMaHAy OCHOBHOM MpOrpamMMbl, IPEKIe 4eM 00CITyKHUTh JIt000e
OTJI0’KEHHOE MIPEPhIBaHHUE.

Oco0eHHOCTH KOHCTPYMPOBAHUS 00PA0OTYNKOB

Hacrtymnuienne npepbiBaHus B TPOU3BOJIBHBIE MOMEHT BPEMEHU OTPEEIISIET,
4TO JII000W 00pabOTYMK HE MOKET NMPUHUMATh U TMepeaaBaTh KaKUX-TuOo mapa-
MeTpoB. [IpocTo MoTOMY, YTO MOMEHT MpPEPHIBAHUS CIyYacH U COOBITHE, BbI3BAB-
11ee NpephIBaHUE, TAKKE HEU3BECTHO 3apaHeEe.

BHyTpr 00paboTymnka mpepbIBaHUS MOKHO IIPOTPAMMHO pa3pelinTh WU 3a-
npeTuTh 00IIee npepriBanme. st aToro coorBerctBenno komanmoit SEI (Set En-
able Interrupt) ycranoButh 1 Bo ¢urar o0miero npepbiBaHus npepbiBanus 1 peru-
ctpa cocrosiuss SREG unm nporpamMmHo 3anpeTtuth npepbeiBanus komanmon CLI
(CLear Interrupt) - ourictutsb, T.¢. cOpocuts B 0 aar 1. Ha si3pike C 3TH KOMaHIbI
COOTBETCTBEHHO 3amuchiBatoTcs B Buje Makpoca Sei() mim cli(). Makpockr mpocto
MOJICTABAT B MCXOJHBIM TEKCT COOTBETCTBYIOIIYIO acceMOJiepHyto komaHmy. Ho
IIPU 3TOM, Pa3pelInB MPEPHIBAHMS, MOXKHO MOJTYYHTh BJIOKCHHBIC MPEPHIBAHUS C
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HEIPEJICKa3yeMbIMU TOCIEICTBUSIMU WM pa3pylieHue creka. [losromy moms3o-
BaTbCS 3TUM CIIEIyeT C SICHBIM ITOHMMAaHHWEM ITOCIICJCTBHIA. B 4acTHOCTH, MOHM-
Masl, 4TO 3ampemias MmpepbIBaHus, 3aKjIaJbIBacM 3alla3bIBaHHEe B 00pabOTKE BO3-
MO>KHBIX MPEPBIBAHKM, 110 KpaliHel Mepe, 10 OKOHYAHUS BBITOTHSIOIIET0CsS 00pa-
OOTYHKA.

Jlpyrue npeppiBaHMs HEe OTepsitoTes. Bee mocnenyroniye npepuiBaHus, Ko-
TOpbIE MOTYT MOCTYIIUTH BO BpeMs BBIMOJIHEHUS 00paboTuMKa U TJI00ambHOTO 3a-
npera o0padOTKU MpepbIiBaHUM, ycTaHOBAT cBou ¢uiaru. [locne paspemenust 06-
[IETO TPEPBHIBAHUS OHU CTEHEPUPYIOT CBOU MpepbiBaHus U OynyT oOpaboTaHbI.
O6paboTka ocyiiecTBisieTcs no npuoputety. [lepBeiM oOpabaTkiBaeTcsi TO mpe-
pBIBaHUE, Yell BEKTOP MEHBIIIE 10 ajipecy, Oimxke K Hauary namsaTi. Eciu 3a Bpems
3anpera MoCTYyMUIO HECKOJIBKO MTPEPhIBAHUNA OT OJJHOTO UCTOYHHKA, TO 00paboTKa
IIPOU30UJIET, ECTECTBEHHO, TOJIBKO OJMH pa3. Ouepeau OJMHAKOBBIX IPEpbIBaHUN
HE IIPEyCMOTPEHBI.

[Ipu BO3HMKHOBEHUM TMPEPHIBAHUSI YCTaHABIMBAETCS (hjiar, COOTBETCTBYIO-
il 3ToMy coObITHIO (ero OuT ycranaBinuBaetcs B 1). [Ipu 3amycke nmoamporpam-
MbI 00paOOTKH MIpepbIBaHUs OH ammapaTtHo cOpackiBaeTcst 0 uist hukcanuu mnocie-
nyomux coObituil. Ilpoecpammno copocums paaz 6 oL MOIHCHO, 3anUCAB 6 He-
20 1. Hmenno 1!!!

Ecnu mpepeiBaHnMe OpOU30WMIET B CISIIIEM PEXKUME MHKPOKOHTPOJLIEpA
(sleep mode), To BpeMst peakiiuu TOMUMO OOBIYHBIX YETHIPEX TAKTOB YBEINYHBA-

€TCsl ellle Ha YeThIpe TaKTa, IUIIOC BpeMs, 3ajiokeHHoe BO (pto3 Outax SUTI u
SUTO (Start-Up Time).

MoMeHT oCTYIIIeHUs TIpepbiBanus Heu3BecTeH. [loaTomMy BCe, UTO UCIIONb-
30BaJIOCh B MPEPBAHHOM MPOIIECCE JAOKHO OBITh 00513aTETLHO COXPAHEHO MOCTe
3aBepiieHus oopaborunka. s 3Toro B Hadase oO0paboTYMKa MOCIIEI0BATEIIBHO
coxpansitor B creke (komanga PUSH) peructp cocrosinuss SREG u Bce te peru-
CTpbI, KOTOPBIC 3aJIeiCTBOBAaHbI B 00padoTuunke. [lepes 3aBepiienremM oopaboTun-
Ka B 00OpaTHOM TOPSIJIKE UX BOCCTaHABIMBAIOT (komanaa POP).

[IpepbiBaHMs OTBIIEKAIOT MPOLIECCOP W OJIOKUPYIOT IpYrue MpepbiBaHUs.
[ToaToMy 00paOOTUYMKHU TOJKHBI OBITh MAaKCUMalIbHO KOPOTKMMHU U OBICTPBIMH.
Bce npyrue qimMHHBIE POIIETYPHI TOJKHBI BEITOTHATHCS B (HOHOBOM pekume. [1o-
ATOMY MPU HEOOXOAUMOCTH 00pabOTKM MAaCCUBOB JIAHHBIX CIIETyeT 00paboTUYMKOM
coxpaHuth OaHHbIe B Oydepe, a 00pabOTKy OCYIIECTBISATH 3a Mpeaenamu obpa-
0oT4HKa.

[IpepbiBaHUs] TPOUCXOAAT B MPOU3BOJIbHBI MOMEHT BPEMEHU U 3aBUCST OT
aBTOHOMHO MPOTEKAIOIINX MPOLIECCOB, a PE3YAbTAT UX PadOTHI €Ile U OT MOMEHTa
BO3HUKHOBEHUS B OCHOBHOM KoJie. 110 3Tol npuunHe HEKOPPEKTHO OPraHU30BaH-
HBI€ MTPEPHIBAaHUS MOTYT HOCUTh XapakTep cO0eB U OUEHb TPYAHO MOIIABATHCS JAH-
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arHoctupoBanuio. [loaToOMy Bce, 4TO CBSI3aHO C NPEPHIBAHUSAMH JOJHKHO OBITH
U3YYEHO IITyOOKO U OUY€Hb KOHKPETHO.

Tabauua BeKTOPOB NpepbIBAHU I

TaOnuia BeKTOpOB mpepbIBaHUN (YHOPSAOUYEHHBIN 10 MPUOPUTETY CIUCOK
BEKTOPOB IpepbIBaHuil) pacnonaraercs ¢ aapeca 0x00 obiacTu naMsTH MPOrpaMM.
OH He cThpaeTcs Npyu NPONaJaHuU TUTAHUS.

Anpecyemasi CTpoka B NMPOTpaMMHON 0OJacTU TpelcTaBieHa 2-O0alTHBIM
cioBoM. B cemerictBe ATtiny cTpoka BeKTOpa MpepbIBaHUs 3aHUMaeT 2 OaiiTa, a B
cemeiictBe Mega 3anumartot 4 6aiita. C yuetom storo st ATtiny2313 mporpamMm-
HBIM KOJI MOET BBIIVISIIETH CAEAYIOIIUM 00pa3oMm:

.include "tn2313def.inc"

.cseg
.org0

rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp
rimp

y Be16op cermenta ko108 (FLASH)

; YKazarenb Tekyuiero agpeca PC
Reset ; BaemHuit copoc
INT_O ; Baemnui 3anpoc o Bxoxy INTO
INT_1 ; BHemHui 3anpoc no Bxoay INT1
Timerl_captl ; 3axBat TaiiMepa/cueTunka I
Timerl_compA ; CoBnazieHuto Taitmepa/cueturka 1 kanam A
Timerl_OVF1 ; lepenonnenue Taitmepa/cyerurka 1
TimerO_OVFO ; llepenonuenue taitmepa/cuetunka 0
UART_RX ; USART, npuewm 3aBepiieH
UART_UDRE ; USART, Oydep maHHbIX MyCT
UART_TX ; USART, nepenaua 3aBepuieHa
ANA_COMP ; AHaJIOrOBBIM KOMIapaTop
PCINT ; I3MeneHne Ha 11000M U3 BEIBOJOB™
Timerl_compB ; CoBmagenuro T1, xkanan B*
TimerO_compA » CoBnagenuro TO, kanan A*
TimerO_compB » CoBnagenuro TO, kanan B*
USI_START ; USIL I'otoBHOCTB K cTapTy™
USI_OVERFLOW ; USI, Ilepenonnenue™
EE_READY ; T'otoBHOCTE EEPROM
WDT_ OVERFLOW ; [lepenoyiHEHHE CTOPOKEBOTO TamiMepa

[IpepoiBanne Reset (COpoc), B OTIMYKE OT BCEX OCTaNbHBIX, HEJb3s 3arpe-
TUTh. Takue npepwiBanus emie HasbiBatoT HeMackupyemMbIMUNMI (Non-maskable
Interrupts). DTo npepbIBaHKE BBI3BIBACTCS MATHIO COOBITUSIMHU:
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- BktoueHue nutanus (Power-on Reset). MUKpPOKOHTPOJIIEP HAaXOAUTCS B
COCTOSIHUU cOpoca, MoKa HampsHDKeHUE MUTaHUSI HAXOAUTCS HUXKE TTOPOTOBOTO 3HA-
yenust VPOT;

- BHemHU# copoc (External Reset). MukpokoHTpouiep HaXOIUTCS B COCTO-
sHuK cOpoca, moka Ha BbiBoJ RESET nonan Hu3kuit ypoBeHb;

- IepenojgHeHue cropoxkeBoro Taitmepa (Watchdog Reset). MukpokoHTpoi-
Jep cOpachIBaeTCsl 4yepe3 HEKOTOPBIN MEPHOJl BPEMEHHU, 3aIaHHbIA B CTOPOKEBOM
TanMepe;

- moHKkeHue Hanpspkenus: (Brown-Out Reset). MukpokoHTposuiep cOpachl-
BaeTcs, korjga HanpstkeHue nutanus VCC omyckaeTcsi HHKe MOPOroBOro 3Haye-
Hust VBOT u xorna Brown-Out 1eTeKkTop BKIIIOYEH;

- JTAG c6poc. MUKPOKOHTPOJIIEP HAXOAUTCS B COCTOSIHUM cOpoca, TToKa B
oIHOOUTHOM peructpe Reset Register HaxonuTcst 3HaUCHUE JTOTUUECKON €TMHUIIBI.
Hcnonb3yeTcs npu nporpaMMUApPOBaHUH.

Ecnu ucnonb3yroTcst HEe BCe MpepbhIBaHUs, TO B Ta0/IMIlE BEKTOPOB BMECTO
KOMaH/I OTHOCUTeNbHOTro mepexona rjmp METKA nns BceX HEUCIONb3YEeMbIX
IpephIBaHUIT 3aMMCHIBACTCS KOMaH/a BbIX0/ia U3 00padoTruunka reti. B atom ciryuae
CO3/1al0TCS TaK Ha3bIBaeMble 3ariylIKu: oOpalieHue K TaOJulle BEKTOPOB MPOUC-
XOJHUT, a TaM Cpa3y BBIMOJHAETCS BBIXOJ U3 00paboTunKa, YTO 00eCIeunBaeT pea-
JIM3aLAI0 BCET0 MEXaHU3Ma 00pabOTKHU MPEPBIBAHUS, HO 1O (PAKTYy HUYETO HE MpPOo-
UCXOJUT (BBIMOJHAETCS MyCTOM 00pabOTUHK).

boisiee xoMmakTHas 3aMKUCh MOXET MOJYYUTHCS MPU UCIOJb30BAHUU TICEB-
JIOKOMaHJbI ykazaTens Tekymiero aapeca ORG. C ero momoribio 3a1aercst aapec B
Ta0JKIle BEKTOPOB JJIsl UCIOJIb3YEMOr0 NMPEpPhIBaHUS U ONpPEAEIsAeTCS Havaao aj-
PECOB KOJIOB OCHOBHOM ITPOIPaMMBbI:

.CSeg ; Be16op cermenTta xomoB (FLASH)

.org 0 ; Ykazarenb Tekymiero ajapeca PC

rimp Reset ; BHemrnwmii cOpoc

.org 2 , Ykazanwue agpeca INT_1

; AJIbTepHATUBHBIN BapUaHT yKa3aHUS aapeca

, .org INT1addr Anpec BuemHero INT 1

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

rimp INT_1 ; BHemHwmit 3anpoc mo Bxoxy INT1
.org INT_VECTORS_SIZE , Kower Ta0iuiibl mpepbiBaHU

; Mt ATtuny2313 = 0x0013

INT_1: , Obpabotumk INT_1
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reti

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

; MTHULManu3amus BHemHero npepeiBanus INT1 mo nepeanemy GpoHTy

Idi R17, (1<<ISC011)|(1<<ISC10) ; Kox 0x0C

out MCUCR, R17

Idi  R16, (1<<INTF1) ; Ouuncrka (aroB BHEII. IpepbIBAHUI
out EIFR, R16

Idi R16, 1<<INT1 , paspenienue Brenr. mpep.INT1
out GIMSK, R16 ; Kom 0x80
sei , ['mo6anbHOE pa3pelieHne npephiB.
forever: nop , [lycras xomanaa (N0 operation)
rimp forever ; BeckOHEUYHBIN LUK

Jlerko 3amMeTUTh, 4TO OOPaOOTYMKHY MIPEPHIBAHUN PACIOJIararoTcs 3a TalIu-
el BEKTOpoB. B caMoOM HU3Y pa3Melnnaercs CeKIMs WHUIMATU3AIN 1 OCHOBHOE
TEJIO MPOTPaMMBI.

B ucxonnom cocrosunn MKK (rocie RESET) Bce npepbiBaHus 3aMpeiiieHbl
(out I peructpa SREG paBen 0) - rinobanbHbIi 3anper. Kpome Toro, 3amnperieHbl
BCE€ MPEPhIBaHUS HA JIOKAIIBHOM YPOBHE - cOpolieHbl B ) Bce OMThI MACKH KaXKJI0TO
npepbIBaHUs WHIUBUAYAJIbHO. Pa3penieHue mpepbiBaHUN OCYIIECTBISIETCS WHJM-
BUyaJdbHO. Takue paspelieHus: Ha TI00adTbHOM U JIOKAJIbHOM YPOBHSIX CJIEIYET
nenatb nporpammHo. IIpumep Ttakoro pazpemenust qist INT1 mpencraBieH B
MpEeAbIIYIIEM BaprUaHTE TPOTPAMMBL.

Opranuszanus npepbiBaHuii Ha si3bike C
JIJisi McrioNb30BaHUsl MPEPhIBAHUN HEOOXOIUMO TMOAKIIOYUTH OHOINOTEKY
MPEPHIBAHUN C MOMOIIBIO MaKPOCOB, B KOTOPBIX OMUCAHBI TIOPTHI M BCE BEKTOPHI

MIPEPHIBAHUN:

#include <avr/io.h>
#include <avr/interrupt.h>
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[Mporeaypa 0OpabOTKK MPEPHIBAHUSA HE MOYKET HHUYETO MPUHUMATH B Kade-
CTBE apryMEHTa, a TAK)Ke HE MOYKET HUYEro BO3BpAIlaTh. ITO CBSI3aHO C TEM, YTO
BCe mpepbiBaHus B AVR acHHXpOHHBIC, a HCTOUYHMKM M NMPUEMHUKH TaHHBIX HE
U3BeCTHBI. KpoMe TOoro, 3To cokpariaeT BpeMst 00pabOTKH MPpEephIBaHHUS.

[Tpouenypsl 06pabotunkoB npepeiBanuii B AVR Studio (AVR GCC), 005b-
SBJISIFOTCS TIE€PEJl OCHOBHOM MPOrPaMMOM C HCIIOJIb30BAHUEM MaKpOOIPEICICHHUS
ISR (Interrupt Service Routine - 06paboT4YvK pephIBaHAN ):

ISR (<umsi BeKTOpa ripepbiBaHus_vect>)

{
;

/*kon 00padoTynKa mpepbIBaHus */

KaxxmoMy mnpephlBaHMIO COOTBETCTBYET BEKTOpP MpepbiBaHus. Hampumep,
00paboTYHK MpEephIBaHMS 110 COBIAJCHUIO 3HAUCHUS TaiiMepa cO 3HAaUCHUEM PETH-
ctpa OCRIA Oynetr uMeTh CIAeAyIONUi BUI:

ISR (TIMER1_COMPA_vect)
{

;

Ecnu ucnonb3yeTcsi HECKOJIBKO 00paOOTYMKOB C OJJHUM KOJOM, TO MOKHO
COCJIaThCA Ha OJIHY U Ty e NpoLeaypy o0pabOoTKH NpephIBaHU:

/ *Kkon obpaborunka*/

ISR(INTO_vect)
{

}
ISR(INT1_vect, ISR_ALIASOF(INTO_vect));

// O6paboTunk

Tabauya eexkmopos cmpoumcsa KOMRUIAMOPOM camocmoamenvho. He-
UCITIOJIb3yEeMbl€ BEKTOPHI YaCTO 3aIMOJHSIOTCSA 1o ajpecy BekTtopa RESET. IToato-
My CiIy4ailHble BBI30BBl HECYIIECTBYIOUIETO MPEPHIBAHUS MNPUBOAUT K cOpoCy
MKK.

bonpmumHCTBO CH-KOMIUIIATOPOB CAMOCTOSITEIHHO BBIYUCIISIOT 3aHSTHIC B
00pabOTUMKE PErucTphl U Mepe HauajaoM U 3aBEPIICHUEM BBIMOJIHEHHS Tella Mpo-
1eaypbl 00pabOTKU TpEphIBAaHUS BCTABISIOT JOMOJHUTENBHBIC "MOAIPOrPaMMbI
COXpaHEHUs/BOCCTAaHOBIIEHUS perucTpoB’” obmiero HaznadeHnus (POH) u peructpa
cocrosinug (SREQ).

[IporpamMmMHO ympaBieHHE TI00aJbHBIM MPEPHIBAHUEM OCYIIECTBISIETCS C
oMol MakpocoB Sei() - pasperntsb u Cli() - 3anperuts. JlokanbHbIC IPEepbIBa-
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HUS YIIPaBJISIIOTCS, KaK U Ha acceMOiepe, ¢ MOMOIIBIO 3aliCH OMTOB B PETHCTPHI
MAaCKU IIPEPBIBAHUN COOTBETCTBYIOIUX UCTOYHUKOB.

IIporpaMmmHuasi MoJeJib KOHTPOJLJIepa JJsl yIPaBJIeHUs] NPePbIBAHUSIMHU

Paspemienne/3anpenieHie MpepblBaHU B KOHTPOJIEPE OCYIIECTBISETCS
r7106anpHO myTeM ycTaHoBKU B 1/0 pmara o61iero pasperieHus npepuiBaHuil - OuT
| - Interrupt Peructpa cocrosuuss SREG (puc.4.1). Manunyisiiiuu BBITOJIHSIETCS
komaHgamu sei/Cli, a Taxke JOKambHBIM (MHIMBUIYATbHBIM) pa3pelieHu-
em/3arpelieHueM myTeM ycTaHoBKU 1/0 B OUT MacKku COOTBETCTBYIOLIETO UCTOY-
HUKa IPEPBIBAaHUN.

Kpome Toro, cOpoc KOHKPETHOTO JOKAJIBHOTO U TJI00AJIBHOTO pa3perieHui
OCYILECTBIISIETCS aNlapaTHO MPU BbI30BE KOHKPETHOTO MpEPhIBaHUs, a 3aT€M all-
HapaTHO paspeliaercs rio0aibHOe IPEephIBAHUE IIPU BBIXOJE U3 00paboTUHKA.

SREG=%3F Pervuctp cocToaHuA
7 6 ] 4 3 2 1 0
I T H 5] 1 N Z C
Oblwee Xpaxe- | lNonoeuH dnar MNepenon | OTpuuyar dnar dnar
paspewe HWe HbIA 3HaKa HEHWE eneHoe HYnA nepeHo-
HWe Konwvpye | nepeHoc QOMNONHY | 3Haye- ca
npepeiBa MOro TENLHOro HWe
HWIA GuTa Koda

Puc.4.1. Peructp cocrosiuus SREG - Status Register

i1 ynpasJieHus NPpepbIBAHUAMHU TalilMEPOB HCIIOJIb3YIOTCS PETUCTPHI:

- perucTp Macku npepriBaHuit ot cuetunkoB TIMSK u
- peructp ¢uaros npepbiBanuii ot cuetyrkoB 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 ynpaBiieHus npepbiBanusiMu cueTyukoB T0 u T1

HcTouHuKamMu MpephIBaHUI OT CYETYNKOB MOTYT OBIT:

- nepenosineHure cuerunka TO u T1 (paar TOV - Timer/Counter Overflow
Flag u pa3spemenune npepsiBanus TOIE - Timer/Counter Overflow Interrupt Ena-
ble);

- COBIIaJICHUE KoJia cueTyrka ¢ peructpoM A u B cuerunkoB TO u T1 (ciar
OCF - Output Compare Flag u paspemenue npepoiBanus OCIE - Output Com-
pare Interrupt Enable);

- 3axBaTt TaiiMepa cuetunka T1 (puar TICF - Timer/Counter Input Compare
Flag u paspemenue npepeiBanus TICIE - Timer/Counter Input Compare Interrupt
Enable). Ocymectsisiercs 3To npepeiBanne 1Mo CUTHATY BHYTPEHHETO KOMIIapaTo-
pa miu BHemmHero curnaia cuetanka |CP - Input Capture Pin.

/i1 ynpasJieHHsl BHEIIHMMHU NPEPbIBAHUAMU HCIIOJIb3YIOTCS PETUCTPHI:

- 00mmii peructp Mmacku npepsiBanuiit GIMSK u
- peructp ¢uaros BHemHux npepbiBanuii EIFR (puc.4.3);
- peructp coctosiaust Mukpokontposiepa MCUCR (puc.4.4).

HcrounrkaMy BHEITHUX MPEPHIBAHUIN MOTYT OBITh:

- curHanel Ha Bxojax BHemHUX mnpepbiBanuid INTO u INTL (pmar INTF -
Interrupt Flag u paspemenue npepsiBanust INT - Interrupt). Tum aktuBHOTO CHr-
HaJla Ha ATHX BXxojax ompenensercs outamu peructpa MCUCR (cm. puc.4.4),
KOMOMHAITMK KOTOPBIX MPUBEICHBI B TabuIe 4.2;

- CUTHAJIBI U3MeHeHus1 coctostaus BbBo0B ((hiar PCIF - Pin Change Inter-
rupt Flag u paspemenue npepsiBanus PCIE - Pin Change Interrupt Enable).
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GIMSK=$3B O6wwun pernctp MACKW npepbiBaHuin
General Interrupt Mask Register
7 6 5 4 3 2 1 0
INT1 INTO PCIE
PaspeweHne | PaspeweHne | PaspeleHune
BHELUHero BHELUHEro npepbiBaHNsA
npepblBaHUA | npepbiBaHWA no
INT1 INTO WN3MEHeHUIo
BolBogoe O
EIFR=%3A Peructp ®JIAFOB BHelHMX NpepbiBaHWUIA
External Interrupt Flag Register
7 6 5 4 3 2 1 0
INTF1 INTFO PCIF
®nar dnar ®nar
BHELLHero BHELLHero npepblBaHUs
npepeiBaHns | npepblBaHns no
INTA1 INTO N3MeHeH1o
BbIBOJOB

Puc.4.3. Peructpsl ynpapiieHHe BHEIIHUMU MTPEPHIBAHUSIMU

MCUCR=$35 O0wWuii perncTp ynpaeneHns MUKPOKOHTponepa
MCU Control Register
7 6 5 4 3 2 1 0
- - - - ISC11 ISC10 ISCO1 ISCO0
YcnoemaA reHepaunm | Ycnoena reHepayun
BHELLUHero BHELLHEro
npepeieaHnsa INT1 npepbieaHna INTO

Puc.4.4. O6muii perucTp ynpaBieHUs MUKPOKOHTPOJIEPOM

Tabana 4.2
TuIbl aKTUBHBIX CUTHAJIOB JIJIsl TEHEPAIlK BHEITHUX MPEePhIBAaHUIN

bur Onucanue

OnpenensioT ycnosue reHepaiuy BHewHuX npepbiBanuit INTO u INTI
clenyolum obpa3om:

ISCn1{1SCn0 Yenosue

ISCOL:ISCO0 | ¢ 0 | Io HU3KOMY yposHio Ha BbiBoge INTn
ISCI1:ISC10

0 1 | ITpu moboM u3MeHeHHH curHana Ha Bbisoge INTh
1 0 | ITo cnapalonieMy ppoHTy curHana Ha BbiBoge INTn
1 1 | ITo HapacTaloweMy ppoHTy curHana Ha Bbipoae INTn

ISC - Interrupt Sense Control - ynpasieHne 4yBCTBUTEIBHOCTHIO.

W3meHneHue curHajioB i (GOpMUpPOBaHMS TpepbIBaHUM (uUKcHpyeTcs Ha
BXO0JIaX, COBHAJAIOUIMX C MOPTOM B MUKpOKOHTposiepa. OTH CHTHAjdbl MOTYT
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suuii BIBoJoB PCMSK (puc.4.5), u He popmupoBarh npepbiBaHusl.

PCMSK=$20 Peructp MACKW npepbiBaHUin No N3MEHEHUK COCTOSAHUIA BbIBOOOB
Pin Change Mask Register

7 6 5 4 3 2 1 0
PCINT7 | PCINT6 | PCINTS | PCINT4 | PCINT3 | PCINT2 | PCINT1 | PCINTO
Paspewe | Paspewe | Paspewe | Paspewe | Paspewe | Paspewe | Paspelwe | Paspele

Hue Hue HWe Hue Hue Hue Hue HVe
npepblBa | NpepbiBa | NpepbiBa | NpepbiBa | NpepbiBa | NpepbiBa | NpepbiBa | Npepbiea
HWS No HWS Mo HKS no HMA No HUS No HWS no HWS No HWS no

W3MeHeH | u3MeHeH | 3MeHeH | M3MeHeH | U3MeHEH | U3MEeHeH | M3MeHeH | W3MeHeH
1o cocT. | mo cocT. | uo cocT. | no cocT. | UK CcocT. | UK CoCcT. | MK COCT. | MK COCT.

Puc.4.5. Peructp Macku npepblBaHUMN 10 U3MEHEHUIO COCTOSIHUI BBIBOJIOB

[Mpu namuuuu equannbl B paspsge PCINTx (Pin Change Interrupt) usmene-
HHUE COCTOSIHMSI Ha BXOJIC JIJIsl 3TOT0 OMTA BBI30OBET IPEPhIBAHME.

BHerHue npephIBaHus TEHEPUPYIOTCS AaXKe MPH KOH(PUTYPHUPOBAHUU COOT-
BETCTBYIOIIMX BBIBOJOB Ha BBIXOJ. DTO JaCT BO3MOXXHOCTh T€HEPHPOBATH MPEPHI-
BaHUS MMPOrPaMMHO. BBIBOIBI MEKPOKOHTpOJIICpA MPEACTaBICHBI Ha prc.4.6.

(RESET/aw) PA2 if 1 20 vee
(RXD) PDO } 2 19 |0 PB7 (UCSK/SCK/PCINT7)
(TXD) PD1 }3 18 |o PB6 (MISO/DO/PCINTS)
(XTAL2) PA1 T} 4 17 |D PB5 (MOSI/DI/SDA/PCINTS)
(XTAL1) PAO O} 5 16 |0 PB4 (OC1B/PCINT4)
(CKOUT/XCK/INTO) PD2 .} 6 15 [P PB3 (OC1A/PCINT3)
(INT1) PD3C} 7 14 P PB2 (OCOA/PCINT2)
(T0) PD4 } 8 130 PB1 (AIN1/PCINT1)
(OCOB/T1)PD5 [} 9 12 |2 PBO (AINO/PCINTO)
GNDC]10  11|DPD6(ICP)
DIP/SOIC

Puc.4.6. BoiBogsl MukpokonTpoiiepa ATtiny2313

3aoanue 4.2. Hcnonvzoeanue 6HeutHUX npepuleanuil
3aoanue 4.2.1. 3arcuzanue u 2awmenue c6emoouooa KHORKoul

HaxxaTneM KHONKM HEOOXOJIMMO 3aKUTaTh, a CAEAYIOIMIMM Ha)KaTHEM T'acHUTh
ceeroano. OIMHOYHBIM Ha)XaTUEM CUMTAETCS HAKATHE KHONKH C MOCIEAYIOIINM
ormyckanuem. g puKcaly HaxaTusi KHOTIKK MCIOJIb30BaTh npepbiBanue INTI1.
OHO 1OJIKHO M3MEHUTH (pJ1ar, 1Mo 3HaYEHUSIM KOTOPOIO JOJDKEH BKIFOYATHCS U BbI-
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KITt0UaThes cBetoauo . dar momkeH OBITh 3a/1aH TII00abHO. Paspsia nis ympas-
JICHUS CBETOAMOJIOM BBIOPATh CAaMOCTOSITEIIBHO.

[Ipoananu3upoBaTh MpEACTaBICHHYIO Iporpammy. [Ipu oTcyTcTBHMU 3aMme-
YaHUW TOJYYUTh KOJ JJIi IPOTpaMMHMPOBAHHUS MUKPOKOHTPOJUIEpA U MPOBEPHUTH
ero paboty B oTiaauuke. CMoAeIpoBaTh pabOTy KHOIIKH B Iporpamme Proteus.

Ecnu cxema pabortaer HenpaBWIbHO, TO 10pad0TaTh TaK, YTOOBI 3aKUTAHUE
W TOracaHue CBETOJMOJa IMPOUCXOJUIIO IO 3agHeMy (poHTy, GopmupyemMomy
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<<PBO0); // Bkntouaem PBO
else

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

}



73

B omueme npeocmasumbo:

1. AITOpUTM U pOrpaMMy pelieHUs 3a4a4u;

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

3aoanue 4.2.2. 3axncuzanue u cawienue c6emoouooa pazHvimu KHORKAMU

Pa3paboTaTe 1 0TJIaIUTh IPOrpaMMy, KOTOpasi MO3BOJISET BKIOYATh CBETO-
JIAOJT OJJHOW KHOIIKOMW, a TaCUTh - APyrou. JlJisi MOJKIIOUEHUsI KHOMOK HCHOJIb30-
Batb BHemiHue npepbiBanus INTO, INT1. PaGoty nporpammel mpoBepuTh B Mpo-
rpammMme Proteus.

B omueme npeocmasumo:

1. AITOpUTM U MpOrpaMMy peIIeHUs 3aa4u;

2. IlpenyoxeHus Mo yCOBEPIICHCTBOBAHUIO CXEMBI;

3. DnekTpudeckyo cxemy B Proteus (mopaborath cxemy u3 3aaanus 4.2.1).

3aoanue 4.3. Hcnonv3oeanue npepovleanuil cuemuuKkos
3aoanue 4.3.1. Ilpepvieanue cuemuuka no cO6naAdeHuU0

Hanucate nporpamMmy, obecrneunBarolyl0 MUTaHUE CBETOAMOJIOM C YacTO-
ToM 11’1 ¢ UCTIOJIB30BaHUEM NIPEPHIBAHUM CYETYMKA MO COBHAJACHUIO perucrpa A.
Pexxum cuetunka - Normal. CoOGpats cxemy B Proteus u ybenutbest B ee paboTo-
criocobHocTH. TakToBast yactoTa npoieccopa 4 MI.

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

JIns mepuoja npepbiBaHus no coBnaaeHuio 500 Mc TaliMep MOIy4YUT 3HAUE-
Hue: 500Mc/16Mrc=31250, unu 0x7A12. ITO 4KCIO BMOJHE JOMYCTUMO i 16-
OMTHOIO perucTpa.

Otnaguth cxemy. YBEJIMYUTh NEPUOA MHUTaHUA A0 lc. 3aMepuTh MEepUo. C
MOMOIIBIO oclriorpada u cpaBHUTH ¢ pacueTHbIMHU AaHHBIMU AVR Studio. I1po-
BEpPUTH pabOTy MPOrpaMMbI C 00paAOOTUHKOM:

[IepBruHBIN BapuaHT IPOTPAMMBI:

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

{
TCNT1=0; //O6HyneHne cyeTymKa

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

else
PORTB|=(1<<PB0);

}

int main(void) //OcHOBHas nporpamma
{

DDRB=0xFF;

PORTB=0;

OCR1A=0x7A12; //Kop coBnageHusa B pernctpe A
TIMSK1=(1<<OCIE1A); //Pa3pelmTb No cOBNaaeHUIo
TCCR1B=(1<<CS11)]/(1<<CS10) ;MNpepaenntens: K=64

sei(); //TnobanbHoe paspeleHne NpepbiBaHNM

while(1);
}

B omueme npeocmaeumsu:

1. CxeMy MOJKIIIOUEHUS CBETOINO/IA;

2. PacueTHbie COOTHOIIEHUS /TS ieproa 1 cek;

3. CxeMy aJiropuT™Ma MporpaMmai;

4. OTKOPPEKTUPOBAHHBIN TEKCT IPOTPAMMbBI C KOMMEHTAPHUSIMH.

3aoanue 4.3.2. I'enepauyusn IHIUM c nomowbio maiimepa

Pazpabotath U OTIaauTh IpOrpaMMy U CXeMy, 00€CTIEUMBAIOIINX IIJIaBHOE
M3MEHEHUE SIPKOCTHM TOPEHMS CBETOAMOJA. VICMOJb30BaTh PEXKUM IIUPOTHO-
uMnyabcHor moayssinuu (LLMM) Fast PWM.

[IpoBeputh paboTy IpOrpaMmbl B OTJIAIUUKE U TIporpamme Proteus.

VYyects, uro IIIMM xapakrepusyercs koddduimenToM 3anoanenus D (Be-
TudrHa 00patHast D Ha3bIBaeTCS CKBAXKHOCTHIO):

D=1
r
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B BeIpakeHuu t - BpeMs 3anoiHEHUs B rpaHulie nepuoja T.
HeiicTBytonee Hanpspkenue (wiu cpeanee) Ucp curHana npsiMo mpomnopiu-
OHAJILHO KO3 (UIIMEHTY 3aM0THEHUS U aMIUIUTYAHOMY 3HaueHut0 U 4y,

Ucp= D*UAM.

Ecnu Tako#t curnan moaath Ha (GUIBTP HU3KHX YacTOT, TO MOJTYIUTCS aHa-
JIOTOBBIM CUTHAJI, BEIMYMHA KOTOPOTO MPOIMOPIIMOHATLHA BEIMYNHE 3aTIOTHEHUS.
DTO MPOCTOM cIOCO0 MOTYUYEHHUs aHATIOTOBOTO curHana, nmpocreimmii [{AIL.

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 npepbisaHuli

TIMSK1=(1<<OCIE1A); //pa3pewaem npepsis. Mo cO8NAOEHUIO KaHaAa 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 LLNM
TCCROB=(1<<CS00); //3anyckaem matimep 0
sei(); //paspewaem npepbieaHus
while(1); //0anbwe rnpouyecc udem Ha npPepsIBAHUAX U

//annapamyom LLINMe

B atoii mporpamme ucnonsiyercs Mmakpoc Stdint.h. B Hem o0bsiBIIeHBI HEKO-
TOPBIE THUIIBI JAHHBIX C IBHO BBIPAXKEHHOU Pa3psIHOCTHIO:

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 ONHCAHMS NOBBILIAIOT YUTAEMOCTh KOJAA, TAPAHTUPYIOT IEPEHOCUMOCTD
KoJa JUIsl APYTMX MUKPOKOHTPOJUIEPOB, MHOTAA COKpAIllaloT HAallMCaHUE MpHU 00b-
SBJICHUU NepeMeHHbIX. HO mpruMeHeHue 3Toro MakpopacllupeHus He 00s3aTeb-
HO.

Monaudukarop volatile o3Hauaer, 4To0 KOMIUIATOPY 3aNMpeInacTcss ONTUMU-
3MpOBaTh JAHHYIO MEPEMEHHYI0. DTO JienaeT paboTy KOMMWIATOpa MpeacKasye-
Moi. [{ns mpenoTBpaleHusi paboThl ONTUMHU3ATOPA MO OTHOIIEHHUIO KO BCEU Mpo-
rpaMMe MOKHO TTOCTaBUTh YPOBEHb onTHUMH3AIiK -0S B CBOMCTBAaX MPOEKTA.

B omueme npeocmasumas:

1. CxeMy MOIKJIIOUEHHS CBETOMOMA (€CM CXeMa HE COBIMANACT C MPE/bI-
JYIIMMA CXEMaMH);

2. PacueTHbIC COOTHOIICHHMS T Tieproa 1 cek;

3. OTKOPPEKTUPOBAHHBIN TEKCT MPOTPAMMBI ¢ KOMMEHTAPHSIMH.

4. PacdeTsl JJ1s1 ONpe/IeIICHUsT BPEMEHH MTOJIHOTO 3arOpPaHUs U MOTracaHusl.

Bonpocwt ona camokonmponn

1. Kakue aapeca 3aHMMAarOT MOPThHI BBOJIa-BbIBOJA YIPABIEHUS MPEpPbIBAHUS-
MuU?

Ha3oBurte ocHOBHBIE HCTOYHUKH NpepbiBaHui 11t MKK.

Kakwue npepbiBanust umerotcs s cueryrikoB B MKK ATtiny2313?
Ha3naueHnne Macku npepbIBaHUN CYETUUKOB?

KakuMy kOMaH1aMy pa3peiaroTcs ¥ 3alpeiatoTcs IPEpbIBaHNsA?

C kakoil 1esIbI0 3aIpeatoTcs MPEPbIBAHUS?

Uk wn



77

~

Yrto cocTaBisieT KOHTEKCT mporecca?

8. Kak coxpanuth koHTeKCT? C KaKOW LEIbI0 €ro COXPaHIIOT?

9. Ipemnoxute anroput™ HGOPMUPOBAHUS ATUTEIHHOU 3aI€PKKU C TOMOIIBIO
TaiiMepoB?

10.TTouemy TaitmMepbl CAaMOCTOSITEIBHO HE MOTYT OPraHU30BaTh MUHYTHOM 3a-
JIePKKU?

11. Kakoe MakpopacIIMpeHre UCTIONb3YeTCs i1 paboThI C MPEephIBAHUSIMU Ha
sa3bike C?

12.Kak HamucaTh 00paboTuuk Ha si3bike C?

13. YUro npencrasisier cobo0il peakivs MUKPOKOHTPOJUIEpA Ha CUTHAII TIPEPHhI-
BaHUs?

14.Kakum 00pa3zoM mporieccop 3aBepiaeT BbIoHeHrne 00padoTunka? Urto
IIPU OTOM BBITIOJIHSIETCS?

15. Kakum 00pa3oM ¢ MOMOIIBI0 TaliMepa OpraHU30BaTh 33JACPIKKY OOJIBIION
JUTUTEIIbHOCTH (HampuMep, MUHYTHI)?

16. Kakue HaCTpONKH BBITIOJHSIIOTCS JUIsl OPTaHU3aIuU TIPEPhIBAHUN?

17. Kakyto poJib BBIOJHSIOT (hJIard mpephIBaHU?

18. Kak omnpezensieTcsi IpUOPUTET MPEPHIBAHUI MUKPOKOHTpOJLIEpa?

19. Kak MOKHO YTOYHHUTH 3ape3epBUPOBAHHBIC UMEHA 00PaOOTYUKOB;

20. Yrto HYXHO c/ienath, YTO0bI 00pa0OTUUK HE BBHIMOIHSIICS?

21. CKOJIBKO SIYE€EK TMaMSATH 3aHUMAaeT Ta0IuIa BEKTOPOB?

22.Kaxk monro cymecTByeT (ar mpepbsIBaHus?

23. KakoBa peakiisi KOHTpoJIIepa Ha HECKOJIBKO MPEPhIBAaHUN OJTHOTO 00bEKTa
110 X 00paboTKu?

24. TIpu KaKuX yCIOBHIX MOTYT 00pa30BaThCs BIOKEHHBIC TIPEPhIBAHUS?

25. Kak MOXHO OpraHM30BaTh MPOTPAMMHEIE IPEPHIBAHUS?

26. C xako# 1eiblo MpeayCMOTPEH 3aXBaT Taiimepa?

27.Kak oCyIecTBISICTCS MHUIMATN3AIMS TaOJIHUIBI BEKTOPOB IIPEPhIBAaHUM
CYETYHKOB?

28.Hactpoiiky Kakux perucTpoB He0OX0AUMO MTPOU3BECTHU ISl pa3peIeHuUs
MpEphIBAaHUN OT TaliMep/CUeTIYNKOB?

29.MOXHO T OTMEHHUTH OYEPE/Ib TPEPHIBAHUIA?

30.Ucxomast U3 4ero ornpeaenseTcs 04epeIHOCTh 00pabOTKK MpephIBaHUM MpU
BO3HMKHOBEHUHW HECKOJIBKHUX MPEPHIBAHUI OJTHOBPEMEHHO?

31.Kakue npepbiBaHusi MOTYT ObITh YTpaueHbI MTOCJIE Pa3pelICHUs OSBICHUS ?

32.Kakoii peructp mpenHasHaueH A7 TI00aTbHOTO pa3pelieHHs)/3ampeneHus
IIpepbIBaHUA?

33.Kakue perucTpbl HCIOIB3YIOTCS JJIS YIIPABICHUS MTPEPHIBAHUSIMHU CUCTYH-
KOB?

34.Kakue perucTpbl HCTIOIB3YIOTCS JIJISl YIIPABICHUS BHEIIIHUMHU MPEPHIBAHU -
Mu?

35.Uem paznuuaroTcs MeXTy cOO0# BHEITHUE MPEPhIBAHUS?



