Jlexuus 14.
I'maBa 11. Mukponpoueccopbl # MUKPOKOHTPOJLJIEPbI

11.1. IloHATHSA MUKPONIPOLIECCOPAa U MUKPOKOHTPOJLJIepa

JI1s TOro, 4To00bl MHUKPOCXEMBI MOIJIH BBINOJHATH PA3JIMYHbBIC 3a]1a41
yIIPaBJICHUS, pa3pad0TaH HOBBIM KJIACC YHUBEPCAUTLHBIX MUKPOCXEM, KOTO-
pble MOKHO MPOTPaMMHUPOBATH TAKUM 00pa30M, YTOOBI BBIMOJHSINCH Pas-
JINYHBIC JIOTUUECKUE (PYHKIMU. TaKkne YHUBEPCAIBHBIEC IPOrPAMMHUPYEMBIC
MHUKPOCXEMBI HA3bIBAKOT MUKPORPOUECCOPAMU.

Muxponpoueccop (mporeccop) — 3TO yCTPOMCTBO, OTBEUArOIIEe 3a
BBITIOJIHEHUE apU(PMETUUECKUX, JIOTUYECKUX OINEpaluid | Onepanui
YIIPABJICHUS, 3aIIMCAHHBIX B MAIIMHHOM KOJI€, PEAIIM30BAHHBIN B BUJE OJI-
HOW MMUKPOCXEMbI WJIM KOMIUICKTA U3 HECKOJIbKHUX CIIEUHUAIN3UPOBAHHBIX
MUKPOCXEM.

CoBpeMEHHBIE MUKPOIIPOLECCOPHI MPEACTABIAIOT COOOH BEChbMaA CJIOXK-
HBI€ T10 YCTPOMCTBY U3IEIUA MUKPOIIEKTPOHUKUA. MHOTOUKUCIICHHBIE TUIIBI
MUKPOIIPOLIECCOPOB  XAPAKTEPUIYIOTCS PAZIUUYHBIMU  APXUTEKTYPHBIMU
pEICHUSIMHA U (DYHKIIMOHATBHBIMUA BO3MOKHOCTSIMU. MUKpoOTpolieccopHas
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TEXHUKA CTPEMUTEIBHO M MHOTOHAIPABJICHHO PAa3BUBACTCS U COBEPIICH-
CTBYETCSI, MHTEIPUPYS HOBEUIIINE JOCTHKEHUS MUKPOIJIECKTPOHUKHA U CXeE-
MOTEXHHUKH.

ITepBbie cemencTBa S-pa3psaaHbIx MUKpornpoleccopHbix bHUC: 8080,
8085 (Intel), Z80 (Zilog), MC6800, MC6809 (Motorola), MCS6500 (MOS
Technology) 6 pazpaboransl ObUIH pa3padoTaHbl k cepeaune 80-X ro-
n10B XX Beka. OT€4EeCTBEHHBIMH AHAJIOTAMH CTaId MHUKPOIPOLIECCOPHBIE
koMIuteKThl cepuit K580 n K1821.

MuUKpOIIpOLIECCOPHBIA KOMILJIEKT KpPOME COOCTBEHHO IEHTPAJIbHOIO
polLeccopa COAECPKUT OKOJIO 20 BCIIOMOTraTeIbHBIX MUKPOCXEM (IIMHHBIC
(dbopMupoBaTead, MNpUEMO-TIepeIaTYMKd, KOHTPOJIJIEphl BBOJIa-BBHIBOJIA,
aucIies, nHTepdeica CUCTeMBbl, IPSAMOIo J0CTYyIa K MaMsITH U T.1.). M3y-
YEHHUE B3aMMOJICHCTBHS MHUKPOCXEM MHKPOIIPOIICCCOPHOTO KOMILJIEKTA I10-
ApOOHO M3ydaeTcs B Kypce «MUKpOIpOLeCCOpHas TEXHUKA.
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MHUKPOKOHTPOJIJIEPOM HA3bIBalOT MHMKPOCXEMY, IIpeHa3HAYCHHYIO
TUISL YIIPABJICHUS 3JIEKTPOHHBIMM YCTPOMCTBAMU. B OTIIMYME OT MUKPOIIPO-
[IeCCOpa TUMUYHBIM MHUKPOKOHTPOJUIEP COYETACT HAa OJHOM KPHUCTAILIE
(GYHKIIMM mpoleccopa U IepuPepuiHbIX yCTPOUCTB, comepkut O3Y wu
(unm) 113Y, uHTErprpOBaHHBIE B MUKPOCXEMY YCTPOKCTBA BBOJa-BhIBOJIA,
taiimepsl, ALIIT u LIAIL, npyrue nepudepruiiHbie yCTpOMCTRBA.

[Io cyTu, 3TO OAHOKPUCTAIBHBIN KOMIIBIOTEP, CIIOCOOHBIM BBIMOJIHATH
OTHOCHUTEIBHO MPOCTHIC 33/1aUMU.

11.2. CTpyKTypa MUKPONIPOLIECCOPHOI0 YCTPOMCTBA
B MUMKpONPOIECCOPHBIX YCTPOMCTBAX NPUMEHAIOTCS MaruCTPaIbLHO-
MOJYJBHBIM MPUHIUII MOCTPOCHHUST MUKponpoueccopHbix cuctem (MIIC).
[leHTpadbHBIM YCTPONMCTBOM B CHUCTEME SABJISICTCA MUKponporneccop (MII),
BBIMOJTHSIONMN aprU(PMETHUECKUE U JIOTUYECKHE OIepaliuy HaJl JaHHBIMU,
OCYIIECTBIIAIONINN YITPABICHUE BHIOOPKOW KOMAH W JIAHHBIX U3 MMaMSITH U
OPraHU3YIOIIMN B3AUMOJAECUCTBUE BCEX YCTPOUCTB, BXOJAIUX B CUCTEMY.
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D1%85%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D1%84%D0%B5%D1%80%D0%B8%D0%B9%D0%BD%D0%BE%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9E%D0%97%D0%A3
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B7%D0%B0%D0%BF%D0%BE%D0%BC%D0%B8%D0%BD%D0%B0%D1%8E%D1%89%D0%B5%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80

Pabora MII npoucxoauT 1o BO3JACHCTBUEM TaKTOBBIX CUTHAJIOB, BbI-
padaThIBAEMbIX CXEMOM CHHXPOHM3AILIMH, YAaCTO BBINOJIHSIEMOM B BHUJIE OT-
JEJIbHOM MUKPOCXEMBI (T€HEpaTOpa TAKTOBBIX KMIYJIbCOB).
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[Iporpammsr padoTel MIIC pasMemaroTcss B MOJIYJISIX ITOCTOSTHHBIX 3a-
nomMuHaromux ycrporctB (II3Y) wu  omnepaTuBHBIX 3allOMHHAIOIIMX
ycTpouctB (O3Y).

Mukponponeccopssie ycrporcTtBa 1 MIIC coaeprxart pa3imuHbIe CpEI-
CTBa BBOJa-BbIBOAa MH(popmaruu. [IIuHbI agpeca, JaHHBIX WM YIPaBICHUA
O00BEIMHAIOT BCE YCTPOUCTBA B €AMHYI0 cucTtemy. [lepudepuiinbie ycTpou-
CTBa IMOJICOCAUHSIOTCS K IIUHAM YEPE3 MPOTrPaMMUPYyEMbIEC TTEpU(EPUHIHBIE
ananTepbl, OCYHIECTBISIONIME MEpeaady HH(QOpMaluyd B MapAJLICILHOM
WA TOCJEIOBAaTEIbHOM Kojax. Hamuune nporpaMMHO-HACTpamBaeMBbIX
aganTepoB JACIAeT BECbMa TMOKOM M (PYHKIMOHAIBLHO OOraTod CHUCTEMY
BBOJIa-BbIBO1a HH(PopManu B MIIC.

[ToaroroBka Crircka KOMaH]I Ha3bIBACTCA MPOTrPAMMUPOBAHUEM.

COucok KOMaHJ MPEACTABIAECT COO0KM MporpaMmy, KOTOpas 3aHOCHUTCA
B [I3Y mnu O3V u npeanucbiBa€T MUKPOIIPOLECCOPY ONpEeACIEHHbIC ACH-
crBus. MII cuuteiBaeT u3 nmamatu KoMaHay W BeIIOJIHIET e€. Jlamee MII
bopMHUpyeT aapec CIeAyIoIEel KOMaHJibl B MPOrpaMme, CUUTHIBACT, BbI-
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MOJIHSAET U (POPMHUPYET aApPeC HOBOM KOMaHAbl. Tak (PYHKIHOHUPYET MHUK-
po-OBM.

11.3. OcHOBHBIE CBOWICTBA MHUKPOIIPOIIECCOPOB

1. /Inuna cnoea yka3plBaeT, CKOJbKO OUT MOTIyT 0OpabaThIBaThCs Iia-
paJJIeNIbHO, T.€. KOJMYECTBO OUT BXOJHBIX M BBIXOAHBIX JaHHBIX. Cyliie-
CTBYIOT 4-OuTOBBIE, 8-OUTOBEIE, 16-O0UTOBBIE U 32-OUTOBBIC MUKPOIPOIIEC-
COPBHI.

2. Ckopocmb évtuucieHuil.

[Ipy cpaBHEHUM CKOPOCTH BBIYMCIIEHUW CPABHUBAKOT APYL C JIPYroOM
JUIATEIIBHOCTh LMKJIa 00pa0oTku. Iloa AIUTeIbHOCThIO LIMKJIA 00pabdOTKU
IIOHUMAIOT BPEMSI, KOTOPOE TPEOYETCS IS MapaIeILHOTO CI0KEHUS JIBYX
JBOMYHBIX YMCEI U JJI1 BBOJA-BBIBOJA ATUX YHCEI M3/B MaMaTh. OOBIUHO
ki1 gautes ot 10 mxe 1o 0,1 Mxkc.

3. Texnonozus.

Mukpornpoiieccopbl POU3BOAAT B OCHOBHOM B MOII-ucnonnenuu. B
3TOW TEXHOJIOTMH BO3MOKHA MakCUMaJlbHas CTEIEeHb uHTEerpanun. Cpeau
MOII nponeccopoB ocHOBY cocrtaBisitor N-MOII nponeccoprsl. OHM TM0-
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TpeOsitoT MOIHOCThL OT 0,5 1o 1,5 BT. PaznuuaroT cratuyeckue U auHa-
MHUYECKHE MUKpoIponeccopbl. CTaTUYECKHE MHUKPOIPOIECCOPHI HMEIOT
cratndueckoe O3Y M HE HYXIAIOTCI B pereHepanuu. JIMHaMU4ECKUE MUK-
porpoleccopbl UMEIOT JuHaMudeckoe O3Y U TpeOyIOT pereHepalum.

4. Cucmema KOMaHo.

e Muxkponpoueccoper CISC (complex instruction set computer—
KOMIIBLIOTEP C IOJHBIM HA0OpPOM KOMAaH[I) KJIACCHUYECKOM apXHTCKTYPHI C
nojaHbIM HabopoMm (0osee 200) komana gopmaroMm ot 1 10 20 OUT ¢ HcC-
nojb3oBaHuemM Oojsiee 10 crioco0oOB ajapecalvy, HUCHOJb3yeMbIe B OOJIb-
IIMHCTBE COBPEMEHHBIX IEPCOHAIBHBIX KoMIbOTEpOB THIa IBM PC. Ta-
KOE€ MHOrooOpa3ue BBINOJIHIEMbIX KOMaH/I, CIIOCOOOB aJipecallui U HaJlu-
yye 8 unm 16 peructpon odmero HazHauenus: (POH) no3BoisieT pa3paboT-
YUKy pealn30BaTh HaumoOojiee 3(h(HEKTUBHBIC AJITOPUTMbI PEIICHUS pa3INy
HBIX 3a71a4. OJHAKO MPHU 3TOM CYIIECTBEHHO YCIIOXKHIETCA CTPYyKTypa MII,
OCOOCHHO €ro YyCTPOMCTBO YIpPaBJCHHUS, YTO HPHUBOJAUT K YBEIUYCHHIO
pa3MEpOB U CTOMMOCTH KPUCTAJIJIa, CHUKECHUIO IMPOU3BOAUTEIBHOCTH.
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e Muxkpomporeccopsl RISC (restricted (reduced) instruction set com-
puter— «KoMNbHTEP ¢ COKPAIIEHHBIM HA00POM KOMAH/») C HETIOJHBIM
HaOopoMm (okosio 100) komaHa ¢ PUKCUpPOBAHHBIM (popMaToM IJIUHON 4
Oarita u ynuciaoM POH ot 32 10 HECKOJIBKHX COTEH, B pe3ysbTare uero MII
Cc RISC-apxurekrypoit Ha 20-30% pexe oOpaliaeTcs K olepaTUBHOM Ma-
MSITH. Takrue MUKPOIIPOLIECCOPHI COJEPKAT HAOOP TOJBKO MPOCTHIX, Yallle
BCEr0 BCTpEUAIOIIUXCS B MporpaMmax, komana. IIpu HEOOXOAUMOCTH BHI-
IOJHEHUS 0ojiee ClIoXKHBIX KoMaHa B RISC-nipornieccope mpou3BoauTCs UX
aBTOMaTHueckas cOopka u3 MNOpocThiXx Komana. Pasmeper MII ¢
RISC-apxutekTypoii MeHbIIIe, UX OBICTPOJICHCTBHUE BHIIIE IO CPABHEHUIO C
npoueccopamu ¢ CISC-apxutexktypoii. Haumnas ¢ mpomeccopa Pentium,
kopnopanus Intel Hauana BHeapsATh 31eMeHThl RISC-TexHoj0ornu B CBOU
W3JICIIHSL.

e Muxkpomporeccopsr VLIW (very long instruction word — «odeHb
JUIMHHAS MaIllMHHAs KOMaHa») , HCIOJb3YIONINE OYCHb JIMHHBEIC KOMaH-
nbl (128 OuT m OoJsiee), OTECIBHBIC OIS KOTOPBIX COAEpKAT KOAbI, 00ec-
MIECYMBAIONINE BBITIOJIHEHUE PA3IWYHBIX omnepanui. CrenualbHbIA KOMIIU-
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JATOP TUIAHUPOBAHMS ONpPEJEsIeT TPYIIy KOMaHJ, KOTOPhIE MOTYT BBI-
NOJHATBCS mapaienbHo. Kaxkngas Takas rpynma oOpa3yeT OJHY
CBEPX/VIMHHYI0 KOMaH]ly. DTO IO3BOJIMJIO BBINOJHATh B TEYEHUE OJHOIO
TakTa TPYNIOy  KOPOTKUX  KOMaHJA W  YOPOCTUTh  CTPYKTYpPY
VLIW-npoueccopa. [laHHasg apXUTEKTypa pealn3oBaHa B MHKPOIIPOIEC-
copax Moaened PA850 (coBmectHOM pa3paboTku kommaHuii Intel wu
Hewlett Packard), B HEkOTOpBIX THIIaX [MU(PPOBBIX CUTHAIBHBIX MPOIECCO-
poB (DSP) u sBisgeTcss BechbMa NEPCHECKTUBHOM IS CO3JaHHSI HOBOTO IIO-
KOJICHUSI CBEPXBBICOKOIPOU3BOAUTEIBHBIX MPOIIECCOPOB.

11.4. Crpykrypa U GQYHKIHMOHUPOBAHUE MUKPOIIPOLIECCOPA
Tunuunas cTpykTypa 3-paspsagHOro MUKPOIPOLECCOpA COAEPKHUT JIBA

ABTOHOMHBIX YCTPOMCTBA: OIlEpallMOHHOE yCTporcTBO (OnY) M IIMHHBIN
unrepderic (IN).
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B onepanmoHHOe yCTPOHUCTBO BXOAAT OCHOBHbIE KOMIIOHEHTHI MI1:
AJIY, yCTpOHMCTBO YIPABJICHUS, PETUCTP KOMAHJbI, PETUCTP COCTOSIHUSI
(vu peructp (JIaroB) U BOCEMb PErUCTPOB 001Iero HazHaueHus (POH).
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[[luaHbIA  WMHTEpENC CBSI3aH C MYJbTUIUIEKCHOM IIMHOW ajape-
Ca/JaHHBIX W IIMHOM YIPABJICHHUS W BBINOJHICT CIACAYIONNUE (PYHKIHM:
oOecreunBaeT BPEMEHHOE MYJIBTUILICKCUPOBAHUE, aBTOMAaTHYECKH 3aIl0JI-
HSIET OUYEPEb KOMAH/I CIEAYOIUMU KOMaHIAMU, CYMMHUPYET COACPKUMOE
OJHOT'O W3 CETMEHTOB PETUCTPOB C AJIPECOM IMaMATHU 10 BbIJAYHA €r0 Ha
IIAHY aJpeca Tak, 4To IMaMsATh IOApa3AeIsieTCs Ha CerMEeHThI 64 KOauT.

Bcee nevctBusa B MI1 HHULIMUDPYIOTCS umMnyibcamu CUHXPOHU3AUUU, A
BHYTPECHHHUE 3JICMEHTHI BBITOJHSIOT CIACAYIOMMNE PYHKIUHN:

- COIEPKUMOE NPOCPAMMHO20 CHEMYUKa KOMaH]I IOMEIIASTCI Ha IU-
HY ajpeca, U CICAYIOIY0 KOMaHAy IPOrpaMMbl MOXHO II€peaaTh U3 Ia-
MaTth B MII;

- pe2ucmpKoMarovbl BOCIIPUHUMAET KOMaH1Y;

- ycmpoucmaeo ynpaeneHus Nemm@pyetr KoMaHay U uHunuupyet B MII
T€ ACHUCTBUS, KOTOPbIC HCOOXOUMBI 1151 €€ BBIIOJIHECHHUS;

- pecucmpul 006we2o0 HazHaveHus COAEpKaT AJIEMEHTHI JaHHBIX, 00pa-
OaTpIBacMbIe KOMAHIOM;
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Bce onepanun MII peammsyrorcsa B AJIY. OHO MOXKET U3MEHSATH 3HAYE-
HUS JTAHHBIX 32 CYET MPHUBJICUYCHUS apU(PMETHUECCKUX (CIIOKEHUE, BHIYUTA-
HUE U Ap.) U jgoruyeckux ( sormueckoe M, normueckoe NJIM u np.) QyHK-
I1H,

- peaucmp cocmosHus COACPKUT (Parv, PErucTPUPYIOIINE OCOOCHHO-
CTH pe3yJibTaTOB onepauun AJIY, HanmpuMep, NEePErOIHCHHUE.

Cucrema xoMaHa KOHKpeTHOro MII moxer coxepxkatb ot 50 10 He-
CKOJIBKMX COTEH Pa3JINYHbIX KOMaHJ,.

B komaHgax oOpaOOTKM M MEPEChUIKH JAHHBIX MPUMEHSIOTCS pa3jind-
HBI€ CIIOCOOBI (MpsiMasi PETUCTPOBasi, aOCOIIOTHASL, KOCBEHHAs PErUCTPO-
Basi, MHACKCHAs W JIp.) OOpalleHUs K JAHHBIM, HA3bIBAEMBIMU peHCUMAMU
aopecayuu.

[Ipy BeIMONHEHHMM KOMaHj Iiporpammbl I HenpepslBHO mbITaeTCs
O ICPKMBATh OYEpeb KOMAaH]l 3alOJIHCHHOM, CUMThIBAs OaMThl IOCeE-
OYIOIMX KOMaHJI U3 MaMsaTh, korga OmyY BbINOJIHAET KOMAaHy U HE TpeOy-
€T UCTIOJIb30BAHUS IWH. DTO MOBBIIIAET OBICTPOJACHCTBUE.

HMuoraa padoTa ¢ oduepeiblo KOMaH | Ha3bIBACTCS KOHBeUepu3ayuel.
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11.5. MUKpPOKOHTPOJLJIEPbI

MUuKpoKOHTpoJIephl BeimyckaroT MHOorue dhupmel (Microchip Technol-
ogy, Atmel, Texas Instruments u ap.).

PaccmoTrpum mukpokontposuiepsl cemeiictBa PIC (Peripheral Interface
Controller) xomnaauu Microchip, kotopele 00BEAUHSIOT BCE IEPEHOBEIC
T€XHOJIOTUH, UMEIOT IIIMPOKYI0 HOMEHKJIATYPY M MCMOJIB3YIOTCS B YCTPOU-
CTBax, MPEeAHA3HAYCHHBIX IS Pa3HOOOpa3HbBIX chep MPUMECHEHMUS.

Bricokasi ckopocTh BbimonHeHUs koMaH B PIC koHTpoiiepax 10CTH-
raeTcs 3a CYET UCTIOJIb30BAHUS OGYXULUHHOU 2ap8apOCKoOu apXumeKmypbol,
OCHOBAaHHOW Ha HA0OpPE PErUCTPOB C PA3JICIEHHBIMU IIMHAMU U aJPECHBI-
MM IIPOCTPAHCTBAMM JIJISI KOMaH] U JTaHHBIX.

Muxkpoxkontposepsl PIC copepxkar RISC-npoueccop ¢ cummeTpuu-
HOW CHUCTEMOM KOMaH]I, MO3BOJISIIOIICH BBIIOJHATE ONEPAIUU C JIIOOBIM pe-
TUCTPOM, HCIIOJB3ysl IPOM3BOJBHBIM MeToJ aapecaunuu. Ilonb3oBaTenb
MOKET COXPaHATh Pe3yJbTaT ONEpAllMM B CAMOM PETUCTPE-aKKyMYJISTOPE
WJIM BO BTOPOM PETUCTPE, UCTIOIB3YEMOM JIJT OTIEPALIUH.
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11.5.1. Texuu4yeckue XapaKTePUCTHKH MUKPOKOHTPOJLJIEpa
PIC16F84A
Muxkpoxkontposiep PIC16F84A otHocurca k cemerictey KMOII muk-
POKOHTPOJIJIEPOB, UCIOJb3yeT rapBapAckyro apxutektypy ¢ RISC — mpo-
IIECCOPOM U UMEET CJICAYIOIINE OCHOBHBIE XapaKTCPUCTUKH:

® HMCIIOJIBb3YIOTCA TOJIBKO 35 IIPOCTBIX KOMAH/I,

® BCC KOMAaHJIbl BBIMOJHSAKOTCA 3a OJUH IMKI (1 MKC mpu dactoTe 4
MI'11), KpoMe KOMaH]I NMEPeXo0aa, KOTOPHIE BBIMOIHSIIOTCS 3a 2 IIHK-
na (IMKJI COCTOUT U3 YETHIPEX TAKTOB F'€HEPATOPA);

e paboyas yactora oT 0 'y 1o 4 MI'i;

e pa3/cibHbIC IIUHBI JJaHHBIX (8 OUT) U koMaH (14 Our);
e 14-OuTHBIE KOMAHILL;

e 3-ONTHBIC JAaHHLIE;

e 1024 x 14 suexTpHYeCKH IEPEHPOrpaMMHUPYEMOU HPOTrPAMMHOU
namsTu Ha kpucraaie (EEPROM);

e 36 X 8 perucTpoB OOIIEro UCIIOJb30BAHUSI;
¢ |5 cnenuanpHBIX anmapaTHBIX perucTpoB SFR;
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e 64 x 8 anexTpuuecku nepenporpammupyemorr EEPROM namsatu
IUIS JAHHBIX;

® BOCbMUYPOBHEBbBIM AMIIAPATHBIN CTEK;

e npsiMasg, KOCBCHHAasd W OTHOCUTEIbHAS agpecamnys JaHHBIX U KO-
MaH/I;

® YCTHIPE HCTOYHUKA MPEPhIBAHUS.

Ilepudepus u BBoa/Beion;:

¢ |3 nMMHWM BBOJA-BBIBOJAA C MHAWBUYAIbHON HACTPOHUKOM;

® BXOJIHOM/BBIXOJHOM TOK JIJISl YIIPABJICHHUS CBETOAUOIaMH.

® MAaKC. BXOJHOU TOK - 20 MA.. ,

® MAaKC. BBIXOJJHOM TOK - 25 MA.,
Yetbipe pexrMa BO30YKICHHMS BCTPOCHHOI'O T€HEpaTopa BhIOMPAIOTCS

I10JIb30BAaTCJICM.
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ApxuTekTypa MUKpPOKOHTpoJiepa PIC16F84A

Flash 7 _Program Counter [C 7 EEPROM Data Memory
Program
Memory
L AM EEPROM
PIC16F844 8 Level Stack File Registers | EEDATA = Data Memory
1K x 14 bt a Mer
(13-bit) PIC16F84A X
G8x 8
Program ﬂ
Bus " M RAM Add
1 r | = EEADR
m / AddrMux "\
Instruction reg Addr Mux
4] Direct Addr TMRO
P} rRaarTocK
-
8
Power-up
W Timer 1O Ports
Instruction Oscillator ] ]
Decode & (<—>{ | Start-up Timer
ALU
Control 5 )
eran —X] ra3RAG
Reset
Timing Watchdog et RET:RB1
Generafion [~ Timer Wreg @E
«~=X] RBOINT

OSC2/CLEOUT WMCLR  voo, Vas
OSC1CLEIN
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ApXHUTEKTypa OCHOBAaHA Ha KOHIEHIHUMU pa3JCiIbHBIX IIHH M 00JIacTeu
maMsITH 111 JaHHBIX ¥ 11 koMaHa (Iapeapockaa apxumexmypa). 11lnHa
nansaeix (Data bus), mamate manueix (EEPROM Data Memory) (PII3Y) u
peructpoBoe O3V nanupix (RAM) - umeroT mupuHy 8 OUT, a MporpaMm-
Hag mmHa (Program bus) um nporpammuas nmamsate (II3Y) (Flash Program
Memory) umeroT mupuay 14 Owur.

14 - OuTOBas MIMpPHHA MPOTPAMMHOM MaMATH OOECIECUYMBAECT BHIOOPKY
14-0UTOBOW KOMAaHIbI B OJTNH UK.

JIByXCTyIlieHYaTbli KOHBEWEP, UCIOJB3YIOIIUNA 8-MUA YPOBHEBBIN CTEK,
o0ecrneurnBaeT OJJHOBPEMEHHYIO BEIOOPKY U MCIIOJTHEHHE KOMaHIbI.

Bce koMaHabl BBITIOJIHSIOTCS 3a OJMH LIMKJI, UCKJIFOYasi KOMaH/Ibl Iepe-
XOJOB.

B PIC16F84A nporpammuas namsate oobemoM 1K x 14 pacnonoxkena
BHYTpH KpucTajia. McnonHsaeMas nmporpaMMa MOXKET HaXOJUThCS TOJbKO
BO BCTPOCHHOM 3HEProHe3zaBucumMom 113V,
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Apu(dMeTHKO-TTorudeckoe ycTporcTBO AJIY BBINOIHAECT ACUCTBUS B 8-
OMTHBIMU JaHHBIMH. AjpecHbld MyabTuIIekcop (MUX) momyckaeTr mpsi-
MYI0 M KOCBEHHYIO0 ajipecanuio O3Y naHHBIX.

IIepudepus BkiItodaeT B c€Os 8-OUTHBIM TaMEP/CUETUHK C 8-OUTHBIM
IPOrpaMMHUPYEMBIM MPEABAPUTEIILHBIM JeuTeneM ((hakThudecku 16 - Out-
HBIA TarMep), 13 JTMHUN ABYHANPABICHHOTO BBOJIa/BBIBOJIA U JIPYTHE MO-
Iy JIN.

11.5.3. IlamMATH

[TamsTe B MUKpOKOHTpoOJUIepax (aanee MK) ObiBaeT TpEX THIIOB: Ia-
MSTh POTrPaMMBbIl, OTIEpaTUBHAS MaMsITh, SHEPTrOHE3aBUCHUMAs NaMSTh.

B namsamws npoepammer (Flash Program Memory) 3arpy»xarorcst cTpod-
KM TEKCTa MPOorpaMMbl. 3arpyK€HHbIA TEKCT MPOrpaMMbl HE U3MEHSIETCS U
HE MPOoNajaeT Mocie BhIKIoYeHHs nmuTanus MK.

Onepamusnas navsmes ( RAM) ucronb3yercs miss oOpallleHus K HeEi
M3 TEKCTa MPOrpaMMBbl U 3arpy3Kd U3MEHSIOIIUXCS ONEPATUBHBIX JAHHBIX.

B PIC16F84A onepartuBHas MaMsITh COCTOUT U3 36 sUEEK.
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Ouepeonezasucumas namams (EEPROM) cogepxut ganHplie, KOTOpHIS
npu BeikoueHue nutanuss MK He npomagaror. B PIC16F84A sHeprone-
3aBUCUMAs NaMITh COCTOUT U3 64 d4eek.

11.5.4. Perucrpsnl

[Tamsate RAM 1 EEPROM cocTouT u3 A4eeK, Ha3bIBaEMbIX PETUCTPA-
MU. PErucTp — 310 yCTPOUCTBO, IPEAHA3HAYCHHOE JIJIS 3aIMCH, XPAHEHUS U
(unn) caBura nU@poBOoM MHQPOpPMALMHU, MPEACTABICHHOM B BHAE MHOTO-
pazpsaHoro ABouyHOro koga. B PIC16F84A peructpsl BoCbMUpPa3psaHbIE.
B peructp mMoxetr OBbITh 3allMCAHO OJHO IMOJIOKUTEIbHOE 4KuCciao OT 0 10
255.

11.5.5. CucreMbl CHHCIEHUS

Marematuka MK wucnons3yer osouunyro (OMHAPHYIO) CUCTEMY CUHC-
JICHMAL.

JlecaTHYHOE 4YUCIIO 255 B ABOMYHOM CHUCTEME BBIIJISJIUT KaK BOCEMb

enquann 111111117, a pgBomuHoe umcino 0 — Kak BOceMb HYyJCH
“00000000°.
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JIBOMYHBIE BOCBMHOWTHBIE uKcia Ha3bpBalOT Oaiiramu: | BAUT = 8
BbUT. Hymeparyst OMTOB HAET CIIpaBa HAJIEBO OT HYJISA 10 CEMHU.

KaXIbplil peErucTp UMEET CBOU IOPSAAKOBBIA HOMEP — AJPEC PETUCTPA.
Anpec peructpa 0003HAYAIOT YUCIIOM U3 UEeCMHAOYAMeEPUIHOU CUCEMbl
cunciieHus, Hanpumep, 1A. IllectTHaamaTrepudHOE YHUCIIO MPEACTABIISET CO-
o6ou komOnuamuio 16 cumsonos: 0,1, 2,3,4,5,6,7,8,9, A,B,C,D, E, F.

F—15, 10—16, A—10, 1A—26.

11.5.6. @opmar 3anmucH YnceJ

JlecaTMYHOE YMCI0 26 3aMCHIBAIOT TaK:

e B ccaTuuHol cucteme. D26 wmm d26 wmim .26 (TOuka mepej yuc-
JIOM);
e B 1BonyHOM cucrteme: BO0011010 o B11010 wm b11010:;

e B mecTHaAAaTHpUIHOM cucteme: 0x1A mmm 1Ah.
Anpeca perucTpoB TPaAUIIMOHHO IMIINYT TOJBKO B IIECTHAAIATEPHY-
Hol (opme. IIpu pabotre ¢ OMTaMM PETUCTPOB HAIISJIHEE HCHOJIb30BaTh
ABOMYHYIO 3aIHCh.
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11.5.7.

| PC<12:0> |
CALL, RETURN a4 13
RETFIE, RETLW L
Stack Level 1

Stack Level 8

4 Reset Vector

Peripheral Interrupt Vector

User Memory
Space

0000h

0004h

3FFh

1FFFh

Opranu3anus NnaMsTH NPOrPaMM M CTEKa

File Address File Address
00h | Indirect addr.™ | Indirect addr.™™ | 8oh
01h TMRO OPTION_REG | 81h
02h PCL PCL 22h
03h STATUS STATUS a3h
04h FSR FSR 24h
05h PORTA TRISA a5h
06h PORTB TRISB a6h
07h a7h
08h EEDATA EECON1 88h
0%h EEADR EECON2I 26h
0Ah PCLATH PCLATH 2Ah
0Bh INTCON INTCON 8Bh
0Ch ach

68

FI?L? rr;}%rsa el { ahggg sp sl?eds}

Registers in Bank 0

(SRAM)
4Fh CFh
50h DOh

— L
N
7Fh | FFh
Bank 0 Bank 1

[TamaTe iporpamMmm
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[Iporpammusblii cueTturk B PIC16F84A umeer mmpuny 13 OUT U crioco-
oeH anpecoBaTh 8Kx140uT 00beMa mporpamMmHuor mamMsatu. OaHako, Qpu3n-
yecku Ha Kpuctamie uMmeerca Tojabko 1Kx14 mamsaru (agpeca 0000h-
03FFh). O6pamenue k agpecam Boiie 3FFh akTtndeckn ects aapecanys B
TOT K€ MEPBBIN KUITOOANT.

11.5.8. Opranu3zanusi naMsITH JaHHBIX

[TaMmsaTh maHHBIX pa3ouTa Ha JaBe obsactu (puc.11.5). IlepBrie 12 anpe-
COB 3aHUMAIOT PETHCTPHI crHenmanbHoro HasHaueHus (SFR), Bropas o00-
nacte — peructpsl odmero HazHaueHus (GPR). O6mactes peructpoB SFR
ynpasisieT paboroid MK.

O06e¢ obmactu pa3outel Ha 0aHku 0 u 1. bank 0 BeIOMpaeTcs 0OHYJICHU-
em oura RPO perucrpa craryca (STATUS). Vcranoska RPO B egunmiy
BeIOMpaeT Oank 1. Kaxnapiii 0ank mmeer pasmep 128 Oaiit. OpHako s
PIC16F84A mamsaTh JaHHBIX CYIMIECTBYET TOILKO 10 aapeca 04Fh.

Peructpor ¢ angpecamu 0Ch-4Fh MoryT MCmonab30BaThCsl KaK PETHCTPHI
00IIIer0 Ha3HAYCHHs, KOTOpBIE MPEACTABIAIOT co0olr cratuueckoe O3V,
Anpeca perucTpoB o01iero HazHadeHus 0anka 1 oroOpaxkarorcst Ha O0aHk 0.
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CiieqoBaTesibHO, KOTJla YCTAHOBJIEH OaHK 1, TO oOpalieHue K aapecam
9Ch-CFh ¢dakTuueckn aapecyer 6ask 0.

K saerikam O3Y MOXKHO aJipecoBaThCs MPSAMO, UCIIOJIb3YST A0COTFOTHBIN
aapec KaxJI0ro perucTpa, Wik KOC8eHHo, Yepe3 perucTp ykaszareiab FSR.

11.5.9. Perucrpsl cienuajJbHOr0 HAa3HAYEHUS

B perucrpax cnenuaibHOrO Ha3HAYEHUS COJECPKUTCS CAYHCEOHAA UH-
dopmauus, onpedenawwan nacmpoiku pavomer MK. 11lon HacTporikaMu
IIOHUMAETCS 3alMCh BOCBMHUOHUTHBIX YHMCEI B PETUCTPHI CIIELHAIBHOIO
Ha3HAYCHUS, IJI€ KAXKAbIM OMT B ATHUX YMCIIaX OIPEACISCT Ty WIHM HHYIO
HAaCTPOMKY. PErucTphl CHENUAIBLHOTO HA3HAYEHUS HAXOAATCS B 0O0JIACTH
OIEPATUBHOU MAMSATH.

Pezcucmp cmamyca (STATUS) comepxut npusHaku omeparuii AJTY
(apudmeTryeckre (raru), COCTOSSHUE KOHTpOJUIepa MpU cOpoce U OUTHI
BbIOOpA CTpaHUIL JJ1s aMsITH JaHHBIX.
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Peructp STATUS  Anpec 03h/83h

but 7

IRP

but BeIOOpa rpyIIibl OAHKOB:
0 — 6ank 0,1 (000h -OFFh);
1 — 6ank 2,3 (100h -1FFh).

butel

6,5

RP1:R
PO

buTel BEIOOpa OaHKa B mpeeax
rpynIbl OAHKOB:
00—6auk 0 (000h — 07Fh);
01-6auk 1 (080h — OFFh);
10-6ank 2 (100h — 17Fh);
11-6aunk 3 (180h — 1FFh).

but 4

@drar nepenoJIHEHNUS CTOPOKEBOTO
taitmepa WDT:
1 - mocne cOpoca o BKIKOYCHHUIO TTH-
tanus (POR) wiin BBIIOJHEHHS KO-

manag CLRWDT, SLEEP;
0 - nocne nepenonHenus WDT.

but 3

-PD

d1ar BEIKITIOUCHHS TUTAHUS:
1 - mocie copoca 1o BKIIOUCHHIO ITH-
taHusg (POR) wiii BRIOJTHEHHS KO-

Mauasl CLRWDT;

O - mocJie BBIIIOJIHEHUS KOMAHIbI
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SLEEP.
burt 2 Z @drar HyJIE€BOIrO pe3yJbTara:
1-HynIeBOM pe3yJIbTAT BHIITOJTHECHUS
onepalnu;
0-pe3yabTaT BHINIOJHEHUS ONEpallkH,
OTJIMYHBIN OT HYJIA.
bur 1 DC dnar nepenoca-3aecMa (padora ¢
MJIQIIIUM TTOIyO0alTOM): ()11 KOMaH,I

ADDWF, ADDLW,SUBWF,
SUBLW):
1-0b11 IEpEHOC UX MJIAJIIIETO MOJTY-
Oaiita;
0-He ObLIO MepeHoca U3 MIIAAIICTO
nojxyoanTa.
but 0 C dnar nepeHoca-3aema (padora c Oaii-
TOM):
1-0b11 IepeHoc u3 0aiTa;
0-He ObLTO MepeHoca u3 OdaiTa.

Pecucmp xonghueypayuu (OPTION) sBasieTcss JOCTYIMHBIM PETUCTPOM
10 YTCHUIO WU 3aMHCH, KOTOPBIM COACPKUT YIPABISIONIME OUTHI 11 KOH-
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(urypanuu npeIBapuTEIbHOrO ACAUTENA (IPEAACTUTEN), BHCIIHAX IIpe-
pBIBaHUI, TalMeEpa, a TAKKe MOATITHMBAIOIIMX PE3UCTOPOB «pull-up» Ha
BbIBOJTIax PORTB.

Pecucmp npepvieanun INTCON sBsieTcss JOCTYHHBIM MO YTCHHIO U
3aIUCH PETUCTPOM, KOTOPBIM COJEPKUT OUTHI JOCTyNA JJI1 BCEX UCTOYHU-
KOB IIPEPHIBAHUM.

11.5.10. CyeTunK KOMAaH/I
Cuerunk koMmana PCL u PCLATH umeet pa3psanocts 13 out. Mna-
muii 6aiT cuerunka (PCL) gocTyrieH s 4TeHHs W 3alMCH M HAaXOJUTCS B
peructpe 02h. Crapmmii 6aiT cueTynka HE MOXKET OBITh HANMPSIMYIO 3aIlu-
cad unu cuutad u Oepercs u3 peructpa PCLATH (PC latch high) ¢ ampe-
com OAh. Comepxxumoe PCLATH mepemaercs B ctapiinii 6aiiT cueTdmka
KOMaH/I, KOT/Ia OH 3arpy’kacTCs HOBBIM 3HAYCHUEM.
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11.5.12. IIpsimasi ¥ KOCBEHHAasI ajapecamusi

Korga nmpouszBogutcs mnpsMmass 9-OuTHas aapecanus, MIaguue 7 OWT
OepyTCsl Kak IIpsIMOM agpec W3 KOJia OIlepaldu, a JBa OHWTa yKazaTens
ctpanui] (RP1,RP0) u3 perucrpa craryca (03h) (puc.11.7).

[Ip3HaKOM KOCBEHHOHW aJipecanuy SIBISCTCS OOpallleHuE K PETUCTPY
INDF.

[Ipy KOCBEHHOW aapecanuu Jiro0as KOMaHAa, KOTOpas HCIIOJIb3YET
INDF (aapec 00h) B kadyecTBe perucrpa, (pakTHUECKHA oOpalaeTcs K yKas3a-
TEJIF0 KOCBEHHOM aJipecaliuu, KOTopblkd xpaHutcsa B FSR (04h).

11.5.13. ITopThI BBOAA-BBIBO/IA

Kpucrann umeer aBa nopta: 5-Th OMTHBIN MTOPT A U 8-MU OUTHBIN TTOPT
B ¢ noOMTOBOM MHAWBUAYAILHON HACTPOMKOM Ha BBOJI MJIM HA BBIBOJI.

[Topt A - 3TO NOPT MMPHUHON S5 OUT, COOTBETCTBYIOIINE HOKKH KPH-
crasuia RA <4:0>. Jlunun RA<3:0> nBynampaBieHHble, a JuHUsI RA4 -
BBIXOJI C OTKPBITBIM CTOKOM. Anipec peructpa nopta A 05h. OTHOCAIMKACS
K opty A ynpasisiromuid peructp TRISA pacnosiokeH Ha IepBoM CTpa-
HU1e peructpoB mo ajapecy 85h. TRISA<4:0> - 310 peructp MmMUpUHOU S
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out. Ecin out ynpasisitomiero TRISA peructpa uMmeer 3HaueHUE €AUHUIIA,
TO COOTBETCTBYIOIIAs JUHUS OyJIET YCTaHABIMBATHLCS HA BBOA. Homb mnepe-
KJIFOYAET JIMHUIO Ha BBIBOJ U OJJHOBPEMEHHO BBIBOJUT HA HEE COACPIKUMOE
COOTBETCTBYIOIIETO PETUCTPA 3AIIEIIKHU.

[Topt B - 3T0 AByHaNpaBIeHHBINA MTOPT, IIUPUHOKU B BOCEMb OUT (a1pec
peructpa 06h). OtHOCAmMiica Kk mopTy B ynpasisironuit peructp TRISB
PAaCIIOJIOKEH Ha IIEPBOM CTpaHMIIE PETUCTPOB MO ajipecy J6h.

11.5.14. Moayab TaliMepa U perucTp TauMepa

B pexume Tammepa peructp TMRO Oyaer MHKPEMEHTHPOBATHCS OT
BHYTPEHHEI0 MCTOYHMKA 4YAaCTOThI KaKIbli KOMaHIHBIM IUKJ (0€3 mpen-
IOCTUTEIIS).

B pexume cuetunka TMRO OyaeT MHKpEMEHTUPOBATHCA JIMOO MOJIO-
KUTEJIbHBIM, JTU00 oTpulaTelbHbIM (ppoHTOM Ha HOXKE RA4/TOCKI ot
BHEIITHETO MCTOYHMKA.

IIpeanenurenb MOKET OBITh MCIOJB30BaH WM COBMeCTHO ¢ TMRO,
nnu ¢ Watchdog talimepom.
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BapuaHT NOJAKIIIOYEHMS JIEIUTEIS KOHTpoJaupyercsa outom PSA B pe-
ructpe OPTION REG. IIpu PSA=0 neautrenp OyaeT IOJCOCIAMHEH K

TMRO. Koadpdbuument ngenenuss no 128 ycranaBiauBaercs Outamu PSO,
PS1, PS2 peructpa OPTION_REG.

11.5.15. IlamsaTe aanubix B PII3Y (EEPROM)

[Tamsate nanubix EEPROM 1o3BosisieT mpoyuTaTh U 3anucarh OauT WH-
dbopmanuu. Kpucramn PIC16F84A umeer nmamsate nanaeix 64x8 EEPROM
out. JJocTyn Kk HeM ocyuiecTBiaseTcs yepes aBa peructpa: EEDATA (08h),
KOTOPBIA COJAEPKUT B C€0€ BOCBbMHUOUTOBBIC JAHHBIC JJISI YTCHUSI/3alIUCU U
EEADR (09h), xoTOpbIil COACPKUT B ceOC aapec TUYCHKH, K KOTOPOH MACST

oOpareHre. JlOMOTHUTEIBHO HWMEETCA JIBa YIIPABISIIONIAX PETUCTpA:
EECONI1 (88h) u EECON2 (89h).

11.5.17. Cropo:xenoii (Watchdog) Taiimep
CropoxeBon tarimep WDT nipenHazHadeH 11 IpeaoTBpaICHNUS KaTa-
CTPO(PHUUECKUX MOCIEACTBUNA OT CyYaMHBIX COOEB IIPOTrPAMMABI.

B.A. Anexun. Dnekmponuka u cxemomexuuxa. 2016.



Wnes UCIOJIb30BaHUS CTOPOXKEBOTO TaliMepa COCTOUT B PEryISIPHOM
€ro coOpachlBaHUU I0J YHpPaBICHHUEM IpPOrpaMMbl WJIM BHEIIHETO BO3ICH-
CTBHS JI0 TOI'0, KaK 3aKOHUMTCS €T0 BBIASPIKKA BPEMEHU M HE IIPOU30MUICT
cOpoc mporeccopa.

Ecnu )Ke MUKPOMPOLECCOP CIYYAMHO BBIIIET 3a IPEICIbl IPOrpaMMbl
1100 3alUMKIMIICS Ha KaKOM-JIMOO ydacTKe IporpaMMbl, KOMaHAa cOpoca
CTOPOKEBOI'0 TaiMepa CKOpEE BCETro HE OYAET BBHINOJIHEHA B TEUYCHUE JI0-
CTaTOYHOTO BPEMEHHU, U HPOU3OUOEem ROJHbBLIL COPOC nPoyeccopa, UHUUU-
AMU3UPYIOWUIL 6Ce PecUCmPbl U RPUBOOAWUIL cucmemy 8 padouee co-
cmosiHue.

11.5.18. Tunbl reHepaTOpPoOB
Kpucrauisl PIC16F84A moryT paboTaTth C YETHIPbMSI TUIIAMHU BCTPO-
CHHBIX T€HEPATOPOB:
- X'T kBapueBbId pe30HATOP;
- HS BBICOKOYACTOTHBIM KBAPIIEBBIA PE30OHATODP;

- LP MukponoTpeOisirommil KBapUeBbli PE30HATOD;
- RC - RC nemnouka
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11.5.19. butbl KOHpUTYypaTUHU

CnoBo koHburypanuu CONFIG

Taomuna 1.5

BUTHI BUTHI 321U THI TPOTPAMME:.
13-4 CP |=3ammTa mamsATH IpOrpaMm
BBIKJIFOUCHA
O=Bce IPOrPaMMBI
3aIUIICHBI.
bur3 | - but paspenieHus BBIICPKKU
Aa BPEMEHHU TIOCJE BKIIOYCHUSA
MUTAHUS:
1=BbIIECPKKA €CTb;
O=BBIJICP)KKH HET.
but 2 WDTE butr paspemieHuss  pabOTHI
WatchDog Timer:
1-pa3penieH;
0-3ampelieH.
Bute |[FOSC1:FOSCO butsl  BbidOpa  THIA
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<1:0> reHeparopa:

00-LP reneparop;
01-XT reneparop;
10-HS reneparop;
11-RC reneparop.

Kpucramn PIC16F84A umeer msaTh OMTOB KOH(UIypaluu, KOTOPbIE
xpaasaTca B EEPROM mo agpecy 2007h u ycTaHaBIMBarOTCA Ha dTare mMpo-
IPaMMHPOBAHUS KpHUCTajIa. ITH OUTHI MOTYT OBITH 3alPOrPaMMHUPOBAHBI
(untaroTcs Kak () WM OCTaBJICHBI HE3aIPOrpaMMHUPOBAaHHBEIMU (YUTAFOT-
cs kKak 1) /I BEIOOpa HY>KHOTO BapHaHTa KoHpurypaun. CiIoBo KOH(H-
rypaiuu coaepkut 14 our.

11.5.20. Cucrema komana MUKpokoHnTpoJsuiepa PIC16F84A

IIpoctas u >pdekTrBHAsS cUCTeMa KOMaH]l BKJIOYaeT B ce0s Bcero 35
KOMaH]I.
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Kaxxnas komanaa PIC16F84A - 3to 14-0uTOoBOE CII0OBO, KOTOpPOE pasJie-
JICHO MO CMBICJTY Ha CJIEAYIOIIME YACTH: KOJ ONEPALNH, TTOJIE JJIS OJHOTO U
0oJice onepaH10B, KOTOPHIE MOT'YT Y4aCTBOBATh MJIM HET B 3TOM KOMaH]IE.

Cucrema komaua PIC16F84A Bximrouaet B ce04:

OalT-OpUEHTUPOBAHHBIC KOMAH/IbI;

OUT-OpPUEHTHUPOBAHHBIC KOMAH/IbI M OIIEPAIlMU C KOHCTAHTAMM;

KOMAaHbl IIEPEIAYU YIIPABIICHUA.

OcHOBHBIC (pOpMaThl KOMaH]I MOKa3aHbl HUXKE.

KomaHbl paboThl ¢ OaliTamMu

13 8 7 6 0
OPCODE ‘ d ‘ f (FILE #)

d =0 g HazHaueHHd W

d =1 gna HazHaueHHd
f = 7-OHTOBBIH agpec perucTpa
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Komanasl paboTel ¢ OuTamu

13 10 9 f 6 0
OPCODE | b (BIT #}| f (FILE &)
b = 3-X pa3psAIHBII HOMeD OHTa
f =7-OHTOBBIH aapec perucTpa
KoMaHbl ynpaBJIeHUA U Oll€palluil ¢ KOHCTAHTAMHU
13 a 7 0
OPCODE ‘ k (literal)

k =8-MH pa3pAgHasd KOHCTaHTa
Komaunst CALL u GOTO

13 11 10 0
OPCODE | Kk (literal)

k = 11-TH paspAOHas KOHCTAHTA
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11.5.21. Pa3Boaka HOKeK MUKPOKOHTpoJiepa PIC16F84A

RA2 1 18 |RAI
RA3 2 17 [RAO
RA4/TOCKI| 3 16 [OSCI1/CLKIN
MCIR | 4 15 |OSC2/CLKOUT
RBO/INT | 6 13 |RB7
RBI1 | 7 12 |RB6
RB2 | 8 11 |RB5
RB3 | 9 10 |[RB4
Odo3HaueHHE HopMmaasHBIA peRumM Pexum zannca EEPROM
RAO-RA3 [ ByHanpaBneHHEIE THHHH
BBOJIa/BEIBOJA. Bxoansie
ypoBHH TTJI
RA4/TOCKI Bxon gepes tpurrep llImuTTa.

Ho:xxka mopta BBOZa/BEIBOIA ©
OTKPBITBIM CTOKOM HITH BXOJ

JacTOThI JAJIA

tafiMepa/cueTanka TMRO
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A

RBO/INT

JIByHanpasiIcHHAA THHHAA
mopTa BBoJa/ BHIBOJA HIIH
BHEINHHH BXOJ IpepHIBAHHA

Vpoern TT.I

RB1 -RB5

ﬂB}"H aIrpaBJICHHBIC JHHHH

BBoja/ BeiBoga. YpoeHH TTJI

RB6

ﬂB}"H aIrpaBJICHHBIC JHHHH

BBogaa/ BeiBoga. Ypoeau TTIL

Bxog TakToOBOH YACTOTHI IIA

EEPROM

RB7

ﬂB}l"H AIIpaB/ICHHEBIC JJHHHH

BBoga/ BeIBoga. YpoeaH TTJL

Bxon/BeIX0n EEPROM

IAHHEIX.

MCLR /Vpp

Huskmit ypoBeER Ha 3TOM
BXOJle TEHEPHPYET CHIHAI

cbpoca A KOHTpOJLIEpA.

ARTHBHEIH HHA3KHH.

Copoc koHTpomnepa [ma
pexnma EEPROM- nomate
Vpp.

OSC1/CLKIN

Jna nogknrodeHHA KBapoa,

Obo3HAYeHHE

HopmaapHBIH pekuaM

Pewnam 3anuca EEPROM

BC wme BX0O EBHeINIHeH

TAKTOBOH YacCTOTEHI

OSC2/CLKOUT

I'emepartop, BEIXOO TakTOBOH
gyactorel B pexmEMme RC
reHepaTopa, B OCTaJbHBIX

CIIVYaAX - 1A DOJKI.KBAPIL

Vdd

Hal’[pHJKEHHE MHTAHHA

HHHPH}REHHE IMHTAHHA

Vs

Obmuii(3emun)

Oommii
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