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NpeaucnoBue

MHUKpPOKOHTPOIIEPbl HAXOJATCS IIOYTH BO BCEX OJICKTPOHHBIX YCTPOMCTBax.
B 5T0#i KHUTE MMOKa3aHO, YTO 3alPOrpaMMHPOBATH M HPHUMEHUTH MHUKPOKOHTPOJI-
Jep He TaK YK CIIOXKHO. XOTsl y HEKOTOPBIX MPU YIIOMUHAHHUHU ciioBa "Accembnep”
(Assembler) B cBsi3u ¢ mporpamMupoBaHHeM 'BoJIOCHI BCTaroT AbiboMm". IMocie
MPOYTEHHSI ITOW KHUTH BBI MOMMETE, YTO 3TO BOBCE HE TaK YK CIIOKHO, KaK 3TO
MHOTJIA KQKETCS.

Bo03MOXHOCTH MUKPOKOHTpOJUIEpA PACCMOTPEHbI Ha PAa3UYHBIX IMPHUMEpPax,
B KOTOPBIX HCIIONB3yeTcst MukpokoHTpoyuiep PIC16F876A npownsBoacTBa KoMia-
HAM Microchip, uMeronuii pa3audHble HHTEPGEHCH U 00JIanaronuil T0CTaTOTHO
INIMPOKUMH BO3MOXKHOCTAMH. Ha mpumepax OyaeT Moka3aHO, KaK OCYIIECTBUTh
OIIPOC BXOJOB M TEPEKIIOYeHHE BBIXOJOB MHKPOCXEMBL. BBl Takxke HayduTech
yIOpaBIsATh TUCIIEEM JIsi OTOOPaKeHHUs TeKCTa M JaHHBIX. Y3HaeTe, KaKk U3MEPUTh
aHaJIOroBble CHUTHAIBI, coxpaHuth ux B EEPROM-mamstu (Electrically Erasable
Programmable Read-Only Memory — sieKTpu4ecKkr CTHpaeMoe MporpaMMHUpye-
MO€ TOCTOSIHHOE 3allOMHHAIONIEE YCTPOMCTBO) M 3aTeM MPOYUTATh C TOMOIIBIO
MEPCOHANBHOTO KOoMIbioTepa. Ha apyroM mprMepe OyneT MOKa3aHO yIpaBJICHHE
BBIXOJJaMH C MOMOIIBIO MH(PPaKpacHOTo yIpasieHus. YacTs IpuMepOB MOXKET MO-
JeITMPOBATHCS ¢ MOMOIIBIO cpeabl paspadoTkn MPLAB, mostomy B nmpuHImIe He
notpedyroTcsl Kakue-mubo amnmapatHble cpeiactBa. Ho MOCKoNbKy 000N MUKPO-
KOHTPOJLIEp JOJDKEH KOTa-HUOY/h XOTh pa3 WUCIOJB30BAThCS YIS CXEMBI, Mpe/l-
CTaBIISICTCSl MAJICHbKAsi MOHTAXHAs I1J1aTa, HA KOTOPOH BCE TPUMEPHI MOT'YT UCIIbI-
TBIBAThCS B peanbHOU cpene. Jlis obyieryeHus paObOThl M OTIAJKH MOHTaXa BbI
MOJKeTe MpHoOpecTH HEYKOMIUIEKTOBaHHYIO (0e3 AeTaieil) meyaTHylo miary, eciu
mocerute Mol caiit (Www.edmh.de). Ecnu BBl 3aXOTUTE CaMy JOIOJIHHUTH €€, TO
HaiileTe pacnojoKeHHe CXeMHbIX dlieMeHToB B Eagle-hopmare Ha npuiioskeHHOM
CD-ROM. Ha HeM HaxoOWTCS TAKOKE pa3InyHas JOKyMEHTAIH, HalpuMep, 0030p
KOMaHJI U OIHCAHWs PErHCTPOB MUKPOKOHTpoyuiepa. s mporpamMmmupoBaHUsI
MHUKPOKOHTpOJIIEpa MCMONb3yeTcs BHyTpucxemHbiii otnaguuk 1ICD 2 (In-Circuit
Debugger) or komnanuu Microchip. Onnako Ha CD-ROM Haxoaurtcst 04eHb Ipo-
ctas cxema, ¢ koropoi PIC-koHTpomiep MOXKET HMpOrpaMMHUPOBATHECS HYepe3 IMOo-
CleoBaTeNbHBIA HHTEPPEIIC.

S xenaro BaM GOJIBIIOTO YJOBOJBLCTBHUS M yCIeXa MPU MPOrPaMMHPOBAHUN MHK-
pokoHTposuIepa. S Bceraa OTKPHIT Uit KPUTHKH, TIOXBAIIBI U PALIMOHAIN3ATOPCKHX
NPEUIOKEHUI M paJi KOPPECTIOHAEHIINH, IOCTYNAOIIEH Ha aapec MOEH DJIEKTPOH-
Hol ntouts! info@edmh.de.

Muxasno Xogpmann
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CeroiHss MUKPOKOHTPOJIJIEPHl UMEIOTCS TIOUTH B KaXKAOM DJIEKTPOHHOM YCTpPOMCT-
Be. OHM IPUMEHSIOTCS B TEPMOMETPAX JUISI OTOOpaKEHUSI TEMIIEPATyphl U yIIpaB-
JITFOT TpeOyeMBIM cOCcTaBOM Kode B KodeBapkax. MUKPOKOHTPOIUIEPHl aBTOMATH-
YEeCKH OTKPBIBAIOT M 3aKPBHIBAlOT BOPOTA Tapakel M BBIPYUAIOT 1Iodepa B ONacHBIX
CUTYyalusiX C MOMOIIBI0 MPOTUBOOIOKUPOBOYHBIX ycTpoiicTB (ABS) m cuctemsr
aHTHBHOpannoHHOH 3ammuThl (ESP).

Muxporxoumponnep (cokpamenno MK, anrn. MC) unm Takke MUKpOKOMNbIO-
mep — 3TO HIEKTPOHHASI MHKPOCXEMa, KOTOpas MOXET OCYLIECTBISTH BBIYHCIIE-
HUS U yNpaBlieHHE TEXHUUECKUMH O0BEKTaMU M TEXHOJIOTMYECKUMH MpOoLeccaMu
0I00HO TIEPCOHATBLHOMY KoMITbloTEpY. Pazymeercs, MK waine npeana3HaueH s
YIIpaBJIEHUS KOHKPETHBIM YCTPOWCTBOM, a TEPCOHANBHBI KOMIBIOTEP CHOCOOEH
BBITIOJIHATE O0pabOTKY BCEX AaHHBIX M OOBIYHO YMPAaBIsieT MHOTHMH Pa3HBIMH
ycrpoiictBamu. [lepcoHanbHbBIN KOMITbIOTEp OOJiee YHUBEPCAJICH, MOCKOJIBKY HC-
MOJIB3YETCs ISt 00pabOTKH TEKCTa, ISl KOMITBIOTEPHBIX UTP U MHOTOTO JPYTrOro, a
MO3TOMY JIOJKEH OBITH OYeHb THOOK M MPEILOCTABIATh B PACHIOPSHKEHHE MOIB30Ba-
TN JOCTaTOYHOE TPOCTPAHCTBO NaMATH M HEOOXOIUMYIO BBIYHCIUTEIBHYIO
MOIITHOCTh. HampoTHB, MUKPOKOHTpOJIJIEp UMEET Y3KOHANpaBlieHHOEe MpeAHa3Ha-
gyenue. Ecnu oH ucnone3yercs, HarpuMep, TOIBKO JUIs YIPaBICHHS TEMIIEpaTypoit
B TIOMEUICHUH, TOT/A JUIS BBIYHMCICHHH HE TPeOyeTcs BBICOKAsl MMPOM3BOIUTENb-
HOCTB W HE HYXeH OoJbiol 00beM naMaT. [Ipu 3ToM TOoKHA H3MEPSATHCS U 00-
pabaTsIBaThCs JUIIEL TeMIlepaTypa. Pasymeercs, CTpOTryIo rpaHHILy MEXIY MUKPO-
KOHTPOJUICPOM M TEPCOHAIBHBIM KOMITBIOTEPOM HPOBECTH HENb3. MHKpPOKOH-
TpoJuiep B MOOWIBHOM TenedoHe HeoOXomuM JUIs BRIOOpa HOMepa aOOHEHTa U
obecrieyenus: TeneoHHOTO paszroBopa. OHAKO MPHU MMOMOIIA COBPEMEHHBIX Kap-
MaHHBIX KOMIIBIOTEPOB MOKHO OTIPABJIATH DJIEKTPOHHBIC MHCHhMa, 3allUCHIBATDH
BHUJICO H CIIyIIATh MY3bIKY.

[Tockonbky OOBIMHO VIS KaKIAOTO CIHELMATBHOTO 3aJaHUsl HE H3rOTAaBIUBAIOT
Y3KOCTICUATTN3UPOBAHHBI MUKPOKOHTPOJIIEP, IO3TOMY U3 JOCTATOYHO OOJIBIIOTO
KOJIMYeCTBa MOJIeTiell YHHBEPCAJIbHBIX KOHTPOJUIEPOB MOXKHO BIIOJIHE BHIOMPAThH
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noaxo s, IMeoTcst pa3Hble MPOU3BOAUTEH, KOTOPbIC W3rOTABINBAIOT MHOT'O
BapHaHTOB KOHTPOJUICPOB, KOTOPHIC €Ba JIM MPUHIMITHAILHO OTIMYAIOTCS PEIKHU-
MaM# (pYHKITHOHUPOBAHUS. MUKPOKOHTPOJIIIEPBI PACIIONAraroT pa3HbIM KOJINYIECT-
BOM BXOJIOB M BBIXOJIOB, @ TAKXKE CIICIIHAIBHBIMU aNMapaTHBIMH MOIYJISIMH, HAXO0-
JSIIIAMUCS BHYTPH, ¢ KOTOPBIMH YITPOINAETCS BBITIOJIHEHHE PA3IMYHbBIX 3aJaHH.
TakuM 00pa3oM, MOYTH KaXIbIH MHUKPOKOHTPOJUIED MMEET TalMep, C MOMOIIIBIO
KOTOPOTO MOYKHO YCTaHaBJIMBATh BPEMsI U TCHEPUPOBATH CHUTHAJBI OMPEICICHHON
JUTeNbHOCTH. KpoMe TOro, MHOTHE MHKPOCXEMBI PACIOaraloT BCTPOCHHBIM
ananoeo-yugposvim npeodpazosamenem (Allll), KOTOpBIN TMO3BOJSET H3MEPSATH
AHAJIOTOBBIC CHUTHANBI JJISI KOHTPOJIS, HATIPUMEP, TEMIEPATyphbl WK HAMPSHKEHUS
OaTapen.

["abGapuTbl MUKpOCXEM ONpEAEISIIOTCS NPEUMYILIECTBEHHO KOJIMYECTBOM BXOAOB H
BBIXOJI0B. TakuMm 00pa3oM, MHUKPOKOHTPOJUIEP, KOTOPBI JOJDKEH HaOIronaTh
TOJIBKO 32 HAaIIPsDKEHHWEM OaTaped M BblaBaTh CUTHAJl NPH BBIXOJE 3a IPEAEIbI
MOPOTOBOr0 3HAYEHUS, MOXKET OOXOAWUTBHCS MajbIM KOJMYECTBOM BBIBOJOB. Ha-
MIPOTUB, KOHTPOJUIEP, KOTOPBIH JOJKEH PETYIUPOBATh TEMIIEPATYPY B HECKOJIBKUX
KOMHATaxX M OTOOpaXaTh 3TOT NPOLECC YNPaBJICHUsS HAa LBETHOM HHIUKATOpPE C
CEHCOPHBIM JKPAaHOM, HYKIA€TCs B CYLIECTBEHHO OONbIIEM KOJIMYECTBE BXOJOB U
BbIXOJI0B. [loaTOMY y IIpouM3BOAMTENEH MOXHO HAaWTH MUKPOKOHTPOJUIEPHI KaK C
LIECTHIO BBIBOJAMH, TaK M C HECKOJIBKUMHU COTHSIMH BbIBOJOB. Kpome Toro, MoXxHO
3aMEeTHUTh, YTO OOBIYHO C YBEIMYEHHEM KOJIMYECTBA BBIBOJIOB MHUKpocxeMbl MK
BBIYUCITUTEIbHAS MOLTHOCTh TaK)K€ BO3PACTAET, MOCKOJIBKY OOJbIlee KOJIMYECTBO
BBIBOZIOB MO3BOJISIET PEIIUTh COOTBETCTBEHHO M OOJIbILIEE YHCIO Pa3HOOOpPa3HBIX
3amay. Takke KoJrMaecTBO OUTOB, KOTOPHIE OTHOBPEMEHHO 00pabaThIBAIOTCS, pac-
TET ¢ rabapuTaMu MHUKPOKOHTpoJuiepa. B Hacrosiee BpeMs MMEIOTCS MOIYJIH C
pa3pagHOCThI0 MMHBL OT 4 10 32 6uToB. [ mepcoHaILHOIO KOMITBIOTEpA YiKe
MIPUMEHSIOTCS 64-OuTHBIE TIpoIieccopbl. B ckOopoM BpeMeHHW MHUKPOKOHTPOILIEP
TOXE HaBEepHSIKAa CMOXET OIepHpoBaTh 64-OMTHBIMU 3HadeHWsMHU. byner mm 3T0
Teneph NPEUMYILIECTBOM WM CKOpEee HEAOCTATKOM, KaX bl pa3paboTUUK JOKEH
pemiath caM. MUKPOKOHTPOJIIEPHI C JUIMHOM ClioBa 4 OUTa MOXKHO HaHTH IpeuMy-
LIECTBEHHO B MY3€sIX U OUY€Hb CTApBIX YCTporcTBax. OIHAKO OHU MPOJAIOTCS elle
W CETO/HS Ul BOCCTAHOBJICHUS CTapBIX YCTPOUCTB. B coBpeMeHHBIX pazpaboTkax
9TH MUKPOCXEMBI OOJIbIIIe HE HCIONB3YIOTCs. B HacTosiiee BpeMsi OOIbIe BCEro
pacnpocTpaHeHbBl MUKPOKOHTPOJUIEPHI C JITUHON ciioBa OT 8 10 16 6utoB. Beibop
CpeaM HUX OYEHb BeNUK. A BOT 32-OMTHBIE MHKPOKOHTPOJUIEPHI HNPUMEHSIOTCS
MPEUMYIIECTBEHHO JJISl YCTPOMCTB, KOTOPBIC YNPABISIOT IBETHBIM IpadUuIeCKUM
HWHAUKATOPOM (AMCIUIEEM), HMOAAEPKUBAIOT Pa3IM4YHbIe HOCHTENH HH(GOpMAauuy,
takue kak USB- unu SD-kapThl, U NMpeaHa3HAUYEHbl IS MOIAKIIOYEHUS K Hepco-
HAJIBHOMY KOMIIBIOTEPY Il OOMEHA TaHHBIMH. ..

B GonpmmHCTBE citydaeB 8-OMTHBIX MHKPOKOHTPOJUIEPOB OBIBACT BIIOJIHE JIOCTa-
TOYHO M K TOMY K€ MX ImpuoOpeTreHne MeHee 3arpatHo. Kpome Toro, HeOombIme
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AJIEKTPOHHBIC CXEMBI MOTYT OBITh PEaTM30BaHbI O€3 M3TOTOBICHHS NIEYaTHOM IUIa-
ThI. Tak Kak MHOTOPa3psIHbIC MUKPOKOHTPOIUIEPHI (PYHKITMOHUPYIOT MIPAKTHYECKU
AQHAJIOTUYHO KOHTPOJIJIEpaM C MEHBIIIUM YHCIIOM pPa3psiioB, TO B JaJbHEHUIIEM Mpe-
MMYIIECTBEHHO OyIyT MPUBEICHBI CXEMbl C UCIOJIB30BAHUEM 8-OUTHOTO MHUKPO-
KoHTpouiepa. [IpencraBneHHple CXEMbI B PUMEPHI POTPaMM JOCTATOYHO MPOCTO
peann3oBaTh, CMOJICIUPOBATH U UCIIBITATD.

B nmanbHeiiimemM paccMaTpHBaOTCS TONBKO KOHTpoinieps! dupmel Microchip. Bee
npuMepbl  ObuTi  3amporpammupoBanbl aist  PIC-mukpoxontpoiiepoB (PIC —
Programmable Integrated Circuit — mporpamMMupyeMasi WHTErpanbHas cXema)
otoi upmbl. KoHTpomepbl Ipyrux MpoW3BOAMTENCH, Hampumep Atmel,
Motorola, Renesas u T. A., QyHKIHOHHPYIOT 1O TAKOMY K€ MPUHIHUIY H OTIMYA-
FOTCSl IPEUMYIIIECTBEHHO BOBMOKHOCTSIMH U CUCTEMOW KOMaH]I.

[Touemy BBIOOP B 3TOM KHHUTE MMaj HAa MPOAYKTEI Microchip, 3aBuceo, B TOM YHCIIE,
oTToro, 4T0 (hrpMoit Microchip mpegocTaBiseTcs B paclopspKEHHE TTOJIb30BaTeNeH
MOJIHOCTBI0 OeciuiaTHast cpena pa3paboTku. KOHTpoJepbl MOXKHO KYIUTh Y HM3-
BECTHBIX TIOCTABIIMKOB 3JEKTPOHHBIX KOMITIEKTYIONNX HM3EIUI W OHU, 00iagas
00NBIION TOMYJISIPHOCTBIO, UMEIOT MHOTO TIOAPOOHBIX MIPUMEPOB M O0CYKICHHN B
HNureprere.

IIpencrasnenHsle B 3TOM KHUIE IMPUMEPHI IPOrPAMMUPOBAIIUCH U UCIBITHIBAIUCH
npu oMotk BetpoeHnoro omtaaurka In-Circuit-Debugger (ICD2) ot kommanuu
Microchip. TTosToMy Bce PUCYHKH M OIMHMCAHHS OTHOCSTCS K 3TOMY IPOrPaMMaro-
py. OgHako MMEIOTCS TaKkKe Jpyrue MporpamMmaropbl pasHbIX MPOU3BOAMUTENEH,
IIPH TIOMOIII KOTOPBIX MOXHO MPOTPaMMHUPOBATh M OTIAKHWBATH MUKPOKOHTPOII-
nep. Taxxe B IHTepHETE HAXOAUTCSA MHOTO MHCTPYKIUH JIJI1 U3TOTOBJIEHUSL CAMO-
JISIBHBIX ~TpOTrpamMMaropoB. PykoBojicTBO 10 pa3paborke mpoctoro PIC-
mporpaMmmMaTtopa uMmeeTcs Ha npuinokeHHoM CD-ROM. Ho oH moaxomuT TOIBKO
JUIsL TPOTPaMMHUPOBAHUSI KOHTPOJLIepa, OTJIaAKa (MOUCK OMHMOOK) ¢ 3THUM MPOCTHIM
MIPOTPaMMHBIM aJaNTEPOM HE BO3ZMOXKHA.

[IporpaMMupoBanue OCYIIECTBIISUIOCH Ha S3bIKE MPOrpPaMMHPOBAHHS acceMoiep.
B sToM ciywae nyuiie ycBauBaeTcs IPUHIUI pabOThl MUKPOKOHTpPOJIJIEpa, ONTHU-
MaJbHO HCIIOJIb3YIOTCS BCE €r0 CUCTeMHBIE pecypchl. Takke B VIHTepHETE MOXHO
HalTH HECKOJBKO OECIUIaTHBIX KOMIMJIITOPOB IS si3bIKa mporpammuposanus C.
Ha npuiaraemoM KOMIakT-TUCKe MMEETCS MOJIHBIN, pabouuili mporpaMMHBIA KOA
C KOMMCHTapHUsMH K KaXJI0My npuMepy. Ho 4ToOBI rapaHTHpOBaTh ONTUMAIBHOE
o0ydeHue, TpeOyeTcs IBITATbCS CaMOCTOSITEIBHO MPOrPaMMHUPOBATH HMPUMEPH U
TOJILKO B KpailHEM cllydae HCIOJb30BaTh BEPCHHU, HAXOMAILIHECS Ha KOMIIAKT-
nucke. IIporpaMMbl He ONTUMHU3HPOBAHBI HA CAMOE KOPOTKOE BPEMs BBIIIOITHEHHS
WINM CaMblii KOPOTKUN MpOrpaMMHbIN Koa. OHU IOJDKHBI JIMIIb JEMOHCTPUPOBATH
MHOTOCTOPOHHIOI ()yHKIIMOHATBHOCTh MEKPOKOHTPOJLIEPA.

Bce mpumepsl mporpaMM B STOH KHUTE MPEACTABICHBI IJII MHUKPOKOHTpOJUIEpA
PIC16F876A. Y 3Toli MUKPOCXEMBI €CTh MIPEUMYIIECTBO B TOM, YTO OHA UMEET BCE
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OCHOBHBIC XapaKTEpHbIC 3JIEMEHThI COBPEMEHHBIX MUKPOKOHTposuiepoB. Komuue-
CTBO KOHTAaKTOB BBOJAA/BbIBOJIa I/O 3TOro KOHTpoOJUIEpa BIIOIHE JOCTATOYHO JUIS
peanu3anuy MpPaKTHYECKH JTIO00TO MPOEKTa, OAHAKO MIPH HEOOXOTUMOCTH BO3MO-
JKE€H OYeHb MPOCTOH Mepexo]l U Ha Apyrue TUmbl. [Ipu 3TOM HyXHO 00s3aTENBHO
MPOBEPSITh HA3BAHUS U aJpeca PEerucTpoB, MOCKONIbKY He Bce PIC-koHTposieps
WCTIONB3YIOT OJTHY U T€ XKe ajipeca U 0003HAYESHHUS.

1.1. CpaBHUTESIbHbIE XapaKTePUCTUKN
MUKPOKOHTPONEpoOB

Crnenyronuii KpaTkuii 0030p MPEICTABISIET TOIbKO MAJICHBKYIO YaCTh UMEHOIIIUXCS
B HaCTOSIIEE BPeMs MUKPOKOHTPOJUIEPOB. [lepedeHp TONbKO MOsICHIET, HACKOJIBKO
pa3IUYHbl MUKPOKOHTPOJUIEPHI:

0O PIC10F222 — oyeHb MajeHbKHI MHKPOKOHTPOJUIED C IIECTHIO BBIBOJAMHU M
pasMepoM 2x3 MM);

PIC16F876 — 8-OuTHbIif MUKPOKOHTpOJUIEP ¢ 28 BHIBOAAMHU;
PIC24FJ128 — 16-OutHblit MUKpOKOHTpOILIEp ¢ 64—100 BrIBOIAMH;
PIC32MX460 — 32-6utHslit koHTpOIuIep ¢ 64—100 BrIBOAAMY;

ARM9 — 32-paspsimHblit MukpokonTpoiuiep ¢ siiapom ARM (Advanced RISC
Machines) B xopmyce BGA (Ball Grid Array — KoHCTpyKIusi KOpIyca MUKpPO-
CXEMBI C BBIBOAAMHU B BUJI€ KPOLIEYHBIX METAJUINYECKUX MIapuKoB. OHU pacro-
JIOXKEHbI B BHJIE CETKU Ha €ro HIKHEH IMOBEPXHOCTH, KOTOPbIE MPIKUMAIOTCS
K KOHTaKTHBIM IUIOIIAJIKaM Ha TeYaTHOW IuiaTte 0e3 nmpuMeHeHus naiiku. [Ipe-
HUMYIIECTBO — 0oJiee HU3Kasi CTOMMOCTb U3TOTOBJICHHS M YMEHBIIECHUE pa3Me-
POB TIpH HaMM4YWKU O0JIee TPEXCOT BHIBOJIOB).

aaaa

1.2. CTpyKTypa 1 NnpuHUMN paboTbl
PIC16F876A

1.2.1. Bnok-cxema

Hns obecneuennss paboOTbl MUKPOKOHTpOJUIEpa TpeOyeTcsi MHOIO MaJeHBKUX
(yHKIMOHANBHBIX OJIOKOB, KOTOpPbIE IOJDKHBI ONTHMAlIbHO B3aUMOJEHCTBOBATH.
Ha puc. 1.1 nokazana ymporieHHass (yHKIMOHANBHAS CXeMa MHUKPOKOHTpOJIIepa
PIC16F876A.

Camoif Ba)KHOH COCTaBHOW 4YacThI0 MHKPOKOHTpOJUIEpa SIBISETCS apU(pMETHKO-
noruueckoe ycrpoiictBo — AJIY  (anrn. ALU — Arithmetic Logic Unit). C mo-
Moisio AJTY, KOTOpoe SIBISIETCS ONepayuoHHbIM YCMpOUCmEoM KOHTPOILIEpa,
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®dnaw-namatb nporpamm (FLASH-namaTs)

13 6ut N 8 out LLinHa gaHHbIX
/ MporpaMmmHbIn 4 /
/ cyeturk (PC) / +
o3y
13 6ur RAM-namsiTs
Bektop cbpoca 0x0000 MamATb AaHHbIX
Crek
YpoBeHb cTeka 1 Sl | C|C
Bexrop 0x0004 P 15| 5| %
npepbIBaHms YpoBeHb cTeka 2 S8 |88
0x0005
Crpanumua 0
OxQ7FF Apnpec namsatu
0x0800 YpoBeHb cTeka 8 9 bur
Crpanumua 1
OXOFFF / MyanmnneKcop\
0x1000 apeca
Crpanuua 2 =
Ox17FF 70uT / Mpsmoi appec KocBeHHbI
0x1800 7 8 bur afpec
Crpanuua 3
Ox1FFF Pervctp agpeca
NPV KocBeHHOV |«
46Ut LLInHa koMaHz, appecaumm (FSR)
Peructp ®nar cocTosHUA PerucTp
KOMaH,
A COCTOSIHUS 4—
3 6uta (STATUS)
8 our

\

~ 8 6ur

v

v

MynbTunnekcop

Pabouuit peructp

(W-peructp)

MopThbl
Tavimepebl
WHTepdencel
EEPROM-
namsTb

Puc. 1.1. CtpykTypHas cxema PIC16F876A
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BBIITOJIHAIOTCS apI/I(i)MeTI/I‘-ICCKI/Ie 1 JIOTHUYCCKUC OICpaluu. YUrtoosr AJIY wmormio
OornepupoBatb € COOTBCTCTBYHOUIMMHU 3HAYCHUAMU, OHHU [JOJDKHBI HPEAOCTaB-
JIATBCA B PACIOPAKCHUC B ONPCACIICHHOC BpEMA U3 COOTBeTCTBYHHHCﬁ obmactu
IIaMsATH.

1.2.2. Pnaw-namMATbL NporpamMmm

Chauana pa3bepemcs, KaK JaHHbIE MOCTYNAIOT B MUKPOKOHTPOJUIEP U KaK OHU 00-
pa3yrorcsi. MUKpOKOHTpOJIJIEp HE IOHUMAET, K COXAJICHUIO, TAKON SI3bIK POrpaMm-
MupoBaHus, kak Basic, C nunu accemOiiep, a BOCHpUHUMAET TOJIBKO JBOUYHBIE 3HA-
YeHUs, T. €. HyJIU WiIN eIuHULBl. OHU 3alUCBIBAIOTCS BO (Ioui-namsams npocpamm
(amrm. Flash Program Memory), nHaumnas ¢ aapeca 0x0000. ITockonsky Flash-
maMsITh — 3TO PHEProHe3aBHCHMAas MaMsTh, B KOTOPOH JTaHHBIE COXPAHSIOTCA M
MocJyie BBIKIIOUEHHS TUTAHUS, TO IMEHHO 3/IeCh U XPaHAT NPOrpaMMHBIN KOJ MHK-
pokoHTposiepa. Eciau Ob1 mporpaMMy MOMECTHIIN B ONIEPaTHBHOE 3alIOMHUHAIOIICE
ycrpoiictBo (O3Y) (aura. RAM), To yCTpoicTBO Tiepectano Obl (YyHKIIHOHUPOBATE
nocie BeikiaodeHus. [lostomy O3Y 310 mamsaTh, KOTOpas NpenHa3sHaYeHa s
XpaHEeHUs MPOMEKYTOUYHBIX JaHHBIX, a He Tporpamm. UtoOsl copmupoBats nud-
pOBbIe AaHHBIE, KOTOpble moHMMaeT PIC-koHTposiep, He0OOXOAUMO BBIOIHHUTH
HECKOJIBKO IMOCIe0BaTeNbHBIX onepaunii. [IpuHIMnmuansHo MOKHO ObUTO OBl Ha-
[UCaTh MPOrPaMMHBIN KOJ HEMOCPEICTBEHHO B JIBOMYHOM BHIE U 3arpy3HUTh €r0
IIPH TTOMOIIH MPOTpPaMMaTopa B MHKPOKOHTpoJuiep. OqHaKo JI000H pa3padoTInk
MOHUMAET, 4YTO 3TO OYEHb TpyloeMKas paboTa, U MOXKET BOCIPHHHUMATHCS Kak
"mrpaduasn”. [TosToOMy 11 IPOrpaMMHUPOBAaHUS MUKPOKOHTPOJUIEPOB, KaK MpaBH-
JI0, UCTIOJIL3YIOT pa3iWYHbIe S3BIKM TporpammupoBaHus. Haumbonee ymnotpedu-
TeNbHBIM sBIsIeTCs s3bIK C mim accemOnep. O0a s3bIka OYeHb ONM3KH K armapar-
HBIM CPEACTBaM U II03TOMY MOTYT HETIOCPEICTBEHHO OOMEHHMBATHLCS COOOLICHUAMU
¢ (PM3NYECKN NMEIOIUMHUCS PerucTpaMu. JJist CIOMKHBIX MHOTOPa3psAHbIX MUKPO-
KOHTPOJIEPOB MOYTH BCernaa npuMeHsietTcst s36ik C, a BOT OTHOCUTENBHO MPOCTOM
KOHTPOJIIEP, KOTOPBIA paccMaTpuBaeTCs B 3TOW KHUTE, TOCTATOYHO YacTo Mpo-
rpaMMHpYIOT Ha accemOnepe. Creayromuil mpuMep MOKa3blBaeT MPOrpaMMy 00-
patHoro cyera ot 9 mo 0, HanucaHHyto Ha s3bIke C, accemOiepe U B MalIMHHOM
KOJIe, KOTOPBIH B UTOTe J0JKEH HaxoauThesl B PIC-koHTposiepe.

Asbik C Accembnep MawunHHbIN Kop,
for (1=9; i>0; i--); movlw 0x09 000C 3009
movwf 0x20 000D 00AO0
counter 000E OBAO
decfsz 0x20, 1 000F 280E

goto counter
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Kak MOX@HO BHICTh Ha MPEICTABICHHOM ITPpUMEpPE, ObUIO OBl CIIUIIKOM HETIOHSATHO
U 3aTPyIHHUTEIBHO MPOrPaMMHPOBATh MUKPOKOHTPOJUIEP HEMOCPEACTBEHHO B Ma-
HIMHHBIX KoJax. [103TOMY MPUMEHSIOT CIICHUATBHYIO POrPaMMy, KOTOpasi TpaHCc-
JUPYET MPOrpaMmy, HamucaHHyio Ha s3bike C mim accemOiepe, B MaIlWHHBINA
s3pIK. HaspiBaror Ty mporpammy xomnunasmop (anri. compiler). Kommumsrop
MPOXOJMT IIar 3a [IaroM MPOrPaMMHBIN KOJ M MHTEPIPETUPYET 3alPOrPaMMHUPO-
BaHHbIE Pa3pabOTYMKOM KOMAHJIbl. DTO YacCTO BBIMOJIHSIETCS HE 3a OJHWH, a 33 He-
CKOJIBKO TPOXO00B. Ilocie KOMIMINPOBAHHS OTICIbHBIC MOIYJIH €IIe JOJIKHBI
CBSI3BIBATHCS. MEKIY COOOM C TOMOIINBIO JPYroW CIEIHaIbHOW POrpaMMBbl —
xomnonoswuxom (auri. linker). Eciou Bce mpaBuisHO paboTaeT M OMIUOKKH OTCYT-
CTBYIOT, TO MOCJI€ TOTO MOJIyYarOT MAIIMHHBIA KOJI, KOTOPbIA MOXXET OBbITh MPH-
MEHEH TPHHIMITHAIBHO TOJBKO HA MPEILyCMOTPEHHOM KOHTposuiepe. Bo Bpewms
nporecca KOMIUJISIIUKE TeHepUpYeTCs Baiii ¢ pacumpeHreM hex, B KOTOpOM 3aru-
CaHo, B KAKOM MECTE JIOJDKHBI HaXOAUTHCS B MAMSTH OT/ENbHbIE KoMaH bl Janee
3TOT (aiil MOXKET ObITh 3arpyKeH HPH MOMOIIU MPOrPaMMaropa B MHUKPOKOHT-
posep.

Tenepp mporpamma 3amucaHa BO (udmI-mamsaTh nporpaMm. Eciu mpocMmoTpeTsb
BBIIEYTIOMSHYTHIH MAIIMHHBIN KOJI, TO MOYKHO OIPENIEIUTh MECTO B TIPOTPAMMHOM
KOJIe TI0 TIEpBBIM YeThIpEM IIecTHaAarepudHsiM mudpam. Kox HaumHancs Obl B
namsatu ¢ aapeca 0x000C u 3aBepiainics 0b1 Ha aapece 0xO000F. Teneps juis BbI-
MOJTHEHUSI TIPOTPaMMBl JIOJDKHA OIPENeNsiThCd HMCXOAHAs TOYKa. OJTO — ajpec
0x0000, ¢ KOTOPOrO BHIMOJHIETCS MPOrpaMMa Iocje 3amycka (Start) WIK MOCIE
copoca (Reset). C MOMOIIBI0 BHEIIHETO WM BHYTPEHHETO TAaKTUPOBAaHUS MpO-
epammnuvwiti cuemyuk PC (anrin. Program Counter) (WM MHAYE CYemuux KOMAHO)
OyzeT ocTeneHHo NpubaBiIATh | 1 3amycKaTh OYepeIHYI0 KOMaHIy MOocie Mpebl-
aywei. IIpu oTcyTCTBUM KOMaH[A NEPEXOA U LHUKIIOB B IPOrpaMMe IIPOLECC MPo-
noiokancst  Obl mMakcuMmanbHO g0 anmpeca  Ox1FFF  (uro  coorBercTtByer
8292 xomaHaM) ¥ MOBTOPSIICS OBI MOCIE 3TOTO OMATh cHavyana. CYeTYnK KOMaH]T
HMeeT paspsaHocTh 13 6utoB (22 = 8 192) i MoxkeT 06paIaThCst T0ITOMY MAKCH-
MaiabHO K 8292 xomanmam. Komanga umeer paspsimHocTh 14 OuTOB (Hampumep,
movlw 0x09 = 0x3009 = 11 0000 0000 1001,). ITocne 0OpabOTKH KOMAaHBI U3 pe-
rECTpa KOMaH[ JaHHeie u agpeca O3Y uepe3 BHyTpEHHUE JIMHUH TEPEIAIOTCS CO-
orBeTcTBeHHO B AJIY mnm onepatuBayto namsts (O3Y).

1.2.3. O6paboTka AaHHbIX B AJTY

Hannsie o0pabateiBatoTcs nociie noctymieHus B AJIY. Komanaa moviw 0x09 03-
HaydaeT: "3arpy3uTh mecTHaanatepuaHoe 3HaueHne 0x09 B pabounii peructp W".
be3 ucnonp3oBanus padbodero perucrtpa W B PIC-koHTpOIMIIEpe MpakTHYECKH HU-
yero He pabortaer. Yepe3 HEro AOJLKHBI MIPOXOAUTH MOYTH Bee 3HaueHus. Hampu-
Mep, YTOOBI 3allcaTh TO WIK MHOE 3HAUCHHE B SYCHKY ONEPATUBHOHN MaMITH HIIH
uHavye B ToT Wik uHoM peructp O3V (File Register — cokpamienno peructp F),
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OHO JOJDKHO OBITh CHayaja 3arpyxeHo B paboumii peructp W (movliw 0x09) H
TOJIBKO MOCJE 3TOTO MOXKET mepenaBaTbes aanblie B peructp O3Y. D10 Moxer
MPOUCXOUTh, HAIIPUMED, TT0 KOMAaHJE movwf 0x20, KOTOpas O3HA4YaeT HE 4TO WHOE,
kak: "Ilepecmats 3Hauenme w3 peructpa W B peructp O3Y mo aapecy mamsTa
0x20".

1.2.4. Pernctp cocTtosiHuA

IToCKOJIBKY TIOCIIC BBIMOJHEHHUSI HEKOTOPBIX KOMaH] HEOOXOIUMO 3HATh, CTAJ JIH
pe3ysbTaT HYJIEBBIM IOCIIE BBIOJIHEHHS MATEMAaTHYECKON WM JIOTHYECKOU OIe-
paluK WM JKe POU30IIeI nepeHoc, B peructpe cocrosuus (STATUS) B 3aBucu-
MOCTH OT KOMaH/Ibl YCTaHABIMBAIOTCS ONpE/IeiCHHbIe OUThI. Pedb MIeT 0 Tak Ha-
3BIBAEMBIX (hriacax unu 6umax cocmosnus. @nae (Flag) — sTo mpusHak win UHIU-
KaTop Ul ONPENeNICHUs] TOTO, YTO MPOM3OLUIO MOCe TOW MM MHOM OINepalyu.
B peructpe COCTOSHHS MHKPOKOHTPOJUIEpA HMEIOTCS —Clieayonme  ¢uara
(puc. 1.2): C — dar mepenoca (ot anri. Carry), DC — ¢umar mecsarunanoro nepe-
Hoca (ot anri. Digit Carry) u Z — ¢uar HyneBoro pesyiabrata (0T aHri. Zero).
dnar nepeHoca yKa3bIBaeT Ha MIEPEHOC U3 CTapIIero Oura, eciiv, HalpuMep, 1Mocye
CIIOXEHUsI pe3yJIbTaT OOJIbIIE HE MOXKET IPEICTaBIAThCS 8-10 Outamu. Dar necs-
THYHOTO MEPEHOCa MMOX0XK Ha (hjar mepeHoca, Ho MOKa3bIBACT MEPEHOC M3 MIIA/IIIe-
ro noJyry0aiiTa, T. €. U3 4eTBepTOoro omra. M, HakoHel, ¢uiar HyJIeBOrO pe3ysbraTta
MOKAa3bIBACT, SIBJSIETCS JIK PE3YJbTAT HYJIEM IOCIIE BHIMOJHEHHS apH(PMETHIECKON
WM JIOTUYECKON OTepaIliy HIIH HET.

But BbibGopa 6aHka namsatn O3Y

Mpu KOCBEHHOM aApecaLimn BUT HyneBoro pesynsTata
BuTkl Bbibopa GaHka namsTv BuT pecsituiHoro nepexoca
OBY rpu NpsMoit aapecaLmm ‘ BT neperoca
— |

||RP|RP1|RPO|%|%| z |DC| c|

but 7 but 0

Peructp coctosiHua (STATUS register)

Puc. 1.2. dopmat permctpa cocTosiHus

1.2.5. Agpecauunsa onepatMBHON NaMATH
unu pernctpos O3Y

[Ipu obpamennu x peructpam O3Y mmeetcst HeOomnbmas npodieMa. Axpecarust
OCYIIECTBIISIETCS ¢ TIOMOIIBI0 9-pa3psaHoro aapeca onepatuBHOM mamsatH (RAM-
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azpeca). C moMomibi0 9 GUTOB MOXKHO oOpamaThes MakcumyM k 2° = 512 Gaiiram
(0x000—O0x1FF). Pa3ymeercs, npu mpsimoii aapecaumu B PIC-koHTpOsepe uc-
T0JIb3YEeTCs TOIBKO 7 GHTOB, YTO MO3BOJISET 0OpaTUThCA Nuib K 2’ = 128 Gaiiram
(0X00—0x7F). Jus pemieHust 3Toil TIpo6IeMsl MPUOETIIN K CIIEAYIOIEMY TPIOKY:
Bcto mamMaTh AaHHbIX (O3Y) pasnenwnu Ha 4 Oanka, TIPA 3TOM KaKIbIH OaHK CO-
CTOUT U3 128 perucTpoB, cpenn KOTOPBIX UMEIOTCS pecucmpuvl 00ue2o Ha3sHayeHus
(amrn. GPR — General Purpose Registers) wu cneyuanvrnoco HasHaueHus
(anrn. SFR — Special Function Registers). Takum o6pa3oM, 4ToObI 00paTUThCS K
KOHKPETHOMY PETHCTpPY, BHaUaje Hy»XHO BBEIOpaTh OaHK, a 3aTeM y)Ke€ B HEM HaWTH
TpeOyeMbIii peructp. Bwibop Oanka namsamu OCYIIECTBISIETCS C TOMOIIBIO JIBYX
outoB B peructpe cocrossHus RPO u RP1 (puc. 1.3). C momMompso 3TUX IBYX 10-
MOJTHUTEJBHBIX OMTOB M TOJY4YalOT 9-pa3psagHblil ajpec ONepaTuBHOW IaMSTH:
MIIame 7 pa3paaoB ONpeelsioTCs U3 PErucTpa KOMaH/A IIPY NPsIMOH aapecalyy,
a JBa crapmmx OWTa yCTaHABIMBAIOTCS IOCPEICTBOM DETHUCTPA COCTOSHHS
(puc. 1.4). 3meck Takke MOXKET TIOACTEPETraTh eIrle 0Ha MPobaeMa, KOTopast MOYKET
BO3HHUKHYTH IPW NPOrpaMMHUPOBAHHU: €CIM BO BpEMsl IIPOrpaMMHUpPOBaHUs 100aB-
JISIIOTCSL CTPOKM KOJZa, KOTOpBIE 00palIaloTcsl K PerucTpy ApYroro 0aHka, MOXKHO
JIETKO 3a0BITh O NepekiIoueHny 0anka. [IporpaMMa B TakoM ciydae TpaHCIUPYeET-
Csl TIPaBUJILHO, HO MOXKET ToBecTH cebs He Tak, Kak Tpebyerca. OcoOeHHO 3Ta
OITACHOCTh BO3HHUKAET, €CIIM PeaTn3yeTcss BHIOOP OAaHKOB MaMSTH B Mpelenax MakK-
PpoKoManObl (MHCTPYKIMSL, TUPEKTHBA KaK dJIEMEHT THITUYHOTO SI3bIKA POTrPaMMHU-
poBaHUs, Ipu 00pabOTKe Pa3BEPTHIBAIOIIASCS B ONpPEIEIICHHYIO MOCIIEeI0BaTEb-
HOCTB MPOCTHIX KOMaH[) WJIKM MoanporpaMmbl. Torma mocjie Bo3BpaTa K BBIIOJIHE-
HUIO OCHOBHOM MPOTPAMMBI MOKHO HE 3aMETHTh, YTO Oy/eT aKTHBEH yXKe IPYroi
OaHK.

RPO=1 RPO=0 RPO=1 RPO=0

RP1=1 RP1=1 RP1=0 RP1=0
0x180 0x100 0x080 0x000
0x181 0x101 0x081 0x001

BaHk 3 BaHk 2 BaHk 1 BaHk O
0x1FO0 Ox17E OxOFE Ox07E
Ox1FF Ox17F OxOFF Ox07F

Puc. 1.3. OpraHu3aumsa 6aHkoB namsitn
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Peructp coctosiHus (STATUS register)

|RP|RP1|RPO|%|WD| z |DC| c|

but 7 but 0

Y Y
(refree] | ] [ [ [ | |

bur8 bBur7|butr6 Bur5 Bur4 bBur3 Bur2 bButrl ButO

7 pa3psaoB NPSIMOro agpeca

l
)

A\ 4

7 pa3psiaoB NpsIMOro agpeca + 2 6uta BbiGopa H6aHka namsTyi

9-paspsgHbIn agpec O3Y (RAM-agpec)

Puc. 1.4. dopmuposaHne RAM-agpeca. [lnanasoH agpecos 6aHKOB namsiTu

1.2.6. Bbi3oB nognporpamm

Cxoxee JeiicTBHE C MAKPOKOMaHJAMHU BBIIOJIHSIOT M noanporpammsl. OHHU city-
Kat A7 YIPOUICHUS BBITIOJHEHHS POTrpaMMbl M MUIIYTCS Ui 4aCTO MCIOJIb3Yye-
MBIX IOcJeaoBaTenpHOCTe KoMaH  (Hanpumep, "[lepenars nanHbIe yepes mocie-
noBatenbHBIN uHTEpdeiic"). [logmporpamMma mporpaMMHUpyeTcs TOJIBKO pa3 U MO-
9TOMY 3aHMMAaeT OJHHM M Te K€ SUeHKHM B MaMATH mporpamMM. B stom ciryuae
MOJIpOrpaMMa MOXKET JIETKO BBI3BIBATbCA BCSAKUM pa3, KOTAa 3TO HEOOXOIUMO.
Uto0bl BBI3BaTH MOAIIPOrpamMMy, TpeOyercs HeOoJblnas mnpoueaypa. [1ockoibky
MOJIpOrpaMMa TOJIBKO pa3 COXpaHseTcsl B MaMSTH MPOrpamMM, HO, KaK IPaBUIIO,
HEOJJHOKPATHO JIOJDKHA BBI3BIBATHCS, OOPATHTHCS K sSUeiKe MamsaTH Hayajia MoJ-
IIPOrpaMMbl MOXHO C MOMOIIBIO NMPOrPaMMHOrO cueTdyuka. UToObl 3TO caenats,
HYXKHO BBITOJIHUTH KOMaHIy Mepexoja K MOANpOorpaMMe WM MHauYe — KOMaHIy
BBI30Ba MOANPOrpaMMBI — call (BeBOB) (puc. 1.5). Ilpu sTom mporpamMmHBII
CUETYMK yCTaHABIHMBAETCS Ha aJipec Havasa MOATPOrPaMMBbI U TIPOJIOJKAET PadoTy
Kak 00bI4HO. [locne BBIMOJIHEHUS] HOANPOrpaMMbI HY>KHO BHOBb BEPHYTBHCS IPO-
JOJDKUTh OCHOBHYIO MpOrpaMMy. OTO MPOUCXOAMUT MO KOMaHJe return (BO3BpAT).
Tonbko Kakoe 3HaUeHHE HYKHO 3arpy3UTh B MPOTrpaMMHBIN cueTynk? [l 3Toro B
PIC-xoHTpoOnIepe npu BEI30BE OANPOrPaMMBbl 3HAUEHHE IPOrPAMMHOTO CUETUHKA
BPEMEHHO COXpaHsercs B cTeke. Cmexk (aHTi. stack) — 3To maMsTh, OpraHU30BaH-
Hast o npunimny LIFO (aurm. Last In — First Out), T. e. "mocieaHuM npuiien —
nepBbIM Bolmen". HoBoe 3HaueHne B CTEKE BCET/Ia TIOMEIIAETCSI B BEPXHIOIO SUCHi-
Ky, KOTOpasi Ha3bIBA€TCsl 6epuiHoli cmeka. BpI3pIBaeTcs 3TO 3HaUCHHE M3 CTEKa
OIISATH-TAKW W3 BEPIIMHBI CTEKA, IPUYEM B MEPBYIO ouepeb. AHATOTHYHBIM 00pa-
30M 3TO (YHKLHMOHUPYET CO 3HAUCHHEM IIPOTPAMMHOIO CUETUHKA WU NIPH BBI30BE
nognporpammbl. [lo xoMaHzme call crlenyroliee 3a TEKYIIMM 3HAa4eHHE Ipo-



1. O630p MUKPOKOHMPOIIIEPO8 13

< Havano
A 4
18: movlw OxAA BbinonHexvie MoanporpamMmbl
OCHOBHOWA

19: movwf 0x30 nporpaMbl
A
12: decft 0x30, W
BbinonHeHve
noanporpammbl .
20: call Sub Buizos 13: movwf 0x31
noAnporpamMmbl | - g M—

Bosspat 14: return
21: movlw OxBB BbinonHexune

OCHOBHOW
22: movwf 0x30 nporpaMmmbl

Crek

Anpec Bo3BpaTa =21

K Ll
OHeL}
YpoBeHb cTeka 2

YpoBeHb cTeka 8

A

Puc. 1.5. BbizoB nognporpammbl

TPAaMMHOTO CUETYMKA TOMEIIAETCS Ha BEPIIMHY CTEKa, a M0 KOMaHJIe return 3Ha-
YeHHE C BEPIIMHBI CTeKa CHOBA 3arpy)kaeTcsi B MPOrPaMMHBINA cueTduK. Takum 00-
pazom, paboTa OCHOBHOM MPOTpaMMBI MOXKET OBITh MpoIoihkeHa. CTeKoBas maMsTh
mukpokonTposuiepa PIC16F876A umeer riyOuHy paBHYIO 8, T. €. OHA COJICPXKHUT
8 ypoBueii. Jlpyrue ypoBHH CTeKa MOTYT 3alOJIHATHCS aHAIOTHYHO BEPIIWHE CTe-
Ka, TIPU YCJIOBUU BBI30BA M3 JAHHOU MOAMPOTPaMMEI OUEPEIHON MOAMPOTPaMMBL,
KOTOpasi B 3TOM Cllydae Ha3bIBaeTCs grodceHHoti. Komanna call B moamporpamme
TaKKe MOMEMIAET CIEeAYIoLee 33 TeKYIIUM 3HAY€HUE IPOrpaMMHOI0 CYETUYHKA HA
BEpIINHY CTeKa (TpeapIaylee 3HaYSHHe BEPIIMHEBI OITyCKaeTCs HIDKE) M Mepexo-
JIUT Ha BBITIOJIHEHUE BJIOKEHHOW MOANPOrpaMMbl. Bo3BpaT k mpepBaHHOM MOIPO-
rpaMMe U3 BIIO)KEHHOW OCYIIECTBISETCA TakKe M0 KOMaHMAe return. TakuM oOpa-
30M, B JAHHOM MHUKPOKOHTPOJUIEPE MOTYT BBINOJHATHCS MAKCUMYM 8§ BBI30BOB
nognporpamM. [locne 3Toro crekopas mamsTh OyJeT MOJIHOCTBIO 3allOJHEHA, U
0O0JIbIIIe COXPaHUTH apec BO3Bpara OyJeT HEBO3MOXKHO.
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1.2.7. KocBeHHasa agpecauus

HNuorma tpebyercst pacCUnTHIBaTh ajpec u oOpamarbest K Hemy KocBeHHO. "Koc-

BE€HHO'" — 3HAYUT HE BBOJUTH HEMOCPEACTBCHHO TOYHLIH aJipeC, a YKa3bIBaThb
Hauano
\ 4
movlw 0x30 3arpy3V|Tb
KOCBEHHbIN aapec B
movwf FSR pervctp FSR
newValue <
Y

Mpouuntats nopt A
movf PORTA, W 1 NMOMeCTUTb
3HayeHve B per. W

Y

MomecTntb copep-
movwf INDF »Xumoe per. W no
KOCBEHHOMY agpecy

Y

YBenuuntb
incf FSR, F KOCBEHHbIN
agpec Ha 1

Het

3anucaHo 8
3HaYEeHU?

btfss FSR, 3

goto newValue

Puc. 1.6. KocBeHHas agpecauus
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TOJBKO CCBUIKY Ha 3TOT ajpec. s 3TuxX ueneil npuMeHAeTcs TOJIbKO TaK Ha3bl-
BaeMBIi yKazamenb. DTOT METOJ MOXKET HCIOJIB30BaThCS, HAPUMEP, YTOOBI TO-
CJIeIOBATEIHLHO 3aIUCHIBATh I OYHINATH HECKOJIHKO perncTpoB. Cremyrontuit
TIpUMEP TIOKA3BIBALT, KaK 8 3HAUYECHUH 10 OUEPEId CINTHIBAIOTCS U3 BXOAHOTO TTOP-
Ta A ¥ 3aHOCsITCSI B RAM-1aMATE.

B ommcanHOM mpuMepe AaHHBIE CUHUTHIBAIOTCS C BXOAOB IOpPTa A M 3aHOCSATCS B
RAM-namsits o agpecam ot 0x30 go 0x37.

Tax xak mpu KOCBEHHOM afpecanuy Ul ONpelesieHHus aipeca UMEI0TCA B PacIo-
psbkeHuH ToibKo § OuToB peructpa FSR, To pu 3TOM MOKHO 00paIiaThcs 1aneko
He KO BceM peructpam RAM-namsTu, KoTopasi, Kak M3BECTHO, UIMEET 9-pa3psaHblii
anpec. IloaToMy npu KOCBEHHOH apecaliii CHOBA HCIIOJIb3YIOT PETUCTP COCTOSI-
Hus (STATUS), a tounee oxaud crapmwuii ero 6ut IRP (puc. 1.7). UtoOwI caenath
BbIOOp Mexay Oankamu 0—1 1 2—3, HY)KHO yCTaHOBHUTbH Wi cOpocuth 6ut IRP.
Tak ecimm 6ut IRP yctanoButs B 0, TO MOXKHO oOpamaTthcs kK 6ankam 0 u 1. Ecim
ke out IRP ycranoButh B 1, To agpecyrorcs 6anku 2 u 3. Ilocie 3Toro comepxu-
Moe 8-paspsaHoro peructpa FSR ooweaunsercs ¢ ourom IRP perucrpa cocrosuust
U TakuM oOpa3oM oOpasyercs: 9-pa3psaHbIi agpec maMsaTH JaHHBIX. J{7s ocymect-
BIIEHHSI KOCBEHHOU aJipecallnil UCTIONB3YIOT pecucmp Koceentou aopecayuu INDF,
aJpec KOTOPOro HaxoauTCs B KaxaoM Oanke mo aapecy 0x00. Peructp B MUKpo-
KOHTpOJIepe (U3MYECKH OTCYTCTBYET, OH HCIIOJB3YETCSl TOJNBKO KaK BCIIOMOTa-
TEJILHOE CPEICTBO AJs axpecalyu. Eciay numyT 4yTo-T0 B 3TOT PErHCTp, TO 3aIUCh
OCYILECTBISIETCS. B (PU3UUECKU MMEIOLIMICS PErucTp, axpec KOTOPOro HaXOAUTCS
B peructpe FSR. Oto xe camoe npoucxoaut u npu ureHuu peructpa INDF.

Peructp coctosiHusa (STATUS register)
Bur 7 But 0

||RP|RP1|RPO|T)|%| z |Dc| c|

Pernctp kocseHHoro agpeca (FSR)

Y
(el | 1 1 [ [ [ ] |

bur8 | bur7 butr6 bBur5 bButr4 bBur3 Bur2 bButrl ButO

8 OUTOB KOCBEHHOIO agpeca

i »
I} L

8 OBUTOB KOCBEHHOIO afpeca + 1 6ut Bbibopa 6aHka namaTn

>
)

Y

I
9-paspsagHbIn agpec O3Y (RAM-agpec)

Puc. 1.7. Ctpyktypa RAM-agpeca ons KOCBEeHHOM afpecauumm
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1.2.8. YteHue u 3anucob
BHyTpeHHen EEPROM-namsaTu

ITockonbKy AaHHBIE, KOTOPbIE COXpaHAIOTCA B perucrpax RAM-namsTu, npomna-
JIAfOT MOCJIE BHIKIIIOYEHUS! MUKPOKOHTPOJIIEPA, YaCTO HE0OXO0AUMO, YTOOBI JaHHbIE
MOTJIM XPaHUTbCS MpoAoJukuTeNbHO. [Ipu HeOonpmMX 00beMax AaHHBIX, HAIPH-
Mep, IPU COXPaHEHUH MOCIETHET0 PabOYero COCTOSHUS MePe]] BBIKIOYEHHEM, 3TO
MOXET NPOUCXOJHTH uepe3 BHyTpeHHIoro namsate EEPROM (Electronic Erasable
Programmable Read Only Memory — siekTpu4ecku CTHpaeMoe MporpaMMUpye-
MO€ IIOCTOSIHHOE 3aIIOMHHAIOIIEe YCTPOUCTBO). B Hee MOKHO 3amuchIBaTh AaHHbIE,
KOTOpbIE OyAyT XPaHUTHCS TaK JOJI0, CKOJbKO HYXKHO. 3alliCh U YTEHUE IaMATH
EEPROM, x coxalieHn1o, OCyIIECTBIAECTCS HE TaK MPOCTO, KaK B CIy4ae ¢ PEerucT-
pamu O3Y. Cynutb 00 3TOM MOXHO YK€ TOJIBKO IIOTOMY, YTO UMEIOTCS 6 PETHUCT-
pPOB crenMaIbHOTO HazHadeHus 11 3anucu u drernst EEPROM- u Flash-mamsTu.
B wmukpokontpomiepe PIC16F876A o6pem EEPROM-mamsTH naHHBIX paBeH
256 Gaiitam. Eciam 3TOro mpocTpaHcTBa MaMsITH HEJOCTATOYHO, TO MOXKHO, KpOMe
TOTO, 3aJelCTBOBAaTh HEHUCIOIb30BaHHOE IpocTpaHcTBO Flash-mamsitu mporpamm.
Pazymeercsi, B 3TOM cilydae HY>KHO OBITh O4Y€Hb OCTOPOXHBIM, €CIH HporpaMma
ele J0JDKHA pacIuupsAThea. Takke MOMKET CIYYUTHCS, YTO MPH MPOrpaMMHUPOBa-
HUU HE OBIJIO 00paleHo BHUMaHHE Ha JIOMYIIeHHbIe OIMOKU. /JaHHBIE OCHOBHOM
MPOrpaMMBI MOTYT OBITH CiydaiiHO cTepThl. B Takom ciydae PIC-xonTposmiep
OKa)KeTcs HepabOoTOCIOCOOHBIM, U JIOJDKEH OyAeT BHOBB MPOrPaMMHUPOBATHCS —
Ha 3TOT pa3 yxe 0e30MMO0YHON TTPOTPAMMON.

Taxum ob6paszom, yuieit anbrepHatuBoi pacmpenuss EEPROM-niaMsTi naHHBIX
siByisiercst toOapneHue BHelHed EEPROM-namsitu, B koTopyto OyIyT 3aHOCHTHCS
nmanaple. Kak moaxmounts BHenTHIOlO EEPROM-namsaTh 1 ynpaBmare ero, 00bsc-
HSETCS Jajiee B IOCJIeNyroMX TiaBax. Mcxoas u3 3TOro, mpuMEHEHHE NaMsTH
MporpaMM JJisi XpaHEHUs! AaHHBIX JTOJDKHO OBITH TIIATEIBHO MPOIYMAHO U YYTEHBI
Bce BO3MOXKHBIE 3aTpaThl. Tak BHemHss 32-kunodutHas EEPROM-mamste cTout
npumepro 0,40 € (=17 py0.) 3a mTyky. [losTroMy B nanpHeiimem oOcyxaaercs
TONEKO 00MeH AaHHbIME ¢ BHyTpeHHeil EEPROM-namsteio. Pazymeercs, 3ammch
Flash-nmamsT mporpamMm mpeaocTaBiseT euie NMPEUMYIIECTBO U B TOM, YTO TPO-
rpaMMy IpH HEOOXOAMMOCTH MOXHO HM3MEHHUTh. TakuMm 00pa3oM, MHKPOIIPO-
rpaMMHOE o0OeclieueHre, KOTOpOe 3arpyskaeTcs yepe3 MOoCIeI0BaTeIbHbIM HHTEP-
(eiic, BO3MOXXHO COBEPILICHCTBOBATE.

Crenyromiast 010k-cxema anroputma (puc. 1.8) omuchIBaeT mporecc 3amnucH AaH-
Heix B EEPROM-namate mo ompeneneHHoMy azapecy. Omnepaunus 3amucu B
EEPROM-namMsiTh 1o cpaBHeHHIO C omnepaTHBHOH mamsaThio (RAM-mamsTbio)
JUTMTCS TOpasao noibine. Tak /st coBa TaHHBIX (omHOTO Oaiita) TpeOyeTcs Hpu-
MepHO oT 4 10 8 Mc. IIpu TakToBOM curnazie npoueccopa 4 MI' 3T0 COOTBETCTBY-
et oopaborke 4000 xomana. K cyacTeio, mpoliece 3amucu MpoTeKaeT B GOHOBOM
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Havarno

_BANK_3

MoxxHo
v 3anucaTb B

btfsc EECON1, WR

goto $-1 EEPROM?

Oa
_BANK 2
movlw 0x24 3arpysuTb agpec B
movwf EEADR pernctp EEADR
movliw 0x11 Sarpy3V|Tb AdaHHblE B

movwf FEEDATA peructp EEDATA

Y
BANK 3
- - BbibpaTb AaHHble
bcf EECON1, EEPGD namsty EEPROM

A 4
Pa3pelunTb 3anuck
(6uT WREN = 1)

bcf INTCON, GIE 3anpeTntb

npepbiBaHue

bsf EECON1, WREN

\ 4
movlw 0x55
movwf EECON2 BoinonHute
nocnepoBaTenb-

movlw OxAA
movwf EECON2
bsf EECON1l, WR

HOCTb KOMaHA

A 4

3anuce B EEPROM
B cdoHoBOM pexume.
OnutenbHoCTb 4 MC

A 4

bsf INTCON, GIE Pa3pewmTb
npepbiBaHUS.
3anpeTuTb 3an1cb

bsf EECON1, WREN

A 4

KoHely

Pwuc. 1.8. 3anuck Bo BHyTpeHHoi0 EEPROM-namsTe
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peXuMe U He TpeOyeTcs AaTh €ro OKOHYaHUs IJIsl IPOJOJDKEHUST pabOThl OCHOB-
HOM mporpamMmsl. JJJTUTENTBHOCTD MPOLIEcca 3allUCH TaKXkKe MOKA3bIBAET, YTO HENb3s
ucnonb3oBaTh EEPROM-naMsTh A1 4acTo MU3MEHSIOMUXCS JaHHBIX. [ToCKONbKY
EEPROM-niaMsTh IOJIEKUT CTAPEHHIO, TO UMEETCS OrPaHUYCHUE MaKCHUMaJIbHO-
ro KOJIMYECTBa 3amuceil B Hee. Eciau mpou3BOAMTENL YKa3bIBAE€T KOJUYECTBO MU-
HuMyM 100000 OMKIOB CTHpaHUs/3alMCH, TO 3TO 3HAYMT, YTO MPH COXPAHEHUH
KaXayro ceKyHIy HoBoro 3HaueHus B EEPROM-namsatu, oHa OyaeT HenmpurogHa
yXe mpuMepHo yepe3 28 uacoB. CriemyeT 3aMeTuTh, uto s urenus EEPROM-
MaMsATH TpeOyeTcsl TO e caMoe BpeMs, KaK M JJIs YTEHUS MPH KOCBEHHOW ajpe-
caluu.

Hns 3anucn EEPROM-namsiTi faHHBIX TpeOYIOTCS TONBKO 4 u3 6 crenuanu3upo-
BaHHBIX PETHUCTPOB.

O EECONI1 — peructp ams ynpasieHus 3anucbio B namsate EEPROM;
O EECONZ2 — peructp aJis 3amycka HEIOCPEACTBEHHO 3aIKCH;

O EEADR — peructp i XpaHeHus aapeca Jjisl 3aucy WK YTCHHS;
m]

EEDATA — peructp g JaHHBIX, KOTOPBIE JOJDKHBI MHCAThCS B IMaMATh
EEPROM.

Peructpet EEADRH u EEDATH nononnutensHo TpeOyroTcs ais oOpamlieHus K
Flash-mamsitu mporpamMm. DTO MPOMCXOAMT MOTOMY, YTO IS aJpECaldd K ITOU
MaMsATH TpeOyeTcsl KOJIMIeCTBO OUTOB Ooubiiiee 8, T. €. 0OBIYHON pa3psSAHOCTH pe-
THCTPOB CIIEUATIHLHOTO HA3HAUCHHS.

Kak MO0XXHO BHIETh TpPW BHIOJIHEHWH MPOTPAMMBI, YTOOBI BBITOIHUTH IPOIECC
3aMucH, HyKHO TIPHJIEP’KUBATHCS CIeHaIbHON MOCIeI0BaTeIbHOCTH KOMaH . JTa
I0CJIEAOBATENILHOCTD NOJDKHA coOmogarhes, T. K. mHadye EEPROM-mamsare He
Oyzer nepe3anucana. Takke Hy:)KHO 00Opalath BHUMaHUE Ha TO, YTO BO BPEMsI BbI-
IIOJIHECHUA 3TOI>1 IIOCJIICA0OBATCIBbHOCTHU HpepI)IBaHI/IH MHKpOKOHTpOHHepa 6I>IJII/I OT-
KITFOYEHBI, TTOCKOJIBKY WHaue C Tepefadeil ympaBieHHs B MPorpaMMy oOpabOTKu
MpephIBaHus TpedyeMast oCIeI0BaTeIbHOCTh OYAET He COOII0/IeHA.

Urenne n3 EEPROM-mamsaru mpormie. Ha crnenyromeli O0K-cxeMe allrOpuUTMa
(puc. 1.9) mpezacTaBiIeHbl HEMHOTOYHCIICHHBIC IIAarW, KOTOpbIE TPEOYIOTCS IUIst
oTiepaIiy YTCHHUS.

ITockoaprky EEPROM-niaMsTh JaHHBIX 3TO OTHOCUTEIHLHO MEJJICHHAS TaMATh, KO-
TOpasi JOJDKHA Mepe3anychiBaThCsl OUYEHb PEKO, TO OHA XOPOIIO MOJXOAUT TOJIBKO
IUISL COXpPaHEHHs STANIOHHBIX JAHHBIX WM JUIA ITOCIIEAOBAaTENIBHOCTEH 3HAYCHHH.
[losTromy oOwem paBHBEIN 256 GaiiTaM aiisi OOJBIIMHCTBA TPUMEHEHHHA TaKXKe
BIIOJIHE JOCTaTOYEH.
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_BANK 2
movlw 0x24

movwf EEADR

_BANK 3

bcf EECON1, EEPGD

bsf EECON1, RD

_BANK 2
movf EEDATA, W

Havano

3arpyauTb agpec B
peructp EEADR

BbiGpaTh AaHHble
namatn EEPROM

YreHvie 13 namatu
EEPROM

Y

MepecnaTtb AaHHbIE
u3 per. EEDATA
B peructp W

\ 4

KoHeL,

Puc. 1.9. YteHue uns BHyTpeHHen EEPROM-namsitn






2. KomaHabl accembnepa
PIC16F876A

MuxkpokouTtpoiuiep PIC16F876A — 3T0 MUKPOKOHTpOJIIEP, MTOCTPOSHHBIN Ha OC-
HoBe mporeccopa ¢ RISC-apxutektypoii unu uHade Ha ocHoBe RISC-npoyeccopa
(RISC — Reduced Instruction Set Computer — mporieccop ¢ COKpalieHHbIM Habo-
POM KOMaHI), T. €. KOHTPOJUIEp 00XOIUTCS OrpaHnYeHHBIM HabopoM KoMaH. Tak
B pacnopsbkeHnu MUKpokoHTpoiuiepa PIC16F876A Bcero 35 komanp accembiiepa,
[PUYEM CPEAM HHUX TOJIBKO NPOCTHIE JIOTMYECKHE M apu(MeTHUeCKHe KOMaHIbI.
[IpenmyiecTBO TakOM apXUTEKTYphl — 3TO OBICTPOE BBIIIOJHEHUE OTIEIbHBIX KO-
MaH. Bce KoMaHAbl BBIIONHSIOTCS 32 OJUH LUK, KPOME HHCTPYKLMH [IEPEX0I0B,
KOTOPBIC BBIIMIOJHAIOTCA 34 IBA ILIUKIJIA. Ho YUTUTEC. JJIMTCJIBHOCTh UKJIa KOMaHIbL
HE paBHA NEPHUOJAY TAKTOBOM YaCTOTHI mpoueccopa. LUKl BHIIONHEHUS HHCTPYK-
LMK COCTOUT W3 4 TepHOoJIOB TAaKTOBOW YacTOTHL. Takum 0o0pa3om, MpH TaKTOBOM
4acToTe IPOLECCOPa, a TOUHEE YacTOTE KBAPLIEBOTO PE30HATOPA MM I'€HEpaTopa
paBHOi 4 MI'Ll, BpeMsl BBIIIOJHEHHUS] KOMAHJbl COCTaBIsET 1 MKC, T. €. B CEKYHIY
IpouecCcop MOXKET BBIMIOJIHUTH NPUMEPHO 1 mitH KOMaHA.

B nmporuBononoxuocts RISC-miporieccopy — mporieccop ¢ apxutektypori CISC
(Complex Instruction Set Computer — 3To mporeccop co CI0KHBIM HaOOPOM KO-
Mann) win uHaue CISC-npoyeccop uMmeeT B CBOEM PACTIOPSIKEHHH, KaK BHIHO H3
Ha3BaHWsA, ke HanbOonee monHbl Habop komaua. [Ipu CISC-apxutekrype KoMaH-
Jla COCTOUT U3 HECKOJBKUX MaJEHbKMX MUKpOKoMaHA. [IpeumyinecTBo Takux ap-
XUTEKTYp B TOM, YTO CaMO NPOTpaMMHPOBaHHE H3-3a Pa3HOOOpa3us KOMaH 3a-
METHO ympomiaercs. Pasymeercs, mpu 3TOM HYKHO 3HATh OOJbIIee KOJIHYECTBO
KOMaHJI, KOTOPbIE UMEIOT, B 3aBHCUMOCTH OT CJIOKHOCTH, Pa3HYIO MPOIOKUTEIb-
HOCTb BBITIOJTHEHHS, B OOJBIIMHCTBE CIy4acB PaBHYIO HECKOJIBKUM TakTaM. UTOObI
MOJYYHUTh TAaKWe ke yI00CTBa MPU MPOrpaMMHUPOBAHHU ¢ HcIoib3oBanuem RISC-
mporieccopa, Hy)KHO OMpeAessITh COOCTBEHHbIE KOMaH/IBI U 3amucaTh UX B (hopMme
MaKpOKOMaH/bl. Makpokomanoa — 3TO KOMaH/Ia, BBI3BIBAIOIIAs BHINOJHEHUE HE-
KOTOpOH OTIpeNeTIeHHON MOCIIeI0BAaTeIbHOCTH APYTuX KoMaHa. OHU MUIIyTCS T1e-
pen TpaHCISIUeH MPOrpaMMbl B MECTe, B KOTOPOM BBI3BIBACTCS MaKpPOKOMAaHA.
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Kak KOHKpETHO (YHKIMOHHPYIOT MAKPOKOMAH/IBI U B YeM 3aKJTIOUCHBI CHIIbHBIC U
cirabble UX CTOPOHEI, TOJIPOOHEE CM. B 2nase 5.

Tak kak B AJIY BO3MOXHBI TOJIBKO MPOCTHIC JIOTUYECKHUE OTIEPAIINH, BCE KOMAaH IbI
MOTYT OBITH CPOPMUPOBAHBI HA OCHOBE JIOTHUECKHX omnepanwii. Comepkumoe pe-
TUCTPOB MOXKHO OOBEIUHSATEL C TIOMOIIBIO JIorudeckux onepammii 1 (AND), MJIN
(OR) u "uckmouaromee MJIM" (XOR). [lns mepemenicHus OUTOB BJIICBO WM
BIIPaBO COJICPIKUMOE PETUCTPOB MOKHO COOTBETCTBYIOIIUM OOPa30M ITUKIHYECKU
CABUraTh. JlaHHBIE MOTYT TOJILKO CKJIAQJbIBAThCS U BBIYUTATHCSA. KoMaum s ym-
HOKEHUS WIH JIeJICHNS He CYIIECTBYET, a TIO3TOMY IpH HEOOXOJUMOCTH BBITIOJTHE-
HUS ITHX OMNEpanuii MX HYXHO c(OPMHUPOBATH U3 OMPEIEIEHHONW MOCIIeI0BaTeNhb-
HOCTH OCHOBHBIX KOMaHJ|, OOpalleHHe K KOTOPhIM MOXHO OpPraHH30BaTh C IIO-
MOIIIBI0 KOMaHJI Tiepexoja. JTU KOMaH/bl HYXHBI, HAIpUMEp, JJIs OpraHu3aluu
LIUKJIOB ¥ BBI30BOB IOJAIPOrpaMM, KOTJa 00s3aTeIbHO HEOOXOAMMO BHIOJIHEHUE
Mepexo0B Ha APYro NporpaMMHBII ajapec.

2.1. O630p KOMaHA

0O0630p xKoMaHA ToKa3aH B Tadxn. 2.1. B manpHeimem ¢ ee moMOIIBI0 MOXKHO OBICT-
po Haiitm mHpOpManHoo o 000 paccMOTpeHHON B KHUTE Komadie. O030p Ko-
MaH/I U IPOCMOTpPA U BBIBOJA €r0 Ha MeYaTh HAXOWUTCS TaKKe Ha IMPHIaraeéMoM
K KHUATE KOMIIAKT-J1CKe.

CHavana npuBeieM 00BSCHEHHE yIIOTPeOIIeMbIX B 0030pe TapaMeTpPOB.

£ VYxkazarens perncrpa o003Ha4aeT aapec PerncTpa B ONEPATUBHOW MaMSATH;
3TO MOXKeET OBbITh Mo00i peructp B RAM-namstu. OgHAKO T. K. OH MOXET
a/IpecoBaThCsl TOJIBKO C TOMOINBIO 7 OMTOB, HY)KHO IEpe] BBHIIOJHEHHUEM
KOMaH bl BBIOMPATh COOTBETCTBYIOIINH OaHK.

W Peructp W o3HauaeT pabounii perucTp WK HHAYE aKKyMYJISITOP.

b Howmep otnensHOTO OMTa B 8-pa3psIHOM perucTpe.

k C momoipio k yKa3bIBaeTcsd KOHCTaHTa WM MeTKa.

d Yka3zatenb anpecara pesynbrata onepanuu. [Ipu momomm d yka3biBaercs,

I7ie AOJDKEH COXPAaHAThCA pe3yibTar omnepauuu. Ecim d = 0 — pesynbrar
ocraercs B peructpe W, a ecnu d = 1 — pe3ynbTar nepemeniaercst B pe-
THCTp, YKa3aHHBIH B £.
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Ta6bnuuya 2.1. O630p KomaHO

KomaHpa

MapameTp

MosicHeHune

Nornyeckue onepauuun

andwf | f, d MobuTtHasn nornyeckas onepaumsa M Hag copepxumbim peructpoB W n f
andlw |k [Mo6uTHasa normndeckas onepaunst M koHCTaHTbl k U cogepxumoro peru-
ctpa W
iorwf | £, d MobuTtHasa nornyeckas onepaumnsa UV Haa cogepXvMbiM
peructpoB W un f
iorlw |k MobuTtHasn nornyeckas onepaums UM koHcTaHTbl k 1 coaepXmmoro
pernctpa W
xorwf | £, d MobuTtHasa nornyeckas onepaums "ucknovarowee UIN" Hag cogepxu-
Mbim pernctpoB W un f
xorlw k MobuTHas noruyeckas onepaums "nckntovatowee UMN" koHcTaHThbl k
n cogepxumoro pernctpa W
clrf £ OumncTutb cogepxmmoe peructpa f
clrw - Ounctutb cogepxmmoe peructpa W
comf £, d MHBepTupoBaTh Bce buThl pernctpa f
bcf f, b OumcTutb 6UT b B peructpe f
bsf f, b YcTtaHoButb 6uTt b B pernctpe f

KomaHnpa caBura

rlf f, d Linknuyecknii caBur BneBo cogepxumoro permctpa f yepes 6ut nepe-
Hoca C perucTpa coctosiHus (STATUS)
rrf f, d Linknuyeckuii casur BnpaBo coaepxmmoro pernctpa f yepes 6ut nepe-
Hoca C perucTpa coctosiHus (STATUS)
movlw k Mepecnatb koHCTaHTYy k B pernctp W
movwf £ Mepecnatb cogepxumoe pernctpa W B peructp f
movf £, d Mepecnatb cogepxumoe peructpa f B pernctp agpecara (peructp W,
ecnu d = 0, unm peructp f, ecnn d = 1)
swapf £, d [ToMeHATb MecTamum cTapLimii U Mnagwnm nonybanTbl pernctpa f.

PesynbTat B pernctpe W, ecnun d = 0, unu peructpe f, ecnm d = 1

ApucdmeTnyeckue Kom

aHabl

addwf £, d Cnoxutb cogepxunmoe permctpos W u f. PesynbtaTt B peructpe W,
ecnnd =0, unu peructpe f,ecrmd =1

addlw k Cnoxutb cogepxumoe permctpa W ¢ 8-pa3psigHon koHCTaHTou K.
PesynbTat B peructpe W

subwf £, d BbluecTb cogepxumoe pernctpa W ns cogepxmmoro pernctpa f.
PesynbTat B peructpe W, ecnu d = 0, unu B peructpe f, ecnmd = 1

sublw k BbluecTb cogepxumoe pernctpa W ns 8-pa3psgHon KOHCTaHThI K.

PesynbTtat coxpaHsieTcs B pernctpe W
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Tabnuya 2.1 (okoHYyaHue)
Komanpa | Mapametp | MosicHeHue
incf £, MpnbasuTb 1 kK cogepxnumomy peructpa f. PesynbTat B peructpe W,
ecnmd =0, unu B peructpe f,ecrmd =1
dect £, BbivecTb 1 13 cogepxumoro peructpa f. PesynbsTtat B peructpe W,

ecnnd =0, unu B peructpe f,ecnimd =1

KomaHga nepegaum yn

paBneHun

goto k BbinonHWTb 6e3ycrnoBHbIN Nepexos, T. €. NePexoA K ykazaHHOMY
appecy
call k [MepenTn Ha BbINONHEHME NoaNpPOrpaMmbl
return - BosBpatuTbCs M3 nognporpammel
retlw k BbINoNHWTL BO3BPAT 13 NOAMNPOrpaMMbl C 3arpy3kon KOHCTaHTbI K
B peructp W
retfie - BbinonHWTb BO3BpaT 13 nognporpaMmmMbl 06paboTkv npepbiBaHUiA
1 paspeLunTb npepbiBaHns
incfsz £, MpnbasuTb 1 kK cogepxxnumomy peructpa f. Pesynbtar B peructpe W,
ecnn d = 0, unu B peructpe f, ecnu d = 1. Ecnu pesynsTat paseH 0, TO
NPOMyCTUTb CrieaytoLLyto KoMaHay
decfsz f, BbivecTb 1 13 cogepxumoro peructpa f. PesynbTat B peructpe W,
ecnn d = 0, unu B peructpe f, ecnn d = 1. Ecnu pesynbTat paseH 0, To
NpPOMyCTUTb CreaytoLLyto KoMaHay
btfss f, MpoBeputb 6UT b B pernctpe f. NMponycTuTe CNeayoLLyo MHCTPYKUMIO,
ecnu 6ut b paseH 1
btfsc £, MpoBeputb 6UT b B pernctpe f. MponycTuTb crneayoLLyo UHCTPYKLMIO,
ecnm 6ut b =0
Mpoune
nop - HeT onepauum (nyctas onepauus)
clrwdt - OumcTutb cTopoxeson Tanvep WDT v npegaenutens, ecrnm oH
nogkrtovyeH Kk WDT
sleep - MepenTn B pexum CBEPXHNU3KOrO aHepronoTpebnexHns SLEEP

2.2. Moapo6Hoe onucaHue
KOMaHa accemoOnepa

B Tab:. 2.1 npeacrasiieH 0030p UMEIOIIUXCS B PACIIOpsHKEHUN KOMaH . Pasymeer-
csl, ISl KOMaHI TpeOyeTcs ere HeCKOIBKIX 00BACHEHHA, YTOOBI MOKHO OBLIO ITO-
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HUMAaTb UX W TPABUIBHO NPHUMCHATDH. I[anee KOMaHbl paCcCMaTpUBAOTCA bonee
HOI[pO6HO U MOSCHSIOTCS Ha HEOOJIBIINX nmpuMepax.

2.2.1. Obwee

Ipu nporpaMMHUpPOBaHUK HA acceMOJIepe KOMaH/bl 3alIMChIBAIOTCS JIPYT MO APY-
rom. Kaxxmass komaHza CTOMT B HOBO# crpoke. Memxka (amri. label) moxker ycra-
HaBJIMBATBCS MEPEl KaX 10 KoMaH10i. OHa MOXKET HUCIIOJIB30BaThCs KaK MPHU3HAK
nepenaun yrnpasieHus. C MpUMEHEHHEM METOK TAKKe YIIY4YIIAeTCs yao0oduTae-
MOCTh KOJa. MeTKa MOXET CTOSTh IMepejl KaXJI0W KOMAaHJOW WM HaXOIUThCS
B cOOCTBEHHO# cTpoke. OHa BCeria OTHOCUTCS K CIIEAyOIIeld KOMaHIe.

HpI/IMCp HCII0JIb30BaHUA MCTOK:

movlw 0xO0A ;3arpy3uTs B permctp W O0x0A (= 10)

movwf 0x20 ;llepemMecTuTs CcomepxmMoe permcTpa W B peructp O03Y 0x20
loop ;MeTka nepexona

nop ;HeT onepatym

decfsz 0x20 ;YMeHbIIATH comepxmMoe permcTpa 0x20 Ha 1, Oo Tex Hop

goto loop ;IIOKa 3HaueHye He OyneT paBHO (0, KOHeLl LMKIIA

[Ipumep mporpaMMHOIo LUKIIA C IECITUKPATHBIM IIOBTOPEHUEM KOMAaH[IbI nop (HET
omeparn). Jo Tex mop moka coaepxumoe peructpa 0x20 we craner pasHo 0, mpo-
rpaMMa CHOBa M CHOBa OyJeT MEpeXOIUTh K METKE loop, KOTOpas CTOUT IMEpex
KOMaHJIOM nop.

Kax MoxHO yBUIETh B IpUMEpe MPOTrpaMMBbl, TOCIE KaKJ0W CTPOKH KOJia ClieyeT
KOMMEHTapHui, KOTOPBIH HAYWHAETCS C TOUKH ¢ 3arsToit ";". TekcT, KOTophIil cTo-
UT IpaBee TOUKH C 3aISITON, He OyAeT NMPU TPAHCIALMH POrpaMMbl IPUHUMATHCS
BO BHMMaHue. [[pUHIMITHATBHO HE HY)KHO SKOHOMUTH B IIporpammax accemonepa
Ha KOMMEHTapHAX, AaXe U B TOM CiIydae, KOrza Bbl IIOJaraere, 4ro 3T0 OYeHb MPo-
ctas nporpamma. [Ipyu moBTOpHOM 00paleHnu K MporpamMMe Mo MPOLIECTBUH He-
KOTOPOIro BPpEMCHU Bbl 6YILGTC 6J13FOI[apHI)I, YTO HE IIOJCHWJINCH HaIIMCAaTb KOM-
MEHTapuil.

Bo MHOrMx KOMaHIax IpH MOMOIIM yKa3aTels ajpecara pesyjbrara omnepauuu d
(ot amri. destination) MOXXHO yKa3bIBaTh MECTO COXpaHEHHs pe3yibTara. Ero
MOKHO BBIOMpaTh Mexay peructpoM W wimm peructpom O3V, ykazaHHBIM C TIO-
mousio f. Eciin d = 0, To pe3ynbrar mocie BBIIOIHEHHUs onepanun OyJIeT coxpa-
HeH B paboyem peructpe W. Ecim ke d = 1, To B peructpe, ykazanusiM B f. ITo-
CKOJIbKY BHaUaJle 4YacTo 3TO ITyTA0T, MO’KHO BOCIIONIB30BAaThCS TaKOH ITOJICKA3KOIL:

W — Wenig (mepeBox ¢ uem. "mamo"), T.e. korga d =0 — pesynpraT B pe-
ructpe W,

F— "Fiel" (Viel) (mepeBox ¢ mem. "muoro"), T. e. korma d =1 — pesyabTar
B peructpe f.
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Wnu xe JIy4dli€e IpuMCHHUTL TaKYyIO MMOJACKAa3KYy:

ITockonwpky B komanzae "w" crout nepen "f'' — wf, aHamormaHo Tomy, kak 0 mo
MOPSIAKY TpeamecTByeT 1, To coorBeTcTBeHHO mpu d = 0 pe3ynbTar Oyer B pe-
ructpe W, a ipu d = 1 B peructpe, ykazanuom B f.

ITlpumep:
andwf £, 0 ; PesynbTar OymeT B perucTpe W
andwf f, 1 ;PesynbTaT OymeT B PeIrmcTpe, ykasaHHOM B f

YrtoOb1 000¥TH 3Ty MpoOIeMy, MOXKHO CJIENaTh HINapraiky, B KoTopoid W orpene-
nsercst kak 0 u F xak 1. DT0 e mpoucXoIuT B MACCHBE JaHHBIX, B KOTOPOM PErH-
CTPBI TaK)Ke OIPE/IEIICHBI.

W EQU H'0000'
F EQU H'0001'

HOSTOMy KOMaH/Ibl MOKHO 3allMCaTh TAKXKE CJICAYIOIIUM 06pa30M:

andwf f, W ; PesynbTaT nocTynaeT B permcTp W
andwf £, F ; PesysbTaT mnocTynaeT B peructp F

2.2.2. ®opmaTtbl yucen

B mmudpoBoil TexHWKE UMEIOTCA pa3HbIe BO3MOXKHOCTH ISl M300paKEHUST YHUCEI.
B npunnuiie, Bce TBOMUHBIC YKCIIa COCTOSAT U3 HyJIeH M eauHuUIl. Tak kak padoTa
C IBOMYHBIMH YHCIIAMH BO MHOTHX CIydYasx 3aTpyJHHUTENhHa, TO 4acTo oOpara-
I0TCS K IpyruM popmMaTam.

2.2.2.1. ABOUYHbIN chopmaTt

[Ipu ucnonp3oBaHUK JBOMYHOTO (hopMaTa Jito0OE YUCIIO MPEICTABISICTCS TOJBKO
meymst nudpamu: 1 u 0. B cooTBeTcTBUM € 3TUM AecATHYHOE Yncio 234, uMmeer
cnenyromuii Bua B aeonyHoM ¢opmare 11101010,. [Tockonbky accemOiep caM He
MOXKET pa3IuuuTh (PopMar, B KOTOPOM TIPEACTABICHO TO WM WHOE YMCIIO, HAIIPH-
Mep, uuciia 110 MoxeT OBbITh NMPEJCTABICHO KaK B JBOMYHOM, TaK U JCCATUIHOM
(dhopMmarte, moaTomy (hopMaT MpeACTaBICHUS YUCiIa 0053aTeIbHO J0JDKEH ObITh YKa-
3aH ¢ MOMOIIBIO CIELHABHBIX cUMBONIOB. Hanpumep, yucno 110, ecnu oHo npen-
CTaBJICHO B JIBOMYHOM (hopMaTe, UMEET 3HAUCHHUE 619, 2 BOT TO )K€ CaMOE YHMCIIO,
MIpeICTaBICHHOE B JAecATHYHOM (opmare, 310 yxke 11050 Cormacurech, oueHb
Oompimas pasanna — 659 wim 1104!

UroOBl yKa3aTbh, 4TO YHCIIO MPEACTABICHO B ABOMYHOM (opMare, cieBa OT Yucia
N00aBIIsOT aTHHCKMIA cumBoi "B" (ot anrn. Binary). JIBomuHOe 4MCIIO yCTaHaB-
JIUBAETCS] MEXKILy OJIMHAPHBIME anocTpodamu.

23410 —> B'11101010"
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JBonuHbIl (hopMaT OCOOSHHO XOPOIIO MOJXOAUT JJIsl YCTAaHOBKHM MM cOpoca OT-
JICNBHBIX OMTOB. MOXHO MOCMOTpPETh NEPBOHAYAIBHO, KaKue OWTHI ObUTM ycTa-
HOBJICHBI B PETUCTpE, a Kakue HeT. [IpumeHenue s sToi xe nenu uucna 234,
MIPEICTABICHHOTO B JecSITHYHOM ¢opMmaTe, MEHee HArisgHO W MO3TOMy Ooiee
CIIOKHO.

2.2.2.2. BocbMmepuyiHbIn hopmaTt

Jlst ipeicTaBIIeHUs Yucel B BOCBMEPHIHOM (hopMaTe UCTIONB3YIOTCS Iupel oT 0
1o 7. Uucno B BOCKMEpPUIHOM (popMaTe JeTKO MOXKET OBITh IIPeoOpa3oBaHo B IBO-
WYHBIA dopmart. [ mpeodpa3zoBaHus TOCTATOYHO KAXAYIO ITUGPY 3aMEHUTE 080-
UYHOU MpPuaooil, COCTOANICH U3 3 OUTOB.

Hampumep, aecsatuanoe ducio 23419 MPEACTaBIIeTCS B BOCBMepUYHOM (hopmare
Kak 352g. IIpencraBieHue 9uciia B BOCBMEPHYIHOM (DopMaTe He TaK 4aCcTO HAXOIUT
IpUMEHEHUE Ha MpakTuke. YToObI cOOOIUTh acceMOIIepy, YTO YHCIIO IpeAcTaBIe-
HO B BOCbMEpPHYHOM (hopmare, HaAO cieBa OT 4yucia a00aBuTh cumBos "O" (ot
anru. Octal), a ynco 3aKII0YUTh MEXKIY OJUHAPHBIME arloCTpO(amu.

23410 —> 0'352"

2.2.2.3. llecTHaguaTepnyiHbIn popmart

Haubonee wacrto mcnonp3yemblii opMar — 3TO II€CTHAANATEPUYHBIA (opmar,
B KOTOpPOM LU(PY MOXHO MPEACTABUTh JBOWYHOM TETPaloi, COCTOSINEH H3
4 outoB. TlockonbKy C MOMOIILIO 4 OMTOB MOXHO MPEACTaBIATh 16 uucen, TO
undpsl ykaspBaroTes mudpamu ot 0 1o 9 u 6ykBamu ot A mo F. lllectHaamare-
pUYHBI (opMaT JaeT BO3MOXHOCTh OY€Hb KOPOTKOH (HhOpMBI 3armicu §-OUTHOTO
3HaueHus. Tpedyercs Bcero b 2 mudpsl. [IpudeM dopmy 3ammucu MOKHO BBI-
Oupath Mexay OBYMs BHJAMH IpeicTaBieHus. B mepBoM ciyuyae, 4ToObl c000-
OIMTh acceMmOyiepy, YTO YHCIO MPEACTABICHO B LIECTHAAUATEPUYHOM (opmare,
HaJo cieBa OT yucia nobaButh cumBoia "H" (or anrm. Hexadecimal), a uucimo 3a-
KIIIOYUTh MEXIY OAMHApHBIMHU anocTpodamu. OZHAKO B 3TOW KHHUTE JUIsl ILIECTHA-
JIaTepUYHbIX YHCEN UCTIOb3yeTCs BTOPOM BapHaHT "0x...".

234y —> H'EA' WK

23410 —> OxEA

2.2.2.4. lecatTn4yHbIn hopmaTt

Huns moneit necatnynpiii GopMar ymoOHEW W TPUBBIYHEH Bcero. 31mech UGB
npenctaBisiroTest oT 0 10 9. AcceMOiiep MHTEPIPETHPYET YUCIO KaK JICCATHYHOE,
eclii BEIOMpaeTcs OJMH U3 ABYX BUJOB IIpeJCTaBICHUS. B mepBoM ciydae, 4ToObI
coOOMNTE acceMOiiepy, YTO YHUCIO MPEACTABICHO B IECATHUYHOM (opmare, Halo
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crneBa OT uncna gobaBute cuMBon "D" (ot anrn. Decimal), a gyucio 3akimo4nTh
MEXIy OAMHApHBIMHU amoctpodamu. Bo BTOpoM ciydae mepes 4HMCIOM CTaBUTCA
TOJIBKO TOYKa (KOTOPYIO MOMKHO JIETKO TepenyTaTb ¢ OOBIYHOM AeCSATHYHOMN
TOYKOM).

234,y — D'234' UMM
234,y — .234

B »T0i# KHUTE IS AECATHIHOTO (popMaTa BHIOpaH MEPBBIA BapHaHT ¢ OykBoit "D",
ITOCKOJIBKY 3TO MEHEE JIBYCMBICIICHHO.

2.2.2.5. ASCII-chopmaT

C mnomomisio  ASCII-popmara moxkHO mnpexacraBiste OykBel. ASCIl — 310
American Standard Code for Information Interchange (AmepukaHckuii craHgapT-
HBI KOon ayis oOMeHa wHpopmaruei). st Toro 9roObl 3aKOAMPOBATH TOT WA
HHOU cuMBoOII, B 8-OutHOM Kome ASCII umeercs cnernuanbHas TabIUIa CUMBOJIOB
(Tabin. 2.2). BapuaHTsl 3T0H TaOIUIBI KOAOB MOTYT COAEPKaTh CUMBOJIBI JJISl pa3-
HBIX HAallMOHAJIBHBIX S3BIKOB. B Tabmmie kpome WHGOPMAIMOHHBIX CHMBOJIOB
MMEIOTCS ¥ YIPAaBJISIONIHE HeTledaTHhIE CHMBOJTHI.

Accembiiep nonumaet cumBoia kak ASCII-kon, ecnu nepen HUM UMEETCS] CUMBOI
"A", a ganee ciexyer caM WH()OPMAIIMOHHBIN CIMBOJI, 3aKIFOYSHHBIN MEXy OJH-
HapHBIMH anocTpodamu. B npyroMm BapmanTe MOXXHO OOOWTHCH naxe 0e3 CUM-
Bosia "A".

M — a'M' = 0x4D Wim
M — 'M' = 0x4D

B mpuBeneHHol TabnMile MPEACTAaBICHO TONBKO 128 CHMMBOJIOB, B TO BpeMs Kak
C MOMOIIbI0 8 OUTOB MOXKHO 3aKOJUPOBaTh 256 CUMBOJIOB. 3/1€Ch TIOKa3aHbI TOJIb-
KO TiepBbie 128 CHMBOJIOB, T. K. OHH HCIIOJIB3YIOTCS Ha BcexX s3bIKax. J[ms cumBoO-
moB ot 128 (0x80) mo 255 (0xFF) peur maeT o HAIMOHANBHBIX U CIEIHATBHBIX
CHMBOJIaX.

VYike yNmoMsiHyThI€ YIPaBISIONIMNE CUMBOJIBI B TaOJIUIIE UMEIOT KOJBI, HAUWHAsl OT
0x00 mo Ox1F. Camble BaxHbIEC YNPABIAIOMINUE CUMBOJIBI — 3TO CUMBOJIBI IIEPEBO-
na ctpoku LF (Line Feed) u Bo3Bpara xapetkn CR (Carige Return). B cirygae BvI-
BOJIa TEKCTa MpHU BCTpede cuMBoiia LF Kypcop mepexoauT Ha clIeayIoulyo CTPOKY,
a xoraa Bcrpevaercst cuMBoi CR, kypcop nepeBoautcst B Hauaso cTpoku. [pu 06-
paboTke TekcTa (PYHKIMU 3THX OOOUX YIPABISIONUX CHUMBOJIOB OOBEIUHCHBI
B OQHOU KiaBuiie <Enter>.
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Ta6bnuuya 2.2. Habop cumeornios ASCII

CTtapwuii pa3psaa (cTapmin nony6anT)

HEX 0 1 2 3 4 5 6 7
0 NUL DLE Space 0 @ P p
1 SOH DC1 ! 1 A Q a q
E 2 STX | DC2 2 B R b r
Lg 3 ETX DC3 # 3 C S c S
2 4 EOT | Dc4 $ 4 D T d t
)g 5 ENQ NAK % 5 E U e u
E 6 ACK SYN & 6 F \% f \Y
% 7 Bell ETB ' 7 G w g w
% 8 BS CAN ( 8 H X X
g 9 HAT EM ) 9 [ Y [ y
2 A LF | suB * J z i z
5 B VT ESC + ; K [ k {
C FF FS , < L \ [ |
D CR GS - = M ] m }
E SO RS . > N n n ~

F S| us / ? o a 0 DEL

2.2.2.6. MoagBegeHue UTOros

B cpene npoekxtupoBanusi MPLAB mMoxHO ycTaHaBIuBaTh, Kakod (opmMaT uucen
JOJDKEH BBIOMpAThCS, €CIM HHKAKHe JOMOJIHUTEIbHbIE CHMBOIIBI paHee He ycTa-
HaBIUMBaNIMCh. Pazymeercs, Hy)XHO OBITb OYE€Hb OCTOPOKHBIM, YTOObI OBITH yBe-
PEHHBIM, YTO BBIOpaH NMPaBUIbHBINA (opMaT duces.

B 3aBepiieHne nmpemgocTaBisiio emie OAHy HeOONbUIyIo TabuuIly ¢ popMaTaMu 4u-
cen (Tabm. 2.3), KOTOpbIe UCTONB3YIOTCA B 3TOM KHUTE. MHOrOoTOuYrMe 0003HAYaeT
Ty WK UHYIO MTOCTIEIOBATENILHOCTh U(P UIN CUMBOJIOB.

Tabnuuya 2.3. ®opmamei qucern

®dopmar CuHTaKkcuc Mpumep

[BOUYHbIN B'... B'01101101"

BocbmepuyHbIv o... 0'736"
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Tabnuya 2.3 (okoH4YyaHue)

®dopmar CuHTakcuc Mpumep
[ecarepnyHbin D... D'259"
LLlecTHaguaTepuyHbIv 0x... 0x7D
ASCII AL A

2.2.3. Jlornyeckue onepauum

Komanoa: andwf

Hasnauenue: [To6utnas norunueckas onepanus U (AND) nan copepxku-
MBIM peructpa W u f

Cunmarcuc. andwf f, d

Hsmensemole pracu:. Z

Ilo xomaHze andwf BBINOJNHSAETCS MOOWTHAs Jorudeckas omepauus W Han comep-
XKHUMBIM peructpa W U perucTpom, ajpec KOTOpOro ykasaH mapamerpom f, T.e.
F-peructpom. Pesynbrar, B 3aBucHMMOCTH OT mapamerpa O, 3ammchiBaeTcsi B pe-
ructp W wiu F.

[pu d = 0 pesynbTar coxpansiercs B peructpe W uim, ecnu d = 1 — B F-peructpe.

Tipumep:

movlw 0x56 ;3arpy3uTh 3HadeHre 0x56 B permucTtp W

movwf 0x20 ;[lepemecTnTh 3HaueHUe B perucTp 0x20

movlw OxA3 ;3arpy3uTh 3HadueHre 0xA3 B permucTp W

andwf 0x20, O ;Jlotmueckas onepauys Y Han COmepXyMbIM permcTpa W m F

[Tocne BrimoHeHNs mpumepa 3HaueHrne 0x02 OymeT HaxoauThCs B peructpe W.

[MoGutHyto NorHUecKyto oneparmio M (JIorudeckoro yMHOKEHUS) HaJl apryMeHTa-
mu W u F npu npucsoennu pesynbrata W MOXHO MPeICTaBUTh Ha IpUMeEpE Clie-
IyIOLIeH TaOInIbl HCTUHHOCTH.

w
0
0
1
1

Rrlo|r|lo]|m
rlo|lo|o]| =
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Yucno 1: 0x56 B'01010110'
Ywucno 2: OxA3 B'10100011'

Jlornueckas onepanusi: nu
Pesynprar: 0x02 B'00000010'

Komanoa: andlw
Hasnauenue: [TobutHas mornueckas oneparnus U (AND) Han comepxu-
MbIM peructpa W u 8-OuTHOI KOHCTaHTO# K

Cunmarcuc. andlw k

Usmensemvle pracu. Z

[To 3Toif KOMaH/e, Kak 10 KOMaHJIe andwf, OYJET BBIIOIHITHCS MOOUTHAS Orepa-
mus W Ham comepxkumbiM peructpa W m 8-OMTHOM KOHCTaHTHI k. DTa KOMaHma
MOJXKET HCIOJIL30BAThCS, HAPUMED, YTOOBI OUUIIATh OTAEIbHBIe OUTHL. HazbiBatoT
9TO TaKkKe Mackupogarnuem. B ciaenyroniem npuMepe odumaroTes 4 crapmmx oura
peructpa W.

Tipumep:
movlw OxA7 ;3arpysuTe 3HaueHre 0xA7 B permctp W
andlw OxOF ;Onepaumsa U Hazm comepxMeM permcTpa W u xoHcTaHToM O0xOF

Pesynbrar 1ol onepanuu pasen 0x07 u coxpansercs B peructpe W.

w w
0 0
0 0
1 0
1 1

k| O |k, |O| X

Yucno 1: OxA7 B'10100111'

Koncranra: OxO0F B'00001111"
Jlornueckas oneparusi: nu

Pesynbrar: 0x07 B'00000111"
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Komanoa: iorwf

Hasnauenue: [ToOutHas normueckas omeparus MJIM (OR) max coaep-
JKUMBIM peructpa W M peructpa, apec KOTOpOro yKazaH
napametpoM f, 1. e. F-peructpa

Cunmarcuc. iorwf f,d

Usmensemvle prnacu:. Z

C momoIIbI0 KOMaHB! iorwf MOXKHO BBIIIOJHSTH IOOMTOBYIO JIOTHUYECKYIO OIlepa-
nuro WIN Han copepkuMbim peructpa W u conep:xkumbIM F-perucrtpa. Pesynbrar
MOMeNIaeTcs, B 3aBUCUMOCTH OT napamerpa d, B peructp W WM perucTp, yKazaH-
ubiit f. [Ipu d = 0 — pesynbrat B peructpe W u ipu d = 1 — B F-perucrpe.

ITlpumep:

movlw Ox5F ;3arpy3uTh sHaueHue O0x5F B permcTtp W

movwf 0x20 ;llepeMecTuTs comepxmMoe permcTpa W no ampecy 0x20
movlw OxAC ;3arpy3uTrh 3HadeHue O0xAC B permucTtp W

iorwf 0x20, 1 ;Onepaumsa WM Hanm comepxmveM permcrpa W m permcrpa 0x20

[Tocne BemonHenns komany 3HadeHne 0xFF Oyner HaxoauThCs B perucTpe, aapec
KOTOporo ykasaH napamerpom f (F-peructpe).

w F W
0 0 0
0 1 1
1 0 1
1 1 1
Uuco 1: Ox5F B'01011111'
Koncranra: OxAC B'10101100'
Jlornueckas onepanus: I

Pesynprar: OxFF B'11111111°

Komanoa: iorlw

Hasuauenue: INooutHas morudeckast oneparus MW (OR) man coxmep-
KUMBIM peructpa W u 8-OUTHOI KOHCTaHTO# K

Cunmarcuc. iorlw k

Usmensemvle pracu. Z
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Kak u B mpenpiaymieit komanae, Haa ABYMs 3HAYCHUSIMU OY/ET BBIOJHATHCS T10-
outHas oneparust WM. Pa3nmnyme cOCTOUT B TOM, YTO HCIIOJIE3YIOTCS CONEPIKHU-
MBI HE JIBYX PETHCTPOB, & OJHOTO peructpa W v KOHCTaHTHI. JTa KOMaH/la OuYeHb
XOpOIIIO MOXKET HCIOJB30BAThCS I YCTAaHOBKHA OTACIBHBIX OWTOB B PETHUCTPE.
Crenyrommii mpuMep MOKa3bIBaeT, Kak 00a CTapImux OWTa yCTaHABIMBAIOTCS B 1, a
BCE€ OCTaJIbHBIC OUTHI OCTAIOTCSI HEIPUKOCHOBEHHBIMU.

Tlpumep:
movlw 0x25 ;3arpy3uTrh sHaueHue 0x25 B permcTp W
iorlw 0xCO ;YcTaHOBUTE OOa cTapumx Oura B 1

[locne BeImONHEHUST KOMaH[ NMPHUBEJCHHOTO NpUMepa B peructpe W Oyner xpa-
HUThCS 3HaueHue paBHoe 0XES.

Pk |Pr|of =

w
0
0
1
1

| O|FL,|O| X

Yucio 1: 0x25 B'00100101"
Koncranra: 0x CO B'11000000

Jlornyeckas oneparusi: nim
Pesynbrar: Ox E5 B'11100101'

Komanoa: xorwf

Hasuauenue: [lobuTHas mormueckas omepanus "uckiarovaromee HMJIN"
(XOR) Han comepxuMbiM peructpa W U perucTpom, aapec
KOTOpOTo yKa3aH nmapamerpom f

Cunmaxcuc:. xorwf f,d

Hszmensiemvle nacu. Z

[Ipu moOuTHOU normyeckor omepamuu "uckmodaromee MJIN" (XOR) Outbr
pe3yibTata OyIyT paBHbI 1, €ciid OUTHI ONIEPaHIOB pa3HbIe, WK PaBHBI 0, TIPU pa-
BEHCTBE OWTOB OMEpaHIOB. B 3Toll koMaHjae omnepaHaaMu OYIyT COACPIKHUMOE
peructpa W 1 coepKUMOe PerucTpa, aapec KOTOporo ykasad nmapameTpom f.
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Ipumep:

movlw O0x3A ;3arpy3uTh sHaueHue O0x3A B permcTp W
movwf 0x20 ;llepemMecTnTE 5TO 3HaueHue B F-permctp 0x20
movlw 0x4B ;3arpy3uTh sHaueHue 0x4B B permcTtp W
xorwf 0x20, O ;llobuTHasa onepauys XOR Hal COINEPXMMBIM

;pervcTpa W u permucTpa ¢ azmpecoMm 0x20

Pesynprar jgormdeckoit omeparuu paBeH 0x71 u coxpansercs B peructpe W, mmo-
ckonbKy d = 0. Ecnii 61 mapametp d Obi1 Obl paBeH 1, TO pe3ynbTaT Haxoquics Obl
B peructpe ¢ aapecom 0x20.

w w
0 0
0 1
1 1
1 0

P | O |k, | O

Yucno 1: Ox3A B'00111010'
Yucno 2: 0x4B B'01001011'

Jlormueckas oreparys: "uckiovarommee MJIN"
PesynbTar: Ox 71 B'01110001'

Komanoa: xorlw

Hasnauenue: [To6utHas noruveckas omepauusi "uckimodatomee MIJIN"
(XOR) nax comepxumbiM peructpa W u 8-OUTHOW KOH-
cranToi K

Cunmaxcuc: xorlw k

Hzmensiemvle gpnacu:. 2

Jis BBITIONMTHEHMSI TOOWTHOW JTOTMYecKol omepanmu "uckmrodatomiee MJIN" nan
COIEPKUMBIM peructpa W M KOHCTAHTOM CYILIECTBYET KOMaHAA xorlw. I[Ipu 3TOM
pe3ynpTraT coxpanseTcs B peructpe W. C MOMOIIBIO 3TOM KOMaHABI MOYKHO NPOBE-
pUTh, HaIIpUMEp, COOTBETCTBYET JIM COAEPKUMOE peructpa W 3asBICHHOMY 3Ha-
yeHuio. B mpuBenenHoMm nmpumepe (A yrpouieHus) 3Hauenne 0xD4 ¢ momouisio
KOMAaHJbl movlw 3arpyxaercs B peructp W. B peanbHON nporpamme 3HadeHHE
MOTJIO OBl HOCTYIHTh OTKYAa-HUOY b, HAIPUMED, U3 MOCIEI0BATEIFHOTO IIOPTa.



2. KomaHdbl accembnepa PIC16F876A 35

Ilpumep:
movlw 0xD4 ;3arpy3uTb 3HaueHue 0xD4 B permcTp W
xorlw 0xD6 ;[IpoBEPNTH, PaBHO JIM comepxrmMoe permcrpa W 3HaueHmo 0xD6

ITocne toro xak mam uywrciaamu 0xD4 u 0xD6 Oplna BeIoHEHA QYHKIMS "HCKITIO-
yaromee MJIN", pesynsrupyromiee 3Hauenne 0x02 3aHocurcsa B peructp W. 910
3HaueHne He paBHO 0 W, clemoBaTeNbHO, 00a 3HA4YeHHS He WAeHTHYHBL [lpu pa-
BEHCTBE IIPOBEPSEMBIX 3HAYCHUH B PETHCTPE COCTOSHUS YCTaHOBMJICS OBl IIPHU3HAK
HYJIEBOTO pe3yNbTaTa.

[NobuTtHyro Nornyeckyro onepanuto "uckmouatoriee MW" nag aprymenramu W u
K npu mpucBoennu pesynbrara W MOXKHO MPEICTaBUTh HA MPUMEPE CIIEAyOIIeH
Ta0JIUIEI UICTUHHOCTH.

rlr|lo|lo| S

w
0
1
1
0

R | Ok, |O| X

Yuco 1: 0xD4 B'11010100'

Koncranra: 0xD6 B'11010110'
Jlornueckas oneparusi: "ucxmouarommee MJIN"

Pesynprar: 0x02 B'00000010'

Komanoa: clrf

Hasznauenue: O4YHCTHTH COCPIKIMOE PErUCTPa, aapec KOTOPOro yKaszaH
napameTtpom f

Cunmaxcuc: Clrf £

Hszmensemvle pnacu. Z

CozmepXuMoe perucTpa, aapec KOTOporo ykasaH mnapamerpoM f, oummaercs
KOMaHJo clrf. [Ipu 3TOM COBEpIIIEHHO HE Ba)KHO, KAaKOE 3HAYCHHE OBLIO paHbIIe
B PErHCTpe, MOCIE BHIMOJIHEHHSI KOMaHAbl B peTUCTPe OYIyT TONBKO JIMIIb HYJH.

ITlpumep:
movlw 0x34 ;Barpysure 3HaueHre 0x34 B permcTp W
movwf 0x20 ;llepeMecTUTs BHauUeHMe B permcTp C ampecoMm 0x20

clrf 0x20 ; OUMCTUTE COIEPXMMOe permcTpa ¢ azmpecoMm 0x20
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[locne BBIMOIHEHUS TPUBEACHHON MOCIEA0BATEILHOCTH KOMAaH]l B PErUCTp, KOTO-
priii umeet agpec 0x20, 3anocutcs 3Hauenue 0x00.

Komanoa: clrw
Hasnauenue: OuncTuTh comepxxkumoe peructpa W
Cunmaxcuc:. Clrw

Usmensemvle pracu:. Z

UYToOBl OYMCTUTH COJCPXKUMOE perucrpa W, WM HHAYe 3alucarth B HETO HYJIH,
MOXXHO HCIIOJIB30BaTh KOMaHIy clrw. B MpHHINIIE MOXHO OBIIIO ObI OYHUCTHUTH CO-
JepxuMoe peructpa W ¢ NoMoIIbl0 KOMaHAbl movliw 0x00. Pazymeercs, B 3TOM
cilydae KOMaHJla movlw HE OKa3bIBAaeT BIMSHUS Ha ¢uiar HylIeBOTO pesynbrata Z B
peructpe coctossHUA. HammpoTus, mocie BBIMOTHEHNST KOMaH/IbI clrw (hiar Z MOXKeT
U3MEHUTHCS, YTO OYEHb BAXKHO, B CIIy4ae KOIJa 3aKaHYMBAIOT MOANPOTpaMMy U
XOTSIT POBEPUTH, PABHO JIM HYJIIO BO3BPAIICHHOE 3HAUEHUE B peructpe W, uim xe
Kor/ia B perucTp W 3amuchiBaeTcs 3HaYeHHe, OTIUYHOE OT Hyns. MHade mpHuIuioch
OBl MPUMEHHTH €I OAHY JOTIOIHUTEIbHYIO KOMaH/y, C IOMOIIBI0 KOTOPOH HYX-
HO OBLIO MPOBEPUTH COJEPKUMOE peructpa W.

Ipumep:

movlw 0x56 ;3arpy3uTh 3HadeHre 0x56 B permcTp W

movlw 0x00 ; OUMCTUTE COTEPXMMOEe peImcTpa W KOMaHOOM movlw

movlw 0x56 ;3arpy3uTh 3HaueHre 0x56 B permcTp W

clrw ;C MoMOWBI KOMaHIE! Clrw OUMCTUTE COLOEPXMMOe permcTpa W

[Moce BBITIONHEHHS 3THX JABYX MIPUMEPOB cojiepkuMoe peructpa W OyneT oauHa-
koBO u paBHO 0x00, 0JTHAKO TOJLKO BO BTOPOM IpUMEPE OYIET yCTaHOBJICH (iar
pe3ynbraTa Z.

Komanoa: comf

Hasnauenue: MHBepTHpOBaTh BCE OMTHI PErucTpa, agpec KOTOporo yka-
3aH napametpom f

Cunmaxcuc:. Comf f,d

Usmensemvle pracu. Z

Komanma comf (ot anrin. Complement) mepeBoautcs kak "momosHenue". Ilocme
BBITIOJTHEHUST KOMAH/BI TOJNyYaeTcsi 3HAYeHHE, KOTOPOE JOTONHACT 3asBICHHOE
3Ha4YeHue A0 1, T. €. KorAa HyJIM UCXOJHOTO YUCIIA 3aMEHSIOTCS €ANHUIIAMH U Ha-
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000poT. IlockoNbKy Takoe HANMEHOBAaHHE HECKOJIBKO "TyMaHHO", TO MPOIIE MOXK-
HO CKa3aTh, YTO 3HAUYCHUE WHBEPTUpPYeETCs. Ecin B3STh Kakoe-1100 IBOUYHOE YnC-
JIO ¥ CJIOXKHUTH €T0 C MHBEPCHBIM 3HAYCHHEM 3TOTO YUCIIA, TO MOJIYIHTCS TBOMIHOE
YHUCII0, KOTOPOE OYIeT cocToATh Tobko u3 oauux eaunul (0xFF). Jlns npencras-
JIEHWs KaK ITOJIOKUTENBHBIX, TaK M OTPHIIATEILHBIX YHCENT OTBOJMTCS TOTIOHU-
TEIbHBIA 3HAKOBBINA Pa3psijl, KOTOPBIN SABJISCTCS CTApPIIMM Pa3psiioM yucia. Y To-
JIO)KUTENBHBIX YnceN OH paBeH 0, a y oTpunarensHbix — 1. Uncno Hyab uMeeT B
npssmoM koxae nBa npenctasieHus: 00...0 u 10...0. Takum obpa3zoMm, 4T0OBI U3 TI0-
JIO)KUTEIILHOTO YHMCIIa TMOJyYUTh OTPULIATEIIEHOE, HY)KHO K JIOMOJHEHHUIO Npubda-
BUTh Jnib 1 (+4 = 0x04 > uuBeptupyror - 0XFB 2> mobasmsior 1 > OXFC =-4).

lipumep:

movlw 0x5C ;3arpy3uTh sHaueHue 0x5C B permcTtp W
movwf 0x20 ;llepeMecTUTL 3HaueHre B peTrucTp Cc ampecoMm 0x20
comf 0x20, O ;VHBEPTUPOBATL COINEPXMMOE perucTpa C anpecom 0x20

ITocne BeImoNHEHHS TTpuMepa B peructpe W Oyznet 3Hauenne paBHoe 0xA3. Ecmm
OBl JOTIONTHUTENFHO BBIMOMHUTh KOMaHAY addwf 0x20, TO B peructpe W Oyner
xpanuTthes uncno 0xFF.

Komanoa: bef

Haszuauenue: Ouuctuth OuT b perucrpa, ajpec KOTOPOro yKasaH napa-
metpom f

Cunmaxcuc: bef £,d

Usmensemvle pracu. Het

[Tockonmpky o4eHb yacTo TpeOyercs, 9TOOBI OBUT COpOIIEH OTACIHHBIN OWUT YHuCIa,
T. €. B 9TOM OuTe ObUIO ycTaHOBIEHO 3HaueHHe 0, TO AT ITOro chaenaau mepco-
HAJIBHYIO KOMaHAy bef (0T aHri. bit clear). B atoii komaHie yka3bIBaeTCsi PEruCTp
1 OUT, KOTOPHBIH TOJDKeH OBITH cOporeH. Kpome Toro, COOTBETCTBYIOIMIAS TTO3UIIUS
OWTa MoKa3bIBaeTCs B perucTpe. B mporpaMmMe ¢ MOMOIIBIO0 AUPEKTUBBI EQU OHUTY
MO’KHO Ha3HAYHUTh MMsI, TIOCPEACTBOM KOTOPOTO K HEMY MOXHO OyJeT TOTOM 00-
pamiarbcs.

ITlpumep:

BIT4 EQU D'4' ;lIpucBomTh mMsa 'BIT4' umciy 4

movlw 0x3F ;B3arpysuTth 3HadeHue 0x3F B permctp W

movwf 0x20 ;llepeMecTUTh 2TO 3HAUEHME B permucTp C anpecom 0x20
bcf 0x20, BIT4 ;OurcTuTe OMT 4 B permcrpe c ampecoM 0x20

Kak oxuganocsk, 0ut 4 ounmaetcst 1 3HaueHne 0x2F 3aHOCHTCS B perHCTp C aape-
coMm 0x20.
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Komanoa: bsf

Hasnauenue: YcranoButh OUT b peructpa, aapec KOoToporo ykasaH ma-
pametpom f

Cunmaxcuc: bsf f,d

Hsmensiemoie prnacu.  Het

Jlyist yCTaHOBKH OMPEETICHHOTO OMTa B PETHCTPE MOXHO HCIOJH30BATh KOMAHILY
bsf (oT aHri. bit set). Dta KoMaHma yCTaHABINBAET YKa3aHHBIM OMT B COOTBETCT-
ByromeM peructpe. Crienyer yYuThIBaTh, YTO B IUPPOBON TEXHUKE HyMeEpaIus
paspsanoB HagumHaeTcs ¢ 0, Tpu ATOM OOBIKHOBEHHO HYJIEBBIM OUTOM SIBIISIETCS OWT,
CTOSIIIUN KpallHUM CIIpaBa M Ha3bIBACTCS MIAOWUM PA3PSAOOM OBOUUHO20 HUCAA
(LSB — Least Significant Bit).

ITlpumep:

movlw Ox2F ;3arpy3uTh 3HaueHre 0x2F B permcTp W

movwf 0x20 ;llepeMecTUTsL PTO 3HAUEHME B peIrmcTp ¢ ampecoMm 0x20
bsf 0x20, 4 ;YCTaHOBUTE B enuHuIly 4 OuT B permcrtpe c ampecoM 0x20

[Tocne BbIMOMHEHUs MOCIEAOBATENLHOCTH KOMaHJ B peructpe ¢ aapecom 0x20
Oyzaer xpaHuThcs 3HaueHue paHoe Ox3F.

2.2.4. KomaHgbl caBura

Komanoa: rlf

Hasuauenue: BEITOIHATE IIMKIMYECKUI CIBUT BJIEBO HA OOUH OUT CO-
JIEPKUMOTO PETHCTPa, aJpec KOTOPOro yKa3aH MapameT-
pom f (F-peructpa). CABHTI OCYIIECTBISETCSA C HCIOIB30-
BanueM Outa nepenoca C peructpa cocrosaust (STATUS)

Cunmaxcuc: rlf £,d

Usmensemvle pracu. C

but C (ot aurn. Carry) B peructpe cocrositus (STATUS) — sto GuT mepeHoca.
B Hewm, B puHIHIIE, MOKET COXpaHAThCs 9-if OuT 3HaueHus. bur C ucnonesyercs,
eciu 8 OUTOB perucTpa HepocTaToyHo. [loce BEIMoTHeHHT KOMaHIbI r1£ (OT aHTJL.
Rotate Left) OuThl HUKINYECKH CABUTAIOTCS BIEBO Ha ouH paspsia (puc. 2.1). [pu
aTOM cmapwuil paspsad osouunozo uucia (MSB — Most Significant Bit), . e.
our 7, BeiBUTaeTcs B OuT eperoca C, KOTOPBIH HAXOAUTCS B PETHCTPE COCTOSHUS
STATUS. Ilpexxnee 3nauenue Outa C BBIIBUTAETCS U cOXpaHseTcss B F-peructpe
Ha Mecte muaamero 6uta 0 (LSB). Takum o0pa3oM, OCyIIECTBISIETCS IHKIHYE-
CKHH C/IBUT COJEPIKUMOTO PETHCTpa BICBO Ha OAWH pa3psia. B mernom takoii caBur
COOTBETCTBYET YMHOKEHHUIO COJICP)KUMOTO PErucTpa Ha 2.
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But HyneBoro pesynbTarta
but gecstnyHoro nepeHoca
‘ BuTt nepeHoca

||RP|RP1|RPO|%|PD| z |DC| c|

Bur 7 But 0
Peructp coctosHusa (STATUS register) T

v
«—tc e | [ [ [ [ | [ Je

but 8 but 7 F-perucTp but 0

Puc. 2.1. Lmknnyeckuii cosur 6uta Bneso

Ipumep:

movlw 0x8C ;3arpy3uTh 3HauenHre 0x8C B permcTtp W

movwf 0x20 ;llepeMecTUTE PTO 3HAUEHME B peIrmcTp ¢ ampecoM 0x20
rlf 0x20, O ; YMHOXUTE coIepxumoe permcTpa ¢ anmpecom 0x20 Ha 2

[pu ymuoxxenunn yncna 0x8C (D'140") Ha 2, win uHa4ye CIBUTE HA OJWH pa3psi
BIeBO Oe3 yuera Outa neperoca C, B peructpe W coxpansjics Obl pe3ylbTar paB-
ve1i 0x18 (D'24"). Ho mockonbky (pakTHuecKd B UTOTE Pe3ybTaT JODKEH OBITh
Oonbiie uem 255, Hy)HO 00s3aTeIbHO B KQUeCTBE CTapIIero Outa y4YuThIBaTh OUT
nepenoca C (Carry) u3 peructpa coctosinusi (STATUS). Ecnu ke ydyects Out
IepeHoca BMecTe co 3HadYeHHeM peructpa W, To B UTOT€ IOIYJal0T JAeHCTBUTEIb-
HBIA TIOJNHBIA pe3ynbraT omepanuu ymHoxenus: 0x8C x 2 = 0x118 = D'280'
(14049 x 2 = 28049).

Ecnu tpebyeTrcss yMHOXKHUTD 3TO 3HAUCHHUE €Ie pa3 Ha 2, YTOObI MOMYYUTh YMHO-
’KeHue Ha 4, Hy)KHO BPEMEHHO COXpaHUTh OWUT mepeHoca C B JAPYyroM perucrpe u
OYHCTHTB €0 MOCJIE 9TOTO B perucTpe cocTosiHus. [locie MUKINIecKoro caBura Ha
OJIMH paspsi BIeBO OWT mepeHoca (T. . 0) 3amuchIBacTCs B MIIAIINIA Paspsiy IBO-
MYHOTO 4YHcia (pe3yibTaTa) B perucTpe ¢ aapecom, ykasanueM f. [Tockosbky mo-
JIyYHBIIIEECS YUCIIO MPEBBIIAET 3HAYCHHE 255, TO MPH MPOYTCHHH Pe3yJIbTaTa Ha-
JI0 YYIUTHIBATH TEKYIIU OUT IEpeHoca U OUT IEePeHOCca, COXPAHCHHBIN B APYTrOM
peructpe: 0X8C x 4 = 0x230 = D'560' (14040 x 4 = 560).

C IIOMOIIBIO KOMAaHIbI rlf JOCTATOYHO IIPOCTO MOI'YT CUMTBIBATHCA IIOCJIEOAOBA-
TCJIBHBIC JAaHHBIC, ITOCTYIIAIOMIUEC Ha COOTBGTCTBYIOHII/Iﬁ BBIBOJ ITOpTAa. 21.]]51 9TOI0
3alpamuBacTCsa BbBIBOJ IIOpTa, U €0 3HAYCHUE MEPEMEMIACTCA B MJIaAIIYIO ITO3U-
LU0 pETHUCTpA. ITocne OUKINYCCKOTO CABUTIa pErucTpa MOXHO CHOBa CUHUTBHIBATH
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3HAUYCHHE C BHIBOJIA MOPTA U 3aIHMCHIBATh €T0 Ha MECTO HYJIEBOT'O OMTa perucTpa.
Takum oOpa3oM, npu 8-KpaTHOM TOBTOPE TaKO#l MpOLEIYpPHl B PerucTpe OyneT
MOJTy4eHo §-OMTHOE 3HAUYEHUE MTOCIIEe0BATEIHHBIX JAHHBIX.

Komanoa: rrf

Hasnauenue: BBIMONHUTG [UKIUYECKUI CIBUT BIIPABO HA OJUH OWT CO-
JIEPXKUMOTO PETHCTPa, aapec KOTOPOro yKa3aH MmapamMeT-
pom f (F-perucrpa). CaBur OCyIIECTBIISIETCS C UCIIOIB30-
BanueM Outa nepenoca C peructpa cocrostaust (STATUS)

Cunmaxcuc: rrf £,d

Usmensemvle gracu: C

Komanny rrf (ot anrn. Rotate Right) ncnons3yrot minst nenennst va 2. [Ipu aTom
OWTBI LUKJINYECKU CIBUTAIOTCS WM WHAa4ye MEepPEeMEIlaloTCsl HAa OAHY IMO3ULHUIO
BrpaBo (puc. 2.2). Ecnu TpeOyeTcs pa3aenuTs Ha 2, TO HY)XKHO o0Opamarh BHAMa-
HUE Ha TO, 4T00bI 6uT C ObUT OBl YyCTAHOBIIEH TMIEPE] JeJIEHNEM, TIOCKOIBKY OH ITe-
pemeniaercss Ha mo3unmio crapuiero outa (MSB) F-peructpa. Mnammmii 6ut
(LSB) aTOT0 %€ perucrpa BbIIBUTACTCS M MOMELIAETCs B TIO3UIMIO OHTa IepeHoca
C peructpa COCTOSIHHS.

BuT HyneBoro pesynbTaTa
Bbut gecsatnyHoro nepeHoca
‘ But nepeHoca

|
||RP|RP1|RPO|%|@| z |Dc|c|

but 7 But 0
Pernctp coctosiHusa (STATUS register) T

v
—le— [ [ [ [ [ [ [ }=

But 8 but 7 F-pernctp But 0
Puc. 2.2. Liuknuyeckun casur Bnpaso
Tlpumep:
movlw 0x73 ;Barpy3uTh 3Hauenye 0x73 B permuctp W
movwf 0x20 ;llepemMecTu T TO 3HaueHMe B F-perucTp c azmpecom 0x20

rrf 0x20, 0 ;CoBuHYTE BCe OMTEL F-permcTpa Ha OOHY INOSMLIMIO BIPABO
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Ecnmu mepen BhITIONHEHWEM OIEpalid CABHTa OMT TepeHoca ObUT yCTaHOBJIEH,
To B peructpe W Oyner 3Hauenme paBHoe 0xB9 (0x173:2= 0xB9 wm
37110 : 2 =185y). Ecnu xe Out nepenoca 0yaeT coporieH, To B perucrpe W mo-
SIBUTCSL HenpaBHIbHBIN pe3ynbrat — 0Xx39 (57;0).

KomaHy MUKJINYecKoro ciBUra BIPaBoO rrf OUYEHb XOPOIIO HCIOIB30BATh JIJIS 110~
CJIeIOBATEILHOTO BBHIBOAA JAHHBIX. 3HAUYCHHE Pa3psSIHOCTBIO 8 OUT 3arpykaercs B
pEerucTp, 3aTeM BBIBOJSAT MJIQAIINN OWT B MOPT, MOTOM COACPKUMOE PETUCTpa
C/IBUTAIOT HA OJIHY MO3WIIMIO BIIPABO M CHOBA BBIBOJAAT Mutaamuil 6ut. [Iponenypy
MTOBTOPSIOT JIO TEX MO, TIOKA BCe OUTHI HE OYAyT BHIBEICHBI.

Komanoa. movlw
Hasznauenue:. IMepecnats koHcTauTy K B peructp W
Cunmarxcuc. movlw k

Usmensemvie pracu: Het

UroObl 3arpy3uTh KOHCTAaHTYy B peructp W, HCIONB3YIOT KOMaHAY movlw (OT
anrs. Move). C oMoIIsio 3Toi KOMaHabl B perrucTp W MOKHO 3arpyaTh JI00oe
3raueHue ot 0 10 255 1 3aTeM NPOAOIKUTE C HUM padoTy.

Tlpumep:
movlw D'129' ;3arpysuTh IeCATHUYHOe 3HadeHye 129 B permctp W

OTO OYeHb MpOCTask W YacTO HUCIOJIb3yeMash KOMaHIa, KOTOpas NpPUMEHSeTCS
B KaX/10# Iporpamme Ha acceMOnepe MUHUMYM OJMH pas3, IOCKOJIBKY JUIsl ITOCTIe-
nyrouield 00padoTKK TOro MM MHOTO 3HAYCHMS BCErZa BHAydase HY>KHO €ro 3arpy-
3UTh B peructp W.

Komanoa: movwE

Haszuauenue: Beimonnuth nepecbuiky conepxkumoro perucrtpa W B pe-
TUCTP, aipec KoToporo ykaszaH napamerpom f (F-peructp)

Cunmaxcuc:. movwf £

Usmensemvle pracu. Het

Ecnu TpebOyeTcst mepeMecTuTh HEKOTOpOe 3HaueHue u3 peructpa W B F-perucrp,
YTOOBI BBIBECTH €T0, HANIPUMEP, B MOPT BBIBOJAA, TO HYXKHO IMPUMEHHUTH KOMAHY
movwf, KOTOPast BBIMIOJHACT MEPECHIIKY COAECPKMUMOTO peructpa W B peructp, yka-
3aHHBIA f.

Ipumep:

movlw OxE2 ;Barpysure B perucTtp W 3HaueHme 0OxE2
movwf 0x20 ;CoxXpaHuUTbL ero B permctpe ¢ ampecoMm 0x20
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DTa KOMaH/ia UCTIONb3YETCs TaK XK€ YacTO, KaK U KOMaH/1a movlw, TOCKOJBKY B JIIO-
00l mporpaMMe Bce 3HAYEHHs TIOCTOSHHO COXpaHstoTcs B RAM-mamsitu, 4ToObl
3aTeM MOXXHO OBLIO MPOAOIDKUTH C HUMH padOTy WM NMPUMEHUTHh K HUM Ty WU
uHyo QyHKIuo. C oMOLIbI0 3TOH KOMaH[bl, HAPUMEpP, OCYLIECTBISIOT Tepe-
chUIKy 3HaueHus B peructp TRISA, koTopsiii npeqHa3HaueH /i YIpaBiIeHUS Ha-
MIpaBJICHUEM TIepeIadil JaHHBIX [TOPTa BBOJIA/BBIBOJIA.

Komanoa: movE

Haszuauenue: BLINONHUTE TIEPECBUIKY COAEPIKUMOIO PETHCTPa, aapec
KOTOporo ykasad mapametpom f (F-peructpa), B peructp
ajzpecara

Cunmaxcuc: movf £, d

Usmensemvle pracu: Z

Ecnu s nanpHeiinedn o0paboTKu TpeOyeTcsi 3HaYCHUE, COXPAHEHHOE paHee B
RAM-namsiTi, TIONMy4arOT €ro Hazaj TMepechUlKod B peructp W ¢ IOMOIIBIO
KOMaH/1bl movf. OJJHAKO Y ITO KOMaH/Ibl €CTh MaJICHbKasi OCOOCHHOCTb: B KOMaH-
Jie MOYKHO YKa3aTb, TJIe 3HaYeHHE J0JDKHO coxpaHsThes. [Ipu d = 0 3HaueHue, nmpu
KeJaHuH, nepecbliaercs B peructp W, a npu d = 1 oH coxpaHseTcs B PErHCTpe C
anpecom, ykasanHeiM f (F-perucrpe). ITockoibky OHO M Tak y»Xe HaXOIHUTCS
B F-peructpe, To 510, Ha MepBbIiA B34, Bpoae Obl OeccmbiciieHHO. OHAKO 3TO
Xopomiass BO3MOYKHOCTb TOTO, 4YTOOBI TPOBEPUTH, CONEPKHUT JIM YKa3aHHBIN
F-peructp HyneBoe 3HaueHue, T. K. TOCJE BBI30Ba 3TOH KOMaHABI B PETHCTPE CO-
CTOSTHHS MOXET U3MEHHUThCS OUT (prar) HyneBoro pesyibrarta Z.

Ipumep:

movlw 0x24 ;Barpy3ures 3HaueHue 0x24 B permctp W

movwf 0x20 ; COXpaHUTh 2TO 3HaueHMe B F-perucTp c azmpecoM 0x20
movf 0x20, 1 ;llpoBepuTs, Oynmer Jm comepxvmoe permctpa 0x20 paBHOo 0
btfss STATUS, Z ;Ecim 3Hauenme paBHO 0, TO MNPOIYCTUTH CJIEOYKUYH KOMaHITY
movf 0x20, O ;Ecimm 3HaueHMe He paBHO 0, TO HepecyiaTb €Tro B perucTp W

C momonuibi0 KOMaHIbl movE MOXHO, HAlIpUMeEp, TPOBEPUTD, JOCUUTAN JIU CUETUHK,
CUMTAIOIIUI B 00paTHOM MOPSAKE, BIUIOTH A0 HYJIS.

Komanoa: swapf

Hasnauenue: [TomeHATh MecTaMu CTapIINA W MIIAIIIHANA MOTyOalTHI pe-
TUCTpA, aIpec KOTOPOro ykazaH napamerpom f

Cunmaxcuc:. swapf £, d

HUszmensemvle gpracu. Her
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Ecnu HEoOX0oaMMO MOMEHSITh MecTaMu ctapinve 4 oura 8-OUTHOTO CIOBa C MJaj-
MU 4 OUTaMU, TO 3TO MOXKHO BBITIOJHUTB, BOCIIOJIb30BABIIUCH KOMAHION swapf
(ot anrn. Swap). B mpoTHBOMONIOKHOCTh APYTMM KOMaHJaM CIBUTA 3Ta KOMaH/a
HCTIONIB3YETCs IOCTATOYHO pesiko. Bo3Mo)kHOE MprMeHeHre dTOH KOMaH/IbI CBsI3a-
HO CO cUHWTHIBaHHEeM 4 OMTOB mopTa BBoja. Ecim Ha BeiBobl RB4—RB7 nocrymna-
€T HEKOTOpPOE 3HAYCHHE, TO TIOPT MOXKET YUTAThCS, a MOyOAlThl MEHSATHCS U UH-
TEPIPETUPOBATHCS TOCIIC MACKUpOBaHUs. HHKakoro 4-kpaTHOTO MHMKIMYECKOTO
C/IBUTa TOTJa HE MOTPeOyeTCs, & MOXKHO BOCIIONB30BATHCS TOJBKO ITOM OJHOM
KOMAaH/IOM.

ITlpumep:
swapf PORTB, O ;UnTaTh NopT B M OOMeHMBAaTH I[1OJIyOaMTH
andlw OxOF ;MackupoBaTh cTapume 4 Gura

[locrme BhIMONIHEHUS O00EWX KOMaHJ MISCCTHAAIATCPUYHOE 3HAYCHHE CTapIIUX
4 6uroB mopta B Oymer B peructpe W. Ecim 3mavenne B'01101100' Haxomures
B peructpe PORTB, pe3ynsraT 06enx komanm — gucio 0x06 B peructpe W.

2.2.5. ApuchbmeTnyeckme KomaHabl

Komanoa: addwf

Hasnauenue: Cnoxutb conepkumoe peructpa W u peructpa, aapec
KOTOpOTo yKa3aH mapamerpom f

Cunmarcuc. addwf f, d

Usmensemovre pnacu: C,DC, Z

Komanna addwf umcmomb3yeTcs uisl cioxeHus 2 3HadeHuid. [locne BbITIONIHEHUS
KOMaH/Ibl Pe3yJIbTaT Oy/IeT HaXOJUThCs B 3aBHCHMOCTH OT mapameTpa d B perucrpe
W (d =0) wiu B peructpe, aapec kotoporo ykasan mapamerpom f (F-perucrpe)

d=1).

Ipumep:

movlw 0x39 ;3arpys3urs 3HaueHme 0x39 B permcTp W

movwf 0x20 ;llepeMecTUTh 2TO 3HAUEHME B permucTp C ampecom 0x20
movlw 0x14 ;3arpy3uTth 3HadeHue 0x14 B permctp W

addwf 0x20, 1 ; CIIOXUTE COIEPXMMOE PermcTpoB W u F-permcTpoM

[Tocne cnoxxenuns 0x39 u 0x14 pesynsraTt 0x4D Oymer coxpaHeH B PErucTpe, afapec
kotoporo 0x20 ykaszan mapametpom f, T.e. uHaye F-peructpe. B stom mpumepe
CIIOXEHHE BBINOJHsAETCs 0e3 mepeHoca B cTapiux paspsaax. Eciu ske npu cioxe-
HUM JIBYX 3Ha4eHUI B pe3ysibTare MoIydaeTcs YMCIo, KoTopoe Oonbiie 255, To B
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peructpe cocrosiauss STATUS Oyner ycranosnen ¢uar nepeHoca C. B Tom ciy-
gae, Korja MpH ciokeHun nonydaetrcs gucio 0x100 (D'256"), To eme momonHu-
TEIHHO YCTaHABIMBAETCS ¢iar HyJIeBOTO pe3yibrara Z.

Komanoa: addlw

Hasnauenue: Crnoxute comepxxumoe perucrpa W c 8-paspsiiHol KOH-
craHToii K

Cunmaxcuc: addlw k

Usmensemvle ¢pnacu: C,DC, Z

Ecau xoHcTaHTa HpH6aBHﬂeTCH JIMIIb K 3HAYCHUIO, KOTOPOC HAXOJUTCA B HACTOA-
mee BpEMA B pETUCTPE W, TO 3TO MOKET OBITh BBIIIOJIHEHO C IIOMOIIIBIO KOMaHIbI

addlw.

lipumep:

movlw 0x39 ;Barpy3uTh 3Hauenre 0x39 B permuctp W
addlw 0xO0A ;JoBaBuTh KOHCTAHTY 0x0A K 3TOMYy 3HAUESHMIO

[Tocne cnoxennst oboux yrcen B peructpe W Oynet 3Hadenne 0x43. B stom npu-
Mepe BBINOJIHAETCS IEPEHOC B 4-i1 OUT U MO3TOMY B PETHCTPE COCTOSHUS YCTaHaB-
nuBaetcs duar gecsituanoro nepenoca DC (Digit Carry).

Komanoa: subwf

Haszuauenue: Beruects comepxumoe peructpa W u3 comepxumMoro pe-
THCTpa, aJJpec KOTOPOro ykaszaH mapamerpom f

Cunmaxcuc: subwf £, d

Usmensemvie gpracu: C,DC, Z

KomaHa subwf BBITIONHSAET BEIYUTAHUE COAEPKMMOTO peructpa W n3 yKa3aHHOTO
f peructpa (F-perucrtpa). Pe3ynbraT BIusieT Ha yKa3aHHbIC (Jard B PErUCTPE CO-
CTOSIHHSI M COXPAHSACTCs B 3aBHCUMOCTH OT 3Ha4yeHusi mapametpa d B peructpe W
(d = 0) nnu B peructpe, aapec Koroporo ykaszan napamerpom f (d = 1).

Tlpumep:

movlw 0x71 ;3arpy3uTrh 3HaueHre 0x71 B permucTtp W

movwf 0x20 ;llepemecTuTs ero B permcTp C ampecoM 0x20, yxazaHHeM f
movlw OxA7 ;Barpys3urek 3HaueHue 0xA7 B permctp W

subwf 0x20, 1 ;BruecTs cozepxymMoe permcrpa W M3 COmepXMOIO

; F-perucTpa, ykazaHHOTO napamerpoM f (F — W -> F)
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Pesynbrar Beruutanus 0xCA (D202') Oynet coxpanen B F-peructpe.
0x71 (D'113") — OxA7 (D'167") = OXCA (D'-54") - ®mnar nepenoca pasen 0
0x71 (D'113") — 0x37 (D'55") = Ox3A (D'58") - dnar nepenoca paseH 1

[Ipu BeuMTaHUM HAZ0 OOPATUTHL BHUMAHUE, YTO B 3TOM CIIydae UCIOIb3YOTCS OU-
THI 3aeMa, a He OWTHI meperoca. [1oaToMy 9uciIo, TP KOTOPOM pasps IepeHoca
ycTaHoBIIeH Ha (), HHTEPIPETUPYETCSA KaK OTPUIATENILHOE YHUCIIO, & PEe3yJIbTaT Ha-
XOJIUTCA KaK JIBOUYHOE JOMOJIHEHUE B PErucTpe HazHaueHus. Jjs momydeHus oT-
pHUIIATEIHLHOTO YHCIIOBOTO 3HAUCHUS HYKHO pe3yIbTaT MIPOUHBEPTHPOBATH U J00a-
BUTH 1.

comf 0x20, 1 ;VlHBepTHUPOBATh comepxmMoe F-permcrpa c ampecoMm 0x20
incf 0x20, 1 ;IpubaBuTs 1 k comepxmMmoMy F-permcTpa

Ilocne (bOpMI/IPOBaHI/IH TOYHOI'O JOIIOJIHCHHA B I[BOI/ILIHOIZ CUCTEMC CUHCIICHHA I10-
JIy4aroT BEJIMYUHY OTPUIATEIIBHOI'O YHCJia.

OxCA (D'202") - O6pa3oBarb IOMONHEHHE B JABOMYHON CHCTEME CUHCIEHHS —>
0x36 (D'54")

Komanoa: sublw

Hasuauenue: Bergects comepxumoe peructpa W n3 8-paspsiHoil KOH-
cTaHThI K

Cunmakcuc: sublw k

Hzmensiemvle ¢pnaeu:. C,DC, Z

VY KOMaH[IbI sublw UMEETCS MaJICHbKas JIOBYINKA, Ha KOTOPYIO HYXKHO 0OpaIiarh
BHUMaHME. 3/1eCh COJep)KuMoe peructpa W BBIYUTAETCS W3 KOHCTAHTHI M HE Ha-
000poT.

Ipumep:
movlw 0x43 ;3arpy3uTthk permcTp W 3HaueHmem 0x43
sublw 0x83 ;BeecTe comepximMoe permcTtpa W M3 KOHCTaHTH k (k — W —-> W)

Pesynprarom sToro Beruutanus Oynet 3Hauenue 0x40, koTopoe OyIeT HaXOAUThCS
B peructpe W.

Komanoa: incf

Hasuauenue: [TpubaBuTh 1 K COACPKUMOMY PETHCTPA, aIpec KOTOPOTo
yKasaH mapamerpom f

Cunmarcuc. incf £, d

Hszmensiemvle nacu:. Z
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Komanpna incf — 3T0 yacTo ucmonb3yeMasi komanzaa. [Ipu ee BBI30BE COEPIKUMOE
yKkazaHHoro f perucrpa yBenuauBaeTcs Ha 1 (MHKPEMEHTHPYETCS).

lipumep:

movlw OxFE ;B3arpy3urh sHaueHue OxFE B permcTp W

movwf 0x20 ;llepeMecTUTE 5TO 3HAUEHME B peImcTp C¢ ampecoMm 0x20
incf 0x20, 1 ; [IprbaBUTE K CONEPXMMOMY 3TOIT'O permcTpa 1

incf 0x20, 1 ;YBEMUUUTEL DTO COIEPXMMOe elle pa3 Ha 1

ITocne BRIMOTHEHUS TIEPBOM KOMaHABI incf B peructpe, aapec 0x20 koToporo yka-
3aH napametpoM f, T. e. F-peructpe, Oyzner xpanurscs 3nauenue 0XFF. Dto camoe
OompIioe oToOpakaeMoe 8-OuTHOe 3HadeHwe. Ilocne cremyromei KoMaHapl incft
3TOT peructp Oyzaer "mepenoaHeH" ¥ B HeM OyAyT Tonbko juiib Hynu (0x00). ITo-
3TOMY TOCJIE BBIIIOJHEHHUS! 3TOW KOMAaHBl yCTaHaBIMBaeTcs (iar HyJEBOIO pe-
3ynbTara Z. Pasymeercs, KOMaHaa HE OKa3bIBAaeT BIUSIHMA Ha (uiar AECITHYHOTO
nieperoca (DC) u ¢uar mepenoca (C), TOCKOJIBKY pedb HE HUAET O MEPEHOCE Kak
MIPH CIIOKCHHUH.

Komanoa: decf

Hasnauenue: Boruects 1 U3 comepXuMOro perucTpa, aapec KOTOpOro
ykaszaH napameTrpom f

Cunmaxcuc: decf £, d

Usmensemvle pracu. Z

Jlisl yMEHBIIEHUsI COAEP)KUMOI0 perucTpa Ha 1 NPUMEHSIOT KOMaHAy decf. JTa
KOMaH/Ja 4acTO UCIOJb3YeTCsl, YTOObI OPraHU30BaTh CUETUMK LMKJIA MM TaldMep.
g 3TOrO 3HaUYeHue, paBHOE KOJUYECTBY LIMKIIOB, 3arpy’KaeTcs B PETUCTP U MpH
Ka)X/IOM TIPOXOXJIeHUH 1KKiIa yMeHnbiiaercs Ha 1. [Ipu mpoBepke ¢rara HyneBoro
pe3ysabpTaTa MOKHO OIIPEeSIUTh OKOHYAHHE CUeTa.

ITlpumep:

movlw 0x02 ;3arpy3uTh 3HaueHre 0x02 B permucTp W

movwf 0x20 ;llepeMecTUTh COIEPXMMOe B perucTp c ampecoM 0x20
decf 0x20, 1 ;YMEHBIMTE Ha 1 COIEPXMMOE 3TOI'O PermcTpa

decf 0x20, 1 ; YMEHBIMTEL COIEPXMMOe elme pas3 Ha 1

[Tocne BBITIOMHEHHS TOCIEIOBATEILHOCTH KoMmaHja 3HadueHue 0x00 Oymer Haxo-
IuThest B peructpe ¢ aapecom 0x20, a B peructpe cocrosuust STATUS Oyner
ycTaHoBNeH (ar HyleBoro pesynbrara Z. Takke Kak M B ciydae ¢ KOMaHJON
incf, @maru DC u C He U3MEHSIOTCSL.
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2.2.6. KomaHabl nepeaayu ynpaBrieHUs

Komanoa: goto

Haszuauenue: BemonHuTh 0€3yCIIOBHBIN MEPEX0/, T. €. Mepexo Ha yKa-
3aHHBIN aapec

Cunmarxcuc. goto k

Hsmensiemoie pracu. Het

IIpu nocTwkenun B mporpamMme KOMaH[bl goto, BBIIOJIHSAIOIIEH 0e3yCl06Hbll ne-
pexoo (anria. unconditional branch), ocymiecTisiercst mepenava ymnpasieHHS Ha
yKa3aHHBIHA azipec (METKy) 0e3 MPOBEPKU KaKoro-ubo yciaoBus, T. €. 0e3yCIOBHO.
YcnoBue ke, HapuMep, MOTIIO OBI BRITJIAACTH Tak: "llepeiiT Ha BBITIOJIHCHHE
KOMaH[pl, ecnu onpeneneHHsiii out pasen 0". [losTomy 3Ta KOMaHzma mepexozaa
3aIyckaeTcsi cpasy 0e3 MpOBEpKM paHee ONpPEeNICHHOTO COCTOSIHMS. YKa3aHHas
koHcTaHTta B ciaydae PIC16F876A moxer mmerh 3Hadenme oT 0 u mo 2047
(0x0000—0x07FF). OTo 3HaueHue mpencTaBisieT coboi muaamue 11 6utoB agpe-
ca cnenyromieli KoMauel. /IBa apyrux OuTa, KOTOpBIE TPEOYIOTCS ISl MOTyYeHHUs
13-OutHOrO anpeca, MOCTYNMAIOT W3 JBYX CTapIInX paspsaoB CHEIUATLHOTO
S-pazpsaroro peructpa PCLATH (puc. 2.3). Ilosromy npu oOpariernn ko Beeit
00JIacTH TMaMsTH, COCTOSIIEH U3 4 cTpaHHIl MPoHyMepoBaHHBIX ¢ 0 To 3, wiu mpu
n3MeHeHnHu anpeca depes 3HadeHus: 2048, (0x0800 HawanbHBIA ajpec cTpaHU-
el 1), 409659 (0x1000 Havano crpanuisl 2) U 6144, (0x1800 Hayano crpaHu-
sl 3) HeoOxoauMo obecrieunts, uToObI B peructpe PCLATH crapmme ero paspsi-
Il 3 1 4 UMeNu COOTBETCTBYIOIIME 3HA4YeHMs. [lOCKONBKY COAEPKUMOE MPO-
rpammHoro cueturka PC (aurit. Program Counter) mosydaercst U3 2 4acTteii, To st
BBITOJIHEHHS ATOM KOMaHIbI TPEOYIOTCS 2 KOMAHIHBIX LIUKIIA.

Peructp crapLumx 6uToB nporpammHoro cyetyumka PCLATH

Y ¢

(e|ufwo] | [ [ [ | | | [ Jeof

MporpaMmmHbIn cHeTumk PC

Puc. 2.3. Komanga nepexoga GOTO



48 2. KomaHObl accembniepa PIC16F876A

Ilpumep:

main
movlw 0x55 ;3arpy3uTh B perucTp W 3HauenHme 0x55
movwf PORTC ;BelBecTt maHHEle B nopT C
movlw OxAA ;3arpy3uTh 3HaueHue 0xAA B perucTtp W
movwf PORTC ;BelBecTt maHHEle B nopT C
goto main ;llepentT Kk MeTke main (OeCKOHEeUHBED! LIMKJI)

B mamroM mpumepe Ha BeiBog RCO (0 6uT mopTta BBoAa/BeiBosma C) MHUKPOCXEMBI
PIC16F876A morepeMeHHO MOCTYMAET TO HU3KUI, TO BBICOKHI JIOTUYECKUI ypo-
BeHb. [Iporpamma pabotaer B OeckoHEUHOM IuKJe. B koMaHzme goto ajapec mnepe-
X072 YKa3bIBaeTCs MOYTH BO BCEX CIIydasX He B opMe 4uuciia, a B GopMe METKH
nepexoza (label). DTo upe3BpIyaiiHO OOJErYaeT MPOrpaMMHUPOBAHUE, MOCKOIBKY
WHa4Ye HeoOXoauMO ObUTIO OBl TOYHO 3HATh M YYHTHIBATH BCE alpeca MPOrpaMMbI
JUIS BEPHOTO YKa3aHUs ajjpeca Mepexo/ia B BUJIE YKCia B KOMaHJIE goto.

Komanoa: call
Hasnauenue: IIepeiiTu Ha BBINTOIHEHKE NTOATIPOIPAMMBIL
Cunmaxcuc: call k

Usmensemvle pracu.  Het

Komanna call odeHb MoXoxka Ha KOMaHIy goto, T. K. OHA TaKXKe SBISIETCSI KOMaH-
Joii 6e3ycinoBHOrO nepexona. OcoOEHHOCTh KOMAHJBI call COCTOMT B TOM, YTO
nepes; caMHMM TIEpeXOJOM TapaHTHPOBAHHO COXPAHSETCS TEKYILee COJEPKHMOE
MPOTrPAaMMHOTO CYETYHKA, YTO B JAIBHEHIIEM MTO3BOJISIET BO3BPAIIATHCS B HCXO/I-
HYIO TOYKY MporpaMmsl. [1o3ToMy KOMaHIa call MCHONB3YeTCs AJS BBI30BA MO/I-
mporpaMMel. B xojie BBIMOTHEHUS! KOMaHJIBI COAEPKUMOE MPOTPAMMHOTO CUETYH-
Ka COXpaHSETCS B CTEKE, a C MOMOIIBI0 KOMaH/BI return, KOTOpas SBISETCS IO-
clienHed B MOJNPOTpaMMe, CHOBA 3arpyXkaercs B MPOTPAaMMHBIH CUETUHK.
OnuHHagUaTh OMT ajpeca mepexoja 3arpykatoTcsl U3 Kojaa KoMaHasl B 13-paspsin-
HbIi cueTunk komana (K->PC<10:0>), a aBa crapiiux OUTa MOIyYatoT U3 PErHcTpa
PCLATH (PCLATH<4:3>>PC<12:11>). IIpu BBINOIHEHUH 3TOH KOMaHIbI Tpe-
Oyercst 1Ba KOMaHJHBIX [IUKJIA.

Ipumep:
mask ;MeTka Haydasa NIOOIPOTPAaMMEL
andlw 0x03 ;MackupoBaHMe 00OMX MJIaIUMX OUTOB COIEPXMMOTO permcrpa W
return ;Bo3BpaT M3 MNOANPOIPaMMBL
main ;MeTka Hauajla OCHOBHOM MIPOT'PaMMBL
movlw 0x55 ;B3arpysuTek 3HaueHue 0x55 B permctp W
call mask ;BEI3BATE MNOANPOTPAMMY
movwf PORTC ;BelBeCcTM 3HaueHMsa B nopt C

goto main ;llepeliT Ha MeTKy main (OeCKOHEUHBIA LIMKJI)
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[Ipu BEIMOTHEHMM TOIANPOTPaMMBI ¢ METKOW mask Bce OWTBI BIUIOTH O ABYX
Miaamux copaceiBatrorcs B 0. Oba mMiaammx OUTa COXpPaHSIOT CBOE IMPEXKHEE 3Ha-
YeHue, T. €. OHU MacKupyroTcs. [lociie BBITIOJHEHUS] MACKUPOBAHHS OCYIIECTBIIS-
€TCsS BO3BPAT B OCHOBHYIO MPOTpaMMy Ha KOMaHIy, CIIEJYIOIIYI0 32 KOMaHJIOW
call, KOTOpas BBI3bIBaJIa MOIPOTPAMMY.

Komanoa: return
Haszuauenue: BeINOTHUTE BO3BpaT U3 MOAPOTPaMMBI
Cunmarcuc:. Return

HWzmensiemole pnacu.  Het

Komanga return mpenocTaBisieT BO3MOXHOCTB Ul BO3BpaTa U3 MOAIPOTPAMMBI.
[ocne BbI30Ba KOMaHABI OepeTcs 3HaUCHUE, KOTOPOE XPAHUTCS Ha BEPIIMHE CTEKa,
U 3aT€M 3arpy’kaercs B MPOrpaMMHBIA cueTduk. Jlanee mporpamma NnpojonKaeT
CBOIO pabOTy HauMHAas ¢ KOMaH/Ibl, apec KOTOPOil XpaHUICA B CTEKE, T. €. KOMaH-
Jbl CIEIyIOIIe 3a KOMaHA0M call, BbI3BaBlIel nognporpamMmy. Ilockonbky cre-
KOBas MaMsiTh MOYKET COXPaHATh TOJbKO MAKCHUMYM § aJpecoB BO3BpaTa, KOJU4e-
CTBO BJIOKCHHBIX BBI3OBOB MMOAIIPOrpaMMbl COOTBETCTBCHHO OTPAHUYCHO.

Tipumep:
rotate ;MeTka Hauajsla nomnporpaMMel rotate
rrf 0x20, 0 ; IMKIIMUeCK COBMHYTH BIIPABO OUTH COLNEPXMMOTIO
;permcTpa 0x20, a pes3ysbTaT IIOMECTUTHL B permctp W
return ;Bosepar M3 nommnporpamMMel rotate
mask ;MeTka Hauajya nomporpammel mask
andwf 0x20, 1 ;MackupoBaTh CoOOepXMMOe permcTpa W 3HadeHueM U3
;F-pervcrtpa c ampecoM 0x20, IOMECTMB B HEI'O pe3yJibTaT
call rotate ;BEI30B HOANpoIpaMMel rotate
return ;Bo3BpaT M3 HOONPOTPaMMel mask
main ;T'7laBHas OporpaMMma
movlw OxAA ;3arpys3uTth 3HadeHue OxAA B permcTp W
movwf 0x20 ;llepeMecTUTs 2TO 3HaueHre B F-permctp c ampecom 0x20
movlw 0xOE ;3arpysuTtst B permctp W sHauenHme 0x0E
call mask ;BeI3BATH HOANPOTIPaMMy mask
movwf PORTC ;BeBecTr 3HaueHusa permucrtpa W B nopr C

goto main

IIpuBeneHHBII NpUMep AEMOHCTPUPYET BIIOKEHHBIM BBI30OB moxmnporpamm. Hc-
MTOJIB3YIOTCS 2 YPOBHS CTEKa JUIsl COXpaHEHUs aipecoB BO3BpaTa U3 MOIIPOrpaMM.
[Nocne BeImonHEHHs Bcell mporpaMMel B peructpe W OyAeT XpaHUThcs 3HaUCHHUE
paBHoe 0x05. DTo pe3ynbraT NMOOUTHOH Jiormyeckod omeparuu UM umcma 0xAA
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¢ guciom OxOE m HaHBHCﬁHKHO OUKINYCCKOro CAaBHIa OUTOB MOJIYYy4YCHHOT'O pC-
3yJibTaTa BIIPaBo.

Komanoa: retlw

Hasnauenue: BbIMoIHUTE BO3BpAT M3 MOANPOrPAMMbI C 3arpy3KOi KOH-
crautsl K B peructp W

Cunmarxcuc. retlw k

Usmensemvie pracu: Het

KomaHna retlw mpejsaraer eie oJHy BO3MOXHOCTb JUISl BBITIOJIHCHUSI BO3BpaTa M3
HOJNpPOrpaMmel. B 1aHHOM cilydae MOMHMO CaMOro BO3BpaTa KOHCTaHTa kK, yka-
3aHHas B KOMaHze, coxpaHsercs B peructpe W. D10 ke aeicTBIEe BO3MOXKHO, €CITN
CHayajia C MOMOIIBIO OJHOW KOMaH[Ibl BBINOJHHUTh COXPAaHEHHE 3HAYCHUS B PErH-
crpe W, a 3aTrem, BOCIOJIb30BABUINCH KOMAHIOM return, BO3BPATUTHCS M3 MOJIIPO-
rpamMMbl. OJJHAaKO, IPUMEHSI KOMaHIy retlw, MOXKHO COKOHOMHTBH OJMH KOMAaHJ-
HBIH IUKJI, 9TO MOKET OBITh OYE€Hb Ba)KHO B HEKOTOPBIX porpamMax. Kpome toro,
3Ty KOMaHJIy yJZOOHO HCIIOJNB30BaTh, YTOOBI MPOTPaMMeE, BBI3BIBAIOLIEH ITOIIIPO-
rpamMMy, IMpPENOCTaBIATh 3HAYCHUE, KOTOpoe coodmano Obl O ToM, ObUIO JIH
YCIICITHBIM BBITIOJHEHHE TOANPOTrpaMMBI WIIM TIpom3onnia ommoOka. Tak, B cie-
JYIOIIIEM TIpUMeEpe MOANporpaMma npu 0e301M00YHOM BBITIOJTHEHUY BO3BpAIlacT
0, a B cirydae ommbOku — 1.

Tipumep:
rotate ;MeTka Hauajsia nofnporpaMMel rotate
rlf 0x20, 1 ; IMKIIMUECKMI COBUT BJIEBO COIEPXMMOTO permcTpa 0x20
btfsc STATUS, C ;lIpoBepuTh OUT HepeHoca C B PermcTpe COCTOSHUSA
retlw 1 ;lloMmecTuTs 1 B per. W M BEPHYTHCS U3 IOOIPOTPAMMEL,
;ectm C=1, T. e. mMMeeTCs [EPElOoJIHEeHMe, oumoOKa
retlw 0 ;llomecTuTe 0 B per. W M BEepHYTHCS M3 IOANPOTPAMMEL,
;ecm C=0, T. e. HeET IEepPENOJIHEHNS
main ;T'taBHas mporpamMMa
movlw 0x55 ;3arpysuTh HadajibHOe 3HaueHme 0x55 B permctp W
movwf 0x20 ;llepemecTuTs 3HaueHme B permcTp 0x20
loop ;MeTka Hauaja LMKJa
call rotate ;BEI3OB monnporpaMMel rotate
andlw 0x01 ;BeIIOJIHUTEL omnepaumio VI ¢ comepswmeM W 1 umcyioM 0x01
btfss STATUS, 7 ;[IpoBEPUTE, YCTAHOBJIEH JM (QJjlal HYJIEBOI'O pes3yJibTaTa
goto main ;Oumbra, Z=1, omnpenesyieHO IepeloJiHeHMe
goto loop ;OK, 7Z=0, IOBTOPUTH LMKJI

OcHoBHas mporpamMma IpoBepsieT 3HaueHue B peructpe W mocne Bo3Bpara u3
MOJIPOrpaMMBbl U B Cllydae OTCYTCTBHSI OIIMOOK LIMKI MOBTOpsieTcs cHoBa. Ecim
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e B MoArnporpamMMe Berperuiock nepenondenue (C = 1), To nporpamma HauMHa-
eTCsl C CaMOro Havasa ¢ MeTKH main.

Komanoa: retfie

Hasuauenue: BremonHUTs BO3BpaT M3 MOAMPOrpaMMBI 00PaOOTKH TIpe-
PBIBAHUSI U pa3peLINTh NPEPhIBAHUS

Cunmaxcuc. retfie

Usmensemvle ¢pracu:  Her

Ilpepvisanue (aurn. Interrupt) MOXKET MPOU3OUTH B JIFOOOW MOMEHT M COOTBETCT-
BEHHO B JIF0O0OH TOYKE MPOTPaMMEI TpH €€ BhIMOIHEeHNH. ClieZloBaTelbHO, 3HAYE-
HUE TPOTPAMMHOTO CYETYHKA IPU 3TOM MOXXET MMETh 3apaHee HEeM3BECTHOE 3Ha-
yeHue. [loaToMy ecnm ciydaercss mpepbIBaHHE, TO TEKYIIEE COAEPKHUMOE Ipo-
rPaMMHOTO CYETYMKA JOJDKHO OBITH COXPaHEHO B CTEKE, W TOJBKO IOCIE ITOTO
MIPOMCXONT MEPEXO]T Ha MPOrpaMMy o0paboTku npepriBanud. [loce BeImoHeHUS
mporpaMMbl 00pabOTKH MpepBhIBaHUs HYKHO CHOBA MEPEUTH HA Ty KOMaHIy Mpo-
IpaMMBI, KOTOpas BIIIONHsIIACH Obl He Oyb MpepbIiBaHus. Bo BpeMs BBIIOIHEHHS
MIPOrpaMMBbI 00pa0OTKH MPEPHIBAaHMS HIKAKHWE HOBBIE MTPEPHIBAHUS HE JTOMYCKAIOT-
cs. [ToaTomy mociie 3aBepieHust IPOrpaMMbl 00paOOTKH NpepbIBaHUS JOKEH OT-
MEHSTBCSl 3ampeT Ha TpEephIBaHUS. JTO M BBIMOJHSETCS € TMOMOIIBIO KOMAaH/IBI
retfie. KoMaHma mepemeniaerT 3HaueHHe W3 BEPUIMHBI CTEKa B MPOTPaMMHBIN
cuetuynk W ycraHaBiauBaeT B peructpe INTCON o6ut GIE (Global Interrupt
Enable), paspermast Tem cambIM BCe NPEPHIBAHMS.

Ipumep:
w_temp EQU 0x70 ; OnpenesiMTe PeTMCTPRl U1 BPEMEHHOI'O COXPaHEeHMS
status temp EQU 0x71 ; COOEPXMMOTO permcTpa W M permcrpa COCTOSHMUA
ORG 0x004 ;Apec BeKTOpa IIPEPEBaHNSA
movwf w temp ; COXpaHuUTh comepxmMoe permcrpa W
movf STATUS, W ;llepeMecTuTe COL. pPermcTpa COCTOAHUA B permcTtp W
movwf status temp ; CoxpaHuTe comepxmmoe permcTtpa STATUS
;Hioke mokaszaH KOO IJisS NPOoT'paMMbl 0Opa®OoTKM IIpepEBaHMS
movf PORTB, W ;UduTaTe NopT B
movwf PORTC ;llepenaTs 3HaueHre nopra B masee B nopr C
movlw b'00001000" ;Bo3BpaTUTL OWTHl NPEPEBAHNA
movwf INTCON
movf status temp, W ;llosmyunTs Kommio permcrpa coctosaHmsa STATUS
movwf STATUS ; BOCCTAaHOBUTL 3HAUEHME PermcTpa COCTOSHUA
swapf w temp, F ; COXpaHnTh IaHHBle Hazan B permcTp W

swapf w temp, W

retfie ;Bo3BpaT M3 NpepEBaHUS
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main ;TylaBHag oporpamMa

movlw b'10001000" ; PaspelmTs IpephBaHMe, KOTOPOE BEISEIBAETCS

movwf INTCON ;TIOCTIE MBMEHEHMUS CHI'Hajla Ha Bxozax RB7:RB4 PortB
loop

movlw 0x05 ;3arpy3uTrh 3HadeHre 0x05 B permcTp W

movwf PORTC ;BeBecTn 3HaueHua B nopt C

movlw 0x0A ;B3arpy3urs 3HaueHue 0x0A B permctp W

movwf PORTC ;BeBecTr 3HaueHusa B nopt C

goto loop ; [IOBTOPUTE LIMKJI

B npuBenerHoM nmpumMepe a1 (loop) B 0CHOBHOM IIPOTpaMMe BBITIOTHIETCS MHO-
rokpatso. IIpu sTom monepemerHo BeiBoAsTcs 3HadeHms 0x05 m 0xOA B mopt C.
Ecmu e curnansl Ha BeiBogax RB4, RB5, RB6 unun RB7 u3mMeHs10TCs, TO OHHM BbI-
3BIBAIOT MPEPHIBAHUE, U MPOrpaMMa MEPEXOJUT Ha MporpaMMy oOpaboTdnKa mpe-
peiBaans. [lociie BOZHWKHOBEHMS TMPEPHIBAHUS TPEXKIE BCETO HYXHO BPEMEHHO
COXPaHUTH COAEpXKUMOe perucrpa W M perucrpa COCTOSHHS, YTOOBI TOCTE BBI-
TTOJTHEHHS TIPOTPaMMBI 00pabOTKHA MOXHO OBIIIO OB CHOBa BEpHYTh WX IIEPBOHA-
YanbHBlE 3HaueHHs. B mporpamme o0paboTku mpepwiBaHus NopT B uuraercs u
konpyetcs B nopT C, 3aTeM MpoaoinKaeTcsi ocHOBHas mporpamma. Camo coboii
pasyMmeercs, YTO TaKXKe MpH Tepexoae B MporpamMmy oOpaOOTKH MpephIBaHUS
B CTEKE COXpAaHSETCS 3HAYeHHE MPOTPAMMHOTO CYETYMKAa W BOCCTaHABIIMBAETCS
00paTHO M3 CTeKa B MPOrPaMMHBIN CUETUYHK C MOMOIIbI0 KOMaH/bl retfie. OOMe-
HATh MECTaMHM MOTy0alThl JaHHBIX B peructpe W ¢ MOMOIIbI0 KOMaHAbl swapf He-
00X0MMO, T. K. KOMaHJa movf w_temp CHOBAa MOTJIA OBl MOBJIHUATH B PETHCTpPE CO-
CTOSTHUA Ha (har HyJIeBoro pesynbTara. [10cKoNbKy MpH MOSBICHUU MPEPHIBAHUS
HE W3BECTHO, KakoW OaHK B JIaHHBIH MOMEHT aKTHBEH, BPEMEHHBIE PETHCTPHI
w_temp u status_temp JOJDKHBI UMETh aIpeC, KOTOPBIA UMEETCS] B HAJTUUHUU B KaX-
nom Oanke. [loaromy s permcrpa w_temp BbeiOupaetcs aupec 0x70, a mist
status_temp — 0x71. CnenyeT 3aMeTUTh, YTO, YTOOBI TAPaHTUPOBATH JIYHLIYIO Ha-
[JIATHOCTh, B PUBEACHHOM IIpUMeEpe NMpolieypa MHULHAIN3ALUY IOpTa OMyIeHa.

Komanoa: incfsz

Hasnauenue: [TpubaBute 1 K cOmEpKUMOMY PETHCTpPa, aApec KOTOPOTO
ykaszan mapamerpom f (F-permctpa), u mpomycTuth cie-
JYIOLIYIO KOMaHAy, €Cllu pe3yiabTaT paseH

Cunmaxcuc. incfsz f, d

Usmensemvie pracu. Het

Komannma incfsz (puc.2.4) UpUHAAICKHUT K YCIOBHBIM KOMaHIAM MEpPexoja,
MOCKOJIBKY TI€PEXO/]] OCYLIECTBISETCS TOJBKO, €CIHM MOCIe WHKPEMEHTHPOBaHHS
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pe3ynerupytoniee 3HadeHue 66u10 paBHo (. [Ipu 00paboTke KOMaH/IBI MPOUCKOIUT
creayromee. CoaepkUMoe perucTpa, ajpec KOTOporo ykasaH mapameTpom f
(F-peructpa), yBenuuuBaercs Ha 1, 3aTeM MPOBEPSIETCS, MOAYIUIICS JIU PE3yIbTAT
paBubiii 0 (OxFF + 1 =0x00). Ecnmm 3TO0 neHCTBUTENBHO TaK, TO CIEAYFOIIas
KOMaH/1a MPOIMYCKaeTCs MM OHA MEHsAETCS Ha KoMaHay nop (NO operation — uet
oreparun). [ToaTOMy B KOMaH/Ie HCIONB3yeTCs 2 KOMaHIHBIX IMKIIA B CiTy4dae Ie-
penaun ynpasneHus. Eciu ske pe3ynbrar He paBeH 0, TO HUKaKOTrO Iepexona He
IIPOUCXONT, a BBIIOJTHICTCS CIICAyIomas Oirkaiiias KOMaH/ia, ¥ B 3TOM Cliydae
JUTSE KOMaHJIbI JIOCTATOYHO TOJBKO OJHOTO KOMAHJTHOTO ITUKJIA.

[Mocie BBITIONHEHNUS KOMAHIBI PE3yJIbTAT 3alMCHIBACTCS B 3aBUCHMOCTH OT Tapa-
metpa d B peructp W (d = 0) wu F-peructp (d = 1).

incfsz

YBenuuntb Ha 1

3HaveHve
pasHo 07?

Brkanwas

nop
koMaHaa

A

Brkanwas
KomMaHaa

Puc. 2.4. Komanga nepexoga INCFSZ
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Ipumep:
movlw OxE9 ;B3arpy3uTh sHadeHue 0xF9 B permcTp W
movwf 0x20 ; CKOMIMPOBATE 3HAueHMe B perucTp ¢ ampecoMm 0x20
counter ;MeTka Hauajsla LMKJIA
incfsz 0x20, 1 ;YBemuuuThL Ha 1 comepximMoe permcTpa c ampecoM 0x20
goto counter ;Ecom pesysnbTaT He paBeH 0, meperTM Ha MEeTKy counter

st neMoHCTpauy KOMaHbl incfsz B JAHHOM MPUMeEpE K COJEPKUMOMY PErHucT-
pa ¢ anpecom 0x20 B 1ukIiIe pubaBsieTcs 1, HaunHas ot 3HadYeHns 0xF9 u 3akaH-
guBasg 0x00 (OXFF + 1). Ilpu 3TOM Tako# ITUKJI, HAIIPUMEP, MOXKET IMPUMEHSITHCS
JUIsl BpeMEHHOH 3a/IepKKu. B ommucanHoM mpuMepe a1t 00paOOTKH KOMaH/ incfsz
U goto TpeOyroTcs Bcero 20 KOMaHAHBIX IMKIOB. OTO COOTBETCTBOBAIO OBbI TP
TaKTOBOH yacToTe MUKpoKoHTpoiutepa 4 MI'11 3agepikke paBHOM 20 MKC (TIOCKOJb-
Ky LUK BBIIOJTHEHUS OJHOM KOMAaHIBI COCTOWT W3 4 TEepHoI0B TaKTOBOW dYac-
TOTBI).

Komanoa: decfsz

Hasnauenue: Brruects 1 W3 comep)XUMOro perucrpa, ajapec KOTOpOoro
ykazan mapamerpom f (F-peructpa), u mpomyctuts cie-
IYIOLIYIO0 KOMaHAY, €Clii pe3yibTaT paseH 0

Cunmarcuc. decfsz £, d

Usmensemvie pracu: Het

B oTnuume oT KOMaH/bl incfsz MPH BBIMOJHEHHH KOMaH/IbI decfsz (puc. 2.5) co-
Jep)KUMOe yKa3zaHHOro F-perucrpa He yBennyuBaeTcs, a yMmeHblnaetrcs Ha 1. Pe-
3yJIbTAT TAK)KE COXPAHSETCS B PETHCTPE, YKa3aHHOM IapaMeTpoM d, T. €. B perucT-
pe W npu d =0 wim B F-peructpe mpu d = 1. [locie onepanun yMeHbIIEHHUS Ha
equHULy npoBepsieTcs, paBeH Ju 0 pe3ynbTaT. Eciu 3T0 NEHCTBUTENBHO TakK, TO
cleayromas KOMaHJa MpOITycKaeTcsl WIM WHauye OHa MEHsIeTCS Ha KOMaHAY nop.
[ToaToMy B KOMaHJe HMCHOJIB3yeTCs 2 KOMaHAHBIX IUKJIa B cly4ae Mepeaaydu
ynpasienus. Eciu sxe pesynbrat He paBeH (), TO HUKAKOTO Mepexojia He MPOUCXo-
IUT, a BBIIOJHACTCS ClEAyIoIlas OyvKaliias KOMaHIa, M B 3TOM cilydae UL
KOMAaH/IbI IOCTaTOYHO TOJIBKO OJJTHOT'O KOMaHIHOTO LIMKJIA.

Ipumep:
movlw 0x09 ;3arpys3uTrs umciio 0x09 B permcTp W
movwf 0x20 ;B8arpysuTs ero B perucTp 0x20, MCOONB3YS KaK CUeTUMK
movlw 0xA6 ;B3arpy3uTth umcio 0xA6 B permucTp W
movwf 0x21 ;3arpy3uTh ero B permcTp 0x21, mMcnonb3ysa Kak padouni
shift ;MeTka Hadajla UMKJa

rlf 0x21, 1 ; IMKIIMUEeCKM COBUT BJIEBO COIEPXMMOT'O pabouero per.
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decfsz 0x20, 1 ;YMEeHBUMTL BHAUEHME CUeTuMKa Ha 1

goto shift ;BosBpamaThbcsa Ha MeTKy shift mo Tex mop, noka cuerumk # 0

decfsz

YMeHbLNTL Ha 1

3HayeHne
paBHo 0?

\ 4
Brvkaniasn
nop
KomaHga
»i
Y

Brvkaniasn

KomaHga

Puc. 2.5. Komanga nepexoga DECFSZ

Conmepxxumoe pabodero perumctpa ¢ agpecom 0x21 9 pa3 moOUTHO IUKIHYECKH
CIBUIAETCSl BJIEBO C HCIIONb30BAHMEM OWTa IEPEHOCA PErucTpa COCTOSHHUS
STATUS. Ilocne BrimomHEeHHs KOMaHJ MPOTpaMMBI B pabodeM perucTpe ¢ aape-

com 0x21 OymeT TO e camMOe 3HAYCHHWE, YTO W JIO BBIIOJIHCHUS CIBHUIOB, T. €.
OxAG.

Komanoa: btfss

Hasnauenue: [TpoBepuTh OUT b B perucrtpe, agpec KOTOPOro yKasaH ra-
pametpom f. TIponycTuTh CIeIYIONIYI0 HHCTPYKIHIO, €CIIN
out b pasen 1
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Cunmaxcuc:. btfss f, b

Usmensemvle pracu: Her

[Ipu mporpammupoBaHny Ha acceMOiepe 4acTo TpeOyeTcs MPOBEPUTH COCTOSHUE
oT/enbpHOro 6uta B peructpe (puc. 2.6). Hanpumep, Hy)XKHO 3HATh, BCTPETHIICS JIH
IIpH CIIOKEHWW JIByX 3HA4YeHWil mepeHoc. UToOBl MpOBEpUTH 3TO, B PETHUCTpE
COCTOSIHUSI MOKHO TIPOBEPHTH (iar nepeHoca. B npuHIuIe, Bce perucTpbl COCTOST
13 OTAENBHBIX OMTOB, KOTOpPHIE, B 3aBUCUMOCTH OT COCTOSTHHSI OTI€paIli, yCTaHaB-
JIUBAIOTCS MM COPACHIBAIOTCA.

btfss f, b

MpoBeputb 6UT b

Oa

Het
Y
Brvkanwas
nop
KomMaHaa
)
Y

Brkanwas

KoMaHaa

Puc. 2.6. KomaHaa nepexoga BTFSS

Tlpumep:

movlw 0xD6 ;3arpy3uTh 3HaueHme 0xD6 B permcTp W
movwf 0x20 ;CkOmMPOBaTL €TI0 B permcTp Cc ampecoMm 0x20
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weiter ;MeTka Hadasla LMKJIa
movliw d'5' ;Barpy3uTs B permcTp W umciio d'S!
addwf 0x20, 1 ; CnoxaTh comepxmmoe permcrpa W m permcrpa 0x20
btfss STATUS, C ;[lpoBepUTL, OBUT JIM IIEPEHOC
goto weiter ;eciy nepeHoca He OBUIO, TO IIEPeMTM Ha MeTKy welter

B npumepe necsatudHOe 3HaUeHWE 5 MpHUOABIAETCS K 3HAUCHHIO B peructpe 0x20
JI0 TeX Top, MoKa He OyzAeT nepeHoca. Eciu Oyner nepenoc (OUT perucrpa cocTosi-
mus STATUS C=1), To nuKiI OKaHYMBAETCSA, U KOMAaHAA goto 3aMEHSETCS Ha
KOMaH1y nop (HET OTEepaIlii) WIK WHAYE TTPOCTO MPOIYCKaeTCs.

Komanoa: btfsc

Haszuauenue: ITpoBeputs 6utT b B peructpe, aapec KOTOpOro ykasas Ia-
pametrpom f. TIpomycTUTD CIIEAYIONIYI0 HHCTPYKITHIO, €CITH
out b pasen 0

Cunmaxcuc: btfsc f, b

Usmensemvle pracu. Her

UroObl mpoBeputh, 0 wian 1 comep HUT OUT B perucrpe, MCIONB3YIOT KOMaHIy
btfsc (puc. 2.7). [Ipu 3TOM eciu npoBepsiemblid OuT paBeH 0, TO KOMaHa, KOTOpas
HETIOCPEACTBEHHO CTOMT 3a KOMAaH/AOH btfsc, MpomyckaeTrcs. Hymepauus Outos
B peructpe HaunmHaercs ¢ (. CrnegoBartensHo, crapmuii 6ut (MSB) — ato 6ur 7,
a muaammii (LSB) — out 0.

Ipumep:
movlw 0x00 ;OuncTuTs peructp W
movwf 0x20 ;OurcTUTE permcTp C ampecom 0x20
loop ;MeTka HauvaJla LUKJIa
btfsc 0x20, 7 ;llpoBepuTs OUT 7 B perucTpe c azmpecom 0x20
goto addl0 ;Ecom 6ur 7 = 1, TO nepertu Ha MeTKy addlO
add5
addlw d4d'5! ;Ecoim 6ur 7 = 0, TO moBaBuTh 5
bsf 0x20, 7 ;YcraHoBuTs OuT 7 B permctpe 0x20
goto ende add ;TlleperiTyt Ha MeTKy ende add
add10
addlw d4d'10' ;Ecom 6ur 7 = 1, To moBaBuTh 10
bcf 0x20, 7 ;OurctuTe OMT 7 B permcTpe 0x20
ende add
goto loop ;lleperiTt ¥ MeTKe loop

B npumepe nmporpaMmsl fecITHYHOE 3HaYeHUE S win 10 monepeMeHHO J00aBIsIeT-
¢ Kk conepkumomy peructpa W. Eciin OUT 7 yCTaHOBJICH, TO K 3HAYCHUIO B PETHU-
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ctpe W npubasnsercs 10, a ecu 6ut 7 He ycraHoBjeH (paBeH 0), To mpubasiseT-
Cs TOJIBKO 5.

btfsc £, b

MpoBepuTb 6UT b

Oa

Het

Brkanwasn

nop
KomaHaa

A

Brkanwas
KomaHaa

Puc. 2.7. KomaHga nepexoga BTFSC

2.2.7. NMpoyne KomaHAbI

Komanoa: nop
Hasnauenue: Her onepanuu (mycras onepariust)
Cunmaxkcuc: nop

Hzmensiemvle ¢hnacu.  Her

Ecau KOMaH/Jia nop YKa3bIBACTCA B IIPOrpaMMe, TO MPOUECCOP IMPU €€ BLIIIOJIHCHUN
HHYCTO HC IOCJIacT. Bo BpEMA KOMaHIHOI'O IHUKJIa HUKAKHUE OICpaliui HE 3aITyCKa-
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I0TCA. DTa Ha TMEPBBIA B3I OECCMBICICHHAss KOMaHJa OXOTHO HUCIONb3yeTcs,
4TOOBI 33/1aBaTh HEOOIBIIOE BPEeMsl OKUIaHWs B Tiporpamme. Eciu ocymiecTsiser-
csi, HaIpUMep, KOMMYHHKAIIUS C JIPYTUM MOJYJIeM, KOTOPBIH HYXIaeTcsi B JBYX
KOMaHJHBIX IMKJIAX JJIsi OTBETa Ha COOBITHE, TO MOXKHO BBOJHUTH B MPOTPaAMMY
KOMaHy nop 2 pa3a M NPeJOCTaBIATh, TAKUM 00pa3oM, BTOPOMY MOMAYJIO HE-
0OJIBITIIOE BpeMS ISl OTBETA.

Tlpumep:
movlw d'100' ;3arpy3uTh B permcTp W sHaueHme 100
movwf 0x20 ;llepeMecTUTh €0 B permcTp C azmpecoM 0x20
wait2us
nop ;XmaTe 1 KOMaHIHEDI LMK (Impy dactore 4 MI'm 3To 1 MKC)
nop ;Oxmanme eme 1 MKC
incf 0x20, 1 ;YBemmuuuThs Ha 1 BHaueHMe permctTpa ¢ ampecoM 0x20

B sToM mpumepe mporieccop BBITTOTHSAET ONEPAdi0 MHKPEMEHTHPOBaHU (yBeNln-
4yeHust Ha 1) TONBKO TOCJIe BPEMEHH OXHIIAHUS, PABHOTO JIBYM KOMAaHIHBIM ITHK-
Jam.

Komanoa: clrwdt

Hasuauenue: Ounctute cropoxkesoit Taimep WDT wu mpennenwrens,
ecnu OH mojkitoueH K taitmepy WDT

Cunmarcuc:. clrwdt

Usmensemoie prnacu: TO, PD

Watchdog nepeBonutcs nocimoBHO "cTopoxkeBasi codaka" mporeccopa. ITa KOMaH-
Ja — 3ammTHas (YHKIOUS MHKPOKOHTPOJUIEpAa M HCIIONB3YeTCs Uil TPOBEPKH
MPaBUIBHOW paboTocmocoOHOCTH Tpormeccopa. CropoxkeBoit Ttaiimep WDT
(Watchdogtimer) ycranaBiuBaeTcs U pabOTaeT B PeKUME 0OPaTHOTO OTCYETa Bpe-
MeHH B (poHOBOM pexxkume. Eciam 3TOT OTcueT BpeMeHH IOXOJHT 10 KOHIA, T. €.
MPOMCXOINUT TepernoHeHne cropokeBoro taitMepa WDT, To BeimonHsiercst copoc,
U TPOLIECCOP MEPEBOIUTCS B HaUalIbHOE cOCTOsTHIE. YTOOBI mporeccop He cOpachl-
BJICS, CTOPOKEBOM TaiiMep IODKEH NEepPHOJMYECKH OYHIIATHCS C TOMOIIBIO
KOMaH/bl clrwdt WJIM yCTaHABIMBATHCS CHOBAa Ha 3HAUCHHE JUIS 3aIlycKa. JTO
OYeHb YAOOHO AJs BBIBOJA Ipolleccopa W3 HENpeAHAMEPEHHOTO OECKOHEYHOTO
nuka. [Iporeccop U3 3TOro HUKIa MOXKHO OBUIO OBl BRIBOAUTH TOJBKO BBIKITIOUE-
HHEM M CHOBa BKJIIOYEHHEM MHUKPOKOHTpOIUIepa. DTO abCOIIOTHO HE Tpedyercs
IIPY MCHOJIB30BAHUH CTOPOXKEBOTO TaiiMepa. OH MOXKET BKIIIOYAThCS U OTKIIIOYATh-
Csl YCTAaHOBKOW OWMTOB KOH(MUrypamuu. BUTBI KOHQHTypamuu MOTYT yCTaHABIIHU-
BaTHCS TOJBKO TEPE MPOrpaMMHUPOBAHHEM.
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Ipumep:

main ;TylaBHAsA nporpaMMma

bsf STATUS, RPO
bcf STATUS, RP1
movlw b'11001100"'
movwf OPTION REG
bcf STATUS, RPO
bcf STATUS, RP1

new

movlw OxFF
movwf 0x20

wait

decfsz 0x20

goto wait

clrwdt
goto new

;llepexIounTHCS Ha Bauk 1 (mjis BeIOOpa perucTpa)

;YCTaHOBUTE KOBQIMLIMEHT HeJleHMs Ui MpennesimTelis
; cTopoxeBoro Tavmepa WDT papHent 1:16

;llepexsmounThbcsa Ha Bank 0

;MeTka new

;3arpysuTs B perucTtp W umcio OxFF

;llepeMecTUTs DTO UMCJIO B peImcTp c ampecoM 0x20
;MeTka weit

;YMeHBIMTE Ha 1 comepxmmoe permcTpa 0x20 m

; IPOIIyCTUTE CJIEOYIIyld KOMaHIy, ecim pesymnsTar = 0
;Ecim permctp 0x20 He paseH O,

;TO IEPENTM Ha MeTKy wait

; OunMCTUTE CTOPOXeBOM Tavmep WDT

;llepeliTt Ha METKY new

CropoxeBoil TaiiMep pabotaeT oT BHyTpeHHero RC-reHepaTopa M MO3TOMY HE
HYX/IaeTcsl HM B KaKOM BHEIIHEM TaKTOBOM TeHepaTope. THIMYHOe 3Ha4YeHue Ie-
puoja sToro reHeparopa st MukpokorTpoiuiepa PIC16F876A cocrasuser 18 mc,
HO MOXeET ObITh U3MEHEHO B mpejenax oT 7 1o 33 mc. Ilepuon aToro reneparopa
OTIpeieNIsieTCd 3HAYCHUSIMH COTPOTHBIICHHUS BHEIIHETO PE3UCTOpPa, EMKOCTBIO
BHEITHETr0 KOHJeHcaTropa W paboduell TemmepaTypoldl MHUKpPOKOHTposuiepa. Takum
o0pa3zom 0e3 IpenBapUTEILHOTO AETUTENS YacTOThl CaMOe [UINTENLHOE BpeMsl 10
cOpoca, Ipu YCIIOBHH YTO CTOPOXKEBOH TaliMep HE OUYMILAETCS, COCTABIACT OKOJIO
18 mc. C moMomipio mpeiBapUTEIBHOTO ACIUTENS YaCTOTHI MOXKHO 3TO BpeMs yBe-
JUYUTh MAaKCUMyM J10 2,3 ceKyH]l (MakCUMallbHbIH Koadduiment nenenus 1:128,
nostoMy 18 Mc x 128 = 2304 mc ~ 2,3 ¢). KoaddunmeHnt neneHus npenBaputelb-
HOTO JenuTens 4acToThl ycranaBnupaercs B peructpe OPTION REG. B npumepe
9TO 3HAYCHHE YCTAHABIMBAJIOCH Ha 3HaueHUE 1:16, a 3T0 3HAYUT, YTO MPOIECCOP
Oyzmer cOpacsiBaThbcs mocie 288 Mc, eciad 3a 3TO BpeMs He OyAeT NpUMEHEeHa
KOMaHJa clrwdt. B mpuMmepe ocymiecTBisieTcss OOpaTHBIA CUET B LUKJIE CHOBA M
cuosa ot 3Hauenus OxFF no 0x00.

Komanoa: sleep

Hasnauenue: IepeiiTn B peXHM CBEPXHH3KOTO SHEProONOTpeOICHUS
SLEEP

Cunmaxkcuc: Sleep

Usmensemvle pracu:  TO, PD
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MUKpPOKOHTPOJUIEPHI YacTO MPUMEHSIIOTCS AJsl YCTPONCTB, MUTAIOIIKUXCA OT Oara-
peek. IlockonpKy OaTapeki HMEIOT OTPaHHUCHHBIN CPOK IKCIUTyaTaIllH, TO HAIO
KaK MOJKHO 0ojiee SKOHOMHO OOXOJUTBHCS C HaXOJSIIEHCS B PaCIOPSHKEHUH SHEP-
rueil. He TpeOyercs ocTaBisATh MPOIECCOp TMOCTOSHHO BKIIOYEHHBIM, HAIpPHMEp,
€CIIi 3HaYeHHE TeMIIepaTyphl JOKHO U3MEPATHCS BCETO TOJIBKO 2 CeKyHIBI. Jlis
Mepexoia B PEXUM CBEPXHU3KOTO JHEPronotpediieHus (pescum odxcudanus —
anrin. SLEEP) u cinyxut xomaHna sleep. C mOMOLIBIO 5TOH KOMaHABI B pabouem
COCTOSIHUM TOJICP)KUBAETCS JIMIIb YacTh MUKPOKOHTPOJUIEPA M MO3TOMY-TO H
pacxomyercs TOIbKO MUHIMYM 3JIeKTposHepruu. KoHTposuiep MOKHO JIeTKo mepe-
KIIOYNUTH Ha3a[ B HOpMalbHOE pabouee COCTOSIHHE Pa3IMYHBIMH criocobamu, Ha-
pUMep, 110 MEPENOTHEHUI0 cTopoxkeBoro Taitmepa WDT.

lipumep:
bsf STATUS, RPO ;llepexmounTbCa Ha BaHk 1 (OJ19 BBEIOPAHHOT'O PEerucTpa)
bcf STATUS, RP1
movlw b'11001111" ;YCTaHOBUTE KOSOOULIMEHT OeJIeHMs IJIS [pennesiuTelis
movwf OPTION REG ; cTOopoxeBOTO TavMepa WDT paBuent 1:128
bcf STATUS, RPO ;llepexmounTbCa Ha Bank 0
bcf STATUS, RP1

read
movf PORTA, 0 ;UMTaTe 3HadeHue Mn3 nopra A
movwf 0x20 ;COXpaHUTL BHAUeHue B permcTp C azpecoMm 0x20
clrwdt ;OUMCTUTE CTOPOXeBOM Tavmep WDT
sleep ;llepeliT B PeXMM INOHWKEHHOTO SHEPI'ONOTPeOJIeHUS
goto read ;UMTaTh Cclemynlee 3HadeHMe Iocjie NpoOyXIeHMUS

B npumepe 3HaueHue u3 mopra A duTaeTcs MPUONU3UTENBHO 2,3 CEKyHIIBI B CO-
xpansiercst B peructpe 0x20. Ilocne uTeHuss mopra MpOLECCOpP MEPEXOIUT CHOBA
B peXUM 3HeprocOepexxenus. IIporeccop MOXXeT NepeBOIUTHCS U3 COCTOSIHUSA I10-
HWDKEHHOT'O 3JIEKTPONOTPEOIeHNST B HOPMaJIbHBIN paboumii pexXxuM Takxke 10 Ipe-
pPBHIBAaHHIO, CMEHOM CHT'Hajla Ha BBIBOJAAX MopTa B wim mpepsiBanueM ot nepude-
puu (Harpumep, USART).
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Ilocne kpaTkoro paccMOTpeHHsI CTPYKTYPbl MHUKPOKOHTpOJIIEpa B ITOH IJIaBe
MpeaCTaBIsieTCs unmezpuposannas cpeda npoexmuposanuss MPLAB ot komnanuu
Microchip. OT1o mpodeccroHanbHBIii HHCTPYMEHT, B KOTOPOM HMeEETCS BCE, 4TO
TpedyeTcs Uil IporpaMMHUPOBaHUsI MUKPOKOHTposuiepoB. Ha BeO-cTpanune kom-
nanuu Microchip (Www.microchip.com) MokHO GecIuiaTHO 3arpy3uTh U HCIIOJb-
30BaTh MOCIEIHUE BEpCHH MporpaMMHoro obecriedeHusi. OqHa U3 BepcHil cpenbl
npoextupoBanust MPLAB HaxoguTcs Takke Ha MpUiIaraéMoM K KHUTE KOMIIAKT-
Iucke. B cpene mpoekTupoBaHMs C MOMOILBIO acceMOiepa MOXHO NPOrpaMMHUpPO-
BaTh KOHTPOJUIEPHI, TPOU3BeeHHbIe KoMmnanueil Microchip. Kornedno, MoryTt OBITh
HCIOJIBb30BaHbI U APYIru€ BCTPOCHHLBIC C'KOMHI/IHHTOPI)I, A1 IPpUMEHCHUA KOTO-
PBIX, OHAKO, HYXKHO MPUOOpETaTh y COOTBETCTBYIOUIETO MPOM3BOJUTENS JTUIICH-
3MI0, YTO COIIPSDKEHO C OIPEIEICHHBPIMU MaTepUaAIbHBIMH 3aTPaTaMH.

JInst mporpaMMHUpPOBaHKsT MUKPOKOHTpOJUIEpA B CPele MPOCKTUPOBAHUS HMEETCSI
TEKCTOBBIH PEAAKTOP C CHHTAaKCHYECKOW MOACBETKOW (IIBETOBOE pa3HMYEHHE KO-
MaHJl, Yhcell U TpUMeYaHuil). B TEeKCTOBOM penakTope MOTYT 3a/laBaThCsl KOH-
mponvibie mouku ocmanosa (aHri. Breakpoints), ¢ moMmoIipi0 KOTOPBIX MPO-
IPaMMHBIH KOJI MOXKHO BBINOJHATH YaCTSMH, MOCTENeHHO. [y mpocMoTpa TeKy-
IIIEr0 COJEPKUMOTO PETUCTPOB MOKHO BBIOMpATh MEXKIY pa3HbIMH BHIAMH
orobpakenusi. Kpome Toro, B cpey MpOSKTUPOBAHHS BXOJIUT BCTPOCHHBINA CUMY-
asitop. C ero MoOMOIIBI0 MOXKHO THCAaTh MPOrpaMMHOE 00ECIICYeHHUE Uil MUKPO-
KOHTpoJuIepa 6e3 MOIKITIOYEHHST MUKPOKOHTpoJuTepa. [IepcoHaIbHBIA KOMITBIOTED
UMHTHPYET (CHMYJIMPYET) MPHHIMIT PabOThl KOHTpOJiepa. MOKHO MOCMOTPETh
CHT'HaJIBI BO BPEMEHH, U3MEHUTh COCTOSIHUE CHUTHAJIa BXOIHBIX BBHIBOJOB HJIH HC-
M0JIb30BaTh CEKYHIOMED, YTOOBI ONPEACITUTD JTHTEILHOCTD IIUKIIA.

UYroObl 0TIaAUTh HEKOTOPYIO pabodyr0 CXeMy Ha OCHOBE MHKPOKOHTpOJUIEpa, all-
napaTHbBIE CPEICTBA U MPOrpaMMHOE OOecieueHIe JODKHBI HaUIeKaluM 00pa3oM
MeXIy coboi (yHKIMOHMpOBaTh. lIpM NMpUMEHEeHHH BCTPOCHHOTO CHUMYIATOpa
UMeeTCsl OYCHb XOpOoIlasi BO3MOKHOCTh pa3JefIieHHs] MPOTPaMMHOTO o0ecIieueHHsI
U anmapaTHBIX CPEACTB. B TakoM ciydae MOXKHO HCCIEOBATh TOJBKO MPOTPaMM-
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Hoe obecrieueHre. Bo3MokHbIE OMMOKM MOHTaka MUKPOKOHTPOJIIEpa HE UTPAIOT
TOTJIa POJIA U TIPOrpaMMHOE 00ecriedeHrne B MUKPOKOHTPOILIEP 3arpyKatoT TOJIBKO
MOCJI€ YCIECIIHOW CUMYIALMU. 3aTeM JOJKHBI TECTUPOBATHCS BO3MOXKHOCTH MUK-
POKOHTpOJIIEPA M YCTPAHATHCS OIMMOKH C MTOMOIIBIO BCTPOEHHOTO B CPEAy MPOeK-
TUPOBaHUS OTJIaqYMKa. TakuMm 00pa3oM, MOUCK M YCTPAaHCHHE OLIUOOK MOMKET
MPOXOAUTH B MOIIATOBOM PEKUME.

3.1. YctaHoBKa MPLAB

Bepcust v8.10 mHTerpHpoBaHHONW cpenbl mpoektupoBanns MPLAB naxomurtes
B katamore \Mplab\Installation Ha mpuiIaraeMoM K KHHMIe KOMIIAKT-IHUCKe. YCTa-
HOBKa TIPOTPaMMHOTO OOecmedeHusi OCYIIeCTBISIETCS TMocie 3amycka (aiima
Install_ MPLAB_v810.exe.

3.2. HacTpouka KaTtanora npoekTra

Ha xoMmakT-mucke HaxoAUTCs MHOTO HNPUMEPOB, C KOTOPBIMH MOXKHO Cpa3y kKe
HavyaTh paboTaTh ¥ UMUTHPOBATH CO BCTPOCHHBIM cuMmyisTopoM MPLAB. Uto0Obt
paboTath ¢ mpuMepaMu, Hy’)KHO CKOIIMPOBATh WX B MAIIKy HA JKECTKOM JIHCKE, TaK
KaK IpY W3MEHEHMAX B NMPOTPAMMHOM KOJIe (aiiibl TaKKe JOJDKHBI COXPAHSATHCS.
Bo Bcex mpumepax Obuta coxpaHeHa pabodasi cpeia, Tak YTO HYXKHBIE YCTaHOBKH
y’ke ObUIM cAeTaHbl MpH 3amycke. B 3ToMm ciydae mporpamMmy MOXKHO 3aIlyCKaTh
cpasy. Pazymeercs, He0OX0AMMO MOJTHOCTBIO CKOMUPOBATH KATaJlol ¢ pUMEpaMHu
Ha JKecTKui auck, ykasas myTh C:\PIC. B paboueii cpesie coxpaHeHo o0Iiee umst
IYTH U TIOATOMY TP HEBEPHOM yKa3aHHH MMEHH Katayora 0oJblie Hu4ero He Oy-
IeT HalifieHo. B TakoMm cirydae B pabodeii cpefie moTpedyercst moApoOHO YKa3hIBaTh
ums myTd. TeM He MeHee, YTOOBI pelaKTHPOBATh NMPUMEPHI, B JPYroM KaTaiore
MOYXHO BBITIOJIHUTh HACTPOMKH C MOMOIIBIO JrajioroBoro okHa Project Wizard
(Mactep mpoekra). OTKpoliTe mpuMep JBOWHBIM IIEIYKOM Ha (aiine ¢ pacmmpe-
HHUEM mMCW. 3aTeM OTKpOWTEe MepBOoe OKHO MacTepa mpoekra Project Wizard, uc-
mosb3yst kKomauay menio Project — Project Wizard (ITpoekt — Mactep mpoek-
Ta). B mepBhIX IBYX OKHaX MacTepa MOYKHO TMOITBEPIUTh BCE HACTPOUWKHU IO YMOJI-
YaHUIO, UCTIONB3Ys KHOMIKY [lanee (Next). Toibko B JUAIOTOBOM OKHE Ha TPEThEM
miare Hactpoiiku Step Three (Tpertuit miar) (puc. 3.1) Hy)XHO BBIOpaTh pasmen
Reconfigure Active Project (M3MeHUTh KOHHUTYpallid aKTUBHOTO MPOEKTA) U B
HeM mepekiodaTesnb Save changes to existing project file (Coxpanuth u3mene-
HUS B CyIIECTBYIOIIEeM (haiiie mpoekTa).

[Tocne sToro mara mytu OyxyT OOGHOBJIECHBI, U IPOTPaMMa MOKET ObITh CKOMITHIIU-
poBana. Ecnu 3Ta npoueaypa He IPUBOIUT K JKEJIAEMOMY YCIEXY, TO HYXKHO CO3-
JlaTb HOBBIM NMPOEKT M MMIIOPTHPOBaTh HeoOxomumele (haitnbl accemOnepa. Kak
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CO3/1aBaTh TPOCKTHI M KaK MOXET HCIOJIb30BAThCS BCTPOCHHBINH CHUMYISTOD,
0OBSICHSIETCS [TaJIee.

Crnenytoniee onmucaHue OOBICHSIET TOIBKO CaMble BaXKHBIC (DYHKIHMH CPEJIbI IPOCK-
tupoBanusi MPLAB, koTopbsie TpeOyrOTCsI JJIs 3aIyCcKa MPUMEPOB, JIAHHBIX B 3TOM
kaure. /s 6oree moapoOHON HHGOPMAIMKA Ha TIPHIIAraeMOM KOMITAKT-THCKE HITH
BeO-cTpanuiie koMmanuu Microchip uMeeTcst TIoJTHOe PYKOBOJICTBO IO dKCILTyaTa-
nuu (Ha aHTJIMHACKOM SI3BIKE), B KOTOPOM JOCTaTOYHO ITOJAPOOHO OOBICHEHHI BCE
cBolicTBa cpenbl npoektupoBanuss MPLAB.

Project Wizard

Step Three: L
Create a new project or reconfigure the active project? f{@}

i Create New Project File

Browse |

(8 Reconfigure Active Project
(" Make changes without saving

(@ Save changes to existing project fila

(" Save changes to another project file

ID \WPIC\DemoProjekt mep Erowse... |

<Hazan I Hanee > I Otrena | Crpagwka |

Puc. 3.1. NameHeHune KoHdbUrypaumm B gnanorosom okHe Project Wizard

3.3. Co3pgaHue npoekTa

[Tocne ycmemHoi uHCTAIALUU cpeAa npoektupoanus MPLAB moxer 3amyc-
Karbcsl. UToOBI HamucaTh HporpaMmy Ha accemOuepe Al MHUKPOKOHTPOJUIEepa,
CHayaJla Hy’>)KHO CO3JaTh IIPOEKT, B KOTOPOM 3aJaeTCsl UCIOIb3yEeMbIi MUKPOKOH-
Tpoysiep WM uMsA mpoekTta. [y co3maHusl MpOeKTa 3alyCTHTE MacTep IMPOeKTa
Project Wizard (Macrep npoekTa) ¢ omorisio meHio Project — Project Wizard
(TTpoekt — Mactep npoekTa) (puc. 3.2).

Ortkpoetcs auanoroBoe okHo Project Wizard (Macrep mpoekra) ¢ mpUBETCTBUEM
(puc. 3.3). s npopokenus Haxxmure kHonky dasee (Next).

ITocne atoro oTkpoercs auaioroBoe OokHO (puc.3.4), B KOTOPOM C ITOMOIIBIO
packpbiBatorierocs crrcka Device (YcTpoiicTBO) HaO BBIOpATh THIT HCIONb3Yye-
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MOTO0 MHUKPOKOHTpoijiepa. B Hamiem ciyuae criexyeT BBIOpaTh KOHTpOJUIED
PIC16F876A.

# MPLAB IDE ¥8.10
File Edit “iew | Project Debugoer  Programmer  Toog

Puc. 3.2. 3anyck mactepa npoekta Project Wizard

R - |

Welcome!

This wizard helps you create or configure a new MPLAE IDE
project.

Ta continue. click MNext.

< Hezan Hanee » OTHMEHE Crnpaska

Puc. 3.3. NpuBeTtcTBME MacTepa npoekta Project Wizard

PICTEFE7E

PICTEFS77
PICTBFE77A,
PICTEFES
PIC1RFERA?

Pwuc. 3.4. Beibop MUkpokoHTponnepa

[Tocnie TOro KaKk THUI MHKPOKOHTpOJUIepa OBUT BHIOpaH, HYXKHO yYCTaHOBHTb, C IO-
MOIIBI0 KAKMX MHCTPYMEHTOB JOJDKHA TPAHCIMPOBATHCS HAITMCAHHAS MTPOTrpaMMa.
UroObl mporpaMMHpOBaTh Ha acceMOliepe, BHIOMPAIOT KOMIUIEKT WHCTPYMEHTOB
Microchip MPASM Toolsuite. T'ie 3T HHCTPYMEHTBI COXpPAHEHBI, YK€ 3aaHO
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MIpH MHCTATALUH cpefpl mpoektupoBanus MPLAB. Ecnu mHCTpYMEHTHI HE HaXo-
ISITCSA, TO IYTh MOXHO YKa3aTh ¢ TIOMOIIBI0 kKHonku Browse (IIpocmotp).

Project wizard [ x] ﬂ

Step Two: r\
Select a language toolsuite

Active Toolsuite:

r~ Toolsuite Contents
FAP;
MPL j 1]

MPLIE Librarian (mplib.exe)

~Location

ChProgram Files\MicrochipWMPASM Suite\bMPASMWIN exe Browse...

Help! My Suite Isn't Listec] | [~ Show allinstalled toalsuites

< Hazan I Nanee > I OTMEHE Cnpaeka

Puc. 3.5. Beibop MHCTpymeHTa

B cnenyromem TpeTbeM OKHE MacTepa IPOEeKTa €CTh BO3MOKHOCTh 33/1aTh MM
HPOEKTY M YCTAHOBHTH, B KAKOM KaTaJlOre OH JJOJDKEH COXpaHsAThCs. HaxaB KHOII-
ky Browse (IIpocmotp) B BeiOpantoii rpymnme Create New Project File (Co3nats
(aiis HOBOTO MPOEKTa) C OMOIIBIO MPOBOJAHUKA MOXKHO BBHIOPATh COOTBETCTBYIO-
HIyFO MAINKy U B MOJIe BBOJA 3a1aTh MMs (aiiny npoekra (puc. 3.6).

—{* Create Mew Poject File

ID:'\PIC\DemoF‘roiekt Browse... |

" Feconfigure &ctive Project

" [iake changes without saving

Puc. 3.6. YkasaHuve nyTu Ans pasmeLLeHns HOBOro npoekTa

Ecnu nmetrorest B Hanmuuu (aiiiel U3 Jpyrux OpOEeKTOB, TO MOKHO AOOABIATH UX K
MPOEKTY C MOMOIIIBIO CICAYIOIIETO IUajoroBoro okHa (puc. 3.7). st 3Toro HyX-
HO CKOMHPOBATh UX 3apaHee B KATaNOr MPOEKTa, YTOOBI (ailiibl mpoekTa He ObLIH
COXpaHEHbI BPa30dpOC MO BCEMY JKECTKOMY TUCKY. Brpouem, ¢aitner MoxxHO 1002-
BHUTh B ITPOEKT U MOIKE, MOITOMY 3TO OKHO MOXKHO MPOUTH 0€3 KaKHX-JIMOO yKa3a-
Huil, HakaB KHONIKY Tajiee (Next).
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Project Wizard B
Step Four: Eﬁ
Add existing files to your project /{’@
g A
ER=T A >>
-El D:
-4 E:
&F Remove

o= I::
IR S

K i

< Hazan I Ranee > I OTMeHE | Cnpaeka |

Puc. 3.7. JobaBneHune darnos

Tenepb Bce ycTaHOBKH, KOTOpbIE TpeOYIOTCS AJSl pa3MEIIeHUs HOBOTO IMPOEKTa,
crenanbl. B urore moydaem 0030pHOE CBOJHOE OKHO MacTepa IPOEKTOB, B KOTO-
POM TIOKa3aHbl BCE BBINOJHEHHBIE ycTaHOBKH (puc. 3.8). Ilocime MX KOpOTKOTo
KOHTPOJISl, €CIIN C/ACNaHHbIe YKa3aHUs BEPHBI, MOJKHO IIENKHYTh Ha KHOTKe I'oTo-
BO (Finish), u mpoekt Oyxaer co3aaH, a [uIst HETO HA JKECTKOM JHCKe OyNeT OTBele-
Ha HEKOoTopas pabouast 061IacTs.

T N |

Summary

Click "Finish' to create/configure the project with these parameters

Project Parameters
Device: FICTBEFE76A

Toolsuite:  wicrochip MPASKM Toolsuite
File: DAPICADemoProjektmep

A nevrworkspace will be created, and the new project added to
thatworkspace.

< Hazan I loToeo I OTMeHa Crpagka

Puc. 3.8. CBogHOE OKHO MacTepa NpoekToB
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3.4. Pa6bouun cton MPLAB

Ha pabouem crone win wWHade B pabodell 00JacTH Cpembl MPOSKTHPOBAHUS
MPLAB noxa eme Hudero Het. [1o3ToMy cHadana Hy»HO OTKpPBITh JBa BCIIOMOTa-
TeNbHBIX OKHA. C OIHOM CTOPOHBI, 3TO — OKHO MpoeKkTa. B HeM OyayT moka3aHsl
Bce (pailyibl, KOTOPBIE OTHOCATCS K MpoeKkTy. Dallibl A peaakTHPOBAHUS MOTYT
OTKPBIBaThCS JIBOMHBIM INETYKOM. OKHO CTAHOBHUTCS BUIMMBIM, €CIH B MEHIO
View (Bun) ycranoButh ¢uaxkok mepex mynkrom Project (Ilpoekr) (puc. 3.9).
Jpyroe BaxxHoe okHO — 310 okHO Output (Pe3ynbrat). B HeM BeIBOASTCS BCE CO-
OOIIeHNs, OMMOKY W MPEIyTPEXISHUS, KOTOPBIE BOZHUKAIOT BO BpeMs pabOTHI CO
cpenoii nmpoektupoanrss MPLAB, mockonbKy BaXHO 3HATh, MIPABHILHO JIU TOJI-
KITIOUEHBI anmapaTHBIE CPeACTBA U YCIEUIHO JIM 3aBEPIIMIICS Mpolecc npeodpaso-
BaHUs. DTO OKHO MOKHO aKTHBH3HUPOBATh Takxke B MeHio View (Bum), HO IpH BEHI-
oope mynkra Output (Pesynsrar). Tenepsr MOKHO HACTPaWBaTh Pa3MepPbl OKOH U
WX pacriojiokeHue Ha paboueii oonactu. [Ipu 3aBepiieHnu paboThl CO Cpeoi Mpo-
extupoBanusi MPLAB 3710 pacmonokeHne OKOH COXpaHseTCsl, TaK YTO MOXKHO
CTapTOBaTh TOCIe OOHOBIIEHHOTO BBI30BAa MPOEKTa CHOBA M CHOBA C TOCIETHETO
€ro TPeACTaBICHHS.

# DemoProjekt - MPLAB IDE v&.10
File Edit | Yiew Project Debugger  Program
J D @ v Project

v Qukput

Toolbars

Puc. 3.9. Hactpoiika Buaa npoekta

IToCKONIBKY TIPH CO3aHKUH MPOEKTa HUKAKUE (Dbl B MPOEKT HE BKIFOYAIIHCH, TC-
nepp HYXHO CO31aTh HOBBIH (aitn Ha accembOiepe. s storo u3 menio File
(Daiin) Beibepute myHKT New (HoBerii). B pesynbraTte 0TKpoeTcs OKHO ¢ HIMEHEM
Untitled (be3 nassanwus) (puc. 3.10). CumBoi * (3Be3/104Ka), CTOSAIINHN TTOCITE HMe-
HH OKHa, OKa3bIBaeT, YTO B 3TOM (aillie MPOU3BOANIKCH HEKOTOPbIE H3MECHEHUS,
HO OHH eII[e [TOKa He COXPaHEeHbI. B 3TOM OKHE TEeKCTOBOTO (haiisia MOXKHO BBOJIUTH
U peaKTUPOBATh KOJI IIPOrpaMMbl Ha acceMoJepe.

# DemoProjekt - MPLAB IDE v8.10
File Edit “iew Project Debugger Programmer Tools Configure  ‘Window  Help

Iﬁ' o
Add Mew File ko Project, o ‘? J Debug o @)d

Open... Chrl+0
Close

;Ein neues File

Save Ctrl+s
Save &

Puc. 3.10. Co3gaHue HoBoro davina
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Yto0bl COXpAaHUTh TEKCTOBBIHM (hailyl mocie peAakTUPOBaHUs, HY)KHO B MeHio File
(Paiin) BeiOpaTh myHKT Save As (CoxpaHuTh Kak). 3aTeM BbIOpaTh KelaeMbIi
yTh ¥ AaTh ¢ainy umsa (puc. 3.11). BaxxHo, uTo 3a uMeHeM (aiiia yka3sIBaeTcs
€ro pacIIMpeHue, KOTOPOe YKa3bIBAeT, K KAKOMY THITy OTHOCHTCS TOT WJIM WHOW
(batin. Daiinpl, HamMcaHHBIE Ha acceMmOiiepe, cojepkar pacmupeHue asm. Jlis
(haiinoB, B KOTOPBIX OMPEICISIOTCS KOHCTAHTBI MK MAKPOKOMAH/IbI, HCIIOb3YEeTCS
pacmpenne inc (ot auria. Include — BkirounTs, nprcoeauHNTs). [lociae Toro Kak
¢aiin Oyner 3amucan ¢ UIMEHEM M paclIMpeHueM, B (aiisie mpu ero oToopakeHuH
HayHEeT (PYHKIMOHMPOBATh CHHTAKCUYECKAs TOJICBETKA, T. €. JUISI KOMMEHTapHS,
YHUCeNl U KOMaHJ Koja (Hampumep, movlw) UCIOJB3YIOTCS pas3Hble 1BeTa. /i He-
OOJIBITIOTO YIPOITICHUS paOOTHI IIPH co3maHuu (aiiia Ha acceMbiiepe Ha KOMITaKT-
JIICKEe MOXKHO HAWTH NIa0JIOH, B KOTOPOM YK€ COJIEPXKHTCS CTPYKTYypa ¢aiina, co3-
JaHHOTO Ha acceMOiiepe. 37ech y)Ke UMEIOTCs OUThI KOHQUTYpAl U YCTaHOBIICH
HEOOXOAMMBINA KO TSI TIporpamMMbl 00paboTku mpepbiBanus. [11a0imon HaxoauTcest
B (haiine \Beispiele\Vorlage.asm.

COXpaHATE Kak
Manka: I_J' FIC j D 2 2 [Ex
MmMa dpaina: IDemoProjekt.asm
Tun chakina: IAssemth Source Files * asm™® as*inc*s) LI OTMeHa |
Jump to: IPrDject Directory LI
Encoding: lm
[~ AddFile To Project A

Puc. 3.11. CoxpaHeHwne carna npoekra

daiin ¢ koJoM Ha acceMOJiepe Tenepb OYJET COXPAaHEH Ha JKECTKOM JTucke. Paszy-
MeeTcsl, OH TIOKa He OyJeT HaXOAUTHCS B MIPOEKTE U MOITOMY JOJDKEH OBITh 100aB-
neH B mpoekT. J{ist aroro B mento Project (ITpoekr) menkuure mynkt Add Files to
Project ([Jo6aButh (aitnbl B mpoekt) (puc. 3.12) U B OTKPHIBIIEMCS THATIOTOBOM
OKHE BBIOepHTE kenaeMblil (aiin. TakuM ke crmocoboM MOXKHO T0OABISAThH K MPO-
eKT Opyrue yxe co3naHuble ¢aiipl. Daiinel nepen no6aBieHHEM B MIPOESKT AOJIK-
HBl HAaXOAUTHCS B KaTajore MpOeKTa, 4ToObl BCE pemakTupyemblie (paiinbl OblIu
pa3MeIIeHbI B 00IIEM KaTaJiore.
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rojekt - MPLAB IDE ¥8.10
view | Project Debugger  Programmer  Tools  Configure  Window  Help

Project Wizard... j @?:" &= & m} q

T, . —

Open...

CIDSE ' ;***************

Set Active Project 3 : Beschreibung

Guickbuildi{me s file) ;

Clean ;nﬂﬂﬂﬂﬂ*ﬂ

Export Makefile ;

Biuild All Chrl+F10 ; Dateinames:

Make Fi0 ; Datu.rfm:

Biuild Caonfiguration 3 ' Wersion:

Build Options. .. » : P

Save Project ; Intarnac:

Save Project As... : small:

Add Files £ I ;***************

Add Mew File to Project. .. . Bemerkungen

Remove File From Project 4 : Fiir die
. ; Lebugge

Select Language Toolsuite, .. : pebugae

Set Language Tool Locations. . R

Version Contral... ;ﬂﬂﬂﬂﬂﬂ*ﬂ

Puc. 3.12. [lobaBneHne dainos K NpoekTy

[Tocne Toro xak aiin Ha accemOnepe OyAeT yCIelHO BCTaBIIEH B MMPOEKT, OH Tak-
YK€ TIOSIBUTCA B OKHe TipoekTa (puc. 3.13). OOparuTe BHUMaHHE HA TO, YTO 33 UMe-
HEM TaIlK{ MPOEKTa CTOUT 3BE3704Ka, KOTOpasl yKa3blBAaeT Ha TO, YTO TEKYILIUE U3-
MEHEHHS eIlle HE COXPaHEHBI.

ol

= [ pemoProjekt.mcp™®
E| [ source Files

(23 Header Files
[ Object Files
5 | Libraty Files
[ Lirker Scripk
... Other Files

£ Files | “1¢ Symbols |

Puc. 3.13. OTobpaxeHne okHa npoekTa

Ecnmm xon mporpamMMbl BBEIEH W COOTBETCTBYIOMIWMA (haliyl cOXpaHEH, TO HYKHO
MIPOTECTUPOBATH MPOTPAMMY B PEKUME PEaJIbHOTO BPEMEHH U YCTPAHUTH BO3MOXK-
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Hble ee omnOku. VHTerpupoBanHas cpeaa npoektupoanust MPLAB pacnonaraer
BCTPOCHHOW MPOrpaMMOM-CUMYJIITOPOM, C TIOMOIIBIO KOTOPOH MOXKET HUMHUTHPO-
Batbcs pabora PIC-konTpomiepa. [loaromy BoBce He TpeOyeTcsi, 9TOOBI MUKPO-
KOHTPOJUIEP HEMOCPEACTBEHHO NMPHCOEIUHICS K KOMIbIOTEpy. YTOObBI NCONbB30-
BaThb BCTPOEHHBIN cumyiamop Uil OTIAJAKH IPOTPaMMBbI, BBIOEpUTE B MEHIO
Debugger — Select Tool (Otnaguuk — Beibop uncTpymenTa) nynkr MPLAB
SIM (Cumynsarop MPLAB SIM). OTmerka y 3TOro ImyHKTa MOKa3bIBaeT Ha aKTHU-
BH3AIIMIO HHCTPYMEHTA OTanku (puc. 3.14).

[ - MPLAB IDE ¥8.10

Project | Debugger Programmer  Tools  Configure  Window  Help

Mane

& M
Clear Memary » 1 MPLAE ICD 2
fun o ZMPLABIICE 4000

3 MPLAE SIM

FEEEEE Animate

. 4 MPLAE ICE 2000
EBesch:
':'t - E? 5 REAL ICE
Ste':' cl: e o & FICKE 2
DR 7 PIC3Z Starter Kit
wxwxrx  obEpOUE .

Reset » I

Puc. 3.14. Beibop MHCTpyMeHTa Ans 0Tnagku

[locme BBIOOpa CHUMYyNATOpa MHCTPYMEHTAJIBHOW ITAHENHM TOSBISIOTCS OTIOHU-
TEeJbHBIC 3HAUYKH KHOTOK (puc. 3.15). C MOMOIIBIO 3THX KHOIIOK MOXKHO YIIPABIISATh
OTJIQJIKOW U MOCTEIIEHHO YCTPAHATh OIIMOKY B TIPOTpaMMe.

Run  Animate  Step Over Reset

J > Il pb & B P E (O —Breakpoints

Halt Step Into Step Out

Puc. 3.15. KHonku gnsa cumynsiuum

C moMoIIBI0 3TUX KHOTIOK MOKHO TIOCTENIEHHO MPOUTH MPOTpaMMy U TaKHM 00pa-
30M TIPOBEPUTH BO3CHCTBHE KaXI0i OTAeTbHON KoMaH bl Clieayroliee onrucanmue
MOSICHSICT IPUHIIHI IEHCTBUA KOMAaH/I, BBITOTHAEMBIX C TIOMOIIBIO ATUX KHOTIOK:

O Run (Bemomauth). DTONH KOMaHIOW 3aIlyCKAaeTCs BBITOIHEHHE ITPOTPAMMBL
Komangpl mporpaMMel 0TpadaThIBAIOTCS IO OYepean, TIOKa He OyAeT OCTaHOBa.
BeimosnHeHre MokeT npepbiBathes kHomnkoi Halt (OctanoB) win B TOYKe ocTa-
HOBA.

O Halt (OcranoB). Komana BbI3bIBacT NpepbiBaHUEe pabOTAOICH TPOTrPaMMBL.

O Animate (Arumanus). CUMyJIHpyeTCs BBINOJHEHHE HPOrPaMMBI, MPU ITOM
BBIMOJIHSIOTCS IGHCTBHS, aHAJIOTMYHBIE IOIIArOBOMY PEXHMY, OOHOBIISIS 3HA-



3. MNpoepammuposaHue ¢ nomouwibto MPLAB 73

YCHHA PCTUCTPOB IIOCIIC KaXKJI0H HUHCTPYKIUH. HpI/I BBIIOJIHEHHH 3TOH KOMaH-
Abl MOKHO YBHUJIETH, HA KAKOM MECTC B JIaHHBIA MOMEHT HaXOIUTCS mporpamMma,
a TAK)XKC OCTaHOBHUTH €€ BBIIIOJIHCHUEC I10 TpCGOBaHI/IIO.

Step Into (ITogpoOHBbI# momaroseiid peskum). [Ipu KaKaOM IEIYKe MO0 ITOH
KHOTIKE 3aITyCKaeTCsl 0JlHa KOMaH1a porpamMmMbl. ECiin NosiBisieTcst BBI3OB T0JI-
MPOTPAMMBI ITPH BHIMOJIHEHUH TPOTPAMMBI, TO OHA TAKXKE 3aITyCKAeTCs B TIOIIa-
TOBOM PEXKHUME.

Step Over (IlomraroBeiii pesxuM ¢ 00xoa0M). JIroOast koMaHIa IPOrPaMMBbI 3a-
MyCKaeTCsI TONIAroBO Kak mpu Haxkatuu kHomku Step Into, pasymeercs, BBI30B
MOIIPOTPaMMBI OCYIIECTBISICTCS 3a OJMH IIar, HO TOIIArOBOr0 PEIaKTHPOBA-
HUS TOAMPOTPAMMBI TIPH 3TOM HE Oy/IeT.

Step Out (Beixon u3 nmomaroBoro pexuma). Ecnu nepemu Ha moanporpaMmy
B MOILIATOBOM PEKMUME BBITIOIHEHUS, TO C MOMOIIBIO 3TOH KOMaHAbl MOXHO 3a-
BEpIINTH BBINOJIHEHHWE BCEX KOMAH] B IOANPOTPAaMMBI M CHOBA BEPHYTHCS B
OCHOBHYIO ITPOTPaMMy.

Reset (Copoc). [llerqok mo 3Toi KHOMKE BBI3BIBAET COpOC MpoIieccopa, 1 mpo-
rpaMMa 3aIyCKaeTcsi CHaJasa.

Breakpoints (Touku octanoBa). C OMOIIBIO TAHHON KHOTIKH MOTy4aroT 0030p
YCTaHOBJIEHHBIX TOYEK OCTAHOBA, KPOME TOTO, UX MOYKHO JOOABHThH WJIM yia-
JIAT.

[epen BeITOIHEHHEM HPOrpaMMBl OHA JOJDKHA OBITH 00S3aTEIBHO CKOMITHIIUPO-
BaHa. YToObI cenaTh MpOrpaMMy CIOCOOHYIO K BBINOJHEHHIO, B MeHIO Project
(ITpoekr) BBIOEpuTe myHkT Build All (KomnuiupoBate Bce ucxomHbie (haiiibl)
(puc. 3.16). AnanorudHoe AeicTBHE MPOUCXOIUT, €CIU Ha)XaTh KHOMKY JJS BBI-
nonHeHus: nporpammbl (Run, Step Into (Beimoanuts, [loxpoOHbIi momaroBblii
pexum)). Ecnu ObIi 3MeHeHUs Mmociie MOCIEAHET0 BRIITOIHEHUS TPOTPaMMBIL, TO
MPOTPAaMMHBIN KOJ{ aBTOMaTHYECKH MO-HOBOMY KOMITHIIUPYETCS.

kt - MPLAE IDE ¥8.10

Project Debuager  Programmer  Tools  Configu
| Project YWizard, .,

Mew. ..

Qpen...
B4 Close » FE
Set Ackive Project 3

Guickbuild {nar, asm filey

pa  Clean +
Export Makefile
Build all Ctrl+F10

Make Fi0o
Build Configuration [

Puc. 3.16. Komnunsumsa npoekta
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Build | ersion Contrel | Find in Files | MPLAE Sitd |

Freprocessor symbol " DEBUG' is defined.
SatAug 02 14:23:13 2008

BUILD SUCCEEDED

Puc. 3.17. CoobLieHre 06 ycneLuHon KoMnunsumm nporpammel B okHe Output

Ecmu npu mporpaMMupoBaHuN He OBUTO OIMUOOK M KOMITHJISIIUS TIPOIIUIA YCIIeI-
HO, To B okHe Output (Pesynbrar) nossutcs coodmenne BUILD SUCCEEDED
(Kommmunsimust mponuta yernernrao) (puc. 3.17). Ecnm nposiBuimace ommbka, To ee
MO>KHO JIOKaJIM30BaTh ABOMHBIM IIETYKOM Ha COOOIIEHHH 00 OIIMOKE, a 3aTeM €€
YCTPaHUTb.

Tenepb nporpaMMa roToBa K BbBIIIOJTHCHUIO U MOKET HO,Z[pO6HO AHAJIN3UPOBATHCA.

3.5. MeH10 View

JIns aHaNM3MPOBAaHUS TPOTPaMMBI B PACIIOPSDKEHWH TOJIB30BATEINST HAXOATCS
paznuuHbie yTHinThl. OHU MOTYT BBIOMpAThCs ¢ moMolbio MeHio View (Bum)
(puc. 3.18) myTreM BbIOOpa COOTBETCTBYIOIIETO ITYHKTA.

View Project  Debugger  Progr

w Project
W Oubput

Toolbars 3

CZRI Registers

Zall Stack:
Disassembly Listing
EEFROM

File Registers
Flast Data
Hardware Stack.
LLCD Pixe

Locals

[Vernorsy,

Pragram Memoty
SR [ Petiphetals
Special Function Registers

1 Mermoary Usage Gauge

Simulator Trace
Simulator Logic Analyzer

Puc. 3.18. MeHto View
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3.5.1. AnnapaTtHbI#X CTeK

[Ipu ucrons30BaHUU B MpOrpaMMe MporpaMM 00pabOTKU TPEPhIBAHUS U TIOAIPO-
rpaMM UMeeTCsl BO3MOXKHOCTh ITPOCMATPUBATH COCTOSIHUE CTEKa. 3elieHast CTpesKa
B croibme TOS (BepmimHa creka) MOKa3bIBae€T TEKYIIHMH ypOBEHb, a B CTOJIOIE
Return Address (Aapeca Bo3Bpara) CTOST COXpaHEHHBIC ajpeca BO3Bpara
(puc. 3.19).

I o RER
TOS |Stac}c Lewel | Return Address | 1=
E:} a Empty

aooo
aooo
aooo
aooo
aooo
aooo b

0000 -
4 | M4

Puc. 3.19. AnnapaTHblii cTek

O I O S N

3.5.2. OkHO HabnwaeHusA

Ouenp BakHOe okHO — okHO Watch (Habmronenue) (puc. 3.20), nmpeaHa3HayeH-
HOE JUIsl HaOIIOIeHNS 32 epeMeHHbIMU. C MOMOIIBIO 9TOT0 OKHA MOYKHO ITOCMOT-
PETh COIEPIKMMOE BCEX PETHCTPOB M TAK)Ke M3MEHHUTh UX BO BpeMsi octaHoBa. Ec-
JIM )K€ COIEPIKMMOE PErucTpa U3MEHSETCSl BO BPEMsl BBIIOJIHEHHS! IPOTPAMMBI, TO
€TI0 3HAYCHHUEC AJId NPUBJICYCHUA BHUMAHUA OTO6pa)KaeTC$1 KpaCHBIM IIBETOM.

Bce peructpsl pazneneHsl Ha 2 TpyIIIIbL.

Onna rpymnma — 3TO PErucTphl crernuanpHoro HasHauenws (PCH) — Special
Function Register (SFR), nmpyras — 3TO caMOCTOSITEIILHO ONpeACIeHHBIE PErHCT-
pet obmero HasHauenus (POH) co ceoum cumBonmdecknMm nMeHeM. K peructpam
CTHENUATLHOTO HA3HAYCHHST OTHOCATCS B TOM YHCJIE TAKXKe perucTp W WIN perucr-
pet optoB (Hampumep, PORTA). UtoOb1 HaOMFOAaTh 32 HOBBIM PETUCTPOM, CHaYa-
Ja, B JICBOM BEPXHEM OTKPBIBAIOLIEMCS CITUCKE, BBIOEPUTE COOTBETCTBYIOIIUHA pe-
THCTP U J00aBbTE €ro K CIHUCKY OTOOpaKaeMbIX C MOMOIIBIO IIETYKa Ha KHOTIKE
Add SFR (J{lo6aButs PCH) miu Add Symbol ([lo6asuts cumsoin). Kpome Toro,
MOKHO HETOCPEJICTBEHHO B CITUCOK JIOOABUTH PETHCTP C ONMPEICIICHHBIM aJpecoM
(mammpumep, 020). Jlns 3TOr0 BBRIOEPUTE HWKHIOIO CTPOKY M YKAXKHUTE B CTOJIOIE
Address (Anpeca) ampec B mectHaanaTepuaHoM dhopmare (6e3 0x). ITpu momormu
MBIIIH CITIOCOOOM MEPETACKUBAHUS MOKHO M3MEHSTH ITOCIIEI0BATEIBHOCTh PETHCT-
poB. Haxxumast Ha 3axmaaku or Watch 1 no Watch 4, pacrnionoxenubie B ieBOM
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HIDKHeM yriry okHa Watch (HaOnronenue), MOXKHO JenaTh pa3indHbIe COYCTAHUSI
Ha0JI01aeMBIX IEPEMEHHBIX.

mvah e
Add SFHl WREG | Add Symbol“_‘lBFS?BA |
Updatel Address | Symhbol Nate | Value Binary I
WREG Ox55 01010101
gzo Ox0zo Oxhk 10101010
0zi ox0z1 0%55 01010101

['wiatch 1 watch 2| watch 3] Watch4]

Puc. 3.20. OkHo Watch

3.5.3. lluctnHr gusaccembnepa

WHorna HeoOXoauMMO 3HATH, KaK TPAHCIMPOBAH HEKOTOPBIM MPOTPaMMHBIA KOJ U
YTO 3arpy’kaercs, B KOHEYHOM CUeTe, KOHKPETHO B MUKPOKOHTpoiuiep. st aToro
nMeeTcs duszaccembiep, KOTOPBIN CTeHEPUPOBAHHBIN MAaITUHHBINA KO CHOBA Tpe-
oOpa3yer B Oojee MOHATHBIA Koa Ha accemOiepe. K coxanenuto, mpu 3ToM Bce
paHee OIpeJeNeHHbIE MMEHa PEruCTPOB MPOMNAJAl0T U HPEICTABIAIOTCS TOJIBKO
JHIIb aipecoM. B JHMcTHHTe, MOTydYeHHOM C TOMOLIBIO an3accemoOnepa (puc. 3.21),
B JIEBOM CTOJOLE MOXXHO YBHJETh aapeca IPOrpaMMHOrO Koja, a IIpaBee,

R
BE: start ;I
83: ; Imitialisierungen
oooc 3044 MOVLY Oxaa 84 movly Oxhd
ujuluie] 00AD MOVWE OxzZ0 2E: movwE OxZ0
26 main
a87: ; Programmcode
000E 3085 MOVLY 0Ox5& ga: movlw Ox5E
oooF ooil MOVHF 0OxZl g9 mowvwrf OxZ1
‘ oalo 0Dl BLF 0xZl, F s0: rlf OxZ1, F
hi J
ool1 Z20E GOTO Oxe 9F: goto main
-
4] | ' 4

Puc. 3.21. OkHo Disassembly Listing
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PSAIOM C HUM, MallIMHHEIN KOj. B TpeThbeM cTondIle HaXoAuTCs 0OpaTHO OTTPaHC-
JIUPOBAaHHBIA KO/ Ha accemOuepe. [Ipu HaaMuMu MporpaMMHOTO KoJla Ha acceMO-
JIepe OH pacroiaraeTcs B MPaBOi YacTH JIMCTHHTA W BBITIISANT TaK, KaKk OH U MPO-
rpaMMHpPOBaJICsS. 3eJeHas CTpelika clieBa MOKAa3bIBae€T TEKyIIee COCTOSHHUE MPO-
rpaMMHOTrO c4yeTurka. Eciii He OHATHO, HAa KAKOM IIIare BBIMOJHCHUS HAXOJUTCS
IporpaMMa, BCera JJIsl YTOYHEHHS] MOXHO ITPOCMOTPETh JTUCTHHT Anu3acceMoiepa,
[IOTOMY YTO FIMEHHO 3TOT KOJ 3aIiCaH HeTIOCPECTBEHHO B MUKPOKOHTPOJIIIED.

3.5.4. EEPROM-namMsaTb

ITockoapKy MHOTHE MHKPOKOHTPOJUIEPHI cozaepxaT BHyTpeHHIOr0 EEPROM-
namsiTh, B cpene npoektupopanuss MPLAB uMeeTcs BO3MOXXHOCTh IPOCMATPUBATh
JlaHHBIE, KOTOpble B Hel xpaHarcsa. B okne EEPROM (OCII3Y), B mpaBoii ero
JacTH, MOXHO YBHACTh WHTEPIPETANHIO MaHHBIX, mpenactaBieHHyo B ASCII-
dhopmarte (puc. 3.22). Eciu, Hanmpumep, TpeOdyeTcs HAUTH CONEepPKIMOe STICHKH Tma-
Matu ¢ azapecoM 0x93, TO HYXKHO CBEpXy BHH3 IPOCMOTPEThH JICBBIH CTOJOEI]
Address (Axpec) BrutoTh 70 cTpoku 90 u manee B 3TO CTPOKe BHIOPATh 3HAYCHHUE
B cronbie 03. IMeHHO 3/1ech, HAa MEPECCUCHUN YKa3aHHBIX CTPOKU M CTOJNOIA, U
OyJeT HaXOAUTBCS COJICPIKUMOE TUeHKH ¢ aapecoM 0x93.

MEEPROM
Lddress |00] 010z |03|04]05] 06| 07| 08|09 0k 08| 0c] 0D | OE] OF |

ao
10
z0
30
40
50
[u}
wo
S0
=]
AD
BO
Co
Do
EO
FO

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF

Puc. 3.22. OkHo EEPROM

3.6. Touykn octaHoBa

[Ipu nporpaMMHUpOBaHHH YacTO TPeOYeTCS TECTUPOBATh W MPOCMATPUBAThL OMpe-
JeJIeHHbIe MecTa Kona. YToOsl ¢ momonisio komana Step Into (IlogpoOHsrii morra-
roBeiii pexxum) winn Step Over (IlomaroBelit peskuM ¢ 00X010M) TIOCIIEAOBATEIBHO
HE BBINOJHATH BCIO MPOrpaMMy JI0 HYXKHOT'O MECTa MPOrPaMMbl, YCTaHABIUBAIOT
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TOUYKY OCTaHOBa Iepea Tpebyemoil dacTbio Koxa. Jlanee MOXXHO 3alyCTHTh IIPO-
rpamMMmy npu momomu komanasl Run (Bemonnuts), Toraa otnagunk (Debugger)
MOCJIe/IOBATENILHO BBIIOJHHUT BCE KOMaHJbl 1 OCTAHOBUTCS Ha BHIOPAHHOM MecTe.
Crenyer UMeTh B BHIY, YTO JIJIsl YCTAHOBKH TOUYEK OCTaHOBA CYILECTBYIOT paziiny-
HbIE BO3MOKHOCTH. MOKHO, Harpumep, IeIKHYTh Ha KHomnke Breakpoints (Tou-
KM OCTaHOBA) W 3aTeM YKa3aTh HY)KHYIO TIO3UIMIO HIIK K€, B IPOCTEHIIEM ciydae,
c/enaTh ABOMHOM IIETYOK Ha KOMaHJEe B jkenaeMoi cTpoke. IIpu 3ToM akTUBHAs
TOYKa OCTaHOBa OymeT 00603HaUeHa KpaCHBIM KPyroM ¢ cuMBoJioM "B" Genoro mBe-
ta (puc. 3.23). IIporpamma nocie 3amycka OCTAHOBUTCSL HA 9TOM MECTE, a TeKyILue
3HAYEHUS] PErHCTPOB OyayT TMOKa3aHbl B OKHE HAOJIOJCHUS 32 TepeMEHHBIMU
Watch (Ha6mronenune). Jlajgee MOKHO BBIIONHATH IPOTPAMMHBIH KO B IIOIIaro-
BOM pEXHME M TMPOCMATPUBAaTh W3MEHEHHE PETHCTPOB IMOCJE KaKIOro Iiara.
C OMOIIBIO0 CUMYJIATOPA MOYXHO YCTAHOBUTH CKOJIb YTOJHO TOYEK OCTAHOBA, B TO
&Ke BpeMs, KaK, B YACTHOCTH, B HACTOALIEM MHUKPOKOHTpOJIJIEpE, H3-3a OTPaHuYeH-
HBIX PECYPCOB B OOJIBIIIMHCTBE CIy4aeB BO3MOXKHA TOJILKO OJIHA TOYKa OCTAHOBA.
OnHaKo ecny HY)KHO MMETh HECKOJBKO TOYEK OCTaHOBa B MPOTpaMMe, TO IMOCie
MEPBOT0 OCTAHOBA HAJI0 YIAJIUTh TEKYIIYI0 TOYKY OCTaHOBAa W YCTAaHOBHTH €€ Ha
HOBOE HEOOXOAMMOE MECTO.

start ; Beginn des Programms
; Imitialisierungen
movl Oxii
movwrE 0xE0
main ; Beginn der Hauptschleife
; Programmcode
movlw Ox&E

g moverf Ofzl

rlf Oxzl, F
goto main

END ; Ende des Programms

Puc. 3.23. To4ku ocTaHoBa

3.7. CumynsaTtop

C TNOMOIIBIO OMHMCAaHHBIX PaHEe BO3MOXKHOCTEH MOYKHO NMPOCMATPUBATH BHYTPEH-
HHE PEruCTPHl M HHTEPIPETUPOBATH NX N3MeHEeHHE. [I0CKOIBKY MUKPOKOHTPOILIED
pacronaraeT, Kak npaBHJIO, ¥ BXOJAMHU, TO U OHH TAaKXKe JOJDKHBI UMETh BO3MOXK-
HOCTbB Ul CUMYJIUPOBAHHS, T. €. CUMYJISIIMMA BHEIIHHX BO3IACHCTBYIOUIMX TECTH-
PYIOLIMX CUTHAJIOB, MHAYE crmumy106. JIisl OCYIIeCTBICHHUS CUMYJISIIIAU, BBIOEPHUTE
u3 menio Debugger (Ortmamumk) myskr Stimulus (Ctumyn), a 3arem New
Workbook (Hosast paGouast kuura). B pesyibraTe OTKPOETCS HOBOE OKHO
Stimulus (CtuMyi) ¢ HECKOJIBKUMHU Pa3InuHbIMH BKJIAJIKAMHU.
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3.7.1. OcHOBHble HAaCTPOWUKM

[lepen HawanoMm paboTHI ¢ CUMYJISITOPOM, HY>KHO BBIIIOJHHUTD €Ille HECKOJIBKO OC-
HOBHBIX HacTpoek. OKHO Uil 3a/laHHs TapaMETPOB MOXKHO OTKPBITH C TIOMOIIBIO
mento Debugger (Ornamunk) u nynkra Settings (Ilapamerpsi). CaMblii BaKHBIN
mapaMeTp Ui HacTpoiiku Haxomutcss Ha Biiaake Osc/Trace (I'enmeparop/
TpaccupoBka). 3mech MOJDKHA YCTaHABIMBATHCS TpeOyemas TaKTOBas dYacToTa
MHUKPOKOHTPOJUIEPA, YTOOBI BHEITHUE CHUTHAJIBI MOTJIM MOAABAThCS B HY)KHBIH MO-
MeHT (puc. 3.24). Ha Bcex Apyrux BKJIAAKax MapaMeTpbl MOXXHO OCTAaBUTH IIO
YMOITYaHUIO.

Simulator Settings
Code Coverage | Animation / Realtime Updates | Limitations I
Osc/Trace | Break Options I SCL Options | Uartl 10

r Processor Freguency
Units:
@ hHz
|4  KHz
(C Hz
~ Trace Options
[ Trace Al Buffer Size  (1K.- 476621
[~ Break on Trace Buffer Full |54 @ Klines
(" Mlines
QK | OrtreHa | MpkreHUTE

Puc. 3.24. OkHo Simulator Settings

3.7.2. ACUHXPOHHbIA CTUMYN

Ha Bxmanke Asynch (Acunxponnsiii) B okHe Stimulus (Ctumyst) mpu BbITOJTHE-
HUU TIPOTPaMMBI €CTh BO3MOXKHOCTh Ha BXOJTHOW BBIBOJI MUKPOKOHTpOJIIEpa Moj1a-
BaTh 3apaHee OIpe/ielIeHHOe 3HaueHne curnana (puc. 3.25). ACHHXpOHHO 3HAYUT,
YTO COCTOSIHAE BBIBOZA MOXKET M3MEHSThCS B JI000# MoMmeHT. [locie BeiOOpa xe-
JIAEMOTO BBIBOJIA M OTIMICAHUS TOTO WJIM WHOTO JEHCTBHUS €ro aKTHBH3AIMS OCYIIIe-
CTBJISIETCS C TIOMOIIBI0 KHOTIKK C CUMBOJIOM '">", pacIioyioxKeHHOU B TIEPBOM JIEBOM
cronbue Fire (3amyctuts). Ecim Bo Bpemsi BBITIONHEHUs MPOrPaMMbl HaXKaTh Ha
ATy KHOTIKY, TO 3aITyCKaeTcs JAEWCTBHE, KOTOPOE CTOUT B 3TOM CTpoke. Bo BTopom
cronbie Pin/SFR (BeiBoa/PCH) MOKHO BBIOpaTh COOTBETCTBYOMIHI BBIBOJ KOH-
Tposiepa, a 3areM B cronbue Action ([eiictBue) BIOpaTh 11000€ U3 5 ciemyro-
IIKX Pa3IUYHbIX JEUCTBUH.

O Toggle (ITepekouars). [Ipu BEIMOIHEHUH 3TOTO ACHCTBHS COCTOSHUE CUTHANA
Ha COOTBETCTBYIOIIEM BBIBOJIC MEHSETCS Ha IPOTUBOMOJ0XKHOE. Eciii Ha BBIBO-
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B

1€ ObLIT BBICOKHI JIOTHYECKUH YPOBEHb, TO MOCIIE HAXKATUSI 3TOM KHOIKH CTAHO-
BUTCSI HU3KUH JIOTHUECKUH YPOBEHb U HA00OPOT.

Set High (YcranoBuTs BbICOKHI ypoBeHB). Ha BXO 1MOaeTCs BRICOKHIA JIOTH-
YECKUH YpOBEHb, HE3aBUCHMO OT YPOBHS, IPUIIOKCHHOTO paHee.

Set Low (YcraHoBuTh HU3KHH ypoBeHb). Ha BXOm momaercss HU3KHM Joruye-
CKUI YPOBEHB.

Pulse High (Mmmynsc BeIcOKOTO YpoBHS). Ha BEIBOJI ITOJAETCS UMITYIIBC BBICO-
KOT'O JIOTHYECKOTO YPOBHS U OMPEACICHHON IIUTENbHOCTH. JTUTETLHOCTD M-
myabca 3amaetcs B cronbiax Width (Imurensrocts) u Units (Exunaumna usme-
penusi). [Tocie 3aBepiiieHusT KMITYJIbCA HA BBIBOJ CHOBA MOJIACTCS HU3KHI JIOTH-
YECKUI YPOBEHb.

Pulse Low (Mmmyibe HE3KOTO ypoBHs). Ha BEIBOI ITOJaeTCss HMITYIIEC HU3KOTO
JIOTUYECKOTO YPOBHS U OMPEICICHHON UTUTEILHOCTH. JJIUTEIbHOCTD UMITY Th-
ca 3amaercsa B cronbiax Width (Jaurensrnocts) u Units (Exununa uzmepe-
Hust). TTocie 3aBepiieHus] IMITYJIbCa Ha BBIBOJI CHOBA ITO/IACTCSl BBICOKUH JIOTH-
YECKHUU YPOBEHb.

cronberr Comments/Message (Kommentapun/CooOIieHre) MOXHO BHOCHTH

[IPUMEYaHUsl, KOTOpbIE NTPEJHA3HAYCHbI AJIs1 OSCHEHMS BBIIOJIHAEMOIO JIeHCTBUS.
JIroboe nefcTBHE MOKET 3aIyCKaThCs B MOLIArOBOM PEXHMME BBIMTOJIHEHHUS HIIH BO
BpEM: BBITTOJIHCHUS ITPOTrpaMMBbI.

Il Stimulus - C:',...\\indAdressierung.sbs — IEllil
Asynch | Pin ¢ Register Actions | Advanced Pin / Fegister I Clock Stimulus I Register njection I Registe
Fire |Pin/ SFR |Aclion |W’idth | Uitz | Corments / Meszage
> | Toggle ‘wechsle den Zustand von PORTA[D]
> |Ral Toggle Wechsle den Zustand von PORTA[1]
> |RAZ Set High Setze PORTA[Z] auf High-Pegel
> |RA3 Set Low Setze PORTA[Z] auf Low-Pegel
> |Rad Pulze High 120 uz High-Puls mit 120 us Dauer an PORTA[4]
> |RAR Pulze Lowe a0 cyc Lows-Fulz fur 50 Befehlzzyklen an PORTA[S]

Puc. 3.25. HacTtpovika aCMHXPOHHOro CTMmMyrna

3.7.3. UMKnn4yeckum CUHXPOHHbLIN CTUMYII

JIIsi CTUMYJTHPOBAHHS BXOJHBIX BBIBOJOB B aBTOMATHYECKOM PEKHME TpeOyeTcs
mepeiitt  Ha Bkimaaky Pin/Register Actions (BeiBoa//leficTBus peructpa)
(puc. 3.26). Ha aToii BKJIaiKe MOXKHO 33/1aTh, B KAKOM MOMEHT BPEMEHHU Ha OImpe-
JICTICHHOM BBIBOJIC JIOJDKCH MOSIBUTHCSI BBICOKHI WITH HU3KHH JIOTHYECKUI YPOBEHB
curHana. B cronbue Time (Bpems) ykasbiBaeTcss MOMEHT BPEMEHH, B KOTOPBIi
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J0JDKHA TIPOMCXOIUTh CMEHA COCTOSIHUS CUTHAJIA, @ B CTOJIOLAX CIipaBa OT CTOJI0Na
Time (Bpems)) MOXHO yCTaHOBUTH YPOBHU CUTHAJIOB, KOTOPBIC IOJDKHBI OBITh
MPUIOKEHBI B 3TOT MOMEHT. YTOOBI JOOABUTH CTOJIONBI BBIBOJIOB JIJISI 3aJIaHUS
CUTHAJIOB B TaOJHIly, HaJa0 MIENKHYTh Ha Bepxuedl crpoke Click here to Add
Signals (IllenkuyTh 37€Ch A5 TOOABICHUS] CHTHAJIOB).

stimulus - D4 PIC, DemoProjekt. - |EI|1|
Asynch  Fin / Register Actions | Advanced Pin / Fegister | Clock Stimulus | Register Iniectionl Redgister Tracel
I Time Units | us 'I Fepeat [ after:I'ID [dec] reztt‘:art ID 'I [dec:
Time | A&l | R4l | Raz Click here to Add Signalz |~ |
(dec) | [bin) | (kin) | (bin)
a 0 0 a
10 1 0 1
20 0 1 a
30 1 1 a
Advanced.. Apply Remaove Delete Row Save Exit | Help |

Puc. 3.26. Hactpovika CUHXPOHHOro cTumMyna

Add/Remove Pin/Registers

Lvailable Signals Selected Signal(s]

All Signals j RA Move Up

R
FORTA =]

PORTE
PORTC

PR2 Add =

(%] - |
Riéd Remove <=

RaG
RED -

RE1
Eg% Cancel

RE4
RES ;I Help

Maove Dowvn

Ok

di

Puc. 3.27. [lo6aBneHve BbIBOAOB Afsi 3aaHNsi CUrHanoB

B pesynbraTe OymeT OTKpBITO clieayroiiee okHO (puc. 3.27), B KOTOPOM MOXHO
BBIOpPATh HY)KHBIE BBIBOJBI, PETUCTPHI CIENUAIBHOIO HA3HAYEHHS WM OWUTOBBIE
nosst. B nmeBom crimcke Available Signals (JoctyrHble curHaimbl) pacroaoXeHbl
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BCE JOCTYIHBIEC BBIBOJBI AJISI CHTHAJIOB, KOTOPBIE MOTYT OBITh J0OABJICHBI B Ta0IU-
Iy mocie HaxaTus Ha kKHonky Add ([Jo6aBuTh) B CIIMCOK BBIOPaHHBIX BHIBOJIOB
ans curnanos (Selected Signal(s)). [Tocne naxarus kaonku Remove (Y nanuts)
BBIBOJIBI MOTYT OBITh yJIaJICHBI U3 CITUCKA. [locaen0BaTelbHOCTD BBIBOJIOB B CITHCKE
MOXHO M3MEHHTH C mmomoInsio kHormok Move Up (Ilepemectuts BBepXx) m Move
Down (Ilepemectuts BHM3). Knonka Move Up (IlepemecTuts BBepX) nepemeniaer
BBIOpaHHBIN BBHIBOA AJISl CUTHAJIA HA OJIHY MO3UIIMIO BBEpX, a KHonmka Move Down
(ITepemMecTHTh BHH3) — MEpEMEIAET HA MO3ULUIO BHH3.

3.7.4. lpyrne Bknagku okHa Stimulus

Bxmagku Advanced Pin/Register (Pacimpennsie Bo3moxkaocti), Clock Stimulus
(Cunxponmsanusi crumyina), Register Injection (BBong nmaHHbBIX B peructp) u
Register Trace (TpaccupoBka peructpa) mpeaHasHauCHbI s Oonee TOHKOH Ha-
CTPOMKH W JUII IOHMMaHHUSI OCHOB pabOThl OOJBIIOrO 3HAYEHHs HE UMEIOT, a I10-
3TOMY JIETallbHO 3/IeCh He paccMaTtpuBaroTcs. Clieyer 3aMeTUTbh, YTO TOAPOOHbIE

CBEIEHUs MOTYT OBITh B3STbl M3 JOKYMEHTallUd Ha Cpeay HIPOEKTHPOBaHHSA
MPLAB.

Ha Brianke Advanced Pin / Register (Paciupentbie BO3MOXHOCTH) MOTYT OIIpe-
JENATHCS PACIIMPEHHBIE BO3MOKHOCTH [0 CHHXPOHHM3AIIMH MOMEHTOB MO/IauH TeC-
TOBBIX CHI'HAJIOB Ha yKa3aHHbBIC BHIBOJbI MJIHM PErUCTPBI B 3aBHCHMOCTH OT 3asiB-
JICHHBIX YCIJIOBUI.

Bxaanka Clock Stimulus (CuaxpoHu3aIus CTUMYJIa) MOKET MCIIOJIb30BAThCS IS
omnpeJeseHHss MOMEHTa BpEMEHH Hadalla M KOHIA MO/Iaull TAKTOBBIX CUTHAJIOB Ha
YKa3aHHBIA BBIBOJ.

Ha Bxiaake Register Injection (BBox qaHHBIX B PErHCTP) UMEETCS BO3MOXKHOCTh
3arpyKath 3HAUCHUs B PETHCTpP. 3HAYCHHs JIOJDKHBI OBITH 3apaHee OIpe/eieHbI C
ITOMOIIIBIO TEKCTOBOTO (haiia, KOTOPBIH MOKHO YKa3aTh Ha 3TOW BKJIAJIKE B CTONO-
ue Data Filename (Mwms daiina ¢ naHHBIME).

UYToOBI OTCIEKHUBATh M3MEHEHHE COACPKMMOTO PETUCTPOB, MOXKHO C MOMOIIBIO
BkiIaaku Register Trace (TpaccupoBka perucrpa) ykasbiBath UMs (aiiia, B KOTO-
POM JIOJKHBI COXPaHSAThCS JaHHBIE.

3.8. Jlornuecknn aHanusartop

ITOCKOJIBKY aHaJIM3UPOBATH CHIHAIIBI B 3aBUCHMOCTH OT BPEMEHH TOJIBKO TIPH I10-
MOIIIHU U3MEHEHUN peructpa AOCTAaTOYHO TPyAHO, TO MOXHO HNPHUMCHUTL CICUH-
QIbHBIA JIOTMUYSCKWH aHaIM3aTop, AKTHBM3MPOBAaB OJHOMMEHHOE OKHO L.ogic
Analyzer (JToruueckwuii anaiauszarop) (puc. 3.28).
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Zioixi

" Trigger Position " Trigger PC=— " Time Base| Mode

Start?® Center!” End? I Mow | Clear | ISimDhB Channels |
B FERY |

IC}'C 'l

2l afal

RAD |

Ral

Ra2 | |

Ra3 | |

Ra4 \—J

0o 0.0 20,0 30,0 40,0 50,0 60,0 70,0 ano

Puc. 3.28. OkHo Logic Analyzer

YrtoObl €ro OTKphITh, HY’)KHO B MeHI0 View (Bum) BeiOpath mynkt Simulator Logic
Analyzer (Jloruyeckuii aHanu3atop cumyisitopa). [Ipexe yem CUrHajibl HAaYHYT
0TOOpakaThCsl, HYXHO BHIOpaTh UX ¢ momornkio kHorku Channels (Kaunasesr). ITo-
CJIe ITOr0 OTKPOETCS JUAJIOTOBOE OKHO AJIsl 100aBICHUS WIN YAAJIE€HUs] CUTHAJIOB,
KOTOpPO€ MO>KHO BBITIOJIHUTH BOCTIOJIB30BABIIUCH COOTBETCTBYIOIIMMHU KHOIKaMHU

Add (JTIo6aButs) 1 Remove (Y ganuts) (puc. 3.29).

5
Available Signals Selected Signallz]
&l ~| ' Configure Bus(z] | [RA0 Fave U
| I g (5] | e p |
LS A.l Raz
C1IMN R Ml

C1IMP

clouT Add =5
C2MM —l
C2INP Remove <=
caouTt 4'

CCPI
CCP2
INTD
RAS
REO

RE1 |
k. I Cancel Help

Puc. 3.29. Bbibop KaHanoB formyeckoro aHanmsartopa

ITocie TOro, Kak HY)KHbIE CHTHAJIBI OyIyT BbIOpAHbI, OHH IOSBSITCS B OKHE
Logic Analyzer (JTIoruueckuii ananuzatop) (cM. puc. 3.28). Jlist 60osee AeTaabHOTO



84 3. lMNpoepammuposaHue ¢ nomouwbro MPLAB

OTCIICKUBAHUSI H3MCHEHHSI CUTHAJIOB HY)KHO BBITIOJIHSTH IPOrPAMMy B TIOIIArOBOM
pexume. Ecitu jke mporpammMe mo3BOJISIIOT CBOOOIHO BBITOIHITHCS, TO KOJTHMYECTBO
3alIMCAHHBIX IUKJIOB OYEHBb OBICTPO BBIPACTET W MPU 3TOM OyIET OYEHb TPYIHO
W BOBCE HE BO3MOKHO OIPEIETHTH B TPEACTABICHHOM H300paKEHUH KOPOTKHI
umiyabe. OIHAKO MPOrpaMMy MOKHO 3aMyCKaTh J0 TOYKH OCTaHOBA U 3aTEM HC-
ClIeIOBaTh TpECTaBJI€HHbIE 3HAYEeHHs Oosiee MOApOOHO. JIJisl yBEIMYEHHS WITH
yMeHbIIIeHnsT MacinTaba u300pakeHus MoxHO B okHe Logic Analyzer (Jloruue-
CKHIf aHAJIU3aTOP) BOCIIOJIb30BATHCST KHOIIKAMH C JIYTTOM.

3.9. BHyTpucxemHbin otnaguumk ICD 2

ITockonbky x0T€n0CH ObI HE TOJBKO MOAEIMPOBATH MUKPOKOHTPOJLIEpP, HO U HC-
MOJIb30BATh €T0 B CXeMe, TpeOyeTcs 3arpykaTh HalMCAHHYIO [IPOTPaMMy B MaMSITh
MUKpPOKOHTposiepa. [l 3Toro mMeercs MHOXECTBO BapHaHTOB. MOXHO mpo-
IrpaMMHpPOBaTh KOHTPOJUIEP C IOMOIIBIO IPOrPaMMAaTOPOB CaMbIX DPAa3IUYHBIX
MpOU3BOAUTENEH. MHOTHE yCTpOMCTBa MO3BOJISIIOT TOJIBKO MPOCTO MPOrpaMMHUPO-
BaHue. OIHaKO CyIIECTBYIOT CaMble pa3iINyYHble YCTPOMCTBA, MPU MOMOIIN KOTO-
PBIX MHKPOKOHTPOJUIEP MOXET OBITh OTJIa)KeH, B TO BPEMsI KaK OH HaxoIUTCS B
COOpaHHOH cxeme. DIEKTPUUIECKYI0 CXEMY MPOCTEHILEro NMporpaMmaropa MOXKHO
HAlTU Ha NOpWaraéMoOM KOMIIAKT-AucKe. IIpu 3TOoM mnporpaMmupoBaTh MOYKHO
pasnuunbie PIC-MUKPOKOHTPOJUIEPHI, HO HE BCE M3 HUX MOXKHO OYAET OTJIAIWTh.
Tem He MeHee, cxeMy Ul MUHHU-TIPOrPaMMaTopa MOXHO cOOpaTh U3 MaJoro Ko-
JIMYCCTBA KOMIUICKTYIOIIUX HSHGHHﬁ, KOTOPLIC HAaBCpHAKA HMMCIOTCA B HAJIMYUU
MOYTH Yy Kaxzaoro Jobutens Macteputb. M3 HMHTepHera co cTpaHUIEBI
www.gsl.net/dl4yhf st nporpaMMupoBaH#sST MEKPOKOHTPOJLIEPOB MOKHO 3arpy-
XKaTb COOTBETCTBYIOIIEe OecruiaTHOE MporpaMMmHoe obecneuenue. Ilpu npumene-
HUM €ro, ojJHaKo, oOpaTuTe BHHMaHHE Ha COOJIIOJEHHE aBTOPCKHX TpaB. Ecim
mporpaMMHoe o0ecrieyeHre BIOJTHE MOXKET OTJIAXKHUBATHCS C TIOMOMIBIO CUMYJISITO-
pa, TO TaKOW IPOCTOM Majo3aTpaTHBIM BapUaHT BIOJHE nonoiiner. Eciu xe npo-
T'paMMBI ITOJIYy4arOTCsAd OUCHb 6OJ'II)HII/IMI/I U IIOUCK OIHI/I6OK JOJDKCH OCYIIECTBJIATH-
CA C pCaJIbHBIMU CHUT'HAJIaMH, TO IIPU 3TOM MOXKHO 6I)ICTpO HATOJIKHYTLCA Ha IIpO-
OnmeMy. A orpaHHMuYeHHME IIPOCTOTO IPOrpaMMaropa COCTOMT B TOM, YTO HE BCE
P1C-MUKpPOKOHTpPOJIIEPB! MOTYT MPOrPaMMHPOBATHCA MPHU MTOMOILM TaKOro Ipo-
rpaMMmaTopa.

UroObl MCHOIB30BAaTh BO3MOKHOCTH MHKPOKOHTPOJIJIEpA MOJHOCTBIO, TpeOyeTcs
nokynarb 3G (eKTUBHOE MPOrpaMMHOE U OTIIaI0uHOEe ycTpoicTBo. CiienyeT 3ame-
TUTb, YTO B MIHTEepHETE KPOME 3TOr0 UMEETCSI MHOI'O PaiuOII0ONTENBCKUX MPOCK-
TOB IPOrPaMMaTOPOB, C IMOMOIIBI0 KOTOPHIX MOTYT mporpammupoBaTbes PIC-
KoHTpoJuiephl. Ecnu sxe ocTtaHoBUTH cBOM BBIOOP Ha mHCcTpyMeHnTte ICD 2 ot kowm-
nanuyd Microchip, TO MOXXHO MOJTYYHTh NPEUMYILECTBO, KOTOPOE CBA3aHO C TEM,
YTO MPOTPaMMaTOp HEMOCPEICTBEHHO MOXKET MCIIOJIL30BATHCS U3 CPENbl TIPOCKTHU-
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poBanusi MPLAB u HHMKakoe AOMONHHUTEIbHOE MPOrpaMMHOE OOecHeyeHue A
MporpaMMUpOBaHusl He moTpedyercst. YToOBl TOCMOTpPETh, KaKHe MUKPOKOHTPOJI-
JIepbl MOTYT OBITh 3alpOrpPaMMMPOBAHbl U KaKUM IPOrpaMMaTOpOM, MOXHO BOC-
M0JIb30BATHCSI IMAJIOTOBBIM OKHOM BbIOOpa yctpoiictB Select Device (Beibop yct-
poticTra) (puc. 3.30), koTopoe oTKphiBaeTcs u3 Mento Configure (Kouguryparms)
nociie BeiOopa onHoumeHHoro nmyHkTa Select Device (Bwibop ycrpoiictsa). B atom
OKHE MHIHMKATOPHI 3eJIEHOr0 [[BETa O3HAYAIOT, YTO BHIOPAHHBIH MHKPOKOHTPOJIIIEP
[IOJIHOCTBIO TOANEPIKUBACTCS, @ JKEITOro LIBETa — YTO YCTPOICTBO IPOTECTHUPO-
BaHO HE MOJIHOCTHIO M HAXOIUTCA elle B ¢a3e coBeplIeHCTBOBaHUA. MHCTpyMeH-
Thbl, OTMEYEHHBIE MHAMKATOPAMU KPAacHOI'0 LiBeTa, He (PYHKIHMOHUPYIOT C BHIOpaH-
HBIM MUKPOKOHTPOJUIEPOM.

Select Device x|

Device: Device Family:
FIC1BFETEA =l A =l

Microchip Tool Support

—Programmers
(0 PICSTARTFlus (3 MFLABICD 2 ) PlCkit2
@ FRO MATE Il @ PICkit1
@ MPLAB PM3 ) MPLAB REAL ICE

—Language and Design Tools
{2y ASSEMBLER @ COMPILER @ vol
¥3.90

—Debuggers
@ MPLAB SIb @ MPLABICD 2 @ PICkit2
1 MPLAB REAL ICE

MPLAB ICE 2000 MPLAB ICE 4000 ICENCD Headers
@ PCM1 B0 @ MNo Module @No Header

Ok I Cancel Help

Puc. 3.30. Bbibop mukpokoHTponnepa

Jlanee 0OBSICHSICTCSI TIPOTPAMMHUPOBAHKE U aHAIM3 MHKPOKOHTPOILIEPA C 6HYMpl-
cexemmvim omaaouuxom 1CD 2 (In-Circuit-Debugger). On Harien 60IbIIoe pacipo-
CTpaHEHHE U MCIIOIb3YEeTCSI MHOTHMHE pa3paboTUrKaMH.

IMocae wWHCTAUTAMKM OTJIAIYMK MOKHO BBIOpaTh M3 MeHio Debugger — Select
Tool (Ornamuuk — Beibop mHCTpyMeHTa) menukoM Ha mynkre MPLAB ICD 2
(puc. 3.31).

Ecnm Ob11 BBIOpaH 3TOT IyHKT MEHIO, HO HE OBUT IPHCOEANHEH MHUKPOKOHTPOJIIED,
To mosiBuTcs npeaynpexaenne "Invalid Target Device Id" (He npaBuibHBIN naeH-
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TU(HUKATOP LIETICBOr0 YCTPOICTBa). B MaHHBIM MOMEHT 3TO COOOIEHHE HE TaK YK
Ba)XHO U MOET OBITh MMPOUTHOPHPOBaHO. OHAKO, YTOOBI MPOOJIEMbl HE BO3HUKA-
T, TIPEXIE YeM MOAKITIOUNTh oTnaguuk ICD 2 Kk MUKPOKOHTpOIUIEpY, HYKHO BBI-
MOJTHUTD NIPAaBUIIBHBIE HACTPOHMKH. JIJIsl 3TOro CHavama Hy)KHO 3aIlyCTHTh MacTep
Hactpoek MPLAB ICD 2.

[ v 1 MPLAB ICD 2
2 MPLAE TCE 4000

Clear Memory

Run e 3 MPLAE SIM
Animate 4 MPLAB [CE 2000
Halt e 5 REAL ICE

Step Into FZ 6 PICKE 2

Step Over & 7 FIE32 Starter Kit
Stepout

Puc. 3.31. Beibop B Ka4yecTBe MHCTPYMEHTa OTNagku
BHYTpUCXeMHoro otnaguuka ICD 2

Ot10 MOoxHO cnenath u3 MeHro Debugger (Otiamuuk), BeiopaB nynkr MPLAB
ICD 2 Setup Wizard (Macrtep nactpoek MPLAB ICD 2). Mactep npenHa3HaueH
JUISL 3aJIaHASI HAYaJIbHBIX OCHOBHBIX ITapaMeTpoB. 371eCh, B NEPBOM JIHAIOTOBOM
OKHe, B KauecTBe mHTep(derica cBs3u BeiOMparoT mopt USB. B cieayromem okhe
MOXHO 33/1aTh CIOCOO IT0JIauMl NMUTAHHS Ha MHUKpOKOHTposuiep. Ecmm tpebyercs
TECTHPOBATh MUKPOKOHTPOJIIEP B CXEME C He3HAUMTENBHBIM MOTPeOIeHHEM TOKa,
TO MOXKHO MCIOJIb30BaTh Tepekirouarens Power target from the MPLAB ICD 2
(ITomaya nutanus k o6bekty or MPLAB ICD 2). B Takom cityyae Hago oOecrie-
YUTh OTCYTCTBHE NMOAAYM BHEIIHHX HANPSDKEHWH Ha MHUKPOKOHTpoutep. B Gomb-
IIIMHCTBE CITyYaeB HAJ0 BBIOpaTh mepekimodarens Target has own power supply
(OOBeKT nmeeT COOCTBEHHBINH UCTOUYHUK MUTAHHSA), TAK KaK TAKMM 00pa3oM MOKHO
UCTIONIb30BATh TIOJHYIO JIEKTPHUYECKYIO CXEMY amIapaTHBIX CPEICTB C WCTOYHH-
KOM NHTaHMs. 3aTeM, B CIEAYIOUMX JABYX OKHAX, YCTaHOBUTE JBa (haxka:
MPLAB IDE automatically connects to the MPLAB ICD 2 (ABromatuueckoe
mogxaoueare MPLAB IDE k MPLAB ICD 2) u MPLAB ICD 2 automatically
downloads the required operating system (ABTomarmueckas 3arpyska
MPLAB ICD 2 Heo0OxoauMol onepariioHHOW CUCTeMBbI). DTH 00a mapaMerpa 00-
Jer4aT paboTy ¢ OTIaIYMKOM, TOCKOJBKY cpefa mpoektupoBanuss MPLAB aB-
TOMATUYECKH IMOJKIIOYACTCS K OTIAAUUKy M 3arpyaercs HeoOXOauMoe Mpo-
rpaMMHOe obecrieueHne. B mocieiHeM HTOroBoM OKHe Iociie MPOCMOTpa BCeX Ha-
CTPOCK MOYKHO MX TPHHSATH, HakaB KHOMKy I"oToBo (Finish).

Tenepb B cXeMy ¥ Ha MHUKPOKOHTPOJUIEP MOXHO IMOJIaTh HAMpsHKEHUE U chopMu-
poBaTh TOAKIOYeHHE ¢ momompio myHkta Connect (IloakmodeHue) B MEHIO
Debugger (Otnamuunk). Eciau Bce MOIKITIOYESHUS] M YCTAHOBKH OBUTH ClICJIAHBI ITPa-
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BUJIIBHO, TO B okHe Output (Pesymerat) (puc. 3.32) OyneT coobuieHne 00 ycner-
HOM TIOJIKJTFOUCHHUH.

Buid | Version Control | Find in Files  MPLABICD 2 |

Cannecting to MPLAB ICD 2

..Connected

Setting Ydd source to target

Target Device PICTBFE7EA found, revision = Rew O0xB
...Reading ICD Product ID

Funning ICD Self Test

..Passed

MPLAE ICD 2 Ready

Puc. 3.32. Hdopmauus B okHe Output

Ecnm >xe mpu mogkimodeHnH Bce ke OyIyT MpoOJeMbl, TO MOXHO eIle pa3 Mpo-
CMOTPETh W HMCIPABUTh YCTAHOBKH, CAETAHHBIE MPH MOMOIIM MacTepa HacTPOEK
MPLAB ICD 2, Bocmonbs3oBaBiiuchk myHkrom Settings (ITapamerpsl) u3 MeHio
Debugger (Ortmagunk). Ha Bkmamke Status (CocrtosiHue) MOXHO YBHIETH, IOJ-
kiroueH Jin otiaaquuk ICD 2 u npoiineno ju camorectupoBanue (Self Test).

T
Status | Communication | Limitations I

- Connect Status
IConnected

v automatically conmect at startup
¥ Automatically download firmware if needed

~ Meszzages

[~ Output to debug file

- Self Test
Targetvdd |Pass

Module Ypp  |Pass

MCLF Gnd  |Fass Run Self Test |

MCLR Wdd  |Pass
MCLF wpp  |Pass

Puc. 3.33. CocTtosiHne otnag4vka ICD 2

C nomomsio Bkiagku Power (Ilutanue) MOXHO MPOBEPUTH, HAXOIATCS JH IpPHU-
JIOKCHHBIC HAINPSDKEHHS B HY>KHOM Juanas3oHe. J{1s MUKpPOKOHTpOJUIEpa ¢ Halps-
KeHreM NuTaHus 5 B mokazaHHoe LeneBoe HanpsbKeHHE Vpp JA0JDKHO COCTAaBIIATH
4,5—5,5 B. Hanpspkenue mporpamMMupoBaHusi Vep AOIDKHO OBITH Mexay 9,0 u
13,5 B. Ono npenocrasiseTcss B pacnopsbkeHue nporpammaropoM. C IOMOIIBIO
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kaonku Update (OOHOBIEHNME) MOXHO OOHOBISATH OTOOpaKEHHE 3HAYCHHUIU Ha-
MIPSDKEHUS WK U3MEPECHUH.

Status I Communication I Limitations Power | Fragram
Target Ydd 484

Target ¥pp 1238 | Update I

MPLAE ICD 2%pp 1254

Walues are updated on connection, requests to update, and power
zetting changes

Power target circuit from MPLAR [CD 2

Wamning! ‘when supplying power, ICD2 provides 5 \dd. If pour
application iz not B tolerant do not instruct |CD 2 to power the
target circuit

‘Warning! Thig iz a tool getting not a project setting. [Far historical
reazong. ] [COZ2 will provide 5 WDD until this setting is turned off,
even if you switch projects or parts.

Puc. 3.34. ICTOYHMK NnuTaHmus

Crnenytomnast ”HTEpecHast BKJIajka — 3To BKiagka Program (Ilporpammuposanne)
(puc. 3.35). 31ech MOXKHO YCTaHABJIMBATh, Kakas 00JaCTh MaMSTH JIOJDKHA 3aIlv-
CBIBAThCA MPH MPOrPaMMUPOBAHUU. B OONBIIMHCTBE Cly4aeB BIIOJIHE TOCTATOYHO,
koraa aktuBu3aipen mnepekiodatens Allow ICD 2 to select memories and
ranges (Paspemmts ormagunky [ICD2 BBIOOp mamsTH W Iuana3oHa) MO3BOJISIOT
otnamuuky ICD 2 ycraHaBnmmMBaTh mapaMeTphl CaMOCTOSTEIhHO. TOIBKO B TaKOM
cnyqae Bo Flash-namsth 3ammchiBaeTcst Takoii 00beM, KOTOPbIA TpeOyercs st
IIPOIPAMMBI.

B koHIIE MOXKHO TTPOCMOTpETH erie OuThl KoHburyparuu. O030p TEKyIIIX 3HaYe-
HUI MOXKHO monyunth U3 MmeHwo Configure (Kougwurypars), BbIOpaB MyHKT
Configuration Bits (butsl koHburypanun). Eciin MEKpOKOHTpoJIiep paboTaeT He
TaK Kak TpeOyeTcs, TO B IEPBYIO OYepEeIb HY>KHO MPOBEPUTH ITH YCTAHOBKHU M Ha-
CTPOHTH HX B COOTBETCTBHU ¢ TpeOoBanusMH. [Ipu ycranoBneHHOM (iaxke, pac-
MIOJIO)KEHHOM B BEpPXHEH CTPOKE, B OKHE OTOOpaXkaroTcst OMTHI KOH(PHUTYpaIMH, KO-
TOpPbIE YCTAHOBJIECHBI B HCXOJHOM MPOrpPaMMHOM Kozie. YTOObI cienaTh Kakue-moo
W3MEHEHUSI HACTPOEK, 3TOT (IIAKOK JOJDKEH OBITh CHAT. [Iyis morcka ommOoK Hin
OTJIaJIKH HACTPOMKH JIOJKHBI OBITh TaKKE, Kak 3TO MOKa3aHo Ha puc. 3.36.

Crenyrolie HACTPOWKKM B OTHOUICHHH OTJAJKH M TMPOTPAMMHPOBAHUS MOTYT
OCYIIECTBIATHCA ¢ momoIneio myHkra Settings (ITapamerpsr) B mero Configure
(Kongwurypanms). UtoObl OBITH YBEPEHHBIM, YTO W3MEHECHHUSI COXPAHSIOTCS Iepe
3alyCKOM MPOTpaMM Ha KECTKOM JIMCKE, B OTKPHIBIIEMCS OKHE HAa BKJIAJKE
Debugger (Otnamunk) HykHO ycTanoBuTh (uakok Automatically save files
before running (ABromarndeckoe coxpaHeHHe (aiIOB Mepea BBIMTOTHEHHEM)
(puc. 3.37).
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Status I Comrmunication I Limnitations Power Frogram

& Allow ICD 2 to select memories and ranges

— Manually select memaries and ranges
riemaries——— /1~ Frogram Options
V¥ Program
¥ Configuration I¥ | Erase alllbefore Pragram
[~ EEFROHM [ Preserve EEPROM on Program
| N5
[~ | External
i~ Program Memey——— | - External bdemon
[hex] [Fex]
Start IUEU Start IUEU
End ID:-ﬂF End |uxu
Full Fange | Full Fange |

- Boctloader
zer Memany Routines

I'\IED2\SHAM‘IE.HE>< Browse... |

—Automatically
¥ Frogram after successhul build

¥ Fun after successiul program

Puc. 3.35. Hactpovikv Ans nporpammmnpoBaHuns

=T

¥ Configuration Bits set in code.

Address I Value | Category I Setting I
2007 F739 Oscillator XT
Watchdog Timer Off
Power Up Timer Off
Brown Out Detect Off

Low Voltage Program Disahled

Data EE Read Frotect OIff

Flash Progrsm Write Write Protection Off
Code Protect Off

Pwuc. 3.36. buTbl KOHGWMrypaumm

JIns ykasaHus TaMATH, KOTOpas AO0JDKHA OYHINATHCS Mepe MPOrpaMMHUpPOBAHUEM
ynmna, Hy)KHO TepeiTtu Ha BKiaaaky Program Loading (3arpyska mporpaMmsi).
JInst Toro 9ro0bl MPU MPOTPAMMUPOBAHUK OBITH HABEPHSIKA YBEPEHHBIM, YTO BO
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Flash-mamsT HUKaKHX KYCKOB OT CTapbIX MPOrpamMM OOJIbIIIE HET, Ha ITOH BKIIAJ-
Ke HyxHO ycraHoBUTH (uaxok Clear program memory upon loading a
program (O4YuCTUTh MaMsITh IPOTPAMM IPH 3arpy3ke mporpammbl) (puc. 3.38).

Settings 21
Workspace Debugger | Program Loadingl Hot Ke_l,lsl Other I F'roiec:tsl
v &utomatically save files before running

¥ Femove breakpoints upon importing a file

™ Resst device to the beginning of mair function

Stepping Behavior

¥ Track debugger lncation in the source code

[ Browse for source if file iz not found

¥ Show disassembly if source is unavailable

(]9 I Abbrechen Obemehmen Hilfe

Puc. 3.37. MapameTpbl oTnagku Ha Bknagke Debugger B okHe Settings

settings x|

Workspacel Debugger  Program Loading | Hat Keysl Other I F'roiectsl

% Clear memory before building a project

" Clear memory after successtully building a project

¥ Clear program memary upon loading a program
[ Clear configuration bitz upon loading a program
[~ Clear EE data upon loading a program

[ Clear user I upon loading a progran

ak I Abbrechen WEemehmen Hilfe:

Pwuc. 3.38. Hactpolikv Ans nporpammmnpoBaHuns
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3.10. NMporpammunpoBaHue

Ecnu nocnie ycrpaHeHus Bcex OIMMOOK B IPOTpaMMe €e He0OOXO0IUMO 3arpy3uTh BO
Flash-mamste, BHyTprcxemMubiii oTnaguuk ICD 2 fgomkeH OBbITh YCTAHOBICH B pe-
KUM TIporpaMmupoBanus. J{ms atoro B MeHto Programmer (IlporpamMmarop) BbI-
6epure mynkr Select Programmer (BsiGop mporpammaropa), a 3atem MPLAB
ICD 2 (puc. 3.39). leno B ToM, 4TO BHyTpHcXeMHbI oTaamuuk ICD 2 He MoxeT
(YHKIIMOHUPOBATh OJHOBPEMEHHO B PEXHUME OTIQJKA W MPOTPAMMHPOBAHUS H
MO3TOMY JIOJDKEH MEePeKTouaTbes. Ecim MUKpOKOHTPOILIEp PUMEHSIETCS B TOTO-
BOH cxeme, KOTopasi IpeHa3HaueHa JUIsi POAaKH, TO OONBIINHCTBO pa3paboTIH-
KOB 3aMHTEPECOBAHO B TOM, YTOOBI MPOTPAMMHEIN KOJ HE CMOT OBITh MPOYUTAH
KOHKypeHTamu. [103ToMy mepell mporpaMMHUpPOBaHUEM HYXKHO COOTBETCTBYHOIIUM
00pa3oM yCTaHOBHUTH OMTHI KOHPHUTypaluu. B 4acTHOCTH, /ISt 3AIUTHI TIPOTPAMM-
HOTO KoJa OT uTeHust out koHpuryparuun Code Protect (Kox 3amurer) qomKeH
nmeTh 3Hadenrne ON (BxiroueHo).

Programmer Tools  Configure  Window  Help

t Prograrnmer Mone

1 PICSTART Plus

2 MPLAE [

S Program 3 AMNS51 GQuick Programmer Beta
Read 4 PICkit 2
Werify 5 MPLAE PM 3

*  Erase Part 6 REAL ICE i

MPLAE ICD 2 Setup Wizard, ..

g

Blank Check 7 PRO MATE II
Read EEPROM & PICkit 1
Release from Reset

Holdlin Reset

Abark Cperation

Canneck
+  Download ICD2 Opetrating System P

Settings. ..

g

Puc. 3.39. Vcnonb3oBaHne otnagymka ICD 2 B kayecTBe nporpammaropa

[Tocme Toro xak BeIOpanu BcTpoeHHBIH oTnaguuk ICD 2 B kadecTBe npocpamma-
mopa, OCYILECTBISIETCS MOAKIIOUEHUE MEXTy cpenoi mpoektupoBanusa MPLAB u
otnaauukoM ICD2, uner mouck NpUCOEAMHEHHOTO MUKPOKOHTpOJUIEpa M BBIMOJI-
HsieTcs camoTecTupoBanue. [Ipomio a1 noaxioueHne O6e3ynpedHo, OyIeT U3BECTHO
3 coobmenus B okHe Output (Pesynwrar) (puc. 3.40). Eciu HeT cooOmenuit o6
omuOKe MPH YCTAHOBKE CBSI3M, TO YMIT MOXKET MPOrPaMMHUPOBATHCS C TIOMOIIBIO
myHKTa MeHto Programmer — Program (IIporpammarop — IlporpammupoBa-
nue). IlosBusromnmecss cooOeHus: HQOPMHUPYIOT O JIEHCTBUHU, KOTOPOE TOJBKO
YTO 3amyckaynochk. CHaudasa HpOBEPSIIOTCA OWTHI KOHPUIYpaLuH, OYMINAETCS Ma-
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MATh U HOBas nporpamma numercs Bo Flash-mamsrs. Ecnu nmporpamma Obuia 3a-
MUCaHa B MaMsTh, TO B KOHLE €Ille pa3 MPOBEPsIETCs, MPABUILHO JH 3alHCAINCh
Bce naHHble. [IoToM mpoBepeHHblE OMTHI KOH(UIYpaluy MHUUIYTCS B MHUKPOKOH-
Tposutep. B konme mocne BbiBoga coobmierns "Programming Succeeded" (Ilpo-
rpaMMHpPOBaHNE MPOLUIO ycremHo) (cM. puc. 3.40) MUKPOKOHTPOJIJIEP TOTOB K
IIPUMEHEHUIO 1 MOXKET UCII0JIb30BAThCS ISl OKOHYATEIbHON CXEMBI.

Buid | ersion Cantiol | Findin Files MPLABICD 2 |

Connecting to MPLAB ICD 2
..Connected

Setting dd source to target
Target Device PICTBFEYEA found, resision = Rew 0xB
..Beading ICD Product ID
Running ICD Self Test

..Fassed

MPLAB ICD 2 Ready
Programming Target...
LMalidating configuration fields
...Erasing Part

...Programming Program Memory (0x0 - 0xE7)
Werifying..

..Program Memaory

Werify Succeeded
Frogramming Configuration Bits
.. Config Memory

“erifying configuration mermony...
WMerify Succeeded
..Programming succeeded
02-Aug-2008. 16:49:32

MPLAB ICD 2 Ready

Puc. 3.40. CoobLyeHre 06 ycneLHoM nporpaMM1MpoBaHnm

3.11. TekcTOoBbIN pegaKkTop

Bce mpumeps! nporpamMm B 3TOM KHUre ObUTH HAKCaHbI C TIOMOLIBIO BCTPOSHHOTO
B cpeny mpoektupoBanus MPLAB tekcToBoro pemakropa. Eciu mpu OTKpeITHH
¢aiina KoMaHABl HE BBITJSIAT PAaBHOMEPHO PACHOJIOKEHHBIMU CBEPXY BHH3, TO
3Ha4YeHUe s mara TadyJsiuy yCTAaHOBJICHO, BEPOATHO, OINO04HO. YTOOBI MOTy-
YUTh HAIJISAHOE M300pakeHHe MPOrpaMMHOTO KoJa, Hy)KHO B MeHio Edit (Penak-
THPOBaTh) BbIOpaTh MyHKT Properties (CBoiicTBa) u 3aTeM B OTKPBIBIIEMCS OKHE
Ha Biiagke '"ASM' File Types (Tumsl daitna ASM) B mone Tab size (Pasmep Ta-
OyJIsIliMM) YCTAaHOBWTH 3HaueHHWe, paBHOe 3. Ha sToli Bkiaake B daiiie, HanucaH-
HOM Ha accemOJepe, MOXKHO Tak)K€ BKIIIOYATh WM OTKIJIIOYaTh HyMEPALUIO CTPOK.
Kpome Toro, 31ece MOXKHO 3a7aTh YCTAaHOBKY TOYEK OCTaHOBAa B MpOrpaMMe I10-
CPENCTBOM JBOMHOTO IIENYKA HA KEITAEMOU CTPOKE.
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General 'A5M'Fils Types | Tooltipsl Text I Other |

[~ Line Numbers

¥ Double Click Toggles Breakpoint

[T Line'wrap

[~ Print Line Mumbers

[ Repair Mismatched CRALF on Save [ Enable Code Folding - Use o and 3}

[ Auto Indent
- Tabs
" Inzert spaces
Tab size: 3
(1-18] * Keeptabs

Ok I Abbrechen [Eermehmen Hilfe

Puc. 3.41. Hactpoika napameTpoB TEKCTOBOro pedakropa






4. MporpaMMHbIN NHTEepdenc

B npeapinymmx rnaBax yxe ObLIM pacCMOTPEHBI HEKOTOPBIE OCHOBBI IIPOrPaMMHU-
poBanud. B 3T0il rinaBe peub HOWAET O TOM, KaK MOJIKIIOYUTH MUKPOKOHTPOJIIEP K
IporpaMMaTopy M Kak JOJDKHA BBHINVIAZAECTh OKOHUYAaTelIbHAas cXxema, 4TOOBbl HaIlu-
caHHas nporpamma (GyHKLIMOHUPOBAJIa B FOTOBBIX allllapaTHBIX CPEICTBAX.

s 3arpy3ku nporpammsl B PIC-koHTposIep npeaocTaBisoTcs B pacopshKeHne
3—4 BeiBosta. OHM MOTYT HCIIOJIB30BAThCS MOCIE MPOTPAMMHUPOBAHUS 110 TPebo-
BaHHUIO TaKXe Ul APYIHX LeJed, HanpuMmep Kak BXOJ WM BBIXOA. 37ech pedb
HJET O CIENYIOINX BBIBOAAX:

O PGC (Programming Clock) — TakToBbIii BXO/ B peXKHME TPOrPaMMUPOBAHHUSI;

O PGD (Programming Data) — BbIBOJ /JIsl TaHHBIX B PEKHUME MPOrPaAMMHPO-
BaHUS;

O Ve (Programming Voltage) — BXoJHO# BBIBOJI Uit BBICOKOTO HAMPSDKCHHUS
porpaMMupoBanus, nmpumepHo 11—13 B;

0O PGM (Low-Voltage Programming Enable) — BxoHO# BBIBO /15t pa3perieHus
peXrMa HU3KOBOJIBTHOTO TporpammupoBanus PIC-koHTpoiepa.

Hapsiny ¢ stumu BeiBogamu TpeOyroTCsl ele 1Ba BbIBOJA AJIsl HAIPSIKCHUS IHTa-
Hus (Vpp U Vss). Ecmi MEKpOKOHTpOJUIEp HE MOAKIIIOUEH K CXeMe, B KOTOPOH
nmeercsi pabouee HampspKEHHE, TO U MPOTrPaMMHPOBAHMS AOJKHO MPeroCTaB-
JIATBCS B pacHopsbKEHUE HANpsHKeHHE MUTaHus OT IIporpaMmaropa.

4.1. NMporpammupoBaHue ¢ nomouybto ICD 2

Hanee oOwsicasercs nporpammupoBanue PIC-koHTposuiepa ¢ OMOIIBIO BRIBOJIOB
PGC, PGD u Vpp npu noMomu BcrpoeHHoro otnaauuka ICD 2. Ha npunaraemom
K KHAT€ KOMITAKT-INCKE HAaXOAUTCS KOPOTKOE OMHCAHWE, KaK MOYKHO IPOTPaMMU-
POBaTh MUKPOKOHTPOJIIEP C TOMOIIBIO HEOOJBIIIONW CXEMbI, H3TOTOBJICHHON camMo-
cTosaTenbHO. CXxeMa COOCTBEHHOTO HW3TOTOBJICHUS CO BCEMHU KOMILICKTYHOIIIUMHU
mnenusimu ctout Meree 2 € (=80 py06.). K coxaneHuro, ¢ MOMOIMIBIO 3TOW CXEMBI
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HENb3sl OTJIAXKHUBATh KOHTPOJUIEPHI B CXEME M TaKUM OOpa3oM IPOBEPSATh WHTEP-
(heticel anmapaTHBIX cpeAcTB. PasymeeTcs, Takoil cXeMbl BIIOJIHE JOCTATOYHO, €CITU
IporpamMMa YCIIeIITHO COCTaBJICHa M CMOJCIMpPOBaHa, HAIIpUMeEp mporpamma "oOe-
rymiero oras", u ee Hajo Jjuib 3arpy3uth B PIC-konTposmiep. Ilockompky cxema
COCTOHWT W3 Majoro KOJIWYEeCTBAa MPOCTHIX KOMIUIEKTYIOMINX JETaled W MOITOMY
MOJXET OBITh OBICTPO COOpaHa Ha CHEIMATLHOW MOHTAXKHOM IUIATE C OTBEPCTHSIMHU.
[Ipu MOHTa)xe CXEMbI HY)XKHO CTapaThCs JIENaTh KaK MOXXHO 00JIee KOPOTKHE CO-
€ANHEHUSI C MUKPOKOHTPOIIJIEPOM, TIOCKOJIBKY MMEETCS BO3MOXXHOCTH BO3HHKHO-
BEHUS IOMEX, U TOTJa MUKPOKOHTpOJUIEp OYAET 3alporpaMMHUPOBAH HEIPABHIIb-
HO. Hy’)kHO MOHMMAaTh, 9TO OT ATOW TMPOCTOM CXEMBI HENb3s TPeOOBaTH TOTO K€,
YTO ¥ OT MOJHO(PYHKIMOHATHHOTO MPO(ECCHOHAIBHOTO MPOTPAMMHOTO M OTJIa-
JOYHOTO ycTpoiicTBa. Eciu xoTute 6onee AeTanbHO pa3o0paThes ¢ MPOrpaMMUpo-
BaHHEM DPa3HBIX THIIOB KOHTPOJUIEPOB, TO MOXHO B35ITh MOJAPOOHOE OIMCAaHUE W3
PYKOBOZCTBA 1O dKCIuTyaTanuu oTiaguuka ICD 2. A Tak ke, eciu XOTHTE 3HATh
Oompiie 0 mporpammupoBaHnu Flash-mamsaTi, o3HAKOMBTECH C JOKYMEHTOM
FLASH Memory Programming Specification PIC16F87XA (¢daitn Ha mpunarae-
MoM kommakT-aucke FlashMemoryProgramming Spec_PIC16F876A.pdf).

Urto0bl n30eKaTh HENPUATHOCTEH MPU MPOrPAMMHUPOBAHUMU U OTIIAJIKE, HY>KHO HC-
O0Jb30BaTh MO BO3MOXHOCTHA BBIBOALI PGC u PGD wuckimrountenpHO g LieIer
nporpaMMupoBanus. Ecnu Bce xe TpeGyeTcs 1o KakuM-IM00 NMPUYUHAM HCIIOJIb-
30BaTh 9TH BBIBOJBI AJISl IPYTHX LEJICH, TO HY)KHO CTapaThCs ONPEACISITh ISl ATUX
BBIBOZIOB MEHEE BaKHble (DYHKUMHU (HAIpUMEp, MPeayHpexIeHNUE, eCH HarpsoKe-
HUe OaTapen HE COOTBETCTBYET OIPEJeIEHHOMY 3HAUEHHIO) WIIM MPUCOSAMHSTDH
MIPOCThIE MACCHBHBIE CXEMbl (HallpuMep, KHOMKH). B xyamem ciydae ornaaxa
MUKpPOKOHTpOJIIEpa B cxeMe OyaeT He Bo3MokHa. BeiBog PGM He siBiisieTcst He00-
XOAMMBIM JUISI IPOTPaMMHPOBaHUsI, OAHAKO 3[1eCh HY>)KHO 00paliaTh BHUMaHUE Ha
HEKOTOpbIe MOMEHTHI. C IIOMOIIBIO 3TOT0 BBIBOAA MUKPOKOHTPOJUIEPY cooOmiaer-
Csl, UTO pean3yeTcs PeKUM HU3KOBOJILTHOTO MPOTrPaMMHUPOBaHUS C TIOHMKEHHBIM
HanpspKeHUEM, a He ¢ HalpshDKeHUeM IporpaMMHupoBaHus Vep, paBHeiM 11—13 B.
Jnis mporpaMMHUpOBaHHUS MHUKPOCXEMbI IIPHU S5-BOJIBTOBOM HANPSIKEHUU JOJDKEH
CHavaja yCTaHaBIMBaThCca OMT koHpurypammu Low Voltage Program (Hwusko-
BOJIbTHOE MporpammupoBanue) B cocrosiaue Enable (Paspemrenne). Eciu Boico-
KUl ypoBeHb IpuiiokeH K BbiBoay PGM, torga PIC-koHTposuiep Takke MOXKET
OBITH 3amlKMCaH B PEKUME HU3KOBOJIBTHOTO MPOIPAMMHUPOBAHHS. DTO MOXKET UMETh
CMBICJI, HAIIPUMEP, €CIH MPOrPAMMHBIA KOJ JOJKEH OOHOBJISATHCSI B TOTOBOM YCT-
poiicTBe nonb3oBarens. [lonbp3oBarenb, Kak MpaBUIo, HE pacroiaraeT mporpaMma-
TOPOM, 4TOOBI MPOrpaMMHUPOBATh MHUKPOKOHTpOJUIEp. YTOOBI IpHU MPOrpaMMHUpO-
BaHUM WCKJIIOYUTHh HEMPUATHOCTH, HY)KHO CTapaThCsl MCHOJIb30BaTh 3TOT BHIBOA
TOJIBKO KaK BBIXOJI, KOTOPBII HUJIET HA BXOJ BHEIIHEW MUKPOCXEMBI. J|0TOIHUTENb-
HO MOXHO MOJKIIIOYATh eme coenacyiowuil pesucmop (Pull-Down Resistor) mpu-
MepHO OT 10 KOM, 4TOOBI BBIBOA, €CJIM 3TO TpeOyeTcsi MpU OTCYTCTBHM CUTHAIIA,
nuMmen Obl TOJIBKO BBICOKMI JIOTMYeCKUid ypoBeHb. Eciu, Hampumep, BBIXOJ BHEIL-
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Hero Tpurrepa llIMuTTa MOAKIIIOYAIOT K 3TOMY BEIBOIY, TO HUKOT/IA HEIIb3sl OBITh
YBEpPEHHBIM, KaKOW YPOBEHb MPHIOKEH Ha MOMEHT MPOrpPaMMHPOBAHUSL K STOMY
BBIBOJLY.

Ha Bxon MCLR/V,, MHKpOKOHTpOJIepa MOJAeTCsl BBICOKOE HAINpPsHKEHHE IpPOo-

rpammupoBanus. Eciau 310 Hanpsbkenue 6onee 9 B, To BHYTpEHHHUM amnmapaTHBIM
CpelcTBaM COOOIMaeTcs, 4To JODKHA mporpammupoBathes Flash-mamsats. Tlocme
MPOTPaMMHUPOBAHUS STOT BBIBOJI UCIIONIB3YeTCsl Kak BBIBOJ cOpoca. Eciin Bo Bpemst
paboTbl Ha 3TOT BBIBOJ MOAAETCS HU3KUK YPOBEHb, TO MPOUCXOAUT cOPOC U MPO-
rpaMMma HadyWHaeTcsl cHadajga. UToOwl m30exaTh HempeaHaMEpPEeHHOTo cOpoca, Ha
3TOM BBIBOZE JOJDKEH BCErja MPUCYTCTBOBATh BBICOKUH JOrMYeckuil ypoBeHb. Ho
Oy/AbTE OCTOPOXKHBI: MOCKOJIBKY BBIBOJI HE MOKET OBITh IMOAKJIIOYEH HETOCPEACT-
BEHHO K paboueMy HanpspKEeHUI0 Vpp, T. K. HHaUe BBICOKOE HAINPSDKEHHE MPOrpaM-
MHUPOBAHUSI MOXET TONACTh Ha BBIBOJ[ MCTOYHWKA MUTAHUS W BBIBECTH €r0 W3
ctpos. IloaTromy BBIBOJ Vpp IOJDKEH MOAKIIOYATHCS K BBIBOAY Vpp (IHTaHHEM)
4yepe3 pe3nucTop. 3HaUECHHUE €ro COMPOTUBIICHUS, KaK MPaBUIIO, TOJDKHO OBITh PABHO
10 kOm. Takum 006pa3oM, ympasisiTh COPOCOM MOXKHO C MOMOIIBIO KHOIKH WIN
nepembrdk (Jumper), 3aMbikaronieil BoiBoag Vep Ha "3emumio”. [lonHyto MOHTax-
HYIO CXEeMY AJISl HaJIe)KHOTO MMPOrpaMMHPOBAHKSI MOXKHO B3SITh Ha puc. 4.1.

2 * Voo
ICD2 PICxxxx
10 kOm

1 MCLRNpp
5 PGC

4 PGD

3 Vss/GND

|‘ - / C6poc (Reset)

Puc. 4.1. Cxema nogknoveHns otrnagunka-nporpammaropa ICD 2
K PIC-mMuKkpoKkoHTponnepy
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4.2. NMpouecc nporpaMmmMmupoBaHus

[Iporecc mporpaMMUpOBaHUS COCTOMT W3 Pa3iIMYHBIX 3TanoB. UToObl 3amucaTh
HOBYIO0 mporpamMmy Bo Flash-namsate mMukpokoHTposuiepa, MaMsTh JOKHA OBITh
repen 3TuM oumieHa. Kpome Toro, mocie 3amucu XOTelIoCh Obl ObITh YBEPEHHBIM
B TOM, YTO JaHHBIE AEHCTBUTEIIEHO COXPaHEHBI B TaMsITH mporpamm. [loaTomy 3a-
MMCaHHbBIE TAHHBIE CUYMTHIBAIOTCS €IIe Pa3 W CPABHUBAIOTCS C JAaHHBIMHU Ha IEPCO-
HaJHHOM KOMIIBIOTEpE.

Camo co00ii pazymeeTcs, MO’KHO 3aIlyCKaTh KaKAbIM IIar B OTAEIBHOCTU U TaKUM
00pa3oM 3anuchIBaTh JaHHbIE B MUKPOKOHTPOJIIEP, a 3aTEM NPOBEPATh UX. Tem He
MeHee, KaKk IPaBWIo, MPOrpaMMUPOBAaHUE NPOTEKAET aBTOMAaTHUYECKH, U HE00XO-
JUMBIE IIark 3alycKaroTcd Mo odepenu. [l BO3MOMXKHOCTH NMepeAayuu TaHHBIX U3
nepcoHaIbHOro KommnbioTepa B PIC-koHTposiep cHadana HyHO MHULUATIU3UPO-
BaTh BHyTpucxeMHbIN oTnaquuk MPLAB ICD 2 u BBIIOJHUTH COOTBETCTBYIOIINE
coenuHenus. [Tocne nmoaxmouenus cpenoit npoektuposannss MPLAB nposepser-
Csl NIPaBWJIBHOCTH NPUCOCIVHEHUST MUKPOKOHTpoJuIepa. Eciau npu HacTpoiike ma-
pamMeTpoB OBUT BBIOpaH OMIMOOYHBIA THUM MHKPOKOHTPOJUIEpa, HAIpUMED,
PIC16F876 Bmecto PICI6F876A, To B TakoM citydae BBIBOAWTCS IIPEeIyTIpPExKIe-
Hue. B OonpIIMHCTBE ciy4yaeB 3T0 He KpuTHuHO U PIC-koHTposep Bce xe MOKeT
rporpaMMupoBaThesi. OJHAKO B €AMHUYHBIX CIIy4asx MPHU BBITOJHEHUH MPOrpaM-
MHUPOBaHHUS MOTYT MOSIBUTHCS TpoOiembl. B cpene npoekrtupoBanuss MPLAB Bce
HEOOXOIUMBIE KOMaHIbl sl MPOrPaMMHUPOBAHUS MHUKPOKOHTPOJIEpA MMEIOTCS
B MeHio Programmer (IIporpammarop). IIpu BeIOOpE STHX KOMaHI MOXET BBI-
MOJIHATBCS PSAJl ONPEIAECICHHBIX TEUCTBUN.

O Erase Part. Ilo sToif komMaHae ounmaeTcst BHyTpeHHss Flash-mamsats Mukpo-
KOHTpoJulepa. B mamsiti mocie mpormecca OYHCTKH OyayT HaXOIMTHCS TOJBKO
eIMHUIIBI.

O Blank Check. Uro6sl npoBepuTh, YCHENIHO JIA MPONLIA OYUCTKA MAMSTH MPO-
rpamM, TPUMEHSETCS T4 KOMaH/a, ¢ MOMOIIBI0 KOTOPOW BBIMOIHSACTCS IPO-
BepKa IMyCTBIX, HE3AHCAHHBIX MECT B mamsiti. [Ipu 3TOM comep:kuMoe Bceit
Flash-mamstit ynuTaeTcst ¥ MPOBEPSIETCS, HAXOIUTCS JIM B KOKION SUeliKe mamsi-
tu 1. Ecniu HeT, T. . He BCe SUEUKU OYMINCHBI, TO B TTAMSTH MPOTPaMM MHKPO-
KOHTpOJIIEpa €Ie HAXOIUTCS cTapasi mporpamMma. Takoe MOXKeT CIy4HuThCs, Ha-
npuMep, TpH Tiepeaade ¢ MOMeXaMH, KOT/Ia UCIIONb3YETCs CIIMIIKOM [THHHBIH
kabesb MeXy POrpaMMaTopoM U cxeMmoit. Eciti Takoe mpouCcXOauT, TO HYX-
HO [IPOBEPUTH MOAKITIOYCHHE U TOBTOPUTH MPOIECC OYMCTKU MTAMSITH.

O Program. Ilocne Toro kak B mamsTu HOporpamMm OOJIbILIE HE UMEETCS NaHHBIX,
C TIOMOUIBIO PTOH KOMaH/bl MOKHO 3aIlMChIBaTh mporpamMmy Bo Flash-mamsrs.
ITporpamma, ecTeCTBEHHO, JOJKHA OBITH 3apaHee 3arpy:keHa U CKOMIMINPOBa-
Ha. [lpu mporpammupoBanuu PIC-xoHTposiepa OWTBI KOHQUTYpalHMy Mpo-
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rPaMMHUPYIOTCS TOJIBKO B caMoM KoHIle. [lociae okoHYaHus MporpaMMUpPOBaHUS
ABTOMATHUYECKH 3aITyCKaeTCs IepenpoBepKa MPOrpaMMHOTO Kojia U OUTOB KOH-
¢durypanun.

O Read. ITo sTo¥i KOMaHje, €ClIM YUl HE 3AIMILEH OT YTEHHUS C IIOMOIIBI0 OUTa
koHpurypauun Code Protect (Kox 3amuThl), untaercs obuiee COAECpPKUMOE
namsTu. B ciyyae o4MIeHHOT0 MUKPOKOHTPOJIIEpA U3 Kax/I0H sUeHKN MaMsITH
nporpamm gutaetcs 3Hadenne 0x3FFF. Ecin mporpamMmmMa HaxomuTCs B TaMSATH,
TO BHJIEH OWHAPHBIN KOJUPYEMBIH THIT KOJa W JU3acceMOIMpPOBaHHbIE KOMaH-
Il acceMOJIepa, eCTECTBEHHO 0€3 KOMMEHTapHs U UIACHTU(PHUKATOPOB TIEPEMEH-
HBIX, KOTOPBIC YKa3bIBAJUCHh B HCXOJTHOM Kojie. UTOOBI yBUIETh MPOTPAMMHEII
KO/, HY»XHO ¢ momortipio Meno View (063op) u nyakra Program Memory
(ITamsTH IPOTPaMM) OTKPBITH OJHOMMEHHOE okHO Program Memory (Ilamsats
porpamm).

O Verify. UroObl He cpaBHUBATH KaXKIyI0 CTPOKY B OTICIBHOCTH C 3aIpOTpaMMH-
POBaHHBIM KOJIOM, BBIOEpHTE 3Ty KOMaHIy M cpena npoektuposanusi MPLAB
aBTOMAaTHYECKU IIPOBEPUT U CPABHUT JAHHBIE.

[ocne Toro kak maMsATh MpOrpaMM OyIET YCHEIIHO 3aricana, MOXKHO CHATh pabo-
Yee HanpspKeHHE U MOJIaTh €ro CHOBa 0e3 MoTepy JaHHbIX.

4.3. butbl KOHdUrypaumm

K peructpy, B KOTOpOM XpaHSATCS OWTHI KOH(QUrypamuu, MOXHO 0OpamaThCs
TOJILKO BO BpeMs IporpammupoBanus. [lociie TOro kak 4wl 3aporpaMMUPOBaH,
3TH OUTBI OOJIBIIIE HE MOTYT U3MEHATHCA. UTOOBI cJie/iaTh U3MEHEHHE B 3TUX OU-
TaX, BECh YHII IOJDKEH ObITh CHAYAJIa OYHIINCH, a 3aTeM CHOBA 3allPOTPaAMMHUPOBAH C
W3MEHEHHBIMH HACTPOWKAMHU. DTO JEHCTBUTEIBHO HWMEET CMBICI, MOCKOJIBKY B
MIPOTUBHOM CJIydae MMENach Obl BO3MOXKHOCTB, IMPOCTO COPOCHUB OUT 3alUTHI OT
YTEHUS, JICTKO MPOYECTh U3 MAMSTH, PaHee 3alllUIICHHbBIC JTaHHbBIC.

butel kKoH(pUTYpanuu MOTYT OBITH YCTaHOBJIEHBI JIMOO HEMOCPEICTBEHHO B TPO-
rpaMMHOM Kojie, 100 ¢ momornipio myHkra Configuration Bits (buter koHpury-
pamun) mento Configure (Kouduryparust). COOTBETCTBEHHO PEKOMEHIAIIAH HY K-
HO YCTaHaBJIHMBaTh OMTHI B MPOTPaMMHOM Koje. Takum oOpazom, K Oosee mo3aHe-
My MOMEHTY TPOrPaMMHPOBAHMS HE 3a0bIBAIOT aKTHBUPOBATH 3AIUTYy OT YTCHUSL.
UroObl ycTaHAaBIMBATH OWTHI KOH(PHUIYpAIlMUd B MPOTPAMMHOM KOJE, MOXKHO HC-
MOJIb30BAaTh HACTPOWKHU 110 YMOJYAHHIO M3 JIONOJHHUTEIHFHOTO TaK Ha3bIBAEMOTO
3aroJoBOYHOTO (paiina ¢ pacliMpeHreM inc, pacrlooKeHHbIe B KoHLe Qaiina. [a-
nee B pazod. 4.3.9 npuBeseH npuMep BO3MOXKHBIX HACTPOEK Ui OUTOB KOH(pHUTYpa-
i, B3ATHIX U3 Include-gaiina. Pacrio3HaTh nX MOXKHO IO CUMBOJTY HIDKHETO TIOJI-
YepKUBaHUA TIepe]] HAHMEHOBAHNEM OUTOB.
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Peructp c ycranoBieHHbIMH OuTamMu KOHUTypanuu umeer 14 6utoB. UToOH! yc-
TaHOBUTHh OWTHI KOH(PUTypalud B MPOTPAMMHOM KOJE, HCIIONB3YIOT TUPEKTHBY
accemOiepa  conrIG. Ilocie Hee mepeuncisIrOTCS KOHCTAHThI JIJIsi HACTPOHKU Ou-
TOB KOH(HUTYpaIUX CIEYIONTUX IPYT 3a APYyTroM depe3 cuMBoa "&".

IMpumep: CONFIG CP OFF & WDT OFF & BODEN OFF & ...

4.3.1. N'eHepaToOp

MHUKpPOKOHTPOJUIEp HE MOXKET paboTaTh 0€3 TAKTOBBIX MMITYJIHCOB, T. K. IIJIsT 00ec-
MEYCHUS PA3JIMYHBIX BO3MOXKHOCTEH apuU(pMETHUECKOr0 yCTPOWCTBA HEOOXOaMMa
CUHXpOHU3anus. BeIOOp THMa reHeparopa 3aBUCHT OT TPEOOBAHHI K BPEMEHHOMH
TOYHOCTH TaKTOBBIX MMITYJIbCcOB. Eciu TpeOyercss BCero JMIIb MOAKIIOYATH pas-
JIUYHBIE BBIXOJbl B 3aBHCUMOCTH OT BXOJHBIX CHTHAJIOB, TO YacTO JIOCTATOYHO
npoctoro RC-reneparopa (RC — pe3ucTuBHO-eMKOCTHOW reHeparop). Ecimu Ha
OCHOBE MUKPOKOHTPOJUIEPA BBIIIOIHEH CEKYHAOMED JUIsl U3MEPEHUs] CKOPOCTH, TO
TpeOOBaHMs K BPEMEHHOW pa3pelarolieii CnocOOHOCTH 3HAYUTEIIBHO BBIIIE U T10-
3TOMY TpeOyeTcsl HCIIOIb30BaTh KBAPLEBBIA PE30HATOP.

Takum oGpazom, mukpokoHTpoiiep PIC16F876A moxer paboraTs B OIHOM H3
YeThIpeX PeXXKMMOB TAaKTOBOT'O TeHepaTopa.

RC: Resistor/Capacitor ( RC _0OSC)

LP: Low-Power Crystal ( LP OSC)

XT: Crystal/Resonator ( XT OSC)

HS: High-Speed Crystal/Resonator (_HS 0OSC)

Pexxum TakTOBOTO TeHEpaTOpa yKa3biBaeTcs B OuTax koHpurypamuu. Ecimu Mmukpo-
KOHTPOJIJIEP IKCILTyaTUPYETCsl ¢ KBAPIIEBBIM PE30HATOPOM, TO JJIS TAKTOBBIX Yac-
ToT MeHee 4 MI'11 ucnons3yiot pexum XT. Kak npaBuio, 3Toif TAKTOBOU 4aCTOTHI
BITOJIHE JIOCTAaTOYHO ISl MHOXKECTBA CXEM, W MPHUMEHseMbIe KBapIhl 0OecTieanBa-
0T HEOOXOAMMYIO TOYHOCTh. {7151 Gosiee CKOPOCTHBIX MPUIIOXKEHHH, KOTOPhIE HYy-
KIAITCS B OOJbINEH BBIYUCIUTEIBHON NPOU3BOAUTEIBHOCTH, YCTAHABIUBAIOT
BBICOKOYACTOTHBIN pexuM (pexkxuM HS) s nuamasona ot 4 go 20 MI'n. {ns ipu-
MEHEHHUS KBapla HEOOXOIWMBI eIle JBa IOMOJHUTENBHBIX KOHIEHCATOpa, IOJ-
kmoueHHBIX K BbiBomaM OSC1 u OSC2 mmkpoxontposuiepa. [lpu kBapie Ha
4 MT'11 3HaueHUS KOHJCHCATOPOB JTOJIKHBI OBITh MeXAY 15 1 68 nd.

Pesxxum LP ucnose3yercs [uisi KBapLEB C HE3HAYUTEIBHOM 4acTOTOM, a UMEHHO
menee 500 k['11. [Tpu ucob30BaHUU HU3KOH TaKTOBOM 4acTOTHI ITOTPEOJICHUE TO-
Ka OT UCTOYHHKA MHKPOKOHTPOJUIEPOM TaKKe€ HE3HAYMTEIbHO. YacTO MHUKPOKOH-
TPOJUIEP MEPEXOAUT B PEKUM OKMJIAHUS U IEPUOANYECKU BBIXOIUT U3 HETO, YTO-
OBl IPOBEPSITh, UMEIOTCS JIM HOBBIC JaHHBIC B HAJIWYMM. B pexume OXKUAaHUSI
(anrn. SLEEP) unu nHaue B peskuMe CBEPXHHM3KOTO SHEPronoTpedsieHus mpolec-
COp HE HYXKJAeTCs B IOJHON BBIYMCIMTEIBHON NMPOU3BOJUTEIBLHOCTH U IOITOMY
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MOJXKET paboTaTh Ha HU3KOW TaKTOBOW yacToTe. Kak mpaBuiio, 1uis HU3KOYacTOTHO-
ro pexxuma (pexum LP — Low-Power) ncnosnb3yeTcst Tak Ha3bIBaEMBbI Ydco601l
xeapy c¢ dactotor 32,768 x['1. 3HaUeHME YACTOTHI HA TIEPBBIM B3TJISA BBITJISIUT
HeoObuHO. Ho ecnm 310 3HaueHue pasznenuth 15 pa3 Ha 2, TO MOMYYUTCS TaKT,
paBHBIM TOYHO OJHOM cekyHze. [lo3ToMy KBaplLEeBBIM pe30HATOP TaKk Ha3bIBAET-
Csl — YacOBOM KBapIl.

IIpu co3nanny ONTUMU3UPOBAHHOMN IO CTOUMOCTH CXEMBI, KOTOPas HE MPeIbsIBII-
€T BBICOKHME TPeOOBaHMS K TOYHOCTU T'€HEPaTOpa, MOKET MCIIOIb30BATHCS BHEIL-
Hui RC-reneparop. Ilpu 3TOM, K COKaJICHUIO, TOYHO PACCUMTATh YacTOTYy TeHepa-
TOpa HEJb3sl, IOCKOJIbKY OHA M3MEHSAETCS B 3aBUCUMOCTH OT pabodero Hampspke-
HUS, TEMIeparypbl M MPUMEHSIEMBIX KOMIUIGKTYIOIMX u3Aenuid. Tak mpu
HaIpsDKEHUW MATaHus 5 B, compoTuBiennu pe3uctopa 5 KOM U eMKOCTH KOHICH-
catopa 100 n® nonydaercs TakTOBasg yacToTa, MpuMepHo pasHas 1,3 MI'. Kpome
TOrO, cymecTByeT psin PIC-koHTposepoB, KOTOpble UMEIOT CBOM BHYTpeHHUH RC-
redeparop. OH CKOPPEKTHUPOBaH MPOU3BOIUTEIEM M MOXET HCIIOIb30BaThCS 0€3
BHEIIHUX KOMIUIEKTYIOMIKUX u3lenuid. [Ipy 3THX MHKPOKOHTpOJUIEpax HMeeTcs
CHELUAIBHBINA PETUCTP, B KOTOPOM COIEPKHUTCS HEKOTOPast IIOCTOSIHHAS BEJIMYMHA.
C moMoUIbI0 ITOrO PEerucTpa TaKTOBas 4YacTOTa TAKXKE MOXKET HacTpauBaThbCs B
ompeeNieHHbIX npenenax. OqHako Haao oOpallaTh BHUMaHHE Ha TO, YTO Tepen
OYHCTKOW MUKPOKOHTPOJUIEPA 3TOT PETUCTP 00s3aTeNbHO OBLT OBI COXpaHEeH M TO-
Clie MPOrpaMMUPOBAHMS CHOBA 3allUCaH OOpaTHO B MHUKPOKOHTPOJUIEP. DTO HEOO-
XOJUMO ISl TOTO, 9TOOBI MOXHO OBIIIO paboTaTh, HCMOIB3YS CKOPPEKTUPOBAHHBII
reHepaTop.

Crenyer 3aMeTUTh, YTO CXeMa C UCIOJIb30BAHUEM MHKPOKOHTpOJUIEpa He 00s13a-
TCJIBHO OJOJI’)KHA UMETH CO6CTBCHHI)II71 reHepaTop. TaKTOBLIC I/IMHy.]'H)CI)I MOFyT moa-
BOJIUTHCS U OT BHEIIHETO reHeparopa. B 9ToM citydae BHEIIHHE TAKTOBBIC CUTHAIIBI
nonarorcst Ha BeiBoJ OSC1, a BeiBog OSC2 ocTaercst HEHOAKIIOYEHHBIM.

4.3.2. CtopoxeBoun Tanmep

CroposxkeBoit Taiimep WDT ot anrn. Watchdog-Timer, rne Watchdog mocnoBno
NepeBoIUTCA Kak "cTopoxeBas codaka", BeZieT ce0sl aHaIOTHYHBIM 00pa3oM, T. €.
Kak cTopok. OH BBINOJHSET CTOPOXKEBbIEe (DYHKIMU B MHUKpPOKOHTpoJuiepe. Ecmu
9TOT TaliMep aKTUBHPOBAH, TO B ()OHOBOM PEXHME OCYIIECTBIISIETCS] OTCUET Bpe-
Menu. Koraa orcuer BpeMeHH 3aBEpILIMTCS, T. €. MPOU30MAET MEPENoTHeHNE Tai-
Mepa, Ipoleccop cOpachiBaeTcs U IporpaMma HaunHaeTcsa cHauana. IIpu paGore
B HOpMAaJIbHOM peXuMe TpeOyeTcsl He JOMYyCKaTh 3TOr0, M IO3TOMY HAJO IEpHO-
JIMUYECKH cOpachiBaTh TaiiMep W MO3BOJSATH €My CTapToBaTh cHavana. Ecim ke
mporeccop MomnaaaeT B OSCKOHEYHBIH LWKJ, MHUKPOKOHTPOJUIEP aBTOMATHUYECKH
cOpacbiBaercsi 0e3 moMouIM mojib30BaTens. YTOOBI aKTUBHPOBATH CTOPOXKEBOM
TaiiMep, yCTaHaBIMBAIOT COOTBETCTBYIOIIUK OUT KOHQUTYpaluu WDT ON, a MpH
_WDT_OFF — TaliMep ACaKTUBHPYIOT.
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4.3.3. Tanmep BKINHOYEHUA NUTAHUA

C momompio Taiimepa BkirodeHus nutanust PWRT (anrn. Power Up Timer) muk-
POKOHTPOJUIEP TOCJE MOJaul HAIMPSDKCHUS MUTAHUS YJEPKUBACTCS B COCTOSHUU
copoca B Teuerne 72 mc. CiemoBarenbHO, IIPOIIECCOP HE HadWHAET paboTy cpasy
K€ C BBITIOJHEHHS TIPOTPAMMBI, a XKJIET ellle OIpeIeIeHHOe KOPOTKOe BpeMs. DTO
MMEET CMBICII, KOTJla Ha YUl MUKPOKOHTPOJUIEpA MOJAETCs paboyee HaIpsKeHUE
nuTanusl. [IoCKOJIBKY B IIETIM HAIPSDKEHUS MMTaHKUS YCTPOHCTBA YaCcTO YCTaHABIIU-
BafOTCA KOH/IEHCATOPHI OOJBIION €MKOCTH, KOTOPhIE B TE€UEHHE HEKOTOPOTO Ompe-
JICJICHHOTO BPEMEHHU JIOJKHBI MOJIHOCTBIO 3apsIMTHCS, MPEK/E YeM pabouee Ha-
MPSDKEHUE HE JOCTUTHET HOMUHAIBLHOTO 3HAaueHUs. YTOObI OBITH YBEPEHHBIM, YTO
Ha TPOIIECCOp IOJaHO HOMHHAIBHOE padodee HaIpsDKeHHE, BKIIOYAOT Taiimep
BrimroueHus uranuss PWRT. Kpome Toro, BeieacTBie 3Toro obecrneunBaeTcs Imo-
Jlaya BEPHOTO THTAIOIIET0 HANPsHKEHU Ha aHaIoro-nudpoBoil mpeodpazoBaTeb
(ALILT). Ecam Bo3pacTaHWe MUTAIOMIETO HANPSDKEHHUS O HOMUHAIBHOTO pabodero
HaIPsDKEHUST TIPOIOIDKASTCS OKOJIO 1 Mc, TO TIpU TakToBOW dactote 4 MI'T yke
BBINOJTHWINCEH Obl mpuMepHO 1000 xomanj. [losromy mpu mpoOriemax B Havalie
MPOrpaMMbl HY>KHO CHadyajla TPOBEPUTH, CYIIECTBYIOT JIU CTA0OWIIBHBIC COCTOSHUS
B MHUKPOKOHTpPOJIIEpPE W HE HAYMHAET JIM OH CBOIO pabOTy paHbIlle BPEMEHH, yKa-
3aHHOTO B crerudukanui. Ecnmu TpeOyeTcsi akTHBHpPOBaTh TaliMep BKIIFOUEHUS
MMUTaHWsI, TO B MPOTPaMMHOM KOJIe YCTaHABIWBAIOT KOHCTaHTYy PWRTE ON WU OT-
KITFOYAIOT TakMep MPY 3HAYEHUH PWRTE OFF.

4.3.4. OGHapyXeHune npoBana HanpsXxeHus

Bo Bpems HopmanbpHOTO pexrma paboThl K MUKPOKOHTPOJUIEPY BCErZa JOJDKHO
OBITH MPUJIOKEHO JIOCTATOYHOE 3HAYEHUE MOCTOSHHOTO HanpshkeHus. Ecnu ke nu-
Tarollee HampsDKEHUE TI0 BIMSHUEM KaKMX-HUOYIIb BHEIIHUX BO3JEHCTBUI Majgaer
HWDKE ONPEAETICHHOTO 3HA4YeHHMs, TO DKCIUTyaTauus mpoieccopa OyIeT B HE cTa-
OWJIBHOM JMANa30HE ¥ MOTYT IMOSIBISATHCSA OIINOKH NPH BBIIOJIHEHUHM KOMaHA. JTO
COOBITHE MOXKET BBI3BIBATHCS, HAIIPUMED, KPATKOBPEMEHHBIM KOPOTKHM 3aMbIKa-
HUEM BO BHELIHEM YIpaBisitomeM uHTepdeiice. UToObl onpeaenuts Takue coobl-
THSL, UCTIONB3YIOT TaK Ha3bIBAEMbII MEXaHN3M OOHAPYKEHUS MPOBaAIa HANPSHKEHUS
(arrn. Brown-Out Detect). [lox nposarom nanpsiocenus TIOHUMAIOT COCTOSHUE,
IIPU KOTOPOM HaNpsDKEHUE MUTAHUS CTAHOBHUTCS HIKE MUHUMAIBHOTO MPeebHO-
ro 3HaYEHMs, TapaHTHPYIOLIETO HOpPMajbHYIO pabory ycrpoiictBa. Takum oOpa-
30M, eciii pabodee HampspKEHHE MajaeT Ha 3apaHee YCTaHOBJICHHOE BpeMs (TpH-
MepHo 100 Mkc) Hmke mopora (mpuMepHo 4 B), Be3bIBaeTcst cOpoc U mporpamma
HA4YMHAETCSl CHayajia I0CJe BPEMEHH OXXUAAHUS MPUMEPHO 72 Mc. DTa BO3MOXK-
HOCTh aKTUBHPYETCS NPW MOMOIIY KOHCTAaHTHI BODEN ON, pa3pellaroliero Mexa-
HU3M OOHapyXeHus mpoBana HampspkeHus (aHri. Brown-Out Detect Enable), u
Ne3aKTUBUPYETCS P _BODEN OFF.
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4.3.5. Hu3koBonbTHOE NporpamMmmMmupoBaHue

C nomomipro 6uta koHurypanuu LVP (amrn. Low Voltage Program), paspe-
LIAIOMIET0 PEXHUM HHU3KOBOJBTHOI'O TMPOrPaMMHUPOBAHUS MHKPOKOHTPOJIEpa,
MOJIb30BATEIIO MPEJOCTABISIETCS BO3MOXKHOCTD BBINOJIHATH [IPOrPaAMMHUPOBAHUE C
WCTIONTF30BAaHMUEM HH3KOTO HANpPSKEHHSI, COOTBETCTBYIOIIETO CTAaHIAPTHOMY AMa-
Ma30HY JUTA HAMpPsDKEHUS MUTAaHWS MUKPOKOHTposuepa. Ecnu 6ut koHpurypammn
aKTHBUPOBaH _TVP ON, TO BbiBOJ RB3 /PGM wucnonbs3yercss B KauecTBE BbIBOIA
PGM pis pexxviMa HU3KOBOJIBTHOTO ITPOrPaMMUPOBaHUS. DTO 3HAYMT, YTO €CJIU Ha
BbiBoA PGM mopaetcs BBICOKHIA JIOTHYECKUI YPOBEHb, TO MUKPOKOHTPOJIJIEP MO-
KET MPOTrpaMMHpOBaThCsA. Ecnm OUT KOHUTYparuu 1eakKTHBHPOBAaH, KOHCTAHTA
MMeeT 3Ha4YeHHe LVP OFF, TO BBIBoJ RB3 BeneT ceds kak mudpoBoid BEIBOJI TOpPTa

BBOJa/BbIBOAA M s mporpammuposanus Flash-mamsaru na BeiBog MCLR/V;,

JOJDKHO OBITh IIOJAHO OTHOCHUTENIBHO BBICOKOE HAIPSDKEHHE, MPUOIU3UTEIHHO
12 B.

4.3.6. 3awmTa YTeHA AaHHbIX
n3 EEPROM-namsaTu

Juia 3ampera uTeHHs JaHHBIX, Haxonsammxcs BOo BHyTpeHHedl EEPROM-mamsrw,
copaceBaror 6ut CPD (anrn. Code Protection Data) B pernctpe xoHpHUTyparm
(CPD = 0). DT0 MOHO BBITIOJIHUTE MIPOrPAMMHO B HCXOJIHOM KOJI€, 3a/1aB JJIst Ou-
ta kKoHpurypanuu CPD 3mauenne ON, T. e. BBels KOHCTaHTy CPD ON. Ecim kxoj
3allIUTbl aKTUBUPOBAH, TO JaHHBIC 0oJblIE HE MOTr'yT OBITh IMPOYUTAHBI U HAXOJAAT-
Csl B PacCHOPSKEHHUHU TOJIBKO JIMIIb BHYTPEHHEH nporpaMMbl. Takum o0pa3oM MOX-
HO 3alMIIATHCS NPOTUB HEKOMIETEHTHOTO YTEHUS aHAJIOI'MYHO YCTAHOBKE I1apo-
ns1. Ecin ke 3amuTa OT uTeHus! He TpedyeTcs, TO JOIIyCKaloT CBOOOAHOE YTEHHUE
yKa3aHHWEM 3HaYeHHsl CPD OFF.

4.3.7. 3anucb Flash-namsaTtu nporpammbl

Flash-mamsite B PIC-kOHTpOIIIEpE MOXKET HUCTIONB30BATHCS TAKXKE JUIS COXPAHCHHS
JaHHBIX BO BPEMs BBINOJHEHUS HporpamMMbl. C OIHOH CTOPOHBI 3TO 3JIETAaHTHOE
penIeHne MOXKET JTydIlle HCIOJIb30BaTh COOCTBEHHYIO IMaMsTh. A C APYrO# CTOpPO-
HBI 3Ta BO3MOXXHOCTh IOPOXKJAET OMACHOCTH TOTO, YTO B IPOTPAaMMHBIN KOJ MO-
KET 3amucaThbesl OmMOKa, KOTOpas CAeNaeT MporpaMmy 0Oosee HEBBIOIHUMOM.
B sToM cirywae mpunuiock Obl CHOBA BBIMIOJTHSTH MPOTPAMMHUPOBAHUE MHKPOKOH-
Tposiepa. UToObl MPeqOTBPAaTUTh 3aMKCh OBEPX MPOTPaMMHOTO K02, pa3OreHue
Flash-mamsitu umeer 4 BapuaHTa 00JacTeil, KOTOPBIC 3aIMINAIOTCS OMTAMH KOH-
¢urypamun oT HenmpeIHAMEPSHHOW 3amHCH. 3allUIaeMblil Iuarna3oH yCTaHABIIHU-
BaeTcsl C moMmoImibio nByX OutoB KoHpuryparmuu WRTO u WRTI1 (anrm. Write).
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Hnst mukpokonTpoiuiepa PIC16F876A umerorcs cnenyromne BapuaHThl pa30oueHus
Flash-namsitu:

O wrr oFf. Ilpy WRT1 =1 u WRTO =1 3ammra oT 3amuicu BBIKIIOYEHA, U
3anuch MOKeT ObITh BO Beto Flash-mamsite nporpamm (WRT1 = 1 u WRTO = 1).

O wrr 256. [Ipuy WRT1 =1 u WRTO =0 obnacte mamsTu c agpecamud MExay
0x0000 u 0xO0FF 3ammumiena ot 3amucu. IlamMsaTs B 1ramna3oHe aapecoB MEKIY
0x0100 u 0x1FFF Mo>eT ucrionb30BaThCs Kak TaMsITh JaHHBIX.

O wrT 1roUurTH. [Ipp WRT1 =0 u WRTO = 1 nepsas uerBepts mamsita (0x0000
1o 0x07FF, T. e. crpanuna 0) 3amuinena ot 3anucu. O01acTh MaMaTy B JHara-
3oHe anpecoB Mexay 0x0800 u Ox1FFF (ctpanmma 1, 2 u 3) MoxeT OBITH 3aIu-
caHa rnocpezcTBoM ympasistoniero peructpa EECON.

O wrT HALF. Ecnm mporpamMma HCIONB3yeT TOJBKO TOJIOBHHY HaMATH C MIaj-
mumu aapecamu (ot 0x0000 mo OxOFFF, T. e. crpanuma O u 1), To oHAa MOXKET
ObITh 3amuineHa ¢ nomonipio 6uToB WRT1 =0 u WRTO = 0. B stom ciyuae
Jpyras oJoBHHA namsTu co ctapmumu agpecamu (ot 0x1000 go Ox1FFF, T. e.
cTpaHUIa 2 ¥ 3) MOXKET UCIIOIh30BAThCS IS XpaHEHHS JaHHBIX.

4.3.8. 3awumTa Koga

ITocne pa3paboTKu Kakoro-nubo yCTpOHCTBA, KaK MPAaBHUJIO, XOTST 3aLIUTUThL €TO0
mporpaMMHOe oOecliedeHne OT HEKOMIIETEHTHOTO YTeHUs. [l 3TOro B peructpe
KoHurypauuu cOpaceiBator Oout 13, T.e. Our 3ammrel koga CP (anrm. Code
Protection). Ternepb COXpaHEHHBIN B YWIIe MPOTPAMMHBINA KOJ OOJIBIIE HE MOXKET
YUTATHCS M 3TO NMPEMATCTBYET CO3JaHMI0 KOIUK Iporpammsl. [Ipn ycrtanoBke 3T0-
ro Oura 3ammra Kojga OyaeT oTkIroueHa. Eciau nmpousBOAsTCS M3MEHEHMs B KOJE,
OpHFHHaJILHLIﬁ KOO HOOJDKEH PCAAKTHPOBATLCA W 3arpy’kKaTtbCd CHOBA B NaMATh.
B ucxonHoM kozme 3amuTa YTEHUS AKTUBUPYETCS IIyTeM 3aJaHUs KOHCTaHTHI
_CP_ALL M JICAKTUBUPYETCS MPH _CP_OFF.

4.3.9. O630p 6UTOB KOHUTYypaLum

Ecnu nukakue OuThl KOHPUTYypauu He ObLIH 3alpOrpaMMHPOBAHbI, T. €. He ObLIH
yKa3aHbl B HICXOJAHOM KOJIe WJIN OBUTH 3a0BIThI, TO TIPH YTCHUU OYIyT YUTATHCS KaK
Joruyeckre 1 ¥ BCIEACTBUE TOTO BCE 3ALIUTHI B PETUCTPE KOHPUTYpauuu OyayT
OTKJIIOUEHBI. [l03TOMy Ipy HEOOXOAMMOCTH 3aIUTa OT 3alUCH U YTCHHS JOJDKHA
BKJTIOYATHCS AOTIONMHUTENBHO. Jlanee mpHuBeJieH CIMCOK KOHCTAHT, YKa3bIBAEMBIX B
MIPOrPpaMMHOM KOZE€ AJISl YCTaHOBKH OMTOB KOH(HIypalM MHKPOKOHTpOJIIEpa
PIC16F876A ¢ mOMONIBIO JUPEKTUBBI CONFIG, C ONMCAHUEM WX Ha3HAUCHUSI.

O rc osc/ us osc/ xT osc/ 1P 0SC— BBIOOp THIIA TEHEPATOPA;

O wpT ON/ WDT OFF — aKTHBALUsl/JCaKTHBALUs CTOPOKEBOTO TaiiMepa;
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0 PWRTE ON/ PWRTE OFF — aKTHBAIIWs/IcaKTUBAIINS TaiiMepa BKIFOUCHUSI TUTa-
ausgs PWRT;

O BODEN ON/ BODEN OFF — aKTHUBAlLlUs/IeaKTUBALUs cOpoca 10 CHIDKEHUIO (110
[IPOBaJTy) HANIPSDKEHUS TUTAHMS,

O 1vep oN/ LVP OFF — aKTHUBALWs/ICAKTUBALMS PEKMMa HU3KOBOJIBTHOTO TIPO-
rpaMMHPOBaHMUS;

O cpp ON / CPD OFF — aKTHBAIIMS/JCAKTUBAIMS 3aIUTHl YTCHUS JAHHBIX W3
EEPROM-namsTH;

O wrT OFF / WRT 256 / WRT 1FOURTH / WRT HALF — BapHaHTBI BHIOOpA 3all[H-
maeMoit oomactu Flash-mamsru;

a _CP ALL / _CP_OFF — aKTI/IBaIII/IH/I[eaKTI/IBaIII/IH 3alllUThl YTCHHUA IMPOrpaMMHOIO
KoJa.

OmnrcanHble KOHCTAHTBI OTHOCATCS K MuUKpokoHTposmiepy PIC16F876A. B npyrux
TUIMAaX MUKPOKOHTPOJIIEPOB 3TH KOHCTAaHTHI WJIM MMEIOTCS YaCTHYHO, WIH BOBCE
OTCYTCTBYIOT. I[J'Iﬂ OIrpeaAcJICHNd KOHCTAHT OHHU MOTI'YyT 6I)ITL B34ATblI U3 AOIIOJIHU-
tenpHOrO Include-daiina ¢ pacmmpeHueM inc it KOHKPETHOTO MHUKPOKOHTPOJI-
nepa.

4.4. MukpokoHTponnepbl OTP-Tuna

Panee mpu ommcaHuu NporpaMMHUpPOBaHUS TPEAINOJArajgoch, YTO MPOTPaMMHBIN
KoJ coxpansieTcss Bo BHyTpeHHel Flash-mamstn mukpoxonTponepa. OgHako 3Ta
[aMsTh 110 CPABHEHHIO C MAMSTHIO, KOTOPas MOXKET NPOrpPaMMHPOBATHCS TOJIBKO
OJIHOKPATHO, OTHOCUTENBHO Jloporas. [loaTomy MHOTHME MUKPOKOHTpPOJIEPHI UMe-
10T IIaMsITh, KOTOPasi MOKET OBITh 3alucaHa TOJIbKO OAMH pa3. Toraa mpu ucIoib-
30BaHMU APYrod MPOTrpaMMBbl HYKHO yJNAJIATh MHUKPOCXEMY M YCTaHaBJIMBaTh HO-
BYIO C akKTyalbHO# nporpammoii. [Tostomy tun mukpokontpoiuiepa OTP  (One
Time Programmable) o3HauaeT OIHOKpPaTHO MPOrPaMMHUPYEMBIH. MUKpPOUYHIIBI €
tuniom OTP o6o3nauarorcs Oyksoii "C" (manpumep, PIC16C622A).






5. MoHTa)XHasa nnarta

MHUKpPOKOHTpOJUIEp BCEIZla TECHO CBSI3aH C allllapaTHBIMU CPEACTBaMH, T. K. IPO-
rpaMMHOE 00€ecIieueHHEe IIPOTPaMMHUPYETCs! CIELUAIbHO Ui KOHKPETHOH CXEeMBI.
Ecnu nmporpamMHoe obecniedeHre co3aaeTcs Al IePCOHAIBHOIO KOMIIBIOTEPA, TO
He 00s13aTeNbHO HYKHO 3HaTh, Kakas BUJEOKapTa MM MPOLECCOP MCIOIb3YIOTCS.
Hpyroe neno mpu mporpaMMHpOBaHMHM MHUKPOKOHTpOJIIEpa. 37eCh O4YeHb Ba)KHO
3HaTh, KaKOM MHAMKATOp (AMCIUIEH) MOAKIOYAETCS U K KaKOMY BBIBOZY IIOZCO-
€IMHEHbI T€ WM WHBIE KHOIIKUA U CBETOANOBI. YTOOBI IporpaMMHOe oOecieueHne
MO’KHO OBUIO HCHBITHIBATh Ha HACTOSIIMX allllapaTHBIX CPEICTBAxX, Jajiee INpel-
CTaBJISIETCA CXE€Ma MOHTAKHOM IJ1aThl, C IIOMOIIBIO KOTOpOfI MOT'YT HUCIIBITBIBATHCSA
U pacumpsThCs Bce MpUMepbl. YTOOBI pacneyaTars SIEKTPUIECKYIO CXEMY COelu-
HEHUH uia paboThl, HAMINTE HA KOMIIAKT-AWCKE COOTBETCTBYIOIINN TOKYMEHT B
tdopmate PDF. Kpome Toro, TaM e uMeeTcs dIeKTpUIecKas CXxeMa U 4epTex pas-
MeIIeHus eTaneii B popmare nporpammel Eagle. DiekTprueckas cxema u uepTex
pa3sMeLICHHs] 3JIEMEHTOB CO3JaBallUCh C IOMOILBIO JEMOHCTPAllMOHHOW BEPCUU
nporpammel Eagle, KOTOpYIO Al 4acTHBIX IieJieid MOKHO OeCIUIaTHO 3arpy3uTh C
BeO-cTpanuIsl ipousBoauTes (WWw.cadsoft.de). Diekrpuueckast cxema U COOT-
BETCTBEHHO YEPTEX Pa3MELICHUS JJIEMEHTOB MOXKET U3MEHSThCS U TAKUM 00pa3oM
pacimpsAThCA B 3aBUCUMOCTH OT MOTPEOHOCTEH MoJb3oBaTens. s yMeHbIIeHus
TPYAOEMKOCTH TpPHU CO3AaHWU COOCTBEHHON MOHTa)KHOW IUIaThl MOYKHO 3aKa3aTh
MeyaTHyIo IJIaTy Ha caiite www.edmh.de.

5.1. OnucaHue
CXeMbl annapaTHbIX cpeacTB

MoHTaxHasl IjIaTa COCTOUT U3 Pa3IMYHBbIX yacten CXCMbI, KOTOpPBIC CBA3aHbLI C
mukpokoHTposiepom PIC16F876A. Ilnata ckoHCTpyHpoBaHa Tak, YTO HMeEETCS
BO3MOXXKHOCTh JIEMOHCTpAIIMd MHOTHX CBOHCTB MHKpPOKOHTpoJuiepa. OOMeH naH-
HBIMH MEXIY MOHTa)KHOW IUIATOH M HEPCOHAIBHBIM KOMIIBIOTEPOM OCYILECTBIIS-
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eTcs Mo MOocCJeqoBaTeIbHOMY HHTepdeiicy. Moryr 3amuchiBaTbes AaHHBIE BO
BHemHIOl EEPROM-namsate mo untepdeiicy IPC, u3mepsaTbes aHaloroBble Ha-
MPSDKEHMs], aHATU3UPOBAThCS MH(PPaAKpacHbIE CUTHABI U BBIBOIUTHCS COOOIICHHS
Ha >KUAKOKpUCTAIIMUeCKUH nHauKaTop. Ha miare npenxycMoTpensl Takxe 4 KHOII-
KU ¥ 4 CBETOAMO/1A, C MIOMOILBIO KOTOPBIX MOXHO COOTBETCTBEHHO BJIMAThH HA CO-
CTOSTHHE MUKPOKOHTPOJUIEPa MM 00eCIeYnBaTh HHIUKAIMIO €r0 COCTOSHUI.

5.1.1. Bnok nutaHusa

Jna nuranus mukpokoHTposuiepa PIC16F876A HyXeH UCTOYHMK C HaIpsHKEHUEM
nutanus 5 B. YToObI 0HO OBLIO BCeTa HEM3MEHHO, HA MOHTaKHOH IJIaTe UMEeTCsI
crabunuzaTop Hanpsukeaus LM7805 (puc. 5.1). MoHTakHas T1aTa MOYKET MTATATH-
Cs1 OT HEPEeryJMpyeMoro UCTOYHMKA NuTaHus. YToObI Ha cTabuIM3aTope Hampsbke-
HUS HE poclla paccerBaeMas MOUIHOCTh, HY>KHO ITUTATh IJIATy HANpPSHKEHUEM OT 7
no 12 B. O6a kepamuueckux konaeHncaropa C10 u Cl1 mojaBisrOT BhICOKOYAC-
TOTHBIE TIOMEXH, a 3JeKTpoiuThideckuii koHaeHcatop C12 emxocTbio 47 MK}
CTJIa’KUBAET BO3MOKHBIE ITyJIbCALIMU BBIXOAHOT'O HANPSDKEHUSL.

U+
A
u1
4 LM7805
UIN ’ o w P ’
GND
GND -
cie C11 4| C12
=
1@@n 186n | 47u
GND GND GND GND  GND

Puc. 5.1. bnok nutaHus

5.1.2. UuTepdhenc nporpammmpoBaHms

Jlns ocyliecTBIIeHHS 00Jiee YHUBEPCATBHOTO MPOTrPaMMHUPOBAHKS MHUKPOKOHTPOJI-
Jepa OH IMPOrPaAaMMHUPYETCS OCPEACTBOM 5-KOHTAKTHOTO pazbema X2 (pwuc. 5.2).
C nomompto noxaTarusatoniero pesucropa (R9) na BeiBone MCLR/V,, mocTosHHO
MOJIICP’KUBACTCS BBICOKHUIT JIOTHYECKUI ypoBeHb. Ecim ke mporpamma, Npu Bbl-
ITOJIHEHUH TECTOB IMOMAJacT B OCCKOHECUYHBIN IMKII, TO, HCIIOJIb3YS MEPEMBIUKY J3,
MO’KHO BBI3BIBATh COPOC MUKPOKOHTPOJIIEPA.
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Puc. 5.2. MNporpammHIn nHTEpdenc

5.1.3. N'eHepauusa TaKTOBbIX UMNYNLCOB

TaxToBBIE UMITYJIBCHI MUKPOKOHTPOJUIEPa POPMUPYIOTCS ¢ TIOMOIIBIO KBAapLIEBOTO
pe3oHaropa ¢ gactoroit 4 MI'n (puc. 5.3). [y reHepanui TaKTOBBIX MMITYJIBCOB
MOMHMO KBaplEBOTO pe3oHaTopa TPeOYIOTCs /1Ba KepaMHUYECKUX KOHJEHcaTopa
(C8u C9).

cs (F0 2 5 | ph2
=] Il . TASTERL o
&l || TASTER_2 z RAS
27p @) 8
N zli USS1L
St o S 1 asct
- 18 { qge2
cs | TASTER 3 11 | 950
]l 1] TASTER 4 12
S ! RCL
ol 1] 13 | 555
27p 14 ScL

Puc. 5.3. l'eHepauua TakTa

[Ipu MoHTaxe cXeMBbl Ba)KHO, YTOOBI KOHIEHCATOPHI MOJKIIOYAINCH K 3eMJIE I10
BO3MOXXHOCTH 00Jiee KOPOTKHM ITyTeM. UToOBl 3TO chenaTh BO3MOXHBIM, PIC-
KOHTPOJIIEP pacroiaraeT IOMOJTHUTEIBHBIM BbIBOIOM ¢ 3emiieit GND (BriBoz 8).

5.1.4. 3apgaHue aHanoroBbIX HaNpPsXXeHUn

C nmomomipio AByx moTeHImoMeTpoB R1 u R2 (puc. 5.4) umeeTcss BO3MOXHOCTh
3a/1aBaTh AHAJIOTOBBIE BXOJHBIE HAMPSKEHUS, KOTOPhIE MOXHO U3MeHATh oT 0 B 1o
5 B. Ecnm e Hamo WCIONB30BaTh BHEIIHNWE aHAJIOTOBBIE HANPSHKEHHS, TO HYKHO
OTKJIIOYUTH MOTEHIIMOMETPHI OT aHaloroBbiX Bx0a0B ANO u ANI, BEIHYB mepe-
M1k J1 u J2. Ecnu npucoeguHsAeTCS BHEIIHUM UCTOYHUK HAMIPSDKCHUSI, TO HAI0
oOpamaTs BHIMaHHE Ha TO, YTOOBI €r0 COMPOTHUBICHHE OBUIO MeHbIe 2,5 KOwM,
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ITOCKOJIBKY WHade BpeMs MpeodpazoBaHus OyAeT yBeIMUECHO W OoJblie He Oyaer
COBIIAJIaTh CO 3HAYCHUEM, YKa3aHHBIM B CHeIIH(PHUKAIIHY.

U+ U+
] ]
R2 4] 2 R14] 2
1k 1k
[as] [as]
g g
GND El% GND El%
slol3 slol3
AN
— ANL

Puc. 5.4. AHanoroBble HanpshkeHns

5.1.5. KHonku

[Ipu momommn kHOMOK S1—S4 (puc. 5.5) Ha BXOABI MHKPOKOHTPOJUIEPA MOXKHO
nmoaaBaTh Y€ThIPE CTATUYCCKUX CUTHAJIa, HU3KOI'O JIOTUYCCKOI'0 YPOBHA IIPHU Ha)Xa-
THUU U BBICOKOI'O JIOTUYECKOT'O YPOBHS IMPU OTIITYCKAHHMKU KHOIIOK. Ecau xe un oJHa
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Puc. 5.5. KHonku



5. MoHmaxxkHas nnama 111

U3 KHOIOK HE Ha)aTa, TO Ha BCEX BBIXOJAaX OJIOKa KHOMOK OyIyT MPUCYTCTBOBAThH
CUTHAJIBI BEICOKOTO JIOTMYECKOTO YPOBHsI Oarofapsi HOATATHBAIOLIMM PE3HCTOpaM
R5—RS, noax/t04eHHBIM K HAIIPSDKEHUIO TUTAHUSL.

5.1.6. N"HoMKauusa BbIXOOAHbIX CUrHaNoOB
Ha cBeToaMopax

Ceerommonsl LED1—LED4 (puc. 5.6) MHOMKAIHH YIOPaBISIOTCS BBIXOIHBIMU
CHUTHAJIAMH KJTFOUEH, BBITTOJIHEHHBIX Ha TpaH3uctopax T1—T4. IIpuHmunmuaibHo
CBETOJIUO]TBI MOTJIA OBbI TIPUCOCIUHATHCS HEMOCPEICTBEHHO K JBYM BBIXOJaM TOP-
ta A u B. OHako TpaH3UCTOPHI TIO3BOJISIOT KOMMYTHPOBATh 00Jiee BBICOKUE TOKH,
¥ TIO3TOMY HWMEETCS] BO3MOXXHOCTH TPOCTOTO PACIIUPEHUS] MPUBEIECHHON CXEMBI.
Toku cBETOIMOIOB MPU OTKPBITHIX COOTBETCTBYIOIINX TPAH3UCTOPAX C MTOMOIIBHIO
nmob6aBounbix pe3uctopoB R11, R13, R15 u R17 orpanmunBaroTcs MpUMEpHO Ha
ypoBHe 10 MA.

U+ U+ U+ U+

R11 R13 R15 R17
270R 270R 270R 270R

¢SZLED1 §SZLED2 §SZLED3 ¢SZLED4

ouT_1
ouT_2
ouT_3
ouT_4

T1 ___l: T2 ___l: T3 ___l: T4
sle | e | gz | e
Y -_— M L Ll A Ll o
GND GND GND GND
LED_1
CED_2
CED. 3
CED 4

Puc. 5.6. Cxema ynpaBneHus CBETOAVNOAHOWN MHAMKALMN
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5.1.7. NMpueMHUK MHpaKpacHOro nsny4eHus

Ha MoHTa)xxHOH TuIaTe Takke yCTaHOBJICH mpueMHUK uH(ppakpacHoro (UK) uzmy-
yeHns. BenencTBre 3TOro MUKPOKOHTPOJUIEP MOXET YHPaBISATHCS TMPH TTOMOIIH
UHDPAKPACHO020 OUCMAHYUOHHO20 YHpasienus (meneynpasnenus). Jns peanusa-
MU Pa3HOOOPA3HBIX CXEM TEIICYNPABICHUS MOXHO HCIOJIb30BATh Pa3IMYHBIC
MIPUEMHUKHA. B 3TO¥ KHWre B NMPHUBENEHHBIX NMPHUMEPaxX HCHOIB3YETCS MPOTOKOI
RCS5. OrtoT npoTokoa odeHb pacmnpocTpaHeH B EBpore um gacTo mpuMeHSETCS BO
MHOTHX cXxeMax. J[aHHOe JAMCTaHIIMOHHOE YIpaBlieHue paboTaeT Ha HeCylIel Jac-
tore 36 k', TMO3ITOMY MPUMEHSETCS MPUEMHHUK WH(PPAKPACHOTO H3ITyUCHUS
TSOP1736 mpomssoactBa kommanuu Vishay (puc. 5.7). Ecnmm Tenmeymnpasiienne
paboTaer Ha IPYrol HECYMIeH YacTOTE, TO 3€Ch MOXKET NPHUMEHSITHCS IPYToM
npueMHuK. HyxHO oOpamaTh BHUMaHUE JHINb Ha TO, YTOOBI BBIXOJHON CHUTHAJ
HUMeI 5-BOJIbTOBBIN YPOBEHB.

U+ U+ U+
H iy
Cé
o
g
1een R3 []m
® 4k 7 4k7
1c3
o 1 Q & SCL
%|7 e 9 scL .
=] 2 5 SOA
%|7 AL s0A
14 ) Tgq—31 a2 @ up 4|7 e
vee ——->H % 5 o]
( 3 24LC32A
T b—/——mm™ «
1 ]
GND 4'5
TS0P17364 GND
Puc. 5.7. lNMpremMHuk Puc. 5.8. EEPROM-namstb

MHPaKPacHOro n3nyyeHus

5.1.8. EEPROM-namMsaTb

Hnst coxpaneHust O0OMbIIMX 00BEMOB AaHHBIX TpuMeHsieTcst BHemHsst EEPROM-
namATh (puc. 5.8). B Hell MOryT cOXpaHAThCS JaHHBIE TIOCPEJICTBOM ABYXIPOBOJI-
HOTO TocienoBarensHoro uHTepdeiica [1°C, moamepKuBaeMoro MHUKPOCXEMOH ITa-
matH. Kepamudeckuii konneHcarop C6 ymMeHbIIaeT BHICOKOYACTOTHBIE ITOMEXU B
LEeNH MUATaHUS U JOJDKEH pa3MemaThesi 0 BO3MOKHOCTH KaK MOYKHO OJIMKE K BbI-
BOAY Ve JUIS MOAKITIOUCHUS HAmpspkeHus nmuTaHus. Pesucropsl R3 u R4 HyxHBI
it (OPMHUPOBAHUS BBICOKOTO JIOTMYECKOTO YPOBHS Ha JMHUSAX wmuHBEI [*C mpu
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YCIIOBHH, YTO MPUCOCANHEHHbBIEC K HEH JI€MEHTHI HE aKTUBHBI. ECIU OHO W3 yCT-
POWCTB MEPEKITI0YAST Ha JIMHUU CUTHAJ Ha HU3KUN JIOTMYECKUN YpOBEHb, TO BCE
JIPYTHE DJIEMEHTHI, MOAKII0YeHHBIC K muHe [2C, onpenessaior, 9To o uHTepdeiicy
MPOUCXOJUT OOMEH COOOIICHHSIMU M HE IMOCHUIAIOT JJAHHBIE.

5.1.9. UHTepchenc RS-232

J1g cBsi3u ¢ IepCOHANBHBIM KOMITBIOTEPOM TIOCPEICTBOM ITOCIIEIOBATEIHHOTO HH-
tepdeiica RS-232 Tpebyercs emie OIWH JOMOJIHUTEILHBIA 3JEMEHT, MOCKOJBKY
untepderic RS-232 paboraer ¢ ypoBHsIMH CHTHaIOB OT +8 10 +12 B. UToObI 3TH
YPOBHHM CMOIJIM TeHepupoBaThecs W3 cranaapTHeix TTJI-curnamos or 0 mo 5B,
WCTIONB3YIOT TpHUEMOTIepelaTINKI-IpaiBepsl TOCIen0BaTeIbHOTO HHTEpdeiica.
B marnOM cinydae mpumensieTcss Mukpocxema MAX232A (puc. 5.9). BayTpu aToro
JJIEMEHTa NpeoOpa3oBaHUE YpPOBHEH CUTHAIOB OCYLIECTBISIETCS TMPH TMOMOIIH
KoHaeHcatopoB C2—C5. YcTpaHeHue noMex B IENU HaNpsDKEHUS MUTAHUS MPO-
HUCXOIUT C moMombio koHmeHcatopa Cl. BeBomsr 13 u 14 cBs3aHBI ¢ THE3mMaMH
9-konTakTHOTO pazbema Sub-D. C nomomnksto BeiBOZIOB 11 u 12 mpuemonepenat-
YUKU-JpaiBepbl MUKpocxeMbl MAX232A cBsi3aHbl C MUKPOKOHTPOJLIEPOM.
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c4piaen 2 | g C1r ! | ‘
“—"7 N > - L= 10@n
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| || 4
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Puc. 5.9. NHTepdeic RS-232

5.1.10. XKugkokpucrannm4yecknm nHamkaTop

s ynoOHOM WMHIMKAIMK COOOINCHUH, Pe3yJbTaTOB H3MEPCHUN WM IPOYUX
TEKCTOB TIOJB30BATENI0 HABEPHSKAa MOTPEeOyeTCs CIEIUANbHBIA JKHUIKOKPHUCTAII-



114 5. MoHmaxxHas nnama

JTUYeCKU MHIUKaTop (mucruieil). Ha maHHOW MOHTaXHOM IIaTe MCIONB3YeTCs
WHAUKATOp, 0TOOpaxaromuii 2 CTpOoKH Mo 16 cuMBOIOB B Kaxnou. JKuaxokpu-
CTAJUTMYECKUH MHIWKATOP CBSA3aH C MHKPOKOHTPOJUIEPOM TOJBKO IO 4 JIMHUSM.
Ucnonb3yemblii MHOUKATOp, BbIMyckaeMblld kommanueir Electronic Assembly
(EA DOGM162), uMeeT IMPEUMYIIECTBO B TOM, 9TO C €T0 ITOMOIIBI0 MOXHO THOKO
BBIOMpATh MEXAY Pa3HBIMH OTTEHKaMU OTOOpaXKeHHs, 3a/1aBasi 10 BBIOOpY ompe-
JeNieHHYI0 (POHOBYIO MOJCBETKY. TOK Al (POHOBOHM MOACBETKU MOCTOSHHO yCTa-
HOBJICH C MMOMOIIBI0 compotuBieHus pesuctopa R18. Konmencarop C7 mpemna-
3HAYEeH JJIsl yCTPaHEHHsI TOMeX B 1IeTIM MUTaHWsI HHIUKATOpa.

Ut GND
R18
39R
U+
H ol 8
«~ N « N
c7 26 | op g o jZﬂ N oo
— 27
Uss
1080n 23 |D
PSB =
2L 1 capin o
DISPL
22
—— £ rap1p
GND DISP_EADOG
pEsET 2 p o+
+ A 25 >
o9 VIN i
NVKOT MMNAdAS ~ 4]
O0o0o0oaoaoaaA Ll ¥ o (&}
@ 3O S| | N[ M T 1) Ol I\ | 0 [es]
N N[ M M ] | M M) M| M| M m)

Puc. 3.10. )Kngrokpyctannumyeckuin nHamkaTop

5.1.11. Pa3zbem ansa pacwumpeHus

Pacmmpenue MOHTaXHOM I1aThl BO3MOXHO C TIOMOIIBIO ITPEYCMOTPEHHOTO Pa3b-
ema X3 (puc. 5.11). Hampumep, x 3TOMy pa3peMy pacIIUpeHUs] MOCPEACTBOM
IUIOCKOTO JICHTOYHOTO Kabess MOKET MOAKIIOYAThCS Takasl )Ke BTOpas MOHTa)KHAsI
iara Ui pa3paboTku. Ha pazpeMe paciupeHust UMEIOTCsS KOHTAKThI 4 UG POBBIX
BXOJIOB, 4 BBIXOJIOB, 2 aHAJIOT'OBBIX BXOJOB, a Takke KOHTakThl muHbl [*C. [lpu
HEOOXOIMMOCTH Ha BTOPOH IUIaTe MOXET HCIOIb30BaThCs NOMOJHUTEIbHBIA HH-
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AUKAaTOpP. Ecmu xe WHAWUKATOP HC HYKCH, TO B pACIIOPAKCHUN 6yZ[€T CIc 4 BXoda
WM BBIXOZJA.

X3

TASTER 1 1 [, o |2 AND
TASTER_2 3 3 4 4 AN
TASTER 3 5 | . , |s QuT_1
TASTER_4 z > 8 8 ouT_2
%i S 1 510 |12 i%
* g 1L 1 110 12 N
cse 13 | yage |14 QuT_3
RS 15 1516 18 ouUT_+4
CLK 12 | yog |18 sDA
S 18 | 4oy | 20 SCL

Puc. 5.11. Pasbem ans paclumpeHns MOHTaXXHOW nnaTbl

5.2. MporpammHoe obecne4vyeHne

C noMoIb0 NporpaMMHOr0 00eCTIeYeHUs yKa3bIBAaeTCsl, KAKO BBIBOA MHKPOKOH-
TpoJIepa 10JDKEH (YHKLIHMOHMPOBATH KAaK BXOJ, a KAKOHM Kak BbIXOA. Taroke J0IK-
HO ONpEJENThCS, C TIOMOLIbI0 KaKUX BBIBOJIOB JOJKHBI U3MEPSATHCS aHAJIOTOBHIE
HampsDKeHUS U TpU MOMOINM KaKoro reHeparopa AOJDKEH paboTaTh MHKPOKOH-
Tposuiep. [lockonbKy Bce MpUMEphl OTHOCATCS K paHee ONMCaHHBIM annapaTHBIM
CpeACTBaM, TO B OTOM pa3jielie KHUT'H JIOCTaTOYHO MOAPOOHO OMHUCHIBACTCS MHU-
Luanu3alys MUKPOKOHTpossiepa. B aTom ciydae ompeneneHust 1 KOHCTaHTHI HC-
MOJIB3YIOTCS BO BCEX MpHUMepax 0e3 cienyronero oObsicHeHust. Cienyer 3aMeTHTb,
YTO B KaXIOM IIpUMepe Ha MPHIOKEHHOM KOMIIAKT-IUCKE 3TH ONpelesieHHs pac-
TI0JIO’KEHBI B CAMOM Hayajie porpaMMHOT0 Koja.

5.2.1. NogknoyeHue BHeWwWHuUx annos

[lepBas nupexkTHBa 1ist U3MEHSAET Pl MapaMeTPOB MPU KOMIMIISIIUN HUCXOJHOTO
¢aiina u renepaunu ¢aiina nuctunra. B yactHocTH, mapameTp p B AUPEKTUBE list
acceMOliepa yCTaHAaBIMBAaeT, KAKOW MHUKPOKOHTPOJUIEP MTOJDKEH HCIONIb30BaThCS
B JJAHHOM NPOTPaMMHOM KOJI€.

list p=16£f876a
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[TockonbKy Kaxabplii MUKPOKOHTPOJIIEP UMEET CBOU (PYHKIHMOHATIBHBIE 0COOECHHO-
CTH, TO B IPOrpaMMe Ha acceMOJIepe UCIIONIB3YIOTCA MPeaoIpee/ieHHbIe KOHCTaH-
THI, KOTOpPBIE MOTYT OBITh BKIIFOUCHHI B (haiil ¢ pacmmpenneM inc. B atom daiime
ycranaBnuBaercs, Hanpumep, 9ro PORTA nHaxomutcs mo ampecy 0x05, a dmar
HYJIEBOTO pe3yibTaTa Z pachoiokeH B peructpe cocrosHust STATUS na mecte
6uta 2. C mOMOUIBIO AUPEKTUBHI #include <...> MOXXHO YKa3bIBaTh acceMOiepy
JOTIOJIHUTENbHBIE (Dalibl Uil MCIOIB30BaHUS, KOTOPHIE YHTAIOTCS AHAJIOTWYHO
HCXOTHOMY TEKCTY MPOTPaMMEI B TO MECTO ITPOTPaMMHOTO KOJa, TAE PacIoiokKe-
Ha AupekTuBa. Takum 0O0pa3oM, UMeeTCsl BO3MOXKHOCTh B COOCTBEHHOM daiiie se-
JaTh MaKpOOIpeAeNeHNsT M BKIIOYATh UX JAJS KaKAOTO HOBOT'O IPOEKTa B IPO-
rpaMMmy.
#include <pl6f876a.inc>

5.2.2. butbl KOHdUrypauum

C moMompi0 OMTOB KOH(PHUTYpAIMK MHKPOKOHTPOJIIEPY COOOIIaeTcs, Kakue 00-
JJaCTH MaMsATHU JOJIZKHBI 6I)ITI) 3alIUIICHEI, KaKOM HCII0JIB30BaTh TEHEpATOP U KaK
JOJDKEH ce0sl BECTH MUKPOKOHTpOJUIEp mpH cOpoce. buTel koH(UTrypamun MoryTt
YCTaHABJIMBAThCS Yepe3 CHENUAIbHbIE HHCTPYMEHTAIBHBIC IPOrpaMMHbBIE CPEJICT-
Ba WJIN HETIOCPEICTBEHHO B IPOrPAMMHOM KOJI€ C TIOMOIIBIO JUPEKTHBBI _ CONFIG.
IMocpencTBoM 3TOM TUPEKTHBBI acceMOJiepy COOOIMIAIOT, YTO Janee CICAyeT CIHU-
COK KOHCTAaHT ]Il YCTAHOBKH OMUTOB KOH(MUTYpallMK B YKa3aHHbIC 3HAYCHUS. DTU
KOHCTaHTBI JOJDKHBI CTOSITH B CTPOKE M CJIEJOBaTh APYT 3a JPYrOM 4epe3 CHUM-
BOII &.

__CONFIG CP OFF & WDT OFF & BODEN OFF & PWRTE OFF & XT OSC
& WRT OFF & LVP OFF & DEBUG ON & CPD OFF

5.2.3. OnpepneneHus

C nomouip0 JUPEKTUBBI #define MOXKHO OIPEAEIUTh 3aMEHY TEKCTa B JIMCTHUHIE.
Crosmuit cpaBa 3a JUPEKTUBOM #define YCIOBHBIA TEKCT 3aMEHsETCS Ha Clie-
IOYIOUIYIO JaJIee U pealibHO MOAJCP)KUBAEMYIO acceMOIepoM IOCIeI0BATEIbHOCTD
CHUMBOJIOB, KOTOpasl ABISETCS MOJIMHHBIM TEKCTOM. 3aMeHa YCIOBHOIO TeKCTa Ha
MOJUTMHHBIN OCYIIECTBIISIETCSl MEpea MPOLECCOM KOMMWIAIMHU. Takum oOpaszom,
IIpOTrpaMMHBIN KOA Ha acceMOiepe MOXeT oopMIISIThCs Hauboiee MOHATHBIM 00-
pasom.

’

; OnpenesieHusa

#define Taster 1 PORTA, 4 ;Khnonka S1 nonkJmoueHa K BEBOIY RA4
#define Taster 2 PORTA, 5 ;Kuomnka S2 mogkiioyeHa K BRBOIY RAS
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#define DISP SI PORTB,
#define DISP CLK  PORTB,
#define DISP RS PORTB,

;llocienopaTesibHBIE INaHHBIE MHIOIKaTopa
; TaKTOBBIE MMITYJIBCEL IJIS VHIOVKAaTOpAa

#define Taster 1 PORTC, O ;Kuonka S3 momkimodeHa K BeBOIDY RCO
#define Taster 4 PORTC, 1 ;Kuonka S4 nopgkimodeHa K BeBODY RC1
#define LED 1 PORTA, 2 ;CBeTommon LED]1 MOIOKJIIOUEH K BHIBOLY RA2
#define LED 2 PORTA, 3 ;Ceerommon LED2 MOIKJIOUEH K BHBOIY RA3
#define LED 3 PORTB, 4 ;CBeTommon LED3 MOIOKJIOUEH K BHIBOLY RB4
#define LED 4 PORTB, 5 ;CBeTommon LED4 monkJiodyeH K BHIBOLY RBS

0

1

2

;CUTHaN i UMHOMKAaTOpa, pPasIellsiouyii
; (H-ypoBeHb) M naHHBE (B-ypOBEHB)
#define DISP CSB PORTB, 3 ;CurHasn "BeIOOP kpucTasua'

;#CSB (Chip Select) nns mHOMKaATOPa
#define IR RCV PORTC, 2 ; [IpreMHUK MHOPaKPaCHOTO M3JTyYeHUS

; IOOKJIOUEH K BEBOIY RC2

5.2.4. NepeMeHHbIE

B nporpaMMHOM KO/Ie B CEKIIMH Tepementrre (VARTABLEN) YKa3bIBAIOTCSI PETHCTPHI,
KOTOpBIE UCIOJIL3YIOTCS B MporpaMMe. B Hayane CTpOKM CTOUT MAEHTH(UKATOP
MIEPEMEHHOM MM UMSI CAMOCTOSITENILHO OTPENIETICHHOTO PerucTpa. 3a TUPEeKTHBOM
EQU YKa3bIBa€TCS 3HAUYEHUE WJIU aJIpec perucTpa. PerucTpel crenuanbHOro Ha3Ha-
YeHus: ¢ PUKCHUpOBaHHBIME ajipecamu (Hampumep, PORTA) onpenenstorcs: Takum
e CIIOCOOOM.

’

; ITlepeMeHHEE

w_temp EQU 0x70
status temp EQU 0x71

5.2.5. MakpokoMaHAbl

Jpyroii BUA 3aMEHBI TEKCTa — 3TO MAaKPOKOMAHJBI (MAKpOCHL), T. €. MOCIeI0Ba-
TEIBHOCTh MHCTPYKIHMII M TUPEKTHB, KOTOPbIE MOTYT OBITh BCTABJICHBI B KOJI MPO-
rpaMMBbl, UCIOJIB3Ys CICIHMANBHBIN 3ampoc Makpoca. BoJblioe MperMyIIecTBO
MakKpoCOB COCTOHUT B TOM, UTO C UX IMOMOIIBIO MOKHO II€PCAaBaTh 3HAYCHUA, KOTO-
pbIe 3aMEHSIIOTCS Mepes MPOLECCOM TPaHCIAMU. B Havyaise CTPOKH CTOMT METKa
WM WHAa4Ye MMs MaKpoca, C TIOMOIIbIO KOTOPOTO BhI3bIBACTCS Makpokomanaa. {u-
PEKTHBa macro 0003HAYAET HAYATIO MAKPOKOMAH/bL. 3aTeéM yKa3bIBAIOTCS TPAHCIIHU-
pyeMble JIaHHBbIC, KOTOPBbIE UMEIOTCSI B UCIIOJIBb3yeMOil MakpokomaHe. B crnenyro-
IIMX CTPOKAaX TMEPEUHCIIAIOTCS KOMaHIbl M JIUPEKTHBBI acceMoiiepa, KOTOpbIe 3a-
MEHSAT MMsl Makpoca, yKa3aHHOE B TpOrpaMMHOM koze. KoHer MakpOKOMaHbI
0003HaYaeTCs ¢ TOMOUIBIO AUPEKTHBEI endm.
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’

; MaxkpOCsl

_BANK 0 macro ;Bulbop permcTpa n3 Banka 0
BCEF STATUS, RPO
BCF STATUS,RP1
endm

_BANK 1 macro ;Bulbop permcTpa m3 Banka 1
BSEF STATUS, RPO
BCF STATUS,RP1
endm

_BANK 2 macro ;Bulbop permcTpa n3 BaHka 2
BCF STATUS, RPO
BSF STATUS,RP1
endm

7BANK73 macro ;Buibop permucTpa n3 BaHka 3
BSEF STATUS, RPO
BSF STATUS,RP1
endm

5.2.6. Hayano nporpammsl

[locrme okoHYaHWsT Bcex OINMMCAHWK accemOiepy IOJDKEeH OBITh COOOIIEH aspec,
C KOTOpPOTO cleayomasi IporpaMma J0JDKHA COXPAHATHCS B MUKPOKOHTpPOJIIEPE.
[MTockomnpky mocie cOpoca MUKPOKOHTPOJUIEP HAYMHAET BBINOJIHEHHE IPOTPAMMBI
¢ aapeca 0x000, To »TO M yKa3bIBaeTCsA JTUPEKTUBOM ORG. CiemoBaTenabHO, MepBas
KOMaH/]a CTOUT Ha 3TOM MecTe.

ORG 0x000 ;Anpec nia nepenauy yIpaBJIEHMs II0cJie cOpoca
clrf PCLATH ;COpOCUTE OUTHl CTPAHMULIEL
goto start ;lleperiT K Hadajly IPOI'PaMMEL

[Tocne mpeprIBaHus MPOrpaMMHBINA CHETUUK MTEPEXOUT HE M0 aJpecy Hayaa Mmpo-
rpaMMmel, a o aapecy 0x004. [Tostomy xom At IporpaMMbl OOCITy>KUBaHUS TIpe-
pBIBaHUA TaKXke JOJHKEH HAauWHATBCS ¢ 3TOTO aJipeca.

ORG 0x004 ;AIpec HNpepsBaHMUA

movwf w_temp ; COXpaHUTb coIepxmmMoe permcrpa W

movf STATUS,w ;llepeMecTUTs COHOEPXMMOE PeIMncTpa COCTOAHMA B per. W

movwf status temp ; COXpaHnTh comepxmMmoe permcrpa cocTosaHusa STATUS
;OTcioma MOXeT HauMHATBCS KOI IJIs HIporpaMM OBpaboTKM IPEepPHBaHMS

movf status temp,w ;TIoJTyunTe KONMIO comepxmMoro permcrpa STATUS

movwf STATUS ;llepemMecTuTs 3TM OaHHBE Haszsan B peructp STATUS

swapf w_temp, £
swapf w_temp,w ; COXpaHMTh HOaHHele B W-permcrpe

retfie ;Bo3BpaT M3 NpEepHBaHNA
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Jlanee, xaKk MpaBuUJIo, CIEAyeT MeTKa Iepexosa (B JaHHOM Cily4yae METKa start),
KOTOpasi yKa3blBajach B KOMaHAE goto 3a KOMaHAON ORG 0x000. Ortcioma cobert-
BEHHO M HAUMHAETCs] OCHOBHAsI IPOTrpaMMa.

start ;Hauaso nporpamMer
; VHMLmanmsauma
7BANK70 ; BxmounThs npu 3amycke Bauk 0
clrf PORTA ;YcTaHoBuTh BCce Outel PORTA B 0O
clrf PORTB ;YcraHoBuTe Bce Ourel PORTB B 0
clrf PORTC ;YcraHoBuTe Bce Ourel PORTC B 0

5.2.7. "HMumanunsauums

B Havane wHWIManU3alMu B 3TOM NPUMEpPE BCE BBHIBOJBI MOpPTa BBOJA/BHIBOJA
PORTA nHactpauBaroT B KauecTBe HUGPOBBIX. BBIBOIABI 3TOr0 Mmopra MOI'YT HC-
TTOJTh30BATHCSA W B KAa4eCTBE aHAJIOTOBHIX BXOMOB Wi JWHUK mHTEp(eiica I°C, HO
IOCJIE COOTBETCTBYIOIIEH HACTPOHKM BO BPEMs BBIMOJIHEHUS MPOrPaMMBbL. 3aTeM
HEKOTOpbIE BhIBOJILI TOpTOB BBOAA/BbiBOAa PORTA, PORTB u PORTC nactpau-
BalOT KaK BXOJIbI, & HEKOTOPHIE KaK BBIXOJIBL.

_BANK 1 ;llepexymounThbCcsa Ha Bank 1 mns perucTtpa TRIS m ADCON1
movlw b'00000110" ;Bce BoiBOmel PORTA crenaTh UmMdGpPOBEMM BhBOmamMm 1/0
movwf ADCON1
movlw b'11110011" ;HacTpouTe GuTel <3:2> mopra BBOIa/BhHBOImA PORTA
movwf TRISA ;KaK BBIXOIEI, OCTaJIbHBEIE KaK BXOIEI
movlw b'11000000"' ;HacTponTh OuTeEl <7:6> nopra BBOma/BRIBOIA PORTB
movwf TRISB ;KaK BBIXOOBI, OCTAaJIbHBIE KaK BXOIE
movlw b'11111111" ;HacTtpouTe BCe BBEIBOOE PORTC Kak BXOIEI
movwf TRISC

BANK 0 ;llepexymounTbCca oOpaTHO Ha Bank 0

I/IHI/ILII/IaJ'IPI3aHI/I$I 3aBCpIICHA U HAYUHACT OCHOBHOH UK.

main ;Hauasio OCHOBHOT'O LIMKJIA
3mech CTOST KOMaHOE acceMosiepa MPOTPaMMEL

goto main ; BEIMOJIHMTE MPOTpaMMy CHadasa

B xoH1e mporpammel Ha accemMOiepe Hy>XKHO 3a/1aTh €lle OAHY AUPEKTUBY END, KO-
TOpasl yKa3plBaeT Ha OKOHYaHHME KOMaHA mporpamMmbl. Koa mporpammel Oyner
TPAHCIUPOBATHCSI IMEHHO 10 3TOTO MECTa.

END ; Korel nporpamvel
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VY KaXI0ro MUKPOKOHTPOJJIEpAa MMEKTCS BXOAbI U BBIXOZBI, YEPE3 KOTOPHIC OH
MOKeT OOMeHHBaTbhcs MH(OpManMell ¢ BHEUIHUM MHUPOM. Y HEKOTOPBIX MHUKPO-
KOHTpPOJUIEpOB ecTh Oosnee 100 cBOOOHO MOIAIONTNXCS HACTPONKE BXOJIOB U BBI-
X070B, KoTopble uacto HasesiBarorcss GPIO (General Purpose Input Output — Bxo-
Ibl U BBIXOJbI oOmiero mpumeHeHus). Kpome Toro, cymecTBylOT UM HEOOJbIIHUE
MHUKPOKOHTPOJIJIEPBI, KOTOPBIE UMEIOT HEe Ooiiee 4 BXOJOB MM BBIXOJOB (Hamlpu-
mep, PIC10F222). Kak mpaBuito, mocpeacTBOM pa3IUYHBIX PETHCTPOB MOXKHO Ha-
CTpanBaTh, KaKyro (I)YHKHI/IIO JOJDKHbI UMEThb 3THU BBIBO/JbI. Onu MOT'YT HCIIOJIB30-
BaThCsI KAK aHAJIOTOBBIM BXOJ WM KaK HH(POBON BXOX U BbIXOI. Takke OHU MOTYT
OBITH OTIpe/IeNeHBI AJIsl CIENUaIbHON (PYHKIMY, HATPUMED, ISl KOMMYHHUKAIMX IO
[0CJIe10BaTeIbHOMY MHTEp(ENCY WM AJIs IPUMEHEHUsI B Ka4eCTBE JIMHUM LIMHBI
I2C. Cnenyer 3aMeTHTh, YTO ()YHKLUHU BBIBOZOB MOTYT W3MEHSITHCS TAaKXKe BO Bpe-
M BBIIIOJIHEHUSA MPOTrpaMMbl, BCIICACTBUEC Y€TO BO3SMOKHO, UTO BBIBO/J OIPCICIICH-
HBI CHayasla KaK BXOJI, TIOCIIE MOSIBIIEHUST KaKOT0-IM00 cOOBITHS OymeT mepeonpe-
neneH U OyneT QyHKIMOHUPOBATh yXkKe KaK BBIXO/.

6.1. PacnonoxeHue BbIBOOOB
PIC16F876A

Muxkpocxema MukpokonTposiepa PIC16F876A Bcero umeer 28 BBIBOJIOB, U3 HUX
22 BeiBoga GPIO. OHUM umcmonp3yroTcs B Ka4ecTBE OOBIYHOTO ITM(PPOBOrO BXOJa
WM BBIXOJA, JIN0O TOCPEICTBOM MYJIbTHILICKCOPA MepEeHA3HAUYCHBI I BBIIOJIHE-
HUs crieranbHol ¢yHknmn. [lockoneky k 22 BeiBogaM BBoAa/BeiBona (I/O) Henb-
351 00pATUTHCA C TIOMOIIBIO OJJHOTO 8-OMTHOTO PETHUCTPaA, TO OHU Pa3JIENAIOTCA Ha
3 mopra: PORTA, PORTB u PORTC. ITopt A conepxut BeiBoAbl RAO—RADS,
mopt B — BeBotbt RBO—RB7, a mocpencteom mopta C oOpamarorcst K BEIBOJIAM
RCO—RC?7. Illecth OCTalbHBIX BBIBOJIOB MHKPOCXEMBI UCHOJB3YOTCS ISl TOJ-

KimoueHus: ucrounuka nuranus (Vpp, Vss), copoca (#MCLR) u takTupoBaHus
(OSC1, 0sC2).
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_/
MCLR / VPP— 1 28 |=» RB7/PGD
RAO / ANO - 2 27 |=» RB6/PGC
RA1/AN1 - 3 26 |=» RB5
RA2 / AN2 / VREF- /| CVREF w9 4 25 (=» RB4
RA3 /AN3 /| VREF+ - 5 24 [a» RB3/PGM
RA4 / TOCKI/ C10UT > 6 23 (= RB2
RAS;’AN‘L"E/CZOUT*—P 7 PIC16F876A 22 |4» RB1
VssS—» 8 21 | RBO/INT
0OSC1/CLKI—» 9 20 |4— VDD
0SC2/CLKO «— 10 19 |4— VsS
RCO/T10SO / T1CKI - 11 18 | RC7/RX/DT
RC1/T10SI/CCP2 =»| 12 17 | RC6/TX/CK
RC2/CCP1-w»{ 13 16 |« RC5/SDO
RC3/SCK/SCL -] 14 15 |- RC4/SDI/SDA

Puc. 6.1. PacnonoxeHue BbIBOAOB MUKpokoHTponnepa PIC16F876A

TTPUMEYAHNE

CumBon #, yCTaHOBMEHHbIN CNeBa OT COKpaLeHHOro o603HavyeHns BbIBOOOB M CreBa
OT COOTBETCTBYHLLMX CUrHANoB, 0603Ha4YaeT BbIBOA UMW CUTHAMN C aKTUBHBLIM HU3KUM
NOrM4ecKkMM YpOBHEM.

Ha puc. 6.1 mo o6o3HaueHusIM BbIBOIOB MUKpoKoHTposuiepa PIC16F876A moxHO
JIETKO OTMPEAETUTh, CKOIBKO PAa3IUYHBIX (DYHKIIMHA MOKET BBIITOJHHUTE KaXKIbIH BbI-
Boa. [loaTomMy TpeOyercsi 3apaHee OIPEAeNUTHCS, KaKyl0 MMEHHO (DYHKIHIO OH
JIOJDKEH pealin30BaTh. JTO PeUICHUE Jajiee OTPa3uTCs Mpu pa3paboTKe dJIeKTpHUe-
CKOH CXeMBI M TIPOrpaMMHOro obecriedenns. Kak mpaBmito, 3T0 He BBI3BIBACT MPO-
OJeMBl, eclli BHaJaje IS BHIBOJA HAa3HAYAIOT OINPEACICHHYIO (QYHKIHIO M YyXKe
Oonbiie ee He M3MEHSIOT. OJJHAKO MOYKET CIYYHUTHCS TaK, YTO HY)KHO 00paIiaThes
K BHEIIHeMY 3JeMeHTy mocpenctBoM wunsl 12C (Inter Integrated Circuit Bus —
mocjeoBaTeNlbHas IWHA AaHHBIX JJIS CBS3W MHTETPAIBHBIX CXeM) U K APYroMy
anementy depes unmepgetic SP1 (Serial Peripheral Interface — mocnemoBatesb-
HBI iepudepuiiasiii naTepdeiic). [lockonpky 3tn hyHKIUN 115 nHTEpdeticoB [°C
u SPI onpeneneHsl COBMECTHO Ha BhIBOJAX 14 u 15, To B 3TOM ciIy4ae Jyisi HUX BO
BpeMs BBIIIOJIHEHUSI TPOTpaMMBI TpeOyeTcsl TpeayCcMaTpUBATh HEPEKIIOUCHUE
¢ynkuuit. OgHaKo, YTOOBI YHII, K KOTOPOMY 00paIiaroTcs mocpeaAcTBOM muHbI 12C,
MoJNy4yan JAaHHBIE TOJIKO 3TOW IIMHBI, HAAO JOTMOJHHUTEIBHO MPEeLyCMOTPETh
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BHEITHUI TepeKITIoYaTeb, KOTOPBIN IMepenaBai Obl JaHHBIE NANbBIIE K HYKHOMY
anemeHTy. ClemoBaTenbHO, BBIBOJ MOXET OBITh WCHOIB30BaH JUISI HECKOJIBKUX
(hyHKIMI, HO 3a4acTyIO0 TOJBKO C 3aTpaTaMd Ha JOIOJIHUTENbHBIEC allapaTHbIe
CpeICTBa.

6.2. O630p hyHKLUA BLIBOOOB

s HamboJjiee TOHSATHOTO M HATJISITHOTO TIPEACTaBJIICHHS O KaXKJOM BBIBOJIC Ha
CXEME PACIIOJIOKEHHUS BHIBOJOB BCe 0003HAYCHUS BHIBOJOB IPHUBEICHBI YCIOBHBI-
MU coOKparieHusiMA. UToObl Jiydiie MOHSATh (DYHKIWIO, KOTOpas CKpbIBaeTCs 3a
3THUM COKpAaIllEHHEM, MOXHO HaiTh OoJiee JeTajabHOE ero moscHexnue B Tadm. 6.1.
[Ipu mpoekTupoBaHUM, KaK TPABUIIO, BHIBOJBI ITOPTa A UCTIOJIB3YIOTCS JJIS aHAJIO-
TOBBIX CHEIHMATBHBIX (DYHKIIHIA, BBIBOABI MOPTa B MpUMEHSIOTCS TONBKO I 1ud-
POBBIX BXOJIOB M BBIXOZIOB, @ BOT BBIBOJIbI TIOpTa C MCHONB3YIOTCS ISl HHTEpQeii-
COB, MIPETHA3HAYCHHBIX JIJISl CBSI3U C JIPYTHMU DJIEMEHTAMHU U YCTPONCTBAMH.

Tabnuya 6.1. O630p pyHKUUL 85180008

BbiBop | O603HauyeHue | HanpaBneHue | HasHauyeHue
1 #MCLR | Bxon cbpoca MMKpOKOHTponnepa
Vep P Bxopn HanpsixeHusi nporpaMMUpoBaHus
2 RAO 110 BbiBoa umdpoBoro Bxoaa/seixoga nopta A (6ut 0)
ANO I AHarnorosebif Bxog (kaHan 0)
3 RA1 1/0 BeiBog umdposoro Bxoaa/Beixoga nopta A (but 1)
AN1 | AHanorosbin Bxog (kaHan 1)
4 RA2 110 BbiBoa umdpoBoro Bxoaa/sBeixoga nopta A (6ut 2)
AN2 I AHarnorosebil BxoA (kaHan 2)
VRer- | Bxof oTpuuatenbHOro OnopHOro HanpsXXeHus
ansa AU
CVger O BbIxog 0NOpHOro HanpsxkeHWst Komnapartopa
5 RA3 110 BbiBoa umdpoBoro Bxoaa/seixoga nopta A (6ut 3)
AN3 I AHarnorosebif Bxog (kaHan 3)
VREF+ | Bxoa 4ns NonoXxmTensHOro onOpPHOro HanpsiKeHus
ansa AU
6 RA4 110 BbiBoa umdpoBoro Bxoga/seixoga nopta A (but 4);
BbIXOZ C OTKPbITbIM CTOKOM (open-drain)
TOCKI | Bxop BHelwHen cnHxpoHusauun ansa taimepa TimerQ
ClouT O Bbixog komnapatopa 1
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Ta6nuya 6.1 (npodosmxkeHue)
BbiBog | O603HaveHne | HanpaBneHue | HazHayeHue
7 RA5 110 BeiBog umdposoro Bxoaa/Beixoga nopta A (but 5)
AN4 | AHanorosbin Bxog (kaHan 4)
#SS | Bxop Bbibopa MUKpocxembl B pexume Begomoro SPI
C20UT O Bbixog komnapartopa 2
8 Vss P OO6LMA BbIBOA, MUTAKOLLENO HAMPSHKEHMS, nosaonﬂeT
BbINOMHWTb KOPOTKOE COeAMHEHME KBapLa C 3eMnen
9 0OSC1 | BbiBoA 1 4ns nogknoyeHns KBapLeBoro pesoHaTopa
CLKI | Bxopa TakTOBOro curHana ot BHELIHEro UCTOYHUKa
10 0OSC2 (@] BblBOA 2 4ns NOAKMOYEHMS KBAapLEBOro pesoHaTopa
CLKO (e} B RC-pexunme TakTOBOro reHepaTopa Ha Bbixoae
npucytcTeyeT curdan CLKO, paBHbiii 1/4 yacToTbl Ha
BbiBoge OSC1
11 RCO 110 BbiBog umdposoro Bxoaa/seixoga nopta C (6ut 0)
T10SO (e} Bbixog reHepaTtopa Tavimepa Timer1
T1CKI | Bxopn BHeLLHero TakToBoro curHana Tavmepa Timer1
12 RC1 110 BeiBog umdposoro Bxoaa/sBeixoga nopta C (6ut 1)
T10SI | Bxopg reHepaTtopa Tanmepa Timer1
CCP2 110 Bxop 3axBaTa, Bbixof cpaBHeHus, Bbixoa LM
(PWM) mopyna CCP2 (1. e. BTOporo moayns
3axBaTa/cpaBHeHus/LLIVIM)
13 RC2 110 BbiBoa undpoBoro Bxoaa/Beixoga nopta C (6uT 2)
CCP1 110 Bxopn 3axBata, BbIxoq cpaBHeHus, Bbixog LM
mogynsa CCP1 (Capture/Compare/PWM), T. e.
nepBoro Moayns 3axsata/cpaBHeHus/LLUM)
14 RC3 110 BbiBoa undpoBoro Bxoaa/sBeixoga nopta C (6ut 3)
Bxog unu BbIXoa AN TAKTOBOrO CUrHana B pexvme
SCK 1/0 SPI
Bxon unu BbIxoa ANsi TaKTOBOrO cUrHana
SCL 1/0 B pexume 12C
15 RC4 110 BbiBoa umdpoBoro Bxoaa/sBeixoga nopta C (6ut 4)
SDI | Bxoa ans gaHHbix B pexxume SPI
SDA 110 Bxoa nnu Bbixon, 4Ns AaHHbIX B pexume [2C
16 RC5 110 BeiBog umdposoro Bxoaa/Beixoga nopta C (6ut 5)
SDO (e} Bbixog ons AaHHbIX B pexume SPI
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Tabnuya 6.1 (okoHYyaHue)

BbiBog | O603HaveHne | HanpaBneHue | HazHayeHue

17 RC6 110 BeiBog umdpoBoro Bxoaa/Beixoga nopta C (6ut 6)
X (e} BblBOA NepeagaTymka acMHXpoHHOro obmeHa USART
CK 110 BbiBog TakToB cnHxpoHmsaumm USART B CUHXPOH-

HOM pexume

18 RC7 110 BeiBog umdposoro Bxoaa/sBeixoga nopta C (6ut 7)
RX | BbiBog npremHuKa acnHxpoHHoro obmeHa USART
DT 110 BbiBoa AaHHbIx USART B CUHXPOHHOM pexumMe

19 Vss P OO6LLMIA BbIBOA, MUTAKOLLENO HANPSHKEHUS

20 Vob P [MonoxutenbHoe HanpskeHne NUTaHns

21 RBO 110 BeiBog umdposoro Bxoaa/Beixoga nopta B (6ut 0)
INT | Bxoa BHeELLHWX npepbiBaHWIA

22 RB1 110 BbiBoa umdpoBoro Bxoaa/seixoga nopta B (6ut 1)

23 RB2 110 BbiBoa umdpoBoro Bxoaa/seixoga nopta B (6ut 2)

24 RB3 110 BeiBog umdposoro Bxoaa/Beixoga nopta B (6ut 3)
PGM | Bxoa Ans paspelueHnst pexvma HU3KOBOSIbTHOrO

nporpamMMu1poBaHusi

25 RB4 110 BbiBog umdpoBoro Bxoaa/Beixoga nopta B (vt 4)

26 RB5 110 BeiBog umdpoBoro Bxoaa/Beixoga nopta B (6but 5)

27 RB6 110 BbiBoa umdpoBoro Bxoaa/Beixofga nopta B (6ut 6)
PGC | TakToBbIV BXOA B pEXMME NPOrpaMmMmnpoBaHus

28 RB7 110 BbiBoa umdpoBoro Bxoaa/seixoga nopta B (6ut 7)

PGD 110 Bxoa nnu BbIXoA, AaHHbIX B peXnMe NporpamMmmmnpo-

BaHUA

[losicHenre ycI0BHBIX 0003HAYEHUI:

O I (anra. Input) — Bxox;

O O (anra. Output) — BBIXOI;

O I/O (aarn. Input/Output) — BXOJ WM BBIXOX, B 3aBHCHMOCTH OT YCTaHOBOK
perucrpa;

O P (aurn. Power) — BBIBOJ HCTOYHUKA DJIEKTPOIHEPTHH;
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6.3. UncgpoBble Bxoabl 1 BbIXOAbl

MUKpPOKOHTPOJIIEP OMEPUPYET TOJIBKO ¢ IU(POBBIMH JTAHHBIMH, T. €. HYJISIMU U
enuaunaMu. [losToMy m000# pe3ynbTaT Takke MpeAcTaBisercss B LU(POBOM
¢dopme. Ilo 5TOl MpUYMHE MPAKTHYECKH JIIOOOH BBIBOJ MOKET OBITH HUCIIOJIb30BAH
Kak rdpoBoi BXoj WM BBIX0A. C IMOMOIIBI0 MU(PPOBEIX BHIXOIOB MOXKHO TIEpe-
KItouaTh, Hanpumep, cseroanon (LED — Light Emitting Diode, cBeTonsmydaro-
LMK THOJ), KOTOPBIN MpU 3TOM OyJeT MOKa3bIBaTh ONpPEAeICHHOE COCTOSHUE BbI-
BoAa. BeixonHoil BbBo MukpokoHTposuiepa PIC16F876A B mpuHumie Moxer
YIPaBIsTh CBETOAUOIOM HAIMPAMYIO, TIOCKOJBKY IM(POBOW BBIXOA 0e3 mpobiiem
MOXET KOMMYTHPOBaTh TOK 10 10 MA, KOTOPBIHA, Kak MPaBHIIO, W IOTPEOIISIOT
OOBIYHBIC CBETOAMOBI. Eciu ke HeoOXoauM TOK, mpeBbImarommii 10 MA, TO K
BBIXOJly MHKPOKOHTPOJUIEpA HYXHO JIONOJHUTEIHHO MOJKIIOYUTh YCHIUTEIh
MOIIHOCTH, HAIPUMEp, Ha TpaH3ucTope. UToObl CUUTHIBATH NU(POBBIE CUTHAIIBI,
HaIpuMep, JJIsi KOHTPOJIS Ha)KaTa KHOMKA WM HET, BEIBOJIBI MOTYT OBITH HaCTPOE-
HBI Ha HUCIOJIb30BaHUE WX B KadecTBe MU(POBBIX BXOAOB. B 3TOM citydae BBIBO/BI
BenyT ceds kak Bxoasl TTJI-mukpocxem.

[TockobKy MUKPOKOHTpOJIJIEP MOCHE BKIIOYEHUSI HE MOXKET 3HaTh, KAKOil €ro BbI-
BOJI JOJDKEH (PYHKIMOHMPOBATh B KAUECTBE BXOJa MIIH BBIXO/A, TO 3TO HY)KHO €My
yKazaTh 3apaHee C MOMOIIBIO MPOorpaMMHOro koza. Ilocie BkitoueHUs WM mocie
cOpoca KOHTPOJUIEP UCXOIUT U3 TOTO, YTO BCE €r0 BBIBOJBI OYAYT ONpEAEICHbI KaK
BXxOoJbl. I03TOMY HHMKakoe HampsKEHHE HA BBIBOJE TAK)KE€ HE BBIBOAMTCA. Ecim
3TOTrO HE CHeNaTh, TO MOTJIO Obl OBITh KOPOTKOE 3aMBIKAaHHE B TOM Cy4Yae, eciH
MIPUCOEAMHEHHAs] MUKpOCXeMa Ha BBIXOJIE T€HEPUPYET BBICOKUI JOTMUECKUi ypo-
BEHb, B TO BpeMs kak y PIC-koHTpossiepa Ha 3TOM BBIBOJIE CUTHAJ HU3KOTO YPOB-
Hi. Ta nnn uHas cooTBeTcTBYIOLIAs (PyHKIMA U1 BEIBOAOB Ha3HAYaeTcs, Kak Ipa-
BHJIO, B CTAPTOBOH MOCJIE0BATENBHOCTH NTPH HHUALIUATN3ALUH.

Byzner BBIBOA BXOAOM MIJIM BBIXOJIOM, YKa3bIBaeTCA B PErUCTpax yIpaBiIeHUs Iepe-
nmauerd nanHbix TRISA, TRISB u TRISC. Bcee 3tu 3 peructpa HaxoasTcs B OaH-
ke 1. [Ipy uHMIIMaTU3aMK HENb3sl 320BIBaTh M NP0 KOMMYTAIHIO OaHKOB MaMSITH.
Ecnu BbIBOI HacTpauBaloT Ha BXOJ, TO B COOTBETCTBYIOIIMI pa3psi perucrpa 3a-
nuchIBaeTcs jorudeckas 1. B mpoTuBHOM cityuyae, eciad BBIBOA HACTPAauUBAaIOT Ha
BBIXOJ, TO B ATOT k€ paspsa 3aHocAT joruueckuit 0. [[nst merkoro 3amoMuHaHUS
MO>XHO NPUMEHUTH CIEAYIOUIYI0 "HImapraiky'": A HacTpOMKH BBIBOAA Ha BXOJ
(Input) B cooTBETCTBYIOLIMI OUT perucTpa ympapieHUsI HA/I0 3amucath 1, KoTopas
BeINIUT Kak [ (Input), a m1st HacTpoiiky BbiBoAa Ha Beixof (Output) Hamo 3amu-
catb 0, kotopsiit BernsauT kak O (Output). Eciu, Hanpumep, BeiBox RB2 momxen
OBITH BXOZOM, TO B OuT 2 peructpa TRISB 3ammceiBaroT 1, 2 9T0OB HACTPOUTH BBI-
BoJl RA4 na mudpoBoii Beixof, B 6ut 4 peructpa TRISA 3anocsr 0.
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Ipumep:

movlw b'11110011" ;HacTpouTe BEBOOE RA3 M RA2 Ha BEIXOX,
;a OCTaJlbHEIE Ha BXOI

movwf TRISA

movlw b'11000000"' ;HacTpouTe BEBOIEI RB7 1M RB6 Ha BXOI,
;a oCTaJlbHBlE Ha BBIXOI

movwf TRISB

movlw b'11111111" ;Bce BeBOIHI nopTa C HACTPOUTH Ha BXOI

movwf TRISC

Kak BugHO U3 mpuMepa, Uit HACTPOHKY HANPaBJICHHS JUISl BBIBOJIOB BCEX IMTOPTOB B
MIPUHITUTIE OBUTIO OBI JOCTATOYHO BCETO IMeCTH KoMaH. OHAKO HEKOTOPHIC BHIBO-
JIbI HE TOJILKO UCTOJB3YIOTCS KaK MU(POBLIC BXO/BI WIH BBIXOBI, @ MOT'YT IIPHME-
HSATHCS B Ka4eCTBE aHAJOTOBBIX BXOJI0B. [103TOMYy MOMHMMO pErucTpoB, yrpas-
JIAIOIMMX HaNpaBlICHWEM TIepeladd il BBIBOJOB IIOPTOB, HEOOXOIMMBI €IIle
JOTIOJTHUTENBHBIE YIIPABIIIONINE PETHCTPHI, KOTOPBIE HYXKHBI JJISI BRIOOpA aHaJIo-
TFOBOTO WJIH IIU(PPOBOTO PEXKKMMA, a JIJISl aHAJIOTOBOIO PEXKKMMA €IIe U IS YIpaBiie-
aust ALIIL.

Takum o6pa3oM, 4TOOBI MCTIONB30BaTh HU(POBBIE BXOABI MOPTa A, TOHKEH NpH-
MEHAThCS eme oauH jononHutenbHbll  peructp ADCON1 (A/D  Control
register 1). DTot peructp umeer 13 BO3MOXKHBIX BAPHAHTOB Il HACTPOWKU BBIBO-
JIOB TIOpTa B KayecTBe H(POBOTO BXOAa WM BBIX0Ja U 14 BapuaHTOB AJIsl ompe-
JieJICHHUS BBIBOJIOB B Ka4eCTBE BXOJOB JJISl aHAJIOTOBBIX CUTHANIOB. [Ipn HacTpoiike
(GYHKIMM BBIBOJIOB MMEIOT 3HA4YEHHE TOJBKO Milaamme 4 OuTa 3TOro perucrpa,
aumenHo PCFG [3...0]. Crapmue ero aBa paspsiga TpeOYIOTCS TOJBKO, €CIIH
JOJDKHO OCYIIECTBIISITBCS aHaJIoro-uugpoBoe npeodpazoBanue. Bce Bo3MOXKHBIE
3HAUCHMSI PETHCTPa MOXKHO B3STh M3 ONHCAHMS, HPEICTAaBIEHHOro B Tali. 6.2.
Crenyet 3ameTuth, uto BbiBoJbl AN7, AN6 u ANS B kontposuepe PIC16F876A
OTCYTCTBYIOT M HWMEIOTCS TOJBKO B OJHOTHIHBIX KOHTPOJUIEpPAaX B KOpITycax
c 6onpmum konudectBoM BbIBOJOB (PIC16F874A, PIC16F877A). Kpome Toro,
BbIBOJI RA4 B oTii4me OT BceX APYTHX BBIBOAOB MOPTa A MYJIBTHIUIEKCHPOBAH HE
¢ ananoroeiM BxogoM AIIIl (AN4—ANO), a ¢ Bxomom TOCKI1, npennasnaueH-
HBIM JIJISl BHEIIHUX TAKTHPYIOIINX UMITYJIbCOB TaiiMepa Timer(.

IMosicHeHue yCIOBHBIX 0003HaueHNU# (B Tab1. 6.2):
O A (amrn. Analog) — aHAIIOTOBBIN BXOJ;
O D (aurn. Digital) — uudpoBoii BX0 WK BBIXOJ,

O Vger+ (amrn. Voltage Reference) — BBIBOI IUIsl MOIOKUTENBHOTO OMOPHOTO
HaIPSDKEHUS;

O Vger (amrn. Voltage Reference) — BBIBOA AJI OTPHIIATENEHOTO OMOPHOTO Ha-
MPSDKEHUS.
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Ta6bnuuya 6.2. OnucaHue 8bi8odo8 8 peaucmpe ADCON1

BuUTbI perucTpa BbiBoabl nopTa E BbiBoAbI nopta A
ADCON1 RE2 | REL | REO | RA5 | RA3 | RA2 | RAL | RAO
PCFG [3...0] AN7 ANG6 ANS5 AN4 AN3 AN2 AN1 ANO
0000 A A A A A A A A
0001 A A A A Ve A A A
0010 D D D A A A A A
0011 D D D A VRer+ A A A
0100 D D D D A D A A
0101 D D D D Ve D A A
0110 D D D D D D D D
0111 D D D D D D D D
1000 A A A A VRrer+ A\ A A
1001 D D A A A A A A
1010 D D A A Ve A A A
1011 D D A A Vrers | Veer A A
1100 D D D A VRrer+ A\ A A
1101 D D D D VRrer+ A\ A A
1110 D D D D D D D A
1111 D D D D Vrers | Veer D A

UroObl HCIONIB30BAaTh BCE BBIBOJBI MOPTa A Kak LU(POBBIE BXOIblI WIHM BBIXOIHI,
B Mianmux 4 6urax peructpa ADCONI nomxuo ObITh qBOWYHOE 3HadeHune 0110
i 0111. Ecnu ke ucnons3ytorest 1 ananorossiii Bxoxa (ANO) u 5 mudpoBbix BXo-
JIOB, MO’KHO TpUMeHsITh ycTaHoBKY B 1110. K coxxanennto, Henb3s 3a1aTh 2 aHaJO-
rOBBIX BX0za U 4 u(poBbIX BX0Ja WK BeIxoAa. Ha 3ToM MecTe Hy)XHO peraTbes,
ycTaHaBIUBaTh 1 3 aHanoroBbix Bxoja (0100), Miu UCTIONIB30BaTh 2 aHAJIOTOBBIX
BX0J1a C BBIBOJIOM 15 oniopHoro Hanpsbkenus (0101).

B caenyromem npumepe BoiBoasl RAO, RA2 1 RA3 ycranaBmuBaroTCs B KauecTBE
n(ppPOBBIX BXOJIOB, a BeIBOABI RA1, RA4 u RAS B kauecTBe IIU(PPOBBIX BHIXOJIOB.
Tlpumep:

movlw b'00000110" ;Bce BHIBOIEI NOopTa A creylaTb UMOPOBEMM BXOIAMM/
; VTV BRIXOIIAMU
movwf ADCON1
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movlw b'00001101" ;HacTpoutrs, BEBOIEL RAO, RA2 1 RA3 B KauecTBe
;BXOIOB, a BRBOIH RAl, RA4 m RAS5 — BHEIXOIOB
movwf TRISA

BriBogs! mopra B MoOryT Mcnosbp30BaThCsl TONBKO Kak HU(POBBIE BXOABI MM BbI-
Xopl. JInmb BO BpeMsl Iporecca MpOorpaMMUPOBAaHUS W OTJIAJKH Y HEKOTOPBIX
9THX BBIBOJIOB MMEETCS €Ie W APYroe NpeiHa3HadeHWe. ENMHCTBEHHBIN BBIBOJ
¢ ocobenHol pyHkimerr — 310 BeiBo i RBO/INT. C moMoIipio 3TOro BXoja MOXKeT
OBITH BBI3BAaHO BHEIIHEE MpephIBaHUE MO (POHTY BXOJHOIO MMITYJIbCca CHTHAjA.
JIOJIKHO 1M IIpephIBaHUE BBI3BIBATHCS IIPHU BO3PACTAIOIIEM NEpEeIHEM (QPOHTE HM-
myJibca (OT HU3KOTO K BEICOKOMY YPOBHIO) WUIM TIPH CHAJAIOIIEM 3aaHeM (pOHTe
HUMITyNbca (OT BBICOKOTO K HHU3KOMY YPOBHIO), MOKET OBITH BBHIOPaHO B PETMCTpE
OPTION_REG. B 3TOM %€ peructpe MOXKHO yKa3aTb, JOJIKHBI JIM JJIs1 BBIBOJOB
nopta B ncnosnp30BaThcs BHYTPEHHUE TOATATHBAOLINE PE3UCTOPHI. 3alIPETUTD XKe
WM Pa3pelluTh BHEIIHEE IPEPBIBAHNE MOXKHO C MOMOIIBIO CHEUAIBHOTO YIIpPaB-
nsioiero peructpa ITCON. UtoObl ycTaHOBHTB, Kakue BBIBOIBI mopTa B OynyT
BXOJaMH, a KaKue BBIXOJaMH, HYKHO BOCTOJB30BaThes permctpoMm TRISB. Jlms
TOro 4TOOBI JEWCTBOBATh HABEPHSKA M OBITH YBEPEHHBIM, UTO CIEJIAHbl IPaBUIIb-
HbI€ HaCTPOMKHU Ui BBIIOJIHEHHS MPOrPaMMBbI, HY>KHO BOCIOJIb30BAThCS MOJIHBIM
ormncanueM peructpa OPTION REG.

Tipumep:
movlw b'01000000"' ; SHaueHre yHMImasmsamt OPTION REG
movwf OPTION REG
movlw b'11001010" ;Beeomer RB7, RB6, RB3, RBl HaACTPOUTH KaK BXOIE
movwf TRISB ;BeiBOmEl RB5, RB4, RB2, RBO HaCTpOMUTb KakK BBIXOIE

B npusepennom npumepe BbiBoabsl RB7, RB6, RB3 onpenensitorcs B KauecTse
BXOJIOB, TTOCKOJIBKY OHH JOJDKHBI HCIIONB30BATHCS O BO3SMOXXHOCTH TOJIBKO ISt
nporpaMmmupoBanusi. Kpome Toro, BKII04€Hbl BHYTPEHHHE MOJATATUBAIOIINE PE3U-
CTOpPBI Ha BXOAax ImopTa B. BCJIGILCTBI/IC 9TOr'0 BCC BXO/JbI C MOATATUBAIOIIUM PE3U-
CTOPOM MMEIOT BBICOKHH JIOTHYECKUI YPOBEHB, €CIIA K 3TOMY BBEIBOILY HE TIOJKIIO-
YeH HUKAaKOW BHEUTHWHA 3JeMeHT. MOXXHO OTKIIOYaTh MPUMEHEHHE MOATSITUBAIO-
mero pesucropa ycraHoBkod Owurta 7 peructpa OPTION REG B cocrosHue
Joruyeckou 1.

Jna BeiBosioB mopTa C HAacTpOMKH HECKOJIBKO CJIOYKHEE, MOCKOIBKY COOTBETCT-
BYIOIIFE €My BBIBOJBI MOTYT BBIMIOJHATH OOJNBINE pa3snuyHbX (yHKIUA. J[o Tex
TIOp, TTOKa BBIBOJIBI UCTIONB3YIOTCS TOIBKO KaK IH(POBBIE BXOIBI WIH BBIXOJBI, HX
MOXKHO 0e3 mpo0seM HacTpouTh nocpencTeom peructpa TRISC. Ecnu e Bo Bpe-
Ms BBITIOJTHEHHUS TIPOTPaMMEBI XOTSAT OCYIIECTBUTH CBs3h 1Mo muHe [°C, To Hampas-
JIeHWe JaHHBIX Oonblle He OyIeT COOTBETCTBOBATH YCTAHOBKAM B PETUCTPE
TRISC. HanpapneHreM BBIBOZIOB B 3TOM Cllydae yIpaBJIsAIOT anmnapaTHeie nepude-
pHIiHBIE MOJTYJIH, HaXOIsIIKecs B YuIe U paboTatomuiue B pexume [°C. Beneacrue
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3TOro nepud)epuiiHbIe MOIYIH OTMEHSIOT aekcTBusA OutoB peructpa TRISC, npu-
HYJIUTEIIBHO HACTPanBas BHIBOJBI HA BXOJ WU BbIXojA. Kak mpaBuiio, Bce BHIBOBI
BO BpEeMs MPOTrPaMMbl BBITIONHSIOT ONPEACICHHYIO MOCTOSHHYIO (YHKIHMIO, TI0-
3TOMY B Hadasie mporpaMMsl mopT C MOXXHO COOTBETCTBYIOIINM 00pa3oM MHHIINA-
JIM3MPOBaTh. B cremyromem mpuMepe MmokasaH BapuaHT MHUIUMaU3anuu nopta C.
BriBogsl RCO u RC1 noipkHBI HCIIOIB30BaThCA Kak BXOJEI, a BhIBOJ RC2 kak BbI-
xox. ITocpencrBoM BeIBO0B RC3 1 RC4 moimkHA OCyIIeCTBIATHCS CBSA3h TI0 IIIHHE
I?C. Bemoast RC6 n RC7 mo mociiemoBaTelbHOMY WHTEp(EHCy maroT BO3MOX-
HOCThb CBSI3U C IMEPCOHAIBHBIM KOMIbIOTepoM. BriBog RC5 He ucmombiyercs B
CXEME U IO3TOMY OTNpeEeIseTCsl Kak BXoJ. B mpumepe moka3aHO TOJIBKO TO, Kak
HACTPanBalOTCS BBIBOJBI B KadecTBe MNU(POBBIX BXOJOB/BBIX0A0B. HUIIATH3AITHS
nHTEp(EcoB ropazo CIOKHEE W PacCMOTpPEHa Jajiee B TOCIEMYIOIINX TIaBax.
[Toatomy Bce BBIBOABI KpoMe RC2 HacTpamBarOTCsS B KaYECTBE BXOJOB, UTOOBI HE
MOCHUTATh KaKWe-TMOO0 CUTHANBI Ha Mepu(epHI0 HEMOCPEICTBEHHO ITOCIIe Havala
MIPOTPaMMBI.

Tlpumep:
movlw b'11111011" ; Tonbko BeBOO RC2 mopra C
movwf TRISC ;HACTPOMTE B KadeCTBE BBIXOIA

TOFI{a, Korga Tpe6yeTc;I MCHBIIICC KOJINYCCTBO BBEIBOJOB JIA IMOPTOB, YEM UMECCTCA
B MHUKPOKOHTPOJIJIEPE, HEHUCIIOJIB3YCMbBIC BbIBOAbI HYKHO HACTPOUTH B KAa4YC€CTBE
BXOJIOB U NPEIYCMOTPETh Il HUX B CXeM€ MOIATATMBAIOIIUI MM COTJIaCyHOIIUMA
pe3uctop. B 3ToM ecTh CBOM pe30H, MOCKOJIBKY B 3TOM CIy4yae BXOJHOU BBIBOJ
uMen Obl OmpeJesieHHBI JIoTHUecKuil ypoBeHb. Korja ke BbIBOZA OCTaBISIOT OT-
KPBITBIM, TO S5KOHOMAT BHCIIHCEC COIMPOTHUBIICHUE, OJHAKO, TOI'la YK€ HCJIb351 6I>ITI)
YBEpEHHBIM B TOM, BEpHOE JIM 3HaUYE€HUE OYyJeT MpOYnUTaHO U3 TopTa. ITO 0coOeH-
HO Ba)KHO, HalpuMep, €CIIM B IPOTrpaMMe BBIIOJIHSIOT CPaBHEHHE HEKOTOPOM
8-OMTHOM TOCTOSHHOM C MOJlyYeHHBIM U3 MOpPTa 3HAYCHNUEM, TIOCKOJIBKY Pe3yJIbTaT
TOT/Ia MOXET OBITh COBEPILICHHO Helpeacka3zyeMbIM. Eciiu jxe 3Ta mpoBepka BayKHa
IUIsl TIOCJIEYIOLIETO BBINOJIHEHUS] IPOrpaMMBbl, TOT/IA 3apaHee Jake He IpeicTa-
BUTh, KaK OHa ce0s Jajiee MOBEIeT.

6.4. NMpumep nporpammol
"YnpaBneHue cBetoguogammn”

Jo cux mop ObLIN MOKa3aHbl TOJIBKO OTAENbHBIE YacTH MporpaMMHoro koga. Ha-
YMHAsl C MPHUBEICHHOTO Aajiee Ipumepa, OyaeT Bce HecKoibko mHade. C OgHOM
CTOPOHBI, 3TOT MpPHUMEpP KOJa MOXXET OBITh CHIMUTHPOBAaH B Cpele pa3paboTKH
MPLAB, a ¢ npyroif CTOpOHBI, €r0 MO’KHO OIMPOOOBATh HA PEATBHOM aIllapaTHOM
yCTpOHCTBE, COOpaHHBIM IO 3JIEKTPUUECKON cXeMme, KoTopas Obula paccMOTpeHa
B 21aee 5. B manHOM mpumepe uetsipe cBetoguona LED1—LED4 ynpasnstorcs
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B 3aBHCHMOCTH OT Ha)XKaTHs YeThIpex KHOMok S1—S4. B mpumepe mokaszaHo, Ka-
KM 00pa3oM OCYIIECTBISETCS MHUKINYECKU OMPOC KHOMOK M KaK pean3yeTcs
YIPaBICHUE COOTBETCTBYIOIIMMH BBIXOJaMHU, YTOOBI BKIIFOUAIHNCH W BBIKIIOYAIINChH
CBETO/MOJIBI. DTOT IPUMEpP MPOTPAMMHOTO KOJIa, KaK U BCE OCTAILHBIC MTPUMEPHI,
HaXOJUTCS HA MPUJIAraeMOM K KHUTE KOMIAKT-IUCKE.

main ;Hauasyio OCHOBHOT'O LMKJIIA
btfss Taster 1 ;3amnpoc, HaxaTMs Ha KHONKYy 1
goto taster 1 gedriickt ; BKIIIOUMTE CBETOOMOM, COOTBETCTBYWIMM KHOMNKe 1
btfss Taster 2 ;3amnpoc, HaxaTus Ha KHOIKY 2
goto taster 2 gedriickt ; BKIIIOUMTE CBETOOMOL, COOTBETCTBYIUMI KHOIKE 2
btfss Taster 3 ;3amnpoc, HaxaTus Ha KHOIKY 3

goto taster 3 gedriickt ; BKIIIOUMTE CBETOOMOM, COOTBETCTBYWIMM KHOMNKe 3
btfss Taster 4 ;3amnpoc, HaxaTus Ha KHONKYy 4

goto taster 4 gedriickt ; BKIIIOUMTE CBETOOMOM, COOTBETCTBYINMM KHOMNKe 4
goto main ;ECIM HM Ha KaKyl KHOMKY HE HaXMMaJu,

;7 TO HepeﬁTVI B HaA4YaJIO OCHOBHOTI'O LMKJIA

taster 1 gedrickt ;Knonky 1 HaxumMam

bsf LED 1 ;LED 1 BKJIIIOUUTH

bcf LED 2 ; OTKJIOUMTEL LED 2

bcf LED 3 ; OTKJIOUMTEL LED 3

bcf LED 4 ;oTxnHOUMTE LED 4

goto main ;IIepelTy Hasaln B OCHOBHOM LIMKII
taster 2 gedriickt ;Kuonky 2 HaxMam

bcf LED 1 ; OTKJIIOUMTE LED 1

bsf LED 2 ;LED 2 BKJIOUUTH

bcf LED 3 ;oTxnouMTs LED 3

bcf LED 4 ;oTxnHoUMTE LED 4

goto main ;lleperiTt Hazalnl B OCHOBHOM LMKJII
taster 3 gedriickt ;Kuonky 3 HaxmMam

bsf LED 1 ;LED 1 BKJIIOUUTH

bcf LED 2 ; OTKJHOUMTE LED 2

bsf LED 3 ;LED 3 BKJIOUMUTBH

bcf LED 4 ;oTxnouMTE LED 4

goto main ;TIEPENTM Haszal B OCHOBHOM LMKII
taster 4 gedrickt ;KrHonky 4 HaxuMasm

bsf LED 1 ;LED 1 BKJIIOUMTH

bsf LED 2 ;LED 2 BKJIOUUTBH

bsf LED 3 ;LED 3 BKJIOUUTBH

bsf LED 4 ;LED 4 BKJIIOUMTH

goto main ;lleperiTt OOPaTHO B OCHOBHOM LIVKII

END ; Korel nporpamvel






7. Tanmep

BaxHoii cocTaBHOI 4acTbI0 MUKPOKOHTpOJIIEpa siBisieTcd Taimep. Talimep — 3To
CUHXPOHU3UPOBAHHBIA CUETYMK, KOTOPHIA 1O KKIOMY TaKTOBOMY CHUTHAIy CUH-
TaeT B MPSIMOM HIIM OOpaTHOM HANpaBJICHHH, T. €. CUMTAET C yBEIUYCHHUEM WU
YMEHBILIEHUEM CBOETO 3HaueHus. B MukpokoHTpomnepe umeercs 3 taiimepa. Taid-
MCPBI MOT'YT MCIIOJIB30BATHCA IJIA CaAMBIX PA3JIMYHBIX HCHGI\/'I. Onn HYXXHBI, Hallpy-
Mep, ISl TIOCTPOCHHUS CTOPOXKEBOW CXEMBI WIIM ISl OPTaHM3AlNY IMKIJIA OXKHIIa-
Hus. KpoMe Toro, ¢ moMompo TaitMepoB MOYKHO ONPEEIIATh BPEMS MEXTY IBYMS
AMITyJTbCaMH WM (POPMHUPOBATh UMIYJIBCHl C ONPEAENCHHON IIUTEIHHOCTHIO.
Kaxnplit TaliMep pacrosjaraeT cBOMM PErMCTpOM, B KOTOPOM COXpaHSETCs 3Haue-
HHUC CUHCTA B IPSAMOM HJIA O6paTHOM HaIlrpaBJICHUU. HpI/I NEPCIOJHECHUHN WJIA OITyC-
TOIIEHUH ATOTO PETHCTPa MOXET BBI3BIBATHCS MpephIBaHme. MOXKHO TakXKe 3aIpo-
rpaMMHpPOBaTh TaliMep TaK, YTO TPHU 3arpy3ke B PErHCTp HEKOTOPOTO 3HAUCHUS
OCYIIECTBIISIETCS B IHUKIIE OOPATHBIA CYET, MOKa er0 COAEP)KMMOE HE CTAaHEeT paB-
Ho 0. DT0 yacTo TpedyeTcs A MPOCTON pean3aliii KPaTKOBPEMEHHOM 3a/IepKKH
B mporpamme. B mpuBeneHHOM aanee mpuMepe mporpammsl BeIBOA RA2 mukpo-
KOHTpOJIJIEpa yCTaHABJIMBAETCS B COCTOSHHE BBICOKOTO JIOTUYECKOTO YPOBHS Ha
BpeMs okoiio 100 mkc. B cinyuae eciu KoHTpoJuiep TakTupyercst yactotord 4 MI',
TO B PETUCTP COUNTER HY)KHO 3arpy3uTh JecsITUYHOE 3HadyeHue 32. B aTom cimyuae
CJIeIyeT YUUTHIBATh, YTO KOMaHAA decfsz BHITIOTHSAETCS 3a | KOMaHIHBIN UK (32
BpeMs 1 MKC), a KOMaHJia goto — JIBa KOMaHHBIX [HKJIA (TpeOyeTcs 2 MKC).

Ipumep:
bsf PORTA, 2 ;YCTAaHOBMTL BBIBOI RA2 Ha BHICOKMM YPOBEHb
movlw D'32' ;3arpysurst permuctp COUNTER 3HaueHweM 32
movwf COUNTER
decfsz COUNTER, F ; YMEHBIMTE SBHAUEeHre Ha 1
goto $-1 ;CuMTaTh BHM3, OO TeX IIOp [I0Ka 3HAaYeHue

;He Oymer paBHO 0
bcf PORTA, 2 ;YCTAaHOBMTL Ha BHBOIE RA2 HMBKIMM yPOBEHb
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OueHb KOPOTKHE 3aJEeP’KKH, B HECKOJIBKO MHKPOCEKYHJ, MOXKHO OYEHb XOPOIIO
peann3oBaTh C MOMOIIBIO HECKOJIBKUX KOMAH/ nop. DTOM KOMaHJE IPU TAaKTOBOM
gactoTe 4 MI'11 TpeOyeTcs 11 BBIOIHEHUS] OIMH KOMAH/IHBIN IIUKJI, 9YTO COOTBET-
CTByeT BpeMeHHU BbimosHeHHusa 1 Mkc. [lomoOHBIM croco6oMm 6e3 mpolieM MoXKeT
OCYILECTBIIATHCS BpeMEHHas 3aZiepikka mpuMepHo 10 765 mkc (3 * 255) Ge3 npu-
MeHeHwus Taiimepa. Ecim ke moTpebyeTcs Bpems Oosiee 765 MKC, TO I aHAJIOTHY-
HOTO crioco0a 3afaHusl BpeMEeHH 3aePKKH HEOOXOAMMO HCITOJIB30BaTh YXKe 2 pe-
THCTpA.

7.1. 8-paspagHbin Tanmep (TimerO0)

Hcnonb3oBanue TaiiMepa UMeeT CMBICI AJIsl TOr0, YTOObI 3a1aBaTh 0oJiee JINTeNb-
HOe BpeMsl. bolibllioe mpeumyIiinecTBO TaiiMepa COCTOUT B TOM, YTO TaKTOBBIN CHUT-
HaJl, C TIOMOIIBIO KOTOPOTO PETHUCTpP TaiiMepa OyAeT OCYIIECTBIATH MPSIMON WIIN
0o0paTHBIN cYeT, MOCTYNaeT C HPUCOEAUHEHHOTO MPeO8apUmMensHoco Oerumeis
yacmomul WM, UHAUE TOBOPS, npeddeaumens wacmomul. B 3ToOM ciydae 3HaueHUE
perucrtpa TaiiMepa OoJbIlle HE M3MEHSETCS ¢ YaCTOTOH BBITOJHEHHS KOMaHI, a ¢
COOTBETCTBYIOIIEH Oojiee HU3KOH yacToToil. KosdduuueHt aenenus npenaenure-
JISL 4aCTOTHI MOXKET BbIOMpaThest oT 1:2 mo 1:256. Hanpumep, ecnu kod3hdunpmeHT
JIeJIeHUs] MPEeAeIUTeNsl YacTOThl 3a1aTh paBHbIM 1:256 u 8-pa3psanHblil Taiimep
3arpy3uTh ImecTHaauatepuaabM 3HaueHueM 0xFF (255), To ato yxe Oyner coot-
BETCTBOBaTh 3ajiepikke 65280 mxc = 65,28 mc. B cienyromem npumepe Taiimep
Timer0 ucnonb3yeTcs AJisi BpeMEHHOMW 3aaepkku Ha 10 Mc.

Tipumep:
_BANK 1 ;llepexsmounTeCA Ha Bank 1
movlw b'11000111" ; KoodpdbuiimeHT nesieHms npennemTesis 4aCcTOTH

;onna TarMepa Timer(O 3amaTh paBHEM 1:256
movwf OPTION REG

_BANK 0 ;llepexsounTbCa Ha bBank 0

movlw b'00100000" ; OTKJTIOUMTE ITPepbBaHMs U cOpocuTs duar
movwf INTCON ;TMROIF Tatmmepa Timer 0 (TMRO) B per. INTCON
bsf PORTA, 2 ;YCTAaHOBUTL Ha BHBOIE RA2 BEICOKMI yPOBEHb
_BANK 2

movlw D'217'

movwf TMRO ; 3anyCcTuTh TavMep

_BANK 0

btfss INTCON, TMROIF ;[IpOBEPUTL, IIEPENOJIHEeH JIM TarMep

goto $-1

bcf PORTA, 2 ;YCTAaHOBMTL Ha BHBOIE RA2 HMBKIMM YyPOBEHb

CHayana B perucTpe OPTION REG YCTaHABIMBAeTCH KOI(PPHUIMEHT NEeNeHus Mpes-
nenuTens (IpeaBapuTeIbHOTO NETUTENs YacTOTh) Ha 3HadueHue 1:256, KOTOpHIif
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nojkirouaercs kK raiimepy Timer(Q. DToT TaiiMep MOXKHO MCIOJIB30BATh COBMECTHO
co cTtopoxeBbiM TaiiMepoM WDT, KOTOpbIA BXOJWUT B €r0 COCTaB, MO3ITOMY HC-
KIIFOYEHO OJHOBpPEMEHHOe ero nmpumeHeHrne Timer() u xak OTAeNsHOTO TaiMepa, U
KaK CTOpPOXKEBOTO Taiimepa. Jlanee 1o mporpaMMe OTKITIOYArOTCS BCE MPEpPHIBAHMS,
HO YCTaHaBIMBaeTcs OUT pa3pelieHHs MpepbIBaHUs NPH NEPEroIHEHUH TaiMepa
Timer0, oxHako mepexoaa Ha MporpaMMy OOCITYXHBAaHHUSI TPEPHIBAHUS TOKa HE
Oyner. lanee Ha BeiBoie RA2 ycraHaBnmBaeTcsl BEICOKUI JTIOTMYECKUH YyPOBEHb H
3aIrycKaeTcs TaiiMep. 3aTeM B LIMKJIE BBIMOJHSAIOT MPOBEPKY MOMEHTA yCTAHOBKHU
(mara TMROIF mepenonmnenus taiiMepa, T. €. KOT/Ia OH TIEPEXOJHUT U3 COCTOSHUS
OxFF B 0x00. Ilepen 3amyckoM TaliMepa €ro HaJ0 WHUITHAIH3UPOBATH, 3aIHCaB B
peructp TMRO Tpebyemoe 3HaueHHE I HY)KHOTO BpeMEHH 3aiepKKh. [10cKoIb-
Ky Timer(0 mpu Ka)k70M TaKTOBOM MMITYJIbce OyAE€T MHKPEMEHTHPOBAH (OCYIIEeCTB-
JISieTCs PSIMOi cueT), TO 3HaYeHUE JJIs1 MHULUAIU3AUU JOKHO PAaCCUUTHIBATHCS
o popmyie 7.1.
Fosc -t

TMRO = 256 — ¢~ (7.1)
4.PS

TMRO — 3nauenue cuetunka TimerO;
Fosc — HacTora reneparopa;

t — BpeMeHHas 3a/1epiKKa;

PS — 3nauenue npemnenutens (Prescale).

Jns moctrkeHust BpeMeHHOH 3anepku 10 Mc TpeOyeTcs cieyroniee 3HaueHHe:

6 -3
4 MI'-10 mc :256—4‘10 -10-10
4.256

OT0 3HaUEHHUE U 3alMChIBAJIOCH B MpuMepe nporpamMmsl B peructp TMRO cuerunka
Timer(. ITocie Toro kak 3HaueHue Oyxaer 3ammcaHo B peructp TMRO, taiimep
HayHeT padoTaTh, U OyJEeT OCYLIECTBISTHCS MPOLECC OKUAAHUS MOMEHTa ycTa-
HoBkM (nara npepsiBanust TMROIF. TMocne atoro curnan Ha BeiBoge RA2 cHoBa
BO3BpAIaeTCsl HA HU3KUH JIOTHYECKUI YPOBEHb, (OPMHPYS TEM CaMbIM TOJIOXKH-
TEJBbHBII UMITYJbC (BBICOKOTO YpOBHsI) JMUTENbHOCThIO 10 Mc. TlockomnbKy B pe-
ructp TRMO M0HO 3amucaTh TONBKO LiEible 3HAaYeHUS M KO3()PULMCHT NeIeHHs
MPeIBAPUTEIHHOTO JIEUTENST YaCcTOThl OBbUI YCTAHOBJIEH Ha 3HaueHwe 1:256, To
camas MaJIeHbKas BpeMEHHasl 3a/IepKKa OyeT cocTaBIsITh 256 MKC.

TMRO = 256 — =216,94 ~ 217

7.2. 16-pa3psagHbivn Tanmep (Timer1)

Monyne Taiimepa Timerl umeeT B CBOeM pacHOpsHKCHUH [Ba 8-OUTHBIX PETUCTpa
(TMRIL u TMR1H). Orot Taiimep cuutaer aHanorudno taiimepy Timer(, u mo-
JKET BbI3BaTh npepbiBanue, eciau 3HadeHus: OxFF B peructpax TMRIL u TMRI1H
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nepexonar B coctosHue 0x0000. C momomipro IBYX 8-paspsgHBIX PETHUCTPOB
(B 001IeH CI0KHOCTH 16 pa3psioB) 3TOT TaiiMep MoxkeT cuntath 10 65535 (OXFFFF),
JI0 MOMEHTa €ro mepernoyHeHus. Pazymeercs, 3HaueHHe KOXPPUIMEHTA JIEICHUS
JUISL TIPEJJICIIATENST 3TOTO TallMepa MOXET yCTaHAaBIMBATHCS HE HACTOJBKO BBHICO-
kuM, kak a1t TimerQ. J{ns Taiimepa Timer] Bo3MokeH MakCUMaJbHBIN K03 duiu-
€HT JeNUTeNIs paBHBIA 1:8. DTO 3HAYWT, YTO MPH TAKTOBOM CHUTHAJIC C YACTOTOU
4 MI'm BO3MOXXHA MaKCHMallbHas BpEMEHHasl 3aJiepKKa, paBHas MPHUMEPHO
0,524 cexynj mpu BpeMEHHOU pa3pemiarolieli crocooHoctu 8 Mkc. Monyinb Taii-
Mepa Timerl MoOXeT SKCITyaTHPOBaThCS B JABYX Pa3IUUYHBIX pEKAMax pPaOOTHI.
ITepBrrit pexxuM pabOTHl — 3TO MPUMEHEHHE €ro Kak TaiiMepa, ¢ TIOMOIILI0 KOTO-
POr0 MOXKHO pPean30BaTh BPEMEHHYIO 3aJepKKy WM H3MEPSTh BPEeMs MEXKIy
IBYMSI COOBITUSIME (HallpuMep, IBYMsl UMITyJIbcaMu). Bo BTopom pexume paboThl
MOJKHO MCIIOJIb30BaTh 00a PerucTpa Kak CUETUYUK U TAKHM 00pa3oM CUUTATh KOIH-
YEeCTBO BHEIIHUX MMITYJIbCOB. [IOCKONBKY 9TH HMITYJIbChI IMEIOT CBOW OIpe/IeIICH-
HBII TEPHOJ CIIEIOBAHUS, TO C UX MIOMOIIBI0O MOXKHO Peain30BaTh COOTBETCTBYIO-
mee Bpemsa oxxkupanus. Copepkumoe perucTpoB Taiimepa Timerl yBennumBaeTcs
MIPH KaXJIOM MOJIOKHUTEIEHOM (DPOHTE TAKTOBOTO UMIIYJIBCA, T. €. IIPH €ro U3MEHe-
HUU C cocTOosiHUS orudeckoro 0 Ha 1.

B crmegyromem mpuMepe Mmoka3aH MPOTPaMMHBIA KOJ JJIS MPOTPaMMHUPOBAHUS
"Oerymux OroHbKOB" Ha cBeroauonaax. JlJis 3TOro CBETOAMOJBI BKIIFOUAIOTCS 10
ouepeau Ha 0,4 CEKYH/IBI.

Ipumep:
start ;Hauaso nporpammer
; HMLmanmsaumsa
_BANK 0
clrf PORTA ; OUMCTUTE BCE MCXOIHBIE ITOPTHI BBOIA/BEBOIA
clrf PORTB
clrf PORTC
_BANK 1
movlw b'11111111" ;Bce BHIBOIEI NOopTa C HACTPOUTH B KadeCTbe
movwf ADCON1 ; LMQPOBBIX BXOIOB WJIM BEIXOIOB
movliw b'11110011" ;ConeylaTe BeBOOE RA3 1 RA2 BRIXOIAMM,
movwf TRISA ;a OCTaJIbHBEIE BXOIAaMM
movlw b'11000000" ;ConeyaTe BeBOOEI RB7 m RB6 BxXOmamm,
movwf TRISB ;a OCTaJIbHBEIE BBEIXOIAMU
movlw b'11111111" ;Bce BHIBOIEI NOopTa C HACTPOUTH BXOINaMU
movwf TRISC
clrf INTCON ; OTKJTIOUMTD [IPEPEBaHMA
clrf PIEl
_BANK 0

clrf PIR1
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main ;Hayuasyo OCHOBHOT'O LMKJIA
; [IpoTPaMMHEDT KOI
; BKJoUueHrs ceerommona LED 1 Ha 0,4 cexyHOB
movlw 0x3C ;B3arpys3uTs 3HaueHue 15536=0x3CBO B oBa
movwf TMR1H ;perucTpa TarMepa Timerl
movlw 0xBO
movwf TMRI1L

bsf LED 1 ;BxinounTs cBeToamon LED 1

movlw b'00110001" ;B3amarh koodd. meyeHus g NpeniesmuTers
movwf T1CON ;UacToTH 1:8 M BKIIOUMTHL TarMep Timerl
btfss PIR1, TMR1IF

goto $-1 ; OxuImaHve IeperoJiHeHUS TarmMepa

bcf LED 1 ; BeikomoumTs cBeTomuonm LED 1

clrf PIR1 ;COPOCUTE OUT IEPEIOJIHEHWS

; BxioueHre ceerTommona LED 2 Ha 0,4 cexyHIOB

movlw 0x3C ;B3arpys3uTsk 3HaueHue 15536=0x3CBO B oBa
movwf TMR1H ;perucTpa TarMepa Timerl

movlw 0xBO
movwf TMR1L

bsf LED 2 ; BrunioumTes cBeTommon LED 2

movlw b'00110001" ;B3amars koobd. meyeHus oA NpennesmTeris
movwf T1CON ;uacToTH 1:8 M BKIHOUMTHL TariMep Timerl
btfss PIR1, TMR1IF

goto $-1 ; OxXmImaHve IeperoJiHEHUS TarMepa

bcf LED 2 ; BokomoumTs cBeTomuonm LED 2

clrf PIR1 ; COpoCUTE OUT [IEePENOJIHEHUS

; BrioueHre ceerommona LED 3 Ha 0,4 cexkyHOB

movlw 0x3C ;3arpys3uTrs 3HaueHme 15536=0x3CBO B oBa
movwf TMR1H ;perucTpa TarMepa Timerl

movlw 0xBO
movwf TMR1L

bsf LED 3 ; BrunoumTes cBeTommon LED 3

movlw b'00110001" ;B3amare ko5bd. meyeHMs Og NpennesmTers
movwf T1CON ;uacToTEl 1:8 M BKIHOUMTHL TarmMep Timerl
btfss PIR1, TMR1IF

goto $-1 ; OXMIaHve IeperoJiHeEHUS TarmMepa

bcf LED_3 ; BokomoumTs cBeTommon LED 3

clrf PIR1 ; COpoCUTE OUT [EPENOJIHEHUS

; BruoueHre ceeromona LED 4 Ha 0,4 cekyHIOB

movlw 0x3C ;3arpys3uTh 3HaueHue 15536=0x3CBO B oba
movwf TMR1H ;perucTpa TarMepa Timerl

movlw 0xBO
movwf TMRI1L
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bsf LED 4 ; BrounThs cBeTommon LED 4

movlw b'00110001" ;B3amare xko5dhd. meyeHMs OJa NpennemTesis
movwf T1CON ;uacToTH 1:8 M BKJIOUMTL TarmMep Timerl
btfss PIR1, TMRIIF

goto $-1 ; OxmOaHMe IepeloJIHEHMI TarMepa

bcf LED 4 7 BEIKIIIOUMTE CBeToamon LED 4

clrf PIR1 ; COpoCUTE OUT IePEerOoJIHEHUS

goto main

B nmauane mporpaMMbl BXOABI M BBIXOJIBI YCTaHABIMBAIOTCS COOTBETCTBEHHO pac-
TTOJIOKEHUIO BBIBOJIOB Ha MOHTaXHOHW Tutate. UToOBI BHaYale MpH MEepeTroTHeHNH
cueTdnka He OBbLIO Mepexoaa B MporpaMMmy OOCITY>KUBAaHUS MPEpBIBaHUsI, BCE Tpe-
peiBaHMs 3anpemaioTcs. [anee B mporpaMMe IUKIMYECKH ompamuuBaercs (iar
TIpEPHIBaHMS TIPH TIEPEIIOTHEHUH perucTpa Taiimepa Timerl. [[ns ocymecTBieHUs
BpeMEHHOH 3ajepkKku paBHOW 0,4 CeKyHIBl NPU YaCTOTE€ TAaKTOBOTO TeHEpaTopa
4 MI'u B nBa peructpa taitMepa Timerl (TMRIL u TMR1H) momxuao ObITh 3a-
rpyxeHo 3Hadenue 15536. Jlnsg onpeaeneHns 3HaYSHUS IS 3arpy3KH B 00a peru-
CTpa TaiiMepa MO>KHO BOCITONIb30BaThCs Gpopmyrnamu 7.2, 7.3 u 7.4.

TMR = 65536 — e (7.2)
4.PS
TMR1H = TMR (7.3)
256
TMRIL = TMR —TMR1H - 256 (7.4)

TMR — 3Hauenue peructpos 16-0uTHOTO Taiimepa;
Fosc — "dacTora reHeparopa;

t — BpeMeHHas 3a/1epiKKa;

PS — 3nauenue npemnenutens (Prescale);

TMR1H — crapmmmii Gaiit 16-OutHOTO Taiimepa;
TMRI1L — mumamqmuii 6aiT 16-0uTHOTO TakiMepa.

st BpemenHoi 3anepkku Ha 0,4 CeKyHAbI 3HAYCHUSI PETUCTPOB PACCUUTHIBAIOTCS,
KaK 3TO II0Ka3aHO JaJee:

4MTIu-0,4c¢ 4.10%.0,4

TMR =65536 — =65536 - =15536 =0x3CB0

TMR1H = % =60,6875~ 60 = 0x3C

TMR1L =15536 —60- 256 =178 =0xBO0
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[Tepen BrItOYEHUEM CIIEAYIOMIETO CBETOAMOIa 3HAUCHUE T BpEMEHHOM 3a/1epxK-
KU JOJKHO BHOCHUTBCSI TAKXKE€ B PETUCTPHI TaliMepa, MOCKOJIbKY MPSIMON CUET B pe-
ructpe ot 3HaueHus 0 ocymiecTBisuica O mHaue. [lociie BKITIOUeHHs CBeTOANO0Aa U
3aIycKa TaiiMepa Ha CUeT B IIUKJIE MPOBEpSAETCs, YCTaHAaBIUBAICA JU ¢uiar mepe-
nojHeHus taiimepa. Ilo KoMaHzie goto $-1 MPOrpaMMHBIN CUETUYHK MEPEXOJUT K
npenpiaymei komauae. CUMBOJI $ CTOHUT JJIsl yKa3aHUS TEKYIIETO COCTOSHUS MPO-
CPAaMMHOTO CUYETYHMKA. ECIu Mmpou30IUI0 TEpernoHeHUe CUeTUYMKa, TO KOMaHAa
goto $-1 MPOIYCKAETCS M IO CIEIYKOUIEH KOMaHJE CBETOAUOJ BBIKJIFOYAETCS.
@uar nepenonHeHus taiimMepa Timerl Takxke NODKEH cOpachIBaThCs, T. K. MHAUE
B CJIEAYIONIEM IHKJIE Cpa3y MPOHM30MUIO OBl CHOBA TMEPENOTHEHNE, HE3ABUCHMO OT
[TOKa3aHWs CUETYHNKA B PETUCTPE TaiiMepa.

3apgepxKa ¢ NOMOLLbIO MaKPOKOMaHAbI
ana taumepa Timer1

BpemeHnHbIe 3aepKKH B IIPOrpaMMax IMPUMEHSIOTCS JOCTaTOYHO yacTo. [loaromy
HNMEET CMBICII MCII0Ib30BATh MAKPOKOMAHIy, C IIOMOILBI0 KOTOPOH MOXHO, 33/aB
HEKOTOpBII IapaMerp, IOJIyYUTh ONpPENENICHHYI0 BPEMEHHYIO 3alepxkKy. B cie-
JYIOIeM IprUMepe MPOrpaMMHOI0 KOo/ia IpUMEHEeHa MaKpOKOMaH/1a, peain3yronias
BPEMEHHYIO 3aepkKy oT 20 MKC 10 524 Mc. BeruuciieHue COOTBETCTBYIOIINX 3HA-
yeHui g peructpoB TMR1L 1 TMR1H nosy4aroT ¢ MOMOIIBIO MAKPOKOMAH/IbI.

Ipumep:

_DELAY TMR1 US macro usek
variable timer HL=0
variable timer H=0
variable timer L=0
if usek > d'524000'
error "MACRO: CmukoMm GOJbIIOe 3HAadYeHMe OJIA MaKpOKOMaHmel DELAY TMR1 US!"M
endif
if usek < d'20'
error "MACRO: CimiKOM Majioe 3HadeHue IJIS MakpokoMaHmel DELAY TMR1 US!"
endif

; BEUMCJIEHVE COLEPXMMOTO PETrMCTPa
timer HL = d'65536'-(0SC_FREQ/A'1000000' *usek/d'4'/d'8")

; BeldMCIieHre cTapumero GanTa
timer H = (timer HL >> d'8"')

; BerumcyieHmne mMyiammero OamTra
;opubamiigeTcs 1, T. K. MaKpOKOMaHIa COCTOMUT M3 HECKOJIbKMX KOMaHI
timer L = (timer HL & OxOOFF)+d'l'
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bcf PIE1, TMRIIE ;3anpeTUTb NPEpPLBaHMA IIpM HepernosiHeHyy Timerl
movlw timer H ;3arpy3uTh cTrapunti 6anT B permcTe TMR1H
movwf TMR1H

movlw timer L ;3arpysuTh Milanummi BamT B permcTp TMR1IL
movwf TMRI1L

movlw b'00110001" ;3amaTe koRQOMUMEHT IeJieHMsa Il NpennesiMTeris
movwf T1CON ;yacToTH 1:8 M BrJHOUMTL TarMep Timerl

btfss PIR1, TMRIIF ;lpoBepUTh Qrar NepenoJyHEHUS

goto $-d'l’

bcf PIR1, TMR1IF ;[Ipon30MUIO IIEpelloJIHEHVE TanMepa

; COpOCUTE OUT NEPENOJIHEHNS
endm

[Mockonmpky MakpokoMaHIa ucHoib3yeT Taiimep Timerl c¢ ko3 duimenToM ne-
JIeHUsl mpeanenuTens 1:8, TO MakCHManbHasg TOYHOCTH 3aJIEPKKH COCTAaBIISET
1/8 Takta koMaHAbl. B Hawane Makpoca mpoBepseTcs, JIeXaT JIn yKa3aHHbIe 3Hade-
HHS B AWania3oHe, KOTOPHI MOXET peanu3oBaTh TaiiMep Timerl. Ecim ykazanroe
3HaueHue Oyxaer Oosbiie uem 524000 Mkc win xe MeHbine 4eM 20 MKC, TO B 3TOM
ciryyae OyJeT BBIBEIEHO cooOlieHne 00 OmuOKe, COOTBETCTBYIOIIECE KOHKPETHOM
CUTyallMH. 3aTeM pacCUUThIBalOTCS 3HadeHus ais peructpoB TMRIL u TMRIH
tafimepa Timerl. [Tocieayronue KOMaH bl Ha acceMOIepe aHAIOTUYHBI KOMaH 1aM
MpenbpIaymero mnpuMepa. B pesymprare mporpaMMHBIA KOJ C HCIIONIB30BaHUEM
MaKpOKOMaH/Ipl CTAHOBHUTCSI IPOCTHIM U 0OoJiee TOHATHBIM. TakuM 00pa3om, Bpemsi
OXKUIaHHS OYEHB JIETKO MOXKET OBITh M3MEHEHO 0e3 HEOOXOAMMOCTH pacyera 3Ha-
YeHUs perucTpa BpyuHyo. K coxalieHuto, BO BpeMsl BBIIIOJTHEHHS IIPOrPaMMEI yiKe
HEJIb3s U3MEHUTH BpEMs OXKUJIaHUs, IIOCKOIbKY MAKPOKOMAH1a UHTEPIPETUPYETCS
nepe]l HeIMmOCPEACTBEHHBIM MPOIECCOM TPAHCIIALUMU U 00paboTku. MakpokoMaHa
SIBJIICTCS TOJILKO 3aMEHOM MPOTPaMMHOI'0 TEKCTa, KOTOPasi MOXKET YIPOIIATh MPO-
rpaMMHpPOBaHUE.

C IMOMOIIBIO MaKPOKOMAHBI Hpe,ubmymmﬁ IMPUMEP MOXKHO 3alMcaTb 3HAYUTCIbHO
KOpo4€, XOTA HCO6XOIH/IM35{ naMsATh NporpamMm 6yII6T IMPaKTHYICCKN TaKas XKe.

main

; BrutoueHme ceerommona LED 1 Ha 0,4 cexyHIOB
bsf LED 1

_DELAY TMR1 US d'400000'

bcf LED 1

; BryoueHre ceerTommonma LED 2 Ha 0,4 cekyHOB
bsf LED 2

_DELAY TMR1 US d'400000"

bcf LED 2

; BrytoueHre ceerTommonma LED 3 Ha 0,4 cekyHIOB
bsf LED 3
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_DELAY TMR1 US d'400000°

bcf LED 3

; Bromouenne ceeromona LED 4 Ha 0,4 cekyHIOB
bsf LED 4

_DELAY TMR1 US d'400000"'

bcf LED 4

goto main

7.3. Moaynb Tanmepa Timer2

Mopyns Tatimepa Timer2 — 3T0 8-pa3psmaHblidi Taiimep/cueTdnk. Pasymeercs,
Timer2 umeer mpemmenurens (aHri. Prescaler — mpenBapuTeNbHBIN IETUTEND
4acTOThl) M BBIXOAHOU aenutenb (anri. Postscaler). [IpenBapuTtenbHblil nenuTems
JaCTOTHI MOXET JISTUTh TAaKTOBYIO 4acToTy Ha 1, 4 wiu 16. [Tocie mpenBapuTes-
HOTO JIENUTENs YacTOThl CIeAyeT 8-pa3psaHblii perucrp TaiMmepa/cueTynka, a
BCJIE]] 32 HUM — BBIXOJHOMN JEIHUTENb, KOTOPBIH AETIHUT BBIXOAHYIO YAaCTOTY TaliMe-
pa emie pa3 u umeet kKoapduimeHt nenenus ot 1:1 qo 1:16. BeixomHoit genurens
MO’KET OBITh IPOTrPaMMHO HACTPOEH OYEHb TOYHO, IOCKOJBKY uMeeT 16 pasmuu-
HBIX 3HAYEHHH C maroM 1, ¥ TO3TOMY BO3MOKHBI TaKHe KOA(PPHUINEHTHI ACTeHUs,
kak 1:3 wmu 1:13. Monyns TaiiMepa Timer2 MOKeT OBITh OTIOPHBIM TAHMEPOM ISt
nepBoro Moxayinsa cpaBHenwus/3axBata/lLIUM (anrn. CCP1) B pexume wupommo-
umnyavcrol mooyrayuu IIAM (arrn. PWM). I'enepanust npepsiBaHUS TPOUCXO-
IuT He Kak B Apyrux Taiimepax (Timer0 m Timerl) mpu mepenojHEHUN perucTpa
TaiiMepa, a mocjie cpaBHEHUs cogepkumoro peructpa TMR2 Taiimepa ¢ conepxu-
MBIM cnenuanbHoro §-paspsanHoro peructpa PR2. Peructp PR2 — 310 Tak Hazbl-
BaeMbIH pecucmp nepuodos, ¢ MOMOIIBI0 KOTOPOTO MOXKHO 33/1aBaTh BPEMEHHOM
nepuof. 3HaueHue B peructpe TMR2 Taiimepa (Timer2) MoKeT yBETUYHBATHCS 10
TEX IOp, II0OKa OHO HE OyzAeT paBHO coxepxumoMy peructpa PR2, mocne vero 3Ha-
yenue B peructpe TMR2 cOpaceiBaetcs Ha 0. Bpixon xoMmapaTopa npucOeanHs-
€TCS K BXOJIy BBIXOJHOI'O JICJUTEIIS U €Ille pa3 JACIUTCS Ha 3aJaHHbIN Kod(duim-
eHrt. Jns ynporieHus: moHMMaHus (YHKIHOHUPOBAHUS MOAYJS TaiiMepa MOXKHO
oOparutbcs K 6110K-cxeme Ha puc. 7.1.

Jis BeIUMCIIEHUST BPEMEHHOM 3aJep)KKA MOXKHO HCITONB30BaTh (hopmymy 7.5. Ha
ocHoBe 8-OuTHOro peructpa PR2 u MakcMManabHOTO ABYKPaTHOTO JENIEHHS YacTo-
Thl Ha 16 ¢ MOMOIIBIO 3TOro TailMepa BO3MOXHAa MaKCHMalbHas BpeMEHHas 3a-
JIeprKKa paBHas MPUMEPHO 65 Mc.

E

— o%'t

SRR S (7.5)
4.PRE.-POST

PR2 — peructp nepuona;

Fosc — yacToTa reaepartopa;
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t — BpeMeHHas 3aJepKKa;

PRE — xo3¢¢unmeHT nenenus npeABapuTeIbHOTO ACTUTEIS YaCTOTHI;

POST — ko3¢ buieHT AeaeHus BHIXOAHOIO ICTUTEIS.

TakToBbI CUrHan =
Fosc /4

Mpeppenutens
1:1, 1:4 vrn 1:16

Ll

Y

YBenuiuntb
coaepxumoe
peructpa TMR2

Copepxumoe
pervuctpa PR2

Het

PR2 = TMR2?

Ja

BbixogHon aenutenb
ot 1:1 oo 1:16

4

YcraHoBuUTb chnar
npepbiBaHna TMR2IF
B peructpe PIR1

Puc. 7.1. MNpuHuun paboTel mogynsa Tanmepa Timer2
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Ecnu, manpumep, ucnonsiyercs kBapil Ha 4 MI'T u TpeOyeTcsi yCTaHOBUThH Bpe-
MEHHYIO 33JICpKKY Ha 1 Mc, Hy»XHO 3a71aTh KO3(h(DHUIIUEHT NEICHUS IS BRIXOTHOTO
nemutens 1:10, MOCKONBKY TIPU TAKOM 3HAYEHHH MOYKHO TIOJTYYUTh CAMbIA TOYHBIH
pe3yabTart. i npeBapuTeNIbHOTO JISIHUTENS YaCTOTHI [IE1ec000pa3HO YCTAHOBHTh
snaueHue 1:1. Takum oOpazom, mojacTaBisis TpeOyemble 3HaYeHHS B popmyiy 7.5,
MOXHO TIOJTYIUTHh HEOOX0MMOe cofepkumMoe peructpa PR2.

_AMImlme 4.10°-1-10°°
4.1.10 4.10
[pu koadpdunmentax aenenus nenuteneit 1:10 u 1:1 noxydaroTcs uenovncIeHHbIE
3HA4YEHUs] ¥ NPH 3TOM HE BO3HHKAIOT HUKAKUX OIIMOOK Ipu OKpyrieHuu. B cie-

IYIOIIeM TpuMepe MpOrpaMMHOTIO KoJia ¢ TOMOIIBI0 MOIyis Taiimepa Timer2
OCYIIECTBIISIETCS] BpPEMEHHAS 3a/iepkKa Ha 1 Mc.

PR2 -1=99

Tlpumep:
_BANK 1 ;llepexsmounTbCA Ha BaHk 1
movlw d'99' ;PerucTp nepmona PR2 3arpy3mTh 3HaueHreM 99
movwf PR2
_BANK 0 ;lepexmounTbCa Ha Bank 0
clrf TMR2

movlw b'01001100"
movwf T2CON
bsf PORTA, 2

btfss PIR1, TMR2IF
goto $-1
bcf PIR1, TMR2IF

bcf PORTA, 2

;3amare KOBQOMUMEHT mesyieHMs IS [IpennesiMTelis

;uacToTel 1:1, BeIXOOmHOTO meymTesig 1:10, Timer2 BKJI.

;YCTaHOBUTE Ha BHIBOIE RA2 BEICOKMM JIOT'. YPOBEHb
;lIpOBEPUTHL MOMEHT YCTAHOBKM (Jlara HNpephBaHMSA IIPK
; COOTBETCTBMM 3HadeHm B permcrpax TMR2 u PR2
;CBpocuTs Gmar mnpepemanysa TMR2IF

;YCTaHOBUTH Ha BuBOIe RA2 HM3KMI JIOT'. YPOBEHb






8. ObpaboTka
aHanoroBbIX CUrHarioB

MHorue MHUKpOKOHTPOJUIEPBI MOTYT 00palaTbiBaTh HE TOJBKO HHU(QPOBBIE, HO U
AHaJIOTOBBIE CUTHAIIBL. DTH CHUTHAJIBI IOCTYMAIOT, HAIIPUMED, OT JaT4hKa TeMIepa-
TYpBI, KOTOPBII B 3aBUCUMOCTH OT TEMIIEpaTyphl BBIJIA€T COOTBETCTBYIOIIMHN aHa-
JIOTOBBIM curHaji. YToObl CHUTHANBI OT JATYMKOB MOIVIM 0OpaldaThIBATbCS MHKPO-
KOHTPOJUIEPOM, HX 3a4acTyl0 HaJ0 JOIOJHHUTEIBHO ycuiauBarh. llpum momomu
aHaJIOTOBOT'O BXOJa MHUKPOKOHTPOJIEpAa MOXHO, HallpuMep, KOHTPOJIUPOBATh Ha-
npsoKeHne 0aTapeu W BHIBOIUTH MPEAyNpPEKICHNE MTPU YMEHBIICHUN HANPSKEHUS
HW)KE OINpPENIEIEHHOTO YPOBHS. AHAJIOTOBBIE BXOJbI MOTYT HCHOJB30BATBHCS IS
CUTHAJIOB, KOTOPbIE U3MEHSIOTCS JOCTATOYHO MEJUIEHHO C 4acTOTOM MPUMEPHO JI0
1—5 «l'm. M3mepenue CUTHANOB, M3MEHSIOMIUXCS C OONBIIENH YaCTOTOM, TaKkKe
BO3MOXHO, HO, Pa3yMeeTcsi, TOTAa 4acTOTa U3MEPSIEMbIX CUI'HAJIOB OyAET CHUJIBHO
3aBHCETh OT BpeMEeHH NpeoOpa3oBaHus. Eciy e moMrMo n3MepeHust BhIIOJIHAOT-
csl ellle U HeOOXOOUMBIE BBIUYMCIICHHS, TO B 3TOM CIIydae MMEET CMBICT H3MEpSTh
cur”aiibl ¢ yactotoit okosio 100 I'y wnm naxke MenbIe. Micxons U3 3Tux orpaHuye-
HUM, MOKHO CKa3aTh, YTO MHKPOKOHTPOJUIED HE TOAXOIUT il 00pabOTKH CTaH-
JApTHBIX 3BYKOBBIX cHrHaioB ¢ yactotoi ot 20 I'm go 20 kI'u. Ilosromy nnst on-
peneneHus MaKCUMaJIbHOW 9acTOThl M3MEPSIEMBIX aHAJOrOBBIX CUTHAJIOB BaXKHO
YUUTBIBaTh HE TOJIBKO BpeMs MpeoOpazoBaHUs, HO TaK K€ W Bpems o0pabOTKH B
nporpamme. Eciu, HanpuMep, pa3nudHble 3HAUCHHS TIPH U3MEPEHUH 3aMKChIBAIOT-
cs Bo BHyTpeHHI0l0 EEPROM-ntaMaTh, TO MakcuMaslbHasi U3MEpUTENbHas YacToTa
coctaBisieT okojo 250 I'm, mNOCKOJBKY MJii COXpaHEHHs BO BHYTPEHHIOIO
EEPROM-namsate TpeOyercs MuanMyM 4 mc. OfHAKO TemrepaTypa WM Hampsi-
XKeHre Oaraped MUTaHWA, KaK MPaBUII0, U3MEHSIOTCS HOCTATOYHO MEIUIEHHO, I10-
3TOMYy 0€3 mpobieM MOXKHO OCYLIECTBISATH MU3MEPEHHs NPU CEKyHIHOM HIIM MU-
HYTHOM TaKTOBOM CHTHAJIC.

8.1. AHanoro-uundpoBoe npeodbpazoBaHue

[TockonbKy aHaMOrOBBIM CUTHAJ HE MOKET ObITh HEMIOCPEICTBEHHO 3aIMCcaH B pe-
THCT, a [I03TOMY JOJDKEH OBITh NMpelBapuTeNbHO Mpeodpa3oBad B IU(POBOM KO,
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HenpepbiBHbINM aHATOTOBBI CUTHAI MOXKHO HPEACTaBHTH, COCTOALIMM H3 OECKO-
HEYHO OOJIBIIOTO KOJNYECTBA MUHUMAIIBHBIX €r0 H3MEHEHUH, CIIEZIOBATENbHO, /IS
PETUCTpallid aHAJIOTOBOT'O CHTHAJA TAaKKE IOHAMOOMINCH OBl 0ECKOHEYHO 0O0JIb-
IOW pErucTp W OECKOHEYHO OOoJbIas apudMeTHIecKas IPOU3BOIUTEIHLHOCTD
MHUKPOKOHTpOJIJIEpa. JTO HPAKTUUYECKH HEBO3MOXKHO, a KpPOME TOro, HE HMEEeT
Oonbmoro cmbicna. [103ToMy aHaJIOroBoe HaNpsKEHUE pa3AeisiioT Ha HeOOJbIIe
cTyneHu. B obnacté MexXIy STHMH CTYNEHSIMH TOANEPKHUBAIOT OIpeIeSICHHOE
uupoBoe 3HadeHne. UeMm Menpue CTyNeHH, TeM OOJbIIEe TOYHOCTh, a TAKXKE pa3-
pewarowas cnocoonocms AL[II, KoTOpas HAIPAMYIO CBS3aHA C €r0 pa3psA0HOCHbIO
" yKaspiBaeTcs B Outax. Paspsmaaocts ALLIL xapakTepu3yeT KOJIMYECTBO AUCKPET-
HBIX 3HAYCHUH, BBIJIJaBAEMbIX MpeoOpa3oBareneM Ha Beixoje. Tak ALIl MukpokoH-
tposiepa PIC16F876A moxer mpeoOpa3oBbIBaTh aHAIOTOBBIE CHTHAJIBI C paspe-
maromiei cnocooHocTeio 10 6utos. [Ipu atom 10 6utoB ALIII OyayT ompenensTs
2 crymeneit, coorercrByromux 1024 3HauennsM. Clie[oBaTEIbHO, MAKCHMAITb-
HOE M3MepsieMOe HampsDKEHHE MOXKeT AenuThbes Ha 1024 ManmeHbKMX dacTed, w3
KOTOPBIX M OYZIET COCTABISITHCS JTF000e mudpoBoe 3HaueHne. Hackoapko 00IbIToi
OyzeT KaxkJas Takas 4acTh, 3aBUCUT OT ONOPHO20 HANPAICEHUS, C TIOMOIIBIO KOTO-
poro nomyvaercs uudpoBoe 3HaueHue. Ecim MakcuManbHOE 3HaYCHUE aHaIoTOBO-
ro HanpsbkeHuss paBHo S5 B (puc. 8.1), To mpu paspemiaroiied CrocoOHOCTH

U aHanor. U undp.
B M3P
54 qo23 4
-+ -+ © © ©
x x x
+ + a aQ aQ
o o o
+ R © © ©
4 + 819+ @ @ @
T T XpaHeHune
T T XpaHeHne
T T \ 0x289
3T 6144 0x256 (3,17B)
T 7 (2,92B)
2 + 409+
1 4+ 2044
0 T T | I I >

ty t ts ta 5 t

Puc. 8.1. Mpouecc npeobpa3zoBaHns aHanNoroBoro curHana
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10 6uto (mpu 10-pazpsoaom AILIIl) coorBercTByMOImEe nUppPOBOE 3HAYCHHE OY-
net paBHo 0x3FF. BenmmunHa kakKmoi CTymeHH TP 3TOM OyIeT MPUMEPHO paBHA
4,88 MB (5 B/ 1024), unaue ToBOpPS, IIPH MOBLIMICHUH aHAJIOTOBOIO HAIIPSKEHHS
Ha 4,88 MB cooTBeTcTByIOIIEE MU pPOBOE 3HAUECHNE OyIeT U3MEHIThCS Ha 1 M3P
(Mnapmmii 3Havamuii paspsaa) (LSB) umu 1 6ur.

8.1.1. AUlN-npeo6pa3zoBaHune
MEeTOAO0M Nopa3psfHOro ypaBHOBeLMBaHUA

Hmetorcst paznuyHble CIOcOOBI TPeoOpa3oBaHUs aHAJIOTOBOTO HANPSDKCHHS B
mudpoBoe 3HaUeHHE, KakK, HAIIPUMep, C MOMOIIBI0 CUTMa-AeIbTa-Iipeodpa3oBaHus
(Sigma-Delta) uinu MeTona mopaspsiHOro ypaBHOBEIIMBAHUS (TI0CIIE0BATEIbHBIX
npubnmkennii). [IpeoOpazoBanue curma-nensra (Sigma-Delta) BoimonHsieTcs oT-
HOCHUTENBFHO OBICTPO, HO B TO K€ BPEMs OU€Hb JIOPOroe MPHU pPeatn3alum, M03TOMY
B MHKpPOKOHTpOJUIEpax He MpuMeHsercs. B paccmarpuBaeMoM B 3TOH KHHIE
mukpokoHTposuiepe PIC16F876A mcmonwsyercs ALIl mopaspsmHOTO ypaBHOBE-
[IMBaHUS.

Ha puc. 8.2 npencrasieHa ero npuHUMNHAIbHAA cxeMma. Kak MOXHO 3aMETHUTh, Ha
BXOJIE CX€MbI HaXOAUTCS MYJIBTUILIEKCOP, C TIOMOLIBIO KOTOPOTO MOXKHO BBIOpAaTh
TpeOyeMblil BHIBOJ B Ka4eCTBE aHAJIOroBoro Bxoza. [IockosbKky B MUKPOKOHTPOJI-
nepe uMeeTcst Tonbko oaHa cxema ALl To Henb3s OJJHOBpEMEHHO M3MEPHUTH He-
CKOJIBKO BXOJHBIX HampspkeHuid. [loaTomy, mpu HEOOXOIWMOCTH TaKuX H3Mepe-
HUH, UX BBIMOJHSIOT 1O O4Yeped. JDTO, Pa3yMeeTcs, MOKET MPUBOANUTH K OLIHOKaM
mpu OBICTPOM HM3MEHEHHM aHaJOrOBBIX cCUTHaANOB. Eciu, Hanmpumep, naMepsercs
MOIIIHOCTh HAa Harpyske, TO CHayaja JOJDKEH M3MEPSTHCS TOK, a 3aT€M Halpspke-
Hue. IIpy u3mMepeHnn ToKa Mocjae CUNTHIBAHMS 3JIEKTPUUECKOrO CUTrHana Tpedyer-
Csl eIle HEKOTOpOE BPEeMs Ha OCYILECTBJICHHE NMPeoOpa3oBaHMs €ro aHajJOroBOI'0
3HavyeHus B 1uppoBoit kox. ToJBKO MOCie TOro MOKET HayaThCsl H3MEPEHUE Ha-
npsokerns. OHAKO B TOT MOMEHT BPEMEHHU TEKyIllee 3HAYCHNE HATIPSHKCHUS yKe
MOKET OBITh MU3MEHEHO W, TAKUM 00pa3oM, IMocje MOCIeAYIOUIer0 U3MEPEHUs U
YMHOKEHHS B M3MEPSIEMyI0 B MTOTE MOIIHOCTH OyAeT BHeceHa ommOka. Beidop
AHAJIOTOBOTO KaHalla OCYIIECTBIsIETCS ¢ momormipio Tpex omroB CHS2—CHSO
B peructpe ADCONO.

[Tocne BBIOOpa KaHaNa MYJIBTHIZIEKCOPOM aHAJOIOBBIA CUTHAII IOCTYMAET Ha yCT-
poticTBo BbIOOpKH 1 xpaHenus (Sample and Hold). [Tpu 3ambikanumn kiaroua gocta-
TOYHO OBICTPO 3apspKaeTcsl KOHIeHcaTop XpaHeHus. [locne Toro kak KOHIEHCATOP
Oy/ieT TOJTHOCTBIO 3apshKEH, KII0Y Pa3MbIKACT IIelb, M U3MepsieMoe HampspKeHHe
Ha HEKOTOpOE€ BpeMs COXpaHseTcsd Ha KOHAEHCATOpe. DTO CTAaHOBUTCS BO3MOXK-
HBIM, TIOCKOJIBKY IOCTIEAYIOLUINHA ONEPALMOHHBIA YCHINTEIb (KOMIIAPaTop) UMEET
OYEHb BBICOKOOMHBIN BXOJ, YEPE3 KOTOPBIM IPOTEKAET HUYTOKHO MAJIBIM TOK.
Uto0Obl KOHACHCATOP XPAaHEHUSI MOT OBICTPO 3apsDKAThCs, BHYTPEHHEE CONPOTHB-
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JICHUE aHaJIOTOBOTO MCTOYHHKA JOJDKHO OBITH 110 BO3MOXKHOCTH HU3KOOMHEIM. Co-
MIPOTUBJICHUE aHAJIOTOBOTO MCTOYHMKA HE JIOJDKHO MpeBbimath 2,5 kOM. Ecmu ke
AHAJIOTOBBI MCTOYHUK CHTHATAa UMEET 0oJiee BHICOKOE CONPOTHBIICHHE, TO HYKHO
WCIIOJIb30BaTh JOMOJHUTEIbHBIA OTICPAIMOHHBIA YCHIIUTENb B KAYECTBE COTJIaco-
BaHUs. PazymeeTcs, 4TO MOXHO HCIIOJIh30BATh UCTOYHUK U C 0OJiee BBICOKHM CO-
MPOTUBJICHUEM 0€3 MPUMEHCHHS JONOJHUTEIHLHOIO OINEPANMOHHOTO YCHIUTEIS,
HO TP 3TOM HYXHO YYHTBIBaTh, YTO JUIS 3apsja KOHJACHCATOpPa XPaHEHUS MOTpe-
Oyercs Ooiee muTenbHOE BpeMs. HalWTH cOOTBETCTBYIONTYIO (DOPMYITY IUISI BBI-
YHUCIICHUS] MOXHO B TEXHUYECKOM TaCIIOPTe HA MUKPOKOHTPOJLIEP.

CHS2..0
T
I
I
AN7 O : 111
|
AN§ O——T 1104
|
AN5 O——— 1014
| Kniou Komnaparop
AN4 O 100 U
| — n
1 011 Briok
AN3 O "_:/ * Ucpasn. . ™ ynpaenenus
AN2 O ,-—i/ 010 | KonpeHcatop _|
| XpaHeHus [
ANT O 0014 v
‘ 1 Peructp
ANO O _A—__000 LAM | nocneposar.
Voo NpUGNVXEHNN
‘-.I VREF+ o) o
o : <
: © ©
] i Veer - OumdpoBaHHoe

3HaYeH1e B perncTpax
r‘/[/ ADRESH 1t ADRESL
|
1

Vss | PCFG3..0

Puc. 8.2. CtpykTypHasi cxema ALIMM

3a KOHIEHCATOPOM BBIOOPKM M XPAHEHMS B HACTOSILIECH cXeMme clemyeT y3en Juis
npeoOpa3oBaHus aHAJOrOBOIO CHTHaja B IH(POBOH Koix. B JaHHOM MHKpPOKOH-
TpoJuiepe AJsl MpeoOpa3oBaHusl aHAJIOrOBOrO CUTHajla IPUMEHSETCS cXeMa Mopas-
PAAHOTO ypaBHOBEUIMBaHMA (TIOCIENOBATEIbHBIX MpuOmmkenuit). Cremnyer 3ame-
TUTb, YTO WCIOJB30BAaHHE B JAHHOM CIy4ae MOHATHUS "mpeBpaiueHue" ObuIo Obl,
HaBepHOe, 0o0Jiee BEpHBIM, TIOCKOJIbKY caM U3MepseMbIil CUTHAII HE U3MCHSIETCS, a
MEHSETCS TOJIBKO ero popMa MPEACTAaBICHUS U3 aHAIOrOBOH B u(poByto. OqHaKo
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nonstue "All-npeBpalieHne” Ha MPAKTHKE HE UCIOJB3YETCs, & MPUMEHSETCs MO-
Hatue "Ananoro-uudpooii npeodpasosarens — A" (ot anrn. Analog-to-
Digital Converter — ADC) u cootBercTBento All-ipeobpasoBanue.

[Ipu wcrons30BaHUU METOAA TIOPA3PSTHOTO YPaBHOBEIIUBAHUS (ITOCIIEI0BATENb-
HBIX TPUOJIMKCHHI) Ha OJIMH BXOJ KOMIIApaTopa IMOJaeTCs MOCTOSIHHOE H3Mepsie-
moe Hanpsbkerne U, (Ugy). C moMoIsio 3Toro KoMaparopa IpoBepsieTcst, siBis-
€TCS JIA MPUIIOKEHHOE HAIPSDKCHUE OOJIbINE WM MEHBIIE HAPSHKCHHS CPABHEHUS
U . Hampsoxenne muis cpaBHeHHS (OPMHUPYET BCTIOMOTATENBHBIN yu@ppoarao-

CpaBH.
2osvitl npeodpazosamens (LIAIT) (anrn. Digital-to-Analog Converter — DAC),
KOTOPBI TEHEPUPYET aHAJIOTOBBIA CHUTHAI U3 HMU(POBOTO 3HAUCHHS PErHCTPa TO-
crefoBaTenbHbIX TpubamKkennii. [Ipu stom Ha ITAIl cHavyama mMOmaeTCst TOIBKO
cTapuiuii OUT M C TIOMOIIBI0 KOMITApAaTOpa MPOBEPSIETCsI, OOJIbINE MWK MEHbIIIE Ha-

npsokenne U .., momydenHoe ¢ Beixona LIAIL, BXOAHOrO n3MepsieMOro Hampsi-

KCHUA st . Eciu BXOOHOC HAIIPAKCHUC MCHBIIC UCM U TO Ha BBIXOJEC KOM-

CpaBH. ?
rmapatopa Oymer curHai jorudeckoro (. OTo 3HAUCHHE COXPAHSIETCS B PETHUCTPE.
Ha Bropom mare na LIAIl nogaeTcs crapmmii u cleAyONINi OUT U CHOBA OCYIIe-
CTBJISICTCA IIPOBEPKA, 6OJ'II)HIG HJIM MCHBIIC BXOAHOC HAIPSKCHUC U IMMOJIy4CH-

BX 2
Horo HanpsbkeHus ¢ LIAIL. Ota nporenypa noBTopsieTcs 10 Tex nop, noka k LIAIT
He OyJIyT MPWIOKEHBI BCE OWMTHI PErHCTpa IOCICIOBATCIBHBIX MPUOJIMKCHUIA.

UcpaBH.

- 0,8B

GutT9 , 6UT8 | BUT 7, BUTG | GUT S | BUT4 | BUT3 | BUT2 | BUT 1, BUTO |
I I I I I I 1 I 1 I ’
0 0 1 0 1 0 0 0 1 1 t

Puc. 8.3. MNpuHuun meTofa nopaspsiAHOro ypaBHOBELUMBAHUS
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B cimydae ¢ 10-paspsaasim AL aTo mpomomkaercst 10 ITUKIIOB TaKTOBOTO CHUTHA-
na. J{nst viumrocTpanuy NpuHIKIA TpeoOpa3oBaHus Ha puc. 8.3 MPEACTaBIICH MPO-
necc mpeobpazoBanus BxogHoro Hampspkerws 0,8 B B 10-pazpsgraom ALl ¢ mo-
Pa3psIHBIM YPAaBHOBEIIMBAHUEM TPU 3HAYCHUU OIIOPHOTO HaIpsbkeHus 5 B.

U3 pucyHka BUAHO, KaK B 3aBHCUMOCTH OT IIara npeoOpa3oBaHus, T. €. TOAKIIO-
yeHust Ooyiee MIiIamIiero OuTa perucrpa MOCIe0BaTeIbHOIO MPUOIKEHUS, T0-
CTETIEHHO BO3pacTaeT TOYHOCTH Mpeodpa3oBanus. [lociie 3aBepIiieHus IpOoIeayphl

rpeoOpazoBaHusi B 3TOM peructpe oyzaer nudposoe 3Hauenue 0x0A4, koTopoe u
COOTBETCTBYET aHaoropoMy 3Hadenuto 0,8 B.

8.1.2. NMepepaTto4yHasa pyHkuma AL

Kakoe 3naueHune GpopmMupyercst npu mpeodpa3oBaHUK, MOKHO YBUICTh Ha puc. 8.4,
/i pejcTaBiieHa nepeaarounas pynkmus AL

BbixoaHon

LMdpoBom Koa

pervucTpauuu

Nper 4

Ox3FF

0x3FE

r
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0x003
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0x000 +#
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T L

AHarnorosoe
BXOZHOE
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1023,5 M3P == === === - = mm e e

Puc. 8.4. NepepatoyHas dyHkumsa AL
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Munagumii 3Havammii paspsag M3P (LSB) cootBerctByeT Hampspkenuto 4,883 mMB
npu onopHoM HanpspkeHur (Urgr) 5 B u MoskeT paccunthiBathes mmo ¢popmysie 8.1.

U
1 M3P (LSB) = —REE 8.1
(L5B) 1024 ®1)

8.1.3. BbluncneHune 3Ha4yeHMA HaNpsaXeHns

VY mudposoro 3HaueHus Bcerna umeercs norpemsocts B 1 M3P (LSB). Eciu ana-
JoroBoe 3HadeHne cooTBeTcTBYeT 2 M3P (LSB), TO Henb3sl OBITh YBEPEHHBIM, SIB-
nsetcs Jin 1udposoe 3HaueHue paBHbiM 0x001 min yxxe 0x002, T. K. IMEHHO 3/1€Ch
HaxoAuTcsa mopor cpabareiBanud. [losToMy Miaammii OUT Beerna sBISIETCS HEOll-
peneneHHbIM. {715 pacdera BBIXOJHOTO LU(POBOTO 3HAUEHHS KOJA PErHCTpalud
N, mpeodpasoBarelst MOXKHO HCIIOIB30BATh (popmyiy 8.2.

N :( U -1024j—o,5 (8.2)

per
REF

Ilocne BeIUMCIIEHHS BbIXOAHOT'O HI/I(prBOFO 3HAUYCHUA KOJa pPErucTrpanuvm OHO
JOJDKHO OKPYTJISITHCSI B CTOPOHY YBEIMYEHUS WM 10 LEJIOYHCICHHOTO 3HAYCHUSL.
CoOTBeTCTBYIOIIMM 00pa30oM aHAIOTOBOE 3HAYEHHE MOXKET PACCUUTHIBATHCS I10
tdhopmyne 8.3, momyueHHOH U3 GopMyIIH 8.2.

B Nper +O,5‘

U, STy Uggr (8.3)

Tipumep:

[ns npuMepa mojoKuUM, YTO Ha BXOJ MOJAeTcsl aHanorosoe Hanpspkenue 0,8 B u
OTIOPHOE HAIIPSDKEHNE, paBHOE pabouemMy HanpspkeHHIo (5 B).

Nper = ( OggBB '1024J -0,5=163,34=163

163+0,5

= .5B=0,798B
1024

[Ipu 3HaUYeHNM BBIXOOHOTO IM(POBOro KOAA PErHCTpaLH MpeoOpa3oBaTess pas-
HOoro 163 wu3MepeHHOe aHajJIoroBoe HampsbkeHue HaxoauTcs Mexay 0,796 u
0,801 B. PaccuntanHoe aHamoroBoe HampspKEHHE HAXOJUTCS POBHO MOCEpe/InHE
o0oux 3HaueHui (0,798 B). CrieoBarenbHO, pe3ysibTar:

U, =0,798B+0,5M3P (LSB)=0,798 B£ 2,44 MB
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Wrak, oueBumHO, YTO Y U(POBOTO 3HAUYCHUS BCET/Ia UMEETCS ONPENCICHHBIN KO-
s dunmeHT morpenrHoctd. Bo BpeMs oTcueTa mokasaHuil MpuOOPOB U MPH Jallb-
HEHINX BBIYUCICHHUAX HYXHO OOpamiaTh BHUMaHHE Ha 3TO JIOMYCKAEMOE OTKJIO-
HeHue. ClielyeT yYUThIBATh, YTO OMOPHOE HANPSHKEHUE TAKKE OKAa3bIBACT OOJIBIIOE
BIIUSTHUE HA TOYHOCTh NU(POBOTO 3HAYEHHUs. ECIM TOYHOCTH KOJIEOJIETCS OKOJIO
1%, pe3ynbTaT aHAIOro-nu(POBOro MPeodpPa30BaHUs TAKKE UMEET MOTPEITHOCTh
okoJio 1%. IIpu 3TOM OYEeHB MPOCTO UCIHOJB30BaTh pabovyee HANPSHKEHUE B Kaue-
CTBE ONOPHOIO HAmNpsDKeHUs. PasymeeTcs, Ipu aHAJIOTOBOM H3MEPEHUHU HYKHO
oOpamiats BHUMaHKe Ha TO, YTOOBI MTUTAIOIIEE HANPSDKEHUE BO BPEMSI BBITTOTHEHHS
npeoOpazoBaHus HE HarpyKajloch OONBIIMM KOJWYIECTBOM MOoTpeduTeneit. B mpo-
TUBHOM CJIydae BO3MOXXHO yYMEHbBIIICHHUE MMUTAIOIIETO HANPSDKEHUS M BCIICACTBUE
aToro OyaeT 0oyiee HU3KOE ONIOPHOE HATIPSHKEHHE.

YroOrl nudpoananorosslii npeodpazosarens (DAC) Mor BeijaBaTh BEpHOE aHAIO-
rOBOE HampspKEHHE Ha KOMIAapaTop, K HeMY HeoOXOAWMO HOIKIIOYHTH OMOPHOE
nHanpspkenue. C nomompto 6utoB PCFG3—PCFGO peructpa ADCONI, ympas-
nsomux nepeximoueHneM kanainoB ALl u omopHoro HampsbkeHus, K uudpo-
aHaioroBomy mpeobpazoBarento (DAC) mMorytr OBIThP MOIKIIOYEHBI pPa3TUYHbIE
onopHble HanpsbkeHus. Ilpoie Bcero i 3THUX LejIed MCIIONb30BaTh MUTAOLIEE
HanpsokeHue (Vrers = Vpp B Veer. = Vss). Kpome atoro, k BeiBogam AN2 u AN3
MHUKPOKOHTpPOJIJIEpA MOYKHO TOJAKIIOYATh M BHEIIHEE OMOPHOE HAMpPHKEHUE (CM.
puc. 8.2). Takum 00pa3om, UMeeTCs BO3MOKHOCTh I0JIaBaTh JFOO0OE OMOPHOE Ha-
npsoKeHne, HarpuMmep, paBHoe 2 B. B aToMm ciyuae npu mopade 2-BoJIbTOBOTO aHa-
JIOTOBOTO BXOJHOTO HampsokeHuss Ha Bbixoge ALl momyuuTcs MakcumaibHOE
uugpooe 3Hauenue (0x3FF).

8.1.4. BbipaBHuBaHue oundpoBaHHOro 3Ha4eHus

B mukpokontpoiiepe PIC16F876A umMetoTcs ToIbKO 8-OUTHBIE pETUCTPHI, OHAKO
oundpoBanHoe 3HaueHue coctouT u3 10 6ut. [losTomy aist ero 3amucu HeoOXO-
JUMO JBa peructpa wim uHade peructponas napa ADRESH u ADRESL. B stom
Cllyyae UMEIOTCS 2 BOSMOKHBIX BapHaHTa [yl COXpAaHEHUs 3HAYCHUS B CABOCHHBIN
peructp pe3ynbTara aHamoro-imppoBoro mnpeodOpazoBanus ADRESx (anrm.
Analog-to-Digital Result), cocrosiiuii u3 16 6utoB. MOXHO 3amuchiBaTh OMUpPO-
BaHHOE 3HAYEHHUE C BBIPABHUBAHHEM I10 JIEBOMY WIJIH MpaBoMy Kparo. C moMOIIbI0
oura ADFM B peructpe ADCONI1 BbIOMparOT HY>KHBIH BapuaHT BhIPAaBHUBAHMUSL.
Kaxk mpaBuiio, BBIOOp BapuaHTa 3aBHCHUT OT MOCIEAYIOMEH 00pabOTKH H3MEpEeHUsL.
Ecnu, HanpumMep, u3mepsieTcsi HaNpsDKEHUE OaTtapen W MOXKHO OTKa3aThCsi OT 000-
UX MJaammx OWUTOB pe3yibTaTa, TO OUU(PPOBAHHOE 3HAYEHHE MOXKHO 3aIHCaTh
[ocjie BBIPAaBHUBAHUS 10 JICBOMY Kparo M MCIOJIb30BaTh BOOOIIE TOJIBKO PETHUCTP
ADRESH. Ecnu xe x orudpoBaHHOMY 3HAYEHHIO OyAeT M00aBIATHCS KOHCTAHTA,
TO BapHaHT BBIPaBHUBAHUS TI0 MIPABOMY Kparo JIydllle, TOCKOJIbKY HHKaKhe onepa-
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MU CABUTa OOJIBIIIE BBITONHATL HE HY)KHO. Kak MOXKHO BHUIETh Ha puc. 8.5, Heuc-
nonb30oBaHHbIe OUTHI perucTpoB ADRESH 1 ADRESL HanomHsAt0TCS HYISIMU.

N~ o N~ o
S S 5 s
© ADRESH © © ADRESL [
0o 0o oflololo ADFM =1
(Pe3ynbsTaTt BbIPOBHEH
no NpaBoMy Kpato)
10-6uTHbIN pesynbrat ALM
o/ 0|0 o o o]f APFM=0
(PesynbraT BbIPOBHEH
™~ ADRESH © ™~ ADRESL o no feBoMY kpato)
= = = =
= = = =
© © © ©

Puc. 8.5. BblpaBHyBaHne oumMdpoBaHHOro 3HaYeHNs!

8.2. NMNpumep nporpammsbl "BonbtmeTtp"

B nocnenyromux paszzuenax npeicTaBieH MPUMEpP MPOrpamMMBbl, KOTOpask yIpaBiseT
CBETOAMOJIaMH B 3aBUCHMOCTH OT aHAJIOTOBOI'O BXOJHOI'O HampspKeHHA. MOXKHO
HCIONB30BaTh 3TOT IMPUMEP TaKXke Uil 4-ypOBHEBOTO OTOOPAKEHUS! COCTOSHHS
3apsna O6arapeu. [lomHbiii paboTOCTIOCOOHBIN MPUMEP HAXOIUTCA Ha MPUIAracMOM
K KHAT€ KOMIIAKT-IMCKE U MOXXET MMHTHUPOBAThCS B cpene pa3zpaborkn MPLAB
TaKke 0e3 MCTONb30BaHMA allapaTHbIX cpeAcTB. [IoCKOIBKY 37ech pedb UAeT 00
AHAJIOTOBBIX CHUTHAJNIaX, TO UMUTAIMS B cpefie pa3padbotku MPLAB Heckombko 3a-
TPyZIHEHA, T.K. CUMYJSLMS [PEUMYIIECTBEHHO INpeJHa3HadeHa Al LU(POBBIX
curHanoB. OJTHAKO MOXKHO TPEAOCTABIISATh I POrpaMMbI HE aHAJIOTOBOE 3Haue-
HHE, a OPOCTO Mepe3anuchiBath conepxkumoe peructpoB ADRESH u ADRESL
HY>KHBIM 3HAQYCHHEM IOCJIC aHAJIOro-1u()poBOTro mpeodpa3oBaHus. TakuM CIIOCO-
6OM MOXHO CHUMYJIMPOBATH OCTAJIbLHBIC YAaCTHU NPOrpaMMBL. O):[HaKO €CJIIN XOTAT
3HaTh, JEUCTBUTENBHO N (DYHKIHOHHPYET aHauoro-uudpoBoe mpeoOpa3oBaHHE,
TO HaJ0 COGI/IpaTI) CXCMY U HUCIBITHIBATh.

[TepBoHaYaIbHO B MpOrpaMMme JOJDKHBI BBIOMPATHCS HEOOXOMUMBIH TOPT BBOIA/
BBIBOJIa M COOTBETCTBYIOLIUH BBIBOJ B KauecTBe aHaoroBoro sxona ALIIL.

start ;Hauasio nporpammer

_BANK 0 ;llepexmounTbCa Ha Bauk 0
clrf PORTA ; OUMCTUTE BCE MCXOIHEIE [TOPTH
clrf PORTB

clrf PORTC



154 8. Obpabomka aHa0208bIX cusHaio8

_BANK 1 ;lepeksiounMTHCS Ha BauHk 1

movlw b'10001110" ;HacTpours BEBOm ANO Ha aHAJIOTOBEDL BXOI

movwf ADCON1 ; PesysieTaT BBIPOBHATE 10 IIPaBOMYy Kpaiw

movlw b'11110011" ;HacTpouts BEBOOE RA3 M RA2 B KauyeCTBE BHIXOIOB,
movwf TRISA ;a OCTaJIbHEE B KadeCTBe BXOIOB

movlw b'11000000"' ;HacTpouTe BEBOIEI RB7 1 RB6 B kauecTBe BXOIOB,
movwf TRISB ;& OCTaJIbHEIE B KaueCTBEe BBIXOIOB

movlw b'11111111" ;Bce BeBOIEI nopTa C crmesyaTh BXoIamm

movwf TRISC

_BANK 0

movlw b'01000000" s VanumammsyposaTs Alll, xanan 0 (ANO),

movwf ADCONO ;Fosc/8 (MakcuMalibHas TaKkToBasd dacToTa 5 MI'n)

[pu manumammzanmu ALIT ¢ momomsio peructpa ADCONI1 BeiOuparotT, Kakue
BBIBOZIBI HCIONB3YIOTCS KaK aHAJIOTOBBIE BXOABI U KaKHe Kak LU(PPOBBIE BXOBIL.
B stom ciygae tonpko BeiBom ANO (RAOQ) BRIOMpArOT B KadecTBE aHAIIOTOBOTO
Bxofa. Bece apyrue BBIBOJBI HACTPAaMBAIOT KaK LU(PPOBBIE BXOJBI, U UCIONB3YIOT
[UTAaoLIee HANPsDKEHUE KaK OIOPHOE HampspkeHue. B 3ToM e perucrpe 3aaator,
yro oun(pOBAHHOE 3HAUEHHE HANPKEHHUS OYyIEeT COXpPAaHEHO B pErucrpax
ADRESH u ADRESL BripoBHEHHBIM 1O mpaBoMy Kpato. Takas HacTpoiika Oblia
BbIOpaHa, MOCKOJBKY B IPOrpaMMe HEKOTOPOE IIOCTOSIHHOE 3HA4YEeHUE JOJDKHO
XpaHUTHCS B BUje oundpoBaHHOro pesyibrata. B peructpe ADCONO ycranasnu-
BAeTCs, YTO AaHAJOrOBOE HAIPSDKEHHE JOJDKHO H3MepAThesl B kaHane 0 (BBIBOA
ANOQ), ¥ 9TO TaKTOBBI CHTHAN IS TPEOOPa3OBaHUS COCTABISET OJHY BOCH-
MyI0 4YacThb TAaKTOBOW 4YacTOThl IeHepaTopa. JTa HACTpoilKa BajkHA, MOCKOJBKY
Ui mpeoOpa3oBaHus 1 Outa TpeOyeTcss MHUHHMMAalbHas IIUTENBHOCTH 1,6 MKC
(8/5 merarepir = 1,6 mxc). J[71st BEIOOpa TAKTOBOTO CHTHANA TS IPe0oOpa3oBaHUs U
OIIPEe/ICIEHHOM TaKTOBOH YacCTOTHI T€HEPAaTOPa MOXKHO BOCIIONB30BaThCs Tadu. 8.1.
[Ipu n3MeHeHnn HACTPOEK HYKHO 0OpaTUTh BHUMaHKE Ha To, 4yto o6ut ADCS?2 Ha-
xoautcsi B peructpe ADCONI, a o6a 6uta ADCS1 u ADCSO momkHbI ycTaHaB-
nuBathes B peructpe ADCONO.

Ta6bnuya 8.1. Yacmoma eeHepamopa

TakToBbLIN CUrHan MakcumanbHas
Ans npeo6pa3oBaHuA ADCS2..0 TaKkTOBasi YacToTa reHepaTopa

Fosc / 2 000 1,25 MI'y

Fosc / 4 100 2,5 My

Fosc / 8 001 5 MMy

Fosc / 16 101 10 My

Fosc / 32 010 20 Ml'y,

Fosc / 64 110 20 My
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Teneps peructpbl uis aHaIOTO-U(POBOTO MPEOOPA3OBAaHUS ITOATOTOBJICHBI U
MOXET OBITh 3aITyIIEH MPoIiece MPeoOpa3oBaHU.

main ;Hauasyio OCHOBHOTO LUKJIA
_BANK 1
clrf ADRESL ; OUMCTUTE MJIAQOUYI0 YacTb pPerucTpa
;pes3yJibTaTa aHaJloro—LumppoBOTO NpeobpasoBaHMUA
_BANK 0
clrf ADRESH ; OUMCTUTE CTapPUyn YacTb PermcTpa
;pes3ysbTaTa aHaJIoTO-UMPPOBOTO NpeofpasoBaHMs
bsf ADCONO, ADON ; BkytioumTs MOmyJib Al
bsf ADCONO, GO_DONE ;3alyCTUTh aHAJIoOTo-UMPPOBOEe MpeoOpasoBaHMe
btfsc ADCONO, GO DONE
goto $-1 ;XoaTe 0O Tex mop, [OKa anrnapaTHO He OyIeT
; cOpomeH 6uT GO DONE
nop ; 3apeplleHre IHIpolecca Npeobpas0BaHMsa

B Hauase 0CHOBHOTr0 LIMKJIAa CHayaia O4MIIAOTCS PETUCTPHI TSl XpaHEHUS pe3yib-
tata aHajoro-iudposoro npeodpazoBanus ADRESH u ADRESL. D10 HyXHO
caenarh 0053aTeNbHO, T. K. PETUCTPBI HOCTOSSHHO CHOBA MEPE3aliChIBAIOTCS HETo-
CPEACTBEHHO BCJE[ 3a 3TUM npeoOpa3oBaHueM. OJHAKO 3TO UMEET CBOE IPEUMY-
LIECTBO, HOCKOJIBKY MOKHO OBICTPO 3aMETHUTh, OBLJIO JIM YCIELIHO BBIIIOJHEHO aHa-
moro-iu¢poBoe npeobOpasoBanne. Hampumep, ecim 3Hadernme 0x0000 mocme
oLM(POBKHU BCe €Ille HAXOAUTCSI B PErHCTPax, TO C BHICOKOH BEPOATHOCTHIO ObLIa
omnOKka. IToO MOXKET OBITh yKa3aHHWEM Ha TO, YTO OBUIO HEOCTATOYHO BPEMEHHU
JUIsl IpeoOpa3oBaHusl MK K€, YTO OBUI 3a3eMJICH aHaJIOTOBBIH BXOA. MOXeT, KO-
HEYHO, OKAa3aThCs, YTO PE3yNbTaT OyneT BEpeH, HO TOJBKO B 3TOM CIIydae, €CiH
HCTOYHUK aHAJIOTOBOTO CHrHaja OyJeT BbAaBaTh OYEHb MAJIEHBKOE HAIPSDKEHHUE
(< 5 MB).

ITocne oumctku peructpoB BiIrouaercs moaynb AL m 3amyckaercsa mpouecc
peoOpaszoBanus, B pe3ynbTare yctanoBku outa GO DONE. OtoT 6uT ocraercs B
COCTOSIHMHM JIOTMUECKOW 1 70 Tex mop, moka mpouecc mpeoOpa3oBaHus HE OyaeT
3aBepuieH. [locie 3aBepiieHus nporecca Npeodpa3oBaHusl U COXPAHEHUS pe3yiib-
tata B cooTBeTcTBYyIOIeM peructpe outr GO DONE Oyner cOpoIleH ¢ MOMOIIbIO
BHyTpeHHel anmapaTHO# joruku. KomaHna nop BCTaBlieHa B MPOTrpaMMy TOJBKO
IUIsl yCTAaHOBKH HA €€ MECTe TOUKH OCTaHOBA.

ITocne Toro kak onudpoBka aHATIOrOBOro 3Ha4eHUs OyeT 3aBepIleHa U Pe3ysIbTaT
COXpaHEH B PErucTpe, Hy’>KHO BBIIIOJIHUTH IIPOBEPKY TOr'0, B KAKOM JHAIla30HE Ha-
XOAMTCS TONyYEeHHOE 3HAYCHUE, Ul BKIIOUEHHs HaaJekallero cseroguona. Jis
3TOr0 KOHCTaHTa, COOTBETCTBYIOIIAs TOPOTOBOMY 3HAUECHHUIO HANPSHKEHUS JUIS OIl-
peAeNeHHOTO YPOBHS AMAaIa30Ha, BEIUUTAETCS M3 TOJYYEHHOTO 3HAUEHUS U 3aTeM
IIpOBEpseTCs, OTPULIATEIIEH JIU pe3ynbTaT. Ecnu 310 JeHCTBUTENBHO TaK, TO U3Me-
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pPEHHOE 3HAYCHHWE HAIPSDKEHUS MEHBIIE YeM IMOpPOTOBOE 3HAUCHUE, €CIIM HET, TO
Oosbie. Micxos U3 TakMX MPOBEPOK U JIENAETCSA BBIBOJ O TOM, B KaKOH JMaIa3oH
[OTIaIaeT M3MEPEHHOE BXOAHOE HampspkeHHe. [1oCKoabKy OnuGpoOBaHHOE 3HAYE-
HUE HAXOAMTCSA B JIBYX PETHCTPax, TO B 3TOM Cjydae HeEJb3s MCIIOJIb30BaTh IIPO-
CTYI0O KOMaHIy BbIYMTaHUS (subwf). C MOMOIIbIO 3TOW KOMAHIBI MOXKET BBINOJI-
HATHCSI TOJIBKO 8-OMTHOE BBHIYMTAHHE, a 3/1eCh, OJHAKO, TpeOyeTcs: 16-OuTHOE BHI-
yuTaHue. Tak KaKk aHAJIOTMYHOE JICHCTBHE HEOOXOIMMO BO MHOI'MX IIpOrpaMmax,
TO XOpOILO Obl HAMHCATh PAlMOHATILHYIO MAJICHBKYIO MOAMPOrpaMMy, KOTOPYIO
MOXKHO Oy/eT 3aTeM HUCIOJb30BaTh U B APYTUX ciydasx. [IoCKOJIbKY JTOCTATOYHO
4acTo B IporpamMmMe TpeOyeTcs HEe TOJbKO BBIYMTATh, HO M CKIAJBIBATh
16-OuTHbBIC 3HAYEHUs, TO Jajee CHAayala MpEACTaBlieH mpumep 16-OuTHOrO Clio-
JKEHHUSL.

8.3. 16-0uTHOE crnoXeHue

UrtoOb! 1Ba 16-0MTHBIX 3HAYCHUS, KOTOPHIE COCTOAT U3 JIBYX 8-OMTHBIX PErHCTPOB,
MOXKHO OBIIO CKIJIQJIBIBATh, TPEOYIOTCS KaK MUHHMYM YeThIpe 8-OMTHBIX PETHUCTpA.
Jua cnemyromield moamporpaMMbl OHH JTOJDKHBI OBITH OTIPEeNIeHbl B Hadaie Mpo-
rPaMMHOTO KOJIa ¥ COOTBETCTBYIOIIMM 00pa30M OIUCAHBI TIepe/] CI0KEeHUEM. Peun
3/1€Ch UJIET O CIACAYIOIIUX PETUCTPaXx:

CALC L 1 EQU 0x20 ;Minamuas yacTh 1-170 apudMeTMyuecKOIT'o permcTpa
; OJIST CJIOXEHMS M BBUMUTAHUSA

CALC H 1 EQU 0x21 ;Crapmas yacThk (cjoBo) permcTpa CALC 1

CALC L 2 EQU 0x22 ;Bropon apupmerrueckmi perncrtp CALC 2

CALC H 2 EQU 0x23 ;Mpumep: CALC x 1 + CALC x 2 = CALC x 1

; CALC x 1 — CALC x 2 = CALC x 1

OTH perucTpsl MOTYT HCIIOJIB30BATHCS KaK JUIS CJIIOKEHHS, TaK U JUIS BEIYUTAHUS.
Ipu cnoxennn pernctpel CALC H 1w CALC L 1 cknaapIBaroTCs ¢ perucTpaMmu
CALC H 2 u CALC L 2, a pe3yabTaT CJIOXCHHUS COXPAHSIETCS OMSATh B PETHUCT-
pax CALC H 1 u CALC L 1. Ecnu apudmeTndeckue perucTpbl ObUIH 3arpyske-
HBbl HEOOXOAMMBIMU 3HAYEHUSIMM, TO HMOANPOrpPaMMa MOXKET BBI3BIBATHCS KOMaH-
JIOW call Addle.

Addle
movf CALC L 2, W ;TonmyunTs MiIamumi BamT 2-T0 cJjiaraeMoI'o
addwf CALC L 1, F ;CrioxuThs 1-e u 2-e cjiaraeMoe
btfsc STATUS, C ; [IpOBEPUTL, BCTPETWIOCH JIM IEepPeIlloJIHEHVE
incf CALC H 1, F ;Ecim ma, crapumit 6ayT yBEeJIMUUTH Ha 1
movEf CALC H 2, W ;MoTyunTe CcTapumii 6aiT 2-TO CJIaraeMoro
addwf CALC H 1, F ; CroxmTh cTapume OanTel CllaraeMblxX

return ;TOTOBO, BO3BpAT B OCHOBHYKN IPOIPAMMY
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ITocne Bo3BpaTa B OCHOBHYIO mporpamMmmy OuThl peructpa cocrosuus C, DC u Z
OyIyT YCTaHOBJICHBI B 3aBUCUMOCTH OT pe3yJbTaTa.

8.4. 16-O0UTHOE BblYUTaHUE

Brruutanne (GyHKIHOHUPYET aHAIOTHYHO CIIOXKEHHUIO. 31ech apu(MeTHdecKue
peructpet CALC L 1, CALC H 1, CALC L 2 u CALC H 2 Taxxe 3arpyxa-
IOTCS TIepe] BBI30BOM IOANPOTPaMMBI HEOOXOJUMBIMH 3HaueHUsIMUA. B moampo-
rpamMme conepxkumoe peructpoB CALC H 2 u CALC L 2 BeluuTaercs u3 co-
nepxkumoro cooTBeTcTBytommx peructpoB CALC H 1w CALC L 1.

[locne omucanusg PErucCTpoB moAnporpamMmMa BbI3bIBACTCA IIPU MOMOINHU KOMAaHIbL
call Sublé.

Subl6
movf CALC L 2, W ;llontyunTs MIanumyt OamT BEMUTAEMOTO
subwf CALC L 1, F ;CALC L 1 — CAIC L 2 = CALC L 1
btfss STATUS, C ;BCcTpeTnsica JiM [IepeHOoC?
incf CALC H 2 ;Ecov ma, To crapumi GanT yBeIMuMTh Ha 1
movf CALC H 2, W ;llosyunTs cTapumyt 6amT BEMUUTAEMOTO
subwf CALC H 1, F ;CALC H 1 — CALC H 2 = CALC H 1
return ;T'oTOBO, BO3BPAT B OCHOBHYK IpOTPamMMy

[epen BBIMONHEHHEM CIIOKEHUSI WIIM BBIYMTAHHUSA HYXXHO OOpallaTh BHUMaHUE Ha
BKJIFOYEHHE MMEHHO TOro OaHKa MaMsATH, B KOTOPOM HaxXOZIATCs apu(pMeTHIECKUe
peructpsl. B moxmporpaMme HHMKakas KOMMYTalus OaHKOB NaMSTH HE IIPOUCXO-
JIUT, T. K. HEU3BECTHO, B KAKOM OaHKe ONpeAessUTUCh PETHCTPHI ISl BEIYUCICHUS.

8.5. AHanus oundpoBaHHOro sHa4YeHusA

Ha nepBom miare ananuza npoBepseTcs, sIBISETCS JIM BeIWYMHA U3MEPEHHOTO Ha-
npsbxeHust meHbiie 1 B. Ilpu onopHoM HampspbkeHud 5 B moporoBomy Hampsixe-
Huto B 1 B s mepBoro ypoBHS COOTBETCTBYET HecsATHYHAas KoHcTtaHTa 204

(0x00CC).

;llpoBepUTb, B KAKOM IMalla3OHE HaxXOIMTCHA OLMOPOBAHHOE 3SHadeHUEe

movf ADRESH, W ;CkonMpoBaThk CTapume paspalsl OUMGPOBaAHHOI'O
;3HaueHMs B apuOMETMUEeCKMY PEeTrMUCTP IJIS BBMMCIIEHMM

movwf CALC H 1

_BANK 1

movf ADRESL, W ;CkonmpoBaThk MJaume paspalsl OUMGPOBaAHHOI'O
;3HaueHMs B apubMETMUEeCKMM PEeTrMCTP IJiS BBMMCIIEHMM

_BANK 0

movwf CALC L 1
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movlw 0x00 ;3arpysurs 3HaueHme 0x00CC = d'204°',
movwf CALC7H72 ;coorBeTcTByKKIEee 1 B

movlw 0xCC

movwf CALC L 2

call Subl6
btfss STATUS, C ;[IpoBEePUTL, OTpPMLIATEJIEH JIM PEe3yJbTaT
goto led aus ;Ecim Hanpsaxenre meHee 1 B,

; TO BCE CBETOIMOIEl OTKJIOUMTEL

Hns  Bemonaennss mnposepku apupmermdeckue peructpel CALC H 1 u
CALC L 1 nnma BbIUMCIEHHH 3arpykaroTcsi onudpoBaHHBIM 3HaueHueM. [Ipu
3TOM HYKHO 0OpaTuTh BHHMaHHe, uTo peructp ADRESL naxonutcs B Oanke 1 u
MO3TOMY HaJI0 COOTBETCTBYIOIIMM 0Opa3oM BBINOJHUTH NMEPEKIOUYEHUE, TPEKIC
YeM COJIEPKUMOE perucTpa 3arpyxaercs B peructp W. [locie Toro xak pesymbrar
aHaJyoro-unu¢poBoro mnpeodpa3oBaHus ObLI CKOMUPOBAaH B 1-i apudmMeTHUECKHit
perucTp, 3HaueHue, cooTBercTBytouiee Hanpsokernio B 1 B (0x00CC), 3arpysxkaet-
cs BO 2-i apudpMeTHUIECKUH perucTp. Bce HeoOXoaumble 3HAUYEHHUS Temeph 3a-
TPY’)X€HbI B apU(PMETHYECKHE PETUCTPHI M MOXKET BBHIMONHATHCS OMEpaIus WX
BBIYUTAHUS TTOCPEICTBOM BBI30Ba IMOANPOTPAMMBI KOMAHAON call Sublé. [locme
BBIUYUTAHUS HY)KHO TIPOBEPHTH, OTPULIATENICH JIH pe3yibTaT. Takum o0pa3oM ompe-
ACIACTCA, MCHBIIC WJIM HECT M3MCPCHHOC HAIPSXKCHUE IOPOTOBOI'0 HAIIPAKCHUA
pasroro 1 B mns mepBoro ypoBHs. Ecnmm menbiie, Torma out neperoca C Oyzaer
MMeTh 3HadeHne Jormdeckoro 0 W mporpaMMa MEpeXOJUT Ha METKY led aus.
B sToMm ciydae Bce CBETOMOBI OTKITFOYAIOTCS, M I3MEPEHIE HAUMHASTCS CHavYaa.
Ecnu ke Out nepenoca OyneT UMeTh 3HaYEHUE JIOTUYECKOH 1, TO M3MepeHHoe Ha-
npsbkeHue Oonpine yem 1 B u BeITONMHSAETCS clieAyromnas IpoBepKa, KOTopasi onpe-
JIeJISIeT, MEHBIIE JIN ATO HANpsHKEHHE TIOPOTOBOTO 3HAYEHUS HAIPSKEHUS IS BTO-
poro ypoBHs, T. €. 2 B.

;IpOBEPUTL, HAXOIUTCHA JIM M3MEePEeHHOE HalpsbkeHue Mexny 1 u 2 B

movf ADRESH, W ;CkonmpoBaThk CTapume paspaisl OLUMGPOBAHHOTO
;3HaueHMs B apuOMETMUECKMY PEeTMUCTP IJiS BBMMCIIEHMM

movwf CALC H 1

_BANK 1
movf ADRESL, W ;CkonmpoBaThk MJaume paspalsl OUMGPOBaAHHOI'O
;3HAUEHUS B apubMeTMUeCKMii PEeIMCTP IJiS BBUMCIIEHMIA
_BANK 0
movwf CALC L 1
movlw OxO01 ;3arpys3ures 3HaueHme 0x0199 = d'409',
movwf CALC H 2 ;cooTBeTCTBYyWmee 2 B BO 2-1 apudMeTHMUeCKMi per.

movlw 0x99
movwf CALC L 2
call Sublé6
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btfss STATUS, C ;[IpoOBEPUTH, OTPHULIATEJIEH JIM PEe3YyJIbTaT
goto ledl an ;Ecomm HanpsxenHue mMexmy 1 u 2 B,
;ToTZa BKJIOUMTE cBeTommon LED 1

UYtoOBbI IPOBEPUTH, HAXOAUTCS U HampshbkeHue mexay | u 2 B, 3HaueHue, coot-
BETCTBYIOIIlEE HANPsHKCHUIO 2 B, JMOKHO 3arpykathcsi BO BTOpPOH apudmeriue-
ckmii peructp. Hampspkernro 2 B Oyzer cooTBeTCTBOBaTH ITMGPOBOE 3HAUCHHUE
0x0199 nmu 409. Ecnn HanpsbkeHre HaxoguTcs Mexay 1 u 2 B, pe3ynbrar BeIUH-
TaHUs TIOJIOKUTENIEH U OUT mepeHoca Oyaer paseH (. B aToM ciyuae mporpamma
MEPEXOJIUT Ha METKY ledl an JUIsl BKIIOUeHHs 1-ro cBeroauoxna. Ecmu sxe m3me-
PEHHOE HaIpsHKEHUE OKaxxeTcst Oouiblie 2 B, To TomKHA BRIOMHATHCS CIIETYIOIIAs
MIPOBEPKa, ONPEACISIFONIAs], HAXOUTCS JIM 3TO 3HAYeHUe Mexy 2 u 3 B.

;[IpOBEPUTL, HAXOIUTCS JIM M3MEPEHHOe HalpskeHue Mexny 2 u 3 B

movf ADRESH, W ; CKONMMPOBATE CTapuMe paspsansl OLUMPPOBaHHOT'O
;3HAUeHMs B apudMeTHUeCKMy PeruCTp IJisS BBMMCIJIEHMM

movwf CALC H 1

_BANK 1

movf ADRESL, W ;CkonmpoBaThk MJaume paspalsl OUMGPOBAHHOTO
;3HaueHMs B apudMeTMUeCKMM PEerMCTPp OJisS BBMMCIIEHMM

_BANK 0

movwf CALC L 1

movlw 0x02 ;B3arpysure 3HaueHre 0x0266 = d'614"',

movwf CALC H 2 ;coorBeTCTByWmee 3 B, BO 2-1 apudMeTHMUecCKuMii per.

movlw 0x66
movwf CALC L 2

call Subl6
btfss STATUS, C ;[IpOBEPUTH, OTPHULIATEJIEH JIM PEe3yJIbTaT
goto led2 an ;Ecom Hanpsxenue Mexmy 2 un 3 B,

; TOTIa BKJIOUMTE cBeTommon LED 2

[ns npoBepku aecstudHoe 3HaueHue 614, coorBercTByrouiee yxe 3 B, 3arpyxa-
eTcs Bo 2-i apudmernueckuii peructp. OundpoBaHHOE 3HAYEHUE TTOCIIE aHAIOTO-
ou(ppoBOro Tpeodpa3zoBaHUs, KOTOpPOE HAXOIUTCI B PETHCTpax pe3yibTara
ADRESH u ADRESL, momkHO mepen KaxkIoil MPOBEPKOH KOIMHPOBATHCS
B 1-ii apudpmMeTnvecKknii perucTp BHOBb, MOCKOJIBKY 3HAaUCHHE B HEM KXl pa3
MIepe3anChIBACTCs TOCJIC BBIIIOJHEHUS ONepaluy BelunTanus. Eciau onudpoBan-
Hoe 3HaueHue Oyzaet menbmie 0x0266 (3 B), To mporpaMMHBIH CYETINK MTEPEXOAUT
Ha METKY led2 an JUIs BKJIO4eHHs cBeroaunona LED 2. Bee npyrue csetoanomabl
otkovatoTcs. Ecnu 3Haduenue okaxercs Oonbiie 3 B, To TpeOyeTcs BBIIOIHUTD
CIIEIYIOILYIO MPOBEPKY, ONPEAEIAIONIYI0, HAXOIUTCS JIU 3TO 3HAYEHHE MEXIYy 3
u4 B.

;[IpOBEPUTE, HaxXOIMTCs JIM M3MEPEHHOe HalpshkeHue Mexny 3 u 4 B
movf ADRESH, W ; CkONMMpPOBAaTE CTapuMe paspsansl OLUMOPOBaHHOT'O

;3HaueHMs B apuOMETMUECKMY PEeTrMUCTP IJiS BBMMCIIEHMM
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movwf CALC H 1

_BANK 1

movf ADRESL, W ; CkonmMpoBaThE MIaIuMe paspsamsl OLUMOPOBaHHOT'O
;BHaUEeHUs B apuUdMeTUUeCKMII PeryMCTP IJIS BHMUMCIIEHMM

_BANK 0

movwf CALC L 1

movlw 0x03 ;3arpysuTs 3HaueHme 0x0333 = d4'819',

movwf CALC H 2 ;cooTBeTcTBRyllee 4 B, BO 2-11 apubdMeTMUECKMIA per.

movlw 0x33
movwf CALC L 2

call Sublé6

btfss STATUS, C ;[IpOBEPUTEL, OTPHULIATEJIEH JIM PEe3YJIbTaT

goto led3 an ;Ecomm HampsoxkeHue Mexmy 3 u 4 B,
;TOTIa BKJIOUMTHL cBeTomuon LED 3

goto led4 an ;Ecomm Hanpsxenue Oojee 4 B,

;TOTOa BKJIOUMTBH cBeTommon LED 4

Ecnu mocne mpoBepk ¢ moMomipio onepanuu 16-OMTHOTO BBIYMTAHUS TOTYYH-
JIOCh, YTO OIM(PPOBAHHOE 3HAYCHUE HAXOAMTCSA MEXIy 3 W 4 B, TO BeIMONHSIETCS
MepexoJl Ha METKY led3 an JUISl BKJIIOUEHHUsS 3-To cBeToamonaa. Eciu ke mamepeH-
HOE 3HaYeHWe OKakeTcsi Ooibpie 4 B, To HUKakas TOMONHUTENbHAS MTPOBEPKa HE
TpeOyeTcs, MOCKOJIBKY B ATOM CITydae 3HaUYeHHE MOKET HaXOIUTHCS TOJIBKO JIHIIh
Mexay 4 u 5 B, u moatomy Brirogaetcs cetonuoa LED 4.

JIi1st BKITFOYEHHS MJTH BBIKJTIOYEHHSI CBETO/IMO/IOB YCTAHABIMBACTCS MITH cOpachIBa-
eTcs cooTBeTcTBYIOmMi Out B peructpe nopra A (PORTA). [lnst 6omee mpoctoro
Y MOHSATHOTO KOJIa B Ha4aJie MPOrpaMMBbl C/IEIaHbl CIICAYIOIHE OMHCAHMS:

#define LED 1 PORTA, 2 ;LED 1 momkJioueH K BHBOOY RA2
#define LED 2 PORTA, 3 ;LED 2 MNOOKJIOUEeH K BHBOOY RA3
#define LED 3 PORTA, 4 ;LED 3 MOOKJIOUEeH K BRBOLY RB4
#define LED 4 PORTA, 5 ;LED 4 moIxJIoueH K BHBOIY RBS

Ilocne »tux onmcaHui CBCTOAXWOA MOXXHO BKIIIOYATh IIPHU IIOMOIIHM KOMaHOBI bsf
LED x ¥ COOTBETCTBCHHO BBIKIIFOYATh — bcf LED x.

led aus ;Bce cBeTOIMONB BHIKJIOUUTE U
bcf LED 1 ; CHOBa BHIIOJIHUTE M3MEPEHUe
bef LED 2
bef LED 3
bef LED 4
goto main
ledl an ; BKIIOUMTE TOJIBKO cBeTommon LED 1 m
bsf LED 1 ; CHOBa BHIIOJIHUTE M3MEPEHUe

bcf LED 2
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bcf LED 3
bcf LED 4
goto main
led2 an ; BKIIIOUMTE TOJIBKO cBeTommon LED 2 u
bcf LED 1 ; CHOBa BBIIIOJIHUTE U3MEPEeHMEe
bsf LED 2
bcf LED 3
bef LED 4
goto main
Led3 an ; BKIIIOUMTE TOJIBKO cBeTommon LED 3 u
bcf LED 1 ; CHOBA BBIIIOJIHUTE U3MEPEeHMEe
bcf LED 2
bsf LED 3
bef LED 4
goto main
Led4 an ; BKIIIOUMTE TOJIBKO cBeTommon LED 4 u
bcf LED 1 ; CHOBa BBIIOJIHUTE M3MEpPeHMe
bcf LED 2
bcf LED 3
bsf LED 4
goto main

AHaJIOTHYHBIM 00pa30M OYEHb MPOCTO BBIMIONHAIOTCSA U APYTHE CBETOBBIE dPdek-
Tbl. Hanpumep, BO3MOKEH BapHaHT NPOrpaMMbl, IIPU KOTOPOM MIIAALINE CBETO-
JIMOJTBI TAKXKE CBETSTCS, €CIIM HAIIPSHKEHUE BO3PACTAeT.

Ecnu xe 3amyckaroT mporpaMmy Ha peajibHBIX allllapaTHBIX CPEICTBAX, TO MOXKHO
JIETKO 3aMETHTh, YTO MEPEXO/bl Yepe3 MOopOoroBbie 3HaYeHUs1 OyyT HE O4YEeHb TOY-
HeIMU. Eciii ¢ mOMOIIIbIO MOTEHIIMOMETPA MEAJIEHHO MPUOIMKATHCS K TOPOTOBOMY
3HAYEHUIO HANpsDKEHUsI, To OyJeT 3aMEeTHO MepLaHHe JIByX COCEIHUX CBETOIHO-
JI0B. DTO MPOMCXOAUT M3-3a MOTPEIIHOCTH MJIAIIINX OMTOB M BBHI3BIBAETCS MOMe-
XaMH WM HEIOCTOSIHCTBOM OIIOPHOTO HAIIPSKEHHUS.






9. OToOpaxeHne gaHHbIX
Ha MHOUKaTope

Bo MHOruX cnyyasix AaHHBIC, HAXOJSIINECS BHYTPU MUKPOKOHTPOJLIEPA, JTOJKHBI
COO0TIAaThCS TOTH30BATENI0 YCTPOHCTBA. B IIpocTeHuX ciaydasx 3TO MOKHO Clie-
JIATh C TIOMOIIBIO0 CBETO/INO0/1a, KOTOPBIN MOKa3bIBACT, HAPUMED, PEBHIIICHUE TEX
WJIM WHBIX JTaHHBIX HEKOTOPOTO MOPOTOBOTO 3HAUEHWs. Ecim e XOTAT 3HATh, Ha-
CKOJIBKO TIPEBBIIICHO 3TO MOPOTOBOE 3HAUCHHE, TO TAKOE OTOOPAXKEHHUE pe3ybTaTa
ITOCPEACTBOM CBETOAHMOAOB OYEHb HAKIAAHO WM HempakTUYHO. C IMTOMOIIBHIO
arcuokoxpucmaniuieckozo unouxamopa (JKKW) wnu unave oucniess MOXKHO BBIBO-
IUTH Pe3yIbTAaThl BEIYHACICHNN, HEOOXOIUMBIX TOJIE30BATEI0, Pa3HBIMH CIIOC00a-
Mu. Ha MHIMKaTOpe MOXKHO MPEACTABIATh CaMbIe pa3HOOOpa3HbIe CUMBOJIBIL. JKui-
KOKPUCTAJUTMYECKUE HHIUKATOPHI N3TOTABIMBAIOTCS BCEBO3ZMOKHBIX Pa3MepPOB IS
CaMbIX Pa3HBIX MPUJIOKECHUN, HAYMHAS OT MaJICHbKUX HHIUKATOPOB, KOTOPHIE MO-
TYT OTOOpa)xaTh TOJNBKO 8 CHMBOJIOB, 10 KOMIUIEKCHBIX Tpad)UYeCKUX WHIANKATO-
POB, KOTOpBbIE MOTYT MPEICTABIATh JII0ObIe N300pakeHus M WpudTHI B 11BeTe. [1o-
CKOJIBKY IIBETHBIE TpaduuecKrne NHANKATOPHI UCIOIB3YIOTCS, KaK MPaBUIIO, YTOOBI
MPEACTABISATh KOMIUICKCHBIE CBS3aHHBIC 3HAUCHUS, TO JJIS YIPABICHUS TaKUMU
WHAUKATOpaMH TPeOyIOTCs Takke Ooyiee MOIIHBIE MUKPOKOHTPOJUIEPHI C JIOCTa-
TOYHBIM 00BeMoM mnamsiTH. HeGosbinue PIC-MUKPOKOHTPOJIICPHI HE TOAXO/IAT JIJIs
yIpaBIeHUS TAKUMU [IBETHBIMHA MHIWKATOPAMHU W TIO3TOMY HCIOIB3YIOTCS TOJIBKO
JUISL YIIPABJICHUS] OTHOCUTEIBHO MPOCTHIMHU JKUIKOKPUCTAUIMYECKUMU UHAUKATO-
pamu. Kak mpaBuio, oOBIYHO BIIOJNIHE JOCTATOYHO MHAWKATOPA IJII OTOOpaKeHUS
2x16 cumBOJI0B. Ha miepBhIi B3I MOXKET MMOKA3aThCs, YTO 3TOI'0 OUEHb MaJIo, HO
YIUBUTEIBHO, CKOJIBKO CBEJCHUI BMECTE C TEM MOXXHO OTOOpPA3UTh C TIOMOLIBIO
Jake TaKoro HeOONBIIOT0 WHANKATOpa. Jlagee oObsICHIETCS MPUHITAI er0 padoThI
u ympasieHue uM. CleyeT 3aMeTUTh, YTO YNPaBICHUE IPYTUMHU TUMIAMU WHIUKA-
TOPOB OCYIIIECTBIISIETCS aHAIOTHMYHO, W MO3TOMY MOJKET BBITIONHATHECA O€3 Mpo-
0JIeM C IMOMOIIbIO IPUBEJACHHBIX TIPUMEPOB MIPOTPAMMHOT0 KOJIa.

9.1. KoHTponnep nHaukartopa

Ha npezicraBieHHON MOHTaXHO# TU1aTe TPUMEHEH KUIKOKPHCTAIITHNYECKUI HHIH-
katop cepun EA DOG, Beinmyckaembiii kommanueii Electronic Assembly. Beibop
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naj Ha 3Ty GHUpPMY, MOCKOJIBKY y HEe MOKHO IMPUOOPECTH MHAMKATOP ¢ (OHOBOI
MOICBETKOH. B 3TOM cilyyae mMeeTcss MPeuMyIIecTBO B TOM, YTO MO JKEITAHHIO
MOXHO HACTPauBaTh TOH OTOOpaxxeHus TekcTa. KpoMe Toro, kK 3TMM HHAMKATOpam
MUMeeTCs MHCTPYKIHSA Ha HEMEIKOM s3bIKe. JKHIKOKPHCTAUTMUECKUH MHIUKATOP
(°KKI) nmeert 2 ctpoku ¢ 16 cumBonaMu B Kaxa0i. JI1000# CUMBOJI MOXKET COCTOSITh
U3 5 TOYeK B TOPU3OHTAIILHOM HampaBlieHHMHd U 8 TOYEK B BEPTHKaJIbHOM HaIpaB-
jgeHur. B cymme mHaukaTop obecrneunBaeT oroOpakeHue Oosee 2 x 16 x 5x 8 =
= 1280 Touek. Bce atu Touku, HaspiBaecMmble Takke nuxceramu (Pixel), 1OKHBI
YIPaBIsATbCA B OTACTBHOCTH. UTOOB! YHPaBIATH B OTAENBHOCTH KaXKIIbIM IMHKCE-
neM, norpedyercs 1280 nunuit. Ognako PIC-koHTpoiep pacmonaraeT TOJBKO
22 BbIBOJIaMH BBO/Ia/BBIBOJIA, KOTOPBIX, OHITHO, HEJAOCTATOYHO IS YIIPABJICHUS
Jla’ke OJTHUM CUMBOJIOM. TeM He MeHee, i ynpasieHus: TakuM JKKU npousBoau-
TeIlb HCIIONIB3YeT €ro COBMECTHO CO CBOMM BHYTPEHHHM KOHTpOJUIepoM. Takum
00pa3oM, C ITOMOIIHI0 MAJIOTO KOJIMYECTBA YIPABIISIOMNX JTHHUHA CTAHOBUTCS BO3-
MO>KHBIM 00paTUThCA K KOHTPOJUIEPY, KOTOPBIH U MEPEKII0YaeT MUKCENbl B COOT-
BETCTBUU C NepelaHHON eMy KoMmaHao#. [1ockonbKy KaxIplii TPOU3BOANTENL HH-
JUKATOPOB HCIOJIB3YET COOCTBEHHBIH KOHMpOLiep UHOUKAmopa, TO YUpaBieHUE
UM TOXE MOXXET OBITh pa3HbIM. Tak mHaMKaTOpsl Kommannu Electronic Assembly
pabortaror mox ympasieHneM KoHTpoiuiepa ST7036. B macmopre KoMImaHWUU
Electronic Assembly conepuTcst TOIbKO HeOOIbIIIast YacTh OIMMCAHUS TapaMeTPOB
koutposuiepa ST7036. Ecnu xe TpeOyroTcst Ooliee MOAPOOHBIC CBeleHUs 00
YIPABJICHUH, TO MOXKHO MOTYYUTh UX U3 Macnopta Ha KouTposuiep ST7036 mpous-
BOJICTBA KOMIIaHUH Sitronix.

9.1.1. Habop cumBonos

[TockonbKy KaXIblii OTAEIBHBIA CUMBOJ MOXET cocTosATh U3 40 Touek, TO BO3-
moxuo 2% pa3nuuHBIX KoMOuHaIrmii (6onee 1 6mummona). OgHAKO HEMEIKUH all-
(haBAT COCTOUT TOJHKO U3 26 JTATHHCKUX CUMBOJIOB, 10 mudp W HECKOIBKUX YM-
JIAyTOB U CHEIUAIbHBIX CUMBOJIOB. [loaTOMY JU1sl BBIBOJIa TIOIB30BATEIIO TOTO MU
WHOTO COOOIICHUs TpeOyeTCsl He TaK YK MHOTO Pa3IMYHbIX CUMBOJIOB. OHU Ipe-
BapUTEJIBHO OIPENeNCHbl U XPaHSITCAd B KOHTPOJUIEPE >KUAKOKPHCTAIIMYECKOTO
WHAMKaTopa. BeneacTBue aToro takxke He cieayeT nepenasath Bce 40 OUTOB, KO-
TOpbIE HY)XHBI JUI1 OTAEIBHOIO0 CHMBOJIA, a TOJNBKO §. BMmecTe ¢ TeM MOryT oTo-
Opaxarbcs 256 pa3TMYHBIX CUMBOIIOB, a IS Mepenadyn 32 CHMBOJIOB TPEOYIOTCS
32 Oaitra. HaGopbl cuMBOJIOB U1l pa3HbIX KOHTPOJUIEPOB MOTYT OTIMYATHCS IPYT
OT Jpyra. 3TO OTHOCHUTCS, IPEXkE BCEro, K CHEelHaIbHBIM CUMBOJIAM, HallpUMep,
TakuM Kak cuMBox "Om" (QQ) mmm "muxpo" (i). BykBsl 1 1Idpbl B OONBITMHCTBE
CIIy4aeB KOJUPYIOTCS TakK, YTO OHU COOTBETCTBYIOT HaOopy cumBonoB ASCIL. Ha
puc. 9.1 mpencrasieHa TOJIBKO YacTh Habopa cuMBOJIOB. [10MHBIN HAOOp CHMBOJIOB
MOXXHO B3siTh U3 TexHuueckoro omnucanusa JKKU, koTopoe HaxoauTcs Ha mpuiia-
raeMoM K KHUI€ KOMIaKT-IHCKE.
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Puc. 9.1. YacTb Habopa CMMBOOB XWAKOKPUCTANINYECKOro MHAMKaTopa

YroObl 0TOOPa3UTh HEOOXOTUMBII CUMBOJI HAa MHAMKATOPE W3 3TOro Habopa cruM-
BOJIOB, HY)KHO BEIOPaTh COOTBETCTBYIOIIMA CUMBOJI C TIOMOIIBI0 8-OMTHOTO CJIOBA.
Tak xak Tabnuia paszmeneHa Ha CTOJONBI U cTpokH, 4 crapmux outa (b7—b4) cto-
AT B BepxHel cTpoke u 4 muanmmx o6uta (b3—b0) B teBom cronbdue. YtoOsl 0TO-
Opasuth, Hanpumep, OykBy "A", MoJKeH yka3biBaThes aBondHbIN ko 0100 0001 u
st 1udper "S" — 8-6utHoe cioso 0011 0101. DTH mpeaBapuUTENHHO ONpEIeIcH-
HbIE CUMBOJIBI 33J1aHBI B ITAMSITH KOHTpOJUIepa HHAMKaTtopa. Korna u raue atu cum-
BOJIBI JIOJDKHBI OTOOpaskaThCsl, COOOIIAETCS KOHTPOJUIEPY HHAUKATOPA C TIOMOLIBIO
CHenuaIbHBIX KOoMaHA. IloaToMy KOHTpomiep AOKEeH NesaTh pa3indhe MEXIy
KOMaHJaMH{ YIIPaBJICHUS M KOMaHJaMM BbIBOJA AaHHBIX. C IIOMOIIBIO YIIPaBIIsIO-
LIMX KOMaHJ KOHTPOJIepy coOOLIaeTcs, Ha KaKoe MEeCTO JOJKeH OBITh YCTaHOB-
JIeH CHMBOJI MJIM O TOM, YTO JOJDKEH OYMILATHCSA BECh MHAMKATOp. JaHHBIE MM
CHUMBOJIbI IHUIIYTCSI BO BHYTPEHHIOIO OmnepaTuBHYIO naMmats (RAM-namsre) KoOH-
Tposiepa uHAMKartopa. Kaxknas siueiika maMsaTH COAEPKUT CHMBOI. [lockombKy
KOHTpOJUIEp MHAMKaTopa ucnoib3yercs Takke ans XKKU, y koTopeix umeercs: u
Oonee 2x16 cUMBOJIOB, TO BHYTPEHHSISI OTIEpaTUBHAS MaMsTh COOTBETCTBEHHO HMe-
eT Oompmmii pazMep. llpu mocnenoBarenpHON 3amucH 32 CHMBOJIOB BO BHYTPEH-
HIOIO IAMATH MPEICTABISIOTCA TOJIbKO HepBbie 16 cumBoioB. [losTomy 1iist BTOpoit
CTPOKHM JIOJDKCH BBIOMpaThcs HaubOoisiee crapmuii aapec. Ha pwuc. 9.2 mokasaHo,
KaKHe aJipeca MmaMsTH JOJDKHBI HCIIOJIb30BaThCS ISl OTACIBHBIX CHUMBOJIOB.

Cvmeon 1 2 3 4 13 14 15 16
Ctpoka1 | 0x00 | Ox01 | Ox02 | Ox03 e 0x0C | OxOD | OxOE | OxOF
Crtpoka2 | 0x40 | Ox41 | Ox42 | Ox43 e 0x4C | Ox4D | Ox4E | Ox4F

Puc. 9.2. Aapeca namsiTvt XMOKOKPUCTANIMYECKOro MHAMKaTopa
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9.1.2. Cnoco6bI ynpaBneHUus MHAUKaToOpoOM

Crenyer IMETh B BHIY, 9TO, IPEXKIE YeM 0TOOpa3uTh cuMBoIbl Ha KK, cHagana
HaJI0 MHUIMAJIM3UPOBATh KOHTPOJIJIEp HHAMKAaTOpa. B npouecce nHMManu3anum B
HWHAUKATOp COOOINAeTcs, B TOM YHUCIIE, HACKOJIBKO IOJKEH OBITh BBICOKUM €Tro
KOHTpacT. [l mHMnmann3anuu HEoOXOOUMbl pa3iW4Hble KOMAaHIbl, KOTOpPbIE
nosokHbl BeigaBatecs PIC-xonTpomiepom. Ytoosl PIC-koHTpOiep cMor oOMeHu-
BaThcs coobmenusmu ¢ JKKU, Heo0X0MMO COOTBETCTBYIOIIUM 0Opa3oM BBIIOJI-
HUTh NMOJKIIIOYECHHE aIlllapaTHBIX CPelCcTB. s peanmsanuy 3TOr0 UMeeTcs He-
CKOJIBKO BO3MOYKHOCTEH.

Camoe mpocToe U camoe ObICTPOE YIPABICHUE OCYIIECTBISIETCS MO IIWHE JaHHBIX
MUPUHONW 8 OUT W TpeM IUHUSAM YIPaBISIOMHUX CUTHAIOB (puc. 9.3). Ilpu sTom
JnaHHble MOTyT mepenaBatbes K JKKUW mapamiensHO ¢ MPUMEHEHUEM COOTBETCT-
BYIOIIICH CHHXPOHU3AIMH. PazymeeTcs, Jiist 3TOTo crocoda yrpasiieHHs TpeOyeTcs
0O0JIBIIIOE KOJIMYECTBO JIMHUH, KOTOpPbIe HEJb3sl OyAeT MCHOJIh30BaTh IS JPYTUX
nesei.

+5v+—28 | ypp
anD —=27{ vss
21 EA DOG-M 23
<11 CAPIN 5B PSB|—22 m 45V
2 | capip
8 out | a0
25 RESET|——»+5V
+5V +———— VIN
+5 V-2t {yout
O o000 o0o0oaono w X o [®]
VDO | N | S D O~ D w©
NN O OO N0 M [P R B el [5¢]
GND
Gl a8l 3 3R a8 wkBe
0| o ol ol ol ol g a ¥l
i J

K MUKPOKOHTpOMnepy

Puc. 9.3. 8-6uTHoe ynpaBneHne XnaKoKpucTaninyeckum nHanKkaTopomM

[Ipu 4-OutHOM ympaBICHUH WCTONB3YETCS MEHbIEe KOJIMYECTBO JTUHUN. B aTOM
ciryyae Jiro0ast 8-OuTHasi KOMaHa nepenaercs no 4 oura 3a nBa pasa. s nepena-
4yu TpeOYIOTCs 2 TakTa, BCIACICTBHE YEro JUIMTENLHOCTD Nepelayi YBEINIUBaACTCS
BaBoe. Kak MoxxHO BueTh Ha puc. 9.4, HEHCIIONb3yeMble BBIBOJIBI OMTOB JaHHBIX
D0—D3 noxkirodeHsl K HAPSHKEHUIO BBICOKOTO JIOTHYECKOTO YPOBHSL.

Hns ynpasnenus JKKM mocpenctBom mocienoBaTenbHOro uHTepdetica nepude-
puitabix yerpoiictB SPI (Serial Peripheral Interface) BmomHe mocTaTOYHO TONBKO
4 muawmit (puc. 9.5). [Ipu 3TOM OTHeNnbHBIE OUTHI JaHHBIX MEPEIAIOTCS Ha MHIUKA-
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Top mo ouepenu. Ilockoneky comepxumoe XKW, xak mpaBuino, He MEHsAETCS C
OONBLION CKOPOCTHIO, TTO3TOMY TAaKOHW CIIOCOO ympaBlieHHs SIBISETCS JOCTATOYHO
OBICTPBIM U BIIOJIHE YAOOHBIM. VIMEHHO Takoe ynpaBiieHHE HCIIOIb3YETCsl Ha MOH-
Ta)KHOM IJIaTe, a TAKXKE IOSICHAETCS IIPU PACCMOTPEHUHU IIPUMEPOB IPOTrPAMMHOTO
KOza.
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Puc. 9.4. 4-6uTHOe ynpaBrneH1e XUOKOKpUCTanIM4eckuM MHAUKAaTOPOM
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Puc. 9.5. SPI-ynpaBneHne XnakokpucTannyeckum NHANKaTopom
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9.2. UHnumnannsauma mHankKaropa

C momolIpI0 CUTHAJIOB TepefjaBaeéMbIX Ha BBIBOJ RS oCyIecTBIAIOT pazaeneHue
JaHHBIX W KoMmaH. [Ipyn HammYmmM HU3KOTO JIOTHYECKOTO YPOBHS Ha 3TOM BBIBOJIE
CUTHaJBI Ha BBIBOJIE S| MHTEPHpPETHPYIOTCS KakK YMpaBIAIOMAs KOMaHIA, a MPH
BBICOKOM JIOTHYECKOM YPOBHE OIpEeNsIoTcs Kak AaHHble. [Ipu mepenade gaHHBIX
U KOMaHJ mocpeacTBoM uHTepdeiica SPI napopmanus na BeiBoge SI BocmpuHu-
MaeTcs 0 TOJIOKHUTENFHOMY (GpoHTy TakToBOoro curHaita CLK. Jlms coobmenus
JKKU, ato nepenaBaemas nadopMaIs npeaHazHadeHa UMEHHO ISl KOHTpoJIIepa
uHAnKaTopa, curHain #CSB noimkeH MMeTh HU3KUH JIOTUYECKUI YpOBeHb. UTOOBI
oroOpazuts cumBon "F" B mepBoil cTpoke W B 6-i NO3MLIUKM MHAMKATOPA, HYKHO
[OCNIaTh CHavYaia KOMaHAy JJIs BRIOOpa COOTBETCTBYIOIIEH SUEHKH MaMsATH, a 3a-
tem cumBout "F". [l yctaHOBKH aapeca orepaTuBHON mamsatu 0x05, onpemensro-
miero 6-10 MO3MILMIO B MIEPBOI CTpOKE MHAMKATOPa (CM. puc. 9.2), Hy)KHO TlepenaTh
komanny 0x85. Kox, coorBeTcTByromuii BiBogumMomy cumBony "F", paBen 0x46.
[locrmegoBaTenbHOCTh CHUTHAJIOB JISI YKAa3aHHOH IMepenayd KOMaH]l W AAHHBIX 110
npotokony SPI npencrasiena na puc. 9.6.

C_SBT

Sl
A A A A A 4 A Vs
i1 10 0 10 10 11 10 11 10 1 10 10 10 11 11 10
CLK
RS
KomaHpa [aHHble

Puc. 9.6. Npumep nepegaym no npotokony SPI

Opnako mpexzae yeM oroOpaxkaTh cuMBOjbl Ha JKKI, KOHTpoiuiep MHAMKATOpa
MpU TOMOIIM HEKOTOPOH MOCIEeI0BATEILHOCTH CHEIHANBHBIX KOMAaHJ JIOJDKEH
OBITh TPOMHUIIMATH3UPOBaH. [[pn HHUIMAaTH3aIIK, B TOM YHCIIE, €My COOOIIaeTcs,
KaKue JUHUHA OyIyT WCIOJB30BAHBI IS Nepeladd MaHHBIX. UTOOBI MHIUKATOP
CMOT TIpUHUMATH MOCJeN0BaTeIbHbIC JaHHBIE, Ha BRIBOA #PSB, kak 3T0 moka3zaHo
Ha puc. 9.6, TomWKeH OBITh TOJaH CUTHAJ HU3KOTO JIOTHYeCKOro ypoBHs. [Ipu BbI-
MIOJIHEHUHN WHUIMAM3ANAN WHIAKATOpa MEXIy KOMaHIaM{ HEOOXOIWMO BCTaB-
JATh paznudHoe Bpems oxwunanus. [Ipumep anroputma wHHAIMAMM3anud 2x16-
cumBonibsHOro JKKU nokazan Ha puc. 9.7. IIpeacraBieHHble KOMaHAbI IEPEAAIOTCS
B KOHTPOJUIEP MHIUKATOPA C YI€TOM COOTBETCTBYIOIIETO 3HAYCHHS TSI BpEMEHH
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( Mopava HanpspkeHus )

OxunpaHve MyuHuMym 40 mc anst
cTabunmaaunm NpUNoXKeHHoro
HanpsPKeHns

v

Hactpotka dyHKLMOHMPOBaHUA
[Nocbinka komaHabl 0x38

v

OxunpaHne MUHUMYM 26,3 MKC

v

Hactpoiika cpyHKUMOHMPOBaHUSE
[Nocbinka komaHapl 0x39

v

OxunpaHne MUHUMYM 26,3 MKC

v

YcraHoBKa cMeLleHns
[Nocbinka komanapbl 0x14

v

OxunpaHne MruHUMYM 26,3 MKC

v

YcTaHoBKa KOHTpacTa
[Nocbinka komaHapbl 0X78

v

OxunpaHne MrUHUMYM 26,3 MKC

v

YnpaeneHue nutaHnem/
N306paKEHNEM/KOHTPACTOM
MNocbinka komaHapl 0x52

v

OxumaaHne MUHMMYM 26,3 MKC

v

YnpaBneHue nosToputenem
MNocbinka komaHabl 0x69

v

OxunpaHve MyuHumym 200 mc ans
cTabunmsaumm nNpunoXeHHoro
HanpspKkeHus

v

YnpasneHue Bkn./Bbikn.
MHOMKaTOPOM
Mocbinka komanapl 0x0C

v

OxumgaHne MUHMMYM 26,3 MKC

v

OuuncTka amcnnes
Nocbinka komaHgpl 0x01

v

OxupaHve muHumym 1,08 mc

v

YcTaHoBKa pexvma BBoAa AaHHbIX
Mockinka komaHabl 0x06

v

OxvigaHne MUHUMYM 26,3 MKC

v

C KoHeL, uHMumannsaumm )

Puc. 9.7. MHnumanusaums nHgmkaTopa
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oxkunanus. Ilpu BelnonHeHUH HHULMANU3aUK BbIBOA RS Bce Bpems nonnepxupa-
€TCsl Ha HU3KOM JIOTMYECKOM YPOBHE, IMOCKOJIBKY NPHU 3TOM IEPEAAIOTCS TOIBKO
koMmaHbl. [IpuBeeHHBIM pUMEp MHULMAIU3ALUU Al IPYTUX TpeOoBaHUil 10JI-
KEH COOTBETCTBYIOIUM 00pa3oM nozactpanBaThes. [lonpobHoe onucanne KoMaHz
MO>KHO HaWTH B IOKyMEHTAIMM KOHTposepa naaukaropa ST7036.

CHaganma mMOCpeACTBOM KOMaHZ JJII HACTPOHWKHA pexuMa (yHKIHOHHUPOBAHHS
(Function Set) xoHTpoJuIepy HHAMKAaTOpa COOOLIAIOT, YTO MHAMKATOP OJDKEH pa-
00TaTh B 2-CTPOYHOM pEKUME C HOpMallbHOHM BennunHoW mpudra. asee komaH-
Jo¥ yctaHoBKH cMmerienns (Bias Set) ompenensroT cxeMmy Ui 3amaHUsT HaIpshKe-
HUS CMEIICHHUS C MOMOIIBIO AenuTens u3 5 (cmemenue 1/5) wnu 4 (cmenienue 1/4)
BHEIIHUX PE3UCTOPOB. 3aTeM IBYMs KOMaHIaMH ycTaHOBKH KoHTpacta (Contrast
Set) u cnexyromei 3a Helt komaHmoi (Power/ICON Control/Contrast Set) ¢ mo-
MotIpio geTbipex miuammux (C3—C0) U COOTBETCTBEHHO ABYX CTAPIHX Pa3psiioB
(C5—C4) nacTpauBalOT KOHTPACT MHIMKATOPa. B 3TOM mpuMepe ycTaHOBICHHOE
3HauYeHue KoHTpacTa Oyzaer paBHo 0x28. Bciex 3a 5TUM HCIONb3yeTcsl KOMaHAA
ympasierus mosroputeneM (Follower Control), ¢ ToMOIIBIO KOTOPO# BKITFOYAETCS
BHYTpPEHHHI MOBTOPUTEINH HAMpspkeHus. [locie ero BKIFOUEHNUS 33a/1al0T TPUMEPHO
200 Mc BpeMeHU OXUJaHUS sl OCYIECTBICHUS HEOOXOIMMOM CTa0MIIN3alluy Ha-
npspkeHus. Creayromnieil KoMaH 10 BKITIOYa0T WHAUKATOp. [ 3aBepiieHns uHu-
nuamm3anun coaepxknmoe KK ounimaroT m ycTaHaBIMBAKOT, 4TO Kypcop OyneT
repeBUTaThes BIpaBo. llocie 3aBepiieHns MHANMAIM3AINA JaHHBIE MOTYT OBITh
3allMCaHbl HETIOCPEJICTBEHHO B OlEpaTHBHYIO mamsaTh uHaukatopa (DDRAM —
Display Data RAM). Ilepenanubie CUMBOIIBI Cpa3y ke OyayT oToOpakaThcs 0e3
KaKOW-THOO JOTIOTHUTENTHOW KOMaH/Ibl KOHTPOJLIEPA.

Ecnn mHIMKaTOp NpUHSII CUMBOJ MOJHOCTBIO, TO BHYTPEHHUI yKa3aTellb aBTOMa-
TUYECKU MepENIET Ha MOCIENYIOIIYIO AYEHKY MaMATH CO CTApIIUM aJpecoM, U J1a-
nee OyJeT mepenaBaThCs CHMBOJI, 3alIMCAHHBIM UMEHHO B 3Ty s4elKy. Takum 00-
pasoM, s Iepefadyd HECKOJIBKUX CUMBOJIOB JOCTaTOYHO YKa3blBaTh TOJIBKO Ha-
YaJIbHYI0 MO3WIMIO WINM HAadaJdbHBIA aJpec W TOCJIE ITOr0 MOCHIIATh JKEIaeMOe
KOJMYECTBO CHMBOJIOB TOCJIENOBATEIbHO Ha MHAMKATOp. Pasymeercs, mpu 3Tom
HY>XHO OBITb OYeHb BHUMATEIILHBIM, IOCKOJIBKY TIEPBBIH CHMBOJ BO BTOPOi CTpOKE
MMeeT 3HAYUTeNbHO OOJBIIMI ajapec, YeM aapec IOCJIEIHEro CHMBOJIa IepBOi
cTpokd (cM. puc. 9.2). [losToMy 11 BEIBOAA BTOPOH CTPOKH CUMBOJIOB 00s13aTeNb-
HO YKa3bIBalOT HOBBI HAYAJIbHBIN aJipec.

9.3. UHTephenc annapaTHbIX CpeacTB

Kak yxe Ob110 cKa3aHO paHee, B IOCJIEAYIOIINX NpUMeEpax Uisl epeaadd AaHHbIX
OyZeT HCIIONIb30BaThCs TocenoBaTenbHbIi nHTepderic SPI, mockombKy st Hero
TpeOyeTcss HeOOJIbIIOe KOIMUECTRBO JIMHUH. 11 yno0CTBa nepeayn JaHHbIX KOH-
tposiep PIC16F876A wumeeT BCTpOCHHBIM MEXaHW3M TOIJEPXKKH HHTepdeiica
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SPI. IloaToMy Gosnblie HE HYXKHO JIOMaTh TOJIOBY HaJl CHHXPOHHM3ALUEH, a MOXKHO
MIpeAoCTaBUTh yrpapienue nepenaueii PIC-kouTposiepy. Ilocie BEIOMHEHUS TIe-
penaun gaHHBIX PIC-KOHTpOIUTEp yCTaHABIMBAET CIEIHATLHBIN (Jar, KOTOPBII
cOOOIIaeT MOJIb30BATEIN0 00 YCIIEIIHOM 3aBeplIeHHH npouenypsl. K coxanenuro,
HEJIb3sI OTHOBPEMEHHO HCIoNb30BaTh 00a nHtepderica SPI u I’C, mockonbky mist
MX peayIi3allii HyXHBI OJTHU U TE 7K€ BBIBOJBI MUKPOKOHTpoJuiepa. Ha MoHTaxHOM
miare npexycMorpeHa EEPROM-niaMaATh, koTOpas nepesaeT U MpUHUMAET JaHHbIE
yepe3 untepdeiic I*C. HyxHo Teneps TOIBKO PEHINTh, KaKOi MHTEpdenc NomKeH
peann30BaThCs ¢ IOMOIIBIO BHYTPEHHUX ammaparHbix cpencts PIC-konTposuiepa.
Ha MoHTa)xHOM ITaTe UCIONB3YETCsT MOAYINb AJIA NEepelady JaHHBIX ITOCPEICTBOM
uaTepdetica I°C, T. K. 3TOT MPOTOKOI ClIoKHee, ueM mpoTtokon SPL. Tem He meHee,
4YTOObI YHpaBIAThE MHIUKATOpOM yepe3 uHTepdeiic SPI, mocpenctBoM mporpamm-
Horo obecrieuenust untepgeiic SPI umutupyercs yepes yetbipe nUPOBBIX BHIBOA
BBOJa/BBIBO/IA.

[locne mHUIMaNM3alMy MHAWKATOpAa Ha KOHTPOJIJIEP MHIAMKATOpa JOJKHBI IOCHI-
JIaThCSl TOJBKO /Ba BUAa KoMaHA. C OIHOM CTOPOHBI, 3TO Nepegaya KOMaHJ, Ha-
mpuMep, AJ1sl BEIOOpa ajpeca onepaTuBHOW MaMsATH MHAMKATOpa, a C JPYrou CTo-
POHBI — mepeaaya cuMBOJIOB. I10CKONIBKY 3TN 00€ KOMaH/Abl OYEHb 4acTO MPHMe-
HAIOTCA ISl TIEPENAYH JaHHBIX, TO JUIL UX UCTIOIB30BAHHSA HMEET CMBICI HAIIMCATh
JB€ OTIENBHBIE MOANpPOrpaMMEl. [loanporpaMMel, B MPOTUBOMNOIONKHOCTh MaKpo-
KOMaHJaM, TOJBKO OJHOKPAaTHO 3aHMMAOT MECTO B MaMATH MporpaMM. Tak Kak
MHUIMATN3alus WHAUKATOpa JAejaeTcs TOJNBKO pa3 B Hauyaje MporpamMmsl, TO HC-
MOJIb30BaHUE HEOONBIOH MaKpPOKOMAaH bl TIOMOTAET YIYYLIUTh HATIISAHOCTD MPO-
rpammel. [IpuBeneHHbIe Aanee MakpoKOMaHIa U 00e MOANPOrpaMMBl MOTYT 3aTeM
C YCIIEXOM HCIIOJIB30BAThHCS B MOCIEAYIOMEM IPUMEPE TIPOTPaAMMBI.

9.3.1. Noanporpamma ansa nepegavyv KoMmaHAabl

Crenyromasi moAnporpaMMa IMo3BOJISIET MepeJaBaTh KOMaHIbl B KOHTPOJIJIEP HH-
nukaropa. s mogmporpamMmbl TpeOyIOTCs ABa peructpa. st uX ucrnoap30BaHuUs
B MPOrpaMMe OHH, MPEXKAE BCEro, HOJDKHBI OBITh OMNPEENeHBI ¢ TOMOIIBIO JHPEK-
THUBBI EQU.

DISP SHIFT REG EQU 0x20 ;PervicTp miis XpaHEHMS CMMBOJIA MJIM KOMaHIEL
DISP _SHIFT CNT EQU 0x21 ;PerucTp cueTumka IOJig BBIBOIA IAHHEBIX

Urak, nannele, npeHa3HauCHHBIE IS Tiepenadn, OyIyT XpaHUTbCS B 8-pa3psaHOM
perucTpe, HO BeJlb ATH JaHHbIE TOJDKHBI iepenaBaThest Ha XKKU mocnenoBaTensHo.
IlosToMy HyXHa NOANpOrpaMMa, C MOMOIIBIO KOTOPOH JOJKHO BBITOJHATHCS
peoOpa3oBaHKE B MOCIEI0OBATENbHBIA MOTOK AaHHBIX. {7151 3TOr0 8-OMTHOE CIIOBO
caBuraercs BieBo 3a 8§ pa3. [lpu capure BieBo crapmunii OUT JaHHBIX BBIIBUTACTCS
Ha MecTo (uara mepeHoca W BBIBOAWUTCS Ha IOCIEIAOBATEIbHBIN HHGOPMALMOH-
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HBIN BBIBOJ SI KOHTPOJUICpAa HMHAUKATOPA. B stom npuMepe paccMaTpuBacTCA
rmoamnporpaMMa SchreibeDispKommando, KOTOpas BbBI3BIBACTCA II0 KOMaHIC
call SchreibeDispKommando. HpI/I OTOM HaJ10 YUYHUTLIBATH, YTO MCPEAABACMbIC JTaH-
HBIE TIepe]] BRI30BOM MOAIPOTPAMMEI JTOJKHBI OBITh 3arpy>KeHBI B peructp W.

SchreibeDispKommando
movwf DISP SHIFT REG ;[lepeMeCcTUTE OaHHBIE B PErMCTpP,
;IpelHasHa4YeHHbD IJIS BBIBOIA MX Ha MHIUKATOP
bcf DISP CSB ;Ha BrBome #CSB yCTAHOBUTH HUBKMII YPOBEHL,
;YTOOEl MHIOMKATOP MOT' INPMHMMATE MHbOpMAalVIo
bcf DISP RS ;Ha BEBOOmEe RS yCTaHOBUTBH HM3KMM YPOBEHb,
;TIOCKOJIbKY B IaHHOM CJlydae MepellaioT KOMaHIY
bcf DISP CLK ;YCTaHOBUTL TakTOBEM curHalsl CLK Ha HU3KUL
; YPOBEHBb, UYTOOBl HaHHEIE MOIVIM IIPMHMMATBCS
; TOJIBKO IIPM BO3pacTamleM QPOHTe cuIHasa

movlw d'8' ; 3arpy3UTh CYETUMK KOJIMYECTBOM OUTOB,

movwf DISP SHIFT CNT ;IpenHa3HAUeHHHEX IJId nepenaun (=8)
shiftKommando

rlf DISP SHIFT REG, F ; BEIMOJIHUTE COBUI OMTOB KOMAHIEI BJIEBO

;BUT mepeHoOca BBIBOOMTCSA Ha BbeBOL SI XKU
btfsc STATUS, C ;Ecm ¢mar nepenoca 0, yCTaHOBUTBH Ha
;BEIBOIIE MHIMKaTOpa SI CMIHAJl HU3KOTO YPOBHS
bsf DISP ST ;Ecim dmar nepeHoca paeeH 1, yCTaHOBUTH Ha
;BEIBOZE MHIMKAaTOpa SI CHMI'HAJI BEICOKOI'O YPOBHS
btfss STATUS, C
bef DISP SI
nop ;3anmaTe HeOOJbIIOE BpeMs OXMIAaHMS OIS
;HACTPOMKM CKOPOCTM IlepellauM B MHIUKATOP
bsf DISP CLK ;BeIIATE MOJIOXUTEJIbHED OPOHT curHasia CLK
; OIS TIpMeMa IAaHHBIX MHIOMKATOPOM

nop
bcf DISP CLK ;BelDaTh OTpMLIATENBHELM QPOHT curHajsa CLK
decfsz DISP SHIFT CNT, F ;CueTumk OMTOB yMEHbIMTbL Ha 1
goto shiftKommando ;Ecim 8 GuTOB elle He BHBENEHO,

;neperity Ha MeTky 'shiftKommando'
bcf DISP SI ;Ecim BCce naHHEE IIepenaHsl, TO

;Ha BeBOIEe SI 3amaTh HU3KMM JIOT'. YPOBEHb
bcf DISP RS ;YCTaHOBUTE Ha BBIBOIE RS HUBKMI YyPOBEHBb
~DELAY TMR1 US d'30' ;3amaTe BpeMsa OXMIOAHMA OIS MHIMKaTOpa

; (MyHMMYM 26, 3 MKC)
return ;Bo3BpaT 13 MOIONPOTPAMMEL

[Nocne BBI30Ba MOANIPOrpaMMBI COACPKUMOE peructpa W KOMUPYETCsl B PETUCTP
DISP_SHIFT REG. 3arem dopmupytot curaanel #CSB, RS u CLK Huskoro io-
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THYECKOTO YPOBHA. DTO AENAETCsl AJSl TOrO, YTOOBI MMETh ONPEENICHHOE YCIOBHE
JUIS Havaja 3amycka mporiecca nepeaadu. s ocyliecTBiIeHus nepeaadn 8 OUToB
komauael B peructp DISP_SHIFT CNT cuertumka 3ammceiBator 8. Temepb Bcs
[TOATOTOBKA 3aKOHYEHA, W TaHHBIE MOTYT IUKJIWYECKH CIBUTATHCS BIEBO, TaK YTO
cTapuvii OuT OyJeT mocTynaTh Ha Mecto ¢uiara nepeHoca. C MOMOIIBI0 KOMaH/
btfsc STATUS, C H btfss STATUS, C MPOBEPAETCs, UMEET JIM (Iar nepeHoca 3Ha-
yenne O wiu 1. [IpoBepka JODKHA MTPOUCXOAUTE JIBAXKIBI, TOCKOJIBKY CIICAYIOIIAs
KOMaH/ia, CTOSIIas IMOciie KOMaHABI MPOBEPKH, B CIydae BBITOJHEHUS YCIOBHS
nporyckaercs. Ha BeiBozie nnaukaTopa Sl Teneps OyJayT MPHCYTCTBOBAThH JOCTO-
BEpHBIC JAHHBIC, KOTOPBIC IMPH CICAYIONIEM IOJIOXKHUTEIBHOM (BO3PACTAIOIICM)
(dhporTte TakroBoro curHaiga CLK OymayT npHHSTH HHIAKATOPOM. 3aTeM IOCTe He-
KOTOpPOM 3aJIepKU TaKTOBBIA CHUTHAJl MOXXHO BEPHYTh Ha HU3KUW JIOTHMUECKUMN
YPOBEHb, UTOOBI IPU BhIIaYE CIASAYIONIET0 OUTa HHGOPMAIIUY MOXKHO OBLJIO CHOBA
(hopMHpOBaTH TONOKUATENBHBIM (POHT TAKTOBOTO HWMIyJdhbca. Temepp mocie
ycnemrHoro BeiBoia 6ura napopmaruu caetank DISP._ SHIFT CNT ymensimaercs
Ha 1. Eciu Bce 8 OuToB OynyT mepeiaHbl, TO BCE YIPABISIONINE CUTHAIBI CHOBA
BO3BPAIIAIOTCSl B UCXOTHOE COCTOSIHUE, U BBIIIEPKUBACTCS HYKHOE BpeMsl OXKH1a-
HUs 26,3 Mxc (B maHHOM ciydae Obuto BeiOpano 30 mkc). Ilocme atoro moampo-
rpaMMa OyIeT BBIIOJIHEHA M OCYIIIECTBIISICTCS] BO3BPAT B OCHOBHYIO IPOTrpaMMy.

9.3.2. MNognporpamma Agns nepegavyvm cumBona

[loamporpamMma i iepenadsl CHMBOJIa pabOTaeT aHAJIOTUYHO MOAIIPOTpaMMe s
nepegaun komaHael. [loamporpaMMbl OTIMYAIOTCS TOJBKO YPOBHEM CHTHAIa Ha
BEIBOZIe RS, oTBewaromero 3a pa3nuine KOMaH/I U TaHHBIX.

SchreibeDispDaten
movwf DISP SHIFT REG ;llepeMecTUTh IOAHHEE B PEIMUCTP,
;IpenHa3HAYEeHHEN Ui BEBOIA MX Ha MHIMKATOP
bcf DISP_CSB ;Ha BoBome #CSB yCTAaHOBUMTH HU3KMIM YPOBEHb,
;UTOOBl MHOMKATOP MOT IIPMHMMATL MHOOPMALMIO
bsf DISP RS ;Ha BeBOme RS yCTaHOBUTH BEICOKMM YPOBEHD,
;TIIOCKOJIBKY B IOAHHOM CJlydae IIepellaioT CMMBOJI
bcf DISP CLK ; YCTaHOBUTL TAaKTOBBM cuTHayl CLK Ha HM3KUM
;YPOBEHL, YTOOHI HaHHEE MOIUVIM NPMHMMATHCSH
; TOJIBKO IIPM BOs3pacTanmeM QpoHTe curHajla
movlw d'8' ;3arpy3UTh CYETUMK KOJIMYECTBOM OMTOB,
movwf DISP SHIFT CNT ;IpenHa3HAUeHHEX Ui nepenaudm (=8)
shiftDaten
rlf DISP SHIFT REG, F ; BEITTOJIHUTE CIOBUT OMTOB CMMBOJIA BJIEBO
;BUT mepeHOCa BBIBOOMTCS Ha BBBOL SI XKU
btfsc STATUS, C ;Ecm ¢mar nepenoca 0, yCTaHOBUTBH Ha

; BEIBOIE MHIOMKAaTOPa ST cuTHaJl HUBKOTO YPOBHA
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bsf DISP SI ;Ecim ¢miar mepeHoca paBeH 1, yCTaHOBUTH Ha
; BEIBOIEe MHIOMKaTopa SI CMI'HaJl BBICOKOT'O YPOBHS
btfss STATUS, C

bcf DISP SI
nop ;3amaTe HeOOJIbIIOE BPEeMS OXMIaHMS IJIs
; HACTPOMKM CKOPOCTM Iepelaul B MHIMKATOP
bsf DISP CLK ;BEIIATE TOJIOKMUTENIBHEN QPOHT curHajia CLK
;071 OpMeMa IOaHHBIX MHIUKATOPOM
nop ;3amaTe HeOoJblIOE BpeMS OXMIaHMS
bcf DISP CLK ;BElImaTh oTpuUATeNbHEN QPOHT curHaja CLK
decfsz DISP SHIFT CNT, F ;CueTuMk OMTOB yMEHBUMTbL Ha 1
goto shiftDaten ;Ecim 8 OMTOB eme He BHBENEHO,
;meperit Ha MeTKy 'shiftDaten'
bcf DISP RS ;Ecim BCe paHHBE IepenaHbl, TO
;Ha BEIBOIE RS yCTaHOBUTH HUBKUI yPOBEHBb
bcf DISP SI ;YCTaQHOBUTL Ha BHBOZE SI HUBKMM YPOBEHb
_DELAY TMR1 US d'30' ;3amaTe BpeMsa OXMIOAHMA OIS MHIMKATOpa

; (MuHMMYM 26,3 MKC)

return ;BosBpaT M3 NOAMPOIPaMMEL

UToOB! COOONUTh HHIUKATOPY, YTO B JAaHHOM CITydae OCYIIECTBIISIETCS Iepeaava
OWTOB CMMBOIA (IaHHBIX), HA CUTHAJIHLHOM BEIBOJIe RS MOMmKeH ycTaHaBIUBATHCS
BBICOKUI JIOTUYECKUN YPOBEHbD.

9.3.3. MakpokomaHaa
ANA UHUUManusaumm MHamKaTopa

B cnenyromem npumepe npeacraBieHHas MaKpOKOMaHAA BBIIOIHSAET MHULIMAIIU-
3anuto naankatopa EA DOG-M komnanumn Electronic Assembly mist oToOpaske-
Hus 2x16 cumBoioB. KOMaHIbI WMHUIMAIW3AIMU COOTBETCTBYIOT OJIOK-CXEME,
MpUBeIeHHON Ha puc. 9.7. [laHHass MaKpOKOMaH/1a MOXET UCIIOJIb30BaThCS BO BCEX
IOpyrux nporpammax. Ilpeamnochuikoil Hcnonb30BaHUS MAaKpOKOMAaHIbI, a HE MOJ-
nporpaMMhbl ABJIACTCA TO, YTO B CiIyda€ MaKpPOKOMaHIbl MPUMEHACTCA TOJBKO
JIUIIb €€ TI0JMEHa Ha MOCJIEI0BATEIbHOCTh 3apaHee ONpeeIeHHBIX KOMaHI.

Ipumep:
_INIT DISPLAY macro s VHMIMam3aumsa uHoukaropa EA DOG-M
movlw 0x38 ;Komanma: Function Set

call SchreibeDispKommando

movlw 0x39 ;Komanma: Function Set
call SchreibeDispKommando ; (DOJDKHa nepelaBaThbCs BTOPOM pas3)
movlw 0x14 ;Komanma: Bias Set

call SchreibeDispKommando
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movlw 0x78 ;Komanma: Contrast Set

call SchreibeDispKommando

movlw 0x52 ;Komanma: Power/ICON Control/Contrast Set
call SchreibeDispKommando

movlw 0x69 ;Komanma: Follower Control

call SchreibeDispKommando

_DELAY TMR1 US d'200000"' ;Bamare Bpema oxunanua 200 mc
movlw 0x0C ;Komanma: Display ON/OFF Control
call SchreibeDispKommando

movlw 0x01 ;Komanma: Clear Display

call SchreibeDispKommando

_DELAY TMR1 US d'1100"' ;3amaTh BpeMmsa oxmumauusa 1,08 mc
movlw 0x06 ;Komanma: Entry Mode Set

call SchreibeDispKommando
endm ; KoHell, MHMLIMamI3aimm

[IpencraBiaenHas MaKpOKOMAaH/AA IO OYEPEaN MepeacT KOMaHAbl HHUIMAIN3Auu
Ha MHAUKaTop. UToOBI HCCcIe0BaTh MAKPOKOMAH/y WM BBIITOJIHHUTH €€, HMEIOTCS
IBe BO3MOKHOCTH. C OIHOH CTOPOHBI, MO>KHO BBINOJHATH KOJ| MOIIAroBO IOCIE
mu3accemMOpoBanusi. K coxalieHuIo, mocie au3acceMOIMpOBaHusl HUKAKUE KOM-
MEHTapHU HEe COXPAaHSAIOTCS, TaK YTO aHAIU3 KOJa HECKOJIBKO 3aTpyansercs. Jpy-
ras BO3MOXXKHOCTb — 3TO BPEMEHHO CKOIHPOBATH KOJ MaKPOKOMAaHJBI Ha MECTO
oOpamieHnsl K HEH W 3aTeM 3alyckaTh Ha BhIMOnHeHue. OOparieHne K Makpo-
KOMaHJe INIT DISPLAY (MAKpPOBBI3OB) B 3TOM cllydae JOJKHO €CTECTBEHHO CHAO-
’KAThCS COOTBETCTBYIOIIIM KOMMEHTApPHEM.

9.4. NMpumep nporpammsbl "Hello World"

Teneps Bcst moaroToBKa i otToOpaxenus tekcra Ha JKKU 3akonuena. Cnemyro-
U TpUMeEp MPECTaBIsAeT cOO0H KIIaCCHUECKUH TIPUMEp UTS S3bIKa MPOTPaMMU-
poBanus. Ero MOKHO HaiTH MOYTH B KaXIOM SI3bIKE MPOTPAaMMHPOBaHUS. 31eCh
pedb UAET O CaMOW MPOCTOM BO3MOXKHOCTH BbIBOJA TekcTa. C MOMOIIBIO MpUBE-
JIEHHOH Jaliee TporpaMMbl Ha WHAMKaTope OynmeT BeiBeneH TekcT "Hello World!"
(3mpaBctByit Mup!") u cpasy ke OyaeT MOHATHO, ObUIA JIM YCIEIIHOW Tepeaaya.
B atom npumepe ciioBo "Hello" oToOpakaeTcs B iepBoit CTpOKe, HAUMHAS C TTO3H-
nuu 1, a cnoo "World!" Bo BTOpO# CTpOKe ¢ TO3UIHH 8.

Ipumep:
bsf DISP CSB ;lomaTe Ha MHOMKATOP CcurHaJ #CSB BHICOKOTO
;JIOTMYeCcKOro ypoeHA —-> XKV naccuBeH
bcf DISP CLK ;YcraHoBUTb curHaj CLK HUBKOI'O YPOBHA

bcf DISP SI ;YCTAaHOBUTE CUT'HAJl SI HM3KOI'O yPOBHA
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bcf DISP RS

_INIT DISPLAY

main
movlw 0x80

call SchreibeDispKommando
movlw A'H'

call SchreibeDispDaten
movliw A'e'
call SchreibeDispDaten

movliw A'l'
call SchreibeDispDaten
movliw A'l'
call SchreibeDispDaten
movliw A'o'
call SchreibeDispDaten
movlw 0xC7

call SchreibeDispKommando

movliw A'W'
call SchreibeDispDaten
movlw A'o'
call SchreibeDispDaten
movlw A'r'
call SchreibeDispDaten
movliw A'l'
call SchreibeDispDaten
movliw A'd'
call SchreibeDispDaten
movliw A'!'
call SchreibeDispDaten

goto main

;Ha BEIBOI RS mnepenaThb HU3KIMM YPOBEHb,
; COOTBETCTBYyIUMM IIeperade KOMaHI
;Illocre MHMLIMAaIM3auuM COLEPXMMOe
;MHIMKATOPa OYMCTUTL, WM MHade

; 3aIOJIHUTL ero HpobesiamMu

;Hauasio OCHOBHOTO LMKII&

;3amaTh BBIBOH CMMBOJIOB B 1-11 CTpoOke

;o 1-1m nosummm (=0x80 + 0x00)
;llepenaTe KOMaHIy MJI1S BHIIOJIHEHMS
;YCTAHOBKM ajpeca NaMATM MHIMKaTopa
;Barpysmurh crvmMeost "H" B permctp W s
;BEIBOIA B 1-11 CcTpoke C 1-i1 no3mumMm

; BRIMOJIHUTE lepenady CHMMBOJIA

;3arpys3uTe cvMBoJ "e" B permcTp W

; BEIIOJIHUTE Mepenady CHMBOJIA

;C aBTOMATMUECKMM yBeJIMUEHMEM aipeca
;0719 BRIBOIA B 1-7 CTPOKE BO 2-10 MIO3ULIMIO
;3arpysute cvMBojl "1" B permucTp W
;llepenaTe cuMBOoJ "1" Ha MHOUKATOP

;B CJIEOYWIYD IO3MLMIO CTPOKM

;llepenaTe eme omvH cuMBojr "1
;3arpysuTe cvMBojl "o" B permcTp W
;BelBeCcTU nocyenHilw OykBy B 1-11 CTpoke
;3amaTh BEBOI CMMBOJIOB BO 2-} CTPOKE
;o 8-1m nosuumm (=0x80 + 0x47)
;llepenaTe KOMaHOy IJiS M3MEHEHMs alpeca
;namaTy XKV, npuueMm nepsele 7 HOBULIMM
72— CTPOKM HOJDKHEL OCTATBbCs He IIyCTHEMM
;CuvBOJEL cyioBa "World!"™
;IIOCJIeNOBaTEJIbHO IPpyT 3a OPyT'oM IepenaTb
;0711 OTOOpPakeHMsI Ha MHOMKATOP

;B3arpysuTe cuMBosl "!" B perucTp W

; BHIMOJIHMTE KOMAaHIy BEIBOIA IIOCJIEIHETO
; CUMBOJIa BO 2-U CTPOKE

;[IoBTOPUTH BEIBOI TEKCTa CHOBa M CHOBa

B naugane nporpaMmbl 4 curHajabHBIC JTUHHUH YIipaBJIEHUA UHIAUKATOPOM yCTaHaB-
JIMBAKOTCA Ha OHpCHCHeHHHﬁ JIOTHYECKHI YPOBCHL JId Hadalla MHUIHAJIU3alUuH.
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3aTeM, 1Mo BHI30BY MAKPOKOMAH/bI INIT DISPLAY, HHAWKATOP HMHUINATH3HPYETCH.
[Ipu 3TOM menaroTcsi Bce HEOOXOAMMBIC YCTAHOBKH M COAEPKUMOE TaMSITH UH/U-
Karopa oummacTcs. l[Ipu OYMCTKE MaMATH B KXY SYCHKY MaMATH IMUIICTCS
po6et. 3aTeM Kypcop YCTaHaBIMBAETCS HA TIEPBYIO TIO3UIIMIO B TIEPBOI CTPOKE.

B ocHOBHOM 1MKJIE OTAENIBHBIE CHMBOJIBI OyIyT MepeJanbl Ha HHAUKATOP 10 ove-
pemu. CHadayia yKa3pIBaeTCsS HAYAIBHBINA aapec SYCHKN OTiepaTHUBHOW MaMATH WH-
nukaropa (DDRAM) aiist BeIBOJa IEepBOrO CHMBOJIA, a MOCHE 3TOT aapec Oyner
aBTOMAaTHYECKH yBEJIMUYMBAThCA Ha 1 mpu BeIBOz#E ouepenHoro cumouna. s yc-
TAQHOBKH ajipeca HY)KHO B MHAMKAaTop repeaath komanay Set DDRAM Address,
KOJ KOTOPO# OyIeT CKIaAbIBaThCs U3 MACKHU, YKA3bIBAIOILEH Ha KOMaHy yCTaHOB-
KU aJpeca sueiKu maMsTi, 1 coOOCTBEHHO caMoro anpeca siueiiku (puc. 9.8).

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

1 Macka komaHgb!

AC6 | AC5 | AC4 | AC3 | AC2 | AC1 | ACO | Agpec

1 AC6 | AC5 | AC4 | AC3 | AC2 | AC1 | ACO | KomaHpa

Puc. 9.8. leHepaums koga komaHabl A8 YCTaHOBKU agpeca onepaTvBHOM NamsaTi MHAMKaTopa

[Tocne sToro komanga nepeaaercsi B KOHTPOJUIEP MHAUKATOPA.
Ipumep:

Ecau cuMBOJI JOSKEH BBIBOJUTHCS B IEPBOM CTPOKE B MO3ULMM 12, TO JOJIKHA
IIOCBLIATHCS CIEAYIOIAs KOMaH/a:

Kon xomanabel = Macka komanabel + Aapec = 0x80 + 0x0C = 0x8C

Uto0bl 0TOOpPa3UTh CUMBOJ BO BTOPOH CTPOKE B MO3MIMHU |, AOJDKHA mepesa-
Bathca komanma 0xCO:

Kon xomannel = Macka komanasl + Aapec = 0x80 + 0x40 = 0xCO0

Ha mpumepe BriBoga tekcra "Hello World!" MokHO 3amMeTHTB, 9TO CHMBOJIBI TIEpe-
natotcs kak cuMBoJibl ASCII-kona. [TomoOHBIM 00pa3oM BBINIOIHSECTCS BBIBOJI, HO
TOJIKO CTaHJAPTHBIX CHMBOJIOB. Pazymeercs, Tak 3aJaBaTh CHEIHaIbHbIE CHUMBO-
JIbI, TAKUE, HAPUMEP, Kak (2, IpHU UX BLIBOJIC HEIh3s. B TakoM ciiydae Hy>KHO Haii-
TH CHMBOJI B CTaHAApPTHOW TaOJIMIle CHMBOJIOB KOHTpoIiepa uaaukaTtopa ST7036,
a 3aTeM BbIOpaTh COOTBETCTBYIOIIMI KO, HEOOXOAUMBIH JJIsi OTOOPaXKEHUS 3TOTO
cumBoiia. TakuMm 00pazom, U BEIBOJA CHMBOJIA e€IUHUIIB m3MepeHus "Om", T. e.
cuMBosIa (), HY)KHO HCTIOIB30BaTh Kog Ox1E.
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aHanoroBoro HanpsXXeHus

B nmpumepe BoiBoga tekcra "Hello World!" npeacraBien nporpaMMHBIA KoZ, AJIs
0TOOpaXXeHUsI Ha KUIKOKPUCTAJUINYECKUH MHAUKATOP CTaTHYECKOro Tekcra. [la-
Jiee Ha NpUMepe U3MEPEHUS HaPSHKeHUs OylleT MOKa3aHo, KaK MOXHO IPEICTaB-
JSTh Ha WHAMKATOpE IWHAMU4eckue maHHble. C mepBOro B3IVISLA ATO KaXKETCS
IPOCTBIM, HO U 3/1€Ch, pa3yMeeTcs, UMEETCsl HECKOJIBKO MPOo0IeM, KOTOpbIE HE00-
xoauMo pemaTs. CHavyaga aHAJIOroBOE HANPSHKEHHUE JOJDKHO ObITH PeoOpa3oBaHO
B mupoBoe 3rHaueHne. OHAKO MOTYYSHHOE 3HAYeHHE BBHIXOIHOTO 1HdpoBoro 10-
OWTHOTO KOJIa HE MOXKET OBITh HEMOCPEICTBEHHO INepeAaHo sl OTOOpakeHUsT Ha
HHAUKaTOpe. DTO 3HAa4YEHHUE, MPEXEe BCEro, JOJKHO OJHO3HAUYHO WHTEPIPETHPO-
BaThCsl Kak Hampspkenue. [loaTomy ecnu onpezaeneH nupoBold KO At BXOAHOTO
HU3MECPACMOTI'0 HAINPsKCHHA, TO €ro HYXHO MNOPEABAPUTCIBHO 3aKOAUPOBATL B
ASCIl-xon mist naneHedmero orobpaxeHus: Ha uHaUKaTope. UtoOsl Bce 3TO pea-
JIN30BaTh, CHayasa OyIyT pacCCMOTPEHBI BE MOAIPOTrPaMMbl, KOTOPBHIE BBIIOJIHAIOT
COOTBETCTBYIOIIHE TpeoOpazoBanns. OgHAKO Tiepes] STUM TpeOyeTcss HEMHOTO Ma-
TEMAaTHKU, YTOOBI JIydlI€ NOHUMATh BBIIIOJHACMBIC BHIYUCIICHUA.

10.1. BbluncrneHue HanpsxeHUsA

Amnanoro-tudpooii nmpeodpazoBatens (ALII) BeigaeT Ha BBIXOAE MpeoOpa3oBaH-
Hoe nBomdHOe 10-OmtHOe 3HaueHme mexay 0 u 1023. B nanmpHeiimeM Oyaem wuc-
XOAMTH M3 TOTO, YTO JUIs MPeoOpa3oBaHusl B KaUECTBE OMOPHOTO HAPSHKEHUS HC-
MOJIB3yeTCsl MUTalolIee HanpsbkeHue paBHoe 5 B. Takum o6pazom, 3Hayenue 1023
COOTBETCTBYET HampspkeHuto 5 B. @opmyna 11 BBIUMCIEHHS aHAJIOrOBOTO Ha-
MPSDKCHUS BBITTIANT TaK:

B Nper+0,5. - Nper+0,5.

U =—rFr "y, = 10.1
o 1024 REF 1024 (10.1)
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VYxe 31ech NosBIsSETCS NepBast TPyAHOCTb. 110CKOIBKY MUKPOKOHTpOIIEP "BHYT-
pu" ONepUPYET TOJIBKO C LIETOYUCICHHBIMU 3HAUEHUAMH, TO clokeHue yucaa 0,5 u
3HAYCHHUsI BEIXOXHOTO 1i(ppoBoro koxa perucrpauuu N HE Tak-TO IPOCTO BbI-

T
MOJIHUTH. [10CKOIBKY OMOPHOE HATIPSHKEHUE TOYy4YaeTCs U3 HANPSHKCHUS TUTaHUS
¥ HE OYCHb TOYHO, TO MOXKHO 0e3 0COOBIX Mpo0IeM cleiaTh MaJICHBKOE YIIpOIIe-
HUe B (hopMyJie, KOTOPOE 3HAUYUTENLHO YIIPOCTHT MOCIeytolee Bprarncienue. Ec-
m B dopmyne (10.1) omyctuts criokerue ¢ 0,5, To BO3HUKAIOIICH B pe3ynbTare
ATOTO MOTPEIIHOCTHI0 PaBHOU MpuUMepHO 2,4 MB B OOJIBIIMHCTBE CIy4acB MOXHO
npereOpeus. Eciu ke TpeOyroTcs 0ojiee TOYHBIC 3HAYCHUS, TO HY)KHO TPelycMaT-
puBath nojakmodenne BaenrHero AL, KOTOPBI MOXKET BBIOIHATH O0JIee TOUHBIE
n3Mepenus. CienoBaTelibHO, ¢ YIETOM HAa3BaHHOTO paHee YNpouieHus (Gopmyna
JUTSL BBIYHMCIICHUH OYJIeT BBITIISACTH CICYIONIMM 00pa3oM:

N I
U, =—".5B (10.2)
1024

Crenyromast mpoOiieMa MOSIBISIETCS, KOTZIa HEOOXOIMMO paccUMTaTh aHaJIOrOBOE
HanpspkeHue. PIC-koHTposiep MOXeT onepupoBaTh TOJBKO C LEIOYHCIECHHBIMU
3HA4YEHUSIMH, a B 3TOH (popMmysie pe3ynbTaT — 3TO PalMOHAIBHOE YHCIIO C pa3psi-
naMu rocie 3anaTod. I[1ocKonbKy pe3yapTaT MOXKET ONPENeNiThCsl ¢ TOYHOCTHIO
npuMepHo 5 MB, TO A 0TOOpaskeHHs pe3ynbTaToB OyAET TOCTaTOYHO TPeX pas-
PAOB IOCIE 3ansaToi. s JanbHENIIEero yIpoIEeHHs BBIYUCIEHUN OTKa3bIBAIOTCS
OT TPEThEro paspsAna MOocCie 3aMiAToH, T. K. IPU 0TOOpaskeHUH pe3yiibTara C IByMs
paspsiiaMu TI0Cie 3alsAaTol HorpentHocTs Oynmer npumepHo 10 MB. UtoOsr 06xo0-
IUTH 3Ty TIPoOIIeMy C paspsiaaMu Mocie 3ansaTol, paccuntbiBaoT 100-kpaTHOE Ha-
MpsDKEHHE, a 3aTEM COOTBETCTBYIOIIUM O0pa30M YCTaHABIMBAIOT 3allSTYI0. Y MHO-
xeHue Ha 100 mpuBOAMT K Clieayromei Gpopmyie:

N
U,, -100=—2".100-5B (10.3)
1024

UToOB! ONTUMHU3UPOBATH MOCIEAYIONIEEe BEIYUCICHUE, UMEET CMBICH €Ille HEMHOTO
peoOpaszoBath popmyiy 1 "MOMOTHATE" €€ I BBIYUCICHUS C TIOMOIIBI0 MHUKPO-
koHTpoiiepa. [lockonsky y PIC-MuKpOKOHTpOIIIEpa HET KOMaH/ JUIsl YMHOXKEHUS
U JENeHUs, TIOATOMY 3TH MaTeMaTHUYECKHE OTepaluyd JOJKHBI OCYIIECTBIATHCS
IeHCTBUSIMH apU(PMETUKH — CIIO)KEHHUEM, BBIYMTAHHEM W OIEPAIMsIMHA CIBUTA.
Tax, oneparuro yMHOXEHHS Ha 2 MOKHO 3aMEHUTH BBITIOTHEHHEM OJTHOTO CIIBHTA
OWTOB BIIEBO, a JIeNEeHNs Ha 2 — cIBUroM Brpaso. [loaromy popmyny (10.3) Hy*)-
HO ONTHMH3HPOBATh TaKUM OOpa3oM, 4TOOBI MOXKHO OBLIO OOXOIUTHCS 3TUMHU
4 xomaHgaMu (CIIOXKCHISI, BRIYUTAHUS, CIBUTA BJIEBO U CABUTA BIpaBo). st aToro
MO>KHO MPEATIPUHUMATH CIIEAYIOINNE MPeoOpa30OBaHus:
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500 _\ .400+100
1024 ™" 1024

U, 100=N,_ [400+100)_\ (100 100
P 1024 P 256 1024

U_-100=N_ - §+£):N (2B ) (104
erlea 256) "\ 64 64-2-2

W3 npeoOpazoBaHus BUIHO, YTO BBIXOJAHOHN ITU(PPOBOIA KOJ TpeoOpa3oBaTels HyX-
HO YMHOXKaTbh Ha 25 W JEeJUTh 3aTeM Ha 64. Jlemenne Ha 64 MOXKET peaan30BaThCs
HEOJIHOKPATHBIMHU CMEIICHUSIMH BIIPaBO, T. K. pedb UACT O creneHu 2. UToOb
Jydilie MOKHO OBbLIIO TIOHSITH MOCJEIYIONIYIO TOIPOrPaMMYy, BBITIOJHUM ONpee-
JICHHUE CIIEIYIOIIUX PErUCTPOB:

Ner
U, -100=—".100-5B=N,_ -
1024 P

ADC L EQU 0x30 ;Kommmsa sxHauenms Al

ADC H EQU  0x31

ADC Lx25 EQU 0x32 ;B3HaueHye ALl yMHOXeHHOe Ha 25

ADC Hx25 EQU 0x33

ADC Lx25 64 EQU 0x34 ;BHauenme Alll yMHOXeHHOe Ha 25/64

ADC Hx25 64 EQU 0x35

ADC Lx25 64 EQU 0x36 ;BHauenme Allll ymMHOXeHHOe Ha 25/256
ADC Lx25 64 EQU  0x37

Ux100 L EQU 0x38 ;B3HaUeHMEe HaNpsKkeHMs yMHOxeHHoe Ha 100
Ux100_H EQU 0x39

Uto0sl peann3oBaTh YMHOXKEHHE Ha 25, MOXKHO Pa3/IeiNTh 3TO JISHCTBHE Ha Clie-
JYIOLINE OLEepPaLH:

25=(2+1)-2-2-2+1

Hcrionp3ys puBeIeHHBIE YIPOIIEHHS, MOXKHO HAIMCAaTh MOANIPOTPaMMy aHAJIOTO-
rpoBoro Mpeodpa3oBaHus AD konvertieren.

10.2. MNoagnporpamma "AD_konvertieren

AD konvertieren

_BANK 0
movf ADRESH, W ;llostyunTh cTapumt OamT 3HaueHus ALl B permuctpe W
;movliw 0x01 ;30ech MOXHO Iepe3anucaTbh 3HadeHue Alll
; TecTOBEM 3HauveHmeM 0x01
movwf ADC H ;Crapunmi GanT 3HadeHusa Alll CKOMMpOBaTb
;B permcTp ADC H
movwf ADC Hx25 ;Crapunmt 6amT 3HadeHus Alll eme pas CKONMPOBATH

;B permcTtp ADC Hx25
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_BANK 1

movf ADRESL, W
_BANK 0

;movliw 0xEO

movwf ADC L
movwf ADC Lx25

;YMHOXeHMe Ha 25
bcf STATUS, C

rlf ADC Lx25, F
rlf ADC Hx25, F
movf ADC L, W
addwf ADC Lx25, F
btfsc STATUS, C
incf ADC Hx25, F
movf ADC H, W
addwf ADC Hx25, F
bcf STATUS, C

rlf ADC Lx25, F
rlf ADC Hx25, F
bcf STATUS, C

rlf ADC Lx25, F
rlf ADC Hx25, F
bcf STATUS, C

rlf ADC Lx25, F
rlf ADC Hx25, F
movf ADC L, W

addwf ADC 1x25, F

btfsc STATUS, C
incf ADC Hx25, F
movf ADC H, W
addwf ADC Hx25, F

movE ADC Hx25, W
movwf ADC Hx25 64
movE ADC Lx25, W
movwf ADC Lx25 64

;3Hauenme AUl 25 pas

;losyunThs Minamumy OamT sHaueHus ALl B permucTpe W

;30ech MOXHO Iepes3amnmcaTb 3HadeHue Allll
;TecToBEM 3HaueHueM 0xEOQ

;Mnammni 6anT 3HadeHus Alll CKOMMPOBAThb

;B permcTp ADC L

;Minamunai BamT 3HauveHus Alll eme pas3 CKOMMPOBATH
;B perucTtp ADC 1Lx25

;CopocuTe Qiar nepeHoca Iepen olepaluer cOBuUTa
; YMHOXMTBE Ha 2 C IIOMOUBI0 CIBUT'A BJIEBO

; comepxmMoro pernctpos ADC Lx25 m ADC Hx25

; ClloxeHre BHadYeHU

; (cooTBeTCTBYEeT B OOMENM CJIOKHOCTM YMHOXEHMIO Ha 3)

;COpocuTh Qrar mnepeHoca Nepel onepaluelr cOBura

; BEIMOJIHUTE OlepalMio COBUI'a OMTOB BJIEBO, UWTO

;B Ofmer CJIOXHOCTM COOTBETCTBYET YMHOXESHMIO Ha 6
;COopocuTe Qiar nepeHoca Iepen olepaluel cOBura

; BBINMOJIHUTE Ollepaluyio COBUI'a OUTOB BJIEBO, YTO

;B OOmeNr CJIOXHOCTM COOTBETCTBYET YMHOXEHMIO Ha 12
;CopocuTe iar nepeHoca Iepen olepaluel cOBuTa

; BBIMNOJIHMTE Ollepaluyio COBUI'a OUTOB BJIEBO, YTO

;B OOWeNr CJIOXHOCTM COOTBETCTBYET YMHOXEHMIO Ha 24
; JoGaBUTH €elle OOHO 3HadeHMe, UTO

;B OOWEeNr CJIOKHOCTM COOTBETCTBYET YMHOXEHMIO 25
;lloMecTuTs MIamunai OaMT pes3ysbTaTa yMHOXEHMS

;Ha 25 B permctp ADC 1x25

;lloMecTTh CcTapunai OanT pes3ysibTaTa yMHOXEHMS
;Ha 25 B permcTp B ADC Hx25

;CxommpoBaTe codepxmmoe permcTtpa ADC Hx25
;B permcTp ADC Hx25 64

;CxommpoBaTe codepxmmoe permcTpa ADC Lx25

;B permcTp ADC Lx25 64

nenmMrcsa Ha 64

; (BHIIIOJIHEHME OllepallMy CHOBMI'A BIPABO 6 pas)

bcf STATUS, C

;CopocuTe Qiar nepeHoca Iepen olepaluel cOBuTa
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rrf ADC Hx25 64, F  ;BeIOJIHMTE ONEpPaLMi COBMIA BIPAaBO,

rrf ADC Lx25 64, F  ;KOoTOpas COOTBETCTBYET ICJICHMIO Ha 2

bcf STATUS, C ;COpocuTh Grar nepeHoca Iepel onepaluey cIBUra
rrf ADC Hx25 64, F  ;BuIIOJIHUThL ONEpaLMio CIBMI'a BIPaBO, UTO B 3TOT
rrf ADC Lx25 64, F  ;MOMEHT yXe COOTBETCTByeT NeJIeHUO Ha 4

bcf STATUS, C ;COpocuTh Grar nepeHoca Iepell ornepaluel CIBUTa
rrf ADC Hx25 64, F  ;BuIIOJIHUThH ONEpaLMio CIBMI'a BIPaBO, UTO B 3TOT
rrf ADC Lx25 64, F  ;MOMEHT COOTBETCTBYeT INEeJICHMO Ha 8

bcf STATUS, C ;COpocuTh Qrar mnepeHoca Nepel onepaluelr cOBura
rrf ADC Hx25 64, F  ;BuIIOJIHUTBH ONEpauMio CIBMI'a BIPaBO, UTO B 3TOT
rrf ADC Lx25 64, F  ;MOMEHT COOTBETCTBYeT NeJIeHMO Ha 16

bcf STATUS, C ;COpocuTh Qrar mnepeHoca Nepel onepaluelr cOBura
rrf ADC Hx25 64, F  ;BuIIOJIHUThL ONEpauMio CIBMI'a BIPaBO, UTO B 3TOT
rrf ADC 1x25 64, F  ;MOMEHT COOTBETCTByeT IeJIeHMO Ha 32

bcf STATUS, C ;COpocuTh Qrar mnepeHoca Nepel onepaluelr cOBura
rrf ADC Hx25 64, F  ;BuIIOJIHUThL ONEpauMio CIBMI'a BIPaBO, UTO B 3TOT
rrf ADC 1x25 64, F  ;MOMEHT COOTBETCTByeT IeJIeHMO Ha 64

movf ADC Hx25 64, W ;CkommpoBaThk comepxvmMoe permuctpa ADC Hx25 64
movwf ADC Hx25 256 ;B permcTp ADC Hx25 256

movf ADC Lx25 64, W ;CkomMpoBaTh comepxrymMoe perucTpa ADC Lx25 64
movwf ADC Lx25 256 ;B permcTp ADC Hx25 256

;BHaueHme AUl 25 paz3 mesmrcsa Ha 256

; (pesysnbTaT mesjieHus Ha 64, BBIIOJIHASA

; 2 cOoBMIa BIPaBO, eumle meynaTr Ha 4)

bcf STATUS, C ;COpocuTh Qrar mnepeHoca Nepel onepaluer cOBura
rrf ADC Hx25 256, F ;BBIOJHUTE ONepaumio CIBMIA BIPABO, UTO

rrf ADC Lx25 256, F ;COOTBETCTByeT IeJIeHMmo Ha 128

bcf STATUS, C ;COpocuTh Qrar mnepeHoca Nepel onepaluelr cOoBura
rrf ADC Hx25 256, F ;BEIIOJHMTE ONepalMio COBUIa BIPABO, UTO

rrf ADC Lx25 256, F ;COOTBETCTByeT HeJjleHmo Ha 256

;CrioxeHre 3HaueHmt ADCx25/64 m ADCx25/256

movf ADC Lx25 64, W

addwf ADC Lx25 256, W

movwf Ux100 L ; BHaUEHMe HapsXeHMs yMHOXeHHoe Ha 100 (mir. ©Oair)
btfsc STATUS, C

incf ADC Hx25 256, F

movE ADC Hx25 64, W

addwf ADC Hx25 256, W

movwf Ux100 H ; BHaueHMe HapsSxeHus yMHOXeHHOoe Ha 100 (cT. Oamnr)

return

[Tocne BbIMONHEHUS MOANPOrpaMMBbl 3HaYCHHE W3MEPEHHOTO HANpSKEHUsI, YMHO-
xxeHHoe Ha 100, Oymer XpaHUTHCS B 000MX PErucTpax Ux100 H M Ux100 L U MOXKET
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WCIIONIb30BAThCH B AaibHelmeM. [Ipy BEIIOTHEHUM Omepalfii cBUTA HYKHO 00-
pamiath BHUMaHUE Ha TO, YTO (piar mepeHoca nepe]| ornepalyeil 00sI3aTeNIbHO JT0JI-
JeH OBITH COpOIIIEH (OYHUIICH), IIOCKOJIbKY HHAYe 3HaUEHUE (piiara mocse onepamuu
CIOBUTA MOXKET UCKa3UTh PE3YJIbTAT, 3aHAB MECTO MIIaIIero Oura peructpa. B Ha-
gajie TeKCTa MOAIPOrpaMMbl HaXOIATCS JIBE 3aKOMMEHTHPOBAHHBIX CTpOkH. Ecim
HY>KHO UIMUTUPOBATh IPOTPAMMY U MPOBEPUTH BBIYUCIECHUE, TO MOXKHO Pa3pEIIUTh
BBITIOJTHEHHE 3TUX 00EMX KOMAaHJ| M TeM CaMbIM Iepe3arucarh pe3yJbTaT, MOy-
yennblil AL[1. Takum oOpa3om, MOXKHO 3a1aTh Jir000e 3HaYeHue st AL u mpo-
CMaTpHUBaTh BBITOJIHEHUE BBIUMCICHUN B moxnporpamme. OTHAKO 3TH CTPOKH
JIOJDKHBI OBITH 3aKOMMEHTHPOBAHBI HITH YK€ YIAICHBI TIepeT 3arpy3Koil TporpaMMbl
Ha MUKPOKOHTpOJIIEp, TIOCKOJIBKY WHAaue Ha MHIUKAaTOpe Bcernma Oyaer otoOpa-
’KaThCsI OMHO U TO K€ TECTOBOE 3HAUCHHE.

10.3. Npeobpa3zoBaHMe ABOUYHOIro Yncna
B AE€CATUYHOE YUCNO

[locne BBIONHEHUS] TOANPOTPaMMBI AD konvertieren OyJeT MOJNYYEHO pPaccyu-
TaHHOE JIBOMYHOE 3Hau€HHE HanpshKeHus. Pasymeercsi, OHO elie HE MOXET OBITH
0TOOpaXEHO Ha XKUIKOKPUCTAINYECKOM MHAuKaTope. IloaTromy HeoOxoaumo ere
JOTIOJIHUTEINIbHOE ITpeoOpa3oBaHue. 3HaUEHUE HANPSDKEHUS — 3TO 4ucio Mexay 0
u 500 1 OHO MMeeT TPH AECATHYHBIX paszpsaa. UToOwl onpenennTs pa3psi COTEH,
HYXXHO pa3ieinTh 3HaueHue HanpspkeHust Ha 100 u Takum 0Opa3oM MOJy4YHThH Me-
CTO [u1s 3ansaToN. K cokaneHnto, BEIIOIHUTD JIENIEHHE HE Tak-TO IMpocTo. IToatomy
HY>KHO OOpaTUTHCS K ONEPaLMy BBIYNTAHUS U BBIYUTATh U3 3HAYCHUS HANPSDKEHUS
100 Tak noaro, moka pe3yJsbTaT HE CTaHET OTPHULATENbHBIM. KOonruecTBO BO3MOX-
HBIX BBIYMTAHUHN TOTJa YKaKET Ha YMCJIO0 COTeH. Tak jke MOCTYMalT C MOCIeIHUM
MOJIOKUTCIIbHBIM MOJYYUBIIUMCA OCTATKOM [JId OIPEACIICHHUA 4YHKCJia JCCATKOB.
ITocnenHuii NOyYUBIIUKCS OCTATOK, KOTOPBIM MOITYyYaeTcs MOCIE HEOAHOKPATHO-
ro Beruutanus 10, yka3plBaeT Ha 3HAYCHUE YUCIIA CIUHULL.

Ipumep:
Ormpenenenue ynciia COTeH.
321-100=221 (1-e ycmenrHoe BeIMUTAHUE)
221-100=121 (2-e ycmeniHoe BEIYMTAHHUE)
121-100=21 (3-e ycnenrHoe BeIMUTaHUE)
21-100=-79 (OtpunatensHOE 3HaUeHUE. BBauTaTh OOMbIIe HE HYKHO).

Yucno 100 BEIYMTANIOCH TPH pa3a 0e3 BOZHUKHOBEHHS OTPHUIATESIBLHOTO Pe3ysibTa-
ta. [TosTOMY 3HaUeHHe YncIa COTeH OyAeT paBHO 3.
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Omnpenenenue yucia JeCATKOB:

21-10=11 (l-e ycmeurHoe BEIYNTAHHUE)

11-10=1 (2-e ycnienrHoe BIYMTaHUE)

1-10=-9 (OtpunarensHoe 3HaUeHNE. Brraurate 60bIIe HE HYXKHO).

Yucno 10 aBax1pl yCHENIHO BBIYNTAIOCH, TAKMM 00pa3oM 3HAUYEHHE YHCIIA AECST-
KOB OyzeT paBHO 2.

Ywucno enuHUI] — 3TO OCTaTOK, KOTOPBIM OCTAETCs MOCIIE MOCICIHETO YCIICITHOTO
BerauTaHus 10, ¥, KaKk BUIHO U3 pUMeEpa, OHO paBHO 1.

OnucaHHbIi MCTO/J| BbIYMCIICHUA U NIPUMCHSACTCA B CICAYIOLIEM MMPUMEPE MOAIIPO-
rpaMMBI B2D.

ITlpumep:

B2D
_BANK 0
movf Ux100 H, W ; CKOMMPOBAaTh BHAUEHME HAMNPsXeHMs IJIS BLMMCIISHMM
movwf CALC H 1
movf Ux100 L, W
movwf CALC L 1

clrf COUNTER ;CueTuyK, KOTOPBEDA CUMTAET KOJIMUECTBO YCIIEUHBIX
; BEIUMTaHMI
subtrahieren H ; BelamTaHMe COTHM
movlw d'100' ;Umciio 100 miig BEUMTAHMMA
movwf CALC L 2 ;nomMecTTe B pernctp CALC L 2
clrf CALC H 2 ;Oumcture permcTtp CALC H 2, NOCKONBKY OJiA

; BEIUMCJIEHVIM OH He TpebyeTcs
call Sublé6 ; BeIMOJIHUTE 16-0uTHOe BeumMTaHre 100 M3 3HaueHUd
;HanpsxeHus B perucTpe Ux100 H/L
btfsc STATUS, C ;[IpOBEPUTH, pPe3yJbTaT INOJIOXUTEJIBHBI MII
; OTPMLIATEJIbHBI
goto ergebnis Pos H ;ECiM pesyJsibTaT MNOJIOXUTEJBLHEL, TO BHIIOJIHMTH
;BeamTanme 100 eme pas
goto ergebnis Neg H ;Eciu pesysibTaT OTPMUATEJBHEDI, TO UMCJIO COTEH
; Tenepb M3BECTHO
ergebnis Pos H
incf COUNTER, F ;CueTumK uMcJla COTEH yBEJIMUUTb U elle
goto subtrahieren H ;pas nepenTu k npoledype BeramTanua 100
ergebnis Neg H
movlw d'100"' ;llockomybky umciio 100 BRMIIM OOMH JIMIIHMIL pPas3,
;TO HYXHO €T'0 CHOBa HOOaBUTH
movwf CALC L 2
clrf CALC H 2
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call Addle ; Dobapsienne 100
movE COUNTER, W ;B perucrpe COUNTER xpaHuUTCA
;UMCIIO COTEH B 3HAUYEHMM M3MEPEHHOT'O HalpPsKeHMS
movwf DISP HUNDERTER ;CkommporaTe comepxvmMoe peructpa COUNTER B
;perucTp DISP HUNDERTER
clrf COUNTER ;OumcTuTe cueTumk COUNTER
; 0718 TOCJIeNyIIMX BBMMCIJICHMM

subtrahieren 27 ;BEIUMTaHMe OecaTKa
movlw d'10' ;Umerio 10 mmia BeMUTAHUA
movwf CALC L 2 ;nomecTmThs B peructp CALC L 2
clrf CALC H 2 ;OumctuTe permctp CALC H 2, MOCKOJBKY IJIA

; BE[YMCJIEHVMM OH He TpebyeTcs
call Sublé6 ; BemosnHuTe 16-06uTHOe BhRMMTaHMe 10 u3
; OCTABIIET'OCS BHAUEHMS HaIPsKEHMS
btfsc STATUS, C ;[IpOBEPUTH, Pe3yJIbTAT IIOJIOXUTEJIbHEI I
; OTPULIATEJIbHB
goto ergebnis Pos Z ;EciM pesynbTaT MOJIOXUTEJIbHEDI, TO BBEIIOJHUTH
;BeMTaHme 10 eme pas
goto ergebnis Neg Z ;Ecim pesynbTaT OTPULATENIbHEDI, TO WMCJIO HECATKOB
; TeTepb U3BECTHO
ergebnis Pos 7
incf COUNTER, F ; CueTurK 4umMcila OEeCATKOB YBEJIMUUTL U elle
goto subtrahieren 7Z ;pas nepentn kK npouenype BeMMTaHMa 10
ergebnis Neg 7
movlw d'10"' ;llockosybky umciio 10 BEMWIIM OOMH JIAUHMI pas,
; TO HYXHO eT'0 CHOBa H00aBUTH
movwf CALC L 2
clrf CALC H 2

call Addle ; DoBapyenme 10
movE COUNTER, W ;B peructpe COUNTER xpaHuUTCA

;UMCIIO OeCATKOB B BHAUEHMM M3MEPEHHOTO HaIpsKeHMS
movwf DISP ZEHNER ; CxonmpoBaTe comepxmoe peructpa COUNTER

;B perucTp DISP ZEHNER
movf CALC L 1, W ;llosmydyeHre 4uciia eIMHUL, 13

; comepmmoro perncrpa CALC L 1
movwf DISP EINER ;KommpoBanme sToro umcia B permucTp DISP EINER
return

B Hauvane momnporpaMmbl 3HaU€HHE U3MEPEHHOTO HAMpPsDKEHHS, KOTOPOE YMHOKa-
nmock Ha 100, 3arpykaercs B perUCTPHI, MIPEAHA3HAYCHHBIC JJI BBHITIOJHEHUS OIle-
paumu 16-6utHOrO BhIYMTaHUA. [I0CKONBKY B TaHHOM Cilyyae B BRIYUCICHHSAX MO-
T'YT UCTIOJH30BAThCS 3HAUEHUS OONbINe, 4eM 8 OUTOB, TO AJIS1 BEIYUTAHUS HCIIOINb-
3yeTcsi MOINPOrpaMMa HMEHHO 16-OMTHOTO BBIUYHTAHHSA Sublé (cm. 2nasy 8).
[Tocne Berautanus 100 nmpoBepsieTcs, OTPULIATENIEH JH PE3yJIbTAT WM K€ MOJIOKHU-
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TeleH. B choydyae mMONOXHUTENBHOrO pe3yibTara OyAeT NepexoJ] Ha METKY
ergebnis Pos H JJIS MPOJOJDKCHUS BBIYMTAHUS, a CUCTUYUK OYJIET YBEJIMYEH Ha
eauHUIly. Ecmu pesynbTaT OTpUIaTeNieH, TO OyIeT TMepexoj Ha MeTKYy
ergebnis Neg H. IlOCKOJNBKY B 3TOM Cily4ae U3 3HAYCHUS BBIWIN COTHIO JIUIITHUN
pa3, TO CHOBa JOJDKHO OBITh moOaBiieHo 4wciio 100, 9ToOBI OBIIIO BO3MOXKHO ITO-
cieayroniee BbuuciieHne. [locie BBIMOTHEHUS OMEpalud CIIOKEHHs 3HAaYeHHE
cueTyrKa (COUNTER) KOITUPYETCS B PETHCTP DISP HUNDERTER. Beien 3a aTumM aHano-
THYHBIM 00Pa30M PACCUUTHIBAETCS] YHCIIO JIECATKOB B U3MEPEHHOM HAIPSDKCHHH.
OpmHako mepea 3TUM CUCTYMK COUNTER JIOJDKEH OBITh 00HYIeH. [locie BeraucieHus
3HAYCHUI JICCATKOB YUCIIO KOMUPYETCS B PErHCTP DISP ZEHNER. [lomyueHHBIH oC-
TaTOK Oy/IeT MCKOMBIM YHCIIOM EIHMHHI], KOTOPOE TAKXKe COXPaHSIETCs B OTBEJICH-
HOM JUJIsl 3TOTO PETUCTPE DISP EINER.

10.4. OcHOBHaa nporpamma

brnarogapss moaroTroBuTenpHON paboTe, BBHIMOTHEHHOH B O0EMX MOIMpOrpammax,
OCHOBHasl IIPOrpaMMa OTHOCHUTEJIBHO KOPOTKA W HarjsiiHa. B Hel NOKHBI MHU-
UATA3UPOBATHCS KUAKOKpUCTAIUTHUecKuit mHaukaTop u ALIL, a 3arem B ocHOB-
HOM IIMKJIE TEKyIlee N3MEPEHHOE 3HaUCHUE HANPSDKEHUS! JOJDKHO BBIBOAUTHCS Ha
WHJIAKATOP.

start ;Hauaso nporpamMer
;Initialisierungen
_BANK 0
clrf PORTA ;OUMCTUTE BCE PEIUCTPEL [IOPTOB
clrf PORTB
clrf PORTC
_BANK 1
movlw b'10001110" ;OnpenermTs BRBOL AN(O, Kak aHaJIOT'OBLIM BXOI
movwf ADCON1 ;PesysbTaT BEPaBHMBATE IO NPaBOMYy Kpako
movlw b'11110011" ;OnpenesmTs BRIBOIEI RA3 1 RA2 mopTa A, kak
movwf TRISA ; UMQPOBEIE BBIXOIBI, & OCTAaJIbHBIE — BXOIEL
movlw b'11000000" ;OnpenesmTs BRBOIEI RB7 1 RB6 mopra B, kak
movwf TRISB ; UMQPOBEIE BXOIEI, & OCTAJIbHEIE — BBIXOIEI
movlw b'11111111" ;Bce BeBOOEI nopra C — uUMPPOBEIE BXOIEI
movwf TRISC
_BANK 0
movlw b'01000000" ;Vamumamm3yposaTs Alll, kaHan 0 (ANO),

;Fosc/8 (Makc. TakToBasd yacToTa 5 MI'M)
movwf ADCONO
bsf DISP CSB ;llomaTs Ha MHOMKATOP cuTHAaJ #CSB BEICOKOTO

;JIOTMYeCKOTo ypoerHA —> XK naccueeH
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mai

les

bcf DISP CLK
bcf DISP SI
bcf DISP RS

_INIT DISPLAY

n
movlw 0x80

call SchreibeDispKommando

movlw A'U'

call SchreibeDispDaten
movlw A'='
call SchreibeDispDaten

e ANO
_BANK 1
clrf ADRESL

_BANK 0
clrf ADRESH

bsf ADCONO, ADON

bsf ADCONO, GO DONE
btfsc ADCONO, GO DONE
goto $-1

nop
call AD konvertieren

call B2D

movlw 0x82
call SchreibeDispKommando
movlw 0x30

addwf DISP_HUNDERTER, W
call SchreibeDispDaten
movliw A'.'

;YcTaHoBUThE curHasl CLK HM3KOI'O ypPOBHSA
;YCTAaHOBUTE CHUTHaJ SI HM3KOI'O yPOBHS
;Ha BeBOm RS mepenaTh HU3KMI YyPOBEHb,
; COOTBETCTBYIUMM IIepenade KOMaHI
;llocrne MHMUMaM3aLUuy COOSPXUMOe
;MHIVIKAQTOPa OYMCTUTL, WM MHade
; 3alOJIHUTL €r'o NpoOeJsioM

;Hayasyio OCHOBHOTI'O LMKJIA

;3amaTh BEIBOI CMMBOJIOB B 1-J1 CTpoke
;¢ 1-1 nosmumm (=0x80 + 0x00)
;llepenaTh KOMaHOy nJ1 BBIIOJIHEHMS
;YCTAQHOBKM ajpeca NaMATY MHIMKATOopa
;3arpy3uTrsk cuMBosl "U" B permucTp W mis
;BHBOIA B 1-¥ cTpoke cC 1-1 nosmimm

; BEIMOJIHUTE Iepenady CUMBOJIA

;3arpysnThs CHMBOJI B perucTtp W

; BEIMOJIHUTE [epelady CUMBOJIa C

; AaBTOMATMYECKMM yBeJIMYEHMEM alpeca IOjid

2-10 TMO3ULIMIO

ANO

;BEIBOIIA CMMBOJIA B 1-10 CTPOKY BO
; CUMTEIBAHME HANpPsSDKEHMS C BBIBOIA
; OunMCTUTHL

wlamnii OanuT perucrpa ois

; XpaHeHusa pesynbTaTa Alll

;OuMCTUTE CTapun OaMT permcTpa IJis

; XpaHeHrsa pesysbTaTa Alll
; BxkomounTe MomyJ ik AlIl

;3anycTmuTh npeobpasoBaHue Allll

; OxmnaTh,
;BO3BpameH our GO DONE

IIOKa arllriapaTHO He OyneT

;38anepxka OJd 3aBeplleHus npeodpazosanmsa Alll
;[IpeobpazoBaHme pesynbTaTa Alll B

; 3HAQUEHME HalpPsXeHUs

;[IpeobpasoBaHye OBOUYHOI'O 3HAaWEHMA B TPU

; OECATWYHBIX paspala M3MEPEeHHOT'O HalpsXeHUA
;3amaTh 3-0 nosmumio B 1-% cTpoke XKIU

;[lpeobpazoBaHMe umcia COTEH
;B kom ASCII mis BRIBOIA

;Kon ASCII = umcyioBoe 3HaueHue + 0x30
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call SchreibeDispDaten ;OToOpaxeHne HOEeCATUYUHOM TOUKM

movlw 0x30 ;lIpeoBpaszoBaHMe uMcia OeCATKOB B konm ASCII

addwf DISP ZEHNER, W

call SchreibeDispDaten ;OTOOpaxeHe KpayHeT'o JIEBOT'O paspsla
;IIOCJIe 3alAaTon

movlw 0x30 ;[lpeoBpaszoBaHre umcia enuuuil B koxm ASCIT

addwf DISP EINER, W

call SchreibeDispDaten ;OToOpaxeHMe KparHeI'o BTOPOTO paspana
;IIOCJIe 3anAaTon

movlw A'V'

call SchreibeDispDaten ;OTOOpaxeHe uUMCIla eOVHML, HallpshKeHMUS

goto main ;llepesanyck M3MepeHUsa

Bo Bpems mHnnmanuzanuu MUKpoKoHTposuiepa BeiBoJ ANO onpezensercs B kaue-
CTBE aHAJIOTOBOTO BXOJa, & C MOMOIIBI0O MAKPOKOMAaHIBl INIT DISPLAY MHMIIHA-
JIM3UpPYETCs NHAMKATOP. B OCHOBHOM LIMKJIE main HA )KMIKOKPUCTAININYECKUNA MH-
JIMKaTop cHavyasa nepenarotcst n1Ba cumBona "U =", KoTopble 0TOOpakaroTcs, Ha-
YMHAs C MEepPBOW MO3WIMU MepBoil cTpoku. Ilocie 3Toro Moxker OBITH 3aITymieHa
mpoleaypa U3MEPEHUs HallpsKeHUs1, KoTopyto Oyaet BeimonHsaTh ALI. s atoro
CHayaja o4MuIaroTcs npenpinymue 3nadenns B perucrpax ADRESL u ADRESH, a
3aTeM BKItouaercs moayias AL B crnenyromem mukie nporpaMma 0KUAAeT 3a-
BEpILICHHS NPeoOpa3oBaHMs W IOJIYYEHHs M3MEPEHHOrO 3HAYECHUS B PETHCTPaAX.
Jlanee BbI3BIBAIOTCS J1BE IOATIPOTPAMMBI AD konvertieren W B2D JUIsSI IpeoOpa3oBa-
Hus pesynbrata ALl B 3HaueHHe HANPSHKEHUS M MTOCIIEAYIOIIEr0 MPeodpa3oBaHmsl
€ro JABOWYHOIO 3Ha4eHMs B JiecsaiTuuHoe. [locne 3aBepiieHuss moanporpamMm B pe-
THCTpPBI DISP_HUNDERTER, DISP_ZEHNER M DISP_EINER OyAeT 3allMCaHo TP AECATHY-
HBIX pa3psana. Eciau nepenats 3TH 3HaYEHUS HENOCPEICTBEHHO Ha MHIUKATOP, TO
[IPU 3TOM HUKAKOTO 0TOOpaKeHHUs YUcell He ObUIO Obl, 8 BBIBOJUWIMCH TOJIBKO JIHIIb
KaKkue-HUOYAb Cly4aiHble CTelUalbHbIe CUMBOJIBI, MIOCKOJIBKY AJISI OTOOpaKEeHUsI
CHMBOJIOB Ha MHJIMKATOPE J0JKHA HCIIOJIb30BATHCS ONpeAeICHHas Ta0auIa KOIOB.
Ecnu BHEMaTENbHO POCMOTPETH HA 3Ty TaOJIHILy, TO MOXKHO 3aMETHTh, 4yTO Iiudpa
"0" umeer xox 0x30, "1" — kox 0x31, "2" — kox 0x32 u T. A. BIUIOTH 10 IUQPHI
"9". kotopast mmeeT kox 0x39. [TosTomy anst BEpHOTO OTOOpaKEHUS AECATUIHBIX
Yrcen pe3yibTaTa K NOJTy4eHHBIM 3HaU€HUSAM JOJKHO J0OaBISAThCS LIeCTHAAIaTe-
puuHoe 3HaueHue 0x30, 9TO U BBHITIOJMHSACTCS IEpe] mepeaavyei NaHHbIX Ha WHIU-
Katop.

Ecnu, Hanmpumep, comepKuMoe perucTpa DISP _HUNDERTER, MIPEIHA3HAYEHHOTO IS
XpaHEHUs pa3psaa COTeH, UMEeT 3HaUeHHe 3, TO Ha HHIUKATOp OyAeT mepeaaH Ko
0x33 mns orobpaxenuss umeHHo cumBona "3". [locrme mepenadm Bcex paspsioB
YHClla U3MEPEHHOTO HANPSDKEHUS, a TaKKe NECATUIHOW TOYKH OTOOpaKeHHE 3a-
BEpIIIaeTCsl BEIBOJOM CHMBOJIA /ISl €IMHUIIBI U3MEpEeHHs HanpsokeHus "V" (BobT).
3areM aHaJIOroBOE 3HAYEHHE IO KOMAaHE goto main B OECKOHEYHOM IMKIIE CHOBA
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Y CHOBA CUUTHIBACTCS W BHIBOJUTCS HA MHIWKATOp. PaHee mepenaHHble HA MHIIUKA-
TOp CHMBOJIBI MTEPE3AKUCHIBAIOTCS MPH KaXXJIOM HOBOM u3Mepenuu. Ecimu xe mo-
TpeOyeTcss HEMHOTO 3aMeJIJIUTh OTOOpaKeHUE 3HAYCHUI HA HHMKATOPE, TO MOXKHO
nepesl KOMaHIOW gotomain JOOABUTH KOA JUIS 3aJaHUS HEOOJBIIOTO BPEMEHU
oxkunmanus, mpuMmepHo ot 100 mo 300 mc.

OTOT prUMep OYeHb XOPOIIO MOXKET OBITh BOCIIPOM3BEIEH HA JIEMOHCTPAIMOHHOM
miare. [1pn n3MeHeHN BXOIHOTO HATIPSKEHUSI COOTBETCTBYIOIIMM 00pa3oM OyeT
M3MEHATHCSA ¥ OTOOpaKCHUE HA MHAUKATOpe. [JIsi KOHTPOIUPOBAHUS HAIPSKECHUS
MOHO HCIIONB30BaTh JAOMOIHUTEIBHBIN BOJBTMETP, C MOMOIIBIO KOTOPOrO OIpe-
JIEJIAIOT, HACKOJNBKO TOYHO MHKPOKOHTPOJUIEDP BBHIMONHSET W3MEpPEHHE BXOIHOTO
HaIPsDKEHUSI.



11. A3amepeHue MoLWHOCTHU
U CONpPOTUBIIEHUSA

B mpenpinymem npumepe ObLTO NPECTABICHO U3MEPEHUE HAIPSIKEHUS, 10/1aBae-
MOTO Ha aHAJIOTOBBIN BXOJ, a TaKXKe OTOOpakeHre onrn(pOBAHHOTO 3HAYEHUS Ha-
NPSOKEHUS. HA KUIKOKPUCTAITMYECKOM HHAMKaTope. OAHAKO B AJICKTPOTEXHUKE
9acTo TpeOyeTCss 0TOOpaKeHHE HE TOIHKO HANPSHKEHUS, HO U TOTPEOISIEeMOTO TO-
Ka. B 3Toil rnaBe npuBEJEH CAEAYIOLINNA IPUMEDP, KOTOPHIM MMOKAa3bIBAET, KaK ONpe-
JENATh HATPSDKEHHNE W IMOTPEOIIIEMBIA TOK, a TaKKe KaK W3 3TUX JIBYX MOIydYeH-
HbIX 3HAYEHUH MOXHO paccuuTarh MomHocTh (P=U X 1) um comporurienue
(R=UTI).

11.1. UamepeHue ToKa

ITockonbky BcTpoeHHBIH B MUKpOKOHTposuiep ALl HE MOXET U3MepATh TOK, TO
JUISL €r0 M3MEPEHUsI HY)KHO MPUMEHUTH JOMOJHHUTEIBHYIO CXeMy Ui mpeoOpaso-
BaHUs TOKa B HampspkeHue. s n3MepeHus: Toka B Harpyske IOCIIE€A0BaTEIbHO
C Hel BKJIIOYAIOT PE3UCTOpP C 3apaHee M3BECTHBIM M ropa3fo MEHBIINM, YeM Ha-
rpy3Ka, COIPOTHBICHHEM M 3aT€M Ha HEM HM3MEpSIOT NajeHue HanpspkeHus. Ha
puc. 11.1 mpencraBieHa NpUHIUNMAIBHAS CXeMa, HAa KOTOPOM IIOKa3aHO, Kak
MOKHO M3MEPUTh TOK B Harpy3ke. Cxema INpeCTaBjiI€HA TOJBKO Ul MPUMEPa U
YCIOBHO IpUrogHa i UCIIOJIb30BaHNd Ha IIPAKTUKE, ITIOCKOJIBKY JOMOJIHUTCIbHAA
MOTPEIIHOCTh, BHOCUMAs 3TUM HEOOJBIINM COIPOTHUBICHUEM, OyIEeT OTHOCHUTEIb-
HO BBICOKA.

Ha npumepe 3T0#i cxeMbl 04€Hb XOPOIIO BHIHO, KaK MOXHO C MOMOIIBIO JIOTIOJI-
HUTEJIBHOTO YCUJIUTENS MPEJOCTaBUTh B pAaCHIOPsLKEHHE MUKPOKOHTpOIIIepa HeoO-
XOAMMOE Ul U3MEpEeHHs HanpsbkeHue. B aToil cxeme n3aMepeHHoe HanpsbKeHHe Ha
aHasnioroBoM BxojJie AN1 paBHoe 1 B cooTBeTCTBYeT NpoTeKaroemMy B IIEMH TOKY B
1 A. Takum o6pa3oM, BO3MOXKEH OUYEHb MPOCTOM IEpecyeT M3MEPSIEMOro Harpsi-
KEeHHUsl B TOK. HampsbkeHne qomKHO m3MepsThes Ha Bxoae AN1 u pu oToOpake-
HUUW 3HAYEHUS HAa WHAMKATOpE BMECTO cuMBoJa "V" (BOJBT), KaK €AMHUIBI U3MeE-
pEeHUs HalpsDKEHUs, TOJDKEH BBIBOJAUTHCS cUMBON "A'" (ammep), Kak €IUHHIIBI HU3-
MEpEHUs TOKa.
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[Ipn m3mepernn HaAO y4decTh, 4TO PIC-MUKpPOKOHTpOJLIEP WMEET TOJHKO OIWH
BHyTpeHHUI AL, KOTOpHIN MpaBAa MOKET MOAKIIOUATHCS K Pa3IMYHBIM BXOJaM.
[Tockonpky Hampspkenue Ha Bxoaax ANO n AN1 He MOXET u3MepsThCs OJTHOBpE-
MEHHO, TO HY>KHO UMETh B BUIY, YTO IIPHU OBICTPHIX U3MEHEHUSX BXOIHOTO M3Me-
PSEMOTO CHTHAIa PacCUMTaHHOE 3HaUCHHWE HAINPsDKEHUH Ha 00OMX BXOJAaX MOXKET
ObITh ommO04HO. [TomoOHOE MOKET MPOW30MTH, KOT/a MOCIe M3MEPEHUs! Hampsi-
keHns Ha BXoae ANO mpH mocleayroneM H3MepeHnH Hanpspkerns Ha Bxome AN1
10 KaKOoH-m100 NpuYnHe N3MEHSETCS! CONPOTUBIIEHUE HArPy3KU.

1 =5...0,005 A
—_—

Ii
- . _ ~ ANO
C—) U=5B R =1...1000 Om U=0,005..5B

x1

R=0,10m
|
L

-——
U =0,5..0,0005B

|> AN1
U=0,005..5B

x10

Puc. 11.1. MpocTeiilwas cxema Ang n3mepeHuns Toka

11.2. [IBON4YHOE YMHOXEHUe

Uto0bI ONpeAeanTh MOITHOCTD, MOCIIe TIOTY4eHHs ABYX OolH(pOBaHHBIX 3HAYCHUN
HAIpsDKSHUS. ¥ TOKA OHU JIOJDKHBI OBITh MIEPEMHOKEHBI MEKIy coOoil. OmHaKko s
MHUKPOKOHTPOJUIEpA 3TO HE Takas MpocTas 3ajada, KaK BBIJIAUT Ha TEPBBIH
B3rsiA. HeOounbine MukpokoHTposuiepsl, B ToM uncie u PIC16F876A, ne pacno-
JararoT KOMaHJIaMu yMHO)KeHHs1. [1o3ToMy orneparyst yMHOKEHHS JOJDKHA BBITION-
HSATBCS TTOCPEICTBOM OCHOBHBIX apU(METHYECKUX (YHKIHH, T. €. ONeparuid cyM-
MHPOBaHUA U CABUTIA. B camom HpOCTCﬁIHCM CIydya€ YMHOXCHHUE MOKET BBIIIOJ-
HATHCS JAaXKe ITyTeM MHOTOKPATHOTO CJIOKEHHS.

Tlpumep:
15 * 5 =15+ 15 + 15 + 15 + 15 = 75

DTOT METO/ BEIYHCIICHHS HMEET CMBICI JJIsl OTHOCUTEIBHO HEOOJBIINX YUCE, TO-
CKOJIBKY JJISL pacdeTa pe3ysbTara TpeOyeTcsi Majoe KOJIMYECTBO ONepalui cioxe-
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Hus. Ecnu ke Tpebyercs 06paboTka OOJBIIMX YUCEI, TO ATOT METOJl BRIYUCICHUS
HE BBITOJICH, M HYXKHO HCIIONB30BaTh Oosiee 3pdekTuBHBIE aaropuTMbl. UTOOBI
pa3paboTaTh TakOW ajJrOPUTM, IIOCTYHAIOT KaK IMPH IMHCHBMEHHOM YMHO)XCHHUH
JECATHYHBIX YUCENl B CTOJNIOMK. J[JIs JydIllero M TOYHOTO MOHHUMAHHS IIPHUHIIMIA
YMHOXCHHS TUCHbMEHHO BBITIOJTHUM HEOOIbIION mipuMep. s mpumepa yMHOKUM
ypcio 147 ua 86.

147

602 = 7 * 86 (Paspsan emuHMIL)
344 = 4 * 86 (Paspsanm IeCsaTKOB)
86 =1 * 86 (Paspsm coTeH)

12642 = 602 + (10 * 344) + (100 * 86)

[Ipu mucbMEHHOM YMHOXXEHHH TPOLIECC YMHOXEHHUsSI pa30MBaeTCs Ha MaleHbKUE
Iark, Opyd KOTOPBIX MPOMEKYTOUYHBIH pe3yibTaT 3alMChIBaeTCsl B CTOJIOEI co
CABUI'OM COOTBETCTBYIOLIETO pa3psina. KoHeuHsIl pe3ysbTaT MoiIy4aeTcs IpHu Mo-
CJIETYIOIEM CIIOKEHUH CABUHYTBIX 3HAUEHUH.

YMHOXEHHUE IByX ABOMYHBIX YHCEJ IPOUCXOAUT TAKUM XKe CIIOCOOOM U Jaxke ele
HECKOJIbKO MHpOILIE, T. K. B ABOMYHBIX YHCIAaX MMEIOTCS TOJBKO IIBE BO3MO>KHBIE
uudpsl A kaxaoro paspsaa (1 m 0). BenenctBue 3Toro BBIYHMCICHHE MOMKET
CYIIECTBEHHO YIIPOCTHUTHCS.

10010011 = 147 = 0x93

* 01010110 = 86 = 0x56
01010110 =1 * 86
01010110 =1 * 86
00000000 =0 * 86
00000000 =0 * 86
01010110 =1 * 86
00000000 =0 * 86
00000000 =0 * 86
01010110 =1 * 86

0011000101100010 = 12642 = 0x3162

Ha mpumepe BuAHO, YTO MHOXHUTENb YMHOXaeTca jaubo Ha 1, mubo nHa 0. [Ipu
yMHOKeHHH Ha 0 pe3ynpTar Takxke paBeH 0 U Mpu yMHOXKEHMH Ha 1 pe3yiabTaToM
Oyzmer camo uucio. Ha mpakTuke cioXeHHE BBIIONHSAETCS YK€ IMOCIE KaXIOro
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YMHOXCHHUA Ha 0 mmm 1, T. K. TAKUM O6p3.30M MOKHO 3HAQYUTCJIIbHO YMCHBLIIINUTH
KOJINYECTBO HGO6XOI[I/IMI>IX AJId OoIICpalvi YMHOXCHUA PETUCTPOB.

Eciu BHUMATENEHO MOCMOTPETH HA MPUMEP, TO MOKHO 3aMETHTb, YTO KOJIMYECTBO
HEOOXOUMBIX Pa3psAA0B Ui pe3ysibTaTa paBHO COBMECTHOMY KOJIMYECTBY OMTOB
MHOXUMOTO 1 MHOXUTENS (puc. 11.2). [ToaTroMy ipyl yMHOKEHUHN IBYX 8-OUTHBIX
3HAYEHUH JUII XpaHeHUs pe3ynbTara Tpedyercs 16-OuTHBINA peructp.

M1,.4 M1y [M1y| ® M2, M2;|M2y| = [ Pan1 Py | Po

\ J \ J \ S
MHoxumoe (MUL_1) Muoxutens (MUL_2) Pesynerat (MUL_E)

Puc. 11.2. Pernctpbl 4Ns BbINOMHEHWS onepaunyM yMHOXEHUsI

Teneps, uCxoas U3 CBEACHUN MPEIbIIYIIEro MPUMepa, MOXKHO pa3padoTaTh Mpo-
cToi anroputM. J{s1 6JI0K-CXeMBI BBITIOJIHEHUS TIporpaMMEbl (puc. 11.3) ncmoib3o-
Bach 0003HaUYEHUS, IPUMEHEeHHBIE Ha puc. 11.2. B mocneaytomei moamporpam-
M€ TaK e UCIONIL3YIOTCS 0003HAYEHUSI MUT, 1, MUT, 2 M MUL_E.

B crnemyromeii moamporpamMme Mullé TOKa3aHa MPAKTHYECKasl peaan3alis yMHO-
KEHHUSI COACPIKUMOro JBYX |6-OMTHBIX perucTpoB. Pe3ynbraT mocie BBIYHCICHUS
Oyzer xpaHUThCS B 32-0MTHOM peructpe, KoTopsiid cocrout B PIC-koHTpOIIIEpe M3
9eThIpeX 8-OUTHBIX PErUCTPOB.

Mullé
clrf MUL E 4 ;OunCTKa permucTpa IOJid XPaHeHUA MIpelpldylero
clrf MUL E 3 ;pe3yJsibTaTa, COCTOoAWero ms 4-x
clrf MUL E 2 ; 8-Pal3pAOHEIX PEeIVCTPOB
clrf MUL E 1
bsf MUL E 2, d'7' ;YcTaHOBMTE OMT 7 B perucTrpe pesyibTata MUL E 2
;IJIs OIpenesieHMs BBIIOJHEHMS 16-TM onepauLuii COBUTa
mull6 loop
rrf MUL_l_H, F ; IMKIIMUECKM COBUT BIIPABO COINEPXMMOI'O Per. MUL_l
rref MUL 1 L, F ;Ecomm M3P(LSB) = 1, To ycTaHaBimBaercsa ouT C
; (IepeHOCa) M IOOJDKHO OBITBE BHIIOJIHEHO CJIOXEHME
btfss STATUS, C ;Ecim xe ©our C = 0, BeIOJIHAeTCS yMHOXeHMe Ha 0
goto mullé rotate ; U HMUETO He CKJIaIpBaeTCs
movf MUL 2 L, W ;Hauasno 16-0MTHOTO CJIOXEHMUS

addwf MUL E 3, F
movf MUL 2 H, W

btfsc STATUS, C ;[IpOBEPUTH, YCTaHOBJIEH J OuT nepeHoca (C = 1)
incfsz MUL 2 H, W ;Ecim ma, To moBaBuTh 1 K cTapueMy OanTy

; MHOXUTEJIS
addwf MUL E 4, F ;Ecim Her, To 1 k cTapueMy OanTy MHOXUTEJIS

;He pofaBJiaThb
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3arpy3uTb MHOXUMOE
Y MHOXMTENb

A 4

Mpucsonts B, ;=1

CyeTumK Ansa noacyeTa
KOri-Ba onepaumin casura

»
>

A 4

Cpgur BnpaBso
MHOXMMOrO
(M3P — 6ut C)

Het
BuT nepeHoca
Cc=17?

Y
[o6aBnNTb MHOXUTEND
(M2, ...M2g) CnoxeHue He
U CTapLuee CrnoBo TpebyeTcs
pesynbTata (P, ;...P,)

i
<

A4

CaBvHYTb 06LLMI
pe3ynbTaT BNpaBo

Het

3anpoc Toro, BbINOMHEHbI

Bbut nepeHoca o
N1 Bce OencTBus

c=1?

KoHel, BblMUCHIEHWIA

Puc. 11.3. Briok-cxema BbINOSIHEHUS NPOrPamMMbl YMHOXEHNS
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mull6 rotate

rrf MUL E 4, F ; BHIINOJIHUTE COBUT BIIPABO COIEPXMMOIO 32-BMTHOIT'O
rrf MUL E 3, F ;permcTpa BPEeMeHHOT'O XPaHeHMA pesyJbTaTa
rrf MUL E 2, F
rrf MUL E 1, F
btfss STATUS, C ;Ecom 6ur 7 usz permuctpa MUL E 2 nocrymman B 6ut C,
;TO B 32-OMTHOM permcTpe OyIeT MTOT'OBBI Pes3yJbTaT,
goto mullé loop ;TIOCKOJIbKY 16 omepauws CIBUTA BHIIOJIHEHB U
; BEIUMCJIEHUEe pe3yJibTaTa YMHOXEHMs 3aBeplleHO
return ;BosBpaT M3 noANpOIrpPamMMel

[lepen BBI30BOM MOAMPOTrpaMMBbl C MOMOIIBIO KOMaHABI call Mullé YMHOXKaeMble
3HAUCHHUS JIOJDKHBI 3arpy’KaThCsi B PETHCTPBl MUL 1 H/MUL 1 L ¥ MUL 2 H/MUL 1 L.
ITocne Bo3BpaTa U3 MOANPOrpaMMBl PE3yJIbTAT HAXOAUTCS B YETHIPEX 8-pa3psiIHbIX
perucTtpax MUL_E 4—MUL E_1.

11.3. [1IBon4yHOe perneHue

qTO6I)I pacCcunTarb 3HAYCHUC CONPOTUBJIICHUA U3 JABYX IMOJTYUCHHBIX OHI/I(I)pOBaH-
HBIX 3HaYE€HUH, HYXKHO pa3JenuTh ouU(pOBAaHHOE 3HAUEHUE HANPSIKCHUS Ha 3Ha-
gyenue Toka R = U /1. TIockobKy B MHUKPOKOHTPOJUIEPE OTCYTCTBYET KOMAaH/Ia Jie-
JICHHS, TaK XKe KaK 1 KOMaH/1a YMHOXEHHs1, TO TIO3TOMY JIsl Pean3alliy OTepanuu
JeJICHUs HY’KHO BOCIIOJIb30BaThCSI MMEIOIIUMHUCS apu(hMETHUECKMMU KOMaHIaMU.
Oneparust nenerus TpeOyeT O4YeHb OONBIIOTO O0beMa BBIYMCIECHHUI, OCOOCHHO
€CITU ellle JOJDKHBI OTNPEeNENATHCS Pa3psiabl mocie 3amsiToi. [Ipu Beurcnenun pas-
pAaoOB 1OCIIC 3anaTon HYXHO OTMCHATH BBIYMCIICHUC JId PALMOHAIBHBIX YUCCIT
(ducen, mpencTaBIsIeMbIX OOBIKHOBEHHOH APOOBIO, T/I€ YUCIUTENb — IEI0e YHC-
JI0, a 3HAMEHATEe]Ib — HaTypajbHOE YKCJIO), TIOCKOJIBKY PacueT MOXKET ObITh Oec-
KOHEUHbIM (Hampumep, 8 : 3 = 2,666...). Ha npaktuke nenecoodpazHoe KOIMUECTBO
paspsagoB IOCKE 3aISITOM ONpEeneNnsercs, Kak IMPaBWiIO, TOYHOCTBIO HU3MEPEHHMS.
Camoe MaleHbKOE HaIpsDKEHHE, KOTOpoe MOXeT BocnipuHuMaTh ALl MUKpOKOH-
TpOJUIepa, cocTaBisieT npuMepHo 5 MB. [1o3ToMy HeT OONBIIOr0 CMBICIIA BBIYKC-
1T Ooitee 3 pa3psIoB MMOCIe 3ansATOH.

UTOOB!I BEIMIOJIHUTH JCJICHUE ¢ IIOMOIIBI0 MUKPOKOHTPOJIIEPA, UMEIOTCS, KaK U JUIs
YMHOXCHHS, HECKOJIbKO BO3MOXKHOCTEH. C OJHOM CTOPOHBI, MOXXHO MHOTOKPATHO
BBIUUTATh 3HAUCHHWE 3HAMCHATEINS M3 YHCIUTENS 0 TeX IMOp, MOKa MONyYeHHOE
3HaueHue He OyneT MeHbIne (0. KomnuecTBO BRIYMTAHUI COXPAHSETCS B CUCTUHUKE.
K coxaienuto, 3TOT 0YeHb MPOCTON METOJ MOXKET MOTPeOOBATh OYeHb MHOTO BpPE-
MEHH, €CIIM 3HAMEHATENlhb UMEET MAaJCHbKOE 3HAYCHUE, a YHCIHUTENb OYeHb OOIb-
mioe. YToObl HaMmUCaTh MOIIPOTrpaMMy, KOTOpast OY/IET BBHIMONHAThH OMEPALUIO -
JICHUS, 00paIlaloTCs K alrOPUTMY, KOTOPBIH yrpomaet aenenue. [Tockonbky mpu
JeNieHrH 00a Yuciia MOTYT OBITh HE IeTIOYUCICHHBIMU U HE KPATHBIMH JPYT IPYTY,



11. UamepeHue mowHoCMuU U cornpomuerneHust 197

TO B PE3yJIbTaTe BO3HUKAET OCTATOK, U MO3TOMY HYXKHO MPEIyCMAaTPUBATh TAKXKE
pEerHucTp A XpaHeHUs ocTaTka. J{Jis mociueayronero gajaee alropuTMa BeIOMpacT-
cs TIpuBeAeHHOE Ha puc. 11.4 pacripenenenne perucTpoB.

Rn_1 R1 Ro Zn_1 21 Zo / N.—,.ﬂ N1 Na
\ A J LY J
OcraTtok Yucnutenb 3HameHaTenb

Puc. 11.4. Peructp gns genexuvs

Ilepen BBINIOIHEHUEM JI€JIEHUS B 3apaHee OTBEAECHHBIE AJIsl ATOTO PErUcCTphl 3arpy-
YKAIOT HY)KHbIE 3HAUEHHs YNCINTENS U 3HaAMeHaTend. B KoHIe neneHus pe3ynbrat
OyzeT B 4HMCIHTENE, a OCTaTOK COXPaHSETCS B COPa3MEPHOM COOTBETCTBYIOILIEM
peructpe. C HOMOIIBIO 3TOT0 METOJa 3KOHOMUTCS PETUCTP AJISI XPaHEHUs Pe3yJib-
TaTa, a TAaKXKe B CBSA3U C 3THM JOIOJHUTENIbHBIC 3aTPaThl HA KOIUPOBAHUE UL
C/IBUTa 3HaYCHHUH B peructpe pesyibrara. Ha puc. 11.5 npeacrasiena 010k-cxema
JITOpPUTMA JUIS BBIIOJIHEHHS onepauuu aeneHus. OQHako KpoMe PerucTpoB YHC-
JIUTENSI, 3HAMEHATENd U OCTaTKa TpeOyeTcsl NONOJIHUTENbHBIN PErucTp Ui CYeT-
yuka (Counter), KOTOpBIH OyAeT MOJICUNTHIBATh KOJMYECTBO omnepanuii. Baavane
9TOT CYETYHK 3arpy’KaeTcsi KOJIMUECTBOM JEIISIINXCsl OUTOB.

C noMoIIbI0 3TOT0 aJNTrOpUTMa pe3ysIbTaT PACCUUTHIBAETCS, KaK U IIPU YMHOKEHUH,
IyTeM MOCJeA0BaTENbHBIX ONepalyii CBUTra U BbluWTaHUs. |1 MOsiCHEeHUs Mpo-
Lecca BBIYMCICHUS TPUBEICH IpPUMEp [IeJICHUS MABYX 8-OMTHBIX 3HA4YEHUM
(puc. 11.6). B nanHom mpumepe uucio 126 (0x7E) menutes na 3 (0x03). IMocie
BBIUHCIIEHHUSI B WUTOTe IoiyyaeTcsl pe3yibrar paBHbld 42 (0x2A) ¢ ocrtatkoMm 0

(0x00).

B npumepe odeHp XOpolIo BUHO, KaK CHayajla YUCIUTENb C/IBUTAETCS BIEBO, MPU
3TOM cTapmmi 3Hadamui paszpsa C3P (MSB) uncnutens nepexoauTr B pPerucTp
OCTaTKa M TOCJE 3TOT0 U3 OCTaTKa BBIYMTAETCS 3HAMEHaTenb. Ecau Nmpu BbIYMTA-
HUM OyJeT MOJy4YeH IMOJIOXKHUTENbHBIA Pe3ysbTaT, TO MIAIIINN 3HAYAINA pa3psa
(M3P) uncnutens Z, ycranasnusaetcs B 1. Ecnu ke pe3ynbTar ObIT OTpHIIATENB-
HeIM (O6uT mepeHoca C=0), TO il OTMEHB! BBIIOJIHEHHOTO BBIYUTAHHUS CHOBA
3HaMeHaTeNb 100aBIAeTCsl K OcTaTKy. B mpuHIMIIe pe3yibTaT onepanun AeIeHUs
MOYKHO CUMTBIBATh 110 3HaYCHUsIM OuTa niepenoca C (Carry).

CormacHo cxeMe, NpeCcTaBICHHOW A mpuMmepa Ha puc. 11.1, 3HaueHue compo-
TUBJICHHUS JIOJDKHO OBITh PACCYMTAHO C 3 paspsjaMu Imociie 3amnsaTod. YToOwl 31O
rapaHTUpOBaTh, 3HAUCHUE HANPSDKEHUs] yMHOXkaeTcst Ha kKoadduuuent 1000 u 3a-
IsITast yCTaHABIIMBAETCS MOCIIE BHIYMCIICHHS B COOTBETCTBYIOIIEM pa3psae. Tak kKak
oun(poBaHHOE 3HAUCHHWE HANPSHKCHUS MOXKET COCTaBIATh Makcumym 1023, 1o
1000-kpatHOe 3HaueHue HanpspkeHus Oyaer paBuo 1023000. [lns oToOpaxeHus
3TOro 3HaueHus TpeOyroTcss MuHUMYM 20 6utoB. [losToMy crnenyromas mon-
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3arpyauTb uicnuTenb

1 3HameHaTtenb

A 4

3arpy3utb cHeTunk
KONMU4eCTBOM
nenswwmxcs utos (n)

»

A 4

CaBuvHYTb BNeso
YUCTINTENb 1 OCTATOK

Y

BbluecTb 3HameHaTernb
u3 octarka
(pesynbTart B ocTaTke)

PesynbTar
MOSIOXMTENEH?

COBpocuTb MnaaLLmia
ouT YcruTens

Z,=0

YcTaHoBUTL MNaALLIni ¢
Bur wmcnmTens CrioXWUTb OCTaTOK U
Zy=1 3HamMeHaresb
(pesynbTart B ocraTke)

&
<«
4

A

YMEHBLUNTb CHETUMK Ha 1

Cuetumk
0BHyneH?

KoHeL, BbMMCNEHNI

Puc. 11.5. briok-cxema anroputma anisi BbINOMHEHWS AeNeHnst
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Cuyetunk bBut C Octatok Yucnurens 3HameHaTenb Mpumevarue
n=8 o [oJoJoJoJoJoJoJoJo]1]1]1]1]a]1]o]/[o]oJoJoJoJo]1]1] Wcxoaroe coctostme
oJoJoJoJoJoJoJo]1]1]1]1]1]1]o]0] Cpieur Brieso
0j0jo|ofof0]O]O -{0 O|0 0]0]|0|1[1| Ocratok—3HameHaTenb
0 111)1)1)1{1{0|1 PesynbTar
n=7 [oJoJoJoJoJo oo 2]t a1 ] 0]0] PesyLTaT oTPALATOL Ll
oJoJoJoJoJoJoJ1]1]1]1]1]1]o]o]0] Cpgur Brieso
0|0j0o|0f0f0]0O]1 -{0 O|0 0]0]|0|1[1| Ocratok—3HameHaTenb
0 111)1)1|1)1)1{0 PesynbTar
n=6 |0|0|0|0|0|0|0|1|l|1|l|1|1|0|0|0| Pe3y]'|bTaTOTpVILLaTeJ'IbeIVI

Ocratok + 3HameHaTernb

o
o
o
o
o
o
N
=

1]1]1]1]o]oJo]0] Cpiur Brieso

-10 O|0 o|ofo|1]1 Ocrartok — 3HameHaTens

1 ofojojofojo|o]O PesynbTar

o
o
o
o
o
o
N

PesynbTat nonoxvTensHbi

n=5 [ofo[ofofofofofof1]1]1]1]o]0]0]1] M3P wicrurens = 1
oJoJoJoJoJoJoJ1]1]1]1]o]o]o]1]0] Cpgur Brieso
ojofo|o]Oo|0]Of1 -10 O|0 ojofo|1]1 Ocrartok — 3HameHaTernb

0 111)1)1|1)1)1{0 PesynbTar

PesynbTat oTpuuatensHbii
Ocratok + 3HameHaTernb

=

I

S
[o]
B
B
B
B
B
B
™

[1]2]1]o]o]of1]0]

o
o
o
o
o
o
i
o

l|1|0|0|0|l|0|0| CpBvr Bneso

-10 0|O o|ofo|1]1 Ocratok — 3HameHaTenb

1 ofojojofojo|o]O PesynbTar

o
o
o
o
o
o
i

Pe3ynbTaT nonoxvTensHbIn

n=3 [o[o]oJoJofofofo]1]1]ofo]o]1]of1] M3P uicnvens = 1
oJoJoJoJoJoJoJ1]1]oJoJo]1]o]1]0] Cpur Brieso
0]|0]j0|0f0f0]0O]1 -{0 0|O 0]0]0[1f1 Ocratok — 3HameHaTenb

0 1]1)1)1f1]1f{1]0 PesynbTar

PesynbTat oTpuuatensHbii

n=2 [oToJoJoJoJoJo]1]1]o]o]o]1]o]1]0] OCToToK + BHoMOHETEHD
oJoJoJoJoJoJ1]1]oJoJoJ1]o]1]o]0] Cpur Brieso
ofojojojojoj1 -{0 0|O 0]0]|0|1[1| Ocratok—3HameHaTenb
1 ofojojofojo|o]O PesynbTar

Pe3ynbTaT nonoxvrensHbIn

n=1 [o]ofoJoJoo]ofo]o]ofo]12]o]2]o[1] MBP wonvrens = 1
oJoJoJoJoJoJoJoJoJoJ1]o]1]o]1]0] Cpiur Brieso
ofojojojojojofo -{0 O|O 0[0]0|1]|1]| Ocrarok— 3HameHaTenb
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mporpaMma Jjisl IeJICHHs BBIMOJHSET JAefieHrne 24-0UTHOrO 3HAUEHUsI YHUCIIUTENS Ha
16-OuTHOE 3HaueHHe 3HaMeHaTens. Ilepea BBI3OBOM MOANPOrpaMMbl TpeOyeTcs
00ecneunTs MpeIBapUTENHHYIO 3arPy3Ky PETUCTPOB ZAEHLER L (MIaAmiuii Gailr),
ZAEHLER M (cpenHMWil OaliT) M ZAEHLER H (cTapmuid 0aiT), mpelHa3HAuYCHHBIX IJIS
XpaHEHUS 3HAYEHUsl 4YUCIUTENs. 3HaueHHe 3HAMEHaTess JIOJDKHO 3arpyKaThCs
B JIBa PETHCTpa: NENNER L (MJIaIINi OaiiT) M NENNER H (cTapmuii OaiT).

Divle
clrf REST H
clrf REST L
movlw d'24’'
movwf DIV COUNTER
divlé loop
rlf ZAEHLER L, F
rlf ZAEHLER M, F
rlf ZAEHLER H, F
rlf REST L, F
rlf REST H, F
rlf DIV _COUNTER, F

movf NENNER L, W
subwf REST L, F

movf NENNER H, W
btfss STATUS, C
incfsz NENNER H, W
subwf REST H, W

btfsc STATUS, C
bsf DIV COUNTER, 0

btfsc DIV _COUNTER, O

goto divl6e jump
movf NENNER L, W
addwf REST L, F
movf REST H, W
divle jump
movwf REST H
bcf STATUS, C
rrf DIV COUNTER, F
decfsz DIV COUNTER, F

; OUMCTUTE COOEPXMMOE PEeIMcTpa, IpelHas3HaueHHOT'O
; IJIA XPaHeHMA OCTaTKa
;3arpysurs 24 B perucTp cueTumka DIV COUNTER,

; IIOCKOJIBKY 4YMCJIMTEJIbE VMeeT 24 Bura

; BEIMOJIHUTE LIMKIIMYECKM COBUI BJIEBO depes OuT C

; COIEPXMMOT'O PerucTpa YMCIIMTEIS

; BEIMOJIHUTE LUUKJIMUECKMY CIOBUT BJIEBO uepes OuT C
; COOepXrMOe pPeruncTpa IJiS XpPaHeHMsS OocTaTKa

;BuT nepeHoca C BpPeMEHHO COXPaHAETCA B pPermcTpe
;DIV_COUNTER, BCJEOCTBME B3TOTO

y MOXHO CBKOHOMUTHE PEIMCTP

;BriuecTs Mammas OamT 3HAMEeHATeJ Id Nenner L wu3
;jocraTka Rest L (REST L — NENNER L => REST L)

;BeeCTb cTapunt OalT 3HaMeHaTess Nenner H wus
;ocrarka Rest H (REST H — NENNER H => W)
;[IpOBEPUTL, PE3YJBTAT NOJIOXATEJILHBIL?

;ECIM ma, TO YyCTAHOBUTH BHaudeHME COXPaHEHHOTO
;oura nepenoca C B peructpe DIV COUNTER
;[IpOBEPUTE COXPAHEHHEN OUT nepeHoca C B
;perucrpe DIV COUNTER

;Ecom 6ur C = 1, neperrtut Ha MeTky divl16 jump

;Ecom 6ur C 0 (oTpuLaTeJNIBHEN PesyJibTaT), TO

; OTMEHNMTBL PaHee BEIIOJIHEHHOE BBUMTAHME

; COXpaHnTb OCTaTOK M3 perncrtpa W B per. REST H
;OumcTuTe OUT nepeHoca (C = 0) u

;3aTeM BOCCTaHOBUTL comepxymmoe per. DIV COUNTER
;YMenbumTh cueTumk DIV _COUNTER Ha 1
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goto divlé loop ;Ecim cueTuMk He paBeH HYJIO, TO MIPUCTYIUTH K
jpacuery clemywlero paspsana pes3yJsbTaTa IeJIeHMS

rlf ZAEHLER L, F ;Bce 3HaueHMe UMCIMTEJIS CIOBUMHYTH BJIEBO,
rlf ZAEHLER M, F ;UTOORl B UMCIIMTEJIE CONEPXasiCs

rlf ZAEHLER H, F ; IPaBUJIBHED pPe3yJsibTaT

return ;Bo3BpaT M3 NOANPOTPAMMEL

[ocne Bo3BpalieHUs] B OCHOBHYIO IMPOTPaMMYy PACCUMTAHHOE 3HAYCHUE MOXKET
OBITh B3ATO W3 TPEX PETUCTPOB JJISI XPAHEHUS YUCIUTENSI ZAEHLER 1, ZAEHLER M H
ZAEHLER H. Ecnu JUis MOCHEeIyIONMX BBIUHUCICHUHA HYKEH OCTATOK, TO OH MOXET
KOIIMPOBATKCS U3 COOTBETCTBYIOIIUX PETHCTPOB OCTATKA REST T M REST H.

11.4. OTOoGpaxeHne pac4eTHOM MOLLHOCTH

[Tocrme Toro kak paccMOTPEHBI MOAMPOrPAMMBI ISl BBHITIOJHEHUS YMHOXKEHUS U
JICJICHUS, MOYKHO OCYIIIECTBUTH OTOOPaKCHHUE PAaCUCTHBIX 3HAaYeHHUU. Hampspkenue
¥ TOK PAacCUUTHIBAIOTCS W BBIBOJATCS Ha WHAMKATOp. [lepen Bocmpom3BeneHUEM
HarpspkeHue ymHoxaetcs Ha 100, 9ToObI cMoriii oToOpaskaThCs 2 pa3psaa mocie
3armaToi. JTo Xe caMoe MPOAENbIBAeTCs ¢ ONM(POBaHHBIM 3HAUYEHNEM TOKa. Eciu
00a 3HaYeHUS MEPEMHOXKAIOT MEXIY COOOU, TO MONy4YarOT 3HaY€HHE MOIIHOCTH,
kotopoe Oyzaer coorBercTBeHHO B 10000 pa3 Gosibliie, ueM HACTOSIIAS MOIIHOCTS.
BcenenctBue 3TOro HY>KHO BBIBOJAHWTH MOIIHOCTH C 4 paspsaaMu IOCHE 3amsTOMH.
st oToOpakeHusI Ha MHIMKATOPE HYXKHO ONPEAETSITh OTACIbHBIE pa3psasl. ITOTO
MOXHO JOCTHYbh MHOTOKpaTHbIM JeneHueM Ha 10. Ilocne kaxporo aeneHust pe-
3yJlbTaT COXpaHsieTcs B peructpe. Creayromias 9acTh OCHOBHOW MPOTPaMMBI TTOKa-
3BIBAET, KAK MOTYT PACCUUTHIBATHCS OTIENbHBIE pa3psaasl. [lockonbky mporpamma
OTHOCHUTEIHHO 00BEMHA, TO 3/1€Ch MPHUBECHBI TOJIBKO (hParMeHThl U3 MPOTPAMMBI
P-R-Messung. [TosiHas paboTocmocoOHast mporpaMma HaxoIUTCsl Ha TIPUIaraeMoM
K KHUT'E KOMITAKT-JIUCKE,

movlw 0xCO ;3amaTe BBIBOI CMMBOJIA B I103. 1
;BO 2-1 cTpoke (=0x80 + 0x40)

call SchreibeDispKommando ;llepenada KOMaHIEI IOJIS YCTAaHOBKM
;ampeca OINEepaTMBHOM MaMITU MHIMKATOPAa

movliw A'P' ;3arpy3uTb cuMmeosl "P" B per. W onga
;BEIBOZIA BO 2-¥ CTPOKe B 1-M INO3ULIMM

call SchreibeDispDaten ; BHIIIOJIHMTE IIepenady CHMBOJIA
movlw A'=' ;3arpys3uTb cuMeoJl "=" B per. W u
call SchreibeDispDaten ; BEIMIOJIHUTE Ilepellady CUMMBOJIa IJIS BEIBOIA

;€T0 BO 2-11 CTPOKE BO 2-¥ IO3ULIMM
call Mulle ; BelumcJieHme MOIHOCTN
;0Ba MHOXMTEJII HAaxXOUSATCS B
nop ;perucTpax MUL 1 H/MUL 1 L
;U MUL_2_H/MUL_2_L. I[IoCKOJIbKY 3HaueHMue ToKa



202

11. UsmepeHue mowHocmu u cornpomuerneHus

movi MUL E 3, W
movwf ZAEHLER H
movi MUL E 2, W
movwf ZAEHLER M
movf MUL E 1, W
movwf ZAEHLER L

clrf NENNER H
movlw d'10"'
movwf NENNER L
call Divle
movf REST L, W

movwf STELLE 6

call Divle
movf REST L, W
movwf STELLE 5
call Divleé
movf REST L, W
movwf STELLE 4
call Divle
movf REST L, W
movwf STELLE 3
call Divleé
movf REST L, W
movwf STELLE 2

call Divle
movf REST L, W
movwf STELLE 1

;Y 3SHaAUEHMe HaIpsKeHUs pPaHee yMHOXaJMChb
;Kaxment pas Ha 100, TO 3HauyeHMe MOWHOCTM
;B Tpex permctpax MUL E 3 mo MUL E 1
;0ymeT xpannTbcsa 10 000-xpaTHOe 3HaueHMEe
;UTOBEl ITOCTYIaJyIO NPaBWJIbLHOE SHAdYeHME,

; 3HAUEHMEe MOMHOCTM HYXHO MHOT'OKPaTHO
;pazsmermTs Ha 10. g 2TOTO B PerMCTPEHL
;UMCIIUTEJI CHadajla BarpyXalnTcs
;PesyIbTAaTE YMHOXEHNS .

;OnpenesneHye OTHEJNIBHEIX Pa3PSIOB
;pes3ysbTaTa BBMMCIIEHMS MOWHOCTM
;oenenveM Ha 10

; BeIlOJIHEHMEe MEePBOTO IEJIeHUHd,

;UTOOEl ONpenesmMTh MIaluni paspsaln.
;OcTaToOK HesyleHMs — DTO BHaueHue

;ona 4-TO paspsdana I[IoCjle 3arlsaTol, KOTOPBIL

;coxpaHdaeTca B permucTpe STELLE 6

;CoxpaHeHye 3-T0 paspsma [OCJe BalsToi

;CoxpaHeHye 2-T0 paspsna I[IOocje 3alsTon

;CoxpaHeHye 1-T0 paspsma [OCje BalsToi

;CoxpaHeHre 1-10 pas3pana
;Iiepelnl 3anAaToy (pas3psan eIVHMLIL)

;CoxpaHeHye 2-T0 paspsana

;Tiepen 3ansaToy (pas3psan OeCSATKOB)

B sToM ¢parmMenTe nporpaMMbl Ha UHIMKATOPE CHadaia OTOOPaKAIOTCS JIBa CHM-
Bosia ajsi obo3HaueHuss mouiHocTU (P =). 3arem BBINONHSETCS pacyeT 3HAYCHUS
MOIIHOCTH IIOCJIE BBI30BA IOANPOrpamMMbl Mullé KOMAaHIOM call Mullé6. Ilocne
BBINOJIHCHNS U3MEPEHUS TOKA U HANPsDKEHUS X 3HAUYCHMS, YMHOXKCHHBIE KaXKAbIi
Ha 100, 3anKCchIBAIOTCS B COOTBETCTBYIOIINE PETUCTPHI AJIsl BBITIOJIHEHUS MPOLEAY-
pot ymHoxeHus. [locne ymHoxxenus yxe 10000-kpaTHOe 3HaUCHHE MOITHOCTH OY-
JIeT XpaHUTHCS B YETBIPEX PETUCTpax OT MUL E 4 ;o MUL E 1. [IpaBna, B TaHHOM
Cllyyae PerucTp MUL_E 4 HE HMCIOJb3YeTCs, T. K. 3HAYEHHE I MOLIHOCTH MOXKET
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ob1Th MakcumyM 250000. lelicTBUTENbHO, HANPSHKEHUE MOXKET U3MEHATHCS oT 0
1o 5 B (mocne m3mepennst n ymHox)eHus Ha 100 ot 0 mo 500), a ok —oTr 0 5 A
(cootBerctBeHHO OT 0 1m0 500). [Tockonpky mocie ymHoxenus 500x500 B urtore
noxyyaercs: 3HaueHue pasaoe 2500004 (111101000010010000,). IMostomy st
XPaHEHHS TAKOTO pe3yiIbTaTa BIOJHE JOCTAaTOYHO 18 OUTOB, T. €. TpH 8-pa3psIHBIX
peructpa. Ilocie 3Toro comepKumMoe 3THUX TPEX PErHCTPOB C PE3YIHTATOM YMHO-
KEHHUSI KOIIMPYETCs B PETUCTPhI [T XPAaHEHUS YUCIINTENS. 3aTe€M sl BBIIIOIHEHUS
JIeJICHUST B PETHCTP 3HAMeHartels 3arpyxkaercs 3Hadenne "10". Korma Bcs moaro-
TOBKa OyJeT 3aKOHYEHA, 3HAYEHHUE MOLIHOCTH MOXKET MOCIIEI0BATENbHO ACTUTHCS
Ha 10. Tlocne KaKAOTO IesieHHsI OCTaTOK KOMMPYETCSl B COOTBETCTBYIOIIMU pe-
THCTP COOTBETCTBYMOLIEro paspsina. Ilocie 6 neneHuil pecsiTHYHOE 3HAUYEHHE pe-
3ysbpTaTa OyAeT HaXOAUTHCS B PETUCTPaX STELLE 1—STELLE 6. PerucTpsl STELLE 1
U STELLE 2 cozepxar o0a paspsija Iepel 3amiarod, a PerucTpbl OT STELLE 3 JI0
STELLE 6 COOTBETCTBYIOT YETBIPEM pa3psiiaM I10CiIe 3aIsTOol.

Teneps oTaenbHBIE pa3psibl Ul 3HAYEHHS MOIIHOCTH W3BECTHBI U MOTYT OBITH
0TOOpaKeHBI Ha )KUAKOKPUCTANTMIECKOM MHIMKaTope. [Ipu BeBoge nHpopmannm
Ha WH/UKATOp HYKHO YYHUTBIBATh, YTO OTOOPaXaTh CIEAyeT TOIBKO TPH 3HAYAIIHX
paspsana. Takum oOpa3oM, JTMIIHKAE HYJIM HE JOJKHBI BBIBOAUTHCS, HAIPUMED, TIPH
orobpaxenun 00,0100 Bt. UToOBI rapaHTHPOBATh 3TO, B pa3psaax Mepe 3arsToun
BBITIOJIHSIETCSL TIPOBepKa, paBHbl Ju oHW 0. Ecnm 3T0 mpoucxomuT, To pa3psa Ha
JMCIUIee HE TIOKa3bIBAeTCSl M HAYMHACTCS IPOBEpKa ciieayromiero paspsiga. Ilo-
CKOJIBKY MOIITHOCTh DPAcCUMTHIBAJIACH C YYETOM 2 pa3psIoB Mepen 3amsaTod |
4 pa3psIoB IoCIIe, TO 3arsiTasi Ha JHUCIUIee TIOKa3bIBACTCS MOCIIe BTOPOH MPOBEPKH
B moOoMm ciydae. Hanpumep, eciim MomHOCTh nMeeT 3HaueHne 23 mMBT, To Ha awuc-
mwiee OyneT otoopaxarbes ".023 W".

prufe Stellel P ;s oToOpaxeHMs Ha MHIMKATOPE

movlw d'3' ; DOJDKHBL MCIIOJIB30BATLCS TOJIBKO 3 paspsana
;lIpy ®TOM pe3sysbTaT He OKpyIyigeTcs!

movwf STELLE CNT ;3arpysUTh CYETUMK HEOOXOIVMMBIM KOJIMYEECTBOM
; Pa3psaOoB

movlw OxFF

andwf STELLE 1, W ;[IpOBEPUTE, HBJISETCH JIM HyJIEM KPaVHMI JIEBBEIL

btfsc STATUS, Z ;paspsan, I[OCKOJIbKY HadaJlbHBlE (JIMIIHME) HYJIU
; OTOOPaXaTbCH HE IOJDKHEL

goto prufe Stelle2 P

schreibe Stellel P ; KparHmyt JjieBeDI paspsan Oeul Oosibme dueM 0
movlw 0x30 ;lIpeoBbpaszoBaTh OECATUUHBD paspanl B kom ASCIIT
addwf STELLE 1, W
call SchreibeDispDaten ;OTOOpPasmnTL Pal3psan Ha MHIMKATOPE
decfsz STELLE CNT ;llockoyibKy OBUTI BBEIBOI paspsna, CclenyeT

; YMEHBIIMTE 3HAYEHME CUeTUlMKa paspdloB
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goto schreibe Stelle2 P ;Ecim 3HadeHue cueTdmxa > 0,
; BEIBOIMTCS CJIeNylUV paspsan
goto schreibe Einheit P ;Bce pa3spsamnpl BEIBEOEHH Ha MHIMKATOP
;Hanmo HayaTb OTOOpPaXeHME eOVHMLEI M3MEPEeHMs
prufe Stelle2 P
movlw OxFF

andwf STELLE 2, W ;llpoBepnTL, pPaBeH Jm BTOPOM paszpsan 0
btfsc STATUS, Z
goto prufe Stelle3 P ;ecom paspsan = 0, TO NpoBepseTcsa TPpeTun
;pazpan
schreibe Stelle2 P ;2-1 paspan > 0 u ero Hamo OTOOPasUTb
movlw 0x30 ;[lpeoBbpasoBaTh OeCATUYHBM paspsn B konm ASCII

addwf STELLE 2, W
call SchreibeDispDaten
movlw A'.' ;MomHOCTE paccumMThiBajlack ¢ 4 paspsanaMm
call SchreibeDispDaten ;TIOCJIE BalsaToM, [IOCKOJIbKY TOK U
decfsz STELLE CNT ; HalpshkeHMe paHee yMHOxaymchb Ha 100
goto schreibe Stelle3 P ;IloaToMy HOeCATUYHAS TOUKA
goto schreibe Einheit P ;mospkHa BEIBOOMTBECS IOCJIE 3TOTO paspAna
;3aTeM BHBOIMTCS 3-M paspsan
VI eIVHULIA M3MEPEHUS,
;eCiM CYeTuMK pas3panoB paseH 0
prufe Stelle3 P ;Ecom paspsan 2 6eur 0 u
movliw A'.' ;OTCYTCTBYET paspsal Iepel 3alsaToy, TO
;OecsaTuyHas Touka OyIeT IepPBEM 3HaKOM
call SchreibeDispDaten ;BEIBOI Ha MHIOVKATOP HOECATWUYHON TOUKM
schreibe Stelle3 P ;BeBOn BCcex umbp C 3-TO pas3psana
movlw 0x30 ;[lpeocbpasoBaTh OEeCATUMUHEL pas3psn B xoxm ASCIT
addwf STELLE 3, W
call SchreibeDispDaten
decfsz STELLE CNT ;IpOBEPUTL, BBIBEOEHEl JIM yXe 3 LUMOPEL
goto schreibe_Stelle4_P ;Ecm ma, TO BBEIBOI CMMBOJIA €IOVHULEL M3MEPEHMS,
goto schreibe Einheit P ;mHaue BHBOOAT 4-11 paspAn
schreibe Stelle4 P ;BEIBOI 2-T0 paspsma [IOCJEe 3ansaTou
movlw 0x30 ;lIpeoBOpaszoBaTh OeCATUUHBD paspanl B kom ASCIIT
addwf STELLE 4, W
call SchreibeDispDaten
decfsz STELLE CNT ;Ecom ecTh eme 3-11 pal3psan IIOCJe 3allsaTol,
goto schreibe Stelle5 P ;TO mepenTr K BEIBOOY 5-T'O paspana
goto schreibe Einheit P ;IllepeliTy K OTOOPaXEHMIO €IOVHULEI M3MEPEeHUH,
;ECIIM CUeTuMK paspsanos paeeH 0
schreibe Stelle5 P ;BeBOI 3-TO paspsia INocje 3ansaTon
movlw 0x30 ;[lpeobpasoBaTh OECATMUHEL paspsan B koxm ASCIT
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addwf STELLE 5, W ; TOIBKO MakCMMyM 3 SHadalMx paspsana
; OOJDKHEL BHIBOOMTBCS, IIODTOMY 5-11

call SchreibeDispDaten ;paspan — DTO MNOCJIeIHMM OTODpaxaeMell paspan
;6-71 paspsan OoJiblle He IOJDKEH

; YUUTEBATECA .

schreibe Einheit P ;llocyie mocyenHero 3Hadauero paspdana
movlw A'W' ;BEIBOIMTCA eIVHMIIA U3MEPEHMS MOIHOCTH,
call SchreibeDispDaten ;a vMeHHO cumBoJs "W"

st ynpouieHus: mporpaMMbl BBIBOJIUTCS TOJIBKO MOCIEAHUHN pa3psa O6e3 oKpyriie-
Hus. [lodTomy 6-if pas3psa He YIUTHIBAETCS MPH OTOOPKEHHUH M MPOCTO OTOPACHI-
Baetcs. [locie Beymaum 3 3HaUamMX pa3psaoB BEIBOAUTCS cuMmBoi "W'" (BaTT), Kak
€MHNLIA U3MEPEHUS DJIEKTPUUECKON MOIITHOCTH.

11.5. OToOpaxeHue
pacCYMTaHHOro CONnpPoOTUBIEHUA

Ilocne BBIBOZA HAa MHOMKATOP MOIIMHOCTH MOXKHO HPHUCTYNUTh K OTOOPa)KEHHIO
3HA4YeHUs] CONMpOTHUBJICHUA. Kak W mpu M3MEpEeHUH MOIIHOCTH, IIPH ONpEACIeHUH
COIIPOTHUBIICHUSI TAK)KE€ MPEICTABISIOT MHTEpPeC pas3psaabl mocie 3anartoid. UToOsl
OIIpENeJINTh COINPOTUBIICHUE C 3 pa3psgaMu IOcje 3allsITOH, 3HaYeHUE HarpsbkKe-
Hus ymHOkaercs Ha kodgduuuent 1000. Urobsr coxpanuts 1000-kpaTHOE 3HAUE-
HUE HaNpsDKeHHs, TpeOyeTcs kak MUHUMYM 19-paspsaubiit peructp (500 x 1000 =
=500000,, = 1111010000100100000,). OnHako mpeacTaBICHHAs paHee MOAPO-
rpamMma Mullé MOAJEPKUBACT TOJIBKO YMHOKEHHE ABYX 16-OUTHBIX 3HaueHui. J{ns
peleHns 3ToH 3a7aui UMEIOTCs ABa BapraHTa. C OHOM CTOPOHBI, MOYKHO PACIIN-
PUTH paHee HANMHCAaHHYIO MOANPOrpaMMy TakuM 00pa3oM, 4TOOBI CAENaTh BO3-
MOKHBIM YMHOXEHUE PErucTpoB ¢ OojblIel paspsagHocTbio. Jpyras BO3MOXK-
HOCTh — HamucaTh HOBYIO MOANIPOrpaMMy, KOTOPYIO MOXKHO Oy/AET MCHOIb30BaTh
U Ui ApyTux npuioxenuil. [lockonbky B mporpaMMax yacto Tpebyercs: yMHOXkKe-
Hue 3HaueHus Ha 10, To Jydine HamUcaTh COOCTBEHHYIO MOAMPOrpaMMy AJS yM-
HoxkeHus: Ha 10. Ecnm Hy)XHO yMHOXaTh YMCIIO Ha WM3BECTHBIN Kod(duImeHT
(3meck 10), TO MOKHO CYIIECTBEHHO ONTUMH3HPOBATEH MOANIPOTPAMMY U BCIIEACT-
BHE 3TOTO 3HAYUTEIFHO COKOHOMHUTH Ha BBIYHCICHUIX. Onepainio YMHOKEHUS Ha
10 MOXHO pa3aenuTh, HAIPUMED, HAa IPOCThIe KOMaHIbI CABUTa U cioxeHus (10 =
=2x2x2+1+1). [loetomy B creayromeii moanporpaMMe BBHITIOTHAIOTCS TPH
C/IBHUTA BJICBO COJCPKUMOTO PETMCTPOB, YTO O3HaYaeT YMHOXEHHE Ha 8. 3aTeM
3HA4YEHUE JOJDKHO JIBaXKIBl CYMMHPOBATHCS, YTOOBI B UTOTE PEan30BaTh YMHO-
xenue Ha 10. Cremyromas mogmporpamma Mul x10 TpeOyeT Tpu §-pa3psmgHOTO
peructpa s MHOXHMOro (24 6mta) (MUL X10 H, MUL X10 M, MUL x10 1) W TpH
AQHAJIOTHYHBIX perucTpa s pesyiapTata (MUL X10 H FERG, MUL X10 M ERG,
MUL_X10 I ERG).
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Mul x10
movf MUL X10 L, W
movwf MUL X10 L ERG
movf MUL_X10 M, W
movwf MUL_X10 M ERG
movf MUL_X10 H, W
movwf MUL X10 H ERG
movlw d'3"'
movwf COUNTER

mul x2 loop
bcf STATUS, C

rlf MUL X10 L ERG, F
rlf MUL X10 M ERG, F
rlf MUL X10 H ERG, F
decfsz COUNTER, F
goto mul x2 loop

movlw d'2’'
movwf COUNTER

add loop
movf MUL X10 L, W
addwf MUL X10 L ERG, F
btfsc STATUS, C
incf MUL X10 M ERG, F
movf MUL X10 M, W
addwf MUL X10 M ERG, F
btfsc STATUS, C
incf MUL X10 H ERG, F
movE MUL X10 H, W
addwf MUL X10 H ERG, F
decfsz COUNTER, F
goto add loop

movE MUL X10 L ERG, W
movwf MUL X10 L
movf MUL X10 M ERG, W
movwf MUL X10 M
movf MUL X10 H ERG, W
movwf MUL X10 H

return

;KompoBaThk BXOIHEIE IaHHEIE B PEIMCTPEH
;MUL_X10 H ERG, MUL X10 M ERG, MUL_X10 L ERG
; AJIA BPEMEHHOT'O XPaHEHMA ITPOMEXYTOWHBIX

; PE3YIJIETATOB

; ComepxmMoe PETUCTPOB BPEMEHHOTO XPaHEeHMS
;pesyJsbTaTa IJis BBIIOJHEHUS OIepalyy yMHOXESHMUSI

;Ha 8 mosrkHO 3 pasa COBUTATBLCS BIEBO

;OuncTuUTe OUT nepeHoca C, YWTOOEI OH
;HEe MOBJIMAJI Olepalyy yMHOXESHMA

; YMHOXEHMe Ha 2

;YMEeHBIMTE Ha 1 CUeTuMK KOJIMYECTBa YMHOXEHMM
;Ecomm 3HaueHme cuetumka He 0, TO NIOBTOPUTH
;OllepalMio yMHOXEHUS Ha 2

;Ternepb 3HaueHVE yMHOXEHO Ha 8

;3amaTh B CUETUMKE KOJIMUECTBO OlepaLui

; CTIOXEHMS UMCJIOBHIX SHAUEHMY paBHOe 2
; Jo6aBuUTh MIamumMy OanT UMCIJIOBOTO 3HAUEHMS

; [lpoBEPUTL, OBUI JIM IIEPEHOC M, ecim ObUl, IOOaBUTb
;1 K COmepXrMOMy CJIEOyIIMEIrO per-pa pes3yJsibTaTa
;IoBaBUTL Ccpelnuy OamT UMCIJIOBOT'O 3BHAUEHMUS

;[lpoBepuTh, OBUI JIM NEPEHOC M, ecJi OvUl, IOOaBUTH
;1 K COmepXxrMOMy CJIIEOyIMEIrO per-pa pes3ysibTaTa
;IoBaBUTE CTapumyi 0amT UMUCIIOBOT'O 3BHAYEHMS

; YMEHBIMTL BHAUEHMEe CueTurKa Y IIPOBEPUTH eTo
;TIOBTOPUTL ONepalLmio CJIOXEHMS, eCJIM 3HaueHue B
;cueTuyke He paBHO 0

;Ecomm paeHo 0, T. e. 2 omnepaumy yXe BBIIOJIHEHEL,
;TO CKONMPOBATL Pel’yJIbTAaT yMHOXeHMsa Ha 10 m3
;PETUCTPOR, MNpemHal3HAUEHHBIX IJIS BPEMEHHOTO
;xpaHeHyd, B perucTpel MUL X10 H, MUL X10 M u

;MUL X10 L, B KOTOPBIX M3HAUaJIbHO OBUIO MHOXMMOE
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[Tocne BBIMOMHEHUS MOANIPOrpaMMBI Pe3ynbTaT YMHOKEHUS Ha 10 cHOBa Komupy-
€Tcs B PErucTp, B KOTOPOM M3HAYANBbHO XPaHMIOCh MHOXKHMoe. Takum oOpazom,
TPOEKPaTHBIM BBI30BOM MOJNPOTrpaMMbl MOKHO peain3oBaTh ymHokeHue Ha 1 000.

[lepen HavaIOM BBITOTHEHNUS BEIYUCICHUH HYKHO 3apaHee CKOIMHPOBATh 3HAUEHUS
HU3MEPEHHOT'0 HAMPSDKEHUS U TOKA B COOTBETCTBYIOIIUE PETUCTphI. [ BhImOIHE-
HUS TOCIEAYIOIIETO JACJICHUS 3HAYEHHE, COOTBETCTBYIOIIEE M3MEPEHHOMY TOKY,
KOIUPYETCS B PETHUCTPHI AJI XpaHEHWS 3HAMEHATENd, a 3HAYeHHE HaIpPsDKEHUS
CHauaja KOMUPYETCs B PETUCTPHI JTsl yMHOXeHHs Ha 10.

movf STROM L, W ;3HauUeHMe TOKa IIOCTylnaeT B 16-paspsanHbl PeImCTP
movwf NENNER L ;U KOIMpyeTCcss B oBa 8-pa3psamHEIX

movf STROM H, W ;permcTpa Ijig XPAaHEeHMd 3HaMeHaTeJid

movwf NENNER H

movf SPG L, W ;UTOCH MMETE BO3MOXHOCTB OTOOpaxaTh HeOOJIblIoe
movwf MUL X10 L ; conpoTuByieHMe (MeHee 1 OM), 3HaueHMe

movf SPG H, W ; HAIPSDKEHMST TOJDKHO YMHOXATHCS Ha koadd. 1000
movwf MUL X10 M ; TakyM CrocoOoM MOXHO PacCuMTaThb

clrf MUL X10 H ;3 HeCATUYHEIX paspAfa MOoCje 3arlaTon

; Aiia 3TOTO 3HaAUeHue HaIlpAXeHMA
; KOIIMPYyEeTCAa B PEIMCTPEL OJId YMHOXEHMA
;MUL_X10 L, MUL X10 M, MUL X10 H

nop
call Mul x10 ; BEIIOJIHUTE  3-KpaTHOE YMHOXEHME HalpPsKeHMS
call Mul x10 ; (10 * 10 * 10 = 1000)
call Mul x10 ;CaMoe MaJjieHbKOEe CONPOTUBJICHME :

;70,001 B / 5,00 A = 0,002 Om
nop ;Camoe OoJIbIOe COMPOTMBIIEHME :

;5.00 B/ 0.01 A = 500 Om
movf MUL X10 L ERG, W ;KomuporaTe 1000-kpaTHOE 3HaueHME HANPSKeHMA
movwf ZAEHLER L ; IJIS BRIIIOJIHEHMS IeJIeHUS
movi MUL X10 M ERG, W ;IIOCKOJIbKYy 3Ha4UeHMEe HalpPSXEHMUSA MOXeT ObThb
movwf ZAEHLER M ;MakcumyM 500 000, ToO mosToMy OHO MMOCTYyIIAeT
movf MUL X10 H ERG, W ;B 24-paspAmHelt PEeIVCTP OJIS BEIIOJIHEHMA
movwf ZAEHLER_H ; orepaly OeJIeHUsa

[Tocne Berumcnenns 1000-kpaTHOTO HANPSDKEHUS COINEPKHUMOE TPEX PErHCTPOB
MUL X10_ x ERG KONHMPYETCS B COOTBETCTBYIOIME TPH PETHCTPA, NIpeAHAa3HAUCHHbIE
IUIs XpaHEHHs YucIuTes. B mporpamMe CHOBa M CHOBa BCTPEYAIOTCS KOMAHIIBI
nop. OHU He 00513aTENbHBI, HO TAIOT BO3MOKHOCTh YCTaHABJINBATh TOUKY OCTaHOBA
MI0CJI€ BEIYUCICHUH.

TCHCpL IMOATOTOBKA IJIA BBIYMUCIICHHA COIMPOTHUBJIICHUA 3aKOHYCHA, U 3HAUYCHHUEC CO-
MNPOTHUBJICHUA MOXKCT OBITE pacCUMTaHO IYTEM BbI30BA IOAIIPOTrpaMMBI Divlé.
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B XO0AC BBIYMCJICHUS OTACIBHBIC ACCATUYHLIC Pa3pAalbl, KaK WU IMPU BBIYUCICHUHU
MOIITHOCTH, OIIPCACTIAOTCA IOCPEACTBOM HCOAHOKPATHOI'O JACJICHUSA Ha 10.

call Divlé6 ; BeI30OB MOOIIpOTpaMMel HeJIEHMS PEIMCTPOB UMCIIMTEIS
nop ; (HanpspkeHre) Ha PeTrMCTPE 3HaMeHaTeJld

;(TOK) IJIg IIOJIYUEHMA 3BHadeHMA COIIPOTUMBIICHNMA

clrf NENNER H ; PesysieTarT mesieHrMsa HaxXOIMTCA B PeImcTpax UYUCIIMTEesIS
movlw d'l0"' ;UTOBEl OIPEeNeNUTh OTHEeJIbHEE IeCATWUHEE

movwf NENNER L ;PaspAansl 3HAUEHMSA COHNPOTMBIIEHNMS, Pe3yJbTaT

call Divleé ;ocrienoBaTesibHO meymrcsa Ha 10. CooTBeTCTBYUMM
movf REST L, W ; OCTATOK IMIIETCA B PErMCTP IJiAa

; COOTBETCTBYIIET'O paspdla.

movwf STELLE 6 ;3-11 mecATWUHBD! paspsal II0CJe 3alsaTon

call Divlé6

movf REST L, W

movwf STELLE 5 ;2-11 DeCATUYHBDI paspsal IIOCJe 3amnsTou

call Divlé6

movf REST L, W

movwf STELLE 4 ;1-71 DecAaTuduHBDI paspsan [IOCJe 3arsaTon

call Divlé6

movf REST L, W

movwf STELLE 3 ;1-11 DecATUUHBD paspall Nepel 3anaTol (eOVHMLIE)
call Divlé6

movf REST L, W

movwf STELLE 2 ;2-11 DeCATUUHBD paspall Iepen 3anaToi (IecsaTKM)
call Divlé6

movf REST L, W

movwf STELLE 1 ;3-11 mecATWUHBD paspsal Iepen 3ansaTor (COTHM)

[locne BBITONHEHUS 3TOM YacTH MPOTPaMMBI pa3psiibl Mepe 3amiaToi OyayT Xpa-
HUTHCS B PETHCTPax STELLE 1—STELLE 3, a 3 pa3psaa IocIe 3ansiToid — B PEerucT-
pax STELLE 4—STELLE 6. Taxke Kak U npu 0TOOpa)XeHUH Ha WHAWKATOPE MOIIHO-
CTH, B 3TOM CiIydae, IpU OTOOPaK€HHH CONPOTUBIICHUS, HOJDKHBI BBIBOAUTHCS
TOJILKO TPH 3HauaIuXx paspsana. [lepen BbIBogoM u(pPOBOTro 3HAUCHHS COMPOTHB-
JIEHUS TOJDKHBI 0TOOpaxarbes cUMBOJB "R = ". OHU BBIBOAATCS BO BTOPOH CTPO-
Ke, HauMHas ¢ JecsIToi nmo3unuu. Benen 3a 3TuM mpoBepsieTcs, UMEIOTCs JIH B Jie-
CATUYHOM 3HAYEHUH CONPOTHUBIIECHUS CTOSIIME BIEPEIU HYJIH, KOTOPhIE HE JOJIK-
HBI OTOOpaKaThCsl HAa MHAMKATOpe. [ 5TOro HAauYMHAIOT MPOBEPKY CO CTAPILIETO
paspsiaa (STELLE 1). Eciu nmpoBepeHHBIH pa3psa He paBeH HYJII0, TO OH BBIBOAUTCS
Ha MHIMKATOp M CUETYUK I IOJICYETa 3HAyYalluX pa3psgoB yMEHbLIAETCs Ha
envHuLy. Ecau Bce Tpu 3HaYamux paspsaa BBIBEACHBI, TO B CUETUMKE OyneT xpa-
HUTHCA 0, TIOCIIE Yero 0ToOpakaeTcss CMHMBOJ JJISl €IMHUIIBI U3MEPEHHSI CONPOTHB-
nenus "Q" (Om).
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movlw 0xC9

call SchreibeDispKommando

movlw A'R'

call SchreibeDispDaten
movlw A'='

call SchreibeDispDaten

prufe Stellel

movlw d'3’

movwf STELLE CNT

movlw OxFF
andwf STELLE 1, W

btfsc STATUS, Z
goto prife Stelle2

schreibe Stellel

movlw 0x30

addwf STELLE 1, W
call SchreibeDispDaten
decfsz STELLE CNT

goto schreibe Stelle2
goto schreibe Einheit

priife Stelle2

movlw OxFF

andwf STELLE 2, W
btfsc STATUS, 7
goto prife Stelle3

schreibe Stelle2

movlw 0x30
addwf STELLE 2, W
call SchreibeDispDaten

;HauaTh BEIBOI CMMBOJIOB BO 2-¥ CTPOKe,
;HaumHasg ¢ 10-1 mosmiym (=0x80 + 0x49)
;llepenaTh KOMaHIy IJIs BBHIIOJIHEHMS yCTAHOBKMU
;ampeca OIIepaTMBHOM INaMATM MHIMKATOPAa
;3arpy3urhk cuMBoJl "R" B permcTp W mis ero
;BHIBOIA BO 2-1 CTpoke B noswmimm 10

; BEIMOJIHMTE Iepeniadyy CMUMBOJIA

;3arpy3urhk cuMBoJ "=" B perucTtp W

; BEIMOJIHMTE Iepefiady CUMBOJIA C yBeJIMYeHMEM

;jampeca namMaTu (2-sa crpoka 1l-sg noswuims)

;07s1 BHBOIA 3alaTh 3 3HAUYAUMK IECSATUUHBIX
;paspana
;YCT@HOBUTL BTO UMCIJIO B CUETUMKE

; KOJIMYeCTBa 3HadaulX pa3pAanoB

;IpoBEePUTH, SABJISAETCA JIM Paspsn
;COTEH HyJIEM

;Ecim paspsan 0, HadaslbHEDI HYJIb
;Ha MHIMKATOP He

; BEIBOIUTCS

;lIpeoBbpaszoBaTh OECATUUHBD paspsal COTEH
;B kom ASCII

; BHIIOJIHMTE Iepenady Ha MHIOMKATOP

;llocre oToOpaxeHMs 3HAdalleTo paspsala

; YMEHBIMTH BHaUEHME CUeTuMKa

;Ecm 3Hauenme > 0, NepenTH KO 2-My paspany
;llpy BEIBOZIE BCEX PaspsIoB BEBECTU €Il. U3M.
;ECI KpavHM JIEBBM pPa3psal ObUI HyJIEBBIM,

; BHIIOJIHUTEL I[IPOBEPKY, SBJIAETCS JIA

;2-1 paspsan 0

;Ecim BTOpPOM paspsan — 3TO TaKXe HyJb,
; IPOIOJDKUTE [TPOBEPKY

;3-T0 paspsazma

;[IpeoBpaz0BaTe OEeCATUUHBL pas3psan B ASCIIT
; 0ECATKOB
; BHIIIOJIHMTE Iepenady Ha MHIMKATOP

;2-T0 paspsana nepern 3arsToi
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decfsz STELLE CNT
goto schreibe Stelle3
goto schreibe Einheit

priife Stelle3

movlw OxFF
andwf STELLE 3, W

btfsc STATUS, Z
goto prife Stelled

schreibe Stelle3

movlw 0x30
addwf STELLE 3, W
call SchreibeDispDaten

movliw A'.'
call SchreibeDispDaten
decfsz STELLE CNT

goto schreibe Stelle4d
goto schreibe Einheit

prufe Stelled

movlw A'.'
call SchreibeDispDaten

schreibe Stelle4

movlw 0x30
addwf STELLE 4, W

call SchreibeDispDaten
decfsz STELLE CNT

goto schreibe Stelleb
goto schreibe Einheit

schreibe Stelleb

movlw 0x30

addwf STELLE 5, W

call SchreibeDispDaten
decfsz STELLE CNT

goto schreibe Stelle6

goto schreibe Einheit

;Ecm cueTumk eme Oosibme uem O,
;IepeiTy K CJenylleMy pas3paiy
;B NPOTMBHOM CJlydae IEepPeMTM K BBBOLY

7 EOVIHUIIEL MSMEPEHNMA

;Ecomm Bce npermmimynme paspsansl osomt O,
;3IecChb IPOBEPSEeTCs, SBJILETCS JIM HYJIEM
;paspsan enuHull rnepeln 3alsaTon

;Ecom OoH Taxkxe HyJb, TO COINPOTHUBIIEHME
;MeHbIle ueM 1 OM M BBIIOJIHAETCS I1epexol
;K PAaCCMOTPEHMIO CJIeINyero paspsala

;[lpeobpaszoBaTe OecAaT. pas3pan emvHui B ASCIT

; BEIMOSIHUTE Iepelaudy paszpsala eOVHMI Ha

; MHIVIKATOP

;llocrne paspsaia eOVHMI CJIeOylT TOJIBKO JIMIIb
;paspamsl IocJle 3arsaTolM,

;TIORTOMY BHauajle BBIBOOUTCS IeCATHMYHAsS TOuKa
;Ecomm 3 BHauvammx pas3psana yXe BHBEIEHEl, TO
;TIEPENTM K BBIBOLY E€IVHMLEl U3MEPEHUS

;ECIM HeT, NepenuTy K

;obpaboTke 4-T0 pazpana

;Eci Bce IecaTuuHble paspsanbl [epern 3alaTon
;6eum paBeHEl 0, TO MMETCS TOJIBKO Pa3PSIb
;TIOCJIE 3aldaToM UM I[IODTOMY IIpexIe BCeT'o
;BEIBOOUTCS IECATUYHAS TOouKa

;C 4-10 paspsama Bce UUOPH

; DOJDKHBEL BBIBOIUTHCS, I[102TOMY

;OeJlaeTcsa NIPOBEpPKa,

;aBisercsa sm pazpsan 0

;OTOOpPa3uUThL [EPBLM pPaspsan [IOCJe 3allsaTon
;[lpOBEPUTL, HOJDKHEL JIM BHBOIOWUTLCS CJIeyuMe
;PaspAamEl MM XKEe HYXHO IEPEeMTM K BEIBOIY

; EOVHMLIEI MIBMEPEHMA

;llpecOpasoBaTh 2-11 pal3psan INOCJe 3allsaTor
;B kom ASCII

;OTOoOpasuUTs BTOPOM paspAlnl IOCje 3anaTou
;YMEHBIMTL CUETUMK IJIS 3HadallMxX pa3psnoB
;TakyM oBpasoM MNPOBEPSETCH,

; OOJDKHA JIM BEIBOOUTHLCS ele omHa umdpa
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schreibe Stelle6
movlw 0x30 ;[lpeoBpaszoBaTh 3-¥ paspsal IIOCJEe 3alsTou
;B kom ASCII
addwf STELLE 6, W
call SchreibeDispDaten ;OTOOpPasUTEL MOCJIeIHMIM pas3psaln IIOoCJe 3allsaTou
;BOTO BHaueHme g MOM  (MWJLJIMOM)
schreibe Einheit
movlw OxCF ;BEIBOI CMMBOJI& ©IMHMLE! MSMEPEeHMS
call SchreibeDispKommando ;COIPOTUBIIEHUM
;TaxkuM oBpasoM, [OCJIeIHMM BHBOIMTCS CMMBOJI
;"Q" (Om)
movlw Ox1E
call SchreibeDispDaten

JecsatnuHas Touka AOJKHA BBIBOAUTHCS IOCHE paspsana equHul. Eciou Bce pasps-
Ibl TIepe 3amsITON ObLIN HYJISIMHU, TO JECATUYHAS TOYKA SIBIISETCS MEPBBIM CHMBO-
JIOM, KOTOPBIH mpeactaBiserca. [locie necaTmaHON TOYKK Bce NU(PHI MOTYT BBI-
BOJUTHCS O€3 clieyolIeli IPOBEPKHU.

TenepL II0 OKOHYAaHWHM BbIJa4YW 3HAYCHHA COIIPOTHUBJICHHS OCHOBHAs ITpOorpaMma
MOeT OBITh 3alryni€Ha ¢ caMoro Havaja.






12. Nepepaya AaHHbIX
nocpeancTBOM nocrnegoBaTesibHOro
uHTepdgenca

B mpenpinymux npumepax MHKPOKOHTPOJUIEP BCErZa MCIIONB30BAJCS KaK CaMo-
CTOSITENIbHBIN y3€l, coo0lIas CBEEHNs M0Ib30BATENI0 TOJIBKO C MOMOIIBIO KU~
KOKPHCTAJUINYECKOT0 MHIMKATOpa MM cBeToanonoB. OmHAKO 4acTo Tpedyercs
Ui 0OMEeHa TaHHBIMU MOJKJII0YaTh MUKPOKOHTPOJUIEP K HEePCOHANbHOMY KOMNb-
tomepy (IIK). MoxeT BOSHHKHYTb, HalpuMep, Clydaid, KOorja MUKPOKOHTPOJLIEP
TOJIBKO HaKaIlJIMBaeT pe3yibTaThl U3MEPEHHs, KOTOpPhIE JOJKHBI MepeaBaThCsa B
MEPCOHAIBHBIN KOMITBIOTEP JUISl abHEeHIei 00paboTku ¢ 00Jiee BRICOKOW BBIUKC-
JUTEIbHON MoOIIHOCThIO. [locpencTBoM 3Ha4uMTENBHO 0OJiee BBHICOKOM BBIYHCIIH-
TENBHON MPOU3BOJUTENBHOCTH KOMIBIOTEPA MOXHO MPEACTaBIATh HA MOHHTOPE
o0paboTaHHBIE pe3ynbTaThl U3MEpPEeHUs B BHje rpadukoB. [pyroii mpumep, mpu
KOTOPOM HAo0OpOT NEPCOHANbHBIH KOMIIBIOTEP IOJDKEH IIepelaBaTh JaHHBIE B
MUKpPOKOHTPOJIIEP, — 3TO MPUMEP YNPaBIE€HUs BHEITHUMH aIlllapaTHBIMU CPEACT-
BaMH. B TakoMm ciydae Ha MepCcOHaIbHOM KOMITBIOTEpPE MporpaMMupyercst rpadu-
Yyeckuid MHTEpdelic, ¢ MOMOIIBI0 KOTOPOrO YNPABISIOT BHEUIHUM YCTPOWCTBOM,
a TOJKIIIOYAIOT allapaTHbIE CPEACTBA K MEPCOHATBHOMY KOMIIBIOTEPY MOCPEACT-
BOM nocinedosamenvio2o uxnmepgeiica. Tenepb ecTb BO3MOXHOCTh, HalpuMmep,
YIPaBIATH 110 PaJHO PETYINPOBAHUEM TEMIIEPATYPHI C MOMOIIBIO IEPCOHATBHOIO
KOMIIbIOTEpa. MUKPOKOHTPOJUIEPY TOJBKO JIMILIB COOOLIAIOTCS MapaMeTphl JKeae-
MO TeMIIEpaTyphl, a OH Jlajiee caM 00ecreunBacT PeryJiupoBaHue.

HmeroTes pasnuuHble nocae10oBaTenbHble HHTEP(EHChl, KOTOPbIE OTANYAIOTCS TEM,
KaK OHH IepelaroT JaHHble. CamMble U3BECTHBIE HHTEP(ENCH], HMEIOLINECs B HAJIU-
YUH HA TEPCOHAIBHOM KOMIIBIOTEpE MO yMON4aHWI0, — 3T0 mHTepdeiicer USB
(Universal Serial Bus) u RS-232 (ot anrn. Recommended Standard). MuTepodeiic
USB siBisiercst 60iiee CIOKHBIM, HO C €T0 UCTIOIB30BAaHHEM MOYXHO AOCTUYh BBICO-
KX ckopocteit nepenaun. UnaTtepdetic RS-232 nmpumensiercs B OONBIIMHCTBE CITY-
YaeB JIMIIb B HACTOJBHBIX KOMIBIOTEPAX U B OYEHb HEMHOTUX HOPTATUBHBIX KOM-
neioTepax. K coxanenuto, unarepdeiic USB sBnsieTcss 0OTHOCUTEIBHO KOMILIEKC-
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HBIM B YNPaBJICHUM M TO3TOMY JUII MHOTMX MaJCeHbKHX MHKPOKOHTPOJIJIEPOB, B
ToM uncie u PIC16F876A, ero npumeHeHne HeBbIroaHO. [IpoTokoi 1 ynpaBieHue
nocpeacTBoM uHTepdeiica RS-232 ocymiecTBisOTCS OYeHb MPOCTO, M 3TOT HH-
Tepdeiic MOXKET TaKKe JerKo OBITh pealn30BaH Ha OCHOBE MUKPOKOHTPOJUIEPA.
B GompmmHCTBE CitydaeB HEBBHICOKOW CKOPOCTH Tepeaadd MOCPEACTBOM HHTEp-
(etica RS-232 coBepIiieHHO JAOCTATOYHO, T. K. JIOJDKCH TEepeaaBaTbCs TOJBKO HE-
Oonpmoit o0beM naHHBIX. OOBIYHO CKOpOCTh uHTepdeiica RS-232 cocraBnser
npumepHo 10—100 k6ox (anrin. baud). st yBemu4eHuss CKOPOCTH Mepeiayu Tpe-
OyeTcsi, OTHAKO, YCTAHOBKA B HEKOTOPBIX MEPCOHAIBHBIX KOMITBIOTEPAX TOTIOHU-
TETbHON CheMHOW IUTaThl. ECITM HY)KHO OCYIIECTBISITH CBSI3b MEXIY MHUKPOKOH-
TPOJIJIEPOM M MOPTATUBHBIM KOMITBIOTEPOM, KOTOPBIM HE pacnojiaraeT MHTepdei-
coM RS-232, To Tpebyetcsa npucoeaunsats nopT USB yepes agantep. DnekTpoHHKa
B 3TOM ajiantepe NPeloCTaBIsAET B PacOpsHKEHUE KOMIIBIOTEPY TaK Ha3bIBAEMBbIH
BuptyanbHbiii COM-nopm (anri. Communication Port) u yrpasiser 0OMEHOM 110
rocienoBaTeIbHOMY HHTEpdeticy RS-232. Jlns monp30BaTesnst BCe BRITISIUT TOTIA
TaKkuM 00pa3oM, Kak OyJTO epCOHaIbHBIN KOMITBIOTED pacronaraeT HHTepgeiicom
RS-232.

12.1. NocnepoBartenbHbIN MHTepdenc RS-232

[pex e yem HaYaTh MPOrpaMMHUPOBAaHUE MTOCIIEIOBATENILHOTO HHTEp(delica, HyKHO
3HATH €IIe KOS-YTO O BUJIC MEPEIauM JIAHHBIX, YTOObI COOTBETCTBYIOIIMM 00pa3oM
MOXXHO OBLJIO ObI HACTpauBaTh allllapaTHbIC CPEACTBA. B mocienoBaTelbHOM WH-
tepdetice RS-232 nanHble nepenaroTcs MOCIEAOBATEIBHO, T. €. MO JIMHUH CBSI3U
KXKIbI OWT TMOCHUIACTCS MOOYEPEJHO IOCIe Mepefadd MpeablIyniero Oura.
B nanpreiiem OyzeT paccMOTpeH TOIBKO CaMblil TPOCTON BUA OOMEHa, a He BCE
BO3MOXKHOCTH cTanmapta RS-232. Jlns camoif mpocToil mepegadu Mexay Mmepco-
HaJbHBIM KOMITBIOTEPOM U MUKPOKOHTPOJLIEPOM TPEOYIOTCS TOJIBKO JIMIIb 3 JIU-
Huu: ogHa Mg nepeqaun TX (Transmit), oqHa mist mpuema RX (Receive) u omHa
st obmert muHBl GND (Ground). Ecnm sxe maHHBIE MepeqaroTcsl TOIBKO B OJHOM
HaTpaBJICHUH, TO OyJIET JOCTATOYHO TOJBKO JIBYX JTHHHUH.

12.1.1. NogknoyeHue
yepes nocnepoBaTesibHbIU UHTEpdenc

K coxanenuto, B natepderice RS-232 nmepenaBaembie 1aHHbIE JOKHBI UMETH 00-
Jiee BBICOKHE YpOBHM HampsbkeHus, dem ypoBHH TTJI (TpaH3ucropHo-TpaH3HC-
TOpHOH Jorukw). st mepenadu OTACNBHBIX OMTOB HCIIOJIB3YIOTCS TOJOKUATENb-
Hble U OTpulaTenbHble HanpskeHus. [Ipuuem yposens Mexny +3 B u +15 B un-
TEPIPETUPYETCS KaK HU3KUI JIorudeckuil ypoBeHb (Low), a HanmpspKeHHsT MEXIY
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-3 B u —15 B xax Boicokuii (High). Kak mpaBuio, ais nmepenaun HCHONb3YIOTCS
HanpspkeHus +12 B u —12 B. Curnainsl Takoro ypoBHSI HE MOTYT HETIOCPEACTBEHHO
TeHEPUPOBATHCS MUKPOKOHTPOJIIEPOM, MMOCKOJIBKY €0 CUTHAIBI HMEIOT HampsiKe-
Hus Tobko Mexxay O u 5 B. [ToaToMy HEOOXOIUM eI1ie TOTOJHUTEIBHBINA ITpeodpa-
30BaTeNb AN NPUBEICHUSA HANPSDKEHUs! K TpeOyeMoMy ypoBHIO. TunmyHas MHK-
pocxemMa Takoro npeoOpazosarens, Hanpumep, MAX232A mpou3BoauTCs KoMIa-
HUei Maxim. DTa MHUKpocxeMmMa C IOMOIIBI0O BHYTPEHHEro MpeoOpa3oBaTes
HanpsDKeHUs] mpeoOpasyeT YpOBHHM CHTHAJIOB IOCIIEIOBAaTEILHOIO MHTepdelica B
TTJI-ypoBan n Ha000poT. [lom0OHBIE MUKPOCXEMBI M3TOTaBIMBAIOTCS MHOTHMH
IIPOM3BOJUTEISIMUA M UMEIOT Pa3JINYHOE KOJIMYECTBO KAHAJIOB U Pa3HOE HalpsbKe-
HUE TUTaHusl.

Kax mpaBmiio, B mepcoOHAIEHOM KOMITHIOTEPE UMEETCS 9-KOHTAKTHBIA pa3zbeM Sub-
D (Buika), K KOTOPOMY MOKET IPHUCOSHMHATHCS KaOeNb ISl ITOCIIeI0BATEIHbHON
repenayn JaHHbIX. Ha CTOpOHE MOAKIIIOYaeMbIX amlapaTHBIX CPEICTB KaOelb
AMEET COOTBETCTBYIONINI 00paTHBIN 9-KOHTAKTHBINA pazbeMm Sub-D (rue3mo). Cxe-
Ma TMOAKJIIOUEHUS MUKPOKOHTPOJIEpa K MEPCOHATLHOMY KOMIIBIOTEPY Yepe3 Io-
cliefioBaTeNbHbIN nHTepdeiic mokaszana Ha puc. 12.1.

MK MAX232A PIC16F876
5( o GND SY5 15 oo 11519l
e |9 9 O 4
4| @ 8 sl o O
o8 TX
3| e . o3 BIN outHZ 18y
|7 Rx 7|0
2| e o2 Moyt NPTy
1 ® |6 61O o 1
L e

Puc. 12.1. MNogkntoyeHne MUKPOKOHTpONepa NocpeacTeoM NocreaoBaTenbHOro nHTepdeiica

Bo MHOrux ciyyasx BBIOMpPArOT UMEHHO 3TOT BapHaHT MOJKIIOYEHUS, T. K. TPHU
3TOM MOXHO OBICTPO cOOpaTh HEOOXOANMYIO BJEKTPHUECKYIO CXeMYy MOIKIIoYe-
HUS anmapaTHBIX CPEeJCTB U AOCTATOYHO MPOCTO 3alporpaMMHPOBATh COOTBETCT-
ByIOIIIE€e IPOrPaMMHOE 00eCIIeUECHHE.

12.1.2. NMpoTokon nHtepcenca RS-232

UroOBl TaHHBIE MOIJIM IOCIEAOBATENBHO MEPEAaBaThCs MO JIMHUM, IS HUX HOJI-
KeH OBITh OTpelieieH MOMEHT Havyajla ¥ KOHIA CIoBa. MIMEIoTCs pa3iuyHble BUBI
IIPOTOKOJIOB Mepenaur 1o uurepdeiicy. Tem He MeHee B M000M cilyyae nepeaaya
HAYMHAETCS CO CTAPTOBOTO OMTA M 3aKaHYMBAETCS CTONOBBIM OnTOM. DOpMaT naH-
HBIX U CKOpPOCTh Tepeadyn, UCIONb3YEMbIE B MEpelaTyuKe, MOJDKHBI OBITh ycTa-
HOBJICHBI TOYHO TaKUMH €, KaK MU B IPHUEMHHKE, IIOCKOJbKY HMHAYe HE MOXKET
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OBITH OOccIieueHa HaACKHad nepeaada. HOSTOMy npu HpO6HeMaX nepeaavyu CHa-
qajia Hy>KHO IMPOBCPATH BCC HaC’I’pOﬁKH.

[Ipu camom mpocToM crioco0e mepenadyu mpuMeHsieTcst 1 crapToBbiii OUT, 8 OUTOB
naHHbIX ¥ 1 cTonoBbid Out. Eciu ke TpeOyercs Hanboliee JocToBepHas nepesaya,
TO MOXKET OBITHh JTOOABJICH €Ile OMT YeTHOCTH, KOTOPBIA MepeaacTcs MOCe CIoBa
JAaHHBIX. BUT YeTHOCTH mpemHa3HayYeH IS 3alUThl OT OMMOOK, KOTOPBIH ornpese-
JIIET OTJCNIbHBIC OIMIMOKY MPH Nepeaue qaHHbIX. Ecim npu nepempaye OyaeT ucka-
JKE€H OJUH OWT, M COOTBETCTBEHHO HEBEPHO OIMpEeNieH, TO 3Ta OIMHNOKa MOXET
OBITH ompeneneHa. Eciu ke OyIyT MCKaKeHBI 1Ba WK OOJbIIee KOJUISCTBO OH-
TOB, TO C TIOMOII[LIO0 OUTA YETHOCTH OIPENICIIUTh TAKHE OIIMOKH YK€ HE TIPE/CTaB-
JIsieTCsl BO3MOXKHBIM. B ciydyae mcmonp3oBaHns OWTa 9€THOCTH MOXKHO BBIOMPATh
MEXITy TIPOBEPKOH Ha 4ETHOCTHh M HeUeTHOCTh. [Ipu mposepke Ha yeTHOCTH (Even-
Parity) B Oute yetHOoCTH Oyzer norudeckuii 0, eCiii CyMMa €JIMHUIL B CJIOBE JIaH-
HBIX YeTHas, Wi OyJeT Jiorndyeckast 1, eciiu cymma HeuetHas. [lpu mpoBepke Ha
HEYETHOCTh — BCE B TOYHOCTH Ha000poT. B Tabm. 12.1 mpuBeneHsl BCE BO3MOXK-
HBIC COCTOSTHHUSL.

Tabnuya 12.1. 3HavyeHue 6uma KOHMPOJIsi YemHocmu

MpoBepka Ha YeTHOCTb | lpoBepka Ha HEYETHOCTb
CymMma eavHUL, B CNoBe AaHHbIX (Even-Parity) (Odd-Parity)
UeTHast 0 1
HeueTHaga 1 0

Bo MHOrmx ciy4asix oT nepeiadd OMta 4eTHOCTH OTKa3bIBAIOTCS, T. K. B 3TOM CIIy-
yae TpeOyIOTCS JONOJIHHUTEIBHBIC 3aTPaThl HA TIPOBEPKY WIM YCTAaHOBKY OUTa CO-
OTBETCTBYIOIIUM 00pa3oMm.

[Mocne Toro xak onpeneneH Gopmar JJis Iepeavn JaHHBIX, HY)KHO YCTaHAaBINBATh
ele CKopocTh, ¢ KOTOPOH JOJDKHBI MepeaaBaThes AanHble. [lockonbky obmias u-
HUSl C TAaKTOBBIM CHTHAJIOM OTCYTCTBYET, TO I€pel HadaioM OOMEHa AaHHBIMH
HYXHO cOOO0ILAaTh NMepeAaTInKy U MPHUEMHHKY, C KaKOil CKOpOCThIO OyneT ocyiie-
CTBISAIThCA Tepenada. [loaToMy Takylo mnepeaady HasblBalOT acutxpouHou. CKo-
POCTh TaKTUPOBAHMS WIM CKOPOCTh Iepelauyn ykasbiBaeTcs B Oomax. Hemnp3s my-
TaTh 3Ty CKOPOCTh CO CKOPOCTBIO IEpeladu NaHHbIX, T. K. IPU 3TOM pedb HIET
0 KOJIMYECTBE IMOJIC3HBIX JaHHBIX. [Ipu ckopoctu mnepeaaun 19200 6ox wiu
19,2 x6ox ypoBenb curnana uamensiercs 19200 pa3 B cekynay. Tak kak jis nepe-
nmaun 1 GaiiTa eme COOTBETCTBEHHO TPeOYEeTCsl CTApTOBBIA M CTOIOBBIN OUT U CKO-
POCTh Tiepeliaur JaHHBIX cocTaBisieT MakcumyMm 8/10 ckopoctu nepenauu. M3 sto-
T'O CJEIYET, YTO B ITOM MPUMEPE MOTYT IepeaaBaThcst MakcumyM 15360 our B ce-
kyaay wim 1920 6aiit B cekyHay. IlockonmbKy B 3TOM cilydae WMeeTCS B BHIY
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ACHHXPOHHAs Mepefaya JaHHBIX, TO CTAPTOBBIM OMT MOXKET MOCBUIATHCS B JH000€
Bpems. [IpreMHUK IODKEH Toraa BO BpeMs OOMEHa CUUTHIBATH JAaHHBIC C TOH XKe
CaMOi CKOPOCTBIO, C KOTOPOM OHU IMOChLIIa0OTCs nepeaaTuyukoM. [Ipoienypy nepe-
Jladil TaHHBIX Oe3 OWTa YETHOCTHM MOKHO NpPEICTaBUTh Ha puc. 12.2. B manHOM
ciryuae nepeaaercs aaruHckas Oyksa "M" B ASClI-koze ("M" = 0x4D).

= =
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: g 3 3 2
5 = C 2 3
5E o -~ o ® <« o o ~ 2 5
S5 5 5 5 £ £ E B 2
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Puc. 12.2. MNepenaya natnHckon 6yksbl M

Kak mMoxHO BHIeTh Ha puc. 12.2, B pexuMe MpocTOosl Ha JIMHUHM BCETJa MMEeTCs
OTpHLATENbHBII YPOBEHb CUTHaJla, €CJIM HUKAaKHEe AaHHble He nepenatotcs. Ilepe-
Jladya HAauYMHAETCSl CO CTapTOBOro OWTa, KOTOPBIM MEPEeKII0YaeT OTPUIATENbHBIH
YPOBEHb (BBICOKHI JIOTMYECKUI ypOBEHb) Ha MOJIOKUTEIBHBIH ypOBEHb (HU3KHI
JIOTUYECKHUH YPOBEHB). 3aTeM MochuTatoTcs 8 OMTOB maHHBIX. Ecnu s nmepemadn
TpeOyeTcst HCIOb30BaTh OUT YETHOCTH, TO OH BeTaBisiercst 3a C3P (MSB) (6ur 7).
B koHIIE JaHHBIX TOCHUIACTCS CTOIOBBIA OUT, KOTOPBIA CHOBA BO3BpAIAET YPO-
BCHb CUI'HajIa B COCTOAHUC ITPOCTOA. ITocne »TOro MoKeT BBIIOIHATHCS nepeaaya
CJICAYIOIIETo CJI0Ba, KOTOPas CHOBA HAYMHAETCS CO CTAPTOBOIO OHUTA.

12.2. NMporpammHoe obecne4vyeHue
ANnA nepegayvv gaHHbIX

UYrtoObl mepeaaBaTh JaHHBIE B MUKPOKOHTPOJIIEP HJIM MPUHUMATH MX OT HETO, Tpe-
OyeTcst crieranbHOe MPOorpaMMHOE 00ecTiedeHne Ha TMePCOHAILHOM KOMIIBIOTEpE,
KOTOpOe MOKET OTOOpakaThb 3TH JaHHbIE. B mpocreiimem ciryyae, Kak MpaBuiio,
B OICPAIMOHHOI CHCTEMe MMeeTCsl IporpaMma Juisi paboThl Ha TepMuHaie. Eciu
ucnonsiyercs 110 Windows, To 310 mporpamma HyperTerminal, koTopyto MOXHO
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Haiith w3 MeHo Ilyck — IIporpamma — Crangaptabie — CBi3b —
HyperTerminal. Kpome toro, B IHTepHETE UMEETCS OTPOMHOE KOJIMIECTBO aHa-
JIOTUYHBIX OCCILIATHBIX MPOrPaMM.

[Mocne 3amycka mporpaMMbl HY>KHO YKa3bIBaTh HECKOJILKO YCTaHOBOK JUJIsl HOBOTO
MoJIKIItoueHMs. Bee clienanHbie yCTaHOBKM MOXHO M3MEHSTh TAKXKE CHOBA B OoJiee
MO3/IHEH MOMEHT B COOTBETCTBYIOLIEM MEHIO. B mpouecce HacTpoek nenaercs 3a-
poc o ToM, kakoi COM-TIOpT HY)KHO HCIIONB30BaTh B (hopmate mepemaqdu. s
anpoOMpOBaHUs TPEICTABICHHOTO Janee nmpumepa B mnporpamme HyperTerminal
JIOJOKHBI OBITH C/ENIAHbI CIICAYIONIUE YCTAHOBKH:

COM-nopr: 3aBHCHT OT IPUMEHAEMOTO IIEPCOHAILHOTO
KOMIIBIOTEPA, B OOJIBIIMHCTBE caydaeB 370 COM1

Ckopocts (0uT/c): 19200

Butel naHHBIX: 8

YeTHOCTH: Her

CronoBblie OUTHI: 1

VYnpasnenue notokom:  Her

Jlaiee mpu TOTOBOM HOAKJIIOYEHHH JOJDKHA Cpa3y K€ BBIOJIHATHCS Hepenada u
IpueM JaHHBIX. B OKHE mporpaMMBbl TepMHUHAIa OTOOPAXKAIOTCS TOJIBKO TPHHATHIE
cuMBOJIbL. ECiiM HakaTh Ha KJIaBHIIY, TO CUMBOJI Ha JTUCIUICe HEe OyieT 0ToOpakeH,
KaK 3TO OOBIYHO NMPOHMCXOIUT B Iporpamme penakropa. OIHAKO MPHU UMEIOLIEMCS
MOJKIIIOYEHUN CHMBOJ OyZeT MepelaH C IOMOIIBI0 IOCIEA0BATEILHOTO HHTEp-
(etica. Bce ke, 4T0OBI YBUJCTh 3TOT CUMBOJI, MOXKHO CJICJIaTh MAJICHBKUN TPIOK.
Hnst aToro B pazebeme Sub-D (rHes3ne) Hyx)HO 00benuanuTh BBIBOJ 2 (RX) ¢ BBIBO-
1noMm 3 (TX). Takum 06pa3oM, MOCTaHHBIA CHMBOII OT MTPOTPaMMBI pabOTHI HA Tep-
MHHaJIC cpa3y CHOBa MPHUHUMACTCS U MPEACTABISETCS HA THCIUICe. JTO SBISETCS
TaKKe MPOCTON BO3MOXKHOCTBIO TECTUPOBAaHHS TOCIEIOBaTEeIbHOrO HHTEpdeiica.
Ecnm cnenate 3T0 KOpPOTKOE 3aMBIKaHHE B MECTE, B KOTOPOM OOBIYHO MOIKIIOUCH
MHUKPOKOHTPOJUIEP, TO MOKHO OBITh YBEPEHHBIM, YTO JaHHbBIC OE30IIMO0YHO Tepe-
JIaBaJICh J10 ATOro Mecta. Ecnu mocne 3Toli mpoBepku mnepenada QyHKIMOHUPYET
HE TaK, KaK 0’KUJAIOCh, TO 3TO C BBICOKOH J10JIel BEPOSTHOCTH 3aBHUCHT OT IPO-
IpaMMHOTO 00eCIIeUeHNsI MUKPOKOHTPOJLIEpA.

12.3. NMpumeHeHne nutepdenca USART

MuxkpoxkonTtpomnep PIC16F876A pacnonaraer MomyneM, KOTOPBIH CYIIECTBEHHO
YIPOIAeT nepenady JaHHBIX C TIOMOIIBIO ITOCIEI0BaTeIbHOTO HHTEepdetica. 31ech
pe€ub UACT O MOAYJIC YHHUBCPCAJIBHOI'O CHHXPOHHO-ACHMHXPOHHOI'0 MpUEMOIICpEC-
nmaturika YCAIIT wnmm waawe USART (Universal Synchronous Asynchronous
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Receiver Transmitter). DTOT MOAynb, Cyas MO Ha3BaHUIO, MOXKET PEaTU30BaTh KaK
CHHXPOHHYIO, TaK M aCHHXPOHHYIO Iepefady AaHHBIX B OOOMX HampaBiCHHSX.
UtoOBI BBHINOIHATE OOMEH B PACHOPSHKEHUH 3TOr0 MOJIYJIs, UMEIOTCS 5 crienyanb-
HBIX PEruCTpOB. 3/I€Chb MMEETCS B BUAY IPEXKIE BCErO PETHCTP COCTOSHUS U
ynpasieHusa nepeaardyukoM mMoxyiast USART — TXSTA u peructp cocrossHUs U
ympasierus npueManka — RCSTA, B KOTOPBIX YCTaHaBIMBASTCS B TEpeIadn
M C TOMOIIBI0 KOTOPBIX MOJKET 3alpalluBaTbCi COCTOSIHWE JVHHH CBS3H. YCTa-
HOBKa CKOPOCTH 0OMeHa B 00Jax ocyliecTBIseTcsl ¢ moMolsio peructpa SPBRG,
a B peructpax TXREG u RCREG coxpaHstoTCcs niepeaBaeMble U COOTBETCTBEHHO
MIPUHUMAaeMBbIE JAHHEBIE.

12.3.1. YcTaHOBKa ckopocTtu B 6ogax

11 yCTaHOBKHM CKOPOCTH, C KOTOPOW JIOJIKHBI IEepelaBaThCsl JJAHHBIE, B MUKPO-
koHTpoiiepe PIC16F876A mMmeetcst TeHepaTOp CKOpOCTH oOMeHa wH(popMaliel B
0omax. DTOT 3amaromuii TeHepaTop 3a00THTCS O TOM, YTOOBI JaHHBIC TepenaBa-
JIUCh C TOM K€ caMOM CKOPOCThIO, KOTOpasl 3aJjaHa B MEPCOHATBHOM KOMITBIOTEPE.
Uro0bl ycTaHOBUTH CKOPOCTh 0OMEHa B 00axX, HY»KHO 3al1caTh COOTBETCTBYIOIIEE
3HaueHne B peructp SPBRG. D10 3HaueHHe MOXXHO B3ATh M3 TaOIUIBI B TEXHUYE-
CKOM ONMCAaHMM MUKPOKOHTpPOJIJIEpa WM PAaCCUUTATh JIydlllee 3HaYEeHHUE 110 IpuBe-
JIeHHbIM TaM ke Qopmynam. [TockoyibKky TakToBas 4acTOTa MHKPOKOHTPOJLIEpa,
KaK IpaBWJIO, UMEET HE LICJIOUUCIICHHOE KPaTHOE KeJIaeMO CKOpocTH oOMEHa B
0o1ax 3HaUCHME, U3-32 ITOI'0 MOXKET BO3HHUKATh OINpeesIeHHAas OTPeIIHOCTh. [Ipu
HACTpOHKe MapaMeTpOB 3TO HYXKHO O0sI3aTENbHO YUUTHIBaTh. [IpyM HM3KHX 3Haue-
HUSX CKOpPOCTH OOMEHa 3Ta OmuMOKa MeHee KpUTHYHA, YeM Ipu 0ojee BBICOKUX
ckopocTsix. [loaToMy Bceraa HyKHO IBITaTbCs BBIOMPaTh ONTHMAIbHYIO HACTPOM-
KY, TIpHU KOTOPO# TOTPEITHOCTH Obli1a ObI MEHUMATBHOM. B mpeicTaBieHHbIX qanee
npumepax PIC-xkoHTposuiep cHHXpOHM3HpYyeTcs TakToBo# yactoToi 4 MI'n u, uc-
MOJIb3ys aCHHXPOHHBIM PEXUM PabOThl, MUKPOKOHTPOJUIED NOJDKEH IepenaBaTh
JIaHHbIe co cKopocThio 19,2 x6ox. IIpm HacTpoiike CKOpOCTH elle HyXHO o0pa-
maTh BHUMaHUE Ha MpaBWIBHOCTH ycraHOoBKM Outa BRGH B permctpe TXSTA.
s OTHOCUTENBHO HU3KOW CKOPOCTH OOMEHa 3TOT OWMT JOJDKEH ObITh cOpoIIeH
(BRGH =0), a mis BRICOKOH CKOPOCTH — ycTaHOBJEH B 1. [Ipy HEKOTOpPBIX HU3-
KHX CKOPOCTAX TIepeiaddl MOXKET CIYYHThCA Tak, uro korma omtr BRGH =1, to
TaKke OyeT He3HAUMTeNbHast MorpeHocTh. [103TOMy OT ciydas K ciryyaro Hy>KHO
TIIATENFHO MPOBEPSTh ycTaHOBKU. B cnenyrommx npumepax 6utr BRGH 6w ye-
TaHOBJICH B 3Ha4YeHHUE Jorndeckoii 1. B aToM ciydae cormacHo Tabnwuie, mpuBe-
JEHHON B TEXHUYECKOM NOKYMEHTAlMM MUKPOKOHTposuiepa, B peructp SPBRG
JIOJDKHO OBITH 3amucaHo 3HadeHue 1259. Ecnu TpeOyercst ycTaHaBIMBaTh HHYIO OT
CTaHIapTa CKOPOCTh 0OMEHa B 00aX HMIIM MCIOJIb30BaTh TAKTOBYIO YaCTOTY, KOTO-
past He yKa3aHa B TaOIuIE, TO MOKHO BOCIIOJIB30BATHCS CIELYIOIMMHU (HOpMYIaMu
IUIs1 BBIYHMCIICHUS, B KOTOPBIX CKOPOCTh OOMeHa B 0oJax 0003HaueHa KaAK V ogyena:
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Jis BRGH = 1 (Bricokast CKOPOCTb):

V06MeHa = FOSC SPBGR = —FOSC -1 (12.1)
16-(SPBGR +1) omera *
st BRGH = 0 (Huzkast ckopocTs):
F F
V, = 250 SPBGR=—-9%¢ 1 12.2
oovera ™ 64. (SPBGR +1)  vena <64 122)

12.3.2. YctaHoBKa pernctpoB TXSTA n RCSTA

JInst mepeiaun ¢ MOMOIIBIO TTOCIIeIOBATEIbHOTO HHTEepdelica MpUMEHSIEeTCsl aCHH-
XpOHHAs Iepeada JaHHBIX U TI03TOMY Ha OHMTHI 1l pabOThl B CHHXPOHHOM PEXH-
M€ MOXXHO He oOpamiaTh BHUMaHHe. PacronoxeHne OTAENbHBIX OUTOB B yIpaB-
nsomux peructpax TXSTA u RCSTA nmokazaHo Ha puc. 12.3.

CSRC | TX9 TXEN | SYNC - BRGH | TRMT | TX9D TXSTA

ont 7 out 0

SPEN RX9 SREN | CREN |ADDEN| FERR | OERR | RX9D RCSTA

out 7 out 0
Puc. 12.3. Peructpbl TXSTA u RCSTA

Uto0bl, Tpexe BCEro, MOXHO OBLIIO OBl MCIOIB30BATH IOCIEAOBATENBHBIN HH-
Tepdeiic, Hy)KHO paspeliaTh IOCIEOBaTEeIbHYIO Iepenady IOCPEeICTBOM Outa
SPEN B peructpe RCSTA. Ecnu 3T0T OMT ycTaHaBiMBaeTCs B 3HAUEHHE JIOTHYE-
ckoit 1, To BerBogbl mopta RC6 1 RC7 6ynyT noakmrouensl k moayimro USART.

B acunxponnom pexume 6utei CSRC u SREN He MMEIOT 3HAYCHHUS M TOITOMY
MOTYT UMETh J1I000e 3HadeHue. UToObl aKTHBUPOBATH ACHHXPOHHBIA PEKUM 0OMe-
Ha, outr SYNC momxkeH ObITh cOpoleH B 3HaueHue jormdeckoro 0. C momMomrso
outoB TX9 n RX9 paspemaercs 9-6utnHas (TX9 =1) wim 8-OutHas mepenada
(TX9=0) u coorBerctBeHHO 9-OmTHBIE (RX9=1) wiu 8-OuTHBIA TpUEM
(RX9 = 0). ITpu 5TOM IeBATHII OUT MOKET OBITh, HAIIPUMED, OUTOM YeTHOCTH. OJ1-
HAaKO OH HE ONpeHeNseTcsi aBTOMAaTHYECKH allapaTHBIMH CPEeICTBaMU B MHUKPO-
KOHTpOJIJIEpE U MO3TOMY JOJDKEH pacCUUTHhIBaThCA MporpaMmucTtoM. Ilockonbky B
JAHHOM CITy4ae pedb UAET O 8-ONTHOM MHUKPOKOHTPOJUIEPE U JIEBATHINA OUT B peru-
CTpax OTCYTCTBYET, TO AJis 3Toro mpuMeHsIoT 0utel TX9D u RX9D. Ytobs nepe-
JlaBaTh JaHHBIE C IIOMOIIBIO MOCIEI0BATENBHOTO HHTEepdeiica, HyKHO yCTaHOBUTD
our TXEN B cocrossHHE jormueckoi 1 ¥ TakuM oOpa3oM pa3pemIuTh nepeaady.
OpnHako ecyu faxke 3TOT OUT OyIeT yCTaHOBJIEH, TO JaHHBIE CPa3y XKe MepeaaHbl He
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Oynyt. Ilepemaua nmaHHBIX HE HAYHETCS IO TEX IOp, MOKA B PETUCTP JAaHHBIX
TXREG He OymyT 3arpyXeHbI HOBBIC NaHHBIE. UTOOBI NMPOBEPHUTH, TOJIOH JIH Pe-
TUCTP JAaHHBIX WM IYCT, Hy)KHO 3ampocuth OuT TRMT, smstrommuiics dmarom
OYHCTKH CIIBUTOBOTO pErucTpa mnepemardnka. Ecam OuT ycraHoBieH B 1, To pe-
TUCTP IYCT U MOXET 3aIUChIBATHCS HOBBIMH JaHHBIMU. Eciu ske 3ToT OUT cOpo-
mier (TRMT = 0), T. . CABUTOBBI PErUCTP MOJIOH, JAHHBIC YK€ BBIBOJATCS C TIO-
MOIIIBI0 TIOCJIEIOBATEILHOIO MHTEpdeiica U HYXXHO *JaTh IMOCTYIUICHUS HOBBIX
JTAaHHBIX.

s mpuema paHHBIX HYX)HO ycraHoBuTh OuT CREN B coctosiHMe normyeckoi 1.
Bo Bpems nepepaun TaHHBIE YUTAIOTCS MOCIEIOBATENEHO BO BHYTPEHHHI PETHUCTP
U TIOCTIe YCIEeNTHoro moirydenns konupytorcs B peructp RCREG. Ecnu Oyner mo-
Jy4eH CTOTIOBBIA OWT, TO BRI3BIBAETCS MIPEPHIBAHNE W JaHHBIE MOXXHO 3a0HUpaTh U3
peructpa RCREG. Ecnm sxe qaHHBIC elie He CUNTAHbBI U YKe OyIyT IIepeIanbl HO-
BBIE JaHHBIE, TO MOKET MPOM3ONUTH TIepenoTHeHe BHyTpeHHero Oydepa. Ecmu ato
ciryyaercs, To ycranaBiauBaeTcs 6uT OERR (Overrun Error — ommbxka nepemnoi-
HeHus). B TakoM cityuae, nmpexxe ueM NIpUHUMAaTh HOBBIE JaHHBIE, HY>)KHO TPEXIe
BCEr0 OYUCTUTH 3TOT OMT. [l 3TOro cHadana cOpachIBaKOT, a 3aT€M CHOBA yCTa-
HaBiuBatoT 6uT CREN, KOTOpBI COOTBETCTBEHHO 3ampeliaeT WM pa3pelraeT
mpueM JMaHHbIX. [locie 3Toro MoxkHO OyneT CHOBa MPUHUMATH JAaHHBIE M CUUTHI-
Bath ux u3 peructpa RCREG. Ecnu ke mpu mpueme TaHHBIX CTOMOBBIN OUT OyeT
HEBepHO pacmno3HaH, To ycrtaHaBnuBaeTcs OMT FERR (Frame Error — ommo0xka
kazapa). bur ADDEN, pa3pematonuii JeTeKTUpOBaHUE apeca, T03BOJISIET TPUHU-
MaTh U paclo3HaBaTh 9-OuTHble afpeca. Eciu sxe aToro He TpeOyercsi, TO NeBATHIHA
OWUT MOXKET UCIIOJIb30BaThCsl B KauecTBe OMTa 4eTHOCTH. Jljist mepenaun mocpeact-
BoM mHTepdeiica RS-232 stot 6ut cOpackBarot B 0.

12.4. NMpumep nporpamMmmol
"YnpaBrieHMe ¢ NOMOLbI KOMMNbloTEpa”

[lepenadyy maHHBIX 1O MOCHENOBaTeIbHOMY HHTEpdeticy RS-232 MoxHO onpo6o-
BaTh C MPEACTABIEHHON MOHTaXHOW TUIATOW M C IOMOILBIO IPUBEAEHHOTO IIpUMeE-
pa mporpammbl. Ha mpuiio)keHHOM K KHUT€ KOMIAKT-AUCKE MOXKHO HAWTU U IPO-
CMOTPETh MOJIHBII MCXOAHBIN MPOTPAMMHBINA KOJI U U3MEHUTh €ro MO KEJIaHUIO.
IIpuMep mokaspIBaeT, KaKk MOXHO OTHOCUTEIBHO IPOCTO YHPABIATH NEPEKIHOYE-
HHMEM CBETOJIMOJOB Ha MOHTAXXHOM TUIaTe C MOMONIbIO TEPMUHAIBHON MPOTrPaMMBbl,
Hanpumep, nporpamMmel HyperTerminal. B 3aBucuMocTH OT HaxkaTwsi TOH WU
WHOW KJIABUILIM Ha KJIABHAType MEPCOHAIBHOIO KOMIIbIOTEpA MEpenaeTcs pa3ind-
HBIW KOJI, T0 KOTOPOMY MOYHO ONPEIE/IUTh, Kakasi UMEHHO Ha)KaTa KJIaBUIIA.

OnHako MpexJe YeM MepeaaBaTh JaHHBIC ¢ MOMOIIBIO TOCIECIOBATEIBHOTO HH-
Tepdeiica, OH COOTBETCTBYIOIIMM 00pa30oM JODKEH OBITh MPOUHUITUAIN3UPOBAH.
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init serial

_BANK 1

movlw D'12' ;3amaTh CKOPOCTh oObMeHa B Borax, paBHywo 19,2 xbon
movwf SPBRG ; (TouHoe 3HaueHme 19 231 6on)

movlw B'00000100"' ;YCTaHOBUTL 8-OMUTHEDI, BEICOKOCKOPOCTHOM PEXM
movwf TXSTA

_BANK 0

movlw B'10010000' ; PaspemmTs OpMeM HOCJIeOOBATEJIbHEIX OaHHBIX

movwf RCSTA

ITocne wHUIMANM3AITIN HAYHMHACTCSI OCHOBHOM ITHUKII, B KOTOPOM ITUKJIMYECKHU 3a-
MIpaIIMBaeTCs, MOMyYeHBl JIM TOCIeOBaTeNbHbIE JaHHBIE WM OBLIO JIM KakKoe-
HUOY/Ib HAXKATHE HA KHONKY Ha MOHT)XHOM TUTaTe.

main ;Hagasio OCHOBHOTO LMKJI&
btfsc PIR1, RCIF ;IIpOBEPUTH, MMEIOTCS JIM I[IOCJIeNOBaTEJIbHEIE IaHHBIE
goto lese RCREG ;IIpUCTynMTE K UTEHMIO perrcTpa nprema OaHHeX RCREG
btfss Taster 1 ;[IpOBEPUTH, HaXMMaJlM JIM Ha KHOIKY 1
goto tasterl
btfss Taster 2 ;[pOBEPUTL, HAXVMaJIM JIM Ha KHOIKY 2
goto taster?2
btfss Taster 3 ;IpOBEPUTL, HaXMMaJM JIM Ha KHOIKY 3
goto taster3
btfss Taster 4 ;[IpOBEPUTH, HaXMMaJlM JIM Ha KHOIKY 4
goto taster4d
goto main ; BaLMKIIMTE MPOBEPKY MNPMHSATHIX HOAHHBIX U

; OIIPOC HaXaTM¥ Ha KHOIIKM

[Ipn HanwuMu TOCIENOBATEIHHBIX JAHHBIX W YCTAHOBIEHHOM OWTE TpephIBaHUS
OCHOBHAs IporpamMma NepexouT Ha METKY lese RCREG, IO KOTOPOW CUMTHIBAIOTCS
JaHHBIE M OCYIIECTBIIAETCS 3allyCK COOTBETCTBYIOIIEH Tporeaypsl. Eciaun Ha kima-
BHAType IEPCOHAJIBHOIO KOMIBIOTEpA HaXkaJld Ha KIaBuily <l>, TO JIOJDKEH
BirogaThes cBeronuon LED 1. Ilpu makatum xmaum <2>, <3> unu <4> BKITIO-
qaroTcs coorBeTcTByomue ceeroauons LED 2, LED 3 wnu LED 4.

lese RCREG
movf RCREG, W ;CunMTaTh OAHHEIE M3 PerucTpa [IpUMEeMHMKA B
;perucTp W
movwf DATEN ; BpeMeHHO COXpaHUTh HaHHele B perncTpe DATEN
movf DATEN, W ;llonmyunTs B per. W maHHBle, COXpaHeHHBle B per. DATEN
xorlw A'l' ;CpaBHMUTE IaHHBlEe C ASCII-xozmom "1
btfsc STATUS, Z ;Ecimm Geula nmepemaHa 1, TO
goto ledl ;IepenTy Ha MeTkKy ledl

movf DATEN, W ;llonmyunTs B per. W maHHBle, COXpaHeHHBle B per. DATEN
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xorlw A'2'

btfsc STATUS,

goto led2

movf DATEN, W

xorlw A'3'

btfsc STATUS,

goto led3

movf DATEN, W

xorlw A'4'

btfsc STATUS,

goto led4
goto main

;CpaBuMTL mauHele ¢ ASCII-xomom "2"

;Ecom Grula mepemaHa 2, TO

jTIepenT Ha MeTkKy led?2

;llonmyunTts B per. W maHHeE, COXpaHeHHBle B per. DATEN
;CpaBHMTL manHele ¢ ASCII-xomom "3"

;Ecom Geta nepenmaHa 3, TO

;TiepenT Ha MeTky led3

;lonmyunTs B per. W maHHelE, COXpaHeHHBle B per. DATEN
;CpaBHMTL HaHHEle C ASCII-xomom "4"

;Ecimm Gruta nepemaxHa 4, ToO

;riepeliT Ha MeTky led4d

Ecnu Opumn Haxatsl Apyrue nudpsl uiu OYKBBI, TO IPOMCXOIUT BO3BpAT Ha Hada-
JIO OCHOBHOTO IIMKJIA TIPOTPaMMBbI 0€3 BBITIOJTHEHUS KaKHX-JTH0O JeHCTBUH.

ledl

btfsc LED 1
goto ledl aus

bsf LED 1

goto main
ledl aus

bcf LED 1

goto main
led2

btfsc LED 2
goto led2 aus

bsf LED 2

goto main
led2 aus

bcf LED 2

goto main
Led3

btfsc LED 3
goto led3 aus

bsf LED 3

goto main
led3 aus

bcf LED 3

goto main
Led4

btfsc LED 4
goto led4 aus
bsf LED 4

goto main

; BxomoumTes cBeTomuonm LEDI
;lIpOBEPUTE, BKJIOUEH JIM CBETOIMOL WMJIM HET

; €CJIMM CBETOOMOI BEIKJIIOUEH, BKJIOUMTH €I'0O

;€CJIMM CBETOOMOLO BKJIKOUEH, TO BHIKJIOUMTH

; BruioumTs cBeTommon LED2

;HpOBepMTb, BKJIIOUEH JIM CBETOIMOI WMJIM HET

;€CJIM CBETOOMOL BEIKJIOUEH, BKJIOWMTH €I'0

;s €CJIM CBETOOMO BKJIIOYEH, TO BBIKJIIOYMTH

; BKiounTs cBeTommon LED3
;IPOBEPUTE, BKJIOUEH JIM CBETOIOUOI WJIM HEeT

; €CJIMM CBETOOMOI BEIKJIIOUEH, BKJIOUMTH €I'0O

;€CJIMM CBETOOMOO BKJIIOUEH, TO BBIKJIOUMTH

; BKIounTs cBeTommon LED4
; IPOBEPUTL, BKJIOYEH JIM CBETONOMOI MM HEeT

;€CJIM CBETOOMO BEIKJIOUEH, BKJIOWMTBH €I'0
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led4 aus
bcf LED 4 ;eCIM CBETOOMON BKJIOUEH, TO BBIKJIOUMTH

goto main

[Tocne BKITFOYEHNS WK BBIKJITFOUYEHHUST COOTBETCTBYIOIIETO CBETOAMOA OMSTh Oy IeT
MepPEexo0Jl B OCHOBHOM ITMKJI IPOTPaMMBI, a 3aTeM HPOBEPKa COCTOSIHUS TPUEMHUKA
¥ KHONOK. Ecnu Ha MOHTaXkHOU miaTe OyneT Hakara KHOIKA, TO OCHOBHAs IMPO-
rpaMMa B 3aBHCHMOCTH OT Ha)KaTOW KHOTIKM TepeiIeT Ha COOTBETCTBYIOMIYIO MET-
Ky tasterl, taster2, taster3 WIH tasterd. IIpn HaXXaTuu TON MM MHOM KHONKHU
Ha MEePCOHANBHBIN KOMMBIOTEpP MOJHKEH MEepPEeIaBaThCsl ONMPENeIIEHHBIA TEKCT: IS
kHonku 1 — "S1", mst kHonku 2 — "S2", mis kHonku 3 — "S3" M 11 KHOIKHU
4 — "S4". TIoCKOIBKY JOCTAaTOYHO YaCTO TPeOYETCs BHITIONHATH Mepenady CHMBO-
JIOB, TO UMEET CMBICII HAMKCATh CIEIUATBHYIO TOAIPOTrpaMMy JJIs epeladul CHM-
BOJIa C TIOMOIIBIO MTOCTIEIOBATEILHOIO HHTEpdetica.

[loamporpaMMa SendeZeichen pa3pemiaer Inepegadyy M KOMHMPYET IOCBIIaeMbli
cuMBoOII U3 peructpa W B peructp manabix nepenaranka TXREG. [Tocne xomupo-
BaHUS JaHHBIX B 3TOT PErHCTp HaYMHAETCA Iepenada, W MOANpOorpaMMma JKIET 10
TeX TOp, IOKa He Oy/AeT nepegan Habop CUMBOJIOB.

SendeZeichen
_BANK 1
bsf TXSTA, TXEN ; PaspeumThs nepenady IaHHEIX
_BANK 0
movwf TXREG
_BANK 1
btfss TXSTA, TRMT
goto $-1 ; OxMIaHMe 3aBeplleHMsa olepaly Nepenady HaHHBIX
_BANK 0
return ;BosBpaT M3 NOANPOTPAMMEL

Uto0sl cumBoJbl Ha 3KkpaHe [IK Obutn 0TOOpakeHbI B OIPENEICHHOM IOPSIIKE,
mocje mepeaadyn COOCTBEHHO CHMBOJIOB JOJDKHBI TIEPEaBaThCs CIe U YHpasisio-
wue cumeoavl. YToOBI IEMOHCTPUPOBATH, KAKOE BO3JCHCTBHE MMEETCS Y yIpaB-
JISTFOIINX CHMBOJIOB, Pa3jIMYHbBIC YIPABISIOIIAE CUMBOJBI UCTIONB3YIOTCS B 3aBH-
CUMOCTH OT Ha)kaTWs KHOMOK. Tak, Mpu HaKaTUM Ha KHOIKY 4 MepCOHAIbHBIN
KOMITBIOTED JIOTIOJTHUTEIBHO BBIBOJUT €Ille U 3BYKOBOM curHasl. K camMbIM BayKHBIM
YIPABJISIONIMM CHMBOJIAM OTHOCSATCS CJICAYIOIIUE JIBA:

O "\n" — LF (Line Feed) — nocnenytorue CUMBOJIBI OYAyT BBIBOIUTHCS B HOBOM
CTpOKe, pa3yMeeTcsi, He B Hayajie CTPOKH, a B MECTE, B KOTOPOM IPE/ICTABIISICS
MOCIICTHUI CUMBOIT;

O "\r" — CR (Carriage Return) — mocneayromne cuMBOJIbI OYIyT BBIBOIUTHCS
B Hauajle TeKyIEH CTPOKH.
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Uto0bl 0TOOpa3uTh CHMBOJBI B Hadaje HOBOM CTPOKH, 3TH 00a yHpaBISIONINX
CHMBOJIA JIOJDKHBI TIOCBUIATHCS BMECTE APYT 3a APyroM. BeieacTBue Toro moiy-
YUTCS Ta K€ caMas (GYHKITHS, KOTOPas BBITIOTHSAETCS MIPH BBOJIE TEKCTA M HAKATHH
kinaBumy <Enter>.

JanpHelmuii BaxKHbI MOMEHT JUIsl PACCMOTPEHUS JaHHOTO MpHUMepa MPOoTrpaMMbl
3TO Opebese kKonmaxmog KHOMOK. [locie HakaTus Ha OO0y KHOMKY Ha CaMOM
JIeJie TIPOUCXOJIUT MHOTOKPATHOE COCIMHEHHE U Pa3bheMHCHUE KOHTAKTOB, a HE
IIPOCTOE OJHOKPATHOE UX 3aMbIKaHUe. Jl0 TeX Mmop MoKa KOHTAKTHI HE 3aMKHYThCS
JPYT C IPYroM CTaOWJIBHO, BOZHUKAET HECKOJIBKO UMIYJIBCOB, KOTOPHIC MPOrpaM-
Ma MOXKET MHTEPIIPETHPOBATh KaK HEOHOKPAaTHOE HakaThe Ha KHOMKY. IloaTomy
Ipede3r KOHTAaKTOB KHONKH JOJDKEH HMCKIFOYaThCs C TOMOIIBIO BHEITHEH 3JeK-
TPOHHOW CXEMBI, OO B MpOTpamMMme JOJDKEH YCTaHAaBIMBATHCS MaJIeHBKHH Bpe-
MEHHOW IUKJ 3aJiepKKH. BpemeHHas 3ajiepkka HEoOXoIuMma I TOTO, YTOOBI
IporpaMMa Mpo0JKaia CBOK pabdOTy TOJIEKO TOTJa, KOT/Ia KOHTAKThI YKe HaBep-
HSIKa JJOCTUTJU Obl CBOETO CTa0MIILHOTO COCTOSHUS, T. €. TOCJIE 3aBEpPIICHHS Jpe-
0e3ra KOHTaKTOB. J[JMTETHHOCTh 3aJEPKKH 3aBHCHT OT HCIONB3YyEMOHN KHOIIKH.
Kak mpaBuiio, 00BIYHO TOCTATOYHO 3a/IEP’KKH B HECKOIBKO MIJUTHCEKYH/I.

tasterl ;Ecim GpUla HaxaTa KHOMNkKa 1,
movlw A'S' ;IiepenainTcsa CMMBOJIEL "S1" u ymnparBJsdgioume
call SendeZeichen ; CMMBOJIEl, COOTBETCTBYyKUMe KJaBuiue <Enter>

movlw A'l'
call SendeZeichen

movlw A'\n' ;YCTAaHOBUTL MapKep Ha HOBYK CTPOKY

call SendeZeichen ;=ynpapisionmt cviMBosl LE (Line Feed)

movlw A'\r' ;YCTAaHOBUTE MapKep Ha HAdajlo CTPOKU

call SendeZeichen ;=ynpasisionmi cvMmBojl CR (Carriage Return)

btfss TASTER 1 ; OxmmaHme, IOKa KHOMIKa 1 He Oymer

goto $-1 ; HaxaTa

_DELAY TMR1 US d'20000"' ;Oxwunanve 20 MC 1Jid UCKIJIOUEHMA mpebesra

; KOHTAQKTOB KHOIIKM

goto main ;llepeliTy Ha OCHOBHOM LMKJI ITPOIPaMMbL
taster?2 ;Ecim BpUla HaxaTa KHOIKAa 2,

movlw A'S' ;IIepenainTcsa CMMBOJIEL "S2" ¥ yhIparBJigioume

call SendeZeichen ; CMUMBOJIEI, COOTBETCTBYKIME KJjaBuie <Enter>

movliw A'2'
call SendeZeichen

movliw A' ' ;llepenaua npobesa

call SendeZeichen

btfss TASTER 2 ;OxmmaHre o pPasMBIKAHMSA KHOIKM 2

goto $-1 ;=ynpapisionmi cvMBosl LE (Line Feed)
_DELAY TMR1 US d'20000"' ;Oxwunanme 20 MC 1Jid UCKIJIOUEHMA mpebesra

; KOHTaQKTOB KHOIIKI
goto main ;lleperiT Ha OCHOBHOM LMKJI NPOTPaMMBI
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taster3
movliw A'S'
call SendeZeichen
movlw A'3'
call SendeZeichen
movlw O0x0A
call SendeZeichen
movlw 0x0D
call SendeZeichen
btfss TASTER 3
goto $-1
_DELAY TMR1 US d'20000"

goto main

taster4d
movlw A'S'
call SendeZeichen
movliw A'4'
call SendeZeichen
movliw A' '
call SendeZeichen
movlw 0x07
call SendeZeichen
btfss TASTER 4
goto $-1
_DELAY TMR1 US d'20000"

goto main

;Ecom Obula HaxaTa KHOIKa 3,
;mepenaioTcs CuMBOJIEL "S3" u ympapisonme
; CMMBOJIEI, COOTBETCTBRyUMe KjaBuue <Enter>

; YCTQHOBUTEL MapKep Ha HOBYI CTPOKY
;=ynpapisuiounti cviMBosl LE (Line Feed)
;YCTAaHOBUTL MapKep Ha HAuvajlo CTPOKU
;=ynpaBissonpat cymeosl CR (Carriage Return)

; OxmmaHve 1o PasMBEIKaHMA KHOIIKM 3

;Oxmpanme 20 MC Ois MCKJIOUeHus npebesra

; KOHTaQKTOB KHOIIKM

;llepeliTy Ha OCHOBHOM LMKJI ITPOI'PaMMBI
;Ecm BeUta HaxaTa KHomoka 4,

;riepemanTcsa CuMBOJIEL "S4" u ynpapssonpe

; CMMBOJIEL, COOTBETCTByKUMe Kabuue <Enter>
; DOTOJIHMTEJIbHO BEIBOIUTCS CUT'HAJ

; IEPCOHAJIBHOT'O KOMIIbOTEPa

;llepenaua npobena

; [lepCoOHaJNIbHEDNT KOMIIBIOTEP BHIIAET CUITHAJII

; OxMOaHre IO pasMblkaHMs KHONKMU 4

7

;Oxmpanmve 20 MC Iy MCKJIIOUeHMs npedesra
; KOHTAKTOB KHOIIKM

;llepeliT Ha OCHOBHOM LMKJI MPOTPaMMEL

[Tocne nepegauu CTPOKM CMMBOJIOB IPOTrpaMMa BO3BpAaIllaeTCsl CHOBA B OCHOBHOM
LWKJI, HAYMHAS ¢ IPOBEPKY MPUHSTHS JAHHBIX U HAKATHIA HA KHOTIKH.



13. Nepeaaya gaHHbIX
no wuHe I°C

Coxparmenne I°C (Inter-Integrated Circuit) o3HaUaeT B3aMMOIEHCTBHE MEXTY HH-
TETPAIBHBIMA CXE€MaMH. DJTa IIMHA HCIIONB3YeTCs IUISl CONPSDKEHMS Pa3IMIHBIX
uHTerpaibHbix MukpocxeM (MC). Tlepenaya qaHHBIX MPOUCXOAMT JIMIIb 1O TBYM
TuHUAM: TUHUU AaHHbIX SDA (Serial Data) u nmuaun cuaxponunzanuu SCL (Serial
Clock). MHoTna mist ByXmpoBOAHOTO WHTep(deiica BCTpeyaeTcs: Takke 0003Haue-
uue TWI (Two-Wire-Interface). Murtepdeiic Ob1 pazpadoran komnanuend Philips
Semiconductors (ternepp NXP Semiconductors) u, mony4uB 00JIbIIOE pacnpocTpa-
HEHUe, TOJUICPKUBACTCS MHOTUMH MHTETPAbHBIMU CXEMaMH, KOTOPBIE M3rOTaB-
JMBAIOTCS Pa3HBIMU NMPOU3BOJAMTENSIMH. J[aHHBIE mepenaroTcsi OaliTaMu mociIeno-
BaTEIbHO CO CKOPOCThIO N0 3,4 Mout/c. CtannapTHas ckopocTh uHTepdeiica 12C
cocrasmseT okoo 100 Kout/c. DToit ckopocTH, Kak MpaBUIIO, AOCTATOYHO IJIS T1e-
penaun mpu HeOOJBIIOM KOJMYECTBE YIPABIISIOMNX PErHCTPOB B MHKPOCXEME.
[MosToMy uHTEpdelic oueHb YacTO MCHONB3YEeTCs, YTOOBI 3alHUChIBATh B PETHUCTPEI
MOJIyJieli COOTBETCTBYIOIME JaHHbIE. Tak Kak Bo3MOkHOCTH HHTepdetica [2C
OYeHb OOIIMPHBIE U Pa3HOCTOPOHHHE, TO B 3TOH KHHUTE 3aTPOHYT TOJIHKO IPHHITHIT
U TpocTas nepejnava JaHHbIX 4yepe3 uHtepdeiic. [logpoOHyro cnenudukanuo Ha
muHy [*C MOKHO HaiiTh Ha BeO-cTpanuue komnanuun NXP Semiconductors nim Ha
MpUIaraeMoM K KHHT€ KOMITaKT-IIHCKeE.

13.1. MpuHumn paboTtbl MHTEepcenca I’C

Kaxxnas unTerpanbpHas cxema, KoTopas npucoeaunsercs k muHe [*C, umeer ogHo-
3HAYHBIA YHUKANBHBIA ampec, Wi TouHee, aopec ycmpoticmea (Device Address).
Kak npaBuio, MUKpOKOHTpOJUIED SIBIISETCA BEAYIIMM YCTPOMCTBOM LIMHBI, KOTO-
poe ympasisier oOMeHOM. Bedywee ycmpoticmeo (Master) mocpeactBom ajapeca
oOparaercst K MIPUCOCANHEHHBIM HHTEIPAIIEHBIM MHUKPOCXEMaM — 8e00MbIM yCT-
poiictBam (Slave) mim wHaue MOTYMHEHHBIM ycTpoiicTtBaM. [locie craproBoit mmo-
CJIeIOBATEIHHOCTH BEIyllee YyCTPONCTBO MEpeaeT aJpec BEJOMOI0 YyCTpOCTBa U
coo0IIaeT eMy, 4TO OHO JOJKHO BBIMOJHSATH, TIEpeaBaTh WM YUTATh JaHHBIE. JTO
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yKa3aHUe HaIpaBiICHUs MEepeladyu JaHHBIX OCYIIECTBIACTCA MOCPEACTBOM MOCIE -
Hero OWTa YTeHHs/3aIUCH B TIepelaHHOM Oalite anpeca. [Ipu ycraHoBke 3TOoro Ou-
Ta Ha BBHICOKHUU JIOTHYECKHA YPOBEHb JaHHBIE JOJHKHBI CUUTHIBATHCS U3 BEJOMOTO
ycrpotictBa (R). Ecnu sxe qanHbIe TOMMKHBI ITepeaaBaThCs Ha BEIOMOE YCTPOHCTBO,

TO OUT ycTaHaBiIMBaeTcs Ha Hu3kuii ypoBeHb (W ). Korma Begomoe ycTpoRCTRBO,
JIEKOJMPOBAB ajpec, ONMpeelsieT, YTo Obuio oOpaleHne UIMEHHO K HEMY, TO OHO
MOJTBEP)KJAEeT MPaBUIbHOE MOJIyYEHHUE ajpeca, IepenaBasi CIeAyomui OUT mo-
tBepkaenuss ACK (Acknowledge) Huskoro nmormueckoro yposHs (ACK = 0). 3a-
TEM B OOJIBIIIMHCTBE CIIy4acB B MUKPOCXEMY IepeacTCsi BHYTPEHHUH ajJjpec TOro
WK uHoro peructpa. Ilocie 3Toro nepenaroTcs JaHHBIE, KOTOPBIE JTOJDKHBI OBITH
3aIlMCaHbl B YKa3aHHBIA PETHCTP, MM HA00OPOT CUUTHIBAIOTCS M3 3TOTO PETHCTPA.
Ha puc. 13.1 npencrasieH npuMep OCIEA0BATSIIEHOCTH ITEPEIadm.

I’C-Anpec RW  ACK [aHHble ACK [aHHble ACK

2 .. 7 8 9 1 2 .7 8 9 1 2 ..

Crapt 1 7 8 9 Cron

Puc. 13.1. lNocneposaTenbHOCTb Nepeaayn no wnHe I’c

ITockoapKy mMeeTCsl BEpOSTHOCTh HAMYHUS HECKOJBKUX BEIYIIUX YCTPOWCTB Ha
IIMHE, TO MOKET BOBHUKHYTH OMACHOCTh B TOM, YTO JiBa IU(POBBIX BBIXOJA C MPO-
TUBOIOJIOKHBIMU CHTHAJIAMH OYyIyT MEIIaTh APYT APYTY U MOTYT Ja)Ke TPUBECTH K
KOPOTKOMY 3aMBIKaHHI. UTOOBI 000WTH 3Ty MpOoOIeMy, MHUKPOCXEMBI JOJKHBI
UMETh 6b1X00bL ¢ omkpoimoim konrexkmopom (Open Collector). K Beixomam 00si3a-
TEBHO JOJDKHBI OBITh MOJKIIOYEHBI PE3UCTOPHI, TOJKIIOYEHHBIE K HAMPSHKEHUIO
BBICOKOT'O JIOTHYECKOT'O YPOBHS, KOTOPBIC HA3BIBAIOT HOOMSACUBAIOUUMU PE3UCTO-
pamu. ITO 3HAUUT, YTO B CIIydae CUTHAJIA HUZKOTO JIOTUYECKOTO YPOBHS OTKPBITHII
BBIXOJIHOH TPaH3UCTOP, COCIMHEHHBIN ¢ OOINEH MIUHON, OYJIeT MOATATUBATH BBI-
XOJIHYIO JIMHUIO K HYJICBOMY MOTEHITHATY. [ momydeHus: curuaiga BEICOKOTO JIO-
TUYECKOTO YPOBHS BBIXOTHOW TPAH3UCTOP JOJDKEH OBITh 3aKpBIT. B 3TOM ciryuae
IIpU OJTHOBPEMEHHOM OTKPBITUU JABYX BBIXOJIHBIX TPAaH3UCTOPOB TOK Pa3leIsieTCs
Ha 00a TpaH3WCTOpa M HUKAKOTO KOPOTKOTO 3aMBIKaHMs He BO3HHKAeT. C TIOMOIIHIO
BHYTPCHHEH aImapaTHOW JIOTMKH BEIYIIEee YCTPOMCTBO MOXKET OMPEICIHUTH CO-
CTOSIHUE IIMHBI B JJAHHBIH MOMEHT, U He OYyJeT IepeiaBarh JaHHbIC O TEX TOop,
IoKa IWHA HE OynaeT cBoOOJHA. MakcuMmalibHAash BEJIMYMHA MOITATHBAIOIIETO
pe3ucTopa 3aBUCUT OT €MKOCTH IIHHBL. Korjga coemuHSIOTCS HECKOIBKO MHUKPO-
CXEM WJIH JIMHUW IIUHBI IPOJIOJKUTEIbHBL, EMKOCTh LIUHBI BO3PACTAET, U MIOATOMY
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COIIPOTHUBJICHUE TMOITATMBAIOIIETO PE3UCTOPa JAOJLKHO OBITH MEHbLIE, YTOOBI 3TH
E€MKOCTH CMOIJIH Iepe3apsiKaThCsl TOCTATOYHO OBICTPO. DTOT 3PPEKT KpUTHUHEES
pu 6oJiee BHICOKMX CKOPOCTAX Tepenayy JaHHBIX, YeM MPH CTAaHAAPTHON CKOPO-
ctu. J{ns crammaptHO# ckopoctu 100 KOut/c comporuBieHne MOKeT OBITh B IHA-
nazone Mexay 3 u 10 kOm. [l Gosiee BEICOKMX CKOPOCTEW Tepenadyn CONpOTHB-
JICHHE JI0JKHO BbIOMpaThes Mexay 1 1 5 kOm.

Uto0bl MpHCOETMHEHHBIE MUKPOCXEMBI MOTJIM OMpPENENATh, KOT/Ia HAYWHAETCS U
KOHYAeTCs Mepeiaya, MMEIOTCS CIICIMAIbHBIC YCIOBHS CTapTa U CTOMa. DTH YCIIO-
Bus (hOpMHUPYET Benyllee YCTpOrcTBO. [lisi Havana mepeiaydl CUTHAN Ha JIMHUU
naHHbIX SDA mepeBouTCs 13 BBICOKOTO Ha HU3KHUH JIOTUYECKUI YPOBEHB MIPH BbI-
cokoM ypoBHe curHasma cuaxponusanmu SCL. Ilocime dopmupoBanms ycaoBus
crapra ("Crapt") BemymmmM yCTPOHCTBOM HauWHAETCS (OPMHUPOBAHUE MMITYIHLCOB
CHHXPOHHW3ALMK JUIA Tiepefadu AaHHbIX. [lo 3aBeprieHnio mepemayd CUTHAlI Ha
muHe cuHxpoHm3anyu SCL mepexouT Ha BHICOKUHN JIOTHYECKUH YPOBEHB, a 3aTeEM
CUTHAJ Ha JIMHWUU AaHHbIX SDA mepexirodaeTcss ¢ HU3KOTO Ha BHICOKUMN JOTHYC-
ckuii ypoBenb (ycioBue "Crom"). Jlanee mimHa CHOBa CTAHOBHTCS NMACCHBHOW U
MOJKET UCTIONB30BATHCS APYTUMH BETYIIUMH YCTPONCTBAMH IITHHEI.

UtoObl TapaHTUPOBATh HAJECIKHYIO Tepeady JaHHBIX, H3MEHEHUE JaHHBIX JOMYcC-
KaeTcsl TOJILKO TOT/1a, KOT/a MIMHA CHHXPOHU3AINH HAXOJUTCS Ha HU3KOM JIOTHYe-
CKOM ypoBHE. JlaHHBIE CUMTAIOTCS JIEHCTBHTEIHHBIMHU JIMIIb BO BPEMsI BBICOKOTO
JIOTUYECKOTO YPOBHS CUTHaa cuHXxpoHm3anmu SCL.

Jlnst opranmsamuy obmena mo mmne 1°C ncmomb3yercs Moxyas MSSP (Master
Synchronous Serial Port) PIC-mukpokoHTpoJuiepa, H TpeOyeTcst TOIbKO yYHThIBATH
MOCJIeIOBAaTENIbHOCTh COCTOSIHMM CHTHaja. bojbmas 4acTh pabOThl BBHIOIHACTCS
BHYTPCHHUMH allllapaTHBIMU CPEICTBAMH MHKPOKOHTpOJUiepa. TOMbKO IUisi BHIBO-
Jla YCIIOBHSI CTapTa WJIM CTOMAa B YNPAaBJSIFOIIUX PErHCTpax JOJDKEH yCTaHABIIHU-
BaThCSl COOTBETCTBYIOLINI OHT.

13.2. YnpaBneHue namatbio EEPROM

Hanee mpencrasnsercss mpuMep, B KOTOPOM HMMEETCSI BO3MOXHOCTh COXpPaHEHUs
naHHbIX BO BHermHed EEPROM-namsaTu mocpencteom muubel 1’C. B atom ciyuae
OCYILECTBIISIETCS. ONPOC JaHHBIX C AHAJIOTOBOI'O BXO[IA, 3aT€M YK€ OLM(POBaHHbIE
JaHHble coxpassitorcss B EEPROM-namsitu. Bo3MoxHOE NpUMEHEHHE 3TOro MpH-
Mepa — 3alKch TEMIEPaTyphl B T€UEHUE [UIMHHOTO nepuoaa BpeMenu. Ilocne sto-
r0 JaHHBIE MOTYT CUHTHIBATHCS TOCPEICTBOM IOCIENOBATENILHOTO WHTEpdeiica 1
Janee oToOpakaThes Ha TIEPCOHATILHOM KoMITbIoTepe. OIHAKO Mpeke YeM HadaTh
C TMpuMepa, CHayajla HaJ0 pacCMOTPETh HEKOTOpPBhIE OCHOBBI YIPAaBIEHUS
EEPROM-namsTEIO.

Muxkpocxembl EEPROM-iaMsiTi ¢ oaJiepKKoH MOcleioBaTenbHOro naTepderica
JOCTYIHBI CO CTaHAApPTHOW €MKOCTBIO 3aIIOMHHAIONIET0 YCTPOHCTBa OT 128 GuTOB



230 13. lNepedaya daHHbIX o wuHe I°C

10 1 MOHT 1 TO3TOMY CKOpee TOAATCS TOIBKO Uil HEOOIbIINX 00BEMOB JaHHBIX.
Ecnu ke TpeOyeTcs HECKOJIBKO OONBIIMK 00BEM MaMATH, TO YCTaHABIHUBAIOTCS
COBMECTHO HECKOJIbKO MUKPOCXEM ITaMSATH M TaKUM 00pa3oM MaMsTh MOXKET ObITh
yBenuueHa. OHaKO pacIIMpeHue OrpaHUYeHO KOJIMYECTBOM BBIBOJOB Ul BbIOOpa
mukpocxemsl (Chip Select). [lng npuMepa B 3TOH KHHUI'€ UCIONB3yeTcsl 32-KHUJIO-
outHas EEPROM-mamsare 24LC32A. K asroit EEPROM-mmamsati oGpamaroTcst ¢
TTIOMOIIIBIO YIIPABJISIONIEro OaiiTa, KOTOPBIA COCTOUT U3 2 vactel. IlepBrie 4 Outa
sBISIIOTCs ynpasistonuM kogoM (Control Code), 3 cnemyromux 6uta — 310 OUTHI
BbIOOpa mukpocxemsl (Chip Select Bits), cocTosiHne KOTOPBIX ONpeenseTcs ¢ mo-
MOIIbI0 BHEIIHUX BBIBOZOB. Hampumep, npu Hanuuuu Ha BbIBOAE A2 BBICOKOTO
ypOBHs 1 Ha 0060oux BbiBoAax Al u A0 — HH3KOTO JOTMYECKOro YpoBHsI, oOpaiie-
uue kK EEPROM-namstu Oyzaer ocymiecTBiasThes mocpeactBoM aapeca 1010100.
Kakx M0XHO BHAETH, 3l€Ch pedb HACT O 7 OWTax A ampecaliuy yCTPOWMCTBa, a
BOCBMOM OHWT HCIIONB3YETCsl AJsl ONpPENENCHHs ONEpalud YTCHHUS WIM 3allUuCH

(R/W). Do mpuBoauT K HEOONBIION MpodIeMe B yKa3aHWU ajipeca YCTPOUCTBA.
Nmerorcss mpon3BoanTeNH, KOTOPBIE YKa3bIBAlOT 8-OWTHBIN afapec IUid YTeHUS U
8-OutHbIi anpec i 3anvicu (Hanpumep, 0XAS8 mnst 3amucu u 0XA9 i YTeHHS).
C npyroii CTOpOHBI, UMEIOTCS MPOM3BOJUTENH, KOTOPBIE YKa3bIBAIOT aapec YyCT-
poiictBa kak 7-OutHoe 3HaueHue (Hampumep, 0x54). Ha nepBbrii B3risy ampeca
BBITIISIAST Pa3HBIMH, OJTHAKO OHU OJIMHAKOBBIE. [109TOMY O4YeHb TOYHO HYXHO MPO-
BEpsITh, KaK yYKa3aH aJpec B TEXHUYECKOM OIMCAHUU MUKPOCXeMbI. UTOOBI JeicT-
BOBAaTh HAaBCPHAKA, HGOGXOILI/IMO COCTaBJIATh aJp€C B ABOMYHOM KOJI€ U 3aTEM HUC-
IOJIE30BaTh €T0 10 CBOEMY KEJIaHHIO.

Bo BuyTtpenneit EEPROM-niamsaTi maHHble coxpansitorcs mo Oaiitam. [{ist oOpa-
IIIEHHST KO BCEM stueifkaM mamsiti Tpebyercs 12-6urHsiit anpec (22 = 4096 Gaiit =
= 32768 6ut). UroOs! 3anucath ganHsie B EEPROM-niaMsaTh WM CYMTATh U3 HEe
nocpeacTBoM uHTep(etica [’C, nomkeH nepenaBaThcsi He0OXOMUMbIH aapec. Jls
storo B Mukpocxemy EEPROM-namsiTu nepepaercs cHadaja ajpec ycTponcTBa
C YKa3aHHEM OIlepanyy sl BBITIOTHEHHs (YTEHHE/3alrCh), 3aTeM IOCBUIAIOTCS
2 QaiiTa, B KOTOPBIX HaXOJHUTCS ajapec sueiku maMsTH. [10CKONbKy Ui yKa3aHus
azpeca siueKu TpeOyOTCS TOJIBKO 12 OMTOB, TO cTapiine 4 OuTa aapeca He MPe-
CTaBIIAIOT MHTEpPECa M HAa HUX MOXXHO He oOpamiaTte BHUMaHHE.

CrnenyeT UMeTh B BHUIY, YTO aApec KOHKPETHOM SUCHKH MaMSTH JUIsl JIFOOOTO Yu-
TAeMOTO WITH 3alMChIBAeMOro OaiiTa MaHHBIX (CIIOBa JaHHBIX) HE HAJO MepenaBaTh
K&l pa3. MOXXHO nepeaBaTh HECKOJIBKO JaHHBIX B rpymme. B Takom ciyyae ¢
KaXIbIM TepeJaHHbiM Oaiitom angpec stueliku BHyTpu EEPROM-namsitu aBTOMa-
TUYECKH YBEIIMYUBACTCS HA €AUHUILY. TakuM 00pa3oM MOXXHO CUHTATh BCE JaHHBIC
n3 EEPROM-namsaru. Kpome Toro, Haao y4yuThIBaTh, 4TO ISl 3aIIUCH 33 OJIUH pa3
MOXKeT OBITh MepedaHo MaKCHMyM 32 0aiiTa JaHHBIX. DTO CBS3aHO C COOTBETCT-
BytonuM paszmepom umeromerocss B EEPROM-namsatu Oydepa, B KOTOpOM Bpe-
MEHHO COXPaHSIOTCSA JaHHbIE Uil MOCIEAYIONIEH 3alMCH UX B YKa3aHHbIEC SYCHKU
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namsTd. OToT Oydep HE0OOXOAUM B CBS3U C TEM, YTO MPOLECC 3alUCH MPOJOIIKa-
€TCsl JIOJIbIIIE, YEM YTEHUE.

Ha puc. 13.2 u 13.3 npencraBiaeHsl TPUMEPHI TIOCTIEA0BATSILHOCTH CUTHAIOB IS
3anucu JaHHelXx B EEPROM-namste. IlocnenoBaTenbHOCTh CUTHAIOB JJIST YTEHHS
JAaHHBIX TIpUBeAcHa Ha puc. 13.4 u 13.5.

ITepen urenuem mgannbix 3 EEPROM-namsaTu cHavana HY>KHO IEepeaBaTh ajapec
SIMEUKU TaMsITH, U3 KOTOPOH JOKHO BHIMONHATHCA uTeHue. [losTomy mepBoHa-

JabHO B yIpasisoleM Oaiite mocie [*)C-aapeca Hy)HO yctaHoBUTh 6uT R/W Ha

Anpec Anpec
Crapt CT. GanT Mmn. 6anT CrnoBo AaHHbIX Cron
T 1
- lofor o Lol bt oo fou | | ool lolyl-lo |
el el [EEERREERE ]
SDA “FrEERER ERRREREERR [EkEkREEREER |
<|< a]/a] a)1] /a] =] fa] /=) |
i
> Rlllmwmmmmw
123456789 123456789 123456789 1234567889 -
Puc. 13.2. 3anuck otaensHoro banTa
Anpec Anpec
Crapt cT. Gant M1n. 6anTt CnoBo gaHHbIx 0 CnoBo gaHHbix 31 CTon
= [2|a | I Y A el ] ol = (g =1 et 3 e Y] et =] B = el e el ] el =
2= [FRRRERERE BEEREEEE[ P SEEEEEEEBIE
E
> J_|_|_.|_U|.|_|._|_|_|.|_|.|_“_|H
123456789 123456789 123456789 123456789 123456789
Puc. 13.3. 3anucb Heckonbknx 6anTos
Apnpec Anpec MoBTOPHbIN
Crapt CT. Gant mnn. GanT crapt CnoBo gaHHbix  Cton
{ i =222 I~ felelzlzlcle "“’“}"’2*95
¥ I ~d << |< | << < |
SDA L lellelklz 22 S P Y S Y o P R Y e e e ) H ;i ClEEEEEEEIE
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Puc. 13.4. YteHune otaenbHoro banta
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Crapt CnoBo gaHHbix 0 CnoBo aaHHbIX 1 CnoBo AaHHbIX 2 CnoBo gaHHbix n - CTton
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Puc. 13.5. YteHune Heckonbkux 6anToB

HHU3KWAW JIOTUYECKUH YpPOBEHB, UTOOBI 3amicaTh 3TOT CTAPTOBBIM ajpec sUeHKH
B EEPROM-namste. Benes 3a 5TUM MOBTOPHO BBIMOJIHSIETCS YCIOBUE CTapTa, YTO-
061 coobmats mocne 3roro EEPROM-namsitn npu momomn PC-agpeca u Outa

R/W , UTO TCIICPb AJOJI’KHA BBIIIOJIHATHCA OINCpaIlus YTCHUS.

13.3. NMpumep nporpammol
"CoxpaHeHne U3aMepeHHbIX 3Ha4YeHUM
B EEPROM-namsaTtn”

C mnoMompio mpuMepa TMOSCHSETCS, Kak JaHHbIE MOTYT OBITH 3allUCaHbl B
EEPROM-namste nocpenctsoM miuubl [2C. YUToOBI MOJYyYUTh JaHHBIE JUISL COXpa-
HEHHS, C aHAJIOTOBOTO BXOJ[a CYUTHIBACTCS HANPSDKEHHUE U 3aTeM OIu(poBhIBaeTCS.
Jlnst ynpaBiieHus ornepanusiMi COXPAaHSHUSI M YTEHHS JaHHBIX U3 MaMSATH UCIIOJb-
3ytorcsi 2 kHOTMKH. YToObl cumrath naHHeie 3 EEPROM-namsitu, mpuMmeHSIOT
kuoniky 1 (Taster 1). Iocne naxxatus kaonku w3 EEPROM-miaMsATH CUUTBIBAIOTCS
20 TaHHBIX U TIEPEAAIOTCS Yepe3 MOCIICA0BATEIbHBIN HHTEp(EC B TIEPCOHATBHBIH
koMmmetoTep. s coxpanenust naHapix B EEPROM-mmamsati TpebyeTcst Haxarp Ha
kHorky 2 (Taster 2). TTocie 3TOro aHaJIOroBOE HANPSHKEHHE CUHUTHIBACTCS, OIH(-
POBBIBACTCS W MUILNETCS B MaMATh, HAYWHAS CO CICAYIONIETO YKa3aHHOTO paHee
anpeca sueiiku mamatu. Eciu B8 EEPROM-namsitu coxpansirorest 6osee 20 3Have-
HUM, TO BKJIIOYAETCS CBETOIMOJ, KOTOPBIH MOKA3bIBACT YCIOBUE IMEPEHOTHEHHUS.
IIpu kaxJ0M HOBOM HA)KaTHH Ha KHOIKY JaHHBIC MEPE3alUChIBAIOTCS C CAMOTO
Havana. CBETOUO TOPUT JI0 TEX TOp, MOKa JaHHBIC HE OYAyT CUUTAHBI H MAMSTh
CHOBA He OCBOOOJUTCS JIJIsl TOCTYTUICHUS] HOBBIX JaHHbIX.

Uto0bl HCMoNB30BaTh MOAYIb MSSP st mepenadu HaHHBIX, OH COOTBETCTBYIO-
M 00pa3oM JOIDKEH OBITh HHUITHAM3UPOBaH s pexuma [°C. MmeroTcs B 1e-
JIOM 5 PErucTpoB, KOTOPHIE MCIIONB3YIOTCS TPH TIepeade TaHHBIX 10 HHTEepdeiicy
I’C. C nomompto peructpa SSPADD MOXHO yCTaHOBHUTH CKOPOCTh Iepeaaydu
JTaHHBIX.



13. lNepedaya GaHHbIX no wuHe I°C 233

UacroTa curnana cuaxponusanud SCL mpu oOMeHe MOMXKET pacCUUTHIBATHCS I10
ciemyromieit hopMmyiie:

F= Fosc 13.1)
4.(SSPADD +1)

W3 aroit popmyiasl it yactoTsl nepeaaun 100 k' mpu TAKTOBOM 4aCcTOTE MUKPO-
koHTposuiepa Fy. =4 MI'n Heo6xonumo 3Hauenue peructpa SSPADD pasnoe 9.

J1a maHHBIX, KOTOPBIE JODKHBI TIEPEeIaBaThCS WIIH K€ MPHUHUMATHCS, UCTIONb3yeT-
cs peructp SSPBUF. KpoMe Toro, mmerorcs emie 3 yIpaBisSiOmAX W KOHTPOJIH-
PYIOLIMX PErHCTPa, C MOMOLIBIO KOTOPBIX MOXKET 3allpalluBaTHCS WU U3MEHATHCS
coctosiHue Tpouecca nepegaun. B peructpe SSPSTAT otobpaskaercsi, Hanpumep,
OTIpENIeNISUICS JIM CTAapTOBBIM WM CTOMOBBIA OWT, a Takke MOJOH N Oydep
SSPBUF mpu mepemade winm mpueme mgaHHbX. C momompio peructpa SSPCON
BKJIIOYaeTcsl Momyib MSSP m 3amaercss pekuMm ero paboThI, T. €. JOKEH JIH
PIC-kouTposiep paboTaTh Kak Beaylllee WX BEIOMOE YCTPOHCTBO B pexkume 12C.
[ocpeacreom peructpa SSPCON2 MOTyT BBIBOAMTHCS pa3iMyHbIe KOMOHMHAIIUU
curHanioB SDA u SCL, cootBerctByromue ycinousaMm: "Crapt" (Start), "Crom"
(Stop) nnm nontBepxaenne — curnann ACK (Acknowledge).

UroOw1 ucnions3oBats uHTepdeiic [’C ans nepenaun ganasix B EEPROM-namsrts,
B IpUMeEpEe BBINOIHIETCA CleAyIolas MOCIeA0BaTeIbHOCTh KOMaHl MHHUIIMAIH-
3aLUH:

init iZ2c s VHMIMam3aums Monysia 12C
_BANK 1
movlw d'9' ;YCTaHOBUTH YaCTOTY CUHXPOHM3aLMy paBHyn 100 xI'n
movwf SSPADD ;F = Fosc/ (4* (SSPADD+1) )
_BANK 0
movlw b'00101000" ; BroniounThs MOnyJib MSSP u koHQUI'yprpoBaTh PIC
movwf SSPCON ;Kak Benyllee yCTPOMCTBO B pexmMe 12C
_BANK 1
movlw b'10100000" ;HacTpouTrs cocTosHMs Momyiss MSSP B pexvme I2C
movwf SSPSTAT ;C nomoupil permucrpa SSPSTAT
clrf SSPCON2 ;OuMCcTUTE BCe OUTH B permcTpe SSPCON2
_BANK 0

[Ipu BBINOTHEHNM MHUALMATM3ALKMN CHaYala yCTaHABIMBACTCA CKOPOCTh Mepeaayn
nanHbix paBHas 100 Kowut/c, myrem 3amucu 3HaueHus 9 B peructp SSPADD. 3atem
¢ nomomipio 6utoB SSPEN u SSPM3 peructpa SSPCON Bkitowyaercs: MOAYJb
MSSP, a PIC-MHKpOKOHTpOJUIEp KOHPUTYPUPYIOT, KaKk BeAyIee YCTPOHCTBO MPH
obmene mo umaTepdeiicy [°C. B peructpe SSPSTAT ycranaBnmuBaercs 6ut SMP
JUTSL YIIpaBIIeHUS] CKOPOCThIO m3MeHeHus curHana (Slew Rate Control) mpu cran-
JIapTHOU ckopocTh oomena. Bee apyrue 6utsl B peructpe SSPSTAT ounmarorcs.
B kon1e nannmanu3anuu B peructpe SSPCON2 Bce OMTHI OUMIIAIOTCS.
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OcHOBHas TporpaMma HMEET OTHOCHUTENBHO MPOCTYIO CTPYKTYPY M B OCHOBHOM
BEITIOJHSACT OMpEJISIICHUE TOW KHOIKHU, KOTOpasi Oblila Ha)kaTa, a Mocje 3TOro 3a-
MyCKaeT COOTBETCTBYIOLIYIO OMEPALHIO.

main

btfsc Taster 1
goto priife Taster2
movlw a'\n'

call SendeZeichen
movlw a'\r'

call SendeZeichen
movlw d'20'

movwf COUNTER

clrf ADR L
clrf ADR H
call Lese EEPROM

bcf LED 1

_DELAY TMR1 US d'500000°

prife Taster2
btfsc TASTER 2
goto main

lese ANO
_BANK 1
clrf ADRESL

_BANK 0
clrf ADRESH

bsf ADCONO, ADON
bsf ADCONO, GO _DONE
btfsc ADCONO, GO DONE
goto $-1

nop

_BANK 1

movf ADRESL, W
_BANK 0

movwf DATEN L

movf ADRESH, W
movwf DATEN H

;Hagajylo OCHOBHOTO LMKIIA

;[IPOBEPUTL, HaXMMaJM JIM Ha KHOIKY 1

;Ecou HeT, TO meperTM K NPOBEPKE KHOIKM 2
;UTOBEl CMMBOJIEL NMPEACTaBJIAIMCE Ha MOHUTOPE

;B mIporpamMe TepmmHasa (HyperTerminal) ©Oosee
;HATJIAOHO, HAauyaTb BLIBOL B Hadaje

; HOBOJ CTPOKM

;Bamare 20 16-OMTHBIX 3HAUEHMM, KOTOPEE OyIoyT
;unTaTbCcsa M3 EEPROM-namsaTn

;3amaTh HaudaybHED anpec suelky namaTyu 0x0000
; OJIST UTEeHUS

;lpucTymTe k 4yTeHmio 13 EEPROM-naMATn

; COXPaHEHHEIX IaHHBIX

;lloracuTe CBETOIMOI, €CJIM BCTPETWUIIOCH

; [IEPEIOJIHEHNE

;Oxumare 0,5 cek, MOCKOJIBKY MHaue INpu Oojiee
; IJIMTEJIbHOM HaXaTuy KHOIKM comepxumoe EEPROM
; CUMTEIBAJIOCH OBl HEOIHOKPATHO

;[lpoBEepPUTL, HaXVMMAJM JIM Ha KHOIKY 2

;EcM KHONKY 2 He HaxuMaly,

;IIepeNT Ha HadaJlo NPOIPaMME!

;Ecomm HaxmMasm, To

; CUMTaTh HaINpsKeHMe, IIOoIaHHOe Ha BHBOI ANO
;OUMCTUTE PETrUCTP IJlS XPaHeHUs Milanumen

;UyacTu pesysibTara Alll

;OUMCTUTE PETUCTP IJlS XPaHeHUs cTrapuen
;yacTu pesysibTara Alll

; BkoooumTse MoOIyJib ATl

;3alyCTuTh NPOoLelypy IpeobpasoBaHUI

;OxXMOaTe 0O Tex I[op, IIoKa OuT GO DONE He
;OymeT cOpoleH amrnapaTHO

; CKOmMpoOBaTh OUMOPOBAHHBEIE HAIPSKEHMSA B
;permcTpel DATEN L m DATEN H
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call Schreibe EEPROM ;llepeliTy Kk 3anMCK HAaHHEX B EEPROM-naMaTe
clrf ADR H ;llockosbKy coxpaHsgeTcs Toyjbko 20 16-OMTHEIX
;BHAUEHMY, TO CTapumMy OauT ampeca
movlw d'2' ;BCcerma nosrkeH OelTb 0x00
addwf ADR L, F ;YBEMUUTE ajpec Ha 2, [IOCKOJIBKY
;BCernma COXPAaHSITCS 16-0OMTHHE BHAaUYEHUS
movlw d'40' ;[IpOBEPUTE, COXPAHANIMCH JIM yXe BCe
subwf ADR L, W ;20 sHaueHm (=40 OGamnT)
btfsc STATUS, C
goto Uberlauf EEPROM ;Mleperitit Ha MeTKy Uberlauf EEPROM, ecim

;yXe ObUIO coxpaHeHO 20 3HaueHWUN
_DELAY TMR1 US d'500000"' ;Owxmmare 0,5 cex
goto main
uberlauf EEPROM
clrf ADR L ;Ecin ampec ©Gonpme uem 40,
;HauaTe cHomBa c 0
bsf LED 1 ;BxymounTe LED 1 kak npenynpexneHue
~DELAY TMR1 US d'500000"' ;Oxmmare 0,5 cex
goto main

Brauane mposepsercs, ObUIO0 1M HaxkaThe KHonkH 1. Ecnm Obuto, To naHHBIE
noiokHbl unTaThess n3 EEPROM-maMat u mepenaBatbes depes MOcCieT0BaTeNlb-
HBI MHTEp(hEHC B KOMITBIOTEp Ui 0TOOpa)KeHUs] UX HAa MOHHUTOpE, O yrpasJie-
HHEM TIPOrpaMMBI i paboThl Ha TepMuHaie, HarpuMep, HyperTerminal. B atom
cily4ae, B KOMITBIOTEp IIEPEatoTCs, MPEXKE BCEro, 2 CIennaIbHbIX CHMBoNa "\n"
(HoBas cTpoka) U "\r" (Ha4yajo CTPOKHM), KOTOphIe HYXHBI JUIs Hadaga oToOpaxke-
HUS JAHHBIX C HaYaja HOBOW CTPOKH. 3aTeM 33J1aeTCs KOJIMUECTBO 16-OMTHBIX 3HA-
4YeHuH, KoTopsle OynyT cunthiBaThest 13 EEPROM-namstu. [ToaTomy KomudecTso,
paBHoe 20, 3amHCHIBAETCS B PETUCTP COUNTER. 3aTeM 3aJaeTCs HAYallbHBIA agpec
0x0000 styeiiku maMsATH, ¢ KOTOPOro JOJDKHO HauyumHaThes yTeHue. [locne BbI3oBa
MIOANIPOrPaMMBbI Lese EEPROM JlaHHBIE cuuThiBatoTcsa 13 EEPROM-namatu u nepe-
JIAr0TCsl HETTOCPECTBEHHO uepe3 mocieaoBaTebHbli narepdeiic. [locie Toro kak
OyayT cuMTaHbl ¥ IEpeJaHbl BCE JaHHBIE, MOKHO OTKJIIOUUTH CBETOJUOM, KOTOPBIN
CUTHAJIM3UPYET O MEPENoSHEHUH. 3aTeM Ui MCKIIOYeHHS HEOJHOKPATHOTO IO-
cnenoBarenabHOro cunteiBanusi EEPROM-namsiTi npu JJIMTEIBHO HAXKATOM KHOII-
Ke 3a1aeTcs HeOoblIasi BpeMeHHas 3a/1epxKa JuTenabHocThio 0,5 cexyna. Ilocne
3TOr0 CHOBA OCYILECTBIISIETCS MEepexo/ Ha Hadallo OCHOBHOW MPOTrpaMMBbl 1 BHOBb
JIeNIaeTCsl ONPOC COCTOSHUS KHOTIOK.

IIpn Ha)kaTOW KHOIIKE 2 BCE 3HAYEHHUS [UISI U3MEPEHHOTO HAINpPSDKEHUS JOJDKHBI
coxpanarbcs B EEPROM-namsatu. Hanpsbkenue mocTymaeT Ha aHaJOTOBBIA BXOJ
ANO. I[Tocne HaXkaThs Ha KHOTKY 2 HampsbkeHue Ha BeiBoje ANO cHavana onudg-
POBBIBAETCS U Jajiee KOMUPYETCsl B PETUCTPBI DATEN L M DATEN H. 3aTe€M I10CJIE BbI-
30Ba MOJIPOrPaMMBbl Schreibe EEPROM JaHHBIE U3 OOOMX PETUCTPOB COXPAHSIOTCS
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B EEPROM-namsiTi. Afpec B perucrpax ADR L M ADR H TOCIE KaXJI0H omeparun
3aIUCH B MAMATH YBEITWIUBAIOT Ha 2, MOCKoiabKy B EEPROM-niamsTe Becerna mu-
myT 2 Oaiita (16 6uroB). Ilocne yBenuuenus aapeca mpoBepsieTcs, AOCTUTHYT JIH
YK€ MaKCUMaJIBHBIN azapec. Eciu 3TO MPOUCXOIUT, BKIFOYAETCS] CBETOIUO, KOTO-
pelii mokasbiBaeT nepenosnHeHne EEPROM-namsaTH, U perucTpsl g XpaHEHUS
azpeca maMmsITH CHOBa cOpacwiBaroTcs Ha (. Eciu ke mepenoaHeHus: He ObLIO, TO
BBITNIOJHAETCA TEpPEX0Jl Ha Hayajo MpOorpamMmsl Ui MPOJODKEHUS COXPAaHEHUS
naaueix B EEPROM-tamsaru.

13.3.1. NMognporpamma Schreibe EEPROM

s coxpanenns paHHsIx B EEPROM-mamsaTu wWCmons3yeTcss MOamporpamma
Schreibe EEPROM. B Hel ycTaHaBJIMBalOTCS COOTBETCTBYIOIIME YIPABIISIFOIINAC OH-
ThI M 3aIIPAIUBAIOTCS OUTHI COCTOSHHUSL.

Schreibe EEPROM

_BANK 0

bcf PIR1, SSPIF ;CopocuTe Quiar npepelBaHMsa OT MonyJsss MSSP
_BANK 1

bcf SSPCON2, RCEN ; [lepeKIIounThCS Ha PeXmM Iepenaur OaHHBIX

bsf SSPCON2, SEN ;CreHepupoBaTe ycjoeue "Crapt"

btfsc SSPCON2, SEN ;OxmOmaTe OO Tex Nop, Hnoka ycynosue "CraptT"
goto $-1 ;He OyIeT CI'€HEPMPOBAaHO

_BANK 0

movlw EEPROM ADR S ;llepenare I2C-ampec EEPROM-namaTu

movwf SSPBUF

bcf PIR1, SSPIF ;CoOpocuTe Quiar MNpepelBaHMA OT MonyJia MSSP
_BANK 1

btfsc SSPSTAT, R W ;OxmOaTe 0O Tex [I0op, IoKa alpec

goto $-1 ;He OyIneT BbIBEIEH

btfsc SSPCON2, ACKSTAT ;IllpoBepuTb OMT MNOOTBEPXICHMUS

goto $-1 ;OxmaHre MNOOTBEPXIOSHMS OT BEIOMOTO YCTPOMCTBA
_BANK 0

bcf PIR1, SSPIF ;CopocuTe Quiar NpepelBaHMA OT MonyJia MSSP
movf ADR H, W ;llepenaTe crapumyt OaMT ampeca SYerKM NaMsaTr
movwf SSPBUF

_BANK 1

btfsc SSPSTAT, R W ;OxmmaTe OO Tex Iop, IIoka He OyIeT BEBEIEH
goto $-1 ;CcTapunai OanT ajpeca S4YeMKy IaMsaTy

btfsc SSPCON2, ACKSTAT ;IllpoBepuTb OUT NOOTBEPXISHMS

goto $-1 ; OxmOaHre NOOTBEPXIEHUS OT BEIOMOI'O yCTPOMCTBAa
_BANK 0

bcf PIR1, SSPIF ;CopocuTe Quiar npepeBaHMsa OT MonmyJsiss MSSP
movf ADR L, W ;llepenaTe Mwiamumyt OaMT ampeca SYerKM NaMsaTr

movwf SSPBUF
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_BANK 1

btfsc SSPSTAT, R W ;OxmmaTe OO Tex Iop, IIoka He OyIeT BEIBeIeH
goto $-1 jMilamuyis GarT ampeca S4YedKy [IaMAaTy

btfsc SSPCON2, ACKSTAT ;IlpoBepuTb OUT MNOOTBEPXISHMUSI

goto $-1 ;OxOaHre MNOOTBEPXISHMS OT BEIOMOTO YCTPOMCTBA
_BANK 0

bcf PIR1, SSPIF ;COpocUTs Qrar HpepelaHMsa OT MOmyJsa MSSP
movf DATEN H, W ;llepenaTe cTapumt OaMT OaHHBIX

movwf SSPBUF

_BANK 1

btfsc SSPSTAT, R W

goto $-1

btfsc SSPCON2, ACKSTAT ;llpoBepuTb OUT NOATBEPXICHUS

goto $-1 ; OxmOaHMe MNOOTBEPXIEHUs OT BEIOMOI'O YCTPOMCTBAa
_BANK 0

bcf PIR1, SSPIF ;COpocuTs Qmar OpepelaHMsa OT MOmyJsa MSSP
movf DATEN L, W ;llepenaTes Mtamumyt OamT OaHHBIX

movwf SSPBUF

_BANK 1

btfsc SSPSTAT, R W

goto $-1

btfsc SSPCON2, ACKSTAT ;IllpoBepuTb OUT NOOTBEPXISHMS

goto $-1 ; OxmOaHMe MNOOTBEPXIOEHUS OT BEIOMOI'O YCTPOMCTBAa
_BANK 0

bcf PIR1, SSPIF ;CopocuTe Quiar npepelBaHMsa OT MonmyJsss MSSP
_BANK 1

bsf SSPCON2, PEN ;CreHepupoBaTh ycjoeue "Cron"

_BANK 0

btfss PIR1, SSPIF ;llpoBepUThb, OBUIM JIM IIPOYUTAHEl HaHHBE

goto $-1

bcf PIR1, SSPIF ;COpocuTe Quiar MNpepelBaHMA OT MonyJia MSSP
_BANK 0

btfss TASTER 2

goto $-1

nop

return

Brauane cOpaceiBaercst Quar npepbiBanust oT Moayiss MSSP, ecnu on Obut ycra-
HOBJICH €Ill¢ MPHU NPEAbIAyIIeH omeparuu. 3aTteM Mmonyib MSSP mepeBomutcs
B PEKUM Iepesiaun U reHepupyercs ycnosue "Crapt" nocne ycraHoBku outa SEN
B peructpe SSPCON2. Ecnu ycnosue "Crapt” yenemso BeigaHo, To 6ut SEN anma-
pPaTHBIMU CpeACTBaMH OyIeT aBTOMAaTH4eCKW cOpoIIeH. 3ampaiirBasi U OpoBepsis
ATOT OWT, CTAHOBUTCS TOHSATHO, KOTJa MOXHO HadaTh Bhimady aapeca EEPROM-
namsTi. Afpec yCTpoWcTBa AJIS 3allMCH AAHHBIX (EEPROM ADR S) BBIBOAUTCS aBTO-
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MaTHYECKH, KaK TOJIBKO 3HAUeHHE afpeca OyAeT 3alicaHo B CTAHAAPTHBIN PETUCTP
SSPBUF. Bcernen 3a atum yctaHasiuBaetcs 6ut R/W Ha BBICOKHI YpOBEHb U 3a-

nmyckaercst BbiBoJI. Ilociie BbiBoja Beex 8 6utoB 6ur R/W nomkeH ObITh CHOBa
cOpoITIcH HAa HU3KUW JIOTHYECKUNA YPOBEHBb. MOYKHO yCTaHABIMBATH ATOT OUT C TI0-
MOIIBI0 €r0 IPOBEPKH, KOrJa AaHHbIE OyAyT IOJIHOCTHIO BhIBEIEHBI. Benen 3a
3TUM OIPEAEICHHOE BEIOMOE YCTPOMCTBO JOJDKHO €II€ IOATBEPIUTH YCIEUIHOE
[OJIydeHHue aapeca. DTO IPOUCXOAUT BO BpeMs 9-ro TakTa, KOTAa BEIOMOE YyCT-
POHCTBO Ha JIMHMIO JaHHBIX SDA BBIZIaeT CHUTrHajJ HU3KOTO JIOTHYECKOI'O YPOBHSI.
D10 cobpiTHe MOXHO ompenenuth npu 3ampoce 6mura ACKSTAT B perumctpe
SSPCON?2. B Tom cnyuae, Korja ajgpec He OyAeT MPHUHAT BEAOMBIM yCTPOHCTBOM,
muaus SDA Bo BpeMsi JEBITOTO TaKTa OCTAETCA Ha BHICOKOM JIOTHUECKOM YPOBHE,
U TporpamMma 3aBUCHET Ha 3ToM MecTe. Ecnu e BCTpeTuTcs Takas nmpobiema, To
CHayaJla Hy>KHO IPOBEPHUTH, MPABUIBHO JIM 331aHO 3HAUYCHHE COMPOTUBIICHUS IS
MOJTITUBAIOIIETO PE3UCTOPa U MPABUIBHO JIM MPOU3BOAMINCH BCE YCTAHOBKH (a1-
pec, peKUM BeOyLIero ycTpoiicTBa U T. 1.). Eciam momydyenue aapeca ycrpoiicTBa
ObUIO TOATBEPXKIEHO BEJAOMBIM YCTPOWCTBOM, TO IOCJE 3TOTO MOYHO Hauyarb
nepeaaBaTh Ha4YaJdbHBIA afpec AYCHKH MaMsTH, B KOTOPYIO OyIeT BBIOIHSATHCS
3anuch. BhImosHeHne 3TOM nepeaayy OCYIIECTBISIETCS aHAJIOTWYHO Iepenaye aj-
peca ycrpoiictBa. CHadana mepefaercs CTapimid OalT ampeca, 3aTeM MITa M.
Kaxnpiit mepemanHbnid  OaiiT  kBuUTHpyeTcs Outom moxareepxkaeHust ACK
(Acknowledge), monygaemeim or EEPROM-namsitu. Benen 3a atum mepenarorcst
00a cJIoBa TaHHBIX U3 PETUCTPOB DATEN L  DATEN H. [locie mepenage 8 EEPROM-
namsTh 16-OMTHOTO 3HAa4YeHHs OLM(POBAHHBIX JAHHBIX M TMOJTYYCHHUS MOITBEP-
KIACHUS Ha KXKIBIH Mepe/laHHbld OalT, OoJbllle MOKa HUKAKWE JaHHBIE Mepena-
BaThCs He AOJDKHBL [loaTOMy B 3TO Bpems renepupyercs yciaosue "Cron" u Takum
obpazom muHa [?C cHOBa 0cBOOOXKaeTCs sl APYrux onepanuid. Y cinosue "Cromn"
reHepupyetcs myteM ycraHoBku 6uta PEN B pernctpe SSPCON?2. ITocne Toro kak
ycnoue "Crom" OyAeT BBIIAHO Ha IIMHY, BBI3BIBaeTCs mpepbiBaHue, u 6ut PEN
cOpaceiBaercs. B 310 BpeMs Kak pa3 u poBepsieTcs ycTaHOBKa ¢uiara mpepbIBaHUs
moayneM MSSP. Murade moxxHO OBIIO OBI 3ampammBath U npoBepsaTh Out PEN.
Teneps nepenava 3akonueHa u ooe nuaHIA SDA 1 SCL ¢ momoIpio moaATIruBai-
LIMX PE3UCTOPOB MEPEBOIATCS Ha BBICOKHUI JIOTMYECKUH YpOBEeHb. B camoM KoHIle
MOJIPOrpaMMBbl IIPOBEPSIETCS, OTIYIIEHA JIU KHOMKA 2, YTOObI JaHHbIE, IPU [UIU-
TEJIbHO HAXKaTOM KHOIIKE, He 3anmuchiBainch cHoBa B EEPROM-nmamsars. Beixon u3
MOJIIPOTpaMMBbl OyIIET TOIBKO MOCHE pa3MbIKaHUSI KOHTAKTOB 3TOH KHOITKH.

13.3.2. MNoanporpamma Lese_ EEPROM

B noanporpamMme Lese EEPROM naHHBIe cunThiBatoTcst n13 EEPROM-namsaTu u ne-
pemaroTcs yepes mociae1oBaTebHbIN HHTepdEiic.

Lese EEPROM
_BANK 0
bcf PIR1, SSPIF ;CopocuTh Quar npepelBaHMa OT MonmyJsis MSSP
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_BANK 1

bsf SSPCON2, SEN ;CreHepupoBaTh ycioBue "Crapt"

btfsc SSPCON2, SEN ;OximaTe IO Tex Iop, Ioka ycioeue "Crapt"
goto $-1 ;He OyIeT CTeHepUPOBaHO

_BANK 0

bcf PIR1, SSPIF ;CopocuTh Quar npepelBaHMsa OT MOonmyJsis MSSP
movlw EEPROM ADR S ;llepepmaTe I2C-ampec EEPROM-namMsaTu

movwf SSPBUF

_BANK 1

btfsc SSPSTAT, R W ;OxImaTe IO Tex [op, Ioka anpec

goto $-1 ;He OymeT BHIBeIeH

_BANK 0

movf ADR H, W ;llepenaTh cTapunat OaWT adpeca SYEeMKM [IaMAaTH
movwf SSPBUF

_BANK 1

btfsc SSPSTAT, R W ;OxIaTe IO Tex IoOp, Ioka He OyleT BHEBEISH
goto $-1 ;CTapumt OanT ampeca SYeMKy NaMsaTy

_BANK 0

movf ADR L, W ;llepenaThs MIamunot OaWT ajpeca SYeMKM [IaMAaTH
movwf SSPBUF

_BANK 1

btfsc SSPSTAT, R W ;OxmmaTe OO Tex [op, IIoka He OyneT BEIBEIEH
goto $-1 ;MIIamuna OanT amgpeca SdeMKM [IaMAaTH

bsf SSPCON2, RSEN ;[IoBTOpPHOE TeHepMpoBaHue ycyoBusa "CrapT"
btfsc SSPCON2, RSEN

goto $-1

_BANK 0

bcf PIR1, SSPIF ;CopocuTh Qiar npepelBaHMsa OT Monyss MSSP
movlw EEPROM ADR L ;llepenaTe azpec mnda 4dreHusa u3 EEPROM-namMaTyn
movwf SSPBUF

_BANK 1

btfsc SSPSTAT, R W ;OxmmaTe OO Tex [op, [oka alpec

goto $-1 ;He OymeT BHBEIOeH

loop read
movliw a'0Q’ ;BeBON mpedmkca "Ox" mig mecTHaOUaTepPUUHBIX YMCEeTT
call SendeZeichen
movliw a'x'
call SendeZeichen
;UreHne crapuero danra
_BANK 0
bcf PIR1, SSPIF ;CopocuTh Quar npepsBaHusa OT MoIyJisa MSSP
_BANK 1
bsf SSPCON2, RCEN ; [leperIIoUnTECS B PEXMM IIpreMa



240 13. lNepedaya OaHHbIX o wuHe I?C
_BANK 0
btfss PIR1, SSPIF ;[lpoBEPUTL, CUMTAJIMCH JIM LaHHBE
goto $-1
bcf PIR1, SSPIF ;COpocuTh Grar mpepeBaHMsa OT MOnyJis MSSP
BANK 1

bef SSPCON2, ACKDT

bsf SSPCON2, ACKEN

btfsc SSPCON2, ACKEN
goto $-1

_BANK 0

bcf PIR1, SSPIF
movf SSPBUF, W
movwf DATEN H

call Bin2Ascii

movf HEX H, W
call SendeZeichen
movf HEX L, W
call SendeZeichen

;UTeHme Milagmero Oamra

_BANK 0
bcf PIRI,
_BANK 1
bsf SSPCON2, RCEN
_BANK 0
btfss PIRI,
goto $-1
bcf PIRI,
_BANK 1
bcf SSPCON2, ACKDT

SSPIF

SSPIF

SSPIF

bsf SSPCON2, ACKEN

btfsc SSPCON2, ACKEN
goto $-1

_BANK 0

bcf PIR1, SSPIF
movf SSPBUF, W
movwf DATEN L

call Bin2Ascii

;YCTAHOBUTL OUT NOITBEPXISHUS
; (Acknowledge)
; AKTVIBUBMPOBAaTh YCJIOBME MNONTBEPXICHMA
; (BeIBOO curHajsia ACK)

; OxmmaTe 0O Tex

I10p, IIOKa CHI'HaJI IIOATBEPXIOECHNMA

;He OyIeT BEBeIEH

;CopocuTh Qiar npepelBaHMsa OT MomyJsiss MSSP
;llomyunTh maHHEle M3 Oybepa I2C

;[IpeoOpasoBaTh OBOMYHOE BHAUEHME

;B ASCII-3HaueHue

;llepenaTh 4Yepes MNOCJIENOBATENbHEI MHTEpdeMrc
;crapume 4 6ura ASCII-3HaueHMS

;llepenaTe yepes NOCJEeNOBATEJIbHBII MHTepderc

sMitamue 4 6ura ASCII-3HaueHUS

;CopocuTh Quar npepslBaHMsa OT MoIyJisa MSSP

;lepermounTECS B PEXUM ITpMUeMa

;[IpOBEPUTL, CUMTAJMCh JIM HaHHBIE

;CopocuTh Quar npepslBaHusa OT MonyJisa MSSP

;YCTAHOBUTE OUT [IOITBEPXISHMS

; (Acknowledge)

; AKTVIBU3MPOBATh YCJIOBME INONTBEPXICHMSA
; (BeiBOm cmTHaJa ACK)
;OxmmaTe 0O Tex [op, [oKa cuTHajl ACK

;He OyIeT BEIBeIEeH

;CopocuTh Quar npepelBaHMa OT MonmyJsiss MSSP
;llosyunTh nmaHHBIE U3 Oybepa I12C

;[lpeobpaszoBaHMe OBOMYHOT'O BHAUEHUSI
;B ASCII-3HaueHue
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movf HEX H, W ;llepenaTh uyepes MOCJENOBATEJIbHEL MHTepderc
call SendeZeichen ;crapume 4 Oura ASCII-3HadueHMA

movf HEX L, W ;llepenaTh uyepes MOCJENOBATEJIbHEL MHTepderc
call SendeZeichen ;Mitammvie 4 6ura ASCII-3HaueHUS

movlw a'\n' ;llepeliT Ha HOBYI CTPOKY

call SendeZeichen
movlw a'\r' ;B HAYaJIO CTPOKM
call SendeZeichen
decfsz COUNTER ;YMeHBIMTE Ha 1 comepxmmMoe cueTumka (COUNTER)
goto loop read ;Ecimm B cuertumke 0, TO HUKaKME
; BHaUeHMa OOoJiblle HEe OOJDKHEI BHIBOINTHCS
;U mepenada MOXeT OBITb BaKOHUeHa

_BANK 1
bsf SSPCON2, ACKDT ;YCTAHOBUTL OUT OOTBEPXIEHMS IaHHBIX
; (HeT nepenauy MNOOTBEPXISHMA)
bsf SSPCON2, ACKEN ; AKTMBM3MPOBATE BBEOAWY YCJIOBMA IIONTBEPXISHMA

; (BeBOI cmrHasia ACK)
btfsc SSPCON2, ACKEN ;OxmmaTb OO TeX IOpP, I[IOKa CUIHaJl NOOTBEPXICSHUSI

goto $-1 ;He OymeT BLIBEIeH

bcf SSPCON2, RCEN ; [IepeKJIIounMTBECA Ha PeXVM Iepeldaun

_BANK 1

bsf SSPCON2, PEN ; CrenepuporaTh ycjioBue "Crom"

btfsc SSPSTAT, R W

goto $-1 ;OxmmaTe OO Tex Iop, noka ycjioBue "Crom"
;He OyIeT BBIBEIEHO

_BANK 0

btfss TASTER 1 ;OxMIaTe OO TeX MHop, MOKa KHomka 1

goto $-1 ;He OyHeT OoTIyleHa

return

BrinosHeHue onepaiu YTeHUs JaHHBIX ¢ nepeaadeit ux no mwuuae 2C dyHKImMo-
HUPYET aHAJIOTW4YHO 3amuch. CHadana BBIBOAMTCSA ajpec YCTpOMCTBa IS €ro
3alACH. DTO BBINIAIUT HECKOJIBKO 3aIlyTaHHBIM Ha MEPBBIM B3MVIAL, HO CHadaja
Tpedyercs coobmars EEPROM-mmamsiTH, ¢ Kakoro agpeca SYelK MaMsITH JOIHKHO
BBINIOJIHATBCS yTeHue. [loatomy, npexae Bcero, B EEPROM-namate nepenaroT
3Ha4YeHHUE CTapIIero, a 3aTeM MIIAJIIETo OaiTa agpeca MaMsITH U3 COOTBETCTBYIO-
LIMX PEerucTpoB ADR H M ADR L. [locne Beimaum anpeca EEPROM-namsaTts Haxo-
JUTCSI B PEKAME UTEHUS JaHHBIX U Jajee TOJDKHA IEPEXOANTh B PEXKUM Iepeaadn
(3ammcu), 9TOOBI IepeAaBaTh JaHHbIC U3 s4YeeK MaMsaTh. [{Jsi ATOro BBIMOTHAETCS
noBTOpHOE reHepupoBanue ycioBus "Crapt". [locnenoBaTenbHOCTh NEUCTBUN Ta
XKe camasi, Kak U Ipu o0braHOM ycioBuH "CrapT", pazymeeTcs, A0 CET0 BpeMEHH
Hukakoro yciosus "Cron" mpu 3ToM He TeHepupyercs. [locne BrIaun MOBTOPHO-
ro ycnous "Crapt" MOryT IepenaBaTbCsi ajapeca YCTPOWCTB Ml UYTEHUS
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(EEPROM ADR L). OHAKO TpEXkJae YeM JaHHbIC OYAyT YHTATHCS 4Yepe3 MocieoBa-
TeNbHBIN MHTEpdEiic, BHAYae MepeaaeTcss CUMBOJBI npedukca "0x" miss 0003Ha-
YEeHUs [MIeCTHAIATEPUYHBIX JaHHBIX, YTOOBI OH CTOSUT NIepe/ KaXKAbIM 3HAYCHUEM.
3arem PIC-xoHTposIep mepekirouacTcs B PEKUM IIpUeMa MyTeM YCTaHOBKH OuTa
RCEN B peructpe SSPCON2. [locne ycTaHOBKHM 3TOro OuTa AaHHBIE OyAyT mepe-
naBatbes n3 EEPROM-namsitu B PIC-koHTpOiep. B xoHIe nepenaun reHepupy-
€Tcs IpephIBaHUE, KOTOPOE MOXET OLEHMBATHCS C IOMOIIBIO OWMTa IpepbIBaHUA
SSPIF ot momyns MSSP. Teneps mocie ycnemnrHoro moiryaenust PIC-xkorTpomtep
nmoipkeH moarBepauTe EEPROM-mmaMsaTn mostydeHne JaHHBIX ITOCPEICTBOM ITepe-
nmaun curHana mnoxreepxkacHus ACK. Jlns storo out ACKDT B peructpe
SSPCON?2 copacsiBaetcsa Ha 0. 3atem nocne ycraHoBku 6uta ACKEN akTuBu3u-
pyeTcst ycioBMe BblIauM MOATBepxkAeHus. llocie 3Toro mocTynuBLIME AaHHBIE
MOXHO ToiyunTh u3 peructpa SSPBUF. Tak kak cHadama COXpaHSJICS CTapIIHi
0alT JaHHBIX, TO TIEPBOE CIIOBO JAHHBIX KOMMPYETCS B PETHCTP DATEN H. 8-OMTHOE
CJIOBO JaHHBIX COXPAHSETCS B PETHCTPE DATEN H Kak HU(pOBoOe 3HaueHHe Mexay 0
(0x00) m 255 (0xFF). UToObI 5TO 3HaUYCHWE TPHU OTOOPAKEHUH HA MOHUTOpPE C TI0-
MOIIbI0 TEPMUHATIBHOM MPOrpaMmbl ObIJIO MPENENIbHO MOHITHO, OHO JIOJDKHO IIpe-
obOpazoseiBaTtecsi B ASCII-popmar. [lns sTOoro BBI3BIBAETCS MOAIpPOTrpamMma
Bin2Ascii. B moamporpamme §-OnTHOE 3HaueHHE pa3zzeisieTcss Ha ABa 4-OWTHBIX
3HAYEHUS U aHAJIM3UPYETCs Kaxas 4acTb. B 3TOM ciryuae nposepsieTcs, uemy co-
oTBeTCTBYyeT 4-0uTHOe 3Hauenune: nudpe (0—9) mm 6ykse (A—F). Ecian cootBet-
cTByeT Imdpe, To k kKoay uncia godasmsercs 0x30, uToOsl momyunTh mudpy B
ASCII-popmare, a ecnu cooTBeTCTBYET OyKBe, TO n00aBisroT 0x37. [lonHas moj-
mporpaMMa HaxOAWTCs B MIPUMEPE Ha MpUIaraéMoM K KHUTe KOoMIakT-aucke. Ilo-
clie BBI30Ba MOAINIPOrpaMMBbI 3HaUeHue crapuiero nomybaiita B ASCII-xone Oyner B
perucTpe HEX H, a 3Ha4eHHe MIIJIIero noinybaiTa B peructpe HeEx L. Temepb 3Tu
o0a perucTpa mnepesaroTcs ¢ MOMOIIBIO [0CIEeN0BaTeNFHOIO HHTEp(eiica o oue-
penu u oToOpaXkaroTcs 3a paHee NepelaHHbIM MpedukcoM. Benen 3a 3TuM Takum
ke Croco0oM unraeTcs cienyroiee 3HaueHue u3 EEPROM-niamsitu u 3aTeM Tak-
XKe TiepelaeTcs yepe3 mMocienoBaTenbHbIi uHTEpdeiic. Ha mMonuTope mpu sToM
16-6utHoe 3HaueHue OyneTr orobpaxarbes B Buae "0XxABCD". Kpome storo, npu
KaK/I0M BBIBOJIE TaHHBIX AJISI HaYaja UX OTOOPaKEHUsI C MIEPBOM MO3ULKU B HOBOU
CTpPOKE TI0 TOCJIEI0BATEIbHOMY HHTEp(EHCY MepenaroTcs eule 1Ba CIEeLUaTIbHBIX
cumBoina "\n" 1 "\r". Takum oOpaszom, nepBoe 16-OuTHOE 3HaYEHHE OyAET ycHem-
HO TepeJIaHo, U CYETYHK MOXKET ObITh yMeHblIeH Ha 1. Eciu B peructpe cuerynka
COUNTER O0yger 3nauenune Oombiee (), To qamee 4WTaeTcs CIEAYIOMIEe CIOBO
JAHHBIX U LUKJ TOBTOPSIETCS 10 TeX IO, IOKa BCcE JAaHHbIC HE OynyT IepenaHsl.
Ilocne Toro kxak mocienHue OaHHBIE OyIyT CUMTAaHBL, OUT MOATBEPXKICHHUS HE
cOpacbiBaeTcsi B cOCTOsIHUE Jtorndyeckoro 0, Ipu 3TOM YpOBEHb CHTHajla MMOATBEp-
XKJICHUSI UMEET BBICOKHMI ypoBeHb. TakuMm criocooom EEPROM-namste onpenens-
eT, UTO mepeqava JaHHbIX 3akoHueHa. [locne atoro PIC-koHTposiep cHoBa mepe-
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KIIIOUaeTCs B PEXUM Iepenaud U reHepupyercs ycnosue "Cron". Tenepp mmuHa
I2C cHoBa OyneT cBoOOHA M MPEIOCTABICHA B PACIOPSHKCHUE APYTHUM YCTPOMCT-
BaM, IOAKJIIOYEHHBIM K IIMHE. B caMoM KOHIlEe moamporpamMma aHaJIu3upyeT co-
CTOSIHME KHONKHU | M 0XKMIAaeT MOMEHTa €€ OTILyCKaHHMs, U TOJbKO IIOTOM BO3Bpa-
L1aeTcs Ha BBIITOJHEHHE OCHOBHOM MTPOrpPaMMBI.

[IpencraBieHHbIH IPIMEP OYEHH MPOCT M MOXKET OBITH 1O JKEJTAHHWIO YCOBEPIICH-
cTBOBaH. Hampumep, BMECTO HCITONIB30BAaHUS KHOIIOK JJISi YIPaBIEHHS, MOKHO
MIPUMEHUTH CIEIUANbHBIE KOMAaHbI, TIEpelaBaeMble 1O IMOCIEI0BATEIHLHOMY HH-
tepdeticy. Kpome Toro, MOXXHO yCTaHABIMBAThH BPEMEHHOM ITUKII ¥ TAKUM 00pa3oM
3ampammyBaTh aHAJIOTOBOE HANpsDKeHHWE MUKINYecKd. [Ipu 3ToM eciam K aHanoro-
BOMY BXOJy IMPHUCOEIUHUTH JATUUK TEMIIEPaTyphl WM BIAXXHOCTH, TO B TEUCHHUE
0oJiee IITMHHOTO MEPHO0/a MOKHO OyeT HaONI0IaTh, KaK U3MEHSIOTCS TeMIIepaTy-
pa ¥ BIXHOCTh B moMmemieHWH. [laHHBIE, KOTOpble OyayT coOpaHBI, HampuUMep,
B TEUCHHE OJTHOW HEJIENIN, MOTYT 3aTeM ObITh 00pa0OTaHbl HA MEPCOHATHPHOM KOM-
MIBIOTEPE.






14. MNepeknoyeHUe
C NOMOLLI0 NMHpPaKpacHOro
AUCTaHLMOHHOIO yripaBrneHus

IIpu momomm unghpakpacrnozo (UK) oucmanyuonnozo ynpaesnenuss OCymecTBISCT-
Csl yIpaBJIEHHUE MOYTH KaXKABIM TEJIEBU30POM U CITyTHUKOBBIM NMpueMHHKOM. [le-
PEKIIIOYEHHE TPOrpaMM B HACTOSIILEE BPEMsl YK€ IPAKTHUECKH HE BO3MOXKHO 0e3
HCIOJIBb30BaHMs JUCTAHIIMOHHOTO IIyJIbTa YIpaBieHUs. TakoH IyJbT MOXKET UMETh
10 30 KHOTOK, a MpH ympaBlieHHH 0ojiee MPOCTHIM YCTPOWCTBOM 3TO KOJIHYECTBO
KHOIIOK, pa3yMeeTcs, MOKHO CIKOHOMUThH. {151 1eMOHCTpaliMi BO3ZMOKHOCTH HC-
[10JIb30BAaHUS JUCTAaHIIMOHHOTO YIPABJIEHUS B 3TOU IJIaBE MPENCTABICH IPUMEP, C
MOMOIIBI0 KOTOPOTO MOXKHO PacCMOTPETh PadoOTy uUH@DPAKPACHO20 NPOMOKOAA
(aurn. IR-Protocol — Infrared Protocol). B ganHoM mpumepe CBETOAMO Mepe-
KJIIOYaeTCsl B 3aBUCHMOCTU OT Ha)kKaTusl Ha KHOIKY. Ecim ke BMecTo cBeroauoza
MOJKIIIOUUTDH pelie, TO MOXKHO OBbLIIO ObI KOMMYTHUPOBATh Harpy3Ky ¢ HalpsDKEHUEM
ceru 220 B (mampumep, nammy). Takum crmocoO0OM MOKHO OTHOCHTENBHO MPOCTO
JUCTAaHUMOHHO YIPABJIATh OCBETUTEIbHON JTaMnou. IJisi 5KOHOMHUU 3IEKTPOIHEP-
MM MOXHO YCTAHOBUTH ITOJIOOHYIO CXEMY Iepe] KOJIOAKOH COeOUHUTENBHBIX PO-
3€TOK M TaKHM 00pa30M, Ha)KaTHEM KHOTIOK Ha MyJIbTe AUCTAaHIUOHHOTO yIpaBie-
HUS, OTKJII0YATh OT CETH HECKOJBKO Harpy3ok (HampuMmep, TeIeBU30p, IPUEMHUK,
poBoii MIeep  T. A.). BerencTBue 3Toro npucoeMHEHHbIC YCTPOHCTBA 00b-
e He OyayT moTpeOIsATh TOK M PacXodbl Ha 3JEKTPOIHEPTUIO COKPATATCS.

K coxanenuto, npousBoautenu uHppakpacHoro (MK) ynpaBneHus Tak U He ¢MOT-
JIU JIOTOBOPUTHCS O CO3JIAHUW YHU(DHIMPOBAHHOTO CTaHAapTa s nepeaadn. [1o-
3TOMY TEHEPh UMEETCS MHOTO Pa3jMUYHBIX KOJOB, C MOMOIIBIO KOTOPBIX OCYIIECT-
BIISICTCSl TUCTAHIIMOHHOE YIPABJICHUE YCTPOHUCTBaMU. B CBSI3M ¢ 3THM B JaHHOM
KHUTE WCIIONb3YeTCsl KOJ, KOTOPBI OTHOCHTENBHO IMUPOKO PACHPOCTPAHEH U
OXOTHO MPUMECHSICTCS PATUOTIOOUTEIIMH ISl YIIPABICHUS B COOCTBEHHBIX pa3pa-
ootkax. Mmeercs B Buay RC5-x00, xoropsiii Obi1 paspabortan ¢upmoii Philips.
Ecmu B OHONHOTEKE YCTPOWCTBA TENICYNMPABICHUS OTCYTCTBYET YIpaBJICHHUE, WC-
nonb3ytomee ko RCS5, To mMeeTcss BO3MOXKHOCTh MPUOOPECTH YHHBEPCATbHOE
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YCTPONCTBO JUCTAHIMOHHOIO ympapieHus npumepHo 3a 10 €, npu moMomu KoTo-
pOro MOXHO TiepeiaBaTh o4t J1r000# ko, Kox B ycTpoiicTBe porpaMMupyeTcs,
Kak TIPaBWJIO, C TTOMOINBIO TpeX3HAauyHOW muQpbl. UTOOB HAWTH HYKHBIH KO,
MOXXHO 3arpy3uTh B MHKPOKOHTPOJUIEP TOTOBBIM MpHMEp IMporpaMMbl. B 3Tom
CIy4yae Ha YHUBEPCAJIBHOM yCTPOMCTBE AUCTAHIIMOHHOTO YIPABICHUSI MOXKHO 3a-
ITyCKaTh aBTOMaTndeckuii mouck. Korma Oymer mepeaaBaThcst umeHHO Koa RCS, To
CBETOMOJT OyIeT mepexirouaTscs. B mampHeinieM MOXXHO OyAeT WCIOJIb30BaTh
MMEHHO 3TOT KOJI JIJISl IPYTHX Pa3pabOoTOK.

14.1. NMNpoTtokon RC5

UToOBI rapaHTHPOBATH MO BO3MOXKHOCTH OoJiee CTaOWIBHYIO Tepenady, IMpu Hc-
TTOJTK30BaHUH TPOTOKOIa RC5 mepenaroT He MPOCTO BHICOKUIT M HU3KUH ypOBEHB
CUTHaJa, a JUIsl KKJ0ro OMTa MOChUIaeTCs MePeMEeHHbINH curHail. Kpome Toro, uH-
(bpakpacHBIil CUTHAJ €Ile MOAYJIUPYETCs ¢ 4acToTol 36 k['1 Juist 3aIUTHI OT TO-
MeX, KOTOpbIE MOTYT BO3HHUKHYTH OT BHEIIHel 3acBeTkd. IIpm pa3paborke ObLIO
Y4TEHO, YTOOBI Iepenavya MPOUCXOIIIA TT0 BO3MOXKHOCTH C OOJbIIel SKOHOMHEH
OHEPTUH. I[J]Sl IIOBBIIICHUSA HAACKHOCTHU KOJ Ha)XKaToOW KHONKHU IOCBIIaeTCS TpHUu
pasa mocieI0BaTeIbHO MPH KaXK0M Ha)KaTUU KHOIIKH.

I[J'Iﬂ JOCTUKCHUA 32'HMHYHI)CHOI71 MOAYJIALUN MOAYJIALIAA BBITOJHACTCA C 4aCTO-
toil 36 x['n. JlnuTenpHOCTP mnEepuofa UMIyJbca cocTaBisier 27,777 MKC
(T =1/f=1/36 xI'm). Bo Bpems nepenauut MHGPAKPACHBIN AUO]] BKIIIOYEH B TeUe-
Hue 6,944 mkc (1/4 amurensHocTu nepuoza) (puc. 14.1).

T

—»'ir—

S

Puc. 14.1. CooTHOLLEHME Nay3a-MMNynbC MHAPaKpacHOro nepegarymnka

IIpu nmepemaue normyeckoil 1 HHMYEro He mepenaeTcss B TEUCHUE 32 MEpUOAOB
(puc. 14.2). 3arem nepenarotcs 32 ummyibca ¢ gactoroi 36 k' s sorudecko-
ro 0 nepenaya MpoucxoauT B 0OpaTHOM nopsiake. CHadana MoChUTaeTCs avyka UM-
MyJbCOB M3 32 UMITYJIBCOB, a BCJIE] 3a STHM CJIEAYeT Nay3a AJIUTEIbHOCTHIO paB-
HOH 32 uMIybcam.
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f=36«kly
889 mKc 889 mkc 889 mkc 889 mkc

,’0" ”1ll

Puc. 14.2. Nepegaya norm4yeckmx CMrHanoB ¢ Mogynsaumen umnynbcamu ¢ Yactotom 36 kly

IMosTomy mepeaaya morudeckoro (0 wau jorumueckoi 1 mpomomkaercs 1,777 mc
(64/36 xI'r). Oyenp xopolas IOMEXOYCTOMYHNBOCTE 00YCIIOBJIEHA 33 CUET H3Me-
HEHHS YPOBHS CHTHaJA B TeUeHHUE mepenadn 1 omra. CurHAI MOJDKEH 00513aTeIhHO
HU3MEHWUTH CBOM ypoBeHb mociie 1,777 mc. Ecnu 3T0 He MPOUCXOUT, TO BOSHUKACT
omuOKa WM K€ BBITIOJHSACTCS Tiepe/iavya MOCPEJICTBOM JIpyroro nporokoia. [lo-
3TOMY JJisi O€30IIMOOYHOrO ONPENEICHUs] MOCIAHHOTO TMEPeaTYMKOM CHTHAja
MIPUEMHUK JIOJDKCH OBITh 00sI3aTEJIbHO CHHXPOHU3UPOBAH.

B nmanHOM mpHMepe Ha CTOPOHE NONYYEHHs] CHTHAlla IPHUMEHSETCS NPUEMHHK
MPOM3BOJCTBAa KOMIaHuu Vishay. MeeTcs B Buny MH(pakpacHblil HHTErpabHbIH
¢doronpuemuuk Tuna TSOP1736. B HeM BeImonHsIeTCS TIepBast CTylleHb 00paboTKH
curHaia. IIporcxoqur peryianpoBaHye YCUIEHHS M CUTHAT (IIBTPYETCS € IIOMOILBIO
MIOJIOCOBOTO (PHIIBTpa C meHTpaidbHON "acToroi 36 k1. CurHan pemomynupyercs
Y TO/Ia€TCS Ha BBIXOJ Yepe3 BBIXOJHOM TpaH3ucTop. TpaH3uCTOp MpHCOEANHAETCS
yepe3 BHYTPEHHUH MOATATUBAIOUINN PE3UCTOP K HANPsHKEHUIO nutanud. [loatomy
B IIaCCUBHOM COCTOSIHUM HA BBIXOJE IOJIy4aeTCs] BBICOKMH JIOTHUECKUN YpOBEHBb
cUrHaiza. JTO 03HAyaeT, YTO Ha BBIXOJC NPUEMHHKA OYyAeT BBHIBOJUTHCS WHBEpC-
HBI CUTHAN MH(PPaAKpaCHOTO MPOTOKoa. JlJIst ydiiero moHMMaHus PUBEICHHOM
Jlajiee MpOrpaMMbl YPOBHH CUTHAja MPEICTABICHBI B JalIbHEHUIIEM TakK, KaK OHHU
[IOCTYMHAIOT Ha BBIXOJE MOy npueMHuKka. [loaTomy Ui mpeacTaBieHus Joruye-
ckoii 1 TpebyeTcsi H3MEHEHHE YPOBHS OT BBICOKOTO K HU3KOMY, a TIpU Iepeaade
sorndeckoro 0 N3MEHEHUE YpOBHS CUTHaJIa OT HU3KOTO K BEICOKOMY YPOBHIO.

Kon HaxaToil KHONKKM HMEET JUIMTEIBHOCTh 24,889 MC. DTO COOTBETCTBYET
14 6utam ¢ mmutensHOCTHIO 1,777 Mc. B 3t 14 mepemaBaeMpIx OuTa BXOZST
2 crapToBBIX OumTa, | OMT TepekmoueHus, 5 OMTOB ampeca U 6 OMTOB KOMaHIbBI
(puc. 14.3). CraptoBble OMTBHI Sp U S; HCHONB3YIOTCS ISl ONPEICTICHUS 3aIycKa
uH(ppaKpacHOro nporokoyia. Beien 3a atum nepenaercs 1 OUT mepekitoueHUS T
(Toggle Bit), ¢ moMoIIBI0 KOTOPOTO MOYKHO OTPENENNTh, ObLIA JIN HaXKaTa KHOTIKA
HECKOJIBKO Pa3 MOJPS] WM OHA OblIa Ha)KaTa JUIMTENFHO. DTOT OUT TMepeKiIroue-
HUS MEHSCTCA TMocie Kaxaoro Hakatus kHomku ¢ 0 Ha 1 wmm ¢ 1 wva 0. Ipu miu-
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TEIHHOM Ha)XKaTUW HA KHOTKY OWT NMEPEKIIOYCHHS BCET/Ia COXPAHIET OJHO U TO Ke
3HaueHue. [locrme Ourta mepekioyeHus mepenarTces S paspsnoB ampeca A—Ay,
KOTOPBIE OMPEICIISIIOT, B KAKOE YCTPOMCTBO BHITIONHSETCS Mepemada. B Ttabm. 14.1
MpeJICTaBJICHBI aJpeca Pa3INuHbIX YCTPOHUCTB, UCTIONIB3YEMBbIX JJIsl HH)PaKpacHOTo
YIPaBIICHHUSL.

\

olololol1

A

[ololol 1]
|
| |
| |
|

So |l S1 | TolAs Az | Al A [ A [Cs|CalCa|CalCylCol

J

Anpec

Komanga

Puc. 14.3. Nepegaya koga HaXaTow KHOMKU
B MH(PpaKkpacHOM AUCTAHLMOHHOM yrNpaBreHuu

Ta6bnuuya 14.1. Adpeca 0ns uHgbpakpacHoU nepedayu

Aapec YctpouctBo Aapec YcTpoictBo
0x00 TV1 0x10 Mpegycunutens 1
0x01 TV?2 0x11 TioHep
0x02 Bupgeotekct 0x12 Pekoppaep 1
0x03 Bupeo VD 0x13 Mpenycunutens 2
0x04 Bupgeo LV 1 0x14 CD-ROM
0x05 BuaeomarnntodhoH 1 0x15 TenedoH
0x06 BupeomarnmTodoH 2 0x16 CnyTHMKOBbIN NPUEMHMK
0x07 OKkcnepMeHTanbHbIN 0x17 Lincbposown ayamomarHMTodpoH
0x08 CnyTHUKOBBIN NPUEMHNK 1 0x18 —
0x09 doTokamepa 0x19 —
O0x0A CryTHVKOBBI NPUEMHMK 2 Ox1A MepesanvcbiBaeMblii KOMNAKT-ANUCK
0x0B — 0x1B —
0x0C KomnakTt-anck 0x1C —
C BUgeovHgopmaumen
0x0D Bugeokamepa 0x1D OcgelueHune 1
Ox0E — Ox1E OcBelleHune 2
OxOF — Ox1F TenedoH
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ITocne ampeca yctpoiicTBa mepenaroTcsi 6 OMTOB COOTBETCTBYIOIMICH KOMAH/IBI.
C nmomomwpio 3TUX 6 OUTOB MOTYT IepenaBarhesi 64 pasmUUHBIX KoJa AJIsl HaKH-
MaeMbIX KHOIOK Ha IMyJbTE AUCTaHLMOHHOrO yrpasieHHs. Camble BaXKHbIE KO-
MaHZBl, KOTOPBIMH pacIojlaraeT MOYTH KakI0e IWUCTAaHIIMOHHOE YIIpaBJICHUE,
npeacTaBieHsl B Ta0i. 14.2.

Tabnuya 14.2. KomaH0b! Onisi uHgbpakpacHol nepedayu

KomaHpa | KHonka || KomaHpa KHonka Komanpa | KHonka [[KomaHpa | KHonka
0x00 0 0x10 'pomKoCTb + 0x20 Kanan + 0x30 Maysa
0x01 1 0x11 'pOMKOCTb — 0x21 KaHan — 0x31

BbicTpo
0x02 2 0x12 ApkocTb + 0x22 0x32 Hasan
0x03 3 0x13 ApkocTb — 0x23 0x33 —

BeicTpo
0x04 4 0x14 LiseTt + 0x24 0x34 Brnepen

Bocnpo-

n3sege-
0x05 5 0x15 Liset — 0x25 0x35 Hue
0x06 6 0x16 HY + 0x26 0x36 Cron
0x07 7 0x17 HY — 0x27 0x37 Mpuem
0x08 8 0x18 BY + 0x28 0x38
0x09 9 0x19 BY — 0x29 0x39
BanaHc
Ox0A Ox1A BMnpaBo 0x2A Ox3A
BanaHc
0x0B 0x1B BNeBO 0x2B 0x3B
Pexum
oxuaa-
0xoC HUSA 0x1C 0x2C 0x3C
OTknto-
YeHune
0x0D 3ByKa 0x1D 0x2D 0x3D
Ox0E Ox1E 0x2E Ox3E
OxOF Ox1F Ox2F 0x3F

Urak, mocne HaxxkaTus 000N KHOTKH YIpaBJIeHUs OyAeT BBHIMOJIHATHCA Iepeaaya,
mokasanHasi Ha puc. 14.3. CHavana nepegaroTcs 00a cTapTOBBIX OUTa U Janee OUT
nepexiroueHus. B xauecTBe azpeca B JaHHOM cilydae ObLI BBIOpPAaH CITyTHUKOBBIH
npuemMHuk (anpec 0x08) u nepegana komanaa "['poMkocTs —" (YMEHBIIICHHE TPOM-
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KocTH). CUrHaNbHBIE YPOBHHU MPEICTABIEHBl TaKMMH, KaK OHH OyIyT Ha BXOJIE
MUKpPOKOHTPOJLIEPA.

Tak kak i ynydimieHus MOMEXOYCTOWYHBOCTH JJIsl Ka)IOTO HAKATHUS KIABHIIIH
€€ COOTBETCTBYIOIIHUI KOJI IIepe/lacTCsl TPU pasa, TO CUTHAI B 3TOM cliydae Ha BXO-
Jile MUKPOKOHTpOJIIepa OyJIeT UMETh BHI, TIPEICTaBICHHLI Ha puc. 14.4. Mexmy
KOJIaMH Ha)aTOW KHOIIKH BCeT/ia uMeeTcs naysa 88,889 mc.

24,889 mc 88,889 mc 24,889 mc 88,889 mc 24,889 mc

Puc. 14.4. MHorokpaTHasi nepegada KomaHabl

Tenepp 3TOT curHan IoHKeH 00padaThIBaThCSI MUKPOKOHTpoiwiepoM. Ilpu stom
MMEIOTCSI HECKOJIBKO BO3MO)KHOCTEH, a B 9TOM KHUI'E PacCMOTpPEHa TOJIBKO OJHA.
O06paboTka ToMy4eHHON MH()OPMAaIK BBITOIHSAETCS ITyTeM OJHOTO 3ampoca CO-
CTOSIHUSI CHTHaJa Ha BBIBOJIE MHUKPOKOHTpOJIIEpa Ha MPOTSHKeHHH 889 MKC. DT
COOTBETCTBYET 2 BbIOOpKaM Ha OutT. COCTOSHUSI CUTHAJIA HA MPOTSKCHUU OJTHOTO
OuTta JOJLKHBI OBITH pa3HbIe, B IPOTUBHOM citydae OyneT ommOka. Beibopku uH-
¢dpaxpacuoro (MK) curnana noka3ansl Ha puc. 14.5. MoMeHT BEIOOpPKH 0003HAUYEH
KpecTHKOM "x".

+

X
X
X

N N NE
N e N N

e

Puc. 14.5. BbiGOpKM NOMy4eHHOro MHbpakpacHoro curHana

IIpu nomyuennn noruyeckoil 1 ompenensieTcs CMeHa NOKa3aHUs CUTHANA C BBICO-
KOTO Ha HU3KUI ypOBEHb, a IpH JorndeckoM 0 CUrHaI NEepeKIIoYaeTcsl ¢ HU3KOTo
Ha BBICOKHH ypoBeHb. Ecim Bo BpeMs mepeaadn OgHOro OuTa UMeeTcsl OMUH U TOT
K€ YpOBEHb CHUTHaJa, TO MOKHO Cpa3y K€ OTMEHSTh IpUEM, TOCKOJIBbKY 3TO COOT-
BETCTBYeT ommuOKke mepenadu. TakuMm crocoOOM MOXKHO Cpa3y *Ke ONpeJelHTh,
0€301IMO0YHO JIH TIepe/IaHbl TaHHbIC.

14.2. NMpumep nporpamMmmol
"MHdpakpacHbIN nepeknoYvartenb”

C mOMOIIBIO ATOTO MpUMEpa MOSCHSIETCS, KaK MOTYT 00padaTsiBaThCsl HH(ppakpac-
veie (UK) curnamer (IR-curnamer). Kpome Toro, mccrmemyercs M aHaIW3UPYETCs
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npotokoa RCS. B nanHoM mpumepe cBETOAMOABI MEPEKIIOUAOTCS B 3aBUCUMOCTH
oT HaxaTod kHonku. CBeroauoa LED 4 Bcerna cBETUTCS U BBIKIIOYAETCS TOJIBKO,
€CJIM OMpeNeNuics IOMyCTUMBIM nedcTByromui kona. Ilpu HaxaTUu KHOMNKHU
"I"'pomkocth +" BkOgaeTcs cBeroawon LED 1 u cBeTuTCs OMHY CEKyHAY, 3aTeM
MpouCXoauT TepekiroueHne caoBa Ha LED 4. Ecnu Obuta Hakata kHomka "I pom-
KOCTh —", TO MUKPOKOHTpOJUIEp BhIKIouaeT ceeroanon LED 4 u pxirouaer LED 2.
Ecnu HaxkumaloT Ha Kakyro-InOO APYryl0 KHOMKY, cBetuTcs cBeroguon LED 3
MPUMEPHO B TEUCHUE OJHOU CEKYH/IBI.

Taxoke Ha mpuIaraeMoM K KHUT'€ KOMIAKT-IUCKE HAXOASTCS JaHHBIE Ul CUMYJIS-
nuy. BenencTBue 3TOro €cTh BO3MOXKHOCTh BBINIOJHEHUS! IPOTPAMMBI B IIOIIAro-
BOM pexuMe. Ha mpakTuke 3T0, K COKaJIeHHIO, He Tak-To mpocTo. [lepenaya xona
HE MOXXET IPEepPHIBATHCS, T. K. BCErJa MOCHUIAETCS MONHBIA KO Ha)KaTOH KHOIIKH.
Kpome Toro, Ha mpakrtuke MOIYyT BO3SHUKHYTh U Apyrue mnpodiemsl. Moxer ciy-
YUTHCSI TaK, YTO YHHUBEPCAJIbHOE YCTPONCTBO IMCTAHIMOHHOTO YIpPaBIICHUS He
TOYHO COOJIIOMaeT CHWHXpOHM3amuio 1mo cranmapty RCS. BemenctBue storo s
KaXxXaoro 6I/ITa MOABJIAIOTCA HE3HAYUTCIIBHBIC 3aJCPKKH, KOTOPLIC CKIIAIbIBAIOTCA B
TeueHne mnepenadd. Eciam 3TO mMpoMCXOIUT, TO B KOHIIE MPOTOKOJIA BBEIOOpKA WH-
(hopMarmoHHOTO cUrHaNa OyJeT MPOXOAUTE HE B cepeauHe OnTa, a moOIN30CTH OT
(hpoHTOB MMMyNBbCca. Toraa Mpy CIAUIMIKOM OOJBININX PAa3TUIHIX BO3ZHUKAIOT OIMIHO-
K4 npu nepenade. Eciu 3To citydaercs, TO B OAIpOrpaMMme JOKHBI IPUMEHSTHCS
BpeMeHHbIe 3aliepkKku. K cokaleHuio, Toraa Ajisi TOYHOTO aHalu3a TpeOyeTcs
ocumiorpad, KOTOpeIi IMEETCsl B PACIOPSHKEHUH AaJIeKO He KaKI0To pajHoITio-
ourens.

B ocHoBHOII nporpamme MK-nprueMHHK AIUTENBHO ONpamuBaeTcs B uukie. Ecnu
YPOBE€Hb HU3MCHACTCA C BBICOKOT'O Ha HI/I3KHI71, TO HAYMHACTCAd aHaJn3 IIPOTO-
KoJIa.

main ;Hadasio OCHOBHOTO LMKJI&
bcf LED 1 ; BeikgmounTes LED 1
bcf LED 2 ; BeikgnounTs LED 2
bcf LED 3 ; BeikonoumTs LED 3
bsf LED 4 ;BrinounTe LED 4, eciM HMKAaKOM KOI He IIPUHMMAJICH

;WM Ke BOSHUKIIA oumMoOKa
btfsc IR RCV ;[lJpoBePUTE, WM3MEHUIICA JIM CUIHAJ
; VIK-TIprieMHMKa

goto main ; Hukaxkoe m3MeHeHMe CcurHajla He OIpeneieHO

[Tocnie Toro kak OCHOBHAsI IMPOrpaMMa OIpe/eNIiia, 9TO ObIII0 M3MEHEHHE, Jajiee
MPOBEPSIOTCS 00a CTapTOBEIX OMTa. TakuMm crocoOOM mpoBepseTCs, UCIIOTb3YEeTCs
7m B 1aHHOM cirydae ko RCS5. Ecim cuHXpoHM3ays HapymeHa y)xe Ha 9TOM Mec-
T€, TO 00pabOTKa MPUHATHIX JAHHBIX MIPEPHIBACTCS.
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startbits priifen

movlw d'l4’' ;Banmare B cuerumke IR COUNTER kOjmM4ecTBO OUTOB
movwf IR COUNTER ;OJIT CUMTBHIBAHMSA KOIA HaXaTOoM KHOIKM, paBHOoe 14
bsf IR ABTAST ;YKasaTb MOMEHT BEIOOPKU
_DELAY TMR1 US d'445' ;BpeMeHHasa Bazepxka, 4YTOOH IeJjlaThb BEIOOPKY
;B CepeIMHE CJIeOyllero CUIHaja
bcf IR ABTAST ;YKasaTb MOMEHT BEIOOPKMU
btfsc IR RCV
goto fehler ;[lepBED CTApPTOBEDL OUT OIpPellesIeH
; C OLMOKOM
decf IR COUNTER ;I[lepBED CTAPTOBBEDL OUT PACIO3HAH U IOITYCTVMM
btfsc STATUS, Z ;llpoBepuTh, cocumTall s cyeTdmk IR COUNTER
;00 0, cumTas B OOPATHOM IOPsOKe
goto fehler ;CuerTuyk cocumrall mo 0
_DELAY TMR1 US d'889'
bsf IR ABTAST ;YKasaTb MOMEHT BEIOOPKU
btfss IR RCV ;llepBas MOJIOBMHA 2-TO CTapTOBOTO OMTa
; OOJDKHA OHTBH BEICOKOTO YPOBHS
goto fehler ; Oumoxa
_DELAY TMR1 US d'889"
bsf IR ABTAST ;YKazsaTb MOMEHT BEIOOPKU
btfsc IR RCV ;BTopas moJIoBMHaA 2-TO CTapTOBOIO OuTa
;OOJDKHA OBITH HM3KOT'O YPOBHS
goto fehler ; Oumbxa
decf IR COUNTER ;YMeHBIMTE comepxrmMoe cuerurka IR COUNTER Ha 1
btfsc STATUS, Z ;[IpoBEPUTH, OOCYUMTAJ JIM CUETUUK

;00 0, cumras B OOpPATHOM IIOPSOKE
goto fehler ;CueTumk cocumTast 0o 0

Bo Bpemst 00paboTku mocTynaromux AaHHbBIX BeIXxoa RCS5 MuKpoKoHTpoiepa me-
peKmoyaeTcs mepea KaxIsIM MOMEHTOM BbIOOpkH naHHbBIX ¢ MK-mpuemnnka. Ec-
JIX TIOCMOTPETH 3TOT UCXOAHBIM YpOBEHb NPH CUMYJISILUN WX U3MEPHUTH €r0 TPHU
MOMOIIY ocuuiuiorpada, TO Ha 3TOM BBIBOJIE MOXXHO YBUIETh, B KAKOH MOMEHT
ocymectsisiercs: BeiOopka MK-curnana. braromaps sTomy MOXHO JIeTKO ompene-
JTUTH cOoll B cuHXpoHM3auu. C MOMOIIBIO PETUCTPA TR COUNTER CUHTAETCS KOJIH-
4ecTBO yke o0paboraHHBIX OMTOB. ECnM 10 OKOHYaHMS aHalW3a 3TOT CUETYHK,
cuuTast B 00paTHOM HampaBlieHHH, JocuuTal 10 0, TO B JaHHOM clly4ae MPOU30Il-
J1a oIMOKa U OCYIIECTBIISICTCS NIEPEeX0/l Ha METKY fehler.

Tak xak IIPOBEPKaA OTACIBHBIX OMTOB IMOBTOPACTCA U MPOTEKACT BCErga OAMHAKOBO,
TO OJId 3TOM Jagsaaese OnliIa HamucaHa CrieuManbHas IMoAnporpaMma IR Bittest.

IR Bittest
clrf IR FLANKE ;OUMCTUTEL CTapele IAaHHEE M3 permucTpa
;IR FLANKE
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clrf IR STATUS ;OUMCTUTL CTapele OaHHBE U3 perucTpa
; IR_STATUS
ir test 1 ;[lpoBepka MepBoi MOJIOBMHEL OMTa
_DELAY TMR1 US d'875' ;BpemeHHasa 3azepxka — MeHblle deM 889 mMmxc,

;T. K. IJIS KOMaHI TaKxe
;TpebyeTcsa BpeMs IJig

bsf IR ABTAST ; OTIpeNeJIeHNsT MeCTa PAaCIHOJIOKEHNS
; TOUEeK BBIOOPKMU

btfsc IR RCV ;[lpoBEepPUTE yPOBEHB CUTHAJa

; IK-nIpreMHMKa

goto ir high 1 ;llepBas MHOJIOBMHa OMTa BBICOKOT'O YPOBHSA
goto ir low 1 ;llepBas MnoOJIOBMHa OMTa HU3KOT'O YPOBHS
ir high 1
bsf IR FLANKE, 1 ;IIpy BHICOKOM YPOBHE CMI'Hajla YyCTaHOBMUTH OuT 1
;B pervctpe IR FLANKE
goto ir test 2 ;[IpOBEPUTEL BTOPYIO IIOJIOBMHY OuUTa
ir low 1
bcf IR FLANKE, 1 ;IIpy HM3KOM YPOBHE CUT'HAJIa OUMCTUTL Our 1
;B perrcTpe IR FLANKE
goto ir test 2 ;[IpOBEPUTEL BTOPYIO IIOJIOBMHY OMTa
ir test 2 ;[lpoBepKa BTOPOM IIOJIOBMHEL OUTa
~DELAY TMR1 US d'860"' ;BpemeHHaa 3amepxka — meHee 889 Mkc,

;T. K. IJIS KOMaHI TakKxe
; TpebyeTca BpeMAa IJIg

bcf IR ABTAST ; OonipelesyieHrs MeCTa PaCIOJIOXEHMS
; TOUEeK BBIOOPKMU

btfsc IR RCV ;[lpoBEPUTE yPOBEHB CUTHAJa

; VIK-TIpreMHMKa

goto ir high 2 ;Bropasa mnosioBMHa OMTa BBICOKOI'O YPOBHA
goto ir low 2 ;BTopasa nosioBMHa OMTa HU3KOTO YyPOBHA
ir high 2
bsf IR FLANKE, O ;[Ipy BEICOKOM YPOBHE yCTaHOBUTL OutT 0
;B permcTpe IR FLANKE
goto ir test ende ;0be mosIoBUHEl OMTa

;IPOBEPEHEl —> 3aBEPUMTH IPOBEPKY

ir low 2
bcf IR FLANKE, O ;Ipy HM3KOM YyPOBHE OuMCTUTL OumT 0
;B permcTpe IR FLANKE
goto ir test ende ;0be mosIoBMHEl OMTa

; IPOBEPEHH —> BaBEePUMTL MMPOBEPKY
ir test ende

nop ; OKOHUAHME MPOBEPKM COCTOSHMSA VK-curhHasa
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ir bittest low
movlw 0x01 ;[IpoBepka Jjormueckoro 0
subwf IR FLANKE, W
btfss STATUS, Z
goto ir bittest high

bsf IR STATUS, O ;Ecom 6utr paBeH 0, TO yCcTaHOBUTHL OuT 0
bcf IR STATUS, 1 ;B permcTpe IR STATUS,
;a Bur 1 oumMCcTUTH
bcf IR STATUS, 2 ; OUMCTUTE OUT OUMOKMU
return
ir bittest high
movlw 0x02 ;IpoBepka Joryyueckom 1

subwf IR FLANKE, W
btfss STATUS, 7
goto ir bittest fehler

bcf IR STATUS, O ;Ecimm 6utr paBeH 1, oumctuTh OumT 0
bsf IR STATUS, 1 ;B permcTpe IR STATUS,
;a 6ur 1 yCTaHOBUTH
bcf IR STATUS, 2 ; OuMCTUTE OUT OUMOKM
return
ir bittest fehler
bcf IR STATUS, O ;Ecim BO3HMKIIA oumbKa, T. €. ObUIO 2 CJIeIyIUMx
bcf IR STATUS, 1 ;OPYT 3a IOPYyT'OM OIMHAKOBEIX COCTOAHUA CUT'HAJa,
bsf IR STATUS, 2 jouncture OuT 0 1 Our 1 B permcrpe IR STATUS,

;a Our ommbOkyu (6uT 2 B permcrpe IR STATUS)
; YCTAaHOBUTDL

return

B moamporpamme kaxneiii out UK-curaana mpoBepsieTcsl ABaXKIbl, MOCJIE YETO
orpeensieTcs, Kakoil ObUT mepemnan B TedeHue omHoro 6wrta. Ecnm ObIn mepemnan
0—1, To momydeH GUT, COOTBETCTBYIOLMHI Jornueckomy 0, a ecinu ObUT Hepenan
150, To momyueHa norudeckas 1. Ilociae Toro kak obe momoswHbl Outa UK-
curHana OyAyT McCeqOBaHbl, CY/s MO MOJMyYEeHHOMY Tepenany, HaunHas ¢ METKH
ir bittest low, ompenensercs, kakoi out (0 wiwm 1) Obut npussT. Ecnm e OynyT
MOJTYYEHBI JIBa CICTYIONINX MOAPS OJUHAKOBBIX YPOBHS CUTHAJIA, TO 3TO COOTBET-
CTBYET OINUOKE M B PETUCTPE TR STATUS OyIeT YCTaHOBJIEH OMT OmmoOku (OHT 2).
3TOT PEerucTp MOKHO MPOBEPUTH MOCIIC BO3BPAILEHHS U3 TIOATIPOTPAMMBEI.

Crenyromasi fanee MOAIpOrpaMma BBI3BIBACTCS U3 MPOTPaMMBbI, YTOOBI CUHUTATh
our nepexmoueHus. Ilocne ee BrI30Ba MpoBepseTCs, Kakoe 3HAYCHHE HMEETCS
y OHTa mepexoYeHus. 3aTeM 3TO 3HAU€HHE MUIIETCS B PErHCTp IR TOGGLE. Ecnu
e UMeeTcs OIKOKa, TO IporpaMMa MepexoauT 10 METKe fehler.
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togglebit lesen
call IR Bittest
btfsc IR STATUS, 0
clrf IR TOGGLE
btfsc IR STATUS, 1
bsf IR TOGGLE, O
btfsc IR STATUS, 2
goto fehler
decf IR COUNTER
btfsc STATUS, Z

goto fehler

;lloonmporpamMMa MNPOBepSeT Cllelyloumy OUT

Il
o

; Bur INEePEeKJIIYEHVA

|
=

; Bur INEePEeKJIYEeHAa =

;llepeliT Ha HonnpoIrpaMMy OBPaBOoTKM OUMOKM
;YMEeHbIMTE Ha 1 comepxmmoe cueTumka IR COUNTER
;llpoBepuThL, cocuuTasn i cueTdmk no O,

; BEIIIOJIHAA CUET B OOpPaTHOM IIOPAIKE

;llepeliT Ha HonmIpoIrpaMMy OBPaBOTKM OUMOKM

Bo Bpems npoBepku OnTa nepekroueHus 0cie YMEHbBLIEHUS COAEP)KUMOT0O CUEeT-
YyrKa OUTOB IR COUNTER Ha | mpoBepsieTcs, gocunTai i oH a0 0. Ecnu nporpamma
pabotaeT 6e3 OIMOKH, TO CYETYHK HA 3TOM MECTe elle He JOJKeH JocTurats 0.

movliw d'5'
movwf COUNTER
clrf IR ADRESSE
bcf STATUS, C

adressbits lesen
rlf IR ADRESSE
call IR Bittest
btfsc IR STATUS, 0
bef IR ADRESSE, 0
btfsc IR STATUS, 1
bsf IR ADRESSE, 0
btfsc IR STATUS, 2
goto fehler
decf IR COUNTER
btfsc STATUS, 7

goto fehler
decfsz COUNTER
goto adressbits lesen

;3amaTh KOIMYECTBO pPas3panoB (=5) nng
; CUMTEIBAHUSA alpeca

;OuMCTUTE OUT [IepeHOoca, YTOOB OH
;He Memasl IIpM CIBUT'E

;UreHne OMTOB azpeca

;lloonporpamMMa MNPOBEPSET Clelylumi OUT

Il
o

;Bur ampeca

|
=

;Bur ampeca =
;lpycTynmTe k 06paboTke oumboK
;[lpoBEPUTH, COCUMTAJI JIM CUETUUK
;IR COUNTER mo O

;lpucTynmnTe K 0BpaboTke oumboK

;Ecim He BCe OUTH ampeca ele
; CUMTAHEl, [IPOIOJIXUTL UTeHre OUTOB ampeca

[locne ananu3a Outa mepeKiIOUEHHs MPOBEPSIOT 5 pa3psanoB axpeca. s sToro
perucTp COUNTER 3arpyskaercs 3HaueHueM 5. Ilonmporpamma IR Bittest BbI3bIBa-
eTcs 10 TeX Mop, oKa Bce pa3psabl aapeca He OyayT cuutanbl. [locne mpoBepku
KaXXZI0ro OUTa y>Ke CUUTaHHbIE OUTHI B PETUCTPE IR ADRESSE CIBUIAIOTCS BJICBO Ha
pa3pan. B koHue nukia cuutaHHOE 3HaUeHHE afpeca OyneT HaXOAUTHCS B PErHCT-

pe IR ADRESSE.
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B 310 Bpems yxe 8 OMTOB OyNeT CYMTAHO W OCTAHETCS elie 6 OMTOB KOMAaHJIbI.
[IpoBepka u cunThIBaHHE OWTOB KOMAaH/bI BBITIOTHIIOTCS aHAJIOTHYHO TPOBEPKE U
CUUTHIBAHUIO aJIpeca.

movlw d'6' ;3amaTh KOJIMUECTBO PaspsSloB (=6) nmsa
movwf COUNTER ; CUMTEIBAHMA KOMAaHIEL

clrf IR BEFEHL

bcf STATUS, C ;OuMCcTUTE OUT [IepeHoca, YTOOB OH

jHE Melajl Npy CHBUTe
befehlbits lesen
rlf IR BEFEHL

call IR Bittest ;llogmporpaMMa NpoBepSAeT Clenylupii OUT
btfsc IR STATUS, 0
bcf IR BEFEHL, O ;Bur xoMmaHmel = 0
btfsc IR STATUS, 1
bsf IR BEFEHL, O ;BuT KoMaHIel = 1
btfsc IR STATUS, 2
goto fehler ;lleperiT k¥ 0BpaboTke OUMOOK
decf IR COUNTER ;YMEHBIMTE Ha 1 comepxmmoe cueTumka IR COUNTER
btfsc STATUS, Z ;llpoBEPUTDH, OOCYUMTAJ JIU
;cueTunk o 0O
goto ende daten ;Cuerunk pmocumrasn mo O
decfsz COUNTER
goto befehlbits lesen ;Ecim He BCe OWMTHL KOMaHIEl elle

; CUMTAHBI, INIPOOOJDXMTH YUTEHME OMTOBR KOMaHIEI

[Tocme Toro xak UK OyeT MpoiIeH 6 pa3, KO HaXKaTOW KHOIIKHA OyJeT XpaHHUThb-
csl B peructpe IR BEFEHL. B 3To Bpemsi Bce 14 OMTOB OyIyT CUMTaHBI U MOXKHO
MPUCTYIHUTH K aHAJIHU3Y OTAEIbHBIX PETUCTPOB.

B npuBeneHHOM mpuMepe OLEHUBAETCS TOJBKO PETUCTP ISl XpaHEHHUsS KOMaHIbI
IR BEFEHL. [losTOMy agpec moxxeT BeIOMpatbes M00bIM. To ecTh Oe3pasnudHo,
Ha)kaTa JI1 OblJla KHOTIKA Ha JUCTaHIIMOHHOM YTIPaBJICHUU AJISi CITyTHUKOBOTO TIPH-
€MHHUKa WU TEIEeBU30pa.

ende daten ;Bce OUTHI IAHHBIX CUMTAJIMCH U
; TEenepb aHaJMBUPYITCS
movlw VOL P ;3HaueHme mnnsa kHomnky "I'poMxocTs +" = 0x10 (VOL +)
subwf IR BEFEHL, W
btfsc STATUS, Z
goto ledl an ; Bxkymountes LED 1
moviw VOL M ;8HaueHme nJig kHoOmnkM "I'pomxocTs —" = 0x11 (VOL -)
subwf IR BEFEHL, W
btfsc STATUS, Z
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goto led2 an ; BxonounTe LED 2
goto led3 an ;BrxymounTe LED 3, ecim Oblla HaxaTa
;OpyTas KHOIKa

[Tpu aHanm3e comep)kKUMOro perucTpa IR BEFEHL OHO CPaBHUBACTCS C KOMaHJIaMHU
s kaomok "I'pomkocts +" (VOL +) u "I'pomkocts —" (VOL —). Ecim ke ompene-
msmack kHomka "T'pomkocts +' (VOL +), TO NPOHUCXOOUT IMEPEXOA Ha METKY
ledl an u Bkitouaetcs ceeroamon LED 1. Ilpu nHaxaroit kHomke "['pomkocts —
(VOL -) Bkirouaercs ceeroguon LED 2, a mpu mo6oit apyroit knonke LED 3.

ledl an ;Brinouenre ceerommonma LED 1 Ha 1 cekyHOy
bsf LED 1 ; BkomoumTes cBeTomuonm LED 1
bcf LED 2 ; BRIKJIIOUMTE cBeTomon LED 2
bcf LED 3 7 BeksiounTs ceBeToguon LED 3
bcf LED 4 7 BolksmounTe ceBeTomuon LED 4

_DELAY TMR1 US d'500000"'
_DELAY TMR1 US d'500000"'
goto main ;Konm omnosHaH, BEPHYTLCA Hasal

;B OCHOBHYI IPOT'PaMMy

Led2 an ; BryoueHre ceerTommona LED 2 Ha 1 cexkyHOy
bcf LED ; BoIkJnounTs cBeTomuon LED 1
bsf LED 2 ; BkomoumTes cBeTomuonm LED 2
bcf LED 3 ; BeimounTs cBeTommon LED 3
bcf LED 4 ; BEIKJIOUMTE cBeTomuon LED 4

_DELAY TMR1 US d'500000"'
_DELAY TMR1 US d'500000"'
goto main ;Konm omnosHaH, BEPHYTLCA Hasal

;B OCHOBHYIKO IIPOI'PaMMy

Led3 an ;Brinouenre ceerommonma LED 3 Ha 1 cekyHIYy
bcf LED 1 ; BoIkJnounTs cBeTomuon LED 1
bcf LED 2 ; BLIKJoUMTE cBeTomuon LED 2
bsf LED 3 ; BronoumTs cBeTommon LED 3
bcf LED_4 ; BLIKJIIOUMTE cBeTomuon LED 4

_DELAY TMR1 US d'500000'
_DELAY TMR1 US d'500000'
goto main ;OrpenesieH HEUM3BECTHEI KOI, BEPHYTbLCA Has3all

;B OCHOBHYI IPOT'PaMMy

CornacHO TPUBEACHHBIM METKaM BKJIFOYAETCSl TOJBKO COOTBETCTBYIOIIHIA CBETO-
nuon. Ilocne crnenyroiei anee OAHOCEKYHIHOM Tay3bl CHOBA BBINOJHAETCS BO3-
BpaT B OCHOBHYIO IpOrpaMMy M ONSTH ONpamniuBaercs BbIXogHOW curHan MK-
MIPUEMHUKA.

HpI/I BO3HUKHOBEHHUH OLIMOKHU BO BpEMs IPOBEPKU OTACIIBHBIX OUTOB MMPpOUCXOAUT
IICpEXoa HaA MECTKY fehler.
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fehler
_DELAY TMR1 US d'40000' ;Oxunanve 40 MC nocye ommoOKM, BMECTe
;C TEeM Ha CJenyoupe CUTHaJBl OoJible
;He OymeT obpallaTbCs BHMMAaHMKE
goto main ;BepHyTbCA Ha3ald B OCHOBHYK IPOTPaMMy

B pesynbrate nporpamma oxugaet 40 mc, moka Bce nanueie MK-teneynpasnenus
He OyIyT MMOCJIaHbl, ¥ TIOCJIC ATOTO BO3BPAIACTCS B OCHOBHYIO ITPOrPaMMYy.



NMpunoxeHue

PacnpepgeneHue B namMsTu
perncTpoB MUKpoKoHTponnepa PIC16F876A

bank 0 Bank 1 bank 2 bank 3
Anpec Hmsa Anpec Nms Anpec Hms Anpec Hms
Peructp Peructp Peructp Peructp
0x00 KOCBCHHOM 0x80 KOCBCHHOM 0x100 | KocBeHHOI 0x180 KOCBCHHOM
aapecanu aJipecaruu aJipecaruu aJipecaryu
0x01 TMRO 0x81 OPTION REG | 0x101 TMRO 0x181 | OPTION REG
0x02 PCL 0x82 PCL 0x102 PCL 0x182 PCL
0x03 STATUS 0x83 STATUS 0x103 STATUS 0x183 STATUS
0x04 FSR 0x84 FSR 0x104 FSR 0x184 FSR
0x05 PORTA 0x85 TRISA 0x105 0x185
0x06 PORTB 0x86 TRISB 0x106 PORTB 0x186 TRISB
0x07 PORTC 0x87 TRISC 0x107 0x187
0x08 PORTD 0x88 TRISD 0x108 0x188
0x09 PORTE 0x89 TRISE 0x109 0x189
0x0A PCLATH 0x8A PCLATH 0x10A PCLATH 0x18A PCLATH
0x0B INTCON 0x8B INTCON 0x10B INTCON 0x18B INTCON
0x0C PIR1 0x8C PIE1 0x10C EEDATA 0x18C EECON1
0x0D PIR2 0x8D PIE2 0x01D EEADR 0x18D EECON2
0x0E TMRIL 0x8E PCON 0x10E EEDATH 0x18E
0x0F TMR1H 0x8F 0x10F EEADRH 0x18F
0x10 T1CON 0x90 0x110 0x190
0x11 TMR2 0x91 SSPCON2 0x111 0x191
0x12 T2CON 0x92 PR2 0x112 0x192
0x13 SSPBUF 0x93 SSPADD 0x113 0x193
0x14 SSPCON 0x94 SSPSTAT 0x114 0x194
0x15 CCPR1L 0x95 0x115 0x195
0x16 CCPR1H 0x96 0x116 0x196
OxL7_| CCPICON | 0x97 oxiiz | © CUCTPL - [T0x197 P creTp
0x18 | RCSTA 0x98 TXSTA ox11g | o0 [oass | | e
0x19 TXREG 0x99 SPBRG 0x119 0x199
0x1A RCREG 0x9A Ox11A 0x19A
0x1B CCPR2L 0x9B 0x11B 0x19B
0x1C CCPR2H 0x9C CMCON 0x11C 0x19C
0x1D | CCP2CON 0x9D CVRCON 0x11D 0x19D
Ox1E ADRESH 0x9E ADRESL Ox11E 0x19E
Ox1F ADCONO 0x9F ADCON1 Ox11F 0x19F
0x20 0xAO0 0x120 0x1A0
Peructpst Peructpst Peructper Peructper
o011ero o611ero ob1ero ob1ero
O0X6E Ha3HAYEHHUS OXEE Ha3HAYEHUS Ox16F Ha3HAYEHUS OX1EF Ha3HAYEHHUS
0x70 Peructpsr 0xFO 0x170 0x1FO0
obmero Hoctyn Hoctyn Hoctyn
0x7F | nasHauenus | OxFF 0x70—0x7F Ox17F 0x70—0x7F Ox1FF 0x70—0x7F
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O630p perucTpoB ynpaBrieHUss U COCTOAHUSA

B cneay}omeﬁ Taﬁnnue TMOKa3aHbl CaMbI€ BAXKHBIC PETHUCTPHI CIICIIUAIBHOI'O Ha3HA4YC€HHUS C IEpEYUC-

JIEHHEM BCeX HaMMEHOBaHUi OuTOB. HanmMeHoBaHusI OMTOB COOTBETCTBYIOT O603Ha‘leHHS{M, KOTOpPLIE

npusoastcs B Include-gaiine P16F876A.INC.
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Peructp coctosiHna — STATUS

B peructpe COCTOSIHHS HaXOAATCS Pa3iIMyYHbIe CBEJCHHSA O COCTOSIHUM MHKPOKOHTpOJUIEpA IOCIE
BBITMIOJIHCHHUSI MATEMATHYECKHX HIIH JIOTHYECKHX OIEPaLliid X O TOM, KaKoil OaHK perncrpa akTHBEH.

STATUS (anpec 0x03, 0x83, 0x103 nian 0x183)

R/W (0)

RW(0) RMW(@O)  R(1) R (1) RW (x)  RIW (x)

RIW (X)

IRP

RPL | RPO |[NOT.TO|NOTPD | z | DC |

C

7

bur 7:

bur 6-5:

bur 4:

bur 3:

bur 2:

Bur 1:

bur 0:

6 5 4 3 2 1

IRP: Bur Bribopa GaHka [Ist perucTpa IpH KOCBEHHOI afpecanyn

1 = 6ank 2, 3 (0x100—O0x1FF)

0 = 6ank 0, 1 (0x00—OXFF)

RP1:RPO: BuTt BeiO0pa 6aHKa peructpa rmpu HEMmoCPEACTBEHHOW aapecariii
11 = 6ank 3 (0x180—O0x1FF)

10 = 6ank 2 (0x100—O0x17F)

01 = 6ank 1 (0x80—O0xFF)

00 = 6ank 0 (0x00—O0X7F)

Kaxnprit 6ank conepxur 128 6aiiro

NOT_TO: ®nar nepenoiHeHNs! CTOPOXKEBOTO TaiiMepa

1 = mocie BKIIFOUEHHUS WM BHINOIHEHU KoMaHg CLRWDT u SLEEP

0 = nocne nepenoaHeHus cTopoxxkeBoro Taitmepa WDT

NOT_PD: ®nar BKItOYCHHUS TUTAHUS

1 = mocJ1e BKIIFOYESHWSI MUTAHUS WITH BBIIOJHEHUsS] KOMaH 61 CLRWDT

0 = mocJ1e BBINOJIHEHUS] KOMaH (sl SLEEP

Z: ®nar HyneBOTO pe3yabpTaTa

1 = HyneBoM pe3yabTaT MaTEMaTUUECKOMN UM JIOTHYECKOH OIepaluu

0 = He HyJIEBO# pe3yJbTaT MaTeMaTUUECKOH HIIM JIOTHYECKOIl oneparuu
DC: ®nar necatuaHOoro nepeHoca/zaeMa (3aeM UMeeT HHBEPCHOE 3HAUCHHE)
1 = 6B IepeHoc U3 Miaaiero nonyodaira (u3 6ura 3 B Our 4)

0 = He OBUTO MEepeHOCca U3 MIIAIIETO MOyoaiTa

C: ®nar nepenoca/3aeMa (3aeM UMeET HHBEPCHOE 3HAYCHHE)

1 = GBI IIepeHoC U3 cTapuIero oura

0 = He OBLTO MepeHoca U3 CTapuIero OuTa

0
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Peructp onunnn — OPTION_REG

B peructpe OPTION_REG HaxopsTcsi pasinuHble OUTBI yIpaBieHUs] A1 KOHQUTYpHUpOBaHHS U
cTopokeBoro TaiiMepa. C €ro IOMOIIBIO MOXHO HACTPOMTH (POHT MMITYJbCa JUIS HPEpbIBaHUS
1 BKJIFOYHTH MOATATUBAIOIINE pe3ucTOpbl Ha Bxogax PORTB.

OPTION_REG (axpec 0x81 nm 0x181)

RIW (1) RW (1) RW() RW(1) RW() RW(@I) RW() RW()
| NOT_RBPU | INTEDG | Tocs | TOSE | PSA | pPs2 | pPsi | Pso
7 6 5 4 3 2 1 0
but 7: NOT_RBPU: BxitoueHne NOATATUBAIOIINX Pe3UCTOpOB Ha Bxogax PORTB

1 = moxTaruBaromue pe3uctops! Ha Bxogax PORTB orkinoueHsr
0 = moxTaruBaronye pe3ucTops! Ha Bxogax PORTB BrimoueHst

Bur 6: INTEDG: bur BbiO0Opa akTHBHOTO (pOHTA MMITYJIbCA HA BXOZE BHEIIHETO MPEPHIBAHUS
INT

1 = npepbIBaHKe BEI3EIBACTCS M0 TIepeHeMY (pOHTY cHrHana Ha BeiBoje RBO/INT

0 = npepbiBaHuE BBI3bIBACTCH M0 3aHEMY (HpOHTY curHana Ha BeiBoge RBO/INT
Bur 5: TOCS: Bur Beibopa TakToBoro curtana taiimepa Timer0 (TMRO)

1 = BHemHMIT TakTOBBIN curHai ¢ BeiBoga RA4/TOCKI

0 = BHYTpEHHHUH TaKTOBBIA CHT'HA

bur 4: TOSE: bBur Bribopa GppoHTa [UIs BHELIHETO TAKTOBOTO cHrHana taiimepa TimerQ
(TMRO)

1 = yBenuueHue 1Mo 3amHeMy (POHTY CHrHaia (C BBICOKOTO K HH3KOMY JIOTHYECKOMY
ypoBHI0) Ha BbIBoJie RA4/TOCKI

0 = yBesueHue 1o nepeaHeMy (GppoHTa CHrHaja (C HU3KOTO K BEICOKOMY JIOTHYECKOMY
ypoBHI0) Ha BbIBoJe RA4/TOCKI

Bur 3: PSA: Bbibop BKIIOUCHUsI IPEIBAPUTEIBHOTO JETUTEIS YaCTOTHI
1 = npenpenuTens BKIIOYEH Nepes CTOpokeBbIM TaiimepoMm (WDT)
0 = npeienuTeNb BEIKIIIOYEH nepex Taiimepom Timer0 (TMRO)
bur 2-0:  PS2:PS0: Beibop ko3 dunmenTa geneHus npeageauTes

3HaueHue GuTa TMRO WDT
000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
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Peructp KoHTponsa npepbiBaHnn — INTCON

B peructpe INTCON HaxoasTcst pa3iuuHble OUTHI pa3perieHus U (Garu KOHTPOJIs MpephIBaHUI.

INTCON (aapec 0xB, 0x8B, 0x10B uau 0x18B)
RW () RW(@© RW(@O RW(@O RW(@O RW(@0 RW(@O RW(x
| GiE | PEIE |TMROIE| INTE | RBIE | TMROIF | INTF | RBIF |
7 6 5 4 3 2 1 0

butr 7:  GIE: but rno6ansHOro paspeiieHust npepbiBaHust
1 = pa3penieHs! Bce HEeMaCKHpyeMble IPepPHIBAHUS
0 = 670KUpPOBKa BCEX MPEPHIBAHUM
bur 6:  PEIE: bur pa3penienus npepsiBaHuii 0T neprpepHHHBIX MOTyIeH
1 = pa3penieHs! Bce HeMacKUpyeMble IIPEPBIBAHMS OT Neprdepun
0 = GIOKMPOBKa BCeX MPEPhIBAaHUH OT IepudepuitHbIX MOy IeH
bur5: TMROIE: Bur pa3penieHus npepbiBanus npu nepenosisennn taiimepa Timer0 (TMRO)
1 = npepsiBanue ot TMRO paspemieno
0 = npeprBanne or TMRO 3anpemeno
but 4:  INTE: bur pa3pemenus npepsiBanus ¢ BeiBoga RBO/INT
1 = npepbIBaHUE pa3peIICHO
0 = npepbiBaHUE 3aNPEUICHO
bur 3:  RBIE: bur pa3spemenus npepsiBaHus IpH cMeHe curHaia Ha Bxogax RB7:RB4 PORTB
1 = npepbIBaHUE Pa3pEIICHO
0 = npepriBaHUE 3aNPEUICHO
bur 2:  TMROIF: ®nar npepsiBanus mo nepenonHenuto Taiimepa Timer0 (TMRO)
1 = peructp TMRO nepenonsen (cOpacbiBaeTcst IPOrpaMMHO)
0 = peructp TMRO He nepenonnen
bur 1:  INTF: ®nar Baemnero npepsiBanus ¢ BeiBoga RBO/INT
1 = BHeIIHee MpepBIBaHNE TIPOU30ILTO (cOpackBaeTCs IMPOrPaMMHO)
0 = BHemHero npepriBanus ¢ BeiBoga RBO/INT He 6bu10
bur 0:  RBIF: ®nar npepeiBanus pu cMeHe YpOBHs curHaia Ha BeiBogax RB7:RB4 PORTB

1 = 3aduKCUPOBaHO M3MEHCHUE YPOBHS CHTHAJIA MUHUMYM Ha OJIHOM U3 BXOJIOB
RB7:RB4 (cOpacsiBaeTcst mpOrpaMMHO)

0 = u3MeHeHHH YpOBHS CHTHajla HU Ha OAHOM 13 Bx0J0B RB7:RB4 e 6110
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MepBbIN perncTp npepbiBaHus oT nepucpepun — PIR1

B perucrpe PIR1 ycranaBnuBaroTcsi MHANBHAYaIbHBIE (IIaTH MPEpbIBaHUil OT nepudepun.

PIR1 (axpec 0x0C)

R/W (0) R/W (0) R (0) R (0) R/W (0) R/W (0) R/W (0) R/W (0)
| pspiF | ADIF | RcIF | TXIF | sspiF | ccpilF | TMR2IF | TMRIIF |
7 6 5 4 3 2 1 0
bur 7:  PSPIF: ®nar npepbiBaHus 3aIUCH/YTEHHUSI OT BEJOMOTO MapajuiebHO OpTa

1= Mpoun3ollIa Oriepanus 3arnucyu Uil YTCHUsA (cﬁpacmBaeTcx nporpaMMHo)
0= onepanys 3arucu UWin YTEHUs OTCYTCTBOBajIa

B muxpoxonTposuiepe PIC16F876A 31oT OHUT 3ape3epBUpoBaH (HE HCIOIb3YeTCs)
1 Bcerza JIoJDKeH cojepkars 0

bur 6:  ADIF: ®nar npepsiBanust ot moxyist AL (A/D-npeobpa3zoBateris)
1 = npeobpazoBanue ALIII 3aBepmeno
0 = npeobpaszopanue ALIII He 3aBepreHO
bur5:  RCIF: ®nar npepsianus ot npuemHrka USART
1 = 6ydep npuemnuka USART moson
0 = 6ydep npuemunka USART myct
butr 4:  TXIF: ®nar npepeiBanns ot nepenatunka USART
1 = 6ydep mepenarunka USART myct
0 = 6ydep mepenarunka USART monon

butr 3:  SSPIF: ®nar npepreiBaHus OT MOYJIS TOCIIENOBATEILHOTO CHHXPOHHOTO TopTa MSSP
(Master Synchronous Serial Port)

1 = BBINOJIHEHO yCIIOBHE BO3HUKHOBEHUS NpepbIBanus oT Moayssi MSSP (cOpackiBaercs
MIPOTPaMMHO, TIPEXKJIE IEM IIPOUCXOIUT BBIXOJ U3 IPOTPAMMBI CEPBHCA PEPHIBAHUS)

0 = yci10BHsl BOSHHKHOBEHUS IIpephIBanust oT Moaysist MSSP ne Ob110

bur 2:  CCP1IF: ®nar npepbiBaHus OT MepBOro MoayJst 3axsara/cpasaenust/[LHHIM CCP1
(Capture/Compare/PWM)

PexuM 3axBaTa:

1 = npepsiBanue ot Moy Taiimepa TMR1 (cOpacsiBaeTcs IporpaMMHO)
0 = npepriBanus ot Moxyis Taiimepa TMR1 ne Opi10

PexuM cpaBHeHMsL:

1 = 3nauenwue Taitmepa TMR1 mocturmno ykxasannoro B peructpax CCPR1H:CCPR1L
(cOpaceIBaeTcs MPOrpaMMHO)

0 = 3nauenne taiimepa TMR1 He mocturio ykasanHoro B peructpax CCPR1H:CCPR1L
Pexum HINM:
B pexume [LIMM (PWM) He ucmons3yercst
bur1:  TMR2IF: ®nar npepbiBaHus IpH COOTBETCTBUHU 3HaueHuit B peructpax TMR2 u PR2
1 = conepxumoe peructpoB TMR2 u PR2 coBmanaroT (cOpacsiBacTcsi MpOrpaMMHO)
0 = comepxxumoe peructpoB TMR2 u PR2 He coBmamatot
bur 0: TMR1IF: ®nar npepeiBanus npu nepenonsenny perucrpa TMR1
1 = nepenoniHenue B peructpe TMR1 (cOpaceiBaeTcs mporpaMMHO)
0 = nepenonnenue B peructpe TMR1 otcyrcrByeT
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BTopou peructp npepbiBaHua ot nepucpepun — PIR2

B peructpe PIR2 coneprkatrcs octaibHble (ary mpepbIBaHus OT epudepun.

PIR2 (agpec 0x0D)

U (0) R/W (0) U (0) R/W (0) R/W(0) U (0) U (0) R/W (0)
— | oemF | — | EBF [ BeLF | — | — | ccpaF |
7 6 5 4 3 2 1 0
bur 7: He peanusoan (aura. Unimplemented), unrtaercs xak 0
Bur 6: CMIF: ®nar npepeiBannst 0T KOMIapaTopa
1 = npepbIBaHUs TP U3MEHEHUH Ha BX0Je KoMIapaTopa (cOpachIBaeTCsi IpOrpaMMHO)
0 = BXoJ KOMMapaTopa He U3MEHsICS
Bur 5: He peanusosan, untaercs kak 0
bur 4: EEIF: ®nar npepsiBanus npu oneparmy 3amici B EEPROM-namsts
1 = 3ance B EEPROM-miamsaTh 3aBepiiieHa (cOpackiBaeTcsi MPOrpaMMHO)
0 = 3amuchk elle He 3aBepIlIeHa WX elle He Obula HavaTta
Bur 3: BCLIF: ®nar npepsiBanus Mpy BO3HUKHOBEHUH KOJUIN3UH Ha mmuHe [2C
1 = oOHapy>keHa KOJUIN3Us Ha IIMHE (TOJIBKO B pexknme Beaymiero 12C)
0 = xoyM3Mii He 0OHAPYKEHO
But 2-1:  He peanu3oBansl, yutarotcst Kak 0
Bur 0: CCP2IF: ®nar npepbiBaHus OT BTOPOro MOy 3axBara/cpaBuenus/[LIMM CCP2

(Capture/Compare/PWM)

Pexum 3axBara:

1 = BeIMoOHEH 3axBat 3HaueHus peructpa TMR1 (cOpackiBaeTcs mporpaMMHO)
0 = 3axBata 3HaueHus1 peructpa TMR1 He Obu1O

Pexxum cpaBHeHus:

1 = 3nauenue peructpa TMR1 cosmano ¢ cogepxxumbim peructpos CCPR2H:CCPR2L
(cOpaceIBaeTCs MPOrpaMMHO)

0 = 3nauenue peructpa TMR1 He coBmano ¢ cogepKUMBIM PETHCTPOB
CCPR2H:CCPR2L

Pexum HNIM:
B pexxume 1M (PWM) He ucnons3yercs
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PerucTtp paspeweHus nepucepurHbiX npepbiBaHnn — PIEL

B perucrpe PIE1 npepriBaHisS MOT'YT aKTUBH3UPOBAThCA MHIUBUIYAIBHO.

PIE1 (aapec 0x8C)
RW() RMW(O) RW(@© RW(@© RW(@O RW@O) RW(@O) RW()
| PSPIE | ADIE | RCIE | TXIE | SSPIE | CCPLIE | TMR2IE | TMRLIE |
7 6 5 4 3 2 1 0

but 7: PSPIE: Pa3peruenue nmpepbiBaHus 3alUCH/YTEHUS BEJOMOTO [ApalIeIbHO TOpTa
1 = npepbIBaHKe pa3penIeHo
0 = npeprIBaHHE 3aNPEIICHO

B muxpoxonTposuiepe PIC16F876A 3T0T OUT He UCTIONB3yeTCs U BCera JOKEeH
conepxath 0

bur 6: ADIE: Pa3pemenue npepsIBaHus 0 OKOHYaHUH TpeoOpaszoBanus AL
1 = npepsIBaHUE pa3peILICHO
0 = npepriBaHUE 3aNPEUICHO
bur 5: RCIE: Pa3pewenne npepsiBanus ot npuemauka USART
1 = npepbIBaHUE pa3pEIICHO
0 = npepriBaHUE 3aNPEUICHO
bur 4: TXIE: Pa3pemenne npepsiBanus ot nepeparanka USART
1 = npepsiBaHE Pa3peLICHO
0 = mpepbIBaHUE 3aMPEIIEHO

bur 3: SSPIE: Pa3peliieinie mpepsiBaHUs OT MOJYJISl CHHXPOHHOTO TTOCJI€A0BATEILHOTO MTOPTa
SSP (Synchronous Serial Port)

1 = npepsIBaHUE pa3peILICHO
0 = npepbiBaHUE 3aNPEUICHO

bur 2: CCPL1IE: Pa3pemenne npepsIBaHus OT IEPBOr0 MOAYJIs 3axBaTa/cpaBHenus/ILIVIM
CCP1 (Capture/Compare/PWM)

1 = mpepbIBaHUE Pa3pEIICHO
0 = mpepbIBaHUE 3aMPEIICHO

Bur 1: TMR2IE: Pa3pemenne npepsIBaHHs IPU COOTBETCTBUU 3HaYeHUH peructpos TMR2
u PR2

1 = npepsIBaHUE pa3peIICHO
0 = npepbiBaHUE 3aNPEUICHO

but 0: TMRUIIE: Pazpermienne npepsiBanust npy nepenoianennu perucrpa TMR1
1 = mpepbIBaHUE Pa3pEIICHO

0 = mpepbIBaHUE 3aMPEIICHO
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PerucTtp paspeweHus nepuceprnHbIX npepbiBaHnn — PIE2

B peructpe PIE2 conepiarcst ¢uaru paspenieHus npepbeiBanuii ot komnaparopa, EEPROM-namstu
u moxyist CCP2 (Capture-Compare-PWM).

PIE2 (aapec 0x8D)

U (0) R/W (0) U (0) R/W (0) R/W (0) U (0) U (0) R/IW (0)
— | eome | — | eme | Beue | — | — | ccpae |
7 6 5 4 3 2 1 0
bur 7: He peanusoBan, unTtaercs kak 0
bur 6: CMIE: Pa3pentenue npepbiBaHus OT KOMIIapaTopa

1 = mpepbIBaHUE pa3pemIeHO
0 = npepbIBaHUE 3aNpeIIeHO
bur 5: He peanuzoBan, untaercs kak 0
bur 4: EEIE: Pa3pemenue npepsiBanus o okondanuu 3amucu B8 EEPROM-namsTs
1 = npepeiBaHyE pa3peLICHO
0 = npepbIBaHUE 3aNpeIIeHO
Bur 3: BCLIE: Pa3perenue mpepsiBaHus IPpU BO3HUKHOBEHHU KOJLTH3Uit Ha muHe [2C
1 = npepeiBaHyE pa3peLICHO
0 = npepbIBaHME 3aMIPEUICHO
but 2-1:  He peanu3oBansl, yuTarorcs kak 0
Bur 0: CCP2IE: Pa3pewenue npepbiBanus ot Moayisi CCP2
1 = npeprIBaHNE pa3peneHo

0 = npepbIBaHME 3aMIPEUICHO



268 lpunoxeHue

Peructp koHTpona nutaima — PCON

Peructp PCON (Power Control) comepsxut ¢iary, ¢ TOMOIIBI0 KOTOPBIX MOXKHO OTIPEASIHTh MPHYHU-
Hy cOpoca MEKPOKOHTpoJLIepa: mocie BriaoueHust nutadus POR (Power-on-Reset), nocse cHmkeHuUst
Hanpsokenus: nutanus BOR (Brown-out-Reset), copoca ot cropoxesoro taiimepa WDT (Watchdog
Timer Reset) unu BHemrero copoca ¢ BeiBoga #MCLR (, , u BHemnHui Reset).

PCON (aapec 0x8E)
U (0) U (0) U (0) U (0) U (0) U (0) R/W (0) R/W (1)
| | | | | | NOT_POR | NOT BOR |
7 6 5 4 3 2 1 0
but 7-2:  He peanu3oBansl, yuTaroTcs Kak 0
Bur 1: NOT_POR: Bur cocrosiust copoca o BkiarodeHuto nutanus POR (Power-on-Reset)

1 = cOpoca 1o BKIIFOUESHHIO ITUTAHUS HEe OBLIO
0 = 6b11 cOpOC N0 BKIIOYECHHUIO MUTAHUS (COpackIBaeTCs MPOrPaMMHO)

Bur 0: NOT_BOR: Bur cocrosiaus cOpoca 1o CHWKEHHUIO HanpshkeHus mutadus BOR
(Brown-Out Reset)

1 = cOpoca o CHIKEHHUIO HAPSHKEHHSI MUTaHUS HE OBLIO

0 = GBI COPOC IO CHIKEHUIO HATIPSDKEHMS MMTaHMs (COpachIBaeTCsl IPOrpaMMHO)
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Peructp ynpaBneHus mogynem tammepa 1 — T1CON

B perucrpe TICON (Timer 1 Control) ycranapiuBaroTcsi KO3(G(UIHESHT ASICHUS U Pa3IHYHBIC
OUTHI yIIPaBIEHHSL.

T1CON (aapec 0x10)
U (0) U (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0)
— | — [Tickes1 | TickPso | T1I0SCEN | NOT_T1SYNC | TMRICS | TMRION |
7 6 5 4 3 2 1 0
bur 7-6:  He peanu3oBansl, unrarorcst kak 0
bur 5-4: T1CKPS1:T1CKPSO: Butsl BeIOOpa Aist peaenuTens taiimepa 1
11 = xosdpunment nenenus 1 : 8
10 = koaddurment nenenus 1 : 4
01 = xoaddunnent nenenus 1 : 2
00 = koapunent nenenns 1 : 1
Bur 3: T1OSCEN: BriroueHue TaKTOBOTO TeHepaTopa Taiimepa 1
1 = reHepaTop BKIIOYECH
0 = reHeparop BBHIKIIOYECH
bur 2: NOT_T1SYNC: bur ynpapieHus CHHXpOHU3aHel BHEITHETO TAKTOBOT'O CUTHAJIA JUIS
Taiimepa 1
Ecimu TMRICS = 1:
1 = BXOZ A7 BHEIIHETO TaKTHUPYIOIIEro CUIHAJIA He CHHXPOHU3UPOBATh
0 = BXOA JUIsl BHEIIHEr0 TAKTUPYIOLIEr0 CUrHAJIA CHHXPOHU3HPOBATD
Ecmu TMRICS =0:
bur urnopupyercs. Talimep 1 ucnonp3yeT BHyTpEHHHI TaKTOBBIA CHTHAT
bur 1: TMRI1CS: but BeIOOpa HCTOYHUKA TAKTOBOTO CUTHANA JUTA TaiiMepa 1
1 = BremHuit ncroynuk ¢ BeBoga RCO/T10SO/T1CKI (mepenuuii GppoHT)
0 = BuyTpennuii TaktoBblii curtain (Fosc/4)
Bur 0: TMR1ON: Brurouenue u BEIKIIOYCHHE MOIYIIA TaliMepa 1

1 = Taiimep BKJIIOYEH

0 = Taiimep BBIKJIOYEH
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Peructp ynpaBneHus moagynem tammepa 2 — T2CON

C nomomipto peructpa T2CON ocyuiecTBiseTcs: ynpasieHue TaiiMepoM 2.

T2CON (aapec 0x12)
U (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0)

— | Toutpss | TouTps2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO |

7 6 5 4 3 2 1 0

bur 7: He peanusosan, untaercs kak 0

but 6-3:  TOUTPS3:TOUTPSO0: Bri6op ko3 dumuenTa neneHust a1t BBIXOJHOTO AEIUTEINs
taitmepa 2 (Timer 2)

0000 = ko3 durent genenust 1 : 1
0001 = ko3 durent menenust 1 : 2
0010 = ko3ddurpent genenust 1 : 3

1111 = koa¢ppurrent nenenns 1 : 16
Bur 2: TMR2ON: BkirodeHre 1 BRIKIIIOUSHHE MOAYJIsE TaliMepa 2
1 = TaiiMep 2 BKIIOYEH
0 = Taiimep 2 BBIKIIOUEH
but 1-0: T2CKPS1:T2CKPSO0: Beibop kodddpunmenTa aeneHus s npeaenuTens Taiimepa 2
00 = kosdpdunuent nenenns 1:1
01 = xoadpurment nenenus 1:4
10 = koadurment nenenus 1:16

11 = xosdpdunment nenenus 1:16



lpunoxeHue

PerucTtp coctosiHuAa moayna MSSP — SSPSTAT (pexum SPI)

Butel B peructpe SSPSTAT paroT mpeAcTaBlieHHEe O COCTOSHHM MOIYJIsS CHHXPOHHOTO IOCIeI0Ba-
TenpHOro opta MSSP. 3HadueHne OUTOB 3aBHCHT OT BBIOPAHHOTO peXMMa paboThl MOAYJIS: MOCIe-
noBatensHOTrO nepudepuiiHoro uarepdeiica SPI (Serial Peripheral Interface) win mmusr I2C (Inter-

Integrated Circuit).

SSPSTAT (agpec 0x94)
R/W (0)  R/W (0) R (0) R (0) R (0) R (0) R (0) R (0)
| svp | cke | bAa | P | s | Rw | uva | ®F
7 6 5 4 3 2 1 0
bur 7: SMP: but MmomeHTa BEIOOPKH

Bur 6:

Bur 5:

bBur 4:

Bur 3:

Bur 2:

Bur 1:

Bur 0:

Benymwmii pexum SPI:

1 = onpoc BXoia B KOHIIE NTEPHO/Ia BEIBOA JAHHBIX

0 = omnpoc BxoJ1a B cepeiliHe NMEPHOa BIBOJIA JAHHBIX

Benowmbrit pexum SPI:

s pexxuma Begomoro SPI 6ut SMP Beerna nomxken ObTs cOpomier B 0
CKE: but BIOOpa (hpoHTA TAKTOBOTO CHTHANIA 11 pexnma SPI

1 = nanHbBIe IEpearoTCs 10 MepeHeMy GpOHTY curHaia Ha BeiBoge SCK
0 = maHHbBIC TIEPEAAIOTCS MO 3a7HeMY (GpOHTY curHana Ha BeiBoge SCK

IMonsspHOCTH TAKTOBOT'O CHTHANA ycTaHaBIuBaeTcs ¢ momoibio 6ura CKP peructpa
SSPCON

D_A: but nannsie/anpec

Hcnone3yercs Toabko B peskume 12C

P: bur STOP

Hcnone3yercst Tonbpko B peskume 12C

S: Bur START

HWcnonesyercs Tonsko B pexxume 12C

R_W: But uyrenus/3anucu

Hcnone3yercs Toabko B peskume I2C

UA: ®nar o6uosnenus aapeca (Update Address) ycrpoiicta
HWcnonesyercs Tonsko B pexxume 12C

BF: Burt cocrostaust 6ydepa (TOJIBKO B pexkuMe PUEMHHKA)
1 = npuewm 3asepiieH (6ydpep SSPBUF nonon)

0 = npuem He 3aBepieH (0ydep SSPBUF mycr)
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Peructp coctosiHna moaynsa MSSP — SSPSTAT (B pexum IC)

Butsl peructpa SSPSTAT narot npencraBieHue o cocTosiHud Moaynst MSSP. 3nauenne GUTOB 3aBH-
CHUT OT BBIOPAHHOTO PEKUMa PabOTHI MOIYJISL: TMOCIEI0BAaTENFHOTO NepudepuiiHoro nuTepdeiica SPI

(Serial Peripheral Interface) niu mmns 12C (Inter-Integrated Circuit).

SSPSTAT (aapec 0x94)
R/W (0) R/W (0) R (0) R (0) R (0) R (0) R (0) R (0)
| smp ckE | bA | p | s | Rw | uA | BF
7 6 5 4 3 2 1 0
bur 7: SMP: but ynpasieHus CKOPOCTBIO HApaCTaHUsI yPOBHS CUTHAIA
Benyumit uny BeIOMbII pEXUM:
1 = ympaBiieHHne CKOPOCTBIO HAPACTAHHS CUTHAJIA BBIKIIOYEHO NPU CTAHAAPTHOH CKO-
poctu oomena (100 k['q u 1 MI'm)
0 = ynpaBieHre cKOpOCTHIO HapacTaHUs CHTHAJIA BKIIIOYEHO B CKOPOCTHOM PEKIME
(400 xT'my)
bur 6: CKE: Bur Bri60opa crienndukaimu mpotokosna SMBus (System Management Bus)
Benyimii niam Be1OMbIH PEXKUM.
1 = BXOZIHBIE YPOBHHU COOTBETCTBYIOT crieln(puKamy nporoxkona SMBus
0 = 3anpeTt cnenudukanuy mpoTokoaa SMBus s BXOJHBIX YpOBHEH
bur 5: D_A: bur nanmsie/agpec (Tonbko s pexuma 1°C)
Benyumwii pexxum:
3ape3epBUpPOBaHO
Benowmblii pexxum:
1 = moka3pIBaeT, 4TO MOCIECAHUH IPUHATHINA WM NTepelaHHbIi 0aiiT oTHOCHTCS
K IaHHBIM
0 = moKa3bIBaeT, YTO MOCIEAHUH MIPUHATHIN WK IepedaHHbIil 0aliT OTHOCHTCS
K agpecy
bur 4: P: Bur STOP (tomsko s pexuma 12C)
1 = ykazbiBaet, uto 6ut STOP ObLT 00HApYKEH MOCIIETHUM
0 = 6ur STOP ne gBiseTCS HOCIETHIM
Bur 3: S: But START (tomsko s peskama 1°C)
1 = ykassbiBaer, uto 6uT START Ob11 00HApYKEH TOCIEAHUM
0 = 6ur START He sBIIsIeTCS MOCIEAHUM
Orot O6uT ounmmaercs npu copoce u npu copoce 6ura SSPEN B perrctpe SSPCON
Bur 2: R_W: Burt uyrenns/3amucH (Tombko ams pexnma 12C)

3HavyeHne OuTa JEHCTBUTENHFHO TOJBKO MOCTIE COBIAICHHS ajipeca 1 10 puemMa Oura
START, STOP wmu #ACK.

Benowmblit pexum:

1 = yTeHue

0 = 3anuch

Benyuwii pexxum:

1 = ocymiecTBisieTcs: nepeaaya JaHHbIX
0 = nepenauu JaHHBIX HET
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Bur 1:

Bur 0:

UA: ®nar o6HOBICHHS anpeca yeTpoiicTa (Tonbko a1 10-6UTHOro Be1oMoro
pexuma)

1 = moka3pIBaeT, 4TO MOJIL30BATEIb JOIDKEH 0OHOBUTH ajpec B peructpe SSPADD
0 = oOHOBIEHHE azipeca He TpedyeTcs

BF: but cocrosnus 3anonHeHus 0ygepa

B pexume npuema:

1 = npuewm 3aBepuieH, 0ypep SSPBUF nonon
0 = npuem He 3aBepiren, Oypep SSPBUF mycr
B pexuMe nepenayu:

1 = BemonHsIeTCs NIepenava JaHHbIX (nckmodas outel #ACK u STOP), 6ydep
SSPBUF nosnon

0 = mepenaya gaHHBIX 3aBepiueHa (uckmodas 6utsl #ACK u STOP), 6ydep SSPBUF
mycT
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PerucTtp ynpasneHus moayrnem MSSP — SSPCON (pexum SPI)

C nomomsio peructpa SSPCON ocCyIiecTBasAIOTCS ClielUalIbHbIe HACTPOMKY AT BBIIOJIHEHUS Iepe-
Jaqd. 3HaueHHs! OMTOB 3aBUCST OT BRIOpaHHOTO pexuMa pabots! Moxyist MSSP (SPI wmu I2C).

SSPCON (aapec 0x14)
RW(@© RW(@© RW(©O RW(©O RW(©0 RW(©0 RW(@O RW(©)
| wCcoL | SSPOV | SSPEN | CKP | ssPM3 | SsPM2 | SSPM1 | SSPMO |

7 6 5 4 3 2 1 0
bur 7: WCOL: but pacrio3HaBaHus KOHQIIMKTA JAHHBIX P 3aMHCH (TOJIBKO B PEXXUME
nepeadn)

1 = 3anmcs B peructp SSPBUF Bo Bpems nepenaun npensiaymero Gaiira
0 = xondanKTa He OBLTO
Bur 6: SSPOV: but nepernoHeHus pUeMHHUKa

1 = HOBBII OalT NPUHUMAJICS, B TO BpeMsI KaK IpeAbIIyIIHi 0aiT Haxoauics eme

B peructpe Oydepa npuemurnka SSPBUF. DTo MOXeT MPOUCXOUTH TOJNBKO B BEIOMOM
pexume. B Bexymem pexunme 3ToT OUT B 1 HE yCTaHABIMBAESTCS, OCKOJIBKY Kaskaast
orepanys HHALHAIN3HPYeTcs 3anuchio B peructp SSPBUF (cOpackiBaeTcst
MIPOTPAMMHO)

0 = HeT mepenoTHeHUs
Bur 5: SSPEN: but BritoueHust moayist MSSP

1 = moayns MSSP BruroueH, BeiBogbsl SCK, SDO, SDI u #SS ucnonb3yroTcst MoTyaeM
MSSP

0 =moayns MSSP BeiknroueH, BeiBobl SCK, SDO, SDI u #SS ucnons3yrorcs
B KauecTBe I(POBHIX BEIBOJOB MMOPTA BBOIa/BHIBOJIA

bur 4: CKP: bur BbIO0Opa MOJIIPHOCTH TAKTOBOT'O CHTHANA
1 = maccuBHBIN yPOBEHb TAKTOBOTO CHI'HAJIa — BBICOKHUIT JIOTHYECKUH yPOBEHb
0 = maccUBHBIN yPOBEHb TAKTOBOT'O CUT'HAIA — HU3KUI JJOTMYECKUil ypOBEHB
bur 3-0:  SSPM3:SSPMO: Burts! BeIOOpa pexxnma padotsl Moayins MSSP

0101 = Begomsiii pexxum SPI, BeiBog SCK npumeHsieTcst A1t TAKTOBOr'O CUTHAJIA,
BBIBOJ #SS He UCIIONIB3yeTCsI MOAYJIEM H MOXKET IIPUMEHSITHCS B KauecTBE HU(POBOTO
BBIBOJIA TTIOPTa BBOJIA/BBIBOJIA

0100 = Begomsiii pexxum SPI, BeiBog SCK npumeHsieTcst Ajisi TAKTOBOr'O CUTHAJIA,
BbIBOJ #SS ncnomnb3yercs moayiaem MSSP

0011 = Beaymuii pexxum SPI, TaKTOBBINM CUTHAI = BBIXOJ TaiiMepa 2/2
0010 = Beaymuii pexxum SPI, TakToBbIM curnan = F /64
0001 = Bemymumii pexxum SPI, TakroBblii curnan = F /16

0000 = Bemymuuii pexxum SPI, TakroBbiii curnan = Fos/4
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PerucTtp ynpasneHus moaynsa MSSP — SSPCON (pexwum I?C)

C nomomsio peructpa SSPCON ocCyIecTBAsAIOTCS ClieNUalIbHbIe HACTPOMKY [T BBIIOJIHEHUS Iepe-
Jagqd. 3HaueHHs! OMTOB 3aBHUCST OT BBIOpaHHOTO peskuMa paboTsl Moxyass MSSP (SPI wmm I2C).

SSPCON (agpec 0x14)
R/W (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0)

| weoL | sspov | ssPEN | ckp | sspm3 | sspm2 | ssPm1i | ssPmo

7 6 5 4 3 2 1 0

bBut 7: WCOL: bur pacrno3HaBaHusi KOHQIUKTA JaHHBIX TPH 3aIHCH
Benymmuii pexxnm (iepeaya):
1 = neymaunas momsITka 3amucy B peructp SSPBUF B pexume 1°C Bo Bpemst oTcyTeTBus
yCIoBUil U1 Havyasa nepenadu (copaceiBaercsa B 0 IporpaMMHO)

0 = xoH(MKTa HEe OBLIO
BenoMblii pexxuM (miepegaya):
1 = 3amucsk B peructp SSPBUF, Bo Bpemst mepeauu npeAbIAyILIero cioBa
0 = xoH(anKTa HE OBLTO
Benymmii nim Be1oMbIi peskuM (IPUEM):
JTOoT OUT NIpU IIpHEMe HE UMEET 3HAYCHUS
bur 6: SSPOV: but nepenonHeHus BO BpeMsi IpHeMa
Pexum npuema:

1 = npuHAT HOBEIH OaiiT, B T BpeMs Kak peructp SSPBUF conepxut npenpinymee
3HaUCHHE

0 = HeT mepenoIHEeHUs,
Pexxum nepenauu:
DTOT OUT NpU Tepeade He UMEET 3HAYCHUS
Bur 5: SSPEN: but Brmouenust moxyist MSSP
1 = moayne MSSP BriroueH, BoiBosI SDA 1 SCL HCHONB3yIOTCS MOIyIEM

0 = moayns MSSP Beikmioues, BoiBoabl SDA n SCL uCmosb3yroTCs B Ka4yecTBe
IM(POBBIX BEIBOJOB OPTA BBOAA/BBIBOIA

bur 4: CKP: bur ynpaBieHus: TaKTOBBIM CHTHaJIOM Ha BeiBoge SCL
Benomblii pexum:
| = He ynpaBIATh TAKTOBBIM CHUTHAJIOM Ha BbIBoAe SCL
0 = yneprxuBaHHe TAKTOBOTO CHI'HasIa Ha BbIBoJie SCL Ha HU3KOM JIOTHYECKOM YpPOBHE
(ucronb3yeTcst ISl HOATOTOBKH JaHHBIX)
Benymuii pexum:
But B 5TOM pexume He UMeeT 3HAUCHUS
Bur 3-0:  SSPM3:SSPMO: buts! Beibopa pexxnma padboTsl Moaynss MSSP

B 1111 = Bemomsrii pexum [2C, 10-OutHas agpecanyist U pa3pelieHie IpephIBaHMA
nipu ipuemMe ctaptoBbIX (START) u cronoBeix (STOP) 6uros

B 1110 = Benomslii pexxum I2C, 7-6utHas agpecanust U paspenieHue npepbiBaHus
mpu npueme ctapToBbix (START) u cromoBsix (STOP) 6urtos

B 1011 = Bemymmii pesxxum [>C (BemoMbIii pe>XUM BBIKITIOYEH)

1000 = Bexymuit pexxum I2C, TaktoBbiii curnan = Foi /(4 * (SSPADD + 1))
0111 = Bemomsrii pesxxnm [2C, 10-OutHast agpecanus

0110 = Bemomslit pexxum I°C, 7-OutHast axpecanus
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Btopou peructp ynpaBneHusa moayrnem MSSP — SSPCON2 (pexum I?C)

B peructpe SSPCON2 HaxomsTcst OUTHI ISl TeHEpaLUK T0CICA0BATEIBHOCTH 3aITyCKa U OCTAaHOBKH.

SSPCON?2 (aapec 0x91)
R/W (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W(@0) R/W(@0) R/W(0)

| GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN

7 6 5 4 3 2 1 0

Bur 7:  GCEN: BuT paspemienns oGmero Bs308a (TOIbKO AT BEIOMOTo peskima 1°C)

1 = pa3pemuTs npepeIBaHue Ipu npueme B peructp SSPSR anpeca obmiero BeI3oBa
0x0000

0 = moanepxka o0IIero BEI30Ba BHIKIIOYEHA
bur 6: ACKSTAT: but cocTosiHUsI TOATBEPKACHHS (TOJIBKO MPHU Tepeade B BEAYIIEM PEKIME)
1 = oTCyTCTBHE IpHEMa MOATBEPXKICHUSA OT BEOMOTO
0 = moaTBEpKICHUE OT BEAOMOTO OBLIO ITOIYyIEeHO
bur5: ACKDT: Bur noarBep»/eHust JaHHBIX (TOJBKO MPH Mepeaade BeAyIIero)
1 = HeT MOCHUIKH ITOATBEPKICHUS
0 = mochUIKa MOATBEPIKICHHS
but 4: ACKEN: AkTHBH3aIHMs TOCIIEI0BATENFHOCTH MOATBEPIKICHHS (TOMBKO TIPH Iepeaade
B BEIYILEM PEIKHME)

1 = BBIIa4a MOCJIEIOBATENFHOCTH OATBEp>KAeHN Ha BhiBoAax SDA u SCL u nepemaga
oura ACKDT. but aBTomMaTHuecKu cOpackIBaeTCsS MUKPOKOHTPOJLIEPOM

0 = noaTBepkaAeHHE HE (HOPMUPYETCS
but 3:  RCEN: Bur pa3pemienus npuema (TOJIBKO B PEXKUME BEAYIETO)
1 = pa3pemuTs NpueM JaHHBIX B pexxume 12C
0 = npuem 3anpeTuth
Bur2:  PEN: Cdopmuposats Ha muse 1°C crom-6ut (STOP) (TOIBKO B P&XHME BEAYIIEr0)

1 = na BeiBogax SDA u SCL chopMupoBaTh CHTHAIIBI, COOTBETCTBYIOIINE BhIIaUe
cron-6ura (STOP). but cOpaceiBaeTcsi aBTOMaTHYECKU
0 = cron-6ut (STOP) He popmupoBartsb

Bur1:  RSEN: Chopmuposars ma e 12C 6ut nosroproro crapra (START) (Tombsko
B PEXKHME BEAYILETO)

1 = na BeBogax SDA u SCL cpopMupoBaTs CUTHAIBI, COOTBETCTBYIOIINE BBIIa4e
nosTopHoro crapta (START). but copaceiBaercsi B ) aBTOMaTHYECKU

0 = 6ut moBTopHOTO crapta (START) He hopmupoBaTh
Bur 0:  SEN: Copmuposars na mmme 1°C GuT crapra/paciuupeHns TAKTOBOTO CHIHAIA
Benymuii pexxum:

1 = na BeBogax SDA u SCL copMupoBaTs CUTHANBI, COOTBETCTBYIOLINE BBIIa4Ye CTapTa
(START). but copacbiBaercsi B 0 aBToMaTHYECKH

0 = craprossiii 6ut (START) He popmupyercs

Benowmblil peskum:

1 = pacmupeHue TaKTOBOTO CUTHaNA pa3penieHo Uil BEAOMOTO IIPH IIPHEME U Iepeiaue
0 = pacumpeHue TaKTOBOTO CUTHAJIA Pa3pPELICHO TOJIBKO IPH Iepeaaue BeJOMOro
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Peructp ynpaBneHus mogynem CpaBHeHusi/3axBaTta/lULUM — CCPxCON

C nmomomsio peructpoB CCP1ICON u CCP2CON ocyuiecTBisAt0TCS HacTpoiika moxyns CpaBHe-
nusi/3axsata/IINM nimm unaue CCP (Capture/Compare/PWM).

CCP1CON (agpec 0x17)
CCP2CON (agpec 0x1D)

U (0) U (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0) R/W (0)
— — CCP1X CCP1Y CCP1IM3 | CCP1IM2 | CCP1M1 | CCP1MO
— — CCP2X CCP2Y CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO

7 6 5 4 3 2 1 0
Bur 7-6: He peanuzoBansl, unTarorcs kax 0
but 5-4:  CCPxX:CCPXY: Mnammmue 6uts! cksaxknoctu LIIUM (PWM)
Pexxum 3axBara:
He ucnons3yrores
PexuM cpaBHeHuA:
He ucnons3yrores
Pexxum [IMM:
JlBa mutaamux 6ura ckBakHoctu [LIIMUM (PWM). 8 crapminx GUTOB HAXOIATCS
B peructpe CCPRXL
but 3-0: CCPxM3:CCPxMO: Buts! BEIGOpa pexnMa It COOTBETCTBYIOIIETO MOJTYJIS

Cpasrenwsi/3axsara/lLIUM (CCPx)

0000 = moxyne CpaBaenusi/3axBata/lLIUM (CCPx) BeIKIIIOUECH

0100 = pesxxuM 3axBarta MO KKAOMY 3aJHEMY (QPOHTY CHUTHaja

0101 = pexxuM 3axBarta Mo KOKJIOMY MEPEIHEMY (PPOHTY CHT'HAJIA

0110 = pexxnm 3axBara M0 Kaxx1oMy 4-My nepeaHeMy GpOHTY CHUTHaia
0111 = pexxnm 3axBara o KaxxaoMy 16-mMy nepeguemMy GppoHTY CUTHaIA

1000 = pexuM cpaBHEHHS, TIPH COOTBETCTBUH YCTAHABINBACT BBIXOAHOW CHTHAI
(ycranasnuBaercs ¢iaar CCPxIF B 1)

1001 = pexuM cpaBHEHHS, TIPH COOTBETCTBHU COPACHIBACT BHIXOJIHON CHTHAI
(ycranasnuBaercs ¢iaar CCPxIF B 1)

1010 = pexuM cpaBHEHHS, IPH COOTBETCTBUU OCYIIECTBISETCS IPEPHIBAHHE
(ycranaBnuBaercs ¢aar CCPxIF B 1, Ha BeiBozsr CCPX He BaHseT)

1011 = pexuM cpaBHEHHS, BBI3BIBACT CHIENUAIBLHOE COOBITHE (YCTaHABIUBAETCS (piar
CCPxIF B 1; na BeiBog CCPx ne Biusier); CCP1 cOpaceiBaet Taiimep 1;

CCP2 copaceiBaer Taiimep 1 u 3amyckaer ALIII-npeo6pa3oBanue,

ecnu Moayb AL BkiroueH

11xx = pexum [LIUM (PWM)
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Peructp coctosiHma 1 ynpaBrieHUs NpUeMHUKa
moayna USART — RCSTA

C momompsro peructpa RCSTA HacTpauBaeTcss NPUEMHHUK MOAYJNS YHHBEPCAIbHOIO CHHXPOHHO-
ACHHXPOHHOTO mpuemornepenaTynka win wHade USART (Universal Synchronous-Asynchronous
Receiver/Transmitter).

RCSTA (agpec 0x18)
RW(@©O) RMW(@© RW(©O RW(@O RW(©O R(0) R (0) R (x)
| SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | Rx9D
7 6 5 4 3 2 1 0
Butr 7:  SPEN: Pa3peurenune paboTsl ocie0BaTeIbHOTO OPTa

Bur 6:

Bur 5:

Bur 4:

Bur 3:

1 = moxyns USART Brirouen. BoiBoast RC7/RX/DT u RC6/TX/CK noakirodeHbt
k Mogymo USART

0 = moayns USART BhIKIIIOUYCH

RX9: Bur pa3peuienus 9-6utHOro npruema

1 = BbIOpan 9-OUTHBII NpreM

0 = BeIOpan 8-OUTHBII TpHeM

SREN: bur pa3perienns oAMHOYHOTO NIpHeMa
ACHHXPOHHBIH pexuM:

He nmeer 3naueHus

CHHXPOHHBIN PEXHUM (BEAYILEE YCTPOUCTBO):

1 = oAMHOYHBIN IPHUEM pa3peleH
0 = oMHOYHBIHA IpUeM 3anpelleH
But cOpaceiBaercs B 0 mocie 3aBeplIeHus IpreMa

CHUHXPOHHBIN PEKUM — BEIOMOE YCTPOMCTBO:

He nmeer 3HaueHus
CREN: But paspelenus HempepbIBHOTO IprueMa

ACHHXPOHHBIN PEKUM:

1 = HenpepbIBHBII IIpUeM pa3pelleH
0 = HempepHIBHBII IPHEM 3alpelnieH

CHHXPOHHBIH PEXUM:

1 = HempepBIBHBIH MIpHEM pa3peleH 10 Tex nop, noka outr CREN He cOpomen
(npu ycranoBke 6ura CREN aBromatnuecku copaceiBaercst 6ut SREN)

0 = HenpepbIBHBIN NPHEM 3aIpelieH
ADDEN: bur pa3spereHust pacrio3HaBaHus ajgpeca

AcHHXPOHHBIN 9-0uTHBIN npreM (RX9 = 1):
1 = pacnio3naBanue aapeca paspemeno. Eciu 6ut RSR<8> = 1, To renepupyercs
MIpepBIBaHUE U 3arpykaercs Oydep npueMHHKa

0 = pacmozHaBaHue aapeca 3anpenieHo. [[puHIMaroTcs Bce OalThl, NEBATHIA OUT MOXKET
HCIIOJIb30BAThCS B KAUECTBE OMTA JJIsl HPOBEPKU YETHOCTH
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Bur 2:

Bur 1:

Bur 0:

FERR: Ommbxka xaapa (Framing Error)

1 = omnbka kazpa (MokeT cOpachIBaThbCs BO BpeMs utenust perucrpa RCREG
U TIOJTy4eHHsI CIEAYIOIIEro JOIyCTUMOro Oaiira)

0 = omnOKa KaJapa OTCYTCTBYET
OERR: Ommbka mpu nepenoiHeHn: BHyTpeHHero Oydepa

1 = npousonura omuOKa nepenoyHeHus (OUT MoxeT ObITh ycTaHoBIEH B 0 BO BpeMs
copoca 6ura CREN)

0 = om0k nepenoaHeHns He ObUIO

RX9D: 9-i1 OUT NPUHATBIX JJAHHBIX (MOXKCT OBITH TaK;K€ OMTOM YETHOCTH JOJIKEH
5
PacCUUTBIBATHCA HOJ'H)3OBB.TCJ'ICM)
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Perncrp coctosiHMA v ynpaBneHusi nepegaryvka
moayna USART — TXSTA

C mnomompio peructpa TXSTA HacTpamBaeTcss MepeNaTINK YHUBEPCAIBHOTO CHHXPOHHO-
ACHHXPOHHOTO mpuemornepenaTunka win uwHade USART (Universal Synchronous-Asynchronous
Receiver/Transmitter).

TXSTA (aapec 0x98)

RIW (0)

RW () RMW(@O RW(@O U@ RW(@O R@) RW(0)

| csrc |

TX9 | TXEN | syYNc | — | BRGH | TRMT | TxoD

7

bur 7:

Bur 6:

bBur 5:

bBur 4:

Bur 3:
Bur 2:

Bur 1:

Bur O:

6 5 4 3 2 1 0

CSRC: BrI6op ncTOYHHKA TAKTOBOT'O CHTHAJIA

ACHHXPOHHBIN PEKIM:
He nmeer 3nauenus

CHHXPOHHBIN PEXUM:
1 = Beaymwii, TAKTOBBI CUTHAN (OPMHUPYETCSI OT BHYTPEHHETO TeHEepaTopa CKOPOCTH
obmena B 6omax win nnaye BRG (Baud Rate Generator)

0 = BeOMBIii (TaKTOBBIH CUTHA TIOCTYIAET OT BHEIIHEro HCTOYHHUKA ¢ BXxoga CK)
TX9: but paspenienus 9-6uTHOI epenadn

1 = 9-6urHas mepenaya

0 = 8-OutHas nepenaua

TXEN: bur pa3penienus nepeaadn

1 = mepenaua paspereHa

0 = mepenaya 3anpenieHa

SYNC: Bsi6op pexxima padbotsr moxyist USART

1 = CUHXPOHHBIII pexUM

0 = acCHHXPOHHBII PEeXUM

He peammzoBan, unTtaercs kak 0

BRGH: but BbIO0Opa BEICOKOCKOPOCTHOTO PEXHMA

ACHHXPOHHBIH PEXUM:

1 = BbICOKAsA CKOPOCTH

0 = Hu3Kast CKOPOCTh

CHHXPOHHEIN PEXKUM:

B 3TOM pekuMe He UMEeT 3HAYCHUS

TRMT: ®nar ouncTku perucrpa cisura nepeaaranka Mmoayiast USART
1 = peructp cnBura mycr

0 = peructp caBura rnoJyioH

TX9D: 9-i1 6ut nepenaBaeMbIX JaHHBIX, TAKXKE MOXKET HCIIOIB30BATHCS AJISI IPOBEPKU
YETHOCTU
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Peructp ynpaBneHusa mogynem ALIIN — ADCONO

C nomousto peructpa ADCONO Brutogaercs monyns ALIL u BeiOupaercs kaHai AJsl OCYyILECTBIIe-
HUS IpeoOpa3oBaHusl.

ADCONO (agpec 0x1F)
RW () RW(@O RW(@O RW(@O RW(@O RW@O U@ RW(Q)
| Abcs1 | Abcso | cHs2 | cHst | cHso | GODONE | — | ADON |
7 6 5 4 3 2 1 0

bur 7-6: ADCS1:ADCSO: Beibop nctovHuKa TakToBOro curaana st ALITT

ADCON!1 ADCONO TakTOBBIii CHTHAJ IS IPe0dpa3oBaHus
<ADCS2> <ADCS1:ADCS0>

0 00 Fosc/2

0 01 Fosc/8

0 10 Fosc/32

0 11 Frc (BHyTpenHnit RC-reneparop)

1 00 Fosc/4

1 01 Fosc/16

1 10 Fos/64

1 11 Frc (BHyTpennmii RC-reneparop)

but 5-3:  CHS2:CHSO0: BriGop ananoroBoro kanana
000 = xanan 0 (ANO)
001 = xanan 1 (AN1)
010 = xanan 2 (AN2)
011 = xanan 3 (AN3)
100 = kanan 4 (AN4)
101 = kanan 5 (ANS)
110 = xanan 6 (AN6)
111 = xanan 7 (AN7)

B PIC16F876A peanu3oBansl ToabK0 kKaHaibl oT 0 10 4. [TosToMy npyrue kaHaibl Uist
3TOTO TUIIA MUKPOKOHTPOJLIEPA BEIOUPATh HE CIIEIYEeT

Bur 2: GO_DONE: but cocrosiaus Mmoayis AT
Ecmu monyns AL Bkrouen (6ut ADON = 1):

1 = moxyne ALII BemmonHseT mpeoOpa3oBaHue aHAJIOroBOro 3HadeHus. [Ipu ycraHoBke
3TOrO OUTa 3amycKaeTcs mpolece npeodpa3oBaHus, a MOCIe ero OKOHYaHUs OUT
ABTOMAaTHYECKH cOpachIBaeTCs

0 = Het npeoOpa3oBaHust (COCTOSHUE 0XKUTAHM)
Bur 1: He peanuzosan, untaercs kak 0
Bur 0: ADON: Britouenne/Boixiarouenue Moayias AL

1 = moxynps AIIII BxntoyeH

0 = moxyns AL BEIKIFOYCH U TOK HE TOTPEOIIET
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Peructp ynpasnenusa mogynem AL — ADCON1

B perucrpe ADCONI BeiGupatoT opmaT pesynbraTa aHaIoro-uuppoBoro Npeodpa3oBaHust U OMOP-
HOE HaIpsDKEHHUE.

ADCONTI1 (agpec 0x9F)

R/W (0) R/W (0) U (0) U (0) R/W (0) R/W (0) R/W (0) R/W (0)
| ADFm | Aapcs2 | — | — | pcFG3 | PCFG2 | PCFGL | PCFGO |
7 6 5 4 3 2 1 0
bur 7: ADFM: Bri6op dopmara oToOpaskeHHs pe3ynbTaTa

1 = nmpaBoe BbIpaBHHBaHHKE, 6 cTapiinx 6utoB B peructpe ADRESH unrarorcst kak 0
0 = neBoe BhIpaBHUBaHUE, 6 Mitanmux 6utoB B perucrpe ADRESH unrarorcst kak 0

bBur 6: ADCS2: Bribop ncrounmka TakroBoro curaana juis AL
ADCON1 ADCONO TakToBBIH CHTHAJ 17151 NPeodpa3oBaHust
<ADCS2> <ADCS1:ADCS0>
0 00 Fose/2
0 01 Fosc/8
0 10 Fosc/32
0 11 Frc (BuyTpennuit RC-reneparop)
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/64
1 11 Frc (BHyTpennuit RC-reneparop)
but 5-4:  He peann3oBaHbl, unTarorcs Kak 0

but 3-0: PCFG3:PCFGO: Ynpasmstomue OUTHI 111 HacTpoiiku kananoB ALIIT

'[foﬁ AN7 | AN6 | AN5 | AN4 | AN3 | AN2 | ANL | ANO | Vrers | Veer
0000 A A A A A A A A | Voo | Ves
0001 A A A A | Ve | A A A | AN3 | Vg
0010 D D D A A A A A | Voo | Ves
0011 D D D A | Veerr | A A A | AN3 | Vg
0100 D D D D A D A A | Voo | Vss
0101 D D D D | Veers | D A A | AN3 | Vg
0110 D D D D D D D D — | =
0111 D D D D D D D D — | =
1000 A A A A | Veees | Veee | A A | AN3 | AN2
1001 D D A A A A A A | Voo | Vss
1010 D D A A | Ve | A A A | AN3 | Vg
1011 D D A A | Veers | Veer | A A | AN3 | AN2
1100 D D D A | Veees | Veee | A A | AN3 | AN2
1101 D D D D | Viers | Veer | A A | AN3 | AN2
1110 D D D D D D D A | Voo | Vss
1111 D D D D | Veers | Veee | D A | AN3 | AN2
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Peructp ynpaBneHus mogynem komnapatopa — CMCON

Peructp CMCON ynpaBiseT BX0OA0OM KOMIIapaTOpa U BBIXOJIOM MYJIbTHILIEKCOpa.

CMCON (aapec 0x9C)
R(0) RO RW(@© RW(@© RW(©O RW(@L) RW(@L) RW()
| c2ouT | clouT | cainv | cunv | cs | cm2 | cmi | cmo |
7 6 5 4 3 2 1 0
bur 7: C20UT: Bsixon kommaparopa 2

Ecmu 6ur C2INV = 0:
1=C2V§n.>C2V
0=C2V N+ <C2 V)
Ecmu C2INV = 1:

1=C2Vn:<C2V
0=C2V\+>C2V)\_

Bur 6: C1OUT: Beixoa kommapatopa 1
Ecmu C1INV =0:
1=C1Vn:>ClV
0=ClV|\:<ClV)

Ecmu C1INV =1:
1=C1Vn:<ClV|
0=ClV\:>ClV)

but 5: C2INV: HuBepTupoBanue BEIX0/1a KOMIIapaTopa 2

1 = Bbixoa C2 MHBEpTUPOBAH
0 = Beixox C2 He HHBEPTHPOBaH

bur 4: C1INV: HuBepTupoBanue BeIXoa KoMmapartopa 1
1 = Beixox C1 nHBepTHPOBaH
0 = Beixox C1 He HHBEPTHPOBaH

Bur 3: CIS: Bur nepekitoueHust BXOJ0B KOMIIAPaTOPOB
Ecmu 6uter CM2:CMO =110:

1 =C1 V| coenuneH ¢ BeiBojioM RA3/AN3
C2 V. coenunen ¢ BeIBOgIOM RA2/AN2

0=C1 V,\. coenunen ¢ BeiBogoM RAO0/ANO
C2 V- coeauren ¢ BeiBoIoM RA1/AN1

Bur 2-0: CM2:CMO: Beibop pexuMa koMmaparopa

OtnenbHBle paboune PeXXUMbl IPUBEACHBI B TEXHUUECKOH JOKYMEHTAIMU Ha CTPaHU-
ue 136 na pucynke 12.1 (FIGURE 12-1). JIokymeHTaIus HAXOIUTCS HA MPHIAracMOM
kommakT-aucke B ¢aiite PIC16F876A_DataSheet.pdf.
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Peructp ynpaBneHusi onopHbIM HanpsikeHnem komnapatopa — CVRCON

C nomonipto perictpa CVRCON HacTpanBaroT ONOpHOE HaNpsHKEHHE ISl KOMIIApaTopa.

CVRCON (agpec 0x9D)
R/W (0) R/W (0) R/W (0) U (0) R/W (0) R/W (0) R/W (0) R/W (0)
| CVREN | CVROE | CVRR | — | CVR3 | CVR2 | CVRl | CVRo |
7 6 5 4 3 2 1 0
bur 7: CVREN: Bur BKIII0OYEeHUSI OTIOPHOTO HANPSHKEHHS T KOMITapaTopa

1 = CVRgr BKITFOUCHO
0 = CVRer OTKIIIOYEHO
Bur 6: CVROE: but BrmtoueHus Bbixoaa kommaparopa CVger

1= YPOBEHb HAIPSXKEHUSA BbIXOJla KOMIIapaTopa CVREF TIOJAKIIIOYECH K BBIBOAY
RA2/AN2/Vger /CVrer

0 = ypoBeHb HanpsbKeHUs BbIxoja komnaparopa CVggr He MOJKIIOUEH K BBIBOLY
RA2/AN2/Vger ICVger

bur 5: CVRR: bur BbIOOpa Mnana3oHa HampsHKeHUs Vrer KOMIIApaTopa
1=o0t10 mo 0,75 * CVRSRC C Il[PIpPIHoﬁ mara CVRSRC/24

0=or O,ZS*CVRSRC J0 0,75 * CVRSRC C Il[PIpPIHoﬁ mara CVRSRC/32

bur 4: He peammzoBan, unTtaercs kak 0

Bur 3-0: CVR3:CVRO: buts! BbIOOpa BETHMYHHBI HANPSDKEHUS V Rer KOMIIApaTopa
Eciu CVRR =1:
CVger = (VR<3:0>/ 24) * (CVrsre)
Ecou CVRR =0:

CVier = 1/4 * (CVgsre) + (VR3:VR0/32) * (CVrsre)
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Pernctp ynpaBneHus KocBeHHoM 3anucu/4yteHna EEPROM-namaTy gaHHbIX
n Flash-namaTtu nporpamm — EECON1

Pernctp EECON1 coxepxuT OWTHI yHpaBieHHs 3amucbio min 4yreHHeM BHyTpeHHeil EEPROM-
nmamMsITH JaHHbBIX U Flash-mamstu mporpamm.

EECONT1 (agpec 0x18C)

R/W (x) U (0) U (0) U (0) RIW (x) R/W (0) R/W (0) R/W (0)
|EepéDb | — | — | — |WRERR| WREN | WR | RD |
7 6 5 4 3 2 1 0

bur 7: EEPGD: bur Bbi6opa Flash-namsitu nporpamm nnmn EEPROM-niamMsiTi JaHHBIX

1 = mamsTh porpamMm
0 = mamATh JaHHBIX
but 6-4:  He peanu3oBansbl, yuTarotcs kak 0
Bur 3: WRERR: bur ¢uara ommo6ku 3amicu JaHHBIX
1 = npexxaeBpeMeHHOe 3aBeplIeHHe OIepaliy 3aIich
0 = omeparus 3amnucH 3aBeplIeHa
Bur 2: WREN: bur pa3peruenus 3anucu JaHHBIX
1 = omepanus 3amucH paspenieHa
0 = omeparus 3amucy 3anpereHa
Bur 1: WR: but ynpasieHus 3aIuchio

1 = HayaTh MK 3amKCcH. BUT aBTOMaTHYeCKH cOpachIBaeTCs, €CIIH ONepanysl 3amucu
3aBepIIeHa. BUT MOXeT ycTaHaBIUBATHCS TOIBKO IPOrPaMMHO

0 = UKJ 3aMKCH 3aBEpLICH
Bur 0: RD: bur ympaieHus YyTeHUEM

1 = Havarb IUKJI YTCHHS. but aBTOMaTHYECKH C6paCI)IBaCTC${, €CJIM onepanus 4TCHUA
3aBepuicHa. but moxert YyCTaHaBJIUBATbCA TOJILKO IMPOTPpaMMHO

0= IUKJI YTCHUS HEC Ha4YaT
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Cnucok NCTOYHUKOB MHdopmMaLmn

1.

10.

11.

Michael Hofmann (Muxasns Xodmann)
http://www.edmh.de (caiir aBropa)

. Microchip

http://www.microchip.com

Cnenudukanuy, pykoBOJCTBAa U CIPAaBOYHUKA
NXP

http://www.nxp.com

Cneuudukanun kogoB unrepdeiicos [>)C u RC5
Electronic Assembly
http://www.lcd-module.de

Crnenndukanus Ha gucieit M EA-DOG
Sitronix

http://www sitronix.com.tw

Cnernudukanus Ha XKKH-xoHTpOmiep

. Maxim

http://www.maxim-ic.com
Cneuudukanus RS-232

Vishay

http://www.vishay.com
Crnenudukanus va UK-nmpuemMHnk

. Cadsoft

http://www.cadsoft.de

HpOFpaMMHOC obecrieueHune JUIA QJICKTPUYCECKUX CXEM U Pa3MEHICHUA CXEMHBIX 3JICMEHTOB

DL4YHF

http://www.gsl.net/dl4yhf/
http://freenet-homepage.de/dl4yhf/
Cpena nporpammupoBanus WinPic
Reichelt Elektronik

Elektronikring 1

26452 Sande

Tel.: 04422 955-333
http://www.reichelt.de

HOCTaBI_[II/IK KOMIIJICKTYOIIUX I/ISHGJ’II/IfI
Conrad Electronic

Klaus-Conrad-Str. 1

92240 Hirschau

Tel.: 0180 5312111
http://www.conrad.de

ITocTaBIIMK KOMIIEKTYIOMUX W3S
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OnncaHne KoMnakT-gucka

Z[aﬂee B BUIIC Ta6III/IIII)I HNPUBEJACHO OIMMCAHUE KOMITAKT-AHCKA.

IManka

Daiia

Onucanue

\CD_Menue.exe

MeHto i paboTbl
C KOMIIaKT-IUCKOM

\Copyright.pdf

ABTOpCKHE TIpaBa U3ATEIbCTBA

FRANZIS

\Adobe

Juctpubyrussr Adobe
AcrobatReader mis urenus
PDF-aitnos

\AdbeRdr812_de_ DE.exe

JNuctpubytus st ycranosku Adobe
AcrobatReader 8.12 (xem.)

\AdbeRdr930_ru_RU.exe

Juctpubytus st ycranosku Adobe
AcrobatReader 9.3 (pyc.)

\Arbeitsunterlagen

JlokymeHTanus uist paboThl ¢ MUKPO-
KOHTPOJIIEPOM

\Befehlsubersicht.pdf

0O630p KOMaHI MHKPOKOHTPOJIIEpa
PIC16F876A (uem.)

\Befehlsubersicht_ru.pdf

0O630p KOMaHI MHKPOKOHTPOJIIEpa
PIC16F876A (pyc.)

\Registerbeschreibung.pdf

OnucaHue perucTpoB (HeM.)

\Registerbeschreibung_ru.pdf

Omnwucanue peructpos (pyc.)

\Beispiele

[TpuMeps! mporpaMm U3 riaB KHATU

\Anleitung.txt

WHCTpYKIUS 110 HCTIOIb30BAHHIO
IPUMEPOB (HEM. )

\Kurzanleitung_HyperTerminal.pdf

Kparkoe pykoBoacTBO 0 padote
¢ 10 HyperTerminal (aem.)

\Kurzanleitung_HyperTerminal_ru.pdf

Kparkoe pykoBoacTBO 0 padote
¢ 1O HyperTerminal (pyc.)

\P16f876a.inc

CraHIapTHBIH 3ar0J0BOYHBIH (haiiin
Microchip Technology, Inc. ms Muk-
pokonTpoiuiepa P16F876A (anri.)

\Vorlage.asm

[11a6J10H 17151 HAMKCAHUS TIPOrPaMM
Ha acceMbiepe (cum. paso. 3.4)

\UHCcTpyKIms. txt

WHCTPYKIMS [0 MCIONB30BAHHIO
npuMepoB (Hem.+pyc.)

\MHCTpyKups_ru.txt

WHCTPYKUKS T10 UCTIONB30BAHUIO
NpUMEPOB (HEM.+pyc.)

\Beispiele\Kap_1 2 6_
Unterprogramm

IMonHBIE TEKCTHI IIPOTPAMMBI
u3 pazo. 1.2.6 "Bei30é noonpoepamm”

\Beispiele\Kap_1 2 7_
indAdressierung

IMonHBIE TEKCTHI IPOTPAMMBI U3
paszo. 1.2.7 "Koceennas aopecayus”

\Beispiele\Kap_1 2 8
EEPROM

ITosHbIE TEKCTBI IPOTPAMMEI
u3 paso. 1.2.8 "Ymenue u 3anuco
snympennei EEPROM-namamu"
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IManka Daiia Onmncanue
\Beispiele\Kap_6_4 [TonHbBIE TEKCTBI IPOTPAMMBI U3
LED-Muster paszo. 6.4 "llpumep npocpamvmol

o

“Vnpaenenue ceemoouodamu

\Beispiele\Kap_7_2_
Lauflicht

[TosHbBIE TEKCTHI IPOTPaMMBI
"Berymue oran" u3 pazo. 1.2

\Beispiele\Kap_8 2

TTonHbBIE TEKCTHI IIporpaMmsbl

Voltmeter "Boabr™erp" u3 paszo. 8.2
\Beispiele\Kap_9 4 [TonHbBIe TEKCTBI IPOTPAMMBI VIS
HelloWorld BbIBOza TekcTa "Hello World!"

Ha JXXK-unaukarop, paccMOTpeHHOM
B pazo. 9.4

\Beispiele\Kap_10 4
Spannungsanzeige

ITonHBIE TEKCTHI IPOTPAMMBI IS
0TOOpaKECHHs HANIPSIKEHUS HA UHIU-
KaTope, paccMoTpeHHoH B 2. 10

\Beispiele\Kap_11
P-R-Messung

[TonHbIe TEKCTBI IPOTPAMMBI JUIS
M3MEPEHHUS MOLIIHOCTH M COIPOTHB-
JICHUS1, PACCMOTPEHHOM B 2. 11

\Beispiele\Kap_12_4
PC-Steuerung

IToHbBIE TEKCTBI IPOTPAMMBI IS
YIIpaBJICHUSI MUKPOKOHTPOILIEPOM

C MOMOIIBIO KOMIIBIOTEPA TIOCPEICT-
BOM IIOCJIC/IOBATEIILHOTO HHTEpdeiica,
paccMOTpeHHOH B paszo. 12.4

\Beispiele\Kap_13 3
Messwertspeicherung

[ToHbBIE TEKCTBI IPOTPAMMBI U3
pa3zo. 13.3 "llpumep npoepammol
“Coxpanenue uzmepenHuix 3Ha4eHuLl
6 EEPROM-namsamu”™"

\Beispiele\Kap_14 2
IR-Schalter

TTosHbIE TEKCTBI IPOTPAMMBI ISt
HH(PPAKPACHOTO YIPABICHUS, pac-
CMOTPEHHOI B paszo. 14.2

\Datenblaetter

\I2C_Spec_NXP_UM10204_3.pdf

CrieruuKanus 1 pykoBOACTBA MOJIb-
L2
3oBareist uarepdeiica 1°C (anr.)

\PIC16F876A_DataSheet.pdf

TeXHUYECKHE XapaKTePUCTHKH
Ha Mukpokontposuiep PIC16F876A
(anrm.)

\PIC16F87XA_Errata.pdf

3aMedeHHbIE ONeYaTK! B IOKyMEHTa-
LIMH 110 CEMENHCTBY MUKPOKOHTPOJLIE-
poB PIC16F87XA (auru.)

\PICmicro_MidRange_
ReferenceManual_33023a.pdf

PacumpeHHoe pyKoBOJICTBO IO Cpeji-
HEMy CeMeiiCTBY MHKPOKOHTDOJLIE-
pos PICmicro (auri.)

\Entwicklungsboard

JoxymenTtanus u [10 ans usrorosie-
HHSI MOHTAXHOM ILIaThI

\Bestiickungsplan_PIC-Eval.pdf

Cxema pacroyioKeHust JeTajei
Ha MOHTQ)XHOM I1aTe

\Bottomlayer_PIC_Eval.pdf

UepTerx e4aTHOH IJIATHI, BUJ CHU3Y
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(npoodondcenue)

IManka

Daiia

Onucanue

\Schaltplan_PIC_Eval.pdf

[IpuHuKIHaNEHas cCXeMa MOHTaKHOU
IJIaThI

\Stiickliste_PIC-Eval.pdf

Creuudukaiis MOHTaXHON IIIATHI
(HEeM.)

\Toplayer_PIC_Eval.pdf

UepTerx eyaTHOM IJIaThl, BUJ CBEPXY
(co cTopoHs! feTaneii)

\Entwicklungsboard
\Datenblaetter

\BC547_Fairchild.pdf

Texuudeckuii macmopT Ha TPAH3UCTOP
BC547 xommanuu Semiconductor
(anrm.)

\Display_EA_dog-m.pdf

Texunueckuit nacropt Ha XKXKI EA
DOGM162 (uem.)

\EEPROM_24L C32A_Microchip.pdf

Texunueckuit naciopr Ha EEPROM-
namsth 24LC32A npousBoacTBa
kommanwnu Microchip (anri.)

\IR-Empfaenger-
Modul_TSOP_1736_Vishay.pdf

TexHuueckuil macmopT Ha MUKPOCXe-
My HH(PAKPACHOTO IPHEMHHKA
TSOP1736 npousBoacTBa KOMITaHHU
Vishay (anri.)

\L7805_ST_Spannungsregler.pdf

TexHUYeCKuit macmopT Ha cTabuin3a-
top L7805 (anra.)

\LM7805_Fairchild.pdf
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