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BBEJEHUE

MukpomnpoueccopHasi pEBOJIOLMSA OKa3aia BIUSHHUE HA APXUTEKTYPY CHCTEM
yIpaBJICHUs] HE TOJBKO OJlarojapsi CHUXKEHUIO CTOMMOCTH YTPABIISIONINX KOMIIbIO-
TepoB. [Iponsomien 0Tka3 OT MOJHOCTHIO LIEHTPAIM30BAHHOIO YIPAaBJIEHUS U IEpe-
X0/l K MOAYJIbHON apXUTEKTYype, MOSBUWINCH YAJIE€HHbIE MUKPOIIPOLECCOPHBIE MOY-
7Y, UHTETPUPYIOLIME OTIAEIbHbIE ABUALIMOHHBIE CUCTEMBI B €IMHOE LIEJIOE, MOJTYYHB-
mee B 70-¢ TOJpI MPONUIOro BeKa HAMMEHOBaHME "aBUOHWKA', M 00E€CTICUNBIIINEC BbI-
COKME TEXHHUKO-3KOHOMUYECKHE TMOKa3zareau cucteM. ClenyeT OTMETUTh, YTO JIOJI
aBUOHHMKHU B CTOUMOCTH COBpeMeHHOTo camosteta coctapisieT 70 — 80% [1, 2].

TepMUH «aBHOHMKa» CBSI3aH C IMOSIBICHHEM WHTETPAIbHBIX MHUKPOAJIEKTPOH-
HBIX TEXHOJIOTMH U CO3JaHUEM NPUHUHUIHAIBHO HOBBIX aBTOMATHU3UPOBAHHBIX CH-
CTEM KOHTPOJIS M YIPABJICHUS] HA OCHOBE KOMITAKTHBIX OOPTOBBIX BBICOKOMPOU3BO-
nuTenbHBIX KoMmIbloTepoB (BLIBM). B Hacrosiiee Bpemsi OCHOBOM MOCTPOCHMS
BIIBM 4BISIOTCS MUKPOKOHTPOJUIEPHI Pa3IMUYHOTO (DYHKIIMOHATHLHOTO HAa3HAYCHUS
U pa3IM4HON MPOU3BOJUTEIBHOCTH, KOTOPHIE, B OTJIMYUE OT YHUBEPCAIBbHBIX MUKPO-
IPOLIECCOPOB, COYETAIOT B ce0€ HE TOJIBKO OINEpalMOHHBIM OJIOK U YCTPOMHCTBO
yIpaBleHUs, HO U TIaMATh IPOTrpaMM M JAaHHBIX, HA00p nepudepuitHbIX YCTPOUCTB,
NepecTpanBaeMble OPTHI BBOIa-BbIBOAA. MIHTErpanysi B OTHOM KpHUCTAILJIE Iepeymc-
JIEHHBIX 3JIEMEHTOB CTAJI0 TEM MPEUMYILIECTBOM, MMO3BOJIMBIIUM CHU3UTH raOapuUThI,
MOTPEOIAEMYIO SHEPTHIO, TOBBICUTh YHUBEPCAIBHOCTh YCTPOMCTB yIIPaBJICHUS U 00-
paboTKKu curHanoB. [103TOMy 3HaHHE MPUHLIUIIOB PAOOTHI MUKPOIIPOLIECCOPOB, OCHOB
MIPOEKTUPOBAHMS CUCTEM HA UX OCHOBE, a TAKKE CIIOCOOOB MPOrpaMMUPOBAHUS MUK-
POIIPOLIECCOPHBIX CUCTEM HEOOXOIUMO HE TOJIBKO pa3paboT4yMKaM BBIYMCIUTENIBHOM
TEXHUKH, HO M CIIEHAAIMCTAM OTpacieil, I1€ MCIHOJb3YIOTCS MUKPOIPOLECCOPHI, B
YaCTHOCTH, WHXEHEpaMm, pa3palaThIBAIONIUX M HSKCIUTYyaTUPYIOIIMX aBUAIIMOHHBIC
AJIIEKTPOHHBIE CUCTEMBI.

B HacTosiiieM MeToau4ecKoM MOCOOMH MPEACTABIEH TEOPETUUECKUN MaTepH-
aj 1Mo apXUTEKTYype MUKPOKOHTPOJUIEPOB, MPEICTABICHBI MACCOBBIE YHUBEPCATIbHBIE
8-paspsaHbie MUKPOKOHTpOJLIEpbl — AVR-MukpokonTposuieps! Gupmbr Atmel, otiu-
YaroUMecss BBICOKOM MPOM3BOAUTENIBHOCTHIO MTPU OOIIMX CBOMCTBAX apXUTEKTYpPHI U
CTPYKTYpPBI B CBOEM KJjlacce ycTpoicTB. [IpeacTraBieHsl METOAMYECKUE YKA3aHUS 110
BBITIOJTHEHUIO JTA0OPATOPHBIX pabOT MO UCCIAETOBAHUIO CPEIbl pa3pabOTKU MPUIIOKE-
HUM HA OCHOBE MHUKPOKOHTPOJLIEPOB, MO MCCIEIOBAHNUIO CUCTEMbl KOMaH]l U IO HC-
CJI€OBaHUIO Mepu(pepuiHbIX MOyl (MIOPTOB BBO/Ia-BbIBOAA, TAMMEPOB B PEKUME
(dbopMHUpOBaHUS BPEMEHHOTO MHTEPBAJIA U B PEKUME CPABHEHHUS ).
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1 MUNKPOKOHTPOJUIEPDBI

1.1 MUKPOITPOLIECCOPHBIE KOMIUJIEKTBI BUC/CBUC

Mukponpoueccopom (MII) Ha3pIBalOT NOCTPOEHHOE HA OJHOW WJIM HECKOJIb-
kux BUC/CBUC mnporpaMMHO-yIpaBisieMOe YCTPOMCTBO, OCYIIECTBISIONIEE IMPO-
1ecc 00paboTku HHGOPMAIIMH U YIIPABICHUE UM.

MII — neHTpanbHbIi MPOUECCOPHBIN IIEMEHT MUKPONRPOUECCOPHOIL CUCHIEMbL
(MIIC wimm mukpo-OBM), B KOTOpYIO TaKkKe BXOJIAT NMaMATh M yCTPOWCTBAa BBO-
Ja/BeIBOJIA (BHEITHUE YCTPOICTBA).

Pemaemas 3agava onpenensercs peannu3zyeMor MporpaMMoin, CTpyKTypa MUK-
PONPOLECCOPHON CHCTEMBI OCTAETCS HEU3MEHHOW, YTO W OINPEAEISIET €€ YHUBEp-
CaJIbHOCTb.

CoBOKYIHOCTh Oo0JbIINX/cBepXx00bux uHTerpaibHbiX cxeM (BHUC/CBUC),
IIPUTOJHBIX JUJII COBMECTHOIO IPUMEHEHUS B COCTaBE MUKpPO-OBM, Ha3bIBalOT MuK-
ponpoueccopuvim komnaexkmom bBUC/CHBHC (MIIK).

[Tonarne MIIK 3agaeT HOMEHKIATypy MHUKPOCXEM C TOYKH 3PEHHUSI BO3MOKHO-
CTEH UX COBMECTHOIO NPUMEHEHHUS (COBMECTUMOCThH MO apXUTEKTYpE, JIEKTpUYe-
CKHMM IIapamMeTpaM, KOHCTPYKTHUBHBIM IIpU3HaKkam u 1ip.). B cocraB MIIK MoryT BXo-
JIUTh MUKPOCXEMBI Pa3JINYHBIX CEPUN U CXEMOTEXHOJIOTUYECKUX TUIIOB IPH YCIOBUU
UX COBMECTHUMOCTH.

1.2 KITACCUDOUKALIA U CTPYKTYPA MUKPOKOHTPOJIJIEPOB

OCHOBHOI 0COOEHHOCTBIO COBPEMEHHOT'O 3Tara Pa3BUTHS MUKPOIPOLIECCOP-
HBIX CHUCTEM SIBIIIETCS 3aBEPLICHUE MEPEX0JA OT CHCTEM, BBIIIOJIHEHHBIX HA OCHOBE
Heckonpkux BUC, k oaHokpucTanbHbIM MHKpOKOHTposuiepam (MK). Mukpo-
KOHTPOJUIEPHI — pa3HOBUAHOCTh MIIC, opueHTHpOBaHHAs Ha peanu3alyio alropuT-
MOB YIIPABJICHUSI TEXHUYECKUMH YCTPOMCTBAMU U TEXHOJOTMYECKUMH ITPOLIECCAMH.
[TepBeie MK Boimymiensr pupmoit Intel B 1976 1 (BocbMupaspsiausiit MK 8048).

MK peanusyror 3apaHee U3BECTHBIC HECJIOKHbBIE AITOPUTMBI, U Ul pasMmelie-
HUS MPOTPaMM MM TpeOyIOTCSI MEHbBIIIEH, ueM y MUKpo-DBM mmmpokoro HazHayeHus,
eMKocTH naMaTu. Habop BHEIHUX yCTPOMCTB TakKe CYIIECTBEHHO CY’KaeTcs, a caMu
OHM 3HAYUTEJBHO IpOILE. DTO MO3BOJISIET BCE MOAYJIM MUKpOo-OBM pa3zmecTuts Ha
OTHOM KPHUCTaJlIE.

MK o0beauHSIOT B OJHOM KpHCTauie Bce ocCHOBHBIC 3reMeHThl MIIC: men-
TpanbHbli npoueccop (L), mocrossHHoe 3anomunatoiee ycrpoictso (I13VY), onepa-
THBHOE 3anoMuHaromiee yctporctso (O3VY), mocnenoBaTenbHble W NapaljiebHbIC
MOPTHI BBOJ1a/BBIBOJIbI, TaIMEPHI, aHAIOTO-IIU(POBBIE U LKU(PpPO-aHATOrOBBIE MPEOO-
pa3oBaTeNy, MUPOTHO-UMITYJIBCHBIE MOIYJIATOPBI U APYTHE Y3Jbl BEIYMCIUTEIBLHON
cucrtembl. [loatomy BTOphIM HazBanueM MK crano Ha3Banue "OIHOKpHUCTalbHas
MUKpo-OBM".
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J51s GONBIIMHCTBA MPUIIOKEHUHM YIpOIIeHHON cTpyKTypbl MK oxa3biBaeTcs 10-
CTaTOYHOM. DTO M ONpeaeNsieT ux mpeobiagaHue B TaKUX O00JIacTAX, Kak ObITOBas
anmapartypa, CTAaHKOCTPOEHHUE, aBTOMOOMIIbHAS IIPOMBIIINIEHHOCTD U T. 1.

B nacrosimee BpeMs BoltyckaeTcs 1einblil psan tunoB MK. Bee atu mpubopst
MOJKHO YCJIOBHO pa3JieJIuTh Ha TPH OCHOBHBIX Kiiacca [3]:

— 8-pazpsnabie MK 17151 BcTpanBaeMbIX IPHUIIOKEHUH;

— 16- u 32-pa3psaausie MK;

— 1udpoBbie cUrHaNIbHbIC mporeccopsl (DSP).

HauGonee pacmpoctpaneHHBIM TipencTaBuTeneMm cemeiictBa MK sBisroTcs 8-
paspsiiHble TPUOOPBHI, MHPOKO KUCIIOIb3YyEMbIE B TPOMBIIUIEHHOCTH, OBITOBOM U KOM-
NbI0TepHON TexHuKe. OHU MPOIILITU B CBOEM Pa3BUTHU MYTh OT MPOCTEHIINX MPUOO-
POB C OTHOCHTENHHO clab0opa3BUTOM nepudepreit 10 COBpEeMEHHBIX MHOTO(QYHKITHO-
HaJIbHBIX KOHTPOJUIEPOB, OOECIEUMBAIOIIMX PEATU3ALNI0 CIOXKHBIX aJTOPUTMOB
yIpaBJieHUs] B peaibHOM Maciutade BpeMmeHu. [IpuumHOil ku3HecmocoOHOCTH §-
pa3psanbix MK sBisieTcst ucnosib30BaHue UX JUIsl YIPABJICHUS peajlbHbIMU O0bEKTa-
MU, TJI€ IPUMEHSIOTCS, B OCHOBHOM, aJIFTOPUTMBI C ITPe00IaJaHUEM JIOTHYECKUX Olle-
panuii, CKOpocTb 00paOOTKH KOTOPBIX NMPAKTUYECKH HE 3aBUCUT OT Pa3psIHOCTH
mporeccopa.

Pocty nonynsaproct 8-pa3psansix MK crocoOcTByeT NOCTOSIHHOE paciimpe-
HUE HOMEHKJIATYphl W3JIE€TUH, BBITYCKAEMbIX TAKUMHU HM3BECTHBIMU (PUpPMaMH, Kak
Motorola, Microchip, Intel, Zilog, Atmel u MEOrMMU TpyrUMHU.

CoBpemennbie 8-pazpsansie MK oOnangaror, kak mpaBWiIo, PSAOM OTJIMYHU-
TEJbHBIX MTPU3HAKOB. [lepeuncianm OCHOBHBIE U3 HUX:

—  MOOYbHAA OpP2aHU3AUUA, TPU KOTOPOW Ha 0a3e OAHOrO MPOLIECCOPHOTrO
anpa (IEHTpaJIbHOTO Mpolleccopa) MmpoekTupyercs psa (auHeirika) MK, paznudaro-
UXxcsi 00beMOM M THUIIOM IMaMSITH MporpamMM, 00bEeMOM TMaMSTH JTaHHBIX, HAOOPOM
nepuepuitHbIX MOTYJICH, 4YaCTOTON CHHXPOHHU3AINH;

— HCIIOJIB30BaHUE 3akpvimoii apxumexmypol MK, xoTopas XxapakTepu3yeTcs
OTCYTCTBUEM JIMHUI Marucrpanei ajpeca M JaHHbIX Ha BbiBojax kopmyca MK. Ta-
kM o0pazom, MK npencrasiser coO00il 3aKOHYEHHYIO cUCTEMY 00paOOTKU JaHHBIX,
HapallBaHUE BO3MOYKHOCTEH KOTOPOM C MCHOJB30BAHMEM MapajlIeIbHbIX Maru-
CTpaJiel aJjpeca U JaHHBIX HE IPeAnoiaraercs;

— HCIIOJIb30BAaHUE MUNOBHLIX (PYHKUUOHATIbHBLIX NeEpUPepuiinplx mooynei
(TaiimMepbl, MPOIECCOPBI COOBITUN, KOHTPOJUIEPHI MOCIIEIOBATEIbHBIX UHTEP(HENCOB,
aHaJIOrO-LIU(PPOBBIE TpeoOpa3zoBaTeNu U Ap.), UMEIOIINUX HE3HAUUTEIbHbIE OTIINYHS B
anroputMax paboTsl B MK pa3znudHbIX MPOU3BOIUTEIICH;

— pacuMpeHue Yucia peKuMOB paboThl nepudepuitHbIX MOIyJIeH, KOTOpbIe
3a/1al0TCs B IPOLIECCE MHULIMATIM3ALMK PETUCTPOB criennanbHbIX GyHkiui MK.

1.3 MOAYJIbBHAA OPTAHU3ALIMA MUKPOKOHTPOJIJIEPOB

[Ipu moxynbHOM npuHIKIIE TOCTpoeHust Bce MK ogHOro cemeincrBa comepxar
npoueccopuoe a0po, oquHakoBoe i1 Bcex MK naHHoro cemeicTBa, 1 M3BMEHSIEMBbIi
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¢ynukyuonanvusviit 610k, xotopbiii oTinuaetr MK pazusix mozeneit. CTpykTypa mMo-
ayasHoro MK npusenena Ha pucynke 1.1 [3].

NpoueccopHoe AAPO

| I
I
: Cxema LleHTpanbHbIi Cxema |
I _SJCUHXPOHKU3AUNK npoueccop ynpasnesma :
I
| — $ ¢ B MI
HSEEE EEEEE SRRt - e
| r nay 03y MopTsl Taimep Jon. |
| BBOAA/BbLIBOAA MOAYNA !
| |
| |

N3MeHAeMbiit PYHKUMOHANbHBIA 610K

Pucynok 1.1 — MonynwsHas opranuzamus MK

[TpouieccopHoOe PO BKIOYAET B CEOsI:

— LEHTPAJIbHBIN MPOIIECCOP;

— BHYTPEHHIOIO KOHTpoUiepHYto Maructpaib (BKM) B coctaBe mmH aznpeca,
JAHHBIX U YIIPABJICHUS;

— cxeMmy cuHxponuzanuu MK;

— CXeMy ylpaBieHus pexxuMamu pabotsl MK, BkiItouas moaaepxKy pexu-
MOB MOHMKEHHOI'O SHEPronoTpedIeHns, Ha4aJbHOro 3amycka (copoca) u T.1.

Cxema cunxponuzanun MK obecnieunBaer hopMupoBaHHE CUTHAJIOB CUHXPO-
HU3alM1, HEOOXOIUMBIX JJI BBINOJHEHUS KOMAaHAHBIX LUKIOB LEHTPAIBHOTO MPO-
1eccopa, a TaKke ooOMeHa MHpOpMalMel 1o BHYTpEeHHENH Maructpainu. B 3aBucumo-
CTH OT UCIIOJIHEHMSI LIEHTPAJIBLHOTO MPOLECCOPa KOMaHAHBIA UK MOXKET BKJIIOYATh
B ce0sl OT OJJHOTO IO HECKOIBKUX (4 — 6) TaKTOB CMHXpOoHU3aKi. CxeMa CUHXPOHHU-
3a1uu (OpMUPYET TaKKe METKH BPEMEHH, HEOOX0AUMbIe /171 paboThl TaiimepoB MK.
B cocraB cxeMbl CHHXpPOHHM3ALUU BXOJST JEIUTENN YAaCTOThI, KOTOPblE (POPMUPYIOT
HE0OXO0MMbIE MOCIIEA0BATEILHOCTH CHHXPOCUTHAJIOB.

OCHOBHBIMM  XAapaKTEPUCTUKaMH, ONPEIACISIOIUMA  [TPOU3BOIUTEIBHOCTD
rpoueccopHoro sapa MK, asusrores:

— HabOp PErucTpoB I XpPaHEHUS IPOMEKYTOUHBIX JTaHHBIX;

— CcHCTeMa KOMaH/I IpoLeccopa;

— CcrocoObl aipecaliuy ONepaH 0B B IPOCTPAHCTBE NaMSTH;

— OpraHu3alys MpoueccoB BEIOOPKH U UCIIOJTHEHUS! KOMaH Ibl.

W3meHseMblil PyHKIIMOHATBHBIN OJIOK BKJIIOYAET B c€0s1 MOJIYJIU MaMsTH pa3-
JMYHOTO TUMA U 00beMa, IOPTHI BBOJA/BBIBOJA, MOJIYJIM TaKTOBBIX TeHepatopos (I),
taiiMepsl. B otHOCuTenpHO TipocThix MK Momyns 00paboTKu mpephiBaHU BXOJWT B
cocTaB mpoueccopHoro siapa. B Oonee cnoxubix MK oH npezacTaBisier co0oil oT-
JENbHBIA MOAYJb C PA3BUTHIMH BO3MOXKHOCTSAMU. B cocTaB uaMensemoro QpyHKIuo-
HaJbHOrO 0JOKa MOTYT BXOJIUTh M TaKUE JOMOJHUTEIbHbBIE MOAYJIHM KaK KOMIapaTo-
pBl HanpspKeHus!, aHanoro-uu@poseie npeodpazoBarenu (ALIL) u apyrue. Kaxabiii
MOJTyJIb IPOCKTUPYETCS 17151 paboThl B cocTaBe MK ¢ yuerom nporokosna BKM. Jlan-
HBII MOJXO0J MO3BOJIAET CO3JaBaTh pazHooOpasHbie no ctpykrype MK B mpenenax
OJIHOTO CEMENCTBA.



1.4 APUXUTEKTYPA MUKPOKOHTPOJUUIEPOB

[on apxumexkmypoit [3] MUKPOKOHTpOJUIEpa (MHKPOTIPOIIECCOPa) TOHUMAETCS
KOMITJIEKC €T0 amnmapaTHBIX M MPOTPAMMHBIX CPEJICTB, MPEIOCTABISIEMBIX MTOJIh30Ba-
Temto. B 310 0o0miee moHsITHE BXOAUT HAOOP MPOTrpaMMHO-IOCTYITHBIX PETHCTPOB H
WCITOJTHATEIILHBIX (OTEepallMOHHBIX) YCTPOUCTB, CHCTEMa OCHOBHBIX KOMAaH]I M CIIO-
cO0OB ajpecarini, 00beM U CTPYKTypa aapecyeMoi maMsITH, BUABI U CIIOCOOBI 00pa-
O0oTku mpepbiBaHuii. Hampumep, Bce Moaudukanum MukpokoHTposuiepoB Classic
bupmer Atmel umeror AVR apXuTeKkTypy KOTOpas XapaKTepH3yeTCs CTaHIapTHBIM
HaOOPOM PETUCTPOB, MPEIOCTABISIEMBIX TOJIB30BATEINIO, OOIIEH CHCTEMOW OCHOBHBIX
KOMaH/ M CIIOCOOOB OpTaHM3AIMK M aJIpecalliy IMaMsTH, OJMHAKOBON peanu3alueit
3aIUTHI TAMSTH U 00CTY)KUBaHUS TTPEPHIBAaHHM.

[Tpu ommcannm apXUTEKTYyphl U GYHKIIMOHUPOBAHUS TIPOIIECCOpa OOBIYHO HC-
MOJIB3YETCSI €T0 TMPEICTABIICHNE B BHJIC COBOKYITHOCTH MPOTPAMMHO-IOCTYITHBIX pe-
THECTPOB, 00PA3YIOIINX pPecUCmPO8YI0 U HPOZPAMMHYI0 MoOedb. B 3Tux perucrpax
cozepxkarcsi oOpabaTbiBaeMble JaHHbIE (ONEpaH/bl) U YIpaBisiomas WHpopManus.
COOTBETCTBEHHO, B PETUCTPOBYIO MOJECIIb BXOJUT T'PYIIIa PETUCTPOB OOIIEro Ha3Ha-
YeHUS, CIYXKaIUX JUIT XpaHEHUs OINEPaHJ0B, W TPyMIa CIyXKEOHBIX PETHCTPOB,
00eCIIeunBaOIINX YIIPaBICHUE BBHIITOJIHCHHEM TIPOTPAMMBI M PEKHUMOM PabOTHI TIPO-
1[eccopa, OpraHu3alui0 O0paIlleHUs K NMaMATH (3alluTa MamsTH, CECTMEHTHAs U CTpa-
HUYHAS OpTraHU3aIus u JIp. ).

Peructper o6miero HazHadeHus oopasyioT P3Y - BHYTpeHHIOI pEerucTpoBYIO
naMath mporeccopa. CocTtaB U KOJIMYECTBO CIIY>KEOHBIX PETHCTPOB OMpPENesieTcs
apXUTEKTYpou MUKporipolieccopa. OOBIYHO B MX COCTaB BXOJIAT:

— mporpamMmHbIi cueTynk PC;

— peructp cocrostaust SR (wmu EFLAGS));

—  pEruCTpBI YyIpaBJIeHUs pexkuMoM padoTs mporieccopa CR (Control

Register);
—  PETUCTPHI, PEATU3YIONIUE CETMEHTHYIO U CTPAHUYHYIO OpraHU3alluIo ma-
MSITH;

—  pEerucTphl, 00eCIeYnBalONINe OTJIAKy POTPaMM B TECTUPOBAHUE MPOIIEC-

copa.

Kpome Toro, paznuuHbie MOAETH MHKPOIPOIECCOPOB COAEPKAT PsIA APYTUX
CHeIMaIN3UPOBAHHBIX PETUCTPOB.

1.4.1 IlpuHcTOHCKas U rapBapjcKasi apXUTeKTypa

C TOuKkHM 3peHUs] OPraHU3aUH MPOIIECCOB BEIOOPKH M MCIIOJIHEHHS] KOMaH/IbI B
coBpeMeHHbIX 8-pa3psiaHbix MK npumensieTcss oHa U3 JByX YK€ YIOMHUHABIINUXCA
apxutektyp MIIC: pon-HeliMaHOBCKasi (IPUHCTOHCKASI) UJTU TapBapICKasl.
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OCHOBHOM 0COOEHHOCTBIO (POH-HEHMAHOBCKOM apXUTEKTYpbI SBISIETCS HC-
MOJIb30BaHUE OOIEH MaMATH AJIsl XpaHEHUs MPOrpaMM M JAHHBIX, KaK MOKa3aHO Ha
pucynke 1.2.

OCHOBHOE TPEUMYLIECTBO apXH- Teum$patop
TekTypsl Don-Helimana - ympouieHue nay KOMaHA
ycrpoiictBa MIIC, Tak kak peanusyercs | (03Y) |

o o nporpamm| |,
oOpareHre TOJIbKO K OJHOW oOuiel ma- v Tt
Msatu. Kpome Toro, ucnosib30BaHue enu- WA ) repdeiica nNPOUeccop
o3y P = W BHYTPEHHWe

HOM 00JIaCTH MaMSITH IT03BOJISIIO orcpa- C NaMATBLIO

LaHHbIX PEerucTpsbl
THUBHO NEPEPACTIPENEIIATh PECYPCHl MEXK-

g

Ty 00JIacTSMH MPOTPAMM U JTAHHBIX, YTO | crexosoe
CYUIECTBEHHO  TOBBIIIAJI0  THOKOCTH | O3Y
MIIC ¢ Toukm 3peHus pa3padOTyuKa
nporpaMmmHoro obecnedenus. Pasmeme- Pucynok 1.2 — Crpykrypa MIIC ¢ ¢on-
HUE CcTeKa B OOIIel maMaTtu oO0Jeryasno HEHMaHOBCKOU apXUTCKTypou
JIOCTYII K €ro coaep:xxumomy. Heciyuaii-
HO TO3TOMY (DOH-HEHMaHOBCKasi apXUTEKTypa CTaja OCHOBHOM apXUTEKTYpOll YHH-
BEPCAIBHBIX KOMIIBIOTEPOB, BKJIIOUYasl IEPCOHAIBHBIE KOMIIBIOTEPHI.

OCHOBHOUM OCOOEHHOCTBIO TapBap/ICKOW apXUTEKTYPhl SBIISIETCS UCIOJIb30Ba-
HUE€ Pa3/IeNIbHBIX aJPECHBIX MPOCTPAHCTB ISl XPAaHEHUS] KOMAaH]l U JAHHBIX, KaK MO-
Ka3aHo Ha pucynke 1.3.

MNamaTte NamaTe
['apBapackas apXuTeKTypa IO- NPOrpamm RaHHBIX
YTH HE UCIIOJIL30BaJIach 10 kKoHIa 70- Crex
X TOA0B, oka npousBoauren MK He WA ]
>
MOHSUTM, YTO OHA JAET OMNpPE/ICIICHHBIE wpa | Aewmdparop g
MIPEUMYIIECTBA pa3padOTIYNKaM aBTO- nay Ly KOMaHA Y
nporpamMmm vl 8
HOMHBIX CUCTEM YIIPABJICHMUSI. g
v =
Jleno B TOM, 4TO, CyZs IO OIIbI- LeHTpansHsiit Q
Npoueccop - 5
Ty ucnonbzoBanus MIIC nns ympas- W MHTEPGEIC 1 &
JICHUSI Pa3IUIHBIMH OOBEKTAMHM, IS errngéposow
y
peanu3anuu  OOJIBIIMHCTBA aJITOPUT-

MOB yIpaBJjeHUs Takue mpeumyie- Pucynok 1.3 — Crpykrypa MIIC c rapBapa-
cTBa (HhOH-HEHMAHOBCKOW apXUTEKTY- CKOM apXUTEKTypou
pbI KaKk THOKOCTbh U YHUBEPCATbHOCTD
HE UMEIOT OOJBIIOr0 3HAUYCHUs. AHAIU3 pealIbHbIX MMPOrpaMM YIpaBieHUs MOKa3all,
YTO HEOOXOJAUMBIN 00heM mamsaTu AaHHbIX MK, ucnonas3yeMblid Jj1si XpaHEHUs TIPo-
MEXYTOUYHBIX PE3yJbTaTOB, KaK MPABUJIO, HA MOPSAOK MEHbLIE TpeOyeMoro oobemMa
MaMsTH MPOrpaMM. B 3THX yCIIOBHSIX UCIIOJIB30BAHUE €IMHOTO aJAPECHOTO MPOCTPAH-
CTBa MPUBOJUIIO K YBEIMYEHUIO (hopMaTa KOMaHJ 3a CUET YBEJIMUYEHHUS YHUCIIa pa3psi-
JIOB JUISL aapecanuu ornepaHaoB. [IpuMeHeHue OTACNbHONW HEOONBIION MO 00beMy
MaMSTH JJAHHBIX CITOCOOCTBOBAJIO COKPAIIEHHUIO JITTMHBI KOMAH]T 1 YCKOPEHHIO TIOMCKA
uH(pOpMaIUK B TaMATH JAHHBIX.

Kpome Toro, rapBapiackasi apxutekTypa oOecreuynBaeT MOTEHIMaIbLHO Oosee
BBICOKYIO CKOPOCTH BBITIOJIHEHHS TIPOTPAMMBbI 110 CPaBHEHUIO C (HOH-HEHMaHOBCKOU
3a CYET BO3MOXKHOCTH pealu3alliy MapauieIbHbIX onepanuii. Berbopka ciemyromen
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KOMAaH/Ibl MOXET MPOUCXOAUTh OJHOBPEMEHHO C BBIITOJHEHUEM MPEAbIAYIIEH, U HET
HEOOXOMMOCTHA OCTaHABIMBATH MPOIIECCOP HAa BpeMs BBIOOPKH KOMAHBI. DTOT Me-
TOJ peajn3aluy OTEPAIHA MO3BOJIAECT 00ECIIEUNBATh BBIMOTHECHUE PA3IMYHBIX KO-
MaH/l 3a OJJMHAKOBOE YHMCJIO TAKTOB, YTO JAE€T BO3MOKHOCTh 00Jiee MPOCTO OIpesie-
JIUTHh BPEMS BBITIOJHEHUS [IUKIJIOB U KPUTUYHBIX YH4ACTKOB IPOTPAMMEL.

BoJIBIIMHCTBO IPOU3BOAUTENEH COBPEMEHHBIX 8-paspsaHbix MK ucnonb3yror
rapBapACKyr apxuTekTypy. OgHako rapBapickas apXHUTEKTypa SIBISETCS HEAOCTa-
TOYHO THOKOW JUIsl peaju3allid HEKOTOPBIX IMpOTrpaMMHBIX Tmporenyp. [lortomy
cpaBHeHHE MK, BBINOJHEHHBIX MO PA3HBIM aAPXUTEKTYpaM, CIEAYET MPOBOAUTH NPU-
MEHHUTEJIBHO K KOHKPETHOMY MPUIIOKEHHUIO.

142  CISC- u RISC-apxurexrypa

C TouKkHU 3peHUs] CUCTEMbI KOMaH]l U CIIOCOOOB aJpecaliiy ONepaHI0B MPoliec-
COpHOE SIPO COBpEeMEHHBIX 8-pa3psaubix MK peanusyeT oauH U3 JBYyX MPUHITUIIOB
MOCTPOEHHUS MTPOLIECCOPOB:

— mpoteccopsl ¢ CISC-apxuTekTypo, peaqu3yrolire Tak Ha3bIBAEMYI0 T10JI-
Hyro cucreMmy komans (Complicated Instruction Set Computer);

— nporeccopsl ¢ RISC-apxuTekTypoii, peanu3yromre COKpaleHHy0 CHCTE-
my komany (Reduced Instruction Set Computer).

CISC-miporieccopsl BBIMOTHSIOT OOJIBIION HAOOP KOMaHJ C pa3BUTHIMH BO3-
MOKHOCTSMH aJpecalliu, JaBasi pa3paOOTYMKy BO3MOXKHOCTH BBIOpaTh HauOoliee
MOIXO/ISIIYI0 KOMAHAY JIJIsl BHITOJIHEHHSI HE0OX0IUMOM onepaiiui. B npuMeHeHnu K
8-paspsaaubim MK nporeccop ¢ CISC-apxutekTypoil MOKeT UMETh OJIHOOANTOBBIH,
NIBYXOaWTOBBIN U TpexOalTOBBINA (peIKO YeThIpex0anToBbIN) dhopmar koman. [lpu
ATOM CHUCTEMa KOMaH]I, KaKk MIPaBUJIO, HEOPTOTOHAJIbHA, TO €CTh HE BCE KOMaHbl MO-
I'yT MCIOJIB30BaTh JIIOOOHW M3 CIIOCOOO0B aJipecalini MPUMEHUTEIBHO K JTI000MY U3 pe-
THECTPOB Mpoiieccopa. Beibopka KOMaH/IbI Ha UCTIOTHEHUE OCYIIECTBISETCS MOOAMNT-
HO B TEUCHHE HECKOJBKUX ITUKIOB paboTel M K. Bpems BbImosHEeHNsS KOMaHIBI MO-
xeT coctaBiATh OT 1 g0 12 muknoB. K MK ¢ CISC-apxutextypoii otHocsTess MK
dupmer Intel ¢ ssmpom MCS-51, koTopbie MOIACPKUBAIOTCS B HACTOSIIIEE BPEMS I1e-
aeM psitoM nipousBoauteneit, MK cemeiricte HC05, HCO8 n HCII ¢pupmer Motorola
U PSIT IPYTHUX.

B npomneccopax ¢ RISC-apxutexTypoit HaOOp HCHOJHSIEMBIX KOMaH] COKpa-
meH A0 MUHIMYMaA. [[1s peanmsarnuu O0oJiee CIOKHBIX OTeparuii TpUXOgUTCs KOM-
OuHMpoBaTh KOMaH[bL. [Ipy 5TOM Bce KOMaHIbI UMEIOT (popmaT (UKCHUPOBAHHOMN
muHbl (Hanpumep, 12, 14 wim 16 6ut), BBIOOpKa KOMaH/IbI U3 MAMITH U €€ UCTIOJTHe-
HUE OCYIIECTBIISIETCS 32 OJMH IUKII (TakT) cuHxponu3aruu. Cuctema komana RISC-
mpoiieccopa MpeanoaracT BO3MOKHOCTh PaBHOMPABHOTO HCITOJIB30BAHUS BCEX pe-
THUCTPOB TIpoIieccopa. ITo 00eCIeurnBaeT JOMOTHUTEIbHYIO THOKOCTh TIPH BBITIOJIHE-
Huu pana onepaunuid. K MK ¢ RISC-nponieccopom otnocsites MK AVR dupmer - At-
mel, MK PIC16 u PIC17 ¢pupmer Microchip u npyrue.
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1.4.3 Cucrema komauag MK

Tak ke, Kak ¥ B JTFOOOW MHUKPOIPOIIECCOPHON CHUCTEMeE, HabOop KOMaHj Mpo-
neccopa MK BkitouaeT B ce0si 4eThbIpe OCHOBHBIE TPYIITbI KOMAH/I:

— KOMAaH/Ibl IEPECHUIKU JaHHBIX;

— apudmeTnyeckue KOMaHIbl;

— JIOTMYECKHE KOMaH/Ibl;

— KOMAaH/Ibl IEPEXOJIOB.

Jlnst peanu3anuy BO3MOKHOCTH HE3aBUCUMOTI'O YIIPABJICHHSI pa3psiiaMH MOPTOB
(peructpoB) B OonbIIMHCTBE coBpeMeHHbIX MK mpenycMoTpeHa Takke rpymnmna Ko-
MaHJ OMTOBOTO ympaBiieHus (OyneBbIil nian OUTOBBIN Mporieccop). Hammune komans
OMTOBOrO IpoLEccopa MO3BOJIIET CYIIECTBEHHO COKPAaTUTh 00BEM KOJa YIpaBisio-
IIUX IPOTPaMM U BpeMs UX BBIIIOJHEHUS.

B psage MK BplIensroT Takke Ipyniy KOMaH[ YIPaBJIEHUS pecypcamMu KOH-
TpoJuIepa, UCIOJIb3YEMYIO JJI1 HACTPOMKU PEKUMOB pabOThl IOPTOB BBO/A/BBIBOAA,
ynpaBJeHHusl TaliMepoM U T.N. B OonbmuHCcTBE coBpeMeHHbIX MK BHyTpeHHue pe-
CYPCBI KOHTpOJUIEpa OTOOPAKAIOTCS HA NaMATh JaHHBIX, IOITOMY JUIsl LIEJIeH yrpas-
JIEHUS PECYpPCaMU UCIIOJIb3YIOTCSI KOMaH/Ibl IEPECHUIKU JaHHBIX.

Cucrema komanng MK 10 CpaBHEHHIO C CHUCTEMOW KOMaH]l YHHBEPCAIBHOTO
MII umeert, Kak IpaBUiIO, MEHEE Pa3BUTHIE TPYIIbI apU(PMETUYECKUX U JTIOTUYECKHUX
KOMaH/I, 3aT0 00Jiee MOIIHBIE TPYyNIbl KOMaH] MEPEChUIKU JTaHHBIX U YIpPaBJICHUS.
OTta 0c0O0EHHOCTH CcBs3aHa co cepoil npumeHeHuss MK, TpeOyroiei, npexae BCero,
KOHTPOJISI OKPY’Karollei 00CTaHOBKU U (POPMHUPOBAHUS

1.44  Tlamsats nporpamm u qanabix MK

B MK wucnonbe3yercss Tpu OCHOBHBIX BHJa namMATH. [lamsaTe mporpamm mpen-
cTaBgeT coboit mocTosiHHyIo namMath ([13Y), npennasHaueHHyI0 I XpaHEHUs Mpo-
rpaMMHOro Koja (KoMaHJ) U KOHCTaHT. Ee cojep:kxuMoe B XOJ€ BBIIOJIHEHUS TPO-
rpaMMbl He u3MeHsieTcs. [lamMsaTh NaHHBIX MpeJaHa3HadYeHa ISl XpaHEHUs MepeMeH-
HBIX B MPOILECCE BBIIOJHEHMS MpOorpamMMmel U npeactasiser cooo O3Y. Peructpol
MK — 5TOT BUJ aMsITH BKJIIOYAET B C€0sl BHYTPEHHUE PETUCTPHI Mpoleccopa u pe-
THCTPBI, KOTOPbIE CIIy)KaT AJIsl yHpaBiieHUs: nepupepuilHbIMU yCTpOWCTBaMU (peru-
CTPBbI CTIEHUATbHBIX (PYHKIINN).

1441 [TamsaTs IpOrpamMm

OCHOBHBIM CBOMCTBOM IMaMSTH MPOrPaMM SIBJISIETCSL €€ YHEPTOHE3ABUCUMOCTb,
TO €CTh BO3MOXHOCTb XPaHCHHUS MPOTrpaMMbl MPU OTCYTCTBUU muUTaHuA. C TOUYKH
3penus noJibzoparened MK ciuenyer paznnyare CIEAyIOMINE TUIIBI SHEPTOHE3aBUCH-
MOW MaMsTH ITPOTPAMM:

— TI3Y macounoro tuma — mask-ROM. Coxaepxumoe stueek I13Y atoro tuma
3aHOCUTCS TP €€ U3TOTOBJICHUU C TIOMOIIBI0 MaCOK U HE MOYKET OBITh BIIOCJICICTBHH
3aMEHEHO WM nepenporpamMmmupoBaHo. [loatomy MK ¢ Takum TUIoM mamsiTh mpo-
rpaMM CIIeIyeT UCIOJIb30BaATh TOJBKO MOCIE JOCTATOYHO JJIMTEILHONW ONBITHOM JKC-
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wryaTaiui. OCHOBHBIM HEIOCTAaTKOM JAaHHOM MaMATH SIBJISETCS HEOOXOIUMOCTb
3HAYUTENIbHBIX 3aTpaT Ha CO3/1aHHE HOBOTO KOMIUIEKTa (OTOIIA0IOHOB U UX BHEApeE-
HUE B NPOU3BOJCTBO. OOBIUHO TaKOM MPOLIECC 3aHUMAET 2-3 Mecsla U SBISIETCS KO-
HOMHUYECKH BBITOJHBIM TOJBKO MPH BBITYCKE JECATKOB ThICSY mpuOopoB. [13Y ma-
COYHOTO THIA OOECIEYMBAIOT BBICOKYIO HAJCKHOCTh XpaHEHHs] HHQOpPMAIUH IO
MpPUYMHE MPOTPAMMHUPOBAHUS B 3aBOJCKHX YCIOBHSX C MOCIEIYIOIMIMM KOHTPOJIEM
pe3ynbTara.

— [I3Y, nporpammupyeMsble MoJIb30BaTENEM, C YITPahHUOIETOBBIM CTUPAHU-
em — EPROM (Erasable Programmable ROM). I13Y nanHOrO THIIA MPOrpaMMHUPY-
I0TCA DJIEKTPUYECKUMU CHUTHAJaMU U CTUPAIOTCSA C MOMOIIBIO YIbTpadroIeTOBOIO
oOnyuenud. fueiika mamsath EPROM mpexacrasmsier coboii MOII-tpan3ucrop ¢
«IUTABAOIIMMY 3aTBOPOM, 3apsi]l HA KOTOPBIN NEPEHOCUTCS C YIIPABJISIOLIErO 3aTBOPA
IpU 10/1a4€ COOTBETCTBYIOIIUX 3JEKTPUUECKUX CUTHAIOB. JlJig CTUpaHUS COAEPKU-
MOTO SYEHKH OHa O0Jy4yaeTcs yIbTpa(pUOJETOBBIM CBETOM, KOTOPBIA COOOIIAET 3a-
psAy Ha IJIABAOIIEM 3aTBOPE SHEPIHIO, JOCTATOYHYIO JUISl MIPEOJIOJICHHS MTOTEHIU-
anbHOro Oaphepa M CTEKaHUs Ha MOJJIOKKY. DTOT IMPOLECC MOXKET 3aHUMAaTh OT He-
CKOJIBKUX CeKyHJ 70 Heckoibkux MUHYT. MK ¢ EPROM pnomyckatoT MHOTOKpaTHOE
MIPOTrPaMMUPOBAHHUE U BBIMYCKAIOTCA B KEPAMUYECKOM KOPITYCE C KBaPIIEBBIM OKOIII-
KOM JIJIsl IOCTyIa YJiIbTpaduoneToBoro ceera. Takoi KOPIyC CTOMT JOBOJBHO JOPO-
ro, 4YTO 3HAYUTENHHO yBenuuuBaeT croumMocTh MK. [Insi yMeHBIIIEHUSI CTOMMOCTH
MK ¢ EPROM ero 3akmtouator B kopiyc 0e3 okomika (Bepcusi EPROM ¢ ognokpat-
HBIM MPOrPAMMHPOBAHUEM ).

— II3Y, opHokpatHO mporpamMmmupyembie mnosb3oBatenem, — OTPROM
(One-Time Programmable ROM). IIpencrasusior coboii Bepcrro EPROM, Boimmos-
HEHHYIO B KopIiryce 0e3 OKoOIIKa Il yMeHblneHus croumoctd MK Ha ero ocHose.
CoxkpalieHne CTOMMOCTH TPH HCIOJIb30BAaHUM TaKWX KOPITYCOB HACTOJBKO 3HAYH-
TeJNBbHO, YTO B mocienHee Bpems 3Tu Bepcun EPROM wacTo ncnons3yior BMecTo Ma-
counbix [13V.

— TI3VY, nporpammupyemMblie TOJIb30BaTENIeM, C PJICKTPUIECKUM CTUPAHUEM -
EEPROM (Electrically Erasable Programmable ROM). I13Y ganHOro THIAa MOXHO
cuuTaTh HOBBIM MokoJeHueM EPROM, m KOTOpBIX cTUpaHue sueeK mamsiTH TPOU3BO-
JIUTCS Tak)Ke DIIEKTPUUESCKUMH CUTHAJIAMU 34 CUET MCIIOIh30BAHMS TYHHEIBHBIX Me-
xaan3moB. [Ipumenenne EEPROM mo3BonsieT ctupats u nporpammupoBath MK, He
CHUMasl €ro ¢ IaTel. TakuM cocob0oM MOXHO MPOU3BOAUTH OTIAJKY U MOJEPHHU3A-
IIMIO0 MPOTPAMMHOTO OOECHeYeHHs. DTO JaeT OTPOMHBIN BBIMTPHIII HAa HaYaJIbHBIX
CTaauAX pa3pabOTKH MUKPOKOHTPOJUIEPHBIX CHCTEM WJIHM B IMPOIECCE WX W3YUCHUS,
KOTJIa MHOTO BPEMEHH yXOJWUT Ha MOUCK MPUINH HEPaOOTOCOCOOHOCTH CUCTEMBI H
BBITIOJITHEHHUE IMKJIOB CTHUPAHHUSA-TIPOrPaMMHUPOBaHUS maMmsaTH mporpamm. [lo mene
EEPROM 3anumarot cpeanee nonoxenue mexay OTPROM u EPROM. Texunomnorus
nporpammupoBanus namatu EEPROM nomyckaer moGaiiToBoe cTHpaHue W TMpo-
rpaMmmupoBanue siueek. HecmoTpst Ha oueBunHbie npenmyiectsa EEPROM, tonpko
B penkux Mozenssx MK Takasi maMsITh UCTIONB3YETCs I XpaHeHus nporpamm. Csi-
3aHO 3TO C TeM, uTO, BO-niepBbiXx, EEPROM nmeroT orpannyeHHbIii 00beM mMaMsTH.
Bo-BTopbix, nourn ogHoBpeMenHo ¢ EEPROM mnosiBunucs Flash-IT3Y, kotopeie mpu



MVKPOKOHTPOJIJIE PH 14

CXOJHBIX MOTPEOUTENHCKUX XapaKTEPUCTUKAX UMEIOT 00JIee HU3KYIO CTOMMOCTb;

— TI3Y ¢ anekrpuueckum crupanuem Turna Rash — Flash-ROM. ®yukimo-
HanbHO Flash-mamsate mano ornuuaercs or EEPROM. OcHoBHOE pasiuune COCTOUT
B criocoOe ctupanus 3anucanHod uHbopmaiuu. B namaru EEPROM ctupanue npo-
M3BOJIUTCS OTICIIBHO JIJIS KaX10# siueliku, a Bo Flash-namstu crupaths MoxHO TOJIB-
KO LenbiMu Osiokamu. Ecnum HEoOXOAMMO H3MEHUTh COAECPKUMOE OJIHOM SUYEeHKU
Flash-nmamstu, motpebyeTcsi mepenporpaMMupoBaTh BeCh OJIOK. YTIPOIICHUE JIEKO-
aupyrommx cxem no cpaBaenuio ¢ EEPROM mpuBeno k tomy, uto MK ¢ Flash-
NaMSTBIO CTAHOBSATCS KOHKYPEHTOCIIOCOOHBIMHU IO OTHOIIECHHIO HEe ToJbko K MK ¢
OJIHOKpaTHO nporpamMmmupyembimu 113V, Ho u ¢ macounsimu 113V Takxke.

1.44.2 [TaMsTE JaHHBIX

[TamsaTe manabix MK BBINONHAETCS, Kak MPAaBUIO, HA OCHOBE CTATUYECKOIO
O3VY. Tepmun "cratudeckoe' o3Ha4aeT, 4To cojepxkumoe stueek O3V coxpansiercs
IIPU CHUKEHUU TakTOBOM yacToThl MK 70 CKOIBb yrogHO Maniblx 3HAYEHUU (C LENbIO
CHIDKEHMS dHepronorpebneHus). bonasmuuctBo MK umeror Takod mapamerp, Kak
«HanpspKeHue XpaHeHus: nHpopMauum» - Ustanppy. [IpH CHUOKEHUM HaNpsKEHUS MH-
TaHUS HUKE€ MUHUMAJIBHO AOMYCTUMOTO ypoBHS Uppwin, HO BbIlIe ypoBHS Ustanpey
pabota nporpammsl MK BeinonHsAThCs He OyneT, HO nHpopmanusa B O3Y coxpanseT-
csi. [Ipy BocCTaHOBJIEHUN HANpPSKEHUs MUTaHUS MOKHO OyneT copocutb MK u npo-
JOJDKUTDH BBINOJIHEHHUE MPOTrpaMMbl 0€3 MOTEpHU J1aHHBIX. YPOBEHb HANPsKEHUS Xpa-
HEHUS COCTaBJIAET 00BIYHO OKOJIO 1 B, uTo mo3Bosiser B ciayyae HEOOXOAUMOCTH Iie-
pesectt MK Ha nuTaHue OT aBTOHOMHOI'O UCTOYHUKA (OaTapeu) U COXPaHUTh B ITOM
pexume nanabie O3Y.

O6beMm namatu naHHbix MK, Kak npaBuiio, HEBEJIMK U COCTAaBISIET OOBIYHO Jie-
CATKU M COTHH OalT. ITO 00CTOATEIHCTBO HEOOXOAMMO YUUTHIBATH MPU Pa3padOTKe
nporpamm it MK. Tak, npu nporpamMmmupoBanun MK KOHCTaHTBI, €CJIM BO3MOKHO,
HE XpaHATCA Kak IepeMeHHble, a 3aHocArcs B [I3Y mporpamm. MakcumanbHO Hc-
MOJIB3YIOTCS anmnapaTHble Bo3MOkHOCTH MK, B wactHocTH, TaliMepshl. [IpuknagHbie
MpOrpamMMbl JTOJKHBI OPUEHTUPOBATHCS Ha pabOTy 03 HCMOIb30BaHUS OOJBIINX
MAaCCUBOB JJaHHBIX.

1.4.4.3 Peructper MK

Kak u Bce MIIC, MK umeroT Habop perucTpoB, KOTOPbIE MUCIOIB3YIOTCS Kak
JUIs BPEMEHHOTO XPaHEeHUS JaHHBIX (perucTphl oomiero Haznauenus win POH), Tak u
JUISL YTIPABJICHUS €0 pecypcaMu (CreluaibHbIe PETUCTPHI).

POH wucnonb3ytoTcst ii BPEMEHHOTO XpPaHEHHs OIEPaHJIOB U PE3yJIbTaTOB
BBITIOJTHEHUSI KOMaH/I, a TAaK)K€ HCIOJIb3YIOTCS MIPU BBIMOJHEHUN KOMaH] MEPEChLUIOK
JAHHBIX MEXY B KaueCTBE UICTOYHUKOB WUJIM MIPUEMHUKOB IBOMYHBIX KOJIOB.

B umciio cienuanbHbIX PETUCTPOB BXOAST OOBIYHO PETUCTPHI Mpoleccopa (ax-
KYMYJISITOP, PETUCTPHI COCTOSIHUSI, WHJIEKCHBIE PETUCTPHI), PETUCTPHI YNPABICHUS
(peructpbl yIpaBleHUS MPEPHIBAHUIMH, TaliMEPOM), PETHUCTPbI, 00ECTICUNBAIONTUE
BBO/I/BBIBOJ] JIAHHBIX (PETUCTPHI TAHHBIX MTOPTOB, PETUCTPHI YIIPaBJICHUS Mapajieib-
HBIM, TIOCIIEZIOBATEIbHBIM MJIM aHAJIOTOBBIM BBOJOM/BBIBOIOM). OOpalieHue K 3TuM
perucTpaM MOXKET MPOU3BOIUTHCS MO-PAZHOMY.
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B MK ¢ RISC-niporieccopoM Bce perucTpsbl (4aCTO U aKKyMYJISITOP) pacroia-
raroTcs 1O SBHO 33JaBa€MbIM aJpecaM. DTO 00ecreurnBaeT 0ojee BhICOKYI0 THOKOCTh
pHu paboTe mpoueccopa.

[To mpuHIMITaM oTOOpakeHUsI aJAPECOB PETUCTPOB Ha OOIIEE aapecHOe Mpo-
ctpanctBo namsatu MK pazgenstor Ha MK ¢ o0umm agpecHbIM MPOCTPAHCTBOM H
MK c¢ pa3znenpHbIM agpeCHBIM IPOCTPAHCTBOM.

B nepBom Tune MK Bce perucTpsl ¥ maMsTh JaHHBIX paclojararTcs B OJTHOM
aJipeCHOM IPOCTPAHCTBE. DTO O3HAYAET, YTO MaMATh JAHHBIX COBMEIIEHA C PETHU-
cTpaMu. Takol MoAX0J1 Ha3bIBAETCS €Il Ha3bIBAETCA ' 0TOOpaxeHueM pecypcoB MK
Ha TamsTh" .

Bo BropoMm tune MK aznpecHoe npocTpaHCTBO PETUCTPOB, KAk OOIIET0 Ha3Ha-
YEeHMsI, TAK U CIIEHUAIbHBIX OTJIEJIEHO OT OOLIETo MpocTpaHcTBa NamiITH. OTaeabHOe
MIPOCTPAHCTBO BBOJIA/BBIBO/IA JA€T HEKOTOPOE MPEUMYIIECTBO IMpPOLIeccopaM C rap-
Bap/ICKOW apXHUTEKTYpoH, oOecrieuynBasi BO3SMOXKXHOCTh CUUTHIBATH KOMAaHIy BO BpEMS
oOpalieHus K perucTpy BBO/Ia/BbIBOJIA.

1444 Crex MK

[MamsiTh s creka win cTek (Stack) aTo JyacTh omepaTHMBHOM MaMSTH, MPEIHA-
3HAYCHHAs JJI1 BpEMEHHOTo XpaHeHus naHHbIX B pexxume LIFO (Last In - First Out).
B MK ctek ucnonb3yercs A OpraHU3allid BbI30Ba IMOANPOrpaMM U 00pabOTKU
npepbiBannid. [Ipu 3THX omepanusx coaepKUMOe MPOrPaMMHOTO CYETUYHNKA U OCHOB-
HBIX PETHCTPOB (AKKYMYJISITOP, PETUCTP COCTOSIHHS M IPYTHE) COXPAHICTCS M 3aTEM
BOCCTaHABIIMBAETCS MPH BO3BPATE K OCHOBHOM MpOTrpaMMe.

Oco0eHHOCTh CTEKa M0 CPABHEHUIO C JIPYTrOM ONEepaTUBHON MaMsIThIO — 3TO 3a-
JAHHBIA U HEU3MEHseMbIN crioco0 aapecaruu. [Ipu 3anucu moboro uucna (koja) B
CTEK YHCJIO 3aIlMCHIBAETCS IO aJpecy, OMpEeAesieMOMY KaK COIAEPKUMOE PEeTHucTpa
yKazaTelss CTeKa, MPeBapUTEIHLHO YMEHbBIIIEHHOE (JEKPEMEHTUPOBAHHOE) HA €IUHU-
1y (MM Ha JBa, eciu 16-pa3psaHbie CIIOBA PACIONIOKEHBI B MAMSITH 110 Y€THBIM ajl-
pecam). [Ipu uyTeHNHU U3 CTEKA YUCIIO YUTAETCS U3 aJpeca, OMPENeseMOoro CoaepKu-
MBIM yKa3aTels CTeKa, IOCIIe Yero 9TO COJIEPKUMOE yKa3aTessl CTEKa YBETUINBACTCSA
(MHKpeMeHTUpyeTCs) Ha eANMHUITY (UK Ha J1Ba), B pe3ysnbTaTe mosydaeTcs, 4YTo Yuc-
JI0, 3aITMCAHHOE TOCIIEHUM, OyJIeT MPOYUTAHO MEPBBIM, a YKCIIO0, 3aITMCAHHOE TIep-

BbIM, Oy/IeT MpouyuTaHo nocieaHum. Takas ma- UmeHue
MATh HasbiBaercs LIFO mnm namarteio Mara- A Adpeca
3MHHOTO THUMa (HAalpuMep, B Mara3uHe aBTOMa- § 1000
Ta MaTPOH, YCTAHOBJIICHHBIN MOCIEAHUM, OyACT (EU 1002
M3BJICUEH MIEPBBIM). E 1004
[IpuHOMI JEHCTBHA CTEKa MOKa3aH Ha 8 Cmek 1006
pucynke 1.4 (agpeca sueek NaMSTH BHIOPAHBI = 1882
YCJIOBHO). E 100C
IIycth, Hampumep, TeKyllee COCTOsHHE 2 100E
ykazarens cteka 1000008, u B Hero Hajo 3amnu- O
3anuck

cath aBa umcia (ciosa). [lepBoe crmoBo OyaeT
sarmmcano 1o aapecy 1000006 (mepen zamucpro  PrucyHok 1.4 — Tpusimn pa-
yKazaresb CTeKa YMEHBIIMTCS Ha JBa). Bropoe 0OTHI CTeKa
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— 1o aapecy 1000004. TTocne 3ammcu comepxkumoe ykazatens creka — 1000004, Ecim
3aTeM MPOYUTaTh U3 CTEKA JBa CJIOBa, TO MEPBbIM OYJET MPOUYUTAHO CIOBO U3 ajpeca
1000004, a mociie yTeHus ykaszatenb cTeka craneT paBHbIM 1000006. BropeiM Oyner
npouuTaHo cyioBo u3 ajapeca 1000006, a ykazarenb cteka cradHeT paBHbM 1000008.
Bce BepHynock k ucXxoaHOMY cocTosiHuIo. [lepBoe 3amncanHoe cIOBO YUTAETCSl BTO-
PBIM, a BTOPOE — MEPBBIM.

HeobxoaumocTh TakoW ajpecaliii CTaHOBUTCS OYEBHIHOW B CiIydae MHOTO-
KpPaTHO BJIOKEHHBIX noarnporpamm. Ilycts, Hampumep, BBIOJIHAETCS OCHOBHAs IPO-
rpaMma, U U3 Hee BbI3bIBaeTCs noAnporpamma 1. Ecinv HaMm Hago COXpaHHUTh 3HaYe-
HUSI TAaHHBIX U BHYTPEHHUX PETUCTPOB OCHOBHOM MPOTrpaMMBbl Ha BPEMS BHITOJTHEHUS
MOANPOTpaMMBbl, MBI TI€pEe]] BEI30BOM MOAMNPOrpaMMBI COXpPaHUM UX B CTEKe (3aru-
IIIEM B CTEK), a MMOCJIE €€ OKOHYaHUS U3BJIeUeM (IpoUnuTaeM) ux u3 creka. Ecim xe u3
MOANPOrpaMMbI | BBI3BIBAETCS MOANpPOrpaMMa 2, TO Ty K€ CaMyl OIEpalui0 MbI
MPOJICNIAEM C JAHHBIMU U COAEP>KUMBIM BHYTPEHHUX PETUCTPOB MOINPOTPaMMbI 1.
[ToHsATHO, YTO BHYTPHU MOJANPOTPAMMBI 2 KpalHUMH B CT€KE (UMTa€MbIMU B MEPBYIO
ouepenb) OyAyT IaHHBIE W3 MOJMPOrpaMMbl 1, a TaHHbIE U3 OCHOBHOM MPOTrpaMMbl
Oyayt rayOxe. [Ipu 3TOM B cilyyae 4TE€HUSI U3 CTEKa aBTOMATUYECKU OyAeT coOJro-
JaThCSl HYKHBIN TOPAJIOK yuTaeMoil nHpopmanuu. To ke camoe OyJeT u B ciydae,
KOIJIa TaKMX YpOBHEW BIOKEHMsI MOANPOrpaMM ropasno Oosmbiie. To ecTh TO, 4TO
HAJI0 XPaHUTh MOJI0JbIIIE, MPSYETCS MOTIy0XkKe, a TO, YTO CKOPO MOKET MOTpeOOBaATh-
sl — C Kparo.

B cucreme xomann mo0oro mpoiieccopa Jijisi oOMeHa nHdopMalyen co CTeKOM
peIyCMOTPEHBI CrienaibHble KoMaHabl 3anuc B crek (PUSH) u urenus u3 creka
(POP). B creke MOXHO TpATaTh HE TOJBKO CONEPKUMOE BCEX BHYTPCHHUX PETH-
CTPOB MPOLECCOPOB, HO U COJAEPKMUMOE PETUCTPA MPU3HAKOB (CIIOBO COCTOSIHUSI TIPO-
neccopa, PSW). D10 mo3BossieT, HanmpuMep, MPpU BO3BPAILIEHUH W3 MOANPOTPAMMBI
KOHTPOJIMPOBATh PE3yJIbTAT MOCIEAHEN KOMaH/Ibl, BHINIOJHEHHOW HEMOCPEICTBEHHO
repes; BbI30BOM 3TOM MOANporpamMMbl. MOKHO TakKe XpaHUTh B CTEKE U JIaHHbIE,
JUIsl TOTO 4TOOBI yJq00HEe ObUIO MepeaaBaTh MX MEXKIy IMporpaMMmMaMyd U MOIIPO-
rpammamu. B obmem ciydae, yeM Oosibiiie 00J1aCTh MaMsITH, OTBEJICHHAS IO CTEK,
TeM OOJbIe CBOOOABI Y MPOrpaMMHCTa U TeM 00Jiee CIOKHBIE MPOTPaMMbI MOTYT
BBITIOJTHATHCS.

B ¢don-HeliMaHOBCKOW apXUTEKType euHas 00J1IacTh MaMsATH UCIOJIb3YeTCs, B
TOM 4MClie, U JJi peanu3auuu creka. [Ipm 3ToM CHMKaeTcs MpPOU3BOAUTEIBHOCTD
YCTPOMCTBA, TaK KaK OJHOBPEMEHHBIN TOCTYN K Pa3IMYHbIM BUIaM MaMsTH HEBO3-
MOeH. B 4acTHOCTH, IpH BBIMOTHEHUH KOMaH/Abl BHI30BA MOANPOrPaMMBbI CIEIYIO-
mjasi KoMaHaa BBIOMpPAETCS MOCJE TOTO, KaKk B CTEK OYyJET MOMELIEHO COAEPKUMOE
MPOTrPaMMHOTI0 CUETUHKA.

B rapBapickoil apXUTEKType CTEKOBbIE ONepaliyd MPOU3BOASTCS B CHEIUATb-
HO BBIJICJICHHOM ISl 3TOM 1M MaMATH. JTO 03HAYAET, YTO MPHU BHIIIOJIHEHUHU TPO-
rpaMMbl BbI30Ba MOANPOrpaMM MPOLIECCOP C rapBapACKOW apXUTEKTYpOUll MPOU3BO-
JIAT HECKOJIBKO JIEMCTBUIA OJTHOBPEMEHHO.

Heobxoaumo momuauTh, 4T0 MK 00€MX apXUTEKTyp MMEIOT OTPAHHYCHHYIO
€MKOCTh MaMATH JJIsi XpaHEHUsl AaHHbIX. Eciau B mpoiieccope UMeeTcs OTAEbHBIN
CTEK ¥ 00bEM 3aMMCaHHBIX B HETO JAHHBIX MPEBBIIIAECT €70 €MKOCTh, TO MPOUCXOIUT
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IMUKJINYECKOE M3MEHEHUE COJIEP)KMMOT0 yKa3aTelsl CTeKa, U OH HAYWHAET CChUIATHCS
Ha paHee 3aM0JIHCHHYIO TYeHKY CTeKa. DTO 03HAYAET, YTO TMOCIE CIUIIKOM OOJIBIIIOTO
KOJIMYECTBA BBI30BOB IMOIPOTPAMM B CTEKE OKaKETCSI HEMPABUIIHHBINA aJIpec BO3Bpa-
ta. Ecmu MK ucnonb3yet o01ryro 001acTh MaMsaTH 71 pa3MEIICHHs TaHHBIX U CTe-
Ka, TO CYIIECTBYET OMACHOCTb, YTO MPHU MEPEINOTHEHUN CTEKa MPOU30MIET 3aluCh B
00J1acTh JaHHBIX JTMOO OYIET C/IeIaHa MOMBITKA 3alUCH 3aTPy’KaeMbIX B CTEK JaHHBIX
B obOnacts [13V.

1.4.4.5 Brenrasas naMate

HecMmoTpst Ha CylIeCTBYIOIIYIO TEHICHIUIO 10 MEPEXOTY K 3aKPBITOM APXUTEK-
Type MK, B HEKOTOPBIX ClTydasx BO3HHKAET HEOOXOAUMOCTH MOJKIIOUYCHHS JOTOJI-
HUTEJIbHOW BHENTHEN MaMsITH (KaK maMsATH MPOorpamMM, Tak U TaHHBIX).

Ecmun MK conepxuT cnenualibHbIE anmnapaTHbIE CPEACTBA IS MOIKIIOUYCHUS
BHEIIHEH IMaMATH, TO 3Ta OIepalusl MPOU3BOJUTCS INTATHBIM CIIOCOOOM (Kak s
MITI).

BTtopoii, 6osee yHUBEpCaNnbHBIN, CIIOCOO 3aKIIOYAECTCS B TOM, YTOOBI MCIOJIb-
30BaTh MOPTHI BBOJIa/BBIBOAA JUIS MOAKIIOUCHHUS BHEIITHEH MaMSATH M PEaTn30BaTh
oOpallleHHe K MaMsATH MPOrpaMMHBIMU cpeficTBaMH. Takoi crmoco0 MO3BOJISIET 3a/1eH-
CTBOBaTh IPOCTBIC YCTPOMCTBA BBOJA/BhIBOAA O€3 peain3allid CJIOKHBIX ITHMHHBIX
nHTEep(]EicoB, OJIHAKO MPUBOJMUT K CHIXKCHHIO OBICTPOJICUCTBUS CHCTEMBI IIPU 00-
pallleHUY K BHEITHEN MMaMATH.

1.5 TIOITYJISIPHBIE CEMENCTBA 8-PA3PSIJIHBIX MK

Yucno paznuuHbix Moaupukanuil 8-pa3zpsansix MK, npeacraBieHHbIX Ha MU-
POBOM PBIHKE, CTOJIb BEIMKO, YTO JIMIIb OJHO MX MEPEUHUCICHUE MOXKET 3aHATH HE-
CKOJIBKO JIECSATKOB CTpaHML. I103TOMYy KpaTKo OXapakTepHU3yeM JIMIIb TE€ CEMEUCTBA
MK, KoTOpbI€ NOTYYWIN IIUPOKOE paclpocTpaHeHne B Poccuu Ha MPOTSIKEHUU 110-
CIIEAHUX JIECATH JIET.

1.5.1 MK c saapom MCS-51

Hauano momuomy kiany ¢ sapom MCS-51 nonoxwia pupma Intel, Beimyctus
B 1980 r. MK 8051A4AH (oteuectBennblii ananor - 1816BES1). [{nst cBoero BpeMeHH
MK 80514H, umeBmuii rapBapackyto apxutektypy u CISC-nabop xomanm, Obu1
OYEHb CJIOKHBIM HM3JEIUEM - Ha KpUCTaie pa3Melmanoch 128 ThIC. TPaH3UCTOPOB.
DTOT MUKPOKOHTPOJUIEP cojepskan mpoieccopHoe siapo MCS-51, pesuaentasie [13Y
oovemomMm 4 Kb6aitta, O3V B 128 0Gaiit, 4 mopTa BBOJIa/BbIBOMIA, 2 TailMepa U aCHUH-
XpOHHBIN TOPT. beicTpoaeiicTBre neHTpanbHOro mporeccopa MCS-51 8 MK 80514H
M0 HBIHEIIHUM MepKaMm ObLIO HeBeNWKO. YacToTa BHYTpPEHHEH IIMHBI cOCTaBisia 1
MTI'11. Ognako camo siapo MCS-51 oka3zanock HaCTOJIBKO yIauyHBIM, YTO Ha J[BA JIECS-
TUJIETUSI CTAJIO CTaHIapTOM ''ne-¢akto" B o0macTu 8-pazpsanbix MK.

dupwma Intel nenpepriHo coBepiencTBoBaia MK ¢ apxurextypoir MCS-51:

— 4acTOTa BHYTPEHHEW IIMHBI B MOCIEIHUX MOAEISAX Bo3pocia 10 3 MI'n;

— MOSIBUIKCH MOJIeNId ¢ 00beMOM namsTu mporpamm 8, 16 u 32 Koaiita;

— B coctaBe MK mnosiBunucs HOBble nepudepuitapie momymu (AL, mpo-
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IPaMMHPYEMBII CUETHBII MAaCCUB, CTOPOKEBOU TaiimMep).

OpHoBpeMeHHO psiA Apyrux Gupm paszpadoranu MK, mporpamMmmHO coBMecCTH-
Mble ¢ MCS-51, obnanaroriyue COBpeMEHHBIMU TUTIAMH MTaMSTH IPOrpaMM U JTaHHBIX
(Flash u EEPROM), nmetomue pacimpeHHbiii Habop nepudepuiiHbIX MOIyJICH, pa-
OoTarolMe B paclIMPEHHOM JHara3oHe HanpspkeHus nutanus. @upma Intel mocte-
NIEHHO CBEpHYJIa Mpou3BoACTBO 8-pa3psaubix MK. B pesynbTaTre OCHOBHBIMU MPOU3-
BOAUTEISIMH B Mupe 51-ro cemeiicTBa okazamuch ¢upmbl Philips, Infineon, Atmel,
Dallas Semiconductor, Temic. B 1999 r. ¢upma Analog Devices mpencrasuia co-
BepmeHHO HOBbIE MK Adu812 na ocrHoBe 51-ro simpa. OTinuuns B TEXHHYECKUX Xa-
pakTepuctukax BCTpoeHHbIX Moayinerd LIAIT u ALl sToro m3genus CTOnp BEIUKH,
910 ceMeHcTBO AJUSXX OBLTIO Ha3BaHO CEMEHCTBOM HMHTEUICKTYaJIBHBIX MpeoOpa3o-
BaTeJieH WM MUKPOKOHBEPTOPAMHU.

1.5.2 MK cemeiictBa HC0S5 ¢pupmer Motorola

OnnoBpemenno ¢ niepBeiM MK cemetictBa MCS-51 nosiBuiicst mepsoiii MK mo-
MYJSIPHOTO JI0 HacTosImero Bpemenu cemeiictea HC0S5 ¢upmer Motorola. B pamkax
aToro cemeiictBa (pupma Motorola mpoBo3sritacuiia U yCrenrHo peaan3yeT CTpaTeruto
«3aka3Hbix» MK.

[Ipomeccoproe simpo moctpoero Ha ocHoBe CISC-apxurekTypbsl. MHOTHE MO-
JIEJIM 3TOTO CEMENCTBA CBOMM POXKACHUEM 0053aHbl KPYIHBIM MOTPEOUTENSAM, KOTO-
phie 3aka3biBanu KoHurypamuo MK nog koHkpeTHyto npoaykuuto. Ceiiuac cemeil-
ctBo HC(05 nacuutbiBaeT okojo 180 paznumunsix MK, HaumHasg c mpocTeruiero
68HCO5KJ1 B kopmyce DIP16 u 3akanumBas 128-BBIBOJHBIM OECKOPITYCHBIM
68HCO5L10 co BcTpoeHHBIM KOHTpOJIIepoM yrpasiieHust 960 cermentamu XKKU.

Ha npoTskeHun BCEero CBOEro €Ile HE OKOHYEHHOI'O NEPHUOJa XKU3HHU CeMEN-
ctB0 HC(0S5 siBnseTcs CUIIBHBIM U YCTICIIHBIM ONMMOHEeHTOM cemeiicTBy MCS-51. Bri-
MOJIHEHHOE Ha OCHOBE MPUHCTOHCKOW apXHWTEKTyphl B mpoTuBoBec MCS-51 ¢ rap-
BapJICKOM apXUTEKTYpOM, 3TO CEMEHCTBO AEMOHCTPUPYET, BO-NIEPBBIX, MHOT0O0Opa-
3U€ BO3MOXKHBIX TEXHUYECKHX PEIICHUM NaKke NJisi OYEHb HECIOXKHBIX 3a7a4 YIpaB-
JIEHUsI, BO-BTOPBIX, YCIIEX CTPATETUH MOJHOTO YAOBJIETBOPEHUSI TEXHUUYECKUX TPeOO-
BaHMI, TOJIb30BaTeNl 0€3 M30BITOYHOCTU B APXUTEKTYpE M MPOU3BOAUTEIHHOCTH.
Honroe npedriBanue cemerictea HC0S5 Ha cTonb nuHaMuuHOM pbiHke MK onpenens-
€TCs OTHIOJb HE CBEpPXOBICTpOJCHCTBUEM (YacTOTa BHYTPEHHEHM IIMHBI JJi1 OOJb-
IIMHCTBA Mojenied paBHa 2 MI') unu yHuKanbHbIM HaOopoMm komani. [IpuunHa
ycrexa KpoeTcs B OU€Hb TOYHON OPUEHTALIMM HA PA3JIMYHbIE CEKTOPA PhIHKA MacCo-
Boro mnotpeOnenus. [llupouaiiee pazHooOpaszue mnepudepuilHbIX MOIYyJeH mpu
HEU3MEHHOM, OY€Hb MpocToM sifipe HC(O5 mo3BoysieT pa3pabOTIuKy JJisl KaXKI0u 3a-
naun HaTH MK mpaktudeckun 6e3 M30BITOYHBIX PECYPCOB apXUTEKTYPHI, 4TO 00Y-
CJIOBJIMBAE€T HU3KYIO0 CTOMMOCTD U3/EIHS.

B nmomomnenne k gemeBbiM «3akaszHeiM» MK cemeiictBa HC0S dupma
Motorola eme B 1980-x rr. mpeyiokuia ceMeiHCTBO YHUBEPCABHBIX B 00Jiee TPOu3-
BoautedbHEIX MK cemeiictBa HC1 1. D10 ceMeicTBO HacuuTbIBaeT okoio 40 mome-
nei. IIponeccopnoe simpo cemerictBa HCI11 otnmuuaerca ot HC0O5 BO3MOKHOCTBIO
BBITIOJTHEHUS Oorepaluii HaJl 16-pa3psiAHBIMU ON€paHIaMH, HATMYHUEM JTOTIOJTHUTEb-
HBIX METOJIOB aJipecalliy, MOBBIINICHHON YaCTOTOM BHyTpeHHeW ImuHBI (10 4 MI'm).



19

MK cemeiictBa HC/ BBITOJHO OTJIMYAET HAIMYUE TPEX THUIOB MAMATH HA KPUCTAI-
ne: oaHokpaTHO nporpammupyemoro 13V nmporpamm, cratuueckoro O3V naHHBIX U
ANEKTPUUECKU IPOrPaMMHUPYEMOTO U 3JIEKTpUUYecKH ctupaeMoro [13Y naHHbIX.

1.5.3 MK cemetictBa HC0S8

B xonre 1990-x rogos pupma Motorola mpencraBuia HoOBoe 8-pa3psiiHOE ce-
MmeiictBo HCOS8, xotopoe nomxHO mnocteneHHo 3amMeHuTh MK cemelictBa HC0S u
CTaTh HOBBIM «IIPOMBINIJICHHBIM CTaHAapTOM» 8-paspsaabix MK dbupmel. OTianan-
TeIbHbIE OCOOCHHOCTH W HampaBJICHUs pa3BUTHA cemeiictBa HC(OS8 mepedncieHbl
HIUKE:

— BreicokonpousBoautensHoe 8-pazpsigHoe AJIY. YBenuduenue npous3BOAU-
TEJILHOCTH JIOCTUTAETCS IMOBBIIIEHHEM 4YacTOThl OOMEHAa BHYTpeHHEH muHbI 10 8,0
MI'11, coBMelIeHueM 1MKIa UCTIOTHEHUSI U IUKJIA BBIOOPKHU CIEAYIOIIeH KOMAaHIbI,
BBEJICHHEM CIEIUATbHBIX KOMaH] MTPOCMOTpa TabJUIl U OpraHu3aliy IUKIOB, pac-
IIUPEHUEM YHCIlIa CIIOCOOOB ajpecaliiy OINepaHJ0B. YKa3aHHbIE MEphl MO3BOJIUIH
MOBBICUTH MPOU3BOAUTEIBLHOCTh LEHTpAIbHOTO mpoueccopa HCOS B 6 pa3 no cpas-
HEHHUIO C TIporieccopoM cemerictBa HCO).

— IlporpamMHasi COBMECTUMOCTh «CHHM3Y BBEPX» KaK Ha YPOBHE HCXOJHOTO
TEKCTa, TaK U Ha ypOBHE OOBEKTHBIX KOJIOB C IPOILIECCOPHBIM SJIPOM CEMEUCTBA
HCOS.

— TIlepexon x FLASH-texnomoruu ansa 13V mporpamm moms3oBatens. s
oonpimHcTBa THIIOB MK mpoekTupyercs co3gaHue JByX MojeNiel ¢ BO3MOKHOCTBIO
3aMEHbI «KOpIyC B Kopryc». ITu MK MONMHOCTBIO HIEHTUYHBI 110 (HYHKIIUMOHATIBHO-
My COCTaBYy W PAa3IMYalOTCs TOJBKO TEXHOJOTHeW 3aHeceHus mHbopmaruu B [13Y
nporpamm (MaskROM wmu FLASH).

— bubmorexka nepudepuiiHbIX MOIyJed MMEET PaCHIMPEHHBIH HAO0Op KOH-
TPOJUIEPOB MocieaoBarenbHoro oomena. Kpome crangaptHeix anss MK ¢dupmer
Motorola mopros acuuaxponnoro (SCl) u cuaxponnoro (SPI) oOmena, pa3paboTaHbl
KOHTPOJIIEPHI JIJIs1 pabOTHl B MPOMBINIIEHHBIX ceTsaX ¢ mpoTokosiom CAN u st miep-
CIIEKTUBHOW ITUHBI BRIYUCTUTEIbHON TeXHuku USB.

— CyllleCTBEHHO YJIYUIlIeHbl BO3MOXHOCTU OTJaaku MK, BcTpoeHHblid MOHU-
TOP U CHENHATBHBIN NOPT MO3BOJISIOT IPOU3BOUTH OTIAJKY MPUKIAAHBIX MPOTrpaMM
VIOPABJICHUS] HETOCPEJACTBEHHO Ha IIaTe KOHEYHOro u3nenusi 0e3 MCIOIb30BaHUS
JOPOTOCTOSIIIINX CXEMHBIX AMYJISITOPOB.

— MK ¢ namsarsto nporpamm tuna FLASH mo3BossitoT peann3oBaTh pPexXUM
MIPOTPAaMMHUPOBAHUS B CUCTEME, IPU KOTOPOM MPUKJIAIHAS MPOrpaMMa 3aHOCUTCS B
namsaTe MK, KOTOpBIM CTallMOHApHO pacmojiokeH Ha riate uzaenus. Koubl mpo-
rpaMMbl MEePEaroTCs MO MOCIeI0BATEIbHOMY MHTEpPEICY OT MepCOHAIBHOIO KOM-
nbIOTEpA.

— CrenuanbHble CXEMOTEXHUUECKHE PEIICHUs MOBBIIIAIOT HAIEKHOCTh pabo-
Tl MK B yCJIOBUSIX 2JIEKTPOMArHUTHBIX TTOMEX U HEOJIarOompUATHON BHEITHEH CPEIbI.
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1.5.4 MK ¢upmsr Microchip

B xonre 1980-x rogoB pupma Microchip Bemmyctuna MK PIC16C5X, ocHoBaHHBIE
Ha rapBapjckoi peanuzanuu. OTi MK oCHOBaiM HbIHE MIMPOKO PACIPOCTPAHEHHOE
cemerictBo PIC16. brmaromapsi BBICOKOW MPOM3BOAUTEIHHOCTH, MAJIOMy TOTpeOIie-
HUIO U HU3KOW CTOMMOCTH 3TO ceMeicTBO ¢ RISC-apxuTekTypoi cocTaBMIIO cepbe3-
HYI0 KOHKYPEHLMIO TMPOM3BOAMMBIM B TO Bpems &-paspsagueim MK c CISC-
apxutektypoil. B ocnoBy konnenmmu PIC Obuta nonoxena RISC-apxutextypa ¢ cu-
CTEMOM MPOCTHIX OIHOCIOBHBIX KOMaHJ. Cuctema komaHj 0a30BOro cemencrTpa
PIC16C5x conepxut Tosibko 33 KoMaHbl. Bce koMaHabl, KpoME KOMaH]I Iepexoia,
BBITIOJIHAIOTCS 32 OJIMH MAIIMHHBIN ITUKJI C TEPEKPHITUEM MO BPEMEHH BBIOOPOK KO-
MaHJ U3 NaMATH U UX ucnojaHeHus. [IpousBogurensHocts PICI16C5x nipu 4acToTe
taktupoBanus B 20 MI'r cocraBister 5 MIPS. B Hactosiee Bpems dupma Microchip
BhITTycKaeT msaTh cemeiictB MK ¢ RISC-apxurektypoii:

— PICI5C5x BxIto4aeT HEAOPOTUe KOHTPOJUIEPH C MUHUMAIbHBIM HA00pOM
nepudepuu;

— PICI2Cxxx Bxmoyaer MK B MHHUATIOpHOM &-BBIBOJHOM KOPIIyCE CO
BCTPOCHHBIM TAKTOBBIM I'€HEPATOPOM; OJJHAKO «MHHHUATIOPHOCTH» HE MEIIAET HEKO-
TOPBIM MOJIEJISIM 3TOTO CEMENCTBA UMETh BCTPOEHHBIN MOAy b 8-pa3psaHoro AL,

—  PICI16x/7x/8x/9x obobenunser MK c pasButoii nepudepueii; B 4ucio me-
pudepuitHpIX MOAYJIeH BXOAAT TaMEphI-CUETUMKU C OMIUSIMU 3aXBaTa/CpaBHEHUS,
IIMPOTHO-UMITYJIbCHBIE MOJYJISITOPBI, aHANOTOBbIE KoMIiapatopsl, ALILI, koHTpoILTE-
PBI Pa3IMYHBIX OCIEA0BATENbHBIX HHTEPPENCOB;

— PICI17C4x/5xx BriodaeT BoicOKonpouzBoauTeabubie MK ¢ pacuupenHoi
cCUCTEMOM KoMaHJ u oOmmpHo# nepudepueir; MK storo cemeiictBa UMEIOT BCTPO-
€HHBIN anmnapaTHbI YMHOXHTENb 8X8, BBINOIHSAIONINI ONEpalnilo YMHOXEHUS 32
OJINH MAIlTMHHBIN ITUKJT;

—  PICI8Cxxx - HOBOE CEMEWNCTBO C ONTUMHU3UPOBAHHBIM IO UCIIOJIH30BAHUE
Cu-xomnmaropa RISC-sapom u gactoToit BHyTpeHHeH muHb! 70 10 MI.

155 MK cemetictBa AVR

B1997 r. pupma Atmel npeacrasuna nepeeie MK cemeiictBa AVR. CemelicTBo
AVR AT90S o6beaunser MotnHbIH rapBapackuii RISC-niporeccop ¢ pa3aenbHbIM J10-
CTYIIOM K MaMsTH MPOrpaMM M JIaHHBIX, 32 perucTpa oOIIero Ha3HaYeHUs] U pa3BH-
Tyto cucremy komaun. [locnennue Bepcun cemeiictBa AVR nmeror B coctaBe AJTY
anmapaTHbpld yMHOXUTENb. ba3oBwiii Habop komana AVR coxepxut 120 MHCTpyK-
1. BOJIBIMMHCTBO KOMaH[ BBIMOJIHSACTCSA 32 OJWH MAITUHHBINA ITUKII, TIPOU3BOJIH-
TeNIBbHOCTh psna moaenen cocrariser 20 MIPS. Tlepudepuss AVR BriroyaeT mapai-
JIeJIbHBIE TOPTHI, TAMMEPHI-CUCTUYMKH, PA3JIMUHbIC TOCJIEI0BaTEeIbHbIE UHTEP(PEHCHI,
AIIII, ananoroseie kommnapatopbl. MK AVR nioapasienstorcss Ha TpU CepUu:

— tiny AVR - MK B 8-BBIBOJIHOM KOPITyCE HU3KOW CTOMMOCTH;

— classic AVR - ocnoBHast uaust MK ¢ nipousBoauTensHOCTRIO 10 16 MIPS,
Flash mamste mporpamm o0obemom mo 8 Koaiit m crarmyeckum O3Y gaHHBIX
128...512 Oaiir;

— mega AVR - MK 11 cliosKHBIX NPUIIOKEHUN, TPEOYIOIUX 00NBIIOT0 00b-
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ema namsitu (Flash 113V no 128 Ko6aiit), O3V no 4 Kb6aiiT, mpon3BoauTEIbHOCTHIO
1o 16 MIPS.

[IpuBenenHas kpaTkas aHHOTalUs ceMencTB 8-paspsaanbix MK saBisercs nane-
KO He TOJHOH, 8-paspsuabie MK BeimyckatoT Takke ¢upmsl ST-Microelectronics
(cemeiictBa ST6, ST7 m ST9), National Semiconductor (cemeiicteo COPS), Zilog,
NEC, Mitsubishi, Hitachi, Toshiba, Scenix u ap. [Ipoaykius 3Tux HUPM HOCTEIIEHHO
HOSIBIISIETCS HA POCCUIICKOM PBIHKE, HO MTOKa HE MOJIyYniIa IUPOKOTO paclpocTpaHe-
HHUSL.

1.6 MUKPOKOHTPOJIJIEPBI AVR

®dupma ATMEL BrimyckaeT HECKOJBKO cepui 8-pa3psaHbIX BBICOKOIIPOU3BO-
autenbHbIX RISC MUKpOKOHTpOIEpOB 00IIero Ha3HaueHUs, 00beTUHEHHBIX 00IIeH
mapkoit AVR [4].

OxoHYaTeNnbHbIA BBIOOP pa3pabOTYUKOM TOM WJIM MHOM MHUKPOIPOLIECCOPHOU
mw1aTGopMbl 7S pean3ali CBOEH 3aJaud 3aBHCHUT, €CTECTBEHHO, OT OOJBIIOTO
qriciia pa3HoOOpa3HbIX (haKTOpOB, BKIIIOUas sKOHOMUYeckne. Ho oObuHO mepBocTe-
MEHHBIM YCIIOBHEM OCTAETCS TMOITYYCHHE MAaKCHUMAalbHO BBITOAHOTO COOTHOIIEHUS
"LIeHa-TIPOU3BOAUTEILHOCTh—IHEPIronoTpedieHue", OnpeaeasieMoro CJI0KHOCThIO
pemaeMoil 3amaun. Buaumo, 310 00CTOSTENBCTBO U MOCITYXKHIJIO TOJYKOM K paspa-
6ot1ke B cepenune 1990-x HOBOTO 8-pa3psAHOT0 MUKPOKOHTPOJLIEPA.

Ha HacTosAmuii MOMEHT COOTHOIIEHUE "LI€Ha — MPOU3BOJUTENBHOCTh — SHEP-
ronotpebnenue” mis AVR siBisiercs ogHUM M3 Jy4dIIUX HAa MHUPOBOM pBIHKE 8-
pa3psAHBIX MUKPOKOHTpoJuiepoB. O0bembl npoaax AVR B Mupe yIBanBarOTCs €xe-
rogHo. B reomerpuueckoil nmporpeccuu pacTeT YUCIO CTOPOHHUX (PUpPM, pa3padaThl-
BAaIOIIMX W BBIMYCKAIOIIUX Pa3HOOOpa3HbIe MPOTPAMMHBIE U ammapaTHbIE CPECTBa
MOACPKKU pa3paboToK st HUX. MOXXHO cuuTaTh, uTo AVR mocTeneHHo CTaHOBUT-
Csl elle OJHMM HHIYyCTPUATBHBIM CTAHAAPTOM Cpenu 8-paspsaHBIX MUKPOKOHTPOJI-
JIepoB 0O0IIeT0 HA3HAYCHMUSI.

Cepuiinoe mpousBoactBo AVR navasock B 1996 rony, a B HacTosiee Bpems B
cepuitHoM mpou3BojcTBe y Atmel HaxomsaTcst Tpu cemeiictBa AVR — "tiny", "classic”
u "mega". MHorue pocCUiCKUE CIIEUUATUCThI U Pa3pad0TUUKH YXKeE MO0 TOCTOUHCTBY
OIICHUJIM BBICOKYIO CKOPOCTh pabOThl M MOIIHYIO cucTteMy komaHa AVR, Hammuwme
JIByX THIIOB SHEPTOHE3aBUCUMON MaMsITH Ha OJTHOM KPHUCTaJsIe U aKTUBHO pa3BHBa-
IoIIytoCs Tiepudepuro.

O6nactu mpuMeneHunss AVR muororpanssl. Jlins cemeiictsa "tiny" - 9to MHTEN-
JIEKTyaJIbHbIC aBTOMOOWJIBHBIC NAaTYMKUA PA3IMYHOTO HA3HAUEHUS, UTPYIIKU, UTPO-
BbIE€ TIPUCTABKU, MAaTEPUHCKUE TIJIATHI MEPCOHAIBHBIX KOMIBIOTEPOB, KOHTPOJIIEPHI
3aIUTHI JJOCTYMa B MOOMJIBHBIX TeJle(OHAX, 3apsIIHbIC YCTPONCTBA, IETEKTOPHI AbIMa
U TUIaMEHH, OBITOBas TEXHHWKA, pa3HOOOpa3Hble MH(PaKpPACHBIE MYJIbThI TUCTAHIIH-
oHHoOTO yrpasneHus. J[ist cemeiictBa "classic” - 370 MOJeMbI pa3InYHBIX THIIOB, CO-
BPEMEHHBIC 3apsIHbIC YCTPOUCTBA, n3aenus kiacca Smart Cards u ycrpoiicTBa ute-
HUS JUIsl HUX, CIIyTHUKOBBIC HABUTAIMOHHBIE CHUCTEMBI JIJIsI OTPEICIICHUsI MECTOTO-
JIO’KEHUsSI aBTOMOOWJIEH Ha Tpacce, CloKHasi ObITOBas TEXHUKA, MYJbTHI JUCTAHIIH-
OHHOTO YTpaBIEHUS, CETEBbIE KAPThI, MATEPHUHCKHE TUIATHI KOMITBIOTEPOB, COTOBBIC
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TenedOHbI HOBOTO TIOKOJICHHS a TaK)Ke Pa3IMYHbIE M Pa3HOOOPa3HbIE MPOMBIITUICH-
HbIE CUCTEeMbl KOHTpOJs W ynpasieHus. s "mega" AVR - sto anamorossie (NMT,
ETACS, AMPS) u mmudpossie (GSM, CDMA) MoOunbsHbie TenedOHbI, MPUHTEPH U
KJTFOUEBbIE KOHTPOJUIEPHI JIJISl HUX, KOHTPOJUIEPHI anmapaToB (haKCUMUIBHOU CBS3H U
KCEPOKCOB, KOHTPOJIJIEPHI COBPEMEHHBIX TUCKOBBIX Hakonutene, CD-ROM u T.1.

B nuaun AVR MHUKPOKOHTPOJIJIEPOB OOIIET0 HAa3HAUYEHUS MOCTOSHHO TOSIBIIS-
IOTCS HOBBIE KPUCTAJLIbI, OOHOBJISIOTCS BEPCUHU YK€ CYIIECTBYIOIIUX MUKPOCXEM,
COBEPIIICHCTBYETCS M PACHIUPSIETCS MPOTPAMMHOE OOECredeHHE MOAMCPKKH. Taxk,
nepBoe odummansHoe M3naHue — katayor Atmel, mocesmennsiii AVR - matupoBaH
MaeM 1997 roma. B Hero ObutM BKITIOYEHBI BCEro ueThipe mepBbix AVR - mukpo-
koHTposutepa cemeiictBa AT90S "classic". Bropoe, CymiecTBEHHO pacIIMpEeHHOE W3-
JaHue Karajora BeIIUIO B aBrycre 2004 rona, U B HETO y)Ke ObUTA BKITIOYEHBI TP Ce-
merictBa AVR - "tiny", "classic" u "mega". TexHuueckne TaHHBIC TIOCTOSIHHO OOHOB-
asiroTest B anekTporHoM Buje (Data Sheet), kotopsie Atmel Corp. pasmeriaer Ha cBo-
et napopmarrionHol crpanuie B MatepHere [5].

1.6.1  IlamsaTe MmukpokoHTposuiepoB AVR

Bce AVR umeror Flash-mamsate mporpamm, KoTopas MOXKET OBITH 3arpykeHa
KaK ¢ MTOMOIIBI0 OOBIYHOTO MPOTpaMMaropa, Tak 1 ¢ momoibio SPIl-uaTepdetica, B
TOM YHCJI€ HEMOCPEICTBEHHO Ha LENEeBOM miare. Yncao LMKIOB MEpe3anucu - He
Menee 1000. Bepcuu kpucramnoB cemericta "'mega" Boimycka 2001-2002 roga nme-
0T BO3MOXXHOCTb CaMOIIPOrPaMMHUPOBaHMUS. JTO O3HAYAEeT, YTO MHUKPOKOHTPOJUIEP
CIOCOOEH CaMOCTOATENbHO, 0€3 KaKOro-IMO0 BHEUIHETO IporpaMMaTopa, U3MEHSATh
COZIEpKUMOE sueeK maMaTu mporpamm. To ectb, HOBbIe AVR, Kak peakiusi Ha HEKO-
TOpPBIE COOBITHS, MOTYT MEHSITh AJITOPUTMBI CBOETO (DYHKITMOHHPOBAHUS U MPOTPaM-
MBI, 3aJI0KEHHbIC B HUX, M Jajee paboTaTh YK€ M0 U3MEHEHHOMY aJTOPUTMY HWITU
HOBOU ITPOTPaMME.

Bce AVR umeroT Takke OJI0K SHEProOHE3aBUCHUMON JICKTPUUYECKH CTUpPAEMOM
namatun JgaHHeIX EEPROM. DrToT THm mamsaTH, MOCTYMHBIA TPOrpamMMe MHKPO-
KOHTpPOJIJIEpA HEMOCPEJCTBEHHO B XOJI€ €€ BBINOJHEHHUS, YI00€H sl XpaHEHHSI TTPO-
MEXYTOUYHBIX JaHHBIX, PA3JIMYHBIX KOHCTAHT, TAOIUL MEPEKOAUPOBOK, KaTuOPOBOY-
HBIX Kod(pdunmentoB u T.. EEPROM Ttaxke MoxeT OBITh 3arpykeHa W3BHE KakK de-
pe3 SPI unrepdeiic, Tak U ¢ TOMOIIBIO OOBIYHOTO MporpammaTopa. Yucio HUKIOB
nepesanucu — He Menee 100000. JIBa mporpamMmMupyembix OUTa CEKPETHOCTH MO3BO-
JSIOT 3alATATh TAMSATh TPOrPaMM U DHEPTrOHE3aBHUCHUMYIO MMaMsTh JTaHHBIX
EEPROM oT HecaHKIIMOHWPOBAaHHOTO CUWTHIBaHWSA. BHYTpeHHss omepaThBHas ma-
math SRAM umeetcst y Bcex AVR cemeticts "classic" u "mega". s HEKOTOpPBIX
MUKPOKOHTPOJIJIEPOB BO3MOKHA OpraHU3alusl MOJKIIOUCHUSI BHEIIIHEN NaMATH JTaH-
HBIX 00BeMOM 110 64K.

1.6.2  Pabouas yacTtoTa U IIUKJIbI KOMaHa MUKPOKOHTpoJiepoB AVR

Buytpennuii TaktoBblii reneparop AVR MoxkeT 3amyckaTbCsi OT HECKOJIbKHX
HMCTOYHUKOB OMOPHOI 4acTOTHI (BHEUIHUN T€HEPATOp, BHEIIHUI KBapIIEBbIN pe30Ha-
TOp, BHyTpeHHss win BHeMHssT RC-ienouka). [Tockonbky AVR-MUKPOKOHTPOILIEPHI
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MOJIHOCTBIO CTaTHYECKUE, MUHUMAJIbHAs JOMYCTUMAsl YaCTOTAa HUYEM HE OIpaHUYEHA
(BIUIOTH 10 MOIIArOBOTO pekuma). MakcuManbHas pabodasi 4acToTa Ompeensercs
KOHKPETHBIM TUTIOM MUKPOKOHTpOJIIIEpa U cocTaBsieT 4, 8, 14, 16 Mrii y pa3Hbix 00-
pa3ioB. BepxHue rpaHuilbl 4aCTOTHOTO JUana3oHa TapaHTUPYIOT YCTOMUHBYIO pabo-
Ty MUKPOKOHTPOJIJIEPOB IIpU pabOTe BO BCEM TEMIIEpAaTypHOM JIMana30He.
Hampumep, y MmukpokoHTposuiepoB cemeiictBa MCS51 kopoTkast komaHAa BbI-
noJiHgeTcs 3a 12 TaktoB renepaTtopa (1 MalIMHHBIN IIUKIT), B TEYEHUE KOTOPOTro Mpo-
[IECCOp TMOCJE0BATENILHO CYUTHIBACT KOJA omepanuu u ucnoiHser ee. B PIC-
KoHTposutepax ¢pupmbl Microchip, roe yxe peanm3oBaH KOHBeHep, KOPOTKass KOMaH-
71a BBITIOJIHSETCS B TEUCHHUE 8 IEPUOIOB TAKTOBOW YaCTOTHI (2 MAIIMHHBIX IUKJIA). 3a
ATO BpeMs MOCJEN0BATEIbHO AemU(pUpyeTcss U CUUTHIBACTCS KOJ OIepaluu, Hc-
MOJIHAETCS KOMaHJa, (PUKCUPYETCS pe3yJbTaT U OJHOBPEMEHHO CUYUTHIBACTCS KO/
cnenyromiei onepanuu (0OTHOYPOBHEBBIN KOHBeWep). [loaTomy B 00I11IeM MOTOKE KO-
MaH/l 0JJHa KOPOTKas KOMaHJa peaanu3yeTcs 3a 4 nmepuojaa TaKTOBOM YacTOTHI WIIU 32
OJIMH MalllMHHBIN HUKI. B MukpokoHnTposuiepax AVR Toxke ucnolsib3yercst OIHOypOB-
HEBbIM KOHBEHEp Mpu OOpAIllEHUH K MaMATH NPOrpaMM M KOPOTKask KOMaHza B 00-
IeM MOTOKE BBIMONHsETCA, Kak U B PIC-xoHTpOMIepax, 3a OuH MAIIMHHBIA ITHKIL.
['maBHOE XK€ OTJAMYHE COCTOUT B TOM, UTO 3TOT LUKI Y AVR cocTaBisieT Bcero oJiuH
MEepPHOJT TAKTOBOM 4acTOThL. [l cpaBHEHHUs, HA pUCYHKE 1.5 mpHUBeAEHBI BPEMEHHbBIE
JyarpaMMbl TIPU BBINIOJIHEHUU TUIIOBOM KOMAaHIBI JJI1 PA3JIMYHBIX MUKPOKOHTPOJI-

JIEPHBIX IIATPOPM.
' iR

AVR )(1)2)(Done
PIC )1 2 \Dioniel
HCo5 )1 2 \Done!

'C51 1 2 \
Done!
Pucynok 1.5 — CpaBHuTeNbHAs XapaKTEPUCTUKA HEKOTOPBIX MUKPOTIIPOLIEC-
COpHBIX MIaThopM

1.6.3  Taiimepsr mukpokoHTposuiepoB AVR

CropoxeBoit (WATCHDOG) Taitmep npenHasHaueH AJig 3alluThl MUKPO-
KOHTpoJuiepa OT cOoeB B mporiecce padotrel. OH umeeT cBoil coOcTtBeHHBIN RC-
reHepaTtop, padoraromuii Ha yactore | MI'. Ota yactora sBisIeTCs TPUOIMIKEHHOM
Y 3aBUCHUT, IPEK/E BCETO, OT BEJIMYMHBI HAPSKEHUSI TUTAHUSI MUKPOKOHTpPOJUIEpa U
or temneparypbl. WATCHDOG-taiimep cHaOxeH COOCTBEHHBIM MNpEIAeIUTENEM
BXOJIHOM YaCTOTHI C MPOrpPaMMUPYEMbIM KOA(P(GUIIMEHTOM JI€JEHHS, YTO MO3BOJIAET
MOJICTpauBaTh BPEMEHHOM HHTEpBajl MEpenoiHeHusl TailmMepa U cOpoca MHUKpPO-
koHTposiepa. WATCHDOG-Ttaiimep MOXKeET ObITh OTKJIFOYEH MPOTPAMMHBIM 00pazoM
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BO BpeMs pabOThl MUKPOKOHTPOJUIEpA KaK B aKTUBHOM PEKHUME, TaK M B JTIOOOM W3
PEXKUMOB MMOHMKEHHOTO 3HEpronoTpedieHus. B nocneaHem ciydae 3To IpUBOJIUT K
3HAUYUTEITLHOMY CHUYKEHHUIO MOTPEOIIIEMOro TOKA.

Muxkpokontposuiepel AVR umeror B cBoeM coctaBe oT 1 1o 4 Taiime-
POB/CYETUMKOB OOIIETO Ha3HAYCHUS C Pa3psSAHOCThIO 8 K 16 OUT, KOTOphIE MOTYT
paboTaTh U Kak TaliMepbl OT BHYTPEHHET0 UCTOYHUKA OMTOPHOM YaCTOThI, U KaK CUET-
YUKW BHEIIHUX COOBITHI C BHEIITHUM TaKTUPOBAHUEM.

OOmmme yepThl BCEX TAMEPOB/CUETUNKOB CIIEAYIOIIIHE.

— HaJU4Me NPOrpaMMHUPYEMOTO MPEAAEIUTENS] BXOJHOM YacTOThI C pa3iidy-
HBIMH TpafanusamMu aefieHus. OTIHYUTEeTLHON YepTOr SBISIETCS BO3MOXKHOCTh pado-
Thl TallMEpOB/CYETYMKOB HAa OCHOBHOW TAaKTOBOM 4YacTOTE€ MHUKpPOKOHTpoiiepa 0e3
NPEABAPUTEIBLHOIO €€ MOHWKEHHS], YTO CYIIECTBEHHO MOBBIIIAET TOYHOCTh T'€HEpa-
MW BPEMEHHBIX UHTEPBAJIOB CUCTEMBI;

— He3aBUCUMOE (PYHKIITMOHMPOBAHUE OT peKMMa pabOThI POIIECCOPHOTO $1/]1-
pa MUKPOKOHTpOJIJIEpa (T.€. OHU MOTYT OBITh KaK CUMTAHbI, TAK U 3arpy>KEHbI HOBBIM
3HAYEHHUEM B JII000E BpeMsi);

—  BO3MOXHOCTbH pabOTHI WJIM OT BHYTPEHHEr0 MCTOYHUKA OMOPHOUN YaCTOTHI,
WM B KQYECTBE CUETUMKA COOBITHI. BepXHUI 4aCTOTHBIN MOPOT OMPEACIICH B TOM
Clly4yae Kak MOJIOBUHA OCHOBHOM TaKTOBOM 4acCTOThI MHUKPOKOHTpoJuiepa. Beibop me-
penaja BHEIIHETO UCTOYHUKA ((PPOHT WM cpe3) MporpaMMUpPyeTCs MOJIb30BaTEIIEM;

— HQJIWYHE PA3JIMYHBIX BEKTOPOB MPEPHIBAHUN 1JI1 HECKOIBKHUX PA3JIMYHBIX
cOOBbITHH (TIepETOIHEHHE, 3aXBaT, CPABHEHHE).

1.6.4  TlopTsl BBOIAa-BBIBOJA

[TopTe! BBOAa/BBIBOsIa AVR HMEIOT unciio He3aBUCUMBIX JTuHUN "Bxoa/Beixon"
ot 3 no 53. Kaxaplii pa3psn mopra MOKeT ObITh 3alpOrpaMMHUPOBAH Ha BBOJ| UJIM Ha
BbIBOJ] MH(pOopMaruu. BrixonHbie npaiiBepsl 00eCreynBaOT TOKOBYIO HAarpy304HYIO
criocoOHOCTh 20 MA Ha JTUHUIO TIOpTa (BTEKAIOIIUNA TOK) MTPU MaKCUMaJIbLHOM 3Haue-
Huu 40 MA, 4TO MO3BOJISIET, HAIIPUMEP, HEMOCPEACTBEHHO MOJKIOYaTh K MHUKPO-
KOHTPOJIJIEPY CBETOIUOMBI U OUMOJsipHBIE TpaH3uCcTOphl. OOIIas TOKOBask Harpy3Ka
Ha BCE JIMHUM OJHOTO MOpTa He OoJbKHA npeBbiaTh 80 MA (Bce 3HauEHUS MpUBEE-
HBI JIJIsl HANpsiKeHUs nuTanus 5 B).

HNHTepecHas apXUTEKTypHasi 0COOEHHOCTh MOCTPOEHUS MOPTOB BBOJA/BBIBOJIA
y AVR 3akiodaeTcsi B TOM, UTO ISl KOKJIOT0 (PU3MYECKOTO BBIBOJA CYIIECTBYET 3
OuTa KOHTPOJIS/YIIpaBIICHUS, a HE 2, KaK Y PaclpOCTPaHEHHBIX §-pa3psIHBIX MUKPO-
koHTposuiepoB (Intel, Microchip, Motorola u T.1.).

1.6.5 BBox aHaI0roBBIX JaHHBIX

AHaJIOTOBBIN KOMITApAaTOP BXOJUT B COCTaB OOJIBIIMHCTBA MUKPOKOHTPOJIIC-
poB AVR. TumnoBoe HamnpsbkeHue cMmenieHus: pasao 10 mB, BpeMs 3aiep>KKku pacnpo-
ctpaneHus coctaBisieT S00 HC U 3aBUCHUT OT HANPSHKEHUS MUTAHUS MUKPOKOHTPOJI-
nepa. Tak, HanpuMmep, IpU HaNpsHKEHUU nuTanus 2,7 Boinbt oHO paBHO 750 He. AHa-
JIOTOBBIM KOMITApAaTOpP MMEET CBOM COOCTBEHHBIN BEKTOP INMpEephIBaHUS B OOIIEH CH-
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CTEME IPEPBIBAHUN MUKPOKOHTpoJuIepa. [Ipu 3ToM Tum nepenana, BbI3bIBAIOIINN 3a-
IpOC Ha MpepbIBaHUE MPU CpabaThIBAHUU KOMIIApaTopa, MOXKET OBITh 3alporpaMMu-
pOBaH MOJb30BaTENIeM Kak (PpoHT, cpe3 wim TepekitoueHue. JIOTHIecKuil BBIXO
KOMIIapaTopa MOXKET ObITh MPOrPaMMHBIM 00Pa30M MOJKIIOYEH KO BXOIY OJHOTO H3
16-pa3psaHbIX TailMEpOB/CUETYMKOB, pabOTAIOIIET0 B PEKUME 3axBara. IJTO JaeT
BO3MOKHOCTb U3MEPATH JJIUTEIIbHOCTh aHAJOTOBBIX CUTHAJIOB a TAKXKE MAaKCHMaJIbHO
npocTo peanu3oBbiBaTh ALIT AByXTaKTHOr0 HHTErpUPOBAHUSI.

AHanoro-1ugpoBoii npeodpazoBaresib MOCTPOEH MO KIACCUYECKON cXeMe IMo-
CJIeIOBAaTEIbHBIX MPUOIMKEHU ¢ ycTpoiicTBOM BblOOpku/xpaHeHus (YBX). Kax-
JIbIA U3 aHAJIOTOBBIX BXOJOB MOKET OBITh cOeIMHEH co BxoaoM ¥YBX uyepes ananoro-
BbIIl MYJIBTUILIEKCOP. Y CTPONCTBO BBIOOPKH/XpPAHEHHS] MMEET CBOM COOCTBEHHBIN
YCUJIUTENb, TAPAHTUPYIOUIUH, YTO U3MEPSIEMbIil aHAJIOTOBBIM CUTHAII OyAeT CTaOUIb-
HBbIM B T€YEHHUE BCEro BpeMeHu npeodpazoBanus. Paspsanocts AL cocraBnser 10
OWT TpU HOPMHUPYEMOHW IMOTPEUTHOCTH +/- 2 Muaammx 3Hadamux paspsga (M3P).
ATIIIT Mmoxet paboTaTh B IBYX peKUMax - OJTHOKPATHOE MpeoOpa3oBaHue Mo J000My
BBIODAHHOMY KaHajly W MOCJIEIO0BAaTEIbHBIM LUKJIMYECKUI ONpPOC BCEX KAaHAJIOB.
Bpemst npeoOpa3zoBaHus BIOMpAETCsl MPOrPAMMHO C MOMOIIBIO YCTAHOBKU KO3 du-
LMEHTA JIeJICHUS] YaCTOThI CIIEHUATIBHOTO MPEJACIIUTENS, BXOJAIIEr0 B cOCTaB OJI0Ka
AIIIL. Ono cocranser 70...280 mxc mia ATmegal03 u 65...260 Mkc 1ua Bcex
OCTAJIBHBIX MUKPOKOHTPOJUIEPOB, UMeroIuX B cBoeM cocrase AIIl. Baxnoli oco-
OCHHOCTBIO aHAJIOrO-LIM(PPOBOro npeoOpazoBaTess ABISAETCS (PYHKUMS [OJAaBICHUS
nrymMa npu npeodpazoBanuu. [lonb3oBarens UMeET BO3MOKHOCTb, BBIIOJIHUB KOPOT-
KUH psiJ IPOrpaMMHBIX ornepanunii, 3amyctutb ALIL B To Bpemsi, Korjga HeHTpalbHbIN
IIPOLECCOpP HAXOAUTCS B OJHOM U3 PEKHUMOB MOHMKEHHOI'O IHEPrONOTPEOICHUS.
[Ipu 3TOM Ha TOYHOCTH MPeoOpa3oBaHUs HE OyyT OKa3bIBaTh BIMSIHUE IIOMEXH, BO3-
HUKAaIoUIMe Npu padoTe mpoLecCOPHOro sapa.

1.6.6  TloHmwkeHHOE HEProMOTPEOICHNE

AVR - MUKpPOKOHTPOJUIEPHI MOTYT OBITh MEpPEBE/IEHbI IPOrPAMMHBIM MTYTEM B
OJIMH U3 LLIECTH PEKUMOB OHWKEHHOTO 3Hepronorpedaenus. st pa3HbIx ceMeincT
AVR u pa3HbIX MUKPOKOHTPOJUIEPOB B MpeEJeiiax KaxJA0ro CeMEHCTBa U3MEHSIOTCSA
KOJIMYECTBO U COUETAHUE JOCTYITHBIX PEKUMOB MOHMKEHHOTO YHEPTOMOTPEOICHUS.

Pexxum xonoctoro xona (IDLE), B koTopoM mpekpaiiaer padoTy TOJIBKO Mpo-
eccop M (PUKCUpPYETCsl COACPKUMOE MaMSTH JaHHBIX, a BHYTPEHHUH TeHEpaTop
CUHXPOCUTHAJIOB, Taitmepsl, cuctema npepeiBanuit 1 WATCHDOG-Ttaiimep mpoj1oi-
KaroT (QYHKIIMOHUPOBATH.

Pexxum mukpomnorpednenust (Power Down), B KOTOPOM COXpaHSETCS COAEp-
KHUMOE PETUCTPOBOTO (aiiia, HO OCTAHABIMBAETCS BHYTPEHHUH T€HEpPATOp CHHXPO-
curHasioB. Beixon u3 Power Down Bo3MokeH nTu00 1o 00ImeMy cOpocy MHKpPO-
KOHTpOJIJIEpa, MO0 MO CUTHaNy (YypOBEHb) OT BHEIIHETO0 MCTOYHHKA MPEPHIBAHMUS.
[Tpu BrmrouenHoM WATCHDOG-Taiimepe TOk mOTpeOIeHUS B 3TOM PEKUME COCTAB-
nsiet okouio 60...80 MKA, a npu BBIKIIIOUEHHOM - MeHee | MKA 115 Bcex tunoB AVR.
BrimenpuBeeHHbIC 3HAYEHUS CIPABEJIMBBI JIJII BEJIMYMHBI MHUTAIOIIETO HAMPSDKe-
Hus S B.
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Pexxum coxpanenus sueprum (Power Save), KoTopelii peaqn30BaH TOJIBKO y
Tex AVR, KOTOpble IMEIOT B CBOEM COCTaBE CHCTEMY PEaIbHOTO BpeMeHHU. B 0CHOB-
HOM, pexkuM Power Save unentudern Power Down, HO 31ech JOITyCKaeTCsl HE3aBUCH-
Mas paboTa JOMOJHUTENbHOro TaiiMepa/cuerunka RTC. Beixon u3 pexuma Power
Save BO3MOXXEH TIO0 TIPEPHIBAHHUIO, BBI3BAHHOMY WJIHM TIEPEIOJTHCHUEM TaiiMe-
pa/cuetunka RTC, wnm cpabateiBaHueM 0J0Ka CpaBHEHHUS ATOTO cueTyrka. Tok 1mo-
TpeOJICHHS B 3TOM PEKHUME COCTABISET 6...10 MKA Mpu HampspDKEHUH UTaHus 5 B Ha
yacrtorte 32,768 kl11.

Pexxum moniaBieHus rymMa rnpu padote aHaioro-mudpoBoro mnpeodpazoBartes
(ADC Noise Reduction). Kak yxxe oTMedanaoch, B 3TOM PEXHME OCTAaHABIHBACTCS
MIPOIIECCOPHOE AP0, HO pa3pemieHa padota AL, nByxmpoBogHOTO MHTEPdEiica 1°C
Y CTOPOKEBOTO TakMepa.

OcHoBHOM pexxuM oxxkuaanus (Standby). Unentuuen pexxumy Power Down, Ho
3/1ech paboTa TaKTOBOT'O reHepaTopa He MpeKpalaeTcs. ITo rapaHTHUPYeT ObICTPHIN
BBIXOJI MUKPOKOHTPOJIIEpA U3 PEKMMa OKUJaHUS BCETO 3a 6 TAKTOB T'€HEpaTopa.

JlononmHuTenbHbIN pexum oxkunanus (Extended Standby). Mnentuuen pexxumy
Power Save, HO 31ech paboTa TaKTOBOTO reHepaTopa TOXKE HE MPEKpaIlaeTcs. ITo
rapaHTUPYET OBICTPBIM BBHIXOJI MUKPOKOHTPOJIEpA U3 PEKUMA OXKHUIAHUS BCETO 3a 6
TaKTOB reHepaTopa.

1.6.7  Tlutaromee HanpsDKCHHE

AVR (QyHKITMOHHPYIOT B IIMPOKOM JHana3oHe MUTAIOIIUX HANpsHKeHud ot 1,8
10 6,0 Bonbr. DHepromorpebiieHHe B aKTUBHOM PEXKHUME 3aBUCUT OT BEIMYUHBI
HaIpsOKEHUST TUTaHUs, OT YacTOThI, HA KOTOpoil pabotaer AVR U OT KOHKPETHOTO
TUTIa MUKpOKOHTposuiepa. [loapobubie cienudukanyu oObIYHO MPUBOISTCS B OpH-
IMHAJIbHON TexHu4yeckor nokymentarmu Atmel Corp. TemmeparypHbie auana3oHbI
paboTsl MukpokoHTposuiepoB AVR - kommepueckuit (0C...70C), uHayCTpUATIbHBIN (-
40C...+85C), B apTomoOubHbIi (-40C...+125C) u Boennsiit (-55C...+125C).

1.6.8  IIporpammHas Mozeib

C touku 3penus nporpammucta AVR nipeactasisier coboit 8-paspsianabiii RISC
MUKPOKOHTPOJIJIEp, MMEIIMA OBbICTpbIN ['apBapickuii mpoieccop, mamsiTh Mpo-
rpaMM, NaMsTh JaHHBIX, IOPTHl BBOJA/BBIBO/IA U Pa3IMUHble HHTEP(ENCHBIE CXEMBI.
CtpykTypHas cxeMa MUKPOKOHTpoJuiepa npuBeaeHa Ha pucyHke 1.10. 'apBapackas
apxutektypa AVR peanusyer mojgHoe JOrHYecKkoe W (PU3MYECKOe paslieliecHue He
TOJIBKO aJPECHBIX MPOCTPAHCTB, HO U MH(OPMAIIMOHHBIX IINH ISl 0OpalieHus K rna-
MSATH POTPaMM U K MAMSTH JAHHBIX, IPUYEM CIIOCOOBI aipecalliy U J0CTyNa K 3TUM
MaccHUBaM MaMsITU Takxke pa3audHbl. [lonoOHOe mocTpoeHue yxe OIuxe K CTPYKType
IU(POBBIX CUTHAIBHBIX MPOLECCOPOB U OOECMEUUBAET CYIIECTBEHHOE MOBBIIICHUE
MIPOU3BOAUTENILHOCTH. LleHTpanbHbIi npoleccop paboTaeT OAHOBPEMEHHO KakK ¢ Ma-
MSATBIO ITPOrpamM, Tak U C NaMATHIO JAHHBIX; Pa3psAIHOCTh UIMHBI NAMATH IIPOTPaMM
pacmpena 10 16 Out. CnenyromuM aroM Ha MyTH YBETUYEHUsI ObICTPOJEHCTBUSA
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AVR sBisieTcst UCMIONB30BAHUE TEXHOJIOTUN KOHBEMEepHU3alluu, BCIAEACTBUE YETO UK
"BBIOOpKA — UCIIOJIHEHHE'" KOMaH/bl 3aMETHO COKpALIEH.

Crnenyrolasi OTAMYHUTENbHAS YepTa apXUTEKTYpbl MUKPOKOHTpoJuiepoB AVR -
perucTpoBbIil (paiin ObicTporo goctyma. Kaxapiit u3 32-x perucTpoB o0I1ero Ha3Ha-
yeHUsI IITMHON 1 OalT HEmOCPEACTBEHHO CBSA3aH C apU(PMETHKO-IOTUYECKUM yCTPOM-
ctBoM (ALU) npoueccopa. Jpyrumu ciioBamu, B AVR cymectByer 32 perucrpa — ak-
Kymynaropa (cpaBaute, Hanpumep, ¢ MCS51). 9To 06CTOSITENHCTBO MO3BOJISET B CO-
YeTaHUMU C KOHBEHEpHOU 00pabOTKOM BHITIOJHATH OAHY omeparuio B ALU 3a onun
MaIIMHHBIA UK. Tak, 1Ba onepaHaa U3BJIEKAIOTCSA U3 PETUCTPOBOro (haiisia, BHIOJ-
HSIETCS KOMaH/a U pe3yJIbTaT 3alMChIBA€TCSI OOPaTHO B PETUCTPOBBIN (ailn B Teue-
HUE TOJBKO OJIHOTO MAIIMHHOTO 1UKIIA.

[llecTs u3 32-x peructpoB (aitna (¢ 26-ro 1o 31-i) MOTYT UCIIOIB30BATHCS KaK
Tpu 16-paspsAHbIX yKa3aTess ajpeca MpU KOCBEHHOM aJpecaliy JaHHBIX (PUCYHOK
1.6). Onun u3 3TUX yKaszatenei (Z Pointer) npuMeHsercs Takke JUIsl JOCTyIa K JaH-
HbIM, 3allUCaHHBIM B MaMATH IPOrpaMM MHKPOKOHTposuiepa. Mcnonb3oBaHue Tpex
16-6uTHBIX ykazatenei (X, Y u Z Pointers) cyimecTBeHHO MOBBIIIAET CKOPOCTh Iepe-
CBUIKH JIaHHBIX NPU pabOTe NPUKIATHON TPOrPAMMBI.

PeructpoBbiii Qaitn 3aHumaer muaamue 32 7 0 7 0 Anpec
Oaita B oOmeM aapecHoM mpoctpanctee SRAM |RO RO $00
AVR. Takoe apxuTeKTypHOe pemeHue mossonser |R1 R1 $01
TIONy4aTh TOCTYI K GBICTpOIA "perncTpoBoii” omepa- |R2 R2 $02
TUBHOHM MaMsITH MUKPOKOHTPOJIIEpA ABYMsI ITyTSIMHU
- HETOCPEICTBEHHOM aapecalieii B kojae koMmanasl |R13 R13 $0D
K JF000M suelike U APyruMu criocobamu aapecaruu  |[R14 R14 $OE
sueek SRAM. R15 R15 $OF

B TexHuueckoil nokymenTaun dupmsr Atmel  |R16 R16 $10
5TO TOJIE3HOE CBOMCTBO HOCHT Ha3BaHue "GbicTpoe |Ri/ RL7 $11
KOHTEKCTHOE nepeKJvHoquHe” U SBJSETCS ele OJl- R-26- R26- S1A pertictp X,
HOM OTIMYUTEIHPHOW OCOOCHHOCTBIO apXUTEKTYPHI UL GaiiT
AVR, noeimaroiiei 3pPeKTUBHOCT, PabOThl MUK- [R27 R27 $1B peructp X,
POKOHTpOJIIEpPA M €T0 TPOU3BOIUTEILHOCTD. ct. Gaidr

OCOGEHHO 3aMETHO [aHHOE MPEHMYILECTBO |20 R28 $1C6pfm°Tp Y,
IpH pean3alui TPOUEAYp UEIOUYUCICHHOH 16- [Rog R29 ng ?Epmp Y,
OWTHOU apu(PMETUKH, KOT/Ia UCKIIOYAIOTCSI MHOTO- cr. Gaiir
KpaTHBIE TEPECHUIKU MEXKIY pa3IMuHbIMU siueiika- |R30 (pe- | |R30 $1E peructp Z,
MM TIaMSTH JaHHBIX IpU 00paborke apudmernue- [P Z) M1 Gaidr

R31 R31 $1F peructp Z,

ckux onepanoB B ALU. o7 GaiiT

AT90S1200 Ocm. mo-

oenu

1.6.8.1 Peructpsbl o011ero Ha3HAUYECHUS Pucynok 1.6 — CtpykTypa

Bce peructpsl o01mmero HazHaueHus oObeIH- perucTposoro ¢aiina
HEHBI B (aiij1, CTPyKTypa KOTOPOro MoKa3aHa Ha pucyHke 1.6.
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Kak yxe Obuto ckazano, B Mmukpokontposiepax AVR Bce 32 POH nenocpen-
CTBEHHO JTOCTYNHbI AJIY B OT/IMYME OT MUKPOKOHTPOJIEPOB IPYrux (pupM, B KOTO-
PBIX UMEETCS TOJIbKO OJMH Takol peructp — padbouuit peructp W (akkymynsrop).
bnaronaps atomy mo6oit POH MoxeT ucmnoss-
30BaThCd BO BCEX KOMAHAAaX M KakK OIEpaHj-
UCTOYHUK U KaK olepaH-npueMHHuK. Mckmoue-
HUE COCTaBJISIOT JIUIIb MATh apUPMETUYECKUX U

Tabmuma 1.1 — JlonmoaHuTeIbHEIS
CUMBOJINYECKUE UMEHA

HMHACKCHBIX PCTUCTPOB
Peructp CUMBOJIMYECKOE UM

JIOTHYECKUX KOMaHJI, BBITIOJTHSIOMINX JCHCTBUS R26 XL
Mexay koHctantoil u peructpom (SBCI, SUBI, R27 XH
CPI, ANDI, ORI), a takkxe koMaHzIa 3arpy3Kd R28 YL
KoHcTaHThl B peructp (LDI). Ot xomanasr Mo- R29 YH
r'yT 00pamaTthCs TOJIBKO KO BTOPOW TOJIOBUHE Egg 5::'

peructpoB (R16...R31). Pan peructpoB obiiero Tin AT90S1200 OnpercncHer TomERo
Ha3HAYCHUs MCTIONB3YETCS B KAYECTBE YKA3ATE- | no norycrna vicasarens: R30 — ZL u

JIel IpY KOCBEHHOM ajjpecalliy MaMsiTi JaHHBIX. R31 — ZH.

B monenn AT90S1200 Takum peructpom siBisi-

etcs peructp R30 (peructp Z). [TockonbKy 00beM agpecyeMoi maMsITH JaHHBIX 3TOU
MOJICJIU COCTaBJIsieT Bcero 96 0ailT, njisi XpaHEeHHs ajapeca JOCTaTOYHO OJHOTO 8-
paspsigHOTO peructpa. Bo Bcex Ipyrux Moaensx Jjisi KOCBEHHOM ajpecaliii UCIOJIb-
3ytoTcst Tpu 16-paspsanubix peructpa (peructpol X, Y u Z), Kaxablid U3 KOTOPBIX TO-
ny4yaerca oobenuHenuem aByx POH

15 0
(pHCYI;?;KlﬁYO)I;%aHo Ha pucyHke 1.6 Peruerp X 1 0|7 0
. . ! R27($1B) R26($1A)
KOKIBIA peructp (aiiyia uMeeT CBOU 15 0
COOCTBEHHBIA anIpec B MPOCTPAHCTBE Permetp Y 7 0[7 0
namATH naHHbeIX (kpome AT90S1200). R29($1D) R28($1C)
ITosToMy K HUM MOXKHO OOpaImaThbcs 15 0
KaK K MMaMsATH, HECMOTpsl Ha To, uyro PermetpZ 7 0]7 0
(pM3UYECKH DTU PETHCTPHI HE SABIISAIOT- R31($1F) R30($1E)
cst stueiikamu O3Y. Pucynok 1.7 — Peructpsi-ykazarenu X, Y u Z

1.6.8.2 Peructpsl BBOJa/BbIBOIA

Peructpel BBOJIa/BBIBO/IA pACMOJIaraloTCsl B TaK HA3bIBAEMOM MPOCTPAHCTBE
BBOJIa/BbIBOZIa pazMepoMm 64 Oaiita. Bce PBB moxHO pasgenuts Ha ABE TPYIIIIBL:
CITyK€OHBIC PETUCTPHl MUKPOKOHTPOJIJIEPA W PETUCTPHI, OTHOCAIINECS K nepudepuii-
HBIM yCTPOHMCTBaM (B T.4. MOPTHI BBOJIa/BhIBOJIA). PasMep Kakmoro peructpa — 8 pas-
PAIOB.

Pacnipenenenne anpecoB mpocTpaHCTBA BBOJ1A/BHIBOJIA 3aBUCUT OT KOHKPETHOM
MOJIEJIM MUKPOKOHTPOJUIEPA, T.K. PA3HbIE MOJEIU UMEIOT PA3JIMYHBbIA COCTaB NEPHU-
(hepUiHBIX YCTPOMCTB U, COOTBETCTBEHHO, Pa3HOE KOJUYECTBO peructpoB. Pazmere-
Hue PBB B anpecHoM mpocTpaHCTBE BBOA/BBIBOJIA JJIsi BCEX MOJIEeH ceMeicTBa
npuBeneHo B Tabmuuax 11.1-11.4.



29

OO1ee 3amMeuaHue K TabIMLaM: eciy aJipec B Tabiuie He yKa3aH, 3TO O3Hada-
€T, YTO JAJISl TaHHOM MOJENU OH 3ape3epBHPOBAH, U 3aIKUCH MO 3TOMY aAPECcy 3ampe-
1ieHa (KpaiiHe He peKOMEHIyeTCs).

K nmrobomMy peructpy BBOJIa/BBIBOJA MOKHO OOPATHUTHCS C MOMOIIBIO KOMaH]I
IN u OUT, BBIMONHAIOMINX MEPEChUIKY JAaHHBIX MexTy oaHuM u3 32 POH u mpo-
CTpaHCTBOM BBOJa/BbIBOAA. Kpome Toro, nMeroTcs 4 KoMaHAbl TOPa3psIHOTO TOCTY-
na, UCTIOJIB3YIOIINE B KAUECTBE OTIEPaHI0B PErHCTPhI BBOIA/BBIBOIA: KOMAH]IbI yCTa-
HOBKH/cOpoca otaensHoro paspsaa (SBl u CBl) u komaHapl MpOBEPKH COCTOSIHUS
otnensHOTO paszpsiaa (SBIS u SBIC). Obparure BHMMaHHE, YTO 3TH KOMaHJbl MOTYT
o0paIaTbes TOJABKO K 1-if o10BHHE perucTpoB BBoaa/BeiBozAa (ampeca $00...$1F).

Tax e, kak 1 k POH, k peructpaMm BB0/1a/BBIBO/Ia MOXKHO O0paIiaThCs ABYMSI
criocobamu: kak cobcTBeHHO K peructpam (¢ nmomonisio komaua IN u OUT) u kak k
saueiikam O3Y (xkpome AT90S1200). B mepBom ciyudae ucnoinbiyiorcs aapeca PBB,
npuHaIeKanue npoctpancTBy BBoja/BeiBoaa ($00...$3F). Bo BropoMm ciyuae aapec
PBB HeoOxoaumo yBennuuth Ha $20 (B Tabnuiax mpu ykazanuu ajapecoB PBB B
CKOOKaxX yKa3bIBalOTCSA COOTBETCTBYIOILIME UM ajipeca siueek O3Y).

Bce cimyxebHbIe perucTphl nmepeuncieHsl B Tadnume 1.2, 3Hak "+" B Tabnuie
O3HA4aeT, 4YTO TOT WJIA WHOW PErucTp MPUCYTCTBYET B JAHHONW MOJEIH MHKPO-
KoHTposuiepa. ObpaTuTe BHUMaHUE, YTO aJipeca CIyKEOHBIX PETUCTPOB HE MEHSIOT-

csa oT Mmomenu K mozenu (t.e. peructp SREG Bcerma pacmonoxked mo aapecy $3F
($5F), GIMSK — 1o agpecy $3B ($5B) u 1.1.).

Tabmuna 1.2 — CirysxeOHbIC perucTpbl MUKPOKOHTpOJUIepoB cemericta Classic
™ ™ ™ ™ < Lo
Ha3zBanue N S 9 ) Q 52 <
A S 0 o I N < < I5s) < Te)
e B 1 O O T O O e T O - - B
n »w |0 | |9 |0 | |o %) %) O
(] (] (] (] o o o o o o o
(o] (o] (o] (o] (2] (2] (2] (o] (o] (2] (2]
E |E |E |E |[E |E |E |E |E |E |E
< < < < < < < < < < <
SREG $3F ($5F) T |+ |+ | + | + | + | + |+ 5] + 1+
SPH $3E ($5E) + + + + +
SPL $3D ($5D) + |+ |+ |+ |+ |+ |+ |+ |4
G1IMSK $3B ($5B) + + + + + + + + + + +
GIFR $3A ($5A) + |+ |+ |+ |+ |+ |+ |+ |4
TIMSK  [$39 ($59) P I R R I R R R S
TIFR $38 ($58) + + + + + + + + + + +
MCUCR  |$35 ($55) P A S D D D R
MCUSR  |$34 ($54) + + + +

1.6.8.3 Peructp coctosuus SREG

Peructp cocrosiaus pacronaraercs mo agpecy $3F ($5F). Dot peructp mpen-
CTaBsieT co0oil Habop (IaroB, MOKA3BIBAIOIIMX TEKYIEE COCTOSHUE MHKPO-
KOHTpoJuiepa. DT (iaru aBTOMaTH4ecKu yctaHaBiuBatorcs B "1" umu B "0" mpwm
HACTYTUICHUH OTIPEICIICHHBIX COOBITHI (B COOTBETCTBUH C PE3YJIbTATOM BBITIOJTHCHUS
KoMaH[). Bce paspsibl 3TOro perucTpa TOCTYIHBI KaK JJIsl YTEHUsI, TaK U JUIs 3alTUCH
B J1I0001 MOMeHT BpeMmeHH. [locie cOpoca MUKPOKOHTpOJUIEpa BCE pa3psiibl peru-
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ctpa copaceBatorcs B "0". ComepKuMOe 3TOT0 perucTpa rnokasaHo Ha pucynke 1.8, a
€ro OoInvcaHue npuBeIeHo B Tadmuie 1.3.

7 6 5 4 3 2 1 0
T[T [w s TVvIN]z]cC]
Yrenune(R)/3amucs(W) R/W R/W R/W R/W R/W R/W R/W R/W
Havanshoe 3Hauenune 0 0 0 0 0 0 0 0

Pucynok 1.8 —Peructp cocrosinus SREG

Tabmuma 1.3 — Peructp coctosinusa SREG

Pa3- |Haz Onucanue
psan | Ba-
HUE

Oomiee pasperienue npepeiBanuii. s paspemienust npepbIBaHUN 3TOT (hiar 10J1-
’eH ObITh ycTaHoBJeH B "1". Pa3pemienue/3anpenienne oTaebHbIX IPEPhIBAHUMN MPOU3-
BOJMTCS YCTAHOBKOM WJIM COPOCOM COOTBETCTBYIOILMX Pa3psA0B PETUCTPOB MACOK Mpe-
7 | |peiBanwmii. Ecnu daar cOpomen (0), To mpepbsiBaHUS 3ampenieHbl HE3aBUCHMO OT COCTOSI-
HUs ATUX peructpoB. duar cOpackiBaeTcs annapaTHo MOCJIE BXO/1a B IPEPhIBAHUE U
BoccTaHaBnuBaeTcst komanaon RETI mis pa3penienust o0paboTKu CleAyOMUX Mpephbl-
BaHUU

XpaHeHre KONUpyeMoro 6uTa. TOT pa3psii perucTpa UCHOIb3yeTCsl B KauecTBE UC-
TOYHHUKA WM MPHEMHHKA KOMaH1aMu Konuposanus outos BLD (Bit LoaD) u BST (Bit
6 T |STore). 3amannslii pasps 1060ro POH MoeT ObITh CKOITUPOBAH B 3TOT Pa3psij KO-
MaHoi BST nim ycTaHOBIICH B COOTBETCTBUH C COJCPKUMBIM JTAHHOTO pa3psiia KOMaH-
noiit BLD

@iiar nMoJIOBUHHOTO NepeHoca. JToT (uiar ycranasaupaercs B "'1", eciu umen Mecto
5 | H |nmepeHoc u3 MiajlIei moaoBuHbI 6aita (13 3-ro paspsna B 4-if) UK 3aeM U3 cTapiueit
MIOJIOBMHBI 0aiiTa MpH BBIOJHEHUN HEKOTOPHIX apU(PMETHUECKUX OIepaluii

®rar 3Haka. DToT Quar paBeH pe3yibrary onepanuu "Hckmouaromee NJIN" (XOR)
Mexnay (uaramu N (oTpunaTenbHbId pe3ynbTaT) U V (IepernoJHeHre Yuciia B IOTOJHH-
TenbHOM Kojie) COOTBETCTBEHHO ATOT (hiiar yctaHaBnuBaercs B "'1", eciau pe3yabTar
BBITIOJTHEHUS apu(hMETUUECKON ONepaliui MEHbILE HYJIsS

®nar nepenoaHeHus JONOJIHUTENBHOTO KoAa. ITOT ¢uiar ycraHaBiuBaeTcs B "1"
IIpU NEPENIOTHEHUH Pa3psiIHON CETKU 3HAKOBOTO pe3yinbrata. Mcnonb3yercs npu padore
CO 3HAKOBBIMH YHMCJIaMU (IIPEJCTABICHHBIMU B JOMOJHUTEIBHOM KoJie). bosee moapo6-
HO CM. ONMCAaHUE CUCTEMbI KOMaH,{

®nar oTpULIATEILHOTO 3HaYeHUsA. DTOT (uiar ycraHaBiuBaercs B 1", eciu crapiimii
paspsn (7-i) pe3ynbrara onepamuu paseH "1". B npotuBHOM citydae ¢uiar pasen "0"

1 VA @nar Hyss. OT0T (nar yctaHaBiauBaercs B '1", eciu pe3ynbTaT BHIIIOIHEHUS OTle-
palyy paBeH Hy/I0

®nar nepeHoca. 1ot iar yctanapiauBaercs B "'1", eciau B pe3ysbTaTe BBIIOIHE-
HUS OTlepaIiy MPOU30IIEIT BHIXOJ 3a FpaHMIIbI OaiTa

1.6.8.4 SP (yka3arens cTeka)

B Monensx, umerontux oobem O3Y go 128 Gaiit (agpecHoe mpocTtpancTtBo O3Y
— $000...$0ODF), ykasaresnp cTeka peann3oBaH Ha ogHoM permctpe SPL, pacmoio-
xenHoM 1o agpecy $3D ($5D). B ocranbHBIX MOJEISX yKa3aTeldb CTEKa Peaan30BaH
Ha nape peructpoB SPH:SPL, pacnonoxennsix mo aapecam $3E ($5E) n $3D ($5D)
cooTBeTcTBeHHO. [Ipudem mis Bcex mogaeneit, kpome AT9084414 u AT90S8515, B pe-
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ructpe SPH (crapmmii 0aliT ykazaremns cTeka) UCIOIb3yoTcs ToibKo 1 (06bem O3Y
— 256 6aiit) nin 2 (00vem O3Y — 512 6aiiT) MiaAmux pas3psaaa, OCTadbHbIE pa3psiabl
JOCTYITHBI TOJBKO /1St uTeHus u cogepskar "0". B mogemsix AT90S4414 u AT90S8515
o0a peructpa SPH:SPL ucnosib3yroTcsi MOTHOCTHIO, T.K. MAaKCUMAJIBHBI 00BbEM TIa-
MATH B 3THX MOJeNsx paBeH 64 KoOaiit. Bce ncmonb3yembie pa3psabsl PETUCTPOB J10-
CTYIHBI KaK JJIsl 9YTE€HHsI, TaK ¥ JUIS 3aIMCH B JII0O0H MOMEHT Bpemenu. [locie copoca
MHUKPOKOHTPOJUIEpPA COACPKUMOE PETUCTPOB paBHO (), TOATOMY B CaMOM HadaJie mpo-
rpaMMBbl yKa3aTellb CTeKa He0OXOIUMO MPOMHUIIMAIM3UPOBATh KaKMM-THOO 3HaYe-
HUEM (KaK MPaBUIIO, 3TO HAWOOJBIINN TSI KOHKPETHOTO MHUKPOKOHTPOJIIIEpA aapec
aMSTH TAaHHBIX ).

1.6.8.5 Peructpsl ynpasieHus IpepbIBaHUSIMHU

YeTpIpe perucTpa mpeaHa3HA4YeHBI I YIIPABICHUS BHEITHUMH TTPEPHIBAHUSIMU
(peructpsl GIMSK u GIFR) u npepeiBanusamu ot TaiimepoB (peructpsl 1IMSK u
TIFR). Peructpsl macok GIMSK (06muii peructp macku npepsiBanuii) u TIMSK (pe-
TUCTP MAacKH TIPEpbIBAaHUM OT TalWMEpOB) HUCHONB3YIOTCA TMpPU  paspele-
HUS/3anpeIleHns] OTACIbHBIX MpephiBaHuM, a peructpsl daaroB GIFR (o6mwuii pe-
ructp ¢uaros npepbiBanuii) U TIFR (peructp dbnaros npepsiBaHuil OT TaiiMepoB) co-
nepskat ¢ard, NoKa3bIBaloIIKUe, MPOU30IUI0 WM HET COOTBETCTBYIOIIEE MpEphIBa-
HUE.

1.6.8.6 MCUCR (peructp ympaBieHHus MUKPOKOHTPOJIIEPOM)

Peructp ynpaBneHuss MHUKpOKOHTposuiepoM (pucynok 1.9, TabGmwusr I1.5-11.7)
pacronoxen 1o aapecy $35 ($55). Drot peructp comeput psia (I1aros, KCIOJIb3Ye-
MBIX JJI1 OOIIETO yIpaBieHus: MUKpOoKOoHTposuiepoM. CocTtaB (uiaroB, pa3MenieHHbIX
B peructpe MCUCR, HECKOJIBKO MEHSIETCA OT MOJIEIN K MOJICJIM, COOTBETCTBEHHO B
HEKOTOPBIX MOJIEJISIX HEKOTOPBIE pa3psAibl HE UCMONIBb3YIOTCs. Heuncnonb3yembie pas-
PSAIBI PETUCTPA TOCTYIHBI TOJIBKO I 4TeHUs n comepxkar "0". Bce ucnonb3yemblie
paspsabl perucTpa JTOCTYIMHBI KaK IS YTCHHS, TaK U JJIS 3alMCH B JFO0O0W MOMEHT

BpemeHu. [locie cOpoca MUKPOKOHTPOJUIEpPA BO BCEX paspsjiax perucrpa 3amrcaHo
IIOII.

Paspsiabt 7 6 5 4 3 2 1 0 Monenn
- - SE SM - - ISCO1 ISCO0  AT90S1200
Yrenne(R)/3amucs(W) R R RIW R/W R R RIW  R/W AT90S/LS2323
HavaneHoe 3Hauenne 0O 0 0 0 0 0 0 0 AT90S/L.52343
- - SE SM ISC11 ISC10 ISCO01 ISCOO AT90S2313
Urenue(R)/3anucs(W) R R RIW RW R/W RW RW R/W AT90S/LS2333

HavanmeHoe 3Hauenne 0O 0 0 0 0 0 0 0 ATI0S/LS4433

SRE SRW SE SM  ISCI1 ISC10 ISCO1 ISCOO AT90S4414
Yrenne(R)/3amcs(W) R'W R/W R/W R/W RW RW RMW RW  AT90S8515

HauvanpHoe 3Hauenune 0O 0 0 0 0 0 0 0

- SE SM1 SMO ISC11 ISC10 ISC01 ISCOO AT90S/LS4434
Yrenne(R)/3amucs(W) R RIW RW R/W RW RW RW R/W AT90S/LS8535

HauanpHoe 3nauenue 0 0 0 0 0 0 0 0

- - SE SM - ISC1 - ISCO
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Yrenue(R)/3amucs(W) R R RIW R/W R RIW R R/IW AT90S8534
Hagansnoe 3Hauenue 0O 0 0 0 0 0 0 0
Pucynok 1.9 — Peructp ynpasnenus mukpokonTposiepom MCUCR

1.6.8.7 MCUSR (peructp coCcTOsSHUSI MUKPOKOHTPOJLIEpa)

Peructp ynpasieHnss MUKPOKOHTPOJIIEPOM pacroiokeH o aapecy $34 ($54).
DTOT PETUCTP COAEPKUT (IIarH, COCTOSIHUE KOTOPBIX TO3BOJIAET ONPEICIIUTh IPUIH-
HY, [10 KOTOPO# MpoH3011Iesl cOpOC MUKPOKOHTPOJLIEPA.

1.6.8.8 4. CiocoOb! aapecanuu mamsaTH TaHHBIX

Bce mukpoxonrpomiepsl AVR cemeiictBa Classic, 3a UCKIIOYEHHEM MOJIEIH
AT90S1200, nogaepxuBatoT 8 crocoOOB aapecaliu sk JOCTyNa K pa3IuYHbIM 00-
nactsM mamatu gaHaeix (POH, PBB, O3Y). Moxens AT90S1200 B cBsi3u ¢ OTCyT-
CTBUEM Yy Hee BCTpoeHHOro O3V u u3-3a HANM4Us €AUHCTBEHHOTO HHAEKCHOTO PETH-
CTpa MOJJIEPKUBAET TOIBKO 4 crocoba aapecaiiu U3 BOCbMU. B neiicTBUTENBHOCTH
Croco0OB ajjpecaliuy BCETo JBa: MpsiMas ajapecarusi U KocBeHHas. OHAKO KaxIIbIii
Croco0 agpecari UMeeT HeCKOJIbKO Pa3HOBUIHOCTEH B 3aBUCUMOCTH OT TOTO, K Ka-
KOM 00JIaCTH MaMSITH MPOU3BOUTCS oOparieHue (JJ1s1 mpsiMOi aipecaliu) Wik Kakue
JIOTIOJTHUTENIbHBIC JIEUCTBUSI BBITIOJHAIOTCS HAJl UHJIEKCHBIM PETUCTPOM (17151 KOCBEH-
HOH ajpecanun).

1.6.9 Cucrema KomMaHna

Cucrema xomana AVR BecbMa pa3BuTa U HACUUTHIBAET 0 133 pa3nuyHbIX UH-
cTpykuuil. [loutn Bce KOMaHbl UMEIOT (DUKCUPOBAHHYIO JJIMHY B OJIHO cJoBO (16
OUT), YTO TO3BOJIACT B OOJBIITMHCTBE CIIy4yaeB OOBEIUHATH B OJHOM KOMaHJE U KOJI
orepanuu, u onepany(bl).

Jlutis HEMHOTHE KOMaHJIbl UMEIOT pa3Mep B 2 ciioBa (32 OUT) U OTHOCSTCS K
rpynmne koMaH BbizoBa nporeaypbl CALL, niuHHBIX MEepexog0B B Mpenesiax BCEro
aapecHoro npoctpanctea JMP, Bo3Bpara u3 noanporpamm RET u xomang paboTsl ¢
namMaTbio mporpamm LPM.

Pazmuuator mate rpynn komang AVR: ycnoBHOTO BeTBiieHHS, 0€3yCIOBHOTO
BETBJICHUS, apU(PMETHUYECKIE U JIOTHYECKHE OMepalii, KOMaH/Ibl MEePEChIIKN JaH-
HBIX, KOMaHabl padoThl ¢ OutamMu. B mocnennux Bepcusax kpucrtamioB AVR cemeit-
cTBa "Mega" peann3oBaHa (PYHKIMS anmapaTHOrO YMHOKEHHUS, YTO MPUAAET HOBbIM
MUKpPOKOHTpOJIIEpaM euie OoJibllle MPUBJIEKATEILHOCTH C TOYKH 3pEHHs pa3paldoT-
YHKa.

[To pazHoOOpa3uio U KOJIMYECTBY peaTU30BaHHBIX MHCTpYKIUH AVR Oobiie
noxoxu Ha CISC, ywem na RISC mpoueccopsi. Harmpumep, y PIC-konTposnepoB cu-
cTeMa KOMaH]l HaCUUTHIBAET JI0 75 pa3nuyHbIX HHCTPYKIuH, a y MCS51 ona coctas-
nsiet 111. B nenom, nporpeccuBnas RISC apxutektypa AVR B coueTannu ¢ HaaIu4u-
€M PerucTpoBoro (aiiyga u pacIIMPEeHHON CHCTEMBbI KOMaHJ MO3BOJIIET B KOPOTKHE
CPOKH CO3/1aBaTh pPabOTOCMOCOOHBIE MPOTrpaMMbl C 3(PGHEKTUBHBIM KOJOM KakK IO
KOMIIAKTHOCTH peaslu3allii, TaK U 10 CKOPOCTH BHITIOJTHEHUS.
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2  CPEJICTBA PASPABOTKH [TPOI'PAMMHOI'O OBECIIEYHEHUW A
AVR-KOHTPOJIJIEPOB

2.1  Accembiuep

Kak u3BectHO, Hanbonee 3(h(peKTUBHBIC TPOTPAMMBI MOTYJIAOTCS TIPU UCTIOIb-
30BaHUU si3bika AcceMOep. CTOUT, MpaBaa, OTMETUTh, YTO TIPU ATOM TaKKE yBEIIH-
YUBACTCS CJIOKHOCTh M BpeMs pa3paboTKu IporpamMMmsbl. I MUKPOKOHTPOJIIICPOB
ceMeiictBa AVR umeeTcst cBOOOIHO pacipoCTpaHsIeMbIii TpaHCIISITOp accembiepa —
wavrasm.

Tpancasitop accembiiepa wavrasm mnpeoOpa3yeT KOMaHJIbl B BUAE TEKCTOBBIX
MHEMOHHUK (CIEIUaIbHBIX COKPAIICHHW) B 3aKOJWPOBAHHBIC B BHJIE YHCEII-KOJOB
KOMaH/Ibl MUKPOKOHTpOJUIepoB. [lomydeHHbIi KO MOKHO MUCTIOIB30BATh AJIsl Pa0OTHI
COBMECTHO C OTJIQTYUKOM JIJIsl IPOBEPKHU MPABMIBHOCTH pabOTHI MpoTrpaMMEl. Takoke
B pe3ysibTare pabOThl TPAHCISITOPA MOXKHO IMOJIYYUTh TaK Ha3bIBa€MbIM (paili mpo-
IITUBKH, KOTOPBIH MCIOJIB3YETCs MPOrpaMMaTOpOM JIJIsl 3aHECEHUsI TPOTpaMMBbI B TTa-
MSATH POTPaAMM MUKPOKOHTPOJLIEPA.

Tpancisarop accemoiiepa padoraet B cpeae Microsoft Windows 3.11, Microsoft
Windows 95/98 u NT. Kpome Toro, umeercst Bepcusi accemoOiiepa, padoTaromias u3
koMaHiHOM cTpoku MS-DOS. Ona ycranaBnuBaeTcst OJJHOBPEMEHHO C BEpCHEH st
Windows. Bepcust st Windows rMeeT BCTPOCHHBIN MOJIHOIKPAHHBIN TEKCTOBBIN pe-
JAKTOP U CIIPABOYHYIO CUCTEMY Ha aHTJIMHCKOM SI3bIKE.

[Iporpamma Ha accemOiiepe mpeacTaBiIsieT cOOOM TEKCTOBBIN (hailsl, KOTOPHIN
COCTOUT W3 MHEMOHHK — CHUMBOJIBHBIX 0003HAYCHH KOM MHUKPOKOHTpPOJIIEpa, Me-
TOK U JUPEKTHUB.

JIrobast cTpoka MOXET HAYMHATBCS ¢ METKHM — CTPOKH U3 CHUMBOJIOB U (WJIN)
undp, 3aKaHYMBAIOLIEHCS JBOETOUYNEM.

MeTKk# HCTIONB3YIOTCS I 0003HAYCHHSI TEKYIIEH CTPOKA HEKOTOPHIM HMEHEM
(MeTKO#) 1711 MCTIONB30BaHMS B KOMaHAaX yYCIOBHOTO MU 0€3yCIOBHOTO MEPExXo/a,
a TaKXke i1 0003HAUYCHUSI YJacTKa B MaMSITH JIJIsi OOpaIeHHs K JaHHBIM.

CTtpoka UCXOHOTO TEKCTa MOKET UMETh OJIUH U3 CIACAYIOIIUX BUJIOB:

[memxka:] oupexmusa [apeymenmor oupexmuewi| [KoMMeHTapuH |
[memxa:] mnemonuxa komanowr [apeymenmor komanowi| [KOMMEHTapWH |
KommenTapuit

Ilycras cTpoka

KommeHTapum Bcerjia HauMHaKTCS ¢ CUMBOJIA ;" DJIeMEHThI, 3aKIIFOUEHHBIE B KBAIPATHBIE
CKOOKHM, MOTYT OTCYTCTBOBaTh. T€KCT, PacIOJIOKEHHBIM MOCIEe CHMBOJA «TOYKa C 3alsiToi» 10
KOHIIa CTPOKH, TIOJTHOCTBIO UTHOPUPYETCS aCCEMOJIEPOM.

[Ipumepsl 3an1MCH CTPOK:

labell: .EQU varl=100 ; JlupekTrBa onpeneneHusi CHMBOJIBHOTO
; ©MeHHu varl, sksuBasienTHoro 3amucu 100"
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.EQU var2=200 ; Onpenenenne umenu var2, coorsercraytomiero 200"
test: rjmp test ;beckoHeuHbI MK (MHEMOHMKA KoMaHa6l MK)

s Ilycmas cmpoxa

He nmeer 3HaueHUe, B KaKUX MECTaX PaCIOIOKEHbI METKHU, KOMaH/Ibl acCceM-
0Jiepa M TUPEKTHUBBI, BAKCH TOJIBKO MX TTOPSIIOK.

Tpanciarop accemOiepa MoO3BOJSET UCIOJIB30BaTh B TEKCTE MPOrPaMMbl MHE-
MOHUKH (0003HAYEHUST KOMaH]] MUKPOKOHTPOJIIEPA), MOTHOCTHIO COBMAIAIOININE C UX
Ha3BaHUEM B CUCTEME KOMaH]l MUKPOKOHTpPOJLIEPA.

2.1.1  KomaHJibl MUKPOKOHTPOJLIEpA

KoMman bl MUKpOKOHTpOIITepoB cemeiicTBa AVR nensitcst Ha rpynimbl:

— apu(pMETUYECKHE U JJOTUYECKHUE;

— KOMAaH/Ibl YCJIOBHBIX U O€3yCIIOBHBIX IIEPEXOJIOB;

— KOMAaH/Ibl IepelavyM IaHHBIX;

— KOMAaH/IbI 17151 paboThI ¢ OUTaMHu.

Kparkoe onucanne KoMaH MUKPOKOHTpPOJIJIEpa MOXKHO HAaWTH B [6].

Jlns TpaHcnaTopa accemoOiepa HET Pa3HUIlbl, KAKUMHU OYKBaMU HalMCaHBI CI10-
Ba, T. ¢. rjmp u RIMP coBepiieHHO paBHO3HAYHBI. OHAKO JUTS YAI0OCTBA ITOHUMAHUS
IPOrpaMMbl PEKOMEHIYETCSI BCE MHEMOHHMKH U METKHU 3allUChIBaTh CTPOYHBIMU (Ma-
JIEHBKUMH) OYKBaMH, a TUPEKTUBBI TPOMUCHBIMU (OOBIITNMHU).

2.1.2  JlupekTuBHI TpaHCISATOpa accemoiepa

TpaHcasTop accemOiepa MOIECPKUBACT JOCTATOYHO MHOTO JTUPEKTHB [7].
JIMpEKTUBEI HE TPAHCIUPYIOTCS B TIPOTPAMMY 1T MUKPOKOHTpoJuiepa. OHH UCTIONb-
3YIOTCS JIUIsl yKa3aHUsl TPAHCIATOPY acceMOIiepa JaHHBIX O PACHOJI0KEHUH MIPOrpaM-
MBI B MIaMSITH MHKPOKOHTPOJIIEPA, OMPEEICHUSI MaKpOCOB U T. 1. Bce mMupekTuBbI
JIOJKHBI HAYMHATHCS C TOUKH.

B taGnuie 2.1 npuBeneH nepeyeHb TUPEKTUB TPAHCIATOPA accemobepa.

2.2  Cpena pa3paborku npuioxennit — AVR Studio

AVR Studio - 3To uHTerprpoBaHHas OTJIaJ04YHAs cpea pa3padOTKH MPHIIOKE-
Huii (IDE) miis MUKpOKOHTpPOJUIEPOB, MpeACTaBlicHHass kommanuei Atmel mist cBo-
0oaHOrO Mcnoib3oBanus [5]. B manHoit paspadotke ucnosandyercs AVR Studio Bep-
cun 4.10. Oxunaercs nosienenue Bepcuu 4.11.

IDE AVR Studio conepxurt:

— CpEACTBA CO3JaHMSI U YIPABICHUS MPOCKTOM;

— PEeIaKTOp KoJia Ha sI3bIKE acceMouiep;

— TpaHCIATOp sA3biKa accemOiepa (Atmel AVR macroassembler);

— ommaquuk (Debugger);
IPOrPaMMHOE OOECIIeYCHUE BEPXHETO YPOBHS IS TOJIIEPKKH BHYTPUC-
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XeMHoOro mporpammupoBanus (In-System Programming, ISP) ¢ wucmonp3oBaHueM
CTaHIAPTHBIX OTJIa0uHBIX cpeacTB Atmel AVR.

Tabmuna 2.1 — IlepedeHb TUPEKTUB TPAHCIATOpA acceMOepa

O6o3HaueHue Onucanue TUPEKTUBHI
JTNPEKTUBBI
.BYTE pesepBupyeT 1 GalT 17151 UCIIOTB30BaHMS B KaUeCTBE MEPEMEHHOM
.CSEG CEerMEHT IIporpamMm
.DB ornpezenser 0alT-KOHCTaHTy
.DEF ONPEAEISET CHMBOIMYECKOE UMS 11 PETUCTPA
.DEVICE 3a/1aeT THII 1IEJIEBOTO MUKPOKOHTpPOJIIIEpa
.DSEG CErMEHT JaHHBIX
.DW ONpeleNsaeT CI0BO-KOHCTaHTY
.ENDMACROQO | xoHer onpeiefieHust MaKpoca
.EQU COTIOCTABJISIET CHMBOJILHOMY UMEHU aprU(METHUECKOE BhIPAKCHHE
.ESEG cermeHT EEPROM
EXIT BBIUTH U3 (aiina (KOHel TeKCTa IPOorpaMMbl)
UINCLUDE 3arpy3uTh UCXOMHBIM TEKCT U3 Apyroro (Qaitra
.LIST BKJTFOYUTH T€HEPAITUIO JTUCTUHTA
.LISTMAC BKJIFOYUTH II€YaTh COACPKUMOr0 MaKpOCOB B JIMCTHUHIE
.MACRO HayaTh OTpeIelICHHe MaKpoca
.NOLIST BBIKJIFOYHMTH TeHEPAIIUIO JTUCTHHTA
.ORG YCTaHOBHUTbH PACIOJIOKECHHE
SET CONOCTABUTBH CHMBOJIY BBIPA)KCHUE

Pa6ota ¢ AVR Studio mauuHaercs ¢ co3faanus npoekrta. [Ipu co3paHum mpoek-
Ta HEOOXOJAMMO yKa3aTh MCIOJIb3yeMbli MUKPOKOHTPOJUIEP U IaThopmy, Ha KOTO-
poii OyJeT MPOU3BOAUTHCS OTIATAKA TIPOTPAMMBI.

Hanucanue mporpaMMbl MPOU3BOAUTCS B OKHE PEAAaKTOpa TEKCTa MPOrPaMMBI
(pucynok 2.1). JInst ucTioabp30BaHUs CUMBOJIMYECKUX HUMEH PETHCTPOB CHEIHATBHOTO
Ha3HAYEHUs BMECTO MX aJPECOB, HEOOXOIUMO MOJKIIOYUTEL (qupekTuBa .include) k
MPOEKTy (aia omnpeaeneHus PerucTpoB CIEUUATBHOTO Ha3HA4YeHWs (Hampumep,
ml6def.inc ms ATmegal6). Bkimoyaembie ¢aitiibl BXOAAT B IPUKIIAJIHOE TPOTPAMM-
Hoe oOecnieuenne AVR Studio u npu MHCTAUIAIMY TOMEINAIOTCS B manky Appnotes B
aupektopun ycranoBku AVR Studio.

[Tpumepsl mporpaMM IOCTYIHBI B OOJIBIIIOM KOJIMYECTBE B KAU€CTBE MPUIIOXKE-
HUW K PYKOBOJICTBAM IO NPUMEHEHHI0 MUKpPOKOHTposuiepoB AVR (cMm. paznen
Application Notes na caiite [8]).

Hanwucanue mporpammel B AVR Studio mpou3BoauTcs Ha sA3bIKe acceMouep.
Cucrema KOMaHJ MUKPOKOHTPOJIJIEpA OMUCAaHA B YIOMSHYTHIX BBIIIE PYKOBOJCTBAX
o npuMeHeHuio B jokymerte AVR Instruction Set nu6o B ¢aiine cipaBku, BCTPOCH-
HoM B AVR Studio (mento Help\AVR Tools User Guide\AVR Assembler), 8 koropom
coJiepaKaTcs J0CTATOYHO MOIPOOHBIE KOMMEHTAPUH K KaXKI0H KOMaH/E.

[Mocneaune Bepcun AVR Studio coaepskat TectoByto Bepcuio AVR accemOiepa
BTOPOW BEPCUH, KOTOPHIN B JOMOJIHEHUE K CTAaHAAPTHOMY acceMOiepy MojiepKuBa-
€T HOBbIE AUPEKTUBBI accembiiepa, Cu - mogo0HbIe TUPEKTUBBI MIPEMPOLIECCOPY, CO-
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3[aHKe NTEPEMEHHBIX OoIpeesieHHoro tuna. bosjee noapo6Hyro nHpoOpMaIHIO MOXKHO
HaAWTH B (ailsie CrpaBKu.
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H{E e o= | [Feromte
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*JTAGICE mKkll * AVRISP
¥ * STK500 * STKA01
*STKS00 * Assembler
+ g EEPROM
+ (P EXTEANAL_NTERAUPT
4+ = PORTA PIND, Ox06
= BB FORTE
=2 PORTE 200 sials walwel Tenp
¥ DoRe 10 OoOe0ano0 11
=P 00 mss mwinw dec Delay
+ 28 PORTC
=2 POATO broe DLY
v 2= 5p dec Deley?
+ © TIMER_CDUNTER O s
+ D TIMER_COUNTER ) broe DLY
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i AVR Srwdstor Prease wal witde condgung sem

o
[vae | Tyom | Locston |
ra Ragister Ale
PORTE 00 VO Register 020018 [10]
egister 0x0D10 NO)

>

: artiiediind amm
OKHO MCXOAHOro TeKcra -
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MpocMoTp 3HAYEeHHI
nepeMeHHbIX H CTPYKTYP

WA Messages . 2

Pucynok 2.1 — UnTepdeiic unterpupoBannoii cpeast pazpadotkn AVR Studio

[lepen TpaHcnsiuuel mporpamMMbl MOKHO 3aJaTh YCTAaHOBKU MPOEKTa (MEHIO
Project\AVR Assembler Setup mokazano Ha pucynke 2.2), yka3arb HEOOXOIMMBIi
(dhopmart BeIxogHOTO (haiina. Tam ke BO3MOXKHO YCTaHOBUTH HcnoJib3oBaHue AVR ac-
ceMOnepa 2-oif Bepcuu. Tak kak BTOpasi Bepcusi acceMmOiiepa MPOXOJIUT CTAAUIO Te-
CTUpPOBAHUS, TO IO YMOJIYAHUIO OH OTKJItoueH. Eciiu He TpeOyercsa kakux-iaudo oco-
OBbIX HaCTPOEK, TO MOKHO HCIIOJIb30BaTh YCTAHOBKH 110 YMOJIYAHUIO.

B pesynbrare TpaHCHSIMKM co3aeTcs BRIXOAHOM (haiii B yKazaHHOM (hopmare.
Ecnu ucxomublil acceMOIepHbIN TEKCT COIepkKal CErMEHT PHEPrOHE3aBUCUMBIX JIaH-
HbIX (OOBSBICHHBIA JUPEKTUBOMN .€S€J), TO MPH TPaHCIAUMU OyIeT CO3/IaH TaKKe
daiin ¢ pacmmpeHueM .€ep. OTOT Qaill COASPKHUT JaHHBIE JIS BHYTpPEHHEH
EEPROM mukpokoHTposIepa 1 UMEET TOT ke (hopMart, 9TO U BEIXOAHOU (haidi.

Ecnu B pe3ynbTare TpaHCISIIUU HE BbIJIA€TCS COOOIEHUN 00 OomMnOKax, MOKHO
MPUCTYMATh K OTIAJKE IPOEKTA.

Otnamunk AVR Studio nmognepxuBaeT Bce TUIIBI MUKPOKOHTpoJuiepoB AVR u
MMeEET JIBa pexkruMa pabOThl: peKUM MPOTPAMMHON CUMYJIALIMKU U PEKUM YIIPaBICHUS
pa3IMYHBIMH THIIAMU BHYTpHUCXeMHBIX smyssatopoB (In-Circuit Emulators) npowus-
BoJicTBa pupmbl Atmel. BaxkHo oTMeTuTh, 4TO MHTEp(dEHC MONB30BaTEN sl HE U3MEHSI-
€TCsl B 3aBUCUMOCTHU OT BHIOPAHHOTO PEXUMa OTJIAIKH.

OTtnatoynas cpena NoAAEpKUBAET BBIIOJHEHUE MPOTPaMM, KakK B BUJIE ACCEM-
OJIEpHOTO TEKCTa, TaK U B BUJE MCXOIHOrO TeKcTa sizbika Cu, 3arpyKE€HHOTo B 00b-
€KTHOM KOJI€.
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g File  Project Edit  Yiew Tools Debug ‘Window Help -8 x
=g =] G o =[COEE M 4 EE )
‘Workspace x j
=@ 12
+-23 Assembler
AVRAssembler
Obiject farmat far AVR iz created for debugging
Additional Output file farmat
Intel intellec 8/MDS [Intel hex) j
V¥ wrap relative jumps
Include Path Erowse. ..
|E:\Program FileshAtmel\aWR Tools\dwibazemblertbpph otes
W bdap file I List file Cancel
el | ;H

= Project | B3l o I = ciprosctiiz.asm

Loaded partfile: C:\Program FilesiatmellaVR Tools\PartDescriptionFilesiATI0SE515 ~
v
»

Loaded partfile: C:\Program FilesiAtmel\AYR Tools\PartDescriptionFiles\AT05231 3, xml

o
ﬁz Build * Messages /4 Find in Files [ 4 ‘

ATI0S2313 ® oot

Pucynok 2.2 — 3aganue yCTaHOBOK MPOCKTA

OOBeKTHBIN (ailn MOKET ObITh 3arpy»eH B Pa3IMUHbIX (popMaTax, a UMEHHO:

— B ¢popmare UBROF (pacmmpenue daiina .d90). dopmatr UBROF - 510 ma-
TeHTOBaHHbIN opmat kommanuu [AR. Ha tekymuit MomeHT cpena pazpabotku AVR
Studio nmoamepkuBaeT Bce Bepcuu dopmara a0 BocbMoit Bepcun (UBROF5/6/7/8).

— B popmate ELF/DWARF (pacimpenue daiina .elf). @opmat pazpaboran co-
OOIIIECTBOM OTKPBITOTO MPOTPAMMHOTO OOecTeueHust i MOANEPKKH OecIaTHO
pacnpoctpansiembix KomnmiaTopoB (GNU GCC, nns muxpokonTposuiepoB AVR mo-
CIICTHUE BEPCHH JAHHOTO KoMmuistopa umerorT HasBanme WINAVR). Ha texymmii
MOMeHT cpena pa3padotku AVR Studio mognepxkusaet popmar Bepcuu DWARF2.

— B ¢popmate AVR COFF (pacmmpenue daiina .cof). DTo OTKpbITHIH (Gopmar,
BBEJICHHBIN B cpeay paspadotku AVR Studio mis moafaepkKu CTOPOHHUX pa3padoT-
YUKOB KOMMHIJIATOPOB. OTIa0UHbIN KOA B JaHHOM (opMaTe MOXKET ObITh ChHOpMu-
POBaH C UCIOJb30BAHUEM TaKMX KOMIMJISATOPOB Kak, Harnpumep, CodeVision AVR.

— B (opmare Extended Intel HEX (pacmmpenue .hex). Jlanusiii ¢popmar He
MIPHUCTIOCOOJICH TS OTJIAJKU U UCTIONB3YeTCs TSl OTJIAJKU B KpalfHEM cllydae.

[Tocne 3arpy3ku OOBEKTHOTO KOJa MPOM3BOAMUTCS BBHIOOP OTIAIOYHON TIAT-
(GhopMBI U HCTONB3YEeMOTO MHUKpPOKOHTpoJuiepa (pucyHok 2.3). Ilpu oTmaake ¢ wuc-
MOJIb30BAHUEM BHYTPHCXEMHBIX 3MYJISTOPOB, MUKPOKOHTPOJUICPHI, TOIEPKKA KO-
TOPBIX HE OCYILIECTBISIETCS, aBTOMAaTHUECKH TOJICBeUNBalOTCs cepbiM. [locie 3arpys-
KU MPOEKTa CUCTEMA TOTOBA K CTApPTy OTJIAJIKH.
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VYnpasrienue oTiaaKoi npouzBoautcs komanaamu MeHto DEBUG, nu6o coot-
BETCTBYIOIIMMH WKOHKaMH Ha nanenn ymnpasienus AVR Studio.

[Top30BaTENh MOXKET BBIMIOJHATH MPOTPaAMMy IOJTHOCTHIO B TOMIATOBOM pe-
KUME, Tpaccupys OJOKW (PYHKITMH, WM BBITIOJHSS MPOTPaMMy 10 TOTO MECTa, TIe
CTOUT Kypcop. B pomonHeHne MOXXHO OINpEeAeisaTh HEOTPAHUYCHHOE YHCIO TOYEK
OCTaHOBAa, KaXJas W3 KOTOPBIX MOXKET OBITh BKJIIOYEHA WJIM BBIKIIOUYCHA. TOYKH
OCTaHOBA COXPAHSIOTCS MEXIY CECCUSIMH PaOOTHI.

B AVR Studio i oTiiagku mporpaMmbl PEAYCMOTPEHBI IBE KOMaH IbI IOIa-
roBoro pexxuma: Step Over u Trace into. Pa3uuia Mexay HUMH B TOM, YTO IPHU BbI-
MOJITHCHHH KoMaHel Step Over BEINoJHEHHEe TOPOrpaMM MPOUCXOAUT J0 TOJHOTO
OKOHYaHHMs 0€3 0TOOpaKe€HUs MpoIiecca BhIOJHeHNU. K KoMaH aM I1aroBoro pexxu-
Ma TaKXe OTHOCsTCs KomaHaa Auto Step.

z

File Project Wew Tools Debug Help

DEHa = 2
i =]

Workspace

Select debug platform and device
Debug Platform: Device:

% ICE4D ATmegal 03
ICESD ATmegal28
@ JTAG ICE ATEERFA0]

AW Simulator ATmega3d
ICE200

>

ATmegalBd
ATmegalfl
ATI054414
ATI054434

| <

Help | 24 Back| Finizh | Eancel|

‘= Project | Bzl i ]

=

Loaded partfile: C:\Program FilestAtmeliAYR Tools\PartDescriptionFilestATI0S8515
Loaded partfile: C:\Program Filesiatmel a¥R Tools\PartDescriptionFiles\AT9052313 xml

o

Build » Messages A Findin Files |— 4 | 3

Pucynox 2.3 — Bei6op mnatdopmsl 1 mpudopa

C momoIIp0 KOMaHJ MOIIArOBOr0 PeXHMa MOXKHO IPOCIEAUTh U3MEHEHHUS
3HaYEHUI B MEPEMEHHBIX, PETUCTPAX BBOJA/BBIBOJIA, MAMITH U PETHCTPOBOIO (aiia.
Jlns sToro mpenaHasHadeHsl pasaen |/O paboueii odmactu AVR Studio (cm. kapTus-
Ky), okno Watch (mento Debug\Quickwatch).

WuterpupoBanHas cpena papadborku AVR Studio taxxke momnepuBaeTt mpo-
cmotp (MeHro View\Memory) siaeex mamsiTi porpamm, mamsti nanasix, EEPROM u
PETHCTPOB MOPTOB BBOJA/BBIBOJIa B XOJ€ UCHOJIHEHUS. Brinmanaromniee MEHIO auaio-
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rOBOTO OKHA TO3BOJISIET BHIOpaTh OJMH U3 YETHIPEX MACCHUBOB siueek mamstu: Data,
10, Eeprom, Program Memory. [{is oqfHOBpEMEHHOI'0 MPOCMOTPa HECKOIBKUX 00J1a-
cTeit okHO Memory MoxeT ObITh OTKPBITO HECKOIBKO pa3. Mudopmanus B nuanoro-
BOM OKHE MOKET OBbITh IIPE/ICTAaBJICHA B BUJie OATOB WM B BUJIE CJIOB B IIECTHA/IIA-
TEPUYHON CUCTEME CUUCIIeHMs], a Takxke B Bujae ASCII - CHMBOJIOB.

B mpouecce oTnaaku Mmojab30BaTeNh MOXKET WHUIMAIM3UPOBATH BHYTPEHHEE
O3V umn EEPROM mukpoxoHTposiepa (Harmpumep, AaHHBIMU, COAEPKAIUMUC B
MOJIyYeHHOM TIpU TpaHCsiuuu daiine .eep), win coxpaHuTh coaepxumoe O3Y u
EEPROM B Buzme ¢aitmoB B dopmare Intel Hex (mento File->Up/Download
Memory).

[TomuMoO 11aroBOTO pexnuMa, BO3MOXKHA OTIa/IKa MPOTpaMMbl ¢ UCTIOJIb30BaHH-
eM Todyek ocraHoBa (MeHro Breakpoints->Toggle Breakpoint). Komanmoii Start
Debugging 3amyckaercst ucrnonnenue nporpammel. [Iporpamma OyaeT BBITIOTHITHCS
JI0 OCTAHOBKH TOJIb30BATEIEM WIH 10 OOHAPYKEHUS TOYKU OCTaHOBA.

PaGoTast ¢ mporpamMmmHubBIM cumyssTopom makera AVR Studio, ciemyer mowm-
HUTb, YTO OH TOKa HE TMOJICPKUBAECT HEKOTOPBIE PEKUMBI pabOThl MUKPOKOHTPOJI-
nepoB AVR u ux nepudepuitibie y3ibl:

— aHasoro-1udpoBoit npeodpazoBartelp;

— aHaAJOrOBBI KOMIIApaTop;

— PEXHUM YacOB PEAIbHOTO BPEMEHHU;

— PEKUM MOHKEHHOTO 3HepronoTpedaeHus (MHCTpyKuus "sleep" natepnpe-
TUPYETCS IPOTPAMMHBIM CUMYJISITOPOM Kak "nop");

Bo3moskHo, B mocienyronmx Bepcusix AVR Studio mommeprkka 3THX y3710B H
pPeXUMOB OyNleT pean30BaHa, HO B HACTOSAIIMN MOMEHT MpHU paboTe MpOTrpamMMbl C
aHaJIoroBoW mepudeprei, He0OX0IMMO TTPOU3BOJANTH PYYHON BBOJ| JAHHBIX B PETH-
CTpHI pe3ynbTara.

Jns HaOmroneHust 3a pabOTON MpOrpaMMbl MOXKHO OTKPBITh HECKOJBKO OKOH,
OTOOPAKAIOMIMX COCTOSTHUE PA3IMYHBIX Y3JI0B MUKPOKOHTPOJUIEPA (CM. PHCYHOK).
OxHa OTKpBIBAIOTCSA HAKATHEM COOTBETCTBYIOIINX KHOMOK Ha MMAHET HHCTPYMEHTOB
WX TIPU BBIOOPE COOTBETCTBYIOMIETO MyHKTa MeHIO View. Ecim B mporiecce BBINOI-
HEHUS NMPOTPaMMBbI B 0UYE€PEIHOM IMKJIE 3HAYEHUE KaKOTO-JIM00 pEerucTpa U3MEHUTCH,
TO 3TOT PErucTp OyJeT BbIIEIEH KpacHbIM IBeTOM. [Ipu 3TOM, eciu B clieayromeM
IIMKJIC 3HAYCHUE PETUCTPA OCTAHETCS MPENKHUM, TO IBETOBOE BBIJICIICHHE OYIET CHSI-
T0. Takoe ke IBETOBOE BBIJICIICHUE PEATM30BAHO B OKHAX YCTPONCTB BBOJAA/BHIBOJIA,
MaMATH U TIEPEMEHHBIX.

CocTostHuE BCTPOEHHBIX TNEPUPEPHUINHBIX YCTPOUCTB MHUKPOKOHTpOJUIEpa, a
TaK)K€ COCTOSIHHSI MTPOTPAMMHOTO CUETYMKA, YKa3aTessl CTeKa, COJAEPKUMOTO peru-
crpa craryca SREG u umHaekcHbIX peructpoB X, Y u Z orobpaxkeno B okue 1/O
Window. B saTom okHe oTpakaroTcsi Bce (PYHKIIMOHATBHBIE OJIOKH MUKPOKOHTPOJLIE-
pa. JIro6oii 010K MOKET ObITh PACKPBIT HAaXKaTHEM Ha ero 3Hayok. [Ipu packpsiTun
OJI0Ka B OKHE OTPAXKAIOTCS aJipeca M COCTOSIHUS BCEX €ro PETMCTPOB U OTACIBHBIX,
JTOCTYMHBIX 111 MoAuduKauu, 6uToB. Kaxaplii JOCTYmHBIN it MOAU(pUKAIIUIU OUT
MOET OBITh YCTAHOBJICH WJIM COpOIIEH KaK MPOrpaMMoOi MO XOAY €€ HCITOJTHECHHS,
TaK U MOJIb30BaTEJIEM BPYUHYIO (YKa3aB KypCOPOM MBIIIN HY>KHBIH OWUT U, IIEITKHYB
JIEBOM KHOTIKOW MBIIIH, MOJH30BATENb MOKET MU3MEHUTh 3HAaUeHUe Outa Ha oOpat-
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HOE), a B PEXUME MPOTPAMMHON CUMYJISAIMH 3TO SBISIETCS CIIOCOOOM HMUTAITUU
BXOJIHOTO BO3JIEMCTBUS HA MUKPOKOHTPOJLIED.

AVRStudio - C:\Proect\Timers2.asm

File Project Edit View Tools Debug ‘Window Help

DSEE & (=)= & #h 4 EE U
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Pucynox 2.4 — OtoOpaskeHre COCTOSIHUS Y3JI0B MEKPOKOHTPOJIIEPA

Hpyrum cniocoOoM 3afaHusi BXOJHOTO BO3JCHCTBUS HAa MHKPOKOHTPOJIIED B
peXKUME CUMYIIATOPA SIBJISETCS MCIOJIb30BAaHME BHEIIHUX (haiiJIoB BXOJHBIX BO3/EH-
cTBuid. @opMar (haiisia BXOJTHOTO BO3JIEUCTBHS OYEHb ITPOCT:

000000000:00
000000039:01
000000040:00
9999999999:FF
31ech 3HaUeHUe, YKa3aHHOE Tociie pazaenutens ":" - 3To mecTHaAaTepuIHOe
MIPEJICTABJICHUE CUTHAJIOB, BO3JICHCTBYIONIUX Ha MOPT MHUKPOKOHTpoOJUiepa. 3Hade-
HUE, YKa3aHHOE JI0 pa3ACeIUTEINs - 3TO ASCATUYHBIN HOMEp LHKIa (C MOMEHTa copoca
MUKPOKOHTpPOJIJIEpa), B KOTOPOM YKa3aHHOE BO3JEHCTBUE MOCTYMaeT Ha BBIBOJbI
rnopra MHUKPOKOHTpoJuiepa. Paill BXOJHOTO BO3ACHMCTBHUS JOJDKEH 3aKaHUYMBATHCS
CTPOKOH C 3aBEIOMO OOJIHIIIMM HOMEPOM IIHUKJIa, B IPOTUBHOM Ciiydae OyJIeT BbIIaHO
cooOmienue o6 ommoOke. s nmoakirodeHus: ¢aiaa BXOJHOTO BO3IECHUCTBUS CIIYKHUT
nyHkT meHro Debug\Options B pasaene Stimuli and Logging. B oTkpbiBIeMcst OKHE
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HY)KHO YyKa3aTh TOPT MHUKPOKOHTpOJUIEpA, Ha KOTOPBIM HY)XHO T0JIaBaTh BO3JECH-
cTBUe, U (aiis 3Toro Bo3aehcTeus. [lonb3oBarenb MOKET co3aaBaTh (hailyibl BO3IEH-
CTBUM, a TaKXe 3alKiChiBaTh W3MEHEHHUS 3HAUYEHUM Ha BBIXOJAX MOPTOB MHKPO-
KOHTpoJuiepa B daiin (hopmar storo (aiiia ToT ke, 4To U y ¢aiisia BXOTHBIX BO3/ICH-
CTBHM).

Jiis 3anucu cinyxut ¢yHkius Logging. B oTKpbIBIIEMCsT OKHE HYXHO yKa3aTh
NOPT MHUKPOKOHTpoOJIepa W WM (aiina Jyuisl 3amucH. 3anucbiBaeMblil Qaitn Oyaet
YAQIATHCS M CO3aBaThCSA BHOBH MPU KaKJIOM BBITIOJTHEHHH cOpOca MUKPOKOHTPOJI-
nepa (Debug->Reset). IToxkmoyaTs (haiiia BXOJHOTO BO3ICHCTBUS WM 337aBaTh UMs
(aiina I 3amucH MOJIb30BaTeNb JOJKEH CaM IPH KaXKIOM 3aITyCKe CHMYJISTOpA.

Caenyer orMetuTh, uTo AVR Studio mmeeT 0YeHb MOITHYIO BCTPOSHHYIO JIO-
KYMEHTAIUIO KakK 1Mo ucronb3oBanuio AVR Studio, Tak ¥ 10 MCTHOIB30BAHUIO CTaH-
JapTHBIX OTJIAJO0YHBIX CPEJCTB Npou3BojcTBa kKommanuu Atmel, a Taxke cucreme
KOMaH]l ¥ BCEMY, 4TO KacaeTcsl MporpaMMHUPOBaHus ¢ ucnosibzoBanuem AVR Studio.
Takum 00Gpa3om, UCIOJIb30BAaHUE BCTPOCHHOW CIPABOYHOU MH(pOpMAIMU U30aBIIseT
pa3paboTuuKa OT HAKOIUICHUS Pa300IeHHON MH(POPMAIIUU, YIUTHIBAs, YTO BCTPOCH-
Has nH(OpMaIUs OOHOBIISIETCS ¢ BBIXOIOM HOBBIX Bepcuit AVR Studio.

AVR Studio BximrouaeT B ceOsi MPOrpaMMHOE OOCCIICYCHHE BEPXHETO YPOBHS
JUTSL YIIPABJICHUS! alllapaTHBIMU CPEACTBAMU MOJIEPKKH pa3paboTOK, KOTOpoe ObLIO
onucano Beie. [lo cpaBHeHHIO ¢ mporpamMmmoii AccemOiiep umeer Oombime QyHK-
[IMOHAIBHBIC BO3MOXXHOCTH (HANpPHUMEp, aBTOMATHUYCCKH IOAKIIOYACT TUPEKTHUBBI
Accembrepa), COAEPKUT OTIAMUUK MPOTPAMM U CHUMYJISITOP MHOTHX THIIOB MHUKpPO-
KOHTpoJuiepoB AVR 1 noaaep:;kuBaeT MHOTHE TUIIBI TPOrpaMMaTOpPOB.
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3 JIABOPATOPHBLIE PABOTBI 110 UCCJIEJJOBAHUIO
MUKPOKOHTPOJIJIEPOB

AVR-MUKpOKOHTpOILIEpaM MPUCYILIHA BCE OCHOBHBIE YEPTHI U XapaKTEPUCTUKHU
COBPEMEHHBIX BOCBMHUPA3PSAHBIX YHUBEPCAJIBHBIX MUKPOKOHTPOIUIEpOB. OJHAKO
OHM MMEIOT NPEHMYIIECTBA MEpPEe]l aHATOTMYHBIMU MHUKPOKOHTPOJIIEpAMH (Hampu-
mep, PIC-koHTposIepamMu) 1o Npou3BOIUTEIBHOCTH, COCTaBY KOMaH U, KPOME TOTO,
(Gupma-pon3BOIUTENIb CBOOOJHO PacHpOCTpaHseT YAOOHYIO cpeny pa3paboTKu —
AVR Studio.

[ToaTomMy, ¢ OJHOM CTOPOHBI, ’TU MHUKPOKOHTPOJUIEPHI MOKHO 3(P(EKTUBHO
HCIIOJIb30BaTh B Pa3IMYHBIX pa3paboTKax, BKIOYas KypCOBOE U TUIIIOMHOE MPOEK-
TUPOBAHUE, A, C APYroil CTOPOHBI, MOTYT SIBJISATHCSA YAOOHBIMU OOBEKTaMH Ui UC-
CJIEIOBaHMSI MUKPOKOHTPOJIJIEPOB B J1a0OPATOPHBIX YCIOBUSIX.

OTu cooOpakeHUs CTaIU OCHOBOM BBIOOpA 3TUX MUKPOKOHTPOJUIEPOB B Kaue-
CTBE 00BEKTOB JIAOOPATOPHBIX UCCIETOBAHUM.

3.1 MHccnenoBanue apupMETHIECKUAX U JIOTHUCCKUX KOMaHT

OTH KOMaH[IbI TO3BOJIIOT BBIMOJHATH CTAaHIAAPTHBIE JIOTHYECKUE OIepaIiuy
HaJ OaiiTamu, Takue Kak 'Jorudeckoe ymHoxenue' (M), "nmoruueckoe crmoxeHue"
(UJIN), onepanuro "uckmrouaroriee MJIN", a Taxke BrlunciaeHHEe 0O0paTHOTO U J0-
MOJIHUTENILHOTO KOJI0B uncia (tadmuna 3.1). K 3Toit rpynmne MOKHO OTHECTH TaKkKe
KOMaHbl OYHMCTKH/YCTAaHOBKH PETUCTPOB M KOMaHJy IIEpECTaHOBKH TeTpaa. Bcee
oTIepaIiuy MPOU3BOATCS HAJl PETHUCTPAMH OOIIEro Ha3HAUCHUS, PE3yIbTaT COXpaH -
ercst B onHoMm 13 POH. Bce nornueckue omnepanuu BBIMIOJHSIIOTCA 32 OJMH MalllMH-
HBIN IIUKII.

Tabnuna 3.1 — I'pynmna KomMaH]1 JOTHYECKHUX OTepaIyii

MHueMoHuKa Onucanue Omneparnus [uknp] @maru
AND Rd, Rr |"JIoruueckoe 1" nsyx POH Rd =Rd * Rr 1 ZNYV
ANDI Rd, K |"JTornueckoe " POH u KOHCTaHTHI Rd=Rd*K 1 ZNYV
EOR Rd, Rr |"HUckmrouaromee MJIN" nsyx POH Rd = Rd ® Rr 1 ZNYV
OR Rd, Rr |"Jloruueckoe MJIN" nyx POH Rd-RdvRr 1 Z N,V
ORI Rd, K |"JTornueckoe NJIN" POH u KOHCTaHTHI Rd=RdvK 1 ZNYV
COMRd |ITepeBox B 0OpaTHBIiA KO Rd = $FF - Rd 1 |ZCNV
NEG Rd |IlepeBoa B JOTIOJHUTEIBHBIN KO Rd = $00-Rd 1 |Z,CN\V,H
CLRRd |Copoc Bcex paspsgo POH Rd =Rd ® Rd 1 ZN\V
SERRd |VYcranoBka Bcex pazpsuos POH Rd = $FF 1 —
TST Rd IIposepka POH Ha oTpunatensHOe NI HY- Rd.Rd 1 ZNV
JIEBOE 3HAUYCHHUE
SWAP Rd |O6men mectamu TeTpan 8 POH l;?j((?;a)) _: l;?j((;%))’ 1 —
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3.11  IIporpamma uccienoBaHUsI OCHOBHBIX JIOTHYECKUX KOMaH]]
.include "2313def.inc"

rimp RESET;
RESET:
Idi r31, low(ramend) ; popmupoBanHe cTEKA
out SPL, r31 ; B BepxHel yactu [CO
;¥*F** Jlornueckoe yMHOKEHHE COACPKUMOT0 PErucTpoB r16 u rl7
Idi r16, Oxff ; 3aHecenue koga $FF B peructp rl6
Idi r17, 0x55 ; 3aHecenue koaa $55 B peructp rl7
and r16, r17 ; PE3YNIbTAT JIOTHYECKOTO YMHOXKEHUs perucrpe 16

;¥**%  Jlorndeckoe CI0XEHUE COAEPKUMOro peructpa rl7 1 KoOHCTaHTbI
Idi r17, 0x55 ; 3aHecenue koaa $55 B peructp rl7
ori r17, Oxof ;JIOT. CIIOKEHHUE COIepKUMOro peructpa rl7 u xoncrantsr $0f

;¥*F** Jlornueckoe CI0KEeHHUE COACPIKUMOTo PerucTpoB r18 u rl9

Idi r18, 0x05 ; 3aHecenue koaa $05 B peructp rl8
Idi r19, 0x50 ; 3anecenne koaa $50 B peructp rl19
orrl8, r19 ; IOTHYECKOE CIIOKEHHUE COJEPKUMOTO peructpoB 18 u r19

jF*F* - CroeHHe 1o MOAYITIO JIBa COepKUMOro peructpoB 20 u r2l

Idi r20, 0x55 ; 3anecenne koaa $05 B peructp r20
Idi r21, 0xfO ; 3aHecenne koaa $50 B peructp r21
eor r20, r21 ; cioxkenue "'mMoa 2" conepikumoro peructpos r20 u r2l

;¥¥R%% OOHyneHHe U yCTaHOBKa BCEX pa3psAa0B perucrpa rl8
clrrl8 ;00HYyJIeHHEe peructpa rl18
ser rl8 ; peructpa rl8

EXIT

Ha pucynke 3.1 npezacrasieHo pabouee moje MporpaMMbl, OTpa)karoliee co-
CTOSIHUE PErHCTPOB OOLIEr0 Ha3HAUEHUS! U PETUCTPOB MPOLIECCOpa MOCIE BBIOJIHE-
HUsI KOMaHJIbl JIOTHYECKOTO YMHOXEHUSA. B X0/1€ BBIITOJIHEHMS POrpaMMbl B ITOIIa-
TOBOM PEXHUME CTYJEHTHI IOJKHBI OTCIIEKUBATh U3MEHEHUE COCTOSHUS y3JI0B MHUK-
POKOHTpOJUIEpa B paboveM I0JI€ MPOrpaMMBbl.

K rpynne apupmMernueckux KOMaHJ OTHOCATCS KOMaH/bl, BBIMOJHSIOIINE Ta-
K€ 0a30BbIE ONEpally, KakK CI0KEHHUE, BBIYUTAHME, CIBUT (BIPaBO U BJIEBO), MH-
KpEMEHT U JAeKpeMeHT. Bce onepannu npousBoaATCs TOJNBKO HAJl PETUCTPaMU 00I11Ie-
ro HazHauyeHus. [Ipu 3TroM mMukpokoHTposuiepsl AVR m03BOMSIOT JIETKO ONEPUPOBATH
KaK 3HAKOBBIMH, TaK U 0€33HAKOBBIMU YUCIIaMH, a TaK’Ke paboTaTh ¢ YucIaMu, Ipea-
CTaBJICHHBIMH B JIOMIOJIHUTEILHOM KOJE.

Bce xomaHabpl paccMaTpuBaeMOl TPYIIbI BBHIOJHSIOTCS 32 OJMH MallMHHBINA
LMKJI, 32 UCKJIIOYEHHUEM KOMaH]l, ONEPUPYIOLIUX NBYXOaWTOBBIMU 3HAYEHUSIMU, KO-
TOpbIE BBITIOJHSIOTCS 32 JIBa LIUKJIA.
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Pucynok 3.1 — OtoOpaxeHne COCTOSHUS Y3JI0B MUKPOKOHTPOJUIEPA MOCIIE BBITIOIHEHUS KO-
MaH/Ibl JIOTUYECKOTO YMHOXEHUS

3.1.2 TIporpamma uccien0BaHNs OCHOBHBIX apU(PMETHIECKUX KOMaH]T

.include "2313def.inc"

rimp RESET;

RESET:
Idi r31, low(ramend) ; hopMHpOBaHHE CTEKa
out SPL, r31 ; B BepxHeu yactu O3Y

**  CnoxeHue coJepKUMOro peructpos 16 u rl7

Idi r16, 22 ;3aHeceHue 22 B peructp rl6
Idi r17, 100 ;3aHecenue 100 B peructp rl7
add r16, r17 ;PE3yIbTAT CIIOKEHUs B I'16

j¥E*E CnoxeHue uncen ¢ pa3HbIMU 3HAKaMH B TOTIOJTHUTEIEHOM KOJIE

Idi r16, -7 ;3aHeceHue -7 B peructp rl6
Idi r17,5 ;3aHecenue 05 B peructp rl7
add r16, r17 ;PE3yIbTAT CIIOKEHUS B I'16

;pmaru N=1 (otpunar. 31a4.) S=1 (MeHbIIIe HYJIs)
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j¥RE*  CnoxeHHe mapbl PErHCTPOB C KOHCTaHTOM (0=<K=<63

Idi r24, Oxff ;3aHeceHue yrciaa 511 B mapy
Idi r25, 01 ;PETUCTPOB 25 r24
adiw r24,01 ;PE3YIBTAT CIIOKEHUs B 25 124

aleiaie ;CII0’KEHHE BO3MOKHO TOJIBKO ¢ Tlapamu 24, r26, r28, r30

;¥H%%  BplunTaHue U3 perucTpa KOHCTaHTHl 0=<K=<63
Idi r22, 0x05 ;3aHecenue koza $05 B peructp r22
subi r22, 1 ;BBIYUTaHHE | U3 COIEPKUMOTO 22

j¥Rk*  JlekpeMEeHT U MHHKPEMEHT COIEPKUMOTO PETUCTpa
dec r22 ;yMEHbIlIeHHE Ha | copep:kumoro r22
inc r22 ;yBenn4eHnue Ha 1 comepkumoro r22

J¥FEX CHBUT COACPIKUMOTO PETHCTPA
Isl r22 ;CIIBUT COJICPKUMOTO 22 BiieBO Ha 1 paspsia

Isr r22 ;CIIBUT COJICPKUMOTO 22 BripaBo Ha 1 paspsin
EXIT

3.2 HccnenoBaHue BETBSIIUXCS YIaCTKOB IMPOTPAMM

3.21  KoMaHzpl THIA «IIPOBEPKA/TIPOITYCK»

B koMaHJax 3TOro Tuiia NpOU3BOJIUTCSA MPOBEPKA YCIOBUA,

pe3ysbTaT KOTOPOM BIMSIET HA BBINOJIHEHHE CIENYyIOIIEed KoMaHAbl. Ecimu ycnosue
UCTHHHO, CIIeAyrolas KoMaHjaa urHopupyercs. Hampumep, xomanga SBRS Rd.b
npoBepsieT pa3psaa b peructpa R m urHOpHpyeT CIemyIONIyl0 KOMaHIy, €CIH 3TOT
paspsn paBeH «1». B 1elcTBUTENBHOCTH NEPEXO K CIEAYIOMIEN HHCTPYKIUU ITPOU3-
BOJUTCS YBEJIMYEHUEM CUETUYHMKA KOMAH]I Ha 1, a IpoIycK KoMaHAbl TpeOyeT 3arpys-
KM HOBOT'O 3Ha4Y€HHMsI B CUETUMK KOoMaH[. Clle10BaTeIbHO, KOT1a POBEPSAEMOE YCIIO-
BHE HCTUHHO, B KOHBEWEpPE BO3HUKAET 3aJ€pKKa. JIUTENBHOCTD 3a1€pKKHA 3aBUCUT
OT MPOMYCKAEMOUN KOMaH/bl U COCTABJISIET OT OJTHOTO J0 JBYX MAIIWHHBIX IUKJIOB.

3.2.2  KoMaHJsI yCIOBHOTO Mepexo/ia

B 3Tux koMaHax Mpou3BOAUTCS MPOBEPKA YCIOBHUS, pE3yIbTaT KOTOPOW BIIM-
S€T Ha COCTOSHUE CUETUMKA KOMaH[. Ecnu ycioBHe€ MCTUHHO, MPOUCXOJIUT MEPEXO]
110 3aJIJaHHOMY ajipecy. Eciu e yCioBHE JIOKHO, BBIIIOJHAETCS CIEAYIOIIAasi KOMaH-
na.

KoMmaH[bl yCIIOBHOTO Mepexo/ia UMEIOT OrpaHuYeHue 1Mo 00J1acTu nencTBus, B
JIEHCTBUTEILHOCTH HOBOE 3HAYCHHE CUETUYMKA KOMAH] MOydaeTcsl MpruOaBIeHUEM K
HEMY WJIA BEIYMTAHUEM U3 HErO HEKOTOPOTO CMEIICHUS. A MOCKOJIBbKY O] 3HAYEHUE
CMEIICHUS B CJIOBE KOMaH/bl OTBOJIMTCS BCETO 7 OWT, MaKCUMaJIbHAsl BEJIMYMHA TIe-
pexopaa cocrasisieT ot -64 1o +64 cios.
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Tak kak mepexoj Mo 3aJaHHOMY aapecy OCYIIECTBIIIETCS 3arpy3KOil HOBOTO
3HAYCHHUS B CUCTYMK KOMAaHJ, TO B ClIydae MCTHHHOCTH MPOBEPSIEMOIO YCJIOBHS B
KOHBelepe BO3HHUKACT 3aJIepiKKa JUTUTSIIbHOCTHIO B OJIMH MAITUHHBIN ITUKIL.

3.2.3  KomaHnasr 6€3yCI0BHOTO Mepexo/ia

Jl1st 6e3ycioBHOro niepexoja mo TpedyeMomy ajipecy B MaMsTH MPOrpaMM Hc-
Moab3yr0TCsl KoMaHabl oTHocutenbHoro (RIMP) u xocsennoro (IJMP) nepeBonos,
T.K. MUKpokoHTpoiuiepsl AVR cemeiictBa Classic He nmeroT komaHIbI aOCOIOTHOTO
nepexoza (Takas KOMaH/Ia UMEETCSI B MUKPOKOHTPOJUIEPAX APYTUX CEMEUCTB, 1INy u
Mega).

3.2.4  OtHocuTenbHBIN IEpexoa — komaunga RIMP

JlesiTenbHOCTh KOMaHABl 3aKII0YaeTCs B M3MEHEHUH COACPKHMOTO CUETUHKA
KOMaH/I IyTeM prOaBIeHHS K HEMY WJIM BBIYUTAHUS U3 HETO HEKOTOPOTO 3HAYCHHUS,
SBIISIOIIETOCS OTIEPAaHA0M KOMaH/Ibl, KaK TTOKa3aHO Ha pUCYHKe 3.2.

CrnenyeT MOMHUTH, YTO JIaHHAs KOMaHJa IMEET OrpaHUYCeHHE 110 001acTh JIei-
ctBUs. Tak Kak onepas]i mpejcTaBisieT coOoi 12-pa3psiiHOe YKo, MaKCUMaJbHas
BEJIMYMHA Mepexoia cocTaBisieT oT -2047 no +2048 cnos (+4 KoOaiir).

B mporpamMmax B KauecTBEe OINEpaH]IOB 3TOM KOMaHIbl BMECTO KOHCTaHT HC-
MOJIB3YIOTCS METKU. AcceMOJiep caM BBIUMCISIET BEIMUMHY Iepexo/ia U MOACTaBIsAET
3TO 3HAY€HHUE B CJIOBO KoMmaHibl. [IpommmocTpupyeM ckazaHHOE CIEAYIOUIUM IpH-
MEpOM:

cpi rl6,$42 ;CpaBHuBaeM peructp rl6 c auciom $42
brne error ;Ilepexon, eciu rl6 <> $42
rimp ok ;be3ycioBHBIN TIEpex0/1
error:
ok: nop ;Mecto nepexona no komanae RIMP

HOCKOJ’ILKy KOMaHAa OTHOCUTCIIBHOT'O IICPCXO0aa U3MCHACT COLACPKUMOC CUCT-
YHnKa KOMaH/J, OHA BBIIIOJIHACTCA 3a 2 MaIIMHHBIX OUKJIA.

3.2.5  Kocsennsrii nepexon — komanaa |[JMP

B pesynbTaTe BBINOTHEHUS 3TOW KOMAaHJbI IporpaMma MpoJ0JIKAET BBIOJ-
HATBCS C ajJpeca, HaxOoJsIIerocs B MHIAEKCHOM peructpe Z. Takum oOpaszom, nes-
TEJILHOCTh KOMaHbl CBOJUTCA K 3arpy3Ke COAEPKMMOTO MHAEKCHOTO pPEerucTpa B
CYETYUK KOMAaH]I.

B otinure 0T KOMaHbl OTHOCUTEIBHOTO MEPEX0/1a TaHHAsI KOMaH/la HE UMEET
OTpaHUYCHHUI 1O 00yacTh AeUcTBUS. [|elCTBUTENHHO, TTOCKOJIBKY WHIEKCHBIA pe-
ructp 16-pa3psaHbiii, MAKCUMaJIbHO BO3MOJKHASI BEJIMYMHA NIEPEX0JIa COCTaBIAET 64
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Kcmos (128 Ko6aiiT), a HaubombpImii 00beM aMATH IPOTrPaMM MUKPOKOHTPOJIEPOB
cemeiicTBa — Bcero 8 Koaiir.

Kak u xoMaHJa OTHOCHUTEIBHOTO MEPEX0/ia, KOMaH/la KOCBEHHOTO IMepexojia
BBITIOJIHAETCS 32 2 MalTUHHBIX [UKIIA.

3.2.6  KomaHnjbl BbI30Ba MOAMPOrpamMM

C xomMaHJamMu BbI30Ba MOANPOTrpaMM B MHUKpOKOHTpoisiepax AVR cemelicTBa
Classic neno oOCTOUT TaK ke, KaK U ¢ KOMaHAaMu 0e3yCIIOBHOT0 nepexoja. Jlis Bbl-
30Ba MOJNPOrpaMM HMMEETCA JBE KOMaHIbl: KOMaH/a OTHOCHTEIBHOTO BbI30Ba
(RCALL) u xomannaa kocsennoro Bei3oBa (ICALL).

3.2.7  OTHOCHUTEIBHBIN BBI30B MoIporpamMmbl — komanaa RCALL

Ecnu HE mpuHUMAaTh BO BHUMAaHUE HEKOTOPBIC OTIMYHS, ONMMCAHHBIC HIUKE, 3Ta
KOMaH/1a paboTaeT TakK ke, Kak 1 KOMaH/1a OTHOCUTEJIBHOTO 0€3yCIOBHOTO Mepexo/ia
RIMP.

Komanga RCALL coxpaHsieT B cTeke 3Ha4CHHE CUETUYHMKa KOMaHJ. 3aTeM COo-
JIEP>)KUMOE CUETUYMKA KOMaH][ YBEJIMYMUBACTCS WM YMEHbIIIAETCS Ha HEKOTOpPOE 3Ha-
YeHue, sBIsIoNIeecs ornepaHaoM komaHabl (pucyHok 3.2). Ilockonbky omepann
MpeACTaBiIsieT cobor 12-pa3psiiHOe YKciio, MaKCUMallbHasi BEJIMYMHA TEpexoa Co-
ctaBisieT ot -2047 o +2048 cnoB (+4 Koaiir).

B mporpammax B KauecTBe OIEpaHIOB dTOM KOMAaHJIbI, KaK M B CIydac KOMaH-
16l RIMP, ucnons3yroTcst MeTku. AccemOJiep caM BBIUUCIISIET BEJIMUMHY MEepexoja U
MOJICTABJISIET 3TO 3HAYCHUE B CJIOBO KOMAH]IbI

KoMaH1a OTHOCUTEIIBHOTO BBI30Ba MOIIPOTPAMM BBITIOTHICTCS 32 3 MallnH-
HBIX IMKJA, JBa M3 KOTOPHIX 3aTPAayMBAIOTCS Ha COXPAHCHHE B CTEKE NBYX OaWT
CUYeTUYMKA KOMaH]I.

MamaTs TP P MR

m
o

1]

15 1110 0

KO k
B $1FF/3FF/7FF/FFF

" MonoxeEsUe DEIPAN0E K NOKANRHG YOG

Pucynox 3.2 — OTHOcuTenbHas aapecalys NaMsiTi IPorpamMm

3.2.8  KoceHnblil BbI30B noanporpamMmsl — komanaa ICALL

Ecau He IIPpUHUMATb BO BHUMAHHUC HCKOTOPBIC OTIMYMUJI, OITMCAHHBIC HUXKC, OTad

KOMaHAa padoTaeT Tak ke, KaKk M KOMaHJa KOCBEHHOro 0e3yCIOBHOTO Mepexojia
IIMP.
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Komanma ICALL coxpaHseT B cTeKe 3HaY€HUE CUETUYMKA KOMaHA. 3aTeM B
CUETUMK KOMaH]l 3arpy>KaeTcsi COAEPKUMOE MHIEKCHOro peructpa. [lockonbKy MH-
JEKCHBIN peructp 16-pa3psaHblil, MAKCUMAJIBHO BO3MOKHAs BEIMYHMHA NIEPEX0/IA CO-
craBiset 64 Kcno (128 Ko6aiit). [TosToMy ganHas KOMaHJa HE UMEET OTpaHUYCHUN
no o0yacTu ACUCTBHS, T.K. HAMOOJBIINI 00bEM MaMATH MPOTPAMM MHUKPOKOHTPOJI-
nepoB cemerictBa — Bcero 8 Koaiit. Kak m xomanga RCALL, komaHaa KOCBEHHOTO
BBI30Ba MOANPOTPaMM BBINIOJIHAETCA 32 3 MAIIMHHBIX KA.

3.2.9  KomaHjbl BO3BpaTa U3 MOAIPOrpaMm

B xoHIe kaxmaon moAmporpaMMbl 00S13aTEIBHO JTOJDKHA HAXOAUTHCS KOMaH/Ia
BO3BpaTa M3 Hee. B cucteme KOMaH] MHUKPOKOHTPOJUIEPOB CEMEICTBA UMEIOTCS JIBE
TakuxX KoMaHnel. J[J11 BO3BpaTa w3 OOBIYHON MOANPOTPAMMBI, BBI3BIBAEMON KOMaH-
namu RCALL u ICALL, ucnions3yercs komanaa RET. Jlyis Bo3Bpata U3 nmoAmnporpam-
MbI 00pabOTKH MpepbIBaHUS UCcToNb3yeTcs komanaa RETI.

O6e KoMaH/Ibl BOCCTAaHABIMBAIOT U3 CTEKA COJIEPKUMOE CUETUHKA KOMaH/I, CO-
XpaHEHHOE TaM Iepej Mepexo oM K noamnporpamme. Komanaa Bo3BpaTta U3 mojmnpo-
rpammbl RETI nononnurensHo ycranaBinuBaet B 1" ¢uar obmiero paspemienus mpe-
peiBanuii | peructpa SREG, cOpacsiBaemblii anmapaTHO MPU BO3SHUKHOBEHHUH MIPEPHI-
BaHMS.

Ha BbImoiHEeHUE Ka)K10i1 U3 KOMaHJ BO3BpaTa U3 MOANporpamMMel TpedyeTcs 4
MAaITUHHBIX ITAKIIA.

3.2.10 IIporpamMmbl UCCIIEIOBAHUS BETBSIIIUXCS] YIACTKOB MPOTPAMM
rhkkkkkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkikhkhhhkkhkhhkihkkhhkhkkihhihkkhihkkihhihkkhhhkihkihiikikx

;¥*¥**  HccnenoBaHue BETBALIMXCS yYaCTKOB IPOrpaMm
.include "2313def.inc"

rjimp RESET,;

RESET:
Idi r31, low(ramend) ; hopMHpOBaHUE CTEKA
out SPL, r31 ; B BepxHel gactu O3Y

rhkAhhkhkAAAhkAAAAAAkAAAkAAhkAAhkhhhkhhhkhkhhhkhhhkhhhkhhhkihhkhihkhihkhkihkhkihiiikx
’

jF*FXE - Opraruzanys MUKJIOB IMTPH MOMOIIY KOMaH]l yCIOBHOTO Mepexo/ia
;¥*** M OTHOCHTENIBHOTO 0€3YCIOBHOTO Mepexoaa

Idi r16, 0x05 ; 3aHecenne koaa $05 B peructp rl6
loopl:
decrl6 ;YMEHBIIIEHHE CofepkuMoro rl16 ial
breq equal ;€CJIM PaBHO HYIIIO, TO Tiepexon Ha "equal”
rjimp loopl ;MHaJYe — Ha Havayo nukia "loopl”
equal:
nop ;JIyCcTas onepanus
loop2:
inc rl6 ;yBeIMUeHue coaepxkumoro rl6 nal

cpi r16,$05 ;cpaBHenue r16 ¢ uncmom $05
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brne loop2 ;€CJIM HE paBHO HYIIO, TO nepexo Ha "loop2"
rjimp ok "MHA4e — BBIXO U3 nukia 'ok"

ok:
nop ;ITyCTast OIeparus

fRAEAARAAAAAAARAAAAAAAAAAAAAAhhAhhAhAhhAdrAhdhhhhhhhhhhhkihhihhiiiiiih
’

¥F** OpraHuzanus BETBICHUS MPU OMOIIY KOMaHIbl KOCBEHHOTO

;¥*** Ge3ycIIoBHOrO nepexona ijmp uepes perucrp Z

.EQU loop3h = 0x01
.EQU loop3l = Oxff

Idi zI, loop3l ; 3aHecenue koaa nepexosa B peructp z|l (Miamir. 4acTh Koja)
Idi zh, loop3h ; 3aHecenue koaa nmepexoaa B peructp zl (ct. + yacTh K0/1a)
nop

nop

.ORG Ox1ff
nop
ijmp loop3
EXIT

3.3 HccrnemoBanue mopToOB BBOJIa-BEIBOAA

3.3.1  OOmme cBeneHUs

Kak u moOble apyrrue MUKpOKOHTpPOJUIEphl, MUKpOKOHTposuiepsl AVR cemeit-
crBa Classic umeror mopTsl BBOa/BhIBO/IA. KaXKabIii IOPT COCTOUT U3 OMPEICIICHHO-
r'0 YHCJIa BBIBOJIOB, YEPE3 KOTOPHIC MUKPOKOHTPOJIIEP MOXET MPUHUMATD HIIH TIepe-
JaBaTh NMU(PPOBBIC CUTHAIBI.

KonudecTBO MOCTYMHBIX MOPTOB, WM, €CIU TOYHEE, KOJIMYECTBO KOHTAKTOB
BBO/JIa/BBIBOJIA, SIBJISIETCS OJHUM W3 OCHOBHBIX MapaMeTpPOB, BIUSIONMIUX HA BBIOOP
KOHKPETHON MOJIeNT MUKPOKOHTPOJIIEpA.

— AT90S1200 umeer aBa moprta BBoja/BeiBoga: B (8-paspsiambiii) u D (7-
pa3psaHbiii). O01iee KOJIMYeCTBO KOHTAKTOB BBOJ1a/BbIBOJIA paBHO 15;

— AT90S2313 Takxe MMeeT JBa TopTa BBoAa/BEIBOAA: B (8-paspsmusll) u D
(7-pa3psa-Helit). O0IIEee KOJIMYSCTBO KOHTAKTOB BBOIa/BBIBO/IA PaBHO 15;

— AT90S/LS2323 umeet oauH 3-pa3psaHbIN IOPT BBOIA/BbIBOA B,

— AT90S/LS2343 umeet oauH S-pa3psaHbIi IOPT BBOAA/BEIBOAA B,

— AT90S/LS2333, AT90S/LS4433 umerot mo Tpu mopTa BBoJa/BeiBoga: B (6-
paspsia-ueiii), C (6-paspsinabiii) u D (8-paspsinabiii). O0Iee KOJIMYECTBO KOHTAKTOB
BBOJ1a/BbIBOIa paBHO 20;

— AT90S/LS4434, AT90S/LS8535 umeroT 1o 4eThipe 8-pa3psAaHbIX MOPT BBO-
na/seiBosia A, B, C u D. O01iee KoIMIecTBO KOHTAaKTOB BBO/1a/BBIBOJI PaBHO 32;

— AT90S4414, AT90S8515 Takke MMEIOT MO YETHIpE 8-pa3psSAHBIX ITOPTOB
BBoaa/BeiBoaa A, B, C u D. O0miee Ko1n4ecTBO KOHTAKTOB BBOA/BBIBOJIE B D THX MO-
Jensax paBHO 32;
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— AT90C8534 numeer onuH 7-pa3psaHblid MOPT A4 U J1Ba BXOJAa BHEUIHUX Ipe-
ppIBaHUI. B TaHHOM MUKpPOKOHTPOJUIEPE NPUCYTCTBYET TaKKe U 6-pa3psaHbIA aHa-
JIOTOBBIM BXOJHOW mopT. Takum oOpazom, oOllee KOJIMYECTBO KOHTAKTOB BBO-
71a/BBIBO/IA B 3TOM MOJIETTH paBHO 15;

Bo Bcex MHKpPOKOHTpoJUIEpax ceMmencTBa, 3a HUckioueHueM A790C8534,
OOJBIIMHCTBO KOHTAaKTOB BBOJIa/BbIBOJIAa MMEET JOIMOIHUTENbHbIE (YHKIIMH, T0-
CKOJIBKY ATH BBIBOJbI TAK)K€ MCIOJIB3YIOTCS NepUdEepUiTHBIMHU YCTPOMUCTBAMU MUKPO-
KOHTpOJLIEpa.

KoudurypupoBanue kaxxaoil JUHM MopTa (3ajJaHue HaNpaBJICHUs Tepeaadu
JAHHBIX) MOXET OBbITh MMPOU3BEJICHO MPOTPaMMHO B JII000I MOMEHT BpemeHH. Bxo-
HbIe Oydepsl MOPTOB MOCTPOEHBI 10 cxeme Tpurrepa Lllmurra. s nunuit, ckoHpU-
I'YPUPOBAHHBIX KaK BXOJHBIE, UMEETCS BO3MOKHOCTH IOJKIIFOUEHHS] BHYTPEHHETO
MOATSATUBAIONIETO pe3ucTopa conpotusiaeHueM 35...120 kOM MexIy BXOJIOM U MPO-
BogoM nutanusi Ucc. Kpome Toro, ecnu BbIBOJ (BXO) € MOAKIOYEHHBIM BHYTpPEH-
HUM MOATATHBAIOIIUM PE3UCTOPOM MOAKIOYUTH K OOIIEMY MPOBOAY, OH MOXKET
CILy’KUTh UCTOUHUKOM TOKA.

MakcumanbHasi Harpy304Hasi CHOCOOHOCTh BBIXOJIHBIX Oy(epoB MOpPTOB BBO-
na/BeiBojia Tipu JjorudeckoM "0" Ha BeIxojae cocrtaBiseT 20 MA. bmarogaps aTomy
MUKPOKOHTPOJIJIEP MOXKET HEMOCPEICTBEHHO YIIPABIIATh CBETOJAUOIHBIMUA UHIUKATO-
pamMu, OUTIOJISIPHBIMU U TIOJIEBBIMU TPAH3UCTOPAMU, a TAK)KE HETIOCPEACTBEHHO OBITH
MOJKIIFOUEHHBIM KO MHOTMIM THUIIaM JIaTYUKOB.

BoBIIMHCTBO BBIBOJIOB TMOPTOB MOAJECPKUBAIOT abTEPHATUBHBIC (DYHKIIMH
BCTPOCHHBIX MepUDEPUINHBIX YCTPOUCTB MUKPOKOHTpoJUiepa. Bece mopThl sBIAIOTCS
JIBYHAIIPABJICHHBIMHU MOPTaMU BBOJIa-BbIBOJIa C OMIIMOHATBHBIMU MOJTATUBAIOIIUMHU
pe3ncTopamu.

3.3.2  Oo0paieHue kK mopTaM BBO/Ia/BbIBOJIA

YrporieHHas CTpyKTypHasi CXeMa 3JIeMEHTa BBOJIA/BbIBO/IA MIPUBEICHA HA PHU-
cynke 3.3. 3necb DDRX - OUT KOHTpOJISI HaNpaBJICHUS EPEAAYN JAHHBIX U TTPUBSI3KH
BbIBOJIa K 1mHEe mutanus (Vcc), PORTX - Out npuBs3ku BbiBoja K Ve M OUT BBIXO/I-
HbIX AaHHBIX, PINX - OuT 17151 0TOOpa)xeHus JIOTMuecKoro ypoBHsI CUTHaJa Ha (U3H-
YEeCKOM BBIBOJIE MUKpocxembl. Ha pucynke 3.4, B KadyecTBe NpuMepa MpHUBEICHA
CTpYKTypHass cxema nmepBoro paspsaa mopra D (PD1) wmwukpokoHTposuiepa
AT90S4434.

OOpaienre K mopTaM MPOU3BOJIUTCS Yepe3 PErHCTPhl BBOIA/BBIBOJIA, IPUYEM
MoJT KaXAbli MOPT B aJpeCHOM MPOCTPAHCTBE BBOJIA/BbIBOJIA 3apE3E€PBUPOBAHO IO 3
aapeca (tabnuma 3.2). [lo aTum agpecam pa3MemmaroTcs TPU PETUCTPA - PETUCTP JaH-
HbIX nopta PORTX, peructp Hanpasienust fanHbix DDRX 1 peructp BbIBOAOB NOpTa
PINX. Pa3psiapl 3TuX peructpoB uUMeErOT HazBaHus Px7..PxO — 1is perucrpos
PORTX, DDx7...DDxO — mnsa peructpom DDRX u PINX7...PINXO — nns peructpon
PINX. JleiicTBuTebHBIC Ha3BaHUSI PETUCTPOB (M MX Pa3psJiOB) MOJTY4YarOTCs MOJCTa-
HOBKOI Ha3BaHUs MOpPTa BMECTO CHMBOJA «X», COOTBETCTBEHHO IJIsl TIOpTa A peru-
ctpsl Ha3eiBalOT PORTA, DDRA, PINA, nis nopta B — PORTB, DDRB, PINB u T.1.
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[TonoxeHue 3TUX perucTpoB B JAPECHOM MPOCTPAHCTBE BBOJIA/BBIBOJIA TIPUBEICHO B
tabmune 3.2. [Ipu copoce MukpokoHTposuiepa peructpsl DDRX u1 PORTx ouninaroT-
Cs1, @ BCE BBIBOJIBI IIOPTOB TIOCTIE cOpOca yCTaHABIUBAIOTCS B TPEThE COCTOSHUE.

‘ DDRx
[ - Pull-lup
PORTxX 5
-~ e
PINx - i

]

Y

DDRX - 6um xonmpons nanpasnenus nepedayu OaHHbIX U NPUBA3KU 8b1600A K WUHE NUMAHUSL
(Vce); PORTX - 6um npusssku evisooa k Vee u 6um svixoouvix oanusix, PINX - 6um omo6-
PAadHCeHUs I02UHECKO20 YPOBHS CUSHALA HA (PUUUECKOM 8bl800E MUKPOCXEMbl

Pucynox 3.3 — CTpykTypa pa3psijia nopra BBOAa/BbIBOIa

oo S
[
[=]

Crnenyer 3ameTuTth, yTo peructpbl PINX Ha camMoM jene peructpamu He SIBIIS-
I0TCSI, 110 ATUM aJipecaM OCYIIECTBISIETCS JOCTYI K (PU3NYECKUM 3HAUYCHUSIM CUTHA-
JIOB Ha BbIBOAax nopTta. COOTBETCTBEHHO, OHH JOCTYIHBI TOJIBKO JUIsl YTECHUS, TOT1a
kak peructpbsl PORTX u DDRX gocTynHbl U AJi YT€HUS, U JJIs 3allUCH. A B MUKPO-
KoHTposuiepe AT90C8534 peructp BHIBOJOB MOpTa BOOOIE OTCYTCTBYET, T.K. €IUH-
CTBEHHBIN TIOPT ATOW MOJCIH SBJISICTCS TOJIBKO TOPTOM BBIBOJIA.

RD

0

Gpoc
|
R

1 LLiHa ganHsx

Pxm

2.

=

TXEN

V

L TXD
WP — 3anucv ¢ PORTD; WD —3anuce 6 DDRD; RL —Umenue pecucmpa-
sawenxu nopma; RP —Ymenue cocmosnus évieooa nopma; RD —Umenue
pecucmpa DDRD; TXD — UART.nepedasaemvie dannvie; TXEN— UART
paspeuienue nepeoayu

Pucynok 3.4 — CtpykrypHas cxema kanaia PD1 mukpokonTpomepa AT90S4434
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[TopsinkoBBI HOMEP BBIBOJA TIOPTA COOTBETCTBYET, PA3yMeeTCsl, MOPSIKOBOMY
HOMEPY pas3psifia perucTpoB 3TOro mopta. [losTomy ecium pa3psiTHOCTh MOPTa MEHBIIIE
BOCBMH, B PETHCTpPax MOPTa MCIIOIB3YETCS COOTBETCTBYIOINIECE YMCIIO MIIAIIIHNX Pas-
psanoB. HesaaeiicTBOBaHHBIE CTapIHe pa3psabl PETUCTPOB IOCTYIMHBI TOJIBKO IS
YTeHUS U Bceraa coaeprkar 0",

Taxkum 00pa3om, 3amuch B IOPT O3HAYAET 3aMUCh TPEOYEeMOTO COCTOSTHUS IS
Ka)XIOTO BBIBOJ]a MOPTa B COOTBETCTBYIOIIMNA pPErucTp MaHHBIX mopta PORTx. A
YTEHHE COCTOSHUU TIOpTa BBIMONHICTCS UYTECHHEM JIMOO perucrpa JaHHBIX IMOpTa
PORTX, mu60 peructpa BeiBojioB nmopta PINX. ITpu uTeHun peructpa BBIBOJOB IOpPTa
PINX mpoucXOauT CUMTHIBAHWE JIOTUYECKUX YPOBHEH CHTHAJIOB, PUCYTCTBYIONIUX
Ha BBIBOJIaX MOpTa. A MpH dTe-

HUMA pPErucTpa HaHHBIX IOpTa Ta6HI/IHa 3.2 - AJ:[peca PETUCTPOB ITOPTOB BBO-
PORTX mnpoucxoauT cCuUuThIBa- J1a/BBIBOSIA
HHUE JAHHBIX, HAXOJAIIUXCSI B Ilopr| Hassa- | Anpec oo < 0
HUE pe- N S D™ 0
peructpe 3amenke nopra. Ilpu- JdAYYodAIYs A
rucTpa gmmm%gmmﬁgg
YEeM CKa3aHHOE CIPABEIINBO N2 I3 03D
DNSKDADADD DD I Y
Kak IS BXOJHBIX, TaK W IS IS 29398
BBIXOJHBIX KOHTAKTOB. e < R e ':E b < ;
KOHTpOJ'IBHOC YTCHUC CO- PORTA [$1B ($3B) 0 0 |0
crosguus BeIBOJOB moprta PINX | 4 |DDRA |$1A ($3A) ol o lo
MOCJIE 3alKCH B MOPT (3aIucCh B PINA  [$19 ($39) 0|0
peructp PORTX) Heo6xoaumo PORTB |$I8($38) |0(0| 0 | O | O | O
BBINIOJIHUTh C 3aJICPKKON, YUH- B |DDRB [$17($37) 1010 0 | O | 0 | O
TBHIBAIOIICH €MKOCTHYIO PINB $16 ($36) 10j0} 0 | 0 | 0 0
y PORTC |$15 ($35) 0]0]o0
Harpysky Ha BBIBOJAX INOPTA. | - |ppRC  |$14 ($34) olol o
OTO0 MOKHO BBIINOJHUTL C TIO- PINC  |$13 ($33) ol ol o
MOLIBIO OJHOM WIIM JBYX KO- PORTD1[$12 ($32) [0]0 oo o
MaH[ mycThix komaua NOP. D |DDRD |$11($31) |0]|0 0|0 O
PIND $10($30) (0|0 0 0 0

3.3.3  Koudurypupo-
BaHHUE MIOPTOB BBOJIa/BHIBOJIA

Kak yxe ObU10 OTMEUYEHO, TOPTHI UMEIOT BCETO JIBE BO3MOXKHOCTH MO KOH(DU-
TYPUPOBAHUIO:

— 3aJlaHie HalpaBJICHUs Mepe/laur JaHHbBIX (BXOJl WU BBIXO);

— TMOJAKIIOYEHUE/OTKIIOUEHUE BHYTPEHHETO MOATATHUBAIOIIETO PE3UCTOPA.

Hamnpapnenue nepenadn JaHHBIX ONPEIETSETCS COAECPKUMBIM PETUCTpa Inepe-
nauun ganHeix DDRX. Ecnu paspsn DDRxn - 3TOro perucTpa ycraHoBieH B "1, cooT-
BETCTBYIOIMIA N-I BBIBOJ MOpTa sBIAETCS BhiXxoAoM. Ecnu xe pazpsg DDRXn storo
peructpa coporiex B 0", COOTBETCTBYIONTUI BBIBOJ IMOPTA SBISICTCS BXOJIOM.

A BOT ympaBJiieHHE MOATITHBAIOIINM PE3UCTOPOM OCYIIECTBIIETCS C MOMO-
mpio peructpa nanubix nopra PORTX. Ecnu paspsan Pxn peructpa PORTX ycTaHOB-
jeH B "1" U COOTBETCTBYIOIIMM BBIBOJ MOPTA SIBJISETCS BXOJOM, MEXKIY STUM BBIBO-
JIOM ¥ TPOBOJIOM IMUTAHUS TMOJKIIOYAETCS MOATATUBAIOIIUN pe3ucTtop. UToObl OT-
KJIFOYUTh TOATATUBAIONIUN PE3UCTOP, HEOOXOIUMO JTIMOO COPOCHUTH COOTBETCTBYIO-
it paspsia peructpa PORTX, 1100 caenath BEIBOJ MOPTa BBIXOIAOM.
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Ta6muna 3.3 — Brnusuaue peructpoB DDRX u PORTX Ha koHurypaiuio BbI-
BOJIOB TIOPTOB

Pazpsiapl peru- |bynkuuu| Pesucrop
CTpOB BBIBOJIA
DDRxn | PORTxn
0 0 BX0J | oTkiodeH |Tperse cocTosiHME
0 1 Bxon |moakitoueH |[Ipu moaxiroueHnu BbIBOIA K 00IEMY IIPOBOAY SIB-
JISI€TCSL UICTOYHUKOM TOKa
1 BBIXOJ] | OTKJItoYeH |Bbixoxa ycranonseH u "0"
1 1 BBIXOJl | OTKItOueH |Bbixon ycranosien B "1"
Ipumeuanue: N=7,..0 Homep 8vi8ena (pazpso nopma,).

3.34  Ilpumepbl KOHPUTYPUPOBAHUS

[Ipennonokum, 94TO BCE BBIBOABI 8-pa3psiAHOrO Noprta A ONpEeNeseHbl KaK BbI-
XOJIbl U TpeOyeTcsl yCTaHOBUThH Mutaamme 4 paspana B "1", a crapmme 4 paspsga — B
"0". DTO MOXKHO OCYIIECTBUTH MYTEM 3alMCU B 3TOT MOPT COOTBETCTBYIOIIETO 3HA-
YEHUs, KaK IOKa3aHO HUXKE.

; [Iporpamma BeiBoza urciaa OFh u3 mopra 4
include  "8515def.inc"

rimp RESET ;Reset Handle
RESET:
;3aJIaHME HaIpaBJICHUS Tepeaadn
Idi ro,$FF ;3amuch yrciaa FFh B peructp r0
out DDRA,r0 ;3amuch urciaa FFh B peructp DDRA
;3amuch ynciaa OFh B mopt A
Idi ro,$0F ;3amuch urciaa OFh B peructp r0
out PORTAO ;3amuch ynciaa OFh B mopt 4 (0..3=«1», 4. .7=«0»)

Teneps MpeAnoa0XKUM, YTO BCE BBIBOJABI NOPTAa A ONpPENETIEHbl KaK BXOABI U
TpeOyeTcsl y3HaTh UX COCTOSIHUE. DTO OCYIIECTBIISAETCS CIEIYIOIIUM 00pa3oM:

;IIporpamma uTeHUsS! COCTOSIHUS BBIBOJIOB ITOpTa A
include "8515def.inc"

rimp RESET ;Reset Handle
RESET
;3aJJaHKe HAIIPABJICHUS TIEpeIaun
Idi ro,$FF
out DDRA,r0
;3amuch yrciaa OFh B mopt A
Idi ro,$0F ;3amuch ynciaa OFh B peructp r0
out PORTA,r0 ;3amuch ynciaa OFh B mopt 4 (0..3=«1», 4. .7=«0»)
;(bopMUpOBaHUE 3aJEPKKU
nop ;IycTas onepanus

in r0,PINA ;B peructpe 0 - cUTHaJBI HA BRIBOJAX MopTa A
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HpI/IBGILGHHBIe IMPHUMEPLI CO3HATCIbHO YIIPOLICHEI. Bce BbIBOJbI UCITOJIB3YIOTCA
MO0 TOJBKO KakK BXOJHI, a100 TOIBKO Kak BBIXO/BbI. PaSYMeeTCH, MOJXHO 3aJ1aTb
KOH(i)I/II‘ypaHI/IIO Ka’>XI0ro BbIBOJAd HC3aBUCHUMO OT OCTAJIbHBIX, TaK YTO B OAHOM IIOP-
Ty 6y,HYT HaXOIUTHCA OTHOBPEMCHHO KaK BXOIbI, TAK U BBIXOBbI.

3.4 HccnenoBaHue Taiimepa

bonpIMHCTBO 3ama4 ynpaBieHUsl, KOTOPbIE pEeAN3yrTCa ¢ nomombio MK,
TpeOYIOT UCIOJHEHUS UX B peajgbHOM BpeMeHH. [lo1 3TuM nonumMaercs cnocoOHOCTh
CUCTEMBI MOJTYYUTh HH(HOPMALIUIO O COCTOSIHUM YMPaBIIEMOro 00bEKTa, BHITIOJIHUTH
HE0OXOAMMBbIE paCUETHBIE MPOLEAYPHI U BbLAATh YIPABISAIOIINE BO3ACHCTBUS B TEUE-
HUE€ MHTEPBAJIa BPEMEHH, IOCTATOYHOT'O IS KEIAEMOT0 U3MEHEHHS COCTOSHHS 00'b-
eKTa.

Boznarate ¢pyHkuu GpopmMupoBaHus yIpaBlIeHUs B peajlbHOM Maclitadbe Bpe-
MEHH TOJIbKO Ha LIEHTPalIbHbIN IpoLeccop HeAPPEKTUBHO, TAK KaK 3TO 3aHUMAET pe-
CYpCBhl, HEOOXOIMMBIE JIsi pacueTHhIX npouenyp. [loatomy B GONbIIMHCTBE COBpE-
MeHHBIX MK ncnonb3yercst annapaTHas nojjep:kka padoThl B peaJbHOM BPEMEHHU C
UCIIOJIb30BAaHUEM TaliMepa (TaliMepOoB).

Moynu TailMepoB city>Kat Juist puemMa HHPOpMaIi O BpeMEHH HaCTYTIIICHUS
T€X WJIA UHBIX COOBITUN OT BHEUIHUX JATYMKOB COOBITHI, a Takxke i (popMupoBa-
HUSl YIIPABISIIOIIMX BO3IEUCTBAN BO BPEMEHMU.

PaccMOTpUM NPUHLMUITBI TOCTPOEHUS U PEXKUMBI PaOOTHI TAHMEPOB HA MPHUMeE-
pE BOCBMHpPA3PSITHBIX YHUBEPCATBHBIX MUKPOKOHTpOJuIepoB AVR cemeiictBa Classic.

3.4.1  Taiimepsl mukpokoHTpoiuiepoB AVR cemeiictea Classic

MuxkpokoHTposutepsl cemeiicTBa Classic, B 3aBUCMMOCTH OT MOJICIIH, UMEIOT B
CBOEM COCTaBe OT OJHOTO J0 TpeX TaiMepoB obOmiero HazHaueHus — 10, T1, T2 u
oauH cropoxeBoit Taiimep WDT, oGecnieunBaromiuii nepe3anyck MUKpPOKOHTpOJLIEpa
IpH 3alMKIMBAaHUU TIporpaMM. B Tabmuie 3.4 mpuBeneH COCTaB TaliMEpOB MHUKPO-
KoHTpouiepoB ceMerictBa Classic, a B Tabiuie 3.5 — BBIBOJIBI, HCIIOJIB3yEeMbIC Taii-
Mepamu.

8-paspsaubiii Taiimep 70 umeeTcs BO Beex Moaensax. OH MOXKET UCIOJIb30BaTh-
Cs TOJIBKO JJI OTCYETA M M3MEPEHHUS BPEMEHHBIX MHTEPBAJIIOB WM KaK CUETUYHK
BHEIIHUX COOBITHH. [Ipy mepenosHeHnn CYEeTHOTO PETHCTpa TaitMepa reHepupyeTcs
3ampoc Ha mpepbiBaHue. 16-paspsanbiii Taiimep 77 u 8-pa3psansblii Taiimep 72 3a
CUeT BBEACHHUS JOMOJHHUTEIbHBIX almapaTHBIX CPEICTB BXOMHOTO 3axBara (input
capture — IC) u BeIxogHOrO cpaBHeHus (output compare — OC) o6mamaroT 6osee Iu-
POKHMH BO3MOXKHOCTSIMH PeaN3allii alifTOPUTMOB PEATLHOTO BPEMEHH. DTH TalMe-
PBI TaK)K€ MOTYT MCIOJIb30BAThCS B KaU€CTBE MIMPOTHO-UMIYJIbCHBIX MOAYJSATOPOB.
Taitmep 72, kpoMe TOro, MOKET paboTaTh B ACHHXPOHHOM (OTHOCUTEIBHO TAKTOBOTO
CUTHaJIa MUKPOKOHTPOJIIEPA) PEKUME.

B mukpoxontpomiepe AT90C8534 8-pa3psanbiii Taiimepa/cuerunka 70 u 16-
paspsiiHbiii 7/ (yHKIMOHAIBHO UJICHTHUYHBI U MOTYT HMCIOJIb30BaThCS TOJBKO IS



MVKPOKOHTPOJIJIE PH 56

(hopMHUpOBaHUS BPEMEHHBIX HHTEPBAJIOB.
Kaxnaplii  Talimep/cueTdux
(kpomMe TalMepOB/CUETUNKOB B

AT90C8534) Henonbayer ouH Ta6nuna 3.4 — TaitMepbl/CYETIYMKH PEeaTbHOTO

BPEMEHHU
uiu 6oJiee BHIBOJIOB ITOPTOB BBO- P ——— P B B
a/BbIBOJIa MHUKPOKOHTPOJUIEPA P FIRLLILRD
it )it P TP pa. QLAY I IS <
11 - 8 2 N ;MmO um 3 ﬁ Nl
pU COBMECTHOM HCIMOJIb30Ba LABAARAAA T AR
o SO
HUM  JUHWA ~ [OPTOB  BBO- § % 2RBB|T B § °§ Q
71a/BBIBOA Cc Taiimepa- o R N RN N FEN S )
e Rl R YS
MU/CUETUMKAMU HEOOXOIUMO Ca- Tativep/oterank 70 |+ | +| + - - Tt
MOCTOSITEJIBHO ~ CKOH(Urypupo- Taitmep/cuerunk T/ + + + |+ |+
BAaTh BBHIBOJIbI B COOTBETCTBHHU C  |Taitmep/cuerdnx T2 +

uX (QYHKIMOHAIBHBIM Ha3HaYe-
HUEM (BXO/JI/BBIXO]T).

Tabnuna 3.5 — BeiBo/IbI, HCTIONIB3YEMbIE TallMepaMu/CYeTUUKaMU

Hazsa- oo oo |<w Onucanue
e S8182 |28

S 9 NN (NS (S (T

S |8 122(23(22 |98

— A S = ==l I~ e o]

(7p] (7] v U (V2N 7)] v U v U

© |© |©o0 |0 |©o |8

(o)) (o] o o o O o O o O

E |E |EE|EE|EE |EE

< < CC | CC | CLC | <L
T0 PD4|PD4| PB2 | PD4 | PBO | PBO |Bxon BHemiHero curHana taiimepa 70
Tl — |PD5| — | PD5 | PBI PBI |Bxon BHemiHero curnana taiimepa 7' /
ICP — |PD6| — | PBO | PD6 | ICP* |Bxon 3axBara Taiimepa 7'/
0Cl1 — |PB3| — | PBl | — —  |Bbixog cxemsl cpaBHeHus TaliMepa 71
OCIlA4 — | — — — PD5 | PD5 |Toxe
OCIB | — | — — — | PD4 |OC IB*|Toxe
ocC?2 — | =1 — — | PD7 —  |BbeIxog cxemsl cpaBHeHMs TaliMepa 12
TOSC1 | — | — | — — | PC6 —  |Bxox mis moAKITIoueHUsT pe30HaTopa
TOSC2 | — | — — — | PC7 —  |BpIXog ans noAxiIroYeHus: pe3oHaTopa

* BplieJIeHHbIN BBIBOJ MUKPOKOHTpOJIEpa (HE JIMHUS TOpTa BBOJ1a/BbIBOJIA).

3.4.2 Taitmep T0

8-pa3psiaHbiil Taitmep/cueTdrk 7(0) MOXKET UCTIONb30BaThCS I (OPMHUPOBAHUS
BPEMEHHBIX UHTEPBAJIOB WM JJI NOJICYETa Yucia BHEIHUX cOObITHI. CTpyKTypHas
cxema Taiimepa 70 npuBeeHa Ha pucyHke 3.5.

B cocraB taiimepa Bxoast: peructp ynpasienus (TCCRO); cueTHbIil peructp
(TCNTO); 610k ympaBieHusi Taiimepom. Dar mepenojHEHUS CYECTHOTO PErHucTpa
taiimepa TOVO Haxonutcs B peructpe uiaroB npeposiBanuii taitmepoB TIFR. Pa3zpe-
HIEHWE W 3alpelicHuEe NpepbIBaHUM OT Taiimepa 70 OCYIIECTBISIOTCS YCTAHOB-
koii/copocom ¢mara TOIEOQ peructpa TIMSK.

Cuetnsiii peructp taiimepa TCNTO moctyrieH B m000ii MOMEHT BPEMEHH Kak
JUTsl uyTeHus1, Tak ¥ Juis 3anucu. [lpu 3amucu B peructp TCNTO Bo Bpemsi paboTh
TaiiMepa cueT OyAeT MPOJOJDKEH B CIEIYIOIIeM 3a KOMaHAOM 3alycy MallMHHOM
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nukie. [locne nogaun Hanpspkenus nutanus B peructpe 1CNTO Haxoautces HyneBoe
3HA4YECHHUE.

Janpoc Ha NpePLIBaHKue
«Mepenonserue T,/C0-
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CusTHLIA pErMcTD TakToBbLIA CArHan Bnok CK
(TCNTO) YNpaeneHua 10

l I

Pucynok 3.5 — CtpykTypHas cxema Taitmepa/cuetunka 70

[Ipu nepexoze taiimepa u3 coctosiaus "$FF" B coctosaue "$00" ycranapiu-
Baetcs ¢iar TOVO peructpa TIFR u renepupyercs 3ampoc Ha npepsiBanue. Paspe-
[IICHWE TPEPHIBAHUSI OCYIIECTBIsAETCA ycTaHoBkoi B "1" paspsma TOIEO peructpa
TIMSK npu ycraHoBieHHOM (hiare oOIIero paspernieHus: mpepbiBanuii [ peructpa
SREG.

Taitmep 70 moxeT paboTaTh B IBYX pEeKUMAX:

1. Pexxum Talimepa.

B stom pexume Ha BXOJ Paspsia (7]6]5[4]3] 2 [ 1 [ 0 |
TauMepa IOCTYNalT HUM- HaumenoBanune - - - - - (£s02 Cs01 Cs00

MyJIbCHI TAKTOBOTO CHTHA- Yrenue(R)3ammecb(W) R R R R R RW R/W R/W
Havanpnoeswauenne 0O O O O O 0 0 0

Pucynok 3.6 — ®opmat peructpa TCCRO

na MUKPOKOHTpOJIIEpa
(HemocpeACTBEHHO W
yepe3 NpeIeIUTEeNb).

2. Pexum cyeTuynka coObITUHA. B 3TOM pexnuMe WMHKPEMEHT COAEP’KUMOIO
CUYETHOTO PETHUCTpa MPOM3BOIUTCS MO aKTUBHOMY (ppoHTy curHasa Ha Bxoae TO
MUKPOKOHTpPOJIIEpa.

Br16op pexxuma paboThl (MCTOYHUKA TAaKTOBOTO CHTHAJA), a TAKXKE 3alMyCK U
OCTaHOBKa TaliMepa OCYHIECTBIISIIOTCA ¢ moMotbio paspsagoB CS02...CS00 peructpa
ynpasienus TaiiMmepom TCCRO (pucynok 3.6), pacmomoskenHoro mo aapecy $33
($53). CooTBeTcTBHE MKy COCTOSTHUEM 3THX PA3PSIOB U PEKUMOM pabOThI TaliMe-
pa/cyeTdnka mpuBeAeHo B Tabmuie 3.6. OcraibHbIE pa3psibl PETUCTPa JTOCTYITHBI
TOJILKO JJ1s1 uTeHus u coaepxkar "0".

[Ipu ucnonp3oBaHUU TaiiMepa B PEKUME CUETa BHEIIHUX COOBITHI HEOOXOIu-
MO TIOMHHTB, YTO CHTHAJ, MPUCYTCTBYIOIINI Ha BBIBOJE 10, CHHXPOHH3HUPYETCS C
9JaCTOTOH TaKTOBOT'O T€HEpAaTOpa MUKPOKOHTpOJLIepa (COCTOSTHIE BbIBOAAa 10 CUNTHI-
BaeTcs 1O HapacTaronieMy (GpOHTY BHYTPEHHEro TaKTOBOTO cUrHaia). [loatomy ans
oOecrieueHrss KOPPEKTHOW pabOThI TaliMepa OT BHEIIHETO CHUTHaja IMPOMEXKYTOK



MVKPOKOHTPOJIJIE PH 58

BPEMEHU MEXy COCETHUMH UMITYJIhCAMU JIOJDKEH OBITh OOJIBINE Tepruoa TAKTOBOTO
CUTHaJIa MUKPOKOHTPOJIIEpA.

OOparure BHUMaHUE, YTO MHKPEMEHT COJIEPKMMOT0 CYETHOI'O PErucTpa Tail-
Mepa/cueTdrKa Tpu paboTe B peKUME cueTa BHEITHUX COOBITHIA MPOU3BOIUTCS JTaXKe
B TOM CJIy4ae, €CJH BbI-
Bog 10 ckoHbUTYpHUPO-

Tabmuma 3.6 — Beibop ucToYHMKA TAKTOBOT'O CUTHAA JIJIS
BaH KakK BBIXOJ. JTa 0CO-

taiimepa TO

OCHHOCTh JaeT MOJIB30-  [5302/CS01[CS00 VICTOYHUK TAKTOBOTO CHTHAJIA
BaTCIIIo BO3MOJKHOCTb 0 0 0 |Taiimep/cueTyrK OCTaHOBJICH
OpOrpaMMHO  YIPaBIATH 0 0 1 |CK (makmosvlil cuenan Mmuxpokonmpoiepa)
IPOLIECCOM CUETA. O | 1| 0 |CKS
0 1 1 |CK/64
1 0 0 |CK/256
3.4.3  Taiimep 110 | 1 |CKI1024
T] I 1 0 |Crnapmarommii GpoHT UMIYIIbCa HA BEIBOJIE 70*
1 1 1 |Hapacratoumii (GpoHT UMITyJIbCa Ha BBIBOJIE
16-pa3psaHblii TO*
TaﬁMep/ cueTuuK I'1 pea- B mooemu ATIOC8534 snavenus «110» u «111» paspsooe CS02...CS00
JU3YET CIICIYIOIIUC 3apesepsuposansl (pedicum cuem HEeUHUX COObIMULL OMCYMCMBYent).
GbyHKINU:

— (QopMupoBaHUE BPEMEHHBIX HWHTEPBAJIOB (AHAJIOTMYHO (YHKIMM TaliMepa
10);

— IIOJICYET YMCJIa BHEITHUX COOBITHH (aHATOTHYHO QyHKIMH Takimepa 70);

— BXOJHOH 3axBaTta (input capture — /C) — coxpaHEHHE TEKYIIETO COCTOSHUS
TaiiMepa B otaenbHoM PBB 110 BHemHemMy curHainy;

— BBIXOJHOTO cpaBHeHus (output compare — OC) — popmupoBaHue MpepbiBa-
HUS [IPU PaBEHCTBE COJIEP>KMMOr0 CUETHOTO PErUCTpa 3aJJaHHOMY 3Ha4YE€HUIO;

— redepauus LLIM-curnana.

CymiecTByeT Tpu BapHaHTa pacCMaTpUBAEMOIo TaiiMepa/cyeTurKka B 3aBHCH-
MOCTH OT MOJICJIM MUKPOKOHTposuiepa. PaccmoTpuMm cTpykTypy Taiimepa 7'/ MUKpo-
koHTposutepa AT90S8515 (pucynok 3.7).

B cocTtaB TaliMmepa BXOAsT yeThipe 16-pa3psaHbIX peructpa (CYETHBIM PETUCTP
TCNTL1, peructp 3axBara ICR1, peructpwsr cpaBuenuss OCRIA u OCRIB), 16-
pa3psAIHBIN KOMITapaTop, NiBa 8-pa3psiaHbiXx yropasisionux peructpa TCCRIA wu
TCCR1B, a taxxe 0J0K yIpaBJIeHUS TAHMEPOM.

JIBa npyrux BapraHTa UMEIOT COKpAIEHHBIN HAOOP YCTPOUCTB.

Bce dmaru coctostHus TaiiMepa/cueTdyrka (IEperoHeHUsI, COBNAJCHUS U 3a-
XBaTa) HaXOJATCSA B peructpe ¢uiaroB npepsiBanuii ot taiimepoB TIFR, a pa3pemie-
HUeE/3anpelleHne MpepbIBaHU OT TailMepa OCYILECTBIAETCS YCTaHOBKOW/cOpocoM
cooTBeTCcTBYIOMHUX (hraros peructpa TIMSK.

CuetHblil peructp TaiimMepa 7/ peann3oBaH Kak CyMMHPYIOLIUN (B pekuMe
[INM — kak CyMMUPYIOIINI/BEIYUTAIONIHNI) CUETYUK U JOCTYNEH B JII0OOH MOMEHT
BPEMEHU Kak JUIsl YTeHusl, Tak u jyist 3anucu. [Ipu 3anucu B peructp TCNT1 Bo Bpe-
Msi paboThl TaiiMepa cueT OyIeT MPOJOJIKEH MO CIEAYIOLIEMY 3a Olepallei 3arnucu
MMITYJIbCY TAKTOBOTO CUTHAJIa TaiiMepa/cuerdynka. [locie momaum HanmpsiKeHUs MuTa-
Hus B peructpe TCNT1 HaxonuTcs HyneBoe 3HAUCHUE.
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Ipumeuanue: Iosuyuu pazpsoos pecucmpos TIMSK u TIFR noxazamnwt ycrosno
Pucynok 3.7 — CtpyktypHas cxema Taitmepa 7'/

®uznuecku peructp TCNT1 paszmenien B nByx peructpam TCNTIH:TCNTLL,
pacrnonoxkenHbix 1o agpecam $2D:$2C (ampeca B aapecrom mpoctparctse O3V, co-
otBeTcTBeHHO, $4D:$4C). UroOn! ipu obpariennu LIITY MUKPOKOHTpOJUIEPA K ATUM
perucTpaM 3amuch WM YTEHHE 000MX OaWTOB COAEPKUMOIO CYETHOTO PErHcTpa
MIPOUCXOMIIO OTHOBPEMEHHO, OOpaIieHUue MPOU3BOUTCS C UCIIOIL30BAHNUEM CIICIH-
anbHOrO 8-pazpsiaHoro perucrpe TEMP (3TOT peructp ucmnosnb3yeTcsi TOJIbKO Mpo-
[[ECCOPOM W MPOTPaMMHO HEJOCTYMEH). DTOT K€ PErHCTp UCIOIB3YyeTCs U MpU 00-
paleHH K OCTaJbHBIM 16-pa3psiHbIM peructpaMm Ttaiimepa/cuerynka T11: OCR1
(OCR1A u OCR1B) u ICR1. IIpepsiBanust Ha BpeMsi OOpaIICHUs K JIIOOOMY U3 3THUX
PETUCTPOB JOJKHBI ObITh 3alPEIICHBI.

3amucek B peructp TCNTL1.IIpu 3anmucu crapmiero Gaiita 3HaA4YCHHS] B PETUCT]
TCNT1H on nomemaercs B peructp TEMP. Jlanee, nmpu 3anucu miaamero 6aita B
peructp TCNT1L on oObenunsiercst ¢ comepxkumbiM peructpa TEMP u oba Gaiita
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sanuceiBatoTcss B peructp TCNT1 omHoBpemenHo. M3 cka3zaHHOTO BHAHO, YTO IS
BBITIOJIHEHHUS TIOJHOTO IMKJA 3amucu B 16-pa3psaHblii pEerucTp MEPBBIM JOJIKEH
OBITh 3arpyskeH crapiiuii 6aiT (peructp TCNT1H).

Urenue peructpa TCNTL. Ilpu urennn peructpa TCNTIL (mmammuii GaiT)
coaepxkumoe peructpa TCNT1H nepecbuiaercs B peructp TEMP. A npu nocneny-
fomeM ureHun peructpa TCNT1H BosBpamaercs 3HaueHHE, COXpAaHEHHOE B PETH-
ctpe TEMP. CnenosarenbHo, 1Ji1 BBIIOJHEHHUS IIOJHOW omepanuu 4dTeHus 16-
Pa3psATHOTO PETUCTpa TMEPBBIM OJDKEH OBITh MPOYUTAH MIAIIINN OalT (perucTp
TCNT1L).

YmpasneHue TaiMepom/CI4eTInKOM 1/ OCYIIECTBISIETCS ¢ TIOMOIIBIO IBYX pe-
ructpoB ynpasienuss TCCR1A u TCCR1B (B mogenu AT90C8534 — ¢ moMOIIbIO
oaHoro peructpa TCCR1). Dtu peructpsl pacnosoxensl mo aapecam $2F ($4F) (pe-
ructp TCCR1A) u §2E ($4E) (peructper TCCR1B, TCCR1).

®opmar peructpa TCCRI1A npusenen Ha pucynke 3.8, a peructpo TCCR1B
nu TCCR1 — mna pucynke 3.9. Heucrnosb3yembie pasps/ibl PETUCTPOB JIOCTYITHBI
TOJIBKO JIJISl YTCHHUSI.

Paspsd [ 7 ] 6 [ 5 [ 4 J3[2] 1 [ 0 |AT90S/LS4434
Haumenoeanue COMIAI COMIAO COMI1A1 COMIAO - - PWMI11 PWM10 AT90S/LS8535
YUmen.(R)Ban.(\W) R/W R/W R/W R/W R R R/W R/W  AT90S4414
Hau. 3nauenue 0 0 0 0 0 O 0 0 AT90S8515

Pucynok 3.8 — ®opwmar peructpa TCCR1A

Pazpso | 7 | 6 | 5] 4]3[2]1]o0|
Haumenosanue ICNCI ICES1 - - CTC1CS12 CS11 Cs10
YUmenue(R)Banuce(W) R/W R/W R R RW R/W R/W R/W
Hauanwvnoe 3snauenue 0 0 0 0 0 0 0 0

a)

Paspao | 7 | 6 | 5] 4]3]2]1]0]

Haumenosanue - - - - CTC1CS12 CS11 Cs10

YUmenueR)Banuce(W) R R R R RW R/W R/W R/W
Hauanvhoe 3nauenue 0 0 0 0 0 0 0 0
0)
Pucynox 3.9 —®opmar peructpos: a— TCCRIB; 6 — TCCR1

[lo OTHOIIEHHIO K TAKTOBOMY CHUTHaJy Taiimep/cueTuuk 7'/ MoxeT paboTaTh B
IBYX pEXKUMAaX:

1. Pexum Taitmepa. B aToM pexxnMe Ha BXOJl TaliMepa/cHyeTudKa MOCTYHaroT
MMITYJIbChl TAKTOBOT'O CHTHajla MUKpPOKOHTpoJuiepa (HENOCPEACTBEHHO WM uepe3
MPEICIIUTEND ).

2. PexuMm cyeTunka coObITUM. B 3TOM pexume MHKPEMEHT COAEpXUMOTo [
CUYETHOIO PErucTpa MPOU3BOAMUTCS MO AaKTUBHOMY (pOHTY curHaia Ha Bxoae 77
MUKpPOKOHTpoOJUIepa. BeIOOp MCTOYHMKA TaKTOBOTO CHUTHAJIA, @ TAKXKE 3aIlyCK U OCTa-
HOBKa TaiiMepa/cueTuyrKa OCYIIECTBISIOTCS ¢ moMolibio paspsamoB CS12...CS10 pe-
ructp ynpasienus Taiimepom TCCR IB (tabmuna 3.7).
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[Ipn wcmoOnb30BaHWM BHENIHETO TAKTOBOTO CHUTHAJAa HEOOXOIMMO TOMHHTH,
YTO OH CHHXPOHHU3HUPYETCS] C YAaCTOTOW TAKTOBOTO TeéHepaTopa MUKPOKOHTpPOJIIepa
(coctostue BbIBOAa 7/ CUMTHIBAETCS MO HapacTaronieMy (GpOHTY BHYTPEHHETO TaK-
ToBOTO curHana). [lostomy st obecnedeHHs KOPPEKTHOW pabOThl TaiMepa OT
BHEIITHETO CHUTHAJa MPOMEXYTOK BPEMEHH MEXKIY COCEITHUMH UMITYJIbCAMH JTOJDKEH
OBITH OOJIBITIE TTEPHOIA TAKTO-
BOTO CHTHAJIa MUKPOKOHTPOJI-

Tab6mmia 3.7 — Be160p MCTOYHHKA TAKTOBOTO CHTHA-
na st taumepa T1

JIepa. Peructp TCCR1B W CTOYHHK TAKTOBOTO CUTHAJA
[Ipy  wWcHonb30BaHUK  |(TCCRL)

BHEINHET'O0 TAKTOBOI'O CUTHAaJIa CS12 |CS11|CSs10

UHKPEMEHT COJIEPIKUMOTO 0 0 0 |TaiimMep/c4eTYNK OCTAHOBIICH
CYETHOTO perucTpa Taiime- 0 0 1 |CK (TakTOBBIi CUTHAJI MUKPOKOHTPOJI-
nepa)

pa/cueTynKka  MPOU3BOJUTCS

0 1 0 |CKI8
AaK€C B TOM ClIydac, €CJIN BbI- 0 1 1 |CK/64
BOoJl 7'/ ckoH(UTYpUPOBaH Kak 1 0| o |cx2s6
BBEIXOJI. JTa OCOOEHHOCTL Ja- 1 0 1 |CK/1024
eT TIOJIb30BATEII0O BO3MOXK- 1 1 0 |BeiBog T/, MHKpPEMEHT CUYETUYHKA - 110
HOCTh MPOTPAMMHO  YIIPaB- criajaioeMy QpoHTy uMIyJIbce™
1 1 1 |BeBoxa 7'/, MHKPEMEHT CUETUYHKA - TI0

JIATh IMMPOICCCOM CUCTA.

HapacTauemMy GpoHTY HMITyIIbCe™®

*B moodenu ATIOCS534 suavenus «110» u «111» paspados
CS12...CS10 3apesepsuposanvl (pexcum cuema 6HeUWHUX CO-
Ovimuti omcymcmeyem,).

3.4.3.1 Pexum Taiime-
pa

[TpuHun pabotel TaliMepa 7/ B 3TOM pexuUME TaKOW Ke, Kak U Taiimepa/
caetynka 70. [lo kaxmaoMy UMITyJIbCy, TOCTYHAIOIIEMy Ha TAaKTOBBIA BXOJ TaliMe-
pa/cdeTdymKa, MPOU3BOIUTCS MHKPEMEHT COAepKUMOro cuetHoro peructpa TCNTL,
IIpu mepexome Taiimepa/cuetdrka u3 cocrosuus "SFFFF" B cocrosame "$0000"
ycranaBnuBaerca ¢iar TOV1 peructpa TIFR u renepupyercs 3amnpoc Ha npepbiBa-
Hue. Pa3penienne nmpepbiBaHus ocyliecTBiseTcs yctaHoBkod B 1" paspsima TOIEL
peructpa TIMSK (pazymeercs, ¢uar obmiero pasperieHus: npepsiBanuii [ peructpa
SREG Taxke 10JKEeH ObITh ycTaHOBIIEH B "'1").

3.4.3.2 ®ynkuus 3axsata (Capture)

Jannast QyHKIMS 3aK/II04aeTCs B COXPAHEHUU B ONPECIIEHHBI MOMEHT Bpe-
MEHHU COCTOSIHUSA TaiiMepa/cuerunka B peructpe 3axBata ICR1. Oto nelicTBue moxer
MPOU3BOAUTHECS JMOO MO aKTUBHOMY (poHTy curHana Ha BbeiBoge ICP mukpo-
KOHTpPOJIJIEPA, TUOO MO CUTHAIIY OT aHaJIOTOBOro Kommapartopa. [Ipu 3Tom ycTaHaB-
nuBaetcst guar ICF1 peructpa TIFR renepupyercs 3anpoc Ha npepsiBanue. Paspe-
IIEHUE MpepbIBaHUs ocyllecTBisieTcs ycraHoBkoil B "1" paspsima TICIEL peructpa
TIMSK.

VYrpoluieHHast CTpYKTypHasi cXema y37a, BBITOJIHSAONIETO AaHHYIO (YHKIHUIO,
npuBeeHa Ha pucyHke 3.10.
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Jna ympaBieHMst cxXeMou 3a- ICP
MNogasnenwe| | Bobop -
XBaTa MCHOJIb3YIOTCS JIBa paspsja pe- e wpowra |+ 1CF1
ructpa TCCRI1B: ICNC1 u ICESI. - ¥ ¥
Pazpsn ICNC1 ympabisier cxemon | ICNC1 ICES1
L AC
noaasieHus noMmex. Eciu atoT paspsan o AES

copomen B "0", cxema mnopaBieHusi ACIC - paspewenue 3axéama no ACO; ACO - 6b1x00

MIOMEX BBIKJIIFOUYEHA M 3aXBaT IMPOMU3- Komnapamopa
BOJUTCS TO TepBoMy ke akTuBHOMy PHCYHOK 3.10 — CrpykTypHas cxema y3ia
¢ponty Ha BbeBoge ICP  mukpo- 3axBara

KOHTpoJuiepa. Eciu sxe 3ToT paspsia yctaHoBieH B "'1", TO IpH MOSABIEHHE AKTUBHOTO
¢ponTa Ha BeiBosie ICP nmpousBoauTcst 4 BEIOOPKH C 4acTOTOM, paBHOM TaKTOBOM ua-
CTOTE MHUKPOKOHTpPOJIIEpA. 3axBaT OyI€T BBIIIOJHEH TOJIBKO B TOM CIIydae, €Clid BCE
BBIOOPKHU MMEIOT YPOBEHb, COOTBETCTBYIOIINM aKTUBHOMY (ppoHTY curnHana (sor. "1"
JUIs1 HapacTarolero u Jjior. "0" s cnagaromero).

AKTUBHBIN (PpOHT curHaia, T.e. GPOHT, MO KOTOPOMY OYyJIET BBIMOJIHEHO CO-
XpaHEHUE COAECPKUMOTO CUYETHOI'O PETUCTPA B PETUCTPE 3aXBaTa, ONPEAEISAETCS CO-
crostaueM paspsina ICES 1. Ecnu atot pa3psia copoiier B "0", TO aKTUBHBIM SIBIISIETCA
cnagatouuit GpoHT. Ecnu e 3ToT paspsin yctaHoBjIEeH B ""1", TO aKTUBHBIM SIBISIETCS
HapacTatoumii GpoHT. Pazymeercs, BoiBoj ICP nomken ObITh CKOHPUTYpHPOBaH Kak
BXOJIHOH, T.€. pa3psj peructpa ynpasienus noprom DDRX, cooTBercTBytomuii gan-
HOMY BBIBOJ1Y, IOJKEH OBITH cOporeH B "0".

@usnueckn peructp 3axBata |ICR1  pasmemen B JAByX perucrpax
ICR1H:ICR1L, pacmonoxkeHHbIX 1Mo aapecam $27:$26 (agpeca B aapecHOH Ipo-
ctpanctBe O3Y coorBercTBeHHO $47:$46) WM JNOCTYMHBIX TOJBKO JUIs uTeHUsA. [lo-
CKOJIBKY PETHCTp 3axBarta sIBISIeTCS 16-pa3psaHbIM, MPU €0 YTEHWHU HCIIOJIb3YEeTCs
BpemeHHbIN peructp TEMP. Ilpu urennn peructpa ICRIL (Mnamgmmii 6aiiT) comep-
KHUMOe dTOoro perucrpa mnepecbutactcs B LITY, a comepxkumoe peructpa ICRH
(crapmuit 6aiiT) coxpansercs B peructpe TEMP. [Ipu urenun peructpa ICR1H Bo3-
BpallaeT 3HaueHue, coxpaHeHHoe B peructpe TEMP. CnenoBatenbHo, npu 4TeHUU
peructpa ICR1 nepBeiM nomkeH ObiTh mpounTad peructp ICRIL. [IpepriBanus Ha
BpeMs oOpaiteHust K peructpy |CR1 nomkHbI OBITH 3ampeiieHsbl.

3.4.3.3 ®ynkuus cpaBaenus (Compare)

Hannast GyHKIMS 3aKITI0YaeTCs B HEMPEPHIBHOM (Ka) bl MAaITUHHBINA ITHKIT)
CPaBHEHUHU COJEPKUMOTO CYETHOTO perucTpa taiMepa/cueTdyuka ¢ YMciIoM, Haxos-
mieMcst B peructpe cpaBHeHus. [Ipu coBmageHUM COAEPKUMOTO 3THUX PETHCTPOB
yCTaHaBIMBaeTcs (hjar COOTBETCTBYIOIIETO MPEpBhIBaHMs, a TaKkKe MOTYT BBINOJ-
HATBHCS APyTUE ACUCTBHUSL.

KonnuecTBo peructpoB cpaBHEHHMs, a TAK)XKE€ UX HAa3BAHUS OTIMYAIOTCA B pa3-
JUYHBIX MOJEISIX MHUKPOKOHTposuiepoB (cM. Tabnuiy 3.8). I[lpuduem B momensix,
MMEIOIIUX IO JIBa PErucTpa CpaBHEHUs, OTepaIisl CPaBHEHUS TPOU3BOIUTCS HE3aBH-
CHUMO JUTS K&KJOTO PETUCTpA.

Ecnu cocTosiHue TaiiMepa CTaHOBUTCSI PaBHBIM YMCITY, HAXOSIIEMYCSl B PETH-
CTpE CpaBHEHHS, TO B CIEAYIOIIEM MAaITUHHOM IMKJIE yCTaHABIMBAETCS COOTBET-
CTBYIOUIUI 3TOMY peructpy uar npepoiBanus B peructpe TIFR nns perucrpa OCR1
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— ¢nar OCF1, ansa peructpa OCR1A — ¢uar OCF1A, nns peructpa OCRIB — ¢dnar
OCF1B) u renepupyeTtcst 3anmpoc Ha npepbiBaHue. Pasperienue npepbiBaHUil OCy-
HIecTBIsIeTCS ycTaHOBKoW B "1" cooTBercTByromux ¢(raroB peructpa TIMSK
(OCIEL, OCIE1A u OCTEIB nns peructpoB OCR1, OCR1A u OCR1B cootBert-
CTBEHHO).

Hapsiny ¢ ycranoBkoii ¢imara  Tabmuma 3.8 — Peructpsl cpaBHCHHS TaliMe-

B peructpe TIFR mpu paBeHcTBe pa/cuerunka T1
CUCTHOI'O PpPETUCTpAa MU PCrucTpa Mozeib PeFI/ICTp CpaBHCHU
CpPaBHCHHA MOT'YT BBIIIOJIHATBHCSA H HepBBIﬁ BTOpOfI
6 - rena/ T90S/LS2333 -T90S/LS4433 | OCR1
CcOpOC TAMEPA/CUCTHIKA | 1905/ 54434 -T90S/LS8535 OCRIA | OCR1B
(tombio ang perncrpos OCR1 u T9084414/8515 OCRIA | OCRIB
OCRIA):

— W3MEHEHHE COCTOSHHS OMPENEJICHHOTO BBIBOJA MHUKPOKOHTpoJUiepa (AJis
BCEX PETUCTPOB).

[ToBeneHne MHUKPOKOHTpPOJIEPA, T.€. BBINOJHEHHWE WM HEBBIOJHEHUE YKa-
3aHHBIX JIEUCTBUMN, OMPENENSIETCS HECKOJIbKUMHU pa3psaaMHu PETUCTPOB YIPaBICHUS
TCCR1A u TCCR1B. Ha3Banus 3Tux pa3psgoB U UX OMUCAHUE MPUBEICHBI B TA0JIH-
e 3.9.

Kaxaplil peructp cpaBHEHHUs pa3MellaeTcs B JIBYX PETMCTpax BBOJA-BbIBOJA
PBB:

— OCR1 - OCR1H:OCRLL, anpeca $2B:$2A ($4B:$4A);

— OCRIA - OCR1AH:OCR1AL, anpeca $2B:$2A ($4B:$4A);

— OCR1B - OCR1BH:OCR1BL, ampeca $29:$28 ($49:$48).

[TockonbKy perucTpbl CpaBHEHUS SABISAIOTCS 16-pa3psiiHBIMU, IPU UX YTEHUU U
3aMmucH UCIoJib3yeTcst BpeMeHHbIi peructp TEMP. [Ipu 3anucu peructpa cpaBHEeHUs
nepBbIM JToJbkeH 3amuckiBathesi peructp OCRIXH (crapmmit SaiiT), a nmpu ureHnn
nepBbIM JToipkeH cuuThiBaThes peructp OCRIXL (mmammmii Oaiit). [IpepeiBanus Ha
BpeMs 00paIeHUs K PETUCTPY CPAaBHEHUS TOJDKHBI OBITH 3alpeIICHBbI.

3.4.3.4 Pexum HLINUM

B sTom-pexxume Talimep 71 mpeacTaBiisieT cOO0N OJUHAPHBIN WU CIBOCHHBIN,
B 3aBUCUMOCTH OT MOJEIH, MUPOTHO-UMIYJIbCHBIM Monynstop. IlupoTtHo-
MMITYJIbCHAs! MOJIYJISILIUS SIBJISIETCS OJJHUM M3 BUJIOB HEMPEPBIBHON MUMITYJIBCHON MO-
OyJSUWAH, TPA KOTOPOM IIMPUHA MUMITYJIbCA MPONOPLUUOHAIBHA 3HAYEHUIO MOJIYJIH-
pytomiero curHana. COOTBETCTBEHHO B IaHHOM Clly4dae IIHPOTHO-UMITYJIbCHAS MOJY-
JAUUS 3aKII0YAETCs B TEHEPUPOBAHMM CUTHAJIA C IPOrPAMMHUPYEMBIMU YaCTOTOW M
CKBa)XHOCTBIO.

Jns nepeBoma Ttaiimepa 71 B pexum MM wu 3amanust yactorsl M-
cur"asia ucnonb3yrorcs paspsaasl PWM11:PWM10 peructpa ynpasnenus: Taitmepom
TCCR1A. CooTBeTcTBUE MEXKAY COCTOSTHUEM 3THUX Pa3psA0B U PEKUMOM pabOThI
taiimepa/cueturka T1 npuBeneno B Tabnuue 3.10.

Tabnuua 3.9 — Ynpasnenue padoToil cxembl cpaBHeHUs Taiimepa 17
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Pe-
TUCTP

Mogens Omnucanue

ATIO0 ...

Hazsga-
HHE

RN 52313
Tabnuua 3.10 — YrpaBieHue pexxumMom
MM Taiivepa Tl JSTHUSA 3TUX paspﬂzﬂz)g

Peructp TCCR1A Ornmcanue pexomennyercs sanpbidiM (GoRBERIANNE TOXKHOIT

PWM11 | PWM10 0| Paspemenne | Monyns cuera| Yacrora |mon-
0 0 Pesxxum ILINMM Taiimepa/cuerdnka 4 momymnstopa (TOP) HIUM-  |me-
T1 BBIKITIOUEH CUTHAJIA

Yupasiaenue BoiBooM OCIA (OCI)* MEKPOKOHTpOJLIIEPA

TR ST MOIY AL CACKi e
Ry AT -

0 1

8-pa3psaHbIi UPOTHO-
UMITYJILCHBIH MOIYJISITOD

0 9-pa3psaHbIN HIMPOTHO-

8 paspsmoB
| | 9 paspsnos
11 10 paspsiioB

$0OFF (255)
$01FF(511)
$03FF (1023)

frexi/510
frexi/1022
frcki/2046

UMITYJICHBIH MOZIYJISTOD

M [ [TIpumeuanue: frcx— 9acToTa TAKTOBOTO CUTHANA _|
1 O-pa3psimHbIil IUPOTHO-

C Taiimepa/caerunka T1.

MMITYTECHBIN MOYTATOD Boz cOpachiBaeTcs B «0»

TC(Q
C

1 1 BriBon ycranaBnmBaercs B «1»

S4434
LS4434
58535
LS8535
S4414
S8515

Ynpasienue BpiBogoMm OC1B MuKkpokoHTpoJLIEpa

CocTostHUE 3THUX Pa3psIIOB ONpeesieT noseaeHue BeiBoga OC B pu coBIaIeHUN
COJIEp>)KMUMOTO CUETHOr0 peructpa u peructpa cpasuenus OCRIB. [Ipu usmenenuu
COCTOSIHHSI 9THX Pa3psAdoB COOTBETCTBYIOILEE IPEPBIBAHUE OT KOMIIapaTopa Tam-
Mepa peKOMEHyeTCs 3aIpeTUTh (BO M30e)aHue JOKHON TeHepaluy IPephIBaHU).
UTo0bI TaliMep MOT YIPaBIISITh STHM BBIBOJIOM, OH JIOJDKEH OBITh CKOH(QUTYPHPO-
BaH Kak BbIXOAHOM. [loBeieHre BbIBO/IA 3a/1a€TCs CICAYIOIINM 00pa3oM:

COMIBI | COM1BO Onucanue

0 0 Taiimep/cuerunk 7/ otkmoueH ot BeiBoga OCIB

54
COMIBI. COMIBO

1 CocrosHue BbIBOJAd MCHACTCA HaA IMPOTHUBOIIOJIOXKHOC

0
1 0 BriBos cOpacwiBaetTcs B «0»
1 1 BriBos ycranaBnuBaercs B «1»

Copoc Taiimepa/cueTynKa

Ecnu oT0T paspsin yctaHoBIeH B «1», TO IPU COBIAACHHU COACPKUMOTO CYETHOTO
peructpa u peructpa cpaBiennss OCR A (OCR1) npousBoaus copoc TaiimMepa B
cocrosiaue «$0000»**

Bce

TCCR1B
3
CTCI

* Jlns AT90S2313, AT90S/LS2333 u AT90S/LS2343 — OC1,
o5t AT90S/LS4434, AT90S/LS8535 u AT90S4414/8515 — OC1 A.
** [TockonbKy cOpoC 8bINOAHACMCS 8 MAWUHHOM YUKTe, Cle0VIoweM 3a mem, 60 8pemMs KOmopo2o npou3o-
uL1o cognadeHue, nogedenue malumepa 3a8UCUm om YCMaHo81eHH020 Ko duyuenma oeneHus npedoenume-
a5 matimepa (em. maoa. 3.7). Ipu kosappuyuenme oenenus, pasnom 1, cocmosnue maiimepa MeHsemcs ciie-
OyIoWUM 00pPa3oM:
w202 5C1>C—>0->21-..

a npu kodghguyuenme oenenus, He pasHom 1:

wm > (C-2,...,C-2) > (C-1,...,
20e C — uucno, Haxoosaweecs 8 pecucmpe CpaeHeHus.

C-1) > (C, 0, ...,0) —...,

Jns renepanuu curHana ¢ MM ucnone3yercs cxema CpaBHEHHUsI TauMepa,
nosromy B mojensx AT90S2313, AT90S/LS2333 u AT90S/LS4433 MoayasTop siBIis-
eTcs OIWMHApHBIM (OJMH PETUCTp cpaBHeHHs), a B wmojensx AT9I0S/LS4434,
AT90S/LS8535 u AT90S4414/8515 — caBOCHHBIM (J]Ba PETUCTPa CPABHEHUS).

Curnan [IIMM cHumaeTcsa ¢ BbIXOJa CXE€Mbl CpaBHEHUS TaiiMepa. B paccmar-
pUBAEMOM PEXHME CUETHBIH PErucTp TaiiMepa (PYHKIIMOHUPYET KAaK PEBEPCHUBHBIM
CUYETUMK, MOJIYJIb cueTra KOToporo (7OP) 3aBUCUT OT pekuMa padOThl MOAYJISATOPA.
3HaueHue MOAyJiA cueTa U cooTBeTcTBYyromas yactora [IIMM-curnana mis Kaxmaoro
pexuMa paboThl MOAYJISITOpA IPUBEAEHBI B Ta0auIe 3.11.
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[Tpu pabote taiimepa 71 B pexxume IIINM cocTosiHME CYETHOTO perucTpa m3-
mensercs oT $000 mo 3mauennss TOP, a 3atem cHoBa 10 $000 mociie 4ero MUK Io-
BTOpsieTcs. [Ipu paBeHCTBE COCTOSIHUSI CUETUHMKA U COJIEPKUMOIO PETUCTpa CpaBHE-
HUSI COCTOSIHUE COOTBETCTBYIOIIEIO 3TOMY PETUCTPY BBIBOJIa MHUKPOKOHTpOJIIEpA
n3MeHsieTcs coryiacHo tabnwumne 3.12 (pucynok 3.11). Takum 06pa3om, ITUTEITHHOCTD
UMITYJIbCa PABHA YJIBOCHHOMY 3HAYEHUIO COJIEPKUMOIO PETUCTPA CPABHEHUSI.

COOTBETCTBEHHO €CJIM B CUCTHBIN peructp 3anucath 3HaueHne $000 wiu TOP,
TO TOPHU CIEAYIOIEM COBIIAJICHUM COCTOSHHSI CUETUMKA U COIAEPKUMOIO PETUCTPA
CPaBHEHMS BBIXOJl CXEMbI CPABHEHHS NEPEKIIOUHUTCS B YCTOMYMBOE COCTOSIHUE CO-
riracHo tabiumue 3.13.

Oco0OeHHoCThIO paboThl Taitmepa/cuetunka T1 B pexxume LIWM sBnsiercs To,
YTO MPU 3allMCU B PETUCTP cpaBHeHUs muaamue 10 pa3psaoB 3anuCchIBAEMOI0 YKCia
Ha caMOM JIeJie COXPAHSIOTCS B CIICIMAIBHOM BPEMEHHOM PETUCTpE (HE MyTaTh C pe-
ructpoM TEMP). A u3MeHeHHe COAEpKUMOIO PErucTpa CpaBHEHHSI MPOUCXOIUT
TOJBKO B MOMEHT JOCTHKEHHS CUETYMKOM MakcuMalibHOro 3HaueHus (7OP). baaro-
Japsi TAKOMY PEIICHUIO UCKITI0YAETCS TOSIBICHUE HECUMMETPUYHBIX BHIOPOCOB CHUT-
Hajla Ha BBIXOJIE MOJyJsATOpa (IMOMEX), KOTOpble ObUIM Obl HEW30EXKHBI MPU HEMO-
CPEACTBEHHOU 3aIIMCH B PETUCTP CPaBHEHHSL.

Co0TBETCTBEHHO Tabmuna 3.12 — IToBeneHrEe BBIXOOB CXEMbI CPaBHEHHMS

MpU YTEHUH PErucTpa B peskame 1TAM
CpaBHCHHA B IIPOMCIKYT- Peructp TCCR1A
K€ MCEXKAY 3aIllMCBhIO B HE- |COMIxI |COMIX0 [ToBenenue BriBoga OCIx (OC1)
ro u ero paeucrBurenb- [(COMII)|(COMI0)
HBIM HW3MEHEHHEM BO3- 0 0 Taiimep/cuetunk 7'/ OTKIIIOUEH OT BHIBOJIA
BPAILACTCS. COCPIKUMOE 0 1 Taitmep/cueTunk 7'/ OTKIIIOUEH OT BbIBOJIA

1 0 CoOpacsiBaetcs B «0» IpH MPSIMOM CUETE U
BPEMEHHOIO  PErUcCTpa.

yCTaHaBIUBAETCA B « 1» mpu oOpaTHOM cue-
To ecth Bcerna Bo3Bpa- Te (HemHBepTHpoBaHHbI IHVM-curnan)
HIaCTCA 3HAYCHHUC, 3allu- 1 1 YcranaBnuBaetcst B «1» MpH MpsIMOM cueTe
CAaHHOE MOCJIEIHUM. u cOpaceiBaercs B «0» mpu oOpaTsT cuere
IIpu pabote Taii- (uaBeptupoansblil LHIMM-curnan)

Mepa 711 B pexume

[IIMM wmokeT reHepupoBaTbCs IIpe-

IIpumeuanue: x — A nimm B.

PBIBAHUC 110 IICPCIIOJIHCHHUIO CUCTHOI'O

perucTpa TamMepa, a TaKke MpepbIBa- Peructp TCCR1A | Peructp | Cocrosinue
HHS OT CXEMBI CPaBHCHHSI. COMU1| COMUO | OCRIx BBIBOJIA
(comn)| (comi10) | (OCR1) |OCIx (OCI)
1 0 $000 0
1 0 TOP 1
1 1 $000 1
1 1 TOP 0

Tabomuma 3.13 — VYcroiluuBble COCTOSHUS

BbIXO/Jld CXCMbI CPABHCHHA

Ipumeuanue: x — A unu B.
L— BeixopHoit curnan

Pucynok 3.11 — ®opmuposanue [IIMM-curnana
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@arn mpephIBAaHUN YCTAHABIMBAIOTCA B «1» TpH HM3MEHEHWH CUETYUKOM
HanpaBienus cueta: ¢uar TOV1 — B Touke $000, a ¢paru OCF1l (mans peructpa
OCR1), OCF1A (mnsa peructpa OCR1A) u OCF1B (s peructpa OCRIB) — B TOuKe
TOP. Pazpenienrie U 00pabOTKa COOTBETCTBYIOIIMX MPEPHIBAHUN BBITIOJIHSIOTCS KaK
OOBIYHO.

3.44  Cropoxepoii Taiimep (WATCHDOG)

OcHoBHast (pyHKIIHS CTOPOKEBOTO TaiiMepa — 3aluTa YCTpOMCTBa OT cOOEB.
braromapst cCTopokeBOMY TaliMepy MOXHO IIPEPBaTh BBINOJHEHUE 3AlMKIMBLICHCS
IPOrpaMMbl WIIM BBIUTH W3 IPYTHMX HENPEIBUIACHHBIX CUTYalUW, MPEMATCTBYIOMIHUX
HOPMAJIbHOMY BBITIOJIHEHUIO IIPOTrPAMMBI.

CTpyKTypHas cxema CTOpOKEBOro TaliMepa IIpUBE/IeHA Ha pucyHke 3.12.

CropoxeBoi TaliMep MMEET HE3aBUCHUMBII I'eHepaTop, O3TOMY OH paboTaet
Ja’ke BO BpeMsl HaXOXAEHHUs MUKPOKOHTposuiepa B pexxume Power Down. Yacrora
ATOr0 TEeHEepaTopa 3aBHCUT OT HANPSUKEHHUs] NMUTaHUSA YCTPOWMCTBA, TEMIEpaTyphl,
TEXHOJIOTUYECKOTo pazopoca. TunoBoe 3HaueHue 4actoTel paBHo 1| MI'm mpwm fcc =
5.0 Bu 350 xI' mpu Vee = 3.0 B.

Ecam cTopokeBOM TalMep BKIKOYEH, TO 4YEpe3 ONPEACIICHHBIE IMPOMEKYTKU
BpEMEHHU (MPU HACTYIUIEHUH TalM-ayTa) BBINOJHAETCS COpPOC MHUKPOKOHTPOJLIEpA.
UYroOsl n30ex)aTh cOpoca MUKPOKOHTPOJUIEpA MPH HOPMAJIBHOM BBINIOJIHEHUH MPO-
IpaMMbl, CTOPOXXEBOM TalilMep HEOOXOAMMO PEryJIIpHO COpachiBaTh yepe3 MpoMe-
KYTKH BpPEMEHH, MeHblIlIe ero nepuoaa. COpoc CTOpOKEBOro TailmMepa OCyIIECTBIIS-
erca komagao WDR. lenepatop

B 1 MM npw Vee=5B Mpeooenyrens
I[HH praBJIeHHH CTOpO)KG:BLIM Tan 350 I Npv Vioe = 3 B _—"'Jll? CTOPOXEBOro TaAMepa

-
mepom npennasHaden peructp WDTCR, —— D | EEEEEEEE
o poc — | £ D [N |3 | — [ a =
pacrnosioxernHplit 1o anpecy $21 ($41). cropoxesoro ————J  SISIGI=|HIDIS|S
Taimepa oy [ 1] (7] (] [5]
dopmaTr 3TOro perucrpa NPUBEICH HA PHU- e MRS %l%i
b r r
cynke 3.13. WDPU
1‘FHCT[{I wgg; WLIX
WDTCR |
\_ WDE — —|
&
'
Copoc

MHUEPOROHTDONNEPa

Pucynok 3.12 — CtpykTypHas cxema
CTOPO>KEBOT0 TaMepa

Pa3psi | 7 | 6 | 5 | 4 | 3 | 2 | 1 [ o |
HaumenoBanue - - - WDTOE WDE WDP2 WDP1 WDPO
Yrenue(R)/3anuch(W) R R R R/IW R/IW R/IW R/IW R/W
HayajibHoe 3HaYeHnne 0 0 0 0 0 0 0 0

Pucynox 3.13 — ®opmar peructpa WDTCR

JI71st BKITIOUEHU S/ BBIKITFOUEHHST CTOPO’KEBOTO TaliMepa MCIOJIb3YIOTCS JIBa pas-
psana peructpa WDTCR — WDE u WDTOE. Ecnu pazpsn WDE ycranosnen B "1",
CTOpPOXKEBOM Taiimep BKJItOUeH, eciu coporreH B 0" — BeikimtoueH. HemocpenctBeHHO
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nepea BKIIOYCHHEM TaliMepa PEKOMEHIYETCsl TakKKe BBITIOJNHATH €ro cOpoc KOMaH-
noit WDR.

YroOsl n30€kKaTh HEMPEAHAMEPEHHOTO BBIKIIOUCHHS TalMepa CYETUYHKa,
npennaznaueH paspsa WDTOE. Jleno B ToM, 4TO BBIKIIOYEHHE CTOPOKEBOTO Taiime-
pa (copoc pazpsga WDE) MOXKHO OCYIIECTBUTH TOJIBKO MPHU YCTAHOBJIECHHOM paspsijie
WDTOE. Ilpuyem yepe3 4 MalIMHHBIX IUKJIA MOCIE YCTaHOBKH B "'1" 3TOT paspsin
anmapaTHo cOpacbiBaeTcs, Ojarojaps 4eMy MpPAaKTHYECKU HCYE3a€T BO3MOKHOCTh
CIIy4ailHOTO BBIKJIIOUEHUSI CTOPOKEBOTO Tailmepa.

Hcxonsa u3 cka3aHHOTO, JJIS BBIKIIIOUEHUSI CTOPOXKEBOTO TaliMepa peKOMEH Y-
€TCsl CJIeIYIONIas MOCIIeI0BATEeIbHOCTD JIEUCTBUI:

— OJIHOM KoMaHo# 3amnucath Jior. ''1" B pa3psasl WDE u WDTOE;

— B TEUCHHE CJCAYIONIUX YETHIPEX MAITWHHBIX IUKIOB 3amucarh jor. "0" B
paspsin WDE.

[lepron HacTyIIEHHs TalkM-ayTa CTOPOKEBOTO TaUMEPA 3a1AETCS C TOMOILBIO
paspsnoB WDP2...WDPO peructpa WDTCR cornacuo tabmuis: 3.14.

UtoO0bI U30€kaTh HEMPEAHAMEPEHHOTO cOpOoca MUKPOKOHTPOJIIEpa MIPU H3Me-
HEHUU TIepUOJIa CTOPOXKEBOTrO TaiMepa, HEOOXOJIMMO TEpel 3aluChi0 Pas3psioB
WDP2:WDPO0 nu6o 3anpetuts paboTy CTOPOKEBOT0 TaiiMepa, JInbo cOPOCHUTH €ro.

Ta6nuna 3.14 — 3angaHue nepuojia CTOPOKEBOTo TaliMepa

YpelIo TAKTOR Te- [lepuon HacTymieHus Taitm-ayra (TUIo-
WDP2 WDP1 WDPO Hepatopa BOE 3HAUCHUE)
Vee=3.0 B Vece=5.0B
0 0 0 16-1024 47 mc 15 mc
0 0 1 32-1024 91 mc 30 mc
0 1 0 64-1024 0.19¢ 60 mc
0 1 1 128-1024 0.38¢c 0.12¢
1 0 0 256-1024 0.75¢ 0.24c
1 0 1 512-1024 1.5¢ 0.49¢
1 1 0 1024-1024 3.0c 0.97c
1 1 1 2048-1024 6.0c 1.9¢c

345  ®opMupoBaHuE BPEMEHHBIX HHTEPBAIOB

Jlyis mporpaMMHUpOBaHUSl BPEMEHHBIX HMHTEPBAJIOB HEOOXOAMMO 3arpy3uTh B
CUETYMK COOTBETCTBYIOLIEE 3HAUECHUE U ONpEeAeNuTh KOd(DOUIMEHT AeNeHUs Mpea-
aenutens. [{ns pacuera BeIUUYMHBI BPEMEHHOM 3aJepKU T UCHOJIb3yeTcs popMyiia
(Ipu OAHOKPATHOM 3aITyCKe TaiiMepa):

T =

(2" - Ay) -k

F )
riae N — pa3psAHOCTh CUETYHMKAa COOTBETCTBYIOUIErO Tailmepa; Alnit - HadalnbHas
ycTaHoBKa TaiiMepa; K - koddduruent nenenus npeanenurens; F — yacrora reHepa-
TOpa MUKPOKOHTPOJUIEPA.

3HaueHHe HayaJlbHOW YCTAaHOBKU TaiiMepa, KOTOPOE HEOOXOAMMO 3arpy3uTh B
CUETUHK, onpeaensercs no Gpopmyse:



MVKPOKOHTPOJIJIE PH 68

A, =2"—(z-FIk).

[Ipu 3TOM TOYHOCTH (HOPMUPOBAHKS BPEMEHHOTO UHTEpBalia A7 ONpeAeseTcs
otHomreHneM Az =K/F.

PaccmoTpum mpumep mnporpamMmbl OpMUPOBAHUS BPEMEHHOT'O HHTEpBaia C
UCIIOJIb30BaHUEM BOCBbMUpaspsaHoro TaiMmepa 70 mukpokoHTposuiepa AT90S8515
(n=8).

[Tycth TpeOyeTcs momyunuth uHTepBai 7=1.5 mkc. Torga HayaibHasi yCTaHOBKA
Taiimepa Alnit OyaeT paBHa

A, =2°—(1.5-10° - 4.10° /1) = 256 — 6 = 250

WJIM B IIECTHAIUATEPUYHON cucTeMe cuuciieHus — FA.,

3.4.6 IIporpamma uccienoBaHus TaiMepa B pekuMe (GOPMUPOBAHUS Bpe-
MEHHOT'0 HHTEpBaJIa

;IIporpamma opMupoBaHusi BpeMEHHOTO HHTEpBAja

.include "8515def.inc"
rimp RESET ;Reset Handle

.ORG $7 ;BEKTOP MpEepbIBaHUsA M0 NepenoaHeHuto taiimepa T0
rimp TIMEO

RESET:

.def temp=r16

Idi temp,low(RAMEND) ;unHMumManu3upyeM ykasarelb CTeKa
out SPL,temp
Idi  temp,high(RAMEND)
out SPH,temp

sei ;YCTaHOBKa IJ100aJIbHOTO (1ara npepblBaHui

Idi  rl17,256-6 ;3aIUCh Ynca Ajnit B peructp rl7

out TCNTO,r17

i rl7,2 ;paspeleHne npepeiBaHus oT Taiimepa 70

out TIMSK,r17

sbi DDRA,0 ;ycranoBka BbriBojia PORTA.O Ha BBIBOJ

ldi  ri7,1 ;ITCK cueTyuka myTem 3anucu koxaa (001)2 B pa3psast
out TCCRO,r17 ;CS02...CS00 peructpa ynpasnenus taitmepom TCCRO
shi PORTA,O ;ycranoBka BeiBojia PORTA.O B coctosiHme™ 1"

nop ;IPOM3BOJIbHAS TPOTpamMMa (ITyCThIe KOMAaH/IbI)

nop

nop

nop

nop

rjmp RESET1

;TlonmporpamMma 0OpaOOTKM NpepbIBaHUS 10 MEPENOTHEHHUIO cueTynKa Taiimepa 70
TIMEO:
chi PORTA,0 ;copoc BeiBosia PORTA.O B cocTostHme™0"

cli ;TI100a7IbHOE 3aMpellieHue MpepbIBaHui
Idi r17,0
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out TIMSK,r17
out TCCRO,r17

; 3alpeleHNe MIpepbIBaHuil oT TaliMepa 10
;OCTaHOBKa cyeT4yrka taitmepa TO

reti ;BBIXOJI U3 IIOAIIPOrPaMMBbl
RESET1:
3.4.7  UccnenoBanue pexuma CpaBHEHUS

CrpykTypHas cxema cueTyuka-taiiMepa 72 MUKpOKOHTpoJuiepa Mega mpen-
cTaBjeHa Ha pucyHke 3.14. OCHOBHOE OTJIMYME 3TOTO cueTyuka oT cuetunka 70 ce-
meiictBa Classic 3akmodaercs B HAJMYMU amlapaTHBIX CPEACTB JUIS OpPraHU3aIllUuH
peXrMa CpaBHEHHUSI — PETHCTPA CPABHEHHUSI, KOMIIApATOPa, CXEM I'E€HEpaluu MpepbI-
BAHUMU.

Ynpasnenue TauMepoM 72 OCYLIECTBIISIETCA MPHU MOMOIIM PETUCTPa yIpaBlie-
Hust TCCR2.®opMmat 3T0r0 peructpa npeacTasieH Ha B Tabmuie 3.9.

Tabmuma 3.15 — @opmart peructpa TCCR2

Pazpsin 7 6 5 4 3 2 1 0
Haumenosaune |[FOC2 WGM20 COM21 COM20 WGM21 CS22 (CS21 CS20
Yrenne(R)/ 3a{W R/W R/W R/W R/W RW R/W R/W
uch(W)

HauansHoe 0 0 0 0 0 0 0 0
3HAaYECHHUE

OTOT pErucTp COAECPKUT TPU MO PA3PSIAOB:

— none FOC — enunuiia B 3Tom paspsiie paspeniaet n3Menenue soisoja OC2
MUKPOKOHTPOJIJIEpa B COOTBETCTBUU C JIOTHKOM paboThl Talimepa B pexkume CTC
(cOpoc mpu coBNaZCHUN);

— mone WGM2 — nBa paspsizia mostst OnpeaesissioT peXuM paboThl TaiiMepa-
cuerurka (tabnuma 3.10);

— none COM?2 — nBa pa3psiia 3TOro noJisi ynpasisioT BeiBogoM OC2 (Tabiuia
3.11);

— none CS2 — Tpu paspsizia 3TOro Mmosst YIpasisioT MpeAaeauTeNneM Taitmepa
T2 (tabmuna 3.12).

B HOpmanbHOM pexume GopMHUpYyeTCsl MpepbhIBaHUE "TepernoNHeHne" mpu mne-
pexone cueryuka u3 cocrosinus FF B coctosinue 0 m npepriBanue "cpaBHeHue" npu
JOCTH)KEHUH CYETYMKOM 3HAYEHUS, 3alIUCAHHOTO B perucTp cpaBHenuss OCR2.

Tab6smna 3.16 — Pexxum pabotsl Talimepa-cuerynka T2

Howmep pexuma | Kox mons peXKUM pabOTHI
WGM21 | WGM20
1 0 0 HopmanbHblit
2 0 1 [T1M c TouHoii ¢azoi
3 1 0 CTC (cbpoc npu coBnajcHuM)
4 1 1 beictpeiit HIMM
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T2

{ BHeluHVe

BbIBOObI

0C2

=~
Pernctp
(} ynpaBneHus
(TCCR2)
S
g HanpasneHue 5 3anpoc Ha
3 C6poc Brok CLKT2 npepbisanme (TOB2)
s Cuem | YynpaBrieHusd
x
2 HeTtexTop
I
o] dpoHTa
g [\
z - oT
3 Tarnmep-cyeTUMK npegaenvTens
(— TCNT2 - —FF 3
—— —— N anpoc Ha
. npepbisaHue (OC2)
S 2
KomnapaTop dopmupoBaTternb
curHana
N Pernctp cpaBHeHns
NV (OCR2) Taik
JL anmMep-cYeTUuK 2

Pucynok 3.14 — CtpykTypHas cxema TtaiiMepa/cuetunka T2
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Pexxum "M c Tounoit dazoi" u pexxum "beictpeiii HIMM" npennazHaueHsl
JUTSl TEHEPAIIUU CUTHAJIOB C IIUPOTHO-UMITYJICHOM MOJYJISIIUEH.

Tabnuna 3.17 — Yopasnenue BeiBogoMm OC2 B pexxume CTC

COM21 | COM20 Onucanue

0 0 Talimep-cuetuuk T2 oTkiroueH ot BeiBojia OC2

0 1 Cocrosinne BeiBoga OC2 MeHsIeTCs Ha MPOTUBOIIOJI0KHOE
1 0 BriBoj copackiBaercs B "'0"

1 1 BriBox ycranaBnuBaercsi B "'1"

Tabnuna 3.18 — Ynpasnenue BeiBogom OC2 B pexxume CTC

0O
()]
N
N

CS21  CS20

M cTOUYHMK TaKTOBOTO CUTHAJIA

P FRPPFPPOOOO

PP OORFREF OO
POPFPOPFPOPRFRO

Takimep-CYeTYrMK OCTaHOBJIEH
ferix

foLik/8
foLLk/256
Cnanarommii ppoHT uMIyibca co Bxoaa T2

Hapacraronuii dponTt nmnyinbsca co Bxoaa T2

B pexxume CTC cuetunk paboTaeT, Tak k€ Kak U B HOPMAJIbHOM PEXUME, OJ1-
HAaKO TOCJIE JOCTHKEHUSI CUETYMKOM 3HAUEHUS, 3AlMCAHHOTO B PETHUCTP CPABHEHUS
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OCR2, cuetuuk coOpaceiBaerca. B Tabmune 3.11 mpeacraBieHbl (yHKIIMH BBIBOJA
0OC2 B pexxume CTC.

s uccnenoBaHusl pekMMa CpaBHEHHS pa3paboTaeM alrOpUTM M COCTaBUM
IporpaMMy TEHEpPAlUI0 MEePHOJUYECKOr0 CUTHaja 3aJaHHOM YacTOThl HAa BBIBOJE
0C2.

B pexnme CTC (cOpoc mpu COBINAJEHWN) YaCTOTAa I'€HEpAllMy CUTHaja CYeT-
yukoM 12 f,., cocraBiser

f
foco = - ' 3.1
272N (L Aur) o

rne  f.=IMI']— TakTOBas 4aCTOTa MUKPOKOHTPOJLIEPA;

N — ko3 purueHT neneHus npeaaenuTens cueTanka 712;
ANt — KOHCTaHTAa, 3alKicaHHas B peructp cpaBHeHuss OCP2 taliMepa-cueTuyuKa
12.

ITo 3amannbM 3HaueHuAM f ., foc,, N MoxHO onmpenenuTs KOHCTaHTY Ayt
U3 CIIEAYIOLIETO BBIPAKECHUS

fCLK
A _—_  CK 1 3.2
" 2-N- focz ( )

OMIUPUYECKUM TTyTeM (MPOBEN AKCIEPUMEHTAIbHBIE HCCIEAOBAaHUS B IPO-
rpamme AVR Studio) BeiOupaeM 3HaucHHe yCTaHOBKU At =19 U 3HaYCHHE Mpee-
mutesst N =1. 13 Beipaskenus (3.1) onpeneiuM 3HaYCHUE YaCTOTHI TeHEPAIlUK CUTHa-
na Ha BeBojge OC2 — ms koaddunmenta npeaaemutes N=1, 118 TaKTOBO 4acTOTHI
mukpokoHTpojuiepa f = 1 MI'i u s uucna B peructpe cpaBHeHHS At =19 TouHOE
3HAYEHHE YaCTOThl T€HEpAIMU CHUTHajla TahMepom-cueTunkoM 12 Ha BeiBoge OC2

COCTaBUT foca =25 kI'm.

3.4.8 Anroput™m mporpaMMbl UCCIICIOBAHUS PEKUMA CPABHEHUS

ANTOPUTM HCCIIEIOBAHUS PEKUMa CPABHEHUS COCTOUT M3 aJrOPUTMA OCHOB-
HOM TIPOrpaMMbl U aJITOPUTMA MOANPOrPaMMBI MIPEPHIBaHUS 0 CPABHEHUIO TaliMepa-
cueTunka 12. ANropuT™M OCHOBHOM IIPOTpaMMBbl TIPEICTaBIIeH Ha pucyHke 1.3.

B ocHOBHO# mporpaMMe MNPOUCXOIUT HWHUIMAIIM3AIMS MHUKPOKOHTPOJLIEPA,
HacTpoiKa 1 myck Talimepa 72.

Hactpoiika 1 myck TaiimMepa 3aKkjIr04aeTcsi B pa3pelieHuu MpepbiBaHus U B 3a-
MUCH B TIOJISI PETUCTPa yIPABJICHUS CIEIYIOMNX 3HAUCHUH:

— WGM2 —[1 0] (pexum CTC);

— COM?2 — [0 1] (cocrosinue BeiBoga OC2 MeHsieTCsl Ha TPOTUBOIIOJIOKHOE);

— CS2 —[0 0 1] (MCTOYHHK TAaKTOBBIX CUTHAJIOB — UMITYJIbCHI TAKTOBOT'O T'EHE-

paropa).
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1
Manmmanusanus

ITyck WDT

3 ®dopMUpOBaHHE
BBIBOJIMMOM MH(OpManuu

4 Hacrpoiika Taiimepa
T2

CS:=1

6 ;=1
OCIE2:=1

T—Iacrpoﬁxa cTeka, moptoB A,D,
WDT

'Earmcr, B peructpsl INDO n IND1

— — JUTA YEPEAYIOUICTOCA BbIBOJAA

|4epes mopr A

—
VYcranoska pexuma CTC,
3aHECCHHE KOHCTAHThI CPABHEHHS

—

— — —L'_HyCK taiimepa T2, fro=fc

—
Pa3zpemenne npepsiBaHnit

— — r7100aEHOTO U TI0 CPABHEHHUIO

| raiimepa T2

=
OcHOBHas MporpaMma

—

— — —LBeCKOHeqHLIi/'I IUKJI

3.15 — briok-cxema ajaropurMa OCHOBHOW MpPOrPaMMBbI
UCCJICIOBAHUS PEKUMA CPABHEHUS

B peructp ympasnenusi taitmepom 7CCR2 nomkHO OBITH 3allMCaHO CIIEIYIO-
IIe€ YUCIIO, IBOUYHBII KOJI KOTOPOTO MpeacTaBieH B Tadmumie 3.13.

Tabnuna 3.19 — Yopasnstomuit ko peructpa TCCR2

Pazpsin 7 6 S) 4 3 2 1 0
HanmenoBanue |[FOC2 WGM20 COM21 COM20 WGMZ21 CS22 (CS21 CS20
yctaHoBjieHHoe |0 0 0 1 1 0 0 1
3HAYCHHE

B mectnaanarepuunom koae — 0x19.

[IpepbiBaHKE 10 CUTHAIY CPABHEHMS pa3pellaeTcs MyTEM YCTaHOBKH pa3psiia
OCIE2 (7-1 pa3psin peructpa Macok npepeiBanus ot taiimepos TIMSK) u B ycTaHOB-
K€ II00aNbHOrO pa3pelieHus npepbiBaHus (7-i pa3ps peructpa COCTOSIHUS MUKPO-
kouTposuiepa SREG).

AJTOPUTM OCHOBHOM MPOTPaMMbl BKJITIOYAET CIIEIYIONIUE OJIOKH:

— OJIOK MHUIMAIW3ALMY [TapaMeTPOB MUKPOKOHTPOJIIEPA (HACTPOMKa CTEKa,
KoH(purypupoBanue moptoB 4 u D, 3amyck cropoxeBoro Taiimepa (1);
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— IIYCK CTOPOKEBOTro Taimepa (2);

— TOCPEACTBOM 3aITUCH B PETUCTPHI BPEMEHHOT'O XPAHCHHS MHIUIIUPYEMOM
uHdopmarmu INDO 1 IND1 ¢popmupyem nBa uucia Jijist TOOYEPEIHOTO UX BBIBOJIA
4yepe3 MopT A, 3TOT OrepaTop MOXKET ObITh HCTIOJIB30BaH JIJIsl UCCIIEI0BAHUS MPOIIe-
Jypbl IMHAMUYECKOW MHIUKAIIMKU Ha JIBa dJeMeHTa MHANKauuu (3).

— HacTpoiika taiimepa 72 — 3anuch koHcTaHThl AINIT=198 peructp cpaBHe-
Hust OCP2 Taiimepa-cuerunka 72 (4);

— ycradoBka pexxuma CTC — "cOpoc mpu COBNaJeHUU'", 3aHECEHNE KOHCTAHTHI
CpaBHEHHUS U MyCK TaliMepa, OCYIIECTBIAETCS 3aHeceHneM koaa 0x19 B peructp
ynpasienus cuetunkom 7CCR2 (5);

— paspelieHue r100abHOTO MPEPHIBAHMS U MPEPHIBAHUS OT CUTHAJIA CPaBHe-
HUS cCYeTUHKa-Taiimepa 72, TeHEpUPyEeMOro MpHu AOCTUKEHUU CYETUUKOM 3HAUCHUS
19, Ha »TOM HacTpoiika cueTurKa 3akaHuuBaetcs (6);

— TEJO0 OCHOBHOM MPOrpamMMbl — OECKOHEUHBIHN IUKII CO COPOCOM CTOPOKEBOTO
TaiiMepa yCTaHOBKH () — UMUTHPYET BBIIIOJIHEHUE HEKOTOPOU YIIPABIISIOIIEH MTPO-
IpaMMbl MUKPOKOHTpPOJLIEPOM (7).

AJTOPUTM TOANPOrpaMMbl 0OpaOOTKH TPEPHIBAHMS 0 CUTHATY CpPaBHCHHS
taiiMepa 72 BKIIIOUAET CIIEAYIONUEe OJIOKH:

— COXpaHEHUE PETHCTpa COCTOSHUS B cTeke (1);

— 3aHECeHHue B perucTp BuiBojaa undopmainuu RG_out Miazaiiero uHIUIUpye-
moro paspsaaa (RG_ind0) ans mumammero ceMucerMeHTHOTO uHanKaTopa HL2 (2)

— npoBepka coctostHus BeiBoa PIND.7 nopra D (BeiBox OC2), ecnu OH paBeH
HYJTIO, TO B PETUCTP BBIBO/IA 3aHOCUTCSI MH(POPMAIIHS JIJIsI CEMUCETMEHTHOTO WH/IMKAa-
topa HL1 (oneparop anroputma 4), nHaye B peructpe BoiBojia uHpopmaiuu RG_out
ocTaeTcs HH(pOopMaIys I MIAIIIETO CEMUCETMEHTHOTO HHauKaropa HL2;

— BBIBOJ uepe3 nmopt A unauiupyemoit nadopmaruu uz RG_out (5);

— BOCCTaHOBJICHHE PETUCTPa COCTOSHUS U3 cTeka (6)

— BO3BparT U3 NOAIPOrpaMMel (7).
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Crex:=[SREG]

—

IZQG OUtZ:[RG indO] . _|3aH6C€HI/I€ B PETHCTpP BEIBOJA
- - WHAWKAIAA MJIaJl. pa3psaa HHINKAIAH

aa
3 PIND=1
HET
|4?G out:=[RG_ind1] — — _|'§aHeC€HI/I€ B PETHCTp BEIBOJIA
— — VHIMKALIMK CT. Pa3psia MHIHKAIUH
5 —
PORTA:=RG out — — —|BBIBO/Ia Pa3spsa Ha HHMKAIIAIO

6
SREG:=[CTex]

Pucynox 3.16 — brnok-cxema anropuTMa MNOAIPOrpaMMbl 00pabOTKHU
IpephIBaHUsA 110 CUTHATy CpaBHEHHUs Taiimepa 72

3.49 TIIporpamma uccienoBaHus TaiMepa B PEKUME
CpaBHEHUS

Hwuxe npeacraBiieH JIMCTUHT ITPOrpaMMbl JUHAMUYECKOM WHIUKALIMU, B KOTO-
poii Talimep-cuyeTunka 72 paboTaeT B peKHUME CPAaBHEHHUSI.

;¥F#%* TIporpaMMa MCCIICIOBAaHUS PEKUMA CPABHEHUS TaiMepa 12 *Hxraxxirx
.include "m16def.inc"
rjmp RESET ;

.defind_0=r20 ;MITamiA paspsia uaaukar HL1
defind_1=r21  ;crapmmii pa3psa unaukamu HL2

.equ nul = Ox7E ;CEMUCEIrMEHTHBIN KOJ HYJIS

.equ one = 0x0C ;CEMHUCETMEHTHBIN KOJI €IMHUIIHI

.ORG $6 ;BEKTOP IIPEPBIBaHMS IO COBNAICHUIO Talimepa 12
rimp TIMER2

RESET:

Idi ind_O,nul ;BeiBomMMas tdpa 0"
Idi ind_1,0ne ;BeiBouMas mudpa "1"
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wdr ;cOpOC CTOPOKEBOTO Talimepa
Idi ind_0,0x1A ;IIyCK CTOPOKEBOI0 TaiiMepa
out WDTCR,ind_0

Idi r31, low(ramend) :(opMupoBaHue cTeKa

out SPL, r31 ;B BepxHeit gactu O3Y

Idi r31, high(ramend) ;(opMUpOBaHHE CTEKA

out SPH, r31 ;B BepxHel gactu O3Y

Idi ind_0O,nul ;BBoauMast nudpa 0

Idi ind_1,0one ;BBOIMMast udpa 1

Idi r17,$FE ;Kordurypuposanue nopra 4

out DDRA,r17

sbi DDRD,7 v BeIBOa D.7

cbi PORTD,7

Idi r17,19 ;3armch Ainit=19 B r17 u OCR2

out OCR2,r17

Idi r17,$80 ;paspenicHue npeperIBanus OT Taiimepa 70
out TIMSK,r17

Idi r17,$19 ;

out TCCR2,r1l7 ;myck Taitmepa B pexxume CTC c npenaenurenem 1
sei ;YCTaHOBKa T7100aJIbHOTO pa3peIIeHUs IPEePbIBAHUS

;*************BCCKOHGI{HLH‘;I HHKH********************************

tcikl:

b

WDR
nop
rimp tcikl

'*************HOHHPOFpaMMa HpepBIBaHHH*************************

TIMER2Z:

HL:

WDR

in r16,SREG

push rl16 ;COXpaHEHHE PETUCTPA COCTOSAHHUS B CTEKE
mov rl7,ind_0

in r16,PIND

bst r16,7

brts HL

mov r17,ind 1

out PORTA,rl17
pop r16
out SREG,r16;BoccTaHOBIEHIE PETUCTPA COCTOSIHUS U3 CTEKa
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reti

EXIT

:\Program Files\AtmelMVR Tools\Project\t211t21.asm

File Project Buld Edt ¥ew Tools Debug ‘window Help

NEEHGS {RRS o c 5 M45% %%

eI BPRUEMhy FEOOE

| Valuel Bitz | Address
# Program Counter 0x00001F ~ 1di ind_0.nul (BBogunaa yugpa 0
#  Stack Pointer 0x045F 1di ind_1,one (BBoguMaa yugpa 1
#  Cycle Counter 1046
¥ Heregister %0000 1di rl7.SFE :Honguzypupofarus nopna 4
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@ Program Counter  0x00000G ~
- Stack Pointer 00450 b |
@ Cyele Counter 1074
<o @ k-register 00000
# Y-register Ox0000
# Z-regisker Q0400
- @ Freguency 4.0000 MHz
@ StopWatch 268.50 us
B stack Monitor
B 1o ATmEGALE
+-T AD_CONVERTER
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- BOOT_LOAD
- cru
-] EEFROM
-4y EXTERMAL_INTERRIPT
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3 DORA 0xFE O OX14(0x38)
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cBBogumas yudpa 1
:Eougusypupofanus nopma 4

ju BpBoga D7

czanuce Ainit=19 & rl7 u OCR2

. pazpeweHue npeppfadud on maimepa TO

o
INYCH MauMeEps © hpeggeaunsasH 1
JYCMEHOBKA 2A052AEHOZ0 PASDEWSHUA NPEQHSaHUT

C:"Program Files' Atmel\, A¥R Tools'Project'\k214t21.asm | :\Program Files|atmellavR ToolshAwrds: o p

ATmegalt

=

AR Simulator  Auto Stopped Ln 10, Col 1 AP MUM SCRL

Pucynoxk 3.18 — Cocrosinue y3i108 MK: npu BeiBoze "0"

77



MVKPOKOHTPOJIJIE PH 78

4 3AZIAHUE HA ITPOBEJIEHUE UCCJIEJOBAHMI

HccnenmoBaHre KOMaH M OTACIBHBIX Y3JI0B MUKPOKOHTPOJIIEPA BBITTOJIHSIETCS
O CJICYIOIIEMY aJITOPUTMY:
1. M3yuute TEOpPETHUUECKUI MaTepHall MO COOTBETCTBYIOIIEW TEME M IpO-
rpaMM UCCIIEIOBAHMS, a TAKXKe MOIYIUTE 3aJaHUE HA TPOBEJICHUE HCCIEIOBAHNUS.
2. CocTtaBbTe MpOrpaMMy Ha acceMOIiepe JJIsl UCCIEI0BaHusI.
3. Orkpoiite cpeny papadotku AVR Studio.
4. CoznaiiTe HOBBIN MPOEKT JJI UCCIICIOBAHMUS.
5. Halepute TekcT mporpamMmbl B OKHE accembOiiepa WU OTKpoilTe Qailn c
tekcToM nporpammel B AVR Studio.
6. OTKOMIUIUPYUTE MIPOTpamMmy.
7. 3amycTuTe BBIMOJHEHUE MPOTPaMMbl M MPOHAOIIOJANTE 32 M3MEHEHUEM
COJIEP’KUMOTO PETUCTPOB U MOPTOB.
8. BrIBenuTe Ha 3KpaH OKHA MPOCMOTPA COACPIKUMOTO PETUCTPOB U MOPTOB.
9. OcraHoBUTE BBINOJHEHUE TPOTPAMMBI U COXPAHUTE TIPOEKT.
10. Odopmute OTHET, B KOTOPOM JIOJIKHBI OBITh:
10.1 wna3BaHwme; 11€7Tb PaOOTHI;
10.2 kpaTkue TEOPETUUYECKUE CBEICHUS 00 00BEKTE MCCICIOBAHUS (CXEMBI,
Ta0IUIbI, JIOTUKA PadOThI);
10.3 AWCTHHT TPOTPpaMMBI C TMOAPOOHBIMH KOMMEHTAPUSMU K KaKIOH
CTpOKE MPOTPaMMBbI, a TaKXKE COCTOSHHUE 3aJCHCTBOBAHHBIX PETHUCTPOB Ha
Ka)KJIOM II1are BBITIOJHSHUSI IPOTPAMMBI;
10.4 BBIBOABI IO paboTe.

JIUTEPATYPA

1. MukpomnpolieccopHble CUCTeMBbI: YueOHoe mocoOue /i1t BYy30B / AJeKkcaH-
npoB E.K., I'pymBunkuii P.W., Kynpusuaos M.C. u np.; [Tog obur. pex . [ly3ankopa
J1.B. — CII6.: ITonurexuuka, 2002. — 935 c.: ui.

2. OcHoBbl Mukponporneccoproit Texuuku / Houkos 10.B., CkopoboraTos
[LK./M.: UHTYUT.PY. "Untepuer-Yuusepcurer UHPoOpMaImoHHBIX TEXHOIIO-
ruit", 2003. — 440 c.: un.

3. KpuBuenko M. AVR - MUKPOKOHTpOIEPHL: OYEPEIHOM ITal HA IMyTH pa3-
BHUTHSI

4. http://lwww.atmel.com/atmel/products/prod23.htm

5. Edctudeer A.B. Mukpokontposuiepsl AVR cemeiictra Classic pupmbl
"Atmel". M.: U3znatensckuii oM "Hoaeka — XXI", 2002. — 288 c.: un.

6. T'ony61ioB M.C. Mukpokontposuiepsl AVR: ot mpocToro k cinoxxHomy, M.
2003. — 456 c.

7. http://www.atmel.ru/Disks/AVR%20Technical%20L.ibrary/index.html
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Ta6muma 1.1 — PBB mogeneit AT90S1200, AT90S2313, AT90S/LS2323 u

AT90S/L.S2343
Ha3sga- Anpec
Hue Gyt AT90S1200| AT90S2313 ﬁ;gggtﬁggig
ACSR  |Perucrp ympaBieHHsi U COCTOSHHUS aHAJIOTOBO- $08 $08 ($28)
ro KoMmIiaparopa
DDRB  |Peructp HampaBiieHHUs JaHHBIX TopTa B $17 $17 ($37) $17 ($37)
DDRD  |Perucrp HampaslieHus JaHHBIX 11opTa D $11 $11 ($31) —
EEAR  |Peructp anpeca EEPROM SIE S1E(33E) SIE($3E)
EECR  |Peructp ynpasnenuss EEPROM $1C $1C J10C) $1C (330
EEDR  |Peructp nanusix EEPROM $10 $1D ($3D) $10 ($30)
GIFR OOmuii peructp (JIaroB mpepbIBaHUM — $34 ($54) $34 ($54)
GIMSK  |O6muit peructp MacKku NnpepeIBaHUi $3B $3B ($5B) $3B ($5B)
ICR1H |Peructp 3axBara taiimepa/cueTunka 1 (crap- — $25 ($45) —
i 0aiT)
ICRIL |Peructp 3axBara taiimMepa/cuerdrka 1 (mias- — $24 ($44) —
i 0aiT)
MCUCR |OO01uuii perucTp ynpasieHus MUKPOKOHTPOJI- $35 $35 ($55) $35 ($55)
JIepoM
MCUSR |Peructp cOCTOSIHUSI MUKPOKOHTPOJLIEpA — — $34 ($54)
OCR1AH|Peructp coBnagenus Bbixona 1 (crapmmii — 32B (4B) —
0aiiT)
OCRIAL |Peructp coBnanenus Beixona 1 (Mmammmia — $24 (44) —
0aiiT)
PINB BriBob1 opTa B $15 $16 ($36) $16 ($36)
PIND  |BeiBomsl mopra D $10 $10 ($30)-
PORTB |Peructp nansbix nopra B $18 $18 ($38) $18 ($38)
PORTD |Peructp nanubix nmopra D $12 $12 ($32) -
SPL Ykazarenb cTeka — $30 ($50) $30 ($50)
SREG  |Peructp coctosiHus $3F $3F ($5F) $3F ($5F)
TCCRO |Peructp ympasnenus Taiimepom/cueTdukom 0 $33 $33 ($53) $33 ($53)
TCCRI1A |Peructp ynpasnenusi A TaiiMepoM/cueTauKoM | — $2F ($4F) -
TCCRI1B |Peructp ynpasnenus B Taiimepom/caeTdaurom | — $2E (34E) —
TCNTO |Cuernsrii peructp Taiimepa/cuerunka 0 (8- $32 $32 ($52) $32 ($52)
pas3psIHbIi)
TCNT1H |CuerHsIit perucTp TaiimMepa/cuerynka | — $20 ($40) -
TCNT1L |CuetHsblil peructp TaiimMepa/cuerynka 1 (Mmman. — $2C ($4C) —
0aiiT)
TIFR Peructp ¢aros mpepsiBaHuii OT TaiiMe- $38 $38 ($58) $38 ($58)
pa/cueTdnka
TIMSK  |Peructp Macku npepbsIBaHUM OT Taiime- $39 $39 ($59) $39 ($59)
pa/cueTdnka
UBRR  |Peructp ckopoctu nepenaun UART — $09 ($29) —
UCR Peructp ympasnenust UART — $OA (324) —
UDR Peructp manneix UART — 30C J10C) —
USR Peructp cocrostans UART — $OB (32B) —
WDTCR |Peructp yrmpaBieHHs CTOPOKEBBIM TaliMepOM $21 $21 ($41)
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Ta6muua I[1.2 — PBB moneneit AT90S/LS2333 u AT90S/LS4433

Ha3sa- OyHKIUSA Anpec
HHE AT90S/LS2333
AT90S/L.S4433
ACSR  |PerucTp ynpasiieHHs U COCTOSHHUS aHAJIOTOBOTO KOMITapa- $08 ($28)
Topa
ADCH  |Peructp mannsix AIIIT (crapiuuit 6aiT) $05 ($25)
ADCL  |Peructp mannsix AL (Mnagmuii Oaiir) $04 ($24)
ADCSR |Peructp ynpasienust u coctostaust AL $06 ($26)
ADMUX |Peructp ynpapnenust myiabTuriekcopom AL $07 ($27)
DDRB  |Peructp HanpaBiieHHs AaHHBIX TIopTa B $17 ($37)
DDRC  |Peructp HampaBieHus JaHHBIX mopta C $14 ($37)
ODRD  |Peructp HampaBieHus JaHHBIX opTa D $11 ($31)
EEAR  |Peructp angpeca EEPROM SIE($3E)
EECR  |Peructp ynpasnenus EEPROM $1C(33C)
EEDR |Perucrp nannsix EEPROM $10 ($30)
GIFR OO6muii peructp ¢aroB mpepbIBaHUN 834 (S5A)
GIMSK |O6mmuii peructp MacKu MpepuIBaHU $3B ($5B)
ICR1H |Perucrtp 3axBara Taiimepa/cuerunka |1 (cTapiuuii 6aiir) $27 ($47)
1CR1L |Permctp raxsara TaiiMepa/cuerdrka 1 (Mitaaiimii GaiT) $26 ($46)
MCUCR |OO0muii perucTp ynpapieHus MUKPOKOHTPOILIEPOM $35 ($55)
OCR1H |Peructp coBmaacHus Beixonaa 1 (crapiiuii Oaiir) $2B ($4B)
OCRI1L |Peructp coBnanenus Beixonaa | (Mmaammii Gaifr) 8324 ($44)
PINB  |BeiBoxsl mopra B $16 ($36)
PINC  |BeBoms mopra C $13 ($36)
PIND  |BeBoasl mopra D $10 ($30)
PORTB |Peructp manubix mopra B $18 ($38)
PORTC |Perucrtp nanubix mopra C $15 ($38)
PORTD |Peructp naunbix nmopra D 0 $12 ($32)
SP Vkasarenb cTeka $30 ($50)
SPCR  |Perucrp ynpasnenus SPI $00 ($20)
SPDR  |Peructp nanubix SPI $OF ($2F)
SPSR Peructp cocrosaus SPI SOE ($2E)
SREG  |Peructp cocTosHus $3F ($5F)
TCCRO |Peructp ympaBieHus TaiiMmepom/cdeTaukom 0 $33 ($53)
TCCR1A |Peructp ynpasnenus 4 TaiMepom/cyeTyukom | $2F ($4F)
TCCRI1B |Peructp ympasienusi B Taiimepom/cueTdiukom 1 $2E ($4E)
TCNTO |CuerHnslii peructp Taiimepa/cuerunka 0 (8-pa3psiaHblii) $32 ($52)
TCNT1H |Cuernsrii peructp Taiimepa/cuerunka 1 $20 ($40)
TCNTLL |CuerHslii peructp TaiiMepa/cuerdnka 1 (Miaammii Oaifr) $2C ($4C)
T1FR  |Peructp ¢uaros npepbIBaHMii OT TaliMepa/CUeTINKa $38 ($58)
TIMSK  [Peructp macku mpepbiBaHUi OT TaiiMepa/cueTunka $39 ($59)
UBRR  |Peructp ckopoctu mepenaun UART (Mmaamimii GaiiT) $09 ($29)
UBRRHI |Peructp ckopoctu nepenaun UART (crapmuii GaiiT) $03 ($23)
UCR Peructp ynpasnenust UART $OA ($2A)
UDR Peructp nanabix UART $OC (320)
USR Peructp cocrostans UART SOB (32B)
WDTR  [Peructp ynpasieHHs CTOPOKEBBIM TaliMepOM $21 ($41)
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Ta6muma 1.3 — PBB mozeneit AT90S/LS4434, AT90S/LS8535, AT90S4414 u

AT90S8515
Hazga- OyHKIMSA Anpec
Hue AT90S/LS4434 [AT90S4414
AT90S/LS8535 |AT90S8515
1 2 3 4
ACSR  |Perucrp ympasieHus U COCTOSHHUS aHaJIOr. KOMIIaparopa $08 ($28) $08 ($28)
ADCH |Peructp mannsix AIIIT (crapiuuii 6aiiT) $05 ($25) —
ADCL  |Peructp mannbix AIIT (Maagmmii Oaiir) $04 ($24) —
ADCSR |Peructp ynpasienus u coctosaus AL $06 ($26) —
ADMUX |Peructp ymnpasienus: mynabTuiuiekcopom AT $07 ($27) —
ASSR Peructp cocTtosiHUsSI aCHHXPOHHOTO PEKHUMa $22 ($42) —
DDRA |Peructp HanpaBiieHHs JaHHBIX TopTa 4 $14($34) $14($34)
DDRB  |Peructp HampaBiieHHUs JaHHBIX IOpTa B $17 ($37) $17 ($37)
DDRC  |Perucrp HanpasieHus qadHbeix nopra C $14 ($37) $14 ($37)
ODRD |Peructp HampaBieHus JaHHBIX opta D $11 ($31) $11 ($31)
EEARH |Perucrp agpeca EEPROM (crapumii 6aiit) $1F($3F) $1F($3F)
EEARL |Peructp agpeca EEPROM (mumammuii GaiiT) SIE($3E) SI1E(33E)
EECR |Peructp ynpasnenuss EEPROM $1C($3C) $1C($3C)
EEDR |Perucrp nanusix EEPROM $1D ($3D) | $1D ($3D)
GIFR OOmuwmii peructp QIaroB npepbIBaHUN $34 ($54) 8334 ($54)
GIMSK |O6muii peructp MacKku npepeIBaHUi $3B (35B) 33B ($5B)
ICR1IH |Perucrp 3axBara Taiimepa/cuerunka 1 (crap. Oaiir) $27 ($47) $25 ($45)
1CRIL |Peructp 3axBara Taiimepa/cuetunka 1 (Maa. OaiT) $26 ($46) $24 ($44);
MCUCR |OO01muuii pericTp ynpapieHus MUKPOKOHTPOILIEPOM $35 ($55) $35 ($55)
MCUSR |Peructp coCTOSHHMS MUKPOKOHTPOILIEPA $34 ($54)
OCRIAH |Peructp coBnanenus Beixona A (crapmmuii 0aiT) 32B ($4B) $2B ($4B)
OCRIAL |Peructp coBmanenus Beixoaa 4 (Mmaamui 6aiT) $24 (84A4) 824 ($4A4)
OCRIBH |Peructp coBmaaenus Beixosa B (crapimii Gaiir) $29 ($49) $29 ($49)
OCRIBL |Peructp coBnanenus Bbixona B (Mmaammii Oaiir) $28 ($48) $28 ($48)
OCR2 Peructp coBmaneHus BbIxoia TaiMepa/cyeTymnka 2 $23 ($43) -
PINA  |BeiBomsl mopra A $19 ($39) $19 ($39)
PINB BriBoi61 mopra B $16 ($36) $16 ($36)
PINC  |BeBoas! mopra C $13 ($36) $13 ($36)
PIND  |BeiBoasl mopra D $10 ($30) $10 ($30)
PORTA |Peructp nannsix nopra 4 31B (33B) 31B (33B)
PORTB |Peructp JaHHbIX mopra B $18 ($38) $18 ($38)
PORTC |Peructp manusix mopra C $15 ($38) $15 ($38)
PORTD |Peructp nannsix nmopra D $12 ($32) $12 ($32)
SPCR  |Peructp ynpasnenus SPI $0D ($2D) | $0D ($2D)
SPDR  |Peructp nanubix SPI $0F ($2F) $0F ($2F)
SPH VYkaszarenb cTeka (crapimuii 0aiir) $3E ($5E) $3E ($5E)
SPL Vkaszarenb cTeka (MIaimui 6anT) $3D ($5D) | $3D ($5D)
SPSR Peructp cocrosiaus SPI $0E ($2E) $0E ($2E)
SREG  |Peructp coctosiHus $3F ($5F) $3F ($5F)
TCCRO |Peructp ympasieHus Taiimepom/cuaeTdukom 0 $33 ($53) $33 ($53)
TCCR1A |Peructp ynpasinenus A taiiMepom/cueTdnkom | $2F ($4F) | $2F ($4F)
TCCRI1B |Peructp ymnpasienusi B Taiimepom/cueTdukom 1 $2E ($4E) $2E ($4E)
TCCR2 |CuerHblf peructp Taiimepa/cueTyuka 2 $25 ($45) —
TCNTO |Cuernslii peructp Taiimepa/cuerunka 0 (8-pa3psiiHblii) $32 ($52) $32 ($52)
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1 2 3 4
TCNT1H [Cuernblii peructp Taiimepa/cuetuunka 1 $2D (S4D) | $2D ($4D)
TCNTIL |Cuernblii peructp TaiiMepa/cuerunka | (Mmammmii Gaiir) $2C (S4C) | $2C ($4C)
TCNT2 |CyerHbIil peructp TaiiMepa/cuerdnka 2 (8-pa3psTHbIi) $24 ($44) —
TIFR Peructp ¢uaros npepbiBaHuii OT TaliMepa/CUeTINKa $38 ($58) $38 ($58)
TIMSK  |Peructp Macku npepblBaHUN OT TaliMepa/cueTunKa $39 ($59) $39 ($59)
UBRR  |Peructp ckopoctu nepempaun UART $09 ($29) $09 ($29)
UCR Peructp ynpasienuss UART $0A ($2A) $0A ($2A)
UDR Perucrp manneix UART $0C ($2C) | SOC ($2C)
USR Peructp cocrostnus UART $0B ($2B) SOB ($2B)
WDTCR |Peructp ynpapieHus CTOPOKEBLIM TaliMEPOM $21 ($41) $21 ($41)

Tabmuua [1.4 — PBB mogenn A7T90C8534
Haszga- Dynkms Anpec
HUE ATI90C8E534
ADCH  |Peructp mannsix AIIT (crapiuii 6aiiT) $05 ($25)
ADCL  |Peructp nanubix AL (Miaammii 6anT) $04 ($24)
ADCSR |Peructp ynpasienus u coctosaus AL $06 ($26)
ADMUX |Peructp ympasienus: myibTuiuiekcopom AL $07 ($27)
DORA  |Peructp HampaBiieHHS JaHHBIX IOopTa A $14 ($34)
EEARH |Peructp anpeca EEPROM (crapumii 6aiiT) $1F($3F)
EEARL |Peructp agpeca EEPROM (Mmmammuii 6GaiiT) SIE($3E)
EECR  |Peructp ynpasnenuss EEPROM $1C($3C)
EEDR  |Perucrp nanusix EEPROM $10 ($30)
GIFR OOmwmii peructp (aroB npepbIBaHUN $34 ($54)
G1MSK |O6mmuii pernctp MacKu MpepuIBaHU $3B ($5B)
G1PR  |Peructp BXO/OB BHEUIHUX MPEPHIBAHUI $10 ($30)
MCUCR |O0mmuii peructp yrnpapieHHss MUKPOKOHTPOJLIEPOM $35 ($55)
PORTA |Peructp nansbix noprta A $1B($3B)
SPH VYkazareinb cTeka (cTapiiuii 0anT) $3E ($5E)
SPL Vkasarenb creka (MiIaimii 6aifr) $30 ($50)
SPEG  |Peructp cocTosHus $3F ($5F)
TCCRO |Peructp ympaBjeHus TaiitMepom/cdeTaukom 0 $33 ($53)
TCCR1 |Peructp ympaBieHusi TalMepoM/CUeTYHKOM | $2E (34E)
TCNTO |CuerHnsblit peructp Taiimepa/cuerunka 0 (8-pa3psiaHblii) $32 ($52)
TCNT1H [Cuetnblit peructp Taiimepa/cuetunka 1 $20 ($40)
TCNTILL |[Cuernsii peructp Taiimepa/cuerunka | (Mimaammii Gair) S2C (84C)
TIFR Peructp (hnaros npepriBaHuil OT TaliMepa/cueTdynka S38($58)
TIMSK  |PerucTp Macku npepbIBaHuii OT TaliMepa/CueTunKa $39 ($59)
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Pasp

Hass.

Onucanue

Monenn

7

SRE

Pazpemenue Buemnero O3Y. Ecnu 3ToT pa3psa ycraHosieH B '1", uc-
noJyib3oBaHue BHemHero O3V paspenieHo. B npoTuBHOM citydae UCHOJIb-
30BaHMe BHemHero O3V 3anpenieHo, U BEIBO/bI, UCIIOIb3YEMbIE IS I10]1-
ktoueHus BHemHero O3Y, GyHKIMOHUPYIOT KaK OOBIYHbIE TMHUU BBO-
1a/BBIBOIA.

AT90S4414
AT90S8515

He ucnonb3yercs, yntaercs kak "0".

[Tpoune

SRW

Pexxum obpamienus k BuemHemy O3Y. Ecnu 3TOT pa3psi yCTaHOBIICH B
"1", obpamenue k BHemHeMY O3Y BbINOMHSAETCS 3a 4 MAITMHHBIX ITUKJIA
(c omHUM TTUKIIOM Okmanus). Ecinu aToT paspsia copoiieH, oOpaiieHue K
BHemHeMY O3V BbINOJIHAETCS 3a 3 MAIIMHHBIX ITUKJIA.

AT90S4414
AT90S8515

He ucnonssyercs, unraercs kak "0"

IIpoune

SE

Paspenienne nepexona B pesKuM NOHUKEHHOTO SHEpronoTpednenus. Eciu
3TOT pa3psin ycranosieH B "1", To mo komanze "SLEEP" mukpokonTpo-
JIep NepPeXOUT B "CSIUN" pesKuM

Bce monenn

SM

Br160p pexrma NoHWKEHHOTO dHepronoTpednenusi. COCTOSHUE STOTO
pas3psijia onpeenseT, B KaKol pexuM nepeiier MUKPOKOHTPOJILIEp ociie
BhInosiHeHust komauel "SLEEP". Ecnu aTot paspsig ycranosnen B "1",
"cramuM" pexuMoM sBIIsieTcs pexxuM "Power Down". Eciiu 3ToT paspsin
copomien — peskum "ldle”.

Bce monenn

3,2

He ucnons3ytores, uynratores kak "0"

AT90S1200
AT90S2323
AT90S2343

ISC11,
ISC10

OnpenenstoT ycioBue reHepanuu BHemHero npepsiBanust INT1 cienyro-
M 00paszom:

ISC|ISC1{YcnoBue
11

0
0

no HU3KOMY yposHnio Ha BeiBoge 1NT1

pu J11000M M3MeHeHnHu ypoBHs Ha BbiBoje INT1 (s
AT90S2333/4433); 3ape3epBUPOBAHO AJIST OCTATIBHBIX
1 10 crajaromeMy GpoHTy curtaina Ha BeiBoge INT1

1 10 HapacTawoouemy ¢GpoHTy curHaina Ha Beioze INT!

O F—k O|O

[Ipoune

1,0

ISCO11
SC00

OmnpenenstoT ycnoBue renepaunu BHemHero npepsisanus INTO cnenyro-
M 00pazoM:

ISC|ISC |VYcnosue
01 |00

0 |0 no HU3KOMY yposHnio Ha BeiBoge INTO

npu 1r000M n3MeHeHnn ypoBHs Ha BbBoae INTO (mis
AT90S2333/4433); 3ape3epBUPOBAHO JAJIS1 OCTAIBHBIX
no cnanaroremy GpoHTy curaana Ha BeiBoze INTO

1o HapacTamouemy ¢poHTy curtana Ha Beioge INTO

0 |1
1 1|0
1 |1

Bce monenn

Tabnuua [1.6 — Peructp MCUCR monenei AT90S/LS4434 u AT90S/LS8535

Pasp.

Hass.

Onucanue

He ucnonszyercs, unraercs kak "0"

SE

Paspemenne nepexoa B pexuM MOHIKEHHOTO dHepronoTpedinenus. Ecim aToT paspsin
ycraHosieH B "1", To mo komanae "SLEEP" mukpoxonTponep nepexoaut B "crsuii”

pEXKUM.
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Pasp.

Haszs.

Onucanue

5,4

SM1,
SMO

Br160op pexxrma nmoHMmKeHHOTo 3Hepronorpednenus. CocTosiHUE 3TUX pa3psiioB onpe-

JIENISET, B KAKON PEKUM IEPENHIET MUKPOKOHTPOJIIEP NIOCIIE BBIIIOJIHEHNS KOMaH bl
"SLEEP".

SM1 Pexum

0
0 1
1 0 Power Down
1 1 Power Save

Idle
3ape3epBUPOBAHO

3,2

ISC11

1SC10

OnpenensiroT ycinoBue reaepanuu BHenHero npepeBanmst INT1 cinenyronmm o6pazom:

ISC11 ISC10 VYcioBue

0 0 no HU3KOMY ypogHio Ha BeiBoze INT1
3ape3epBUPOBAHO
1o criajaroeMy GpoHTy curHaia Ha BeiBoge INT1

0 1
1 0
1 1 1o HapacrawomeMy GpoHTy curtnana Ha BeiBosie INT1

1,0

ISCOI

1SCO
0

ISCO01 VYcaoBue

0
0 1
1 0
1 1

no HU3KOMY yposHrio Ha BeiBozie INTO
3ape3epBUPOBAHO

no crajaroriemMy ¢poHTy curHana Ha BeiBozie INTO
1o HapacTamomemy ¢poHTty curaana Ha BeiBose INTO

Tabnuua I[1.7 — Peructp MCUCR mozpenu AT90C8534

Pasp.

Haszs.

Onucanue

4,3

SE

SM

ISC1

1SCO

He ucnons3yercs, untaercs kak "0"

Pazpeienue nepexosaa B pexuM NOHWKEHHOT0 sHepronorpedienus. Eciu 3tot paspsin
ycraHoBieH B "1", To mo komanae "SLEEP" mukpoxonTpoep nepexoaut B "crisuii”
pEXUM

Br160p pexrma NOHNKEHHOT0 dHepronorpednenus. CoCTOSHUE 3TOro pas3psaa onpe-
JIENIET, B KAKON PEKUM IEPERTIET MUKPOKOHTPOJIIIEP NOCIIE BBIITOJIHEHNS KOMaH bl
"SLEEP". Ecim aTOT paspsin ycranosieH B "l", "'crsmmM" peskuMOM SIBISIETCS PEKIM
"Power Down". Eciu 10T pasps copoien — pexum "ldle".

He ucnonssytorcs, untatorcs kak "0"

Omnpenensier ycnoBue renepanuu BHentHero npepbiBanus INT1. Eciu atoT paspsn
ycTtaHoBjeH B 1", mpepbiBaHUE T€HEPUPYETCS 110 HapacTaroleMy GpoHTY CUTHaJIa Ha
BeiBozie INT1. Ecnu aTOT paspsiz cOpoiieH, mpepblBaHUEe TeHEPUPYETCS 10 ClaJarole-
My (ponTy curHana Ha BbiBoJie INT1 . ['eneparus npepblBaHus TapaHTUPYETCS IS
UMITYJIbCOB JUIMTEIBbHOCTHIO HE MeHee 40 HC

-1e ucnons3yercs, unraercs kak "0"

Omnpenensier ycnoBue reHepanuy Baentaero npepbBanus INTO. Ecin aToT paspsin
yctaHoBJieH B "1", mpepbIBaHNe TeHEepUPYETCs 10 HapacTaroleMy (ppoHTy cUrHana Ha
BbIBOJIe INTO. Eciu jtor pa3psii cOpoIieH, npepbiBaHHe TEHEPUPYETCSI 110 CIIaIAl0NeMy
¢ponty curnana Ha BeiBojie INTO. 'enepanus npepbiBaHUs rapaHTUPYETCS I UM-
IIyJIbCOB JUTUTENBHOCTHIO HE MeHee 40 HC.

IIpu usmenenuu cocmosanus paspsa00e 1SC1 u 1SCO gosmoorcna noscnan cenepayust coomeemcmeyoue2o
npepuvieanus. Ymoobwl 3mozo uzbedxncams, peKomMeHoyemcs ciedyiouas nocie008amenbHOCG 0eUCEUlL:
* 3anpemumu npepuvléanue, COOMEEMcmsylouee UsMeHAeMOMY paspaoy;

*  UBMEHUMb COCMosAHUE PA3PAOd,

* copocums ¢hnaz npepviéanus;

*  paspewiums npepvléatue.
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MHeMOHUKa Onucanue Onepanus [uxnsl| ®naru
1 2 3 4 5
['pyrina KOMaH 1 JOrHYECKUX ONepanuit
AND Rd, Rr |"JIoruueckoe " neyx POH Rd=Rd & Rr 1 ZN,\V
ANDI Rd, K |["JIornueckoe 1" POH u kOHCTaHTBI Rd=Rd & K 1 ZN\V
EOR Rd, Rr |"Uckmouaromee MJIN" nsyx POH Rd =Rd @Rr 1 ZN,\V
OR Rd, Rr |"Jloruueckoe MJIN" asyx POH Rd=Rd vRr 1 ZN\V
ORI Rd, K |"JToruueckoe MJIN" POH u koHCTaHTHI Rd=Rd vK 1 ZNV
COMRd IlepeBox B 0OpaTHBIN KO Rd = $FF - Rd 1 ZCN\V
NEG Rd [TepeBoa B TONOTHUTENBHBIN KOJT Rd = $00-Rd 1 Z,C,N,V,H
CLRRd C6poc Bcex paspsagos POH Rd = Rd @Rd 1 Z,NV
SER Rd YcranoBka Beex paspsiioB POH Rd = $FF 1 —
TST Rd [Iposepka POH Ha oTpunateabHOE UK HY- RA&Rd 1 ZNV
JIEBOE 3HAYEHHUE
SWAP Rd O6men mecramu Tetpan B POH I;%((?;a)) _: F\I;%((;A(')))’ 1 _
I'pynima koMaH1 apuPMETHUSCKHUX OTepauii
ADD Rd, Rr |Cnoxenune nsyx POH Rd =Rd + Rr 1 Z,C,N,V,H
ADC Rd, Rr |Cnoxenue n8yx POH ¢ neperocom Rd=Rd+Rr+C 1 Z,C,N,V,H
ADIW Rd, K |Crnoxenue peructpoBoii mapsi ¢ kouctan-  [Rdh:Rdi=Rdh:RdI+K| 2 Z,CNV,S
TOM
SUB Rd, Rr  (Beruuranue nsyx POH Rd=Rd-Rr 1 Z,C,N,V,H
SUBI Rd, K |Bsruurtanue koncrauts! u3 POH Rd=Rd-K 1 Z,C,N,V,H
SBC Rd, Rr  |Beruuranue nsyx POH ¢ 3aemom Rd=Rd-Rr-C ] Z,C,N,V,H
SBCI Rd, K |Berunranue koncrautsl u3 POH ¢ 3aemom Rd=Rd-K-C 1 Z,C,N,V,H
SBIW Rd, BrrunTanue KoHcTaHTHI M3 peructpoBoii ma- |Rdh:RdI=Rdh:RdI-K'| 2 Z,CNV,S
pbl
DEC Rd Hexpement POH Rd=Rd-I 1 Z N,V
INC Rd WNukpement POH Rd=Rd+1 1 Z N,V
ASR Rd Apudmernaeckuii cIBUT BIIPaBO Rd(n) = Rd(n+1), 1 ZCNV
n=0..6
LSL Rd Jlornueckuii CABUT BIEBO Rd(n+1) = Rd(n), 1 Z,C,NV
Rd(0) =0
LSR Rd Jlormyeckuii CABUT BIIPABO Rd(g)d(_7$i(g+l)1 1 Z,CNV
Rd(0) =C,
ROL Rd CaBur BJIEBO uepe3 MepPeHoC Rd(n+1)= = Rd(n), 1 Z,CN)V
C=Rd(7)
Rd(7) = C, Rd(n) =
ROR Rd CaBur BIpaBo yepes mepeHoc =Rd(n+l), C = 1 ZCNV
Rd(0)
['pynna xoMaH1 onepanuii ¢ pazpsaaMu
CBR Rd, K |Copoc pa3psia(oB) POH Rd=Rd & ($FF-K)| 1 ZNYV
SBR Rd, K |VcranoBka paspsga(os) POH Rd=Rd vK 1 Z,N\V
CBI 4,b Copoc paspsina PBB Ab=0 2 —
SBI 4,b YcranoBka paspsiia PBB A.b=1 2 —
BCLR s Copoc ¢nara SREG.s=0 1 SREG.s
BLD Rd, b |3arpyska paspsaa POH u3 ¢uara T (SREG) Rdb=T 1 —
BSET s YcranoBka Quara SREGs =1 1 SREG.s
BSTRr, b 3anuck paspsina POH B dar T (SREG) T=Rrb 1 T
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1 2 3 4 5
CLC COpoc ¢uara mepeHoca C=0 1 C
SEC YcranoBka ¢urara nepeHoca C=l 1 C
CLN COpoc ¢mara otp. uucia N=0 1 N
SEN YcraHoBka ¢uiara oTp. 4ucia N=1 1 N
CLz Co6poc ¢mnara vy Z=0 1 YA
SEZ VYcranoBka ¢urara HyJs Z=l 1 Z
CLI Oo1mee 3ampenieHue npepbIBaHUN I=0 1 I
SEI O6miee paspenieHre MpepbIBaHUI =1 1 |
CLS COpoc ¢umara 3naka S=0 1 S
SES YcraHoBka ¢uiara 3HaKa S=l 1 S
CLV COpoc ¢uara mepenosHEeHUs JI0M. KOJa V=0 1 \Y
SEV VYcraHoBka ¢uiara nepenoJHeHHs 01, KO- V=1 1 Vv

na
CLT Copoc ¢urara T T=0 1 T
SET YcranoBka ¢uara T T=1 1 T
CLH COpoc ¢urara moJIOBUHHOTO IepeHOca H=0 1 H
SEH YcranoBka uiara noJ0BUHHOTO IIepeHoca H=1 1 H
['pyrnma KoMaH 1 NEPEChUIKU TAHHBIX

MOV Rd. Rr  |ITepecbuika mexay POH Rd =Rr 1
LDl Rd, K 3arpy3ka koHcTaHThl B PH Rd =K 1
LD Rd, X KocBennoe urenune Rd = [X] 2
LD Rd, X+ |Kocsennoe urenue ¢ moctuakpemenrom |Rd =[X], X=X+ 1|2
LD Rd,-X KocBenHoe uTeHne ¢ mpeIeKpeMeHTOM X=X-l,Rd=[X] |2
LD Rd,Y KocBennoe urenune Rd=[Y] 2
LD Rd, Y+ KocBenHnoe utenue ¢ mocruakpementom |[RAd=[Y],Y=Y + 1|2
LD Rd, -Y KocBeHHOE uTeHHE ¢ IPEICKPEMEHTOM Y=Y-,Rd=[Y] |2
LDD Rd, Y+q |KocBeHHOE OTHOCHUTEIBHOE YTCHHE Rd = [Y+q] 2
LD Rd, Z KocBenHoe uTeHne Rd =[Z] 2
LD Rd,Z+ |KocBenHoe uTeHue ¢ moctuHkpemMentoM |Rd=1[Z],Z=Z+1|2
LD Rd,-Z KocBeHHOE UTeHHUE C IPEICKPEMEHTOM Z=Z-,Rd=[Z] |2
LDD Rd, Z+q |KocBeHHOE OTHOCHUTEIBHOE YTCHHE Rd = [Z+q] 2
LDS Rd, k HenocpencrBennoe urenue uz O3Y Rd = [K] 2
ST X, Rr KocBenHnas 3anmch [X] =Rr 2
ST X+, Rr KocBenHas 3anuch ¢ MOCTUHKPEMEHTOM [X] =Rr,X=X+1|2
ST -X,Rr KocBenHas 3anuch ¢ peaieKpeMeHTOM X=X-I, [X] =Rr |2
ST Y,Rr KocBenHas 3anuch [Y] =Rr 2
ST Y+,Rr KocBenHast 3aniuch ¢ TOCTHHKPEMEHTOM [YI=Rr,Y=Y+1|2
ST -Y,Rr KocBeHHast 3a1uCh ¢ IPEIJIEKPEMEHTOM Y=Y-I[Y]=Rr |2
STD Y+q, Rr |KocBeHHasi OTHOCUTENBHAS 3aITUCh [Y+q] =Rr 2
ST Z,Rr Kocsennas 3amnuch [Z] =Rr 2
ST Z+,Rr KocBeHHast 3a1iuCh ¢ TOCTHHKPEMEHTOM [Z]1=Rr,Zz=2Z+1|2
ST -Z,Rr KocBenHas 3amucek ¢ npeaieKpeMeHTOM Z=7Z-1,[Z] =Rr |2
STS k, Rr Henocpencrennas 3anuck B O3Y [K] =Rr 2
STD Z+q, Rr |KocBeHHast OTHOCUTENbHAS 3aIUCh [Z+q] =Rr 2
LPM 3arpy3ka AaHHbIX U3 mamsaT nporpamm  |[RO={Z} 3
INRd, A [Tepecpuika n3 PBB 8 POH Rd=A 1
OUT A, Rr [Tepecbuika u3 POH B PBB A=Rr 1
PUSH Rr Coxpanenue 0Oaiita B cTeke STACK =Rr 2
POP Rd W3Bneuenue Oaiita U3 creka Rd = STACK 2
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1 | 2 | 3 4 5
['pyrnma koMaH1 iepeayy ynpaBJieHUs
RIMP Kk OTHOCHUTENBHBIN 0e3yCIOBHBIN TIEPEX0 PC=PC+k+1 2 —
IIJMP KocBeHHBII 0€3yCI0BHBIN Mepexo.1 PC=Z 2 —
RCALL OTHOCHUTENBHBIN BHI30B IOITPOTPAMMBI PC=PC+k+1 3 —
ICALL KocBeHHBI BBI30B IOAIIPOTrPAMMBI PC=Z 3 —
RET Bo3zBpart u3 nmoanporpaMmMel PC = STACK 4 —
RETI Bo3zspart u3 noanporpammsl oopadotku npe- [PC = STACK 4 |
pBIBaHUS
CP Rd, Rr CpaBuenue POH Rd-Rr 1 ZN)\V,CH
CPCRd, Rr Cpasuenue POH ¢ yuerom nepeHoca Rd-Rr-C 1 ZNV,CH
CPI Rd, K Cpasuenune POH ¢ koHcTaHTO# Rd-K 1 ZN)\V,CH
CPSE Rd, Rr  [CpaBHenue u npormyck cieaytorieid koman- |Ecimu Rd=Rr,to  |1/2/3 —
bl TIPU PABEHCTBE PC=PC +2(3)
[Mpomyck cien, komausl, ecnu paszpsin POH |Ecnu Rr.b = 0, o o
SBRCRr, b c6pormex PC =PC + 2 (3) 1/2/3
[Mpomyck ciexn, komauel, ecnu pazpsin POH |Ecnu Rr.b = 1, o o
SBRS Rr, b YCTaHOBIICH PC=PC+2(3) 1213
[Mpomyck ciexn, komausl, eciu paszpsin PBB |Ecou A.b = 0. To I
SBICAD | Gpomen pc=pc+2(3) |Y3
[Mpomyck cien, koMmausl, eciu paszpsin PBB |Ecnun A.b =1, To o
SBIS A b YCTaHOBIICH PC=PC+2(3) 1213
Ilepexon, ecnu ¢uar S peructpa SREG Ecmu SREG.s =0, o
BRBC's, k coporex T0 PC=PC+k+ | 1/2
[Tepexon, eciu ¢ar S peructpa SREG Ecmm SREG.s =1, o
BRBS s, k YCTaHOBIICH 0 PC=PC+k+1 172
Ecmu C =1, 10
BRCS k [Tepexon 1o nepeHocy PC = PC + k +1 1/2 —
Ecmu C =0, 10
BRCC k [epexon, eciiu HET mepeHoca PC=PC+k+1 1/2 —
" " Ecmm Z2=1, 10
BREQ k [epexo 1Mo ycioBuio "paBHO PC = PC + Kk +1 1/2 —
" " Ecmu Z =0, To
BRNE k [epexo Mo ycioBuio "He paBHO PC=PC +Kk+1 1/2 —
" " Ecmu C =0, 10
BRSH k [Tepexo 1o ycJIOBHIO "BBIIIE WIIA PABHO PC = PC + k + 1 1/2 —
" " Ecmu C =1, 10
BRLO k [Tepexon 1o yciioBuio "MeHbIIE PC = PC + k + 1 1/2 —
Ilepexon no ycnosuto "orpunarensHoe 3Ha- (Ecmu N =1, 10 o
BRMI yeHue" PC=PC+k+1 172
[Iepexon o yciaoBHIO "MOIOKUTEIBHOE Ecmu N =0, To
BRPL 3HaueHue" PC=PC+k+1 1/2 o
BRGE Ilepexon o ycnosuro "Oosbmie unu pasHo" |[Ecau (N &V) =0, T0 1/2 o
(uncna co 3HaKOM) PC=PC+k+1
BPLT ITepexon no ycnosuio "menbe Hyna" (auc- |Eciu (N@V)=I, To 1/2 o
Jla CO 3HAKOM) PC=PC+k+1
Ecmu H=1, To
BRHS [lepexo Mo MOJOBUHHOMY MEPEHOCY PC=PC+k+1 1/2 —
BRHC [lepexon, eciiv HET MOJTOBUHHOTO MEPEHOCA Ecmu /1 =0, T0 1/2 —

PC=PC+k+1
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1 2 3 4
Ecmu T= 1, To
BRTS Iepexon, ecnu ¢utar T ycTaHOBJICH PC=PC 4K+ 1 1/2
Eciu T=0, To
BRTC [epexon, ecnu ¢utar T cOporeH PC=PC + K+ 1 1/2
Ecmu V=1, To
BRVS [lepexo/ o nepenoaHeHuo oM. Kojia PC =PC +Kk+1 1/2
Ilepexon, ecnu Het nepenoinenus aon. |Ecim V = 0, To
BRVC Koz pC=PC+k+1 |2
[Tepexon, ecnu mpepwiBanwmst 3anpenie- |(Ecmu | = 0, To
BRID HbL, pC=PC+k+1 |2
[lepexon, ecnu npepeiBanus paszpeme- |Ecnu |= 1, To
BRIE Hbi PC=PC+k+1 |2
NOP Her onepanun 1
SLEEP [Tepexon B "csmuit" pexum 3
WDR COpoc cTOpoKEeBOro TaiiMepa 1
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