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BBEJIEHUE

MUKPOKOHTPOJIJIEPHI MOBCEMECTHO BOILIM B Hallly *U3Hb. IX MOYHO BCTpe-
TUTh MPAKTHYECKH B JIFOOOM TEXHHYECKOM H3JIEIHH, B KOTOPOM TpeOyeTcsi pemarh
3a1a4 u3MepeHusi, 00paboTKu nHpoOpMauu M ynpaBaeHUs. ITO MOXKET ObITh AJIEK-
TPOOBITOBAsI TEXHUKA, U3MEPHUTEIbHBIE MPUOOPHI WM CPEICTBA KOMMYHUKAIIMH, a
TaK)X€ TaKUe CII0XKHbIE 00BEKTHI YIIPABICHHUSI, KaK aBTOMOOWIH Wiu camotieTbl. Kpyr
pelraeMblXx MUKPOKOHTPOJIJIEpaMU 3aj]lad OYEHb MHUPOK, HAUMHAS OT BKJIFOUEHUS 3BY-
KOBOM WJIM CBETOBOW CHUTHAJM3AIlMU U 3aKaHYMBas CJI0XHOM MaTeMaThueckoil o0Opa-
OO0TKOW M aHANM30M MH(OPMAIH, TOCTYAIOIIEH OT Pa3IMYHBIX JaTYMKOB, C MOCHe-
TyIOIUM (POpMHUPOBAHUEM YITPABIISIONIMX BO3JEHCTBUN HA OOBEKT yIIPaBICHUS.

[IpOMBIIUIEHHOCTBIO BBIMYCKAETCS OTPOMHOE KOJWUYECTBO PA3JIMYHBIX THUIIOB
MUKPOKOHTPOJUIEPOB, OTIMYAKOLIUXCS IO TEXHUYECKUM XApAKTEPUCTUKAM, apXUTEK-
Type LEHTPATBLHOTO MPOIECCOPHOTO MOJYJISA, HAIMYUIO TeX WKW UHBIX Nepudepuil-
HBIX yCTpOMCTB. [IOHATH, 4TO B HUX OOIIETO M B YeM pa3iudue, ObIBAET COBCEM He-
IIPOCTO, MOCKOJBKY KaKOW-TO OOIIENPUHATON CTPOTON KiIacCU(pUKAIIMU MHUKPOKOH-
TpoJuiepoB HeT. MiMeeTcs psii MPU3HAKOB, MO KOTOPBIM X MOXHO KiacCU(HUIHPO-
BaTh. Cpeau 3TUX MPU3HAKOB MOKHO BBIICJIUTH CJICIYIOIINE.

Paspsaonocmo wunvr oannvix. Paznuuatorcs 8-, 16- u 32-pa3psiiHble MUKPO-
KoHTpoJuiepbl. imeroTcst u 4-pa3psigabie, HO UX 00JIaCTh NPUMEHEHUSI BECbMa Orpa-
HU4yeHa. EcTecTBEHHO, YTO MPOU3BOJIUTENBHOCTD 32-pa3psIHbIX MUKPOKOHTPOJIIE-
POB BBIIIE, YeM y 8-pa3psiHbIX U B MOCIEAHUE TOAbl UX MPOU3BOJICTBO PE3KO BO3-
pociio. Ho u 8-pa3psiHble MUKPOKOHTPOJUIEPHI €Ule 10Aro OyayT BOCTpEOOBAaHbI Ha
pBIHKE, TIOCKOJIBKY JIJIi MHOTHMX 3aJad OYE€Hb BBICOKAs MPOU3BOIUTEILHOCTh U HE
TpeOyercs. Kpome TOro, Hafo y4MTHIBaTH OTPOMHBIM ONBIT HCIIOJIB30BAHUS ATUX
MUKPOKOHTPOJUIEPOB, Oorarbie OMOIMOTEKH MPUKIAIHBIX MpOrpaMMm U T.1., Ja U B
IUTaHE TIEPBOHAYATILHOTO 00y4YeHUs pabOThl ¢ MUKPOKOHTPOJIJIEPAMHU OHH TPEANoy-
TUTENbHEE 32-pa3psIHbIX.

Opeanuzayuu namamu npoepamm u namsamu oauusix. Paznumuatror [IpuHCTOH-
cKyro u ['apBapackyro apxurtektypbl. B IIpHHCTOHCKOM apXHUTEKType NamsTh I
XpaHEeHHs] KOMaH (MHCTPYKIUN) U JAHHBIX SBISETCA OOIICH, YTO MO3BOJISIECT THOKO
nepepacupeaessaTh peCypehl MaMATH MEKIYy KOMaHAamMu U naHHbIMH. B ['apBapackou
aApPXUTEKTYpE MaMsTh MIPOTPaAMM U TaMSTh TaHHBIX (DU3UYECKU pa3IeIICHbI U aJIpecy-
I0TCS TTOCPEJICTBOM PA3HBIX MIMH. DTO AA€T BO3MOKHOCTh MPOLECCOPHOMY SIIPY OA-
HOBPEMEHHO YHUTATh MHCTPYKIIMHU W BBIMOJHATH JOCTYI K MaMSTH JaHHBIX, YTO TO-
BBIIIAET OBICTPOACHCTBUE MUKPOKOHTPOJIIEPA.

Apxumexmypa sviuuciumenvrou cucmemol. Paznuuarotr CISC-apXuTextypy
komruiekcHbIM HabopoMm komaHj (CISC-Complex Instruction Set Computing) wu
RISC-apxutektypy ¢ cokpamieHusiM Habopom koMmanja (RISC-Reduced Instruction
Set Computing). Ocobennoctbio CISC-apXUTEKTyphl SBISETCS TO, YTO KOMaHJIbI
BBIMIOJIHSIOTCS MOOYEPENHO APYT 32 APYTOM U UMEKOT Pa3HyIO JJIMHY U CTPYKTYpY.
Bribopka komMaHIbl U3 TMAMATH OCYIIECTBISAECTCS MOOAWTHO M BBITIONHSAETCSA 3a He-
CKOJIbKO TakTOB. OcHOBHasi ke ujesd RISC-apXuTekTyphl 3aK/IIOUaeTCs B 3aMEHE
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CJIOKHBIX KOMaH/ OJTHOTUITHBIMH TIPOCTHIMHU U BBIITOJTHCHUH UX CAWMHBIM MTOTOKOM Ha
napajuieIbHOM KOHBelepe. Bce komaH i1 UMEIOT (PUKCUPOBAHHYIO JJIMHY U B Ujeaje
JOJKHBI BBITIOJIHSTHCA 332 OJIMH, a HE 32 HECKOJBKO, TAKTOB, YEM JIOCTUTAETCSI MOBbI-
meHHoe ObIcTpojeiicTBUe. B HacTosiee BpeMs B MOAABIISAIONIEM OOJBIIUHCTBE MUK-
poxoHTpouiepoB ucnoibzyercsa RISC-apxurekrypa.

Buvinoansemvle @hynxyuu. CoriacHo 3TOMY NMPU3HAKY MUKPOKOHTPOJUIEPHI Je-
JISITCS HA YHUBEPCAJIBbHBIE U CHeIUaNn3upoBaHHbie. Crienuain3upOBaHHbIE B OCHOB-
HOM TMpeJHa3Ha4YeHbl Il Hanbosee >(PQPEeKTUBHOTO perieHus: KOHKPETHBIX 3ajad,
HAIIpUMeEp, YIPABJICHUS dJIEKTPOJABUTATENSIMU, 00€CTIeueHUsT OECIIPOBOIHOTO UHTEP-
detica Wi BBICOKOCKOPOCTHON 00paOOTKHM OONBIIMX MAaCCHBOB JJAHHBIX. JTO HE 03-
HAYaeT, YTO YHUBEPCAIbHbIE MUKPOKOHTPOJUIEPHI HE MOTYT pellaTh aHAJIOTHYHBIC
3agaun. [Ipocto y HUX AJist ITOr0 OOBIYHO HEOOXOAUMBI COOTBETCTBYIOIINE BHEITHUE
nepudepuiiHbie YCTPONUCTBA, UTO YCI0XKHSIET MPOSKTUPOBAHUE U POrPAMMUPOBAHUE
TaKUX YCTPOMCTB.

Ilocmpoenue yenmpanvbHo2o npoyeccopHoco Mooyis — A0pa MUKPOKOHMPOl-
niepa. SInpo ompeaenseT CUCTEMY KOMaH/I, IMMHHBIN uHTepdenc, apXUTeKTypy Mnams-
™ U T.4. Paznuuaror mMukpokoHtposuiepsl ¢ sapamu AVR, PIC, MCS-51, ARM,
68HC, MSP-430, Z80 u T.n1. Ha omHOM U TOM ke siipe pa3HbIMU (GUPMaMH MOTYT
POU3BOUTHCS PA3IUYHbIE CEMENCTBA MUKPOKOHTPOJIJIIEPOB, Y KOTOPBIX MPUMEPHO
OJIMHAKOBBIM HAOOp MPOTpaMMHBIX U nepudepuiinpix Gyukmuii. Oquu u T XKe Pup-
MBI MOTYT BBIITYCKaTh Pa3IMYHbIE CEMEUCTBA MUKPOKOHTPOJJIEPOB HA PA3HBIX sIpax.
Hampumep, pupma Atmel mpousBoaut 8- u 32-pa3psigHbie MUKPOKOHTPOJUIEPHI HA
sapax AVR, MCS-51 u ARM.

B HacTosmee BpeMsi KOTMIEeCTBO (GUPM-TIPOU3BOIUTENCH MUKPOKOHTPOIIEPOB
ucuncisgercss necarkamu. Cpeaw HEX MOXHO OTMeTHTh Analog Device, Atmel,
Cypress, Infineon, Microchip Technology, Motorola, National Semiconductor, NEC,
Philips, Renesas, Samsung, SiliconLabs, STMicroelectronics, Texas Instruments,
Toshiba. TexHuueckue XxapakTepUCTUKU U HA0Op nepudepun y HUX Ha JIF0OOM BKYC.
Ouenb yacTo BHIOOp HAMOOJIEE MOAXOAIIETO MUKPOKOHTPOJIJIEpA CTAHOBUTCS OUYCHb
HETIPOCTOU 3a1a4€EH.

Jns mepBoHAYaJbHOTO OOy4YeHUs B HauOOJbIIEH CTENEHU MOAXOIST
8-pazpsaHble MUKPOKOHTpoJUIephl. Kak Mmoka3blBalOT BCEBO3MOXKHBIE OIPOCHI CIie-
[IUATKCTOB, HanOOJee MOMYJIAPHBIMU CPEAN ATOTO KJIAcCa MHUKPOKOHTPOJUIEPOB SIB-
nstores cemerictBa AVR  dupmer Atmel u cemetictBa PIC gupmer Microchip Tech-
nology. B HacTosimieli kHure oOBEKTOM i TIEPBOHAYAIHLHOTO HM3yYEHUSI BBHIOpaH
MUKpOKOHTposuiep ATmegal28. MukpokoHTposuiepsl cemeiictBa ATmega 00s1agaror
XOpOIIMM Ha0OpoM TepU(PEPUHHBIX YCTPOUCTB U, COOTBETCTBEHHO, IIMPOKUMH
(GYHKIIMOHATHHBIMA BO3MOYXHOCTSIMH; TI0 COOTHOIIICHHUIO TTPOU3BOAUTEILHOCTR/TICHA
OHHM SBJISIOTCS OJHMMH W3 JIUCPOB; OHU OTJIMYHO aJalTUPOBAHBI K S3BIKAM IIPO-
rPaMMHUPOBAHUS BHICOKOT'O YPOBHS (MCXOAHBIN KO Ha si3blke C mocie KOMOWISIUN
MOJIy4aeTCsl OYeHb KOMITAKTHBIM); JIJIi HUX MUMEIOTCSI JOCTYIHbBIE CPEJICTBA OTJIAJIKU
IPOrpaMMHOTr0 00eCTICUEHUSI.



Hauanbupiéi sTanm pa3paboTKU JIFOOOTO MHKPOMPOLIECCOPHOTIO YCTPONCTBA
BKJIIOYAET B ce0s MPOEKTHUPOBAHUE DJIEKTPUYECKOM MPUHLUIHUAIBHON CXEMBbl YCT-
poiicTBa, pa3zpabOTKy MPOrpaMMHOIO OOECreyeHusl Il MUKPOKOHTPOJLIEpPA U €ro
omanky. C ydeToM 3TOro B INEPBOM TIJIABE MPEJICTABIEHbI OCHOBHBIE CBEIEHUS O
MUKpoKoHTposuiepe ATmegal28 u 0ocobeHHOCTAX pabOThl €ro OCHOBHBIX mepude-
puiiHbIX ycrpoiictB. CoaepikaHue TjlaBbl OCHOBAHO Ha MH(pOpPMAIIMH, MPEICTABICH-
HOU (upmoii-ipon3BoAUTeNIeM MHUKpOKOHTpoimiepoB ATmegal28 B ero texuude-
CKOM onucanuu [1]. B oTinuyne oT TEXHUUECKOTO ONMUCAHUS, OPUEHTUPOBAHHOTO Ha
CHEIUAINCTOB, MaTepHall B HEW aJanTHPOBAaH TOJI HAYMHAIOIIETO pa3paboTymka
MHUKPOIIPOLIECCOPHBIX yCcTpoucTB. Ilpu *xenanuu nomayuuth Oosiee MOJHYIO MHDOP-
MaII0 O MUKPOKOHTPOJIIEPE ClIeyeT 0OPaTUTHCA K €r0 TEXHHYECKOMY OMHCAHHMIO.

Bo BTOpOIi rnaBe npuBOAATCS KpaTKue cBeAeHUs O s3bike C, MOCKOJIbKY B Ha-
cToslee BpeMsi B OOJBIIMHCTBE CIy4aeB MPOrpaMMHOE OOecreueHue AJisi MUKPO-
KOHTpPOJUIEPOB pa3pabaTbIiBaeTCs HE Ha acceMmOiepe, a Ha sI3bIKax BBICOKOI'O YPOBHSL.
[IpuBeneHo onucanve UHTETpUpOBaHHOU cpeabl mporpamMmmupoBanus ICCAVR, ciy-
xKalien s pa3paObOTKHU YNPaBISAIOIIEH MPOrpaMMbl U €€ KOMIWJISIUMU B UCTIOIHSIe-
MBI MUKPOKOHTPOJIIIEPOM (haii.

TpeThs rnaBa MOCBSLIEHA PACCMOTPEHUIO CHUCTEMBI CXEMOTEXHHUYECKOIO MO-
nenupoBaHusa Proteus, KOTopasi MO3BOJISIET OCYIIECTBIISITh aHAIN3 PAOOTHI MPOCKTH-
PYEMBIX MHUKPOIPOLECCOPHBIX YCTPOUCTB. BO3MOKHOCTH NMPOBEPUTH KOPPEKTHOCTH
(YHKIIMOHUPOBAHUS MHKPOKOHTpOJIepa 0€3 UCIHOIb30BaHUSl PEAIbHOTO MaKETHUPO-
BaHMS IO3BOJISIET B KpaTyallllue CPOKH MOJIYYUTh HABBIKM IPOEKTUPOBAHUS U TPO-
IPaMMHUPOBAHUSI MUKPOIIPOILIECCOPHBIX YCTPOUCTB. Jl1st popMupoBaHUs TaKUX HABHI-
KOB B YETBEPTOW TIJlaBe€ MPUBEIEH PsAJ MPAKTUUYECKUX NPUMEPOB B3aUMOJECHCTBHUS
MUKPOKOHTPOJUIEpA ¢ BHEINTHUMU MepU)EPUHHBIMU YCTPOUCTBAMH, TAKUMHU KaK Tep-
COHAJIbHBIA KOMITBIOTEP, KUJIKOKPUCTAIIIMYECKUM HHIUKATOP M aHAJIOro-uudpoBoi
npeoOpa3zoBaTeb.



1. MUKPOKOHTPOJLIEPBI CEMEUCTBA AVR

1.1. O0mas xapakTepucTUKAa MUKPOKOHTPOJJIepoB cemeiictTBa AVR

Bocbsmupaspsiiabie MUKpOKOHTpOIUIEphI ceMelicTBa AVR 10 npaBy cuuTaroTCA
OJHUM M3 CaMbIX MHTEPECHBIX HAIPABJICHUM, AKTUBHO Pa3BUBAECMbBIX KOPIOpALUEH
Atmel. OHu mpencTaBisioT coO0H MOITHBIM MHCTPYMEHT JUIsl CO3/IaHUS COBPEMEH-
HBIX BBICOKOIIPOU3BOAUTEIBHBIX M 3KOHOMHUYHBIX MHOTIOLEIEBBIX KOHTPOJUIEPOB.
YUTo OTIHMYAET 3TH MUKPOKOHTPOJUIEPHI OT APYTUX 8-pa3psIHbIX MUKPOKOHTPOJIIE-
poB? AVR-MUKPOKOHTPOJIIEPHI UMEIOT ['apBapACKyI0 apXUTEKTYpY, COTJIACHO KOTO-
PO MaMsTh MPOTPaMM U MaMSITh TaHHBIX (PU3MUECKU U JIOTUYECKH Pa3/IeICHBI, aape-
CYIOTCS TIOCPEACTBOM PA3IMYHBIX IIHH, UCIIONB3YS JJI1 ITOTO Pa3HbIE yIPABIAIOIIME
curHasibl. Ouu oTHocsTess kK RISC MukpokoHTpossiepaMm, B KOTOPbIX OObEIMHEHA
JIOCTaTOYHO MOIIHAs CHUCTeMa KOMaHJ ¢ 32 perucrpaMu OO0IIEero Ha3HAYeHUs U OJ-
HOYPOBHEBBIM KOHBEHEpOM BBHIOOPKH KOMaHJ U3 MaMmsaTH nmporpamm. Hanuuue koH-
Beliepa MO3BOJISIET OOBEAMHUTH B OJTHOM IIMKJIE JIBE OIEPAIliy — BBIOJTHEHUE TEKY-
e KOMaHbl U BEIOOPKY CJIETYIOIEH.

BaxxHoil oTnuuuTenbHOM 4epToi apXUTEKTyphl AVR sBIsIeTCS PErucTpOBbIi
¢aiin, BrIroyaronii B cedsa 32 peructpa oO0mIero Ha3HaYEHHs, KOTOPHIE HAMPSAMYIO
CBSI3aHBI C apU(PMETHUKO-JIOTHUYECKUM YCTPOMCTBOM, YTO TIO3BOJISIET BBITIOJHSITH 00-
pallleHUE K JIBYM HE€3aBHCHMBIM PETMCTPaM U BO3BpaIlaTh PEe3yJbTaT OJHOM KOMAaH-
JIOM, BBINOJIHIEMOM 3a OAWH LIMKJI. BBIIOIHSAS KOMaHJbl 3a OJWH TAKTOBBIM IIUKI,
MUKPOKOHTPOJUIEp 00eCeYrBAET MPOU3BOAUTENIBHOCTh HA YPOBHE | MHIIJTMOHA orie-
pauuii B cekyHay Ha 1 MI'11 TakTOBO# 4aCTOTHI.

PazpaboTka mNpuUKIAJHBIX TPOrpaMM BO3MOXKHAa KakK Ha S3bIKaX BBICOKOIO
ypOBHsI, Tak 1 Ha accembiuepe. Bce mukpokonTposuiepsl AVR umeror Flash-namsts
IpOrpamMm, KOTOpasi MOXKET OBITh 3arpyKeHa Kak ¢ MOMOIIbI0 00BIYHOTO TIPOrpaMma-
TOpa, TaK U C MOMOIIBIO TOcleoBaTeNbHOrO nepudepuitnoro unrepgeiica SPI, B
TOM YHCJIE HEMOCPEJCTBEHHO Ha paboueil miate (BHYTPHUCHUCTEMHOE MPOrpaMMHPO-
BaHue). [TockonbKy Bce KOMaHbI UMEIOT 16-pa3psaHbiii win 32-pa3psaHsiii Gopma-
ThI, TO Flash-mamste umeer 16-pazpsianyto opranuzanuo. HekoTopbie 3 MUKPOKOH-
TPOJIJIEPOB UMEIOT BO3MOYKHOCTH CAMONPOrPAMMHUPOBAHMS. JTO O3HAYAET, YTO MHK-
POKOHTPOJIIEP CIIOCOOEH CaMOCTOSITENbHO, 0€3 KaKoro-1u0o BHEIIHErO Mporpamma-
TOpa, U3MEHATH COAEPKUMOE namsATh nporpamMm. MHade rosopsi, HoBele AVR moryr
MEHSITh aJITOPUTMbI CBOET0 ()YHKIIMOHUPOBAHUS U MPOrPAMMBI, 3aJI0)KEHHBIE B HUX,
[I0CJIE YEro MOTYT NPOAOKaTh PaboTy yKe 10 U3MEHEHHOMY aJIFCOPUTMY MIIM HOBOM
porpamMme.

B xauectBe maMsaTu g1aHHBIX Hcnoib3yeTcs cratndeckoe O3Y (SRAM). Kpome
3TOoro Bce AVR-MUKPOKOHTPOJUIEPH UMEIOT OJIOK YHEPrOHE3aBUCHUMOM JJIEKTpUYe-
cku ctupaeMoid namsaTy AaHHbix EEPROM. O1oT Tl namsityd, JOCTYHHBINA Oporpam-
M€ MUKPOKOHTpPOJUIEpa HEMOCPEICTBEHHO B XOJI€ €€ BBINOJIHEeHUS, YA00eH i Xpa-
HEHUS MPOMEKYTOYHBIX JAHHBIX, PA3TUYHBIX KOHCTAHT, TAOJIHI] IEPEKOIUPOBOK, Ka-
anbpoBouHBIX KO3 dunrentoB u T.n. EEPROM Takke Moxxer ObITh 3arpykeHa u3-
BHE Kak uepe3 SPI untepdeiic, Tak 1 ¢ TOMOIIBIO OOBIYHOTO MporpaMmmaropa. Yucio
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nukioB nepesanucu — He MeHee 100 000. IIporpammupyembie OUTBI CEKPETHOCTH
(Lock-6uThl) MO3BOJSIOT 3aIMTUTL MaMsATh MPOrpaMM M IHEPTOHE3aBHCUMYIO Ta-
MATh JaHHbIXx EEPROM 0T HECaHKIMOHMPOBAHHOIO cuMThbiBaHuA. Kpome OuUTOB
CEKPETHOCTH UMEIOTCS MporpaMMupyeMbie KoHpuryparmonusie 0uthl (Fuse-Outol),
MO3BOJISIIOLIME HACTPAUBATh MUKPOKOHTPOJIIEP HA PA3IHUHbIE PEKUMBI paOOTHI.

AVR UMEIT B CBOEM COCTaBE TUIIMYHBIE I 8-pa3psiAHBIX MUKPOKOHTPOJLIE-
poB mnepudepuiiHble Y37l JByHalpaBiICHHbIE TOPTHl BBOJA/BBIBOJA, TaiMe-
pBI/CUETUMKH, CpeACTBa OOMEHa JAHHBIMU C JPYTMMH MHMKPOKOHTPOJUIEpAMH B
MYJIBTUIIPOLIECCOPHBIX cUCTeMaX. BbIXxoaHbIe IpaiiBepbl MOPTOB 00ECIEYUBAIOT TO-
KOBYIO HArpy304HyI0 CIIOCOOHOCTh 20 MA Ha KaXJIyl JIMHHUIO TOpTa (BTEKAOIIHMA
TOK) MPU MAKCUMaJbHOM 3HaueHHH 40 MA, 4TO MO3BOJISIET HEMOCPEICTBEHHO MOJ-
KJII09aTh K MUKPOKOHTPOJUIEPY CBETOAMOIBI U OMMOJsIpHBIE TpaH3ucTopbl. Hekoro-
pbI€ MPEACTABUTENM JAHHOIO CEMEWCTBA MMEIOT MHTETPUPOBAHHBIE HA KPHUCTAJLIE
AIIIl, aHa;moOroBBIi KOMIIAPATOP, TE€HEPATOP HUMITYJIBCOB C IIMPOTHO-UMITYJIBCHOU
Monysauuern PWM, cueTunk pealbHOTO BPEMEHU C OTIAEJIBHBIM I'€HEPAaTOPOM U Psill
IPYTUX YCTPOUCTB.

Jlist ipepoTBpainieHusi cooeB B paboTe U MOCIETYIOUIEr0 «3aBUCAHUSD) UMEET-
csl MporpaMMHUpyeMbIit cTopokeBoil Taiimep WDT, koTopsiii B mporecce QyHKITHO-
HUPOBAHUS MUKPOKOHTPOJUIEpA MEPUOANUECKH COPACHIBACTCS KOHTPOJIUPYEMOM CHC-
temoii. Ecniu cOpoca He mpou301uIo B T€YEHUE HEKOTOPOTO MHTEpBaa BPEMEHH, TO
IPOUCXOJUT MPUHYIUTEIbHAS Tepe3arpy3ka cucrtembl. CtopoxeBon Taiimep WDT
takTupyeTcs:i RC-renepatopom ¢ npenieauTeseM BXOAHOW 4acTOThI M IIPOrpamMMu-
PYEMBIM KO3 (PUIIMEHTOM JAENIEHUs, YTO MO3BOJSET MOJCTPauBaTh BPEMEHHOW HH-
TepBaJ MEPENOJHEHMS TaiiMepa u cOpoca MUKpOKOHTposuiepa. CTOpoKeBOM Tanmep
MOKET OBITh OTKJIIOYEH MPOrPAMMHBIM 00pa3oM BO BpeMsi pabOThl MUKPOKOHTPOJI-
Jepa KaK B aKTUBHOM PEKUME, TaK U B JTIOOOM U3 PEKUMOB MOHIKEHHOTO YHEPIOIIOo-
Tpebnenus. B mocienneM ciiyyae 3TO NPUBOAUT K 3HAYMTEILHOMY CHMXKEHHUIO TO-
TpebJsieMoro Toka. Bce MUKPOKOHTPOJUIEPhI MMEIOT HECKOJBKO PEXUMOB SHEPro-
cOepexeHus, B KOTOpble OHU MOT'YT MEPENUTH MPOTPaMMHO, a BBIUTU U3 HUX B aKTHB-
HBII PEKUM — 10 BHEIITHUM CHUTHAJIAM.

B HOBBIX MHKPOKOHTpOJIIEpaX 3HAYUTENIBHO IepepadboTaH OJOK 3a/1aroliero
reHeparopa. Jlo0aBieHa BO3MOKHOCTh pabOThl OT HU3KOYACTOTHOT'O KBapIIeBOro pe-
3oHaTopa (c wacrtorod no 32 768 I'um), BHemHeW vacToTo3amaromet RC-nienu uinu
BCTPOCHHOTO KanuOpoBaHHOro RC-reneparopa. B OonbIMHCTBE TpeacTaBUTENEH
cemerictBa AVR umerorcst Takue nepudepuitHbie y3iibl, KaK anmapaTHbId YMHOXH-
Teb (KOMaHJla YMHOXEHUS BBINOJHAETCS 3a 2 TaKTa); ABYXIIPOBOJIHBIN nepudepuii-
ueiid uatepdeiic TWI; unrepdeiic JTAG nas BHyTPUCXEMHOHN OTIAAKH M MPOTPAM-
MUpPOBaHHUS. B HEKOTOpPBIX MHMKPOKOHTPOJUJIEPAX NOSBUIUCH AU(PPepeHIranbHbIE
ALII ¢ nporpammupyemMbiM KO3(PHUIIMEHTOM YCHUICHUS Ha BXOJE, KOHTPOJUIEP CHUM-
BOJIBHOTO KUJAKOKPUCTANIMYECKOTO MHAMKaTopa LCD u mMonmynp KOHTpoJsl Hamps-
xenust mutanus BOD (Brown out Detector). TlosiBunucek Takxe untepdeiicsl LIN u
CAN, BbeicokoTounblii IIUM nns npunokeHUM ynpaBi€HUs JJIEKTPOJBHUIATEISIMHU.
Cy1iecTBeHHBII TIporpecc B MPOU3BOAUTEIIBHOCTH ObUI JIOCTUTHYT B 8-pa3psiaHOM
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MUKpokoHTposuiepe XMEGA, KOTOpBI COIEPKUT HECKOJBKO KaHAJIOB IPSMOIO
nocryna k namsatia (DMA), 6sictpoaeiictBytomue 12-pa3zpsausie AT u LATI, cuc-
TE€MY COOBITHI, KPUIITOMOAYJIU U PSJl APYTUX HOBBIX NepU(EpUiHbIX y3II0B.

TunuueslM npencrasuresieM cemenctBa AVR sBisieTcsi MHUKPOKOHTPOJUIED
ATmegal28, obmagarouiuii BbICOKOH IMPOU3BOJIUTEIBHOCTHIO, HIMPOKUM HaOOpOM
nepudepuitHpIX yCTPONCTB, OOJBIION 3HEPrOHE3aBUCUMOM MAaMSTHIO MPOrpamMMm U
JAHHBIX, HECKOJIbKUMH PEKMMaMU CHMKEHUSI DHEPronoTpedseHusl, BO3MOXKHOCTBIO
BHYTPHCHCTEMHOI'O IIPOIPAMMHUPOBaHUs. B TO ke BpeMs y HEro OTIMYHOE COOTHO-
IIEHHE MPOU3BOIUTEIBHOCTH/CTOUMOCTh. Bce 3TO onmpenenuno ero UCKIYUTEIbHO
BBICOKYIO TOMNYJISIPHOCTh Cpelr pa3pabOTUMKOB MHKPOIPOLIECCOPHBIX YCTPOMCTB.
[ToaTomMy B nanbHeiIeM Bce OCOOEHHOCTH (YHKIIMOHUPOBAHHS MHUKPOKOHTPOJLJIE-
poB cemeiictBa AVR Oyayt paccmarpuBaThcs Ha npumepe ATmegal28.

1.2. OTiinunTe/bHBIE 0COOEHHOCTH MUKPOKOHTpoJiIepa ATmegal28

ATmegal28 sBisieTcss oqHUM W3 HauOOJIEe MPOU3BOIUTEIHHBIX MUKPOKOH-
TpoiiepoB cemeiictBa AVR. OH Bbimyckaercss B 1Byx BapuaHTax: ATmegal28 —
U1l OOBIYHOTO JWara3oHa nuTarImux HanpsbkeHuid u ATmegal28L — mis HU3KO-
BOJIBTHOTO TUTaHus. V3 €ero OTIMYUTENIbHBIX OCOOCHHOCTEM MOXHO BBIJICIUTD
ClIeIyIOLIHeE.

IIpoepeccusnasn RISC apxumexkmypa:
¢ 133 BBICOKOIIPOM3BOANTEIIbHBIC KOMAH/IbI, OOJIBITMHCTBO U3 KOTOPHIX BBHIMOTHSIETCS
3a OJIMH TaKTOBBIN 1IUKII;
¢ 32 BOCBMHUPA3PSIAHBIX Pab0OYUX pErucTpa oOIIero Ha3HAYEHUS U JOMOIHUTEIBHO K
HUM — PETUCTPHI yIpaBieHus nepudepuei;
® BLICOKAsI MPOU3BOAUTEIBLHOCTD, TpUOMIKatonascs Kk 16 MiH onepanuii B CEKyHIY
(npu TakToBOM yactoTe 16 MI'n);
® BCTPOCHHBIM aIllIAPATHBIA YMHOKUTEIb, BBIIIOJHSIOMINN YMHOKEHHE 32 JIBA TAKTO-
BBIX IUKJIA.

bonvuwoti 06vem namamu npoepamm u OGHHbIX:
¢ 128 KoaiiT nepenporpammupyemoii Flash-nmamstu mporpamwm;
¢ 4 KbaiiTa BCTpOGHHOMW ONepaTUBHOM MamsiTH JaHHBIX SRAM;
e 4 Kbaiita sieKkTpruiecku ctupaemoii nepenporpammupyemoit namsitu EEPROM;
e 510 64 KOaliTOB IOMOJHUTEILHOM BHEIIHEN HaMITH JaHHBIX.

Bonvwoii nabop ecmpoennvix nepugepuiinbix ycmpoucmes:
e /(Ba §-pa3psAAHbIX TalilMepa/cueTYrKa C OTAEIbHBIM [IPEIBAPUTEIBHBIM JIETUTEIIEM;
e 51Ba 16-pa3psIHbIX TaiiMepa/CYeTunKa ¢ paCIIMPEHHBIMH BO3MOXHOCTSIMU;
® CYCTYMK PEaIbHOIO BPEMEHU C OTAEIBHBIM I€HEPATOPOM;
e /1Ba 8-pa3psAHBIX KaHajla C IHUPOTHO-UMITYJIbCHOU Moay sinueid (PWM);
e miecTh KaHaioB PWM ¢ BO3MOXHOCTBIO MPOTrpaMMHUPOBAHUS pa3pelieHus ot 1 1o
16 pazpsios;
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e 8-kaHaybHBINA 10-pa3psiaHbId aHanoro-uu@poBoil nmpeodpazoBaresib ¢ pacUIUpeH-

HeiMH QyHKIHsIME (7 quddepeHnnanbHbIX KaHajloB, U3 HUX 2 KaHajla ¢ IpOrpaMMH-

pyeMbIM KO PUITUEHTOM YCUIICHUS );

® BCTPOCHHBIN aHAJIOTOBBIM KOMIIAPATOP;

® [IpOrpaMMHpPyeEMBbIN cTOpOokeBOU TaiMep WD'T ¢ oTnenbHbIM BCTPOCHHBIM T€HEPa-

TOPOM,;

¢ 53 mporpaMMupyeMbIe JIMHUHA BBOJ1a/BBIBOJIA JAHHBIX, O0BEAMHEHHBIC B 7 TIOPTOB.
bonvuwoii 8b160p nocrnedosamenvrvlx unmeppelcos:

e JTAG-unTepdeiic, Mo3BOJSIOMMNA OCYLIIECTBIATh 3arpy3Ky U OTJIAJIKY IPOrpaMM-

HOTO OOeCIeYeHUs, a TAKXKE TECTUpOBaHUE Niepudepui;

o SPI unTepdeiic A BHYTPUCUCTEMHOTO POTPAMMHUPOBAHHS;

® C/IBOCHHBIM NPOrPpaMMHUPYEMBIN MociienoBaTenbubii npuemonepenarunk USART

JUISl CHHXPOHHOT'O U @CHHXPOHHOT'O MTpUeMa/Tiepeiaun JaHHBIX;

® IBYXMPOBOJIHBIN TTOCcIeA0BaTeIbHbIN nHTEepdeiic TWI.

JlononnumenvHole 03MONCHOCTIU U PYHKYUU MUKPOKOHMPOIEPA.
¢ popmMupoBaHue curHaisa copoca npu MojJave MUTaHUs;
® HAIMYKE TPOrPaAMMUPYEMOM CXeMbl cOpOca MPHU CHIXKEHUH HANPSKEHUS MUTAHUS;
® HaIMYME BCTpOeHHOTO KanubpoBanHoro RC-reneparopa;
® BO3MOXHOCTH IMPOTPAMMHOMN YCTAHOBKH TaKTOBOM YaCTOTHI,
® HAIMYME BHYTPEHHUX U BHEIIHUX UCTOYHUKOB MPEPHIBAaHUI;
® [IIECTh PEKUMOB MOHMWKEHHOr0 3Hepronorpedienus: xonocror xon (Idle), sxono-
muuHbiii (Power-save), Beikmtouenne (Power-down), nexypssiii (Standby), pacmiu-
pennbiii nexypHsii (Extended Standby), pexxum cHmkenus mymoB npu padore AL
(ADC Noise Reduction);
® BO3MOXKHOCTh IporpaMMmupoBaHusi 0utoB cexkperHoctu (Lock-Outsl), obecneuu-
BAIOIIMX 3aIIUTY MPOTPaMM OT HECAaHKIIMOHUPOBAHHOTO JIOCTYTIA;
® BO3MOXKHOCTh MPOrpaMMHUPOBaHUs KOH(MUTyparmoHHbx 6utoB (Fuse-6uThr), obec-
NEYNBAIONINX HACTPONKY MUKPOKOHTPOJUIEpA HA PA3IMYHbBIEC PEKUMBI PaOOTHI;
® BHYTPUCHUCTEMHOE ITPOTPAMMHUPOBAHIE BCTPOSHHOM MPOTPaMMOU 3arpy3KH;
® BO3MOKHOCTh oOecnieueHusi copmectuMocT ¢ ATmegal(03 ¢ momolpio nporpam-
MUPOBaHUS CIEIUATHLHOTO KOHPUTYPAITMOHHOTO OUTA.

Jlnana3oH HanpsikeHuil nutanus cocrasisieT 2,7 — 5,5 B (ans ATmegal28L) u
4,5 - 5,5 B (nna ATmegal28). /Inana3zon TakToBBIX 4acToT reHepaTopa 0 — 8 MI'
(mns ATmegal28L) u 0 — 16 MI'ny (nis ATmegal28).

1.3. CrpykrypHasi opranusanust ATmegal28

1.3.1. Oco0GeHHOCTH APXUTEKTYPbI M HA3HAYEHHE BHIBO/I0OB

CrpykrypHas cxemMa MUKpOKOHTposuiepoB ATmegal28 mnpeacraBineHa
Ha puc. 1.1. B Heil MOKHO BBIIETUTH apUPMETUKO-IOrH4Yeckoe ycTporctBo AJIY, ¢
KOTOPBIM HEIMOCPEJICTBEHHO CBsI3aH (paill perucTpoB OBICTPOro J0CTyma (PerucTpo-
BbIN (paiin). PeructpoBbiit daiin coaepkuT 32 BOCBMUPA3psAIHbIX pabOUnuX perucrpa
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oO11ero Ha3HayeHus1. 3a OJIMH TaKTOBBIM LUKII U3 PErUCTPOBOro (haiisia BrIOMparoTcs
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Puc. 1.1. CtpykrypHas cxemMa MmukpokoHTposuiepa ATmegal28

[ectp 3 32 perucTpoB MOTyT OBITh MCIIOJIB30BaHbI KaK TpU 16-pa3psiHbIX
perucrpa ykaszaTressi KOCBEHHOHM aJpecaluy Npu oO0palleHuH K MaMsITH JaHHBIX
(X-, Y- u Z-peructpsl). OMH U3 3TUX yKa3aTelel ajgpeca MOKET TakkKe HCII0JIb30-
BaThCSl KaK yKaszaTellb ajpeca i JocTyna K Tabiauie npeoOpa3zoBaHusi Bo Flash-
naMsaTH nporpamm. JlaHHble 16-paspsiiHbIE PETrHCTPBl HA3BIBAIOTCA X-pETUCTP,
Y-peructp u Z-perucTp u ONKUCHIBAKOTCS HUXKE.
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K perucrpam oOuiero HazHaueHUsi perucTpoBoro (haiisia MOKHO oOpalaTbes
HernocpeacTBeHHo (peructpol RO, R1,..., R31) mubo ucnonib3oBath agpecaiuio Kak K
OOBIYHBIM SYEHKAM MaMSTH JTaHHBIX. AJIPECHOE MPOCTPAHCTBO PETUCTPOBOro (aitia
3aHUMaeT ajapeca BHyTpeHHero cratuueckoro O3Y B guanazone ot $00 mo $1F.
K anpecnomy npocTpaHCTBY perucTpoBoro (Qaiiia NpuMbIKalOT ajpeca MmamsiTH BBO-
na/BeiBojia (amsath 1/0). IIpoctpancTBo namsaru /O conepkut 64 anapeca perucTpos,
OTpeAeAoIUX padoTy pa3InYHbIX MEepUPEPUNHBIX YCTPOUCTB MUKPOKOHTPOJIIEPA.
K mamsaru 1/O moxxHO 00pamarbCcs HEMOCPEACTBEHHO WIIM KaK K sYelKaM IaMsITh
JTaHHBIX, cooTBeTcTBYIOMMM aapecam $20...$5F. Kpome Toro, ATmegal28 umeer
npocTpancTBo pacmupenHoi namstu 1/0 mo agpecam $60 — $FF B ctarmaeckom O3Y.

AJIY nmonnepxuBaeT apuMeTHIeCKre U JOTMYECKUE ONEPALlUN MEKIY PETHUCT-
pamu, a TaKkke MEXKIy KOHCTaHTOM M peructpoMm. Kpome Toro, AJIY nopgnepxusaer
AecTBUS ¢ OAHUM perucTpom. [locre BBIMOIHEHUST apu(METUIECKON Omepaluu pe-
TUCTp CTaTyca OOHOBJISIETCS 1711 OTOOpaKeHUsI PE3yJIbTaTa BHINOJIHEHUS ONepalliu.

Ouepennas komannaa (MHCTpyKIMs) BeiOuUpaetrcss u3 Flash-mamstu nporpamm
COrJacHO aJpecy, YCTaHOBJIEHHOMY cYeTYMKOM Komaun. IIpu pabore ¢ mamsThio
IIPOrpaMM HUCIIOJIb3YETCSI OJHOYPOBHEBBIM KOHBEHEP. DTO 03HAYAET, UTO B TO BpEMH,
KaK OJIHa KOMaH/a BBITIOJIHSIETCS, CIeAyIolas KOMaHa BEIOMpaeTcs U3 NaMsTH Mpo-
rpamMM. Takoll mpueM MO3BOJSAET BBHIMOJHATH OOJBIIMHCTBO KOMAaH] 3a OJUH
TaKTOBBIA IUKJI. 3a MajblM HCKJIIOUYEHHEM KOMaHJAbl UMEIT (popmMar OJHOTO
16-pa3psigHOro ci10Ba, B CBA3M C YE€M KaKIbl aapec MamsATH MPOrpaMM COIEPKHUT
oHy 16-pa3psiaiHyr0 MHCTPYKLHMIO. Bce aHHbIE MOTYT XpaHUTBhCS B DHEPrO3aBHCH-
MoM ctatudeckoM O3Y (SRAM oO6bemMoMm 4 KOaiit) mub0 B 3HEProHe3aBUCHMOM
ANEKTPUYECKHU CTHpaeMol nepenporpammupyemoil namstu (EEPROM).

JUist BETBIIEHHSI TPOrpaMMbl MOAIEPKUBAIOTCSI KOMAH/Ibl YCIOBHBIX M Oe3yc-
JIOBHBIX MEPEXO0JI0B U BBI30BOB MPOLIEYP, NO3BOJISIIOLIMX HEMOCPEICTBEHHO aApeco-
BaThCA B IIpejeiax apecHOro npocTpancTa. B mpoiecce o0pabOTKM mpepbIBaHUN U
BBI30BOB MOANPOrpaMM aJIpec BO3Bpara coxpaHserca B cTeke. CTek pazMeniaercs B
SRAM naHHBIX U, CJIE€IOBATEIbHO, Pa3Mep CTEKAa OIPAHUYEH TOJIBKO OOLIMM pa3Me-
pom SRAM u ypoBHeM ee ucrnonb3oBanus. B 11060i1 mporpamme nepe BhIMOIHEHU-
eM mpolenyp o0paboTKHu MpepbhIBaHUI WIM BBI30OBOM MOJIIMPOrpamMM JOJKHA OBITH
BBIIIOJITHEHA MHULMAIM3alMs ykazatens cteka SP. Ykazarenp creka JOCTYNEH Ha
YTEHHE U 3aIUCh B MPOCTPAHCTBE ajipecoB namsatu 1/0.

BaxHo#l cocTaBHON YacThIO JIFOOOTO MHUKPOKOHTPOJUIEpA SIBISIOTCS Tepude-
puiinbie ycrpoiictBa. JIns ATmegal28 B coctaB nepudepuitHbIi yCTPOHUCTB BXOISAT
JyeThIpe Taiimepa/cuerunka, ALIIl, aHamoroBeIli KOMITApaTOp, CTOPOKEBOU Taitmep.
K nepudepuitHpiM ycTpoiicTBaM OTHOCATCS TAKXKE CPEACTBA MOCIICIOBATEIHHOTO UH-
Tepdeiica, Takue Kak JIBa YHHUBEPCAJbHBIX CHUHXPOHHO-ACUMHXPOHHBIX IpHEMOIIepe-
natunka USART, nocnemoBarensHblii mepudepuitnsiii untepgeiic SPI, JTAG-
UHTEpQENC U IBYXITPOBOHBIN nocieaoBarenbHbli nuHTEpPeiic TWI.

B3aumonencTBre MUKPOKOHTPOJIIEPA ¢ BHEIIHUMHU YCTPOWCTBAMHU OCYLIECTB-
JSIETCS MOCPEJICTBOM 7 JByHANPABJICHHBIX NapaJljIebHbIX TOPTOB. Bee mopThl kpome
oO01ero Ha3HaYeHUs UMEIOT JONoJHUTENbHbIe GyHKuuu. Hanpumep, nunuu nopta F
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o0ecreynBaT Mojavyy aHaJOroBOro HampsbkeHust Ha BXoj BctpoeHHoro ALl a
JB€ JIMHUU TopTa E Mo3BONSIOT MOoAaTh HANpPSKEHUs Ha BXO/bl AHAJIOTOBOI'O KOMIIa-

paropa. HazHadueHue BBIBOJOB MOKa3aHO Ha puc. 1.2.
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€8883588 88§
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Puc. 1.2. Ha3znauenue BbIBOJIOB MUKpOKOHTpoJuiepa ATmegal28

BBIBOIBI MUKPOKOHTpOJIIEPA MPETHA3HAYEHBI JJI1 BBOJIA/BBIBOJIA CJICTYIONTUX

CHUTHAJIOB:

VCC — BbIBOA 1JIsSI NOAKIIOYEHUS HANIPSXKEHUS TUTAHUSL.
GND — BBIBOJ JUISI HOJKIIOUYEHUS K OOIIEH IITUHE.

RESET — BbIBOJ yIpaBIstOLIero curHajga copoca (aKTUBHBINA YPOBEHb — HU3-
Kuil). MuHUMaNbHas JUIMTENBHOCTh UMITYJIbca cOpoca coctapisieT 50 He. JleiicTBue
UMITYJIbCA MEHbIIIEH MPOJIOKUTENILHOCTH HE TapaHTUpPYeET cOpoc.

XTAL1 u XTAL2 — BX0OJ ¥ BbIXOJl MHBEPTUPYIOIIETO YCUIIUTEIIS,, KOTOPHIN B
CJIy4ae MCTOJIb30BaHMS KBAPIIEBOTO WM KEPAMUUECKOTO PE30HATOPOB PabOTAET Kak
BCTPOCHHBIN reHeparop. [Ipu ucnosnp30BaHMK BHELIHETO IeHEpaTOpa TaKTOBOW Yac-
TOTBI BBIXOJ] TeHepaTopa nojkiatodaetcs K BoiBogy X TALIL, a BeiBog XTAL2 nomxen
OCTaBaThCsl CBOOOHBIM.
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AVCC - BeiBoa ans HanpsokeHus nutanus AL, OH nokeH ObITh BHEIIHE
cesa3aH ¢ VCC, naxe eciu ALl He ucnonb3yercs. [Ipu nenons3oBannn ALIL aToT
BbIBOJI cBsi3aH ¢ VCC uepe3 GUiIbTp HU3KUX YaCTOT.

AREF — BX0J NOAKIIOYEHUS] UCTOYHHKA ONOPHOTO HanpsikeHus st AL,
Ha stot BbIBOA /11 0Oecnieuenust pabotsl ALl momaercst HanpspkeHUe B AMana3zoHe
mexay 0 u AVCC.

AGND - BBIBOJ U1 IOJKJIIOUCHHUS K aHAJOrOBOM «3eMJIe», €CIU TaKoBas
UMEeTCs B yCTporcTBe. B MHOM ciiyuae BBIBOJ IMMOJCOCIUHSETCS K OOIIEH IIHHE.

PEN — Bxoa pa3peluieHus nporpaMMHAPOBaHUs VISl PEKUMa MOCIIEN0BATEIbHO-
ro nporpammupoBanus yepe3 unrepdeiic SPI. Ecnu Bo Bpems neiictBusi cOpoca npu
110/1a4€ NMUTAaHMs HA 3TOT BXOJ ITOAATh HU3KUM YPOBEHb, TO MUKPOKOHTPOJUIEP IEpe-
XOJIUT B PEKUM MOCIEI0BaTENbHOr0 nmporpammupoBanus uepe3 SPI. B pabouem pe-
xume PEN He BBINONMHSAET HUKAKUX (PYyHKLIUM.

PAO...PA7 — 8-pa3psiaHblil 1ByHaIIpaBICHHBIN MOPT BBOAA/BhIBOA A.

PBO0...PB7 — 8-pa3psanbiii ByHanpaBieHHbIA TOPT BBOJ1a/BbIBOJA B.

PCO0...PC7 — 8-pa3psiaHblil 1ByHaIpaBiIeHHbIN nopT BBoAa/BbiBoAA C.

PDO...PD7 — 8-pa3psaHblil AByHaANpaBiIECHHBIN TOPT BBOJA/BhIBOIA D.

PEO(...PE7 — 8-pa3psiHblii 1BYHANpPaBJICHHBIN OPT BBOAA/BbIBOA E.

PF0...PF7 — 8-pa3psiaubliii AByHAINIpaBICHHBIN MOPT BBOJ1a/BhIBOAA F.

PGO...PG4 — 5-pa3psanHblil AByHanpaBieHHbIN MOPT BBOAA/BbIBOAAG.

Kak yxe oTmMeuanoch, Bce BBIBOJbI IOPTOB KpOME OOLIEr0 Ha3HAYEHUsI UMEIOT
aNTbTEPHATUBHBIC JOMOJHHUTEIbHbIE (PYHKIIMU. DTH JTOMOJHUTEIbHBIE (DYHKIIMH, OT-
MeYeHHbIC Ha pHC. 1.2 B cCKOOKax, OyayT OMHMCAHBI HUXKE.

Ciemyer OTMETHUTB, YTO IO KOJIMYECTBY BBIBOJOB M UX PACIIOJIOKEHHIO MHK-
pokxoHTpoiiep ATmegal28 npakTuuecku noaHocThio coBnaaaer ¢ ATmegal03, ko-
TOPBIA B HACTOSAILEE BPEMsSI CHAT C NMMPOU3BOJACTBA. JTO MO3BOJISET UCIIOIB30BATH €TI0
B pexxume coBMecTuMOCcTH ¢ ATmegal03 ¢ moMonipro NMporpaMMUpOBaHUsl CIIEIU-
anbHOro KoHpurypauronnoro o6ura M103C B pacmMpeHHOM KOH(PUTYpaHOHHOM
Oaitre. [Ipu aToM y ATmegal28 Tepsiercst yacth QyHKIIMI, a UMEHHO, HE PYHKIMO-
HUPYIOT OJIUH U3 YeThIpex Taiimepon/cuerunkoB, oguH USART, JTAG-unrepdeiic,
nopT G, yMEHBIIEHO KOJIMYECTBO BEKTOPOB MPEPHIBAHUI U T. [I.

1.3.2. Opranu3anus namaTu

B coorBerctBum c [l'apBapiackoid apxurekTypoil mnamsaTh Bcex AVR-
MHUKPOKOHTPOJUIEPOB pa3lielieHa Ha JB€ OOJIaCTH: MaMsATh JAHHBIX M MaMsTh MPO-
rpamm. Kpome Toro, ATmegal28 conepxut namsates ICIII3Y nns sHepronesaBu-
CUMOI'0 XpaHEHHUsI TAHHBIX.

O6neMm namstu nporpaMmm ATmegal28 cocrasusier 128 Koaiit Flash-mamsitu,
KOTOpas MOKET OBbITh 3alpOrpaMMHPOBaHA KaK NapaJijIeIbHO C TOMOIIBIO CIEUab-
HBIX [IPOrpaMMaTOPOB, TaK M TOCIEIOBATEIBHO € MOMOIIbI0 uHTEepdericoB SPI wiun
JTAG. Ona pa3znesieHa Ha JIBa CEKTOpA: CEKTOpP NPHUKIAIHON MPOrpaMMbl U CEKTOP
IpOrpaMMbl Ha4aJbHOMW 3arpy3KHu.
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B muxpoxontpoiiepe ATmegal28 nonnep:xuBaercs ABe KOHGUTYpalUu Ma-
MSATH JIaHHBIX, COOTBETCTBYIOIINE HOPMAILHOMY peKuMy (KoHpurypamus A) u pe-
xumy copmectumoctu ¢ ATmegal03 (koudurypauus B). O0beM BHELIHEN U BHYT-
peHHel (BCTpOeHHOM) maMsaTu JaHHbIX SRAM st kondurypanuii A u B nmpeacras-
neH B Tabnuue 1.1. Puc. 1.3 wimoctpupyer opraHu3aiuio NaMsTd IporpamMm M J1aH-
HbIX Y ATmegal28.

Tabnuua 1.1
Kondurypanus namatu JaHHBIX
Kondurypars Berpoennas SRAM naHHBIX Buewnsiss SRAM nanHbIX
A — HOpMaHLHBIﬁ pexXUM 4096 GanT Ho 64 Ko6arnt
B— PEKUM COBMCCTHUMOCTHU 4000 6aiiT ﬂO 64 Ko6aiiT
¢ ATmegal03
Kounduryparnia maMaTH A Koudmryparmia nmamara B
0000 ["32 perucrpa |$0000-5001F $0000 [ 32 perucrpa | PUOO0-3001F
Flazh-namaTs B4 pervctpa [FOH0020 - FO0SF Flash-namars B4 pervcTpa [fO[$0020 - §O0SF
nparpamm 160 PEFHCJPDUB % 0060-00FF Nporpamm BcTpoenHan BH0Ed
B4K = 16 Pac. Bak = 16 SRAM
Betpoennan #0100 ADO0 =8
SRAM BOFFF
ﬁ 4000%8  |$10FF ﬁ Erewmaa | ° 1000
Buewnan [$1100 SRAM
SRAM Ao B4R =5
SFFFF [ A0B4K =8 |§FFFF SFFFF 5FFFF

Puc. 1.3. Kondurypanus namstu Mukpokontpoiiepa ATmegal28

B HOpManbHOM pexume nepBble 4352 suelKM NaMATH JTaHHBIX OTHOCSTCS K
perucTpoBomMy (airy, naMaTu BBOJA/BBIBOJIA, PACIIMPEHHON NMaMsATH BBOJ1a/BBIBOJIA
U BCTpoeHHOU cratnueckoil SRAM nanHbix. B nepBbix 32 sgueiikax pacrosiokeH
¢aitn peructpos, cieayromme 64 suyelikd 3aHMMAeT CTaHIApTHAas MaMATh BBO-
71a/BBIBOJIA, a 32 HUMH cleAayroT 160 syeexk pacuIMpeHHON mamsTh BBOJA/BHIBOJA.
3aMbIKalOT BHYTPEHHIOO NamATh JNaHHbIX 4096 syeexk BHYTPEHHEW CTaTHYECKOU
SRAM naHHBIX.

B pexume coBmectumoctu ¢ ATmegal 03 nepsbie 4096 ssueek naMaTH JaHHBIX
OTHOCSTCS K (hailly perucTpoB, MaMsTH BBOJAA/BBIBOAA M BHYTPEHHEH CTaTHYECKOU
SRAM nannwix. B nepBbix 32 syeiikax pacrnosiokeH (ailn peructpos, 3aTeM B 64
AyeiKkax pacroJjioKeHa CTaHJapTHas NamsATh BBOJA/BbIBoAa M cieayromme 4000
AYEUKN 3aHUMAaeT BHYTpeHHAI SRAM naHHBIX.

Kpome nokazannbix Ha puc. 1.3 Flash-mamsitu nporpaMMm u mamsiTé JTaHHBIX
CTaTUYECKOr0 TUINA B MUKPOKOHTPOJUIEPE UMEETCA BCTPOEHHAS AJIEKTPUYECKU CTH-
paemasi mnepenporpammupyemas namath JaHHbIXx (EEPROM). IlamsaTh maHHBIX
EEPROM opranu3oBaHa Kak OTAEIbHOE MPOCTPAHCTBO JTAHHBIX C BO3MOKHOCTBIO
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3anmucu U yrteHus otaeiabHoro Oaiita. EEPROM o6OecneunBaer 100000 mukioB CTH-
panusi/3anucu. B3zaumopeiicteue Mexxy EEPROM 1 neHTpalibHbIM MPOIIECCOPHBIM
moxaysiem (CPU) ompenensiercs peructpom aapeca EEPROM, peructpom JaHHBIX
EEPROM wu peructpom ynpasienusi EEPROM.

Jlns muormx 3amau 4 KOGaiita BCTpOGHHOW ONEpPaTUBHOM MaMSTH JaHHBIX
SRAM sBnsieTcst BIOJIHE 1OCTATOYHBIM. B cityyae HeobxoaumocTu ee 00beM MOKHO
yBennuuTh 10 64 KoOaiir. CxeMa nonakmrodeHus BHemHerH SRAM K MHUKPOKOHTPOJI-
nepy nokasana Ha puc. 1.4. Uarepdeiic B3auMoAeiiCTBUS BKIIFOYAET B CeOs:

ADO0..AD7 — MyJIbTUIIIEKCUPOBAHHYIO MIIQJIIIYIO IITMHY aJpeca/IINHYy JTaHHBIX;

A0..A7 — crapuyto KMHY agpeca;

ALE — ctpo0 agpeca BHEIIHEN MaMsITH;

RD — cTpo0 uTteHust U3 BHELIHEH MaMSITH;

WR — cTp0o0 3anucu BO BHEHIHIOWO NaMSITh.

[Tockonbky B3ammopneinicteue ATmegal28 ¢ BHEIHMMH yCTpPOWCTBaMu
OCYILIECTBIISICTCS MOCPEACTBOM &-pa3psaHbIX MOPTOB, TO A (opMHUpOBaHUS
16-pa3psinHoro agpeca gueiiku namsatd BHemHEW SRAM ucnonb3yercss BHELIHSA
MUKpPOCXEMa — 8-pa3psiAHbI PETUCTP, B KOTOPBIA HA NEPBOM TAKTE OINEpALMM YTe-
HUS1/3aIIUCHU JaHHBIX 3alKUChIBACTCS MIIAAIIMNA OalT ajgpeca sTYeKH BHEIIHEH MaMsITH,
K KOoTopo#l nmpoucxoauT obpamienue. Ha Bropom takte uz ATmegal28 B SRAM Ha-
NpSIMYIO TIEpeIaeTCsl CTapIInii OalT agpeca U 3aTeM M0 YCTaHOBJICHHOMY TaKUM 00-
pazoM 16-pazpsiHOMy afapecy sSYeMKU MaMsITH MPOUCXOAUT YTCHHUE WM 3aluch Oai-
Ta JaHHbIX. boyee aeTtanbHyro WHGOPMAIMIO O TOIAKIIOYeHMH BHemHed SRAM
MOKHO HalTH B TEXHUUYECKOI noKkymeHTaunn Ha ATmegal28.

ATmeqgal2d SRAM

> D0..D7

ADD. ADY —=———4 D 0| = A0 AT

ALE "G
—
ARLATS s A8 A1E
RO » RD
YR * WR

Puc. 1.4. Cxema nogxmouenust BHemiHer SRAM k ATmegal28

Jloctyn k BHemHeu cratmyeckod SRAM ocymiecTBisieTcsi aBTOMATHYECKH C
IIOMOIIIBIO TEX K€ KOMaHJ, 4TO U i1 BHyTpeHHEN SRAM, eciin yka3aHHOE 3HAYCHHE
azgpeca HaxXOAUTCsA 3a IIpeleilaMu BHYTPEHHEM NamsATh AaHHbIX. [Ipu anpecanun
BHYTPEHHEW MaMsITH CUTHAJIbl YTEHUS W 3alUCU BHEIIHEeH mamstu (curHaibl RD u
WR na BeiBogiax PG0 u PG1) HeakTHBHBI B Mpoliecce BCero 1ukia gocrymna. Padora
BHEIIIHEW cTatrmdecKkor nmaMatu JaHHbIXx SRAM paspemiaercs ycranoBkoit 6uta SRE
B peructpe MCUCR, kKoTOpBIif Oy€T paCCMOTPEH HUXKE.
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[IpumbIkaromnyie Kk peructpam oOuiero HazHadeHus: 64 peructpa oOpasyroT na-
MSATb BBOJIa/BbiBOAA (mamsaTth 1/0O), a cnegyromue 3a HuMu 160 peructpa — pacuvpeH-
Hyto namatek [/O. Kak cneayer U3 Ha3BaHus peructpoB namsatu 1/O, OONbIIMHCTBO U3
HUX MPEAHA3HAUYEHO AJIs1 Pa0OTHI C PA3IMYHBIMU (PYHKIIMOHATBHBIMU OJIOKAMUA MUKPO-
KOHTpOJUJIEpa TaKMMHU, Kak MOPThI BBOAa/BbiBoja, AIIIl, anamoroBbiii kommapaTop,
taiimepsl/cuetunku, SPI, USART, EEPROM, cropoxeBoii Taiimep. IlogpoOHas uH-
dopmartust 06 ITUX perucTpax OyneT MpeAcTaBieHa HUXKE TIPU PAaCCMOTPEHUHN PabOTHI
COOTBETCTBYIOIIUX (YHKITMOHATBHBIX OJIOKOB. 37€Ch K€ OYyT pacCCMOTPEHBI JIUIIh T€
PETUCTPBI, KOTOPHIE BIMUSIOT HA pabOTy MaMsATH MPOTPaMM U IMaMATU JaHHbBIX.

Peructp craryca SREG coaepxuT mHpopmaiuioo o pe3yiabTaTe TOJIBKO YTO
BBITIOJTHEHHON KOMaH/bl. JlaHHas mHGOpPMAITIS MOXKET MCIIOIh30BATHCS ISl BETBJIC-
HUS IPOTPAMMBI 110 yciioBui0. ClieyeT MOHUMAaTh, YTO PETUCTP CTaTyca OOHOBISET-
cs ocJie BhINMOJIHEHHs Beex onepauuid AJIY, koTopsie MoauduupyioT ¢iaru, BXo-
JSIIIMEe B COCTaB perucrpa craryca. diaru 3Toro peructpa B OOJBIIMHCTBE CIy4aeB
MO3BOJISIIOT OTKA3aThCsl OT MCIOJIb30BAHUSI KOMaH]l CpaBHEHUS, Jelias KOJ Iporpam-
Mbl OoJiee KOMIAKTHBIM U ObICTpbIM. Peructp craryca pa3MeleH B MPOCTPAHCTBE
SRAM 1o agpecy $5F. HaznaueHrne OMTOB W MX CUMBOJIMYECKUE 0003HAYCHUS TPH-
BeeHbI B Ta0uie 1.2.

Taomuua 1.2
Peructp craryca SREG
bur CumBon WM v Ha3HAYeHUE
7 I bur paspemenus riaobansHOro npepbiBanus. [IpenHasHaueH juist paspe-

menust (I=1) wnm 3anpera (I=0) Bcex mpepbpiBaHMiA. YTIpaBiIeHUE pa3pe-
[ICHHEeM KOHKPETHOTO TPEPHIBAHUS BBIMOTHICTCS COJIEPKUMBIM PETHUCT-
poB EIMSK u TIMSK. but I annapaTtHo o4uIilaercsi mocie reHepanuu
3ampoca Ha MPEepPBIBAHUS U YCTaHABIUBACTCS B JIOT.1 JUIS MTOCIIEIYIOMIErO
paspemenus riodansHOro npepeiBanus komanaoin RETI.

6 T bur coxpanenus konuu. Komanas! konuposanus 6uta BLD (Bit Load) u
outr BST (Bit Store) ucmonb3yrorT O6ut T Kak OWT-UCTOYHHK U OWT-
NpUeMHHK TpH onepanusax ¢ ouramu. Komannoit BST 6ur perucrpa peru-
ctpoBoro ¢aiina konupyetrcs B 6ut T, komanmoit BLD 6ut T xonupyercs
B PETHCTpP PETUCTPOBOTO (aiia.

5 H ®dyar BCIOMOraTelbHOTO NepeHoca (MoaynepeHoca), BO3SHUKAIOIIETO

MPU BHITIOJTHEHUU HEKOTOPHIX aprupMeTHUeCcKUX onepanuii. B ocHoBHOM
UCTOJIB3YEeTCS B JBOMYHO-AECATUUHON apuMeTHKeE.

4 S bur 3Haka, onpenensieMblii BeipaxkeHrneM S=N®V, rae cumBon @ 0003Ha-
YaeT JOTUYECKYIO onepanuio «uckimovaronee NJIN».

3 \Y @rnar-ykaszaTenb MEepernoHEeHUs pe3ynbrata apupMeTHYeCKUX U Jorude-
CKHX ONEpALHii, BBIPAKEHHOTO B JOMOJIHUTEIIBHOM KOJIE.

2 N @uar oTpUIATENILHOTO 3HAYEHUS], YCTaHABIMBAEMBIN NPU OTPULIATEIILHOM
3HAUEHUU pe3yibTara psijia apuPMETHUECKUX U JJOTUICCKUX OTIepaITHil.

1 4 @ar HyJIeBOTO 3HAYEHUS], YCTaHABIMBAEMbIN MPU HYJIEBOM 3HAYEHHUH pe-
3yJbTaTa psaaa apuPpMETHUECKUX U JIOTUYECKUX OTepaIinii.

0 C ®dnar nepeHoca.
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Peructp ynpasnenns MCUCR ynpaBisieT BBIIOJHEHUEM OCHOBHBIX (DYHKIIMIA
MCU. Haznauenue 6utoB B peructpe MCUCR u ux cumBoiandeckre 0003HaAUCHUS
npuBeieHbl B Tabnuie 1.3.

Taomuua 1.3
Peructp ynpasnenusst MCUCR
bur CumBon Wms u Ha3HaueHue
7 SRE Pazpemenue BHemHeit SRAM. YcraHoBIeHHBIN B cocTosiHUE Jor.1 OUT

SRE pazpemaer obpamienue k BHemHed SRAM maHHBIX U NEepeBOIUT
paboty BbiBOJ10B ADO...AD7 (nopt A) u ADS...ADI15 (nopt C), a Tak-
xe BbiBOZOB ALE, WR u RD Ha BbIlonHeHHE anbTepHATUBHBIX (DYyHK-
LUH.

6 SRWI10 | but BeiGopa coctosinus oxuaanus BHemHed SRAM. Ilpu pabore Muk-
POKOHTpoOJIIepa He B pexkuMe coBMecTumMocTu ¢ ATmegal03 Brnusinue
JaHHOTO OWTa ONMCHIBAETCS HMXKE€ HPH PACCMOTPEHMM perucrpa
XMCRA. B pexume copmectumoctd ¢ ATmegal03 npu SRW10=1 k
UKy oOpamieHust Kk BHemrHedl SRAM nobaBisieTcss OJUH LMK 0XKH-
5 SE JaHUs.

Pazpemenue pexuma Sleep. YcraHoBneHHsld B jor.1 out SE paspemaer

4 SM1 nepesog MCU B «cnsamuit» pexxum komanaoi SLEEP.

3 SMO butst SM1, SMO u SM2 onpenensioT 0OAMH U3 IECTH BO3MOXKHBIX PEXKH-
2 SM2 MOB Sleep, KOTOpbIC TOJPOOHO OMKMCAHBI B TEXHUYCCKOW JTOKYMECHTAIHU
1

IVSEL | Ha ATmegal28.

Bri6op Bekxtopa npepbiBanus. Ecim 6ut IVSEL copomen (IVSEL=0), To
BEKTOpHI MpEephIBaHUN pa3MelarTcs B Havane qui-namsatu. Eciu nan-
HBI OUT YCTAHOBJICH B JIOT. 1, TO BEKTOPHI MPEPHIBAHUIN TIEpPEMEIIAIOTCS B
Hayaso 3arpy304Horo cekropa (uam-namaru. GakTHyecKuil aapec Havya-
JIa 3arpy309HOTO CEKTOpa ONpeesieTcs 3HaYeHHEM KOH(DUTYPaMOHHOTO
0 IVCE 6ura BOOTSZ. ITo ymomuanuto IVSEL=0.

Paspemienne n3aMeHeHHs BEKTOpa MpephIBaHus. JJaHHBINH OUT HCIIONB3yeT-
csl IpM omepaly u3MeHeHus 3Hauenus ourta [VSEL.

1.3.3. CucteMHasi CHHXPOHU3AUMS M HCTOYHUKH TAKTOBBIX HMITYJIbCOB

PabGora 511060r0 MUKpPOKOHTpOJIJIEpA BKJIOYAET B ce0s BHIOOPKY KOMaH] M3
naMsTH U ux Aemudpanuio, BbIOOpKy onepanaoB u3 O3Y u BINOJHEHHE HAJl HUMHU
ONpeeNeHHbIX JEHCTBUM, 3aIIUCh U YTEHHE MH(OPMAIUU U3 ONPEIEICHHBIX PErUCT-
poB, ooMeH undopmanueit sapa LITY ¢ nepudepuitapiMu ycTpoiicTBaMu u T. 1. Jis
BBITIOJIHEHUS BCEX OTUX JCUCTBUH MHUKPOKOHTPOJUIEP HEOOXOJAMMO TaKTHUPOBATH
CUHXPOUMITYJIbCAMH olpeesieHHoN 4acToThl (st ATmegal28 sta yacTora He mpe-
BbilaeT 16 MI'n).

B mukpokontpomiepax cemeiictBa AVR peann3oBaHbl HECKOJIBKO HICTOUHUKOB
TaKTOBBIX MMITYJIbCOB: T€HEPATOP C KBAapPUEBBIM WJIM KEPAMUYECKHM PE30HATOPOM
(puc. 1.5a), RC-renepatop (puc. 1.50), BHEMIHMI HCTOYHUK CHHXPOUMITYJIHCOB
(puc. 1.5B). IlpenycMoTpeHa Takx’e BO3MOKHOCTbh CHHXPOHHM3AaLUUN HUMIYJbCAMH OT
BHyTpeHHeTo KanuOpoBanHoro RC-reneparopa.
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Puc. 1.5. Pa3nuuHble ICTOYHUKH TAKTOBBIX UMITYJIbCOB i1 A VR-MUKpPOKOHTpOIIIEpOB

Bb16op TOro wiiv MHOTO UCTOYHHMKA 33Ja€TCsl 3HAYCHUSIMU YEeThIpeX KOHPUTY-
pauuonnbix 6uToB CKSEL3...0 cornacuo tabnuie 1.4. Jlng Bcex KOHPUTYpaIMOH-
HBIX OUTOB Jior.l O3HAYaeT He3anmporpaMMHUPOBAHHOE COCTOsiHUE, a Jior.0 — 3ampo-
rpaMMHUPOBAHHOE.

Tabmura 1.4
Br16op ucrounnka cuaxponuszanuu A'VR-MHKpOKOHTpoILIepa

W cTOYHUKY CUHXPOHU3AINH CKSEL3...0

Buenrnawmii kBaprieBbIit/kepamuaeckuii pezonatop | 1111 — 1010

BHemnunii HU3K04acTOTHBIN KBapLIEBbIN

pe30HaTOp 1001
Buemnuii RC-reneparop 1000 - 0101
Bcerpoennsiit kanubpoBanHblii RC-reneparop 0100 - 0001
BHemHasA CHHXpOHU3aLUs 0000

B cnydae BbIOOpa BHEIIHETO KBapleBOro/KEPAMUYECKOr0 Pe30HaTOpa Juarna-
30H paboyux 4acToT 3aBUCHUT OT KoH(purypaunonnoro o6urta CKOPT. Ecnu nanublit
out 3anporpammupoBan (CKOPT=0), To MakcumasibHasi 4aCTOTa CUHXPOUMITYJICOB
st ATmegal28 paBna 16 MI'n, B mpotuBHOM ciiydae — 8 MI'u. Ilogkirouenue pe-
30HATOpa K BBIBOJAM MUKPOKOHTPOJUIEPA OCYLIECTBIIAETCS COTJIacHO puc. l.5a, mpu
3TOM eMKOoCTH KoHJeHcaTopoB C1 u C2 BeiOuparoTcs U3 auanazona ot 12 mo 22 nd.

B cnydae BbIOOpa BHENIHETO HU3KOYACTOTHOTO KBApIIEBOTO T'€HEpPATOpa K BhI-
BogaM MukpokoHTpoiiepa XTAL]1 nu XTAL2 nonknroyaercs 4acoBOW KBapLIEBBIM
pe3onatop (yactora paBaa 32768 I'm). Eciiu mpu sTOM 3amporpaMMupoBaH KOHPUTY-
panuonubii 6uT CKOPT, TO HMKaKuX BHEITHUX KOHJICHCATOPOB HE TpeOyeTCsl.

JJ1st MpUII0KEeHNI, HEKPUTUYHBIX K CTAOUILHOCTH BPEMEHHBIX XapaKTEPUCTHK,
B KauyeCTBE HMCTOYHUKA CHUHXPOUMITYJIBCOB MOXET HMCIOJb30BATHCS BHEIIHSIA
RC-uens, noakitoyeHne KOTOpoi moka3zano Ha puc. 1.56. BeiBog MUKPOKOHTpOJLIE-
pa XTAL2 ocraercsi cBOOOAHBIM. TaKTOBYIO 4acTOTy MPH 3TOM MOKHO Tpy0OoO olie-
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HuTh 110 Gpopmyine f = 1/(3RC). Homunan xonaencaropa C npu 3TOM JIOJKEH OBITH
He MeHee 22 n®. Ilyrem mporpammupoBanus koHpurypanuonHoro oura CKOPT
II0JIb30BATENb MOXKET Pa3pEIINTh MTOAKIIOUYEHNE BHYTpEeHHEro konaeHcaropa C = 36 nd
mexny XTALT u GND, Tem cambIM HCKITIOYasi HEOOXOAMMOCTh IPUMEHEHHS BHEIII-
HEro KOHAEHCcaTopa.

OaHUM U3 HIMPOKO UCHOJIb3YEMbIX BaPHUAHTOB BHIOOpA MCTOUYHHUKA CHHXPOHH-
3al MUKPOKOHTPOJIJIEpa SIBIISIETCS BCTPOCHHBINM KanumOpoBaHHbI RC-reneparop,
KOTOpbIH (hopmupyer prukcupoBaHHble TakToBbIe YacToThI 1.0, 2.0, 4.0 i 8.0 MI'w.
KonkpeTHoe 3HaueHHne 4acTOThI 33/1a€TCsl IBOUUHBIM KOJIOM, 00pa30BaHHBIM KOH(U-
rypanronasiMu 6utamu CKSEL2, CKSEL1 u CKSELO. Hanpumep, eciu koa paBeH
001, To yacrora paBHa 1 MI'n, a ecnu xkox 111, To yactora 8.0 MI'n. IIpu 3TOM KOH-
durypanmonnsiii 6ut CKOPT nomken ObITh HezamporpamMmupoBaHHbIM. [Ipu Ha-
npsokeHuu nutanus 5 B, temneparype 25° C u BeIOpaHHON 4YacToTe reHepaTopa
1.0 MI' 1aHHBIN METO/ KaTUOPOBKH 00ECIIEYMBAET MOIPELUIHOCTh T€HEPALUU YaCTO-
Thl He Xyk€ * 3 % OT HOMHHaJIbHOrO 3HaueHus. Cieqyer OTMETUTh, YTO (upma-
IPOU3BOUTEND MOCTABISAET MUKPOKOHTPOJUIEPHI C YCTAHOBKOM, MpPH KOTOPOH €ro
CUHXPOHM3ALIMS OCYILIECTBIISIETCS BCTpoeHHbIM RC-reneparopom ¢ yacroror 1 MI'.

MUKPOKOHTPOJIEP MOXHO CHHXPOHHM3UPOBATh U OT BHEUIHErO MCTOYHMKA.
B stom ciyuae ero Heobxoaumo nmoakaouuTh K BeiBogy XTALIL (puc. 1.58B), a BbI-
Boag XTAL2 ocraButrh cBOOOAHBIM. 3HAYEHUS] BCEX KOH(PUIYpaLMOHHBIX OHMTOB
CKSEL npu 3ToM A0mKHBI OBITH paBHbI Hy0, a 0uT CKOPT 3amporpamMmMupoBaH.

M cTOYHMKOM TaKTOBBIX MMITYJBCOB B MHKPOKOHTpoiuiepax cemeiictBa AVR
MOXET CIY>)KHTh TaKXe TeHeparop Taiimepa/cueTunka. B 3ToM ciydae K BbIBOJaM
mukpokoHTposuiepa TOSC1 u TOSC2 (BbiBoabl 3 u 4 nopra G) HEOOXOAUMO MOA-
KJIFOUUTh KBApLEBbIM pe3oHaTop. ['eHepaTop ONTUMU3UPOBAH /1Jisi COBMECTHOU pado-
Thl C YaCOBBIM KBapieBbIM pe3oHatopoM 32768 I'u. JlaHHBIN TaKTOBBI T'€HEPATOp
MO3BOJISIET HCIIOIb30BaTh TaMEP/CUETUMK KaK CUETYMK PeajbHOrO0 BPEMEHH, JaKe
IPU [IEPEBOJE MUKPOKOHTPOJIEPA B OJIUH U3 PEKUMOB IHEPrOCOEPEKEHUS.

IIpy ucnosb30BaHUM MUKPOKOHTPOJUIEpAa B OAHOM W3 BBIOPAHHBIX PEXHMOB
CUHXPOHU3AIMHA TPOTPAMMHBIM CIOCOOOM MOXHO HM3MEHHUTHh YacTOTY HMITYJIbCOB,
TaKTUPYIOUIUX BCE CTPYKTYpPHbIE OJIOKM MUKPOKOHTpOJuiepa. ITO, B YACTHOCTH, MO-
KET OBITh MOJIE3HO B LEJISAX IKOHOMHUHM SHEPronoTpeOsIeHHs], €CIi ObICTPOICHCTBHE
HEKPUTUYHO. M3MeHeHre 4acTOThl TAKTOBBIX MMIYJHbCOB OCYUIECTBISETCS C MOMO-
HIbIO PETUCTpa yIpaBieHUs] KOI(PPHUIIMEHTOM JIeJICHUSI 4YacTOThl KBapleBOro reHepa-
topa XDIV. JlanHblii peructp npeaHa3HaueH I YCTaHOBJICHUs KodduiiueHTa me-
JIeHUs 4YacTOThl B Auana3one ot 1 no 129. Haznauenue 6uros cienytouiee. bur 7 pe-
ructpa XDIV (XDIVEN) pa3pemaer aenenue yactoTsl. [Ipu XDIVEN=1 TakToBas
4acToTa JCIMUTCS B COOTBETCTBUU C ycTaHOBJIeHHBbIMU Outamu XDIV6... XDIVO ko-
s ummentom aenenus. Eciu gecsituanoe 3nadeHue kodpduimenra neaeHus, ycra-
HoBiieHHOe Outamu XDIV6...XDIVO0, o6o3nauuts vepe3 k, To pesynpTupyromas
TaKTOBAs 4aCTOTa MUKPOKOHTpOJUIepa OyAET ONpeaenaTbes mo Gopmyre:
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_ XTAL
129-k’

rae yepe3 XTAL ob6o3HaueHa yacToTa BbIOpAaHHOIO MCTOYHHUKA CUHXpOHU3auuu. Ecnu
3nayenre onta XDIVEN=0, To 3anucannusie B Outel XDIV6...XDIV0 3HaueHus xo-
3 PUIMEHTOB eICHUS] UTHOPUPYIOTCS.

1.3.4. Konpurypanuonubie OMThI

B mukpokontpoepax cemeiictBa AVR umeroTcst KoHQUTrypaunoHHbIE OUTHI
(Fuse Bits), conep’uMoe KOTOpPbIX BIUSET HAa pabOTy T€X WJIM MHBIX CTPYKTYPHBIX
6s10k0B. [IporpamMmMupoBaHue 3TUX OUTOB MO3BOJIAET TMOKO U3MEHATH PEXKUMBI pado-
Thl MUKpOKOHTposiepa. B ATmegal28 koHpurypannontbsie OUTbl CrpyNIIMPOBAHbI B
Tpu OaiTa: MIIaAIINI, cTapiUidi U pacliupeHHbld. CUMBOJIMYECKHE 0003HAYEHUS U
Ha3Ha4YeHUs1 OMTOB MpeacTaBieHbl B Tabnunax 1.5 — 1.7. Cnenyet yuyecTtb, 4To Jor. 1
COOTBETCTBYET HE3aIPOrPaMMHUPOBAHHOMY COCTOSIHHIO, a JIor.0 — 3amporpaMMupo-
BaHHOMY. Hampumep, ecnu ucxomnoe cocrosiuue 6uta M103C =0, To naHHBII OUT
3anporpaMMHUpoOBaH U MUKpoKOoHTposuiep ATmegal28 paGoTtaeT B pexuMe coBMec-
tumoctu ¢ ATmegal03.

Taomuua 1.5
Mutaamuii KOHQUTYpaMOHHBIN OalT

O6o3nauenue | Paspsn Hasunauenue Oura HcxonHoe 3HaueHne
BODLEVEL 7  |Ilopor cpabaThIBaHUs CYNIEpPBU30PA TUTAHUS 1
BODEN 6  |[PaspeuieHue cynepBu3opa NUTAHUSI 1
SUTI 5  |Be1ibop BpeMeHH 3amycka 1
SUTO 4  |Bbibop BpeMeHH 3amycKa 0
CKSEL3 3 |Bbibop TaKTOBOTO UCTOYHHKA 0
CKSEL2 2  |BbIOOp TaKTOBOrO MCTOUYHHKA 0
CKSELI 1  |BbiOOp TaKTOBOrO HCTOYHHKA 0
CKSELO 0  |BpIOOp TaKTOBOT'O HCTOYHHKA 1

Tabmuua 1.6
Crapumii KOHPHUTypaIrmOHHBIN OalT

O6o3nauenue | Pa3psn Hasnauenue Outa HcxonHoe 3HaueHue
OCDEN 7 Bxrouenne BCTpoeHHOTo 0JI0Ka OTIIAIKH 1
JTAGEN 6  Bruouenne JTAG-untepdeiica 0
SPIEN 5 PazpereHue nociae10BaTeNbHOM 3arpy3ku npo- 0

rpaMMBbl ¥ JAHHBIX
CKOPT 4  |Hactpoiika reHeparopa 1
EESAVE 3 3anpet crupanus ICII3Y komannoil crupanue 1
KpHUcTasia

BOOTSZ1 2 |BwiOop pazmepa 3arpy304HOro CeKTopa 0
BOOTSZ0 1 |Beibop pa3mepa 3arpy304HOro CEKTopa 0
BOOTRST 0  |Bribop BekTOpa cOpoca 1
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Taomuma 1.7

PacimmpenHslii KOHQUTypalMOHHbIH GaiT

O6o3nauenue | Paspsin Ha3znauenue Oura HcxonHoe 3HaueHne
M103C 1 [Pexxum coBmectumoctu ¢ ATmegal03 0
WDTON 0  |AxTuBHM3aLUs CTOPOKEBOIO TaliMepa 1

butsl CKSELO... CKSEL3 coBmecTtHO ¢ 6utom CKOPT onpenensitor pexumsl
CUHXPOHHU3ALMK MHUKPOKOHTpOJIIEpAa (TUI MCTOYHMKA TAKTOBBIX MMIYJIBCOB U HUX
yactoTy). butet SUTO u SUT1 3anar0T 1BOMYHBINA KOJI, 3HAYEHUE KOTOPOTO OIpe/ie-
JSIET BPEMEHHYIO 33JIEPKKY MPH IyCKe MUKPOKOHTpoJuIiepa (1in nocie GopMupoBa-
Husa curHana RESET). Dta BpemenHas 3anepkka HeoOXoauMa Jjisi TOTrO, YTOObI HE
JOMYCTUTh PabOTy MHUKPOKOHTPOJIJIEpA MPHU €llle HEyCTAaHOBUBLICHCS 4acTOTE CUH-
xpoumnyiibcoB. Ucxoannie 3HaueHuss SUT1 u SUTO cooTBETCTBYIOT BBIOOPY MaKCH-
MaJbHOTO BpeMeHU pecTapra. Ha3HaueHune ocTajibHBIX KOH(PUIYpallMOHHBIX OUTOB
OyJIeT MOHSATHO TOCTE PACCMOTPEHUs (PYHKITMOHAIBHBIX OJIOKOB, HA pabOTy KOTOPBIX
BJIUSIIOT JJAHHBIE OUTHI.

Kondurypamumonnsie OUTHI, TakkKe KaKk W MPUKIAAHBIC MPOTPaAMMBbI, OOBIYHO
3aMKUCBIBAIOTCS («IIPOLIMBAIOTCS») B MAMITh MUKPOKOHTPOJIJIEPA C MOMOIIBIO MOCE-
noBarenbHOro uHTEpQeiica SPI. Paspemenne unu 3amper mocineaoBaTeaIbHOrO MPo-
IrpaMMHPOBaHUs ¢ moMouIbio SPI ocymiecTBiIsieTcs: ¢ TOMOLIBIO KOH(PUTYPALMOHHOTO
outa SPIEN. B ucxomanom cocrosiuum 3ToT Out 3anporpammupoBan (SPIEN = 0), To
€CTh MOCJIEI0BATEIBHOE NPOrpaMMHUPOBAHUE pa3pelieHo. Eciau W3MEeHUTh 3HaYEHUE
3TOro OuTa Ha JIOT.l, TO mociea0BaTeNbHOE MPOrPaMMUPOBAHNE Oy/IET 3aIlpelieHo,
YTO CEpbE3HO OCIOXKHUT PaboTy ¢ MUKPOKOHTposiepoM. UTOObI Takasi CUTyalusl He
BO3HHUKAaJIa, n3MeHeHnue 3HaueHus oura SPIEN ¢ moMoiipio mocienoBaTeIbHOro UH-
tepdeiica SPI cnenano HEBO3MOXKHBIM.

Kpome koHpurypanmonssix 0utoB B AVR-MUKpOKOHTpOIEpax UMEIOTCS Ou-
ToI 3amuThl (Lock Bits) m 6utel 3ammTe 3arpy3ounoro cexkropa (Boot lock bit), mpe-
JOTBPAILLIAIOIINE HECAHKIIMOHUPOBAHHBIM JOCTYN K MaMsATH MHUKPOKOHTPOJIIEpA.
KoMOuHanuu 3tux OUTOB ONPENENsOT pa3InyHble PEKUMBI 3aIUThI (DIAII-IAMSITH U
OCIII3Y. B ucxoqHOM COCTOSIHUU 3TU OUTHI HE 3alpOrpaMMHUPOBAHBI, TO €CTh HU-
KAKOM 3aIlIUTHI HET.

1.4. llopThl BBOAA/BHIBOAA

[TopTel BBOA/BBIBOMIA CIYKAT JJIsi 0OMeHa MH(OpMaIuen MeXy MUKPOKOH-
TPOJUIEPOM U BHEUIHUMU yCTpokcTBamMHu. B mukpokxoHTpomiepax ATmegal28 ume-
eTcsl  IeCTh  8-pa3pAOHBIX  JBYHAINPABICHHBIX  MOPTOB  BBOJA/BBHIBOJA
(PORTA...PORTF) u onun 5-pa3psausiii AsyHanpasieHHbld nopT PORTG. B3au-
MOJIECTBUE C KaXXJIbIM M3 BBIBOJOB JIO0OOr0 MOpTa OCYIIECTBISAETCS MOCPEACTBOM
Tpex peructpoB: peructpoMm nanHbix (peructpel PORTA...PORTG), peructpom
HanpasieHus naHHbix (peructpsl DDRA...DDRG) u peructpoM coCTOSIHUSI BXO/I0B
nopta (peructpsl PINA...PING).
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CrpykTypHas cxeMa OTAEIBHOrO BbIBOAA Mopra Pxn mokasaHa Ha puc. 1.6
(31ech ke mpuBeeHa U paciiudpoBKa YIPABISIOMKUX CUTHAIOB). Uepe3 «x» 0003Ha-
yeHo ums nopta (x = A, B...G), a uepe3 «n» — HoMep BbIBoja nopta (n = 0, 1...7).
Bce BbiBOABI (paspsiibl) peructpoB AaHHbIXx PORTXn u peructpoB HampaBiieHUS
naHHeix DDXn nporpaMMHO JOCTYITHBI Kak JIJIsl 3aIIMCH, TaK W JJIsl YTeHus. Pa3pssl
nopta PINXn 10CTyITHBI TOJIBKO JJISI YTCHUS.
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Puc. 1.6. CtpykrypHas cxema OTIelIbHOr0 BeIBO1a opta Pxn

Peructpsel HanpaBieHUs! JaHHBIX MMO3BOJISIOT HACTPAUBATh OTICJIBHBIE PA3PSIAbI
MIOPTOB BBOJIa/BbIBOA MO0 Ha BX0J (yrpasistoniuii outr DDxn B coctostHuu jior.0),
160 Ha BeIXO (ympasisoniuii 6ut DDxn B coctosauu Jior.1). Eciu mopt mim ero
OTJICJIbHBIC Pa3psibl HACTPOEHBI HA BBIXOJI, TO 3alUCh B KaKOW-IMOO pa3psj mopra
JIOTUYECKOW €IMHUILIBI WX HYJIS MEPEBOAUT COOTBETCTBYIOIIMK BBIBOJ| IOPTA B BbI-
COKO€ WM HHU3KOE COCTOSHHME. OJTa WH(OpMamus XpaHUTCS B 3alleikax IopTa
PORTxn. Ona ocraeTcsi HCM3MEHHON BHE 3aBUCHMOCTH OT M3MEHCHHMH (PU3NIECKOTO
COCTOSIHMSA BbIBOJA IopTa Pxn.

UreHue oTAeNbHBIX pa3psAl0B PETUCTPOB COCTOSHUS BX0M0B nopra PINxn mo-
3BOJISIET ONPEACIUTh (PU3NUECKOE COCTOSAHUE OTJIENbHBIX BBIBOJOB MOpPTOB Pxn.
Brixonnbie Oydepsl MOPTOB BBOJ1a/BhIBOIa 00E€CIIEUUBAIOT BTEKAIOIIUMA TOK A0 40 MA,
YTO BIIOJIHE JOCTATOYHO Il HEMOCPEICTBEHHOrO YIPABJICHUS Pa3IUYHOIO Pojaa
BHEIIHUMH YCTPOWCTBAMM, HAIPUMEP, UHAUMKATOpamMU. BaXHO OTMETUTH, YTO BCE
BBIBOJIBI TIOPTOB MMEIOT BCTPOCHHBIE HArpy304Hble (MOATATHBAIOIINE) Pe3UCTOPhI Rn.
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OHM aBTOMAaTHMYECKHU TMOJKIIOYAKOTCS K IIMHE MUTAaHUS B CIy4ae, €Cl JIaHHbIN pa3-
psan nopta HacTpoeH Ha BxoJ (DDxn = 0), a B COOTBETCTBYIOLIUN pa3psii perucTpa
nanubix 3anucana jor.l (PORTxn = 1). Eciu cooTBeTCTBYIOMIMI BBIBOJ MOPTa MC-
NOJIB3YETCA KaK BXOJ M Ha HEM BHEIIHUM CUTHAJIOM YIEPKUBAETCSl HU3KHI YPOBEHbD,
TO TMOATATUBAIOIIUNA PE3UCTOp obecneyrBaeT HEOOXOAMMbIA BTEKAIOUUH TOK.
OTKJIIOYUTH OAHOBPEMEHHO BCE MOATITHBAIOIINE PE3UCTOPHI Y BCEX MOPTOB MOXKHO
3anuchio 6uta PUD B peructpe SFIOR (o ymomganuto PUD = 0).

Bce noptel kpome ob1iero HazHadeHus (BBOJI/BBIBOJ 1M (PpoBOiIT HH(DOpMAIUN)
CIIOCOOHBI BBHITIONHATH JOMOJHUTENbHBIE PYHKIMU. Tak BBIBOABI MOpTa A obecnieun-
BAIOT B3aMMOJECHUCTBUE C BHEIIHEW JOMOJHUTEIBHOW MNaMATBIO JTAHHBIX, & UMEHHO,
OHM MOTYT OBITh WCIIOJIb30BaHBI B KA4eCTBE IIMHBI apECca/JaHHBIX NJIsS BHEIIHEH
SRAM (muagmuii 6aiiT). JlonosHutensHas GyHKIMS IOpTa A BKIIFOYAETCA YCTaHOB-
kot outa SRE (pazpemenne Baemneir SRAM) B peructpe MCUCR, nipu 3TOM yc-
TAHOBKH PErucTpa HaIpaBJICHUS JAaHHBIX UTHOpUPYIOTCS. JlomoaHuUTenbHOU (PyHK-
nuelt nopta C siBNsieTCs BBIBOJL cTapiiero Oaiira anapeca BHemHed SRAM. AKkTuBuU3a-
ust ATOM (PYHKIMU ocylIecTBisieTcs ynpapisitomum outom SRE.

HomnonnutenbHol pyHkiuen nopra B sBnserca obecneuenne padoThl mocie-
noBarenbHOro mnepudepuiitnoro uaTepderica SPI u taiimepon/cueTunkoB. Bxiroue-
HUE BBIBOJOB MOpTa B /7151 BBINOMHEHUS TONOJHUTEIbHBIX (DYHKIINI POU3BOIUTCSA C
MIOMOIIEI0 COOTBETCTBYIOIIEH ycTaHOBKM OUTOB B peructpe naHHbix PORTB u pe-
ructpe Hanpasienus JaHHbXx DDRB. [lononaurensheie GyHkmmy nopta B npuBeneHbt
B Tabure 1.8. boiee moapoOHO oHU OyAyT ONMMCAHBI HUKE IIPU PACCMOTPEHUH pado-
ToI uHTEp(deiica SPI u TaliMepoB/CUETIHKOB.

Tabnuna 1.8
JlononaHuTeNnbHbIe (PYHKIMU BBIBOAOB HopTa B
Brisozet O06o3HaueHme JlononHHUTENbHBIE (DYHKITUH
nopTa
PBO SS Bxo BEIOOpa Be1OMOT0O
PB1 SCK TaxToBbIN curHai nocienoBareabHoil SPI mmHbI
PB2 MOSI YcTaHoBka Beayuii BbIxo/BeoMblit Bxoa SPI mmHbl
PB3 MISO YcranoBka Beaymuid Bxo1/BeAoMbii BbIxo 1 SPI muHbI
PB4 0Co Beixon kommaparopa u LLIUM-curnan raiimepa/cuerdnka 0
PB5 OC1A Beixon A xomnapartopa u HIMM-curnan taiimepa/cuetuunka 1
PB6 OCIB Brixon B komnaparopa u IIMM-curnan taiimepa/cuerdnka 1
PB7 oc2/ocic | Beixon komnaparopa u IIMM-curnan T%ﬁMepa/cquqHKa 2 WM BBI-
xoj C xomnaparopa u [IIMM-curnain taitmepa-cueruuka |

HomnonautenbHor QyHkiuen nmopra D sBnsercs obOecriedyeHue paboThl CUCTe-
MBI TIPEPBIBAHUN, TAWMEPOB/CUETYMKOB, JBYXITPOBOJHOTO IOCJIEAOBATEILHOTO HH-
tepderica TWI u yHUBEpCanbHOT0O CUHXPOHHO-aCHHXPOHHOTO MpUEMOIepeaaTunKa
USART. Bxitouenue BbIBOJIOB TopTa D A1 BBIMOJHEHUS TOMOJHUTEIBHBIX (PYHK-
OUH MPOU3BOJUTCS C MOMOILIBIO COOTBETCTBYIOIIEH YCTAHOBKH OHMTOB B PErUCTpE
nanabix PORTD u peructpe nanpasnenust fanasix DDRD. JlononaurensHbie (QyHK-
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uu nopta D npuBenensl B Tabsuie 1.9. bonee moapoOHO oHM OyayT OnMCaHbl HUKE
IPU pAaCCMOTPEHUH pabOThl COOTBETCTBYIOIINX OJIOKOB M CUCTEMbI ITPEPHIBAHUIA.

Tabnuna 1.9
JononnurensHble GYyHKIUH BBIBOAOB mopta D
Brsozs! O6o3HaueHNE JononHuTenbHbIe PYHKITUN

nopra

PDO INTO/SCL Bxon BuemrHero NpepLIBatuA 0 wiu CHHXpOHM3AIMS TOCIEI0Ba-
tenbpHOro nHTepherica TWI

PDI1 INT1/SDA Bxon BHEILHETO [PEPbIBAHUS 1 unu BBOJ/BBIBOJ JAHHBIX 4Yepe3 HUH-
tepderic TWI

PD2 INT2/RXD1 | Bxox BHemHero npepbiBanus 2 win Bxox npuemauka USART1

PD3 INT3/TXD1 | Bxox BHemHero npepsiBanus 3 uinu Beixo nepenatunka USART1

PD4 IC1 Bxon tpurrepa 3axBara ¢poHTa Taiimepa-cueTunka 1

PD5 XCK1 Buemnss cunxponuzanus USARTI

PD6 T1 Bxon cunxponusanuu taiiMepa-cueTdrka 1

PD7 T2 Bxon cunxpoHM3anuy TaiiMepa-cyeTuuka 2

JlononnutenpHOM (yHKIMen nopta E sBisercs obecrieueHne paboThl CUCTEMBI
MPEPHIBAHUM, a TAKKE AaHAJIOTOBOTO KOMIIAPATOPA U YHUBEPCAIBHOTO ACHHXPOHHOIO
npueMorniepenatunka UART. Bxirouenue BbIBOJIOB nopTa E 11 BBINOJHEHUS J1OTTOJ-
HUTEJIbHBIX (DYHKIUN TPOU3BOIUTCS C TOMOIIBIO0 COOTBETCTBYIOIIECH YCTAHOBKH OUTOB
B peructpe naHHeiXx PORTE u peructpe nanpasinenus nanasix DDRE. Jlononnurensb-
Heie pyHkiuu nopta E npusenenst B Tabnuie 1.10. bonee moapobHo onu OyayT onu-
CaHbl HUKE MPU PACCMOTPEHUH paOdOTHI KOMITapaTopa U MoCIeA0BaTeILHOTO MOpTa.

Tabmuma 1.10

JlononHurenbHble PyHKIMHU BEIBOJOB MopTa E

Brisozs! O6o3HaueHue JlonoauTeIbHBIC (YHKITUU
nopra

PEO PDI/RXDO Broa nporpaMmmupyembix JaHHBIX WM BeIBO pueMa USARTO
BriBo mporpaMmMupyeMbIX TaHHBIX HIIA BBIBOJ TIEpeIaTuynuKa

PE1 PDO/TXDO0O
USARTO

PE2 AINO/XCKO Hewnnseptupyromuii BXOJ| 2HAJIOrOBOr0 KOMIapaTopa Wik
BX0/JI/BbIX0J] BHelIHUM cuaxponusanuu USARTO

PE3 AINI/OC3A WNuBepTupyromnmii BXo1 2HAJIOrOBOTO KOMIIAPATOPa WK BbIXO]] A
komnaparopa u lIIMM-curnan taiiMepa-cueTuuka 3

PE4 INT4/0C3B Bxop BHEmHEro HPepBIBaHHH 4 v BbIXO B xOoMmapaTopa u
[INM-curHan TtaiiMepa-cyeTuuka 3

PE5 INT5/0C3C Bxop BHemHEro HPepBIBaHHH 5 i BeixoJ, C KkoMIaparopa u
[INM-curnan TtaiiMepa-cyeTuuka 3

PE6 INT6/T3 Bxon BHemiHero npepeiBaHus 6 WM BXOJ CUHXPOHHU3AIMH TaliMepa-
cyeTynka 3

PE7 INT7/IC3 B)fon BHEIIHETO MpepbIBaHus 7 WM BXOJ TPHUITepa 3axBaTa PpoHTa
TaliMepa-cueTuuka 3
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JononuurenbHoM (yHKIuend BbIBOAOB mnopta F (tabnuna 1.11) sBiusercs uc-
[0JIb30BaHUE UX B KayeCTBE BXOJOB aHAJIOrOBOI0 MYJIbTHUIUIEKCOPA, MOAKIIOYEHHO-
ro, B CBOIO ouepenib, K ALIIL. DTo mo3BosieT OCYyIECTBISTh aHATIOTO-LIU(PPOBOE Tpe-
o0pa3oBaHHE OJHOBPEMEHHO BOCHMH aHAJIOTOBBIX CUTHalioB. Kpome storo, dacrtb
BBIBOJIOB IOPTa UCTIOIb3yeTCs A1 padoTel JTAG-unTepdeiica.

Tabmuma 1.11
JonomHuTtesnbHble PyHKIUMKM BBIBOIOB mopTa F

Brisoze! O06o3HaueHme JlononHHUTENbHBIE (DYyHKIH
nopTa
PFO ADCO Bxon kanana 0 ALIIT
PF1 ADCI1 Bxon kanana 1 ALIIT
PF2 ADC2 Bxon kanana 2 ALII
PF3 ADC3 Bxop xanana 3 ALIII
PF4 ADC4/TCK | Bxon kanama 4 AL wiaun cuaxponusanus JTAG TectupoBaHus
PF5 ADCS/TMS | Bxon xanana 5 AL wiu Bei6op pexxuma JTAG TectupoBanus
PF6 ADC6/TDO | Bxon xanana 6 AL win BeiBoa nanubix npu JTAG TectupoBanuu
PF7 ADC7/TDI | Bxox kanana 7 ALIT unu BBoa nanubix npu JTAG tectupoBanuu

JlononHuTenbHbIe PYHKITMU BHIBOJOB TopTa G mpencraBiieHsbl B Tabmuie 1.12.
OHU UCTIONB3YIOTCS JIJIs1 OpTaHU3AIMK YTEHHUS/3aMMCH BO BHEIIIHIOO MaMSTh JTaHHBIX,
a TaKXke CIyXaT JJIsl MOJIKJIF0YEHHUS 4YaCOBOTO KBAPIIEBOTO PE30HATOPA, YTO MO3BOJIS-
€T peain30BaTh B MUKPOKOHTPOJUIEPE YaChl PEaibHOTO BPEMEHH.

Tabmuua 1.12
JlononaurtenpHbIe (YHKIIUU BBIBOJOB nopta G

BRIBOMEL | (36 ravernme JlononHUTEIbHBIE QYHKIINN
nopra
PGO WR Ctpo0 3anucu BHEITHEW aMsATH
PG1 RD Ctpo0 uTeHus BHEIIHEH NaMsATH
PG2 ALE Paspemenne ¢ukcanuu agpeca BHEIIHEH MaMSITH
PG3 TOSC2 ['enepaTop uacoB peaqbHOTr0 BpeMeHH TaliMepa-cuerynka 0
PG4 TOSCI ['eHepaTop 4acoB peasbHOTO BpeMEHH TaliMepa-cueTynka

1.5. Cucrema npepbiBaHnid U cOpoca

IIpepsiBanuem (Interrupt) npUMEHUTENIBHO K MUKPOKOHTPOJUIEPAM HA3bIBAETCS
IpeKpalieHHe BHIMOTHEHUS OOBIYHON pOorpaMMBbl (POHOBOM MPOTpaMMBI) 11O 3ampo-
Cy OT BHYTPEHHEro MepuepHitHOrO UM OT BHEIIHErO YCTPOHCTBA C OJHOBPEMEH-
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HBIM TEPEXO0JIOM K Mpoleaype oOciykuBaHusa npepbiBanud. [lonyuus 3ampoc npe-
pBIBaHUSl OT KaKOro-HUOYJb MCTOYHUKA (BHEIIHErO0 WJIM BHYTPEHHEr0) MUKpPOKOH-
TPOJUIEP JOJIKEH 3aKOHUYUTD BBIIOJIHEHUE TEKYIEH KOMaH b, paciin(ppoBaTh, 4TO 3a
VCTOYHUK BBI3BAJI ATOT 3aMpOC, a 3aTEM NEPENUTHU K COOTBETCTBYIOLIECH MPOLEIYPE
00pabOTKM TpepbIBaHUs, MPEABAPUTEIILHO COXPAHUB B CTEKE aJipec BO3Bpara B (¢o-
HOBYIO miporpammy. [lepexon k mpoienype o0paboTku nmpephiBaHUSI OCYIIECTBIISETCA
C TIOMOIIIBIO TaK Ha3bIBAEMbIX BEKTOPOB MPEPHIBAHUS, KOTOPbIE MPEJCTABIAIOT COOOH
3apaHee ONpeJesICHHbIe SYEHKU MaMATH C 3allMCaHHBIMM B HMX KOMaHJaMu Oe3yc-
JIOBHOTO Tepexojia 1o ajapecam, I XpaHATCs COOTBETCTBYIOIINE MpoLeaypsl oOpa-
OOTKM MpephIBaHUSI.

3anpoc npepbIBaHus COMPOBOXKIACTCS YCTAHOBKOM COOTBETCTBYIOIIETO (iara,
KOTOPBIA MTOJKEH CcOpachIBaThCsA ammapaTHO WM MPOrpaMMHO Tocie o0paboTku
JaHHOro npepeiBaHus. [Ipu BbIIONIHEHUH NpPOLEAYpPhl 00paOOTKU IpepbIBaHUS MO-
JKET IOCTYIUTh HOBBIM 3alIpOC OT APYroro MCTOYHMUKA MpepbIBaHUM. B aTOM ciyyae
nepes KOHTPOJIEPOM BCTaeT mpodiieMa BbIOOpa: MPOMTHOPUPOBATH BHOBBH IOCTY-
NUBILIKHI 3aMpoc, WIK MpepBaTh 00padOTKy paHee MOCTYNUBILIEro MPEepbIBaHUS U TIe-
peiTu Kk 00paboTKe HOBOTO, a 3aT€M 3aBEPIIMTh O0OpPabOTKY MEPBOTO MO BPEMEHU
npepbiBanus. BeiOop neicTBUS OCYIECTBISETCS HA OCHOBE aHAlIM3a IPUOPUTETA TIO-
CTYIUBILETO MPEPHIBAHKS — €CJIU OH BbILIE Y BHOBb MOCTYIHMBUIETO MIPEPHIBAHUSA, TO
ero o0padoTKa U OCYIIECTBIISIETCS B MEPBYIO ouepenb. Takum 00pa3oM, YpOBHH TIPH-
OpUTETOB, YCTAHOBJICHHBIE U1 Ka)JOr0 THUIA IPEpbhIBaHUsA, MPEAOTBPALIAOT BO3-
HUKHOBEHHE BO3MOXHBIX KOH(QJIMKTHBIX CUTYaLIUH.

Muxkpoxontpoiuiepsl ATmegal28 umeror 35 UCTOYHUKOB MPEphIBAaHUIN U COPO-
ca. KaxnoMy M3 HHMX COOTBETCTBYET CBOM BEKTOP B IMPOCTPAHCTBE MaMSITH IPO-
rpamM. {5 pa3penieHuss KOHKPETHOTO NMPEPBIBAHMS JOKEH ObITh YCTAHOBIJIEH COOT-
BETCTBYIOLIUIA OUT pa3pelenus, a Takxke out I B peructpe craryca SREG (6ut pas-
penieHus riaodaibHOro npepsiBanus). [lonHbli nepeyeHb BEKTOPOB MPEPbIBAaHUM, UX
azpeca B MaMsTH MPOrpaMM M HaMMEHOBaHuUs npuBeaeHbl B Tabauue 1.13. Pacnono-
’KEHUE BEKTOPOB B TAaOJIMIIE COOTBETCTBYET UX YPOBHSM mpuoputeta. IlpepbiBanus c
MJIAJIIMMU aJipecaMi UMEIOT OoubIuii ypoBeHb nmpuoputera. Hampumep, RESET

MMEET HAUBBICIIMNA YPOBEHB IIPUOPHUTETA.
Tabmuua 1.13
BexTops! mpepriBanuii u copoca

Homep Anpec Hcrounuk HaunmenoBanue
BEKTOpa
Buemnuit cOpoc, cOpoc mpu nmogaue NUTaHUS,
1 $0000 RESET cOpoC Mpu HEIOMYCTUMOM CHUKEHHUH NMUTAHUS,
cOpoc cTopokeBbIM TaiimepoM u copoc ot JTAG
2 $0002 INTO 3anpoc BHemHero npepsiBanus ()
3 $0004 INTI1 3anpoc BHELIHETO NpepblBaHus |
4 $0006 INT2 3anpoc BHEIIHETO NPepbIBAHUS 2
5 $0008 INT3 3anpoc BHEIIHETO MPephIBaHMs 3
6 $000A INT4 3anpoc BHEIIHETO NpepbiBaHus 4
7 $000C INTS 3anpoc BHEUTHETO MPEPHIBAHMS S
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Oxkonuanue Tadauusl 1.13

Homep Anpec HUcrounuk HaumenoBanue

BEKTOpa
8 $000E INT6 3anpoc BHEIIHETO NpepbIBAHUS 6
9 $0010 INT 7 3anpoc BHEIIHErO MpephIBaHus 7
10 $0012 TIMER2 COMP | CoBnagenue OCR2 ¢ TCNT2 B T/C 2
11 $0014 TIMER2 OVF [lepenonnenue T/C 2
12 $0016 TIMER1 CAPT CpabarsiBanue 610ka 3axBata B T/C 1
13 $0018 TIMER1 COMPA | CoBnagenue OCR1IA ¢ TCNTI B T/C 1
14 $001A | TIMERI COMPB | CoBmagenne OCRIB ¢ TCNT1 B T/C 1
15 $001C TIMER]1 OVF [epenoanenue T/C 1
16 $001E TIMERO COMP | CoBnagenne OCR0O ¢ TCNTO B T/C 0
17 $0020 TIMERO OVF [epenonnenue T/C 0
18 40022 SPI, STS Oxkonuanue nepecbliku SPI
19 $0024 USARTO0, RX Oxonuanue npuema USARTO
20 $0026 USARTO, UDRE | Peructp nanusix USARTO myct
21 $0028 USARTO, TX Oxonuanue nepegaun USARTO
22 $002A ADC Oxonuanue onepauuu npeodpazosanust AL
23 $002C EE READY I'otoBHocth EEPROM
24 $002E ANALOG COMP | CpabaTbiBaHuE aHAJIOTOBOTO KOMIIApaTopa
25 $0030 TIMER1 COMPC | Conagenne OCRIC c TCNT1 B T/C 1
26 $0032 TIMER3 CAPT CpabarsiBanue 610ka 3axBata B T/C 3
27 $0034 TIMER3 COMPA | Conagenue OCR1A ¢ TCNT3 B T/C 3
28 $0036 TIMER3 COMPB | Conanenne OCR1B ¢ TCNT3 B T/C 3
29 $0038 TIMER3 COMPC | CoBnanenne OCR1C ¢ TCNT3 B T/C 3
30 $003A TIMER3 OVF [lepenonnenue T/C 3
31 $003C USARTI1, RX Oxonuanue nprema USART1
32 $003E USARTI1, UDRE | Peructp nanusix USARTI myct
33 $0040 USARTI, TX Oxonuanue nepenaun USART1
34 $0042 TWI 3anpoc npepbiBanus or TWI
35 $0044 SPM READY ['0TOBHOCTB 3amKCH B IaMATh IPOrpaMMm

Curnan BHemnrHero copoca GpopmMupyercst mpu MOCTYIVICHUH HA BHEIIHUH BbI-
Boj curHasia RESET (aktuBHbIM ypoBeHb — HuU3kuid). IIpu stom curnan RESET
JOJDKEH YIEP)KUBAThCS HA HU3KOM YPOBHE B TEUEHHME BPEMEHH, HE MEHEE JIBYX TaK-
TOBBIX LIMKJIOB KBapleBOro pe3oHatopa. CurHanm cOpoca MO BKIIOUEHHUIO MUTAHUS
dopmupyeTcs py BKIIOYEHUN MUTAHUS, KaK TOJIBKO HAaNMpspKeHHE VCC TOCTUTHET Ofl-
peaenenHoro 3Hadenus (2,0 = 0,2 B). Curnan cOpoca 1mo CTOpPOKEBOMY TaillMepy
(popMupyeTcsi, Kak TOJbKO HCTEKAaeT MEPHOJl CTOPOXKEBOrO TaliMepa INpHU YCIOBHH,
4TO paboTa CTOPOKEBOro Talmepa paspeuieHa. J[Ba nepBeIX UCTOUHHUKA cOpoca, Bbl-
3BaB IEpe3alyCK MUKPOKOHTPOJUIEpPA, YCTAaHABJIMBAIOT COOTBETCTBYMOIME (jaru B
peructpe ctatryca MCUCSR: ¢nar Braemnero copoca EXTRF u dnar BxmroueHus
nutanusi PORF.

Kak cnenyer u3 tabiuusl 1.14, HCTOUHMKN NPEpbIBaHUS MOTYT OBITH pa3HBbIE.
D10 MOryT OBITh NIEpU(EPUITHBIE YCTPOICTBA MUKPOKOHTPOJIIEPA, & UMEHHO, Taiime-
pol/cuetunku T/C, yHUBEpcalbHBIE CHUHXPOHHO/aCHUHXPOHHBIE MPHEMONEPEIATINKH

29



USART, nocnenoBatensHbiii nepudepuiinbiii uatepdeiic SPI, ananoro-mudposoit
npeoOpa3oBaTesb, aHAJIOTOBBIM KOoMMIapaTop W psj Apyrux. B MHUKpoKoOHTposuiepe
MMEIOTCSl 8 BHEIIHUX MPEPHIBAHUM, KOTOPbIE T€HEPUPYIOTCS MPU ONPEACICHHBIX U3-
MeHeHUsX HanpsikeHus: Ha BbiBojax INTO...INT7. 3anpocsl BHELIHETO MPEPhIBAHUSA
MOTYT T€HEpHUpOBAThCS IO MAJAIOEMy WIM HapacTawolieMmy (QpoHTy, a Takxke IO
HU3KOMY JIOTHYECKOMY ypoBHIO. [Ipu 3TOM OHM OyIyT reHepupoBaThCs Jaxe B CIy-
yae, ecyiv IuHUU INTO...INT7 HacTpoeHbI Kak BBIXO/IbI.

YcnoBus TeHepanuy 3anpoca OnpeessioTCsl OUTaMu B PETUCTPax yIpaBIICHUS
BHenmHUMU TipepbiBanusiMu EICRA u EICRB (tabnuuet 1.14 u 1.15). Ecau BeiOpa-
HO TMPEPHIBAHKE M0 HU3KOMY YPOBHIO, TO JUISI TEHEPAIMH MPEPHIBAHUS HEOOXOIUMO,
YTOOBI ATOT YPOBEHb OCTABAJICA HA MPEXKHEM HHU3KOM YPOBHE JO MOMEHTA 3aBepllie-
HUS BBITIOJHEHUS TeKylerd HHCTpyKuuu. [locie paspenmienns npepeiBaHus MO YpOB-
HIO OHO OyJIeT r€HepUpPOBATHCS HEMPEPHIBHO A0 TEX IOpP, MOKA HA BXOJE MPUCYTCT-
BY€T HU3KHUW YPOBEHb.

Ta0muma 1.14
Peructp A ynpasnenus BHemiHuMH npepsiBanusimMu EICRA

bur CumBon Mwms u Ha3HaUYEHHE
7 ISC31 butsl ynpaBieHus ONO3HABAaHWEM BHEUIHUX IIPEPBIBAHUNA C HYJIEBOTO IIO
6 ISC30 tpetuil. buter ISCx1 u ISCx0 ¢popmupyroT 1BOMYHBIN KOJ, KOTOPBIH OII-
5 ISC21 penernsieT TUIl CUrHajla, KOTOPbI criocoOeH BBI3BATh 3alpOC MPEPhIBAHMUS.
4 ISC20 Tun curnana onpenensieTcs COrjlacCHO CXeMe:
3 ISC11 ISCx1=0 ISCx0=0  mpepbIBaHHE r€eHEPUPYETCA HU3KUM YPOBHEM;
2 ISC10 ISCx1=0 ISCx0=1 3ape3epBUPOBAHO;
1 ISCO1 ISCx1=1 ISCx0=0  renepupyercs magaromuM GpoHTOM;
0 ISC00 ISCx1=1 ISCx0=1 TeHEePHUPYETCs HapacTaromuM (ppoHTOM.

IIpumevanune. CuMBoI X npuHuMaeT 3HaueHus 3,2, 1 u 0.

Tabmuua 1.15
Peructp B ynpasnenus BHeminumu npepsisanuamu EICRB

but CumBou WMst 1 Ha3HaUeHHE

7 ISC71 buTel ynpaBieHus OMo3HaBaHUEM BHEITHUX MPEPHIBAHUNA C YETBEPTO-

6 ISC70 ro no ceapbmoit. buter ISCx1 u ISCx0 hopMupytoT 1BOMUHBINA KOA, KO-

5 ISCé61 TOPBIN OMpENeNsIeT THUIl CUTHAIA, KOTOPBIA CIIOCOOCH BBI3BATH 3aIPOC

4 ISC60 npepbiBaHus. THUII CUTHAA ONPENESIETCS COITIaCHO CXeMe:

3 ISC51 ISCx1=0 ISCx0=0 mnpepbIBaHUE T€HEPUPYETCS HU3KUM YPOBHEM;

2 ISC50 ISCx1=0 ISCx0=1 reHnepupyercs mnpu Jito0OOM U3MEHEHUU YPOBHS;

1 ISC41 ISCx1=1 ISCx0=0 renepupyercs maaarmmmM GpOHTOM;

0 ISC40 ISCx1=1 ISCx0=1 reHepupyeTcs HapaCTAOIUM (PPOHTOM.
IIpumeuyanue. CUMBOJI X IPUHUMAET 3Ha4YeHus 7, 6, S u 4.

s onpenenenust ¢poHToB Ha BhIBoAax INT4...INT7 ocymiecTBisieTcs: BbI-
O0opka ux cocrosHuid. Eciam BbIOpaHO mpeppiBaHWe 1O (POHTY WU HW3MEHEHUIO
YPOBHSI, TO IpEpbIBaHUE OyJAET CTeHEPUPOBAHO, €CJIM HAa BXOJI€ MOSIBISETCS UMITYIIhC,
JUTUTEILHOCTh KOTOPOro OOJIbIlIE OJHOTO Nepuoaa cuHXpoHuzaiuu. [Ipu nelictBuun
Ha BXxojie 00Jiee KOPOTKUX UMITYJIbCOB I'eHepallus IPephIBaHUSI HE TapaHTUPYETCS.
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Kpowme peructpos ynpasnenuss EICRA u EICRB Ha paboTy cuCTEMBI IpEphI-
BAHMI OKA3bIBA€T BIMWSHHE PEruCTp Macok BHemHux npepeiBannid EIMSK u pe-
ructp ¢uaroB BHemHuX npepeiBanuil EIFR. Hasznauenune 6utos perucrpa EIMSK
npeacTtasieHo B Tabnuie 1.16. B 6utax perucrpa EIFR npu Bo3HUKHOBEHHUH COOT-
BETCTBYIOILIMX 3alIPOCOB Ha MPEPHIBAHMS YCTAaHABIMBAIOTCS (PJIard BHEIIHUX MPEPHI-
BaHuii INTFO...INTF7. ®naru ouumiaroTcsi anmapaTHO Cpa3y IOCJ€ BBINOJHEHUS
npoueaypbl 00paboTKu MpepbiBaHus. AJBTEPHATUBHO (jiar MOXKET ObITh COpOIIeH

IPOTrpaMMHO ITyTEM 3aIlUCH JIOT. 1 B COOTBETCTBYIOIINN OWT.
Tabnuna 1.16
Peructp macok BHemHux npepsiBanuii EIMSK

bur CumBon WM v Ha3HaYeHUE

7 INT7 butel pa3pemenns BHEUTHUX NpepbiBaHuiid. [Ipy ycTaHOBKE TH000T0 MX HUX
6 INT6 B COCTOSTHUE JIOT.] U YCTAaHOBJIEHHOM OHUTE II00AIbHOTO pa3pelieHus mpe-
5 INTS peiBanmii (6ut I B peructpe cratyca SREG) mnpepbiBaHus pa3peniaroTcs.
4 INT4 Tun curHanoB Ha BBIBOJAX MUKPOKOHTPOJIJIEPA, IPU KOTOPBIX T€HEPUPYET-
3 INT3 Csl 3alpOC Ha MpEpbIBaHUE, ONPEIEISIETCS COJEPKUMBIM PETUCTPA yIpaB-
2 INT2 JICHUS.

1 INT1

0 INTO

BaxxHo moyepkHyTh, YTO IPU BO3ZHUKHOBEHUU 3alpoca Ha MpepbiBaHue ¢uiar
YCTaHABIIMBAETCA BCETNA, @ CaMO NPEPBIBAHKE, BBI3BIBAIOIIEE IIPUOCTAHOBKY BBIIOJI-
HEeHUs1 (POHOBOM MPOrpaMMBbI B TIEPEXO0J1 Ha MPOIEAYPY 00pabOTKH MpephIBaHUs, BO3-
HUKAET TOJIbKO MPHU YCJIOBHH, YTO COOTBETCTBYroUMM Outom B peructpe EIMSK
JTAHHOE NPEPBIBAHUE PA3PEIICHO. DTO OTHOCHUTCS HE TOJIBKO K BHEUIHUM IPEPHIBAHU-
SM, HO U K JPYTUM MPEPHIBAaHUAM, CBSI3aHHBIM C PabO0TOil mepudepuitHbIX yCTPOHCTB
MUKPOKOHTPOJIIEPA.

1.6. Ilepugepuiinbie ycTpoiicTBa

1.6.1. TaiiMmepbl/cHeTYNKH

Taiimeppl/cueTYMKN B MUKPOKOHTpPOJUIEpaX MpeAHa3HAuYeHbl JJii TOYHOTO 3a-
JaHWsI BPEMEHHBIX WHTEPBAJIOB M M3MEPEHUS BPEMEHHBIX XapaKTePUCTUK HUMITYJIbC-
HBIX CHUTHAJIOB, MOCTYMHAIOUIMX HA BXOJbl MUKPOKOHTPOJUIEpPA, & TAKXKE JJIsi FeHepa-
[IUHM TIPSIMOYTOJIBHBIX UMITYJIHCOB C BO3MOKHOCTBIO UX IMPOTHO-UMITYJIBCHON MOJTY-
asund.  MukpokonTtposiepsl  ATmegal28  ocHamieHsl YeThIpbMS — TauMepa-
MU/cUeTYnKaMu 00111ero HazHaueHus — 1ByMs 8-paspsaabiMu (T/CO u T/C2) u nBymst
16-paszpsanubiM (T/C1 u T/C3). Taiimep/cuerunk T/CO B pomojHeHHE K OOBIYHOMY
PEXKUMY MOXET TaKTUPOBATHCS UMITYJIbCAMH C YAaCTOTOW CJIEJOBAHMS, 3a/7aBacMOil
BHEIIIHUM pe30HaTopoM. B 3ToM cityyae k BbiBojgaM Mukpokontposiepa TOSCI u
TOSC2 00bIYHO MOJKIIIOYAIOT KBAPIEBBIM pe3oHaTop Ha 32 k11, 4TO MO3BOJSET HC-
nosib3oBaTh T/CO B KauecTBe 4aCOB peaTbHOTO BPEMEHHU.

bonee mmpoxo ucnonbsidytorcs 16-paspsanbie TaliMepsl/cdeTdynku. Pacecmor-
pum paboty Ttaiimepa/cuetunka T/C1 (T/C3 ¢ynxkunonupyer anamorudso). OyHk-
muoHanbHast cxema T/C1 mpuBenena Ha puc. 1.7. Comepxkumoe peructpa TCNTI1
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YBEJIMYMUBAETCS HA €AMHULY (MHKPEMEHTUPYETCS) P KaKIOM MOCTYIJIEHUH Ha €ro
BXOJl OT OJIOKa yrmpaBJi€HHUs TaKTHUPYIOUIEro uUMItyjibca. [Ipy HEKOTOphIX pexumax
paboTbl BO3MOXXEH M OOpAaTHBI OTCYET, MPU KOTOPOM COJEPKHUMOE pPerucrpa
TCNT1 npu KaXJI0M TakTe IEKPEMEHTUPYETCA Ha €IUHUIY. HacToTa TaKTUPYHOLIUX
MMITYJIbCOB PaBHA YaCTOTE€ CUHXPOHU3ALWHA MUKPOKOHTPOJUIEpPA, IEJICHHOW Ha Ipo-
IrpaMMHO 3a7laBaeMblii KO3(pPuiueHT (MUHUMAabHOE 3HAY€HUE paBHO 1, MakcUMaJb-
Hoe — 1024). Taitmep/cueTYuK MOXKET TAKTUPOBATHCA M BHEITHUMHU UMITYJIHCAMHU, TIO-
cTymnarmoumumu ¢ BeiBoga T1.

Pabora Talimepa/cueTdrka opraHm3oBaHa cliieayrommuM obdpazom. [Ipu paspe-
meHHoil pabore T/C1 mporcxoauT HENpepbIBHOE CPAaBHEHUE COJIEP)KUMOI0 PETUCTPA
TCNT1 co 3nauenunem peructpoB cpaBHeHuss OCR1A, OCR1B wm OCRI1C, B ko-
TOPbIE MOXHO 3aIKCcaTh JIr000e AByXx0OaiTHOE uncio. B ciayuyae pasencrBa TCNT1 u
kakoro-mu6o OCRI1x (x = A, B, C) B cneuunansnom peructpe TIFR (Ha cxeme He
NOKa3aH) yCTaHaBIMBAaeTCsl cooTBeTcTBYromuUi (nar cpaBHenus OCFIx. Ecnu npu
3TOM Pa3pellIeHO MpepbIBaHUE, TO NMapajjIeIbHO C YCTaHOBKOW (uiara popmupyercs
3ampoc Ha MpepbIBaHUE, MPU KOTOPOM BBIIIOJIHEHHE CIIEAYIOUIEro omneparopa mpo-
rpaMMbl MPUOCTAHABIMBAETCS U YNPABJICHUE NEPEAACTCS NPOrPAMMHOMY MOJYIIIO,
ocyuIeCTBIsoIEMy 00padoTKy nanHoro npepbiBanus. @nar OCF1x aBromatnyecku
cOpacbIBaeTcs mociie Hayana oO0pabOTKW NpepbIBaHUA. AJBTEPHATUBHO €0 MOKHO
cOpOCHUTD MTPOrPAMMHO, €CJIH 3alKiCcaTh B HEro JIOT. 1.

Takum 00pa3oM, U3MEHss COAEPKUMOE PETUCTPOB CPABHEHMS U YACTOTY TakK-
TUPOBAaHUS TalkMepa, MOXKHO 3aJaBaTh PA3JIMYHBIE BPEMEHHbIE WHTEpPBAJIbl, MUHU-
MaJbHOE 3HAaYEHUE KOTOPHIX PABHO MEPUOAY CJIECAOBAHUS TAKTUPYIOLINUX UMITYJIbCOB.
Mo>xHO Takke BapbHpOBaTh JUIUTEIBLHOCTh U MEPHUO/] CIICJOBAHUS UMITYJILCOB, (op-
MHUPYEMBIX Ha COOTBETCTBYIOLIMX BBIBOJAX MUKPOKOHTPOJUIEPA, T.€. OCYILIECTBIIATH
UX MHUPOTHO-UMITYJIbCHYIO0 Moaymsiiuio. s T/C1 stu IIMM-ummynbcsl popmupy-
fotcst Ha BeiBogax OClx (x = A, B, C).

Taiimep-cueTunK coAep>KUT OJOK 3aXBaTa, KOTOPBIA 3alIOMUHAET COCTOSHHE
peructpa TCNT1 npu BOZHUKHOBEHHH BHEIIHETO COOBITHS, TEM CaMbIM OIpEess
BpEMSI €ro BOBHUKHOBEHHUA. B kadecTBe COOBITHS MOXKET BBHICTyNaTh U3MEHEHHE JIO-
TUYECKOTO0 YPOBHSI CUTHala OT BHEIIHETO MCTOYHHKA, MOJKIOYEHHOIO K BBIBOIY
ICx. ns T/C1 anbprepHaTHBHO B KaueCTBE MCTOYHHMKA BHEUIHETO COOBITHUS MOXKET
UCIIOJIb30BAThCSl aHANOTOBBIN KommapaTop (st T/C3 31a BO3MOXKXHOCTH OTCYTCTBY-
eT). [Ipu Bo3HUKHOBEHUM COOBITUS 16-pa3psHOE 3HAYECHUE COACPKUMOTO TaiMmepa
TCNT1 nomemraercs B peructp 3axBata ICR1 u ycranaBmuBaetcs (iar 3axBara
ICF1. Ecan paspemieHo npepblBaHrE MO 3aXBaTy COOBITHA, TO MapayjIebHO C yCTa-
HOBKOM (prara popmupyercs 3anpoc Ha npepsiBanue. @mar ICF1 cOpaceiBaeTcs aB-
TOMAaTUYECKU IpHU IEpexoJ]e Ha BEKTOp mpepbiBaHusA. AnprepHaTuBHO (piar [CFnl
cOpachIBaeTCs MPOrpaMMHO, €CJIH 3amucath B Hero Jior. 1. biok 3axBara moxer uc-
[0JIb30BAThCS JJI1 BBIYMCIEHUS YacTOThI, CKBAXXHOCTH MMITYJIbCOB U APYrUX MHapa-
METPOB BHEIIHUX UMITYJIbCHBIX CUTHAJIOB.
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Puc. 1.7. ®ynkumnonanbsHast cxema 16-pa3psiiHoro Taiimepa cuerynka T/C1

Pa6oroit T/C1 ynpasnsitor Tpu peructpa ynpasienuss TCCR1A, TCCR1B u
TCCRIC. OHu omnpenensioT pexuMbl paboTbl TeHepaTtopa, (POPMUPYIOIIETO HM-
NyJIbChl C IMIMPOTHO-UMITYJIBCHON MOIYJISIIIMEH, 3aJal0T TaKTOBYIO YacTOTYy TaiiMme-
pa/cuerunka, BeplIMHY cuera (BepxHee mpeienbHoe 3HaueHue peructpa TCNTI,
IpU TOCTUKEHUH KOTOPOrO HA CIEAYIOLIEM TaKTEe €ro 3HaU€HUE CTAHOBUTCS PABHBIM
HYJII0) U T.J. B KauecTBe BeplIMHBI cU€Ta MOTYT BBICTYNIAaTh (PUKCUPOBAHHbIE 3HAYeE-

Hust 0x00FF, 0x01FF, 0x03FF unu conepxumoe peructpoB OCRI1A win ICR1.

CuMBoOIMUECKHE UMEHA U (bYHKHI/IOHaJILHOC HAa3HAYCHHUC YIIPABJIAOIINX OUTOB

3TUX PETUCTPOB MpuBeAcHBI B Tabmmax 1.17, 1.18 u 1.19.
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Tabmuua 1.17
Peructp ynpasnenus TCCR1A

bur CumBou Wwmst 1 Ha3HAYeHUE
7 COMI1A1 | burer COMIx1 u COM1x0 (x = A, B, C) onpenensioT xapakTep CHUTHaja
6 COMI1AO | BbIBOJA, CIEIYIOIIETO 3a COBNaAeHUueM pu cpaBHeHuu T/Cl1:
5 COMIB1 [0 0 - curramel OC1X OTKIIOYEHEI;
4 COMIBO |0 1 - mnepekito4eHuUE;
3 COMICI |1 0 - cobpoc B cocrosiaue jor.0;
2 COMICO |1 1 - ycraHOBKa B COCTOSIHHME JIOT. 1.
1 WGMI11 | butet WGMI1 1 WGM10 npennasHadeHsl 711 YCTAHOBKH PEXUMOB pa-
0 WGMI10 | 6otsl Taiimepa/cuetunka T/C1 (cm. Tabmumy 1.20).
Tabnuma 1.18
Peructp ynpasnenus TCCR1B
bur CumBoi WNwms m Ha3HaueHue
7 ICNC1 VYcraHoBKa pexxuma nojaBieHus ryMa Ha Bxoze 3axBata. [Ipu ICNC1=0
(GYHKIMS TOJaBIIEHUs LIyMa 3alpelieHa — BXOJ 3aXBaTa MEepeKI0vaeTcs
10 MEPBOMY HapacTaromeMy/crafammemMy (GpoHTY CHUTHaIA, MOCTYIUB-
miero Ha BeiBoA IC1. IIpu ICNCI1=1 BbinonHsAIOTCS 4 MOCIE10BATEIbHbIX
ompoca coctosiHus BeiBosa IC1 u u1st peanu3ammy 3axBaTta Bce BBIOOPKH
JOJIKHBI UIMETh OJIMHAKOBBIHN (BBICOKUI/HU3KUI) YPOBEHB, ONPEAEsEMbIN
outom ICESI.
6 ICESI Br16op nerektupyemoro ¢gponra Ha Bxoae 3axBata. [Ipu ICES1=0 3axBar
MPOU3BOIUTCS 1O TajarmmeMy ¢QpoHTy curHama Ha Bxojae IC1, mpum
ICES1=1 3axBaT no HapacratomemMy (GppoHTy CUTHaa.
5 - But 5 3ape3epBUpOBaH.
4 WGMI3 | Buter WGM13 1 WGM 12 npenHasHaueHsl [ yCTAHOBKH PEXKHUMOB pa-
3 WGMI2 | Gorer Taitmepa/cuerunka T/C1 (cM. Tabmuiy 1.20).
2 CS12 buter CS12, CS11 u CS10 dopmupyroT JBOUYHBIN KOJ, ONpeAesSomnui
1 CSl11 TaKTOBYIO 4acToTy Taiimepa/cuerunka T/C1 (cm. Tabmumy 1.21).
0 CS10
Tabnuna 1.19
Peructp ynpasnenns TCCR1C
but CumBou Nwmst u Ha3HAYeHUE
7 FOCIA | FOCIA, FOCI1B u FOCI1C sBnstorcs 6uTaMu NpUHYIUTENbHON yCTaHOB-
6 FOCI1B KM pe3yJibTata cpaBHeHus i kaHana A, B u C. CTaHOBSTCS aKTUBHBIMU,
5 FOCI1C korna ¢ nomomsto 6ut WGMx3..0 BeiOpan pexum 6e3 LINM.

OcrtanpHble OUTHI 3ape3ePBUPOBAHBI

butet WGMI10 u WGMI11 B peructpe TCCRI1A coBmecTHO ¢ OuTamu

WGMI12 u WGMI13 B peructpe TCCRI1B nipegnazHaueHsl sl yCTAHOBKU PEXKU-
MOB pa0oThI TaliMepa/cueTdrka. [loa pexxumom paboThl MOHUMAETCS AJITOPUTM CUETa
U TIOBEJCHHE CBA3aHHOIO C HHUM BbIXOAa (OPMHUPOBATENS HMMITYJIbCOB (BBIBOJBI
OCl1x). B MUKpPOKOHTpOJIIIEPE pEATM30BAHBI CAEAYIOIINE PEKUMA padOThl: HOPMaJlb-
HeIid, cOpoc nipu coBnageHuu (CTC), ovicTpoit IIINM, a takxe HIUM ¢ da3oBoit u
yactoTHOM Koppekuuen (IIINM ¢ ®K u IHUM ¢ ®YK). OrnnuurenbHbie 0COOEHHO-
CTH BCE€X 3TUX PEKUMOB IpeAcTaBieHbl B Tadnuie 1.20.
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Taomuma 1.20
Pexumsbl pabotsl Taiimepa/cuetunka T/C1

Homep Pexxum pa- | Bepxuuii | OOHOBIIEHME YcraHoBKa
pexu- | WGMI13 | WGMI12 | WGMI11 | WGMI0 P P dumara
ootel T/C1 rpeen OCRI1x
Ma TOVI ua:
0 0 0 0 0 Hopwane- | pppp | cpasymocne |\ pe
HBII 3aIlACH
8-pazp. Ha BEpIIUHE | HUXKHEM
! 0 0 0 ! 1M ®OK 0xOOFF cuera npenene
9-pasp. Ha BEpIIMHE | HIKHEM
2 0 0 ! 0 1M ®OK OxOTFF cuera npejene
10-pa3p. Ha BEpPIIUHE | HHUXKHEM
3 0 0 ! ! T1M ®K 0xO3FF cyera npeaene
4 0 1 0 0 CTC OCRIA | PBYHOUIC | \iagc
3aIIACH
8-pasp. Ha BEPILIMHE | BEPIIUHE
5 0 1 0 1 ObIcTpas 0x00FF p p
LLIM cuera cuera
9-pasp. Ha BEPIINH BEPILIUH
6 0 1 1 0 ObIcTpas 0x01FF N © °p ©
LIIVM cuera cyera
10-pasp. Ha BEPIIUHE | BEPIINHE
7 0 1 1 1 6rictpas | 0xO3FF P P
LIIVIM cuera cuera
8 1 0 0 0 MM ®UK | ICR1 | M@ HWKHEM | HIDKHEM
npejerne npejerne
9 1 0 0 1 [[IUM ®YK | OCRIA | & FHAHCM | HIDKHOM
npeaene npezene
10 1 0 1 0 [[IUM ®K | ICR1 | '@ PBCPHMHE | HIKHeM
cuera npejerne
11 1 0 1 1 [[IUM ®K | OCRIA | f1@PBCPIMHE | HIKHCM
cuera npezene
12 1 1 0 0 CTC ICR1 | SPBYTIOCIC | yiakcC
3aIlACH
13 1 1 0 1 (pe3eps) - — -
Brictpas HA BEpUIVHE | BEPIIMHE
14 1 1 1 0 0V ICRI cyera cyera
BeicTpast Ha BEpIIHHE | BEpIIUHE
15 1 I I 1 1M OCRI1A cyera cueTra

B nopmansnom pexxume (WGMI1 = 0b0000) cyetunk paboTaeT Kak CyMMHUPYIO-
i (MHKPEMEHTUPYIOIINI ), TIPY 9TOM cOPOC cUeT4rKa He BhinoHsercs. [lepenonnenue
CUYETUMKA MPOUCXOJUT IPH MEPEXoJie Yepe3 MaKCUMalibHOe 16-pa3psAHOe 3HAUYECHUE
(OxFFFF) x nmwxuemy mnpegeny cueta (0x0000). B HopmanbHOM pexkume paOOThI
¢ar nepenonnenus taitmepa/cuerunka TOV1 OyneT ycTaHOBIIEH Ha TOM K€ TaKTe
cuaxponuzanuu, korna TCNT1 npumer HyneBoe 3HaAYECHUE.

B pexxume CTC (Homepa pexxumoB 4 u 12) peructp OCR1x ucnons3yercs s
3alaHus paspemaroniei cnocodnoctu cuerunka. Eciou 3agan pexum CTC u 3Haye-
Hue cuetynka TCNT1 coBnanaer co 3HaueHueM peructpa OCRI1xX, To cueTyuk 00-
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nynsgercs (TCNT1=0). Takum o6pa3zom, OCRIX 3a1aeT BepIIMHY CUETa CUETUUKA, U
€ro pa3pelarilyo CioCOOHOCTb.

Pexxum OpicTpoit LHUM (Homepa pexxumoB 5, 6, 7, 14 u 15) npeaHaznayeH s
renepaunu [HIMM-umIirysibCOB NOBBIIIEHHON YacTOThI. B OTIMUME OT APYrux pexu-
MOB pa0OThl B HEM MCIOJIb3YeTCS OJHOHAIpaBiieHHas paborta cueryuka. Cuer BbI-
IIOJIHSIETCS B HAIIPABJICHUM OT HUXKHETO K BEpXHEMY mpeneiy cuera. Eciau 3anaH He-
MHBEPTHUPYIOIIHI pexuM Bbixoga, To npu coBnageHun TCNT1 u OCRIx BbIBOJ
OCl1x ycranaBnuBaeTcs B JIOT.1, a Ha BepXHeM mpefene cuera copacsiBaetcs B Jor.(.
Ecnu 3aman unBeptupytronmit pexxuM, 1o Beixosr OC1x cOpaceiBaeTCsi pu COBIIae-
HUU W yCTaHABJIMBAETCS HA BEPXHEM IIpe/elie cYeTa. 3a CYET OJHOHAIIPaBICHHOCTH
cyera, paboyas 4yacToTa JUisl JaHHOTO PEKHUMa B JIBA pa3a BbILIE IO CPABHEHUIO C pe-
xumoM [IIUM c ¢a3oBoil KOppEKIHE, Tie UCTIOIB3YETCS IBYHAIPABICHHBIN CUET.

PexxuM mupoTHO-UMITYJIBCHOW MOAyJsAnuu ¢ ¢$a3oBOW Koppeknuen (Homepa
pexumoB 1, 2, 10 u 11) npennasnauen ansa renepanuu [IMM-curnana ¢ dazoBoit
KOPpPEKIMEN U BBICOKOM paspemtatonieil cnocodHocTsio. Pexxum HINUM ¢ ®K ocHo-
BaH Ha JBYHaNpaBJIEeHHON paboTe Taiimepa/cuerynka. CUeTYUK UMUKIMYECKH BBINOJ-
HSET CUeT B HampaBlieHHH oT HuxkHero npenaena (0x0000) k BepxHeMy, a 3aTeM 00-
pPaTHO OT BEPXHEro mpejaesa K HKHEMY. EciM 3a1aH HEMHBEPTUPYIOIIMI PEXUM
BbIX0J1a (hopMHUpOBATENs UMITYJIbCOB, TO Bhixoa OCIx cOpacbiBaeTcs (MM yCTaHaB-
muBaercs) npu coBnajgennu 3HadyeHuid TCNT1 u OCRI1x Bo BpeMms mnpsMoro (uiu
oOparHoro) cuera. Eciu 3aaH MHBEPTUPYIOIIMNA PEXHUM BBIX0J1a, TO, HAOOOPOT, BO
BpeMsl IPSIMOT'0 CUYETa MPOUCXOIUT YCTAaHOBKA, @ BO BpeMs 00paTHOro — cOpOC BBIXO-
na OClx. Pexum MM ¢ @YK B ocHOBHOM aHasiornueH pexumy UM ¢ OK.
OCHOBHOE OTIMYHE COCTOUT B MOMeHTe 0OHOBeHHs peructpa OCR1x.

YcranoBku 6utr COMI1x0 u COM1x1 B peructpe TCCRI1A oka3pIiBaOT pas-
JMYHOE BJIMSIHUE B 3aBUCUMOCTH OT BBIOPAHHOI'O pekuMa padoTsl. OOmuUM J1s BCex
PEXKUMOB PaOOTHI SIBISETCS HE BBIIOJIHEHHE KaKUX-1100 aercTBuid ¢ BeiBojgoM OCIx
IpY BOZHUKHOBEHUU COBIAJIEHUS, €CIIM 00a 3THX OWTa paBHbI HyN0. B pexxumax 6e3
MM (nopmansaoMm uiu CTC) mpu COM1x1=0 u COM1x0=1 npoucxoaut mnepe-
kmoueHue (naBeptupoBanue) BeiBoga OCIx. [Tpu COM1x1=1 u COM1x0=0 BbIBOS
OCl1x copaceiBaercs B jor.0. [Ipy COM1x1=1 u COM1x0=1 BeiBog OC1x ycraHnag-
JIMBAeTCs B JIOT. 1.

Ecnu ycranosnen pexxkum Owictpoit ILHIMM u COM1x1=0 u COMI1x0=1, To
UIsl pexxuMa ¢ Homepom 15 mpoucxoaut nuBeptupoBanue BoiBoga OClA npu cos-
nanennn, a BeiBogsl OC1B u OCI1C otkimrodeHsl. [ Bcex APYyrux peKUMOB OBICT-
poit IIUM (nomepa 5, 6, 7 u 14) BeiBogsl OC1A, OC1B u OCI1C otkitouenst. [Ipu
COMI1x1=1 u COM1x0=0 BeiBog OCIlx cOpacsiBaercs B Jior.0 npu COBINAJECHUU U
ycra"aBiuBaeTcs B jor.l Ha BepmmHe cuera. [Ipy COM1x1=1 u COM1x0=1 BbIBOA
OCl1x ycranaBnuBaeTcs B Jior.1 npu coBnaseHuu u copaceiBaeTcs B jor.0 Ha BepIIy-
HE cuera.

Ecnu ycranosnens! pexxumbl [HITUM ¢ ©K u WM ¢ ®YK (Homepa 9 wnu 11)
u COMIx1=0 u COM1x0=1, To nmpoucxonur naBeptupoBanue Boisoga OCIA npu
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coBrnagenny, a BbIBOJBI OCIB u OCIC orkmouensl. i1 Bcex IPyTruX peKUMOB
IINM ¢ ®K u [IINUM ¢ ®UK BriBogbI OCIA, OC1B 1 OC1C OTKIHOYEHHI.

Baxxno ormeruts, uto popmupoBanue LIMM-umnynscoB Ha BeiBogax OClx
BO3MOXHO TOJIbKO MpPH YCTAaHOBKE COOTBETCTBYIOIIMUX NWMHUN mopra (auHuu PBS,
PB6 u PB7) Ha BbIXoa. DTO 03HA4aeT, YTO B perucTpe HarpaniieHus naHHbIXx DDRB
COOTBETCTBYIOIIHNE OUTHI HEOOXOJUMO YCTAHOBUTh B COCTOSIHHE JIOT. 1.

butet CS12, CS11 u CS10 B peructpe TCCR1B (opmupyroT 1BOMUHBIN KO/,
OTIPEENSIONUN TAKTOBYIO 4acTOTy TaiiMmepa/cuetunka. [Ipu CS=0b110 u Ob111 tak-
tupoBanue T/C1 ocyIiecTBIseTCsS OT BHEIIHETO UCTOYHUKA (cM. Tabmuiy 1.21).

Tabmuma 1.21
Br16op yacToTsl TakTHpoBaHuA Taiimepa/cuetunka T/C1

CS12 | CS11 | CS10 Onucanue
0 0 0 Her cunxponusanuu. Taitmep-
CYETYHMK OCTAHOBJICH.
0 0 1 clkl/O/1 (6e3 nmpenaenenus)
0 1 0 clkl/O /8 (¢ npennenenuem Ha 8)
0 1 1 clkl/O/64 (c npennenenuem Ha 64)

clkl/O/256 (c mpennenenrem Ha 256)
clkl/O/1024 (c npennenenunem na 1024)

TakTupoBaHue OT BHEITHETO UCTOY-
1 1 0 HHKa ¢ BbIBOJA Tn. CUHXpOHU3ALMS
0 majaonemMy GpoHTy.
TakTupoBaHue OT BHEIIHETO UCTOU-
1 1 1 HUKa ¢ BeIBoJa Tn. CuHXpOHU3AIUS
110 HapacTawemMy QpoHTy.

—
)
— | O

B pexxumax renepamuu ummnyinbcoB 0e3 HIMM B dhopmupoBarene uMITyIbCOB
pe3yJibTaT CPaBHEHHSI MOKET OBITh YCTAHOBJIEH HEIOCPEICTBEHHO uepe3 OUT MpHUHY-
JUTEIBHOM YCTaHOBKM pe3yisibrara cpaBHeHus FOCIx B perucrpe ynpaBieHuUs
TCCRIC. IIpunyauTenbHas yCTaHOBKA pe3yJibTaTa CPAaBHEHHSI HE NMPUBOJUT K yC-
taHoBke (himara OCF1x unu cOpocy/mepesarpyske TaiiMepa, HO BIHMSIET Ha COCTOSTHHE
BbIBOIa OC1X, KOTOpHIN OyAeT ycTaHaBIMBATHCSA, COPAChIBATbCA WU MEPEKIIOYATh-
csl (MHBEPTUPOBATHCS ) B 3aBUCUMOCTH OT BbIOpaHHOU ycTaHOoBKH 6UT COM1X.

Kak yxe ormeuanoch, pyu BOSHUKHOBEHUH ONPENEIECHHBIX CUTYallUi, Hallpu-
Mep, npu coBnajgeHun cogepxkumoro perucrpa TCNT1 ¢ comepKUMbIM OJTHOTO U3
peructpoB cpaBHeHuss OCR1x (x = A, B, C), renepupyrorcst 3apochkl Ha MpephiBa-
HUSL U1 YCTaHABJIMBAIOTCS COOTBETCTBYIOIIME (uiard. OYHKIIMOHUPOBAHUE CUCTEMBI
IpephIBaHUN OT BCEX TaliMEPOB/CUETUMKOB OCYIIECTBISETCS C YYAaCTHEM JBYX pEru-
ctpoB Macok mpepbiBannii TIMSK u ETIMSK, a takxe nByx peructpos (iaros
TIFR u ETIFR. IMeHa u Ha3HaueHne OMTOB PETHCTPOB MACOK MIPEPHIBAHUN MPUBE-
neusl B Tabmunax 1.22 u 1.23.
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Taomuma 1.22

Peructp macok mpepsiBanuii Taitmepos/cuetunkoB TIMSK

bur | CumBon WMst 1 Ha3HaAUYeHHE
7 OCIE2 | Pa3pemenue npepsiBanus o conaaenuto T/C2. [Ipu ycraHoBiIeHHOM OHTE
OCIE2 u ycranoinennom oute I peructpa SREG pasperaercst npepbiBaHue
1o coBnaieHno coctostaus T/C2 1 coaep>KMMOro perucTpa CpaBHEHHS.
6 TOIE2 | Pa3pemenue npepbiBanus 1o nepenosinenuto T/C2.
5 TICIE1 | Paspemenue npepbiBanus 1o 3axsarty BeiBojga T/Cl.
4 OCIEIA | Paspewienue npepblBaHus 110 COBIAIECHUIO COAECPKUMOIO PETUCTPA CpPaBHE-
Hus A ¢ cocrostaueM T/C1.
3 OCIE1B | Pa3spenienue npepbiBaHus IO COBIAJCHHUIO COIEPKUMOIO PETUCTpa CpaBHE-
Hus B ¢ cocrostanem T/Cl1.
2 TOIE1 Paspermenue npepsiBanus no nepenosinenuto T/C1.
1 OCIEO | Pa3pemenue npepsIBaHHS 10 COBMAICHUIO peructpa cpasHenus ¢ T/CO.
0 TOIEO | Pa3pemenue npepsiBanus no nepenosinenuto T/CO.
Taobmuua 1.23
Pacmipennsiii peructp macok npepeiBanuii Taitmepo/cueTunkoB ETIMSK
bur | CumBon Mwms v Ha3HaueHne
7,6 - 3ape3epBUPOBAHBI
5 TICIE3 | Pa3pemienue npepsiBanus 1o 3axsary BoeiBoja T/C3.
4 OCIE3A | Pa3zpemienue nmpepblBaHUs IO COBHAJACHHUIO COAECPKUMOIO PErUCTpa CpaBHE-
HUs A ¢ coctosiauem T/C3.
3 OCIE3B | Pa3peuienue npeppiBaHus 10 COBIAJICHUIO COJIEPKUMOTO PETHCTpPA CpaBHE-
Hus B ¢ cocrosauem T/C3.
2 TOIE3 Paspemenue npepriBanus no nepenonnenuto T/C3.
1 OCIE3C | Pa3zpemnienue npepbsiBaHuUs 1O COBIAJICHUIO COJIEPKUMOTO PETHCTpPA CpaBHE-
Hus C ¢ cocrostauem T/C3.
0 OCIE1C | Pa3penienue npepbiBaHUsl IO COBIIAJICHUIO COJIEPKUMOI0 PETUCTpa CpaBHE-

aus C ¢ cocrosgauem T/C1.

B peructpax ¢uaros npepeiBanuii no taiimepam/cueryrikam TIFR u TIFR yc-

TaHABJIMBAIOTCS (pJIaru 3ampocOB pa3pelieHHBIX MpephIBAHUN OT BCEX TalMe-
poB/cueTunKOB. MiMeHa 1 Ha3HaueHue 3TUX OMTOB MPUBEICHHI B Tabiunax 1.24 u 1.25.

Taomuma 1.24

Peructp ¢dnaros npepsiBanuii Taiimepon/cuetunkoB TIFR

bur CumBon | Ims u Ha3HaueHue

7 OCF2 ®mnar coBnagenus T/C2 u peructpa OCR2.

6 TOV2 @nar nepenonnenus T/C2.

5 ICF1 ®mnar 3axBara BeiBojia T/C1. ®dnar curHAIM3UPYET O TOM, YTO COACPKUMOE
T/C1 nepecnano Bo BxojaHo# peructp 3axBata ICR1.

4 OCFIA | ®nar 1A coBmanenus Beixoaa. diar CUTHAIM3UPYET O TOM, YTO COJICPKH-
moe peructpa OCRI1A cosnaino ¢ conepxumbiv T/C1.

3 OCF1B ®nar 1B coBnaaenus Boixoga. dnar CUrHAIM3UPYET O TOM, UTO COAECPIKH-
moe peructpa OCR1B cosnao ¢ conepxxumbim T/C1.

2 TOV1 ®nar nepenonnenust T/C1. @nar curHaau3upyeT O MEPETOTHEHUU COMEp-
sxumoro T/C1.

1 OCFO0 ®mnar cosnagenus T/CO u peructpa OCRO.

0 TOVO @nar nepenoanenus T/CO.
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Taomuma 1.25

Pacmmpennsiii peructp aaros npepriBanuii Taiimepon/cuetunkoB ETIFR

bur | Cumpon Mwms u Ha3HaUYEHUE

7 - 3ape3epBUPOBAHO

6 - 3ape3epBUPOBAHO

5 ICF3 @nar 3axBara BeiBoAa T/C3. ®nar cUrHaJu3upyeT O TOM, YTO COJIEPKUMOE
T/C3 nmepecnano Bo BxoaHo# peructp 3axBara ICR3.

4 OCF3A | ®gar 3A coBnagenus Bbixoga. drar CUTHaIM3UPYET O TOM, YTO COJEPIKHU-
Mmoe peructpa OCR3A coBmasio ¢ comepxxkumbim T/C3.

3 OCF3B | ®nar 3B coBnagenus Beixona. dnar curHaau3upyer o TOM, YTO COJEPKU-
moe peructpa OCR3B cornano ¢ cogepxumbim T/C3.

2 TOV3 Omnar nepenonnenus T/C3. dnar cUTHATU3UPYET O MEPETIOTHEHUU COJEP-
xumoro T/C3.

1 OCF3C | ®@nar 3C coBnagenus Beixona. dnar curHaau3upyer o TOM, YTO COJEPKU-
moe peructpa OCR3C cornano ¢ coaepxumbim T/C3.

0 OCF1C | ®@nar 1C coBnagenus Beixona. dnar curHaau3upyer o TOM, YTO COIEPKU-
moe peructpa OCR1C cornano ¢ cogepxumbim T/C1.

OTKJIMK Ha BBITIOJTHEHUE BCEX Pa3pPECIICHHBIX MPEPHIBAHUIN COCTABIISIET MUHHU-
MyM YEThIpE TAKTOBBIX LHMKJIA. B TeueHHe 4yeThIpeX TAaKTOBBIX ITUKJIOB IOCJE yCTa-
HOBKM (py1ara MpephIBaHUS BBIMOJIHSAETCS MEPEXOJ] MO aapecy BEKTOpa MpepbIBAHUS
JUTSI BBITIOJTHEHUS TOIIPOrpaMMbl 00pabOTKU MpepbiBaHus. B TeueHne 3Tux 4eThipex
IIUKJIOB COJIEP)KMMOE cUeTurka KomaHj (2 Oaiita) OIycKaeTcs B CTEK U yKa3aTellb
CTeKa JeKpeMeHTUpyeTcs Ha 2. BekTop ykas3pIBaeT mepexoji B MOANporpaMmy odpa-
OOTKM MPEPBIBAHMS U ITOT MEPEX0]l 3aHUMAET TPU TaKTOBBIX Iukia. Eciou npepwiBa-
HUE BO3HUKAET BO BPEMS BBIMOJIHEHUS MHOTOIIMKIOBOM KOMAaHJbI, TO KOMaHAa 3a-
BEpIIaeTCs /10 Havaja o0CTyKUBaHUS TIPEPHIBAHUA.

BosBpar u3 moxamporpammbel 00pabOTKHM MpepbiBaHUS (KaK U BBI30B CaMOM
MOANPOTPAMMBI) 3aHUMAET YETHIPE TAKTOBBIX IHKJIA. B TeUeHHWE ATHX YEThIpeX
[IUKJIOB COCTOSIHME CUETUMKA KoMaH] (2 0aiiTa) U3BJIEKAeTCs U3 CTEKa U yKa3aTellb
CTeKa MHKpeMeHTupyetrcs Ha 2. Korma MUKpPOKOHTpOJUIEp BBIXOJIUT U3 IpEphbIBa-
HUsI, OH BCErjJa BO3BpallaeTCsi B OCHOBHYIO MPOTPAMMY M BBIMIOJHSIET €IIe
OJIHY KOMaHJy MpEeXJe, 4eM HadaTh OOCIYyXHUBAHHE KAKOr0-IU0O OTJIOKEHHOIO
IpEepHIBAHHUS.

Jlns nmpepblBaHUM, 3aMyCKaeMbIX CTaTHYECKUMH COOBITHSMH (HAIpUMep,
IpU COBMHAJEHUM COAEPXKUMOro peructpa cpaBHeHus 1A c¢ cocrosHuem T/Cl)
¢drnar npepbiBaHUs yCTaHABIMBAETCS B MOMEHT HacTyrieHus: coObitusi. Ecnu duar
OYMINECH, HO YCJIOBHUS BO3HMKHOBEHHUS MPEPHIBAHUS MPOJIOKAIOT CYIIECTBOBATh,
daar He OyaeT yCTaHaBIMBATHCS JIO0 T€X IMOpP, MOKA 3TO COOBITHE HE HACTYMUT
BHOBbL. Bce (uiarm aBTOMaTmyecku cOpachiBalOTCS MPHU MEPEXOJe Ha COOTBETCT-
BYIOIIMI BEKTOP MpephIBaHUsI. AJBTEPHATUBHO (DJIaru MOKHO COPOCUTH ITyTEM 3a-
MACHU B HUX JIOT. 1.
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1.6.2. Anajoro-uugposoii npeodpa3oBareib

MukpokonTtposnepsl  ATmegal28 ocHamensl 10-pa3psaHelM  aHAJIOrO-
nu(poBBIM ITpeoOpa3zoBaTEIEM IMOCIEN0BATEILHOTIO MPUOIMKEHHSI, KOTOPbIA HMEET
CIEAYIOUINE TEXHUYECKUE XaPAKTEPUCTUKHU:

e pa3pemenue — 10 pa3psios;

® a0COJIOTHAS MOTPELTHOCTD — 2 €IMHULIBI MIIAJILIET0 pa3psiaa;

e Bpems mpeoOpazoBanus — 65...260 MKc;

e 8 MyJIbTUIUIEKCUPYEMBIX OJHOMOJSPHBIX KAHAJIOB BX0/1a;

e 7 mudpepeHnnanbHbIX BXOAHBIX KaHAJOB,;

e 2 mudpepeHnnanbHbIX BXOAHBIX KaHaja ¢ ycuiaeHueM Ha 10 u 200;

® BXOJIHOE€ COMPOTUBJIEHUE aHAJIOroBOr0 BXoaa — 100 MOw;

® HAaJIM4YME BHYTPEHHETO MCTOYHUKA OITIOPHOrO HaIpshKeHus 2,56 B;

® PEKUMBI [IUKIMYECKOTO U OJTHOKPATHOTO MPeoOpa3oBaHus;

e popmupoBanue npepsiBanus IRQ no 3aBepieHunto npeodpazoBaHus;

® YCTPOMCTBO MOJABICHUS IIIyMOB B pexxume Sleep.

ALII noxcoenuHeH K 8-KaHaIbHOMY AHAJIOTOBOMY MYJIBTHILUIEKCOPY, MO3BO-
JSIOIEMY MCIOJIB30BaTh JI000HM BBIBOJ MopTa F B KadecTBE aHAIOrOBOrO BXOja
ALIIL. ALIT comepxut yctpoiictBo BeiOOopku u xpanenus (YBX), yaepxxusarormiee
BxonHoe Hampspkenue ALl Bo Bpemsi mpeoOpa3zoBaHMsi HA HEM3MEHHOM YpPOBHE.
Hna nutanuss ALl ucnonw3yrorest aBa otnaenbHbIX BbiBoJa: AVCC u AGND.
Hanpsokenne AVCC He IOMKHO OTAMYAThCA OT HAIPSDIKEHHS MUTAHWS MUKPOKOH-
Tposuiepa Vee 6onee yem Ha 0,3 B. BeiBom AGND MokeT OBITh MOAKITIOUEH K 00TIeH
muHe GND. Braemnee HanpsbxkeHne cpaBHeHus nojgaercsa Ha BeiBo AREF u noimkHO
obITh B nuanaszone ot 0 10 AVCC. B kauecTBe BHYTPEHHETO ONOPHOIO HAMPSKEHUS
MOXET BBICTYIaTh HamnpsbkeHne or BHyTpeHHero MOH Ha 2.56 B wnu HamnpsbkeHue
AVCC. Ecnu tpebyercst ucnosib3zopanue BHemHero MOH, To on gomxeH ObITh MOJ-
kiroueH K BoiBOAYy AREF ¢ mojkitoueHrneM K 3TOMY BBIBOJY OJOKHPOBOYHOTO KOH-
J€HCcaTopa AJIsl YIy4YLICHHs IIIyMOBBIX XapaKTEPUCTHK.

OynkiuonansHasa cxema ALIT npencrasiena Ha puc. 1.8. @yHKIIMOHUPOBAHUE
ANII obecneunBatoT Tpu peructpa: peructp nanusix ADC, peructp BpiOOpa MyJib-
turiekcopa ADMUX u peructp A ynpasienus u ctatryca ADCSRA. Peructp nan-
HbiXx ADC no cymectBy coctouT u3 aByx peructpoB ADCL u ADCH, B koTOpbIX
XPpaHATCS] MIAQIINKN U cTapmuid 6aiiTel 10-pa3psgHOro pesynbTaTa npeodpa3oBaHus,
npuueM B ADCH uncnonb3ytorces TOApKO Ba Miaamux paspsga. [Ipu padore B nuk-
JMYECKOM PEXHMME YTEHUE pe3ysbTara mpeoOpa3oBaHHs HEOOXOJUMO HAYUHATH C
miaamiero Oaiita. Peructp BeiOopa mynsTumuiekcopa ADMUX npeacrapnsier coboi
8-pa3psAHbIA PErUCTp, B TPEX MIAAIIUX pa3psaaax KOTOPOTO yCTaHABIMBAIOTCS OUTHI
MUX2, MUXI1 u MUXO0, onpenensironige IBOMYHBIN KOJI HOMEpPA MCIOJIb3yEMOIO
KaHaja MyJbTHIUIEKCOpa. B peructpe A ymnpasinenusa u cratryca ADCSRA ycranas-
JMBAIOTCST YIPABISIIONIME OUTHI, TO3BOJISIIONIUME M3MEHATH pekuMbl padotsl ALIIL.
Nmena u Haznauenust 6utoB B peructpax ADCSRA u ADMUX mnpuBeneHsl B Ta0-
mnax 1.26 u 1.27.
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Puc. 1.8. ®ynkimonanpHas cxeMa aHaJloro-Iu@poBoro npeodpazoBaTens

AHanoro-uugpoBoii npeoOpazoBaresb MOXKET padoTaTh B JABYX pPeXHUMax: pe-
KUME OJHOKPATHOTO MpPeoOpa3oBaHUs M PEXUME aBTOMATUYECKOTO Iepe3ammycka
(pe’xuMe IUKINYeCcKoro mpeodpa3oBanusi). B mepBoM ciydae kaxaoe mpeoOpa3oBa-
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HUE MHUIMUPYETCs NoJib3oBaTesneM, Bo BTopoM — ALl ocyiecTBisier BBIOOPKY U
OOHOBJIEHUE COAECPKUMOI0 PErucTpa JAHHBIX HENpepbIBHO. BhIOOp pexuma mpous-
Boautcst outom ADFR peructpa ADCSRA. Pabora ALIII pa3pemiaercs ycTaHOBKOM
oura ADEN B cocrosinue jor.1. Ileppomy npeoOpazoBaHuI0, HAUUHAKOLIEMYCS T10CIIE
pazpewmenuss ALII, npenmecTByeT mycroe MHMLMAIU3UpPYHOLIEE IpeoOpa3oBaHuE.
IToaTromy mepBoe npeobGpa3oBaHue OyAeT 3aHUMaTh 27 TAKTOBBIX ILUKJIOB BMECTO
OOBbIYHBIX 14.

Tabnuna 1.26
Peructp ynpasnenus u cocroaausi ADCSRA

bur

CumMBoOII

IMs 1 Ha3zHauenue

S =N

ADEN

ADSC

ADFR

ADIF

ADIE

ADPS2
ADPS1
ADPSO

Paspemenne ALIL Ilpu ycranoBke Outa B cocTosiHue Jjor.l pa3permaercs
pabora ALIL

3anyck npeodpazoBanus ALIl. Ycranoska 6uta B jor.l MHUIUUPYET MPO-
1ecc aHanoro-mudposoro npeodpazoBanud. 1o 3aBepiienun npeodpasopa-
Hus 6ut ADSC cobpaceiBaercs B nor.0. B pexxume ogquHOYHOTO TIpeoOpaszo-
BaHUs YCTaHOBKa OWTa B JIOT.] MHUIIMHPYET CTapT KakJIoro mpeobpa3oBa-
Hus. [lo 3aBepmennn npeodpaszoanus 6ut ADSC copacwiBaercs B Jjor.0.
B pexxuMe aBTOMaTHYECKOro Iepe3amycka YCTaHOBKOW 3TOro Ourta MHH-
LUUPYETCS TOJIBKO MEepBOe MpeoOpa3zoBaHue, a BCE OCTAJIbHbIEC BBIOIHSIOT-
Cs1 aBTOMaTUYECKHU.

Bri6op pexuma aBromatuueckoro nepesamycka AL ITpu ADFR =1 ALII
Oyzaer paboTaTh B HUKIMYECKOM PEXUME, T.€. BBIOOPKU U 0OpalIeHus K pe-
TUCTpaM JaHHBIX MPOUCXOIAT OJIHO 3a ApyruM. OuncTka OUTa nmpekpamaer
LUKIUYECKUN PEXKUM.

®nar npepeiBanus ALIL. YcranaBnuBaeTrcs B jior.l mo 3aBepuieHud mpe-
o0pa3oBaHMs IpHU YCJIOBUHM, YTO JIAaHHOE IpepbiBaHue paspemieHo. dmar
ADIF cOpaceiBaeTcsi anmapaTHO MPU NEPEXOAe Ha COOTBETCTBYIOIINN BEK-
Top npepbiBanus. AnbrepHaTtuBHO ¢uiar ADIF cOpacbeiBaercs myTem 3anucu
B HEro Jior. 1.

Paspemenne npepeiBanust, eciiu ADIE = 1 (npu ycnoBuu, 4T0 yCTaHOBIICH
out I B peructpe SREG). 3anpet npepoiBanus, eciau ADIE = 0.

Bribop koadduuuenToB mpeasaputenbHoro neneHus. butst ADPS2,
ADPSI1 u ADPSO onpenensitor 8 cryneneit nenenus dactotel XTAL (2, 2,
4,8, 16,32, 64, 128)

Tabmuua 1.27
Peructp ynpasnenus mynstumiekcopom ADMUX

bur

CuMBoII

HNms 1 HazHaUyeHHE

J

REFSI1
REFS0

butet REFS1 u REFSO ompeznenstor BbIOOp MCTOYHHMKA OMOPHOIO Ha-
MPSDKEHUS COTTIACHO CXEME:

REFS1=0 REFS0=0
REFS1=0 REFS0=1

AREF, Baytpennuit UOH otkimroueH

AVCC ¢ BHEIIHUM KOHAEHCATOPOM Ha
BeiBosie AREF

3ape3epBUPOBAHO

Buyrtpennnii UOH c nanpsixenuem 2.56 B

C BHEIIHUM KOHJeHcaTopoM Ha BbiBoae AREF

REFS1=1 REFS0=0
REFS1=1 REFS0=1
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OxoHuanue Tadmune 1.27

but CumBoJ Nms m Ha3HayeHue

5 ADLAR | but ynpaBneHus: npeacTaBiIeHHEM pe3yibTaTa mnpeobpazoBanus. Ecim
ADLAR = 1, To pe3ynbTar npeoOpa3oBaHus OyIeT UMETh JEBOCTOPOH-
Hui opmat (BelpaBHUBaHHE ciieBa), pu ADLAR = 0 ¢opmar mpaso-
CTOPOHHMH (BBIPABHUBAHUE CIIPABA).
MUX4 | butet MUX4... MUXO0 dhopMupyIOT TBOUYHBIN KO, OTPEISISIOMINNA BbI-
MUX3 | 6op xaHana MyJpTHILIEKCOpa U KodpduuuenTa ycuienus. Jlanusie OUThI
MUX2 ONPEACIISIIOT, KakKhue M3 aHAJOTOBBIX BXOJOB moakirovaroTcs k ALLL
MUX1 | Kpome Toro, ¢ ux mOMOIIbI0 MOXXHO BbIOpaTh KO3()(DUIMEHT yCUIIeHUs
MUXO0 | nna nmuddepeHnmanbHpIX KaHAJIOB

S =N W A

Kanan ananoroBoro BBoaa u kackaj quddepeHInanbHOro yCHIeHUsT BRIOUpa-
forcs myteM 3amucu out MUXO0..MUX4 B peructpe ADMUX. B kauectBe ogHOIIO-
asipaoro ananoroBoro Bxoga ALl moker ObITh BBIOpaH OJWH U3 BXOJAOB
ADCO...ADC7, a taxxxe GND u BbIX0J (PMKCHPOBAHHOI'O UCTOYHHKA OMOPHOIO Ha-
npspkenus 1,22 B. B pexume auddepenumanbHOro BBoga nNpeaycMoTpeHa BO3MOXK-
HOCTh BBIOOpAa MHBEPTUPYIOIIMX U HEMHBEPTUPYIOLIMX BXOJOB K AU(depeHua b-
HOMY ycunutento. Eciin BbiOpaH audQepeHnnanbHbli pesKuM aHaJIor0BOTO BBOJA, TO
I epeHInanbHblil yCUIINTENNb OyJIeT YCHUIMBATh Pa3HOCTh HANPSIKEHUN MEXITY
BbIOpaHHOM Napoi BXOJO0B Ha 3a/laHHbIM KO3 (PULIMEHT ycuiieHus. Y CUJICHHOE TaKUM
o0Opa3oM 3HaueHue nmocTymnaer Ha aHajnoroBblii Bxoq ALIl. Eciu BeiGupaercs ogHo-
HOJIAPHBIN PEXUM aHAJIOrOBOr0 BBOJAA, TO KACKaJl YCUJIEHUS MPOITyCKaeTCs.

HenocpeactsenHo cam mpoliiecc npeoOpa3oBaHusi HAUWHAETCS C YCTAHOBKH B
cocrosinue Jyior.l Ourta Hadana npeobpazoBanust ADSC. DToT OUT HAXOIUTCS B CO-
CTOSIHMHM JIOT.] B T€YEHHUE BCEro IMKJa MpeoOpa3oBaHUs U cOpAchIBAECTCS aIlapaTHO
10 3aBeplleHuH NpeoOpazoBanus. Eciau B mpouecce BBINOJHEHUs MpeoOpa3oBaHUs
BBIIIOJIHAETCA CMEHA KaHayla MyJbTHILIEKcopa, TO ALIIl BHauane 3akKOHUYUT TeKyllee
npeoOpa3oBaHUE U JIMILb TOTOM BBIIIOJIHUT MEPEX0]T K IPYroMy KaHally.

Amnanoro-uudpoBoii npeodpazoaresib oTHocuTcs K ALIT mociaegoBaTeabHOrO
npubamxKeHus: U padoraer ¢ TakroBoil yacrotoir ot 50 1o 200 kI'u. B pexxume nuk-
JMYECKOTro IpeoOpazoBaHus i MpeoOpa3oBaHUs HEOOXOAMMO 14 TakTOBBIX LIMK-
JI0B, T.€. peoOpa3oBaHue ocylecTBisiercs 3a Bpems oT 70 go 280 mkc. B pexume
OJIHOKPATHOTO NpeoOpa3oBaHusl IPeoOpa30BaHUE BBINOJHSAETCS 3a 15 TaKTOBBIX
nuKJI0B. Eciin TakTOBas 4acToTa BBIMJET 32 yKa3aHHbIE MPEIEibl, TO IPABUIBHOCTD
pesyabrara He rapantupyercs. butst ADPS2, ADPS1 u ADPSO ucnonbs3ytores st
3amanus Heooxoaumoii TakToBoi yactoTel ALl B ciydae, ecnu yacToTa MUKPOKOH-
tposepa XTAL npessimaer 100 xI'.

1.6.3. AHa/10r0OBBIII KOMIIAPATOP

AHAJIOTOBBIM KOMIApaTOp CPaBHUBAET YPOBHU HAIPSIKEHW HAa HEWHBEPTH-
pytomiem Bxoae AINO (BeiBoa 2 nopra E) u unBeptupytromem Bxoje AIN1 (BoiBoj 3
nopra E). Ecnu nanpsbkenne Ha HeuHBeptupytouieM Bxoje AINO mpeblmaer Ha-
npspKeHMe Ha MHBepTHpyromeM Bxoae AINI, BeIxox aHamoroBoro koMmmiaparopa yc-

43



TAHABIIMBAETCS B COCTOSIHUE JIOT. 1, TP 0OpaTHOM COOTHOILIEHUU CPABHUBAEMbIX Ha-
OpsDKEHU BBIXOJ, KoMITapaTopa cOpackiBaeTcsi B coctosinue jor.0. OyHKIMoHalbHas
CX€Ma KOMIIapaTopa U CBSI3aHHOM C HUM JIOTMKH MpeCTaBlIeHa Ha puc. 1.9.

Heroumm
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—
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Puc. 1.9. ®yHknuoHanbpHas cxeMa aHaJIoroBOro KoMIaparopa

[lepexnroueHne BbIX0/1a KOMITapaTopa MOKET BbI3BAaTh 3aIIpOC IPEPHIBAHUS, €C-
JY JAHHOE IIpEPhIBAaHUE paspeleHo. THUIl U3MEHEHUs CUTHAJIa Ha BBIXOJI€ KOMIIaparTo-
pa, BBI3BIBAIONIETO IPEPHIBAHUS YCTAHABIMBAECTCS CIELUUAIbHBIMU YIPABISIOUIUMU
ouramu ACIS1 u ACISO B peructpe cratyca v yrpaBjieHHs aHAIOTOBOTO KOMIIapaTo-
pa ACSR. MoxHo 3anmath GopmMupoBaHue 3ampoca MpephIBaHUS M0 HAPACTAIOIIEMY
WK TajaroneMy GpoHTy, a TaKKe Mo MEPEKITI0YSHUIO BBIX0/1a KOMITapaTopa.

Curnan ¢ Bbixoja komnaparopa ACO mMoxeT ObITh UCIIOJIB30BAH Ul peain3a-
nuu (QYyHKIMM 3axBaTa BXoJa Tailmepa/cueryuka 1. B 3ToM ciydae BbIXOJl aHAJIOTO-
BOI'O KOMITApaTopa MOJCOEIUHIETCSI HEMOCPEACTBEHHO K BXOAHOM LIENH JIOTHKHU 3a-
xBata Bxona T/Cl.

PaboToii aHanoroBoro KoMmmaparopa ynpasiisieT perucTp cTaTyca U yIpasJe-
Husi ACSR, B KOTOpOM yCTaHaBIMBAIOTCS OUTHI YNPaABIEHUS KOMIIAPATOPOM, a TaK-
KE amnmnapaTHoO yCTaHaBIMBAIOTCS OUTHI, XapaKTEPU3YIOIIUE COCTOSIHUE KOMIIapaTopa.

Nmena 1 Ha3HaueHUst 3TUX OUTOB MpUBEIEHbI B Tabmuie 1.28.
Tabnuma 1.28
Peructp craryca u ynpasnenus kommnaparopa ACSR

bur CumBoJ WNwms v Ha3HayeHue
7 ACD OTKIIIOYEHHE aHAJIOTOBOTO KoMmiaparopa. [Ipu ycTaHOBIIEHHOM B COCTOS-
uue sior.1 6ute ACD paboTta aHAIOrOBOTO KOMIapaTopa 3amperieHa.
6 ACBG | but moakmtoueHHs HWCTOYHWUKA OIOPHOTO HAMPSIKEHUS K aHaJOTOBOMY

komnaparopy. Ilpu ACBG = | k HeMHBEpTUPYIOLLIEMY BXOAYy KOMIaparopa
MOAKJIIOYAETCS UCTOYHUK omopHoro HampspkeHus. [Ipu ACBG = 0 Heun-
BEPTUPYIOLIMH BX0 cBsA3aH ¢ BbiBooM AINO.
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OxoHuanue Tadmunel 1.28

bur CumBOJ Mwms n Ha3HaueHne
5 ACO Brixon ananoroBoro kommnaparopa. but ACO cBsi3aH HENMOCPEACTBEHHO C
BBIXOJIOM KOMIIapaTopa.
4 ACI @dnar npepbeIBaHMs 10 aHAJIOrOBOMY KoMiaparopy. diar ycTaHaBIMBaeTCs,

eclii JaHHOe mpepbiBaHue paspemieHo (Outhl paspemienuss ACIE u rno-
6anmpHOro pazpemenus | B peructpe SREG ycTaHOBJICHBI B COCTOSHHE
aor.1). ®@nar cOpackiBaeTCsl anmapaTHO MOCIE BBIIOIHEHUS POIETyphl 00-
paboTKHU IpephIBaHMUS.

3 ACIE Paspemenue npepsiBanusa no anaigorooMy kommnaparopy. Ilpu ACIE = 1
npepeiBanne paspemieHo, npu ACIE = 0 — 3anpermieHo.
2 ACIC | Pa3pemenue BxoJa 3axBara aHaJOroBOI0 KOMIIApaTopa. Y CTAHOBJICHHBIN B

gor.1 6ut ACIC pa3pemaer cpabateiBanue (pyHkiuu 3axBara Bxoga T/C1
0 MEePEKITI0YCHHUIO aHAJIOTOBOT'O KOMIIapaTopa.

ACIS1 | BoiGop pexxuma mpepbIBaHUS 110 aHAJIOTOBOMY KOMIIapaTopy:

0 ACISO | ACIS1=0 ACIS0=0 IIpepriBanue 110 NEPEKIOYECHHUIO BBIXOA

ACIS1=0 ACISO=1 He ucnons3yercs

ACIS1=1 ACIS0=0 IIpepsiBanue mo nagaroniemMy (GpoHTY Ha BEIXOJEC
ACIS1=1 ACISO=1 IlpepsiBanue no Hapacrawmemy (GpoHTY Ha BBIXOJIC

—

Ipumeuyanne. [Tpu nzmenennn cocrosinuss 6utoB ACIS1 u ACISO npepsiBa-
HUE 10 aHAJIOTOBOMY KOMIMApaTopy AOJKHO OBITh 3alpelleHO0 OYMCTKON OuTa pas-
pemenus npepsiBaHusi B peructpe ACSR. MHaue npu u3MEHEHUU COCTOSIHUSI OUTOB
MOKET IPOU30NTHU ITPEPHIBAHUE.

B MHKpOKOHTpOJIIIEPE UMEETCSA BO3ZMOXKHOCTh MCII0JIB30BATh B KAYECTBE HEHH-
BepTupytomux BxoaoB BeiBoAbl ADCO... ADC7 (BeiBoas! nopta F). [Ins peanuzauuu
TaKoOW BO3MO>XHOCTH HcHoJb3yeTcst mynbTuiuiekcop AL u, cnegoBaTensHo, B 3TOM
cinydae cam ALl gomxken ObITH OTKIIOUEH. Eciii ycTaHOBIIEH OUT pa3penieHust mo/I-
KIIIOYeHHsI MYJBTHIUIEKCOpa K aHajorooMy kommnaparopy (outr ACME B peructpe
SFIOR) u Beixmouedn ALIT (ADEN = 0 B peructpe ADCSRA), ToO 1BOMYHBINA KO
MUX?2..0 peructpa ADMUX onpenenser, Kakol BbIBOJ, MUKPOKOHTPOJUIEPA MOJ-
KJIIIOYEH K HEHHBEPTHPYIOUIEMY BXOAYy aHanoroporo kommaparopa. Ecmu ACME
copoieH win ycranoBiieH ADEN, To B kauecTBe HEMHBEPTUPYIOIIETO BX0/1a aHAJO-
rOBOTO KOMIIapaTopa MUCIOIb3yeTcs TOJIbKO BbIBOA AINI.

1.6.4. IlocnenoBareabHbId Nepudepuitnbiii naTEpdeiic

[TocnenoBarenwvubiii untepdeiic SPI (Serial Peripheral Interface) o6ecneunBa-
€T BBICOKOCKOPOCTHOW CHHXPOHHBIA OOMEH JaHHBIMUA MEXIY MHUKPOKOHTPOJUICPOM
ATmegal28 u nepudepuiiHbIMU yCTPOUCTBAMU WM MEXIY HECKOJBKUMHU MHUKPO-
KoHTposuiepamu cemeiictBa AVR. OCHOBHbIE TEXHUYECKHUE XapakTepucTuku SPI un-
Tepdeiica cienyromue:

o [TotHOYTIIIEKCHBIN 3-TTPOBOAHON CUHXPOHHBI OOMEH JaHHBIMHU.

e PexxuM paOoThl BEAYIIUI WK BEJOMBI.

e [Iepenaya nepBbIM MJIAIIIETO WU CTAPIIETro OuTa.

e UeThipe mporpaMMupyeMbie CKOPOCTH 0OMEHA TAHHBIMHU.
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e @Jar npeprIBaHUs 10 OKOHYAHUU NIEPEAAYUH.

o Axrtuarus u3 Idle pexxuma (TOTBKO B peKUME BEOMOTO).

Coenunenue Mexay BeaymuM (Master) u BegoMbiM (Slave) MUKpOKOHTpPOJILIE-
pamu, ucnonb3ytouumu SPI untepdeiic, nokazano Ha puc. 1.10. Cucrema coctout
U3 JIByX CIABHUI'OBBIX PETMCTPOB U I'€HEpPATOpa BEAYIIEH CUHXpOHU3auuu. Benymmuin
MK uHHIIMUpYET ceaHC CBsI3U Moaadeld HU3Koro ypoBHs Ha Bxon SS. O6a MK (Be-
OYIIANA U BEOMBIN) MOATOTABIMBAIOT JaHHBIE K Mepejaue B CBOEM CABUTOBOM pPETH-
CTpE, IPU ATOM Ha CTOPOHE BEAYLIErO0 T'€HEPUPYIOTCS TAKKE UMITYJIbChl CUHXPOHU-
3aiuu Ha auHUK SCK. 1o nmuaum MOSI Bceraa ocymiecTBieTcsl nepegadya JaHHbIX
OT BeaylIero K BegoMomMy, a mo MISO, Hao6opoT, OT BeomMoro K Beaymemy. Ilocie
cABUTA OMHOTO OaifTa TakTOBBIM reHepatop SPI ocTanaBnuBaercs, ycTaHaBIUBas
¢dnar okonuanus nepegaun SPIF B peructpe craryca SPI. Eciu B peructpe ynpasie-
Hust SPI 06w ycranoBnen out paspemenus: npepeiBanus SPI (6ut SPIE), To mpo-
U30MIET 3ampoc npepbiBaHud. 1l0 OKOHYaHMU Mepefadynd Ka)xJoro Nakera JaHHBIX
Benyuiee SPI-yCTpoHCTBO AOMKHO 3aCMHXPOHU3HPOBATH BEIOMOE MYTEM IOJAYU
BBICOKOI'0 YPOBHS Ha JIMHUIO SS (BBIOOp NOJIYMHEHHOTO UHTEpPeEiica).

Ifaster =lave
CT. pasp. MIL AP prs0 MIso| ST pazp. ML PAsp.
8-paspARHEL 8 -paspATHET

COEWTOBRIH [ETHCTY COEWTOEREE {ETHCT]
WIOSI WIOSI
- SCE SCE
TaxToprE regeparop SF1 — —

T 55 Fazperesie coeHra

Puc. 1.10. Mexcoeaunenus Bexymero (Master) u Begomoro (Slave) MUKpOKOHTpOJUIEpaMH,
ucnons3ytomumu SPI uatepdeiic

Eciun MK nactpoen kak Bemymuid (Master), To ynpaBiieHUe JJMHHEH SS mpowuc-
XOJUT HE aBTOMaTH4ecku. JlaHHas onepanus J0JHa ObITh BBIOJIHEHA TPOrPAMMHO
nepen HayajaoM ceaHnca cBs3u. [locne aroro, 3anuch B peructp naHHbix SPI uHunumu-
pPYET TeHEPALMIO CUHXPOHU3ALMU U alllAPATHBIA CIABUTI BOCBMH Pa3psAI0B B BEIOMOE
yctpoiictBo. [1o okoHuaHuM ciBura oaHOro Oaiita reneparop cuaxponusanuu SPI oc-
TaHABJIMBAETCS, [IPH ITOM yCTaHaB/IMBasA Quiar okoHyaHus nepenaun SPIF. Eciou ycra-
HosiieH Out SPIE B peructpe SPCR, T0 pa3pemaercsa npepsiBanue SPI u o okoHya-
HUM Tiepenadyn OaiiTa OyaeT TeHepHpOBaThCA 3ampoc Ha mpepbiBanue. Bemymumit MK
MO>KET MPOAOKUTh CABUTATH CIICYIONIUI 0alT, eciiu 3anucaTh ero B peructp SPDR,
WIM NOJATh CUTHAJ OKOHYAHUS IMAaKeTa MYyTEM YCTaHOBKHM HU3KOIO YPOBHS Ha JIMHUHU
SS. Ilocnennuit npuHATHIN O0alT coxpaHsieTcs B O0y(dhepHOM perucTpe.

B pexume Bemomoro unrepdeiic SPI HaxoauTcs B COCTOSSHUU OXXHIAHUS, B
koropoM MISO nepeBoaUTCS B TPETHE COCTOSIHUE, O TEX IMOP, MOKA HA BBIBOJE SS
IPUCYTCTBYET BBICOKUH ypOBEHb. B 3TOM cocTosiHMM mporpamma MOKeT OOHOBIISATH
coaepxkumoe peructpa AaHHbix SPDR, HO nipu 3TOM BXOJAIIME UMITYJIBChl CHHXPO-
HU3aLMK HE CIBUTAIOT JAHHBIE J10 MI0JJa4l HU3KOro ypoBHs Ha BeIBoJ SS. [locie Toro
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KaK OJIMH OalT ObUI MOJHOCTHIO CABUHYT, YCTAHABIUBAETCA (uiar OKOHYAHUS Hepe-
naun SPIF. Ecnu yctanosien out paspemenus npepeiBanusi SPIE B peructpe SPCR,
To ycraHoBka Quiara SPIF mpuBoauT K reHepanuu 3ampoca Ha npepsiBaHue. Beno-
Mblii MK MOeT mpojospkaTh pa3MellaTh HOBBIE JAHHBIC JUIS Iepefayd B PErUCTp
SPDR nepen ureHueMm BXoasmux AaHHbIX. [locneqHuii mpUuHATHIN OalT XpaHUTCS B
OydepHOM peructpe.

PaGoToii mocnenoBarensHOTO TepudepuitHoro uHTEepdeiica yupaBisitoT TPH
peructpa: peructp aaHHbix SPDR peructp ynpasienuss SPCR u peructp craryca
SPSR. Peructp nanusix SPDR npencrasnsier coboit 8-pa3psaHblii perucTp ¢ BO3-
MO>KHOCTBIO UTEHUS/3alUCU U MpeIHA3HAYeH JJIsl NEPEChUIKH JTaHHBIX MEXIy peru-
CTPOBBIM (DaifJloM M CABUTOBBIM PETHUCTPOM IOCIEIOBATEIBHOTO TepudepuitHoro
untep(eiica SPI. 3anuce Gaiita B peructp SPDR uHunuupyer nepefady JaHHBIX,
CUMTBHIBAHHUE PETUCTPaA IPUBOAUT K YTEHHUIO CABUTOBOIO PETUCTPa IPUEMA.

Peructp ynpasnenuss SPCR npennasHadeH miisg XpaHeHUsT TPOTPaMMHO J0OC-
TYOHBIX OMTOB, yrnpasistomux padotoid SPI. CuMBonnueckue uMeHa U Ha3HAuYECHHE
outoB peructpa SPCR npusenens! B 1.29.

Taomuua 1.29
Peructp ynpasnenust SPCR

bur CumBou WwMmst 1 Ha3HAUeHUE
7 SPIE Paspemenue npepeiBanus SPI.
6 SPE Pa3pemenne SPI. YcranoBka 6ura SPE B coctosiHue sor.1 paspemaet pa-

6oty SPI He3aBHCHMO OT TOTO, B KAKOM pPeKUMeE OH OyJeT paboTaTh.

5 DORD [Topsanok nepenaun nanueix. [Ipy DORD = 1 nepenaya ciioBa naHHBIX
IPOUCXOMUT MMM 3HaKoBbIM paspsagoM (LSB) Bnepea. Ilpu
DORD = 0 nepBsiM nepenaeTcs crapunii 3Havamuii paspaa (MSB).

4 MSTR Bri6op pexxuma Benyuwmii/Benomsiif. IIpy MSTR = 1 MK pabotaer B pe-
xume Benyuero. Eciu SS HacTpoeH kKak BXOJ U K HEMY MPUIIOKEH HU3ZKHM
yposenb, korna MSTR = 1, to 6utr MSTR aBTOMaTHuecku cOpachiBaeTcs U
ycranaBiuaetcs ¢uar SPIF B peructpe SPSR.

3 CROL [Tonsprocte TakToBOro cur"ana. [Ipy CPOL = 1 BeiBog SCK Haxoautcs
Ha BbICOKOM ypoBHe, Iipy CPOL = 0 — Ha HU3KOM.
2 CPHA daza takroBOro curHaia. /laHHelii OUT ompenenser, Mo Kakomy (QpoHTY
SCK npoucxoauT BbIOOpKa JaHHBIX: 110 IEPEIHEMY WM 3aIHEMY.
1 SPR1 Bei6op uvactotel TakToBoro curhana. butel SPR1 u SPRO omnpenenstor
SPRO JBOMYHBIH KoJ1 BEIOGOpa yacToThl SCK cormacHo cxeme:

SPR1=0 SPR0O=0 yactoTa paBHa fo/4
SPR1=0 SPRO=1 gactoTa paBHa fy/16
SPR1=1 SPRO=0 yactoTa paBHa fy/64
SPR1=1 SPRO=1 gactoTa paBHa fy/128,

rie fy — yactora reHepaTopa MUKPOKOHTpOJLIEpA.

Yacrory TaktoBoro curtaiia SCK MOXHO yBEIMUYUTH B 2 pa3a, yCTAHOBHB B
peructpe craryca SPSR 6ut ynoenus ckopoctu SPI2X. Ilpu SPI2X = 0 yacrora
onpenensercs Tojibko outamu SPR1 u SPRO.

B peructpe craryca SPSR, kxpome 6uta yasoenus ckopoctu SPI2X (HyneBoit
OWT), HCTIONB3YIOTCS enie nBa outa: 6ut 7 — duar npepsiBanus SPIF u our 6 — dnar
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omnbku npu 3anucu WCOL. ®@nar npepeiBanusa SPIF ycranaBnuBaercs B jor.l mo
3aBEpIICHUH OOMEHa IMOCJIEI0BATEIbHBIMU JaHHBIMUA. ECIM mpH 3TOM yCTaHOBJEH
out SPIE B peructpe SPCR u paspenieHo riodaibHOe pepbiBaHUE, TO TEHEPUPYET-
csi curnan npepsiBanusi. SPIF cOpackiBaeTcsi anmapaTHO npu nepexojie Ha COOTBET-
CTBYIOLIUHM BEKTOp npepbiBanusd. AnbrepHatuBHo, Out SPIF cOpackiBaercs npu nep-
BOM uTeHHMH peructpa craryca SPI ¢ ycranoBnennsiMm iarom SPIF, a Takxke Bo Bpe-
Ms focTyna K peructpy nanasix SPI (peructpy SPDR).

but WCOL ycranaBnuBaercst B COCTOSIHUE JIOT. 1, eciin B mpoliecce nepeaadn
JAHHBIX BBINOJIHSIIACH 3AMUCh B PETUCTP JAHHBIX. 3alUCh B PETUCTP AAHHBIX (KaK U
YTEHUE €r0 COAECPKUMOT0), BBIIIOJHEHHAs! BO BPEMsI IEPECHUIKN JAHHBIX, MOT'YT IIpH-
BECTU K HeBepHOMY pe3yiibrary. but WCOL anmapaTHo cOpacbiBaeTcs B COCTOSIHUE
nor.0 mpu NepBOM CUMTBIBAHUU COCTOSIHMS peructpa craryca SPSR (¢ ycraHoBiel-
HeiM OuToM WCOL) ¢ mocnenyromum obpamenueM k peructpy SPDR.

1.6.5. YHuBepcaJbHbIi CHHXPOHHBIH M ACHHXPOHHBIH NPHUEMOIIePeIaTYUK

VYHuBepcambHbI CHHXPOHHBIA U acCHHXPOHHBIN npuemonepenatyuk (USART —
Universal Synchronous and Asynchronous Receiver/Transmitter) nmpennaznauen s
peanu3anu OOMEHa JIaHHBIMU B TMOCJIEAOBATEILHOM KOJI€ C MUKPOKOHTPOJIJIEPAMHU
VI WUHBIMH MUKPOIIPOLECCOPHbIMU ycTpoiicTBamu. ATmegal28 conmepxut nBa co-
BEPIICHHO OJMHAKOBbIX MO (yHKuMsIM npuemonepenatunka: USARTO u USARTI.
OtnuuurtensabiMu ocobeHHoCcTsIMU USART siBsitoTes:

- OJTHOTYTUIEKCHAs paboTa (pa3aenbHbIE PETUCTPHI TPHeMa U TIepeIadn ),

- ACUHXPOHHAsI WJIK CUHXPOHHAs paboTa;

- BeylIllee WK BEJIOMOE TAKTUPOBAHUE CBSI3M B CHHXPOHHOM PEKUME pabOTHI;

- mojA/iepKka popmMara rnepegaBaeMbIX AaHHBIX ¢ 5, 6, 7, 8 win 9 Ourtamu JaH-
HBIX U | mmm 2 cTon-Ouramu;

- arrapaTHasi TeHepalus U MpoBepKa OuTa nmapurera (YeTHOCTh/HEYETHOCTD);

- TpU pa3/ieNIbHBIX MpPEpPhIBAHUA: IO 3aBEpPILICHUU Iepefadyd, OCBOOOXKICHUU
perucTpa nepeaaBacMbIX JaHHBIX U 3aBEPLICHUH IPUEMA;

- PE€KUM YJBOCHHUS CKOPOCTH CBSA3U B ACHHXPOHHOM PEXUME;

- €KUM MHOTOMNPOIECCOPHOM CBA3H.

Kaxnpiit u3 USART coctonT u3 Tpex OJIOKOB: TAaKTOBOI'O T'e€HEpaTopa, mepe-
JaT4YWKa U IpUEeMHUKA. JIormka TaKTOBOrO reHepaTopa COCTOUT U3 JIOTHMKHA CUHXPO-
HU3AlMU, CBSI3aHHOW C BHEIIHUM TAKTOBBIM BXOJIOM (UCIIOJIB3YETCS B PEKUME BE/IO-
MOT0) U re’eparopa ckopoctd cBa3u. BeiBog XCK (cuHXpoHHM3anus nepeaadn) uc-
MOJIB3YETCS TOJIBKO B PEKUME CUHXPOHHOM nepenauu. [lepegaTymk cocTout u3 oj-
HOTO Oydepa 3amucu, MociaeAoBaTEILHOIO CIBUTOBOIO PETUCTPa, reHepaTopa napu-
TeTa U YNPABJISIONICH JJOTUKH, KOTOpask MOJJIEPKUBAET pa3inuHble (POpMaThl MOCIe-
JoBaTeNbHON MOChUIKU. Bydep 3amucu mo3BosisseT HENPEPHIBHO MepeiaBaTh JaHHbBIS
0e3 Kakux-Inbo 3aJiep>KeK MEeXay rnepeaaderd noceuiok. [IpueMuuk siBnsiercs Oosiee
cinoxubiM 0110koM USART, B ero cocraB BXoasT Moayiau oOHapy>KeHHs JaHHBIX U
CUHXpOHU3aMKU. Moaynu oOHapyXeHUsi HEOOXOAUMBI JJii aCHHXPOHHOI'O MpHeMa
naHHbIX. [loMrumo Momyneit oOHapyKeHUsI B MPUEMHUK BXOIUT YCTPOHUCTBO MPOBEP-
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KU MapuTeTa, CABUTOBBIA PETUCTP U JABYXYPOBHEBBIA npueMHblil Oydep. [Tpuemuuk
NOJJIEP>)KUBAET TE KE MOCJIeI0BaTEIbHbIE (POPMATHI, UTO U MEPEIATYUK, U MOXKET OIl-
peaenuTh OmMKUOKY B MOCBUIKE (KaApe), NePErnoTHEHUE TaHHbIX U OIIMOKY MapuTeTa.

Pa6otoit USARTO u USART1 ynpaBisitoT Tpu peructpa craryca u yrnpaBlIeHUS
UCSRxA, UCSRxB u UCSRxC (x = 0, 1), umeHa 1 Ha3Ha4eHHSI OUTOB KOTOPBIX
npuBeaeHbl B Tabnumax 1.30 — 1.32. Kpome sroro umeercst peructp ganabix UDRX, B
KOTOPBIN 3alMCHIBAIOTCS JTAaHHBIE [IPU NIEPEIaYe U CUUTHIBAKOTCS IIPU IPUEME, a TAKKE
nBa peructpa UBRRxL u UBRRxH, 3anaromue ckopocts nepenaun USART.

Taomuua 1.30
Peructp A ynpasnenus u ctaryca UCSRxA (x =0, 1)

bur CumBon Wwmst 1 Ha3HAYeHUE

7 RXCx @uar 3aBepuieHus npuema. bur RXCx ycranaBnuBaercs, €ciii B IPUEMHOM
Oydepe comepkarcs HeCUWTAHHBIC JaHHBIC, U COpPACHIBACTCS, KOTJa MpPH-
eMHBIN Oydep cBoOOCH (HE COMEPKUT HECUNTAHHBIX JaHHBIX). Ecnu mpu-
€MHHUK OTKJIFOYAeTCs, TO MIpUEMHBIN Oydep cOpachiBaeTcs M, ClaeI0BaTEIb-
HO, pmar RXCx mpunumaet HysneBoe 3HaueHue. dmar RXCx moxer wc-
MOJIb30BAThCS /U1l T€HEepalMy NpepbIBaHMUs MO 3aBEPIICHHIO MpHeMa (CM.
onucanue oura RXCIEx).
6 TXCx @uar 3aBepmenus nepepaun. bur TXCx ycraHaBnuBaercs, €ciid BCS IO-
CBLJIKa U3 CABUIOBOT'O PErucTpa neperaTyvka NoJHOCThIO MepeaHa U B Ie-
penaromeM O0ydepe UDRX HeT HOBBIX naHHBIX U1 nepeaaun. Omar TXCx
aBTOMATHYECKH cOpachIBaeTCs MpPU MEPEXOAe Ha BEKTOP MPEPHIBAHHS IO
3aBEpILEHUIO TMepeslaud WM cOpachlBaeTCs MPOrpaMMHO MyTeM 3alKcH B
Hero Jior.1. ®mar TXCX MOXET CITy>KUTh UCTOYHUKOM JIJIs1 TEHEPAIMH TIpe-
pBIBaHU 110 3aBepuIeHuto nepeaayu (cMm. onucanue 6ura TXCIEXx).
5 UDREx | ®@xar ocBoboxaeHus peructpa aanueix. bur UDREX uHaunmpyer o roros-
Hoctu npuemHoro Oydepa UDRX k mnpuemy HOBbIX JaHHbIX. Ecim
UDREx=1, T0 O0ydep cBoOOACH U, cle0BaTeNbHO, TOTOB K 3amucu. diar
UDREX MOXeT CiIy’>KUTh UCTOYHUKOM JUJIsl T€HEPALMH [IPEPhIBAaHUS 110 OC-
BoOOXAeHHI0 perucTtpa aaHHbiX. bur UDREX ycranaBmuBaercss mocie
cOpoca, UHAULUPYS O TOTOBHOCTH MepeIaTuHKA.
4 FEx ®mnar ommOku nockutku. but FEX ycranaBimBaeTcst B Jior. 1, eciv mipu mpue-
M€ HOCBUIKH OblIa oIpejesieHa oluoOKa B CTPYKType nochuiku. [Ipu 3anucu
B peructp UCSRXA B no3unuu gaHHoro 6ura Heo0Xoaumo 3anucats Jior. 0.
3 DORx @uar nepenosiHeHus JaHHbIX. but DORX ycranasnuBaercs B jor.l mpu
OOHapy>KEHHH yCIIOBHI MEPENOTHEHNUs, TO €CTh KOTJa CUMBOJI, YXKe Haxo-
nsammiica B peructpe UDRX, He cunTaH nepes nepecbuikoi HOBOTO CUMBO-
na u3 casurosoro peructpa npuema. Ilpu 3anucu B peructp UCSRxA B
MO3MIIMHU IaHHOTO OUTa HEOOXOAUMO 3anucath Jior.0.
2 UPEx @unar ommbku napurtera. bur UPEX ycranaBiauBaercs B Jior.l, ecnu cie-
Ayrollasi MOCkUIKa B IpUEMHOM Oydepe xapakTepusyercs OIMOKON mapu-
TeTa MpPHU YCJIOBUHU, YTO BO BPEMs IpUEMa ITOH MOCBUIKH OBUT pa3perieH
koHTpoab napurera (UPMx1 = 1). Ilpu 3anucu B peructp UCSRXA B no-
3ULIMY JaHHOTO OMTa HeoOX0auMo 3anucath Jjor. 0.
1 U2Xx bur ynsoenus ckopoctu cBsi3u. OKka3bIBaeT BIMSHUE TOJBKO B aCUHXPOH-
HOM pEeXHME CBSI3U. B CHHXpDOHHOM pEXHME B JaHHBIH OMT HEOOXOIMMO
3anucarts Jor. 0. [Ipu U2Xx = 1 ckopocTh CBsI3U yIBauBaeTCl.
0 MPCMx | but ycTaHOBKH peXKMMa MHOTOIPOLIECCOPHOM CBSA3H.
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Taomuma 1.31
Peructp B ynpasnenus u craryca UCSRxB (x =0, 1)

bur CumBon VMs 1 Ha3HAYEHHE

7 RXCIEx | Pa3pemenue npepsiBanus 1o 3asepiieHuto npuema. Ilpu RXCIEx = 1 pa3-
pemeHo npepeiBanue no ¢aary RXCx (mpu ycinoBuM, YTO B PETUCTpE
SREG ycranosnen ¢aar [ obuiero pasperienus npepbIlBaHUM ).

6 TXCIEx | Pa3pemenue npepbeiBanus 1o 3asepiienuto nepeaaun. [lpu TXCIEx = 1 pa3-
pereHo npepbiBanue no ¢gary TXCx.

5 UDRIEx | Paspemenue mnpepblBaHUS 10 OCBOOOXKICHHIO pErucTpa MaHHBIX. [lpum
UDRIEx = 1 pa3pemeno npepsiBanue 1o ¢ary UDREn.

4 RXENx | but pa3pemnienust paboThl IPUEMHUKA.

3 TXENx | bur pa3pemenust paboTbl nepegaTyuka.

2 UCSZx2 | bur ycranoBku ¢opmara manabix. but UCSZx2 coBMecTHO ¢ OuTamu
UCSZx1..0 B peructpe UCSRXC 3a1aioT KOJIUYECTBO OUT JAHHBIX B TO-
CBLIKE.

1 RXB8x | RXB8x coxepxuT 3HadeHue 9-ro OMTa MPUHATONW MOCBUIKUA C 9-OMTHBIM
dbopmaTtom. JlaHHBIM OUT HEOOXOAMMO CUUTATh MPEXKIE, YeM OyayT CUHMTa-
Hbl Mitamue 8 out u3 peructpa UDRX.

0 TXB8x TXB8n comepxut 3HaueHne 9-ro 6uta JaHHBIX IS TIEpe1avu MOCHLIKA ¢ 9-
outHbM QopmaToM. JlaHHBI OMT HEOOXOIUMO 3amucaTh MEpe] TeM, Kak
OyyT 3anucanbl mutaamue pa3psasl janHbix B UDRX.

Taomuma 1.32
Peructp C ynpasnenus u ctaryca UCSRxC (x =0, 1)
but CumBon Wwmst 1 Ha3HAYeHUE

7 - Pe3epBHBIii OUT.

6 UMSELx | Boibop pexxuma cBsizu: cuHxpoHHb (UMSELX = 1) unu acuHXpOHHBIN
(UMSELx =0).

5 UPMx1 butel UPMx1 u UPMx0 pa3pemaroT U yCTaHaBIMBAIOT TUII T€HEPUPYEMOTO

4 UPMx0 | u xoHTposupyeMoro napurera. but napurera B MOCBhUIKE yCTaHABINBAETCS
COTJIACHO CXEeMe:
UPMx1=0 UPMx0=0 PEXKUM IIaPUTETA OTKIIIOYEH
UPMxI1=0 UPMx0=1 3ape3epBUPOBAHO
UPMxI=1 UPMx0=0 KOHTPOJIb 10 YETHOCTHU
UPMxI=1 UPMx0=1 KOHTPOJIb 110 HEYETHOCTH

3 USBSx | bur BeiOopa uncna cromn-out. bur USBSx onpexnenser KoJIn4ecTBO CTOIO-
BBIX OUT, KOTOPOE BCTABJISIET MEPEAATUUK MPU F€HEepalluu MOChUIKHU: 1 (Ipu
USBSx = 0) unu 2 (mpu USBSx = 1)

2 UCSZx1 | butel UCSZx1 n UCSZx0 Bmecte ¢ UCSZx2 B peructpe UCSRxB 3anator

1 UCSZx0 | xonmu4ecTBO OUT JJaHHBIX B MOCBUIKE, KaK JUIsl IPUEMHHUKA, TaK U JJIs 1epe-

JaTdyuKa COIJIaCHO CXEMC:

UCSZx2 | UCSZx1 | UCSZx0  dopmaT maHHBIX

0 0 0 5 out
0 6 OuT
0 1 0 7 6ut
0 1 1 8 out
1 0 0 3ape3epBUPOBAHO
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OxoHuanue Tadmuner 1.32

but CumBoJ Mwms n Ha3HaueHne
0 UCPOLx 1 0 1 3ape3epBUPOBAHO
1 1 0 3ape3epBUPOBAHO
1 1 1 9 our

[TonssprocTh cuHxponu3anuu. but UCPOLX ncnosnb3yercss TOJBKO B CHH-
XPOHHOM pexuMe. Ecim ucnosb3yeTcss aCHHXPOHHBIN PEXUM, TO B JaHHBIN
ouT Heo0XoaUuMO 3armcarh Jor. 0.

USART nonaaepxuBaeT 4yeTbIpe pekuma padoThl CHHXPOHU3AIMU: HOpMaJb-
Has aCUHXPOHHAs, aCUHXPOHHAsl C yJBOCHUEM CKOPOCTH, BeIyllash CUHXPOHHAas M
BenoMas cuaxponHas. butr UMSELX B peructpe C ynpasnenus u craryca UCSRxC
MO3BOJISIIOT BHIOpATh ACHHXPOHHYIO MJIM CUHXPOHHYIO pa0oTy. YBOEHUE CKOPOCTH
(TOTBKO B aCHHXpOHHOM pexkume) ynpaisietcss outom U2Xx B peructpe UCSRXA.
[Tpu ucnons3oBanuu cuaxponHoro pexxuma (UMSELX = 1) cooTBeTcTBYIOMIMI OUT B
perucTpe HarpaBieHus: JaHHbIX s BeiBoga XCK 3amaer, Oyner mu CHHXpOHU3AIUS
BHYTpPEHHEW (BEQyIIM peXuM) Wiu BHEIHEN (BemoMbli pexum). BeiBog XCK ak-
THUBEH TOJIBKO MPU UCIOJIb30BAHUN CUHXPOHHOT'O PEKHUMA.

[TocnenoBarenpHasi MOCHUIKA COCTOWT W3 OWT JAaHHBIX, OMT CHHXPOHU3AINH
(cTapT u cTON-OMTHI), a TAK)KE OMIIMOHATLHOTO OWTa MapUTeTa IS MOKMCKA OIMTHOOK.
USART noanepsxuBaet cienyromue GopMaThl MOCHUIOK:

1 crapt-6ut (s10r.0);

5,6, 7, 8 unu 9 6ur nanHwix (6€3 mapurera, ¢ OUTOM YETHOCTU WU C OUTOM

HEYETHOCTH);

1 wnm 2 cron-6uta (j0r.1).

dopmaT NOCBHUIKH, KOTOpbid wucnoib3yercss USART, 3amaercs Outamu
UCSZx2..0, UPMx1..0 u USBSx B peructpax UCSRxB u UCSRxC. Ilocsuika Ha-
YMHAETCS CO CTapT-OMTa, a 332 HUM CIIe[IyeT rnepeaadya OUT JaHHBIX, HAUMHAS C CaMOro
miaamero paspsaa. Eciu pasperniena QyHKIus KOHTPOJS MapuUTeTa, TO Cpa3y Mocie
OWT JaHHBIX MepenaeTcs OUT mapureTa. bUT mapuTera MO3BOJISIET MPOKOHTPOIUPO-
BaTh IPaBUJIbHOCTh NIEPEAAUYM JAHHBIX MO JUHUU CBSI3U. OH BBIYMCIISIETCS IIyTEM BbI-
MOJIHEHUS JIOTUYeCKoU onepanuu uckirovaromiero MJINM vag BcemMu OGutaMu JaHHBIX
B MochbUIKe. ECM HCnonb3yeTcs HEUeTHOCTh, TO PE3YJIbTaT 3TON ONepaliii UHBEPTH-
pyercs. [locnegaumu nepemarotcst cron-o6utel. [loce 3aBepiienns nepenadu mochil-
KU MMEETCSl BO3MOXKHOCTD JINOO MepeaaBaTh CAEAYIOIIYI0 OCBUIKY, JU00 NepeBECTH
JIMHUIO CBS3U B COCTOSIHUE OXKUJIaHUSI (BBICOKUH YPOBEHB).

[lepenaua naHHBIX MO MOCJEIOBATEIBHOMY KaHAy WHUIMHUPYETCS 3aMUCHIO
nepeaaBaeMbixX JaHHbIX B peructp naHHbix UDRX. Ilocie aToro nanHelie U3 perucrpa
UDRX nepecbuiatoTcs B CABUTOBBIA PETUCTP Mepenadr. Eciii HOBBIM CUMBOJI 3aIld-
ceiBaeTcsi B UDRX nociie Toro, kak U3 CJBUTOBOTO perucTpa ObUT BHIBEIEH CTOMOBBIM
OUT IPEIIECTBYIOIEr0 CUMBOJIA, TO CBUTOBBIM PETUCTP 3arpy»KaeTcsi HEMEJIEHHO.
Ecnu >xe HOBBIN CUMBOJI 3amcaH JI0 TOTO, KaK U3 CABUTOBOTO PErHCTpa ObLI BHIBE-
JIEH CTOIIOBBIN OWUT MPEAINIECTBYIOMIETO CUMBOJIA, TO 3arpy3ka CIBUTOBOTO PETUCTpa
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OCYULIECTBJISIETCS JTUIIb MOCIJIE€ BBIBOJIa CTOMOBOTO OMTA MPEAIIECTBYIOIIET0 CUMBOIA.
B neiicrButensHoctu peructp UDRX siBnsiercs nBymsi (U3HYECKU pa3leieHHbIMU
pETUCTpamMu: PErUCTPOM MEPEAAUYU NAHHBIX U PETHUCTPOM IMPHUEMA JAHHBIX, UCTIOJIb-
3YIOIIUMHU OJIMH M TOT k€ azipec B mpoctpaHcTBe namsat [/O. [Ipu 3anucu jaHHBIX B
PETUCTp MPOUCXOIUT obOpalnieHue K peructpy nepenaun gauubix USART, a npu yte-
HUU — oOpaleHue K peructpy npuema ganasix USART.

[Tociie mepecbUIKM NAaHHBIX B CIABUIOBBIM PETMCTP TAaKTOM I'€HEpAaTopa OHHU
caBuraroTcst Ha BeIBoA TXDx MukpokoHTpoiuiepa. CKOpoCcTh epeadyr MOChUIKH OIl-
penensercs outamu B peructpe ckopoctu cBsizu UBRRX, a Taxke O6urom U2Xx B
peructpe UCSRXxA. Xoa npoliecca nepeaadyn JaHHbIX MOXHO IMPOKOHTPOJIUPOBATH,
ananmm3upys coctostaue ¢urara UDREX (peructp UDRX nyct) u dnara TXCx (daar
3aBEPILCHHUS [IEPEJAUH).

[Ipu mocrymienun noroka AaHHbIXx Ha Bxoa RXDx mukpokoHTposuiepa che-
L[MaJIbHAsI JIOTUKA BOCCTAHOBJICHHS JAHHBIX aHAJIU3UPYET MOCTYNAIOIINE JAHHBIE HA
npeaMeT oOHapykeHus ctapT-Outa. [lociie ero oOHapyKeHHUs CIEAYIOIIHE 32 HUM
OUTBHI CUMTAIOTCS WH(DPOPMAIIMOHHBIMU W, €CJIM 3HAYEHHUE CTOMOBOTO OWTa PaBHO
jor.l, To U3 cIBUTOBOrO peructpa JaHHele nepecouatorcs B peructp UDRX, oTkyna
OHM MOTYT OBITh MPOrpaMMHO cUUTaHbl. EciM ke 3HaueHue cTom-OMTa OKa3aioch
paBHbIM JI0T.0 (B pe3yJibTaTe OMIMOOYHOTO JAETEKTUPOBAHUS CTAPT-OMTA), TO JAHHBIE
U3 CIIBUTOBOT'O PErucTpa Bce paBHO OynyT nepenansl B peructp UDRX, HO ipu 3TOM
yctanoButcs uar FEx (ommbka kaapa). Jlns oOHapykeHus omuOKH Kajapa Mmojiab30-
Barenb nepen ureHuem peructpa UDRXx pomken nmpoBeputh coctosaue Quiara FEx.
®nar FEx ounmaercs npu cuntbiBaHuM AaHHBIX U3 peructpa UDRX.
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2. MIPOT'PAMMHUPOBAHUE MUKPOKOHTPOJIJIEPOB

Ha HayanbHOM 3Tarne cBOEro pa3BUTHS MUKPOKOHTPOJUIEPHI MPOTPaMMUPOBA-
JIMCh UCKIIIOUUTENBHO HAa TOM WJIM MHOM SI3bIKE accemOjepa, OpUEeHTUPOBAHHOTO Ha
KOHKpETHOE ycTpoicTBO. [lo CyTH, Takue S3bIKM MpeICTaBIsuId OO0 CUMBOJIBHBIC
MHEMOHUKH COOTBETCTBYIOIIMX MAIIMHHBIX KOJOB, a NEPEBOJ, MHEMOHUKU B Ma-
IIMHHBIN KOJ BBIMOIHSIICSA TPAHCISATOPOM. JTO MO3BOJSUIO CO3/1aBaTh ONTUMAJIbHBIE
o 00beMy U OBICTPOJEHCTBUIO MPOTPaMMBbI, HO TPEOOBAJIO 3HAHUN BCEX OCOOCHHO-
CTEN apXUTEKTYypbl KOHKPETHOTO THUIIa MUKPOKOHTPOJIJIEpA U JIOTUKU €ro padOTHI.
B mpouecce pa3BUTHS MUKPOKOHTPOJUIEPOB UX OOBEM MaMSITH U OBICTpOIEHCTBHE
PE3KO YBEITUYMIIUCH, & pelIaeMble 331a4i 3HAUUTEIBHO YCIOKHUINCh. JTO MPHUBEIIO
K TOMY, 4TO MpHU pa3paboTKe MporpaMMHOro 00ECIEUeHUs i MUKPOKOHTPOJIIEPOB
CTaJIi B OCHOBHOM HCIIOJIb30BATh SI3bIKH BHICOKOTO YPOBHS, B YACTHOCTH, 53bIK CH.

B nanHOM paszene mpuBOIATCS KpaTKUE CBEACHUSA O si3bIke CH M KOMIIIIATOPE
Image Craft, nocTtaTounble AJig TOro, 4TOObI MPUOOPECTH HABBIKK MPOrPaMMUPOBaA-
HUSI MUKPOKOHTPOJUIEPOB U pa3zpadaThiBaTh MUKPOIPOLIECCOPHBIE YCTPOMCTBA, Tpe-
OyrolMe HECIIOKHOTO IPOrpaMMHOro obecnedenus. s 6onee yriyOieHHOTo u3y-
yeHus A3blka Cu He0OX0IMMO 00PaTUTHCS K CHELMAIbHOM JTUTEpaType.

2.1. Kpatkue cBeieHus U3 I3bIKa nporpammMupoBanus Cu

2.1.1. DaemMenTs! a3bika Cu

K ocHoBHBIM 3remeHTam s3bika CH OTHOCSITCS MACHTHU(PUKATOPHI, KIIOYEBbIC
CJIOBA, OMEpPaToOpbl U KOMMEHTapuu. Moenmughuxamopom Ha3bIBAETCS MOCIEAOBA-
TEJIBHOCTh OYKB U IU(P, a TAKXKE CIIELUAILHOTO CUMBOJIA OJUepKUBaHUS «_». Byk-
Bbl B BEPXHEM U HUKHEM DPETUCTPax CUUTAIOTCS pasinyHbIMU. WneHTudukatop He
MOJKET HaUYMHATHCA ¢ IU(PPHI U HE MOXKET UMETh MpoOesoB. UneHTuduxkaTop ucmomib-
3yeTcsl ISl UMEHOBAHUS MEPEMEHHBIX, KOHCTAHT, (YHKIMI, TUNIOB JaHHBIX U T.1.,
HaIpuMep, EPeMEHHON X, KOTOPOU IPUCBOEHO 3HAYEHHUE 2:

X=2;
Knroueeswvie cnosea — 310 3apC3CPBUPOBAHHOC CJIOBO, KOTOPOC HAACICHO YCTKO
OTIpE/ICJICHHBIM CMBICIIOM. KiroueBbIe cji0Ba He MOTYT OBITh MCIIOJIB30BAaHBI B Kaye-

CTBC I/II[eHTI/I(bI/IKaTOPOB. MX MOXHO HCIIOJIb30BaTh TOJHKO B COOTBETCTBUH CO 3HAUEC-
HHUCM, U3BCCTHBIM KOMIIMJIATOPY A3bIKA Cu. Crmcox KIJIFOYEBBIX CJIOB:

asm auto bit bool break  case char const continue default
defined do double else enum  extern false float for goto

if inline  int long register return  short signed sizeof  static
struct  switch  true tupedef union  unsigned void volatile while

Onepamop — 3TO CHMBOJI WINA TEKCTOBasi KOMAH/1a, KOTOPBIE YKAa3bIBAIOT KOM-
NWISTOPY, Kakue AeicTBuUs (olepalunn) HaJ0 BBIIOJHUTH HaJ onepaHaamu. B kaye-
CTBE OINEPAH/IOB BBICTYMAIOT KOHCTAHTHI, IEPEMEHHBIC, CHMBOJIbI, CTPOKH, (PyHKINU
u 1.1. KomOuHanus cuMBOJIOB Olepaluii U ONEpaHa0B, PE3yJIbTaATOM KOTOPOMl SBIIS-
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€TCsl OIpeIeTIEHHOE 3HaYeHue, Ha3bIBaeTCs BbipakeHneM. CUMBOJIbI Ollepaluii onpe-
JEJSIIOT IEUCTBUS, KOTOPBIE JOJIKHBI ObITh BBIIIOJIHEHBI HAaJ ONepaHaaMu. 3HAaUeHHUE
BBIPAKEHUS 3aBUCHUT OT PACHOJIOKEHHS 3HAKOB OIEepalui U KPYIJbIX CKOOOK B BbI-
PaXEHUH, a TAKKE OT MPHUOPUTETA BBINOJIHEHHS onepanuil. Hanpumep, nepeMeHHas
X paBHa yJIBOGHHOM CyMME MEPEMEHHBIX a U b:

X=(a+b)*2;

Kommenmapuu — 5T0 HEKOTOPBIN MOSACHSIOINAN TEKCT, KOTOPBIM IIPU KOMIIU-
JISIUU TIPOTPaMMbl He yuuThiBaeTcss. KoMMeHTapuu OBIBaFOT MHOTOCTPOYHBIMHU (Ha-
YUHAIOTCSL C CUMBOJIOB /* M 3aKaHUYMBAIOTCS CUMBOJIaMH */) U OJHOCTPOYHBIMU (Ha-
YUHAIOTCS ¢ CUMBOJIOB //). B mocnennemM ciiyyae KOMMEHTApUeM CUUTAETCS BCSI 4acTh
CTPOKH, PACIOJIOKEHHAs CIIpaBa OT CUMBOJIOB //.

2.1.2. Tunobl JaHHBIX

Tur 1aHHBIX OIpEAENseT AUaIa3oH JOIyCTUMBIX 3HAYEHUM U IPOCTPAHCTBO,
OTBOAMMOE B IAMATHU IS NIEPEMEHHBIX, KOHCTAHT U PE3YJIbTAaTOB, BO3BPALIAEMbIX
¢ynxusiMu. OCHOBHBIE CTaHAAPTHBIC TUIBI JAHHBIX IPUBEACHBI B Ta0HIe 2.1.

Taomuua 2.1
OCHOBHBIE CTaHJJAPTHBIC THITBI TAHHBIX sA3bIKa CH
Tun Hazpanue Pasmep Jnamna3oH 3HaYCHUH
B OuTax
bit bur 1 0,1
char CumBon 8 -128...127
int [{enoe uncio (co 3HaKOM) 16 -32768...32 767
float BellecTBEHHOE YHCIIO 32 +1,175:107%...£3,402-10%®
long int JlmuHHOE 1IeTI0e 32 -2 147 483 648...2 147 483 647
unsigned char be33HakoBbIi CHMBOJ WIIH 8 0...255
JIOTHYECKOE 3HAUCHHUE TRUE, FALSE
unsigned int Be33nakoBoe 1emnoe 16 0...65 535
unsigned long int | be33HakoBoe JIMHHOE LIETI0€ 32 0...4 294 967 295

UtoOBI MCTOJIb30BaTh KaKyH-HUOYAb MEPEMEHHYIO B MPOTpaMMe, ee MpejiBa-
PUTENBHO HEOOXOAMMO OOBSIBUTH, HAIIPUMED,

int 1, j; // 0OBsBIIEHUE IBYX MIEPEMEHHBIX TUIIA int
unsigned char flag = 0; //00OBsIBIIEHUE BMECTE ¢ HAYAJIbHOW MHUIIMATH3AIHCH

Bce nepeMenHbie MOTYT OBITh TJI00aTBHBIMU WU JOKAbHBIMU. K ri1o0ansHbIM
NEepEeMEHHBIM UMEIOT JOCTYI Bce (QYHKIMHU, UMEIOLUEcs B mporpamMme. Takue nepe-
MEHHBIE OOBSABISIOTCS B MPOrpaMMe repes] o0bsiBlieHneM Beex (GyHKimi. JlokanpHbIe
HEpPEMEHHbIE OOBSBIISIIOTCS BHYTPU (PYHKIMHM U K HUM HMEET JOCTYN TOJBKO 3Ta
byHKIUS.

JIro60# mepeMeHHOI B MPOrpaMMe MOXKET ObITh MPUCBOCHO YHCIIOBOE 3HAYE-
HUE, IPUYEM JI STOTO UCIIONIB3YIOT Pa3nuyHbIe (DOPMBI MPECTABICHUS YHCTIA!
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1=10; 10 B mecatuunoit hopme;

1=0xA; 10 B wectHaauarepuyHoit popme (npedukc 0x);
1=0b1010; 10 B GunapHoit popme (ipedukc Ob);

1=012; 10 B BocbMepuuHoii hopme (mipeduxc 0);
1=10.5; ypcio 10,5 ¢ miaBaronie TOYKO;

[Tepemennas a1000r0 THIA MOXKET OBITH OOBSIBICHA KaK HEeMOAU(UIIUPpYyeMasl.
DT0 mocTuraercs 100aBICHUEM KIIOYEBOTO CJIOBA cONst Mpu OOBSBICHUU TIEPEMEH-
HOMH, OCJIC Yer0 OHA CTAaHOBUTCS KOHCTAHTOM:

const int b = 286;

Crnenyer OTMETUTh, UTO BEJIMUMHA, OOBSBJICHHAS KaK KOHCTaHTa, OyJeT pa3MelieHa
KOMITHJIATOPOM B IIaMATH IIPOI'paMM, a4 HC B IIaMATH JAHHBIX (KOTOpaSI Y MHOTI'UX
MHUKPOKOHTPOJIJICPOB OTHOCUTCIIBHO HGBCHHK&).

Baxwnoi onepauneﬁ ABJACTCA IPUBCACHHUC THUIIOB, IIOMI KOTOpOﬁ ITIOHUMAcCTCA
IPUHYAUTEIBHOE MpeoOpa3oBaHUE 3HAUYCHHS OJIHOTO THIA K JAPYroMy, COBMECTUMO-
MY C UCXOJHBIM. DTO UCIIOIb3YyeTCS B apu(PMETHUCCKUX ONEpaIrsX, KOT1a MoJydeH-
HbI€ 3HAYEHHSI MOTYT, HAIIPUMEDP, BBIXOJAUTH 3a JOMyCTUMBbIC npeseiibl. [IpuBenenue
TUIIOB ObIBAET SIBHBIM U HeSIBHBIM. HesiBHOE MpuBeicHUE TUIIOB UCIIONb3YETCS B Olle-
paTopax NpuCcBaWBaHUs, KOTJIa KOMIIUJISTOP CaM BBINOJIHAET HEOOXOJUMBIE MTpeodpa-
30BaHusA 0€3 SIBHOIO Ha TO yKa3aHwus. {11 SBHOTO MPUBEACHUS TUIIA HEKOTOPOH Iie-
PEMEHHOM mepe HeH clielyeT yKa3aTh B KPYTJIbIX CKOOKaxX UMs HOBOT'O THIIA.

[Tpumep:

int X;

int Y =200;

char Z = 30;

X =(int)Z*10+Y; // npu BbluucieHUH X NepeMeHHas Z MpuBecHa K TUILy int

Ecnu 6b1 B 3TOM npuMepe He ObUIO BBINOJHEHO SIBHOE MPUBEJACHHUE TUIIOB, TO
KOMITUJISITOP MPEANON0XKUI Obl, YTO BhIpaxeHue Z*10 — 3T0 BOCbMUpPA3pAIHOE YM-
HOXXKeHUe (paspsiaHocTH Tuma char) u BMecto koppektHoro 3HaueHus 300 (0x12C) B
naMsITh JaHHBIX ObUTO OBl MOMeIIeHo ype3zanHoe 3HaueHue 44 (0x2C). Takum oOpa-
30M, nepeMeHHON X ObUIO ObI MPUCBOEHO HEKOPPEKTHOE 3HaueHue 244 BMeCTO Ipa-
BuiibHOrO 3HaueHust 500. B pe3ynbrare npuBeAeHus TUIMA NepeMeHHas Z pacro3Ha-
€TCsl KOMITUIISATOPOM Kak 16-pa3psigHas 1 olMOKU B BBIYMCICHUN X HE BO3HUKAET.

[Ipu HanucaHnuu TPOrpaMMHOrO KOJia K IEPEMEHHBIM WIH APYTUM TUIIAM JIaH-
HBIX MOKHO OOpaTUTHCS 4Yepe3 HAeHTU(PUKATOP (M0 UMEHH MEPEMEHHON), a MOYKHO
UCIIOJIb30BaTh yKa3aTelb (110 agpecy B MamsATH). YKa3aTellb — 3TO NepeMEeHHas, Co-
JeprKalas agpec HEKOTOPOro AIEMEHTA JIaHHbIX (IEPEMEHHOM, KOHCTAaHThI, MACCHBA,
¢ynkuuu u 1.1.). [Ipyu 00bsIBICHUN IEPEMEHHOM THIA yYKa3aTeab, HEOOXO0AUMO OIpe-
JEJIUTh TUI O0BEKTA JAHHBIX, aJJPEC KOTOPbIX Oy/ET colepKaTh MepeMeHHast, U UMs
yKaszaresis ¢ IPeALIEeCTBYIOIIECH 3BE3J0UKON:

int *p; // p — yKa3aTenb Ha IeJI0e YHCIIO
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Yacto B mporpamMme COBMECTHO C yKa3aTeNs MU HCIOJB3YIOTCsA omepatop &
(omepartop azapeca) u orneparop * (omepaTop paszaapecanviv, OCyIIEeCTBISIIOUUNA JTOC-
TYI K aapecyeMoii BeTUYUHE Yepe3 yKazarenb). [[pumep Takoro ucmonb30BaHUS:

char *p; // 0OBSBISAETCS YKa3aTellb HA CUMBOJIBHYIO IIEPEMEHHYIO

char x, y; // OOBSIBIIAIOTCSI CAMBOJIBHBIC IEPEMEHHBIE X U Y

x="‘A’; // mepeMeHHOM X MPUCBaNBAETCSI CUMBOJ A

p=&X; // p mpucBauBaeTcs apec MepeMeHHOH X (YKa3bIBaeT Ha CUMBOII A)
y =*p; // mepeMeHHOH Yy TPUCBOEH CUMBOI A

IIpyuMeHUTENBHO K NIPOrPaMMHMPOBAHUI0 MHUKPOKOHTPOJUIEPOB, YKa3aTeln
MO>KHO MCIOJIb30BaTh, HAIPUMED, I 3aMMCH JaHHBIX B MOPT BBOAA/BeIBOAA. IlycTh
PEruCTp NAHHBIX MOPTA PACHOJIOKEH B MaMsATH 1o aapecy 0x16. Jlig 3anucu B 3TOT
peructp naHHbIXx nopra 3HadeHUs OXFF MOXHO BOCHONB30BaThCA CHEAYIOLIUM
(parMeHTOM IPOrpaMMHOrO KOJA:

unsigned char *Port;

Port = 0x16;

*Port = OxFF;

OTy ke ONepali0 MOXXHO BBIIIOJIHUTh U HENOCPEICTBEHHBIM NPHUCBOCHHUEM
gucina 0xFF nepemennoit PORTx, rae uepe3 x o6o3naueHsl moptel A, B...G (cm.
IpUMEPHI B MyHKTE 2.3).

B s3bike Cu m100y10 NEPEMEHHYIO MOXKHO ONPEIEINTh, 33/1aB C IOMOLIBIO Ie-
pEUYUCIIEHNs CIIUCOK €€ BO3MOXKHBIX 3HA4YCeHMM. Takas nmepeMEeHHAas HAa3bIBACTCs Iie-
PEMEHHOW MEPEYNCIMMOro THUIIA WK IPOCTO NepeyuciaeHueM. st 3Toro uenosup3y-
€TCs KJIIF0YEBOE cI0BO enum. [Ipumep:

enum week { SUBB =0, VOSK = 0, POND, VTOR, SRED, CHET, PJAT) rab_ned;

B nannom mpumepe oObsiBIeHa niepeMeHHas rab_ned, umeromas nepevyucse-
Mbiii Tun ¢ umenem week. IlepBeiM nByM mepeuncnsiembiM 3HaueHusM SUBB wu
VOSK npucBauatorcs 3HaueHus 0, BceM nocnenyromum — 1, 2, 3 u t.1. Ecnu Huka-
KOW SIBHOM MHUIIMATU3AINKN NEPEUUCIISIEMbIX 3HAYCHUI HET, TO MO0 YMOJYaHUIO OHU
NPUHUMAIOT MOCJIEIOBATEIbHBIA PSJl LIEJOUYUCICHHBIX 3HAYCHUI, HAUMHAs C HYJIS.
B nanbheineM M0OxKHO OOBSABUTH APYTYIO MEPEUUCTIEMYIO TIepeMeHHYI0 rab ned 1
TUIa week, MPUHUMAIOIIYI0 TaKOM ke Psijl 3HaUYCHUM, 4TO U IepeMeHHas rab_ned:

enum week rab ned 1;

Kpome 00bsiBIeHNI IEPEMEHHBIX PA3TUYHBIX TUIIOB, 3bIK CH TIO3BOJISIET 00B-
SIBJISITh CBOM HECTAHAAPTHBIE (MOJB30BATEIBCKUE) TUIIBI JAaHHBIX. 17151 3TOr0 UCIOJIb-
3yeTcs KioueBoe ciaoBo typedef, Hanpumep:

typedef unsigned int word // 0OBSBIISICTCS HOBBIN THIT JaHHBIX Word
B sTtoM mpumepe oObsABIISETCS HOBBIM TUIT JaHHBIX WOrd, KOTOPBIA MO CyTH
SIBJISIETCS] CTAaHAAPTHBIM TUIIOM unsigned int, HO B HEKOTOPBIX CiIyyasXx siBisercs 00-

jee HarasAHbIM (HAapuUMeEp, €CIM TaKoW TUIl UMeeT AByXOaWTHas mepeMeHHas, Xpa-
HSIASICS B ONIEPATUBHOM MaMSATH MUKPOKOHTPOJIEpA KakK CIIOBO).
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2.1.3. MaccuBBbI H CTPYKTYPHI

MaccuBbl — 3TO rpymnna 3j1eMeHTOB oAuHakoBoro tuna (int, float, char u 1.11.).
MaccuBbl OOBSIBISIFOTCS TTOJIOOHO OOBIYHBIM MEPEMEHHBIM C YKa3aHHEM B KBaJpaT-
HBIX CKOOKaxX MX pa3MEepPHOCTH (KOJIMYECTBA DJIEMEHTOB B MACCHUBE):

int x[10]; // maccuB u3 10 aemeHTOB THNA int
char str[10]; // MmaccuB u3 10 cuMBOJIOB (CTpOKA)

I[OCTYH K 3JICMCHTaAM MaCCHBa OCYHICCTBIIACTCA C ITIOMOIIBIO MHJCKCA (HOpi[I[-
KOBOI'O HOMCpaA 3JICMCHTA, HAYUHAA C HYJICBOFO), HaIlIlpuMcEp:

x[5]=1;

str[0] = “A’;

B s3p1ike CU OIIPCACICHBI TOJIBKO OAHOMCPHBIC MACCUBBI, HO ITOCKOJIBKY 3JIC-
MEHTOM MAacCHBa MOXET OBITh MAaCCHUB, MOXKHO OIPEICIUTh 1 MHOI'OMEPHBIC MAaCCH-
BEI. [IpuMepn1 0OBSBICHUS TAKMX MAaCCHUBOB:

int a[2][3]; // TByMEpHBII MacCUB U3 2 CTPOK H 3 CTONOIIOB
int b[3][2][5]; // TpexmMepHbI MaccuB U3 3 X 2 X 5 3JIEMEHTOB

NHunmanu3anuo MaccuBa OCYHIECTBIISIIOT OOBIYHO C MOMOIIBIO (DUTYpPHBIX
CKOOOK, Harpumep:

intx[10]={0,5,1,7,2,3,4,9,5,1}; // iHUTIIATA3aIHs] OJTHOMEPHOTO MacCHBa
int a[2][3]1={2,3,4,1,0,9 }; // vHULMANU3aIKs IBYMEPHOTO MaccuBa

Bo BTOpOM mpumepe yuTeHO, 4TO (PaKTHUYECKH BCE 3JIEMEHTHl MHOTOMEPHOIO
MacCHBa XPAHATCA B NAMATH IOCJIEIOBATENIBHO, IMO3TOMY WHULHAIA3ALNAI0 MOXHO
OCYILIECTBUTH B OJJHY CTPOKY.

Oco00ii pa3HOBUIHOCTHIO MACCHBA U3 DJIEMEHTOB TUIa char sBiseTcs cTpoka:

char str[10] = {*t’, ‘h’, ‘e’, *°, ©°, ‘I’, ‘1", ‘n’, €’ }; // cTpOKa CHMBOJIOB
OOBsBIICHUE W WHHUIMAIU3AIMNIO CTPOKH MOYKHO TAaK)K€ BBIIOJHUTH C TIOMO-
IO CTPOKOBOI'O JIMTCpaJia:

char str[] = “the line”;

IIpu 3TOM HEOOXOAUMO MOMHHUTH, YTO KOMIIUJISITOP HESBHO 3aBEPIIAET CTPO-
KOBBIE JINTEPAJIbl CHMBOJIOM KOHIA CTpoKU \0’. DTO ciieyeT yuuThIBaTh, 4TOOBI IpU
MHULMAIN3aliA MacCHUBa HE BBIUTH 3a e€ro npenensl. Ciaeayer OTMETUTh, YTO IIPU
MHULMAIN3alAA CTPOK Pa3MEPHOCTh MAacCHMBa MOXKHO SIBHO HE YKa3blBaTb. B 3TOM
CIIy4ae KOMIWISTOP ONPENENSIET pa3MEPHOCTb CAMOCTOSTEIBHO.

CtpyKTypa — 3T0 COCTaBHOI OOBEKT, B KOTOPBII BXOJAT 3JIEMEHTHI JIFOOBIX TH-
OB, 3a UCKIIOUeHHeM (pyHKUud. B oTinume oT MaccuBa, KOTOPBIN SBISETCS OJIHO-
POIHBIM OOBEKTOM, CTPYKTYypPa MOXKET COCTOSITh U3 HECKOJIBKUX Pa3HOTUIIHBIX Tepe-
MEHHBIX (moJieit). B o0iieM cinydae oObsBICHUE CTPYKTYpPbl UMEET BUJL:

struct UMs_CTPYKTYpHI {
THI T0J€e 1;

MO Tojie N; }
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B kadecTBe nmprMepa MOXKHO MPUBECTU CTPYKTYPY, ONPEAEIISIONTYI0 TOYTOBBIM
aZpec noiyyaTensi KOppeclnoHASHIIMN, KOTopasl BKIOYaeT B ce0s mosst ¢ uHpopma-
nuel 00 MMEHHU, TOYTOBOM MHAEKCE, TOpoJie, YIule, J0Me, KBapTHpE:

struct address {

char name [30]; // mms momrydarens u3 30 CHMBOJIOB
long int index; // MOYTOBBIN UHIEKC

char town [15]; // Topont

char street [15]; // ynuua

int number _house; // HOMep noma

int number apartment; // HOMEp KBapTHUPBI

}

I[J'IH A0CTyIla K IOJSIM CTPYKTYPbl MOJKHO MCIIOJB30BAaTh 3allMCb BHUAA
UMS_CTPYKTYpBL. 1osie, HAIIPUMED:

address.name = “V. Ivanov’;

OTMeTnM, 4YTO CTPYKTYpPHI IIPH IPOTPaMMHUPOBAHUN MUKPOKOHTPOJIIEPOB HC-
IIOJIB3YIOTCS JOBOJIBHO PEIKO.

2.1.4. Oneparopbi

Kaxk YKC OTMCYAJIOCH, OIICPATOPLI YKA3bIBAIOT KOMIIUJIATOPY, KAKHUC ,HeﬁCTBI/IH
(omepanuu) HaAO BBINOJHUTH HaJ onepanHaamu. [lo konnuecTBy onepaHaoB, ydyact-
BYIOIIIUX B OTIEpAIlMU, OHH MOJPA3EAIOTCS HA YHApHbBIC, OMHAPHBIC U TEPHAPHBIE.
B s3p1ke Cu UMEIoTCS ClieyoIIe YHAPHbBIEC ONEpallin:

apru(pMeTHIECKOe OTPHUIIaHuE (OTPHUIIAHUE U JIOTIOJTHEHHE);

MOOUTOBOE JIOTHYECKOE OTpHULIAHUC (,I[OHOJIHCHI/IG);
JIOTUYCCKOC OTPULIAHUC,

!

* pasanpecanus (KOCBEHHas aJpecarys);
& BBIUHCIICHUE aJPECa;

+ YHapHBIH ILTIOC;

++ yBEJIMUEHUE HA SUHUILY (MHKPEMEHT);

-- yMEHBIIIEHNE Ha €AUHUILY (IEKPEMEHT);
sizeof ompeneneHue pa3Mepa MaMaTh, KOTOpasi COOTBETCTBYET HIICHTU(DUKATODY .

VYHapHble ornepanuy BHITIOJHSIOTCS cripaBa HajeBo. Omnepanuyu MHKpEeMeHTa U
JNEKPEMEHTA YBEJIMYMBAIOT WUJIM YMEHBIIAIOT 3HAYEHUE ONEpaHAa Ha €JUHUILY U MO-
r'yT OBITH 3amKcaHbl KaK CIpaBa TaK M ciieBa OT ornepanaa. Eciau 3nak oneparuu 3a-
nucaH rnepej onepanjaom (npedpukcHas Gopma), TO U3MEHEHUE OlepaHaa MPOUCXO-
JUT JI0 €0 MCIIOJIb30BaHus B BhIpakeHUU. Ecnu 3HaK onepanuu 3amnucaH Mnocjie orne-
panga (moctukcHas ¢Gopma), TO ONepaH]| BHaYale UCIOIb3YETCS B BBIPAKCHHUH, a
3aTeM MPOUCXOJUT ero n3MeHenue. Hamnpumep:

1++; // mepeMeHHast 1 THKPEMEHTUPYETCS Ha eINHUILY
m = sizeof(f) // onpenenenue o01acTu NaMATH nepeMeHHon

Cnucok OMHApHBIX omepanuii mpuBeAeH B Tabmuie 2.2. B ornuume ot yHap-
HBIX ollepauuii OMHApHbIE BBHINOJHSIOTCS ciieBa HampaBo. [Ipu 3amucu BbIpakeHHI

58



CleAyeT IOMHUTh, UTO PsAJl CUMBOJIOB (¥, &, - U +) MOXeT 0003HAaYaTh YHAPHYIO WU
OuHapHyto onepaiuto. [Ipumepsl OMHApHBIX Onepaiuii:
TO = (int) TO_hi << 8;
TO += (int) TO low;
PORTB & = ~(1 << PB6);

// cniur TO hi Ha 8 pa3psa0B BIEBO
// cnoxxenue TO ¢ TO low, pe3ynbrat npucsouts T0
// yctanoBKa 6-To BbIBoa nopta B B cocTostaue yior.0

[lepBbie n1Be omepanuu MO3BOJISIIOT 3anucaTh B nepemeHHyo T0 (1enoro tumna
int) crapmmii 6aitt TO hi u mnaammuit 6aitt TO low, nmeromue tun char. J{ns storo
IpeIBAPUTEIHHO MPOU3BEACHO PE0Opa30BaHNE THIIOB.

Tabnuna 2.2
bunapnsie onepanuu s3pika Cu
3HaK 3Hak
Onepanus Onepanus
onepauuu onepauuu
* YMHOKEHHE && Jlornueckoe 1
/ Jenenue I Jlornueckoe NJIN
% OcTarok oT JesieHust y ITocenoBareabHOE BEIYUCICHHUE
+ Crnoxenue = [IpucBanBanue
- Borunranue *= YMHOK€EHUE C IPUCBAaUBaHUEM
<< CaBur BiIeBO /= [enenue ¢ npucBanBaHueM
OcTaToK OT JIeJIeHUs C IpUCBau-
>> CuBur BrpaBo %= 8 P
BaHUEM
< Mensbie -= Brruntanue ¢ nprucBauBaHuEM
<= MeHbl111e UM paBHO += CrnoxeHue ¢ npucBauBaHUEM
>= bonbe wim paBHO <<= Casur BJIEBO C IPUCBaUBaHUEM
== PaBHo >>= CaBur BpaBo C IPUCBauBaHUEM
Ilopa3psinnoe U ¢ mpucsausa-
I= He pasno &= paspsin p
HUEM
ITopaszpsaanoe NJIN ¢ npucsau-
& [Mopaspsianoe 1 = paspAt p
BaHUEM
| [Mopaspsaroe NJIN
0 A ITopa3psigHoe ucKiIOyaroiee
A I/Ij)II:I)/I a3pANHOC HCKIIFOMAIOIICE NJIN ¢ npucBanBaHueM

B s3p1ke CU umeercs oliHa TepHapHasi orepaius — ycJaoBHas orepaus, KoTo-
past umeer cienyromui hopmar:

onepann 1 ? onepann 2 : onepann 3

Onepann 1 onieHMBaeTCs ¢ TOUKM 3peHUs ero 3kBuBajgeHTHOCTH (. Ecnu ome-
pann 1 He paBeH 0, TO BBIYMCISETCA ONEPaH] 2 U €r0 3HAYECHUE SIBISIETCS pe3yJIbTa-
ToM onepauuu. Ecnu onepany 1 pasen 0, To BIUKCIIAETCS ONEpaH 3 U €r0 3HAaUEHUE
ABJIIETCS pe3ysibTaToM onepauuu. Cieayer OTMETUTh, YTO BbIYMCISETCS MO0 ore-
paun 2, nu6o onepana 3, HO HE 00a.

Bce onepaTopbl MOTYT OBbITh YCIIOBHO pa3JIeIeHbl Ha CIEAYIOLINE KaTErOpUU:

- YCJOBHBIE ONEPATOPBI, K KOTOPBIM OTHOCATCS omeparop yciosus if-else n
oreparop BeiOopa switch-case;
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- onieparopsl nukia (for, while, do-while);

- onieparopsl nepexona (break, continue, return, goto);

- IpyTUe onepaTopsl (OrepaTop «BhIPAXKEHUEN, IICTOM orepaTop).

OmnepaTtopsl B IIporpaMme MOTYT OOBEAMHSTHCS B COCTABHBIE OINEPATOPHI C
OMOIIBI0 GUTYPHBIX CKOOOK. JIt000# oneparop B mporpaMMe MOXKET ObITh TOMEUEH
METKOM, COCTOSINIEN M3 UMEHM U CIEAYIOUIErO 32 HUM JBOeTOo4Ms. Bcece omepaTtopbl
a3plka CH, KpOME COCTaBHBIX OIEPATOPOB, 3AKAHYMBAIOTCSI TOYKOH C 3aITOM.

BelnonHeHne oneparopa «BbIPaXKEHHUE» 3AKIHOYAECTCS B BBIUMCICHUU BBIpaXKe-
Hus. [IpuMepsl Takux onepaTopoB ObUIH paccMoTpeHs! Boimie. [lycToit onmeparop co-
CTOMUT TOJIBKO M3 TOYKH C 3amsaToi. IIpu BBIOJIHEHHH 3TOro omeparopa HUYEro HE
npoucxoaut. OH OOBIYHO CTABUTCS B CTPOKAX MPOTPAMMBI IIPH UCIOJIB30BAHUU OIle-
patopos if-else, for, do-while B Tex ciyuasx, koraa no JIoruke padoTbl POrpaMMbl
HUKAKOTo oreparopa He TpeOyeTcs, HO MO CHHTaKCHCY si3bika Cu Heo0X0auMOo, 4To-
Obl B JAaHHOM MECTE CTOSJI XOTs Obl OIH OIepaTop.

Oneparop if-else ucnonb3yeTcs 151 BHITOJIHEHUS TOIO WJIM UHOTO OJ0Ka Mpo-
rpaMMbl B 3aBUCMMOCTH OT HEKOTOporo ycinoBus. dopmat oneparopa:

if (BeIpackenue) {010k oneparopos 1;}
[else {610k omepaTopoB 2;} |

Brlinonnenue oneparopa HauMHAETCS C BBIYKMCICHUS BhIpakeHus. Ecnu BbIpakeHue
UCTUHHO, TO €CTh OTJIMYHO OT (), TO BBIMOJHSETCS OJIOK OMEepaTopoB 1, KOTOPHI 3a-
KIIFo4YaroTcsi B GurypHele ckoOku. Eciu BeipaxkeHue J1I0)XKHO, TO €cTh paBHO (), TO BbI-
nosiHAeTcs 010K omepaTopoB 2. Eciu BbIpakeHHE JIO)KHO M OTCYTCTBYyeT else (B
KBaJIpaTHbIE CKOOKHM 3aKIII0ueHa HeoOsi3aTelbHasi KOHCTPYKIIUS), TO BBIMOTHSACTCA
cnenyronuii 3a if oneparop. [Ipumep:

if (i<j) it++; // ecru 1 MEHBIIIE j, TO 1 HHKPEMEHTUPYETCS Ha SAUHULLY
else {j=1-3; i++;} // ecnv ©HAYE, TO BHITIOJIHSAIOTCS APYTHE ONepaIun

Omneparop switch-case npenHa3zHayeH sl OpraHU3auy BEIOOpA U3 MHOMKECT-
Ba pa3JIMuHbIX BapuanTtoB. Dopmat onepaTopa CleyIOIInii:

switch ( BelpakeHue )

{

case KOHCTaHTHOE BbIpaxxeHuel: 6510k onepaToposl;}
case KOHCTaHTHOE BbIpaxkeHHe2: {0JIOK omepaTopoB2;}

default: {Gnok onepaTopos;}

}

Bripaxkenue, cienytomiee 3a KItoueBbiM clloBOM switch B Kpyribix cKoOKax,
MOKET MPUHUMATh TOJIbKO IIeJIbIE 3HaUYCHUs. B 3aBUCHMOCTH OT KOHKPETHOIO 3HaYe-
HUS TOTO BBIPAKECHUS BBITIOJIHSAETCS TOT WM MHOM OJOK orepaTopoB. biok omepa-
TOPOB MOXET OBITh MyCTBIM, COAEPKATh OJHMH orepaTop wiHn 6ornee. Cxema BBINOJ-
HEHUs oreparopa switch-case cinenyromas:
- BBIYUCIISIETCS] BRIPAXKEHUE B KPYTJIBIX CKOOKAX;
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- BBIYMCJICHHBIC 3HAYCHUS TOCIICIOBATEIFHO CPABHUBAIOTCS ¢ KOHCTAHTHBIMHU
BBIPOKCHUSIMH, CIIEAYIOIIMMH 32 KIIFOUEBBIMU CJIOBAMU Case;

- €CJIM OJIHO M3 KOHCTAHTHBIX BBIPAKEHUH COBIAJACT CO 3HAUYCHUEM BBIpaXKe-
HUS, TO YIpaBJICHHWE IEpeNaeTcss Ha OMNeparop, MOMEYCHHBIH COOTBETCTBYIOIIUM
KJTIOYEBBIM CJIOBOM Case;

- €CITM HU OJIHO W3 KOHCTaHTHBIX BBIPQXCHHA HE PaBHO BBIPAXKEHHUIO, TO
yIPABJICHUE TEPEACTCS OTMepaTopy, MOMEYCHHOMY KitoueBbiM ciioBoMm default, a B
cllydae ero oTCyTCTBHS — OllepaTopy, cienyromemy nocie switch-case.

[Tpumep ucnons3oBanus onepatopa switch-case:

switch (Num_Bite Com)

{

case 0: { I heat=Receive Byte UARTI(); // mpuém 1-ro Gaiita
Num_Bite Com++; // ’HKpEeMEHT cu€TunKa 0aluTOB
}
break;
case 1: { Tau min=Receive Byte UART1(); // mpuém 2-ro Oaiita
Num_Bite Com++ // MHKpEeMEeHT cuéTdrka 6alTOB
}
break;

case 7: { RUN Meas = Receive Byte UARTI1(); // npuém nocnennero 6aiita
Num_Bite Com=0; // oOHyneHue cuéTuynka 6alToB

h
break;

}

B manHOM mpuMepe MpOW3BOAUTCS MPHUEM IMOCHUIKH JaHHBIX U3 BOCHBMU Oaii-
TOB, MOJYYEHHBIX U3 KOMIbIOTEpa Mo nocienoBatenbHoMmy untepdeiicy USART, wu
PUCBOCHHUE MOJYUYECHHBIX 3HAYCHHUH (B 3aBUCUMOCTH OT MX HOMEpa B MOCBLIKE) CO-
OTBETCTBYIOIIMM NiepeMeHHbIM. Oneparop break, Haxoasuiics BHyTpH Tella onepa-
Topa switch-case, npepbIBaeT €ro BBIIOJHEHUE U OCYHIECTBIAET MEPEX0] Ha orepa-
TOp, cleaytoiuii 3a switch-case.

Oneparopsl nukina (for, while, do-while) npegnazHadensl sl MOBTOPHOIO
BBITIOJTHEHUSI HEKOTOPOTO OJioKa mporpaMmbl. KoaudecTBO MOBTOPOB MO0 3apaHee
3a/1aHo, JIN0O OINpeAeAeTCS KAKUM-TTM00 YCIOBHEM.

Omnepatop for umeer cinenyromuii hopmar:

for ( Bepaxxenue 1 ; BeIpakeHue 2 ; BeIpakeHue 3 )
{Teno nmukia u3 6J10Ka ONEPaToOpoB; }

Bripaxxenue 1 00bIYHO MCMOJIB3YETCS U1 YCTAHOBKH HAYAJIBHOTO 3HAYEHUS
IIEPEMEHHBIX, YIPAaBISIONIMX LUKIOM. BbeIipaxkeHue 2 onpenensieT yCloBHE, NPH
KOTOpPOM OYyJET BBINOJHATHCS TEJIO LUKiIa. Beipaxkenue 3 onpenaenseT n3MeHEHUE
INEPCMCHHBIX, YHPABJIAIOIIUX LHHUKIOM IIOCJIC KaXJI0I'0 BLIIIOJIHCHHA TCJIa IUKIJIIA.
[Tpumep ucnonp3zoBanus oneparopa for:

summa = 0;
for i=1;1<10;1++)
{summa +=1; }
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B sToM npumepe BeruncisgeTcss cymma yucen ot 1 1o 9.
Oneparop nukia while Ha3pIBaeTCA IUKIOM C MPEIYyCIOBUEM U HMEET Clie-
nyromui gpopmar:

while (BbIpaskeHue)
{Teno nukia u3 0J0Ka ONEPaToOpoB; }

Cxewma BeinosiHeHus oneparopa while cnenyromas:

- BBIYUCJISICTCS BBIPAKEHUE;

- €CJIM BBIPAYKEHHUE JIOKHO, TO BBINOJHEHUE onepaTopa while 3akanunBaercs u
BBITIOJIHSETCS CIEAYIOLIMM I10 MOPSAKY OIEPATOP; €CIU BBIPAXKEHUE UCTUHHO, TO BbI-
IIOJIHSIETCS TEJIO LKA,

- 3aT€M CHOBA BBIYUCIISIETCS BBIPAXKEHUE U IIPOLIECC MOBTOPSIETCS CHAaYala.

[Tpumep ucnons3oBanus oneparopa while:

summa = 0;

1=1;

while (i < 10)

{summa += i,
i++;}

B sToM npumepe, Kak 1 B NpeapIAyLIEM C oriepaTopoM for, BeruucCiIsieTCs: CyM-
Ma yucen oT 1 g0 9. Yacto oneparop while ucnonb3yercs ayis opraHuzanuu 6€cko-
HEYHBIX 3aMKHYTBIX [{UKJIOB:

while (1) // ycoBHOE BBIpa)KEHUE BCET/1a UCTUHHO
{Teno nukiIa u3 6JIOKAa ONEepaTopoOB; } // G@CKOHEUYHBIHN UK

Oneparop do-while Ha3piBaeTcs omepaTopoM LHMKJIA C MOCTYCIOBUEM U HC-
MOJIB3YETCSI B TE€X CIydasx, KOrja HEOOXOJMMO BBIMOJHUTH TEJO ITUKIA XOTS OBl
oauH pa3. dopmar oneparopa UMEET CIACAYIOIIMUN BUA:

do {Teno nukna} while (Beipaxkenue);

Cxewma BoinosiHeHus oneparopa do while:

- BBITIOJTHSIETCS TEJIO LUKJIA (KOTOPOE MOXKET ObITh COCTABHBIM OTIEPATOPOM);

- BBIYMCJISIETCS] BBIPAKECHUE;

- €CJIM BBIPAYKEHHUE JIOKHO, TO BBINOJHEHUE onepaTopa do-while 3akanunBaer-
CS1 Y BBITIOJIHAETCS CIIEAYIOIINM 110 MOPSAIKY OIEpaTOp; €CIU BbIPAKEHUE UCTUHHO, TO
BBIITOJIHEHUE ONIEPATOPA MMOBTOPSETCS CHAYaJIa.

Ecnu B Tene moboro mukia BcTpeyaercs onepatop break, To ynpasienue me-
penaercs oneparopy, CIEAYIUIEMY 3a ONEPaTOPOM LIMKJIA, BHE 3aBUCUMOCTH OT HC-
TUHHOCTH WJIA HEUCTUHHOCTH YCIIOBHOTO BbIpaXeHUs. IIpm 3TOM BO BIIOKEHHBIX
LMKJIAX BBIXOJ OCYILECTBJSETCS HE HA CaMbli BEPXHUU YPOBEHb BJIOKEHHOCTH, a
JUIIb HAa OJJUH YPOBEHb BBEPX. DTO, B YACTHOCTH, MIO3BOJISIET OCYUIECTBUTH BBIXOJI U3
OECKOHEYHBIX ITMKJIOB MPU BBHITTOJIHEHUH OIMPEICIICHHBIX YCIOBHMA.

Oneparop continue, kak u omneparop break, HCHOJIb3yeTCs TOJBKO BHYTpPHU
ONEPATOPOB LHKJIA, HO B OTJIMYHE OT HETO BBIIOJHEHUE ITPOTPAMMBI IPOJOJIKAETCS
HE C OIlepaTopa, CIEAYIOUIETO 3a IPEPBAHHBIM ONEPATOPOM, a C Ha4aJIa PEPBAHHOTO
orneparopa.
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Omnepatop return 3aBepuiaeT BHINOJHEHHE (QYHKLUHUH, B KOTOPOM OH 3a/aH, U
BO3BpAlllacT yIPABIEHUE ONEPaATOPY, HEIMOCPEACTBEHHO CJIEAYIOLIEMY 3a BBI30BOM
GyHKUIHUU.

Omneparop 06e3ycioBHOro nepexoja goto mepefaeT yHpaBlIE€HUE ONEPATOpy,
OMEUEHHOMY MeTKOM. IlomeueHHBI omepaTop AOKEH HAXOAUThCS B TOM JKe
(yHKIMM, 4TO U omepaTop goto, a UCNOIb3yeMasi METKa JODKHA ObITh YHUKAJIbHOM.
Hcrnonb3oBaHue ornepatopa goto B IPAKTUKE NPOrpaMMHUpPOBaHUs Ha s3blke Cu Ha-
CTOSITEJIBHO HE PEKOMEHAYETCS, TaK KaK OH 3aTpyJHSAET NOHMMAaHHWE MpOorpamm H
BO3MOKHOCTb UX MOJU(UKALIUU.

2.1.5. ®yHkuuu

OyHKIMS — 3TO UMEHOBAaHHAsl YacTh MPOTPaMMBbl, MPEAHA3HAUYCHHAs IS pe-
IIEHUS OMPENEJICHHOW 3a/laud, K KOTOPOM MOXKHO oOpamiaThCs U3 APYrUX dacTen
nporpamMmbl  0e3 Kakux-muoo orpanmueHuil. Kaxknas QyHkuus momxHa UMETh UM,
KOTOPOE HCIONB3yeTCs sl €€ OOBSIBICHUS, ONpeNeeHs] U BhI30Ba. BaxkHO oTMe-
TUTh, YTO B JIF0OOW nporpamme Ha Cu JoJKHA ObITh QYHKILKSA C UMEHEM main (riaB-
Hast PYHKIMS); IMEHHO C 3TOM (DyHKIIMH, B KAKOM OBl MECTE MpOrpaMMbl OHa HE Ha-
XOJINJIach, HAUUHAETCS BBIIIOJIHEHUE MPOTPAMMBI.

OOGbI4HO (DYHKIIMS UMEET HEKOTOPBIM HabOp aprymMeHToB ((hopManbHBIX Mapa-
meTpoB). IIpu BeI30BEe PyHKIMHU € epeatoTcsi HEKOTOpble 3HaueHus ((hakTuueckue
napaMeTpbl), UCIIOJIb3yeMble BO BPEMsI BBIIOJIHEHUS (DyHKIIMHU, MTOCIE YEro OHA MO-
’KET BO3BpalllaTh HEKOTOPOE 3HaYeHHE. DTO BO3BPAILAEMOE 3HAUCHHUE U €CTh Pe3yJib-
TaT BBIMOJIHEHUS (PYHKIUHU, KOTOPBIN MPHU BBIIOJIHEHUH [TPOTrPAMMBI TOJCTABIISAETCS B
TOYKY BbI30Ba (yHKIUH, TJ€ ObI 3TOT BBI30B HU BCTpeTmics. [lomyckaercst Takxe uc-
M0JIb30BaTh (PYHKIIMH, HE UMEIOIINE apTyMEHTOB, a Takke (YHKIIMH HE BO3BpAIIAI0-
M€ HUKAaKuX 3HaueHHUi. JleficTBHe TakuX (PYHKIMI MOXET COCTOSITh, HAllpUMEp, B
M3MEHEHUH 3HAYCHUN HEKOTOPBIX MEPEMEHHBIX, BBIBOJIC HA TIeYaTh TEKCTOB H T.II.

C ucnonp3zoBanueM QyHKIHUH B sa3bike CH CBSI3aHBI TPH MOHATHS — OMpezere-
Hue (QyHKUMM (ONMUCaHUE NEUCTBUM, BBIMOIHAEMBIX (QyHKIUEH), 00bsBIEHUE (DYHK-
muu (3aganue GopMmbl oOpaimieHuss K (GyHKIUH) U BbI30B (yHKIMU. OnpeneneHue
GyHKUIMU 33]a€T TUIT BO3BPAILIAEMOT0O 3HAYEHUS, UMsI (DYHKIIMH, TUIIBI U Yucio (op-
MaJbHBIX MAPAMETPOB, a TAKKe OODBSIBICHUS MEPEMEHHBIX M OIEpaTopbl, Ha3bIBae-
MbI€ TeJIOM (YHKIUH, U onpeaesnstomue aeicrsue GpyHkuuu. [Ipumep:

char znak (int x)

{ if(x>=0) // ecnn X OOJIBIIIE WK PaBEH HYJIIO, TO
return 1; // bynkumu znak nmpucBauBaercs 1;
else // nHaue
return 0; /I bynkimu znak nmpucsanBaetcs 0.

}

B nannom mpumepe onpenenena GyHkmus znak(x), IMEIOIIast OJUH apryMEHT —
nesnoe yucio X. Ecam mpu BeI3oBe (PyHKIMU el mepeaaeTcsl MOJIOKUTEIbHOE YUCIIO
(x > 0), To pyHkIMs Bo3Bpaiaer 3HaueHue 1, B npotuBHoM ciydae — 0. Ecnu pyHk-
[ UMEET HECKOJIbKO MapamMeTpoB, TO OHU MPU ONMUCAHUK (PYHKIIMU U IIPU €€ BBI30BE

63



paznensiercs 3ansaTeiMu. Ecnu GyHKIMS IpeHa3HaYeHa 171 BO3BPAILIEHUS KAKOI0-TO
3HauY€HHUs, TO B Tene (YHKUUU 005A3aTeIbHO JOJDKEH OBITh omepaTop return.
[Ipu 3TOM BCe omepatopsl MOCie return UTHOPUPYIOTCA U MPOUCXOAMUT BO3BpAT B
BbI3bIBaeMyto QyHKIMIO. [t PyHKIMM, HE BO3BpalllaeMblX HUKAKOTO 3HAUYEHUS, TIPU
€€ OIMCAaHUU JOJIKEH OBbITh MCHOJB30BaH THUIl VOid, yKa3bIBaIOIINIl Ha OTCYTCTBHE
BO3BpallaeMoro 3HaueHusd. Eciu pyHKIMs He UCIONIb3yeT MmapaMeTpoB, TO HAIUYUE
KPYTIBIX CKOOOK 00s13aTe€IhbHO, 2 BMECTO CIHMCKA MapaMeTPOB PEKOMEHIyEeTCs yKa-
3aTh CJI0BO void.

B s3pike Cu Her TpeOoBaHus, YTOOBI ompejaesieHne (YHKIHH 005S3aTeIbHO
IpEeIIeCTBOBAIO €€ BbI30BY. Ompe/iesieHns UCI0NIb3yeMbIX (PYHKIMA MOTYT CJelo-
BaTh 3a ompejaeneHreM (PYHKIIMU main, epex HUM, WIH BOOOIIe HaXOAUTCS B JIPY-
roM ¢aine. OgHaKo ISl TOTO, YTOOBI KOMITUJISITOP MOT OCYIIECTBUTH MPOBEPKY CO-
OTBETCTBHUS THUIIOB IepeAaBaeMbIX (HaKTHUYECKUX IMapaMeTpPOB TUTAaM (OPMaIbHBIX
napaMeTpoB, /10 BbI30Ba PYHKIIMK HY>KHO TOMECTUTh O0BbsIBICHUE (MMPOTOTHUI) (DYHK-
muu. O0bsiBiIeHUE (QYHKIMU UMEET TaKOW K€ BHJ, YTO W olnpeaeneHue GyHKUHUH, C
TOM JIMIIb pa3HULEH, 4TO TeJl0 GYHKUUU OTCYTCTBYET, U UMEHA (POpMaJIbHBIX Iapa-
METPOB TOXE€ MOTYT ObITh OmyiieHbl. s QyHKIMM, ONpeAesieHHON B IMOCJIEIHEM
npUMepe, MPOTOTUIT MOKET UMETh BUJI:

char znak (int xX) wmm char znak (int)

B nporpammax Ha si3pike CH IIMPOKO HMCHOJB3YIOTCS, TaK Ha3blBaeMmble, OUO-
JAMOTEeYHble (PYHKLUMH, T. €. QYHKLUHUH, IPEIBAPUTEIHLHO pa3pabOTaHHbIE U 3alUCaH-
Hble B OuOnuoTeku. [IporoTunsl OMOIMOTEUHBIX (PYHKIMN HAXOAATCS B CHELUANb-
HBIX 3ar0JIOBOYHBIX (paiiinax, MOCTaBIsIEMbIX BMECTE C OMOIMOTEKAMU B COCTaBE CHC-
TEM MPOrPaMMHUPOBAHUSA, U BKIIOYAIOTCS B MPOrpaMMy C IOMOUIBIO JUPEKTUBBI
#include (mupexkTUBBI Ipenpolieccopa OyAyT paCCMOTPEHBI HUXKE).

2.1.6. CTpykTtypa nporpammbl Ha Cu

[Iporpamma Ha Cu 0OBIYHO HAYMHAETCS C TUPEKTUB MPEMPOIECCOpa, KOTOPHIE
IIOMEYAIOTCsl CUMBOJIOM «#». IIpenpoueccop — 3T0 4acTh KOMIMIISATOPA, KOTOPBIN
BBITIOJTHAET MAKPOTMOJICTAHOBKH, YCIOBHYIO KOMIWISIMIO U BKJIIOYECHUE MMEHOBAH-
HBIX (paiioB. JIUPEKTUBHI TIO CYIIECTBY HE SIBISIOTCS KOHCTPYKIUSAMU si3bika Cu H
oOpabaTeiBaroTCsl A0 (PaKTHUECKOW KOMIWJISIIUK Tporpammsbl. X cMbIcn — moacTa-
HOBKa HEKOTOPOTO Kofa B mporpammy. bosnee mompoOHO AUPEKTUBEI MpempoIieccopa
OyIlyT pacCCMOTPEHbBI HUXKE.

[Tocne AMPEeKTHUB CIEAYIOT OOBSIBICHUS TI00ABHBIX TIEPEMEHHBIX M KOHCTAHT,
KOTOpBIE JOCTYIHBI JIUIsl MCTIOJB30BAaHUS BO BCeX (YHKIUSAX Mporpammbl. Bmecte ¢
OOBSIBJICHHEM MOXET OCYIIECTBISATHCS U WHUITHAIA3AINS TIEPEMEHHBIX, TO €CTh MPH-
CBAaMBaHUE UM HEKOTOPBIX HAYAJbHBIX 3HAYCHUI.

[Tocre 3TOro OOBIYHO WAET OOBSABICHUE W OMUCAHHE HCIIOJIB3YyEMBIX B IPO-
rpamme pyHKkmid. OyHKIIUU MOTYT COJIEP)KaTh CBOM COOCTBEHHBIE JIOKAJIbHBIC Mepe-
MEHHBIE, KOTOPbIE JIOCTYMHBI TOJBKO B Tele (QyHKIMU. B mporpamme o0si3aTenbHO
NoJKHA ObITh GYHKIIMA ¢ UMeHEM main (rnaBHas Gyukmus). UMeHHo ¢ 9Toil QyHK-
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MY, B KAKOM OBl MeCTe MPOrpaMMbl OHA HE HAXOJWUJIACh, HAUMHAETCS BBIITOJIHEHHE
IPOrPaMMBl.
[Ipumep nporpammsl Ha Cu:

#include <stdio.h> // mopkitoueHue oubnuoTeunoro gaiina stdio
#include <iom128v.h> // mogxrouenue 6nbaroTeyHoro ¢aitna iom128v
#include "UART.h" // monkmouenue ¢aitna UART

#define Pi  (float) 3.1416 // mprUCBOEHNE 3HAUCHUS YUCITY TT

.......... // npyrue TUpeKTUBBI TPOTPAMMBbI

unsigned int adc_value; // obbsaBneHue nepeMeHHoi adc_value

unsigned int T _0=120; // oOBsIBIIEHNE U MHULIMANIK3anus iepeMenHo T 0
.......... // npyrue riodanbHbIe IEPEMEHHbIE POTPaMMBbl
void port_init (void) // GyHKIHS HHUTTTAIA3AIAHA TTOPTOB

{

PORTA = (1<<PAO6);

DDRA = (1<<DDA®6) | (1<<DDAUO);

PORTB = 0x00;

DDRB = (1<<DDBS5) | (1<<DDB6);

.......... // vantmanmmsanys moptoB C, D, Eu F

} // konen pyHKIMH port_init ()
.......... // npyrue QyHKIMH TPOTpaMMBbI
main () // riaBHas GyHKUIKS TporpaMMbl main ()
{ unsigned char I =0, k =0; // 0OBSBIICHUE JTIOKATBHBIX TEPEMEHHBIX
unsigned int ii;
init_devices( ); // GyHKIMS MHUITUAIA3AIAHA yCTPONCTBA
PORTB &= ~(1<<PBY); // mpuHy TUTENBbHAs ycTaHOBKa BbhIBoJIa PBS B sor.0
.......... /I npyrue omnepatopsl GpyHKIMH main ()
} // koHer| pyHKIMK main ()

BaxxHo oTMeTUTh, YTO MHULIMATU3ALMUS [TOPTOB U APYTUX NepudepuitHbIX ycT-
poiictB MUKpOKOHTpoiiepa ATmegal28 B kommuisstope Image Craft, koropslii Oy-
JIET paCCMOTPEH HMKE, MOKET OCYIIECTBIIATHCS B IIOJyaBTOMATHYECKOM PEKUME.

2.1.7. IlmpeKkTHUBBI Mpenpoueccopa

Kak yxe ormedasioch, TMPEKTUBBI MpPENpoLeccopa B OCHOBHOM IpeJaHAa3HA-
YeHBbI JJIS1 TIOJICTAHOBKH HEKOTOPOIo KoJia B ImporpamMmy. IIpaktrueckn kaxxzaas mnpo-
rpamMma coAepkuT nupekTuBy #include, koTopasi MO3BONSAET MOAKIIOUUTH K JAHHOU
nporpamme Jpyrue nporpammbl ¢ MOJ€3HBIMH (YHKIUSAMH. J[JI 3TOro AOCTATOYHO
BMecTe ¢ qupekTuBoi #include yka3aTh Tak Ha3bIBa€MBIM 3aroJIOBOYHBINA (aiii, TO
€CTh UMs MOJKII0YaeMoro ¢aiina ¢ pacmuperueM «.hy (cM. mpuMep nmporpaMMbl Ha
Cu B 1.2.1.6). Ilocne sroro ¢pyHKIUH, TPOTOTUIIBI KOTOPHIX YKa3aHbl B 3ar0J0BOY-
HOM (pailsie, CTAHOBSITCSI TOCTYIIHBIMU JIJI1 UCIIOJIB30BAHUS X B JIAHHOW MPOrpaMMe.
OTa TUPEKTUBA UMEET JBE (DOPMBI:

#include <uwms daitma>
#include "ums ¢aitia"
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Nwms ¢aiina MOXKET COCTOSITh JIMO0 TOJIBKO U3 UMEHHM (haiina, TM00 U3 MOJTHOrO
uMeHHU (pailiia, BKIIIOYAIOLIEro U MyTh K HeMmy. Eciau umsa ¢aiina 3ajaHo B yIJIOBBIX
CKOOKax, TO OH CUMTAETCS YaCThIO CTaHJIAPTHOM OMOIMOTEKH, MOCTABISIEMON BMECTE
¢ komnuiaTopoM. Ecnin umst daitna ykazaHo B KaBbIUKax, TO MOUCK (paiiyia ocymiecT-
BJISIETCSI B COOTBETCTBUU C 3a/IaHHBIM IIyTEM K HEMY, a IIPU €r0 OTCYTCTBUM — B Te-
KymieM kartajore. /Jlupektua #include MoxeT ObITh BIIOKEHHON, TO €CTh BO BKIIIO-
gaeMoM (aiiyie Takke MOTYT COAepKaThCs CBOU AUPEKTUBHI #include.

Hpyroii, IUpOKO pacpoCTpaHEHHON NUPEKTUBOM, siBiisieTcs #define, koTopas
CIIY’KHT Il 3aMEHBI YacTO HCIIOJIB3YIOUIMXCS KOHCTaHT, KIIOYEBBIX CJIOB, OIIEpaTo-
POB WJIM BBIPAKEHUN HEKOTOPhIMH HAeHTH(HUKaTopamu. WneHTudukaTopsl, 3ame-
HAIOLIME TEKCTOBBIE UM YUCJIOBBIE KOHCTAHTHI, HA3bIBAIOT UIMEHOBAaHHBIMU KOHCTaH-
tamu. aeatuduxatopsl, 3ameHstonre (parMeHTsl IpOrpaMM, Ha3bIBAlOT MaKpOOII-
peneneHusAMHI, IPUYEM MAaKpPOOIPEAEIEHUs MOTYyT MMEThb apryMeHThl. /[upekTuBa
#define umeer cnenyromuii popmar:

#define mnenTH(dUKATOP TEKCT

Ecnu B TekcTe mporpaMMbl BCTPETUTCS YKa3aHHBIN B IUPEKTUBE UIEHTU(DUKA-
TOP, TO KOMITWJISITOP 3aMEHUT €r0 Ha TEKCT. TakoM MpoLecC Ha3bIBACTCSI MAKPOIOA-
crtaHoBkoi. [Ipumep:

#define WIDTH 80
#define LENGTH (WIDTH=+10)

OTU TUPEKTHUBBI U3MEHST B TEKCTE MporpaMMbl Kaxkasid uaeHtudukarop WIDTH na
gucio 80, a kaxaplil unentudukatop LENGTH nHa Beipaxenue (80+10) Bmecte c
OKPY>KaIOIIMMH €T0 CKOOKaMHU.

B kommunarope Image Craft, koTopblii OyaeT paccMOTpeH HUXKeE, IIUPOKO UC-
NOJIb3YETCSl TUPEKTUBA #pragma, KoTopas 0ObsBISIET PYHKIMIO 00pabOTKU HpephI-
BaHUM, BKJIIOYAsl ONMMCAaHWE MCTOYHMKA mpepbiBaHus. Hanpumep, mjisg npepbiBaHus,
BBI3BAHHOI'O COBIaJIeHUEM cojiepkumoro Taiimepa/cuerunka TCNT1 u ero peructpa
3axBara ICR1, nupexktuBa #pragma uMeeT BU:

#pragma interrupt_handler timerl capt_isr:12

void timerl capt_isr(void)

{
*P_Data=ReadADC _ext(); // urenue pe3yabTara npeodpazoBanust AL

}

[Ipy BO3HMKHOBEHUU 3allpoca Ha MPEPbIBAHUE BBINOJIHEHUE POrPAMMBI MPHU-
OCTAHABJIMBAETCS, BbI3bIBaeTCsA (pyHkius timerl capt isr(), KOTOpas OCyIIECTBIISIET
yTeHue pe3ysbTata npeodpazoanus BHemHero AL (pynkuus ReadADC ext omnu-
caHa B JPYroM MECT€ MpOrpaMMbl) U MPUCBAUBAET €ro MEPEMEHHOW, HA KOTOPYIO
yka3biBaeT ykaszarens *P_Data. [lociie 3TOro BblnonHeHHne nporpaMmmbl BO30OHOBIIS-
€TCsI C TOrO MeCTa, Ha KOTOPOM BO3HMK 3aIIpOC Ha MpEepbIBaHUE.

Cy1ecTByeT JOBOJIBHO MHOTO JPYI'MX, MEHEE IIMPOKO MCIOJB3YEMBIX IHUPEK-
TUB INIPENpoLeccCOpa, C KOTOPHIMU MOXHO O3HAKOMUTBCS B CHELUAIBHOM UTEpaType
1o 536Ky CHu.
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2.2. MarerpupoBannas cpeaa paspadorku ICCAVR

Cpena nporpammupoBanus ICCAVR ¢upmel ImageCraft Creations Inc npen-
Ha3Ha4eHa /i pa3pabOTKHU MPOrpaMMHOIo odecredeHus (MPOeKTa) U ero KOMIUIIs-
i B ucnojHsaembii AVR-mukpokontposuiepom daiinn. ICCAVR sBnsercs onHum
U3 TPOCTEUIIUX U OYEHb YJOOHBIX KOMIHIATOPOB. OH MMeeT Ha0Op CTaHAAPTHBIX
OuOIMOTeUHbIX QYHKUIMUNA U Psii MOAMPOrpamMM, CHEHUAIbHO MpeIHA3HAYCHHBIX JIs
AVR-MHUKpOKOHTpOJIIEPOB. X MOKHO HMCIOJIb30BaTh B CBOEM IPOEKTE, MPEABaAPHU-
TEJIbHO NOAKJIIOUMB X K IPOEKTY AupeKkTruBoil #include.

B pa6ore ICCAVR ucnons3yrTcs cieayroomue TAMbl (aioB (Mo paciimpe-
HUSM):

C — ucxoaHbBIN TeKCT Ha s3bike Cu;

S — MCXOAHBIN TEKCT Ha acceMOiiepe WM BBIXOJIHOM acceMOnepHbIi (aiin,
TreHEPUPUPYEMBIN I Kax10ro ucxoanoro C-gaitina;

H — 3aronosounsiii (header) daiin;

PRIJ — ¢aiin npoexra;

SRC — cniucok (haiiyioB mpoeKTa;

O — oObekTHBIN (haii, MOMy4YaeMbI MOCIE KOMMIWISIMH acceMOJIEPHOIo
daiina;

HEX — Beixoanoit ¢aiin B popmare Intel HEX nins 3arpy3ku B I13Y nporpamm
MUKPOCXEMBI;

EEP — Beixomnoui ¢aiin B ¢dopmate Intel HEX nnsa 3arpysku B [13Y nannbix
MUKPOCXEMBI;

COF — Beixonno#t (aiin B popmate COFF, ucnonb3yercs mpu oTiIaike IpoeK-
ta B AVR Studio unm npyrux cpenax nporpaMMHpOBaHUS;

LST — ¢ain-nuctunr, cogepxamuii uHbopMaiuio o aapecax;

MP — MAP-daiin, cogepxamuii CHMBOJIMYECKYIO HH(OPMAITHIO;

DBG — daiin ¢ omianounoit undopmaimei;

A — 6ubMoTEeUHbIN (haii.

[Ipn nepBonavansHom n3ydeHuun ICCAVR noctaTodHO 3HaTh, 4TO B JTaHHOU
cpelie MmoJib30BaTeNb paspabaTeiBacT npoekT (¢ain ¢ pacumupenuem PRJ), coctos-
MM U3 OJIHOTO MJIM HECKOJIBKUX MCXOAHBIX C-(aitioB u 3aronoBounsix H-gaiinos.
B npoekT MoryT Takke BXOJUTh TEKCTOBbIE (DAMIIBI C IOMOJHUTEIBHON HH(OpMaIu-
e, Hampumep, 00 OCOOCHHOCTSX PabOThl AITOpUTMA MPOTPAMMBI MIIM KAKOH-TO
crpaBoYHOM MHpopManuen. Eciyu KoMIuisius IpoeKkTa MPOXOAUT YCIIEIIHO, TO 00-
pasyercs HEX-daiin, KoTopbIii ¢ MOMOIIBI0 CHEIHUABHBIX CPEACTB IIPOIITHBACTCS
B MaMsTh MporpaMMm Mukpokontposuiepa. HEX-daitn MmoxxHO Takke MCTONb30BaTh B
CHUCTEMaX CXEMOTEeXHHUUYecKoro MojaenupoBanus (Hanpumep, B PROTEUS) nns npo-
BEPKHU MPABUILHOCTH (PYHKITMOHUPOBAHUSI MUKPOKOHTPOJLIEPA.

[Tocne 3anycka ICCAVR Ha skpaHe MOHUTOpA MOSIBIISIETCS TIIABHOE OKHO, KO-
TOpOE pa3lesieHO Ha Tpu 4acTh (okHa). JleBas BepXHsAA 4acTh — OKHO pPENaKTopa.
B Hem npezacTaBiieHbl TEKCTHI IPOrpaMM, KOTOpbIE 00pa3ytoT npoekT. UMeHHo ¢ 3Tu-
MU T€KCTaMU U pabOTAET MPOrpaMMUCT, PEJAKTUPYS UX WM 100aBJIsisi HOBbIE CTPOKH
u 65oku riporpamm. [1pu mepBom 3amycke ICCAVR 0kHO, eCTECTBEHHO, ITyCTOE.
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g ImageCraft IDE for ICCAVR (PROFESSIONAL) E]@
File Edit Search Wiew Project u; RCS Tools Terminal Help

g = & & & D T

Lab.c l Project l Browser]

AAICC-AVE application builder : 21.02.2012 15:56:29 A = EglﬁBﬁ
// Target : M128 = Files

// Crystal: 11.059Mhz &p Labb.c
& adc_extc

¢>smc

#include <iomliSv.hr
: -2 Headers

#include <macros.h>

#include "ado ext.h” 4 ad.c:_exl.h

— & sih

f#iinclude "spi.h" & Delaysh

roid port_init (void

{
PORTA
DDRL
PORTE
DDRE
PORTC
DDRC
PORTD
DDED
PORTE
DDRE
FPORTF
DDRF
PORTG
DDRG

i

void spi_init {void

{

SPCR = 0b0O1010000;//paspewenune SPI, nepegsda oT. paspAlsMM BIsepel, 4wacToTa £0/4

SPSR = 0x00; ¥

2 Documents

0x00;
0x00;
0x00;
0hoooooo010;
0x00;
OxFF;
0x00;
0x00;
0x00;
OxFE;
0x00;
OxFF:
0x00;
0x00;

' D:YSMIBNOVY 97FD~14869D~1YLabéh Labe. o (68) : [warning] missing return wvalue A~
icpavr -0 Lab6 -LC:%ieehlibh -g -ucrtatmega.o -bfune lit:0xS8c.0x20000 -dreaw_snd:0x101
Device 2% full.
Done. _v'
< 2|

Puc. 2.1. I'maBaoe okao ICCAVR

[IpaBast yacTh — OKHO MEHEKepa POeKTa, cojeprkallee aBe BKiIaaku: Project
u Browser. [lepBas comepXut cnucok (HaitsioB MPOeKTa, KaKIbIi U3 KOTOPBIX MOXKHO
OTKDBITh B OKHE PEIAKTOPE JBOMHBIM IIETYKOM MbIIIU. BTopas Bkiagka — 0003peBa-
TeJb KOJA, MOKA3bIBAIOLIIMI CIIUCOK (PYHKIIMHA U MEPEMEHHBIX, ONPEACIICHHBIX B MPO-
exte. [Ipu aBOitHOM miemvyke MbIH Ha GyHKIUHA B 0003peBaTese Koaa, Kypcop Te-
pPEMECTUTCS Ha oNpeeeHre PyHKINUN B UCXOIHOM (haidse.

HuxHsg yacTh — OKHO COCTOSIHUSA. B HEM MOKa3bIBAIOTCS Pe3yJIbTaThl KOMITU-
JSIUUU OTJIEIBHOrO (haiiia Ui BCEro MpoekTa B 1eiaoM. Ecinu uMeroTcst omuoKu, TO
MOCJIe KOMIWISIIUY MOSIBATCSI COOOIIEHHST 00 0OHAPYKEHHBIX OLIMOKaX C yKa3aHUEM
UX MECTa PacCIOJIOKEHHUSI U TMOJCKAa3KoM o Ture omuoOku. CrenyeT MOMHUTH, YTO
KOMITUJISITOP MPOBEPSIET OMUOKH CUHTaKCHCA MPOTPAMMBbI, @ HE MPABUILHOCTH €€ ajl-
ropuTMma.

Bce cBou neiicTBUS MO YIPaBJICHHUIO MPOEKTOM WM OTAEIbHBIMU (pailiamMu
[I0JIB30BATEINIb OCYILECTBIISIET, UCIIONB3YS ITYHKTHI MEHIO B BEPXHEW YacCTH IJIABHOIO
OKHA, KHOINKHU MaHEJId MHCTPYMEHTOB (I10J] MYHKTAMH MEHIO) WM MPaByl0 KHOMKY
MBIIIM U BCIUIBIBAIOILIEE MPU 3TOM KOHTEKCTHOE MEHI0. PaccMoTpum KpaTtko Hanbo-
Jiee BaKHbIE ITyHKTHI MEHIO.

File mo3BonsieT OTKpBITh KakoW-1u00 (haiim WM co34aTh HOBBIA, COXPAHUTH,
3aKpBITh WM BBIBECTH Ha neyath U T.1. [lone3en myHkT Reopen..., KOTOpbIi 03BO-
JSIeT BBIOPATh U 3arpy3UTh OJMH U3 MOCIEAHUX (PalIoB, C KOTOPBIMU paboTall MOJb-
30BaTellb.
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Edit no3BoisieT oCylecTBUTh JEHCTBUS MO PEAAKTUPOBAHUIO TEKCTa OTKPHI-
TOTO B OKHE (paiiia: CKOMUpoBaTh B Oydep Wi BCTaBUTh U3 HETO (PparMeHT TEKCTa,
«BBIpE3aTh» BbIOPAHHBIN (PparMeHT TeKcTa B Oyep Wi yAaIuTh €ro COBCEM, OTMe-
HUTH NOcleAHee HcnpasieHne U T.0. OTMETHM, YTO KAXKIyH M3 ITUX ONepalui
MO’KHO OBICTPO OCYLIECTBUTb, UCIOJIb3Ysl COOTBETCTBYIOIIYI0 KOMOMHALIMIO KJIABUILL.

Search mo3BoiseT HaxOAWTH 3aJaHHBIE I0JIB30BATEJIEM CJIOBA B TEKCTE OT-
KPBITOTO (pailyia mpoeKTa WK BO BCEM IPOEKTE, 3aMEHATH OTJEIbHbIE (pParMeHThI
TEKCTa Ha JIPYroil TEKCT, IEPEMEIATh Kypcop Ha HYKHBI HOMEp CTPOKHU TEKCTa OT-
KPBITOTO (pailyia WM Ha HYKHYIO METKY, J00aBJISTh WU YAAJIATh METKU U T.[I.

Project mMmO3BOISET OTKPBITh KAKOH-TMOO MPOEKT WM CO3/IaTh HOBBIW; OT-
KPBITh WJIN 3aKPBITh BCe (ailiibl MPOEKTA; OTKPBITh OJUH U3 MOCIETHUX MPOEKTOB, C
KOTOPBIM padoTall MOJIb30BATENb; 3aKPBITh MPOEKT WK COXPAHUTh €ro MOJ HOBBIM
UMEHEM; T100aBUTHh OTKPHITHIN B OKHE (haill B IPOEKT WM YJAIUTh U3 MPOEKTa (ai,
KOTOpbI BbhIOpaH B OKHe MeHemkepa npoekrta. [lynkt Make Project mo3sosser
OCYLIECTBUTh KOMIWIALIMIO OTKPBITOIO B OKHE penakTopa (aiina, a nyHkT Rebuild
All — xkomnwisinyio Beex (aityioB nmpoekra. BaxkHbiM nyHKTOM sBisieTcst Option...,
KOTOPBIN OTKPBIBAET JUAJIOIOBOE OKHO, [IOKa3aHHOE Ha puc. 2.2.

Compiler Options
Fathz ] Compiler  Target l Config 5 alvo ]
Device Configuratiorn PRIMTF “erzion
|ATMenal2 / CAN123 ||| @ smallint only, no modifier]
Memary Sizes (Bytes] " long [+ long, and modifiers)

" float [+float, [needs > 8K])

[ AVR Studio Sirmulator 10
Additional Lib.

[ Strings in FLASH only

Advanced
v Fietum Stack Size 16

[+ v Mon-default Startup

-
I d RO Fill Patt
™ Use RAMFZ/ELPM e e
Boot Loader Options Other Optiane; I—
Program Type
o e Boot Size [ DoMOT uze R20.RZ3
" Boot Loader Mane pos
Internal SRAM j Mate on External Bab |

Cancel | Set fz Default| Load Default| Help

Puc. 2.2. Okno npu BI6Ope myHKTa MeHI0 Project > Option

B nynkre Target B okue Device Configuration cienyer 3agaTb MUKPOKOH-
TpoJIIEp, JUIsi KOTOPOTo pa3pabarwiBaeTcs NMpoekT, Hanmpumep ATmegal28/CAN128
(cm. puc. 2.2). B nynkre Paths Heo0X0IMMO YCTaHOBUTH MYyTH K OHMOIMOTCUHBIM
daiinam u Qaitiam, KOTOpbIE MOJIB30BATENb MOAKIIOYACT K MPOEKTY, HAPUMeEp, AJIs
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oubmmoreunbix ¢ainon c:\icc\lib\. B nynkre Compiler B okne Qutput Format yc-
TaHOBUTH (hopmat BeIxoaHbIX (aitnoB — COFF/HEX.

B nynkrte Tools rinmaBHOro okHa BaXHbIMHU BJSIFOTCS Tpu nyHKTa: Editor Op-
tions, Application Builder u In System Programmer. Ilynkt Tools>Editor Op-
tions MO3BOJISIET YCTAHOBUTH HY>KHBIE ONUWU ISl PEJAKTOpa TEKCTa. 3JECh JIydlle
BCE OCTaBUTH 0e3 n3meHeHui. Ho eciin Bo3HMKaeT HEOOXOUMOCTh MUCATh KOMMEH-
Tapuu B IporpaMMe Ha pycckoM s3bike, To B nyHkTe Tools>Editor Options>
Highlighting neo6xonumo B okne Characters ycranoButs oo Russian.

ITyukt Tools>Application Builder npenna3zHaueHn uisi UHUIMATU3ALUU Tie-
pudepuiHbIX YCTPOMCTB MHKPOKOHTpPOJUIEpPA, a TAaKXKE JJIi HACTPOHUKHU CHUCTEMBI
BHEIIHMUX MpepbiBaHuil. HacTpoliky nepugepuiiHbIX yCTPOMNCTB MOYKHO BBIIIOJIHUTH U
BPYUYHYIO, IPUCBOUB B POTPaMM€ COOTBETCTBYIOLIUM PETUCTPaM yIPABICHUS U CTa-
Tyca Hy’kHbl€ 3HaueHus. OHako ¢ nomouso Moyt Application Builder »ta unu-
Maau3aius OCYIIECTBISIETCS Topa3no ObicTpee M HajaexkHee. OxkHo Application
Builder c onmusiMu HaCTpOWKHU TOPTOB BBOJIA/BBIBOJIA MPEJICTABICHO HA puC. 2.3.

ICCAVR Application Builder [M128]

CPU | Mermory | | Timerd | Timert | Timer2 | Timer3 | UART | SPI | Analog |
Fort A Fort E
7E543210
Direction [TTTITITEITT Direction %%éé%%ﬂf%
vawe T TFRFTTT Value I
Change |7 T W W W 7 W
Fort B Fort F
7E543210
Direction [ [o'[o [¢ [T T[T T Direction %%éé%é&%
rauelil BIRIEC S Value I
Change TEFFFFECE
Part © Fart G
7E543210
Direction TTTTITIT [0 [o o [o Direction Fﬁéé%%&%
MG S Value FEFC
Change =7 T T W W 7 W
FPart D

R FEA 43210
Direction TEEEEEEIT
Value FFFIFFRFR
Change FEEFCFCECFEE

right click on a "value" Bit to define sighal name

QO COlptions Previey Cancel

Puc. 2.3. Oxno Application Builder c onuusMu HacTpoiKu OPTOB BBOJA/BBIBO/AA

B kauectBe nmpumMepa Ha puc. 2.3 nmokazaHa nHUOHanu3anusa noprtos A, B, C u
D, a nna noproB E, F u G cocrosHue peructpoB HampasiieHnss DDRx u naHHbIX
PORTx (x = E, F, G) ocraBieno 6e3 nu3MeHeHuii. BugpHo, 4To BCe BBIBOJIBI TOPTOB
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(3a uckitoueHuem 4-x crapuux y nopta B u 4-x muaammux y nopra C) HaCTpOCHBI Ha
BxoA. Kpome Toro, y BeiBOZOB 3, 4 u 5 mopra A u y Bcex BbIBOJOB nopra D non-
KJIFOUEHBI OATATUBAIOIINE pe3ucTophl. B pesynbrate Application Builder crenepu-
pyeT mporpaMMHbIN koa ¢ pyHkuuen void port init(void), mpu BBIMOTHEHUH KOTOPOH
BceM peructpam DDRx u PORTX OyayT npucBOeHBI 3HaUYCHHS, COOTBETCTBYIOIIHE
3a/IaHHBIM T10JI30BaTEJIEM YCTaHOBKaM (CM. puc. 2.3).

void port_init(void)

{
PORTA = 0x38; // B nBoMuHO# cucteme pasuo 0b00111000
DDRA = 0x00;
PORTB = 0x00;
DDRB = 0xFO0; // B nBomuHOM cucteme paBao Ob11110000
PORTC = 0x00;
DDRC = 0x0F; // B nBoWuHOM cucteme paBao O0b00001111
PORTD = 0xFF;  // B nBouuHo# cucteme paBuo Ob11111111

DDRD = 0x00;
PORTE = 0x00;
DDRE = 0x00;

................... // mopth! F n G uHUIIManu3upoBaHbl TaKkxKe, Kak ¥ nopt E

[TogoGHBIM 00pazom ¢ nomoipio Application Builder moxHo HacTpouTts pa-
00Ty cHUCTeMbl BHEUIHMX MpEepbIBaHUN, TallMEpOB/CUETYMKOB, BCeX HHTEp(deicoB
(USART, SPI, TWI), ALII, xomnapaTopa, a TakKe pelIuTh psij APYyrux 3aaad, CBs-
3aHHBIX ¢ padoToit mamsatu EEPROM, cTopoxeBoro taitmepa u T.4. Eciu paspenieHsl
Kakvue-HUOyb MpepbiBaHus, HanpumMep, oT TaiimepoB uiu USART, to Application
Builder renepupyer nmporpaMMHbBIM KOJ, COACpKaIMK m1abIoHbl PYHKIIUHA 1711 00-
pabOTKM 3TUX MPEPHIBAHUM.

ITynkt Tools> In System Programmer mnpenHa3HayeH i IPOIIMBKH
HEX-kona nmporpamMsl B maMATh MUKPOKOHTPOJUIEPA C MIOMOIIBIO ITPOrPaMMaTOPOB.
[Tocne wHacTpoiikum mporpammartopa (Tuna u uHTepdeiica) kiaBumei Program
FLASH/EEPROM wuaHIMHpyeT 3amuch KOJa B MaMsITh MUKPOKOHTpoJuIepa. MOXKHO
TaKXKe MPOYUTATh W3 MaMSITH MUKpPOKOHTpoJuiepa Fuse-OMThI, ompenensromue oco-
O6eHHOCTH ero padoThl. MOXXKHO POU3BECTH KOPPEKTUPOBKY Fuse-OMTOB B COOTBET-
CTBYIOLIEM OKHE, MOCJE Yero 3amucaTh CKOPPEKTHUPOBAHHbIE 3HAYEHUS B MaMATh
MUKpOKOHTpoJuiepa. Crneayer coOiogaTh OCOOYH OCTOPOKHOCTH MpHU paboTe C
Fuse-Outamu, Tak Kak 3aMCh OIIMOOYHOIO 3HAYEHUS B MaMSITh MOXKET CO3/1aTh CEPb-
€3HbIe POOJIEMBI IO BO3BPAIICHUIO MUKPOKOHTPOJUIEpA B KCXOIHOE COCTOSIHUE.

Brinonnenne Hanbosiee BaXKHBIX IMYHKTOB MEHIO MOYKHO OCYIIECTBUTH C IO-
MOIIbIO KHOIOK Ha MMAHEJIM UHCTPYMEHTOB WJIM, UCIIOJIb3YS MPABYI0 KHONKY MBIIIN U
BCIUIBIBAOIIEE MPHU 3TOM KOHTEKCTHOE MEHIO. JTO, B YACTHOCTH, OTHOCHUTCS K BBI30-
BY TakuxX IMyHKTOB, Kak Build Project (komnumnsiius daitnos), Project Options (yc-
TaHOBKA omiui mpoekta), Application Builder (nuunmanuzanms nepudepuiHbIX
ycrpoiict), ICP Dialog (nmpomuBka koga nporpammsl). Eciiu Kypcop HaxoguTcs B
OKHE PEIaKTOpa, TO C MOMOIIbIO MPABOW KHOIMKHU MBIIIKA MOXXHO BbI3BaTh (PyHKIIMHU
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pedaKTUPOBaHUS TEKCTA, MOUCKA METOK WM JTIOOABJIEHHS] HOBBIX (PAilJioOB B MPOEKT.
Ecnu kypcop HaXoauTcsi B OKHE MEHEJKEpa MPOEKTa, TO MOKHO OCYIIECTBUTH KOM-
NWISIUIO, J00ABJIEHNE WM YJaleHue (paiioB U3 NpOeKTa U T.1.

PaccmoTpum mocnenoBaTenbHOCTh JACUCTBUNM MPU CO3IAHUM HOBOTO MPOEKTA.
Jlist Havana co3naauM pabouyio Manky, B KOTOpPOMl OyIyT XpaHUThCS Bce (Dailiibl
npoekTa. 3aTeM BbliOepeM MyHKT MeHI0 Project>New u B OTKpbIBIIEMCSI OKHE 3aja-
JUM UMs [IPOEKTA U IIyTh K HEMY. B OKHE MeHepKepa MOsSBUTCSI UMSI HOBOTO ITPOEKTa
U mycTthle nmanku s xpaHenusi C-daiinos, H-daitnoB u ¢aitnoB st TOKyMEHTOB,
HaAIpuMep, B TEKCTOBOM (popmare.

Jlanee HEOOXOJMMO MPOU3BECTH HACTPOMKU MPOEKTA, YCTAHOBUB C MOMOUIBIO
Project>Options>Target B okae Device Configuration Hy>XHBI THI MHKPOKOH-
Tposiepa, Hanpumep, ATMegal28/CAN128. C nomompio Project>Options>Paths
yctanoBuTh B okHe Library Path myTtu x crangapTtHeiM 6uOIHOTEUYHBIM (haiijiam U B
okHe Include Paths — nyTtu k nojakitodyaemMbIM K npoekty ¢ainam. Ity daiinsl Ha-
xoasaTcs B nmankax icc\lib u icc\include, kotopelie, B coto ouepeap, HaXOAATCA B Mar-
ke, rae ycraHoiieH komnuisitop ICCAVR. Ecnu 3T0 HE nepBblii MPOEKT, cO3/1aBae-
MBI Ha JAHHOM KOMIIBIOTEPE, TO MPABHIIbHBIE ITyTH K OMOIMOTEKAaM YK€ YCTaHOBJIe-
HbI, HAJ1I0 TOJIBKO 3TO IPOBEPUT.

Tenepb HaI0 NOAKIIOUUTD (Pailsl ¢ UCXOIHBIM KOAOM, ITPEABAPUTEIHLHO BIOpaB
nyHKT File>New. Mo)xHO HanucaTh MCXOJHBIM KOJI HEMOCPEICTBEHHO B OKHE pe-
naktopa. B aToMm ciydae odeHs nose3na komounarms kinasumn Ctrl+), kotopas ot-
KpBIBAE€T OKHO C I1abiioHaMu oneparopoB. Vcnonb30BaHue 3TOM KOMOMHALIMU Kia-
BHIII TIOMOXKET U30€KaTh CHHTAKCHICCKHUX OITUOOK IPH pa3pabOTKe MPOTrpaMM.

Ecnu tekcr nporpammel (C-(aiiit) y’e ecTb U ero HaJo Jullb MOAPEIaKTHPO-
BaTh, TO MO’KHO OTKPBITh 3TOT (hailil ¥ MPOU3BECTH HEOOXOUMbIE UctpaBienus. s
HavaJgbHOrOo OOydYeHHusl Moje3Ho mopaboTtaTh ¢ ucxogueiMu C-¢ainamu, pacmoso-
KEHHbIMHU B mamnke icc\examples.avr. OTa manka co3aaeTcs NMpU YCTAaHOBKE KOMITU-
nsaropa ICCAVR. Tlone3no, Hanpumep, OTKpbITh nporpammy led.c, kotopas mo3Bo-
JSI€T MEePEKII0YaTh COCTOSIHUE OJAHOrO U3 BBIBOJIOB MHUKPOKOHTpOJUIEpPA U3 HU3KOTO
COCTOSIHUSI B BBICOKO€ U HA00OPOT.

Ecnu mporpamma OTHOCUTENBHO CJOXHAs, TO CJIEAYET BOCIIOJIb30BAThCSA
Tools>Application Builder. On ocyiiecTBUT Ha4aIbHYIO HHUITHATU3AIMIO ITepude-
PUHHBIX YCTPOWCTB M CTEHEPUPYET HAaYaIbHBIA (PparMeHT MPOTrpaMMHOTO KOJa, KO-
TOPBIM MOJIB30BATENIb MOXKET AopadaThiBaTh O CBOeMy ycMmoTpeHuto. HeoOxomumo
IOMHUTH, 4TO nociie Boi3oBa Application Builder B nynkre CPU cnenyer ycraHo-
BUThb THUII MUKPOKOHTpouiepa, Hanpumep, M128 (cokpamenue ot ATMegal28) u
yacToTy cuHxpoHu3auuu Xtal speed, Hanpumep, 11.059MHz. Bce ocranbHbie nepu-
(epuiinpie yCTpONHCTBA HACTPauWBaIOTCS (WM HE HACTPAMBAIOTCS) B COOTBETCTBUU C
pelaeMbIMH B IaHHOUM mporpamme 3agadaMu. OOBIYHO ATOT ()parMeHT KOJAa 3aKaH-
yuBaeTcs QyHkuuei init _devices. UMs 3Tol (yHKUMU cleoyeT BCTAaBUTh B TEKCT
IaBHOM (DYHKIIMK MPOTpaMMbl main OJHON M3 MEpBBIX (Cpa3y mocie OO0bSBICHUS
NEepEMEHHBIX B (DYHKIIMU main), TaK KaKk UIMEHHO ¢ MHUIMATU3AUU TepudepuiiHbIX
YCTPOMCTB HAYMHAETCS BBINOJHEHHUE MporpaMmmsel. Cleayer MOMHHUTb, YTO B IPO-
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rpaMMme 00s3aTeNIbHO JIOJKHA OBbITh TJIaBHAsI (YHKLHS C MMEHEM main, MHa4Ye KOM-
OUISITOp OyJeT BbIaBaTh COOOIIEHHS 00 OLIMOKE.

[Tocne co3nanust ucxoauoro (aitsia, pazpadbotanHoro Ha s3bike Cu, ero Heoo-
XOJIMMO COXpaHUTh B pabouell marke, He 3a0bIB MPO paclIMpeHue K UMeHH ¢aina,
TaK KaKk aBTOMaTUYeCcKu pacuupenue ¢aina ne popmupyercs. [locne atoro cienyer
n00aBUTH (haliyl K MPOEKTY, UCTIOIb3Ys, HAlPUMEP MPaByl0 KHOMKY MBIIIA U BbITa-
Jaolee KOHTEKCTHOE MEHI0. B pesynbrare B OKHE MEHEKepa MPOEKTa B IIAIKE
Files mosiButcs ums nepBoro (aitna npoekra. K mpoekty MOXKHO 100aBISTh HOBBIC
C-daitner unmm H-daiinsl, npenBaputensHo BeiOpaB nanky Headers. Takum o6pazom,
CO37aeTCsl MPOEKT, BKIIOYAIONINI B ceOsi HecKoibKo (aitnoB. Takas MomyibHas
CTPYKTypa IpPOEKTa MO3BOJISET JIydllle BOCIIPUHUMATH €T0 aNTrOpUTM (DYHKLIHOHHPO-
BaHuA. 11 KOHTpOJIA OMKMOOK IpH pa3padOTKE MPOrpaMMBbl CIEAYET MEPUOIUYECKH
OCYIIECTBIISITH KOMITUJISIIIUIO OTAETBHOTO (haiiia min Bcex (ailyioB mpoekTa. Y crenl-
Hasi KOMIWJIALMS 3aKkaH4YMBaeTcsi cooOuieHueM Done, HeycnemHas — cooOEeHusIMU
00 ommOKax U JOMOJHUTENbHOW HH(POPMALIUEN O CYTH 3TUX OLIMOOK U UX MECTE Ha-
XOKJIEHUS B IIpOrpamme.

2.3. IIpuMepsI NporpaMMHUpPOBaHUs NepUPePUTHBIX YCTPOUCTB

IIpumep 1. YcTaHoBKa OTAENBHBIX OUT B perucTpax NepuPepurHbIX yCT-
pPOMCTB B cocTossHUE JIOT. | mun Jior.0.

PORTB | = (1<<PB4)|(1<<PB0); // BeiBOABI 0 11 4 TopTa B ycTanoBieHsl B Jjior. 1
DDRB & = ~(1<<DDB?5); // ycTaHOBKa HarpaBiieHus BbiBosia PB5 Ha Bxox

[IepBbIii onepaTrop yCTaHABIMBAET B COCTOsIHME JIor.l nBa BeIBoAa mopra B,
OCTaBJIsisl OCTaJNbHBIE BBHIBOABI 0e3 m3MeHeHuid. BTopoii omepatop oOHyNseT MATHIN
out peructpa DDR nopra B, HactpauBas BeiBoa PBS Ha Bxoa. OctanibHbie BBIBOJIBI
OCTAIOTCS IPU 3TOM 0€3 U3MEHEHHUI. AJTbTEpHATUBHBIN BapUAHT 3TUX K€ ONEpaLHil:

PORTB | =0b00010001; // BeiBOIBI 0 11 4 mopTa B ycTaHoBieHs! B jor. 1
DDRB & =0b11011111; // ycTaHOBKa HamnpasieHus BeiBoja PBS Ha Bxon

IIpumep 2. Oxunanne HaxXaTUsl KHOIIKH, B PE3yJIbTaTe Yero Ha BbIBOJE | mop-
ta B ycranaBnuBaetcs Huskoe HanpsbkeHue (out PINB1 B peructpe PINB cTranoBut-
cst paBHbIM () U 1aniee mporpaMma NpoAoKaeT BBINOIHATH CJIEIYIOLIUE ONEePaTOPHI.

while (PINB&0b00000010) // oxxunanue Haxkatust knonku: 0 - Haxkata: 1 - He Ha)xaTa
{3 // IOKa KHOTIKAa HE Ha)KaTa, CJICAYIOLINE OTePaTophbl HE BHITOTHIIOTCS

JlaHHbBIN (parMeHT nporpamMmbl OOBIYHO MCIIONb3YETCs, KoAa TpeOyeTcs: MHU-
HUUPOBAaTh KaKOe-TO JACHCTBUE IyTEM HaXaTHsl KHONKU. B oOXuaaHum HaxaTus
KHOIIKM Iporpamma c IoMmolubio orneparopa while «3anukieHa» B OJHOM MecTe.
Crnenyrouye 3a HUM ONEepaTopbl OyAyT BBIOJHATHCS JHILIb TOTIA, KOT/1a KHOMKa Oy-
neT Haxkara u 1-it 6ut peructpa PINB ycranosurcs B sior.0.

IIpumep 3. [lepenaya naHHBIX Yepe3 YHUBEPCAIBHBIA ACHHXPOHHBIN MPUEMO-
nepenatuuk USARTO ¢ ucnonp3oBanueM ompoca ¢uara ocBoboxaeHus Oydepa me-
penatunka UDRE u npeasapurensHon nannuanusanuet USARTO.
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void uart0_init(void) // nanmmamm3anuu USARTO (renepupyercs Application Builder)

{

UCSROA = 0x00;

UCSROC = 0x06; // ycraHoBKa (hopMaTa JaHHBIX B MOCBUIKE: 8 OUT, 1 cTom-OuT
UBRROL = 0x0B; // ycTaHOBKA CKOPOCTH Tiepenaun gaHHbix: 57600 601
UBRROH = 0x00;

UCSROB = 0x08; // pazpemienue pabOTHI epeaTINKa

}

void USART Transmit( unsigned char data ) // dynkuus nepegaun nanubix yepe3 USART

{
while ( !( UCSRA & (1<<UDRE)) ); /I oxxuanue ocBoOOXkIeHus Oydepa nmepegarunka

UDR = data; // moMenieHue TaHHbIX B Oy(ep U UX Mepechuika

}

[Iporpamma Oyner oxkunath, noka nepsbiii 6ut B peructpe UCSRA, T.e. our
UDRE, curnanusupyroniuii 00 ocBoboxaeHnu Oydepa nepenardnka, CTaHET paBHBIM
jaor.1. ITocae atoro Oynet BeimoiHeH cieayromuii 3a while ormeparop — B Oydep me-
penatunka UDR Oyzer 3anmucano HEKOTOPOE YHCIOBOE 3HaUYEHUE, KOTOPOE 3aTEM aB-
TOMAaTUYECKHU OYJET MepechblIaThes Yyepe3 BbIBOJ MUKpOKOHTpouiepa TXDO0 nmomyua-
TEJI0 ATOW MH(OpMALMU, HAIPUMEDP, B KOMIIBIOTED.

IIpumep 4. UreHnue pesynbTaTa Npeodpa3zoBaHusl BHyTpeHHEro 10-pa3psxHOro
ANII. IlpenBapurensHo B (yHKUMH MHULMamu3auuu adc init() mMpou3BENEHBI BCe
HeoOxoaumble HacTpoiiku ALIII, Bkiro4yash yCTaHOBKY MCTOYHHMKA OMOPHOrO Hamps-
wenust (MOH), npennenurens yactotel u T.4. Onepanuto yreHus ALl BeimonnseT
dbyukius ReadADC(), koTopoit mepeaaeTcst pe3yabTar npeoopa3oBaHusl.

void adc_init(void) //manumanuzanus AL (renepupyercs Aplacation Builder)
{
ADCSRA = 0x00; // pabora ALIII noka 3ampernieHa
ADMUX = 0b11000000; // monkiroueH BHyTpeHHnit MOH Ha 2,56 B
ACSR = 0x80; // OTKIIIOYEH aHaJIOTOBbIM KOMIapaTop
ADCSRA = 0xC6; // ycranosnens! 0utel ADEN, ADSC (pa3pemienue u crapt),
//a Taxxxke ADPS2 u ADPS1 (npegnenutens Ha 64)
}
int ReadADC(void) //pyHkuums uteHus BHyTpeHHero AL
{
int data_ ADC; // obobsBnenue nepemenHoi data ADC
ADMUX |= (1<<MUX0); // BBIOOD KaHasla MyJIbTUIUICKcOopa (kanam Nel).
ADCSRA |= (1<<ADSC); // ctapt mpeobpazoBanuto yctranoBkor 6ura ADSC B mor. 1

while (ADCSRA & (1<<ADSC)); // oxxunanue, moka 3aKOHYUTCS IPeoOpa3oOBaHUE U
// 6utr ADSC B peructpe ADCSRA o6HynuTcs

data ADC = ADCL; // aTenue miaamiero Oairta pe3ysbTara mpeoOpa3oBaHus
data ADC += (int)ADCH << 8; // npu0aBieHue Kk pe3yybTaTy crapiero Oaiira
return data ADC; // mepenaya pe3ysbpTara Ha BHIXOJ (DYHKIIUU

Ecnu temepbr B ocHOBHO# mporpamme, cojepskaiied (GyHKIIMIO main, BCTpe-
TUTCS ONIEPATOpP BHUJA!

X =ReadADC();
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To Oyaer uHULMHpOBaHa pabota BHyTpeHHero AIIll, a pe3ynbrar anamoro-
nugpoBoro npeodpa3zoBanusa OyAeT npucBoeH nepemeHHoil X. Pasymeercs, 3ta ne-
peMeHHas ToJKHa ObITh 00BbsIBIICHA paHee /10 BbizoBa PpyHkiuu ReadADC(), mpuuem
nepeMeHHas X JOJKHA UMETh THII int.

IIpumep 5. Urenue pesynbrara mpeoOpa3oBaHUs BHELIHEro 16-pa3psiaHoro
AIIII ¢ mocnenoBaTenbHBIM BbIX0A0M, Hanpumep, AD7683. ALl BzauMoeicTByeT
¢ ATmegal28 nocpeactBom SPI-untepderica. Ocobennoctrio padbotst ALl nanHO-
ro TUIAa SBJSETCS TO, YTO JO Hadajla BBHIOJHEHHs aHaJloro-uudposoro npeodpaszo-
BaHUA HEO0OX0IUMO Ha TakTOBBIM Bxonx ALIIl B «pydHoM» pexume momaBaTh yepe-
nyromuecs yor.0 u sor.1 u xaaTe, koraa Ha Beixoae ALl nmosiButcs sor.0. Ilocne
aTOoro mHUNUUpyercst pabora SPI-untepdeiica u ¢ GONIBIION CKOPOCTHIO MMPOUCXOTUT
yTeHHUE pe3yabTaTta npeodpazoanus. Allll akTuBeH, T.e cIOCOOCH BBHIONHITH CBOH
(GYHKIMH O] yIpaBiIeHHEM MUKPOKOHTPOJIJIEPa, €Ciii Y Hero Ha BbiBojae CS (BrIOOp
KpHUCTaia) ycTaHoBJEeH JIOr.0. DTO MO3BOJSET MUKPOKOHTPOJIEPY U3 HECKOJIBKUX
YCTPOMCTB, ¢ KOTOPBIMU OH B3auMoJieicTByeT nocpenctsoM SPI-unrepdeiica, Bbl-
Opath TOT, KOTOPBIA HYXE€H B TAHHBIA MOMEHT.

int ReadADC _ext(void) //pynkius utenus BHemHero AL ¢ momomnsio SPI-unTepdeiica

{

unsigned int tmp=0; // 0ObsBNIEHUE IEPEMEHHOM IEJIOT0 THMa tmp, el OyAeT nepenax
// pe3ynbTaT mpeodpa3zoBaHUs

SPCR=(1<<MSTR); // Bb1OOp pexxnmMa paboTsl "Master", mepBbIM IepeaeTcs CTapiImii
// 3HaYaAIMA pa3psia, CKopocTh nepenaun fclk/4

PORTE&=~(1<<PE7); // curnan PE7 (curnan CS y ALII) - B or.0

while (PINB&(1<<PB3))

{ // mogroroBka ALIIT x pabote, 4To BKIIFO4AET B ceOs:
PORTB|=(1<<PB1); /I dopmupoBanue uepemyroumxcs jgor.1 u jgor.0, oxxugaHue

PORTB&=~(1<<PBl); /I mosinenus jor.0 Ha BeiBosie Dout y ALIIT
}

PORTB|=(1<<PB1); // ycTaHOBKa BBIBOJA B JIOT. |

SPCR|=(1<<SPE); /I pazpemienne pabotsl Moxyist SPI mpu wacrore felk/4:
SPSR|=(1<<SPI2X); /I Brmrouenue oura SPI2X — 6uta yaBoeHus CKOPOCTH 0OMeHa
SPDR=123; //" 3anch B peructp qaHHbix SPDR npou3BoapHOro yncia as

// vannmanu3aruu padotsl SPI (310 ocoberHocts padoter ALIT)
while(!(SPSR & (1<<SPIF))); // oxunanue KoHIa epeaayu ct. 6aiita u ycranoBku ¢ara SPIF

tmp=SPDR<<S§; // 3amuch CT. OaliTa pe3-TaTa MpeoOpa3oBaHUs B IEPEMEHHYIO tmp
SPDR=123; //" 3anmch B peructp nqaHHbix SPDR npou3BoasHOrO yncia
while(!(SPSR & (1<<SPIF))); // oxunanue koHIa nepenayn mi. 6aita u ycranoku diara SPIF
tmp|=SPDR; //" nomonHeHue pe3ybTaTa MIAAMUM OaiiToM
SPCR&=~(1<<SPE); /I 3anpemenne padboTel Moyist SPI

PORTE|=(1<<PE7); // otkimrouenue curnana CS - Bei6op mukpocxembl AT

return tmp; /| pe3ynbTaT BBIMOJIHEHUS (DYHKIIMH TIEpe/IaH TepeMEHHON tmp

}
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3. CXEMOTEXHUYECKOE MOAEJINPOBAHUE MUKPOITPOLHECCOPHBIX
YCTPOMCTB B CUCTEME PROTEUS

[Ipu mpoeKTUPOBAHUK MUKPOIPOIECCOPHBIX YCTPOMCTB HEM30€KHO BO3HMKA-
10T OIMOKH, KOTOPbIE MOKHO OOHApYXUTh HAa OCHOBE aHajau3a (PYyHKIIMOHHUPOBAHUS
IpeBapUTEIHLHO U3TOTOBICEHHOTO MakeTa. Ho M3roToBUTh MAKETHYIO IJIATy YCTPOii-
CTBa, UMEIOIIETO B CBOEM COCTABE MHKPOCXEMBI C OOJBIIMM KOJUYECTBOM BBHIBOJIOB,
BeCbMa MpoOJIeMaTUYHO. PermuTh JaHHyI0 TPOOIeMy MOKHO, HCTIONB3YS IPOrpaMM-
HBIE CPEJCTBA CXEMOTEXHUYECKOTO MOJEIMpOBaHus. B aToM ciiydae 0ObeKTOM aHa-
Ju3a SBIAETCS MPUHIUNHAAIBHAS CXE€Ma YCTPOWCTBA, BKIIOYArOasi B ce0si KOMIIO-
HEHTBI, COCIUHEHHBIC JAPYT C APYTOM OmpeaesieHHbIM obpazoM. Mcmoms3yss Moaenu
BCEX KOMIIOHCHTOB W 3HAs CXEMY WX COEAMHEHUH, MOXXHO CMOJCIHPOBATH PabOTy
yCTpPOMCTBA B 1ENOM. Takas BO3MOXXHOCTb OCOOEHHO Ba)KHA HAa CTAJUU W3YUYCHHS
MUKPOKOHTPOJUIEPOB M OCOOCHHOCTEH MPOEKTUPOBAHUS MHUKPOMPOIIECCOPHBIX YCT-
poiicTB. HeT HEOOX0OAMMOCTH M3TrOTaBIMBATh PEANBHYIO IUIATy WM €€ MaKeT, HEBO3-
MO’KHO CK€Yb KaKOH-JTHO0 KOMIIOHEHT MPU HEMPaBUILHOM €TI0 MOHTAXKE.

Cpean cpenctB cxeMmoTexHuueckoro wmoaenupoBanusi (PSpice, MicroCap,
Multisim, DesignlLab u np.) cnenyer otmMetuth cuctemy Proteus ¢upmbr Labcenter
Electronics, 1mo3BoJsiolIy0 IpOU3BOJAUTh MOJACIUPOBAHUE MPUHLUIHUAIBHBIX CXEM,
UCITOIB3YS OOIIMPHY OMOJIMOTEKY MOJENICH 3JIEKTPOHHBIX KOMIIOHCHTOB, BKITIOYAs
mupokuii Habop mukpokoHTposuiepoB (AVR, MCSS51, PIC, ARM wu ap). B Proteus
€CTh HA0Op BUPTYAJIbHBIX U3MEPUTEIBHBIX MTPHUOOPOB TAKUX, KaK ociuiuiorpad, jo-
TMYECKUI aHaM3aTop, BOJIBTMETP, CIIEKTpoaHanu3aTop u ap. OHU MO3BOJISIOT OIpe-
JICATHh U BU3YAIBHO MPEACTABUTH DJICKTPOHHOE COCTOSHUE B JIFOOOH TOYKE MOJICITH-
PYEMOil CXeMBI, a TaKKe HaOII0AaTh MPOIECCHI, TPOUCXOASIINE B HEM.

[Iporpammubii maker Proteus cocrout u3 aByx mopyien: ISIS — mporpamma
CUHTE3a U MOJEIMPOBAHUs HENOCPEACTBEHHO 3JEKTpOHHBIX cxeM u ARES — mpo-
rpaMMa pa3paboTKH MeyaTHbIX miaaT. Bmecte ¢ camum maketom Proteus ycranaBiu-
BaeTCs MIMPOKUN HAOOp MEMOHCTPAIIMOHHBIX MPOEKTOB JAJS 03HAKOMJICHHS C pabo-
Toil cuctembl. Ilepen mzydenuem cuctembl Proteus oueHb MmoJie3HO ¢ HUM O3HAKO-
MUTbCA. Mbl OyzieM paccMaTpuBaTh ToJbKO Moayib ISIS. Ilpu 3ToM orpanuunmMcs
PAaCCMOTPEHHUEM €TI0 OCHOBHBIX BO3MOXKHOCTEH, TOCTATOYHBIX HJisi pabOThI C 3TOM
cuctemoil. bonee pertanbHyro MHPOPMAIMIO MOXHO TMOJIYUYUTH «IKCHEPUMEHTAb-
HBIMY ITyTeM, MO0 U3y4nB HH(POPMAIINIO, BRIOpaB MyHKT MeHIO «CpaBKay.

3.1. MuTepeiic cucTeMbl CXeMOTEXHUYECKOro MoaeupoBanus Proteus

IIpu 3amycke Proteus Ha MOHUTOpE MOSBISETCS IIaBHOE OKHO, MPEICTaBJIECH-
Hoe Ha puc. 3.1. Bce ero pabouee npocTpaHCTBO pa3iesieHO Ha HECKOJIbKO 001acTei.
Bonpuryro yacTh 3aHMMaeT OKHO peIaKTHpOBaHHSI. B HeM mpoekTupyercs MpUHIH-
nuanpHasg cxema yctpoiictBa. Crona U3 OMOIMOTEKM BCTaBJISIOTCS 3JIEKTPOHHBIE
KOMIIOHEHTBl BMECTE CO CPEJICTBAMHU M3MEPEHHUS U MHJAUKALMU, 3[€Ch OHU COEIAUHSI-
IOTCSI IPOBOJJHUKAMU COTJIACHO 3aMBbICITy HMPOEKTUPOBLINKA, PENAKTUPYIOTCS IIPU Ha-
JUYUU OLIMOOK, OCIIE YEro 3aIyCKaeTcs MPOIecC MOACTUPOBAHUSI.
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BBepxy HaxomsTCA MyHKTHI MEHIO, IIPEIOCTABIIAIOIIME TI0JIb30BATEII0 ITOJIHBIN
HAaO0Op BO3MOXKHBIX JIecTBUM, nMmeromuxcs B Proteus. [Tog HuM pacnosioxkeHbl KHOM-
KU BEPXHEH MMaHEIU UHCTPYMEHTOB, ITO3BOJISIOIINE BBIIIOJIHUTD YaCTO UCIIOJIb3yEMbIE
KOMaH/Ibl TaKU€, KaK OTKPBITHE U COXpPaHEHHE MPOEKTa, MacIITAOMPOBAHUE U TIO3M-
LMOHUPOBAHUE IIPUHLUIIMAIBHON CXEMBI YCTPOMCTBA, KOIMPOBAHUE U IIEPEMEILICHUE
BbIJICJIEHHBIX oOacTell cxembl. Ha J1eBoM Kparo riaBHOTO OKHa pacIioyioKeHa JieBas
IIaHEJIb UHCTPYMEHTOB, C IIOMOLIBIO KOTOPBIX, B OCHOBHOM, U IIPOCKTUPYETCS IIPUH-
nunuanbHas cxema ycrpoiicrBa. CienyeT NOHMMAaTh, YTO OJHO M TO K€ JEHCTBHE
MO’KHO BBINOJIHHUTH PA3IMYHBIMU CIIOCOOAMH, MCIOJIB3YI0 CUCTEMY MEHIO, MaHEINb
MHCTPYMEHTOB WJIM KOHTEKCTHOE MEHIO, BBINIAJAIOIIEE IIPU HAKATUM ITPABOU KHOIIKH
WJIM IBYKPATHOM Ha)KaTHH JIEBOU KHOIIKH MBIIIIH.

B neBoM BepxHEM yTIily IIIaBHOTO OKHA PACHOJIATAETCS OKHO INPEABAPUTEIIb-
HOI'0 IIPOCMOTPA, IO3BOJAIOLIEE ONEPATHUBHO IIEPEMEIIATHCS II0 CXEME IIPOEKTa.
[Tox HUM pacnoyioXKEHO OKHO, KyAa BBIBOAMTCS pa3iudHas MHMOpManus, Xapakrep
KOTOpPOM 3aBUCHUT OT TOI'0, Kakas U3 KHOIIOK Ha)kaTa Ha JICBOW ITaHEIW MHCTPYMEH-
TOB. DTO MOXET ObITh CIHCOK KOMIIOHEHTOB CXEMbl, METOK, BUPTYaJIbHBIX UHCTPY-
MEHTOB, IPOOHUKOB U T.1. BHM3y Ha Kparo IJTaBHOTO OKHA PaclOJIOXEHbI YETHIPE
KHOIIKM YIIPABJICHUSA IPOLIECCOM MOZEIUpPOBaHusi: «BocnmpousBecTw» — CTapT Ipo-
neccy moaenuposanus, «Ilar» — nomaroBoe BBIIIOJHEHUE IIPOrpaMMbl MUKPOKOH-
Tposuiepa, «Ilay3a» — may3a npouecca moaenupoBanus, «CTom» — ocTaHOBKA Mpo-
1ecca MOAEIUPOBAHUA.

3.2. [Ianeab HHCTPYMEHTOB cucTemMbl Proteus

[IpoekTupoBaHre NPUHLMUIHAIBHON CXEMbl YCTPOWCTBA OOBIYHO OCYLIECTB-
JSIIOT C MIOMOIIBIO KHOMOK Ha JIEBOM MaHeNId MHCTPYMEHTOB. PaccMOTpUM MX Ha3Ha-
YeHHeE.

Pesxxum BbI0OpAa. [Ipu HakaToll KHONIKE MOJIB30BATEIb MOJYYaET BO3MOKHOCTh

pPENAKTUPOBATh CXEMY YCTPOMCTBA, T.€. BBIIEIATH OTIEIbHBIE KOMIIOHEHTHI

WIH CTPYKTYpHbIE OJIOKH, KOMMPOBATh UX B Oydep, yaalsaTh, MaclITabupoBaTh,
U T.1. MOXHO NO3UIIMOHUPOBATH CXEMY, IIEPEMEILAs B OKHE MTPEABAPUTEIILHOIO MPO-
cMoOTpa (crpaBa OT KHOIIKH) NEPEKPECTUE «IIPULETa» MPU HAKATOW JIEBOM KHOIIKE
MBI, BTopryHOEe HakaTHe KHOMKH MBIMNA (PUKCUPYET MOJIOKEHHE CXEMbl B OKHE
peaakTupoBaHus. cnonap3ys Takke KHONKH MacIITaOMPOBAHMS HAa BEPXHEW MaHeIu
MHCTPYMEHTOB, MOKHO HACTpauBaTh JIO00N (parMeHT cXeMbl B YJOOHOM JIs TOJb-
30Bartess MacTaoe.

Komnonentsl. [Ipy Ha)kaTuM KHONKH B COCEIHEM C HEH OKHE MOSBISETCS
:[>' CIIUCOK MCHOJIb3YEMbIX B OTKPBITOM MPOEKTE KOMIOHEHTOB (€CJIH MPOEKT elle
HE CO3/IaH, CIIMCOK MyCTOM). BbIenuB JIeBOM KHOIMKOM MbIIIN 000N U3 KOMIIOHEH-
TOB CHHMCKA, MOKHO BTOPUYHBIM HA)XKaTHUEM JIEBOM KHONKH YCTAHOBUTH €T0 B MPOU3-
BOJILHOM MECTE OKHA pEeIaKTUPOBaHUs. JIByKpaTHOE Ha)KaTUE MTPABOM KHOIKU MBIIITU
yAQJISIET KOMIIOHEHT U3 OKHA peAakTUpOBaHUs. BaxkHoU sABisieTcs kHomKka «P», pac-
MIOJIOYKEHHAS [10J] OKHOM IIPEABAPUTEILHOrO MPOCMOTpa. Ee HaxkaThe OTKPBhIBAET OK-
HO moucka komrnoHeHTOB Pick Device (puc. 3.2), npeaHazHaueHHOE ISl BXOJa B
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OMOIMOTEKY KOMIIOHEHTOB CHCTeMBbI Proteus. B 3ToM OkHE BCe KOMIIOHEHTBI CTPYK-
TYPUPOBAHBI 110 KaTErOPHUSM, MOJAKATETOPUSAM U M3TOTOBUTEISAM. bubinoreka umeeT
OUYCHB OOJIBIIIOE KOJUYECTBO CaMbBIX Pa3HBIX KOMIOHEHTOB. Hampumep, B kareropuu
Microprocessors MpeacTaBiIeHO 16 pa3IMUHBIX CEMEHCTB MHUKPOKOHTPOJUICPOB,
BKJIFOYasi cemeiictBo AVR, a B HeMm, B CBOIO ouepesib, npeacTaBiieHo 80 pa3IMuHbIX
TUIIOB MUKPOKOHTPOJIIEpOB. KaXkplli KOMIIOHEHT UMEET KpaTKoe ONMHCAaHHME U Tpa-
dbryeckoe H300paKCHUE HA MPUHIUIHAIBHOW cxeme. HakaTne B OKHE KJIABHIIH
«OKk» momemiaer BbIOpaHHBIM OMOJMOTEYHBIH KOMIIOHEHT B CIIMCOK KOMIIOHCHTOB
IIPOEKTA, OTKYy/a €ro MOXHO IEPEMECTHTh B OKHO pPEaKTUPOBaHHUSA. TaKkuM CIIOCO-
O0M Bce HEOOXOAUMBIC JIJIs IMTPOCKTa KOMIIOHEHTHI M3 OMOIMOTEKH MepeMEIIaloTcs B
OKHO PEaKTHUPOBAHUS.
_+_ Touka coequnenns. [Ipu HaxkaTOl KHOIIKE MOKHO COEAMHUTH JIFO0OE mepece-
YeHHe TPOBOAHUKOB Ha cxeMe. CoenuHeHne BBIBOJOB KOMIIOHEHTOB JPYT C
JIPYTrOM MOYKHO OCYIICCTBIISITH W MPU APYTUX HAKATHIX KHOMKAX, HAIPUMEp, Cpa3y
MIOCJIC YCTAaHOBKM KOMITOHEHTOB B OKHE PEIAKTUPOBAHMS, T.C. IPH HAKATON KHOIIKE
«KoMnoHeHTBI».
s MeTka coennnenusi. [Ipyu HaxkaTol KHOIIKE MOYKHO ITPUCBOUTH JTFO0OOMY IPO-
" BOJHUKY UMs. DTO MO3BOJIAET COEMHATh OTAEIbHbIE BHIBO/IbI KOMIOHEHTOB
MU YCJIOBHO, 0€3 SBHOTO HCIMOJb30BAaHUS IPOBOJHUKOB, UYTO YacTO IO3BOJISIET
YIIYUIITUTh BOCIIPUITHE TIPOCKTUPYEMOI CXEMBbI YCTPOHCTBA.
=22  TekcToBbIi cKpUNT. [[py HAXKaTHKM KHOTIKM MOKHO BCTaBUTH TEKCT B JIH000E

-
- —
- -

== MECTO CXEMBbI B OKHE pefakThupoBaHus. [1one3Ho g co3paHns KOMMEHTapUEB
IIPU IPOEKTUPOBAHUU YCTPOMCTB.
IIuna. [Tpyn HA)KaTOM KHONKE MOKHO ITPOJIOKUTH HA MPUHIUIIMAIBHON CXEME
LIMHY, COCTOSAIILYIO U3 HECKOJIBKHX ITPOBOAHUKOB. Hanpumep, mis MUKpOKOH-
Tposuiepa ATMegal28 coenrnenune noptoB A u C ¢ BHEULIHUMHU yCTPOHCTBAMHU
(cratmyeckor mamsThio, KK-uHIUKaTOPOM M T.A.) OCYHIECTBISETCS C MOMOIIBIO
II1H.
Cyocxema. KHomka mo3BOJIIET CO3/1aTh CyOCXeMbl, MPECTaBIAIONIUE COOOM
:E': HEeKue (QyHKIMOHAJIbHbIE OJIOKU C BBIBOJAMHU-COEAMHUTEISIMHU.
= Tepmunan. KHonka no3BosisieT YCTaHOBUTH HA NPUHLUINHAAIBHON CXEME YCT-
po¥icTBa Takue 3JIEMEHTHI, KaK MUTaHUE, O0Ias KNHA, MEXOJOUHbIE COEINHE-
HUs1, BBIBOJIBI.
_I\_ IMunbl yerpoiicTBa. KHOmka mo3BossieT 100aBUTh BBIBOJ K CO3/1aBAEMOMY
=I¥ kommnonenry.
~, HAwuarpamma. IIpy Ha)KaToO¥M KHONKE B OKHE PEAAKTUPOBAHUS MOXHO YCTaHO-
‘L’l"‘— BUTH HAa0Op rpaduuecKux MHCTPYMEHTOB, MPEAOCTABIISIIOIIMX IOJIb30BATEIIO
HMIMPOKHE BO3MOKHOCTHU 10 OTOOPAKEHUIO CUTHAJIOB, UX JETAIILHOMY aHAIU3y
¥ MaTeMaTU4YeCcKoil 00paboTKe, a TAK)KEe COXPAHEHHIO PE3yIbTaTOB MOJCITHUPOBAHHUSL.
I'eneparop. Haxxatue KHONKM BBIBOAUT CIIMCOK T'€HEPATOPOB CHUTHAJIOB pa3-
@ JUYHOU (POPMBI: CUHYCOMIAIbHBIA, UMIYJIbCHbIN, SKCIIOHEHIUAIBHBIA U T.JI.
Ouenb yn0OHBIM ¥ Ba)KHBIA MHCTPYMEHT /I 3aJaHUsl TECTOBBIX CUTHAJIOB MpPHU OT-
Ja7Ke MPOEKTUPYEMOI0 YCTPONCTBA.
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M Ilyn nanpsikenus. [IpennasHadueH Ui yKka3aHus TOYKM IPOBOJHMKA, B KO-

ﬁ TOpON HEOOXOAMMO M3MEPUTH HAINpPSIKEHWE, W NMPUCBOCHUS HUMEHHU Y4YacTKY
LEenu ¢ JJaHHOM ToukoM. Mcrnonb3yercs COBMECTHO C Tpad)UueCKUMH CPECT-
BaMU U3MEPEHUS HANPSHKEHUsS (CM. KHOIIKY «Jlmarpammay).

‘I&ﬂ Ilyn Toka. IIpenHa3HadeH aiis peuieHus Tex Ke 3a1ad, 4To W ILIyN Hamnps-
KEHMsI, T.€. BIOOpA U NMPUCBOCHUS MMEHHU YYacTKy LIENH, B KOTOPOW MPOU3-

BOJUTCS U3MEPEHUE TOKA.

BupryanbHble MHCTpyMeHTHI. [Ipy HaxaTuM KHONKHU IOSIBIIAETCS CIIMCOK
BUPTYaJIbHBIX MHCTPYMEHTOB, CpEIu KOTOPBIX I'€HEPATOP CHUTHAJIOB CIICLIM-
aJIbHOM (hOpMbI, 4-KaHAJIBHBIA OCIMIIIIOrPad, BOJIBTMETPHI U aMIIEPMETPHI 110~

CTOSIHHOT'O M NEPEMEHHOTO TOKOB, BUPTYAJIbHBIM TEPMHUHANI U 1p. BupTyansHbIn re-

HEPATOP CUTHAJIOB, B OTJIMYME OT BBILIE PACCMOTPEHHOI'O reHepaTopa (BbI3bIBAEMOIO

kHonkoi «I'eHepaTop»), MOXET U3MEHATh MapaMeTpbl TECTOBOI'O CUTHAJIA HEMO-

CPEIICTBEHHO B MpoLEcce MOAEIUPOBaHUs pabOThl ycTpoiicTBa. s 3TOro Ha ero

JIMLEBOW TAaHENIM UMEIOTCS CIIEHHAJIBHBIE OPTaHbl YIPABICHUS, MO3BOJSIOIIME OIle-

paTUBHO, 0€3 OCTAaHOBKH IpOLIEcCa MOJIETUPOBAHMS U3MEHATh (POPMY CUTHAIA, €ro

yacToTy U amMmuutyay. C momolunpo ocuusuiorpaga MOXHO MCCIEA0BATh CUTHAI B

peasibHOM MaciTabe BpeMeHU. Kak U y Apyrux BUPTyalbHbIX MHCTPYMEHTOB B HEM

MMEIOTCSI OPTaHbl YIIPABIEHUS, IIO3BOJISIIOIIME U3MEHATh YaCTOTY Pa3BEPTKH, YYBCT-

BUTEJIBHOCTh, HACTPauBaTh I[BETOBYIO raMMy H300pakeHus (JIy4, AMUCIUICH, ceTka,

Kypcop) u T.1.

JIns u3MepeHuss HapspKEHUS WM TOKA K y4acTKy LEeNM Ha IPUHUUIIAAIBHOU
CXE€M€ YCTPOMCTBA MOJKIIIOYAIOT BOJBTMETP WJIM aMIEPMETP TaK, KaK e€ciau Obl 3TO
ObLIM pealibHble MPUOOPBI, MOCIE YEro 3alyCcKarT Mpolecc moxaenupoBaHus. lpu
OCTaHOBJIEHHOM IIPOLECCE MOJEIMPOBAHNS MOKHO M3MEHUTH JUAIIa30H U3MEPECHMUS,
T.€. IPEBPATUTh BOJIBTMETP, HAIPUMEDP, B MUJUIMBOJBTMETDP. BUPTyanbHbId TEpMU-
HaJl TO3BOJISIET CMOJEIMPOBaTh OOMEH JaHHBIMH MEXAY MHKPOKOHTPOJJIEPOM H
NIEPCOHAIBHBIM KOMITBIOTEPOM, MCIIOIB3YOUIMMU IS 3TOTO MOCJIEI0BATENbHbIN RS-
uHTepdeic. Jpyrue BUpTyanbHble MHCTPYMEHTHI MO3BOJSIOT pellaTh 3a7add, CBs-
3aHHbBIE C OTJIAJKOM pabOThl NepU(EepUiHBIX YCTPOWUCTB, B3aMMOJCHCTBYIOIUX C
MUKPOKOHTpoJuIepoM rmocpeactBom SPI- wnu [2C-untepdeiicos.

3.3. OcHoBHBIE TpUEMBbI PadoTHI ¢ cucteMoii Proteus

[Ipouecc MonenupoBaHus NEKTPOHHOIO YCTPOMCTBA HAUMHAETCS C MPOEKTH-
pOBaHUs €ro NPUHIMIHAIBHON cXeMbl. JJ11 3T0ro HeoOX0AUMO HAUTH B OUOIHOTEKE
Proteus Hy’>kHbIE KOMITIOHEHTBI, PA3MECTUTh UX B OKHE PEJAKTUPOBAHUS U COCAUHUTD
npoBogHUKaMu. [Ipu HEOOXOIMMOCTH B cXeMy J00aBUTh MCTOYHHUKHU MUTAHUS U 00-
IIYI0 IIMHY, a TaKXKe BUPTYaJbHbIE CPEACTBAa U3MEPEHUS M KOHTPOJS, HaIpUMeEp,
BOJITMETPBI U octuuiorpadsl. Jas Toro, 4To0Obl YuTaTENIO Mpolle ObUI0 mpHoOpe-
TaTh HaBBIKM pabOThI C cucTeMoil Proteus, paccMOTpUM OCHOBHBIE AEUCTBUS, KOTO-
pble eMy HEOOXOIMMO COBEPILUTD, MPEXK/IE YEM 3aIyCTUTh MPOLIECC MOAEIUPOBAHUS.

dopMHUpOBaHUE CNIMCKA KOMIIOHEHTOB JUI OIPOEKTUPYEMOTO ycTporcTBa. s
ATOrO Ha JIEBOM MaHENU MHCTPYMEHTOB CIIEyeT HaxaTh KHONKY «KOoMIOHEHTBI» U
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3aTeM KHONKY «P» (1oj OKHOM MIpeaBapUTENbHOIrO MpocMoTpa). OTKPOETCs] OKHO
BbIOOpa OubMMoTeunbix kKoMnoHeHToB Pick Devices (puc. 3.2), KOTOpbI€ CrpyIUPO-
BaHbI M0 KaTEropusiM, MOJKATETOpUsIM U PpupMaM-u3roroButTensiM. Kpome oObIUHBIX
KOMIIOHEHTOB TaKUX, KaK PE3UCTOPBI, KOHJIEHCATOPbI, TPAH3UCTOPbI, MUKPOCXEMBI
OuOIMOTeKa COACPKUT IIUPOKUH HAOOpP BCIOMOraTelIbHBIX KOMIIOHEHTOB U YCT-
POMCTB. DTO U ONTOANEKTPOHHBIE YCTPOKCcTBa (OyKBEHHO-LIM(PPOBBIE U Tpaduueckue
UHIUKATOPbl U JHCIUIEH, ONTPOHBI), 3JIEKTPOMEXAaHUYECKUE YCTPONCTBA (3JIEKTPO-
JBUTATEIM, pelie), pa3HOOOpa3Hble pa3beMbl U KOMMYTATOPbI, CEHCOPHI, (PyHKIIHO-
HaJbHbIE OJIOKM ¢ 3aJaHHOM mepeaaTouyHor (yHKIMeHd W MHoOroe apyroe. Kaxmabrit
KOMITOHEHT UMEET CBOM rpaduieckuii 00pa3 Ha MPUHIIMIHAIBHON CXEeMe, YTO MO3BO-
JsieT OBICTPO OMPECNIUTh €r0 Ha3HAUYCHUE U OTIIMYUTENbHBIE 0COOCHHOCTH.

IlycTh, HanpuMep, B IPOEKTUPYEMOM YCTPOICTBE UMEETCSI MUKPOKOHTPOJLIEP
ATmegal28. Bribepem B oxHe Pick Devices kareroputo Microprocessor ICs, moaxka-
teroputo AVR Family u B xononke yctpoiictB — ATmegal28. B npaBom BepxHem
OKHE MOsBUTCS Trpaduueckuii o0pa3 komnonenra. Haxmem kHonky «OKk», xommo-
HeHT ATmegal28 mosiBUTCs B cnucke (CrpaBa OT MAaHENIH UHCTPYMEHTOB). AHalo-
TMYHO BBIOMPAIOTCS IPYyTrMe KOMIIOHEHTHI, BXOJIAIINE B COCTAB MIPOECKTUPYEMOT'O YCT-
poiictBa. TakuMm criocoboM popmMupyercs CUCOK HY>KHBIX KOMIIOHEHTOB, KOTOPBIi B
JanbHEeNIeM MOXHO KOPPEKTUPOBATH (100aBISATH HOBbIE KOMIIOHEHTHI WM YAAIATh
U3 CIIMCKA HEHYKHbIE). I BKIIFOUEHHS B CIMCOK MOYKHO HCIIOJIb30BaTh OKHO IIOMC-
Ka 10 MacKe, B KOTOPO€ BBOJUTCSI UMsI KOMIIOHEHTa (WJIM HadajabHasl 4aCThb UMEHH).

Pick Devices E]
Macka: PesyasTare [80]: Mpoctaorp ATMEGAT 28
| YcTpoficTED | Eutnuorera | OnMcadqe | | wSM DLL Madel [8vR2 DLLL
Cnogo uenukor ATH051200 AR AR Microcontaller [Tk byte In-Spstem programmable Flash I e [—
T 0NbKD MOAEAMPYEHBIE ATI0S2313 AVR AWR Microcontoller [2k byte In-Spstem programmable Flash —{rscete ':P,..“?‘f,:,‘l =
ATINSZ323 AR AR Microcontoller 2k byte In-System programmable Flash reiun: Fan: [—
Kareropusa: ATI052333 AR AR Micracontoller i pmmeen |
CMOS 4000 series A | ATINSZ343 AR LYR Microcontaller [2k byte In-System programmable Flash e rigetan
Conmectors ATI05 4433 AT &R Microcontoller [4k byte [n-System programmable Flash ez e —
D ata Coreeerters ATI054434 AR AR Microcontoller Hruvea rcrinT [—
Debugging Toals ATI058515 AR &R Microcontoller [3k byte self-programming Flash Progral =] E‘Eﬁ pree—
Diodes . ATANSER35 AR AR Microcontoller [2k bute self-programming Flazh Progral e m‘%ﬁ%z =
EIELt1 ”““UhSBF'BSl ATA0USE 286 24R2 128 KBytes Flash, 8416 Bytes SRAM, 4 KBytas EEPROM, et o
; 30 'fmec St ATINISBELG AWRZ B4 KBytes Flash, 4320 Bytes SRAM, 2 KBytes EEPROM, L = e
houclors . ATMEGAT03 AR AR Microcontoller (Replaced by Atmel ATmegal 28) e e —
Lanace Frinitives ATMEGA128 AVR2 126 KBytes Flash, 4320 Bytes SRAM, 4 KBytes EEPROM R ralimidts —
mz;@‘@s ATMEGA12E0 AVR2 128 KBytes Flash, 8572 Bytes SRAM, 4 KButes EEPROM, e o
eI ATMEGAT281 AWRZ 128 KBytes Flash, 8672 Butes SRAM, 4 KBykes EEPROM,
st ARBOUS ATMEGAT284P AWRZ 128 KBytes Flash. 16503 Bytes SRAM. 4 KBytes EEPROM ;
Modeling Frimitives ATMEGATE AYR2 15 KBytes Flash, 1088 Bytes SRAM, 512 Bytes EEPROM,, =0 1P9SMETE:
Operational Amplifiers ATMEGATEZ AWRZ 16 KBytes Flagh, 1248 Bytes SRAM, 512 Bytes EEPROM,
Optaelectranics ATMEGATE4P AWR2 16 KBytes Flazh, 1248 Bytes SRAM, 512 Bytes EEPROM,
PICA&XE ATMEGATES AWRZ 16 KBytes Flash, 1248 Eptes SRAM, 512 Bytes EEPROM.,
PLDs & FPGAs ATMEGATESP AWRZ 16 EBytes Flash, 1248 Bytes SRAM, 512 Bytes EEPROM.
Resistars ATMEGATGS AWRZ 16 KBytes Flash, 1248 Eptes SRAM, 512 Bytes EEPROM.,
Simulator Primitives ~| | ATMEGATGE_32PIN - AVR2 16 EBytes Flash, 1248 Bytes SRAM, 512 Bytes EEPROM..,
- , ATMEGATGEP AWRZ 16 KBytes Flash, 1248 Eytes SRAM, 512 Bytes EEPROM.
CORTETOPHS: ATMEGA1G8P_32PIN - AWR2 16 KBytes Flash, 1248 Butes SRAM, 512 Bytes EEPROM, .
[Boe nogkaTeropig) | | ATMEGATES LA 2 16 K.Bytes Flazh, 1248 Bytes SRAM, 512 Bytes EEPROM, .
5000 Family ATMEGATGIP AWRZ 16 EBytes Flash. 1248 Bytes SRAM, 512 Bytes EEPROM..,
8051 Family ATMEGAZSE] AWRZ 256 KBytes Flash, 8672 Butes SRAM, 4 KBykes EEPROM,
AR Family ATMEGAZ5ET LR2 256 K.Bytes Flash, BE72 Bytes SR4M. 4 KBytes EEPROM.
AR Family ATMEGAZ2 AvRZ 32 KBytes Flash, 2112 Bytes SRAM, 1 KByte EEPROM, AL
E’*g%'@%%mp !T"f'd“'es ATMEGAZZ4P AVR2 32 KBytes Flash, 2272 Bytes SRAM, 1 KByte EEPROM, AL
st ATMEGAIZS AVRZ 32 KBytes Flash, 2272 Butes SRAM, 1 KByte EEPROM, AL
i ety ATMEGAZZS0 AWRZ 32 KBytes Flash, 2272 Bytes SRAM, 1 KEyte EEPROM, AL
ATMEGAZZS0P AWRZ 32 KBytes Flash, 2272 Byptes SRAM. 1 KByte EEPROM. AL
[ECB WSTOTOBMT M) | | ATMEGA3ZEP AWRZ 32 KButes Flash, 2272 Bytes SRAM, 1 KByte EEPROM, AL | OFPBOP1E00X1600x120-644 = |
gn‘zl';”gagg:gg:”ma““b'e] ATMEGA3I2GP AWR2 32 KBytes Flash, 2272 Bytes SFAM, 1 KByte EEPROM, AL+
Arizona Microchip ] [ b4 ok | | Drmena |
Puc. 3.2. Okno BbIOOpa 61OanoTeunsIx kKomnoHeHToB Pick Devices
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PaszMenieHre KOMOOHEHTOB B OKHE PENAKTUPOBaHUs. J[J1s 3TOro ¢ mOMOIIBIO
MBIIIU WIN KJIABUATYPBI CIEAYET BBLACIUTh HYKHbII KOMIIOHEHT B CIIUCKE, 3aTEM yC-
TaHOBUTbH KypCcOp B CBOOOJIHOM MECTE OKHA PEIAKTUPOBAHUS M HAXKATh JIEBYIO KHOII-
Ky MBI — KOMIIOHEHT TMOSIBUTCA B YKa3aHHOM MecTe. TakuMm croco0oMm pasmenia-
IOTCSI BCE KOMIIOHEHTBI. B ajibHENIIIEM HX IOJIOKEHUE MOXKHO KOPPEKTUPOBATH, I1E-
pemenias Wid MOBOpavyMBasi Ha HYXHBIE YTIJIbl, KONUPOBaTh yepe3 Oydep unu yna-
JATh U3 OKHA PENAKTHpOBaHMs. Bce oTu onepanuu MOKHO COBEpIIaTh KaK C OTIEIb-
HbIMU KOMIIOHEHTaMM, TaK U C OJOKaMH KOMIIOHEHT, BBIJEIHUB MPEIBAPUTEIHHO
HY>KHBIW OJIOK MPU HaXKATOM JIeBOW KHOMKE MbIU. VCmonb3ys BeINagaronee MEeHIO
IIPYU IBOMHOM HA)KATUM JIEBOW KHOIKH MBIIIM HA KOMIIOHEHTE, MOKHO PEINAKTHUPO-
BaTb €ro CBOMCTBAa, HAIlpUMEpP, HOMMHAJIBl PE3UCTOPOB WM KOHIEHCATOPOB.
Jlist ynoOcTBa BOCIIPUATHS CXEMbI MOKHO Ha HEM MOMECTUTH JIONOJIHUTEIbHYIO TEK-
CTOBYIO MH(OpMaINHio, HampuMmep, PyHKIHMOHATbHOE HAa3HAYCHHE KAaKOW-TO TPYIIIBI
KOMIIOHEHTOB. /{1151 3TOro B MEHIO, BRINAAAOLIEM TP HAXKATUU MPABOM KHOIKHA MBI-
M B CBOOOJIHOM MECTE€ OKHa pPEIaKTUPOBaHMs, BbIOpaTh NyHKT «Pa3mecTuTh >
TekcTOBBINH CKPUIITY», [TOCJIE YETO BHIOPATH JEBOI KHOMKOW HY>KHOE MECTO, rae 0y-
JIET PacIoJiaratbCs TEKCT.

CoenuHenue KOMIOHEHTOB Mexay coboi. [Tociie pa3zMenieHrnss KOMIOHEHTOB B
OKHE PENAKTUPOBAHUS HUX CIEAYET COCAUHUTH JAPYr C APYIOM B COOTBETCTBUU C
IMPUHLMUITHAIBHON CXEMOM yCTpoMCTBA. [ 3TOrO ciieyer noaBecTu Kypcop K Bbl-
BOJly KOMIIOHEHTa (IpU 3TOM Ha CXEME MHOSBHUTCS 00pa3 KOHTAKTHOW IJIOLIAJIKH),
HaXXaTh JICBYIO KHOIIKY MBIIIA M IPOBECTH IPOBOJHHUK K JAPYrOMY BBIBOJIY KOMIIO-
HEHTa WM Jpyromy npoBoaHuKy. [Tocne storo s ¢ukcanuu coenrHEHUs HaXatTb
JIEBYIO KHOINKY MbIIM. Ecim B mponecce coenMHEHNss KOMIIOHEHTOB ITPOBOJAHUK HE
YCTaHABIIMBAETCA B 3alyMaHHOE MMPOEKTUPOBIIUKOM IOJIOKEHUE, TO MOXKHO IPOKJIA-
IBIBaTh MPOBOJHUK IO YaCTAM, (PUKCHPYs TMOJOKEHUE TOYEK M3rnda MpPOBOIHUKA
Ha)kaTHeM JIeBOM KHOMNKU Mblid. Ecnu mocne GpopmMupoBaHusi MpOBOJIHUKOB MOTpPe-
OyeTrcs COeMHUTh KaKre-TO TOYKH MX MEepeceyeHui, TO 3T0 MOKHO cJieaTh, BbIOpaB
Ha JIEBOM ITaHEJIM MHCTPYMEHTOB KHONKY «Touka coexumnenus». Pazymeercs, co-
€MHEHUE Ha CXEME IPOBOJHUKOB IPYT C APYTOM MOKHO JEJaTh U HEITOCPEIACTBEHHO
IIPU UX MPOKJIAJIKE.

JIns nydiiero BOCHPUSATHUS CXEMbl BMECTO HEINOCPEICTBEHHOTO COCIUHEHUS
MHOI'IA UCIOJIB3YIOT IMPUCBOCHUE OJWHAKOBOIO MMEHU JIBYM WJIM HECKOJBKUM IIPO-
BOJHUKAM, I10CII€ YET0 OHU CUUTAIOTCS DJIEKTPUUECKU COCIMHEHHBIMU JPYyr C JpY-
rom. J[J1s 3TOrO Ha JIEBOM MaHEIW MHCTPYMEHTOB CIIEyeT BbIOpaTh KHONKY «MeTka
COCIMHEHMs», TI0CIIE YEro MOABECTH KypCOp K HY>KHOMY IIPOBOJHMKY, HAXKATh Jie-
BYIO KHOIIKY MBIIIHA U B OTKPBIBLIEMCSI OKHE BBECTH UMs (METKY) MPOBOJHUKA. Y OT-
MEYEHHBIX TaKUM CIIOCOOOM NPOBOJHUKOB OJMH KOHEI MOYET OKa3aTbCs HE IMOA-
KJIIOYCHHBIM, T.€ OKa3aTbcsi 00opBaHHBIM. OOPHIB MPOBOAHUKA (HOPMUPYETCS TBOI-
HBIM Ha)KaTHEM JIEBOM KHOIIKHM MBIIIN B TOUKE OOpHIBA.

Hpyrum cnocoOOM yJIy4IIUTh BOCHPHUSATHE CXEMbl MPU HAIUYUU OOJBLIOTO
KOJIMYECTBA IPOBOTHUKOB SIBIIIETCS UCIIOJIb30BAHUE IIMH, KOTOPBIE MOTYT BKJIFOYATh
B ce0s HECKOJIBKO MPOBOHUKOB. J[JIsl 3TOr0 Ha JIEBOM MaHEeIN UHCTPYMEHTOB ClIEeTy-
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eT HaxaTh KHONKY «llIuHay, mociie 4ero mpoJioKUTh MIMHY B HY>KHOM MECTE OKHA
PEIaKTUPOBAHUS U TOJICOCIUHUTD OTJECIbHBIC MPOBOJHUKHU IIMHBI K HYXHBIM TOY-
KaM IPOEKTUPYEMOro ycTporcTsa. [Ipu 3ToM Bce UCnosb3yeMble IPOBOJHNUKYU B IIU-
HE JOJKHBI UMETh CBOM MMeHa (MeTkH). [IpuMep MCIonb30BaHUs LIMHBI MIPEICTaB-
JIeH Ha puc. 3.7.

B mpornecce npoekTupoBaHus MPUHUUNHAIBHON CXEMBI YaCTO BO3HUKAET He-
00XOJUMOCTh €€ MacIITa0upOBaHUs, IJI YEro HUCHOJb3YIOTCS COOTBETCTBYIOIINE
KHOIIKM Ha BEPXHEW NaHEJIM UHCTPYMEHTOB. JlJIs mepeMenieHnst BCEM CXEMBbl UCIIOJIb-
3yeTcsi OKHO MPEIBAPUTEIIBHOTO IIPOCMOTPA, PACIIOJIOKEHHOE B JIEBOM BEPXHEM YIUIY
[JIABHOT'O OKHA. Y CTAHOBMB KypCOp B 3TO OKHO, U II€peMeIas NIEPEKPECTUE «ITPULIE-
Ja» TP HAXKATOM JIEBOM KHOMKE MBIIIM, MOYXKHO MNEPEMEIIATh MPUHIUITHAIBHYIO
CXeMy IO OKHY penaktupoBanus. Emne onHo HaxkaTtue JeBOM KHONMKU (PUKCUPYET IO-
noxeHue cxembl. [Ipu momydeHnn HexenaTeNbHBIX PE3yJbTaTOB HE 3a0bIBalTE, YTO
BCErJla €CTh BO3MOKHOCTh OTMEHUTH NOCIEeNHUE AeicTBUsA. Kpome Toro, Bcerna ecth
BO3MOKHOCTbh BEPHYTbh CXEMY B MCXOJHOE MOJIOKEHNE, HAKAB B BEPXHEN MMAHEIIN UH-
CTPYMEHTOB KHONIKY «BiucaTh BO BeCh JIUCT».

®dopmupoBaHue oOmIeH IMMHLI ¥ MCTOYHUKOB muTanus. Jlroboe ycTpoicTBO
UMeeT OOUIYI0 IIMHY U OJIHO WJIM HECKOJBKO HaIpsuKeHU nuTaHus. s ux pasme-
HIEHUSI B OKHE PEIAKTUPOBAHMS CIIEAYET Ha JIEBOM NAHEIW MHCTPYMEHTOB HAXKATh
kHoniKy «Tepmunan» u BriOpaTh MyHKT «GROUND», mocne 4ero nBak/bl HaKaTh
JIEBYIO KHOIIKY MBIIIM B HY’)KHOM MECTE€ OKHAa PeJaKTUpOBaHUs. VICTOYHMK NUTaHUA
ycTaHaBiuBaeTcs nocie Beibopa nyHkra «POWERY anamoruyno, HO Jjisi HETO JI0-
MOJIHUTEIFHO TpeOyeTCs 3a/1aTh BEIMYMHY MUTAIONIIETO HanpspKeHus. s aToro Ha-
70 JBAKJIbl Ha)KaTh JIEBOM KHOIKOW MBIIIM Ha rpauueckoM o0pa3e MCTOYHHMKA U B
HOSIBUBIIEMCS OKHE HaOpaTh 3HAUCHUE HANPSDKEHUST UICTOYHHKA, Harpumep, +5.2V.

Hcnonb3oBaHWE UCTOYHUKOB TECTOBBIX CUTHANOB. i1 MoaenupoBanus pado-
Thl TIPOEKTUPYEMOTO YCTPOMCTBA YACTO HMCIIOJIB3YIOTCS TECTOBBIE CHUTHAJIBI, MOCTY-
NAOIIME HA BXOJl YCTPOMCTBA WM B KAKUE-TO APYTME YYACTKU CXeMBbl. [[ns moakiiro-
YEHUsI UCTOYHUKOB TECTOBBIX CUTHAJIOB B IPUHUMUIIHAIBHYIO CXEMY YCTPOKCTBA Clle-
IyeT Ha JIeBOM MaHeld MHCTPYMEHTOB HaXkaTh KHOIKY «l'eHepaTop» U BbIOpAThH
HY>KHBIA THUI UCTOYHMKA CUTHaJa (CMHYCOUJAIbHBIM, UMITyJIbCHBIM U T.1.). [locie
ATOTO CJIEAYET ABAXK/bl HA)KaTh JIEBYK0 KHONKY MBI B OKHE PEIaKTUPOBAHHUS, 3a-
TEM TaKXKe JBaXbl HAXATh JEBYIO KHOMKY Ha TrpaduyueckoM o0Opa3e reneparopa u
3a7aTh IapaMeTphl TECTOBOrO curHana. Hampumep, 11l CHHYCOMAQIBHOIO CHUTHAJIA
(puc. 3.3) 3TO amMIUIUTyAa, TUKOBOE WJIM CPEAHEKBAAPATUYHOE 3HAYEHHMS, 4acTOTa
WIM NIEpHOJ cUrHana, ga3za u Ko3(Q(UIMEHT 3aTyXaHHsl, BEJIMYUHA MOCTOSHHOMN CO-
CTaBJIAIONIEH B CHHYCOMJAIbHOM curHaie (cMmeuienue). B Proteus umeercs mmpokuit
BbIOOp PA3NMUYHBIX MCTOYHHUKOB TECTOBOTO CHrHaia. Bo3aMokeH, Hampumep, BbIOOD
MCTOYHWKA CHUTHANA, 33JIaHHOTO B MU(poBo Ghopme U coxpaHeHHOTO B (aiine. EcTh
BO3MOXHOCTb 33]aTh HY>KHYIO (pOpMYy TECTOBOT'O CUTHaJIa, HAUEPTUB €0 C TOMOUIBIO
MBIIIM Ha rpaduKe B KOOpJAMHATaX HamnpsskeHue — Bpems. i 3Toro HeoOXoaumo
BbIOpATh HACTPaMBaEMbIil BUJ aHAJIOTOBOI'O CUTHAJA.
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Sine Generator Properties E]
W reqeparopa: Dffset [Volts): 200m
?
| Armnplitude [Woltz):
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< HacTpaveasmbii
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afin T abiruHr:
< Bunno
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< SFFM < Mepurog [zec): E
< Eazy HOL

< CrBa®HOCTE: E
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CTatuneHEIA & e e I—E
< OguH poHT
A OgHH Mnyase - Paza rpaguck! 0 E
< Yacrora
< W atnoH Saryxanie [1/43]: 100 E
<" Eazy HDL

WcTouHME Toka

W 3014poBaHHEIN

FyuHas npaeka
v CKpbTE CEONCTEA K OTrena

Puc. 3.3. OkHo 3agaHus mapamMeTpoOB CHHYCOUIAILHOTO TECTOBOTO CUTHAJIA

Hcnonb30BaHne BUPTYAJIbHBIX MHCTPYMEHTOB. B mponecce MoaeaupoBaHus
paboThl MPOEKTUPYEMOI'O YCTPOMCTBA YAaCTO BO3HHUKAET HEOOXOAMMOCTb M3MEPHUTh
napaMeTpbl TECTOBOI'O CUTHAJIA B OT/AEJbHBIX TOUKAX CXEMBbl, IPOBEPUTH PabOTy OT-
JENbHBIX OJOKOB YCTPOWCTBA, B YAaCTHOCTH, pabOTy pa3IMYHBIX HHTEPPEICOB,
UMEIOIIMXCSl B MUKPOKOHTpoJuiepax. i pelenust 3TuX U APyrux moJo0HbIX 3a7a4
UCIIOJb3YIOT BUPTYaJIbHbIE MHCTPYMEHTHI, BbI3bIBA€MbIE KHOIKON «BupTryanbHbie
HHCTPYMEHTBD> Ha JIEBOM NaHelu MHCTpyMEeHTOB. Cpenu 3THX CpelCTB Haubosee
4acTO UCHOJB3YIOTCS ocuuiuiorpad, BOJIbTMETPBl U aMIIEPMETPHI, @ TAKXKe T'eHEPaATop
CUTHAJIOB CHEIHaNbHON (POPMBI U BUPTYaJbHBIA TEpMUHAN, NMpPeAHA3HAYCHHBIN 1Jis
nepenadn nHGHOPMaLUK OT MUKPOKOHTPOJUIEPA B KOMIIBIOTED.

Jlis yCTaHOBKM BUPTYaJIbHBIX MHCTPYMEHTOB CIEAYyeT BBIOpAaTh UX B OKHE
CIMCKAa BUPTYaJbHBIX HMHCTPYMEHTOB (cM. puc. 3.1), mociie 4ero HaxkaTb JIEBYIO
KHOIIKY MBIILM B MECT€ OKHa pefaktupoBanus. [logBurcs rpapuyeckuil oOpa3 UHCT-
PYMEHTA, KOTOPBIM 3aTE€M CIEAYET NOAKIIOUYNTh K KOHTPOJIUPYEMBIM TOYKAM CXEMBbI
WJIM COOTBETCTBYIOIIMM BBIBOJAM KOMIIOHEHTOB. Ilocie 3amycka mporecca MOJeu-
poBaHusi rpaduueckue oOpas3bl psjia UHCTPYMEHTOB (ocuuwiuiorpada, reseparopa
CUTHAJIOB, JIOTUYECKOI'0 aHAIM3aTopa U Jp.) MpeoOpa3yroTcs B JHUIEBbIE MAHEIH, TO-
3BOJISIFOLIME C MOMOILBIO OPraHOB YIIPABJICHUSI HACTPAaUBAaTh NHCTPYMEHTHI Ha pelle-
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HUE KOHKPETHBIX 3a/1au. Hanpumep, B 4-KaHaIbHOM ocHMLIOrpad)e MOKHO U3MEHSATh
pa3BepPTKY MO OCH BPEMEHH U UyBCTBUTEIBHOCTh KaXKJIOI'0 U3 KaHAJIOB, IPOU3BOIUTH
WHBEPTUPOBAHUE CUTHAJIOB WJIM CKJIaAbIBaTh UX APYT C ApyroM. MOXKHO JJis KaxK]10-
r'0 U3 KaHAJIOB CJIeJIaTh BXOJ OTKPBITHIM WJIM 3aKPBITHIM, YTO IMO3BOJIUT U3MEPSTH JIH-
00 Bech curHaj, JuOO TOJIBKO €ro MEepeMEHHYI CcocTaBisfolryr. Haxar npaByro
KHOIIKY MBIIIM Ha JIMIEBOM TMaHEId W BBHIOpAB B IOSBHUBIIEMCS OKHE ITYHKT
«Setup...», MO)XKHO H3MEHHUTH IIBETOBYIO TaMMYy AHUCIUICS ocIiuiuiorpada.

J{1s1 BOIBTMETpA 1 aMIIepMETPa UMEETCSI BO3MOKHOCTh YCTaHABJIMBATH Jdara-
30H M3MEPEHUs, MpeBpalliasi, HapruMep, BOJILTMETP B MUJUTUBOJBTMETP UM MUKPO-
BOJILTMETp. I TeHepaTopa CUTHAJIOB crenuaibHol dopmbl (puc. 3.4) MOXKHO 3a-
naTh (OpMy BBIXOJHOTO CHTHAjA, a TAKXKE €ro aMIUIUTYAy M 4acToty. [Ipu sTom Bce
PEryJIMPOBKU MPOU3BOJIATCS HEMOCPEACTBEHHO B MPOIECCE MOJEIUPOBAHUS, MTOITHO-
CTBIO UMUTHUPYS padOTy peaibHOro npudopa.

¥5M™ signal Generator =
iy U
XK 10 |[ o1 — InHl
e i * WVienvaform
B ]
™ g ..
& Uni
°n
Frequency Amplitude Polarity

Puc. 3.4. JInnieBast naHenb BUPTYAJILHOIO r€eHEPATOPA CUTHAJIOB

[Ipy HCHONB30BaHUM BUPTYAIbHOTO TEPMHUHANA, IPEIHA3HAYEHHOIO s
npremMa U OToOpakeHHs MH(POPMalMU OT MUKPOKOHTpOJIEpa, HEOOXOAUMO 0 3a-
MycKa Mpolecca MOJETUPOBAHUS YCTaHOBUTH €r0 OCHOBHBbIE paboO4yMe HACTPONKU
(puc. 3.5). IIpu 3TOM BakHO, YTOOBI OHH OBLIM MOJHOCTBHIO COTJIACOBAHBI C HACTPOI-
KaMU MUKPOKOHTPOJUIEpA. DTO B MEPBYIO OUEPEb OTHOCUTCS K CKOPOCTHU Iepeaayu
naHHBIX (cTanmapTHbie 3HaYeHUs oT 300 mo 57600 601), KONMMYECTBY OWT JTaHHBIX B
noceuike (7 unu 8 6ut), OUTy mapurera, KOIMYECTBY CTOM-OUT B Mochuike. OcTaib-
HbIE HACTPOUKU MOKHO OCTaBUTh 0€3 U3MEHEHUSI.

Hcnonp3oBanue rpadonocTponTesiel I aHaan3a cCUrHainoB. B mpomecce mo-
JIETMPOBAHUS YaCTO BO3HUKAIOT 3aJa4M, CBS3aHHBIC C aHATU30M (POPMBI CHTHAJIOB,
TOYHBIM OIpE/CICHUEM HANPSKEHUNU UM TOKOB B KOHTPOJHUPYEMBIX TOUKAX CXEMBbI
B 3aJJaHHbIE MOMEHTBI BPEMEHU, MaTeMaTUUeCKoil 00paOOTKU CUTHAJIOB, HaIpUMED,
ONpEJEIeHUN UX CIEKTPAIbHOTO COCTaBa M T.J. DTHU 3aJa4yM peuiaeT rpymnma rpadu-
YECKUX MHCTPYMEHTOB, BBI3BIBAEMbIX Ha)KaTHEM KHONKH «/lmarpamma» Ha JeBOM
NIaHEJIM UHCTPYMEHTOB, B PE3YJIbTATE YErO B COCEAHEM OKHE IOSBIISIETCS MEPEUYCHb
rpadomnoctpoureneii. B Proteus umeercst 1o0BOJIbHO MIUPOKUN HAOOP CPEACTB aHAIU-
3a aHAJIOTOBBIX U MU(POBBIX CUTHAIOB. HampuMmep, /uisi BpeMEHHOTO aHaIu3a aHallo-
TOBBIX CUTHAJIOB B HAaMOOJBIIEH CTETIEHU MOJIXOAUT aHAJIOTOBBINA TPadOMOCTPOUTEND
«ANALOGUEp, nns cnexktpanbHoro ananusa — crnekrpoananuzarop «FOURIERY,
ocyuiecTBisitomnil Oypbe-npeodpa3zoBaHUEe CUTHAJIA U BU3YaJbHOE MPE/CTABICHUE
CIeKTpa Ha rpaduke.
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lNpaBka KomnoHeHTa E]
Cobinka: || CkpbmEIE; ok
JHaYEHHE: | CrpemeI:

Cnpaeka

Baud R ate: |E“3':":I ﬂ | Hide Al j OTreHa
Diata Bits: |B ﬂ |Hi':IE Al j
Paiity: |NONE | Hideal v
Stop Bits: |1 ﬂ |Hi':IE Al j
SendXONJXOFF: Mo = |Hideal |
PCE Package: NULL ~|[2][Hide s ~]
Advanced Properties:
Re/TH Polarty | |Momal | |Hide Value +|
Other Properties:

Mok niouuTe M3 MogenHposaHa [NpHCOEaMHUTE HEPaPX. MOAYE
v Mokmouure vz PCE

MpaEHTE BCE CEOMCTES KAk TERCT

Puc. 3.5. OkHO 3a/1aHKst HACTPOEK BUPTYAIbHOTO TEPMUHAIIA

J1 UCTI0/Ib30BaHMsI HY’)KHOTO MHCTPYMEHTa HEOOXOUMO OYEPTUTH B CBOOOI-
HOM MECTE€ OKHA PEIAKTUPOBAHMS MPAMOYTOJIbHUK U HAXaTh JIEBYIO KHOIKY MBbIIIH,
B pe3yJibTaTe 4Yero MosBUTCA rpaduueckuii ob6pa3 BBIOPAaHHOTO HHCTPYMEHTA.
Hcnonp3ys npaByr0 KHONKY MBIIIM M BBINAJAIOIIEE TP 3TOM OKHO, MOKHO pa3Bep-
HYTbh Tpadudeckuii 00pa3 HHCTpyMEeHTa B paboyee OKHO Ha BECh HKpaH, Aajiee ycTa-
HOBUThH NapameTpbl MOJAEIMPOBAHUS W KOHTPOJIbHBIE TOYKH HAa CXEME, B KOTOPBIX
OyzieT IpOoU3BOAUTHCS aHAIU3 (JI00aBUTH Tpacchl). JJis 2TOro He0OX0IUMO OTMETUTh
Ha NPUHLMUINHAIBHON CXEMe YCTPOWCTBA KOHTPOJIbHbIE TOYKH, BHIOpAB HA JIEBOH Ma-
HEJIN MHCTPYMEHTOB ILYIbl HANPSDKEHUS WM TOKA, 3aTEM HAXKaTh JIEBYIO KHOIKY
MBIIIY B HY’KHOH Touke cxeMmbl. [lociie 3Toro uacte nemnu, cogepxaiias BbIOpaHHYO
TakuM 00pa3oM TOYKY, aBTOMATHUYECKU MOJYYUT CBOE MMs (MMs Tpaccel) U OHO Oy-
JIeT BKIIIOUEHO B ME€pPEUEHb TPacC, JOCTYMHBIX 1Js aHanu3a. Jlo0aBUB B IPOEKT HYX-
HbIE TPACChl, U 3aIllyCTUB MPOLECC MOJAEINPOBAHUSA AUArPaMMBbI, MOKHO IOJyYHTb
rpadUKy BpEMEHHBIX 3aBUCHUMOCTEH CHUTHAJIOB MM UX crekTpsl. Ilocne storo, uc-
HOJIB3YSl CPEJCTBAa MAacCIITaOMPOBAaHUS, MOYKHO C MOMOIIBIO Kypcopa JIeTalbHO HC-
cienoBath rpaguk. imeeTcst BO3MOKHOCTD BBIBOAUTD B OJHO U TO K€ OKHO HECKOJIb-
KO rpauKoB, HACTPANBaTh UX I[BETOBYIO FaMMYy U T.1I.

«IIponmuBKka» Koja mporpaMMbl B MHUKPOKOHTpoJuiep. Ecnu npoextupyercs
MHUKpPOIPOLIECCOPHOE YCTPOIMCTBO, TO JIsl €T0 CXEMOTEXHUUYECKOr0 aHajinu3a HeoOXo-
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JIUMO «IIPOLIUTHY» YIPABISIOLIYI0 MPOrpaMMy B aMsATh MUKPOKOHTpoJuiepa. B cuc-
TeMe Proteus 3To (hakTHMUECKH O3HAYaeT YCTaHOBKY B IPOEKTE MYTH K KaTaJory, B
KOTOPOM HaxoJIUTCA YIpaBJsIollas NporpaMMa, U ee uMeHu. JKenaTenbHO Mpu 3TOM,
4yTOOBI pa3pabaThiBacMblil B Proteus mpoekT u ymnpasisitolas rnporpamma, paspado-
taHHas B I[CCAVR, Obutn coxpaHeHbl B OJIHOM KaTajore. B Tom ciyuae mocie mo-
OBIX UCIIPABJICHUH B KOJIE TPOrPaMMbl HEOOXOUMOCTH B €€ HOBOM «IIPOIIUBKE» HET,
1OCJIe KOMITWJIALIMY OHA aBTOMATUYECKHU MOAKIIOUAETCS K TPOEKTY.

Jnd «IpOMMBKHAY YIPABIAIOWIEH MPOTPAMMBI CIEAYET IBOVMHBIM HaKaTHUEM
J€BOY KHOMKHM MBI Ha TPapuuecKoM H300paKEHHH MHUKPOKOHTpoJUIiepa OT-
KpbITh OKHO IS €ro penaktupoBaHus (puc. 3.6). 3aTem clienyeT MNpPOU3BECTH
HY»HbI€ HACTPOUKHU, & UMEHHO, YCTAHOBUTH YaCTOTY CUHXPOHHU3AIUU U 3HAUYCHUS
out SKSEL Fuses (o ymomuanuto ctout RC-rereparop na 1 MI'n). Tlocie satoro
B okHe Program File cnegyer BeiOpaTth B mamke ¢ mpoekToM hex- unu cof-gaitn
YIOPABJIAIONIEH MPOrpaMMbl, CT€HEPUPOBAHHBIA KOMIUISTOPOM, «IIPOIIMBY» €ro TeM
CaMbIM B IaMsATh MUKPOKOHTpoJuiepa. OcTajabHble MapaMeTphl, OKa3aHHbIE B OKHE,
MOKHO OCTaBUTh 0€3 U3BMEHEHMUS.

MNpaBka KoMNOHEHTa E]
Cebinka: |L|'I| Crpembii: oK
JHauEHHE; |.-’-'-.Th-1EG.i'-.1 28 CHpETRIA

Cnpaeka
PCE Package: [OFPEOPTEOESTG00:1206 || 2| |Hide sl | il
Program File: | |Hi':IE Al j CKpBIT. A4HE!
CKOPT (Oscilator Optians) |[1] Urprogrammed | |Hide sl =]
- OTreEHa
BOOTRST [Select Reset Wector) |[1]U”F'T'I'Elfal'ﬂl‘ﬂ8d ﬂ |H||:|e All j
WOTOM Mwfatchdog timer always on’ |['|]|-|ﬂli'f'I'EITE'"'I'"'I'lE':I j |Hi'2|E Al ﬂ
CKSEL Fuses: |[0001) Int. AT 1MHz | |Hide &l ]
Bl |(00) 4096 words. Starts at 0sFO « | |Hide sl |
SUT Fuses: (0] = |Hideal |
Advanced Properties:
Clock Frequency j |[Default] |Hi|:|e All ﬂ
Other Properties:
"
hd
MCEMouMTE M3 MOLENHPOESHMA [NpHCOEMHITE HEPAPX. MOQYNE
Herknouure 1z PCB
MpaEWTE BCE CEOMCTES Kak TEKDT

Puc. 3.6. OkHO pelakTUPOBAHUS MUKPOKOHTPOJLIEPA
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Ecnu otnagka ynpaBisitonieil nmporpaMMbl HE MPEANOIaraercs, TO MOXHO
«mpomnTh» hex- mnu cof-¢aiin ynpapnsoomeil nporpaMMel. B mpoTuBHOM citydae
cienyeT BbIOMpaTh ToJabKO cof-daiin. [locne «mpommBKm» NporpaMMbl MPOEKT FOTOB
K pabore. Otrnaaka NPOU3BOAUTCS B CIyyae, €CIM IporpaMMa HMMEET CKpPBIThIE
OIMOKU B (PYHKIIMOHHPOBAHUU, KOTOPbIE NPOEKTUPOBIIMK HE MOXKET OOHapyXKUTb
IpyU 0OBIYHOM YTEHHMM TEKCTa Mporpammsl. i oTiiagku TpeOyeTcsl IpeBapUTEIbHO
yKa3aTh MyTh K MECTy HaxoxaeHus ucxogHoro C-¢aina. DTO OCylIeCTBIsSIETCS BbI-
6opom nmyHkTa MeHI0 «McxonHuKk> J100aBUTH/ya1aauTh (Pailjbl HCXOAHUKA» U yC-
TaHOBKOM MMeHH ncxogHoro C-daiina.

3amyck Ipoiiecca MOJAENUPOBaHus U otaaaky. Korna npuHunuanbpHas cxema
YCTPOMCTBA CHPOEKTHPOBAHA, MOXHO 3aIyCTUTh MPOLECC MOIECIMPOBAHUSA, HAXKAB
KHOIIKY «BocmpousBecT» B HIKHEW 4acTH INIaBHOro okHa. ITpu HeoOxomumocTu
BHECEHUS KaKMX-TMOO HMCHPABICHUA B MPUHUMUIIMAIBHYIO CXEMY YCTpPOMCTBa Ipo-
LECC MOJIETTUPOBAHMS CIIEyET OCTAaHOBUTh, HAXKaB KHONKY «Ctom». Ecnu npoekTu-
pyeMO€e YCTPOUCTBO COAECPKUT MUKPOKOHTPOJUIEP U TpedyeTcs OTiajKa yHpaBIIsio-
el mporpaMmsbl, TO HeoOXoAuMo BbIOpaTh mukrorpammy «Ilar», mocie yero B
nyHkTe MeHo OT/aaka BbIOpaTh W3 CrEHEPUPOBAHHOIO OTJIAJYMKOM CIIMCKa KOJ
nporpammbl (AVR Source Code). D10 mo3BOIUT BU3yadbHO HAOJI0AAaTh B MOIIArO-
BOM PEXMME BBIIIOJHEHUE NPOTrPaAMMbl U IPOKOHTPOJIUPOBATH AITOPUTM €€ pabOTHI.

Crnenyer OTMETUTB, YTO OJTHO M TO XK€ ACHCTBUE MOXKHO OCYLIECTBUTH pa3iny-
HBIMU CIIOCOOaMM, MCTIONb3YsI MYHKTHI MEHIO, KHOIIKM MHCTPYMEHTAJIbHBIX MaHelen
WIN KJIaBUIIM Mbld. Hampumep, npu paboTe ¢ aHajI0roBbIM aHAIM3aTOPOM (KHOIKA
MeHI0 «/[MarpamMMa») yCTaHOBKY JOIOJIHUTEIBHONW TPACCUPOBKU MOXHO OCYLIECT-
BUTH C MOMOILIBIO KHONKM HA JIEBOM NAHEIW WHCTPYMEHTOB, BBINAJAIOIIET0 MEHIO
OpU HaXaTHUM NPABOM KHONKHM MbBIIIM WU NMyHKTa MeHi {uarpamma>Jlo0aBuTh
TpaccupoBKy. Omnmcate BCe BO3MOXKHBIE BapUaHTHl JEUCTBHM I10Jb30BATENs HE
npe/cTaBigeTcss BO3MOXKHBIM. Jla 370 u He HyxHO. [Ipuobperenne HEOOXOIUMBIX
HABBIKOB pabOThI C CUCTEMOU Proteus BO3MOXXHO TOJIBKO OIBITHBIM IYTEM, HCIIOJb-
3yst MeTo ITpo0 U omKOOK. ITO MOXKHO JieJaTh 0€300s13HEHHO, T.K. JI00bIE JeHCTBUS
IIPOCKTUPOBIIMKA HUKAKUX HETaTUBHBIX IIOCIEICTBUH JJII MHUKPOKOHTPOJUIEpA H
IPYTUX JIEKTPOHHBIX KOMIIOHEHTOB BbI3BaTh HE MOryT. Kpome Toro, He cienyer 3a-
ObIBaTh MPO MYHKT MeHIO CnpaBKa, 10 KOTOPOH MO>KHO IOJIyYUTh MHOI'O MOJIE3HOM
uHbopMaIuu.

3.4. PazpaboTka npoekra B Proteus Ha npuMepe HudpoBoro BoJbTMETpPA

PaccmoTpum neranbHO mporece pa3paOOTKH MPOEKTa Ha MPUMEPE MUKPOIIPO-
1[ECCOPHOTO HUGPOBOTO BOJIBTMETPA, KOTOPBIN MPOU3ZBOAUT MPEoOpa3oBaHUE U3MeE-
PSAEMOro HaIpPSHKEHUS B KOJ U OTOOpaXKaeT pe3ysibTaT U3MEPEHHUS Ha KUJKOKPHUCTAI-
JUYECKOM HHJUKaTope. JIjisi MoBbIIEHUs] OBICTPOJICUCTBUS U TOUHOCTU U3MEPEHUMN
Oynem ucnoibzoBath BHemHUE ALl ¢ mocnenoBaTenbHbIM BBIXOAHBIM KOAOM, KO-
TOPBI B3aMMOJEUCTBYET C MHUKpOKOHTpoiuiepoM ATmegal28 nocpeactsom SPI-
unTepdeiica. Y 6onpmmHcTBa coBpeMeHHbXx ALl ¢ mocnegoBaTenbHBIM BBIXOOM
pa3psTHOCTH KoJia paBHa 16, HO B Oubanoreke Proteus takux AIIII HeT, ecTh TOIBKO
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10-pazpsansiid ALIL. JIns moapenupoBaHusi pabOThl BOJBTMETpPAa M OTJAIKU IPO-
rpaMMHOI0 obecrnedeHus: AoctaTouHo u ero. Hampsokenue Ha Bxoa ALLIT Oyzaet mo-
CTYNaTh C NOTEHIIMOMETPA, MOAKIIOYEHHOr0 K UCTOYHUKY nutanus +5V. Jlng koH-
TPOJISi MPABWIIBHOCTH (DYHKIITMOHMPOBAHUS MUKPOIPOILIECCOPHOTO BOJIBTMETpA OyaeM
B IPOIIECCE MOJICIMPOBAHMS JOMOJIHUTEIBHO U3MEPATh HANPSIKEHUE KaKUM-HUOY b
BUPTYaJIbHbIM UHCTPYMEHTOM, Hanpumep DC-BOIbTMETPOM.

Bynem cumtaTh, 4TO yrnpasisiouias mporpamma Jjisi MUKPOKOHTpOJIIEpa pas-
paborana B cpeae ICCAVR wu Bce daiinet (C, H, HEX, COF, PRJ u T.1.) xpansitcs B
nanke ¢ uMmeHneM, Hamnpumep, Work. Otkpoem cuctemy Proteus u B IyHKTE MEHIO
®daiin BeiOepem Hosbiii npoexT. 1o 3ampocy cuctembl BeIOEpeM MIa0JIOH MO YMOJI-
gaauio Default u coxpanum mycToi mpoeKT Mmoja KakuM-HUOYAb HIMEHEM B IaflKe, Te
HaxoAsTcs (ailiibl yIpaBIsIONIEHd MPOrpaMMbl, B JAHHOM ciydae 3To mamnka Work.
ITyctb ums npoekra Oyaet Voltmeter.DSN (pacmmpenue DSN dopmupyercst cucre-
MO aBTOMAaTHYECKH ).

CdopMmupyem CHUCOK HYKHBIX KOMIOHEHTOB yCTpoicTBa. OTKpOEM OKHO MO-
ucka oubnmoreunbix komnoHeHToB Pick Devices (cMm. puc. 3.2). Ham norpebyercs
MUKpOKOHTpoJuiep. Beibepem kateropuro Microprocessor ICs, nmoakareroputo AVR
Family u B xononke ycrpoictB — ATmegal28. B nmpaBoM BepxHEM OKHE TMOSBUTCS
rpaduyeckuii 00pa3 komnoneHta. Haxxmem kHonky «Ok», komrnonent ATmegal28
HOSIBUTCS B CITHCKE.

Takum xe cnocobom Haitnem B Optoelectronics>Alphanumeric LCDs Oyk-
BeHHO-1TpoBoit XKK-unnukatop LMO32L (4 ctpoku o 20 CHMBOJIOB B CTPOKE) H
no6aBuM B ciiucok komrnoHeHToB. Haiinem B Data Converters>A/D Converters 10-
paspsiaabiii ALIIT MCP3001 ¢ nocnenoBarenbubiM SPI BbIX00M U 100aBUM B CIH-
cok. Jlo6aBum B cmucok Takxke moreHuumomerp POT-LIN, naxomsmmiica B Resis-
tors>Variable. IloTeHumOMETp ABIISIETCSI MHTEPAKTUBHBIM, YTO MO3BOJISET U3MEHSITh
CHUMAaEMO€ C Hero HanpspKeHHe HEMOCPEACTBEHHO B MPOLECCE MOIETMPOBAHUS.

Pa3mecTuM Bce KOMIIOHEHTHI BOJIbTMETPA B OKHE PEIAKTUPOBAHMS, BBIJCIINB
UX B CIIUCKE M HaXXaB B HY>KHOM MECTE JIEBYIO KHOINKY MbIH. [Tpn HeoOxogumocTu
1000 KOMIOHEHT MOYKHO MEPEMECTHUTh, PA3BEPHYTh WJIU yIaJUTh COBCEM M3 OKHA
PENAKTUPOBAaHUs, JJIsl YErO MCIOJIb3YIOTCS KHOINKHU MBIIIW WM BEPXHSS NMaHEIb UH-
CTpyMeHTOB. J[00aBUM B OKHO PEIaKTUPOBAHUS T'€HEPATOpP CUTHAIOB (M3 BUPTyalb-
HBIX WHCTPYMEHTOB), UCTOYHHK MUTAHUS U OOIIYIO MIMHY, HAKaB KHONKY «Tepmu-
HaJI» HA JIEBOW NAHEJIM UHCTPYMEHTOB. [Ipu 3TOM Hanpshkenue nutanus +5V u Met-
Ky GND Heob6xoammo 3aiaTh B OKHE PEJAKTUPOBAHUS METOK KOMIIOHEHTA, BBI3bI-
BAa€MOI'0 JIBYKPAaTHbIM Ha)XaTHEM JIEBOM KHONKHM MbIH. [IpumepHoe pasmernieHue
KOMIIOHEHTOB ITOKa3aHO Ha puc. 3.7.

Jlanee cieyeT COEIMHUTh KOMIIOHEHTHI YCTPOMCTBA APYT C ApyroM. Buauvaie
MOKHO TPOJIOKUTH JABE IIUHBI, coenuustomue noptel A 1 C MUKPOKOHTpOJLIEpa C
XKK-unnukaTopom, MOMETUB MPU 3TOM BCE MPOBOJHUKH, 00pasyromue muHbl. Ecnu
KaKue-TO MPOBOJHUKH HELEJIECO00pa3HO MPOKIAAbIBATh, TAK KAK 3TO YXYALIUT BOC-
NPUSATUE MPUHIUIUATBHON CXEMbI, TO MOKHO HCIIOJb30BaTh METKH, HAIIPUMEP MET-
ka CS ADC niu GND.
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Puc. 3.7. 'maBHOE OKHO ¢ mpoekToM Voltmeter

Cnenyer oOpaTUTh BHUMAHUE HA UHTEPAKTUBHBIA MOTEHLIUOMETP, €r0 JIBHIKOK
MOKHO IEpeMEIIaTh HAKATHUEM KHONKM MBIIIM HAa KPYXKax cIpaBa OT IOTEHLHUO-
MmeTpa. Eciii B mporecce peaakTUpOBaHUs YEPTEK CMEIIAETCS U3 LEHTpa, U3MEHSIET-
csl MaciTad, TPOBOJHUKH MPOKIIAJBIBAIOTCS HE TaM, I€ IUIAHUPOBAJ MPOEKTUPOB-
MK, TOMHHUTE PO BO3MOXKHOCTh OTMEHBI MOCIEAHUX ONepaliii 1 BO3BpaTa CXeMbl B
LEHTP OKHA peAaKTUPOBaHUS (MUKTOTPaMMBbl Ha BEPXHEW MaHEIM UHCTPYMEHTOB), a
TaK)Ke HE 3a0bIBAliTE PETyJISIPHO COXPAHATh IPOEKT B MaMSITH.

[Tocne Toro, kak Bce KOMIOHEHTBI YCTPOUCTBA OyAYyT COCMHEHBI IPYT C ApPY-
rOM B COOTBETCTBUU C €r0 NPUHIMIHAIBHOW CXEMOM HEOOXOIMMO «IPOIIUTHY
YIPABJISIIONIYIO TPOrpamMMy B MaMsITh MUKPOKOHTpoJuiepa. s aToro cienyer aBax-
JIbl Ha)KaTh JIEBYIO KHOIIKY MBIIIM Ha rpaduyeckoM o0paze MHKPOKOHTpOJUIEpa, B
oTkpbiBIIeMcsl OkHE «IIpaBka komMmoHeHTa» (puc. 3.6) NeBOW KHOIKOW OTKPBITh
okHO «Program File», mocne dero ycranoBuTh uMs (paiiia ¢ ympaBisomed mpo-
rpammoii (cof- mm hex-gaiin). 910 03HAYaeT MPUBA3KY MPOTPAMMHOTO KOJa K TIPO-
€KTYy, T.€. «IPOIIMBKY» YIPAaBISIOUEH NpOrpaMMbl B MaMSITh MHUKPOKOHTpPOJLIEpA.
[Tocne sToro mpoekt Voltmeter rotoB k pabore. Jlis 3amycka mpoiecca cXeMoTeX-
HUYECKOTO MOJEIIMPOBAHUSI HEOOXOAMMO B HM)KHEM 4YacTW TJIaBHOTO OKHA HaXaThb
kHONKYy «BocnpousBectn». Pazymeercs, nist Toro, 4To0bl MPOEKT 3apadboTai, Heoo-
XOJIUMO «IPOLIUTH» PealbHYI0 YIPaBISIOLIYI0 NPOrpaMMy JJisi MUKPOKOHTpPOJLIEpa.
Jliist Toro 4toObl pazpaboTaTh €€, YUTATEN0 MOTPeOyeTCss U3YUUTh MPUMEPBI TPOEK-
TUPOBAHUSI MUKPOTIPOILIECCOPHBIX YCTPOMCTB, PACCMOTPEHHBIE B CIIEAYIOIIEH TIIaBe.
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4. MIPAKTUYECKUE TIPUMEPBI IPOEKTUPOBAHUA
MUKPOITPOIIECCOPHBIX YCTPOUCTB

B MuKponpoueccopHbIX yCTPOWCTBaX MHUKPOKOHTPOJUIEPHI OOBIYHO pPEIIAIOT
CIEAYIOUIUE 3a/1aUH.

1. YcraHoBka Ha BBIBOJAX MHUKPOKOHTPOJUJIEPA B ONPEAECICHHBIE MOMEHTHI
BPEMEHU BBICOKOTO MJIM HU3KOTO YpOBHS HampspkeHus (Jor.1 wimm nor.0). 3to Tpedy-
eTCs, Hampumep, g HOPMUPOBAHMS MPETYNPEKIAIONIEH CBETOBOM WM 3BYKOBOM
CUTHAJIM3AlMU NP BO3HHUKHOBEHUU ONPEIEIICHHBIX CUTyaluid, KOHTPOIUPYEMBIX
MUKPOKOHTPOJUIEpOM. ECiIM MUKPOKOHTPOJUIEp YIpaBIsSET KaKUM-ITHOO OOBEKTOM,
TO CUTHAJI C BBIXOJA MOCJE YCWICHHS] MOXET MOCTYIHUTh HA HCIIOJIHUTENIbHBIE YCT-
poiicTBa, HalpuUMeEp, IEKTPOJABUTATENH, OKA3bIBAIOIIME BO3JCHCTBUE HA OOBEKT.
MoXHO TPUBECTU MHOKECTBO JIPYTHX MPUMEPOB, HANPUMEP, BKIIOUYEHUE U BBIKIIIO-
YeHHUE pesie, KOMMYTaTOPOB, MYJbTUILJIEKCOPOB, a TaKke (POPMUPOBAHUE CHUTHAJIOB
JUTSL 3aITyCKa KaKUX-JIMOO MPOIIECCOB WIIM YCTPOMCTB.

2. Onpoc cocTosiHUS BBIBOJOB MUKPOKOHTpOJIIEpA. ITO MOXKET ObITh, HAIIPH-
Mep, YCTaHOBJIeHHE (PaKTa HaKaThs Ha KaKyr-JIH0O0 yIpaBIISIIOULYI0 KHOIKY YCTPOii-
CTBa, MOCJE€ YEro MHUKPOKOHTPOJUIEP JAOJIKEH BBINOJHUTh KaKUE-TO JEHCTBUS.
DTO MOXKET OBITh OMPOC TaK Ha3bIBAEMBIX OWHAPHBIX JATYMKOB, HAIPUMEDP, UHIYK-
TUBHBIX JIATYUKOB MOJIOKEHUS, OMMETaJUIMUYECKIX TEPMOPETYJIATOPOB WIIM TEPKOHOB,
KOTOPBIE 3aMbBIKAIOT WJIM Pa3MbIKAIOT LEMb CUTHAIM3ALUN TIPU HACTYIUIEHUHU OIpe-
JelieHHbIX coObITui. [Ipu 3TOM peakiuss MUKPOKOHTpOJUIEpa Ha COOBITUE MOXKET
OBITHh peain30BaHa C UCIOIH30BAHUEM CHCTEMbI BHEITHUX MPEPHIBAHUN WU TPEPHI-
BaHUI TaliMEpPOB/CUETUHKOB.

3. Ilepenaua OykBeHHO-IIMPPOBOM MH(POPMAILIMK HA UHAUKATOPHBIE YCTPOHCT-
Ba. DTO MOTYT OBITH PE3yIbTaThl U3MEPCHUN WIIM KaKas-TO WHGOPMAIHS JJIS TOTh-
30BaTeNs, HapUMEpP, MYHKThl CUCTEMbI MEHIO, C MOMOIIbIO KOTOPBIX IMOJI30BATENb
MOKET UHULIUUPOBATH T€ WM UHBIC ICUCTBUS.

4. Ilepenaua OykBeHHO-LIU(PPOBON MHPOPMAIIUU B KOMIIBIOTEP WU KaKOE-TO
Ipyroe yJaaieHHoe ycTpoicTBo. OOBIYHO JJIst 3TOTO UCTONIb3YETCsl KaKOH-I100 CTaH-
JapTHBIN TOCIIeIOBATEIbHBIN HHTEP(ENC, BXOASIIUNA B COCTAaB MUKPOKOHTPOJLIIEPOB.

5. [IpeoOpa3zoBaHue aHAIOTOBOTO CUTHANA B IIUGPOBON KOJI ISl MOCIEAYIOIIEH
00pabOTKU. DTO MOKHO BBIMOJIHUTH C MOMOIIBIO BCTPOEHHBIX B MUKPOKOHTPOJLIED
AIII nnu ¢ momonnero BHemmHUX ALIII, oO6mamaromux, kak mpaBuiio, 0oyiee MUPOKHU-
MU BO3MOKHOCTSIMHM B IUIaHE paspelleHus u OpicTpoaeiicTBus. Bo3moxkHa u odpat-
Has 3a7ada — npeoOpa3zoBaHue MUPPOBOTO KOJa B aHAJIOTOBBINA CHUTHAJI C MOMOIIBIO
BHyTpeHHUX ninu BHemHUX L[AII ¢ nenpio hopMupoBaHus ynpaBisFOIIET0 CUTHAA
JUTSl UCTIOJTHUTEIBHBIX YCTPOMCTB.

6. @opMUpOBAHUE HA BBIBOJAX IEKTPUUECKUX MUMITYJIBCOB C U3MEHSAIOLICHCS
JUIUTENIbHOCTBIO WJIA TEPUOOM CIIE€JOBAaHUSI — UMITYJIBCOB C IIMPOTHO-UMITYJILCHOM
moaysanueit (IIIMM-umnynbcoB). Bo3moxkHa u oOpaTHas 3agaya — ONpeAcsICHUE
BPEMEHHBIX XapaKTEPUCTUK UMITYJIbCOB, MOCTYNAIOUIMX Ha BXOJbl MUKPOKOHTpPOJLIE-
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pa. Takas 3aa4a 0ObIYHO penIaeTcsi ¢ NOMOIIBIO TAHMEPOB/CYETUUKOB, BXOSIINX B
COCTaB MUKPOKOHTPOJIEPOB.

Huxe paccMoTpeH psii MPUMEpPOB MPOCKTUPOBAHUS M MPOTPAMMHUPOBAHUS
MHUKPOIPOLIECCOPHBIX YCTPOMCTB, B KOTOPBIX 33JIEUCTBOBAHBI T€ WJIM MHbIE nepude-
puiiHble MOJyIH MUKpokoHTposuiepa ATmegal28. Ouu odopmiieHbl B Buje 3ajaa-
HUW, B KOTOPBIX NPHUBEIAEH MPUMEPHBIA MOPSAAOK JEHUCTBUN IPOEKTUPOBIIUKA.
OTO0 MO3BOJISIET YUTATEIO CAMOCTOSITENIbHO U3YYUTh BCE OCOOEHHOCTH padOThl MUK-
pokoHTposuiepa. Takxke MpUBEIEHBI M TEKCTHI UICXOJHBIX KOJIOB IIPOTrpamMM ¢ HE0OXO-
JTUMBIMA KOMMEHTapusaMH. Pazymeercs, Ajig KaxA0M 3aa4ll YUTATENIb MOKET CaMO-
CTOSITENIbHO pa3paboTaTh yIpaBistonlyto nporpamMmmy. B [lpunoxkennn npuseaeH psij
nporpamm (C- u H-daiinbl), ¢ MTOMOMBIO KOTOPHIX OCYIIECTBIISIETCS B3aUMOACHCT-
BHE MUKPOKOHTPOJIEpA C BHEIIHUMU NepuDEepUiHbIMU yCTPOUCTBAMU, B HACTHOCTH,
KK-ungukatopom u ALl He crmemyer 3a0biBaTh, 4TO Jr00as 3amaya MMeEET He-
CKOJIbKO BapHaHTOB pEUICHUSs, MO3TOMY JUJIsl JIFOOOro M3 3aJaHUM YUTATEIh MOXKET
NPEAJIOKUTH CBOU PEIICHUS, OTJIUYAIOIINECS OT TEX, YTO MPUBEICHBI B KHUTE.

JI1s mosyueHusl MPaKTUUECKUX HABBIKOB MO MPOEKTUPOBAHUIO M MPOTrPaAMMHU-
POBAHUIO MHKPOIPOIIECCOPHBIX YCTPOMCTB HX pa3paboTka BeneTcs B CHUCTEME
Proteus, 4yTo 1MO3BOJSET ONEPATUBHO MPOBEPUTH KOPPEKTHOCTH pabOThI CIIPOESKTHPO-
BaHHBIX YCTPOMCTB, U B cily4yae OOHapy>KeHHs OIIMOOK BHECTH HEOOXOIUMBIE HC-
IpaBJ€HUs B YIPABIAIOULYIO porpammy. Ilepen nzyuenrem qaHHOTO MaTepuaia pe-
KOMEHIY€eTCsl TOBTOPUTH II. 2.3, B KOTOPOM PAaCCMOTPEHBI MPUMEPBI IPOrPaMMHUPO-
BaHUS Nepu(EepUNHBIX YCTPOUCTB MUKPOKOHTPOJIJIEpA, a Takke M. 3.3, B KOTOPOM
OTHCaHbl OCHOBHBIE MTPUEMBI Pa0OOTHI C cucTeMoii Proteus.

4.1. N3y4enne padoThl BUPTYaJIbHbIX HHCTPYMEHTOB B CHCTEMeE
CXeMOTEeXHMYEeCKOro MojeaupoBanus Proteus

3apnanue 1. B Proteus cnpoeKkTupoBaTh NPHUHIUIIMAIBHYIO ASJIEKTPUYECKYIO
CXEMY, COJIep)Kalllyl0 BUPTyaJIbHbIH T'€HEpaTOp CUTHAJIOB CIEUUATBLHON (OpPMBI U
BUPTYyalibHbIN ocuuiuiorpad (puc. 4.1). Curnansl ¢ reHepaTopa MOCTYNAIOT HA Pe3U-
CTUBHYIO Harpy3ky. C momoliipto ociuiorpada ucciieqoBats GopMy CUTHAIOB U UX
OCHOBHBIE TTapaMETPhl, TAKME KaK aMIUIMTY]1a, YACTOTa U CKBAXKHOCTb.

3aganue 2. 3aMEHUTH B CX€ME€ BUPTYaJbHBIN reHepaTop Ha OOBIYHBINA TeHEepa-
TOP CUTHAJIOB, YCTAHABJIMBAEMbINM KHONKOU «I'eHepaTop» Ha JIE€BOU MTaHENIU UHCTPY-
MEHTOB M IPOBECTH aHAJIOTMYHBIE U3MEPEHHUS, BapbUpys (POpMY BBIXOJIHBIX CHUTHa-
JIOB M UX OCHOBHBIE ITAPaMETPBI.

3aganme 3. [loaxkirounTh K Harpy3ke BOJIBTMETP MEPEMEHHOIO TOKAa M H3Me-
PUTH JEHCTBYIOLIEE 3HAUECHUE HAINPSIKEHUS, U3MEHSIOIIEr0Cs 0 CHHYCOUAAIBHOMY
3aKOHY.

3ananme 4. [loaKII0YNTH K Harpy3ke MpPOOHUK JIsi U3MEPEHHUs MOCTOSHHOTO
HaIIpsDKEHMS, 3a1aTh NIEPUOJ CHHYCOUIAbHOrO curHaina okoio 100 ¢ m npousBecTu
U3MEPEHUS HAMPSKEHUs Ha HAarpy3Ke ¢ MOMOUIbIO MPOOHHUKA.
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Puc. 4.1. Cxema aJ11 u3y4eHHUs CUCTEMBI CXEMOTEXHUYECKOTO MOJiesInpoBanust Proteus

3apnanme 5. JlomonHUTh CcXeMy aHalOTOBbIM rpadomnoctpouteneM «ANA-
LOGUE» (kHomka «/[marpaMmma» Ha JIEBOW MaHEIM MHCTPYMEHTOB) U MPOU3BECTH
U3MEPEHUE U aHAJIU3 CUHYCOMJAIBHOTIO CUrHajia yactoToil okono 20 I'u. Koneunoe
BpEMS MOJICJIMPOBAHUS YCTAHOBUThH PABHBIM S C.

3apanme 6. JlomomHuTh cxemy rpadUUYECKUM CHEKTPOAHAIM3ATOPOM
FOURIER u npousBectu U3MEpEHUE CIEKTPa CUHYCOUJAIBHOIO U UMITYJBCHOTO
curHaioB 4yactorod okoino 10 I'm. KoHeuHoe BpeMs MOJEIUPOBAHUS YCTaHOBHUTH
paBHbIM 10 ¢, MmakcumanbHyro yactoty — 100 I'n, paspemenue — 1 I'u. Ilepememas
KypCOp MO CHEKTPY, U3MEPUTH aAMIUIATY]ly OCHOBHOM TAPMOHUKH U CPABHUTH €€ CO
3HAYEHHEM, YCTAHABIMBAEMbIM B HACTPOMKAX IF€HEPATOPA CUMHYCOUIAIBHOTO CUTHA-
na.

4.2. U3y4yeHnue B3auMoeliCTBUS MUKPOKOHTPOJIJIEPA ¢ KHONKOM M CBETOAMOI0M

3ananme 1. B cpene Proteus crnpoekTUpoBaTh cXeMy, COJEPXKAILYI0 MHKPO-
koHTposuiep ATmegal28, k 0olHOMY U3 BBIBOJIOB KOTOPOTO (Hampumep, BeiBoay PB2)
MOJIKJIFOYEH CBETOJIMO/I C TOKO3aIatoluM pe3uctopoM (puc. 4.2). K npyromy BbIBOIY
(manpumep, BeiBoay PB1) ¢ nenurens HanpsKeHUs MOCTyNaeT HaNpsKeHUe Jor. 1.
C noMouipt0 KHOMKU cocTosiHue BbiBoJa PB1 mMoxHO nepekntoyats u3 sor.l B jor.0
1 00paTHo.

3apanme 2. B cpene ICCAVR pa3pabotaTh ynpapisitoLLy0 Mporpammy JUist
MUKPOKOHTPOJIJIEPA, C MOMOIIbI0 KOTOPOM OCYHIECTBISECTCS MHUTAHUE CBETOAMOJIA.
JI71s1 3TOrO OCYIECTBUTH CIEAYIOUINE ACHCTBHS:

- HACTPOUTH BBIBOJbI, K KOTOPHIM MOJKJIIOYEH CBeTOaMOo (Hanpumep, PB2) —
Ha BBIXOJI; a BBIBOJIbI, K KOTOPHIM MOKJIIOUE€HA KHOTIKa (Hanpumep, PB1) — Ha Bxox;

- ¢ momoristo oneparopa while chpopMupoBath «0eCKOHEUHBIN» ITUKII U TIepe-
KJrouath BeIBOJ PB2 u3 coctostnus sor.1 B sor.0 u 06patHoO, IprUeM MEepeKIIOUeHHEe
OCYUIECTBJISTh C BPEMEHHOM 3aJIeP>KKOM, peaTn30BaHHONW MPOTPAMMHO C MOMOIIBIO
onepatopoB nukia (for, while u T.1.);
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Puc. 4.2. Cxema a1 u3y4eHus B3aUMOJCHCTBUS MUKPOKOHTPOJJIEPA C KHOIIKOM U CBETOAMOAOM

- IIPOU3BECTU KOMIWISLMIO IPOrpaMMBbl, IOJYYHB B ClIy4ae yCHEIIHOW KOM-
nuAnud (panimsl Uil «IPOIIMBKKA» MPOTPaMMBI B MaMsTh KOHTposuiepa ((aitisl ¢
pacmpenuem hex u cof).

3aganme 3. B Proteus «mpommTh» B NaMATb MUKPOKOHTposuiepa cof-gaiin
YIPaBJIAOIIEH IPOrpaMMbl M KHONIKOW «BocnpousBecTw» MHULUMPOBATH HAYAJIO €€
paboThl. DKCIEPUMEHTAIBHO MOA0OpaTh MapamMeTpbl IUKJIa B MpoOrpaMMe, pealu-
3YIOILIETO BPEMEHHYIO 3aE€pP’KKY, KOTOpble O00ECIEYMBAIOT MUTAHUE CBETOJMOMAA C
yacToTou okoJio 1 I'm.

3ananme 4. J[00aBUTh B MpOrpaMMmy OIepaTop, ONMPAlIUBAIOIINNA COCTOSHUE
BBIBOJIa MUKPOKOHTpPOJIJIEPA, K KOTOPOMY IOAKJIIOUEHA KHOIKa. Peanmn3oBaTh mpo-
IrpaMMHO JiBa peKuMa paboThl CBETOAMOA (MUTaHUE WIIM HETPEPHIBHOE CBEUCHUE) B
3aBUCUMOCTH OT Ha)KaTHUsI KHOIIKH.

3aganme 5. [lepeiiTu B pekuM OTJIAJIKM YIPABIISIONIEH MPOTPaMMBbI, BHIOPAB
JUISl UCTIONTHEHUs MyHKT MeHI0 «OTtinaaka>3anyck/Ilepe3anyck otaagkmw». [Ipu no-
BTOPHOM Ha)KaTWUU NMyHKTa «OTaagKa» B OKHE MOSBUTCS CIr€HEPUPOBAHHBIN OTIaj-
YUKOM CIIMCOK, M3 KOTOPOTrO CJEIyeT BBIOpPAaTh HCXOAHBIM KOJ MPOrPaMMBI
(AVR>Source Code). 3atem B MmomaroBoM pexume, uUcmonb3ys KHonky «Llar»,
UHULMUPOBATh BHIMOJHEHUE IPOrPAMMBI, KOHTPOJIUPYSI €€ aJrOPUTM paOOTHI.

TekcT 0CHOBHOM NMPOrPaAMMBbI:

#include <iom128v.h> // moakIItoUYeHne OMOIMOTEYHBIX (HYHKITHI
#include <macros.h>
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void port_init(void)

{

PORTA = 0x00;
DDRA = 0x00;
PORTB = 0x00;
DDRB = 0b00000100;
;

void init_devices(void)
{
CLI();
XDIV = 0x00;
XMCRA = 0x00;
port_init();
MCUCR = 0x00;
EICRA = 0x00;
EICRB = 0x00;
EIMSK = 0x00;
TIMSK = 0x00;
ETIMSK = 0x00;
SEI();
}
main()

{

int 1=0;

char knopka=1;

init_devices();

while (1)
{

PORTB |= (1<<PB2);
for (i=0 ;i<5000 ;i++)

43

// BeiBo1 PB2 HacTpoen Ha Bbixoxa, PB1 — Ha Bxon
// ocTanabHBIE IOPTHI HACTPOCHBI AHAJIOTUYHO MOPTY A

// nannas QyHkus crenepupoBana Application Builder
// disable all interrupts

// xtal divider
// external memory

// extended ext ints

// extended ext ints

// timer interrupt sources

// extended timer interrupt sources

// re-enable interrupts

// Ha4a10 OCHOBHOM MpOTrpaMMBbl - QYHKITHS main

// «0OECKOHEYHBII» IUKII

// BeiBoxg PB2 B 1or.1 - 1uoj racHer
// BpeMeHHasl 3a/IepKKa, peaTM30BaHHAS

// na onepatope for

knopka=PINB&0b00000010; // onpoc kaonku: 0 - Haxkara: 1 - He HaXxkaTa

if (knopka)
{

PORTB &= ~(1<<PB2);

// mpoBepKa, Ha)kaTa JId KHOIIKa

// BeiBOA PB2 B 15ior.0 - nuon 3aropaercs

for (i=0 ;i<5000 ;i++) // BpemeHHas 3aepxkka Ha oneparope for

43
[

// xonen ¢pyHKIMK Mmain u orneparopos while u if

4.3. U3y4enune B3anmoaeiicTBus MUKPOKOHTposLIepa ¢ KK-unaukartopom

3ananme 1. B cpene Proteus cripoektupoBath cxemy (puc. 4.3), coliepKalryro
MUKpOKOHTpouiep ATmegal28 u OykBeHHO-IIMGPOBOM KUIKOKPUCTATIIUYECKHMI
unaukatop LMO044L (4 ctpoku o 20 cMMBOJIOB B CTpOKe). BbIBOJ MUTaHMS MHIMKA-
TOpa Vpp U BBIBOJ YIPABJIEHUS KOHTPACTHOCTBHIO Vg MOJKIIOYNATH K +5B, BBIBOA
Vss — k obmieit mmae GND. BeiBogsr RS, RW u E uaankaTopa moakIr09uTh COOT-
BETCTBEHHO K BbIBojaM ADS, AD6 u AD7 nopra A. BbIBOJIbI JaHHBIX UHAUKATOPA
DO...D7 noakntounts k BeiBogaM AS8...A15 nopra C MUKpOKOHTpOJLIEpA.
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Puc. 4.3. Cxema 111 u3y4eHus B3auMOJEHCTBUS MUKpOKOHTposuiepa ¢ XKK-unaukatopom

3aganme 2. B cpene ICCAVR pazpabotaTh ynpaisiiomIyo Mporpammy st
MHUKPOKOHTPOJIJIEPA, ¢ NMOMOLIBK0 KOTOpoM Ha 3kpaH JKK-umHaukaropa BeIBOAUTCA
OykBeHHO-TIpoBast wHGopManwms. st 3TOro OCYIECTBUTD CIAEAYIOIMINUE EHCTBUS:

- HACTPOUTH BCE BBIBOAbI MUKPOKOHTPOJUIEPA, K KOTOPHIM MOJKIIOUYEH WH]U-
KaTop, Ha BBIXOL;

- chopmupoBatb C- u H-¢aiinel ang ynpapieHus BpEMEHHBIMU 3a/I€pKKaMU U
XKK-unnukatopom (tekctsl mporpamm Delays u LCD naxonstcs B [lpunoxenun),
COXpaHMB UX B Mamke ¢ pazpadaTbiBaeMbIM IMPoeKTOM. [[06aBUTH Bce 3TH (ailibl B
IPOEKT W, WCIIONB3Yysl AUpeKTUBY #include, MOAKIIOUNTH K OCHOBHOW ITPOTpaMMe
poekTa, cojepxainryto ¢ynknuo main. @Pain LCD.c obecnieunBaeT B3auMOACHCT-
BUE€ MHUKPOKOHTPOJUJIEPA C MHIMKATOPOM: YCTAHOBKY Kypcopa B HYKHYIO IO3ULHUIO
JUCIUIEs], BKJIIOYEHUE/BBIKIIIOUEHUE JUCIUIeS U Kypcopa, OYUCTKY JUCILIes, BHIBOJ B
3a/IaHHYIO0 CTPOKY IIOCJIEI0BATEIbHOCTH CHMBOJIOB WJIM B 3apaHEE YCTAHOBJICHHYIO
MO3UIIMIO OTAENbHOrO0 cuMBoJia u T.1. Paitn Delays.c obecieunBaeT BpeMeHHbBIE 3a-
JepXKKH, HEOOXOAUMBIE Ul PELICHUs Pa3INyHbIX 3a7a4, B TOM YHMCIEe U JJs paboThI
XKK-ungukatopa. On comepxkut ase ¢ynkuuu: timer0 delay() u timer0 N_sec().
[lepBas mo3BossieT chOpMUPOBATH BPEMEHHBIE 33JCPKKU B HUANA30HE OT HECKOJb-
KHX JIECTKOB MUKPOCEKYH]I O HECKOJBKHX CEKYH/[, YTO OINpEEsieTCs] napaMerpa-
MU, epeAaBaeMbIMU B (yHKUMIO. BTOpas (QyHKIUS MO3BOJIsIET peanu3oBaTh Bpe-
MEHHBIE 33J€P>KKH 10 HECKOIBKUX COTEH CEKYH]I;

- pa3paboTarh yIOpaBJSIIOLIYI0 IPOrpaMMy JUisi MUKPOKOHTpOJUIEpa, C MOMO-
[IbI0 KOTOPOI HAa MHAMKATOP BBIBOAMUTCS OYKBEHHO-IIM(pOoBas MHPOpMaLIMs, HAIPU-
Mep, pamuus, ro poKICHUS U T.1.

3aganme 3. B Proteus «mpommuTth» B MaMsITh MUKPOKOHTpoJsuiepa hex-daiin
(wm cof-daiin) ynpapistomei mporpaMMbl 1 HHUIIUMPOBATH €€ paboTy.
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#include <iom128v.h>
#include <macros.h>
#include "LCD.h"
#include "Delays.h"
void port_init(veid)

{

PORTA = 0x00;
DDRA = OxFF;
PORTB = 0x00;
DDRB = 0x00;
PORTC = 0x00;
DDRC = OxFF;
}

void init_devices(void)

{

TexcT 0OCHOBHOM NPOrpaMMBbI:

// moptel D, E, F u G HacTpauBaroTcst aHajmoruuHo nopty B

// nanHast pyHkuus creHepupoBana Application Builder

CLI();

XDIV = 0x00;

XMCRA = 0x00;

port_init();

MCUCR = 0x00;

EICRA = 0x00;

EICRB = 0x00;

EIMSK = 0x00;

TIMSK = 0x00;

ETIMSK = 0x00;

SEI();

§
main () // Ha4asio OCHOBHOW IIPOrpaMMBI - GYHKITUS main
{
char Family[]={'S","7’, 'd’, ‘o', ", "o', V", ", V', ", ") 'T', " }; //Family="Sidorov V. L."

init_devices();

Init LCD_8bits();
LCD_Cursor_Off ();
LCD_Cursor(2, 10);
LCD_Cursor On();

LCD DisplayCharacter('4);

timer0_delay(128, 5);
LCD_Cursor_Off();

while (1)

{
LCD_ Cursor(2, 10);//
LCD_Cursor On();
timer0_delay(128, 5);

LCD_DisplayCharacter('4);

timer0_delay(128, 5);
LCD_Cursor_Off();

// mantmammsanyst MK

// vanumanuzanus XKK-unaukaropa

// BBIKITIOUEHHE Kypcopa

// ycTaHOBKa Kypcopa B CTPOKY 2, KOJOHKY 10

// BKITFOUEHUE Kypcopa

// BeiBoA Ha XKK-unaukatop cumpoina "A"

// BpeMeHHas 3a/iepKKa (PUMEPHO Ha MOJICEKYH/IbI)

/] «DECKOHEUYHBIN» LUK
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LCD Display String (2, 1, Family, sizeof (Family)); // BeiBOJ Ha KK cTpOKM CHMBOJIOB
timer0_delay(128, 5);

LCD Clear(); // OYMCTKA JUCTLIES

LCD Display String (3, 1, Family, sizeof (Family));

timer0_delay(128, 5);

LCD_Clear();

Pl

4.4. U3yuenne padoTsl mocjenoBareabHoro nurepgeiica USART
HA MpUMepe B3aMMO/1eliCTBUS ¢ BHEIIHUM TEPMHHAJIOM

3aganme 1. B Proteus cripoekTupoBaTh CXeMy, COAEpKAILy0 MUKPOKOHTPOJI-
nep ATmegal28 u BupryansHbiii TepMunan VIRTUAL TERMINAL (puc. 4.4).
Tepmunan nmoakmounts K BeiBogaM USARTO mukpoxonTposuiepa. O0paTtuTh BHU-
MaHME, 4YTO C TOYKHU 3PEHUS TEPMHUHATIA MUKPOKOHTPOJIIEDP JUIsl HETO SABIIAETCS Iepe-
JIaT4YuKOM, 1Mo3ToMy BbiBoA RXD tepmunana moakimiouaercst k Beioay PE1/TXDO0
MUKpPOKOHTpOJuIepa, a BeiBo TXD Tepmunana — k Beisogy PEO/RXDO.

FENRXDOFDI
PE1TADOFDO
PE2LACKOAIND
PE3/OCIAAINI
FE4/QC3B/INT4
PE&S/OCICANTS
PEB/TEANTE
PEFICPaANTT

FXD

TxD

— RTS

ATMEGA 128

— TS

—

FEO/ADCH

Puc. 4.4. Cxema 11t uzydenusi paboTsl nocienosatenbHoro narepgeiica USART

3ananue 2. B cpene ICCAVR pazpabotaTh yNnpaBJsIOLLYO IPOTpaMMy, C IO-
MOIIIbIO KOTOPOW MUKPOKOHTpOJLIEp OyAeT nepechliaTh JaHHbIE B KOMIIBIOTED, B Ka-
yecTBe KOTOporo B Proteus ucrnonb3yeTcsi BUpTyabHbId TepMuHal. [lepecouika naH-
HBIX OCYIIECTBIISICTCS ¢ MOMOIIBI0 TocieaoBaTenbHoro uatepderica USART. s
3TOTO OCYIIECTBUTD CIEIYIOIINE IEUCTBUSA:

- B Applacation Builder ycTaHOBUTH TUII MUKPOKOHTPOJUIEPA, YACTOTY CUH-
xponm3anuu 11,059 MI'n, nanmumanuzupoBath USARTO, paspemms paboty mepe-
JaT4yuKa U yCTaHOBUB opmar moceuiku (ckopocth — 57600 601, 8 O6ut mepenasae-
MBIX JaHHBIX, | cTOm-Out, 6e3 6urta mapurera). Crenepuponats ¢pyHkiuu uart) init()
u init_devices(), ocymecTristomue nannuanusanuio USARTO u MukpokoHTpOILIepa
B LIEJIOM;

- pa3paboTaTh OCHOBHYIO (yHKIIMIO main (), B KOTOPOW MPOU3BOJUTCS BbIYHUC-
JIEHUE KBaJIpaToOB U KyOOB I1eibiX unces (0T 1 g0 16), a Takke BBIBOJ PE3yJIbTaTOB
BBIYMCIICHUN HAa BUPTYaJIbHBINA TepMHUHAN. BBIBOJ TaHHBIX OCYIIECTBISETCS C IIOMO-
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b0 OMOIMOTeYHOM PyHKUMHU printf, 1715 MCMIONB30BaHUS KOTOPOM B IPOrpamMmy He-
00X0IMMO BKIIIOUMTH TUpekTuBy #include <stdio.h>;

3ananue 3. B Proteus mpousBecTH HACTPOWKY MHUKPOKOHTPOJUIEPA: YACTOTa
cuaxponuzanuu — 11.059 MHz, 3nauenus o6ut SKSEL Fuses — (1111). «IIpomuts» B
naMsiTh MUKpOKOHTposuiepa hex-daitn (unu cof-daiin) ynpapisiomeid mporpaMmMel.
Hacrtpoutb BUpTyasibHBIN TepMUHAN: CKOpocTh — 57600 0o, KOJIUYECTBO OUT JaH-
HBIX B mockuike — 8, 6ut mapurera — NONE, cron-6ut — 1. Maunuuposats crapt
IPOrPAMMBI.

3ananmue 4. Bapoupys crienudukarops! GyHkiuu printf, mpon3BecT BHIBOI Ha
TepMUHaI OyKBeHHO-1IM(DpoBOil nHPOpMaIHH (CIOB, CTPOK, YHCEI U T.1.).

TexkcT 0CHOBHOM POrpaMMbi:

#include <iom128v.h>
#include <macros.h>
#include <stdio.h>
void port_init(void)

{

PORTA = 0x00;

DDRA = 0x00;

.................... // ocTanbHBIe TOPTHI HACTPOEHBI AHATIOTHYHO MOPTY A

}

void uart0_init(void) // nannas QpyHkuus crenepupoBana Application Builder
{

UCSROB = 0x00; // disable while setting baud rate

UCSROA = 0x00;
UCSROC = 0x06;

UBRROL = 0x0B; // set baud rate lo

UBRROH = 0x00; // set baud rate hi

UCSROB = (1<<TXENO0); // Transmit enable

}
void init_devices(void) // nanHas pynkius creHepupoBana Application Builder
{

CLI(); // disable all interrupts

XDIV = 0x00; // xtal divider

XMCRA = 0x00; /I external memory

port_init();

uart0_init();

MCUCR = 0x00;

EICRA = 0x00; // extended ext ints

EICRB = 0x00; // extended ext ints

EIMSK = 0x00;

TIMSK = 0x00; // timer interrupt sources
ETIMSK = 0x00; // extended timer interrupt sources
SEI(); // re-enable interrupts

§

main () // pyHKIKA main

{

int k, k2, k3, k max=16; // 0OBSBIICHUE W UHUITUATH3AIIMS IEPEMEHHBIX
int 1;
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init_devices(); // nanmmanuzarus MK
for (k=1; k<k max; k++)
{

k2=k*k; // BBIYUCIIEHHE KBAJIPATOB LIEJIBIX YHCEI

k3=k*k*k; // BBIYKCIIEHUE KyOOB IICJIBIX YHCET

printf("%d %d %d\r", k, k2, k3);  // BeIBOA Ha TepMHHAT Pe3yIbTATOB BHIYUCICHUS
for (i=1; 1<60000; i++) // BpeMeHHasl 3a7iepKKa

)
} }

4.5. U3yuyenne padboThl BHYTPEHHEr0 aHAJOr0-un(poBoro npeodpazonareasi

3aganme 1. B cpene Proteus crpoeKTHpOBaThH CXEMy, COJEPXKALLYI0 MHKpPO-
koHTposuiep ATmegal28 u UCTOUYHUK HANPSIKEHUS, HAIPUMEP, TEHEPATOP CUTHATIOB
SIGNAL GENERATOR wu3 rpynnbl BUPTyallbHbIX HHCTPYMEHTOB (puc. 4.5).
[Moaxmtounts uctounnk K BeiBoay PF1/ADCI1 (x 1-my kaHamy MyJIbTHILIEKCOpa
BHyTpeHHero ALIII).

PDITHDINTS  |—2
PD4ACP] |—22
PDEMCK] |—2 RXD
PDRT1 |—2-
PD7/T2

=D

PEDRXDOMDI
FENTXDOFDO
FEZRCEDAIND
FE3DCIAAINT
FEHOQCIBANTS
FESMOCICANTS
FPEB/T2ANTE
PEVCPIINTY

— RTS

— CT5

ATMEGA 128

PFOADCO
FF1/ADCT
FEZADCE
FFa/ADCS
FRAADCATCK
FFEADCETMS
FEEADCETDO
FEFADCTTOI

C4RG
1. @

PR
PG1/ED p—— -

Puc. 4.5. Cxema ju1st uzydenus pab6ots! BHyTpenHero AL

3aganme 2. B cpene ICCAVR pazpabotaTh ynpaBisiiomIyo Mporpammy st
MUKpPOKOHTPOJUIEPA, C MOMOIIbI KOTOpoi BHyTpeHHuM ALl Oyner mpou3BOAMTH
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aHajnoro-un@poBoe npeodpa3oBaHUe HAMPSKEHUS, MOCTYAIOUIEr0 OT BHEUIHETO HC-
TOYHHKA (F€HepaTopa CUTHAIIOB). J{Jisl 3TOro OCyIIECTBUTH CIENYIOLIUE ACHCTBUS:

- ¢ nomomwbsio Applacation Builder nactpouts BbIBOIBI IOpTa F Ha BXOZ.
CrenepupoBath (yHkiuo uHunuanuzanuu Allll, paspemarontyro padory ALl B
peKUME OJIMHOYHOTO Mpeobpa3oBaHusi. B kauecTBe MCTOYHUKA OMOPHOIO HATpsKe-
HUs ycTaHOBUTH BHYyTpeHHuit MOH Ha 2,56 B;

- paspaborarh (DYHKIMIO, OCYIIECTBISIONIYI0 MpPeoOpa3oBaHHE aHAIOTOBOTO
HanpspKeHUs B M(PpoBO# KoM, YUecTh, 4TO CTapT MpeoOpa30BaHUIO AT YCTaHOBKA
outa ADSC (peructp ADCSRA) B j0r.1, KOTOPBIN MOCIE 3aBEPIICHUS TTPeodpa3o-
BaHus cOpacwiBaeTcs B Jior.0;

- pa3paboTaTh OCHOBHYIO (DYHKIIMIO main (), B KOTOPOH HEMPEPHIBHO MPOU3BO-
IUTCST TPeoOpa3oBaHUE aHAJIOTOBOTO HAmpspKeHUs B 1UGpoBoi koxa. Pesymbratre
npeoOpa3oBaHusl 3alKUChIBaTh B PETUCTP JAHHBIX KAaKOro-IMOO IMOpPTa, HAIpUMED,
nopra C, mpeaBapUTEIbHO HACTPOUB BCE €r0 BBIBOJBI Ha BbIXOJ. Takum criocobom
pe3ynbTaT npeoOpa3oBaHMsT MOXKHO BHU3YaJlbHO WHAMIMPOBATH B BUJIE JIBOMYHOIO
KOZla C MOMOILBIO KPACHBIX WM CHUHUX KBAJAPAaTUKOB y BBIBOJIOB JAHHOIO IMOpPTA
(kpacHbIit — jor.1, cunmii — jor.0). Ydects, uTo QyHKIMS main () AOJIXKHA COIEP-
*KaTh (DYHKIMIO MHHUITMATU3AIUU ycTpoicTBa init devices(), KOTOPYH TeHEpUpyeT
Applacation Builder. He 3a0bITh YCTaHOBUTH HYKHBIM HOMEp KaHaja MYJIbTHILICK-
copa, K KOTOPOMY HOJKJIFOYEH HCTOYHUK BHEIIHErO CUTHAJA.

3aganme 3. B Proteus «mpommTth» B MaMsITh MUKPOKOHTpoJuiepa hex-daiin
(unu cof-paitnn) ynpapisiroIeil mporpaMmMbl 1 HHUITUUPOBATH €€ padoTy. Y CTaHOBUTH
B F'€HEPATOpPE CUTHAJIOB B KAUECTBE BBIXOJHOTO CUTHAJIA CUHYCOUJIAJIbHBIA CUTHAJ C
4acTOTOM, paBHOW HYJIIO (MIOCTOSIHHOE HANPSKEHNUE).

3aganme 4. J[n1s KOHTpoJId pe3yJibTaTta MpeoOpa3oBaHUs MOJIKIIOYHUTH K HC-
TOYHHUKY CUTHAJIa BUPTYaJIbHBIM BOJBTMETP. Y OCTUTHCS, YTO PE3yJIbTAaThl Mpeodpa-
3oBanust ALl (qBomunbIil KOJ Ha BbIBoAax noprta C) cornacyrorcs ¢ MoKa3aHUSIMU
BOJITMETPA. YUECTh, YTO C MOMOILBIO 8-OMTHOTO PErucTpa JAAHHBIX MOPTa MOXKHO
BU3YaJIbHO MHIULMPOBATh TOJIBKO MJIAAMINNA OalT pe3yJibTara, MIO3ITOMY JKeJIaTeabHO
Ha Bxo ALl mogaBats HeOobIIOE TI0 BeauuuHe HanpsokeHue (menee 1000 MB).

3apganme 5. [Togximounts Kk BeiBoJgaM USARTO MUKpPOKOHTpOJIIEpA BUPTYaslb-
HBIM TepmuHai. J[06aBUTh K yNpaBIsOIIed mporpamMme QYHKIUIO WHUIUMATU3ANN
uart0_init() u3 mporpammel, npuBeaeHHON B 1. 4.4 (ckomupoBaB ee B Oydep u BcTa-
BUB 3aTe€M B nporpammy). Bximounts ee ums B ¢pyHkuuto init_devices(). JJopaborars
dbyHkuo main(), JOMOJHUB €€ ONepaToOpaMu, OOSCIIEYNBAIOIIMMH BBIBO HA TEPMHU-
HaJ pe3ysibTaToB npeoOpazoBanus AIlIl (B mMumiuBonbTax). Yuectb, YTO €IMHUIA
muaamero paspsaa ALIl npu ycTaHOBIEHHOM BHYTPEHHEM HCTOYHHKE OINOPHOIO
HanpsbkeHus 2,56 B paBna 25 MB. CpaBHUTE nOKa3aHus BOJIBTMETPA C pe3yJibTaTa-
MU, BBIBOJIUMBIMU Ha TEPMUHAI.

TekcT 0CHOBHOM NMPOrPaAMMBbI:

#include <iom128v.h>
#include <macros.h>
void port_init(void)
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{

PORTA = 0x00;
DDRA = 0x00;
PORTC = 0x00;
DDRC = 0xFF;
PORTD = 0x00;
DDRD = 0xFF;
PORTE = 0x00;
DDRE = OxFF;
¥
void uart0O_init(veid)
{

UCSROB = 0x00;

UCSROA = 0x00;

UCSROC = 0x06;

UBRROL = 0x0B;
UBRROH = 0x00;
UCSROB = (1<<TXENO0);

h
void adc_init(void)

{

ADCSRA = 0x00;
ADMUX = 0b11000000;
ACSR = 0x80;

ADCSRA =0b11000110;

}
int ReadADC(void)

{ intdata ADC;

ADCSRA |= (1<<ADSC);
while (ADCSRA & (1<<ADSC));

data ADC = ADCL;
data ADC += (int)ADCH << §;
return data ADC;

}

void init devices(void)
{

CLI();

XDIV = 0x00;
XMCRA = 0x00;
port_init();
uart0_init();
adc_init();
MCUCR = 0x00;
EICRA = 0x00;
EICRB = 0x00;
EIMSK = 0x00;
TIMSK = 0x00;

ETIMSK = 0x00;

// moptel B, F u G HacTpanBaroTcs aHaJIOTHYHO MOPTY A

// ycranoBka (hopmara nmocbuiku (8 0aiT)

/lycTaHoBKa ckopoctu niepenadn 57600 601 (M. GaiiT)
// ycranoBka ckopoctu nepenaun 57600 6ox (cT. 6aiT)
// pa3perieHue padoThI IepeIaTINKa

// yukuuto reaepupyet Aplacation Builder

// pa3pemenue padoter AIII

// mopxnrouenue BHyTpeHHero MOH na 2,56 B

// aHATIOTOBBIM KOMIIAPATOP OTKJIIOYEH

//'ycranoBka ADEN, ADSC B nior.1 (pa3peuienue u

// ctapt), a Takkxe ADPS2 u ADPS1 (nenurens Ha 64)
// dynkuus yrenus BHyTpennero AL

// cTapT npeobpazoBaHuio ycraHoBkoi 6uta ADSC
// o)xuanue, moKa 3aKOHYHUTCS IPeoOpazoBaHKE U
// 6ut ADSC B peructpe ADCSRA o6HynuTcs

// aTenne Miaamero Oaiita

// noGaBleHHE K pe3ybTaTy crapiiero oaiita

// mepenaya pe3ynbpTara Ha BBIXOJ (QyHKITUU

// yukuuto reaepupyet Aplacation Builder
// disable all interrupts

// xtal divider
// external memory

/] extended ext ints
// extended ext ints

// timer interrupt sources
// extended timer interrupt sources
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SEI(); // re-enable interrupts
}

main () // byHKIMA main

{

int U,1,j;

init_devices();

ADMUX |= (1<<MUXO0); // Bb10Op KaHana u3mepenus (kaHai Nel).

while (1)
{
U=ReadADC(); // pe3ynbTat npeodpazoBanus B eauHunax ALl
PORTC=U; // BBIBOJT TaHHBIX B peructp mopta C
U=2.5*U; // pe3ynbTat npeodbpazoBanus B MB
printf("%d\r",U); // BBIBOA pe3yJIbTaTOB HAa TEPMHUHAI
for (i=1; 1<60000; i++) // BpemeHHast 3aepxkka (okouso 1 ¢)

{
for j=1; j<10; j++);
} bl

4.6. U3yuenue padornl nunrepdeiica SPI Ha npumepe B3anmMoaeiicTBus
¢ BHemnnuM AILII

3aganme 1. B Proteus cripoekTHpoOBaTh CXEMY, COJEPHKAIIYI0 MUKPOKOHTPOJI-
nep ATmegal28 u 10-pa3psanbiii anamoro-uudpooit npeodpazoarear MCP3001 ¢
nocnenoBatenbHbIM SPI-Beixogom (puc. 4.6). [logkmouuts BeiBog CLK y MCP3001
k BeiBoiy PB1/SCK mMuxpoxonTposiepa, Beiog DO — k PB3/MISO, BeiBog CS — k
PE7 (BeiBon PE7 Ha pucynke He noka3an). K BeiBogy VREF nmoakmtounTh HCTOUHHK
HanpspkeHus: +2.56 V (HaxaTh Ha KHOMKY «TepMuHam» Ha JIEBOW MaHENIH UHCTPY-
MeHTOB U BbIOpaTh MyHKT POWER). Hanpsixkenue na Bxoa ALII mogaTte ¢ nHTEpaK-
tuBHOro noreHuuomerpa POT-LIN, KoTOphIil NOAKIIOYATCA K UCTOUHUKY HaIpsiKe-
Hust +1 V. PesynbpTaTel aHajgoro-uudpoBoro npeodpa3oBaHMs BHIBOJUTH HAa BHUPTY-
anpHbld TepMmuHal. [ns storo BbiBog RXDO0 TepmMuHana NMOAKIIOYUTH K BBIBOIY
PE1/TXD0 muxpokonTpoiepa, a BeiBoag TXDO0 tepmunana — xk BeiBogy PEO/RXDO0
MukpokoHTpoJsuiepa (BbiBoabl PEO u PE1 Ha pucyHKe He OKa3aHbl).

3ananme 2. B cpege ICCAVR paspabotarh ynpaBisironiyro mporpaMmmy, ¢ mo-
MOIIIBI0O KOTOPOM MUKPOKOHTpOJUIEp mocpencTBom uHTepdeiica SPI OyaeT nmonydars
JAHHBIE B TMOCJIEAOBATEIILHOM KoJe ¢ Bbixoaa BHemHero ALl u nepenaBath ux Ha
TepMUHAI. JlJIsI 3TOro OCyHIECTBUTH CIEAYIOIINE ACHCTBHUS:

- ¢ nomoibio Applacation Builder HacTpouTh Bce HMCIIOJIB3yEMbIC BBIBOIbI
MUKPOKOHTPOJUIEpA B 3aBUCUMOCTU OT MX Ha3HAuY€HHUs JIMOO Ha BXOJ, JTUOO Ha BBI-
xoa. CreHepupoBaTh (PYHKIHMIO WHMIIMATU3AMKU Spi_init(), paspemiaronyo padborty
SPI ¢ mepenaueil TaHHBIX CTAPIIUMH pa3psaMH BIIEpe]l ¢ TAaKTOBOW dacTtoTou fy/4.
CrenepupoBaTh (PYHKIMIO HHHUIMAIA3AIUMU Tpuemornepenatunka uart0 init() wu
GYHKIIMIO MHUITHAIA3AIIUY MUKPOKOHTpoJsuiepa init_devices();
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RESET |—2L —rD0 fevp

wTaLl 24 00 |
WTALD ==

—{ RS
PADADD |——-
PAT/AD
PAJ/ADD
PA3/AD3
PA4IADA
PAS/ADS
PAGIADE
PAT/ADT

— CTS

+1
+2.568Y

FEO/SS
PB1/SCK
PE2IMOS]
PEIMISO
PB4/0CD
FPBS/OCIA ——
FBE/OCIE f—— - Tz IM-
PE7/OCHOCIC MR -

1 U2

CLK  WREF
Do

ATMEGA 128

1k

M+

RV1

PCO/ME %
Pcias 2
38

PC2/410
PCafa

Puc. 4.6. Cxema ju1st nuzyuenus pabotsl SPI-untepdeiica

- chopmupoBath C- u H-daiiner nna ynpabnenuss BHemHuM ALl u SPI-
uHTepdeiicom (TekcThl mporpamMm adc ext u spi HaxonaaTcs B [IpunokeHun), coxpa-
HUB UX B Mamnke ¢ pa3padbaTtbiBaeMbIiM MPoeKTOM. [[00aBUTH Bce 3T (DAl B IPOSKT
U, UCHIOJIB3YS TupeKkTuByY #include, MOAKIIOUNTE K MPOrpaMMe, COAEpPKAILyIo (yHK-
o main();

- ucnons3ys ¢ynknuio ReadADC ext() u3 ¢aitnma adc_ext.c, pazpabotathb
[IporpamMmy, OCYyIIECTBIISIIOLIYI0 TPeO0Opa30BaHUE aHAJOrOBOIO HAIPSIKEHUS B LIU()-
POBOI1 KOJ U IIEpeiavy €ro Ha BUPTYaJbHbIM TEPMHUHAI, IPEIBAPUTEIBLHO PACCUUTAB
3HAUEHUE €IUHUIBI MJIAIIEr0 pa3psaaa U npeodpa3oBaB KOJ B HANpsKEHUE (B MUJI-
JAUBOJIbTAX). JIyisl mydinero BOCHPUSATHS PE3YJIbTATOB MOJACIUPOBAHUS TPOU3BOAUTD
IIEPECBIIKY JAaHHBIX HAa TEPMUHAI C BPEMEHHOM 3aIEp)KKOHM, pealM30BaAHHOM IIPO-
IrpaMMHO, HalIpUMED, ¢ MOMOILbIO oriepaTopa for.

3aganme 3. B Proteus ycTaHOBUTH peXuUMbI pabOThl TepMHHANIa (CKOPOCTH,
KOJIMYECTBO OUT B MOCBUIKE U T.A.) U YCTAHOBUTH IS MUKPOKOHTPOJUIEpA HYKHbIE
outel CKSEL Fuses u yactoTy cunxpoHuzanuu. «IIpommTe» ynpapisiouyo Mpo-
rpammy (hex-daiin unu cof-gaiin) B maMaTh MUKPOKOHTPOJIEPA U UHUIIMHPOBATH €€
paoory.

3ananue 4. MI3MeHss MOJN0KEHUE IBUKKA MOTEHIUOMETpPAa BapbUpPOBATH I10-
crynaroniee Ha Bxoa ALII HampsokeHue v cpaBHUBATh pE3yJIbTaThl IPEOOpa30BaHUS
Ha TEPMHUHAJIE C PE3YJIbTATAMH U3MEPEHUI Ha BUPTYaJIbHOM BOJIETMETPE.
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TexcT 0OCHOBHOM NPOrpaMMbI:

#include <iom128v.h> #include <macros.h>

#include "adc ext.h"
#include "spi.h"
void port_init(void)

{
PORTA = 0x00;
DDRA = 0x00;
PORTB = 0x00;
DDRB = 0b00000010;
PORTC = 0x00;
DDRC = 0xFF;
PORTD = 0x00;
DDRD = 0x00;
PORTE = 0x00;
DDRE = OxFE;
PORTF = 0x00;
DDRF = 0xFF;
PORTG = 0x00;
DDRG = 0x00;
§
void spi_init(void)
{
SPCR = 0b01010000;
SPSR = 0x00;
h
void uart0_init(void)
{

UCSROB = 0x00;
UCSROA = 0x00;
UCSROC = 0x06;
UBRROL = 0x0B;
UBRROH = 0x00;
UCSROB = (1<<TXENO0);
H

void init_devices(void)
{

CLI();

XDIV = 0x00;
XMCRA = 0x00;
port_init();
uart0_init();
spi_init();
MCUCR = 0x00;
EICRA = 0x00;
EICRB = 0x00;
EIMSK = 0x00;
TIMSK = 0x00;
ETIMSK = 0x00;

// pa3pemenue SPI, nepenaua ct. pa3psaamu Buepen, yacrora f0/4

/ lycranoBka hopmara mocbutkH (8 OaiT)

// ycranoBka ckopoctu nepegauu 57600 6ox (M. 6aiit)
// ycraHoBKa ckopoctu niepenaun 57600 6o (cT. 6aiiT)
// pa3pelieHue pabOTHI MepeIaTINKa

// pyukuuto renepupyet Aplacation Builder
// disable all interrupts

// xtal divider
// external memory

// extended ext ints
/] extended ext ints

// timer interrupt sources
// extended timer interrupt sources
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SEI(); // re-enable interrupts

}

main () // pyHKIIHSA main

{

int U=0,1,j;
init_devices();
while (1)

{
U=ReadADC ext();

U=2.5*U; // nst 10-6utaoro ALIT npu Uon=2,56 B uena nenenus = 2,5 mMB
printf("%d\r",U);
for (i=1; 1<60000; i++)  // BpemeHHas 3a/epkKa Okojo 1 ¢

{
for (j=1; j<10; j++);
I

4.7. U3yuenne padotsl 16-pa3psiaHOro raiiMmepa/cueTyuka
Ha npuMepe resepauuu HIMM-umnyibscoB

3aganme 1. B cpene Proteus crpoekTupoBaTh CXEMy, COJIEPKALLYI0 MHUKPO-
koHTposuiep ATmegal28 u Buptyanbusiii ocuwiorpad (puc. 4.7). Iogxmouuth
OJIMH U3 BXoA0B ocumuiorpada k BeiBogy PB5/OC1A muxpokontposepa. JlaHHblit
BBIBOJI HCIOJNB3yeTcs Taiimepom/cuetunkoM T/Cl  1jasi reHepauuyd HIMPOTHO-
UMITYJIbCHO MOJYJIMpOBaHHBIX UMIyiabcoB (IIIMM-umitynbcoB) B pekumax padoThl,
B KOTOPBIX 3a7eicTBOBaH peructp cpaBHeHus OCIA.

141 rrasoco
A 12| pEsiocia
Ann £ {perocie
WYVPUV © L1 periocoiocic S
»
SIS 35 | peoas 0
D 3; PC2/ATD >
28 ) pegia
28 peaints

Puc. 4.7. Cxema st mzydeHust paboThl 16-pa3psgHOTo TaiiMepa/cyeTanka

3ananme 2. B cpene ICCAVR paspaborarh ynpaBisironiyro mporpaMmmy, ¢ mo-
MOILIbI0 KOTOPOW MUKpPOKOHTposuiep ¢opmupyer Ha BbiBoje PBS5/OC1A IHNM-
UMITYJIbCHI C IOCTOSIHHBIM MIEPUOJIOM CJIEIOBAHUS U U3MEHSIOIIENUCS ITUTEIbHOCTBIO.
JUJ1st 3TOT0 OCYLIECTBUTD CIAEAYIOIINUE JEHCTBUS:

- ¢ nomoisio Applacation Builder HacTpouTh 4acTOTy CHHXPOHM3ALIMU Ha
11,059 MTI', BeiBO topTa PBS — Ha BeixoA. IIpousBectu HacTpoiiku T/C1 Ha pexxum
reHepaiuu [IITUM-umiynbcoB (4uTarTeib, pa3ymeeTcs, MOKET BbIOpaTh CBOM Ha-
CTPOMKH): KEeJaeMoe 3HAaUCHUE XapaKTEPUCTUK CUTHaia — 1 Mc; mpeaaenuTens yac-
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ToThl — 1; pexum BbiBojga OC1A — cOpoc B cocTostHue jor.0; pa3penuTh npepbiBa-
Hue npu coBnageHuu TCNT1 ¢ OCRI1A; BeiOpaTh 0AMH U3 pEeXKUMOB pabOThI, Ha-
npumep, Homep 14 — pexxum Obictport IIIMM ¢ BepmmHO cyeTa, yCTaHOBIECHHOM
coaepxumMbiM peructpa [CR1;

- creHepupoBaTh (YHKIMIO HUHHUIMAIU3anuu timerl init() 1 madaoHbl QyHK-
Ui 00paboTku mpepbiBaHuM 10 coBmageHuro cojaepkumoro TCNT1 ¢ peructpom
cpaBHeHusi OCRIA (#pragma interrupt handler timerl compa isr:13) u TCNTI ¢
ICR1 (#pragma interrupt_handler timerl capt isr:12). [Ipu He0OX0AUMOCTH MOKHO
CKOPPEKTHUPOBATh 3HAUYCHUS BCEX PETUCTPOB, ympasisitonux padoroit T/C1, «B pyd-
HYIO», T.€. HE ucnoJib3ysi Applacation Builder;

- B pyHKIMH 00pabOTKH MpephIBaHUI IO COBMA/ICHUIO C PETUCTPOM CPAaBHEHUS
npou3BoAUTh Moaudukauuio coaepxkumoro OCRIA, nHanpumep, MHKPEMEHTUPYS
€ro 3HAYECHUE;

- pa3paboTaTth OCHOBHYIO (DYHKIMIO main (), B KOTOPOH C TOMOIIBIO OrlepaTopa
while peannzoBana «beckoneunas» neris. [IpeagBapuTenbHO NPOU3BECTH MHULIKATIHU-
3aIUI0 YCTPOMCTBA, UCTIONB3Ys GyHKIHIO init_devices().

3ananue 3. B cpene Proteus «mpomnTh» ynpapistoLlyo IporpaMMy B aMsITh
MUKPOKOHTPOJUIEPA, IMPEIBAPUTEIIBHO HACTPOMB €r0 4YacTOTYy CHHXPOHU3AIUHU, U
UHUIMUPOBATh €€ padoTy.

3ananue 4. IIpoussectu u3meHenusi 3HaueHuil peructpoB OCRIA u ICRI,
HA0III0/1as1, KaK CKaKyTCs 3TH u3MeHeHus Ha padbore LIIIM-reneparopa.

TexcT 0OCHOBHOM NPOrpaMMBbI:

#include <iom128v.h>

#include <macros.h>

void port_init(veid)

{

PORTA = 0x00;

DDRA = 0x00;

PORTB = 0x00;

DDRB = OxFF; // BBIBOJIBI TIOPTa B HACTPOEHBI HA BBIXOJT
PORTC = 0x00;

DDRC = OxFF; // BBIBOJIBI TOpTa C HACTPOEHBI HA BBIXOJT
..................... // moptel D, E, F u G HacTpanBaroTcsi aHaJIOTUYHO MOPTY A

void timerl _init(void)

{

TCCRIB = 0x00;

TCNT1H = 0x00;

TCNTIL = 0x00;

OCRI1BH = 0x04;

OCRI1BL = 0x50;

OCRI1CH = 0x04;

OCRICL = 0x50;

TCCRI1A = (1<<COMI1A1)|(1<<WGM11); //yctanoBka pexuma 6sictpoii [IIUM
TCCRIB = (1<<WGM13)|(1<<WGM12);

ICRIH =0x2B; //dopMupoBaHue Tieproa ciaeaoBaHus 1 Mc

107



ICRIL =0x33;

OCRIA =100; //opMupoBaHe UMITYJIbCA JTUTEIBHOCTHIO 70 MKC
} //
// @ynK1us 00pabOTKH MpephIBaHus B MOMEHT (hpOHTa uMIyJbca (1o peructpy 3axsarta ICR1)
#pragma interrupt_handler timerl capt isr:12

void timerl capt isr(void)

(N
//®@yHKuMs 00pabOTKU MpepbIBaHUS B MOMEHT cpe3a uMItyJibca (o peructpy cpaBHeHuss OCR1A)
#pragma interrupt_handler timerl compa isr:13

void timerl compa_isr(void)

{

OCRIA++; // yBenueHue JUINTeIbHOCTH UMITYJIbCOB (pumepHo Ha 0,1 MKc)

if (OCR1A>ICR1) // mpoBepKa, He MPEBBICHT JIA JITUTEILHOCTD IIEPHUOJT CIICIOBAHUS
{
OCR1A=100; // eciim ipeBBICUT, TO hopmupoBanue LIIVIM HauneTcs ¢ Havama
b

} //

void init_devices(void)

{

CLI(); // disable all interrupts

XDIV = 0x00; // xtal divider

XMCRA = 0x00; // external memory

port_init();

MCUCR = 0x00;

EICRA = 0x00; // extended ext ints

EICRB = 0x00; // extended ext ints

EIMSK = 0x00;

TIMSK = 0x30; // timer interrupt sources

ETIMSK = 0x00; // extended timer interrupt sources

SEI(); // re-enable interrupts

timerl _init();

b

main () // byHKIMA main

{

init_devices();

TCCRI1B |= (1<<CS10); // ctapt Taitmepa u 3amyck HINM

while (1) // GeckoHeuHas TMeTIIs

i
b

4.8. U3y4enune padoTsl HUPPOBOro NOTCHHHUOMETPA

3ananue 1. B Proteus crpoekTHpoBaTh CXemy, COIEPKALULYI0O MUKPOKOHTPOJI-
aep ATmegal28 u uudposoit norermomerp AD5290YRMZ10 ¢ mocnenoBaTesnb-
HeIM SPI-Beixomom (puc. 4.8). B nudpoBbix moTeHIHOMeTpax ¢ MOMOIIBIO MUKPO-
KOHTpOJUJIEpAa MOKHO YCTAaHABJIMBATh HY)KHbIC 3HAUEHUsI cONpoTUBiIeHUs. [(namnazon
U JUCKPETHOCTh yCTAHABIMBAEMbIX B MOTEHIMOMETPE CONPOTUBJIECHUN 3aBUCST OT
mapku noteHuuomerpa. s ADS5290YRMZI10 makcuMmallbHOE COMPOTUBIICHHE
paBHO 10 K; KOMM4eCcTBO AUCKPETHBIX 3HAYCHUHN — 256; MAaKCUMAJIbHOE HANIPSIKCHUE,
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MPUKJIAJILIBAEMOE K MMOTEHIIMOMETPY, MOXKET MPUHUMATh 3HAUYCHUS B 1uana3zoHe ot ()
10 30 Bunmu ot -15 B 1o +15 B.

[Togxmounts BbIBOJ CLK y AD5290YRMZ10 x BeiBogy PB1/SCK mukpo-
KoHTposuiepa, BeiBoa SDI — k PB2/MOSI, BeiBog CS — k PE6 (BeiBog PE6 Ha pucys-
K€ He 1moka3aH). [loK/IIounTh BEIBO A MOTEHIIMOMETPa K UCTOYHUKY TTUTaHusg +15 V,
a BeIBOJ B BMecTe ¢ VSS — k 0o01ent mmmae GND. Caumaemoe ¢ Beixoga W noTeH-
IUOMETpa HAMPS)KEHUE U3MEPSTh C MOMOIIBIO BUPTYaJbHOT'O BOJIBTMETPA U KOH-
TPOJIMPOBaTh MO ocmmuiorpady. Baxkasl HakaTh JIEBOW KHOMKOW MBI HA Tpa-
dbudeckoM H300paKCHUU MOTSHIIMOMETpPa, BBI3BaB auaioroBoe okHo «lIpaBka
KOMITOHEHTa», BBIOpaTh B HeM NMYHKT «CKpBITBIC NMUHBD W B JHAJIOTOBOM OKHE

«CKpbIThIE NUHBI MUTAHUS» YCTAHOBUTH coeauHenne nuHa GND c¢ VSS, a nuHa
VDD —c +15V.

RESET |—2L A
apigigipgipgs
ATAL % B IVVNVYY —
WTALD |—22
ol LI e —
PAIADT | 0 —
PADIADD |22
PAIAD3 |12 +15v
PAdiADS |2 \
e PASIADE —= Vi
o PaemDs 2
5 panany
g PE0/EE % ; U2 1
< eanos |2 S5 g w0
PEIMISO 13 | g 5D B g
PB4/OCD f—- 2 Jspo  vss
PESIOCTA —2
16 AD5290YRMZ10
PERIOCIS (o ARSI
PE7/OC2/0CIC —- NS
- —e
PCOIAB |2
PC1/Ag 2 |
PCoAID — -

Puc. 4.8. Cxema a1t uzydeHus paboTsl IU(GPOBOTO MOTSHIIMOMETPA

3aganme 2. B cpene ICCAVR paspaborars ynpapisiiolniyo nporpammy, ¢ mo-
MOIIBI0 KOTOPO MHUKPOKOHTpOJuIep mocpeactBom untepdeiica SPI Oyner mepena-
BaTh JIAHHBIC B TOCJIEI0BATEIBHOM KOJ€ Ha IU(POBON BXOJ MOTEHIIMOMETpA, yCTa-
HAaBJIMBasl TEM CaMbIM Pa3JINYHbBIC CONPOTHUBIICHUSA U U3MEHSS HAIPSIKEHUE, CHUMAe-
MO€ C BBIXOJa MOTEHIIMOMeTpa. B ympasisiomei nporpaMme chopMUpOBaATH JIUHEH-
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HBIM 3aKOH W3MEHEHUS! CONMPOTHUBIICHMUS, TO3BOJISIOMIUNA OJYYUTh HA BBIXOAE MOTEH-
MOMETpa MIJI000pa3HOe HanpsKeHHe. J{J1st 3TOro ocyIecTBUTh CeTyIoIIne A1eUCTBUS:
- ¢ nomombio Applacation Builder HacTpouts Bce HCHOJIB3yEMBIE BBIBOJIBI
MUKPOKOHTpPOJUIEpA B 3aBUCUMOCTU OT MX Ha3HAuY€HHUs JIMOO Ha BXOJ, JTUOO Ha BbI-
xoa. CreHepupoBaTh (PYHKIHMIO MHMIIMAIM3AMKU Spi_init(), paspeniaroinyo padbory
SPI ¢ mepenaueil TaHHBIX CTApIIUMH pa3psaMH BIIEpe]l ¢ TAaKTOBOW dacTtoTou fy/4.
CrenepupoBath (PYHKIIUIO MHUALIUATU3AINH MUKPOKOHTpoiepa init_devices();

- pa3paboTaTh (GYHKIMIO JUIsl YIIPaBIEHUs Mepeaveit O6aiita MaHHBIX OT MHK-
POKOHTpoOJUIEpa K HU(PPOBOMY MOTECHIIMOMETPY (MOXKHO BOCIOJIb30BaThCS MpUMEpa-
MU, IPUBEJACHHBIMU B TEXHUYECKOM NTokyMeHTanuu Ha ATmegal28). CkonupoBaTh B
nanky ¢ paspadateiBaeMbiM npoekToMm C- u H-daitner nporpammsr Delays mist gpop-
MHUpPOBaHUs BPEMEHHBIX 3a/epkek (mporpamma Delays ncnonb3yercs B mpumepe 3 u
ee TekcT umeercs B [Ipunoxxenun). [o0aBuTh 3TH ¢ailsibl B POEKT U, UCHIONB3YS JTH-
pextuBy #include, NOAKIIIOUNTE K pOrpaMMe, Coiepkallyo QyHKIuo main();

- UCHoJib3ysl (YHKLMIO JUIsl yIpaBlIeHUs nepenayed OaiiTa NaHHBIX, pa3pado-
TaTh MPOrpamMMy, OCYIIECTBIIAIONIYIO [UKIMYECKYIO Mepeaady U3 MUKPOKOHTPOJLIe-
pa B MOTEHLMOMETP NEpEMEHHOM, uMerolner tun char. B nukiie mocie kaxmaon rme-
PECBUIKM MEPEMEHHOMN €€ 3HAYEHUE JOJDKHO YBEIMYMBATBHCSA HAa €OUHULYy. Mexay
NEPECHUIKAMH YCTAHOBUTH BPEMEHHYIO 33/IEPKKY OKOJIO 2 MUJUIUCEKYH.

3ananue 3. B cpene Proteus «mpoilinTh» ynpapisioUlyr0 MporpaMmy B Ta-
MSITh MUKPOKOHTpPOJUIEpAa U MHUIIUUPOBATH ee paboTy. HaGnrogaTe Ha BUpTyaIbHOM
ocrmiuiorpade GopMy BBEIXOJIHOTO CHTHAIA.

TekcT 0CHOBHOM NMPOrPaAMMBbI:

#include <iom128v.h>
#include <macros.h>
#include "Delays.h"
void port_init(void)

{

PORTA = 0x00;
DDRA = 0x00;
PORTB = 0x00;

DDRB = 0b00000110; // BeiBOZBI MOpTa PB1 1 PB2 HacTpoeHs! Ha BBIXOT
PORTC = 0x00;

DDRC = 0xFF;

................... // moptel D, E, F u G HactpauBatorcst anagoruyHo nopty C

void spi_init(void)

{

SPCR = 0b01010000; //pazpemienue SPI, mepemaua ct. pa3psinamu Briepen, yactora f0/4
SPSR = 0x00; // yIBOEHUSI CKOPOCTH HET

}

void init_devices(void)

{

CLI(); //disable all interrupts
XDIV = 0x00; //xtal divider
XMCRA = 0x00; //lexternal memory
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port_init();

spi_init();

MCUCR = 0x00;
EICRA = 0x00;
EICRB = 0x00;
EIMSK = 0x00;
TIMSK = 0x00;
ETIMSK = 0x00;
SEI();

h

void SPI MasterTransmit(char cData)
{
PORTE&=~(1<<PE6);
asm("nop");

SPDR = cData;

while(!(SPSR & (1<<SPIF)));
PORTE|=(1<<PE6);
b
main ()
{
char a=0;
init_devices();
while (1)
{
for (a; a<=255; at++)
{
SPI MasterTransmit(a);
timer0_delay(191, 1);

h h

/lextended ext ints
/lextended ext ints

//timer interrupt sources
//extended timer interrupt sources
//re-enable interrupts

// byHKIMS yrpaBIeHUS nepeaadeii 6aira JaHHBIX
//BBIOOP HPPOBOTO MOTEHIIIOMETPA
//cMHEXpOHU3AIMS TIEPEe]] YTCHHEM BBIBOJIOB opTa B
//3amyCK mepeaayu TaHHbIX

//oxuaanue 3aBepLICHHs epeIadn JaHHBIX
//oTKITIOYeHHE BBIOOpA U(POBOTO MOTEHIIHOMETPA

// 3azIepKKa OKOJIO 2 MC
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HNPUJIOKEHHUE.
TexceTbl porpaMm 1Jis (pOpMHUPOBAHUS BPEMEHHBIX 3aepPKeK U
ynpasieHus KK-unguxkaropom, SPI-unrepgeiicom u BHemnum AL

®aiia Delays.c

#include <iom128v.h>

#include <macros.h>
/¥ Tunu4HbIC 3HAYCHHUS BPEMEHHBIX 3aJICPIKEK:
100 uSec (N_code=255-2=253, N_Clock Select=1)
1 mSec (N_code=255-32=223, N_Clock Select=1)
2 mSec (N_code=255-64=191, N_Clock_ Select=1)
5 mSec (N_code=255-162=93, N_Clock Select=1)
10 mSec (N_code=255-40=215, N_Clock Select=2)
50 mSec (N _code=255-200=55, N_Clock Select=2)
100 mSec (N_code=255-100=155, N_Clock Select=3)
500 mSec (N_code=255-127=128, N_Clock Select=5)
650 mSec (N_code=255-166=89, N_Clock Select=5)
750 mSec (N_code=255-191=64, N_Clock Select=5)
1 Sec (N_code=255-31=224, N Clock Select=7) */

void timer0_delay(unsigned char N_code, unsigned char N_Clock Select)

{

unsigned char temp = TIMSK;

TCCRO = 0x00;

TIMSK = 0x00;

ASSR = (1<<AS0);

while ((ASSR & (1<<TCNOUB)));

TCNTO = N_code;

while ((ASSR & (1<<TCNOUB)));

TIFR |= (1<<TOVO0);

if (N_Clock Select>0)&&(N_Clock Select)<8)

{
TCCRO = (N_Clock_Select<<CS00);

}

else

{
TCCRO = 0x00;

}
while (I(TIFR & (1<<TOV0)));
TIFR |= (1<<TOVO0);
TCCRO = 0x00;
TIMSK = temp;
}

void timer0) N sec(unsigned char N_sec)

{
while (N _sec)

{
timer(Q_delay(224,7);

N sec--;

}

112



®daiia Delays.h

void timer0_delay(unsigned char N_code, unsigned char N_Clock Select);
void timer0 N sec(unsigned char N_sec);

®aiia LCD.c
#include <iom128v.h>
#include <macros.h>
#define BIT7 0x80
#define BIT6 0x40
#define BITS 0x20
#define BIT4 0x10
#define BIT3 0x08
#define BIT2 0x04
#define BIT1 0x02
#define BITO 0x01
#if 0
#define LCD_OP_PORT PORTC
#define LCD_IP PORT PINC
#define LCD_DIR_PORT DDRC
#define LCD_EN PORT PORTA
#define EN_BIT BIT7
#define LCD_RW_PORT PORTA
#define RW_BIT BIT6
#define LCD_RS PORT PORTA
#define RS BIT BIT5
#endif

volatile unsigned char * LCD_EN PORT = &PORTA;

volatile unsigned char * LCD_DIR PORT = &DDRC;

volatile unsigned char * LCD IP_PORT = &PINC;

volatile unsigned char * LCD_OP_PORT = &PORTC;

volatile unsigned char * LCD_RS PORT = &PORTA;

volatile unsigned char * LCD RW_ PORT = &PORTA;

char LCD_EN BIT = BIT(7);

char LCD_RW BIT = BIT(6);

char LCD_RS BIT = BIT(5);

#define SET LCD E  *LCD_EN PORT |=LCD_EN BIT
#define CLEAR LCD E *LCD _EN PORT &=~LCD_EN BIT
#define SET LCD DATA *LCD_RS PORT |=LCD RS BIT
#define SET LCD CMD *LCD RS PORT &=~LCD RS BIT
#define SET LCD READ *LCD RW PORT |=LCD_RW _BIT
#define SET LCD_WRITE *LCD RW_ PORT &=~LCD RW _BIT

#define LCD ON 0x0C
#define LCD_CURS_ON 0x0E
#define LCD_OFF 0x08
#define LCD_HOME 0x02
#define LCD_CLEAR 0x01
#define LCD_NEW_LINE 0xCO0
#define LCD_FUNCTION_SET 0x38
#define LCD_MODE_SET 0x06

unsigned char LCD Busy ( void )
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{

unsigned char temp;
CLEAR _LCD E;
*LCD_DIR PORT = 0x00;
SET LCD_READ;

SET LCD_CMD;

SET LCD _E;
asm("nop");
=11.0592Mhz

temp = *LCD _IP_PORT;
CLEAR LCD E;

return temp;

}

void LCD_ WriteControl (unsigned char CMD)

{

}

while (LCD_Busy()& 0X80);
CLEAR LCD E;

SET LCD_WRITE ;

SET LCD_CMD;

*LCD _DIR PORT = 0xFF;
*LCD_OP_PORT = CMD;

SET LCD _E;

asm("nop"); CLEAR LCD E;

// Disable LCD

// Make 1/O Port input

// Set LCD to READ

// Set LCD to Command

// Enable LCD

// Delay = 1 instruction = 91 ns, if

// Load data from port
// Disable LCD

// return busy flag

// Test if LCD busy

// Disable LCD

// Set LCD to write

// Set LCD to command
// LCD port output

// Enable LCD - Write data to LCD
// Disable LCD

void LCD_WriteControl _init (unsigned char CMD)

{

CLEAR LCD E;

SET LCD WRITE ;

SET LCD _CMD;
*LCD_DIR _PORT = 0xFF;
*LCD_OP_PORT = CMD;
SET _LCD _E;

asm("nop");

=11.0592Mhz

}

asm("nop");
CLEAR LCD E;

void LCD_WriteData (unsigned char Data)

{

while (LCD Busy() & 0X80);
CLEAR _LCD E;

SET LCD WRITE ;

SET LCD_DATA;
*LCD_DIR PORT = 0xFF;
*LCD_OP_PORT = Data;
SET LCD _E;

asm("nop");

=11.0592Mhz

asm("nop");
CLEAR LCD E;

// Disable LCD

// Set LCD to command

// LCD port output

// Load data (Code of Command) to port
// ' Enable LCD - Write data to LCD

// Delay = 1 instruction = 91 ns, if

// Disable LCD

// Test if LCD Busy

// Disable LCD

// Set LCD to write

// Set LCD to data

// LCD port output

// Load data to port

// Write data to LCD

// Delay=1 instruction = 91 ns, if

// Disable LCD



void Init LCD_8bits(void)

{
timerQ_delay(175, 2); // waiting for 20 ms
LCD_WriteControl_init (LCD FUNCTION_SET);
timer0 _delay(93, 1); // waiting for 5 ms
LCD_WriteControl_init (LCD FUNCTION_SET);
timer0_delay(253, 1); // waiting for 100 mks
LCD_WriteControl_init (LCD FUNCTION_SET);
timer( delay(254, 1); // waiting for 40 mks
LCD_ WriteControl init (LCD FUNCTION_SET);
timer0_delay(254, 1); // waiting for 40 mks
LCD_ WriteControl (LCD OFF);
LCD_WriteControl (LCD_CLEAR);
LCD_ WriteControl (LCD MODE SET);

b

void LCD_Clear(void)
{ LCD_WriteControl(0x01); }
void LCD_Home(void)
{ LCD_WriteControl(0x02); }
void LCD_DisplayCharacter (unsigned char Char)
{ LCD_WriteData (Char); }
void LCD Display String (char row, char column ,void *ptr, char size)
{
char *string = ptr;
LCD_Cursor (row, column);
while (size--)
{
LCD_DisplayCharacter (*string);
string++;
b
h
void LCD_DisplayString (char row, char column ,unsigned char *string)
{
LCD_Cursor (row, column);
while (*string)
LCD DisplayCharacter (*string++);

b

void LCD_Cursor (char row, char column)

{

switch (row) {

case 1: LCD_ WriteControl (0x80 + column - 1); break;
case 2: LCD_WriteControl (0xcO + column - 1); break;
case 3: LCD_ WriteControl (0x94 + column - 1); break;
case 4: LCD_WriteControl (0xd4 + column - 1); break;
default: break; }

}

void LCD_Cursor On (void)

{ LCD_WriteControl (LCD_CURS_ON); }
void LCD_Cursor Off (void)

{ LCD_WriteControl (LCD_ON); }
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void LCD Display Off (void)

{ LCD_WriteControl(LCD_OFF); }
void LCD_Display On (void)

{ LCD_WriteControl(LCD_ON); }

®aiiia LCD.h

void Init LCD 8bits(void);

void LCD Display Off(veid);

void LCD_Display On(void);

void LCD_Clear(void);

void LCD Home(void);

void LCD_Cursor(char row, char column);

void LCD_Cursor On(veid);

void LCD_Cursor Off(void);

void LCD_DisplayCharacter(unsigned char Char);

void LCD_DisplayString(char row, char column, unsigned char *string);

®daiia spi.c

#include <iom128v.h>

#include "spi.h"

volatile char spiTransferComplete;
const TRUE=0xFF;

const FALSE=0x00;

void spilnit()

{
int tmp;
PORTB|=0x07;
DDRBJ=0x07;

SPCR|=(1<<MSTR);
SPCR&=~(1<<SPRO);
SPCR&=~(1<<SPR1);
SPCR&=~(1<<CPOL);
SPCR&=~(1<<DORD);
SPCR|=(1<<SPE);

tmp=SPSR;
spiTransferComplete = TRUE;

b
void spiSendByte(char data)

{
while(!(SPSR & 128));
spiTransferComplete = FALSE;
SPDR=data;

b

char spiReciveByte(void)

{

int rx;

spiTransferComplete = FALSE;

SPDR=123;

while(!(SPSR & 128));

rx=SPDR;
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return rx;

}

char spiTransferByte(char data)
{
unsigned int tmp;
spiTransferComplete = FALSE;
SPDR=data;
while(!(SPSR & 128));
tmp=SPDR;
spiTransferComplete = TRUE;
return SPDR;

}
unsigned int spiTransferWord(int data)
{
unsigned int rxData = 0;
rxData = (spiTransferByte((data>>8) & 0x00FF))<<S;
rxData |= (spiTransferByte(data & 0x00FF));
return rxData;
b
unsigned int spiReciveWord(void)
{

unsigned int rxData = 0;
rxData=(spiReciveByte()<<8)|(spiReciveByte());
return rxData;

b
®dajia spi.h

#ifndef SPI H

#define SPI H

void spilnit(void);

void spiSendByte(char data);

char spiTransferByte(char data);
unsigned int spiTransferWord(int data);
unsigned int spiReciveWord(void);
#endif

®daitn ade_ext.c

#include <iom128v.h>
unsigned int ReadADC_ext(void)

{
unsigned int tmp=0;
SPCR=(1<<MSTR); // BeIOOp pesxknma paboTsl "Master", ckopocTs nepenaun felk/4
PORTE&=~(1<<PE7); // Bb16OP MuKpocxembl ALITT
asm("nop"); // cHEXpOHM3AIHA TIEpe]] CYUTHIBAHUEM BBIBOIOB NopTa B
while(PINB&(1<<PB3)) // oxxunanue nosineHus nor.0 Ha Beixojae Dout
{ // bopMEpOBaHHE MPEABAPUTEIBHBIX UMITYJIbCOB it ALIIT

PORTB|=(1<<PB1);
PORTB&=~(1<<PB1);
asm("nop"); // cMHXpOHU3AIMS TIepe]] CYUThIBAHUEM BHIBOJIOB NopTa B

}

117



PORTB|=(1<<PB1);
PORTB&=~(1<<PB1);
SPCR|=(1<<SPE);
SPSR|=(1<<SPI12X);
SPDR=123;

while(!(SPSR & (1<<SPIF)));
SPIF

tmp=SPDR<<2;

SPDR=123;
while(!(SPSR & (1<<SPIF)));
SPIF
tmp|=SPDR;
SPCR&=~(1<<SPE);
PORTE|=(1<<PE7);
AT
return tmp;

}

#ifndef SPI H

#define SPI H

void spilnit(void);

void spiSendByte(char data);

char spiTransferByte(char data);

// pa3pemenue padotsl moayis SPI npu yacrore felk/4:

// Bkmouenue oura SPI2X — 6uta yBoeHus CKOPOCTH 0OMeHa
// 3anuck B peructp SPDR npounsBonbHOrO yncna

// oxunanue ycranoBku ¢uara "Konen nepegaun" — 6ura

// 3amuch CT. O6aiiTa B pe3yJbTaT mpeodpa3oBaHUs

// nst 16-pazpsimaoro ALIIT komanga uMeeT BU:

/I tmp=SPDR<<§;

// oxunanue ycranoBku ¢uara "Konen nepegaun" — 6ura
// MOTIOJIHEHHE pe3yJIbTaTa MIQIMIUM O0aliTOM

// 3aniperienne pabotel Mmoayist SPI
// oTknrouenue curnana CS — curnana BbIOOp MUKPOCXEMBI

®daii ade_ext.h

unsigned int spiTransferWord(int data);

unsigned int spiReciveWord(void);

#endif
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