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BBEOAEHWUE

MukpoKoHTpoOnnepbl,
UX BO3HUKHOBEHME U NMpUMeHeHune

[oBopsaT, uto B 1960-e roasl, Habnoaas 3a y4aCTHHUKaMH CTYAEHUYECKHX JAE€MOHCTpALMii
npotecta, [opmoH Myp 3amerun: "McTuHHble peBonouroHepbl — 3TO Mbl". YuyeHuK H
COTPYAHHUK oAHOro U3 u3oOperatened Tpansucropa Y. Llloknu, B uxcne npovero cuu-
TalOLWErocs OCHoBaTejaeM 3HaMEHUTOH KpemHWeBO#l 10aHMHbI, B CBOIO Ouepedb OCHOBa-
TeNAb U JUAEP KOMMAHKiA, KOTOPbIM CY>KAEHO ObLIO ChirpaTh BeAyLLylO pOjib B Pa3BHTHH
MHUKpO3/IEKTPOHHKH, Myp 3Han, uto rosopuia. IlapagokcanbHbiM 00pa3oM HMEHHO
u3obpeteHnsM Mypa M ero COTPYAHHKOB Obl1O CYXIEHO CTaTb OCHOBOW TOro MHpa,
B KOTOPOM BMOCJIEACTBHH CKOHLEHTPUPOBaNach AeATeNbHOCTb "OyHTYtOLEH Monoaexu"
1960-x. CoBpeMeHHble Xakepbl (HE KOMMbIOTEPHbIE XYJHMraHbl W3 raser, a HacTosliMe
yBJI€YEHHbIE CBOUM [€JIOM KOMMbIOTEPLIMKH) — MpsiMble HAEOJOrHUYECKHE HACIEAHHUKH
COPOOHHCKMX CTYAEHTOB M aMEPHUKAHCKMX NEMOHCTPAHTOB, CMEHHUBLIME aeBM3 "Make
love not war"' Ha "He nuwiute no3yHru — nuwute kon". HecnyuaiiHo MHorue ussect-
Hble JeATeNIH NEKTPOHHO-KOMMBIOTEPHON HWHAYCTPHH, aBTOPbI U300peTeHHH, chopmu-
pOBABLUKX JIHLIO COBPEMEHHOIO MHPa, — BbIXOALbI U3 Cpelbl, On3Kkol Toi camoii "OyH-
TyIOLLEH Monoaexu".

Haiua ucropus 0 MUKpOKOHTpOJUIepax Hauanack ¢ Toro, 4yto B 1957 r. l'opaon Myp co-
BvMecTHO ¢ PoGeprom Hoiicom, cTasuuinm BNOCNeACTBHM OAHMM U3 M300peTaTtener MuK-
pocxeMbl, U elle luecTbto coTpyaHukamu Shockley Semiconductor Labs (LLloknu Ha3Ban
ux "npenarenbckoil BocbMepkoii"), ocHoBan komnanuto Fairchild Semiconductor. Eil mMbi
00513aHbl HE TOABLKO Pa3BMTHEM MONYNPOBOJHHKOBOIO PbIHKA H BHEAPEHHEM MHKPOCXEM
B WHXEHEPHYIO NPaKTHKY, HO M TEM, YTO OHA CTana cBoeoOpa3Hoil Ky3HWLeH KaapoB u
reHepaTopoMm e A1 MOIOAOH OTpaciu.

Bor Tonbko HekoTopbie u3 uctopudeckux dakros. Cam Myp ¢ Hoiicom B koHue 1960-x
cozzanu ¢upmy Integrated Electronics, koropas noa cokpaiuieHHbiM Ha3saHueM Intel
cefiuac 3HaKOMa KaxaoMy LuKoJbHHKY. [hkepemn CaHaepc, ocHOBaTenb APYroi W3BecT-
He#wel komnanun — AMD, Taroke Bbiwen u3 Fairchild, rae otnuunncs otkpbitem co-
BPEMEHHOH 3KOHOMHUECKOH MOAENH MPOM3BOACTBA WM MPOAAX MONYNPOBOAHHUKOBbBIX
KOMIMOHEHTOB, B KOTOPOii ce0eCTOMMOCTb M3/1e/IUs CTPEMHUTCS K HYJIO 10 Mepe MOBbIllie-

" "3anumaiitech NI0GOBBIO, a He BOHHON" — 03yHr Xunnu 1960-X, NPOTECTYIOWMX NPOTHUB BOMHBI BO BbeT-
Hame.
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HUs obbema naptuu. Yapnu Cnopk, oauH U3 kmouesbix MeHemkepo Fairchild, B 1967 r.
cran aupexkropom National Semiconductor, koTopo# BIOCNEACTBHH PyKOBOAHA YETBEPTD
seka. [lonosuHa "npenarenbckod BocbMepku" — Jhkun XoepHu, Esrennit Knaiinep,
Joxeit Jlact u Lennon Pobeprec — B 1961 r. ocHoBana komnanuio Amelco, U3 KOTOpPO#
BIOC/IEACTBUH BbIPOCIH BCEM H3BecTHble Tenepb Intersil, Maxim u Ixys. CoTpynHuky
Fairchild Pobepry Buanapy mMbi 06s13aHbl H300peTeHHEM OMEPALIMOHHBIX ycunuTenei —
pPa3sHOBUAHOCTH MHMKPOCXEM, U MO ceil eHb YCTYMaloWeH Mo MOnynspHOCTH pa3Be uToO
MUKponpoueccopaM. Mano Toro, ¢ ucropueii Fairchild ces3aHo BO3HHKHOBEHHE H3BECT-
HOI BeHUypHOH (T. €. "pUCKOBOI") Monenu GUHAHCUPOBaHHS, CbirpaBlueii onpeaensio-
LLYIO pOJib B Pa3BUTHH BCEX OTpacjel, CBA3AHHBIX C JNIEKTPOHWKOH, KOMMbIOTEPAMH M
TenekoMMyHukauusaMu. Henapom Fairchild Hepenko Ha3biBaloT "npamarepbto Bceit anek-
TPOHHUKH".

MpeabicTOpUA MUKPOKOHTPONNEpPOB

H3 Bcero sToro yparaHa coObITHII Ins HaLIero NMOBeCTBOBAHHS BAXHO TO, YTO B YMCE
npouux WHHoBauui cotpyaHuku Fairchild nepebiMK cTanu npoasurath MonynpoBOAHH-
koByto namsTh. Ceiiuac, B Bek CD u DVD, xecrkux nuckoe u flash-kaprouek, Ham
TPYAHO MpeacTaBuTh cebe, uTo B Hauyaie 1960-X rofoB MPorpaMmbl As KOMIbIOTEPOB
XPaHWJIUCb B OCHOBHOM Ha KapTOHHbLIX JIMCTOUKAX (nepdokapTax), KOHCTPYKTOPbI JoMa-
AW TON0BY Hal aoporywuMu MoayiasMu O3V Ha pTyTHbIX JTHHHAX 33[€PIKKH, OCLIMIINO-
rpaduueckux TpyOkax U peppUTOBbLIX KOJNEUKaX, rie Kaxabii OUT "npouinsancs” Bpyu-
Hyto. CaMOe KOMMAaKTHOE B T€ rojibl 31EKTPOHHOE YCTPOHCTBO U1 XpaHEHHs JaHHbIX Ha
MarHuTHbIX auckax noa HazsanueM RAMAC 305 emkocteio 5 Mbaiit 6b110 pazmepom
C NPOMBILIIEHHbIH XOJOAWIbHHK W CAABANIOCH B apEHLY 32 5 ThIC. 101apOB B MECSLL.

EnvHcTBEHHbIM "nydom cBeTa" B TEMHOM LIAPCTBE 3TUX MOHCTPOB CTano H3oOpeTeHue
coTpyaHuKa kopriopauuu American Bosch Arma HMen Yoy, koTopslit 8 1956 r. nonyuun
MaTeHT Ha YCTPOHCTBO, U3BECTHOE Tenepb Kak "OMHOKpaTHO nporpammupyemoe ROM"
(OTP ROM'). B 3TOM nareHTe, Mexay Npo4HM, BriepBble Obln1 ynoTpeGiieH TEepMUH
"npoxkur” (burn) — MHKPOMOAYJIb COCTOS U3 MAaTPHLbl C MIABKUMH MEPEMbIUKAMH, KO-
TOpbi€ NMPH NPOrpaMMHUPOBAHUM MEPENKUTANTNUCH MoJAuei Ha HUX OONbLLOrO HanpsKeHHUs.
OTP ROM pnonroe Bpems ocTaBaJiuCb €AUHCTBEHHbIMU YCTPOWCTBAMH 115 KOMMAKTHOTO
XPaHEHHs JaHHbIX, U HE MOTEPSIH CBOErO 3HAUYEHHUs 10 CaMOro NOCAeIHEro BpeMEHH —
HE MEHbILE YETBEPTH MUKPOKOHTPOJIIEPOB B MUpE, 0OCOOEHHO M3 TeX, YTO Nonpouie, 10
CHX TOp BbIMYCKAETCS UMEHHO C TaKOW OAHOKPATHO MPOrpaMMHUpPYEMOM BCTPOEHHOM na-
MATbIO, BBHAY KpaliHeii ee newesn3Hbl. M nuiub B nocneanue roas "nposxuraemas” na-
MATb CTana MOCTENEHHO BbITECHATbLCA Gonee ynobHoii flash-namsaTblo, koraa nocneaHss
nojelieBena HaCToAbKO, YTO CMbich B Ucnonb3oBaHu OTP ROM noutu nponan.

Ho BepHemca B 1960-e. KoMnakTHas nonynpoBoAHUKOBas MaMsTh Oblna HykHa abco-
JIIOTHO BCEM — OT BOeHHbIX U NASA 1o usrorosureneit 6biToBbix npubopos. CHauana
Fairchild npeanoxuna to, uro ceronns HasbiBaetcs DRAM, B 4aCTHOCTH, HA TAKMX MHK-
pocxeMax (32 768 unnoB eMKOCTbIO 256 GWT Kaxkablit) Oblna MOCTpoeHa NaMaTh 3HaMe-

I
PacutndpoBky HekoTOpbIX aDOPEBHATYD CM. B npuioxcenuu 5.
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Tak Hauanoch nobenHoOe LWECTBHE MHUKPOMPOLECCOPOB, KOTOPbIE MO3/HEE pa3Ae/nIHCh
Ha HECKOJIbKO pPa3sHOBMAHOCTEH, B OCHOBHOM OTHOCSLUMXCS K JBYM IJIaBHBIM rpyfnnam:
cobcTBeHHO Mukponpoueccopam (MIT) u mukpokontposnepam (MK). IlepBbie npenHa-
3Ha4eHbl /1 HCMOJIb30BAHWS B COCTABE BbIUMCIIMTE/IbHBIX CHCTEM, CaMble pacnpocTpa-
HEHHblEe U3 KOTOPbIX — MepcoHanbHble komnbioTepbl (1K), noaToMy MX elie yacTto Ha-
3biBaloT "npoueccopamu aas [1K" (xoTa k 3To# rpynne o6bIYHO OTHOCAT TaKXkKe W NpPOou3-
BoautenbHbie MI1 ans cepeepoB u HekoTtopble apyrue). MK ornnuatores ot MIT Tem,
YTO OHHW B MEPBYIO OYepelb NpeaHasHauyeHbl 118 YNpaB/ieHHs Pa3/IMuHbIMH CHCTEMaMH,
MO3TOMY NPH OTHOCHTENLHO Gosiee caboM BbIYMCIMTENILHOM SAPE OHH BKJIIOYAIOT B Ce-
64 MHOro nOnosMHUTENbHBIX y3710B. To, uto ans o6biuHoro MII npeanonaraercs pasme-
IaTh BO BHEWHHWX YMMCETaX WK JOMOJHUTENbHbIX MOAynsx (NnamMsATb, MOpPTbHI BBOAA-
BbIBOJA, TAHMeEpbI, KOHTPOJUIEPbI NPEpbIBaHK, y3bl A1 06paboTKH aHANOroBbIX CHrHa-
noB v np.), B MK pacrionaraercs npiMo Ha KpHUCTajule, OTYEro HX KOraa-to 6b110 MOAHO
Ha3bIBaTh "MHKpo-OBM".

W nelicTBuTenbHO, B npocTeiilueM ciydae A MOCTPOEHHS MOSHOCTbIO (DYHKUHOHH-
pyIOLLEr0 KOMMbIOTEPA NOCTATOMHO €AMHCTBEHHOM Mukpocxembl MK ¢ noacoennnen-
HbIMHM K Hell ycTpoiHcTBaMu BBOAA-BbiBoAa. COBpeMEHHbIE MOJENH PALOBbIX OLHOKpH-
ctanbHbiX MK npesbiiuatoT BbiuncautensHbie Bo3moxkHocTH IBM PC AT Ha 286-m nipo-
ueccope obpasua Bropoit nonosuHbl 1980-x. EcTb o6nactu, rae rpanuuy mexay MIT u
MK nposectn TpyaHO: TakoBbl, HanpUMep, NPOLECCOPbI 111 MOOUIbHBIX YCTPOHCTB, OT
TeseOHOB U KapMaHHBIX KOMMbIOTEPOB A0 LHGPOBLIX KaMep, B KOTOPbIX MPOLIECCOPHbIii
y3ea posxkeH o6nanath pasBUTbIMHM BbIUMCIUTENbHBIMH (PYHKUMAMH M YNPaBATb MHO-
rOYMCACHHBbIMH BHEILHUMH KOMMOHEHTaMH.

OneKTpPOHMKa B rpeyeckom cTune

B 1962 r. B KanudopHuu nossunacs ceMbs [lepaeroc, rpeueckux 3MUrpaHToB, ypoXKeH-
ues ropoaa Tpunonuc. Poautenu 3ansanuch, Kak U Ha poAHMHE, BUHOrPaaapcTBOM, a Chbl-
HoBbs, Jbkopmwk u TMoct [lepneroc, BbiGpasn MOAHYIO cHELManbHOCTb WHXKEHepa-
3NIEKTPOHLIHMKA: 06a OKOHUMAH BHauasie yHuepcuteT CaH-Xo3e, a 3atem CtaHbopackHii
yHnusepcuteT. B 1974 r. B Bo3pacte 24 ner mnanwuii u3 6parbes [pxopmk [Nepneroc Ha-
uan paboraTh B kKOMnaHuH Intel, rae nonan Ha oaHO M3 caMbiX NepeOBbIX HaNpaBaeHH:
pa3paboTKy 3eKTPpUUYECKH CTHpaeMOM NamsaTu /s 3aMeHsbl "npoxuraemoii” OTP ROM.
Ewe no Ilepneroca, noutn onHoBpeMeHHO ¢ u3obpeTeHrem Mukponpoueccopa B 1971 r.,
cotpyanuk Intel Jlon ®poxmaH uzobpen "nuasaroiuit" 3aTteop u co3pan nepsyto Y-
ctupaemyto EPROM obbemom 2K (256x%8).

3AMETKHU HA NnNonsix

B "o6bluHON" KU3HM ynoTpebnAaTe cokpalyeHue Ans eauHuy uHdopmaummn us ogHoin Gykssbl
"K" (tak xe, kak u "M") He pekomMeHAyeTCs: OueHb TPYAHO WHOTAA NOHATb, UAET N pedb
o kunoburax, kunobanTtax, "kunocnosax" unu soobLue kunobutax B cekyHay. Tem He meHee
Takue COKpaLLieHUsi 4acTo BCTPEYAIOTCH, B TOM YUCne U B TEXAOKYMEHTaUMUK, U HAM npuaeT-
cA vHorga cneposaTh 3TOMY Npumepy. [inA onpeAeneHHOCTU NpUMEM cneaylowme npasu-
na: oawHouHasa nponucHas Gykea "K' osHauaeT asouuHble kunobutkl (1024 Gura), "M" —
ABouyHble Merabutb! (1024 k6uTa). XoTa B nUTEpaType 4acTo eLe NpuHATO kunobaiTe! co-

Kpawartb, kak "KB", a kunobuTsl, kak "K6", Mbl noctapaemcst nsbexarb 3TOW NyTaHuLbl, ¥ BO
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BCEX OCTaMbHbIX CAyYasix nucatb NONHOCTbIO: kBanT u Mbant, kbut/c, Mbant/c. Ucknioue-
Hue cocTaBuT 0603HaveHne obbema NamsaTH NPorpamMM MUKPOKOHTPOIIEpOB, ECMM OH U3-
MepsieTcs B AByxDaiTosbix cnosax: Hanpumep, 4K cnos byaet obosHavatb 4096 sueek-
cnos (8 k6anT).

Jbkopmk Tlepneroc akTHBHO BKIOUMJICA B 3TOT MPOLECC M CHAYana NpH ero yuacTHu, a
3aTeM M MoJ ero HenocpeiCTBEHHbIM PYKOBOACTBOM OblnM CO31aHbl ABE TEXHONOTHH,
CTaBLIMe TOUKOH pocTa ana BCceit oTpacau no npoussoacTsy flash-namsaTn — oanoro u3
r1aBHbIX CTOJIMNOB COBpeMeHHOo# "undpoBoii pesosounn”. 1o GbIio cHavana u3obpere-
Hue unna 2716 — 16K (2048x8) EPROM c onnum HanpskeHuem nutaHus +5 B, a 3atem
2816 — nepeoit EEPROM, anexktpuuecku crupaemoro [13VY, craswero npoobGpasom
flash-namsru.

B 1981 r. INepneroc nokunaer Intel 1 ¢ HeCKONBKUMH COTPYAHHKAMH (B YHCIIEe KOTOPbIX
6bin Topnon Komnbenn, Oyaywwmii cosnartens apyroit ussecTHoit ¢upmbl Chips &
Technologies) co3naer komnanuio Seeq. 310 GbLIO BpeMs cnajga B 3MEKTPOHHOH npo-
MBILUJIEHHOCTH W Yepe3 TPH roAa KOMMAHHWIO NPHULLIOCH MOKHUHYTH B CBA3M C NpPETEeH3Hs-
MU uHBectopoB. He nosepsas um G6onbiue, Hrxopmwk ¢ 6patom [tocTOM U ellle HECKObKH-
MU coTpyaHukamu Seeq B 1984 r. co3naer B crlafuvHy Ha JTHUYHbIE CPEACTBA KOMMAHUIO,
nosiHoe Ha3BaHue kotopoi 3ByuuT kak Advanced Technology MEmory and Logic uan
cokpalleHHo — Atmel. '

ChHauana npoaykuudeii Atmel GblIH MUKPOCXEMbl IHEProHE3aBUCHMOMH MaMsATH BCEX pas-
HoBuaHocteld — kak OTP EPROM u EEPROM c nocnenoBarenibHbiM H napanefnbHbiM
nocrynoM, tak u Flash. B 1985 r. Atmel Beinyctuna nepsyto 8 Mupe EEPROM no nomu-
Hupytoweii Hoie KMOIT-rexHonoruu, a B 1989 r. — nepsyio flash-namsate ¢ nuraHuem
oT oaHoro HanpsbkeHus +5 B. B koHue 1980-x Intel Bo3Hamepunacs Hakas3aTb psa KOM-
nanuii-npoussoauteneit EPROM, B ToM uucne u Atmel, 1ko0bl 3a HapyllueHHe NaTEHTOB,
HO, B KOHLIE KOHLIOB, yajloCh AOroBOpUThC 06 oO6MeHe nrueH3usaMu. [Tpuuem B KoHeu-
HoM uTore Atmel nepenana JMLEH3UA HAa NPOM3BOACTBO KJIACCHYECKOIO MHKPOKOHTPOJI-
nepa 8051, ot noanepxku kotoporo Intel yxe B To BpeMs NocTeneHHO 0TXoaMa, cocpe-
JIOTOUYMBLLMCH Ha npoueccopax s [TK.

fogpPosHOCTH

Hanomnum, yto EEPROM oTnuuaetca ot flash-namatun Tem, uto nepsas gonyckaet pas-
AenbHbin aocTyn K nio6oit NponM3BoNbHOW siueike, a BTopas — Nuwb K Lensim 6nokam. Mo-
atomy EEPROM meHble no o6bemy (xapakTepHbiii 06beM cneunann3anpoBaHHbIX MUKPO-
cxem EEPROM — oT eauHuy knnobut fo eaunny merabut) n 4opoxe, B HacTosLiee BpeMs
€€ UCMNonb3yloT B OCHOBHOM AS18 XPaHEHUN AaHHbIX, B TOM YACMe B COCTABE MUKPOKOHTPON-
nepos. Flash-namsaTe npoule 1 Aewesne, u K TOMy Xe AaeT 3Ha4YUTENbHbIA BbIUIPbIL B CKO-
poctu npu 6onbwnx o6vemax ungopmauum, 0cCobeHHO Npu NOTOKOBOM YTEHUW/3aNNUCK,- Xa-
pakTepHOM Ans MeauayCTpowcTs (Bpoae uudposbix kamep unu MP3-nneepos). B coctase
MuKpokoHTposinepos flash-namaTe cnyxut ans xpaHeHus nporpamm. HekoTopblie noapo6-
HOCTU O Pa3nNUYHbIX TUNAx NAaMATU U uX PYHKLMOHUPOBaHUK CM. B 2/1aee 11.

Tak Atmel oka3anace "BTHyTa" B UMCIO NPOU3BOAHTENEH MHKPOKOHTPOJIEPOB, B KOTO-
pOM oueHb ObICTPO OKa3aach Ha nepBbIX Nosuuuax: B 1993 r. Hayanoch NMPOM3BOACTBO
nepsbix B orpacid MK AT89CS1 co BctpoenHo# flash-namsaTsio nporpamm. 3to 03Ha-
4ajlo Hayano NnepeBopoTa BO BCeH MHXKEHEPHOW MpaKTHKe, MOTOMY UYTO CYLIEeCTBOBaBLUHE
paHee MK obnaganu naubo onHokpaTHo mnporpammupyemoit OTP-namsareio, nu6Go
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Y ®-cTupaemoii, koTopas 3Ha4UMTENbHO A0POXKE B NMPOM3BOACTBE U paboTa ¢ Hel MpHBO-
AMT K OosblUMM noTepsM BpeMeHH pa3paboTuunkoB. Uucno uukios nepesandcu ais YO
TITI3Y He npeBbillaeT HECKOJIbKUX NECATKOB, a MPSAMOW AHEBHOW CBET, MOMAaBLIMHA Ha
TaKo# KpHUCTaul, MOXKET NPUBECTH K CTHpaHuio nHbopmauuu. [loaToMy naxe menkoce-
puiiHble yCTpoOiicTBa NMPUXOAMIOCH M3rOTaBIMBATh NPEUMYLIECTBEHHO C HCMOJb30BaHU-
em OTP ROM, yTo 3HauMTEIbHO PHCKOBAaHHEE: W3MEHHTb B Clydae Jaxe maneiiien
OWKOKK 3anucaHHylo nporpammy ysxe 6bu10 HeBo3MOXHO. [losBnenue flash-namaTy u3-
MeHus0 Bech "nanawadt" B 3TOi 0bnacTU: HMEHHO B pe3yJibTaTe ee BHEAPEHHS CTalu
BO3MOXKHbIMH TaKHe BeUIH, Kak nporpamMmmHoe obHosaeHue BIOS komnbiotepa wau "ne-
peLIMBKa" yrnpaBistoLUX NporpamMm Ans ObITOBbIX 3JIEKTPOHHBIX YCTPOHCTB.

B 1995 r. nBa crynenta HopBexckoro yHuBepcuTeTa Hayku U TexHoJoruii B r. Tpon-
xeiime, Anb¢ Boren u Berapa BonneH, BbiaBuHynu uaeto 8-pazpsaaHoro RISC-aapa, ko-
TOpYIO Mpeanoxuin pykooactsy Atmel. Mmena pa3paboTunkoB BOLLIM B Ha3BaHHE ap-
xurektypbl AVR: Alf + Vergard + RISC. Unes HacTonbko noHpaeunack, uto B 1996 r.
6b1 OCHOBaH WccnenoBaTenbckui LeHTp Atmel B TpoHxeiiMe W yxe B KOHUE TOro e
rona BbiMyLUEH NEpBbIA OMbITHbII MUKPOKOHTpoOJUIEp HOBOH cepu AVR noa HazBaHueM
AT90S1200. Bo BTopoii nonoBuHe 1997 r. kopnopauus Atmel npuctynuia k cepuiiHomMy
npou3BOACTBY cemeicTBa AVR.

NMoyemy AVR?

Y AVR-koHTponiepoB "¢ pokaeHHs" ecTb ABE 0COOEHHOCTH, KOTOpbIE OTIIMYAIOT 3TO
cemeiicTBo oT octanbHbix MK. Bo-nepBbix, cucTema komaH U apxuTektypa sapa AVR
pa3pabaTbiBajMcb COBMECTHO C (GHUpMOH-pa3paboTUMKOM KOMIWISTOPOB C SI3bIKOB MpO-
rpaMmMHpoBaHus Bbicokoro ypoBHs IAR Systems. B pé3ynbrare nosiBusiach BO3MOXHOCTb
nuvcatb AVR-nporpammsl Ha a3bike C 6e3 60JbLLON NoTepd B NPOW3BOAMTENBLHOCTH MO
CPaBHEHHUIO C MporpaMMami, HamMcaHHbIMM Ha s3bike accembnepa. [logpobHee 3ToT Bo-
npoc Mbl 00CyAUM B 2nage 5.

Bo-BTOpbIX, OHUM U3 CyLeCTBEHHbIX npeumyLuecTB AVR crano npumeHeHue koHseite-
pa. B pesynbrare ais AVR He cyliecTByeT MOHATHS MaUIMHHOrO UMkia: O0JbLUMHCTBO
KOMaHJl BBIMOJIHAETCS 3a OAMH TakT. Jlns cpaBHEHHs OTMETHM, YTO MOJb3yHOLIHECS
6onbwoit nonynspHocteto MK cemeiictea PIC BbinosHsOT koMaHAay 3a 4 TakTa, a kiac-
cuyeckue 8051 — BooGuie 3a 12 TakTOB (XOTS €cTb M COBpeMeHHble Moaenu x51 ¢ ma-
LUIMHHBIM LMKJIOM B OIMH TakKT).

[lpaBna, npy 3TOM MPULLIIOCH HEMHOIO MOXEPTBOBATH MPOCTOTOH CHCTEMbl KOMaHA,
0co0€eHHO 3aMeTHOM B cpaBHeHHHU c x51, rae, HanpuMep, JitoOble OnepaLMy NepecbUlKH
JaHHbIX BHYTPH KOHTpOJUIEpa, HE3aBUCUMO OT crocoba aapecalliu, BbIMONHAIOTCS €AHH-
CTBEHHOW KOMaHAOH mov B pa3iM4HbIX BapuWaHTax, B TO Bpems kak B AVR noutu ans
KaXxaoro cnocoba CBOS KOMaHAa, K TOMY e WHOrAa ¢ orpaHu4YeHHoi obnacTbio AEHCT-
BHs. EcTb HekoTOpbIe c10XkHOCTH U B 06aacTH onepauu#i ¢ 6utamu. TeM He MeHee 3TO He
NPUBOAMT K 3aMETHBIM TPYAHOCTAM NpH u3ydeHun AVR-accembnepa: Ha000pOT, TEKCTbI
nporpaMm nojiyyaroTcst Kopoue v 60JibLIe HAMOMKUHAIOT NPOrpaMMy Ha S3bIKE BbICOKOIO
ypoBHs. CrieayeT Takoke yuyecTb, 4To M3 obLuero yucia koMaHa ot 90 mo 130, B 3aBucH-
MOCTH OT MOJENH, ToJbko 50-60 YHHMKaNbHbIX, OCTalbHbIE B3aHMO3aMEHSEMBIE.
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W, HakoHeLl, 3TOT HEAOCTAaTOK MOJIHOCTBIO HUBEJIMPYETCS NMPH HCNONIb30BaHKM sa3bika C,
bakTHueCKH yPaBHUBAIOLIErO Pa3Hble apXMTEKTYpPbl C TOYKH 3peHHsi 0cOOEHHOCTel Npo-
rpamMMHpOBaHHSI.

OrpomHoe npeunmytiecTBo AVR-apxuTekTypbl — Hajinuve 32 onepaTUBHBIX PErHCTPOB,
HE COBCEM PaBHOMPABHbIX, HO MO3BOJIAIOLLMX B pslle ciiyyaeB BooOlle He oOpawarbes K
ornepaTUBHOW MaMsaTH U HE MCMONb30BaTh CTEK (YTO B NPHUHLIMINE HEBO3MOXHO B TOM K€
cemeiictBe x51), 6onee Toro, B Maaawux moaensx AVR crek BooOuie HepocTyneH s
nporpammucta. [ToroMy cTpykTypa accembaepHbix nporpamm s AVR crana nopospu-
TeNbHO HaNOMHMHATh MPOrpamMMbl Ha A3blke BBICOKOTO YPOBHS, I'ie onepaTopbl paboTatoT
He ¢ fueiikaMu NaMsATH U perucTpamy, a ¢ abCTPaKTHBIMH NepeMeHHbIMH U KOHCTAHTaMH.

Ewe onHa ocobeHHocTh AVR €O cXe€MOTEXHMYECKOH TOYKH 3peHHs — BCe BbIBOAbI B
HUX MOTYyT NpebbiBaTh B TPEX COCTOSHHUAX (BXOA — OTKJIIOHYEHO — BbIXOJ) M dJIeKTpHUe-
cku npeacraBnsatoT coboi KMOIT-cTpykTypbi (T. €. IMEET MECTO CUMMETPHS BbIXOAHBIX
CUTHAJIOB M BbICOKOE COMPOTHBJEHHE ANS BXOAHbIX). B oblem cayyae 3To 3HaUMTENbHO
ynobxee noptoB x51 (aBycrabunbHbix U TTL-coBMECTHMBIX) W npeanosiaraeT Jay4Luyro
nomexo3aluiueHHOCTb (Mo KpakHeii Mepe, OT MoMex Mo LWrHe "3emMan").

CyMMHpOBAaB MHEHHMS M3 Pa3/IMuHbIX HCTOYHHKOB M OMHUPasCh Ha COOCTBEHHbIH OMBIT,
aBTOp MpHLLEN MPUMEPHO K TaKOMy MoapasaefeHrto obnacteii NpUMEHEHHs TpeX cambiX
pacnpocTpaHeHHbIX CEMEHCTB KOHTPOJIEPOB.

O KoHTponnepbl KnaccHYeCKOH apxuTekTypbl x51 (mepBble MHKpOCXeMbl CeMeicTBa
8051 Obinu BbimyuleHb! ewle B Hayajse 1980-X) siydine Bcero moaxoasT ans obuiero
u3yueHus npeamera. OTmeTHM, 4TOo Kpome Atmel, x51-coBMecTUMbIE H3AeNUs Bbl-
MycKaloT ewle nopsaka aecAtka (GupMm, BKIOYas Takue ruradtbl, kak Philips u
Siemens, ecTb W oTedyecTBeHHble aHaioru (cepuu 1816, 1830 u ap.), uto nenaer oty
apXMTeKTypy Hanbonee yHHBEPCAJIbHOM.

O Cemeiicteo AVR pexkomeHayeTcs A HA4YMHAIOWMX 31EKTPOHLIMKOB-NPAKTHKOB,
B CHJLY MPOCTOTbI M YHHBEPCAILHOCTH YCTPOMCTBA, NPEEMCTBEHHOCTH CTPYKTYpPbl ANs
pa3/IMuHbIX THMOB KOHTPOJIJIEPOB, NMPOCTOTbI CXEMOTEXHHKH W MpPOrpaMMHPOBaHHS
(B naHHOM cnyyae MOA "MporpaMMHpoBaHHEM' MOHHUMAETCS MPOLECC 3arlKMCH Mpo-
rpaMm B MHKpPOCXEMY).

O PIC ¢upmbl Microchip naeanbHO NoaxoasT AAsl NPOEKTHPOBAaHHUS HECNOXKHBIX YCT-
poiicTB, 0cOOEHHO NpeHa3HAYEHHbIX A1 THPKHUPOBAHHUS.

Ora knaccudukauMs Bo MHOroM CyObekTHBHA, M aBTOp He OyaeT ocnapuBaTh Apyrve
TOYKM 3peHHs: paznuyHbie cemeiictBa MK nocrteneHHo cOamxaloTcs no napamerpam,
CTaHOBSITCS MOJHOCTBIO B3aMMO3aMEHSEMbIMH H, KaK W BO BCeH COBPEMEHHOW 31eKTpo-
HHKe, BLIGOP TOrO MM HHOTO CeMeiicTBa 4aCTO HOCHUT XapakTep "peuruo3Horo”.

K Ttomy xe Tpu ynomsaHytbix cemeiictBa MK — nuwb Haubonee pacnpoctpaHeHHbie
cpelM yHUBepcallbHbIX KOHTPOJUIEPOB, HO JIA/IEKO He caMmble MaccoBbie BooOue. OGuee
KOJIHYECTBO CYLUECTBYIOUIHX CEMEHCTB MHKPOKOHTPOJUIEPOB OLIEHWBAETCS MpHOIW3U-
TenbHo B 100 & TMILHKUM, NPHUUEM €XETrOHO NOSBAAIOTCS BCe HOBbIE M HOBble. Kaknoe u3
9THX CeMENCTB MOXET BKJIOHATh AECATKH pasHbiXx Mopenei. [Ipu 3TOM nepBoe Mecto
cpenu npousBoauteneii 8-pazpsaaueix MK TpaauumonHo npuHaanexur ¢pupme Motorola,
B OCHOBHOM 3a CYeT KOHTPOJIIepOB U1 MOOMbHBIX ycTpoiicTB. Komnanus Microchip co
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cBouM ceMeiictBoM PIC 3aHumaer TpeTbe MecTo, a Atmel — nuiub wectoe. [1pu atom.
kpome 8-paspaanbix MK AVR, Atmel Bbinyckaer ewe Heckonbko pasHosuaHocTed MK,
K KOTOpbIM OTHOCATCA HE TOJbKO YrNomsiHyTbie HacneaHuku 8051, Ho u ARM-
npoueccopbl ¥ cneuuanuzdpoadHbie MK ans pasauuHbix npuMeHeHHd. Tem He meHee
aTa ¢opMasibHas CTATHCTUKA €lle HU O YeM He roBOpUT — Tak, cpeau MK co BcTpoeH-
Ho# flash-namaTbio Atmel npuHanNeXUT yxKe TPETb MUPOBOrO pblHKA.

Ewe B 2002-2003 rogax B MHpe BbIMYCKalOCh €XKeroaHo 3,2 MIPA LUTYK MHKPOKOH-
TposinepoB. OTMeTUM, 4TO 06BEM Bbinycka npoueccopoB aas 1K MoxkHO oueHuTb B
200 MJIH eaUHHL B FO, T. €. OH COCTaBJISET BCEro-HaBcero okosio 6% poiHka (B ¢puHaH-
COBOM HWCYMCJIEHWH, MpaBAa, COOTHOLLEHUWE HHOe, BeAb TUMMYHas ueHa psaposoro MK
cocraBiseT 2—5 nonnapos, a npoueccopa s [1K — kak MUHMUMYM Ha MOpsSOK BbliLiE, a
MHOTa OCTHraeT M CoTeH aojulapoB). [ToroMy He OyneT npeyBelMueHUeM yTBEPHIATb,
YTO CMELHATIbHOCTb 3JEKTPOHILUHKA-NPOrpaMMHCTa, CRELHAIM3UPYIOLErocs Ha MHKpPO-
KOHTpOJUIEpax, HE MEHee BakHa M Je(PHULIUTHA, YE€M KOMMbIOTEPHOrO MporpamMMucra-
CHCTEMLUMKA WJIH CO3/IaTENs MOJIb30BATEIbCKUX MPHIIOKEHHH.

Yto panbue?

Ota KHHra aapecoBaHa YMTaTes 10, KOTOPbi XO4eT U3YYHTb CTPYKTYPY M CXeMOTeXHHYe-
ckre ocobeHHocTH MK AVR W HayuuTbCs rpaMOTHO MCMOJIB30BaTh UX OCHOBHbIE BO3-
mMoxkHocTH. [ToaTomy aBTOop orpaHuuuBaeTrcs s3bikom accembiepa (nmoapobHee Bornpoc
BbIOOpa cpeabl MPOrpaMMHPOBaHKUs Mbl PACCMOTPUM B 21agse 5). YNOp B KHUre Aenaercs
Ha TO, YTOBbI AaTh YMTATEIO MPAKTHYECKHE COBETDI, OUCATL FOTOBbIE ANFOPHTMbI s
TUMOBBIX 33a1a4, BOZHMKAIOLLMX fepe] pa3paboTuMKamMu MpU peasiM3aluy TeX UK UHbIX
¢yHkuuit MK. ABTop BMecTe ¢ uuTatesaMu noapobHO pa3bupaeT psa BOMPOCOB, KOTO-
pbie 0ObIYHO BLIXOAAT 3a paMkH nocobuii no nporpammuposanuio MK: paboty ¢ nocne-
noBaTebHbIMU UHTEpdeticaMy, apudmeTHueckue onepauuu, conpskenue ¢ I1K, npak-
THUYECKYIO PEATU3aLIUIO PEXXHMOB IHEProcoepexeHHs.

BmecTe ¢ TeM aBTOp He cTaBui 3afady pa3obpaTb NoapoOHO abCONOTHO BCe BO3MOXKHO-
cthi MK AVR: 1 3Toro He xBaTujio Obl U HECKOJIbKHX TOMOB. Mbl BbIHYKA€HbI 060#TH
TakWe BOMPOCHI, KaK OT/IaaKa W rmporpammupoBatue no uHrepoeiicy JTAG, nepcnektu-
Bbl, KOTOpbl€ OTKPbIBAET CaMOMNPOrpaMMHPOBAHHE KOHTPOJJIEPOB, JIHLLb BCKOJIb3b KOC-
HeMCs MHTepecHelllel 3aaud CMHTe3a 3Byka W ApPYrux npumeHeHud PWM-pexumos
TaiiMepoB.

B 3Toii kHHre OOJBLLIMHCTBO MPUMEPOB OPHEHTHPOBAHO HAa MPUMEHEHWE MIAALIMUX
(c obvemoMm namsaTu 8 Mb6aiit) Moaenei noacemeiictBa Mega, T. K. MIMEHHO OHU HaHboO-
Jiee YHHBEpCaIbHbl U MPUIOAHbBI VI LUIMPOKOro Kpyra 3aiay 6e3 W3/IMLIHEro YCI0KHEH s
cxembl. B 6osee npocTbix ciayvasx aBTOp OPMEHTHPOBAJICA Ha HanboJiee YHUBEPCAJIbHYIO
u3 Maaawux moneneit ATtiny2313 (o ee coBMecTUMOCTH ¢ "kjlaccHueckoil" Bepcueit
AT90S2313 cMm. paso. "l[Ipocpamma cuemuuka ¢ ucnonvb3oéanuem npepviéanuti” ana-
6b1 5). BONbLIMHCTBO MPHBEAEHHbIX MPUMEPOB MOTYT ObiThb MpakTHYECKH Oe3 nepenenok
azanTUpoBaHbl K Apyrum mozensm AVR, obnapatolinm cooTBeTcTByioLlel koHduUrypa-
UHei.
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Knura He 3ameHsieT (MpMEHHbIE CNPaBOYHMKH MO CTPYKTYPE M CHCTEME KOMAHJ KOH-
kpeTHbIX Moaeneid AVR — MX 4McI0 NOCTOSHHO PacTeT, HEKOTOPbie CHUMAIOTCS C Mpo-
W3BOACTBA, APYrHe NMPUXOAST Ha WX Mecrto. [loaToMy aBTOp CTapasics maBaTb MaKCH-
MajibHO 000G0LLUEHHbIE MPUMEPDI, KOTOPbIE, N0 BO3MOXXHOCTH, NMPUTrOAHbI Ui GOAbLUHH-
cTBa CcyulecTBylOWMX Moaenei. Heo6xonnumoe nonosnHeHue K 3Toi KHUre — crnpaBouyHHK
Escrudeesa [1, 2], rae Ha pycckoM s3bike coOpaHbl pUPMEHHbIE TEXHUYECKHE ONMUCAaHUS
s GonblinHeTBa Moaeneit AVR M, B yacTHOCTH, npuBeaeHa nojHas Tabnuua KoMaHa
AVR-accembnepa ¢ noapoOGHbIM GopManbHbIM ONKMCAHHEM KaXKAOH W3 HUX. YutaTtenwu,
XOpOoUWIO BJaAelOLME TEXHHUUYECKUM aHIJIMACKUM, CMOrYT OOOWTHCH aHIIOS3bIYHBIMH
onucaHuamHu (T. H. datasheets) KOHKpETHbIX MOAEEi, KOTOPblE MOXKHO CKauaTb ¢ caiita
atmel.com. 3HaKOMCTBO € 3THMH MaTepvaliaMM Tak WiIM MHaye notpebyercs, T. K. B NO-
CTpoeHuH oTAenbHbIX Moaeneid AVR civlIKOM MHOrO HIOAHCOB, A€NaloWMUX UX B HEKO-
TOPbIX YaCTHbIX CJY4asX HEB3aMMO3aMEHSEMbIMH, W BCE AJIFOPUTMbl NPUMEHHUTENBHO K
KOHKpPETHOM CHUTyallWH cieayeT npoeepaTb. Pekomenaauuu no npumeneHuto (application
notes) Atmel Taioke MoJie3Hbl AN U3YyUEHUS, HO OHH, K COXXaJIEHUIO, I0BOJIbHO OTPbIBOY-
Hbl, He OXBaTbIBAIOT BCEro Kpyra 3ajay W HHoraa copepxar owubku. [Npumepbl 3akoH-
YeHHbIX YCTPOWCTB YMTaTE b MOXKET HaiiTH B KHure [8]. Tam e npuseneHbl 3nemeHTap-
Hbl€ CBECHHS MO JOrHYECKHM DJEMEHTaM, CHCTEMaM CUMCIIEHUS U ApYrye a3bl MUKpPO-
9/IeKTPOHUKH 1151 TeX, KTO B 3TOM He OPUEHTHUpPYETCH.

TeM, KTO yxe 3HakoM ¢ cemeiicTBoM AVR, pasymeercs, MOXKHO YMTaTb HACTOALLYIO KHH-
ry BblOOpOYHO, MOJB3YACh €10, KaK CNpaBOYHWKOM. Bcem ocrajibHbiM aBTOp COBETYET
xoTs Obl OAMH pa3 M3Y4HTb €€ NoAapsA, rJlaBa 3a [J1aBoi, HHaYe OCO3HAHHO MPUMEHHTb
pa3po3HEHHbIE CBEAEHHS W3 OTAE/bHbIX [J1aB MOXET U HE NOJIyUHTbCS.

CxeMmbl, pUCYHKH 1 oTorpadMu BbINOIHEHBI aBTOPOM.

[MoxxenaHus, BOMPOCbI M YyKa3aHWA Ha HETOYHOCTH MOXHO HanpaBjsThb MO aapecy:
revich@lib.ru.















Hacmes I. Obwue npuHyune! ycmpolicmea u ¢pyHkyuoHuposaHus Atmel AVR

nporpaMM H JaHHbIX pasfeneHbl (B OT/IHYME OT KJIACCHMUYECKOH apXHUTEKTYpbl
¢on HeiimaHna B oOblYHbIX KOMMIBIOTEPAX, FE NaMATL oOwas). PasnenbHble WHHBI A
9TUX obnacTel NamMATH 3HAYUTENILHO YCKOPSAIOT BbIMOJHEHHE NMPOrpaMMmbl: AaHHble U
KOMaHbl MOTYT BbIOUPATLCA OJJHOBPEMEHHO.

32 perucrpa ob6wero Haznayeuns (POH). Atmel 6bi1a nepsoit kommnaHueH, aaneko
oTolleell OT KI1acCH4YECKOH MOJENH BbIYUCIIUTENILHOrO AApa, B KOTOPOH BbIMOJHe-
HHE KOMaHI npeaycMaTpuBaeT oOMeH AaHHbIMU Mexay AJIY u 3anomMuHaloLMMH
suelikamu B obwel namaTd. BeeaeHue POH B Takom kosuMuecTBe (HanmOMHUM, YTO B
apxuTekType x86 Bcero 4eTbipe Takux peructpa, a B x51 nonsarue POH, kak Takosoe,
OTCYTCTBYET) B psiie Cllyyaes Mo3BOJsSeT BOOOLLE OTKa3aThCA OT PacroOKEHHUs 10-
H6anbHBIX K NOKaJIbHBIX nepeMeHHbIX B O3Y W OT Mcnonb3oBaHUs CTeka, onepaluH ¢
KOTOPbIM YCJIOXHSAIOT M 3arpoMOXAaloT nmporpammy. B pesynbTate cTpykTypa ac-
cembnepHoii nporpaMMbl NpubIMKaeTCs K MPOrpaMMaM Ha f3bIKaX BbICOKOIO YPOBHS.
[lpaBna, 3To NpUBENO K HEKOTOPOMY YCIOXKHEHHIO CHCTEMbl KOMaH[, HOMEHKJaTypa
xotopbiX Ans AVR 6onble, yem B aApyrux RISC-cemeiicTBax (x0T 3HauuTesbHas
4acTb UHCTPYKLIMI — MCEBROHHUMBbI).

Flash-namsates nporpamm (10 000 uMkiIOB cTHpaHWe/3anmHCh) C BO3MOXHOCTbIO
BHYTPHUCHUCTEMHOr0 MNepenporpaMMUpoOBaHUs M 3arpy3kd uepe3 MocjenoBaTebHblil
KaHan npsAMo B roToBoi cxeme. O MpeuMMyLIecTBaX TaKOro noaxoAa, HbIHE CTaBLUEro
00 LIEeNpPUHATBIM, MOAPOOHO paccka3aHO BO 86e0eHUU.

OraenbHas o6aacts IHeproHesaBucumoii mamsatu (EEPROM, 100 000 umknos
CTHpaHHe/3alnCh) NSl XPaHEHHUs NaHHBIX, C BO3MOXKHOCTBIO 3aMUCH NPOTrpamMMHBIM
nyTeMm, WK BHeLIHel 3arpy3ku yepe3 SPI-unrepoeiic.

BcerpoeHnble ycrpoiicTBa AJisi 00paGoOTKH aHAJIOrOBBIX CHIHAJIOB: aHalOroBbIii
KOMIMapaTop U MHorokaHanbHbli 10-pa3psanbiii AL

CropozkeBoii TaliMep, NO3BOAIOLIMH OCYLIECTBAATH aBTOMATHUYECKYIO Nepe3arpy3Ky
KOHTpOJIepa uepe3 onpeeseHHble MPOMEXYTKH BpeMeHH (Hanpumep, 415 BbIXOa U3
"cnswero" pexuma).

IlocnenoBarensnble nurepgeiicsl SPI, TWI (C) u UART (USART), nossonsio-
LiMe OCYLIECTBAATL OOMeH NaHHbIMU C GONBLIMHCTBOM CTaHAApPTHBIX AAaTYHKOB W
JPYrUX BHELIHUX YCTPOWCTB (B TOM uMclie TAKUX, KaK NMEpCOHANbHbLIE KOMILIOTEPDI)
- annapatHbIMH CPEICTBAMHU.

TaliMepbl-cueTUYHKH C NpPeyCTaHOBKOH M BO3MOXXHOCTbIO BbIOOpa MCTOUHHMKA CUET-
HbIX MMITYJbCOB: KaK MpPaBUNO, OIMH-ABAa 8-pa3pAiHbIX MU KAaK MHHUMYM OIHWH
16-pa3psaHblii, B TOM uMcie Moryiide pabotaTh B pexkMMe MHoOrokaHanabHoi 8-, 9-,
10-, 16-6uTOBOH LWIMPOTHO-UMMNYJLCHON Moaysuuu (PWM). )

Bo3moxHocTh padoTbl npu TakToBO# Yactote oT 0 'y no 16-20 MIMu.

Jnana3zon nanpsiokennii nutanns or 2,7 go 5,5 B (B HekoTopbix-cnyyasx ot 1,8 unu
1o 6,0 B).

MHoro4nc/ieHHble PeKHMbI 3HeprocOepeKeHus, OTIHUYAIOLMECS YUCIOM Y3JIOB,
OCTaIOLUMXCA MOAKIIOUYEHHbIMH. Bbixon u3 "cnsuwux" pexxMMOB MO CTOPOXKEBOMY
TaliMepy WM MO BHELWHUM NPEepbIBAHHIM.
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O BceTpoeHHBI MOHHTOP HMHTAHHSI — JETEKTOp MajeHus HampspkeHus (Brown-out
Detection).

3aech nepeumcieHbl Aalleko HE BCe 0OCOOEHHOCTH, XapaKTepHble VTS Pa3iMuHbIX MoAeneH
AVR. C HexoTOpbIMH APYTHMH Mbl TO3HAKOMUMCS B AajibHEHLIEM, a TAK)KE HA MPaKTHKE
paccMOTpUM mnepeuuciieHHble noapobHee. Ho cHauana naamm obLuyto XapakTepHCTHKY
paznuuHbix ceMeldcTB AVR ¢ TOUkM 3peHUs HX MPEUMYLLECTBEHHOIO Ha3HA4eHHS.

Cemenctea AVR

B 2002 r. hupma Atmel Hauana BbiMycK HOBbIX noaceMeiicTB 8-paspsaaHbix MK Ha 6aze
AVR-aapa. C tex nop Bce MK atoro cemeticTBa aensitcs Ha TpH rpynnbl (MoAcemeiicT-
Ba): Classic, Tiny u Mega. MK cemeiicta Classic (AT90Sxxxx) yxe He BbiMyckaioTcs;
J0Jibllie BCero B NpOM3BOACTBE "3ajepikanach’ O4eHb yaauyHas (npocrtas, KOMMAKTHas U
ObicTpopeiicTytowias moaenn) AT90S2313, Ho u oHa Obuia B 2005 r. 3aMeHeHa Ha
ATtiny2313. Bee "knaccuueckue" AVR ¢ nepBbiMH uudpamu 2 U 8§ B HaMMEHOBaHUH
Mozenu (Y4To o3HayaeT OObEM NaMSATH MPOrpaMMm B KuiobaiTax) MMEIOT aHaloru B ce-
meiictBax Tiny u Mega. [lns Mega npu nporpaMMHpOBaHHWH BO3MOXKHA YCTaHOBKaA crie-
UMaNbHOrO OHWTa COBMECTUMOCTH, KOTOPBIH Mo3BosiseT 6e3 KakuX-1Mbo MU3MEHEHHH Hc-
MoJib30BaTh MPOrpaMMbl, cozaaHHble Ans cemeiicTBa Classic. [loaTomy psa npumepoB B
JaHHOM KHWre B LENAX YNPOLUEHHS M3/I0KEHWS NMPUBOAMTCA B BEpCHH Ui cemeiicTBa
Classic.

[MpuMepbl pasjiuHbIX TMMNOB KOPMYCOB, B KOTOPbIX BbIMycKatoTCs MUKpocxembl AVR,
npuBeneHsl Ha puc. 1.1. Bonee noapoGHyto WHdOpMaLHMIO HA 3Ty TEMY MOXHO HaWTH B
npunooicenuu 1 (tabn. [11.2), a Taioke B TEXHMYECKOH NOKYMEHTAalUMH Ha YCTPOMCTBA.
OTMeTHM, 4TO U1 PaaHOMOOUTENbCKUX HY)KA U MaKeTUPOBaHUsA yNoOHee BCero MMKpO-
cxembl B PDIP-kopnycax, Ho He Bce moaenyu MK B Takux kopnycax npoW3BOASTCS.

Bce cemelicTBa MoryT umerh ae Moauduxauuu: Oykea "L" B 0603HaYEHHH rOBOPHUT
0 paclUMpEeHHOM JMana3oHe nutanus 2,7-5,5 B, orcytcTBue Takod OykBbl 0O3Ha4YaeT aAna-
nazoH nuraHus 4,5-5,5 B. Tlpy BbIOOpE KOHKPETHOrO THMA MHUKPOCXEMbl HY)XXHO ObIThb
BHHUMATebHBIM, T. K. L-Bepcur 0QHOBpPEMEHHO Takxke U MeHee ObICTpoAeHCTBYOILHE, Y
00/bIIMHCTBA U3 HMX MaKCHMallbHas TaKTOBas yacTOTa OrpaHuuyeHa 3HaueHuem 8§ MI'L.
Hns "oObiuHbIX" Bepcuii MakcHManbHas yactoTta coctaenseT 16 unu 20 MI'u. XoTs, kak
npaBuio, npu 3anycke L-mMukpocxeM c HanpskeHdem nutaHus 5 B Ha yactotax mo 10—
12 MI'y HenpusTHOCTEH 0XKMAATh He cienyeT (aHanoruyHo Bepcuu 6e3 6ykBbl L BnonHe
MoOryT paboTaTh MpH HanNpsb>KEHWH MUTaHUs okono 3 B, pasymeercs, He Ha 3kCTpemalb-
HbIX 3HAYEHHAX YaCTOT), TEM HE MEHee MpPH NPOEKTHPOBAHUU BbICOKOHAAEKHBIX YCT-
POWCTB clieflyeT yYHUTbIBaTh 3TO TpebGoBaHHeE.

Mukpocxemsl Tiny umetor Flash-TI13Y nporpamm o6bemom 1-8 kbaiiT u pazmeiatorcs B
OCHOBHOM B Kopmycax ¢ 8-20 BbiBonamu (kpome ATtiny28), T. €. OHM B U€OM NpeaHa-
3HaueHbl A1 6oJiee MPOCTbIX U ACLEBBIX YCTPOHCTB. DTO HE 3HAUMT, YTO UX BO3MOIXKHO-
CTH BO Bcex ciydasax Oone€ orpaHuueHHbl, ueM Yy cemeiicTBa Mega. Tak, Hampumep,
ATtiny26 npu ueHe MeHee 2 NONNApOB COAEPIKMT TaiiMep C BbICOKOCKOPOCTHbIM 1LIMM-
pexuMoM (B APYrHX MOAENAX TaKoro Her), a Tawxke |l1-xaHanbHbli ALIIT ¢ Bo3MOXK-
HOCTbIO paboThbi B AH(EPEHLMATIBHOM PEKHUME, C PEryTMPYEMbIM BXOAHBIM YCHIIUTENEM
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12-pa3psaaHbiM 16-kaHambHbiM ALIT v 2—4 kananamu LIATT (mo cux nop B cTpykType
AVR oHu oTcyTcTBOBaNN), Heckonbkumu kaHanamu UART u apyrux nocaenoBarenbHbix
nopToB (MpHyYeM ¢ BO3MOXKHOCTbIO paboTbl B aBBTOHOMHOM PEXHME, NMPH OCTAHOBAEHHOM
A/pe), BCTPOEHHOW MOAAEPXKOH KpunTorpaguy, YCOBEPLIEHCTBOBAHHBLIM PEKUMOM
picoPower u apyrumu "HaBopoTamu". CylLEeCTBYET TakyKe OTaAe/IbHOe cemeiicTBo 32-pas-
paaHbix MK AVR32, npeanazHaueHHOe A1 BBICOKOCKOPOCTHbBIX TMPHUIOXKEHHH, TakKuX
kak 06paboTka BUIEONOTOKA UK pacrno3HaBaHWe 06pa3oB B peajlbHOM BpEMEHH.

OcobeHHOCTU
npakTu4yeckoro ucnonoszosaHua MK AVR

[lpu ucnonbzoBaHun AVR Bo3HMKaeT psAA BONPOCOB MPAaKTHYECKOro XapakTepa, WrHo-
pUpOBaHHE KOTOPbIX MOXKET HHOrAA NMPUBECTH K HEpaboTOCNOCOOHOCTH Mt c6oiM yCT-
po#icTBa (a B HEKOTOPBIX ClydasiX — Aaxe K HEBO3MOXHOCTH €ro 3anporpaMMHpOBaTh).
Hanpumep, oaHa u3 Takux npobnem — BO3MOXHOCTb noTepu cogepkumoro EEPROM
Npy BbIKJIIOYEHUH NHUTaHUA. DTy U nofobHble NpobremMbl Mbl MOAPOOHO PacCMOTPUM B
COOTBETCTBYIOLUMX [JlaBaX. 3/€Cb K€ OCTAHOBUMCH Ha HEKOTOpbIX OOLIMX Bompocax
sioitouenuss MK AVR.

O notpebneHuun

MK AVR norpebnsior B cpenHem 5—-15 MA (Oe3 yuera norpebneHus BHELIHUX YCT-
poiicts yepe3 BbiBoAbl MK). IToTpebnsemMbiii TOK 3aBUCHT HE TOJIBKO OT CTENEHH "HaBo-
POYEHHOCTH" MOJeNH, HO ¥ OT TaKTOBO# 4YaCTOThl W HanpsbkeHus nutaHus. Ha puc. 1.2
npuBeeHa TUNoBas AHarpaMma 3aBUCHMOCTH TOKa MOTPEONIEHHUS OT HamnpsKeHWs nuTa-
HUS 1 TAKTOBOM YacTOThbI V18 MJaJLLIKMX MoAenei cemelicTBa Mega.

M3 puc. 1.2, B yacTHOCTH, CllelyeT, YTO 3HAYMTENbHO YMEHbILUTb NOTpebieHne MOXHO,
CHI)Kasi TAKTOBYIO HacTOTY B TeX Cly4asX, KOrja Bpems BbIMOJIHEHHUsS MporpaMMbl He-
KPUTHYHO. DTO MO3BOMSET YNPOCTHTb MPOrpamMMy, OTKa3aBLUWCb OT PEKUMOB 3HEpro-
cOepexxeHus: Hanpumep, Npy ycTraHoBKke "yacoBoro" kBapua 32 768 I'u B kauecTBe Tak-
Tupytoiero notpebneHne MK moxer cocraButb nopsaka 200-300 MxA.

3AMETKHN HA nonsix

BenuumHy Toka noTpebnexns 1-2 MA U MeHee MOXHO YCMOBHO CYWTaTb NPUEMNEMOit ANs
6aTapeiHbIx YCTPOWCTB, KOTOPbIE PACCYUTaHbl HA AONFOBPEMEHHbLIN PEXUM HENPEPbLIBHOW
paboTtbl. AnemeHTl TUNopasmepa AA (Tuna alcaline, T. e. WEeNOYHbIE) UMEIOT €MKOCTb MNO-
psiaka 2000 MA-y, T. €. yCTPOWUCTBO C yKa3aHHbIM noTpebneHnem OT 3TUX 3NEeMEHTOB Npo-
pabotaeT He meHee 1000 4 (peanbHo paxe Heckonbko 6onbiie) unu 6onee 40 cyTok. Bpe-
Ms paboTbl oT BaTapen Tunopasmepa D ¢ aHeproemkocTbio nopsaka 15—-18 000 MA-Y co-
CTaBUT OKONO roaa, 4ero Ans 6onbWKMHCTBA NPAKTUYECKMX NPUMEHEHUH AO0CTaTOYHO.
BbibupaTte ans nutaHus nopobHbix yCTPOUCTB (0COBEHHO, BKMIOYAIOLMXCA NEPUOANYECKU
Ha KOPOTKOE BPEMS) cneayeT UMEHHO WENOYHbIe 3NEeMEHTSI, T. K. OHU obnaaaloT GonbLuon
€MKOCTbIO, He TeKyT npu nepepaspsae W, rnaBHOE, UMEIOT 3HaYUTENbHO GonblMiA CPoK
XpaHeHus (nopsiaka 7 NeT) No CPABHEHUIO C APYTYMU TUNAMU SNEMEHTOB.

Ho BHuUMaTenbHoOe pacCMOTpEHHE BOMpPOCa MOKa3biBa€T, YTO UMEHHO 3THUM — YyIipoule-
HUEM nporpaMmbl — B NMOAABJIAIOLLIEM 00bLIMHCTBE cily4yaes npeumyuiecraa bonee



24 Yacmeb |. Obwue npuHyuns! ycmpolicmea u ¢yHkyuoHuposaHus Atmel AVR

HHU3KOH TaKTOBOH uyacTOTbl M orpaHuuuBatoTcs. ['padukn Ha puc. 1.2 nuHeHHbl, oTcloaa
CJEAYET, YTO NPONOPLMOHATLHO CHHIKEHWIO TaKTOBOM 4acTOTbl PacTET BPEMs BbINOJIHE-
Hus komaHa. Takum o6pasom, npoleaypa, BbIMOJHEHHE KOTOPOH MPH TaKTOBOH 4acToTe
4 MI'y 3aiimer 100 mkc, npr TaktoBoi yactote 32 768 'y Oyaer anutbes 6onee 12 mc.
Jlerko noacuMTaTh, YTO B TOM H JAPYroM Cllyyae KOJIMYECTBO IHEPrUH, NOTPEONEHHON Ha
BbINOJIHEHHE 3TOM npouenypbl, OyAeT OAMHAKOBbLIM.
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Puc. 1.2. lnarpamma 3aBMCUMOCTM TOKa NOTPEONEeHNA OT HaNPAXKEHUA NUTAHUA
V TaKTOBOW 4aCTOTbl ANA MNAAWNWX Moaenenh cemeiicTBa Mega

[ToaTomy MOXKHO cnenaTh ciielytolinii oOLKH BbIBOA: €CNK Bbl HE JKelaeTe BHUKAThb B
TOHKOCTH PEXHMMOB 3HEProcOEpEeKEHHS U HE peasiu3yeTe HX B Nporpamme, To 4is obuie-
ro CHWXEHHs noTpebiieHnst HyXKHO BbIOMpPaTh TaKTOBYIO YacCTOTY Kak MOXHO HHXe (Ha
npakTHKe OObIYHO AOCTaTOYHO OrpaHWuWTbCs BenHuMHOM | MI'u, T. k. manbHeiwee
CHHXEHHE, CKOopee Bcero, He aacT addexTa U3-3a JONONHHTENbHOrO NoTpebaeHUs BHELL-
HUMH LENAMH, HEU30EXKHO NPUCYTCTBYIOLIMMH BO Beex cxeMax). Ecnum ke y Bac npeny-
CMOTPEH OJHMH M3 pexxuMoB "riybokoro" saHeprocOepexeHus (cM. 2rnagy 4), TO TakToBas
4acTOTa C TOYKH 3PEHHSI CyMMapHOro NoTpeb/ieHHs MPaKTHYECKU HE UMEET 3HAUYEHHS.

Jpyroe neno — BbIOOp HanpsKeHHs NUTaHUA, KOTOPOE XKeJaTeNbHO clieNaTh KaK MOXHO
MEHbLLE, €C/IH ITO MO3BOJISAIOT BHELIHHE YCTPOiicTBa. 3aBUCHMOCTbL TOKa NMOTpeOnaeHHUs OT
HanpsHKEHUs NUTaHHS, KaK JIErko YSACHHUTb W3 rpadukoB Ha puc. 1.2, HenHHeliHas: ¢ yBe-
JIHYEHHEM HAMpsKEHUs TOK NOTpebaeHHs ObicTpo Bo3pacTtaeT. [losTomy cHxaTh Ha-
NpsXXEHHEe NUTAHUA AAXKE C YUETOM OrpaHHYEHHUs! Ha TAKTOBYIO YaCTOTY AJist OOJbLIMHCT-
Ba moaeneit AVR (He 6onee 8 MI'u npu nutanuu 2,7 B) Bce paBHo BbiroaHo. Hanpuwmep,
ycTpoicTBo ¢ nuTaHuem 3 B npu takroBoii uactote 8 MI'l, cornacHo puc. 1.2, Gyaer
noTpebNATh OKONO 3 MA WM, B NEpecueTe Ha eIMHHLIbI MOLIHOCTH, 9 MBT; Ha npoueny-
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py anutensHocTbio 100 Mke yiinet aneprus 0,9 mx[Dx. [1pu wacrore 16 MI'y Ta e npo-
uenypa 3aiimer 50 Mkc, HO noTpebieHre npyu HEOOXOAMMOM HarnpsbKeHU nutanus S B
cocTaBUT 0KoJio 14 MA, T. €. 70 MBT; uToro Ha BbINOMHEHWE NpoUEnypbl YHAET 3Hepruﬂ
3,5 mkJhx, noutu B 4 paza Gonbuie.

Jlns Bcex BHELIHHMX UM(DPOBLIX YCTPOMCTB, 3a pEAYAHLIMM HCKIIOUEHHEM, MOXKHO MO-
noOpaTbh COBPEMEHHbII aHanor, NpeAHa3HayeHHbIH A5 paboThbl NpU HanpsHKeHUsx 2,7-
3,0 B (M naxe HiKe, ECIM MOAENb KOHTPOJIIEPA TO MO3BOJISIET), TAK YTO C ITOMH CTOPOHBI
OrpaHUYeHHUH HET; TO, 4TO OGONbLIMHCTBO MPUMEPOB B 3TOH KHUIE OPUEHTHPOBAHO Ha
HanpsbkeHue nuTtaHus 5 B, ecTb nuwb aaHe Tpaauuuu. K ToMy ke npumepbl 3TH, Kak
npaBuiIo, NOAPa3yMEBAIOT MUTAHUE OT CETH, rae notpediieHue He uMeeT OOoNbLIOro 3Ha-
yeHus. JINMUTHPOBATh CHUKEHHE HANPSHKEHUS MUTaHWS MOTYT CBETOJHOJHbIE WHAHKA-
TOpbI (M3-3a TOTO, YTO MpsMOE MaJEHHE HANpsHKEHUs Ha cBeToaMoaax camo rno cebe co-
crapiser nopsaaka 2 B, a ans 6onblunMx MHAMKATOpOB naxke S B ans ynpaeneHus Hegoc-
+TaTOYHO), HO B TAKMX YCTPOHCTBAax noTpebieHne KOHTposepa yxke He Urpaet 60sbLuoi
PO YeTbIpe ceMHcerMeHTHblE LHppbl camu no cebe OyayT noTpebsTb TOK nopsaka
100 MA u Gonee. Jlpyroii cnydaii npeacTaBisiOT aHAJIOrOBbIE CXEMbl, TIE MOBbILIEHHE
HanpsHKEHUS MUTaHKUS BLIFOAHO C TOUYKH 3PEHHS YBEIWUEHHS OTHOLUEHHS "CUrHal-1ym".

3ameTuM, 4TO BbIBOABI AVR MOryT B 10ArOBpEMEHHOM peXHMe OTAAaBaTh 3HAYMTENbHBIH
Tok (no 20-40 MA), onHako He cienyet 3abbiBaTh 00 00LEM CYMMapHOM OrpaHHuYEHHH
Ha notpebneHue no Bbipoay nutaHus (cM. tabn. [11.3). Cnenyer Takke OTMETHTb, UTO
npu nojaye aHajaorosbix HanpsbkeHuih Ha Bxoasl ALl BxoaHo# umdposoii KMOII-
3NEMEHT (BXOJ COOTBETCTBYIOLIETO MOPTa) HE OTKIIOYAETCS, U MPH 3HAYEHHUH AAHHOTrO
HanpsbkeHUst BOM3K nopora cpabaTbiBaHHS 37IEMEHTA 3TO MOXXET NMPHBOAHTL K BO3pac-
TaHUIO MOTPEOSIEHHUS 3a CUET NMPOTEKAHMS CKBO3ZHOrO TOKAa YEpPE3 BbIXOAHBIE KacKaibl
KMOII (B ToM uucne vHOraa M MpH HaXOKAEHHH MHUKPOCXEMbl B "criswiem" pexxume,
CM. 2nagy 14). IToro HepocTaTka JHLIEHBE MUKPOCXEMBI € TeXHonoruei picoPower.

Hekotopble ocobeHHOCTU npuMeHeHUst AVR B cxemax

Y GonbluinHcTBa BbIBOA0B MK MMeeTcs BCTpoeHHbI noakitoyaeMblid "noaTarusaoyi"
(T. €. MOACOEAMHEHHDIH K LUMHE NMUTaHHMs) PE3UCTOP, YTO, Ka3aaoch Obl, PELIAET OAHY M3
OObIUHbIX CXEMOTEXHUUYECKMX MPOOJEM, KOrjaa HajllMuMe TaKoro pesucropa Tpedyercs
A1 MOAKNIOYEHHUs NBYXBbIBOAHBIX KHOMOK MM BbIXOAOB C "OTKPBITbIM KOMJIEKTOpOM".
OnHako B KPUTHYHbIX Cily4yasX HEOOXOAMM BHELIHWH pPE3UCTOpP COMPOTHBICHHEM 2—
5 kOM (B KpUTHUHbIX AN noTpebaenus cnyyasx no 10-30 kOm).

"[Moararusarclmii" pe3nucTop cneayer ycTaHaBiuBaTh HE TOJbkO Ha BbiBoae /RESET
(o uem mo¥aeT peub B erage 2), HO U B TOM ciyuae, koraa Bbisoabl SCK, MOSI u MISO
COOTBETCTBYIOIIMX MOPTOB HMCMOB3YIOTCS AN MPOrpaMMHUPOBAHUS W MOAKIIOYEHbI K
nporpammupyouemy pazbemy ISP (cM. 2nagy 5), a Takoke no BbIBOAAM BHELUIHUX Mpepbl-
BaHWi, eci OHU 3aaelcTBOBaHbl. Ecnn 3TH BbIBOABI HE "NOATArUBaTH" K HaNpsSHKEHUIO
NMATaHWS [OMOJIHUTENbHBIMH PE3UCTOPAMH (XOTS 3TO U HE OrOBOPEHO B TEXHWYECKOH
JNOKYMEHTALMH), TO HE UCKJTOYEHbI JIOXKHbIE CpabaTbiBaHUS BHELIHWX NpEepbIBaHUMH, ne-
pe3anycK CHUCTEMbI, a MPH OUEHb MOLLHbIX MOMEXAX — AAKE Mopya NporpaMmbl B nams-
TH nporpamm. C Apyroit CTOPOHbI, KOraa BbIBOJbl NPOrpaMMHUPOBAHUS CIYXKAT U B Kaye-
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CTBE 0ObIYHbIX MOPTOB, CKOHGHIYPUPOBAHHbBIX Ha BbIXO[, 8 B YCTPOHCTBE NPUMEHSIOTCS
PEXHUMbI 3HEProcOeperkeHHs, HaJIMUHe "MOATATMBAIOLIMX" PE3UCTOPOB MOXET NMPUBECTH
K JIMLIHEMY NOTpedaeHHIO TOKa (NpPH YCTAHOBKE BbIBOJA B JIOMMYECKHH HOMb Yepe3 pesu-
CTOp NMOTEYET TOK OT UCTOUHHMKA nuTaHus Ha Bxoa MK). Ecnu peanusosan oauH u3 pe-
MMOB JHEProcOepexeH s, TO HY)KHO TLLATEILHO NMPOAHAIM3UPOBATb CXEMY, YTOObI HC-
KJIFOYMTb CUTYaLMH, NPH KOTOPbIX YEPE3 3TH PE3UCTOPbI NPOTEKAET TOK.

Taroke Bcerza cneayer ycraHaBaMBaTh BHELIHHE pe3ucTopbl npu pabore BbiBogoB MK Ha
obutyto wHHY, kak B uHTepdeiice I°C (uan npocTo Npu noacoeauHenun sxona MK k
BbIXOZy ApYroro yCTpOHCTBa C OTKpPbITbIM KOJUIEKTOPOM, HAarnpUMep, MOHHTOPOB MHTAa-
HHS, ONHUCaHHbIX B 21a6e 3), NPH MOAKIIOHEHWH K ABYXBbIBOAHbIM KHOMKaM (0COGEHHO
NPy HATWYUK BHELLHEro NMpepbiBaHus, cM. 2nagbl 4 U 5). ConpoTHBaEHHE BCTPOEHHOrO
pe3ucTopa (Ha caMOM Aene NnpeAcTaBisiowero coboii, pasymeercs, NoneBoH TpaH3UCTOP)
B TaKMX CJy4asx CJIMLIKOM BEJHWKO AJIs TOro, YToObl 3JIeKTpOMarHuTHble nomexu ("Ha-
BOAKHK") Ha HeM 3 exTHBHO "caanauce".

Mukpocxembl AVR, kak u Beskas KMOITI-noruka, 6naronaps BbicokoMy nopory cpaba-
TbiBaHUS 3()(PEKTHBHO 3alLMLLEHbl OT MOMeX Mo wHHe "3emnu". OaHako OHW BenyT cebs
ropaszio Xy»xe Nnpu nomexax no uMHe nutaHus. [losToMy He 3abbiBaiiTe O pa3Bs3biBaio-
IUMX KOHAEHCATOpaX, KOTOpbie HY)KHO YCTaHaBIMBaTb HEMOCPEACTBEHHO Y BbIBOJOB MH-
TaHus (kepamuueckue 0,1-0,5 Mx®), a Takke NMPO Ka4eCTBO CETEBLIX BbIMPAMUTENEH W
crabunusaropos.
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yae Mo JaHHOMY aJipecy pacriojlaraercs T. H. Tabauua 6exmopoé npepvléanuil, noapoo-
Hee 0 KOTOPOH Mbl OyJ€M roBOpPHTb B 21a6ax 4 U 5. 31eCh yKaXKeM JIHLLb, YTO NEPBbIM B
sToM Tabnuue (no Tomy ke aapecy $0000) Bcerna pasmeluaercs BekTop cOpoca RESET,
KOTOpbIH yKa3bIBa€T Ha MpoLeRypYy, BblMoAHsAOLYOcs npu cOpoce MK (B ToM uucne u
NpH BKJIIOYEHUH MUTaHUs).

TTPUMEYAHHNE

B accembnepe AVR MOXHO 060O3HauyaTb WecTHapuaTepuyHble Yucna B “nackaneBckoM"
cTune, npeasapas ux 3HakoM $, npu atom ctunb s3bika C (0x00) Toxe aeAcTBUTENEH, @ BOT

"uHTenosckuin" cnocob (00h) He pabobTaeT. MNoapobHee 06 0603HaUYEHUSX YUCEN PA3MUYHbIX
cuctem cuucneHus B AVR-accembnepe cm. enasy 5.

B nocneanux aapecax namsTH nporpaMM KOHTPOJUIEPOB cemelcTBa Mega MOXeT pacno-
naraTbCs T. H. 3aepy34uk — ClielHabHas MporpaMma, KoTopas ynpasiseT 3arpy3kol M
BbIrPY3KOH MPUKJIAHbIX MPOrpaMM M3 OCHOBHOro obbema namstu. B 3Tom cnyuae no-
JJOKeHHe BekTopa cOpoca W Bcel Tabiuibl BEKTOPOB NpepbiBaHHi (T. €. pakTHYeCKH Ha-
YaJILHOTO ajipeca, ¢ KOTOPOro HaUMHAETCS BbIMOJHEHHE MPOrpaMMbl) MOXKET ObITb H3Me-
HEHO YCTaHOBKOH creunaibHbIX KOHPUIypaLMOHHBIX sueek (M. 2ragy 5).

MamsaTb gaHHbIX (O3Y, SRAM)

B oTnnuMe OT namsATH NporpaMm, aapecHoe MpPOCTPAHCTBO MaMATH JaHHbIX aJpecyeTcs
nobaiTHO (a He MOCIOBHO). Apecaiis NOJHOCTLIO JIMHeHHas, 6e3 Kakoro-To aeneHus
Ha CTpaHHLbl, CErMEHTbI WM OaHKH, KaK 3TO MPUHATO B HEKOTOPbIX APYrHX CHUCTeMaXx.
Mnamune MK cemeiictea Tiny (Brntouas Tinylx u Tiny28) namMsaTu JaHHbIX, KaK Tako-
BOM, HE UMEIOT, OrPaHHUYMBASCH JIHLIL perucTpoBbiM Gaiinom (POH) u perucrpamu BBo-
na-sbisoga (PBB). B apyrux mopmensx obbem BcTpoeHHoit SRAM konebnercs ot
128 Gaiit B npeacraBurensix cemeiictea Tiny (Hanpumep, y ATtiny2313) no 4-8 kbaiit
y cTapiunx mozenei Mega.

AnpecHoe MpOCTPaHCTBO cTaThdeckoW mamsTH AaHHbIX (SRAM) ycnoBHO menuTcs Ha
HECKOJIbKO obJsiacTeil, Noka3aHHbIX Ha puc. 2.2. TeMHoI 3a/MBKOI BbidefeHa YacTb, OT-
HOCALLAACA K COOCTBEHHO BCTPOEHHOH SRAM, N0 Hee Mo MopsaiKy aapecoB pacrosioxke-
HO aJpecHOe MpOCTPaHCTBO peructpoB (nepebie 32 Gaiira 3anumaer POH, ewe 64 —
PBB). [lnsa crapuux mMoaeneit Mega co cnoxHoii cTpykTypoit (Hanpumep, ATmegal28)
64-X perucTpoB BBOJa-BbIBOJA MOXKET OKa3aTbCsl HEJOCTATOYHO, MO3TOMY B HUX AJS AO-
nonuuTenbHbix PBB Bbinensercs otaenbHoe aapecHoe npoctpaHeTBo (0T $60 a0 Makcu-
MabHO BO3MOXKHOrO B OaiToBO# anpecauuun 3HayeHust $FF, uroro takux perucrpos mo-
et ObiTh Bcero 160).

3AMETKHW HA Nonsix

B apxutektype MK AVR noHsitTue "BBOAa-BbIBOAAR" ynoTpebnaeTtcs B ABYX CMbiCnax: BO-
nepBbIX, UMEIOTCA "NopTbl BBOAa-BbIBOAA" (I/O ports), kOTopble Mbl pacCMOTPUM B 2n1ase 3.
Bo-BTOpbIX, "peructpamu Beoaa-sbisoga” (PBB) B cTpykType AVR Ha3biBalOTCA PErncTpbi,
KoTOpble obecneunsaloT AOCTYN K AONOMHUTENbHLIM KOMMNOHEHTaM, BHELLHWM NO OTHOLLE-
Huio k GPU, 3a ucknioyeHnem O3Y (B TOM uucne 1 k NopTam BBOAA-BbiIBOAA). Takoe Noa-
pasaeneHue npubnuxkaet cTpyktypy MK AVR k npuBbiMHOM KOHGUrypauum nepcoranbHoro
KOMnNblOTEpa, rae A0CTyn K MobbiM BHELLUHWM NO OTHOLLEHWIO K LEHTPanbHOMY Npoueccopy
KOMIMOHEHTaM, KpOMe NamATU, OCYLLECTBNAETCA Yepe3 NOPThbl BBOAA-BbIBOAA.
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JHeproHe3aBucumas namsitb AaHHbIX (EEPROM)

Bce mogenun MK AVR (kpoMe cHsitoro ¢ npouszBoactea ATtinyl 1) umeloT BCcTpoeHHyto
EEPROM nns  XpaHeHMs KOHCTAHT M [JaHHbIX TNpPH  OTKIIOYEHHH MHTaHUsL.
B pa3Hbix Moaensx o6bem ee Bapbupyercs ot 64 Gaiit (ATtiny1x) no 4 kb6ait (craplume
monenu Mega). Koveuy EEPROM o6o3HauaeTcsi KOHCTaHTOH EEPROMEND (3TO 0003Haue-
HWe BBEIEHO TONbKO Ans Gonee no3anux moaenel AVR, notomy npu Hcnosnb3oBaHWM
3TOHW KOHCTaHTbl MHOrAA €€ NPHUIAETCA OMpeaessTb camomy). Yucno UMKIOB nepenpo-
rpammupoBatiusi EEPROM moxet nocturars 100 Thic.

Hanomuum, uto EEPROM omiunuaercs ot Flash BO3MOXHOCTbIO BbIGOPOYHOro mnpo-
rpaMMHpoBaHHst MoOalTHO (B MpUHUMNE AaXe NMOOWTHO, HO 3TOT Croco® HEAOCTyMNeH
nons3osareio). OaHako B cTaplumx Moaensx cemericrsa EEPROM, kak u flash-namars
POrpaMM, UMEET CTPAHMYHYIO OPraHW3alMIO, NPaBaa, CTPAHULIbI 3TH HEBENUKH — J10
4 6aiit kaxxnas. Ha npaktuke, kak npu nporpammupoaiui EEPROM no nocnenosa-
TeabHOMY KaHany (T. e. uepe3 SPI-unTepdeiic nporpaMMHpoBaHus), Tak U NMPH 3aMKUCH K
yreHud EEPROM u3 nporpammbl, 3Ta 0cOGEHHOCTb HE HMEET 3HaUYEeHHs, U JOCTYMN OCY-
ecTBasercst nodanTHo.

Yrenue u3 EEPROM ocyiiecTensercs B TeueHHe OAHOIO MaulMHHOrO LMKAa (NpaBaa, Ha
MpaKkTHKe OHO PAaCTArMBAeTCs Ha YeTbipe LMKIA, HO MPOrpaMMHUCTY CIEIHTh 32 3TUM Crie-
uuanbHo He Tpebyercs). A Bot 3anuch B EEPROM npotekaer 3HauntenbHO MeasieHHee,
M K TOMY € C TOYHO HE OMpeeSIEHHON CKOPOCTbIO: LIMKJ 3anucH oaHoro Gaklta MoxeT
3aHMMaTb OT 2 10 ~ 4 Mc u Gonee. [lpouecc 3anucu peryaupyercs BETpoeHHbIM RC-
reHepaTopoM, YacToTa KOTOporo HectabuibHa (npu 6oee HU3KOM HanpsHXKeHUH MUTaHUs
MOJKHO 0XKHJaTb, YTO BpeMs 3anucu Oynet 6onblue). 3a Takoe Bpems NnpH 0ObIYHBIX TaK-
ToBbiX yacTotax MK ycneBaer BbIMOAHHTL HECKOJILKO ThICSY KOMaH/, MOTOMY Mporpam-
MHpOBAHHE MpOLEAYpbl 3anuCH TpeOyeT aKKypaTHOCTH: HAMPUMEp, HY)KHO CIENWTD,
4yToObl B MOMEHT 3anucu He "BKIMHWIOCH" mpepbiBaHue (noapobHee 06 3TOM cM. 2na-
6ol 41 9).

[naBHas xe cnoxHocTs npu padbore ¢ EEPROM — B03MOXHOCTb MOBpPEXAEHHS €€ COo-
AEPXKHUMOro MpH HENOCTATOYHO ObICTPOM CHWXKEHHH HanpsikeHWs MUTaHUS B MOMEHT
BbIKJIIOUEHHs. OOYCNOBNEHO 3TO TEM, YTO NPH YMEHbLIEHUH HANpsKeHUs NMUTaHUs [0
HekoToporo nopora (Huxe nopora crabunbHoH paboTbl, HO HEAOCTATOYHOrO ISt MOJHO-
ro BbIKJIIOUEHHS) U3-3a KosiebaHui HanpsbkeHHs MK HauMHaeT BbIMOJHATL MPOH3BOJIb-
Hble KOMaH/Ibi, B TOM YHCJIE MOXET ocyuiecTsuth npoueaypy 3anucu B EEPROM. Ecnu
y4ecTb, 4To Tunosas komanaa MK AVR BbinosHseTcs 3a aecsTbie 10JH MUKPOCEKYH/bI,
TO SICHO, YTO HUKAKOM peanbHbli UCTOYHHUK MUTAHHS HE MOXET 00ecneunTb CHHXKEeHHe
HanpsbkeHUst 10 HynA 3a Hy)kHoe Bpems. [To onbITy aBTOpa npu NUTaHUKH OT 06bIYHOTO
crabunuzatopa Tna LM780S5 ¢ pekoMeHI0BaHHBIMH 3HAYEHUSIMH EMKOCTH KOHAEHCATO-
poB Ha Bxoae W Ha Bbixoze coiepxumoe EEPROM 6yner Heuz6exxHO UCOpPUEHO MpH-
MEPHO B MOJIOBUHE Clly4aeB.

O10i npobneMbl He JOMMKHO CYLECTBOBaTb, €C/IM KOHCTaHThI 3anuckiBailoT B EEPROM
npu nporpammupoBaHiu MK, a npoueaypa 3anucu B nmporpamme OTCYTCTBYET (O TOM,
kak copmuposars ¢aiin ¢ naHHbimu ans EEPROM, cm. pazoen "Jupexmusor u ghynk-
yuu" 2naeel 5). bonpluas cOXpaHHOCTb J@HHbIX B TaKWX Ciy4asX MOATBEPIKAAETCS U M-
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NUPUUECKUMU HAOMOIEHUIMH, U TeM, 4To pa3peluexue 3anucd B EEPROM — npoueny-
pa AByxcTyneHuaTas (cm. 2rasy 9). Bo Bcex e ocTalibHbIX cliiyyasx (a WX, OYEBHAHO,
abcomoTHoe 6onblinHcTBO — B EEPROM ualine Bcero XpaHsT nosib3oBaTe/lbCKUE YCTa-
HOBKH W TEKYLLYIO KOH(QUrypaLHiO NMPpH BbIKIIOYEHHWH MUTAHUS) NPUXOAUTCS NMPUHUMATD
cneuuranbHbie Mepbl. Haubonee kapanHanbHONH W yHUBEpCanbHOW W3 HUX SIBISETCS ycTa-
HOBKa BHELUHEro MOHHUTOpa NMuTaHus, yaepxusatowero MK B coctosHuu cbpoca npu
YMEHbLUIEHUH HarpspKeHHs MUTaHUS HUKE NMOoporoBod BenuudHbl. ToH ke uenu cinyxur
BCTPOEHHbIH AeTekTop naaeHus HanpsbkeHus (Brown-out Detection, BOD), umetowmiics
NpaKTH4YECKH BO Bcex mMoaensx Tiny u Mega, HO TexHUueckas JOKYMEHTALMS HE HCKIO-
4aeT MpH 3TOM AN HAAEKHOCTH AYONHPOBAHHS €ro U BHELUHUM MOHWUTOPOM MHUTaHUS.
[Toapobhee o cxeme BOD u pexxumax copoca MK cM. danee 6 smoii 2nage, a 0 nporpam-
mupoBaHud EEPROM u Mepax npenocTtopoxHOCTH NpH ee UCTOJIb30BaHHH CM. 21agy 9.

CnocoObl TaKTUPOBaAHUSA

KaHoHuueckuii crnocob TaktupoBaHus MK — noakiioueHre KBapUEBOro pesoHaTopa K
COOTBETCTBYIOLLMM BbiBOAaM (puc. 2.3, a). EMkocTb koHaeHcaTtopos Cl 1 C2 B THMOBOM
ciy4ae oJKHa cocTaBiaTh 15-22 nd (MoxkeT ObiTh yBenuueHa no 33—47 nd ¢ oaHo-
BPEMEHHbIM MOBbILIEHHEM noTpebnieHus). B GonbiunHcTee moaened Tiny 1 Mega nme-
€Tcs creuManbHbli KOH(QUrypaLMOHHbIH OUT CKPOT, KOTOpbIH MO3BOJSET perysivpoBaTh
norpebnenue. Ilpu ycraHoBke atoro O6uta B 1 (He3anporpaMMHpPOBaHHOE COCTOSIHHE)
pa3max kojebaHMH reHepaTopa yMEHbLUIAETCs, OHAKO MPH 3TOM CYXKAeTcsi BO3MOXHbIH
AMana3’oH 4acToT U obluas NoMexoyCTOHUMBOCTb, MO3TOMY 3aA€HCTBOBaTh 3TOT PEXHM
He pekomeHayeTcs. MoxeT ObITh TakKe BbIOpaH HU3KOYaCTOTHbIH KBapLIEBbIi pe3oHaTop
(Hanpumep, "yacosoit" 32 768 I'u), npu 3Tom koHaeHcaTopbl C1 1 C2 moryT oTcyTcTBO-
BaThb, T. K. IPH YCTAHOBKE CKPOT B 3HaueHue 0 MOAKIOYAOTCS HMEIOLLUMECs B COCTaBe
MK BHyTpeHHHE KOHAEHCAaTOpbl eMKOCTbIO 36 nd.

KBapuesblii pe3oHaTOp MOXKHO 3aMEHHTb KEpaMHU4eCKHMM. ABTOPY 3THX CTPOK YJaBajlioch
3anyckaTb MK Ha HecTaHAapTHBIX YacTOTax, UCMOJb3Yys BMECTO KBapLla B TOM JKe Moj-
KJFOYEHHUH MHUHHATIOPHYIO MHAYKTHBHOCTb (NpH ee 3HaueHuH 4,7 MKI'H U eMKOCTSIX KOH-
AeHcatopoB 91 nd yacrora nonyyaercs okono 10 MI'u), 4ro 3a0AHO NO3BOSET HEMHOTO
YMEHbLUUTb rabapUThbl CXEMBI.

EcrectBenno, TaktupoBate MK MoxHO U oT BHewHero reHepartopa (puc. 2.3, 6). Oco-
OeHHO 3T0 ya06HO, koraa Tpedyercs 60 cuHXpoHu3upoBaTh MK ¢ BHELUHHMH KOMTIO-
HEHTaMH, JIMOO NONy4YHTh OUEHb TOUHYIO YACTOTY TaKTHPOBaHHs, BbIOpaB COOTBETCT-
Bytouuii reieparop (Hanpumep, cepuu SG-8002 dupmbi Epson).

Hao6opoT, koraa TouHoCTb He TpeOyeTcs, MOXHO MOAKIIIOUHTL BHEWHIOW RC-Uenouky
(puc. 2.3, 6). B a1oii cxeme emkoctb Cl nomkna 6biTh He MeHee 22 nd, a pesucrop Rl
BbiGUpaeTcs u3 auanasoHa 3,3—100 kOM. Yacrora npu 3ToM onpeaensiercs no ¢opmyse
F=2/3 RC. C1 MOXHO He ycTaHaBnWBaTh BooOlue, ecin 3anucarh jor. 0 B koHdurypa-
LIMOHHYIO siYeiKy CKPOT, MOAKIIIOYMB TEM CaAMbIM BHYTPEHHHIi koHaeHcaTop 36 nd.

Hakonel, MOXXHO BOOOLLE OTKa3aTbCsl OT BHELIHMX KOMMOHEHTOB W 00OHTHCH BCTPOEH-
HbiM RC-reHepaTopoM, KOTOpblii crnocobeH paboTaTh Ha ueTbipex MpUOIM3HUTENbHBIX
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3HaueHuax vacrot (1, 2, 4 u 8 MI'n). B psane Moaeneit nperycMoTpeHa BO3MOMXHOCTb
NOACTPOMKH YaCTOTbI 3TOr0 reHeparopa (noapobHee cM. [2] UAM TEXHUYECKOE ONHCAHHE
KOHKpPETHBIX Mojesiel). 3Ty BO3MOXHOCTb Haubonee uenecooOpa3HO HCNOb30BaTh B
maaawux Moaensax Tiny, BbiNyckatoWMXCs B 8-KOHTAKTHOM KOpnyce — TOrAa BbIBOAbI,
npejHa3HaYeHHble Ui NOJKIIIOUEHHS PE30HATOpa MM BHELIHErO reHepaTopa, MOXHO
3a/1eHCTBOBATD U1 APYTHX LieneH, kak oOblYHbIE NMOPTbI BBOAA-BbIBOJA.

c1
Ve
H '_I_.}-— XTAL2 e
[ jQ1
CIZ_'_J_F-— XTAL1 R1
H a XTAL2
Cc1
He noakmioved —— XTAL2 -E-— XTAL1
CHTHAN OT BHOILHero :
- reneparopa | XTAL1 @
6

Puc. 2.3. Cnoco6bl TakTupoBaHus MK AVR ¢ ucnonb3oBaHueMm: a — KBapLUeBOro pe3oHaTopa;
6 — BHelUHero reHepaTopa; 8 — RC-ueno4ku

Cewmeiicto Classic BctpoeHHoro RC-reHepaTtopa He UMEET, a crelHaibHbIX KOHUrypa-
LIMOHHBIX sueek y 3THX MK 3HauuTenbHO MeHblle, U B 00LIEM Cllydae Ha HUX MOXHO He
obpaiuars BHMMaHus. [lnsa apyrux cemeicrs 310 He Tak. Ilo ymonuannio MK cemeiicTs
Tiny 1 Mega ycTaHOBIiEHbl B COCTOSIHHE 1 paboTbl CO BCTPOECHHBIM FEHEPaTOPOM Ha
yacrore | MI'u (ckseL = 0001), mosToMy [uis ApYTHX pEXKHMMOB HYXKHO COOTBETCTBYIO-
LWMM 00pa3oM YCTaHOBHTb KOH(HUrypaLHMOHHbIE SHEHKH CKSEL (M. Taba. 2.1). [1pu aTom
ClIelyeT Y4UTbIBATb, YTO COCTOsIHME fueek CKSEL = 0000 (3epkanbHOE MO OTHOLIEHHIO K
Haubosiee 4acTo ynoTpebnseMoMy 3HaueHHIo Ans KBapuesoro pesoHatopa 1111) nepe-
BoaMT MK B pexxuM TakTHPOBAHHWS OT BHELIHEro reHepaTopa, M NpH 3TOM €ro Henb3s
Jlaxe 3anporpamMMmupoBath 6€3 noaayu BHewIHeH 4acToTbl. O pEKOMEHAYEMbIX YCTaHOB-
KaxX KOH(HIypaLHOHHbIX s4eeK U 00 0COOEHHOCTAX HX NMPOrpaMMHPOBAHHS CM. TaKXke
2nagy 5. ~

Tabnuya 2.1. YcmaHoeka KOHGbu2ypayUuoHHbIX siHeeK CKSEL
8 3a8UCUMOCMU OM PEXUMO8 MaKmMupoeaHus

CKSEL3...0 WCTOYHMK TaKTUPOBaHUsA YacroTa
0000 BHewHsas yacroTta 0...16 My
0001 BcTpoeHHbin RC-renepatop 1My
0010 BcTpoeHHbih RC-reHepaTop 2 My
0011 BcTpoeHHbih RC-reHepaTop 4 Mly
0100 BcTpoeHHbin RC-reHepaTop 8 MINy
0101 BHewHsas RC-uenoyka <0,9MIy

2 3ak. 491
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Tabnuuya 2.1 (okoHYaHue)

CKSEL3...0 MCcTOoYHUK TaKTUPOBaHUA HaCTOTé
0110 BHewHsas RC-uenouka 0,9..3,0MINy
0111 BHewHan RC-uenovka 3,0..8,0My
1000 BHewHsas RC-uenoyka 8,0... 12 My
1001 Hun3ko4acToTHbI pe3oHaTop 32,768 klMy
101x Ksapuesblit pe3oHaTop 0,4...0,9MlNy
110x Keapuessblit pe3oHaTop 0,9...3,0MIy
111x Ksapuesbiit pe3oHaTop 3,0..80MMy
1xxx (CKPOT=0) Keapuesblit pe3oHaTop >1,0MMNy

Cb6poc

C6pocom (RESET) Ha3biBaeTcs ycTaHOBKa HauaibHOro pexuma pa6otel MK. Tpu 310M
Bce PBB ycraHaBnuBaioTcs B COCTOSHHE MO YMOJYaHHIO — Kak MpPaBWIIO, 3TO HYJIH BO
BCEX paspsajax, 3a Hebonbwum uckmoueHueM (a Botr POH moryt npuxumars npous-
BOJIbHbIC 3HAYEHHS, MOITOMY NPH HEOOXOAUMOCTH HaUMHATbL C KaKOH-TO OMpeaeeHHON
BEJIMYMHbI NEPEMEHHBIE CEAYET YCTAHABIHBATL B HaYaje NporpaMmbl MPHHYAHUTENILHO).
[Tporpamma nocne c6poca HaUMHAET BLINOMHATLCA C HAYANLHOrO aapeca (M0 YMOIUYAHHUIO
ato aapec $0000).

C6poc Bcerna NpOMCXOAUT NMPH BKJIIOYEHHH NuTaHus. Kpome aToro, ucrounnkamu copo-
ca MOryT GbiTh crieaytouine coObITHs: annapaTHbii cOpoC, T. €. NoJaya HU3KOro ypoBHS
HanpsbkeHus Ha Bxoa RESET (npasunbnee ero o6o3Hauats ¢ unsepcueii: /RESET, T. k.
aKTUBHbIA YPOBEHb TyT HU3KHMH, U Mbl OyJ1eM NPUAEPIKUBATLCS ITOrO NPaBUiIa); OKOHYa-
HHE OTCYETa yCTAHOBJIEHHOrO WHTEpBANa CTOPOXKEBOro Taimepa; cpabaTbiBaHHE CXEMbI
- BOD. 3nauenue yeTbipex miaawinx GUTOB perucTpa COCTOAHHS MCUCSR JIOJKHO CHMrHa-

JIM3HPOBATHL O TOM, OT KAKOr0 UCTOYHUKA NMPOHM3BOAWIICS cOpoc npeabiayLuii pas (ycTa-
HoBKa B | 6uta 0 — cOpoc npu BKIIIOUeHHH, OuTa | — annapatHbiii copoc, Guta 2 — oT
cxembl BOD, 6uta 3 — ot cTopoxesoro Taiimepa). Ha npakruke, no onbity asropa, no
COCTOSIHMSIM 3TOMO PErUCTPa HaAEKHO Pa3IM4aloTCsl OT BCEX OCTAJIbHBIX JIMLIbL COCTOS-
Hus cOpoca no Taiimepy (npouue ¢aard MOryT OKa3aTbCsi YCTAHOBJEHHBIMH BCE ONHO-
BpeMeHHO). Tem He meHee 3Ta MH(OpMaLMs MOXKET ObITb MONE3HOI, HaNpUMep, Npy aHa-
JIU3€ NPUYUH NEPEPLIBOB B paboTe KPyriocyTOUHO paboTalolmX ycTpoicTs (cM. 2ragy 12).

B mnaawnx MK cemeiicta Tiny (kpome ATtiny28) Her BCTpoeHHOro "noaTarusatoLie-
ro" pesucropa nHa BbiBose /RESET, nostomy ans HamexHoi paGotbl cneayer npeay-
CMOTPETb MOJAK/IIOYEHHE BHELIHErO Pe3HCTOpa BeJIMUMHOM 2—5 KOM OT 3TOro BbIBOAA K
HaNpsHKEHUIO MUTaHUA. ABTOP TakKe HACTOATEbHO PEKOMEHAYET YCTaHaB/IMBaThb Mo-
no6HbIi pe3nucTop ans mobbix Moaeneid AVR, T. K. BCTpOeHHbIH pe3nucTop umeeT 60b-
wo# HomuHan (100-500 kOm) 1 Ha HEM MOTYT HaBOJUTLCS MOMEXH, CNOCOBHbIE NPUBEC-
TH K Henpeackasyemomy cOpocy. Takke (XOTS B TEXHHUYECKHX OMUCAHWSX TaKOM peKo-
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MEHJaUUK M HE COAEPXKMTCH) HE MOMeLlaeT yctaHoBka koHaeHcatopa 0,1-0,5 mx® ot
BbiBoga /RESET Ha "3emnio" — 3To criakMBaetr HeWzOexHbii apebe3r HanpskeHHs W
HEMHOTO 3aTArHBaeT PPOHT HapacTaHus HanpsbkeHus Ha BbiBoae /RESET no cpaBHenwuio
C YBENHYEHHWEM HAMPSDKEHWSI MHTAHWSA: KOTAA HACTYMUT MOpor cpabaTblBaHUs CXEMbl
cbpoca, HanpsbkeHue nuTaHus Bcero MK yske ycranosurces.

B mopensx Tiny, Boinyckatowuxcs B 8-koHTaktHOM koprnyce (ATtiny 1 1-ATtiny15), ec-
au He Tpedyercs BHewHHid cOpoc, Bbioa /RESET MOxeT BbINONHATL PYHKUHH OObIYHO-
ro nopra BBOAa-BbiBOAA. C OJHUM TOJBLKO HIOAHCOM: NPU KOH(MUIYypHPOBAHHH 3TOrO
KOHTaKTa Ha BbIXO/ OH pabOoTaeT, Kak BbIBOJ C OTKPbITbIM KOJIJIEKTOPOM, a HE Kak 00bly-
Hblii JJOrHYeCcKHii 371eMeHT (0 KOH(UrypaLKH BbIBOAOB MOPTOB CM. 21agy 3).

Camblii npeanoYTHTENbHbIA cnocobd opraHu3aunu copoca Nnpu BKJIIOYEHWH MUTAaHUS, Kak
y>e rOBOPHJIOCh paHee, — YCTAaHOBKa BHELIHEro MOHMTOpa nutaHus. Hanpumep, npu
5-BOJILTOBOM MUTaHWK nojoiAeT nonynspHas mukpocxema MC34064 ¢ noporom cpaba-
ThiBaHUA 4,6 B 1 TunoseiM norpednenveM okono 300 MkA unu ee Gonee COBpEMEHHDIH
ananor (Hanpumep, MAX803L ¢ notpebnenuem 12 MkA). [Ins TpexBOabTOBOrO NUTaHUS
npuroaHa cxema MAX803R (2,6 B) unu nonxoasuas sepcus DS1816 ¢ coorBercTayto-
LWKM HanpskeHueMm. Bee nepeuuncieHHble MUKPOCXEMbl TPEXBbIBOAHBIE (NMUTaHKUE, "3eM-
ns", BbIBOJ yNpaBieHHs COPOCOM) U MMEIOT BbIXOJ C OTKPbITbIM KOJUIEKTOPOM, T. €. Tpe-
JlyCMaTpUBalOT YCTAHOBKY "MOATArMBaollero” pesucropa. Tunosoe Bpems cpabarbiBa-
HHUS 3TUX MUKPOCXEM TMPH CHWKEHHH HAMpPSXEHUsI — MUKPOCEKYH/Ibl, 4TO 00€ecneunBaeT
coxpaHHOCTh AaHHbIX B EEPROM. Tlpu nosbiwienrn HanpsxeHus oHH 06€CnevrBaioT
GoNbIIYIO BPEMEHHYIO 3aA€pXKKY (MOpsaka A0Jeil CeKyHbl), YTO MO3BONSET HAAEKHO
ocywectBnaTs copoc MK 6e3 npebesra.

Berpoennas cxema BOD o6ecneunsaer Bpems cpabaTbiBaHWsS NOpsAKa MHKPOCEKYHA C
3alepXkKoil Ha BO3BpaT B pabouee COCTOSHHE MOC/IE BOCCTAHOBJIEHMS HanpsKeHUs, Of-
penensiolleics TEMH K€ YCTaHOBKaMM, YTO W 3ajepxkka cOpoca (sueikW CKSELO u
SUT1..0, cM. Oanee). CnenyeTr y4ecTb, YTO THMOBas 3aaepikka nopsaka 4 +4 mc (npu
TakToBoi yactote 4 MI'u) U naxke MakcMimManbHO BO3MOXHOE €€ 3HaueHue ~68 Mc moryTt
0Ka3aTbCs HEAOCTATOUHBIMU LT 00x04a Apebesra, BO3HMKAIOLWErO NPH CHWKEHHH Ha-
NpSHKEHKs MUTAHWS aBTOHOMHOTO WCTouHHKa. Jlns BeiGopa pexxuma pabotst BOD chy-
XKaT TP KOH(PUTrypaLMOHHbIE STUEHKH BODLEVEL2. .0, HMEIOLLHE CIEAYIOLLHE COCTOSHHUS:

3 111 (ycraHoBka no ymonyaHuto) — cxema BOD BbiksitoueHa;
3 101 — exmouaer BOD npu nopore cpabarbiBanus 2,7 B;
3 100 — cooTsercTByeT nopory 4,0 B.

OTMETHM, 4TO C TOYKH 3PEHHS HAJEXKHOCTH paboTbl, YEM MEHbLLIE pa3HHLIA MEXAy Ha-
NpsOKEHHWEM MUTaHWS W MOPOroM cpabaTbiBaHWS MOHWTOPA MUTAHWA (BHELLIHErO WAHW
BCTPOeHHO# cxembl BOD, HeBaxcHO), Tem nydile — npH HEGObLIMX CKauKax NMUTaHuf,
HEUYBCTBHTENbHbIX AN MOHUTOpA, TEM HE MEHEE MOryT IMpPOUCXOJWTb BCAYECKHE He-
NPHUATHOCTHU BPOJl€ CaMONpPOU3BOJBLHOIO BO3HHKHOBEHUS BHELLHero npepsisanus. OxHa-
KO 3Ty pa3HHLY CNEAYET YUWTbIBaThb NPH MUTaHWW YCTpoiicTBa OoT OaTapeii: Hanpumep,
AN YeTbipex "MajJibYuKOBBIX" LIEOHYHBIX aKKYMYISTOPOB U MOHWTOPE MUTAHUS, PaCCUH-
TaHHOM Ha 4,7 B, octaTouHOE Hanps)eHWe Ha 3eMeHTax nociyie cpabarbiBaHis MOHUTO-
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pa cocTaBuT Moyt 1,2 B, 4TO HEIKOHOMHYHO, MOCKOJIbKY COOTBETCTBYET Hosiee 4em Tpe-
TH HEUCIMONIb30BAaHHOH €MKOCTH 3/IEMEHTOB.

JlBe KOH(}HUrypaLHOHHbIE TYEHKH SUT1..0 MO3BOMASIOT 3aJaTh 3aA€pXKKy cOpoca npu no-
naue Bbicokoro yposHs Ha BbiBog /RESET. YcTaHOBNEHHBIH ¢ X MOMOLUBIO PEXUM 3a-
BHCHT €Li€ OT COCTOSIHUS fiY€eK CKSEL. B GONbLIMHCTBE MPaKTHYECKHX Cy4aeB MOXHO
fuelku CKSELO M SUTL..0 BOOOLUE HE TpOoraTb, OCTaBUB 3HAYEHHE MO YMOJIYAHHIO
(cksELOo =1 u suTi..0 = 10), s kBapueBoro reHeparopa ¢ yactoroi | MI'u u Gonee
OHO OyJeT COOTBETCTBOBATb BapHaHTY, KOrja KBaply MpenocTaBiseTcs BpeMs Ha "pas-
roH" (okono 16 Thic. MEpHOJOB TaKTOBOH 4YacTOTbI WM mpuMepHo 4 mMc npu 4 MI'u)
natoc codcTBEHHO 3azaepxkka cOpoca, paBHas 4 mMc. [Ipy HanHuYMK BHELIHEro MOHHMTOpPa
MUTaHUA YCTAHOBKA 3THX SIUYEEK UMEET Maso 3HaueHHs (OAHAKO BENHYHMHA MEPBOHAYAb-
HOro pa3roHa TaKTOBOIO FEeHEpaTopa MOXXET UMETb 3HaYE€HHE NPH HUCMONb30BAHHH PEXH-
MOB 3HeprocOepexeHus, cM. pazoen "Pedcumbl snepeocbepesxcenus” ¢ enase 4). Tex, KTO
*XeaeT noApobHee 03HAKOMHUTLCS ¢ MHOTOYHCIEHHBIMH HHBIMH BapHAHTaMH, 5 OTChLIAIO
Kk [2] nau k hUpMeHHOH TEXHHYECKOH TOKYMEHTALHH.
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B otauuue ot "perucTpos BBoAa-BbiBoAa", B apxutekType AVR, Kak U B Apyrux apxu-
Tektypax MK, Ttepmun "noptbl BBOa-BeiBona" (1/0 ports) obo3HauaeT napannenbHbie
nopTbl Ans oOMeHa JaHHbLIMH C BHELWIHUMH ycTpoiicTBaMu. C HMX Mbl M HauHeMm pac-
CMOTpeHHe nepudepritHbIX YCTPOICTB.

MopTkl BBOAA-BbIBOAA

[TopToB BBONA-BbIBOAA B pa3HbIX Moaensix Moxer ObiTh oT | 10 7. HoMuHanbHO nopTsi
8-pa3psaHble, B HEKOTOPBIX ClTyuyasx pa3psAAHOCTb OFPaHHYEHA YMCIOM BbIBOJOB KOpIY-
ca u MOxeT ObiTb MeHbLe BocbMH. [TopTbl 0603Hayatotes 6ykBamu A, B, C, D u nanee,
npvyeM HeoOA3aTeNbHO MO MOPAAKY: B MJAaLIWX MOAENSX MOTYT HalH4ecTBOBaTb, Ha-
npumep, Tonbko noptel B u D (kak B ATtiny2313) unu BooGlue Tonbko oauH nopt B
(kak B ATtinylx).

Jna cokpalueHMs 4MClla KOHTaKTOB KOpryca B MOAABNsAOLIEM GONIBIUIMHCTBE ClyvaeB
BHELUHHE BbIBOJbl, COOTBETCTBYIOILME MOPTAM, KPOME CBOEH OCHOBHOW (pyHKUMH (ABY-
HanpaBAEHHOro BBOJA-BbiBOAA) HECYT TAKXKE U AOMONHUTENbHYIO. OTMETUM, UTO HHKa-
KOro CMELMaNbHOrO MepeKIoueHns BbIBOAOB MOPTOB He TpebyeTcs, NpocTo, €Cld Bbl,
K MpHMepy, B CBOEH nporpamme vHuLManusupyere nocnenoparenbHbiii nopt UART, 1o
COOTBETCTBYIOLLME BbIBOAbI NopTa (Hanpumep, B ATmega8335 ato BbiBoast PDO 1 PD1)
O6yayT paboraTb UMEHHO B anbTepHaTHBHOH (yHkUMM, kak BBOA W BbiBog UART. Ilpu
3TOM B MPOMEXYTKAX MEXAY TaKWM CleLHalbHbIM HCNOJb30BAHWEM BbIBOJOB OHH B
NpUHLKNE JOCTYNHbI, Kak OObluHbIE AByHanpaejeHHbie BbiBOAbl. Ha npakTuke npuxo-
JUTCS MPUMEHSATb CXEMOTEXHHUECKHE Mepbl AN u3onauud GyHkuuid apyr oT apyra, no-
3TOMY 3710yNOTPeONATh 3TOH BO3MOXHOCTBIO HE PEKOMEHAYeTCs: OCOOEHHO 3TO KPUTHU-
HO AAs BbIBOJOB TOro nopra (06bIUHO 3TO NOPT A), K KOTOPOMY NOACOEAMHEHbI BXObI
AUII. Bonee Toro: npu Hanuuuu AL He pekomeHayeTcs 3aneiCcTBOBaTL ANs BbINOJHE-
HUSA OrMueckux (yHKUMH Jpyrue BbIBOAbI TOro xke nopra (kotopbie B pabore ALIIT He
Y4acCTBYIOT), MOTOMY UTO 3TO 3HAUHTENbHO YBENHUYHBAET YPOBEHb NoMeX (noapobHee cM.
oanee 6 smoi 2nage, a Tarxe enagy 10).

BbiBoabl NOPTOB B JOCTAaTOYHOM CTENEHH aBTOHOMHbI, H WX PEXHM MOXKET YCTaHaBIH-
BaTbCA HE3aBUCHMMO Apyr oT Apyra. [To ymonuaHuio npu BKJIIOUEHHH NUTaHUA Bce O0-
NONHUTENIbHbIE YCTPOHCTBA OTKJIIOUEHbI, @ NOPThl paboTaIOT HAa BXOA, MPUUYEM HAXOAATCS
B COCTOSIHUH C BbICOKHM uMneoarcom (T. €. BLICOKHUM BXOAHBIM conpoTHBneHuem). Pabo-
Ta Ha BbIXOA TPeOyeT CrneuranbHOro ykasaHus, Ans 4ero B Mporpamme HyXHO YCTaHO-
BUTb COOTBETCTBYIOLIMI HY)KHOMY BbIBOLY OWT B perucrpe HampaBieHHUs NaHHbIX (3TOT
perucTp o6o3HauaeTcs DDRx, rae x — OykBa, 0003Haualolas KOHKPETHbIH NOPT, HanpH-
mep ans nopta A 3to Gyaer pbra). Ecnu 6uT cOpolue (1. e. paBen jior. 0), To BbIBOJ pa-
6oTaeT Ha BXOA (YCTaHOBKA MO YMONYaHHUIO), €C/IH YCTaHOBJIEH (T. €. paBeH Jor. 1) — To
Ha BbIXOA. [N yCTAHOBKM BbIXOJa B COCTOSHHE | HY>KHO OTHAENbHO YCTaHOBHTb, a Ui
ycTaHOBKH B ) — cOpOCHTb COOTBETCTBYIOLIWI GUT B perucTpe AaHHbIX nopra (0603Ha-
uaerca PORTx). HanpaBnenue paboTbl BbiBOAA (BXOA-BbIXOA, PEFMCTP DDRx) M €0 COCTOS-
Hue (0-1, PORTx) MyTaTb HE CleayeT.

PerucTp naHHbIX PORTx (paKTHUECKH €CTb NPOCTO BbIXOAHOM Oydep, Bce, UTO B HEro 3a-
MUCHIBAETCA, TYT XKE OKa3biBAaeTCs Ha Bbixoae. Ho ecnu ycTaHOBUTB BbIBOJ MOPTA HA BXOJ
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(T. e. 3anucarTb B perucTp Hanpasexus jor. 0), Kak 3To CeNaHo MO YMONYaHUIO, TO pe-
FUCTP A@HHbIX PORTx OyJeT UrpaTh HECKOJbKO HHYIO POJIb — YCTAHOBKA €ro pa3psaoB B
0 (Tak MO YMONYaHUIO) O3HAYAET, YTO BXO/ HAXOJHMTCH B TPETHEM COCTOAHHUH C BbICOKHM
COMPOTHBJIEHHEM, @ YCTAHOBKa B | MOAKIIOUMT K BbiBOAY "nmoararusatouit” (pull-up)
pe3ucTop conpotuieHrem 35-120 kOm.

Ewe pa3 ormerum, uto BcTpoeHHOro pull-up-pesucropa B GonbLUMHCTBE Ciiy4yaeB (Ha-
npUMep, €c/IH Bbl NMOAKIIOUAETE KO BXOAY BbIHOCHYIO KHOMKY C IByMS BbIBOJAaMH, KOTO-
pas KoMMYyTHpyeTcs Ha "3emno", win npu pabore Ha "0OLLytO WHHY" ¢ yAaneHHbIMU
yCTpOHCTBaMM) OKa3bIBaeTC HEAOCTATOUYHO [ HaJeXKHOH paboTbl, U JNyulle ycTaHaB-
JMBaTh JOMOJTHMTENbHbIH BHELWHUHA PE3UCTOP MapajiieNbHO 3TOMY BHYTPEHHEMY, C CO--
npotussieHHeM oT 1 10 5 kKOM (B KPUTHYHBIX U1 NOTPEONEHUA clyyasX ero BeJHYHHY
MO>HO yBennuuThb 10 20-30 kOm). O "noararusatoliux" pe3ucTopax cM. Takxke pazoen
"Ocobennocmu npakmuyeckozo ucnonvzoganus MK AVR" 2nagei 1.

[Mpouenypa 4TeHUs ypOBHS Ha BbIBOAE NOpPTA, €CJAH OH HAXOAUTCH B COCTOSHUM PaboOThbi
Ha BXOJl, HE COBCEM TpHBHAJIbHA. BO3HHKaeT HCKylLEHHE NPOYECTb AaHHbIE U3 perucTpa
JaHHbIX PORTxX, HO 3TO HMYEro He AacT — Bbl MOJIy4HTE TOJbLKO TO, YTO TaM 3alMCaHoO
BaMH K paHee. A 115 YTEHHUS TOro, YTO ACHCTBUTENLHO MMEETCH Ha BXone (Henocpen-
CTBEHHO Ha BbIBOAE MHUKPOCXEMBI), MPEAYCMOTPEHA ApYras BO3MOXKHOCTb: HY>HO obpa-
THTbCS K HEKOTOPOMY MacCHBY, KOTOpbIH 0003HavaeTcs PINx. OOpalleHHe ocyLiecTBIs-
eTcs TaK XKe, Kak U K OTAesbHbIM 6MTaM OObIYHBIX PErHCTpoB (CM. 21agy 6), HO PINx —
9TO HE PErHCTp, a MPOCTO HEKUH AMaNa30H aApecoB, YTEHHE MO KOTOPbIM NpPEeNOCTaBSET
AOCTYN K HHOOPMAUUH 13 Gy(EpHbIX 31EMEHTOB Ha BXOJIE MOPTA. 3aMMChiBaTh YTO-TO 10
ajzipecaM PINx, ECTECTBEHHO, HeMb3.

TanmepbI-CHETYUKHU

B Gonswmnctese MK AVR nBa wiM Tpu TaiiMepa-cueTuuka, OAMH W3 KOTOPbIX
16-pa3psaaHblii, a ocTaBLIMeCS OAMH WM ABa §-paspsaHbie (B cTapluux monensx Mega
obLiee YMCIO CUETYUKOB MOXKET JOCTHraTh LeCTH). Bee cueTurkn UMEIOT BO3MOXHOCTD
npeaBapuTEnbHON 3arpy3kd 3Ha4eHWid U mMoryT paborath ot TakToBOM uactoThl (CK)
npoueccopa HENOCPEeACTBEHHO, Wil nojesneHHoi Ha 8, 64, 256 wnu 1024 (B oTAe/IbHBIX
ciyvasx euwe Ha 16 u 32), a Takoke OT BHewHero curHana. B monenu ATtinylS, conep-
xailei BHyTpEeHHHI YMHOXHTENb 4acTOThbl, TakMep MOXKET paboTaTh OT 6oJiee BbICOKOIA
yacToTbl, YeM TakToBas (10 16CK).

B a3toii Monenu, a Takoke B Moaensx cemeiictea Mega, npenycMOTpeHa BO3MOXHOCTb
cOpoca comep>kUMOro cyeTyuka-npeaneuTeNs TaiMepoB Ads TOro, YTOObI CUET Bceraa
HauuHascs C 3aaaHHOro uHtepsana. [Ipeaaenutens (KOTOpbIi B GONBLIMHCTBE Clly4YaeB
ans TaiimepoB o61uit) paboTaeT HezaBUCUMO OT camux TalimMepoB. B cemeiictee Mega
A1 CHHXPOHHU3aLMHU 3anycka TaliMepoB NpeaesiuTe/ib MOXKHO OCTaHaB/MBaThb W 3amyc-
KaTb 110 KOMaHze.

B apxurektype AVR 8-paspsaaHbiM cueTuukam-Taiimepam npucBoeHsl Homepa 0 u 2, a
16-paspsanHbiM — 1, 3 u panee. Hekoropble 8-pa3psaanbie cuerunku (0ObiuHO Timer 2,
€c/ii MX 1Ba) MOryT paboTaTb B aCHHXPOHHOM PE€XHME OT OTAENbHOTO TAKTOBOrO reHe-
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paropa, npuueM NpoAOIKATh GYHKLMOHMPOBATh AAXKE B Cilyyae "CMALLEro" COCTOSAHMA
Bceii ocTasibHOM uacT MK, uTo no3BosiseT HCnosib30BaTh UX B KaUECTBE YacOB PeasbHO-
ro BpEMEHH.

Ipu paboTe cueTUHKOB-TaMEPOB, Kak OObIUHBIX CHETYMKOB BHELUHWX WMIYJbCOB (MpH-
YeM BO3MOXKHA peakLMs Kak Mo crnamy, Tak W no ¢GpoHTY UMITy/ibCa), HYacTOTa MOJACUHTbI-
Ba€MbIX MMNYJIbCOB HE [IOJKHA TMPEBbILIATh MOJIOBHHbI YaCTOTbI TAKTOBOIO reHepaTopa
MK (npuuem npu HECMMMETPHUYHOM BHELIHEM MEaHJpe WHCTPYKLMWSA PEKOMEHAYET H
elle MeHbllee 3HaueHue npeaenbHoil yactotel — 0,4 OT TakTOBOMH). OTO 00YC/IOBAEHO
TE€M, YTO MpPH CYETe BHELIHWX HUMIMYJbCOB UX (PPOHTbI OOHApY)KMBAIOTCS CHHXPOHHO
(B MOMEHTBI MOJIOXKHTENLHOTO NEpPenana TakToBoro curuana). Kpome toro, cnenyer yuu-
TbIBaTh, YTO 3a/lep>KKa OOHOBNEHHS COAEPKHUMOro CUETHHKA MOC/E MPHUXOAA BHELUHETO
MMIYJIbCa MOXET COCTABJIATh 10 2,5 neproAa TaKTOBOH 4acTOThI.

OTO [0BONBLHO CYLIECTBEHHOE OTpaHWYEHHE, MO3TOMY, HanpHUMeEp, CO3aBaTb YHHBEp-
caJibHblii YacToTomep ¢ nomouibto MK He oueHb yno6HO — ObICTpoAeiiCcTBYOILME CXE-
Mbl Jlyullleé MPOEKTHPOBaTb HAa COOTBETCTBYIOLIEH KOMOMHALMOHHOW JNOTMKE WM Ha
[TJINC (nporpaMMHUpyeMbIX JIOTHHECKHX UHTErpasibHbIX CXEMaX).

IIpn nepenonHeHUH cHETHHKA BO3HUKAET COOBITHE, KOTOPOE MOXET BbI3bIBATb COOTBET-
cTByrollee npepbiBaHue. 8-pa3panHbiii cueTunk Timer 0 B GOAbLUMHCTBE Cily4aeB 3TOM
dyHkumneit u orpannunsaerca. Cuerunk Timer 2, €cii OH HMEETCH, MOXKET TAKXKE Bbi3bl-
BaTb NpepbiBaHWE MO COBMAJEHHUIO MOACYMTAHHOIO 3HAYEHHS C HEKOTOPOil 3apaHee 3a-
JaHHOW BENWUWHOMN. 16-pa3psaaHble cueTYHkd — Oosee "npoaBHHYTas" WITyKa, U MOTYT
BbI3bIBaTb MPEpbIBAHHA MO COBMAAEHHIO C ABYMS HE3aBHCUMO 33aJaHHbIMH 4YHCIaMH
A n B. Ilpn 3TOM cyeTUHKH MOTYT OOHYJIATLCA WIIM MPOJODKATH CUET, a Ha CreLHalb-
HbIX BbIBOAAX NMPH 3TOM — FEHEPUPOBATbCS MMMYJIbChI (annaparHo, 6e3 yyacTus npo-
rpammbi).

Kpome Toro, 16-pa3psaHbie CUETUNKH HMMEIOT BO3MOXKHOCTb OCYLLECTBIATbL "3axBaT"
(capture) BHELUHUX OAMHOUHBIX MMIYJIbCOB Ha CNELHaNbHOM BbiBOAE. IIpn 3TOM MOXKeET
BbI3bIBATLCA MPEPbIBAHWE, a COAECPIKUMOE CHETUHKA Nomewlaercs B Hekuid peructp. Cam
CUYETYHK TMPH ITOM MOXKET OOHYJIATHCA U HAYUHATbL CHET 3aHOBO MJIM MPOCTO NPOJOSIKATD
cueT. Tako#l pexxum yno6eH Ans U3MEPEHHs MepHoJa BHELLHEro CHrHana Wiu Ui noj-
CUETa HEKUX HeperyssapHbiX coObITHI (BpOAe NPOXOXKAEHMA uyacTvll B cueTuuke ['efire-
pa). HemanoBakHO, YTO MCTOYHHKOM TakKWX COObITHI MOXKET ObITb TaK)Ke BCTPOCHHbIH
aHaJIoroBbIH KOMMaparop.

Bce cuerumnku-Taiimepsl gonyckator paboty B T. H. pexkumax PWM, T. e. B kauecTse 8-,
9-, 10- unu 16-6MTOBLIX LUIUPOTHO-UMMNYJIbCHBIX MoaysTopoB (LLIMM), npuuem He3aBu-
CHMMO ApYT OT ApYra, 4YTO MO3BOJIET OCYLLECTBIATh MHOrokananbHbid LLIIKM. B TexHu-
YeCKOH JOKYMEHTALMWH 3TUM PEXHMaM, B CHJIy MX CJI0O)KHOCTH, MHOTOBapHaHTHOCTH M
rPOMO3IKOCTH, MOCBSALLEHO MHOTO cTpaHuLl. [TpocTeiiinii BApHaHT HCNONIb30BaHUS 3THX
peXHMOB /11 BOCIIPOU3BEAEHHS 3ByKa Mbl KPaTKO PACCMOTPHM B 21aGe 8 B CBA3M C rojo-
coBO# cHrHanuszaunen. OTMETHM, YTO CHHTE3 3ByKa — HE €JHUHCTBEHHOE M [JaXe HeE ca-
MO€ MPHOPHUTETHOE Ha3Ha4eHHe pexkuMoB PWM, ¢ MX NOMOLUBIO Takyke MOXKHO PEryJiu-
poBaTh MOLLUHOCTb MJIH TOK (HanpuMep, NpH 3apsaaKe akKyMyJISTOpPOB), YNIpaBJsTh ABHra-
TENAMM, BbINPAMJIAT CHCHAlIbl MEPEMEHHOrO TOKA, OCYLIECTBJATh LH(poaHanorosoe
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npeobpasoBaHue. [lonpobHee 0 MporpaMMHMpPOBAaHHU CUETUYUKOB-TaHMEPOB Mbl MOrOBO-
puM B 2riase 8.

Kpome TaiimepoB-cueTunkoB, BO Bcex Oe3 MckitoueHuss AVR-koHTponnepax ectb CTo-
poxesoi (Watchdog) raiimep. OH npeaHazHaueH B OCHOBHOM ans BbiBoga MK U3 pexu-
Ma 3HeprocOepexKeHHUs 4Yepes OnpeaeaeHHbIH UHTEPBan BPEMEHH, HO MOXET CYXKHTb H
ans asapuiHoro nepesanycka MK — Hanpumep, eciii paboTta nporpamMMmbl 3aBUCUT OT
NpHUX0Ja BHELUHHUX CHTHAJIOB, TO MPH WX NOTepe (K npuMepy, U3-3a 0OpbiBa Ha JHHWH)
MK moxer "nosucHyTb", a Wathcdog-Talimep BbiBeneT ero u3 atoro cocrosHus. Iloa-
pobuee o Watchdog-raiimepe cM. enagy 14.

AHanoroBo-uucpoBoun npeodbpasosaTenb

ALII Bxoaur Bo MHOrue coBpeMeHHble Mozend MK AVR, u B ToM uucne MoxeT uc-
noJib30BaThCA U1 3aMeHbl GyHKUHI Gonee npocToro B 00pallueHun, HO MeHee GyHKUHO-
HajibHOro aHanorosoro komnapartopa. ALIIT B AVR — MHorokaHanbHbiii. O6bIYHO YHc-
JIO KaHanoB paBHO 8, HO B pa3sHbIX MOJENAX OHO MOXET BapbUPOBaTb OT 4 KaHaJIOB B
maaqwux Monensx cemeiicrea Tiny u 6 B ATmega8 no 16 kananos B ATmega2560.
MHorokaHanbHOCTb O3Ha4aeT, YTO Ha BXOAE eIuHcTBeHHOro moayns ALl ycraHoeneH
aHaJIOroBbli MYJIbTUIIEKCOP, KOTOPbIH MOXKET MOAK/IOYATb 3TOT BXOJ K Pa3/IMUHbIM Bbi-
sBoaam MK aas ocyliecTBieHHs U3MEPEHHH HECKObKMX HE3aBUCHMbIX aHaJOrOBbIX Be-
JUYMH C pa3HECEHHWEM Mo BpeMeHW. Bxoapl mynbTHriekcopa Moryt paGoraTbh mo oT-
NENbHOCTH (B HECUMMETPHUHOM PEXHME Ul U3MEPEHHS HAMNPSHKEHUs ‘OTHOCHTENLHO
"3emMau") UM (B HEKOTOPbIX MOAENAX) OOBbEAUHATLCS B Mapbl AN U3MepeHus nudde-
peHunanbHbix curHanos. Muoraa ALl nononnurensHo cHabkaercs ycuiMTeneMm Ha-
NpsKeHUs ¢ PUKCMPOBAHHBIMH 3HaUYEHHAMH K03 uureHTa yeunenus 10 u 200.

Cam ALIT npencrasnser coboi npeoOpa3oBaTenb MOCNEAOBATENbHOIO NPUOIMKEHHS C
YCTPOHCTBOM BbIOOPKH-XpaHEHHS U (PUKCHPOBAHHbIM YMCIOM TaKTOB NMpeodpasoBaHMs,
paBHbiM 13 (unu 14 ans auddepeHunanbHOro Bxoaa; nepsoe npeobpasoBaHHe nocse
BKJItOUEHHs noTpebyeT 25 TaktoB Ans vHMuManu3auuu ALIT). TakTtoBas uacrora dop-
MHpYETCS aHAaJIOTHYHO TOMY, KaK 3TO AeNaeTcs /18 TaiMEpPOB — C MOMOLLbIO CrielHalb-
HOrO MpeanenuTens TakToBo yactotel MK, KOTOpPbI MOXET MMETb KO PHUHEHTHI Jie-
nenus ot | po 128. Ho B otnuuue ot taiimepos, Bbibop TakToBO# yactotbl AL He co-
BCEM [POHW3BOJIEH, T.K. ObICTPOAEHCTBHE aHANOrOBbIX KOMMOHEHTOB OrpPaHHYEHO.
[Nostomy ko3dduuMeHT aeneHus crnepyer BbIOMpaTh TakuM, 4TOObI APH 3aJaHHOM
"kBapue" TakroBas wactora ALl yknanbiBanach B pekOMeHOOBaHHbIN auana3oH 50—
200 k' (T. €. MAKCUMYM OKOJO 15 ThbiC. U3MEPEHHIT B CeKyHIYy). YBENHUYEHHE YaCTOThI
BbIOOPKH 1OMYCTHMO, ey He TpebyeTcs AOCTHXKEHHE HauBbiCLIeH TOYHOCTH npeobpa-
30BaHMS.

3AMETKH HA Nonsix

Cnepsiwme npeoBpa3osaTtenu Takoro Tuna, kak 8 MK AVR, paBoTaioT no cneayiouiein cxe-
Mme. bepetca LIAM HyxHOW pa3psaHocTy. Ha ero undposbie Bxoabl NOAAETCA C HEKOEro pe-
rucTpa Koa no onpefeneHHoOMy npasuny, o koTopom aanee. Boixog LA coeaunHsiercs ¢
OHUM U3 BXOA0B KOMMNaparopa, Ha Apyron BxoA KOTOpOro noaaercs npeobpasyemoe Ha-
npsbkeHve. PesynbTaT CpaBHeHUs NOAAETCH Ha Cxemy yNpaBneHwWsl, KoTopasl CBsidaHa C
3TUM CaMbIM perncTpom — chopmuposarenem koaos. [ns Toro 4tobbl NONYUUTL HUKCMPO-
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BaHHYI0 ANUTENbHOCTb npeobpas3oBanus, npasuno (POpPMUPOBAHUA KOAOB cnepyoulee:
CHauana Bce paspsiabl kofa paBHbl Hynio. B nepsoM TakTe cambil cTaplumii paspsg ycra-
HasnueaeTcs B eanHuuy. Ecnu sbixog LAI npy aTOM npeBbicMN BXOAHOE HanpsXeHue,
T. €. KoMnaparop nepebpocunca B NPOTMBONONOXHOE COCTORHME, TO pa3psaj Bo3BpallaeTcs
B cocTosiHue nor. 0, B NPOTUBHOM e Cny4ae OH ocTaeTcs B cocTosHun nor. 1. B cneayio-
WEeM TakTe npoueaypy NOBTOPSIOT ANS CNeAyoWwero No CTaplunHCTBY paspsaa. Takon me-
TOA NO3BONSIET 32 YNCNO TaKTOB, PaBHOE YMCNY paspsaos, chopmMUpoBaTe B permcTpe Koa,
COOTBETCTBYIOLUMIA BXOAHOMY HAaNPsKEeHUIo. ANropuTM UMeeT CYLLECTBEHHbI HeaoCTa-
TOK — ecnu 3a BpemMs npeobpasoBaHua BXOAHOE HaNpPRXEHWe MEHAETCH, TO CXeMa MOXeT
owwnbaTtben, MOITOMY 3a4eCb 00s3aTenbHO Hanuume YCTPOWUCTBa BbIGOPKU-XpaHEHWA, KOTO-
poe AOMONHUTENLHO 3aMeansieT NPouUecC U BHOCUT CBOIO MOrPELHOCTb B KOHEYHbLIR pe-
3ynbTar.

Paspewatowas cnocobHocts ALIIT B8 MK AVR — 10 nBoWuHbIX pa3psioB, uyero ais
GONIbLIMHCTBA THUMOBLIX NpUMeHeHui aocratouno (okono 0,1% uikanel). AbcontoTHas
MOrpeLHoCTh Npeodpa3oBaHus 3aBUCHT OT psla (pakTOpoB U B MAEANbHOM Ciyyae He
npesbillaeT +2 MiaAWMX pa3psaoB, YTO COOTBETCTBYET OOLUEH TOYHOCTH HM3MEPEHHA
npumepHo 8 nBouuHbIX paspsanos (norpewHocTts 0,25% wkansl u3MepeHus). Jns 1ocTH-
AKEHHA ITOro pesynbraTta HEOOXOAUMO MPHHUMATh CrELHaNIbHbIE MEPbI: HE TONbKO "Bro-
HATB" TAaKTOBYIO YaCTOTY B PEKOMEHIOBaHHbII AHana3oH, HO U CHUXKaTb MO MaKCHMYMY
MHTEHCHBHOCTb LM(POBbIX WyMOB. s 3TOro pekoMeHayercs, Kak MUHHUMYM, He Hc-
nonb30BaTh OCTaBLUMECS BbIBOAbI TOrO e nopra, Kk koropomy noawmoued ALIL, ans
00paboTKH UM(POBBIX CUTHAJIOB, MPaBHJIbHO Pa3sBOAWTL MaThl, @ KAK MAKCUMYM — J10-
MONHHMTENBHO K TOMY €llie W BKJIloUaTh creuranbHbii pexxum ADC Noise Reduction (4o,
BNpoueM, He Bcera yao6Ho, cM. ragy 10).

Otmerum Taioke, uto ALITT Moxer paGorarb B ABYX pexumMax: OXMHOYHOIO U HEMpepbIB-
Horo npeobpaszoBaHus. BTopoii' pexxum uenecoobpaseH nuLib MpH MaKCHMalbHOH 4acTo-
Te BbIOOpOK. B ocTanbHBIX ciyuasx ero cheayer uzberaTb, T. K. OOOWTH B 3TOM ciyvae
Heo0XoAUMOCTb napaienbHol 06paboTkH UMGPOBBIX CHMTHANOB, KaK MpaBMIIO, HEBO3-
MO>XHO, @ 9TO 03HAYaeT CHXXEHHE TOUHOCTH Npeodbpa3oBaHHs.

OrmeruM Takoke, yto ALIIT B crapbix Bepcusx AVR Studio (o Heii cM. enagy 5) He cumy-
aupyetcs, noaaepxkka ALIT 6bina nobasneHa, HaunHas ¢ Bepcuu 4.13.

AHanorosblii kKOMNapaTop, BBHAY €ro nNpocTOThbl, Mbl PACCMOTPHM Cpa3y B MPaKTUYECKHX
NpUnoXeHusx B 2rase 10. 3aecb OCTAHOBMMCS Ha PYrom BakHeillem komnoneHre MK
AVR — nocnenosatenbHbix Noprax, KOTOpble Cy>KaT OCHOBHbIM KaHaJlOM KOMMYHHKa-
unu MK ¢ BHELIHUM MHPOM.

NMocnepnoBaTesibHble NMOPTbI

[TocnenosarenbHbie NOPTHI HA3bIBAIOT TakK MOTOMY, YTO B HMX B KaX/blii MOMEHT BpeMe-
HH MEPENAETCA TONLKO OIMH GMT (B HEKOTOPBIX CllydasX BO3MOXHA OJHOBPEMEHHAs Me-
peAaua v npvem, HO CyThb Jienia OT 3Toro He MeHsiercs). Camoe rjiaBHOE NpeUMyLLECTBO
nocneaoBarTe/ibHbIX MOPTOB NepeA napaienbHbIMH (KOrAa OAHOBPEMEHHO MPOW3BOAWTCS
obmMeH uenbiMu GaiitaMu unu nonyGaiitaMu — TeTpajaMu) — CHIDKEHHE YMCIa COEAH-
HeHuH. Ho OHO He elMHCTBEHHOE: KaK HW NapanaoKcalbHO, HO MOC/EAOBaTENbHbIE MH-
Tepdeichl AaloT 3HauUMTENbHYIO (opy MapayienbHbIM Ha BBICOKHX CKOPOCTSX, KOTAa Ha
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CKOPOCTb Mepefavyd Ha4yuHAKOT BIMATHL 3a4CPXKKH B JIMHHAX. [locneaHue HEBO3MOXKHO
cenatb CTPOro OAWHAaKOBbIMM, W 3TO OAHA W3 NMPHUYWH TOTO, YTO MOCENOBATE/NbHbIE HH-
Tepdeiichl B HacTosLlee BpeMsi HAUMHAIOT JOMHHHPOBaTh (TUNHYHble npuMepbl — USB
smecto LPT n SCSI unu Serial ATA smecro IDE).

B MHKpOKOHTpOIEpHBIX YCTPOHCTBAX € MalibIMH OOBbEMaMH AaHHbIX, KOHEYHO, CKO-
pOCTb NepeAayy Hac BOJIHYET BO BTOPYIO OYepeab, HO BOT YHCIO COEAMHHUTENbHbIX Mpo-
BOJIOB — OY€Hb KPHUTH4YHbIH (akTop. [To3TOMy BCe BHElIHHME yCTpOHCTBA, OMMCaHHbIE
B 3TOi kHUre, OyayT MMeTh nociefoBaTenbHble HHTEpGEHCDI.

[MpakTHueckn n0OOI nocnenoBatTenbHblH MOPT MOXKHO UMUTHPOBATHL MPOrPaMMHO, HC-
nonb3ys obbiuHble BbiBoabl MK. Koraa-to Tak u noctynanu paxe B ciydae camoro ro-
nyasproro u3 Takux noproB — UART. Oanako ¢ tex nop MK o63aBenuch annapatHbi-
MH MocAeN0BaTeNbHBIMH NOPTAMH, YTO, BIIPOYEM, He BCceraa yaoOHo: Tak, no riybokoMy
y6esxeHHIo aBTopa, annapaTHas peannsauns nopra TWI (I)C) B AVR naneka ot uaeana,
H LenecooOpa3Hee nosb30BaThCs NporpaMMHbIM UMUTaTopoM. Ho nasaiite 060 Bcem no
NOPSAKY. '

UART

CHayana YTOYHMM COOTBETCTBYIOLLHE TepMHHbl. B komnbiorepax ectb COM-nopr
(aecnu n Her, TO ero Bcerga MOXKHO 3MyJnpoBaTb yepe3 USB, kak Mbl yBUAUM B 2ia-
e 13), yacto ownbo4HO HazbiBaeMblii moprom RS-232. INpasunbHo ckazath Tak: COM-
NOpT nepeaeT AaHHble, OCHOBbIBASACH HA CTaHAAapTe nocnenoBaTenbHOro HHtepdetica
RS-232. IMocnenHuii, kpoMe cOOCTBEHHO MPOTOKOJIA Nepeaayn, CTaHAAPTU3NPYET TaKKe
M DJIEKTPHYECKHE MapaMeTpbl, H Aaxke BceM 3Hakomble pazbembl DB-9 u DB-25. UART
(Universal Asynchronous Receiver-Transmitter, "yHuBepcanbHblli aCHHXPOHHbIH npue-
MonepeaaTynk') — OCHOBHas uacTb Ntoboro yctpoicTsa, noanepkusatoutero RS-232,
HO W He TOJIbKO ero (HeaapoM OH "yHUBepcasibHbIH'") — Hanpumep, ctaHaapTbl RS-485 u
RS-422 rtaioke peanuzosbiBatorcs uepes UART, 1. k. oHn otinuatotes ot RS-232 tonbko
3/IEKTPUYECKUMH NapameTpamMu H AOMYCTUMbIMHU CKOPOCTAIMH, a He o0Luei JIOrMKoi no-
CTPOEHHSI.

Kpome UART, B koHkpetHbiii nopt (B8 ToM uuciie B COM-nopt [1K) o6biuHO BXOAMUT
cxema npeoOpa3oBaHH1s JOrHYECKUX YPOBHEH B YPOBHH COOTBETCTBYIOLLErO CTaHAapTa.
[Tpeo6pa3zosarens ypoBHs B coctaB MK, ecTecTBeHHO, He BXOAMT, TaK YTO 1 CTbIKOBKH
C KOMMBIOTEPOM HIM APYFMM YCTPOHCTBOM, MNOANEPKMBAIOWIMM cTaHaapT RS-232
(RS-485 nnu RS-422), ero npuaercs pa3pabaTbiBaTh CaMOCTOATENLHO HIIH UCTOJb30BATh
roroBblid. OTMeTHUM, 4To RS-232 npeanonaraer BO3MOXHOCTb COEAUHEHHS TONBKO ABYX
YCTpOHCTB Mexay coboii, B To BpeMs Kak k uHuamM RS-485 u RS-422 mosxer noacoean-
HATbCA U OoMbLIEE HX YMCNO. DTH BOMPOCHI Mbl pACCMOTPHUM B 2i1ase 13.

PaccmoTpum noapoGHee, kak, coOCTBEHHO, mpoucxoauT obmeH. CraHaapt RS-232 —
OIMH M3 CaMblX APEBHHX MPOTOKOJOB NEpeAayH JaHHbIX MEXAY YCTpOHCTBaMH, OH Obli
yTBepxkaeH eue B 1962 r., n k komnbiotepam (tem Oonee [1K) Torna euwe He umen Huka-
Koro oTHoweHus. Maes artoro unTtepdeiica 3akiouaercs B nepenaye uenoro Gaira no
OJIHOMY MpOBOAY B BHAE MOCNEAO0BATE/IbHBIX WMMYJIbCOB, KaX/blii U3 KOTOPbIX MOXET
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HaxoauTbest B coctosiiuu 0 unu 1. Eciiu B onpeneeHHble MOMEHTbI BPEMEHU CUUTBIBATDH
COCTOSAHHUE JIHHWUH, TO MOXKHO BOCCTAHOBUTb TO, YTO ObLJ10 NOCaHo.

OpnHako 3Ta npocTas Uaes HaTbIKAETCS Ha onpele/ieHHbIe TPYAHOCTH. [Ins npuemMHuKa U
nepeaaTyuka, CB3aHHbIX Mexay coboif AByms npoBoaaMu (Ba CUrHAJIBHLIX MPOBOAA:
"ryna" — TxD, u "obpatHo" — RxD), npuxoauTcs 3anaBaThk CKOPOCTb Mepeaayd M
npuema, KoTopas IOJKHa ObITb OJMHAKOBa AJsl YCTPOWCTB Ha 0OOMX KOHLAX JIMHHUH.
Yuco nepenaBaembix/npuHUMaemMbix OUTOB B CEKYHAY MHOTAa HOCHT Ha3BaHHE OUTpei-
Ta (bitrate). B naHHOM cnyuae GUTHI B CeKyHAY COBMaaaroT ¢ 604aMH — YKUCIIOM MOChI-
JIOK B ceKkyHay (B obuieM cityyae oauH 601 MOXKET HECTH HELKOJIbKO OUTOB B CEKYHAY),
MO3TOMY HEPEAKO CKOPOCTh Nepeaayuu HasbiBaloT 6oapeiitom (baudrate).

MMPUMEYAHUNE

B o603HaueHunsax nHTepdeincoB (ABYXNPOBOAHLIN, TPEXNPOBOAHBINA U T. M.) NPUHATO CYUTATL
TONbKO CUrHanbHble NuHMKW. Ho He cnepyeT 3abbiBaTbh, YTO B GOnbLIMHCTBE Cnyyaes, no
KpawHen Mepe, WWHbI 3a3eMNEHNA YCTPOWCTB Takke AOMKHbI COEAUHATLCS, NO3ToMy chop-
ManbHO ABYXNPOBOAHLIM UHTepdeinc RS-232 npegnonaraer kak MUHUMYM TPU COEAWNHW-
TenbHbIX NPoBOAa, TpexnpoBoaHblit SPl — yeTbipe 1 T. 4. BMecTe ¢ TeM ecTb n "HacTos-
wme" ABYXNPoBOAHbIE UHTEPdENChl — K HUM OTHOCUTCSI, ckaxeM, RS-485 (c HekoTOpbiMK
HIOAHCaMW), MOAEMHAs NMUHUS U KoakcnanbHbi Ethernet.

OnHako yCTaHOBJIEHWS HY>KHOM CKOPOCTH nepenay elue HexoctatouHo. [Ipobnema co-
CTOMT B TOM, YTO NPHUEMHHUK U NEpeaaTUUK — 3TO (PU3NUECKH COBEPLIEHHO pa3Hble CHC-
TEMbI, U CKOPOCTH 3TH U1 HUX HE MOTYT ObITb CTPOTrO OJMHAKOBbIMH B MpHHLMINE (M3-32
pa3bpoca napamMeTpoB TAKTOBBIX FEHEPATOPOB), H AAKE €CIIH MX KAKMM-TO 0OPa3OM CHH-
XPOHHW3WPOBAaTh B Hayase, TO OHH B J1I0OO0M ciyyae 6bicTpo "pazbenyres'.

Yrobbl u36exaTb . 3TOro, B RS-232 nepenaua kaxaoro Gaiita conpoBojaaeTcsi Hayallb-
HbIM (CTapTOBbIM) GUTOM, KOTOPbIH CIYXHT M cMHXpoHu3auuu. [locne Hero uayT BoO-
ceMb (WJIM OEBATb — €C/IM 3a[jaHa NMPOBEpKa Ha YETHOCTb, a TAKXKE B HEKOTOPBIX APYrHX
ciyy4asx) MHGOPMAUHUOHHBIX OWTOB, a 3aTeM CTOMOBbIE OMTHI, KOTOPbIX MOXET ObITh
OJMH, ABa U Aaxe Gonee (B OONBLIMHCTBE ClTyYaeB 3TO He UMEET NPUHUKHMHAILHOTO 3Ha-
YEHHsl, NOTOMY YTO B Nay3ax MEXAY MMMYJIbCAMU JIMHWS HAaXOAWTCA OObLIYHO B COCTOS-
HUH HENpepbIBHOTO CTONOBOroO OWTa).

OO6uias nuarpamMma nepenayv Takux MoOCJiEAOBaTENbHOCTEH NokasaHa Ha pwc. 3.1. lua-
rpaMMa npuseaeHa B ypoBHsaX RS-232, koTopble MHBEPTHPOBAaHbI OTHOCHTENBHO YpPOB-
Heit UART. B nocnenHem neicTByer o6bluHas NOA0KHUTENbHAS JIOTMKA C JIOFHYECKMMH
ypoBuamu 0-5 B (wiu 0-3 B, B 3aBUCUMOCTH OT nuTaHus), a B RS-232 — orpuuarens-
Hasl, PUTOM C Pa3HOMOMSPHBIMU YPOBHAMHU CUrHaNa (MOAPOOHOCTH CM. B 2nage 13).

. XUTpOCTb 3aKJIKOYAETCS B TOM, YTO COCTOSIHHMS JIMHWM NPH Nepeaaye CTapToBOro M CTo-

noBoro OGMTOB MMEIOT pa3Hbie YPOBHM: CTapTOBbHA OWUT nepenaercs MOJ0OXKHUTENbHbIM
YPOBHEM HanpseHus (JIOTMYECKUM HYJIEM), @ CTOTMOBbIA — OTPHLIATE/ILHBIM YPOBHEM
(noruveckod eaMHUuUEei), notoMy GpOHT cTapToBOro GuMTa BCeraa OLHO3HAYHO Pacro-
3HaeTcs.

B mMomeHT nepeaauu craproBoro 6MrTa M NpoMcXoauT cuHxpoHusaums. [Ipuemonepenar-
ynkn UART o06bluHO TakTHpytoTcs 16-KpaTHOH 4acTOTOH MO OTHOLUEHWIO K YCTaHOB-
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NIeHHOM CKOopocTH obmeHa. [IpMeMHMK OTCUMTHIBAET OT ()POHTA CTapTOBOro OWTa He-
CKOJIbKO TaKkTOB (4TOObI MOMacTb B CEpeAMHY CTapToBOro 6uTa), M TPU TakTa MOAPAAR
NpoBEpsieT COCTOSIHHE JIMHUK (OHO OJKHO ObITb JIorHyeckum Hynem). Eciu Bce Tpu co-
CTOSIHWS COBMaJIM, TO NPUHHUMAETCS pELUIEHHE, YTO AEHCTBMTENbHO MpHLLIEN CTapTOBbIH
6ut. Toraa Bocemb (WMJIM AEBATH, €CJIM 3TO 3aaHO 3apaHee) pa3 NOAPsA C 3aJaHHBIM ne-
PHOIOM PErHCTPUPYETCS COCTOSHHE JIMHUM (3TO T. H. MPOLEAYPa BOCCMAHOBNEHUS OaH-
nuix). Jannbie B UART Bcerna nepepatotcs mnaowumu 6umamu enepeo. Ilocne storo
JIHHUS NEPEXOANT B COCTOSIHUE CTOMOBOro GUTa U MOXKET B HEM MpedblBaTb CKOJb Yroa-
HO J0JIFO, NOKA HE NPUAET CEAYIOLHH CTapTOBbIH OUT.

10010110 |

11111111

00000000

-
~

V
8 ONT flaHHLIX

cTaprosblit 6ut
cTonoBLIK Our
cronosbin 6Gur
cTaproBbii 6GuT

Puc. 3.1. luarpamma nepeaauu aaHHbIX
no nocneposatensHOMy uHTepdency RS-232 B chopmare 8n2

OGbluHblf (hopMaT faHHBIX, MO KOTOPOMY paboTaeT JibBHHAs IO BCEX YCTPOHCTB, 060-
3Havyaetcs 8nl, 4To uutaerca Tak: 8 MHpOpMauUHOHHBIX 6UTOB, no parity, | cTONOBbIH
6uT. "No parity" o3HayaeT, YTO NnpoBepka Ha YETHOCTb HE NPOU3BOAUTCA (CM. 2nagy 13).
Ha nuarpamme puc. 3.1 nokasaHa nepeaaya HEKOEro MPOU3BOJILHOIO KoJa, a Takke Oaii-
TOB, COCTOSILUMX M3 BCEX €OUHHLL M U3 Bcex Hysel B dopmare 8n2 (T. e. c AByMs cTomno-
BbIMH OWUTaMH 7151 HarJIAAHOCTH).

MuHuManbHOE YKCIo CTONOBbIX OUTOB 3aAaeTcs, HanpUMep, Jis TOro, YToObl MPUEMHHK
"3Han", kakoi HaMMEeHbLIMH HHTEPBAJI BPEMEHH EMY HY>KHO OXKHMJAThb ClielylIolIero crap-
TOBOro 6uTa (Kak MHHUMYM, 3TO MOXET ObITh, €CTECTBEHHO, OIMH MEPHO YacTOTbl 00-
MeHa, T. €.-OIWH CTONOBbIH OMT). ECiin No HcTeyeHHH 3TOro BpeMeHH CTapToBbii OHUT He
NpHAET, NMPHEMHUK MOXET PErHCTPHpPOBaTb Tak Ha3biBaeMblii timeout, T. €. "nmepepsbiB”,
NO-pyCCKH, M MOCYHUTATh 3TO 3a KOHEL nepenauu 610ka naHHbiX. Ecnu Mbl He npumensiem
nonoGHble NPOTOKOJIbI C BPEMEHHBIM paszaesieHHeM 00koB (a aBTOp, Mo KpaiiHeit Mepe
JUISL CBA3K C KOMIbIOTEPOM, HX HE MCMOJIb3YET HUKOraa U3-3a HEONpeAeJeHHOCTH 3aaa-

HHS BpeMEHHbIX HHTepBasioB B Windows), HaM B NpHHLUNE BCE PaBHO, CKOJILKO CTOMO-
BbIX OMTOB Oyner.
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M3 onucanHoro anroputma paboTbl MOHATHO, YTO MOrPELIHOCTb HECOBMAACHHS CKOPO-
cTeit obmMeHa nomkHa ObITh Takoi, YTOObI (GPOHTHI He "pazbedkanuch” 3a BpeMs nepeaa-
uyn/nprema Bcex AecATH-ABEHaALATH OUTOB OGonee ueM Ha MoNNepHoaa, T. €. B MPUHLUIME
(akTHuecKas pa3HHLIa 4acTOT TaKTOBbIX UMIYJbCOB MOXeT focturatbh 4-5%. Ha npak-
THUKE MX CTapaloTcs cAefaTb Kak MOXHO GiMxke K CTaHAApPTHbIM BENMYHHAM: PEKOMEH-
Ayemoe OTkioHeHue cocTtasnseT He bonee 0,5%. CyuiecTByloT cneuHanbHble "KBapLbl"
s pOpMHpPOBaHHMS YAcTOT, KPaTHbIX CTAHAAPTHbIM cKopocTaM nepeaaun RS-232 (ua-
npumep, 1,8432 MI'u, 4,608 MI'u u ap.), koTOpbi€ MO3BONAIOT CHOPMHPOBATH CKOPOCTH
nepenauu ¢ HyneBoi ownbkoii. OnHako oHH He Bcerna yAoOHbI Ha MpaKTHKE.

Kpome ocHOBHBIX JIHHUMIT Ha npuem U nepeaady, B craiaaprax RS-232 (u npouux Toro
Ke ceMelCcTBa) GUrypHUpYyIOT TaKXKe W Ipyrye JMHUM, O YeM NoApoOHee Mbl MOrOBOPHM B
anase 13. OtMmeruM, uto BhiBoabl MK, koTtopsie 3aaeiictBoBanbl nog UART, He peko-
MEHYyeTCsl Harpy»aTb eule KakiMH-JIM00 pyHKUMAMH, eclii B MporpamMMe npeanoJara-
eTcs paboTa C MOpPTOM.

B AVR cewmeiictBa Tiny (kpome monenu 2313, koTopast Bce ke, €Cliv MO3BOJIMTENIbHO Tak
BbipasuTbed, "He cocem” Tiny) UART oTcyTtcTByeT, a B G0osbLUMHCTBE Moaenei cemeii-
ctBa Mega 3ToT nopt 3ameHeH Gonee ¢yHkuroHanbHbiM USART ("cHHXpoHHO-
aCUMHXPOHHbIM"), B HEKOTOpPbIX Moaensx HX Aaxe Heckonbko. USART nonHocTbio co-
BmecTuM ¢ UART (kpome HauMMeHOBaHWii HEKOTOPBIX PErHCTPOB), W OTJIMYAETCH OT
UART TeMm, uTO, BO-NEpBbIX, MOKET CaMOCTOATENbHO 00pabaTbiBaTh AeBATHOHUTOBbIE
MOCBUIKH C KOHTPOJIEM YETHOCTH (He Tpebys nMporpaMMHOI peanu3auy 3TOro KOHTpPO-
J151), BO-BTOPbIX, MOXET UMeTb AnuHY ciioBa oT 5 a0 9 6ut (UART Tonbko 8 unu 9). Ca-
MO€ K€ rJlaBHOE ero OTiaHuYMe (M3-3a KOTOPOro OH M MOJY4YHJT CBOE Ha3BaHHE) B TOM, YTO
OH NOAAEP)KHBAET CHHXPOHHbII PEKUM, NPH KOTOPOM MO CNeUHaNbHONH A0NOAHUTENBHOH
suuny XCK nepenatores TaktoBble umnynbebl (B pesynbrate USART noutu nepecraer
oTaMYaThes OT paccMmarpHuBaemoro aanee SPI, kpome Toro, uro nocneanuii moxer pabo-
TaTb 3HauuTeNnbHO ObicTpee). Ewe oaHa ocobenHocTs USART — BO3MOXKHOCTb paboThl
B PEKMME MYNbTHIPOLIECCOPHOro obmMeHa. bonee nogpo6GHO BO3MOXKHOCTH 3TOrO MopTa
Mbl pacCMOTpPHM B 2iage 13.

UART ynoben ans obmeHa Ha CpPaBHMTENIbHO OOJblUME paccTOAHMA. BOAbLIMHCTBO
BHELIHUX YCTPOMCTB, YCTAHABIIMBAEMbIX Ha MJaTe WM B COCTaBE anmnaparypsbl (Namsrhb,
natuukH, BHewHue ALIT), nMetoT uHbie HHTepdekchl ans obmeHa maHHbiMH. MX Mbl
ceifuac ¥ pacCMOTPHM.

UuTtepdeinc SPI

Hnes nepenaun nHdopmauru noGUTHO ¢ onpeaeneHHbIMH HHTEPBANaMH BPEMEHH JIEKHT
B OCHOBE BCEX MOCJE10BaTENbHbIX HHTEPGhENHCOB, OHM Pa3NHyalOTCA TOJILKO crnocobamu
cuixpoHusauuu. B unrepdeiice SPI (Serial Peripheral Interface, nocnemoBarenbHblii ne-
pudepHniiHbli HHTEpdEc) CHHXPOHH3UPYIOLIHE WMIYJIbCbl NEPefaloT Mo OTAENBHOM,
CMELMaJIbHO BbIAEIIEHHOH IMHUK. DTO obneryaer 3agayy CHHXpOHH3auuH (He Tpebyercs
CreuMallbHO 3aJaBaTh CKOPOCTH oOMeHa), HO TpebyeT OOoJbLIero uuciaa CHIHAJIbHbIX
NPOBOAOB — HE MeHee Tpex (CM. NMpHMeuaHHe B Npeibiayliem pasaene). B noaasnsio-
weM OONBIIMHCTBE Clly4aeB HEOOXOAMM eule OAMH — YETBEPTbIH — MPOBOA, KOTOPbIi
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NPUCYTCTBYET BCErza NnpH NojkiItoueHuu Hosiee yeM ABYX MUKPOCXEM K OJHOMY MHTep-
¢eiicy, HO uHOra TpebyeTcs U NPH OAMHOUYHOM MOAKIIIOYEHHH.

CHauana paccMoTpuM (yHkuUMH 3TOro yerseproro nposoaa. OueBWAHO, YTO MPHU NOA-
KJtoueHHHU Gosee YeM ABYX YCTPOWCTB K OXHOH JIMHMHM UM HYXKHO Kak-TO "pa3bupatbes”
Mexcy coOOH, HHaYe MOXKET MOJY4YUTbLCS HEBECTb YTO, KOrAa ABa WM Gosee ycTpoiicTea
"3aXx0TAT" BAPYr OZHOBPEMEHHO YTO-TO nepenarb. [IpUTOM HEMOHATHO, KOMY WMEHHO
sta uHbopMaLus npeaHazHayaercs. JTa npobaema peluaercs nNo-pa3HoMy: B caMom 06-
eM cllydae KaxaoMy yCTpOHCTBY NMpHCBauBaeTCs MHAWBUAYyalbHbIH anpec — Tak pabo-
Taet untepdeiic I°C (cM. daniee), aHANOrMUHO MOXKHO YCTPOHTL MHOFOKaHAIbHBIN 0OMeH
no UART (touHee, USART). B npyrux ciayqasx aaipec MOXET 3aMEHATbCS CreLHaibHbIM
BbigoAoM "BbiOOp kpucTamna" (chip select, /CS — obo3Hayaercs ¢ MHBepCHeEi, NoToMy
4TO BbLIOOP MPAKTHYECKH BO BCEX CilydasX MPOM3BOAMTCS NP MoJayYe HU3KOro ypOBHS),
Hepeako 3TH oba cnocoba aapecallMyd MOTyT MPHUCYTCTBOBaTb oaHOBpeMeHHo. Takum 06-
pa3oMm, Mbl MOJly4aeM BO3MOXKHOCTb pa3o0paTbCs, K KAKOMY UMEHHO yCTPOICTBY B JlaH-
HbIH MOMEHT npou3BoauTcs obpaiueHne. Heckonbko Takux BbIBOAOB MOryT obecneuuTb
ynpaB/ieHHE HECKOJbKUMU YCTPOMCTBaMH, MOACOEAHMHEHHbIMU K wwWHe SPI, npu sTom
ocTtanbHble 1MHUM SPI ob6beanHstoTcs.

Ha BbiBoa /CS moryT ObiTh "HaBeleHbl" U AONONHUTENbHbIE GYHKLHMK (Hanpumep, nepe-
BOJA MHKpOCXeMbl B "crisiuee" cocTosiiue ¢ MukponorpebieHuem). [otomy naxe koraa
coeliMHEeHbl BCEro J1Ba YCTpoicTBa, TMHHUA /CS 00bl4HO BCe paBHO TpeOyeT cneuranbHOro
ynpaeieHus.

Pazbepem ¢pyHkunmonupoBanue stoit aniun B MK AVR noapo6hee. Ytobbl uckntouutsb
KOH(JHUKTbI NPH MOMNbITKE OAHOBPEMEHHOH Mepefauy AaHHbIX, B KOKAbIi MOMEHT Bpe-
MEHH OJIHO M3 YCTPOHCTB BbiNosiHAeT GpyHKUMHU Beayiero (Master), a Bce ocTanbHble —
segomoro (Slave, yto o3Hauaer "cnyra"). OTmeruMm, uto B obLiem ciaydae ponu "Beny-
WHi" — "Beaombl" B npouecce paboTbl MOrYT MEHSTLCS, HO BeAYLUMH Ha JIMHHU B
KaXblii MOMEHT BpEMEHH MOXET ObITb TONbKO OAMH. YeTBepTbili MpoBOA B annapaTHOM
nurepdeiice SPI asnsercs aHanorom "BbiOopa kpucramna" u Hocut HassaHue SS (Slave
Select — BbIGOp' Benomoro). Obo3Hauaercs OH Takke ¢ WHBepcHueii (/SS), T. k. BeIOOp
OCYLLECTBASETCS MOAaYeii HU3KOrO YPOBHS Ha 3TOT BbIBO,.

EcrecTBeHHO, 4TO B GONIBIIMHCTBE Cly4aeB BEAYLIMM YCTPOHCTBOM BBICTYNMAaeT KOHTPOI-
aep. Jins BeayLuero BbiBOA /SS He UMeeT 3HaUY€HUS U MOXKET KOH(PHUIypHUpPOBaTLCS Kak
BbIXOZ OOBIYHOrO MOPTA, C OAHUM TOJNbLKO HIOAHCOM: NnpH pabote ¢ annapatHbimM SPI cne-
JYeT YuecTb, YTO €ciH BbIBOA /SS CKOHPHUrypHpoBaH kak BXoA (N0 yMOJN4aHHUIO), TO Ha
Hero JoJbKeH ObITb NOAAH BbICOKUI YPOBEHb HAMPSHKEHWS, MPH MOAAYe HU3KOrO YPOBHS
monyab SPl aBTOMaTHYECKH MEPEKIOYHTCS B PEXHUM BELOMOro, JaXke ecid 3TO Mpo-
M30MIeT BO BpeMs nepefaud JaHHbiX. Takum oOpasom, ansi TOro 4ytoGbl 3TOT BLIBOA He
metuan pabote, ero cneayer Mbo CkoHGUrypUpoBaTh Ha BbIXOA (TOrAa ero MOXHO MNpH-
MEHSATb Kak OObIYHbIH BbIBOA NOPTa — B TOM YMUC/e, Harnpumep, U 1Uis YNpaBieHUs JH-
Hueit /CS Benomoro), 100 0CTaBUTb CKOH(GHUIYPUPOBAHHBLIM Ha BXOJ C MOJAKIIOUYEHHEM
"noxararusatoilero” pesurcropa (T. €. ¢ 3anucbio 3HaueHus | B 3toT paspsan). B nocnen-
HeM cityvae uis HopmanbHoW paboTbl SPI HUKakHe cUrHabl Ha Hero NoAaBaTh Heslb3s.

HasBaHus octanbHbIX AHHWI SPI 3HakOMBbI KaXXaOMYy, KTO YxKe MUMes OMbIT Moc/jeAoBa-
TenbHOro nporpammupoBaius AVR — 310 uHdopmaunoHHsie auunn MISO (Master In
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Slave Out), MOSI (Master Out Slave In) ¥ n1MHHUA A0S MOJAYH TAKTOBLIX MUMMYJIbCOB
SCK. Kak npaBuio, TakTOBble MMITYJIbCbl MOJAOTCA BeAyLUUM (KaK BapHaHT — BHELL-
HHUM MCTOYHHUKOM), B pexxume Beaomoro BbiBog SCK paboraer Toabko Ha BXOA.
B otnnune ot cummerpuuHoro UART, rae BoiBog TxD moxkeT Tosnbko nepenasaTbh naH-
Hble, 8 RxD — TonbKko NpUHKUMATh (O3TOMY Y pa3HbIX YCTPOHCTB UX CleayeT COEAHHATD
nepexkpectHo), B uHrepdetice SPI onHonmenubie BoiBoabl MISO u MOSI coeaunstores
Mexay coboi, a HanpaBieHWe nepenayu 3anaeTcs BbIOOPOM pexxkuma "Benylinii — Be-

~n

AOMbIH .

3AMETKHU HA Nonsix

3ameTum, 4TOo Kak u Izc‘(cm. Oanee g amol anase), HasBaHne SP| aBnseTCs 3aperncTpupo-
BaHHOW TOProBoi Mapkow (B AaHHOM cnyyae dupmbl Motorola). MoTtomy Bbi moxeTe BCTpe-
TUTb B TEXHUYECKMX ONUCAHUSAX Pa3Hble Ha3BaHWA U CaMOro 3TOro nHTepdenca (4To ewe He
Tak CTPaLHO), 1, rNaBHoe, ero BbiBOAOB. Yalle BCEro MOXHO BCTPETWUTb obluiee HassaHue
Three-Wire Serial Interface — "tpexnposogHoi nocnegoBaTtenbHbil MHTEPdENC" (XOTSH, Kak
Mbl rOBOpWNKM, Ha camoM paene TpebyeTcs yeTbipe nposoAa, BKNoyas "3emnio”, U aaxe
nATb, ecnu y4uTbiBaTh "BbibOp kpuctanna"). CnoxHee npuBecTU BapuaHTbl HA3BaHUA Bbl-
BOAOB, NOTOMY YTO OHU CUMBbHO 3aBUCAT OT HA3HAYEHUS YCTPOWUCTBA, U MOTYT pa3nuyaTbCs
B KaXaoM oTaensbHOM cnydae. Tak, Hanpumep, B AL cdupmel Analog Devices Bbisoa SCK
HocuT HaseaHue SCLK, MISO HasbiBaetcs DOUT (notomy uto AL Bcerga — segomebint), a
MOSI, cootBetctBeHHo, DIN. Opyrne o603Ha4yeHns BaM BCTPETATCA B criydyae, Hanpumep,
3HEproHe3aBMCUMOI NamaTu Npou3sBoAcTBa Tou xe Atmel (cm. 2nasy 11), rae MOSI| 6yaet
npocto Sl, a MISO — npocto SO. HassaHue BbiBoAa /SS xapaKkTepHO nuLb A4NA annapar-
Horo SPl 8 MK AVR. B apyrux ycTpoicTsax vaile Bcero umeetcs obbivHbIA BxoA "BbiGOp
kpuctanna" /CS, a uHorga COBMECTHO C HUM W Jpyrue ynpasnsiowine BbIBOAbI: Hanpumep,
B namaTtn AT25 ecTb ewe BbIBOA 3aaepkku obmeHa /HOLD, npaktuyeckun Bo BCeX MUKpOCXe-
Max 3HeproHe3aBnCMMOW NaMATU ecTb BbiBOA 3anpeTa 3anucu MWR. B AL moxeT BCTpe-
TUTbCA BbIBOA "rOTOBHOCTM AaHHbIX" (OH MOXeT Ha3blBaTbCsi, Hanpumep, DRDY). Mo atum
npyv4MHaM NonHbin npotokon obmeHa no SPl y pasnuuHbIx YCTPOMNCTB MOXET CUNbHO pas-
nnM4aTbCA, XOTA B €10 OCHOBE BCErAa NexXuT nocneaosaTtesbHbI NOBUTHBIN CABUT B KXKAOM
TakTe 4acToTbl, 3aaasaemoit "mactepom” Ha sbiBoge SCK. CywlecTByoT Takke pasnuyaio-
wpecsa no kombuHaumm nornyecknx yposHen pexumbl (mode) 0, 1, 2 n 3 (cm. enasy 11), a
Tawke SPI ¢ 66nbLuMM KONUYECTBOM NUHWIA AAHHBIX (MX Mbl paccMaTpuBaTh 34eck He byaem).

Cxema obmeHa naHHbIMHM Mo SPI Mexay naByms KOHTpoijiepaMu MNokasaHa Ha puc. 3.2.
VYcTpoeH 3ToT 06MeH AOBOJIBHO XHTPO — KakK BHIHO M3 PUCYHKA, ABa 8-pa3paaHbIX pe-
rucTpa (MCTOYHHMKA W NpHEMHHKA) 00pa3ytoT eAHHbIH PErncTp CABHIra, COEAUHEHHbIH B
kosbuo AuHuaMu MISO n MOSI. C Hayanom nepeaaun "3aBoauTCA" reHepaTop CHHXPO-
MUMIyYNbCOB (B 0OLIEM ciyyae OH, KOHEYHO, He 0043aTesbHO BXOAMT B Beyliee YCTPOi-
CTBO, MOXET ObITb W BHELIHMM), M3 Beaywero no aMHuM MOSI HauuHaloT "BbITaNKH-
BaThCA" OWUTHI, ONHOBPEMEHHO BBITECHSAS U3 BeAOMOro 6uThl o auHuu MISO. Yepes Bo-
CEMb TaKTOB PErHCTpbl MOJHOCTbIO OOMeHHBaOTCH WH(OpMauueid Mexay cobol. Ecan
nocJie 3TOr0 reHepaTop NpojosbkaeT padborars, TO UHGOpMaLUs Tak U OyneT "KpyTHTb-
ca" B 9TOM konbLe. YToObl ee 0OHOBUTb, HY)KHO MOC/E KOKAOr0 LKA OOMEHA CUMTbI-
BaTb NPUHATBIA GalT M 3anucbiBaTh HOBBIH (NMpH HeoOXoaUMMOCTH 00e onepaury B 060HX
ycrpoiicTeax). TakuM o6pa3om 3anuch (B BeAOMblii) W uTeHHe (U3 BeAOMOro) akruue-
CKH NPEACTaBAAIOT cOOOH OAHY OnepaLMio: eciii HY>KHO TOJIbKO 3aM1cbiBaTh (Hanpumep,
nociatb KOA KOMaH[bl), TO MPHUHATas BEJUYMHA MOMPOCTY MrHOpUpyetcs; HaobopoT,
€CJIM HYXKHO TOJIbKO YMTaTb, TO IS 3TOrO nocbiiaercs OGalT ¢ NpOM3BOJIbHBIM 3Haue-
HHEM.



naea 3. 3HakomMcmeo ¢ nepughepulHbiMu ycmpolcmeamu 49

Cr. pa3psag MaSter Mn. paspsan Cr. pa3psag Slave Mn. pa3psa
8-pa3pagHbii CABUTOBbLIK MISO Miso 8-paspaaHbLIih CABUIOBLIN
perucrp perncTp
MOSI MOSI
SCK 88
Fexepatop SCK
_CHNXpOMMNYNILCOB ynp. 58

Puc. 3.2. Cxema nepeaauun AaHHbix no nHtepceicy SPI

Jins curHanuzauun o6 OkOH4YaHMM uMKAa caura B annapatHoM SPI MK AVR npeny-
CMOTPEHO OTAe/IbHOE MpepbIBAHHE W YCTaHOBKA cneunanbHoro duara spir. bydepusa-
uMs Mo nepeaave oAuHapHas (T. €. Hesb3s 3anmucaTth ClieytoLLnii 6aiT, Noka NONHOCTbIO
He MepeAan NpelblAyLnii), a MPH YTEHUW ABOiHAs (T. €. NPHHATHIH GaliT MoXHO npo-
yecTb BO Bpems oOmeHa). [Ipu 3ToM HeobxoaWMoO cneauTb, YTOObI NPUHATAs MOCbUIKA
Oblna cyuTaHa M3 peructpa AaHHbix SPI, mpexae 4yem 3aBepLIMTCS LMK CABHUra HOBOH
nocbl1kK. B npoTHBHOM cilyyae nepBblii 6aiiT OyaeT noTepsiH.

Hukaknx CTapToBbiX W CTOMOBBIX 6MTOB B SPI He nmpeaycmarpusaetcs, u ecnu obmeH
HernpepbIBHbIH, TO BbIAEAUTL Hauyano GaiiTa, 4ToObl CHHXPOHHU3HPOBATh YTEHHE/3aMMUCh,
HeBO3MOXKHO. T103TOMy OOBIYHO Ha BpEMs YTEHWS F€HEepaTop NMPHOCTAHABIHBAIOT U 3a-
OJHO MOJAIOT CUrHajl BbICOKOro YpoBHs Ha /CS (ecnn 3TOT BbIBOJ MCMONb3yeTCs BOOO-
uie), 4roObl OCTAHOBHTb BEAOMbIHi M MPHUBECTH ero B UCXoaHoe cocrosHue. [lo mayse
B nepeaave (Bo BpeMs KOTOpOi ypoBeHb Ha JinHuu SCK Moxxer npuHuMaTh BbiOpaHHOE
B 32aBUCHMOCTH OT PEXHWMa 3HaY€HWE) B MPHUHLMIE MOXHO yCTaHaBIMBaTb CHHXPOHM3a-
LMIO Hayana ouyepeaHoro 6aiTa UM Kaapa, eciaun 3to Heobxoaumo. [pyroii cnoco6 Bbl-
JeNUTb Hayano MH(OPMALMOHHON MoCIen0BaTEIbHOCTH NPUBOAUTCS B 21ase 11 npume-
HHTENBHO K 0OMEHY C KapTaMH NaMsTH.

3HaueHus ckopocth obmeHa no SPI-uHTepdeiicy He cranaapTM3oBaHbl H MOTYT AOCTH-
ratb y HEKOTOpbIX MHKpocxeM AecsTkoB MOut/c (tak, B namaru cepuu AT45DBxxxD
TaKTOBasg 4acToTa MOXeT ObITh 10 66 MI'w). AnnapatHelii SPI MK AVR npeanonaraer
MaKCHMaJlbHYIO 4acTOTy TAKTUPOBaHHUs paBHOH 1/4 oT wacToThl TakTOBOro curHana MK.
OtMmetuM, uto SPI-unmepgheiic nocnedosamenvHozo npozpammuposaiusi, WMeoLIHACs
Bo Bcex Mozaensx MK AVR, — we mo oice camoe, umo nonvzosamenvckuii SPI ons obme-
na ungopmayueii (06paTuTe BHUMaHHWe, YTO Ha CXeMe puC. 2.1 OHW pasMelleHbl B pas-
HbIX MecTax), 1 B o0LIeM clly4ae Y HUX MOryT Jaxke He coBnajath BbiBoAbl. Kpome Toro,
He Bce moaest MK AVR umetoT noaHodyHkuHoHanbHbIH annapatHblii SP1, naxe ecnu B
HHUX MMEeTCs BO3MOXHOCTb [10C/IEI0BATEIbHOIO NMPOrpaMMHUpPOBAHHS MO 3TOMY WHTEp-
¢eiicy. B mnagwnx monensx cemeiicrBa Classic u B npeacraButensx cemeiictBa Tiny
¢ obbemom mamsaTh 1 kb6aiit SPI BoeGlue orcyrcrByer, a B Apyrux monensx (Bpoae
ATtiny2313) moxer ObiTb peanu3oBaH Oosiee mpocToii BapuaHT noa HassaHuem USI
(cM. Oanee). CyluecTByIOT, pa3ymeercs, H nporpaMMHble MeToabl umMutauuu SPI (B vacT-
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HocTH, OHW onucanbl B Application Notes AVR320). Bonee noapo6Ho 06 obpatuenun
¢ SPI cm. eragy 11. '

Wutepdenc TWI (I°C)

A66pesunarypoii TWI (Two-Wire Interface, nByxnpoBoaHo# HHTepdeiic) KoMnaHUs
Atmel Ha3Bana CBOIO peanu3alMIO MOCHEI0BATENbHOM WHHBI JaHHbIX I°C, paspabotaH-
Hyto ¢upmoii Philips eule B Hauane 1980-x, B Hapexze, BUAMMO, M30€XaTh NaTEHTHbIX
pa3bopok. He 3Hato, HACKOJIbKO 3TO MOJYYHIOCh, HO ¢ | OKTAOps 2006 r. IMLEH3HOHHbIE
OTYMC/IEHHS 3a UCMOJIb30BaHWe npoTokoa I?°C Bce paBHO OTMeHeHbl (OCTalHCh TObKO
OTYMCJIEHHS 3a BblAENEHHE IKCKITIO3UBHOrO aapeca Ha wuHe 1°C, HO HeNnoCpeACTBEHHO K
MK 310 He oTHOCHUTCS, TaM afpec BblAeseTCss NPOrpaMMHCTOM), TaK YTO MOXKHO Ha3bl-
BaThb BELLH CBOUMHU HMEHAMHU.

Hutepoeiic I°C, kak u UART, TpeOyeT AByXNpPOBOJHOrO COeAHHEeHHs, HO ¢ obs3aTesb-
HbIM 00BbeIMHEHHEM "3eMelb", T. K. CUTHa/Ibl B HEM abCoIOTHbIE, a He A1dbhepeHLHrab-
Hble, OTCUMTBIBAIOTCS OTHOCUTEIbHO "3eMsiM" © cooTBeTcTBYIOT YypoBHsim KMOII-
noruku. Kak u B SPI, B untepoeiice I°C ycrpoiictea Moryt paboTats B pexume "Befy-
wmit" (Master) unu "Benombiii” (Slave). B otanume ot GoabLIMHCTBA APYruX HHTEpdeii-
COB, BEJJOMble yCTpOiCTBa C HHTepdeiicoMm I’C (namsTh, 4yachl peaibHOro BpEMEHH, pas3-
JIMYHbIE JAaTYMKH) JOKHBI HMETb HHAMBHAYaNIbHbIH afpec, NpUCBauBaeMbiH NPOM3BOIH-
Tesiem. JI1s pasninueHus OAMHAKOBbIX YCTPOHCTB, eC/ii UX Oonee ABYyX Ha OAHOMW JIMHUM,
B HEKOTOpbIX THMAaX YCTPOMCTB HMEIOTCSt AOMOJHUTENbHbIE aJpecHble JTMHWUM, BbIBOAbI

JU1 yCTAaHOBKHM MHAMBHYaJlbHOTO afapeca WilM BXo/lbl THNa "BbiGOp KpucTanaa".

I°C, kak u SPI, Kak NpaBuJIO, CyXHT /s CBA3H MeXJy COGOM MHKPOCXEM Ha OJHOM
njate WK B npeaenax oAHoOro ycrpoicraa. OfHaKO 3TO 3HaUMTENIbHO Gosiee MeAIeHHbIH
vHTepdeiic (TunoBoe 3HaueHHe ckopocTH obmMeHa — 100 kOUT/C), U NOTOMY NpUMEHseT-
ca TaMm, riae He TpebyeTcs CKOPOCTHOH nepefauu JaHHbIX. B npuHLMNE ¢ MOMOLLbIO 3TO-
ro uHTepdeiica MOXKHO COEAMHATb M yJaleHHble YCTPOWCTBA, eClii He Hy)kKHa BbICOKas
nomexosatuuieHHocTb. MHTEpecHo, uTo cylecTBylOT ycTpoHCcTBa (Hanpumep, JaT4MKH
temnepatypbl pupmbl Dallas Semiconductor, B HacTosiliee Bpems sBistoLIedcs noapas-
aenenvem ¢upmbl Maxim), koTopble cnocobHbl pabotats 6e3 NUTaHus, NOMyyas ero ot
CHTHaJIbHBIX JIHHUI HHTepdeiica I°C (noao6Ho TOMY, KaK 3To Aefaercs B ""camogebHOM"
npeoGpasosateiie yposus RS-232/UART, cm. puc. 13.2). Bonee noapo6Ho o pabore
¢ untepdeiicom I°C pacckasbiBaercs B 2nage 12.

YHuBepcarbHbin nocnenoBaTenbHbIN
uHTepdenc USI

Brnok USI (Universal Serial Interface), kotopbiM cHabxeHbl HekoTopble Mozenu Tiny,
npeacrasiser coboi no cytu "roabiii" caBUroBbiid perucTp (USIDR) C perucTpoM ynpas-
NeHuns (USICR) M craTyca (USISR) 6e3 kakux-1ubo 6ydepos naHHbix. C USI cBs3aHo an-
naparHoe npepoiBadue. B cocraB USI BxoauT 4-61ToBbIH CUETUMK TaKTOBLIX UMIY/bCOB,
ynpasstoluiicss ot perucrpa USISR. USI MOXHO Mcnonb30BaTh M B KauecTBe TPeXnpo-

soaHoro SPI, u B kauectBe aByxnposoaHoro TWI, u nng umutaumu UART, u ewe ans
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psAa npHMeHeHUuH (HanpuMmep, TakTOBbiH cueT4uK coBMecTHO ¢ TimerQ) moxer oOpaso-
BbIBaTh 12-pa3panHblit TaliMep; ¢ nomouibio USI MOXXKHO OpraHM30BaTh JOMOSHUTENLHOE
BHELLIHEE MNpepbiBaHHE W T. M.). YNpaBiseTcs CABUI B perucTpe USIDR Jaubo "BpyuHyro"
(nonb3oBaTesbCKoOM nMporpammoii), 6o ot npepbiBaHus nepenonHeHus Timer0, 1u6o ot
BHELLIHEro UCTOYHHKa (4TO nonyckaer ¢pyHKUHOHHpoBaHKe ycTpoticTa ¢ USI B kauecTBe
segomoro). C USI cBs3aHbl TpY BHELLIHUX BbIBOAa — BXOA M Bbixod AaHHbIX (DI, DO) u
BBOA-BbIBOA TakToBbIX UMNyabcoB (USCK).

K uucny HepoctatkoB USI oTHOCHUTCS TO, YTO OH MPUCYTCTBYET JiMLib B HEOONLLIOM
yucne mopesed, NMoToMy MporpaMMbl C €ro HCMOJb30BAHHEM IUIOXO MEPEHOCATCS.
B GoabuintcTee cnyyaeB pyHkuud USI MOXKHO 3aMEHHUTb NpOrpaMMHOI UMUTaLKE, YTO
HE MPHUBA3bIBAET NPOrpaMMHCTa K KOHKpeTHbIM MonesisiM AVR.
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AC€Hb HEPEAKO NMPOrpaMMHUCT BbIHYXXIACH npu6eraT|> K 9TOMY CI'IOCOGy, U NMpUMEPDbI TAKOro
noaxona Mbl €€ HEOAHOKPATHO BCTPETUM.

B kauectBe anbTepHaTHBbI TakoMy "pyuHOMY" crocoOy oTclieXXHBaHUs cOObITHI 1 OblIH
npuaymatbl npepbiBanus (interrupts). "Pyunoi" cnoco6 BO MHOIMX OTHOLLEHHSX Heya0-
OeH: BO-nepBbIX, COObITHS MOryT TpeboBaTh 6e30TnaraTe/ibHOro BHUIMaHus, a nporpamma
ObIBaeT Mpu 3TOM 3aHATa "cBOMMHU nenamu". Bo-BTOpbIX, MPH TaKOM MOAXOME HEKOE CO-
ObITHE HETPYAHO MOMPOCTY MOTEPATH: BO Bpems oOpabOTKM OuepeaHOro M3 HUX Mpo-
rpaMma BbIXOAWT W3 LIMKJA OTCAEXKHWBaHKHS U 10 BO3BpaTa B HEr0 MOXET MPOWTH 10CTa-
TOYHO MHOrO BPEMEHH, KOrla YCJIOBHUS U1 HACTYIMJIEHHS CIEAYIOLIEro coObITHS Y>Ke UC-
uesHyT. Ecnv npu 3TOM nepBoe no nopsaKy OTCIAEXKMBAHMA COObITUE MPOUCXOAMT
JOCTaTOYHO 4acTo U TpebyeT MHOro BpeMeHH Ha oO6paboTKy, TO HE HUCKIIOYeHa CHUTya-
LMsl, KOrla KO BCEM OCTa/lbHbIM NpOrpaMma NMonpocTy He ycreeT nepeiTH, uim 6yaer ux
OTCexHuBaTh BbIOOPOUHO (MHOrMM nonb3oBatensm Windows 3HakoMa Takas cHTyaLus,
KOraa Hekas Nporpamma, BbIMOJHAS FPOMO3AKHE MPOLEAYpbl Bpoae 3anucH OOMbLIMX
MacCHBOB Ha )KECTKHH AMCK, MpocTo "BeluaeT" Bce OCTallbHble MPOrpamMMbl, HE ycnesas
Ja)ke OTCNEXKHUBATb MEPEMELEHHE MbILLK).

Hcnonb3oBanue annapaTHblX npepbiBaHUi Mo3posiser u3bexkaTb MOAOOHBIX CUTyauuid
(unm, no kpaiiHed mepe, CrilaAWTb MOCNEACTBHMS B clyuyae, koraa Harpyska Ha MK npe-
BbILLIAET €ro Bo3MOoykHOCTH). [1o cyTu annapaTHbie nNpepbiBaHHs OpPraHMU3yIOTCS TaK XKe,
Kak 4 "pyuHoe" obHapyKeHHe B LiMK/Ie: MpH BOBHUKHOBEHWM YCIIOBHUH [UI MpepbiBaHUsA
aBTOMAaTHYECKH YCTAHABJIMBAIOTCS HEeKHe OWTbI-(hnarv, CUrHaIM3UPYIOLIKME O HacTyIie-
HUM onpeneneHHoro cobbiTus. Ho eciin B mepBoM ciyuae OTCIeXHBaHHE 3HAUYEHUH 3THX
(naroB 1 pearupoBaHue Ha coObITHE BO3NaraeTcsi Ha NPOrpaMMHCTa, TO NMPH BO3HUKHO-
BEHWH annapaTHOro npepbiBaH1s nepexoa k ero o0paboTke OCyLUeCTBISETCS aBTOMATH-
YeCKH — MPOrpaMMHUCTY OCTAETCs JIMLLIb HaMMUcaTh NPaBUIIbHYIO MpoLeaypy oOpaboTkH.
B psae ciyuaeB ocHOBHas nmporpamma MOXET COCTOSITb TOJIbKO M3 €MHCTBEHHOMH Mpo-
Leaypbl OECKOHEYHOro MyCTOro UMKia: cykle: rimp cykle. Bee ocTanbHoe (B ToM uucie
HavajbHas MHULMaNTU3auMs no copocy) OyneT ocyLecTBAATLCS Yepe3 NpepbiBaHUs.

Jns Haanexawero ynpaeieHus 3THM npoiueccoM aaru npepeiBaHuii 00pasytoT uepap-
xuto. Bo rnase 3Toii CTpyKTYypbl CTOMT GUT I peructpa ¢Gpnaros SREG, KOTOpbIH pa3pelua-
€T (eC/in YCTaHOBJIEH B JIOTMYECKYIO €IMHHLLY) WIIM 3anpeiuaet (€Ciu YCTaHOBJEH B JIO-
rMyeckuii HOJb) annapartHblie npepbiBaHus BooOwe. Kak npaBuno, HenocpeacTBEHHO ¢
3TUM OUTOM (Kak M BOOGLIE C PErMCTPOM SREG) MPOrpaMMHCTY ‘€0 MOXHO HE MMETb:
Ans obuiero paspeuieHus (3anpelleHns) npepbiBaHHii NpeaycMOTPEHbl CheLHalbHble
KOMaHAbl sei (pa3pewnTb) U cli (3aNpPeTHTh), YCTaHABIIMBAIOLUWE 3TOT OUT B HYXHOE CO-
crosHue. OTMETUM, YTO nO yMoryanuio bum 1 pezucmpa (hrazo8 SREG cOpouieH, T.e.
npepbiBanus npu 3amycke MK 3anpetuenbt. Jlns Toro 4to6bl MX pa3peLinTb, HEOOXOAUMO
B MpOLEAYpe HaualbHOM WHULUMANK3aLWK, BbinonHsoweics no copocy MK, pazmectutsb
KOMaHJAy sei.

Kpome obiuero dnara npepbiBaHuid, 11 KaXKAOr0 KOHKPETHOTO NpepbiBaHUS MMeeTcs
CBOH paspeluaollmii/3anpeiuatoinii OuT, pacnoyioxkeHHbIH B COOTBETCTBYIOLLEM PErucT-
pe (Hanpumep, 418 TaiiMEpPOB 3TO PErHCTPbl TIMSK WM ETIMSK, /I8 BHELWIHHUX MpepbiBa-
HUH — GIMSK, B NOCJIEAHHUX MOAENAX NONYUMBLUHMI Ha3BaHWE GIGR, U T. 1.). [1pu ucnonb-
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30BaHWM NpepbIBaHUH 3TH OMTHI HEOOXOAUMO YCTaHaBIMBAaThb B COCTOSIHME JIOTMYECKOH
€MHHLIbI, B MPOTHBHOM CJTyyae aBTOMATHYECKOrO BbI30Ba NPEPbIBaHHUii He NPOM30iaeT.

O61uas cxema 00paboTKH annapaTHbIX npepbiBaHui cinenytowas. [Ipy BO3HMKHOBEHHH
aoboro npepbiBaHus nar I peructpa SREG annapatHo cOpacbiBaeTcs, TeEM CambIM 3a-
npeuias o6paboTky apyrux npepbiBaHuii. [Ipy HOpManbHOM TeueHUH COOBITHIA OH aBTO-
MaTH4eCKM YCTaHaBJIMBAaeTCA ONATb, korjaa o6paboTka npepblBaHUs 3akaHuuBaeTcst (Mo
KomaHze reti). OTMETHM, YTO NpHU HEOOXOAMMOCTH 3TOT (hiar MOXHO "BpyuHyIO" ycTa-
HOBHTb B MoAnporpamme-o6paborunke (HanpsaMyto WM KOMaHAOH sei), pa3pellus Biio-
*eHHble npepbiBanus. [locae c6poca ¢ara I KOHTPOSUIEP ONpeaenseT, 3anpoc Ha o6pa-
60TKy Kakoro UMEHHO NpepbIBaHUs NPOU3OLLEN, — 3TO AenaeTcs no $haary KOHKPETHOro
npepbiBaHUs, KOTOPbIH Takxke aBTOMAaTHYECKH YCTaHaBJIMBAeTC NMPH BO3ZHUKHOBEHHH
npepbiBaHus (HanpuMep, Mg TaiMepoB 3TH ¢lard HaxosATCs B PEerucTpe TIFR WM
ETIFR, A5 BHELIHWUX MNpepbiBaHUH — B perucTpe GIFR WJIM EIFR U T. Nn.). OTMeTHM,
YTO 3T PErucTpbl Mpu WHUUManu3auud MK pekomeHayeTCs OvWLIaTh, YTO Aenaercs
3aMMChIO EAMHULL

1di temp, $FF
out GIFR,temp ;cOpocuTh ¢naru BHEUWHMX NpepsBaHMA
out TIFR,temp ;cOpocuTb Qraru NpepelBaHMII TaMEpoB

[locne onpeneneHus TUNa MpepbiBAHUA KOHTPOJJIEP aBTOMATHUECKU BbIUMCISAET aJpec
COOTBETCTBYIOLIEr0 BEKTOpa NpepbiBaHHs (BEKTOPbI OObIYHO pacnosiiararoTcs Mo Havasb-
HbIM ajpecaM MamaTH nMporpamm, cM. 2rasy 2). Ha atom mecre mosmkHa pacnonaraTtbes
KOMaHJa rijmp (4718 KOHTPOJUIEPOB ¢ naMAThio 16 kOalT N Gonee — komaHa jmp), KOTO-
pasi colep>KHT aapec (BEKTOp) npoueaypbl-o6paboTumka.

INepen Tem kak nepedTv no sekropy npepbiBanus, MK cOpacbiBaer ¢aar npepbiBaHus 1
aBTOMAaTHYECKH COXpaHseT COAEPKUMOE CHETHUHKA KOMaH[ B cTeke. OTMeTHM, YTO anna-
paTHbIi CTEK MMEETCH JIMLLb B HEKOTOPbIX MJaAWMX MoAensx Tiny, BO BCe€X OCTanbHbIX
MoJeAX AJs YCMELHOro BbI30Ba MpepbiBaHUH B MpOLEaYpy HWHULHANIN3ALUK KOHTPOJI-
Jepa Heo6X0AMMO BKJIIOYATL Cliefytolre CTPOKH (0ObIYHO MX CTaBAT cpasy Mocje MeT-
KH, HA KOTOPYIO OCYLUECTBISAETCS NEPEXO M0 BEKTOpY cOpoca RESET):

1di temp, low (RAMEND) ;s3arpyska ykasaTess CTeKa
out SPL, temp
1di . temp,high(RAMEND) ;sarpyska ykasarTesis CTeka
out SPH, temp

; OIpyTHe yCTaHOBKU
sel ;paszpellaeM MpepsBaHUS

s Tex moaenei, y koropbix 00beM SRAM He npessiaeT 256 6aiitos (Moaenb 2313 Bo
BCEX €€ MHKapHauusX, kak Tiny, Tak u Classic, ATtiny26 v ap.), 3anuch cokpalaercs:

1di temp, RAMEND ;3arpys3ka ykasaTesysi CTeka
out SPL, temp

; OpyTHe yCTaHOBKU
seil ;paspemaeM npepbsBaHUs
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JIinsa moneneii, umerouux annaparHblii ctek (ATtiny 1x, ATtiny28), aTu cTpoku BKJIOYATD
B NPOrpaMMy He HYXKHO, HO JUIl HHMX CJIedyeT Y4WTbIBaTb OrpaHWuYEHHE: T. K. anmnapar-
Hblii CTEK MMEET TpPH YPOBHS, TO BbI30B Ooslee YeM TpeX BJOXKEHHbIX MOAMPOrpamMm
(B TOM umcne npepbiBaHKii) monpocty "oOpywuT" nporpaMMy, KOTopas yXKe HE CMOXET
"BCMOMHHUTb", KyJla HY>KHO BEPHYTbCS B KOHEUHOM MTOTE.

3akaHuMBaTbCs Mpouenypa-o6paboTUMK AOMKHA KOMAHAOH BBIXOAA W3 MpPEpbIBaHHA
reti. [0 3TOM KOMaHae BOCCTaHABJIMBAETCA COAEPHKHMOE CYETYHKA KOMAH M YCTaHaB-
nuBaeTcs onaTh oOwwKii pnar pazpetieHus npepbiBaHuii. Ecnu Bo Bpems 06paboTku npe-
pblBaHHUA MPOU3OLLIH €LIE KAKHE-TO MpepbiBaHUsA, TO WX (ard okaxyTcs YCTaHOBJIEH-
HbIMH, W Opouesypbl X 00paboTKM HAuHYT BBIMOJHATHCA HE3aMELIMTENbHO (TOYHEE,
nocJie BbITOMHEHHs! OAHON KOMaHAbl OCHOBHOH MPOrpaMMel, cM, Oajee), B TOM MOPsAKE,
B KAKOM OHHU pacroJjiokeHbl B Tabnuue BeKTOpoB npepbiBaHuii. [1pu Takoii cucreme "no-
TepATb" MpepbiBaHHE MOXKHO TOJIbKO npu Gonblioii 3arpy3ke MK, koraa cobbiTus che-
AYIOT Hallle, 4eM ycreBatoT oOpabaTbiBaThCs.

OtmeTuM, uTO MHOraa o6paboTka NpepblBaHUH MOXKET MELLATh BbIMOJHEHHUIO KaKHUX-TO
AJIMHHBIX MPOLEAYP, KOTOPbIE HENb3S MPEPbIBaTh (HANPUMEP, HE JOMYCKAETCS BO3HHMK-
HOBEHHE MpepbiBaHMs BO Bpems 3anucd B EEPROM). B atom cnyuae npepbiBanus Bce-
raja MO>KHO BPEMEHHO 3alpeTHTb KOMaHAOH cli (OTMETHUM, YTO MpPH BbI30BE TaKUX JIH-
TeNbHbIX MPOLERAYP U3HYTPH 0OpaboTurka npepbiBaHHs npobiema CHUMAETCs, €CIH, KO-
HEYHO, He pa3pelleHbl BIOXXEHHble npepbiBaHUs). Kpome Toro, B noboii nporpamme
MOYTH BCEraa UMeloTCs riobanbHble "paboune” nepemMeHHble (B HalLMX MporpaMMax Ta-
KYIO nepeMeHHyto Mbl OyaeM 0003HauaTh, Kak temp), HCMOJIb30BAHHE KOTOPbIX CIEAYET
OTCJI&KHBAThb, T. K. OHM MOryT ObITb "HCMOpYEHbI", eclnu MeXAY onepauusiMu ¢ 3TUMH
nepeMeHHbIMH "BIJIMHMTCA" MpepbiBaHKeE, B KOTOPOM OHM Taioke 3afeHcTBOBaHbI. B 3TOM
Cllyyae MOXHO BPEMEHHO COXPaHATb COAEPKHUMOE NIEPEMEHHON B CTEKE KOMaHAO0M push U
3aT€M BOCCTaHaBJMBAaTb KOMaHAOM pop (3aMeTbTe, YTO /1 MoAeneH ¢ annapaTHbIM CTe-
KOM KOMaH/ibl push W pop He paboTatoT, cM. 21agy 6).

He cnenyer Taioke 3a0biBaTh, YTO colepXKUMOE peructpa ¢aroB SREG MpH nepexoae K
06paboTke npepbiBaHUs HE COXpaHseTCs. SREG, kpoMme ¢iara paspelueHus rnpepbiBaHUi,
COAEPXHUT Apyrue ¢aru, 3afieiicTBOBaHHbIE, HarpUMep, B apudMETHUECKHX OMepaLusx,
KOMaHAax cpaBHeHus u Ap. [1oaTomy ecnu npepbiBaHue "BKIMHUTCA", HaNpUMep, MEXAY
KOMaH/OW CpaBHEHHsl U KOMAHOM Mepexoaa B 3aBUCHMOCTH OT €ro pesyJibTara, TO MpH
Hanu4uuu B 06paboTurKe KOMaHA, MOAM(UUMPYIOLIHUX SREG, BbIMOJIHEHWE 3TOM nocieno-
BaTEILHOCTH KOMaH/ MOYKET OKa3aThCs HEKOPPEKTHbIM. IIpH OMAacHOCTH Takoro pasBH-
THS COOBITHH PErHCTP SREG TaKXKe CJIElyeT COXPaHSIThb B CTEKE.

ITpu BbI3OBE NpepbiBaHKHS COXpPaHEHHE CUETUMKA KOMaHA B cTeke (Kak M BO3BpaT €ro co-
CTOSiHUA MO OKOHYaHUM 0OpaboTku) TpeOyeT ueTbipe TakTa. Elie nBa Takta 3aHumaer
nepexoA no KOMaHAe rimp (WM TpW AJI1 KOMaHAbl jmp) K npouenype-odpadborumnky. le-
pexoa Bceraa OCYLIECTBISETCS MO OKOHYAaHMM BBIMOJHEHUS TeKyLleW KoMaHAabl (faxe
€CJIM OHa 3aHMMAET HECKOJIbKO TaKTOB), a NPH BbIXOJE M3 MPEepbIBAHUS BCErja BbIMOJHS-
eTcs, Mo KpaiiHeil Mepe, OlHa KOMaH[la OCHOBHOW MpPOrpamMMbl, MPeXae YeM KOHTpOJUIep
neperaeT K BbITIOJIHEHHIO CJIEYIOLLEro NMpepbiBaHus.
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Pa3zHoBuaHOCTU NpepbiBaHUN

Bcero B pasnuunbix Mogensx AVR cywecrByer ot 6—8 (mnaawme Tiny) 10 HECKOJIBKHX .
necaTkoB rnpepbiBanuii (Hanpumep, B ATmega2560 ux 57). Kak u B I1K, npepbiBaHus B
MHKPOKOHTpoJiiepax ObiBatoT ABYX BUa0B. Ho ecnu B 1K npepbiBanus aenarcs Ha anna-
paTHble (HanpuMmep, OT TalimMepa WM KJIaBHaTypbl) U nporpamMmubie (akTHuecku He
npepbiBaHus, a NOANporpaMmsl, 3anucakiHbie B BIOS, — ¢ pacnpocrpanennem Windows
3TO MOHATHE MOYTH HUCUE3NIO U3 MPOrpaMMHUCTCKON npakTukH), To B MK, ecrecTBeHHO,
BCE MpepbIBaHUs anmnaparHble, a AeNATCS OHH Ha BHYTPEHHHE U BHELLHHE.

BHyTpeHHWe npepbiBaHHs MOTYT BO3HMKATb OT J1l0OOro yCTpoHcTBa, KOTOpPOE SBJASETCS
JOTOJIHUTENBHBIM MO OTHOLLEHHUIO K Py CUCTEMbI: TaHMEPOB, aHAIOrOBOro KOMMaparo-
pa, nocjeaoBaTelIbHOroO NOpTa M T. M. BHyTpeHHee npepbiBaHue — 3TO coObITHE, KOTO-
poe BO3HMKAET B CHCTEME W MPEpbIBAET BbIMOJHEHWE OCHOBHOW nporpammbl. BHyTpeH-
HUX npepbiBaHuii B AVR 10BOJIBHO MHOrO M B COBOKYMHOCTH OHHM CJYXKaT JUis B3aMMO-
NeHWCTBUS YCTPOICTB C AAPOM CHCTEMbl, M Mbl €lle K 3TOMYy Bonpocy Oynem
HEOJJHOKpaTHO BO3BpPaLLaThCs MPH PaCCMOTPEHHUH KOHKPETHBIX YCTPOHCTB.

Bueiunux npepoiBanuii y 6onbwnacTea MK AVR nBa wnu tpu (a Botr B ATmegal28 u
noaoOHbIX — LenblX BoceMb). EcTecTBEHHO, OHWM MOryT BO3HMKATb HE3aBMCUMO APYr OT
apyra. YHukanbHblii cnyuyail npeacraeaser coboit ATtiny28 (cneunanbHo npeaHasHa-
4YeHHbI /1S MyJbTOB YNpaBieHHs), B KOTOPOM UMEETCS BHELLHEE MpepbiBaHHEe, BO3HU-
KatoLee fpy NOsBICHWH CHIHaNa HU3KOTo YPOBHS Ha J1I000M U3 KOHTaKTOB nopta B, uro
Mo3BoJiseT 06C/AYKHBaTh MHOFOKHOMOUYHYIO KJIaBHaTypy. Bo Bcex OCTanbHbIX Cilyuasx
BHELLIHEE NPEPbIBAHHE — COOBITHE, KOTOPOE HACTYNAET MPH HATMYMM CHTHANA Ha OIHOM
M3 BXOJI0B, CrieLUaNbHO MpeaHa3HayeHHbIX 473 3Toro (Hanpumep, INTO u INT1).

BblaenstoT Tpu Buaa coObITHIA, BbI3bIBAIOLIMX TaKOE MPEpbIBAHUE, U UX MOXHO pa3iu-
4aThb MPOrpaMMHO: 3TO MOXKET ObITb HU3KUH YpOBEHb HANpsDKEHHs, a TakxkKe MOJIOKH-
TeNbHbIH MM OTpULATENbHBIA (POHT Ha COOTBETCTBYOWEM BbiBOAE. JIHOOOMNBITHO, 4TO
MpepbiBaHKUs MO BCEM 3TUM COGBITHSM BBITIONHAIOTCSA, Ja)XKe €CJIH COOTBETCTBYHOILMIA Bbl-
BOJ MOpTa CKOH(UrypUpOBaH Ha BbIXOA (3TO, B YACTHOCTH, MO3BOJISIET BbI3bIBaTh TaAKHE
MpepbiBaHHs MPOrpaMMHO).

Kpatko paccMoTpuM 0coOEeHHOCTH 3THX pexkHMOB. [IpepbiBaHHE MO HU3KOMY YPOBHIO
(pexHM YCTaHOBJIEH MO YMOJYaHHIO, MUl €ro MHULUMaNM3aLMH JOCTaTOYHO pa3pelluThb
COOTBETCTBYIOLLEE MNPEPbIBAHWE) BO3HWUKAET BCSAKWIM pa3, KOraa Ha COOTBETCTBYIHOLLEM
BXOJI€ NPUCYTCTBYET HU3KWI ypoBeHb. "Boskuii pa3" — 370 3HauMT, 4TO AEHCTBUTENBHO
BCAKHH, T. €. €C/IM OTPULIATENIbHbI UMIYJbC JUIMTCS KaKOe-TO BpeMs, TO MpepbiBaHUeE,
3aKOHYMBLUMCH (T. €. KOrJa BbIMOJHHUTCS COOTBETCTBYIOLIMH 00pabGoOTUMK), MOBTOPUTCS
CHOBa M CHOBa, MOYTH HE AaBas OCHOBHOWH Mporpamme pabortaTb. [lo3TOMy 0ObIuHas
CX€Ma WCMOJIb30BaHUS 3TOr0 pexHMa — Cpasy ke Mo BO3HHMKHOBEHWHM B Hauane oOpa-
6oTuKKa ero 3anpeTuTh (npoueaypa oOpaboTKH MPH 3TOM, pa3 YK Hayanachb, BbINOJHUTCS
J0 KOHLA) U pa3peLlnTh OMNATb TOJbKO TOrAa, KOrja BHELLHEE BO3AEHCTBHE JO/HKHO YiKe
3aKOHYHMTLCA (HarpHMep, €C/IM 3TO HaXKaTHE KHOMKH, TO €ro CledyeT OnsTb pa3peiinThb
Mo TaiiMepy yepe3 OHY-ABE CEKyH/bl).

B ornuuune or aToro, npepblBaHMs Mo (GPOHTY WM Cnajy BbIMONIHAKOTCS OAWH pa3 Ha
Kaxablid umnybe. KoHeuHo, oT apeGe3ra KOHTaKTOB TaM HMKAKOM 3alllUTbl HET W ObITh
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He MOoXeT, motoMy uto MK He cnocobeH oTinunTb ape6esr oT cepur KOPOTKHX UMITYJib-
coB. Ecny 310 KpUTHYHO, HY>KHO THOO MPUHMUMATbL BHELLHME MEpbI M0 3alLUTe OT Apebes-
ra, 160 NpuUOErHyTb K TOMY k€ crnocoby, YTO U AN MPepbiBaHUS NO YPOBHIO: BHYTPH
npouenypbl 06paboTurka npepbiBaHUsS NEPBO KOMaHAOH 3anMpeTHTb CaMO MpepbiBaHUE,
a yepe3 HEKOTOpoe Bpems B ApYroi npoueaype (Hampumep, no TaiiMepy MIW Mo HHOMY
coObITHIO) ONAThb €ro paspewuTs. Ho ecan npu HaxkaTHM KHOMKHM MPOCTO KaKas-To nepe-
MEHHas MJIM BbIBOA MOPTA YCTAHABIMBAETCS B HEKOE COCTOSIHHE, TO HUYEro CTPALIHOTO
HE CJIyUYMTCS, €CJIM OHO YCTAHOBUTCS HECKOJBLKO pa3 MnoAapsa, TOJNbKO CleLyeT yHECTb, YTO
nocneaHuH pa3s 3T0 MOXKET MPOU3OHTH C OTNYCKAHHEM KHOMKH.

YV BHHUMATENbHOrO uYWTaTeNsl BO3HMKAET 3aKOHHbIH BOMPOC — a 3aueM BOOOLLE HYKEH
PEXHUM BHELLHErO MpepbiBaHKUs MO yPOBHIO, KOTOPOE CNeLHallbHO ele TpebyeTcs cHaua-
Jla 3ampeLaThb, a NoToM paspeLars? Jleno B TOM, 4TO OHO BO BCEX MOAENSAX BbIMONHAETCA
aCMHXPOHHO — B TOT MOMEHT, KOraa HH3KHH ypoBeHb nossuics Ha BbiBoge MK. Koneu-
HO, MPePbIBAHHE MOXKHO OOHAPYKUTb TOJIBKO MO OKOHYAHHIO TEKyLLeH KOMaHAbl, TaK 4YTO
O4YE€Hb KOPOTKHME MMMYJbCbl MOTYT mponacTe. Ho B pexume ynpaBaeHus Mo ¢GpoHTy
y GonbLIMHCTBAa MOAENeH MpepbiBaHUs ONMpPEAenstoTcs Ha000POT, TONbKO CHHXPOHHO —
B MOMEHT Mepenaja ypoBHEeH TaKTOBOrO CHUrHajna KOHTponjepa (Mo3ToMy MX AJMTENb-
HOCTb HE JOJIXKHa ObITh KOPOUE OJHOTO MEPHOAA TAKTOBOTO CHTHANA).

M no 60nbLIOMY CHETY pa3sHHLbl B 3THX PEKMMaX HHKakoi Obl He ObL10, €Clli HE y4ecTb
TO 0OCTOATENBCTBO, YTO CUHXPOHHBIH PeXHUM TpeOyeT HEeMmpeMEeHHO Halu4us 3TOro ca-
MOro TakToBOro curHana. [1oroMy acMHXpOHHOE BHELIHee MpepbiBaHWEe MOXeT "pa3ly-
AUTH" KOHTpPOJNEP, HAXOAALLMiiCs B OJHOM M3 pexHMOB "rnybokoro" sHeprocbepexe-
HHs, KOTr[a TaKTOBbIH reHepaTop He paboraeT, a cuHXpoHHoe — HeT. O6bluHble MK,
Bpoae cemeiictBa Classic, BbiBeCTH U3 ry6okoro "cHa" MOXHO TOJIbKO BHELUHHUM Mnpe-
PbIBaHMEM MO YPOBHIO, YTO HE BCeraa ynobHo. ¥ GonbILMHCTBA ke MoJeneil cemelicTBa
Mega (13 Mnagwnx moaeneii — kpome ATmega8) uMeercs eule 0HO BHELIHEe Npepbl-
BaHue INT2, koTropoe MPOUCXOAUT TONLKO MO GPOHTaM (MO YPOBHIO HE MOXKET), H, B OT-
anuue ot INTO u INTI, Tonbko acHHXPOHHO. DTO 3HAYMTENbLHO MOBbLILAET YA0OCTBO
noJib30BaHUA cemeicTBoM Mega B pesxumax sHeprocOepexeHHs, O KOTOpbIX Mbl ceifyac
MOrOBOPHM.

Pexnmbl 3HeprocoepexeHuns

B paznnunbix mogensx MK AVR umeercs ot 2-3 (cemeiicra Classic u Tiny) no 5-6
(crapuie Mega) pexxumMoB sHeprocOepexenus. Ipa 6a30BbIX pekrMma oOLMe Ans BCex
mozaeneii: Idle mode n Power Down mode. OTmeTuMm, 4TO K pexuMaM 3Heprocoepexe-
HHS TaKXKe OTHOCAT CTOSLUMH HECKOJIbKO OCOOHSKOM crieuyanbHblii pexxum ADC Noise
Reduction, koTopbIii MMeeT WHOE Ha3HaueHHe, W Mbl ero paccMoTpum B enase 10. Tlpu
NPaKTHYECKOM HCNOJb30BAHUW PEXKHUMOB SHEProcOepexeHHs CleayeT y4ecTb, UTO WX
HENb34 BbI3bIBATb U3 MPOLEAYPbl MPEPbIBAHUS — TOJIKO W3 OCHOBHOM Mmporpammbl (noa-
poGHee cM. ormMcaHue KOMaHbl sleep B 21asax 6 u 14).

B MK AVR umetorcs cneayroLuse pa3sHOBUAHOCTH PEXMMOB SHeprocOepexeHus.

B Idle mode (pexume oxuaanus) ocraHasnubaercss GPU (a Takoke ycTpoiicTBO ynpas-
NeHus BbIOOpKOH komaHA M3 mamsaTH). Bce nepudepwuiiHbie ycTpoiicTBa — Taimepsl,
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AU, noptbl — npoposkaroT GyHKUHOHMPOBaTh. [103TOMY 3HAUHTENLHON IKOHOMHUM HE
nojyyaercs: norpebaeHue cHuxkaercs avwb Ha 30-50%. OueBuaHo, yto pexkum ldle
MMEET CMbICJT UCMONb30BaTh TOrAa, koraa obliuee noTpebaeHHe yCTpoicTBa TMMUTHPYET-
ca uMeHHo MK, KOTOpbIii Mpy 3TOM 0653aTebHO N0/DKEH HAXOAMTHCA B COCTOSHUM MO-
CTOSHHOM rOTOBHOCTH. BO Bcex OcTajibHBIX Ciiydasx cieiayeT BbiOMpaTh pexuMbi "riy-
Gokoro" 3HeprocGepexxeHus:, koraa cobcTBeHHoe notpedaeHue MK cHuwkaeTcs 10 eau-
HUL WIIK NECATKOB MHKpoaMmIep.

K Takum pexxumaM OTHOcHTCs, B MepBylo ovepedb, oOwui nns Bcex moaenei Power
Down mode. B HeM octaHaBnuBatotcs Bce y3abl MK, 3a UCKIHOYEHHEM CTOPOXEBOrO
TaliMepa (ec/iu OH BKJIIOUEH), CUcTEMbl 00pabOTKH BHELIHUX AaCHHXPOHHbIX MpepblBaHUM
1 Moayas TWI. CoOTBETCTBEHHO, BbIXOJ M3 3TOr0 pekMma BO3MOXKeH aubo no cbpocy
MK (B TOM uucne U Ot cTopoxeBoro Talimepa), Jubo ot npepbiBauus TWI (cm. 2na-
8y 12), nn60 OT BHELLHEro npepbiBaHust (NMpHYEM TOBKO TOro, KOTOpoe 00HapyKHUBaeTcs
aCHHXPOHHO, cM. pazden "lIpepuisanus” smoi 2naewr). B ponu "6yasuiero” ycrpoiicTsa
MOXKET BbICTyNaTb M MOAYJb YHWUBEpPCaJbHOro MnocienosarenbHoro uHrepdeiica USI -
(B Tex mopensx, B kotopbix oH 3ameHseT TWI). [TorpebneHue B 3TomM pexume MoxeT
COCTaBHTb O HECKOJIbKUX AECATKOB MUKpOaMIep.

Baxnas ocobenHocts Power Down mode — 10, 4TO B 3TOM pexxume OCTaHaBIHBaeTCH
TaKTOBbI reHepaTop. DTO O3HAYAET, YTO MPH BbIXOAE M3 CHSALLEr0 PexXHMa TaKTOBbIH
reHepaTop NnoTpaTuT BpeMs Ha "pacKpyTKy'", MpHYeM 3TOT UHTepBasl OyAeT TeMm ke ca-
MbIM, YTO 3a/aeTCs KOH(UrypaUHOHHbIMH syelkamu SUT1..0 ans 3aaepxkku cOpoca
(cM. pazoen "Copoc"” B 2nage 2). Tlo ymonuaHuio oHo cocrasnser 16 384 takra (okono
4 Mc npu TakToBo# yacrtote 4 MI'l), uto cneayer yunTbiBaTh npu pazpaboTke mporpam-
Mbl; MPH HEOOXOAMMOCTH 3TO BpeMs AJis ciy4as KBapLEBOro pe3oHaTopa MOXHO COKpa-
TuTh 10 1024 TAaKTOB YCTaHOBKOW MpM MpPOrpaMMMPOBAHHM KpHUCTaa fuYeiku CKSELO
B coctosHue aor. 0. Ecau 310 BpeMs KpuTH4HO, TO mpuMeHeHne RC-reHeparopa WM
TAKTUPOBaHWE OT BHELIHEro WCTOYHWKA (MPU COOTBETCTBYHOLUEH YCTaHOBKe sueek
CKSEL3..1, cM. Tabua. 2.1) NO3BOASET COKPaTUTL BPEMs BbIXOJA Ha PeXHM 10 MUHHUMYMa,
KOrja 3ajeprkka CocTaBHT BCero 6 TaktoB (+ 8 TakTOB Ha mepexon K BbINOMHEHHIO "pa3-
Oyausuiero” npepbiBaHus). YCTaHOBKa Y€€k CKSELO M SUTL..0 MPH 3TOM HE UMeeT 3Ha-
YEHHS..

Power Save mode otnnyaercs ot Power Down teMm, uto ecnu B8 MK umeercs Ttaiimep,
MOryLHi paboTaTh B aCMHXPOHHOM PEKHUME OT OTAEIbHOrO TaKTOBOro reHeparopa (cm.
pasoen "Taiimepuvi-cuemyuxu” @ 2nase 3), U 3TOT TaiiMep BKJIIOYEH, TO OH NMPOAOIKHT
paboTy W B 3TOM pekuMe. DTO HECKOJIbKO YBEIHUMBAeT noTpebiieHHe, 3aTO BbIXOA W3
pexxuma Power Save Bo3MOXKeH MO npepbiBaHUAM OT TaiiMepa-cueTunka. [IpakTHuecku
3TO yR0GHO NpH peanu3alry YacoB pealbHOrO0 BPEMEHH.

Standby mode ornnuaercs or Power Down Tem, 4To B 3TOM pexHMe MpoAo/DKaeT pa-
6oTaTb TaKTOBbI reHepaTtop (TOALKO NMPU YCTaHOBKE BHELLHEro pe3oHartopa). Pexum
noJiezeH TeEM, YTO MO3BOJAET BBbIXOAWTb M3 "chsilero” cOCTOSHUA BCEro 3a 6 TaKTOB.
B nexoropbix monensx ecth ewe pexum Extended Standby, kotopwlii o6beanHsieT
B cebe Standby u Power Save.

IToapobree o nporpaMMHUpOBaHHH PEXKUMOB 3HEprocOepeeHus cm. ragy 14.
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jmp metka2 ;nocrne Hee Ha NPOXOJDKEHME
metkal: xor ax,ax ;OOHyJIIeM PEerucTp ax

mov var_x,ax ;hnepemensHasa = 0

call pr_1 ;BeBbBaeM npouenypy 1
metka2: <NpomoiIXeHVe OCHOBHOM NPOT'PaMMbL>

Huxkakoii peun o Tom, yToObl ceaoBaTh 3HAMEHUTOMY J03YHry JleHKCTpbl "nporpaMMu-
poBanue 6e3 goto", TyT UATH HE MOXET, T. K. acceMbiepHas nporpaMma, eciii MOXKHO TaK
BbIPA3UTbCS, COCTOMT M3 CIUIOjIHbIX "goto" — "nanwu", no cnoeam JlelkcTpbl, ycioB-
HbIX U 6e3yCnoBHBIX MEepexonoB (OH HaMeKal Ha MHOrOYMCIEHHbIE JIMHWUU BETBJIEHHUS,
KOTOpble BO3HWKaIOT B Onok-cxemax Takux nporpamm). Takum o6pazom, mis paboTsi Ha
accembnepe TpebyeTcs yUUTb peaiu3aluio BCeX THMOBLIX NPUEMOB MPOrpaMMHpPOBaHUS,

TAKHUX

KaK pa3/iu4HbI€ UHKIIbI C YCJIOBHBIMH U 6e3yCﬂOBHblMM nepexoaamMy, Marémaru4e-

CKHWE onepauuy, caMOCTOATE/IbHO OpraHuM30BbLIBATbL NCACHUE HA JIOKAJIbHBLIC U rnobab-
HbI€ NEPEMEHHBLIC U T. I. 310 U CJIY>KUT OCHOBHbIM apryMe€HTOM B MOJib3Y A3bIKOB BbICO-
KOro ypOBHs, rae l]OLlOGHble BCUIU B GOﬂbU]MHCTBe CJ1y4aeB y>Ke€ Ca€J1aHbl 3a Bac.

3AMETKU HA NMONSAX

+ 3ak 491

"O6blyHbIE" NPOrPaMMUCTBI, 'KaK OrHSA, BOSITCH 3aMKHYTbIX LUKIOB, yCNoBue BbixoAa U3 KO-
TOPbIX MOXET He BbINOMIHUTLCS XOTA Obl TeopeTuyeckn. beckoHeuHoe oxuganve npuxoaa
cumBona ¢ knasuatypbl unu u3 COM-nopTta, B KOTOPOM HE NPEAYCMOTPEHO HWUKaKWUX anb-
TepHaTUBHbIX CPEACTB BbIXOAA U3 LMKNA, NOBECWUT He TOMbKO camy nporpaMmy, HO U BCIO
cucTemy, ecnu pedb uaet o6 oaHosagauHon DOS unu "koonepaTBHOM MHOrO3a4a4HOCTH"
Windows 3.x, MOXeT AOCTaBuTb HEmMano HenpusiTHocTen B "komnpomuccHbix” Windows 9x,
v Aaxe B HACTOALWMX MHoro3adayHblx OC, no kpaitHei mepe, 3actasut obpbieaTth pabory
nporpaMmbl NpUHyauTensHo. MNoToMy B Takux 3agadax nporpaMMucTbl "Ha ypoBHE NoaKop-
KW' NpuyyYeHbl NPUMEHATL CPpeAcTBa, NO3BONSIOWNE BbINTU M3 Takoro LUKna anbTepHaTue-
HbIMU MeToAaMu: NO TakMepy, NN KaKMMU-To NOMNb3OBaTENbCKUMU AENCTBUAMU (HaxaTuem
knasuwu <Esc> unu kHonku Cancel). Bcs ovepeap 3agay B Windows, no cytu, ecTtb 0aHO
U3 Takvx peLeHni, BCTPOEHHOE B CUCTEMY W3HAYAMNbLHO, U HanpasneHHoe Ha To, YTOBbl He
NO3BONUTL NPUMOXEHUIO 3aLMKIUTLCS B OXUAAHUUN KAKOrO-TO COObITUS.

B nporpammuposanuu ans MK noaxon uHon. U B hupmeHHbIX "annHoTtax", u B npuMepax B
TeKCTe TEeXHW4ECKUX ONUCaHWIA KOHTPOMIEPOB Bbl 3aNPOCTO MOXETe BCTPeTUTb GeckoHeu-
HBIA LMK OXWAAHUA OYWUCTKW Kakoro-Hubyab 6uta, U B Teopuu, ecnu aToT GUT HUKOrAa He
ounctutcs, MK tak v "nosucHet". MNMK-nporpaMmucT ot Takoi cutyauum npuwen 6bl B yxac.
KoHeuHo, eCTb CpeAcTBa BbIBECTM KOHTPOSNEP U3 3TOr0 COCTOSIHUS: Haubonee kapavHanob-
HbIM ByaeT ucnonb3oBaHMe CTOPOXKEBOro TakMepa, KOTOPbINA B KOHLIE KOHLIOB Nepe3anyCcTuT
cuctemy. bonee rpamoTHO 6bif10 Gbl 3acTaBuUTL KOHTpONNep oxuaarb He camon no cebe
OuUCTKM BUTa, a CBA3AHHOrO C 3TUM NpepbIBaHUA (YTO NO3BOMUT BLINOMHATL OCTanbHble
yHKuuK 6e3 3agepxek), HO Janeko He Bceraa 3To BO3MOXHO: Hanpumep, 3anucb 6anTta Bo
scTpoeHHyto EEPROM sactasnsietr MK "Bucetb" HECKONbKO MUNAUCEKYHA, NOKa 3TOT Npo-
LIECC He 3aKOHYMTCS, HO COOTBETCTBYIOLIEE NPEPLIBAHUE B psde Moaenein NPocTo OTCyTCT-
BYET, @ ecnu Aaxe UMeeTCs, TO 3aAe1CTBOBaTb Ha NpakTuke ero HeyaoOHO u3-3a 3Hauu-
TENbHOro YCNOXHEHUS NIOTUKU NOCTPOEHUS NPOrPaMMbi.

OpHako ecnu BayMaTtbCs, CTOUT 3a4aTh cebe BONpOC: @ Tak N 3TO CTPALLHO B Cryyae KOH-
Tponnepos? Ecnu no xoay Aena TpebyeTcs 3anucatb uto-to 8 EEPROM, a oHa okasbisa-
€TCA HeUCNPaBHOW, TO, 04EBUAHO, (PYHKLIMOHANBLHOCTb CUCTEMBI U TaK OKaXeTCS HapyLeH-
HOW, ¥ TYT yXe BbIXOAOM U3 "3aBMCaHUsA" Aeny He NOMOXeELWb. B KpUTUYHBLIX Criyyasx, pasy-
MeeTCsH, CUCTeMbl MNOABEPralT pPe3epBMPOBAHUI0 C BO3MOXHOCTbIO aBTOMATUYECKOro
NepeknioYeHna Mexay 3anacHbiMu MOAYNAMU, HO ANst 06blYHbIX ObITOBBLIX YCTPOWCTB Npu-
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HATUE NoAOBHbLIX Mep Tonbko Be3ocHoBaTENLHO yaopoxaeT usaenue. Ho ecnu 8ol Byaete
60ATbCA NOAOGHBLIX CUTYaUUA, TO 3TO TOMbKO XOPOLLO: NOHUMAaHWeE, YTO Bbl Aenaere YTo-To
He CoBCeM Tak, kak "Hafo Obl", ele HUKOMY He mewano.

Anpo n cucrema komana MK AVR ¢ camoro Hauana co3zpgaBanuch B COTPYAHHUYECTBE C
¢upmoii IAR Systems — npousBoauTeneM KOMMUJIATOPOB ISt 93bIKOB NPOrpaMMHpoBa-
Hus C/C++. [ToaToMy cTpyKTypa KOHTpOiepa MakCUMaIbHO ONTUMHU3MPOBaHa AJlst TOro,
4TOOblI MOXKHO ObIIO MHCaTh NPOrpamMMbl Ha s3blKaX BbICOKOro ypoBHs. Tak yTBepikaaeTr
pekjiama, HO BEPUTb NOAOOHBIM 3asiBJIEHWSIM CTOMT C HEKOTOpPOi#l orjisAKod — BCe, KO-
HEYHO, 3aBUCHT OT KOMMWIATOpPa M KOHKpeTHOH 3amaud. Beap QyHkuus xomnunartopa
OYEHb HEMpOCTas: MepeBeCTH CTPOKH Ha SI3bIKE BbICOKOrO YPOBHS B KOMaHbl KOHTPOJI-
Jepa, uro ais AVR, ¢ ero MHOroYMcieHHbIMM OrpaHMYEHHSIMM HA HMCIOJb30BaHHE
KOMaHJ, HHUYYTb HE MpOLUE, YeM AAs "HacToswuX" MUKpPONPOLECCOPOB, U MOTEPH TYT
HeHn30eXHbl — KaK C TOYKH 3pPEHUS KOMMAKTHOCTH KOJa, Tak MU BPEMEHH €ro BbIMOJI-
HeHMS.

Ho B peanbHOCTH BbIOOp OnpenenseTcs COBCEM HEe KOMMAKTHOCTbIO koaa. Heobxoaumo
YUECTb, YTO 3Ha4YMTEsbHAA YacTb nporpamm (ocobeHHo modurenbckux) ans MK umeer
OTHOCHTENbHO HEOONbLIOH pa3mep W BMOJIHE uYuTaeTcs Ha accemOnepe. Tak kak accem6-
Jiep caM no cebe YUMTb He HY>KHO, TO €ro BbIOOp OKa3biBaeTCs JIyuliMM BAPUAHTOM IS
HauMHAIOWKX (KOTOPbIE NPH 3TOM NOJTYHalOT BO3MOXKHOCTb Iy0xe U3yUMTb COOCTBEHHO
MUKPOKOHTpOJIIEp), a Takxe Ans TeX, kro npuwen Kk MK or anekTpoHuku v npusbik
MBICJIHTb B TEPMHHAX PETUCTPOB U sueek namaTH. B To ke Bpems Te, KTO UyBCTBYET cels
Kak pbiba B BOJI€ B NPOrpaMMHMPOBAHMH HA S3bIKaX BbICOKOTO YPOBHS W CTaBHT nepei
coo# 3aaayuM YMCTO NPAKTHUECKOro MiaHa, He Xxesas yriyOaeHHO u3yyartb "MaryacTs”,
HECOMHEHHO, cl1enatoT Bbidop B nosib3y C.

Mb1 B 3TO¥H KHUre OyaeM OpHEHTHPOBATbLCS, pasymeeTcs, Ha nepByto kateroputo. Cneny-
€T TOJIbKO Y4€CTb, YTO, BHE BCAKONO COMHEHHMs, npodeccHoHanbHas padbora B obyacTu
nporpammupoBanus MK 6e3 sa3bika C He oboiinercs — ecnn accemOnepHas nporpamma
npesbitaer no oobvemy 1000-1500 cTpok, To B Hel yxe He pasbepeTcs HU OIMH Xakep, a
NpUBsA3Ka K KOHKPETHOMY aBTOpY, KOTOpbl TOJNLKO OJWH 3HAET CBOE NPOW3BEAEHHE,
00bIYHO CIMLIKOM Aoporo o6xoanTes 3akazuvkaM. Ho yurture, yTo npu nepexone K 3bi-
ky C u npodeccroHanbHbiM cpeactsam pabotsl ¢ AVR BaMm, kpome Bcero npouero, npu-
AETCS NPeooneBaTh HEKHi Nopor (M He TOJIbKO B JIEHEXHOM CMbICIe), KOTOpbiii He Bce-
rja onpaejaH AOCTHraeMoH LIeJbIO.

Takoe noapasaeneHue nosb3oBaTesieH, Mo CyTH, 3a10KEHO B MapKETHHrOBOW MOJNIUTHKE
komMnaHuu Atmel, kotopas accemOiep M COMYTCTBYIOLIME CPEACTBAa PachnpoCTpaHse!
6ecnnarHo. B To ke Bpems npodeccHoHanbHoe nporpaMMHoe obecnedyeHHe MnoyTH Bee
nnaTHoe, U 3a4acTyto Becbma aoporoe. @upma IAR Systems B HacTosluee Bpems npea-
naraet ceputo nakeroB Embedded Workbench nns 6onee uem asaauaru Tunos MK pas-
JAuyHbIX GUpM (NOA AeBU30M "pasfiiuHble apXUTEKTYpbl — OJIHO pelueHue"). 3nech Bee
paccUMTaHO Ha TO, YTOObI YesoBeK, BiaaetoLmii 83bikom C, ¢ MUHUMaJIbHbIMH NOTEPSIMU
BpPEMEHHW cMOT "nepececTs" Ha ApYroi THUM KOHTposiepa. B 3TomM "MoHCTpyo3HOM" MH-
CTPYMEHTE BCE 30pOBO, KPOME LIeHbl, KOTOpask U3MepseTcs B ThicAyaX "aMepUKaHCKH\
npe3uaeHTos". Ho 3to onpaBaaHHO — pabouue MHCTPYMEHTbl NOSDKHbI ObITb KauecT-
BEHHbIMW W MOTOMY AELIEBbIMU ABIATbCS HE MOryT. CTOAT AeHer M cpeicTsa OTJaaKH
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(annapaTHble SMYJISTOPbI), Ha paboTy ¢ KOTOPLIMHU paccuuTaHa cama no cebe 6ecnnarHas
AVR Studio — no3ToMy Mbl €€ TOJbKO HEMHOrO KOCHEMCH Jajiee, a Tak rnocrapaemMcs
00OHTHCD.

CTOWT Takxke YynoMsaHyTb, 4To IAR Systems — He enMHCTBEHHbII pa3paboTUMK KOMIH-
astopoB ¢ a3bika C ang AVR. EcTb ¥ He cTonb "HaBOpOUEHHbIE" HHCTPYMEHTDI (Hanpu-
mep, ICC for AVR ot ¢upmbl ImageCraft, CodeVisionAVR ot HP Infotech), Ho B sito-
OOM cllyuae peajibHas Ll€Ha UX HaUWHAETCA OT COTEH eBpo. [ MOSHOTbI KAPTHHbI HYX-
HO ynomsHyTb W O6ecriathbii WinAVR (AVRGCC, winavr.sourceforge.net), KoTopblii
co3nad Ha ocHoBe komnuastopa GNU GCC u, COOTBETCTBEHHO, pacnpoCTpaHseTcs no
anueHsun GPL (¢ ucxoaHbiMu koaamu), o0aaaalolinii BceMU HEIOCTaTKaMHu U IOCTOWH-
cTBamu "cBOGOAHBIX" MPOAYKTOB, Ha YeM Mbl 31eCb He OynemM OCTaHaBIMBATbCA. DTOT
npoaykT Takoke noaaepxusaercs AVR Studio. [lns skenaromux nonpaktukobarbes Ha C
yKaXeM Ha OTJW4HYI0 OubaroTeKky THMOBbIX Moayseit ans AVR, pacnonoxeHnyro no
anpecy http://hubbard.engr.scu.edu/embedded/avr/avrlib.

CnocoObl u cpeacTBa
nporpammupoBaHusa AVR

Cnoso "nporpammupoBatue” B otHoweHMn MK umeer asoskuit cMbici. Bo-nepsbix, aTo
COBCTBEHHO MPOLIECC HAMMCaHWS TPOrpaMMbl — Kak M Ui M0ObIX APYrMX YCTPOHCTB,
coiepKallMX MPOUECCOP, OT XOJNOAMIbHMKOB 10 NMEPCOHAbHBIX KOMMNBIOTEPOB MJIH Y3~
JIOB yNpaB/ieHUs! KOCMMUYECKUMH arnnaparamu. Bo-BTOpbIX, 3TUM TEPMHUHOM TakKxke Hasbl-
BalOT npoliecc 3arpy3ku nporpammsl Bo flash-namate nporpamm (1 He Tosbko B MK —
Harnpumep, 3aHECEHHE AaHHbIX B DHEProHE3aBUCHMYIO MaMATb TAKXKE YaCTO MMEHYIOT
"nporpammupoBaHieM namsaTH"). UToObl He nyTaTbcd, Mbl OyaeM noapasyMeBaTb Moj
"nporpammupoBaHieM” MK WMeHHO 3anucb nporpamm B namsTb (ee €lle Ha3blBaloT
"NpouiMBKoi"), a NMOArOTOBUTENbHbIA 3Tan Tak U Oynem Has3biBaTb — "co3gaHue npo-
rpammbi".

Uro e Tpebyercs A1s Co3aaHUA NMPOrpaMMmbl, KpoMe 3HaHUS accemOiepa?

Pepaktop kopa

Jlns 3Toro norpebyeTcs kak MUHUMYM TEKCTOBbIH perakTop. MoxHo oboituch 1 bnok-
HOTOM WJIM MHOTOUYMCEHHbIMU ero Goiee PyHKLIMOHANBHbIMU 3aMeHHuTeNsMH (MS Word
He MOAOMAET PEeLIUTENbHO, T. K. "YMCTbIH TeKCT" M3-NoJ 3TOro peAakTopa nojy4daercs
nnoxo). Kpaiine xenarenbHo, uToObl Takol peaakTop "ymen" HymepoBaTh CTPOKH (pa3y-
MeeTcsl, 3TH HOMEpa He JOJKHbI BXOAMTb B COGCTBEHHO TekcT). OIHUM M3 NPUMEpPOB
penakropoB nog Windows, ynoGHbIX A1 HanucaHus nporpamm, MoxeT ciayxurtb Edit
Plus (uMetowmii B TOM uncie cpeacTsa "noAcBeTKH CHHTaKCHca"), HO OH MpeHa3HayYeH B
OCHOBHOM A7 Hanucanus html-kona, a He accemOnepHbix nporpamm. Bce nomoGHble
eMy peaaKTopbl HEyJOOHbI TeM, YTO MPUXOAMTCA OTAENbHO KaX.blii pa3 3amyckaTb Mnpo-
LlecC KOMMUSALMK U3 KOMAaHAHOH cTpoku. Jlns aToi uenu ob6eivHo ucnonblyercs FAR
unu apyrve ionbl Norton Commander, MOXHO MOb30BaTbCA M MPOCTO KOMAaHAHOMH
ctpokoii Windows. Ho He0GX0AHMOCTb NepeXoanTb OT NporpamMMbl K MporpaMMe CHilb-
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HO 3ame[UISeT npoLecc, NOToMy Jiyylle paboTaTh B CMELMaIbHOM PelaKTope, KOTOPbIi
MO3BOJIMT 3aMyCKaTb MPOLECC KOMMUIALMM NPSAMO M3 cBoero okHa. Tak Kak cneuqanbHO
s AVR penakTopoB HMUKTO He [enaeT, OHM Yalle BCEro Mo yMOJYaHWio "3aToueHbl”
noa Intel-accemOnep, HO 3TO He CTPALLIHO: MPH XKENAHUK "NMOACBETKY" HEPEAKO MOXHO
HacTpoMTb "noa cebs", unu BooOdLe ee NPOUrHOPHPOBATS.

3AMETKU HA ronsx

PepnakropoB aonsi HanucaHus acceMbnepHoro koaa AOBOMbHO MHOFO, Kak NpaBuio, OHW B
TOW UMK MHOW CTEeneHu camopeaTenbHble U BecnnartHbie (MCKNoYeHne — OveHb npodgec-
CUOHanbHLIN U U3BECTHLIN C AAaBHUX BPEMEH, HO koMMepueckui MultiEdit). TyT BaxHo Tonb-
KO BbiGpaTb CaMbll YyAOGHbIN, MHaYe MOXHO NonacTe B CUTyauuio, koraa ByaeT ewe xyxe,
yem ¢ BnokHoTom. Hanpumep, LUMPOKO paspeknamumpoBaHHbI Ha MHOXECTBEe pecypcoB
ASMEdit (Hekoero MarseeBa), nepsoe, 4UTO y MEHA caenan, — ewe B npouecce nHcrannsa-
umn "nosecun” Windows 08’ 00 nonHon HepaboTocnocobHOCTU, a Koraa s BCe Xe "AocTy-
yancs" ao ucnonHsemoro ¢anna, To 3anycTuTb ero okasanocb HeBO3MOXHO — OKHO CBep-
HYNOCb B Yrfny 3KpaHa B ManeHbkuil KBagpaTuk W pacnaxvBaTbCsl He xenano. A pasbickan
Gonee crapyio Bepcuio (ASMEdit 1.2), oHa ycTaHOBUNacb HOpManbHO (ECNW HEe cuuTaTb
rpaMMaTuyecKkmx ownboK B UHCTANNSATope), U TYT BbIACHUNOCH, YTO: @) HAacTporKa 3anycka
KOMNUASUMM U3 KOMAHAHON CTPOKWM HACTOMBLKO CROXHA, YTO TpebyeT YyTb N He HanucaHus
OTAENbLHOM Nporpammsl; G) HACTPONKa NOACBETKWM CUMHTaKCWUCa KpaiHe npuMuTueHa. K Tomy
*e nporpamma 6e3 cnpoca accounvpyeT ¢ CO60M pacluMpeHne asm u 3amycopuvsaeT nepe-
YeHb accoumaumin annoe ewe NONyAXMHON pacluMpeEHUi ANs HEBEAOMbIX UENen, KOoTo-
pble NOTOM NPUXOAMUTCS BbiMWLWATL Bpy4Hylo. f 9TO Tak NoapobHO pacckasbiBalo NMOTOMY,
YTO Yy AaHHOrO peaakTopa ecrb 04HO yaoGHOe CBOWMCTBO — COOBLIEHWS KOMNUNKTOpa ne-
peHanpaBnsaRTCS B OKHO peaakTopa, u He TpebyeTcs paccMmaTpuBaTth OTAENbHbIE KOHCOrMb-
Hble okHa. Ecnu yaacrca ¢ ASMEdit cnpasuTbCs, TO Bam CUnbHO NOBE3NO.

51 nepeGpan B CBOE BpeMsi HECKOJIbKO MPOrpaMM, HO HH OJIHA MEHS HE YCTPOW.A B TaKOM
CTeneHH, KaKk TBOpeHWe Hekoero Anatonus BosHioka, kotopoe s Hcronbsyto ¢ 1999 r.
Cam AHaTONHWii, KOTOPbIH Tak)Ke 3HAMEHUT CBOMM LueaeBpoM noj Ha3sawuem Small CD
Writer, ckpbiBaeTCsi HHKOFHHMTO, KaKOe-TO BpeMsl CaiT ero He OTKIMKaiCi, HO ceduac
onsTh paboraer. Pepakrop non Haseanuem ASM Editor (nocneanss Bepcus 2.2d, B ko-
TOpOH, COOCTBEHHO, Mafiblle W pa3BUBaTb Heuero) JAOCTYNeH Mo  aapecy
http://www.avtlab.ru/asmedit.htm. Jlocrynen ASM Editor u na mHoxecTse "codTooT-
croiinukoB" B UHTepHeTe, ToNbKO He nepenyTaiite ¢ ynomsaHyTbiM pavee ASMEdit.

06 AVR Studio

Panee cyuiectBoBan u upmMeHHsblii accembnep nox Windows (wavrasm.exe) ot Atmel,
KOTOpbIH coBMelan accembiiep U peaakrop, nofoGHO ToOMy, Kak 3TO aenaercs B "Gosb-
wux" s3bikax nporpamMmuposatus. Ero MoskHo ussneub W3 nepsbix Bepcuii AVR Studio,
HO OH [IOBOJIbHO NPUMMTHBHbIN W HeynoOHbIH. 3aTeM, BUAMMO, B KOPMOPALIMH PELLHIIH
ero He pas3suBatb, oboiascb, AVR Studio. Ckauate AVR Studio MoxHO coBeplueHHO
6ecrnatHo ¢ caiita Atmel. C aagpeca http://atmel.ru/Software/Software.htm moxno
ckauaTh M CTapbie BepCHH (K COXANEHMIO, MOCNEAHHE BEPCHH NAKeTa CTald AOBOJBHO

" Ecnn y Bac ecTh Takas BO3MOXHOCTb, TO IS HANHMCANUS acceMGIEPIbIX NPOrpaMM M NPOrpaMMUpOBaliHs
KOHTPOJUIEPOB Jyyllle UCMoJb30BaTh ee, a He XP, u, 6oxe ynacu, He Vista — MeHbuie 1ipodieM Ha Baly
roJloBy.
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00beMHbIMU — Gojiee 70 MOGalT — Tak YTO Ha 3TOM MOXHO C3KOHOMMTb), HO TOJIbKO
obpaTuTe BHHMaHHE, YTO, YEM CTaplle BEPCHUs, TEM MEHbLUE ACCOPTUMEHT TMOANEPHKH-
BaeMbIX KOHTpoOJIepoB (Tak, Bepcus 3 noaaepxkusaeT Toabko Classic).

B AVR Studio MoXxHO nucaTh U KOMMUAUPOBATHL NporpaMmbl (Ha accembaepe unu Ha C,
MpyUuYeM JJisi HECKOJIbKMX Pa3HOBMAHOCTEH KOMMMIISTOPOB), a TaKXKE OTIAKMBaTbh MX B
peXMMe CUMYJISLMU (T. €. YUCTO MPOrpaMMHBIM crnoco6OM) UK IMYASLKH (¢ UCTIONB30-
BaHMEM JOMOJIHUTENIbHbIX annapaTHbIX 3MyJsSTOpoB). Ha Moii MuHbIH BKyC, CITOXKHOCTH,
KOTOpbIMU conpoBoxaaercs pabora B AVR Studio, He anekBaTHbl pe3ynbTary. Bot no-
yuTaiire, uro nuwet JHkoH MoproH B cBoeii kHHre [3] o Tom, kak 3arpyxarb (aiin
¢ nporpammoi:

"Hocnre 3anycka AVR Studio coz0aiime noguwiii npoexm, evibpas 6 menio Project komanody
New Project. B nosguguwemcs okne @ none Project Name eseoume naszeanue npoexma
(nanpumep, LEDon), 6 none Location yxadicume nooxoosiuyee pacnouodicerue, a 6 Cnucke
Project Type gvibepume mun npoexma *“Atmel AVR Assembler”. 30ecw sice mosicHo yka-
3amb HA HEOBXOOUMOCMb CO30aHUSL OCHOBHO20 (8X00H020) ¢haiina Onst npoekma (haadxcox
Create initial File), a makoice Ha HeobOX00UMOCHIb CO30AHUSL OMOENbHOU NANKYU Ol RPO-
exma (Qnascox Create Folder). B npoexm moeym éxo0ume accembnepHvie u opyzue
Qaiinel. Hanucannas eamu npozpamma aeasemcs accemonreproim gaiiom (.asm), u e2o
Heobxooumo O0obagumv 6 npoexkm. [na smozo 6 oxne Workspace (exnaoxa Project)
wenknume npagoil KHonkol Moy Ha 2pynne Assembler u ewvibepume nynxm Add
existing file. Haiioume cozoannviii 6amu @aiin LEDon.asm u evibepume e20 0GOUHbIM
wenuxom muiwu. Hazeanue gaiina oondicno nossumocs 8 depese npoekma."”

A Belb aBTOp elle He JOLueN aaxke A0 npouecca acceMONMpOBaHHs, 3TO TOJbKO MOAro-
TOBKa K HeMy (Xopoluasi WIUTIOCTpaLMs K W3BECTHOMY MOJIOXKEHHIO, YTO MPOM3BOAWTENH
npodeccMoHaIbHBIX MHCTPYMEHTOB MHOTAAa MMEIT BecbMa cBoeoOpa3Hoe MpeacTaslie-
HUE O TOM, 4TO Ha3biBaeTcs usability, ynobcteo monb3oBaHus). Tak uro AVR Studio,
6e3yCIIOBHO, M0J1E3HbINH U HY)XKHbIH MHCTPYMEHT /ist 0OpalueHus ¢ GObLIMMH NPOEKTaMu
(B Tom uucne Ha si3bike C), a A HaNUMCaHUs KOPOTKWX MPOrpaMM BMOJIHE MOXKHO He OT-
BeKaTbcsi Ha ero usyvenue. Tem Gosee 4uto s obeluato najee HayuuTh Bac OTJIXKWBATD
nporpamMmbl cambiM 3(pdekTUBHBIM crnoco6oM, 6e3 BCAKUX CHMYJISITOPOB U 3MYJISTOPOB,
MpsAMO B KOHKPETHOW CXeme, C MpHUBJEYEHHEM MPOCTeHILIMX CPEeACTB (CM. mpuiodice-
nue 4).

U Bce xe, no kpaiiHeit mepe, BpemeHHo AVR Studio »xenaresibHO ckayaTh U YCTAaHOBUTD,
T. K. HaM NOHAxO6ATCS HEKOTOPbIE €r0 KOMNOHEHTbI. J{s HamuXx ueneii 10CTaTtouHo Bep-
cud 4.60, KOTOPYIO MOXKHO HaWTH No NpUBeAeHHOMY paHee axpecy. [locne ycTaHOBKH,
BO-NepBbIX, pasblluute (aiin avrasm32.exe' (B 4-ii BepcuM OH HAXOAMTCS B Manke
..\dtmel\AVR Tools\AvrAssembler) u ckonupyiite ero B NMoAroTOBIEHHYIO 3apaHee Ka-
Kyto-HUOY b Apyryio nanky. Bo-BropbiX, Lenecoobpa3HO LEIMKOM CKOMUPOBaTh Namnky
Appnotes — u3-3a cOOCTBEHHO "anMHOT", KOTOpPbie NPEACTABIAIOT COOO0M peKoMeHaaU1u
Mo pealn3ally OTAENbHbIX (QYHKLUMH M BBIFOAHO OTJIMYAIOTCH OT MPEACTABIEHHbIX Ha

' MOXHO BOCNONL30BATLCS W GOJEE COBPEMEHHBLIM avrasm2, MoJUIEpKUBAIOUIMM GOMbLIE PA3HOBHIHOCTE
MK ot Atmel, HO TekCTbI NporpamMm B 3TO# KHUre paccuuTatibl Ha avrasm32.
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caiite Atmel ¢opmarom asm. [lo cyTu 370 roToBble MOAYJH AJS BCTPaWBaHHS B Bally
nporpamMy (Ha caiite "annHot" Gonblue, HO OHW Haxoastcs B popmare PDF, a ucxon-
Hbl€ KOJbl MPUXOAMTCS CKAUMBaTh JOMOJIHUTENILHO, U HE BCEeraa OHM MMEHHO B acceMO-
JIEpHOM BUJIE). YUTHTE, YTO B HUX MOFYT BCTpeuaTbcs OWHOKH, 0 YeM Mbl euie Oynem
YNOMHHATb, U NPUMEHATb UX HY>KHO C OTJISAKOM.

B aToii sxe manke jomkHbI HAX0AMTbCS (aiisibl MakpoonpeaeneHuit (¢ pacliMpeH1em inc)
Ins Bcex monened AVR, noanepkusaeMbix aaHHOH Bepcuel accembnepa, aaxe Tex, 4To
y’ke He Bblnyckatorcs. Ecnu nx He ckonupoBaTh OTCIOAA, TO MPULIIOCH Obl CKAUMBATDL C
calita Atmel nooanHo4ke AN KaKAOH MOAeNnu, a Ans CTapblX THMOB HCKATb rIe-TO Ha
cTopoHe. OTH daiiibl He0OX0AUMBbI, HHaUe Bbl HE CMOXETE OTKOMIMMUIWPOBATh HH OAHOM
nporpamMsl (moxpobHee o6 inc-daiinax cm. oanee 6 3moil 2nase). MOXHO Ha BCAKHH
crnyuaii u3Bneub Takoke onucaHue AVR-accembnepa B popmare CHM (pycckuii nepeson
noctynex, Hanpumep, B [9] unu [10]). ITocne konuposanus camy AVR Studio moxHo
YAQUTb.

O6ycTpoucTBo accembnepa

Hanee s Oyny opueHTHpOBaTbCS Ha TO, YTO Bbl Hcnonbdyere ASM Editor, Ho B mpuHuMne
cxema obycrpoiicTBa paboueill cpeabl oauHakoBa Ans Jioboro penakropa, NoAAepKH-
BAIOLIEr0 KOMMUIIALIMIO MIPAMO M3 CBOero okHa. Jlns Hayana paboTbl HaM npeaBapUTEb-
HO HY>KHO cO3AaTb KOMaHAHbIH ¢aiin. [peanonoxum, daiin avrasm32.exe HaXoAUTCS B
co3aHHoi Bamu nanke c:\avrtools. 3anycture BAOKHOT W BBeAHTE ClENYHOLMHA TEKCT
(COOTBETCTBEHHO H3MEHUTE MyTh, EC/IH NanKa Apyras):

c:\avrtools\avrasm32 -fI %l.asm

CTpoka 3Ta MOXXET BbIMIAETb U HECKOJILKO HHaue (npumep cM. danee @ paszoene "[u-
pexkmugbl u Gynxyuu" smoti enasvr). CoxpaHWTe 3Ty CTPOKY B KOMaHAHOM (aiine noa
UMeHeM, Hanpumep, asm32.bat, obs3aTenbHO B TOH ke mamke, 4To M avrasm32.exe.
Teneps 3anycture ASM Editor, BbiGepute B MeHI0 nyHKT Service | Properties, 1 B no-
sIBUBLUEMCS OKHe HaliauTe Bkaaaky Project, a B Heil — cTpoky Assenmble ASM file (na
puc. 5.1 oHa BblaeneHa). B aTy cTpoky, Kak W NMoka3aHo Ha PUCYHKE, BBEAMTE MyTb K Ha-
wemy bat-daiiny. Bonbiue Huvero HacTpauBaTh He TpeOyeTcs — OCTasIbHbIE MYHKTbI
MO>KHO OCTaBHUTb, KaK €CTb, MIIH OYHUCTUTb — M0 eaaHuto. Tenepb No HaXATHIO co4eTa-
HUA KnaBuil <A[t>+<A>, BHe 3aBUCUMOCTH OT TOTO, I/le HAXOAWTCS AEMOHCTPHPYEMbIi
Ha skpaHe ¢ain ¢ peaakTHpyeMOoH B JaHHbIH MOMEHT MPOrpaMMOii, OH CKOMMUIUPYETCS
u pesyabTat (T. H. hex-¢aiin, o uem nanee), ecnu HeT OLWIMGOK, OKAXKETCS B TOM e narnke,
r€ U UCXOIHBIH TEKCT.

OnHoBpeMEHHO ¢ KOMNUMsALMENH OTAEAbHO MOABNSETCS KOHCONbHOe (C GenbiMH Haamu-
CAMHM Ha 4YepHOM (OHE) OKHO C cooblueHHsamMH koMnuastopa. Cpasy cMOTpUTE Ha no-
ClleIHE CTPOKH, rae AOMKHO ObiTb cooblueHHe "Assembly complete with no errors”
("accembnupoBaHue BbinosHeHo 6e3 ownbok"). Ecnu Takas Haanuch €CTb — WLIKTE ro-
ToBbli hex-¢aiin B nanke ¢ ucxomHbiM TekcToM. B npotuBHoM cnyuae hex-¢aiina He
OKaXeTcs (a NpeabIAyLLWii ero BapyaHT, €C/id OH CYLIeCTBOBal, OyAeT CTepT), U B 3TOM
okHe BaM OyayT BbiBeJeHbl HOMEpa CTPOK B MCXOAHOM TEKCTe, CoAeprKallie OLUOKH, 1
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BapHaHTe 3TH pa3zbeMbl UMeHytoTcs PLD, B ogHopsaHom — PLS. Ilutanne Ha nporpawm-
MaTop NpH 3TOM MOCTYMNAET OT CAMOH CXEMBbl.

Taxo#i BapuaHT oueHb ynobeH mns otnaaku — MK Haxoautes B "pomHOM" OKpyKeHHH,
U cpa3y nocjie NporpaMMHpoOBaHHs aBTOMaTHYeCKH HauuHaeT pabortatsb. [Ipuuem BHelwu-
HWEe 31eMEHTbI (C HEKOTOPbIMH OTOBOPKaMH) MpPOLECCY NPOrpaMMHUpPOBAaHUs OObIYHO He
MelaT. DTOT ¢nocod NporpaMMHUpOBAaHUS W MO3BOJISET MPEBPATHTH IOOYIO CXeMy B
OTJIaIOHHBIH MOAYNb, O HeM NoJpoOHee pacckasbiBaeTcs B npunodcenuu 4. Hepocrarok
nocjenoBaTe/bHOro crnocoba nporpaMMHpoBaHUs — IOMOJHUTENbHAS MoLWaAb, KOTO-
pyto OyayT 3aHMMaTh "NHLIHWE" 3NEMEHTbI Ha NJaTe, a TakKe HEKOTOPOE CHIKEHHUE Mo-
MEXOYCTOHUMBOCTH. 3aTo Bbl Bcerga 0e3 ocoObIX CIIOKHOCTEH CMOXKETE MONpaBUTh
owuOKy B NMporpaMMme M JOMOJHUTDH €€ (PYHKLUHOHANBHOCTbL — XOTb Yepe3 Mecsll, XOTb
yepe3 rojl, YTo OYEHb BAXKHO AJS JIOOMTENBCKUX - WIH IKCNIEPUMEHTATIbHBIX KOHCTPYK-
LMH, KOTOPbIE, KaK MPaBWIio, BbIMYCKAIOTCS B ONHOM-ABYX 3K3eMIL1Apax.

MogrPoBHOCTH *

MocnenosatenbHoe nporpammupoBaHue AVR ecTb No CyTu UCNonb3oBaHWe CTaHAApPTHOro
nocnepfosarenbHoro uHTepdenca SPI B cneuunduyecknx Lensx, NpudeM cneayet yuwtbi-
BaTb, YTO B HEKOTOPbLIX MoAensx (Hanpumep, ATmega64 u ATmega128) koHTakTbl COGCTBEHHO
SPI ¢ BbiBOgaMu nporpamMmupoBaHusi He cosBnagatot. Mpouecc nocneaoBaTensHOTO NPo-
rPaMMUPOBaHUA HAUMHAETCA C TOro, 4To Ha BbiBo4 SCK nopaeTcA HanpskeHue ypoBHs
"semnun”, panee Ha /RESET — KOpPOTKMI NONOXWTENbHLIN WUMNYNbLC, W 3aTEM NOCNEeAHWUNA
TaKxe OCTaBMAT B COCTOAHWN HU3KOrO YPOBHA He MeHee yem Ha 20 Mc (MOXHO npeasapu-
TenNbHO NOAKMIOYNTL 3TU BLIBOAbI K HU3KOMY YPOBHIO, @ 3aTeM BKIIOUWUTb NUTAHWE KOHTPOS-
nepa). lNpu 3TOM MUKpoCcxeMa NepexoauT B PEXUM OXUAAHUA KOMaHZ NPOrpaMMyUpOBaHUA.
OTcloaa NOHATHO, NOYEMY CHUXEETCA NOMEXOYCTOWYMBOCTb — TaKOE COMETaHUE YpPOBHEN
BrOMHE MOXET BO3HWKHYTb B Npouecce 3KcnmyaTtauum us-3a HaBOAOK Ha BbIBOAbLI pa3bema
NporpaMmMupoBaHvA. Y aBTopa 3TUX CTPOK B KOHTpOMnepe, pacrnonoXeHHOM B Lexe Co
MHOXecTBOM paboTalowmx MexaHusMmoB, npu cpabaTbiBaHUW MOLLUHOMO nyckaTtens B He-
CKOMbKMX MeTpax OT yCTpoiCTBa cTupanacb namsatb nporpamm! MNMpaeaa, ucnpaeutb cutya-
LMI0 OKasanocb [O0BOMbHO NPOCTO — YCTAHOBKOW AONOMNHWTENbHbLIX “noararvsaowmx” pe-
3UCTOpPOB, Kak 310 BbiNO onucaHo B pasdene "OcobeHHOCMU NPaKMuUYeckoeo UCMonbL308a-
Husi MK AVR" 2naebi 1.

[NocnenoBatenbHoe nporpaMMHpOBaHHE MOLAEPXKUBAIOT He BCe KOHTposnepbl AVR u3
cemeifcra Tiny. B otanuue ot nocnenoBatenbHoro, napainebHblii cnocod nporpamMmmu-
POBaHUs MPUMEHSIETCS VTSl MUKPOCXEMbI, U3B/IEUEHHON W3 YCTPOIHCTBA, MO3TOMY €€ Tpe-
Oyercs 06s3aTenbHO yCTaHaBAMBaTh Ha MaHenbKy. [lapannenbHblie nporpammaropsl, Kak
NpaBHio, B TOH WJIM MHOW CTENEHH YHUBEPCAJIbHbI M MOAXOASAT AJIsi MHOXKECTBA pa3/iny-
HbIX MPOrpaMMHUPYEMbIX YHMOB, HauUWHas OoT MukpocxeM 13V (B ToM uucne U kommnbio-
TepHoi BIOS) u 3akaHuuBas GonbwnHcreom MK. Hanpumep, nokasaHHblii Ha puc. 5.2
nonynsapHbli AutoProg noaaepxxusaet oxono 4000 Tunos MukpocxeM. Takue nporpam-
MaTopbl, €CTECTBEHHO, OTHOCHTENbHO NOpPOrd (He camblii JOpOroi B CBOEM Kjacce
AutoProg nponaercs noutu 3a 9000 py6.), 4TO U NOHATHO — NPENCTaBbTE, CKOJILKO TPY-
Aa BIIOXKEHO B NpOrpaMMHoe o6ecneveHue C MOMANEPKKON TaKOro KOJMYECTBA YHMIOB.
OkoHOMHUECKH Lienecoobpa3Hbl OHU Ul TeX, KTO MHOro paboTaeT ¢ pasiv4HbIMM Cce-
MEHCTBAMH MHMKPOCXEM, @ TAKXKe [UIS W3rOTOBJIEHUS CEPUHHOH NPOAYKUMH C OTNaXKeH-
HOH nporpamMMoi, B KOTOpoH pa3bembl ISP-cucrem Gyayt Tonbko mewars. s omnanku
YHUBEpCaJIbHbIE NPOrpaMMaTopbl HEyAOOHbl — MPUXOAWTCA YacTO BbITACKHBATL W
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B nepBoii cTpoke cinyxebHbli 6aiT THNA naHHbIX paBeH 02, U 3TO O3HAYAET, YTO JaHHbIE
B Hell NPEeACTAB/AIOT CErMEHT MamsATH, C KOTOPOro A0/DKHA HauMHAThCs 3anuch (B AaH-
Hom cayvae 0000). 3akaHuuBaercs hex-dain Bcerna cTpokoH: 00000001FF — 3Ha4EHHUE
THmna naHHbIX 01 03HauaeT KOHel 3anucH, AaHHbIX Oonblue He OXkHuaaeTcs. A UTo O3Hava-
et FF?

CaMbIM nocjieiHUM 0aiTOM B KaX10# CTPOKE MET KOHTPOJbHAs CyMMa (A0MNOJIHEHHE A0
2, nHaue oHa Ha3biBaetcs LRC — Longitudinal Redundancy Check) ans Bcex ocrasnbHbix
GaiiToB CTpOKH, BKJItOUas ciyxebHble. Anroputm BbluvcieHus LRC ouenb npocroi —
HY>KHO BbIUECTb U3 YHcha 256 3HaueHus Bcex 6aiiToB cTpoku (He obpaluasi BHUMaHHE Ha
nepeHoc) W B3aTb Miaawuii 6aiT pesynbrara. COOTBETCTBEHHO, MPOBEPKA LETOCTHOCTH
CTPOKH ellle NpoLie — HYXKHO CIOXKHTb 3HauUeHUs BcexX OaiiToB (BKIOYAs KOHTPOJbHYIO
CyMMYy), ¥ Miaawdii 6aiiT pesynbraTa JO/HKEH paBHATbCA HyJto. Tak, B nepBoil cTpoke
yucao MHpopmMauHoHHbix 6aliToB Bcero aBa, 06a paBHbl HyJtO, MJtoc (B Hauaje) YUCIO
uH(opMaLHOHHbIX GaiiToB, paBHOe 2, ruttoc ciyxebHblli 6alT THNa naHHBIX, paBHbIi
TaKKe 2, HTOrO KOHTpOJIbHas CymMma Bceraa paBHa 256 — 2— 0— 0— 2 = 252 = $FC.
B nocneaHelt cTpoke OfHW HYJIH, KPOME THNA JaHHbIX, PABHOro |, — COOTBETCTBEHHO
KOHTPOJIbHas cymMa paBHa 256 — 1 =255 = $FF.

Tenepb nonpobyem HeMHOro paciuiudpoBaTh naHHble. [lepBoe ci10BO B nepBoi UHPOP-
MaLMOHHOM CTPOKe, KaK Mbl BbiicHWIH, paBHO $CO3A. Ecnu Mbl Bo3bMeM (UpMEHHOE
onucaHue KoMaHj1, To 06Hapy>XuMm, UTo 3HaueHuto crapue TeTpanbl B KOIT, paBroit $C
(1100 B nBOMUHOM CHCTEME), COOTBETCTBYET KOMaHAA rimp — KaK Mbl Jajlee YBHIMM,
rnpakTHUuecku obas nporpamMa HauuHaeTcs ¢ 6€3ycOBHOro nepexoaa Ha MeTKy RESET.
Tenepb 04eBUAHO, UTO OCTaNbHble OUTbI B 3TOM 3HaueHnu ($03A) npeacrasnstor abeo-
JIIOTHBLIH afipec B NporpaMme, rae B TEKCTE ee cTossa MeTka RESET. [lonpo6yem ero Haii-
TH — JUIS 3TOr0 BCMOMHHM, YTO aapeca OTCUYMTBLIBAIOTCS MO CJIOBaM, a He no Oakram,
T. €. uncsio $3A (58) HykHO YMHOXHUTb Ha 2 (nosyuurcs 116 = $74) u uckaTb B 3TOH 06-
Jactu. Pasbiem ctpoky ¢ anpecom $0070, otcuntaem Tpu napbl 6aiiToB OT Havyana naH-
HbIX W Halinem TaM ¢parmeHT "F894", koTopblii B HOpMasIbHOM 3anuch OyaeT BbIMISAAETb,
kak $94F8, a 310, kak nerko y6enuTbcs N0 CNPaBOUHHMKY, €CTb KOJL KOMaH/Abl cli, 3anpe-
uiarouledt npepbiBaHUs (KOTOpas B Hauaje NporpamMMbl JIMLLIHASA, T. K. OHH BCE PaBHO 3a-
npeieHsl, Ho, BUAMMO, MOCTaB/IeHAa Ha BCAKMWiA cayuait). Cnenyrowas komaHaa Oyner
HauuHaTbes c Galita $ES, u nepeas Terpana B HeH o6o03HavaeT koA KOMaHAbl 1di
(1110 — nposepsbre!), a narepka, OYEBUAHO, €CTb (PpparMeHT aapeca KOHLA NAMATH
(RAMEND), KOTOpBIH B CHly AOBOJIbHO CIOXHOrO (opMaTa 3anuci KOMaHabl Mojy4aercs
Ha camom aene pasHbiM $025F (cM. 3Hauenune mnanwero Gaiita, pasHoe $2F). 3ro. coot-
BETCTBYET 3HAUEHHWIO RAMEND, onpeieieHHoOMY B inc-daiinax ans MK c 512 6aiitamu
scrpoeHHoro O3Y ($025F = 607, T. e. Bcero anpecos 608, u3 kotopeix 96 ($5F) 3aHu-
MatoT perucTpbl, utoro noayuqaerca 512 ($0200) He3aHsaTbiX GaiTOBLIX s4Yeek, COCTaB-
astowux O3Y). Bee, kak 1 10omKHO 6bITh — €civ Mbl 0OpaTHM BHHMaHHWe OMATb HA nep-
BYHO-BTOPYIO CTPOKH C AAHHBIMH, TO YBHUAWM MOBTOpsAtoLMiica ¢pparmeHt "1895", koTo-
pblii, Kak Jlerko AOrajaTbCcs M3 MaTepuana cieylollero pasfena, A0KeH ObITb
KOMaHIOH reti — €C/IH NPOBEPHUTE MO CMPABOYHHKY, TO TAK OHO M OKAXKETCSH

Kak Buaure, pa3obpaTbes 1OBOBHO CJIOXKHO, HO MPH HEKOTOPOM HaBbIKE M HANHYMK NOA
pykoH Tabauubl ABOMYHBIX KOAOB KOMaH BMoiHe MOXHO. MMeHHO Tak pabortaer npo-
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rpaMma, KoTopas npeBpaiiaet koJ o0paTHO B TeKCT — ouzaccembnep (oH BXoauT B AVR
Studio). Brnpouem, B am3accemMGaMpoBaHHONH nporpamme pasobpaTbest ObiBaeT ewie
C/OXKHee, YyeM B camoM hex-daiine, T. K. TaM, €CTECTBEHHO, HET HUKaKHX METOK W ofnpe-
neneHui, ce B abCOMOTHBIX YMCaax.

A 3auem 3TO MOXET noHanobuTbecs Ha npakrtuke? eno B TOM, 4TO B NamATH NPOrpamm
4acTO XPaHAT KOHCTAaHTbl — Te, YTO NPeANojOKUTENbHO He OyayT W3MEHSTbCS B NPO-
Lecce IKCIulyaTaluuu, HarnpuMep, yCTaHaB/IMBaeMble MO YMOJHYAHUIO 3HAYEHHUS KaKOW-TO
BesIMuMHblL. Ho, pazymeercs, Mo ucTeHEeHUH HEKOTOPOTO BPEMEHH WM MpPH MEpeHoce Ha
JApyroe yCTpOMCTBO 3TH KOHCTaHTbl 00s3aTeNnbHO 3axouercs U3MeHuTb. M ecnn y Bac
TEKCT NpOrpaMmbl o KaKMM-TO NMPHUUMHAM OTCYTCTBYeT (HanpumMep, Nporpamma B3sTa H3
nyGiMKauMK B JKypHajle WM CKauyaHa C pafiHolOBMTENbCKOro caifTa), a 3arpy304Hbilii
hex-gaiin umeercs, To Bceraa MOXHO "XakHYTb" MCXOAHbBIH KOI U HEMHOrO NMOANPaBHTb
€ro Moj CBOW HYXbl.

KomaHAbl, UHCTPYKLUUMK
u HoTauus AVR-accembnepa

Jlna Hayana OTMETHM, UTO BCE MOc/eAyloLlee H30KEHHE PACCUMTAHO Ha UCMOb30BaHHE
avrasm32, 1. k. Gonee "npoaBUHYTHIH" avrasm2 (c noaaepxkoi GonblIEro KoAHYecTBa
pasHoBuanocTeit MK) nMmeer, k npumepy, 3aMeTHO OTJIMHalOLLMiCS HAOOp AMPEKTHB
komnuaaTopa. Ewie 6onbuie oTavuaeTcs HOTauus NporpamMm Ais acceMOiepoB CTOPOH-
HUX npousBoautenei (toi xe IAR Systems). Pazbuparbcs B 3THX TOHKOCTAX — TOABKO

nyTaTbCs, MOITOMY Mbl OrpaHU4YMMCS avrasm32.

Oco6eHHOCTH MHEMOHHYECKO# 3anucH GonbliMHCTBa komaHa B AVR-accembnepe Takue
XKe, KaK U B 11o0bIX Apyrux accembnepax. CHauana uaet cobectBeHHO komaHaa (B AVR
KOMaH/bl ObIBAlOT ABYX-, TPeX- U UeTblpexOyKBEHHbIE), 3aTeM yepe3 npoden WK 3HaK
TaBynaLMK (3THX 3HAKOB MOXKET GbITh B MPHHUMIE 1060 KOTMUECTBO Gonblle Hys)
cnenytoT onepaHabl. Hekoropble kOMaHabl onepaHnoB He UMEIOT (lpm, reti), B APYrHX
ouH oniepaHA (inc rle). Eciv komaHaa umeer aBa onepaHia, TO CHAYANA yKA3blEAOM
npuemnux, 3amem ucmounux (3TO T. H. "npsAMas nosnbckas 3anucs"). Mexay npueMHu-
KOM M MCTOYHHKOM 00s3aTefbHO A0/MKHA CTOATh 3anaTas (¢ ato0bIM yucaom npobenos
10 MJIK NOChie Hee, Uin Boobuie 6e3 Hux). Tak, BbIpaXKEHHE sub r16,rl7 O3HAYAET, UTO U3
COAECPIKUMOrO r16 HY?)KHO BbIUECTb COAEPHKHUMOE rl7, a pe3yibTaT OKaXKeTCs B rl6.

OO6uiee npaBuiIO A1 UCMOJIb30BaHWA NPOGENIOB ¥ 3HAKOB TalY/SUMH TaKoe: HeJb3s pas-
61BaTh UACHTU(HHUKATOP HA YACTH M, HAOOOPOT, HEJb3s C/IUBATb pa3Hble WAEHTH(HKATO-
pbl Mexay coboit — xoTa 6bl oauH npoben, 3Hak Tabynauuu (WM 3HAK NpenuHaHus,
€CJIM 3TO MPEAYCMOTpeHO GOpMaTOM KOMaHIbl) MEXAY HAUMEHOBAHMAMH MHCTPYKLHMH,
NepPEeMEHHbIX, PErMCTPOB U T. M. AOJIKEH ObITb. ‘

Cpa3sy 3ameTnM, uto AVR-accembaep pezucmp 6yke ne pasiuuaent, B TOM UHCIE U B MPH-
CBOEHHbIX MPOrpaMMHUCTOM MMEHAX MEpeMEeHHbIX, KOHCTaHT, METOK W T. M. (OAMHAKOBO
npaBuIbHON Oyaer Gopma 3anucu Jmp, JMP U jmp, TAK e KaK Reset, RESET U reset).

Kaxxnas komaHza nomkHa 3aHHMaTb OTAENbHYIO CTPOKY (B GOJIBLUIMHCTBE A3bIKOB BbICO-
KOTrO YpOBHS OMepaTopbl MOXHO 3anuCbiBaTh B OAHOM CTPOKe, Harnpumep, pasaeiss ux
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3HaKaMH MnpernuHaHusa — 34€Cb 3TO HE nonycxaeTca). PazbuBatb KOMaH4y Ha 4aCTH pas-
pbIBOM CTPOKH HEJIb34. Kpome KOMaHAbl, €AUHas CTpoKa MOXET COACpXKaTb METKH H
npuMeyaHusa.

Metka (label) — upenTHdHKaTOp NPOM3BONBHOW AJIMHBI, NMPHAYMaHHbIH NporpamMmMu-
CTOM ¥ 3aKaHuWBawlLLKiica BoeToureM Oe3 npodena nepen HUM (metka:). MeTKy MOXKHO
pacnoJsiaraTb ¥ B OTAe/bHOM cTpoke. KpoMe npocToro ykasaHus Ha ajpec nepexoja ans
KOMaHj BETBJIEHWA, METKH CIyXaT Takoke yKasaHHeM Ha ajpec noxanporpamm (mpo-
ueayp) ¥ 3a0[HO ABJSIOTCS UX HMEHEM. ‘

[MpumeuaHus MOXHO 100aB/STb B KOHLE CTPOKM Nociie 3Haka "Touka c 3anaToi". Bee,
YTO PacroJioXKEHO MOC/IE TOUKHM C 3anSTOHW U J10 3HaKa KOHUA CTPOKH (0ObIYHO B TEKCTO-
Bom popmare DOS/Windows ato napa cumosnos $0A $0D, kotopas BBOAMTCS NpH Ha-
xaruu <Enter>; peaakTopbi MX He NOKa3biBalOT, HO HYMEPYIOT CTPOKH MMEHHO MO HaJU-
YKIO 3THX CHMBOJIOB), HTHOpPHUpYETCS, NOITOMY KOMMEHTapuii MOxeT ObiTb M Ha pyc-
ckom. HnuHa cTtpoku orpaHuuena 120 cumsonamu. Ecnu Heobxonumo npopautb
KOMMEHTapHii Ha ClIelyIOLLyIO CTPOKY, TO 3TY CTPOKY HY>KHO OMNATb HaYMHATb CO 3HAKa

H“n

"Touka ¢ 3ansaTou'".

Yucnau BblpaXXeHus

B HekoTopble KOMaHbl MOXKHO BKJIIOYATb BbIPAKEHHUSA W YMCIIOBblE 3HauYeHHUs. Yucna no
YMOJIYAHHIO CUUTAIOTCS IECATHUHBIMH, 30 UCKTIOYEHUEM HUCe] C 6e0YyuUM HY1eM, KOTO-
pble, eclid He UMEIOT AOMOJHUTENbHbIX NMPU3HAKOB, BOCTIPUHMMAIOTCS Kak BOCbMEpHU-
Hole. lllecTHamuaTepruHblie uMcaa MOXKHO 3arUCbiBaTh ABOSKMM CMOCOOOM: Kak B A3bl-
ke C (0x0R), Tak u B A3bike Pascal ($0a). "MuTenosckas" dopma 3anucu (0Ah) He nonyc-
kaetcs. JIBomuHble uMciia 3aNUCbIBAOT Kak B A3bike C: 0600001010.

B koMaH/[bl MOXKHO BKJIOYaTb anrebpanyeckue W JIOrH4eckue BbIpaXKEHHs, Hanpumep,
1di r30,cl+c2 (TAe cl U c2 — KOHCTaHTbl). B BbipakeHUsAX 1OMyCTUMbI BCe apUpMeETH-
YecKHe M JIOrM4eckHe Omnepauui, BKJItOuYas Jaxke onepauud CPaBHEHUs (32 WX MOJHbIM
nepevHeM s OTCbIIal0 K PUPMEHHOMY onucaHHio accembnepa). OnHako feHCTBUS B Bbi-
paXKeHHAX MOTYT, €CTECTBEHHO, NPOM3BOANTLCS TOJIbKO HajJ KOHCTAHTaMH, a HE Haj co-
JEPXKUMbIM PErHCTPOB, KOTOPOE K MOMEHTY KOMMWJIALMH HEU3BECTHO. XHUTPbIH HIOaHC
TYT 3aKJIOHAETCs B TOM, YTO aJpeca B NporpaMMe — TOXKE KOHCTAHTbI, NO3TOMY AOMYyC-
THMa TaKasi, HanpuMep, KOHCTPYKLMA: rimp metka+l. [10 9TOM KOMaHae npousoiineT ne-
pEXO/l He Ha KOMaHJy, MOMEUYEHHYIO0 METKOH metka, a Ha ClefyoLLyto 3a Hel. Bnpouewm,
yBlleKaTbCsl 3TUM HE CTOMT, T. K. A€MKCTPOBCKas "nania" ycaoBHbIX U 6€3yc/IOBHbIX ne-
pexoa0B u Ge3 TOro 3aTPyAHAET YTeHHE acceMOJIEpHbIX NPOrpamM.

VkaxeM Ha OJHY OMepaLMuio ¢ KOHCTAHTaMH, KOTOPOH Mbl 4acTo OyAeM Nosb30BaThCA:
3TO JIOrH4eckuii CABUr BIeBO, 0003HavaOWMUKCA 3HaKOM <<. QniepaTop 3TOT XOPOLIO H3-
BECTEH 3HaTokaM si3blka C, U1 BCEX OCTabHbIX MOSCHUM, YTO BblpakeHHe X<<n paBHO-
CWJILHO BbIP@XEHHIO X-2", WU, APYrUMH CIIOBAMH, YHCIIO X, CABUHYTOE BJIEBO HA 1 /IBO-
HuHbIX pa3panoB. B coBokynHocTu ¢ nodutosbim "HJIN" (" | ") onepauuto 31y yno6Ho
NPUMEHATDb A1 YCTAaHOBKHM NOMMEHOBaHHbIX OMTOB cpa3y "Beeii kyueit", Hanpumep:

1di temp, (1<<INTO) | (1<<INT1)
out GIMSK, temp
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OTa nocnefoBaTeNbHOCTb ONEPaTOPOB YCTAHOBHT pa3pelieHHe ABYX npepbiBaHuii Int0 u
Int] B oauH nmpueM. 3amuch 1<<INTO O3HAuYaeT 4MCIO |, CABHHYTOE Ha INTO pa3psioB
BJIEBO, T. €. OKa3aBllUeecs B MO3WLMM INTO. MOXHO ycTaHaBinMBaTh cpasy aBa W Oosee
OMTOB, €C/IM OHU UAYT MOAPSA: HaNPUMEP, 3aMKCh 1di temp, (3<<INTO) paBHOCH/IbHA 1di
temp, (1<<INTO) | (1<<INT1), MPHYEM yKa3biBaTb HY>KHO CaMblii MilaaILInH OUT.

Ho pasgenbHas 3anuch ayuuie yuraercs W ynortpebnsercs uaule. Bmecro snoruueckoro
nobutHoro cnoxenus (" | ") MOXXHO NnpuMeHUTb 00bIuHOE apupmeTnueckoe ("+"). Ckob-
KH B BbIPAXEHHSX HCMOJb3YIOTCS MO TEM K€ NpaBuilaM, 4TO U B OObIYHOH anrebpe —
AN SBHOTO YKa3aHWA cTapliMHCTBa onepauuii. CTapuiMHCTBO (NPUOPHUTET) onepauui
COOTBETCTBYET MX MOJIOXKEHHIO B Tabfule, npuBeseHHON B onucanun AV R-accembnepa
(uem HuXKe NoJOKEeHHe, TeM NpUOpHTeT Bbilue). CkaxkeM, B NPUBEAEHHOM MpUMepe MpH
YKa3aHWM 3HAKA JIOTMYECKOrO MOGUTHOrO CJI0XKEHHS CKOOKH MOXHO He CTaBuTh (3Ta
onepauus UMeeT HauBbICLUMH MPHOPHUTET CpPElNH BCEX, KPOME PEAKO ynoTpebnsiommxcs
noruueckoro "HU" u nornueckoro "UJIN", Bo3Bpawatoux He 6aHTOBBIN, a TOrHueckuii
pesynbrat 0 uan | — npsamoro aHanora cpenu komana MK stum dyHkuuam Her). Ipu
MCMOJIb30BaHUHM apU(METHUYECKOTO CII0XKEHHA OHHU CTAHOBATCA 00s3aTebHbIMH, HO, UTO-
Obl HE MJIOANWTb UCTOUHUKH BO3MOXHbIX OLIMOOK, BO BCEX COMHHTEJbHBIX Cllydasx Jyu-
e ynorpebasaTb CKoOKH.

AOunpekTuBbl U hpyHKUMNK

Kpome cobeTBeHHO kOMaHa, B acceMOepHOl nporpaMMe MOryT BCTpeuaTbCs AMPEKTHBbI
komnuasTopa. X noBosbHO MHOrO, HO CaMbiX YNOTPeOUTENbHbIX, KOTOPbiE €CTb MpaK-
THYECKH B KaXI0i nporpamme, Tpu: def (definitions), equ (equvalent) u include. Ilep-
Bbl€ [BE MpEeAHa3HauyeHbl AJS OMpele/ieHHs WMEH MOJIb30BaTe/bCKUX MEPEMEHHbIX H
KOHCTaHT COOTBETCTBEHHO (00paTUTe BHUMAHHE HA TOUKY Nepea UMEHEM JAWPEKTHBbI):

.equ max_value = $11 ;MakcuMMasbHOe 3HaueHye = 17
.def temp = rl6 ;perucTp rl6é ecTb nepeMeHHas temp
.def counter = r05 ;peructp r05 ecTs nepemeHHas counter

OTH onpeneneHus B LENSX CTPYKTYPHUPOBAHHUS NMPOrpaMmbl OObIYHO pacrofiaraior B Ha-
yane Tekcra. TOJbKO yuTHTE, YTO HUKAKWX MPOBEPOK, KPOME CHMHTAKCHUYECKHX, TYT He
MPOM3BOAMTCS, MOTOMY BO3MOXHO OOBABUTb 1BA Pa3HbIX UMEHH [ O[IHOTO PericTpa, v
OHH Oy1yT BOCMIPHHUMATBCS KaK CHHOHHUMbI:

.def temp = rl6 ;perucCTp rlé ecTb NepemMeHHas temp
.def counter = rl6 ;peructp rlé ecrTp nepeMeHHas counter

UzmeneHue temp OyaeT aBTOMAaTHYECKH O3HAYaTh M3MEHEHHE counter U Ha0bOpoT. MHO-
raa 5TUM MOJib3YIOTCA, €C/IM B Pa3HbIX YacCTAX APOrpaMMbl OJWH PErucTp MpUMEHseTcs
JUIl pa3sHbIX MO cMbICiy Bellel (M Bbl MOXKETE BCTPETUTb TaKHe MpUMepbl B GPUPMEHHbIX
"annHotax"). B ob6leM cnyvae Takyro BO3MOXHOCTb ClI€lyeT HWCMOJb30BaTh TOJNBKO
B UCKJIFOUMTEJIbHBIX Clly4asX — CJIMLIKOM MHOro OLKHO0K MOXHO Hanenarb.

C nomoltubio JAUPEKTHBbLI equ, BooOLe roBops, MOXXHO onpencsiaTb NOBOJIbHO CJ/IOXKHbIC
BbIpa)>X€HUA, HO 3THUM MOJIL3YIOTCA PEAKO — ropasao 4yaile €€ npuMeEeHAoT AJia onpeac-
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B atoM cnyuae B Toii ke nanke, rae Haxoautcs hex-¢aiin, cosnacres dain ¢ pac-
LIMpeHreM eep, KOTOpblii OyaeT conepxarb naHHbie aias 3arpy3kd B EEPROM. Ecnu
IMpEeKTHBA .eseg B TEKCTE NPOrpaMMbl HE BCTPEYAETCs, TO B CO3AaHHOM eep-(aiine naH-
HbIX HE OKaXkeTcs, U OH OyleT aBTOMAaTHYECKH yianeH KOMIHJIATOPOM M0 OKOHYaHWH
npouecca.

3amMeTHM, YTO KpoMe .db, HMEeTCs eLie JUPEKTHBA .dw, KOTOpas MO3BOJISET pacrnosiararb
naHHble B namMaTH nporpamM uan EEPROM cpasy aByx6aiToBbiMu crioBamu.

Jns pasMeutenus naHHbix B SRAM ecTb nupekTuBa .dseg. Pa3zymeercs, cnieuuasibHbIX
Ornuui KOMNUIATOpPa TYT He TpebyeTcs, 3aTO MOYEMY-TO JaHHble MO AUPEKTHBE :dseg
MOMEYaloTCs He JUPEKTHBOM .db (MM .dw), a .byte, KOTOpas HMEET HHOM CHHTAKCHC —
nocsie Hee JIO/KHA WATH KOHCTAHTA, YKa3bIBAKOLIAA YHCIIO pe3epBHUpyeMbIX GaiiTos. JIpy-
rUX NapaMeTpoB He JOMYCKAeTCsl, MOTOMY .byte MOXET MPUMEHSATLCS TOJIbKO A1 Bblje-
NeHus mecTta noA nepeMeHHble B SRAM, HO He ans vMHUUMANW3aUMK €€ CONEPIKMUMOrO.
K ToMy ke ecTb HekOTOpas nmyTaHuua ¢ aapecauueidl B oTHoweHUH SRAM — cuetumk
aapecoB 3€Cb NO YMOJIYaHHUIO PaBEH HE HYJIO, KaK B APYrux ciy4asx, a 32 (nockosbKy
aapeca 0-31 3ansatel POH), Ho ¢ 3Toro agpeca BooOuie-To HauuHaeTcs aiin peructpos
BBOJa-BbIBOAA, @ He cobcTBeHHO SRAM. Bee ath HeynoGcTBa NpHBOAAT K TOMY, 4TO Ta-
Ko# crnoco6 3arpy3kd AaHHbIX UCTMOJIB3YIOT 3HAYUTENILHO peXe OCTalbHbIX — MO CYTH
€IMHCTBEHHOE MPEHMYLIEeCTBO B TOM, YTO HaM He NMpPUXOIMTCA OyMaTb B Npouecce npo-
rpammupoBanus 06 aapecax B SRAM, a MOXHO npocTo pacnoaraTh AaHHbIE N0 METKE
(npuuem appecauus 3aech nobaiiToBas, a He NMOCIOBHAsA, Kak B NaMATH NporpaMm). 3T1o
obneruaer >xH3Hb, HaNpUMep, NMpu nepexone ot ogHoi moaend MK k gpyroii. Ho 3anosn-
HATb NMaMATb KOHKPETHbIMH 3HAYE€HUSIMH BCE PAaBHO NMPUXOAMTCH NPOrpaMMHO, TaK YTO
MHOrO Mbl HE BbIMIPbIBa€M.

[puMeHeHHe AMPEKTHBbLI .macro Mbl pACCMOTPUM B 21age 7. PaccMaTpuBaTth Apyrue au-
peKTHBbI Mbl 37ecb He OynmeMm, T. K. 6e3 HuUX B noaaeisioweM GONbLIMHCTBE Cily4yaes
MOXKHO 0BOHTHCH (MHTEpECYIOLIMXCS OTChbIIal0 K prHpMeHHOMY onucaHuio AVR-accem6-
nepa). CTOMT TO/NBKO YNOMSAHYTb, YTO, KaK W J1000H ApyroH cepbe3Hbli A3bIK NMporpam-
mupoBaHus, AVR-acceMbaep npeanosaraer BO3MOXKHOCTb YCJIOBHOM KOMMUAsUMH (au-
PEKTHBbI if, endif, else, ifdef U UM NOAOOHbBIE), YTO B COBOKYMHOCTH C JWPEKTHUBOIA
device MO3BOJAET MWcaTb NMpPOrpaMMbl, Hanpumep, cpasy Ans psga Moaenedd mpoiec-
COpOB.

Kpome aupextns komnuasropa, AVR-accembaep pacnonaraer HeckONbKUMH CTaHOapT-
HbIMH QYHKUMAMH. M3 anre6pavuecknx AOCTYNHbI ABE: Exp2<aprymenT> BO3BpallaeT 2 B
CTEeNEHH <aprymeHT>, 4 Log2<aprymeHT> — LEJYI 4aCTb ABOHYHOIO norapmbma OT <ap-
rymenT> (F1€ <aprymeHT>, €CTECTBEHHO — KOHCTaHTa). O6siacTu aeicTBUA 9TUX PyHKUHKH
B §-pa3psaaHOM KOHTpOJuUiepEe MO MOHATHLIM MPHYHHAM CHUJIBHO OrpaHuyeHsl. Bce oc-
Ta/lbHble JOCTYMHblE QYHKLMHM NpelHa3HayeHbl Ui BblAENEHHs OTAENbHbIX OaHTOB W3
KOHCTAHT WM Pe3yJIbTaTOB BbIYMC/IEHHI, €CIIH 3TH pe3yJibTaTbl pasMepom GoJiee OIHOro
aiita. HanGonee yacto u3 Hux ynorpebnsiorces QyHKUMH Low (BblaenseT MAaLuii Gaiir
U3 MHOro6aiTOBOrO 4Kcna) U High (BblaeNseT BTOpOii OaiiT; ecnu unMcno aAByx6aiToBoe,
TO OH ke cTapwuii). Hanpumep, 3arpy3ka 3nauenus 62 500 B peructpbl cpaBHeHHs Taii-
mepa-cueturka Timer|l MOXXET NPOUCXOANTD Tak:
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1di temp,high(62500)
out- OCR1AH, temp
1di temp, low (62500)
out OCR1AL, temp

O6wasn cTpyktypa AVR-nporpammsl

Kak Bbl yxe 3Haete, npu pabore MK nocnenoBaTesibHO BbIMOJHSAET KOMaHAbI fporpam-
Mbl, UMetoLLEHCs B MaMsTH. [IporpaMMHUCT MOXET MEHSTh MOPSAAOK BbIMOJHEHHS KOMaHL,
OpraHusysi UMKJIbl M pa3iinyHbie nepexoabl. OQHO U3 caMbiX MOLUHBIX CPEACTB NpOrpam-
MHPOBaHHS — BbI30B HOONPOZPAMM WIN Hpoyedyp (B AAHHOM Cllyyae 3TO OAHO H TO XKeE),
T. €. KYCKOB KOJ1a, KOTOpbI€ MOTYT HCIMOJb30BaThCs HEOAHOKPaTHO. Bo Bcex accembnepax
BbI30OB NPOLEAYP MpenycMOTpeH 0083aTeNbHO.

lTPUMEYAHUE

B Pascal u apyrux knaccudeckux anrononopobHbix f3bikax noanporpammbl AEnATCA Ha
npoueaypbl U pyHkunK, a B s3bike C 1 BO BCex OCTanbHbiX, OCHOBAHHbLIX Ha €ro CUHTaKCu-
ce, eCTb TOnbko (hyHkumn. B accembnepe, CTporo roBops, Cyw|eCTBYIOT TONbKO NOAnpo-
rpaMMbl, HO B NPUHUWMNE 3TO BCE OHO U TO XeE.

EcrecTBeHHO, MporpamMMy cHauyajla Hy»HO 3anucartb B namstb MK, npuuem Tak, 4ToObl
MK "3Han", oTkyna HauMHaTH MPH BKIOYEHUH MUTAHUA WIIK TIOC/IE NOAAYN UMMYJIbCa Ha
BbiBoJ /RESET. D10 ero "3nanue" B cnyuae copemeHHbix MK AVR Ttakke nporpammu-
pyeTcs, OAHAKO 15 MPOCTOTHI Oy[eM CUMTaTb, YTO MpOrpaMma Bceraa HauMHaeT YNTaTb-
csl ¢ caMOi nepBoi AYeiKK NaMATH MpPOrpaMm — T. €. C HyJIeBOro aapeca (kak yka3aHo B
2nase 2, B coBpeMeHHbIX Moaeasax AVR agpec 3TOT MOKHO H3MEHATb, HO Mbl 3THM 37€ECh
3aHuUMaTbes He Oynem). Mcxons U3 aTux o0CTOATENLCTB, MporpaMma A0MKHA UMEThb OM-
pelneneHHYIo CTPYKTYpY.

[To 3TOoMy HauanbHOMY (HyJleBOMY) afpecy Bceraa pacnosaraercsl O4Ha M Ta )K€ KOMaHza
6€e3ycioBHOrO nepexoaa (Mo-aHriMicky jump — "NpbKOK"), KOTOpas 3aM1ChiBaeTCs TaK:

rijmp RESET

HJTH
jmp RESET

®opma HanucaHUs (jmp MAM rimp) 3aBUCHT OT BLIOPAHHOIO KOHTPOJLIEPAa — €CJIH B HEM
00BeM MaMsaTH MporpaMM MeHblle WU paBeH 8 kOaiiT, To Bcerna (M HE TOJILKO B 3TOM
cliyyae) ucnoib3yercs komaHaa rimp (relative jump, T. e. "oTHOCHTENbHbIH Ge3ycIOBHbIH
nepexon"). OHa 3aHHMaeT B namsATH aBa OaliTa — Kak M MPaKTHYECKH BCE OCTaslbHbie
komanabl AVR. Koa camoit komaHabl B 3TUX AByx OaiiTax 3aHMMaeT CTapulyto TeTpany
crapuiero Oaiita — T. €. yeTbipe OuTa, ocTanbHbie 12 OUTOB NpeacTasstoT coboit aapec,
KyZla NepexoAuTh — B JaHHOM cllyyae KOMMMIATOP MOACTaBHUT aapec KOMaHAbl, clie-
aytoliel cpasy 3a METKOH RESET, C KOTOPO# W HauHeTCs COOCTBEHHO BbIMOIHEHHE MpPO-
rpaMMmbl. MeTka ¢ 3THM HMMEHeM, eCTeCTBEHHO, Bcerja [I0/DKHa MPHCYTCTBOBaTb, HO
MOXeT ObITb pacnonioXkeHa y)ke B Jto00M ApyroM yAoOHOM MeCTe MporpaMmbl, 3a HC-
K/IOUEHHEM €llle HECKONILKHX MEpPBBIX aipecoB, O HA3HAUYEHHH KOTOPHIX janee. MeTka,
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€CTECTBEHHO, MOXKET Ha3blBaTbCd M HE RESET, a JtoObIM ApPYrMM HMeHeM (Hanpumep,
Main), MPOCTO TaK MPHUHATO AJs yNoOCTBa UTEHHUS (XOTHTE HAlTH B Nt0OOH nporpaMme ee
Hayano — MLIMTE METKY RESET).

Bepuemcs k ¢opme 3anucu komaHapl. 12 6uTOB aapeca MoryT npeacrasnstb 4096 pas-
AnyHbIX afpecoB. Tak Kak eauHuUued oObeMa MamsTH NporpamMmm CllyXHT CJ0BO M3 ABYX
faiiToB, TO oOwWMii oObeM ampecyemoit TakuM o0pa3oM namsTH M cocTaBUT 8 kOaiT.
A BOT eciii namsTH Gosblue, To MPUXOAUTCS NpUOErHyTh K KomaHae jmp (aGCOMOTHDIH
Oe3ycnoBHbIH Nepexoll) — OHa COCTOMT M3 YeTbipeX 0alToB, B KOTOPbIX aapec 3aiMeT
22 6uTa, K NOTOMY MOXeT aapecoBath 10 4 M cios (no 8 M6aiit) namsaTu.

Te xe cooOpaxkeHHs OTHOCATCS K APYrMM KOMaHaaMm, aJpecyioliMM naMsTb Mpo-
rpaMM — K mape rcall M call (a TaKKe€, C HEKOTOPbIMH HIOAHCAMH, lpm M elpm).
B npumepax B 3To# KHUre crapuive moaenu cemeicrsa Mega Mbl He OyaeM MCrosb30-
BaTb, U MOTOMY OFpaHH4YMMCS KOMAaHAAMH rimp, lpm M rcall. 3aMETHUM, YTO B CHCTEME
xomaHa AVR cemeiicTBa Mega ecTb ele KOMaHAabl icall U ijmp (KOCBEHHbIH BbI30B U
KOCBEHHbBIH Mepexon), KOTOpble MO onpeaeneHHdo MoryTt aapecosath 64 K cnos (no
128 k6aiiT) nmaMATH — AN 3TUX KOMaHA ajapec 3ajnaercs 16-OMTOBLIM PETHCTPOM 2
(o HeM cM. oanee). OnHako uX ynoTpebsioT HewacTo (Toabko B cTapux Mega), a B Ha-
yasie nporpammsl (B Tabsidue npepbiBaHUH, cCM. Oanee) WX BOOOLLE YKa3biBaTb HEJb3s
YUCTO TEXHMUYECKH (HY)KHO 3apaHee 3a/laBaTh 3HauU€HHE Z, a 10 Havaja nporpamMMbl 3TO
cleaThb HEBO3MOXKHO).

[TonBenemM HEKOTOpbI UTOI: Mbl YK€ y3HAJIH MHOTOE O CTPYKTYpE TUMOBOH Mporpammbl
Ans AVR: TeKCT JO/mKeH HAYMHATLCA C AMPEKTHBbI include, CCbUIAtOLIEHCS Ha (aiin ¢
onpeneNeHUIMH UMEH Ul KOHKPETHOro mnpoueccopa, aajnee oOblYHO MAYT Mosib30Ba-
TE/bCKHE OMpEeNeACHHUs NEepeMEHHbIX (AMPEKTHBA def) M KOHCTAHT (AMpEKTHBA equ), a
nporpaMMa A0JDKHa HauyvHaTbes ¢ Oe3yc/lOBHOro repexona Ha MeTky RESET. Hauano
cobcTBEHHO nporpammbl OyA€T pacnonaraTbest cpasy rnocjie 3Toii METKH Fe-To B Apyrom
MECTe Nporpammbi.

A nouyeMy Tak CTPaHHO — HEJb3s JIM HayaTb MPSIMO cpa3y C HYJIEBOro ajapeca, CTpoKa 3a
CTPOKOM, 3a4eM HY>KHbl KakHe-TO nepexoabl? MoxHO, OTBEUYAlOT HaM aBTOPbl ONHCaHHH
AVR. Ilpocreiiuas nporpaMma MOXKET HAUMHATbLCS C HYJIEBOTO aipeca, U HUKaKuX nepe-
XOZl0B HE noTpedyeTrcs, HO TOJIbKO B OQHOM Cily4ae: €CiiM Mbl 00S3bIBaEMCS  OTKAa3aThCs
OT npepbiBaHUi. A 6e3 HHUX KOHTposuiep Tepser 90% cBoeit (PyHKUHOHANBLHOCTH. Mbl
rnosaHee nornpobyeM MpuaymMaTbh NMpUMEp Mporpammbl, kotopas Obl aenana uto-Hubyab
NoJIe3HOE, HO MpPH 3TOM HE UCMOob30Bajla NpepbiBaHUH coBceM. Ho Ha npaktuke nomnosn-
HUTE/IbHbIE MPEpbIBaHUS HEOOXOAWMbI TOJbKO TOrZA, KOTAA LUTATHBIX MpEpbiBaHU He
XBaTa€T (HanpUMmep, AJs OTCIEXKHBAHHSA COCTOSTHHSA MHOXECTBA KHOMOK), M KOTAA OHH
nonpocTty HeyfoOHbl U 6€3 HUX Mporpamma rnojlyyaercs koMrnakTHee (Takue ciyyau Mbl
€LIE BCTPETUM).

O6paboTka npepbiBaHU#A

AVR no yMonuaHHio OXXMAaeT, YTo cpasy mnociie nepBoii komaHabl ¢ aapecom $0000
uaeT Tabiuua T. H. GeKmopos npepuvi@anuii. BekTop — 3T0 NpocTo OTchblIKa MO HYXHO-
MY afipecy ¢ MOMOLUBIO KOMaHAbl rimp. BooOLie-To BEKTOp rno HyneBoMy aapecy, Ha KO-
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64 sueiiku (Tak, B ATmegal28 nporpamMma MOXXeT HauMHaTbCs JHLLb ¢ Auelikh $46), HO
A8 HHX, 33 HEOOJIbLLMM MCKJIIOYEHHEM, U Ha3BaHMS NPEPbIBAHWH Oy1yT HHBIMH, TaK 4YTO
BCE PaBHO NPOrpamMy MpUAETCs MPaBUTb (MK HCIIONb30BATH YCAOBHYO KOMNUIIALMIO).

RESET

Tenepb 0O6paTHMCs K npoliefilype RESET, T. €. K MCTHHHOMY Hayajly nporpammbl — 4TO
TaMm AomkHO ObiTh? Koraa KoHTposuiep OOXOAMT O KOMAaHAbi BbI30Ba MOANPOrpamMmbl
(call MM rcall), WK B HEM NPOMCXOAMT MpepbiBaHWE (XOTA B BEKTOPE M CTOMT OObIY-
HOE rjmp WM jmp, HO MO CYTH 3TO TOXKE BbI3OB MOAMPOrpPaMMbl), OH JOJKEH COXPAHUTD
COCTOSIHUE TPOrPAMMHOIO CHETYHKA C TEM, YTOOBI NMOTOM 3HATh, KyJa BEPHYThCA. DTO
NPOUCXOHUT B CrieurasbHoH 061acTH namsTH, koTopas Hasbiaercs cmex (stack). Iloro-
My B Jto6oii nporpamme Ha AVR-accembnepe, nonyckatoleil NpepbiBaHHA MK NPOCTO
MOAMpPOrpamMMbl, Kak Mbl yxe o0Cyxaanu B 21aee 4, NepBbiMH MOCNE METKH RESET J0JIK-
Hbl MATH CIIEAYIOLLUE CTPOKH:

RESET:

1di temp, low(RAMEND) ;3arpyska ykKasaTeJil cTeKa
out SPL, temp

1di temp,high (RAMEND) ;3arpyska ykKazaTejis cTeKa
out SPH, temp

DTUMHK ofepaTtopaMH Bbl YKa3biBaeTe, rae KOMIHJISTOPY pacroNoXMTh MporpaMMHbIH
CTEK — a UMEHHO, B KOoHLle SRAM (uro 0603HaYaeTCs KOHCTAHTOM RAMEND, OObABIEHHOM
B COOTBETCTBYIOLEM inc-Gaiine). [Ina moneneii Tiny ¢ annaparHbiM crexkom (ATtiny lx,
ATtiny28) atu cTpoku cieayer onycTuth (moapobHee cm. 2aagy 4). JIns Tex Mopaesnew,
Y KOTOPbIX CTEK NporpaMMHbIii, Ho 06beM SRAM He npesbiiuaer 256 Gaiit (moaens 2313
BO BCeX ee HHkapHauusax, ATtiny26 u ap.), 3anuch cokpaluaercs:

RESET:
1di temp,RAMEND ;3arpys3ka ykasaTejs cTeka
out SPL, temp

[locne 3apanus cTeka »keslaTesibHO NMOCTaBUTD CJIEAYIOWHE CTPOKH!

1di temp, 1<<ACD
out ACSR,temp ;BHIKJI. aHajgoOI'. KOMIApPaTop

[Touemy xenatenbHo, a He 06s3aTenbHO? [ToTOMy 4YTO NO YMONUYaHHIO aHATIOrOBbIH KOM-
napaTop BCeraa BKJIIOYEH, H, COOTBETCTBEHHO, pacxoayeT nuraHue. Eciau Bbl ero He uc-
nosib3yeTe, TO 3a4eM JuiLHee notpedienue? [paBna, 3TO NPaKTUUECKH HE CKAXKETCS Ha
noTpe6GieHH B HOPMaJIbHOM pexxnme paboTbl — [01s KoMMapaTopa oyeHb Mana. [loro-
MY KPWMTHYHOM BCTaBKa 3TUX CTPOK CTAHOBUTCS TOJIbKO B Cllyyae, €CilM 3aAeHCTBOBaHbI
pexHMbl 3HEprocoepexeHHs, a B OObIUHBIX PEXUMaX 3TH KOMaHAbI MPOCTO HH Ha YTO He
nosnustoT. C Apyroi CTOpoHbI, €CIM KoMNaparop Heobxoaum (cM. eaagy 10), To, KOHeu-
HO, 3TH CTPOKH HY)KHO UCKJIIOUMTb.

[locne Bcero atoro B npouenype RESET OObIYHO MIET CEKLHS MHULMAIH3aLMH, FAe pas-
peLialoTcs MpepbiBaHUs, YCTaHABAMBAIOTCA COCTOSHMSA BbIBOJOB MOPTOB, MHWLHAIHU3H-
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pYIOTCSl HaualbHble 3HaYEHHUSI MEPEMEHHbBIX U T. M. [IpuMepbl Mbl €llie BCTPETHM B TEKCTe
3TOW KHMIM HEOJHOKpPaTHO. DTa CEKLMA, Kak Mbl FOBOPHIIH paHee, 00A3aTeIbHO J0/IKHa
3aKaH4YMBaATbCS KOMAHAOH sei — OOWMM pa3pelleHHeM MpepbiBaHUi, T. K. MO ymonua-
HHIO OHH 3aMpeLLEHbI. ,

Tenepsb Bpoze 66l Bce roToBo k pabote, HO uTo GyaeT aenaTb KOHTPONEp B OXKHIAAHWH
npepbiBaHuii? Beab ocHoBHas (yHKLUMOHANLHOCTL GONBLIMHCTBA MHKpPOMPOrpaMM co-
CpeaoTo4eHa MMEHHO B X 00paboTumkax, U B MPOCTEHLUEM CllyHae KOHTpOJJep nonpo-
CTY HHUYEro He JOJDKEH JeNnaTrb, NoKa He MPUAET CHrHajl ouepeaHoro npepbiBaHus. [lo-
3TOMY MpocCTeHLias nporpaMma JA0/HKHA 3aKaHUMBATLCA MYCTHIM LMKJIOM:

sel ;paspelmaeM npepsHBaHus
STOP:
rjmp STOP

Ha camoMm nene B 9TOM LMKJIE MOXHO M A€NaTh YTO-TO MOJIE3HOE — HArpuMep, BOWTH B
OJIMH U3 PEKUMOB IHEProcOepeeHHst, WIH OTCIIEKHBATb H3MEHEHHE COCTOSIHMS KaKoro-
TO BbIBOAA, WK, Hanpumep, npuxona 6aiita uepes UART u T. n. — B panbHediiem mbl
YBHAHUM NpuMepbl NoaobHbix aekctBuil. UIMeHHO BHYTpM Takoro uukia paboTaioT He-
MHOIOUYHMCIIEHHbIE MPOrpaMMbl, BOOOLLE HE HCMOJb3YIOLLME NMPepblBaHHUA.

MpocTeiwan nporpamma

Jins npumepa Mbl ceiiyac HanuiIeM O4eHb MPOCTYIO TPEHHPOBOUHYIO MPOrpamMmy, B KO-
TOPO# HE HYXHbI npepbiBaHus. B 3Toli nporpamme mMbl nokaxem, Kak MOXXHO (GOpMHpPO-
BaTb MHTEPBA/bI BpeMEHH 6e3 HUCMob30BaHUA TaMepoB (a KOraa-To Belb HMEHHO TakK H
Aenanu!) M oTCNEKUBATL COObITHSA 6€3 NPUBA3KK K BHELUHUM MPepblBAHUAM.

[Tporpamma Gyner cuutaTh HaKaTHs KHOMKH M AEMOHCTPUPOBATb UX B JBOMYHOM KOJE
Ha cseroanoaax (LED). B cxeme anst npocToThl Mbl OrpaHUuMMCS TPEMS CBETOAHOAAMM,
T. €. 6yaeM cuutartb 10 8 HakaTui (xoTs 6e3 KaKkMX-TO Mnepesesiok MporpaMMbl MOXKHO
YBEJIMUHTb YHCJIO CBETOAUOOB 110 8 H, COOTBETCTBEHHO, CUMTaTh A0 256). OnaThb ke Ans
npoctoTbl Bbibepem Monenb cemeiictBa Classic AT90S2313 (cospemennas ATtiny2313
MOJIHOCTBIO C HEH COBMECTHMA, CM. oanee @ smoii 2nage). Cxema, s KOTOPOH Mbl OyaeM
nucaThb NporpaMMmy, NpeacTasieHa Ha puc. 5.7.

3AMETKN HA Nonsix

OTmeTuM, 4TO Takylo nNocneaoBaTenbHOCTb Nysdle cobnioaaTh Bceraa: cHayana paspabo-
TaTb CXeMy, 3aTeM nucaTb NporpaMMy nog Hee, nHade Bbl MOXeTe Nerko Hagenatb ownooK,
Koraa okaxeTcs, 4To Ans yaobcTea pa3BoAKM HYXKHO NMOMEHATb KOHTaKTbl kopnyca. Ho npu
paspaboTke cxeMbl, B CBOWO oyepeab, HEOGXOAUMMO NpeayMaTb CTPyKTypy Gyaywiei npo-
rpaMmel, 4ToGbl HE BNWNHYTb B CUTYaUUIO C co3aaHnemM cebe NUWHMX CIOXHOCTEN (34ech
OHW BO3HMKNW, ecnu Gbl Mbl BbiGpanu BeiBoabl ans noaknouenuns LED npouseonbHo, a He
no nopsaky Bbixoaos nopta B). O6bluHO BHa4Yane pucytoT 6oK-CXeMbl anropuTmoB, HO Mbl
3TUM 3aHuUMaTbCA He Byaem, orpaHUUMBLLNCH COBECHBIM ONMUCaHUEM.

B cxeme Ha puc. 5.7 nokasaHsl "noararyusatoLide” pe3ucTopsl MO BbIBOAAM MPOrpaMMu-
poBaHus (R2-R4), 0 HEOGXOAUMOCTH YCTAHOBKM KOTOPBIX "TaK A0Jro roBOpUid Gonb-
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weBnukn" (cM. anagy 1). B Takoi cxeme MX yCTaHaB/iWBaTh BOOOLLE-TO HeOOA3aTesibHO
(MCTOYHHUKOB OOMBLIMX MOMEX HE OXHMIOAeTCA), HO A YHHUPHUKAUMK 5§ WX MoKasal —
B AajibHelilleM pUCOBaTh y3es MPOrpaMMMpPOBaHUS Ha CXeMax Mbl He OyneM, ans Bcex
OCTaJIbHbIX MoJeNiel OH BbIMISAAUT TOYHO TaK )K€, MEHAIOTCSA TOJIbKO KOHTaKTbl KOpmnyca.
[1pu kenaHUM yBENUUYUTb YUCIO UHAMKATOPOB 10 8 MOXKHO 3aaeHCTBOBaTbH B TOM 4MCeE
u koHtakThl PB5—PB7 (oHM ke BbIBOJbI MPOrpaMMHUPOBaHHUS), MOACOEAUHHB K HUM, a
Takke K BbiBogam PB3-PB4, ceeTonnoabl aHalorH4HO TOMY, Kak 3TO caenaHo ais PBO-
PB2. B aTom cnyuae "noarsrusatoiye” pesMcTopbl, €CTECTBEHHO, YCTAHABMBATD HENb3S
(uepe3 HUX OyneT NoACBEeYUBATBLCSA BbIKIIIOYEHHBIH CBETOAMON), a NoMexH OynyT s dek-
THBHO "canuTbes" W Ha CBETOAMOJAX. '

c1
R1
X1
58— |
5% 10,4 c2 5 Reset
— o7 01 |4,6,810] enD
1 20
Reset Unur +8 — 2 w58
Zppo ®B7) sk 7 TSIk
c3yy22 Spo1 (B6) Miso [ 9 | miso
H 1| mosi
'T_l— l:l4 XTAL2 (PBS) Most |1 { .
at e SixTAL1 pBa & R2-R4
IC4| 22 5,1k
o2 a3 [ RS-R7 510 o8
*%8. | Zpp3 pa2 14
re| |5.1x | 2{pps PBA
Hpos PBO
o
" J_ 1% eNo PD6
AT90S2313

Puc. 5.7. Cxema ABOUYHOrO CHETYMKE HaXaTUi

[Tpoueccy nporpaMMUpOBaHHSA, Kak NMOKa3blBaeT OMbIT, TAKOE WCMONb30BAHHE BbIBOJOB
HE MelaeT — B KpalHHeM ciydae MOXXHO YCTaHOBHUTb MO JOMONHHUTENbHOMY IHOAY
(o6biuHOMY MasioMmolHoMy, Hanpumep, KJI521) nocnenoBarenibHo ¢ pe3ucTopamu
510 Om, aHonom k BbiBogy MK u koHTakTam pazbema. EnnHcTBeHHOE, Yero Henb3s ae-
naTh ¢ BbIBOAAMH MPOrpaMMUPOBAHUS, — MOJCOEAUHATL WX K BbIXOAHbIM Kackaaam Ka-
KOM-TO Apyrod MHKpocXeMbl (MM, HanmpuUMep, K BbIXOAY OTKPbITOrO TPaH3UCTOpa) —
TOrga M NporpaMMHpOBAHHS He MONYYUTCSA, U BOOOLUE MOXHO MOBPEAUTH U CXEMY, W
nporpammarop.

Knonky Knl MOXHO noncoeauHATh B NpHHLMNE K t060MY K3 KOHTakTOoB noprta D (kak
BMIMTE, WX B 3TOH MoAeNH ceMb, BOCbMOM Nponas, T. K. HE XBaTHJIO BbIBOAOB KOpmyca),
HO MMeHHO k BbiBony PD2 1 noakitouun ero ¢ aaneko HAYLUMMH LENAMM, O YeM Bbl Y3-
Haete nanee. Peauctop R8 B npuHuUKNE Takske MOXHO He YCTaHaB/IUBATh, €CJIH 00OHTHCD
BCTPOEHHBIM "MOATATMBAIOLLUM" PE3UCTOPOM, HO, Kak Mbl yxke roBOopuiu, 6e3 Hero no-
MEXOYCTOH4MBOCTb CXEMbI Oy/eT 3HAUUTENBHO HUKE: HANPUMEP, Y aBTOPA ITHX CTPOK
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6e3 Takoro pe3ucTopa NPOMCXOAMIIO JIOKHOE cpabaTbiBaHWE KHOMKH Kak MPH BHELIHHUX
HaBOAKaX, TaK U ApU Opockax MUTaHUs (K MpuMepy, NMpH NepeKTIIOYeHHH NMUTaHUS C CETH
Ha pe3epBHyto 6aTapeto). Hanuuue BHelHero pe3ucropa rapaHTUPOBAHHO PELLAET TaKHe
npobaeMbl, NO3TOMY Jlyullle ero ycTaHaBlIHWBaTh BCeraa.

[TpoGnema, KOTOpPYIO HaM NpUAETCS NPEOAONETb, 3aKIOUYAETCS B TOM, YTO Jitobas KHOMKa
npebe3kKUT, U MOTOMY MPH HAKATHU WM OTMYCKAHWM TeHEpUpPYeTCs MHOXKECTBO MM-
NyabCOB, U3 KOTOPBIX MpHaETcs BbiOpaTh oaMH. Mcnonb3oBaHue npepbiBaHuUs, Kak cie-
noBano 6bl caenath "mo-npaBuibHOMY", He W30aBiseT OT HEOOXOAUMOCTH YUWTbHIBATb
apedesr, No3TOMy B MPUHLMIE pelleHUs npobaeMbl U TaM U 3eCb OIMHAKOBbI: NPHAETCS
NleNlaThb UCKYCCTBEHHYIO 3aiepkKy peakunu MK, anst uero Ham v noHagobuTcs umMUraTop
Talimepa. [Ipyroii HioaHC 3aKUlto4aeTcs B TOM, YTO B 3TOM Cllyyae pearupoBaTb ClEeAyeT
He Ha Ha)XkaTHe, a Ha OTNYyCKaHUe KHOMKH, U 3TO HEMHOIO YCJIOMHHUT Hallly porpammy.

3AMETKU HA Nonsx

MouyemMy Ha oTnyckaHwe? HasepHoe, Bbl 3ameyanu, YTo 3KpaHHbIe KHOMKW B rpaduyeckom
uHTepdence Windows pearvpyioT UMEHHO Ha OTNyCKaHue KHOMKW mbiwu. Flcuxonornyecku
HaXkaTue eCTb onepauus, Kk KOTOPOW YenoBek — OCOBEHHO HETPEHUPOBAHHbIA “"YalHUK" —
NOMKEH NOArOTOBUTLCA: NPULENUTLCA NanbLem (MNu KypcopoM), BeibpaTe cBoboaHbIN x0A
KHOMKW, YTO6bl YeTKO 3achMKCUPOBATL HaXaTne B onpeaeneHHbli MOMEHT BpeMeHu. B To xe
BpeMs OTMyCKaHWe HWUKaKOW cneuranbHOW NoAroToBku He TpebyeT — npocTo paccnabb-
Tecb, U naney cam Cockonb3HeT C kHonkwu. MoTomy Bceraa, koraa Tpebyetcs 3adukcupo-
BaTb ONpeAeneHHbli MOMEHT BPEMEHU, KHOMKA AOMKHA pearnpoBaTtb Ha OTnyckaHue (cpas-
HWUTE C NOArOoTOBKOM rpaHaThl-"NUMOHKU" k 6010, koraa cHayana BbiHUMAaeTCs KONbUo, a rpa-
HaTa cpabaTtbiBaeT NUWb.NOCNe TOro, kak Bbl ee BbiNyCTUTE U3 pyk). HanoMHum elie npo
"aHTnapebesr" — ecnu 6bl Mbl pearMpoBanu Ha Haxartue, B AaHHOW NporpaMme NpuULLINOCh
6bl aenaTh 3apepXKy peakuun 3HauuTenbHo Gonblie, BAPYr YenoBek, COCPefO0TOYEHHbIA Ha
pe3ynbTarte CBOEro AercTBus, B 3abbIBUMBOCTU 3a4ePXWT nanew Ha KHonke, a BeAb OTnyc-
KaHue W HaxaTue B NPUHUUNE BblA3IOT OAUHAKOBblE cepuy umnynscos. NHown cnyyain npea-
cTaenseT coboW, Hanpumep, KOMNbIOTEPHANA KNasmaTypa, rae 3agaqa CToUT He 3achUKCUpo-
BaTb MOMEHT BpeMeHU, a o6ecneynTb kak MOXHO BOnblue HaXaTuii B eAUHULYY BPEMEHN —
Tam KHOMKW pearvpyloT MMEHHO Ha HaxaTtue (Ho u paboTy C knaBuaTypon NpUXOAUTCH cne-
uManbHO ocsauBaTtb). Takke UMEHHO Ha HaxaTue chneayeT pearposaTtb B cnyyae OfHO-
KpaTHOro AenCcTBns, Koraa MOMeHT oTnyckaHus Gespasnuyen, a apebear He okasbiBaeT HU-
KaKoro BNUSHUS: NPUMEPOM MOXET CNyXuTb kHonka "lMyck" Ha nynbTe ynpaBneHUs kakum-
HWBYAb CTaHKOM.

3anepxka

JlaBaiiTe HauHeM ¢ GOPMUPOBAHUA BPEMEHHOrO MHTepBana. HaM HyxHO chopmupoBaTh
3a]ep)KKy rnopsaka noned cekynabl. Meroa 6Ge3 TalimMepa ocHOBaH Ha TOM, YTO Kakaas
komanjaa B MK BbinonHsercst 3a ctporo ornpeneneHHoe Bpems. B AVR cuurats Bpems
BooOLle OueHb MpocTo: GOMBIIMHCTBO KOMaHA BbINOJHAETCS 3a OAMH TaKT, U NOTOMY,
Hanpumep, Ans (GOPMUPOBAHUS MHTEpBaJla B OJHY CEKYHAY MpH TaKTOBOH uacrore
4 MI'u Ham TpeGyercs BbINONHUTL KaKyto-HUOYab (B MPUHLMIIE HEBAXKHO, KaKylo) Mo-
C/Ie10BaTEIbHOCTD M3 YETbIPEX MUJUIMOHOB KOMaHJ.

OO6bIYHO NPOrpaMMHCTbI MCMONL3YIOT NEeKPEeMEeHTHpOBaHHE (T.e. MocienoBaTenbHoe
YMEHbLIEHHE Ha €AMHULlY) Kakoil-nubo BenuuuHbl. [Ipeanonoxum, uyto neobxoaumoe
4YUCJI0 3alMET TPU pervcrpa-paspsaa (370 AaCT MaKCUMaIbHYHO BelauuuHy 16 777 215).
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;maysa 0,5 ¢, N = $061A80h

1di Razr2,$06

1di Razrl,S$1A

1di Razr0,$80

rcall Delay
rjmp Pincykle ;BepHYyThCa OOpPaTHO K OTCJICXMBAHMIO

Delay: ;npouelypa 3aIepXKn
subi Razr0,1

sbci Razrl, O

sbci Razr2,0

brcc Delay

ret ;BO3BpaT M3 MNPOLENYPH

Kak Buaunte, nporpamma coscem Hebonbliass. CueTUMk Counter OyAeT cUHUTATh "BKpYro-
BYIO" — MpH MEpernoIHEHHH OH OMNATb HauHeT ¢ HyJisA. [Iporpamma BbIBOIWT cOCTOsIHHE
cyeTyuka B nopt B uenukom, TakuM oOpa3om paboTa ee He 3aBUCUT OT TOFO, CKOJIbKO
UMEHHO CBETOMOJ0B Bbl MOAK/IOYHUTE K BbIBOJAM 3TOr0 MopTa, BCE BOCEMb HJIHM TONbKO
TPH, KaK Ha CXeMe.

[MosicHennii 3nech TpeOyeT MOMEHT, CBA3aHHbIH C ONpeaeieHHEM NepeMeHHbIX — Moue-
My Mbl HauajM cpasy ¢ perucrpa rlé, a He, Harnpumep, ¢ r0? OmHO K3 cambiX OonbLIKMX
Heyno6cts AVR 3akiioyaercs B TOM, YTO KOMaHbl, OMEPHUPYIOLLIHE C KOHCTaHTaMH (1di
M subi B JaHHOM Cllyyae, a TaKKe KOMaH.bl cpi, andi M Ap.), HE paGOTaIOT C MEPBbIMH
wectHaauateto POH (ot r0 10 r15), MX MOXKHO MCMOJIb30BaTb TOJILKO Ul PErMCTPOB
rl6 — r31 (3aMeTHM cpa3y Mpo elle OJHO aHAJOrH4YHOe OrpaHHuYeHHe: KOMaHbl Mopas-
paaHoro pocryna k PBB sbi, cbi, sbis U sbic paboTatOT TONIbKO 1151 NEPBbIX TPUALIATH
asyx PBB, no Homepa $1F BkatountensHo). [Ins cokpauieHus nporpaMmbl pabouue ne-
pemMeHHble (temp, CYETUMKH) BCEr/a >KenaTejbHO BbIOMpaTb U3 3TOH NMONOBHHbI PerycT-
posoro ¢aiina. ITonoxxeHne OCNOXKHAETCS TEM, YTO PErHCTPbl W3 CTapLueii MOJOBHHbI
Hanbonee 1e@ULUTHBI — MOCEAHHE LIECTh U3 HUX 00beaUHEHbI B napbl X, Y U Z A7 pa-
60Tbl ¢ NaMATbIO (CM. Oanlee) U HEKOTOPBIX APYrHX Onepaumii, r24 U r25 3a1eiCTBOBaHbI
B KOMaHJ€E adiw, U T. . ECIM nepeMeHHbIX He XBaTaeT, TO, 4TOObI He MyTaTbCs C JIOKaJlb-
HbIMH MEPEMEHHBIMH, 3arpy3Ky perucTpa M3 MepBoii MOJOBHHbI peructpoBoro ¢aiina
(omycTHMm, 3TO r15) HEMOCPEACTBEHHbIM 3HAYEHHEM MPHXOAMTCS OCYLIECTBIATb Mapoii
KOMaHZ:

1di temp, 10
mov rl5,temp

Ucnonb3oBaHue npepbiBaHUN

Tenepb nasaiite nonpobyem caenarb Ty Xe camyk mnporpammy "mo-uenoBevecku", a
MMEHHO C MCNONb30BaHHEM MNpepbiBaHUii. OObIYHO KOHTPOJUIEP HE TOJIbKO CIEAMT 3a
KHOMKAaMH, a €Uie [ENAaeT pasHble APYrHe nosie3Hble onepalyu, no3ToMy Hexopouwo Oy-
JET 3aHUMATh BCE €r0 BPEMs MyCTbIMH LMKJIAMH B OXXWAAHWH, KOr[a, HakOHeL, KTO-TO
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COM3BOJIMT HaXaTb Ha KHOMKY. XOTs, OTMETHM, MyCTbie LKMKIIbI, B KOTOpbIX MK Oonbiue
HUYEro He fienaeT, KpoMe OTC/IeXKHBAHUA MOAOOHBIX KpalHe peAKHX, C €ro TOUKH 3peHHs,
coObITHH (Daxke 3a BpeMs OXxHaaHUs nepecbulky HaiTa yepes UART, 3anumarowee npu
ckopocti 9600 6uT/c 0KO0 OAHOI MHUITHUCEKYHbl, KOHTPOJIEP YCNEeT BbINONIHUTDL He-
CKOJIbKO ThICAY KOMaHA), KaK pa3 NnpeacTasistoT cO00H HauMeHbllee 310, T. K. JIerko Mo-
ryt ObiTb NPepBaHbl HA BPEMs BbIMOJIHEHUS APYrUX npoueayp 6e3 onacHOCTH YTO-TO NO-
TepaTb. Ho B obluem cinyuae nyuiie, ecin Mbl 6yaem crapaTbes MO BOZMOXKHOCTH OCBO-
60anTb KOHTpPONNEP OT GecuenbHOro 3alMKIMBaHUS B 0XKWAAHMH COOBITHI: HanpuMep,
MHauye HEBO3MOXKHO 3aJeiCTBOBaTb PeXHMbl 3HEProcOepexeHus, 0 KOTOpbIX moiaer
peusb B 2nage 14.

Hrak, BepHeMcs k cxeme U oOpaTum BHHMMaHHUe, yto kHomka KH1 y Hac nmoacoeauHeHa k
xoHTakty PD2, koTOpbIii, eciiu Bbl B3rjisiHETe B onucaHue Moaenu 2313, onHoBpeMeHHO
CNy>XUT BX0J0M BHelHero npepbiBanus INTO. Taxum obpazom, y Hac BbipHCOBbIBaETCS
cnefylowas cxema AeMCTBHM: cHayana Mbl HHHUMKpYeM npepbiBaHue INTO no cnany Ha
3TOM YpPOBHE M, OmnpeleluB TakMM 00pa3oM, 4TO KHOnka Oblla Ha)kaTa, BpEMEHHO 3a-
npeiaeM BooGile Beskye npepbiBanus no Bbisoay INTO, uto6bl oTdunbTpoBaTh Apedesr
npHu HaxkaTuu. 3aTeM onATh paspewiaeM npepbisaHue INTO, HO yke no dhpoHTy, onpene-
J5eM MOMEHT OTIMYCKaHHs, MPOU3BOANUM HYXHble MAHUNYJISALMHU CO CUETYMKOM U CHOBA
3anpeLiaeM NpepbiBaHHA Ha HEKOTOPOE BPEMS, MOCJE 4Yero BHOBb pa3pellaeM npepbiBa-
HHUs MO cnany, v Bce NOBTOPAETCA CHauaa.

3aaepxka no Taumepy

Kak u paHee, HauHeM C TOro, kak HaM rpaMOTHO OpraHu3oBath 3aaepxkky. KoHeuHo,
MOXHO, KaK M paHee, 3amyckaTb NycTOi UMK B npoleaype obpaboTku npepbiBanus. Ho
HEKPacHBO 3aHUMaThb "MalIMHHOE BpeMs" MyCTbIMH 3aJepXKKaMu: €Cli B TeUYe€HHe 3TOro
MHTepBasia BpeMeHH NpepbiBaHMs 3anpeLieHbl, TO KOHTpoJulep BooGule Ha BpeMs "ympeT"
AJ1s. BHELLIHEr0 MHpa, a €CJIM UX Pa3pellinTb, TO JUTMTENLHOCTb 3aJePHKH MOXKET OKa3aTb-
cs HeonpeaeneHHoi. [loroMmy nasaiite monpo6yeM cienaTth Bce, Kak Hajo, 11 YEro Mc-
NoJib3yeM npepbiBaHHE TaliMepa.

B mopenu 2313 nBa Ttaiimepa: 8- u 16-paspsaHblii, BTOpo#i yaoOHee Ans oTcuera Jid-
TeJIbHbIX MHTepBasioB BpeMeHW. Ho Mbl ans npoctotbl BbiGepeM 8-paspsanbiii Timer0,
4TO OyAeT yHMBEpCalIbHbIM peLIeHHMEM aOCOJIIOTHO 1UIA BCceX Mopesei, aaxe Tex (Kak
Tiny12), kotopble 16-paspsaaHoro TaiiMepa He umetoT. MHTepBan BpeMeHu Mbl Oynem
OTCHMTBIBaTb NO MNEPENOJHEHHUIO ITOro TaiiMepa, KOTOPOE HACTynmaeT Kaxiable 256 uM-
nynbcoB cuyeTa. Eciu Mbl cTaHEM cUMTaTh 3TH COOBITHS C MOMOLIBIO OAHOrO PErucTpa, To
TakUX coObITHI MOXeEM TaKXke HacYMTaTh MakcUMyM 256. Torna MakcHMalbHbI MHTEp-
BaJl BpEMEHH, KOTOPbI Mbl CMOXEM MONYUYHTb, onpeaenurcs no gopmyne: 256-256/T,
rae T, — 4acToTa UMMY/ILCOB Ha BXOAE TaliMepa B repuax, onpeaenseMas rnpeaieauTe-
neM B Aonsx OT TakToBOH. Ecnu Mbl XOTHMM 3anaBaTh MHTEpBajibl Mopsaka 1 c, To 3ta
yacToTa 10JbKHa ObITh okosio 65 kI'u; Takum obpasom, npu TakToBOI uacrore MK 4 MI'y
KO3(GULMEHT deNeHHs MOXET COCTaBHTb 64 (TOuHas 4acTOTa Ha BXOAe TaliMepa —
62 500, mMakcHMaibHbIA OTMepseMbld HWHTEpBaJl MpPH YKA3aHHbIX YCJIIOBHSAX COCTAaBHUT
1,05 ¢). 3anaBaTb HHTEpBaJI Mbl CMOXKEM A0JSIMH 1O 1/256 OT yKka3aHHOrO MaKCHMaJIbHO-

4 3ak 491
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inc Counter ;xH. OmUla OTHYyUWEHa, yBeJUMUMBAEM CUETUMK
out PORTB,Counter ;BHBOOUM CUYETUMK B IOPT B
1di Count_time, 50 ;uurepsan 0,2 c
rjmp ent_int;Ha BHXOX
Push pin: ;6emo HaxaTue
sbr Flag,l ;ycraHaBmBaem O6ut 0O
1di Count_time,128 ;uuTepman 0,5 C
ent_int:
1di temp, 0b00000011; =manyck TimerO BxomHas uyacToTa 1:64
out TCCRO, temp
reti ;xoHel oBpaGoOTKM NpEepEBaHUS KHOIKMU

TIMO: ;oBpaGoTuMk NpephBaHUsa Timer(0
dec Count_time ;B KaxmoM NpephHBaHUM yMEHbllaeM Ha 1
breq end timer ;ecmu Homb, TO Ha KOHeL OTCYeTa
reti ;uHaue BHIXOHN M3 IPEpPEBaHUA
end_timer: ‘
clr temp ;ocTaHaBIMBaeM TaliMep
out TCCRO, temp
sbrc Flag, 0 ;npoBepsiem GuT 0 Hawero permcrpa ¢naros
rjmp Push _tim ;ecim 1, To Geulo HaxaTHe
1di temp, (1<<ISC01l) ;mHaue ycTaHaBauBaeMm npep. INTO no cnany
out MCUCR, temp
rjmp end tim ;Ha BeXOR
Push tim: ;ecmu GrUlO HaxaTue
1di temp, (1<<ISC01]1<<ISC1l1l) ;ycraHaBauBaeM npep. INTO no ¢poHTY
out MCUCR, temp
end_tim: ,
1di temp, (1<<INTO) ;paspewaeMm npepuBaHue INTO
out GIMSK, temp
reti ;xoHel oBpaboTKM NpepHBaHUA TaiMepa

RESET: ;HadanbHas MHMULManIM3aums

1di temp, low (RAMEND) ;3arpy3ka ykasaTejs CTeKa

out SPL, temp

1di temp, 0b00000100 ;mns BTOPOTO paspsama nopra D
out PORTD, temp ;nonTArmuBapouyii Pe3UCTOP Ha BCAKUI Ciydain
1di temp,0bl11111111 ;nopT B BCe KOHTAKTH Ha BHXON
out DDRB, temp

clr Counter ;ounmaeMm CuUeTUMK

clr Flag ;oummaem Ham ¢nar

1di temp, (1<<TOIEO) ;pasp. npepuBaums TimerO

out TIMSK, temp

1di temp, (1<<ISCO1l) ;ycraHaBmBaeM npep. INT0 no cnamy
out MCUCR, temp

1di temp, (1<<INTO) ;paspemaeM npepwBanue INTO
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out GIMSK, temp
sel ;paspewaeM NpepHBaHMNA

Gecykle: ;OCHOBHOM NyCTOM LMKI
rjmp Gcykle

31ech HY)KHO MOSICHUTb MOMEHT, CBSi3aHHbII ¢ WUCMoJb3oBaHHeM duiara (perucTp Flag).
Y Hac OJIHM M Te K€ NpepbIBaHUs CyXKaT /s pasHbiX BELLEH: B NPEPbIBAHMU OT KHOMKH
Mbl JIOJDKHbI HHOTJ|a pearipoBaTh Ha (PPOHT MMMysibca, MHOMAA Ha cnaj, B 3aBUCMMOCTH
OT 3Toro (OpMHMpPOBaThL pa3Hble 3alep)KKM M B MPEpLIBAHUM TaliMepa YCTaHABIUBATh
HY)KHYIO peakuMIO [UIsi KHOMKH K caenytolemy pa3y. CoOCTBEHHO pasHbIX COCTOAHHMI
CHUCTEMbI y Hac J1Ba: UCXofHOe, koraa no kHonke MK nomxken pearupoBath Ha cnaj, v
cocTosiHUe HaxaTHs, korga MK 3atem nomkeH pearnpoBatbh Ha ¢poHT. UTOOBI 3TH CO-
CTOSIHUS Pa3fie/iuThb, 1 U UCTIONb3YIO duiar — HyJieBoH OUT crieuyanbHO 3aBeAEHHOro Ast
3TOM LM perucTpa Flag. BooOlue roeops, crneuqanbHO OTBOAWTDL LEJbIH peructp s
3TOM UenH HeoOs3aTenbHo: B "oduuHanbHOM" peructpe ¢uiaroB SREG €CTb NpeaHa3Ha-
YyeHHbIH KaK pa3 ans nogoOHbIX Bewleit OUT T (cM. Tabn. 6.1). Ho neno B Tom, urto 3aech
Mbl 00XOJMMCS BCEro JIByMsl COCTOSSHHSIMH, a HEpPeAKO WX ObIBaeT 3HauUTeNbHO GonbLuie,
MOTOMY OfiHOro GuTa MOXeT ObITh HegocTaTouHo. B uensx yHudukauuu s u 3aech 3a-
AeHCTBOBA OTIE/bHbIH crneuranbHbli PerucTp Flag, KOTOpbI Ham elle He pa3 norpedy-
eTcsl.

Hymato, 4To unTaTensb elle Aaneko He BO BceM paszobpasics, U B NPUMEHEHHH HEKOTOPbIX
KOMaHJI MHOroe eMy HemoHsTHO. B nocnenyrowux rnasax Mbl pacCMOTPUM MHOTrHe BO-
npochl NosipobHee, a ceifuac OCTAHOBMMCS Ha BECbMa CYLLECTBEHHOM JUIS MPOrpaMMHpO-
BaHHs coBpemeHHbIX MK AVR MomeHTe, cBS3aHHOM ¢ yCTaHOBKOH KOH(HIypaLMOHHBIX
fyeex. -

O KoHpUrypaumMoHHbIX duTax

OtuacTu Mbi yske 06CYXKIaNH 3TOT BONPOC B 21d6e 2, KOrAa FOBOPHIH O KOH(MHIypaLuH
pexHMOB TaKTHPOBaHHA M cOpoca, a ceiiuac nonpobyem 0603peTh npobiiemy B oOLIEM.
B aHr/10513bI4HOM MHCTPYKLMH KOH(HUIypaLHOHHbIE OUTbI Ha3biBatOT fuse-OUTaMu, UTO HE
coBceM mnpaBunbHO: fuse B mepeBosie o3HauaeT "mpenoxpanuTens', a obcyxknaemble
AYEHKH cy>KaT UMEHHO Aas uened koHduUrypaumu, uis npeaoxpaHeHus (Hanpumep, na-
MSTH NPOrpaMM OT HECAHKLIMOHHPOBAHHOIO AOCTYMNa) eCTb Apyrue OUThbI, Ha3biBaemble B
uHcTpykuun Boot Lock Bits. HecuacTbe B BUne kKoH(HUrypauuoHHbix GUTOB CBAIMIOCDH
Ha Hauly rojioBy ¢ nossieHuem cemeict Tiny U Mega ¥ npuBeno K MHOrOUYMCIIEHHbIM
NPOKASATHAM Ha ronoBy (pupmbl Atmel co cTOpoHbl apMuU toOUTENEH, KOTOpBIE CTallU
OAMH 3a ApyruMm "3amapblBaTh" KpHCTalbl NpW nporpamMmupoBaHud. Tenepb yxke Bce
NPUBBIKJIM U 003aBesIMCb COOTBETCTBYIOLMM MPOrpaMMHbIM obecneyeHueM, a cHavana
6b110 10BOSILHO TpyaHO. [lonoxeHue ycyrybasnoch Tem, YTO 3TH CYLIHOCTH OMHMCaHbl Ha
OCHOBE M3BpALLEHHOMH JIOTHKHU: KaK Mbl 3HaeM, itobas "uucras" EEPROM (no npunuuny
€e YCTpOHCTBA) CONEPKHUT €AMHHLIbI, M CJIOBO "3anmporpaMMHUpPOBaHHbIA" M0 OTHOLIEHHIO
K Takoi fueiike o3HayaeT, 4To B Hee 3anucanu Housb. [loaTomy paspaboruuku nporpam-
maTopa AS-2 naxe crneumaibHO HamUcajiv B OKHE MPOrpaMMHpPOBAHUS KOH(HIypaLHOH-
HbIX SUeeK MaMsATKy Ha 3ToT cueT (puc. 5.8).
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OT10 caMas KpynHas owuOKa, KOTOPYIO MOXXHO AOMYCTHUTb, HO €ECTb M MOMEJbYE, NpaB/a,
jerue ucrnpaeisemble. fluelika SPIEN pa3peluaet/3anpeliaeTr noc/ienoBaTeabHoe MNpo-
rpammupoBaHue 1o SPI, W fomkHa ocTaBaTbcs B HyJ1€BOM COCTOSHHUM. fueiika s8535C
(B Apyrux MOAeNisX OHa, COOTBETCTBEHHO, Oy/eT MMETb ApYyroe Ha3BaHWE WK BOBCE OT-
CYTCTBOBATb) OU€Hb Ba)XKHA, U OMpeAenseT peXkHM COBMECTUMOCTH ¢ cemelicTBom Classic
(B naHHom cinydae ¢ AT90S8535). Ecnu ee yctaHOBUTL B HysneBoe cocTtosiHue, To MK
cemeiictBa Mega (a Takoke M eAMHCTBEHHbIH npeacrasurens Tiny — monens 2313) ne-
peiieT B pe)kiM COBMECTHMOCTH, NMpO Bce "HaBOPOTbI" MOXHO 3a0bITb (KpOME, KOHEUHO,
caMuX KOH(QHUrypaLMOHHBIX sueek), U 6e3 U3MeHeHHu# ucnonb3oBaTh HapaboTaHHble CTa-
pbie MporpaMMmbl UM MPOrpaMMbl U3 3TOW KHUIW, BPOAE CO3AaHHOI B MpeablayllMX pas-
Aenax 3Toi rnasbl. [1py akTUBH3aLMH pexHMa COBMECTUMOCTH CEAYeT Y4YECTb, UTO CO-
crosHus MK Henb3s nepemeruuBath: eciu fuse-6UT COBMECTUMOCTH 3amporpaMMUpOBaH
(paBeH 0), To nporpamMma KOMMHUJIHPYETCs NONHOCTBIO, Kak 1ns cemelictea Classic (B Tom
YWcile C UCMONIb30BAHWEM COOTBETCTBYIOLIEro inc-paiina M yka3aHHUs HYXKHOrO YCTpOii-
CTBa B AUpPEKTUBE device), HHaue OHa MOXeT He 3apabotatb. Hanpumep, AT90S8535
umeet 17 npepbiBaHuii, a ATmega8535 — 21, u Te e camble npepbiBaHUS MOTYT OKa-
3aThCs Ha pyrux Mecrax.

Ewe oaHa BakHas suelika — EESAVE, KOTOpasi Ha pné. 5.8 ycraHoBneHa B 1 (pexxum no
YMOJIYaHHIO), HO ee Lienecoo0pa3HO MepeBecTH B HyJIeBOE COCTOSHHE — TOraa npu npo-
rpaMMHUpOBaHHH NMaMATH Nporpamm He Oyaer ctupartbes coaepskimoe EEPROM. Sueid-
KM SUT OMpeenstoT JJIMTENbHOCTb 3a1epikki cOpoca, U B OONIBLIMHCTBE ClyvyaeB MPHH-
LIMNHAILHOrO 3HaYeHUs HX COCTOSIHUE HE UMeeT (noapobHee cM. aragy 2).

HakoHeu, s Hac Gyaer MMeTb 3Hau€HHWE COCTOSIHWE sueek BODEN M BODLEVEL. [lepsas,
Oynyuu ycranopneHa B 0, paspeluaer paboty T. H. cxembl BOD (Brown-out Detection),
KoTOpas cOpacbiBaeT KOHTPOJIEP NPH MaJeHWW MUTAHUS HWXKE NOMYCTUMOro Mmopora.
Sluefika BODLEVEL W OMpEAENSET 3TOT CaMblii MOPOr — MNPH YCTaHOBJEHHOH B 0 aueiike
oH paseH 4 B, npu ycraHosnenHo# B 1 — 2,7 B. Ilpu nuranuu S B Hy>kHO BbIOMpaTh
nepBoe 3HaueHue, npy 3,3 B — BTOpoe. DTO NpeoXpaHseT KOHTPOILIEP OT "HeA0MyCTH-
MbIX Onepauuid" npy BbIKJIIOYEHHH MUTaHHS, HO 11 obecrniedeHus NoNIHOHW COXPaHHOCTH
coaepxumoro EEPROM Takux Mep MOXeT Oka3zathbCs HELOCTaTOYHO, W MPUXOAWTCS

MPUHUMATD JOTIOJHUTENbHbIE (32 NOJPOOHOCTAMH TakXkKe OTCbLIAIO K 21age 2).

Slueiiky, Ha3BaHHWe KOTOPBIX HAYHMHAETCS C BOOT, ONPEAessiOT peXUuM HadalbHOM 3arpys-
KW — Kak 5 y)e yrOMHHaJ, B cOBpeMeHHbIX AVR MOXHO H3MeHATb HaualbHbIi aapec
nporpamMMbl M pacrnoflioxeHue BeKTOpOB fpepbiBaHuil. JlaHHble suelkH, kak U Bce Oc-
TajlbHbl€, ClIElyeT OCTaBUTb Kak e€cTb. B TOM uucine 310 kacaercs ¥ GUTOB 3aLMUTHI NpO-
rpaMMmbl (Tex caMbix "MpeloXpaHUTENbHbIX", KOTOpele 3/ech HasbiBatoTcs Boot Lock
Bits), koTOpble, K COXKa/leHHIO, HacTosLIeH 3aLMTbl He [aloT, T. K. ierko obxoasrcs. 3ato
HEMPUATHOCTEW MOrYT OCTaBUTb MHOIO, MOCKOJIbKY pa3 3anporpaMMHUpOBaB HX, UCIpa-
BHUTb YTO-TO YK€ JOBOJIbHO TPYAHO, a A5 IOOUTENs — MOYTH HEBO3MOXKHO.
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BYIOLLLEM KOHTpOJJepe, NOAJEP>KHBAIOILEM TaKoH 00beM aapecHOro npocTpaHCTBa), 3a-
HUMaeT 4eTbipe OaliTa ¥ BbIMOJHAETCA 3a YeTbipe LMKIA, a rcall FOAMTCA TOJNLKO A
MK ¢ o6beMom namaTu He Gonee § k6aiT, HO 3aHMMaeT ABa GaiiTa ¥ BLINOIHAETCA 32 TPH
uuknia. Mpl B gajibHefieM 6yem nojib30BaThesl TONbKO KOMaHAOM rcall.

OT4aloTCs OHW OT KOMaH[ 0e3yCc/IOBHOro nepexona TeM, YTo 31€Cb B MOMEHT Mepexo-
Jla K npoleaype KOHTPOJUIEP aBTOMAaTHYECKH COXPaHAET B CTEKE aApeC TEKyLlUe kOMaH-
Ibl, YTOObI MOTOM 3HATh, Kya BepHYThCS (MOTOMY AJIMTENbHOCTD BBIMOJHEHHUS ITUX KO-
MaH[ Ha TakT Gonblie, YeM Ans MpocToro nepexona, cM. oairee). A kak MK "ysnaer",
K020a UMEHHO HYXXHO Bo3Bpawartbea? [ns 3toro kaxaas npouenypa-rnoarnporpamma
oopmasercs crneunanbHbiM 06pa3omM — He OTAMYaACh CHauyana HUYeM oT joboro apy-
roro yvactka nporpaMMHoOro koaa, o603Haue€HHOro MeTKOH, B MeCTe BO3BpaTra OHa
JIOJIKHA COfiIep)KaTh CrielUasbHylo KomMaHay — ret (oT return — "BozBpat"). 1o atoii
rxomaHae MK u3BnekaeT U3 cTeka COXpaHEHHOE CONEPKUMOE CUETHHKA KOMaHA W Mpo-
[IOJIXKaeT BBINOJHEHHE NPEPBaHHOI OCHOBHOM MPOrpamMMmbl.

AmnanoruuHo obpabarbiBatoTcsl NMpepbiBaHUS — TOJbKO CMELMaNbHONW KOMaH[bl, KaK Bbl
3HaeTe, TaM HET, BbI30B MPOU3BOAUTCHA OOBIUHBIM MEPEXOAOM rimp WM jmp, HO MOCKOJIb-
KY OH OCYLUECTBSETCA C ONpeaeseHHOro aapeca (TaM, rae CTOMT BEKTOpP NpepbiBaHHs),
TO KOHTPOJUIEP AENAET TO XK€ CaMOe — COXPaHSAET B CTEke a,hpec KOMaHAHOIro CYeTUHKa,
Ha KOTOPOM BbINOJIHEHHE OCHOBHOM Nporpammbl Ob10 rpy00 HapylleHO, HAYHHAET Bbl-
MOJIHATL MpepbiBaHWE U 0XKHUJAAET KOMaHbl BO3BpaTa — TOJIBKO 3A€Chb OHa 3alMChiBacT-
¢, KaK reti (return interrupt) — B OTJIMUYHME OT ret, 3T KOMaH/a €LLE U BOCCTAHaBIUBAET
cocTosiHue ¢iara npepbiBaH1ii I B perucTpe SREG.

B camoii o6uupHO#H rpynne KoMaHA nepefaud yrnpaBieHHs Ha3BaHWS HauYMHAIOTCA C
6yks br, ot cnosa branch — "Betka". T0 KOMaHAbI YCIIOBHOFO NMEPeXoAa, KOTOPbIE CHH-
TalOTCS OAHMMH M3 CaMbIX IJIaBHbIX B JIOOOH cHCTeMe nMporpaMMHPOBAHHS, NOCKOJIbKY
NO3BOJIAIOT OPraHW3OBbIBaTb LIMKJIbI — 0a30BOe MOHATHE MpPOrpaMMHUCTCKUX Hayk. Ilo
CMbICJTy BCE 3TH KOMaH[bl CBOAATCA K 6aHaibHOMY if ... then ("ecnu ... T0"). MbI Oy-
JeM MOJIb30BaTbCA JIWLLL HEKOTOPbIMH KOMaHaMH, MOTOMY YTO OHH BO MHOTOM B3aWMO-
3amMeHsieMbl. CMBICJT OCTaJIbHBIX BaM OyJeT NMOHATEH U3 UX ONHCaHHUA.

Haubonee uacto ynorpebnsierca napa brne (Branch if Not Equal, "nepeiitn, ecau He
paBHO") U breq (Branch if Equal, "nepefiTh, eciin paBHo"). Yike U3 cMbica 3TUX KOMaHA
MOHSATHO, KaK OHHW TMULLYTCS — MOC/e KOMaHIbl ClIeAyeT MeTKa, Ha KOTOPYIO HYXHO re-
peiti. Bonpoc Tonbko, oTkyna 3aeck 6eperca cobcTBeHHo ycnosue? [lng 3Toro 5TH nBe
KOMaHbl BeTBAeHUs 0053aTenbHO YNOTPeONSIOT B nape ¢ OAHOH M3 KOMaHI, yCTaHaBIIH-
BaloLIKX Gar Hy/s z B perucTpe COCTOAHUSA SREG.

OObIuHO 1S 3TOH LENW HCTIONBL3YIOT KoMaHAay cp (OT compare — "cpaBHHUTB"), KOTOpas
CpaBHHBAET PErHCTPbl, WK cpi ("'CPaBHUTH C HEMOCPEACTBEHHbIM 3HaueHuem"). [lns no-
HUMAaHHA TOrO, YTO UMEHHO MPH 3TOM MPOUCXOJMT, HY’KHO YHECTb, YTO JAHHbIE KOMaH-
Ibl MO CYTH BbIYUTAIOT BTOPOH OMNepaHi U3 NepBoro, OTVIKYaACh OT KOMaH/A sub WK subi
TOJILKO TEM, YTO pE3y/bTaT TEPAETCA, a ONEPaHAbl OCTAIOTCA TEMH XKe, MEHAIOTCH TOJbKO
3HAYEHHUS COOTBETCTBYIOLIMX (P1AaroB perucTpa SREG, W3 KOTOPbIX Hac MHTEpECyloT B
nepByto ouepeab uiar Hyss z, OTPULIATENBHOrO 3HaYeHHUs N U NepeHoca C.

YkazaHHble Qiary ycTaHaBJIMBAKOTCSA HE TOJBKO B pe3yJibTaTe CPaBHEHHSA, HO M NPH Bbl-
NOJHEHUK onepauuii ¢ GuTamu uau apudmeTHueckUX onepauui, Koraa 3HaueHue pe-
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3yJbTaTa, COOTBETCTBEHHO, CTaHOBWUTCS HYJIEBbIM, OTPULATENbHbIM WM [1PEBbILIAET
auanasoH 8-6utoBoro uucna (255). Uro o3HauatoT ¢naru peructpa SREG B UEJIOM, MOXHO
nocMotpeth B Tabn. 6.1 (Ha 6enoM done HaxoaaTcs ¢aarv, OTHOCIALLHMECS K ONepauHsm
CpaBHEHHS, a TalOKe K apU(METHYECKHM OflepaLuam).

Ta6bnuua 6.1. bums! pezucmpa cocCmMosIHUSI SREG

Ne | O603Ha-
BaHK OnucaHue
nin | venwe HaumeHoBaHue
7 I Obuliee paspewenue |[ns paspeweHuns npepsisaHuid atot dnar gonxeH 6biTb yc-
npepbiBaHnin TaHoeneH B 1. Ecnu cnar cOpoleH, To npepeiBaHUA 3anpe-
WeHbl He3aBUCMMO OT COCTOSHUS Pa3spsifioB PerucTpos Mac-
KMPOBaHWS OTAENbHbIX NpepbiBaHuii. ®nar cBpackiBaercs
annapaTHO nocne Bxoga B NpepbiBaHWe M BOCCTaHaBnuBaeT-
csa komaHaon RETI ana pa3spewenuns 06paboTku cnepyowmx
npepbiBaxni
6 T XpaHeHnue WcnoneayeTcs B Ka4eCTBe UCTOUHMKE UNK NPUEMHUKA KOMaHA
konupyemoro buta konupoeanusa 6utos BLD (Bit Load) n BST (Bit Store)
5 H ®nar NonoBUHHOTO Ycranasnueaerca B 1, ecnu npousowen nepeHoc u3 mnag-
nepexoca wei nonosuHbl BaiiTa (T. €. U3 TPETbEro pa3psaa B YeTBep-
TbiA) UNK 3aeM U3 cTapwen NonoBuHbLl BaitTa Npu BbINONHE-
HUWN HEKOTOPBIX apUPMETUHECKMX onepaLmnin
4 S ®dnar 3Haka PaeeHn pesynetaty onepauun "Uckniovaowee UNNU" (XOR)
mexay dnaramu N u V. COOTBETCTBEHHO 3TOT bnar ycraHas-
nveaetcs B 1, ecnu pesynbTaT BbINOMHEHUA apuMeTUYe-
CKOW onepauuu MeHbLIe Hyns
3 \% ®nar nepenondenns | YctaHaenueaeTcs B 1 npu nNepenonHeHun paspagHoit CeTKU
AONONHUTENBLHOTO 3HakoBoOro pesynetarta. McnonesyeTtcs npu pabote CO 3HAKO-
Koaa BbIMY YUCNamMK (NpeACTaBnNEHHbIMU B AONONHUTENBHOM KOAE)
2 N dnar orpuuaTensHoro | YcraHasnusaetcs 8 1, ecnu crapwuii (ceabmon) pa3psa pe-
3HaueHus 3ynbTata onepauuu paBeH eaunHuue. B npoTtuBHOM cnydae
dnar pasen 0
1 Z dnar Hyns YcranasnueaeTcs B 1, eCnv pe3ynbTaTt BbINOMHEHUS onepa-
UK paBeH HymMo
0 C ®nar nepeHoca YcraHaBnueaeTcs B 1, eCnu B pesynbTaTe BbiNOMHEHUS one-
pauuu npousowen Bbixo4 3a rpanuubl 6anta
fMogpPosHOCTH

Ona Bcex ¢dnaroe pernctpa SREG eCTb 0CoDOble napbl KOMaHA, yCTaHaBnueaiowwe unu
cOpacbiBaowme ux. C 0aHOW Takow Napoit Mbl yxe 3HaKOMbl — 3TO COPOC UNK yCTaHOBKa
c¢nara I komaHgamu sei u cli, paspelwaiowen 1 3anpeLatoLLein npepsiBaHUa COOTBETCT-
BeHHO. KomaHabl AnA ocTanbHbiX ¢hnaros QOpMUPYIOTCA NO TOMY XX€ MHEMOHUYECKOMY
wabnoHy: Hanpumep, yctaHoBka chnara nepeHoca C OCyLECTBNAETCA KOMaHAOW sec, a
c6poc — KOmMaHaoMW clc, ycTaHoBKa W cbpoc chnara T — KOMaHgamu set u clt. Bee atu
KOMaHAbl — NULWb CUHOHWUMBbI Napbl KOMaHA bset, s U bclr, s (rae s — Homep BuTa B peru-
cTpe SREG), NO3BONAIOWMX YCTaHOBUTL Wnn cbpocuts nobor dnar eauHoobpasHbiM cno-
cobom.
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Kak Mbl y>ke OTMeuaii B NIpeablayLLEi riaBe, NPy HCMob30BaHMH KOMaHAbl dec BOOOLLE
crneuualbHOM KOMaHbl CPaBHEHHUsA He TpeOyeTcs, MOTOMY YTO OHa NpPU AOCTHXKEHHH HY-
A5 cama YCTaHOBHT ¢nar z (To ke OTHOCUTCS K KOMaHAE tst, KOTOpas MpoBeEPAET Ha yc-
JoBHe "paBHO MM MeHblue Hyas"). M ecan paxe npu HalMuMM dec 3aAeHCTBOBaTHL pe-
FUCTP M3 NEpBOii MONOBHHBI PErHCTPOBOro aiia (rae KOMaHabl 3arpy3KH HenocpeacT-
BEHHOrO 3HaYeHHs WM CPaBHEHHSl C KOHCTaHTOM He paboTaloT), TO JIMLIHAA KOMaHia
NOHAZ00MUTCs HE B K&KIOM LIMKIIE, a TOJIbKO OAMH pa3 — AJis 3arpy3KH NpeaBapHTE/IbHO-
rO 3HAUEHHUS: ’

1di temp, 10 ;z3arpyxaem 10 B temp
mov rl5,temp ;3arpyxaem 10 B rl5 m nanee ero MCHojb3yem
;B koMaHIe dec

Kpome 3THX KOMaHA nepexoza Nno paBeHCTBY (HEPaBEHCTBY), MPOBEPSIOLIMX 3HAYEHHE
¢nara z, ecTb KOMaHbl, KOTOpPblE OCYLIECTBIAIOT NEPEXO MO 3HAYEHUAM APYrHX pa3ps-
NOB B peructpe Gpnaros SREG, yCTaHAB/IMBAEMbIX B 3aBUCHMOCTH OT Pe3yJ/IbTaTOB OMepa-
UMK cp WK cpi. Hanpumep, koMaHabt brlo ("nepeitty, eciu MeHblle") U brsh ("nepedTw,
ecnd Gonblie MM paBHO" — HE clielyeT nyTaTb ee C KOMaHAOW brhs, nposepstoile
¢bnar H Ha paBeHCTBO 1) OCYLIECTBISIOT Nepexo] B 3aBUCUMOCTH OT COCTOsAHMA ¢uiara
nepeHoca C. Ecnu B koMaHze cp rl, r2 nepBblii perucTp OKaXkeTcs COAEpMKaLlUM 3Haue-
HUe MEeHblle, YeM Y BTOporo, To ¢uiar nepeHoca 6yaeT yCTaHOBJIEH, a N0 KOMaH/E brlo
npousoiiger nepexon. [Io komaHae brsh nepexoa NPoU3OHAET B NPOTHBOMOJIOKHOM Cly-
yae — eciu ¢ar C okasancs cOpoLIeH U3-3a Toro, 4to rl > r2. Komanaa brlo npu sTom
MONHOCTbIO 3KBUBAJIEHTHAa KOMaHae brcs ("nepedTtH, ecau dunar C ycraHoBieH"), a
KOMaHJa brsh — Yxe BCTpevaBLUeics Ham B MpOLUJIOi riaBe komaHae brec ("nepeiT,
ecnu nar ¢ copoweH"). [lpuuem 3TH 3KBUBaIEHTHbIE Napbl KOMaHA UMEIOT TaloKe WAEH-
THYHblE KOAbl ONEpauHid W Mo CyTH MpeACTaBASIOT COO0H CHHOHMMbI OAHOH KOMaH/bl,
BBEJCHHbIE 1151 y106CTBa MHEMOHMYECKOrO BOCIIPHSTHS.

Marno Toro, eciv BHMMaTEIbHO MU3YUHTb KOAbl Onepauuid A8 KOMaHA YCNOBHOIO nepe-
xona (a ux nopsaaka 20), TO OKaKETCS, UTO BCE OHH ABJSAIOTCA pa3HbIMH CHHOHHMaMH
BCEro ABYX KOMaHA: brbs s,k M brbc s, k, Fl€ s — HOMep OHUTa B perucTpe SREG (a k —
anpec nepexona). Kak Mbl BUAMM, 3T KOMaHabl Goliee yHUBEpCadbHbI (HanpuMep, ¢ UX
NOMOLLBIO MOXKHO paboTaTh C LIECTbIM GMTOM T, MO COCTOSAHHIO KOTOPOro OTAENbHBIX
KOMaH[, nepexoja He NpeayCMOTPEHO).

BaxxHas ocobGeHHOCTb KOMaHA THMa brXX COCTOMT B TOM, YTO OHM MOFYT ajpecoBaTb
METKY, OTJIMHaIOLLYIOCs OT MCXOJHOrO aapeca B MoCie0BaTENbHOCTH KOMaHa He 6osnee
yeM Ha 63.mo3uuMK Bnepe] UM Ha 64 NO3MUMH Ha3al, T. €. NPUroAHbI TOJIBKO LUl nepe-
xona "no6nuzoctu". BTopoii BaxHblii HioaHC B paboTe Bcex KOMaHA NEpEXoAa TaKKe
3aKJIOYAETCs B TOM, YTO OHM MOTYT 3aHMMaTb HEMpeackasyeMoe KOJIHYECTBO LIMKJIOB:
OZIMH WJH [Ba, B 3aBUCHMOCTH OT TOroO, BbIMOJIHAETCS ycioBue uau Het. B AVR ucnosnb-
3yeTcs KOHBEHep KOMaH, KOTopblii "Tyno" nonaraer, uTto cieayiouied 6yner BuinoJ-
HATbCA KOMaHAa cpa3y nocijie KomaHabl nepexoaa. EcrecTBeHHo, eciu BeTBneHHe HeoO-
XOJIMMO, KOHBEHEpP OCTaHaB/IMBAETCA HA OAWH JIMLUHHI TaKT, B TEYEHHE KOTOPOro Npouc-
XoauT Bbibopka aapeca nepexoga. OHaKoO 3TOT. HEAOCTATOK C JIMXBOW KOMIMEHCHpYeTCs
TEM, YTO 3a CYET KOHBENEpa MOYTH BCe OCTAbHbIE KOMaH/bl BbINOJHAIOTCS 33 OJWH TaKT.
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UMKN 3aMMeT NPUMEPHO CTONBLKO Xe), TOrAa, NpyU TUNOBOM BPEMEHW BbINOMHEHNS KOMaHAb!
cpi nopsgka [onen MWUKPOCEKYHAbI, BEPOATHOCTb HeBnaronpuaTHOrO creyeHus obcTos-
TenbCTB COCTaBUT BCEro Heckonbko cny4yaes Ha 10 000 nopgaHHbix kOMaHa. Ecnv npepno-
NOXWTb, YTO BHELLHWI KOMNbIOTEP HenpepbiBHO "GombapavpyeTt" MK komaHaamu, To Bepo-
ATHOCTb cO0eB AOCTATOMHO BENWKa, ECnK Xe nogava KoMmaHAabl OCyLeCcTBNAETCA NonbL3osa-
Tenem BPY4HYI0 pas B CyTkM (B Mecsau, B rof), TO, CKOpee BCEro, Ha Takyldo BO3MOXHOCTb
MOXHO He oOpauiaTb BHMUMaHWA: ropasno yaobHee BbICTPOUTL "MPaBWUMbHLIA® NPOTOKON
B3aMMOAENCTBNA, NOAPa3yMeBaloLnit KOHTPONb 06MeHa koMaHaamu (0 Yyem Mol Byaem.ro-
BOpUTL B 251aee 13) — 370 BCe paBHO NoTpebyeTcs, NOTOMy 4TO CHOM MOTyT NPOMCXOANTL W
Nno WHbIM NpudnHam. Ho B 04eHb KpUTWUYHBIX K cBOAM cucTemax nyywe 3acTpaxosate cebs
OT BCeX BO3MOXHbIX CUTyaumnWi.

U eute 3ameTHM "n0 Kyuu", 4TO KOMaHAbl, 3aBEIOMO He MOAMDULHMPYIOLWIHE 3HAUYEHHE
COOTBETCTBYIOLIEro ¢ylara B perucTpe SREG, MOXKHO "BKJIMHMBATL" MEXAY KOMaHAaMH,
€ro U3MEHSIIOUIMMH, U KOMaHaMH YCJIOBHOTO nepexoja, ero nposepstownmu. Tak, Me-
XKJly MpOBEpKOH "Ha HOMb" W BETBJICHHUEM MO 3TOMY YCJOBHIO (Hanpumep, napow dec ...
brne) MOXKHO BCTaBMTb CKOJIbLKO YrOAHO KOMaHZ MEPecbUIKH AAHHBIX WM, K MPUMEpY,
u3BJIeUYEeHHSs/coXpaHeHHsl peructpa B cteke. Cam mepexol Mo KOMaHIaM brXX TaKkKe He
MOIH(HUHPYET COACPIKUMOTO SREG, H BO3MOXHbI KOHCTPYKLIHH, KOIla CTaBSTCS MOAPsAA
JBe 1 6onee KOMaH[ Nepexoaa Nno OAHOMY YCJIOBHIO.

KomaHabl npoBepKu-nponycka

D70 ype3BbluaHO pacrnpoCTpaHEeHHas rpynna KoMaH/, KOTOpble OCYLIECTBIISIOT NPONYCK
clieaytouieit Mo MopsAKy KOMaHIbl B 3aBUCMMOCTH OT COCTOSIHMS OTAesibHOro 6ura B
POH wnn PBB. OcHoBHble U3 HUX — napbl kOMaH[ sbrs/sbrc (ans POH) u sbis/sbic
(ans PBB). Onu ouenb ynoGHbI A1 opraHvsauiy npoueayp, aHajlorHuHbIX OnepaTopy
Bbibopa CASE B s3blkaX BbICOKOTrO YPOBHS, HO, K COXalIEHHIO, 001a1al0T HENPUBbIYHOH
JIOTMKO#H: "MpPONYCTUTh CNEAYIOLLYI0 KOMAaHAy, €CJIM YCJIOBHE BBIMOHAETCS", U MOTOMY
AN HOBHYKA MOTYT NOKa3aTbCs CAMILKOM 3ayMHbIMU. B kauecTBe npumepa npuseny ao-
BOJILHO CJIOXKHYIO MO JIOTMKE paboTbl, HO XapakTEepHYIO U1 MUKPOKOHTPOJUIEPHOH Tex-
HUKH NpoLeaypy, B KOTOpo# 3a1aua GOpMyaUpyeTcs Tak: MPH HACTYMJIEHHH HEKOTOPOro
YCJI0BHSI MHUTaTh MONEPEMEHHO 3eJIeHbIM M KpacHbIM cBeToaroaamu (C).

BBezneM Heckonbko MpeanoyiosKeHuH.

O VYcnoBue MUraHus 3ajaercs cocTosiHieM O6ura 3 B Hekoem pabouem perucrpe, KOTo-
pblii, KaKk U B Npeablayliei riase, HA30BEM perucTpoM ¢naros' — Flag. Ecau 6ut 3
perucTpa Flag paBeH eAHHHLE (YCTAHOBJIEH) — Ha/l0 MUraTb, €CJIH HeT (cOpoLueH) —
o6a CJ] noratiueHbl.

O Kpacueiii C]] noacoeanHeH k Bbixoay nopta D Homep 7, a 3eneHblii — K BbIXoay
nopra C Homep 7 (pa3ymeercs, 3TO MOryT ObITb JitoOble Apyrue BbIBOAbI APYrUX nop-
TOB).

0O Tekyuwee cocrosHue CJ] 3anaercs 6UToM 4 B TOM ke perucTpe (pjaros Flag.

Anroputm paboTbl TaKoi MporpaMmbl peanusyeTcs THIHUHLIM BJIOXEHHBIM ONEpaTopoM
BbIOOpPA, JIMCTHHT 6.5 COAEPXKHUT KO NPOrpaMMbi Ha S3bIKE BLICOKOTO YPOBHS.

' He nyTars ¢ "ouunanbHbIM" perucTpoM (naros SREG, ONMCaHHBIM paliee.
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ecnu 9to Tpedyercs. OTMETHUM, YTO ABE KOMaH[bl, paboTaloLIHe C KOHCTaHTaMHU (andi W
ori), MPUMEHUMbI aHLLb K cTapiiim POH, HauuHas ¢ rlé.

fogpPosHOCTH

MoauepkHem, UTO BCe 3TW onepauuy paboTaloT MMEHHO C OTAENbHbIMM BrUTamu: onepauum,
BO3BpaLLaloWMe normyeckoe 3HayeHue (kak, Kk npumepy, cyHkums “normueckoro UN", obo-
3Havalowanca " | | ", koTopas BosBpawlaeT eauHuUy, ecnu xota Obl OAHO BbipaXeHue He
paBHO Hyni), B accembnepe He NpeAcTaBneHbl (YTO, KOHEYHO, HE MewaeT Bam Npu Heob-
XOAWMOCTM UX OPraHn3oBaTh CaMoOCTOATENLHO). Mo3ToMy B AanbHenweM noa, K npumepy,
onepauven "UNN" Bcerpa byaeTt noagpasymesatbes "nobutosoe UNNY, a He "noruueckoe
UNN" B cTtporom cmbicne 3Toro cnosa.

CocrasneHue nporpaMMm B TEpMHHaX KOMOMHaUWOHHON noruku ans MK HexapakrepHo,
Hanbonee YacTo KOMaH/bl JIOFHYECKHMX ONepaLuii BHITIONHIIOT MACKUPOBAHHE OTAEIbHBIX
OMUTOB WM MX FpYMNN: TaK, onepauus andi temp, 0b00001111 MO3BONWT OCTaBWUTb MJaa-
LIYIO TETpajly NMepeMeHHOl temp Oe3 M3MeHeHu#, a crapuuyo — oOHynuTs. Haobopor,
KOMaHAA ori temp,0b00001111 MO3BOJMT OCTABMTH CTapllylO TeTpasy 0e3 U3MEeHeHHH, a
B MJafiieit Bce OUTbl yCTAHOBUTh B €IMHUYHOE COCTOSHHE.

Onepaunio eor ("uckmouatowee UJIN") MoxkHO Ha3BaThb "21€MEHTOM HECOBMAaACHUA" —
OHa Mo3BOJsAET 3aUKCHPOBATb Te OMTHI, KOTOpblE COBMAAAIOT (WJIM HE COBMAJAIOT)
B 000MX onepaHiax (COBMAajaloLMe YCTAHOBSTCS B HYJM, a He COBMaAalole — B €aH-
HUUbl). Onepauusi eor MPUrofHa M ISt JIEMEHTAPHOrO LM(POBaHKs AAHHBIX: MpUMeE-
HEHHasi 1BaXK/ibl K OAHOMY onepaHay (BTOpOi onepaH/, Ha3biBaeMblii KJIIOUOM, NPH 3TOM
ocraercsi 6e3 u3SMEeHeHUH) OHa BO3BpALUAET ero B HCXOAHOE cocTosiHue. TakuM obpa3om,
3a10)KMB HEU3BECTHbIH MOCTOPOHHUM KJIIOY B NPOrpamMmy KOHTPOJLIEPA, MOXKHO 3awiug-
poBaTh AaHHbIE, a B yJalECHHOM KOMIBIOTEPE HX TEM K€ KJIIOHOM paclundposats. B ara-
6e 7 Mbl pacCCMOTPHM crnocob reHepauuu ciy4aiiHbix uncen B MK, koTopsiii B ToM uncne
roaurcs U Ans GopMupoBaHus "npaBunbHbIX" KtoUel 11 nogoOHbIX uenei. Tonbko He
HaZieWTeCh, YTO Takoil mpocTeni cnocobd ydepexkeT Bac OT CepbE3HbIX LUMHOHOB: Ha-
crosLas KpunTorpadus clioXKHa U MPEANONAracT MHOrOITAMHYIO 3aLUHTY AAHHbIX.

Kpome nepeuucneHHbIX CTaHAAPTHBIX JIOTHYECKUX Ornepaluii, K 3TOH rpynne KomaHz
4aCTO OTHOCHT TAKOKE U KOMaHIbl clr (OYMCTHUTb BCE OUTHI), ser (YCTAHOBHUTHL Bce OMTHI),
YNOMHHABLUYIOCS paHee KOMaHAY tst (MpoBepKa Ha OTPULATENbHOE WIH HyJIeBOE 3Haue-
HHE — B NPUIOdICeHUU 2 OHA MOMeELlEeHa B TPy KOMaHJ CpaBHEHHS) U OYEHb Moje3-
HYIO B JBOMYHO-AECATHYHBIX ONepauusiX KOMaHay swap, KOTOpas MEHSET MeCTaMH TeT-
pansl ofHoro 6aliTa (B npunoswcenuu 2 OHa NoOMeLLEHa B Ipyniy onepauuii c Guramu).

KomaHngb! casura u onepauuu ¢ 6utamum

370 TaloKe OHa U3 BaXkHeHLMX rpynn komaHa. CHayana paccMOTpUM MoApPoOHO, B cHily
MX BaXXHOCTH M OTHOCHTEJbHOH CIOXXHOCTH, KOMaH[bl YCTAHOBKH OTIE/IbHbIX OHTOB.
[puuem komaHzpl, ycTaHaBNMBAIOLLHE 3HAUEHHs OUTOB B perucTpax obLuero HazHaYeHHs
(sbr M cbr), HHOTA OTHOCAT K rpymnne apMpMeTHuecKuX onepaumii, a KOMaHAabl, ycTa-
HaBJIMBalOLIWE OUTHI B perucTpax BBOAA-BbIBOJA (sbi M cbi) — K paccMaTpHBaeMoi
rpynne 6MUTOBbIX onepauui. BrnpoueM, B HEKOTOPbLIX MOCOOUAX WX MPUUMCIAIOT K OAHOMN
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rpynne, — onepauuii ¢ GUTaMu, 4TO, KOHEYHO, norwmeu Ho nouemy Takoii pazno6oi,
€CJIM OHH NO CYTH AENAlOT OAHO H TO ke?

MexaHu3m paboTbl THX KOMaHJ CyLIeCTBEHHO pasznauyaetcs. OueBHOHEE BCEro ycTpoe-
Hbl sbi W cbi: TaK, Y>)k€ 3HaKOMasi HaM KOMaHJa sbi PortB,5 YCTAHOBMT B €AHHHYHOE
cocTosiHKe pa3psn Homep S nopta B. Ecnu 3ToT paspsa nopta ckOH(GHIypHUpOBaH Ha Bbl-
XO[l, TO €AMHHLIA MOSBHTCH HEMOCPEICTBEHHO Ha COOTBETCTBYIOLLEM BbIBOJE MHKpOCXE-
Mbl, €CNIH Ha BXOJ, TO 3Ta oriepauus YNpaBiseT NOAKIOYEHHEM "moaTsaruBatouiero”
pesucTopa.

[opasno cnoxHee AeCTBYIOT KOMaH/bl YCTAHOBKH OHTOB B perucTpax obuuero HasHaue-
HHUS — B3MVISHUTE Ha JIUCTHUHT 6.6, rae Bbl BCTPETHTE KOMAaHAY sbr Flag,0b00010000,
YCTaHABJIMBAIOLLYIO YeTBEPTbIi 6UT B ennnuLy. [Touemy Tak cnoxHo, aa elle v B ABOHY-
Hoili cucteme? Jleno B TOM, YTO KOMaHbl 3TH MO CYTH HE YCTaHaBIMBalOT HUKAKHUX Ou-
TOB, @ NPOCTO OCYLUECTBISIOT JIOTHYECKYIO OMEPALIUIO MEXAY 3HAYEHHEM PETHCTPa H
3a/laHHbIM GaliTOM, KOTOPBI B 3TOM Caydae Ha3bIBalOT 6umogoii mackoii. Tak, ykazaHHas
KOMaH[a paciiMgpOBbIBAETCSA, KaK Flag OR 0b00010000. Ilpu Takoi onepauuu uerBep-
Thbiii GUT (HyMepaLMs HaYHHAETCS C HYJIS) YCTAHOBHUTCS B €IMHULY, Kakoe Obl 3HauUeHHe
OH He HMeJl paHee, a BCe OCTaJIbHble OCTAHYTCS B CTApoM cOCTOSAHUM. [ToHATHO Taloke,
no4emy TNpeAnoYTHTENbHO ABOMYHOE NPEACTABIEHHE MACKU — TaK JIErye OTCUHTLIBATh
6uThI.

AnanoruuyHo pabortaet koMaHaa cbpoca 6uTa cbr Flag,0b00010000. Toneko ans Toro,
4TOObI €€ MOXKHO OBUTO 3anMMChIBaTh B TOYHOCTH B TOM K€ BHIE, YTO H sbr, JIOrHMUYECKas
onepauus, KOTOpYIO OHa OCYLUECTBJISET, CIOXKHEE: Flag AND (NOT 0b00010000). 31ech
CHauana B Macke MHBEPTHPYIOTCS Bce OWTHI (PeasbHO 3TO BLIMOJNHAETCS BbIYUTAHHEM ee
u3 uncna $FF, T. e. HaxoxaeHuem aononHeHus 1o | onepaumeii com), a 3aTeM MoONyUeH-
HOE YMCJIO M 3Ha4YEHHE PErucTpa KOMOHHHPYIOTCS ONepaLrei JOrHYeCKOro YMHOXKEHHS
(a He cnoxeHus, Kak B npenbiaytieM ciy4ae). B pesynbrarte yetBeptblii 6MT O6HYNHTCH
00s3aTenbHO, a BCe OCTallbHbIE OCTaHYTCS B HEMPUKOCHOBEHHOCTH.

[TpuzbiBato Bac 06 3TOH pasHHLIE MEXAY PErHCTPaMH OOLIErO HA3HAYEHHS U PETUCTPaMHU
BBOJA-BbIBOJA He 3a0biBaTh — s M CaM 10 CHX MOp MONAafaloch Ha TOM, YTO B ClTy4ae He-
06xoanMocTH o6HYyieHns 6uTa 1 B pabouem perucTpe temp 3anuChiBaro cbr temp, 1 (aHa-
JIOTHYHO BEPHOH KOMaHAe cbi PortB, 1), XOTA Takas onepauus OOHYJMT He NepBbii, a
HYNeBO# OMT B temp. A onepauus cbr R, 0 (KaK M sbr R, 0) BOOOLIE HUYErO HE AENaeT, U
Takas 3anucb 6€CCMbICIEHHA.

PaszymeeTcs, STHMH KOMaHIaMH MOXXHO 32 OMH pa3 YCTAaHOBUTb XOTb Bce OWTHI B peru-
CTpe — B 3TOM OTJIHYHE KOMaHA sbr/cbr OT sbi/cbi, KOTOpbI€ YCTaHABJIHUBAIOT TOJBKO
no oaHoMy 6uty. COBMECTHO C yKa3aHHBIMH KOMaHIAMH MOXHO YnoTpeOnsaTh U Bblpa-
JKEHUsl, TAK JKe, Kak C KOMaHJO# 1di B NpUMepe U3 21a6bl J:

sbr temp, (1<<SE) | (1<<SM1)
out MSUR, temp ;pa3z3pemenue "cnawero" pexyma Power Down

Kpome nepeumciieHHbiX, k rpynmne onepauuii ¢ GUTaMM Takke OTHOCAT KOMaHIbl ycTa-
HOBKHW pa3psiioB perucTpa SREG, KOTOpble 00CYkIanuch paHee. bonee npaBuibHbIM, Ha
MO# B3rnsa, 6bu10 Gbl 106aBHTDL K rpynne GUTOBBIX onepauuii Takke U KOMaHbl CABUra
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(MHOrAa MX NOYEeMY-TO OTHOCAT K apudmMeTHueckum onepauusam). Camas npocras Takas
orepauu1s — CABMI BCEX pa3psaloB perucrpa BiaeBo (1sl) MM Bnpapo (1sr) Ha OAHY Mo-
3uuMio. X npuxoauTcs NpUMEHSTh J0BOJIbHO YacTO, MOTOMY YTO 3TO PABHOCH/ILHO YM-
HOXKEHHIO (COOTBETCTBEHHO, AeNeHHIo) Ha 2. [lng Toro yrobbl kpaiiHue pa3psibl HE Te-
PAJIKCH MPH CABMre, UCMNOJBL3YIOT PasHOBUAHOCTH 3THUX OMepauui, "caBUr uepes nepe-
HOc" — rol U ror. OHM yUHTBIBAIOT (h1ar NepeHoca C, U Yepe3 HEro MOXKHO MEPEHECTH B
Npyrod perucTp 3HaueHus kpaiHuMX paspsanoB. Hampumep, B pe3ynbraTe BbINOJHEHHS
MoCJIel0BATENIbHOCTH KOMaH

1sl rl
rol r2

peructp rl OyaeT yMHOXEH Ha 2, a cTaplluii ero paspsz (HEBaXHO, HOJIb OH WJIH €HHH-
ua) okakercs B muagiiem paspsae r2. [lpuuem obparvre BHUMaHHWE, YTO r2 MpPH 3TOM
TaKOKe YMHOXKAETCS Ha 2, W, cjle]oBaresbHO, yMHOXeHHe |6-OutoBoro uucna Oyaer
BBIMOJIHEHO MOJIHOCTbIO KOPPEKTHBIM criocobom. Ecnu nocnenoBarenbHO NPUMEHATD
KOMaHAy rol K OJHOMY PETMCTPY, TO Mbl MOJYYMM T.H. UMKIHYECKHH (KOJIbLEBOIA)
caBur, korga OWTbl Hekoero aeBATHOMTOBOro (c yuyeroMm OGuta mepeHoca) uucna OyayT
JABUraTbCcs Mo Kpyry.

Kpome ynoMmsaHyTbIX, €CTb eille KoMaHaa "apudmeTHueckoro” CABUra asr, KOTopas ocy-
LECTBJSET AeNIEeHHE Ha [Ba, HO HE Tporaer crapluero (ceabMoro) 6ura — oHa npuMeHs-
eTcs B cllyyasx, Korjaa 3Tot OMT HeceT 3Hak uucna. MHTepecHo Takoke, 4To KOMaHaa cjo-
XKEHHs perucTpa camoro ¢ coboi (add x,x) He TONbKO OCYLIECTBISET Ty XK€ camylo ore-
pauMio, YTO KOMaHAa 1sl x, HO J@KE COBMAJaeT C HEl Mo KOAY Onepaury — THIHYHAs
cutyauus 1y AVR, rae Gonee TpeTH KOMaHA NPeACTaBASIOT COO0H CHHOHUMBI.

KomaHabl apudMeTnyecKux onepayumn

Apudmernueckure onepaury B 8-pa3psaHOM KOHTPOJUIEPE — pa3BIEYEHHE IS HACTOsA-
wux mobureneit TpyaHocreit. Kontposiepsl, Taroretowue k CISC-apxurextype (Bpoae
cemeicTBa x51), H3HAYAJIbHO NPEAOCTABAIOT NPOrPaMMHUCTY BCTPOEHHbIE KOMaH/bl BCEX
onepauui, BIJIOTb A0 annapaTHOro AejleHUs, HO Ha CaMOM J€Jji€ 3TO MaJjlo MOMOraeT: KO-
My TpebyeTcs AeNHUTb U MEPEMHOXKATh YUC/a, €C/IM U OMEpaHAbl U pe3y/bTaTbl OrpaHH-
YeHbl CKYJHbIM JHana3oHOM B npeaenax oaHoro Oaiita, a ¢ yueToM 3HaKa — B MpeAenax
BCEro ceMu ABOoW4HbIX padpanoB? Tpebyercs pacluvpuTb Auana3oH xots Obl 1o 16 pas-

panoB (xoTa 1S onepaumii ¢ "niasaroei Toukoi" U 3TOro HelI0CTaTOUHO).

[NonpobHee o mHoropa3psaHoi apudpmerrke B AVR Mbl norosopum 8 enase 7, a 31echb
OCTaHOBHMMCS JIMILb HAa CTaHAAPTHbIX KOMaHAaxX W crocobax UX MpUMeHeHus. Apudme-
THueckue onepaunu ans AVR Ha nepsbiii B3risa MOryT roka3aTbCsi peaju30BaHHbIMM
JOBOJIHO CTPAaHHO /S MOJb30BaTeNs, NMPHUBBIKILIErO K ObITOBOMY MpEACTaBiAeHHIO 00
apudMeTHKe, HO Ha iesie NoJly4aeTcsl BeCbMa CTPOiiHas cucTema.

He BbI3bIBAIOT HUKAKMX BO3paXKEHUH TOJbKO OYEBHAHBIE ONepaumu: add R1,R2 (CI0XKHUTb
JiBa perucTpa, 3anucath pe3yJibTaT B NepBblil) U sub R1,R2 (BbIYECTb BTOPOi M3 MepBOro,
3anucaTh pe3ysbTaT B nepsbiii). Ho ecnn BaymaTbes, TO M TyT BONPOCOB BO3HMKAET
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MHOXECTBO: a uTo Oyzner, ecnu cymma npesbilnaet 255? Unu pasHocTb MeHbLie HyJis?
Kyzaa nesatb ocratku? Oka3sbiBaeTcs, BCce MPOAyMaHO — Ui y4deTa MnepeHoca ecThb cre-
uMabHble KOMaHIbl — adc M sbc. KoppekTHas onepauus ciioxxeHus aByX |6-pa3psaHbix
uucen Oyner 3aHUMaTh B€ KOMaHbl:

add RL1,RL2
adc RH1,RH2

3nech nepeMeHHble RL1 W RL2 colaepar miaawude GaiTel cilaraembiX, a RH1 M RH2 —
crapwire. Ecnu npu nepBoit onepauuu pe3ybTaT NPeBbICHT 255, TO NEPEHOC 3anuiueTcs
BO Bce TOT e ¢uiar nepeHoca C M 6yaer yuteH npu Bropoi onepauuu. Obuiuii pesynabraT
okaxkeTcs B rape RH1:RL1. COBEpLIEHHO aHAJIOMHYHO BbIMIAAMT ONepaLns BbIYUTaHUS.

[TocTofiTe, HO Mbl k€ BOBCE HE CTPEMHIMCH CKIafbIBaThb 16-pa3psaHbie urcna!l Mol xo-
TeaH BCEro JMLIb CAENaTh Tak, YTOObl B pe3yJibTaTe CI0XKEHHUs 8-pa3panHbIX 4Mcell Mno-
Jyuusics MpaBUIILHbIA pe3ynbTaT, NycThb OH 3aiimer aBa Gaiita. Ha uro Ham Torpa crap-
wuH OaifT BTOporo cnaraemoro, €cii ero Boo6Lle B NpUpoae He CYLUECTBYET, U A
npeAcTaBieHHs pe3yJibTaTa OH Takoke He TpeOyercsa? KoHeuHo, MOXHO caenath ero gpuk-
THBHbBIM, 3arpy3uUB B HEKMH perucTp HyJjieBoe 3HaU€HHE, HO 3TO TOJIbKO KaKETCs, YTO pe-
ructpoB y AVR MHoro — ax 32 wTykH, Ha caMOM JieJie OHH IOBOJIbHO ObICTPO pacxo-
AYIOTCS MOJA NMEpeMEHHblE W pa3Hble Apyrue HaJoOHOCTH, W 3aHMMaTb LENblii perucTp
noa (MKTHBHYIO OMEpALHIO, MyCTh [a)ke HAa OIWMH pa3 — Kak-TO HekpacuBo. [loTomy
"3k0HOMHas" onepauus ciaokeHus 8-pa3paanbix ucen Oyner BbIrISAETb TakK:

add RL1,R2
brcc add 8
inc RH1
add_8:

o e e e

Hcxoaubie cnaraemble HaxolsaTcs B RL1 M R2, a pe3ysibTaT OyneT, Kak W paHee,
B RHI:RLI. Ormerum, uto B crapwem Oaiite (RH1) B pesynsTate MoxeT oka3zaThbCs
TosIbkO W60 0, 1M60 1 — cymma ABYX BOCbMHPA3pAdHbIX YHCEN HE MOXET MpeBbICHTh
yncno 510 (255 + 255), umenHo noromy ¢uiar nepeHoca C npencrasnsier coboi oauH-
eNMHCTBEHHbIH OUT B peructpe ¢naros. KoMaHna brcc sBnsercs onepauudeil nepexona
no ycnoBuio, yto ¢uiar nepeHoca paeH Hymo (BRanch if Carry Cleared). Takum o6pa-
30M, eciH (iar He paBeH HyJo, BbINMOJIHUTCA onepauus inc RHI — yBennuenue 3Haue-
nus peructpa RH1 Ha ennHuuy, B IpOTHBHOM cilyyae 3To AeiicTeue GyaeT NponyuieHo.
MoxHO npuaymatb U Apyrie cnocoGbl NporpaMMHpOBaHHs 3TOH OMepaLyH.

BHuMarenbHblii YHTaTENb, HECOMHEHHO, Y>KE€ 3aMETHJI HETOYHOCTb B MporpaMme — a
uyeMy paBHo 3HaueHWe RH1 no BbinonHenus Haweii npouenypsl? Bapyr oHo coBcem He
HOJb, M TOrJa HEJb3sl TOBOPUTbL O KOPPEKTHOM peayJbTarte. [ToaToMy npasunbHei Gbl10
Obl 10O NOMONHHTD Hallly MPOLEAYpPY €LUe OAHHM OrNepaTopoM, KOTOPbIi pacnoioKHTb
panblue Bcex ocTanbHbIX: clr RH1, 1M6o BMecTO KOMaHAbI inc MPUMEHUTH KAKOMI-TO W3
cnoco6oB-3arpy3ku 3HaueHus 1 B nepemeHHyto RH1 (Hanpumep, Idi RH1,1).

3ameTHM, 4YTO BO BceX Cllydasx Mpollefypa pa3pacTaercsi BO BpeMeHH — Obilo [Be
KOMaH/ibl, CTAJIO YETBIpE, MPHUYEM TYT UMEETCS 3aMeUIEHHE €Ile U HESBHOTO MopsaKka —
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€CJIi BCe MpeacTaBlieHHble apH(pMeTHUeCKHe KOMaH/bl BbIMOHAIOTCS 32 OAMH TaKT, TO
KOMaH/1a BETBJIEHHUS brcc — MOXKET 3a TakT (eC/ik C = 1), a MOXET M 3a JiBa (eciu C = 0).
Htoro Mbl BbIMMpanu OAHWH PErucTp, a MoTepsiv aBa MM TpH Takta. M Tak Bceraa —
€CTb Mpouenypbl, ONTHMH3UPOBAHHLIE MO BPEMEHH, €CTb — M0 YHCITY KOMaHI, a MOTyT
ObITb — U M0 YHCIIy 3aHUMaeMbIX perucTpoB. Maeana, kak U Be3ne B JKU3HH, TYT HE 10-
OUTbCA, NPUXOAUTCS UATH HA KOMITPOMMCC.

Ecnu Bbl mocMoTpuTe Tabnuuy KOMaHa B npuiodcenuu 2, To MOXKeTe oOpaTHTL BHUMa-
HHE, YTO U3 BOCbMUOMTOBBIX apU(METHUYECKHX OMNEpaLii ¢ KOHCTAHTOW AOCTYMHO TOJIb-
KO BblYMTaHHe (subi, sbci), HaMpaLIMBAIOLLEHCS ONepaLiH CII0KEHUS C KOHCTAHTOM HET.
370 He ymnylleH1e aBTopa np1 GopMHpPOBaHUH BbIOOpOUHOi TabnuLbl, a AEHCTBUTENbHAS
ocobeHHocTb cucTeMbl koMaHa AVR. OrpaHuuenue nerko o0XoauTcs BbIYMTAHUEM OT-
pMLIaTeNIbHOTO uKcia (HanpuMmep, KOMaHaa subi temp,-10 npubaButT 10 K temp), HO
NMpaKTHKE TaKas ONepalus He O4YeHb-TO TpebyeTcs, MOTOMY YTO Pa3paboTUMKH ceMercT-
Ba AVR pewunnu o6nerynTsb xu3Hb noib3oBartensM, 106aBuB B nepeveHb apubmMeTHye-
CKMX KOMaH[ ABe OYeHb YN0OHbIE KOMaHIbl — adiw W sbiw — MO CYTH OHM A€NaloT TO
’&Ke caMoe, YTO mapbl KOMaH[ add/adc (sub/sbc), TOJIbKO 3a OAHY OMEPAUMIO, H MPUTOM
CKJIaIbIBAIOT C KOHCTAHTOM, a He ¢ perucTpoM. EAUHCTBEHHBIH HX HeaocTaTok — pabo-
TalOT OHM TOJBLKO C ONpeiesIeHHbIMHU NapaMH1 PErMCTPOB: C YETbIPbMS MapaMH, HaYHHas C
r24—r25. Tpu crapiune napbl (r26—r27, r28—r29 U r30—r31) HOCAT €LUE HA3BAHHUE X, Y U Z,
v Mbl Ux Oyaem "npoxoauTh" panee B 3TOH ryaBe — OHH 3af€HCTBOBaHbI B ONEpPALUAX
obMeHa aanHbiMU ¢ SRAM. Ho, k cuacTbio, TOUHO Tak ke paboTaeT M napa r24—r25, KO-
Topas Gosiee HUrae BMecTe He ynotpebnseTcs, U 3To oueHb yao6Ho. HezaBucumo ot uc-
nosib3yeMoH Mnapbl, CTaplLIUM PErMcCTPOM CHHTAETCA TOT, 4TO ¢ OONbLIMM HOMEPOM, a
OMEePaLMIo HYXKHO NMPOBOAUTH C MJIAALLHM, MPH 3TOM MEPEHOC YUTETCH aBTOMATHUYECKH.
Hampumep, B pe3ynbTare BbINOTHEHHUS MOCIEA0BaTEIbHOCTH KOMaHA,

clr r25
1di r24,100
adiw r24,200

B perucTpax r25:r24 okakercs umcio 300 (B r2s Gyaer 3anucao $01, 4To IKBUBANEHT-
HO 256 nnis 16-paspsaHoro uucna, a B r24 — $2C = 44, yto B cymme u aact 300). AHa-
JIOrM4YHO paboTaeT M MpoLeaypa BbIUUTAHUS KOHCTAHTBI sbiw.

KomaHAabl nepecbuyikn gaHHbIX

3nech Mbl PacCMOTPUM KOMaHbl, KOTOpbi€ NMEPEHOCST JaHHble U3 OJHON obsiacTH nams-
TH B APYryio (NaMsTb pacCMaTpUBAeTCs B LUIMPOKOM CMbICIIE 3TOrO CJIOBa, U B Hee BKJIIO-
HAKOTCA TAKOKE M PerucTpbl). HekoTopbie kKoMaHabl U3 3TOH FPYNMbl HaM Y)Ke 3HAKOMbI —
3TO 1di W mov. IlepBas 3arpyxaer B perucTp HEMOCPEACTBEHHO YMCIIO-KOHCTAHTY (HO
JedCTBYeT TOJbKO [UIf PErMCTPOB, HauMHas C r16), a BTopas — 3HaueHHe ApYroro peru-
crpa. [ToBTOpHM, 4TO 1di OYEHb YACTO 3aNMChIBAIOT C UCTONB30BAHMEM BbIPAKEHHUH, YTO
MOJKHO MOSICHUTD CJIELYIOLLMM NPaKTHUECKUM NMPHUMEPOM:

1di temp, (1<<RXEN|1<<TXEN|1<<RXB8|1<<TXB8)
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Hanomuum, uto npu ykasanuu ¢yHkuud "nodurosoro MJIN" ckobku craButh Heobs3a-
TEeJIbHO (€€ NPUOPHTET BbILLE, YEM Y Onepauny caBura). CMbICH 3TOr0O BbIpaXXEHHs B TOM,
YTO Mbl YCTaHaBJIMBaeM B €AMHHLbI JUIS PErMCTpa temp TOMbKO OMTbI C YyKa3aHHbIMH
MMeHaMH (ecTeCTBEHHO, MOCHIeaHHE AOMKHbI ObITb rae-To onpeneneHsl — B JaHHOM
ciyuae 3To caenaHo B inc-aiinax). B paccMoTpeHHOM nprumepe Mbl XOTHM MHHLIMAIHU3H-
poBatb nocneposatenbHblii nopt UART, v npuseneHHas ¢dopma 3anvcH O3HayaeT, 4To
yCTaHaB/IMBaeTCs pa3pellieHHe npuema (RXEN) KU nepeaadu (TXEN), MPHYEM M U1 TOTO W
11 apyroro 3anaercs 8-6MToBbIH pexxuM (RXB8 u TXBS).

OG6paTuTe BHUMaHHe, 4TO, B OTJIMYHE KOMaHIbl sbi, Heyka3aHHble 6uTbl OynyT B 3TOi
onepauuy oGHYIEHbI, a He OCTaHYTCS NPH CBOMX 3HaueHusx. Takas ¢popma oueHb yno6Ha
AN 3a7aHKus NMOMMEHOBAHHLIX OMTOB B MpoLecce WHULMANU3ALMH CTyKeOHbIX perucr-
poB. BMecTo MMeH MOryT ObITb yKa3aHbl HEMOCPEACTBEHHO HOMepa OWUTOB, HO 3aMUCbl-
BaTb WX B Takoi (opmMe HewenecoobpasHo — 3/4ech Kak pa3 ynoOHee yKa3biBaTb MMEHa.
HenocpencTseHHas ycTaHOBKa Yepe3 KOHCTaHTY 3acTaBisieT PbITbCA B CIPaBOYHHKE WIH
B inc-(paiinax B noncke HOMEPOB MOUMEHOBaHHbIX GHUTOB!

1di temp, 0b00011011 ;TXEN=1,RXEN=1,RXB8=1,TXB8=1

A

A np# HCNosIb30BaHUHK "3aKOHHON" KOMaHABbI sbi MpULLIOCH Obl AenaTh TO XkKe caMoe, HO
elle U npeaBapUTenbHO OOHYNATb PEruCTp.

[ToHATHO, 4TO ycTaHOBUTL OUTHI B paboyeM peructpe temp a1 WHuuuanusauud UART
Henocraroyto. [Toromy cieayrolueii Mo TeKCTy nporpaMmbl KOMaH0#i Mbl 06s3aHbI ne-
PEHECTH YCTAHOBJIEHHOE 3HaYEHHe B COOTBETCTBYIOLMI PBB, HasbiBatowuiics B JaHHOM
ciyyae UCR (nns cemeiictBa Classic, B Mega pervcTp ycTaHOBOK MoCjenoBaTesibHOrO
nopTa HasblBaeTcs HHaue, cM. 21agy 13). Jto aenaercs TpaAULUMOHHOM )i BCeX acceMb-
nepoB KOMaHJO# out:

out UCR, temp

B nape k out MaeT cHMMeTpUuYHas KOMaHJa in— 4YTeHWe JaHHbIX U3 PBB. Otu ase
KOMaH/1bl TAKXKE OTHOCST K KOMaH/aM MnepeHoca AaHHbIX.

CreaylolyMH MO BAXKHOCTH KOMaHAAMH MEPEChUIKH JaHHbIX OyAyT KOMaHAbl 3arpy3ku
v ureHus SRAM — 1d # st. C 3TUMH KOMaHAaMM CBs3aHbl Takue "KyTKWe" MOHATHS,
kak "npsamas" K "kocBeHHas" ajpecalM, a Takke "OTHOCHUTEJbHas KOCBEHHas aapeca-
uua" uT. n. (no MoeMy ybexaeHHto, 3ToT pazaen B onucaHusx MK AVR cnokoiiHo
MOXHO MpOMyCKaTb MPU YTEHWH — BOT s x51 crocobbl aapecaunu AeHCTBUTENbHO
uMeloT Gosblioe 3HaueHue). Mbl nocTapaemcs TepMUH "aapecauus” BooOle He ynor-
pebasTb, U pa3bepem 34ech TPH OCHOBHBIX pexxuMa uyTeHus/3anucu SRAM: npocroi, a
TaKKE C MPEANCKPEMEHTOM H MOCTHHKpeMeHTOM. Bce Tpu BCTpewaroTcs oueHb 4acTo,
XOTs Ba MOCNEAHUX pexxuma paboTatoT He Bo Bcex THnax AVR.

Bo Bcex cnydasx npu urennu v 3anuch SRAM notpebytoTcs perucTpsl X, Y M 2 — T. €.
napbl r27:r26, r29:r28 U r31:r30 COOTBETCTBEHHO, KOTOPbIE MO OTAENbHOCTH €LIe UMe-
HYIOT XH:XL, YH:YL, ZH:ZL — B TOM K€ NopsAKe (T. €. CTapLIMM B KXKIOH nape CiyKuT
perucTp ¢ 66nb1MM HoMepom). Ecnv o6MeH naHHBIMU NPOU3BOAMTCS MEXIY NaMATHIO U
ApPYrMM peructpom obLiero HasHauyeHus, TO JOCTaTOUHO OAHOW W3 3TWX nap (no6oit),
€ciM ke Mexay obnactamu namsTh — uenecoobpasHo 3aaeiicrTeoBats ase. Hesasucumo
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3nech B perucTp z (M TObKO 2!) 3aHOCMTCA alpec Hauyala MacCHBa KOHCTAHT, NpHYeM
YUHUTBIBAETCS, YTO MaMATb NPOrpamMM UMeeT AByXOaHTOBYIO OpraHHM3aLMio, a B Z HYXHO
3aHOCUTb NoOalTHbIE anpeca, OT4Yero nosapsercs MHOXUTeb 2. [To aToMy appecy, Kak
Mbl OrOBOpPHJIMCH, pacnonaraercs Macka Ludpbt "0". Ina 3arpy3ku uudps "5" npubas-
JisieM K aipecy 3TO 3HaYeHHWE W BbI3bIBAEM KOMaHAy lpm. Pe3ynbTaT OKaxeTcs B camoM
MepBOM perucTpe oblIero Ha3HauyeHus r0, TaK YTO NPH TaKHX NEHCTBMAX €ro Hexena-
Te/IbHO 3aHUMaTh NMoJ Kakue-To nepeMeHHbie. Hy)kHO ynoMmsaHyTb, 4to coBpemeHHble MK
cemeiicTBa Mega noanepxkuBatoT U Gosiee npoctoii opmar koMaHIbl lpm, aHATOMMYHbIH
00bI4HOMH 1d (C NHOOBIM PerucTpoM, Heodsa3aTeNnbHO r0, HO aJpecalued Takxke Yepes pe-
TUCTP Z), HO YHHBEPCAJILHOCTH Pafii OrpaHUuMMCS TPaAWLIMOHHBIM GOPMATOM, KOTOPbIi
nopaepxusator Bce MK AVR.

KomaHAabl ynpaBneHusi CHICTeMOM

Hx Bcero Tpu: nop (no operation, mycras komaHaa), sleep (nepesoa MK B pexxum aHep-
rocbepexeHnus) H wdr — cOpoc cTopoxesoro Taiimepa. [Tocnennioro komanay Mbl pasbe-
pem noapoGHee B 2nage 14, a 31ech KPaTKO OCTAHOBUMCS Ha MpeiblIAYyLUHX.

Onepauus nop BXOIUT B HaOOp KOMaHJ BceX accemOIepOB U CNYKHUT Uil 3aMOJHEHHS
sYeeK MaMsATH MPOrpaMMm NYCTbIMH 3HaYEHHAMH, €C/IM 3TO 3aueM-To Tpebyercsa: Hampu-
mep, 4ToObl BbIPOBHATD afpec nMpoueaypbl N0 onpenejeHHoMy aapecy B namstd. Berpe-
TUB 3Ty komaHay (B AVR ee kon — Bce Hysnd aByx0alTOBOro cioBa), MpoLECcop Bbl-
MOJIHUT €AUHCTBEHHYIO OMepaLio UHKPEMEHTHPOBaHUS CONEPKMMOro CHYETHUKA KO-
maHa. KoMaHnza nop B AVR mMoxeT ObITb, Harmpumep, nosie3Ha 1is 3anojHeHus B Tabnule
BEKTOPOB MpPEpbIBaHU MECT A HEUCMOJB3YyEeMbIX NMpepbIBaHUH BMECTO reti WJIM CHO-
coba ¢ NpUMEHEeHUeM IHUPEKTHBbI .org (TOJBLKO CliefyeT yuecTb, Uto B MK ¢ namsrbio
nporpamm obobemoMm 8 kGaiiT U MeHee Ha OIHO npepbiBaHHWe TpedyeTcs OfHa KOMaHza
nop, a Ansd MK ¢ Gonblieit naMaTbio — aBe).

[Tpy ncnonb3oBaHUM KOMaHIbl sleep MPEABAPHTENILHO PEXHUM SHEprocOepekeHus 101-
JKeH ObIThb pa3peLleH H, eciiu noTpebyeTcs, ycTaHOBNEH ero THn. Paspeluenue ocyuecTs-
JIsieTCs yCTaHOBKOH OWTa SE B perMcTpe MCUCR, Kak nokas3aHo B pazoene "Komanowvl cogu-
2a u onepayuu ¢ bumamu" oannoi znagel. Ecnu 6oablue HUKaKUX OUTOB HE YCTaHaBJM-
BaTh, TO 3TO O3HavaeT Haubosee wWaasawmii pexxum Idle, apyrue pexumbl HeoOXoaUMO
BbiOWpaTh crneunanbHo (noapobuee cM. enagy 14). OTMETUM, YTO MHCTPYKLMS COBETYET
yCTaHaB/UBaTb OWUT pa3pelleHuss HEMOCPEACTBEHHO MNepea KomaHoi sleep. Ha camom
Aese 3TO MPOCTO MEXaHHU3M 3aLUHThI OT C60EB — B PeasibHOCTH MPOCTO HE PEKOMEHIYyeT-
Cs1 yCTaHaB/IMBATh pa3peLeHre C CaMoro Hauana (B npoueaype HHULMATH3ALIHUH), @ JIWLHDb
no Mepe Heo6XO0AMMOCTH B MPOLIECCE BbIMOJIHEHUS NPOrPaMMbl.

Ecnu sHeprocOepesxeHue He pa3peLeHo, TO KOMaHAa sleep HUYEro He Aenaer (M NpuToMm
cpaboTtaeT, TOJbKO €C/IM OHA BbI3bIBAETCS W3 OCHOBHOHM MPOrpaMMmbl, a HE U3 MpepbiBa-
HUA), U 3TO No3BosifeT "nourpate” Bo3MOXKHOCTAMHU. Hanmpumep, npu HeoGxomammocTu
fepeaay MocjeaoBaTesbHOCTH 6aiT no oTHocutenbHo mensieHHomy UART, moxHo
paspewnts MK "3acHyTb", TONIbKO KOrAa mocnenHuii Gaiit 6yner nepeaaH. Toraa ocHOB-
HOH LIMKJI MOXET BKJIIOYaTb B ce0s €AMHCTBEHHYIO KOMaHAy sleep, a paspeliaTb "cns-












5,










Maea 7. Apugpmemuueckue onepayuu 129

COOTBCTCTBGHHO, BbI3OB TAKOI0 MaKpoca MOXET, HaNprUMEpP, BbIMAACTb, KaK
_Add24 ZH,ZL,YH,YL,datal,XH,XL

rae B perucrTpax zH,zL,YH, YL HaxoasTtcs OalTbl mepBoro cinaraeMoro (CTapluuii B zH,
MJaawui B YL), a B datal,XH, XL — 0alTbl BTOpPOro (CTapluiuii B datal, MIaaLWMWid B XL),
pe3ynbTart OyaeT 3anucaH, Kak U paHee, B ZH, ZL, YH, YL.

YMHOXeHue MHOropaspsaaHbIX Yyucen

Heckonbko cnoxHee ¢ yMHOXEHHEM W ocobeHHO aeneHunem. [IpuBoaumblie B "annHoTax"
anroputmbl 16-pa3psaHoii apuMeTHKH 18 HaLKX Liefieil npuaeTcs TBOpUYECKH nepepa-
6otaTb, TeM Oonee 4To B HUX UMetoTcs ownbku. Ha puc. 7.1 npusenexa 6nok-cxema an-
ropuTMa NepeMHOXKEeHUs! ABYX |6-pa3psaHbix 6e33HaKOBbIX uHcenl (MPY16U), CKOMWPO-
BaHHas u3 PDF-¢aiina Application note AVR200. YTONIEHHBIMH JIHHUAMH MOKa3aHO
HeoOxoaKuMoe ucnpasieHre. TOYHO Takoe e McnpasileHHe CllelyeT celaTh B alropuT-
Me NepeMHOMXEHHUs 1BYX 8-pa3paaHbix uucen (MPYSU).

AccembnepHblH TEKCT NPOLEAYP YMHOXKEHHS MOXHO HaiiTH B TOM xe "annHore", TONbKO
npeAcTaB/leHHOH B BuAe asm-gaiina (ero MOXKHO 3amnojly4dTb M3 KOMIIEKTa MOCTaBKH
AVR Studio unu ckavath ¢ caiita Atmel, ecnu B Tabnuue ¢ nepeunem Application notes
LENKHYTb NO 3HauKy aucka, a He PDF). [lns BHeceHus M3MEHEHMil Haiiiute B TekcTe
npoucaypy mpyléu, H NMepecTaBbTE METKY ml6u 1 BMECTO KOMaHIbl brcc noad8, nepen
KOTOpOH OHa CTOMT, ABYMS KOMaHAaMH paHee — Mepel KOMaHIOH lsr mpl6uH. AHaso-
TUUYHYIO MaHHMIYJSLHUIO HY>KHO MPOAENaTh B NPOLEAYpe mpySu C METKOH m8u_1, €CJH Bbl
A&enaere BOCNOJb30BaTbCS 8-pa3psiaHbIM YMHOXKEHHEM.

Ha npakTuke, kak Mbl roBopuiu paHee, 32-paspsaHoe uncno (Makc. 4 294 967 296, . e.
Gonee AEBATH JECATHUYHBIX Pa3psAAOB) C TOUKH 3PEHHUS TOUHOCTH B OONbLLIMHCTBE Cllyyaes
u36bITOuHO. ECin Mbl orpaHuuumcs 24 paspsgaMu pesynibTata, TO HaM MpUAETcs Mo-
KEpTBOBATb YACTbIO HANAa30HA HCXOAHBIX YUCEI TaK, YTOObI CyMMa IBOWUHbBIX pa3psioB
comHOXHUTeneH He npesbliuana 24. Hanpumep, MoxkHO nepeMHoXaTh aABa 12-pa3psaHbix
uucna (B npeaenax 0—4095 xaxnaoe) nnu 10-pa3psaaHoe (ckaxxkeM, pe3yabTaT U3MepeHUs
ALIT) Ha 14-pa3psaHbiit koagduumeHT (a0 16 383). Tak kak Npu YMHOXKEHHUH TOYHOCTb
He TepsieTcs, TO 3TOro okasmiBaercs Oojiee UeM AOCTATOYHbIM, 4TOObI 06paboTaTh 6OMb-
LUMHCTBO NPAKTHYECKUX BEHYHH.

[Tonnporpammy nepeMHOXKEHHS IBYX TaKWX BENHYMH, NPEACTABJIEHHbIX B HCXOAHOM
16-pazpsiiHOM BUJE, C NPEACTaBIEHUEM pe3yJibTaTa B Tpex0alToBo# Gopme MOXHO ner-
KO NMONY4HTb U3 HCTIPABIIEHHON HaMH npouenypbl MPY16U no "annHote" 200 (npumep cMm.
B aaaee 10). Ho 3aech s pelinn BOCNONb30BATbCA TEM OOCTOATENbCTBOM, YTO JIS KOH-
TpoJnepoB cemeiicTBa Mega onpenesieHbl annapaTHble onepauru YMHOXeHUs (B npuio-
ocenuu 2 OHM He npuseneHbt). Toraa anropuT™ CUIBHO YNpoLLaeTcs, NPUYEM OH JIETKO
moauduuupyercs Kak aias 32-, Tak ¥ aas 24-paspsaHoro pesynbrara. TakuM oOpaszom,
ans Tiny u Classic no-npexHeMy cneayet noab3oBaThCsi OObIYHBIMK MPOLIEAYPAMH H3
"annHoTbl" (MCnpaBieHHbIMK), @ Ans Mega Mbl 6yaeM MCNONIb30BATh ANTOPHUTM, MpHUBeE-
JEHHbII B TUCTHHTrE 7.3 (B HA3BaHMAX UCXOAHBIX NEPEMEHHBIX OTpPaXKeH (haKT OCHOBHOTO
Ha3zHayeHHs Takoi npoueaypbl — AN YMHOXXCHHS HEKHX JaHHbIX HA HEKUH Ko3hdUUH-
€HT, HEKOTOPbIE KOMMEHTApHH COXPaHEHbI U3 aHTTTMHCKOro TekcTa "annHoTh").

5 3ak. 491
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.def temp2 = rl7 ;result byte 1
.def temp3 = rl8 ;result byte 2 (MSD)

.

;*****************************************************************
;YMHOXEeHMe IBYX l16-pas3psOHHX BeJIMUMH, TOJIbKG WA Mega

;ucxopHule BeymumHel dataH:datal u KoeffH:KoeffL

;pe3ynbrar 3 Oaitra temp2:templ:temp
;***i*************************************************************
Mulél6:

clr temp2 ;ouMcCTUTH CTapumi

mul datal,Koeffl ;yMHORaeM Miamme

mov temp,r0 ;B r0 mmamumit pesysbTara onepauym mul

mov templ,rl ;B rl cTapumii pesysbTaTa onepauuy mul

mul dataH,Koeffl ;ymHOXaeM cTapumit Ha MIaqumAL

add templ,r0 ;B r0 mMiammii pesynabTara onepaiym mul

adc temp2,rl ;B rl crapumii pe3ynbTaTa onepauum mul

mul datal,KoeffH ;ymHOXaeM mnammi Ha cTapumsi

add templ,r0 ;B r0 muammii pesysbTaTa onepauuu mul

adc temp2,rl ;B rl crapumii pe3ysbTaTa onepauuu mul

mul dataH,KoeffH ;yMmHOXaeM cTapumit Ha cTapunit

add temp2,r0 ;4-#1 paspsan HaM TYT He TpeByeTcssi, HO OoH — B r01

ret
;*****************************************************************

Kak BuauTe, 3Ta npouenypa ierko Moauduuupyercs uis Jito6oii pa3paaHOCTH pe3yibTa-
Ta — €CJIH HY)KHO MOJNY4YHTb NOJHbIA 32-pa3paaHblii AMana3oH, npocto AobaBbTe euie
OIMH PerucTp lUis crapluero paspsana (temp3, K Mpumepy) M onHy' CTPOKY KoOJa nepen
KOMaHAOM ret:

adc temp3,rl

EcTecTBEHHO, MOXKHO NPOCTO 0603HAYMTD rl Yepe3 temp3, TOrAa U N0OABAATb HUYETO HE
NpUIETCS.

[leneHue MHOropaspsaaHbIX yucen

Camblii MpoCTOl anropuT™ AeNEHHs — OMpPEAENUTb, CKOJIbKO pa3 MOXKHO BbIYECTb J€/H-
Telb U3 AETMMOTO, ORHAKO B (PUPMEHHDIX "anmHOTax" OH BbIMJIAAHT HECKOJILKO CIIOXKHEE.
JeneHne — 3HauuTenbHO Gonee rpomosskas npouenypa, 4eM YMHOXeHHe, TpeOyer
6osblue perucTpoB U BpeMeHH (MPY16U M3 "annHoTbl" 3aHMMaeT 153 TakTa, Mo yBepeHHto
pa3paboT4HKOB, a aHANOTHYHas onepauMs AeneHus AByX |6-pa3paaHbix yucen — ot 235
no 251).

Onepauunu aenenus asyx uucen (4 8-, u 16-pa3paaHbix) npuBeAeHbI B TOM xke "annHoTe"
200, 1 Ha 9TOT pa3 6e3 ownbOoK, HO OHH He Beeraa ynoOHbI Ha MPaKTHKE: 4acTo HaM MpH-
XOIOMTCS AENUTb Pe3yibTaT KaKOH-TO paHee MpOBEAEHHOW onepaluy YMHOXKEHHUS WIIH
CJIOXKEHHS, a OH HEPEAKO BbIXOAMT 3a npenesibl AByX GaiiToB.

[MosTomy nmpuwniock pa3pabaTbiBaTh cBoM onepauui. Hanpumep, yacto BcTpeuaercs He-
06X0OAMMOCTb BbIYHCIIHTL CPEAHEE 3HAUYEHHE JUIS YTOYHEHHA pe3yNibTaTa Mo CyMMe OT-
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TYT NPUBEECHHBIH NPUHLIAT MOXKET MOMOUb: HAMIPUMEP, NpH AeneHuu Ha 2'° (uTo Moxer
noTpeGoBaThbCs, €C/K, HaNmpUMep, B HalleM NpUMepe KOHCTaHTa 0oJiblle eAUHHLbI) BMe-
CTO NATHAALATHKPAaTHOrO CABWra BNPaBO pe3y/bTAT MOXHO CABHHYTb Ha OAMH paspai
BJ1€BO ((PaKTHUECKH YMHOXKHB YHCJIO Ha JIBa), @ MOTOM YK€ BbIAE/IHTb W3 HEro crapluue
nBa Gaiita. Mtoro npoueanypa GyAeT cocTOSTb U3 YeTbipeX onepauuii M 3aiiMeT 4eTbipe
TakTa. A B BUJE LMKIHYECKOro CABHra Ha 15, kaKk paHee, HaM HeOOXOAHMO B KaXAOM
LUMKIE BbIMOJHUTL YETbipe OMepaudd CABUra W OAHY YBEIMYEHHS CYETYMKA, MTOro
15x5 =75 npocTbIX OAHOTAKTHBIX ONepauui, 1 elle 15 cpaBHeHHii, u3 koTopbix 14 3aii-
MyT aBa Takta — Bcero 104 Ttakta. A peuieHHe "B 106" — Ha OCHOBE LEIOYUCIEHHOIO
JeNeHHUs — elle B HECKOJIbKO pa3 npeBbiluano Obl M. 3Ty BenuuuHy. CyuiecTBeHHas pas-
Huua, npasaa? Bot Takas cneumanbHas apudmetuka B MK. Ilpumenenue Takux. npo-
Lueayp Ha NpakTHKe Mbl pacCMOTpHUM B 2iage 10.

FeHepaToOp cny4yamHbIX Yucen

HacTosas renepauus cnyuaiineix uucen B MK TpeGyercs He Tak yx 4acTo, noTtomy
4TO, HaNMpHUMep, AOCTaTOYHO 3aMKCHPOBATh 3HAYEHHE CUETHOrO perucTpa TaiiMepa (npu
cueTe C nepenojHeHHeM) B MPOU3BOJIbHbIIE MOMEHT BPEMEHH, onpeneseMblii AeHCTBUS-
MH T0JIb30BaTeNs (HarnpuMep, No HaXKaTHIO UM KHomku). City4alHOCTb 31eCh onpeaens-
€TCs TeM, YTO TaliMep CUUTaeT HaMHOro ObICTpee, YeM YesloBeK yCneBaeT noAroTOBUTLCS
K H2)KaTHIO, U MPH BCEM XKEIaHWHU NOMNacTh B ONPEAEIEHHOE YHCIIO HEBO3MOXHO.

Ho ecnu oTkazaTtbes oT y4acTus 4YesliOoBEKa C ero HemnpeacKasyeMOoCTbiO H MEUIEHHOCTbIO
p€akKuuH, TO npo6nema reHepauuu CﬂyqaﬁHbIX YUcesl CTAHOBHUTCS JIOBOJIbHO CJIOXHOM.
Benb KOMMNbIOTEP — CUCTEMA NMOJIHOCTbIO NETEPMHHHUPOBAHHASA, B KOTOpOi"I moboe co-
CTOsIHHE OJHO3HAYHO BbIBOAHWTCS U3 NpEeAbIAYLIHX.

3AMETKH HA nonsix

Hap co3paHvem xopowero KOMNbIOTEPHOrO reHepaTopa cnyqanHbix yncen 6unuce nyvwue
maTtemartuyeckue ymbl, U 3Ta npobnema Ao Cux NOP OAHO3HAYHO He peuweHa. Hackornbko
OHa aKTyanbHa, MOXHO CyAWUTb NO TakoMy Npumepy: B koHue 2007 r. u3pavnbckue ydeHble
u3 yHuBepcuteta Xaiitbbl O6Hapyxunu aedekT B Koae reHepaTtopa CryqaiiHbix uducen
(chyHkuMa CryptGenRandom) B onepauuoHHoit cucteme Windows, us-3a koToporo 3no-
YMbILWNEHHUK NPU XKENaHUW MOXET He TOMbKO NPOCYWUTaTh, Kakue WwupoBanbHble Knioun
6yayT cosnaBaTbCA CUCTEMOW, HO U BbIICHWTb, Kakhe U3 HUX FreHepvupoBanucb el B Npo-
wnom. OBbpaTute BHUManue — aedekT 3ToT cywecreosan co BpemeH Windows 2000, 1. e.,
no KpailHew mepe, BOCeMb NeT A0 TOro, Kak ero Hawnm.

B cBoe Bpems kpynHeHLHuid MaTeMaTHK U TEOPETHK MPOrpaMMHpoBaHUs AnaH TblOpHHT,
OTYasBIUMCh HAHTH YMCTO MaTeMaTHuecKoe pelleHHe ApobeMbl, NPEAToKHI HCMONb30-
BaTh /11 T€HEPALMH Clly4aiiHbIX YHCEN NPUPOHbIE MPOLECCH, KOTOPblE UMEIOT HCTHHHO
ciiyyakHblii xapakrep. OJWH U3 TaKUX NPOLECCOB — TEMJIOBO# LIYM, KOTOPbIH NPUBOAUT
K HebonbiuMm uykTyauusm Toka B JloOoM npoBoaHuke. Ha mpakTuke nmpumeHseTtcs
PEe3UCTOp WIIK CneuranbHblii A0, CMIOHTaHHbIE KoNebaHHs TOKa B KOTOPOM YCHJIMBAIOT-
cs 1 oundposbiBatoTcs. Ho Takoii 1OBONBHO CNOXHBII reHepaTop NPHMEHsIeTCs JIMILbL B
crieuuasbHOM annapatrype — ropoiuTb €ro B coctaBe MUKpo-OBM, koHeuHo, Heueleco-
o6pa3zHo.
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[ToaToMy B KOMMBIOTEpaX pacnpocTpaHeH cienyrowmii npueM. Ectb matemarnueckue
METOZRbI, KOTOPbIE MO3BOJIAIOT NOMYHHTb TAK HA3bIBAEMYIO 1NCE600CaYHaliyIo NOCAeN0Ba-
TENbHOCTb Yucen. ECin HauMHATh CHET MO TaKOMY airOpuMTMy KaXKAbli pa3 ¢ OQHOro W
TOrO K€ YMCa, TO MOJIydEHHas MOCAEA0BATENbHOCTb YHCeN OyAeT AEeTepMHHHPOBaH-
HOM — OAHOM W TOM kKe BO BCEX CIy4asX, HO CaMH YMC/IA OKAKYTCS Cly4daiHbIMH, T. €.
PaBHOMEPHO pacrnpele/eHHbIMH MO BEPOSTHOCTH B 3aaHHOM AMANa3oHe 3HAYEHHIA.
DT0H ONpeaeneHHOCTbIO TaKXkKe LHPOKO MOJb3YIOTCA — HanpHMeEp, CHIHabl CO CMYTHH-
ka cuctembl HaBuraumn GPS uMeloT MMEHHO Tako# mceBaOCTyuaiiHbli XapakTep U A
"MOCTOPOHHEro" BbIMMAAAT, Kak ciayvakHbid wym. [1pu aTom kakabiii npuemMHUK "3Haet",
C KaKOro MOMEHTa ClieAyeT Ha4MHaTb OTCYET, B pe3y/ibTaTe Yero rncesnociyyaiiHble no-
C/I€A0BATENbHOCTH Y NMPHEMHHKA MU UCTOYHHMKA COBMAaAyT, U CMTHaJ JIErKO paciungpoBbl-
BaeTcH.

Otclona M METO — YISl TEHEPALIMM HCTHHHO CJTY4aiHbIX YHCeN A0CTAaTOYHO MPOU3BOJIb-
HO BBIGPATH YMCNIO, C KOTOPOTO HAYMHAETCA OTCHET MCEBAOCYUalHON NocnenoBaTEb-
HocTH. Takoe HauyajbHOE YMCIIO MOXKHO CreHEepUpOBaThb pasnHuHbIMH criocobamu. Cka-
JKEM, B Pa3/IMYHbIX CUCTEMAX MPOrpaMMHPOBAHHUS YacTO BCTPEUAETCS HHULMANIM3ALIUS MO
CUCTEMHOMY TaiiMepy, W3 KOTOpPOro 6epercs YMCII0, HanpUMep, MUIUTMCEKYHA B MPOM3-
BOJIbHbIH MOMEHT BPEMEHH.

B AVR cemeiictBa Mega ¢ acHHXpOHHO paboTalolum TaiiMepoM AJsl OTCHETa HCTHHHO
CY4aHHbIX YHCENl MOXHO MCIMOJIb30BATb €r0 CUETHbIH PEerucTp, €ciu 3amyCcTHTb €ro OT
HE3aBMCHMMOI0 MCTOYHMKa (Hanpumep, oT RC-uenouku, U yem Gonee HecTabMIbHBI ee
napameTpsbl, Tem Jiyuiie). Ho Mbl BONPOC MHHLMANKM3ALMK FEHEpaTopa Cy4aiHbIX YMCeN
OCTaBMM 3a KaapoM, a cedvac CoCcpeaoTouMMCs Ha COOCTBEHHO alirOpHTME reHepauvH
fceBAOCAy4aiHHOM MOCNeA0BaTENLHOCTH.

Camblii nNpocToil M LIMPOKO pacrpOCTPaHEHHbIH aJITOPUTM HOCHT Ha3BaHHWE JUHELHO-
Konepyanmuozo memooa Jlexmepa, 1 CBOAHTCS K dopmyne:

n+| (a/Yn + C) mod m.

3aech X,.) — caenyloluee nNcesaocay4aiiHOE YUCIO MOCIEeN0BaTEeNbHOCTH, d U ¢ — KOH-
CTaHTbl, HA3bIBAEMbIE MILOJICUMENIEM U NpUpaujeHuem COOTBETCTBEHHO; mod — onepauus
HaXOXKAEHHS OCTaTKa OT JAC/NEHHS Ha YUCIIO m, KOTOpoe HasbiBaeTcsi Mooynem. OT BblbO-
pa MOAYJIS 3aBUCHT JJIHHA MOCJEA0BATENLHOCTH, MOC/E KOTOPOH OHa HAYMHAET MOBTO-
patbes. Ins Hawux uened ynobHo (M nocTatouHo) BeiOpaTh MOAY.b, paBHbIi 256 —
pasmepy oaHoro 6aiita. Torna onepauns mod OyneT BbINOAHATHLCA aBTOMATHYECKH B
npouecce apuPpMeTHUECKHX OrnepaLuid — B caMOM Jielie, i pe3y/ibTaTa, MEeHbLIEro Be-
JMUMHBI 256, ero 3HaYeHHe yxke camo no cebe OyAeT 0CTaTKOM OT ero aeneHus Ha 256, a
fonbliee 3HAYEHHWE aBTOMATHYECKH YCeKaeTcs Ha _BE/IHYHHY 256 (nanpumep, cymma 240
u 20 pact 260, OT KOTOPOro B PEFHCTPE OCTAHETCH 3HAUEHHE 4), ECIIH HE YUUTBIBATH fle-
peHoc. UMeHHO ¢ 3THM siBleHHeM Mbl 60pONHCH B 21a6e 6, koraa pa3bupaliv nepenoiHe-
HWE PEruCTpa MNpPH CAOKEHHH, a 311ECH OHO HAM MOXET NPUTOAUTLCS.

Teopust rnacur, uTo BbIGOp BENMUHMHBI MPHUPALLEHHS ¢ JOCTATOYHO NMPOMU3BOJIEH (B TOM
YuCIle OHO MOXET ObITb paBHO M HYIMIO, HO KHyT [11] yTBepkaaer, uto Jiyuiue, eciiv ¢ —
HEYETHOE YMCJI0, HanpUMEp, PaBHOE €MHHLE). A MHOXKMTENL d B HalleM cllydyae, Koraa
MOZY/b MpeacTaBiseT coboi cTeneHb ABOHKH Gonee 4, NOMKEH, COrNacHO TOMY XKe HC-
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MX pacnakoBBIBAIOT, NepeMellas CTaplunii pa3psaa B OTAEAbHbIA OaHT 1 3aMeHss B o6oux
GaiiTax crapiude nony6anTbl HyAAMH.

B HekoTopbIX MHKPONPOLIECCOPHBIX cHCTeMax (B MX YHCO BXOAMT HHTENIOBCKOE Cemeil-
ctBo x51 M, kcrard, x86) umeercs crieuManbHag WHCTPYKUMS AN T.H. OGOUYHO-
OecAmuUYHOU KOppeKyuu, KOTOpas No3BOJSET MOJYYHTh BEPHbIH pe3yabTaT npu Cloxe-
HUM IBOMYHO-AECATHYHBIX YMcen B ynakoBaHHoM ¢opmare. Ho B cucreme koMaHz bAVR
TakOH MHCTPYKLMH HET, H OHAa BCE PABHO HE OYEHbL-TO MOJIE3HA, T. K. MATEMATHYECKHE
onepauuu B 1060M ciyuyae yaoOHee Npou3BOAHTL B "posHOI" nBoMuHON (opme, a ans
npeAcTaBjieHUs Ha AMCIUIee YMCaa Tak MM MHaye npuxoautcs pacnakosbiBath. B [TK
9THM HE3aMETHO U1 NOJIb30BaTENsl 3aHUMAIOTCA NPOLEAYPbl Ha A3bIKaX BbICOKOTO YpOB-
HA (Aa TaK YCMELIHO, YTO MPUXOAMTCA cKopee 03ajauuBarbes obpaTHod npobnemoii —
NpeACTaBIEHUEM AECATHUYHBIX YMCEN B JBOWUYHOI/LIECTHAALIATEPUYHON (OpME), HY a Ha
ypoBHe acceMbnepa eciTHYHblE npeobpa3oBaHis NPUXOAUTCS JenaTh, YTO Ha3biBaeTcs,
pyyKamu.

3AMETKH HA NONSIX

TpaanumoHHas obnacTb NPUMEHEHNN KOMaHA ABOUYHO-AECATUYHOW KOppEeKUUW, B TOM Yucne
1 B npoueccopax x86 — MaHUNynAuUKM CO 3HaYEHUEM BPEMEHW, NONYYEHHbIM U3 MUKPO-
cxem RTC, B KOTOpbIX Yacbl, MUHYTbI U CEKyHAbl BCErAa XpaHATCcA B ynakoBaHHom BCD-
cdopmarte. Kak Bbl yBuauTe aanee, Tako popmar xpaHeHus [oBONLHO yaobeH Ha npakTuke.
OpHako obnactb NPUMEHEHUA MUKPOKOHTPOMMEPHBLIX CUCTEM AAreKo He ucvepnbiBaeTcs
NOACYETOM W AEMOHCTPaUMEn BpPEMeHW, NOTOMY HaMm NPUAETCH BbIATKU 3a pamkn oaHobai-
TOBbIX KOAOB, ANA KOTOPbIX, CODCTBEHHO, MHCTPYKLUUA KOPPEKLMU U co3faBanack. Yxe ans
AByx6ainToBbIX YNCEN €€ NPUMEHEHNE Bbi3bIBAET TONbKO NULLHUE CIIOXHOCTU.

B o6nactu BDC-npeo6Gpa3oBaHuii €CTb TpH OCHOBHBIE 3ajaUH:

O npeobpa3oBaHWe [BOWYHOTO/LIECTHANLATEPUYHOrO 4ucia B ynakoBaHHbii BCD-
dopmar;

O pacnakoBka ynakoBaHHoro BCD-¢opmara ans HenocpeicTBEHHOro NpeAcTaBiECHHs
JECATUUYHBIX YUCEN, HANPUMEP, C LIENIbIO HX BbIBOJA HA ANCIIEH;

O obpatHoe npeobpazoBanue ynakoBaHHoro BCD-¢opmara B aBowWuHblii/liecTHan-
LaTepHUHbIH C LeSIblo, Hanpumep, Npou3BefeHUs apuPMETHYECKUX NEHCTBHIA Haja
HHUM.

HekoTopbie npouenypsl ans 3Toii uenud npuBeneHbl B° pupMeHHON Application notes
AVR204. Tpu paGoTe C HUMU HYXKHO YHECTb psa MOMEHTOB. Tak, NpoLEAypa bin2BCD8
Ans npeobpaszoBaHus oaHoGaiiToBoro yucna B BCD pa6Goraer Tonbko anst uucen ot 0 go
99 (ans GonblIMX YUCen HyXKeH elle OAWH OaiT, TouHee, TeTpaga — B Heil Oyner xpa-
HUTBCA cTapluuii paspsa). B "annHore" npoueaypa npeacTasBieHa B YHUBEPCAIIbHOM BH-
Jie, NpUroAHoM (npu HeGonbLIOH MoAKHDUKALKK) U ANA NOJy4YeHHs ynakoBaHHoro BCD,
M U1g Cpa3y pacnaKoBaHHOrO (pe3yabTar B ABYX OTAe/bHbIX OaiTax). UroObl He nyTaTh-
csl, NpUBENY 3[1€Ch €€ BapHaHT /1 NOJy4eHHUs pacnakoBaHHoro ¢opmara, 3aoaHo 6onee
9KOHOMHO 3azeicTByIowMi perucTpsl (nuctuHr 7.10). MecxoaHoe hex-uucno coaepxures
B PErMCTpE temp, PacnakoBaHHbIA pe3yabTaT — B templ:temp. Kak v B npeabiayuiux
Clly4asX, KOMMEHTapHH COXPaHEHbl U3 HCXOJHOrO TEKCTa.
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. clr tBCDO

clr ZH ;clear ZH (not needed for AT90Sxx0x)
bBCDx_1:1sl Count0 ;shift input value

rol. Countl ;through all bytes

rol Count2 ;jthrough all bytes

rol tBCDO

rol tBCD1

rol tBCD2

rol tBCD3

dec cntléa ;decrement loop counter

brne bBCDx_2 ;if counter not zero
;pacnakoBKa

1di temp, 0b00001111
mov N1, tBCDO
and N1, temp
mov N2, tBCDO
swap N2

and N2, temp
mov N3, tBCD1
and N3, temp
mov N4, tBCD1
swap N4

and N4, temp
mov N5, tBCD2
and N5, temp
mov N6, tBCD2
swap N6

and N6, temp
mov N7, tBCD3
ret ; return

bBCDx_2:1di r30,AtBCD3+1 ;Z points to result MSB + 1
bBCDx_3:

1d tmpléa, -2 ;get (Z) with pre-decrement

subi tmpléa,-$03 ;add 0x03

sbrc tmpléa, 3 ;if bit 3 not clear

st Z, tmpléa ;store back

1d tmplé6a,z ;jget (2)

subi tmpléa, -$30 ;add 0x30

sbrc tmpléa, 7 ;if bit 7 not clear

st Z,tmpléa ;store back

cpi ZL,AtBCDO ;done all three?

brne bBCDx_3 ;loop again if not

rjmp bBCDx_1
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OtpuuarenbHble yucna B MK

Camblii mpocTOd MeTOA NPEACTaBICHHS OTPULATENIbHBIX YMCEN — OTBECTH OOWH OWT
(noruuHee Bcero — crapiuuii) Ans XpaHeHus 3Haka. [Io npuunMHaM, KoTopbie Bbl NnoiiMe-
Te fanee, 3HayeHHe |1 B aToM GuTe 03HauaeT 3Hak "MuHYyc", a 0 — 3Hak "munoc". Kak 6y-
IYT BBITISAETH JBOMUYHbIE YHCIIA B TAKOM MPEACTaBAEHHUH?

B o6nactv nonoxKHTENbHBIX YMCENl HUYEr0 HE M3MEHHTCS, KpOME TOrO, YTO WX AHANa3oH
COKpAaTHTCS BJIBOE: HaNpUMep, 1J1s Yucaa B 6aiiTOBOM NMpeACTaBIeHHH BMECTO 1Hana3oHa
0..255 mbl nonyuum Beero auiup 0..127 (0000 0000 — 0111 1111). A oTpuuarenbHble
yucna GyayT UMeTb TOT XKe JAMana3oH, TOJIbKO CTapluuii OUT y HUX GyeT paBeH equHuMLIE.
Bce npocro, He npaBna nu?

Her, Henpaeaa. Takoe npeacTasieHHe OTPULIATENbHBIX YHCEN COBEPLUEHHO HE COOTBET-
CTBYeT OOBIYUHOI YHCIIOBOI OCH, Ha KOTOPO# BNEBO OT HyJs WAET MMHYC €AHHHUA, a
3aTeM 4Mcha no abCoNMOTHON BENHYMHE YBEJIMUMBAIOTCA. 3A€Ch JXKe Mbl MOJy4aem,
BO-NEpBbIX, ABa pa3HblX HyJs ("0o6biunbId" 0000 0000, U "oTpuuatenshbiid” 1000 0000),
BO-BTOPbIX, OCH OTPHLATEIbHBIX H MOSOKHTENbHBIX YHCEN HUKAK HE CTHIKYIOTCS, U Bbl-
NoNHeHHe apuPMETHUECKHX OnepaLuii MPEeBPaTHTCS B FONOBOIOMKY.

[oaToMy nocTynuM Tak: AOrosopumcs, uyto —1 coorsercrByer uncno 255 (1111 1111),
—2 —uucno 254 (1111 1110) u 1. a., Buu3 no 128 (1000 0000), koropoe 6yaer cooTBeT-
crBoBaTh —128 (1 00wmii nqana3oH Bcex uucen nonayuutes ot —128 no +127). OuesuaHo,
YTO €CJIM Bbl B TAKOM MPEACTABIEHHH XOTHTE MOJYUYHTb OTPHLIATENbHOE YHCIO B OObIY-
HOM BHJ€, TO HY>KHO M3 3Ha4eHHUs uucna (Hanpumep, 240) BbluecTb MaKCUMabHOE 3Ha-
yeHue avanasoHa (255) u npubaBuTh eaAUHULY (YTO PaBHOCH/IbHO BbIYHTAHHIO W3 256).
Ecnu otGpocHTh 3HaK, TO pe3yabTaT Takoro BbluMTaHus (16 B 1aHHOM ciiy4ae) Ha3biBa-
ercs elle OonoaHeHuem 00 2 (MU NMPOCTO OONONHUMENbHBIM KOOOM) 11 UCXOMHOrO
yucna (a camo ucxonHoe uucino 240 torpa 6yner nononHenueM no 2 ans 16). Hassanue
"nononHeHue 10 2" He 3aBUCHT OT Pa3psALHOCTH YMCNA, MOTOMY YTO BepXHeil rpaHuuei
BCErJa CJIYXHMT CTENeHb JBOHKH (B AECATHYHONI CHCTEME aHalOrHyHas onepalHs Hasbl-
Baetcs "nonosHenue no 10").

Yto npousoiinet B TakoH CHCTEME, €CIH BbIYECTb, Hanpumep 2 u3 1? 3anuiuem 3To aei-
CTBHE B IBOHYHOMH cHCTeME OObIUHBIM CTONIOHKOM:

00000001
~00000010

B nepBom paspsne pesynbrara Mbl Ge3 npoGiiem nonyyaeM eqUHULLY, a YKe Uit BTOPOro
HaM MPHAETCS 3aHMMaTb €MHHULYY M3 CTapUIKWX, KOTOPbIE CIUIOWb HYJIH, NO3TOMY Mpea-
cTaBuM cebe, 4to y Hac 6yaro Obl ecTb AEBATHIN pa3ps, paBHbIH eqMHHULE, H3 KOTOPOro
3aeM B KOHEYHOM WTOre M MPOHCXOJHT:

(1)00000001
- 00000010

11111111

Ha camom nene nesstupaspsaHoe uuciao 1 0000 0000 ects He uTO HHOE, Kak 256, T. €. TO
K€ caM0oe MaKCHMAallbHOe 3HaueHHe AHana3oHa + equHWLA, U Mbl 3[€Cb BBITIOJHUIH [BE
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ornepauxu: NnpubaBUIIM K YMEHbLLAEMOMY 3TH caMbie 256, a 3aTeM BbINONHUIIN BblUMTa-
HHE, HO YK€ B MOJOXKHTENbHON 06AaCTH A BCEX YYACTBYIOWMX YUCEN. A UTO pe3y/ib-
Tat? OH Oyner paBeH 255, T. e. TOMy CaMOMY 4HCy, KOTOPOE, KAK Mbl JOFOBOPHIIHCD,
npeacrasaser co6oit —1. To ecTb BbIUMTaHHE B TAKOH CHCTEMe MPOMCXOANT aBTOMATHYe-
CKH NPaBHIbHO, HE3aBUCHMO OT 3HaKa YYacTBYIOLHMX YHCE.

HemHoro cMmyliuaer Tonabko 3Ta camasi onepauusi HAXOXAEHHs AOTNONHEHHUS 10 2, TOUHee,
B JaHHOM cilyvae 10 256 — Kak ee OCyLUEeCTBUTb Ha MPaKTHKE, eClIM CXeMa BCero UMeeT
8 pa3psanos? B nanbHeiilieM Mbl YBHAWM, YTO Ha MPaKTHKE OHA HE HY)KHA: MPH BbIYHUTA-
HUU U B MUKPOKOHTpOJIEpax, U B OObIUHbIX MEKTPOHHbIX CUETYHKAX BCE OCYLLECTBS-
eTcsl aBTOMaTHUYECKH.

Bnpouem, B MHKpoOMpoLieccopax eCTb W OTAE/NbHAA KOMaHzAa, KOTopas BO3BpaLIaeT A0-
nonHeHue 0 2. B GonblinHcTBE acceMGepoB OHa Ha3bIBAaeTCs neg, OT CJIOBA "HeraTus-
HbI#", MOTOMY YTO MPOCTO-HAMPOCTO MEHSAET 3HAK WCXOAHOrO YMCNa, €CIM Mbl 10roBa-
pHUBaEMCs cUMTaTh Yuciaa "co 3HakoMm". Pazbepem u3 nrobonbITCTBA, KaK €€ MOXHO ObINO
6b1 OcylLEeCTBUTb "BpyUuHyIO", He obpalasch B AeHCTBUTENbHOCTH K JEBSTOMY pa3psny.
Jins aToro Bbinuiuem cToNOMKOM Kakoe-HHOyab uvcino (nanee anis npumepa — 2 v 240),
pe3yabTaTbl ONEpaLni HAXOMKAEHHS €ro JOMONHEHHS 0 2, W pe3yabTaT elle OAHOH Ma-
HHUMYAALKK, KOTOpas MpPEACTaBAseT cO0OM BbIUMTAHHE €AMHHLbI M3 JOTMOJHEHHS 10 2,
HJIH, YTO TO XKE CaMOE, MPOCTO BbIYMTAHUS UCXOAHOTO YWCA U3 HAUBBICILErO YHUCAA AHa-
nasoHa (255):

WcxopHoe yncno 2 00000010
HdononHeHue no 2 256 -2 =254 11111110
AononHexnue no 1 255 -2 =253 11111101
UcxopHoe uucno 240 11110000
Aononxexue oo 2 256 -240=16 00010000
HAononxexue no 1 255-240=15 00001111

Ecau Mbl CpaBHMM BOHYHbIE NpEACTaBIEHHS B BepXHEH W HHXKHEH CTPOKax B KaXIaOM
Cllyyae, TO YBHAMM, YTO MX MOXKHO MOAYYHTb APYr U3 ApYyra WHBEpPCHEH Kaxaoro us 6u-
TOB. OTa onepauus Ha3blBaeTCs HAXOXKIEHHEM 0OpamHo20 kK0O0a WIH 0ononHeHus 00 1
(NOTOMY YTO YMCNO, U3 KOTOPOrO BBIYMTAETCH, COACPXKHMT €IMHHLBI BO BCEX pa3psaax;
NS IECATUYHON CHCTEMbl aHAJIOrM4Has onepaLu1s HasbiBaeTcs "nonondenue 1o 9"). lns
HaXOXXACHHA JOMOJHEHUs 10 | neBATbIA paspsan He TpeOyeTcs, Aa U CXeMY MOXHO Mo-
CTPOMTb Tak, YTOObl HHKAKHX BbIYHTAHWI HE MPOW3BOAMTD, a MPOCTO MEpEBOPauMBaTh
6uTel. Tak 1 nenaeTcs, KOHEUHO, HO HE MLUKWTE B MHKPOKOHTpOJIEpax creunanbHoi ore-
pauMH MHBEPCHH GMTOB — s 3TOTO BBI3LIBAETCH HMEHHO KOMAHAA HAXOMNACHHMA J0-
nonHenus 0o 1 (B AVR-accembnepe oHa obo3HauaeTcs, Kak com W onpenensercs, Kak
onepauus Boluutanus u3 $FF).
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HHaue roBops, 045 NMOJHOIO CBEACHMS BbIYMTAHHUS K CJOXKEHHIO HYXHO MpOAenaTh TpH
onepaumH.

1. HaiitTu nononHeHue 0o 1 s BIYUTaEMOro (MHBEPTHPOBATb €ro GUTHI).
2. TlpubaButhb K pe3ynbraty 1, yToObI HAHTH AOMONHHTENLHBIH KOA.
3. CnoxuTb yMeHbLIaeMOe U JONONHHUTENbHbIH KO A1 BLIYUTAEMOTO.

[lepBble aBe onepauuu U 00beMHEHBI B acceMbiiepe B OIHY MOA HMEHEM neg, KOTOpas
cpasy BO3BpajlaeT AOMOMHUTENbHBIN Kol 8-pa3psaHoro uuca.

Jlns koppekTHOH paboThl ¢ oTpuuarenabHbiIMM uucnamMu B AVR ecTb cneuuanbHbie
KOMaHabl YMHOXKEHHUS (CNoXeHHe U BblYMTaHHE, BOOOLLE roBops, TakKMX CrneLHalbHbIX
KOMaHA He TpeOyloT), HO B NpaKTHYECKHe NpHEMbl paboThl C OTPHLIATENbHBIMU YHCIaMU
MblI 311ech He Oyaem yrnybnsarbes. Jleno B Tom, UToO ¢ OTpHLATENIbHBIMH YHCTaMHU (Kak U C
IpoOHBIMH), UMeTb 1eno Hanpsamyto B 8-paspaaHeix MK HeynoGHo — ux, Hanpumep,
MPUXOANTCS CrieuranbHbIM 06pa3oM npeoOpa3zoBbiBaTh NMPH OOMeHe C BHEWHHMH YCT-
pOMCTBaMH, MOYTH BCEraa UMEIOLMMHU CBOIO Pa3psAHOCTb U TEM CaMbiM CBOE MpeacTaB-
neHue 00 oTpuuaTenbHbIX uhcnax. Tak, B 8-paspsaHoi cucteMe 4HCno 255 eCTb MUHYC
elMHULa, a B 16-pa3psiaHOH MHHYC €NMHHLE COOTBETCTBYET uHciao 65 535, B 32-pas-
psaHoM — uucio 2 147 483 647 u 1. n. B s3TuUx cnyuasx yucno 255 6yaeT uHTepnpeTy-
POBaHO KaK NONOXHTENbHOe 255, YTO NPUBOAMT K W3NHLIHEH MyTaHuue. Tak yTo nyuylue
cTapaTbcsi "BOFHaTh" YMCNA B MOJIOKMTENbHBIIA Hana3oH, a 3HaK "MUHYC" (Hanpumep,
Ans TeMnepaTtypbl B rpajtycax Llenbcus) Bcerna MOXKHO y4eCTb OTAENBHO.
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o6a 3HaueHuss 0ObEeNMHAIOTCS U 3aMuCh MPOU3BOAMTCS OJHOBPEMEHHO B 00€ "MONOBHH-
ku" 16-paspaaHoro perucrpa. HaoGopor, npu uTeHHH nepsbiM A0JIKEH ObiTb MPOYHTaH
Mnaawuii 6aiT, Npu 9TOM 3HaYeHHE CTaplUero aBTOMaTHYeCKH (PHUKCUPYETCS NMOMELIEHH-
eM B TOT e OydepHblii perucTp, 1 Npu ClefyolleH onepauuy yTeHus crapero Gakta
ero 3HaueHHe u3Bnekaercs oTtyaa. Takum o6pasom, u Npy YTEHHH 3Ha4YeHus GaiToB co-
OTBETCTBYIOT OAHOMY ¥ TOMY K€ MOMEHTY BPEMEHH.

[ToBTOpHMM: AN151 TOrO YTOOLI MAHHMIYJIALMHK CO CYETHBIMHM PETMCTPaMK ObUIK YCHIELIHBIMM,
npu ymenuu HeobX0OUMO CHAYANA NPoYecns MAAOWUl 6atim TCNTXL, HOMOM CMapuwuil
TCNTxH, BpU 3aNUCU CHAYANA 3ANUCANTL Cmapwiuli 6aiim TCNTxH, ROMOM MAAOWUH TCNTXL.
AHaNOrH4HOE NpaBUIO CMPaBeAIHBO A BceX 16-pa3psiaHbIX perucTpos 16-pa3psaHbixX
TaiiMepoB, KoTopbie Mbl OyaeM pazduparh aasnee, ¢ AByMS MCKIIIOUEHHSIMU — BO-TIEPBLIX,
OHO He NeHCTBYET Ha PerucTpbl ynpasneHus (TCCRxA U TCCRxB, KOTOpblE MO CYyTH €CTb
JBa pa3fiefibHbIX PerucTpa, a He OAWH 16-pa3psaHblii), a BO-BTOpbIX, He paboTaeT npu
onepauuy 4TeHUs (HO He 3armucH!) U3 perucTpoB CPaBHEHHS] OCRxBH M OCRxBL, KOTOpbIE
MOJHO YMTATh B MPOU3BOJILHOM Mopsake (XOTs caMa no cebe Takas onepauus Tpedyercs
KpaiHe peako).

HenpaBuiibHblli nopsaaok urenust 1160 3amvcyd MOXET NMPUBECTH K HEMpeAcKasyembim
pe3yjbTaTaM: HarnpuMep, eciii npoyecTb Mnaawnid 6alT TCNTxL MOCHEAHHM, TO B 3TOT
MOMeHT Gycdepusyercs cTapuinii TCNTxH K Tak M octaHetcs B Oydepe. U npu cneaytowem
YTEHHH B TOM e Mopsake, koraa Obl OHO HE MPOU3BOAMIIOCH, CHauana 6yaeT NPOUMTaHO
3TO 3HaueHWe, KOTOpPOe, eCTECTBEHHO, HUKAK He COOTBETCTBYET MPOYMTAHHOMY Jasee
3HAYEHHUIO MIIAJILLIETO PErucTpa.

DopMaILHO TOBOPS, NMPH YTEHUH COAEPXKMMOrO 3THX PETMCTPOB TAKXKE JOKHBI ObITb
3anpelleHbl NpepbiBaHUs, HO Ha NpakTHKE, eciH COOMIOJaeTcs MpaBUIIbHbIA NMOPAAOK
YTEeHUs, TO "BKJIMHUBLLAsCA" MpoueRypa NMpepbiBaHWs JHLIb NPUBENET K HEOONbLIOH OT-
CpOYKe MojlyueHus pesynbrata. EAMHCTBEHHOE MCKIIIOUEHHE COCTABIISET Clly4ail, ecii B
CaMOM TMpepbIBaHWH TakoKe NMPOUCXOAHT obpauieHue K obomy U3 16-paspsaHbix peru-
cTpoB Talimepa, uamensitouee Oydep (s Bcex perucTpoB OH OJMH U TOT XKe) — Toraa
Ha BPEMS YTEHHS WM 3aN1CH TaKHe NMpepbiBaHUSA ClIEAyeT 3anpeLuarsb.

[Tpu 3anycke TaiiMepoB B paGoTy CllelyeT TakXKe Y4YUTbIBaTb, YTO, HECMOTPs Ha ¢op-
MasbHYIO YCTaHOBKY B HoJib Bcex PBB npu BritoueHnu nuranus, 411 nojay4eHus TOUHO-
ro NMepBOro OTCYETa, KAK MOKAa3bIBAET NPAKTHKA, PEFUCTPbl TCNTx CEAYET NPUHYAWTEb-
HO OOHYJIMTB Mepe] 3anyckom TaiiMepa B paboty. Hanpumep, anst 16-paspsiaHoro Timerl
3Ta Npouesypa BbIMISAUT Tak:

clr temp
out TCNT1H, temp ;He 3abkBaeM NpPO MNOPAOOK BalMCU
out TCNT1L, temp

Ecnu nanee ucnonb3yercs npepbiBaHHE M0 NePenoNHEHUIO (MW ¢ OOHYJIEHHEM CYETHHKA
no AOCTW)KEHHH 3a[aHHOr0 Yucia), TO B NMPUHUMINE KAKAbIH pa3 oOHynaTb Talimep He-
obs3atenbHo. Ho npu aTOM cnesyeT y4ecTb, UTO BOBpEMS HE OCTAHOBJIEHHbIH Taiimep
MPOOSIKAET CHUTATD (B TOM YMCIIE M B TEUEHHE BPEMEHH, HEOGXOAUMOrO 1 €ro OcTa-
HoBkH). [loTOMY npu TOUHOM H3MEPEHWH MHTEPBANOB BPEMEHH MEXAY COOBITHUSIMH He-
00X0MMO OCTaHOBMTb TaiiMEp, OUWUCTHUTb €ro CUETHbIE PEerucTpbl W MO HACTYMJCHHIO
HY>KHOrO HauyaJlbHOro coObITHs 3arlycTHUTb "B paboTy" 3aHOBO.
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[Tpy HeOOXOAUMOCTH ClielyeT TaKyKe OYMILATb NPEAACIHTENb TARMEPOB — HHAYE MOXKET
BO3HHKaTb owinOka B npeaenax OAHOrO NepHoja 3aJaHHOW 4acTOThl Ha BXOJE Talimepa
(Hanpumep, npu koabduumenTte 1/8 moxker noseuTbes ownbka B npeaenax 8§ nepuonos
TaKTOBOM 4acTOThbl). OUMCTKA OCYLIECTBIISETCS 3aMMChIO JIOTHYECKOH €HHHULIbI B OHUTDI
PSRx perucTpa SFIOR (X 34€Ch 03HAYAET UCMOJIb3yEMblE TaiiMepbl — 3HadyeHHne "10" oTHO-
cutes k Timerl u Timer0, 3HaueHue "2" — k Timer2, koTopbIii MOXeET-paboTaTh OTAEb-
HO OT NEpBbIX ABYX U T. [.). 3aMETHM, UTO OCTAHABAUBaTb TaMEPbl MOXKHO HE TOJIbKO
OUYMCTKOM COOTBETCTBYIOLIMX OUT perucrpa ynpasieHus (cM. Oaiee), HO U OCTaHOBKOH
NpefaeniuTeNnsi — NpH 3TOM NPEKPATAT CUET BCE TaHMEpbl, KOTOPbIE B AaHHbIH MOMEHT
paboTatoT OT nmpeaaenutens. 1N OCTAHOBKH HY)KHO 3anucaTb JIOFMUYECKYIO €AHHMLY B
OWT TSM TOrO K€ pericTpa SFIOR, Al 3anmycka — B 3TOT OMT 3anHCbIBAETCS JOrMUECKHH
HyJsib. Takum cnocobom TaiiMepbl MOXKHO CHHXPOHU3HPOBATb.

Perucrtpbl ynpaeieHus (TCCRx st 8-paspsHbIX TaiiMepoB MU TCCRxA M TCCRxB Ul
16-pa3psaHbIX) UCMONBL3YIOTCS, KaK SCHO W3 MX Ha3BaHMs, 1/ YCTAHOBKH HY)KHOrO pe-
*uma taiimepa. B npocreiituem ciyuae ans 8-paspsaHoro Timer0 peructp ynpasieHus
TCCRO TOJIBKO 3anycKaeT TakMep M YCTaHaBIMBAET TAKTOBYIO YacTOTy cuera. Bee Hynu B
pa3psiaax 3Toro perucrpa (Mo yMoa4aHWi0) 03Ha4aloT OCTAHOBJEHHbIH Talimep, a KOMOH-
Hauus Tpex miaawnx 6uros €s02-csoo ot 001 no 111 3anyckaer TafimMep, OIHOBPEMEHHO
3ajaBas UCTOUHHMK TAKTOBOTrO curHasa. 3HaueHus oT | 10 5 3TOoro perucrpa o3HauaioT,
uto Taiimep Oyner paborars OT TakToBOM YacToThl MK ¢ yueToM npepaenurens (koag-
(UUMEHT aeneHUs KOTOpPOro MOXKET NpuHUMaTh BennuuHy 1, 1/8, 1/64, 1/256 v 1/1024,
B 3aBUCHMOCTH OT 3HAY€HHS CS02-CS00). 3Hau€HHUs TCCRO, paBHbie 6 U7 (110 u 111
B MJaJLIKX pa3psjax), o3HauatoT pabory Timer0 oT BHEIWIHEro MUCTOYHHMKA MMITYJIbCOB,
nonasaembix Ha BbiBoa TO MK — oT najatouiero unu HapacTarowero GppoHra 3Tux UM-
MybCOB COOTBETCTBEHHO.

TakuM npocTeriuMM peXxMMOM orpaHuunBaeTcs Tosibko Timer0 B HEKOTOpBIX MOAENsx
cemeiictBa Classic u Tiny. Bo Bcex octanbHbix Mozensx AVR, kak v B JONOJHUTENbHBIX
8- u 16-pa3psaHbIX TaliMepax, pexHMOB 3HaUMTENbHO Oonbile. Cpear HUX BOBMOXKHOCTD
paboTbl B pexxume "3axpaTta" BHEWHEro cobbiTHs (YA0OHas 11 NOCTPOEHHS Nepuoaome-
pOB WJIM NOACYETA PEAKHX COObITHH), cueTa 10 ONPEAENEHHOrO 3HaYeHHs (MM Jaxe He-
CKOJIbKMX TaKMX 3HAY€HWi) C BO3HHKHOBEHHEM MpEPbIBAHHSA MO NOCTHXKEHHIO Onpene-
JIEHHOFO YMC/a, HECKOJbKO PEXHMOB IIHPOTHO-UMNYNbCHOH moaynsuun (PWM), Bo3-
MOXCHOCTb (YHKLUMOHHPOBAHHS B ACHHXPOHHOM PEKMME OT OTAEAbHOrO TaKTOBOrO
reHepatopa u T. n.

Bce BapuaHTbl Mbl TYT pa3bupaTb He Oynem, yToObl HE NepentcbiBaTh "HHCTPYKLUMIO" —
noapobHoe onucaHue Bcex (GyHKUMH TalimMepoB-cueTunkoB AVR 3alimeT MHOro mecra, -
K TOMY ke GONbLIKHCTBO 3THX BOBMOXHOCTEH JI0BOJIBHO PEIKO TPEOYIOTCS Ha NpaKTHKe.
OcTaHoBHMCH JIWILb HA HEKOTOPbIX NPAaKTHYECKUX acNeKTax UCMOb30BaHUs TaliMepOB.

PopMupoBaHue 3agaHHOro 3Ha4YeHus 4acToThbl

B npumepe B 2rnage 5 Mbl paccMaTpuBaiv GyHKLUHOHHpPOBaHHe 8-pa3psaaHOro Taiimepa B
CaMOM MPOCTOM pEeXHMe — HEMpPEPbIBHOrO CUETa TaKTOBBIX UMITYJIbCOB C MOACYETOM
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4yucna MepenosHeHUH ero CYETHOro peructpa Ui GOPMHPOBAHUA HYXKHOW 3a4CPIKKH.
[Tpn 3TOM BBIGOP 3HAYEHHI 4aCTOTHI CIENOBaHMSA NpEpbIBaHHH (a 3HAYWT, U 3HAUCHHA
3a1EpPXKKH) OrpaHUueH KOMOWHALIMAMH TaKTOBOH YacTOThbl HA BXOAE TaiiMepa C AOMyCTH-
MbIMH KO3((PHLIMEHTaMH NpeanenuTens, Aa elle NojyyeHHas BENWYHHA OKa3blBAETCA
nojeneHHo# Ha "Hekpyrioe" yncio 256, cooTBeTCTBYIOLIEE 00BEMY CUETHOrO PErucTpa
Timer0 (ans 16-paspsaHoro Timerl 370 uHcnO, cooTBETCTBEHHO, GyneT paBHO 65 536).
A Kak 6bITb, €CIH HaM TpebyeTcs NoNy4UTh TOYHYIO YacToTy, Hanpumep, | kI'u, 100 I'u
v | I'u? Ectb aBa cnocoba poctuxkeHus takoro pesynbrara. Ilepsblit cnocob npume-
HUM KO BCEM TalMepaM, HE3aBHCHMMO OT MX Pa3psAHOCTH W OCOOEHHOCTEiH, W Mbl €ro
ceituyac paccMOTpuUM.

Cnoco6 3akiouaeTcss B TOM, YTO KaXIblii LMK CUeTa Mbl HAYHHAEM He C HYJIf, a C onpe-
JEeNEHHOro 3apaHee paccuuTaHHoro yucna. O6paTumM BHUMaHHE, UTO CUETUHKH-TaiiMepbl
AVR, BooG11e roBops, MOIYT TOJIbKO CYMMHpPOBATh (PEBEPCHPOBAHUE CUETA TAKXKE MO-
JKET MPOU3BOAUTLCS, HO TOJILKO B pexkumax PWM, k KoTopbiM MbI ceiiuac oOpaiiarbes
He Oynem). Mcxons U3 3Toro, HaM M HyXKHO paccuMTaTh MPEeABAPHUTENILHO 3aMHCbIBAEMOE
4UCIIO.

Onsarb Gyaem opueHTupoBaThes Ha npocreiinii Timer0 (B 16-pa3psaaHbix TaiiMepax Le-
necoobpa3Hee BbIOpaTh Apyroi cnocod, 0 KOTOPOM Aanee) v Mpeanoaokum, HaMm Tpedy-
ercs copmupoBath yacToty | k['il. PaccMoTpum THNOBO# nopsaaok paccyaeHuii B no-
AO0OHOM cityyae. YacTOTy TaKTOBBIX MMMYJILCOB HEOOXOAMMO BbIOHUpaTh TakK, YTOObI OHa
6bina Gonbwe | k', HO He npeBbilana 3HaueHue 1 kI'ux256 =256 k['u. Ecnu, kak u
paHee, TaKTOBas 4acTOTa KOHTposjepa paBHa 4 MI'L, To MOXHO BbIOpaTh KO3 dULHEHT
npeanenuTens, paBublii 1/64, Torna yacrora Ha Bxoae TaiiMepa Oynet 62 500 I'u.

B 3toM cnywae ans Toro, utobbl noay4uTbh uyactoty poBHO | KI'll, 3TO YMCIAO HYXHO
noaenuTb Ha 62,5. Heuenoe unucno orcueToB B TaliMepe OpraHHW30BaTh CJIOXHO, HO T€O-
peTHYeCKH BO3MOXKHO. Jlns 3TOro MOXKHO, Hanpumep, HauuHaTh ¢ uyvcna 194, yro no
nepenojHeHusa (3HaueHus 256, T. e. 0 B cueTHOM peructpe) aact 62 orcuera. Ewe non-
OTCYETa MOXXHO CAENaTb, €CIH CMEHWTb YaCTOTY Ha BXOAe Taiimepa Ha Gonee BbICO-
KYI0 — Hanpumep, npu vactote npeaaeaurens 1/8 BMecro 1/64 kaxablii "crapbiii” or-
cuer OyleT COOTBETCTBOBATH MO JUIMTENLHOCTH 8 "HOBBIM", H HaM HyXHO Oyaer oTcuM-
TaTh 4 "HOBbIX" MHTepBana (/1% Yero NpUAETCS MpeABapUTENbHO 3aMUcaTh B CYETHbIH
peructp uuciao 252). I1pu 3TOM cneayer euie y4ecTb KONMUYECTBO TAKTOB, HEOOXOAUMOE

IS NepecTpoiiky Taiimepa.

Jpyroit cnocob TOYHOH NOArOHKH 4aCTOThbl — OpPraHM30BaTh MPOCTYIO 33JEPXKKY, U Mbl
ero pazbepem janee. A Moka 3alaauMMCs BOMPOCOM: Henb3s 1M H30exaTb BCEX 3THX
cnoxHocTe? Jlns 3Toro MOXKHO, Harmpumep, BbIOpaTh NOAXOAsALIEE 3HAYEHHE TaKTOBOH
yactotel MK: Tak, "kBapu" ¢ yacroroii 4096 xI'u nacT npu nenexuu Ha 64 poHo 64 k'L,
M JeNuTb NPUAETCA YK€ Ha uenoe uucno. bonee obumii cnoco6 — NpUMEHHUTb TOT ke
METO[l, YTO M B NPUMEPE U3 21a8bl 5 — C AOMNONHUTENbHBIM CYETUUKOM MeEpenoaHeHUH
(nepeMenHas Count_time B jaucTHHre 5.13). Torna Mbl He oOrpaHM4eHbl 4acTOTON
256 kI'u, a Moxxem BbIOpaTbh Gonee BbICOKYIO YacTOTy Ha Bxode cueTyuka. Hanpumep,
€c/M YCTaHOBUTb k03 duumeHT npeanenurens 1/8, To Mbl u3 4 MI'u nonyuum 500 kI'u,
KOTOpble noaenuM Ha 250 onucaHHbIM paHee METOJOM M OTCUMTAEM [BAa TaKUX LMKIA
nepenoHeHus.
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VYcraHoBka OuTa COM1AO B peructpe TCCR1A TpebyeT nosicHeHuit. [ina taliMepos, cnocob-
HbIX paboTaTh B pexkuMme cpaBHeHHs, B MK AVR npenycMoTpeH cneuuaibHbli BbIBOA,
Hocswmi obulee HanmeHoBaHue OCnx, riae n — HoMep TaiiMepa, a X MOXET NPUHUMAaTbL
3HaueHue A, B unu, B HekoTopbIx ciyyasx, C — B 3aBUCMMOCTH OT TOrO, KaKoi perucTp
cpaBHeHwus 3ajeiicTBoBaH. Jlns "knaccuueckoii" moaenu AT90S2313 peructp cpaBHeHHs
Bcero oavH (noJ Ha3BaHWeM OCR1A), MO3TOMY AJs Hee BbIBOA HocHT HasBaHue OCI Ge3
OykBbl, HO MOACOEAMHEH K TOMY ke BbiBoay nopra PB3. [na pasHbix Moaenei KOHTpo-
JepoB BbiBoAbl OCnX MOryT COOTBETCTBOBaTh pa3HbiM MOPTaM — Harnpumep, Ajs o6oux
BapuaHToB mozenu 8515 (Classic 1 Mega) BbiBog OC1A cooTBETCTBYET BbIBOAY NOpTa
PDS.

3TOT BbIBOA MOXKET MEPEKITIOYATHCA B 3aJaHHOE COCTOSIHWE KaXKAbii pa3, xorzaa taimep
JOCTHIraeT NpeiyCTaHOBJIEHHOrO 3HaYeHUs B PErMCTpe CpaBHEHHMS OCR1AH:OCR1AL. YcTa-
HOBKa GMTOB COM1A1:COM1A0 (6uTbl 7 U 6 B peructpe TCCR1A) B coctosHue 01 o3Hauaer,
YTO 3TOT BbIBOJ (€C/TH OH CKOH(HUIYpUPOBaH Ha Bbixon) OyneT aBTOMaTHYECKH NEPEKIIo-
4yarbcs Kaxablii nepuon "Tyna-obpaTHo", popMHpys MeaHAp C MOSIOBHHHON 4aCTOTOM.
Toraa k 3ToMy BbIBOAY MOXHO NOAKJIIOYUTb, HAMPUMEP, CBETOAMOA, KOTOPbIH B JaHHOM
ciyuae Oyner 3aropaTbcs U racHyTb pa3 B ceKyHAay (oOpaTute BHUMaHHE, YTO B MpPEAbI-
AYyLLEM ciiyyae ¢ MUcroib3oBaHueM npocteiiltero Timer0 HaM npuxoanIoCh BbIBOJ NeEpe-
kmoyath "BpyuHyio"). [lpuuem pabora 3Toro BbIBOAa HE 3aBUCHT OT TOrO, 3a/€iCTBOBA-
HO JIM COOTBETCTBYHOLLEe NpepbiBaHHe Ui 00paboTkH Taknx cOObITHIH UK HeT.

OnHako NpUMeHeHHe BbIBOAA OClA B aBTOMaTHYECKOM PEXUME pELLAeT JIMLb OAHY JI0-
BOJILHO Y3KYIO 3aa4y. [lns TOro 4toObl BLINONHATE elle kakue-nubo aercTus, HeobXo-
JMMO pa3pelluTb COOTBETCTBYIOLLEE NPEpPbIBAHUE, KOTOPOE B JaHHOM Cilyyae HOCHT Ha-
3sanve Timerl Compare Match A (unu ans AT90S2313, rae pexxum cpaBHeHUst BCero
onuH, npocto Timerl Compare). 3T0 MOXHO clie/laThb YCTaHOBKOI OMTa OCIE1A B peru-
CTpe TIMSK:

1di temp, (1<<OCIElA) ;paszpemeHve npepuBanus Timerl Compare
out TIMSK, temp

Tenepb chopmynupyem 3anauy co3faHHs NEKTPOHHBIX YACOB. Mbl MMEEM NpepbiBaHHE
TIMICOMPA, BO3HHMKalOLIEe pa3 B cekyHay. Jlns oTcyera MUHYT AOCTATOYHO CO34aTh OT-
JenbHbIA cyeTuuk a0 59, a yacoB — elle oauH A0 24. OnHaKo 3HauYeHHE BpEMEHH 00bIY-
Ho npencraeasioT B BCD-dopmare (npuueM s MHOAMKAUMM HYXEH pacnakoBaHHbIH
dopmaT). MOXKHO MOCTYNUTb ABOAKO: WIIM MPH HEOOXOAMMOCTH BbI3bIBaTh KaXIbIH pa3
npouenypy npeobpasosanus hex-3Hauenus B BCD (oHa onucaHa B 2raee 7), Wi ycloxk-
HHUTb MpOLEAYpPY MOACHETA BPEMEHH, 3apaHee Pa3sMECTUB €AMHHLbI U AECATKH 4acoB, MH-
HYT U CEeKyHI B OTAenbHbIX peructpax. [lepbiii cnocob uenecoobpasHee B TeX Mpo-
rpamMmax, rie cuet BpeMeHW — He OCHOBHas ¢yHKUus, U Habmonaercs aehUUUT CBO-
OonHbIX perucTpoB (Toraa Asns rnoacuyeTa BpeMeHH NoTpedyeTcs Bcero Tpu riobanbHbIX
NEepPEeMEHHBIX V1S 4acOB, MMHYT M CEKYH]I, @ pacraKOBaHHbIE 3HAYE€HHUS MOXKHO XPaHUTb B
SRAM). BTopoii cnocod npotue (XxoTs cama npouenypa noicuyeTa v CloXHEE), H ero cie-
AyeT NPUMEHATb TOrAa, koraa GyHKUHUsS MoAcHeTa BpeMeHW — OCHOBHas, U APYruX rpo-
MO3IKHX NeACTBHH (KpoMe, BO3MOXKHO, HHAWKALIMK, HA KOTOPO Mbl OCTAHOBHMCS Aasiee)
MK He npou3BoaMT.
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inc cMin ;yBenuuMBaeM umucJIO MMHYT Ha 1
cpi cMin, 60 ;cpaBHMTB CO 3HaueHueM 60
brne Tmin exit ;ecnM He paBHO, Ha BHIXOL
clr cMin ;OUMCTUTBL CEKYHIH
inc cHour ;yBenuuMBaeM UMCJIO WacCoOB Ha 1
cpi cHour,24 ;cpaBHUTB CO 3HaueHueMm 24
brne Thour exit ;ecnu HEe paBHO, Ha BHIXOL
clr cHour ;OouMCTUTE CEeKyHIH
Thour_exit: '
mov temp, cHour ;udach
rcall bin2bcd8 ;Ha Bhxome B templ HecATkM, B temp eAMHMLUE dac
1di ZL,DdH ;appeC HeCATKOB WacoB
st Z+, templ ;coxpaﬂﬁem OeCATKN
st Z,temp ;cCoOXpaHseM eIVHMLE
swap templ ;OeCATKM B CTapuyl TeTpany B
add temp, templ ;ynakoBaHHBE Uachl
1di ZL,Hour ;agnpec ynakoB. 4acoB
st Z,temp ;COXpaHsaeM Yachl
Tmin_exit:
mov temp,cMin ;MMHYTH
rcall bin2bcd8 ;Ha BexoOme B templ pecATkM, B temp eIMHMLE MUAH
1di 2L,DdM ;anpeC DeCATKOB MMHYT
st Z+,templ ;coxpaHAeM OeCATKM
st Z,temp ;COXpaHseM emVHULIE
swap templ ;pecATKM B CTapuyi TeTpany
add temp, templ ;ynakoOBaHHEIE MMHYTH
1di ZL,Min ;apmpec ynakoB. MUHYT
st Z,temp ;COXpaHAeM MMHYTHI
Tsek exit:
mov temp, cSek ;CexkyHIH
rcall bin2bcd8 ;Ha BeEXOOmEe B templ NECATKM, B temp eOuHMLE Cek
swap templ ;OecATkM B CTapuwyl TeTpany
add temp, templ ;ynakoBaHHBE CEKYHIEH
1di ZL, Sek ;anpec ynakoB. CeKyHI
st Z,temp ;coxpaHsAeM CeKyHIH
reti

[To 3TOMy anropuT™My BCe TpW BENHYMHBI OYAYT COXpaHATLCA B MaMATH KaxablHd yac,
MHUHYTbI M CEKYHIbl — KKIYIO MHUHYTY, TOJbKO CEKyHIbl — Kaxayio cexyHay. Kak
BUAUTE, AIFOPUTM MOJYHHICS AKE AJMHHEE MPEAbIAYLUEro, 3aTo TYT Mbl UMEEM TpPH
3HA4YCHHA BPEMEHH, rOTOBbLIC K yn0Tpe6neHmo K&)Kﬂblﬁ B CBOei obnacTv: ¢ OObIYHBIMH
hex-3HaueHHAMY JIErKo npOM3BO,ElMTb BCAKHE apmbmemqecme H JIOTHYECKHE onepaunn
(HanpuMep, cCpaBHUBaTb MOMEHTbI BPEMEHH Mexay coboi), yrnakoBaHHble 3Ha4YEHWSs
MO2>KHO MOCbL1aTb BO "BHELUHUH MMp", a pacnakoBaHHbLIC HUCMOJIb30BATLb AJ14 BbIBOJA Ha
WHAXUKATOpbI B HE3ABUCUMOM OT NOACYETA BPEMEHH LIUKJIE (qu Mbl H 3aliMeMCH HCMHOI"O
nanee).
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3AMETKU HA NOJsiX

Cnepyet obpatutb BHUMaHue, 4To B MK ¢ uyacoBbiMu chyHKUMAMU OTAENbHbIA noacHeT
BpemeHn 0ObIMHO BegeTcs gaxe Toraa, Korga B CXEME NPUCYTCTBYIOT aBTOHOMHbIE Yachi
peanbHoro Bpemenu, RTC (Mmn Mbl ewe 3aiimemcs B enase 12). Bpoge 6bi B Takom cnydae
Aenatb 3aT0 Hedauem — RTC Bce paBHO cuuTaloT "BHYTpM cebs”, U NnpUTOM HE TONbKO Bpe-
MS, HO W AaTy, U AeHb Hegenu. OgHako obmeH AaHHbIMM ¢ RTC kaxaylo CekyHay 3anmer
BpEeMEHU 3HauuTENbHO Bonblue, Yem cobcTBeHHbIM nogcyeT. M3-3a atoro RTC uenecoob-
pasHO WUCNONb30BaTb KaK reHepaTop BHELWHWX NPepbiBaRUA, NO KOTOPbIM U NPOUCXOAUT
noacHeT BpemMeHu (BMECTO npepbiBaHUi Taimepa, Kak y Hac), a CUHXPOHM3NPOBaTb 3HaYe-
HWUS MOXHO OAWH pa3s Npu BkNoYeHMn cuctembl (RTC, kak npaBuno, UMeKT COBCTBEHHYIO
pe3epsHyto 6aTtapeiiky), u, ecnu 3to TpebyeTcs, kaxable CyTkU ANA OOHOBNEHUS 3HAYEHUR
AaTtbl — BEeAb anropuT™M KaneHgaps [OCTaToMHO FPOMO3AKUIA, CNOXEH B OTNAAKe U opraxun-
30BbIBaThb €0 CAMOCTOSITENLHO He pekomeHayeTcs. B "Gonbwmx”" komnbioTepax peanuso-
BaH ele Gonee npoctoi anroputm B3aumogeincteua ¢ RTC. Tak, cuctemHoe Bpems
Windows xpaHWTCR B ANMHHOM MHOropaspsiiHOM cyeTuuke (Npeobpasyrowumcs B peans-
Hble 3HAYeHUS AaTbl-BPEMEHU KaXaoh NporpaMMon CaMOCTOATENBHO NO rOTOBbIM hYHKLUU-
fimM), @ cuHxpoHusaums ¢ RTC npoucxoauT npu BknouveHun nutanua (RTC take mMoryT Tam
BbINONHATL (PyHKUMIO "ByAnNnbHUKA" AN CUCTEMDI).

TouHast KoppeKLuus BpeMeHH

OcTaHOBMMCS Ha BOTIPOCE O TOM, KaK MOXXHO TOYHO KOPPEKTHPOBATb XOJ TaKHMX YacoB.
OtHocuTenbHo rpybyto noacTpoiiky (4roObl YCTpaHHTb OCHOBHYIO 4acTb OLIMOKHM 3a
CYET MOrpeLHOCTH YacTOThl "KBapLa'") MOXKHO OCYLIECTBHTb MOArOHKON KoddduLHeHTa,
3alMCbIBAEMOro B PErHCTpPbl CpaBHEHMA. Hanpumep, eciu npyH HOMHHAJILHOM 3HAY€HHH
62 500 yacs! orcratoT Ha 10 ¢ B cyTKH, TO 3TO O3HAYAET, YTO YACTOTA MpepbIBaHUii Tall-
Mepa Ha 5/86400 = 11,6:107 noneit menvuse, uem neobxoaumo (86 400 — uucio cekyHa
B cyTkax). UroObl yCKOPHUTb XOA, HYXKHO YBEJHUYMTb YacTOTY, T. €. YMEHbUUMb CeKyH-
Hbli1 MHTEpBAN Ha 3Ty BeWYHHY. IS 3TOro Hy)KHO 3anHcaTb B PerHCTP CpaBHEHHS YWC-
n0 62 500 — 62 500-11,6:107° ~ 62 493. Kak nierko nofcuMTarh, NoAcTpoiika noyaercs
AOCTaTOYHO rpy6as — u3MeHeHHe KOIPPHLHMEHTa Ha eAWHULY AaeT W3MEHEHHe XoJa
4acoB Ha ~1,4 ¢ B CyTk#, T. €. NpruMepHo Ha 40 ¢ B mecsLl.

[Tpuyem pelnTh npobsieMy MmyTeM yBelMUEHHs YacTOThbl MpepbiBaHuii Taiimepa u dop-
MHPOBAHHEM CEKYHJHOrO MHTEpBAja C MOMOLbIO AOMOJMHHTENLHOrO PErHCTpa, KaK Mbl
3TO Jeslajiv B NpocTeHlleM NMpUMepe B 2rage 5, He moayuuTtcs — "paspeluaiouias cro-
COOHOCTD" HallMX MaHHUMyASUMii B 1I000M cilyuyae orpaHuueHa 16-pa3psaHbiM YKUCIOM B
peructpax cpaBHeHHs. Ha nepBblii B3risa, MOXHO OTKa3aTbcs OT yaoOHoro criocoba
($hOpMHPOBaHHUS CEKYHAHOrO WHTEPBAa C NMOMOLIBIO CPABHEHUS M BECTH €ro NMpUMHTHB-
HbIM METOJIOM MoJcUeTa AoCTaTouHo 6onbioro yucna. Ha npakruke xke 310 Mano uero
JAacT: €C/I¥ BBECTH B PErHCTP CPaBHEHHs YMCiIO |, TO TaliMep 3amyckaTb BCE PaBHO MpH-
aercs ¢ yactotoi He Gonee 1/64 ot TaktoBoi. Ecnu npepbiBaHus OyayT npouMcxoauThb
Yauie, YeM Kaxable 64 TakTa, TO, CKOpee BCero, 4acTb NnpepbiBaHHH "moTepserca” — Ham
BeAb TpeOyeTcs €lUe U BbIMOJIHATb KaKHe-TO AEHCTBUSA, a UX HYXHO YCIETb COBEPLUHTD B
MPOMEXKYTKE MEXAY MpepbIBAHUAMH. A TOra YMci0 NpepbIBaHUN B CEKyHAY V1S TaKTO-
BO# wactoThl 4 MI' cocTaBut Bece Te xe 62 500. MoxHO nNpu 3TOM €Lle W YBETHYHTb
TaKTOBYIO 4acToTy (OONBIIMHCTBO COBpPEMEHHbIX Mozeneil aomyckaior "kBapu" 10
16 MTI'u1), HO 3TO MOBLICHT pa3peLLaloLLyIO CMIOCOOHOCTb BCero BueTBepo, Ho MK B TakoM
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Pasymeercs, ans ¢hopMHUpoBaHHs 3aepHKH MOXKHO HCMOJIb30BaTh M ApYroi TaiMep, ec-
71 OH cBOOOJEH, HO airOPUTM MoJyyaercs ropaszao 6osee rpomosaxuit. Ilpumep Takok
opraHu3auuu npouecca "no nojHoi nporpamme” ¢ 3agaHueM koddduuUMeHTa 3a1ePXKKH
yepe3 BHELUHHI KOMMbIOTEP CM. B Moel kHure [8].

.

[lepen TeM kak Mbl nepeiaemM k BONpPOCY ynpaBieHUS WHAWKATOpaMH, B YEM TalMepbl
TaKKe UrpatoT KJIIOUEBYIO POJIb, PACCMOTPHM €LLE OJHO PAcnpOCTPAHEHHOE NPUMEHEHHE
TalMepOB U1 H3MEPEHUS YACTOTbl M NEPHOAA BHELLIHUX CHIHAJIOB.

YacToTomep un nepuogomep

YacToTa MOXKET U3MepATbCS, KaK H3BECTHO, ABOSAKO: JHOO MOACYETOM UYHMC/Ia HMIYJbCOB
M3MepAeMOii YacTOThl 3a OMpe/esieHHblii MPOMEXYTOK BpeMeHH, Jubo, HaobopoT, noa-
CUETOM YMCa MMIMYJbCOB M3BECTHOM 4acTOThbl 3a MEPHOA (WJIM HECKOJIbKO MEpPHONOB)
M3MepsAeMOro cHrHana. B nepBom ciiyyae Mbi nojlydaeM HMEHHO 3HaY€HHE 4acTOThl (ec-
JIM MPOMEXYTOK BpeMeHH paBeH | ¢, To cpasy B repuax), a BO BTOpoM — 0OpaTHyto Be-
JIMUMHY, 3HayeHHe neproaa. [lepsblii cnocod ynoGHee 1Uis U3MEPEHHS BLICOKHX 4acToT,
BTOPOH — JJ1s1 HU3KUX.

C nomouibto koHTposuiepoB MK 4acToTy MOXKHO M3MepsATb HECKONbKHMH NyTAMH. CHa-
yana 3aiiMemMcs METOJOM MpSMOro usMepeHus (Mo cnoco0y 4acToTomepa) AOCTATOYHO
BBICOKOH 4acTOTbI, MPUUYEM C NMOACTPOIKOI U3MEPUTENBHOrO UHTEpBaIa MUl NOJIy4eHUs
6osiee TOUHOro pe3ysbTara NpsAMo B GU3HYECKHUX BeTMYHHAX — repuax.

YacTtoTtomep

[Ipeanonoxkum, UsMepsieMas 4acToTa HaXOAUTCA B Auana3oHe okojo 4 MI'y, u Ham xe-
NaTeNbHO M3MEPHUTDL €€ ¢ paspelenvem Ao 1 I'n. [Npexnae Bcero, HAMOMHKUM, YTO TaKToO-
Basl 4YacTOTa KOHTPOJJiepa JODKHA NpeBbILIAaTh H3MePSeMYIO He MeHee YeM B J1Ba pa3a —
TakoBO TpeboBaHHe pykoBoacTBa. OOGHapy)XeHHe W3MEHEHHs BHELUHEro CUrHasa npoms-
BOAMTCS MO (PPOHTY TAKTOBOrO, U €CIIM NEPUOA U3MEPAEMOro CHrHaja CJIMLIKOM KOpOT-
KHH, TO B perucTpaLuu MoryT ObiTh Mponycku. Tak uTo HaM cleayeT OpHEHTHPOBATbLCA
Ha MK c¢ TakroBoii yactotoii He menee 8 MI'u. BriGepem onstb AT90C2313 Classic
(npu HeO6XOAUMOCTH Jierko MoAH(GHUHPOBATb anroput™ s oboro AVR) ¢ vactoToi
8 MI'u. Ins u3mepeHus Mbl 3aaeiicTByeM ABa TaiiMepa — oauH 16-paspsaaublii Timerl
JUIs OTCHeTa COOCTBEHHO BHELUHEH 4acToTbl, U BTOpoii 8-paspsaaubiii Timer(Q s otcuera
M3MEPHTENILHOTO HHTEpBaa.

3AMETKU HA NMONAX

OTtmeTuM, 4To COBCTBEHHO perucTpauusa nepenana ypoBHEN BHELLHEro curHana npousso-

AWUTCA aBTOHOMHOW aCUHXPOHHOW cxeMoi. [oToMy U3 U3NOXKEHHOrO B PYKOBOACTBE HE cne-

AyeT, YTO TaKToBaA Yactota AoskHa ObiTh Bbille n3MepsaeMo UMEHHO B ABa pasa — A0C-

TaToO4HO NPOCTOro npesbieHus. OAHAKO OKOHYaTeNbHOE CyXAEeHUe no 3ToMy Bonpocy #

OCTaBnAO HAa YCMOTPEHUE YuTaTenein — U3noxeHue B PyKOBOACTBE He OYEHb TONKOBOE (He

[0 KOHUA NPOAICHEH BONPOC C 3ajepXkamu peructpauum ppoHTa CurHana), U, KOHeyHo,
n" cnegoBaTth MUPMEHHBIM peKOMEHAAUUAM.

nyywe "Ha BCAKWIA crnyyan
Pesynbtat usmepenus yactoTtel 4o 4 MU C TOYHOCTLIO A0 repua B NpuUHUUNE 3aiMeT He
MeHee Tpex 8-6uToBbix pernctpoB. Ho peantHoe ux 4ucno, kotopoe TpebyeTtcs 3aaencTso-
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corr 1: ;1 cexk + Koppekuusa
clr temp
out TCCRO, temp ;ocraHasnvBaeM Timer0
;3amepxka Ha ~600 Mkc misa KOppeKUMM MHTepBasa
ldi ZH,high(1200) ;8 MI'l, uuka 4 TakTa
1di zL,low(1200)
loop:
sbiw ZL,1
brne loop
;Teperyoyenne KOHTp. BB 11 PinD6 nepmom 1 c
sbis PinD, 6
rjmp set 1
cbi PortD, 6
rjmp Set O
Set _1:
sbi PortD, 6
Set 0:
clr temp
out TCCR1B, temp ;ocraHaBauBaeM Timerl
;uMTaeM OaHHHE
in temp, TCNT1L
<muueM milamumii 6akT B NaMATb>
in temp, TCNT1H
<nuumeMm BTOpo¥ GalT B NaMATb>
<muueM cTapumii G6aiT count3 B naMaTb>
jouMiaeM BCe PerucTpH
clr temp
out TCNT1H, temp
out TCNT1L,temp ;oummaem Timerl
out TCNTO, temp ;owmaem TimerO
clr count3
clr count_sek ;oummaeM CUETUMK NPEPLBAaHMA
;3anyckaeM TaiMephsl OMNAThb
1di temp, 0b00000100;
out TCCRO, temp ;3anyckaem Timer(0 div 1:256
1di temp,0b00000111 ;BHewnwmit curHan Tl (BeB. 9) no ¢poHTy
out TCCR1B, temp ;3anyckaem Timerl
reti

OO6paruTe BHUMaHKE, YTO B Havane paboThl (B cekunu Reset) Hy>kHO 3anycTuTh 0ba Taii-
Mepa, HHaue NepBoe M3MepeHHe GyaeT OWHO6OUHBIM (AACT OHH HYJIH), NPHYEM CAENAThH
3TO HY>KHO MOCJIE€ OYMCTKH PErucTpoB. 3anuch AaHHBIX B MaMATb 1 HE pacluudpoBbiBan,
MOTOMY 4TO 3TO MOXeT ObiThb U 3amuch B SRAM ¢ nocneayroluM BbIBOAOM Ha MHAMKA-
LMIO, W 3aM1Ch BO BHELUHIOK 3HEProHE3aBUCHMYIO MaMsATh A MOCIeAYIOLIEro YTeHHs
M3 KOMMbIOTEpa, KaKk OMUCAHO B 21age 12, Wil OXHOBPEMEHHO U TO U apyroe. [IpocTeii-
LK 4aCTOTOMEP MOXKHO CAENaTh, €CJIM OPraHM30BaTh aBTOMATHYECKYIO nepeaavy AaH-



164 Yacme II. MpoepammuposaHue mukpokoHmponnepos Atmel AV

Hbix uepe3 UART B kommnbioTep, KOTOPbIi ¥ 3aHUMAeTCst OTOOPaXKEHHEM H 3aMHChIO MH
dbopmauuu.

M3-3a MHCTPYKUHMH sbiw, KOTOpas 3aHUMaeT ABa TakTa (a He OAWH, KaK MHCTPYKUHS dec
BCTpEUaBLUAACS y Hac B MpoLeaype Delay paHee), 3AeCb OAMH LMK 3aJEPIKKH PaBEH e
ThipeM TakTam, Win 0,5 Mkc rpu TakroBoil uyactote 8 MI'. MeHss 4uCno UMKIOB 3a
JEPHKKH, MOKHO OTKOPPEKTHPOBATh JHTENLHOCTL CEKYHAHOTO MHTEpPBAia OTHOCHTEIb
HO HOMMHAJILHOTO 3Ha4eHHs OT 576 MKC B CTOPOHY yMEHbLUEHHs (3a4epikKa paBHa Hy
a10) fo uenbix 131 Mc B CTOPOHY YyBeauueHHs. DTOro AOCTATOMHO AJsl MOACTPOMKI
CTaHAapTHOrO KBapLa, B KpaHeM ciiyuae, MOXKHO O0TOOpaTh SK3EMIISAP M3 HECKOJIbKHX
KanubpoBka ocyluecTBasieTcss U3MEPEHHEM JIHTENbHOCTH WMIY/bCa HAa KOHTPOJBbHON
BbiBoge |1 MK c momouupto TouHOro yacroromepa (Jyuile MCrosib3oBaTh MPodeccHo
HanbHbIH nabopaTopHbii NpUbop, a He NOOUTENLCKHH, KOTOPbIi MIMEET HEAOCTATOUHY -
TOYHOCTD).

NMepuonomep

B MK AVR wumeercs crneunanbHblii pexxum paboTbl TaiiMepoB ¢ "3axBaToM" (capture
BHELUHEro rnepenajaa ypoBHel M reHepauueii npepbiBaHus 1o 3ToMy noBoay. OH ynobe:
IUIS U3MEPEHUs TlepHoaa HU3KHX (C Toukh 3peHHs MK) yactor no BropoMy crocody -
C MOMOLUBIO OTNpPEAENIEHHs NepPUOAa. DTOT XKe PeXUM roauTes Ans GpUKcaLMH PpeAKHX co
GbITHIT (HanpUMep, MPOXOXKIEHHS YacTHLL uepe3 cueTumk [eiirepa), Toraa noacueT Bpe
MEHH MEXY COOBITHAMH MPUTOAUTCA, HAaTIPUMEP, AN CTATHCTHKH. PaccMoTpHM, Kak oT-
MOXXHO OCYLLECTBHTb Ha NpHMepe Bce Toro xke AT90S2313.

B pexume paGorbl ¢ "3axBatom" moxer ¢yHKuHOHMpoBaTh 16-paspaaHbiii Timerl
BHewHui umnyabe ciaelyeT npH 3TOM NnojaBaTh Ha cneuuanbHblii BeiBoa ICP (cosna
AAloLHUH B JaHHOM ciyyae ¢ BbIBoAoM PD6, Tak uTo B kauecTBe KOHTPOJIbHOrO NpHAETC
3ajeicTBOBaTh KakoH-HUOYab Apyroit BeiBoN). "3axBaTt" ()poHTa MM craja BelOHpaeTc
ycraHoBkoH O6uTa ICES1 (OMT 6) B perucTtpe ynpasieHus TCCR1B. [Ipy 3TOM B cHcTEM.
"3axBara" NeHCTBYeT HeuTo Bpoie "aHTHApeOe3ra" — ycTtaHOBKO# Oura ICNC1 (GMT 7
B TOM )€ PEerucTpe MOXHO BKJIIOUHTb CXxeMmy '"MojaBieHus wyma", KoTtopas noci
npuxoaa ¢ppoHTa MM, COOTBETCTBEHHO, crajga 4 pasa orpejenseT YpOBEeHb CHUrHana :
NpUHYMAET pelleHHe O "3axBaTe", TOJIbKO €CiAM BCE YETbipe M3MEPEHHS! OAMHAKOBbI
3amerum, uto s Timerl Bcex momeneit AVR ucTouHnkom curhana "3axpara” BMeCT:
BbiBoAa ICP Moxet GbITh aHanoroBblii komnaparop (cM. enagy 10).

CobcTBeHHO cobbiTHe "3axBaTa" COCTOMT B TOM, YTO B MOMEHT, KOTAa OHO MPOUCXOAWT
CONEPKMMOE CHETHBIX perucTpoB Timerl nepeHocHTCs B crieuManbHbli 16-paspsambi’
perucTp ICR1H:ICR1L. [lo3Tomy pexxum "3axBara" crneuuanbHO BKUIKOHaTh He Tpebyer
csl — HH Ha c4eT, H4 Ha Apyrue GyHKLMH TaliMepa OH HUKakK He BiauseT. [{ns Toro uyrobb!
MOXHO Obu10 0OHapyxuTh ¢akr "3axsara", UMeeTcs COOTBETCTBYIOLIEE MpepbIBaAHH.
Timer1 Capture (y AT90S2313 oHo ueTBepToOe 1o cuery, cuutas Reset), koTopoe paszpe
LIAeTCs YCTaHOBKOM 6MTa TICIEL perucrpa TIMSK.

i BEJEHHH TOUYHBIX U3MEPEHHH CleyeT y4ecTb, UTO MeXay "3axBaTom" W Kon
Ipu nposenenu yuec "3a " H
pOBaHHEM CHETHOrO pericTpa UMeeTcs 3afepikka OKOJIO TpeX TakToB ("3axBaT" MpoMc-
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XOJUT CHHXPOHHO C TaKTOBBIM CHUIHAJIOM, NMOTOMY pa3bpoc MOXET COCTaBiATb OAMH
TakT). BriatoueHue cxeMbl "monaBneHUs LiyMa" yBENMUMBAET 3aAEpXKKy elue Ha YeTbipe
takra. CneayeT OTMETHTb, YTO Ha MpaKTHUKe JaHHas cxema Mano3dgexTrBHa — "Ha-
croawuit" npede3r IMTCA AECATKH MUMJIMCEKYHA, TaK YTO CXema ero He "OTNOBHUT", W
TakUM 06pa3oM MOXHO GUALTPOBATH TOILKO OYEHb KOPOTKHE "HUTONKH" (IIUTENBHOCTBIO

MEHEEC YETbIpEX TaKTOB) — SABJICHHE NOBOJIbBHO PEAKOE.

Takum o6pazom, cxema NeHCTBUM NP U3MEPEHHUH NEPHOA TaKas: pa3peLlaeTCs npepbl-
BaHWe "3axBara" U TaliMep 3alycKaeTcs Ha cueT ¢ HyXHOH yacToToH. M3mepsemslii cur-
Han nopaercs Ha BbiBog ICP (y AT90S2313 st1o BbiBOA 11, ero HeoO6xoaUMO OCTaBHUTb
CKOHGUryprpoBaHHBIM Ha BXOA). B mpepbiBaHUM ¢ comep>XMMbIM perucTpos "3axsara"
ICR1H U ICRLL MPOU3BOASATCS HY>KHblE ONepauuH.

Bonpocos 0 TOM, 4TO AenaTh C caMUM TaiiMepOM MPH 3TOM, BO3HUKAET cpa3y HECKOJbKO.
Bo-nepBbiX, 113 W3MepeHUs He nepvona (T. €. MPOMeXXyTka BpeMEHH MeXAY (GpOHTaMu
WK MeXAy CMajaMH), a HHTepBaJla BpeMeHHU (T. €. MPOMEXYTKa BpEMEHH Mexny (poH-
TOM M CMaZoM WIH MeXIy CMaaoM W (poHTOM), B 3TOM MNpepbiBaHHH HY>KHO NepekIto-
yaThb aKTHUBHbIH ypOBEHb C TIOMOILLbIO yCTaHOBKH/cOpoca GHUTa ICES1 B perucTpe TCCRI1B.
Torzma ynpowaroTes Taioke W nocjeayrowue AeHCTBUS — Mbl MMeeM 3arac BpeMeHU 10
npuxoaa ciaenytouiero ¢ppoHTa/crnajga, v 3a 3TO BpeMs MOXKEM COBEpLUHTH JOCTATOYHO
MHOFO onepaluii (Monaras, 4TO 4acTOTa BHELUHUX COOLITHIA HEBENHKA).

B aToM cnydae nopsanok aedcTBUil Takod (MpPeANONOXHUM, YTO Mbl "JOBUM" MOJOMKH-
TeNlbHble UMMYJILChl): CHauyala ycTaHaBiauBaeM "3axBar" no ¢poHTy (YCTaHOBKOWH OuTa
ICES1), pa3peluaeM MpepbiBaHUs, HO TaiiMep He 3amyckaeM, TOJbKO OOHy/seM ero cyer-
Hble perucTpbl. B HacTynuBuiem npepbiBaHMK Mbl HEMEAJEHHO 3aMyckaeM Taimep U fe-
peitoyaeM "3axBaT" Ha peakuuio no cnany (c6pocom 6ura ICES1). B cnemyrouiem npe-
pbIBaHUM Mbl (PUKCHpPYEM COAEpXKHMMOE perucTpa 3axBaTa ICR1H:ICR1L, NPOMU3BOAWM C
HMM HeoOXOonuMble NEWCTBHMS, OCTAHABIMBAEM TaliMep, OUMLIAEM €ro W Mepeksiiovaem
onsATh "3axBaT" Ha peakuMIo no GpoHTY.

[Tpu u3MepeHrH HMEHHO neproja nepekitoyath GPpoHT/CNan He HY>KHO, a BOT perucTpbl
TaliMepa ouuilaTh Bce paBHO TpeOyerca. Tak kak, kpome 3axepxuku cOOCTBEHHO "3axBa-
Ta", UMeeTcA elle 3afep)Kka BO3HMKHOBEHHS NpepbiBaHua (6—7 TakTOB, B 3aBUCHMOCTH
OT MOZE/NH) M Ha BbINONHEHHE KOMaHI OYMCTKH Tajoke HeoOXomumo BpeMms (He MeHee
JIByX TakTOB), TO 00lias ownOka MOXKET COCTaBATb OKOO 12 TakTOB, YTO NMPH TOUHBIX
M3MepeHUAX HeAOoMyCTUMO. DTy OKUOKY MOXHO yyecTb (MpocTo npubaBnss 12 TakToB Kk
yuciy, 3ahMKCUPOBaHHOMY B CHETUMKE), a 1Sl MEPUOAHYECKHX CHIHAJIOB MOXKHO MOCTY-
nuTh Goslee panuKaibHO: NPOBOAMTL M3MEPEHHUS HLUbL KaXbIH BTOPOH nepuon. Pasyme-
eTcsl, €C/IM YacToTa 3anojiHeHus cueTurka 1/8 oT TakTOBOH M HMXe, TO naHHas owwKnbka
CTaHOBHUTCA He3HauUMOH (4YTOObI ee CHHU3WUTb [IOMOJIHUTENbHO, CIeAyeT WCMOoab30BaTh
BO3MO)KHOCTb OUYHCTKH PErvcTpOB MpeLaenuTes, MMeloLLylocs B cemeicTBe Mega).

Jluctunr 8.10 unnrocTpupyeT npouecc u3MepeHus nepuoaa Wiu "noeaun" peakux coObl-
THii B npocTeiilleM ciy4ae 6e3 yueTa BCex 3THX HI0aHCOB ("'MojaBieHue wyma" Takoke He
BKJIIOYaEM — pelKHe coObITUS MOTYT NPOSBAATL ce0f NOCTATOYHO KOPOTKUMH HMIYJlb-
caMmu).
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yae 3TO BbUILETCS B OAHY M3 MoAuMKaUMH Mpoueayp AeleHUs MHOroOaiToBbIX uucen,
onucaHHbIX B 21aee 7. Ho 310 euie He Bce. Ecnu TakToBas yacTora, Kak W paHee, 8§ MI'y,
TO Ha BXxoje Taiimepa Oyzaer | MI'y, W s nosyyeHUs 4acTOThl B repuax Ha NnoJjly4eHHbiH
nHTEpBan npuaerca aeauth uucio 10°, Tpn usmepseMoii 4acToTe NOpAaKa EAMHHML repll
B pe3yJibTaTe Je/leHHs MOJy4aTcs YKC/a OKOJIO €AHHHLbI C GOJbIINM H OYEHb HHpOpMa-
THBHbIM "XxBocTOM" mnocne 3anaToil. OTOpoCHTL 3TOT "XBOCT" HENb3% — pa3peLiaoLas
cnocoOHOCTL MeToaa OyAeT TakoBa, YUTO HE CTOWJIO M 3aTeBaTb BCE 3TH "3axBaThl", a
MOJKHO MPOCTO OrPaHHUYHTBLCS OObIUHBIM MOACYETOM YaCTOThl MO COCO0Y YacToTOMepa.

Kak >xe BbiBepHyTbca? [N 3TOr0 HY>KHO CABHHYTb 3ansTylo (AecATHUHYIO! MPHEM C Ma-
HUMYJIMPOBAHHEM ABOWYHbIMH YHCJIAMH 31ECb HE MPOXOAHWT) 61paso, T. €. OCYILECTBHTH
JOTIONHUTENbHOE YMHOMXEHHE pe3ynbTaTa, Hanpumep, Ha 1000, uToGbl NONy4MTL TpH
JOMOJIHUTENbHBIX 3HAuYalMX UMGPpbl MOC/IE 3anaTOH NpH AHanasoHe B €AMHHLbI reply
(caMy 3ansATyi0 Ha MHAWKATOpPAX NPUIETCH NMOCTABUTb NPUHYAUTENbHO). UTOObI ONATH He
BO3UThCA C "muaBatouieii”" apudMETHKOMH, cneayeT, Kak Mbl U IeNnajiu B 21ase 7, 3apaHee
YMHOXHTb A€UMOE Ha HYXHbIH KOIDPHUUHEHT — T. €. Mbl OyAeM AENUTb Ha JI0Jy4eH-
Hblii nepron uucno 10°, a ve 10°. B o6ueM-To, 370 He Tak yx u cTpaiwHo (10° 3aiimer
uetsipe Gaiita: $3BOACAQ0, 3T0 uKcIO HYXKHO AeNUTb Ha TpexOaiiToBblii cueTuuk). [1pu
yKa3aHHbIX napameTpax, Takum o0pa3oM, MHHMMajlbHas M3MepseMas 4acTOTa MOXKET
COCTaBHTb OJIHY ThICA4HYIO repLa.

3aKOHYHMM Ha 3TOM C MCMNOJIb30OBaHUEM Taﬁmepos no nMpaMoMy HasHa4Y€HHIO — T. €. AN
HU3IMEPEHUAd BPEMEHH, H HEMHOIO OCTAHOBUMCS Ha TOM, KaK OCYLUECTBAATbL WHAWKALUIO
NONYHCHHbIX YHCE.

YnpaBneHve AMHaMMYeCKON MHOANKaLuen

Tunos MHAMKATOPOB CYLUECTBYET BENMKOE MHOXXECTBO (MO CYTH KOMIbIOTEPHbIH AMC-
niei — ToXKe WHAMKATOP), HO Mbl OCTAHOBUMCH Ha CaMoOi NpOCTOH MX pa3HOBWUAHO-
CTH — CEMHCErMEHTHbIX LUH(PPOBbIX HHAKKATOPaX. Mbl He Oynem yrnybnsaTbcs B TOHKO-
ctu ynpasneHus JXK-uHankaTtopamy — Ha pblHKe npeacrasieHo MHoro, Moaenei KKK
(LCD) ¢ cambimMu pa3HooOpa3HbiMH WHTEpdeiicamu 1 KOHUTypaumreH, U X pas3bop ysen
6bl Hac cnuwkoMm paneko. B uyacTHocTH, B cemeiictBe AVR uMeloTcs KOHTposuiepbl
ATmegal69/329/649 co BCTpOEHHbIM apalBepOM MaTPHUYHOro WM cerMeHTHoro XKK-
aucnnes 4x25 nosuumii. OObIYHO NOAKIIOUYEHHE CaMbiX NPOCTLIX ceMucerMeHTHbIX JKK-
MHIMKATOPOB 6€3 BCTPOEHHOrO KOHTPOJUIEPA H C MapailefibHbiM YNpaBleHHEM CerMeH-
Tamu (Hanpumep, otevecTseHHbIX XKLL unu ITS ¢pupmbl INTECH) Tak, kak 310 aenaercs
B cxemax Ha ocHose nonynsapHbix ALITT 572T1BS, k MK 3aTpyaHeHo cliuiikom 60bLinM
KOJIMYECTBOM HEOOXOAWMBIX COCAHHEHHIi, HA KOTOPbIE MPOCTO HE XBaTAET NOPTOB (Tak,
y ynomsHyTbeix ATmegal69 kopnyc umeet 64 sbiBoaa). O ToOM, kKak BbIBEPHYTHCS W3 3TOM
CHTyaUHH, Mbl 31€Cb rOBOpHUTb He Oynem. Jlng Tex, KTO MHTEpecyeTcs TeMOi MpHUMEHe-
Hus XKXK-uHaukaTopoB, OTMETHM, 4TO NpUMeEp Hcnosb3oBaHus Moxeneii AVR Mega
¢ uudpoii 9 B koHue ob6o3HaueHus npuseaeH B Application Notes AVR064 u AVRO065.
IMpumepsbl cornacosanus cemucermMenTHbix XXKH ¢ nocneposarenbHbiM HHTEpdeiicom
¢ AVR moxHo HaliTh no aapecy www.atmel.ru/Articles/Atmell7.htm unu B nokymeH-
Te www.platan.ru/shem/pdf/46-52sx.pdf.






nasa 8. [pozpammuposaHue maliMepos 169

[lo aToi NpUunHE cXeMa NOAK/IIOHEHHUSt CBETOAHOAHBIX HHAKHKaTOpoB kK MK 06bluHO Oka-
3niBaercs 6onee rpomosakoid, yem JKK-uHankaTopoB, 3aTo yrnpaBieHHe HMU OKa3blBaeT-
Cs MpOLIE U HArNAAHEN, a BLIMAAAT OHH ropasfao KpacHMBEE M Jlyyllie BMAHbI, Yem "cie-
nble" KUAKOKPUCTANIMYECKHE (YUMTbIBas €LIe, YTO UMEETCS JOBOJbHO 0ONbLIOE Pa3HO-
obpasue LED-unankaTopos no ugery).

ITpexkne uem nepeTH K NpakTUYECKOH cxeme, pas3depeM MIEK AUHAMUYECKON WHIMKA-
LMK, 3aK/II04aeTCs OHAa B TOM, YTO B K&XblH MOMEHT BPEMEHH MUTaHHE MOAAETCA TOMb-
KO Ha OJMH M3 pa3psoB, U ONHOBPEMEHHO Ha BbIBOJAX CErMEHTOB, KOTOpPbIE I/ BCEX
pa3psanoB 00beAMHEHbI BMECTE, (hopMUpyeTcs HyXHbii koa uudpsl. B cnenytouem takre
NHUTaHWe NojaeTcs Ha Cieaylowuil paspal, a Kol CErMEHTOB CHHXPOHHO MeHsietcs. [(u-
HaMHyecKas MHAMKALKMA BbIFOHa MpH uuche paspanoB OGonee asyx. Hanpumep, npu ue-
ThIpEX pa3psAax HEeNnocpencTBEHHOE (CTaTH4ECKOEe) ynpaBieHHe uHAukKauued (koraa
BCEMM CErMEHTaMH BCEX Pa3psiioB YMNpaBJsiOT COBEPIUEHHO HE3aBUCUMO U aCUHXPOHHO)
norpedosana 6bl 28 NUHUH ynpaBneHHs (He CUMTas pa3leNUTeNbHONW TOUYKH), a TUHAMM-
yeckoe — Bcero 11 (ceMb — ynpaBlieHHsl CEFMEHTaMH U YeTbipe — pa3psaaMu).

[Tpumep cxeMbl NOAKIIOUEHHS YETbipeX pa3psAloB (Hacbl, MUHYTbl W pa3feSuTeNbHOe
JIBOETOUME) B pacHeTe Ha AMHAMUYECKHH PeXUM rpuBeneH Ha puc. 8.4. 3pech BbIOpaHbl
MHIMKATOPbI ¢ OOLMM aHOJOM, MOTOMY YNpaBieHHe pa3psAaaMi JOMKHO MPOU3BOAUTLCS
B MONOXHUTENbHON JIOrMke (nojaya HanpsHKEHMs 3aXKuraer paspsi), a yrnpaBieHHe cer-
MEHTaMH — B OTPULATENbHOM (10Aa4Ya HU3KOrO YPOBHS — Yepe3 pe3ucTop — 3axuraer
CETMEHT).

VD1, VD2
[3,8 3,8 L132y 3,8 3,8
OA OA OA OA
abcdefg abcdefg abcdefg abecdefg
7|s4z1191o 176421910 17|s421|91o |7s42190
L <.
H1-H4 SA10-21Y
| | I T T
alvlolalola|~vlololBi2icinlala
HHEEHBHERERE 4
x1pLo-1e) |2 8|z |E|3|2(|3|5]|215(3|O ®
HEIHEHEEHBEBHBEE
ol®m
® wlo|ojajo =]

Puc. 8.4. Cxema uHauKkaumm Ans 4acos
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B cxeme Ha puc. 8.4 nokasaHbi 60abLiKe (¢ BbICOTOH UMbl paBHO# AOHMY) HHAMKATO-
pbl xkeaToro ceeyeHns SA10-21Y, Ha cerMeHTax KOTOPbIX MaficHHE HaMNpAXKEHWS JOCTH-
raet 4-4,5 B, nioc naseHHe HanpsmKeHWs Ha TPAH3HCTOPHBIX Kitouax (nopsaka 2 B),
NO3TOMY HamnpsiKeHWe NMUTaHUS BCEi CXeMbl JOMKHO ObiTh He MeHee 7-8 B, a syuie —
6onbuie. B naHHoM cnyuae Mol BoiGepeM 12 B, Ha koTopble 6ynyT paccuMTaHbl pe3HCTO-
pbl B cxeme ynpasieHus (cM. oanee). OTMETUM, YTO AMHAMHuYecKas WHAMKaUUA He A0-
MyCKaeT MyJbCHPYIOLLEro NMUTaHUs HHAWKATOPOB (4TO HOPMAJIBHO JUTA THUMOBBIX CXEM Ha
pacnpoctpanenHom ALIT 527T1B2, rae ynpaBieHWe MHAHKALMEH CTAaTHUECKOE) — OHO
MOXKET ObITb HECTaOMIM3HPOBAHHBIM, MPAMO ¢ 0OMOTKM TpaHc(opmaTopa yepes Bbinps-
MUTEIb, HO JOMKHO CrIaXKWUBATLCS (PUIBTPOM C KOHAEHCATOpPaMH AOCTAaTOYHOH €MKOCTH,
MHaue WHIAMKATOpbl Hen3bexxHo OyayT MepuLaTh W3-3a BO3HUKHOBEHHs OHeHHi mexay
4acTOTaMH CETH W MepeKIioYeHus pa3psioB.
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VT5-VT8 KTa16r

Puc. 8.5. Cxema ynpaBneHus Ans WHAUKaLUN BPEMEHN

[Tpumep cxembl ynpaBiieHus TaKHM WHAMKaTOpPOM Ha OcHoBe Bce Toro e AT90S2313
nokasaH Ha puc. 8.5. JIng HarfsaHOCTH 31€Ch OMYLUEHbl pa3fHuHble MOMOMHUTENbHbIE
CXeMbl, HeoOXoauMble i (GYHKUMOHMPOBAHHUS YacoB, — KHOMKH YCTaHOBKH, cXema
NOAKJIIOYEHHs pe3epBHOI Garapeiikd (MOITOMy B HyMepauMu Pe3WCTOPOB AOMYLLUEHbI
nponycku — pesvcropbl R2—R6 He noka3saHbl), Npu JKeNaHUK MOJIHYIO CXEMY TaKuUX ya-
COB M ee onucaHue MoxkHO HaWTH B [8]. Tlo cpaBHeHUIO ¢ "HacToswer" cxemoii 3aech
TaKKe A/ yNPOLUEHHS U3MEHEH NMOPAAOK NOAKIIOUEHHUS YNPaBAsAIOLMX THHUIH — 1eNo B
TOM, YTO BbIBOJOB B Mozenu 2313 "B ob6pe3", 4acTb M3 HUX OKa3bIBAETCH 3aHATOH NOA
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pasnuuHble GyHkuMd. U paxe B HauieM npocteiiiemM npHMepe NOpSAOK NOAKIIOYEHHS
CErMeHTOB OKa3biBaeTcs HapyuieHHbiM (BbiBoa PB3 coBnanaer ¢ BeiBopom OCl, koto-
pbii ynpaenser cekyHaHoi "murankoit"). [lopsnok BbIBOAOB B JaHHOM Cllyvae MOXKHO
BOCCTaHOBHWTb, €C/IH YNPaBATh "MUraakoi" He aBTOMaTHUYECKH MO NpepbiBaHHUIO TaliMe-
pa, a "BpyuHyt0" ¢ Apyroro cBOOGOJHOroO BbIBOJAA, HO jyullle BOOOLLE B3STh APYroi KOH-
TpoJuiep ¢ GOABLLIMM YKCIIOM BbIBOAOB NMOPTOB. MBI K€ 37eChb MOKaXkeM, KaK cJeyeT no-
CTynaTh B TakOW CUTyallHH: eciii Obl BbIBOAb! YNPABIE€HHS CErMEHTAMH LM MOAPSA, TO
JIOCTaTOYHO K pPerucTpy nopra B npHIOKHTbL Macky cermMeHTHbIX KOAOB Mo Tabauue Ha
puc. 8.2, a Tenepb npuUAETCcs U3BOPaYUBATHLCS.

Cpa3y Taroke pazdepem npumep ¢ 66nbMM YucaoM paspsanos. SAcHo, yro y AT90S2313
HEAOCTaTOYHO BBIBOJOB, 4YTOObI Hanpsmylo O0ecneYnTb AHHAMHYECKYIO WHAMKALHMIO,
Harnpumep, UIs 4acToToMepa (Mo kpaiiHel mepe 6—7 AecATHUHBIX pa3psloB), MOTOMY
npuaercs AMO0 ynpaeisTh pa3psiamMH € MOMOLIBIO BHELIHWX AelndpaTopoB (CKaXkeM,
561UJ1S no3sonser ynpaBasTb CEMHMCErMEHTHbIM WHAMKATOPOM YETbIpEXpa3psAHbIM
IBOH4HbIM KOZOM ¢ BbiBoaoB PD0-PD3, a ynpasasare nepexstoueHueM ceMu pa3psiaos u
JECATUYHON TOUKOI MOXKHO TOr/Ia YEPE3 MONHOCTLIO ¢cBOOOAHBIH NopT B), 1160 BLIGpaTh
Zpyroii KOHTposiep ¢ 6ObLINM YHCIOM BbIBOJOB.

Pa36epem paGoTy AMHaMHUECKOro pexxumMa MHAHKauuu noapodHee. MHankaropsl dakTu-
YECKH OKa3biBAlOTCH BKJIIOUYEHHBIMH TOJILKO YacTb BPEMEHH, NOTOMY, YTOObI 0GECNeUHTh
JIOCTaTOYHYIO IPKOCTb, YePE€3 HUX HYXKHO MpomyckaTh 60JbLiuii TOK (MPH YETbIPEX HH-
JHKaTopax — BueTBepo OONbLUMH, yeM Ui cTaTudeckoro pexxuMa). Otcrona BoiGHpatoT
HOMHHaJIbl OTPaHUYMBAIOLIMX PE3MCTOPOB — B HawieH cxeme Ha puc. 8.5 OHW paBHbI
470 Om, yto nacT npy 12-BOJLTOBOM MUTaHHH OKoJIO 12—13 MA B MMMyJibCe, UM NPH-
MepHO 4 MA cpelHee 3HaueHHWe — U1 HOPMaJIbHOM sipkocTH 3TOro aoctarouHo. Mcrou-
HHK MUTaHHUS MOXXHO PacCUMTBIBATb HAa CPEAHEE 3HAYEHHE, T. €. MAKCUMaJIbHBIM NOoTped-

JiseMblii Tok coctaBut (npu ropsuux undpax 8 Ha Bcex MHaMKaTOpax) He Gonee 110-
120 MA.

MporpammupoBaHne AMHaAMUYECKOM UHAUKALUN

Ipu nporpaMMHpOBaHMH pexMMa AMHAMMYECKON WHIAMKALMKM HEOOXOIMMO y4ecTb, UTO
nepeKsioYeHHe Mexy pa3psiaaMH AOHKHO MPOHCXOAWTL JOCTATOYHO ObICTpO — ¢ vac-
TOTOM, He MeHbluei, yem 50-60 ', HHaue UHAMKATOpbl OYAYT MepLaTh 3aMETHO MJis
rnasza. OueHb OONbLIYIO YacTOTY 'NpH 3TOM 3aJaBaTb HE pPEKOMEHAYyeTcs, T. K., BO-
NepBbIX, H3-32 HHEPLIMOHHOCTH KTtouelt OynyT NOACBEYUBATHCA BbIKIIOYEHHbIE CErMeH-
Tbl B COCEHUX pa3psiax, BO-BTOPbIX, HE ClIe[lyeT CHIbHO Neperpyxarb KOHTposiep —
KaK Mbl YBUIMM, [JaXKe B HallleM NpocTeiLeM ciyyae npoLeaypa HHAWKALMH J0CTATOYHO
rpoMO31Kas.

[Tpeanonoxum, 4To BpeMs y HacC OTCUHTBIBAETCA ¢ noMollbto Timerl, Toraa ¢ nOMoLLbIO
Timer0 yno6Ho ynpapnste uHavkatopamu. [lonanum Ha Hero 4acToTy, paBHYIO, HarnpH-
mep, 1/64 ot TakToBoi#i (4 MI'1), TOorna npepbiBaHHsA NO NEpPenoNHEHHIO OYAYT NMPOUCXO-
JIMTb C 4acToToi okono 244 [y, yto /s YeThipexX WHAHKATOPOB mnpHemsieMo (YacTora
nepeodeHus coctTasuT 244/4 = 61 I'u).

Tepen Tem kak "W300peTaTh" MpOUEAYPY YNPaBiEHUS MHAWKATOPAMH, ONpEAETHMCH
¢ TeM, Kak ¢opMupoBaTh pucyHok un¢p. DakTHueckH Ans 3TOro HeoOXoAUMO B MpO-
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KOMMYTHUPOBATbCS HYXHbIH cerMeHT Ha "3emuio" (uepe3 TOKOOrpaHWYMBAIOLIMH pe-
3UCTOD).

Tanmepsl B pexume PWM

O6aacTH npuUMeHeHMs TaiMEpOB B PEXHUME LIMPOTHO-UMMYJbCHOH MOAyJsuUMH (ro-
anrauiicku, PWM — Pulse-Wide Modulation) 1oBosbHO MHOrooOpa3Hbl, COOTBETCTBEH-
Ho B MK AVR Takux pe:xxHMOB OCTaTO4YHO MHOTO, M pa3iH4aloTcs OHH cnocobom obec-
neueHns LLIMM, pa3psaHocTbio ¥ ApYrMMHU HI0aHCaMH (€CTb PEXHMbI, FAE YMCIIO pa3ps-
JIOB 33]aHO MKECTKO, a ECTb TaKHE, KOrAa pa3psAHOCTb OMpPENESISET COAEPIKUMOE PErucT-
pa "3axBata"). [lepebuparh Bce BapHaHTbl Mbl, €CTECTBEHHO, He OyneM — B OMHCAHWM
KOHTPOJIIEPOB, a Taloke B uTeparype [1, 2] nocTaTouHo noApoOHO OMUCAHbI 3TH PEXHMbI
(v 5TH cBeaeHMA 3aHUMAIOT 3HAYMTENIbHO OoJblle MecTa, YeM Apyrue QYHKUHH TakiMe-
poB). OcTaHOBMMCS TOJIbKO Ha mpocTteilueM npumeHeHud PWM s BocnpousseneHHs
3BYKa C MOMOLIbIO KOHTPOJLIEPOB.

ITo cytu, LLIKM npeacrasnser co6oi OAWH W3 BAPUAHTOB aHAIOrO-LM(POBOro WK LHp-
poananoroBoro npeobpaszoBaHus. B ananorosom BapuaHTe npeobpazoBaHHE CHHYCOM-
nanbHoro curxana B LLIMM-nocaenoBarenbHocTb M 06paTHO B CHHYCOMAY CXEMAaTHUYECKH
BbIMJISAMT TakK, Kak nokasaHo Ha puc. 8.6. Jlns npsmoro npeoOpa3oBaHWs HA OAMH U3
BXOJIOB KOMMapaTopa nojaercs CUrHajl OnopHO# YacToThl f,;, KOTOPbIi HMEET TPeyrob-
Hylo opMy, Ha BTOPOH — MCXOIHbIH aHaIoroBblii curtan U,. [1pu coBnageHun ypos-
Hel Ha BXOJax BbIXOJ KOMMapartopa nepewitouyaercs "Tyna-obpaTHo", u B pe3ynbTare
(hopMHUpyeTCs 'MOCNeA0BATENbHOCTb MPSIMOYrOJbHBIX UMMYJILCOB C Hecyllei 4acToTok
Jons B JUTUTEJILHOCTH KOTOPbIX OKAa3bIBAETCH 3aKOAMPOBAH YPOBEHb MCXOAHOIO aHAJIOro-
Boro curHana. Ecau tpeGyercs noToM onsTb BbIAECAMTb aHAJIOrOBbIA CHUrHAJl, TO TaKylO
MoC/Ie10BaTebHOCTD MOJAIOT Ha KJIKOYEBOH yCuauTesb (Ha cxeme OH 0603HaueH napoi
KOMIUIEMEHTApHBIX TPAH3UCTOPOB) U MPOMYCKAIOT 4epe3 GULTP I OTCEMBAHUA OMOP-
HOWM 4acToTbl.

/ ” Unur +
Usx + l
Komnapavop ’
R /
fon RN
RC >> 1y c I Vseix ./

Unur -

_Puc. 8.6. Cxema ananorosoit LUIWM

Jna ycnewHoro npeo6pa3oBaHus 6e3 norepb B CMEKTPE aHATOMOBOrO CHrHaja OnopHas
4acToTa AO/DKHA ObITb BJBOE BbILIE CAMbIX BbICOKOYACTOTHBIX FAPMOHHUK HCXOJHOrO
curHana. Tak, nis peuu ¢ 3anacom nocTaTouHo 8 kI L, MOXKHO B MPUHLIMINE OrPaHHUYMTHCS
1 4 kI'u (o6bluHbIH pasroBop yknaabiBaetcs B nosocy 4yactoT 300 I'u—3 kI'u). OnHako
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TOrAa Ui GMABLTPALIMH OTMOPHOH YacTOTHI (OHA TaKKE OKa3bIBAETCs B 3BYKOBOM AMana-
30HE) MOHAROOUTCS OCTATOUYHO KauecTBEHHbIH GunbTp. UTOObI YNPOCTUTL KOHCTPYK-
LIMIO, XKeNaTebHO BbIOpaTh OMOPHYIO YaCTOTY BbILLUE MOPOra ClbILUIMMOCTH, KOTOPbIH CO-
crasaser okono 16-20 k['u. Ormerum, yro ans Gonee 3¢dexkTHBHOrO MCrONL30BaHUA
CreKTpa OMopHas YacToTa MoXeT ObiTb MepeMeHHOH (aHanor Takoro pexxuma B AVR
TaKxke MPHCYTCTBYET).

B uucro undposom suae LLIMM peannsyercs HeMHOro MHaue, YeM B aHaJIOrOBOM —
B POJM KOMIMapaTopa M OJHOBpPeMEHHO (GOpPMHpOBATeNst OMOPHOH YAaCTOTbI BbLICTYMAET
CYETYHMK B COBOKYMHOCTH C PETHCTPOM CPaBHEHHsA. ICXOQHBIM CHIHANIOM 3AECh CITYXKHT
uH¢poBoii 3BYK, 3aNHCaHHbIH, €CTECTBEHHO, €3 cxKaTHis — B BHJE MOC/EA0BATENbHOCTH
6aiT, XxapakTepH3ylOLHX YPOBEHb CHTHala, — W C 3apaHee OroBOpeHHbIM GHTpeHTOM,
T. €. YHCJIOM OTCYETOB B €MHHULYY BPEMEHH, KOTOpas 3[eCb BbICTYMAeT aHAJIOroM Ornop-
Hoi1 yactoThl. B npocreiiluem ciyyae 4Mcnio rpajauvi aHanoroBoi LUKaibl paBHO 256 -
(8-6uTOBBIH 3BYK) M OUTpEHT 32 BpeMs 3By4aHHUs HE MEHAETCH.

Torna nmpeoGpa3oBaHue uugposoro 3syka B LLIMM-nocnenoBarensHOCTs MOXKET GbiTb
BBIMIOJIHEHO C MOMOLIBIO PEBEPCHBHOrO MJIH OOBIYHOTO CyMMMpYIoLlero cuetuuka. Jns
3TOr0 HY)XHO 3aMMcaTh B PETHCTP CPaBHEHHs TEKYyLUEE YMCIO M3 MOCNEeN0BaTeNIbHOCTH
OTCUETOB M 3aMyCTUTb CHETUYHK HA CUET C HyJis B CTOPOHY yBenuuenus. Koraa uucno B
CUETYMKE CPaBHAETCA C 3aMHCAHHbIM B PETUCTpE, MEPEKTIOYHTCA 3HAKOMbIA Ham BbIBOJ
OCx, 0qHOBpEMEHHO CHETYHK cOpachiBaeTCs, U HAYHET CUMTAThb OMATb. 3a 3TO Bpems B
PErHCTp CpaBHeHHs HEOGXONMMO YCTeThb 3afHcaTh YHCIIO, COOTBETCTBYIOLIEE CIEYIO-
wemy orcyety. Tako# pexum HadbiBaeTcs Fast PWM, u peanusyercs, kak eAMHCTBEHHO
BO3MOXHbIH B HEKOTODPbIX 8-paspsiHbIX CUETUHKAX, A TAKXKe, KAK OJMH M3 BapHAHTOB,
B 16-pa3psaaHbIX CUETUHKAX.

B npyrom, 6onee "npoasuHyTOoM" BapHanTe, HasbiBaemoM Phase Correct PWM, 16-pa3s-
pAAHbIA cyeTUHK paboTaeT Kak peBepcHBHbIii. [Ipy 3TOM OH HenpepbIBHO CUMTaeT CHaua-
J1a OT Hy/S 10 MAKCHMAJIbHOrO 3HaYE€HH — MOy cuyeTa (KOTOopbii onpeaensercs JH6o
3a/laHHOH pa3psAnHOCTBIO, IMOO COAECPKUMbIM perucTpa "3axsara"), 3aTeM OOpaTHO 110
Hyas. [Ipy QOCTHXKEHHH HYNs CUET ONATb PEBEPCHPYETCS B CTOPOHY yBEJIHUYEHHS, H BCE
nosropsercs cHosa. Ilpu coBnajeHHMM cO 3HaYeHHWEM B PErHMCTpe CPaBHEHMs, KaK U B
npeapiayliem ciyuae, nepewtouaercss sbisog OCx, COOTBETCTBEHHO, COAEPI)KUMOE 3TOrO
perucTpa Heo6XOAHMO CBOEBPEMEHHO MeHATh. CyLIECTBYIOT U ApYyrye pexxumbl (1Jisl Ce-
meiicrea Mega), Ho mbl Oyaem ucronb3oBaTh MMeHHO Phase Correct PWM, npuuem B
cemeiicree Classic mis Timerl 310 eIMHCTBEHHO BO3MOXHbIHM pexxuM. lnarpamMmmb mis
BCEX 3THUX PEXHMOB Bbl HaiijieTe B loGom pykosoacTtee no MK AVR.

Phase Correct PWM mbl Gynem npumeHsTb aas 8-6MTOBOroO 3ByKa, T. €. pa3spsaaHOCTb pe-
*HMa ycTaHoBHUM 8 6T (B 16-pa3psiHOM cueTUMKe AOCTYMHbI elue pexxumMbl 9 u 10 6ur).
ITpn 3TOM cuetunk cumraer ot 0 10 255 U 06paTHO, Nno3ToMy Hecyuas yacrora LLIMM-
rocnenoBaTebHOCTH (HO He GUTpeiT 3ByKa!) OyaeT 3a1aBaThCsi COOTHOLIEHHEM "'YacTo-
Ta Ha BXxoze Taiimepa/510". M3 naHHOro ycnoBus HETpyHO MOACHHTATH, YTO AN BbIBOAA
HecCyLlIel 3a npeaesibl CIyXOBOrO BOCTMIPHATHSA HEOOXOAUMO UMETb JOCTATOYHO ObICTPbIii
KOHTpPO/IJIEP M yCTaHaBiMBaTb KodhduuueHT npennenurens 1/1. Hanpumep, "ksapu"
c TakToBo# yactoToi 16 MI'u nact Hecyuyto 31 372 I'u, koTopyto nerko otTduabLTpoBaTh
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jom—————m NPepLBAHMUA —=—===

rjmp RESET ; HadajbHHM 3arpy34uk
.org $007
rjmp TIMO ;ofpaboTumMk NpepeBaHus nepenojiHeHus Timer 0O
.org $00D
.include "I2C.prg"
j========= 00paboTuMK NpepHBaHusa oT Timer (0 ========s===
TIMO:
out TCNTO,T_Sample ;nepeszapsxaem Timer0
rcall read_i2c ;uTeHMe namATH,
;B YL,YH — ampec, B DATA — nomy4. GanT
clr temp
out OCR1AH, temp ;3anuchb BCerga CO CTapuwero
out OCR1AL,DATA ;3aHeceHue OBarnrTa B PWM
sbiw XL,1 ;yMeHbllaeM CUETUMK [POUMTAHHEIX OanT
brne rt_pwm_ ;ecmu OH paBeH 0
out TCCRO, XL ;To BmIJIOUaeM Taimep 0
out TCCR1B,XL ;u Timer 1 Takxe
rt_pwm :
reti ;xoHel oBpaboTumka TimerO
RESET:
1di temp, 000100000
out DDRD, temp ;OClA — Ha BHIXOQ
1di temp, (1<<COM1Al) | (1<<PWM10) ;uHMUMam3aumusa PWM
out TCCR1A, temp
1di temp, 1<<CS10 ;Brmouaem Timerl, 1/1
out TCCR1B, temp
1di temp, (1<<CS01) | (1<<CS11) ;BxumouaeM TimerO, 1/64
out TCCRO, temp
out TCNTO, T _Sample ;3apsxaem Timer(0 Ha 4 kHz

1di temp, (1<<TOIEOQ) ;paspemaeMm npepupaHve Timer0
out TIMSK, temp

clr temp ;oumiiaeM BCe DPETMCTPH

out OCR1AH, temp

out OCR1AL, temp

out OCR1BH, temp ;perncTpsl CpaBHEHMS B Takke oummaeM

out OCR1BL, temp

1di XH, high (Nbytes)

1di XL, low (Nbytes) ;3zapsanka CUeTYMKa BEBOIMMEIX OanT
;BMecTo Nbytes nomcraBuTe oBbeM 3anucu B OaitTax, He Oosee 64K
1di YH, high (ADrWord)

1di YL, low (ADrWord)

;BMecTo ADrWord nomcTaBMTh HadalbHEM agpecC B [aMATH,
;OH MoxeT OhTb oTymueH or 0:0
seil ; paspemaeM npepeBaHuUA
G_cykle:
rjmp G_cykle
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B Hauane nporpammbl Mbl yctaHasnuBaeM Timerl B PWM-pexxuM M 3anaem emy nepe-
Kmovaromii pexxum no Boeixogy OCIA Takoit, yToObl TaM NMPUCYTCTBOBAN HHU3KUH Ypo-
BEHb, a TAKXKE 3aNYCKAEM ero ¢ BXOJHOH 4acTOTOH, paBHOH TakTOBOH. 3aTeM paspeLiaem
npepbiBanue Timer0 ¢ HyxHo# yactoToi. B 3TOH MporpamMMe YncCo BOCMPOH3BOANMbIX
GaiiT orpaHuueHo 65 536 (64 k6aiiT), T. K. ANS YNPOUIEHUS Mbl HCMOJL3yeM AJIs OTCHETa
aapeca 16-pa3paaHiii peructp X. [Ipy He06XOAMMOCTH HECIOKHO AOGABHUTDH €LIE OAWH,
Apyro# perucTp cueTuMka aapeca M 3aaeHcTBoBaTh GOJbILYIO EMKOCTb MaMaTH (npasaa,
TOrAa MPHAETCA MEPEXOIWTb K MaMATH ¢ APYruM WHTepdeiicom, cM. erasur 11 n 12).
B naHHOM TekcTe yka3aHbl TEOpPEeTHUECKHE HaualibHbIN aapec (ADrWord) H 0OBEM 3anmucH
(Nbytes), KOTOpbIE [UIsl BalLEH 3aauH CleAyeT 3aMEHHTb KOHKPETHbIMH uHcnamu. Kpome
TEro, 3Ta NporpaMma Mo OKOHYaHHH 3BYKOBOro ¢parMeHTa MpocTo ocTaHoBHTcs. He-
CJIOJKHO CZeNaTh TaK, HafnpuMep, YToObl OHA 3aKOJbLEBANIACH: IJ151 3TOrO BMECTO BbIKJIHO-
yeHus TaliMepa NMpPOCTO 3aHOBO 3aHECUTE 3HAYEHHE Nbytes B PETMCTPbl XH M XL.

Ha Beixone OC1A (ans 8515 ato BeiBoa PDS, koHTakT HoMep 15 kopnyca DIP) monyuum
B pesynbrate LLIMM-nocnenoBarensHocTh, koaupytowyto Haw 3Byk. Ilocne 3toro ee
JOCTaTOYHO MPOMYCTHTh uepe3 MpocTedlmnii crnaxuBalowuii Guastp (cM. puc. 8.2)
¢ napamerpaMu R = 10 kOm n C = 3,9 H® u nogats Ha BXoJ A1000ro 3ByKOBOrO YCHIH-
Tens (noaokaeT, Hanpumep, Mukpoycuauteas MC31119).

M napa cnos o Tom, oTkyaa GepyTcs MCXOAHbIE 3BYKOBble COMMIbL. JIf 3TOro Hy»HO
3anucaTh B KoMmmbloTepe 3Byk (MOHo!) B popmate WAV Ge3 cikatusa, H o6paboTaTh ero B
Mo60oM 3BYKOBOM pelakTope, KOTOpbiii MO3BOJSAET peryiuposash OMTpeHT U rnyOuHy
oundposku (Hanpumep, Sound Forge). McxonHbiM MaTepranoM moxeT ObiTb Kak Balll
COOCTBEHHbIH rosioc, 3amvcaHHblii yepe3 MHUKPO(GOH, Tak M roToBbl 3BYKOBOH KJIMM.
®opmat WAV 6e3 cxxaTus — 4HUCTbIH OLM(POBaHHBIA 3BYK, U €r0 MOXHO HanpAMylo
nepekaynBaTh B Hallly naMaTb (3arosioBok aiina, umerowuiica B kakaoM WAV, 3aHu-
MaeT BCero napy AecatkoB O6aiWT M moxeT ObiTb npourHopupoBan). Ipouie Bcero mis
3TOro BOCMOJ1b30BaTLCA KAKUM-HUOYAb YHHBEPCAIbHBIM POrpaMMaTOPOM, HO HECIIOHKHO
MoaupUUHpOBaTh NaHHYIO MporpaMmy Tak, 4tobbl MK caM Mor 3anucbiBaTh KJIHMbl U3
rxomnbtoTepa yepes UART (06 oomene nanHbiMu uepe3 UART cm. enasy 13).

WAV-hopmaT MOXKET HECTH M CTEpe03BYK (€C/li pa3pelieHne BOCbMHOHTHOE, TO NepBbIi
6aliT COOTBETCTBYET CHIHally J€BOrO KaHaljla, BTOPOi — MNpaBoro, TPETHH — ONATb Jie-
Boro M T. n.). OpraHn3oBaTh B HalleH MporpamMme cTepeo3BYK O4€Hb NPOCTO — AOCTa-
TOYHO MOMEPEMEHHO M0JaBaTh AAHHbIE HA PErHCTPbl CPaBHEHMS OCR1A M OCR1B, Toraa
BTOPO# kaHaJl MOXKHO CHUMAaTb ¢ BbiBoaa OC1B.
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onepauun, 1 EEPROM c 6osibLioi BEpOATHOCTBIO MOXKET ObITh NOBpexxaeHa. Jns 3aiuu-
Thl OT 3TOI HanacTH (M BOOOLLE OT BbIMOSHEHUS KAKHUX-TO OMepaLMii, KOTOpble HHOrAa
MOrYT HaBpeAWTb BHELIHWUM ycTpoicTBaM) B AVR npenycmorpena cucrema BOD (cm.
2nagy 2), Koropas Npy CHWKEHUW HANpsHKEHUs MUTaHHs JO HEeKOToporo nopora (4 uau
2,7 B) "3arouser" MK B cocrosHue cOpoca. 3T0 noMoraer, HO, KaKk MOKa3bIBa€T OMbIT,
ns obecneueHns abcomoTHOH 3awuTbl faHHbIX B EEPROM, Kk coxanenuio, BCTpOEHHOM
cucrembl BOD HenocTaTtouHo.

CaMblii Haie)XHBIH M NpoBepeHHbIii cnocob npenoxpaHeHus AaHHbIX B EEPROM — npu-
MEHEHHEe BHELIHEro MOHHTOpa MUTaHHA. DTO Hebosbluas MHUKpocxema (Kak NpaBHIIo,
TPEXBbIBOAHAS), KOTOPasi MPH CHHXKEHUH MUTAHUS HHXKE JOMYCTUMOrO 3aKOpauuBaeT
CBOI BbIx0A Ha "zemuio". Eciin muTaHWe B HOpPME, TO BbIXOA HAXOAMTCS B COCTOSAHWH
"pa3pbiBa" M HUKaK He BiMseT Ha paboty cxembl. [IpUCOEAMHHB 3TOT BbIXOA K BbIBOAY
/RESET, Mbl nonyuaeM HaaexHbil npenoxpanuTens (puc. 9.1).
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Kopnyc TO-92
(84A CO CTOPOHD! BLIBOAOB)

Puc. 9.1. NMoacoeaunHeHe BHELWHEro MoHuTopa nutaHna MC34064 k MK
(cxema u3 pykoBoacTBa hupmei Motorola)

Mukpocxema MC34064 umeer BcTpoeHHblii nopor cpabarbiBanus 4,6 B, Bbinyckaetcs B
kopnyce TO-92 ¢ rubkumu BbiBOoaMH W 00najaeT NOCTATOUHO MajbiM COOCTBEHHbIM
norpebnennem (menee 0,5 MA). [Ipy nNaaBHOM CHH)KEHHWHM HamnpsbkeHHs Bpems cpabarbl-
BaHHs y Hee cocTaBiseT nopaaka 200 He, Yero 1OCTaToOuHO AN TOro, 4ytobbl "BpeaHbie”
KOMaH/bl HE YCMNEH BbIMOIHUTbCS, BpeMs OOPaTHOrO BKJIIOYEHHS COCTABJIAET AOJH Ce-
KYHAbI, YTO NpenoTBpaulaeT cpabarbiBaHue npu apebesre. [lns Hanpsbkenus 5 B ato
OJIMH M3 CaMbIX MOMY/ISPHLIX MOHHTOPOB MUTAHHUS.

Ecnu y Bac nuranue aBToHOMHOe (OT GaTtapeit), TO K BbIGOpPY MOHWUTOpA MUTaHHUS cledyeT
MOAXOAHTb JOBOJIbHO TILATENbHO — TakK, YTOObI HE MPHUBOAWTbL CXeMy B HepaboTocmo-
cobOHOe cocTosiHMe, koraa 6aTapeu elle He vcueprnaiv cBoii pecypc. [lpu HanpshkeHHH
nuraHua 3,3 B MoxxHO ucnonb3oBath Mukpocxembl DS1816-10 u MAX809S, npu Ha-
npsokeHuu 3,0 B— DS1816-20 nnn MAX803R, a Taioke HekoTOpbi€ ApyTHe.
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OTMEeTHM, YTO MOXXHO NMPUMEHHTb PEKOMEHIYeMblii B ()UPMEHHBIX OMHUCAHHWAX CNocod
sawntel EEPROM nepesogom MK B cocTosiHue MOHHXKEHHOro 3HepronoTpebdieHus. 3to
MOXHO CAeN1aTh, HanpHMep, €CAH MOACOEANHHTb MOHUTOP MUTAHUS K BbIBOAY BHELUHEro
npepbiBaHUsA, U BCE BPEMSsi OTCAEKHBATb COOTBETCTBYIOILMI OUT B perucrpe GIFR, NpH
YCTaHOBKE KOTOPOro B €JMHUYHOE COCTOsIHUE HemenieHHo ysBoauTe MK B "cnisituee" co-
CTOsIHHE (LUTAaTHBIM CIOCOOOM — yepe3 06paboTuMK NpepbiBaHHS — 3TO CleNaTh COX-
Hee, T. K. B IPEpbIBAHUH KOMaHAa sleep OYAET NMPOCTO NPOMIHOPHPOBAHA, M. 21agy 14).
Ho kxpome OTHOCHTENbHOH CAOXHOCTH 3TOro npouecca, ClefyeT elle YUWTbIBaTh, UTO
NpH pe3KOM CHHXKEHHH MOTPeOIEHUS HaNpsHKeHHE HCTOYHWKA HEMEIJIEHHO OMSATh NOBBI-
cutcs (ocobeHHO B ciyvae GaraperHoro nurtanus). M ecin y Bac npemycMmoTpeHa npo-
ueaypa oOpaTHOro BbIBOAA M3 ITOrO COCTOSIHUSA (HampuMep, YToObl cxeMa He "3allenKu-
Bajach" npH ciyuarHbix 6pockax HanpsiXKeHUs), TO NPU OTHOCHTENbHO MaJlOM 3HAYCHHH
rucrepesuca MoHutopa nutanus (ais MC34064 — 20 MB) 310 00s3aTenbHO BbI3OBET
"npebesr" cxembl, U HEW3BECTHO, YTO XY>Ke. Y BEIMUUTb MMCTEPE3UC MOXKHO BKIIOUEHHEM
eLle HECKOJIbKUX Pe3UCTOPOB, HO, Ha B3MIA[ aBTOPA, Jiyylle NPH HAJTMUYUH BHELLIHErO MO-
HUTOpa 0OOHTHCH BBOAOM B peXkUM cOpoca, Kak 6oJiee NpoCTbIM U HaIeXkHbIM COCOGOM,
He TpeOyIoLMM NPOrpaMMHOrO BMELLATENbLCTBA, U K TOMY )K€ aBTOMaTHUYECKH Npeny-
CMaTpHBAIOLLMM 3aLUMTY OT "3aLlenkuBaHus".

3anucb U uteHne EEPROM

3anucb U urenue naHHbix B EEPROM ocyecrsnsercs yepes cneuuanbhbie perucTpbl
BBOJA-BbIBOAA: PErMCTP JaHHBIX EEDR, PerucTp agpeca EEAR (ecid oobem EEPROM
Gonee 256 Oaiit, To AenuTCs Ha ABAa — EEARH M EEARL) M PErHCTP YMpaBJI€HUA EECR.
OcHoBHast 0COOEHHOCTB 3TOro npouecca — 60nblIas NPOAOHKUTENBHOCTL NPOLEAYPbI
3anmucH, KOTopas s pa3Hbix moaeneit AVR moxxer aautbcs ot 2 10 9 Mmc, B ThicauH pas
A0JibllE, YEM BbIMONHEHHE OObIUHbIX KOMaHA. OOpaTHM BHUMaHHWe, UTO B OTJIMHYHE OT
3aMnMCH YTEHHE OCYLUECTBIIIETCS BCEro 3a OAMH MalIMHHbINA LMK, naxe ObicTpee, ueM U3
06b1uHOi SRAM — 310 THMMuHas ocobeHHocTb Bcex EEPROM, uMerowunx cTpykTypy
NOR (B omnnuue ot flash-namsaru, koropas ceifuac cnjowb aenaercs Ha NAND-
CTPYKTYypax).

Ipy muuumanuzauumn 3anucu 6adita 8 EEPROM ycranasnusaercs dnar paspelueHus
3anycH EEWE B PErMCTPE YNpaBjieHUs EECR, N0 OKOHYaHMH 3aMHUCH OH aBTOMAaTHYECKH
cbpacbiBaetcs. [lns ynobcrsa noutu Bo Bcex mMozxensx AVR npenycMorpeHo cooTBeTct-
ByloLee npepbiBaHue (oTMeTHM, uTo B ceMeiictBe Classic ero He 6b110). [IpepbiBanne
EEPROM, ecnu 0HO pa3peLieHo, reHepupyeTcst N0 OKOHYaHWU OYEPEAHOro LUMKIa 3aru-
cH, Korjaa namsrb ocsoboxaaercsa. Mcnone3oBath ero yno6Ho, eciu Ham Tpebyercs 3a-
MUCHIBATb AOCTATOYHO OonbliMEe MacCHBbl: Hanpumep, ans 100 Gait 3anucb MOXKeT
JUTATBCA TIOpAAKa CeKyHAbl, H TOpMO3HTeE MK Ha Bech 3TOT neproa Obi1o 6bl Hepa3yMHO.
[Tocne paspelueHus 3TOro MpepbIBAHUA OHO CreHEPUPYETCS HEMEAJIEHHO, T. K. YCJI0BUe
AJIS1 €ro BO3HWKHOBEHHWS — HYJIEBOE 3HaueHHWe ¢ara EEWE (€C/IM HUUEero He aelaTh, TO
npepbiBaHie OyNeT reHepUpOBaTbCA NOCTOSHHO). MOXHO pa3peluTb NpepbiBaHHe
EEPROM rae-10 1o xony nporpammbli, U BHYTPH €ro OCYILECTBJISATb 3aMHUCh KaKIAOro
ouepenxoro 6aiita. Korna maccus 3akanuuBaercs, npepbiBaHuss EEPROM 3anpewator.
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Huoraa moxet noHanoGUTBCS M 3aNKCh KaKOHW-TO KOHCTaHTbI B IPOrpamMMy Mo X0y pa-
60Tbl MPOrpaMMbl: HaANPUMEP, €CNH Bbl [€/1aeTe 3NEKTPOHHbIN pEeryasTop ypoBHS KaKoH-
TO BEJIMYWHBI (TPOMKOCTH, OCBELLEHHS, SPKOCTH CBEYeHHs), TO OyleT OUYeHb NpaBUIIbHO
3anucbiBaTh TeKyluee 3HaueHHe B EEPROM, nns toro, uto6bl npu caeayrolieM BKitoye-
HWW BOCCTaHaBJIMBAJIOCh MOC/TEAHEE COCTOSHUE, W MOJIb30BATENIO HE MPHXOAMIOCH Obl
AeNaTh peryaupoBKy 3aHOBO. Tonbko npu 3ToM caenyet yyectb, 4to EEPROM Bce xe
He RAM, u 3anucb B Hee, BO-MepBbIX, UIMEET OrpaHW4eHHoe (XOTs H Oonbluoe — a0
100 000) uucno uUMKNOB, BO-BTOpPbIX, MPOTEKaeT Ha MHOrO MOPSAKOB MeNJIeHHee, a
B-TPETbHX, BEJET K MOBbILIEHHOMY pacxony 3Hepruu. [lotomy ucnonb3osar EEPROM,
kak O3Y, KOHEYHO, HE CTOMT.

Kpome 3anucu koncraHt, Haubonee yacto EEPROM ciyxut ais XpaHeHus, Hanpumep,
3aBOJCKOrO HOMEpa W Ha3BaHWA npubopa, GaMUIMK KOHCTPYKTOPa-NporpaMMHUCTa WU
Ha3BaHUs (KHPMbI-U3rOTOBUTENS, M BCAKOM Apyroil mosesHoi uHdopmauuu (cp. ¢ aaH-
HbIMH, KOTOpble H3BNeKaeT onepauroHHas cucteMa ITK npu noacoenunenun plug&play
yCTpoicTBa, HanpuMep, yepes USB, B cneundukaLusx KOTOPOro Haiuuve HeproHesa-
BUCHMOH NamsaTH He6GobLIoro o6bema crneuraibHO NpeaycMOTPEeHO). MOXHO 3anoHATD
rnoJie cepuiHOro HoMepa W BeCTH 6a3y BblMyLIEHHbIX K3EMILISAPOB.

3anucpiBaTh BCE 3TH JaHHblE NP HaualbHOM 3arpy3ke He Bceraa yao6Ho. Kpome Toro,
He 3abyzeMm, YTO y Hac ocrajachk 3agaya 3aMeHbl KaNTHOPOBOUYHBIX KOHCTAHT MOC/E Npo-
Bel€HHs KanMOpoBkH. Bo BCex 3TuX ciiyuyasX NaHHble 171l 3aMMCH HYXKHO MOJyuyaTh M3-
BHe (Hanpumep, uepe3 nocnenosartenbHblil nopt UART) u 3anucbiBaTh No mepe UxX no-
crynaenus. Hanomuum, uto 3anuchk.8 EEPROM MoxeT npotekaTh MeasieHHee, yem no-
Jgyyenuve naHHbiX yepes UART, nostomy npaBuiabHas opraHusauus Takod npouexypbl
npeaycmarpusaeT Gydepu3auyio: nosyyeHHble JaHHble CHauala BCEM MacCUBOM 3amu-
coiBatoTcs B SRAM, a norom neperocarcs 8 EEPROM.
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Tak Mbl MonyuyaeM MocieqoBaTesbHble OTCHETbI BEJIMUMHBI CHTHaNa X, X2, X3. [Ipuuem
3aMeTbTe, YTO NMpH BbIOpaHHOW pa3peluaroleil crocoGHOCTH U UKcae pa3psaaoB Mbl MO-
JKEM MOMEpPHUTb aHAJIOrOBYIO BEHUHHY He 60JbliIe HEKOTOPOro 3HAUEHHUs, KOTOPOE COOT-
BeTCTBYeT BbiOpaHHOMY Maclutaby. MHaue npuaeTcs UK yBeaHYMBaTh YMCIO pa3psioB
(ANMHY NMHEHKH), UNH MEHATh Pa3peLlalollyl0 CMOCOOHOCTL B CTOPOHY YXYALUEHHS
(pacTtaruBathb nuHelky). Bce uanoxeHHoe U ecTb CYLHOCTb paboThl aHaNOro-UHppOBOro
npeobpazosarens (ALIT).

Xo Voo ;

Puc. 10.1. Onepauuun

a C aHanoroBLIMU CUrHanamu:
----------- a — OCHOBHOI npuHynn AL,
6 — obpatHas onepauus, LIAMN

X3
Xz

Xy

X e - - bl L

t, t, f, f¢
6

Ecnu Mbl oundpoBbiBaeM Kakylo-TO MEHSIOLLYIOCS BO BpeMEHH BENHYMHY, HarpuMep
3BYKOBOH CHrHajl, TO MPUXOAHTCS MPOU3BOAWTb W3MEPEHHUs perynspHo. B atom cnyuae
MO>XHO FOBOPUTb O BPEMEHHOM pa3pelleHWH Mpeobpa3oBaHHs C OMpeacNeHHbIM Ounl-
peiimom ¥ 00 HCKaKEHHUAX YACTOTHOro crnekTpa curHana, C noMouibio BCTPOEHHBIX
- cpeacte AVR noao6Hble npeo6pa3oBaHHs OCYLIECTBUMbI JIMLUIb AJISl OTHOCHTENBHO Me-
JIEHHO MEHSIOLUXCS CHIHaNOB (U1 kayecTBeHHOH ouudpoBku 3Byka ALIIT u ananoro-
Bbiii KOMmapaTop B AVR HEN0CTaTOYHO CKOPOCTHbIE), MOTOMY Mbl OCTAHOBHUMCS JIMLIb
Ha 3anade, Korga Tpebyercss nMpeoOpa3oBbIBaTbL CTATHYECKHH CHUIrHAN MpPH W3MEPEHHMH
aHaJIoroBOH BENHUMHBI (T. €. KOT/1a U3MEPEHUs MPOBOAATCS AOCTATOYHO PEAKO M cama ro
cebe X peryJspHOCTb POJIH HE UIpaeT).

ObparHas 3apnaua (uudpoaHanorosoe mnpeobpa3oBaHWe) MPOUTIOCTPUPOBAHA  Hu
puc. 10.1, 6. CymHocts LIAIT B TOM, 4TO Mbl BblpaXkaeM JBOMYHOE YMCIIO B BUAE Mpo-
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MOPLHOHANbHOH BEMYHHBI HANPSIKEHHS, T. €. 3aHUMAEMCS, C TOUKH 3PEHHSI TEOPHH, BCE-
ro nviub npeobpazoBaHreM MaclTaboB WK, HHave, PU3HUECKUM MOAenHpoBaHHeM ab-
CTPaKTHOH BenUYHHbI — uucna. Bes aHanorosas wikana noaesneHa Ha KBaHTbl — rpaja-
LMK, COOTBETCTBYIOLIME pa3peliarouieid cnocobHocTH Halel aBonyHol "nuHerku". Kak
Mbl BUAUM W3 puc. 10.1, 6, BTopo#i rpaduk npeacTaBaseT rneppbiii, MArko ropops, BEcbMa
npubnuzutenbHo. YToObl NOBLICUTL CTENMEHb JOCTOBEPHOCTH MONYYEHHOH KPHBOMA, Ciie-
AYeT YBEJHYHUTb pa3pagHocTb npeobpa3zoBanus. Toraa cryneHbku OyayT Bce MeHbIUE U
MeHbllle, W €CTb HaleXKaa, YTO NMPH HEKOTOPOM NOCTaTOYHO BbICOKOM Pa3pelie€HHH KpH-
Bas CTaHET, B KOHLIE KOHLOB, HEOTIWYHUMOH OT MCXOAHOH HEMpEpPbIBHON aHaNOroBoH
JIMHHUH.

SlcHo, 4TO CKONb YFOAHO yBEIUYHBATL pa3pelleHue Henb3s — uucao paspsagos AL or-
paHuueHo. [ToaTomy B nt06oM aHanoro-uuppoBoM npeodpa3oBaHHH 00A3aTENbHO MPH-
CYTCTBYET MOTPELIHOCTb KBaHTOBaHMA, CBA3aHHas ¢ pa3psaHocTbio ALl Ho ato He
eIMHCTBEHHas cocTasnstolas oblued norpeliHoctTH npeobpasosanus. Kpome Hee ectb
ciyyaiiHasi norpeltHocTb (abcosoTHas MOrpewHocTy Mo BCeH Likane, KoTopas Ajs
BctpoeHHoro ALIIT MK AVR moxker cocTaBnisiTh, COrnacHo JokymeHTauuu, no =2 LSB),
norpewHocTs HenuHeHocTH wWwkansl (B AIIL| oHa pocrarouHo mana: +0,5 LSB) u no-
MONHUTENbHAS CiyyaiiHas NOrpeLHOCTb, CBA3aHHAas C HABOJKAMH U LIyMaMH.

Jns 6opbbbl ¢ nocneaHel NpUHUMAIOT cneuxaibHble Mepbl. Ha curHanbHoM Bxoae chne-
ayer GuabTpoBaTh CHrHajl yCTaHaBIMBas HEOONbLIOH KOHAEHCATOp; €CAM aHaloroBas
yactb MK nuTaercs or TOro »e UCTOYHHKA, YTO M LUM(POBas, TO aHAOrOBOE NUTaHHE
cnenyet Takxke ¢unbTpoBath ycraHoBko#t LC- unu RC-punbtpoB. He pekomennyercs
ucnons3oBaTh CBOOOJAHbBIE BbIBOAbI TOro Xe Mnopra, k kotopoMy noacoeauneH ALII
(06b1uHO 31O PortA), nns obpaborku uUMbpPOBBIX CUrHaJIOB BO BpeMsi npeodpa3oBaHusL.
Kpome Toro, umeercs Bo3MoxcHoCTb BoobLe octaHoBUTh MK Ha Bpems npeobpaszoBanus
yepe3 pexkum ADC Noise Reduction, o koTopom nanee.

3AMETKU HA NONSAX

He cneayert 3abbiBatb 1 0 TOM, YTO AnsA Gonee NoNHON peanusaunyu BOSMOXHOCTEN UMEIO-
werocs ALIM HYXHO CTPEMUTLCA K TOMY, 4TOObI Npeaentl U3AMEHEHUS U3MEPSEMON BENWUYM-
Hbl 6bINK kKak MOXHO Bnvke k ananasoHy AL — anvHe Hawew ABOUMHON NuHenku. Mpu-
YeM VMEHHO AMAanasoH U3MEHEHUSs, KOTOPLIA HeceT uHgopMauuio, a He MOMHbIN pasMax
aHaroroBoro curHana: ecrnv curHan u3MeHsieTcs, K npumepy, ot 4 o 4,5 B, 1 mbl ero bygem
namepsTb ¢ nomouwbio ALIM ¢ ananasoHom ot 0 Ao 5 B u paspewerHnem 10 oBOMYHbLIX pas-
pPSAOB (4TO COOTBETCTBYET MUHUMAnNbHOMY AeneHuio nuHenku B 5 B/1024 ~ 5 MmB), 10 MbI
yXyALWMM pe3ynbTaT C TOUKM 3peHus paspelueHus posHo B 10 pas: Ha 0,5 B peanbHoro aua-
na3oHa UMEHEHUs N3MEePAEMOi BENUUUHLI npuaeTcs Nuwb 100 rpaaaunin. A HEMSMEHHYIO
"noacTaBsky”, COOTBETCTBYIOLLYIO BENUUMHE 4 B, HKe KOTOPOW UCxoaHas BenuuvMHa Hukoraa
He onyckaeTcs, B npouecce pacuyera huan4eckoro 3HauyeHusi BCeraa MoXHO nNpocto npuba-
BWTb, MONy4uB Takum obpasom pesynbTaT ¢ HambonbluMM BO3MOXHbLIM paspelueHneM. Ya-
Lie BCEro aTa BENUYMHA 3HaYEHUSI HE UMEET. Hanpumep, MeAHbii TEPMOMETP COMnpoTUBNe-
HWA BCEeraa UMeeT onpeaeneHHoe 3HavyeHWe CONPOTUBNEHUS NpU MUHWMAINbHON Temnepa-
Type AuanasoHa, U oHO B obliem cnyyae He HeceT Hukakow uHdopmauuu. OgHako ans
TOro, YTobbl Takylo NOArOHKY AvanasoHOB OCYLWECTBUTb, HEPEeAKO NPUXOAWUTCH UATU Ha 3a-
METHOE YCNOXHEHWEe NpeaBapuTenbHOW aHanorosBon Cxembl, 4a U He Bcerga 3agada nony-
YEHWA UMEHHO HaWBLICLIEro pa3peLlLeHusi CTOUT Tak YXX ocTpo. MpUMepomM MOXET CNyXuTb
paccmaTtpvBaemblii Janee gatuk aTMOCEPHOro AaBneHUs, AMana3oH KOTOPOro B MUNn-
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MeTpax pTyTHoro cronba Kak pas NnpUuMepHO COOTBETCTBYET AeCATUOMTOBON WKane, aAaxe ¢
HEKOTOPbLIM 3anacoMm, NO3TOMY BbldUTaTh "nopcrtasky” B 600 unu 700 MM pT. CT., HUXE KO-
TOpO AaBneHue B AAHHOW MECTHOCTU HE OMnyCKaeTCs, OkasbiBaeTCs HelenecoobpasHo.

Ha npakrtuke ans 60pebbi co ciyyaiiHbiMu GIIyKTyauMsMu pe3ysibTaTa M3MEPEHHIA, ko-
TOpbl€, KaK NMOKa3bIBAaeT OMbIT, "BbUIE3YT" 0043aTe/IbHO, HE B3UpPast HU HA KaKWe MPHHA-
ThbI€ MEPbI, MOXHO NPHUMEHHUTD €LIE OIUH NPHUEM — YCPEAHEHHE HECKOJIbKHX H3MEPEHHH,
M O HEM Mbl TaKXKe NOrOBOPHM Aajice.

Jlo cux nop Mbl roBOpuUIH B OCHOBHOM 0 BcTpoeHHOM ALITL. Ipu HeobxonumocTH npo-
creimmnii ALIIT Mo>kHO mocTpouTh Ha OCHOBE aHaJloroBoro komnaparopa. Jlasaiite pac-
CMOTPHM THIMOBble NPUMEHEHHS KOMMapaTopa, a MoTOM Y)ke onaTb BepHemcs k ALITI
6onee noapoGHo.

Pa6oTa ¢ aHanoroBbIM KOMNapaToOpoMm

AHanoroBblii KOMNapaTop CpaBHUBAET JBE BEJMUYHHbI HAMPAXKEHHS, YCTAHOBIEHHbIE Ha
€ro BXOJax, U B 3aBUCUMOCTH OT MX COOTHOLUEHHWS YCTaHABJIMBAET BbIXOJ B OHO M3 ABYX
JIOPMYECKHX COCTOAHUH. Bxombl o6bIYHO MapkupyloTcs 3Hakamu "mmoc" M "MUHyc"
(M Ha3bIBAIOTCS NMOMOXKUTENIbHLIM H OTPHLIATENIBHBIM, WIIH, HHAYe, HEMHBEPTHPYIOLLHUM U
uHBepTHpYlowKM). Ecii HanpshkeHHe Ha NONOXKUTENILHOM BXOAE MPEBbILLIAET HAMpse-
HHE Ha OTPULATENbHOM, TO BLIXOJ KOMIaparopa YCTaHaBIUBAaETCH B JIOTUUECKYIO €H-
HULY, U HA060pOT — €CJIM Hanps)KEHWE Ha OTpHULATENbHOM BXoae Oosnblue, YeM Ha ro-
JOXKHTENbHOM, TO BbIXOJ YCTaHaBJIMBAaeTCa B joruueckuid Honb. B AVR 3tu Bxoabl Ha-
3biBatoTcst AINO (nonoxkurenbHbiit) u AIN1 (orpuuarenbhbii). Ha cxemax a1 B
JanbHeiem s scHocTi obo3Havato ux AIN+ u AIN-,

Owubka ananorosoro komnaparopa AVR (HanpsikeHue cMelnenus) — He Gonee 40 MB,
Bpems OTKIHka — He 6onee 0,5 Mkc. HanpsbkeHus Ha BXomax He JO/DKHbI BBIXOIAHTb 33
npeaenbl HanNpsHXKEHWs NMUTaHHA. AHANOroBbIH KOMMapaTrop MOXeT Takke paborarb co-
BmectHo ¢ AL, ecnu oHo umeercs B paHHoW Monend MK — uHBepTHpyOWMH BX0]
MOXKET NoAKItouaThes K oaHomy u3 Bxonos ALIII. [Moapo6HocTh npuBeneHbl B TEXAOKY-
MEHTALIUH, a 31€Cb OTMETHM, UYTO 3Ta QYHKLIUS MOXKET MPHUrOAMTLCA, HanpuMep, Ui On-
peAeneHus 3HaKa KakoW-To GpU3MYECKOH BEMHUYHHBI WK AJIS CHrHAIM3aLKK O €€ BbIXO/E
3a gonycTuMble npenesnbl. Ele oiHy MHTEpECHYIO BO3MOXKHOCTb MpeROCTaBseT QyHK-
LUMA NOAKIIIOYEHMs KOMMapaTopa KO BXoAy 3axsara Timerl, yTo nosBosser ¢ ero mno-
MOLLbIO MOCTPOUTL POPMHPOBATENb BXOAHBIX UMIYJILCOB [JI1 U3MEPEHHS UTHTENIbHOCTH
BPEMEHHBIX HHTEPBAJIOB WK AN noacyeTa cobbiTuii (CM. 2nagy §8).

Bo scex monensx MK AVR komnapatop ynpasnsercs 0qHHaKoBO, Yepe3 €AMHCTBEHHbIi
perucTp ACSR. bur 7 (AcD) atoro perucrpa ynpasiseT BKJIIOYEHHEM KOMMaparopa, npu-
4YeM HYJIEBOE €ro COCTOSIHUE (MO0 YMOJIYaHHUIO) O3HAuaeT, YTo Komnaparop gxuioyeH. [lo-
3TOMY Ul 3HEprocOeperaroLX pexKHMOB €ro Hy>KHO CMeLHalbHO BbIKJIIOUATb.

fMogrPosHOCTH

MonoxuTenbHbIN (HEMHBEPTUPYIOLWWIA) BXOA KOMMapaTtopa nyTeM ycTaHoBku Outa ACBG
MOXET NOAKNIoYaTbCA KO BHYTPEHHEMY WMCTOYHUKY OMOPHOMO HanpsXEHUs BEerM4MHON
1,22 B, Toraa HanpsXeHus Ha oTpuuaTenbHoM Bxoae ByayT cpaBHMBATLCS C 3TOW BENUUU-
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HOI, YTO MO3BONSRET YNPOCTUTb BHELWHIOW Cxemy. HeaocraTtok Takoro npmema COCTOWUT B
TOM, YTO UCTOMHUK 3TOT AOBOMbHO HETOMHbIN — Pa3bpoc ero 3HauyeHWUs MOXET AOCTUraTb
+0,1 B (okono 8%), npu4yem Hackonbko 3To 06YCNOBNEHO OTKNOHEHUSIMM B Npouecce U3ro-
TOBMEHUA (YTO B NPUHLMNE TEPRUMO, T. K. NO3BONSET UHAUBUAYANBHO KanubposaTb Cxemy),
a Hackonbko — Apeitchom B npouecce akcnnyartauum, M3 OoKyMeHTauun NoHATL HEBO3MOX-
Ho. Mexay Tem, Takas NorpewwHoCcTb 3a4acTylo HeAONYCTUMa — fAaXe B paccMaTpuaemon
Aanee npocTeiwei 3aaaye CNeXeHWs 3a HanpsbkeHWeM pesepsHon HaTtapeiku 4,5 B, 8%
owmnbku panyT pasbpoc cpabartbiBaHus komnapatopa 6onee yem Ha 0,3 B, u B pesynbrare
MOXeT Cny4uTbeA, YTo cxema cpaboTaer nubo Toraa, koraa 6atapeika yxe HepaboTocno-
cobHa, nubo Kkoraa B HEM ele UMeeTCs A0CTaTOuHbIA 3anac sHeprun. Tem He MeHee, B He-
KPUTUYHBLIX K Takum owmMbOKaM 3agadyax BHYTPEHHWIt UCTOYHWMK NOAOMAET, NpUYEeM BMNOMHe
npaBoMepHO AonyLieHue, YTo NpU ycTaHoBuBLEWCA TemnepaTtype kopnyca MK gpeid uc-
ToyHuka Oyaer Hesenuk. lNpu NOAKNIOYEHMW HEWHBEPTUPYIOLWIEro BxoAa komnapatopa K
BHYTPEHHEMY WUCTOYHUKY BbIBOA NopTta, coorsetcTaylownin AINO, MOXHO NpuMeHATb Ans
ApYrux uenen.

[Ipu cMeHe cocTOsHMS BbIXOJA aHAJIOrOBbIH KOMMApaTop MOXXET reHepHpOBaTh Mpepbl-
BaHue. J{Jisi 5TOro Hy’KHO 3a1aTh GUT pa3pelleHus rpepbiBaHus ACIE. JlBa Maawux 6uTa
perucTpa ynpaslieHUs ASIS1:ASISO YCTaHaBIMBAIOT COOBITHE, BbI3bIBAIOLLEE MPEPHIBA-
HWe: koraa 06a paBHbl HYJO (M0 YMOJYaHHIO), TO MPEPbIBAHKE Bbi3bIBAaET JMIOOOH mepe-
naj ypoBHel Ha BbiXOZAe Kommnapatopa, kak u3 0 B 1, Tak u obparHo. I[1pu 3Tom cocros-
HHe BbIXO/la KOMMapaTopa B J1t000ii MOMEHT MOXKHO y3HaTb, NpOUYMTaB GUT ACO (6UT 5).

OpHeHTHPYACh Ha 3TH CBEACHHS, NMONpobyeM peLIXTb NPOCTEHMLLYIO 3a1auy CEeXKEHHS 3a
HanpsbkeHWeM pe3epBHOI Garapeiiku, ¢ CUrHanM3aLMeil 'COCTOSHHS, KOrAa oHa Tpebyer
3ameHbl. Bynem opueHTHpoBaThes Ha G6arapeto 4,5 B, cocTaBneHHy0 M3 TpeX LUeNOUHbIX
anemeHToB THNa AAA. TlpusHakom HepaboTOcnocoGHOCTH GaTapeu cuuTaeM najeHue
HanpsbkeHus Hwxke 1,1 B Ha aneMeHT (B cymme 3,3 B). OTMeTHM, UTO UTHEBbIE 3N1EMEH-
Thl UMEIOT ropasao 6osee Noaoryio XapakTepuCTHKY — 00saas HauyalbHbIM Hampske-
HUem okono 3,16 B, npakTuuyecku BCIO CBOK €MKOCTb OHM HCYEPMbIBAIOT MPH CHWKEHUH
HanpsbkeHus npuMepHo Ha 10% (ao Hanpsbkenus ~2,8 B), nocne uero oueHb ObicTpo
"cabIXxaloT", U CNeXEHHE 32 UX COCTOSHHEM TpebyeT Oonee TOHKOH HacTpoiiku komnapa-
TOpA.

Konrtponuposarb cocrosHue 6arapeu mMbl Oyaem Toraa, koraa cxema noakjitoveHa K ce-
TeBoMy HcTouHUKY — koraa MK nepexntouaercs Ha Garapeto, cneauTb 3a ee CBOeBpe-
MEHHOH 3ameHoH yxxe nozano. Cxema ansg 3tToro cayuyas npuseneHa Ha puc. 10.2. bara-
pes b1 v BHewHHi UCcTOYHUK Ha cTabunu3arope LM78L0S coeauHeHsl no THMOBOIT cxe-
me ¢ pas3Bazkod Ha auomax LlHorrku (KJ[922) ¢ ManbiM cOOCTBEHHbIM MajeHHEM
Hanpsbkenus (~0,2 B), o6ecneunBatoweli aBToOMaTHUeCKOe NEpeKtoueHHe NpH HCHE3HO-
BEHHH CETEBOrO NMUTaHMS. '

BHelHUM MCTOYHMKOM OMOPHOrO HAMpPSXKEHUS ANs CPaBHEHHUS CIYXKMT CTaGHIIUTPOH
KC133 ¢ HoMuHanbHbIM HanpskeHreM 3,3 B. OTMeTHM, cTabUIUTPOH MMeeT coOCTBEH-
HbIH pa3bpoc, M eclnu HamnpsKeHWe CYLLECTBEHHO MpeBbillaeT HeoOXOAUMOe, TO mnapai-
JeNbHO cTabuAuTpoHy (M kKoHaeHcaropy CS) MOXKHO BKJIHOUHTb AOMOJHUTENbHbIH aeu-
TeNb.

[loka HanpskeHue GatapeH, noctynatoiiee Ha Bxoa AINI (AIN- Ha cxeme) Bbilie Ha-
npsbkeHHs Ha ctabunuTpoHe (Bxoa AIN+), BbIXOA KOMNapaTopa HaxOAUTCS B COCTOSHHH
noruueckoro Hyns. Korna HanpsxkeHue 6ataped ymeHbiuutes Hwke 3,3 B, komnaparop
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nepedpocUTcs B COCTOsIHWE Jor. | M OAHOBpeMEHHO BO3HHKHET npepbiBanue. B atom
NpepbIBAHUK MBI BIJIIOYMM CBETOAHOA, MOACOEAHHEHHbIH k Bbixony PB6. Ecnu mbl 3a-
MeHuM Garapeto, TO KomnapaTop nepebpocuTcs B 00paTHYIO CTOPOHY H B MpPEPbIBAHHUH
Mbl JOJDKHBI MEPeKIOYMTL CBETOAHOA oOpaTHO. Takum obpa3om Mbl Bce Bpems Oyanem
OTCJIEXKHBATb COCTOsSHHE OaTaped B peajlLHOM BPEMEHH.

Unur
(SLK) PB7
{MISO) PB6

1o
18
17
(MOSI) PBS —— vyp1.vD2
ppall6_  KR922A
oc1{&- c3
pe2 4 I T _—
3 B1
AIN- 458
A2 R4 3 MOM I oci
41 R3470 | 1
PD6 1
#
AT90S2313 vD3

Puc. 10.2. Cxema oTcnexusaHus HanpskeHus pesepBHoit GaTapeu
Ha npumepe koHTponnepa AT90S2313

OddeKT, aHaNOrHUHBbIH CHHXKEHHIO HanpsOXKeHWsl, JacT Takke OTKIoueHHe Tymbiep:
S1 — Tak MoxxHO npoBepsTbh paboty cxembl. Pesucrop R4 conporusnenuem 3 MOr
Hy>XXeH, korza 6arapes orcytcTByeT (MM TymOaep S1 pasoMkHyT) — HHaue Bxoa AIN
MoBUCHET "B BO3AyXe", U komnaparop Oyzner cpabarbiBaTh Hempeackasyemo. Benuuuh.
pe3ucropa obecrneyrBaeT AOCTaTOYHO Mablii Tok (4yThb Gonee | MKA) u Ha monrosey
HOCTb 6aTapen MpakTHYEeCKH He BIIHSET.

Hao6opoT, korna nponaner cereBoe nuraHue, Ha Bxoae AIN+ okaxkercs HU3KHWI ypo
BEHb HanpsKEeHHs, U 3TO PaBHOCHJIbLHO COCTOSHHIO C UCMpaBHOM GaTapeeii, He3aBUCHM
OT ee COOCTBEHHOro HanpsbkeHHs. JTO MO3BOJIMT He TPAaTHTL pecypchbl GaTapen Ha Gec
MoJie3HOE CBEYEHHE CBETOMOMA, KOT1a €€ BCE PABHO MEHATb HeJb3fl, JaXKe €CJIM OHa UC
TOLIEHA.

Ecau Bce ke Tpebyercst OTCnexuBaTh HanpspkeHHe GaTtaped NpH OTCYTCTBHM CETEBOT
nuTaHus (Hanpumep, korna Garapesi BoOOLlE €IMHCTBEHHbIH HCTOYHHWK), TO cleaye
NpeayCMOTPETb BCTPOEHHbIH HCTOYHHMK OMOPHOTO HAMpPSXKEHWs, KaK OMHCAHO paHee
ToAbLKO Ha BXxoae AIN— napannenbHo 6arapee nMpHAETCs YCTaHOBUTDH AEJHTENb, YTOOb
MoJOrHaTh HanpsbkeHve cpabarbiBaHus K ypoBHio 1,22 B. YroObl He TpaTuTh pecypchb
GaTtapen 3a3ps, JeNUTENlb MOXET ObITb COCTaBJeH M3 PE3HCTOPOB C COMPOTHBIEHHE
BIJIOTb A0 €AMHHLL MEraoM — TOK YTEYKH Ha BXOJAe KOMMapaTtopa, KOTOpblii Moxe
BHOCHTb MOTPELIHOCTb B U3MEPEHHUS, JOCTATOUHO MaJl, H UMEET MOPANOK B JECATKH Ha
Hoamrep.






194 Yacme I1. MpozpammuposaHue MukpokoHmponnepos Atmel AVR

TOYHO TaKHE XK€, KaK W B ApYrHX CiyyasX, U HaM He NpUAeTCs B JaJbHEHLLEM OTBJIEKATD-
csa Ha uactHocTH. JleiictBue cxembl no puc. 10.3 3akitouaercs B U3MEPEHHH BPEMEHHU,
Heo0XxoaAHMOro [Uis 3apsaa KOHAEHCATOpa Mocie pasMblKaHHS KOHTAKTOB 3/IEKTPOHHOIO
pesie ¢ HyJsis 10 nopora cpabarbiBaHUsS KOMNapaTopa, KOTOPbIH B HalLEM Cilyyae onpeje-
JIleTCs BCTPOEHHbIM OMOPHbIM UCTOYHMKOM W paBeH npumepho 1,2 B. K coxanenwio,
OTCYTCTBHE BTOPOro (OTPHLATENbHOrO) HamNpsHKeHHS NUTaHUS B HalleM ciy4ae MnpHBoO-
IHT K TOMY, YTO LUIKaJa BXOAHBIX HAanpshkeHHi orpaHWueHa CHU3Y 3THM noporom cpaba-
TbIBaHHs (2 CBEPXY, €CTECTBEHHO, HarnpsXKeHHeM nuTaHus). B peanbHocTH ke orpaHuue-
Hue elle Oonee xecTkoe (Ha cxeme yka3zaH HWXXHUH nopor, pasHblii 2 B), v BOT nouemy.

MpuHUMN paboTbl U pacuyeTHble (hopMynbl

I'paduk n3MeHeHns HanpsokeHUs Ha BbiBoge AIN— B 3aBUCHMOCTH OT BPEMEHH MOKa3aH
Ha puc. 10.4. B HauanbHblii MOMEHT BPEMEHH KOHTAKTbI 3eKTpoHHoro pesie K1 pasmbl-
KaroTcs, KOHACHCATOP HaYHHAET 3apsXaTbCs, H HaNPsHKEHHE HA 3TOM BbIBOJE MAAaeT oOT
HAYaJIbHOTO 3HAYEHUs, PABHOTO BXOAHOMY, A0 HYJSl MO KCMNOHEHUHAILHOMY 3aKOHY,
B COOTBETCTBHH C (opmysioii, npuBeaeHHo# Ha puc. 10.4, BHu3y. EcrecTBeHHO, HMxe
nopora kommnaparopa (Ha rpaduke nokasaH cepoil MyHKTHPHO#H JMHHEH) HaYaIbHOE 3Ha-
yeHue ObITb HE MOXET — WHaue komnaparop He cpaboraer. Ho u3-3a oblueil HenuHew-
HOCTH MpoLecca 3aBUCHMOCTb HHTEPBAJia BPEMEHH MEXAY HAa4yaloM 3apsaa U JOCTHXKe-
Huem nopora (kotopas u ecTb pesysabrar pabotsl ALIIT) oT BenHurHbI BXOAHOrO Hamps-
KEHHS TakkKe MMEET HeJIMHEHHBIN XapakTep, U NPH BXOJHBIX HanpsKeHUAX, ONM3KHX K
nopory, 3Ta HeJHMHEHHOCTb CMLIKOM Benuka. [1oaToMy Ans NOCTHXKEHHUS NMPHEMIEMON
TOYHOCTH pe3yJibTaTa Mbl OrPaHHYMMCH BXOAHbIM AMaNasoHoM oT 2 B 10 HanpskeHus
nuTanus 5 B.

Uo\

37%

T=RC | t

u(t) = u,eYRC

Pnc. 10.4. ameHeHune HanpsxeHus Ha BbiBOAE AIN— B npouecce 3apaaa koMaeHcaTopa C1

Bpems noctrkeHus nopora, €CTECTBEHHO, 3aBUCHT HE TONILKO OT HAYalbHOrO Hampske-
HUS, HO M OT eMKOCTH koHAaeHcatopa C1 u conporusnenus pesucropa R1. Ins ynpo-
IEeHHs cxeMmbl cbpoca KkoHaeHcaTopa s BbiOpan mnpocTeiilliee 3EKTPOHHOEe pene
KP293KIT1 A (oHo u3BecTHo ewie noa Ha3aHuem SIT14A), koTopoe MMeeT, OaHaKO, A0C-
TaTouHo GosibLIoe BpeMs cpabaThiBaHWUA — MopsAaKa Aojeil MULTHCeKyHAbl. YTobbl cBe-
CTH K MHHMMYMY MOrpelHOCTb H3-3a 3TOrO MPOMEXKYTKa BPEMEHH, KOraa peie To 1
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cpaboTasio, TO MM €lle HET, MPUXOAUTCSA BbIOpaTh AOCTATOYHO GOJbLUYIO MOCTOSHHYIO
BpeMeHH — [ YKa3aHHbIX Ha CXeMe HOMHHaJIOB OHa 6ynet paBHa 39 Mc. OTMeTHM, YTO
B peaJlbHOCTH HOMHHaJIbl KOMITIOHEHTOB MMEIOT G0JIbLIOH pazbpoc, U nocaeaylouye pac-
4eTbl MOXHO MOJIOKHTb B OCHOBY MPOEKTa, HO FOTOBYIO CXeMy MpHIeTCs KaliuOpoBaThb
MHAWBUIYAJbHO.

Io dopmyane, npuseneHHo# Ha puc. 10.4, MOXKHO MoACUMTATL BPeMsi, HEOGXoaUMOE s
JOCTH)KEHHUS MOpora, B 3aBUCUMOCTH OT BXOJHOTO HanpsbkeHus. PaccuuTtanHas ang psna
3HaueHHWi HanpsxeHus ot 2 1o 5 B BenuunHa BpemeHu nocTwkenus nopora 1,2 B npu-
BeaeHa B Taba. 10.1.

Ta6bnuya 10.1. Bpemst 0oCmuXeHusi nopoza 8 3asucuMoCcmu Om HayanbHO20 HarnpsiKeHus

Unaw, B Bpems, mc
2,0 19,92
2,5 28,62
30 35,73
35 _ 41,74
4,0 . 46,95
45 51,55
5,0 55,66

Ham nns pacuera noHago6utcs o6paTHas 3aBUCMMOCTb — HanpshKeHHe Y Hac BbICTYMNaeT
HEM3BECTHON BETHYHHOM, MOITOMY W3 3THX AAHHBIX BbIBEIEM 3aBUCHMOCTb HamnpshKeHUs
OT BpeMeHHW. ANMpPOKCHMAaUHUs MOJHHOMOM NEpBOH CTENEeHH AaeT CleAyolylo JIMHei-
HYIO 3aBHCUMOCTb (BpeM$ ¥ NOJCTaBAETCS B MHIUTHCEKYHAAX):

Usas = 0,147 + 0,084, (10.1)

Ownbka pacuera o 3ToH GopMyse B CpeHEM HE MpPEBbLILLAET HECKONbKHUX MPOLIEHTOB.
MakcumanbHas owmnbka okono 9% Oyzner BONIM3W HUIKHErO Kpas JHana3oHa, paBHOTO
2 B, u ecnu Obl Mbl HE OFPaHHYHIIUCh ITHM 3HaYEHHEM, TO OHa Obl eLlle 3HAYHUTENbLHO Bbl-
pocna. Ha 3Ty 3aBUCMMOCTb Mbl GyleM OPHEHTHPOBATbCA — BCE PABHO CyMMapHbIe Mo-
rpelHOCTH TakoH MPUMHUTHUBHOH CX€Mbl HE MO3BONAT JOOMTHCS BbICOKOW TOUYHOCTH, HO
ans nepdeKLMOHUCTOB i NpuBeay (GOpMyJly MOJAHHOMAa BTOPO#H CTENeHH, KoTopas an-
NPOKCHUMHpPYET 3aBUCHMOCTb 3HAYUTENIbHO TOUHEe (MaKCUMalbHad OLIHOKa He NPeBbICHT
0,6%):

Usae = 1,524 % 0,00323¢ + 0,001067. (10.2)

[Tpy u3MeHeHMH MOCTOSHHOW BpeMeHH ko3dduuMeHTbl OYAyT MEHSATHCS MPOMNOPLHO-
HaIbHO, MOTOMY BBIYMCIUTB HX MpH UHbIX 3HadeHusx R1 u C1 oyeHb npocro: pocraTou-
HO YMHOXXHTb BCE Bbipaske€HHUE Ha poOb, B YUUCIHUTENE KOTOPOH CTOMT HOBas MOCTOSHHas
Bpemend R;C|, BblpakeHHas B MW/UIMCEKYHJaX, a B 3HaMeHaresle — 3HaueHHe 39 mc.
OnHako Ha caMOM Jefle pe3y/ibTaThl OyayT 3aBMCETb €lle W OT APYrHX NapaMeTpoB CXe-
Mbl, MIOTOMY peajibHOe YCTpOHCTBO BCe paBHO NoTpebyer kanuOGpoBkH. OTMETUM, YTO
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AJist MOBBILUEHUS CTaOHILHOCTH U3MepeHHuH nyuuie BbiOHMpaTh koHaeHcatop Cl ¢ ¢ropo-
naacToBbiM (Te(GAOHOBBIM) WK MONHITHNEHTEpedTaNaTHBIM (JJABCAHOBBIM) AHINEKTPH-
koM (cepuit K72, K73), x0T OHH W HMEIOT 10CcTaTOYHO GOblHE pa3Mepbl.

Ha 3Tom Teopuio 3akoH4YHMM H nepeiineM k nporpamme. B npeanonoxeHuH, 4To H3mMepe-
HUS NPOW3BOAATCS HENPepbIBHO, HaM TpebyeTcs obecneynTs CAeAyIOLLyI0 MOocaea0Ba-
TeNBHOCTb AeHCTBHHA. B nepBblii MOMEHT BpEMEHH KOHTaKTbl pesie AOMKHbI ObITh 3aMK-
HYTbI (15 3TOrO Ha BbiBoAe PB6 HYXHO yCTaHOBHTH BLICOKHIH YpoBeHb). B MOMEHT Ha-
Yajna M3MEPEHHs KOHTaKThl pesie pa3MbIKaloTCs, H ONHOBPEMEHHO 3amyckaeTcs Taiimep.
Ilo npepbiBaHHIO MPH NEPEXOEe KOMMApaTopa U3 HyJs B €AWHULYY TaliMep OCTaHaBJHBa-
eTcs U (PUKCHpyeTCs pe3ynbTaT H3MepeHHi. Pene 3ambikaercs (nmocne 4ero Hy»XHO Bbl-
JepikaTh nay3y nopsaaka MHITMCEKYHAbI JUISl HAAEKHOro cpabaTbiBaHUA pefie W MOSIHOTo
cGpoca KoHaeHcaTopa), oGHYA€eTCs TaliMep U MOXHO HAuWHaTh HOBBIH LMK H3Mepe-
Huil. bonee onHOM MUNIHCEKYHAB 3aaepXKKH He TpebyeTcs — 4acTb 3TOro MHTepBasia
3aiimMeT Bpems, Heobxoaumoe Ans cpabaTbiBaus pee, a cam ro ceGe £6poc KOHJEHCATO-
pa MPOM30HAET 3a HECKONBKO MHKPOCEKYHJ, T. K. CONPOTHBIIEHHE 3aMKHYTbIX KOHTaKTOB
BbIOpaHHOrO pene He npesbiiuaet 5 OM.

Yrobbl "3aBecTH" CHCTEMY, MepBOe M3MEpEHHE MpHAETCs MPOBECTH B OCHOBHOM Npo-
rpamme, roTomM MOXKHO AEHCTBOBaTbL Yepe3 npepbiBaHHUs komnaparopa. Camo U3MepeHHe
3aliMeT, KaKk Mbl BUAMM K3 Tabn. 10.1, nopsaka HECKONILKHX NECATKOB MHJUTMCEKYHA, W
3TO BpeMﬂ MOKHO MCﬂOJIb3OBaTb HarpuMep, 115 BbIBOAA Pe3YJIbTATOB HA HHIMKALHIO
MAK BO "BHELWHHKI Mup".

OTMETUM OAWH TOHKHH HIOAHC: €CIIH Ha BXOJ HAampsikeHWEe He MocTynaer (MAH OHO
MEHbILIE MOPOra), TO NpepbiBaHHi KOoMMapaTopa npoMCXOAHTb He OyaeT, u cuctema "3a-
BUCHET" B COCTOSIHHH, KOTla Bce BpeMs OyneT NeMOHCTPHPOBATLCS Pe3ybTaT Moc/eqHe-
ro U3MEPEHHUs, MPUYEM, CKOPEE BCEro, HEMPaBHIbHONO — BEJIMKA BEPOSTHOCTDb, YTO Ha-
npskeHHe Ha BXoAe OyneT BbIKJIIOYEHO KaK pa3 MocepearHe LIMKIa OYepeaHOro nimepe-
HUA. OTO, pa3yMeercs, HEKOPPEKTHO: B MOAOOHOM cayuyae YCTPOMCTBO [AOJXKHO
JNEMOHCTPHUPOBaTh HyJleBoe 3HaueHue. [loaToMy npuaercs npeaycMOTpeTb CHCTEMY
cbpoca TekyLlero 3HaueHHs, A Yero MOXKHO, Harpumep, 3aeiiCTBOBATL CTOPOXKEBOI]
TaiiMep. BTopoii HroaHc 3aK1touaeTcs B TOM, YTO HanpshkeHWs HUWxke 2 B, Ho BbiLie nopo-
ra, 1allyT Ham HEBEPHbIN pe3ynbTaT U3MepeHHs. [IpocTo yyecTb 3TO B HHCTPYKLHMH 110
3KCITyaTallH OblTo Obl CIMILKOM HEKPACHBBIM peLIeHHEM, MOTOMY Mbl OFPaHHUYHM pac-
YETHbIH BPEMEHHOW HHTEpBaJl 3Hau€HHWEM, Hampumep, 18 Mc, YTO COOTBETCTBYET r10
Tabn. 10.1 HanpsxkeHWio HemHoro Hibke 2 B. Buaure, kak naxe camas npocrtas mpo-
rpamma obpacraeT BCAKUMH "HaBOpoTamH", Korja [Aefno AOXOAMT AO MPaKTHYECKOro
npumMeHeHus !

Tak kak BbICOKOro paspelleHHs TyT He TpedyeTcs, TO Ul TOro, YTOObl H3MEpAThL Bpems,
Bo3bMeM 8-paspsaanbiii Timer0. Ecnu ero 3aBectu npu TakroBoi yactrore MK 4 MTI'u ¢
koappuureHToM neneHus 1/1024, To oH Oyner CcuMTaTh MMMYJLCHI C YACTOTO
3906,25 I'u. Torna B uHTepBan BpeMeHH 55,66 MC, COOTBETCTBYIOLLMI, COIJIacHO
Tabn. 10.1, HanpsbkeHnto 5 B, ynoxkurcs 217 uMnyabcoBs, Tak YTo TalMep He mepeno-
HHUTCA Aaxe MpdH HaubonblueM 3HauYeHHM [AWanasoHa. [Ipd AOMYCTUMOM MHHHMYyMe
BXOAHOro HarnpsbkeHus B 2 B uncno uMnynscoB coctaBut 3906,25x0,01992 = 78.

[Ipesxae yem npuctynaTth K Mporpamme, AaBaiTe MOCMOTPUM, KaK MOXKHO MEPECUHTATh
NoJly4€HHOE 3HAYEHHE BPEMEHH B HArpsHKEHHE, YTOObI cpasy MonyuHTb GU3HUecKHe Be-
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PaccuuTaHHOe necATHYHOE 3HAUEHHE HaNPSHKEHHS MOXKHO HEMOCPEACTBEHHO MOCNaTh Ha
WHAMKALUMIO WJTH YTIAaKOBaTb W OTNpaBuTb BO "BHewHUHd Mup" ¢ nomoubio UART (uc-
Mojib30BaB Ui 3TOro Apyroii taiimep). IlpuMep 3TOT, NMpaBaa, HECKOIbKO HCKYCCTBEH-
Hblii: ropoauTb MHTerpupytoiine ALl camocTosTenbHo, Kak npaBuilo, Heuenecoobpas-
HO — Mpoule 3aAeicTBoBaTb OJHH M3 KaHasioB BcTpoeHHoro ALII, 6aaro ux npenocra-
TouHo, a ALIIT BxonsaT Bo Bce MK cemelictea Mega u B Hekotopble MK cemeiictsa Tiny.
K ux paccMOTpeHHIO Mbl ceifuac U nepeiaem.

BcTpoeHHbin AL

O6uiue ceenenus o6 ycrpoiicree ALIIT B MK AVR npuseneHsl B 2rage 3. 3aech Mbl no-
FOBOPHM O MPaKTHYECKHUX acMeKTax ero NPUMEHEHHs, HO CHaYajla OCTaHOBUMCS Moapo6-
Hee Ha ynpasneHud AL

ALITT MmoxeT hpyHKUMOHHUPOBATb B HEMPEPLIBHOM pexxvMe (KOraa rno OKOHYaHWHM npeod-
pa30BaHMs TYT Xe HauMHaeTcs CleAylollee) HiIH B OAUWHOYHOM, KOraa KaXKabli pa3 mno-
cTynaer koMaHaa Ha 3anyck. Kpome Toro, 3anyck pexxuma ADC Noise Reduction uHu-
uMMpyeT Hauyaso npeoGpa3zoBaHus, a ¢ ero okoHuaHueM MK aBTomarnuecku "nmpocbina-
erca" W nepexoaut k obpaborunky npepbiBanus ALIIT. Pexxum ADC Noise Reduction
ocraHaBnuBaer Bce cxembl MK (kpome acuHxponHoro taiimepa u WD-taiimepa) no
OKOHYaHHs npeobpaszoBaHua. Heynobcrso npumenenuns peskuma ADC Noise Reduction
COCTOMT B TOM, 4TO MpH kaxaom uameperud MK "ymupaer" He meHee uem Ha 20 TakToB
(cumntas camo npeobpazoBaHue, BpeMs "npoby>kaeHHs" W BbIMOJHEHHS KOMaHI WHHLHa-
JH3alMK PeXUMa), H €CITH W3MEPEHHS NMPOU3BOAATCA HOCTATOYHO YAaCTO, ITO MOXKET Me-
warb ApyrdM ¢QyHkuMsM koHrposiepa. JIns Mmopeneii, rae pexxuma ADC Noise
Reduction Her, MOXXHO Hcnonb3oBaTh pexcvM Idle, B koTOopom, npaBzia, ocTaHaBIHBaKOTCS
He Bce ycTpoiicTBa (cM. enagy 4). B mobom.cilyyae BO3WTbCS C 3TUMH pexXUMaMH Liese-
coobpa3Ho nMlLb TOrAa, KOraa, No KpakHel mepe, W NMUTaHWe, W ONOPHOE HarpsKeHHe
ALITT nopatoTcs OT OTAENIbHBIX MPEUH3HOHHbIX HCTOYHHKOB — WHa4e 3TH Mepbl Bce paB-
HO HE 1aayT Hy>kHoro 3¢ dekra.

ALIIT BkntouaeTcs ycraHoBkoH OuTa ADEN (6UT 7) B peructpe ynpasnenus ALIII, koro-
pbiii B GonbluMHCTBE Mozesneii Mega Ha3biBaeTCs ADCSRA, @ B HEKOTOpbIX Apyrux Mega
(Hanpumep, ATmega8), B "kiaccuyeckom" AT90S8515 u B mMopensax cemeiicrea Tiny
Ha3bIBAETCA MPOCTO ADCSR. PeXXUM HenpepbIBHbIX H3MEPEHHH aKTHBH3UPYETCS YCTaHOB-
koi 6MTa ADER (OUT 5) aTOro xe peructpa. B pane moneneit Mega (k HUM OTHOCHTCS M
ynorpebasemblii Hamu nanee ATmega8535) 3ToT OGMT HOCHT HaUMMEHOBaHHWE ADATE, H
yrnpaBjieHHe PeXHMOM PaboTbl MPOM3BOAMTCA CIIOXKHEe: TaMm N00aBiSIOTCS HECKOJIbKO
PEeKMMOB 3alycka yepe3 pasjiHdHble NnpepbiBaHUs (B T. 4. MpepblBaHUE OT KOMIMapaTopa,
MpH HACTYIUIEHWH pa3iiH4HbIX COObITHI OT TaiiMepa W T. M.), U BbIOMpaTh WX cleAyer,
3a5aBas GMTbI ADTS perucTpa SFIOR, a yCTaHOBKa GWTa ADATE paspeliaet 3amyck AL no
3TUM coObITHAM. Tak kak HyneBble 3HaU€HUs Bcex OUTOB ADTS (MO0 YMOJYaHHUIO) O3HAYa-
IOT PeXKHUM HEMpepbIBHOrO npeobpa3oBaHus, TO B Cllyuae, KOra Bbl HX 3HAUEHHS He Tpo-
raiu, GyHKUWY OUTOB ADATE W ADFR B ApDYrHX Mofesisx OyayT coBnaaath.

Ecnu BbiGpaH pexxum 3anycka He OT BHELUHEro HCTOYHHKA, TO Npeodpa3oBaHHe 3amycka-
eTcs YCTaHOBKOH O6UTa ADCS (6MT 6 TOroO ke perucTpa ADCSR/ADCSRA). [1Ipu HenpepbiBHOM
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peHMe YCTaHOBKA 3TOr0 GUTa 3amyCTHT nepsoe npeoGpasoBaHHe, 3aTeM OHM GyayT as-
TOMaTHYeCKH NMOBTOPATbCA. B pexxrMe oaHOKpaTHOro npeobpa3oBaHms, a TAKXKE HE3aBH-
CHMO OT YCTaHOBJIEHHOTO peXKHMMa NpH 3anmycke Yepe3 NpepbiBaHus (B TEX MOAENsX, rie
3TO. BO3MOXKHO) YCTaHOBKa GUTa ADCS MPOCTO 3anyckaeT ofHO npeobpasosanue. [1py Ha-
CTYINJIEHHH NpepbIBaHHs, 3anyckaiouiero npeodpazoBaHue, GUT ADCS yCTaHaB/IMBAETCA
annapatHo. OTMeTHM, YTO npeobpa3oBaHHe HauWHAETCA MO (HPOHTY MEPBOro TaKTOBOIrO
uMnynbca (taktoBoro curHana AL, a He camoro koHTpoasiepa!) nocne yCTaHOBKH ADCS.
Camo npeoGpa3zoBanue 3auumaet 13 (wau 14 ans auddepeHunanbHOro BXoaa) nepruoaos
TakroBoro curnana AL, kpome nepsoro nocne Bisouenus AL npeobpasosanus, ko-
TOpoe 3aiMeT 25 TaKToB.

[To okoHuYaHHK oanMHOYHOrO Mpeobpa3oBaHus OUT ADCS annapatHo cOpacbiBaercs. Kpo-
Me TOro, No OKOHYaHHH J060ro npeodpazoBaHus (M B OAHHOYHOM, H B HEMPEPbIBHOM
pexxuMe) ycTaHaBnuBaeTcs 6uT ADIF (6T 4, dnar npepbiBanus). PaspélieHne npepbisa-
Hust ALIIT ocyuiectBasercs ycraHoBkod Guta ADIE (O6MT 3) Bce TOro ke perucrpa
ADCSR/ADCSRA.

Hns pabotsl ¢ ALITT Heo6x0AHMO elle YCTaHOBUTb €ro TaKTOBYIO YacTOTy. DTO AenaeTcs
TpeMs MaAlIUMHU GUTaMH perucTpa ADCSR/ADCSRA Noj Ha3BaHHWEM ADPSO. . 2. Koadduum-
€HT JIeNIeHUs 4aCTOThl TaKTOBOro reHepatopa MK ycTtaHaBaMBaeTcsl Mo CTENEHAM JBOH-
KH, BCE HYJIH B 3THX Tpex OUTax cOOTBETCTBYIOT KO3 dHuHeHTY 2, Bce eanHULbl — 128.
HanomHuM, uro onTumanbHas uactota npeoOpa3oBaHWs JEeXHT B avanazoHe 50—
200 xI'u, Tak uTo, HanpuMep, 11 TakToBO# YacToThl MK, paBHoii 4 MI'y, koadduuneHT
MOXET MMeTh 3HaueHHe Tobko 32 (cocTosiHHe OuToB ADPSO..2 = 101, yactora 125 kI'w)
uiu 64 (coctosiHue 6uToB ADPSO..2 = 110, yactora 62,5 kI'u). [1pn TakTOBO# HacTOTE
16 MI'u B nonycTHMbIi AHana3oH ykiiaabiBaeTcs ToAbKO koabduuueHT 128.

Bbibopka HcTOUHHKA OMOPHOrO HanpsKeHHs NMPOM3BOAMTCS OMTaMM REFS1..0 perucrpa
ADMUX (cTapiune 6uThl 7 1 6), NpUueM UX HyleBoe 3HaueHHe (N0 YMOIYaHHIO) COOTBETCT-
BYET GHeuiHeMy WCTOUHHKY. HanpskeHHe 3Toro BHELUHEro HCTOYHHKA MOXKET JieXaTb B
npepenax ot 2 B no HanpskeHHs MUTaHUS aHANOroBo# YacTH AV, (a OHO, B CBOKO Oue-
penb, He JOMHKHO OTJIHYATLCA OT MUTaHUs uudposoi yactu Gosiee yem Ha 0,3 B B Gonb-
LLYIO MJIH MEHBLUIYIO CTOPOHY). MOXHO BbIOpaTh B Ka4€CTBE OMOPHOrO H MHTaHHE CaMOH
aHaJIoroBo# 4acTH, NPHYEM ABOSIKMM crnocoboM: 160 npocTo coeAnHUTb BbiBOAbI AREF
1 AVCC mukpocxembl, TH60 ycTaHOBUTb GUTbI REFS1..0 B coctosHue 01 (Torna coenu-
HEHHE OCYLUECTBAETCS BHYTPEHHUMH CXEMaMH, HO 3aMETHM, YTO BHELUHMH OMOPHbIH
MCTOYHHK MPH 3TOM A0/MKeH ObITh OTKIIOYEH). [TperycMOTpeH 1 BCTPOEHHbIH HCTOUHHK
(3amaercs REFS1..0 B cocTosHuM 11, npu atom k BeiBogy AREF pexomenpyerca noa-
KJII04aTh GUALTPYIOLIMI KOHAEHCATOp), WMEIOLHii HOMHHabHOE HanpsbkeHue 2,56 B
¢ 6oabwnmM pazbpocom ot 2,4 no 2,7 B.

MogpPosHOCTH

Ha npaktuke B NpocTbix cnydasx, He TpeObylowmx BbICOKO TOMHOCTU npeobpasosaHus,
06bIMHO UMEETCS OAUH UCTOMHUK, OT KOTOPOrO NUTAIOT U aHAnNoroByo, U LMMPOBYIO YacT, a
Takke hOpMUPYIOT ONOPHOE HanpsxeHue, oTchunbTpoBaHHoe Yepe3 RC- unu LC-cbunbtp
(cm. panee puc. 10.5). Micnonb3oBaHe BHYTPEHHErO UCTOYHUKA ONOPHOTO HaNPSKEHWUA U3-
3a ero HecTabunbHOCTM BPAA N 3aMETHO NOBBLICUT TOYHOCTL NPeobpa3oBaHUsA, HO MOXET
6biTb YAO6HO AnA MacwTabuposaHus u3amepseMoin BeNWYUHbl. B psge aHanorosbix gaTiu-
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KOB, KOTOPble BO3MOXHO NWTaTb OT Hanpsxenun 3—5 B, uenecoobpasHo nuTaTh BCIO aHano-
roByl0 4acCTb CXeMbl OTAENbHO — TOr4a NOrpeLHoOCTb MOXHO CHW3WUTb 3a CYET TOro, YTO
U3MEPEHNA CTaHyT OTHOCUTENbHLIMK (€CNU NUTaHWe aHanoOroBOW YacTW CHU3UTCA MAKW NO-
BbLICUTCS, TO NPOMNOPUMOHANbBHO, CKOpee BCEro, M3MEHWUTCH U M3MEPAEMOE HanpsxeHue).
HakoHeu, B criyqasx 0co60 TOYHbIX U3MepeHuit cneayet NpeayCMOTPEeTb BHELWHWI kanub-
POBaHHbIN NPEUM3NOHHDBIN UCTOMHUK — Hanpumep, MAX873, MAX875 unu aHanoruyHble.

B niobom BapuaHTe opraHu3aumMu NUTaAHUA XKenaTenbHO (@ NpU O0TAeNbHOM aHanoroeoM nu-
TaHum — obna3atensHo), UuToObl NPOBOAHMK "aHanorosow 3emnu”, ana kotopon B MK umeer-
CAl OTAeSbHbIl BbIBOA, COBAVHANCA C "UMdpoBOi 3emnen” kak MOXHO Bnuxe K UCTOUHUKY
nuTanus. Ecnu HEBO3MOXHO NPOTAHYTbL €r0 OTAEfNbHLIM NPOBOAHMKOM MPSAMO K UCTOYHUKY,
TO coeauHeHne "aHanorosow" n "uudposoi” "semend" cneayeT NPOU3BOAUTL HENOCPEACT-
BEHHO HA KOHTaKTe pa3bema NUTaHus NNaTbl, OT KOTOPOro 3T "3eMnu" A0MKHbI PACXOANTb-
cA oTAenbHbLIMKU NPOBOAHMKaMKu. PykoBoacTBo Atmel Takke pekomeHAyeT BOKPYr BbiBOAOB
aHanoroBoro nuTaHus u Boiogos ALM (oHu Bceraa uayT noapsa) Ha obpaTHoOW No OTHO-
WEeHWIO K NPOBOAHUKaAM CTOPOHE NNatbl Aenartb nnowaaky, "sanueas” ee NONHOCTbLIO "aHa-
noroson 3emnen”.

Pesynbtat npeobpasoBanus ALIIT oka3biBaercst B peructpax ADCH:ADCL. [lockonbky pe-
3ynbTat 10-pa3psaHblii, TO N0 YMONYaHHIO cTapiue 6 GUTOB B perucTpe ADCH OKa3biBa-
I0TCS paBHbIMM HYJNIO. UTEHHE 3THX pErvMcTpOB MPOM3BOAMTCA, HAYMHAs C MJIAJLIErO
ADCL, MO€Jie Yero perucTp ADCH 6nokupyercs, noka He 6yaer npounrtaHd. CienoBarenbHO,
Jiaxe eCli MOMEHT MeXIy YTEHHEM perucTpoB nonan Ha ¢poxt 14 (15) Takra ALITI, ko-
ria JaHHbie B HHX JOMKHbI MEHATbCS, 3HAYEHHUs NMPOYHUTAaHHOH napbl 6YAYT COOTBETCT-
BOBaTb APYr APYrY, MycTb M Pe3y/abTaT 3TOro npeobpa3osaHus nponaaet. B nporupono-
NOXKHOM MOPSIKE YUTATh ITH PETHCTPBI He pekoMenayercs. Ho 6uT ADLAR (GuT 5 peruct-
pa ADMUX) MpENOCTAaBISET MHTEPECHYIO BO3MOXKHOCTb: €CIH €ro YCTaHOBHTbL B 1, TO
pe3ynbTar npeobpa3oBaHHsi B perkcTpax ADCH:ADCL BbipaBHMBAaeTCs BieBo: OUT 9 pe-
3yabTaTa OkaxkeTcs B crapiueM 6uTe ADCH, a He3Hauawumu 6yayT mnaaiuume 6 GUToB pe-
ructpa ApCL. B aToM cayuae, eciin.xBaraeT 8-pa3psaHOro paspeLieHHus pe3ynbTara, MOX-
HO NMPOYECTb TONbKO 3HAYEHHE ADCH.

Bbibop kaHaNOB H pexxUMOB uX B3aumopeiicteus B AL npousBoauTcs nateio 6Guramu
MUXO. .4 B peructpe ADMUX. B HekoTopbix Moaensx (cemeiictBo Tiny) 3Tux GUTOB BCero
Tpu (MUXO. . 2), a, HanpuMep, B ATmega8 — ueTbipe (MUXO. . 3), B 3aBUCHUMOCTH OT 00Lie-
ro uvcnia kaHanog. B nro6om cnyuae ux 3HaueHus oT 0 10 MaKCHMAbHOrO HOMEpa KaHa-
na (koTopbix B G0NBIIMHCTBE cayyaeB §, Tak YTO 3HAYEHHUs OKa3biBalOTCA B Npeaenax or
000 mo 111, crapwume 6uThi, ecn OHHU ecTb, paBHbl 0) BbLIOHMpPAIOT Hy>KHbIM kaHan B
06b1uHOM (HeauddepeHUHATBEHOM) peskUMe, KOTAa U3MEPAEMOE HANpHKEHHE OTCUMTBI-
Baercs oT "3emMau" (aHanoroBoi). A nocaeaHHe ABa 3HaYeHUs 3TUX OUTOB A ceMeiicTBa
Mega (11110 u 11111 B GonbirunHcTee Moaenei unu 1110 1 1111 ans ATmega8) BbiGU-
patot pexkumbl, koraa Bxoa ALIIT noacoeauHsercs k OnopHOMY UCTOYHHKY KOMMapaTopa
(1,22 B) unu k "3emne" COOTBETCTBEHHO, YTO MOXET UCMOJb30BAThCA 1 aBTOKaTHO-
poBku yctpoiictea. B umerownx ALITT momensx Tiny (a Takxe B "knaccuueckom"
AT90S8535) Takoro pexuma Her.

Hakonell, ocTtaibHbie KOMOHHAUMK pa3psA0OB MUX NpeaHa3HauYeHbl AJs YCTaHOBKM pas-
AHYHBIX JudOepeHUHaNbHbIX PEXHMOB — B TeX MOIENAX, IA€ OHH MPUCYTCTBYIOT,
B OpYrux ciayudasx 9TH GuTh 3ape3epBHpoBaHbl (kak B Moaensax Atmega8, ATmegal63
u ap.). B nuddepenunansHom pexume ALIT u3mepser HanpskeHHe MeXAy ABYMs Bbi-
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6paHHbIMU BbIBOAAaMH (Hanpumep, mexay ADCO u ADCI), npuuem He Bce BbIBOIbI MO-
ryT ObiTh B TaKOM pexcume 3aneicTBoBaHbl. B Tom uucne nuddepeHumanbHbie BXOabI
ALTIT MOXHO noOAKJIOYaTb K ONHOMY M TOMY K€ BXOAY AJIsi KOppekuuu Hyns. Jleno B
TOM, 4TO B psze Mozaeneii Ha Bxone ALITT uMeercs BcTpoeHHbli ycunuTens, ¢ koahduuu-
eHToM 1%, 10x 1 200x (ko3 duLumeHT BLIOUpaeTcs TeMH ke OuTamu MUXO. .4), U TaKoW
peXXUM UCMONb3YyeTCs U1 ero KaluOpoBKkH — B JalibHellleM 3HaYeHHe BbIXOa NPH COo-
€[MHEHHBIX BXOAaX MOXHO MPOCTO BbIYECTb.

Bxoapl 1 X pexxuMbl AONYyCKaeTcs nepexsiouarsb B Mo00i MOMEHT, NoToMy 4To 3ddekT
3TO JacT BCE PaBHO TOJIbKO MOC/E€ OKOHYaHHs TEKYLIEro npeoopa3’oBaHUs — TaK MOXKHO
MEHSATb KaHalibl "Ha Xoy" B pexxume HenpepbiBHOro npeobpasosanus. Tonabko np 3ToM
cllelyeT y4ecTb, UuTo B A depeHLMaibHOM pexxUMe HU3-3a HAJIMUMS YCHIIMTENs Nokasa-
HUS YCTaHOBATCA TONbKO yepe3 125 MKe (T. e. npuMepHo uyepe3 16 LMKI0B HENpepbIBHO-
ro npeo6pa3oBaHus ¢ yacToToit 125 kl'1), pe3ynbTaThl 40 UCTEUEHHs ATOrO CpoKa OKa-
KyTcsa HenoctoBepHbiMH. [Touemy-To ans ATtinyl15, rae npenycunurenb UMEET TONBKO
nBa koddduumenta (1x u 20x) 3T0 He OroBapHBaETCs, 3aTO YKa3bIBAETCS, YTO TPH Mepe-
KJIIOUeHHU Ha nuddepeHuranbHblii pexxuM nepBoe U3MepeHHe 1uintes He 14, a 25 Tak-
TOB, KaK NpH NEPBOM BKJIIOYEHHH.

Jns HennddeperumanbHoro pexxuma AL, koraa HanpskeHUe OTCUMTHIBAETCS OT "3eM-
aun", pesyabTaTt npeobpasoBaHus onpenensercs Gopmynoii: K, = 1024U,/ Uy, rae Ky —
3HaueHue BbixoaHoro koaa ALITI, Uy u U,s— BXomHOe W onopHoe HanpsbkeHus. ud-
depeHUnanbHOMY M3MepeHHto cooTBeTcTBYeT Takas dopmyna: K, = 512(Upes— Usep)/ Veess
rae Ups M Upeg — HaNpPsSXKEHUS HA MOJIOXKUTENLHOM W OTPULIATENLHOM BXOJaX COOTBET-
cTBeHHO. Ecnu HanpsxkeHue Ha oTpHuaTenbHOM Bxoae 6onblie, YeM Ha NONOXKHTENLHOM,
TO pe3yJibTat B A pepeHuraNibHOM pekiMe CTAaHOBUTCS OTPULIATENbHBIM W BblpaXKaeTcs
B nononHutensHoM kone ot $200 (-512) po $3FF (~1). PeanbHas TouHOCTh npeobpaso-
BaHMa B AuddepeHUHanIbHOM pexxume paBHa 8 paszpsnam.

Mpumep ucnonb3sosanua AL

[Ipeanonoxxum, y Hac wumeercs [Ba JaT4yMKa, Hanpumep, TeMmepaTypbl W JaBie-
HUs, BblJAloOWKX curHan B npeaenax ot 0 no 5 B. Heo6xoauMo u3MepsaTs WX 3HaUYEeHUs
HE peke, YeM OIMH pa3 B HECKOJIbKO CEKYH[ M CKjlalbiBaTh B namsaTh. [loToM 3TH naHHble
OynyT u3Bnekarbcst A7 MHAMKALMK, KOTOpast OCYLIECTBISETCS B OTAELHOM BPEMEHHOM
uuiJie (Tak, Kak Mbl 3TO fiejiad B e1agse §). Tak Kak MaKCUMaibHO BO3MOXKHAsk CKOPOCTh
u3MepeHHii He TpebyeTcs, Lenecoobpa3HO UX MPOBOAWTbL HECKONbKO pa3 (ueM Gonblie,
TEM JIyulli€) 1 BbIBOAUTb yCpPEIHEHHOE 3HAaYEHHE.

Euwe onun xanan ALIT Mbl 3alimeM namepeHHem Hanps>KeHHs Bce TOM ke pe3epBHoH Ga-
TaperKkH 111 MOHUTOPHHTa ee cocTostHuA. Ha 3ToT pa3 Ml Moxkem Gonee noapoOHO HMH-
JIMLMPOBATbL €€ COCTOSIHHE — He MPOCTO "MCMpaBHA-HEMCNpaBHa", a BIIEIUThL COCTOS-
HHMg "NonHOCTBIO UcnpaBHa" (HanpsbkeHue Oonee ~3,4 B), "tpebyer 3amenbl" (Hanpsoke-
Hue oT ~2,7 no ~3,4 B) 1 "nonHocTeio HeMcnpaBHa" (HanpsokeHue MeHee ~2,7 B — camu
YPOBHH HamnpsKeHHsl, ECTECTBEHHO, MOT'YT ObITb U APYrUMH). DTH COCTOSAHMSA OyaeM WH-
JULMPOBATh ABYXLBETHBIM IBYXBbIBOJHbIM CBETOAHOAOM (Hanpumep, L117 — B npsamo-
yronbHoM, uiu L56 B kpyrinom kopnyce), kOTopblid OyaeT noacoeanHeH K BoiBogam PD7
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u PC7. Ecnu 3TH BbIBOZABI B OJHOM COCTOSIHHH (Hanpumep, 06a B HyJIEBOM), TO CBETOAH-
OA MoraileH, eciii eIMHULA Ha BbiBoae PD7 — ropuT kpacHbii, eciu eAHHHULIA HA BbIBO-
ne PC7 — ropur 3eneHblii (cpaBHUTE C npuMepoM B pasdene "Komanower nposepxu-
nponycka" enagsr 6 — 3€cCb anropuTM HEMHoOro cioxHee). KpacHblii o3Havaer, uto Ga-
rapeiika HEMCNpaBHa, 3eJeHblii — YTO TIOJIHOCTHIO MUCMPaBHA, B COCTOSIHUU "Tpebyer 3a-
MeHbI" cBeTOaMOAbl Oy YT MUraTh NONEPEMEHHO.

CxeMa coelMHEHHi1, COOTBETCTBYIOLLAA 3TOM 3aaue, ¢ opueHTHpoBKkoit Ha ATmega8535,
nokasana Ha puc. 10.5. Paspsaast PCO-PC6 cnyxar ans ynpaBiaeHUs cerMEHTaMH MHIM-
KaToOpOB (aJIFOPUTM M3JIOXKEH B 21age 8, U 311ech Mbl ero pa3buparb He Oynem). Jlnsg koM-
MyTaUMW pa3psioB MHAWKATOPOB MOXKHO HCMOJb30BaTh CBOOOAHbIE pa3psabl noprta B
wiu D (Ha puc. 10.5 He nokasaubl). [Toakmouenne Garapeiiku aHanoruuHo puc. 10.2,
No3TOMY cama oHa Ha puc. 10.5 Takke He nokasaHa.
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Puc. 10.5. Cxema usmepeHus TemMnepaTypbl, AABNEHUA U HANPSKEHUNA pe3epBHOW DaTapeu

B kauectse naruuka Temnepatypbi (kavan 0 ALIT) BbiGepem nonynpoBoaHuKoBbIi npe-
obpaszoBaresnib ¢ oaHum nutanvem LMSO ¢upmbl National Semiconductor, koTopbiii
MOXHO 3amMeHHMTb Oe3 kakux-nu6o popaboroxk Ha TMP36 (Analog Devices) unu Ha
TC1047 (Microchip Technology). BbixoaHoii curHan storo aatuuka npu 0 °C paseH
500 MB u umeer kpytusny 10 MB/° (c noBoabHO GonbLiM pa3bpocoM, COOTBETCTBYIO-
wem ownbOke npuMepHo 2-3°, T. €. BaTuUK HeobxoauMo KanubGpoBarh). TakuM oGpasoMm,
B auanasoHe ot —40 o +100 °C (pabounii nnanason LMS50) HanpsbkeHne GyaeT MeHsThb-
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ca ot 0,1 no 1,5 B, uTo cooTBeTCTBYET H3MEHEHHIO BBIXOAHOrO KOJa B npexenax ot ~20
10 ~300 ¢ kpyTH3Ho#i okosno 2 enuuul kona Ha 1 °C.

3AMETKH HA Nofsix

Kak Buaum, auana3oH U3meHeHUss HEMHOTO NpeBbilaeT BOCEMb Pa3psaos, U eCTb A0BOSb-
HO 3HauMTeNbHLI 3anac, KOoTopbli Obl NO3BONMN AEMOHCTPMPOBaTL TemnepaTypy C Aecs-
TbiMu rpagyca (ocobeHHO ecnu cokpaTuTb AuanasoH). MiMeHHO Ha Takow crnydan B AL

' NpeaycMOTpeHa BO3MOXHOCTb YCUINEHWS BXOAHOTO curdana. Mel mornu 6bl yCTaHOBUTL
ycuneHue ¢ koadpcuumerntom 10, Ans yero, kpome BCEro Npoyero, NPULWNOCL Obl nepeknio-
yutb AUM B anddepeHumanbHbil pexum. B npuHuune 3to yaobHo — ecnu Ha oTpuua-
TeNbHbLIA BXOA NoAaTb HanpsixeHue, cooTeeTcTaylowee 0°, TO MOXHO nonyyaTb Temnepa-
TYpy cpasy co 3Hakom. Ho Ha npakTuke B AQHHON CUTyaLUW HUYEro He NOny4YaeTcs — no-
cne ycunenus B 10 pa3 HyneBoe 3HauyeHue (U3HadanbHo 500 MB) ByaeT cooTBeTCTBOBaTL
MakCUMyMy AuanasoHa HanpskeHuW, k Tomy xe Bes wkana (50 °C) okasbiBaeTca CAULLKOM
mana. Ecnu 3agava No3BOASIET OrPAHUMUTLCH TONLKO NONOXUTENbHLIMU 3HAYEHUAMU TEM-
nepatypsl 0 50°, TO MOXHO B3sTb Knaccudeckun LM35 (y Hero 0 °C ¢ooTBeTCTBYET Hyne-
BOMY HaNPSHXKEHWIO), U ANS HEro NPUMEHUTL METOA C BKIIOYEHNEM ycuneHus. MoxHo Bkrito-
unTb TOT Xe LM35 no cxeme co caBurom nuTaHus, ypesas LWKany B NONOXUTENbHON obnac-
TH 3a cyeT oTpuuaTtenbHoil. Ho Bce 3TO nonymepbl — kak BUAUTE, ANS NOAFOHKW LLUKanb
noaoObHbIX AaTyMKoB NpUxoauTCA A00aBNATH BHEWHWe ycunutenu, u mbl He Byaem 3gech
Ha 3TOM OCTaHaBNUBaTLCA.

Jlatunk atmocthepHoro nasneHus MPX4115 ¢upmbl Motorola (kanan 1 AL|IT) umeer
Kyaa 6onee ynoOHyto uwikany, B KoTopoi maBneHuto ot 15 no 115 kIla (or ~110 no
~860 MM pT. CT.) COOTBETCTBYET BbIXOJHOE HamnpsbkeHue ot ~0,2 no ~4,8 B. Cnenosa-
TE/IbHO, MBI MCTIONIb3YeM BbIXOAHOH ananasod ALITT npakTH4ecku MONHOCTBIO, C KPYTH3-
HO#H nMpuUMepHO 1,3 eHHKLIBI KOJa Ha | MM pT. CT., YTO Hac YCTPauBaeT C TOUYKH 3peHus
paspeLueHus.

UYtobbl He OTBNEKaTbCA Ha YACTHOCTH, pacueT (M3WYECKHX BEMYUH TeMMNepaTypbl H
JaBJIEHUS OCTaBUM 3a CKOOKaMH (O HEM MOrOBOPHM HEMHOTO B KOHLIE IJ1aBbl), a C Ha-
npsxeHueM Garapetikyu (kaHan 2 ALITT) Bce npocTo: BeiGepeM B kauecTBe OMOPHOro Ha-
npskeHue nutaHus 5 B, T. e. ctonbko npugercs Ha 1024 rpagauuu wkansl. Torga Ha-
npumep, 3Hayenue 2,5 B Oynmer coorsercTBoBaTh komy 512 (B npeanonoXeHHH, YTO
OMopHOe HanpskeHue paBHO TouHo S B). Tak kak ownGka caMoro ONnOPHOro Hanpsxe-
HHA MOXET GbITh AOCTATOHYHO BelHKa (pa3Opoc BBIXOJHOrO HanpskeHHs cTabHIN3aToOpoB
tana LM2931 unu LM78L0S Ha npaktuke coctasnset ot 4,9 no 5,1 B, a B npuHumne
MOXeT ObiTb U GobLIe), a BICOKas TOYHOCTb HAC TYT He HHTEpECYyeT, He HY)KHO 3aHH-
MaTbCs TOYHOH NMOArOHKOH pe3ynbTaToB. Mbl MOXEM BOCMOJIb30BaThCS BO3MOXKHOCTBIO
BbIDABHWBAHHs PE3y/IbTaTOB MpeoOpa3oBaHus BIEBO, W B3ATb TONbLKO cTapiuui 6aiT, HO
3TO TONBKO YCAOKHHT JIOTHKY NMPOrpamMMbl — fpolue Yutarth aaHtbie AL eAMHO0Gpa3-
Ho. Byaem cuutaTh, 4TO abCONIOTHOE 3HAuYEHWE HANMPMKEHHUs C pa3pelieHHeM [0 ABYX
3HaKOB Mocne 3anstodi GyaeT paBHO NMPUMEPHO MOJOBHHHOMY 3HaueHHto koza AL
HHaue roeops, BbIOpaHHbie HAMW IpaHHLibl HanpskeHWs BbipassaTca Tak: 2,7 B — kon

540 ($21C), 3,4 B — kon 680 ($2A8).
Mporpamma

YnpaBasTb U3MEPEHHAMH W OCYILECTBIIATb JHHAMHYECKYIO MHAMKALMIO (cM. 21asy §)
6ynem vepes npepbiBaHua Timer(). B naHHOM ciyyae 3anycTHM 3TH NpepbiBaHMA C yac-
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endADC: ;oBpabBoTka HaHHBIX
;CHauyaja, eciM Heofxommo, MuraHue ~1 cek
sbrs Flag,3 ;ecmu dmar 3 crouT, Hago MMIaTh
rjmp calcA ;uHaue k pacuery
sbrs Flag,4 ;npoBepseM Our 4
rjmp setR ;ecim cOpolleH — KPaCHEM
cbr Flag, 0000010000 ;mHaue cBpaceBaeMm
cbi PortD,7
sbi PortC,7 ;ByneM ropeTb 3eJIeHbEM
rjmp calcA ;k pacuery
setR: sbr Flag,0b00010000 ;ycraHaBinuBaeM Our 4
cbi PortC,7
sbi PortD,7 ;ropmM KpacCHEM
calcA: jpacuer no 64 3HaUEHMAM
clr count64 ;ounMCTWIM CUETUUK
sbrc Flag,0 ;y3HaeM TeKyupi KaHam
1di r28,Tram ;ycraHoBka ampeca — T
sbrc Flag,1
1di r28,Pram ;ycraHOBKa ampeca — P
sbrc Flag,2
1di r28,Bram ;ycraHOBKa ampeca — Bat
1d AregH, Y+ ;3arpys3ka CyMMbl U3 [aMATU
1d AregL,Y
div64L: ;nmeneHue Ha 64
lsr AregH ;crBuHyym cTaplmii
ror AregL;COBMHYJIM MIlamumii
inc count64
cpi counté4,6
brne div64L ;coBuHysmu-nopemum Ha 64
subi r28,1 ;Bo3BpamaeMcsa K agpecy CTaplero
clr temp
st Y+, temp
st Y,temp ;ouMcTWIM NaMATL IS CleIyluero UMKIa
adiw r28,5; ampec pesynbTaTa Ha 5 Gonbume
st Y+,AregH ; sanoMMHaeM B NaMATHM yCpeIHEHHOe 3HaudeHue
st Y,AregL
battery: sbrs Flag,2 ;pacuer Garapeu
rjmp tempr ;ecymu GMT 2 HE YyCTaHOBJISH, TO Ha TeMriepaTypy
cbr Flag,0b00001000 ;racuM mmranky
mov temp, AregL
cpi temp, $1C
1di temp, $02
cpc AregH, temp
brsh ContC ;nepeiTu, ecnu Goneme 2,6 B
cbi PortC,7
sbi PortB,5 ; Garapesa B HyJjie, I'OPMM KpaCHBM
rijmp contPT
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contC: mov temp,AregL
cpi temp,0xA8 ;3,3 B
1di temp, 0x02
cpc AregH, temp
brsh contG ;nepeitTn, ecim Gombume 3,3
sbr Flag, 0000001000 ;mmrare Oynem

rijmp contPT
contG: cbi PortB, 5
sbi PortC,7 ; Hopma, GyneM r'opeTb 3EJIEHBEM
rjmp contPT
tempr: sbrs Flag,0 ;pacuer TemnepaTypsl

rjmp prs ;nepeXxon K IaBJIEHMIO
<37mechb pacueT (¢M3UYEeCKON BeJMuuMHE T>

rjmp contPT
prs: sbrs Flag,l ;pacuer nasjieHus
rjmp contPT
<3mech pacueTr (¢M3UUECKO! BEJIMUMHH P>
contPT:
;YCTAaHOBKA (QJIarOB M IEPEMEHHHX Ui ClIenyllero LMKia
clr count64
sbrc Flag;o
rjmp _FO
sbrc Flag,1
rjmp F1
cbr Flag,0x7
sbr Flag,0xl ;61 GuT 2, ycTaHaBmmBaeM 6uT0 — TemmnepaTypy
reti
FO:
cbr Flag,0§ﬁ
sbr Flag,0§2 ;601 OuT O, ycTaHaBiIMBaeM OuTl — OaBJIeHMe
reti
_F1:
cbr Flag, 0x7
sbr Flag,0x4 ;6eu1 Our 1, ycraHaBimeaeM Gur2 — GaTapen
reti; xoHel npepeBaHua Timer0

Kak BuauTe, npouenypa nosiy4unaacb AOBOJBHO FPOMO3AKOH, U MOXKHO OCTOPOXHO 3a-
JaTh BOMPOC: €CJIW Mbl CIOfla €LI€ BKJIIOYHM pacdeTbl (pU3HYECKHX BENHYHH, KOTOpble
3aHMMAlOT MHOrO BPEMEHH, HE BbliileM JIM 3a mpeaensl WHTEpBana, OTMYLUEHHOro Ha
npepbiBaiie (~500 mkc)? Ha camom gmene 3toro He mpousoiiaeT: BeAb GONBLUMHCTBO
npepbiBaHHii MyCTbie WIK MOYTH MyCThi€e, JHLIbL B OAHOM W3 2048 BbIMONHAETCSA pacueT
3HauYeHHH, W KaXABIA pa3 TONbLKO AN OAHOI BenuuuHbl (a He cpasy an4 Bcex). Ecnu na-
e MPUHATDb, YTO B KOKIAOM TaKOM pPacyeTe y4acTBYET OHA-ABE NMPOLEAYPbl YMHOXKEHUS
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xapakrtepucTiku. KoHe4HO, MOXKHO BbIpa3uTh "MOACTaBKY" M B HATYpasbHbIX BETHUYHHAX,
M BbIYMTATb €€ MOC/e YMHOXKEHHUS Ha KPYTH3HY, HO B JaHHOM Cily4ae 3TO ropa3o MeHee
ynobHo.

B urore mbi pacnpasunuce ¢ ALIIT B noBonbHO npocToMm ciydae usmepeHuit no TpeM ka-
HaJjlaM:NpU €AMHOOOPa3HbIX JaHHBIX M 6e3 kakux-i1ubo TpeGoBaHUi kK CKOPOCTH NpoBe-
AEHHUs U3MepeHHH (ACHO, YTO MpU HEOOXOAMMOCTH TeMMepaTypy H AaBj€HHWE MOXKHO
3aMepATb U pexe, YeM pa3 B TPH CeKyHabl). BcTpeuatores cnyyan HamHoro Gonee clnox-
Hble — 0coOeHHO, Koraa npu BCEM 3TOM ellle HeoOXoaUMO YUHTbIBaTb dHeprocOepexe-
Hue. A celuac Mbl nepeHaeM kK coBceM apyrod Teme — obMeHy aaHHbiMu Mexxay MK u
"BHELIHUM MHUPOM", KOTOPOMY MPHIETCA MOCBATHTb HECKOJILKO I1aB.
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put_O:
cbi PORTB,mosi
nop ;3amepkkKa Ha OIMH TaKT
r bit:
sbi PORTB, sck ;Brpam cTpo® M Nnomoxmam
nOp ;3alepXKa Ha OIMH TaKT
sbic PINB,miso ;umTaeM 6ur C miso
rjmp rl bit
clc j;ecim 0 — cBpocuMm nepeHoc
rjmp rend bit
rl bit:
sec j;ecim 1 — yCTaHOBMM NEpPEHOC
rend bit:
rol data_in ;mepeHOC BO BXOHHON GanT
cbi PORTB, sck ;Bmimamm CTpo® M nomnoxmaiu
nop
dec temp
brne spi_loop
sel ;ecnu KOMaHOH Ccli HeT, TO TOXE MOXHO YHaNUTh
ret

ITpu TakroBoii yacrore MK 4 MI'l Takas npouenypa o6ecneyuT CKOpoCcTb nepeaady no-
panka 0,5 MI'u. Tlyctele onepauuu (nop) HyXHbl, 4TOObl CHOPMHPOBATH 3aAEPIKKY
(~250 He npu 4 MI'u) mexay bopMupoBaHreM AaHHbIX Ha nuHUAX MISO u MOSI u Mo-
MeHTOM ux uteHus (nepenaxoM Ha SCK). Ecau GbicTponeiicTBHE BEXOMOro no3BOJISET,
TO 3TH ONepaLHrH MOXHO YOpaTb.

B kauecTBe NOCTaTOYHO NPOCTOro npvMepa Hcnonb3oBaHus SPl paccMoTpum oGMeH
¢ flash-mamateio cepun AT45DB. Ho cHauyana nonpobyem noapoGHee pa3zobparbcs B
pa3MYHBIX THMAX MaMATH, KOTOPblE HMEIOTCA B MPOAAKE.

O pa3HOBUAHOCTAX 3HEProHe3aBMCUMON NaMATH

HanomHuM, 4TO cylecTBYOT 0fiHOKpaTHO nporpammupyembie kpuctanibl (OTP EPROM) u
nepenporpamMMmupyemas 3HeproHesaBucumas namsatb — no-pyccku, [MM3Y. Y®-ctu-
paeMas NamATb JABHO HE NMPHUMEHsAETCH, U Bce coBpeMenHbie [TII3Y aBnsiorca anekTpu-
yecku nepenporpammupyembiMu (OCIITI3Y) unu EEPROM. Moaxas nbixe flash-namsatb
TOXE, BooOLe ropops, otHocutcs k EEPROM, HO uTOGbI noa4YepkHYTh pa3HHLY B TeX-
Honorusx, yawe Bcero nogq EEPROM umeroT pasHOBUAHOCTb ¢ MPOU3BOJIbHbIM JOCTY-
noM k GaiToBbiM (00bIYHO) Auelikam, B TO BpeMs kak flash-nmamaTb Moxer nporpammu-
poBaTbCA TONBKO GJIOKAMH.

B Tta6n. 11.1 npuBeneHbl HekoTOpbie HauOoOnee PacnpOCTPAHEHHbIE THIbI MHUKPOCXEM
namsaTu npoussoacTea Atmel. OTmeTHM, uTO HOMepa, 0003HavaloLMe CepuIo (a TaKkxKe B
OONbLUMHCTBE Cy4aeB M LOKOJIEBKA BBIBOJOB), Hallle BCEro COXPAHAIOTCHA WIS TeX e
Pa3sHOBHIHOCTEH NaMATH W Y JpYTrvX NPOU3BOAMUTENEH.
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Ta6bnuya 11.1. Hekomopble cepuu MUKpocxem namamu npoussodcmea Atmel

Homep cepumn EmkocTtb, 6uT | Tun u untepdenc

27 256K-8M { MapannensbHas OTP EPROM
28 16K4M | NapannemwwasEEPROM
25| IK-512K | Nocneposaremwas (SP)EEPROM
25F . 1K4M | Mocnemosaremskas (SP))Flash |
R ~2*SDI; 4M—64I\;l MNocneposatensHas (SPI) #Iash S :
:566 o 1M;54M BbicokockopocTHas n_ocne.qoaaTeanaﬂ (SP!) Flash o ;
‘ €O BCTPOEHHbIM Bydepom
- ZT 7777? 1K-1 M o Mocneposatenstias (1’C) EEPROM

Pasuuny mMexxny EEPROM u Flash nerko noHsTb, ecny BHUMATENbHO pacCMOTPETh Tex-
HHYECKHE XapaKTepUCTUKH TOH U apyroii: Hanpumep, B cepud AT2S5 (EEPROM) 3anucs
ofiHoro Gaiita 3aHuMaer S mMc, B To Bpems kak B cepun AT25F (Flash) cama no cebe 3a-
nuch 3aiimMeT Bcero 75 MKC, HO NMPEABapUTENIbHO NPUAETCA CTEPETh cpa3y Lienblid cexTop,
Hanpumep, pasmepom 32 kbaiita, uto norpebyer Gonee cexynabl. Ho naxe c yderom
3TOH onepauuu, CpelHee BpeMs Ha nepenporpamMMmupoBaHue onHoro Oaiita Bo Flash
okaxxercs npumepHo B 100 pa3 mMeHbwe. OTciona U pasnuyue B NPUMEHEHHH: NpH 6osb-
LIOH €MKOCTH MOC/IeA0BaTe/IbHO 3anoiHseMoi maMaTu uenecoobpasHee Flash, ecnu xe
TpebyeTcs CTOXacTHYeCKoe BbIOOpOYHOE 3anojiHeHWe namsaTd nobaiTHo, 6e3 nepenpo-
rpamMmmupoBaHus apyrux ayeek, To EEPROM oka3sbiBaercs yno6Hee. 3amMeTuM, uto nep-
BbIM Cllyyail BCTpe4aeTcs Ha MpaKTHKE 3HAYMTENbHO yalle, noToMy Atmel pexomenayer
nepexoauTs Ha flash-namsrs.

Mn

Hocryn k "uncroi" EEPROM npouie, H 3akioyaercs no cyTd B AByX OYEBMIHBIX Orie-
pauMsx: nmocinat KOMaHIy — 3anucaTb/npouectb Gaiit. 3aTo Takas namsTb B LIEJOM
MeJIeHHee, U K TOMY )K€, Kak BUAHO U3 Tabn. 1.1, uMeeT MeHbLIyIO eMKOCTb. Pabory
c EEPROM cepun AT24 mbl pa3bepeM B crnenmyioulei rnase, koraa Oynem roBoputs
o dyHKUHOHMpPOBaHUH HHTepdeiica I°C. Mcnonb3oBaTh Takylo NaMaTh CO CKOPOCTHbIM
nurepdeiicom SPI (ceputo AT25) nonpocty HeuenecoobpasHo, U cama Atmel "0Obiu-
Hy10" 25-10 y>Kke He pa3BMUBAET, aKLIEHTUPYs BHHMaHHe pa3paboTunkoB Ha cepud AT2SF.

Cepusa AT25F neyno6Ha tem, uto He umeeT Oydepa, U kaxaoe obpalieHue Lns 3anucH
3aHMMAaeT Jo0cTaTouHo Oonbluoe Bpems (kpome Toro, Mukpocxembl AT25 u AT25F otnu-
YaloTCH MU3JIMILHE YCIOXKHEHHBIM U JOBOJILHO 3aMyTaHHbIM MPOTOKOJIOM 3alliThbl OT 3a-
nucu). B Hekoropeix pasHoBumHocTax Flash (BT.u. B pa3bupaemoii nanee cepun
AT45DB) umeerca BctpoeHHbli SRAM-6ydep, no3Bonsiounii BpeMEHHO XpaHWTb Co-
Iepxxumoe sueek npv nepenporpaMmupoBanud. o 2001 r. Bbinyckanach "oOblyHas"
AT45, xotopas paborana 3HauUMTENbHO MEAJIEHHEE COBPEMEHHbIX THUMOB, B HacTOALLEE
BpEMsl €€ NPOU3BOJCTBO MOMHOCTBIO MPEKpallleHO U B3aMeH npeioxkeHa cepus 45DB.

3neck Mbl onuiieM flash-namars cepun AT45DBxxxB, kotopas oTinvaeTcs BCTPOSHHbIM
SRAM-6ydepoM u onepaLmsamMu 3anucH, 06bEAUHAIOLIUMH CTUPaHHE CTpaHHULIbl B Nams-
TH ¢ cobcTBeHHO 3anucbio. Cepus pabotaer npu HanpskeHWH nutanua 2,7-3,6 B u mo-
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XKeT UMETb eMKOCTb 10 64 M6ut (8§ Mo0aiit). ObpaTHTe BHUMaHWe, 4TO, KaK U Jitobas
flash-namsars, Mukpocxembl cepud AT45DB n0BoBHO MHOrO noTpebNsiOT B peKHUME
3anucu/cTupanus — po 20-25 MA. DTo npucylle BceM MHKPOCXEMaM 3HEProHe3aBUCH-
MOii NaMsATH, npuueM B oOLUeM ciiydae notpebrieHne ¢ yBenHYeHHEM EMKOCTH KPUCTaIa
pacTer.

B Bepcun "B" 3HaueHHe €MKOCTH CTPaHMLbI (M, COOTBETCTBEHHO, EMKOCTH NMPOMEXYTOU-
Horo Oydepa) — 264 6Gaiita. Moaenu emkocTbio 6osee uem 8 M6uT, umeroT GonbLKit
pa3mep Oydepa, Ho cTosb ke "Hekpyrnoe" ero 3naueHue. Bepcus 45DBxxxD otnunuaercs
OT BepcuH "B" BHyTpeHHel opraHusauueii — B Hel, B YaCTHOCTH, MOXKHO NEpeKIovaTh
obbem crpanuubl (M Oydepa) Ha pasmep 256 6aiT. TIPUHUMNHANLHO 3TO 3HAYEHHS HE
HUMeEeT: 3anonHAThL Oydep LeNuKoM, ecTecTBEHHO, Heobsa3aTenbHo. Ecnu BennunHa nop-
UMM AaHHBIX KPUTHUYHA, TO MOXKHO MPOCTO MPOUIrHOPHPOBaTh "nulinue" 8 GaiiT B kaxxnoi
CTpaHHLe WK (KaK, OYEBMHO, MOAPA3yMEBAETCs) HCMOB30BaTh HX JUI KAKWX-HUOYIb
CiyKeOHbIX LeJieii — Hanpumep, 1J11 XpaHEHUsI KOHTPOTbHOH CyMMBbI.

Hanuuune Oydepa nosgonser npu HeoOXOAMMOCTH MOAM(ULMPOBATH BCEr0 OAWMH WM
HeckoJIbKo 0aiiToB ObICTPO nepenucaTh CTpaHULy W3 NamsaTH B Oydep, 3aMEHUTL B HEM
HYXHbIE A4eiikH, U 3anucaTb 0OpaTHO OOHOBJEHHYIO CTPaHHULYy LeaukoM. OTMETHM, UYTO
MHKpocxeMbl BepcHu "B, HauuHas ¢ emkocTH 2 MbuTa (a Mukpocxemsbl "D", HauuHas
¢ eMkocTH 4 MGuTa), uMeroT No aBa Takux Oydepa, UTo NO3BOSET BECTH HEMPEPbIBHYIO
3aMKCh, HE OCTaHABJMBAsACH HA BPEMS JOJTUX ONepaLuii CTHpaHHs M 3alTMCH B OCHOBHYIO
namsTb, KOTOpbI€ TOr/1a MOTYT MpPOTEKaTb B OHOBOM pPEXKHME.

KonnuecTBO cTpaHHLL B NaMATH 3aBUCHUT OT EMKOCTH KpUCTanna — Tak, B |-merabutoBoii
BepCMM TakuxX cTpaHul 512 (a obwas emkocTb, crano ObiTb, 135168 OGaiit unu
1 081 344 6uT, uTo Heckonbko Gonblie merabura). Ha npumepe mukpocxemsl 4SDB011B
(emkocTblo 1 MOMT) Mbl U NpoAEMOHCTPHpYeM 6a30Bble OMEpaLMH YTEHHS W 3aluCH
yepe3 uHTepderic SPI.

3anuckb u yteHue flash-namsaTu yepes SPI

Mbi ucnonezyem ans AT45DB pasaenbHbiil pexkuM 3anucH W UTeHHs, KOrAa cHauasna
naHHble nuwytcs B SRAM-6ycdep, a 3aTeM OH LEIMKOM MEPEHOCHTCS B CTPaHMLy OC-
HOBHOM NaMsaTH (B MPUHLMINE BO3MOXKEH U OOBbENUHEHHbIH PEXKHUM, KOTAa 3aMUCh U 4Te-
HHE NMPOU3BOAMTCS MPSIMO B OCHOBHOH MaMsATH "CKBO3HbIM" METOOM, HO OH Oonee rpo-
mo3akuii). HanomHum, uro B npunuune flash-namsare nepen 3anucoio Tpedyercs cTUpaThb
oTAenbHON onepauuei, HO B cepun AT45DB, kak v B 60JbLUMHCTBE APYrUX pa3HOBU/-
HOCTEH, 3TH onepauuu MOryT ObITb 00BEAHHEHDI, MPHYEM CYMMApHOro BpeMEHH Ha 00b-
€AMHEHHYIO OMePaLMIO YXOAUT AAXE MEHbLLE.

Cama no cebe 45DBO01IB ponyckaer TakToBble 4YactoTbl obmeHa a0 20 MIu
(a45DBO011D, kcraTH, gaxe no 66 MI'l), HO Mbl, KOHEUHO, cebe Takoe MO3BOJUTL HE
MOXKeM, U CKpoMHO oboiinemcsi BennuuHoi 1 MI'u — makcumanbHo nonyctumoi ans
annapartHoro SPI B 06biuHOM pexcrme (0€3 yABOEHHsS 4acTOTbl) NPH YaCTOTE TAKTOBOIO
redepatopa 4 MI'u. OTMeTHM, YTO Mocie BKIIOYEHHs MUTAaHWs cpa3y HauWHATh Omnepa-
uuu ¢ Mukpocxemor 45DB011B Henb3s: Heo6xoauMo BbbkaaTh He MeHee 20 Mc (B npo-
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rpaMMe fpajiee 3TO HE OTPaXKEHO, T. K. 3anmyck npoueayp OyAeT oCyLUecTBASTLCS Bpyu-
HYI0).

KoHkpeTHas Mukpocxema BbIGHpaeTcs anmapaTHO 4epe3 KOHTakT "BbIGOp KpucTasiia”
/CS (HanoMHHM, YTO aKTHBHbII ypOBEHb Ha ITOM BBIBOJE — HU3KHH, MOTOMY OGLIYHO OH
o6o3Hauaercs ¢ HHBepCueil).

3anuce B 6ydep
SN S
P CEO D G LT LD D I WX XXX

Mepenoc Gydepa B cTpanuuy flash-namarn

o

SIXXX>( 0x84 X1, Pas7 X Paso,x X X )@XZ

Nepenoc cTpanunust flash-namsitu B 6ycdep
AN e
51 XK 0x83_XKoor. paeryeaso,x D x XXXX

Yrenne 6ycdepa
AN an
81 XXX 0358 X x_Xxxsmaxararo X X XXX
s0 o X >—

Puc. 11.1. lnarpammel 3anucu 1 YTEHUA AaHHbIX Yepe3 BCTPOeHHbil Bydep ans flash-namstu
cepuu 45DBxxxB (X — nio6oe 3HaueHne, n — nocnegosarenbHbiit HoMep Baiita AaHHbIX)

Ha puc. 11.1 npuBeneHsl quarpammbl 3anucH W uTeHus ans namatu 45DBO011B, koto-
pbiMH MbI GyfieM pyKOBOJCTBOBATbCS B HamucaHuu nporpammel. Onepauuu 3anucu
uTeHus B Gydepe cneuuanbHOro OKUAaHHS He TPeBYyIOT U NPOUCXOAAT B PeasbHOM Bpe-
menu. TIpouenypa 3anucu crpaHuubl 13 Gydepa B ocHoBHyio flash-namaTs ¢ onHOBpe-
MEHHBIM CTHpaHHeM 3aHuMaeT 10 20 Mc (MO OTAENBHOCTH 3TH OnepauuH 3aHsanH Gbl 15 1
10 mc cooTBeTcTBeHHO). OGpaTHas onepalms NEPeHOca CTPAHHLbI U3 OCHOBHOM MaMsATH
B Gydep BbinonHserca ropasno Gwictpee (250 Mkc), HO Taloke Tpebyer oxunanus. Tak
YTO NOCJIe MOCbUIKM KOMaH/bl Ha 3aMUCh WM HA YTEHHE CTPAHMLbI HYXHO JIMGO Bbi-
XKAaTh 3aBeA0OMO Gonbluee Bpems, W60 npoBepaTh crapluuii 6uT RDY/BUZY perucrpa
CTaTyca MMKPOCXEMBI, KOTOpbIH cOpachiBaeTcs Ha BpeMs UTEHHsS WM 3aNHCU-CTHPAHUS.
YCTaHOBKa B €IMHHYHOE COCTOSHWE 3TOr0 GMTa 03HAYAeT, YTO MHUKPOCXEMA roTOBa K
cnenyrowei onepaurn. Bropoii cnoco6, ecrecTBeHHO, Golee KOPPEKTEH, U Mbl MOHIEM
MMEHHO 3THM NyTeM. '

[lepBbiit GaiT B kaxIoM cnyyae — KOA onepauuu. [{is HArfsQHOCTH 3TH KOJbl NpHUBe-
ACHbI HEMOCPEACTBEHHO Ha nuarpammax puc. 11.1. B aagpecauun Gydepa u cTpaHuubi
namaTH WMEIOTCs omnpenesieHHble HioaHchl. Tak, aapec B Oydepe Bceraa npeasapsieTcs
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nycTbiM 6alTOM ¢ NMPOM3BONbHBIM 3HaYeHHWEM (Ha AWarpammax ob6o3HaveH, kak X), oc-
TanbHble OWTBHI agpeca pacnosaratoTcs kak oOblvHO (mosHblil aapec Gydepa o6bemom
264 6aiita 6yner conepxarb 9 6uros BFA(0..BFAS). I1pu urenun, kpome Toro, Heob6xo-
ZMMO focsaTh mycroid 6aiT nocse anpeca.

Anpecals OCHOBHOH NaMATH B CTPaHHUHbIX onepauusax (uTeHHe B Oydep W3 OCHOBHOMH
namaTH W 3anuch W3 Gydepa B Hee) MPOU3BOANTCA HECKOJILKO MHaue: B JaHHOM Ciyuae
anpec crpanuubl Takke 9-6utosbiii (PAO..PA8), HO 3TH 6uThl pacnonaraloTcs B ABYX
6aiiTax cO CABUroM Ha OfHY MO3HMLMIO BIEBO: Miaiwvi 6MT maaawero Gaiita aapeca
ocTaeTcs MyCTbiM M MOXET umeThb Moboe 3Hadenue. [lycroit Gaiit npu agpecauuu crpa-
HULl TpebyeTca nocnark TOAbKO nocie aapeca. byksamu r Ha auarpamme 0603Ha4YEHbI
6MTHI anpeca CTpaHHLIbl, 3ape3epBUPOBAHHbBIC U1 CTAPLIKX MOAEEH.

Opranu3oBaTb 06MeH Mbl NonpobyeM LTaTHbIM cnocobom Ha ocHose annaparHoro SPI.
Ha puc. 11.2 npuseneHa cxema coelMHEHH A1 3Toro ciyyvas. Kak Bbl 3HaeTe, BbIBObI
annapatHoro SPI npaktuuecku Bo Bcex mozensx MK AVR coenapyr ¢ SPIl-uHTep-
¢eiicom nporpammupoBanus. I1oaToMy 3anyckaTb Jaske B NPOBEPOUHOM pexkume paboTy

DD1
40
BE—Yeso {PA0) ACDO |—
-lpB1 (PA1) ACD1 |—
-{pB2 (ADC2) PA2 |—
Vee R1 H -pB3 (ADC3) PA3 |—
51K o1 ¢ |PBASS)  (ADCA)PA4I— AT45DBO11
o1 " PBS(MOSI)  (ADCS) PAS |—— T
3 PB6(MISO)  (ADC6) PA6 [—— DD2
PB7(SCK)  (ADC?) PA7 |—
x1 L [ (SCK)  (ADCT)
4 5 Reset 0,1 T Reset Von [—
|_ 2.6810] GND Vee Unur(u) AGND p—
vee —{ 2 | vee csze F[ON° Unur(a) [
3 sk Hi T XTAL2 PCT |
Q1 XTAL1 PC8 |—
Ig"" : :::‘; Ll [V (PDO) PC5 |—
e L HI—I_c.tzz TxD (PD1) PCaf—
R2 R4 c50,1 of{Po2nT0) PC3|—
1K | —
L UD Ve H T PD3 (INT1) PC2
. vec] -PD4 PC1[—
LY 4Ppsocia -
2 e LB F ious g
1 B 0.1;" 16 -1 ATmega8535L
2 | RxD [ maxzez |,
e | i
5 | GND 013 g"To1 +58B I LP2980CZ33 Vec=338
Y . 13 __{>o_ 12 4 REE GND Jos
7 14 1 2 47 2 47
e ) T
3 . 18] €[ c9
10 - 0.1 Ra =
1DC-10 M8
Puc. 11.2. Cxema ans TectuposaHus npoueayp 3anucu u ureHus flash-namatu 45DBxxxB

no nocneaosarenbHomy uHTepdoeiicy SPI
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SPI cpazy nocne BkitoueHHs OblN0 Obl HEMPAaBUIILHO: HYXKHO XOTS ObI JaTh BO3MOXKHOCTh
OTKJIIOYMTb NporpamMmarop. B naHHom cinyuae mbl cienaem Tak, urobbl paboTa HauHHa-
Jlach NpH Ha)kaTHH kHONKHW KH1.

OrmerbTe, uto BbiBoAbl /WP (Write Protection — 3amura ot 3anucu) U /Reset Mukpo-
cxembl 45DB011B B naHHOM ciiyyae He 3aeiiCTBOBaHbl U MPHCOEAUHEHbBI K BbICOKOMY
YPOBHIO HamnpsiyKeHMS.

NMporpamma o6meHa ¢ namaTio 45DB011B no SPI

[TonHocTblo TEkCT nporpammbl o6MeHa ¢ namsaToto 45DBO011B no SPI npuseneH B npu-
noocenuu 3. TlporpaMma HamucaHa Ha OCHOBe mpHMepa (MOAM(ULHMPOBAHHOIO U C HC-
NpaBleHHbIMH HETOYHOCTSAMH), OnKcaHHoro B [12].

[To npepbiBaHuto ot kHonku KH1 Mbl 3anyckaem Timer0, koTopbiii 6y;1eT CIYXHTb Cpel-
CTBOM aHTHApebe3ra: NpepblBaHUs OT KHOMKHM OyIyT Cpasy 3ampellaTsesi, a B NpepbiBa-
HUY TaiiMepa Mo MCTEeUYEeHUH BpeMEHH B | ¢ paspeluaTtbes onsaTh (LU OTCuUeTa OAHOM ce-
KyH/bl Mbl 3aBEJIEM CUETUMK NEPENONHEHHH, KOTOpbIH NpHU TakToBO# Hactore 4 MI'L
ko3 duuuenTe 1/256 nomkex cuurarb 10 61). B aToM e npepbiBaHuK Oyaem 3anyckarb
npouenypbl 3anucu (write) U YTeHHd (read) ¢ nocneayrolleii Bbiaadeil pesynbrara "Ha-
pyxy" yepe3s UART (onepaums out_com, cM. 21a8y 13).

[Tpouenypbl 3TH 31ech B 3HAYUTENLHOMN CTENEHH NEMOHCTpALMOHHbIE: Mbl Oynem 3anon-
HATb 256 GaiitoB B Oydepe, HauMHas ¢ HyneBoro aapeca, 3HadeHHEM CUeTuYHKa (count)
3THX ke 06alfToB, T.e. MOCNeNOBaTENbHbIMU BO3PACTAlOLIUMH 3HAYEHHSAMH, HauMHas
C HyJsl.

INocne onepauunn 3anucu B 6ydep Bcex 256 GaliToB cnenyer onepauus nepeHoca 6ydepa
B CTpaHHLy NaMATH (O] npuUmepa NpoU3BOJbHO BblOepeM cTpaHuuy ¢ aapecom 100).
Jns nposepku 6ura 7 (RDY/BUSY) B perucrpe craryca mukpocxembl 45DBO11B Mbi
OpraHu3yem 3aMKHYTbIH LMK YTEHHS 3TOrO perucrpa A0 MOMEHTa YCTaHOBKH 3Toro Ou-
Ta B €IMHUYHOE COCTOSIHHUE.

3AMETKU HA Nonsix -

37O AOBONbLHO ONACHBLI MOMEHT — eCnU CBA3b C NaMATLIO NPEpBETCH, TO NporpamMma "no-
BUCHET", — HO, KaKk Mbl FOBOPUNU paHee, Takoe YacTo BCTPeYaeTCA B NPaKTUKe Nporpammiu-
posanus MK, Beab ecnu namaTb okaxeTtcs ¢ AeeKkToM, TO, CKopee BCEro, U BCe YCTPOACT-
BO MOXHO CYUTATb HEUCNPaBHbLIM, TaKk YTO AanbHehwasn paboTa nporpaMmbl yxe He NoHa-
[OBUTCA. B KPUTUYHBIX CRyyasx B UMKN OXWUAAHWSI OTBETA OT NAMATU MOXHO, Hanpumep,
"BKMUHUTL" TO e camoe npepbiBaHue TakMepa, KOTOPOe B Cryvyae Heyaauu no ucredeHu
HEeKOTOpOro BpeMeHW npepseT uukn oxuaaHdus u otnpasut yepe3 UART ycnoBHblid Kog,
CUFHaNU3NpYIoLLWiA 0 HeUCNpaBHOCTU naMATU. Jpyron 6onee pacnpocTpaHeHHbIn NpueM —
3anycK CTOpOXeBOro TanMmepa, KOTopbii NONPOCTY Nepe3anyCcTuT KOHTponnep npu “"3asuca-
HUn" (cMm. 2nasy 14).

3anucaHHble 3Ha4eHUs Mbl OyaeM uMTaTh (Mpouenypa read): CHauana Ciefyer fepeHoc
cTpaHHuLpbl B Oydep, 3aTeM 0xKMAaHHEe OKOHYaHHUSA onepaLyy, Kak U B Cliyyae 3afucH, 3a-
TEM nocnefioBaTeNnbHOe nobaiTHoe ureHue u3 Gydepa ¢ nocnenyroueil NOCLUTKON uepes
UART Ha BHeWHHI komnbloTep, YTOObl YOEAHTHCS B NPaBUIILHOCTH YTEHHS/3aNUCH Ha-
FISIIHO.
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3anucb u yteHue flash-kapT

CyluecTByeT MHOXECTBO pa3HOBHUAHOCTEH kapT Ha ocHoBe flash-mamsaTH: ToNbKO OCHOB-
HBIX CEeMEHCTB OKOJIO MOJyaIKHHBI — ceituac B xomy Compact Flash, Secure Digital,
Multi. Media Card, Memory Stick, xD-picture, Bce ellle MOXHO BCTPETHTbL YCTpOICTBa,
noaaepxkusaroe nonysabeiteie Smart Media v npakruuecku cosceM 3a0biThie PC
Card. B paMkax KaKAoro M3 CeMEHCTB MMeEETCst 3HAUMUTENbHOE YMCIO MOAM(UKALMM,
WHOIa HECOBMECTHUMBIX Mexay coboi. CaMu cemeiicTBa pa3nnyaloTcs B NepByrO ove-
peab uHtepdeiicom nocryna — Ttak, Compact Flash (kak u coBmecTumbie ¢ Humu PC
Card) u Smart Media umeror napannenbHblii HHTEpdeEiic, B cnyyae Compact Flash co-
BMECTHMbIH C LUMHOH 1na noakmoueHus xectkux auckos IDE/ATA, ocranbHblie obna-
Ja0T Pa3IM4YHBIMH NOCE0BaTENbHBIMU HHTEPDEHCcamu.

B camopnenbHbIX yCTpOHCTBaX UTEHMs M 3amMcH Jiydine Bcero noaxoast flash-kaprbi
ABYX pa3HoBuaHocteii: Smart Media (SM) u Multi Media Card (MMC). V Hux nocra-
TOYHO NpocTOi HHTepdeiic U K HUM He OYeHb CIOXHO pasbickaTh B CeTH HOKyMeHTa-
LUMIO — JUIl MHOTMX JPYTMX H3JENIMii neTajbHble TeXHUUYeckue crneuvdukauuud npea-
craBnsitoT coboi koMmepueckui cekper. Y SM uHTepdelic napannenbHblii (noGaiTHbIN),
KpOMeE TOrO, Y HUX JOCTaTOYHO CJOXKHbIH /151 CAMOCTOSTEIbHOrO H3rOTOBJIEHUS Pa3beM.
K ToMy e 3TH KapTbl NOCTENEHHO BLIXOAAT W3 ynoTpebseHus: npocToTa uMHTepdeiica
Cbirpaja B JaHHOM Cllyyae OTpHLaTeNibHyto posib. Pazpaborunku SM pewumnnu 3aMMcTBo-
BaTh MepBOHauanbHyto uaeto nHrepdeiica IDE (nepeHecTn KOHTpoOJlEp M3 HaKONUTENS
Ha KapTy ajianTtepa, YTO Pe3KO YIELIEBHIIO )KECTKHE AUCKH Ha TOT MOMEHT) U NpeaocTa-
BUAKM nouTtu "ronbli" uHTepdeiic noctyna k flash-mukpocxeme Ge3 npoMexyTOUHOro
koHTposuiepa. [1oaToMy npu pa3BUTHM cTaHaapTa BO3HMKIW NpodieMbl ¢ COBMECTHMO-
CTbIO KapT pa3HOro ob6beMa, co CKOpOCTbIO 10CTYNna, U ceifuac cranaapT Smart Media
YK€ He pa3BHBaeTcCs, "3acTpsB" Ha HaKOMUTENsX emMkocTbio 128-256 MGaiit. Tak uTo,
HECMOTpPS Ha MPOCTOTY, €CTb OMACHOCTb TOTO, YTO Yepe3 HECKOJIbKO JIET TaKyl KapTy
MPOCTO He yAacTCs Pa3biCKaTh B MPOAAXKE.

[Toatomy Mbl ocTraHOBHMCcs Ha kapTax THna MMC, uMerowmx nocieaosare/ibHblii UH-
Tepoeiic, coBmecTumblii ¢ SPL. CyiiecTByer Heckobko pazHoBuaHocteii MMC. Kpome
OPHIMHABbHBIX KapT JJIMHOH 32 MM, W3roTaBNUBalOT CrieLUasbHble YKOPOUEHHblE (AH-
HOii 18 MM, nx 4acTo HasbiBaloT RS-MMC) — 3a ncknoveHnem pasmepa kopryca, OHHU
HUYEM HE OTJIMYAIOTCA OT 06bIuHbIX. KpoMe npocTbix 7-koHTakTHbx MMC, B nocneaHee
BpeMsl uallle BbiMycKaloT BbicOkockopocTHbie High Speed MMC, y koropbix He 7, a
13 KOHTaKkTOB. OTH BbIBOABI CIYXAaT AOMNOJHUTENbHbIMH JIMHUAMU OOMEHa JaHHbIMU
(dpaxTHueckn npespalias WHTEpdeic U3 NOCIENOBaTENILHOIO B napajulefibHbli), B PEXKH-
me poctyna no SPI oHn urHopupytorcs. OpurunansHas MMC paGoTtaet npu Hanpsike-
HWM nUTaHua ot 2,7 no 3,6 B, HO B nocnenHee Bpemsi Takke NOSIBUINCHL KapTbl ¢ 106aB-
koit DV (Dual Voltage) B Ha3zBaHuH, KOTOpble MOryT paboTaTh NpW Hanps>KEHUH NUTa-
uus 1,8 n 3,3B. Kaptel ¢ nobaBkamu k Haszeanuio Plus u Mobile ssastorcs
onHospemeHHo High Speed u DV (1 otanuatores apyr ot apyra pasmepom).

MopgknioyeHue kapt MMC

Mbl ocTaHOBMMCS Ha OpUruHanbHON 7-koHTakTHOH MMC, NojHOE TEXHUYECKOE ONuca-
HHE KOTOPOH MOXKHO pasbiCKaTb, MOKOMNABIUMCh B CrELMATU3MPOBaHHBIX GOpyMax WM

8 3ax. 491
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Mo cchbiikaM B aHrnuiickoli "Bukunenuun". bonee TouHbIX yKa3aHHWil, Kk COXANEHHIO, 1aTh
He MOry, T. K. opHLUHaNbHO CBOOOAHBIH AOCTYN K A0KyMeHTauun Ha MMC otcyTcTByeT
GONbLIMHCTBO CTapbiX CCbLIOK He paGoraeT. OnHa M3 BepcHii OMMCAHHA KapT (QUpPMb
Sandisk, rynsioutero no Ceru, HasbiBaercs ProdManualMMCvS.2.pdf, Tak yro MOXHO
nouckatb no 3ToMy Ha3aHuioo. Hekotopble cBenenus ans paborsl ¢ kapramu MMC u
npuMep nporpammbl yreHus ans PIC-koHTponnepoB MoxHO HaiTH B [13].

3AMETKHN HA NONsIX

SD npeacraenseT coboit no cytv paciumpeHHytio Bepcuio MMC, xota u npoussoauTenu
BCAYECKU OT 3TOr0 OTKPELUBaITCA (Hanpumep ycTponcTsa, coBMeCTumMble ¢ SD, moryT uu-
Tatb MMC, a BoT HaobopoT — He Bceraa, SD, kpome Bcero npouero, caenaxa Tonwe). SD
OpWEHTUPOBaHb! Ha WKdpoBaHWE KOHTEHTa, NoA0BHO ToMy, Kak 3To aAenaeTtca Ha DVD, u
HeobocHoBaHHble TpeGoBaHUA CEKPETHOCTU NPUBENW K 3aKPbITUIO 3TOrO CTaHaapTa Ans
ny6nuku (He CToMT 1 roBOPUTbL, YTO NPUMEHEHHana Tam cuctema wnudposaxua CPRM/CPPM
6bina cnomaHa xakepamu Tak GbICTPO, YTO e€e paxe TONKOM He ycnenw onpobosaTtb Ha
npakTuke). SD (kpome Bepcvu Secure Digital High Capacity — SDHE, emkoctbio Bbilue
2 '6auT, koTopas, B oTnuune or MMC u "npoctoro” SD, umeeT He nobainTHyto, a 6nouHyO
appecaumio) coemectuma ¢ MMC no OCHOBHbIM CEMU KOHTaKTaM, HO UMEET Ha ABa KOHTaK-
Ta Gonblue, YTO, BMECTE C 3ape3epBUpoBaHHbIM B npoTtokone MMC ceaAbMbIM KOHTaKTOM,
o6pa3syeT Tpu NULLHUX NuHUM AN Nepeaayu aaHHbIX. B SPI-pexume SD, kak u MMC, pabo-
TalT Yepe3 OaHY NUHWIO, YTO AenaeT ux husnyeckn coBMecTuMbiMU. MNpoTokon aoctyna no
SPI ana SD n MMC npaktuyecku He pa3nuyaeTcs, OA4HAKO €CTb HEKOTOPbIE HIOAHCHI, KOTO-
pble He no3sonaT 6e3 aopaboTkn nporpammbl noakniovats SD Bmecto MMC. XoTta nove-
My-TO BCe TexHudeckue onucanun flash-kapt ¢ upmeHHbIX caToB B nocneaHue roAbl Uc-
4Ye3nu, pasbickaTb OpuUrMHanbHoe TexHudeckoe onucadune SD, kak 1 MMC, He oueHb CNOXHO.

BeiBoabl kapTet MMC OTCUMTBIBAIOT OT ckOCa Ha kopryce (11 13-KOHTaKTHbIX KapT 3To
pan, 6arKHUI K Kpato), eclid pacnosyioKHUTb ee KOHTaKTaMH K cebe 1 BBEpX, TO MEPBbIi
BbIBOA Oyner cnesa. HasHaueHue koHTakTOB B peskume SPI mpuseneno B tabn. 11.2.
Kpome SPI, kaptei MMC wmoryt paGorath ¢ Gonee "NMpoABHUHYTHIM" MPOTOKOJIOM
MultiMediaCard Protocol, koTopslii 0T/iH4aeTcs, B 4aCTHOCTH, TEM, 4TO JHHHUA /CS (BbI-
BoA 1) B paboTe He yuacTByeT. B 0OCHOBHOI4 7-KOHTaKTHO# BEpCHHU 3Ta JIMHHUS OKa3biBaeT-
sl 3ape3epBUPOBAHHOM, B 1 3-KOHTaKTHOI BMeCTE C AONOMHUTELHBIMU JIMHUAMH CITYHHT
Ans nepenayu naHHbiX. Pexxuma SPI Bce aTH ycoBeplueHCTBOBaHHS He KacatoTesl.

Tabnuya 11.2. HaszHayeHue ebisodos MMC e pexume SPI

Homep BbIBOga HasBaHue HasnaueHue
1 ICS Bbibop kapTb!
I 2 o DI (Dataln) Bxoa paHHbIX
3 |eND "3emns”
4 Vee Muraxue
-______g--.—“_ o CLK TakToBblE UMNYNLCHI B
6 | GND : "3emns"
- __"—_7'—w o _E)a(DataOut_) Bbixon AaHHbIX

[TpenensHo nonycrumas taktosas yactora SPl-untepdeiica MMC (no kpaiiteii mepe o
craHaaptam Bepcuii 2.x U 3.x) — 20 MI'y, 4TO HaxoAWTCA Janeko 3a npeaenaMu Bo3-
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¢ OOBbIYHBIMH IS HAaLLMX cXeM pe3ucTopamu 3—5 kOM (HO, KOHEUHO, noTpebieHHe rpH
sTom Oyaer GonbLue).

Mopaya komaHa v MHUUManu3auus MMC

O6wwuii npuHumMn paoTsl MHTEpderica SPI B kapTax HEMHOro OT/IMYAETCS OT MPUBbIYHO-
ro Ham nobaiitHoro nocryna. Ecau nomuure, B 2nage 3 s nucan, uto B HTepderice SPI
HET HUKAKOro Mapkepa, pasfensiouero 6aiTbl — B MPUHLMIE 3TO GECKOHEUHbIH NOTOK
6MTOB, CHHXPOHH3UPOBaHHBIX (poHTamMu no AuHuK SCL. VY kapT namsrtH, KOTOpbie H
CaMM MOTyT UMETb CaMO€ pa3HOE YCTPOWCTBO U NMPUMEHSATLCS C Pa3iMuHbIMKH KOHTPOJ-
JepamMH, Mexay WH(POPMALMOHHBIMHU MOCbUIKAMH MOTYT ObiTb A0OCTAaTOYHO OO0sbluMe
MPOMEXYTKH, HEOOXOAUMbBIE KOHTPOJUIEPY WIIH KapTe Ha TO, YTOObl "MepeBapuTh” Hyxk-
Hyto uHpopMauuio. [1o3ToMy B NpUHLMNE NPOMEXYTOK A0 KOMaHAbl, HIH OT KOMaHIbi
10 NOJIy4eHHs OTKIIMKA, HJIM 10 Hayajla MaccHBa AaHHbIX (CM. Oanee,@nucanue Komano)
MOXKET ObITb NPOU3BOJIbLHBIM. [10CKONbKY BHYTPEHHErO TaKTOBOrO reHepaTropa y KapTol
HeT, To paboTa ee B Takux naysax obecneuuBaercs Takramu no auHun CLK, npu 3TOM Ha
auHud DI nomkeH ObiTh BbiCTaBeH BbICOKUH YPOBEHb (UTO paBHOCUILHO NOCbLIKe Oai-
ToB, paBHbiX $FF). Ha nunun DO B 60AbLUMHCTBE Cily4aes MpH 9TOM TaKKe MPUCYTCTBY-
€T BbICOKMH YPOBEHb, 32 MCKJIIOYEHHEM COCTOSHHMSA, KOrja KapTra 3aHsTa, Hanpumep,
3anucbio 6noka B namate (BUZY) — Toraa 3aech Huskuii ypoBeHb. CTaHAapT ycTaHas-
AUBaeT AN GONBbLIMHCTBA TAKMX NPOMEXYTKOB MaKCUMalbHOE 3HaueHHe B 8 BocbMUOH-
TOBBIX MMOCHUTIOK (MHUHUMAIbHOE MOXET GbITb B pasHbIx ciydasx kak 0, Tak u 1). [lepsbiit
(crapiunit) 6ut nobol komanabl (MO0 GaiiTa OTKIMKA, CM. Oalee) BCErAa paBeH HYJHO.
TaK 4YTO N0 cOPOCY B Hy/IeBOE COCTOAHUE HA JIMHUM MOXHO OMpENesHTh Hauano uHGop-
MaluHOHHOro 6aiTa. AHaNOrMYHO, MacCUB JaHHbIX BCeraa rnpeapapsercs GaiToM, B Ko-
TOpPOM nociennui (Mnaawuiit) 6ut pased nymo ($FE, cMm. oanee), Tak uto ycrpoiicTso
"3HaeT", Koraa Ha4MHaTh OTCUMTBIBATDH JaHHbIE.

cs | N I

0 1 ”510511
pi  [X]x{H|c|AlA]A]Alcr{H]|H]H|Fe[D[D]| {|D]D [H]H[H]H]| [[H[H]X|X]
| xomaHda — | |~ daxnsie —| {— BUZY—|

Do (z]Z|z[H[H[H|HH]H[H]O[R[H]H]H]} [H]HEcRL [L | [[L]H]z]Z]

Puc. 11.4. BpemeHHas guarpamma nogauu komana Ha kapty MMC: X — nio6oe coctosiHue;
Z — "tpeTbe" cocTosiHne; H — Bbicokuit yposeHb ($FF); L — Hu3kuit yposeHb ($00);
C — 6aitT kopa komanabl (0b01nnnnnn, rae n — GuTbl Koaa komanAabl); A — GaiiTbl aprymenTa (agpeca);
CR — koa CRC; FE — 6aiT co 3HaueHuem $FE

OO6wuMii NpUHLMN NOAAYX KOMaHA M JaHHbIX WNOCTPUpYyeTCs auarpaMmoit (puc! 11.4)
Ha NpUMepe npoueaypbl 3anuck 6joka aaHHbiX. JnuHa komaHabl B kaprax MMC ¢uk-
CHpoBaHHas WM cocTaBiser 6 GaiTo (48 Guros). [lepsble nBa Guta (47 U 46), nockinae-
Mble "MacTepoM" (B TepMmuHOJoruu onucaHus MMC oH HasbiBaeTcsi XocToM — host).
Bceraa pasHbl 01. Cnenytowme wectb 6UTOB cTapiuero Gaiita npeacTaBistoT cOO0M Kol
komaHabl. Takum o6pasom, nobas koMaHaa GopmUpyeTcs U3 ee Koaa (KOTOpblid MoxKeT
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nexartb B npeaenax ot 0 go 63) npubasnenuem uucna $40. [Tocne komaHabl AOHKHO MA-
TH yeTbipe Gaiita (32 Gura) aprymeHTa, Juis KomMaHa 6e3 apryMEHTOB Ha 3TOM MecTe
JOJDKHBI CTOATh HYNH. Jlns pa3bupaeMblx aanee orepauui YTEHUs WM 3alUCH 3TO —
azipec HauyasbHOro baiima (a He 6rokal).

3AMETKU HA MONAX

CobcreeHHO, ¢ TeM chakTom, 4Tto 32-6UTOBOE YUCNO aApecyeT Kaxabi 6aiT nHanBuayans-
HO, 1 6bina cBa3aHa HeobXoAMMOCTb NPUHATUS HOBOTO cTaHdapTa kapT SD noa HassaHuem
SDHC (cm. "3amemku Ha nonsix" paHee), T. K. MakCumanbHas eMKOCTb NO paccMmarpusae-
MOMy Hamu ctangapty MMC n SD moxeT coctaBuTe TeopeTudecku nuwb 4 ManTta, a Ha
npakTuke, yunTbiBas orpaHuueHus dannosoi cuctemsl FAT16, — nuwsb 2 bavita. 3ato Ta-
Kas agpecaums nossonsieT untatb uHcpopmaumio nobaTHo, HaumHas c nioboro mecta B
namaTy, YTo, yunTHIBas HasHaueHue flash-kapT, — sABHbI aHaXPOHU3M.

HakoHew, nocneaHuit 6aiiT B KOMaHAae AO/KEH HECTH 3HAYEHWE LMKIIMYECKOrO KOH-
tponbHoro koga CRC (Cyclic Redundancy Code), npuuem co6erBenHo CRC 3aHumaer
ceMb crapuux OUTOB 3TOro nocnaeaHero 6aiira, a Mnaauwui (camblii nocnegHuin GUT Ko-
maHabl), Bceraa eauHuua. CRC — He koHTponbHas cymma LRC, o koTopoii Mbi-roBopH-
1u B 2nage 5 B cBsI3u ¢ hex-taiinamu, a 6onee "kpyras" WTyka, Ha KOTOPO# 34eCh OCTa-
HaB/IMBAaTbCs HET CMbIcia — B MHTepHeTe HaliieTcs MHOXECTBO pecypcoB, rAe 3TO Mo-
HATHE noapoGHO pasbsicHseTcs', B [22] ectb npumep Bbluvcnenus CRC (mpaBaa,
HEMHOro B HHOM ¢opMaTe), a B TEXHUUECKOM onucanuu kapt MMC umeeTcsi JOBOJIbHO

Hn

"HaBOpPOUEHBIH" anropuTMm pacuera.

Ham 3aecb BaxkHO, uto B pexxume SPI mns kaptet MMC no yMonyaHHiO MeXaHHW3M Npo-
Bepku CRC oTKNIOUEH, U MOYTH 1)1 BCEX KOMaHA MOXHO NOCbUIaTh 3HA4YEHHUE Moc/eHe-
ro Gaiita, pasHoe $FF. O1o cunbHo obnervaer 3apauy, T. K. nposepka 3HaveHus CRC B
NpUHLKNE OPUEHTUPOBAHA Ha peajiu3alMWioO B annapaTtHoW, a He MporpamMMHoON ¢Gopme
(roe oHa mosyyaercs AOCTaTOYHO FPOMO3JKOI), @ TAKOro MOAYJsi, Y Hac, eCTECTBEHHO,
HeT. [Totomy cuutats CRC HaM He npuaercs, 3a OAHWUM Ba)XKHbIM UCKJIIOYEHUEM: CaMOii
nepBoi A0/HKHA UATH KOMaHaa cOpoca KapThl GO_IDLE STATE (C KOJOM, PaBHbIM HYyJIIO),
B koTopoii CRC obs3atenbHo. K cyacTblo, €ro yxke nocuuTasiu 3a Hac: 3Ha4€HHe Nociea-
Hero Oaiita ans aroit koMaHnel, ¢ yueroM CRC, 6yaer pasHo 0x95, a Bcs komaHaa noj-
HOCTbIO TOrAa OyAeT MpeacTaBnsaTh NOCIEA0BATENbHOCTb OAWTOB:

$40, $00, $00, $00, $00, $95.

[Mepen moboit koMaHAOH, Kak NOKa3zaHo Ha puc. 11.4, nyywe noaatb He MeHee BOCbMH
umnysbcoB no auHud CLK npu BbicokoM ypoBHe Ha sinHuu DI — npotiue roBopsi, Bbi-
natb $FF. [Tocne nopauu mo60i kOMaHbl 3aMWCH UJIH YTEHHUs KapTa NMOCbUIAET OTKIMK
(B SPI-pexxume B 60NbIIMHCTBE KOMaHA — OAHWH 6aifT), KOTOPbIH WHOrAa NONE3HO Npo-
aHaJIM3MPOBaTh: OTAENIbHblE OHUTbI B HEM CHIHAIU3MPYIOT, HanpuMep, 06 olrbKe, eciu
AOCTHIHYT KOHEL| MamsTH, WIKX O HENpaBWIIbHO NpuHsTOH komanze. [lepen mochinkoii
OTKJIMKA KapTa BbIXMAAET KAK MMHUMYM B TE€YEHHE BOCbMM TaKTOB, MOCbINas €AWHULIbI

' Cwm., nanpumep, nepeson noapoGHoii craten Ross N. Williams, pacnpoctpausiemoii 8 PDF-oopmare, no
CChlKe http:/_/www.yourline.ru/ﬁles/crcguide.pdf, Ecnau nanHas ccbiika He paboTaer, TO MOMLUMTE
crcguide.pdf Ha apyrux pecypcax.
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;rcall out _com ;MOXHO NoOCjaTe Hapyxy 4depe3s UART @A KOHTPOJA
; KOHell VMHMLMaIM3aummn
; OKOHYaHMe NnpoLemyphl
ser temp ;SFF
rcall WR spi ;nycTom fanT — naysa
sbi PORTB,CS ;CS =1
ret )

Tak .xak AaHHas Mporpamma JEMOHCTpaLMOHHAs, TO CPEACTB NMpPEeAOTBpPalLEHHs 3aBHca-
HHA TYT He NpeaycMaTpUBaeTCs, OAHAKO B pabouux MpoekTax cieayeT OrpaHHYUTb YKCIO0
LIMKJIOB TMOCBIIKW KOMaHAbl SEND OP COND (Harpumep, 3HaYeHHEM HECKOJIbKO COTEH) W
NpH HeyAaye HHULMATU3aLUMK KapThl (OHa, HarpuMep, MOXKeT ObITh NMPOCTO HE BCTaBJeHa
B YCTPOICTBO) MPHHUMATb COOTBETCTBYIOLIIHE MEPBI.

3anucb u YyteHue MMC

Kaprsi MMC BHYTPH YCTPOE€HbI aHanOrMuHo nobbiM Mukpocxemam flash-namatu — Bee
NpocTpaHCTBO MOAENEHO Ha CTPaHHMLbI, pa3sMep KOTOPbIX PaBEH CEKTOpPY Ha YKECTKOM
aucke (512 6aiit), ¥ B JOKyMeHTauMK Ha3biBaloTcs O6jaokamu (Mau cekropamu). Kak u Ha
JKECTKOM JIUCKE, BETMUMUHY Of0Ka Ans onepauuy YTeHWs B MPUHLMNE MOXHO M3MEHMTH
(ot 1 no 2048 Gaiit), HO 3Ta onepauus UMEET OrpaHUuEHUs AN onepaluii 3amnucu, U B
MPUHUMME AN KapT pasHbIX NMPOU3BOAMTENEH HECKOJIbKO pa3Hbl€, MOTOMY TpOLUE CMH-
PHUTLCS C TEM, YTO YMTATh U MUCATb NPUAETCS OAMHAKOBO MaccuBaMu no 512 6alt (Mox-
HO, NpaBaa, YNTaTh U NUCaTh Cpa3y HECKOJIbKO Takux MaccuBoB). Otnnune MMC ot pa-
306paHHo# paHee Mukpocxembl AT45DB B ToM, uTo Ga3oBbie Onepauru YTeHUs U 3anu-
cu npoussoasrcs 6e3 sBHoro yuactus 6ydepa — HENnocpeaCTBEHHO B MaMsTb, MOITOMY
ans 3anuck Ha kapty B MK npunercs nu6o umers 6ydep naHHbix Takoro oobema, MO0
ro/y4aTh JaHHbIE U3BHE (& NpH YTEHHUH — 1OCbINATh "Hapyxy"). EMKoCcTH BCTpOEHHO#H B
koHTposiep SRAM He Bcerna xpataer s opraHusaudu Oydepa pasmepom 512 Gaiit
.(HanoMHuM, uTO naxke ecnu eMKocTb SRAM paeHa 512 6GaiiT, kak B 60ONBIIMHCTBE MAal-
wux moaenek Mega, To yacTh ee 3aHaTa noa crek). [loromy B npuHuune AVR wnu npy-
rMe yHHBEpCAJlbHble KOHTPOJIIEPbl — HE O4YeHb YAOOHOE ycTpoicTBO mis "obuueHus"
C KapTaMH NamsTH.

OaHako nonoxceHue obneryaercs ClENYIOLIMM HIOAHCOM. 3aaB KOMaHIy UTEHHUS WM
3anucH 6710Kka, ee Bceraa NnpUXOAMTCS BbIMOJHATL 10 KOHLA, NOAAB HY)KHOE YMCNO Tak-
TOBbIX MMNYJILCOB A1 OOMeHa GJIOKOM JaHHbIX COOTBETCTBYOLIEH AnuHbl. Ho, cornac-
HO OCHOBHOMY rnpvHUMNY paboTbl uHTepdeiica SPI, HeT HeoOxoAUMOCTH uHTaTbL (MU
nucarb) Bce GaiiTbl 6€3 nepepbiBOB: KapTa BMOJIHE MOXET "TMOBMCETD", MOKA HA JIMHUM
CLK orcyrcrytoT umnynbchbl. [IoToMy nepenauy naHHbIX MOXHO NpepbiBaTh Ha Bpems
06paboTkH yxke NpUHATbIX 6alTOB. ;

Cpeau komaHa MMC ecTb onepaun YTeHUs W 3alUCH Cpa3y HECKOJbKHX GJIOKOB Moa-
pAaa, HO Mbl Oy1eM NPUMEHSATb TOJIbKO YTEHHE W 3aMich 0aHOro 6;0Ka: WRITE BLOCK (KOA
24) ¥ READ_SINGLE_ BLOCK (koa 17). BOK AaHHbIX W NP YTEHWH, U MIPH 3aMWCH Npe/Ba-
psieTcs, kak Mbl roBopunu, 6aiitom $FE, nepen koTopbiM (yske nocse nogauu KoMaHbl)
MOXET MATH Heckosbko nycTbix GaiitoB $FF. INocne Hynesoro Guta naHHble JOMXKHbI
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repeat_write2:
mov temp, count ;s3anosHAeM GJIOK [OCJeNOBATENIbHEMM WMCIIaMu
dec temp ;no yGuBaiweit or 256 mo 0
rcall WR_spi ;ouepenHoi GanT
dec count
brne repeat write2 ;ecmm count onaTe = 0, 256 GalT nepenam
ser temp ;$FF

rcall WR_spi ;npueMm CRC
ser temp ;SFF

rcall WR_spi ;npuem CRC
ser temp ;S$FF

rcall WR_spi ; nycroi Ganr

wait _write: ;Tenepr GyneM xmaTh
ser temp ;SFF
rcall WR_spi ;nycroit Gant
sbis PinB,MISO ;xmeM, noka He ycraHoBuTcsa DO
rjmp wait_write

j======== yreHue 512 OGalr =======
clr AdrHH ;no anmpecy 0000
clr AdrHL
clr AdrLH
clr AdrLL

clr ZH

1di ZL,$60 ;HauanbHeB agpec B SRAM
1di CMD,$51 ;CMD17=READ SINGLE_ BLOCK
rcall Send command
;rcall out com ;OTKIMK MOXRHO IOCjaTh Hapyxy uepes UART 1 KOHTPOJISA,
wait read: ;oxumpaeMm Hawano OJIOKa IAHHEIX
ser temp ;S$FF
rcall WR_spi ;mycroit GaitT
cpi temp, $FE ;oxmpaeM Gaitr $FE
brne wait_read
clr count ;count = 0
repeat readl: ;nepsre 256 GaiiT
ser temp ;S$FF
rcall WR_spi ;mycront Gant
st Z+,temp ;crxiampiBaeM B NaMATb [epBre 256 GanT
dec count
brne repeat readl
clr count ;=256
repeat_read2: ;BrTopHe 256 GaiiT
ser temp ;S$FF

rcall WR_spi ;oycTon Gaint
rcall out_com ;noceuyiaeM cpasy uepes UART
dec count

brne repeat_read2
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; npuHmMaem xBocT CRC
ser temp ;S$FF

rcall WR_spi :CRC
ser temp ;S$FF
rcall WR_spi iCRC

; OKOHUAHME MPOLEIYPLl
ser temp ;S$FF
rcall WR_spi ;IycToi Oanr
sbi PORTB,CS ;CS =1
;uMTaeM 3anMCcaHHOe B NaMAThb
clr ZH
1di ZL,$60 ;nepBuit ampec B SRAM
clr count ;=256
repeat_out:
1d temp, 2+
rcall out_com ;nocwuiaem uepes UART
dec count
brne repeat_out
ret

Io 3T0i Mpouenype ycTpoiicTso nomkHo Bbigath yepes UART cHavana noxpsn uucna or
256 no Hyns (BTOpas MoNOBHMHA 3anucaHHoro 61oka), 3aTeM 4ucna ot Hyns Ao 256 (nep-
Basi N0JIOBMHA GJI0Ka, KOTOPYIO MbI PH YTEHHH COXPaHH/IH Ha BpeMs B SRAM).

Ormetum, uto oTdopmaTupoBaHHas (06biuHO B daiinosoii cucteme FAT16) ans norpe-
6uTenbCKMX LieNiel kapTa nocie Takoro W3aeBartelibcTBa OynmeT, KOHEYHO, HCMOpYEHa.
OnHako BOCCTAHOBHTL €€ He COCTAaBNIAET TPYAa: MOXKHO IHGO MpocTo oTdopMaTHpOBaTh
ee 3aHOBO cpeactBaMd Windows, 1160 NpUMEHUTb OAHY W3 YTHIHT (opMaTHpOBaHUS,
KOTOpble JOCTYMHbI Ha caifTax NpoH3BOAHTENEH.
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MMETb HOMHHAJ NMOPAJKA €IMHULL HIIH JECATKOB KHJIOOM (4Y4E€M Bbillie CKOPOCTb MEpeaayH,
TeM MeHblle). B kauecTBe WX, ECTECTBEHHO, MOXHO MCMOJIb30BaTb BCTPOECHHBIE PE3UCTO-
Pbl BLIXOAHBIX JIHHHUIA nopToB AVR.

* Unur

ycTp: ycrp yctpo:cm ycTpoRcteo

SDA - >

SCL =

A

Puc. 12.1. CoeauHeHve yCTpoicTe No uHTepdeiicy 1°C (o6Lwmit NpoBOA He NokasaH)

O6patuTe BHUMaHHe, YTO BCE YCTPOICTBA B 3TOM Cllyyae 00A3aHbl HMETb BbIXOA € "OT-
KpbITbIM KOJJIEKTOPOM", a NPHBA3Ka K LIWHE MUTaHUs obecnevnBaeTcs Mapoi BHELUHWX
pe3ucTopoB. Kak Mbl 3Haem, BbIX0/Ibl NOpTOB AVR nocTpoeHsl HHaye — no CHMMETpHY-
Hoii KMOIl-cxeme ¢ TpeTbumM coctosHem. UToObl obecneynTb COBMECTUMOCTb C "OT-
KpbITbIM KOJLTEKTOpOM", ¥ B NporpammHoi umutaumu 1°C, u B annapatiom TWI npeny-
CMOTPEH XHTPbIi nNpHeM: COCTOSHHE pa3pbiBa (BbIKJIIOYEHHOrO TPaH3UCTOpAa Ha BbIXOAE)
MMHMTHPYETCS YCTAHOBKOH BbIXOAA B TPETbE COCTOSIHHE, T. €. (PAaKTHUECKH — B pEKHM
BbIBOJIa NOPTA Ha BXOJ, a BKJIIOYEHHOE COCTOSSHHE — YCTAHOBKO# BbIBOJa MOpPTa HA Bbl-
XOJl M MPH 3TOM 0653aTeJIbHO B COCTOSTHHE JIOTHUYECKOTO HYJIS.

Y1o6bl pa3iHvMTL HECKOJILKO YCTPOHCTB, KOKAOE U3 HUX 00S3aHO HMETh MHIMBHIYyallb-
Helii agpec. OH 3agaetcs 7-6uMTOBBIM KOIOM (BOCbMO# OWT Gaiita ajpeca ciyxuT ansd
APYTHX LeNeH, Kak Mbl YBUIHM Aasiee), TOTOMY BCErO TAKHX YCTPOHCTB Ha ONHOM JIMHHH
moxeT ObiTh 128. DtoT aspec 06bIUHO 3a4aeT H3rOTOBHTENb (B HEKOTOPBIX Cllyyasx ero
MO>XHO H3MEHHTb MPOrPaMMHO MJIH BHEIUHMMH COEOHWHEHHMH). 3a MpaBO NPHUCBOEHHS
MHMBHAYaAbHOTO afpeca U3roTOBUTEb MO Ceil JeHb, KOKETCH, MIATHT JIMLEH3HOHHbIE
oruucnenus ¢pupme Philips. B camom AVR oH, pasymeercs, 3agaetcs nporpaMMHo, HO
AN HaWwHX Leseit 3To He notpedyercd, T. k. "mactep" (MK) y Hac oauH, u "Begombie"
ycTpoicTBa He OyayT K HeMy o0palLaTses.

Tunosoii BapuantT o6meHa MHpopmaumeii no uutepdeiicy 1°C nokasan ua pwuc. 12.2,
Kpatko pacumdpyem 31y auarpammy. JlioGoii ceanc nepenauu no npotokony I°C Haum-
HaeTCs ¢ COCTOSHHSA JIMHHUH, MMeHyemoro Start (koraa curHan Ha uHun SDA mensercs ¢
aor. 1 na jior. 0 npu gvicoxom ypoBHe Ha nuHud SCL). Start MoxxeT BbinaBaThCsi HEOAHO-
KpaTHO (Toraa OH Ha3biBaeTcs "MOBTOPHbIH CTapT"). 3akaHYMBAETCH CEAHC CHTHAIOM
Stop (coctosiHue nuuun SDA mensiercs ¢ sior. 0 Ha Jior. | npu @bicokoM YpOBHE Ha Jiu-
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Hun SCL). Mexay 3TUMH CHFHalaMH JIMHUA CYMTAETCA 3aHATON, W TONLKO BEXyLIMH
(ToT, KOTOpBIi BblAas curHan Start) MoxeT ynpaBasaTh eto'. Cama nHdopmauus nepena-
eTcsl ypoBHAMH Ha NHHUH SDA (B 0ObIYHOM MONOXHTENLHON NOTMKE, CTaplUuii paspaa
NnepBbIM), NMPHYEM CMEHA COCTOSTHHIT MOXKET NPOMCXOAMTb TONBKO MpPH HU3KOM YPOBHE Ha
SCL, ,a'npu BBICOKOM YPOBHE Ha Hell MPOUCXOAMT CUUTbIBaHHE 3HaueHus Gura. Jlrobas
cMeHa yposHeit SDA npu Bbicokom ypoBHe SCL 6yner BocnpuHsTa kak nu6o Start, nubo
Stop.

Data MSB DatalSB ACK

N R N N

P
<’
e
>

/ ; A / \ \
e NN SN N N N

scL PN N N SN N SN

START

Puc. 12.2. O6men undopmaumeit no nirepdeicy i’c

[Tpouecc o6meHa. Bceraa HauMHaeTcs ¢ nepenayd Beaylium Gaiita, coaepikaliero aapec
yCTpo#iicTBa (Taloke HaYUMHas CO CTapLIero paspsaa), KOTOpbli COAEPKHTCS B CEMH CTap-
wnx 6utax. [epsbiit (Maaawuii!) 6uT atoro Oaiita HassiBaeTcs R/W u HeceT nHdopma-
‘UM 0 HanpaeiieHMH oOMeHa: ecnu oH paseH 0, To nanee Beaywuii 6yner nepesasathb
UHPopMaLmto, T. €. nucats (W), ecau pasen | — uurats (R), T. €. 0XHIaTh AaHHbIE OT
BeoMoro. Bee nocbiikk (M aapecHble, U COAEpHKALIHME AaHHbIE) COMPOBOXKAAIOTCS AEBS-
TbiM GMTOM, KOTOpBLIH NepenaeTcs NOCAeNHMM W HasbiBaeTcs OGMTOM KBHTMpoBaHHs. Bo
BpeMs JelCTBHS ITOrO IEBATONO UMITY/IbCa alpeCyeMOoe YCTPOHCTBO (T. €. BEAOMBI, KO-
TOpbIii UMeeT HYXXHbI aapec Mocie MOCLUIKKW aapeca BeAyLIMM, MM BEAYLUHUHA, €clu
AaHHble HampaBlieHbl K HeMy, M T.M.) ob6s3aHo chopmuposats otBeT (ACK) Hu3kuM
ypoBHeM Ha nuuun SDA. Ecau takoro orsera HeT (NACK), TO MOXHO CuuTaTh, YTO
NaHHblE He MPHUHATH U PuKcHpoBaTh cOoi Ha nuHuK. MiHoraa ycrpoiicTBa He TpebytoT
orcbuikk 6uta ACK (MM MTHOPHPYIOT ero) H 3TO y4TEHO B MpoLieaypax, KOTopbie pac-
CMOTpEHbI Jaee.

3ameTHM, U4TO eHrnanst SCL Heo6s3aTeNbHO JOMKHBI npencTaBnaTy coboi paBHOMeEp-
HbIH MeaHp CO CKBaXKHOCTbIO 2 — MNEPHOA HX CNEAOBaHHA B NPHHLIMIE HUYEM HE Orpa-
HHYEH, KpoMe "Teprnerus" NpUEMHHKA, KOTOPbIH, ECTECTBEHHO, XKAET CUrHajla Kakoe-To
orpaHH4YeHHOe Bpems (MHaue Mpy HapyLIEHHH NPOTOKONA MPOrpaMMa MOXKET 3aBUCHYTb).
Bonee noapobHo Mbl pa3bupaTh MPOTOKON HE OyneM, T. K. Bbl IEFKO MOXETE HalTH ero
M3J0KEHHEe B OMHCAHMH NOOOro yCTpOKHCTBa, KOTOPOE 3TOT MPOTOKO MOAAECPIKHBAET
(B ToM uKcne u B onvcaHuaXx AVR, usnoxeHHbIx MO-pYCCKH B KHHre 2D. -

Kak BHaMM, Oprauu3oBaTh 06MeH no npotokony I°C HEMPOCTO, HO 3TO MJiaTa 3a YHHBEP-
CaILHOCTD W MPOCTOTY 3MEKTPHYECKON CXeMbl. BONbUIMHCTBO COBpEMEHHBIX YCTPOHCTB C
nurepdeiicom 1°C MoryT paGoTats ¢ TakTOBO# yacToTol a0 400 kI'y M Gonee, HO u3-3a

! XoTs 3TO ¥ HE COBCEM TakK, HO 31€Cb Mbl HC 6)’}10M )’l‘ﬂyﬁﬂﬂTbCﬂ, 3a ﬂOﬂpOﬁHOCTSlMH A OTCbITAIO YUTATER
K [2].
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cyk delay: dec cnt
brne cyk delay
pop cnt

ret

Hcnoab3ys 3Ty npouenypy, MoxHO chopMUpoBaTb Becb NpoTokos. YTobbl He 3arpoMo-
JKAATh TEKCT 3TOM IM1aBbl, s BbIHEC MOJIHBIH TeKCT npoueayp obmena no 1°C B npunoce-
nue 3 (pazoen "Tpoyedyper 06mena no unmepgeiicy 'C"). Tloppo6Ho paciundpoBbisaTh
ero He Oyiem, T. K. OH MOJIHOCTBIO COOTBETCTBYET OMMCAHHUIO MPOTOKOJIA.

Vika3aHHbIH TeKCT, kpoMe OOLUMX MpoLeAyp MOCbUIKH U npuema Gaiita (6ecXUTPOCTHO
Ha3BaHHBIX write M read), COACPXKHMT MpPOLEAYPbl VI ABYX KOHKPETHbIX YCTPOMCTB:
9HEProHEe3aBUCHUMOM MamsATH ¢ HHTepdelicom I’C (Tuna AT24) u uacoB peasibHOro Bpe-
menn (RTC) c takum xe uHtepdeticom DS1307. Ot MHUKpocxeMbl UMEIOT 3alaHHbIe
I’C-anpeca — $A0 (10100000) y namsaru u $DO (11010000) y uacos (noapoGHocTH
cM. Oanee). Celiuac Mbl 3aHMEMCS MPOEKTHPOBAHHEM YCTPOHCTBA, MCMONb3YIOLLEro 3TH
BO3MOXKHOCTH.

Kak cka3aHo B npunoswcenuu 3, TEKCT NPUBEAEHHON TaM MPOrpamMMbl CleayeT CKOMUpo-
BaTb U COXPaHWTb B BUAE OTAENIbHOro noawitoyaemoro ¢aiina. Mbl 6ynem npeanonarars,
uro Takoi ¢aiin HazbiBaeTcs i2¢.prg. JJUpEKTHBY .include "i2c.prg" cCleayeT BKIHOYaTh
B TEKCT MPOrpammbi 06s3aresibHO nocie TabNuLbl BEKTOPOB MPEPbIBaHUIA, T. K., B OTJIH-
uve ot (aiina makpoonpeneneHuit (inc-taiina), Haw Bkarouyaemblii aiin copepxuT
KOMaH/ibl, @ HE TOJIbKO HHCTPYKLIWH KOMIMUIATOPY. B npuHUKne MOXKHO NpoCTO BCTaBUTh
TeKCT M3 (paiila B OCHOBHYIO Mporpammy (3TO M JenaeT KOMIMASATOp, Koraa BCTpedaer
JIMPEKTHUBY include), TOJbKO NPOrpaMMma Torja CTaHeT COBCEM HEYMTAEMOH.

3anucb AaHHbLIX
BO BHELWHIOK 3HEProHe3aBUCUMYIO NaMATb

3apaua, koTOpylo Mbl ceiiuac 6yaeM peuiarb, GOPMYIHPYETCS TaK: MPEANONOSKHUM, Mbl
XOTHM, 4TOObl AaHHbIE, MOJyYEHHbIE C HALIEro M3MepHUTeNs TeMMepaTypbl U AaBJEeHUs
(cM. enasy 10), He TepsAnUCh, a KaXAble TPH Yaca 3anUCbIBAIMCh B JHEPrOHE3aBUCHMYIO
namsartb. Pasymeercs, BcrpoeHHoii EEPROM Ham XxBaTuT HeHanonaro W noHapoburcs
BHelHss. Cxemy usMeputens (cM. puc. 10.5) npuaercs MUHUManbHO aopaboTaTh — Tak,
KaK rnokasaHo Ha puc. 12.3.

Pexumbl ooMeHa ¢ namaTbio AT24

Buibepem snepronesasucumyto namsarb tTMna AT24C256. Xors oHa MMeeT CTPYKTYpy
EEPROM (1. e. c MHﬁan,uya.rleoﬁ aapecauueii kaxaoro 6aita), HO Mbl, UTOObI OTJIH-
yuth ee oT BcTpoeHHo EEPROM, Oynem ee Hasbiath flash-namsTbio (B uactHoOCTH,
B HAUMEHOBAHHUAX MpoLeAyp) WK MpocTo BHellHel namsarteio. [Tocneanee uncno B 060-
3HaueHUH o3HayaeT o0beM MaMmsITH B KMUNOOMTaX, B JAHHOM ciydyae 3TO 256 KOGHT Wiu
32 768 Gaittosbix sueek (32 kbaiit). O6bem namsaTH B 32 kOalT KaXkeTcs CMELUHbIM
B CPaBHEHHH C COBpeMEHHbIMU pa3zHoBWAHOCTAMHM flash-namsaTH, KoTopble mocTHraroT
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Puc. 12.3. MNpucoeauHeHue sHewHeik EEPROM k usmepuTenio TemnepaTyps! U AaBneHus

rurabaitoBeix 06EMOB, HO 471 HALUMX LeNe, Kak Bbl yBHAUTE, 3TOro Oyaer AocTaTou-
HO. MakcumasibHas eMKocTb namsatu cepud AT24 cocrasnser 1| Mout (128 k6a#T), HO
yIOOHO NMPUMEHSTb KPUCTaIbI OT 2 10 512 KOUT BIJIIOYHUTENBHO, T. K. OHH UMEIOT JABYX-
6aiiToByIO afipecaLnio U He TpeOYIOT W3MEHEHHH B TUTIOBBLIX MPOrPaMMHbIX MpoLELypax,
332 HCKJIIOYEHHEM KOPPEKLMH MAaKCMMalbHO 10MyCTHMOrO 3Ha4Y€HH ajapeca.

ITpu Heo6X0AMMOCTH MOXKHO YBEIHYHTb EMKOCTb MAMATH, MOCTABUB HECKO/IbKO MHKPO-
CXEM MapainesabHO: COBpeMeHHble THMbl (c OykBoil "B" Ha KOHUE HAaMMEHOBaHHA:
AT24CxxxB) umetor no tpu BbiBoga A0—A2, koMOHHauKel NOrHYeCKUX eHHHML Ha KO-
TOPLIX MOXHO 3ajaBaTh MOCNEAHHE TpH Guta ampeca: I°C-azpec ycTpoiicTea paBe
1010AAA¢. TakuM 00pa3oM MOXHO COEAMHATbL 1O BOCBMM MHKPOCXEM MapauieNbHO.
Crapsie Tvnbl 6e3 6ykBbl "B" B HaiMEHOBaHWM MMeEJH ABE TaKUX JIMHHUH, COOTBETCTBEH-
HO, MOXHO ObL10,MOACOEUHATE A0 YETbIpeX MUKpocxeM. OTMETHM, YTO CleLUanbHOE
noacoearHeHHe BbiBOL0B AO—A2 K JOrH4YECKOMY HyJIIO He TpeOyeTcs, 1 €ClIH NMPHMEHs-
€TCA BCEro OJlHa MHKpPOCX€Ma, TO 3TH BbIBOJbI MOXKHO OCTaBHTb "BHCALUMMH B BO3Y-
xe" — Jloru4yeckui Honb popmupyercs BHyTpeHHel cxemoii. [Tloatomy Ha puc. 12.3 3tu
BbIBOJIbI HE MOKa3aHbl, U MO 3TOH K€ NPUYHHE NEPEXON OT CTapbiX THNOB (C ABYMS aj-
PECHBIMH BbIBOJIaMH) K HOBbIM (C TpeMs BbIBOAAMH) HE TPEOYET HMKAKHX M3MEHEHUH HH
B CXEME, HU B NporpaMme — BbIBOA A2 NPOCTO OCTAETCH HE3aAEHCTBOBAHHBIM.

MamaTe NpUHUMOHATLHO GONbIIKMX 06beMOB ¢ HHTepdeiicom I’C He BbiMycKalOT —
C/IMIIKOM OH MeJIEHHbIH. 3aMeTuM, uto cepus AT24 nonyckaer ckopocTb oOMeHa no
I°C 10 | MI'u nipu nutannm 5 B, u 400 ku npu nutasun 3 B. Ecin Ha wnke Her Gonee
MEJUIEHHBIX YCTPOHCTB, 8 MUKPOCXEMbI PacrolokKEHbl Ha OHOM MJiaTe, TO BMECTO BbI30-
Ba MpOLEAYPhI Delay, ONMCAHHOMN B NMpeAbIAYLLEM pa3zaese, Npy TakToBoi yactore 4 My
W MUTaHWK 5 B MOXHO NMPOCTO NOCTaBUTL B NpOrpaMMe aBe onepauuy Nob. Eciu ke Ta-
Kkue ycTpoiicTsa ecTb (yackl DS1307, onucbiBaeMble fanee, 10MyCKalOT YacToTy He Gonee
100 k'), To Ans yckopeHuss oOMeHa ¢ MaMATbIO MOXHO B MPHHLUMIE YCJIOXKHHTL Mpo-
rpaMmy, MEHsSsl CKOPOCTb B 3aBUCHMOCTH OT TOTO, K YeMy Mbl oOpallaeMcs, HO B pexume
3aMMcH 3TO He UMeeT 0coboro cMmbicna. [leno B TOM, UTO, KaK M MOJIOKEHO SHEProHe3aBH-
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CHMOH MaMsTH, NpoLeaypa 3anuck MeieHHas, n curian ACK nocjie nocbuiki ouepen-
Horo OaiiTa cneayer OxHMIATh HE paHee, YeM yepe3 S5 McC, T. €. o0lias CKOPOCTb 3aNHCH
orpaHuyeHa BenHuHHOMN npumepHo 200 Gaiit/c, u 6bicTponeiicTBue nHTepdeiica nepecra-
€T UrpaTh TYT PELLUAIOLLYIO POlb.

HHoe neno npu urenuu. Ilpu yacrore 100 k' Mbl MOXkeM nepenaBaTh Mo AMHUM 10—
11 k6aiiT B cekyHay (C yueTom 3aaepkku Ha nepeaady curnana ACK). B pexume urenus
oauHOuHOro Gaiita (B ondcaHuu Mukpocxem AT24 3to HaseiBaeTcs random — ciiyuaii-
HOE uTeHHE) BCA NpoLenypa 3aiMeT He MEHEe YEThIpeX TakHX LMKJIOB — "macTep" no-
cbutaer Tpu Gaiita (aapec ycTpoicTBa M aBa OaiiTa aapeca namaTH), u "BeAOMBbIiH" OTBe-
yaet Galitrom nanHeix. [lomywaercs uto-To okono 2,5 kGaiit/c (4ToGbl NMpoyecTs Bce
32 kbaiita Mukpocxembl AT24C256, norpebyercsa npumepHo 12 ¢). OTmeTHMm, 4TO B NMpo-
rpamme BbIBOJA 3BYKa B 21aee 8 TakToBas yactota MK Geina 16 MI'y, noaromy ckopocTs
uHTepdeiica npy Tex napameTpax 3aA€pAKKH, YTO YCTAHOBJIEHbI B daiine i2c.prg, cocTas-
asna okono 400 I'u, a ckopocTs ureHust — okosio 10 kbaiir/c.

BpeMms uTeHHs MOKHO COKPATHTb, €C/TH NONpoGoBaTh BbkaTh u3 I°C Bce, Ha uTO OH crio-
cobeH — npH TakToBO# uacToTe Ha wuHe SCL, pasHoii | MI'L, B pexxiMe 0MHOYHOrO
YTEeHHS NONYy4UTCA OKONOo 25 kOaiT/c, a MpH YTeHUH BCel maMATH NOAPAL MOXKHO BOOO-
LE HE NOAABaTh 3Ha4YEHHS aapeca NaMATH (TOJbKO OAMH pa3 NoJAaTh KOMaHLY Ha YTEHHeE)
M NOJNyYHTh CKOPOCTb uTeHHs okono 100 kbaiit/c. B cnyuae, koTopelii Ml pa3bepem aa-
nee, 3TO HEMPHHUMMHAIBLHO, BCE PABHO AAHHbIE, NOJYyYEHHBIE YTEHHEM H3 MaMSATH, Mbl
6ynem nepenasath uepe3 UART npumMepHo ¢ TakHMH ke no MOpAAKY BEAHUHHBLI CKOPO-
CTAMH.

Tenepb nasalite onpeaenuMcs, 4TO KMEHHO Mbl OyZeM 3anuchbiBaTh, H, COOTBETCTBEHHO,
Ha CKOJILKO HaM XBaTHT 3Tol namaTH. ba3oBblii kaap JaHHBIX Y Hac OyaeT coCToATb U3
yeTblpex OaliTOB 3HauYeHHWi1 naBneHHs M TeMnepartypbl (CM. ernagy 10 — HanpskeHHe Ga-
Tapeu Hac "HaBepXy", eCTECTBEHHO, He HHTepecyeT). Mbl MOXXeM, KOHEYHO, NUcaTh W B
pacnakoBaHHoM BCD-Buae, B3SB NOArOTOBJEHHbIE A MHAWKALMH 3HaueHHs u3Hye-
CKHX BEJMYHH, HO 3a4eM 3arpoMOXKAaTh NaMATH JULIHKUMH GaiTaMu, ecnu ko3dduumeH-
Tl nepecueTa Mbl 3HaeM (OHM Yy Hac xpaHsatcs B EEPROM), u Ha [1K, kyda B koHue
KOHLIOB MONaAyT 3TH AaHHblE, NepecunTaTh BCeraa cmoxkeM. Ecnu opueHTHpoBaThCs Ha
yetblpe Oaiita, T® B Hawu 32 kOaiita Mbl cMOXkeM BMecTHTH 8192 u3amepeHus (Ha caMmom
Aene 4yTb MeHblle, KAk Mbl YBHIMM, HO 3TO HECYLLECTBEHHO). PazymeeTcs, nucaTh MX
BCE MOAPANL He HY>KHO — HAMOMHHM, YTO Y HaC W3MEPEHHUA MPOM3BOAATCA Kaxable 3 C,
HO 32 3TO BpeMs B Noroje BpaA JH 4TO W3MeHHTcA. CTaHAapTHBIH METeopPOSOrHYeCKHUi
MHTEpBaJl NOApa3yMeBaeT TpexuacoBol LMK (8 H3MepeHHii B CYTKH), TOrAa NaMATH Ham
xBaTuT Ha 1024 cyTok, WK nouTH Ha 3 roga 3anuceii! Kak Buaute, naxxe 06beM naMsatH
B 32 k6aiiTa B JaHHOI CUTYyalUHH BMOJIHE NPHEMJIEMBIiA.

Mporpamma

Anpecauus B AT24C256 nsyx6aiitoBas, noaToMy Moj aapec noTpeGyroTCs ABa peructpa
(AddrL M AddrH). Mbl BbIOHpaeM r24 K r25 (CM. TEKCT Mpoueayp B npunodicenuu 3), nove-
My HMEHHO 3TH, Bbl YBHIHTE Jajiee. 3anucbiBaeMble JaHHble OYAYT XpPaHHUTLCHA B PETHCT-
pe DATA. DTH PerucTpsl AeHCTBYIOT Kak /1 NPOUEAyps! 3aMHCH, TaK H YTEHHS.
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HcxonHble 3HaueHuns TemMnepatypbl W 1aBieHus xpaHarcs B SRAM B uetbipex sueiikax
crapuiux 256 Gaiitos (HauuHas ¢ aapeca Tres = 01:06, cm. 21agy 10). Cama 3anuce npo-
M3BOAMTCS OUYEHb NMPOCTO: C KAXbIM 0alTOM Mbl YBESTHUMBAEM HA EAHHHLLY COAEPIKUMOE
CueTuMKa aapecoB AddrH:AddrL (KOMaHIOW adiw — HMMEHHO U1 3TOro M BbIOMpanuCh
PETHCTPbI r24 M r25, UTOObI €€ MOXHO GbIIO HCMIONB30BaTh), "3a61BaeM" HysKkHbIH GaiT
B PErHCTp DATA W BbI3bIBAEM MPOLEAYPY WriteFlash.

Ho TyT Bo3HMKalOT nB€ Mpo6aemMbl: BO-NEPBbIX, HY)KHO PELUMTB, YTO A€jaTh, KOraa na-
MATb 3akoHuMTcs. Toraa cnenyer aubo oOHyATh AYEHKM W HAYMHATBL 3aNUCh 3aHOBO,
noBepX MJIAALIWMX aApecoB, JHGO, UTO ropa3lo KpacuBee, OCTAHOBHMTb 3aMuCh, NOKa CO-
Nep>KkuMoe ee He OyaeT MpocUUTaHO U aapec NPUHYANUTENBHO He OyneT oOHyeH. 3HaUuT,
norpebyeTcs Kakoi-To ¢uiar, CUrHAIM3UpYIOLIMi O 3anosiHeHuH namaTu. [lpuuem orsec-
TH ans 3atoro ¢uiara, Hanpumep, 6uT B kakom-To peructpe (Flag), 6yner HemocrarouHo:
a yto npousoiiger npu cboe nutawus? Ham npuaercs XpaHUTb rae-To BO BCTPOEHHOM
EEPROM u 3toT aiar u, riaBHoe, TeKyluii aapec naMsaTH, HHauye AaHHbie OyayT npo-
nazaTh NnQcjie KaKAOro OTKIIOYEHHS MUTaHUA. A nas npubopa, KOTOPbIH MOXKET MUCATh
TPH roja noapsa, 3T0 HECOIHHO.

Bo-BTOpBIX, HEO6XOAMMO KaK-TO OTCUWTBHIBATb BPEMS, KOra MPOU3BOAMTh 3anuch. Jing
TOro 4toObl MeTeonaHHble ObLIM MOJHOLUEHHBIMM, MX HY)KHO HE MPOCTO 3anuChiBaTh
Ka)K/ble TPH uaca, HO W MPUBS3bIBAThL K peaibHOMY BpeMeHH. M TyT Mbl Hen3bexxHo npu-
XOIHM K TOMY, 4TOObl OObEeAMHUTb Yachl C HalMM u3MeputeneMm. HMcnonb3oBarh cam
KOHTPOJIEP B KAUYECTBE YacOB HELENecooOpa3Ho, CAULIKOM MHOTO OH BCEro AEJaeT Ta-
KOro, YTO MOXET BbI3BaTh cOOH B oTcueTe BpemeHH. [loTpebytoTcs BHEWHKE Yachl, HO
noakatoueHre RTC 3aMeTHO crnoxkHee, HeEM MaMsATH, U Mbl pACCMOTPHUM 3TOT BOIPOC OT-
DEJIBHO.

A noka, uto6bi 0TpaboTaTh npoueaypbi oGMeHa no I°C, JOroBopUMEs, YTO 3amuch B Na-
MATb Y Hac OyneT Npou3BOAMTLCS MO NpepbiBaHUIO cpaBHEHHs Timer 1, kOTOpbIH BCe
paBHO B U3MepuTene HuueMm He 3aHAT. [lpu TakToBO# uyactoTe 4 MI'U M MakcumanbHO
BO3MOXHOM KoddduuuneHTe ee aenenus 1024 moxkHo 3actaButh Timer |1 cpabarbiBaTh
KaXkable, Hanpumep, 15 cexyHa, 1S Yero B perucTp CpaBHEHHUs! NPUAETCS 3anucaTh YMC-
1o 58 594 (nposepbte!). C Takoi 4acTOTO#H NaMsAThb, KOHEUHO, 3aMOJHUTCS O4Y€Hb ObICTPO
(32 kbaiiT MmeHee ueM 3a 1,5 cyTok), HO 3TO, HAOBOPOT, yIOOHO, €C/IH NOCTaBJIeHa 3aa4a
NPOBEPUTDH BCE HALLK MPOLEAYPHI.

Hrak, noBropum agpeca SRAM:

o e e e .

;ampeca SRAM crapumit Gairr ampeca SRAM=0x01
.equ Tres = 0x6 ;0x6,0x7 — cr. u M. Gante T pe3. yCpeIHeHUs
.equ Pres = 0x8 ;0x8,0x9 — cr. n M. BGanTel T pe3. yCpenHeHUs

OrnenbHo 3anuwemM aapeca B EEPROM, B koTopoii Gyaer XxpaHUTbCs TekyLuHit aapec
namsTH U crielrasbHblH Jiar pa3pelueHHs 3anucH:

.equ FEnEE = 0x10 ;¢nar ecnu paBeH SFF, mo mucare Bo flash
.equ EaddrH =0x11 ;crapumit GanT TekK. ampeca
.equ EaddrL =0x12 ;mnammi BGailT TeK. ampeca
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;npoBepsieM agpec Ha 1FFF

1di temp, OXFF

cp AddrL, temp

1di temp, OxX7F

cpc AddrH, temp

breq clr FE ecrm paseH, Ha clr FE

adiw AddrL,l ;uHaue coxpaHsaeM clen. énpec:

clr ZH

1di ZL,Eaddrl ;B EEPROM

mov temp, AddrL

rcall WriteEEP
inc ZL
mov temp, AddrH
rcall WriteEEP
reti ;BBIXOO M3 NpPepHBaHUSA

clr FE ;ecim KOHeL namsaTu:

clr temp

clr ZH ;crapumit EEPR

1di ZL, FEnEE

rcall WriteEEP ;3ampemaeM 3anmuch
reti ;BHIXON M3 pPEpLBAaHUA

Kaxk mMbl BuauM, 3aeck kaxabie 15 ¢ uaer sanucb B EEPROM Tekyiuero anpeca (Toro, no
KOTOPOMY [O/DKHA MPOM3BOAMTBCS CAeylollas 3anuch), T. €. €C/IM B KaKOH-TO MOMEHT
nuWTaHKe NponajeT, TO NpH CleAYyOLEeH 3arpy3Ke 3antch BCE PaBHO HAYHETCA C TeKyLle-
ro agpeca. Axpeca OTCUMTBIBAIOTCS MPH KaXAOH 3aM1cH rpynnaMiu rno 4eTbipe, a YHCIo
aJlpecoB KpaTHO 3TOMY 4HCHY, MOTOMY MaKCHMajbHO€ 3HAYEHHWE MOXKHO NpOBEPATHb
TONbLKO OAMH pa3 Ha K&KAYIO NpoLeaypy 3anucH.

OTMeTHM, 4TO MOXKHO HE oracaTbcs McuepraHus pecypca scrpoeHHot EEPROM: cepus
AT24 ponyckaer 10 | MHIIMOHA LIMKJIOB NEPE3arnucu.

Yacbl ¢ uHTepdeiicom I2C

Mogaeneii yacos peanbHoro Bpemenu (RTC) cyluectsyer MHoxecTBo. Bee nonb3zoBarenu
MK ¢ HMMU XOpoLIO 3HaKOMBI 3a04HO: HMeHHO MuKpocxema RTC nuraercs or peseps-
Holi Garapeiiku, Haxonsuueiics Ha no6oH MaTepuHckoi nnare. Takue yackl, kpoMme cob-
CTBEHHO (YHKUMH CueTa BpeMEHM M KaleHIaps, UMEIT HeGOMblIYIO BCTPOEHHYHO
SRAM, B koTopoii 3anucanbl ycraHoBkd BIOS. XpaHuTb X HMEHHO B 3HEpPro3aBUCHMOi
naMaTH yao6HO, T. K. Yachl peaJlbHOro BPEMEHH BCE PaBHO TpeOyloTcs, a B Clyyae 4ero
YCTaHOBKH 1ErKO COPOCHTbL B MCXOIHOE COCTOSIHHE, MPOCTO,JIMLIMB MMKPOCXEMY MHTa-
HUs (WM 3aMKHYB CMELMabHbIE KOHTAKTbI).

BcerpoeHHyto SRAM HMEIOT He BCe Takue MHUKpPOCXeMbl, HO B ocTanbHoM RTC BHyTpH
YCTpO€Hbl MPUMEPHO OJMHAKOBO: BEAYT CUET BPEMEHH M KaJ€HAapb, MMEIOT (YHKUHH
OyaunbHUKA W/ KUK TaliMepa, 06s3aTeNnbHYI0 BO3MOXKHOCTb aBTOHOMHOH paboTsl OT Oara-
peiiku B TeueHHe AAHUTebHOro BpeMeHH. Takue yachl 0ObIYHO CHAGXKAlOT KBapLEM Ha
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32 768 I'u, nHOrAa naxke BCTPOEHHBIM B MUKpocxeMy. KpoMe 3Toro, 3HaunTesibHas 4acThb
monaesel MMeeT JONOIHUTENbHBIN BbIXO (MHOTAA M HE OJIMH), HA KOTOPOM (hOpMHpYeTCs
HeKas 4acToTa, 3aJlaBaemasl NporpaMMHO. JTOT BbIXOJ MOXHO MCMOJb30BaTh AJ1S ynpas-
JIEHUS MpPepbIBAHHEM MUKPOKOHTpONJEpa, U TaKUM 00pa3oM OpraHH30BaTh CYET BPEMEHH
¥ €ro MHIMKALMIO.

Ewe oaua ocobenHocTb MukpocxeM RTC — eavHHUbI BpeMeHH B HHX TPaAMLUMOHHO
npencrasieHbl B aecaTHYHOM BHIe (B ynakoBaHHoM BCD-¢opmate). UMeHHO Tak Bbi-
nator 3HaueHus spemenn RTC, Bcrpoenubie B [1IK. Hanpumep, unucino MuHyT, paBHoe 59,
Tak W BblAaeTcs, kak 6aiT co 3HaueHHeM 59, Ho 370 He $59, uTo B AECATHUHOIN cucTeme
ectb 89! CooTBeTCcTBYIOLUEE LIECTHAALATEPUUHOE YHCI0 3anucanoch Obl, kak $3B. BCD-
npencrapiaeHHe y/l00HO ANS HEMOCPEJCTBEHHOH WHAMKALMHM, HO MpPH apH(METHUECKHX
onepauusx (MaH, Hanpumep, NpH CpPaBHEHHH) €ro NPUXOAUTCS MpeobpasoBbIBATL K
oObluHOMY ABOHYHOMY BHAY. Ha camom nene aTo moutH He focTaBnsieT HeynoOCTB, CKo-
pee HaobopoT.

Jlns Hawhx ueneit BoiGepem monens RTC non Hassawuem DS1307. Dro npocreiiume
yackl ¢ I’C-uutepdeiicom, B 8-BbIBOJHOM KOpMyce C BHELIHMM pPE3OHATOPOM Ha
32 768 'y, 5-BOJILTOBBIM NUTAHHEM W BO3MOXKHOCTBIO MOAKIIIOUEHHUsI pe3epBHOi Oara-
peiikn Ha 3 B (T. e. o6buHON nuTHEBOH "TabneTkn"). Cxema nepesiloueHHs NUTaHUs Ha
6arapeiiky — BCTpOE€HHass M He TpeOyeT BHELUHHMX 3JIEMEHTOB. OTH 4achl AOMYyCKaloT
MaKCHMaJlbHYI0 TaKTOBYIO uacTtoTy uuTepdeiica I°C 100 k['u. Otmerum, uto DS1307
npakTH4Yeckn 6e3 M3MEHEHHH B MporpaMme MOXHO 3aMEHHTb Ha Oosiee COBpPEMEHHYIO
moznens DS1338, nonyckaroinyto HanpsbkeHus nutanus 3,3, 3,0 unu 1,8 B (B 3aBucumo-
CTH OT MOJIEJTH), a TaKXKe NOBbILIEHHYIO CKOpOCTb nepeaaun no 1°C.

B DS1307 umeercs BoiBoa 1is npepbiBaHus MK, KOTOpbIit MOXET MPOrpaMMHpOBaThCs €
pa3savyHbIM KOI(PULIMEHTOM AeNeHHs YacTOThl KBapua. Mbl 3anporpaMMHUpyeM €ro Ha
BblZlauy WMNYJIbCOB C MEPHOAOM | €, MO BHELIHEMY MPEPLIBAHHMIO OT 3THX MMIYJIbCOB B
MK 6ynem cuutaTh cekyHabl, OOHOBAATb 3HaUE€HHE BPEMEHHW M BBINOJNHATH ApPyrHe no-
Jie3Hble AeHCTBUS. B oTiMuMe OT cuera BpeMEHH caMUM KOHTposiepoM (CM. 2nagy 8),
3[eCb Mbl MOXKEM ObITb yBepeHbl, 4To npH Nodbix cbosx B MK Bpems y Hac Oyaer or-
CUMTBIBATLCSt BEPHO, a TAKXKE MONYy4YaeM BO3MOXHOCTb NPOBENEHHS AJMHHBIX NpOLEAyp
(Bpoze uTeHHs 13 BHeLHeH namsTh) 6e3 60s13HH COUTb OTCUET BPEMEHH. -

Cxema noakmouenns DS1307 k Haluemy namepuTento npuseseHa Ha puc. 12.4. Obparu-
Te BHUMaHHE, 4YTO BbIBOMbI HHTepdetica I’C MHKpocXeMbl (KOHTAKTbI 5 M 6) 31€ch Te e
camble, YTO M AJis MamaTH (M Kopryca y HHUX OfHHakoBbie). Beixox nporpamMmupyemoii
yactoThl SQW y Hac moacoeauHeH K BbiBoay BHewHero npepbiaHust MK, SQW mbl
JOJIXKHbI 3aMpOrpaMMHpOBaTh Ha BblAayuy CHrHalla ¢ nepHoaom | c.

OcHoBHoe HeynobcTBo obpauieHus ¢ yacamu DS1307 — To, 4TO y HHUX HET COCTOSHMS
"MO yMOJYaHHIO", U BHYTPEHHHE PETHCTPbI MOTYT MPH BKJIIOUYEHUH NMUTAHUS UMETD TIPO-
M3BOJIbHbIE 3HaYE€HHUsl. B 4acTHOCTH, B 3THX yacaX B OAHOM H3 PErHCTPOB (TOM K€, YTO
XPaHHUT 3Ha4YeHHs CeKyHA) npeaycMoTpeH 6uT CH, KOTOpbIii MOXKET Norpyxatb yachl B
"cnsuKy" — €C/Ih OH YCTaHOBJEH B 1, To He paboTaeT reHepaTop M JaXke HEBO3MOXKHO
OnpeaeauTb NpaBHALHOCTDL NOAKIIOYEHHS. EcTb 1 OUT (B perucTpe ynpaBieHus), KOTO-
pbifi OTKIIOUYAET BbIXOA 4acTOThl Ha npepbiBaHus MK. TloaTomy nocne nepsoro Britoue-
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1di ClkA,0 ;ampec perucTpa CEKyHI
mov DATA, temp
rcall write iZ2c
brcs stopW
1di temp, $AA ;BCE OTJMYHO
rcall out_com
ret
IniClk: ;ycTaHOBMTB BHXOI SQW
1di ClkA,7 ;ampec permcrpa yNIpaBIIeHMS
1di DATA, 0b00010000 ;BeIXOOm SQW C uwacrorom 1 T'y
rcall write i2c
brcs  stopW
1di temp, SAA ;BCe OTJIMYHO
rcall out_com
ret
stopW:
1d{ temp, $SEE ;nonTBepXOeHME He MNOJIYUEHO
rcall out_com
ret
err_i2c:
1di temp, $SAE ;sMHMS 3aHATA
rcall out_com
sei
ret

IMpouenypsl noctyna no uetepdeiicy 1°C (write i2c, KaK M MCMONb3YHOLIAACA danee
read_i2c), HaNOMHHUM, HaxoaaTcs B Qaiine i2c.prg (cM. npunoscenue 3). [Ins HanexHo-
CTH OTAENbHO Nepex 3anucbio nposepsercs JinHus SDA. Ipu obHapyxenun ownbok B
KommnbioTep (6€e3 3anpoca ¢ ero CTOpoHbl) BbiaaeTcs onpeaeneHHblii koa: $AE, ecau nu-
Hus 3aHsaTa, U $EE, ecnn noareepkaenune co cropoHsl yaco (ACK) He nonyueno (dnar
nepeHoca, CorjacHo mnpouenypam B i2c.prg, npu noayueHuu otknuka ACK pomxen
cbpacbiBatbes). Ecnu Bce B nopsiake, To Bbigaercs koa $AA. Te ke cambie BbI3OBbI AN
BblAa4M KOLOB OLIHOKH y Hac OyayT B ApYrHX Mpoueaypax oOpallieHHs K yacam.

IMpouenypoii IniSek Mbl MOXEM MpH KeJJAaHUH U OCTAHOBHTb, M 3aMyCTHTb Yackl. Ecnu
* HYHO OCTaHOBWTb, TO ClENyeT temp NpPUAATL 3HaueHue, Oonbuiee 127. Ecan temp
MeHblile 128, To B yachl 3anuiieTcs 3HaueHHe CeKyH, U oHu nokiayt. [1pouenypa Iniclk
HeoOxonuma 1Jis 3anmycka BblAauW BHEUIHEH yacToTbl. PaszaenbHble npoueaypbl HaMm no-
HazoOMIKCh MOTOMY, YTO MHOTIA Yachl HAYT, a BbIX0J Ha npepbiBaHue MK y Hux mMoxer
0Ka3aTbCA OTKJIIOYEHHBIM BCJIEACTBHE Kakoro-to c6os. Torma Ham TpebyeTcs TO/bKO
NOJK/IIOUYHTD €r0, a YCTAHOBJIEHHOE BpeMs COMBaTh HE ClEAyeET.

A Kkorja BbI3bIBaTH 3TH fpouenypsl? Bo-nepebix, nMpy BKIXOYEHWH KOHTPOJUIEPA: Mbl
MOMHHM, 4TO MpPH CaMOM MEPBOM 3alyCKe yachl cieayer "3aBoauts" obssarenbHo. Ho
moryT 6biTb M cOOM MpH nponagaHUK NUTaHHuA (Ha npakTHke ObIBaNO Tak, YTO BbIXOA
SQW npu nepexone Ha paboTty ot HGarapeiiku caMOnpou3BoibHO OTKIIrOuasncs). ns toro
4ToOBI NPaBUIbHO OPraHW30BaTh MPOLENYpPY, HaM CledyeT CHavala BbIACHUTb, B KAKOM
COCTOSIHUM Yachbl HaxoaaTcs (JUCTHHE 12.6).
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ret

ReadClk: ;uTeHMe yacos

1di ZH,1 ;crapumit RAM

1di ZL,Sek ;anmpec cekyHI B NaMATU
+1di ClkA,0 ;ampec cekKyHO B uacax

sbis PinC, pSDA

rcall err_i2c

rcall start
1di DATA, 0b11010000 ;I2C-ampec uacbe+zammch
rcall write
brcs stopR ;C=1 ecmn oumbka
mov DATA,ClkA ;azmpec permcTpa CeKyHI
rcall write
brcs stopR ; C=1 ecnu oumbka
rcall start
1di DATA, 0b11010001 ;ampec uacoB+duTeHMe
rcall write
brecs StopR ;C=1 ecyim oumbka
set ;CK
rcall read ;uuTaeM CEKyHIE
brcs stopR ;C=1 ecmn oumbka

st Z+,DATA ;3anuCeHBaeM CeKyHIH B [1aMATb
rcall read ;uMTaeM MUHYTH
brcs stopR ;C=1 ecyiu oumbka

st Z+,DATA ;3anuchiBaeM MMHYTH B [aMAaThb
rcall read ;uuTaeM uace
brcs stopR ;C=1 ecmu oumbka

st Z+,DATA ;4yacCel 3anMCHBaeM B MNaMmsaThb
rcall read ;IOeHb HeIeJM uUMTaEeM, HO HUKyda He IuueM
brcs stopR ;C=1 ecmu oumbka

rcall read ;nmaTa — uuTaeM
brcs stopR ; C=1 ecmn oumbka

st Z+,DATA ;paTy 3alucChHBaeM B I1aMATh
rcall read ;Mecsl uMTaeM
brcs stopR ; C=1 ecmn oumbka

st Z+,DATA ;Mecsl =RaluchBaeM B NaMATh
clt ;HE paBaTe ACK — KOHel 4TeHUS

rcall read ;rox uMTaeM
brcs stopR ; C=1 ecnu oumbka
st Z+,DATA ;ron 3anMcCeHBaeM B [1aMATh
rcall stop
ret
stopR:

ret

1di temp, $EE ;noxnTBepxieHMe He IOJIYyUEHO
rcall out_com
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3neck npuLioch 0QOPMUTH YTEHHE W3 YacOB OTAENBHO, MPAMBIM. OOpalleHHeM K npo-
uenypam obmena uepes I°C (cM. daiin i2c.prg B mpunooicenuu 3), T. K. 4achl UMEIOT crie-
LMabHbIA ¥ OueHb ynoOHbIH npoTtokosn. Ecnu Bbl UM OZIMH pa3 laeTe KOMaHAY Ha YTEHWE
(3HaueHMe aapeca 0b11010001), TO OHH HAUYMHAIOT BbIAABATh MOCIENOBATE/ILHO BCE 3Ha-
YeHUs PerucTPOB, HAUMHas C TOro, K KOTOPOMY Oblio nocnieaHee obpallueHre NpoLblii
pa3. 3nech Mbl HAYMHAEM C perucTpa CeKyHA M 3akaHuWBaeM peructpom ropa. Yrobbl
OCTaHOBMTb Bblauy, HY>KHO B MOCJEAHEM YTEHHH He BbiaaBaTh noarsepxaeHue (ACK).

[TpounTaHHble 3HaYeHHs cklaabiBalOTCs B namaTth (B McxonHoM BCD-suae), U otaenbHo,
B Mpoueaype RclockIni, pacnakoBbIBalOTCS AN MHAMKaUMK. O6 MHAWMKALMH Mbi TYT
noapo6HO roBOpUTb He OyaeM, Bbl Y)ke 3HaeTe, Kak ee opraHu3oBathb (cM. 21agy 8), octa-
HOBMMCS Ha NPUMEHEHHH MOJIyYEeHHbIX 3HaYEHHI BpeMEeHU AN HalIMX LeneHd CBOeBpe-
MEHHOM 3aM1cy TeMnepaTrypbl U AaBNeHHU.

CHauana Ham notpedyercs elue obecneuntb xoa BpemeHn B MK (B namatb MK nomxHsl
BCE BpEeMs MonanaTh TEKyLIME 3HaY€HHs BPEMEHH) M Hay4WTbCS YCTaHAaBIWBATb Yachbl:
MoKa Mbb MX TOJIBKO "3aBOAMAM" M yCTaHaBiMBaaM CeKyHabl. TYT creayer ckasaTh He-
CKOJIbKO CJIOB O TOM, KaK Haufy4LHM o6pa3oM OpraHW30BaTh COBMECTHYIO paboTy uacoB
1 MK. Mo>HO, KOHE4HO, MpH KaKAOM OOHOBJIEHHH BpeMeHH (y Hac — Kaxaylo CEeKyH-
ay) npocto "tyno" unrtarth 3HaueHus u3 RTC, HO 3TO Heuenecoobpa3HO CO MHOTHX TOYEK
3peHuUs: npoueaypa aonras (HECKONbKO MMWUTMCEKYHA 3aiMeT), U K TOMY K€ TOJIbKO B
OOHOM ciiyyae U3 60 MEHSIOTCS He TONbKO 3HaYEHHUS CAMHUX CEKYHJ, HO U CTapLiHe €lH-
HHUbl. 3aueM 3aHuMaTh MK nyctbiMu aeiictBruamMu? [103ToMy Mbl MOCTYNUM Tak ke, Kak
ato nenaerca B [IK — 8 MK, noka on HopmanbHO paboTaeT, Bpems 6yaeT OTCHHTbLIBATH-
csl caMo 1o cebe, HO He MO ero BHYTPEHHHM MPEpbIBAHHAM, a MO MPEpPbIBAHHIO OT Yacos,
TOrAa nokasaHus OyayT CTPOro CHHXPOHM3MPOBaHbl. A MONHOCTHIO BpEMS YWTaeM M3
4acoB TONbKO Mpu 3amycke MK B npouenype RESET, Hy M eLle B CUTyaLHH, €C/IH HaM 3a-
ueM-HUOY b NMPHUXOANTCH 3arnpellarsb npepbiBaHus (HanpuMep, BO BpeMs JJIMHHOM Npo-
LeAypbl YTEHUs 3HAYCHHI M3 BHewHel namatd). OTaenbHO HeoOXOAMMO BECTH KasleH-
Aapb: 4TOObl HE 3arpoMOXKAaTh MporpaMmy (KajleHaapb — J0BOJbHO TPOMO3ZKas LITY-
Ka), A 3TOro MOXHO OOHOBNATb 3HAYeHHs NaThl YTEHHEM M3 4acoB, Hampumep,
€XKECYTOYHO B MOJHOYUb.

bonee Toro, npu TakoM NOAX0A€ Mbl B MPHHLHMNE HMEEM BO3MOXHOCTb aBTOMaTH4YECKOro
MCMpaBneHMs OMOOK CaMMX YacoB: NOCTATOYHO BKJIIOYHTL CTOPOXKEBOH Taiimep (CM.
anagy 14), koTopbiii Obl OTCNEXKHBAJ HAaNHYHE BHELIHEro MpepbiBaHHUs, U €CNIK OHO Mo
KaKUM-TO IMPUYHHAM HE HACTYNHIIO, PEHHHULIMANH3UPOBATb YacChl, MOJIb3YACh 3HAUYEHHUAMH
BpeMeHu U3 MK. Peanuszauuio 3Toil uaeu s octaeisio uyurarensm (1Jis sToro Heobxoau-
MO Ha ciiyy4ail c60s COXPaHATb TeKyllHe 3HaUeHHs BpemeHu-1aThl B EEPROM).

Jna cueta BpeMEHH YCTaHOBHUM OTAENbHbIH PErHCTP-CUETUMK CEKYHI M 3aMOMHHM, YTO
€ro Helib3s TPOraThb:

.def count_sek = r26 ;cCueTuMK CeKyHI

Crouno Gbl HauaTb C MocieaHel 3alaud — KaK yCTaHOBHTb HY)KHOE BpeMs, HO Mbl ee
pasbepeM B enage 13, koraa Oynem roeoputh npo oomen uepes UART. [Npeanonoxum,
YTO yachl YCTaHOBJEHbI U UAYT caMH no cebe, B namMaTH MK nmeloTcs 3HauYeHHs BpeMe-
HH, 3aM1CaHHbIe Tya NPH YCTAHOBKE, €CTb €LE PErUCTpP count_sek, B KOTOPOM OTAENbHO
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breq mm0
reti ;BeXOHO M3 IpephHBaHMUA
mm0: ;npoBepseM YaChl Ha KPaTHOCTb 3
1d temp,Z ;B temp — 3Ha4YeHME YacCoOB
cpi temp,0
breq mml
cpi temp,$03
breq mml
cpi temp, $06
‘breq mml
cpi temp, $09
breq mml
cpi temp,$12
breq mml
cpi temp,$15
breq mml
cpi temp,$18
breq mml
cpi temp,$21
breq mml
;jecim pa, TO Ha mml
reti ;uHaue BEXOHN U3 IIPEpPHBaHUS
mml: ;MOpoBepsieM paspelleHMe 3allucu
clr ZH ;crapumit EEPROM
1di ZL,FEnEE ;mnammz EEPROM
rcall ReadEEP
cpi temp, $FF
breq flag_WF
reti ;ecny 3anpemeHoO, TO BHIXOOMM M3 IIPEPHBaHMUSA
flag WF: ;npoBepka ¢nara nepBMYHON 3anmucu
sbrs Flag, 3
rjmp zapisFO ;MHaue Ha 3ammMChk HOaHHBIX
cbr Flag,8 ;cOpocuTe ¢uar nepBMYHOM 3amlmMcu
;IMmeM Kamp BpeMeHM
rcall ReadClk ;mpaBuibHy0 HJaTy B I1aMATb
1di DATA, $FA ;Hauano kagpa BpeMeHu FA FA
rcall WriteFlash
adiw AddrL,1
1di DATA, $FA
rcall WriteFlash
adiw AddrL, 1l
in DATA,MCUCSR ;mnsa omnpeneyleHus UCTO4YHMKa reset
rcall WriteFlash
clr DATA
out MCUCSR,DATA ;OOHyJISEM ero IOCJe 3anmcu
adiw AddrL,1
1di ZL,Min

3ak 491
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1d DATA, Z+ ;min

rcall WriteFlash

adiw AddrL,1

1d DATA, Z+ ;chs

rcall WriteFlash

adiw AddrL,1

1d DATA,z+ ;data

rcall WriteFlash

adiw AddrL,1

1d DATA,Z+ ;mes

rcall WriteFlash

adiw AddrL,1

1d DATA,Z ;god

rcall WriteFlash
;poBepsieM ampec Ha 7FFF, ecau paBeH, cOpachiBaeM paspelleHue Bamnmcu

1di temp, OXFF

cp ‘AddrL, temp

1di temp, OX7F

cpc AddrH, temp

brne zapisF
clr FE:

clr temp

clr ZH ;crapumit EEPR

1di ZL, FEnEE

rcall WriteEEP

reti ;¥ Ha BRIXOH
zapisF:

adiw AddrL,1
zapisF0: ;3amuMch kampa HAaHHEX

1di ZL,Thex ;nmuem

1d DATA,Z+ ; crapumit T

rcall WriteFlash

adiw AddrL,1

1d DATA, Z+ smnamumit T

rcall WriteFlash

adiw AddrL,1

1d DATA, Z+ ;cTapumit P

rcall WriteFlash

adiw AddrL,1

1d DATA, Z+ ;mnammiz P

rcall WriteFlash
;npoBepsieM ampec Ha 7FFF, ecnu paBeH, cOpachHBaeM paspelleHMe 3anmcu

1di temp, OXFF

cp AddrL, temp

1di temp, OX7F

cpc AddrH, temp

breq clr FE

adiw AddrL,1
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[Tpouenypa 3ta npocra, HO 6yAeT AMUTLCA 3HAUMTENLHOE BPEMS, €CIIH 3aMUCaH CKOJIbKO-
HUOYAb CyLIECTBEHHbI Kycok B namsaTH (ans nepeaaun 32 kOGaHT CO CKOpOCTbiO
9600 6uT/c noTpedyercs nopsakKa NOJIMUHYTHI), U Ha BCE 3TO BpeMs MpepbiBaHus Oy:i1yT
3anpeteHbl. ECThb elie 01MH MOMEHT, KOTOPbIH CBA3aH C NPOLIEAYPOH YTEHHS JaHHBIX H3
flash-namsTn — pa3 mbl cuuraem Bpems B MK oraenbHO, TO npu Takoil ASMTENbHON
npouenype cuer HeusbexHo codbercs. YToObl MCIPaBUTL 3TOT MOMEHT, B peaibHOM Npo-
rpamme norpedyeTcs 3aHOBO WHHLIMAJIU3UPOBATb 4achkl B CAMOM KOHLIE YTE€HUS BbI30OBOM
npouenypbl RclockIni, 1160 nepesanyckats MK cToposxeBbiM TaliMepoM.

B stoi#f nporpamme €cTh NOTEHUMA/IbHASA OLIMOKA, XOTS U HE OYEHb CEPLE3HAA: €CJIN Mbl
obpaTuMcs Kk kakoH-n1M60 JniuTenbHON nmpoueaype (B JaHHOM Clly4yae 3TO YTEHHE coaep-
’KMUMOrO NamATH AaHHbIX), TO NPH COBMNAACHHH €€ NO BPEMEHH C 3AMMCHIO NaHHbLIX M0-
CJIEJHSsl OCYLIECTBIEHA He OyzeT, U naHHble nponagyT. YroObl NOJHOCTBIO UCKIIIOUHIb
noJo6HOE, HY)KHO OTCJIEKMBATb BPEMS, M BOJIM3M 3HA4YEHHS 4aca, KPaTHOrO TPeM, 3a-
npewarb Takuie npoueaypbl. MOXKHO MOCTYNUTL €lie NPoLle — YCTAHABIUBATh TNPH HTe-
HUW GAar NnepBUYHON 3anucH, U TOrAa NpOMyLIeHHas 3anucbh He MpuBeaeT K c60t0 npu

- aHanu3e uHdopmaumnu. Ho 3nech s He cran yrnyOGnaTbes B J€Tal, T. K. COBNaAEHUE Bee
AKe KpaiiHe ManoBepoATHO (YTEHWE 3aHMMAET MAKCUMYM Mapy AECSITKOB CEKYHJ, MOXHO
M BPYUHYIO OTCJIEAUTb 9TOT MOMEHT).


















266 Yacme II. MNMpozpammuposaHue MukpokoHmponsnepos Atmel AVR

3ameTbTe, 4TO NpephiBaHue "nepenaua sasepiuera” (TX complete) 3neck He ucnonbayer-
Cs — 3TO YHCTO "annapaTHoe neno", KoTopoe, BooOiLe roBOps, NPOrpaMMHCTA HE HHTE-
pecyeT, eMy BaXKHO TO, YTO HAXOAWTCA B PErHCTpe AaHHbIX UDR. OQHaKO 3HaHME TOro,
YTO Nnepeaaya Ha CaMoM Jefle 3aKOHYMIACh, MOXKET ObITh BaXKHO B HEKOTOPbIX CllyYa-
X — Hanpumep, npu ynpasieHuH npuemonepenatunkamu RS-485 (cm. oanee @ 3moii
2naee) UK NpH BbI30BE PEXXUMOB dHeprocOepexeHus (cM. enagy 14). AnbTepHaTHBHbIH
cnocob o6Hapy>KeHHA TOro, YTO Mepeaaya pealbHO 3aBEPLIMIIACh, 3aKTI0YAETCA B OTC/e-
XHBAHUM COCTOAHHMSA OWTa TXC B perucrpe UCSRA (USR) — koraa peructp casura UART
0cBOOOXKIAETCA, ITOT OUT yCTaHaBIMBAETCA B EAWHUYHOE COCTOAHHE, M €ro MOTOM Clie-
AyeT cOpOCHTDb 3aMHChIO B HETO JIOPHUYECKOM eAHHHULbI (NpepbiBaHue cOpacbiBaeT ero an-
napatHo). HeynobcrBo nocnentero cnocoba B TOM, YTO TXC HaXOAMTCA B HYJEBOM CO-
CTOSIHMH HE TOJBKO BO BPEMs MNepefaud AaHHbIX, HO U NO YMONYaHHIO, AaXKe €C/H MopT
BOOOLLE HE MHULUMANH3WPOBAH, NMOTOMY BbI3OB MpPEPbIBAHUA, OUEBHUAHO, NPEANOYTH-
TeNbHee.

Mpumep yctanHoBku yacos DS1307
¢ nomouwbio UART

[Ipeanonoxum, Mbl yxe HU3y4HIH npunodicenue 4 U 3HaeM, Kak MOCbUIaThb JaHHBIE Yepes
INK. BapuanT opranusauun obMeHa JaHHbIMH CO CTOPOHbBI KOHTpOJLIEpa B TAKOM Cllyyae
Mbl MOKaXXEM HAa NpUMepe 3an1CH 3HAYEHH TeKYILEro BpeMeHH, HeOOXOAUMBIX IUIA Ha-
4aJIbHOW YCTaHOBKH 4acoB peanbHoro spemeHu DS1307 w3 araswr 12.

Hns opraHnsaunu Takod npoueaypbl CHauana cieayeT yCTaHOBHTh HEKHid npoTokon of-
meHa: yto6el MK "3Han", 4To UMEHHO eMy clienyeT aenaTh B JAaHHOM KOHKPETHOM CeaH-
Ce CBA3M, NPUIETCA NOrOBOPHTLCA O HabOpe KOMaHI, Kaxaas u3 KOTopbix Oyaer o3Ha-
yaTh Kakoe-11b0 onpeaenenHoe aeicteue. Habop komann, HeoOxonuMbli 1nis ynpasie-
HHs YacamH pealbHOro BpeMeHH, npuseseH B Tabn. 13.1.

Tabnuya 13.1. KomaHObl ycmaHOBKU 4acoe peasbHO20 6peMeHu

Komanpa | OnucaHue AprymeHTbi OtBet

$SBO YcTaHoBKa cekyHa = 59 $AA — Bce OK
$EE — noaTsepxaeHue I1°C
He Nony4eHo

SA0 YcraHoBka cekyHa = 0 $AA — Bce OK

$EE — noarteepxaeHve 1°C
He Nony4YeHo

SAl YcraHoBka yacos u3 MK 6 GaitToB $AA — Bce OK

BCD-copmat $EE — noaTeepxaeHue I°C
Cex:Mun:Yac:[lat:Mec:log He Nony4eHo

$A2 YreHune uacosﬁe nK BCD-copmar
Yac:MuH:Cex:[laT:Mec:.loa
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SetTime: ;ycCTaHOBKA TeKyuMx BHaueHuit B MK
rcall Sclock ;uuTaeM ynakoBaHHHE 3HAYEHUS B NaMAThb
1di ZL, Sek ;ynakoOBaHHHE CEKyHIH
rcall HEX time ;hex-cexkyHmu B temp
mov count_sek, temp ;uHULMAIMBALMA CUETUMKA CEKYHI

1di ZL, Hour ;éacu pacnakoBHBaeM

1d temp, 2

mov data, temp

andi temp,0b00001111 ;mammt QYacos

1di ZL, DeH

st Z,temp

andi data,0bl11110000 ;cTapumit wacos

swap data jcrapumii B Miagueil TeTpane
1di ZL,DdH

st Z,data

1di ZL,Min ;MMHYTH pacrnakoBhBaeM
1d temp, Z
mov data, temp
andi temp,0b00001111 ;miamwat MUHYT
1di ZL, DeM
st Z,temp
andi data,0b11110000 ; cTapumii MMHYT
swap data ;crapumit B mnammeit TeTpane
1di ZL, DdM
st Z,data
ret

OTMeTHM, UTO ecu CBA3b 00OPBETCS HAa CTAJMH MpPHEMA LIECTH KOMIIOHEHTOB BPEMEHH,
MK MoskeT "MoBHCHYTL", T. K. npepbiBaHus 3anpeLieHbl. Ho, Bo-nepBbiX, BEPOATHOCTD
TOrO, YTO 33 HECKOIbKO MHJUTMCEKYHI, KOTOpble MJIMTCA Mepelaua, 3TO NPOU30NIET,
KpalHe MaJia, a BO-BTOPbIX, JjaXe eClIH nocTaparbes 3Toro u3bexarsb (106aBus paspeiie-
HUH W 3anpelleHnii npepbiBaHUii B HYXHbIX MecTax), pabore MK 3To He nomoker, T. k.,
cKopee Bcero, coObeTcs OTCHET BPEMEHH.

Ortcuer BpeMeHH MOXeT Taioke cOMTbCA M Toraa, Korja Bbl OOHOBIsETe BpEMs B Hacax:
npouexypa JOBOJIbHO JOJras, U BEpOATHOCTb TOrO, YTO Bbl MOMNAAETe Ha NepeXon CEKyH
yepe3 HOJb, JOBONbLHO Bennka. Toraa yachbl MOryT BHYTPH cebs OTCHHTBIBAaThL Bpems npa-
BMIbHO, a NMoka3aHus 6yayT HeBepHbIMH. MoXHO monbiTaTbes "MpHuecaTh’ anropuTM,
au6o (4to ropasno npotue) nocne oGHoBneHUs nonpocty nepesanyckars MK (Mcnonb3ys
CTOpOXKeBOH Taiimep, cM. enagy 14), uToObl Bce 3HaUeHHs BO BCEX perucTpax 0OHOBHIIHCDH
"c Hyna". Ecnu Bbl npoekTHpyeTe cynepHaaexHbii NpuOOp, H XOTHTE MO-HACTOALLEMY
obe3onacutb ceds oT NoObIX c60EB B TAKUX ClIy4asiX, TO CIEAYeT YCTAHOBKY BbINOAHATbL
B [IBa 3Tara: CHayana TOJIbKO nepekayaTb HoBble 3HaueHus u3 1K kyna-HuGyapb Ha cBo-
6oxHoe Mecto B SRAM, H nuwb 3atem, yOeaAHBLIUCH, 4TO 0OMEH Obl1 KOppeKTHBIM, 00-
HOBJIAITb BpeMs B yacax (a 3aTeM JUls HaiEeXKHOCTH elle U nepesanyckars MK).
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Cnoco6bl 3alKUTBl OT C60eB B KOMMYHHKALIMOHHOM KaHane B JPYrHX CHTYaLUMsAX Mbl Ceii-
yac pacCMOTPHM.

Mpuemsbl 3awmTbl OT CO60EB
npuU KOMMYHUKaLuUn

3ameTuM, YTO B OOJILIIMHCTBE MPAKTHYECKHX CYYaeB BCE OMNMHCaHHbIE Aajiee MEpbl He
TpebytoTcs. Ux cnepyer npuMeHATb, KOraa JHHHA CBA3H HEHaaexkHa (HampHMep, O4EHb
IJIVHHAsA, WK JeHCTBYET B YCJIOBHSX MOBBILIEHHbIX MOMEX — B NMPOM3BOACTBEHHOM Lie-
Xe) unu oOMeH O4eHb MHTEHCHBHBIH, U AaXke MpH HcyesaloLle Maoi BeposTHoCcTH c6oes
B K)KIOM OTAE/NbHOM ciy4ae obluas BEpOATHOCTb OLUMOKH CTAHOBHUTCSA JOCTATOYHO 3a-
METHOM. 3aMeTHM, YTO NPH NOBbILIEHHbIX TPEOOBAHUAX K HAEHKHOCTH MPHMEHEHHE BCEX
3THX METOAOB He WCKJIouaeT (M Jaxke Mpeanosnaraer) crneuuanbHble HHTEpdeiichl nns
cBA3u ynanenHbix ycrpoiictB (RS-422 u RS-485), onucanHble B crepyiowem pasaene
3TOH rnasbl.

MpoBepka Ha YeTHOCTb

OauH M3 caMblX MPOCTBIX H YacTo YNoTpebaseMbIX METOLOB — MNPOBEPKa HA YETHOCTh
ANs Kaxaoro otaebHoro Gaiita. ins aToro cnyxHuT crapiunii 6uT B 9-6MTOBOM pexume
oOMeHa, KOTOpbI XpaHHTCA B pa3psjax RXB8 (NMPH NpHeMe) U TXBS (NpH nepeaaye) peru-
crpoB UCR ansi UART wunn ucsre ans USART. Ecnau HyxHo opranuzoBaTb 9-6uTOBYIO
nocsuiky, To aas "uncroro" UART crnemyer ycTaHOBUTH GUT CHR9 B perucTpe UCR. Jns
USART 3T0T 6MT HaxXoOMTCS B perucTpe UCSRB M Ha3blBaeTCs UCSZ2, HO OHOMW ero ycra-
HOBKH HE[IOCTaTOYHO: KPOMe 3TOro 6uta HeoO6X0AHMO YCTAaHOBHTb B €IMHHLIbI 3HAYECHHS
UCSZ0 M UCSZ1 B perucTpe UCSRC (CM. npouenypy 3aaaHus 8-6utoBoro pexnma B pazoene
"Hnuyuanuzayus UART" smoi 2naevi). OTMETHM, 4TO YMTaTh 3HaueHHe OWUTA RXBS B
USART (ecnu ato Tpebyercs — B psne ciydaeB 3TO HeoOs3aTenbHO, KaK Mbl YBUAHUM
Jianee) npu npueme cienyer a0 odpaiueHus k peructpy AaHHbix. B UART nessitbiii 6ut
MOXKHO YMTaTb HE3aBHCHUMO OT NaHHBIX.

PaccMoTpum npoBepky Ha 4eTHoCTb noapobHee. TeM, kTo M03abbin 0CHOBBI HHGOPMATH-
KH, HafOMMHAIO, YTO MOJ YETHOCTbIO/HEUETHOCTbIO MOCBUIKH MOHHMAeTCs He ueT-
HOCTb/HEYETHOCTL YHC/Ia B apu(METHUECKOM CMbICTe (KpaTHO OHO JBOiKe WM He Kpart-
HO), @ YeTHOCTb/HEYETHOCTb KonH4ecTBa OMTOB, paBHbIX eauHuue. [IpoBepka Gaiita Ha
4eTHOCTb AacT pe3ynbrar 0 (true), koraa uykcio equHuu B Gaiite yetHo, H 1 (false) — ko-
raa HevetHo. JloGasneHue 9-ro 6uTa npu 3TOM Aenaercs Tak, 4ToObl obluee KoJHUecTBO
6uTOB, paBHbIX 1, Obino Obl Bceraa 4eTHbIM (OTMETHM, YTO MOKHO YCTaHaBIUBaTb M 00-
paTHYyi0 npoBepKy — Ha HeueTHOCThb). Ob6was dopmyna, nNo3BoAIOLIas BbIYUCIHTD 3HA-
yeHue OUTa YETHOCTH P, BLINIAANT TaK:

Pix=b:@ bs® ... @ b @ by,

rae b; — pa3psanpi Gaiita, a ® — onepauus "uckntouarowee HJIA".

OO6bI4HO Takas NpoBepKa paccuMTaHa Ha anmnaparHyio peanusaumio, 1 B USART umeercs
COOTBETCTBYIOLIMH PEXHM, KOTOPbIH BKJIIOYAETCS YCTaHOBKOHW 6uTa UPM1 B perucrpe
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a, Hanpumep, B npotokosne NMEA B pa3Hbix coobLueHHsX ynucio 6aiiTos BapbupyeTcs OT
NeCATKa-MoayTopa A0 HECKONbKHUX AECATKOB), U TOrAa MPUXOAMTCA MUCATh CNELUHaIbHYIO
nporpammy-napcep, pasGupalolmii kaapbl Ha OTAeNbHbiE 3eMenTbl. Bropas npobnema
3aK/IloyaeTcs B TOM, 4TO moaobpars cneuududeckuit 6aiT, OAHO3HAUYHO MACHTU(HLM-
pylolui Hauano kaapa, He Bceraa npocTo: MpW nepeaade AaHHbIX CIUIOWb W PAaoOM
BCTPEYAIOTCS CHUTyalWH, KOraa MH(opMaLMOHHble 6aiiTbl MOryT UMETH MPOW3BOJIbHOE
3HaueHWe BO Bcem auanazoHe ot 0 no 255. MHoraa ans 3Toro MpUMEHSIOT MOCLUIKY A€e-
BATOro OMUTa C OnpenesNeHHbIM 3HaYeHWEM (CM. TaKKe Aanee O AOTIONIHHUTESbHBIX BO3-
moxkHocTax USART), B nporokone MODBUS uucna nepenatorcss B ASClI-koae (Ha-
npumep, 10 kak napa cumsonos "1" u "0"), 1 Tam nepenyTaTb UX C CHMBOJIaMH Hayana u
KOHL[A MOCBUTKH HEBO3MOXKHO, HO TaKHe MpHeMbl HE OYEHDb YI100HbI.

DddeKkTUBHLIM METOAOM A NpeofoseHus 3Toro npenstcTBus Oyner ¢popmupoBaHne
MIEHTUOUUMpYIOLLEH nocieaoBaTelbHOCTH 6aiTOB, KOTOpPas HE MOXET BO3HUKHYTb HH B
pe3yabTaTe AeHCTBUS NOMEXH, HU — ¢ OOJbLIOH CTENEeHbIO BEPOATHOCTH — BCTPETHTHLCA
B CaMOM MaccHBe HHpopMaLuH. Takylo Moc/1ef0BaTeNbHOCTb YACTO HA3bIBAIOT CUSHAMY-
pOUl W UIMPOKO HCMONL3YIOT B "GoNblIOM" NpOrpaMMHpPOBaHWM Ui HIAEHTHQUKALMH
¢dopmaToB ¢aiinos. lnMHa CUrHaTypbl 3aBUCUT OT TOTO, YTO Mbl Nepeaaem, U B NpocTei-
LeM Cllyuyae MOXET COCTOATb U3 ABYX-TPeX MOBTOpstoluxcs GaiTos: Hanmpumep, $AA,
$AA, SAA. B Gonee cnoxkHbIX BapuaHTaX CHIHaTypa MOXKET MpPEeACTaBIATb, HanpUMep,
OCMBICJIEHHOE C/IOBO, €C/IH MHTEpnpeTHpoBaTh GaiiThl, kak cumsonbl ASCII: "Begin"
($42, $65, $67, $69, $6E). A, nanpumep, B ynomuHasiemcs nporokone NMEA B kaue-
CTBE CHIHaTYpbl NpuMeHstoTcs Ha3BaHusa coobiueHnid (GPRMC, GPGGA u np.).

MogrPoBHOCTH

B UART/USART Takxe NoaAepXUBAETCA XUTPbl1 MEXaHU3M 3aluTbl OT c6oes, 3akniovaio-
WMXCA B BO3HWKHOBEHWM NMOXHbIX cTapT-6uToB. CTONn-6UT Npeacraenser coboi ypoBeHb
NOrMYECcKon eAMHULbI U HE UCKNIOYEHA CUTYaUURA, Koraa B nayse nepeaadn AaHHbIX BO3HUK-
HET MOXHbIW CTapT-6UT (ypoBeHb 0), nocne KOoTOpPOro NPUEMHUK "3axXo4eT" NPUHATL: cpasy
uenylo nocneaoBaTenbHOCTb. ATO 0COBEHHO akTyanbHO Ans NoNyAynnekcHoro nporokona
RS-485 (cm.-0anee), B KOTOPOM U Tyaa U o6paTHO AaHHble NEPEAAIOTCA N0 OAHON NUHUA.
UTtobbl rapaHTMpoBaHHO cOpOCUTb NPUEMHUK Nepea nepeaadven MacCuea AaHHbIX, nepe-
[aTYUK BbIJAET HA MUHWIO AMNUHHYIO NOCNEeAoBaTENbHOCTb €AWHUL, (MOXHO MPOCTO nepe-
fatb $FF). Torpa, ecnu 3t eauHUubl NonaayT Ha KoHew noxHoro Baiita, To Gyaet 3acuu-
TaH BEpHblA CTON-6UT, ecnu xe cTapT-6uUT npu nepegade $FF nonaget Ha cTon-6UT NoXHoO-
ro 6anTa, To 6yaeT 3acuutaHa ownbka kagpa. OHa onpepensieTcs 6utom FE (Frame Error),
KOTOpbI coaepXxuTca B peructpe USR ans UART u B peructpe UCSRA ans USART. Ecnu
BMeCTO nepsoro cton-6uta npunHatoro 6anta moaynb obHapyXuBaeT Nnoruyeckuii Homb, TO
61T FE OKa3blBAeTCA yCTAHOBNEHHBIM B @UHNYHOE COCTOSHNE (Ha CaMOM Aene B Hero npo-
CTO KONUPYEeTCH UHBEPTMPOBaHHOE 3Ha4YeHue nepsoro cron-6uta). 3ameTum, YTo ecnu nu-
HUA RS-232 "3aBUCHET" B COCTORHWM NOTMYECKOTO HYNA (HU3KOTO YPOBHA HaNpPSXEHWUA Ha
nuHuu UART), To 3TO MOXeT BOCNPUHUMATBLCA YCTPOMCTBOM, Kak COCTosHWE "o6pbiBa nu-
HUK" — He oueHb yaobHbIn Mexannam, n B MK AVR oH annapaTHO He noaaepxuBaeTcs.

JdononHutenbHbie Bo3moxHocTu USART

[Tpn BrAtOUEHHH cHHXPOHHOrO pexxuma pabotsl USART (3To menaercs ycraHoBkoii OuTa
UMSEL B perucTpe UCSRC B €IMHHYHOE COCTOSIHME) BMECTO BHYTPEHHErO HCTOYHHKA Yac-
TOTHI ANl TAKTHPOBAHHS CIBHIOBOrO PErMCTpa WUCMONb3yeTcs TPETHI BbIBOA MopTa noa
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naszaHueM XCK (1Mo kakMM-TO NpHYHHAM 3TOT BbIBOJ B GOJILILMHCTBE MOAENel coBmna-
naet ¢ BbiBogoM TO — s MOAKIIQUEHHS BHELLHEro MCTOYHMKAa umnyinbcoB TimerO0).
[Tpu aTOM reneparop taktupytowux umnyiabcoe USART nonpocty nepewsitouaercs Ha
3TOT KOHTAKT, €C/IH OH YCTaHOBJEH Ha BbIXOJ (PeXHUM BeayLUero), ubo, eciiM OH ycTa-
HOBJIEH Ha BXoJ, BooOuue otkmouaercs, H USART TakTupyercsi BHELIHUMH UMITYJIbCAMH
Ha 3TOM BbIBOJIE (PEXKHUM BEAOMOTO).

O6paruTe BHUMaHHE, YTO B PEIKMME BEXYLLETO YACTOTa Ha 3TOM BbiBOAe Oyner onpene-
nateest popmynoit BAUD = f../2(UBRR+1), npu 31oM GHUT yaBOEHMS 4acTOThl U2X B
CHHXPOHHOM pexuMe He paboTaeT, M JOMKEH OCTaBaThC B HYJEBOM COCTOSIHUM. BHeui-
HAS 4acTOTa B PEXHME:BEJIOMOro HE JIOJDKHA NpesbiaTh 1/4 oT 4acToThl "KBapUa" foes.
Hns Toro urobbl chazupoBaTh NpUEM H Mepeaady, CayXHUT OUT UCPOL perucTpa UCSRC —
Mo YMOJIYaHHIO (B HYJIEBOM COCTOSIHMM 3TOro 6MTa) Bbigaya AaHHbIX Ha BbiBoa TxD npo-
u3BoAuTcs Mo cnany umnyinbca Ha XCK, a cuutbiBaHue ¢ BoiBoga RxD — no ¢ponTy.
B eaMHH4YHOM COCTOSHHH UCPOL, COOTBETCTBEHHO, BCE HA000pPOT.

CunxponHbiii pexxum pdbotst USART Henapom u3inoxeH B pyKOBOACTBaX NOCTATOUHO
"MYTHO" — MHE HEM3BECTHbI pa3paboTKHu 3TOH BO3MOXKHOCTH. OYEBHUAHO, YTO B CHH-
XPOHHOM pexuMe ropasfo ynobHee 3aaeicTBoBath uHTepdeiic SPI, kortopbiii He-uMeeT
"3aMOpOUEK" CO CTAPTOBLIMH-CTOMOBLIMH GHTaMU (OHH HEOGXOAMMbI TONBKO MPH aCHH-
XPOHHOM OOMeHe, a NpU CHHXPOHHOM JIMLIb YBEIMYMBAIOT BPEMS Mepefayn) U K Tomy
e paboTraeT 3HauUUTENbHO ObICcTpee.

OnHO M3 U3BECTHBIX MHE HECTAHAAPTHBIX NMPUMEHEHHH CUHXPOHHOTO PEeXXHMa — BbIBOJ,
XCK MoXeT ciyKuTb annapaTHbiM FeHEpaTopoM MPAMOYTObHbIX HMMYJbCOB, ECH YC-
TaHOBUTb ero Ha BbixoA, a USART B pexum HenpepbIBHOrO CHHXPOHHOro npvema (ans
3TOrQ JOCTATOYHO Pa3peLUUTh CHHXPOHHbIN PEXHUM YCTAaHOBKOH 6MTa UMSEL M npHeM yc-
TaHOBKOM OMTa RXEN, a Ha BbIBoJe RxD HaBceraa ycTaHOBUTL JIOTHUECKHI HOJIb, COOT-
BETCTBYIOLLMI cTapT-OUTY).

HekoTopblii MHTEpeC MOXET BbI3BaTh Apyras (yHKLHS PacLUIMPEHHOro NOpTa — BO3-
MOXHOCTb paboThl B peXHMe MYJbTHNPOLECCOPHOTO 0OMeHa, koTopas yaoGOHa, Hanpu-
Mep, 111 OpraHu3aLuy B3aMMOAEHCTBHS YCTPOHCTB Nno HHTepdeiicy RS-485 (¢m. oanee).
Bkpatue on 3akmouyaercss B ciiefyiouieM. Heckonbko KOHTpO/IEPOB COEAMHAIOTCS MO
BbiBogamM RxD u TxD napannenbHo. OnuH ¥3 HUX HazHauyaeTcss BeRyLUMM, U Y HEro yc-
TaHaBauBaeTcs 9-6uTOBBIH pexxuM obMeHa. Bce ocTanbHble (BeaoMble) KOHTPOJLIEpH
NEpEKIIOYAIOTCA B PEIKHUM MYJIbTHIPOLIECCOPHOro oOMeHa yCcTaHOBKOH OWTa MPCM B pe-
TUCTpe UCSRA. B 3TOM COCTOSHMHM OHM OXKMAAIOT NpHeEMa aapecHoro Gaiita OT Beayluero,
OTJIMYAIOLLErOCs TEM, YTO CONPOBOXKAAIOLLHMH ero NeBATbIi OUT NOoMmKeH ObITh YCTaHOB-
nen B 1. Cam azpec Nnpu 9TOM pacrosiaraercsi B OCTalibHbIX BOCbMH OMTax M ycTaHaB/IH-
BaeTCs MO JOFOBOPEHHOCTH nporpammuctoM. Ecnu BeaoMslil kOHTposuiep pacnosan
CBOI azipec, TO OH cOpacbiBaeT GUT MPCM, Nepexoas, TakuM o0pasoM, B OObIUHbBIA pexHUM
(Bce 3TO AenaeTcs NporpaMMHO!), Nocie Yero ocylecTBaseTcs oOMeH MeXIY HUM H Be-
AywnM. JleBatbidi GUT NpH 3TOM AOMKEH ObITh B HYJIEBOM COCTOSIHMM, H ocTalibHbie MK
OynyT ero urHopupoBatb. Cnesyer HanmoMHHTb, uTo AaHHble B UART Bceraa nepenator-
cs MnaAwMMH OGuTamu Brepen, U ecau B aapecyeMoM MK yctaHoBnen 8-6utoBblii pe-
KHM NpHEMa, TO NPH HyNEBOM JeBATOM GuTe OyneT perucTpupoBaTbes owiMOKa Kaxpa
(6uT FE). :
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3AMETKHU HA NMONsiX

Ectb v anbTepHaTuBHbIN cnocob obmeHa ¢ Heckonbkumy MK. ABTOpY 3TX CTPOK Npuxoau-
nock peluaTb 3afady TPaHCASILMM AaHHbIX OT OIHOTO UCTOYHMKA (BHELWHero MK) K Heckonb-
kum MK, ynpasnsiowum oTaenbHbIMU BnokamMin HEKOEN U3MepUTENbHON cucTeMbl. B aTom
cnyyae 6bINO MCNONb30BAHO annapaTHOe pelleHue — W3roTOBNEeHa crneuvansHas nnarta
KOMMyTauuu co BcnomoratensHoiM MK, koTOpbii nonyyan komanael "1, "2", "3" urt. 4. v
TPaHCNMpOBan UX B YCTAHOBKY COOTBETCTBYIOLUMX ABOWUYHBIX KOAOB Ha BHELLHUX BblBOAAX.
Koabl ynpasnsnu asyma oObldHbiMWM MynbTurnekcopamu 561KIM12, kotopblie noakniovany
BbiBoabl RxD 1 TxD kaHana ¢ 3apaHHbiM HOMepom k npeobpasosaTento yposHew ANa CTbl-
koBkn ¢ COM-noptom MK. 3ameTum, 4TO KOMaHAbl NEPEKNIOYEHNUA HE AOMXHbI BXOAWUTb B
nepeveHb WHCTPYKLMIA, nocbinaembix Ha BeaoMble MK, nHauye BO3MOXHO CamMonpou3Bonb-
HOe nepeknioveHne kanana (3TOT BONPOC peliaeTcs, eCn YCNOXHUTL KOMaHAbl Nepeknio-
YEeHWA, Kak OnNncaHo B npeablaywem pasaene).

Peanusauusa uHtepdencoB RS-232 n RS-485

B 1962 r., xoraa BnepBble BO3HUKIIH crieU(HKALMH aCHHXPOHHOIO MOC/IEA0BATEILHOIO
uHTepdeiica (119 CBA3M TeJeTalMHBIX anmnaparos), aCCOLHALUS IEKTPOHHON MPOMBILL-
nennoctn CLUA (Electrical Industry Association, EIA) Ha3biBana cBou crannapthi OykBa-
mu RS — Recommended Standard. Tak Bo3Huk cranmapt RS-232, kotopsiii npaBuibHee
umeHoBatb EIA-232 (c 1988 r. cranmapt noanepxkana Telecommunications Industry
Association, Tak 4to HaubGosee koppekTHO# Oyaner 3anuch EIA/TIA-232). basosas Ha
naHHbiii MomeHT Bepeusi C (RS-232C) peiictByer ¢ 1969 r., oHa onucbiBaeT CHrHalbl U
ux xapakrepuctuku. Bepcun D (1986 r.) u E (1991 r.) nosBunuch yke noa Ha3BaHHEM
EIA-232D/E u onucbIBalOT B TOM YHWCje Pl AOMOJHHUTENbHbIX JIMHUH M PasIMuHbIX
paszbeMoB. MexayHapoaHblii KoHCynbTaTHBHBIH KOMHTET 1o Tenerpaduu U TenedoHUH
(CCITT) umeer Tako# xe craHaapT V.24/V.28 (c apyrMMH HaMMEHOBaHHAMH JIMHHH),
cyuiecTByeT aHanoruuHbiii cranaapt ISO 2110, a B Hawel crpane 'OCT 181445-81.
OnHako B MHXKEHEPHOH NMpaKTHKe 3TOT CTaHAapT (KaK M Apyryde aHajlorH4Hble) Bce paBHO
30ByT RS-232. B Hacrosiee BpeMs aeiictByer Bepcus F crangapra (1997), Ho 66nbluas
4acTb COBpeMeHHOro obopyaoBaHus opueHTHpoBaHa Ha RS-232D/E.

B RS-232 6uTbl nepenatorcst pa3HONOMSAPHBIMHU YPOBHAMH HANpSHKEHHs, IPUTOM HHBEp-
THpoBaHHbIMH oTHOcHTeNbHO UART (cM. puc. 3.1 B 2nase 3). B UART peiictByer noso-
XKHTeJIbHas JIOTHKA C OObIYHBIMH JIOTHYECKHUMH YPOBHSAMH, I'i€ JOrHyeckas eHHHLa co-
OTBETCTBYET BLICOKOMY YPOBHIO HarnpspkeHHs (Hanpumep, +3 uau +5 B), a noruueckuit
Hoab — HHU3komy. B RS-232, naoGopor, noruyeckas eavHuua nepenaercsi OTpULaTesb-
HbIM YpoBHeM (0T =3 10 —12 B), a 10ru4ecKuit HOJIb — MOIOKHUTENbHBIM YPOBHEM OT +3
no +12 B. MakcuManbHO fonycTiMoe abCOMIOTHOE 3HaYeHWE CHrHajla MOXKET COCTaB-
aate 14-15 B n Gonee (kak npaBuio, Ha nuHuu RxD nonyckaercs ypoBeHb BXOAHOro
HanpsbkeHus He MeHee 25 B).

ogpPoBHOCTH

MoaasnsAIoLLYI0 4acTb BPEMEHMN NUHWUA HAXOAUTCA B COCTOSIHAM OXWAAHWA, T. €. UMEEeT ypo-
BEHb NOTMYECKON eanHuubl (oTpuuaTenbHbin ans RS-232). Motomy sbiGop yposHen crap-
TOBOro ¥ cTonosoro 6uta B RS-232 He BbiN NONHOCTLIO NPOM3BONbHLIM — Takasi KOMOUHa-
UMA ypOBHEW BaXHA CO CXEMOTEXHUYECKON TOYKWN 3peHus. Bo-nepsebix, B kauectse npeob-
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pasoBaTvensi ypoBHs yBoOHO MCnonb3oBaTb TPaH3UCTOP, KOTOPbI MHBEPTUPYET CUrHan, u
TOraa cneuuanbHo 06 MHBEPCUM YPOBHER AymMaTb HE NPUXOAUTCS. BO-BTOPLIX, CO CTOPOHLI
UART, rpe noruka obpaTHasi, CTonosbii OUT AOMKEH UMETb BbICOKUW YPOBEHb, YTO COOT-
BETCTBYET COCTOSIHWIO 3anepToro TPaHavucTopa ¢ "OTKPLITbIM KOMMEKTOPOM" (Unn C "OTKPbi-
TbiM UcTOKOM"). Tak kak 60nbLUYIO YaCTb BPEMEHW 3TOT BbIXOAHOW TPaH3UCTOP OKa3bliBaeTcs
BbIKITIOYEH, TO BbIBOA, He noTpebnsieT Toka. [aHHbiM hakTom Mbl BOCNonb3yemcsi aAanee Ans
co3AaHus npocTelwero npeobpasosaTens ypoBHEW.

Camu ckopoCTH, Kak npaBuio, Bbibupatores u3 paga 110, 150, 300, 600, 1200, 2400, 4800,
9600, (14 400), 19200, (28 800), 38 400, (56 000), 57 600, 115200 6ur/c (B ckobkrax
yKaszaHbl HECTaHAApTHblE, HO YacTo ynorpedasiolecs 3HaueHus). OTMETHM, YTO CTaH-
napt RS-232C ycraHaBnuBan MakcHMMalbHYIO ckopocTb nepeaaun 20 k6ut/c, oaHako
no3aHeHllne BEpCHH HE OroBapHBalOT BEJIMYMHY CKOPOCTH (YCTaHABJMBas JIMLIb, YTO
nepejaTyuk JosmkeH "TaHyTs" emkocTb JinHUK 2500 nd, a BXOgHOE cOnpOTHBIIEHHE TIPH-
€MHHKa J0KHO ObITh He MeHee 3 KOM). @yHkuun Windows no3BoJisiioT B KOMIbIOTEpE
ycTaHoBUTb U Gonee Bbicokyto ckopoctb — 128 000, 256 000. MK AVR npu pocratouno
BbICOKHX TaKTOBbIX YAacTOTaX MO3BOJISIOT YCTaHaBJIMBaTb CKOPOCTH MNepeaaud uvepes
UART no 2 M6ut/c. Cnenyer yuuTbiBaThb, YTO HE BCE CXEMbl NpeoOpa3oBaHHs ypOBHE#
RS-232 moryT nponycTuTb uepes cebs cHrHaibl ¢ G0NIbILONH CKOPOCTbIO, MO3TOMY, B Ya-
CTHOCTH, JOCTHYb MaKCHMaJIbHbIX ckopocTeii nepenaun USB npu smMyasiuuu atoro nopra
C MOMOLLBIO MOMYNSAPHBIX MUKpocxeM-npeobpazosateneii FTDI (cM. dazee) He nonyua-
ercsl.

OO6bIuHO MPOCTOi B cXeMOTEXHHYECKOM oTHoweHHH RS-232 npeaHazHayeH Anst HU3KHUX
ckopocteii (2400-19 200 6ut/c), korna OCHOBHas 3ajaua 3akirovaercs B oOMeHe He-
60JIbLIMM KOJIHYECTBOM JaHHBIX B HEKPUTHUHBIX K BEPOSATHOCTAM c60s cucTeMax. [nuua
JUHHUHK CBA3K HE J0JDKHA npeBbiath 15 M (npu TunoBoii emkoctu kabens 150 nd/m), Ho
Ha MpakTHKe 3TH BeNHYHHbI MOTYT ObITh Gonbuie. [Ipu HEBBICOKMX CKOPOCTAX nepenayu
TaKas JMHUS MOXET HaJeKHO paboTaTh Ha PaCCTOSHUM B ECATKH METPOB (aBTOpPY 3THX
CTPOK yJaBanoch 6€3 NOMOIHUTENbHBIX YXULLPEHU HAJTaAUTh OOMEH C KOMIMbLIOTEPOM Ha
ckopocti 4800 6uT/c o kabento, npasja, LOBOJIBLHO TOJCTOMY, AIHHON OKOJIO MOJYKH-
aometpa). B Tabn. 13.2 npuBeaeHbl OPUEHTHPOBOUHbBIE SMITUPHUECKHE JaHHbIE MO Mpo-
TSUKEHHOCTH JIMHHMHU CBSI3W AJI pa3iM4HbIX CKOpocTeil nepenayun. 3ta HHGOpMaLMs HU B
KOEM CJlyyae He MOXKET CUMTATHCS OHULIMANbHOK — CIMLIKOM MHOTO BAMSIOWKX (hakTo-
poB (YpoBeHb MoMex, TOJLIMHA NPOBOJOB, HX B3aHMHOE pacrnosiokeHue B kabene, ¢ak-
THYECKHE YPOBHH HANPsXKEHHS, BbIXOAHOE/BXOIHOE COMPOTUBIIEHHE NMOPTOB U T. I1.).

OkpaHupoBKa kabens A0o/kHA ObITh BbINOJIHEHA ¢ COOMIOAEHHEM OMNpeAeneHHbIX TpeGo-
BaHWH — ec/ii Bbl MCNOJIb3yeTe ABYXKUNbHbIH Kabenb B dKpaHe-orjieTke, B KOTOPOM
curHanbHas "semns" uHrepgeiica (GND) 3aBeneHa Ha skpaH, TO 3TO HEBEPHOE peLIEHHE.
B npaBu/ibHO MOCTPOEHHON 3KpaHMPOBAHHOW JIMHUM 3KPaH HE AOJLKEH ObIThb OAHHUM W3
TOKOBEAYLUMX MPOBOJOB, T. €. KOHTakTbl GND coeauHsIoTcs OTAENbHBIM MPOBOAOM B
kaberne, a skpaH coeaunsiercsi ¢ GND Tonbko Ha onHO#M cTropoHe — nuGO Tam, rae ume-
ercs Oosee KaueCTBEHHOE HAcTosllee 3a3eMiieHHe, JIMOO — B Cllyyae, eciii CUrHajibHas
"semis" GND sBnsiercs "nnaBatowei” oTHocuTenbHO "HacTosiiei" 3emian — BooOlLLE
TOJBKO C HACTOSILLIMM 3a3€MJIEHHEM, E€CJIH OHO €CTb.
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Tabnuya 13.2. OpueHmupogoYHble paccmosiHus nepedayu no unmepdgelicy RS-232

CkopocTb, 604

OnuHa kabens
(He 3kpaHMpoBaHHOro), M

Anuna kabena
(3KpaHUpOBaHHOrO), M

19200 15 30

9600 75 150

2400 150 900
110 >1000 -

3AMETKN HA NONsixX

3ameTtum, yto noteHumansl GND npu coeamHeHUn pasHbiX YCTPOWUCTB AOSKHbI BbIpaBHU-
BaTbCs A0 COEAMHEHWUs, UHaue NOPT MOXET cropeTb. Ecnu Bbl CThbikyeTe asa npubopa,
vuMeloLMe ceTeBoe NMUTaHUE U NPU 3TOM CUrHanNbHYIO "3emMni”, COeAUHEHHYIO C KOPMyCcoM
npubopa, TO 3Th YCTPOMUCTBA AOMKHbI BKNIOMATLCA B O4HY PO3ETKY C OOLIMM 3a3eMneHnem
(T. e. BUNKa NUTaHUA AOSMKHA MMEeTb NPoBOJA 3a3emnexus). Haubonee HapexHbI cnocob
ybepeubcs OT HENPUATHOCTER — COEAUHNATb Pa3beMbl B BbIKMIOYEHHOM COCTOSIHUM YCT-
PONCTB, HO 3TO Heobs3aTenbHO, ecnu MeTannuyeckoe obpamneHue pasbEMOB UMEET COo-
eAuHeHUe Yepes aKpaH C kopnycamu ¢ obeux CTOPOH, T. K. 3TO obpaMneHne BXOAWUT B KOH-
TaKT paHblUe BCEro u noTeHuuans! "3emens” BbipaBHUBAIOTCA. [10aTOMy ANA 3akcnnyaTauuu
rnocnepoBsaTenbHbiX NOPTOB crnedyeT ucnonb3oeatb "dupmeHHbie" kabenu. MNpu Gatapen-
HOM NMnTaHuKU xoTs Bbl OQHOrO U3 YCTPOWCTB (a Takke ecnu curHanbHas "3emns" ¢ opgHoOM
CTOpOHbI — "nnasatoLan” u ¢ KOpNyCoMm He coefiMHAETCA) coeanHeHue 6esonacHo 8 niobom
cnyvae.

CraHnapTHblii (pekoMeHayeMblii) pasbeM A RS-232 — 25-koHTakTHbii DB25-M (6yk-
Ba M o3HauaeT, YTO 3TO LUTbIPeBas 4acTb), YCTaHaBIMBaeMblii CO CTOPOHbI 060pynOBa-
Hus. OTOT pa3beM ABHO M3OLITOUEH, W, BEPOSTHO, Obl1 BBEAEH B pacueTe Ha JalibHeliluee
pacluMpeHHe CTaHaapTa, KOTOporo, ogHako, He npousouuio (Hanpumep, B RS-232 Tak u
OTCYTCTBYET JIMHHA MWUTaHUA MOAKIIOYAEMbiX ycTpoicTB). B HacTosluee Bpems noaas-
asowee OONbLUMHCTBO YCTPOHCTB BKCMYaTUpYIOT BBeAeHHblH B craHaapre TIA-574
9-xoHTakTHbIH DB9-M. OpHako ectb W apyrde pasbembl ans RS-232 (Hanpumep,
8-koHTakTHbIt RJ-45, aBTOpY NMpHxoannoch BCTpeuaTb KOHCTPYKLMIO, rae Obin npume-
HEH aKyCTHYeCKHui cTepeopasbeM Tuna miniJack).

Tabnuya 13.3. HazHayeHue koHmakmoe passemoe DB9 u DB25 co cmopoHb! ycmpodicmea

como(zs) | O0a- | Hanpas- c,.,,
1(8) DCD Bxoa flg;;rggr?g‘rszreag;noro cvrHana c nuHuu
2(3) RxD Bxoa MpuHumaemble paHHble (Receive Data)
3(2) TxD Bbixoa MepepnaBaembie paHHble (Transmit Data)
4 (20) DTR Bbixoa loToBHOCTL BbIXOAHBLIX AaHHbIX (Data Terminal Ready)
5(7) GND — O6wwui (Ground)
6 (6) DSR Bxoa [oToBHOCTb AaHHbIX (Data Set Ready)
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Ta6nuya 13.3 (okoH4aHue)

comozs) | Ooaa- | Hanpas- g,
7 (4) RTS Beixoa 3anpoc ans nepepaqn aaHHbIx (Request To Send)
8 (5) CTS Bxon Pa3spewenve ans nepegaqv faxHbix (Clear To Send)
9(22) RI . qup, Wuavkatop seizosa (Ring Indicator)

Hymepauus konrtaktoB DB-pa3bema o6bi4HO npuBeaeHa npsamo Ha HeM. Kpome nByx
curHanbHbix auHUA (RxD u TxD) u "3emnu", B cranpapTe npenycMOTpeHbl W Apyrue
(taba. 13.3). CMbIcn OONONMHUTENBHBIX JTUHUH B TOM, YTO OHU MOTYT MPHMEHATbLCA NS
OpraHu3alUuM pasfiMuHbIX NPOTOKOJOB 0OMeHa (nportokonos ¢ handshakes — "pykorio-
xarvem"). B "umncTbliit" UART OHM He BXOAAT, B KOHTPO/JIEPE HX OPTraHHU3YIOT BbIBOJAMH
00bIYHbIX MOPTOB (HO OHW BXOAAT B pa3iiHuHble MHKpocxeMbl UART ans peanusaumu
nojHoro nporokona RS-232). BoabWHHCTBO YCTPOHCTB MX He ucnosb3yeT'. OpHako
OOJILLUMHCTBO YCTPOKCTB, pealn3yloluX "pyKkonoxkarua", MOXKHO MOIKIIOYMTb K YCT-
pOMCTBY, HX He MCTOJb3yIoLieMy (MOTepsAB, KOHEYHO, BO3MOXHOCTH CHHXPOHH3ALMH),
€CJIH COeIMHHTh Ha KaXKAo# cTopoHe Mexay coboii BuiBoasl RTS u CTS, a Takxke BbiBO-
st DSR, DCD u DTR (cMm. puc. 13.1, 6).

Jlna HopMasibHOM coBMecTHOH paboThl MpueMHKKa M nepeaatudka Bbieoasl RxD u TxD,
€CTeCTBEHHO, HY)KHO coeluHATb HakpecT: TxD opHoro yctpolictea ¢ RxD Broporo u
Hao6opoT (To ke oTHocuTcs U K RTS; CTS u T. n.). Kabenu RS-232, koTopble ycTpoeHs!
MMEHHO TakMM 00pa3oM, Ha3biBAlOTCA €Lie HY/b-MOAEMHBbIMH (B OTJIHYME OT NPOCTbIX
YIJIHHUTENbHbIX). Pa3Hble BapuaHTbl WX CTaHAApTHOW KOHGMrypauuH MoKa3aHbl Ha
puc. 13.1.

TD=~%»—RD TD ~9=RD TD ~P-RD
RD=—$=—TD RD—€—TD RD ~—€—TD
DTR—>»DSR RTS=—>»—CTS RTS : ECTS
DSR—<€¢—DTR CTS —€—RTS CTS RTS
RTS: DCD DSR DTR DSR DTR
CTS CTS DCD DCD 0003 DCD
DCD RTS DTR DSR DTR DSR
RI RI RI RI RI RI
SG SG SG SG SG SG
a 6 B

Puc. 13.1. CxemMbl Hynb-MoaeMHbix kabeneit RS-232: a, 6 — pa3nuuHblie NoNHbIe BapuaHTbI;
8 — MNUHUManbHbI# BapuaHT. Kowtakt SG o6o3HavaeT curHanbHyio "semnio" (GND)

BoixoaHbie iuHun RTS u DTR wHorpa MoryTt cinyutbh v ans "He3akOHHbIX" uenei —
NUTaHUs yCTPOMCTB, noacoeauHeHHbIX K COM-nopty. UIMeHHO Tak yCTpOeHbl, Harpu-
Mep, KOMMbIOTepHbie MblliH, paboTtatomue uepe3 COM. Jlanee Mbl npuBeaeM npumep

' Takue npoTOKONBI yNO6HLI, HANPHMEP, Al ABTOMATHYECKOH YCTAHOBKH ckopoctu o6meHa (baud rate) —
cKopocTH nepeGupaloTcs A0 TeX Mop, loka yCTPOHCTBO He NPUMET OCMbICEHHbII GaiiT, Toraa oHO BbicTa-
BUT NuHMIo RTS B noruueckyio eanHumily v obmeH 6yaeT cUMTaThCs YCTAaHOBICHHDBIM.
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ycrpoiictBa (npeobpazoBarens ypoBHeit), koTopoe Oyner nurarbes ot BeiBoga RTS, a B
npunodicenuu 4 6yaer rnokasaH crnocod yCTaHOBKH 3THX JIMHHI B HY>KHO€ COCTOSIHHE.

MNMpeobpa3oBaTtenu ypoBHA ana RS-232

[lpocreiiias camopmenvHas cxema MpeoOpa3oBaTens YpOBHsl Moka3aHa Ha puc. 13.2.
B Heii Mbl Mcronb30BaIM OTMEUEHHBIH paHee (akT, uto JiMHUA TXD co cTropoHbl KOMIb-
toTepa GONbIIYIO YacTb BpeMEHH MpeObiBaeT B COCTOAHUM HU3KOTO YPOBHS — Mbl 3apsi-
’KaeM KOHJEHCaTop yepes AHOJ, a MOTOM pacxoflyeM ero 3apsi fpu nepenauye. 10 He-
CKOJIbKO CHHMXAeT BXOJHOE COrpoTHBiaeHHe JUHUM RXD ycrpoiicTBa (M noBbilIaeT Bbl-
xonHoe TxD), HO B mnpuHUMNE npekpacHO paboTaeT Ha PAacCTOSHHUSX, YKa3aHHbIX B
Tabs. 13.2, naxe eciiv 0OMeH OalitaMu JOCTATOYHO MHTEHCHBHBIM.

TxD

3€

+5B

GND

K xonrponnepy
RxD

K pasbeMy DB-9M

3,9«

Puc. 13.2. MNpoctenwmit BapuaHT camoaenbHoro npeobpasosarens yposHeih RS-232 — UART
: npu CoeAVHEHN KOHTPONNEPa C KOMNLIOTEPOM

"OdHuUnaNbHBII" MyTh COCTOMT B MPUMEHEHHH CMELMATIbHBIX MUKPOCXEM MpHeMoriepe-
natunkoB RS-232  (npeobpasoBateneii ypoBHs), Hanpumep, MAX202, MAX232,
ADM202, manonotpebasiomne MAX3316-MAX3319 u nonoGHele, KOTOpbIE coaepxkar
BHYTpH MpeoOpa3oBare/ib-HHBEPTOP HamnpskeHUs. BapuaHT nocTpoeHus Takoi cxembl
nokasaH Ha puc. 13.3. BoixoaHsle ypoBHH BbiBoaa TxD 3xech npu HHTEHCHBHOM 0OMeHe
He meHee £7 B. .

[IpumeHeHHe TakuX npuemMornepeaaTuMKoB He peluaeT OaHoN npobnemMbl — ranbBaHuYe-
ckoi pa3pa3ku ycrpoiicrea ¢ COM-noproM. A Takas pa3Bsizka O4eHb JaXKe MOXET MOHa-
JNOOUTbCA — Ha Kopryce KoMrbioTepa "BUCHT" 00bIYHO BIOJIHE MPHIMYHBIN NOTeHLHaN.

OnuH M3 BapHaHTOB pa3BA3KK Ha ObICTPOAEHCTBYyIOLIEM ONMTpoHe THna 6N139 nokazan
Ha puc. 13.4.
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01 *58
" he

4| maxzoz |,
o= | ey
B | s T

TxD - «—{>o—l‘1——3
56

-Lo1
GND-4¢—T '
3§

K xoHTponnepy

X pasbemy DB-9M

Puc. 13.3. BapuaHT ogHokaHanbHoro npeobpasosarens yposHeh RS-232 — UART
Ha Mukpocxeme MAX202

8
2| 6N139
R2 R7
4.3« 2,2«
6
3 7
1
3 | TxD X 1
2 | ReD !
2 el TxD | 3
g A c2 o S‘Z RxD 2|
§ [ 5 [GND 100,0 Y
£ 6 x16 B | VD2 7 4 §
§ GNDC| 5 | 2
x 7 E
% [Tg - B 2
- 6N139 |2 RTs [ 7] &
X1DB-9M VD3 ’ g
X2 DRB-SF
RS R6
2,2k 2,2k
5 3
D2

Puc. 13.4. BapuaHT opHOKaHanbHoro npeobpasosarens yposHei RS-232 — UART
C ranbBaHUYECKON pa3Bs3Koi u nuTaHuem ot nuiuu RTS

BepxHsas vactb cxembt (ontpod DI1) cayxur nns nepenauyd CUrHanoB OT KOHTpOJIEpa
K komnbtotepy. Curnan TxD ¢ koHTposuiepa A0KEH MMETh MOJOXKUTENbHbIH YPOBEHD
He Huxe 4,5 B noa Harpy3koii, B NpOTHBHOM Cily4yae ClieqyeT YBEJIWUMTbL HOMHUHAJ pe3u-
cropa R1.

[NonoxxurenbHbld ypoBeHb CUrHaia, nocrynawouero Ha Bxoa RxD COM-nopra, obecne-
uusaercs ot JuHuM RTS. Koraa aunus TxD COM-nopra npocrauBaer, To oTpyUaTeb-
HOE HanpsKkeHUe ¢ Hee HakanauBaeTca uepe3 auvol VD2 Ha konaeHcatope C2 u tem
cambIM obecne4yrnBaeTcs OTPULIATENbHbIH YPOBEHb 3TOr0 CHrHaa.

IlpuemHas vactb noctpoeHa Ha onTpoHe D2. Tok uepe3 BxoaHO# cBETOAHON ONTPOHA
MIET BO BPEMSA MOJIOKHUTENbHOTO YpPOBHA HarnpsbkeHus Ha jauHud TxD COM-nopra, a
avoa VD3 3awuuiaer 3ToT CBETOAMOA OT oOpaTHOro HanpsbkeHus. Co CTOPOHbI KOH-
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TpoJiiepa NuTaHWe BbIXOAHOTO Kackaza ontpoHa D2 obecneunsaercs cnocobom, aHano-
rU4YHbIM nuTaHuio Bbixoaa D1. Tak kak curnan TxD koHTponnepa noutu Bce Bpems Ha-
XOAWTCH B COCTOAHHMH +5 B, 3TO HanpskeHue yepes anoa VD1 noctynaer Ha KOHAEHCa-
Top C1 ¥ CyXHT ANS NUTaHKUS BbIXOAHOrO TPAH3MCTOPA ONTPOHA.

OCHOBHO#1 HenocTaToK Takoi KOHCTpyKuuu — JuHHIO RTS Heo6xoaumo 3apaHee ycTa-
HaBJIMBATb B MOJIOXKHTEIbHbII YPOBEHb HaNpsHXKEHUs, T. K. 10 YMO/IHaHHUIO Ha Hel uMmeeT-
csl oTpHLaTeNbHbIH ypoBeHb. Kak 3T0 caenarb nporpaMMHO, OMKMCHIBAETCS B HPUNIOdCe-
nuu 4, HO HIOaHC cocTOUT B ToM, uto Windows cemeiictea NT (8 Tom uncne u XP) c6pa-
CbiBaeT YpOBEHb Ha OTpHUATE/bHbIH (MO yMOMYaHHIO), Kak TOJbKO Bbl BbliiaeTe W3
nporpammsl. [Totomy Takoii cnoco6 He yHusepcaneH: 8 DOS/Windows 9x MoxHO ozaHoO-
KpaTHO 3aMlyCTHTb YTH/IUTY, pa3 U HaBCErAa YCTaHaBIIMBAIOLLYIO HYXKHbIH ypOBEHb, MO-
clie yero sobas TepMUHaNbHas nporpamma Gyaer pabotaTh ¢ Takum npeobpazoBaresiem,
a B Windows-NT 310 He nonyuurcs.

o[ etz B
R2
R 4.3x
3 7
1 [ +5B b= ==
3 | TxD b— =- R1 :-’5
2 | ’D | -- 1 sbd 1
> y i D1 TxD | 8
g 5 [GND | --— Rk
3 L 8 £
H 6N138 |2 — GNDC| 5 | %
= 7 i R4 ! §
x E ]
8 i 43« VD1 - 7 :
9 6 ™
X1 DB-9M 7 B :
225 X2 DRB-9F
,2K
3
1
R6
2,2¢
1| Tmaososp & ’
g+
. c2 ==
100,0
o1 == !
100,0 s xiéB
+
x16 B ) $:° °=
L7 , x168
DA1

Puc. 13.5. BapuaHT opHokaHanbHoro npeobpasosatens yposHeit RS-232 — UART
C ranbBaHUYECKON Pa3BA3KOMA

Pewaer npobnemy ycraHoBka npeoGpa3osaresisi HanpsKeHHs C rajibBaHH4ecKOH H30/s-
uuer (npasna, npy 3ToM npuuerca "Tawute" nuraHue S B ot koHTponnepa). OauH u3
BapHaHTOB TaKOi CXeMbl MOKa3aH Ha puc. 13.5, npuuem nuTaHue 3a€Ch "BbITaCKMBaETCH"
Ha NepBbli KOHTaKkT pazbema DB-9, koTopbIii B 06bIMHBIX KOMMYHHKALIHMAX HE y4acTBYeT.
Bo u3bexanue ownbku NMoAKIIOUEHHs! CO CTOPOHBI YCTPONHCTBA YCTAHOBJIEHA LUTbIpeBast
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yacTb pa3beMa, Takas e, kak U Ha [1K, a coenmHeHne Nnpor3BOAMUTCS Yepes JaHHbIH npe-
obpasosarenb. CoOCTBEHHO Npuemornepeaarolas 4actb nosropsier puc. 13.4. Ilutanue
TOW 4acCTH CXeMbl, KOTOpas NOJAeT CUTHaN K KOMIMbioTepy, obecrieurBaeT npeobpa3oa-
tenb HanpsbkeHds TMAO0S05D ¢upmbt TRACO, uMerowinit raibBaHU4YECKy10 pa3Bsa3Ky
BXOza OT BbIxoza., OH npeoGpa3yeT NojoKHUTeNbHOE HarnpsikeHue +5 B B aBa pazHono-
JApHBIX £5 B.

Haxkoneu, ocranoBumcs Ha npeobpasoBatensx RS-232/USB. B npunuune noacoenuHe-
uue RS-232-ycrpoiicts k 1K, He obopymosaHnbiM COM-noprom (kakoBbIX ceiuac
GonbLIMHCTBO), MOXKHO obecneunTb B ciaydae HacronbHoro [1K BcraBHoii PCl-kaproi.
Hna HoytOyka (a nocneanuit HOyT6yk ¢ COM-nopTtoM Gbl BbiMyLieH, BEPOATHO, He
nozaHee 2000 r.) mMoxHO Bocnosab3oBaTbcs kabGenem-nepexogHukom COM — USB,
MMeloLMMCS B MNpoAaxke, ApaiBepbl O HEro BXOJAAT B CTaHAAPTHYIO TMOCTaBKY
Windows XP.

Ecnu Bbl xenaere npocnbiTh "coBpeMEHHbIM MapHeM", TO HECNOXKHO obecrneynuTb CBOE
ycTpoicTBO cobcTBeHHbIM afanTepoM RS-232/USB, nocTpoeHHbIM MO TOMY K€ MPUHLK-
ny, 4To W 3TH kabenu. Ins aroro ynoGHee Bcero ucnonb3oBath Mukpocxemy FT232BM
¢upmbl Future Technology Devices Intl. Limited — FTDI. C Bo3MoxHOCTAMH NOA0GHBIX
USB-mukpocxem 31oii (hMpmMbl MOXKHO O3HAKOMMTLCS M3 XOpoLIeH noadopku crated Ha
caiite komnanuu "OPO" [14]. Camoe rnaBHOE NMPEUMYLLECTBO 3TOH MMUKPOCXEMbl — Ha-
auuue apaiisepoB ans Windows (nputom GecrulaTHO pacrpocTpaHseMbiX), KOTOpble
obecneuar, B TOM uKcie, NOJHYIO 3Myasuuio nocnenosarensHoro COM-nopra co cko-
poctamu no 1 M6oa. Cxemy ananrepa USB/RS-232 Toxe MoXxHO HaiiTi B hUpMeHHOM
nokymentaumn FTDI [15]. B pycuduumposaHHoM BapuaHTe 3Ta cxemMa NpHBeAcHa
B [16]. ITocTpoenue anantepa Ha FT232BM nonpo6Ho onucbiBaercs Takke B [21].

RS-485

Hmeerca poncreeHnbiit RS-232 crannapt RS-422, kotopslii Bo Bcem noxox Ha RS-232,
HO MCMOJb3YET ABE BWTbie Mapsl (pa3fenbHO /s Mepeaayd U rnpuema), B KOTOPbIX pa-
6oTaeT nonoxurtenbHas ABynonspHas Jjoruka: +2..+10 B (noruyeckas eauHuua)
v —2..—10 B (nornueckuit Honb). Ho 3TOT craHnapT npMMEHAETCS OTHOCHTENbHO pel-
KO — ropa3fo uaue BcTpeyaercs RS-485. Cranpaptol RS-485 u RS-422 moryT pa6orars
Ha ckopocTax A0 10 MGUT/C ¥ NPUMEHSIOTCS B MPOMBILIIEHHBIX BbICOKOHAAEKHbIX CHC-
Temax ¢ 6onbLUMH 06beMamy nepenaBaemMoii MHGOpMaLHH.

B ocHoBe unrepdetica RS-485 nexur npunumn auddepeHunanbHoil népenayn naHHbIX
1o ABYM MpOBOAaM OQHOMH BUTOI napbl (0ObIYHO C BOJHOBBIM conpoTusieHdeM 120 Om),
ycnosHo HasbiBaembiMH A H B. Tlo ogHoMy u3 HUX (A) MAET OPUrMHANILHBIA CUrHa, a o
apyromy (B) ero nHBepTHpOBaHHaA KOMMA, T. €. KOTa HA OZIHOM MPOBOAE BbICOKUH Ypo-
BeHb curHana (1,5-5 B), To Ha apyrom uuskuii (<1,5 B) u Haobopor. Takum ob6pazom
MeXy 3THMH ABYMs MPOBOJAMH BCEraa €CTb PasHOCTb MOTEHLUAIOB, paBHas NOJHOMY
pasmaxy Hanps>keHHs (HOMHHaibHO 5 B, MakcumanbHO pomyckaercs oOblyHO OT 7 A0
12 B). Jlornyeckas eaMHuua o603Ha4YaeTCd TEM, YTO 3TA Pa3HOCTb MOJOXKHTENbHA, NPH
JIOTHYECKOM HyJle OHAa CTAHOBHMTCA OoTpHvuatenbHoW. B RS-485 moxer GbiThb 0GecneueH
TOJILKO MOJYAYIJEKCHbIH pexHM, KOraa nepegaya v npuem pazzeneHbl No BpeMeHH. 3a-
TO UHTepdelc RS-485 ucTuHHO ABYXNpoBOAHBIH (TPETHII NPOBOAHWK OOBIYHO MPHUCYT-
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CTBYET, HO JIHLIb KaK 3KpaH, COeMHSIOLMEI "3eMan" Bo u3berxaHue cHHGa3HbIX NepeHa-
npskeHuH).

Jna npeobpasoBanus ypoBHeit UART/RS-485 npumensior cneunanbHbie npuemonepe-
natunkd (MAX3485, MAX487 u ap.). K oaHoii nuHUKM dopManbHO MOXHO MOACOEAH-
HHUTb CKOJIbKO YFOAHO YCTPOHCTB, HO NEPEAAaTUMKOM B KaXKAbIH MOMEHT BPEMEHH MOXET
6biTe TONbKO 0mHO. Kaxnawiii mopt RS-485 (B T. 4. npeoGpasosarenn UART/RS-485)
MMeeT ynpasnsiouiye BXoabl — paspelueHue npuemuuka (/RE) u paspewenus nepenar-
uypka (DE). Tak kak Bxon RE uHBepcHbiid, To ero MoxkHo coeauHutb ¢ DE 1 nepewto-
4aTb NPUEMHHUK U MepelaTYWK OAHHUM BHELIHUM curHajom. [lpy ypoBHe nOrMueckoro
HyJ s Ha 3TOH TMHUKM HaeT paboTa Ha MpHUeM, NPH NOrHUYECcKOl eAMHHULIE — Ha nepeaayy.

MoapPoBHOCTH

Ynpasnenue nuHueit RS-485, kak nonyaynnekcHow, ot obbivHoro UART umeeT csoto cne-
undmky. N komnbioTepHblit COM-nopT, u Aaxe cneuvanbHble Mukpocxemb! (16550 v anano-
rMyHble) npegnonaratoT paboTy B NOMHOAYNIEKCHOM pEXUME, NOITOMY Y HUX HET cneuu-
anbHOro curHana, nossonswWwero o6HapyXuTb, YTO annapaTHO nepefada yxe 3akoH4yeHa.
UART B coctase AVR, k cyacTbio, UMEET Tako curHan: “nepefava saseplueHa” (npepbisa-
Hue TX complete). Ho B apyrux cnyyasx obbluHblit curHan "perncTp AaHHbIX NYCT" BO3HUKAE-
€T, kak Tonbko codepxumoe BydepHoro pernctpa nepenuiieTcs B ocsoboavsluminca casu-
roBbi PerucTp, U Aanblue NPOrpaMMUCT yXKe He BnafeeT cuTyauuei. MNoaTomy ycrtaHoBka
ypoBHS Ha nuHusix DE/RE npueMHoro yctpoitctea no atomy curHany (ans COM-nopta MK
aTo 06bIMHO AenaeTcs yctaHoBkow nuHum DTR, oM. npunoxeHue 4) MOXeT NEpekniounTb
ero Ha nepepayy paHee, Yem ByaeT NpuHAT nocnegHuin 6anT. YTobbl M3bexaTs Takoh cu-
Tyauuu, npu ynpasnexuu nHtepgencom RS-485 B K cnepyeTt uckyccrBeHHO ycTaHasnu-
BaTb Nay3y nepep NepeknioyeHneM NpUeMHUKa Ha nepeaady, CoOOTBETCTBYIOLLYIO CKOPOCTU
obmeHa. OHa paBHa (B CeKyHAax) eauHuLe NOoAEneHHOW Ha CKOpoCTb 0BMeHa 1 YMHOXEH-
HOM Ha uucno 6utos B nocbinke (ana pexuma 8n1 ato uucno pasHo 10). NHoraa cneayet
yunTbiBaTh Hanuuve annapatHoro 6ydepa FIFO (koraa ¢ TOukU 3peHust nporpammbl 6ainTbl
nepeaaloTCA MIHOBEHHO, HO HA CaMOM Jerne HakannueatoTcs B bydepe), Ho paccMoTpeHue
3TOr0 BOMPOCA BbIXOAUT 32 PAMKV AAHHOWM KHUTW.

Ha npakruke, ecTecTBEHHO, UUCIO YCTPOHCTB OrpaHudeHo — noapobHocTH cM. B [17].
Tam e uMeloTCs peKOMEHJALMH MO COrJaCOBaHHWIO JIMHHK C TOMOLLBIO PE3MUCTOPOB
(120 Om, BkiIOYalOTCH MEXAY MPOBOAHWKaMKH BUTOM napbl). [lpu cobntonennn Beex
npasun RS-485 moxer nepenasaTh AaHHblE CO CKOPOCTbIO 62,5 KOMT/C Ha paccTosHHE
1200 m unu 10 M6uT/c Ha paccTosiHue 10 m.

Heobxonumo uMeTb B BHAY, YTO MpH HEGOJBLUMX PACCTOSAHUAX (HECKONbKO AECATKOB
METPOB) U HHM3KHMX ckopocTiax obmeHa (Menbuie 38 400 6oa) cornacoBaHUe MOXHO He
aenarb. OaHako He criefyer 3abbiBaTh, YTO NMPU BCEX NOAKIIIOUEHHBIX YCTPOICTBaX, Ha-
CTPOEHHbIX Ha npHeMm (Kkorja WX BXOAHOE COMPOTHBIIEHHE BEIUKO), B IMHUH MOrYT "Ty-
NATh" NOMEXH, NPEBbILLAIOLLWE YPOBEHb MOPOroBOH YYBCTBUTENbHOCTH MpHEMHHKa (Co-
CTaBAAOLHH, cornacHo ctaHaapry, 200 MB), a 310 MokeT BbI3BaTh JIOXKHbIE cpabaTbiBa-
nus. [Ipy Hanvuuu Takoi omacHocTH HeoOXOAMMO MO KpaliHeH Mepe Ha OJHOM W3
YCTPOICTB ycTaHaBNMBaTb "MOATArMBalOLIME" Pe3UCTOpbl (MOCAEeNOBaTeENbHO € corna-
CYIOLLMM PE3HCTOPOM), Tak, 4ToObl pa3HOCTb Mexay JMHUAMH A 1 B Bceraa Gbina Gonee
0,2 B. IIpyuem nuHHIO A HY)XKHO MOATATMBATH K MUTaHHIO, a B — k "3eminie" (uTo paBHO-
CHJIBHO COCTOSIHHIO JIOTHYECKOH eIMHMLBI, T. €. cTonoBoMy 6uty). Ecnn cornacyrowuii
pe3ucTop B kaxxaom yctporctee 120 Om, To npu He Gonee yem 10 NOAKIIOYEHHBIX YCT-
pOWCTBax BENMYMHA "NOATATUBAIOUMX" PE3UCTOPOB JOMKHA ObITh OKONO 560 OM.
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KyHAbl, B TO Bpems kak GPU ysxe dopmanbHo cBoboaeH mnis apyrux onepauuii. Eciu B
3TOT MOMeHT BBecTH MK B pexxum aHeprocGepeskeHus, TO BMECTE CO BCEMH OCTabHbIMH
monyasamu Boimountcs 1 UART, v nepenauya He Gyznet BoinonHeHa. [Toatomy B Takom
cnyyae cnenyet nMbO OpraHM30BaTh 3allepiKKy BblIKJIHOUEHHMS, 160 (4Tto Gonee rpaMoT-
HO) Mcnonb3oBaThb NpepbiBaHHe '"nepenava 3asepiuena” (TX complete), n1u6o npocto B
LMKIE 0XHAAThb, NMoka OUT TXC perucrpa UCSRA He OKaXeTCs B COCTOSHMH JIOTMYECKOH
eauHuUbl (cM. enagy 13).

MporpammupoBaHue
pexuma aHeprocbepexeHus

Camo no cebe nporpaMMHpoBaHHe pexkMMa 3HeprocGepexeHus — Ge3 yuera Bcex OTMe-
YEHHBIX HIOAHCOB — OYeHb npocroe. HeKoTopyto cloXKHOCTDb 3/1eCh NMPEACTaBASET TOJb-
KO BbIGOp pexxHmMa H3-3a Toro, uto B pasHbix Moaenix MK AVR ynpaenstouine 6UTbl SMx
(8 mnaawmx Tiny u B cemeiicTee Classic Bcero oauH Takoii 6UT SM, BEIGHpalOLLMiA Mexay
asyms pexkumamu Idle u Power Down, B octanbHbix HX Gonblue) "pa3bpocanbl” no pas-
HbIM pErucTpam, M MPHUXOAUTCS CMOTPETb B OnucaHHe, 4ToObl He ownbuTbcs. B Gonb-
WKMHCTBE Maaalnx Moaener Mega, a taroke B Tiny u Classic, 3TH GHTbI HaXoAATCS B pe-
FUCTPE MCUCR, TOM K€, KOTOPbIH OTBEYaeT 3a BHELIHHE npepbiBaHusa. Ho BoT, Hanpumep B
ATmega8515 (B otanume ot caenaHHoro Ha ero xe ocHoBe ATmega8535, roe Tarxke
OZIMH PErucTp MCUCR), TpH OUTa SMO. .2 pa3bpocaHbl MO TPeM PerucTpam MSUCR, MCUCSR H
EMCUCR. EcTb M npyrue BapuanTtsli: B ATmegal6 Bce 3TH OUTBI TakKe B OJHOM pEerucTpe
MCUCR, HO OMT SM2 MOYeMy-TO MOMEHSJICS MecTaMH ¢ GUTOM pa3peLieHus sleep-pexu-
Ma SE.

ITo ymonuanuio Bce 6GuThl yctaHoBku Sleep Mode, ckonbko WX ectb (Tpu SMO. .2, 1Ba
SMO..1 WM OMH SM), YCTaHOB/IEHbI B HYJIEBOE COCTOsIHHE, YTO O3HauyaeT pexxum ldle.
Torna nocTaTo4HO yCTaHOBHTbL OUT paspelueHHs SE (OH-TO BCErla HAXOAMTCS B PErMCTpe
MCUCR) M BbI3BaTb KOMaHAy sleep. Kak Mbl NOMHUM U3 2106 4 M 6, KOMaHJY sleep HeJlb3s
BbI3bIBaTb M3 NpepbiBaHHs (OHA NMONPOCTy He cpaboTaer). MHCTpyKuMa pekomeHayer yc-
TaHaBIMBaTb OUT pa3peLeHHs HEMOCPEACTBEHHO Mepea BbI3OBOM KOMaHIbl sleep: (ak-
THYECKH 3TO NMPEAOXPaHHTENb, KAK U B HEKOTOPBIX IpYrHX ciy4asx (cM., Hanpumep, 3a-
nuck 8 EEPROM unu obpainenune co cropoxeBbiM TaliMepoMm nanee), nybnupoBaHHe
OZHOH M TOH e onepauun BO W3bexaHue camornpousBosibHoro "yxoma" MK B cnsuuee
COCTOsIHHE NPH HaMuKK nomeXx. O6paTuTe BHUMaHUe, 4TO NEPBbIM AENOM NOCE BbIX0Ja
M3 pesximMa "cHa" BbIMosHUTCS 00paboTuMK npepbiBaHus, "pa3OyauBLLEro” KOMMbIOTED, a
nocje Hero — KOMaH/a, cieaytoulas nocne sleep.

Ha npakrtuke vawe Bcero nmpumeHstoT oOuwinii ans Bcex Mmopeneid MK pexxum Power
Down. On onpenensiercs ycraHoBkoH 6uTa sM1 (au6o SM, ecni GUT YCTaHOBKH €IMHCT-
BEHHbIA) B €MHHUYHOEe cocTosHHe. YnobeH pexxum Standby (B Tex MK, rae oH nocty-
neH), KOrja TaKkTOBbli reHepaTtop npoao/bkaeT paboTaTb, M MOTOMY [Ulf BbIXOJa M3 CO-
cTosiHMs "cHa" TpebyeTcs ropasio MeHbLUE BPEMEHH — BCEro LIECTb MALUMHHBIX LIUK-
JIOB, B TO BpeMs KakK BbIXoA M3 pexxuMa Power Down N0 BPEMEHH aHANOTHHEH 3amyCcKy
MK nocne cGpoca (cM. 2aasy 2). i
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NMpumep npudbopa c 6aTtapeMHbIM NUTAaHUEM

[Tpennonoxum, y Hac umeeTcs NpHOOp, COCTOALIMI U3 aHAIOrOBOM YaCTH € OTACIbHBIM
NHUTaHWEeM, MUKPOKOHTpOJIiepa U y3/1a MHAWKALMHY Ha CBETOAHOJAX, TAKXKE C OTAEIbHbIM
MUTaHHEM, T. €. HEUTO BPOJAE M3MEPHUTES TeMnepaTypbl-AaBieHus no puc. 10.5 (aonon-
HEHHbI, BO3MOXKHO, aHAJIOTOBLIMH CXEMaMH), CHaOXEHHbIH uYacaMH M NamATbIO MO
puc. 12.4 ¥ cOBMELLEHHDIi ¢ y3710M IMHaMHUueckoi MHAWKaUuMK no obpasuy puc. 8.5. Ec-
JM Mbl 3aIaIMMCS LIeJIbIO 3aCTaBUTb ero paboTarh Ha Garapeiikax, TO NepBoOe, YTO MpH-
XOJHUT B roJIoBy, — HaJ0 Obl 3aMEHMTb CBETOAMOAHYIO MHAMKauuto Ha XK, T. k. cemu-
cermeHTHble LED-uHAMKATOpBl MOTPEOASIOT pa3 B AecsATb OOJiblie BCEro OCTaabHOIo
(cymmapHoe notpebieHne cxembl okaxeTcs Ha ypoBHe 150 MA). OnHako Toraa Hy»HO B
NpHHUXNE MEHATb cxeMy HHAnKauuKH — XXK-uHaukaropbl ynpasnstores uHaue (CM. 2ra-
6y 8), 1 3TO HE JIMLIEHO CMbICIIA, €CIH NPOEKTHPYETCS NpUOOP, KOTOpbIH JoMxKeH pabo-
TaTb HenpepbiBHO. Ho npeanonoxum, 4Tto HaM JOCTaTOYHO BapHaHTa NEPHOLUUYECKOTrO
BIJIFOYEHHSI HA HEKOTOPOE BpeMs MO KOMaHAe (Hanpumep, No HaXaTHIO KHOMKH), TOraa
MOJKHO OCTaBMTb SIPKYIO M YETKYIO MHIMKALMIO Ha CBETOAMOAAX, KOTOPble aBTOpP ITOH
KHHTH BO BCEX BO3MOJKHbIX Cllyyasix NpeAnovHTAeT ciernbiM # YHblabiM JKK.

CHauana nonpobyeM CHpoeKTHUpPOBaTh MCTOUHHUK MUTaHWA M1 noaobHO# cxembl. Ecaun
MCXOJMTb M3 TOTO, YTO A HHAWKATOPa JOCTATOYHO HECTAOWIM3MPOBAHHOTO MCTOYHHKA
7-9 B, TO npunercs Oparhb 6 LIENOUHBIX SEMEHTOB, MPH 3TOM OrPaHUYMTESIbHbBIE PE3H-
cTopbl Toka cerMeHToB (R27-R34 Ha puc. 8.5), kotopble 6biin paBHbl 470 OmMm, caenyer
YMEHbLIUTb npuMepHo A0 200-220 Om. M3 sTix 9 B Mbl ¢ nomouibio 06b1YHOrO cTabu-
ausatopa nonyuuM 5 B ans nutanus uudpoBoi uyacTH. AHasioroBas yacTb OyAeT nu-
TaTbCsl OT OTAENbHOrO MCTOUHHMKA, M €€ NMpUAETCS Ha Bpems '3acbimaHua" OTKIOYaTb
nosHocThio. [Ipeanonoxum, uto Ham TpeGyeTcs A aHaloroBOl YacTH JBYMNONSAPHOE
nuTanye =5 B.

BapuaHT MCTOYHMKAa NHMTaHWSA, COOTBETCTBYIOLIMI TakHM TpeGOBaHHMAM, MOKa3aH Ha
puc. 14.1. 3gech HanpsbkeHHe aHanoroBoil YacTv (MOJOXKMTENBHOE M OTPHUATEIbHOE)
tdhopmupyeTcsi ¢ NOMOLLBIO HHBEPTOPA, BXOAALLEro B cOCTaB MUKpocxeMbl P6BU-0505Z
¢upmbl PEAK Electronic. Bxoanoe nHanpsbkenue ans atoro DC/DC-npeo6pa3oparens
Gepetcs oT crabunuzaropa UM(GPOBOI YACTH CXEMbI.

Mukpocxemy P6BU-0505Z MOXHO 3aMEHWTb HA aHAJOTHYHBIE W3EAHA APYTHX QHpPM,
TOJNbKO CJIEIMTE 32 XapakTepUCTHKaMK: Tak, npeobpasoBarenn TMR-3 ¢pupmbi TRACO
MMEIOT BCTPOEHHYIO BO3MOXXHOCTb OTKJIIOUEHHS, MOTYT paboTaTb OT HeCTaOHIM3UPOBaH-
HOrO BXOJHOTO HanpsiKeHHs (T. €. npsaMo oT GaTapeit), HO €cliM NPUCMOTPETbCS BHUMa-
TEbHO, TO OKKETCH, YTO OHH T10X0 paboTalOT NpH MajbIX TOKax noTpebiaeHus (MeHee
20% ot HoMHWHana) u gaxe. B pexxume StandBye notpebnsior no 10 MA, uTO, KOHEUHO,
HEeNnpHeMJIEMO B pacCMAaTPHBAEMOM MPHUMeEpE.

Bri6paHHas MHKpocxema MoTpebseT Ha XOJOCTOM XOfy ropasio MeHbie (nopsaka
1 MA), HO BCTPOEHHOI1 BO3MOXHOCTH OTK/IIOUEHHS HE UMEET, NOTOMY MPHXOAMTCS BBO-
JIUTb OTAENbHBIN Koy (anekTpoHHoe pene KP293KIISB ¢ koHTakTamu Ha 3aMbikaHue),
OTKJIIOYAIOWMIT aHanoroByro 4acTb MpW nepexoae B pexuM '"cHa'. [ns Brmoue-
Hus/oTKNIOUeHUs Oyaem ucnonb3oBaTh paspan 4 nopra D Mukpocxembl ATmega8535
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(xoHTakT 18), KOTOpBII MPUAETCS yCTaHABIUBATD ""1MO YMONYaHHIO" Ha BBIXOJ C HYJIEBbIM

YPOBHEM, HHaue cxema He 3apaboTaer.

+9B
HA nRAOUK.
IN out +5Bu
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+ +
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Puc. 14.1. batapeiHbil UCTOUHUK NUTAHUA ANA NMTaHUA UMDPOBOIA U aHANOroBOW YacTen,
a TakKe WHAnkaTopa

Ecau npenebpeub pasneneHneM aHanoroBoro M UMGPOBOro MOJOKMTENBHOrO MHTaHMA
5 B, To P6BU-0505Z M0OXHO 3aMeHUTbL JOCTYMHbIM W JellieBbIM Mpeobpa3oBaTeneM Ha-
npsbkeHus +5 B B ogHo Hanpsbkenue —5 B noa HazBanuem ICL7660 (oH sxe MAX1044,
oH e 1168EIll), koTopblii BiJIHOYaETCS NPUMEPHO MO TOH HKe CXeMme, HO TpedyeT elue
ABYX OMONHUTENbHBIX KOHAEHCATOPOB. [NaBHbIA HENOCTATOK 3TOH MUKPOCXEMbI — He-
BbICOKass CTaOMJIBHOCTb BbIXOJHOrNO HanpspDKEHMs, HO B aHAJIOrOBbIX CXEMax 3TO, Kak
MpaBWJIo, He Tak cTpaiiHo. Ecnu ke oTpuuaTesbHOro mutaHus He Tpebyercsi BooOuie
(xak Mpu NOAK/IIOYEHHH AATYUKOB no puc. 10.5), To pene MoxeT NPOCTO pa3pbiBaTh MH-
TaHHe aHaJIOrOBOMH YacTH.

Ecnn npeanonoxuThb, YTo HUKAKOro 3HeprocOeperkeHns HET, U Mbl HCNOJIB3YEM LLENOY-
Hble Garapeiiku Tuna AA, To obluee BpeMs paboThbl 1O MX HCUEPNAaHHs COCTaBHT OKOJIO
10 yacos (morpebneHHe TOKA LIECTbIO OJHOBPEMEHHO BKJIIOYEHHBIMU MHAHKATOPAMH MO
cxeme pHc. 8.5, ¢ y4yeToM yMEHbLUEHHS HOMHHAJIOB PE3UCTOPOB COCTABMT MAaKCHMYyM
200 MA), yto Ans Hawux ueneil npuemnemo. Ecin xoture yBenuuuts Bpems paboThbi, U
rabGapHuThbl NO3BOJISIOT, TO CIEAYET BbIOparTh Gonee eMkue Oaraped — Tak, CO LUENOUHbI-
Mu Gatapesmu Tuna D (ocoGenHo monenu Duracell Ultra) Hawr npubop npopaGotaert
OKOJI0 HEZACTH.

3agayy nocTaBUM Tak: MyCcTb KOHTposjep "mpocbinaercs" W "3achimaer" no HaxaTuio
OJHOH M TOH ke BHelrHeH kHomkW. KHonky Oynem noacoeauHsTh K BbIBOAY BHELUHEro
npepbiBanuug INT1 (PD3 unu BoiBoa 17 ATmega8535). IpepbiBanne INTO, Hanomuum,
y Hac 3aHATO yacami, Ho 1o Hemy MK "nmpoceinarbes" HeoOs3aTeNbHO — Yachl UAYT aB-
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2nasvl 13, Ho Ha narom Gaiite [TK BHe3anHoO nomaercs (KTO-TO mpoiuen U HOrow BblAEp-
Hyn npoeoa u3 COM-nopra). Yro Oyner ¢ koutposiepom? EcTecTBEHHO, OH NMOBUCHET B
OxuaaHuM GaiiTa, U U3 ITOrO COCTOSIHHA €ro He YAacTcs BbIBECTH HUKAKHM Crocobom,
KpoMe nonHoro cOpoca. Jlpyro# npumep: yachl peaabHOro BPEMEHH, OMHUCAHHbIE B 21a-
e 12, OT KOTOpbIX 3aBUCHUT pabOTOCMOCOGHOCTL BCEH CHCTEMBI, MO CYTH TaKXKe.Mnpen-
CTaBAAOT cOOOH KOHTpoOANep, U NoAOOHbIE YCTPOHCTBA MOryT "3aBMCaTh"” HMYYTb HE
Xyke nobbIX ApPYrux, BCIEACTBHE OLIMOOK B (YHKUMOHHPOBAHHMH WIH M3-3a TOMEX.
B takoM ciyyae Bca cuctema TpeOyeT nepeuHuLManu3auMHd nyteM cbpoca W 3amycka
C Hyns.

Bot ans npenorspauieHus Takux cutyauuit U HysxkeH WDT, kotopsiii c6pocur MK no
MCTEYEHHH HEKOTOPOro CpOKa, €C/IH €ro BOBpPEMA HE OCTaHOBUTb. OH MOAKIIOHAETCH K
aBTOHOMHOMY RC-reHepatopy ¢ yactoroi npumepHo | MI'u npu nutanuu 5 B (B cTapbix
MOZENAX 3Ta YaCTOTa MOIJ1a YMEHbLIATLCA NMPONOPLUHOHAILHO CHHXKEHHIO NuTanua MK,
B Mega ee cTabu/IbHOCTb HECKOJIbKO MOBbLILIEHA). 3aMETUM KCTaTH, YTO HauajlbHas 3a-
nepkka npu BmodeHun MK (ta, uro onpenensercsa sueiikamu SUTL..0, CM. 21asy 2),
TOYHee, €€ NOCTOSHHAsA COCTABNSAIOLLAs, ONPEAENSIETCd HMEHHO rEeHEPaTOPOM CTOPOXKEBO-
ro Taiimepa. Jlpyras ¢ynkuus WDT Gbina ynomsnyta B 2naee 4: MK, Haxoaswuiica B
N1060M M3 pesKMMOB HeprocOepexeH s, MOXKHO NMPUHYAUTENBHO "pa3byaunTs" cTOpOXKe-
BbIM TaiiMepoM, eciiu "npobyxaatolee” cobbiTHe He HACTYNHNO. B oTaHuKe OT BhIxOda
u3 "cHa" yepe3 BHelHee COObITHE, NMPH 3TOM BbLINOAHUTCA HE NMPEPbIBAHHE, a HAYaIbHas
npouenypa RESET, KaKk npu BijtodeHHH. OTMETHM, uTo BiuiodeHHblii WDT notpebaser
TOK npumepHo 70 MKA.

Jns toro uto6bi BeneacTeue kakoi-uubyab nomexu WDT He 3anmycTuncs W, rnaBHoe, He
BbIKJTIOUMJICS CITY4aliHO, M U1 3anyCKa M U1 BbIKJIOYEHHA €ro NpeayCMOTpEHa J0BOJIb-
HO "HaBopoueHHas" npouenypa, KoTopas K TOMy ke AOBOJIbHO "MYTHO" onucaHa B AO-
kymentauuu. [IpuueM npouenypa sra pasnuuaercs ains MK cemeiicts Tiny, Classic u
Mega, 4TO 110 3a4€M-TO aBTOPaM TEXJOKYMEHTAUHH OCHOBAHHE /i BBOAA CrEUMalb-
HbIX "ypoBHel ynpaBineHus" pexxumoM WDT. Ha camom pene Bce ropaszno mpouie: BO-
nepBbiX, B HEKOTOpbIX Moaensx Tiny u Bo Bcex Mega ectb fuse-GUT WDTON, KOTOpBIH yC-
TaHABJIMBAET, BKIIOYEH 1M H3HauanbHO WDT unu soiwniouen. ITo yMonuanuio WpTON Ha-
XOAMTCS B HE3arnporpaMMHpPOBAHHOM cocTosHuM (nior. 1), o3Havatowee, 4uto WDT BbI-
KJIIOYEH, U U1 NIPUBENEHHSA B ACHCTBHE €ro CliefyeT CneLHanbHO HHHLHAIM3HPOBATh.

Hannune wpToN — noBonbHO yn06HOe CBOHCTBO Ui TOrO, YTOObI HE BO3HTHCS C BIJIIO-
yeHueM WDT camocTosTenbHO, HO OHO B 3HaYHTENbHOI Mepe obecLeHuBaeTcs TeM dak-
TOM, YTO NO YMOJYaHHIO CTOPO’KEBOH TaliMep 3anporpaMMHUpOBaH Ha MMHMMAaJIbHbIH HH-
TepBan (~15 Mc), KOTOpbIi BCE paBHO, Kak NMpaBWIO, NPUXOAMTCA YBENMUMBaTh. A 3Ta
MpoLEAYpa HUUYTb HE MPOLLE, YEM MPOCTO BKJIIOYHTH TaMep, OZHOBPEMEHHO YCTaHOBHB
€ro Ha Hy>Hblii HHTepBaJl, MOTOMY Aajee Mbl 6yeM CUHTaThb, YTO WDTON Mbl HE TPOTaJlH.

Toraa BapuaHTOB npoLenyp BKJIIOYEHHs/BBIKIIIOYEHHS OKAaXETCs BCEro ABa: MOMpoLue
ans cemeiicte Tiny u Classic (u ang Mega B pexxume coBmectumocTtH ¢ Classic npu co-
OTBETCTBYIOLIEM ycTaHOBNeHHOM fuse-6ute, ns ATmega8535 ato S8535C) u nocnox-
Hee Ansd Mega. YnpaBisioT peKMMOM BIJTIOUEHWSA/BbIKIIOYEHHS 1Ba pa3psaja perucrpa
WDTCR: OHMT pa3peLueHus H3MeHEHH WDCE (B HEKOTOPbIX MOJENAX OH Ha3blBAaeTCs WDTOE) U





















NMPUNOXEHUE 1

OcHoOBHbIe NapamMeTpbl
MUKpOKoHTponnepoB Atmel AVR

Tabnuya I11.1. MNapamemps! Hekomopbix MK Atmel AVR

Mogens (":t'.):f.";) EFGZE%M SRAM (6a¥T) 2::;: Fmax (MMu)| Vee (B)
BbIBOAA
ATmega128 128 4096 4096 53 16 2,7-5,5
ATmega1280 128 4096 8192 86 16 1,8-5,5
ATmega16 16 512 1024 32 16 2,7-5,5
ATmega162 16 512 1024 35 16 18-55
ATmega168 16 512 1024 23 20 1,8-5,5
ATmega2560 256 4096 8192 86 16 1,8-55
ATmega32 32 1024 2048 32 16 2,7-5,5
ATmega329 32 1024 2048 54 16 1,8-5,5
ATmega48 4 256 512 23 20 18-5,5
ATmega64 64 2048 4096 54 16 2,7-5,5
ATmega640 64 4096 8192 86 16 18-5,5
ATmega8 8 512 1024 23 16 2,7-5,5
ATmega8515 8 512 512 35 16 2,7-5,5
ATmega8535 8 512 512 32 16 2,7-5,5
ATmega88 8 512 1024 23 20 1,8-5,5
ATtiny11* 1 - - 6 2,7-5,5
ATtiny12 1 64 - 1,8-5,5
ATtiny13 1 64 64 + 32 peructpa 20 18-55
ATtiny15L 1 64 - 16 2,7-5,5
ATtiny2313 2 128 128 18 20 18-55
ATtiny24 2 128 128 12 20 18-55
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Tabnuya I11.1 (okoHYaHue)

Flash | EEPROM ) Tunun
Mogens (k6awT) (6aiT) SRAM (6awT) :t::ﬂ:a Fmax (Mlu)| Vcc (B)
ATtiny25 2 128 128 6 20 1,8-5,5
ATtiny26 2 128 128 16 16 2,7-5,5
ATtiny28L** 2 - 32 11 4 1,8-5,5
ATtiny44 4 256 256 12 20 1,8-5,5
ATtiny45 4 256 256 6 20 1,8-5,5
ATtiny84 8 512 512 12 20 1,8-5,5
ATtiny85 8 512 512 6 20 1,8-5,5
ATtiny861 8 512 512 16 20 1,8-55
* CHATBI C NPON3BOACTBA.
Taénuua 111.2. Napamempsl Hekomopbix MK Atmel AVR (npodonxeHue)
Monene | (AU | Meln | Trawnn | er | e | S
KoMnaparop (BOD) Tanmep BaHUA
ATmega128 8 Oa Na Oa 34 8
ATmega1280 16 Oa Oa Oa 57 32
ATmegail6 8 Oa Aa Oa 20 3
ATmega162 — Oa Oa Oa 28 3
ATmega168 6/8 Oa Aa Oa 26 26
ATmega2560 16 Oa Oa Oa 57 32
ATmega32 8 Oa Oa Oa 19 3
ATmega329* 8 Oa Oa Oa 25 17
ATmega48 6/8 Oa Aa Oa 26 26
ATmegab4 8 Oa Oa Oa 34 8
ATmegab640 16 Oa Aa Oa 57 32
ATmega8 6/8 la fa Oa 18 2
ATmega8515 - Hert Aa Oa 16 3
ATmega8535 8 Da Da fa 20 3
ATmega88 6/8 Aa Da ha 26 26
ATtiny11 - . Da Her Aa 4 1
ATtiny12 - Oa Oa Aa 5 1
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Tabnuya I11.2 (okoHYaHue)

woens | AUN NS raen | o | T | e
Komnapartop (BOD) Tanmep BaHUA
ATtiny13 Oa Oa Oa 9. 6
ATtiny15L fa da Aa 1(+5)
ATtiny2313 - Oa Oa Oa 8 2
ATtiny24 Oa Aa fda 17 12
ATtiny25 Aa Oa Aa 15 7
ATtiny26 11 Oa Oa Aa 11 1
ATtiny28L** - Aa Hetr Aa 5 2(+8)
ATtiny44 8 Aa Aa Oa 17 12
ATtiny45 4 Aa Aa Oa 15 7
ATtiny84 8 Oa Oa Oa 17 12
ATtiny85 4 Oa Oa Oa 15
ATtiny861 11 Oa Oa Aa 19

* UmeeT BCTpoeHHbIN koHTponnep XK-aucnnes 4x25 cermeHToB.

** ONTUMKU3NPOBAHa ANS UCNONb3OBaHKUA B NynbTax Y.

Tabnuya 11.3. Kopnyca MK Atmel AVR (cM. makxe puc. 1.1 e 2nase 1)

Mogpens BapuaHnTbl kopnycoB
ATmega128 QFN 64 TQFP 64

ATmega1280 CBGA 100 TQFP 100 CBGA 100
ATmega16 QFN 44 PDIP 40 TQFP 44
ATmega162 QFN 44 PDIP 40 TQFP 44
ATmega168 QFN 32 PDIP 28 TQFP 32
ATmega2560 CBGA 100 CBGA 100 TQFP 100
ATmega32 QFN 44 PDIP 40 TQFP 44
ATmega329 QFN 64 TQFP 64 TQFP 100
ATmega48 QFN 32 PDIP 28 QFN 28 TQFP 32
ATmegab4 QFN 64 TQFP 64

ATmegab40 CBGA 100 TQFP 100 CBGA 100
ATmega8 QFN 32 PDIP 28 TQFP 32
ATmega8515 QFN 44 PDIP 40 TQFP 44

ATmega8535

QFN 44 PDIP 40 TQFP 44
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Ta6bnuua I11.3 (okoHyaHue)

Moaens BapuaHTtbl kOopnycoB
ATmega88 QFN 32 PDIP 28 TQFP 32
ATtiny11 PDIP 8 SOIC 8
ATtiny12 PDIP 8 SOIC 8
ATtiny13 QFN 20 PDIP 8 SOIC 8
ATtiny15L PDIP 8 SOIC 8 PDIP 8
ATtiny2313 QFN 20 PDIP 20 SOIC 20
ATtiny24 QFN 20 PDIP 14
ATtiny25 QFN 20 PDIP 8 SOIC 8
ATtiny26 QFN 32 PDIP 20 SOIC 20
ATtiny28L QFN 32 PDIP 28 TQFP 32 QFN 32
ATtiny44 QFN 20 PDIP 14
ATtiny45 QFN 20 PDIP 8 SOIC 8
ATtiny84 QFN 20 PDIP 14
ATtiny85 QFN 20 PDIP 8 SOIC 8
ATtiny861 QFN 32 PDIP 20 SOIC 20
Ta6bnuua I11.4. MakcumanbHO Aorycmumble 3Ha4eHus
3KCnMyamayuoHHbix napamempos MK Atmel AVR
MapameTp MpepensHbie 3HaYeHUA

Pabouas Temnepatypa

—40...+85 °C (ATtiny28L)
-55...+125 °C (ocTanbHble moaenu)

TemnepaTypa xpaHeHust

—65...+150 °C

Hanpsixenue Ha niobom BbiBOAE (KpOME BbIBOAA

RESET) oTHocuTensHO Beisoaa GND -10..Vec +05B
HanpsixeHnue Ha BbiBoge RESET -1,0... +13B
OTHOCUTENbHO BbiIBoga GND
Hanpsixenue nutaHus 6,0B
MakcumanbeHbIf TOK KaHana BBOAa-BbIBOAA 40 MA
60 MA (Mopenu ATtiny28x, seisog PA2)
MakcumanbHbIf Tok BbIBOAOB nuTaHust (V) ¥ GND 100 MA (moaenu ATtinyISL)

300 mA (Mopenu ATtiny28x)
200 MA (ocTanbHble Moaenu)
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Ta6nuuya 11.5. Cmamuyeckue napamempsi (DC) MK Atmel AVR
Mapametp ObosHa- |y, oaun Mogensb min, B | max, B
yeHue ) ! !
BxoaHoe HanpseHue ViL Beisog XTAL1 Bce moaenu -0,5 0,1 Vee
HWU3KOro YPOBHSA
OcrTanbHble BbIBOAbI Bce moaenu -0,5 0,3 Ve
BxoagHoe Hanpsxexne ViH Buisog XTAL1 ATtiny 0,7 Vee | Vc+0,5
BbLICOKOTO YPOBHS
ATmega 08 Ve | Ve +0,5
BeiBog RESET ATtiny 0,85 Ve | Vet 0,5
ATmega 09 Ve | Ve v 0,5
OcranbHble BbIBOABI Bce moaenu 06 Ve | Vec*+0,5
BbixogHoe Hanpsxe- Voo loL = 20 MA, Bce Moaenu 0,6
HWE HU3KOTO YPOBHS V=58
AWHWIA NOpTOB BBOAA- «
BbiBOAA loL = 10 MA,
Bce mopenu 0,5
V=3B
BbixoaHoe \ Vou lon = -3 MA, ATtiny, ATmega 4,2
HanpsxeHve Ve=5B 161, 163, 323
BbICOKOrO YPOBHS «
NWHWIA NOPTOB BBOAA- lon = =20 MA, OcranbHble
BblBOAA Ve =5B
lon =-1,5 MA, ATtiny, ATmega 23
V=3B 161, 163, 323
lon =-10 MA, OctanbHble
Vee=3B
Ta6nuuya 11.6. Tunosbie 3xbhnyamauuonuble napamempsi MK Atmel AVR
) O6o3Ha- . Ea.
MNapameTp yeHue Ycnosusa Mopgens min | typ | max 1 nam.
Tok yTeukn In Vec=558B ATmega 3 MKA
Ha Bxoae (ypoBeHb 8515
nor, 0)
OcTanbHble 8
Tok yTeuku Ha BXO- I Vec=558B ATmega8 3 MKA
Ae (yposeHs fior, 1)
OcranbHble 8
ConpoTueneHve Rrst Bce Mega 100 500 | kOm
noararmsatowero n ATtiny28
peaucTopa B uenu
cbpoca
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Tabnuya I11.6 (okoHyaHue)

NapameTp

O6o3Ha-
YyeHue

Ycnosusa

Mogenb

min

typ

En.

maxX- | uam.

ConpoTtusnexue
NOATArMBaKLEro
pesucTopa NuHUM
nopra
BBOAA-BbIBOAA

Ro

Bce mopenu

35

120 KOm

lec

Pabounit pexum,
Ve =3 B,
F<4MMy

To xe

3-5

Pa6ounii pexum,
Vee =5 B,
F>4 My

To xe

5-10 MA

Tok noTpebneHus,
cemevictao Tiny

Pexwum ldle,
Vee =3 B,
F<4 My

To xe

1.5

Pexwum Idle,
Vee =5 B,
F>4 My

To xe

3,5

MA

Pexwum Power Down
WDT B8kn.,

V=38

To xe

9,0

15,0

Pexum Power Down
WODT Bbikn.,

Vee=38B

To xe

<1,0

2,0 MKA

Pabounit pexum,
Ve =3B,
F=4Mly

To xe

6.0

Pabounit pexum,
Vee = 5B,
F=8Mly

To xe

150 | mMA

Tok noTpebneHus,
cemelictBo Mega

Pexwum Idle,
Vee =3B,
F =4Mly

To xe

2,5

Pexwum Idle,
Vee =5 B,
F=8Mly

Bce moaenu
(kpome
ATmegal61)

8.0 MA

Pexum Power Down
WDT 8kn.,

Vee=3B

Bce mopenu

<10

30,0

Pexum Power Down
WDT Bbikn.,

Ve =3B

To xe

8,0 MKA
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Tabnuya IM11.7. OcHosHble Napamempbl 8CMPoeHHo20 ALJM
NapameTtp Ycnosus min typ max
HecumMmeTpuuHbii BXOA 10
Pa3speweHue [6uT] AuddepeHunanbHbiv BXoa, 8
Ky = 1x 1 20x
AuddepeHunansHbiin Bxoa, 7
Ky =200x
A6conioTHan HecummeTpuuHbIh BXOA, 1 2
norpewHocTb [M3P] Vrer = 4 B faoc =200 kl'y
INL WHTerpanbHan Vrer =4 B 0,5
HenuHenHocTb [M3P)
DNL AuddepeHumansHan Vrer =4 B 0,5
HenuHenHocTb [M3P)
Owwbka cmelleHus Vrer =4 B 1
[M3P]
Bpemsa npeobpasosa- Pexum HenpepbiBHOTO 65 260
HUA [MKC] npeobpasoBaHun
fanc TakToBas yacrora [klu] 50 200
AVce HanpsxeHue nutaHus Vee—0,3 V40,3
(B]
VRer OnopHoe HanpsaxeHue HecuMMmeTpuuHbIin BXOA 2,0 Kee
[B] OuddepeHumanbHblid BXOA 2,0 Vee—0,2
Vint HanpsxeHue BHyTpeH- 24 2,56 2,7
Hero NOH [B]
Rrer BxoaHoe conpotus- 6 10 13
NEeHWe KaHana onopHo-
ro HanpsixeHus [kOm]
Ran BxoaHoe conpoTus- 100
nNeHve aHanorosoro
Bxoaa [MOwm]







NMPUNOXEHUE 2

KomaHabl Atmel AVR

Cucrema koMaHa MukpokoHTposuiepoB Atmel AVR noBoabHO ofluiMpHa M BKIIOYAET
B ceba oT 90 no 133 komMaH, B 3aBUCUMOCTH OT Pa3sHOBUAHOCTH MHKPOKOHTPONJEpA.
Jlanee OCHOBHbIE KOMaHbl NepevuceHbl no rpynnam. [IpuBeaeHHbIX KOMaHA B MpPHH-
LUMne JOCTATOYHO IS TOrO, YTOGbI COCTABMTH GOJBIIMHCTBO 3aKOHUYEHHBIX MPOTPaMM
s MK AVR, x0Ta MHOrve nosie3Hble, HO peko ynorpeOnseMbie KOMaHAabl 31ech OT-
cytcTBytoT. [ToTOMy A NMOAHOUEHHOH paboThl ClefyeT UMETh MOJHbII CNPaBOYHUK MO
koManaam. Kparkue Tabnuubl kOMaHa npuiaaralorcs Ko BceM onucaHusM MK, nonxbliit
nepeyeHb KOMaHJ Ha pycckom umeetcs B nocobusx [1] u [2] (6eperurech HeTOUHOCTEH,
KOTOpble BCTPEYAlOTCS B MEPBbIX M3JAHUAX 3THX mocobuii!). OduumanbHbli nepeueHb
koMaHz Ha aHrnuiickoM (AVR Instruction Set) MoxHO ckauaTh ¢ caiita atmel.com B BH-
ae PDF-nokymenTa.

[Ipu ucnonb30BaHUKM KOMaHA ciaenyer obpauiaTb BHUMaHHE Ha TO, YTO HEKOTOpPbIE W3
HHUX MOTyT ObITb NPUMEHEHBI TONBKO K ONMPENEIEHHBIM PErHCTPaM, @ KOHCTAHTbI MJIH aj-
peca HWHOrJa WUMEIOT OrpaHM4eHHbIH auana3oH. [To3ToMy HeoOXOAMMO BHHUMATENbHO
M3y4YHTb XapaKTePHUCTHKH KOMaHJ, Mpexe YeM MCMonb3oBaTh X B nporpamme. Koman-
Ibl, TOMEYEHHbBIE CEPbIM LIBETOM, ACHCTBUTENbHbI HE A1 Bcex Monenei AVR (ans ce-
melictBa Mega, Kak MpaBUNO, NPUroAHbI BCE, HO JyYlUE YTOYHMTb MO OMHUCAHWIO KOH-
KPETHOTO KOHTPONepa).

B Tabnuuax npuHATHI ClieAytoLLMe COKpAILEHUs U 0003HaYEeHHS:

O POH — peructp obuiero HazHaueHus, o6o3Hauyaetcs Rd (npuemnuk) unu Rr (ucrou-
HUK), rae d unu r — HOMep perucTpa;

PBB — peructp BBO1a-BbiBOAa 0603HauaeTcs P;

PC — cuertumnk komaHa (nporpaMMHbiii cyetumk, Program Counter);
K — KOHCTaHTa (B TOM 4uCJie aJpec);

b UM n — HoMmep 6ura;

s — MPOU3BOJbHBIN (iar B perucTpe (1aroB SREG;

[ O R R R Ry |

c — ¢nar nepeHoca B perucTpe (1aroB SREG (YCTaHaBIMBAETCA NPH BO3HUKHOBEHUH
nepeHoca npyu apupMeTHUECKHX ONepaLHsx);
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O z — ¢nar Hyas (ycTaHaBIMBAEeTCA MO PaBEHCTBY ONMEPAHAOB MPH CPaBHEHHH). 30€Ch
OoH 00603HaueH ManeHbkoi GykBo#, uToObl He MyTaTb 3TOT ¢Jar ¢ napoi perucTpos
R31:R30, KOTOpbI€ 3a/€HCTBOBaHbI B KOMaHIaX MepeHoca AaHHbIX H Takke 0003Haua-
10TcA OyKBOW Z;

0O X — napa perucTpoB R27:R26;
0O Y — nmapa perucTpoB R29:R28;

O A — o3Hayaer, 4YTO yuacTByeT t00OH M3 ABYXGaWTOBbIX PErucTpoB R27:R26 (X),
R29:R28 (Y) HJIM R31:R30 (Z).

ApucdmeTnyeckme n normyeckue KomMaHabl

Komanpa | Onepanabl | Onucanue Onepauusn
ADD Rd, Rr CnoxeHnue aByx POH Ge3 yuyeta Rd « Rd + Rr
‘ nepexoca d=0..31r=0..31
ADC Rd, Rr CnoxeHue aeyx POH ¢ yueTom Rd « Rd + Rr + c
nepexoca d=0..31r=0..31
ADIW Rd, K CrioxeHune perncTpoBoi napsb! Rd+1:Rd ¢~ Rd+1:Rd + K
G KOHGTaHTO# d = 24,26,28,30 K = 0..63
SUB Rd, Rr BbiuutaHue ayx POH 6e3 yueta Rd « Rd — Rr
nepexoca d=0..31r=0..31
SBC Rd, Rr Bbiuutanue ayx POH ¢ yuetom Rd « Rd — Rr — ¢
nepexoca d=0..31r=0..31
SBIW Rd, K Bemutanue Korjcral-n'bl Rd+1:Rd ¢ Rd+l:Rd — K
13 perucTpoBoit Napbt d = 24,26,28,30
K = 0..63
SUBI Rd, K BblunTaHWe KOHCTaHTLI Rd « Rd — K
43 pervctpa d = 16..31 K = 0..255
SBCI Rd, K BbluuTaHue KOHCTaHTLI U3 Rd « Rd— K — ¢
perucrtpa c y4eToM nepeHoca ‘d = 16..31 K = 0..255
INC Rd YBEeNnuuWTb Ha eauHuLY Rd « Rd + 1
d=0..31
DEC Rd YMEHbLUTL Ha eanHuLY Rd « Rd — 1
d=0..31
CLR Rd Ouuctute peructp (onepauus Rd « Rd ® Rd
"MCKJ'I!OHBIOU.IG? UNn" perucrpa d = 0..31
¢ camum coboit)
SER Rd YcraHoBuTb peructp Rd « S$FF
d=0..31
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(OKOHYaHue)

Komanga | Onepanabl | OnucaHue Onepauus

AND Rd, Rr Nornyeckoe U Rd <« Rd A Rr
d=20..31r=0..31

ANDI Rd, K Noruyeckoe U ¢ koHCTaHTOM Rd « Rd A K
d = 16..31 K = 0..255

OR Rd, Rr Jlorndeckoe WU Rd « Rd v Rr
d=20..31r=0..31

ORI Rd, K Noruueckoe UIN ¢ koHcTaHTOM Rd « Rd v K
d = 16..31 K = 0..255

EOR Rd, Rr Noruyeckoe uckniovatowee NN Rd = Rd ® Rr
d=0..31r=0..31
CoM Rd NobuTtHas nHeepcus . Rd = $FF — Rd
d=0..31
NEG Rd HdononHutenbHbii koA (MHBepeus | Rd = $00 — Rd
3Haka) d =0..31

KomaHab! onepauui ¢ butamm

KomaHpa |OnepaHabl | Onucaxue ' Onepauun

SBR Rd, K Ycranosutb 6utl POH no macke (10 e, Rd « Rd v K
4YTO U KOMaHAa ORT) d=16..31 K = 0..255

CBR Rd, K C6pocuTb 6utbl POH no macke Rd « Rd A ($FF — K)
d = 16..31 K = 0..255
SBI P, b YcraHosuts 6uT 8 PBB P(b) « 1
P=20..31* b=0..7
CBI P, b Ouuncruts 6uT B PBB P(b) « 0
P=0..31* b=20..7
LSL Rd TNornyeckuid casur BNEBO (C YCTaHOBKOW Rd(n+l) <« Rd(n),
nepexoca) Rd(0) « 0,c « Rd(7)
d=10..31
LSR Rd Noruueckuit CABUI BNpaBo (C yCTaHOBKOW Rd (n) (_‘ Rd (n+1),
nepeHoca) Rd(7) « 0O,c « Rd(0)

d=0..31
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(okoH4yaHue)
Komanpa |Onepanpgbl | Onucaunne Onepauus
ROL Rd JNornyeckuin casur BNeBo Yepes NnepeHoc | Rd (0) « c,
Rd(n+l) « Rd(n),
c « Rd(7)
d=0..31
ROR Rd JNoruyeckuin casur BNpaso Yepes NnepeHoc | Rd (7) « C,
Rd(n) <« Rd(n+l),
C « Rd(0)
d=0..31
ASR Rd ApudmeTudeckuii casur Bnpaso Rd(n)=Rd (n+1),
n=0,...,6
CLI - 3anpeTuTtb BCe NpepbiBaHnsA (O4UCTUTL I « 0
nar npepbiBaHnit I B SREG)
SEI - PaspelwunTb BCe NpepbiBaHUA (YCTAaHOBUTL | T « 1
dnar npepbiBaHuin I 8 SREG)
CLC - Ouncruts 6UT NnepeHoca c c« 0
SEC - YcTtaHosuTb 6UT nepeHoca c c « 1
BCLR s Ouucrtutsb bnar s 8 peructpe SREG SREG(s) « 0
s = 0..7
BSET s YcraHosuTb dnar s 8 perucrpe SREG SREG(s) « 1
s = 0..7
SWAP Rd MepectaHoBka TeTpaa Rd(3..0) = Rd(7..4),
Rd(7..4) = Rd(3..0)

* KomaHabl SBI u CBI pewctBuTensHbl Tonbko ans PBB no nepsbim 32 agpecam (0..31).

KomaHAabl cpaBHeHUA

B onepauusx cpaBHEHHS C pErMCTPaMH BbIMOHAIOTCS T€ XKe AEHCTBHS, YTO U B COOTBET-
CTBYIOLIMX apH(METHUYECKMX H JIOTHUECKHX OMepauusX, OAHAKO pe3ysibTaT HUKyAa He
nomewlaeTcs (M, COOTBETCTBEHHO, OMEPaH[Abl HE MOPTATCS), JIMLIbL YCTaHABIMBAKOTCA
¢naru (c 1 z) B peructpe Gaaros SREG. 3Hau€HHEM 3THX (aros B JanbHelLem onpene-
asercs paboTa Tex KOMaHJ YCJIOBHOrO nepexoia, KOTOpble ynoTpeOsioTcs B nape
C KOMaHJaMHW CpPaBHEHHs (MCKIIIOYEHHE COCTaBJIIET KOMaHAa CPSE, KOTOpas COAEPKMT
CpaBHEHHWE U nepexol "B OAHOM GJlakOHe" — CM. nepeueHb KOMAHO YCAI0BHO20 nepexooa

oanee).
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Komanpga | Onepangbl | OnucaHue Onepauus
Ccp Rd,Rr CpaBHeHuWe AByx perucTpos Rd « Rd — Rr
d=20..31r=20..31
CPC Rd,Rr CpaBHeHue ABYX PErMCTPOB G y4ETOM Rd « Rd — Rr — C
nepeHoca
epenoc d=10..31r=0..31
CPI Rd, K CpaBHeHMWe pernctpa ¢ KOHCTaHTon Rd — K
d=16..31 K = 0..255
TST Rd Mposepka Ha 0 unu oTpuuaTenbHoe 3Ha- | Rd « Rd A Rd
yeHue (onepauus "norudeckoe N" perun- d=0..31
cTpa ¢ camum coboir) T Ve

KomaHabl nepenaym ynpasneHus

KomaHzbl nepenauu ynpasneHus AeasTcsi Ha KoMaHabl 6€3yCnoBHOro nepexoaa U noxo-
KM€ Ha HUX KOMaH[Ibl BbI30Ba NMOANPOrpamMm (MmocjenHue OT MEPBbIX OTIHYAIOTCA TEM,
YTO aBTOMATHYECKH Pa3sMELLaloT B CTEKE COAEPHHMMOE CHETUMKA KOMaHA UIsl NOCNenyto-
LLEero BO3BpaTa M3 MOAMPOrpaMMbl), H Ha KOMaH/bl YCIIOBHOTrO Nepexoja, T. €. Hapylie-
HUS MOCJIeJ0BATEILHOCTH BbINOJHEHHUS ONEpaToOpoB MO KaKOMY-TO YCI0BHIO. bonblunh-
CTBO TaKMX KOMaH[ onepupytoT ¢ aapecoM B namatH (K) onepartopa, Ha KoTopbli npous-
BoaMTCs nepexon. B Texcre acceMOaepHbIX nporpamM abCoIIOTHBIE HITH OTHOCHUTEJIbHbIE
yucia, obo3HavaloLHe aapec, B KOMaHIbl NMepeiayd ynpaBieHHS He MOJICTaBisI0TC,
BMECTO HUX YKa3blBalOT METKH, KOTOPbIE 3aTeM KOMIMUJIATOP UHTEPNPETUPYET, kak abco-
noTHbli anpec. KomaHapl, HaunHatowmecs ¢ O6yks "BR" (ot Branch — "serka"), npen-
noJslaratoT npeaBapUTeNbHbIH BbI30B OOHON M3 KOMaHA, MoaubuuMpyoLUX dhnard z uiu
c (0ObIYHO 3TO KOMaHIbl CPABHEHHUS).

KomaHabl 6e3ycnoBHoro nepexoaa
U Bbi30Ba noanporpamm

KomaHpaa | OnepaHabt | OnucaHue Onepauus

CALL K ABCOMIOTHBINA BbI3OB NOANPOrPAMMbI STACK « PC + 2

PC « K
K = 0..655361

RCALL K OTHOCUTENBHbIN BbI3OB NOANPOrPaMMbl | STACK <« PC + 1

PC «~ PC + K + 1
K = -2048..2048

ABconioTHbIn nepexoa PC « k

K=20..4 M




314 lNpunoxerus
(oKkoHyaHue)
Komanpa | OnepaHabl | Onucanwe Onepauus
RJIMP K OTHOCUTENbHBIR Nepexos, PC < PC + K + 1
K = -2048..2048
‘RET - Bosspat u3 noanporpamms! PC « STACK
RETI - Bosepat 13 nognporpamMmel 06paboTku PC <« STACK

npepbiBaHNA

* [ins yCTPONCTB C MakCMManbHO BO3MOXHLIM 06beMOM namsaTu nporpamm 0 64 K cnos (128 k6anT).

KomaHgbl npoBepku-nponycka

U KOMaHAbl YCNOBHOIoO nepexona

KomaHnaa | Onepangbi | OnucaHue - Onepauus
SBRC Rr,b MponycTuTs cnea. koMaHay, |If Rr(b) = O then PC « PC + 2
ecnu paspsp POH cOpoweH | (o 3%) else PC « PC + 1
r=20..31b=0..7
SBRS Rr,b MponycTuTb Cnea. KoMaHay, |If Rr(b) = 1 then PC « PC + 2
ecnv paspaa POH (or 3) else PC « PC + 1
yCTaHoBNEH
r=20..31b=0..7 )
SBIC P,b . MponycTuTL Cnea. koMaHay, | If A(b) = O then PC « . PC + 2
ecnv paspaa PBB cOpoweH | (o, 3x) else PC « . PC + 1
P =0..31** b= 0..7
.| SBIS P,b MponycTuTb cnea. komaxay, |If A(b) = 1 then PC « BC + 2
ecnv paspsp PBB ycTaHoB- | (o1 3-) else PC « . PC + 1
neH
P=0..31-- b=0..7
CPSE Rd,Rr MponycTuTsb, ecnu pasHo if (Rd = Rr) then PC « PC + 2
or 3 else PC «~ PC + 1
d=0..31r=0..31
BRNE K MepeitTn, ecnun He paBHO If Rd # Rr (z = 0)
then PC « PC + k + 1,
else PC « PC + 1
K = -63...63
BREQ K MNepeiiTn, ecnu pasHo If Rd = Rr (z = 1) then PC «
PC+ k + 1, else PC « PC + 1
K = -64...63
BRSH K NepeitTn, ecnu Gonble M | If Rd 2 Rr (c = 0)
pasHo then PC « PC + k + 1,
else PC « PC + 1
K = -64...63
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oumnLeH

else PC « PC + 1
s =0..7K=-64...63

(oKkoH4aHue)
KomaHga | OnepaHgbl | Onucanue Onepauus
BRLO K Mepentu, ecnu mexbwe If Rd < Rr (c = 1)
then PC « PC + k + 1,
else PC « PC + 1
K = -64...63
BRCC K MepenTn, ecnu HeT If ¢ =0 then PC « PC + k + 1,
nepexoca else PC « PC + 1
K = -64...63
BRBS s,K Nepeiitn, ecnu onar 8 SREG | If s = 1 then PC « PC + k + 1,
ycraHosnex else PC « PC + 1
s =0..7 K= -64...63
BRBC s,K MNepevitTu, ecnu nar 8 SREG | If s = 0 then PC « PC + k + 1,

* 3HayeHne 2 — ecnu Cneaylollan KOMaHAa 3aHUMaeT OAHO cnoso (asa Gaira) u 3 — ecnu cneaylowas
KOMaHAa 3aHUMaeT aBa cnosa (YeTbipe baiita).

** KomaHabl SBIC n SBIS aeicTBuTenbHbl TONbKO Ana PBB no nepsuim 32 agpecam (0..31).

KomaHabl nepeHoca AaHHbIX

Komanga |OnepaHgbl | OnucaHue Onepauus
MOV Rd,Rr MNepeHoc panHbIX Mexay POH Rd « _Rr
d=20..31r=0..31
LDI Rd,K 3arpyska koHcTaHTbl 8 POH Rd « K
d = 16..31 K = 0..255
LD (1) Rd,A Urenune sHauenun B POH u3 namaTh gaH- |Rd « (A)
Hbix (SRAM) no appecy, coaepxawiemycs d = 0..31 (ucxmouas A)
BA o
b (2) Rd, A+ qTenmwaueHMnsPOH MINaMAT™M paH- |Rd « (A), A=A + 1
Heix (SRAM) no aapecy, conepxatiemycn o
B A, C NOCTUHKPEMEHTOM aapeca d = 0..31 (ucwmovas A)
A=X, Y, 2
LD {3) Rd, ~A YreHue sHauerus 8 POH s naMsTu aan- |A = A — 1, Rd «. (&)
Heix (SRAM) no agpecy, coaepxawemycs _ )
B A, C NPeARGKPEMEHTOM aipeca d = 0,.31 (ucxsmouas A)
. A = X[ Y, Z
ST (1) A,Rr 3anucb 3HaueHUs B NaMATL [AHHbIX (A) « Rr
(SRAM) u3 POH no appecy, cogepxatie- _
MycA B A r = 0..31 (ucxmouas A)
A=X,Y 2
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(okoHyaHue)

Komanna |Onepangbl | OnucaHue Onepauus

ST (2) A+,Rr 3an1ch 3HaYEHUS B NaMATb AaHHbIX (A) « Rr, A=2a+1
. (SRAM) u3 POH no aapecy, cogepxatue-

MYCA B A, C NOCTUHKPEMEHTOM agpeca r = 0..31 (newmouan A)
A=X, Y 2
ST (3) -A,Rr 3anuch 3Ha4eHWUs B NAaMATb AaHHBIX A=23a-1, (A) « Rr
(SRAM) us POH no aapecy, coaepxaliie- -
MYCS B A, C NpeAAEKPEMEHTOM aapeca r = 0..31 (uc as A)
‘ A=X,Y 2
LPM - 3arpyaka AaHHbIX U3 NamsaTi Nporpamm RO «. (2)

B peructp RO no aapecy (6aittosomy),
HaxXoAsLLEMYCs B perucrpe 2

IN Rr,P 3arpyska 3Hauenus PBB 8 POH Rr «. (P)
r=20..31 P=20..63
ouT P,Rr BuiBop 3Haqenuns POH 8 PBB (P) «. Rr
r=20..31 P=0..63
PUSH Rr CoxpaHuTb 3HaueHue POH B cTeke STACK ¢ Rr
r = 0..31
POP Rd W3sneyb 3HauYeHne BEPXYLUKU CTEKa Rd ¢~ STACK
8 POH : d=0..31
KomaHabl ynpaBneHns cMcTeMomn
Komanpa OnepaHgbl OnucaHue Onepauusn
NOP - HeT onepauun -
SLEEP - MNepexopa B "cnawmid” pexum ' -

WDR . - C6poc cropoxesoro Tavimepa -
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reti ;TIM2 OVF ; Timer2 Overflow Handler

reti ;TIM1_CAPT ; Timerl Capture Handler

reti ;TIM1_COMPA ; Timerl Compare A Handler
reti ;TIM1 COMPB ; Timerl Compare B Handler
reti ;TIM1 OVF ; Timerl Overflow Handler

rjmp TIMO_OVF ; TimerO Overflow Handler

reti ; SPI Transfer Complete Handler

reti ;USART RXC ; USART RX Complete Handler
reti ;USART_UDRE ; UDR Empty Handler

reti ;USART TXC ; USART TX Complete Handler
reti ;ADC ; ADC Conversion Complete Handler
reti ;EE_RDY ; EEPROM Ready Handler

reti ;ANA COMP ; Analog Comparator Handler
reti ;TWSI ; Two-wire Serial Interface Handler
reti ;EXT_INT2 ; IRQ2 Handler '
reti ;rjmp TIMO _COMP ; TimerO Compare Handler
reti ;SPM RDY ; Store Program Memory Ready Handler

;
out_com: ;nocwuika Ganra u3 temp no UART
sbis UCSRA, UDRE ;XIOeM DOTOBHOCTM Oydepa nepenaTuMka
rjmp out_com
out UDR, temp
ret

INT O:
;TNIepBEM OEeJIOM 3anpeliaeM [PEPHBaHus OT KHOIMKK
clr temp
out GICR, temp
;Ha BCAKMII CJlydail ouMuliaeM PerucTp (JaroB IpephBaHuMit
1di temp, $FF
out GIFR,temp ;GIFR owmmaeTcsa 3anyucChbio €IOMHMLL
1di temp,0b00000100 ;=zanyck Timer(0 BxomHas uacToTa 1:256
out TCCRO, temp
1di count_time, 6l ;unrepman 1 c
rcall write
rcall read
reti

TIMO_OVF: ;TimerO Overflow 61 Ty
dec count_time ;B KaxmOM NPEpHBaHMM YMeHbllaeM Ha 1
breq int_timer ;ecim HOJNb, TO paspelleHMe NPEpPLHBAHUS
reti ;uHaue BHXOZD U3 NpepPHBaHUA
int_timer:
1di temp, 1<<INTO ;pasp. INTO
out .GICR, temp ;GIMSK Toxe nauweT
;Ha BCAKMII CJlydail ouMaeM PerucTp (uaros NpepeBaHMit
1di temp, $FF
out GIFR,temp ;GIFR oumMmaeTcs BanucChbid eIyHULL
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clr temp; ocraHoBka Timer0
out TCCRO, temp

reti
j============ Q0MeH N0 SPI =============
WR_spi:

out SPDR, temp ; HauaTe nepenauy
wait_spi:

sbis SPSR, SPIF ; SPI — roroB?

rjmp wait_spi

in temp, SPDR ; UTeHmMe HAHHBIX
ret

j======= (Onepauum Mexny OybepoM M CTpaHMULEN NaMATH ====
;Ha BXOOe B temp — KkOJ onepauun
page_oper:
cbi PORTB,_CS iCsS =0
rcall WR spi ;mepepmaya Koja onepaumm
1di AddrH, high(Address) ;crapumit agpeca CTpPaHMLE
1di AddrL, low(Address);mmammii agpeca CTPaHMLE
1sr AddrL ;BneBo Ha 1 Gur
rol AddrH ;BjeBO uepes NnepeHOC
mov temp, AddrH
rcall WR spi ;BmBOm uepes SPI
mev temp,AddrL
rcall WR_spi ;emBOm uepes SPI
rcall WR spi ;moGoit Gaitr
sbi PORTB, CS ;CS =1
ret

;====== OjMIaHMe BaBeplleHUs CTPAHWUHO} onepaLuy ====
wait_end page operation:

cbi PORTB, _CS ;CS =0

1di temp, 0x57

rcall WR_spi ;nepenaua kKoma omepaumm
read_status:

1di temp, OXFF

rcall WR_spi ;uTeHme perucrtpa craryca uyepes SPI

sbrs temp, 7

rijmp read_status ;oxmaaHMe TOTOBHOCTM

sbi PORTB, Cs ;CS =1

ret

RESET: ;Havano paboTe

1di temp, low (RAMEND) ;3arpys3Ka ykaz3aTejld cTeKa

out SPL, temp

1di  temp,high(RAMEND) ;3arpy3ka ykasaTeJii CTeKa

out SPH, temp
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j======= Uuuumamms3auusa UART, 9600 npu 4 MI'y ====
1di temp, 26
out UBRRL, temp
1di temp, (1<<RXEN) | (1<<TXEN)
out UCSRB, temp
1di temp, (1<<URSEL) | (3<<UCSz0) ;UCSz0=1 UCSZ1l=1 86ur
out UCSRC, temp

1di temp, OXFF

out PORTB, termp ;PB7..0 — BEICOKME.

1di temp, (1<<SCK)+ (1<<MOST)+(1<<_CS)+ (1<<PB4)
out DDRB, temp ;SCK,MOSI, CS, SS — BeXOIE

;DORD=0 — crapumit 6ur nepeenM, SPR1M SPRO = 0 — ckopocts Fck/4
1di temp, (1<<SPE)+(1<<MSTR) + (1<<CPOL) + (1<<CPHA)
out SPCR, temp
j==== VHULMAIM3aLMsA [IPEPHBaHU ========
1di temp, (1<<ISCO01l) ;npep. INTO no cnamy
out MCUCR, temp
1di temp, 1<<INTO ;pasp. INTO
out GICR, temp
;ouMllaeM PermcTp ¢aroB npepHBaHMUi
1di temp, $FF
out GIFR, temp ;GIFR oummaeTcs 3almMchio €OVHMUL,
1di temp, (1<<TOIEOQ) ;pas3p. npepuBauus Timer0
out TIMSK, temp
1di temp, OXFF
out TIFR,temp ;cOpocuTe ¢riaru npepuBaHU TauMepoOB
sel ;paspemaeM npepkBaHUS
.equ Address = 100 ;mns npumepa OydeM MMcaTb B CTpaHuuy Homep 100
Cykle:
rimp Cykle
; Bamuce 256 Ganir B AT45
write:
cbi PORTB, CS ;CS = 0
1di temp, 0x84
rcall WR_spi ;KOO onepauym — 3ammcek B Oydep
1di count, 3
buff addr write:
1di temp,0 ; HauaneHeDI aZpec B Bydepe =0
rcall WR_spi

dec count
brne buff addr write
; DaHHEE:

1di count, 0 ;count=0

wr_buf:
mov temp,count ;3anofiHAeM IOCHeNOBaTENbHEMY uncilams oT 0
rcall WR_spi ;seBon uepes SPI
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inc count
brne wr_buf ;6ydep 3anomnHen, korma count onare 0
sbi PORTB, CS ;Cs =1
1di temp,0x83
rcall page oper ;3ammcb 13 Oydepa B namaTe C NPEOBApPUTENIEHEM CTUPAHUEM
rcall wait_end page_operation ;crpaHnuHas onepauys 3aBepueHa ~20 mMc
ret
H Yrenue u3 AT45
read:
1di temp, 0x53
rcall page_oper ;3anucCh U3 CTpaHULH namaATu B Oydep
rcall wait_end page operation ;cTpaHmdyHas onepaums 3aBepmeHa ~250 MKC
cbi PORTB,_CS ;CS'=0
1di temp, 0x54
rcall WR spi ;nepenava xoma onepauuu dTeHus Oybdepa
1di count, 3
buff addr_ read:
1di temp,0 ;HavanvHED! ampec B Oydepe = 0
rcall WR_spi
dec count
brne buff addr_read
rcall WR spi ;nepenava He3Hadamero Oalira
1di count,0 ;0-= 256
rd buf: rcall WR_spi ;urenme uepes SPI
rcall out_com ;noctuiaeM uepe3 UART

dec count
brne rd buf ; npoumnn 256 Oaiir, korma count onare 0
sbi PORTB, CS ;CS =1

ret

/

Mpoueaypbl o6MeHa no uHTepdency I2C

Tpotokon obmena I°C u fpUMep €ro HCMojb30BaHUA onucaH B 2rage 12. Tpouenypbi
COCTaBJIEHbl A1 Mepeaadn co ckopocThio okono 100 kI'u npu TakTOBOI uyacToTE KOH-
Tposiepa 4 MI'u. [1pu apyroii yacToTe KOHTpOJIEPa MIIM MHOH CKOPOCTH NEpeaayH YHc-
JIO LMKJIOB B MpoOLEAype delay, paBHOE 6, cleayeT nponopuxdoHalbHO W3MeHuTb. Ha-
npuMep, Ans 4acToThl KBapua, paBHoit 16 MI'L, u ckopocTH nepenayuu, MOHHIKEHHO# 10
30 kl'u, kOMaHay 1di cnt, 6 CieAyeT 3aMEHUTb Ha 1di cnt,75. Owubka B £50% B cko-
pocTH nepeaayn obbl4HO poau He urpaeT. [Ipu Hannuuu cGoes yBenuuuBsaiite uucno
LIMKJIOB 10 TEX MOP, NMoKa CBA3b HE YCTaHOBHUTCA.

[Tporpamma coaepXuT npoueaypbl 4js ABYX KOHKPETHbIX YCTPOWCTB: SHEProHe3aBHUCH-
Mo# namsaTH ¢ uHTepdeiicom I°C (Tuna AT24) u vacos peanbHoro BpemeHH (RTC) ¢ Ta-
KHMM ke uHTepdeiicom (Hanpumep, DS1307). [Mpoueaypbl WriteFlash/ReadFlash npeaHa-
3HaueHb! JUIs oOMeHa ¢ NaMATbIO, write i2c/read i2c — Ans o6MeHa ¢ yacamu. [Tpume-

11 3ak. 491
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brcs rt_writef ;C=1 ERROR
pPop DATA ;set data to DATA
rcall ‘write
brcs rt_f ;C=1 ERROR
rcall stop
brcs rt_ £ - 7C=1 ERROR
ret
; —--- urTeHue EEPROM
ReadFlash: ;B AddrL,AddrH — ampec, maHHele B DATA
;ecom 6ur ¢ = 1 B perucrpe ¢uiaros, TO oumOka
cbi PORTD, pSDA
cbi PORTD, pSCL.
1di cnt, 120
loop read_f:
rcall start
1di DATA, OxA0 ;addr device=0, r/w=0
rcall write
brcs rt_ f ;C=1 ERROR
mov DATA,AddrH ;set HI address
rcall write
brcs rt_ f :C=1 ERROR
mov DATA, AddrL ;set LO address
rcall write
brcs rt_ f ;C=1 ERROR
rcall start
1di DATA, OxAl ;addr device=0,r/w=1
rcall write
brcs rt_ f ;C=1 ERROR
clt ; no put ACK
rcall read
rcall stop
bres rt_ £ :C=1 ERROR
ret
rt_ f:
dec cnt
brne loop_read f
ret
rt_writef:
pop DATA
rt_f:
brcc Ok_wr_f
dec cnt
brne loopl20f
Ok _wr_f:

ret
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; 3amuch RTC
write i2c: ;B ClkA — agpec, naHHue B DATA
jecm 6ur ¢ = 1 B perucrpe quiaros, TO oumbka

cbi PORTD, pSDA
cbi PORTD, pSCL
1di cnt, 120 ;120 nonerroxk nponmucaTb
loopl20:
push DATA
rcall start
1di DATA,0bl11010000 ;addr device,r/w=0
rcall write
brcs rt write ;C=1 ERROR
mov DATA,ClkA ;set HI address
rcall write
brcs rt_write ;C=1 ERROR
pop DATA ;set data to DATA
rcall write
brcs rt_ ;C=1 ERROR
rcall stop
brcs rt_ ;C=1 ERROR
ret
; ureHne RTC
read_i2c: © ;ClkA — apmpec, naHHee B DATA
;ecim 6ur ¢ = 1 B perucrpe ¢uiaros, TO oumbxa
cbi PORTD, pSDA
cbi PORTD, pSCL
1di cnt, 120
loop_read :
rcall start
1di DATA, 0b11010000 ;addr device, r/w=0
rcall write
brcs rt_ ;C=1 ERROR
mov DATA,ClkA ;set HI address
rcall write
brcs rt__ | ;C=1 ERROR
rcall start
1di DATA, 0b11010001 ;addr device,r/w=1
rcall write
brecs rt__ ;C=1 ERROR
clt ;  no put ACK
rcall read
rcall stop
brcs rt_ ;C=1 ERROR
ret

rt
dec cnt
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brne loop read
ret
rt_write:
pop DATA
re
brcc Ok wr_
dec cnt
brne loopl20
Ok wr_:
ret
write: ;3amicek OGanra m3 DATA
push DATA
push cnt
1di cnt, 8 ; cueTuuk  OuUT
x42:
rol DATA
brcs sel
sbi DDRD, pSDA
rjmp del wr
sel:
cbi DDRD, pSDA
del wr:
cbi DDRD, pSCL
rcall delay
sbi DDRD, pSCL
rcall delay
dec cnt
brne x42 ; crenmyoupst OuT
cbi DDRD, pSDA ; ocsoGomuTb pSDA mna ACK
rcall delay
cbi DDRD, pSCL
rcall delay
clc
sbic PIND,pSDA ;umraeM B Our C cocrosHue ACK
sec ;ACK He npumest l
sbi DDRD, pSCL
rcall delay
pop cnt
pop DATA
ret
read: ;ureHme B DATA, Our t=1 -> orBeruTh ACK, t=0 He orBeuaTr ACK
1di DATA, 1
loop_read:
sbi DDRD, pSCL ; SCL=0
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+SDA=1

1SCL=1

‘junraTs SDA B Our C

:SCL=0

;He orBeuaTh ACK (t) , SDA=1

;jorBedaTs ACK (t)

7 SCL=1

cbi DDRD, pSDA
rcall delay
cbi DDRD, pSCL
rcall delay
clc
sbic PIND, pSDA
sec
rol DATA
brece loop_read
;orceulaeM ACK ()
sbi DDRD, pSCL
rcall delay
brts se0
cbi DDRD, pSDA
rjmp rd_
se0:
sbi DDRD, pSDA
rd_:
clec
rcall delay
cbi DDRD, pSCL
rcall delay
ret
start:
cbi DDRD, pSDA
cbi DDRD, pSCL
rcall delay
sbis PIND, pSDA
rijmp start
sbis PIND, pSCL
rjmp start
sbi DDRD, pSDA ; 0=SDA
rcall delay
sbi DDRD, pSCL ; 0=SCL
rcall delay
ret
stop:
sbi DDRD, pSDA
sbi DDRD, pSCL
rcall delay
cbi DDRD, pSCL ;1=SCL
rcall delay
cbi DDRD, pSDA ;1=SDA
rcall delay

clc

, SDA=0



lMpunoxeHue 3. Tekcmbl NpozpaMm 327

sbic PIND, pSDA
ret
sbic PIND, pSCL
ret
sec

ret

delay: ;~5 Mxc (kBapu 4 MI'u)
push cnt
1di cnt, 6

cyk delay: dec cnt
brne cyk delay
pop cnt

ret






NMPUNOXEHUE 4

OOMeH faHHbIMM
C NepcoHasribHbIM KOMMbIOTEPOM
u otnaaka nporpamm yepe3s UART

TexHuueckue acnextbl B3aumopedcTus [IK ¢ MHKpPOKOHTpONEpHBIMH yCTpOHCTBaMH
Mbl pa3bupanu B 2naee 13. Ho obokTHch 6€3 caMOCTOATENBHOIO HaNMMCaHWA NMpOrpamMm
ans s3aumoneiicteus K u MK paspa6otuuk yctpoiicTs ans MK, kak npasujo, He Mo-
KET: ADKE €C/M OKOHYATENbHbIH BapHaHT Aisl Kakoro-nMubo KOMMEpYECKOro npoekrta
6yner nucate "HacTroawHHA" NporpaMMHUCT, KBalMGUUMPOBAHHO pa3bupatoLuuiics B ycT-
poiictee Windows unu noctpoeHuu 6a3 naHHbIX, TO 3aCTaBJATh €r0 Y4acTBOBaTh B Mpo-
uecce ofnaaku cxembl U nporpammbl MK HeuenecoobpasHo, T. K. 3TO y1OPOXKHT M 3aTs-
HeT npoekTupoBanue. Hy a anis paavomo6uTesielf NpOcTO HET APYroro BLIXOAA, KpoMe

HanucaHus "BepxHeil" nporpaMMbl CaMOCTOSATENIbHO.

[lpaBna, B 3TOM aene ectb cmsruaiowme obcrosrenscrsa. Co3naHue TakWX MPOrpamm
3aMETHO MpOLLE, YEM HanmMcaHue OQHCHBIX U BEO-MPUIOKEHHH, U npeacTaBseT coboit
CPaBHHUTEJIbHO HECJIOXKHYIO M K TOMY € JOCTaTOYHO KOHCepBaTHBHYIO obnacTb npo-
rpammupoBaHHs. Bo MHorux cnyvasx naxe He tpeOyercs 3HaHue APl Windows, HyxkHbI
JHLLb NPOCTEHLLINE NPUEMbI 00paLleHUs CO CTAHAAPTHBIMM KOMIOHEHTaMHU rpaduyeckoi
CpeAbl AN TOro, ytoObl MPaBWILHO CKOHCTPYMPOBaTb MHTepdeiic, U MOHATb 0OLUHE
npuHUKNbl GyHKUHOHMpoBaHUA Windows. Bocnonb3oBaTbest MOXKHO N11060# BU3yaibHOM
cpenoii nporpaMmmupoBaHus, Hanpumep, Borland Delphi, C++ Builder, Microsoft Visual
C++ unu Visual Basic. Mbl 6ynem nanee opuentupoBatbes Ha Delphi 7 (coBmecTuma ¢
6onee cospemenHoii Delphi 2007 for Win32 ot CodeGear). Yka3aHHblit fanee komno-
Hent ans COM-nopta Takoke MoxeT npumeHsaTbes B Borland C++ Builder 6e3 kakux-To
10paboTok.

B nanbHeiiem s Gyay npeanonaratb, YTO YMTaTeNlb HMEET HEKOTOPbIE HaBbIKK paboThbI B
Delphi — u3yueHue 3Toro Bonpoca BbIXOAMT 3a paMKH 3TOH KHUTH. OCTalbHbIM 51 pEKO-
meHayto obparutbes k [18] u [19], a Taroke k Moeit kuure [20].

Pa6ota ¢ COM-nopTtom B Delphi

Tak kak Halle NOBECTBOBaHHE MMEET Cyrybo MpaKTHUYECKYIO HanpaBjleHHOCTb, TO He Oy-
JIeM 3aJ1epXKHUBATbCS Ha TOM, Kak MOXHO "MnpaBWIbHO" opraH130BaTh paboTy ¢ KOMMYHH-
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KaLMOHHbIM noptom yepe3 Windows API (cm. 06 3Tom B [8] u [20]), u cpa3y nepeiinem k
BapHaHTy C MCMOJIb30BaHHMEM IOTOBOrO KOMMOHEHTa. Mbl GyneM UCMonb30BaTh OAHH M3
caMblX YAa4yHbIX M NpodeccHoHaNbHO caenaHHpiX kommnoHeHToB ans COM-nopra —
cBo6oaHo pacnpoctpaHsemblii AsyncFree Hekoero Iletpa Bonuca (Petr Vones), cyas no
9JIEKTPOHHOMY ajpecy, U3 Uexun. KomnoHeHT nocryneHn 6ecriaTHO, ¢ HCXOAHBIMH KO-
JaMH, CKayaHHbIH apXxuB BkJtoyaeT B cebs B ToM uucie u ¢ainel dpk, uro ynpouwaer
npoueaypy yCFaHOBKM — HYXHO MPOCTO LUENKHYTb MbILIBIO HA TOM W3 3THX (aios,
KOTOpBIN COOTBETCTBYET WMetollelics y Bac Bepcuu Delphi, H KOMMOHEHT ycTaHOBHTCS
caMoCTOATENIbHO. XOTS K CaMOMy KOMIMOHEHTY MpHWJIOXKEHa cchlika Ha caiWT Delphree
Open Source Initiative, aToro caiita Gonblue He CyLLECTBYET, CKAYHBAThb CIEAYET BEPCHIO
AsyncFree 1.04 no ccoinke: http://sourceforge.net/project/showfiles.php?group_
id=20226. ,

TIpuHuMn paGoThl KOMMOHEHTA 3aKJIOYAETOS B CO3AHHH NApANeNLHONO MOTOKa, B KO-
TopoM 6alThl MPUHHUMAIOTCA MO MEPE KX MOCTYMJIEHHs W HakarnuBatoTcs B Oydepe Hesa-
BUCHMO OT "[EATENbHOCTH" OCHOBHO# nporpamMmbl. CneuyasbHO CEAUTb 32 MPUXOAOM
JaHHbIX He TpeOyeTcs — BCE AeNIaeTCs aBTOMAaTHYECKH, OCTAETCS TOJIbKO OTJIOBHTbL M
HaeHTHHUUMpOBaTh NpHUHATHIE AaHHble. HenocraTok 3Toro cnocoba B TOM, 4TO JaHHbiE
MPUHUMAIOTCA Ky4ell B OQHOH Mpoueaype, U NPUXOAUTCS OTAENBHO pasbupaTbes, UTO KXKe
Mbl MPUHSIN B AaHHbIH MOMEHT, M Ile 3aKaHYHBAIOTCA OJJHW AaHHbIE M HAUYMHAIOTCS ApY-
rue.

[Mocne ycraHOBkM KOMMOHEHT GyAeT HaXOAMTbCS B MAaJMTPE KOMMOHEHTOB Ha BKJadKe
nporpammbl AsyncFree. Ha camom nene tam o6pa3syeTcs MHOrO KOMIOHEHTOB, HO Ham
notpeGyeTcs TONLKO CaMblii nepBblil M3 HUX Nod HasBaHWeM AfComPort. YcraHosUM ero
Ha popmy. B nepeueHb nepemeHHbIX 106aBUM:

o o e o .

FlagCOM:boolean=False;

FlagSend:integer=0; //3HaveHme Quara onpenesnseT TMII OaHHEIX
tall:integer; //mns orcyera BpeMeHyM TarmMepa

xn, xb:byte; //cueTumx Ganr n Gypep nepenarTymka
st,stcom: string; .

ab: array([l..65536] of byte; //mpmemmrpt Gypep

Ha ¢opmy no6aBumM Takke kommnoHeHT Label (Labell), B KoTOpbIii GyaeM BbIBOAMTH
YCTaHOBJIEHHBIH NOPT M CKOPOCTH NMepenayu, a Taioke Timer (Timerl). [TpoBepbTe, uToObI
y Taiimepa uHTepsain cocrasisn 1000 mc (Tak no ymonuanuio). Kpome aroro, ycraHoBUM
komnoHeHT ComboBox (BbinanaoLuii CMUCOK), Y KOTOPOTO B CBOHCTBE Items 3aMuLIEM
crpoku Ans BbiGopa COM-nopra ("COMI1", "COM2" u T.n.). AHaNOrHYHBIA CNHCOK
MO>KHO CO3/1aTh A5 BbI6Opa CKOPOCTH Mepenayu, HO €CITH pedb HIET O KOHKPETHOM MpH-
6ope, To 310 Heobs3aTenbHO (a Bor COM BbIOHpaTh, CKOpEE BCEro, MpHAETCs).

NMogpPosHOCTH

B npaHHOW nporpamme Mbl 3ajaeM HoMepa NOPTOB MPUHYAUTENBHO W NPOBEpPsieM WX Ha
AOCTYNHOCTb NPU KaXaow MHUumanmsaumn. MNpu 3ToOM 0OLIMHO AOCTAaTOMHO OrPaHUYUTLCH
B0OCbMbi0 noptamn (COM1-COMS), B GonbluMHCTBE crny4aes paxe 4eTbipbMa (COM1-
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non pykoii DOS-apaiiBep Mbiuid, noakmouyaemoii k COM-nopty, koTopblii yano6Ho 3a-
rpykaTb, Hampumep, uepe3 autoexec.bat MpAMO NMpH BKIOYEHHH KOMMblOTEpa (eciu
TO/NbKO NpeHebpeub ONacHOCTbIO, YTO NMPH MOCTYIVIEHHH JAaHHBIX Ha 3TOT MOPT Kypcop
MO>KET CaMOMNPOU3BOJIbLHO HauaTb GeraTh No 5KpaHy M NPOM3BOAHTb BCAKHE HEXOPOLIHE
neicteug). Onnako B Windows NT u apyrux OC u3 310ro cemelcrpa Takoi NpUMHTHB-
Hblii cnocob, ectecTBeHHO, paborarh He Oyaer. PaccMOTpHM, Kak MOXHO YCTAHOBHTb
YPOBHH NMPHHYAUTENBHO Ha npumepe auHuu RTS.

B DOS MoxHO HanmucaTb npocTyto nporpamMky Ha Turbo Pascal, kotopast nox Ha3BaHu-
em RTSDOS umeercs B apxue, nocTynHoM no aapecy http://revich.lib.ru/rts.zip. HUc-
XOZAHbIA TekCT ee pacnosiokeH B ¢aiine RtsDos.pas. 3anyckaercs oHa M3 KOMaHAHOM
cTpoky ¢ iovyamu "+COMXx" unu "-COMXx" (raoe x ects 1, 2, 3 unu 4). Ecin nepsbiit
cuMBOJ Kitoya "+", TO JIMHHUS YCTAHOBHUTCS B MNOJIOKHTENbHbIA YPOBEHb HanpsKeHHs,
ecnM HaoGopoT — B oTpuuatenbHuiii. Korna Bce B mopsake — mnporpamMma BepHET
(B TEKCTOBOM pexxMMe) HOoMep nopTa BBoAa-BbiBoaa mns 3aaaHHoro COM ($03F8, Ha-
NpHMEp), €ClIK ero He CyUIeCTBYET, TO He BepHeTcs Huuero. [Ipu 3anycke Oe3 kioua
nporpamMMa BblIAACT TEKCT (Ha AOCTAaTOYHO KOPSBOM aHIJIMICKOM), paccKasbiBalOLIMH
MPUMEPHO TO, YTO 5 TYT ONHcal.

B sToii nporpammMe Mbl cHauana onpeaensieM B ciyxkeOHo# obnacti namstu BIOS (cer-
meHT 0040h) nomep nopra BBOAa-BbIBOAa Ans 3agaHHOro COM (OHM pacnonoeHbl B
caMbIX MEPBLIX aipecax 3TOro cerMeHTa, Kax/blii aapec nopra 3aHMMaeT AByX0aiToBy10
sueiiky). Ecnu Tam 3anucaHbl Hy/lH, TO NOPT HE CyLIECTBYET, €CJIH )K€ OH €CTb, TO Mbl
MCToNb3yeM acceMONepHyto npouesypy Ajs ycTaHOBKH nHHHU RTS uepes npepbiBanue
Int14.

Ananoruynas Windows-nporpamma HasbiBaetcs RTSWIN u pacnonoxeHa B TOM e ap-
xuse B nanke RTSWIN Bmecte ¢ npoekrom. Hanucana oHa B BUAE KOHCONBHOrO MpHII0-
XKEHHs, KOTOPOE 3anyCcKaeTcs Mo TOH ke METOAHMKE, YTO M OMMcaHHas mporpamMma ans
DOS. Ona pa6oraer Toabko nog Windows 9x (otHocutensHo cemeiictea NT cM. noscre-
Hus Oanee), U MOTOMY MEPBbIM AeNoM B Hell onpeaensercs Bepcus OC, ecnu 310 cemeit-
ctBo NT, To nporpaMma Huuero He nenaer. Bcro uHdopmauuio nporpamma BblaaeT
B TEKCTOBOE OKHO.

3AMETKMN HA Nonsix

Insa 3HaTtokoB APl Windows otmeTum ocobeHHOCTb 3Toi nporpammebl. B Delphi ctpyktypa
DCB TpaHcnupyeTcsa He NonHocTbio. B yactHocTk, Tam otcytcTeyeT none fRtsControl, Ye-
pe3 KOTOpoe MOXHO ynpasnATb peXuMMoM nuHum RTS, 3aT0 umeetcA none Flags, yepes
6uTbl KOTOPOro W NpeanaraeTcs B TOM YuUCNEe 3TUM PEXUMOM ynpaBnaTe. CHauana vepes
Flags Tam yCTaHaBMMBAETCA PEXUM yNpaBneHns AOMNONHUTENbHbIMA NUHUAMM (KOHCTaHTa
RTS_CONTROL HANDSHAKE = $100), Npu 39TOM CamoO ynpasneHue OCyLIecTBNseTcs 4Yepes
PyHKUMIO EscapeCommFunction, BOT Tak:

tpDCB. Flags:=(tpDCB.Flags and $FFFFCOFF) or $00000100;
SetCommState ( pCOM, tpDCB) ;

// Reset RTS

if ch='-' then EscapeCommFunction (pCOM,CLRRTS) ;

// Set RTS

if ch='+' then EscapeCommFunction (pCOM, SETRTS) ;
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Tenepb rnaBHbiii Bonpoc — a nouveMy Bce 310 He paboraer B Windows cemeiictBa NT?
Ha camom zene npuBeneHHas npouenypa BrnonaHe 6yner paborare B ntoboit Windows (u
obs3aHa 3To Aenarth, T. K. yHkuud Win32 Besne oauHakoBbie), HO NT TwartenbHo chne-
JIMT 3a TeM, YToObl BCE pecypchbl UCMONb30BAIMCh KaKAOH NMpOrpaMMoi He3aBMCHMO OT
apyrux. Ecin 3anycrure ykasanHyio nporpamMmy B XP (ymanuB, ecTecTBEHHO, W3 Hee
ycinosue Bbioopa OC), To W3HauYaIbHO YCTAHOBJIEHHbIH, HalIpUMeEp, B COCTOSIHHE C OTPH-
uatenbHbiM ypoBHeM BbiBOA RTS Ha m0st0 cexyHAbl nepeineT B COCTOSHHE C MOJOXKH-
TEJIbHBIM YPOBHEM, a MOTOM, KOTZAa MporpaMma 3aKOHUMT paboTy, BEpHETCS 0OpaTHO B
ucxoaHoe. MHaue roBops, yCTaHOBKa BbIBOJA NOpTa AEHCTBYET TOJIbKO Ha Bpems paboTbl
nporpammbl. OTciona meroauka ynpasienus BoiBogom RTS B cemeiictee NT moxer
ObITb TOJILKO TaKOM: ec/ii Balle YCTPOMCTBO ucrnonb3yeT BbiBOA RTS ang nurtanus, to
npunaraeMas k HeMmy nporpamMa AOJDKHa YCTaHaBJIMBAaTb 3TOT BbIBOJ CaMOCTOSTENIbHO
KaXxabli pa3 npu 3anycke. J[ns Takoi yCTaHOBKH MOXKHO BIJIFOYHMTB MpOLELypy H3 MOLY-
ns RTSWIN B Baluy nporpammy.

Mporpamma COM2000

OTnaxuBaTb MHKPOKOHTPOJIIEPHbIE MPOrpaMMbl YIO0OHO C MOMOLIbIO T. H. 3MYJISTOPOB
TEpMHHaJa, KOTOpbIE MPEACTABIAIOT CODOH NporpaMMsl 1J1s MOCBUIKH W MpHEMa AaHHBIX
uepe3 rnocnefoBatesbHbli MOpT. CyILECTBYET MHOIO MPOrpamMM 3TOro poja pasHoii cre-
MEHH CIIOXHOCTH, OJIHY U3 HHX aBTOP 3THX CTPOK pa3BHUBAET yxe B TeueHue 10 ner.

[Tporpamma ang poctyna K MHKpOKOHTPOJUIEPHbIM ycTpoiicTBaM uyepes COM-nopt noa
HazsaHuem COM2000 pocTynHa Ha Moeil JoMaulHEed CTpaHMuke Mo aJpecy:
http://revich.lib.ru/comecom.zip. YcraHaBnuBaTb HHU4UEro He TpebyeTcs — MpocTo pac-
nakyiire coaepxaluuii aa ¢aiina apxus B o0yto nanky. CaMa nporpamma Coaepx HTcs
B daiine com2000.exe. @aiin nomouy help2000.htm MOXKHO OTKPbITH Kak U3HYTPH Npo-
rpamMMmbl (Uepe3 MEHIO CO 3HAKOM BOMpoca HiH knaBuied <F1>), Tak v 06bI4HbIM CrIOCO-
6om B Opaysepe, uro yno6Hee. CobcTBeHHO, B 9TOM (haiine Bce paccka3aHoO, 3AeCb 5
TOJIbKO HEMHOrO NMOAPOOHEe OMHLLIY OCHOBHbIE BO3MOXKHOCTH MPOrpaMMmbl.

Ha puc. [14.2 npencraBneHo eauHCTBEHHOE OKHO nporpamMmbl COM2000. OcHoBHas
(GYHKLHOHANBHOCTD €€ 3aKIOYAETCs B MOCTOSHHOM OXXHAAHMM MpHEMa JaHHbIX MO 3a-
JaHHOMY TOPTY C 3afaHHO# ckopocTbio (Ha puc. [14.2 ycraHoBneH noptr COMI1 u cko-
pocts 9600, cM. craTtycHyto cTpoKy BHH3Y). [IpuHaTble naHHble nobaldTHO oTOGpaXkatoT-
Cs Ha JKpaHe, MpH4YeM OTOOpaXKEHHE HX MOXET OCYLUECTBIATHCA TPEMs pa3iHUYHbIMH
cnocobamu (B COOTBETCTBMH C BbIOOPOM M3 MOKa3aHHOro Ha puc. [14.2 MeHIO B myHKTe
Receive): B wecTHaguaTepHuHON GopMe, B JECATHUYHON U B BHIE TEKCTOBOIO CHUMBOJIA,
COOTBETCTBYIOLLETO 3HauUeHHO MpuHaToro 6Gaiita. K nocnenHel BO3MOXXHOCTH HYXKHO
OTHOCHTBCS C OCTOPOXKHOCTBIO — Windows He "nmoOUT" BCTpeuaTh B TEKCTOBBIX KOMIIO-
HEHTaX HECYLLECTBYIOILME CUMBOJIBI (Bpoae ciMBoOJa ¢ HoMepoM 0) M mporpaMma MOXKET
"pyxHyTb". Tak 4TO TEKCTOBbIH pexXHM cienyeT BblOWpaTb, TONbKO €C/H Bbl OXHaaere
MMEHHO TEKCT.

Ha puc. I14.2 nokasan npumep npuema 6aiiTOB B LieCTHaaLATEpUUHOH (HOpMeE B OTBET Ha
nocjiaHHble KOMaHzbl (BO BTOpPOM Cilyuyae, MOKa3aHHOM Ha 3KpaHe MOJHOCTbIO, 3TO
komanpa $E2). Mocbinate komaHasl MOkHO BbIGOpOM M3 MeHio Send Byte(s) Takke
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AHanoru4Ho ocyiecTBasercs nocbuika U3 (aiina, kotopas Mcnonab3yercs Toraa, Koraa
HYXHO Nnoc/iaTh MHOTO 6aiiTOB, U BBOAUTH HX B OJHOCTPOUHbIH peaakTop Heyno6Ho. To-
raa cieayer cO3AaTh TEKCTOBbIH ¢aiisl, B KOTOPOM CONEpXKHTCS CTPOKa CO 3HaUEHHUSMH,
COCTaBNEHHAs MO TOYHO TaKMM XK€ MpaBHiaM, YTO AEHCTBYIOT AJS HENOCPEeACTBEHHOM
NOCBIUTKH, U BbIOpaTh 3TOT Gaiin yepe3 meHio Send Byte(s) | From file (<Ctrl>+<F>).

3aMeTHM, YTO HernpepbiBHbIA NMPUEM MOXXHO OTKJIIOUWTb, €CAH BbIOpPAaThb MYHKT MEHIO
Disable (on n3menntcs Ha Enable, s BiutoueHus ero cnenyeT Haxathb elle pas). 1o
nonesHo, koraa ycrpoictso (Bpoae GPS-HaBuratopa) BbiaaeT MHGOPMALIHIO HEMpepbiB-
HO M He XouveTcs 3a6MBaTh S9KpaH HEHY>KHbIMH AaHHBIMH. Tonbko OynbTe BHUMATENbHBbI:
€CJIH PeXKHUM HENPEPLIBHOrO NpHEMa OTKJIIOYEH, Bbl MOXKETE 3a6bITh 00 3TOM M NOAYMaTh,
yTo npubop BHe3anHO nepectan pabotate. [TyHkT meHio Clear npeaHa3HaveH Ans o4u-
CTKH 3KpaHa.

BaxkHas ocobennoctb COM2000 — HenpepbiBHOe BeneHHe log-¢aiina, koTopbiii co3na-
eTcs MPH MepBOM 3amycke H Jajee TONbKO AononHsercs. B Hero 3anuceiBaeTcs Bce, YTO
oTobpakaeTcs Ha 3KpaHe, IUIIOC NPH KOKAOM 3alTycKe NporpamMMbl MULIETCS eLle TeKy-
was nara v Bpems. Log-dain noneseH, ecnm Bbl XOTUTE COXPAHMTb NMPHHATbIE JaHHbIE.
Co BpeMeHeM ero pasMep Ype3MEpHO YBENHUYMBAETCS, M, YTOObI YAAUTb HEHYXHbIE
AaHHble, NPOCTO COTPUTE com.log, M OH CO3AACTCs 3aHOBO MPH ClleAYIOLIEM 3arycKe.

B nporpamme MO>kHO, ecTecTBEHHO, 3anaBatb COM-nopT (or COM1 no COM4) u cko-
poctb o6meHa (myHkT meHio COM). Kpome 310ro, MOXHO MeHATb odopMiieHHe Mpo-
rpammpbl (uBeT GoHa M Haamucei) uepes MyHKT meHio Receive | Colors. Odopmnenue u
3a/laHHbIE PEXHMbI 3aNIOMHHAIOTCSA K clienytoleMy ceaHcy. HenocraTtok Tekyluei Bepcuu
nporpaMMbl — HEBO3MOXXHOCTb MAHHMMYJIMPOBaHHA 9-GUTOBBLIMM MOCBINKaMH, a TaKxke
BbiBogamu RTS u DTR.

OTtnagka nporpamm
C NOMOLLIO AIMYIAAITOPa TepMuHana

C nomousto COM2000 oueHb ynobHo otnaxusars nporpammbl MK: niobyro cxemy
MOXHO MpPEBPATHTb B OTJIANIOYHBIN CTE€HI, BPEMEHHO PACCTaBHB B HY>KHbIX MeCTaX Mpo-
rpamMMbl KOHTPOJIbHbIE TOUKH B BH/iEe Nap ONepaTopoB:

move temp, RegX
rcall Out_com

Onucanue npoueaypbl Out_com CM. B 21a6e 13. 31eCb RegX — pPErucTp, 3HauUeHHe KOTO-
pOro XO4eTcs OTCJAEAHTb B peanbHOM BpeMeHH. Ecnu 310 peructp BBOZa-BBIBOJA, TO
move HY)KHO 3aMEHHTb WHCTpYKUMeH in. [TomcoenuHuB cxemy Kk KommbioTepy (cMm. 2ra-
8y 13), Bbl 6ynere nonyuarb Ha I1K 3HaueHus TpeGyemMoro perucrpa npu KaxaoM npo-
XOXICHHH MpPOrpaMMoi 3TOH KOHTpONbHOI TOukH. HMHorma 3TO MOXET HapywuTb
HOpPMaJlbHYI0 paboTy mporpammbl (MpH oTnpaBke Heckonabkux GaiitoB UART pabGotaer
MEVIEHHO), HO JaXKe C YY€TOM 3TOro oOCTOATENbCTBA TaKOM cnoco6 HarnsgHee, GbICT-

pee W [ewieBne, YeM NPUMEHEHHE NOPOrHX OTNAJOYHBIX MOAYJEH B COBOKYMHOCTH
¢ AVR Studio. ) o
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Ecan Bbl Mccnenyere nporpammy, B koTopoii cama no cebe pabora ¢ UART He npeny-
CMOTPEHa, TO HHYErO HE CTOWT BCTaBHUTb €r0 MHULHAIM3ALUMIO Ty[a BPEMEHHO, H TaKKe
Ha BpeMs MOJAKIIOUUTL MpoBojaamMu BbiBoAbl RXD n TxD k HeGonblioMy OTIagouHOMY
CTeHJLy, COCTOSLIEMY M3 OJHOTO-€AMHCTBEHHOrO npeobpasopatens yposueii UART/RS-
232. EnnHcTBeHHOE HeyAoOCTBO — MpH NMEPECTaHOBKE KOHTPOJIbHBIX TOYEK NporpamMmy
MpHAETCS KaKAbIH pa3 nepekoMMUIMpOBaTh U 3aHOBO 3anucbiBaTh ee B MK, Ho 310 BCE
paBHO notpebyercs npu ee npaske. [ToaToMy s crapatoch UMETb KOMNbIOTEPBI C ABYMs
COM-nopramMu: K OAHOMY M3 HHMX MOAKJIIOYAETCS MPOrpamMMarop, K ApyroMy — BbIXOI
UART uepe3 npeo6pazoBarens. Ecnn y Bac ecTb penaktop TekcTa, no3BOJIAIOLMA 3a-
MycKaTb KOMMMUISLHUIO MPSIMO M3 HEro, TO MpPOLECC OTJIAAKH MHKpPOMpPOrpaMMbl CTaHO-
BHTCS HEHaMHOTO ClloXkHee, Yem pabora B cpene Turbo Pascal, Delphi uau Visual Basic.
Jlep>ka Ha 3KpaHe OTKPbITbIMH OAHOBPEMEHHO TPH OKHa (asm-pesakTop, nporpammy s
3arpy3ku 4epes nporpammarop 1 COM2000), Bbl noayvaere BO3MOXHOCTb B peajlbLHOM
BPEMEHHW MpPaBHUTb MPOrpamMMy U HEMELJIEHHO MpoBepsATb ee paboTocrnocobHOCTDb, pac-
CTaBJIsIs1 KOHTPOJIbHbIE BbI30BbI (YHKLMH out_com B HY>)KHbIX MECTaXx.



NPUNOXEHUE S

CnoBapb 4acTo BCTpevaroLwmxcs
abbopeBunatyp v TepMMUHOB

Pa3zpaboTuuky 2/1eKTPOHHBIX NpHOOPOB — GosbluKe MHOOUTENH COKpaILEeHHH, KOTOpbIE
HEpEeKO MpUBOAAT Oe3 NOMONHUTENbHbIX NoscHeHHH. Hekoropble U3 yacTo BcTpeuato-
LIMXCs aHrnuiickux abbpesuatyp paciindposbiBatores B Tabu. I15.1.

Tabnuya I15.1. AHenulickue ab6pesuamypbi

AC (alternating current)

MepeMeHHbIA TOK

ADC (analog-to-digital converter)

AHnanoro-undposoi npeobpasosatens, ALIM

AF (audio frequency)

3sykoBast 4acToTa

AM (amplitude modulation)

AmnnutygHas moaynsuus, AM

ATM (asynchronous transfer mode)

ACVHXPOHHBIV peXxum nepepayn

CLK (clock)

TakToBbI CUrHan

CMOS (complementary metal-oxide
semiconductor)

KomnnemeHTapHas CTpyKkTypa MeTans-okcua-
nonynposoaHuk, KMOM

CPU (central processing unit)

LieHTpanbHblid npoueccop, LM, UMY

DAC (digital-to-analog converter)

Lindpoananorosslit npeobpasosartens, LIAM

DC (direct current)

MOCTOSIHHBIA TOK

EIA/TIA (Electronics Industry
Association/Telecommunications Industry
Association)

Accounaums 3NeKTPOHRHOW NPOMbILLNEHHO-
cTu/Accounaums TeneKoOMMYHNKaUMOHHON NPOMbILL-
JIEHHOCTU

EEPROM (electrically erasable
programmable read-only memory)

OrnekTpryecku cTupaemoe NporpaMMyupyemMoe nNocTo-
SIHHOE 3anoMuHatowee ycrpowcrso, ACMNMN3Y

EPROM (erasable programmable read-only
memory)

CTtupaemoe nporpammupyemoe noCTOsHHOe 3anoMu-
Hatouwee ycrpouctso, CMNMN3Y

FET (field-effect transistor)

Monesow TpaHancTop

AC (alternating current)

MepemeHxHbIA TOk

FLOP (floating octal points)

MnaBaroLwas BOCbMepUYHas Touka

FM (frequency modulation)

YacroTHas mopynsums, UM

FPGA (field-programmable gate array)

Jlorndeckas matpuua, nporpammupyemas none3osare-
nem, MINC (nporpammupyemas UHTerpanbHas cxema)
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Tabnuuya 5.1 (npodonxeHue)

GND (ground)

"3emns", kopnyc, obwuit

.| GPU (general processing unit)

[naBHbIA NPOLECCOPHbIN MOAYNb

IC (integrated circuit)

WHTerpansbHas cxema, UC

IEC (International Electrotechnical
Commission)

MexayHapoaHas anekTpoTexHUuyeckas KoMuceus

IR (infrared)

WHbpakpacHbid, UK

ISO (International Standards Organization)

MexayHapoaHas opraHusaums
no CTaHAaPTU3aLmMK

ITU (International Telecommunication
Union)

MexayHapoAaHbIi TeNeKOMMYHUKALMOHHbIA COt03

LCD (liquid-crystal display)

YXuakokpuctannuyeckui uigukatop, XK

LED (liquid emitting diode)

CeeToauon

LPF (lowpass filter)

PunbTp HU3KKUX YacToT, PHY

MODEM (modulator/demodulator)

MoaynsTop/aemMoaynsTop

MOSFET (metal-oxide semiconductor
field-effect transistor)

Monesoit TpaH3NCTOP CTPYKTYPbI
MmeTann-okcua-nonynposoaHuk, MOMM-TpaHanucTop

MPU (microprocessor unit)

MukponpoueccopHbIi Moaysb

MUX

MynesTunnexkcop

NC (not connected)

CB060aHbIN, HE NOACOEAVHEHHbI BbIBOA

NR (noise reduction)

Llymonopasnexue

PA (power amplifier)

Yeunutens mowHocTy, YM

PCB (printed circuit board) unn PWB
(printer wiring board)

MevartHas nnara, NN

PCI (peripheral component interconnect)

"CoeaunHerune nepudepuitHbiXx KOMNOHEHTOB",
CTaHaapT nepeaayn AaHHbIX

PM (phase modulation)

daszosas moaynsauus, OM

ppb (paﬁs per billion)

Yacren Ha munnunapa

ppm (parts per million)

Yacreit Ha MUNNUOH

PWM (puise width modulation)

WupoTHo-umnynbcHas moaynauus (LLIWMM)

RAM (random access memory)

3anomuHaroLee yCTPOWCTBO C NPOU3BONbHOM BbIGOP-
Kot (O3Y)

ROM (read only memory)

MocTosHHOe 3anomuHatoee yctpoictao (M3Y)

RX (receiver/receive)

Mpuemuunk/npuem, NMPM

TCR (temperature coefficient of resistance)

TemnepaTypHblit K03 duLmeHT conpoTusnexus, TKC

T/R (transmit/receive)

Mpuem/nepepava

TTL (transistor-transistor logic)

TpaH3UCTOPHO-TPaH3UCTOpPHan noruka, TT11

TX (transmit/transmitter)

MNepepava/nepepatuvk, MNPA
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Tabnuya 5.1 (okoHyaHue)

V-REF (voltage reference) OnopHoe HanpsXeHue

Vss (voltage super source) HanpseHue nuTaHus

Janee npuBeneH nepeBo] HEKOTOPbIX TEPMHUHOB, YaCTO BCTPEUAIOLMXCS B TEXHUUECKON
AoKyMeHTauud. TepMuHBI, BOLUEALIHE B PYCCKHIH A3bIK B OPUTMHAIBLHOM 3BYYaHUH WM
61u3KoM K HeMmy (transistor, resistor, logic, timer, emitter 1 T. n.) ¥ MOTOMY MOHATHbIE €3
nepeBoja, 3a HEKOTOPbIMH MCKJIIOYEHUAMH He npuBoastcs. He npuBoastcs Takxke Tep-
MWHbI M COKpALLEeHWs, MOAPOOHO PacCMOTpPEHHble B TEKCTEé COOTBETCTBYIOLIMX [IJiaB
(SRAM, DRAM, EEPROM u T. 1.).

CooTBeTCTBME TEPMUHOB Ha PYCCKOM
UX nepeBOAY Ha aHINMUUACKUNA

Q

Bnok (y3en, ycTpoicTBo) unit 3emna ground

UeHTPanbHbIH NPoueccopHbIn 6nok
central processor unit, CPU

W3amepeHue measuring
MHayKTMBHOCTDL (KaTyluka MHAYKTUBHOCTH)

Qo aaoaqQ

O BHewmHwii external coil

O BuyTpexnun internal UcTok, UCTOUYHMK source

0 BoceMmepunuHbii octal Kanan channel

O Bxoa input ~nepenayun AaxHbIx data transfer channel

O Buisoa (koMnoHeHTa) pin, lead O Kuonka button, key

O BeinpsmuTens rectifier O Konpencatop capacitor

03 Bbixon output O Kopnyc case, package

O BbiunTanue subtraction O KoacbcpuumenT ycunenms gain

O lexepaTop TaKTUPYIOWMX UMNYNBCOB ~N0 HanpsixeHuio voltage gain
clock O Mocr bridge

O Rauubie data ~BbINpAMUTENbHbIN rectifier brige

O Asouunbii binary O MowrocTs power

O ReicTayrowmii (3Ha4yeHne HanpsxKeHue) O Ha6op kit
effective 0 Hanpsxenue voltage

O Renenue division BbICOKMI# ypoBeHb~ high voltage

O Renurens divisor HU3KuUI ypoBeHb~ low voltage

O Recatuunbin decimal ~nuTaHuna supply voltage

O Awuana3oH range, scale ~cMeleHusn bias

O Roctyn access 0O Hons zero

O Rpend drift O O6wennnenue (kananos) multiplex

O EmkocTb capacity, capacitance O OrnoweHwue ratio

O 3apepxka delay O RNaika soldering

O 3apspa charge O NamaTe memory

O 3arBop gate 0 Nanens (ans mukpocxem) socket
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MapannenbHbii parallel
MepexntoyaTtens switch
Mepuoa (umnynbcoB.) cycle

Qoo

Mutaxue power
VCTOYHUK NUTaHUA power supply

Mnara board
Mopnepxka support
MokasaTensb rate

aoaoa

Monoca (4actoT) band

wupuHa nonockl bandwidth
NonynposBoaHuk semiconductor
Monpaska correction
MocnepnosatenbHbIN serial
Mpepen limit

QaooQaaoaQ

Mpeo6pa3soBarens converter

aHanoro-yudposomn~
analog-to-digital converter, ADC

MpoBepka, koHTponb check

Qa

MNpoBop wire

rmbkui~ (wHyp) cord
MposogHuk conductor
MpousBonbHbIN random
Mpamoin direct
PerynupoBaTb adjuist, control
PerynuposBka adjuistment
Pexum (paboTtbl) mode
CuHxpoHu3auums clock
CnoxeHue adding
CmeuweHue offset
CoeaunHenue connect

aooaoaooaaoaaoaaa

CoeauHutens (paswem) connector

aoaooaoaaaaQ

Qa aooaa

aooaoaoaoaaaqQ

CocTtogHue state

CtupaHue erase

Crok drain

CtopoxeBoW (Taitmep) watchdog
Cxema circuit

CueTumk counter

Tok current

~6a3bl base current

BTeKatowmmn~ sink current
BbiTeKalowmnn~ source current
~HacbllweHun saturation current
nepeMeHHbIN~ alternating current, AC
nocTosHHbIk~ direct current, DC
~cMmeleHun bias current

cuna Toka amperage

ToYHOCTb (MOrpewHoOCcTb) aceuracy
YMHoxeHue multiplication
YMHOxuTenb multiplier
Ynpasnetue control

LeHTpanbHoe YCTPOUCTBO ynpaBreHMa
mean control unit, MCU

Ycunutenb amplifier

YcraHoBka set

HavanbHasa~ (nepeycTtaHoBKa) reset
YctpoicrBo device

Yreuka leakage

XpaHeHue storage

Yacrora frequency
LWecTHapnuaTepnuHbIv hexadecimal
LLnna bus

AnemeHT (ranbBaHuyeckui) cell, battery

CooTBeTCcTBME TEPMUHOB Ha AHINTMACKOM
MX nepeBoAy Ha PyCCKUWM

AC (alternating current ) nepemeHHbIi TOK
Access goctyn
Accuracy TOYHOCTb (NOrPeLHOCTb)

aaoaa

ADC (analog-to-digital converter)
aHanoro-uundposon npeobpasosarens

0
a
a
a
a

Adding cnoxexve
Adjuist perynuposatb
Adjuistment perynuposka
Amperage cuna Toka
Amplifier ycunurens
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Qaoaaaoaaq

Q 00000 000 O ooouoooooooooaa

Band nonoca (4actoT)

Bandwidth wwupuHa nonocel

Battery aneMeHT (ranbBaHU4eCKWi)
Bias cMeuleHue; HanpsaXeHue cMelleHns
Binary nBOWuHbIA

Board nnara

Bridge moct

rectifier~ BbiINpAMUTENBHBIA MOCT
Billion munnuapa

Bus wwuHa

Button kHonka, Knasuwa

Capacitor koHaeHcaTop

Capacity, capacitance emkocTb

Case kopnyc

Cell sueiika, aneMeHT (ranbBaHW4ECKUIA)
Channel kaHan

data transfer~ kaHan nepepaqm AaHHbIX
Charge 3apsp

Check npoeepka, KOHTpOnb

Circuit cxema

Clock cuHXpOHW3aUmRA; reHepaTop
TaKTUPYIOLLWMX MMNYNbCOB

Coil MHAYKTUBHOCTD (KaTyLwka
VHAYKTUBHOCTW)

Conductor npoBogHWK
Connect coeanHeHue
Connector coeauHUTENDb (PasbeM)

Control ynpaensTb, perynuposatb, ynpasne-
)

Converter npeobpasosaTtens
Cord rubkuii nposog (WHyp)
Correction nonpaska
Counter cyeTuuk

CPU (central processor unit) LeHTpanbHblii
npoLeccopHbI Bnok

Current Tok

base~ Tok 6a3bl

bias~ Tok cMelleHna
saturation~ Tok HacbiWeHuA
sink~ sTekatowui Tok
source~ BbiTEKaOLWMWA TOK

a00oaoooooco O ooaggooooagoo gooon0 oooooaoaaoaaaaa

Cycle nepuog (Mmnynbcos)
Data paHHble

DC (direct current) noCTORHHbIN TOK
Decimal pecaTuyHbI
Delay sapepxka

Device ycTpoiicTBo

Direct npsmoit

Division penexve

Divisor penutenb

Drain cTok

Drift ppeiid

Effective peicTaytowuii (3HadeHwue,
HanpsxeHue)

Erase ctuparue

External BHewHwi
Frequency vacrora

Gain ko3 puUneHT yecunernus

Gate 3aTBOp (NoneBoro TpaH3ucTopa);
norudeckuii anemeHT, BeHTunb (AND gate)

Ground 3emns

Hexadecimal wecTtHaauaTepuyHbIi
Input Bxon

Internal BHyTpeHHWUA

Key kHonka

Kit Habop

Lead BbiBog (KOMNOHEHTA)
Leakage yTeuka

Limit npepen

Loop koHTYyp o6paTHO CBA3N; LUKN
(8 nporpamme)

MCU (mean control unit) ueHTpansHoe
YCTPOWCTBO yNpaBneHus

Measuring namepeHve

Memory namsTb

Mobile MOBUNbHLIA

Mode pexum (paboTbl)

Mount MOHTMpOBaTL

Multiplex o6veaunHeHue (kaHanos)
Multiplication ymHoxeHve
Multiplier ymHoxuTenb

Octal BocbmMepUyHbIi
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Qoo oogoooooooaoaaaao

Offset cmeuleHne

Output Bbixoa,

Package kopnyc

Parallel napannenbHbii

Pin BbIBOA (KOMNOHEHTa)

Power supply UCTOYHUK NUTaHUA
Power MOLHOCTb

Power nutaHue

Random npou3sonbHbIv, cnydanHblii
Range avanasox

Rate nokasarens

Ratio oTHoweHue

Rectifier sbinpamurens

Reset nepeycTaHoBKa;
HauanbHas ycTaHoBka

Scale guanasoH
Semiconductor nonynposoaHuK
Serial nocneposarenbHbIv

Set ycraHoska

aagoaaaoooaaaa

a
a
)

Socket nasenb (4NA MUKPOCXEM)
Soldering naiika

Source MCTOK, UCTOYHMK

State coctosHue

Storage xpaHeHue

Subtraction BbiuuTaHve

Support noaaepxka

Switch nepekniovaTens

Unit 6nok (y3en, ycTpoicTso)
Value 3HaueHve

Voltage HanpsxeHne

high~ BbICOKMIA ypoBEHbL HaNPSXEHUR
low~ HU3KMIA ypOBEHb HaNPRXEeHUR
supply~ Hanps)XeHue NUTaHus

~gain k03 dULIMEHT YCUNeHus
No HanpsXXEHUIo

Watchdog cropoxesoii (Taiimep)
Wire nposoa
Zero Honb
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