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CPEJACTBA PA3PABOTKH MUKPOCUCTEM HA
MHUKPOKOHTPOJIJIEPAX AVR

1 Hean paGoTsl

N3ydeHne OCHOB apXUTEKTYphl MUKPOKOHTPOJLICPOB CEPHUH
AVR u 06a30BBIX cpeACTB pa3pabOTKH W OTIAIKH IPOTPaMMHOTO
obecrniedeHusI.

2 Kparkue cBeieHHs1 0 MUKPOKOHTpoJLIepax AVR

2.1 O61mue 0co6eHHOCTH MUKPOKOHTpOJLIIepoB AVR

MukpokoHTposuiepsl ceprur AVR BBITyCKaroTcs KOMIIaHUEH

Atmel ¢ 1997 roga. Hassanue mpoucxoaut ot Alf-Egil Bogen u

Vegard Wollen +RISC. Ha apxutekrype AVR 6aszupyrorcst Tpu

ceMmeiicTBa KkoHTpoiuiepoB: "tiny", 'classic" u "mega". Onu

OTJIMYAIOTCS 00BEMOM MAaMSITH, COCTABOM NepU(EepHIHBIX YCTPOHCTB

Ha KpHUCTAJUIE, KOJIMYECTBOM IOPTOB BBOJA BBIBOJA, KOJMYECTBOM

BBIBOJIOB  KOPITYCOB, TPENCIbHBIMA  TAaKTOBBIMH  Y4aCTOTaMH.

00001méHHas CTPYKTYypHast cxema MHUKPOKOHTPOJUIEPOB

npeJicTaBIeHa Ha pucyHKe 1.

OrmeTnM Kiro4yeBbie ocobeHnocTH miatdopmbel AVR 8-bit RISC.

e CkopocrHas RISC-apxutektypa [I'apBapickoro Tuma ¢ 32
perucTpaMu 0o01Iero Ha3HAYCHUSI.

e Flash-nmamsre mporpaMm, KoTopasi MOXKET OBbITh 3arpy’KeHa Kak C
MOMOIIBI0 TApaJUIEIBHOTO MPOTPaMMaTOpa, TaK U C TOMOIIBIO
SPIl-uaTepdeiica (Tp€xmpoBoaHOI MOCTIeI0BATENbHBIN
uHTEpdeiic), B TOM YKcIie HEITOCPEICTBEHHO Ha IIEJIEBOMH TIaTe He
meHee 1000 pa3. Tlpm stom oOecnieueHa (QyHKIIMOHATbHAS
coBMecTuMocTh AVR ¢ 06bemMom mamsiT mporpamMm ot 1 go 128
KOaiit.
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Pucynoxk 1- CtpykrypHas cxemMa MUKpOKOHTpoJuiepoB AVR.

EEPROM-sHeprone3aBucuMasl  JIEKTPHUYECKH  CTUpaeMast
namsiTh JUISL XPAaHEHUsT MPOMEXYTOUHBIX IAaHHBIX, Pa3IMYHBIX
KOHCTaHT, TabIUI] MEPEKOTUPOBOK, KaJTHOPOBOYHBIX
KO3(QQHULIMEHTOB € YMCIOM LHUKIOB II€PE3alluCH - HE MeHee
100000.

Buytpennss oneparuBHas naMate RAM y Bcex AVR cemelict
"classic" 1 "mega" u y HEKOTOPBIX KPHCTAIIIOB ceMeiicTBa "tiny",
c BO3MOXHOCTBIO MOIKITIOYEHHS JUTSL HEKOTOPBIX
MUKPOKOHTPOJUIEPOB BHEITHEW MaMATH JaHHBIX 00beMoM 110 64K.

Baxneiimas cocraBisiomas  MHKpoKoHTpoiuiepoB AVR - -
aKTHBHO pa3BHBaIOIasics epudepusi, OTCICKUBAIOIIAS MUPOBbIC
TpeOOBaHUs K COBPEMEHHBIM MUKPOKOHTPOJIEPaM.

Cropoxesoit (WATCHDOG) TaiiMep mnpeaHazHaueH yis
3alIUTHl MHUKPOKOHTpOJUIEpa OT cboeB B mpouecce padborsl. OH
nMeeT cBOil coOctBeHHBII RC-reHepatop, pabortaromuii Ha
gacrore 1 MI'n. Ota yacToTa sBiIsIeTCSI NPUOIMKEHHON 1 3aBUCHT
OpeXxae BCEro  OT  BEJIMYMHBI  HANPSDKEHWS — MUATaHUA
MHKpPOKOHTpoJuiepa u oT Ttemmeparypbl. WATCHDOG-taiimep
CHA0’XEH CBOMM COOCTBEHHBIM IIPEICITUTENIEM BXOTHOU 9aCTOTHI



C MPOrpaMMHUPYEMBIM KO3(pPHUIIMEHTOM JETeHHsI, 9TO TTO3BOJISET
MOJICTpauBaTh BPEMEHHOW MHTEpBajl IMEpENojHEeHus Taiimepa u
copoca mukpokouTpoiuiepa. WATCHDOG-Taiimep MOXeT OBITh
OTKJIIIOYEH MpPOrpaMMHBIM  00pa3oM BO BpeMs  PadOTHI
MUKPOKOHTPOJIEpPA KaK B aKTUBHOM PEXHME, TaK U B JIIOOOM 13
PEXMMOB TIOHM)KEHHOTO »JHepromorpebneHus. B mocnemnem
cly4ae 3TO NPHUBOAMT K  3HAYUTEIBHOMY  CHIKECHUIO
OTpeOIIEMOTo TOKA.

MuxkpokonTtpouiepsl AVR mMmeroT B cBoeM cocraBe oT 1 mo 4
TaiiMepoB/cyeTunKoB o0mero HasHauenus (Timer Counters) c
paspagHocThio 8 mnu 16 OUT, KOTOpbIE MOTYT paboTaTh M Kak
TaiiMepbl OT BHYTPEHHETO MCTOYHHKA OMOPHOW YacCTOTHI, U Kak
CUYETUYNKHN BHEUTHUX COOBITHI C BHEIIHMM TaKTHpOBaHHEM. Bce
TaMepBl/CUETINKA UMEIOT TPOrpaMMHUpyEeMBbIe NpeAIeTUTeIH
BXOJHOM HYacTOTBl C Pa3IMYHBIMU TpajallisMH KO3 QUIreHTa
neneHusi. OTIMYUTENBHOM 4YepTOW SBISETCA BO3MOXHOCTb
paboThl TaliMEepOB/CUETYNKOB HAa OCHOBHOW TAaKTOBOH YacTOTE
MHUKPOKOHTpoJIIepa 0e3 MpeaBapuTeIbHOTO €€ TMOHMKCHUS, YTO
CYIIECTBEHHO TIOBBINIAET TOYHOCTh TEHEPalliid BpPEMEHHBIX
uHTepBanoB  cucteMbl. OHH  MOryT  (DYHKIIMOHHPOBATH
HE3aBHCHMO OT pexuma paboThl MPOIECCOPHOTO  sapa
MUKPOKOHTpoJIIepa (T.e. OHW MOTYT OBITh KaK CUMTaHbI, TaK H
3arpy’kKeHpl HOBBIM 3HaueHHeM B Jto0oe Bpems). Jlomyckaercs
paboTa OT BHYTPEHHETO0 HCTOYHHMKA OMOPHOM YacTOThI, WIH B
KadecTBE CYeT4YMKa coObITHI. BepxHuil dYacTOTHBIM mOpoOr
OTpesieNieH B OTOM cllydae KaK IOJOBHHA OCHOBHOHM TaKTOBOI
4acTOTHl MHKPOKOHTpoJuiepa. BbiOop mepemama BHEIIHETO
HcTOYHUKA (PPOHT WM cpe3) MporpaMMHPYETCS MOJIb30BATENEM.
BaxxHbIM OOCTOSATENECTBOM  SIBISIETCS HAJIWMYWE Pa3TMYHBIX
BEKTOPOB MPEPHIBAHUH IS pa3IUYHBIX COOBITHII (TIepenoTHeHHe,
3axBar, CpaBHEHUE).

1/0O Ports - mopTe! BBOIa/BEIBOIa IMEIOT OT 3 10 53 HE3aBUCHMBIX
muani  "Bxon/Beixon". Kaxaelid paspsin mopra MOXKeT OBITh
3arporpaMMUPOBaH Ha BBOJI WJIM Ha BBIBOJI MH(POPMAIIHH.

Analog comparator - aHaIoroBblif KOMIIapaTop BXOAUT B COCTAB
60bpIMHCTBA MUKPOKOHTpOJuIepoB AVR. TumnoBoe HanpsokeHue
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cMmerenust paBHo 10 MB, Bpemsl 3amep>KKu pacIpOCTPaHECHHS
cocraBmsier 500 HC W 3aBHCHUT OT HANPsHKCHUS ITHTAHUS
MUKpOKOHTposiepa. Tak, HanpuMep, Ipy HaNpsKEHUH MUTaHUS
2,7 BonbT oHO paBHO 750 HC. AHAJOTOBBIM KOMIApaToOp UMEET
CBOH COOCTBEHHBI BEKTOp IIPEpHIBAHUSA B OOIIEH CHCTeMe
npepeiBaHu MUKpOKOHTposuiepa. Ilpu 3ToM THI Tiepemnaja,
BBI3BIBAIOMIMK 3ampoc Ha TpepblBaHWe TNIpH cpabaThIBAaHUU
KOMITapaTopa, MOXKET OBITh 3aIPOTPaAaMMHPOBAH TOJIH30BATEIEM
Kak (pPOHT, cpe3 WIM IepekimoucHue. JIormdeckuii BBIXO.
KOMIIapaTtopa MOXKeT OBITh MPOrpaMMHBIM 00pa3oM HOAKIIOYEH
KO BXOAy OXHOTO W3 16-pa3psiHBIX TaiiMEpOB/CUETYMKOB,
paboTaromiero B peXuUMe 3axBaTa. OTO JaeT BO3MOXHOCTh
M3MEpATh JJIMTENIbHOCTh AHAJOrOBBIX CHTHAJIOB, a TakKke
MakCUMalbHO TpocTo peanu3oBbiBaTh AL[Il aByxTakTHOTO
WHTETPUPOBAHMUSL.

ADC - ananoro-mudposoii mpeodbpazoBatens (ALII) moctpoen
M0 KIIACCHYECKOW CXeMe MOCIEeIOBATENbHBIX MPUOIKEHUN C
ycrpoiictBom  BeiOopku/xpanenust  (YBX). Kaxneni  u3
AHAJIOTOBBIX BXOJIOB MOXXET OBITh COEOUHEH cO BXoaoM YBX
yepes aHAJOrOBBIN MYJbTHILIEKCOP. VYerpoiicTBo
BBIOOpDKW/XpaHEHHsI UMEET CBOH COOCTBEHHBI YCHIUTEIb H
rapaHTUpyeT, YTO H3MEpSIEeMBbId aHAJOTOBBI CHTHal OyJeT
CTaOWJIBHBIM B TEUEHHE BCErO0 BPEMEHH IPeoOpa3oBaHMUS.
Paspsnnocts ALl cocraBmser 10 OuT mpu HOpMHUpyeMoi
MOTPEIIHOCTH +/- 2 eauHUIBI Mitazmero paspsaa. ALl moxer
paboTaTh B JIByX peKMMax - OJHOKpaTHoe IpeoOpa3oBaHHE IO
mo0oMy  BbIOpaHHOMY  KaHally ¥ TOCJeIOBaTEeIbHBIN
LMKIMYECKUHA OMpoc BceX KaHaloB. Bpems mpeoOpa3oBaHus
BBEIOHMpAETCS MPOTPAMMHO C IIOMOIIBI0 YCTAaHOBKH KO3 puImenTa
JIEJICHUs] YacTOThI CHENHAIbHOTO MPEAJIEIUTENs], BXOAIIEr0 B
cocraB Omoka AII[l. Ono cocraBmster 70..280 wMkc s
ATmegal03 wm 65..260 wMKkc 1O BCeX  OCTAIBHBIX
MUKpPOKOHTPOJIIEPOB, UMeIoLNX B cBoeM coctase ALIII. Baxxnoit
0COOEHHOCTBIO aHAJIOTro-UM(POBOro Mpeodpa3oBaTensl SBISETCS
GyHKIMST ~ TOAABIEHHWs  IIymMa  IOpH  NpeoOpa3oBaHUH.
[Tonp30BaTenbs UMEET BO3MOXKHOCTB, BBIIIOJHUB KOPOTKUN psif
MporpaMMHBIX omnepanui, 3amyctute ALIl B To Bpems, korma
LEHTPAJbHBIA TPOLECCOpP HAXOAUTCS B OJHOM M3 PEXHMOB
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MOHIKEHHOTO JHepromorpednenus. [Ipm 3ToM Ha TOYHOCTH
mpeoOpa3oBaHusi He OyayT OKa3blBaTh BIUSHHE IOMEXH,
BO3HHKAIOIIUE MPU paboTe MPOLECCOPHOTO spa.

AVR - MHUKPOKOHTPOJUIEPHl MOTYT OBITH IEpPEeBEICHBI
MPOTPaMMHBIM ITyTEM B OJIMH U3 IIECTH Pe:KMMOB MOHHKEHHOT0
HepromoTpedenusi. s pasHeIx cemerictB AVR m pasHbIX
MUKpPOKOHTPOJUIEPOB B TIpelenax  KaKAOro  ceMeHcTBa
M3MEHSAIOTCA KOJIMYECTBO M COYETaHHE JOCTYMHBIX PEXKHMOB
MOHIKEHHOTO 3Hepronorpednennus. logpoduyro mHbOpMAaImio
MOXXHO HaWTH B OpPUTMHAIBHOW TEXHUYECKOM TOKYMEHTAIUU
Atmel Corporation (Microship).

Pexxum xomoctoro xoma (IDLE), B xoropom mpekpamaer
paboTy TONBKO TpOIECCOp M (PUKCHPYETCS COACPIKUMOE
MaMATH JJaHHBIX, 4 BHYTPEHHUN I'€HEPaTOp CUHXPOCUTHAJIOB,
TaiiMeprl, cucrema npepeiBaHuili 1 WATCHDOG-Ttaiimep
HPOJOIDKAIOT (PyHKIIMOHHPOBATE.

Pexxum wmukpomnorpebnenns (Power Down), B kotopom
COXpaHSETCS COACPIKHMOE pPErucTpoBoro (aiima, HO
OCTAHABJIMBACTCS BHYTPEHHHUH TEHEPATOpP CHHXPOCHUTHAJIOB.
Brixon u3 Power Down Bo3MoskeH Jin0o 1o o0iiemy cOpocy
MUKPOKOHTpOJUIepa, JuOO0 10 curHainy (ypoBEeHb) OT
BHEIIIHETO MCTOYHMKA TpepbiBaHus. [IpM  BKIFOUYEHHOM
WATCHDOG-taiimepe TOK MOTPeOJICHHS B TOM PEKUME
cocTaBisieT 0koio 60...80 MKA, a Ipu BBIKJIIOYEHHOM - MEHEE
1 MKA nns Bcex TunoB AVR. BrilenpuBeeHHbIE 3HAUEHUS
CIIPABEIMBBI JIJIsl BEJIMYMHBI IATAIOIETO HANIPsDKEHUsS 5 B.

Pexxum coxpanenms osHeprun (Power Save), KoTopbrit
peain30BaH TOJNBKO y TEX MHKPOKOHTPOJIEPOB, KOTOPHIE
UMEIOT B CBOEM COCTaBE€ CHCTEMY pEallbHOTO BpeMeHH. B
OCHOBHOM, pexuM Power Save uaentnuen Power Down, HO
3/IeCh JOMyCKaeTcs He3aBHcHUMasl padoTa JIOTOIHUTEIBHOTO
TaiiMepa/cyeTunka peskuMa peajibHoro Bpemenn (RTC).
Brixon u3 pexxuma Power Save BO3MOXEH 1O NMPEPHIBAHMUIO,
BBI3BAHHOMY WJIM IepernonHeHneM Taiimepa/cuetynka RTC,
win cpabaThIBaHHEM OJIOKA CpaBHEHHS 3TOTO cueTdyuka. Tok
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MOTPeOJICHUS B 3TOM peXuMe cocraBisieT 6...10 MKA mpu
HanpspkeHUH nuTanwst 5 B Ha gactore 32,768 KIm.

PexxuM mojaBiieHus myMa mpu paboTe aHaaoro-nuppoBoro
npeobOpaszosarenii (ADC  Noise Reduction). Kak yxe
0TMEYaoCh, B 3TOM PEKHAME OCTAHABIIMBACTCS MPOLIECCOPHOE
a7po, HO paspemieHa pabora ALll, aByXmpoBOmHOTO
untepdetica 12C u cropokeBoro TaiiMepa.

OcHoBHol pexuM oxunanus (Standby). nentuden pexumy
Power Down, HO paboTa TakTOBOrO TreHepaTopa He
MpeKparmaercs. JTO  TapaHTHPYeT  OBICTPHIA  BBIXOJX
MUKPOKOHTpOJIJIEpA U3 peKUMa 0XKMJIaHHs BCETO 3a 6 TaKTOB
re’eparopa.

HononuurensHblii pexxum oxumanus (Extended Standby).

Wnentnuen pexumy Power Save, HO paboTa TakToOBOIO

reHeparopa TOXE HE NpeKpamaercs. OTO TapaHTUPYET

OBICTPBIN BBIXOJ MUKPOKOHTPOJUIEPA U3 PEKUMa OXHUIAHUS

BCEro 3a 6 TaKTOB reHepaTopa.

e  MuxkpokoHtpomiepsl AVR  (QyHKIHOHMPYIOT B  LIMPOKOM
JIuana3oHe MuTalomuX HanpsokeHud or 1,8 mo 6,0 Bomst.
OHepronoTpedieHNe B aKTUBHOM PEKUME 3aBHCUT OT BEJIMUHMHBI
HaNpsDKEHUs] TUTaHUs, OT paboyeil YacTOTHl U OT KOHKPETHOTO
THTIa MEKPOKOHTPOJUIEpA.

C Touxu 3peHus nporpammucta AVR npencrasisier co6oit 8-
paspagubii  RISC  MukpokoHTposuiep, MMEIOMUH  OBICTPHIN
l"apBapackuii mporeccop, MaMATh IPOTpamMmm, MamMsITh JaHHBIX, TOPTHI
BBOZIA/BBIBOAA W pasiauyHble MHTEp(eicHble cXxeMbl. [ apBapickas
apxurexktypa AVR peanusyer moiiHOe JiorHueckoe M (puznyeckoe
paszzmeneHne  He  TOJBKO  aApEeCHBIX  MPOCTPAaHCTB, HO U
WH(POPMAIMOHHBIX IIMH JJISl OOpalleHus K MaMsITH IporpaMM M K
namsITH JaHHBIX, IPUYEM CIOCOOBI apecalid M JOCTyNa K 3TUM
MaccuBaM NaMATH Takxke pa3nudsbl. [lomoOHoe mocTpoeHHe yixe
OmmKe K CTPYKType UIU(PPOBBIX CHIHAJIBHBIX IPOIECCOPOB U
o0ecreynBaeT CYLIECTBEHHOE IIOBBIICHUE IPOU3BOJUTEIBHOCTH.
HentpansHblii ipoueccop padoTaeT 0OJHOBPEMEHHO KaK C MaMATBHIO
MporpaMM, Tak M C MaMSTHIO JAHHBIX; Pa3pAAHOCTH IIMHBI MMaMATH
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IIporpamMM paciipena 1o 16 our.

B MukpoxonTpomiepax AVR ucnons3yercss oqHOypOBHEBBIH
KOHBeliep mpu 00pallleHnH K MaMsITH IPOrpaMM M KOPOTKasi KoMaHaa
B 00IIEM TMOTOKE BBITONHSETCS 32 OJUH MAaIlWHHBIA muki. Llukin y
AVR cocraBiser Bcero oMH MEPHO] TAKTOBOW 4acTOTHL. [Ipu 3TOM
MUKOBAsi TPOU3BOUTEILHOCTh COOTBeTCTBYeT oxHomy MIPS/MHz
(MMJITHOH MHCTPYKUMH B CEKYHAY Ha OAMH Merarepl] TaKTOBOH
9acCTOTHI).

Cnenyromas OTIMYUTEIbHAS qyepra APXUTEKTYPBI
MUKpOKOHTpoiepoB AVR - peructpoBsiii daiin OsicTporo mocryma,
CTPYKTYpHas CXeMa KOTOPOro IoKa3aHa Ha pUCYHKeE 2.

RO

R1

R2

R3
R26 XL )
R27 XH X Pointer
R28 YL Y Pointer
R29 YH
R30 ZL Z Pointer
R31 ZH

Pucynok 2- Peructpossrii paitn AVR.

Kaxnaprit u3 32-X perucTpoB OOIIEro Ha3HAYEHUsS UTHHON
onuH OalT HEMOCPEACTBEHHO CBS3aH C apU(PMETHKO-JIOTHYECKUM
ycrporictBom (ALU) mporeccopa. Jpyrumm cnoBamm, B AVR
cymiecTByeT 32 perucrpa - akKymynaropa. JTO OOCTOSTEIbCTBO
MTO3BOJISIET B COYETAHUH C KOHBEHEpHOU 00paOOTKOH BHIIOIHSTE OHY
oreparuio B apupmerrko-aorundeckom ycrpoiictse (ALU) 3a oaun
MAaIIMHHBIA UK. Tak, Ba onepaHjia U3BJIEKAIOTCS U3 PETUCTPOBOTO
(haiina, BEITIONHAETCS KOMaH/Ia U Pe3yJIbTaT 3allUChIBACTCS 0OPATHO B
PETUCTPOBBII (aiis B TeYeHHE TOIBKO OJJHOTO MalIMHHOTO IHKJIA.
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[Hectr u3 32-X perucTpoB ¢aitna MOTYT HCIIOIB30BATHCS Kak
Tpu 16-paspsimHBIX yKazaTens ajapeca MpH KOCBEHHOM aapecanun
nanHbIX. OMH U3 3TUX ykaszareneit (Z Pointer) npumeHnsiercs: Takxke
Ui OCTyNa K JaHHBIM, 3alldCaHHbBIM B MaMSITH HpOrpaMm
MUKpOKOHTpoiuiepa. Vcnonp3oBanne Tpex 16-OMTHBIX ykazaTenei
(X, Y u Z Pointers) CymecTBEHHO MOBBIIMIAET CKOPOCTh MEPECHUIKH
JAHHBIX TIPH PadOTe MPUKIATHONW IPOTrPaMMBbI.

PeructpoBriii daitn 3annMaer miammue 32 Oaiita B oOmem
anpecaoM mpoctpancTBe SRAM AVR. Takoe pemieHne mo3BojseT
MOJy4aTh JOCTYN K OBICTPOH "perucTpoBoi” ONEepaTHBHOW MaMATH
MHKPOKOHTpPOJUIEpA ABYMs IIyTSMHU - HEIIOCPEICTBEHHOH afpecanuein
B KOZIE KOMaH[bI K JII000H siueiike u OpyruMu crioco0amu agpecaniu
sueek SRAM. B rtexHuyeckoii aoxkymeHtanuu ¢upmbl Atmel 310
MOJIE3HOE CBOWMCTBO HOCHT Ha3BaHHE "OBICTpOE KOHTEKCTHOE
nepexioueHue”. OHO sBISETCA €lIe OJHOM  OTJIMYUTENIbHOU
0COOCHHOCTBIO apxuTeKTypel AVR, moBsimaromeit 3¢hpexTHBHOCTH
paboThl MUKPOKOHTpPOJJIEpA M €ro MPOM3BOIUTENBHOCTH (CIEAyeT
OTMETHUTh, YTO MPUHLIUI KOHTEKCTHOTO MEPEKIIOUCHUS TPAKTYeTCs
HECKOJIBKO BOJIBHO, @ MPHMEpP €ro KOPPEKTHOH peann3anuu MOKHO
YBUJIETh y MHKpPOKOHTpoiuiepoB ¢dupmbl Zilog cemeiicts Z86 u
Z8Encore). OcoOeHHO 3aMETHO JIlaHHOE TMPEHMYIIECTBO MPH
peanu3anuy TpOoUeNyp UEeNOYHCIeHHONH 16-OuTHOUW apudmernku,
KOT'/Ia MCKJTIOYAIOTCSI MHOTOKPATHbIE MEPECHUTKA MEXIY Pa3TNIHBIMHU
sYeiKkaMd TaMsITH JaHHBIX TIpH 00paboTKe apr(MeTHUIECKUX
onepannoB B ALU.

Cuctema komani AVR BecbMa pa3BUTa U HAaCUMUTHIBAET 0
133  paznuuHblXx UWHCTpYKIMHA. [louyTm Bce KOMaHABI HUMEIOT
(DUKCUPOBAaHHYIO JJUHY B OAHO cJoBO (16 OHWT), YTO TO3BOJISET B
OOJIBLIMHCTBE CIIydyaeB OOBEOUHATH B OJHOH KOMaHIE U KOJ
orepanuu, 1 onepan(pl). JIump HeMHOTHEe KOMaHIBI UMEIOT pa3Mep
B 2 cnoBa (32 OWT) ¥ OTHOCATCS K TPYIITIIE KOMaH BbI30Ba MPOIEAYPHI
CALL, 1MHHBIX @EpexoJOB B MpeleNax BCEro aJpPECHOrOo
npoctpanctea JMP, Bo3Bpata u3 mogmporpamMm RET u xomanpg
paboThI ¢ maMAThIO Tiporpamm LPM.

PaznnyaroT nate rpynn koMana AVR: ycoBHOTo BETBIIEHUS,
0€3yCIIOBHOTO BETBIICHHS, apU(h)METHUECKHE U JIOTHYECKHE OTIepalvy,
KOMaHJ[pl TIEPEChUIKH JAaHHBIX, KOMaHABI paboThl ¢ Ouramu. B
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mocneqHnX Bepcusx kpuctamioB AVR  cemelictBa "mega"
peann3oBaHa QYHKIHA allapaTHOTO YMHOKEHUS.

ITo pazHooOpa3uio U KOIMYECTBY peaM30BaHHBIX MHCTPYKIUH AVR
0obire noxoxu Ha CISC, yvem Ha RISC npoueccopsr.

AJIY momaepxuBaeT apuPMETHYCCKHE U JIOTHYCCKHC
oTIepaIyii ¢ PerucTpaMu, ¢ KOHCTaHTaMH U peructpamu. Onepanuu
HaJl OTJACTBHBIMH PETHCTPaMH TAKXKe BBIMONHSIOTCS B AJIY.

KpoMme perucTpoBbIX omnepanuid, 11l padoThl ¢ PETHCTPOBBIM
(haii;loM MOTYT HWCHOJB30BATHCS AOCTYITHBIE PEXHMBI aJIpecaln,
MOCKOJIBKY PErHCTPOBBIN (aiin 3anumaet aapeca $00-$1F B obmacTu
JaHHBbIX, 06paHIaTI)C$1 K HUM MO>KHO KaK K siuelikaM IaMsITH.

IIpoctpancTBO BBOJAa COCTOMT U3 64 agpecoB s
nepudepuiHpX (QyHKIHMHA mpoleccopa, TaKMX KaK YIpPaBIIsIOIIUe
PETUCTPBI, TalMEpbl/CYETYNKH U JApyrue. JlocTynm K IpOCTPaHCTBY
BBOJIa/BBIBOZIA MOXET OCYIIECTBIATHCS HEMOCPEACTBEHHO, KaK K
sigeiikaM aMsATH, PacoNIOKEHHBIM MOCIe perucTpoBoro daiina ($20-

$5F).

[Ipu 00paboTKe MpeprIBaHUN W BHI30BE TOIIPOTPaAMM aapec
BO3BpaTa 3amoMuHaeTcsi B cTeke. CTeK y MHKPOKOHTpPOJLIEPOB,
umeronux O3Y pa3melnaercs B MaMaTH JaHHBIX 00IIEr0 Ha3HAYCHHUS,
COOTBETCTBEHHO pa3Mep CTeKa OrpaHW4YeH TOJBKO pa3MepoM
JOCTYIIHOH NMaMsITH JaHHBIX U €€ HCII0JIb30BaHUEM B porpamme. Bee
MPOrpaMMBbl TTOJIB30BATENs JOKHBI WHUIMAIM3UPOBATh yKa3aTelb
creka (SP) B mporpaMme, BhINOIHIEMOH 1ocie copoca (110 TOro, Kak
BBI3BIBAIOTCSl MOANPOrPAMMBI U Pa3pellaloTCsl MpepbIBaHUs). 8-
pa3pAgHbII yKa3aTelb CTeKa JOCTYICH Ui YTCHHS/3aIIUCH B 00JIaCTH
BBO/1a/BBIBO/IA.

Hoctyn x 128 Oaiitam cratmueckoro O3Y, perucrpoBomy
¢aiiny u peructpaMm BBOJA/BBIBOJA OCYLIECTBIISIETCS IPU MOMOIIH
MATH  JOCTYNMHBIX  PEXHMOB  aJpecaliy, MOJAEPKUBAEMbIX
apxutexTypoir AVR.

Bce mpoctpanctBo mamsath AVR sBusercd NMHEHHBIM U
HEINPEPBIBHBIM.

I'mbkuit  Momymb mTpepeIBaHWA HWMEeT COOCTBEHHBIH
YIPaBISIOMMNA PErucTp B NPOCTPAHCTBE BBOAA/BbIBOAA, W (hiaar
rJI00AJILHOTO pa3pellieHHs] TMPEPBIBAHUM B PETUCTPE COCTOSHHAL
Kaxxnomy npepbiBaHiO Ha3HAYEH CBOM BEKTOP B HAYaJIbHOW 001acTH
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MaMsATH TporpaMM. PazimdHble TIpephIBaHUS MNMEIOT MPHOPHUTET B
COOTBETCTBHH C PACIIOJIOKEHHEM HX BEKTOPOB. [1o Mmmaamum agpecam
PaCIONIOKEHBI BEKTOPBI C OOJIBITUM MPUOPUTETOM.

Hetamu  apxutektypet  AVR  3aBucat oT  THma
MHUKpPOKOHTpoJutepa. Jlajmee OHM paccMaTpHBAIOTCA Ha IpHMEpe
Mukpokontposuiepa AT90S2313.

2.2 Opranu3anus aJpecHoro NpocTPaHCTBA MUKPOKOHTPOJLJIEpa
AT90S2313

AJnpecHoe MPOCTPaHCTBO MHUKPOKOHTpOJIJIEpa BKJIIOYAET B
cebss 3 HE3aBUCHMBIX TMOANPOCTPAHCTBA: MAaMATh IPOTPaMM,
nepenporpaMMupyemasi namMsITh JaHHBIX U cTaTiudeckoe O3Y gaHHBIX.

2.2 3arpy:xaemasi IaMATh POrpamMm

AT90S2313 conepxwut 2xb 3arpyxaemoit (udII-IaMATH A
XpaHeHus nporpaMM. Ilockonbky Bce KOMaH[Ibl 3aHHUMaOT OJHO 16-
paspsIHOE CIIOBO, (PIAII-TTaMITh Opranu3oBana kak 1K 16-pa3psiiHbix
cinoB. Omem-nmamsaTe BblaepxkuBaeT He MeHee 1000 nukioB
nepe3anucu. [IporpaMMHBIN CUETYUK UMeeT IHUPUHY 10 OUT U Takum
obpazom azapecyercs k 1024 crnoBaM mporpaMMHOHN (QidmI-namsry.
Tabmuiel KOHCTAHT MOTYT pacroararbes B quamnazone aapecos 0-2K.
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2.3 EEPROM namMaTh JaHHBIX

AT90S2313 comepxur 128 OaiiT IIEKTPUUECKH CTHPAEMOM
sneproneszaBucumoii namsatu (EEPROM). EEPROM opranuzoBana
KaK OTIeNbHas 00NacTb NAaHHBIX, KKAbIM 0aliT KOTOPOl MOXKET OBITH
npounTaH U nepe3anucad. EEPROM BrinepxuBaet He MmeHee 100000
LUKIIOB 3amucu/ctupanus. JlocTyn K 3HEproHe3aBHCHMOW HaMsITH
JaHHBIX 33JaeTCid PETHCTPOM aJpeca, pPETUCTPOM JaHHBIX U
YIPaBISIONIAM PETUCTPOM.

2.4 Cratnueckoe O3Y maHHBIX

Ha pucynke 3 nokaszana opraHu3anys HaMATH JaHHBIX B
AT90S2313.

Lo Oobaacte aapecos
Perucrposslii pajiiu AP

JAAHHBIX
RO $00
R1 $01
R30 $1E
R31 $1F
Perucrpsl BB./BbIB
$00 $20
$00 $21
$3E $5E
$3F $5F
Bcerpoennoe O3Y
$60
$61
$DE
$DF

PI/ICYHOK 3- OpFaHI/BaHI/ISI naMsaTH JaHHBIX
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224 s9efKu TaMATH BKIIOYAIOT B ceOsS PETUCTPOBEHIN (aiii,
namsATh BBOAA/BhIBOAa M cratudeckoe O3Y nanubix. [lepBeie 96
aJIpecoB HCIHOJB3YIOTCS [UII PErucTpoBoro aiina u maMsaTH
BBOJa/BBIBOAA, cienytomtue 128 - ans O3Y maHHBIX.

2.5 ®aiia perucTpoB 001Iero HA3HAYEHH S

Bce komaHnpl, ONEpHPYIOIIME  PETUCTPAMH  IPSMO
aJIpecyroTcs K JI0OOMY M3 PETHCTPOB 32 OJUH MAITUHHBIA ITHKII.
HckmoueHneM  SBJISIOTCS  NATh  KOMaHJ, OINCPUPYIONIUX  C
xoncrantamu SBCI, SUBI, CPI, ANDI, ORIl u xomaumma LDI,
3arpy’Karoinasi perucTp KOHCTaHTON. DTH KOMaH bl pa00OTAIOT TOJNBKO
CO BTOpO# MOJIOBUHON peructpoBoro gaiia - R16-R31. Komanab
SBC, SUB, CP, AND u OR, Takke, Kak MU BCE OCTaIbHEIE,
MPUMEHHUMBI KO BCEMY PETHCTPOBOMY (aiiy.

Kaxnomy peructpy nOpucBOEH aipec B IPOCTPAHCTBE
JAHHBIX, OHM OTOOpa)karoTcss Ha mepBble 32 sueiiku O3Y. Xors
peructpoBelii ¢aiin ¢usndeckn pasmenieH BHe O3Y, momoOHas
OpraHu3anys MaMsATH AaeT THOKHUI gocTym K peructpam. Peructpsr X,
Y u Z MOTyT UCTIOJB30BaThCs JJIsl HHICKCAIIUK JTF000TO perncrpa.

Kpome o0bruHBIX QyHKIMHA, peructpel R26-R31 wumeror
JOTIOJTHUTEIIbHBIE (DYHKIMH, 3T PETUCTPBI MOXKHO MCIOIb30BaTh KaKk
aZipecHble yKa3aTeld B OOJACTH TaMITH JaHHBIX. DTH PETUCTPHI
obo3navarorcs kak X, Y, Z 1 onpezesieHbl CIeAYIONNUM 00pa3oM:

15 0
Peructp X | 7 0]7 0|
R27($1B) R26($1A)
15 0
Peructp Y |7 07 0|
R29($1D) R28($1C)
15
PeructpZ | 7 07 0|

R31($1F) R30($1E)
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IIpu pasnuuHBIX peKMMax aJpecalliy 3TH PErHCTPbl MOTYT
HCIIONb30BaThcsd Kak (UKCHPOBAHHBIM azapec, Uil aApecaluu C
ABTOMHKPEMEHTOM HJIU C aBTOJIEKPEMEHTOM.

[Ipu oOpateHn K MaMsATH UCHOIB3YIOTCS MATh Pa3IHYHBIX
PEeXUMOB  aJipecallud: TMpsSMOW, KOCBEHHBIM CO CMEIIEHUEM,
KOCBEHHBII, KOCBEHHBIH C MPEIBAPUTEIBHBIM JIEKPEMEHTOM U
KOCBEHHBIN ¢ MOCTUHKpeMeHTHOM. Peructprt R26-R31 perucrposoro
(aiina UCHOIB3YIOTCS KaK yKa3aTeIH IJIs KOCBEHHOH ajpecanuy.

KocBeHHas anmpecanusi cO CMEHNICHMEM HCIONB3YETCS IS
noctyna kK 63  sueiikam, O0a30BBIH aapec KOTOPBIX —3aJaercs
COAEP)KUMBIM perucTpoB Y uinu Z. JlJi1 KOCBEHHOW aJpecalvu C
MHKPEMEHTOM H JEKPEMEHTOM aJpeca HCIHONb3YIOTCS aApeCHBIE
peructpel X, Y u Z.

[lpu momomw mO0Or0 M3 3THUX PEKHUMOB IPOU3BOAUTCS
JOCTYTI KO BCeM 32 permcrpaMm o0Imero HasHadeHUs, 64 peructpam
BBOZa/BbIBOAA U 128 sueiikam O3Y.

2.7 IlpocTpaHCcTBO BBO/AA/BBIBO/A

Hwxe npuBeicHO onrcaHue MPOCTPaHCTRA BBOIa/BBIBOIA JIS
npoueccopos AT90S2313.

Bce ycrpoiicTBa BBOIa/BhIBOJIA U TTeprepUitHBIE yCTPOCTBA
AT90S2313 pacroyaralorcss B HPOCTPAHCTBE  BBOJA/BBIBOJA.
PaznuyHbIe SYEWKH 3TOTO MPOCTPAHCTBA JIOCTYITHBI Yepe3 KOMaHIbI
IN 1 OUT, nepecpuiatomiie JaHHbIE MEXTy OJTHUM U3 32-X PETUCTPOB
o0II1ero Ha3HaYeHHUS U MPOCTPAHCTBOM BBOMAA/BbIBOjA. K perucrpam
$00..$1F MOKHO OCYIIECTBIIATH TOOMTOBBIN HOCTYN KoMaHaaMu SBI
n CBIl. 3naueHue oOTHenpHOrO OWTa 3TUX PETHUCTPOB MOXKHO
mpoeputh komangamu SBIC u  SBIS. JlomomHuTeNnbHYyIO
“HGOPMAITUIO 110 3TOMY BOITPOCY MOKHO HAHTH B ONMCAHUM CUCTEMBbI
KOMaH/I.

IIpu ucnons3zoBanuu cnenuanbHbix koMang IN, OUT, SBIS u
SBIC, momkusl ucnons3oBatees ampeca $00-$3F. Ilpu mocryme k
perucTpy BBoAa/BbIBOoAa Kak K sueiike O3Y, k ero agpecy
HeoOxomuMo 100aBuTh $20. B npuBenenHo# Hibke Tabnuie 1 axpeca
PETHCTPOB B AMSTH JaHHBIX ITPUBEICHBI B CKOOKAX.
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Ta6auna 1. Ilpocrpancrio BBoxa/BeiBoga AT90S2313.

$3F($5F)

$3D($5D)

$3B($5B)

$3A($5A)

$39($59)

$38($58)

$35($55)

$33($53)

$32($52)

$2F($4F)

$2E($4E)

$2D($4D)

$2C($4C)

$2B($4B)

SREG

SPL

GIMSK

GIFR

TIMSK

TIFR

MCUCR

TCCRO

TCNTO

TCCR1A

TCCR1B

TCNT1H

TCNTIL

OCR1H

Status REGister

Stack pointer low

General Interrupt MaSK
register

General Interrupt Flag register

Timer/counter Interrupt

mask register

Timer/counter Interrupt

Flag register

MCU general Control Register
Timer/Counter 0 Control

Register

Timer/Counter 0 (8-
our)

Timer/Counter 1 Control
Register A

Timer/Counter 1
Control Register B

Timer/Counter 1
High byte

Timer/Counter 1
Low byte

Output Compare
Register 1 high byte

Perucrp CocrostHust

‘Vkazarenb cTeka, MiI. OaiT

OO1uii peructp
MAacCKH{ HpepbIBaHUI

OO6muii peructp
(haroB npepeIBaHHI

Peructp Macku npepeiBaHuii ot
TaiiMepa/cueTdnka

Peructp ¢mara
HpepbIBaHUS
TaiiMepa/cueTdnka

OOyt perucTp ynpasieHHus
MHKPOKOHTPOJIIIEPOM

Perucrp ynpasneHnus taiimepom
cuetdnkoM 0

Taiimep/cuerynk 0 (8 6ur)

Pernctp A ynpasnenust
TaliMEepOM CYETYHKOM |

Pernctp B ynpasnenus
TaliMEepOM CHETYHKOM |

Taitmep/cuerunk 1 crapmmit
Gaiit

Taiimep/cuerTunk | Mimagnmii
Gaiit

BsIxox perucTpa coBmnageHus
1 crapmmii 6aiT
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Tao6auna 1. IIponoskenue

$2A($4A)

$25($45)

$24($44)

$21($41)

$1E($3E)

$1D($3D)

$1C($3C)

$18($38)

$17($37)

$16($36)

$12($32)

$11($31)

$10($30)

$0C($2C)

$0B($2B)

ICRIL

ICR1H

ICR1L

WDTCR

EEAR

EEDR

EECR

PORTB

DDRB

PINB

PORTD

DDRD

PIND

UDR

USR

Output Compare
Register 1 low byte

T/C 1 Input Cupture Register
High Byte

T/C 1 Input Cupture Register
Low Byte

Watchdog Timer Control
Register

EEPROM Address Register
EEPROM Data Register

EEPROM Control Register

Data Register, Port B

Data Direction Register Port B

Input pins, Port B

Data Register, Port D

Data Direction Register Port D

Input pins, Port D

UART Data Register

UART Status Register

Beixon peructpa cosmanenust 1
MIIAJIIHANA GaiT

Peructp 3axsara T\C 1 crapumii
Gaiit

Peructp 3axsara T\C 1
MIIAIIHNA OaiT

Peructp ynpasnenus cropoxe-
BBIM TalitMepoM

Peructp agpeca sHepronesaBu-
CHMOU TaMSTH

Peructp naHHbIX SHEProHe3aBu-
CHMOU TaMATH

Peructp ynpasieHust SHeprose-
3aBUCUMOM MMaMATHIO

Peructp nanueix nopra B

Peructp nanpasnenus
JIaHHEIX TopTa B

BriBogs! nopra B

Peructp nanneix nmopra D

Peructp nanpasnenus
JaHHEIX Topta D

BeiBoas! mopra D

Peructp nanneix
MOCJIE0BATENBHOTO TIOpTa

Peructp cocrosnus
MOCIIEI0BATENILHOTO 1TOPTa
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Tao6auna 1. IIponoskenue

$0A($2A) UCR  UART Control Register Peructp ynpasieHus
HOCIIEI0BATENBHOTO OpTa

$09($29) UBRR UART Baud Rate Register Peructp ckopocti
TIOCI€AOBATEIIBHOTO IIOPTa

$08($28) ACSR  Analog Comparator Control and ~ Perucrp ynpasieHus 1 cocros-
Status Register HUSl aHAJIOTOBOTO KOMIIapaTopa

Ipumeuanue: 3apezepsuposannvie U HeEUCNONb3YEMble AYEUKU He
NOKA3aHbl.

®opmaTbl M Ha3HAYCHHUE TMOJEH PETMCTPOB MNPOCTPAHCTBA
BBO/1a/BBIBOJIA IE€TAILHO OIUCAHBI B [2].

3 UncTpyMeHTHI pa3padoTKU U O0TJIAIKH MPOrPaMMHOI0
olecreyeHnst

Pazpaborka mporpammuoro obecnedenus (I10) Hepemko
MPOUCXOANT TApaUIeTbHO C CO3JaHWEM allapaTHBIX CPEJICTB
CUCTEMBI, YTO CO3JAET ONPEAENEHHbIE TPYAHOCTH. [lJI1 MUKpOCHCTEM
Takasi CUTyallis CKopee IpaBmuiio, YeM UCKiItoueHne. Ha mpakTuke 31o
03HAYaeT, YTO OTBETHl HA HEKOTOPBIE BOIPOCHI, IMOSBIISIOIIAECS B
Mpolecce Pa3pabOTKH MPOTPAMMHOTO O0ECHCUEHHUs, MPUXOIUTCS
MOJy4aTh, Mpuderas K MOAETHPOBAHUIO (YHKIHMH B MPOTrpaMMHOMN
cpelie 4yKOoW CUCTEMBI, W Ha IPOTOTHUITHON CUCTEME, HE TIOJTHOCTHIO
COBITQIAIOLIEH C LIEJIEBOU CUCTEMOM.

Pazpabotka 1O mHOro3Tamuas nponenypa. OHa HaYMHAETCS
C BBIOOpa METOJOB pEIIEHHS OCHOBHBIX 33/lad M COCTaBIICHUS
anroputMa (pyHKIMOHMpOBaHMS cUCTeMbl. [lanee ocymiecTBiseTcs
pasbueHne MporpaMMbl Ha OTJEIBbHBIE MOJYJIM M WX HaIWCaHHE.
Baxueimum stamom, 3aaumaromuM 10 60-70% BpeMeHH, SBISETCS
ornagka [10. B Mukpocucremax Ha 3aKIIOYUTENIBHOM 3TaIe
UCTIOJTHSAIEMbIil MJIM JBOMYHBIH KOJ IPOTpaMMBbl JOJDKEH OBITh
3arpyKeH B MaMsITh MPOrpaMM MHUKPOKOHTpOJUIEpa € TOMOIIBIO
CHECLUAIM3UPOBAHHBIX  ANMapaTHO-IPOTPaMMHBIX  CPEACTB  —
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MIPOTPaMMaTOPOB.

OTiagka MOXET OCYIIECTBIATHECA B Cpele MPOrpaMMHOTO
CUMYJISTOPA, C IIOMOIIIBIO aIMAPaTHBIX AMYJISTOPOB, HO Ha TIOCICIHEM
JTamne - Ha LIEJIEBOM CHCTEME.

3.1 O0mas xapakTepucTHKA allMapaTHO-NMPOrPaMMHBIX CPeACTB
pa3padoTKu MPOrpaMMHOT0 odecrnedeHust

CTeH1, UCTIONB3YyEeMBIH B 1Ta0OPaTOPHOM LIUKIIE, COCTOUT 3.
IIaTbl MHUKPOKOHTpOJUIEpa C PAa3béMOM NPOTPAMMHPOBAHUS  I10
BHyTpeHHeMmy cTaHaapTy ¢upmer ATMEL ICP10; momgkirouaeMbix
nepuepuiHbIX YCTPOWCTB; MpOTrpaMMaTopa; ajgantepa MHTaHHA.
[Mepudepuiinplie ycTpoiicTBa MOAKIIOYAIOTCS K CTCHIY CTaHIapTHBIM
40-xunpHBIM UHTEpGeiicHpIM Kabenem IDE.

IMnara MmukpokonTposuiepa (pucynku 4, 5) conepxur UC
MukpokonTposuiepa AT90S2313 ¢ 2Ko6aiiT nepenporpaMMupyeMoi
NaMsiTH [OporpamMM; KBAapLEBBIA  PE30HATOP,  OMpPEACIIAIOIINN
TaKTOBYIO 4acToTy mporeccopa (4 wim 10 MI'm B 3aBHCHMOCTH OT
9K3EMIULIpa  IUIATHl);  1elb  NPUHYAWTEIBHOrO  pecrapra
MHUKPOKOHTpOJIJIEPa C KHOIKOM cOpoca; cTaOMan3aTop HaNpsDKEHUs
MIUTaHMs ¢ BBIXOJHBIM HalpsDKEHHEM +5 B.

R1 51K
L1 X1
DAL  UA7805C DD1 _AT90S2313
PWR ca cs IRST 1 20 +5V +5B 1
10,016V 0,1 RESET vee

14V 3 a 2 + GND 2

N Sout 1 PDO/Rx 2 19 SCK/PB7

= c3 5 R PDO/RXD PB7/SCK

PDL/Tx MISO/PBE
N Tm _J J -_l- oN 3 o1 pB6/MISO [ PB7 25
1 17 _MosiPBs I _
R2_510 VD1A7307 ci=1g 4 PBS/MOSI PB6 27

> : _T KTAL2 16 PB4
swi 21 = 5| PB4 PB5 29

10MHz| c3 == 18] XTALL 15 NE/PB3
o RESET pB3/OCL PB4 31

IN/PB2
e - pD2/INTO pe2 24 PB3 33

PD3/INTL 7 13 __OUT/PBL
PD3/INTL PBI/AINL PB2 35
CIPBO —
D4 8 poarto PBO/AING |2 PB1 37
PDS5 9 —
PD5/TL PBO 39
PD6 -

) posice (1L
PDO 28
A5 lal@ clolela
DREE o3RRS 2%
PD2 32
ro2p PD3 34
3 4 g

s B PD4 36
e LI Ul — PD5 38
PD6 40

Pucynok 4 - Cxema 11atel MUKPOKOHTPOJIIEPA.
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Pucynok 5 - [InaTta MUKpOKOHTpOJLIEPA.

B cocraB mnepudepuiiHbIX YCTPOHCTB CTEHAA BXOMST:
YCTPOMCTBO CTaTHYECKOW HMHIMKAIUH, YCTPOMCTBO AMHAMUYECKON
MHMKAIMK U agantep kaHana RS232.

YerpoiicTBO  cTaTMYeCKOH MHAMKALMH  COACPXKUT 8
CBETO/AMOJIOB M J1Ba Kio4a. CBETOAMONBI MOAKIIOYEHBI K nopTy B
MUKpOKOHTpoyiepa. Kirouum mOAKIIOueHbl K BXOAAM BHELIHHMX
mpepeiBanuii MukpokouTposutepa Int0, Intl (PortD, paspsiast 2 u 3).

Cxema W BHEUIHUH BUJ YCTPONCTBA MPEICTABICHBI HA PUCYHKAX 6 1
7.
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R7 RE& RS R4 R3 R2 R1 RO
27 270 270 270 270 270 270 270
VDT VD6 VD5 VD4 VD3 vD2 VD1 VDo
¢ An3o7 é AN307 g AN307 ﬁ AHJOTﬁ AN307 # AN307 AN3o7 ﬁ AN307
GND

Jl[ SWo l{ swi

T PD3

PD2

1 GND

PB1

PB4

PD2

39

PBO

37
35

jpB2 35
jpe3 33

33
3
29

PBS5
jFpBE 27
jpB7T 25

27
25

32
34

j PO 34

Pucynok 6 - Cxema ycTpoiicTBa CTaTHUECKOI WHIVKALIIH.

PucyHOK 7 - YCTpOWCTBO CTaTUYECKON MHIUKAIIUY.
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YCTpoiicTBO TUHAMMYECKOH WMHIUKAIMM COCTOMT. U3 16-
OHMTOBOTO perucTpa ¢ mocienoBatensHou 3arpys3koit Ha UC DD6-DD7
(153311P24), nsaTu CUJIOBBIX KIIIOYEW UId yNpaBieHUs pa3paaaMu
WHAWKAaTOpa Ha  TpaHsucropax VT1-VTS5, mnsaTupaspsaHoro
WHAWNKATOPHOTO YCTPOWCTBA Ha CEMHCETMEHTHBIX CBETOIHOJHBIX
HHAMKATOpax, martu kmrouerd S1-S5. CBeroanoaHble HHIAMKATOPHI
MPUKPBITBL KpacHbIM cBeToQuiIbTpoM. (CxemMa W BHEIIHHH BHJ
YCTpOMCTBa IPEICTABIEHBI HA PUCYHKaX 8 1 9.

x1 DDE15331P24

il

15y s

a7 out Hs
33 _NE

bbbt
Hithe]

2 _GND

35 KEY
1_+5V

il
Ll
3 ds 3
2 3 2
2 3 2
= s

Pucynok 8-Cxema ycTpoiicTBa ITMHAMUYECKOH WHANKALMH.

Tperbe mnepudepuiiHoe  yCTPOMCTBO -  ajanrtep
MOCJIEI0BAaTEIFHOTO  KaHaua. OH  mojmepXuBaeT  CBsI3b
MHUKPOKOHTpOJIJIEpPA C TEPCOHAIBHBIM KOMIBIOTEPOM. Ajarntep
Hpe/CTaBIsIeT cO00M rajJbBaHMYECKN Pa3BA3aHHBIN MpeoOpa3oBaTellb
ypoBHs. IIpu 3toM TTJI ypoBHH MUKPOKOHTpOJIIEPA IMPUBOIATCS K
ypoBHsSM  wmHTepdeiica RS232  mepcoHaNbHOTO  KOMITBIOTEpA.
lanpBaHW4eckast pasBsi3ka Ha TPaH3UCTOPHBIX onronapsl DD4-DD5
tuna  4N35 coBMECTHO €  BCTPOGHHBIM  H30JUPOBAaHHBIM
npeoOpa3oBaTeleM MOCTOSHHOTO TOKa JOIYCKAET PEKUM TOPSUEro
MOJKJIIOUEHHS a1anTepa K NePCOHANBHOMY KOMITBIOTEPY.
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R2 R3 R4 R5 R6 R7 RSB

Pucynok 9 - YcTpolcTBO TUHAMHYECKOW WHIUKAIIHH.

IIporpammarop USBasp V2.0 (pucyHok 10) UMEET HECKOJBKO
ucnonHeHnid. [logkmioueHne mporpaMmaropa K  KOMIBIOTEPY
OCYILECTBIISIETCS] KaOeIeM M HEeTIOCPEICTBEHHO, B 3aBUCHMOCTH OT
KOHCTpyKimu. K  1iare  MHKpPOKOHTpOJUIEpa  MPOTpPaMMaTrop
MOJKJIIOYaeTcss  JecsATUnpoBoAHbIM — mieiigom. IIporpammarop
ynpasisiercs nporpammoii “Khazama”. Ilporpamma nmeer npocTtoit
WHTYUTHUBHO MOHSATHEIN nHTEpdeiic (pucyHok 10).
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@ khaza
File View Command Help
F~ Eo | By By | fB ¢B
EF | F& E&5 | &F OF | s&? o

AVR:

ma AVR Program...

AT9052313 Auto Program

e

Pucynok 10 - [Iporpammarop.

[IporpamMHOe oOecriedeHHe COCTOMT W3 HHTErPHUPOBAHHOMN
cpenpl  paspaborku  ASTUDIO4 wu  mporpammer  Khazama,
peanu3yroniell mpoueaypy NporpaMMHUPOBaHUS MUKPOKOHTPOJUIEPA.
WurerpupoBanHas cpeia MOANCPKUBACT INPOrPaMMHUPOBAHUE Ha
s3bike C 1 s3bIKe accemMbJiepa. B 1abopaTopHOM IMKIIE HCTIONB3YyeTCs
TOJIBKO S3BIK acceMOiepa.

WurerpupoBaHHas cpeia  TOAJCPKUBACT BCE  CTaJUH
pa3pabOTKHU: HamMCaHWE NPOrPaMMbl, €€ KOMIWISALHIO, OTIAIKYy B
PEXUME CUMYIISIIIMU B MTPOTPAaMMUPOBAHHE KOHEYHON CHUCTEMBI MpU
MPUMEHEHUH (PUPMEHHBIX TPOrpaMMaTopoB. B mabopatopHoM 1HKIe
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IUISL  TIOCHIEAHEH CTaAMu  HCIONB3yeTCs  CIeIHAIN3UPOBAHHBIN
MPOrpaMMaToOp CO CBOUM IIPOTPAMMHBIM OOeCTICUEeHHEM.

HeranpbHas unHpopMmanus mo accem6Onepy AVR u monHbIid
nepeyeHb KOMaHJ MHKDOKOHTpOJIEpa MPHUBEACH B (UPMEHHBIX
IoKyMeHTax [3,4].

3.2 Co3nanue/3arpyska npoekra B ASTUDIO4

3amyck HWHTETpHUPOBAHHOW Cpensl pa3paboTKH MOXKET OBITh
OCYIIECTBIEH TpaaguiuoHHbIMU 11t Windows criocobamu:
e uepes APIBIK HA paboyeM CToe,
® U3 MEHIO IIPOrpaMM,
e uepes ¢aiin onrcaHus CYIIECTBYIONIETO MPOEKTa C PaclInpPeHUEM
.aps.

B nmepBeIX ABYX clydasx T[oOcCJe 3amycka HporpamMMbI
noTpedyeTcs co3aaTh WIH 3arpy3UTh TOTOBBIN MPOEKT. J{i1st 3arpy3ku
TOTOBOTO TIPOEKTa CieAyeT BHIOpaTh (YHKIMIO OTKPBITUS IPOEKTa U
BBIOpATh MyTh K HEMY, KaK NOKa3aHO Ha pucyHKe 11.

AVRStudio

Project Wiew Tools Debug Help

R ] O new File kN |
. L2l & OpenfFile... Ctrl+0
Open Objectfile N
Nanka: |3 LAB _j & @B cF -
MNew Project e SYSTEM (D:) e
ol e WORK [E:)
| OpenProject | ) 01_KGTU
G sove Fropect £ LESSONS
Rave ' =) 01_BASE
1 £ 03_PCLPU
b4 )
% g e ARCHIV (F:) v
]
b
l{)s Recent Projects 4 v paing | Orrpeims I
< Exit Tun @aiince: |Project File (*.aps) | Orrena

PI/IC}/HOK 11- HOCJ’IC,Z[OBaTCJIBHOCTB OTKPbLITHUSA CYHICCTBYIOILCTO
MIpOCKTA.

Co3maHue HOBOTO MPOEKTa OCYLIECTBISIETCS 4epe3 IMYHKT
mento New Project (pucynok1l). IIpu 5ToM B BCIUIBIBAIOIIEM OKHE
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(pucyHok12) Hamo BEIOpATh UMS JUISI HOBOTO TIPOEKTA U, YKa3aB MyTh
JUTSL €70 pa3MeIleHHUs, ePeTH K crenytonemy okuy (Next).

B cnenyromem okHe ciieyeT BHIOpaTh anmnapaTHbIE CPeCTBa
JUTSL OTJIAJIKM WJIM TIPOTPAMMHBIN CUMYJISTOP M 3aBEPIIUTH CO3/IaHUC
3aroToBkH HOBOTO TpoekTa (Finich).

[Mocne 3TOro B OCHOBHOM TIOJI€ MPOTPAMMBI TIOSIBUTCS
TEKCTOBOE OKHO OYYIICH MPOrpaMMBl.

Cieale new project Select debug plalfor and devics
Pioiect Type: Project name Dicbug Plafon: evice:
# Atmel AVR Assembler [ir ATMEGATE ~
ATMEGA128
¥ Cieateiniialfie |~ Create Folder ATMEGAI0
Iniile AT9058535
I AT3058515
AT905 4434
Location: | ATS0S4433
[E\01_KGTUNLESSONS\01_BASEIA_PCAPUNLAB \probh ATa0s4414
ATa052343
| ATS052323
v
I~ Showthis dislog on open Help Finsh | Cancel Help | << Back| |:| Finsh | Cancel

Pucynok 12- Co3nanue HOBOTO MPOEKTA.

3.3 Accembaep AVR

CpencTBaMu BCTPOGHHOTO TEKCTOBOTO PEIAKTOpa B HEM
HaOWpaeTcst WCXOMHBIH TEKCT MpPOTpaMMbl B COOTBETCTBHH C
coTaleHusIMH acceMmobuepa. PekomeHiyeTcs TUIIOBbIE YaCTH TEKCTOB
3aMMCTBOBaTh W3 TOTOBBIX IPOEKTOB M Jajieeé PEOaKTHPOBATh B
COOTBETCTBUHM C OCOOEHHOCTSMH HPOEKTA. OTO CYIIECTBEHHO
SKOHOMHT BpeMsI TNpU pa3pabOTKe MPOrpaMMHOTO OOECTICUSHHSI.
JlaGopaTopHblii LMK —1enecooOpa3sHO BBIIONHATH Ha OCHOBE
1a0JIOHOB MPOTPaMM, Pa3MEIIAEMbIX B METOAWYECKUX YKa3aHUSIX.
TekcT mporpaMMbl MOXET OBITh HETMOCPEICTBEHHO CKOIHMPOBaH B
pemaKTop cpenbl pa3padoTKH.

Hwke B KkaydecTBe mnpuMepa mpHuBeAeHa HeOObIIas
mporpaMMa Ha s3bIKe acceMOuiepa, WIUTIOCTPHUPYIONIAsh OCHOBHBIE
cornamenust U cuHTakcuc. OHa SBISIETCA IIA0JOHOM ISl TIEPBOM
naboparopHoii paboTel. [lporpaMma OCyIIECTBISIET BU3yaTH3aLUIO
COJIEPKUMOTO  BPEMEHHOTO  PErHCTpa, KOTOPOE  LMKINYECKH
HapamuBaeTcs Ha eIMHUIYY Ha KaXIOM Iare (HHKPEMEHT).
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; % 01 _AVR_L.asm
; BU3yanusauus cogepXnumoro LUKIMYecku
; UHKPEMEHTNPYEMOro perucrpa

.include "2313def.inc"

.device AT90S2313

.def Temp =rl6 ; pabouni permctp

.def Delay 1 =rl7 ; permcTpbl XpaHeHus Koga
.def Delay 2 =rl8 ; TpéxbantoBon

.def Delay_3 =rl9 ; 3agepxku

; MHMumanusaumsa (Hactponka ob6opyaoBaHus)

INIT:
ser Temp ; ycTaHOBKa Bcex BUT perncrtpa B eguHuLy
out DDRB,Temp ; PORTB opneHTuUpoBaH Ha BbiBOA

; BbIBOL, HA MHAMKaumo 6ydepa otobpaxeHns Temp

loop:
out PORTB,Temp ; BbiBOg AaHHbIXx B PORTB
inc Temp ; yBenuyeHune Ha 1 otobpaxxaemoro koga

; 3afepxka Ha BpeMsi BU3yanusaummu.

Idi Delay 1,0 ;
Idi Delay 2,0 ; 3a4aTb BENMYUHY 3adEPKKM
Idi Delay 3,1 ; TPEXOANTOBBLIM YMCITOM

; 3aePXKN ONa BU3yanusauum pesynbtarta
; peanuayeTcs AeKpeEMEHTOM NepeMeHHOon 40 3aéma

; BPEMS 3a[ePXKKM [0 crneayoLwero MHKpeMeHTUPoBaHNS
; onpeaenseTcs KONMYecTBOM NMOBTOPOB 4-X KOMaHA Lykna
; KONMYEeCTBO NOBTOPOB NpPeAcTaBnNeHo ABOUYHbIM
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; TpéxbanToBbiM Yncnom «Delay 3 Delay 2 Delay 1»

; B AaHHOM npumepe 1 00000000 000000002=10016=6553610

; OQHOKpaTHOE MOBTOPEeHUe LuMKna 3aHumaeT 5 taktos MK

; Npn 9TOM 0obLlee BpeMs 3agepXkvm npumepHo 327 680 TakToB

DLY:
subi Delay_1,1 ;YMEHbLUNTb Ha eanHULY
sbci Delay 2,0 :24-X BUTOBbIN CYETUYMK
sbci Delay 3,0 ;3aEPKKN N ecnn OH He ObHynuncs
brcc DLY ;MMIOBTOPSATb A0 OOHyNeHus, a 3aTem

’

rmp loop ;NOBTOPHLIN UMK Bu3yanunsauun No 3aBepLUeHUn
3a4epXKKu
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IIpumeuyanue:

1. 3adepoicka modicem peanuzo8uleamvCsi 61L0HCEHHbIMU YUKTIAMU

2. B Hexomopvle npocpammel 1a60PAMOPHO2O YUKIA BKIIOYEHDL
npeoHamepeHHble OWUOKUL.

CTpoka TeKcTa MOXKET UMETh OAHY U3 YeTHIPEX popM:

[mMeTka:] nupexTuBa [omepanabl | [KomMeHTapHii|
[merka:] nHCTpYKTIHSA [OonIepanabl| [KoMmenTapwii]
Kommenrapuit

Ilycras crpoka

KommenTtapwuit umeet crneayromniyto hopmy:
; [Texcr]

[lo3unun B KBagpaTHBIX CKOOKax HeoOs3aTenbHBL. TekcT
Mocjae TOYKH € 3amsToil (;) W [0 KOHIA CTPOKH HTHOPHPYETCS
KOMIWIATOPOM. 11epBbIii KOMMEHTapUil — UMsI IPOrPaMMBI.

JupexTuBbl acceMbiepa HAYMHAIOTCS ¢ TOUKU. [lepBas U3 HUX
MOJKJIIOYaeT CHeHHanbHeId (aiy, B KOTOPOM  OIMCBHIBAIOTCS
0COOEHHOCTH  KOHKPETHOTO  MHKpPOKOHTpojuiepa. Tam  xe
OTIPEIEIISIOTCS] TUIIOBBIE MMEHA JJIsl PETUCTPOB YIpaBJICHUS, HMEHA
OTAENBHBIX OUTOB W T.I. BTOpas nupexTuBa HANPSMYIO OIpenesseT
T yctpoictBa. Cnexmyer oOpatuts BHuManue, uyrto ASTUDIO
BBIJIACT COOOIEHNE 00 OMMOKE MPH KOMIHWJISAIIUK TMPOEKTa, €CIU B
MOJIKITF0YaeMoM (aiie yke UMeeTCsl TUPEKTHBA OTpE/IeICHUs T
ycTpoicTBa. B 3TOM cityuae BTOpyI0 IUPEKTUBY CIIEAYET UCKIIOYUTh
U3 TeKkcTra mporpammbl. [10J€3HO O3HAKOMHUTBCS C COJEpKAHHEM
MOJIKITFOYaeMbIX (DaiyioB, It 9Ero CIEAYET OTKPBITh HX C TIOMOIIBIO
J000T0 TEKCTOBOTO PENAKTOPA.

[Tocnenyromye Tpu IMPEKTUBBI ONIPECIISIOT UMEHA U ajipeca
pPErucTpOB, UCHOJB3YyeMbIX B TMporpamme (HeoOs3aTenbHO, HO
nojyie3Ho). Mcmonp3oBaHWe CHMBOJIMYECKMX HMMEH  yNPOIIAET
BOCIIPHATHE TpOrpaMMbl W oOyieryaer e€ HamMcaHue |
COTIPOBOX/ICHHE.

[Mocne 3aBepuieHNs] HAMMCAHUS TeCTa MPOTPAMMBI CIIEAYET
BBINIOJIHUTh KOMITWIIAIIMIO MPOEKTa 4Yepe3 moAmyHKT Build mynkra
ocHOBHOTO MeHIO Project. IIpu coobmenmsx 00 omudKax
W3YyYUTh COOTBETCTBYIOIME CTPOKH HCXOJHOH TIpOrpaMMbl U
WCTPaBUTDH OLIHOKH.
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3.4 OTaagka nporpamMmal

Ilpy KOpPPEKTHOW KOMIWIALUK MEPEXOMAT K OTJIaJKe
nporpaMMel. B j1abopaTOpHOM IIUKJE OTJalKa BBITIOJHSACTCS B
peXuMe CUMYISIHH (PEeXUM BBIOMpPAETCS MPH CO3TAHUU TIPOEKTA).
Jlnst aToro BeIOMparoT moamyHKT Merto “Start Debugging” mynkra
“Debug” ocHoBHOro MeHwo. Jlalee B MyHKTE OCHOBHOT'O MEHIO
mporpaMMsl “View” BBIOHparOT HEOOXOAMMOE KOJIMYECTBO OKOH IS
0TOOpakeHns HHPOPMAIIHH O COCTOSTHIN MUKPOKOHTpomIepa. JIroboe
OKHO MOXXET OBITh HACTPOCHO Ha OTOOpPaKCHHE IMaMATH JIaHHBIX,
KOHCTAHT, aMATH, PETHUCTPOB WM PErUCTPOB BBOJA BbIBOJA, KakK
MMOKa3aHo Ha pucyHke 13.

ITomumo 9TOrO, MOXXHO JOITOJIHUTCIIBHO BKJIFOYUTH
otoOpaxkenne paboueit obmactu (Workspace), unpopmainus B
KOTOPO# TpeiCTaBIsACTCS MOOUTOBO. DTOT PEXKUM HAINISJCH MPHU
paboTe ¢ BHEITHUMH yCcTpoicTBamMu (prUCcyHOK 14.).

clr tmp nexyuul  1b-Sumnods
add ZL,symbol 7-CezMeHmHOZ0 KOG
adc ZH. tnp

" [ E:\01_KGTUILESSONS|01_BASE\03_PCRLLABISoft_labii,asm

* [Register ~| /6| abe| Addess [0 Cok: |2+

00001C 00 00
00001E 00 00

Pucynok 13 — Beibop oToOpaskaeMbIX 00bEKTOB B OKHE OTJIa4HKa.

C DOMOIIBIO HWHCTPYMEHTOB OTJIAAKH Ha  IaHENIH
MHCTPYMEHTOB WJIM 4Yepe3 MOJIMyHKTH MeHio “Debug” moxxHO
MPOBECTH IOMIArOBYIO OTJAJKY MPOTPAMMBI, BBITIOJIHUTH (pParMeHT
OpOTpaMMBbl, BKJIIOUUTh ABTOMATHYECKHH IIOMIATOBBIA  PEXKHM,
YCTAaHOBUTH WJIM CHATH TOUYKH OCTAHOBA.

BriOop amexkBaTHBIX METOJOB OTJIAAKA M pa3paboTka
TECTOBBIX IPUMEPOB SBISIOTCS CAMOCTOATENBHOM 3anadei. Kpome
TOTO, OTIajJKa Ha CUMYJSTOPE MO3BOJSAET IMPOKOHTPOJIUPOBATH U
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OTJIAJUTD JIOTUKY IIPOTPaAMMBI, HO HE HCKJIIOYAET 0TJIAAKY B PE:KUME
P€AJIbHOIr0 Bp€EMECHHM HA MPOTOTUIIEC CUCTEMBI.

AVRStudio - E:\01_KGTUM.ESSONS\01_BASE\03_PC&PUM AB\Soft_lab

File Project Edit | View | Tools Debug Window Help

0O = n ﬂ L] Toolbars » %ﬂ Eﬁi
Status Bar

S L =

- @ Workspace |
ﬁ /‘ A AN E Output
B o om Docking
72| El@ & @ Disassembler

3 ﬂ ‘Watch L/
e @ Memory Window Alt+4 E C x
= Memory Window 2

Name = Window 3 Address

2w | oo TS NECOE 0 (20

- usp | ] Register A+ Bmmgg 0B (2E

7 RY
6 TH =
sug
4FE

-~

loooo

Pucynok14 — BxiroueHue oroOpakeHus pabodeit 001acTy.

B nabopaTopHOM LHMKJIE pEKOMEHIYETCs] IPOBOANUTh OTIIAAKY

10 MTPUBEIEHHOW METOJIUKE.

1. OnpenenuTh OLIEHKY CBEPXY MaKCUMAIbHOTO KOJIMYECTBA TECTOB
HEOOXOIUMBIX JAJIsl MOJTHOM NMpOBEpKU mporpamMmbl. B kauecTse
9TOH oOueHKu (M30BITOUHOH) MOXKHO B3ATh  KOJUYECTBO
Pa3IMYHBIX MyTeW OT TOYKU BXOJIa JIO BBIXOJa U3 IPOTrPAMMBI.

2. dopmallbHO OIMCATh BCE TECThl U OCYLIECTBUTH MOOYEPETHBIH
MPOTOH TECTOB C KOHTPOJIEM pe3yJbTaTOB 1O OOHApyKeHHS
IIepBOI ONTHOKH.

3. JlokanmzoBaTh OMMOKY, coyeTas METOJ TOUYEK OCTaHOBA W
MOLIArOBBIA PEXKHM.

4. Ompenenuts TAN OMUOKHA U HCIIPABUTH €.

5. IIpomomkuTs TECTUPOBAaHUE, HAUMHAS C TIEPBOTO TECTA.

[Iporpamma cuuTaeTcs OTJIAXKEHHOH B PEXHUME CHUMYJISLIUH,
€CIIM BCE TECTHI 3aBepIICHBI 0€30INO0YHO.
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Otrinagunk cpedpl pa3pabOTKHA BKIFOYAET BCE BapHAHTHI
MOLIAroBbIX IPOLEAYP.

Step Into — ocraHOBKa OCYLIECTBJISIETCS Ha BBI3BIBAEMOMN
npornenype, komanjae 6e3 e€ BBIMOIHEHHS.

Step Over — ocTaHOBKa OCYIIECTBIISETCS MOCIE BBIMOTHEHUS
BBI3BIBAEMOH MPOLENYPHl, PYHKIMN I KOMaHIBI.

Step Out — mpennaszHaueHa ISl BBIXOAA M3 (QYHKIUH B
BBI3BIBAIOIIYIO (PyHKIMIO. BeInonHAeTcs PyHKUMSA U OCYILIECTBISIETCS
OCTaHOBKA Ha IIEPBOW CTPOKE IOCIIE BBIXOJA U3 HEE.

Auto Step — aBTOMAaTHUECKMII TMOLIATOBBIA PEXHM C
BU3yalu3anued u3MeHeHui. [Ipu ero nucnosnb30BaHUU PEKOMEHAYETCS
HW3MEHHUTH B TpeOyeMyI0 CTOPOHY HadajbHbIC 3HAYCHUS IEPEMEHHBIX
WM KOHCTAHT, ONPEEIISIONINX CKOPOCTh BHIITOJHEHHUS TIPOTPAMMBI C
LEJNBI0 00JIerdyeHrst HaOJIIOJeHNs 32 COCTOSIHAEM MTPOTPaMMBEL.

3.5 lIlporpamMupoBaHKe MUKPOKOHTPOJLJIEPA B COCTaBe
NPOTOTUITHOM CHCTEMbI

B nabopaTopHOM pabote MpOrpaMMHUPOBAHHE
OCYILIECTBISIETCS. C MOMOILBI0 IPOrpaMmaropa, MOAKII0YaeMOro K
USB mopty KoMmmbiOTepa W mporpammuoro mpoaykra Khazama.
Ilepen mporpamMmmpoBaHHEeM cieqyeT TMOAKIIOYHTH  Kalelb
nporpamMupoBanuss Kk USB  mopty kommbioTepa H - pazbéMy
MporpaMMHUpOBaHusi  cTeHfga. Jlamee HEoOXOJMMO  BKIFOYHTH
KOMITBIOTED, 3aTeM CTEH/I U 3arpy3UTh MPOrpaMMHOe 0OecTieueHHe.

Briopats Tun yerporictea AT90S2313, 3aTem 3arpy3uts daiin
nporpammel B hexX ¢opmare, HaxxaB Ha aHETH HHCTPYMEHTOB HKOHKY
¢ U300paXKeHUEM TIalKh U CUMBOJIOM F, w/umu ¢aiin ycTpoiicTa C
pacimmpeHneM. e2p, eciii HaJjo IPOrpaMMHUPOBATh HE TOJIBKO MaMsTh
porpaMM, HO U MaMATh KOHCTAHT, BOCIOJIb30BABLIMCH MKOHKOW C
n3o0pakeHneM manku u cumBoiioM E (pucyHok 15). BeiOpats
JIeiCTBUE MOYKHO M B MEHIO KOMaH]I ITpOTrpaMMaTopa.
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T

N X —_

& khazama AVR Program...

File View Command Help

F~ E By B delde)
& & | re ro rc:a}:|é7%|‘m
AVR:

AT9052313 Auto Program

Pucynok15 - [TaHens nmporpaMMHUpOBaHUsI.

C noMoIIbIo MaHeTd HHCTPYMEHTOB MPOTPaMMHPOBAHUSI WITH
nyHkTa MeHo “Command” BBINONHHUTH 3aMUCh TPOrPAMMBI, H/HIA
MamsITH KOHCTaHT. VHAWKATOp XOJa MPOrpaMMHUPOBAHUS ITOKAXKET
XOJI BBITIOJIHEHHS IPOLIEAYPhI. B KoHIIE €€ OyaeT BblAaHO coOOIIeHUE
00 ommbOke WIM  HOPMAJBPHOM  3aBEpLICHHH  Ipolecca
porpaMMupoBaHusi. Bo3MokHbIe TPOOIEMBI MOT'YT OBITH CBSI3aHBI C
HENPaBUILHBIM MOJIKITIOYEHUEM Kaoenst nporpamMMaTopa,
MEPEeXOoAHOr0 Kabenss K pa3béMy MPOrpaMMHUpPOBAHUSI Ha ILIaTe
MHUKPOKOHTpoJIepa (KJIF04 JOJDKEH OBITh y IEpPBOr0 KOHTAKTa
pa3péma), muielda COEAMHSIOUIETO IUIAThl MHKPOKOHTpOJUIepa U
YCTpOHCTBa BBOJIa BBIBOJA. Eciy Bce COCMTUHEHUS BBIMOJHEHBI
MPaBUIBHO, CIACAYEeT B AUCIIETYEPE YCTPOICTB yOSAUTHCS B HAIMUNHU
JpaiiBepa yCTpOiCTBa MPOrpaMMHUPOBAHMS.



37

4 IloaroToBKa K JJadopaTopHOii padoTe

[Ipu BHeayauTOpHOW MOATOTOBKE K NlaboparopHoil pabote

CICAYCT NPUACPKHUBATHCA U3JIOKCHHOI'O HUIXKE IJIaHa.

1.

O3HaKOMUTBCS CO CTPYKTYpOi MuUKpokoHTpoiuiepa AT2313,

opraHu3anueil MmopToB BBoJa BbIBoJa. IIpuBectu aapeca

PETUCTPOB HACTPOWKH M COOCTBEHHO MOPTOB BBOJA/BBIBOJIA

MHUKPOKOHTPOJLIEPA.

N3yunte cxembl anmekTpudeckne (QYHKIIMOHAIHHBIE MOIYJIIS

MUKpPOKOHTpOJJIEpa M MOAYJs UWHAMKaNMM Ha 8-u

cBeToanoax. M300pa3uTh cxeMy MOJKIIOUSHHS HHANKATOPA

K MOJYJIFO MEKPOKOHTPOJLIEPA.

N3y4nTh TEKCT MporpaMMsl, MpeICcTaBICHHON B pa3zaene 3.3.

N3meHuTn I/ICXO[IHI)II\/'I TCKCT MporpaMMbl B COOTBETCTBUU C

BapHMaHTOM 3aJaHWsi ¥  JIeTATBHO KOMMEHTHPOBATh

W3MEHEHUSI.

BapI/IaHTI)I 3aZ[aHHI>'I OTIINYAIOTCA AJIUTCIIbHOCTAMU 3aJICPIKKU

P TIepexojie K CIeAyIolell KOMOWHAIMU CBETALIUXCA U

MTOTAIIEHHBIX CBETOAMOOB U CAMHUMH KOMOWHAITUSMH.

— DBennumHa 3amepKKU OMpeAeNsieTcss B COOTBETCTBUH C
BBIPAXEHUEM

—  T3=5 x (30xN1 + 15xN2 + N3) mc,

rae N1 — nomep rpynmsl (1 wim 2), N2-HoMep moArpynisl
(1 i 2), N3- mopsxoBsIii HOMEp B ali)aBUTHOM CITHCKE
IPYIIIIBL
— Otobpaxxaemble Ha JAUCIUIee KOMOWHAIIMY BBIOHPAIOTCS B
cooTBeTcTBHM ¢ Tabnuuei 2. HeykazaHHble paspsibl
JTOJIKHBI OBITH BCET/1a TOTallIeHBI.
Hns  Kaxaod KOMaHAbl TIPUBECTH KpPAaTKOE ONHCaHHUE
BBHITIOJIHSIEMBIX JISHCTBUH, QopMaT W cocTOsHUE (IIaros.
VYka3arp npenensl U3MEHEHHs ONEPaHOB U UX KOHKPETHBIE
3HAYECHMS.
Omnwupasicb Ha KOMMEHTapUH B TEKCTE IPOTPaMMBI M OITCAHUE
NefCTBUS KOMaHI, TMPENCTaBUTh MPOrpaMMy B BHIE
(YHKIMOHANBHBIX MOAYJIEE M COCTaBUTH TIpad-cxemy
anroputMa, BeimoaHeHHyto o I'OCT 19.701-90.
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7. V3yunTh TOPAOOK  CO3JaHHWS  MIPOEKTa  CPeNCTBAMHU
ASTUDIOA.

9. IIpoaymaTh OCIENOBATEILHOCTD U CIIOCO0 OTIAJKK KAXKIOTO
MOyYJsl mporpaMmbl. [IpuBecTH miaH oTaaaKy.

Tabnuma 2. BapuanTs! 3amanuit

Ne
Bap. BapuaHT nHAMKALIMU

1 [uknuyeckoe nepemMenieHne OAMHOYHOTO CBETAIIErOCs
TSITHA CJIEBA HAIIPABO

2 Huknuyeckoe nepemMenieHne OAMHOYHOTO CBETSIIEroCs
TMSITHA CIpaBa HAJIEBO

3 Huknuyeckoe nepeMelieHne CBETSAICHCS maphl CrpaBa
HaJIEBO

4 [uxnnueckoe nepeMelleHre CBETALIEHCS naphl clieBa
HanpaBo

5 [uknuyeckoe 3aKUraHue CBETOIMOOB CJIEBA HANIPABO OT
OJHOT'O 10 BOCBMHU OZJHOBPEMEHHO

6 [uknuyeckoe 3aKUraHue CBETOIMOIOB CIIpaBa HaJIEBO OT
OJTHOTO JI0 BOCHbMHU OJJTHOBPEMEHHO

7 Hukmudecknii ”THKPEMEHT pa3psaoB 3-7

8 Huxnmaeckuii 1eKpeMeHT pa3psiaoB 3-7

9 Hukmuaeckuii ”HKPEMEHT pa3psaaoB 2-7

10 Lukmuueckuii JEKPEMEHT pa3psiioB 1-6

11 Huxnraeckuii HHKpEMEHT pa3psaoB 2-5

12 Hukmudecknii ”THKPEMEHT pa3psaoB 3-7

13 Huknuyecknit ”HKpEMEHT pa3paaos 1-5

14 Huknuyeckuit THKPEMEHT pa3psaaoB 5-7

15 Huknuyeckuii 1eKpeMeHT pa3psaaoB 4-7

st caMOKOHTPOJISI THCHbMEHHO OTBETHTH Ha NPHUBEICHHBIE
Jajiee BOIPOCHL.
1. Kak opranu3oBath AJHMHHYIO IPOTPAMMHYIO 331EPKKY?
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2. Kak 3agatp pexum pabOThl KOHKPETHOW JIMHUH IIOpTa
BBOJ1a/BBIBOJIa (BBOJI MJIM BHIBON)?

3. Kakoifi koMaHIOW MOXXHO TIIOCJIEIOBATENbHO CMEIIATh
SJIMHUILY B PETUCTpPE?

4. Kakas KoMaHZa TO3BOJISIET MPHUHYAWTEIHHO YCTAaHOBUTH
HEKOTOpBIe OUTHI peructpa B 07

5. Kakue JIOTUYECKUC YPOBHH COOTBETCTBYIOT
CBETSIIEMYCSI/TIOTallIeHHOMY COCTOSTHISIM THO/a?

5 IIporpamMmma uccjie10BaHUI U MOPSIA0K PadoThI

3amyctuth nporpammy AVR Studio, co3maTh MPOEKT U BBECTH

TEKCT MPOrpaMMbl  YIPABICHUS CBETOMUOJHBIM  WHIUKATOPOM

MOJU(DUIMPOBAHHBIA  TPU  CAMOCTOSITEIbHOW  TOJTOTOBKE K

J1a00paTopHOit padoTe.

1. KomnunupoBaTh MPOEKT M MPOTOKOIUPOBATH cooOrieHus. Ecnn
UMEIOTCS OIIMOKW, MPHUBECTH OIMHOOYHBIC CTPOKH B OTYETE,
c/IeNaTh aHaIn3 OIIMOOK U BBECTH MCIIPABJICHUSI.

2. BBINOMHWUTH TMOMAroBYH OTIAAKy MOIYJCH MporpaMMmbl B
COOTBETCTBUU c METOIUKOMH, pa3paboTaHHO npu
CaMOCTOSITEIBHOW TMOATr0oTOBKE. IIpOTOKONMPOBATH CONEPIKHUMOE
MOJU(DUIMPYEMBIX PErUCTPOB IPH  TOIIArOBOM  MPOIEIypeE,
COTOCTARJISAS X C MPEJCKA3aHHBIMU 3HAUCHHUSIMHU.

3. Omnwmpasich Ha nokasanusi cuérymka ukiaos “Cycle Counter” B
pasnenie “PROCESSOR” okna “WORKSPACE” omnpenenuthb
BpEeMsI MCTIOJIHEHHSI B TAaKTaX OJHOTO BHYTPEHHETO M BHEIIHETO
ukIa 3a7epxku. ComocTaBUTh MONMYUYECHHBIC SKCIIEPUMEHTAILHBIC
JIAHHBIC C PE3YJIbTaTaMHU JIOMAIHAX PacYeTOB.

4. Tlo 3aBepuicHHM OTJAJKH BHECTH B OTYET M M3YYUTh JIMCTUHT
MpOrpaMMbl, Haxoslnuiics B manke mnpoekta. CpaBHHUTH
TPaHCIIMPOBAHHBIE aJJpeca YIPaBJIeHUs IOPTOM M PETHCTPa BhIBO/IA
MopTa ¢ ajpecaMy, YCTAaHOBJICHHBIMH TPH CaMOCTOSTEILHON
MTOATOTOBKE U PE3YJIbTAT CPaBHEHUsI (PUKCUPOBATH B OTUETE.

5. Tlomkmo4uTh CTEHA C TMOMOINBIO MPOrPaMMUPYIONIETO Kabens K
napajielb-HOMy  TMOpTy  KoMmbioTepa (cM. pazmen 3.5
IIporpamMmupoBaHHEe MHUKPOKOHTPOJUIEPA B COCTaBE HPOTOTUIIHOM
CHCTEMBI), 32TEM BKITIOUHUTD MUTAHUE CTCHA, 3aITyCTHTh IPOTPAMMY
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«PonyProg» 1 HacTpOUTh ITpOrpamMmMaTop.

3arpy3ute HEX-daiin  oTKOMIMIMpOBaHHONW  MPOTPaMMBL,
CKONMPOBATh JaMIl MaMsATH MPOrpaMM M3 OKHA MpOrpaMmaropa u
BHECTH ero B OT4€T. [IpoBecTH COMOCTaBIEHUE C JHCTUHTOM
nporpaMMbl. OUKCUPOBATH U OOBICHUTD PACXOXKICHUS.
BeinmonHuts  mporpaMMHpOBaHME — MHUKpOKOHTposuiepa.  [lo
3aBEPIICHUH [TPOrPaMMUPOBAHUS 3arpyKEHHAs IporpaMma HauHET
WCTIONHATHCS] aBTOMATHYECKH.

Onucare (QyHKIMOHHPOBAHWE CTEHJA, BBIACTUB XapaKTEpHEIE
OCOOCHHOCTH TMOBeicHUS HWHAuKaTopa. CpaBHUTH COOTBETCTBUE
WCTIONHSAEMBIX (QYHKIMI BAPHAHTY 3aJlaHHs U PE3yJIbTaT BHECTH B
OTYET.

C moMONIbI0 CEKYHJOMEpa HW3MEPUTh U BHECTH B OTUYET
JUIMTEJILHOCTh,  IUKJIa uHaukamuu. Craeimath  BBIBOALI O
COOTBETCTBHH BPEMEHH UCIIOTHEHUS PACIETHOMY 3HAUSHHIO WIJIH O
MpuYuHaX  pacxoxkaeHus. llpm  HeoOXOAWMOCTH  BHECTH
KOPPEKTHUBEL B IIPOTpaMMy.

6 KoHTpoJibHBIE BONIPOCHI

1. Hanumure KOMaH/AbI, IMO3BOJJIAOIINUC BBI60pO‘IHO YCTAaHOBUTH

HEKOTOpbIE JIMHUM TopTa B B pexum BBOIA, a Apyrue —
BBIBOJ1A?

2. llouemy npu MHMLIHATU3AUH YIPABISIOLIETO PErHCTpPa MopTa

BBOJIa BBIBOJIA MCIIONB3YETCS BPEMEHHBINA peructp?

3. Kakue koMmaHabl MO3BOJAIOT W3MEHUTH COCTOSIHUE JIMHUI

MOPTa BBIBO/Ia MUKPOKOHTpOJIIepa?

4. B uémMm cMEBICT MNPpEACTABJICHUS 00JIaCcTU MaMSTU JaHHbIX B

JIBOMHOH WHTEpIIPEeTalliU: B BUJE OTACIbHBIX CETMEHTOB M
o0rmero maccusa?
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7 Copep:xkaHue oT4éTa

OTuéT HOKEH CoAepKaTh:

1) TUTYJBHBIN JUCT;

2) cXeMy OJJIEKTPUYECKYI (YHKLIHOHAIBHYIO YCTpOiicTBa M €&
KpaTKoe ONMCAHKE;

3) TeKCT mporpamMMsl 10 BAPHAHTY 3a/1aHHS;

4) KpaTkoe OIMCaHHe BCEX KOMaH/I pa3paboTaHHOM IIpOrpaMMEI B
COOTBETCTBHH C 11.4.3 METOAMUECKUX YKa3aHUH;

5) onmcaHue MOIyJIeH MPOrpaMMbl U UX (QYHKIIHH;

6) rpad-cxemy anroputma;

7) IUIaH OTJAAKH MPOTrPaMMBbI;

8) oTBeTHI Ha BOIPOCHI /IS CAMOIIPOBEPKH;

9) MPOTOKOJ OTIAJKH C aHATTM30M OLIMOOK (IIPU HATUYUH);

10) nHCTHHT OpPOrpaMMbl C BBIJCICHHEM ajapeca PEerucrpa
yIpaBlieHHs BBOJIOM/BBIBOJIOM U a/Ipeca PerucTpa BbIBOJA;

11) ngamMn  mamsTH  POrpaMM, KONMUPOBAaHHBIM W3  OKHA
IporpaMMaTopa U pe3ynbTaTbl CPABHEHHS €r0 C JMCTHHIOM
POrPaMMBL;

12) pe3ynbTaThl OLEHKH JUIMTEIBHOCTH 3aJCPKKH B Cpele
cUMyJISATOpa (B TAKTaX MUKPOKOHTPOJIIEPa);

13) pe3ynabTaThl SKCHEPUMEHTAIBHOW MPOBEPKU MPOrPaMMbl Ha
IIPOTOTUIIHOM CUCTEME;

14) oTBeTHI HA KOHTPOJIbHBIC BOIPOCHI.
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2. OPTAHU3ALMA UPPOBOI'O BBOJA/BBIBOJIA B
CUCTEMAX HA MUKPOKOHTPOJIJIEPAX AVR

1 Hean paGoTsl

Nzyuenue OpTraHH3aIUU MOPTOB BBOJ13/BBIBOJIA
MHKPOKOHTpoJuIepoB cepur AVR u npuéMoB paboThl ¢ HUMHU.

2 IlopThl BBOAA/BBIBOAA MUKPOKOHTPOLIepoB AVR

2.1 Opranuszauusi IOPTOB BBOAA/BLIBOA

ITopTs! BBOMIA/BBIBOIA UMEIOT OT 3 110 53 HE3aBUCHUMBIX JIMHHHA
"Bxox/Brixon". Kaxknpiii  paspsag  mopra  MOXeT — OBITh
3alporpaMMHUpPOBAaH Ha BBOJ WJIM Ha BBIBOJ MH(popManmu. MolHele
BBIXOJHBIE JIpaiiBephl 00ECIIEYMBAIOT TOKOBYK) HArPy30YHYIO
cnocobHocTh 20 MA Ha JIMHHIO TOpPTa (BTEKAIOIIUH TOK) IpH
MakCcUMaibHOM 3HadeHHH 40 MA, 4YTO TMO3BOJSET, HAMpPHUMED,
HETMOCPEJICTBEHHO MOAKIIOYaTh K MUKPOKOHTPOJUIEPY CBETOINOABI 1
ourmonsipHbie TpaH3UCTOPHL. OO0Ias TOKOBas Harpy3ka Ha Bce JIMHUHU
OJIHOTO TOpTa He JAoKHA mnpeBbimaTh 80 MA (Bce 3HaYeHHS
MpUBENCHBl IS HampsbkeHuss nuranus 5 B). Jna  kaxkgoro
(hM3UYecCKOro BBHIBOJA CYIIECTBYET 3 OHWTa KOHTPOJIS/YIIPaBICHHUS.
YhpolieHHas CTPYKTypHas cxema 3JieMeHTa BBoja/BbiBojga AVR -
MUKpPOKOHTpOJIIepa TpuBeeHa Ha pucyHke 1. 3mece DDRX - Out
KOHTpOJIS HampaBJIeHHUSA Tepefadd NaHHBIX W MPHUBSA3KH BHIBOJIA K
mmne nutannst (Vee), PORTX - 6uT npuBsA3ky BeIBOAA K Ve M OHT
BBIXOJHBIX JaHHBIX, PINX - OUT mis OTOOpaXCHHs JIOTHYECKOIO
YPOBHS CHTHAJIA HA (PU3UIECKOM BBIBOJIC MUKPOCXEMBI.

ApxuTeKTypa TOCTpPOEHHS TOPTOB BBOJa/BhIBoma AVR ¢
TpeMsi OWTaMu KOHTPOJIS/YIPABICHUS IMO3BOJIIET Pa3pabOTUHKY
MOJTHOCTBIO ~ KOHTPOJIMPOBATH  TIpollecC  BBOJA/BbIBoja.  Ecim
HEO0XOIMMO MOJIYYHUTh PealbHOE 3HaYCHUE CUTHala Ha (pU3nYecKoM
BBIBOJIE MUKPOKOHTPOJUIEPA - YUTAUTE COAECP)KUMOE OHTa 1O ajipecy
PINx. Ecimu tpebyercs oOHOBHTH BBIXOABI - mpoumtaiite PORTx
3al1eNIKy U MOTOM MOJIUGHUUUPYITE NaHHbIE.
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DDRx
0 Pull-Up
PORTX :
_ S -
0 el
PRNx

Pucynok 1 — Ctpykrypa sneMeHTa BBOJa/BBIBOJIA.

OTO0 mo3BONSET M30€XKaTh HEOOXOOUMMOCTH HMMETh  KOIIHMIO
COI[CP)KI/IMOFO HOpTa B IIaMATH JIA 6630HaCHOCTI/I W TIOBBIIIACT
CKOPOCTh pabOThl MHUKPOKOHTpOJUIEpa MpH paboTe C BHEITHUMH
ycrpoiictBamu.  OcoOyl0  3HAYMMOCTh  MPHOOpETaeT  JaHHAs
BO3MOXHOCTH AVR st peanuzanmu cucteM, paboTalommx B
yCHOBI/IHX BHCIINHUX BHCKTqueCKHX IIOMEX.

2.1 Anpecanusi MOPTOB BBO/Ia/BbIBOAa MUKPOKOHTPOJLJIEPa
AT90S2313

[lopTel BBOJA/BBIBOJIA M PETUCTPBl YNPABICHUS HMHU
pacroyiararoTcsi B IpoCTpaHCTBe BBO1a/BbIBOIa. OHM IOCTYITHBI Yyepes
komauel IN m OUT, nmepecsuiaromue JaHHBIE MEXKTy OJHUM U3 32-X
PETrUCTPOB OOILEro Ha3HAUYEHHsI U IPOCTPAHCTBOM BBO/IA/BBIBO/IA.

IIpu ucnonszoBanuu xomana IN, OUT, SBIS u SBIC, nomxHbl
UCIIONB30BaThCsl aapeca u3 amanaszoHa $00-$3F. IMpu mocryme k
perucTpy BBOjAa/BbIBOJa Kak K sdeiike O3Y, k ero azapecy
HeoOxoaumo 106aBuTh $20. B Tabnuue 1 npuBeneHs! agpeca NOpPTOB
W PETUCTPOB yripaBieHus umu [1].
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Ta6auua 1. IlopTsl BBOAA/BHIBOIA M PETUCTPHI YIIPABJIEHUS

HMH.
$18($38) | PORTB | Data Register, Port | Peructp gaHHbIx
B nopta B
$17($37) | DDRB | Data Direction Peructp
Register Port B HaIpaBIICHS
JIaHHBIX TTOpTa B
$16($36) | PINB | Input pins, Port B BeiBois1 mopta B
$12($32) | PORTD | Data Register, Port | Peructp ganHbIx
D mopta D
$11($31) | DDRD | Data Direction Peructp
Register Port D HaIpaBJICHUs
JIaHHBIX ropta D
$10($30) | PIND | Input pins, Port D BeiBote1 opTa D

2.2 Pa6oTa ¢ mopTaMH BBO/Aa/BbIBO/A

ITopt B 8-pa3psanblii IByHANpaBISHHBIH MOPT.

Jnst oOcmykuBaHUST TIOPTa OTBEIEHO TPH PErHCTpa: PETHCTP
nanHeix PORTB, peructp HanpaBieHus gaHHbIX - DDRB u BbIBOABI
nopta PINB. Anpec BbiBojoB mopta B mpennHazHadeH TONBKO TS
YTEHUS, B TO BpPeMs KaK PETHCTP JAHHBIX U PETHUCTP HAMPaBICHUS
JIaHHBIX - JJII YTEHUS/3aIHUCH.

Bce BBIBOOBI TIOpTA HMMEIOT OTACIHHO IOAKIIOYACMBIC
IIOATATNBAOIIIUC PE3UCTOPHI. TTomumo 9TOrO, mopT MOXET
BBIITOJIHUTDH JOIIOJTHUTCIIbHBIC (1)yHKIII/II/I.

PINB wHe sBusercs perucrpoM, IO 3TOMY  aJipecy

OCYIIECTBIACTCA OOCTYyIl K (bI/ISI/ILIGCKI/IM 3HAYCHUAM KaXI0ro wu3
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BeIBOZIoB Topta B. Ilpm urenmn PORTB, uwratorcs manHple u3
peructpa-3aiienku, mnpu urteHudn PINB dwuratorcss mnoruueckue
3HAYCHUsI, MPUCYTCTBYIOIIME Ha BhIBOAax mopra. [locie cOpoca
HayaJlbHBIC 3HAYEHUSI COOTBETCTBYIOT CICAYIOIINM:

PORTB = 0x00,

DDRB = 0x00,

PINB = BBICOKOUMIIETAHCHOE COCTOSTHHE.

Bce 8 Oour mopra B mpu wcmonp3oBaHUW IS BBOIA/BHIBOA
paBHompaBHbel. but DDBn peructpa DDRB BeiOupaeT HampapiieHHe
nepegayn  AaHHeIX. Ecom  Outr  yctanoBmeH (1), BBIBOJ
ckoH(uUrypupoBaH Kak BbixoA. Ecimu Out cOpomen (0) - BbIBOA
ckoHurypupoBaH kak Bxoj. Ecmm PORTBn ycraHoBieH u BBIBOA
CKOHUTYpUpOBaH Kak BxoJ, Bkimoyaercs KMOII noarsruBatonumit
pesuctop. [mst orkmrodenus: pesucropa, PORTBn nomxeH ObITh
copormeH (0) Wi BEIBOJ JOKEH OBITh CKOH(UTYPHPOBAH KaK BBIXO]]
(Tabnuma 2).

Tabnuma 2. Bmussane DDBn Ha BIBOBI TOpTa B

DDRBnN [PORTBN| Bx/Beix | IToar. |KommeHnTapuii
pe3ucT.

0 0 Bxon Her Tpetbe coctosiaue (Hi-
2)

0 1 Bxon Ha PBn uctounuk Toka
liL, eciu n3BHE
COEIMHEH C 3eMIIel

1 0 Brixon Her Brrxop ycranosien B 0

1 1 Brixon Her Brixon yctanosseH B 1

n=7,6...0 - HOMep BBIBOJIA
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3 IloaroToBKa K JJa6opaToOpHOii padoTe

[Ipu BHeayauTOpHOW MOATOTOBKE K NlaboparopHoil pabote
MPUACPKUBATHCS N30KEHHOTO HIKE TUIaHA.
1. U3yuuTh OpraHu3anuio MopToB BBO/AA/BBIBOJA U MOPSIOK HX

HACTPOUKH.

2. VByunTh mabjoH MPOrpamMMBbl, BBHIMOJIHSIOMIEH CIeayIoNne

GbyHKIIH:

— Ecmm xmrou “SWO0” HakaT, HapalluiBaTh C 3aJaHHBIM
TEMIIOM CYETYMK M OTOOpaXKaThb HAa CBETOJHUOIHOM
WHIIUKATOPE;

— Ecmm kmou “SWI1” HaxaT, yMeHbIIATh C 3aJaHHBIM
TEMIIOM CYETYMK H OTOOpaKaTb Ha CBETOJUOIHOM
WHJIUKATOPE;

— Ecnm He HaxkaT HM OAWH M3 KIIOYEH BBIKIIOYHUTH
CBETOAMOIHBIA HHIUKATOP.

;*x*xx* TydpoBOM BBOIL/BHBOLN

.include "2313def.inc"
.device AT90S2313

.def Temp =rl6 ;temporary register

.def Test =rl9 ;temporary test register
.def Delay =rl7 ;Delay Variable

.def Delay2=rl8 ;Delay

.def Delay3=rl?9 ;Delay

; RFEXR YHMLMAaIMBaLlna

RESET:
ser Temp ;Temp = S$FF
<AVR Instruction> ;PORTB = Bce Ha BHBOI
<AVR Instruction> ;BKJIOUUTL CBETOIOMOIL
<AVR Instruction> ; BKJIIOUMTE NOOTATMBAaKIME
;pesucTopH nopra D

; **** KonTposb kJjwouert SWO m SW1
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loop: sbis PIND,O ;SWO0 HaxaT?
dec Temp ; IeKpeMeHTHpOoBaTL Temp
<AVR Instruction> ;SW1 HaxaT?
<AVR Instruction> ;UHKpPEeMEeHTUPOBATHL Temp
<AVR Instruction> ;UuTaTh BXOHH IopTa D
<AVR Instruction> ;KoOHTpPOJIb KJIOUEMN
<AVR Instruction> ;SW0 wmnm SW1 HaxaT?
ser Temp ;SWO m SW1 pasOMKHYTH —
; CBETOIMONEl BHIKJIIOUUTH
outled:

out PORTB, Temp ;OoTOOpa3mUThb Ha MHAOMKATOPE

;XFXX 3amepxKa IJIA BM3yaldM3aluM pes3yJibTaTa

DLY:

<AVR Instruction> ; KOMaHOH 3alepPXKU
rjmp loop ;IIPOOOJIXMUTE IIOCJIE 3aIEPXKU

Hcnonp3ys 11abioH mporpaMmbl BCTaBUTh HEOOXOIMMBIC
WHCTPYKIIMK  MHUKpokoHTpoiniepa  AVR  (ommcanue
WHCTPYKIUH MpUBeAeHO B [2]).

[IpencraButh mporpaMmy B BHJE (YHKIIMOHATBHBIX MOJYJIEH
C KpaTKHMM ONHUCAaHUEeM (QYHKIMHM KaXIOro MOAYIs B
TEKCTOBOU (hopMe.

Onwmpasic Ha TpeICTaBIEHHE MPOrpaMMBI B BHUJE
(YHKIIMOHANBHBIX MOAYJIEH M TEKCT MPOTrPaMMBl COCTaBHTh
rpad-cxemy alropuTMa.

[Ipomymats mocae0BaTeILHOCTD U CIIOCO0 OTIIAJAKH KaXKI0TO
MOJTyJIsl TporpaMMel. [IpuBecTy TiaH OTIaIKy.

N300pa3ute cxemy 9JIEKTPHYECKYI0 (DYHKIMOHAIBHYIO
anmapaTHBIX CPEJCTB HEOOXOAMMBIX JUISi  BBIOJHEHHUS
JMaHHOW JiabopaTopHoi paboThl. KilrouM JODKHBI OBITH
npucoequHeHs! K paspagam D2 u D3 nopra D. Ceetonnoausie
WH/IMKATOPHI MOAKIIOYAIOTCS K MopTy B.

21.]'[5[ CaMOKOHTPOJIA IMUCBbMEHHO OTBECTUTH HAa IIPHUBCIACHHBIC

Aajiee BOIIPOCHI.

1.

B kakoM pexxume 10JKHBI padoTtaTh paspsiasl D2 u D3 mopra
D?
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2. C KkakoW Tenpl0 JUIS OTUX pPa3psloB  TOIKIIOYAIOTCS

BHYTpPEHHHE MTOATATHBAIOIINAE PE3UCTOPHI?

Kax nporpaMMHO OTJIMYUTH COCTOSTHUE KITIOYEH?

Kaxue ypoBHU COOTBETCTBYIOT K&KJIOMY U3 COCTOSHUIA?

UeMm omnpeaessitoTesl YpOBHA HANPsLKEHUM, NOMajarwlue Ha

BxojsI mopra DO, D1?

6. C Kkakoil Uenbl0 MOCIENOBAaTENFHO CO CBETOMUOAAMU
BKJIFOYAIOT PE3UCTOPHI?

7. Kakoil IorH4ecKkuii ypoOBEHb B COOTBETCTBHH CO CXEMOit
MOJKJIIOUEHHS CBETOANOI0B 00ECTICYNBACT UX CBEUCHHE.

ok w

4 MIporpamMma Mcc/IeI0BAHUI M TIOPATOK PadoThI

1. Cozgarth MpOEKT W BBECTH TEKCT MPOTPaMMbI, CO3JaHHOW IPH
CaMOCTOSITEeILHON TOJrOTOBKE K J1Jab0opaTopHOii paborTe.

2. KomnumupoBaTh MPOEKT W MPOTOKOIUPOBATH cooOmeHus. Ecmu
UMEIOTCS OLIMOKHW, IMPHBECTH OIIMOOYHBIE CTPOKHM B OTYETe,
CeNaTh aHAIHN3 OMIMOOK W BBECTH HCIIPABIICHUSI.

3. BpIMONHUTE OTHAamKy MpOrpaMMbl B Cpelde CHMYJATOpPa B
COOTBETCTBHH C METOIMKOMN pa3pabOTaHHOM TP CAMOCTOSATEIILHOM
HOATOTOBKE. B mporuecce oTiagku NpOTOKOIUPOBATH COAEPKUMOE
MOIU(DUIINPYEMBIX PETUCTPOB, COIIOCTABISS C TIPEACKa3aHHBIMHU
3HAYEHUAMHU.

4. TloakJIIOYUTh CTEHJ C MOMOIIBID MPOrPAMMHUPYIOIIET0 Kadess K
napajuieIbHOMY nopTy KOMIIbIOTEpa u BBIIIOJIHUTH
[IPOrpaMMHUPOBAHUE MUKPOKOHTPOJLIEPA.

5. Tlo 3aBepiieHMH MPOrPaMMHUPOBAHUS 3arpy’KeHHAsl MporpaMma
HAuHET MCHOJIHAThCA aBTOMarhuecku. Haxumas mnoouepénHo
KJIFOUH, 3aPOTOKOJIUPOBATH PEAKLIUIO MPOTOTUIIHOTO YCTPOUCTBA.

5 MeToauyeckue yKazaHust

[Ipu cumynsiuMu B3aUMOJEHCTBUSL KIIOUEH KIIaBUATYPHI
(1FOOBIX  YCTPOWCTB, MOJKIIIOYAEMbIX K [OPTaM  BBOJAA) H
MHUKpPOKOHTpOJIIEPa [IPOTPaMMUCT  JOJDKEH CaMOCTOSATEIIBHO
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YCTaHABIUBAaTh 3HAUYCHHE JIOTUYECKOMN [IEPEMEHHOU Ha

cootBercTBytomeM Kourakre mopra D (PIND). ns artoro

HE00X0IUMO BBITIOJTHUTH MOCJIE0BATEIIBHOCTD JICHCTBUIA,

MPEJICTABICHHYIO HIKE.

— 3amycTHUTh OTIATIHK.

— OTKpBITh OKHO pabodeil 00JacTH OTJIATYHMKA, BBIIEIHB ITyHKT
View/Workspace riaaBHOTo MEHIO.

— PasBepuytsh B okune Workspace mynkr 1/0 AT90S2313.

— Ilepen BeIONTHEHUEM B MOIIATOBOM PEXHME KOMAHIBI in
Test,PIND
CJICOAYCT YCTAaHOBUTH 3HAUCHHSA AKTYaJIbHBIX 61/ITOB ISJIYKOM Ha
WX W300paXeHHWH B OKHE. BbIleneHHas YEPHBIM IIBETOM
MPSIMOYTONIbHAsL 00JaCTh COOTBETCTBYET JIOTHUECKOW €IUHHIIE,
HEBBIJICJICHHAS — HYJIIO.

CuMynanusi BHEIIHUX YCTPOWCTB HE MOAJEPKUBAETCA. IDTO
O3HAaYaeT, YTO MOJKIIOYCHHE MOATITUBAIONINX PE3UCTOPOB HE
MPUBOJUT K aBTOMATHUYECKOW YCTAaHOBKE BCEX BXOJIOB B COCTOSHUC
JIOTUYECKOM €TMHUIIBI.

6 KoHTpoJibHBIE BONIPOCHI

1. K xakuM mocieAcTBUsiM B paboTe NporpamMMbl INPHBEAET
OTCYTCTBHE MOAYJISI HHUITUATU3AIAN ?

2. Uro m3MeHUTBCS B paboTe MPOrpaMMbl, €CIU TIPH BHIOOpE
pexxuMa BBoma i mopra D mporpaMMHO He TOAKITIOYUTH
MIOATSITUBAIOIINE PE3UCTOPHI?

3. TNoyemy B mporpaMme He HHUIIMUPOBAH peXUM BBojia mopta D?

4. Kak 0oOHapyXHTh OIIMOKY, CBSI3aHHYIO C HETOJIKIIOYCHUEM
MOJITSTUBAIOIINX PEe3UCTOPOB noprta D?

7 Conep:kanue oT4éTa

OTYET IOIDKEH COIePKATH:

1) TUTYJIBbHBIN JUCT;

2) HaMMEHOBAaHHWE PAOOTHI U LIENIb UCCIIEIOBAHHN;

3) cxeMy SIIEKTPUUYECKYI0 (DYHKIMOHAJIBHYIO YCTPOWCTBA M €€
KpaTKOe OIMHCAHHE;

4) MCXOIHBII TEKCT MPOTPAMMBI;
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5) omnmcanue MOy MPOrPaMMBbI U UX (DYHKITHIA;

6) rpad-cxemy anroputma;

7) IUTaH OTJIaJKH MPOTPAMMBL;

8) oTBeTHI Ha Ha BOMPOCHI IS CAMOIIPOBEPKH;

9) TeKCT mporpamMMbl B COOTBETCTBHH C BAPUAHTOM 3aaHUS;

10) mpoTOKOI OTIAIKK C AHATTH30M OIMIMOOK (TIPH HAIHYHH);

11) AMCTHHT IPOTPaMMBI;

12) naMm nporpaMMHOM MaMsITH MUKPOKOHTPOJLIEPA;

13) pe3ynbTaThl SKCHEPUMEHTAIBHON MPOBEPKH MPOrPAMMBbI
MPOTOTHITHOW CHCTEME;

14) oTBeTHI HAa KOHTPOJILHBIC BOIPOCHI.

Ha
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3. IOAIMPOT'PAMMBI U CTEK

1 Hean padoTsl

NzydeHne 0COOCHHOCTEH OpraHu3aIiy U UCIIOIb30BAHMUS CTEKa
¥ MEXaHU3Ma MTOATPOTpaMM B ceMelCTBE MUKPOKOHTpouTepoB AVR.

2 OpraHuzanms cTeKa B MHKPOKOHTpoJLIepax AVR

Kak m3BecTHO, CTEKOBBII MEXaHU3M OpPTraHWU3alliu PadOTHI C
NaMATBIO CYLIECTBEHHO IOBBIIIAET CKOPOCTh OOMEHA IaHHBIMHU
MEXIy MaMATbIO M pEeTUCTpaMu 3a CYET MPUMEHEHUS MeToJla
KOCBEHHO-PETHCTPOBOH  ajpecallid W aBTOMHKPEMEHTHOTO,
aBTOAEKPEMEHTHOI0 crocoda moaupukanuu anpeca. Ilamsats cTexa
MOKET OBITh M30JIMPOBAHHOW (MIpeJHAa3HAYCHHOW MCKIIOUYUTEIBHO
JUIL  COXpaHEHWs JaHHBIX M aJpecoB BO3BpaTa B OCHOBHYIO
MpOrpaMMy) WM TIPENCTABIATh COOOW YacTh OOIIET0 TOJS MaMsTH
naHHbIX. Kpome Toro, crek MOXKeT pa3Melarbcs BO BHELIHEH HIIH
BHYTPEHHEW MaMsTH MHKPOKOHTPOJIIEPOB.

Baxneiimeldi cocTaBHOM YacTbl0 CTEKOBOTO MEXaHH3Ma
NamsTH  SIBISIETCS PErHCTp KOCBEHHOHM ajapecanuy, HMEHYEMbIi
yKazarejeM creka. B o0miem ciyudae st MEKpOKOHTposiepoB AVR
yKazareJjb MpezcTaBisieT coboii 16-0uToBbIit peructp. OH COCTOHT U3
IBYX 8-OMTOBBIX peructpoB — muaamero SPL u crapmero SPH. Tlpu
3TOM 00BEM aipecyeMoil maMsITh MOKET COCTaBIIATh 10 64 KoOaiit. B
MITAJIIINX MOJIEIISIX MUKPOKOHTPOJUIEPOB C 0OBEMOM MaMSTH JaHHBIX
HE TpeBbIMarImM 256 0aliT MpHUCYTCTBYET JIUIIL OJHOOANWTOBBII
peructp SPL.

VYkazarens creka mpomeccopa AT90S2313  §-paspsanbrit
peructp ¢ aapecom $3D ($5D). 8-mMm paspsmoB IT0OCTATOUHO IS
anpecarmu O3V B mpepenax $60-$DF. Ero comepxumoe A0OCTYITHO
JUISL YTEHUS ¥ 3aITHCH. Y Ka3aTellb CTeKa YKa3bIBaeT Ha 00J1acTh MaMsITH
(Ha KOHKPETHYIO sIUeiKy, UMEHYEMYIO BEPIINHOW CTEeKa), B KOTOPOIi
pAcIoNIOKEeH CTEK BBI30Ba IMOAINPOrpaMM M TmpepbiBaHMid. OOnacTb
creka B O3Y momxHa OBITh 3a7]aHa 0 TOTO, KaKk MPOU30UIET JTF000H
BBI30B MIOJIIPOTPaMMBI HITH OYAyT pa3pelieHbl pephIBaHusl.
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Ykazarenb cTeka yMEHbIAeTcs Ha | Tpu 3ammcy JaHHBIX B
ctek komaHmoii PUSH wu ymeHnsmmaercs Ha 2 Tmpu  BBI30BE
nognporpammbl  komaHaoit CALL wnmnm o0OpaboTke MpephIBaHHA.
VYkazaTenb cTeKka yBelIUUMBaeTcsa Ha | Tpu BIOOpE NaHHBIX U3 CTEKa
koMauaoit POP m yBenmumBaercss Ha 2 TpW BBINIOJHEHHH KOMaH]]
BO3BpaTa W3 MOANPOTrpaMMbI WK oOpaboTumka mpepbiBanus (RET
unu RETI). Takoi#l moaxos K yrnpaBiICHUIO COACPKUMBIM yKazaTems
CTeKa MPUHAT B OOJBIIMHCTBE MUKPOKOHTPOJLIEPOB.

OcHOBHOH NPOOJIEMOI MPH HCIIONB30BAHUU CTEKA SIBIISIETCS
MepeKphITHE 00JaCTH TaHHBIX (MporpaMM) U cteka. Ilpu sTom MoryT
HCKaXXaThCsl M JaHHBIE U coAepxuMoe cTeka. CleaCcTBUEM SIBIISIOTCS
omuOKy mpu 0O6pabOTKe AHHBIX WK MOJTHAS HEPaOOTOCIOCOOHOCTD
cucteMsl. [locienHss BOZHUKAET PH 3aTUPAHUH aJPECOB BO3BpATa U3
MOATIPOTpaMM WM 00paOOTYMKOB TpepbiBaHui. {1 KoppekTHO
paboThI CTeKa HYKHO BBIIIOJIHUTH HECKOJIBKO YCIOBHII.

1. [lpu uHMUOMATU3AIMK YKa3aTels CTeKa BEpPIIMHY CTeKa 3aJaroT
TaK, YTOOBI 3aMOJIHAIOIIMNACS U OCBOOOXKIAIOLIMICS CTEK HU MPU
KaKHX OOCTOSTENbCTBAX HE IEPEKPBIBAJICS C 00JAaCThIO MaMITH
cojJiepkalield JaHHble (WM MporpaMMy B MHUKPOKOHTpOJIIEpax
MIPUHCTOHCKOTO Kiiacca). OJHUM U3 Pa3yMHBIX MOJIXOJI0B K ITOM
npodJeMe COCTOUT B 3aIIOJTHEHUH NMAaMSTH JaHHBIMH C MIIJIINX
aJIpecoB M OpraHU3aIluy CTeKa B CTapIINX ajapecax. B atom cimyuae
MpY WHUIMAIW3AlUK B YKa3aTelb CTEeKa 3aHOCHTCA afpec
MOCJEeIHEN SYEHKH ONEPATUBHON aMSTH.

2. Pa3mep cTeka He [NODKEH MpeBbIIaTh 00BEMa CBOOOAHOM
ONEpaTHBHOM namsATH. Pa3Mmep ompenensercs KOJu4eCTBOM
COXpaHAEMBIX B CTEKE€ JaHHBIX NpU paboTe MmporpamMM M Tak
Ha3bIBAEMON BJIOKEHHOCTBIO TIOANPOrPaMM W HpEpPhIBAHUIL.
BroxxeHHOCTP — 3TO HCIIOJNIB30BaHUE MOANPOrPaMM BHYTPH
MOATIPOTpaMM KM 00paboTKa MpephIBaHUS BO BpeMs PaOOTHI
apyroro obpaboTtunka npepbiBaHus. 110 BO3MOXHOCTH cliemyeT
3aIpelaTh BI0KEHHbIE IPEPBIBAHUS WM OrPaHUYUBATECS IByMsI
YPOBHSIMH  BIIO)KEHHOCTH, pa3pelias IpepblBaHui BHYTPHU
NpepbIBaHUK JIMIIb Ui OJHOTO — KPUTHYECKOTO COOBITHSL.
[Ipobnema BI0XKEHHOCTH MOXET CTOSITh OUY€Hb OCTPO JJIsl CUCTEM
C COOBITHITHBIM MEXaHU3MOM O00CITy>KMBaHUS (IO MIPEPHIBAHUSIM)
Ha OCHOBE MHKPOKOHTPOJUIEPOB C MaJIbIM 00bEMOM OTIepaTUBHOM
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MaMsITH.

3. Tlpuuumnoii 0e3yAepKHOTO pocTa CTeKa MOTYT OBITh OINMOKA
MPOrPaMMUCTA, COCTOSINAs B HApPYIICHUHW IMpaBWIa MaAPHOCTH
CTEKOBBIX omepanuii. B cOOTBETCTBUM ¢ HUM KaXXIIOMY BBI30BY
MOJIIPOTPaMMBbl  JIOJDKEH COOTBETCTBOBATH BO3BpaT H3 HeE,
KQXJIOMY TPEPBIBAHUIO — BO3BpAT M3 INPEPHIBAHUS, KAKIOMY
OTIEpaTOopy 3aIMCH B CTEK — ONEpaTOp YTCHUsS CTeKa.

3 [HoaroroBka K JiaGopaTopHoii padore

[lpu BHeayaUTOpHOH MOATOTOBKE K JabopaTtopHOoW paborte

MMPUACPKUBATHCA U3JI0OKECHHOT'O HMIKE TJIaHaA.

8.

9.

10.

11.

Wzyuntes u ommcath ¢dopmMaT W AEHUCTBUS, BBITIOTHIEMBIC

komangamu CALL, RET, PUSH, POP.

BrisicHUTS 1 3anMcaTh pa3psAHOCTD U aJipeca yKas3aTess cTeka

mukpokonTpoiuiepa AT90S2313 B mecTHaanATepUIHOM

CHUCTEME CUHCIICHUSL.

YTouHUTh M 3ammcaTh 00BEM, agpec MepBOM W MOCIEIHEH

SIMEUKUM  ONEPAaTHUBHOM MaMsITH MHUKPOKOHTPOJUIEpa B

LIECTHAALATEPUIHON CUCTEME CUUCIICHUSL.

N3yunth mabaoH mporpaMMsl JUIsl yCTPOWCTBA, H3Y4EHHOTO B

nabopaTopHoit pabote No2, BBIMOIHSIONIEH CIICTYIOIIHE

(byHKIHH:

—  Ecam wmou “SWO0” HaxaT, oToOpakaThb Ha CBETOJIHUOIHOM
HWHJUKATOpE TSTHO, Oerylee cieBa — HalpaBo;

—  Ecam wmou “SW1” Haxar, oToOpaxkaThb Ha CBETOJHOJHOM
HWHJMKATOpe TSITHO Oeryliee crpaBa — HaJIeBo;

— FEciu He Haxar HM OAMH U3 KIOUYEH, HE HU3MEHATh
n3obpaxeHue.

; ***x %% JlpyMeHEeHMEe NOANPOTPaMM

;0 Haxatuy SW1 (PortD3) - OGeryumit oroHb Bjeeo, SWO (D2)-BopaBo
.include "2313def.inc"

.device AT90S2313; FrakT = 10MI'L

.def
.def
.def
.def
.def

Temp =rl6 ; BDEMEHHEII PerucTp

Test =r20 ; BDEMEHHEIM PerMCTP KOHTPOJISA
Delay =rl7 ;MmUY PETUCTP 3alepPXKu
Delay2 =rl8 ; BTOPOV PETUCTP 3aIepPXKU

Delay3 =rl9 ; CTapumMii PETUCTP 3aOEPXKU
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; XRRRK HMLIManmM3aumnsa

RESET:

<AVR Instruction>
<AVR Instruction>

ser
out
out
out

1di

Temp

DDRB, Temp
PORTB, Temp
PORTD, Temp

Temp, 1

;s YCTAHOBUTE BEPIMHY
; CTeKa

;Temp = SFF

; PORTB = BCce Ha BHBOJI
;IIOTACUTh CBETOOMOIEL

;IOOTATUB. pes3ucTopsl PORTD

;B perucTpe Oerymmx OTHEM

;nonroToBUT LEDO kK 3aXmITaHUi

;¥*** yreHme mopTa KJjaBMaType M QOpPMMpPOBaHME KoIa KJnda

in kbd:

in
andi

Test, PIND
Test, 12

;UMTaTh COCTOSHME KJaBUATYPEH
; HasoxeHue Mmacku <0000 1100>

;XFFY gHaNM3 KONOB KJIOUEM M MNONTOTOBKAa K MHOMKALNMM

L Test:

cpi
brne

1sl
brne
1di
rjmp

L2 Test:

cpi
brne

Test, 4
L2 Test

Temp

LE Test
Temp, 1
LE Test

Test, 8
LE Test

<AVR Instruction>
<AVR Instruction>
<AVR Instruction>

LE Test:

;ruou SW1 HaxarT?
;HET - NPOBEPATH Jajble

;0erymmii OTOHB BJIEBO

;ecau oBHynuTCH,

;IIepeMecTuTs 1 B MIaIuMM paspsarn
;U 3aBepUMTH [NONTOTOBKY

;rutiou SWO HaxarT?)

;HET - 3aBeplMTb MNOITOTOBKY
;0erymmii OTOHb BHIPAaBO

;He HyJIb 3aBEpUMUThH, MHaUe

;IIepeMecTUTs 1 B CcTapumi paspsan

;yIIOOTOTOBKA K MHIOMKALMM 3aBeplleHa

;**xK% oroBpasuTh Oeryumiyi OTOHb (C yuérom l-roputT, O-norameH)

outled:

<AVR Instruction>

1di
1di
1di

rcall
rjmp

Delay, 255
Delay2, 255
Delay3, 2

DLY
in_kbd

;OToBpasuTe Ha MHAMK. perucrtp Temp

; 3amaTb 3alOepxKy
;

7

; BEIBBATH IIOANPOI'PaAMMy
s IIOBTOPATH 6eCKOHEUHO
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;X FFR monnpoIrpaMMel
;XFRR zamepxka IJIS BM3yalMsBaluuM pes3yJbTara

DLY:

12.

13.

14.

15.

16.

subi Delay,1 ; YMEHBIIMTEL Ha €OUHUILLY
sbci Delay2,0 ;24-x OUTOBEIM CUETUUK
sbci Delay3,0 ;3alepXKM M eCcyM OH He OOHyJmMJICS
brcc DLY ;IIOBTOPATHL IO OOHYJIeHMs, a 3aTeM
ret ;3aBEPUMTEL [NOONPOTPaMMYy 3aIEPXKM

Hcnonb3yst 1mabaoH MpOrpaMMbl BCTaBUTh HEOOXOIUMBIE
WHCTPYKUMH  MHUKpoKOHTpomiepa  AVR  (ommcanue
MHCTPYKLUI NpUBEICHO B [2]).

[IpencraButh mporpaMmy B BUAe (PYHKIHOHAIBHBIX MOIYyJIEH
C KpaTKuM ONHcaHueM (QYHKIMHM KaXIOr0 MOIYJsl B
TEKCTOBOM (hopMme.

N3yuutb HCIIOJIb3YEMBIH B nporpaMmme MOJYJIb
(dbopMupoBaHUS 3aJEPKKH W JIETATBHO (ITOKOMAaHIHO)
OIIUCATBh €TO0.

Onwmpasic Ha TpeACTaBIEHHE MPOrpaMMBI B BUJE
(YHKLMOHANBHBIX MOAYJIEH M TEKCT MPOTrpaMMBbl COCTaBHUThH
rpad-cxeMy anropurMa.

[Ipomymats mocaeqo0BaTeIbLHOCTD U CIIOCO0 OTIIAJAKH KayKAO0TO
MOJIyJIs mporpamMmsl. [lpuBectr mnan oTinaaku.

,HHH CaMOKOHTPOJIA IMUCbMEHHO OTBCTUTH Ha INMPHUBCIACHHLIC

najiee BOIPOCHI.

8.
9.

10.

11.

12.

13.

B kakxom pexxume pabotaet mopt D — BBos1a min BeiBOa?
Kak Mo>xHO 3arpy3uTh ykazateiahb cTeka? HamucaTs KoMaHIbI
3arpy3Ku.

KakoB azpec mnocimegHeidl suyedku ONEpPATHBHOW NaMATU
koHTposepa AT90S2313?

B 4u€m cMbIcT HaJOXKEHUsI MACKU HA KOJ, CUMTAHHBIN C TIopTa
B Moayie scan_cod: (andi Test,12)?

Hackomnbko, U B KaKkyt0 CTOPOHY U3MEHUTCS YKa3aTelb CTEKa
NpH BbIMOJHEHHH KoMau I rcall?

Kak paccuntaTh BeNMWUYWHY 3aJepKKH B IOAIPOrpaMMe
3aaepKKu’?
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4 TIporpamMma uccjIeI0BaHUI U MOPSII0K PadoOThI

10.

11.

12.

13.

14.

15.

PaccuuTarhs 1mecTHaAnATEpUUHBIA KOJ 33JCPKKU JAJS BEITMYUHBI
sagepkku T= 300+50xn Mc, e N — HOMEp KOMITBIOTEpa.

Co3maTh TPOEKT W BBECTH TEKCT MPOrpamMMBbl, CO3JaHHOH MpHU
CaMOCTOSATEITHLHOM IMOATOTOBKE K JJabopaTOopHOU padore.
Conepx’uMoe perucTpoB 33A€P’KKH YCTAaHOBUTH B COOTBETCTBHUH C
pacuéramu.

KomnuinpoBaTh HpoOeKT W MPOTOKOIMPOBaTh coobuieHus. Ecnm
UMEIOTCA OLIMOKM, IMPHUBECTH OLIMOOYHBIE CTPOKHM B OTYETE,
c/IeNaTh aHaIn3 OIIMOOK U BBECTH MCIIPABJICHUSI.

BeImoONHUTE  OTHAaAKy MOAYJEH MporpamMMbl B COOTBETCTBHH C
METOJIMKOI pa3paboTaHHON MPH CAMOCTOSATENBHOM OATOTOBKE. B
npouecce OTJaJKU IIPOTOKOJINPOBATh COIEP)KUMOE
MOJTU(PHUIUPYEMBIX PETUCTPOB, COIOCTABIISS C TMPEACKa3aHHBIMU
3HAYCHUSIMH.

ITocme  cbpoca B TIOIIATOBOM pE&XHME HaOmoIaTh U
MPOTOKOJIUPOBATH U3MEHEHHE COACPKUMOr0o CTEKOBOM 001acTH 1
ykazartens creka. [l cokpalleHHs KOIMYEeCcTBa IIAroB 3aJepikKy
YCTAHOBUTH paBHOM 1.

JIONOJAHNUTE MOANpPOrpaMMy  3aJ€pPKKH  JBYMsI KOMaHIaMu
COXpaHEHHUSI COJIEPKMMOTO TIPOU3BOJIEHBIX PETHCTPOB B CTEKe.
[IpennpuHSTH NOMBITKY BBHIIOIHEHUS HECKOJIBKUX LIUKIOB BHIBOAA
Ha uHIuKanuo. [IpoTokonnpoBate cogepkUMoe yKa3aTess CTeKa,
CTEKOBOW 00JacTH W  MOCJEOBATENILHOCTH  BBITIOJTHIEMBIX
orepatopoB. OOBSICHUTH pe3yibTaThl HAOMIOJeHUS (3alepiKKa
JIOJDKHA OBITH paBHa 1).

BocctaHoBUTH MpOrpaMMy M YCTAaHOBUTH BEJIWYHMHY 3aJCPKKH B
COOTBETCTBUM C BapuaHTOM. IIpoBecTHM OLIEHKY peanbHOM

3aJIEPIKKH.
[loaxarouuTh CTEHJ ¢ NOMOLIBIO MPOTPAMMHUPYIOIIETO Kadens K
napauIeIbHOMY MOPTY KOMIIBIOTEpPA " BBIIIOJIHUTh

MPOrPaMMHUPOBAHUE MUKPOKOHTPOJLIEPA.
[To 3aBepiieHHMH NPOrpaMMHUPOBAHUSL 3arpy>KEHHas Iporpamma
HAuyHET MCHOJIHATHCA aBTOMarthuecku. Haxumas mnoodyepénHo
KJIFOYH, 3aPOTOKOIMPOBATH PEAKIIMIO MPOTOTUITHOTO YCTPOMUCTBA.
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5 KoHTpoJibHBIE BONPOCHI

5. K kakuM TOCIIEACTBHSAM B paboTe NPOrpaMMBl IIPHBEAET
OTCYTCTBHE KOMaHJ WHUIUAIN3AINH CTeKa?

6. Ecnu BepmmHa cTeka ykas3blBaeT Ha Miaamyro sueiiky O3V,
9TO MPOU3OUAET MPH IBYX MOCIEAYIONIHNX 3arpy3Kax cTeKa?

6 Conep:kaHue oT4éTa

OTYET MOJDKEH comep KaTh:

15) TUTYIbHBII JIUCT;

16) manmeHoBaHue pabOTHI U 1IETh HCCIICAOBAHHMIA;

17) ucXOoqHBIIH TEKCT MPOrPaMMBI;

18) onucanue MoyIiei mporpaMMBbl ¥ UX QYHKIINIA;

19) rpad-cxemy anropurma;

20) m1aH OTJa KU MPOrPaMMBL;

21) oTBETHI HA HA BOIPOCHI IS CAMOIIPOBEPKH;

22) TEKCT NPOrpaMMbl B COOTBETCTBHHU C BAPUAHTOM 3a/IaHUSL;

23) MPOTOKOJ OTIAAKH C aHATM30M OLIMOOK (IPU HATMYHH);

24) pe3ynbTaThl HCCIICIOBAHMIA M aHaIM3a pabOThI CTEKa,

25) mamIt mamsITH IPOrpamm;

26) pe3ysbTaThl 3KCIEPUMEHTAILHON MPOBEPKH MPOrpaMMbl Ha
HPOTOTUITHOM CUCTEME;

27) OTBETHI HA KOHTPOJILHBIC BOTIPOCHL.
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4. OPTAHM3AIIMS ITPEPLIBAHUH B
MHUKPOKOHTPOJIUVIEPAX AVR

1 Heas padoTsl

N3yuenue nocucTeMbl NpephIBaHUN U OpraHU3aI[MH BHEIITHUX
MpepbIBaHUM.

2 BHelllHMe MpepbIBAaHUA B MUKPOKOHTpoJLIepax AVR

2.1 UcTouynuku npepsiBanuii

B AT90S2313 npenycMOTpeHBl JO€CSIThb  HCTOYHUKOB
MpepbIBaHUNA. DTU NMPEPhIBAHUS ¥ COPOC UMEIOT Pa3IMYHbIC BEKTOPHI
B 0obOnactu mamaTd nporpamm. Kaxaomy M3 mpepbIlBaHUN TPUCBOSH
OT/ICNBHBIN OWT pa3pelIalonii JaHHOE MPephIBaHNE IIPH YCTaHOBKE
outa B 1, ecniu Out | peructpa cocrosuust SREG paspemaer obmiee
00CITy’>KUBaHUE TIPEPHIBAHUM.

Campble Miamme ajapeca naMsaTH IPOrpaMM ONpeeNIeHbI KaK
BEKTOpHl cOpoca u mpepbiBaHWil. [lOMHBIA CIMCOK BEKTOPOB
MpepbIBaHUN MpUBeAEH B Tabmuie 1. DTOT CIUCOK ompeaenseT U
NPUOPUTET  pasIMYHBIX  TpepbiBaHWil.  MeHpmme  aapeca
COOTBETCTBYIOT 0OoOJiee BBICOKOMY YpOBHIO mpuopurera. Camblit
BBICOKHMI ypOBeHb y cOpoca, cienyrommid npuoputer y INTO -
BHEIIHETo 3arpoca npepsiBanus 0 u T.1.

Tabmuna 1. COpoc 1 BEKTOPHI IPEPHIBAHUM.

Homep | Anpec Hcrounuk Onucanue npepbIBaHUSA
BEeKTOpa

1 $000 |RESET BeiBoj cOpoca u cOpoc oT cTopo-

JKEBOT0 TaliMepa

2 $001 [INTO Buemnee npepeiBanue 0

3 $002 [INT1 Bueninee npepeiBanue 1

4 $003 [TIMER1 CAPT1 |[3axsar taiimepa/cuerdnka |

5 $004 |TIMER1 COMP1 |Cosnanenue taiimepa/cuerdnka I

6 $005 |TIMER1 OVF1 |Ilepenonuenue Taiimepa/cyerdnka |
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7 $006 |[TIMERO, OVFO [[lepenosnnenue taiimepa/cuerunka 0

8 $007 [UART RX [NocnenoBatenbHbII NOPT: IPHEM
3aKOHYCH

9 $008 |(UART UDRE [NocnenoBatenbHbII NOPT: pErUCTp
JIAHHBIX MYCT

10 $009 [(UART TX [ocnenoBartenpHbII NOPT: IIEpeaaya
3aKOHYEHA

11 $00A |ANA COMP AHAJIOTOBBIN KOMIIAPaTOP

Yalne BCero UCIOIB3YETCs CIEMYIOIas yCTaHOBKA BEKTOPOB
HIPEPBIBAHNUMN B IIpOTrpamMMe:

Anpec  Kog KommenTapuii

$000 rjmp RESET ; O6paboTka copoca

$001 rjmp EXT_INTO ; O6paboTka IRQO

$002  rjmp EXT_INT1 ; O6paboTtka IRQ1

$003 rjmp TIM_CAPT1 ; O6paboTka 3axBaTa Taiimepa 1

$004  rjmp TIM_COMP1 ; ObpaboTka coBmaaeHus Taiimepa 1
$005 rjmp TIM_OVF1 ; OOpaboTKa nepernosHeHus Taiimepa 1
$006 rjmp TIM_OVFO0 ; ObpaboTka nepenoaHeHus TaiiMepa 0
$007 rjmp UART_RXC ; O6paboTka nprema Gaiita

$008 rjmp UART_DRE ; O6paboTka ocBoboxkaeHuss UDR
$009 rjmp UART_TXC ; O6paboTka mepenaun Oarita

$00A rjmp ANA_COMP ; O6paboTKa aHAIIOTOBOI'O KOMITapaTopa

; Hauano ocHOBHOM nporpamMmsl

2.2 PerucTpbl npeprIBaHUid

AT90S2313 umeet nBa peructpa Macku npepeisanuit GIMSK -
OOIIMi perucTp MacKu MpepbIBaHHUW, PACHOJIOKEHHBIH MO ajpecy
$3B($5B) u TIMSK - peructp MacKu MpEpPHIBAHHNA  OT
TaiiMepa/cueTdnka - 1o ajapecy $39($59).

Korma Bo3HHMKaeT mnpepriBaHMe, OOIMI OWT pa3peleHus
npepbiBannii | perucrpa SREG ounmaercst (HONb) W TpephIBaHUS
3ampeniatorcs. [IporpamMma Ioiib30BaTeinss MOXKET YCTAHOBHTH STOT
OuT JUIs paspemeHus npepbiBanuii. diar paspenienus npepeiBaHuii |
yCTaHABIMBAeTCS B | TIpH BBINOJHEHUH KOMaHJBI BBIXOAa U3
npepeiBanus - RETI.

Jnis mpepbiBaHUiA, BKJIIOYAEMBIX CTATUYECKUMH COOBITHSIMU
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(T.e. mepexIIroYaeMbIMU YPOBHEM) (Hampumep, COBNAICHUE 3HAYCHHS
cdyeTdrKa/Taiimepa 1 ¢ perucTpoM coBIafeHus) (iar mpephIBaHUS
B3BOAMTCS, KOTJa MpoucxoAauT coObithe. Ecim ¢uar npepbiBaHus
OYMILICH ¥ PUCYTCTBYET YCIIOBHE BOSHUKHOBEHUSI IPEphIBaHus, (iar
He Oy/ieT yCTaHOBIIEH, ITOKa HE MTPOU30IIET clieyromiee COObITHE.

Korna nporpamMMmHBIN CYETUYHMK yCTAHABIMBAECTCS HA TEKYLIHN
BEKTOp MpephIBaHMs 1151 00paOOTKH NpEephIBaHuUs, COOTBETCTBYIOIN
¢nar, creHepupOBaHHBIM NpEPBIBAHUEM, alllapaTHO cOpachIBaeTCs.
Hekoropsie ¢uarm mpepbiBaHHS MOTYT OBITH COpOIIEHBI 3aMUCHIO
JIOTHYECKON €MHUIBI B OMT COOTBETCTBYOMMHA (uary. Hasnauenue
outoB obmero peructpa Macku npepsiBanuii GIMSK npencrasneno
Ha pUCYHKe 1.

Bur 7 6

$3B($5B) [ INTL [ INTO | GIMSK

Yr./zam. (RIW)  R/W R/W
Hauanpn. 3Ha4. 0 0

PucyHnok 1 — Haznauenmne OMTOB peructpa Macku NpepbIBaHUH.

bur 7 — INT1: 3ampoc BHemHero npepsiBanus 1 paspemen. Korna
3TOT OUT YCTAHOBJIEH, a TAKXKE YCTaHOBJEeH Out | perucrpa
COCTOSIHUSI, pa3pelIaeTcs NpeprIBaHie OT BHELIHETO BBIBOAA.
buts! ynpasienus 3amyckoM npepsiBanus (ISC11 u ISC10) B
peructpe ympasieHusi Mukpokontposuiepom (MCUCR)
OTPENICNIAIOT - TIO KakoMy COOBITHIO OTpabaThIBaeTcCs
npepbIBaHue. DTO MOXKET MPOUCXOIUTH 110 CHAAI0IIEMY MU
HapacTarouieMy ¢GpoHTy MM ke 1o yposHio. Ilpu
BO3HMKHOBEHHH TMPEPHIBaHUSI BBHIMOJHAETCS IPOrpamma,
HaunHamasics ¢ aapeca $002 B mamMsITH Iporpamm.

bur 6 - INTO: 3anpoc BHemHero npepsiBanus 0 paspemies. Korna stor
OWT ycTaHOBIIEH, a TakXke ycraHoBieH Out | permcrpa
COCTOSTHHSI, pa3peliaeTcsi NpepbIBaHNe OT BHEITHETO BHIBOJA.
butel ynpasnenus 3amyckom npepsiBanus (ISCO1 u ISC00) B
peructpe ynpasieHus MukpokonTpoimiepom (MCUCR) ompe-
JIEJISTEOT - IT0 KAaKOMY COOBITHIO OTpabaThIBaeTCs MpephIBaHuUE.
OTO  MOXKET NPOUCXOAUTh MO  CHAJAIOUIEMy WM
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HapacraoneMy (pOHTY WIH ke 10 ypoBHIO. Ecim BBIBOJ
INTO umcmonp3yercst aist pabOTBI ¢ BHEIIHUM HCTOYHHKOM
npepbiBanus, OuT D2 B peructpe HanpaBiIeHUs JaHHBIX TIOPTa
D (DDRD), nomxen ObiTh cOpomier B 0, utoOs! BeiBog INTO
pabdoran kak Bxoxa. [Ipm BO3HMKHOBEHHWH NpEPHIBAHHS
BBITNOJIHICTCS IporpaMMa, HaunHaromascsa ¢ aapeca $001 B
MaMsITH IPOTPaMM.

Butel 5..0 - B AT90S2313 3ape3epBrUpOoBaHbl K YUTAIOTCS Kak (.

TIpu BO3HUKHOBEHUHU BHEITHUX NpephIBaHUN
yCTaHaBIUBAIOTCs OMTHI B peructpe (iaros mpepsiBanuii — GIFR
(pucyHok 2).

but 7 6
$3A$5A) [ INTF1| INTFO | GIFR

Yr./3am (RIW)  R/W R/W
Hauanph. 3Ha4. 0 0

Pucynok 2 — Ha3znaueHnune OUTOB peructpa (hiaaroB mpepbIBaHUMA.

bur 7 - INTF1: ®nar BHemHero npepbiBanus 1: [Ipy BO3HUKHOBEHUH
Ha BbIBoie INT1 coOOBITHS, BBI3BIBAIOLIETO IPEPHIBAHHE,
INTF1 ycranaBmuBaercs B "1". Ecnu ycranoBnensl Out |
peructpa SREG u 6ut INT1 B GIMSK, nporcxoaut nepexo;y
Ha BEKTOp mpepbiBanus no aapecy $002. dnar ouwnimaercs
1ocJjie BBIOJIHEHUsI 00paboTunKa npepbiBanui. Kpome toro,
¢dar MOXHO OYHCTHTH, 3allicaB B HErO JIOTMYECKYIO

€JIMHULLY.

burt 6 - INTFO: ®nar BHemHero npepsiBanus 0: [Ipu BOSHUKHOBEHUU
Ha BbIBoZe INTO coObiTusi BBI3BIBAIOIIEIO NpEpHIBAHUE,
INTFO ycranaBnuBaercst B "1". Ecnu ycraHoBieHsl Out I
peructpa SREG u 6ut INTO B GIMSK, npouncxoaut nepexos
Ha BEKTOp mpepwiBanus 1o aapecy $001. dnar oummaercs
mocyie BBIMTOJHEHUS 00paboTurka mpepreiBanua. Kpome toro,
(1ar MO>KHO OYHCTHTD, 3a1ICAB B HETO JIOTHYECKYIO CTUHHUILY.

butsr 5..0 - B AT90S2313 3ape3epBrupoBaHbl 1 yuTatOTCs Kak 0.

Pernctp MCUCR cogepxutr OutTbl 0O0mIero yrnpaBieHHs
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MUKPOKOHTpOJIepoM. [lokazaHbl TONBKO OWTHI, OTBEYAIOIIHE 3a
croco0 BKITFOUEHHSI BHEIITHUX MPEPHIBAaHUH (PUCYHOK 3).

bur 3 2 1 0
$35($55) [1sc11 |1sc10 [1sco1l [ 1scoo | MCUCR

Yr./zam. (RIW) RW  RW  RW  R/W
HauaneH.3Ha4. 0 0 0

Pucynok 3 — Ha3znauenne OMTOB perucTpa yIpaBlICHUs.

Butet 7,6 - 3apesepBupoBanel. B AT90S2313 o3t OuThH
3ape3epBUPOBaHbI U BCETAa YNTar0TCs Kak 0.

but 5 - Sleep Enable -Paspemienue pexuma Sleep. DT0T OUT T0IDKESH
OBITH yCTaHOBJIEH B 1, 4TOOBI TpW BBHIMOJIHEHHHA KOMAaH]IbI
SLEEP mpoueccop mnepexoausa B pPEXUM MOHWKEHHOTO
sHepromotpednenus (Sleep). Jlnms ncmomp3oBaHUS peknMa
MOHM)KEHHOT'O SHEPronoTpeOeHns: 3TOT OUT PEKOMEHIyeTC s
ycTaHaBiauBaTh B 1 1o ucnonHenus komauasl SLEEP.

but 4 - Sleep Mode - Pexxum Sleep. Dtotr OuT BbIOMpaeT OJMH U3
JOCTYIHBIX PEXUMOB TOHMKEHHOTO 3SHEPromnoTpeOeHusl.
Ecmu Our coOpomen (0), To B KkauectBe pexuma Sleep
BeIOUpaeTcs xonocroi pexxum (Idle mode). Ecmm  Our
YCTAHOBJICH, - BbIOMpaeTcs 3KOHOMHWYHBIA pexuMm (Power
down). IIpu cTapte OUTHI 7-4 COPOILICHBI.

Buret 3,2 - ISC11, ISC10: Owutel ympaBieHusi cpabaThIBAaHHEM
npepbiBanus 1.  BHemHee mnpepbiBaHHE —aKTHBHPYETCS
BbIBOioM INT1, ecnu ycranosieH ¢aar I peructpa coctosHus
SREG u ycTaHOBJIEHa COOTBETCTBYIOIIAS MAacKa B PETHCTPE
GIMSK.

burer 1,0 - ISCO1, ISC00: Outel ympaBieHusi cpaOaTbIBAaHHEM
npepeiBanuss  (0:  BHemHee mpepbiBaHME —aKTHBHPYETCS
BbIBOIoM INTO, eciiu ycTaHoBieH ¢utar | peructpa cocTosHUS
SREG wu ycraHoBiieHa COOTBETCTBYIOIIAasi Macka B PErHCTpPE
GIMSK.

YcraHoBka OMTOB JUIS 3alaHUsS CpabaThIBaHUS 1O YPOBHIO U

(poHTaM OCYIIECTBIISIETCSI B COOTBETCTBUH C TaOIULEH 2.
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Tab6mmia 2. Beibop criocoba BKIIFOUCHHS TTPEPHIBAHIN.

ISCnl|ISCn0O| Onucanue
0 0 3anpoc npeprIBaHus TCHEPUPYETCS TI0 HU3KOMY
ypoBHIo Ha Bxoae INTn
0 1 3ape3epBUPOBAHO
1 0 3ampoc Ha TpephIBaHuUE I10 CriafarmeMy GppoHTy
Ha Bxoze INTn
1 1 3anpoc Ha pephIBaHUE 110 HAPACTAIOIIEMY

¢pouTy Ha BXxozae INTn

IMPUMEYAHUE: Ilpu usmenenuu 6umos ISCnl/1SCn0 npepwisarnue
INTN Oonswcno Ovims 3anpewjeHo o4UUCMKOU COOMBEMCIEYIOULE20

ouma 6

pecucmpe GIMSK. Huaue npepuvisanue modxcem 803HUKHYNb

60 6pEMSA USMEHEHUA oumos.

3 loaroroBka k Ja6opaTopHoii paGoTe

IIpu BHeayaUTOpHOHM TMOATOTOBKE K JlabopaTopHOil paboTe

MNPpUACPIKUBATHCA U3JIOKCHHOT'O HMIKE I1JIaHA.

17.

18.

19.

[locTpouth cXxeMy MHUKPOKOHTPOJUIEPHOIO YCTPOMCTBA C

WH/IMKAaTOPOM B BHUJAE 8 CBETOJMOOB, MOJIKIIOYEHHBIX K

nopty B MUKpOKOHTpOJUIEpa U KIIABUATYPHI U3 ABYX KHOIIOK,

MTOJIKITIOYEHHBIX K paspsanam D2-D3 mopra D.

N3yunth oOpraHMzalui0 Ha4yaJIbHOM  00JacTH  MaMATH

mporpaMM W BBIIUCATh  aJpeca BEKTOPOB  BHEIIHUX

npepoiBanuid INTO u INT1.

W3yunth mabiioH mporpaMmbl, BBIIOJHSIOUIEH CIEAyIOLINe

(byHKIIH:

— Ilpu kaxxaom HaxaTuu Ha Kmou “SWO0” nepememarp Ha
OJIHY MTO3HILIMIO BIIPABO CBETOBOE MATHO HAa CBETOIUOHOM
WHAUKATOPE (IIUKINYECKH );
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IIpu kaxxaoM HakaTuu Ha Kitod “SW1” mepemMernars Ha
OJTHY TO3HIIMIO BIEBO CBETOBOE ISTHO HA CBETOIMOJHOM
WHIUKATOpe (IMIUKINICCKN);

Ecin He HaxxaT HM OJMH U3 KIIOYCH, HE H3MCHATH
n300paxxeHue.

;X% % %% BpOI IAHHEIX IO I[IPEPLBaHUAM

.include

"2313def.inc"

.device AT90S2313

.def Temp =rl6 ; BDEMEHHBII PEeTUCTP
.def Test =r20 ; BDEMEHHEIM PerMCTP KOHTPOJIS
.def Delay =rl7 MOV PETUCTP 3alepPXKy
.def Delay2 =rl8 ; BTOPOM PEeTrMCTP 3alepPXKM
.def Delay3 =rl9 ; CTapumii PeTnUcTP 3aOePXKU
.cseg
.org $00
rjmp start ;Ha Ha4vaJio NPpOTI'PaMMEL
rimp L SWO ;0obpaboTuMk IpepeBaHMi oT kJoda SWO
rjmp L SW1 ; 0OpaboOTuMK NPepHBaHMM OT Kjmoda SW1

;XA HMIManmM3aumnsa

start:

loop:

ser Temp ;Temp = S$SFF

out DDRB, Temp ; PORTB = BCe Ha BEBOZI

out PORTB, Temp ;IIOTACUThL CBETOIOMOIE

out PORTD, Temp ;IOOTATUB. pes3ucTopsl PORTD

1di Temp, 0b00001010; BxJOUaATEL BHEUHME [PEPEIBAHUSA

out MCUCR, Temp ;0 cnanmy Ha D3,D2

<AVR Instruction> ; YCTAQHOBUTE BEPUMHY

<AVR Instruction> ;CTeKa

1di Temp, 0b11000000 ;paspemeHne BHEWHMUX

out GIMSK, Temp ; IPEPLIBaHUM

1di Temp, 1 ; aKTVMBU3MPOBATH OIUH OUT
;B perucrpe Oerymmx OTHeu

sei ; Enable interrupts

rimp loop ;

;X*** obpaboTka NPEepHBaHMI NPM 3aMelKaHMy Kjoda SWO

L SwWO0:

L1 sSw0:

lsr

brne

1di

Temp ;0erymmy OTOHb BIPaBO
L1 _SWO ;ecnu oOHYJIMTCH,
Temp, 128 ;IIepeMecTUTs 1 B CcTapumi paspan

;*XFFK% ormoBpasurs Oerymmii OTOHb (¢ yuérom O-ropuT, l-norameH)



<AVR Instruction> ;MHBEpPTMUpPOBAaTh perucTp Temp
out PORTB, Temp ; BEIBECTM naHHele B PORTB

<AVR Instruction> ; BOCCTAHOBUTL perucTtp Temp
rcall DLY ; BEI3BATh NOIANPOTPAMMY 3aIlepPXKU
reti

;XFFR obpaboTka MNpPEephlBaHMM NPpM 3aMblKaHUM kijoda SW1
L Swl:

<AVR Instruction> ;0erymmi OTOHB BJIEBO
brne L1 swl ;ecnu oBHynmuTCH,
<AVR Instruction> ;rnepeMecTuUThs 1 B MJaguMy paspan
L1_SWwWl:
;*X*F*% ormoBpasuTe Oerymmii OTOHb (¢ yuérom O-ropuT, l-norameH)
<AVR Instruction> ;MHBEpPTMUpPOBAaTh perucTtp Temp
out PORTB, Temp ; BRIBeCTM naHHele B PORTB
<AVR Instruction> ; BOCCTAHOBUTE peructp Temp
rcall DLY ; BEI3BATE IOANPOTPAMMY 3aIepPXKU
reti

;XF % monnpoIrpaMMel
;X*FR z3apepxka OJIA 3alMTH OT Opebesra KOHTaKTOB
DLY:
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1di Delay, 255 ; 3alaTb 3alepxKy
1di Delay2, 255 ;
DLY2:
subi Delay,1 ; YMEHBUMTL Ha E€OUHULY
sbci Delay2,0 ;16-1 OUTOBHEIM CUETUUK
; BalepXKM M eCJM OH He OOHYyJMIJICS
brcc DLY2 ; TOBTOPATE OO 3aéMa, a 3aTeM
ret ; BaBepUyrTh IOANPOTPAMMY 3adepPXKN

20. M3yunth ® oOmUcaTh MOCIEAOBAaTEIIBHOCTh  JCHCTBUM,
COBEpIIIAeMbIX MHUKPOKOHTPOJIJICPOM TMPH BO3HMKHOBEHUH

BHEIIHUX NPEpbIBaHUI.

21. Omnucarp dopmar, U AEHCTBUS, COBEpIIaEMble HHCTPYKIHEH

iret. KakoBo BpeMst HCIIOTHEHUS KOMAH IbI?

22. Vicnonp3ysi 1Ia0JIOH TPOTpaMMbl BCTaBUTh HEOOXOJHMMEIE

HHCTPYKIUK MHUKpOKOHTposutepa AVR [2].

23. TIpencraButh MporpamMmy B Bujie GYHKIIMOHAILHBIX MOJTyJIeH
C KpaTKuM ONHcaHueM (QYHKIMH KaXJOro MOIYJs B

TEKCTOBOM (hopme.

24. Onupasice  Ha  TpEJCTaBlICHWE TMPOrpaMMbl B BHUJIE
(PYHKIIMOHATBHBIX MOAYJEW U TEKCT MPOTPaMMBbI COCTaBHUTH

rpag-cxemy anropurMa.

25. TIpoaymartp MocieIoBaTebHOCTh U CIIOCO0 OTIIAIKH KX 0T

MOAYJIsl IporpaMmsl. IIpuBeCTH 1aH OTIAIKY.



66

,HHH CaMOKOHTPOJIA IMUCBMEHHO OTBCTUTH Ha IPUBCIACHHBIC

Aajiee BOIPOCHI.

14. B kakom pexxume JOKHBI pabotats pa3paasl D2 u D3 mopra
D?

15. C xakoil mMenmpl0 I OTUX Pa3psioB  IMMOIKIIOYAIOTCS
BHYTPEHHHE MOATITUBAIOIINE PE3UCTOPHI?

16. OOBACHUTh Kakue JCHCTBHSA BBIIOJIHIIOT IPOTPAMMHBIC

CTPOKHU:
1di Temp, 0000001010
out MCUCR, Temp

17. Kakue coOBITHS BKITIOYAIOT BHEITHHE MTPEPHIBAHNS?

18. IlepeuncnuTh OMTHI U PETUCTPHI, OTBEYAOIINE 32 AKTUBHOCTH
(4yBCTBUTENBHOCTH) TOJCUCTEMBI BHEIIHUX MpEpPhIBAaHUNA K
coOwITHsIM Ha Bxone D2 mopra D?

19. Kakoit ryOmnBl cTek TpeOyercs is pabOTBl JaHHOW
MIpOrpaMMbI?

4 MIporpamMma Mcc/Ie1I0BAaHUI U MOPSATOK PadoThI

16.

17.

18.

19.

20.

Co3maTh TPOEKT W BBECTH TEKCT IPOTPAMMBI, CO3MaHHON MpH
CaMOCTOSITEILHON TIOJIrOTOBKE K J1JabopaTopHOii paborTe.

KomnuinpoBaTh NpOEKT W MPOTOKOIMPOBaTh cooOmmeHus. Ecnun
UMEIOTCS OIIMOKHW, IMPHBECTH OIMMOOYHBIE CTPOKH B OTYETE,
C/IeNaTh aHAIN3 OMOOK U BBECTH MCIIPABJICHUSI.

BeInonHUTe OTIAAKY MOIYJEH NpPOrpaMMbl B COOTBETCTBHH C
METOAMKOHN pa3pabOTaHHOM MPH CaMOCTOATEILHON MOJATrOTOBKE. B
rpouecce OTIIAJIKH IIPOTOKOJIMPOBATH COEPKUMOE
MOIU(PHUIMPYEMBIX PETUCTPOB, COIOCTABIISAS C NMpPEACKa3aHHBIMU
3HAYCHUSAMU.

B noniarosom pexume, UMUTHPYSI HAKATHE U OTIIYCKaHHE KIIOUEH
IIPOTOKOJIUPOBATh COAEPKUMOE CT€Ka M YyKasaTels CTeKa B
MOMEHTBl ~ Momudukauud.  OOBSCHUTH  3HAYEHUS  CIIOB
COXPaHEHHBIX B CTEKE.

B momarosom PEXUME UMUTUPOBATH OAHOBPEMCHHOC HAXATHC
JIBYX KIIOYEHl MPOTOKOJIMPOBATh IIOBEJEHHE YCTpOHCTBA M
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OOBSICHUTH €ro.

21. TIoAKIIOYHTE CTEHJ C MOMOIINBI0 MPOrPaMMHUPYIONIEro Kadems K
napaieIbHOMY MopTy KOMITBIOTEPA 1% BBITTOJIHUTH
MPOrPaMMHUPOBAHUE MUKPOKOHTPOJIIEPA.

22. Tlo 3aBeplIeHUHM TPOTPAMMHPOBAHUS 3arpyKEHHAs Mporpamma
HA4YHET UCIONHATHCS aBTOMarndecku. Hakumas moodepémHo
KITIOYH, 3aIPOTOKONIUPOBATh PEAKIIMIO IIPOTOTHUITHOTO YCTPOIMCTBA.

[Ipumeuanue: [lynkmet 5, 6 ucnonuaomes gaxyibmamueHo.

5 KOHTpOJ’IbHBIe BOIIPOCHI

7. Kak  oOecrieunBajioch  KOPPEKTHOE  (DYHKIIMOHUPOBAHHE
mporpamMM B J1abopaTopHbIX pabortax 1-3, eciaw OHM HalOXKEHBI Ha
00J1aCTh BEKTOPOB MPEPHIBAHUHN?

8. Kak Oynmet BecTu ce0sl CIIPOSKTUPOBAHHOE YCTPOMCTBO, €CIU
KJIFOY y/Iep)KUBATh B HAKATOM COCTOSIHUHM HEOTPAaHHMYEHHO JI0IT0?

9. Kak pemaercs Bompoc OOCTYXUBaHHs TPEPhIBAHUNA TPH
OTHOBPEMEHHOM BO3HHUKHOBCHHMH JBYX M Oolilee TpephIBaHHN B
MuKpokoHTposuiepax AVR?

10.Kak wu3MeHHWTCS TIOBEICHWE YCTPOWCTBA, eciau yOparth
MIPOTPaMMHYIO 3a/I€PKKY?

6 Conep:xkaHue oT4éTa

OT4éT HOKEH COAepKaTh:

28) TUTYJIBHBII JIUCT;

29) HauMeHOBaHUe PabOTHI U I1EJIb UCCIIETOBAHHIA;

30) cxeMy 3JIEKTPHYECKYIO (YHKIHOHAIBHYIO YCTPOMCTBA M €€
KpaTKoe OMHICaHue;

31) ucxomHbIi TEKCT MPOTPAMMBI;

32) onrcanue MOyJIei MPOrpaMMBbl U UX (YHKIIHH;

33) rpad-cxeMy aaropuTMa,;

34) nnaH OTNIAIKK IPOTPAMMBI;

35) OTBETHI HAa HAa BOIPOCHI JUISI CAMOIIPOBEPKH;

36) TekCT mporpaMMbl B COOTBETCTBUH C BAPUAHTOM 3aJIaHUS,

37) mpOTOKOJ OTIAKH C aHATTM30M OIIHOOK (IIPU HAIUYHH);
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38) mpOTOKOJBI HCCIENOBAHKS TPOrPAMMBI B COOTBETCTBHH C
3aJlaHUEeM U Pe3yJIbTaThl aHAIH3A.

39) pe3ynbTaThl AKCIIEPUMEHTAIBHON MPOBEPKH MPOTPaMMBbI Ha
MIPOTOTUITHOW CUCTEME;

40) oTBETHI HA KOHTPOJIBHBIC BOTIPOCHI.
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5. MPUMEHEHUE TAHUMEPA JIJIsI BPEMEHHOU
CUHXPOHU3AIIMU TPOI'PAMMHBIX ITPOLIECCOB

1 Hean padoTsl

N3yuenue YCTpOMCTBA aInmnapaTHeIX TaliMepoB
MHKPOKOHTpOJuIepoB AVR 1 0COOCHHOCTEH MX TPUMEHEHHUS.

2 AnnapaTtHble TaliMepbl MUKPOKOHTpoOJLTIepoB AVR

2.1 Opranusauus TaiiMmepoB

Bo MHOrHX 065acTAX MPUMEHEHUS CPEACTB BEIYMCIUTEIbHOM
TEXHUKH TpeOyeTcss MpUBsS3Ka TeX WM WHBIX JCUCTBHHA K
orpeei€éHHBIM MOMEHTaM BpeMeHH. [Ipr HEBBICOKHX TPEeOOBaHHSX K
TOYHOCTH 3TO MOXXHO OCYILIECTBUTH NPOrPaMMHO, YTO MOTpeOyeT
JNOTOJHUTEIIBHOW ~ MamsTh M TpUBENET K CHUKEHHIO
MIPOM3BOAUTEIHLHOCTH CHUCTEMBI. AIMapaTHbIe CPEACTBa MOJIEPKKU
(GYHKUUI CBA3aHHBIX CO CYETOM COOBITHI, U3MEPEHUEM BPEMEHHBIX
WHTEPBAJIOB MEXIYy HHMH, BBLAEP)KKOH TOUHBIX BpPEMEHHBIX
WHTEPBAJIOB CYIIECTBYIOT y>K€ JABHO B BHUJE CHEIMATIU3UPOBAHHBIX
BUC (mampumep, IMHUPOKO NpUMEHsSEMas paHEe B MEPCOHATBHBIX
komnblotepax BUC raiimepa i8254). B  Hacrosiiee Bpems
MPaKTUYECKH BCE MHUKPOKOHTPOJUIEPHI HMMEIOT IJIsl 3TUX Iemei
BCTPOEHHBIE TalMePHl — CYETUMKH HIIH CHCTEMBI HA MX OCHOBE.

B mpocreiiiiem ciydae Takoe YCTPOWMCTBO TPEACTABISIET
co0Ol  CyMMHPYIOIIWHA  WJIA  BBHUMTAIOMIAA  CYETYHMK  C
[pEeABApPUTEILHON YCTaHOBKOM. TakTUpyrolue HUMIIYJbChl MOTYT
OBITh TIOJaHBl HAa HETO C BHEIIHEr0 HMCTOYHHKA WM OT TaKTOBOTO
re’eparopa npoueccopa. immynsc nepenoiHeHus (3aéma B ciryyae
BBIYMTAIONIETO CUETYMKA) YCTAHABIMBAET CIEIUAIBHBIA TPHUTTEP
(mar mnepernosiHeHus1). OTO COOBITHE MOXKET OOHAPYIKUBATHCS
OpPOrpaMMHO, HO CYIIECTBEHHO 3¢ (EKTHBHEH HCIIOIb30BAHUE
MEXaHM3Ma IpepblBaHMHA. YacToTa TaKTUPYIOUIMX HWMITYJIbCOB,
MO/IaBa€MBIX Ha BXOJ TailMepa CYETUMKA, MOXET OBITh CHIDKEHA
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YCTaHOBKOH  IMpEIBApUTEIBHOTO  MPOTPaMMHO  YIIPABISIEMOTO
JEeNMUTeNs] YacTOThl. OJTO CYNISCTBEHHO paclIMpseT JIUana3oH
BpPEMEHHBIX HHTEPBAJIOB, C KOTOPBIMU MOKET paboTaTh CUCTEMA.

B muxpokontpomnepe  cepun AVR  AT90S2313
MpeIyCMOTPEHBI JBa TaiMepa/cdeTdrka OOIIero Ha3Ha4YeHUs, 8-
paspsmuelii W 16-paspammeii  [1].  Kaxnmeli w3 Taiimepos
WHAWBUAYaTbHO TMOJKIIOYAeTCI K OJHOMY U3 BbIXoA0B 10-
Pa3psAHOTO MPEeNBAPUTENHHOTO AETUTENS 4aCTOTHI [pucyHOK 1.]. Oba
TaliMepa MOTYT HCIOJB30BAThCSI KaK TaWMeEpbl C BHYTPECHHUM
HUCTOYHUKOM HMMITYJIbCOB MJIM CUETYUKH WUMITYJIHCOB, MOCTYMAIOIINX
n3BHe. VICTOYHMKaMU HMMIYJNBCOB Ui TaliMEPOB MOXKHO BBIOpaTh
CUTHal1 C TakToBoH wactotord mpomeccopa (CK), wummymnbcer
npenBapurensHoro aAenutens (CK/8, CK/64, CK/256 unu CK/1024)
HJIN UMITYJIBCBI C COOTBETCTBYIOIICTO BHCIITHET'O BHIBO/IA. KpOMe TOTO,
TaliMepsl MOTYT OBITh OCTAHOBICHBI, 3alMpPETOM MPOXOXKICHHS
HMITYJIbCOB HA HUX.

Count TOVN
=, .
Clear iInt.Req.)
Control Logic
Direction clky, Clock Select
Edge
"
TOP | BOTTOM
Yy ( From Prescaler )
F Timer/Counter
q-lp-{ TCNTR
= =0
OCnA
’—’-lnt Req.)
N
=

™ Generation

OCnB

(IntReq)
e o

| Generation

ICFn {Int.Req.y
Edge Moise
H Detector " Canceler

\ TCCRnA | ] TCCRNB |
4 -

Pucynok 1 — CtpykTypHas cxema TaiiMepoB

DATA BUS

{ From Analog
Comparator Ouput )
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MukpokonTposuiepa AT90S2313.

2.2 YupasiieHue TaiiMmepaMu

16-paspsimubiii  Tadimep/cuetumk 1 (TC1)  MoxHO
WCIIONB30BaTh KaK CYETYHK C BBICOKUM paspemenueM. TCl
NOJAEP)KUBaeT (YHKIHIO  COBIANCHUS, HCIONB3YS  PETUCTP
coBnagenusi OCRIA B kauecTBE HCTOYHUKA JJI CPAaBHEHHUS C
COIEP)KUMBIM cueTuuka. ODYHKIUS COBMNAICHUS IOANCPKUBACT
OYHCTKY CUETUMKA U IEPEKII0YEHUE BBIXOA [10 COBNAACHUIO.

TC1 moxHO Hcnonb3oBaTh Kak 8-, 9- mnm 10-paspsaHblii
HIMPOTHO-UMITYJILCHBIA MotysiTop (LLIMM).

OyHKIMA 3axBaTa IO BXOLy MperycMaTpUBAaeT 3axBat
coJep)kuMoro Taimepa/cuetunka 1 B peructp 3axsarta ICR1 wu
yTpaBisieTcs BHEITHAM CUTHaJIOM Ha BXoze 3axBara - |CP.

Padora TC1 ompenensiercs YHPaBISIONAM PETUCTPOM
TCCR1, cocrosmum n3 8-u OUTHBIX perucTpoB A u B.

Tabmuna 1. Peructp ympasnenus TC1 — TCCR1A

bur 7 6 1 0
$2F ($4F) [COM1A1[COM1AO| PWM11 | PWMIO |
Yr./zam (R'W)  R/W RIW RIW R/W
Hau.3ma4. 0 0 0 0

Buter 7,6 - COM1A1, COM1AO: PexxuM BBIXOJa COBIIAJCHHS, OUTHI
1 u 0: OTn ympaBisonme OUTH 33Jal0T OTKINK BBIBOZA
OC1 mporieccopa Ha COBMIAJICHUE PETHCTPA CPaBHEHUS U
taiimepa/cyerunka 1. [lockonbKy STO anbTepHATHBHAS
(GYHKIHST TIOpTa, COOTBETCTBYIOUIMI OWT HaNpaBICHHS
JTIOJDKEH yCTaHABIIMBATH BHIBOJ] HA BHIXO/I.

Buter 5.2 - B AT90S2313 3T OUTHI 3ape3epBUpPOBaHBI M BCETa
quTaroTcs Kak 0.

Buter 1,0 - PWMI11, PWMI10: Bursl ycranoku ILWM: Otu GuTh
YCTaHABIMBAIOT PEXUM PabOTHl TaiimMepa/cuerurka 1 B
kavectse II1M.

Ynpasnstone KOMOMHAIIMY OUT TIOKa3aHbI B Ta0HIE 2:
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Tabnuua 2. YcTaHOBKA pexXrMa COBIA/ICHHS.

COMI1A1 | COM1AO0 Onucanue
0 0 Taiimep/cueTyrk 1 OTKITIOYEH OT BBIBOJIA

0 1 Iepexmouenue Beixomga OC1
1 0 Copoc (0) BerBoa OC1
1 1 Ycranoska (1) BeiBoga OC1

B pexume HINM st Outel umeroT apyrue ¢yHkmmn. [Ipu
m3menenun OutoB  COM1A1l u COMIAO mpepwsiBaHue 110
COBITa/ICHUIO JOJDKHO OBITD 3aIpenieHo, OUYUCTKOH
cootBeTcTBytomero 6ura B perucrpe TIMSK. Muade, npepriBanue
MOKET IIPOM30UTH BO BpeMs U3MEHEHUs OUTOB.

U3 Bcex xoMmOuHanuii OWTOB, YNPaBISAIONIMX YCTAaHOBKOM
INM, npuBeneHHBIX B Tabiauie 3, B JAaHHOH paboTe Hac OyneT
WHTEPECOBAaTh JHIIb KoMOnHaImu 3anpeTa padotst [IIMM — 00.

Tabnuua 3. YcranoBka pexuma padots! LLIMM.

PWM1l | PWM10 |Onucanmue
0 0 Pabora IIM 3anpenieHa
0 1 8-pazpsausiii HITMM
1 0 9-pazpsaasii HIUM
1 1 10-pazpsinasiii HTUM

B Ttabnuie 4 npuBeeHO Ha3HAUEHHUE YIIPABISAIONIMX OUTOB
peructpa TCCR1B.
Tabmmua 4. Peructp ynpasnenuss TC1 — TCCR1B
bur 7 6 3 2 1 0
$2E ($4E) [1CNC1|ICES1| cTC1| cs12 | cs11 | €s10 |

Yr/zan (RIW) RW RW RW RW RW RW
Hau.3nau. 0 0 0 0 0 0

but 7 - ICNC1: IlogaBuTens BXOIHOTO ITyMa BXoja 3axBaTa: Eciu
our coOpomen (0), momaBieHHWE BXOJHOTO ITyMa BXOJa
3amnpeneHo. Ilpu 3Tom 3axBaT cpabaTblBaeT MO MEPBOMY
3aJjaHHOMY (HapacTraroleMy WM chajnawomneMy) (QpoHTy
curHana Ha BbBoge ICP. Ilpm ycranoBke Owura
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00pabaTBIBAIOTCS YETHIPE IOCIICIOBATEIIbHBIE BBIOOPKH
curHana Ha BeiBome ICP. Jlms cpabaTeiBaHUS 3axBaTa BCE
BBIOOPKH JTOJDKHBI COOTBETCTBOBATh YPOBHIO, 3aJaHHOMY
ourom ICES1. YacToTa BEIOOPOK paBHa TaKTOBOH yacToTe
poreccopa.

but 6 - ICES1: BeiOop (hponTa curnana 3axpata: Ecimm out ICES]
copomren  (0) comepxkumoe — TaliMepa/cueTdmka |
NEPeNHChIBACTCS B PETUCTP 3axBara [0 CHAJAroIEeMy
¢ponTy curnana Ha BeiBoae ICP. Eciu 6ut ycranosineH - mo
HapacTaroueMy (GpoHTY CUTHaA.

Butet 5,4 - 8 AT90S2313 o111 OUTHI 3ape3epBHUPOBAHBI X YUTAIOTCS KaK
0.

bur 3 - CTC1: Ouuctka Taiimepa cuetyuka 1 mo copnagenuto: Eciu
out ycranosineH (1), Taiimep/cueTdynk 1 ycTaHaBJIMBaeTCS B
$0000 B TakTe, ciaeayroeM 3a cOObITHEM CoBMaaeHus . Ecin
out cOporieH, TaiiMep/cueTdrK 1 MPoI0IHKAEeT CUUTATH TOKa
He OyJOeT OCTaHOBJEH, COpOIIeH, NPOHM30HAET ero
NEpENoIHEHNEe WM H3MEHEHUWE HalpaBieHus cuera. B
pexxume IMM atot 6uT He paboTaerT.

Buter 2,1,0 - CS12, CS11, CS10: BrIOOp TaKTUpOBaHHS: ITHU OUTHI
OTPENIENIAIOT ~ WCTOYHHK  CYETHBIX  WMIIYJIBCOB  JUIst
taiimepa/cuerynka 1 (Tabmmma 5).

Tabnuna 5. BeiOop MCTOUHUKA CUETHBIX MMITYJIHCOB.

CS12 | CS11 | CS10 |Onucanue

0 0 0 |Taiimep/cyeTynK OCTaHOBIIEH

0 0 1 |CK

0 1 0 |CKI/8

0 1 1 |CK/64

1 0 0 |CK/256

1 0 1 |CK/1024

1 1 0 |Buemrnwmii BeiBox T1, HapacTaromuii ppoHT
1 1 1 |Buemmnwii BeiBog T1, ciagaromuii GppoHT

CobcTBeHHO, TalMep TpPEeACTaBI€H [BYMs pPETHUCTPaMHU
TCNT1H u TCNTIL. Bro 16-pa3psaHblii perucTp, cCoAepKamiui
TeKyllee 3HaueHue TaiiMepa/cuerurka 1. UToObl yTeHME M 3alHCh
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IBYX OalT cUeTYMKa MPOUCXOAMIIO CHHXPOHHO, /IS pabOThI C HUM

ncnons3yercs BpemeHHbIi peructp (TEMP).

— 3anucb B TaiiMep cueruuk 1: [Ipum 3ammcu crapuiero Oaiita B
TCNT1H, 3anuceiBaeMble AaHHBIE MOMEIIAIOTCS B PETHCTP
TEMP. 3arem, npu 3amucu Miaiiero Oaita, OH BMECTE C
nmanaeiMu 13 TEMP nepenuceiBaetcs B Taiimep/cuerduk 1. Takum
o0pazoM, Tpu 3anucH 16-pa3psmHOTO 3HAYCHUS MEPBBIM JODKCH
3anuckiBatbes Oat B TCNT1H.

— Yrenue Taiimepa/cuetunka 1: IIpn ureHun mmammero Oaiita u3
TCNTLL, on moceliaeTcs B mporeccop, a nanusie u3 TCNT1H
nepenuceiBatotcss B peructp TEMP, To ecTh 0OAHOBpEMEHHO
yuTaloTcsa Bce 16-paspsgoB. [lpu  mocnedyromeM UYTESHUHU
peructpa TCNT1H, nanusie 6epytest u3 peructpa TEMP.

Taiitmep/cueTuynk 1 opraHn30BaH Kak CYMMHUPYIOIIHNA CIETIHK

(B pexxume LLINM - cyMMUPYIOLIUI/BEIYATAIONIN) C BO3MOKHOCTBIO

YTeHUs | 3armuch. Eciu BEIOpaH NCTOYHUK TAKTOBBIX HMITYJIBCOB JIJISI

TaiiMepa/cyeTynka 1, Mocle 3amucyd B HEro HOBOTO 3HAYCHHSA, OH

MPOJIOJDKAET CUET B CIEAYIOMIEM IOCIE 3aIHCH MEPUOJIe TaKTOBOH

YaCTOTHI.

Peructp conagenns OCR1AH u OCR1AL - 16-pa3psansrit
pEerucTp, AOCTYIHBINA I YTEHUS U 3alHCH.

B sTOM peructpe XpaHsTCS AaHHbBIE, KOTOPHIE HEMPEPHIBHO
CpPaBHHBAIOTCS C TEKyIIUM 3HAaYeHWEM TaliMepa/cueTuuka 1.
JleiicTBHe 10 COBNAJCHMUIO 3aJaeTCsl PETUCTPaMH  YIPABICHHS
TaMepOM/CUETINKOM | U PETUCTPOM COCTOSTHHSI.

ITockomeky peructp OCRIA sBnsercs 16-pa3psaHbM, NMpU
3allUCH HOBOT'O 3HAYEHHsI B PETUCTpP, AJsl TOro 4yToObl 0o0a Oaiita
pEerucTpa 3amuChIBAINCh OJHOBPEMEHHO, UCIOIB3YETCS BPEMEHHBIN
peructp. I[lpu 3ammcu crapiiero OaiiTa, JaHHBIC MOMELIAIOTCS BO
BpEMEHHBIN peructp, kotopslii nepenucsiBaeTcss B OCRIAH npu
3armcu muaamiero 6arita B OCR1AL. Takum oOpa3om, Juist 3aITUCH B
PETUCTP TIEPBBIM JIOJDKEH 3aIMMCHIBATHCS CTAPIIUii OAWT.

Peructp 3axBara ICR1H n ICRIL 16-pa3psausiii peructp,
JOCTYTIHBIN TOJIBKO JJIS1 YTEHUSL.

[Mo nHapacraromemy win crnajaromemy (GpoHTy curHana (B
COOTBETCTBUU C BBIOOpOM (poHTa mMmynbca 3axsara ICES1) Ha
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BeiBozie ICP Tekyiee 3HaueHwe TaliMepa/cueTdarka 1 mepenucriBaeTcs
B peructp 3axBata ICR1. B 310 Xe Bpemsi ycraHaBmmBaetrcs ¢uar
3axBarta ICF1.

[TockonbKy perucTp 3axBaTa SBISCTCA 16-paspsaHbIM, AJIs
OTHOBPEMEHHOT'O CUWTHIBaHWSI OaWTOB, HCIIONB3YETCS BPEMEHHBIN
peructp. Ilpu urennn miammero 6aiita ICR1L, on mocwimaeTcs B
HITY, a crapmmii Oaiit peructpa ICRI1H mnepenucwiBacTcs BO
BpeMeHHBIHN peructp. [Ipu urennn crapmiero 6airta, OH MPUHUIMACTCS
W3 BpEeMEHHOTO peructpa. TakuMm obOpa3oMm, i dYTeHHS 16-
Pa3pAgHOro perucTpa MepBbIM AOJDKEH YUTAThCS MIAAIINN OalT.

2.3 [IpumMeHeHue TaiiMepPOB-CYETUYNKOB

TaiiMephI-CUETUYMKH MOTYT OBITH WCIOJL30BaHBI I 3aJaHUS
3aJiep)KeKk MpU  (OPMHUPOBAHMM CUTHAJIOB, IEPHOJA IMOBTOPEHUS
MpOLIeAYP, WHTEPBAIOB HAKOIUICHUS JAaHHBIX, TEMIa BBOJA HWIH
BBIBOJIA TAHHBIX, H3MEPEHUS WHTEPBAJIOB MEXKIY IBYMS COOBITHSIMHU,
s uudpo-ananorooro mpeobpazopanus (LIWM). Ilpu 3toM
MUKPOKOHTPOJIIEP MOXET BBINONHATH BHIYHCIUTEIBHYIO PabOTy HE
pacxomysi pecypchl Ha (OPMHUpPOBAHHE BPEMEHHBIX HWHTEPBAJIOB.
DopMHUpPOBAaHUE BPEMEHHBIX HWHTEPBAIOB B MHUKPOKOHTPOJLIIEPAX
AVR MOXET OCyIIECTBIATECS METOIOM OOHapykeHus ¢akra
MEPETIOIHeHUsT CYETYMKA TaliMepa WM METOJIOM CpaBHEHHS
COJIEPKUMOTO CUETUMKA-TaiiMepa ¢ PETUCTPOM COBIIAICHUSI.

B nepBom ciyuae kojJ TaiiMepa BO3pacTaeT IO KaxkJIOMY
TaKTOBOMY HUMITYJIECY OT HEKOTOPOTO MPENBAPUTENHHO 3aITUCAHHOTO
3Ha4YeHWUsI 10 repenonaenus. [lepernonaenue yaie BCero HCroib3yoT
JUIST TEHEPUPOBAaHUS TMpephIBaHUSA. MEHss HadadbHOE 3HAUYCHUE
MOKHO BapbUpOBaTh BpeMeHHOW wuHTepBan. s dhopmupoBanus
MIEPHOAMYECKUX COOBITHI B 3TOM cCllydae TpeOyercsi mporpammHas
repesarpyska caétauka. T.K. mpepbiBanusi 00padaThIBAIOTCS JIUIITH TI0
3aBEPIICHUIO TEKYIIUH KOMAaHIBI, JIUTEIHFHOCTH KOTOPOW MOXKET
OBITh OJTUH WM 2 TaKTa, TO BO3HUKAET d(()EKT HAKOTUICHUS OIIMOKH.

MeTtos cpaBHeHHS CBOOOJIEH OT 3TOTO HEAOCTaTKa Onaromaps
BO3MOXKHOCTH TPUMEHEHHUS (YHKIIMH aBTO3arpy3Kd CUETUHKA-
Taiimepa. JIOCTOMHCTBO METOJIa COCTOUT U B TOM, YTO BPEMEHHOM
HMHTEpBaJ NPONOPLUUOHAIICH 3arPYKEHHOMY KOJY.
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3 [loaroroBka K JiaGopaTopHoii padore

IIpn BHeaymMTOPHOW MOATOTOBKE K JabOpaTOpHOW padore

NPpUACPIKUBATHCA U3JI0OKECHHOT'O HMIKE TJIaHA.

26.

217.

28.

29.

ITocTpouTs cXe€My MHUKPOKOHTPOJUIEPHOIO YCTPOMCTBA C

WHAAKATOPOM B BHJIE 8 CBETOMO/IOB TOKITIOYCHHBIX K TIOPTY

B MHKpOKOHTpOJUIEpa M KIABHATYpbl M3 JBYX KHOIIOK

MOJKJIIOUEHHBIX K paspsinam D2-D3 nopra D.

W3yuntes oOpraHmzanmmuio Ha4yalbHOW 00JacTH  MaMsTH

IporpaMM M BBIIACATh aJpeca BEKTOPOB  BHEIIHUX

npepoiBanuii INTO, INT1, a Takke BHYTpEHHETO IpepHIBAHUS

10 COBMAJICHHUIO Taiimepa 1.

N3yuuTh nopsiiok OporpaMMUApOBaHus TaliMepa-cuéTumka 1 B

peXuMe COBIAJCHUS C aBTO3arPy3KOM.

W3yunth mabiioH mporpaMMbl, BBITIONHSIONICH CIIEIyOIHe

(byHKIIH:

—  TIpW OZHOKpAaTHOM HakaTwd Ha kimod “SWO0” cBeToBOE MATHO
Ha CBETOJMOJHOM HHAMKATOpe (LMKIMYECKH) MepeMeIaeTcs
BIpaBo Kaxabie 25+15xg+7xp+0,5xn [mc], g—HOMep rpyrmsl,
e P-HoMep MOArpPyYIIIEL, N- HoMep pabodero MecTa;

—  IIpY OJHOKpATHOM HakaTuu Ha Kmod “SW1” cBeToBoe maTHO
Ha CBETOJMOJHOM HHAMKATOpe (LMKIMYECKH) MEepeMeIacTcs
BJIEBO Kaxkple 25+15xg+7xp+0,5xn [mc];

—  eCIHM He HaXKaT HY OJIMH U3 KIIIoUeH, He U3MEHATh H300pakeHue.

;¥ *xxx [lpyMeHeHMe TaiMepa Opu GOPMMPOBAHMM BPEMEHHHBX MHTEPBaJIOB
.include "2313def.inc"

.device AT90S2313 ; £=8 MHz
.def Temp =rleé ; BDEMEHHBI PeTruCcTp
.def Test =rl7 ;PETUCTP COCTOSHMSA KJIAaBUATYPBL

j*¥***% Const definitions

.equ Kdtl = 50000 ;MOnyJib cuéra TalMepa-cuérumka 1
.cseg
.org $00
rjmp start ;Ha Hadajio NpoI'PaMMbl
rjmp L SWO ;0BpaboTuMk IpepeBaHMi oT kJmoda SWO
rjmp L SW1 ;0BpaboTuMKk IpPepHBaHMi OT kJoda SW1
.org $04
rjmp L _CMP1 ;06pab. IlpepelB. MO COBHNAameHuoO TakMmepa 1

;X xRxRFKR YHMUManM3aumnsa
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start:
ser Temp ;Temp = SFF
out DDRB, Temp ; PORTB = BCe Ha BHBOI
out PORTB, Temp ;TIOTAaCUThL CBETOIMOIE
out PORTD, Temp ;IOOTATUB. pes3ucTopsl PORTD
1di Temp, 0b00001010; BrJIOUaATE BHEUHME [PEPEIBAHUSA
out MCUCR, Temp ;o cnany Ha D3,D2
<AVR Instruction> ; YCTAHOBUTL BEPIMHY
<AVR Instruction> ;cTeka
1di Temp, 0b11000000 ;paspemeHre BHEWHUX
out GIMSK, Temp ; IPEePLIBaHMMI

; lpennemmrens Kon=8, tarmMep Knr=1250. O6umit Kd=8x20000.
; Insa F=8MI'L MHTepBaJl NpepsBaHuy o coBnamenmio - 20 Mmc.

1di Temp, (1<<OCIE1A) ; PaspeleHre NpepEBaHnit
out TIMSK, tmp ;coBnazmeHmus Talmepa 1

clr Temp ; szanpetr IVM u MoamdMKaLUMU
out TCCRI1A, tmp ; BEIXOOHOTO CHMI'HaJla IO COBIAOEHUI
1di Temp, (1<<CTC1l)+(1<<CS1ll) ; oumcTkKa TakMepa IO
out TCCR1B, Temp ; COBINameHMIO M npenneyn. = 8
1di Temp, high (Kdtl); =Barpysurs
out OCR1AH, Temp ; CTapumit BanT
1di Temp, low (Kdtl) ; m muamumy GanT koaddmuUMeHTa
out OCR1AL, Temp ; mepecdéra TarnMepa 1
1di Temp, 1 ; aKTVBU3MPOBATH OIUH OUT

;B perucTpe Oerymmx OTHEMN
clr Test ; COPOCUTE COCTOSAHME KJaBMUaTYPh
sei ;PaspellTh IIPEePHBAHNSI

loop:

rimp loop ;

;X*** obpaboTka INPEepPHBaHMI NPM 3aMblKaHMK kKjoda SWO
L _SWO:

1di Test, 1 ;HaxaT kjmou SWO

reti

;XFFKF obpaboTka NpPEephlBaHMM NPM 3aMbIKaHUM kJjmoda SW1
L SwWl:
1di Test, 2 ; HaxaT kjog SW1
reti

;X**% GerymmM OT'OHBb

L CMP1l:
sbrc Test,l ;uHe SW0, npoBepsaThb najee
rjmp LO_CMP1 ;chmBuraTe BHOpaeo no kjiody SWO
sbrc Test,2 ;He SW1l, xmaTb HaXaTus
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rjmp L1 CMP1 ;caeuraThk BJIEBO IO KJuy SW1
reti ;OXMIOATH HaxaTusa Jnodoro Kiloda

jXFRRA BpTo HaxaTme kiioua SWO
LO CMP1:

L1_SwO0:

lsr Temp ;0erymmiti OTOHb BIIPAaBO
brne L1 sSwoO ;ecnu oBHynmuTCH,
1di Temp, 128 ;IIepeMecTUTb 1 B CTapumMi paspsarn

;****% oroBpasuThk Oeryumyi oroHb (¢ yuérom O-ropuT, l-norameH)

<AVR Instruction> ;MHBEpPTMUpPOBAaTh perucTp Temp
out PORTB, Temp ;BEIBECTM IaHHEle B PORTB
<AVR Instruction> ; BOCCTAaHOBUTL perucTtp Temp
reti ;XOaTb ouepenHele 50 Mc

;XXX AK BRIJIO HaxaTue kJioda SW1
L1 CMP1:

L1 SWl:

<AVR Instruction> ; 6erymmii OT'OHb BJIEBO
brne L1 swl ;ecau oBHynmuTCH,
<AVR Instruction> ;IepeMecTUTs 1 B MIaguMy paspan

;****% oroBpasuTh Oeryumiyi oroHb (¢ yuérom O-ropuT, l-norameH)

30.

31.

<AVR Instruction> ; MHBepTUpPOBaTh permuctp Temp
out PORTB, Temp ;BEIBECTM IaHHEle B PORTB
<AVR Instruction> ; BOCCTAHOBUTE peructp Temp
reti ;xmaTbs ouepenHele 50 MC

M3yuuts © ommcarb NOCIEAOBATENBHOCTh  JIEHCTBUU
COBEPIIIAEMBIX MHKPOKOHTPOJUIEPOM TIPH BO3HUKHOBEHUHU
MIpephIBAaHMS TT0 COBIAICHUIO TaiiMepa 1.

Paccuntate W yCTaHOBUTH BENWYUHBI KOIPQUIMEHTA
JEJICHUST TPEABAPUTEIHLHOTO JETUTENST W MOIyJIs cuéra
Taiimepa-cuétunka Kdtl B COOTBETCTBMH HWHAWBHAYaATbHBIM
3aJlaHueM BPEMEHHOTO HHTEpBaJIa.

,Hﬂﬂ CaAMOKOHTPOJIA MUCBMEHHO OTBCTUTH HA INPHUBCIACHHBIC

Aajiee BOIPOCHI.

1.

2.

OOBsICHUTHL Ha3HAUEHHUE U PA0OTY TUPEKTHUBHI acceMoiiepa
.org $04.

N3yunth koHcTpykuuto Idi Temp,(1<<CTC1)+(1<<CS11).
OOBSICHUTB €€ CMBICI. 3amicaTh KOHCTAHTY YKBHBAJICHTHYIO
JTAHHOMY BBIPQ)KCHUIO.

W3yunth xouctpykimto Idi  Temp,high(Kdtl). 3amucats
KOHCTAHTY 9KBUBAJICHTHYIO JAHHOMY BBIPAKEHHIO.
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4. Yewm oOycnosieH nopsinok 3arpy3ku peructpoB OCR1AH u
OCR1AL?

5. MByuuth 1 omucath pabOTy HHCTPYKIHN Isr Temp [2].
B uéM mnpuumHa ycnoKHEHHS MOAYNS (HOPMUPOBAHUS
oerymiero orus? [ToueMy Helb3st OTPaHUYUTHCS JHIIH OJTHOM
BBIIIICTIPUBEIEHHOW WHCTPYKITHEH?

6. Kak BkIIOUMTH aBTO3arpy3Ky TaiiMepa-cuétumka 1 110
COBTIaJIEHUIO?

4 IIporpamMma uccjIeI0BaHUI U MOPSII0K PadoOThI

23.

24,

25.

26.

27.

28.

29.

Co31aTh TPOEKT W BBECTH TEKCT MPOrPaMMBI, CO3IAaHHOH TNpH
CaMOCTOSITeTTFHON TOJTrOTOBKE K TabopaTopHOii padorTe.
KommuimupoBaTh NpoOeKT W MPOTOKOIHPOBaTh coolmieHus. Ecnm
UMEIOTCS OLIMOKW, IMPHUBECTH OINMOOYHBIE CTPOKHM B OTYETE,
CIeNaTh aHAIHN3 OMIMOOK W BBECTH HCIIPABIICHUSI.

BrImomHUTE OTIIAAKy MPOTpaMMBI B COOTBETCTBHH C METOIUKOM
pa3pabOTaHHON MPH CaMOCTOSTEILHOW MOAroTOBKe. B mporiecce
OTNAJIKM  TIPOTOKOJIUPOBATh COMEPKUMOE MOIUDUIIUPYEMBIX
PETHCTPOB, COMOCTABIISS C MPE/ICKa3aHHBIMH 3HAYCHHUSIMH.
UccnenoBath 1 0OBSICHUTH TIOBEACHWE MHUKPOKOHTpOJUIEpa MpHU
yIepKAaHUW KJI04a KIABHATYyphl B Pa30MKHYTOM COCTOSHHH,
3aMKHYTOM COCTOSIHUH, TT0cjie u3menenus cocrosaus (0-1, 1-0).
UccnenoBate 1 0OBSICHUTH TIOBEACHWE MHUKPOKOHTpOJLIEpa MpH
OJTHOBPEMEHHBIX 3aIpocax Ha MpepbIBaHMe.

[loakIOYNTh CTEHA C TMOMOINBI0 MPOTPAMMHUPYIOIIETO Kabemst K
napajuIeTbHOMY MOPTY KOMIIBIOTEPA " BBITIOJTHUTH
MPOTPaMMHUPOBAHHE MHKPOKOHTPOJIIEPA.

[lo 3aBepmieHMHM TPOrpaMMHPOBAHHS 3arpyXKeHHas Mporpamma
HAuyHET MCIOJNHATHCS aBTOMarndyeckd. Haxkumas moouepénHo
KITIOYH, 3aIIPOTOKOJIMPOBATh PEAKIIUIO MPOTOTUITHOTO YCTPOICTBA.

5 MeToauueckue yKazaHusl

IMpu otnamke wMoayned 0OpaOOTYMKOB TMPEPHIBAHUN OT
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KJIaBUATyphl B TIOMIATOBOM pPEXHME HEOOXOAMMO MPHHYIUTEIHHO
ycranaBiuBaTh BXxoabl PIND D2 wnu D3 B enmuHHYHBIN, a Tocie
HCTIONIHEHHSI OUepPeHOM pa3 KoMaHs! Fjmp l00p - B HyTb.

B nynkrax 4, 5 mnporpaMMbl HCCIEIOBaHMNA ITOBTOPHOE
M3MEHEHUE COCTOSHUS KIFOUeH MPOW3BOAMTH OO0S3aTENBHO ITOCIE
WICTIONTHEHWSI XOTSI OBl OJTHON KOMAaH/IBI.

Hns  ynoOcTBa OTHamkd NpEpbIBAHWKA 1O  COBMAACHUIO
YCTAaHOBUTh MHHHMMAJIBHBI MHTEpBaj MPEPBIBAHUM OT Tailmepa
HEMHOTHM OOJNBIMUH BpEeMEHM WCIOJHEHUS ero oOpaboTdymka
HPEPBIBAHNMN.

6 KoHTpoJibHBIE BONIPOCHI

11.TTepeyncnuTh CUTHANBI, KOTOPBIMH MOXET TaKTHPOBAThCS
TalMep-CUETUHK.

12.Kakoif MaKCHMAalIbHBI BpPEMEHHOW WHTEPBAT MOXET OBITh
chopMUpPOBaH TAUMEPOM-CUETIUKOM 17

13.Yem ompenpensieTcs  MUHUMAJIbHBIM  KBaHT  BPEMCHHU,
OTCUUTHIBAEMbII TaliMEpOM-CUETUUKOM 17

14.Tlepeuncauth GakTOpPbI, ONMPEACIAIONINE BPEMEHHOW HHTEPBAJ
OT COBN3JCHUS JIO MOMCHTa BBINIOJHEHUS TIEPBOH KOMaHJbI
00pabOTYNKOM TIPEPHIBAHUS COBIAICHUI.

15.06paboTunk npepbIBaHUM 10 COBMAJACHUIO (POPMHUPYET KOMBI,
MEPUOJIMYECKH  BBIIaBaeMble B TIOPT MHKpPOKOHTposuiepa. Yrto
HEO0XOIMMO MPEANPUHATH JJI1 MUHUMH3AIIMU BapHalliil iepruoja.

16.[IpeanoxxuTe BapuaHT anmapaTHO-IIPOrPAMMHOTO PEIICHHS,
JOMYCKAIOMINI MPSIMOE U3MEPEHNE MEPUOANIHOCTH TIPEPHIBAHUI 11O
COBITQ/ICHUIO C TIOMOIIBIO YaCTOTOMEPA.

7 Conep:xaHue 0T46Ta

OT4éT HOIKEH COAepIKaTh:

41) TUTYJIBHBI JIUCT;

42) nHaMeHOBaHUE PabOTHI U 1IEJTb UCCIICIOBAHUIA,

43) cxeMy 3JEKTPHUUECKYIO (YHKIIHOHAIBHYIO YCTPOHCTBA M €€
KpaTKOE OIMCAHUE;
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44) TekcT TpOrpaMMbl B COOTBETCTBHM C WHIMBHAyalbHBIM
3aJjaHueEM,

45) onucanue QpyHKIUIT MpOrpaMMbl U MOJTYJICH;

46) rpad-cxemy anropurMma;

47) m1aH OTJIAIKHU POTPaMMBI;

48) oTBeTHI Ha BOIPOCHI JJIsl CAMOIIPOBEPKH;

49) npoTOKOJI OTIAJKH C AHATM30M OIIMOOK (TMPH HAIWYUH) H
pe3ybTaTaMM OLIEHKH IIEPUOANYHOCTHU NPEPHIBAHUI 110 COBIAJCHUIO
Taiimepa-caérumka 1;

50) pe3ysnbTaThl AKCIIEPUMEHTAIBHON MPOBEPKH MPOTPaMMBbI Ha
HPOTOTUITHOM CHCTEME;

51) oTBETHI Ha KOHTPOJIbHBIC BOIIPOCHI.
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6. OPTAHU3 AL TIPOT'PAMMHOI'O
IOCJIEJOBATEJIBHOI'O BBOJA/BBIBOJA

1 Hean paGoTsl

Uzyuenne narepdetica SPl u ocobeHHOCTEH €ro mporpaMMHOR
peanu3alyy.

2 Ocobennoctu nHTepdeiica SPI

2.1 llocaenoBaresbHble MHTEPdeiichl. JlocTouHcTBA U
HEI0CTATKHU

B cOBpeMEHHOI BBIUUCIUTEIBHON TEXHHUKE MCIOIb3YETCS
0OJBIIOE  KOJNHMYECTBO TIOCIENOBATEIbHBIX HHTEp(dericoB. Bot
HekoTopsle u3 Hux: RS232, RS422, RS485, One-Wire, 12C, USB, SPI,
SATA, CAN. IlpumeHeHue mociefoBaTeNbHBIX UHTEp(EHCOB mpH
nepefade JaHHbBIX Ha OoyblIMEe  PAcCTOSIHUA — OOYCIIOBJIICHO
CYLIECTBEHHBIM  yJACLIEBICHUEM JHUHUA CBsa3u. Ilpm  Mambix
pPacCTOSHUSAX MPEUMYINECTBA HE CTOJIb OYEBHIHBI U CBOIATCA K
CIIETYIOIEMY:

— YOpOLIEHHE  TONOJOTHMM  MEKCOCOUHEHHMH  WHTETPAIBHBIX
KOMITOHEHT;

— COKpallleHHe KOJUYeCTBa BbIBOJIOB MHTerpaibHbIX cxeM (MC)
HEOOXOIUMOTO I OpraHu3aluu uHTepdeiicon u,
cienoBaTeabHo, croumoctu MC;

— YIPOILIEHHUE M yJEUIEBICHUE Pa3bEMHBIX COEINHEHU];

—  YIPOIIEHHE 3aIUTHI OT NIEKTPOMArHUTHBIX IOMEX;

— BO3MOXXHOCTH CYIIECTBEHHOT'O IIOBBIIICHUSI CKOPOCTH OOMEHa,
Onmaromapss YCTPaHEHHMIO TaKOro cepbEé3Horo (Qakropa, Kak
B3aMIMHBIE TIOMEXU UHTEPHEHCHBIX JTMHHA.

I'1aBHBIM HEAOCTATOK IOCIIEAOBATEABHBIX HHTEPHEHCOB —
HEOOXOIUMOCTh IpeoOpa3oBaHus (HOPMATOB, NAHHBIX U CIIOXKHBIE
MPOTOKOJIBI OOMEHa, TpeOylollue NPUMEHEHUS! JIOTOTHUTEIbHBIX
anmapaTHBIX M TIPOTPaMMHBIX CpencTB. BcrTpoeHHble cpeacTBa
noguepkku Takux uHTepgeiicoB kak CAN, USB cymectBeHHO
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MIOBBINIAIOT  CTOMMOCTh ~ MHKPOKOHTpOJIIepoB.  Ilepudepuitanie
YCTpOMCTBa, MOAKIIOYaEMbIe TIO TIOCIIEeIOBATENFHBIM HHTEpdEiicam,
YCIOXKHSIOTCSA, W pacTér HX CTOMMOCTh. [loaTomy BBIOOp
ONTUMAIBHOTO  IOCJEAOBATEILHOTO HMHTEpdeiica OTHOCUTCA K
HETPHUBHAJIHHBIM 33/1a9aM.

2.1 Unrepdeiic SPI

Ha c¢one npyrux mnocnenoBarenbHbix wuHTepdericop SPI
MMeeT HEeOCHMOpPUMOe MPEUMYILECTBO, CBSI3aHHOE C MPOCTOTON €ro
peamm3aruu.  SPI - (Serial ~ Peripheral  Interface) - 310
MOJIHOAYIUIEKCHBI CKOPOCTHOM CHHXPOHHBIM TPEXIPOBOJHBIN
uHTepdeiic. B Hacroslee BpeMsi €ro MOIJACPKUBAIOT HE TOJBKO
AVR-koHTpoIIepsl, HO U HekoTopble Momemu Microchip,
Motorola, Zilog. Hurepdeiic ctan GakTHIECKH MPOMBIILICHHBIM
CTaHJIapPTOM.

OcobenHocTy HHTEpdEiica:

B crnabod CTeNeHW periaMeHTHPYeTCS UMb (PH3MIecKui

YPOBEHb, KaHAJIbHBIH YPOBEHb HE PEriIaMEHTHPOBAH BOOOILE;

— OTCYTCTBHE OTpaHHUYEHHIl Ha CKOPOCTh OOMEHa (JIUMUTHPYETCS
anmnapaTHBIMU CPEACTBAMHU HIIN TPOTPaAaMMHOM MOAJIEPKKOH);

— OTCYTCTBHE OTpaHMYCHUH Ha OpPMAT IMepeJaBaeMbIX JTAHHBIX;

— cBoOoZa B BeIOOpE crocoba CHHXpOHHM3ANWU (TIOJSIPHOCTh U
powT);

— 75 KaHJIBHOTO YPOBHS OrOBOpPEHA IUCLMIUIMHA AOCTYNa IO
cXeMe BeAyIIMi-BeOMBIH (B HEKOTOPBIX MUKPOKOHTpOJIJIEpax
JIOMTYCTHM PEXUM HECKOJIBKHX BEIYIIHX ).

Huskuit ypoBeHb craHiapTH3aluu OpuaaéT uHTEpdEicy
ruOKOCTh, ~ HO  OJHOBPEMEHHO  MOPOXKAaeT  HpoOIeMBbl
COBMECTHMOCTH OOOpYAOBaHMS pa3HbIX NMPOU3BOAUTENEH. OTO U
OTIpeJielisieT 00JIaCTh MPUMEHEHHSs HHTepdelica MpernMyIecTBEHHO
KaK BHYTPUCHCTEMHOT'0 HHTep(eiica TOUuKa-TOuKa U pexe IHUHHOTO.

SPI B peammszaiuun Atmel wumeer ueThipe 3agaBacMble
MPOrPaMMHO CKOPOCTH TiepeAadd, MOXKET IepenaBarh OaWThl OT
CTapIlero K MiajanieMy OUTY ¥ Ha000pOT, OOHAPYKUBAET ONIHMOKU
naketa. K oCHOBHBIM JIMHUAM HHTEpdelica OTHOCATCS:

— MISO - Master In, Slave Out - BbIXOX BEZOMOIO, BXOJ
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BEJIYIIIETO;

— MOSI - Master Out, Slave In - Bxom BeZOMOro, BBIXO.
BEJIYyIIETO;

— SCK - SPI ClocK - takToBas auHus.

MHEKpPOKOHTpPOJUIEP  JOMyCKaeT paboTy Kak B  PEKUME
BEJYIIEro, Tak ¥ BEIOMOT0. B pekume BeayIero oH GpopMupyer
TaKTOBBbIC HMITYJbChl. CXeMa COCTMHEHHH IBYX YCTPOMCTB IIO
untepdeiicy SPI nmpencrasnena Ha pucynke 1.

E Benyumit i E Benomslit :
: 8-1 GuTOBBINH { MOSI MOSI 8-11 OUTOBBII i
: CIBHIOBBIN PETUCTDP i : CIBUTOBBII PETUCTP :
{MISO  MISO | i
i TaxkToBbIi i SCK SCK E E
: TeHepaTop E i |

Pucynok 1 — CoenuneHue ABYX yCTpo#cTB 1o uHTepdeticy SPI.

Takum oOpaszom, ansi opraHuzanuu HHTepdelica HEoOX0aUM
CABHUI'OBBIA PETUCTP M TAKTOBBIM reHeparop. CIBUTOBBIA PETHCTP
NpeaHa3HadeH A1 npeoOpa3oBaHMs AAaHHBIX W3 IapauIeIbHON
(GopMBbI TMpe/CTaBICHUS B IMOCIEAOBATEIIBHYI0O M O0paTHO, a
TaKTOBBIN TeHEpaTOp OIpPENENsIeT CKOPOCTh Mepefad uepe3 TeMIl
C/IBUTa JaHHBIX. PerucTpbl MOTyT UMETh pa3psagHOCTb U OTIMYHYIO
or 8-OutHO#l. Ha pucyHke 2. mpuBeieH BapHMaHT BPEMEHHBIX
IarpaMM HHTEPQEHCHBIX CHUTHAIOB C (HKcaluel JaHHBIX MO
(POHTY CHHXPOUMITYJIbCA.

Oynknun mpeodpazoBaHus (GopMbl MPEACTABICHUS JaHHBIX U
TeHEpUPOBAaHUS  TAaKTOBBIX HMITyJBCOB  JIETKO  pealln3yeMbl
MporpaMMHO. ATmapartHasl MojjepKka HHTep(eiicoB TOBBIIIAET
CKOpOCTh OOMEHa JaHHBIMH M pPas3rpykaeT MpoLeccop OT
JIOTIOJTHUTENIBHOM paboTHI.
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Pucynok 2 — BpemeHHbIe quiarpaMMbl HHTEP(EHCHBIX
CUTHAJIOB.

2.2 KoHTpoJs1ep KJIaBHATYPBI U JUCIIEs ¢ MOCJIeJ0BATEIbHBIM
HHTeppeiicom

[Mpumenenne wuHTEepdeiica SPl  Mmo3BOJISIET  CYIIECTBEHHO
COKpaTUTh KOJIMYECTBO JMHUN Uil OOCITY)KUBAaHHS CHMBOJIbHBIX
IHUCIUIEEB W KIIABHATYpP NPH HECYLIECTBEHHBIX OMOJHUTEIBHBIX
anmapaTHbIX 3aTpartax. MIumocTpanuen 3TOro yTBEPXKAEHHUS MOXKET
CIy’)KUTh CX€Ma HCIOJIb3YeMOTo B JIa0OPaTOPHOM MAaKeTe MOJIYJIs
KJIaBHATYPBI M AUCILIES (PUCYHOK 3).

HC DD2-DD3 15331P24 — o0pa3ytoT 16-OMTOBBIN CIABUTOBBIH
peructp. Ilpu atrom DD2 (pa3psasl D0-D7) ympaensier cermMeHTamu
HHIMKaTopa, a DD3 — KOMMyTHPYET paspsiabl UHAUKATOpPA 4epe3
KJIFOYH Ha OumossipHbIx Tpansucropax VT1-VTS (paspsaer D8-D12).
Hucnuieit peanin3yer NpUHLNI AUHAMUYECKON MHAMKAUUU. B kax b
(UKCUPOBAHHBIE MOMEHT BPEMEHH AaKTHUBEH JIMIIb OJHH Pas3psijl
uHaukatopa. Paspsaaer D8-D12 aktususupyrorcs noouepéano. D12 —
yhnpasisieT crapmuM, D8 — MiagmmM paspsaoM  MHIUKATOpA.
Beixoansie nmuHun peructpa DD3 ynpaBinsiioT u nuHelkaMu KiiaBHaTypbl. B
JAHHOM CJIydae Kaaas JIMHEHKa CONEPKUT TOJbKO oaumH Kimou (S1-Sb).
Takum 00pa3oMm, B yCTPOMCTBE pealH3yeTcs 4acTO HCIOJIb3YEeMBbIi
MIPUHIIUIT COBMeIeHusT GyHKIUI BeiBOJOB. CurHanpHas nmuaus OUT
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Pucynok 3 — KnaBuarypa u ycTpoicTBO MHAWKAITUH

CnenoBaTenbHO,  YCTPOMCTBO  BBIBOJJA —  CHMBOJIBHBIN
CEMHCETMEHTHBIN JAHCIUIeH MOXKET HHTEepIpeTHpoBaThcs Kak 13-
OWTHBIN CIBUTOBBINA PETUCTP (CTapiue 3 pa3psiaa He HCIIONb3YIOTCS).
YcTpoiicTBO BBOa — KiIaBHaTypa MPEICTABISET COOOH MaTpUIHOE
mone 5x1 akThBH3WpyeMoe cTapmuMu S5-t0 Outamu 13 — OUTHOTO
cioBa. BrIxonHbple HaHHBIE KIaBUATYpHl MPEICTABISAIOT COOOM
OJHOOWTHOE  CIOBO  —  COCTOSIHWE  KIaBHATyphl (KO
3aMKHYT/pa3oMKHYT). IIpu3HakOoM aKTHUBHOCTH JIMHEHKH W,
COOTBETCTBEHHO, 3aMBIKaHHUs KJIo4Ya SIBISICTCA HU3KUH YPOBEHb
curHaia Ha jguaun IN. [Ipu pazoMKHYTOM KiTIOY€ MM MACCUBHOCTH
nHeNkU Ha TuHUM |IN J0KHA TeHepUpOBAaThCs JTIOrn4ecKas eAMHHULIA.
Hnst 3TOro Ha JIMHUIO HEOOXOIUMO TIOAATh BBICOKHH YPOBEHb
HamnpspKEHUs ¢ TIOMOINBIO pe3ucTopa. B kadecTBe 3TOrOo pesucropa
L[e71ecCO00pa3HO  HWCMOJb30BaTh  BCTPOEHHBIH  MOATSATHBAIOIIUI
pesuctop nopra. MneHTnhpuKaTopoM 3aMKHYTOT'O KJIFO4a SBJISIETCS S5-
W OUTHBINM YHUTApHBIH Ko/ B paspsiaax D8-D12 casuroBoro perucrpa.
HeoOsi3aTenbHblii curHai /|IE BBICOKMM yPOBHEM IaCUT HHAUKATOPHI U
uckimoyaet 3QQGEeKT napa3uTHONW 3aCBETKM CETMEHTOB TP 3arpysKe
HOBOTO Kona. VHTepdeiicHble cUrHaIBI (POPMHUPYIOTCSI IPOTPAMMHO
Ha BBIX0JIaX rmopTta B MukpokoHTposiepa:

PBO — C, curHann CHHXpOHU3AIUH;

PB1 — OUT, nocienoBarenbHble BEIXOAHBIE JaHHBIE,

PB2 — IN, BX0a — COCTOSIHUE KJIFOUEH KIaBHATyPhI.
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3 [loaroroBka K JiaGopaTopHoii padore

[lpu BHeayaUTOpHOH MOATOTOBKE K JabopaTopHOW pabore
CIIEAyeT MPUACPKUBATHCS U3JI0KEHHOTO HUKE TITaHa.
32. V3yunTh TPHUBEICHHYIO CXEMy YCTPOMCTBA WHIWKALMH U
KJIaBHATYypHI.
33. M3yunTh BpeMeHHBIE TUarpaMMbl CUTHAIOB HHTepdeiica SPI.
34. V3yunTh m1abiIoH MPOTpaMMBI, BBITOJHSIONICH CIEIyIONe
GbyHKIIH:
—  Ecmm wmou “S” naxar, otoOpaxars B paspsae |N1/2[
cBeToanoHOTO MHAMKaTtopa nugpy N1,
—  Ecnum kimoy “S” otnyieH, otoopaxkats mudpy NO.

Omoobpascaemasn yugpa N1 — nopsaokoswiii Homep cmyoenma 8 cnucke
epynnei, NO = N1-1.

INL/2[ - yenas uacme pezynomama Oenenuss Ha 2 nopsaoKo8020 HoMepa
cmydenma 6 cnucke pynnbi

Ipu N1>9 ymenvuums e2o Ha 9.

Ilpu svinoanenuu pabomol yuumuléams, 4mo Homep AKMUBHO20 Kawoua S
cosnaoaem ¢ HOMepOM AKMUEHO20 Pa3psoa.

; *xx%% [locyenoBaTEJIbHBEIM BBIBOI JaHHBIX

.include "2313def.inc"
.device AT90S2313

.def tmp = rlé6

.def ind p = rl7 ; BuToBas mosmuusa akKTMBHOTO pas3psana
.def ind s = rl8 ; OToOpaxaeMelll CUMBOJI
.def ind c = rl9 ; CUéTumMkK CIBMI'OB

;rxx%x% Bit definitions

.equ I s = PBO ; BEIBOI CHMHXPOHM3aLUN

.equ I D = PBI1 ; BEIBOI IIOCJIEOOBATEJIbHEIX IaHHBIX
.equ KTI-= PB2 ;BXOI — CTaTyC KJaBMaATYPH

.equ I E = PB3 ; BLIBOI pPaspeleHusa Oucijes

;****% Const definitions

.equ NO = Ox.. ;cemMmcerM. oToOpaxaeMent cuMBOJ NO
.equ N1l = 0x.. ;ceMmcerM. oToOpaxaeMsli CUMMBOJ N1
.equ SYMBOL = 0x... ;KO aKTMBMPYEMOI'O paspdlla MHIMKaTopa

;X xxRFKR YHMUManM3aumnsa
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RESET:
;HacTponTh BHBOIE NNOPTa B B COOTBETCTBMU C QYHKUMAMM yKa3aHHBMU
B Bit definitions

<AVR Instruction> ;Tmp = kO MHIMLUMPYEMOI'O paspana

<AVR Instruction> ; PORTB, PB2 Ha BBOI, OCTaJIbHEIE BEBOX

<AVR Instruction> ;3anpeTuTb MHIAMKALUIO

<AVR Instruction> ; IOOKJIIOUUTE [IOOTATWBAINA
;PEe3UCTOP K KOHTakTy PB2

<AVR Instruction> ; COPOCUTBL BHIBOJ CHMHXpOHM3aumm IS

; NOOTOTOBKA NepelauyM HO MHTepdercy SPI mo3mumum MHOMKALMN
loop:

1di ind p, SYMBOL ; HOMEep MHIMLMPYEeMOTO paspsana
clr ind c ; OUMCTUTEL CUETUMK CIBUTOB
cbi PORTB, I E ; BKJIOUMTE MHAMKATOP (LOW)
;lepenada
1 pos:
sbrc ind p,7 ;€CNIM OYepenHOM CIBMHYTEM OuT 1
sbi PORTB,I D ;nepepmaBaeMent OuT = 1
sbrs ind p,7 ;jecmm odepepnnoit OuT 0
cbi PORTB,I D ;cOpocuTb NepenaBaeMslt OUT
sbi PORTB,I_S ; CunxpommMnysnec HIGH
cbi PORTB,I_S ; CunxpouMnyJsec LOW
cpi ind c¢,7 ;8 pPasz’psAmOOB BHTOJKHYTH — YyIpaBJIeHUE
breq le_pos ; paspanaMy 3aBepleHO
inc ind c
rol ind_p ; crnenyommi 6mUT
rjmp 1 pos
le pos:

; AHaJIM3 COCTOSAHMA KJoYa U 3arpyska 0T06pa>KaeMor'o CUMBOJIa

clr ind c ; cOpoCcuThb CUETUMK CHBUTOB
1di ind_s,NO ;npenBapuTesbHasa 3arpy3ka cumBoja=N0

in tmp,pinB ; KOMMPOBaThb COCTOSHME KJIoda S ¥ npm 1
sbrs tmp, PB2 ; MNPOINYyCTUTH 3arpyskKy CUMBOJa 1
1di ind_s,Nl;3arpyska nepemasaemMoro cumeojya=N1

; llepenada oToBpaxaeMoro CHMMBOJA
1 seg:
sbrc ind s, 7 ; Ecim ouepernHoM OUT OuUMIIEH
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sbi PORTB,I D ; OpomycTMTh Hepemaudy 1

sbrs ind s,7 ; Ecim ouepenHOM OMT yCTaHOBJIEH
cbi PORTB,I D ; mponycTuTh nepemaudy 0

sbi PORTB,I_S ; Cunxpowmmnysbc HIGH

cbi PORTB,I S ; CunxpomMmnyibcC LOW

cpi ind c¢,7 ; ecau 8 OUT BEITOJKHYTH -
breq le seg ; 3aBepuUMTb

inc ind c ; eCJM He 3aBepuleHo -

rol ind s ; cremyommii OuUT

rjmp 1 seg

le seg:

; BalepxXkKa OJid YyBEPEeHHOTO HabiomeHMsa oTobOpaxaeMoI'o CHMBOJIa
; Balepxka OCHOBaHa Ha HeKpeMeHTe 16-0MTHOM INepeMeHHOM IO

; BOBHMKHOBeHMSA 3aéma. 31mecb — 65536 pas.

; Miamuuii OaMT NepeMeHHOM pasMelaeTcsa B perucTpe ind c

; CTapumii OaMT NEepPeMeHHOM pasMelmaeTca B permcrpe ind s

ser ind c ;3arpy3muTh B Napy PeTUCTPOB
ser ind s ;MaKCMMaJIbHOE UMCJIO — 3aIepxKy
dly:
subi ind c,1 ; IEKPEMEHTHYPOBATL IOBa
sbci ind s, 0 ;BariTa 3amepXKy (BHUECTb 3aéM)
<AVR Instruction> ;IPOOOJIXAThk OO BO3HMKHOBEHMA 3aéMa
rimp loop

35. Hcnonb3yst 11a0JIoH IporpaMMbl BCTaBUTh HEOOXOJIMMBIC
WHCTPYKIUH  MHKpokoHTpoiuiepa  AVR (omucanue
MHCTPYKIUH puBeeHO B [2]).

36. IIpencraButs mporpamMmy B BUjie QYHKITMOHATEHBIX MOYJIEH
C KpaTKuM ONnHMcaHueM (YHKIMH KaKIOrO MOJYIsS B
TEKCTOBOM (hopme.

37. Onupasce Ha TpEACTaBICHHE MPOrpaMMbl B BHJE
(YHKIIMOHANBHBIX MOJAYJIEH M TEKCT MPOTrpaMMBbl COCTaBHUTh
rpag-cxemy anropurMa.

38. IIpogymath nmocnenoBaTeIbHOCTh U CIIOCO0 OTIAAKH KaXKI0T0
MOJTyJIsl TporpamMMel. [IpuBecTy TIaH OTIaIKy.

39. M3yunth  cxeMy  OJJEKTPUYECKYI0  (DYHKIIMOHAIBHYIO
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amnmapaTHbIX CpPEACTB HEOOXOMWUMBIX JJISl  BBIMONHCHHS
TAHHOM JTabopaTOpHOIT pabOTEHI.

I[J'ISI CaMOKOHTPOJIA MUCBbMCHHO OTBCTUTH Ha NPHUBCIACHHBLIC

najic€ BOIIPOCHI.

20. B xakoM pexxume I0JKHBI padoTaTh pa3psabl mopra B?

21. C kakod Lenblo A HEKOTOPHIX PaspslaoB MOAKIIOYAIOTCS
BHYTPEHHHE HOATATUBAIOLINE PE3UCTOPHI?

22. Yem ompenenseTcss HOMEp KITF04Ya, KOHTPOIHPYEMOTO
porpaMmoit?

23. Kakue ypoBHU COOTBETCTBYIOT KQXKJIOMY W3 COCTOSHHIA?

24. KakuM  JIOTHYECKUM ypPOBHEM  CIBHTOBOTO  PETHCTpA
OTIpeeIsIeTCS UHIUIMPYEMBIH pa3psia?

25. KakyuM  JIOTUYECKUM  YPOBHEM  CJIBHIOBOI'O  PETHUCTpA
3aCBEYHMBACTCS CETMEHT aKTUBHOTO pa3psia?

26. Kax 0003Ha4aTCsA CETMEHTEI CEeMHCETMEHTHBIX
nHAnKaTopoB? CxeMaTWyHO W300pa3uTh OJHOPA3PSIHBIN
MHIUKATOP U 0003HAYHUTH HA HEM CETMEHTBI.

27. Kaknie cerMeHTHI JOJDKHBI CBETUTCA TIPH OTOOpaKeHUH A (PHI
COOTBETCTBYIOILIEH BallleMy HOMEPY B CITUCKE IPYIIITBI?

28. HamumuTe Koj 3arpykaeMblii B cTapuiuid OalT CIBHTOBOTO
peructpa JUIS WHIMKAIMM CHMBOJIa B MIIQJNIEM paspsie
MATHPA3PSTHOTO HHAMKATOPA, B CTApIEM paspsijie.

4 TIporpamMma mcciel0BaHUi U MOPSAIOK PadoThI

30.

31.

32.

33.

Co3maTh NPOEKT W BBECTH TEKCT MPOrPaMMBbl, CO3IAaHHOH MNpH
CaMOCTOSITEIBHOM MOArOTOBKE K JJabopaTtopHOi padoTe.

KoMmmuimpoBaTh HpOEKT W MPOTOKOIMPOBATh coolmieHus. Ecim
UMEIOTCA OLIMOKM, INPHUBECTH OIIMOOYHBIE CTPOKHM B OTHYETE,
CIeNaTh aHaIN3 OMIMOOK M BBECTH HCTIPABIICHUSI.

BreimonHUTE 0TNMAAKYy MOJIyJEH MporpaMMbl B COOTBETCTBHU C
METOAMKOM, pa3paboTaHHOH PU CaMOCTOATEIbHON TOATOTOBKE. B
mporecce OTIa/KU MIPOTOKOJIUPOBATH COZIEPIKIMOE
MOAU(UIINPYEMBIX PETHUCTPOB, COIMOCTABIAS C TMPEACKa3aHHBIMHU
3HAYECHUSIMH.

OTKIII0YHUTH BHELITHHUE OJIOKM OT MUKPOKOHTPOJIJIEpA.



34.

35.
36.

37.

38.

39.
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BEIIOJHUTH MPOrpaMMUPOBaHUE MHKPOKOHTpoIuiepa yepe3 USB -
MPOTPaMMAaTOoP.

OTKJIIOYHUTH IPOTPaAMMAaTOpP OT MUKPOKOHTPOJLIEpa.
[IpucoenMHUTL MOAYJIL CEMHCETMEHTHOTO HWHIWKAaTopa K
MUKPOKOHTPOJLIEPY.

[MoaxiIFOuuTh BBIHOCHON OJIOK IMUTAaHWS MHKPOKOHTPOJUIEpa M
BKJIFOUHUTH €TO B CETh.

Haxxnmast ¥ oTIycKas K04, COOTBETCTBYIOIINN BApUAHTY 331aHUS
3aIPOTOKOJIMPOBATH PEAKIHIO YCTPOHCTBA.

[Ipu oOHapykeHMU OIIMOOK (YHKIIMOHUPOBAHUS TPOU3BECTH
IIOBTOPHYIO OTJIAAKY IIPOIPAMMBL.

5 KOHTpOJ’IbHBIe BOIIPOCHI

1.

Kakue ypoBHM HampspkeHHH, B COOTBETCTBUM CO CXEMOit
MOJKITIOUEHHUS CEMHCETMEHTHBIX MaTpHL, AOJDKHBI OBITH Ha MX
JNEKTPONaX JUIsl CBETANIMXCS W IOTAIEHHBIX CETMEHTOB
aKTHBHOTO pa3psaa?

Kakuve ypoBHM Hampshke€HUM, B COOTBETCTBUM CO CXEMOM
MOJKIIOUEHUS CEMHCEIMEHTHBIX MAaTpHL, AOJDKHBI OBITh Ha
3NEKTPOIaX MaCCUBHBIX pa3psiioB?

Kakue ypoBHM HampspkeHHH, B COOTBETCTBUM CO CXEMOW
MOJKITIOUEHHS, JOJDKHBI OBITh Ha BBIXOAAX CIBUTOBOTO PETUCTPA,
YIPaBJISIONIETO0 CErMEHTaMH [TAaCCUBHBIX pa3psiioB?

Kaxoli BeanumHBl JOKEH OBITH TOK CBETSIIETOCS CErMEHTa
aKTUBHOTO paspsa’?

6 Conep:xaHue oT4éTa

OTY€T MOJDKEH comepiKaTh:

52) TUTYIBHBIH JHCT;

53) nanMeHoBaHHe PabOTHI U LENTb UCCIIEIOBAHUIA,

54) cxeMy 3JeKTPUUECKYI0 (DYHKIIHOHAIBHYIO YCTPOHUCTBA M €€

KpaTKOC OIMMCAHUC,

55) MCXOMHBII TEKCT MPOTPaMMBI;
56) onrcaHure MOIyJIei MPOrpaMMBbl U UX HYHKITHI;
57) rpad-cxemy anropurma;
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58) maH oTIaKK TPOTPAMMBI;

59) oTBETHI HAa BOMPOCHI JIJIsl CAMOIIPOBEPKH;

60) TekcT mporpaMMBbl B COOTBETCTBUY C BAPHAHTOM 3a7IaHUS;

61) TpOTOKOJ OTIAJKK C AHATU30M OIITHOOK (TIPU HATUYHH);

62) pe3ysbTaThl 3KCICPUMEHTAILHON MPOBEPKH MPOrpaMMbl Ha
MIPOTOTHUITHOM cucTeMe (TTPOTOKOIT Tab0PaTOPHBIX HUCTIBITAHUH );

63) oTBETHI Ha KOHTPOJILHBIE BOIPOCHI.

64) npu 3amure 1a00PATOPHOM PabOTH MMETH HA IIEPCOHATBHOM
KOMIThIOTEPE/ChEMHOM HOCHTEIE PAOOTOCIIOCOOHBIH MPOEKT.
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7. UCCJIEJOBAHUE YCTPOICTBA U )
®YHKIIMOHUPOBAHUSI JUHAMHUYECKOI
WHAUKALIAU

1 Hean padoTsl

Lenssmu pa®oTHI sBISIETCS:
1. wu3yuYeHHe NPUHLMIIOB MOCTPOSHHS YCTPOUCTB AMHAMHYECKON
WHJUKALMY U KIIABUATYPBL;
2. W3y4eHHE NPUHLMUIIOB OPraHU3alNH O0CITYKHBAHHUS BHEITHIX
YCTPOMCTB IO NPEPBIBAHUSIM CUCTEMHOIO TaliMepa;
3. W3ydYeHHE OpraHu3allMy JEKOIUPOBAHUS C TPUMECHEHHEM
TaOJML, pa3MEIaeMbIX B IPOIPAMMHON aMSATH.

2 MoayJb KJIaBHATYPBI M JUCILIES € NOCTe10BaTeIbHbIM
uHTeppeiicom

KnaBuatypa ® Jucmiieid OTHOCATCS K OCHOBHBIM BHJaM
(YHKIIMOHAIBHBIX Y3JI0B ITPUCYTCTBYIOIIMX B JIIOOOM U3MEPUTEITHHOM
npubope. Hambonee mpocTto OHM peanu3yroTcs NpU HAIHMYUH B
cocTagBe HU3MEPUTETTHHOTO npudopa
MUKPOMPOIIECCOpPa/MUKPOKOHTpoIutepa. [lpumeHenne uHTEepdeiica
SPl ToO3BONSET CYIIECTBEHHO COKPATUTh KOJWYECTBO JIMHUH
yIpaBIeHUS MHUKPOIIPOIIECCOPa/MUKPOKOHTPOIIIEpa pu
MUHHMAJBHBIX ~ JIOTIOJHUTENBHBIX — allapaTHeIX —3arparax. OJTo
00BsICHSIETCS HEOOXOJAMMOCTBIO HCITONL30BAHUS TOKOBBIX Oydepos
CBETOJIMOJTHBIX ~ CEMHCETMEHTHBIX  HWHIUKATOPOB,  CHWKAIOIINAX
JJIEKTPUYECKYI0  HArpy3Ky Ha  BBIBOABl  MHKPOKOHTPOJUIEpA.
Hcnonb3oBaHue CIBUTOBBIX PETUCTPOB IO3BOJISIET OJHOBPEMEHHO
nojaepxkatb uHTepdeiic SPl u ¢pynkuuio Oydepuposanus. Cxema
HCTIONIB3YEMOTO B JIAOOPAaTOPHOM MakKeTe MOAYJS KJIaBUATYphl U
JCIUIes Tpe/ICTaBlieHa Ha PUCYHKE 1.

UC DD2-DD3 15331P24 — o0pa3ytoT 16-OMTOBBIN CABUTOBBIHA
peructp. [Ipu a3rom DD2 (paspsasr DO-D7) ynpanser cermeHTamMu
nHaukatopa, a DD3 — koMMyTHpyeT pa3psabl WHAWKATOpa 4Yepes
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KIF0YM Ha OUIONSpHBIX Tpausuctopax VT1-VT5 (paspsasr D8-D12).
Hucneil peasin3yer NpUHLKI AUHAMUYECKOM HHAUKaUWU. B kaxapIi
(DUKCUPOBAHHBIA MOMEHT BPEMEHHM AKTHBCH JIHIIL OIWH Paspsj
nHaukatopa. Paspsaael D8-D12 aktususupyrorcs noouepénno. D12 —
yrnpaBiseT crapmmM, D8 — wiagmum  paspsaoM  WHIUKATOPA.
Breixogapie nmuaUM peructpa DD3  ympaBnsior W nuHEHKaMu
KJIaBUATYphl. B TaHHOM ciydyae Kaklasi JMHEWKa COACPIKHT TOJIBKO
omua o4 (S1-S5). Takum o0pazom, B yCTpoOMCTBe peanu3yeTcs
YacTO WCIIONB3yeMbI MPUHIIUIT COBMENeHHs (DYHKIMN BBIBOJIOB.
Curnanenas muaus OUT skeuBanientHa auauu MOSI unTepdetica
SPI. Jluaus C - SCK. KomnmuyecTBO BXOIHBIX JHHHI MOXKHO

YBEIINMYUBATD, IIOAKIIIOYAA K HUM JOIOJHUTEIbHBIC KITFOYH.
DD2_ 153302 s PD5  DASG1ISRWA
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Pucynok 1 — KnaBuartypa u ycTpoiicTBO MHIUKAIIUU
Pesuctoper R13-R19  ompenmenstoT TOK  CEerMeHTOB
CBETOAMOJHBIX MaTpull. Tak Kak pa3psiabl YCTPOWCTBa WHAMKALIUH
BKITIOYAIOTCS] IOOUEPENHO, HA OJIMH U TOT XK€ UHTEPBaJ BPEMEHH, TO
CpelHee 3HaueHHe TOKa HEeoOXOoAuMoe ISl MOJJIEpXKaHus SPKOCTH
CBEUEHHS CIIEAYET MOAJCPKUBATh PABHBIM HOMHUHAJIEHOMY 3HAUEHHIO
TOKa CEerMeHTa 3a CU€T yBEIHYEHHS MAKCHMAaIbHOTO WUMITYJILCHOTO
TOKa MPOMOpHUOHANLHO uyuchy paspsimoB N. Ilpu sTOoM BenmuuHa
comnpoTuieHus pesuctopos R13-R19:
— E —UO—UT’ (1)
Nisnom
rne E —».1.c. ucrounvka nuranus, Up — HanpspKeHHe JIOTHYeCKOro

Hyns 6ydepa, UT- HanpspkeHUe HACHIIIEHHSI TPaH3UCTOPHOTO
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KItoua, lsnom — HOMUHAJIBHBIA TOK CETMEHTA CBETOIUOTHON
MAaTpHIIBL.

MakcuManbHBI TOK KOJUICKTOpA TPAH3MCTOPHBIX KITFOUCH
VT1-VT5 — paBeH cymMMe TOKOB BCEX CETMEHTOB MaTPHIIhI (C y4ETOM
IECATUIHOM TOYKH -8):

Iy =8 X Nigyoum-

)

HomunansHOe 3HaUYeHHE COMPOTHUBICHMEA pe3uctopor R20,
R22, R24, R26, R28, ompenensromux TOKA HAChIICHUS 0a3
TPaH3UCTOPHBIX KIKOYEH:
Ry, < E—UBE—U(),
Ix+Upg/Rp2

@)

rne Upe — majgeHwe HampspDKeHHsS Ha 0a30-3MHTTEPHOM
MEepexoie OTKpBITOro TpaH3uctopa, RB2 — comporuBnenue
pPE3UCTOPOB,  LIYHTHPYIOIMIMX  0a30-OMHTTEpHBIE  TEPEXOJbI
TPaH3UCTOPOB.

Crnenyer OTMETHUTb, YTO IJI1 INPUMEHEHHUS B YCTPOWCTBax
JUHAMHYECKOW WHIWKAUWM MAaTpULbl JOJDKHBI TapaHTHPOBAThH
OTHOIICHHE MaKCHUMAaJIbHOTO UMITYJILCHOTO TOKa K HOMHHAILHOMY
TOKY cerMeHTa He MmeHee N.

J11 MUKpPOKOHTpOJIIEpa YCTPOUCTBO BBIBOAA — CUMBOJIBHBIN
CEMHCETMEHTHBIN JANUCIIEH MOXKET HHTEpIpPEeTHpPOBaThCsA Kak 13-
OWTHBIN CIBUTOBBIN peructp (crapiire 3 pa3psiia He UCTIONIB3YIOTCS).
YcTpolicTBO BBOJA — KJIaBUAaTypa MPEACTaBIsICT cOOOH MaTpHyHOE
moJjie 5X1, akTHBH3MpYEMOE CTapiIuMu 5-t0 Outamu 13 — GUTHOTO
cioBa. BbIxonHble JaHHBIE KIaBUATYpHl MPEJCTABISIIOT OO0
OOHOOMTHOE  CJIOBO  —  COCTOSIHUE  KIaBHATypsl  (KIIIOY
3aMKHYT/pa3oMKHYT). IIpu3HakoM aKTHUBHOCTH JIMHEHKH W,
COOTBETCTBEHHO, 3aMBIKaHUs KJIOYa SIBISICTCS HU3KUH YPOBEHb
curHana Ha auHuK IN. Ilpyn pa3oMKHYTOM KitOYe MM MACCHBHOCTH
JTUHEHKU Ha TMHUM IN JOKHA TeHEepUPOBAThHCS JIOTHYecKas eAMHULIA.
Jnst 3TOro Ha JIMHUIO HEOOXOMUMO TIOAaTh BBHICOKHH YPOBEHb
HaNpsDKEHUS] ¢ TIOMOIIBI0 pe3ucTopa. B kadecTBe ATOrO pesucropa
1esecooOpa3Ho  MCHONB30BaTh  BCTPOCHHBIA  MOATATUBAIOIINI
pe3ucTop mopra.
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WnentndukatopoM 3aMKHYTOTO KITFOYa SBISIETCS S-U OUTHBII
YHUTapHBIA Kof B paspamax D12-D8 casuroBoro peructpa. Cambiid
CTapIIMiA pa3ps OTBEYACT 3a AaKTUBHOCTh CTapuIero paspsia
ycrpoiictBa uHIuKanuu. HeoOs3arenbHblit curaan /IE  BbICOKUM
YPOBHEM TacHT HWHAWKATOPHl W HCKIOYaeT >(h(eKT mapa3uTHON
3aCBETKH CETMEHTOB MPH 3arpy3ke HOBoro kona. MHtepdericHbie
curHajibl (QopMHpYIOTCS TNPOrpaMMHO Ha BBIXOJax Imopta B
MHUKPOKOHTpOJIEpa (PUCYHOK 2):

PBO0 — C, curHai CHHXPOHHU3AI[HH;

PB1 — OUT, nociaeaoBaTeabHEBIE BEIXOMHBIE JAHHEIC,

PB2 — IN, BXOJ — COCTOSIHUE KJTFOUCH KIIaBUATYPHI;

PB3 —/IE, BbIx0/ — pa3pelieHne HHIUKAIMH TTOCIIC 3arPy3KU

04YepCaHOI0 KOJa CMMBOJIA.

DAl uA7805C

cs
10,0x16V 0,1
2 +BV

/RST

R1 51K

IRST

—
L

DD1 AT90S2313

PDO/Rx

RESET \elo)

PD1/Tx

PDO/RXD PB7/SCK

Z1 -
10MHz| C

PD2/INTO

PD1/TXD PB6/MISO
PB5/MOSI
» XTAL2
PB4
» XTALL
PB3/0C1

PD3/INT1

PD2/INTO PB2

PD4

3

PD3/INT1 PB1/AIN1

PDS5

©

PD4/TO PBO/AINO
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20

+5V

X1
+5B 1
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MISO/PB6

17

MOSI/PBS

PB7 25

PB4

PB6 27

/1E/PB3

PB5 29

IN/PB2

PB4 31

OuUT/PB1

PB3 33

C/PBO

PB2 35

PD6

PB1 37
PBO 39

PDO 28

MISO

ICP-10

lola
ojic]

+[0lo

©~NOwE

ISR

=

PD1 30
PD2 32
PD3 34
PD4 36
PD5 38

PD6 40

Pucynox 2 - CxeMa miaTsl MUKPOKOHTpOJIIEpA

3 IIporpamMMHas MoaAePKKa YCTPOHCTBA TMHAMUYECKOH
HHIAMKAIUH

Tak Kak TOMHMO TOAJIEPKKH YCTPOWCTBA WHAWKAIMHA W
KJIABUATyphl MHUKPOKOHTPOJIJIEP MOMKET B3aWMOJEHCTBOBATh U C
OPYTUMH  YCTPOWCTBaMHM, a TaKKe BBIIOJIHATE 00pabOTKy
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MOJTy4aeMBbIX JaHHBIX W PEajn30BBIBATH (YHKUUH YHPABICHUS, TO
HEOOXOIUMO IIPaBUJIBHO BBIOPAaTh METOABI B3aUMOACUCTBHS C
BHEIIHUMH ycTpolicTBaMH. DYHKIMM MHUKPOKOHTpOJUIEpa TIpHU
OOCITy’)KUBaHUM YCTPOWCTBA NTUHAMUYECKON WHAMKALMH CBOISTCS
(hopMHPOBaHHIO HOMEpPA OYEPEAHOr0 OOCITY’)KMBAaEMOI'O pas3psaa, K
IpeoOpa30BaHUI0 COOTBETCTBYIOILEIO €My OTOOpPa)xaeMoro CUMBOJIA
B CEMHCETMEHTHBIA KOJ, Teperadye COCTaBHOTO Koja (YHUTapHBIHA
HOMEp AaKTUBHOTO pa3psAa M KOA OTOOpaskaeMoro paspsiia) o
[I0CJICI0BAaTeIbHOMY HHTep(elcy B CIBUIOBBIA peructp. Ira
poleaypa BBIIONHSAETCS LWKIMYECKH Ui BCEX IISATH Pa3psiioB
ycTpoiictBa mHAMKAanWU. Yacrora OOHOBIEHHs BBHIOMpaeTcs Tak,
9T0OBl HMCKIIOYUTH BUAMMOE MEpLAHHE HWHAMKATOpOB. B manHOM
cllyyae 4acToTa OOHOBJICHHUS BCEX IISITH CHMBOJIOB IPUHSITA PABHOU
100 I'u. Takum 0Opa3oM, HOBBIH CHMBOJ JOJDKEH IEPEIaBaThCs
kaxasie 2 Mc (5 cumBonoB 3a 10 mc). Ogepennoit 13 OUTHBINH KOJ
JOIDKEH XpaHUThes B Oydepe. O0bpéM Oydepa BeIOMpaeTCst NCXOS U3
pPECYpCOEMKOCTH 3a/1a4H B IIEJIOM M HANWYHS CBOOOJHOM MaMsITH WIH
CBOOOJHBIX perucTpoB. MUHMMaNBHBIA ero o0bEéM JBa OaliTa, a
MaKkcUMalbHBIH 6 OaiT (1 OalT HOMEp TEKymero OoToOpakaeMoro
cUMBOJIa M 5 O0aliT - Koabl BceX OTOOpakaeMbIX Ha JUCILICE
CUMBOJIOB). B mepBom ciyuyae yBelnW4YMBAaeTCsi Harpyska Ha
MHUKPOKOHTpOJUIEP 3a CYET HEO0OXOAWMOCTH  JEKOJUPOBAHUS
OYEpeIHOTO  BBIBOOUMOrO  CHMBOJIa.  Bo-BTOopoM  cityuae
JNEKOJMPOBaHUE  JIOJDKHO  OCYHIECTBIATHCS  JUIS  BCeX  S5-U
0TOOpakaeMbIX CHMBOJIOB JIMIIb NPH W3MEHEHUH OTOOpaskaeMoil
nH(pOpMAITUH.

Temn oOOHOBIIEHHS  OTOOpaKaeMbIX  JaHHBIX  MOXKET
3a]aBaThCsl LUKIMYHOCTBIO BBITIOJTHAEMBIX MHUKPOKOHTPOJUIEPOM
3aja4, 4yTo JAJEeKO He BCErAa BO3MOXKHO. Yale 3TOT TeMIl 3a1a&Tcs
CHCTEMHBIM TaliMepOM, MEPUOIUIECKU MPEPHIBAIOIINM BBIIIOJHEHUE
MpOrpaMMbl W BBI3BIBAIONIMM MOJIPOrpaMMy BBIBOJIA JIAHHBIX.
JaHHble 111 OYepeqHON Mepeaayd MOTYT HOArOTaBIMBATbCA KakK B
00paboTunKe npeprIBaHui, Tak U B (OHOBOM Ipoliecce.

Jns  mepemaud  JaHHBIX ~ WCIOJB3YEeTCsS  IPOrpaMMHAs
peanuzanus uHTepdetica SPl, paspabotaHHas B IpeablIyIIei
nabopaTopHoii padoTe.

Jns mpeoOpa3zoBaHusi HOMEpa OTOOpaKaeMOro paspsja B
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YHHTapHBINA KOJ ¥ 0TOOPaKaeMoro CHMBOJIA - B CEMHUCETMEHTHBIH KOJT
WCTIONB3YIOTCS TaONUIIBI, pazMelacMble B MPOrPaMMHON TMaMSITH.
Takoif MeTon IIMPOKO MPUMEHSETCS, B TOM YHCIE, NPH CHUHTE3E
CUTHAJIOB MTPOHU3BOJIBHOM (HOPMBI, Os1arogapsi IpoOCTOTE peain3aiy 1
BBICOKOM CKOPOCTH.

CyTb METO/Ia COCTOWT B CICAYIOIIEM. Y TOPSIOUEHHBIE KOJIbI
(mo Bo3pacTaHUIO/yOBIBAHUIO) PA3MEIIAIOTCS B COCCIHUX siUCHKax
MPOTpaMMHON MaMsITH. AJIpec pa3MEIIeHUsI IIEPBOTO KOJIa CUATACTCS
6a30BbIM. {7151 IpeoOpa3oBanms HEOOXOIUMO CUNTATh KO M3 aMsATH
Mo ajzpecy paBHOMY 0a30BOMY + cMelleHue (MpH YIMOpsSAOUYEHUH B
nopsinke  BospacTanmsi). [lockonbKy mpeoOpasyemble JaHHBIC
SBITIOTCA ~ IpaMH, TO CMEIIEHHWE MPENCTaBIsAeT  CcoOOM
oToOpakaeMyto 1udpy.

3 IloaroToBka K J1ab6opaToOpHOIi padoTe

=

W3y4unTh KOMaH/IbI YTCHUS TAHHBIX U3 IAMSTH IIPOTPAMM.
2. VBy4nTh KOMaHIIBI PaOOTHI C OTIEPATUBHOMN MAMSITHIO.

3. IlpoaHanu3upoBaTh CTPYKTypy NpOrpaMMbl, NPHUBEICHHOU B
npwiokeHud. Haiith u  BbmenuTh B Hel  (parMeHTsl,
oTBevarone 3a paboTy ¢ TabiaumamMu TpeoOpa3oBaHUs B
VHUTapHBIA M CEMUCETMEHTHBIH Koxbpl. M3yuute paboty
yKa3aHHBIX ()parMeHTOB MPOrPaMMBEI.

4. Tlo TekcTy MporpaMMbl OIPENEIUTh W BBHIIUCATH (HYHKIUH
OCHOBHOM IIPOrpaMMBbl M 00paboTUYHKa IpEepbIBAHUI.

5. Ouenutp aOCOJMIOTHOE BpeMsl HCIOJHEHUS 0OpadoT4MKa
MpephIBaHUN JJI1 YacTOThl TaKToBOro reneparopa 10 MI'n u B
MIPOLIEHTaX OT MHTEepBaJIa MPEepPHIBaHUI.

6. OmpenenuTsh M3 TEKCTa MNpPOrpaMMbl HOMeEp  TakMepa,
HCTOJIB3YEMOT0 B KAU€CTBE CHCTEMHOTO M PEXKUM ero paboThl. [1o
TEXHUYECKON JOKyMEHTAllMd Ha MHKPOKOHTPOJUIEDP BBINHCATH
HWMEHa UCHOJb3YeMbIX PETHCTPOB KOH(PUTIYypaluu U HazHauCHHE
ux OMTOB ISl JAHHOTO Taiimepa.

7. IlepecunraTh HACTPOWKHM TaiiMepa JUIA YacTOTHl KBapLEBOTO
re”Hepatopa 4 MI'm.

8. HasnaupTe KIMIOYaM KJIaBHATYpHI clenyronme QyHKIuu*:
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SO - mpuocraHoBKa cuéTa;

S1 — npopoinkeHue c4€Ta;

S4 — cOpoc ¥ MOBTOPHOE HAYaIO CUéTa.

Hanwmmure moamporpaMMbl Ui KaXIOH W3  3aJaHHBIX

(hyHKIHIIA.

10. HalitTu  cTpoKd  TpOrpaMMbl,  ONPENCISIONIAE  YaCTOTY
pereHepanuu auciuies. PaccuuTath 3HaUCHUS YCTAHOBOK TaiiMepa
Jutst yacToT peredepanuu 80, 60, 40, 20 I'm.

*Kaowcowlii uz cmyoeHmos 6600um monbKo 00HY (OYHKYUio 8

COOMBEMCMEUU C YKAZAHUSAMU NPEno0agamers.

IIncbMeHHO OTBETHTH HA BOINIPOCHI IJIsl CAMOKOHTPOJIA.

1. B xaxo#i perucTpoBoii mape HaXOAUTCS TEKYIIUH anpec TabIHIbI
[13y?

2. B KakoM perucrpe HaxoOITCS JaHHBIC CUYUTHIBAEMBIC W3
MpOrpaMMHON MamsATH?

3. B kakoli peructpoBoil mape XpaHSTCS ajapeca OTOOpakaeMbIX
NAHHBIX?

4. Hamummre azapeca sueek O3Y, COOTBETCTBYIOIIUE JTaHHBIM
0To0pakaeMbIM KaXKIbIM pa3ps oM HHIUKATOPA.

4 IIporpamma uccie10BaHUIl U OPSAIOK padOTHI

1. Co3naTh MPOEKT U BBECTU TEKCT MPOrPaMMBbI U3 IPUIOKEHHSL.

2. KoMnuiupoBaTh MPOEKT U MPOTOKOINPOBATH COOOIIEHUS.

3. Ilpu orcyrcTBUM OIIMOOK, OTKIIIOYMTH MOXYJb JIUHAMHUYECKOU
WHAUKAUK OT MHUKPOKOHTpOJIJIEpa U 3allporpaMMHUpPOBATh

MUKPOKOHTPOJLIED.

4. OTKIIOYUTD porpamMmmarop u 010K IIUTaHUs oT
MUKpPOKOHTpOJLIEPA.

5. [loacoennHNTE MOAYNIb TMHAMUYECKOW MHIUKAIUH, a 3aTeM OJIOK
MTUTaHMSL.

6. CocTaBUTh MPOTOKOJI HCHBITAHUS YCTPOMCTBA, 3alHCaB B HETO
ITOPUTM (PYHKIIMOHMPOBAHHUA MOJYJS U M3MEPEHHOE 3HAUCHHE
TeMIla OOHOBJIEHUS 3HAUEHUI Ha AMCIIIEE.

7. Ecnmm Temm CymecTBEHHO OTKJIOHAETCS OT 1 CeK, BBECTH
COOTBETCTBYIOLIYIO KOPPEKLIMIO B HACTPOUKH TalMepa.
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8. BBecTr B MCXOJIHYIO TIpOrpamMMy, pa3paboTaHHBIH NpU JOMAITHEH
MTOATOTOBKE MOYJIh M IIOBTOPHO KOMITHIUPOBATH MMPOTPAMMY.

9. 3arpy3uB mporpamMmMy B COOTBETCTBUU C ILIL3-5 TMpOBECTH
HCIIBITAaHUS ¥ COMIPOBOJUTH UX MPOTOKOJIOM HCIIBITAHUM.

10. YcranaBnuBas noouepéaHo yacTotsl perenepanuu 80, 60, 40, 20
I'm (xomer 3arpy3ku TaiiMepa OIpeeNeHbl TpPH JTOMAaITHEH
MOJITOTOBKE) OMPE/CIIUTh TIOPOT 3aMETHOCTU MEPLIAHUH TUCTLIES.

5 KoHTpoJibHBIE BONPOCHI

1. Kakoii cinemyeT BbIOMpaTh YacTOTy pEreHEpaIud YCTpPOWMCTBa
WHAWKAIUH JJ11 KOMQOPTHOTO BOCTIPHUSTHS?

2. Kakume wn3MeHeHusi npuua€rcs caenatb B IporpamMme, €CiId B
KauecTBe CHCTEMHOro TaiiMepa wucmonb3oBath Taiimep 07 K
KaKUM TIOCJIEACTBHUSM 3TO MOXKET MPUBECTU?

3. Kakue ¢pyHkunn o6paboTIrKa IpephIBaHUI MOYKHO ITIEPEHECTH B
OCHOBHYIO IIporpammy?

4. B uéMm c Bamel TOYKH 3pPEHUS MOXKET COCTOSITH CMBICI TaKOTO
nepeHoca’?

5. OrmpenenuTte MakCUMalbHOE U CPEHEE 3HAYCHUE TOKA CEIrMEHTa
nHankaTopa. CpaBHHTE C MACMOPTHBIMU 3HaueHusIMU. Crenaiite
BBIBOJIbI O KOPPEKTHOCTH PACYETHBIX 3HAYEHU.
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6 Conep:xaHue oT4éTa

N =

IS

o

10.
11.

12.

13.

OTY€T MOJDKEH comep kKaTh:

TUTYJBHBIN JIUCT;

HaMEHOBaHHUE PabOTHI U 11eJIb UCCIIEIOBAHUN;

CXEMYy  DJJEKTPHUECKYI0  (YHKLHOHANbHYIO  yCTpoicTBa
WHAMKAIUK U KPaTKOE olucanue e€ paboThl;

OLICHKY 3HAUCHHUI PE3UCTOPOB B COOTBETCTBHH C MPEIIOKEHHON
METOAMKOH WX OLEHKH W pe3yibTaThl CpaBHEHUS C
IIPUBEACHHBIMU Ha cXeMe HOMHHas1aMH. CBETOINOJHBIE MATPHLIBI
BBIOpATh CaMOCTOSITENBHO.

MPUBECTH OLIEHKY 3arpy3KH MUKPOKOHTpOILIepa 00CTy)KHBaHHEM
YCTPONCTBA MHAUKALINH, CIEIaHHYIO IIPH JOMAIIHEH 0T OTOBKE.
HCXOIHBIN TEKCT IPOrpaMMbl;

OIMCaHue KOMaH/ paboThI C TAMATBHIO TIPOTPaMM H OTIEPaTUBHON
namAThIo (hopMaThl, (hiaru, aapeca perucTpoB IS Pa3MEeIeHIs
a/IpECcOB U JIaHHBIX);

OIMCaHNE MOAYJICH MPOTpaMMBbl U X (PYHKIIHIA;

rpag-cxeMy ajlropuTMa;

OTBETHI Ha BOIIPOCHI JJIsl CAMOIIPOBEPKH;

TEKCT W TPOTOKOJ OTIAJKH CaMOCTOSTEIBHO pa3pabOTaHHOTO
MOJIYJIA C aHAJTU30M OIINOOK (TP HATUYHH);

MPOTOKOJIBI SKCHEPUMEHTAILHON MPOBEPKH NPOTPaMM M aHAJIN3
Pe3yIbTATOB;

OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI.
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pnioxenne 1

HcxonHblii TeKCT MPOrpaMMsbl 00CTy:KMBAHUS MOTYJIA
AUHAMUYECKOIl MHAMKALMH

.def SREG_COPY =r15 ; xomus (aroBoro perucrpa

deftmp =rl16
defind_n=r17
.defind_p=r18

.def ind_b0 =r19
.defind_bl=r20
defind_b2=r21
.defind_b3=r22
.defind_b4 =r23

defind_c=r24
.def symbol = r25
.deftmp_c=r26
HUHTCPBAJIOB

;xx%%% Bit definitions

equ  ind_max

HMHUJIUKATOpa

equ LS =PBO0
equ | D =PB1
equ K1 =PB2

KIJTFOUeH (5 Kir)
equ I_E =PB3
(0)

; Homep nnautupyemoro paspsiaa (0 - 4)
; BUTOBas MO3MIIKS aKTUBHOTO pa3psiia

; Bydep unnukanuu (5 paspsaon)

: CuéTUYUK CIBUTOB
; peructp st 00paboTKU CUMBOJIA
; HakomuTens cexyHIHBIX

=5 ; KonmmaecTtBo paspsinos

; Ind_Sync cuaxXpoBBIBOA
; Ind_Date BeIBOI HaHHBIX
; Key In Bxon cocTosHus

; Pa3pellieHue nHauKauu

**x%% Const definitions
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equ  Kdtl =2499 ; Koo puument nenenus taiimepa
2499

; mpeaaenuTens -8. toro
8*2500=20000
.equind b =19 ; 6a30BbIi aapec Oydepa HHAUKAIIN
.equ  RAMB = 0x60 ; Hagano O3Y

*hhkhkkhkkhkhkhkhkkhkhkrAhkhkhkkhkhhhkhkhhkkhkikhhkhkkhihhkihhkhiihhhkhkihhiihhkhiiixikkikx

*hkkkhkhkkk

; Touka craprta u TabnHIA TPEPHIBAHUS
.cseg
.org $00
reset_hnd:
rjmp start ; Ha4aJio mporpaMMeI (00Xoz Tadir.mpep.)

.org OCladdr ; pa3MelleHne BEKTOpa MPEPhIBAHUIA
timl_hnd:

rjmp tim1_cmp ; Ha 00pabOTUUK NPEePhIBAHMUMA
Taiimepa

*khkkkhkikikk

; BHa4aJie MaMsITu pa3MellaeM MOANPOrpaMMbl  00paboTIHK
HPEPBIBAHUI

; TabnuuHOe peobpazoBaHre HUPP B CEMUCETMEHTHBIH KOJ

dec_7seg:

Idi ZL ,low(seg_tbl*2)

Idi ZH,high(seg_thl*2) ; HAYaIIBHBIN ajpec Ta0.
JICKOTUP.
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clr tmp ; TeKymuit 16-
OUTOBBII ajpec

add ZL,symbol ; 7-CErMEHTHOr0 KOJa B
13y

adc ZH,tmp X

Ipm : 7-CerM. KOJI B
peructpe RO

mov  symbol,RO

ret

B R S L R R R R R R R R R T R R R R R e
1

*kkkkhkkikkikk

; O6paboTunk mpepsIBaHni TaliMepa 1

; YHpaBlieHHE JUHAMUYECKOU I/IHI[I/IKAL[I/IEﬁ u
KIIABUATYPOIL.

; Maaukaropsl ¢ o6muM aHogoM. OOcyKuBaroTcst 16 OUTOBBIM
C/IBUTOBBIM PETHCTPOM

; Peructp ympasnsercs 3 BBIBOZaMU Iporieccopa

; [TocnenoBatenbHBIN BXOJ NpeIHA3HAUEH ISl TIOCJIEAOB. OIPOCca
KJIFOUEH

;1S =PB0O ; BerBon mopta
Ind_Sync

;1. D =PB1 ; BbBIBOJI TIOpTA -
MOoCJIeI0BaTeIbHBIC JaHHBIC

K1 =PB2 ; Bxon
KJIaBUATYPHOM JINHENKH (5 Kiroueit)

;1LE =PB4 ; Pazpelnienue

WHAWKAIK (HU3KUM YPOBHEM)

; YTipaBieHre HHIUKAIMEN OCYIIECTBISETCS OCIEI0BATETHHBIM
; BBIBOJJOM BO BHEIIHHUI 16 OMTOBBIN perucTp AByx Oairt:

; cTapmuii 6alT - ero 5 MITaIIIX pa3psIoB YIPABISIOT
AKTHUBHOCTBIO



; paspana naankanun (LOW - akTUBeH) yepe3 OTphITHE KIIouei
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; Ha p-N-p TpaH3WCTOpPaxX W OJHOBPEMEHHO CKAaHHPYIOT KJIABUATYPY,

; TPU CTapILUX pa3psizia He NCIOIb3YIOTCS

; MJIAZIINI OalT - CETMEHTHBIA KO, aKTUBHBIN cerMeHT - LOW

5 3a OAHO NPEPLIBAHNC MHAUTTUPYCTCA OAUH pa3psa U ONIpalllnBacTCA

; oaMH Koy (yactota npepoiBanuii 500 ['y). Bee 5 paspsizos
; obpabareiBatorces 3a 10 Mc
; T.€. 4acTOTa pereHepanuu Bcex paspanos aucmies -100 '

timl_cmp:

sbi PORTB, | E ; [loracuts UHIUKATOD
(HIGH)

push tmp ; COXpaHUTh Paboumii
peructp

Ids tmp,SREG ; COXpaHuTh ¢uaru (KpuBo B
AVR),

push tmp ; T.K. PUSH-POP pa6orarorT
cr0-r31

cbi PORTB,I_S ; Cuaxpoummyisc LOW

; TabnmuHOE IEKOTMPOBAHUE B YHUTAPHBIN KO
; Llndpa vaxomutes B ind_n - yHuTapHBIN Ko B ind_p

ucod:

Idi ZL,low(ucod_tbl*2)

Idi ZH,high(ucod_tbl*2) ; mayanbHbIit agpec
Ta0J1. ICKOTUP.

clr tmp ; 16-OutoBbIl agpec
JIEKOIMPYEMOTO
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add ZL,ind_n
adc ZH,tmp
Ipm

mov  ind_p,R0

; yauTapHoro koja B [13Y

; yHUTapHBIHA Ko B RO
; COXpaHuTh B ind_p

; IllocnemoBaTenpHBIN BBIBOA § pa3psiioB yIIPaBICHUS
; TOJIKITFOYEHUEM WHIUKATOpa (CTapIIuM BIIepEN)
; TPU CTapIIUX pa3psiyia He UCTIOIb3YIOTCS

|_pos:

sbrc ind_p,7
sbi PORTB,I_D

sbrsind_p,7
chi PORTB,|_D

sbi PORTB,|_S
chi PORTB,I_S

cpi tmp,7
YyIIpaBJICHUE

breq le_pos
inc tmp
rolind_p
rjmp |_pos

le_pos:

; €CJIM OYepeTHON CIIBUHYTHIN OUT 1
; BBIXOJIHOM OUT B 1

; ecii odepenaHoi out 0
; COPOCHUTH BBIXOAHOM OUT

; Cuaxpoummynsc HIGH
; Cuaxpoumnyibsc LOW

; 8 pa3psI0B BHITOJIKHYTHI -

; pa3psAaMu 3aBepIICHO

; CIIEAYIOIINIA OUT

; [llocnenoBarenbHbIN BBIBOJ 8 OUTOB CETMEHTHOTO KOJA.
; Homep cumBona B ind_n. CumBou B tmp
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andiind_n,7 ; OTPaHMYEHNE Pa3PIIHOCTH
; HOMepa 0ToOpakaeMoro paspsiaa
clrind_c ; COPOCHTB CYETUUK CIIBUTOB
clr zh ; KOCBEHHasI 3arpy3Ka
; CO CMEIICHUEM
mov  zl,ind_n ; 0TOOpakaeMoro CUMBOJIA

ldd symbol,Z+ind_b ; gepes Z=ind_n+ind_b0

rcall dec_7seg ; MpeoOpa3oB. nudpy B 7-cer.koj
mov tmp,symbol ; U TIOMECTUTH €€ BO BPEMEH. PeET.
|_segq:
sbrc tmp,7 ; Ecnin ouepeHoii OUT ounieH
sbi PORTB,I_D ; IPOMYCTHUTH Tiepenady |
sbrs tmp,7 ; Eciiit ouepeHoO#t OUT ycTaHOBIICH
cbi PORTB,I_D ; MpOMyCcTUTh Niepenauy 0
sbi PORTB,I_S ; Cuaxpoummyisc HIGH
chi PORTB,I_S ; Cuaxpoummyiasc LOW
cpiind_c,7 ; €CaM 8 OUT BBITONKHYTHI -
breq le_seg ; 3aBEPIIATH
incind_c ; €CJIM HE 3aBEpIICHO -
rol tmp ; CIIe YOI OUT
rjmp |_seg
le_seg:
cbi PORTB, |_E ; Bkmrounts uHAMKATOD

(LOW)
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inc ind_n ; CIIYFOIIHIA
oToOpaxkaeMbIii pa3psin

cpi ind_n,ind_max ; eciu He MOCICIHUIMA, TO

; IPOIOIIKHTE

brlo le_ind :

clrind_n ; [ToAroTOBUTH K HOBOMY IIUKITY
MHIUKALUU

Idi ind_p,0xFE ; CUETUHK U yKa3aTellb TIO3UIIUN

; HACBI. Kaxnoe 5-e npepbiBanue (IIUKI HHAUKAIUH S-pa3psiioB) -
10 mc

; 0-4 -> HakonuTeNnb MUHYTHOTO MHTEpBaia (60 cex), MUH,JeC. MUH,
Yachl,

; mec.dac, cyTkH (10 30) yrmakoBaHHBIN TBOUYHO-IECATHIHBINA

¢dopmar

L_CLOCK:
dec tmp_c ; nekpeMeHT c4éTunKa CeKYHIHOTO MHTepBaia
brbc SP1,le_clock ; emé He CeKyH/Ia BBIATH
Idi tmp_c,100 ; IPU CEKYHJIE TIepe3arpy3uTh
Id tmp,Y ; HAPACTHUTh CUETUUK CEKYH]T
inc tmp ; BRAM
cpi tmp,60 ; HEe MUHYTA JTH?
brne 1 no_min ; HE OHA YHTH Ha COXpaHCHHE
clr tmp ; MuHYTa! YHCTHM CUETUMK CEKYH]T
st Y,tmp ; 1 COXpaHsieM
|_no_min:
st Y,tmp ;
inc ind_bO0

cpi ind_b0,10



brne  le_clock
clrind_bO

incind bl
cpi ind_b1,10
brne  le_clock

clrind_bl

inc ind_b2
cpi ind_b2,10
brne le clock

clrind_b2

incind_b3
cpi ind_b3,10
brne le clock

clrind_b3

incind b4

cpi ind_b4,10
brne le clock

clrind_b4

le_ind: ; KOHeI[ 00pa0doTYnKa MpephIBAHUIMA
le_clock:
pop  tmp :

109
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sts SREG,tmp ; BocctaHOBHTH (htaru

pop tmp ; BOCCTaHOBUTH pabouuii peructp

’

start:
cli ; 3aIPETUTH MPEePhIBaHUS

; MHALIMAIA3AIHs BEIBOJIOB MTOCIIE0OBATEIHHOTO HHTEpdeiica

sbi DDRB, |_S ; PBO na BeBox |_Sync
sbi DDRB, | D ; PB1 na seBox |_Date
sbi DDRB, | _E ; PB3 na BeiBox Ind_ENable
cbi DDRB, K_I ; PB2 na BrOo Key _In

Idi tmp,low(RAMEND)
out SPL,tmp ; MHUIIMAJIN3UPOBATh BEPIINHY CTEKa

; Hactpoiika Taiimepa 1 B kauecTBe CHCTEMHOTO

; [peanenurens Knn=8, taiimep Knr=2500. O6mmii Kd=8x2500=20
000.

; st F=10MI'1 uaTEpBaN pepsiBaHuii - 2 Mc.

; S-TipeprIBaHUi IS pereHepariuu S5 - pa3psaoB AUCTLISS

; IlporpamMHoe nenenue 10 1 c.

Idi tmp,(1<<OCIE1A)
out TIMSK,tmp ; Pa3pemmTs pesxuM cpaBHEHUS

clr tmp ; 3amperuts LIIMM u BeIBOJ
out TCCR1A,tmp ;
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Idi tmp,(1<<CTC1)+(1<<CS11) ; Timerl compare interrupt
out TCCR1B,tmp ; prescaler = 8
Idi tmp,high(Kdtl) ; koaddunment mepecuéra Taiimepal
out OCR1AH,tmp ;3arpy3ka peructpa cpaBHEHHs A

Idi tmp,low(Kdt1) ;
out OCR1Al,tmp

clr ind_n ; HOMep aKTUBHOTO pa3psia
clrind_c ; COPOCHTD CUETUHUK CIABUTOB
clr YH ; 3arpy3UTh yKa3arenb
Idi YL,RAMB ; Hauana RAM
clrind_bO ; OYUCTHUTH Oydep oToOparkeHHs
clrind_bl
clrind_b2
clrind b3
clrind_b4
sei ; PaspemnTh nipepbIBaHms
main:
rjmp main ; [TycTOi#t 1K, T.K. HET IeHCTBUI

rhkhkhkkhkhkhkhkhkkhihhhkhhkkhihrhrkhkhhkhihhhkhiirhhkhkiihhhkhkikiiiihhiiiihixik

; Tabmuia 7-cerMeHTHBIX KOJI0B

seg_tbl:

; HGFE DCBA HGFE DCBA
.db 0xc0,0xf9 ; 1100 0000 -0 11111001 -1
.db 0xa4,0xb0 ; 1010 0100 -2 1011 0000 -3
.db 0x99,0x92 ; 1001 1001 -4 1001 0010 -5
.db 0x82,0xf8 ; 1000 0010 -6 1111 1000 -7

.db 0x80,0x90 ; 1000 0000 -8 1001 0000 -9
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; Tabnuma npeoOpazoBanus UG PH B YHUTAPHBIA KOJT
ucod_tbl:
.db 0b11111110,0b11111101

.db 0b11111011, Ob11110111
.db 0b11101111, 0b11011111
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8. MIEPEITPOT'PAMMUPYEMAS NAMSATDH
MHUKPOKOHTPOJUIEPOB AVR

1 Hean padoTsl

Nzydenne ocoOeHHOCTEH OpraHu3alud W UCIOJIb30BaHUS
MepenporpaMMupyeMon TTaMSTH (EEPROM) ceMelcTBa
MHKPOKOHTpoJuIepoB AVR.

2 JHeproHe3aBuCHMAasi epenporpaMMupyemMasi IaMATh
MHKPOKOHTpoJLIepoB AVR

OHeproHe3aBucUMas DICKTPUYECKH CTHpaeMass MNamsTh
(EEPROM) wucnonb3yercsi Uil XpaHEHHs pa3MYHBIX KOHCTAHT,
TaOIUI] IEPEKOTUPOBOK, KATHOPOBOYHBIX KOXPPHUIIMEHTOB U JPYTUX
JTaHHBIX, KOTOpPBIE HEOOXOAWMO XpPaHHTh IPU OTKIIOUYCHHOM
MUTAaHUU MUKPOKOHTPOILIEPA.

AT90S2313 [1] comepxur 128 OalT 3IEKTPUYECKH
ctupaemoii sHeproHesaBucumoit namsitd. EEPROM opranm3oBana
KaK OTJIeJIbHAs 00J1aCTh JIAHHBIX, KX IbIi OaHT KOTOPOH MOXKET OBITh
npountad u nepesanucad. EEPROM sosiaepxusaet He MeHee 100000
LUKIIOB 3amucu/cTupanus. JJocTyn K 3HEproHe3aBHCHMOW HaMsATH
JIAHHBIX 00eCIeunBACTCSl PETUCTPOM aJIpeca, PETUCTPOM JaHHBIX U
YIPaBISIONIAM PETUCTPOM, apeca KOTOPBIX YKa3aHbl B Tadmuiie 1.

Ta6auna 1. Peructpol ynpasiaenuss EEPROM AT90S2313.

S1E(S3E) EEAR EEPROM Peructp agpeca
AddressRegister 3HeproHe3aBUCMMOlA
namaTtu
S$1D($3D) EEDR EEPROM DataRegister Perucrp gaHHbIX
3HeproHe3aBncMmon

namaTn
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$1C(S3C) EECR EEPROM Peructp ynpasneHma
ControlRegister 3HeproHe3aBUCMMOlA
NamaTbio

K peructpam $00..$1F MOXHO OCYHICCTBIATh MOOUTOBBIN
noctyn komannamu SBI u CBI. 3nauenue oTaenbHOro OuTa 3THUX
perucTpoB MoxHO TmpoBeputh komaHgamu SBIC wu  SBIS.
JomomHuTensHy0 HHGOPMAITHIO M0 3TOMY BOIIPOCY MOXKHO HailTH B
ONMCAaHUM CUCTEMBbl KoMmaHn. IIpu HCIonb30BaHUM CHELUATBHBIX
komann IN, OUT, SBIS u SBIC, nomxHbI KCIIONB30BATHCS aapeca
$00..$3F. IIpu noctyne K perucTpy BBOAa/BbIBOIA KaK K stueiike O3Y,
K €ro ajpecy HeoOxoauMo nodasuts $20.

Hns zanmucu B siueiiky EEPROM HeoOXoauMo B perucTpsi
anpeca EEARH u EEARL (EEPROM Address Register) 3ammcars
ajpec SYEWKHW, B KOTOPYH HYXHO 3ammcath Oait. llocie dero
HEOOXOIMMO BHDKIATH 2.5-4 MC 0 TOTOBHOCTH ITaMATH K 3amucu. O
rOTOBHOCTH K 3amucu curHammsupyet guar EEWE (EEPROM Write
Enable) peructpa ympasnenust cocrossanem EECR, xorma oH Oynet
paBer 0, TO mamsTh rOTOBa K clenyoomei 3amucu. MHbopmanus,
KOTOPYIO HYKHO 3anucars, nomemaercs B peructp EEDR (EEPROM
Data Register). I[locne yero aktusupyercs our EEMWE (EEPROM
Master Write Enable), a 3arem, B Te4eHUH UYETHIpEX TAKTOB, HYKHO
ycraHoBuTh OuT EEWE u GaiiT Oyzet 3anucan B BHIOpaHHYIO STYEHKY.
Ecnu B TeueHun detpipex TakToB He yctaHOBHTH OMT EEWE, TO OUT
EEMWE cbpocurcs. D10 caenaHo IS 3alIUTHl OT CITy9ailHOM 3aITUCH
B EEPROM namsTs.

UreHue MPOUCXOIUT 1O CX0keMy anropurmy. Ilocne curnana
0 TOTOBHOCTH MaMSATH HYKHBIH agpec 3aHocuTcs B peructpsl EEARH
n EEARL. 3arem BricTaBnsiercs 6ut urenuss EERE (EEPROM Read
Enable) u cnemyromeil komMaHa0lH KOMHMPYEM M3 PErucTpa AaHHBIX
EEDR ny)XHOE 3HaUY€HHE B PErHCTp OOIIETO HA3HAUCHMS.
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3 loaroroBka Kk Ja6opaTopHoii padoTe

[Ipu BHeayauTOpHON MOATOTOBKE K JabopaTtopHOoW pabore
CIIEyeT MPUACPKUBATHCS U3JI0KEHHOTO HMKE TITaHa.
1. [loctpouTs cXeMy MHKPOKOHTPOJJIEPHOTO  YCTPOHCTBA C
WHAUKAaTOPOM B BUAE 8 CBETOJAHOAOB, IOAKIIYEHHBIX K mopty B
MHUKPOKOHTPOJIIEPA U KJIABHATYPHI U3 JIBYX KHOIOK, MTOAKIIOYEHHBIX
K paspsgam D2-D3 noprta D.

2. U3yunth 0COOEHHOCTH paboThI EEPROM-namsiTu
MuKpokontpoiepa  AVR, ONHMCaHHBIE B  TEXHUYECKOU
JOKYMEHTAIIUH.

3. I3yunte 1mrabnoH TporpamMmbl, BBIONHSIONIEH — CIIEAYIOIIHe
(byHKIIH:

e [Ipu xaxxnom Haxkatuu Ha Kio4d “SWO0” HHKpEeMEHTHUPYETCS
3HauYeHue, Xxpansieecs B suciike EEPROM ¢ 3ananubiM agpecom
(UMKITHYeCcKH) U BRIBOAUTCS HA CBETOAMOIHBIN HHIUKATOD;

e [Ipum kaxxgom Haxatuu Ha K04 “SW1” nekpeMeHTHpyeTcA
3HaueHune (IUKINYeckn), XpaHsmeecs B sueiike EEPROM c
3aJIaHHBIM aJIPECOM U BBIBOJIUTCS Ha CBETOIUOIHBIA WHIUKATOD;

e Ecmum He HaXaT HU OJWMH U3 KIIOYEH, HE H3MEHICTCS
n300paxeHue.

o [locne naxxarus kHoriku “RESET” Ha cBETOAMOHBIN HHANKATOD

BBIBOJUTCSl 3HAUEHHE, COXPAaHEHHOE B 3a/JlaHHONM sYelKe
EEPROM.
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;¥FF*% EEProm_asm

list

.anclude "2313def.inc"

defr_Adr =r16 ;TIepeMeHHasl, XpaHsIas aapec
.defr_Data =r21 ;TlepeMeHHast JaHHBIX,

;BBIBOJIMMBIX B TIAMSTH H Ha Ta0JI0
defr_Inp =r17 ; nepemMeHHast BXOAHBIX JaHHBIX C KHOTIOK
;x**%% Const definitions
.equ ADR = XXXXXXX ;cemucerm. Koj aapeca

SRR JTHunuanu3anys

RESET:
Idi r_Data,Low(RAMEND) ;ycraHoBKa cTeka
out XXXXXX,r_Data

serr_Data ;r_Data = $FF

out DDRB,r_Data ;:PORTB = Bce Ha BbIBOJ

out PORTD,r_Data 'BKJIFOUNTB ITOATATUBAIOIIINE

;pe3ucTopsl mopra D

Idi r_Adr, ADR ; 3arpyxaem ajapec siueiiku
EEPROM u

rcall  eeread ; BBI3BIBAEM IIPOLICAYPY UTCHHUSI.

out PORTB,r_Data ;0TOOpa)kaeM Ha MHIMKATOPE

;¥#** Konrposp kimroueit SWO0 u SW1

loop:
sbis PIND,2 :SWO0 Haxat?
inc r_Data ;UHKPEMEHTHUPOBaTh | emp
sbis PIND,3 :SW1 naxar?
dec r_Data ;JICKPEMEHTHPOBATh Temp
in r_Inp,XXXX ;Hurate Bxoasl opta D
cpi r_Inp,0x7F
breq outled

Idi r_Adr, XXX ; 3arpyxaem aapec siueiku

rcall  eewrite ; BRI3bpIBaCM NPOLICAYPY 3AITUCH.

out PORTB,r_Data ;0TOOpa3uTh HA HHAMKATOPE
outled:
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rimp loop JTIPOJIOJIKUTE ITOCTIE 3a€PIKKH

eewrite:
sbic EECR,EEWE ;’Knem roroBHOCTH IaMsTH K
3aIHCH.
rjmp  eewrite ; moka He ounctutcs dar EEWE
out XXXX,r_Adr ; 3arpyxaem agpec Hy)KHOU sTYCHKU
out XXXX,r_Data ; u camMu gaHHbIe
sbi EECR,EEMWE ; B3BOJIUM TIPEAOXPAHUTEITH
shi EECR,EEWE ; 3amnmceiBaeM GailT

ret ; BO3BpAT U3 MPOLENYPHI

eeread:

sbic EECR,EEWE ; JKnem 3aBepiieHus Mpouuion
3aIlHCH.

rjmp  eeread ; TAK)KE KPYTHMCSI B IHKJIE.

out XXXX, r_Adr ; 3arpyxaem aapec Hy)KHOU STYCHKH
sbi EECR,EERE ; BrictaBmsiem OUT YyTeHUs

in r_Data, XXXX ; 3abupaem pe3ynbrar

ret

4. Ucnone3yst 1mabioH MNporpaMMbl BCTaBUTh  HEOOXOIUMBIE
WHCTPYKIIMM MUKpokoHTpoiiepa AVR (ommcanne WHCTpYKIUi
MIpUBENIEHO B [2]).

5. IlpencraBute mporpamMmy B Buae (DYHKIHMOHAJIBHBIX MOZYJIEH C
KpaTKUM OIMCcaHrueM (QDYHKIUU KKIO0TO MOJIYJISl B TEKCTOBOU (opme.
6. Onmpasic ~ Ha  TIpeJCTaBIieHWE  MPOrpaMMbl B BHJC
(YHKLIMOHANBHBIX MOAYJIEH M TEKCT MpPOrpaMMbl COCTaBHTH Ipad-
CXEMY aJTOpUTMA.

7. IlpoaymaThb 1OCJIEI0BATENBLHOCTD U CIIOCO0 OTIIAIKU

Ka)XI0ro MOJTyJist iporpaMmel. [IpuBecTr rtan oTiaaaKm.
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JIJis caMOKOHTPOJISI IMMCBMEHHO OTBETUTh Ha NPUBEIACHHBIC Iajiee
BOIIPOCHL.

1. Kak 3amath pexkuM pabOThl KOHKPETHOW JIMHUH IOPTa
BBOJIa/BBIBO/IA (BBOJI WJIH BBIBOIT)?

2. Kak BBIITOTHUTE 3aKCh B sueiiky namsatu EEPROM?

3. Kak BeITONHKUTE uTeHUE U3 suekku namsatu EEPROM?

4 TIporpamMma mccie10BaHUi U MOPSIOK PadoThI

1. PaccumraTh 1IecTHaALATSPUYIHBIN KO aapeca sdyeiiku A= 10*n+5,
rZie N — HOMep KOMIIbIOTepa.

2. Co3paTh HPOEKT M BBECTH TEKCT HPOTrPaMMBbl, CO3JaHHOM IpH
CaMOCTOSITEIILHON TOJrOTOBKE K J1JabopaTopHOii padorTe.

3. CozmepxuMoOe perucrpa agpeca YCTaHOBUTb B COOTBETCTBHUHU C
pacuéramu.

4. KomnuianpoBaTh MPOEKT M MPOTOKOIUPOBATH cooOmieHus. Eciu
HUMEIOTCS OIIMOKH, IPUBECTH OLIMOOYHbIE CTPOKU B OTUETE, CHENIAThH
aHaJIM3 OINOOK ¥ BBECTH HUCIIPABIICHHUSL.

5. BBIMOMTHUTE OTNAJKy MOJyJEH MporpaMMbl B COOTBETCTBHUH C
METOJIMKOIN pa3pabOTaHHOW TPHU CaMOCTOATENHHON IMOATOTOBKE. B
nporecce OTJAIKU MIPOTOKOJIUPOBATH COJEP)KUMOE
Momudunupyembix peructpoB u  EEPROM, comocraBmsis ¢
MpeCKa3aHHbIMU 3HAUYCHHUSAMHU.

6. [locme cOpoca B TmTOIAaroBoM pexume HaOMIOAATh W
MPOTOKOJIUPOBaTh HM3MEHEHUE COJEPKUMOIO 3aJaHHOW STYEHKU
MaMsITH.

7. [lopximouuTh CTEHI K MporpaMMaTtopy, a mociennuii — k. USB
MOPTY  KOMITBIOTEpAa WM BBINOJHUTH  MPOTPaMMHPOBAaHUE
MUKPOKOHTpOJIIEpa.

8. [lo 3aBepuieHMM NPOrpaMMHUPOBAHMS 3arpyXeHHas Mporpamma
HayHET UCHOJHATHCSA aBTOMaTH4ecku. Haxknmast moouepéqHo Kirrouu,
3aIPOTOKOJIMPOBAThH PEAKIHIO TPOTOTHITHOTO YCTPOWCTBA.
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5 KoHTpoJibHbIE BONPOCHI

1. lnsg gero HEOOXOIMMO OXHIATh ycTaHOBIeHHs Outa EEWE B
peructpe EECR npu 3amucu B maMsTh IPOU3BOJLHOTO 3HAYCHHMS.

2. Kakue xomaHAbl MOXXHO HCIIOJIB30BATh UISI YTEHUS 3HAYECHUS
syeriku namstu EEPROM.

3. B kakux cuTyaIusx Hejlb3sl TapaHTUPOBATh KOPPEKTHYIO 3aIUCh B
EEPROM.

4. KakuMm 00pa3oM MOKHO YBEIMYUTH KOJHMYECTBO IIMKIIOB
3anucu/CTUpaHus 3HaueHuH, xpansamuxcs B EEPROM.

6 Conep:xanue oT4éTa

OTY€T TOJKEH conepKaTh:

1. TUTYJBHBIH JHCT;

2. cXeMy DJIEKTPHYECKYI0 (YHKIUOHAIBHYIO YCTpoHcTBa W eé
KpaTKOe ONHCAaHNE;

3. TEKCT MPOrpaMMBbl TI0 BAPUAHTY 331aHUS;

4. KpaTKOe OIHCAHHME BCEX KOMaHJ]| pa3pabOTaHHOW MpOrpamMmbl B
COOTBETCTBUH C 11.4.3 METOIMYECKUX YKA3aHUM;

. OMHUCaHKUE MOAYJICH MPOrpaMMbl U X (QYHKIIHIA;

. Tpad-cxeMy aliropuTMa;

. TJIaH OTJIJIKHU MPOrPaMMBI;

. OTBETHI Ha BOMPOCHI JJIsl CAMOIIPOBEPKY;

9. MPOTOKOJI OTIIAJIKY C AHATM30M OIIMNOOK (TP HATUYHH);

10. nucTHHr  mpPOrpaMMbl €  BBIACICHHEM ajapeca perucrpa

yIpaBJCHHs BBOIOM/BBIBOIOM, aJipeca PErucTpa BhIBOJIA U ajpeca
STYCHKU,

0 N O Ol

11. gaMn  maMATH  mporpaMM, — KONMPOBaHHBIA M3 OKHA
IporpaMmaTopa W pe3yJIbTaTbl CPaBHEHUS €ro ¢ JMCTUHIOM
IIPOrpaMMBl;

12. pe3ynbTaThl SKCHEPUMEHTAIBLHOH MPOBEPKM MPOrpaMMBbl Ha
MIPOTOTUIIHOW CUCTEME;
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13. mamn nmamstu EEPROM, mocie skcrepruMeHTalIbHOM POBEPKU
Ha TIPOTOTUITHON crcTeMe (HaKMMAaHWS KITaBHII).

14. oTBeTH Ha KOHTPOJIbHBIC BOIIPOCHI.
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Hpumeuanue:  adanmupoganuvie  nepesoObl  OOKYMEHMOE 8
INeKMPOHHOU hopme pasmewjervl Ha cepsepe kageopvl K u T IBC.
s noucka éocnonv3ytimecs CUCmMEMOU HAGULAYUU KOMNbIOMEPHOU
obyuarowel cucmemoi.
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