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KomnbioTep U MUKPOKOHTPONNep.!

[lInpokoe nprMeHeHHe Paaro3IeKTPOHHONH aBTOMATHKK BO BeeX cepax HallleH Ku3-
HH BBI3BIBAET HEOOXOTHMOCTD MMPHMEHEHHS CTIeIIHATBHBIX YCTPOHCTB — MHKPOKOHTPOJ-
nepos. [IpakTHYeckn Kaxk bl W3 OBITOBBIX IPHOOPOB W MAITHH, HMEIOIIHX aBTOMATHYE-
CKoe yTnpaBlieHHWe, Harpumep, TenedoH, TeJeBU3HOHHBIH MPUEeMHHK, CTHpajlbHas MallliHa
W ApyTHe cofiep>kaT B CBOEM COCTaBe MHUKPOKOHTPOJIIEP.

Marepuan 5Tol T1aBbl pa30HT Kak Obl HA TPH B3aHMOCBS3aHHBIX COCTABHBIX YaCTH.

CHayvasia KpaTKO MO3HaKOMHUMCS ¢ YCTPOWCTBOM MHKPOKOHTPOJUISPOB, 3aTeM OyneT
paccMOTpeH mpoLece co3JaHud ¥ OTIIadKH porpaMMbl 1l paboThl MUKPOKOHTpOILIepa,
a B 3aKJIIOYEHHH OyJeT paccMOTpeH Mpolecc BBOAA MPOTPAMMBI B MaMsaTh MHKPOKOH-
Tposiepa, H OyayT MPHBEAEHBI OMHCAHNS KOMITBIOTEPHBIX MPOTPAMMHBIX CPENICTB, TPe-
HazHa4eHHBIX A MPOoTpaMMHAPOBaHNS MUKPOKOHTPOJIIIEPOB.

Kaxablil MUKpOKOHTpONnep, obpasHO roBops, ABNAETCA MUHUATIOPHBIM Nogobrvem KomnboTepa W
UMeeT B CBOEM COCTaBe W aNeMeHThbl NaMATU, N CHETHO-peLlaroLlee YCTPONCTBO, W LUMHY Nepedadn
KOMaHA W WWHY nepejaun AaHHbiX. [N HopmanbHOW paboTkl MUKPOKOHTPONepa, Tak ke Kak u
Ana koMmnbtoTepa, TpebyeTca cneumanbHas nporpamma. CosgaHuio Takux nporpamm, npegHasHa-
YeHHbIX AN ynpaBneHns MUKPOKOHTPONepom, npeobpasoBaHuo KOAOB 3TUX Nporpamm B ya06-
HbI ANA KOHTPOMMEpa BuA, a Takke pasMeLLEHNo NporpaMM B NMaMaTW KOHTPOMnepa NocBALLEH
mMaTepuan 3ToW rmasbl.

Kaxpasa n3 kOMNbIOTEPHLIX MPOrpaMm (B TOM YMCNE W Nporpammbl ANs MUKPOKOHTPONEPOB) B
npoLecce CBOEro co3AaH1si NPOXOAUT HECKONBKO 3Tamnos.

e Ha nepBoM sTare ¢ MOMOLIBIO COOTBETCTBYIOLIErO SI3bIKa MPOTPAMMHPOBAHUS TH-
myTes (co3matoTes) HCXOAHbIe KoAbl TporpaMMbl. [Ipr aToM oOBIYHO HCTIONB3yeTes
mbo a3k AccemOnepa, oo a3k CH. AccemOniep TpeOyeT meTambHOTO YKazaHHs
JUUIST BBITIOTHEHHS CaMBIX TTPOCTEHINIX, JIEMEHTApHBIX, meicTeril. Kaxmol komanme
AccemOiepa cOOTBETCTBYeT OIHO AlIeMeHTapHoe JIeHCTBHe, TIOATOMY UCXOIHBIe KOJIBI
Ha 3TOM S3BIKE TIPOTPAMMHPOBAHHSA TMOIYYalOTCA OYE€Hb TPOMO3IKHMH. K ToMy ke
MPOTPAMMHCTY HYKHO OYEeHBb XOPOIIIO 3HATH YCTPONWCTRBO MHKPOKOHTPOJIIEPa W B3aH-
MOJZIeliCTBHe BCeX eTo COCTaBIAIOIINX YacTel. AcceMOitep — «s3bIK TPOTpaMMHUpPOBa-
HUS HU3KOTO YPoBHs». Daiil ¢ HCXOAHBIMH KoJaMH TIpOTpaMMBI Ha si3bike AcceMOute-
pa Bcerda mMeer pacimperie ASM. KomaHas! s3pika mporpammuposanis CU 3adac-
Tyto 0003HaYaloT BBITIONHeHWe cpa3y HEeCKOJNBKHX 3JeMeHTapHBIX AeHCTBHH, TpH
3TOM TIPOTPAMMHCTY HE BCeTAa HYKHO 3HATH TOHKOCTH B3aHMOIEHCTBHSI COCTABHBIX
yacTell MUKpPOKOHTposulepa. Takol S3bIK MPOrpaMMUpPOBAaHHS Ha3bIBASTCS SI3BIKOM
«BBICOKOTO VpOBHA». Dalin ¢ HCXOOHBIMH KodaMH NporpaMMbl Ha sizbike CU Bceraa
AMeeT paciapenie C Wi CPP. Co3MaloTest HCXOIHBIE KOMBI TIPOTPAMMBI B CTTEIIHAITh-
HOM TeKCTOBOM peJaKTope.

e [locne HanWcaHWs UCXOOHBIX KOJAOB M MPOBEPKH WX Ha TIPeIMET OTCYTCTBUS OLIMOOK,
mporpaMMy ciiefyeT mpeoOpa3oBaTh B TOT BHA, KOTOPbIH MOXeT JaTh HEOOXOIUMBIH
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pe3ynbTaT. Ecii menaemM mporpamMMy JUTS KOMITBIOTEPa, TO JAOSKHBI HCXOAHBIE KOJIBI
npeoOpa3oBaTh B WCTIOMHAeMBIH (aiin. Takwe Qaimbl 0OBIYHO WMEIOT paclliipeHwe
EXE. Ecnn nemaetcs mporpamMma s MEKPOKOHTpOJIIepa, TO HCXOAHbIe KOABI HOJIK-
HBI OBITH TIpeo0Opa3oBaHbl B (haiiit ¢ pactmperrieM HEX. [{ns momoGHBIX mpeobpaszoBa-
HHI HCXOMHBIX KOJIOB CITY’KHT MPOTpaMMa, HazbIiBaeMas «KOMITHIATOpY. B HacTosmee
BpeMs pa3paboTaHbl CJIOXKHBIE TTPOTpaMMHBIEe TIPOAYKTHI, Ha3biBaeMble «cpenia Tpo-
TPaMMHUPOBaHASY, KOTOpHIe BKIKOYAIOT B CBOH COCTaB M TEKCTOBBIN pelaKTop, W KOM-
MHIATOP W OTJIATYHK.

e Tpetnii aTan paboThl OTHOCHTCS K MpOrpamMMe U1 MUKPOKOHTPOIJIepa W 3aKITHovaeT-
csl B TOM, YTOOBI Pa3MECTHTh CO3AaHHBIN TIPOTPAMMHBIH (Bail B MamMATH MHKPOKOH-
Tposutepa. Takoi Mmpolecc MPOUCXOANT ¢ MPUMEHeHHeM CMelIHaIbHOTO anmnapaTHOTO
YCTpOICTBa, Ha3bIBAEMOTO MPOSPAMMAMOPOM, KOTOpOe YCTaHABIWBaeTCd MEXIY
KOMIBIOTEPOM H MHUKPOKOHTPOJIEPOM H CIYZKHT AJIS COTJIACOBAHHS YPOBHEH CHIHa-
JIOB DTHX JBYX ammapaTos. [Ipoitecc pazmelieHws Qaina JaHHBIX B MaMATH MHKPO-
KOHTpOJIIepa ¢ UCTIONBb30BaHWEM TMporpaMMaTopa HOCHT Ha3BaHHWe «IporpaMMHpOBa-
HHE MHKPOKOHTPOJIEPay.

OcHoBbI Npouecca NnporpaMMupoBaHus

Uto0Obl MOHATH OCHOBBI MPOLIECCA PA3MEIIeHH HEOOXOAWMBIX AaHHBIX W3 (haiina B
MaMsITH MHKPOKOHTPOJIIIEpa, paccMOTPHM TIoApoOHee caM Tipoliece MporpaMMHpPOBaHNS.

Mpouecc nporpaMmmnpoBaHNa MUKPOKOHTPOSIIEpa B OCHOBHOM HWYEM He OTNMYaeTcs OT npolecca
nporpaMmMmunpoBaHusa Mmukpocxem M3Y (MocTogHHoe 3anomuHamrollee YCTPOWCTBO), M3haBHA MNpu-
MEHSIEMbIX pagnontobuTenamm B CBOUX KOHCTPYKUMAX, NO3TOMY, MO MOEMY MHEHWUIO, AN NyYLLEro
NOHVMMAaHWA NpoLecca nonesHee OyaeT BCNOMHUTL O nporpammuposaHun MN3Y.

HawnGonsreii nonynapHocThO y paanoaodnTeneii Moas30BaInuch W TIONB3YIOTCS MPO-
rpammupyembic [13Y (TITI3Y) ¢ nnaBkumMu nepeMblYKaMH W pelporpaMMHpPYCMbIC
M3Y (PII3Y) co cTHpanweM WHOOPMAITHH YIbTpadHOIETOBBIM H3My4YeHHeM. [lepBbie
Oonee HOCTYMHBI, HO JOMYCKalOT OAHOKPATHOE MPOrpaMMHPOBaHUE U HMEIOT MEHBIIYIO
WHOPOPMALMOHHYIO THIOTHOCTH, BTOpbIe 3HaYMTENBHO AOpOXKE, HO DTO OKyMaeTcs WX
OonbInei HHPOPMAITHOHHONH EMKOCTBIO H, UTO OCOOEHHO MPHBIEKATENBHO IS PATHOMIO-
OWTENs, BO3MOKHOCTHEO MHOTOKPATHOTO MPOTPAMMHPOBAHHS.

OpHako Ha KakoMm Obl Qu3HUeckoM MpWUHLOMIE He Oblia ocHoBaHa pabota [13Y, ans
3aHeCeHHNS B Hero JaHHBIX HeoOXOOMMO CrelHabHOe YCTPOHCTBO — MPOrpaMMaTop.
[TpoMBITINIEHHOCTh BBHITyCKAET TaKHe YCTPOHCTBA, HO OHW HEMOCTYMHBI OONBITHHCTBY
paznomobuTeneil. B To xe BpeMs MMeeTcs LesbIi pad JTOOUTeNbCKAX pa3paboTok, arl-
MapaTHBIX YCTPONHCTB W KOMTIBIOTEPHBIX MPOTpaMM, KOTOPBIS MO3BOJISMIOT B IOMAIIHHUX
YCIIOBHAX, ¢ TTOMOIIBIO Barero 1K BBITTOSHHTE TIPOTpaMMHPOBaHHE MHKPOKOHTPOILITEpa
(n mukpocxemsl [13VY). Bonbinoii Bk1ang B co3ganne nmogoOHbIX pa3paboTok BHECTH (hHp-
MBI-MIPOU3BOANTENTH MUKPOKOHTPOJLIEPOB, 3aWHTEPECOBAHHBIS B YIIYUIISHHH cObITa 3THX
YCTPOWCTB.

Ho nipexx e gem onmHCHIBATH YCTPOHCTBO TIPOTPaMMaTopa, TTIO3HAKOMHMCH C YCTPOICT-
BoM OoumbImioi wHTerpaitbHoi cxembl (BHC) T13Y u Temu npotieccaMy, KOTOpbIe TIPOHC-
xoast BHyTpH [13Y npu nporpammupoBannn. B kauecTBe mpuMepa paccMOTPHM TakKoe
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pacnpoctpanertoe [13Y kax K573P®1, cxemaTiueckoe nzodpaske-
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TeJIFHO, TIPU KaxKAOH KOMOWHAaLMK CHUTHAIOB Ha Puc. 3.2. Cxema cTpoeHus M3Y

ampecHbix Bxomax bBUC BeIxomHOH CHTHAN omipe-
JlefigeTcs COCTOAHMEM OJIHOTO W3 TPAaH3HCTOPOB, HAXOAAIIETOCH Ha MEPEKPECTHH IIIHH,
BBIOpaHHBIX KogaMu X H Y.

[ns npocToTbl M3NOXKEHNA MaTepuana Mbl He paccMmaTpyBanu GydepHble YCUNUTENN Ha BXxodax v
BbIXOJax MUKPOCXEMbI, a Takke psg Apyrix yanos BUC, HecylLleCTBEHHbIX ANS MOHMMaHWS MPWH-
uvna nx padoTsl.

3ammomuHatomas crocooHocTh PII3Y ¢ anekTpudecknM MporpaMMHUpPOBaHHEeM W CTH-
parreM HHQOPMAIHH YIbTPaQHOIETOBBIM H3MyUeHHEM OmnperenseTcs 0COOeHHOCTAMH
TPaH3HCTOPHBIX CTPYKTYP, BXOMAIIHX B MATPHILY 3aTOMHHAIONIAX IEMEHTOB. B oTim-
uyre oT 00buHBIX MOII-TpaH3HUCTOPOB OHW WUMEIOT 3aTBOP W3 MOJWKPHCTALINYECKOTO
KPeMHH$, pacroloKeHHbIH B ¢lloe ero OKHcia, Oiarogaps ueMy Takoi 3aTBOP M MOyl
HA3BAHWE (TUTABAIOILETO .

1 . .
Sanomurarowguii MOII-mparsucmop BUC K573P®D1, kpome nrasarowezo, umeem ewe 00uH 3amsop, npeOHA3HAueHHbLT
MOMLKO O CHUMBIEAHUS OOHHBIX.
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3anmcek HHGOpMAIHN (3apAa 3aTBOPA) MPOHCXOINT B PE3yIbTaTe TIPHIOKEHHS MEKITY
CTOKOM W WcTOKOM Gostbiriero (okosio 30 B) oTpunaTesbHOTO HampsKeHHS. DIIeKTPOHBI,
MOJyYatole B AMeKTPUYECKOM TMOJe TOCTaTOYHYO SHEPTHIO, TIPeOA0IeBAIOT MOTEHLIH-
aNBHBIN Oaphep Ha rpaHHIle MOJTYNPOBOJHHKA H OKHCIIA H APeidyIoT K TaBaomemMy 3a-
TBOPY, 3apskKas ero OTPHLIATENBbHO. JTOT 3apall CO34aeT B KaHalle JIeKTPHUYECcKoe MoJle,
crpemsieecs: OTKpbITe MOII-Tpan3ncTOp.

Mocne OTKMIOYEHUS MPOrPaMMUPYIOLLETO HANPSKEHUS 3apsf, 3aTBOPA HE WUCYE3aeT, MOCKOIMbKY
[BYOKNCb KPEMHUWSI HACTOMBLKO XOPOLLUMIA N30NATOP, YTO Aake no uctedeHun 10 neT Ha Hem coxpa-
HaeTca Genee 70% sapsaga, a aNeKTpUYecKUX CoeanHEHNR, Yepes KOTopble 3aTBOP Mor Gbl pasps-
[JNTbCA, HET.

Onnako ecin MOII-TpaH3ucTOp € MilaBalOMIUM 3aTBOPOM TMOABEPTHYTH BO3ASHCTBHIO
YIBTPaQHOTIETOBBIX JTydei, SEKTPOHBI MOMYYAT SHEPTHIO, TOCTATOYHYIO JJIS TOTO, YTO-
OBl «TIEPECKOYHTE» OOPATHO Ha MOMJIOKKY. 3aTBOP TIPH 3TOM Pa3PSAAMTCH, W 3aTIOMH-
HaIOIIWI 3JIeMeHT BO3BpAaTHTCS B CBOE TIEPBOHAYAIBHOE He3anporpaMMHPOBaHHOE CO-
crosHre. OctaeTcs JWITb 100aBUTh, YTO Mofadeill MPOrpaMMHUPYIOIINX HaMpsKeHWH Ha
TPAH3HCTOPBI MATPHIIBI YIPABIAET CTEIIHATBHBIN ONOK, TaKKe PacMoNOKeHHBIH Ha KpH-
cramne PII3Y.

CrpykrypHas cxema BUC 13V ¢ nnaBkuMHM nepeMbluKaMH, KaK ABe Karjld BOIBI, MO-
X0ka Ha YK€ PaCCMOTPEeHHYIO HaMH — TIPHHLIHAMTHAIBHAA Pa3HHIA 3aKITOYaeTcs B TM0-
cTpoenwn 3anoMrHatoriero sementa. Kax w 8 BUC PII3Y, B y31b1 MaTpHIIB HAKOTTHTE-
JISl BXOASAT «TPaH3UCTOPBI», HO camMble OOBIKHOBEHHBIS, a B X SMUTTEPHBI® (MW KOJUISK-
TOpHBIE) LienH BKIOUeHb TOHKHE (20-30 HM) HHXPOMOBBIE TIEPEMBIUKH, OJIaroaaps Ko-
TopsiMm BHIC w mpuobperaeT cnocoOHOCTh «3aMmOMHWHaHWA» WHpopMaimii. CxeMaTHue-
cKoe N300paxKeHHe TpaH3UCTOpa TaKol MaTpHLIbI IOKa3aHo Ha pHc. 3.3.

[Tpn nomave nporpaMMHUpYOLLIEro HanpsKeHUs TepeMbluKa pac-
TUTABJIAETCSA, YTO COOTBETCTBYET 3aAMHCAHHOMY OHTY HH(POPMAITHH.

K coxanennto, [13Y ¢ HUXpOMOBBIMH TIEpEMBIYKAMH O0IaIat0T
Cepbe3HBIM HeNOCTATKOM: TIO MPOIISCTBUH OMPENeIeHHOTO BpeMe-
HH HEKOTOpBIe W3 Pa3pyIIeHHbIX COeAHWHEHWH BHOBH CTAaHOBATCH
mpoBOASIAMH. OHAKO 3TOTO HEJAOCTATKA yaaeTcs H30exKaTh, eClTn
BMECTO HMUXpoMa B KadecTBe MaTepHaia TJIaBKOH MepeMbIUKH HC-
TOJIB30BATh MOJUKPHUCTAININYECKUH KPEMHHIA. Puc. 3.3. Cxema

ITpouecc mporpamvuposanms PII3Y mocrarodno mpocT W co-  TPaH3NCTOPHOrO ys-

CTOWT U3 CJIeAYIOLINX 3TaroB: nac "Sim‘;‘; nepe-

Nnagkas
MEREMEIES

¢ Ha aJpecHBIX BXOAaX MHKPOCXEMBI CIIeIyeT YCTAHOBHTH a/l-
pec S4YeHKH, B KOTOPYIO HEOOX0ANMO 3aHecTH HHQOpMAaLIHIO;

¢ Ha BBIXOAAX MAaHHBIX MAKPOCXEMBI (B TIPOIIecCe MporpaMMEpoBadns Bexoasl bUC
T3V sBasitoTest BXogamMu!) ciieflyeT yCTaHOBUTH Te JaHHbIe, KOTOpbie HeoOXOarMMO
3aMUCaTh B TYCHUKY;

¢ Ha creHajJIbHBIH BXOJ PR MHKPOCXEMBI HeO6XOHI/IMO nmoaaBaTb UMITYJIBC YITpaB-
JICHWUA TIPOTPaMMHUPOBAHUEM.

Hampumep, mis nporpammupoBanist MUKpocxembl K573PM1 Heo6X0aHMO MOBBICHTH
HampskeHre Ha Bxofe CS/WE (BeiBog 20) mo 12 B, akTHBU3HpYS 3THM OJIOK MpOTpam-
MHPOBaHHA. 3aTeM, YCTaHaBIHBas TTOCIENOBaTENbHBIE 3HAYEHHA KOAa aJipeca Ha BHIBO-
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nax A0-A9 w HeoOxomuMble naHHble Ha BhiBoAax D0-D7, momaTs WMMyIBCHI TpOTpam-
MHpOBaHUs aMIUIUTY0i 25 B Ha BX0oa nporpammupoBanus PR (BeiBog 18). MMmynbesl
MOXKHO TMOAaBaTh TOJBKO TOTAa, KOTAa YPOBHM cUrHajioB Ha Bxogax A0-A9 w D0-D7
CTaOWIBHBIL. J[5Ts HaIeKHOM 3amicH HHOOPMAITHH B KOKIYIO SUeiKy HEOOXOAHMO MOJaTh
He MeHee 500—100 UMy TBCOB TTPOTPAMMHPOBAHHS THTEIIBHOCTHIO 1 MC.

OcTanbHble MHKPOCXeMBbI 3TOH CepUH MPOrpaMMHUPYIOT UMITYyJIbcoM ¢ ypoBHeM TTJL,
nogasaeMbiM Ha Bxod PR. B 3apwcwumoctw ot tima BUC miis 3apsakH TIaBaromnx 3a-
TBOPOB OfHOM sueiiku gocratouro 20-50 mimvcekyHa. UToObl mporpaMMHpOBaHHE
TTPOH30TIIIO, Ha BXone MHTaHus Oioka mporpammupoBadns (Upgr) HOMKHO TPHCYTCTBO-
BaTh HampskeHue 18-25 B.

[Mocne OKOHYaHWA UMNynbCa MPOrPaAMMUPOBAHMA HEOOXOAMMO CUMTaTb AaHHbIe U ybeanTbCca B
npaeunbHOCTU 3anucn. CoepemenHsie BUC PI3Y ponyckaoT cuntbiBaHue uHbopmauum 6e3 oT-
KIKOUYEHUS UCTOMHMKa NTaHus Upr

Meroanka nmporpammiposards [13Y ¢ TIaBKHMA NepeMbIIKaMH MPHHITHTTHAIBGHO HH-
4eM HE OTJIHYaeTcs OT anroputMa 3anuck wH(popmannn B BUC PIT3V. Pasuunia cocrout
JIUIIG B TOM, 9TO TpeOyeTcs Goslee MOIIHBIN MCTOYHHK MPOTPAMMHPYIOIIETO HaTpsKe-
HUS W 32 OAWH ITHKI MOXKeT OBITh 3aTpoTpaMMHPOBaH TOJBKO ofvH paspsn [13Y.

UTO Takoe MUKPOKOHTpoOnep

B 1976 r. 6ypHOE pa3BHTHE TIONMYNPOBOAHHKOBOH TEXHOJIOTHH TIPHBENO K CO3IAHHIO
dmpmoii Intel meproro mukpokouTpomiepa MK-8048. Tlomumo yeumpanvrozo npoyec-
copa (I1IT), B ero coctaB BXOIAWIA AAMAMb NPOZPAMM, RAMAMYL OGHHBIX, BOCBMHUOWTHBIIH
maiimep W 27 nunuil 6600a/sbis00a. B Hactosiee spems MK-8048 spnsercs yxxe moc-
TOSTHHEM HCTOPHH, a BOT BbITyIieHAbIe ¢rupmoii Intel 8 1980 r. miukpokonTposiepsr MK-
8051 MOKHO BCTpeTUTH M OO CHX TOP.

DTOT MHKPOKOHTPOJUTEP MOXKHO CHHTATH KIACCHYECKHM 00pasiioM, To o0pasy H To-
JOOHIO KOTOPOTO To3/AHee OBII0 CO3MAHO MHOXKECTBO Ipyrux w3mennii. CTpykTypHas
cxeMa OJHOTO M3 TIePBHIX TpeACTaBUTeNeH ceMeHCTBa MUKPOKOHTPOIISPOB TIpeACTaBIe-
Ha Ha puc. 3.4.

Ienrpamssiii mpotteccop (LI1) — rasHBIA y3em MHKpokoHTposutepa. C HHUM CBs3a-
HO TaKoe BaKHelilllee OHsTHe, KaK cHcTeMa KOMaHI.

CrcTeMa KOMaHA — 3TO YHUKaJIbHBIH, XapakTepHblii 1is nanHoro L1 HaGop aBo-
WYHBIX KOJOB, OTIPENETIAIOIINX TIepeYeHh BCEX er0 BO3MOXKHBIX omeparwii. Kaxapri Ta-
KOH KO/ OTpenenser OfHy OTEepaiHio W Ha3bIBAETCH KOJOM ONMEPAIHH HITH KOMaHIOH.
Uem Gosbilie KOAOB WCTIONB3YeTCs B CHCTeMe KOoMaH[, TeM OoJibllie omepalnii crnocoOeH
BbIMOMHATH [{I1. MK-8051 sBnsieTcs BOCbMUPa3psIAHBIM, TO3TOMY KOJbI OMepalnii y He-
ro uMeroT pazmep 8 out. Teopernueckin MOKET ObITh BCero 256 BOCAMHOHWTHBIX KOIOB
onepaunii. B MK-8051 ncnonssytotest 255 pazinuiHbIX KOJIOB.

B 3aBricnMocTH OT uKcesa WCMOIB30BaHHBIX KOAOB OMepalnii cHcTeMbl KOMaHA MoJ-
paznensitor Ha ase Tpymmel: CISC w RISC. Tepmun CISC o3nadaer ClIokKHYIO CHCTEMY
KOMaHJ W ABiseTcs abOpesraTypoi anrmuiickoro onpenenerns Complex Instruction Set
Computer. AranmornuHo TepMuH RISC o3HauaeT coKpalleHHYIO cHCTeMy KOMaHI U TTpo-



86 KomnbioTep 1 MUKpOKOHTpOMNEPSI

nexoaut oT anrriickoro Reduced Instruction Set Computer. Crcremy komana MK-8051
MoxkHO oTHecTH K Thmy CISC.

OT BHEwWHNX YCTPOACTB

b

Taitmep 0 |=— O1 BHEWHWX

Konrponnep nay o3y
npepbiBaHui 4 KBait 128 Sait Taiimep1 |l= yCTPOWCTB
LUenp: <
npoueccop
7 , { J [ J
TakToBbii ynpa_aneuue YeTipe nopta MocnegoBarensHwii
wkHOW anpecal
reHepatop naHHbIX BXOA/BbIXOR nopt
D PO P2 P1 P3
za1 K BHEwWHWM Beixog Bxoa

ycTpoAcTBam nepepaTuvka nNpHeMmHUKa

Puc. 3.4. CTpyKkTypHas cxeMa OAHOTO U3 NepBbIX MUKPOKOHTPONNEPOR

OcHoBHas ugea RISC-apxuTekTypbl — aTO TlaTebHbIA NOAGOP TakUX KOMOWUHALMIA KOAOB onepa-
LWiA, KOTOPbIE MOXHO 6bINo Bbl BbINOMHUTL 38 OAUH TaKT TAKTOBOro reHepaTopa. OCHOBHOMA BbIWT-
pbILW OT TAKOro NoAxoAa — pesKoe YNpolleHe annapaTHoi peanusauun LM 1 BOSMOXHOCTb 3Ha-
YUTENBHO NOBbLICUTL €ro NPON3BOAUTENBHOCTD.

ITepBoHa9“ambHO PeaTH30BBIBATH TAKOHW TIOJXOMA YAABAIOCH, JHINB CYIIIECTBEHHO CO-
KpaTHB Habop KoMaHH, oTcroaa M poaniiock HaszBaHue RISC. Hampumep, cucrema Ko-
MaHa MHKpoKoHTposuiep cemeiicTBa Microchip PIC16 Bkimouaer B ceds 35 wHCTpyKInii
W MokeT ObITh oTHeceHa K Ty RISC. OgesiaHo, uTo B 00I1leM citydae 0HOH KOMaH/Ie
CISC-apXuTeKTypbl AOTKHBI COOTBETCTBOBAThH HecKolbko KoMaHI RISC-apXHTeKTypsl.
OpHako OOBIYHO BBIMTPBIII OT TIOBBIIIEHWST OblcTpodelicTBUs B pamkax RISC-
APXHUTEKTYPBI MEPEKPBIBAET TIOTEPH OT MeHee HGPEeKTHBHONW CHCTEMBI KOMaHJI, YTO TPH-
BOJIWT K Oonee BhIcOKOH addextrBHOCTH RISC-crctem B 11eom mo cpasrermto ¢ CISC.
Taxk, camas OsicTpast komadma MK-8051 BeimosmHsieTest 3a 12 TakToB. Jlaxe ecnw mis ka-
KON HHCTPYKIMH TOTpedyeTcs BBIMOIHATE TpH HHCTPYKIHH RISC-koATpOsnepa, 1o B
ntore RISC-apxuTekTypa o0ecnednT HeThIpeXKpaTHOe YBETHYeHHE MPOH3BOIHTEIHHO-
CTH.

MonyTHo RISC-apxuTekTypa No3BONSET pelnTb ewe paj 3agad. Beab ¢ ynpouweHnem LM ymeHb-
LIaeTCH YNCMO TPaH3NCTOPOB, HEOBXOAUMBIX ANF ero peanusauvu, crejoBaTenbHO, YMeHbLIaeTcs
nnowaab kpuctanna. A ¢ 3TM CBA3AHO CHUKEHUE CTOMMOCTU 1 NOTPeBNSeMOn MOLLIHOCTU.

HarmpumMep, MukpokoHTposiepsl cemeiicTBa AVR dupmer Atmel umeroT crctemMy Ko-
maug w3 120 nHaeTpykimi, uto coorsercrryeT iy CISC. OngHako GOIBITHHCTBO H3 HHX
BBITIOJHAETCA 32 OOWH TakT, uTo sBiaserca npwzHakom RISC-apxurextypsr. Ceromus
MPUHATO CUYUTATH, YTO OCHOBHBIM MpH3HakoM RISC-apxXUTeKTypbl SBISETCS BBHITIOIHEHHE
KOMaH[ 3a OIWH TaKT TaKTOBOTO reHeparopa. Uncio koMaHa camMo 1o cede 3HaYeHHS YKe
HE AMeeT.

TakTOBBIN reHepaTop BHIPAOATHIBACT HMITYJIBCHI T CHHXPOHH3AINH paboThl BCeX
Y37I0B ycTpoiicTBa. HacToTy WX ciiefoBaHWs MOTYT 3alaBaTh KBapLeBBIi pe3oHaTop WIN
RC-1ienb, Mogkimo9aeMbie K BBIBOJAM MHKPOKOHTPOJLIEPH. B HEKOTOPBIX MHKPOKOH-
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TpoJiepax TPEAYCMOTPEH PEeXHM PalOThl TAKTOBOTO TeHepaTopa 0e3 TpHMEeHEHHs
BHEIITHUX IeMEeHTOB. B aTOM cilydae wacToTa TaKTOBBIX WMITYJIECOB 3aBHCHT OT Tapa-
MeTpOB KpHCTalIa, OTIpefelIseMbIX B TIpollecce eTo MPOH3BOACTRA.

II3Y — mocTosHHOE 3arOMHHAIOIIee YCTPOHCTBO, TIpeAHa3HaYeHHOe [T XPaHeHHA
MpOrpamMm, MO3TOMY YacTO 3Ty MaMATh HA3bIBAIOT KOJAOBOH WM MaMATbIO mporpamm. Jlo
HelaBHeTO BPeMEHH CYIIeCTBOBAJIO 1B€ OCHOBHBIX pasHOBHAHOCTH [13Y — Macounbie u
npoOrpaMMHpPYeMbIE.

B macounbie M3Y nHbopmaumio 3aHOCAT B NPOLIECCE NU3rOTOBINEHUS MUKPOKOHTPOSEPOB € NMOMO-
LWbI0 TEXHONOMMYECKUX WabnoHOB — MacoK. VI3MeHUTL ee nocne OKOHYaHWS MPOU3BOACTBEHHOMO
LuKia HeBO3MOXHO. Takne M3Y nenone3yoT Nulb B cnyyvasx, korja kavyecTso NporpamMmbl HE Bbl-
3bIBAET COMHEHWIA N CYLLECTBYET MaccoBas NOTPEOHOCTb B MUKPOKOHTPOMEPax UMEHHO C 3TON
nporpamMmmoit. [JocTOMHCTBO MacouHbIX [13Y — camas HU3Kas CTOMMOCTb MPY MaccoBOM NPOWU3BOA-
cTBe (OT HECKOMBKMX ThIC. LUTYK).

B mporpamvupyemsbie 113Y urHbopMaIiiio 3anichBatOT ¢ TTIOMOIIIBIO YCTPOHCTBa, Ha-
3BIBAEMOTO APOSPAMMAMOPOM. ITO TIO3BOJIAET PazpabOTuHKy MOBOIHTH MPOTPAMMHOE
o0ecrneveHre 10 COBEPIICHCTRA, MPEKIE YeM OH PEIIHTCA Ha 3aKa3 OOJIBIION MapTHH Ma-
COYHBIX MHKpocxeM. MHUKPOKOHTpOILIephl ¢ TiporpaMMupyeMbiM [13Y BBIMTycKkatoTes B
JIByX BapHaHTaX KOPIYCOB: ¢ «OKHOM» H Oe3 Hero. Koplyc ¢ «OKHOMY» IaeT BO3MOXK-
HOCTB CTHPATh COAEPKHMOE TIAMATH TIOJ] BO3IEHCTBHEM YIbTPahHOIETOBOTO HATYyUSHHS
W 3alHchiBaTh HOBYH WH(OPMAIHIO ¢ TIOMOIIBIO TIporpaMMaropa, 4to olecriedrBaeT
MHOTOKpaTHOe HCITOMB30BaHHe MUKPOCXeMBI B TIpoliecce OTIaAKH TIPOoTrpaMMHOTO obec-
TICYCHUA. HCHOCTaTOK TAKOTO HCTIOJHCHHUA HpOFpaMMHOﬁ maMATH — OYCHBb BBICOKAA
CTOUMOCTh MAKPOKOHTPOJUTIEPOB.

B HacTosIee BpeMs Bce Gostee TIOMYMAPHON CTAHOBHUTCS HOBasi TEXHOJIOTHS peain3a-
mnn [13Y — FLASH-namate. Ee m1aBHOE TOCTOWHCTBO B TOM, YTO OHA MOCTPOCHA HA
TIPHHITHTIE DJIEKTPHYECKOH TEePEpOrpaMMHPYEMOCTH, T.€. MOTYCKAeT MHOTOKPAaTHOE
CTHpaHWe W 3aITich WHQOPMAIIHH ¢ TTIOMOIIBIO TIPOoTpaMMaTopoB. MUHHMaITbBHOe TapaH-
THPOBaHHOE YHCJIO ITUKIOB 3alTHCH/CTHPaHWA OOBIYHO TIPEBHIAeT HEeCKOJIBKO THICSY.
9TO CYH_ICCTBCHHO YBCJ'H/ILH/IBaeT }KHSHGHHBIﬁ IOHUKJI U TOBBIIACT FHGKOCTB MI/IKpOKOH-
TPOJUTEPHBIX CHCTEM, TaK KaK TIO3BOJISET BHOCHTh W3MeHEeHHs B MPOTpaMMy MHUKPOKOH-
TpoJuTepa Kak Ha aTare pa3padoTKW cHCTeMBl, Tak W B TIpollecce eTo padoThl B pealbHOM
YCTPOWHCTBE.

O3Y — omepaTHBHOE 3aMOMHHAIONIEE YCTPOMCTBO, WCTIONB3YEMOE IJIi XPaHCHHS
JIaHHBIX, TIOATOMY 3TY TIaMATh Ha3bIBAtOT elrle MaMAThio JaHHBIX. UHCITIO IWKIIOB YTeHHS
W 3amcrd B O3Y He orpaHWdeHo, HO TIPH OTKIKOYEHHH TTHTAIOIIETO HAITPSIKEHHA BCS HH-
tdhopmarns Tepsercs.

Apxurektypa MK-8051 npeanonaraeT paszzmenbHOe HCMONIB30BAHWE MaMATH TMPO-
rpamMM W TIaMATH JaHHBIX ¥ HOCHT Ha3BaHWe rapBapackoii. OObIYHO TaKylO apXHUTEKTYpY
WCTIONTB3YIOT [T TTOBBITIIEHHS OBICTPOCHCTBHS CHCTEMBI 3a CUeT pa3/IeNeHus myTei Jo0c-
TyTa K TIaMsITH TiporpamMM H JadAbX, Ho B MK-8051 oHa Oblia ipriMeHeHa ¢ Helbio TTo-
Jy4YeHUs MamMsTH IPOTpaMM M JaHHBIX, He TpeOYIOIINX OIWHAKOBOTO pa3Mepa
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Taiimeppr T0, T1 — wecTHamIATHPA3PSAAHBIE TIPOTPAMMHpPYEMBIE TalimMe-
PBI/CUeTUHKH, KOTOpBle MOTYT OBITh 3alporpaMMHPOBaHBl Ha BHITIOHEHHe MeSIoTo psiaa
(hYHKIIHIA:

¢ WX MOXKHO MCTIONIB30BATE IS TOYHOTO (QOPMHUPOBAHHS BPpeMeHHBIX WHTEPBAIORB;

¢ TMOACYETa UMITYJIBCOB Ha BBIBOAAX MHKPOKOHTPOJIEPOB;

¢ (dOpMHPOBaHHS MOCIEIOBATENTEHOCTH HMITYTECOB;

¢ TaKTHPOBaHHA MPHEMONEPeaaTYHKa MOCIEAOBATEIBHOIO KaHAA CBSI3H.

Talimepsl/cueTdnki coCOOHBI BHIPAOATHIBATE 3aMPOCHI MPEPBIBAHHHI, MEPEKIHOYat
11T Ha wx oGcmykuBaHHe MO COOBITHAM M OCBOOOXKIas ero OT HeOOXOMMMOCTH TIepHO-
IAYECKOTO OTpoca COCTOSHUS TaiiMepoB. [[ockoimbKy OCHOBHOe TIpHMEHEeHHe MHKPO-
KOHTPOJUIEPOB HAXOIAT B CHCTEMAaX PeajbHOTO BPEMEHH, TAMMEPb/CHETUHKH ABIISAIOTCA
WX 00A3aTeTbHBIMH 3JIeMeHTaMH. B HeKOTOPhIX MOAHUGHKAIMIX YUCIIO TaliMepoB J0c-
THraet 32.

TocnexoBaTe/IbHBIH NOPT — KaHad HHPOPMALIMOHHOTO 00MEHa MHKPOKOHTPOJIIE-
POB C BHEIIHHM MHpOM. Takwe KaHaIbl CBA3H 3aHAMAalOT HaHMEHbIIIee YHCIIO BBIBOAOB
KpHcTawia, obecrneunBas CB3b Ha 3HAUMTENbHbIE PACCTOSHHS ¢ MHHUMAaJIBHBIMH arma-
patabeIME 3aTpatamu. B MK-8051 peann3oBan yHWBepCcaTbHBIH aCHHAXPOHHBINA TIOCIEI0-
BarenpHbIH nipreMotniepenatynk (UART), mogmep:xiBalomiii mpoTokoa crangapra RS-
232C, yro obecnevnBaeT BO3MOKHOCTE OPTaHW3aLMH CBA3H 3TOTO MHUKPOKOHTpOJLIepa ¢
MepcoOHaNIbHBIM KoMmmbioTepoM. Kpome RS-232C, monyasipHbIMH MPOTOKOJIaMH B MHPE
BCTpanBaeMbIx cHcTeM sABiAtoTes RS-485, 12C (aByxmposoanas nByHANpaBiieHHas IH-
Ha), SPI (mocmenoBaTenbHbIN TIepHdepHHBIN TPeXTTpoBOIHKIN WHTepdeiic), Bitbus (1o-
criefoBatesbHas MarucTpaib yrpasieHus ), CAN (MeKKOHTPOJUIepHbI CeTeBOM WHTep-
deiic), USB (yAnBepcanbHas mocneaoBarenbHas MIHHA) H HEKOTOpbie ApyrHe. [IpakTH-
YecKH A1 THOO0TO THIA TIOCIEI0BATENBHOTO KaHalla CerOIHsI MOKHO HaWTH MHKPOKOH-
TpoJiep, UMEIOIIHI B CBOGM COCTaBe COOTBETCTBYIOLIMH TOCIeA0BATEIBHBIN MOPT.

Iapanaeasnbie MOPTHI BBOAA/BBIBOJA — Takke 00s3aTeNbHas YacTh 11000ro MHUK-
pokonTposuiepa. OOGBIMHO WX HCMOJB3YIOT AJIA CBA3H C OMIKANIIAM OKPYKEHHEM —
JaTYUKaMH M WCTIOJHUTEILHBIMH MeXaHW3MaMH. UMciao mopToB BBOAA/BBIBOJA Hampsi-
MYIO 3aBHCHT OT YHC/Ia BHIBOAOB Kopmyca. CyILIecTBYIOT MUKPOKOHTPOIUISPHI, Y KOTOPBIX
mx 6omee 100.

BaxxHas 0coOeHHOCTh MapaieNbHBIX MOPTOB MHKPOKOHTPOJUTEPA — BO3MOYKHOCTH
TTPOTpaMMHPOBaHHS Ha BBITIOJTHeHHe HecKoIbKHX ¢yHKImii. Hampumep, B MK-8051 BBI-
BOJIBI TOpTOB PO 11 P2 MOTyT Hemonmb3oBaThest THOO Kak OOBIYHBIE CTATHYECKHE PETHCTPHI
BBOJIA/BBIBO/IA, THOO B KadecTBE IIMHBI apeca W JAaHHBIX JJIS MOAKIHOYEHHS BHENTHHX
YCTPOMCTB, TAKMX KaK AOTONHUTEIbHAS TTaMATh IPOTpamMMm, IaMaTh AaHHBIX, YCTPOHCTRBa
BBOZA/BbIBOAA. DTO TIPHUAAET MHKPOKOHTPOJUIEPY apXWTeKTypHYro rubkocTsh. [lopt P3
MOJKET HCTIONB30BATHCS KaK CTATHYECKHH PEerncTp BBOAA/BBIBOAR, THOO BBITIOIHATH CIie-
uManbHble GYHKUWMK A1 paboThl TIOCISAOBATENBHOTO KaHajla, TaiMepOoB, KOHTpoJUIepa
nmpepbIBaHNl U T. I. BO3MOXKHOCTE TIepenporpaMMHAPOBaHAS MO3BOISET ¢ MaKCHMaTbHOH
2 heKTHBHOCTBIO 3a7eHCTBOBATh BCE BBIBOABI MHKPOKOHTPOJIEPA B TPOSKTHPYEMOM
YCTPOWHCTBE.
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CucremMa mpepbIBaHHIi — OJHA W3 BAXXHEUIINX uYacTed MHKpoKoHTposuiepa. Oco-
OEHHOCTH CHCTeM pPeaIbHOTO BPeMeHH 3aK/Io4vaeTcs B TOM, YTO IUIS HWX Ype3BbIYalHO
BaXKHBIM MapaMeTpoM SIBJISETCS BpeMs peakLMW Ha BHellIHHe coObITh. [losicHum Ha mpo-
croM mipuMepe. Koraa BBI TTPOH3BOANTE MAaTeMaTHYECKHI pacder Ha KOMIIBIOTepe, TO
00BIYHO 3amycKaeTe MporpaMMy, TIPEAHA3HAYEHHYIO TS BHITIONTHEHHS 3THX PACYETOB, H
nocsie Toro, Kak OHa 3arpy3uTces B TaMATh KOMITbIOTepa, BBOAWTE YCIOBHE 3a1a4H W KIe-
Te pe3ysbTaT. Bpemsa 0kWIaHWA B TAKOM Cilydae He WMeeT TIPHHIIHTIHATEHOTO 3HAYeHHA
(B mpemenax pazyMHOTo, KOHEWHO) — MeJIeHHas padoTa KOMITBIOTEpa MOXKET pa3apa-
’KaTh, HO Ha pe3yJibTaTe 3TO He ckaxkerTcd. CucTeMa peajlbHOTO BpeMeHH MpedrnosaraeT
COBEpIIGHHO KOHKPETHYIO, PaccCUMTHIBAEMYIO Ha dTare pazpadoTKH CKOpOCTh peakLiH
CHCTEMBI YTNPaBIEHHS Ha BHEITHWE COOBITHA. 3a7epiKKH CBEPX PacyueToB 37ech MPOCTO
HEeZOMyCTUMBI — OHHW MOTYT MPHUBOANTH K KaTACTPOPUUECKHUM MOCTSACTBHUIM.

[Tpobnembl ObICTPOl peakLMK Ha COOBITHS peIlatoTes OpraHu3alneil cHCTeMbl Tpe-
poiBaHwi. [IpH 3TOM U KaKAOTO TaKoro COOBITHS pa3pabaThiBaeTCA OTAENbHBIN «KY-
COK» KOZIa, KOTOPBIH (DOPMHPYET PeakIfio MHKPOKOHTpOJIEpa Ha HETO. JTOT «KYCOK»
KOZJa Ha3bIBAIOT MOAMNporpamMMoi obpaboTkh 3amnpoca Ha TMpepbiBaHue (A KpaTKOCTH
YacTO WCTIONB3YIOT TEPMHH MOANMPOrpaMMa NpepbhIBaHAA) W Pa3MelialoT B TIaMATH
MPOTPaMM TI0 H3BECTHOMY ajipecy. B MOMEHT BOZHMKHOBEHHS 33IaHHOTO COOBITHS CHT-
HaJl 00 3TOM TOCTYMaeT Ha BXOJ KOHTPOJUICPa MpCpBIBaHMid, KOTOPBIH MpeacTapiser
co0ol ycTpoiicTBO, ycTaHaBIMBatOIlee OAHO3HAYHOE COOTBETCTBHE MEXKIY BXOIAHBIM
CHTHAJIOM O TIPOWCHICAIEM COOBITHH H apecoM TPOTPaMMHON TIaMATH, TI0 KOTOPOMY
pasMellleHa TouKa BXoJa B TIOAMPOrpaMMy 00pabOTKH 3ampoca TpepbiBaHus OT JaHHOTO
coObiTust. KoHTpomsiep npepbiaeT BbinonHeHue L[] Tekyiei mporpaMmMbl 1 HHULHKAPYET
€ro Tepexo/1 Ha BHITIOTHEHHE MOANMpoTpaMMbl 00paboTKH MpepbiBaHHs. Bpewms, npores-
mee ¢ MOMEHTa BOZHWKHOBEHHs COOBITHS O Hadana BBITTOJTHEHWs TIEPBOH HHCTPYKITHH
MOANPOTPaMMbI TIPEPHIBAHHS, Ha3bIBAIOT BPEMEHEM peaKLWH MUKPOKOHTpOJJIepa Ha co-
obiTre. [locne okonuanmns obpadotkn 1{I1 apTomMaTHuecky Bo3BpaIlaeTes K BBIMOTHSHHIO
MPEPBAHHOH MPOTPaMMBI.

Jlpyras GyHKUMS KOHTpoJUiepa MpepbiBaHWH — YCTaHOBKa MPHOPHUTETOB COOBITHIA.
[TonsTHEe MpHOPHUTET 03HayaeT, YTO BBHITIONAHAEMAas TIOANMPOrpaMMa MPepbIBaHUS MOKET
OBITH MPepBaHa APYrHM COOBITHEM TOJIBKO TIPH YCIIOBHH, YTO OHO UMEET 00J1ee BBICOKHIA
MPHOPHTET, YeM Tekyiee. B mpotusHoM ciyuae L{[T mepeiiner k 06paboTke HOBOTO CO-
ObITHS TIOCIe OKOHYaHHUS 00paboTKN Mpeabinyiero. KoHTposep npepbiBaHMH, BXOAS-
il B coctaB MK-8051, nMeer nisaTh BXOA0B COOBITHIA: B OT BHEITHHX YCTPOKCTB, ABa
OT TaliMepOB W OJIHH OT TIOCIeIOBATETFHOTO KaHaa.

OObIYHO, KOTIa TOBOPAT 0 KaKOM-IMOO MUKPOKOHTpOJIIepe, TO Beerda YIMOMHHAIOT
ceMcicTBO, K KOTOPOMY OH MpHHamaekuT. K OZHOMY CeMelCTBY OTHOCIT W3AeNws,
HWMeIOIHe OOHHAKOBOEe SIAPO, TIOJI KOTOPBIM TTOHHMAIOT COBOKYTTHOCTH TaKWX TTOHATHH,
Kak cicTeMa KoMaHa, unkiorpamMa padotsl 111, opranuzaumst mamMaTi mporpaMm M ma-
MSTH JaHHBIX, CHCTeMa MpepbiBaHni 1 0a30BbIiH Habop nepudepniiHbix yeTpoicTs. Mak-
THYEeCKH Ha pHc. 3.4 TipeAcTaBiIeHo a1po, CTaBlllee OCHOBOH A CO3MaHHAA COTeH APYTHX
Moaudukamiii cemelictea MK-8051. OmnHuns Mexay ero pa3inyHbIMH MPeICTABHTEA-
MU 3aKIIFOYatOTCs, B OCHOBHOM, B COCTaBe NepU(epHIHHBIX yCTPOHCTB 1 00beMe MaMsiTH
TTporpaMM HIH JaHHbBIX. [IoCKOMBKY MHANa30H 3a/1ad, pelraeMblX MHKPOKOHTPOIIIIEPOM,
Ype3BbIUAIHO ITHPOK, HX TIPOW3BOAMTENH CTAPAIOTCS BBIMTYCTHTEH CTOBKO MOTH(HKAIIHH,



90 KomnbioTep U MUKPOKOHTPOMEPSI

9TO0BI YIOBIETBOPHTH CamMble Pa3HOOOPa3HbIe 3anpockl morpeduTeneil. Bo MHOrnX ce-
MeHCTBax YHCo MOAWGMUKALMH MPUOIKaeTes K COTHe WK Jiaxke MpeBbIlaeT 3To 3Ha-
YeHwe.

Hawnbonee BakHas 0OcoOEHHOCTH ceMeicTBAa — TMPOTpamMMHAas COBMECTHMOCTH Ha
YPOBHE JABOMYHOTO KOIA BCEX BXOMAAIIMX B HEr0 MHKPOKOHTPOJUIEPOB. DTO TMO3BOJIAET
pa3paboTynkaM CHCTeM 3aMeHATh OOHH MHKPOKOHTpPOJIEphl ceMeicTBa APYruMu Ge3
noTeprH HapabOTOK CBOETO MpOTpaMMHOTO obecrieuerws. EcTecTBeHHO, WeMm Oosbliee
YHCIIO PAa3HOBHAHOCTEH BXOIHT B CEMEHCTBO, TeM OOJIBIIE MAaHCOB BHIOPATh OMTHMAIIb-
HBII BapHaHT, TeM TIpHBJIeKaTellbHee 3TO ceMelcTBo s paspaboTunka. Bompoc mpa-
BHJIBHOTO BHIOOpa CeMeicTBa MHKPOKOHTPOIUIEPOB Ul HOBOW pa3paboTKW sBsETCS
CTPATerH4YecKHM, TaK Kak mpoOiieMa MmepeHoca MporpaMMHOTO 00ecreYeHHsT MEKIy W3-
JeTUAMH PasHBIX CEeMEeHCTB — Upe3BbIYAHHO CIOXKHA, W Jaxe HCMONb30BaHHe S3BIKOB
BBICOKOTO YPOBHSI He Bcer/a MO3BOJSET pelinTh ee Ge3 Gombinnx moTepb. K Bompocy o
KPHTEPHSX BHIOOPA MBI BEPHEMCS B CIIEAYIONIHX Pa3aeinax KHHTH.

KTo nsroraBnmMBaeT MUKPOKOHTpOSepbl

CeronHst B MUpe BBIMTYCKAIOTCS THICSYM THITOB MHKPOKOHTpOJUIepoB. B rpymme nuze-
poB Takwe KommianwH, kak Atmel, Dallas Semiconductor, Intel, Infineon Technologies
(oviBmias Siemens Semiconductor Group), Hitachi Semiconductor, Microchip Technology
Inc., Mitsubishi Electronics, Motorola Semiconductor, National Semoconductor, Oki Semi-
conductor, Philips Semiconductors, STMicroelectronics, Temic, Texas Instruments, To-
shiba, Zilog w ap.

OCHOBHBIM KJTaCCH(HKAITHOHHBIM MTPH3HAKOM MHKPOKOHTPOJIIEPOB ABIACTCS pa3psi-
HOCTH JIaHHBIX, 00pabaThiBaeMBIX apH(pMeTHKO-ToTHIecKuM ycerpoicTtBoM (AJIY). Tlo
3TOMY TIPH3HAKY MHKPOKOHTPOJLIEPH! AensaTes Ha 4-, 8-, 16-, 32- u 64-pazpsaaHsbre.

OtnensHo paccemarpuBatores DSP-mukpokonTposepst (DSP — Digital  Signal
Processor — umndpoBoii curHaibHBIN NpoLieccop), OPHEHTUPOBAHHBIS Ha MCTIOIB30BaHHE
B cucTeMax obpaboTkH curHasioB. CerogHs OCHOBHAs A0S MHPOBOTO PbIHKa MHUKPOKOH-
TPOJITIEPOB TMTPHHAMJIEKHT BOCEMHPA3PAIHBIM YCTpoicTBaM (okojio 50% B CTOWMOCTHOM
BBIpaXKeHHH). 3a HUMU clieayioT 16-paspsanble 1 DSP-MUKpOKOHTpoIIepsl (KaxXaas W3
rpynm 3aHUMaeT mpuMepHo 1o 20% pbiHka). BHYTpH KaXKao0il rpynmnbl MEKPOKOHTPOJLIe-
po1 memnsitest Ha CISC- 11 RISC-yerpotiicTsa.

COBEpLUEHHO 3aKOHOMEPHO, UTO U B Poccun Hanbonee nomynspHbIMW CTanu UMEHHO BOCLMUPAs3-
pPA4HbIE MUKPOKOHTpONNEpL!. [py 3TOM UCTOPUYECKU CNOXKUMOCH TaK, YTO 3NEKTPOHHAS NPOMbILL-
neHHocts CCCP B 80-e rogbl Obina B OCHOBHOM COPUEHTMPOBaHA Ha BOCMPOU3BOACTBO aHANOroB
uagenuin coupmel Intel. AHanorn MK-8048 n MK-8051 eeinyckanu npeanpuatusa B Muncke, Knese,
BopoHexxe, HoBocnbupcke, Ha HAX BLIPOCNO LIENoe NOKONEHNe OTEYECTBEHHbLIX pa3paboTUNKoB.

Bomnbiioe konmuecTBO camoii pazHooOpazHoi WHhOpMaIFH 10 MHKPOKOHTPOILIEpaM
AVR d¢upmer ATMEL wmoxro Halith B Internet Ha cmemyrommx — calitax:
www.atmel.com; www.atmel.ru; www.kirov.ru/~uadnx/, www.inteltek.ru;
mselec.com, www.chat.ru/~avreal/.

Undopmaunio o TMOKyNKe MHKPOKOHTPOJUIEPOB CMOTPUTE Ha TaKWX calTax:

www.efo.ru; wew. fulcrum. ru.
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MukpokoHTponnepbl AVR doupmbl «<ATMEL»

B Teduennie HeCKOIBKHX TTOCIEIHNX JIET B XKypHaie «Pamino» NMOCTOAHHAO TiedaTaiach
cepud ctateii A. Jlonroro (T. MockBa), B KOTOPBIX AOCTATOYHO TIOJIPOOHO OTIMCHIBAJICS
mpoLecc MpOorpaMMHUPOBaHNST MUKPOKOHTPOJUTepoB. bosbinas yacTe WHpOpMaLnl B 3THX
CTaThAX TIOCBAIIEHA TPOTPAMMHPOBaHHIO MHKpoKoHTpoiuiepoB PIC16XXXX dupmer
MICRICHIP.

B aTOW KHWre OCHOBHOE BHVMMaHWe GyAeT yAeNeHO ONUCcaHuK NPUHUMNOB paboTbl MUKPOKOHTPOST-
nepos AVR cunpmel ATMEL.

OcHoBanHas B 1984 r. dupma Atmel Corp. (CILIA) Ha maHHBIN MOMEHT SBIISETCS OI-
HUM M3 MPHU3HAHHBIX JINAEPOB B 001aCTH NIPOU3BOACTBA MUPOKOTO CTIEKTpa MHUKPO3JIeK-
TPOHHBIX KOMTIOHEHTOB: MHKPOCXeM SHEPTOHE3aBHCHMON TMaMATH, MHKPOKOHTPOILIEPOB
o0111ero Ha3HaYeH!sT 1 MUKPOCXeM MPOTrpaMMHpPyeMOi JIOTHKH.

Hauwnnas ¢ cepeannsl 90-x ronos, dupma «Atmel» Havana akTHBHO pa3BUBaTh HOBOE
HarpaBjieHHe B CBOEi AeATeTbHOCTH — TTPOH3BOJICTBO BBICOKOTTPOH3BOIHTENBHBIX §-
paspsaabix RISC-MHKPOKOHTPOIIIEPOB ISl BCTPAMBAEMBIX MPHIOKEHHH, 00beIHHEH-
HBEIX 0OIMM HazBaHWeM AVR

MuxkpokonTposiepsl AVR niprobpenn Gombiinyto MOMyaspHOCTh, TIpUBIISKas paspa-
OOTYHKOB IOCTATOYHO BHITOJHBIM COOTHOIIEHHEM TaKHX MOKazaTesiel, kKaKk 1ieHa, ObICT-
podeiicTeie n sHepromnoTpedieHne. KpoMe TOro, BasKHBIMHM MapaMeTpamMH SBISHOTCS
yaoOHble PEeKUMBl  TIPOTPaMMHUPOBAaHUS, AOCTYMHOCTBIO TPOrpaMMHO-armapaTHBIX
CPeJICTB TMOAMEPKKH W IHPOKas HOMEHKIIATypa BHITyCKAeMBIX KPHCTALIOB. MHKPOKOH-
TPOJIIEPBI 3TOM CEPHH HCTIONB3YIOTCS B aBTOMOOHIIBHON 2TIEKTpOHWKeE, OBITOBOH TEXHH-
Ke, CeTeBbIX KapTax U MaTePUHCKHX TIIaTaX KOMIBIOTEPOB, B MOOWIIBHBIX TeneoHax HO-
BOTO TIOKOJIEHHA W T.1.

B pamkax exnHol 623080 apXUTeKTypbl AV R-MHKPOKOHTPOIIEPHI MTOAPA3ASTAOTCS
Ha TPH ceMeicTRa.

e Tiny AVR — nerieBbie W TOBOJBHO TIPOCTHIE TIO KOHCTPYKITHA MHKPOKOHTPOJIIIEPHI B
8-BBIBOAHOM WCTIOTHEHWH.
e Classic AVR — 6a3oBast JIHHHS MUKPOKOHTPOJLIEPOB.

e Mega AVR — MHKPOKOHTpOIIIEPBI TS CIOKHBIX TIPHIOKEHHH, TPpeOyIOMHX 00Tb-
moro oObeMa MaMsTH MPOrpamMM W JaHHBIX.

B 371oii TnaBe o4eHb KOPOTKO OYIOyT paccMOTpeHbl HEKOTOPhIe OCHOBHBIE MOMEHTHI
KOHCTPYKITHH MHKPOKOHTpOIIiepoB cemeiicTea Classic AVR, kak Hanbonee moaxoasiie
UTS PaguomoOUTeNbCKOTO MPUMEHEHHNS.

[Tpu >TOM BCce MHUKPOKOHTPOJLIEPHI CeMelCTBa MOAISPIKHBAIOT HECKOIBKO PEXHMOB
MOHIKEHHOTO 3HEPronoTpeOsICHHs, NMEKOT OJIOK TPEepbIBAHHH, CTOPOKEBON Talmep W
JIOTTYCKAIOT TIPOTPaMMHPOBAaHHE HETIOCPEICTBEHHO B TOTOBOM YCTPOMCTBE depes3 Toce-
JoBaTesHBIN WHTepdeiic SPL

Oco0eHHOCTH MHKPOKOHTPOJLIEPOB ceMeficTtBa Classic AVR:
¢ TIPOH3BOAMTEIHHOCTS, TpHOFKatotasgcs k 1 MIPS/MTI;

¢ ycogepineHcTRoBaHHas AVR RISC apxurekTypa;
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¢ pa3feibHbIe MIMHBI MAMATH KOMaHI W JaHHBIX, 32 perucTpa o0IIero Ha3HauYeHHs

¢ Flash [T3V nporpamm, ¢ BOZMOKHOCTBIO BHY TPHCHCTEMHOTO TIEPEpOrpaMMHPOBAHHS
n 3arpy3kun uepes SPI nocnenoraresnbhbiii kanan, 1000 LUKIOB CTHPaHNE/3aIMHCh;

¢ EEPROM mamsTe maHHBIX, ¢ BO3MOKHOCTBIO BHYTPHCHCTEMHOU 3aTrpy3KH Hepes
SPI mocnenosarenphbiii kanai, 100000 HKIOB CTHPaHHE/3aMHCH;

¢ OJOKHMPOBKA peXHMa MPOTPAMMHPOBAHHAS,

¢ BCTPOEHHBIH aHAJIOTOBBIH KOMTIApaTop, cropokeBoil Taiimep, moptel SPI 1 UART,
TaliMepbl/CHeTIHKH;

¢ TIONHOCTBIO CTATHYECKHe MPHOOpPHI, padoTatomre pH TakToBod dactote ot 0 I'
10 20 MT1;

¢ [THama3o0H HampsukeHwi matanws ot 1,8 B mo 6,0 B;
¢ peXHUMBI 3HEprocOepekeHws: naccHBHbIi (idle) w cTomoskIid (power down).

O6wure cBeaeHus

AVR Classic — camas oOmmpHas POM3BOACTBEHHAS JIMHWW cpedw apyrux Flash-
MHKPOKOHTpOIUTEpoB Kopriopaitii Atmel. OHa mipeacTaBuna mepBblii  8-pa3psaHbiii
Flash-mukpoxonrpomiep B 1993 romy # ¢ Tex NMop HEMPEPHIBHO COBEPIIICHCTBYET TEXHO-
goruto. GupMa MocToSHHO paboTaeT Haa COBEPIISHCTBOBAHMEM CBOSH MPOLYKLWH B
CIeYIOIIAX HATPABICHHAK:

¢ B CHWKEHWH yIelbHOTO sHepromnoTpedbnenus (MA/MI1);

¢ paclUMpeHHs OWana3oHa MUTaroluX HanpskeHuil (1o 1.8 B), uTo cymiecTBeHHO
JUTS TIPOJITEHHS pecypca OaTapedHBbIX CHCTEM;

YBeINUEHHUS OblcTpodeicTBIS 10 16 MITH. oTlepalliii B CeKYHAY;
BCTPOHKH B W3NS pealbHO-BPEMEHHBIX SMYIATOPOB H OTIaAYHKOB;
peaH3aii QYHKIHA CaMOTIPOTPAMMHPOBAHHS,

COBEPIIEHCTBOBAHWH W PACHIHPEHHH KONHYECTBA MeprHepHitHBIX MOy Tei;

* & & o o

BCTPOHKH CTIEIHATM3UPOBAHHBIX YCTPOUCTB (paanodacToTHBIN mepenaTank, USB-
KoHTpoJIIep, apaiieep KKH, mporpammupyemas jorika, koarpoiiep DVD, yer-
pO¥iCTBA 3aIIATHI JAHHBIX) | IIP.

Yenex AVR-MUKPOKOHTPONNepoB 06LACHASTCH BO3MOXHOCTBLIO MPOCTOrO BbIMOSIHEHWS MpoeKTa ¢
JOCTUXEeHUeM HeobXoAMMOoro pesynbraTa B KpaTyailuve CPokM, Yemy crnocoBCeTBYeT AOCTYNHOCTb
60bLUOro Yucna NHCTPYMEHTaNbHbLIX CPEACTB NMPOEKTUPOBaHNA, NOCTaBNAeMbIX, KaK HeNoCcpeacT-
BEeHHO Kopropauueir Atmel, Tak 1 CTOPOHHUMW Npou3BoAUTENAMKW. Begyllne CTOPOHHWME NpousBo-
AVTENN BbIMYCKAKOT NOMHbIA CNEKTP KOMMUNATOPOB, NPOrpamMmmaTopoB, accembnepos, 0TNaaunKkos,
pasbemoB 1 agantepoB. OTNMYMTENBEHON YEPTON MHCTPYMEHTanbHBIX CpeacTs oT Atmel aensaeTca
UX HEBbICOKasA CTOUMOCTb.

Taxum 00pazom, AVR-MHKPOKOHTPOIIEPH TIPEACTABIAIOT 00Jiee TITHPOKHE BO3MOXK-
HOCTH TIO0 ONITHMH3ALINH TTPOH3BOAHTEIHHOCTH/SHEPronmoTPEOIeHHs, YTO 0COOSHHO BayK-
HO TIpH pa3paboTke TIPHIOKEHHH ¢ MHTaHHeM oT OaTapeek. MHUKPOKOHTpOILTIephl odec-
MeYMBaOT TIPOU3BOINTEIFHOCTE 1O 16 MIIH. ofepalliii B CeKYHAY W TIOAIEePKHBAOT
Flash-mamsaTe mporpamm paziaidHoi eMkocTH: 1-256 kOaiT.
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B Tabnwiax 3.1, 3.2 v 3.3 npuBeaeHbl HEKOTOPBIE JaHHBIE IO OCHOBHBIM CEMEHCTBAM
AVR MUKpPOKOHTPOJTESPOB.

Tabnuua 3.1. MukpokoHTponnepb! ¢ apxutektypoit TinyAVR

Tun Hanp. nu- | Takt. vac- | /O | FLASH | EEP- | SRAM | AN Kopnyc
TaH., B ToTa, My ROM (0O3Y)
ATtiny 11 2,7-5,5 6 6 1K — — — PDIP8
SOIC8
ATtiny12 1,8-5,5 6 6 1K 64 — — PDIP8
SOIC8
ATtiny13 1,8-5,5 20 6 1K 64 64 4x10bit | PDIP8
SOIC8
ATtiny15 2,7-5,5 6 6 1K 64 — 4x10bit | PDIP8
SOIC8
ATtiny2313 | 1,8-5,5 20 15 | 2K 128 128 — PDIP20
SOIC20
MLF32
ATtiny26 2,7-5,5 16 16 | 1K 128 128 11x10 | PDIP20
bit S0OIC20
MLF32
ATtiny28 1,8-5,5 4 20 | 2K — — — PDIP20
S0OIC20
MLF32
Tabnuua 3.2. MukpokoHTponnepsl ¢ apxutekTypoi Classic AVR
Tun Hanp. TakT. yac- | /O | FLASH | EEP- | SRAM | ALN Kopnyc
nuTaH., B | Tota, MY ROM (0O3Y)
AT90S1200 | 2,7-6,0 4 15 | 1K 64 — — DIP20
4,0-6,0 12 S020
SSOP20
AT90S2313 | 2,7-6,0 4 15 | 2K 128 128 — DIP20
4,0-6,0 10 S020
AT90LS2323 | 2,7-6,0 3 2K 128 128 — DIP8
SO8
AT90S2323 | 4,0-6,0 10 3 2K 128 128 — DIP8
SO8
ATO0LS2343 | 2,7-6,0 4 5 2K 128 128 — DIP8
SO8
AT90S2343 | 4,0-6,0 10 5 2K 128 128 — DIP8
SO8
ATI90LS4433 | 2,7-6,0 4 20 | 4K 256 128 6x10 DIP28
bit TQFP3
AT90S4433 | 4,0-6,0 8 20 | 4K 256 128 6x10 DIP28
bit TQFP3
ATI0LS8515 | 2,7-6,0 4 32 | 8K 512 512 — DIP40
TQFP4
PLCC44
AT90S8515 | 4,0-6,0 8 32 | 8K 512 512 — DIP40
TQFP4
PLCC44
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Taonuua 3.2. OkoH4aHune

Tun Hanp. Takr. yac- | /0 | FLASH | EEP- | SRAM | ALN Kopnyc

nuTaH., B | Tota, My ROM (0O3Y)

ATO0LS8535 | 2,7-6,0 4 32 | 8K 512 512 8x10 DIP40
bit TQFP4

PLCC44

AT90S8535 | 4,0-6,0 8 32 | 8K 512 512 8x10 | DIP40

bit TQFP4
PLCC44
Tabnuua 3.3. MukpokoHTponnepb! ¢ apxutektypoit MegaAVR

Tun Hanp. Takt. u4ac- | /O | FLASH | EEP- | SRAM | AN Kopnyc

nutaH., B | Tota, My ROM (0O3Y)

ATmega48 | 1,8-5,5 20 23 | 4K 256 512 6x10 DIP28
bit TQFP3
2x8bit | MLF32

ATmega88 | 1,8-5,5 20 23 | 8K 512 1K 6x10 DIP28
bit TQFP3
2x8bit | MLF32

ATmega 1,8-5,5 20 23 | 16K 512 1K 6x10 DIP28

168 bit TQFP3
2x8bit | MLF32

ATmega8 2,7-5,5 16 23 | 8K 512 1K 8x10 DIP28
bit TQFP3

MLF32

ATmegal6 | 2,7-5,5 16 32 | 16K 512 1K 8x10 DIP40

bit TQFP4
MLF44

ATmega32 | 2,7-5,5 16 32 | 32K 1K 2K 8x DIP40

10bit TQFP4
MLF44

ATmegab4 | 2,7-5,5 16 53 | 64K 2K 4K 8x10 TQFP64
bit MLF64

ATmega 2,7-5,5 16 53 | 128K 4K 4K 8x10 TQFP64

128 bit MLF64

AT90 2,7-5,5 16 53 | 128K 4K 4K 8x10 TQFP64

CAN128 bit MLF64

ATmega 4,0-5,5 8 48 | 128K 4K 4K 8x10 TQFP64

103 bit

ATmega 2,7-5,5 8 35 | 16K 512 1K — DIP40

161 TQFP44

MLF44

ATmega 1,8-5,5 16 35 | 16K 512 1K — DIP40

162 TQFP44

MLF44
ATmega 2,7-5,5 8 32 | 16K 512 1K 8x10 DIP40
163L bit TQFP44

MLF44

ATmega 1,8-5,5 4 534x25 | 16K 512 1K 8x10 TQFP64

169 LCD bit

ATmega 2,7-5,5 16 35 | 8K 512 512 — PDIP40

8515 PLCC4

TQFP44
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Taonuua 3.3. OkoH4yaHune

Tun Hanp. Takr. 4ac- | /O | FLASH | EEP- | SRAM | ALUN Kopnyc
nutaH., B | Tota, My ROM (0O3Y)
ATmega 2,7-5,5 16 32 | 8K 512 512 8x10 PDIP40
8535 bit PLCC4
TQFP44
ATmega 1,8-5,5 16 53 | 32K 1K 2K 8x10 TQFP
325 bit MLF
ATmega 1,8-5,5 16 68 | 32K 1K 2K 8x10 TQFP
3250 bit MLF
ATmega 1,8-5,5 16 53 | 64K 2K 4K 8x10 TQFP
645 bit MLF
ATmega 1,8-5,5 16 68 | 64K 2K 4K 8x10 TQFP
6450 bit MLF

Bcee mpubopsl ogHoro cemelictBa AVR coBMecTUMBI MO MCXOAHBIM KOAAM W TaKTHPO-
BaHMI0. CeMelcTBO o0ecrneyeHo KOMTUISKTOM MPOTrpaMM M CUCTeMaMW OTJadKH, BKIIO-
YAIOIIAMH: MaKpO-acceMONephl, OTIAAYHKH/CHMYIATOPBI TPOTPamMM, BHYTPHCXEMHBIE
SMYJISTOPBI M OTIAA0YHBIe YCTPONHCTRA.

MukpokoHTposiepsl cemeiicTBa AVR MocTapiasioTes B OYWIIEHHOM COCTOSHUW —
conepxumoe u Flash-mamstu mporpamm 1 DCTIT3Y ganHbIX HaxomuTes B cocTosHun FF
W TOTOBO K TIPOTPaMMHPOBAHHIO.

XapakTepucTUKM sapa KOHTponnepa

OCHOBHBIMH XapaKTepUCTHKAMH IIEHTPATBHOTO TpoIieccopa MHKPOKOHTPOJLIEPOB
paccmaTpuBaeMoro cemeiicta Classic sBnstores:

*

* & & o o o

TTOJTHOCTBIO CTaTHYeCKas APXHTeKTypa; MHHWMAaIbHAsA TAaKTOBafd 9acToTa paBHA
HYJIO;

AJIY moakiIrodeHo HeMmocpeaCTBeHHO K perrcTpam olLiero Ha3HaYeHus;
OONBITMHCTBO KOMaH BITTOHIETCS 38 OAWH MAIIMHHBIA LIWKIT;

MHOTOYPOBHEBasA CHCTEMa TIPEPHIBAHHIA;

TTOIePKKA OUepeH TTPePBIBAHHI;

oT 3 10 16 HCTOYHWKOB TTpepHIBaHAH (M3 HWX 10 2 BHEITHHX);

HaJIWYIHe TPOTPaMMHOTO CTEeKa.

XapaktepucTuku noacucteMmol BBoaa/BbiBoaa

OCHOBHBIMH XapaKTECPUCTUKAMH NMOACHCTEMbBI BBO,Ha/ BbIBOJA ABJIAKOTCA:

*

*

MpoTpaMMHOe KOHDHTYPHPOBAaHHE W BBHIOOP MOPTOB BBOA/BBIBO/IA;

KayKABIH BBIBOJ MOXKeT ObITh 3aMporpaMMHpPOBaH KaK BXOAHOH WIHM KakK BBIXOOHOM
HE3aBHUCHMO OT APYTHX;

Bx0oaHbIe Oyheps ¢ Tpurrepom [IIMHTTa Ha BCeX BHIBOJAX;

BOZMOXKHOCTh MOJKIIOYEHHS KO BceM BXOJaM BHYTPeHHHX MOATATHRAIOIINX pe3H-
CTOPOB (COMPOTHBIICHHE PE3HCTOPOB cocTaBisteT 35—120 kOm);

HarpysoydHas CIMTOCOOHOCTEL BCEX BBIBOAOB COCTaBJIACT 1O 20 MA, YTO MO3BOJIACT
HEMOCPCACTBEHHO YTIPABIATH CBETOANOAHBIMH HHAWKATOPAMH.
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MepucpepunHbie yctponcTea

MukpoxonTposiepsl cemeiictea Classic 001a1al0T 10CTaTOYHO pa3BUTON nieprepH-
eii. HaGop meprdepnitHbIX yCTpoHCcTBa, HMEIOIIHXCA B COCTaBe TOTO HITH HHOTO MHKPO-
KOHTpOJLIepa, 3aBUCHT OT KOHKpeTHOH Mofend. IlepeuniciinM Bce TieprdepHitHble yCT-
poiicTBa, Tak HIIH HHAYe BCTpedaroliHecs B MHKPOKOHTPOILIEpax ceMencTna:

¢ 8-paspsamHBIii TaiiMep/cdeTuHK ¢ onpenaeauTeaem (Taiimep T0);

¢ 16-paspsaanbiil TaliMep/cueTdnk ¢ onpeaaenuTeneM (Taiimep T1);

¢ 8-pazpsamHbIi TaliMep/cHeTdHK ¢ BO3MOKHOCTBIO paboThl B ACHHXPOHHOM PEKHME
(Tatimep T2);

¢ cropoxesoii Taiimep (WDT);

*

ONIHO- WJIW ABYXKaHaTbHBIN 8—10-pa3zpAnnblii TeHepaTop CHWrHajia ¢ MIHPOTHO-
AMITyNIbcHON Moaysinueii (IITUM);

OIHOKAHABHBIN §-pazpamHbrii TeAeparop currana ¢ LITUM;

4HAJIOTOBBIH KOMMAPATOP;

10-pazpsinubiii AT (6 nnm 8 kaHamnoB);

MOJIHOAYTIISKCHBIH YHHBepcalbHbIi acHHXpoHHbIH NpreMonepeaatdyuk (UART);

* & & oo o

rociieoBaTENbHBIN CHHXPOHHBIN WHTepdeiic SPI.

ApxuTekTypa saapa

Anpo asasercs «cepaiem» MHKpokoHTpoisiepos AVR. OHo BBITTONTHEHO TTO yCoBep-
medcTBoBaHHOM RISC (enhanced RISC) apxuTekType, B KOTOpOil HCTIONMB3yeTCs Pl pe-
[eHWH, HaNpaBlIeHHBIX Ha TIOBBIMIGHWE OBICTPOIASHCTBUS MUKPOKOHTpOILIepoB. Cxema-
THYECKOe YITPOILEeHHOe H300paskeHHe Aapa MoKa3aHo Ha pHc. 3.5.

Apndmernko-norudeckoe yerpoiictea  (AJIY)

BBITIOJIHIET BCE BBIYWCIEHUS W HEMOCPEACTBEHHO o ”“&jsm _@
MOAKIIKOUEHO K 32 pabounM perucTpam, oObeIHHEH- T

HBIM B PETrHCTPOBBIH (aiin. Baarogaps stomy AJTY B, J| s
BBITIOJIHAET OJHY OMepaluio (YTeHHe COAePKHUMOTo Perete
PETHCTPOB, BBITIOJIHEHHE ONMEPAalHA W 3alucCh pe- PR I A
3ynbTata oOpaTHO B PErHCTPOBBIH (ain) 3a omvH B

Ananomesii
KomnapaTop

LART

MaITUHHBIA [TAKIT.

B wmukpokonTpomnepax AVR mpakTuyeckd Bce
KOMaHABI (32 HCKITIOUeHHeM KOMaH/I, Y KOTOPBIX O/I- i
HUM W3 OMepaHaoB siBseTcs 16-pa3paaHblii aapec)
3aHUMatOT OJIHY AYeiKy MaMATH MPOoTpaMM.

z
j

CTopoesoi
Tafiten (ADT)

MNopTel
BBOAABLIEONR

Monyne
MppIB AHuiA

Puc. 3.5. ApxutekTypa aapa MUKpo-
LlokoneBka u onucaHue BbIBO4OB KOHTPOANEPa
Haunbonee pacnpocTpaHeHHOe cpeAd paanoJIo-
ouresneii cemelicTBO MUKpoKoHTposiepoB AVR Classic cocTonT B 00lieli ¢l10:KHOCTH W3
17 monesneii. Bce oM BBITTyCKAalOTCA B KOPITYCaX Pa3IHYHBIX THTIOB, YTO TTO3BOJIAET BHI-
OpaTh MOIeIb, HAMITYUIINM 00pa3oM OTBEHAIOLIYIO TPeOOBAHMAM MO0 KOMITOHOBKE.
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B Ta6n. 3.2 npuBOAATCA OCHOBHBIE MapaMeTpbl MHKPOKOHTPOJIIIEPOB, TaKHe Kak 00b-
eM MamsTH (MpoTrpaMM M JaHHBIX), KOJMUeCTBO KOHTAKTOB BBOJA/BBIBOMA, THIT KOpIyca,
InanazoH paboUYrx 4acToT M HaNpsKEeHHe MATaHHUS.

[MonHyto HHPOPMAITHIO TTO KAXKIOH MOJENH clelyeT HCKAaTh B CIEIHATIBHON JTHTepa-
Type. JIOMOMTHUTENBHO CleAyeT OTMETHTb, YTO BCE MHKPOKOHTpoIuTeps! cemelicTea Clas-
sic BBIMTyCKatOTCS WITH Ha KOMMepdeckwXx (IHamasoH pabounx Temmeparyp 0...+70°C),
WJIH Ha TIPOMBITIJIEHHBIX MPeAMPHATHAX (qHana3oH padounx temneparyp —40...+85°C).

MukpokoHTponnepbl mogenu AT90S1200

Jlanee paccMoTpuM TofIbkO MHKpOKOHTpoJuiepbl Mogenu AT90S1200, koTopble siB-
JIAIOTCA THMHYHBIMA TipencTapuTenisaMi cemeiicta Classic AVR.

Kpome Toro, B pHiIoxkeHHH 4 MPHBEACHO TOCTATOYHO MOAPOOHOE OMHCAHHE elle O-
HOT'O OYeHb MOMYJIIPHOTr0 MUKpoKoHTposutepa — AT90S2313.

Jlarrste o octambHBM MoaensiM AVR MHKpPOKOHTpOIIIEpOB MOXKHO HaiiTH B CITEIH-
aJbHOU TUTEpaType.

Ha pwc.3.6 mokasaHO pacrmoflodkeHHe BBIBOJOB MHWKPOKOHTpoJIlepa MOAEIN
AT90S1200.

B Tabn. 3.4 npuBeaeHbl HA3BaAHHA BBIBOJOB AJ1T MHKPOKOH- ATo0S1200

Tpostepa AT90S1200 u ykazaHbl WX (hyHKIHH (Kak OCHOBHBIE, d =
RESET cc
TaK W JOMOJHATENbHBIe). KpoMe Toro, And KakAoro BbIBOAA B o 12 12: 3 :BHSCK)
TabnWIe ykasaH ero THI (BXOH, BBIXOM, BXOH/BBIXOI, BBIBOJ wi [ 5 R
HHTaHHﬂ). WTaLz [ a4 17 [ pas gmosn
B Tabn 3.4 wicrionk30BaHbl cilenytoie 0003HaYeHHs BbIBO- ™ ¢ 15 [ res
) nToy P2 [ 8 15 ] pe3
OOB: po3 [ 7 14 [ a2
I - BXOH; royros [ & 13 [] PB1 (A1)
0O— BBIXOM, e 12 [ pen gann
1/0O — BXOJ/BBIXON; e e 17 e
P — BBIBOZIBI THTAHHS. Puc. 3.6. PacnonoseHue
Ta6nuua 3.4. OnvcaHve BbiBoaoB mogeny AT90S1200 BbIB0A0B AT90S1200
O6o3HauyeHue | Homep Tun BbI- | OnNucaHue
BbIBOAa | Boga
XTALA1 5 | Bxoa wHBEpTOpa reHepaTopa v BXOJ BHELUHEro Tak-
TOBOrO CUrHana
XTAL2 4 0 Bbixog vHBEpTOpPA reHepartopa
RESET 1 | Bxoa cbpoca. MNpu yaepxaHum Ha Bxoge HWU3KOIO
YPOBHS B TeueHue 50 Hc BbiNonHaeTca copoc ycTpon-
cTBa

MopT B. 8-pa3spaaHbiin ABYHaMNpaBneHHbI NOpT BBoAA/BbIBOAA € BHYTPEHHUMW NOATArUBAOLLIN-
MU Pe3NCTOpamMu

PBO (AINO) 12 110 BO (MonoxuTeneHbI BXOA KOMIapaTopa)

PBI (AIN1) 13 1/0 B1 (OTpuuatenbHbIn BXOA kOMMApaTopa)

PB2 14 1/0 B2

PB3 15 /0 B3

PB4 16 1/0 B4

PB5 (MPS1) 17 110 B5 (Bxo4 AaHHbLIX npu nocnefoBaTeflbHOM Nporpam-

MupoBaHun (SPI))
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Taonuua 3.4. OkoH4aHune

O6o3Ha4eHue | Homep Tun BbI- | OnNucaHue
BbiBOAA | BOAA
PB6 (MISO) 18 110 B6 (Bbixoa AaHHbIX Npy nocneaoBaTenbHOM Mpo-
rpammupoBanum (SPI))
PB7 (SCK) 19 110 B7 (Bxoa TakToBOro curHana npu nocneaoBaTeflbHOM

nporpammupoBaHun SPI))

MopT D. 7-pa3spaaHbin AByHanpaBieHHb
MW pe3ncTopamu

I NOpT BBOAA/BbIBOAA C BHYTPEHHUMW NoATArnBaroLn-

PDO 2 110 DO

PD1 3 1/0 D1

PD2 (INTO) 6 110 D2 (Bxog BHELUHErO NpepbIBaHUSA)

PD3 7 110 D3

PD4 (TO) 8 110 D4 (Bxog BHELWHEro TakTOBOrO cwrHana Ttanmepa/
cyeTynka TO)

PD5 9 1/0 D5

PD6 11 1/0 D6

GND 10 P O6Wwuit BbIBOA,

Vce 20 P BbiBOA MCTOUHWKA NUTaHNS

CrpykTypHas cxema MukpokoHTposiepa AT90S1200 nmpuseaeHa Ha puc. 3.7. Ero ot-

JIHYHTEBHBIE OCOOEHHOCTH:
[ ]

2 mopTa BBoAa/BhIBona: B (8-paspsaanstit) u D (7-pa3psaHbiii);

lIIIIIIII LTI

Jpaieepel PORTE

ECEREE

PBO..PEF

lIHIIIII IIIIIIIIl

Jpaisepel PORTD

1
! - RESET
I

1 HTALY HTaLZ
: CHETUMK ¥KAsATENE L R R
1 KOREHE, cTeks a
|

|
1 o
| »l' l' BcTpoeHHei TeHepaTop |
1 1 FLASH-namaTe ANnEpaTHEIR MEHERATOR :
! M0 SRR CTEK l !
| l 1
: e Cropoxesa CHHXPOHKSATO) :
I PemcTR PenicTpbl TaMER R P 1
I KOMEH] ofugEro ] :
: HESHEYEHWA |
| ‘L FencTh 1
| AewktpaTtop Z YIREE NEHA A :
1 KORSH, |
| 1
! l Taliep [
: WLk w CHETHMK :
: YIPAE NEHAA |

|
: hogyne :
| PemicTp MPEPBIBEHAR  [=— H
: COCTOAHNA :
1 L |
| | |
1 ¥aen 1
: npo 0B AHAA SR * | EEFROM | |

|
| |
s [ il !
[ =
| E 5 I I | I I X
: § E PemcTp faHoi: PEn4cTp HANP&EENeHMa PEMCTR LaHHBIX PemcTp Hanpas NeHna :
V&2 PORTE PORTE PORTD PORTD! |
1
! i
|

|
|

|
|

|
|
|

Puc. 3.7. CTpykTypHas cxema MukpokoHTponnepa AT90S1200
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e 3-ypOBHEBBIH aMMMapaTHBIN CTEK;

e BCTpOeHHBIH TakTOBEIH RC-reneparop;

e aHAJIOTOBBII KOMMapaTop;

e BO3MOKHOCTH MOJKIIOUSHHS BHEIITHEro KBapLeBOro pe3oHaTopa.

OpraHusauus namsTu

Opraanzaiis naMsaTH MHKpokoHTpoiutepoB AVR cemeiictsa Classic, B ToM uHcne w
MuKpokoHTposutepa AT90S1200, BeIMoIHEHa MO TapBapACKOH apXHTEKType, B KOTOpoH
pazaeneHsl He TOJIBKO aApecHbIe TTPOCTPAHCTBA TTAMATH TTPOTPaMM H TTAMATH AaHHBIX, HO
TaKXe W ITHHBI T0CTyNa K HAM. [IprdeM mamsaTh TaHHBIX COCTOWT W3 TpexX obnacreii: pe-
TUCTpOBas NMaMAaTh, cTaTndeckoe O3V u namsite Ha ocHoBe EEPROM. B cBsi3n ¢ TeMm, uto
perucTpoBas MaMaTh HAXOANTCS B afpecHoM mpocTpaHcTBe O3V, 06 3THX ABYX 00acTaX
namMATH 00BIYHO TOBOPAT Kak 00 oarHoi. Kaxknas w3 obnacteit (O3Y u EEPROM) pacro-
JIOXKeHa B CBOSM aAPECHOM TIPOCTPAHCTRE.

OtMeruM, uto Mogenb AT90S1200 He umeeT BHyTpeHHero O3V (XOTs pernctpopas
MaMATh, €CTECTBEHHO, TIPHCYTCTBYET).

O0o061eHHas kapTa naMsaTiH MHKpokoHTpoiiepoB AVR cemeiictea Classic mpuBeneHa
Ha puc. 3.8.

Cremyer 3aMeTHTB, 9TO: e Pavre Teaars

AEHHEI
$o00 $0000 0000

e TMOCKOIBKY MHKpoKoHTpoiwiepsl AVR wumetor 16- Szpemcrya

oBuem

FLASH HasHaqeH1A EEPROM

Pa3psAmHYIO CHCTEMY KOMaHA, O0beM MaMATH Tpo- wore
TpaMM Ha pPHCYHKe yKkazaH He B Oalitax, a B 16-
paspsaOHbBIX CIIOBAX; T it

E_END

FOOSF

¢ CHUMBOJI (($>> nepea YncjiioM O3HayaeT, YTO 3TO YHUCIIO $0060

BHyTpeHHes

3aMUCcaHo B IIeCTHAAUATEPUUYHONH CHCTeMe CUMCIICHHS. o | smo

S_END+1

BrewHes

IlamaTs mporpaMm TmpenHa3HavdeHa AA XPaHeHHd oraTwsecens
KOMaHJ, YMPaBiAOMAX (QYHKIIHOHWPOBAHHEM MHKPO-

KOHTpoJIIepa. B maMsaTw TiporpaMM XpaHSTCs Takike pas-
JINYHBIe KOHCTaHTBI, He MeHSIOIIHecs Bo BpeMsl paGoTel Puc. 3.8. Cxema kapTel namaTm
MpOrpaMMb. HaMﬂTb MpoOrpaMM B MHKPOKOHTPOJLTEpax Mcthggg:ggoa’;ggi%B
cemeiictBa Classic mipencrapiseT coOoil 3MeKTpHUYECKH

ctupaemoe [III3Y (FLASH-II3V). Tlockonabky Bce Ko-

MaHIbl 3aHUMAIOT B MaMATH 16 OuT (HekoTopbie — 32 GWTa), MaMATh MPOrPAMM HMEET
16-paspsaaHyto opranuzaiiio. COOTBETCTBEHHO, 00bEM MaMATH cocTaBisieT oT 512 16-
paspaanbix cioB 11t Mogend AT90S1200 go 40% cioB As cTapiinx MoJenei.

JUtst ampecarivi MaMsITH TIporpaMM HCToTe3yeTcs cderdik koMmann (PC — Program
Counter). Pazmep cueTurika koMana — oT 9 10 12 pa3psmoB B 3aBHCHMOCTH OT 00BeMa
azpecyeMoi TTaMsTH.

IMo ampecy $000 mamsaTi mporpamMM HaxomuTes BekTop copoca. [locme WHHIMATH3a-
A (cOpoca) MAKPOKOHTPOIJIEpa BBITIOTHEHHE TIPOTPAMMBI HAYHHAETCS ¢ 3TOTO ajpeca
(cbrpma Atmel pekoMeHIyeT pasMelaTh 1Mo 3TOMY aapecy KOMaHIy OTHOCHTEeITEHOTO Tie-
pexoaa K MHUITHATH3AIIHOHHON YacTH TTpoTpamMMBl).

Hauwnas ¢ agpeca $001, pacnomaraercst TabaHIa BEKTOPOB TIpephiBais. Ee pa3mep
38BHCHT OT MOJEIH MHKPOKOHTpOJLIepa H cocrasiser ot 2 (aapeca $001, $002) mo 16

IFFFF




100 KomnbioTep 1 MUKPOKOHTPOIMEPI

(anpeca $001-$010) sexTopoB. [IpH BO3HHKHOBEHHH TPEPBHIBAHHA TIOCIE COXPAHEHHS B
cTeKe TeKyIlero 3HadeHWs cdeTdHKa KOMaH[ TIPOWCXOAWT BBHITIONHeHWe KOMaHIbI, pac-
TIOJIO’KeHHOM TI0 aJjpecy cOOTBETCTRYHOIIETO BekTopa. [1oaToMy TIo 3THM agpecam pacrio-
JaraloTest KOMaH bl OTHOCHTENTFHOTO TIepexoa K MOAnmporpaMmMaM oOpaboTKH mpepbIBa-
HUH. Hike mpiBeneH THITHYHBIN JIACTHHT Hadasa mporpamMmel uts moxenw AT90S1200.

Nuctuir 3.1. TekcT Havana nporpammbl 4nsa AT90S1200

Address Labels Code Comments

$000 rjmp RESRT ; OBpabBoTumk cBpoca

$001 rijmp EXT INTO ; OOpaboTuMk BHENHETO MNPEPHEBAaHMS
$002 rkmp TIM OVEO ; OCpa®oTumMk MpepsBaHu s

; or Tavmepa 0
$003 MAIN: 1di rle, ; Hauajio OCHOBHOM MNpPOTPaMMEL
low (RAMEND)
out SPL, rlé6

<MHCTPYKLMA> XXX

Ecnm B mporpaMmve He HCTIONB3YIOTCA (3aIpeleHsl) TPepsIBaHisA, TO OCHOBHAA TIPO-
rpaMMa MOXKeT HAYHHATHCS HETIOCPEACTREHHO ¢ ampeca $001.

B zakmouenune cnemyer ormetnth, uTo FLASH-TI3V, ucnonassyemoe B MHKPOKOH-
Tposutepax AVR, paccuntano kak MuauMyM Ha 1000 LIHKIOB CTHPAHWA/3aMHCH.

IMamaATe AAHHBIX MHKPOKOHTpOUTEpoB ceMeiicTBa Classic pazgeneHa Ha TPH YacTH:
perucTpoBas MaMsTh, onepaTHBHas MamsTh (ctaTnueckoe O3Y) W 3HepProHe3aBUCHMOE
DCIIN3Y (EEPROM).

Perucrposas namsate BrmodaeT B ceds 32 peructpa obiero vazHaueHus (POH), 06b-
eJIMHeHHBIX B PETHCTPOBHIi (hailm 1 ciryxkeOHBIe perncTpbl BBoAa/BeiBona (PBB). Pasmep
perucTpoBoil maMaTH GUKCHPOBAH U AJIS BeeX Mozeneli cocTaBiseT 96 6aiiT, cooTBeTcT-
senHo mox POH otsoanTes 32 Oaidta, a mog PBB — 64 6aiira.

B obnacTtn peructpos BBOAa/BLIBOAA PACNONOKEHBI PA3NWYHbIE CNYKEOHbIE perncTpbl (PerncTp
yKkasaTens cteka, pernctp COCTOSHMA W T.M.), & TakkKe PEerncTpbl ynpaeneHus nepudepuinHbiMmn
YCTPOMCTBaMM, BXOAALLME B COCTAB MUKPOKOHTponnepa. Obwwee konvuectso PBB 3aBucuT 0T kOH-
KpeTHON MOAEeNV MUKPOKOHTpONepa.

Jis XpaHeHHs MEPEMEHHBIX MPOTPAMM BMECTE ¢ PETHCTPAMH TAKKe MOIKET HCITOJb-
30BaTkea cratideckoe O3Y oobemom ot 128 go 512 Gaiit. Kpome Toro, MUKpOKOHTPOJI-
aepsl AT90S4414 w1 AT90S8515 uMeroT BOZMOKHOCTh MOAKIKOUSHHSI BHEITHEro CTaTH-
geckoro O3V odreMom mo 64 Koaiit.

Jis xpaHeHHs DaHHBIX, KOTOPBIE MOTYT H3MEHATHCA B MPOLIECCE HACTPONUKH W (PyHK-
IIHOHWPOBAHNS TOTOBOM CHCTeMBl (KalHOpOBOYHBIE KOHCTAHTHL, CepHiiHble HoMepa,
KITIOYH | T.I1.), MOJKeT OBITh Hemotb3oBaHa EEPROM-mtaMate. Ee oGbeM cocTaBisteT s
pasiauuHbIX Mozesei ot 64 1o 512 Gaiit. Dta MaMATh PacnoiokeHa B OTACIIBHOM aJpec-
HOM MPOCTPAHCTBE, a JOCTYI K HEH OCYIIECTBIAETCA C MOMOIIBIO onpeeseHHbx PBB.
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Crarnueckoe O3Y

B mmukpokonTpomiepax AVR cemeiicta Classic mcronb3yercs jvHelHas opraHA3a-
uus namsti. O0bpeM cratiueckoro O3V mis paznuyHbIX MOZeIeH ceMelcTBa COCTaRIIsIeT
oT 128 mo 512 6aiT (cM. Tabm. 3.2).

B aapecrom nipoctpaneTBe O3V Takike pacmoioxKeHBl Bce PeTHCTPHl MHUKPOKOHTPOI-
JIEPOB, TIOJT HAX OTBEMEHBI Miaamme 96 agpecos (cMm. prc. 3.9). OCHOBHBIE ampeca OTBe-
nenbl mox 128/256/512...64 Kéaiit syeex crarideckoro O3Y.

Ha puc. 3.9 cxemaTudeckn mokasaHa opraHuAzaLlus

PemcTRoE I ANpECHOE NPOCTRSHCTED
ctatndeckoro O3VY. thain FEMATH ASHHEL
O (]
F1 0001
PerMCprl obLero HasHauYeHusA Rz o0z
Tlpexae ueM mepeiiTH K OMHUCAHUIO UMEIOLIUXCS B ggg gg]g
MHKPOKOHTPOJLJIEPE PErHCTPOB, X044y OOpaTWTh Balle E] oTF
BHAMAaHHWE HA TO, UYTO B TIPHIIOKEHHH 4 BCE PETHCTPHI PemeThI
B EOfa B blEOfE
MHKpoKoHTposutepoB AT90S2312 paccMoTpeHbl OUeHb 00 AT
F01 F0021
moapo6Ho.  Tlockombky  OOJBIIMHCTBO  PETHCTPOB 3 053
AT90S1200 waeHTHYHBI OMMHCAHHBIM B TIPHJIOKEHHH 4, = —
Jlajiee B ATO TUIaBe OTHIIEeM TOJIBKO HEKOTOPBIX 0OIIIHe 33E $O05E
F3F FO0SF
WX 0COOEHHOCTH.
BHyTpeHHee OF ¥
Bce perucrpsr o6mmero Haznauenns (POH) oObenu- $006D
o F00E1
HEHbI B (aiil, CTpyKTypa KOTOpPOTO TMOKa3aHa Ha
FO0DE
puc. 3.10. e

Kak yxe ObUIO CKa3zaHO, B MHKPOKOHTpOJIIEpax
AVR Bce 32 POH nernocpencreento poctymasl AJIY B
OTINYME OT MUKPOKOHTPOJLIEPOB APYrHX (UpM, B KO-
TOPBIX UMeeTcsl TOJIBKO OAWH TaKoi peructp — pado-
unii perictp W (akkymynarop). brarogaps stomy mo6oii POH moxeT wcnonbs3oBaThes
BO BCEX KOMaHIaX W Kak OnepaHI-MCTOYHHK W Kak onepaHA-pueMHUK. MckmodeHune co-
CTaBJISIIOT JIMIIE MATH apHPMETHYSCKHX W JIOTHYECKNX KOMaH, BHITTOTHSIOMINX ASHCTBHS
Mexay koHctanToil u perrctpom (SBCI, SUBI, CPI, ANDI, ORI),a Takxe komaHma 3a-
Tpy3kH kKoHCTaHTh B pervctp (LDI). D1 Ko-

Puc. 3.9. Cxema opraHunsaumm
craTtndeckoro O3Y

MaHIIBl MOTYT OGpaIlaThes ToNbKO Ko BTopoit & T 1 ’;;EEC
rostosrHE peructpos (R16—R31). Ri R1 501
R2 R2 0z
Psan pernctpoB 0OIIEro Ha3HAYEHHS HC- ¥
3 _ R13 R13 H00
HOHBS}Z’GTCH B KadecTBe yKazaTeseil MpH Koc e e e
BEHHOH aJpecalliid NMaMATH JaHHBIX. B Moze- 212 g]g FOF
10
g AT90S1200 TakwM perncTpoM ABIAETCA Fi7 R17 11
perucTp R3VO (peructp 7). Hocxonvay o0beM — — SO ——
agpecyeMoil MaMsITH OaHHBIX 3TOH Moaenln R27 R27 1B penicTp X, o7 Gaiit
o ] R25 F1C penicTp ¥, mn GaiT
COCTaBJIAET BCEro 96 GaiiT, My XpaHSHHs a- R23 R2S 1D penictp ¥, 7 fair
_ _ R0 (pemcTp ) R30 F1E pamcTp ¥, mn.OaiT
peca JOCTaTOYHO OTHOTO 8-pa3psmaHOTO peru = = MF pomre i
cTpa. Bo Becex ApyrmMx MoAensx s KOCBEH- pE— PR
HOW aJpecallud HWCMONB3YIOTCS Tpu 16- TERERY
paspannbIx peructpa (peructpel X, Y u Z), Puc. 3.10. CTpykTypa pernctpoB

oOLero HasHaJYeHus
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KaKIBIH W3 KOTOPBIX MoNy4aercs 00b-

eanHenneM AByx POH (puc. 3.11). = :
Kak mokazaHo Ha pwuc. 3.10, kax- remeE |7 I ’

AbIii permcTp daiina wMeer cBoil cob- - R27 (H1B) R26 (514) .

CTBEHHBIH afpec B TPOCTPaHCTBE Tia-

MATH JaHHBIX (kpome AT90S1200). ™" |7 o) !

TloaToMy K HMUM MOXKHO 06paLuaTbca R23 (100 R25 ($1C)

KaK K TIaMATH, HECMOTPS Ha TO, HTO e 2

(GU3HYECKH 3TH PETHCTPHI He ABJIAIOT-  =Me™P e |7 i .

cq siyeiikamu O3K. R3 ($18) R30 (H1E)

Puc. 3.11. Peructpbl-ykaszaterm X, Y n Z
Peructpsl BBoAa/BhIBOAA

Peructper BBOma/BeiBona (PBB) pacmomaratoTess B Tak Ha3bpiBaeMOM TIPOCTpaHCTBE
BBOJIA/BBIBO/IA pazMepoM 64 Gaiita. Bce PBB MoxHO pazaeniTs Ha ABe TpyMIB:

¢ ciayxeOHble perncTpbl MUKPOKOHTPOJLIEPa;

¢ PETHCTphI, OTHOCAIHecs K TephepHiHbIM ycTpoiicTBaM (B T.4. TIOPTHI BRO-
J1a/BBIBOIA).

Pazmep xkaxmoro pervictpa — 8 pazpamos.

Pacnpenenenne anpeco mpocTpaHCTBa BBOJA/BBIBOJA 3aBUCHT OT KOHKPETHOH Moze-
JI1 MUKPOKOHTpOJLIepa, T.K. pasHble MOAEIN UMEIOT pasinuHblii cocTaB neprdepriiHbIX
YCTPOHCTB H, COOTBETCTBEHHO, Pa3HOE KOIHIECTBO PETHCTPOB.

K mobomy pervcTpy BBOAa/BBIBOAZ MOXKHO 0OpaTHThCS ¢ ToMolIbto komana IN wu
OUT, BbIMOJHSIOWINX MepechbUIKY AaHHbIX Mexay odHWM u3 32 POH u npoctpaHcTBOM
BBOJA/BBIBOAA. Kpome Toro, MetoTes 4 KOMaHIbl MOPa3psaaHOTO MOMycKa, HCTOMb3YI0-
M€ B KAa4eCTBE OMEPaHIOB PErHcTpbl BBOAA/BbIBOAA (Tabi. 3.5) KOMaHObl YCTaHOB-
kn/cOpoca otaensHoro paspsnaa (SBI w CBI) #1 koMaHIBI MPOBEPKH COCTOSHHUS OTAETHLHO-
ro pazpana (SBIS w SBIC).

Ta6nuua 3.5. PerucTpbl BBoAa/BbIBOAA Moaenu AT90S1200 n AT90S2313

HazsaHue | ®yHkumna AT90S1200 | AT90S2313
ACSR Pernctp ynpaBneHWs W cocTogHWA aHanorosoro | $08 $08 ($28)
Kommapartopa
DDRB PerucTtp HanpaeneHus aaHHbIX nopta B $17 $17 (837)
DDRD PerucTtp HanpasneHus ganHeix nopta D $11 $11 (831)
EEAR Peructp agpeca EEPROM SIE $IE ($3E)
EECR PerucTtp gaHHsix EEPROM $IC $IC ($3C)
EEDR OB perncTp naros NpepbIBaHUA $ID $ID ($3D)
GIFR OBLUMIA perncTp Mackm nNpepbIBaHNA — $3A (85A)
GIMSK Peructp saxBata TaliMepalcdeTunka 1 (cTtapwuin | $3B $3B ($5B)
OainT)
ICRIH PervcTp saxeaTa Tanmepal/cueTumka 1 (Mnagwwn | — $25 ($$45)
OanT)
ICRIL OBLKMIA perncTp ynpasneHns MUKPOKOHTPOEPOM — $24 (544)
MCUCR PervucTp coCTosHUS MUKPOKOHTpONNepa $35 $35 ($55)
MCUSR Pernctp cocTosHUst MUKPOKOHTPONEpa — —
OCRIAH PerucTp coenageHnwus ebixoga 1 (ctapwmn 6ainT) — $2B ($4B)
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Taonuubl 3.5. OkoH4YaHue

HazsaHue | ®yHkumna AT90S1200 | AT90S2313
OCRIAL Peructp coBnageHus Beixoda 1 (Mnaawwmn 6aiT) — $2A ($4A)
PINB BbiBoabl NopTa B $16 $16 ($36)
PIND BbiBoabl nopta D $10 $10 ($30)
PORTB Pernctp gaHHbIx nopta B $18 $18 ($38)
PORTD Peructp ganHeix nopta D $12 $12 (832)
SPL YkasaTtens cTeka — $3D ($5D)
SREG Peructp coctosHus $3F $3F ($5F)
TCCRO Pervuctp ynpasneHus Taimepom/cyeTymnkom 0 $33 $33 (8$53)
TCCRIA PerucTp ynpasnenus A Tanmepom/cyeTynkom 1 — $2F ($4F)
TCCRIB Peructp ynpasneHua B Tanmepom/cyeTumkom 1 — $2E ($4E)
TCNTIL CueTHbIn perucTp TakMepalcdeTumka 1 (Mnagwuim | — $2C ($4C)
OainT)
TCNTO CueTHbI perncTtp Tanmepalcdetdiuka 0 (8-paspsagHblin) | $32 $32 ($52)
TCNTIH CueTHbIN perictp Tamepa/cyeTdnka 1 — $2D ($4D)
TIFR Peructp chnaroe npepbiBaHuii 0T Tamepal/cyetynka | $38 $38 ($58)
TIMSK Pervctp mackv npepbiBaHUiA OT TaliMepa/cyeTyrka $39 $39 ($59)
UBRR Peructp ckopoctu nepegayn UART — $09 ($29)
UCR Peructp ynpasnenHua UART — $0A ($2A)
UDR peructp gaHHbix UART — $0C ($20C)
USR Peructp coctosHnsa UART — $0B ($2B)
WDTCR Pernctp ynpaBneHUss CTOPOXEBLIM TalMepOM $21 $21 ($41)

CiyxcOHBIC peTHCTPBI MEKPOKOHTPOJLIICPa

Jlanee paccMOTpHM cllykeOHBIE PETHCTPBI MHKPOKOHTposutepa. O0paTHTe BHHMAaHHE,
9TO azpeca CIyXKeOHBIX PErHCTPOB HE MEHSIOTCS OT MOJeleH K MOIENH, T.e. PETHCTP
SREG Bcerna pacrionioxer mo aapecy $3F ($5F), pervictp GIMSK — mo aapecy $3B
($5B)u T.1.

SREF (peructp coctosuus). Pernctp cocrosHus pacriojaraercs mo aapecy $3F
($5F). DroT peructp npencrapiseT coboii Habop (haroB, TOKa3hIBAIOIINX TEKYIIlee CO-
CTOSTHUEe MUKPOKOHTpOJUIepa. DTH (Jiard aBTOMaTHYeCKH YCTaHaBIWMBaIOTCS B «1» WK B
«0» TIpH HACTYTIIEHWH OTIPeNETeHHBIX COOBITHIH (B COOTBETCTBHH C PE3yTBTATOM BBITION-
HeHHs KoMaHZ). Bce pazpsaabl aToro perncTpa JOCTYMHBI Kak A YTeHHs, TaK W /s 3a-
MUCH B 000N MOMEHT BpeMeHH; Tociie cOpoca MUKPOKOHTpOJUIepa BCe pa3psiabl peru-
cTpa cOpachiBaloTCs B «0».

SP (ykazarenb CTeka) — B MOIEIAX, HMEIOIIHX 00bem 10 128 GaiiT (agpecHoe mpo-
crparctBo O3Y — $000-$0DF), ykaszarens cTeka peann3oBaH Ha ogHOM perwctpe SPL,
pacrionosxkerroM 1o aapecy $3D ($5D). B ocTanbHBIX MOAENAX yKa3aTedb CTeKa peat-
30BaH Ha mape pericrpos SPH:SPL, coorBercTBeHHO pacnonokeHHbIX 0 aapecam $3E
($5E) n $3D ($5D).

Bce ucnonbayemble paspsbl PErMcTpoB AOCTYIMHbI Kak ANS YTeHWs, Tak U ANd 3anvick B nobon
MOMEHT BpeMeHu. [ocne cbpoca MUKPOKOHTpONNEpa CoAepKUMOe perncTpoB pasHo 0, noaTomy B
caMOM Havane nporpaMMbl ykasaTenb cTeka HeobXOAUMO MPOVHULManu3nMpoBaTb Kakum-nubo
3Ha4yeHneM (kak NpaBuno, 3To HauOOMbLUWIK ANS KOHKPETHOrO MUKPOKOHTpONNepa aapec namsartu
OAHHBIX).
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GIMSK, TIMSK, GIFR, TIFR (pervictps! ynpasiaeHHs TpepbIBAHHAMA) — 3TH HYETHI-
pe perucrpa TpedHasHa4YeHbl AJIS YIPaBIeHHS BHEIIHAMH MPepbIBaHUSAMH (PErHCTpPhI
GIMSK u GIFR) u npepbiBannsmu oT Tadimepo (perrictpbl TIMSK n GIFR) u npepbiBa-
Husmu oT Takimepos (perictpsl TIMSK # TIFR). Perwictpst Mmacok GIMSK (o0mmii perrctp
mackd TipepsiBadnii) 1 TIMSK (perncrp mMacki mpepsiBanwii OT TaliMepoB) HCTTOIB3YIOTCA
IUTS pa3pellieHHs/3apelieHHs] OTAeTBHBIX MTpepbiBaHwii, a perucTpsl (iaroB GIFR (oOmmaii
pervctp dnaros nipepbisannii) W TIFR (perwictp dmaros npepeiBanmii oT TaliMepos) coaep-
KaT (I1ar, MOKa3bIBAIOIIHE, MPOM30IIIIO HIH HET COOTBETCTBYHOILEe PEePhIBaHHE.

MCUCR (peructp ynpapieHHs] MHUKPOKOHTPOJIIEPOM) — pPacroiioKeH Mo aapecy
$35 ($55). DroT pervicTp coaepKHUT paa GIaroB, HCMOMB3YEMBIX TS OOIIero yrpaBie-
HUsT MHKpoKOoHTposmiepoM. CocTaB (imaros, pasmemennbix B perictpe MCUCR, He-
CKOJIKO MEHSeTcS OT MOAEIH K MOAEIH, COOTBETCTBEHHO B OTMPEAEIeHHBIX MOAEISIX He-
KOTOpble paspsdbl He MCMob3ytoTes. Hewcnonb3yemble paspsiabl perucrpa AOCTYITHBI
TOJIBKO TS UTeHHs W cosepkar «0». Bee memnonbs3yeMble pa3pAnpl perHeTpa AOCTYITHBI
KaK JUTd YTEeHHs, TaK W JJIs 3aMMAcH B 000K MoMeHT BpeMeHH. [Tocie chpoca MHKPOKOH-
TpoJlsiepa BO BCeX pa3psaax peructpa 3anucano «0».

MCUSR (pervcTp COCTOSHHA MHKPOKOHTPOJIIEPA) — PAcToNokeH 1o aapecy $34
($54). DroT perHcTp comepskHT GIIarH, COCTOAHHE KOTOPHIX TTO3BOJISET OTPEAETHTE TTPH-
YHHY, TIO KOTOPO# TIPOoH30IIen cOpoc MUKPOKOHTPOIIIEPA.

Cnoco6bl agpecauum naMAaTU AAHHbIX

Bee wmmukpokonTporiepel  AVR cemeilictea Classic, 3a WCKIOYeHHEM MOJETH
AT90S1200, mognepxxrBatoT 8 crmocobOB aapecaliiid s AOCTyTa K pasTHdHbIM o0iac-
Tam mamMati garHex (POH, PBB, O3VY). Moaens AT90S1200 B CBA3W ¢ OTCYTCTBHEM Y
Hee BeTpoerHOro O3V # H3-3a HAUTHYHA €AHHCTBEHHOTO HHACKCHOTO PETHCTpa TIOIaep-
JKHBaeT TONIBKO 4 crioco0a aapecariii W3 BOCHMH.

B nmelicTBUTETEHOCTH ¢TTOCOOOB afpecalliyl Bcero IBa:

¢ TipsAMas aapecalus;

¢ KOCBCHHaA aapecalms.

Onrako Kaxabpli crocol anpecariii IMeeT HeCKOIBKO Pa3HOBHAHOCTeH B 3aBHCHMO-
CTH OT TOTO, K Kakoi 00/1aCTH MaMaTH MPOW3BOANUTCA OOpalleHne (ajs mpaMoi aapeca-
[IHA) HIA KaKWe TOTIOMHHTENIbHBIE AEHCTBHS BHITIONHAIOTCS HAI WHASKCHBIM PETHCTPOM
(ans KocBeHHOI aapecalnn).

IIpsimas agpecanns

Tlpn npsamMoii aapecaunn aapeca onepaHAOB COAEPXKATCS HEMOCPEeICTBEHHO B CIIOBE
KOMaHIbl. B COOTBETCTBUM CO CTPYKTYPOH MaMsITH JaHHBIX CYLIECTBYIOT CISAYIOLIHE
Pa3HOBHIHOCTH MPAMOH aApecaltin: mpsmas aapecais onaoro POH, npsmas agpecanms
meyx POH, mpsamas anpecairis PBB, mpamas agpecarmst O3V,

HpﬂMaﬂ apcecanus OAHOI'0 perucrpa 06]].[01"0 Ha3sHaA4YCHUA

DTOT cnocol aapecarii HCMoIb3yeTes] B KOMaHaX, ONEPHPYIONIHX C OAHAM H3 PETH-
CTpOB 0bIIeTo HasHaueHWs. [Ipu aToM ajipec perHcTpa-onepania (ero HOMep) COAEPIKNT-
ca B paszpagax 8...4 (5 OWt) cj10Ba KOMaHIBI.
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ITpumepom KOMaHA, HCMOB3YIOMIMX STOT CMOCO0 aApPECALl|H, SBIAIOTCS KOMaHIbI
paboter co crekom (PUSH, POP), xomanasl wakpemenTa (INC), nexpementa (DEC), a
Tak)ke HeKOTOpble KOMaHIbl apH(hMETHUSCKAX OTIepaITHii.

IIpsimas agpecamys IBYX PErHCTPOB 00IIero HAZHAYECHAS

Dot cnocod aapecalliil UCTIONB3YeTCs B KOMaHOaX, OMepHPYIOIIHX OAHOBPEMEHHO ¢
JBYMS perHcTpaMn o0Iero HazHaueHHs. [IpH 3TOM ajpec perncTpa-nCTOYHHKA Comep-
sKUTCA B paspsagax 9, 3...0 (5 6ur), a agpec perucrpa-npreMHnuka B paspsgax 8...4 (5
OWT) c10Ba KOMaHIBI.

K komaHzaMm, MCMONMB3YIOMMM 3TOT crmocod aipecallid, OTHOCHTCS KOMaHZa Tepe-
CBIIKH JTaHHBIX W3 perrctpa B perrctp (MOV), a Tarke OONBITHHCTBO KOMaH[ apHdme-
THYECKHX OTepaLmii.

IIpsimasi agpecanus peracTpa BBOAA/BHIBOAA

JlaHHbIl crocod aapecalliil WCTMOIB3YeTes KOMaHOaMW TIEPeChUIKH AaHHBIX MEXIY
perucTpoM BROJA/BBIBOAA W perHcTpoBbIiM daiimom — IN 1 OUT. B atom citydae aapec
perucTpa BBOAA/BBIBOAA comep:kuTes B paspsaaax 10, 9, 3...0 (6 6ur), a anpec POH — B
paspsgax 8...4 (5 6ur).

IIpsimas agpecannsa O3Y

Kak cienyer w3 Ha3BaHHs, JaHHBIN CMOCOO HUCTMOJB3YETCA TIPH OOPAIEHHH KO BCEMY
aZipecHOMY TIPOCTPaHCTBY TIaMATH NaHHBIX. EcTecTBeHHO, 3TOT crocol aapecaniid He
noanep>xuBaeTcs MukpokoHTposepom AT90S1200.

B crcreMe komMaHA MHKPOKOHTPOJIEPOB CEMEHCTBA WMEETCS] TOJBKO IBE KOMAHIBI,
WCTIONB3YIOMINE ATOT CIoco0 afipecalliil. ITo KOMaHIBl TIepechlTKA OaiiTa MexIy OJHAM
n3 POH wn sueiikoit O3Y — LDS u STS. Kaxpgas w3 >THX KOMaHI 3aHAMAeT B MaMITH
mporpamm aBa ¢jioa (32 6ita). B mepBoM CI0Be COAEPIKHTCA KO OTIEpallHi H aapec pe-
riucTpa o0riero HazHadeHus (B paspsigax ¢ 8-ro mo 4-if). Bo BTOpoM ClIOBE HaXOAWTCA
azipec S9eHKH TTaMATH, K KOTOPOi TIPOUCXOANT o0 pallleHre.

Ewe pas obpallaem Balle BHUMaHWe, 4To no agpecam $00-$IF pacnonoxeH dpain peructpos
obLero HasHa4eHus, a no agpecam $20-$5F pacnonoxeHsl perucTpbl BBOAA/BLIBOAA.

Kocpennas aapecanus

TIpn kocBeHHOI aapecanun aapec suedku namsTh (aas AT90S1200 — peructpa) Ha-
XOAWTCS B OAHOM M3 MHIESKCHBIX perucTpoB X, Y u Z. B 3aBMcHMOCTH OT AOMOIHNUTEIb-
HBIX MaHHTYIAIANR, KOTOPBIE TIPOW3BOAATCA HaJ COACPKHMBIM HHISKCHOTO PEeTHCTpa,
Pa3nn4aloT claenyoe Pa3HOBUIHOCTH KOCBEHHOH afpecali: MpocTas KOCBEHHas al-
pecaLus, OTHOCHTe/IbHas KOCBEHHAas afpecallnsl, KOCBeHHas afpecalus ¢ pelaeKpeMeH-
TOM H KOCBEHHAA aJ[pecaltis ¢ MOCTHHKPEMEHTOM.

HpOCTaﬂ KOCBCHHAHA aJipecanus

Cpazy otmetum, uto AT90S1200 noaaep:kHBaeT TONBKO 3TOT BUI KOCBEHHOH aape-
carud. [IpH HCMONB30BaHHH KOMaHA TIPOCTOH KOCBEHHOH ajpecalliy oOpalneHwne mpow3-
BoauTcst o aapecy (perucrpa — miast AT90S1200, sueiikk mamMsaTH — A OCTaIbHBIX
Mozesleil), KOTOPBIi HaXOomHUTesl B WHISKCHOM perrcTpe. HUkakux mHelcTBHI ¢ comepku-
MBIM HHAESKCHOTO PETHCTPa TTPH 3TOM HE TIPOH3BOIHTCS.
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MHKPOKOHTPOILIEPHT TIOAASPKUBAIOT 6 KOMaH (TI0 2 IUTA KayKIAOTO WHAEKCHOTO PETHCT-
pa) TIpocToil KOCBeHHOM anpecani: LD Rd, X/Y/Z, Rd (mepechlika Oaiita w3 POH B
03Y). Aapec perucrpa o0IIero Ha3HAYESHHS COASPIKUTCA B paspanax 8...4 cjioBa KOMaHIbI.

OTHOCHTC/IBHAT KOCBCHHAN aapccanuas

Tlpn vcnosib30BaHUK KOMaH OTHOCHTENBHOW KOCBEHHOW ajpecaliii aapec suerkd
MaMATH, K KOTOpOi oOpalratoresi, ToiydaeTcs CyMMHPOBaHHEM CONEPKHUMOTO WHAEKC-
Horo peructpa (Y WM Z) W KOHCTaHTHI, 3alaBaeMoii B KoMmaHAe. J[pyrumu clioBamH,
MPOH3BOANTCS OOpaIleHHe O aApecy, YKa3aHHOMY B KOMaHIE, OTHOCHTEIBHO aapeca,
HaxOAMIETOCS B HHASKCHOM PEeTHCTpE.

COOTBETCTBEHHO MHUKPOKOHTpOJUIepsl MOoAAep:KUBatOT 4 KOMaHAbl OTHOCHTENLHOM
KOCBEeHHOI agpecallid (ABe 11 perucTpa Y W ABe AJd peructpa Z): LDD Rd, Y+q/Z+g
(nmepecwika Gaiita w3 O3Y u POH) n ST Y+g/Z+qg, Rr (nepecwiika Oaiita w3 POH B
03Y). Aapec peructpa o0IIero Ha3HAYSHH COACPKUTCA B paspsaax §...4 cioBa KoMaH-
Ibl, a BeMMYHHA cMelleHns — paspsgax 13, 11, 10...0. ITockonbky Mo 3HaueHWe cMe-
IIeHNsT OTBOAUTCS TOJBKO 6 OUT, OHO He MOXKET MPeBbITIaTh 64.

Kocsennas agpecanus ¢ mpeaieKpeMeHTOM

[Mpw wenonap30BaHWH KOMaH KOCBREHHOM aapecallii ¢ MpelIeKpeMeHTOM COIepIKH-
MO€ WHIEKCHOTO PerdcTpa CHadalla YBETHYHBaeTCsS Ha 1, a 3aTeM MpOW3BOIHTCS oOpa-
MeHHe Mo TIOMYYeHHOMY aapecy. MHUKPOKOHTPOIIIEpHl ceMeicTBa MOAAePKHBAIOT 6 KO-
MaHa (Mo 2 T KaXIoTo WHAEKCHOTO perncTpa) KOCBeHHOMH afipecallii ¢ Mpeaiekpe-
MeHTOM: LD Rd, -X/ -Y/ -7 (nepecwuika Gaiita n3 POH B O3VY). Aapec perucrpa
0011Iero Ha3HaYeHHs colepKUTes B paspsaiax §...4 crnopa.

Kocsennas agpecanus ¢ HOCTHHKPEMEHTOM

ITpu wcmonp30BaHWH KOMaHA KOCBEHHOMN afjpecalliil ¢ TIOCTHHKPEMEHTOM Tiociie 00-
palieHHs 1o aapecy, KOTOPHIH HAXOAWTCH B HHASKCHOM PETHCTPe, COAepKIMOe HHIEeKC-
HOTO PEeTHCTpa YMEHbINaeTes Ha 1.

MUKPOKOHTPOIIIEPHI ceMeicTRa TIOAIEPKUBAOT 6 KoMaH (TI0 2 IS KaXKI0TO HHIIeKC-
HOTO perrcTpa) KOCBeHHOH ajipecalliid ¢ TIOCTHHKpeMeHToM: LD Rd, X+/Y+/Z+ (Tepe-
cbiika Oaiita u3 O3Y B POH) 1 ST X+/Y+/Z+, Rd (mepechiika 6aiita 3 POH B O3Y).
Anpec pervcTtpa o0IIIero Ha3HA4YeHHs COMEPIKATCA B pazpsiaax 8. ..4 cIosa KOMaHIBI.

3Hepr0He3aBMcumaﬂ namsaTb AAHHBbIX

Kaxk yxxe Ob110 crazaHo, MukpokonTposiepsl AVR cemeiictsa Classic HMeIOT B ¢BOEM
cocrase sHeproHe3asrcimMyto mamatse (EEPROM). O6wem 31oit mamsti kojebnercst ot 64
Gaitr B Mogermnt AT90S1200 no 512 Gaiit B crapmmx Momensx. EEPROM-miamste paciio-
JIoKeHa B CBOeM aJIpeCHOM TIPOCTPaHCTBe M Tak ke, kak 1 O3V, opraHu3oBaHa JIWHENRHO.

Oprannzanns gocryna

s oOpamennss Kk EEPROM-niamMsiTH WCTIONB3YOTCS TPH perrcTpa: perucTp aapeca,
PETHCTp NaHHBIX W PETHCTP yNpaBiIeHnd. Bce 3TH perncTpsl, a Taroke HX HCTIOIh30BaHHe
moApOOHO PACCMaTPHBAKOTCA B 3TOM MYHKTE.
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Peructp aapeca

B peructp aagpeca 3arpyxaetcs aapec suelikd, K KOTOpoi OyneT mpon3BoAnThes o0pa-
meHre. B mMomensx mukpokorTposiepos ¢ oo0beMoM EEPROM-namsiti 1o 256 Gaiit pe-
THCTp ajjpeca peai3oBaH Ha omHoM PBB (permctp BBOma/BRIBOMa) — EEAR (EEPROM
Addres Register), pacnionoskerrom o aapecy $IE ($3E). B Momensx MUKpOKOHTpOILTEpOR
¢ o6bemMom EEPROM-niamsTi, paBHbiM 512 Gaiit, Aas ampecalyii BCEr0 aapecHOro mpo-
CTpaHCTBa TpeOyeTes yxkKe JEeBATh Pa3psioB, TIOATOMY PETHCTp ajjpeca B HHX pealTH30BaH
Ha 1ByX PBB — EEARH (crapimii Gaiit anpeca) m EEARL (Mmammmwii Gaiit anpeca). OtH
perucTpsl pacrionoxkensl mo aapecam $IF ($3F) u $IE ($3E) cooTreTcTBEHHO.

Bce nepeunciennble perHCTPHl HOCTYITHBI KakK IS 3aITHCH, TaK W 1A 9reHus. [lpn
3TOM colep:kuMoe paspsiaoB 7...1 peructpa EEARH, pasymeercs, urHopupyercs.

PCFI/ICTp JaHHBbIX

Peruictp BROMA/BRIBOOA, SBIMtOIIMICA perrcTpoM HaHHBIX EEPROM-namsiTH, Hasbi-
BaeTes EEDR (EEPROM Data Register), a pacnionosken on mo aapecy $ID ($3D). ITpu
3aMHCH B ATOT PETHCTD 3arpyKaloTcs OaHHbIe, KOTOPbIE AO/DKHBI OBITH MOMEIICHBI B
EEPROM mio anpecy, Haxomsmiemycs B periuctpe EEAR.

Pernctp ynpasiacaus

Kak ciemyer W3 Ha3BaHHA, TaHHBIH PETHCTP HCTIONB3YETCA AIIA YITPABICHHA JOCTYTIOM
k EEPROM-niamsaTi. Dot peructp, kotopbiii HazpiBaeTess EECR (EEPROM Control
Register), pacrionioxen mo aapecy $IC ($3C),. PasHble Mofien TipenocTarIsOT HeOAWHA-
KOBBIE BO3MOKHOCTH TIO YITPaBJIeHHIO Mporieccamu 3amick/ureris 8 EEPROM, mostomy
cocTaB ympaBasomux paspsaoB B peructpe EECR 3aBHcHT oT KOHKpeTHOH Mozenu
MHUKPOKOHTpOJLIepa.

Taxum oOpazom, mporeaypa 3anuck ogHoro Oaiita B EEPROM-namaTs cocToHT W3
CJIEAYIOIINX JTAIOB.

1. Jloxkpatees rotoBHocTh EEPROM k mpueMy HOBBIX OaHHBIX (KAaTh, MOKa He
copocures dimar EEWE peructpa EECR).

2. 3arpysuth OaiiT mannabix B pernctp EEDR, a TpeGyembiii anpec — B perwctp
EEAR (EEARH:EEARL).

3. Ycranosuth B «1» aar EEMWE perncrpa EECR. Tlpuuem nis BeimmosTHeHHs
9TOH omepalii HeOOXOAHMO B TOM K€ MAITHHHOM ITHKIIE 3amicaTh «0» B paspsn
EEWE.

4. B Teuenmwe 4 MamIWHHBIX IMAKIOB Tocie ycTaHoBKH ¢utara EEMWE samuicats B
paspsaa EEWE perwictpa EECR mor: «1».

Jns muxpokortpostepa AT90S1200, B peructpe EECR koroporo otcytersyer dutar
EEMWE, nyukrst 3 u 4 cBomsarcs K TipocToii yeraHoBke paspsana EEWE. O6parure
BHUMaHWe, YTO TMOocje YCTAaHOBKM 3TOTo pa3psida B «l» mpoueccop mnpomyckaer 2
MAaITMHABIX IIAKIIA TTepe]] Ha9aIoM BBITTOTHEHHS CIIeMyIOIIeH WHCTPYKIIHH.

JlmuTensHOCTh LKA 3aMTUCH COocTaBIseT 2—4 Mc, B 3aBUCHMOCTH OT HaNps>KeHUS TTH-
TaHHd MUKpoKoHTposuiepa (2 mMc ipu Vee = 2,7 B). Tlo okoHUaHWW LWKIIA 3aMUCH, pa3psia
EEWE anmnapaTtHo cOpachiBaeTcs, TOC/e 9ero mporpaMMa MOKeT HaudaTh 3arich cie-
aytorero 0aiira.
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C y4eroM CKa3aHHOTO (pparMeHT MporpamMMbl, ocyIIecTstoLei 3amics B EEPROM,
BBITJISLANT CIIeTYOMAM 00pa3om (Ha ipuMepe Moaemn AT90S1200):

EEWrite:

sbic EECR, EEWE ;  xmaTe, noka oGmar EEWE nze 6ymer
rijmp EEWrite ;  cOpomeH

sli ;  RanpeTuThs NPepPbBAaHMS

out EEAR, AddrReqg ;  BarpyzuTe alpec (AddrReg — POH)
out EEAR, DataReqg ;  2arpy2uUTk ITaHHele (DataReqg — POH)
sbi EECR, EEWE ; BEIOATE CTpoO zanmmcu B EEPROM

sli ; PaBpemMTh IpepeBaHmre (eciau HeoOXOIMMO)

TIpouenypa utenus nanHeix 13 EEPROM ropazgo npoiie, 4yeM npoLeaypa 3arucH.
[Mocne 3arpy3xu TpeOyemoro ampeca B peructp EEAR (EEARH;EEARL), nporpamma
nmomxHa yctanoBHATE B «1» pazpsan EERE perwictpa EECR. Koraa 3anpommennsie 1anHble
OyayT HaxomuThed B peructpe maHHbix EEDR, mpousoiizer anmapaTHblii ¢cOpoc 3Toro

paszpsaaa.
C y4eToM CKa3aHHOTO (ParMeHT MPOTrpaMMbl, OCYIIECTBIAIOMICH YTEHHE W3
EEPROM, BeirasauT ciemytommm oOpazoM (Ha mpuMepe Moaenn AT90S1200):
sbic EECR, EEWE ; XKIATh OKOHUAHUA TeKyler Salucu
rijmp EERead ; (moka dynar EEWE He cTadHeT paBHeM “07)
out EEDR, AddrReq ; BzBarpy3muTs angpec (AddrReq —-- POH
sbi EECR, EERE ;  BBIOATE CTpoO uTeHmus mszs EEPROM
in DataReq, EEDR ;npoumTasHHweli OamT — B POH DataReq

Mepn1 npexoctopoxkuocTu npu padore ¢ EEPROM

K coxanenmto, y EEPROM-tamMaTH ecTh OJWH HeAOCTaTOK: BO BpeMs paboThl TpH
MOHWKEHHOM HAMPsKeHWH THTaHHA XpaHAldecs B HeW JaHHbIe MOTYT OBITh
MOBPEKACHBI. DTO MOXKET MPOU30MUTH MO ABYM CIISAYIOLIAM MTPHYHHAM.

1.

O6vuAas mpoteaypa 3amvich B EEPROM TpeGyer HekoTOporo MHHHMAIBHOTO
HaTPsYKEHHA TTHTaHAS; eCTH HampsHKeHHe TTMTaHHA HIDKe 3TOH BETHIHHBI, 3aITHCh
HE MOKET OBITh BBITIOTHEHA.

MUKpOKOHTpOJLIep caM MOXKeT BBITIOIHATH KOMaHIbl HEKOPPEKTHO, eCiIH Hamps-
JKeHHe TIHTaHHs OyIeT HHXKe ONpeeSIeHHON BeTHYHHBI.

Urobb1 n30exarh NoBpexaeHHs qaHHbIX, xpaHsmnxcs 8 EEPROM, pocratouno Boc-
MOJIB30BATHCA OTHUM W3 TPeX CIASAYIOLINX PellIeHHA.

1.

VY nepxuBaTh MHKPOKOHTPOJLIEp B COCTOSIHMM cOpoca Bce BpeMs, TIoka Harpsike-
HHE TIMTaHWS HAXOOHUTCS HIKE HOPMBI. ITO PEIIeHHE PeaTH3yeTcs BHEITHEH cxe-
MO 3alfUTHOTO cOpoca, Ha3biBaeMOM Takke AETeKTOPOM TOHWKEHHOTO HaTps-
skeHust iTanust (Brown-out Detector).

VY nep:kuBaTh MAKPOKOHTPOJUIEP B «crismem» pexxknme (Power Down), moka Ha-
MpsAXKEeHUE TTHTaHUA HAXOAUTCA HHKE HOPMBI. [TOCKOIBKY B 3TOM peXKHME MHKPO-
KOHTpOJLIep He MOXKeT BBITIONTHATh HUKaKWX KOMaHI, Takoe peleHue 3(hdeKkTHBHO
3ammiaet ciy:xkeoHsie peructpsl EEPROM ot HenpegHamMepeHHOH 3amicH.
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3. Xpananute koAcTaHTel B0 FLASH-mamaTi nporpamwm, eciii OHHW He JODKHBI Me-
HATHCS BO BpeMs paOoThl TiporpaMMbl. MUKpPOKOHTPOILTEp He MOKET caMOCTOs-
TeJbHO Mpou3RoANTh 3anmuck B FLASH-nmamsTh, cOOTBETCTBEHHO, TP MOHWKe-
HUH HANMPSKEHHS THTaHHS €€ COACPKHMOE He OYIeT MOBPEKACHO.

Co3naHue nporpamMmm A58 MMKPOKOHTporepa

IMporpamma aast m0O60T0 MHKPOKOHTPOJIIEpPa TIPENCTABIAET COOOH TMOCIenoBaTelNb-
HOCTH KOMaHI, 3alTUCaHHbIX B TIAaMATH MpOTrpaMM. BONBIIMHCTBO KOMaHI NP BHIMOJIHE-
HHH H3MEHSAIOT COMEPKHUMOE OJTHOTO HIIH HECKOJBKHX PEerHCcTpPoB OOIIero HazHadeHHs,
perHucTpoB BBOA/BBIBOA WK sueek O3Y.

B xon1e mpunoxkennn 4 pacrionaratores Tabi. [14.29 w tabi. 114.30, B KoTOpHIX TIepe-
YHCIeHbl BCe KOMaHIpbl, KOTOPbI® MOTYT MPHMEHATHCS ¢ MHUKPOKOHTpOJUIepax (GupMBbl
Atmel.

Jlanee paccMOTpHM HECKOIBKO MPOBEPEHHBIX Ha MPaKTHKE MPOTpaMM AJIsi MUKPOKOH-
TposutepoB AT90S1200 u AT90S2313, pazpaboTaHHBIX pagnomoOUTeTIMHA. Bee 3TH
TTPOTPaMMBT ABJIAKOTCA TOCTYTTHBIMH H pactioyiaratoTes Ha pa3IndHbIX caliTax B Internet.

NMporpamma ansa paguomaska

B paanomoOurenbekoil mpakTHKe 4acTo BeTpedaeTesl HeoOXOAMMOCTh BKIKOYATH Ha
oMpeneeHHOH paanoyacToTe Tak Ha3bIBAeMbIi «pamnoMask». DTO crielralbHbIi Malo-
MOIIHBIH pagHoNepeaaTIHK, MePeJatoNIHi Yepe3 KaKHe-TO IPOMEKYTKH BPEMEHH OZIHY H
Ty kK& WHPOPMaLMIO, B KOTOPOH, KaK MPaBWIIO, CONSPKHUTCS TIO3BIBHOH paanocTaHLWH-
Masika W KOOpPIHHATHI e¢ MecTOHaxoxIeHHs. Maski 0ObIYHO MPUMEHSIOTCS IS KOHTPO-
JIsl TPOXOKISHHS PAJAHOBOIH B TOM WITH HHOM HATIPABIICHHH.

Ha pwc. 3.12 mokazaAa MpHALIMTTHAIEHAS 3JIEKTPHYSCKAA CXeMa COSTHHHTETBHBIX JTH-
HUI MUKPOKOHTpOJLIepa, 3a1eHCTBOBAHHOTO B KOHCTPYKLWN pagHoMasKa.

[Mocne mogaYn HAMPSKEHHS MAHATYIATOP MasKa HAYHHAET TepeaBaTh 3aMHCaHHYIO B
Hero HHQopmMario a36ykoii MOP3E. Ha BbIxofax nosiBisercs aHanornIHas HHPOpMaITHs.

1. CW-key (nipsmoii TererpadyHbIi BBIXOT) — IS BKIIOYESHHS TIepeaaTuHKa.

AT8051200 - 4PC [
1 20
—|res vee 0
CW_key R1 510 2 19 c3 +
77 +—— PDO PE7 | — o1 I 92
RZ5ID 3 18 : ca
O 771 p PD1 FPBE F 47 yF 18Y
CW_key X out PBs [~
4MHz 5 186
Xin PB4 —
B 15
¢ T ¢2 —{PD2 PB3 | —
22 2 7 14
Sound —{PD3 PB2 |—
R3 510 8 13
O 771 PD4 PB1 =
R4 510 9 12
O 771 PD5 PBO0 =
10
Led | sno Pog [
Puc. 3.12. Cxema ynpasneHua maskom

2. CW-key (wHBepcHBIii TesterpadyHbIi BEIXOT) — JUTS BBIKITIOYSHHS TTepeaTuika.
3. SOUND — nogxmouenne nnHaMrka win Y HY.
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4. LED — mogxioveHHe CBETOMHOAa Ha KOpTTye, Tok 10 10 MA 3amaercs R4.

Oo61mmee norpedienre — 10—15 MA.

Mukpocxemy AT90S1200 — 4PC wmoxno 3ameHuth Ha AT90S1200 — 4PI,
AT90S1200 — 12PC, AT90S1200 — 12PI. IIpu HeoOxoaumMocTH GOJBIIHX OOBEMOB
MOkHO Hcrnone3oBaTh AT90S2313 — 4PC, AT90S2313 — 4PI, AT90S2313 — 10PC,
AT90S2313 — 10PI.

Jlanee paccMOTpHM JHCTHHTH WCXOJHBIX KOJOB TPOTPaMMBbI, MPeIHA3HAUSHHOH TS
YIpaBiIeHHs MHKPOKOHTPOJIIIEpa.

Jerunr 3.2 — Havasnio mporpamMMmBbl, BHITIOJTHEHHON Ha a3blke AccemOuiepa A MHUK-
POKOHTpOsLTEpOB hHpMbI Atmel.

NMuctuhr 3.2. ®ann UA4NM.asm

ehkkhkhkkhkhkhkhkhkhkhkhhhk bbbk hbhhkhhhkhbhhkrhhkrh bk bk bk bk hkrhkk kb r kb r kb kb kb kb rhkhkh kA rkh kK
’

.DEVICE AT90S1200

; ABTOMAT MOP3E ( UA4NM )

; TOPTH BHBOIA CW mpsmow — P3.0 , mHBepcHem — P3.1",
; Ceeromuon — P3.5 , 3Byx — P3.4

; KBapu — 4 MI'n

.CSEG; CEIMEHT IOPOTPAMMH

LDI R20, 0xOF

OUT 0x21,R20 ; Brumouenme CTOPOXERCI'O TAVMEPA 2 CeKyHIE
CLR R7 ; OumcTuTe R7

OUT 0x3B,R7 ; OBupti permcTp MAaCKM HIPEephBaHMMA

OUT 0x8,R7 ; PeTucTp ymop. M COCT. aHaJIOBOTO KOMIapaTopa
OouT 0x17,R7 ; Topt P1.0 — P1.7 -> BmOZI

LDI R20, OxFF

OUT 0x11,R20 ; Topt P3.0-P3.7 —> BrlBOO

OuUT 0x12,R7 ; Tlopt D cOpomen

ehkkhkhk kA hkhkhkhkhkhhhkhhhk bbbk hhhkhbhhkrh bk rhhk bk bk bk hkrhk kb bk hkhkrhkhk kb kb kb rhhkh kA rktK
’

B mmctrrTe 3.2 TOKAa3aHBI WCXOMHBIE KOABI Hadayla MporpamMMmbl. B miepBoii cTpoke
(.DEVICE AT90S1200) yKa3aHa MoJefb 3aJeHiCTBOBAHHOTO MHKPOKOHTposulepa. B
CIeyIONIel CTPOKe OTPeesieH CerMeHT TPOTPaMMBl. DTH [IBE€ CTPOKH TIPEIHa3HAYSHBI
ISl HACTPOHKH KOMIMUIIATOPA.

B nocneayrommx cTpokax KoAOB onmpenesieHbl HCXOAHbIe TaHHbIe.

JImerunar 3.3 HauWHaeTcA ¢ OMMHACaHWsA KOAOB, KOTOPHIE CO3MAlOT Ha BHIXOJE 3BYKOBOH
curHat. Ctpoka «Tone UAANM QRA LO48UM TX 3 watt Ant GP» nmpencrasnser coboii
nepefaBaeMblii paaroMasikoM cHrHail. Cioo «Tone» TOBOPHT O TOM, YTO CHUTHaJ Masika
HAYHHAETCA C BBIIAYH B 3HP MOHOTOHHOTO CHTHANA B TEUeHHE HECKONBKHX CEKYHI. 3a-
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TeM TI0 OyKBaM TeserpadpHbIM KOIOM TepeaeTcs KaKIoe CIOBO Maska, B HHX 3aHdpoBa-
Hbl JaHHbIe O TIO3BIBHOM DPaAWOCTaHLHMH-MasKa, KOOPAWHATHI MECTOHaXOXKIACHUS MasKa,
aNIeKTpUUecKas MOLIHOCTE paguonepenaTinka Maska W KOHCTPYKLINS aHTOHHBI.

INuctunr 3.3. MpogonxeHue 1 channa UA4NM.asm

,-*********************************************************************

; OCHOBHAA TTPOT'PAMMA

,-*********************************************************************

; Tone UA4NM QRA L0O48UM TX 3 watt Ant GP

’

beacon: SBI 0x12,0 ; YcTaHoBka Port P3.0 B "1"
CBI 0x12,1 ; YcranoBka Port P3.1 B "O"
SBI 0x12,5 ; YcTaHoBka Port P3.5 B "1"
LDI R20,0x70 ; ImmMTenIsHOCTs TOHA
T2: rcall SOUND
DEC R20
BRNE T2 ; ToBTOop 32 pas.
SBI 0x12,1 ; YcranoBka Port P3.1 B "1"
CBI 0x12,0 ; YcrmaHoBka Port P3.0 B "O"
CBI 0x12,5 ; YcranoBka Port P3.5 B "O"
START : RCALL PAUSA3 ; Tlaysa nocye nepengadr MOHOTOHHOTO CHMTHAJA
RCALL PAUSA2 ; Eme omHa naysza
RCALL tochka ; U — nHaumHaeT nepemaBaTecsa OykBa U kak ..-—
RCALL tochka
RCALL tire
RCALL PAUSAl ; Tayza nepel nepelauel BTOPOM OYKBH
RCALL tochka ; A — HauMHaeT nepemaBaTeCcsa OykBa A Kak .-
RCALL tire
RCALL PAUSAL ; Tayza nepen ciaemyiomeld OyKBOM (M T.I.)
RCALL tochka H!
RCALL tochka RCALL tire
RCALL tochka RCALL tochka
RCALL tochka RCALL tire
RCALL tire RCALL PAUSAlL
RCALL PAUSAl RCALL tire ; T
RCALL tire ; N RCALL PAUSAl
RCALL tochka RCALL tochka ; H
RCALL PAUSAlL RCALL tochka
RCALL tire H RCALL tochka
RCALL tire RCALL tochka
RCALL PAUSA2 RCALL PAUSA2
RCALL PAUSA3 RCALL tochka ;I
RCALL tire ;0 RCALL tochka
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RCALL PAUSAL RCALL tochka
RCALL tochka ;S RCALL tire
RCALL tochka RCALL tochka
RCALL tochka RCALL tochka
RCALL PAUSA2 RCALL PAUSAl
RCALL tire ; K RCALL tire
RCALL tochka RCALL tire
RCALL tire RCALL tire
RCALL PAUSAl RCALL PAUSAl
RCALL tochka ; I RCALL tochka
RCALL tochka RCALL tochka
RCALL PAUSAL RCALL tochka
RCALL tochka ; R RCALL tochka
RCALL tire RCALL tire
RCALL tochka RCALL PAUSAl
RCALL PAUSAl RCALL tire
RCALL tire ; O RCALL tire
RCALL tire RCALL tire
RCALL tire RCALL tochka
RCALL PAUSAL RCALL tochka
RCALL tochka HEY RCALL PAUSAl
RCALL tochka RCALL tochka
RCALL tochka RCALL tochka
RCALL tire RCALL tire
RCALL PAUSA3 RCALL PAUSAL
RCALL tire ;0 RCALL tire
RCALL tire RCALL tire
RCALL tochka RCALL tire
RCALL tire RCALL PAUSA3
RCALL PAUSAL RCALL tire
RCALL tochka ; R RCALL PAUSAL
RCALL tire RCALL tire
RCALL tochka RCALL tochka
RCALL PAUSAl RCALL tochka
RCALL tochka ; A RCALL tire
RCALL tire RCALL PAUSA2
RCALL PAUSA2 RCALL tochka
RCALL tochka ;I RCALL tochka
RCALL tochka RCALL tire
RCALL PAUSAl RCALL tire
RCALL tochka ;S RCALL tire
RCALL tochka RCALL PAUSA2
RCALL tochka RCALL tochka
RCALL PAUSA2 RCALL tire
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RCALL tire
RCALL PAUSAlL
RCALL tochka
RCALL tire
RCALL PAUSAl
RCALL tire
RCALL PAUSAL
RCALL tire
RCALL PAUSAl
RCALL tochka
RCALL tochka
RCALL tochka
RCALL PAUSAlL
RCALL tire
RCALL tochka
RCALL PAUSAl

RCALL
RCALL
RCALL
RCALL
RCALL
RCALL
RCALL
RCALL
RCALL
RCALL
RCALL
RCALL
RCALL
RCALL

PAUSA3

tochka ; A
tire

tire ;0 T
PAUSA2

tire ; G
tire

tochka

PAUSAL

tochka ; P
tire

tire

tochka

PAUSA3

rjmp BEACON

;*********************************************************************

B mucrunre 3.3 pacrnrcanbl moApsad BCE BblAaBacMbI€ B BBIXOIHOM mopT Tenerpad)HHe
CAUMBOJIBI pagHOMasKa. B micTinre 3.4 onmcaHbl Bee noamnporpaMmsbl, KOTOPbIE BbI3bIBa-
KOTCA OJ14 pa6OTI>I B IPEABIAYIHEM JIMCTUHTE.

INuctunr 3.4. NpoaonxeHne2 cdanna UA4NM.asm

ehkkhkhkhkhkhkhkhkhhkhhhk b hhkhhhkhhhkhbhhkrh bbbk bk bk bk bk hkrhkhk kb r kb r kb kb kb r kb rhk bk kA rkh kK
’

; Tomnporpamver TUPE, TOUKA, MAY3A, TAYRAL,

’

TAY3RA2,

3BYK

;*********************************************************************

tochka:

SBI 0x12,0
CBI 0x12,1
SBI 0x12,5
rcall SOUND
SBI 0x12,1
CBI 0x12,0
CBI 0x12,5
rcall PAUSA
RET

’
’

’

llepBas moAnpoTrpaMMa —

YcTaHoBKa
YcTaHoBKa
YcTaHoBKa

YcTaHoBKa
YcTaHoBKa
YcTaHoBKa

Port
Port
Port

Port
Port
Port

«TenerpadHas Touka»

P3.0 B "1"
P3.1 B "O"
P3.5 8 "1"
P3.1 8 "1"
P3.0 B "O"
P3.5 B "O"

SBI 0x12,0
CBI 0x12,1
SBI 0x12,5
rcall SOUND

noanporpaMMa TeserpadHoTo THpe

Ycranoeka Port P3.0 B

YcraHorka Port P3.1 B

Ycranoeka Port P3.5 B

"1"
"O"
"1"
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rcall SOUND

rcall SOUND

LDI R19,0x27 ; IJIMTENBHOCTD

rcall S1

SBI 0x12,1 ; YcraHoBka Port P3.1 B "1"
CBI 0x12,0 ; YcranoBka Port P3.0 B "O"
CBI 0x12,5 ; YcraHoBka Port P3.5 B "O"
rcall PAUSA

RET

LDI R19,0x80 ; JUIMTEIIBHOCTH TTAYSH
P1: LDI R21,0xFF
P2: WDR
WDR
WDR
DEC R21
BRNE P2 ; THoBTop FF pas.
1LDI R21, OxFF
P3: WDR
WDR
WDR
DEC R21
BRNE P3 ; THoBTop FF pas.
DEC R19
BRNE P1 ; THoBTop FF pas.
RET
PAUSAl: LDI R19,0xFF ; OJUTEJBHOCTE 2 ToOukM
rjmp P1 ; TAY3A Mexmy 3Hakammi ¢ Tpynne ( 2 + 1 Touxkm )
PAUSA2: LDI R19,0xFF ; OJUTEJBHOCTE 2 ToOukM
RCALL P1 ; TIAY3A mexmoy IT'PYIHIAMU ( 6 + 1 Toukm )
LDI R19, OxFF ; IJUTEJBHOCTE 2 ToOukM
RCALL P1
RET
PAUSA3:
RCALL pausa? ; TAY3A MexOy npeanoxeHusm (12+1 Toukum)
RCALL pausa2
RET

SOUND: LDI R19,0x70 ; IJIMTEJIBHOCTE 3BYYAHMA
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S1:
S2:

LDI R21,0xFF
WDR

SBI 0x12,4
DEC R21

BRNE S2

LDI R21,0xFF
WDR

CBI 0x12,4
DEC R21

BRNE S3

DEC R19

BRNE S1

ret

S3:

; YCcTaHOBKa

; TNlorTOop FF

; YCTaHOBKA

; HlorTOp FF

; THlorTOp FF

Port P3.4 B "1"
pas.
Port P3.4 B "O"
paz.
paz.

T'oToBHTH TeKCTHI (haiifia ¢ pacmUperHeM ASM MOXKHO B CAMOM MPOCTOM TEKCTOBOM
penaxrope thrna Notepad win B 11000M MPOCTOM TEKCTOBOM peAakTope, paboTaroiieM
mox ynpaeieHinem MS DOS. Ognako Hanbostee ynoOHO BecTH pa3paboTky ASM (aiina B
CTIEIHAJIBHOM TEKCTOBOM PENAKTOPE avredit.exe.

Ha pwe. 3.13 nokasaHo pabodee OKHO TIPOTpaMMBI TEKCTOBOTO pellakTopa, B KOTOPOM
OTKPBIT paccMaTpHBaeMbIii HaMH (daiim UA4NM. asm.

“ AVR Editor : NETES

Eile Edit Project Window Help

* H:\prog_prob\UA4NM.asm
.DEVICE AT9051200

; ABTOMAT MOP3E { UA4NM )

; Ceetonwon - PF3.5 ,
; Keapu - 4 Hru

.CSEG; CEFMEHT NPOCFAMHB

; MOPTH BHBOAA CW npamod - P3.0 ,
3pyk - P3.4

HHBEpCHWA - P3.1"

=loj x|

LDI
out
CLR
out
out
out
LDI
out
out

R28,8x0F
8x21,R20
R7
8x3B,R7
8x8,R7
8x17 ,R7
R28,8xFF
8x11,R20
8x12 ,R7

; Bkawuenne CTOPOXEBOrO TAWHMEPA 2 CEKYHAN .
; DuHcTHTe R7
; DBWMA PerHcTp MACKH MPepHBaHHA .

; PEFMCTP yYnp. W COCT. aHaADBOrO KoMAapaTopa.
; Mopt P1.0 - P1.7 -> Beon

; Mopt P3.0-P3.7 -> Buweon
; Moprt D cepoued

; OCHOBHAA MFOCPAMMA

; Tone UALHM QRA LO4BUM TX 3

beacon:

all ]

SBI @x12,8

fDT Awdn 4

watt Ant GP

; YctaHoeka Port P3.0 B
- MExraunnes,

Dnet DO 4 n

e

AW

Puc. 3.13. Pabouee OKHO TEKCTOBOroO pegaxkropa

Penakrop moxker pabotaTh Moj yrpaBiIeHHeM oneparoHHbix cierem Microsoft Win-
dows 95/98/NT4. JIns BbIAENEHHs B HEM TEKCTa Pa3TIHYHOTO HA3HAYESHHS HCTIONB3YIOTCA
pasHble 1BeTa mpuQToB. J[Ta acceMOIMpPOBaHHS pelakTop HCTOIb3yeT MmporpaMMy Ac-
cemOnepa avrasm.exe, HAXOMAIIYIOCS B 3TOH ke JNHPEKTOPHH, 4TO W CaM PEmaKTop.
OmmnoKH acceMOIMPOBaHUS BBHIBOIATCS HETIOCPEACTBEHHO B OKHE pelaKTopa.
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[MoaroTosneHHBIH MporpaMMoiil accemMOniepa daiin ¢ pacimpenHeM HEX MOXKET OBITh
3arpy:keH B MamMsaTh MUKPOKOHTPOJUIEpa ¢ MOMOILBIO MPOrpaMMarTopa.
B nucrunre 3.5 nokasan Teket (aiiina UA4NM. hex.

Nuctur 3.5. ann UA4NM.hex

:100000004FE041BD77247BBE78B877BA4FEF41BB54
:1000100072BA909A9198959A40E7DOD04A9SEIETAC
:10002000919A90989598C7D0C1D098D097DOSEFDOEA
:10003000BBD094D09CDOB8D091D0O90DOSEFDOSEDOSE
:1000400096D0B2D094DOSADOAFDO91D090DOAEDO4C
:10005000B2D0O8DDO8CDO82DOSADOA6DO88DOA4DOT77
:100060007DDO7CDO7BDO7ADOAIDO78D077D09CDOEF6
:1000700075D074D073D09AD0O7AD0O70D078D094D014
:100080006DD0O6CDO91DO6AD0O72D068D08DDO6EDO4 6
:100090006EDO6DD089D062D061D060D068D0O8BD0O66
:1000A00066D065D05BD063D07FDO58D060D056D0OBA
:1000BO007BD054D0O5CDO7ADO51D0O50D075D04EDOBY
:1000C0004DD04CD073D04AD052D048D047D06CDOOD
:1000D0004ED0O4DD04CD068D041D040DO3FDO3EDO5S3
:1000E00046D062D044D043D042D038D037D05CD054
:1000F00035D034D03CD0O58D0O3AD039D038D05BD0O7D
:1001000036D052D034D02AD029D031D04FD026D0OBA
:1001100025D02DD02CD02BD049D020D028D027D0OFE
:1001200043D01CD024D040D022D03ED020D03CDODO
:1001300015D014D013D0O3FD011D019D035D017D04E
:100140000DD032D014D032D012D011D007D02CD054
:1001500005D00DDO0OCD002D02EDOSBCEF909A9198C4
:10016000959A2CD0919A909895980ED00895909A3F
:100170009198959A23D022D021D037E220D0919A1D
:100180009098959801D0089530E85FEFA895A895CC
:10019000A8955A95D9F75FEFA8 95A895A8 955A956F
:1001A000D9F73A9591F708953FEFEFCE3FEFEDDEAS
:1001BOOO3FEFEBDF0895FADFFODFO089530E75FEFET
:1001CO00A895949A5A95E1F75FEFA89594985A9557
:0801DO00OELF73A95A1F708954B

:00000001FF

Kaxxmas cTpoka HauWHaeTcs ¢ ABOETOUHSA — 3TO TIPH3HAK Hadaia cTpokH. Cremyronie
8 crMBOTOB TpencTaBIMOT co0oi afpec Hadama ydacTka TIaMsSTH, B KOTOPYH JOJDKHBI
OBITH 3aITHCaHBI BCe OCTAIBHBIe CHMBOJTBI B 3TOH cTpoke. M Tak TS KaxKIoH CTPOKH.

Cenvac mMHe BCOMHMNCA nepuog cepeamHsl 1980-x roaos, koraa BpyYHyo noaobHeiM 0bpa3om ¢ kna-
BUATYPbLI KOMNLIOTEPA BBOAWIUCE B NaMATb ThICAYN cvmeonos! Takum nyTeM B NamMATbL KOMNLIOTEPA BBO-
Aannca TekcTt KaKOW-TO AporpaMmel, 3aTemM 3Ta nporpamMma 13 namdaTty konmposanacb Ha MarHMTOd:)OHHyiO
TNEHTY 1 Y3KE B TAKOM BUAE MOrNa XPaHUTBLCA JONTOe BPEMS Y PaCNpOCTPaHATLCA CPeaun APY3en.
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Eme 6onee ynoOHBIM HHCTPYMEHTOM JJIs CO3AaHHS W paboThl ¢ dainaMi HCXOIHBIX
TeKCTOB THTIa ASM sBisteTcs nporpammMa AVR Studio, B koTopoit MMetoTes W TeKCTOBBII
penaktop, # AccemOrep, W OTIaIYHK, H TporpaMMaTop. Ho caMbiM BaXKHBIM CBOHCTBOM
ITOM cpembl pa3paboTKH MPOTpaMM SBISETCS ee CTIOCOOHOCTh BBHITIONHAT OTIIAAKY pa3-
pabaTsiBaeMoii TIpOTpaMMBbl Ge3 MOAKIIOYeHHOTO MHKPOKOHTPOJIIepa.

Ha puc. 3.14 nokazaHa crpaBodYHas 3aCTaBKa 3TOH cpelbl pa3padOTKH, MOSBIAIOIMIASA-
cs TpH BBIOOpe MyHKTa MeHto About.

Eile Edit Project Window Help

* H:'\prog_prob\UA4NM.asm | (=[]
.DEVICE AT9051200 B

; ABTOMAT MOP3E { UA4NH )
; MOPTH BHBOAA CW npamod - P3.8 , uHBepcHud - P3.1",
; Ceetonamon - P3.5 , 3eyk - P3.4

; Keapu - 4 Hru

.CSEG; CEFMEHT NPOCFAMHB

LDI R28,0x6F

0UT 8x21,R20 ; Bkawuenne CTOPOXEBOrO TAWHMEPA 2 CEKYHAN .
CLR R7 ; DuncTHTe R7

0UT Bx3B,R7 ; DBWMA PEerHcTp MACKH NPepHBaHHA .

O0UT Ox8,R7 ; PErMCTp ynp. W COCT. aHAAOBOrO KOMNApaTopa.
oUT 8x17,R7 ; Mopt P1.9 - P1.7 -> Beon

LDI R20,0xFF

0UT 8x11,R20 ; Moprt P3.0-P3.7 -> Buweon

0UT 8x12,R7 ; Moprt D cepoueH

; OCHOBHAA MFOCPAMMA

; Tone UALHM QRA LO4BUM TX 3 watt Ant GP

beacon: SBI 8x12,0 ; Yctavoeka Port P3.0 B """

rDT Awdn 4 - Merounnes Drut DO 4 n tan

Jd | H s

Puc. 3.14. CnpasouHoe okHo About

Ha puc. 3.15 mokazano pabouee okHo AVR Studio ¢ pa3meleHHbIM B HEM TEKCTOM
thaiima UA4NM. asm.

AVRStudio - H:\prog_prob\UA4NM.asm
Eile Project Edit Miew Tools Debug Window Help
DEE@C  2RGMETH (MAGEBRES By =
A ¢ » BPGR 0RO s R EE : [frace debed % X e B
B i S oam

Workspacte " = -

E H:\prog_prob'UAd4NM.asm B =lo]x
EE DEVICE AT9051200
B3 Assembler :
UAhIM. 35

/3 Output

i AETOMAT MOF3E { UA4HM )

* NOPTH EHBONA CW npamct - P30 . usepcwsi - P3.1°
© CBemoguog - F3.5 . Z8gx - P3.4
: Heapu - & MIn

‘CSEG: CETHEHT MNPOTPAMME

LDI R20, 0x0F

OUT 0x21.R20 ; Brouwsesnuc CTOPOKEEOTO TAMMEPA 2
CLR R7 : Owucmume R7

OUT 0x3B,R7 ; OSwui pezucmp MacKu npepmGanwi.
OUT 08, R7 : Pezucwp ynp. u cocm. aHaAoBOz0
OUT 0x17,R7 : Nopm F1.0 - F1.7 —> Esog

IDI R20,0xFF

OUT 0x1l.R20 ; Nopm F3.0-P3.7 —» Eméog

OUT 0x12.R7 : lopw D cEpowsw

; OCHOBHAA NMPOTPAMMA

; Tons UALHM QRA LO4BOM TH 3 watt Ant GP

4 1 - f o fu » A
£ Project | Fal1/0 | @ Info | EH:\DngJrDh\UA4NM‘aSm|

Puc. 3.15. Pabouee okHo AVR Studio
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Ecnu teneps BoiOpaTh myHKTHI MeHIO Assembler v Build, To B To#i sxe gupexropui, B
KOTOPO# HaXOIHTCS UCXOAHBIN (halim UA4NM. asm, TIpOTPaMMON aBTOMaTHYeCKH OYAyT
CO3/IaHBl BCE BO3MOKHBIE padoume (Galiibl, KOTOpbIe
MOTYT MPUTOIUTHCS W VTS OTIIAAKH, W IS pasMelleHns = Windows Commander 5.084 - Humboldt-Uni

@alin  BeigeneHue  Homagel Bug  HoHgwrypauma  3anyck

B MaMsTH MHUKpOKOHTposulepa. Ha puc. 3.16 kak paz U |Bl B 3 ¢ & [* « = |5 & &3

MOKA3aHbl HA3BAHWA BCEX CO3JaHHBIX (haisos. LAl ver 1 1 946 40012 2 088 128 k coso o
hi
Ecnn xomTBrOTEp COEOMHEH TTOCPEICTBOM COOTBET-
i ... DIR: 130320081802 —
CTBYIOILETO ajanTepa ¢ MAKPOKOHTPOILTEpoM, To AVR  [Sikper OFs  Pmasisy  —
. o [FzerBuild hat 287 13.03.200516:25 -a—
Studio MOKeT BHITTOTHHTH 3aKTHOYHATETBHBIN ITAM TPO-  [BUAMNM  sps 2461 130020051525 -o-
[ UAANK asm 8179 12.04.2001 2319 -a—
TPAMMHPOBAHHA — BBECTH HEOOXOMHUMBIE KOABI B Tia- [[usdm hex 1364 7130320051625  -a-

mag bel 1303.2005 1626 -5—
ahj 217473032006 76:28 e

MATb MUKPOKOHTpOJIIEpA.

Puc. 3.16. [NepedeHb cosgaHHbIX

ﬂpyrue nporpammaTopbl nporpammoit AVR Studio cdaiinos

Ha paznnunbix caiitax B Internet MoxkHO HaiiTH GOMBIIOE KOJTUYECTBO CaMBIX Pa3HO-
OGpaSHBIX nporpamMm, MpE€aAHA3HAYCHHBIX IJIs1 BBOJA B MaMATh MUKPOKOHTPOJIIICpa (I/IJ'H/I
WHOH MHKpPOCXeMbl TaMsITH) HeOOXOIWMBIX WCXOOHBIX JaHHBIX M3 COOTBETCTBYHOLIETO
taiina. HekoTopble U3 HUX MOXKHO HaiiTW Ha TpWIaraeMoM K AaHHOW KHWTe KOMMaKT-
micke. Ho cpean 3Toro MHOTooOpa3ns MHE XOTeJOCh Obl BBIJENHTH YHHBEpPCATBHBIN
nmporpamMMaTop PonYProg200, koTopsiii odeHs MOMYSSIPEH Cpear paaHomoOnTeNneil Tem,
YTO MOXKeT padoTaTh MPaKTHYECKHM CO BCEMH BCTPEHAOLMMHWCS W JOCTYMHBIMH Ham
MHKPOKOHTPOIUTEpaMH H MHKpocxeMaMH mamsTH. Ha puc. 3.17 nokaszano pabovee OKHO
pycudwummposanroro sapuanta PonyProg2000.

BbicTpas pa3spaboTka nporpamm

Xouy pacckaszaTh BaM elle 00 0OOHOH yIAWBUTEIBHOM TIPOTPaMMHOM MPOIYKTE — 3TO
cpema OblcTpoii pa3paboTKM TIporpamMM s MHUKpokoHTpoiuiepoB AVR Algorithm
Builder v440. Pazpabotky mpencraenser ['ennamuii ['pomos (1. Tyma), aapec B Internet
home.tula.net/algrom/russian.html.

[aHHasa cpefa obecneumBaeT NOMHbIA LMKN pa3paboTky, HaurHas oT BBOAA anropvTMa, BKioYas
oTnaKy, U 3akaHJMBas BHYTPUCXEMHbLIM MporpaMMUpoOBaHWeM Kpuctanna. Bel Byaete uMeTb BO3-
MOXHOCTb paspabaTbiBaTb NporpaMmbl Kak Ha ypoBHe accembriepa, Tak U Ha Makpo-ypoBHe, Npu
KOTOPOM BO3MOKHa paboTa CO 3HAKONEPEMEHHBIMU BENUYMHAMU NPOU3BONBHON ANWHLI. 3TO Npu-
BnkaeT BO3MOXHOCTY NPOrpaMMUpOBaHIS K SI3bIKY BBICOKOTO YPOBHSI.

I'padrdeckiie TEXHONOTHH CO3JaHWS TIPOTPAMMBI PACKPHIBAIOT HOBBIE BO3MOMKHOCTH
ISt iporpaMMucToB. OHM TTO3BOJISIIOT BBOJMTH HCXOIHBIE KOJBI MPOTPaMMBbI Ha TFIOCKOCTH
pabouero okHa B BHJIE aJlTOPHTMa ¢ APEBOBHAHON CTPYKTYpoii. B pesynbrare Bes jornye-
CKasi CTPYKTYpa MPOTPaMMBbl CTAHOBHTCS TIOJHOCTBIO HarmaaHoH. OCHOBHBIM TIpeoHa3HA-
YeHHEM TAKHX TEXHOJIOTHH ABJIAETCA MaKCHMaTbHOE TIpHBeIeHHe HHTepdelica pa3paboTKu
K MPHPOJIE YETOBEUECKOTO BOCTIpHUATHS. OCBOEHHE TaKOH Cpellbl HAMHOTO TIPOIIIE, YeM OC-
BOEHHE KITACCHYECKOro accemOiepa. Bojiee yaoOHbIN HHTEpdEHC pacKphIiBaeT HOBBIE BO3-
MOXKHOCTH [Ts pa3pabotkr. [1o orieHke mosip30BaTeNneil, BpeMs CO3MaHHs MPOrpaMMHOTO
obecrieueHns COKpaIaeTes B 3—5 pas 1Mo CpaBHEHHIO ¢ KITACCHUECKHM acceMOIIepoM.
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H PonyProg2000 - NporpaMMaTop YCTPOFCTE € NochieAoBaTensHBIMIA M=l ES

dain Mpaera  YOTPORCTED  HOMaHAEl  CROMNT  ¥TWNWTEl  YoTaHOBKM 2 WWindow

o ezl BeE s me
GEEN FEWEPEF]

| faraosizon -]

%3 H:\prog_prob‘uad4nm.hex
600060) 4F EO 41 BD 77 24 7B BE
B00610) 72 BA 90 90 91 98 95 9a
600620) 91 91 90 98 95 98 C7 DO
6000630) BE DO 94 DO 9C DO B8 DO
600040) 96 DO B2 DO 94 DO 8A DO
600050) B2 DO 8D DO 8C DO 82 DO
600660) 7D DB 7C DO 7B DB 70 DO
600670) 75 DO 74 DO 73 DO 90 DO
600680 6D DO 6C DO 91 DO 6A DO
600090) GE DO 6D DO 89 DO 62 DO
6006A0) 66 DB 65 DO 5B DO 63 DO

6666CO) 4D DO 4C DO 73 DO 4 DO
6666D0) 4E DO 4D DO 4C DO 68 DO
GBBBEQ) 46 DO 62 DO 44 DO 43 DO
6666F0) 35 DO 34 DO 3C DO 58 DO
666160) 36 DO 52 DO 34 DO 2A DO
666110) 25 DO 2D DO 2C DB 2B DO
666120) 43 DO 1C DO 24 DO 46 DO
666130) 15 DO 14 DO 13 DO 3F DO
666140) 6D DO 32 DO 14 DO 32 DO
666150) 65 DO 6D DO 6C DO 62 DO
6686160) 95 9A 2¢ DO 91 9a 96 98

- 78 B8 77 BA 4F EF 41 BB
- 46 E7 DB DB 4 95 E? F7
- C1 D0 98 DB 97 DO 9F DO
- 91 D0 96 DO 8F DB 8E DO
- AF DB 91 DB 96 DB AE DO
- 80 DB AG DO 88 DO AL DO
- A1 DB 78 DB 77 DO 9C DO
- 70 DB 76 DB 78 DO 94 DO
- 72 DB 68 DO 8D DB &F DO
- 61 D0 66 DB 68 DO 8B DO
- 7F DB 58 DO 66 DB 56 DO

6666B0) 7B DO 54 DO 5C DB 7A D6 - 51 DO 56 DO 75 DO 4E DGO
- 52 DO 48 DO 47 DO 6C DO
- 41 D0 46 DB 3F DO 3E DO
- 42 DB 38 DO 37 DO 5C DO
- 3n DO 39 DO 38 DO 5B DO
- 29 DB 31 DO 4F DO 26 DO
- 49 DB 26 DO 28 DO 27 DO
- 22 DO 3E DO 26 DO 3C DO
- 11 D6 19 DB 35 DO 17 DO
- 12 DB 11 DB 67 DO 2C DO
- 2E DB 5B CF 96 9a 91 98
- 95 98 GE DB 68 95 96 9n

PoryProg2000 ATA051200

Size 1088 Bptes  CRC 2BBOR

Puc. 3.17. Pabouyee okHo PonyProg2000

Cpena nmpennazHavdena A paboTsl IO YIPaBIeHHeM OTIePallHOHHBIX cHeTeM Micro-
soft Windows 95/98/ N'T/2000/ME/XP. Jlnst HopMaibHO# padoThl pedakTopa B CHCTeMY
JofkeH OBITh yeTaHoBIeH mpudT «Couriery.

Iioboe nporpammHoe obecneyeHue MOXKHO pasbuTb Ha OTAENbHbIE NOrMYECKM 3aBEPLUEHHbIS
thparmeHTbl. Kak npasmno, pmHanbsHeIM ONepaTopom 3TUX (pparMeHTOB ABNSATCA Takne oneparo-
pbl Kak Be3ycnoBHbIA Nepexos Unv Bo3BpaT U3 MOoANporpaMmel, T.e. ofnepaTopbl, Mocie KOTopbIX
NVMHENHOE MCNOMHEHWE NPOrpaMmmMbl OJHO3HAYHO NPEKPaLLaeTCa.

Pazpabotka mporpamMmmHoro obecriedernss B cpeme Algorithm Builder cBomuTes x
(hOpMHPOBAHHIO TAKHX OJIOKOB, PA3MEIIEHHIO WX Ha TNIOCKOCTH H YCTAHOBJIEHHIO MEXKTY

HHMH BEKTOPHBIX CBA3EH H3 YCIOBHBIX
1 0e3yCIIOBHBIX MEPEeXOa0B.

Ha pwc. 3.18 mokazado pabouee ok-
HO mporpammel Algorithm Builder ¢
n300paXeHHbIMH TpadUYecKUMHU Kap-
THHKaMH aJITOPUTMOB.

BaxkHoi 0coOeHHOCTBIO TOH pas-
pabOTKH SBISETCS YETKO H3JI0KEeHHas
Ha PYCCKOM si3blKe MOApoOHas AOKY-
MEHTAITHA W TIo paboTe ¢ MporpamMMoii,
W TI0 KOHCTPYHPOBAHHIO CXeM ajiro-
putMoB. Ha ™oii B3rmsg, >To oueHb
nepcrieKkTHBHas pa3paboTka, KoTopas
TTPEeIOCTaBAT  TTPOTPAMMHCTY,  OBJIa-
JIeBITIeMY 3TOi cpemoil, Gobioe Tpe-
BOCXOJCTBO HaJ APYTHMH.

Algorithm Builder for AVR - FrequencyCounter

dain  PegakTipoBate  OTofpaseHke MoWck  SnemMeHTel  MporpaMma Onuk 7

=lo]x|

SH® BITVELCIS (=TI X|« |

FrequenzyCounter | Show  Input |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, il

|Init_Input | Input_0VF1
£ro OVFL_CHT -> r20
rz0 -> PrevICR1
£0 - QVFL_CHNT 20+
False —> LagePeriod £20 —> QVFL_CHNT True —> LagePeriod
Ret Ret Ret

Input_Capture_1

ICR1 >= PrevI(R1

False —> LagePeriod
ICRL -> rr0
rr0 - PrevICRL
rr0 -> Period
|

True -> LagePeriod

1
ICR1 -> PrevICR1
0 -> OVFL CHT
RetI

KN | o

| HEN

Puc. 3.18. Pabouee okHo Algorithm Builder
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BmecTo 3aknroveHus

ITpu paboTe Haa MaTepPHAIOM JTOH TIaBbl CTABHIIACH 3a/a49a MO3HAKOMHTD YHTATENS C
YCTPOHCTBAMH aBTOMATHKH, KOTOPbIE Ha3bIBAOTCA «MHKPOKOHTPOILIEPHI», ¢ METOAAMH
CO3JaHus TIPOTPaMM, TIOJ YTpaBIeHHEM KOTOPBIX MHKPOKOHTPOJUIEpHI paboTatoT B aB-
TOMATHYECKOM PEKHUME H KaK MOKHO 60.]'[66 TMOHATHO PacCKa3aThb O TOM, KakK 3TH TPO-
rpaMMbl BBOOATCA B TaMATHL MHUKPOKOHTPOJIEPA. Habvn CIIOBAMH, TTO3HAKOMHTB BacC C
MeTOIaMH TPOTPAMMHPOBAHHS MHKPOKOHTPOJLIIEPOB.

B mpuimaraeMoM K KHHTE KOMITAKT-THCKE HAXOAWTCA CaMOe pasHoOoOpasHoe Tpo-
rpaMMHOE oOecrieuenne, KOTOPOe TOBKO MOYKET BaM TIPHTOIHTRCSA TIPH CO3MAHHH CBOHX
aBTOMaTHYECKHX YCTPOHCTB Ha Hasze MUKpOKOHTposutepoB AVR.

Tem, KTO XOUeT caM Hay4dHThCS MPOrpaMMHpPOBaTh Ha si3bike AcceMbiiepa, MOTy MOcoBe-
TOBaTh HAYATh 3TO 3aHATHE C MIOAPOOHEHIIIEro PaCCMOTPEHHS H AETATBHOTO pazdopa uyKHx
nporpamm. TIpH 5T0 HAUMHATE HYXKHO € CamMbIX TIPOCTHIX. ECTeCTBEHHO, UTO WA MOXOOHBIX
SKCTIEPUMEHTOB TTOTPeOYETCS XOPOIIHi aanTep — 3TO TaKoe armapaTHOe YCTPOHCTRO, KO-
TOPOE COSMHSET KOMITBIOTEP ¢ MHKPOKOHTpOSIIepoM. Ha KOMMakT-THCKe HMEETCS HECKOJTh-
KO BapHAHTOB Pa3HbIX MO CIIOKHOCTH aaantepoB. BeiGupaiite m000i1 1 nporpaMMupyiite.



