MUWHHNCTEPCTBO HAYKU U BBICIIEI'O OBPA3OBAHIS
POCCHICKOW ®EJEPALINN

denepabHOE TOCYJAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
YUPEKJICHUE BBICIIEr0 00pa3oBaHus

«CEBACTOIIOJIbCKMM I'OCYJIAPCTBEHHBIN YHUBEPCUTET»

WUHCTUTYT PAJIMODJIEKTPOHUKN Y THOOPMALIMOHHOM BE30ITACHOCTU

JABOPATOPHBIN MPAKTUKYM MO JUCHUILJIMHE
«NEPU®EPUNHBIE UHTETPUPOBAHHBIE
KOHTPOJLJIEPBI B PAJIMODJIEKTPOHHBIX

CPEJICTBAX»

Y4yebOHO-MeTOAUUYECKOE TTOCo0ue
JUTst O4HOM (hOpMBI 00YUEHUST HAIIPABICHUN
bakanaspuar 11.03.04 — «DnekTpoHUKa M HAHODJIEKTPOHUKA»
bakamappmar 11.03.01 — «Pagnorexauka
Crnemmanmuret 11.05.01 — «PaanosnekTpoHHBIE CHCTEMBI U KOMITJIEKCHD)

CeBacTonoJib
CeBlY
2019



YK 621.396.6
J12

PemeH3eHTBI
A.I'. Myp3un — noueHT kadeapsl «JIEKTPOHHAsI TEXHUKA», KaH[. TEXH. HayK
IO.H. TblIIIyK — CT. HpeHOI[aBaTCJ'II) Ka(be}lpm ((PaI[I/IOSJ'IeKTpOHI/IKa nu TeJ'IeKOMMyHI/IKaHI/II/I»

OTBeTCTBEHHBIH 32 BBINMYCK:
FO.I1. Muxaiijgok — KaHJ1. TeXH. HayK, JOLICHT,
3aBenyroIuid kKageapoii «IIeKTPOHHAS TEXHUKA)

Cocmasumenu: U.B. Cxopuk, N.b. llupokos

JI12 JlabopaTopHblii npakTukym no aucuuminne «Ilepudepuniinpie nHTEr-
PUPOBAHHbIE KOHTPOJLUIEPHl B PaJMOJIEKTPOHHBIX CpPeACTBAxX»: y4eO.-
MeToA. mocoOue st O4HOW (opmbl OOy4YEHHS HANpaBICHUU: OakadaBpuaT
11.03.04 — «DnexkTpoHUKAa U HAHOAJIEKTpOHHKay, OakamaBpuar 11.03.01 —
«Pammorexuukay n crenuanuteT 11.05.01 — «PannosnekTpoHHBIE CUCTEMBI H

xomruiekce»/ Coct. M.B. Ckopuk, WU.B. IllupokoB. — CeBacrononb: CeBl'Y,
2019. —85c.

CO,I[ep)KI/IT TCOPCTUUCCKYIO U ITPAKTUYCCKYIO I/IH(I)OpMaI_II/IIO HeO6XO,Z[I/IMy1-O JJIs1 TIOAT O-
TOBKH K J'Ia60paTOpHLIM 3aHATUAM, a TAKKC MOJYYCHHA NOIIOJIHHUTCIBHBIX 3HaHUH I10 H3y-
YyaeMOM JUCIUILINHE.

YK 621.396.6

YyebHO-MeTOIMYECKOe TTOCOOUE PACCMOTPEHO U YTBEPXKICHO HA 3aceIaHHuU
kadeapsl «INEKTPOHHASI TEXHUKAY, MPOTOKOJI Ne 6 oT 26 nexabps 2018 r.
Y4eOHO-METOANUECKOe TOCOOME PACCMOTPEHO U PEKOMEHAOBAHO K U3JaHHIO
Ha 3aceJaHuH YYeHOro coBeta MHCTUTyTa paauodeKTPOHUKH B MH()OPMAIMOHHON
6e3omnacHocTH, mpoTokos Ne 5 ot 23 stuBaps 2019r.

© ®I'AOY BO «CeBacTononbCkui
rOCYJapCTBEHHBIN YHUBEPCUTET», 2019



COJIEPKAHME

JlabopaTopnas padora Ne 1.
N3yuenne uaTEerpupoBaHHON cpeibl pazpadoTKu MPLAB .......cccccccvviiiiiec, 5

JlabopaTopHas padota Ne 2.
JlnHamMudeckasi HHIUKAIKSI C MCIIOJIb30BAaHUEM MTPOTPAMMHOMN U amlmapaTHOM
T D) (<] 0 (0 U PP PTROPRRPRN 19

JlaGopatopHas pabota Ne 3.
N3ydyenue GyHKIMOHUPOBAHUS MIPEPHIBAHUHN TS PETHCTPAIIMHA HAKATHS
KHOTTOUHBIX KOHTAKTOB .vvvueerueeesusesssnsesssssssssesssassssssssssnsssesnssessnssessnseesnneessnees 31

JlaGopatopHast pabota Ne 4.
N3ydenue GyHKIMOHUPOBAHUS MOYJI aHAIOTO-UKU(POBOTO
TIPEOOPABOBAHM ... ceeveeensreesnreessreesssesaneeansneessseessneeanneeaneeesmeeesnreesnneesneeenneeennnas 377

JlabopaTopHas padota Ne 5.
N3yyenue pyHkunonupoBanusa Moy 3axBaT-CpaBaenue-lIIUM............... 455

JlabopaTtopHas padota Ne 6.
N3yuenne yacoB peaibHOTO BpeMeHu DS1307 u oOMeHa JaHHBIMHU 10 IIUHE

JlaGopatopHast pabota No 7.
N3ydyenue oOMena nanupiMu 1o 1-Wire mmne ¢ iu@poBbIM TeMIIepaTypHbIM
JaTYAKOM DST8B20 ..., 644

1397 (09170 o T1) 216 (5103 29717 03 0107 (010 QPSPPI 722
[Tpunoxenue A. Cucrema komaug AccemoOnep RISC-apxurextypsr...... 733

[Tpunoxenue b. Onucanue perucTpoB CIENUAIBHOTO HA3HAYCHUS ....... 744



BBEJAEHUE

[ukn nmabopaTopHbIX padOT, MPENCTABICHHBIA B HACTOSIIUX METOAUYECKUX
yKa3aHUAX, MO3BOJIIET M3YyYUTh OCHOBBI MPOTPAMMHPOBAHUS MUKPOKOHTPOJIIEPOB
cemeiictBa PIC16Fxxx ¢upmbr «Microchip» Ha si3eike AccembOiep. PazpaboTaHHbIe
n1abopaTtopHbie pabOThI MPEAOCTABISAIOT MOJIHOIEHHYIO BO3MOXKHOCTbD JJISl TpaKTUIe-
CKOI'O OCBOCHHS MPUHIMUIIOB (PYHKIIMOHUPOBAHUS W SKcIutyaTanuu nopsaka 90 %
umeronieiics nepudepun Mukpokontposiepa PIC16F877. [lanHblii MUKPOKOHTPOII-
Jiep 3aJ105KeH B OCHOBY J1abopaTtopHoro Maketa «Evolution board PIC16F877 based»,
KOTOPBIM CHPOEKTUPOBAH M PEAM30BaH CHEIHAIBHO MJI BBINOJHEHUS JTaHHOTO
UKJIa Ja0opaTopHbIX padoT. JIabopaTOpHBIN MaKeT COEAUHSIETCS C MEePCOHATbHBIM
KommbioTepoM nocpeactBoM «USB» mporpammaropa «PICKkit2y», KOTopbIil M03BOISI-
€T IPOrpaMMHUpPOBaTh, OTJIAXUBATh M MUTATh MUKPOKOHTPOJUIEP U JTaOOpPaTOPHBIN
MakKer.

Boinonnenue 1a00paTopHbIX pabOT HaYMHAETCS C 00SA3aTE€IBbHOTO OCBOCHUS
cpeansl MHTErpupoBaHHOM paszpadbotku «MPLABY, mpenoctaBieHHOM KoMmIaHUEH
«Microchipy», koTopas MOCTaBISAETCSI ¢ KOMITHISITOPOM JUIsl SI3bIKa acceMOJiep U sB-
JsieTcst 6ecTIaTHBIM MPOTPaAaMMHBIM MPOIyKTOM. CyTh BBITIOHEHHUS KaXKI01 Tabopa-
TOPHOI pabOTHI 3aKIIOYAETCA B peaju3aluu MporpaMMHOro ooecneuenus «firmware
— HEU3MEHseMoe IporpammHoe obecrnedeHue, 3arpyxaemoe B ROM namarte», Ko-
TOPOE JIOJKHO BBIMIOJIHATH [TOCTABJICHHBIE 337a4l B 3aBUCUMOCTH OT BBINOJIHIEMON
nabopatopHoi paboThl. Pa3paboTKy U CUMYJIAIIMIO TPOTPAMMHOTO O0OeCTIieUeHuUs He-
00X0MMO BBITIOIHUTH B TNpeaoctaBieHHou cpeae «MPLABy ¢ mocnenyromieit ot-
JaKOW M MPOrpaMMHUPOBAHUEM Pa3pabOTaHHOTO MPOTPAMMHOIO OOECTICYCHHS AJIs
mukpokontposiepa PIC16F877 naboparopHoro makera. Kaxxnas mabopatopHas pa-
00oTa NOKHA OBITH BBHIMIOJIHEHA C peajbHOM JeMOHCTpaluell paboTocrnocoOHOCTH
HAIMCaHHOW MpOrpaMMbl Ha JIaOOpATOPHOM MAaKeTe W MPEACTaBIEHUEM OTYeTa, KO-
TOPBIA JOJKEH BKJIIOYATh (PParMeHT 3JIEKTPUUYECKON NMPUHIUIUAIBHON CXEMbI 3a-
JIEMCTBOBAHHOW YaCTH MAaKeTa, aJiTOPUTM M KOJI pa3pabOTaHHOM MPOrpaMMBbI U TO/I-
pOOHBIE BBIBOIBI.

3amuTa oTyeTa J1abOpaTOpHON PabOTHl COCTOUT U3 ABYX JITANOB: B HANMCAH-
HBIA KOJI MTPOTPaMMBI, TIPEToAaBaTellb BHOCUT U3MEHEHUS, KOTOpbIe HAPYyIIAIOT pa-
00Ty TIporpamMMmbl, MOCe Yero, ooyJaroneMycs HeoOXoauMo 10paboTaTh MPOTrpam-
My JUIsl ycTpaHeHus: AedeKkToB B ee padote. Jlanee oOydaromuiics oTBedaeT Ha KOH-
TPOJIbHBIE BOIPOCHI, TIOCIIE YEro 3alluTa JadopaTopHON pabOThl CUUTACTCS BBINOJI-
HEHHOM.

JlabopaTopHbIN MPAKTUKYM COCTABJICH TaKUM 00pa3oM, 4TO pa3paboTka mpo-
IpaMMBbI JIJIs1 KaXKJI0M TOCJIEAYIOIIeH 1a00opaTopHON pabOThl OCHOBBIBAETCS HA Hapa-
00TKax, BBIMOJHEHHBIX B MPEABIAYIINX JTa0OpaTOpHBIX paboTax. Takum oOpaszom,
Bce JlabopaTopHbie pabOThl B3aMMOCBSI3aHbI U TIOATOMY HEOOXOAMMO COXPAHSITh Ha-
NUCaHHBIA KOJ MPOrpamMM Ha ChEMHBIX HOCUTENSIX MHPOpMaluu BO W30exkaHUE IO-
TEpH KOJa.



JIABOPATOPHAS PABOTA Ne 1.
W3YUYEHUE UHTETPUPOBAHHOM CPEJIbl PASPABOTKH MPLAB

1.1. Hean padoTsl

W3ydeHne 3MeKTpUIecKOr MPUHIMITHAIBHON CXEMBI M BHEIIHETO BHA J1a0o-
paTopHOro MakeTa, IOCTPOCHHOTO Ha 0a3e mukpokoHTponiepa PIC16F877 [1]. 3na-
KOMCTBO CO cpefoit umHTerpupoBaHHOM paspabotkun «MPLABy. IlpuoOperenue
MPAKTUYECKUX HABBIKOB HAIMCAHMS MPOTPAMMBI Ha sI3bIKe AccemMOyiep ¢ MCIOIb30-
BaHMEM cucTeMbl KoMaH 1 s «RISCy MuUkpokoHTposuiepa.

N3ydyenune ¢ UCMoNbpb30BaHUEM CUMYJISITOPA 3aKOHOB U3MEHEHUS (P1aroB «Z» u
«C» peructpa «STATUS» npu BeITIOTHEHUH apUPMETHIECKUX U JIOTMYECKHUX OTIe-
paLui.

OcBoeHue mporpaMMUPOBAHUSI MUKPOKOHTPOJUIEpAa U BHYTPUCXEMHOM OTJIAJI-
KH IPOTPAMMBI C UCIIOJIB30BAaHWEM BHEIITHETO TIPOrpaMmaTopa.

1.2. TeopeTnueckue cBeIeHUs

1.2.1. Onucanue ycrpoiicTBa jJadopaTopHoro makera na 6aze PIC16F877
JlabopaTtopHubiii maketr Ha 0a3ze PIC16F877 mpencrtaBiser coboif MUHUMAIb-
HbII HA0Op BHEIIHUX KOMIIOHEHTOB, MO3BOJISIOMIMX 3aaercTBoBaTh 10 90 % nepu-
dbepruu MUKPOKOHTPOJUIEPA.
DnexTpuueckasi MpUHLUIIMAIbHAS cXeMa JabopaTOpHOro MaKeTa, UCIOJNb3Ye-
MOTO JIJIsl BBITIOJTHEHHUS LIMKJIA JJabOpaTOpHBIX padoT, mokazaHa Ha puc. 1.1. Kitoue-
Bbl€ KOMIIOHEHTBI CXEMBbI, BXO/ISIINE BO BHELIHIOW NEPUPEPUI0 MUKPOKOHTPOILIEpA
PIC16F877, nepeuynciieHbl HIKE:
— wmukpokoHTpoiuiep PIC16F877 (DD1),
— 4eThIpeXpa3psIHbI CEMUCETMEHTHBIN TuHamMudeckuit uaaukatop (HL1);
— TPaAH3UCTOPHI JAJSl YHIPABICHUS pa3psgaMH CBETOJUOIHOTO HWHAMKATOpa
(VT3 —VT6);
— 1dpoBoit naruuk Temnepatypbl DS18D20 (DD2);
— wyachl peanibHoro Bpemenn DS1307 (DD3);
— KHOMOYHbIC KOHTaKThI (SW1—SW5);
— cBeroauoasl (HL2—HLY7);
— MepeMeHHbIE Pe3nCTOphl A uccaenaoBanus moayiast ALl u moxyns cpas-
Henus (R4, R1, R27);
— JBOWHOM oneparronHbiid yemurenb LM358 (DAL);

— KOHTakTHas rpymnmna mis noaximoueHus USB mporpammaropa PICkit2
(XS1).
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Puc 1.1 — Dnektpuueckas NpUHIMITMANBHAS CXeMa MakeTa Ha 6a3e MukpokoHTposuiepa PIC16F877
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Brenrawnii B 1abopatopHOTro MakeTa rmokasad Ha puc. 1.2.
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Puc. 1.2 — Buemauit Bu 1ab0paTtopHOTrO MakeTa

1.2.2. Onucanue unTep@eiica cpeanl pazpadorku MPLAB

Cpena unrterpupoBanHoi pazpadotku «MPLABy siBisercs moiHOGYHKIIHO-
HAJIBHOW CHCTEMOM pa3pabOTKH MPOrpaMMHOTO oOecreueHus AJii MUKPOKOHTpPOJIIE-
poB U Apyrux mudpoBsix ycTpoicTB hupmbl «Microchip Technology». Ilporpamm-
Hoe oOecneueHus «MPLAB) mo3BoJISIET OCYHIECTBUTH MOJIHYIO pa3pabOTKy Mpo-
IrpaMMHOTO OOECIeYeHHs, ero OTJAJKY, a TaKKe MPOrpaMMUPOBaHUE BHIOPAHHOTO
TUTIa MUKPOKOHTPOJUIEpa C MCIOJIb30BAaHUEM BHEIIHETO mporpammaropa. Ciemyer
OTMETHUTh, 4TO abcomoTHO Nobast Bepcusi «MPLABY (B manpHelineM «UHTErpUpo-
BaHHAsl cpeiay) SBIISIETCS OECIUIATHOM U HAXOJIUTCA B CBOOOJHOM pacIpOCTPaHEHUH.

WNuTterpupoBanHas cpenia Mo3BOJIET UCIOIb30BaATh PA3IMYHBIE KOMIUISTOPHI
TUTS pa3pabOTKX MPOTPAMMHOTO 0OECTIeueHusl, €r0 KOMITWIISAINY, OTIaIKH HaMMCaH-
HOW IIpOrpaMMbl U BHYTPUCXEMHOM OTJIAAKU B PEXKUME pealibHOro BpemeHu. [lo
YMOJYaHUIO MHTETPUPOBAHHAsS cpeia cCHabKeHa KOMITUIISITOPOM si3bIka Accemouepa,
KOTOPBIH 1mo3BossieT paborath ¢ «RISCy» mMukpokoHTposiepamu kommnanuu «Micro-
chip». Takxke BO3MOKHO HCIOJIb30BaHHE C-KOMIWIATOPOB, KOTOPBIC JTOTIOJTHUTETb-
HO YCTaHABJIMBAIOTCS W BCTPAMBAIOTCS B CPE/ly MHTETPUPOBAHHOU pa3paboTku. s
KXJIOr0 ceMelcTBa MUKPOKOHTpoJUIepoB «PICy» ncmosnb3yeTcsi COOTBETCTBYIONIMIA
KOMITHJIATOP, HO OectuiaTHbii C-KOMOWISITOP JAOCTYNEH TOJBKO C OTpaHUYCHUSIMHU
10 pazMepy Koja.

UYroOsl HauaTh pa3paboTKy mporpammHoro obecmeuenus st «PICy» mwukpo-
KOHTpoJuiepa, Tpedyercst co3narh npoekt. Hanbomnee yao00HBIM HHCTPYMEHTOM IS
co3nanus mpoekTa sipisiercs «Project Wizardy», KoTopslii HaCTpanBaeT MPOEKT B CO-
OTBETCTBHH C TIapaMeTpaMH HCIIOJIh3yeMOr0 MUKPOKOHTpoIiepa. Jlanee Hanmucanue
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KOJla Ha A3bIKe AcceMOsiep OCYIIECTBISIETCS B TEKCTOBOM PEIAKTOPE, KOTOPHINA pac-
no3HaeT MEeMoHUKH «MPLABY Accem6iepa.

C nomompto Moayns «Debugger» ocymiecTBisieTcsi oTiajka MporpaMMbl B
peXUME CUMYJISILUK BCTPOCHHBIMHU CPEACTBAMU CPEIbl JTUOO B PEKHUME PEATBHOTO
BPEMEHU C UCIOJIb30BAHUEM BHEIIHETO IPOrpaMmaTopa.

Pabota ¢ nmamsaThI0O IpOrpaMM MHKPOKOHTPOJIEPA OCYIIECTBIISIETCS YEPE3 MO-
nynb «Programmer». Moayns «Configure» mo3BosisieT 3agaTh (PYHKIHOHAIBHYIO
KOH(UTYpAINI0 MUKPOKOHTPOJLIEpA.

1.2.3. Onucanue MoayJieil UHTErPUPOBAHHOI cpelbl pa3padoTKu

OCHOBHBIE BO3MOKHOCTH MOAYJas «View» (Bbinmajgamomee MeHI0 «Viewy).
JIaHHBIH MOJYJTb TTO3BOJISIET IPOCMATPHUBATh COCTOSIHHS U COACPKMMOE Ka)I0T0 M3
CIIEIYIOIINX THIIOB MaMSATH MUKPOKOHTPOJLIEPA:

— perucTphl crenuaabHOro HazHaueHus «Special Function Registersy;

— perucTpsl obmiero HazHadeHus «File Registersy;

— ammapartHbii crek «Hardware Stacky;

— mnocTosHHasg nmaMaTh JaHHeIX «EEPROM)Y;

— ko aucaccembiepa «Disassembly Listingy.

Monayns «Memory Usage Gauge» mo3BosisieT KOHTPOJIUPOBAThH HCITOJIE30BAHUE
HaMSITH IPOTPaMM M TIaMSTH JaHHBIX.

JIpyrue BO3MOKHOCTH MOIyiisi «VieW» HEe pacCMOTPEHBI, TaK KaK HE MCIIONb-
3YIOTCSI ISl U3y4aeMOTr0 THIIa MUKPOKOHTPOJLIEPA.

OcHOBHbIE BO3MOXKHOCTH MoayJsi «Project» (BpImagawinee MeHIO
«Project»). Moaynbs «Projecty mo3BoJsieT co3aaBaTh, yIpaBJisiTh U KOMIMIMPOBATH
aitel, BKIOUYEHHBIE B TPOCKT. I pa3pabOTKK IPOrpaMMHOIO 00CCIIEUCHHS Tpe-
OyeTcsi co3/1aTh HOBBINM MPOEKT WJIM OTKPHITH CYIIECTBYIOMMMA MpoeKT. [ co3nanus
HOBOT'O TPOEKTa HEOOXOJIMMO BOCIIOJIb30BAThCS IMOMOIIHUKOM CO3JaHHS IPOCKTa
«Project Wizard» (Project>Project Wizard) wiu mpu BCIIOJIb30BaHUH CYIIIECTBYIOIIC-
ro MpoeKTa TpedyeTcst Bocmoyb3oBathes onmueir «Openy (Project> Open). I'maBHbIC
OpraHbl yIpaBJICHUs IPOSKTOM PACIIOIOKEHbI Ha TTAHEH HHCTPYMEHTOB (puc. 1.3).

Puc. 1.3 — I'naBHbIE Oprassl ynpasiaeHUs IPOEKTOM

OmnwucaHnue CHMBOJIBHBIX 0003HAYCHMI Ha MAHEN YIPaBICHHS IPOSKTOM Clie-
Ba Ha MPaBo:

— «New project» — co3maHne HOBOTO MPOEKTA;

— «Open project» — OTKPBITh CYIIECCTBYIOIIMHA TPOEKT;

— «Save workspace» — coxXpaHHTb PACIIOJIOKEHHUE OKOH TEKYIIEro MPOEKTa,;

— «Build options» — HacTpOWKH KOMITHIISIIIMK POCKTA,;
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— «Package projecty — apxuBanmsi Bcex (aiiyioB mpoekTa (omius yaoOHa
JUISl IepeChUTKU (paiijioB IPOEKTA);

— «Toolsuit info» — uHCTpyMEHT OTOOpaskeHHs MH(POPMAIMK O TEKYyIIEM
MPOEKTE;

— «Make» — koMU ncXoqHOoTro (daiia;

— «Build ally — xommumnsiiiust Becex ¢anoB, BKIIOYCHHBIX B TIPOCKT;

— «Export makefile» — skcropt ncxomHoro gaiina.

OcHoBHbIE BO3MO:KkHOCTH Moayasa «Debugger» (Brimagawmee menio «De-
bugger»). [lanHbIii MOAYIb MO3BOJISET MPOU3BOIUTH OTIAAKY U TECTUPOBAHHE Pa3-
pabOTaHHOTO MPOTPaMMHOI0 obOecreueHus Jisi MUKPOKOHTposuiepa. CIIUCOK OTia-
JIOYHBIX HMHCTPYMEHTOB HaxoauTcs Bo Bkianke «Select Tools» (Debugger>Select
Tools). Jlns oTnagky HaNMCaHHOTO KOJAA B PEKUME CUMYJISALMH, 6€3 IpOorpaMMHUpPO-
BaHUs peajbHOTO yCTPOMCTBA, cieayeT BeIOupaTh nHCTpyMeHT «MPLAB SIM». Ec-
a1 TpeOyeTcsl MPOU3BOAUTH OTIAAKY MUKPOKOHTPOJIIIEpA B PEKUME peaIbHOrO Bpe-
MEHHU, TOrJa HEOOXOAMMO BBIOpATh MCIOJB3YyEMbI BHEIIHHWI MporpaMmarop (Ipu
BBITTOJIHEHUH JTAOOPATOPHO# paboThl MoeT uctoib3oBaThes PICKIt2 nim PICKit3).

C momo1npo Moyl oTiiaaku «Debugger» MoKHO Takyke BRIOOPOYHO HIIH OJ1-
HOBPEMEHHO OYMCTUTH BCE THUIBI MaMATH U KOHPUIypalHOHHbIE OUTHI, UCIIONb3YS
Bkiaaky «Clear Memory» (Debugger>Clear Memory). /laHHast BKJIaJKa HMEET Clie-
JYIOIME BapUAHTBI OYUCTKU NaMSITH:

— Debugger>Clear Memory>Program memory — OYHCTHTh NaMsTh IPO-

rpamm;

— Debugger>Clear Memory>GPRS — 04YHCTUTH PErucTphl OOIIEro Ha3Ha-
YCHUS,

— Debugger>Clear Memory>EEPROM — 04YHCTUTh TMOCTOSIHHYIO MaMSTh
JAHHBIX;

— Debugger>Clear Memory>Configuration bits — cO6pocuth Bce KOHUTY-
pallMOHHBIC OUTHI.

[Tpu BKITIOYEHUU pEXKMMa OTJIAJKU Ha MMaHEITH MHCTPYMEHTOB BBICBETUTCS JIO-
NIOJTHUTEJIbHAS TAHENIb WHCTPYMEHTOB C OpraHaMu YIIPaBIICHUS AJS OTIaJOYHON
nporenyps (puc. 1.4).

[ o L AT

HLE,

Puc. 1.4 — Opransl ynpaBiaeHus OTIaT0YHON TPOLIEAYPOil

Onucanue CHMBOJIBHBIX O0O3HAUCHUW Ha IMAHENU YMPABICHUS OTIAI0YHOM
MPOLIEAYPOH CIJIEBA HA MPABO:
— «RUN» — 3amyck aBTOMaTH4€CKOro OTJIaJ0YHOr0 pexuMa 0€3 aHuMaIuu
(6e3 ykazarens mOJIOKEHUSI TPOTPAMMHOTO CUETUYHKA);
— «Halt» — ocTaHoBKa aBTOMaTHYECKOTO peXKHUMa OTJIaIKH;
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— «Animate» — pexxuM OTIAAKU ¢ aHUMarued (0ToOpakeHHe TOJIOKEHUS
yKa3aTeJs MPOrpaMMHOTO CYETUHKA);

— «Step into» — pexuM MOIIaroBoi OTJIAIAKHU C 3aX0/I0OM B MOIITPOrPAMMBI;

— «Step over» — pexuM MoIIaroBoi OTIAIKH € MIPOITYCKOM MOIPOrPaMM;

— «Step out» — BBIXOJT U3 TOAMPOTPAMMBI B OCHOBHYIO ITPOTPaMMY B PEXKHU-
M€ IOIIaroBOM OTJIaJKH;

— «Resety — cOpoc mporpaMMHOTO CYETUHKA, TIEPEXO/ 0 BEKTOPY cOpoca;

— «Breakpoints» — uncmoyib30BaHHE TOYEK OCTAHOBA.

[Tocneanss mporeaypa Mo3BOJISIET MPUOCTAHOBUTE BHITIOTHEHUE TIPOTPAMMBI B
aBTOMAaTUYECKOM PEKUME OTIAJKH, KOTOPBIA Jlajiee MOXKET ObITh MPOJIOJKEH B TO-
IIarOBOM HJIM aBTOMAaTHYECKOM pexuMax. TOYKM OCTaHOBa HE BIIMSAET Ha IOIIAro-
BYIO OTJIAJIKY.

HauanbHasi HacTpoiika MUKPOKOHTpoJUIepa B moayJie «Configure» (Bbl-
nagamomee MeHo «Configurey). Jlns 3aganust TpedyeMoll KOHQUTYpAIIUA MUKPO-
KOHTpoJulepa TpeOyeTcs OmpeaenuTh KOHQUTypaluoHHble OUTHL. OmpeneneHue
KOH(UTYpAIIMOHHBIX OMTOB CJENyeT 3a/JaBaTh IMEpe]a 3arpy3Koil MporpaMMbl B Ia-
MSTh TPOTPaMM MHKPOKOHTpOJUIEpa. YCTaHOBKa OMTOB OCYHIECTBIISICTCS MU MO-
momu ommuu «Configuration bits» (Configure > Configuration bits), koropas oT-
KpbIBaeTCs B OTAEIBbHOM OKHe (puc. 1.5). J{ns paGoTel ¢ MUKPOKOHTPOJIIEPOM JIaH-
HOTO JIaDOPATOPHOTO MAaKeTa CIEAYET ONPEAEIUTh KOH(PUTYpaUOHHbIE OWUTHI, KakK
nokaszaHo Ha puc. 1.5, cusB ranouky ¢ «Configuration bits set in code» (BaxkHO ra-
JIOYKY OOpaTHO HE YCTaHABIIUBATh).

e

# Configuration Bits E'@
[] Configuration Bits set in code.
Address | Value | Field | Category ‘ Setting |
2007 3FTL oscC Cscillator HS
WDT Watchdog Timer Off |
BUT Power Up Timer off
CFE Code Protect Cff
BODEN Brown Cut Detect Cn
LVEP Low Voltage Program Disakled
CPD Data EE Read Protect Off
WRT_ENABL! Flash Program Write Enabled

Puc. 1.5 — OkHO ycTaHOBKM KOH(PUTYpaLIMOHHBIX OUTOB

JIsist KOppeKTHOU paboThl MUKPOKOHTpoOJIIepa JabopatopHoro makera 1,2 u 6
KOH(HUTyparMoHHbIe OUTHI B ToJe «Settings» M0mKHBI ObITh UACHTUYHBI IPUMEDY,
HACTPONKH OCTaJIbHBIX OMTOB MOYKHO OCTaBHTh HeM3MeHHbIMH (cM. puc. 1.5). ITocne
3aBEPIICHHS] YCTAHOBKA OWTOB HEOOXOAMMO 3aKPBITh JAHHOE OKHO M BBITIOJIHHUTH
KOMITWJISALIMIO TIPOEKTa, BCE HACTPOMKHU OYyyT aBTOMAaTUYECKH COXPAHEHBI B MPOEKTE.

OcHOBHBIE BO3MOKHOCTH MOAYJds «Programmer» (Bblnmagawinee MeHIO
«Programmer»). JlaHHBII MOAYJIb ITO3BOJIIET 3arpy3UTh IIPOrPaMMy B MaMSTh MIPO-
rpaMM MHKPOKOHTpOJUIEpA C HUCIOJIb30BAaHMEM BHEWIHEro mnporpammaropa. IIpo-
IrPaMMHUPOBAHNE MHUKPOKOHTPOJUIEPA BO3MOKHO TOJBKO MOCJIE€ KOMIMWJIALMH MPO-
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rpaMMbl cO BceMu (haiiiiamMu, BKIIFOYCHHBIMH B MPoeKT. Kormga koMmumsius 3aBep-
IeHa, HEOOXOAMMO TOIKIIOYUTh MPOrPaMMATOP K MEPCOHATBHOMY KOMITHIOTEPY,
3aTeM B MEHIO «Programmer» BrIOpaTh MOAKIFOUCHHBIN porpammarop (Programmer
> Select tools) wmu, ecnm mporpamMmmaTop ObLT BEIOpaH 3apaHee, TpeOyeTcs BBITOJI-
HUTh COCIMHEHHE ¢ Tporpammaropom (Programmer > Connect).

[Tocne yCTaHOBKH COCITUHEHHUS C MPOrPAMMATOPOM JUIsl IPOTPAMMHUPOBAHHUS
MHUKPOKOHTpOJIIEpa CJCIyeT BOCIOJb30BaThCS MAHEIbI0 MHCTPYMEHTOB, MOKa3aH-
HoOI1 Ha puc. 1.6.

GOy By B O3 Oy F 1 B

Puc. 1.6 — Oprasnsl ynpasiieHusi IpOLECCOM IPOrpaMMUPOBaHUs
MHKpPOKOHTpOJIIEpa

Onucanve CUMBOJIBHBIX OOO3HAYEHWI Ha IMaHEIU YNPABICHUS MPOLIECCOM
IPOrpaMMUPOBAHUS MUKPOKOHTPOJUIEpA ClIeBa Ha TPaBO:

— 3arpy3uTh MOCIEAHUNA KOMIMIMPOBAHHBIA KOJI B MAMSATh MUKPOKOHTPOJI-
aepa;

— MPOYECTh NaMSTh IPOrpaMM MUKPOKOHTPOJLIEPA;

— npouectb «KEEPROM» namsits;

— IPOBEPUTH 3alIMCAHHBIEC JaHHBIE;

— OYHCTHUTH BCIO NAMSTh;

— IPOBEPUTH OUUCTKY BCEHl MaMsITH;

— MOJaTh BBICOKUU ypoBeHb Ha BbIBOJ «MCLRy» mist cusiTust pesxxuma cOpo-
ca,

— mojaaTh HM3KWUK ypoBeHb Ha BbIBOA «MCLR» mis akTuBanmu pexuma
copoca,

— MEPEenoKIIOYUTh U MPOBEPUTh TOTOBHOCTh BHEILTHETO IPOIPaMMaTopa.

1.2.4. PaboTa B HUHTErPUPOBAHHOM cpe/e

Co3nanue npoekra. [l cocrapneHus nporpammbl B cpene «MPLABy cre-
JyeT CO3[aTh HOBBIA MPOEKT, MPU HCIOIB30BAHUU BCTPOCHHON yTHINTHI «Project
Wizardy, namee cemMb 3TamoB JJis CO3JaHMS HOBOT'O IIPOEKTA.

Jtan nepBblii. 3anycture UHTErpUpoBaHHylo cpeny «MPLAB». 3amycture
«Project Wizard» xoropslii pacronaraercs o myta Project > Project Wizard.

Ortan Bropoii. [Tocne 3amycka «Project Wizardy» mosBUTCS OKHO TPHUBETCTBHS
«Welcomey, mociie 4ero HaXXMUTE KHOTIKY «/1aJieey.

Jtan TpeTuii. B 3TOM AuanoroBomM okHEe HEOOXOIUMO OCYIIECTBHUTH BBIOOD
yCcTpoiicTBa W3 BhIMajamoimero cmucka «Device». Bwibepure PIC16F877 wum
PIC16F877A (namuume OykBbI A HEOOXOJAMMO OMPEEIATh M0 HAMICH Ha KOPILyce
MK umeromerocst Ha MeYaTHOM IJIaTe MaKeTa), 1 HAKMUTE KHOTIKY «IaJieey.
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JTtanm 4eTBepThIii. B cienyromem okHe, B cTpoke «Active toolsuite», u3 BbI-
IaJIaroIlero CIucKa ciieayer Beiopath kommuisatop «Microchip MPASM Toolsuitey
(OOBIYHO 3TOT KOMIWJISATOP BBIOpaH MO yMOJYaHUIO). B ocTanbHBIX CTpOKax Bce OC-
TaeTcs 6€3 U3MEHEHUN, HAXKMUTE KHOTIKY «aJieey.

Jtan nATkIA. B crneayoneM AMaioroBoM oKHE HEOOXO0UMO BbIOPATh TUPEK-
TOPHIO COXPaHEHHs POoeKTa. i1 3TOro HaxKMHUTE KHONIKY «Browsey», oTkpoercst Ho-
BOE JIMAJIOTOBOE OKHO, B HEM BBIOEPUTE MANKy B KOTOPOM HEOOXOJIMMO pa3MeCTUTh
dainbl mpoekTa, nanee BBEAUTE MM MpoeKkTa B CTpoKy «Mms daiina», HaxXxmure
KHOIIKY «COoXpaHuTh» (IIOCJIE€ Yero JOMOJHUTEIbHOE OKHO 3aKpPOETCs) U HAKMUTE
KHOIIKY «JaJIee».

Jran wecroi. B cienyronieM AuanoroBoM OKHE MOKHO JOOABJISITH BCIIOMO-
ratenbHble (hailibl B IPOEKT Ha 3Talle CO3/aHus MpoekTa. B naHHOM citydae ¢aiiibl
N00aBIATH HE cieyeT. HaxxMuTe KHOMKY «aajieey.

Jran ceaAbMOM. B mocieqHemM IramoroBoM OKHE IPUBOJIUTCS PE3IOME MPOEK-
Ta, KOTOPBIA OyJIeT co37aH, MPOBEPHTE ITU AAHHbBIE, €CJIM BCE BEPHO, TOI'1a HAKMUTE
KHOIIKY «['0TOBO», B MPOTHUBHOM Ciy4a€ BEPHUTECHh Ha TpeOyeMbIl MpeablIyInui
3Tall U BHECUTE COOTBETCTBYIOIINE KOPPEKTUPOBKHU.

[locne 3Toro stama mpoueAypa CO3/aHHsl MPOEKTa 3aBepllieHa, U 000JI0UKa
IIPOEKTa MOATOTOBJICHA JUISl B3AMMOJIEUCTBUS C MUKPOKOHTPOJUIEPOM.

Bruarouyenune ¢aitsioB mogaep:xxkku B npoekt. [locne cozmanusa npoekra Ha
paboyeM CToJIe HHTETPUPOBAHHOW Cpelbl OyayT HaXOJAUThCS JiBa OKHA: «Project» u
«Output». Oknao «Projecty (B ciiydae OTCYTCTBHsSI 3TOTO OKHA, €r0 MOXXHO OTKPBITH
View > Project) otoOpaskaeT Mmanku IpoekTa, B KOTOPBIE CACAYyeT IOMECTUTD (DalIbI
HNOJIEPKKH, HEOOXOUMBIE Il KOMITUJISILUY MTpoekTa. B okHe «Output» BbIBOIATCA
cooO11eHus, MHPOPMUPYIOIIUE pa3padOTUMKa O HAIMYUM OLIMOOK WIIU UX OTCYTCT-
BUH.

JUist ynpouieHus: mpoleaypbl HamucaHusi MpOrpaMMbl CIEAyeT BKIIOUUTH 3a-
rojoBouHble (ainel B manky npoekrta «Header files», koTopas Haxomurcs B OKHE
«Projecty.  3arosoBouHble  (aiibl  OOBIYHO HMEIOT  CJIEAYIOIIME  WMEHa:
«PIC_MAC.inc» u «P16F877.inc».

daiin ¢ aapecaMu PErHCTPOB CIEIUANIbHOTO HazHaueHus «P16F877.inc» He-
obxoaumo Haiitu B qupekropun C:\Program Files\Microchip\MPASM Suite u cko-
NUPOBaTh B MalKy HACTOSIIEro mpoekra. JlaHHblid (aiiia MokeT ObITh MCIOIb30BaH
kak 1151 MK PIC16F877 ¢ 6ykBoii «A» Tak 1 0e3 OyKBbI «AY.

@aiin makpocoB «PIC_MAC.inc» co3znaercs B MaHyallbHOM pexume. st 3To-
IO CIIEIyEeT CO31aTh TEKCTOBBIA TOKYMEHT B MAIIKE HACTOSIIETO MPOEKTA U 3aMEHUTH
Ha3BaHue U pacmupeHue (Qaitna «HoBBIH  TEKCTOBBIM JOKYMEHT.IXt» Ha
«PIC_MAC.inc». Dot daitn HeoOXOAMMO 3aOTHUTD CICAYIONICH HHPOPMAIUCH:

b0 macro

bcf STATUS, RPO

bcf STATUS, RP1

endm

bl macro
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bsf STATUS, RPO
bcf STATUS, RP1
endm

B pesynprare BBINTOJHEHUS BBINICYKA3aHHBIX JIEMCTBUM, B IANKE IPOEKTA
JTOJDKHBI OBITH pasMernieHbl aBa ¢aiina «PIC_ MAC.inc» u «P16F877.inc». Ilocne
ATOTO MIETYKOM IMPaBOM KHOIIKM MBIIIHN 1O Tanke ¢ HazBanueMm «Header files» cie-
ayet BeiOpaTh onuuio «Add files», u B OTKpBIBIIEMCST THAJOTOBOM OKHE CJEIyeT
BBEIOPATH JBA BBIMICYMOMSHYTHIX (haiijla W3 TMAaNKu MPOeKTa W HaxaTh KHOMKY «OT-
KpbIThY». JIBa (aitna OyayT oToOpaskeHsl B Bujie o adaiinos nanku «Header files».

JIns HanucaHus MCXOAHOTO KOJA, KOTOPBIM M SIBJISIETCS OCHOBHOW ITPOTpaM-
MO, HE0OX0IMMO co31aTh HOBBIN ¢aiiin. HoBbil ¢ain MOXKHO co3/1aTh, BEIOpaB OI-
o «Filey» ( File > Add new file to Project). B oTkpsiBIIEeMcst AHaIOTOBOM OKHE B
ctpoke «Mms ¢aiina» HeoOX0AMMO 3amucaTth cleayroliee «main.asmy (6e3 KaBbIueK)
U HaxaTh KHONKY «CoxpaHuTh». Eciii Bce mpolio ycnenHo, co31anHblid aiin oto-
Opas3utcs Kak nmojadaiin B manke «Source files» ¢ uMeHeM «main.asmy.

Ha sTom 3Tame Bce MOATOTOBHUTENBHBIE JICHCTBUS BBITIOJIHEHBI U TIPOCKT IT0JI-
HOCTBIO TOTOB K COCTaBJICHUIO MPOTPAMMHOT0 KOJa.

CocraBJjieHue mporpaMmbl Ha si3blke accemOJjiepa. Hanucanue mporpamm-
HOTO KOJIa Ha S3bIKE accemOyiepa JOJDKHO OCYHIECTBIAETCS B (aidyie «main.asmy.
[[TaGnoH HaYabHOW MPOrpPaMMBbI JUIsi MUKPOKOHTPOJLIEpa, UCIOJIb3yeMOro B J1abo-
paTOpHOM MakeTe, MoKa3aH Ha puc. 1.7.

[IporpaMMHBIii KOJT HAYAJILHON TTPOTpaMMBbl BKITIFOUAET B CeOsI:

— TMOJKIIOUYECHHE 3arojIOBOYHBIX (DalIOB C HCHOJb30BAaHUEM JUPEKTUBBI

«includey;

— pa3MelleHue Mo agpecaM BEKTOPOB cOpoca U MpepbiBaHUs, KOMaH] Oe3yc-
JIOBHOTO Tepexoa «goto» Ha metku «Main» u «IRS» ¢ ncnonp3oBaHreM
TTUPEKTUBBI «OIrQ»;

— nupektuBy «CBLOCK)Y, xoTopas o6003HauaeT Havajao OJI0Ka OOBABICHUS
aJ]peCHBIX KOHCTAHT, HauuHas ¢ agapeca 0x20, 4TO COOTBETCTBYET aapecy
MEPBOTO PErucTpa OOIIEro Ha3HAYCHUS B HYJICBOM OaHKE MaMSTH JaHHBIX.
B nanHoM Ojoke MUIIYTCS MMEHA, KOTOphIE OyAyT MCIOJIb30BATHCS IS
MPUBSI3KK aJPECOB PETHCTPOB OOIIEro Ha3HAYCHHUA. 3aKpbiTUE OJ0Ka
JOJDKHO COMPOBOXKIATHCS TUpeKTUBON «ENDCy;

— MeTKy «Mainy, kortopas 0003Ha4aeT Havaja0 OCHOBHOM mporpaMMmsbl. Bech
IPOrpaMMHBIN KO/, KOTOPBIA IOMEINEH Mexay MeTkamu «Mainy u
«Loopy, Oyner BBIMOTHATHCA OJIMH pa3 MPH KaKIIOM BKIIOYEHUU MHKPO-
KOHTpOJUIEpa WM B Cydae BBINOJHEHUS YyclIoBUs cOpoca. JlaHHas 4acThb
MPOTrpaMMBbI UCTIONB3YETCS JIJIs1 HA4allbHOW MHUITMATU3AIMA U KOHPUTypa-
Uy nepudepuiiHbIX MOTyJIed MUKPOKOHTPOJLIEPA;

— MeTKy «L0oop», koTopast 0603HaYaeT Hayaja0 OCHOBHOTO UM OECKOHEYHO-
ro UMKjiaa nporpammel. [IporpaMmMHBIA KO, HOMEIIEHHBIA MEXIY METKOU
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«Loop» u uHcTpykuuen «goto Loop», OyAeT BBIMOJHATHCS OECKOHEUHOE
KOJIMYECTBO pa3;

— MeTky «ISR» (Interrupt Service Routine), kotopas ob6o3HauaeT Haydajo
HOJIporpaMMbl 00pabOTKH npepbiBaHui. [IporpaMMHBII KO, 3aKIIIOUEH-
HBI Mexay MeTkor «IRS» u komanmoit «retfie», Oyaer BBITOIHATHCS Ka-
KJIbIM pa3 MpU BO3HUKHOBEHUHU KaKOr0-TMOO PpephIBaHUS;

— KOJ BCEHM MporpamMmbl, KOTOPBIA O0OS3aTENIbHO [IOJKEH 3aBep-
[IaTHCS TUPEKTUBOU «end.

ginclude "PLEFE77.inc”

#include "PIC MAC inc™

org 0x00 ;sexTop cBpoca
goto MATH

org Ox04 FESHTOD DpepHEIHMA
goto ISR

;Brox cEnABNeHMA EOHCTEHT
;3Oecs OMOYTCA MMEHE DeTHOTDOR
;oBmero HaIHaWeHMA
ENDC
MATH
; CERUMA OpelsspMTennHOoNH
;HACTDOMEM NepMiepDMiHeEy MOTyIes
LoOE
; OCHOBHOM UMEN OpOTDamhsd

R

goto LOOE

ISE
; obpaboruMz NpepasaHMIL
retfie

end ;moHel OpOTDaNEST

Puc. 1.7 — I11aGnoH HayaabHON MPOrpaMMBbl Ha sI3bIKE acceMouiepa

Yro0bl yOeauThca B OTCYTCTBUU B TPOTPAMMHOM KOJI€ CUHTAKCHYECKUX OILIH-
OOK, clieyeT BBINOIHUTh KOMIUJISLIMIO HanucanHoil nporpammel. BAZKHO, nepen
KOMIWISILIMEN MPOEKTa, YCTaHOBUTh KOH(PUIypallMOHHbIE OUTHI Kak MOKa3aHO Ha
pucynke 1.5. KoMnwisinys mpoeKTa BBINOJIHIETCS 4Yepe3 MaHENb, MOKa3aHHYK Ha
pucyske 1.3.

1.2.5. Cumyasinusi nporpaMmmbl

[To ycmoTpeHuto pa3zpaboTumka MPOBEPKAa KOPPEKTHOCTU BBIMOJIHEHHUS MPO-
IPaMMHOTO KOJIa MOKET OBITh BBIMOJHEHA KaK MPU MOMOIIY CUMYJISTOpa UHTETPU-
POBaHHOM Cpenbl, Tak U 0€3 UCIOJIb30BAHMS CUMYJISILIUUA Cpa3y ke MOociae KOMITUIIS-
UH.

B pexume cumynsinuu TpeOyeTcs MCHoib30BaTh Moxyib «Debuggery (cwm.
puc. 1.4), Tak KaKk B JaHHOM MHTETPUPOBAHHON Cpeae CUMYJISILUS BBINOJIHSAETCA IPH
IOMOUIM OTJAJO0YHBIX CPEACTB caMOW cpelpl. B naHHOM ciydae A CUMYJIALIAU
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TpeOyeTCsl HUCIOJb30BaTh HMHCTpyMEHT 1oj HasBaHuemM «MPASM  SIM»y
(Debugger>MPLAB SIM).

JIJiss IpOCMOTpa COCTOSIHUS U COJICPKaHUSI PETUCTPOB CICIHAIBLHOTO U O0IIIe-
ro Ha3HAYCHHUS CIICAYeT MCIOJIb30BaTh MOAYIh «Viewy (ommcanue B myHKTe 1.2.3)
HETMIOCPEACTBEHHO B PEXHME CUMYJSIIMK C TIONMIArOBOM OTIAIKON. DTO IMO3BOJMT
KOHTPOJMPOBATh U3MEHEHHE BCEX OUTOB PErHCTPOB MO MEPE BBHIMOIHEHUS] HHCTPYK-
U1 POTPAMMBI.

@dparMeHT MporpaMMbl, MOKa3aHHBIH Ha puc. 1.8, meMOHCTpUpPYET 3arpy3Ky
JECATUYHOTO YHCIIa B PETUCTP OOIIEro Ha3HAYSHUS M BHIMIOJHEHHE apu(METHICCKOM
orepanuu (CIOXKEHHSI) 3HAYCHUSI aKKyMYJISITOpa W 3HAYCHHsI perucrtpa oOmiero Ha-
sHadeHus «V1» [2]. [TonHblid criucok koMana npuBeneH B [Ipunoxennn A.

CBLOCE 0xZ20

1 ;zasaguwenms POH
ENDC
MATN
MO LW 120 FZETRYVIHAE BemdumaEE 120 B aHRYVMYIIATO
MOWVWE vl ;SETPYVIHAE IHESYEHMA AREVMyIATODE E perHcTp V1
LOOE ;METHE HAYWANE CCHOBHON OpOTDEanmEs
MO LW J1a ;EETEpYVERa EermauMEE 10 2 aEmyMyIATOo
AODOWE Vi,1 FEHOMaHIDS CIAOESHMA SERVMYIATODRE C perMcTpol V1
goto LOOP
ISR
retfis
end

Puc. 1.8 — ®parmMeHT nporpaMmsl, BBITOJHSIOMIMNA apu()METHUECKYIO
OIIEpaLUIO CII0KECHHUS

[TpuBeneHHbIi (hparMeHT MPOTrpaMMBbI MOKA3BIBAET, YTO JIJIsI BHITIOTHEHUS OTIe-
panuu cioXeHus: TpeOyeTcs 3arpy3uTh MEPBOE CIaraeMoe B aKKyMYJIITOp, 3aTEM 3a-
TPY3UTh €ro U3 aKKymyisitopa B peructp. Ilorom HE0OXOAMMO 3arpy3uTh BTOPOE
CJIaraeMoe€ TOJIBKO B aKKyMYJIITOP, @ 3aTE€M MCIOJIb30BaTh KOMaHAY CIOKEHHUS.

[Ipu cumynsumu pparMeHTa MporpaMMbl ITUKINYECKOE CIOKEHUE 3HAYCHUI
peructpa «V1» u akkymynstopa OyayT U3MEHATh apudmeTudeckue ¢uaru perucrpa
«STATUSy. ®naru, koTopble 0TOOpaXXarOT pe3ysibTaT apu(PpMeTHUecKol onepaiui,
Haxonarcs no aapecam 0 u 2. TlomHoe onucanne O6utoB peructpa «STATUSy mpu-
BeJleHo B mpuiioxeHun b. s mpocmotpa coctostHust 0uToB peructpa «STATUSY
CenyeT OTKPBITh OKHO TpocMoTpa peructpoB View> File registers. J{ms koHTpos
HECKOJIBKMX PErHCTPOB, OJJHOBPEMEHHO MOKET OBITh OTKPBITO HECKOJIBKO OKOH TIPO-
CMOTpa PEruCTPOB JaHHBIX (IIpH OTKPbITHH OKHa «File registers», B ero HumxHEH
YacTH CIIEAyeT BBIOpaTh BKIAIKyY «Symbolicy).

[Ipu mo1aroBoM BBITTOJIHEHUH UHCTPYKIMM BCE U3MEHEHHSI MTHOBEHHO OYIyT
otoOpaxartbcs B okHe «File registers»y. OOy4aroniemycs cienyeT u3y4uTh, KaK u3me-

HSIOTCS yHOMsHYThIe (uiarn apudmerudeckux coctosHuid AJIY mpu 1muKImdeckom
BBITIOJIHEHUHM KOMAH/IbI CII0KEHUS.
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1.2.6. 3arpy3ka nporpaMmbl B NaMATh POrPaMM MUKPOKOHTPOJLIEpa U
HCIO0JIb30BAHME BHYTPUCXEMHOM OTJIAAKH

@®parMeHT nporpaMMsl, IMOKa3aHHbBIM HA puc. 1.9, neMoHCTpUpyeT UCIONB30-
BaHUE BBIBOJIOB NopTa «E» /I 3aKUranusi CBETOAMO/I0B, KOTOPBIE 3aKUTAIOTCS TIPU
(GhOpMHUPOBAHUH BBICOKOTO JIOTUYECKOTO YpOBHS Ha BhiBoJax «REL1» m «RE2y». Jlns
UCIIONB30BaHus (pparMeHTa nporpammel (puc. 1.9) TpeOyeTcss TakKe HCIOIb30BaTh
1rabJI0H porpaMmel (puc. 1.8).

B paznene nnunmanuzamuu (puc. 1.9) ocyiectsisiercs KOHPUTypaius BbIBO-
noB nopta «E» Takum 006pazoM, 4TOOBI BBIBOJBI padOTalu Ha BBIXOJ B IU(POBOM
pexuMe, KoTopash OCYIIECTBISIETCS MOCPEICTBOM OYHCTKHA BCeX OWUTOB pErucrTpa
«TRISE» u 3arpy3koit kondurypannontoro uyucia B peructp «ADCON1y. Jlanee B
OECKOHEYHOM LIMKJIE OCYILECTBISETCS YCTAHOBKA U COPOC BBICOKUX U HU3KHX JIOTH-
yecknx ypoBHe# Ha BeiBojmax «RE1» m «RE2», uro mo3BosnseT 3axedb M MOTACHTH
CBETOJINO/IBI.

MATHN ;HEYAID OCHOBHOM OpOTpaMuE
bl ;Ezbop mepEcroc DaHERE ODEMATH OaSHHEHN
CLRE TRISE ;mopr E ha suxon
LAOW L Eb'00000110" DVIXa HOHC

1]
W W =

Py3IEa KOoHC

MOVWE ADCON1 ;7 =2a
b0 ;Embop ®yneEcroc DaHEmE ODEMATH OSHHEN
CLEFE BORTE ;OYMMCTHE EHECIOCE OPOTE

LoOP JHETRa Hawans DecHOoHewHODOD LIMENIS
baf BORTE, 1 ;ycraxocExa 1 Ha BmEcge REL
Lo ;OYVCTON LI
baf BORTE, 2 ;ycraHoExa 1 Ha BmEcOe REZ
Lo
bef BORTE, 1l ;ycramocExa 0 Ha BmEcge REL
Lo ;OFCTON LM
bef BORTE, 2 ;ycraxHocExa 0 Ha BmEcge REZ
goto LOOE

Puc. 1.9 — ®parmeHT nporpamMmbl, BHIOTHSIONICH 3aKUTaHIE CBETOAMOOB
Ha BeiBomax «RE1» u «RE2»

®parmeHT nporpaMmel (cM. puc. 1.9) cnemyer NOBTOPUTH B UCXOAHOM (aiiie
¥ CKOMITWJIMPOBAH JUIsl NaJlbHEHINEeH 3arpy3kd B MamsiTh MPOrpaMM MUKPOKOHTPOJI-
nepa. Ilepen 3arpy3koil HEOOXOJMMO YCTAaHOBHUTH KOH(UTypallMOHHBIE OUTHI (CM.
puc. 1.5). Ilocne yctaHOBKH KOH(DUTYPAITMOHHBIX OUTOB TPEOyeTCs] CKOMITUIUPOBATH
porpaMMy U 3aTEM €€ MOXHO 3arpy3uTbh B MMaMsTh MUKPOKOHTPOJUIEpPA, UCTIOJIb3YS
mMoayab «Programmer» (Programmer -> PicKit2).

[Tocne BBIOOpa mporpamMmaropa, HCMOJB3YWTE MaHedb MPOTrpaMMHUPOBAHUS
(cm. puc. 1.6) ans nporpammupoBanusd. [locne mporpaMMupoBaHus MUKPOKOHTPOJI-
Jepa, It TOro 4ToOBl MporpaMma B NaMsITH MHKPOKOHTpOJUIEpa Hayajaa BBINOJI-
HSATHCS, TPEOYETCS T01aTh BHICOKUIN JIOTHYECKUM ypoBeHb Ha BbIBOA «MCLR» Muk-
POKOHTpOJUIEpa, YTOO BHIBECTH MUKPOKOHTPOJIIEP U3 peKuMa cOpoca, UCIIOIb3YHTe
naHeJlb WHCTPYMEHTOB Il IporpammupoBanus (cM. puc. 1.6), mocie 4ero MOKHO
OyZeT yBUIETh CB€UeHHE CBeTOIM0A0B. Ho Bu3yanbHOE MepliaHue CBETOAMOI0B Ha-
Omomatbesi He OyAeT, TaKk Kak MporpaMMa BBITIOJHSIETCS OY€Hb OBICTPO, MOITOMY,
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JUIsL TOTO 4TOOBI YOEIMTHCS, UTO MpOrpaMMa BBITIOJIHIETCS KOPPEKTHO, TpedyeTcs
NEPEUTH B PEXUM OTIAJAKUA M IOLIATOBO BBIMNOJHUTH KAXKIYH) HHCTPYKLHIO IPO-
rpaMMBbl, HaOJO/1asd 32 TeM, KaK KaxIblii CBETOANO]I OYJET 3aKUTaThCsl MU FaCHYTh
B COOTBETCTBUU C BBINOJHAEMOW MHCTpYKUMEH. OTiaagka MporpaMMbl BBIIOJHSAETCS
aHAJIOTUYHO CUMYJISILIUM, TPUBEACHHON B MpebIAyIeM MyHKTe (cM. puc. 1.4), Tomib-
KO MHCTPYMEHTOM Il OTJIAJKU CIIEAyeT BhIOMpaTh BHEMIHUHN mporpammatop (De-
bugger -> PicKit2), moakmoueHHbIN K IEPCOHATLHOMY KOMIIBIOTEPY.

Bo Bpewms BbIMOJIHEHHS TOMIArOBOM BHYTPHUCXEMHOW OTIAJAKU HEOOXOIUMO
UCII0JIB30BaTh MOIYJb «View» (cM. myHKT 1.2.3) s IpocMOTpa COCTOSTHHSI OUTOB
peructpoB B namsaTu nanHbix. Cinegyer oopatuth BHUMAHMUME, Ha TO 4TO B OKHE
«File registers» M0oXHO MPUHYAUTEIHPHO U3MEHSATH 3HAYCHHSI PETHCTPOB B PEIKHUME
peasibHOTO BpeMeHH. B kauecTBe mpumepa MOKHO U3MEHUTh 3HAUEHUsI OUTOB C aJ-
pecamu 1 u 2 B peructpe «PORTE» u Habmr0ogaTh MpoIiecc BKIIOUEHUS WITH BBIKITIO-
YEHUSI COOTBETCTBYIOLIUX CBETOAMOO0B (17151 yJOOHOTO IPOCMOTPA COCTOSTHUSI OUTOB
perucTpa yao0HO UCTOib30BaTh Gopmar «biny, manHbIi opMaT MOXKHO BEIOpATH
BBIIIOJTHUB IIEYOK MPAaBOM KHOMKK MBIINIA IO BepxHed maHenu okHa «File
registersy).

1.3. Ilopsiaok BHINOJIHEHHS J1a00PaTOPHOIi padoThI

1.3.1. Coznaiite HOBBIM MPOEKT HauWHasg ¢ MyHKTa 1.2.4 U IOBTOpUTE BCE OC-
TaJbHBIC MYHKTHI B COOTBETCTBUHU C MOPSIKOM HM3JI0KEHUS B TCOPETHYECCKON HaCTH
(IeiicTBUS, BBIMIOJHEHHBIE B JAHHOM IYHKTE HE JIOJDKHBI OTOOpaXXaThCsl B OTUETE).

1.3.2. Ucnonk3ys npumepsl porpamm (cm. puc. 1.7 u puc. 1.8), cienyer pas-
paboTath HOBYIO IPOrpamMMy, B KOTOPOW PETUCTP OOIIEro Ha3HAYeHUs CKIIAJbIBACT-
Csl CO 3HAYEHUEM, 3arPYKEHHBIM B aKKyMYJISATOp (HayadbHbIE 3HAUYCHUS JJI PETUCT-
pa 0011ero Ha3HAYCHUS M aKKYMYJISITOPa BHIOMPAIOTCS 110 HOMEPY B CITUCKE TPYIIIIBI).
Jlanee HEOOXOAUMO 3aKUTaTh WM FACUTh CBETOAMOJbI B TPOU3BOJIBLHOM MOPSIIKE, B
3aBUCUMOCTH OT COCTOSIHUM (hraroB «Z» u «Cy». {751 3TOro He0OX0IMMO BOCITONIB30-
BaThCS CIIMCKOM KOMaH/I, TPUBEACHHBIX B MPUIOKCHUH A.

1.3.3. Tlocne HamucaHusi MPOTPAMMBbI CIEAYET BBITIOJHUTH KOMIUJISIUIO |
IPOU3BECTH CUMYJISLHIO. Mcomb3yst Moayiib «Viewy, yOeauThes, 4YTO 3HaYCHHUS Ou-
TOB M3MEHSIOTCS B COOTBETCTBUU C 3amaHueM. CrenaTh CKPUHIIOTHI CUMYJISIIUU H
MPUBECTH UX B OTUETE.

1.3.4. Tlocne ycnemHod CUMYJISIIMNA MPOTPAMMBbI, BBIIOJHUTE MPOTPAMMHUPO-
BaHME MHUKPOKOHTpPOJUIEpa JaOOPaTOPHOTO CTEHAA W MPOU3BEAUTE BHYTPUCXEMHYIO
MOIIIATOBYI0 OTJIAJIKY MPOTPAaMMBbI, 4TOOBI YOSAUTCS B KOPPEKTHOCTH BBHITIOJTHCHUS
IPOTpaMMBI.

Bce sramnbl BeIMoHEHUS paOOTHI CIEAyEeT OMKCAaTh B OTYETE C COOTBETCTBYIO-
IIIMMHU PUCYHKaMHU OKOH MHTETPUPOBAHHOMN CPEJIbI.
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1.4. Conepxanne oT4yeTa

Ienb paGoTHI.

DnekTpuyeckasl NpUHIMIHAIbHAS CXeMa 3aJ€CTBOBAHHON YaCTH MaKeTa.

TeopeTnueckas yacTb.

[TpuBecT acceMOIepHBIN KO IpOrpaMMsl (1Mo MyHKTy 1.3.2).

[TpuBecT nMoapoOHOE ONMUCAHUE MPoLecca CUMYJIISIUU U BHYTPUCXEMHON OT-
JaJIKU C COMYTCTBYIOIIMMU CHUMKaMU OKOH IIPOEKTA.

[TonpoOHbIE BHIBOABI.

1.5. KoHTpoJIbHBIE BONIPOCHI

OO0bsacHUTE TOCTEA0BATEILHOCTD ACHCTBHI JIJIs1 CO3/1aHUsI HOBOTO MPOEKTA.

Kax nmpousBect CUMyYJISLINMIO TPOTrpaMMBbl 6€3 TPOrpaMMUPOBAHUS MUKPOKOH-
Tposuiepa?

Kak mnpousBecTd mnporpaMMHUpOBaHHE MUKPOKOHTPOJIJIEpA MPH TOMOIIH
BHEIIHETO MporpaMmmaropa’?

OnummTe cpeacTBa MHTETPUPOBAHHON CpENbl, MO3BOJISIONIME OTCIICKUBATH
COCTOSIHMSI OUTOB B pETUCTpax.

[lepeuncnure KOMaHAbl, KOTOPBIE MO3BOJISIIOT MPOBEPSTH COCTOSHHE OWUTA B
peructpe. [IpuBeaute npumepsl.

Kax u3mensitorest apudpmerndeckue duaru «Z» u «C» perucrpa «STATUS»?
[IpuBenuTe mpuMep, IEMOHCTPUPYIOMIUN MPOBEPKY YHOMSIHYTHIX apH(PMETHIECKUX
¢naros.
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JIABOPATOPHAS PABOTA Ne 2.
JANHAMUNYECKAA UHANKALUA C UCTTIOJIB30OBAHUEM
IMPOTPAMMHOM U ATITAPATHOM 3AJIEPKEK

2.1. Heab padoTsl

N3yyenue mpuHIUIIa TUHAMUYECKOM MHAMKAIMKA Ha 0a3e CEeMHCErMEHTHOTO
CBETOAMOJHOTO WHAWKATOpPA C MCIIOJIb30BAHUEM IMPOTPAMMHOW W almapaTHOW 3a-
JIEPIKEK;

2.2. TeopeTnueckne cBeJeHUSA

B naGopartopHoii paboTe UCIONb3yeTcs Ta0OpaTOPHBIA MaKeT, TPUHITUTTAATb-
Hasi CXeMa KOTOpOro mpuBeACHHbIN Ha puc. 1.1. B HeM OyayT 3aneicTBOBaHBbI cie-
JYIOIINE YCTPOMCTBA!

— wmukpokoHTpoiuiep PIC16F877 (DD1);

— 4eThIpeXpa3psIHbIA CEMUCETMEHTHBIN TuHaMuueckuil naaukarop (HL1).

2.2.1. YcTpoicTBO YeThIpeXpa3psHOro ceMHCErMEeHTHOI0 HHIMKATOPA

CeMUCEerMEeHTHBIN MHIUKATOP COCTOMT U3 CEMU BJIEMEHTOB MHJUKAIMUM (Cer-
MEHTOB), BKJIIOUAOIINXCS M BBIKIIOUAIOIIUXCS MO OTJeIbHOCTH. CerMeHThl 0003Ha-
yatotcst OykBamu: A, B, C, D, E, F, G u DP. O003Ha4ueHus1 CETMEHTOB OJIHOTO pa3psi-
Jla MHJIUKaTopa IoKa3aHbl Ha puc. 2.1.

(A
Oy
{D >

Puc. 2.1 — OGo3HaYCHHS CETMEHTOB CEMUCETMEHTHOTO HHIUKATOPA

Hcnionb3yembliil 1Ta00paTOPHBIA MAaKET OCHAIIEH YEThIPEXPa3psiAHBIM WH]IUKA-
TOPOM C OOIIUM KaTOJOM, AJIEKTpUUYECKas MPUHITUIIUAIIBHAS CXeMa KOTOPOro MokKa-
3aHa Ha puc. 2.2.

CornacHO TPUBEICHHON SJICKTPUUECKOW MPUHIMIINAIBHOW CXEMbl MaKeTa
(cm. puc. 1.1), Bocemb BbIBOJIOB OpTa D MOAKIIIOUEHBI K @aHOJJHBIM BBIBOJIAM KaXK10-
ro CErMEeHTAa, a O0IIMEe BHIBOABI KATOJ0B KaXKJA0TO pa3psiia MOAKIIOUEHbI Yepe3 TpaH-
3ucTopsl ynpasieHus K BoiBojiam: REO, RA2, RA3 u RAS.

JI1st BKITFOUEHUSL OMIPECTICHHBIX CETMEHTOB OJTHOTO M3 YEThIPEX pa3psiioB He-
00X0AMMO TO/IATh JIOTHYECKYIO «1» Ha 0a3zy TpaH3MCTOpa COOTBETCTBYIOIIETO pa3-
pslla ¥ 3aT€M YCTaHOBUTh HEOOXOJIMMbIC JJOTMUECKUE YPOBHU Ha BhIBOAAX mopta D.
B Takom ciydae OyayT BKIIFOUEHBI T€ CETMEHTHI pa3psija, Ha KOTOPhIE MOCTYMAOT
BBICOKHE JIOTHYECKUE YPOBHU C BBIBOJIOB TTopTa D.
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Digl: 12 ¥ Dig2: 9
|
u%b%?gd GJF fZLgDPi JFJSJEJFZLfJFgDPjE
11 7 4 2 1 10 5 3 7 4 1 10 5 3
Dig3: 8 Dig4: €
|
r::JF bJF c% cl}_%e%S fJE g DF"jF o b% c dJFe fJE g |DP
1M1 7 4 2 1 10 5 3 M7 4 2 1 10 3

Puc. 2.2 — Cxema yeTbIpexpa3psIHOr0 CEMHUCErMEHTHOTO HHANKATOpa

2.2.2. llpuHuun padoThl AMHAMUYECKOH HHIAUKAMHT

JluHamuueckasi MHAWKAIMUS — 9TO THUIl WHIUKALWU, TIPU KOTOPOM BBIBOJ| HH-
(dopManuu Ha pa3psibl UHANKATOpa OcyllecTBisieTcs nooyepeaHo. [Ipu aTom yacro-
Ta BBIBOJA CUTHAJIOB HAa MHAMKATOP BHIOMPAETCS TaKOM, YTOOBI MEPEKIIIOUEHHUE pas3-
PAI0B UHIUKATOPA HE ObLIO 3aMETHBIM IJla3y YEJIOBEKA.

JU1st OAHOBpEMEHHOT0 M300pakeHus AECATUYHBIX Uu(p Ha 4 pa3psaax UHIU-
KaTopa, HE0OXO0AMMO OTHOCUTEIBHO OBICTPO BBIBOAUTH OIpENEICHHbIE KOMOUHAIIUN
goruuecknx «0» u «1» Ha BbIBOIBI TOpTa D ¥ CHHXPOHHO MEPEKITIOYATh YIPABIISIO-
M€ TPAH3UCTOPHI TAKUM OOpa3oM, YTOObI €AMHOBPEMEHHO ObLI «OTKPBIT» TOJIBKO
OJIMH TPAH3UCTOP, YTO OOECIEUUT BKIIOUYEHUE TOJIBKO OJHOrO paspsia UHIAUKATOPA
B OIPE/ICIICHHBIII MOMEHT BPEMEHMU.

@parMeHT anropuT™Ma JUis peaiv3aluu JUHAMUYECKOW MHIMKAIlMU U BBIBOJA
1, 2, 3 u 4 Ha pa3psbl HHANKATOpa MOKa3aH Ha puc.2.3.

v

3arpy3ka nopra D mms
BEIBOAA «1»

Bxitouenue paspsiga Ha
KOTOPOM TpebyeTcst
orobpasurs «1»

Bpemennas 3aiepxkka B
HECKOJIbKO MUJUIACEKYHT

| Briximouenve paspsia

Hamee aHvanoquHo
TOBTOPSIFOTC S IEHACTBUSI
JUTST OCTaBIIUXCA 3
pa3psaaoB

Puc. 2.3 — ®parmenT ajiroput™a Jisl peanu3aiiui JMHAMUYeCKON HHANKALIMT
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2.2.3. Peanu3zanusi nporpaMMHOIi 3a1epiKKH

Wnest mporpaMMHON 3aJIepXKKH 3aKITFOYAETCSI B TOM, YTOOBI BPEMEHHO MPHOC-
TAHOBUTH BHIIOJIHCHHE OCHOBHOM MPOrpaMMBbI ITyTEM BBITIOJIHEHUS apHPMETHICCKOI
orepanuii, TaKOW Kak IUKIMYHOC WHKPEMEHTHUPOBAHUE WIH JCKPEMEHTHPOBAHHE
3HaYeHUe perucrpa. Bpems, koTopoe OyJeT 3aTpayeHO Ha BBIOJIHEHUE apU(METH-
YEeCKOU OIepanuu, u OyJeT SIBISTHCS BpEMEHEM 3aJIepKKH [3].

[IporpaMmHasi 3aiep)Kka MOXKET OBITh pealn30BaHa B BUAE IMOJIMPOTPAMMBI
«delayy. ITpumep moxmporpaMmmbl GUKCUPOBAHHOM 33JIep)KKU TIOKa3aH Ha puc. 2.4.

delay ;HESEEHHME NOONDOTEEMME
MO LW -Z55 F MO CQOpeOelADMEs OIMTENsHICTE
MOWWE CHT1
DECESE CHT1,1 ;moexpemedHT perMcrpa CHT1l, ope cEEynespod
FOPOOVCTHTE CIHIel. HHCTEYRIMD
goto -1 ; VMEHEIMTE NpOTDaEMMHET CHeTUHHE Ha 1
return

Puc. 2.4 — [loanporpamma peanuzamnuu 3a1ep>KKu

JIns ynpaBieHus JIMTENBHOCTBIO 3aJepKKH 3arpyxkaemoe B peructp CNTI
3HaYeHUEe HE0OXO0IMMO OMEIIATh B aKKyMYJISITOP Hepe]] KaXKIbIM BbI30BOM MOJIPO-
rpamMMbl 3ajiepkku. Uem Oosbiiiee 3HadyeHue 3arpyxeHo B peructp CNTI1, tem
N0JIbIIE OYJIET BBIMOIHIATHCS IEKPEMEHTUPOBAHUE, UTO TAKXKE YBEIMUUT 3aJCPIKKY.

Peructp o6mero naznauenuss CNT1 veobxonumo o6bsasuth B CBLOCK mpo-
IpaMMbl, YTO MO3BOJIUT HazHauuTh caoBo CNT1 agpecy perucrpa obiiero HazHaye-
HUS B IaMSITH TaHHBIX.

Jlis yBenu4eHusl 3aJIep>KKM He0OX0IUMO UCIIONb30BaTh JOMOJIHUTEIbHBIN pe-
TUCTp JUIsl TIOCJIEA0BATENIbHOTO AEKPEMEHTUPOBAHHUSA, YTO MO3BOJIMT YBEJIUYUTH 3a-
JEPKKY.

2.2.4. Peanu3zaums annapaTHoOM 3a/1ep:KKH

Jloruka npepbiBaHuii MukpoxkoHtposiepa PIC16F877. IlpepriBanne —
3TO CHUTHaj, COOOIIAIIIMN MPOLECCOPY O HACTYIUICHHHM KaKOro-TUOO COOBITHSA, HE
NPEANUCAHHOTO JIJISl BBIMOJHEHUSI TEKylled WMHCTPYKUuU. [Ipu 3TOM BBINOJIHEHUE
TEKyLIEN IOCIEA0BATEIbBHOCTH HHCTPYKLIHMI HpPOrpaMMbl IPUOCTaHABIMBAETCA, U
yhpaBiieHHe nepeaaércess 00pabOTUMKY MPEepbIBAHUM, KOTOPBIA UACHTUPUIUPYET HUC-
TOYHUK MPEPBIBAHUSI U OOCITY)KHBAET €ro, MOocje Yero BO3BpallaeT yIpaBlIEHUE B
IIPEPBaHHBIN KO.

IIpepsIBaHMs BaXKHBI JI1 CBOEBPEMEHHOIO0 pearupoBaHUs Ipoleccopa Ha He-
3aIlNIaHUPOBAHHbBIE COOBITHA. TaKMMU COOBITUSIMU MOTYT OBITh M3MEHEHHUE YPOBHS
CUTHaQJIa HA OJJHOM M3 BBIBOJIOB MUKPOKOHTPOJUIEPA, NEPETIOJHEHNUE PETUCTPA OJHO-
ro U3 MOJYyJIEW TaliMepOB, 3aBepluIeHne KOHBepTHpoBaHusa Moyt AL u nop.


https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
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N3ydaeMblil THI MUKPOKOHTPOJIIEpPAa HACUUTHIBAET 14 MCTOYHUKOB INpepbIBa-
Huil. dparMeHT cxembl JOTUKU MpepbiBaHuil Mukpokontposuiepa PIC16F877 moka-

3aH Ha puc. 2.5.
OIF
INTF
INTE 3—

—

11 ucToyHUKOB

IIPEPBIBAHUN OT ] : IIpepbiBaHue
nepuQepuitHpIX PEIE ) K LT

MOAyJe

GIE

Puc. 2.5 — ®parmenT cxemsl noruku npepoiBanuii PIC16F877

CornacHo cxeme JIOTUKH ITPEPBIBAHNM, BCE YCTPOMCTBA, KOTOPBIE MOTYT T€HE-
pUpOBaTh TpEphIBaHUsS, CBA3aHBI C omnpeaeneHHbiMH (naramu. Hampumep, ¢uar
INTF npu BBINOJHEHUHU YCIIOBUS MPEPHIBAHUS IPUMET COCTOSTHUE JIOTUYECKON «1».
CoctosiHue Kaxaoro ¢rara npepblBaHUs NEPENaeTcsl Ha COOTBETCTBYIOIINUE BXObI
JIOTHYECKHUX 2JIeMEeHTOB 21, a Ha BTOpbIC BXOABI (TEX XKe JIOTHYECKUX dIeMeHTOB 211)
MOCTYIAIOT COCTOSIHUSI OWTOB, paspemaroimux mnpepbiBanus, Hanpumep, INTE. B
Cly4ae, €Ciii MPEPBIBAHUE OT OMPENEIEHHOIO YCTPOMCTBA Pa3peIIEHO U COOTBETCT-
BYIOITUH (iiar mpephIBaHUs MIPUMET BBICOKOE JIOTUUYECKOE COCTOSIHUE, TO Ha BBIXOJIE
JAHHOTO JoTHYeckoro anementa 21 chopmupyercs yoruyeckas «1». [lagee Bwico-
KU JIOTMYECKUN YpOBEHb MPOXOAUT uepe3 oobenunsiomee MJIM u moctymaer Ha
OJIMH M3 BXOJIOB KOHEUHOTO jorudyeckoro snementa M. Ecnu Out paspemenus Bcex
npepoiBannii GIE ycranoBneH B «1», To CUTHaNI MpephIBaHUSI C BBIXOJIa KOHEUHOTO
jgoruueckoro aneMmenTa «M» nmocrymaer k LI1.

Ha puc. 2.5 nokaszaHbl TOJBKO TPU HEMACKHUPOBAHHBIX MCTOYHHUKA MPEPHIBA-
HUM, a OCTaJbHbIEe OJUHHAIIATH MUCTOYHHKOB IPEPHIBAHUS 3aMaCKHUPOBAHBI OMTOM
paspemienus npepeiBanui PEIE ot nepudepuitapix Mmoaynei. B nannoit mabopartop-
HOI pab0Te MaCKMpPOBAaHHbBIE TPEPHIBAHMS pacCMaTPUBATHCS HE OYIYT.

AZlpeca BeKTOPOB mpepbiBaHus U copoca. [Ipy BO3HUKHOBCHUU MpephIBa-
HUS BBITIOHSETCS ammapaTHas (yHKIUsS COXpaHEHUs ajpeca TeKYyIIel UHCTPYKIIUU
B almapaTHOM CTEKE, MOCJIE YeTo MPOUCXOINUT 3arpy3Ka ajpeca BEKTOpa MpepbIBaHUs
04h. B cBs3u ¢ 9TUM TpenoiaraeTcs, YTo MOANporpaMma o0paboTKu MpephIBaHUN
JOJDKHA HAYMHATHCSI UMEHHO T10 aJpecy BEeKTopa nmpepbiBanmsa. OqHAKO HA MPAKTHKE
JUIs yaoOCTBa HAINMCaHUsI TPOTPAMMBl HCIOJB3YETCS 3alKcCh, IOKa3aHHAs Ha
puc. 2.6.
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ocrg O=x00 ;aopec sexrTopa cbpoca
goto MATIN ;BesIycnoEEET Oepexold OO aIpecy

;ueTE Main

ocrg Ox04 JEOpeC BEERTODE NpepHEaHMA
goto ISR ;BesIycnoEEET Oepexold OO aIpecy
7 LS TEH :S.ll

Puc. 2.6 — 3anuck BEKTOpOB cOpoca U MpepbIBaHUS IS [IEPEX0/1a
o metkam Main u ISR

CornacHo puc. 2.6, komanabl 0€3yCcIOBHOTO Mepexoaa no metkam Main u ISR
pacmojoKeHbl TI0 aJpecaM BEKTOpOB cOpoca U mpepbiBaHus. Takas 3amuch B Mpo-
rpaMMe yIpoIlaeT HalluCAaHUE U YTEHHUS IPOTrPaMMHOT0 KO/Ja.

Kondurypanus moayis taiitmepa TMRO nis annapartnoii 3aaep:xku. Ot-
JMYKE anmnapaTHOW 3aJ€p>KKU OT MPOTPaMMHOM 3aKJII0YAETCs B TOM, UTO alllapaTHas
3a/IepKKa HE HCIIOJIb3YET BBIYMCIMTENBHBIX PECYpPCOB Iporeccopa. Huxe mpuso-
JUTCSI IPUMED pealli3aliy arnmnapaTHOU 3aaepkku Moayis taitmepa TMRO. Crpyk-
TypHas cxema MojyJiisi TaiMepa TMRO nokasana Ha puc. 2.7.

CLKOUT (=Fosc/4)

A
8
™ = M SYNC
RA4 1 U 1 U 2 Tpaxta TMRO
TOCKI X X
* f YcTaHOBHUTH
jmar TOIF
TOSE TOCS PSA ¢
IIpennenurens
ol |1 r T T T TTTTTTT 1
YR 5 . |
U [ -paspsiaHBIN I
I” | npemmenurens I
WDT L X | P B I
| 8 WTHI YCTAaHOBKH
f I kod(hduirenTa |
PSA | JCNeHusT |
Bianouenre SA MUX ] PSO:PS2 |
WDT | l—— =
| or8mol :
0 1
MUX PSA
Ilepenonnenue
WDT

Puc. 2.7 — CrpykrypHas cxema Mmoayiis Taitmepa TMRO ¢ Gutamu yripaBieHuUs

Konduryparmonnsie 6uts! ans HacTpoiiku moayis TMRO naxonsarcs B peru-
ctpe OPTION REG. burts! pa3pemenus npepoiBanuii ot Moayiass TMRO conepixarcs
B peructpe INTCON.
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Ecnu npepeiBanust ot moayiass TMRO pa3pernieHsl, To Tpu KaxaoM IepernoJi-
HeHun §-paspsgHoro peructpa TMRO O6ynet mpoucxoauts ycranoBka ¢mara TOIF B
«1» u, cnenoBaTenbHO, OYIET TEHEPUPOBATHCS CUTHAJ IIPEPHIBAHMUS.

be3 wncnonb30BaHUA MPEABAPUTENBHOTO JEIUTENS MPUPALLIECHUE PETUCTPA

TMRO cocrassier F, /4, rone F, — TakroBas yacTota MUKPOKOHTPOJLIEPA.

[Tpn HE0OXOIMMOCTH MOXXHO 3aMeIIUTh mpupaienue perucrtpa TMRO, tem
CaMbIM YBEJIMYUB MHTEPBAJIbl BpEMEHU MeXAy nepenosiHeHusMu peructpa TMRO.
Jliist aToro HeoOxoaumo 3aaerctBoBaTh 6Tl PSO, PS1 u PS2, Haxonsmuecs B peru-
ctpe OPTION REG, xoTopbie ynpapisioT K03(pGUIIMEHTOM MPEBAPUTEIBHOTO Jie-
mutens s moayist TMRO (cwm. puc. 2.7).

[Tpumeps! nporpamm ¢ HacTpoiikor moayiss TMRO u pazpemenuem npepbiBa-
HUH MoKa3aHbl Ha puc. 2.8 u puc. 2.9.

finclude "PleFE77.inc™
finclude "PIC MAC inc™

0x00
goto MATH
Ox04
goto ISR

[m]
H
]

[m]
H
]

CBLOCE 0xZ20
ENDC

Puc. 2.8 — ®parmeHT mporpaMMBbI ¢ BEKTOPaMHU Hadalla TaMATH TPOTrpaMM
U NIPEPBIBAHUS

MLTN

kBl

CLEF INTCOH

kO

beof TOIF JoMMCoTHEa fmara OpepmEaHMA

baf TOIE ;paIpeleHNMe ODeDEESHMN oT Tafmep O
baf =ZIE ;pRIpeleHMe BCeX NpepHE M

;ecm: rpefyerca IamMenomMTE OpMpamenme permHcoTpa ITMRO
;Cnenyer yoraHoEMTe Omrem BS0 - FS5Z permcrpa OFTION REG

Puc. 2.9 — ®parmeHT nporpaMMbI pa3peieHus IpepbIBaHHNA
ot Moy taiimepa TMRO

Bce neiictBusi, KOTOpble HEOOXOIUMO MPOU3BOAUTH MPHU KaXKJIOM IEPEIOJIHe-
Huu peructpa TMRO, He06X0AMMO MOMECTUTH B MOAIPOrpaMmMy oOpabOTKHU MpepbI-
BAHUU.

[Toanporpamma 00pabOTKU MpephIBAHUMN 1O MPEPHIBAHUIO OT MOJYJISl TaliMepa
TMRO noka3ana Ha puc. 2.10.
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MOWVWE W_TEMP ; COXDEHEHME HOHTEHCTE OpOTpElED
SWAFF STATUS W ;Opk BXCOE B OOOPOTDaNMY [NpepsEaHNoE
CLREF STATUS

MOVWE S5_TEMP

MOVFE PCLATH, W

MOVWE BC_TEME

CLEF BCLATH

BTESE TOIF ;npoEepna dnars nepenonxHenma THEO
goto CTHEE._INT FOepeXod ® OpVITH NpepHEESHMAM

;3mect HeoBuomosn nomermTs Oporpamngy moTopaR Byoer
; BHMOOMHATECA OpH HEEO0oM NPepHESHMM NpM NepeloiHeHMH
;permcTpa THMEO

bef TOIF

CTHER _THT

MOVE BC TEME, W ; ZETPVIEE COXDEHEHHOTD HOHTERCTE IpROTaMbE
MOVWE BECLATH ;0 BEXCOY M= nognporpades obpaborem npepusadwt

SWAPF 5 _TEME, W
MOWWE STATUS

SWAFPF W_TEME,F
SWAFF W TEME, W
retfia

Puc. 2.10 — INognporpamma o6paboTku npepriBanuii ot Mmoaynst TMRO

[To 3aBepiieHHIO BBITIOJHEHHUSI BCEX NIEUCTBUI B MOJAINporpaMmme o0paboTKH
npepbiBaHuil HeoOxoaumo o0s3aTenbHO ounucTuTh (uiar TOIF momymst Taiimepa
TMRO. Ounctka daara HeoOXoaUMa ISl TOTO, YTOOBI Pa3pelInuTh CIeayIolee mpe-
pbIBaHue 1o nepenoiaHeHuto peructpa TMRO.

[Ipu wucnonb30BaHUM MOANPOTPaMMbI 0OpaOOTKH MPEPHIBAHUN OT MOJIYJIA
TMRO (puc. 2.10) crmeayeT OOBSBUTH BCE PETUCTPHI OOIIETO0 Ha3HAYCHHUS
(PC_TEMP, W_TEMP, S TEMP) B C-6110ke, B IPOTHBHOM CJIydae KOMITHIISAIUS
UCXOJIHOTO (pailyia He OCYIECTBUTCS.

Jlis ucnonb3oBaHusA OUTOB 0€3 Ha3BaHUs PETUCTPA CIEIYeT HCIOJb30BaTh
nupektuBy «#define» B cnenyromem Bune «#define TOIF INTCON,2» B 3arosnoBou-
HOM (haiine «P16F877.incy.
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2.2.5. Opranu3aums YTeHusi TPAHCKOAUPOBOYHOM Ta0IHIbI HA SI3bIKE
Accem0Jiepa

Jlist ymoOcTBa BBIBOAA JMECATUYHBIX IU(Mp HA pas3psIbl MHIUKATOpa HEO0OXO-
JTUMO UCIOJI30BaTh MOANPOrpaMMy TPAHCKOIUPOBAHUS WM TAOJIHUILY, COACPHKAILYIO
3apaHee TOJATOTOBJICHHBIE KOMOWHAIIUM JIOTHYECKHUX YPOBHEH ISl M300paKeHUs
BCeX JecITHIHBIX udp. Tabnuma TpaHKOIUPOBKY MTOKa3aHa Ha puc. 2.11.
TRANSCODING
addwf BCL, £
retlw b'00111111" ;
retlw  b'00000110° ;

[ ]

W k)

raetlu BR'01011011" ;
retlu B"01001111° ;
retlu B"01100110° ;4
retlw B'01101101°" ;5
retlu BE'01111101°" ;&

raetlu B'O0000111" ;
raetlu B'01111111" ;
raetlu BR'01101111" ;

Puc. 2.11 — IloanporpamMma TpaHCKOIUPOBAHUS JUIS TECATHYHBIX YHCEIT

Lo m

Jlis oToOpaxeHus: JecATUYHOM HU(PBI HA BHIOPAHHOM paspsiie MHAUKATOpa
U3 TPAHCKOAUPOBOYHOM TaOJUIBI CUUTHIBAETCS COOTBETCTBYIOIIAsI KOMOMHAIUS OU-
TOB, KOTOpas 3aTeM Iepenaercs Ha nopt D.

B 6eckoHEYHOM 1LHMKIIE MPOrpaMMbl ISl BBI30BAa MOJIMPOTPaMMbl TPAHCKOIU-
poBaHus caenyet ucnonb3oBarb MeTKy TRANSCODING.

JIist yTeHust KoMOMHAIMU OUTOB M3 TPAHCKOJUPOBOUYHOM TabJIMIIBI HEOOXOIU-
MO BBINOJHUTH CJIEAYIOIINE ITAIbI:

1) 3arpy3uTh aapec CMELIEHUS B aKKyMYJIATOp (apec CMEIIeHUs paBeH L Q-
pe, KOTOpyIo He00X0IMMO OTOOpa3UTh Ha pa3pse);

2) BbI3BaTh Tabnuiy, ucnoiyib3dys Metky TRANSCODING;

3) B TabuuIe NEpBOM MHCTPYKIMEH cileayeT K coiepxkumomMy peructpa PCL
npUOaBUTH aJPEC CMEILECHUSI, paHEE 3arpy>KEHHbIN B aKKyMYJISTOD;

4) B TabNUIE MCIOIB30BATh KOMAH/y BO3BpaTa C COXPAaHCHHEM KOHCTAHTHI B
aKKyMYJISITOPE;

5) nocne Bo3BpaTa B OCHOBHYIO MPOTPaMMy COJEPKMMOE aKKyMyJsiTopa He-
00X0AMMO MEPEMECTUTH B peructp nopra D.

Bce atanbl ureHus: TabauIbl HEOOXOIUMO MOBTOPATH AJIsI KaXAO0r0 CErMEHTA.
Tabnuua TpaHCKOAUPOBAHUS JOJDKHA OBITH PACIHOJIOKEHA Cpa3y IMOCIE OCHOBHOTO
IIMKJIA IPOTPAMMBbI HJIH TIEpel TUPSKTUBON OKOHUAHHMS TpOorpaMMsbl end.

2.2.6. IlIporpamma 1J1s1 peajm3anuu JHHAMUAYECKO HHAUKAIUM C UCIOJIb-
30BaHHEM MPOTPAMMHOM 3a/1ePKKHU

Jliist paboOThI C CEMHUCETMEHTHBIM MHIUKATOPOM 33I€MCTBOBAHBI IOPTHI A, D 1
E. ITockonbpKy Bce BBIBOABI TIOPTOB JIOJDKHBI padOTaTh Ha BBIXOJ, OUTHI PETHCTPOB
TRISA, TRISD, TRISE, oTBedaromumx 3a HampaBJICEHHOCTb BBIBOJOB MOPTOB, JOJIXK-
HBI OBITH COpoITIeHBI B «O».
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Jlig ucnoiabs30BaHus BbIBOAOB NOPTOB A U E B indpoBom pexxume HE0OX0aAU-
Mo 3arpy3uTh qBonuHyio komOuHaiuo 00000110 B peructp ADCONO. [{ns BbiBoA
JIOTUYECKUX YPOBHEH CIEeAyeT UCIoab30BaTh peructpsl noptoB PORTA, PORTD u
PORTE. Ilpu 3ToM HE0OX0AUMO yKa3blBaTh OAHKH MaMATH JaHHBIX, B KOTOPHIX Ha-
XOJATCSI 3TH PETUCTPHI.
[Tpumep mporpaMMbl HACTPOIKK BBIBOJIOB IOPTOB MOKa3aH Ha puc. 2.12.

MRETH
bl
CLRF TRISE ;cBpoc Bocex BurTom
CLEF TEISD ; OTIA HACTDOMEM BEHSCOCS
CLEF TREISE yOACPTOE HE BEHOD
BACV LW B'O0O0O110" ;=arpyEHa HOMOTEHTH B SEEVMYIATOD
OWVIWE ADCON1 ; SATERVIHAE HOHCTASHTHE = PETHOTE
k0
CLEF BORTD ; OMMOTHE BEEEOO0E OPOTS
CLEF BORTR ; OMMOTHE BEEEOO0E OPOTS
CLEF BEORTE ; OMMOTHE BEEEOO0E OPOTS
LOGE FMETHZ HAYATE OCHOBHONM OIpPOTDaNkE:
gota LOOE
IER
retfia
end

Puc. 2.12 — Kox nporpamMMbl HACTPOWKH BBIBOJIOB ITOPTOB

dparMeHT MporpaMMbl peaau3aliyi JUHAMUYECKON HWHAMKAIMU 0e3 HCIOJIb-
30BaHUS TPAHCKOAMPOBOYHON TaOMIBI MOKa3zaH Ha puc. 2.13. B mpuBemenHom
(parMeHTe MporpaMMbl peaan3oBaHa JTUHAMUYCCKAs WHAMKAILINS, ITPH KOTOPOH 3a-
JICHCTBOBAHBI TOJBKO JBa paspsiaa U3 deThipex. J[Is peann3aliiuu MOJTHOICHHON Iu-
HAMHYCCKOW MHAMKAIIMKM B JalbHEHIIEM HEOOXOIMMO peaii30BaTh MPOrPAMMHYIO
3anepxkky (delay).

LODE FMETRA HAYANA OCHOBHOM NpDOTDEMMES
LW LW BE'00111111" ;sarpy3xa aERyMyIATOpa OnA BmsEcoa O
HOWWE BORTD ;Ha Oepssl DaIpAD HEOMESTODS
baf BORTE, O F ERNMENEeHME NepEclo paIpAOa
CALL delay ; EEIS0E IaOSpERM
bef DORTE, O ; EERIIENMeHKME NepEclo pPa3pAIa
MOV LW E'O00000110" ;=arpy3xa SEEVHYIATODE IONA BE=EcOa 1
OWVWE BORTD ;H2 BTOpCH Da3IpAO MEIMEaTODS
baf BORTR Z F ERNMENEeHME BETOPODC DaRIpAOS
CALL delay ; EEISOE Eanepxxﬂ
bof BORTR Z F ERNMENEeHME BETOPODC DaRIpAOS

goto LOOE

Puc. 2.13 — Koa nporpamMMbl peaiu3anuy JHHAMAYSCKON HHIUKAIAN
C UCIIOJIb30BAaHUEM JBYX pa3psaoB
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[TokazaHHBII MpUMep NPOrpaMMbl HE COJEPKHUT YIPABISIEMON 3a€PKKU U
YTEHUSI TPAHCKOJAMPOBOYHOM TAONHIIBI. DTU SJEMEHTHI MPOTPAMMBI CIICTyeT BHE-
JIPUTH CaMOCTOATENIbHO, MCIOJb3ys (PparMeHThl KOJAa, pacCMOTpeHHbIe panee. [la-
jee, 3alyCTUTE PEXKUM BHYTPUCXEMHOM OTIAIKU U TOCJIEJAOBATEIBHO BBIMOJHUTE
KQKIyI0 MHCTPYKIIMU KOJa HaOII0asi CBSA3b BBIMOJHEHUS] UHCTPYKIUN C 3aKUTaHU-
€M pa3psa0B.

2.2.7. CTpyKTYypa nporpaMmsbl JJisl peaju3alu JTMHAMHYeCKON HHIMKA-
MU ¢ IPUMEHEHHEM aNNapaTHOM 3a/IePKKH

JUts peani3anuuy anmapaTHoOM 3aJ€p:KKM HEOOXOJUMO BOCIIOJIB30BAaThCA KO-
JIOM Tiporpamm (cM. puc. 2.9), KOTOpBI COAEPKUT HACTPOUKHU MpEpPbIBAHUN OT MO-
nynss TMRO u comepkuT moiHyio moamnporpammy oOpa®oTku mpepsiBanuit. [lpu
3TOM IIpH peaju3aluy JUHAMUYECKOW MHIAMKALMU C alnapaTHOMN 3aJepKoi HeoO-
XOJIUMO MPOU3BECTU U3MEHEHHMS B MOANPOrpaMMe 00pabOTKH MpepbIBaHUM, KaK I0-
Ka3aHo Ha puc. 2.14.

BTESS TOIF ;OpoEepxa fmara nepenconHenwAa THED
goto CTHEER INT yOepeXol B OpVIMM NpepsESHMAM

i =O0ece: HeoBHOoOOMo OpPMMEHMTE OPOTPaMMHOES peleHHe
FEOTOpOE [NO30BIMT BHEODMTE LMDy ToONsRC Ha OOMH pDaspAd
JOPpH EaEOOM OPpepHESHMY oT Mogyna THMERO

;jecm mrTor BUoN MHCTDYRLMME BENICIHASTCH,
;oo cnenvempa: Brox pomeen Bumres nponoyvmes

CLEF BORTA ; EEETDYMeHME EC8X DaAIpAIOE

CLEF BORTE

BIOAT LW B'00111111" ;=zarpysxa SEEVMYIATODRE ONA Bm=Ecos O
HOWVWE BORID FHE Nepsul PASPAN MHOMRATODA

baf BORTE, O  BRIEDNeHME NepEclo pPaspAIS

;jecimd =roT BIoN MHCDYELMA BEOICIHASTCH,
;TO OpeMETYImGs DomEes Bare np:nymeﬂ

CLEF BORTL ; EHEMEDYEHME ECEeX DaIpRIOCE
CLEF BORTE
MO LW B'00000110" ;sarpysHa SEEyMyIATOpRE OINA BmEcODa 1
HOVWE BORTD ;H2 BTCpCH DaIpAI MHIMEATODE
baf BORTL, 3 ; ERIENEHMEe ETOROTS PasSpAI:a
THER INT

Puc. 2.14 — ®parmenT noamporpaMmbl 00pabOTKH NMpephIBaHUH IS peaTn3aliu
JMHAMUYECKON MHIMKAIMU C alapaTHON 3aepKKON
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2.3. llopsaaok BbINOJTHEHNS J1a00PATOPHOI padoThI

2.3.1. Pea.mmaunﬂ HHHaMH‘IeCKOﬁ HHAUKAINH ¢ UCITOJIb30BaAHUEM ITPO-
FpaMMHOﬁ 3aICPKKU TJIMTECJIbHOCTBIO O/IHA CEKYHIA

1) Ucnonw3yiiTe mpuMephl IporpamMm, IPUBEICHHBIX B TEOPETUYECKON YacTH,
B cpene MPLAB namnucarh nporpaMmy Jisi BKIIOYEHHUSI BCEX CETMEHTOB OJJHOTO U3
pa3psa0B (cTaTHYecKass MHAUKALMS), 3aTEM 3alIpOrpaMMHUPOBATh MUKPOKOHTPOJLIED
71a00paTOPHOrO MaKeTa U YOSUTHCS B MPABUIILHOCTU PaOOTHI MPOTPAMMBI.

2) V3yunte HamMCAaHHYIO MPOrpaMMy W BHECTH B HE€ M3MCHEHUS, KOTOPHIC
MO3BOJIAT 3a/IEMCTBOBATh APYroM pa3psii HHAUKATOPA, 3aCBETUB BCE CETMEHTHI U BbI-
KITIOYMB MPEABLIYIIHNHA pa3psas (CTaTHuecKasi MHANKAIMS ). 3aporpaMMHUpPOBaTh MUK-
POKOHTpOJUIEP U yOSIUTHCS B MPABUILHOCTH BBITOJIHEHUS TPOTPAMMBI.

3) BeiBenuTe Ha OJMH U3 Pa3ps0B MHIWKATOpPA MPOU3BONILHYIO mudpy ot 0
10 9, 3arpy3uB HeoOxoauMyto komOuHanuio «1» u «0» B peructp nopra D (cTtaTtuye-
CKas MHIUKAIIHA).

4) BeiBequTe NMPOU3BOJIBHYIO ITUGPY HA OJHU M3 Pa3psAI0B MHAUKATOPA, HC-
N0JIb3Ysl TPAHCKOJMPOBOYHYIO TAaONUIy (CTaTUYECKas MHAMKALUWA). 3aTeM 3arpo-
IrpPaMMHUPOBATh MUKPOKOHTPOJUJIEP U YOSAUTHCA B MPABWIHBHOCTU BBIMNOJIHEHUS TPO-
TPaMMBI.

5) Ucnonw3ys mpuMepbl IporpamMm, MPUBEACHHBIX B TEOPETHYECKON YacTh (11
2.2.6.), peanu3oBaTh TUHAMHYECKYIO WHIWKAIMIO, B KOTOPOW 3aJ€iCTBOBAHBI BCE
pa3psapl MHAMKATOpa Ui BeiBoaa 1, 2, 3 u 4. [{ins 3Toro He0o0X0 MO peaan30BaTh
IPOrPaMMHYIO 3aICPXKKY JUIUTEIbHOCTHIO Topsaka (0,5...1) cexyHabl (11 BO3MOX-
HOCTH BU3yaJbHOTO HAOJNIOJICHHS TEpEKIoueHue paspsaoB). HamwcanHyro mpo-
rpaMmy TpeOyeTcsl 3arpy3uTh B MUKPOKOHTPOJUIEP U YOEIHUTHCS B MPaBUIBHOCTH
BBITIOJIHEHUSI TIPOTPAMMBI.

6) 3aKIOUMTEBHBINA 3TAIl BBINOJHEHUS M. 2.5.1 cocTOMT B JA0pabOTKe MOJ-
IPOrpaMMbl 3aJ€pPXKKH, C LENbI0 TMOITYYEHHs] BO3MOXKHOCTH 3a/laBaTh TPeOyeMylo
BPEMEHHYIO 3aepKKy. Peanusyiite Tpu OTIAEIBHBIX MOIANPOrpaMMBbI 3aJECPHKKH:
delay us, delay ms, delay s mns reHepamnuu 3a7ep>kek B MUKPOCEKYHJIHOM, MUJLIU-
CEeKYHJHOM M CEKYHJIHOM JMana3oHax COOTBETCTBEHHO. Ilocie uero HeoOXoammo
YMEHBIITUTh BPEMEHHYIO 33JIEPKKY MEKIY MEPEKIIOUYCHUSIMH Pa3psaoB TaK, YTOOBI
MEpIIaHHUs UHIUKATOpa HE OBLIH 3aMETHBI.

JIaHHBIN MyHKT MOXET OBITh BBIMOJIHEH, TOJIBKO MPU YCTICIITHOM BBITIOTHEHUU
BCEX MPEABIIYIINX TyHKTOB.

7) OKOHYATEIbHBIM BapHAHT MPOrPaMMBI CIIEYET COXPAHEH OTACIbHBIM (aii-
JIOM ¥ IPOKOMMEHTHPOBAH B KIIFOUEBBIX dTarax MporpaMMel.

2.3.2. Peannuzanus I{MHAMUYECKON HHAUKAIUM C UCIIOJIH30BAHMEM aMIa-
PATHOM 3aePKKH VINTEIbHOCTBIO O/IHA CEKYH/A
1) Wcnonp3yiTe MpOrpaMMHBIN KOJI, pa3padOTaHHBIA paHee, peau3yinTe au-

HAMHYECKYIO0 WHJIMKAILMIO C MIOMOILBIO annapaTHOW 3aep:KKU, UCIIOIb3Ys MpephIBa-
Hus ot moayiss TMRO, nns BeiBoga mudp 6, 7, 8 u 9 Ha pas3psaabl uHaUKaTopa. s
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peanM3alyy anmnapaTHoi 3aepKKU UCIOIb3YyiTe (parMeHThl IPOrpaMM, MPUBEACH-
HBIE B TEOPETUYECKON YaCTH

2) OkoHYATeJbHBI BapuUaHT TPOTPAMMBI CIIEAYET COXPAHUTH OTIEIbHBIM
¢aitiioM u ¢ HeOOXOAMMBIMU KOMMEHTAPUSIMH.

2.4. Conep:xkanue oT4eTa

Ienb paGoTHI.

DnekTpruyecKasi MpUHIMITHATBHAS CXeMa 3aJeHCTBOBAHHON YaCTH MaKeTa.

TeopeTudeckas 4acThb.

AcceMOnepHbIe KOABI TPOTPaMM ISl JTUHAMUYECKOW WHAMKAIMH C TPO-
IPaMMHOM U anmapaTHOM 3a/Iep>KKaMHU.

[TonpoOHbIE BHIBOABI.

2.5. KoHTpobHbIE BONPOCHI

Yro Takoe TMHAMHYECKas M CTaTUYECKas MHAMKALUSA U B YEM UX NPUHLHUIH-
aIbHOE OTJINYHE?

Kakue nmopTsl MEKPOKOHTpOJUIEPA UCIIOJIB3YIOTCS IS YIIPaBICHUS CErMEHTa-
MU U pa3psiaaMy HHAUKaTopa’?

Yem 3a7aeTCsl HAIIPaBIECHHOCTH BBIBOJIOB IOPTOB MUKPOKOHTpPOJUIEPA?

Ji1st uero HeoOXo0IMMa Ta0IUIA TPAHCKOAUPOBAHHUS ?

YTo JIeKUT B OCHOBE aIlllapaTHOM U NMporpaMMHOM 3anepxek? [lepeuncinure n
IIPOAHAIU3UPYUTE TOCTOMHCTBA U HETOCTATKHU ABYX THUIIOB 3a/IEPKEK.

Kak paccunrtars H1JIMTEIBHOCTH IPOTPAMMHOM M anlapaTHOM 3aepKeEK?

Kakue cxeMOTeXHUYEeCKHUE PEIIeHHUs] MOKHO TPUMEHUTD JIJIsl YMEHbIIEHUS U C-
II0JIb3YEMBIX BBIBOJIOB MUKPOKOHTpOJUIEpA NPH pealu3alud JUHAMHYECKOW HWHIU-
KAl C COXPAHEHUEM NOJHON (YyHKIIMOHATIBHOCTH?
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JIABOPATOPHAS PABOTA Ne 3.
W3YUEHUE ®YHKIIMOHUPOBAHWUS ITPEPLIBAHUM
JUIA PETUCTPAIIMU HAKATHUA KHOINIOYHBIX KOHTAKTOB

3.1. Hean paboTsl

O3HaKOMHUTBCA C JIOTUKOM mpepbiBaHuN Muxkpokontposuiepa PIC16F877 u
W3YYUTh, KAKHE MPEPhIBAHUS MOTYT T€HEPUPOBATHCS OT TopTa B.

W3y4nTh yCTPOMCTBO M MPHUHIIMIT ONIPOCa KIABUATYPhI, UMEIOIIEH MaTpUIHOE
COCTMHCHUE KHOMTOYHBIX KOHTAKTOB.

3.2. TeopeTruueckue cBeieHUSA

JUJis BBITIOJIHEHHUS TaHHOM J1abopaTopHOI paboThI MOTpedyeTcs 3a1eCTBOBATD
CJIEIyIOIIHE YacTH Ja0OPaTOPHOIO MAKeTa:

— CEMHCETMEHTHBIN YETBIPEXPA3PSAHbIN HHIANKATOD;

— 5 KHOITOYHBIX KOHTaKTOB.

[1aTh Map KHOMOYHBIX KOHTAKTOB JIAOOPATOPHOTO MAKETa MOJIKJIIOUYEHBI K BbI-
Bogam nopta B. IIpu pabore mopra B mukpokonTpomiepa PIC16F877 ¢ kHomouHBI-
MU KOHTaKTaMU anmnapaTHas 4acTh MO3BOJISIET TeHEPUPOBATH JBa THUIA MPEPHIBAHUIMA
10 M3MEHCHHMIO JIOTHYECKUX YPOBHEH HAa HEKOTOPBIX BHIBOAX.

3.2.1. Ucnosb30BaHHe BHIBOJAOB NMOPTa B B kauecTBe HCTOYHUKOB NpepPbI-
BaHUil
BriBoabl mopta B n3yuyaemMoro MUKpOKOHTPOJIJIEpAa MOTYT CIIYKUTh UCTOUYHU-
KaMH TIPEPHIBAHUN JABYX THUIIOB:
— BHeEIIIHee TpephiBaHue OoT BhIBojga RBO, koTopoe obecrneunBaer ammapar-
HYIO PETHCTPAlMIO U T€HEPAlI0 MPEPHIBAHUA IO MOJOXKUTEIBHOMY WU
OTPHUIIATEIILHOMY U3MEHEHUIO JIOTUYECKOTO YPOBHS,

— TPEPBIBAHUS 110 U3MEHEHMIO JIOTMYECKOI0 YPOBHS Ha OJHOM M3 BBIBOJOB
RB7—RBA4.

JIist iHUIMANU3alud BHEIIHETO TipepbiBanus oT BhiBoja RBO Tpebyercs BbI-
MOJIHUTD CIIEAYIONIHE IIaru:

— HACTPOMUTH BBIBOJI ITOPTA HA BXOJ, Ucoib3ys peructp TRISB;

— ecnu Tpedyercs, 3aJeiiCTBOBATh MOATATUBAIOIIUNA PE3UCTOP, COPOCUB OUT
RBPU;

— BBIOpaTh aKTUBHBINA (PPOHT JJIsI MPEPHIBAHUS, YCTAHOBUB WJIM COPOCUB OUT
INTEDG;

— cOpocutsb ¢uar npepsiBanust INTF;

— pa3pemuTh npepeiBanus ot BeiBoga RBO, ycranosus out INTE B «1»;

— pa3penuTh Bee npepbiBanus yctanoBkoi 6uta GIE B «1».

[Tocne 3TOro MOMECTUTH KEJTaeMble ACHCTBUSA B MOANPOrpamMmy oOpabOTKH
IpEepbIBAHMM, KOTOpOE Oy/IeT BHIMOIHATHCA MPU KaXIO0M BHELIHEM npepbiBanuu. Ho
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BAXXHO TIpeJ 3aBeplIeHuEeM 00pabOTKH MpepbIBaHMS MPOU3BECTH MPOTPAMMHBIN
copoc ¢mara INTF, B mpoTuBHOM ciiydae BHEITHEE MpephiBaHuEe O0jee He Mpon30ii-
JeT.
JIJisi vHULIAATU3ay IPEPhIBAaHUN 110 M3MEHEHHIO JIOTUYECKOTO YPOBHS Ha
0J1HOM U3 BbIBOjI0OB RB7—RB4 crietyeT BBITIOTHUTD CIEAYIONTNE MIaru:
— HACTPOUTH BBIBOJIBI TOPTA HAa BXOJ, Ucnonb3ys peructp TRISB;
— eclu Tpedyercs, 3a1eCTBOBATh MOATITUBAIOIIUE PE3UCTOPHI, COPOCUB OUT
RBPU;
— MPOU3BECTH YTCHHUE WJIU 3aIMHCh MopTa B;
— cbOpocuTth ¢uar npepsiBanusi RBIF;
— pa3pemuTh MPEPHIBAHUS 110 U3MEHEHHIO JIOTHYECKOTO YPOBHS HA OJTHOM U3
BBIBOJIOB, ycTaHOBUB OMT RBIE B «1»;
— paspemuTs Bee npepbiBaHus ycranoBkoit oura GIE B «1y.

Tak xe, Kak 1 Jj1s1 00pabOTKH BHEITHETO MPEPhIBaHUS, BCE IEUCTBUS CIETYET
MIOMECTHUTH B TOJNporpaMMmy 00padoTku npepriBanuid. [Tocne 3aBepiienust oopadboT-
KU npepbiBaHusa Tpedyercs cOpocuts ¢aar RBIF. Heo0xonumMo nmoMHUTB, YTO OYH-
math ¢uiar RBIF M0okHO TOJIBKO MOCIIE TTpolie1yphl YTEHUS WK 3amucu mopra B.

[Ipr HEOOXOAUMOCTH HCTOJB30BAHUS JIBYX MCTOUHHKOB IPEPHIBAHUS OOIINE
1Iark HACTPOEK HE HYXKIJAOTCSA B IIOBTOPEHUH.

[Ipumep moanporpaMmMbl COBMECTHOM OOpaOOTKM BHEUIHETO MpEepbIBaHUS OT
BbIBOZa RBO 1 mpepbiBanus M0 U3MEHEHHUIO YPOBHS HAa OJJHOM U3 BbIBOJIOB RB7—
RB4 nokazan Ha puc. 3.3.

I5E ;Interrupt Service EBoutine
; HeoBromoesie ODeMCTEMA

F OIA COHPpaHeHHMA HOHTeECTa

7 CCHOBHOM OROTDaEs

BTESS INTE ;OpOEEpHE BHeDHEDD IpepEESHMA
GOTO HEXT_ INT;nepexon = cremgyDmewny fmary
; E0ecs NoMemaeTcA Oporpaias cBpzBoren npepusawms
beof INTF ;oNMCTHa dmara

HEXT INT
BTESS FEIF ;OpoEep®:a NpepHESHMA OT COIHOTO M= ENEcOocE RBET:REBE4
goto HEXT INT1 ;OepeXol ¥ CHedyEmeEwy fnary
;2O0eck OoMemseTcR Oporpadms obfpsBoTsn npepw=sasHMA
MOVE PORIE, 1L
bef REBIF ;ouMMoTHa fmara

HEXT INT1

s EQCCTEHOBNSHME HOHTEHCTE
; CCHOBHKMO NOpOTDaMMEs

retfiie

Puc. 3.1 — IToanporpamma 06paboTku mpepsiBaHuil oT BeIBoia RBO
U 110 U3MEHEHUIO JIOTUYECKOTr0 YPOBHS Ha OJTHOM U3 BbIBOZIoB RB7—RB4

B nmoamnporpamme o0pabotku npepbiBanuii (cMm. puc. 3.1) He MmokazaHa 4acTh
KOJ/1a, KOTOpasi O3BOJISET COXPAHUTh KOHTEKCT OCHOBHOM MPOTrpaMMbl. ITO HE00X0-
JIMIMO BBITIOJIHHTh aHAJIOTUYHO MpUMeEpy 00paboTunKa MpephIBaHMiA B TAOOPATOPHOI
pabdote Ne 2 (cMm. puc. 2.10).
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3.2.2. Kondurypauus v onpoc MATPUYHOT0 BKJIIOYEHHUS] KHOMOYHBIX KOH-
TaKTOB

CoennHeHNE KHOMOYHBIX KOHTAaKTOB B BHJI€ MaTPHUIIbI MMO3BOJSET 00€CIEUYUTD
UCTIOJIb30BAHNE MAaKCUMAIbHO BO3MOKHOTO KOJIMYECTBA KHOMOYHBIX KOHTAKTOB IPU
UCIIOJIb30BAaHNN HAMMEHBIIEr0 KOJHWYECTBA BBIBOJOB MHKPOKOHTpoJUIiepa. Takum
o0pa3oM, umes BCero 8 BHIBOJIOB, MOXHO COETMHUTH 16 map KHOMOYHBIX KOHTAKTOB,
KaK IMoKa3aHo Ha puc. 3.2.

PIC16F877

RBO
RB1
RB2
RB3

[t —
e
RB6 o &6 i 8w
RB7 il i

LU

Puc. 3.2 — MarpudHoe BKIIOYCHHE KHOMTOYHBIX KOHTAKTOB

KonnuecTBo KCmonb3yeMbIX BBIBOJOB MUKPOKOHTPOJUIEPA U KHOTIOYHBIX KOH-
TAKTOB MOKET OBITh U3MEHEHO M0 YCMOTPEHHUIO MPOCKTHUPOBIINKA.
Oco0eHHOCThIO PabOThl MAaTPUYHOW KIIABHATYPHI SIBISETCS HEOOXOIUMOCTH
IPOBEPKU HATMYHS 3aMBIKaHUS WM Pa3MbIKaHUsI KHOTIOYHBIX KOHTAaKTOB Ha Mepece-
YECHUHU JBYX JIMHUU.
[TockonbKy MCHONIB3yeMBbIE MUKPOKOHTPOIIJIEP MOKET T€HEepPUpPOBaTh MpPEphI-
BaHUSI TI0 M3MEHEHUIO JIOTMUYECKOro ypoBHsS Ha BbiBojgax RB7—RB4, To crnenyer
BBITIOJTHUTH CJEIYIOIINE IIaru JIsl HACTPONKN BBIBOJOB U JIETEKTUPOBAHMSI 3aMbIKa-
HUS OAHOM U3 16 map KHOMOYHBIX KOHTAKTOB, BKIIFOUEHHBIX MaTpulen 4 x 4,
Jlist HacTpotiku BeiBOJIOB RB7—RB4 Ha npepbiBaHus 0 U3MEHEHHIO JIOTHY -
CKOT'0 YPOBHSI HEOOXOIUMO:
— HaCTpOUTH YeThipe Miaamux BeiBojga RB3—RB0 Ha BeIx0a 1 BEIBECTH JIO-
TMYECKHE HyJIU (3TOT 3Tal MOKHO HE BBINOJHSITH, €CIU JJIsl Olpoca KHO-
MOYHBIX KOHTAaKTOB HE UCIIOIB3YIOTCS MIIAAIINE BHIBOABI TOpTa B);

— HACTpPOWTH YeThIpEe CTApIIMX BBIBOAA TMOpTa B Ha BX0ja, 3adeiicTBOBAB
BHYTPEHHHUE TOJTATUBAIOLINE PE3UCTOPHI;

— pa3peuuTh NPEephIBAHUE 110 U3MEHEHUIO JTIOTHYECKOT0 YPOBHS HA OJTHOM U3
BEIBOJI0OB RB7—RB4.

MeTon neTeKTUpPOBaHMs 3aMbIKAaHHUA M Pa3MbIKaHUS KHOIOYHBIX KOHTaKTOB
OCHOBaH Ha reHepanuu npepbiBaHus. [lockonbKy Miajamive BbIBOJBI HAXOISATCS B
HU3KOM JIOTHYECKOM COCTOSIHUM M HACTPOEHBI HA BBIXOJ («CHJIBHBINY» JOTUYECKHM
HOJIb), a CTapIlii€ BbIBOJbI MOPTA HAXOASATCS B BHICOKOM JIOTUYECKOM COCTOSIHMM (32
CUYeT BHYTPEHHUX MOJATATHBAIOLINX PE3UCTOPOB 0Opasyercs «ciiabasy JIorhuyeckas
eIMHMIIA) ¥ HACTPOCHBI Ha BXOJI, TO 3aMbIKaHHE KaKOW-TMOO Mapbhl KHOMOYHBIX KOH-
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TaKTOB MPUBENET K U3MEHEHUIO COCTOSIHUS BXoJa rnoprta B u, ciienoBarenbHoO, K BO3-
HUKHOBEHHUIO YCJIOBHS MpEPBIBAaHUSA. DTO MPOU30MJET 3a CUET TOrO, YTO YPOBEHb
«CHJIBHOTO» JIOTHYECKOTO HYJS MOCTYNUT HAa OJIMH U3 BXOJOB, UMEIOIIHUX «CIa0YI0»
JIOTUYECKYIO €UHULY (M3MEHEHUE JIOTUYECKOTO YPOBHS), YTO MPUBEIET K YCTaHOB-
JIEHUIO HYJISI HA COOTBETCTBYIOLIEM BXOJI€ W, CJIEIOBATENBHO, BBIIIOJHUTCS YCIOBUE
pEepPhIBAHUS.

B nmoanporpamme 06paboTku mpepbIBaHUN HEOOXOIUMO MOOYEPETHO MPOBE-
pPHUTH BCE CTapIIMe BBIBOJBI C LIEJIbI0 OOHAPYKEHHUS HU3KOTO JIOTUYECKOTO YPOBHS,
TaK KaK OHM HACTPOEHbI Ha BXoA. [IpUCyTCTBHME HHM3KOrO JIOTUYECKOTO YpOBHS Ha
0JIHOM M3 BbIBOJI0B RB7—RB4 cBHieTEnbCTBYET O 3aMKHYTBIX KHOIIOYHBIX KOHTaK-
Tax Ha OJHOW u3 auHUM. Jlanee TpeOyeTcs BHIBOJUTH JIOTUUECKYIO «1» Ha KaxKIblii
U3 YETHIPEX MJIAAIIMX BBIBOJAOB MOPTa B, MOKa JIOTHYECKUN YPOBEHD BBIBOJA, HA KO-
TOpOM ObUT OOHAPYKEH HU3KHUI JTIOTUYECKUI ypOBEHb, HE UBMEHHUTCSI Ha MPOTUBOIIO-
noxHbIi. Korma BeICOKHI ypOoBEHb 3a)MKCHUpPOBAH, TO HaiifieHa BTOpas JIMHUSA, CJe-
JIOBATEJIbHO, HA TIEPECCUCHUH ITUX JTUHUHN U ObUIM 3aMKHYTHI KHOIIOYHBIE KOHTAKTHI.

OueHb BaXXHBIM MOMEHTOM MPU HAMUCAHUM MOINPOTPAMMBI 00PaOOTKH SIBJISI-
ercs ctpoka MOVF PORTB,f. JlaHHast HHCTPYKIIUS OCYIICCTBISCT CYMTHIBAHUE TC-
KYLIMX JIOTHYECKUX YPOBHEW M3 BXOJHBIX 3alIENIOK MOpTa B M 3amuch CUMTaHHBIX
JoTUYecKuX YypoBHeH oOpatHo B peructp PORTB. [Ipyrumu cimoBamu, peructp
PORTB 3anuceiBaeTcsi TEMU K€ 3HaUCHUSIMU, KOTOPbIE B HEM U ObutH. Takoe AeicT-
BUE IO3BOJIAECT CHSTh YCIOBUE HECOOTBETCTBHUS, B MPOTUBHOM ciydyae (iar mpephl-
BaHugd RBIF BHOBb NmpUMET 3HAYECHHE JIOTMYECKOM €IMHHUIBI Cpas3y Ke IOCIE €ro
OYMCTKH.

OnouHOYHOE «HaXKaTHE» M «OTHYCKAaHWE» KHOIMKH OYIET COMPOBOXKAATHCS
nByMs ipepbiBanusiMU. OJIHAKO MPOBEPKA MO0 Pa3MBIKAHUIO HE MOXET OBITh OCYyIIe-
CTBJICHA, TaK KaK BCE YETBHIPE CTAPUIMX BBIBOJA NMPUHHUMAIOT BBICOKUM JIOTUYECKUI
YPOBEHb U B MOJIpPOTrpaMMe 00paOOTKU MpephIBAHUN BCE YCIOBHS MPOBEPKHU JIOTH-
YECKHUX YPOBHEW CTapUIMX BBIBOJOB OYIyT MPOMYILIEHBI.

Takum 00pa3om, HacTpoiiKa BHIBOJOB, OMIMCAHHAS BBIIIE, MTO3BOJISIET ACTEKTHU-
pOBaTh TOJIBKO 3aMKHYThIE KHOMOYHBIE KOHTAKThl, B TO BpeMs KaK Pa3OMKHYTbHIC
KOHTAaKThI MIPU TAKOM BKJIFOUEHUM HE MOTYT OBITh MpoBepeHbl. OHAKO MpHU HE0OXO-
JUMOCTH JIETEKTUPOBAHUE Pa3MbIKaHUS KHOTOYHBIX KOHTAKTOB MOXET ObITH Opra-
HU30BAHO B IIPOrpamMe.

3.2.3. loamporpamma o6padoTKu npepsiBaHuii oT nopra B no n3mene-
HHMIO JIOTHYECKOro ypoBHA Ha BbiBoAax RB7—RB4

dparmMeHT nporpamMmHoro koga (puc. 3.3) IEMOHCTPHUPYET JETEKTUPOBAHHUE
3aMKHYTBIX KHOTIOYHBIX KOHTAKTOB JJIsI CXeMbI JlabopaTopHoro Makera. CorjlacHO
IEKTPUUECKON MPUHIIUITAATIEHON cXeMbl (cM. puc. 1.1), MUKpokoHTpoIiep abopa-
TOPHOTO MaKeTa UMEET MATh Map KHOMOYHBIX KOHTAKTOB.
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ISR
BTESS EBIF
goto OTHEER INT
; NpoEepHa, HATATa M OOHE M3 HEHOODOR OO JIMEM B4
BTESC PORTE, 4 ; npoEepHa HMIEODD COCTORHMA HE JOdHEM RBE4
GOTO N1 ; ECIIM EEHCOECS, TO NEREXOOMM IO MSTHE
; NpOEpeHa HHODNKM Ha mMeHmAax BEBZ o BB4
baf BORTE, 2 ;VCTERHEEMHMEZEeM IMHME BEBZ = eOMHEMIy

BTESC DORTE, 4 ;nopoEScpHa eOMHMIE Ha JOdHM BBE4

; 3O0ece OMEeTCA OeMCTEMe OnA cobpaboTElM N0 HEXaTHE HHoORK RBZ 1 EBE4
bof BORTE, 2

; NpOEpeHa HHODEM Ha JTMHMAx BEBIE m RB4

baf BORTE, 3 ;yCTaHEETHMEaZSeM MHMHNMD HBI =2 eOMeEMIy

BTESC DORTE, 4 ;nopoEepxRa eOMHMIE Ha JOdHM B4

;3O0ecE MMEeTCoR OeMoTEMe nns obfpabforsr nNo HaxaTHMD mHoOR RB3 1 BEB4
bof BORTE, 3

; ODpOEepHA, HAEATAE JIM OOHAE M3 EHOOOHE OO JMEM BEBS

N1 BTESC PORTIE,S5 ; npoEepHa HMIRODD COCTORHMA Ha JoduEMg RBS
GOTO | ;ECIIM EEHCOHECOE, TO NEepeEXCMd OIo MeTHS
baf BORT

B,2 ;VCTaHaETHEZeM MMHME HBZ =2 eOMHEmMIy
BTFESC EORTE, S5 ;npoEepE:E eOMHMUE Ha JHMHMM FEBES

r
A memcrEMe nna ofpaforEr no HexaTHE EHoOEK RBZ m BBS

;SOeCE MMIETC
bef BORTE, 2

baf BORTE, 3 ;yCTaHaETHEaeM MMHMD B3 =B eOMHEmMIy
BTESC PORTE, S5 ;nopoEcpHa eOMHMIE Ha JOdHMM BBS

;3O0ecE MMEeTCoR OeMcoTEMe nns obfpabforsr no HazaTHD mHoOx RB3 1 BEBS
bof BORTE, 3
;OpCESDHE ECEX HHONCKE S3ESpIeHS

Nz MOVE BORETE, 1l ;nepesanMce pPETMCTRE OOpPTa
bof BEEIF ;cEBpoc dmara npepuEsaEMA
OTHEE_INT
retfidl

Puc. 3.3 — ®parMeHT noanporpaMMbl 00pabOTKH MPEPHIBAHUIN M0 U3MEHEHUIO JIOTHYECKOTO
ypOBHsI Ha oHOM 13 Bx0/10B RB7—RB4

OnnHa u3 map KOHTAaKTOB MHAMBUIYaJIbHO MOJKIIOYeHa K BhiBOaYy RBO, a oc-
TABIIMECS YETHIPE MAPbl KHOMOYHBIX KOHTAKTOB IMOJIKIIOUYEHBI MATPULIEH K BBIBOJAM
RB2, RB3 u RB4, RBS.

[Toxazannbiii Ha puc. 3.3 ¢parMeHT NPOrpaMMBI CIIEAYeT IOMOJHHUTH, MO-
CKOJIbKY OH MO3BOJISIET UACHTU(UIIMPOBATH TOJBKO 3aMbIKaHNE KOHTAKTOB (T.€. pea-
TUPOBAHUE TOJHKO Ha Ha)KaTHE), HO HE MO3BOJSAET UASHTU(PUIIMPOBATh pa3MbIKaHUE
KHOIIOYHBIX KOHTAaKTOB. [IpyM 3TOM BaXHO MOMHHUTH O TOM, YTO HPHU 3aMBbIKAHUU U
pa3MbIKaHUM KOHTAKTOB BO3HHUKAET «JIpeOe3r», KOTOPBIM MOpPOXKAAET KpaTKOBpe-
MEHHBIE TIOMEXHU C YaCTOTOU MPHUOIUZUTEIILHO PAaBHOW 3BYKOBBIM KOJICOAHHSIM B BU-
Jie 11eJTuKa, KOTOPbIA 00pa30BbIBACTCS MPU BO3JAEHCTBUU HAa KOHTAKThl KHOMKH. J1jst
yCTpOMCTBa UPPOBOTO BXOAA, «Apede3r» KOHTAKTOB PacllO3HAETCs KaK MHOTOKpaT-
HOE 3aMbIKaHHUE U Pa3MbIKaHNE KHOMOYHBIX KOHTAKTOB, XOTS 1O (pakTy ObLIO OCyIIle-
CTBJICHO €JMHUYHOE 3aMbIKaHUE WU pa3MmbikaHue. VCKIIoUnTh «apede3r» KOHTaK-
TOB KHOIIKM MPaKTUYECKH HEBO3MOKHO, HO MOKHO HMCKJIFOUUTh WM B 3HAYUTEIIbHON
CTENEHU CHU3UTH €T0 BIIMSHHUE.
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MO0>XHO paccMOTpETh JiBa IMyTH CHHXKEHHSI HETaTUBHOTO 3 (dexTa oT «apedes-
ra)» KOHTaKTOB: MPOrpaMMHBIN U cxemoTexHuueckuil B Buje RC duiabTpa HUKHUX
yacToT. CMBICT MPOrPaMMHOTO METOJ/Ia COCTOUT B TOM, UTO Mociie (UKcaluu u3Me-
HEHUS MEePBOro JIOTHUYECKOTO YPOBHS OT KHOMOYHBIX KOHTAKTOB, CIEAYET OTKIIOUYUTh
BXOJI WM BBIKIIIOUUTH MIPEPHIBAHUSI HA HEKOTOPOE BpeMsl B TE€YEHUE KOTOPOTO JIJTUT-
csl «apebe3r», a 3aTeM BO300HOBUTh HOPMaJIbHYIO pabOTy BBIBOJA WJIM BKIIIOUUTH
IpEepbIBaHMUS.

3.3. llopsai0k BbINIOJTHEHUSI J1a00PATOPHOI padoThI

1) Jlns ocBoeHUsT 0OpaOOTKM TMPEpPHIBAaHWA 1O 3aMBIKAHUIO M Pa3MBIKAHUIO
KHOIMIOYHBIX KOHTaKTOB TpeOyeTcs HamucaTh Mporpammy, KOTOpash OCYIIECTBIISET
BbIBOA uMcen 1, 2, 3 u 4 Ha pa3psiabl HHANKATOpA B JUHAMHYECKOM pexume. [Ipu
3aMBbIKAHUU COOTBETCTBYIOIIMX KHOIOYHBIX KOHTAKTOB, BKIIIOUEHHBIX MAaTpPHIIEH,
pa3psAnbl AOJKHBI BBIKIIOYATHCS U BKJIIOYATHCA MPU MOBTOPHOM 3aMBIKAHMHM KHO-
MOYHBIX KOHTAKTOB. A Iapa KHOMOYHBIX KOHTAKTOB, MOJKIIOUYEHHAs] K BXOAY BHELI-
HEro MpepbIBaHus, J0HKHA BBIKIIOYATh BCE Pa3psiibl O Pa3MbIKAHUIO KOHTAKTOB.
HanucanHyro nporpammy cienyeT 3arpy3uTh B MUKPOKOHTPOJLIEP U YOEIUTHCS, YTO
porpamMma BbINIOJIHAETCS PABUIIBHO.

JIONOTHUTENBHO, 33IeUCTBYIHTE UHAMKATOPHBIE CBETOMMObI IS MHIUKALIMU
HaXaTHUsl KHOTIOK.

2) Tlocne ycrenrHoro BBIMOJIHEHUS TPEABIAYIIETO 3aJaHisl B COOTBETCTBUU C
WHJUBUTyaJIbHBIM 33JJaHUEM TPeOyeTCs pean30BaTh IPOrpaMMy CUETUMKA HAKATHIA
KHOIOYHBIX KOHTaKTOB. J[Mama3oH cyeTa, MCMOJb3ye€MbIE KHOIMOYHbIE KOHTAKTHI U
pa3psal BbIOMpAIOTCA MO YCMOTpPeHHIo oOydaronierocs. [ns peanuzanuu quHaMuye-
CKOM MHJIMKALMU CJIEyeT BOCIOJIb30BAThCS MPOrpaMMOi M3 Mpeapiaylieil sadopa-
TOpHOI padoThl. Jlanee, TpebyeTcs 3anporpaMMUpOBaTh MUKPOKOHTPOJLIEp J1abopa-
TOPHOTO CT€HJ1a U YOEeIUTHCS, YTO MPOrPaMMa BBITTOIHSAETCS BEPHO.

3.4. Conep:kaHue oTueTa

Ilenb paGoTHI.

DekTpudecKas IpUHIUITHAIbHAS cXeMa 3aJICHCTBOBAHHOM YacTH MaKeTa.

YacTpe nmporpammel, Tie peajn3oBaHa 00pabOTKa MpephIBaHUN OT KHOTIOYHBIX
KOHTaKTOB C MPOTPaMMON WHIUBUIYATHHOTO 3aJaHuS.

[ToxpoOHBIE BHIBOIBI.

3.5. KoHTpo/IbHBIE BONPOCHI

Kak paboraer noruka npepsiBanuii B PIC16F877?

Kaknmu Outamu pazpemarorcs 1 3anpelarTcs: IpepbIBaHus ?

Kakwne npepsiBanus cBsi3aHbl C BEIBOAAMU roprta B?

B yeM 0cOO0EHHOCTh COEAMHEHUSI KHOTIOYHBIX KOHTAKTOB MaTPUIICH?

Kak ocymiectBisercs: AeTEKTUPOBAHUE HAXKATHUSI KHOMOK MaTPUYHOM KiIaBUa-
TypbI?

Kak HEeoOxoaumMo opraHu3oBaTh MOANPOTpaMMy OOpabOTKH MpephIBAHUN MO
HM3MEHEHHIO JIOTUYECKOTo YPOBHs Ha BeiBogax RB7—RB4?
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JIABOPATOPHAS PABOTA Ne 4.
N3YYEHUE ®YHKINMOHUPOBAHUA MOAYJIA
AHAJIOT O-IU®POBOI'O TIPEOBPA30OBAHUA

4.1. Heab padoThI

N3yuuts ¢pynakumonuporanue moayis ALTL.

N3yunth criocoObl aHAMOro-mu@poBOro mnpeoOpa3oBaHUsl C pa3pelIeHUEM U
0e3 pazpenieHus npepbiBanus ot Moayist ALIIL.

N3yunTh, Kak UCIOJIB30BATh BBIBOJBI MMOPTOB B KAYECTBE AHAJIOIOBBIX KaHa-
JIOB.

OcBOUTh TPUHLMI JBOMYHO-IECATUYHOTO MpeoOpa3oBaHUs IJiS BBIBOJA pe-
3yJbTaTOB aHAJIOTO-IIU(GPOBOTO MPeoOpa3OBaHUs B JIECATUYHOM (opMare Ha UHIU-
KaTop.

4.2. TeopeTudeckasi 4acThb

J1Jist BBITIOJTHEHUST JAHHOM J1abopaTopHOM paboThl MOTPeOyeTCsl UCIOJIb30BATh
CJIEYIOIME YacTH JIa0OPATOPHOIO MAKETa:

— TEepPEeMEHHBIC PE3UCTOPHI, MOAKIIoueHHbBIE K BpiBogaM RAO 1 RA1;

— CEMUCETMEHTHBIN UHIUKATOP;

— OJIHA TIapa KHOMIOYHBIX KOHTAKTOB, MOAKII0OUEHHAas K BeIBOIy RBO.

4.2.1. YerpoiictBo moayJast AL

Janublii MUKpoKOHTposuiep umeeT 10 paspsaneii moxyns ALLL, kotopseri
MYJIBTUILUIMLAPYETCS ¢ 8 aHAJIOTOBBIMU KaHajiamMu. HekoTopble BBIBOJBI TOPTOB A H
E ucnonb3yroTcss B KauecTBE aHAJOTOBBIX KaHaloOB. YmpasieHue moxayiem AILIIT
ocymiectBisieTcs: yepes ciuenytontue peructpsl ADCONO u ADCONLI.

Peructp ADCONO conepxxut 6utsl kondurypamuu s moayis ALIL a pe-
ructp ADCON1 conepxut OUTHI, IEPEKITIOYAIOIINE BHIBOJIBI TOPTOB HA aHAJIOTOBBIC
kaHaibl. [logpoOHOEe onucaHue perucTpoB, cBsi3aHHbIX ¢ MoaylieM ALIIL, u3noxeHo
B [Ipunoxenun b.

CrpykrypHas cxema moayist AIIIT nmokazana Ha puc. 4.1.

Br100op aHaI0r0OBBIX KAHAJIOB

B kauecTBe aHAIOrOBBIX KaHAJIOB MCIIOJIB3YIOTCS HEKOTOPBIE BBIBOJBI IIOPTOB
A u E (cMm. puc. 4.1). lng ucrnonb30BaHusi COOTBETCTBYIOLIUMX BBIBOJIOB MOPTOB B
pEeXHMME aHAJIOTOBBIX BXOJI0B, TPEOyeTCsS HACTPOUTDH 3TU BBIBOJBI HA BXO/IbI, UCTIOb-
3ys peructpsl TRISA u TRISE. A Taxkxe HE0oOXOAMMO ONPENEIUTh BBIBOABI Kak
aHanoroBesie Bxonbl yctaHOBKOW OutoB PCFG3—PCFGO, koTopsie comepkarcs B
peructpe ADCONI.

Monyns ALII MyIbTAIIIMOUPYETCSI C BOCEMbIO HE3aBUCHUMBIMH aHAJIOT OBBIMU
KaHaJaMU 0 KOTOPBIM MOTYT NOJAaBaThCsl HANIPSKEHHS PA3HBIX YPOBHEW, HO OJHO-
BPEMEHHO MOXET OCYIIECTBIATHCS KOHBEPTUPOBAHUE HANPSIKEHUs TOJBKO Ha OJI-
HOM W3 aHAJIOTOBBIX KaHajoB. [ BbIOOpa KaHama CleQyeT MCIOJIb30BaTh OUTHI
CHS2—CHSO0. Otu 6utsl TpebyeTcsi ycTaHABIMBATh KaXKIbIi pa3 Mepeja HadalioM
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HOBOT'O aHAJIOrO-IM(PPOBOT0o NpeoOpa30BaHUs, €CIIM UCIONb3YeTCsa 0oJiee YeM OJUH
ananoroBblii kanan. burer CHS2—CHSO0 xondurypupyooTcs oauH pa3, €ciu HC-

IMOJIB3YCTCA TOJIBKO OJHUH AQHAJIOTOBBIM KaHaJl.

CHS2:CHS0

'
111

RE2/ANT(Y

—o
110 : 1
O RE1/ang!!
101
o REO/ANS(T
100
- RAS/AN4
VAIN
(Input Voltage) PO T o1l D—'E RA3/ANI/VREF+
. \(_, 010
AD p—C g RAZIANZ/VREF-
Converter
001
O \o IE RAT/AN1
000
VDD Lo \3 g RAD/AND
e
VREF+ -
(Reference o

Voltage) N
il

PCFG3:PCFGO

(Reference
Voltage)

“"IHF_V_!?S

PCFG3:PCFGO

Puc. 4.1 — CrpyxkrypHas cxema moxyns AL

HNcrounnku omopHbix HanpstxkeHud aiasa moayass AIIIl. Kak BuaHo wu3
CTPYKTypHOU cxeMbl (cM. puc. 4.1), manuwiii Mmoaynb ALl MoxeT uCmoyb30BaThH
BHYTpEHHHE (BBIBOJBI OMOPHBIX HampsikeHud moayns ALl kommyTupyrorcs ¢ mo-
JIO)KUTEIBHON U OTPULIATENIBHOM IIMHAMU BHYTPH CaMOTI'0 MUKPOKOHTpOJUIEpA) WU
BHEIIHUE MCTOYHHMKHA ONOPHBIX HAIPsKEHUU. VICTOUYHMKHM ONMOPHBIX HANPSIKEHUU
3a7ar0T MPUJIEIIbI JUHAMUYECKOTO JUana3oHa U3MepseMbIX HanpsokeHu. Menonb3o-
BaHME BHEIIHUX OIMOPHBIX HAMPSHKEHUN YMOOHO Il TOBBIIICHUS pa3penaronien
CrOCOOHOCTH TpeoOpa3oBaHMs, 32 CUET CY’KE€HUs TUHAMHYECKOTO JUana3oHa u3Me-
psieMbIx HanpsbkeHui. Ecim ske paspernrarorias cmocoOOHOCTh KOHBEPTUPOBAHUS JIOC-
TaTOYHA, TO MOYKHO HCIOJIb30BaTh HAIPSIKCHUE NMUTAHUA MUKPOKOHTpPOJUIEpA B Ka-
YECTBE OMOPHOTO HAIpsKEHUs. B TakoM ciiyyae B KauecTBE HUIKHETO Mpeaesa JIu-
HAMUYECKOIo Marna3oHa UCIob3yeTcsl o01Ias IMHA MUKPOKOHTPOJUIEpa, UMEIOIast
HYJIEBOW MOTEHIMAI, & B KAYECTBE BEPXHETO IPEJIEIIA UCTOJIb3YETCS MOJ0KUTEIIbHAS
IIMHA [UTaHWUsA, UMEroIas Hamnpspbkenue +5 B. Mcnonbp3oBaHue nuTaromero Harpsi-
KEHUS MUKPOKOHTPOJUIEpA KaK OMIOPHOTO yA00HO TeM, 4TO BhIBOJbI RA3 1 RA2 oc-
TAKTCS JOCTYMHBIMU ISl paOOTHI B KAUECTBE aHAJIOTOBBIX KaHAJIOB.

Br16op ucrounnkoB omopHbIX HampstkeHud momaynst AIIIl ocymectBisercs
nipu oMoy 6utoB PCFGO0—PCFG3 B peructpe ADCONI.
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Be10op yactoThl npeodpaszoBanus s moayias ALIL. Moxyne ALUI mo-
3BOJISIET MpeoOpa3oBaTh HampsKeHUE (aHaJoroBbl curHain) B 10 pa3psaHblil mpo-
NOPLMOHAIIBHBIN ABOMYHBIA KOJI. BpeMst mosydenus ofHOro 0ura 3anumaet ot 1,6—
2 MKC, 11 o0ecnedeHtsl TAKOro BpeMEHHOIo uHTepBana, moayiato AL tpeGyercs
TaKTOBBIN CUTHAJI, KOTOPBIM 3HAYUTEIBHO MEIJICHHEE OTHOCUTEIIBHO TAKTOBOTO CHT-
Haja MUKPOKOHTposuiepa. Tak Kak Iepuoj TaKTOBBIX MMITYJBCOB MUKPOKOHTPOJLIE-
pa 3HAYUTENBHO MEHbIIE TPEOyeMOoro, TO sl KOPPEKTHOTO MpeoOpa3zoBaHus Tpeody-
€TCS 3aMEJUINTh CUTHAJI TAKTUPOBaHUs 111 Moayist ALIII.

Peructp ADCON1 comepxut 6utst ADCS1 u ADCSO xoTOpbie MO3BOJISAIOT
IIPOTPaMMHO OIPENEIUTh TaKTOBYIO 4acTtoTy misa monyis ALl CrnpaBouynele nan-
HbIe TI0 BBIOOPY TakTOBOM yacToThl st ALl ricxoast u3 TakTOBOW 4acTOTHI MUKPO-
KOHTpoJUIepa npuBeaeHsl B Tabnuie 4.1.

Tabmuua 4.1 — Be16op TakToBO#M YacToThl Juist Moyt ALIl oTHOCHTENBEHO TaKTO-
BOM 4aCTOTbl MUKPOKOHTpPOJLIIEpa

TakToBas yacrora Wi ADCS1—ADCS0 MaxkcuMaibpHas TaKTOBask 4acToTa
moxayist AL MHUKPOKOHTpOJIJIEpa
Fosc/2 00 1,25 MI'
Fosc/8 01 5 MI'g
Fosc/32 10 20 MTI'ng
RC reneparop 11 CoOcTBennblii reHeparop AL

B Tabnuiie Takxke npuBeeHbl 3HAUCHUST OUTOB JIJISl UCIOJIb30BaHUsI COOCTBEH-
Horo RC reneparopa. [IpenmyiiecTBo B HCHOJIB30BAHUM TAKOT'O T€HEpPATOpPa 3aKIkO-
yaetcsi B ToM, 4To B SLEEP pexume monyns ALl npomomkaeT BBIOTHATE Mpeoo-
pa3oBaHHUE.

Coxpanenue pe3yjbTara aHaJoro-ungposoro mpeodpazoBanus. Pe3yib-
TaT aHAJIOTO-IM(POBOTO MPeoOpa30BaHUS COXPAHIETCS B JBYX S-pa3psaHbIX peru-
ctpax ADRESH u ADRESL. Takoii crmoco® coxpaHeHus pe3yibTara mpeodpa3oBa-
HUsL 00YCIIaBIMBAETCSI TEM, UTO PETUCTPHI JAHHBIX UMEIOT BCETO 8 pa3psioB, U MO-
3TOMY 1151 coxpaneHust 10-pa3psigHOTo pe3ysibTaTa TpeOyeTcs ABa OTJIECIbHBIX PEru-
ctpa. Baxxno nmomuuTh, 0 ToM, uTo peructp ADRESH nHaxoautcs B HysneBoM OaHKe,
a peructp ADRESL naxonutcs B mepBoM OaHKe NaMATH JTaHHBIX, IO3TOMY JJI KOP-
PEKTHOTO JIOCTyNa K perucTpaM, He0OX0IMMO MPEABAPUTENHHO TIEPEKITI0YaTh OaHKH
naMsITH JaHHBIX.

[To ycMOTpeHHIO TPOEKTUPOBILKMKA COXPAHEHHUE pe3ysbTara MpeoOpa3zoBaHus
MOXET ObITh MPOU3BEACHO C MPaBbIM WM JIEBbIM BbIpaBHUBaHHEM (puc. 4.2). Bbl-

paBHUBaHUE 3a7aeTcs cOpocoM uiu yctaHoBkoi outa ADFM, naxoxasmierocs B pe-
ructpe ADCON1.
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10-pa3psgHbli
| pesynbTart
ADFM =1 ADFM =0
I AL § p AL \
7 2107 0 7 0765 0
0000 00 : : 0000 00
) ~ i ~ g ) " 0 ~ i
ADRESH ADRESL ADRESH ADRESL
. \f‘: 7 L Y 4
10-pa3spsiaHbIi pesynbTaT 10-pa3prgHeIi pesynbTar
MNpaBoe BbipaBHMBaHue lNeBoe BbipaBHMBaHUE

Puc. 4.2 — JleBoe n mpaBoe BbIpaBHUBAHUS PE3YJIbTaTa aHAIOrO-IIM(POBOro Mpeodpa3oBaHUs

4.2.2. Pabora ¢ moaysem AL

Kondpurypauus moayass ALl ¢ pa3pemienuem npepbiBaHus 10 3aBepiie-
HMI0 npeoOpa3oBanus. Padora monyns ALl ¢ paspemieHueM mpepbiBaHUS 1O 3a-
BEpILEHUIO MTpeo0pa3oBaHus, yA00Ha T€M, YTO HET HEOOXOJUMOCTH OKUJATh OKOH-
yaHue npeobpazoBanus nposepss coctostaue 6uta GO-DONE. Kak Tonmpko mpeol-
pasoBanue 3aBepiieHo, Mmoayib ALl ycranasnuBaet diar ADIF B Beicokoe soruue-
CKO€ COCTOSIHHME, TEHEPHUPYsl CHTHAJI TPEPhIBAaHUS (€CIIM MPEPHIBAHUS Pa3pCIICHbI).
[lo curnamy mpepwiBaHusA, B MOJNporpamMme oOpabOTKH TpepbIBaHHUI TpedyeTcs
TOJIBKO MPOYECTh Pe3yIbTaT MpeodpazoBanus u copocuts diar ADIF.

st ucnionws3zoBanust Moyt AL ¢ renepanuet mpepbiBaHus TpeOyeTCs BbI-
NOJIHUTH CIEAYIOIIHE [Iaru:

1) BbiBosbI, KOTOpBIE HYKHO HCIOJIb30BaTh B KAU€CTBE aHAJIOIOBBIX KaHAJIOB
clelyeT HACTPOMTh Ha BXOJl, YCTAHOBKOM COOTBETCTBYIOIIMX OWTOB PETHCTPOB
TRISX u ckoHdurypupoBaTh Kak aHaJOTOBbIE KaHaJbl IyTEM YCTAaHOBKH OHWTOB
PCFG3—PCFGO.

2) Breiopars HeoOxoaumbiil kanan AL ¢ momornisio 6utoB CHS2—CHSO pe-
ructpa ADCONO (ecnu TpeOyeTcsi HCOB30BaTh 00Jiee OJHOrO0 aHAJIOTOBOI0 KaHa-
na, To outel CHS2—CHSO0 Heo6x0a1uM0 U3MEHSTh B 0SCKOHEYHOM ITUKJIC TIPOTrpaM-
MBI Tiepe]] Kaxoi ycranokoi 6ura GO-DONE).

3) 3agaTh 4acTOTy TaKTOBBIX UMITYJIbCOB 11t ALIII.

4) OnpenenuTh BhIpaBHUBaHUE OUTOB pe3ysbTaTa MpeoOpa30BaHUs YCTaHOBUB
i copocuB 6ut ADFM B peructpe ADCONI.

5) Bxntounts monynb AL ycranoBus Outr ADON B peructpe ADCONO.

6) Hactpouts npepbiBanus ot moayiis ALILL:

— coOpocuts out ADIF;

— ycrtanoBuTh 6uT ADIE;

— ycrtanoButh 0uT PEIE;

— ycranoButh 6uT GIE.
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Cneny}omne maru HCO6XO,Z[I/IMO BBIIIOJTHATHL B O€CKOHCYHOM LUKIJIIC IIporpam-

MBEI.

1) Beigepxath nay3y i 3apsiiku KoHaeHcaropa moayist AL

2) Ycranosutb 6ut GO-DONE B equnuily asst Hauana KOHBEPTUPOBAHHUS.

3) OxunaTh npepbrlBaHUs 10 OKOHYAHUIO ITpeoOpa3oBaHus, 3aT€M CUUTATh pe-
3ynbTaThl MpeoOpazoBaHus coxpaHeHHbIXx B peructpax ADRESH u ADRESL u
copocuts 6uT ADIF B «O».

4) TloBTOpHOE MpeoOpa3oBaHne HEOOXOIUMO Ha4yaTh C BBHIOOpa aHAIOTOBOTO

KaHaJla.

@®parMeHT NPOrpaMMHOI0 KOJa C HACTPOMKON mpepbiBaHuil oT Moyt ALIIT
noka3aH Ha puc. 4.3.

kbl
CLEF
baf
LA LW
HOWVWE
k0
baf
baf
b
k1
bef
baf
kO
baf
baf

TRISA

TRIS2, 0 ;mHEacTpoxa Em=EcgDa FAD Ha =xoo
B'O00001110°

ADCONM] ;s momEdmrcypauma RED H:E: aHaIoTOoB:ElM BXCO
ADCS1 ; VOTAHOERa TaxToSol YacoToTz AL
LD ;ERTEDNeHMe MoODyTa AT

ADIF ;cBpoc dmara

ADFH ;TISEECE EHpEEHMEaAHMEe PEIVIETATE

ADIE ;pasIpemeHMe OpepEsaxmmt oT AL

EEIE ;pEIpelreHMe BECEX MACHMDOSAHHEN IDepDasaHN
=IE ;TIcBansHOose DaIpeDeHMe OpeDEaHMH

Puc. 4.3 — ®parmeHT Koza A7 pa3penieHus npepbiBanuil or moayist AL

@®parMeHT noanporpaMmMsl 00padoTku npepbiBanust ot moayns AL npuse-

JieH Ha puc. 4.4,

ISR
BTESS
goto

bof
CTHEER INT
retfie

ADTF ;Oopozep®a fmarsa
CTHEER _INT yAepeXnd HEa CCTANRHES ORepHESHMA
;Eubop Bamma 1
ADRESL ,w ; ZATDYEKA MIaOrerc peIyinTaTa npecbpazcsaxms
L RESULT ; B permcrp obmerc HaIHaEHMAA
;eubop Bamma 0
ADRESH, w ; FATDYVEXE CTEpIers peIyInTaTa NpecbpazIosaHMA
H _RESULT ; B perMcTp obmerc HasHaweHMA
ADIF ;oNMoTHa fNara OpepHsSaHMA

Puc. 4.4 — Iloanporpamma 06pabOTKH NMpEepbIBAaHUS AJI YTEHUS PE3yIbTaTOB

aHaJIOTO-LIM(PPOBOTO MpeoOpa3zoBaHUs
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Kondurypauus moayas AL 6e3 paspemienusi npepbsiBanus. [ koHpU-
rypaiuu moayist ALl 6e3 pa3perieHus: mpepbIBaHUM CIIEYET BBIIOJIHUTH CIETYO-
1€ IIary.

1) BbiBo/IBI KOTOpBIE TPEOYETCS MCIOJB30BaTh B KAYECTBE aHAJIOTOBBIX KaHa-
JIOB HACTPOUTH HA BXOJI, YCTAHOBKOI COOTBETCTBYIOUIMX OMTOB peructpoB TRISx u
CKOH(UTYpHPOBATh UX KaK aHAJIOTOBbIE KaHaJbl MyTeM ycTaHOBKU O0uToB PCFG3 —

PCFGO peructpa ADCONLI.

2) Bei6paTh 4acTOTY TaKTOBBIX UMITYIbCOB Jj1st ALIII.

3) OmnpenenuThs BEIpaBHUBAaHUE OUTOB pe3ylibTaTa MpeoOpa3oBaHMs YCTAHOBUB
i copocuB 6ut ADFM B peructpe ADCONO.

Crnenyromiye myHKThI TOJDKHBI OBITH BBITIOJHEHBI B TOANPOTpaMMe.

1) HemmocpencTBEHHO Tiepe/T BBI30BOM WIIA B TEKCTE MOIPOTPAMMBI, TPEOyeT-
cs1 BeIOpaTh HeoOxoaumblid kaHan ALIIT ¢ momomieio 6mtoB CHS2—CHSO peructpa
ADCONO.

2) Bxatounts Moayas AL ycranosuB 6ut ADON peructpa ADCONO.

3) Beiaepxats nay3y Juist 3apsiiku KoHjeHcaTopa Moyt AL 4-6 mxc.

4) YcranoButb Out GO-DONE 17151 Hauasia KOHBEpTUPOBAHUS.

5) Oxunats copoca 6ura GO-DONE.

6) Cuurath pe3ynbrara npeodpaszoBanms u3 peructpoB ADRESH n ADRESL
(HEe0OX0AMMO MEPEKITIOUUTh OaHKU NaMSATU JAHHBIX).

7) Beixmrounts Mmoyie AT copocuB 6ut ADON pernctpa ADCONO.

JlJis OBTOPHOTO aHaJIoro-uugpoBoro npeoOpa3zoBaHusi TpeOyeTcs BbI3BATH
NOANPOrpaMMy, IPEABAPUTENILHO BEIOPAB TpeOyeMblid aHAIOTOBBIM KaHal.

®parmMeHT mporpammbl s KoHpurypauuu Moxyist ALIl 6e3 paspemienus
IIpEPBIBAHNN MOKa3aH Ha puc. 4.5.

bl
CLEF TEISAE
baf TRETISZ 0 ;mHacrpoxa BExEcgs FA0 Ha =Exon

MOV LW E'00001110°
MOWVWE ADCON]1 ;xoméMrypaunAa RA0 Ha aHaToTOBRM 3:{.::4

kO

baf ADCTED ;YCTEHOBEZ TaXTOS0M wacTorTz A
baf ADCE]1 ; VOTAHORRS TaRTOB0M wacrors AT
bof LDEH ;IEECE EBHpESEHMESHME DEIVIRTATE

Puc. 4.5 — Kongurypanus moxyns AL 6e3 pasperienus npepbiBaHUMA
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@parMeHT NOANPOrpaMMbl IJIsl aHAJIOTO-IIU(PPOBOro NMpeodpa3oBaHus MOKa3aH
Ha puc. 4.6.

TS

ADC ;moOonporpakda aaancr:k:xip:s:r: EOHEEDTHDOE2HMA
baf ADOH ; BRITEeHMe AL

;2Oeck: HeoBxomodz IsOepExas He MeHes Z-6 MEC
;ONA IapAlds HOHOSHCISTODE

haf =0 ; zanycx nopecBpasosauma AN

BTFSC =0

goto -1 ; OEMOaHMe OECHYEaHMA npecbpazcsaxma
beof AL ; BHEIEDNMeHMe mMooyna ALl

bl ;Bmbop Bamma 1

LCOWE ADRESL ,w ; CHMTHEANME MISOIeTrs DeIyAsTars npecbpascsamHma
B0 ;szfopa Bamma 0

WWE L _RESULT ; COXPDAaHEHME MIAONeET: DPEIVIETATE
WOVE ADRESH, w ; CHMTHESHME CTaplers pe3IyIETATE
LCOWVWE H RESULT ; COXpAaHeHM:E CTRaDneDrD DPe3IyIETATE
return

Puc. 4.6 — Iloanporpamma i aHaIoro-1uGpoBoro nmpeodpa3zoBaHus

J{BOMYHO-IecATHYHOE npeoOpa3zoBanme. [I0CKOIBKY MUKPOKOHTPOJUIEP pa-
0oTaeT ¢ JBOMYHBIMHM YHUCIAMH, TO JJIsl MpeJCTaBlIeHus UU(POBON HHPOPMALIMHU B
dopMare ynoOHOM ISl BOCHPUATHS MOJIb30BaTEIEM, HEOOXOAUMO HCIOIb30BaTh Je-
cATUYHBIN (opmaT. B nmaHHON nabopaTopHoi pabote TpedyeTcsl BBIBOAUTH Ha JMC-
IUIeH pe3yJbTaT aHajIoro-uu@poBoro mpeodpa3zoBaHUs MPEABAPUTEIBLHO MIPeoOpas3o-
BaB B JiecATHUHBINA (opmart. [Ipouecc nepeBoaa yucna u3 ABOMYHOro (hopmara B je-
CSAITUYHBIN HA3bIBACTCS IBOMYHO-AECTUUHBIM MPE0Opa30BaHUEM.

Hanpumep, eciam paccmMaTpuBaTh peruCTp AaHHBIX, KOTOPBIM UMeeT 8 OUTOB,
TO MaKCHUMaJbHOE OWHApPHOE YHUCJIO JJIA Takoro peructpa Oyaer b’11111111°, uto
SKBUBAJIEHTHO 4yuCHy 255 B necatuyHoM gopmare. s Toro yToObl BBIBECTH YUCIO
255 Ha pa3psibl CEMHUCETMEHTHOTO MHAMKATOpa, TpedyeTcs n3Bieyb NH(POpPMAIIHIIO O
TOM CKOJIbKO €IMHHII, IECSITKOB M COTE€H JJTAaHHOE YUCIIO COAEPKUT. CaMbIM MPOCTHIM
CrocoOOM NIl WM3BJICUEHUS pa3psioB U3 yucia 255 OyaeTr OTHUMAaTh MOCIeoBa-
TEJIbHO OT HEr0 COTHHU, 3aT€M OT OCTaTKa OTHUMATh JECSITKU, a BTOPUYHBIA OCTATOK
OyAeT ABIATHCSA LMUPPON MOKAa3bIBAIOIMIMI KOJIMYECTBO €IMHUIL B MJIAJIIEM pa3pse.
Pe3ynbpTar BeluMTaHMS U3 YUcCa 255 JacT clieayronee:

— JIBE COTHHU;

— MISTh IECSTKOB;

— MSTh €AUHMII.

KonnuecTBo coTeH, 1eCATKOB M €IMHUI] HEOOXOAMMO HCIOIb30BaTh B Ka4eCT-
BE€ aJ[PECOB CMEIICHUS JJI YTEHUSI TPAHCKOJUPOBOYHOM TaOINLIBI.

B nanno#t nmabopatopHoii pabore TpeOyeTcsi UCIOIb30BaTh KOMAaH]IBI acceMO-
Jgepa AJig BbIYMTAHUS COTEH, JECATKOB M €IUHUI] KOHTPOJIUPYS apu(PpMETUYECKH
dnar C peructpa STATUS, utoOb1 HE TOMYyCTUTH 3aéM U3 cTapiiero paspsaa. [lpu-
Mep MpOorpamMMbl Il HaXOXKIEHHsS KojindecTBa coTeH B yucie 200 moka3zaH Ha
puc. 4.7.
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LA LW -1aa ;ONA EEYMTaEHMA COTeH
SUBWE H RESULTI, 0 ;Bybep xpaneHMAa pe3ynsTara AL

BTESS C ;OpoEepHa fnara Iaema O

gota ++4 JOpOOyCE SCIIM Sa8M NMpoMIcDeln

MCWVWE H RESULT ; COXpEaHEeHME NEeIYVIBTATE EEYMTIHMA

INCFE BUOF100, £ MEEDSMEHT DaIpANa OpM HAaXOoM HMTepallld
goto $—g ;O0ETORHOS SHYMTaHMEe COTEH

Puc. 4.7 — ®parMeHT nporpamMmsl i BBICUUTHIBAHUS COTEH B PETHCTPE

4.3. IlopsioK BBINOJHEHHUS JIA0OPATOPHOIl padoThI

TpeOyeTcst BBIOpaTh OJIMH U3 CIIOCOOOB aHaJIOrO-IMGPOBOro MpeoOpa3oBaHus,
C pa3penieHrueM uiu 6e3 pa3perieHus MpepbIBAHUS.

Peanusyiite nporpamMmmy Juisi mpeoOpa3oBaHus YPOBHS HANPSDKEHHUS HA BXOJE
RAO.

BriBenute pesyibTaT aHaNIoro-nu@poBoro npeodpa3zoBaHus UCHOIb3Ys TUHA-
MUYECKYI0 HHIUKAIINIO, IPEIBAPUTEIHLHO BHIMOJIHUB ABOMYHO-IECATUIHOE TTpeodpa-
30BaHue (TpeOyeTcsi pa3paboTarh JBa BapuaHTa KoJa C Ucnosib3oBanueM 8 u 10 pas-
PAIOB pe3yJibTaTta mpeoOpa3OBaAHMS).

3aneicTByiTE OJHY U3 Map KHOMOYHBIX KOHTAKTOB JIJISl IEPEKITIOUEHUS MEXKTY
ananoroBbiMu kaHaniaMu RAO u RA1 (pekomeHayeTcsl NCIOIb30BaTh BHEIIHEE TIpe-
pBIBaHUE).

4.4, Conep:xaHue oT4eTa

[enb paGoTHI.

DJIeKTpUYeCcKasi IPUHUIUNNATIbHASA CXEeMa 33JIeiCTBOBAHHON YaCTH MaKeTa.

Teopernueckast 4acTh.

Yacth mporpaMmsl, Te ocyiecTBisierca Kondurypamus moxayis AL u nox-
nporpaMMmy (00pabOTYUK MPEPHIBAHUI SCIIH Pa3pelleHbl IPEPHIBAHMUS).

Yactp nporpammsl, Ii€ OCYIIECTBISETCS ABOUYHO-JIECATUUHOE MpeoOpa3oBa-
HUE C TOAPOOHBIM onrucanueM st 8 U 10 OUTOBBIX pe3yJabTaTOB.

[ToxpoOHBIE BHIBOIBI.

4.5. KoHTpOJIbHBIE BONMPOCHI

Kaxue nepudepuiinbie ocooennoctu umeer moayis ALl B PIC16F877?

UYro Takoe paspematomiasi ciocoonocts ALIT?

Kax ucronp3oBaHrde BHEIIHUX OTIOPHBIX HAMPSHKCHHWH IMO3BOJISIOT M3MCHHTH
pazpemarontyro cnocoonocts ALI?

Kak coxpansiercs pesyibTaT aHajgoro-nudpoBoro mpeodpazoBanusi? OObsic-
HUTE M0YEMY.

OOBsACHUTE TPUHIINAI JBOMYHO-ACCITUUYHOTO MPeoOpa3oBaHus.

[TpuBeaute npaktuueckoe npumeHenue AL

Kax moxxno npumenuts ALl B panguonpueMHbIX ycTpoicTBax?
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JIABOPATOPHAS PABOTA Ne 5.
N3YYEHUE ®@YHKIUOHUPOBAHUA MOAYJIA
3AXBAT-CPABHEHUE-LIUM

5.1. lleab padoThI

N3yuuts pyHkunonupoBanus moayis CPP;

N3yuuts pyakmuonupoBanne moayinst CCP B pexxuMe 3axBata JJIs U3MEPEHUS
MOCTOSIHHOM BpeMeHu RC-1ienoukuy;

M3yuuts dhyaxkuuonupoBanue moayiss CCP B pexume HIUM st m3amMeHeHUs
SAPKOCTH CBEUECHUS CBETOIMO/IA.

5.2. TeopeTuueckasi 4acTh

Hcnoab3yembie yacTu JJa0OPaTOPHOIO MaKeTa
JI71s1 BBITIOJTHEHUS JTaHHOW J1abopaTOpHOUM paboThl NOTpeOyeTCs UCTOJIb30BaTh
CJIeIyIOIINE YacTH JabopaTOPHOro MaKeTa:

— Tapy KHOIIOYHBIX KOHTAKTOB, IIOJKIOYEHHBIX KO BXOJy BHEIIHETO IIPEPHI-
BAHUS;

— TEPEMEHHBIN PE3UCTOP IS pETyIUMpoBaHus MocTossHHOW BpemeHnn RC ne-
IIOYKH,;

— CEMHUCETMEHTHBIN UHIUKATOP.

5.2.1. O6mue cBeaenusi o moayJasax CCP

JIaHHBIF MHUKPOKOHTpOJUIEp MMeeT nBa uacHTuuHbix moayns CCP (Capture -
Compare - Pulse-Width-Modulation), koTopsie MOTyT He3aBHCHMO pabOTaTh B TPEX
pexxumax:

— 3axBart;

— CcpaBHEHHE (HE paccMaTpUBaeTcs B JaHHOM J1abopaTopHOil pabore);

— WM (ILIupOoTHO-UMITYJIbCHAS MOYJISIIHS).

Korna nenone3yrores pexumel 3axBaT U cpaBHeHue, moaynu CCP B3aumonen-
ctBytoT ¢ peructpamu TMRIH u TMRIL monyns taiimepa TMRI. ITostomy, mis
UCIIOJIb30BAaHUE 3THX PEKUMOB TpeOyeTcs 3aaeiictBoBaTh Moaysib TMRI1. Koraa uc-
nosib3yetcs pexuM LM, tpebyercs 3aaeiicTBoBaTh MOAyIh TMR2.

s xoudurypauuu moxayiei CCP ucnonsizytorcs peructpsl CCP1CON u
CCP2CON;

Onucanve KOH(PUTYpalMOHHBIX perucTpoB mnpuBeneHo B [lpunoxenun b.
BBuay Tomosoruu 3MeKTpUYECKON MPUHITUITUATIEHON CXeMBbI TAOOPATOPHOTO MaKeTa,
st ucnosib3oBanus [IIMM curnana tpelyetcst nucnosb3oBath Moayins CCP1, a mis
UCIIOJIb30BaHUs (DYHKITUU 3axBaTa TpeOyeTcs Ucnoiap30Bath Moysb CCP2.

5.2.2. Pe:xxuMm 3axBara

B nannoii mabopatopHoii pabore Tpebyercs ucmoiab3oBath moayib CCP2 B
pexuMe 3axBara JJis YUCICHHOM OlleHKH MocTosiHHOM Bpemenn RC -uenu (cm. puc.
1.1). CurHan BbICOKOTO JIOTUYECKOTO YpOBHS, TeHepupyemblii Ha BeiBoge RCO mpo-
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xoauT uepes 3aaepxkuBaroinryto RC -uenp, nocrynaer Ha BoiBog RC1, popmupys Ha
3TOM BBIBOJIE BBICOKHI JIOTUYECKUI ypOBEHb. B MOMEHT (opMUPOBaHUS BBICOKOTO
jgorudeckoro ypoBHs Ha BbIBoZie RCO, peructp mpupaimenus moayns TMRI1 (mpu
3ToM Monylb TMR1 (yHKIIMOHUpPYET B pekUMe CUETYMKA) OOHYJSETCs IS Hayana
HOBOT'O OTCUETa BPEMEHH, Yepe3 HEKOTOpPOoe BpeMs (ocTosiHHasA BpeMeHu RC -nienn)
CUTHAJI BBICOKOTO YpOBHA mocTynuT Ha BbiBOA RC1, B aToT MomeHT Moayis CCP2
ocyiiecTBUT 3axBaT 3HaYeHus Moyt TMR1. TTocne vero, BeiBog RCO nepeBoautcs
B HHU3KOE JIOTUYECKOE COCTOSTHUE JUIsl IOATOTOBKHU K CIEIYIOLIEMY U3MEHEHHIO. 3a-
xBaueHHoe 3HaueHuss TMR1 Oyner umers 3HaueHue NpsMo NPONOPLIUOHAIBHOE I10-
CTOSIHHOM BpemeHu uccienyemon RC -nemnmu.

Kak ynomunanocs pasnee, 1uist ucnoib3zoBanus monyiss CCP2 B pexxume 3axBa-
Ta TpeOyercs Takxke 3aaeiicTtBoBaTh Moayib Taiimep TMRI1. CtpykrypHas cxema
moxnysis TMR1 npencrasiena Ha puc. 5.1.

YCTaHOBUTE CHHXPOHW3IU pOBAHHLIA
conar TMR1IF TMR1 TaKTOBbIA CUrRAN
TMRIH ‘ TMRIL -
_
TMR10ON
'_T'_I(_)‘.;(E - TISYNC
RCOT10SOITICKI ]ZI —y , > 1
2 MNpepaen. CHHXpOHM3.
T10scen' [ 1,2,4,8 Fdet |
0
RC1/T10SIICCP2 Foscl4 ,‘|/ 2 Pexam SLEEP
------- TICKPS1:TICKPSO

TMRI1CS

Puc. 5.1 — Crpykrypnas cxema moayist TMR 1

Monyns tatimep TMR1 — 310 16 paspsiaublil TaliMep/CUETIYMK COCTOSIIUN U3
IBYX crnapeHHbIX 8 paspanubix peructpoB TMRIH u TMRIL. [ns kondurypauuu
monysis TMRI cnenyet ucnosnb3oBate peructp T1ICON. [l ucrnonb30BaHus PEXKU-
Ma 3axBaTa, JaHHbIN TaliMep JOJHKEH ObITh CKOH(PUTYPUPOBAH KaK TailMep WM CHH-
XPOHHBIN CUETYHK.

CyTh pexxmMma 3axBaTa 3akiiroyaercsi B ToM, 4To Moayiab CCP2 3axBaTeiBaeT
3HaueHus peructpoB TMRIH u TMRIL moayns TMR1 no 3amanHoMy coOBITHIO Ha
BbIBoJIe RC1 (manHbIN BBIBOJ OTHOCUTCS K Moayiaro CCP2). 3axBaueHHBIC 3HAUYCHUS
nomerniatorcss B coorBeTcTByromnue peructpel CCPRIH u CCPRI1L. CrpykrypHas
cxema moaynst CCP2 B pexxnmMe 3axBara npeacTaBieHa Ha puc. 5.2.

YoTaHoBUTE
RCACCM dwnar CCP1IF
Mpeagen, | (PIR1<2>)
1, 4,16
| ccPrin | cepriL |
NeTexT. l PaapeiunTe
dpokTa aaxear
; | riH | TMRIL |

CCP1CON<3:0=
'S

Puc. 5.2 — CrpykrypHas cxema Mmoayiss CCP2 B pexuMe 3axBara
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YcaoBust coObiTuii Ha BeiBoie RC1, Mo KOTOpBIM JOJKEH MPOUCXOIUTH 3a-
XBaT, OMNPEACIAIOTCS MPOrpaMMHO depe3 KoHpurypamwioo OutoB CCPxM3 —
CCPxMO peructpa CCP2CON 1 MOTYT UMETH CJEAYIOIINE ONIUU:
— 3axBaT MO KaXJAOMY crHajgaronieMy (QpoHTY curHaiga (3HaYeHHS OWTOB
0100);
— 3axBar o KaxjaoMy Hapactatoniemy ¢ponty curHaia (0101 — 3HauyeHue
OUTOB HEOOXOAMMOE JJIsI BBITIOJIHEHUS TAHHOM J1a0OpaTOPHOM padoThI);
— 3axBar 10 KaXJIOMy YeTBepTOMY HapacTtaromeMy Gpponty curaana (0110);
— 3axBaT MO KaXJIOMy IIIECTHAJALATOMy CcHajarouemMy QpOHTY CHUTHala
(0111).
Jis xonpurypauuu monyiss CCP2 B pexxume 3axBaTa, CIEIYET BBINOIHUTH
CJICTYIOIINE TIaTH.
1) Hactpouts BbiBojx RC1 Ha BXOJ, YCTAHOBUB COOTBETCTBYIOLIUH pa3psi pe-
ructpa TRISC.
2) Bxirounts Mogyns TMRI1 (ecnu TpeOyetcsi, To 3amaercst KoahPUIueHT ae-
JICHUSA).
3) OmnpenenuB TpeOyemMoe COOBITHE JIJISl 3aXBaTa, 3a/1aTh HEOOXOUMBIC 3HAYE-
aus 6utam CCPXM3 — CCPxXMO peructpa CCP2CON.
4) Pazpemmmts npepriBanus oT moayist CCP2 ycranosus out CCP2IE.
@parmeHT nporpammel ¢ KoHpurypauuein moayiasi CCP2 u paspemenuem npe-
pBhIBaHUS MMOKa3aH Ha puc. 5.3.

kBl
CLEF TRISC ;ECE BHEOIH nopTa T Ha BEXOL
baf TRISC,1 ;=w=opm ona wmooyna CCPZ Ha =xo
kO
baf THMRICH ;snmeyeHMe MoOyzAa THMERZ
MOVLW B'00000101" ;=oHGMTyYVpanMA
MOWVWE CCRZO0N ;rooynA CCPZ Ha ZaXEAT
bof CCERZIF ;OYMMCTHEE fNara IaXEETE
bl
baf CCEZIE ;paSpeleHMe OpeDHESHMA OO SaHEETY
kO
bof INTF
baf INTE
bkaf =IE

Puc. 5.3 — ®parment nporpammsl i KoHGuUrypauuu moayns CCP2 B pexume 3axBara
U pa3pelieHust MpepbIBaHUS

Jlns ynoOGcTBa MOXKHO pa3pemuThb npepbiBanus oT Mmoayiast CCP2 st cuuThl-
BaHUSl PE3yJIbTAaTOB 3axXBadeHHbIX 3HaueHUW. Monayns CCP2, mpu paspeiieHHbIX
npepbiBaHusix, cBsi3an ¢ uiarom CCP2IF. Tlo kaxxaomy mpepbIBaHUIO OT MOTYJIS
CCP2 B noanporpamMme NMpepbIBAHUN PEKOMEHAYETCSI BBIIIOJIHUTD CIAEAYIOIINE eil-
CTBUSI.

1) CopocuTts BeiBOA RCO.

2) IlpousBectu ¢opmMaTHpPOBAHHE 3aXBAUCHHOTO 3HAYEHUS B pPErucTpax
CCPR2H u CCPR2L (ecnu Tpebyercs).
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3) OcymiecTBUTh ABOUYHO-JIECATUIHOE MTPeoOpa3oBaHme IJIsl BHIBOJIA PE3yJib-
TaTa 3aXBAYCHHOTO 3HAYCHUS HA JUCIUICH (MOXKET OBITh BBIMIOJHEHO B OECKOHEYHOM
IIUKJIC OCHOBHOM MTPOTPaMMBI).

4) Copocurts aar CCP2IF.

Bo3MOXHBIN (parMeHT MOAMPOTPaMMBI i 00paOOTKH MPEPHIBAHUS OT MO-
nynst CCP2 hyHKIMOHHUPYIOIIETO B PEKUME 3aXBaTa MPUBEICH Ha puC. 5.4.

BTFSS CCPZIF
gote  OTHER_INT1
bef DORTC, O
MOVE  CCPRZL
MOVLW ~ b'00011111°
ANDWF  CCPRZH, 1
CALL  DECODING]
bef CCPZIF
OTHEER_INT1

Puc. 5.4 — ®parmenT noanporpaMmsl Juist 00paboTku npepbiBaHus ot Moayiss CCP2

JUig oAHON PYHKIIMOHAIBHOCTH MPOTPAaMMbl U3MEPEHUS IIOCTOSIHHON BpeMe-
Hu RC -mienu, TpeOyeTcst UCIoIb30BaTh BHEITHEE TPEPHIBAHKE I PYYHOTO 3aITyCcKa
U3MEPEHHMS 110 3aMBIKAHUIO WJIM Pa3MBIKAHUIO KHOIIOYHBIX KOHTakTOB. B 3TOT MO-
MEHT HEOO0XOIMMO OYMINATh cnapeHHble peructpsl moayis TMRIH u TMRIL u
dbopMHUpOBaTH BHICOKMI JTOTUYECKHI ypoBeHb Ha BbiBoJe RCO. 3aTem, mo mpepbiBa-
Huto oT moaynst CCP2 ordopmaTupoBaTh 3aXBau€HHbIE 3HAYEHUSI U TIpeoOpa3oBaTh
UX B JIECATUYHBIN (popMaT /Jisl BbIBOJIa HA TUCILIEH.

N3mepenne NOCTOSSHHOW BPEMEHH MOXKET TAaKKE MHHLIMUPOBATHCS aBTOMATH-
YECKU B OCHOBHOM LIMKJIE IIPOIPAMMBI.

5.3.3. Peaxxum HIUM

[IIMM curnanel MUPOKO PACHPOCTPAHEHBI B AJIEKTPOHUKE ISl BBIIIOJIHEHUS
pa3nMuHbIX 3a7a4. B nmanHoil maboparopHoit padote IIIMM curnan ucnosb3yercs
JUISL PETYJIMPOBAHUS APKOCTH CBEUYEHHUSI CBETOAMO/1A, KOTOPBIN MOJKIOUYEH K BBIBOY
RC2. Ynpasnenue 3tuM BbIBOJOM Tiepenaercss moayiato CCP1, korga moayib uc-
nonb3yercsa B pexxkume [IMM. CrpykrypHas cxema moayiss CCP1 B pexume MM
MOKa3aHa Ha puc. 5.5.

Oynkunonupoanue monyiasi CCP1 B pexume IINUM nHeBo3zmoxkHO 0e3 mc-
nosnb3oBaHus Moxyisa tanMmepa TMR2. CrpykrypHasa cxema moxnyisa taimepa TMR2
MoKaszaHa Ha puc. 5.6.

N3 cTpykTypHO#1 CX€MBbI BUAHO, YTO MPU COBIIAICHUH 3HaYeHUM peructpa PR2
u TMR2 BbInonHsAETCS CpaBHEHHE U reHepupyeTcsi curHail EQ, KOTophlil HCTIONIb3Y-
ercs monynem CCP1 nns popmupoBanus nepuoga LM curnana. [{is Toro, 4To0b!
3anath TpeOyemyto yactory LIIMM curnana, HeoOX0AUMO 3arpy3uTh HEOOXOIUMOE
3HaueHue B peructp PR2.
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Perucrp CCP1CON<5:4>

JJIIMTCIIbHOCTH UMITVYJIBCA

CCPR1L
]

CCPR1H (Bemgompiii)
JL RC2/CCP1

CpaBHeHue R Q ;

il

TMR2 1) S
<~z
Cpasenne Copoc Taitmepa
{} BeBoga CCP1 TRISC<2>
PR2 U 3arpy3Ka HOBOTO
3HAYCHUS

Puc. 5.5 — Crpykrypnas cxema moaynsa CCP1 B pexume 1LINM

lyml-l]ﬂ“'l'h Bmp‘{“

dnar TMR2

TMR2ZIF

Cépoc Mpennenwt.
i T"‘;j’m 1121, 1:4, 1:16[ 05
Bbix.enuT. ‘I,g
— 11 © 1:16[ EqQ q‘afﬁ““‘“
}* PR?

Puc. 5.6 — CrpykrypHas cxema moayns TMR2

Jist Toro, utoObl paccuutaTth yactoty LM curnana HeoOX0AMMO BOCIOIb-
30BaThCs Cienyronel hopmynoit:

PWM__.., =[PR2+1]4T, TMR2

period prescaler _value

Taxxxe BaxHbIM 351eMeHTOM [IIVIM curnana siBIsieTCa IMTEIbHOCTh UMITYJIb-
coB. [{ns ynpaBieHus: IITUTEIHHOCTHIO UMITYJILCOB HEOOXOAMMO 3arpy»aTh 8 pas3psi-
noB peructpa CCPRIL u nBa mmanmux 5 u 4 paspsanel peructpa CCP1CON. Takum
00pa3oM, Moay4yaeTcs, 4YTO JUIMTEIbHOCTh uMityibcoB [IIMM curnana mmeet paspe-
menue B 10 6ut. Ho mpu yBenuueHun 4acToThl ciaegoBanust umnyibcoB LIIMM cur-
HaJla, pa3pelleHre IO UINTEIBbHOCTH yMeHblIaercs. Pacuer paspeuieHus no iu-
TEJILHOCTU MOKET ObITh OCYIIIECTBJIEH IO ceayomiel Gopmye:
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Iog I:OSC
I:PWM
PW = Pm

resolution — |Og 2

st xorduryparuun moayist CCP1 B pexume IIIMM TpeOyeTcs BBITTOITHHUTH
CIEAYIOIIUE IIarHy.

1) Hactpoiite BeiBor RC2 Ha BBIXOI.

2) 3apaiite TpeOyemyto yactoty LLIMM curnana 3arpys3us peructp PR2.

3) Bxmtouute Taitmep TMR2, yctanoBuB 6ut TMR2ON peructpa T2CON.

3) Cxoudurypupoats Mmoayis CCP1 B pexume IINUM, ycranoBkoit OUTOB
peructpa CCP1CON.

4) 3arpyxas 3naueHue B peructp CCPRIL ¢ 4 u 5 Ouramum perucrpa
CCPICON 3agaercst qiutesibHOCTh umityiabcoB [IIMM curnana.

[Tpumep xoudurypanuu moayis CCP1 B pexxume HIMM mnokaszan Ha puc. 5.7.

kBl
CLEF TRISC ;
baf TRISC, 2 ;HacTpOMRa HE SHHOID
MOV LW OxFF
LOWVWE PRZ ;wveorasoExa wacrors DM
k0
CLEF TZ2O0H
baf THREZCOH ;=xmoweHMe Talodepa 2
LACAF LW E'00111100" ;PWM zet up + Z2 LSk are set
MOWVWE CCPLCOH FERTEMeHMe MoOoyns CCF
MO LW 20 FVOTEHOBERZ HAWANEHOM OIMTESIsHOCTH
LCWVWE CCER1L  ; Duty cycle with 2 Msb

Puc. 5.7 — Kondurypanus moaymns CCP1 B pexxume HINM

Hanee, s ynpaBieHUs JIMTEIbHOCTHI0 uMIybcoB [IIMM curnana tpedyet-
cst m3MensaTh 3HaueHue peructpa CCPRIL ¢ 5 u 4 6utamu peructpa CCP1CON.

5.3. llops10K BbINIOJTHEHUSI J1a00PATOPHOI padoThI

1) PeanusyiiTe mporpamMmy JIjIsi K3MEPEHHUS TOCTOSIHHOM Bpemern RC 1enu ¢
ucnonb3zoBanueM Moxayisi CCP2. Pe3ynbrar m3mepeHus IIUTEIBHOCTH Tpedyercs
oToOpakaTh Ha WHAMKATOpe. TpeldyeTcs peann3oBaTh PYYHOW M aBTOMATHYECKHIMA
PEKHUMBbI U3MEPEHHS TOCTOSTHHOW BPEMEHU.

2) PeanusyiiTe nmporpamMmmy JUisl YIPaBJICHUS SIPKOCTBIO CBETOAMO/Ia UCTIONb3YS
moayib CCP1. B mporpamme TpeOyeTcsi peaan3oBaTh BO3MOXKHOCTh OTNIEPaATUBHOTO
yOpaBJIEHUS JJIUTEIbHOCTHIO UMITYJIbCOB (151 u3MeHeHus sipkoctu) [IIMM curnana
C IOMOIIBI0O KHONOYHBIX KOHTAKTOB Miu moxayist ALIII B kauecTBe ycTpoiicTBa BBO-
na. 3HaueHHe JUIUTEIBbHOCTU TpeOyeTcs 0TOOpakaTh Ha CBETOJUOIHOM HHANKATOPE.
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5.4. Conep:kanue oT4yeTa

Ienb paGoTHI.

Cxemy 3a7eliCTBOBAHHOW YacTH MakeTa U OOBSCHUTH, KaK peajnu30BaHa ILECHb
3aIEp>KKN CUTHAJIA.

Yacte kona, rae ocymectsisiercs LIIMM perynupoBaHne v BBIBOJI NIUTEIBHO-
ctv umnynbscoB [IIMM curnana Ha uHAUKATOP.

Yactb KoAa, rae OCYLIECTBISETCS 3aXBaT U JIBOUYHO-AECITUYHOE Mpeodpa3o-
BaHME 3aXBAYCHHBIX 3HAUECHUU (pa3/elibHble YaCTU KOJa JJii aBTOMATHYECKOIro U
MaHyaJIbHOTO 3aIlyCKa U3MEPEHHUS).

[ToapoOHBIE BHIBOIBI.

5.5. KoHTpoJbHBIE BONPOCHI

Kak moxyns CCP (pyHKIMOHUPYET B peXxuMe 3axBaTa?

Kax monyns CCP dynkunonupyet B pexkume [HHIMM? Kak 3anaroTcs napamet-
pb1 renepupyemoro LM curnan?

Kakne monynu ucnons3yroTcsi COBMECTHO ¢ moayisimu CCP?

Kak M0HO Ha npakTuke ucnonas3oBaTe Moaysib CCP B pexnme 3axBara?

Kaxue nerictBust HeoOxoaumsl Jyist HacTpor Mmoayist CCP mist pesxkxumon LHHIMM
Y 3aXBar?
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JIABOPATOPHAS PABOTA Ne 6.
N3YYEHUE YACOB PEAJIBHOI'O BPEMEHMU DS1307
N OBMEHA JAHHBIMMH IO HIUHE 12C

6.1. Heab paGoTsl

O3HaKOMUTBCS C OCHOBHBIMH mosioxkeHusiMu 12C mpoTokona.

N3yunuth paboTy MOIYIISI ITOCIIEIOBATEILHON CHHXpOHHOM niepenaun (MSSP) B
pexume Beaymero s PIC16F877.

M3yunTh anmapaTHOE YCTPOMCTBO WHTETPAIBHBIX YAaCOB PEAIbHOTO BPEMCHH
DS1307.

Peanu3oBaTh mporpammy Juisi OTOOpakeHHS PEAIbHOTO BPEMEHHM Ha CEMHCET-

MEHTHOM HHAHMKaTtope wucnoib3ys [2C mportokon (MSSP moamynw) s ompoca
DS1307.

6.2. TeopeTnueckasi 4acTh

Onucanue j1a0OpPaTOPHOro MaKeTa

JJist BBIMIOJTHEHUS JaHHOM J1abopaTopHOi pabOThl OYIyT 3a€MCTBOBAHBI Clie-
JYIOIIME YaCTh MaKeTa:

— yackl peansHoro Bpemenu DS1307;

— CEMHUCETMEHTHBIN UHIUKATOD;

— KHOIIOYHBIE KOHTAKTHI.

6.2.1. OcHoBHbIe noJio:keHusi 12C nmporokoJia

[Mpotokon nepenaun nanubix [2C (Inter Integrated Circuit) — sto mporokosn
NOCIE0BATEbHON Mepeaadyn JaHHBIX, MO3BOJIIOIMNA OPraHW30BaTh KOMITAKTHYIO
JBYXITPOBOHYIO IUHY IS IBYHAIIPABICHHOTO 0OMEHa JaHHBIX MEXTy IU(PPOBBIMH
YCTPOMCTBAMHM Ha OTHOCUTEIIBHO KOPOTKOM PACCTOSIHUM, TI€e, IO KpalHENW Mepe, OA-
HO U3 HU(POBBIX YCTPOUCTB 00s3aTEIBHO SBISETCA BEAYLIUM (Janee, BeAyUIuil), a
OCTaJIbHBIC BBICTYIIAIOT B KAYECTBE BEJIOMBIX (J1ajee, BeaoMblii) [2, 3].

I2C mmHa nipeacTaBiser coO0W ABE TUHUU (TIPOBOJIOB) UMEHYEMBI KaK JIMHUS
nanabix SDA (Serial Data) u munust cunxponmsanuu SCL (Serial Clock).

[TockonbKy MaHHBINA MPOTOKOJI OOECTIEUnBAET JBYCTOPOHHHI OOMEH TaHHBIX,
TO MpsAMasi ¥ 00paTHAs Mepe/lavu JaHHBIX OCYIIeCTBIsItOTCA 10 tuHun SDA, a cun-
XPOHU3ALMS [TEPEIaBAEMbIX TaHHBIX MO JuHUU SCL.

I12C mrHa moanep)KUBaeT HECKOJIbKO PEKUMOB IMEpeaaun JaHHBIX MO CKOPO-
cTsM (MOKET BapbUPOBATHCS IS Pa3HBIX YCTPOWCTB, OMpenemsieTcs ammapaTHOU
IO IICPKKOMH )

— BBICOKOCKOPOCTHAs Tiepeava JaHHubix 3,4 Mowut/c;

— CKOPOCTHO# pexuM nepenadu nanabix ot 400 kout/c no 1 M6ut/c;

— cranaapTHas ckopocth 100 kOuT/c;

— HU3KOCKOPOCTHAs nepeaaya AanHbix 10 kout/c.
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YerpoiictBa, mopaepxkuatome [2C MmpoTOKOJ, COSAUHSAIOTCA C JIUHUSIMH
SDA u SCL napamienbHO Kak nokazaHo Ha puc. 6.1. Ilockonbky Bce ycTpoiicTBa
COCJMHEHBI C IIIMHOM Yepe3 BBIBOJIBI C OTKPBITBIMU CTOKaMH (KOJUIEKTOpaMu), TO He-
00X0JIMMO MCIOJIB30BaTh MoATATHBaronme pe3uctopsl (3,3 — 5,1 kOm), s obec-
IICYCHHSI BHICOKOTO JIOTHYECKOT0 YPOBHS B PEKHME IIPOCTOS (IPUCYTCTBUE BBHICOKO-
T'0 JIOTHYECKOTO YPOBHS Ha JIMHHUSIX TIOKA3bIBAET, YTO BCE YCTPOIMCTBA HA IITMHE HAXO-
JITCSL B PeXKUME OKUIAHHUS U IIHHA CBOOOIHA).

+5

Fp Fp . . .
Device 1 Device 2 Cevice 3

3oL | | |
SDA

Puc. 6.1 — Coenunenue yctpoiicts ¢ muHoi [2C

Jlist napopManoHHOTO 0OMeHa MexAy ycrpoiictBamu Ha [2C mmHe ucnosb-

3YIOTCSI CIICYIOIINE CUTHAIIBHBIE TTOCIEI0BATEILHOCTH, UMEHYEMbIE KaK:

— ycioBue cTapTa Start (Jajiee CHTHaJI Havasa ceaHca repeiayn);

— ycioBue nmoBTopHOro crapta Repeated Start (mamee curhan moBTOPHOTO
cTparta);

— CHTHaJI TOATBEepXACHHWS M HemoatBepxkaenus Acknowledgment, not
acknowledgment (manee curuan moATBEPIKACHHUS);

— ycioBHue oKOH4YaHUsT ooMeHa gJaHHbIME STOP ¢ mocneayrommum nepeBoaoM
IIIMHBI B HEAKTUBHOE COCTOSHHE (Jajiee CUTHAJ OKOHYAHUS CeaHca Iepe-
Ja4n);

— TMOCBHUIKA ajjpeca JiJisi BIOOpa BEIOMOTO YCTPOIMCTBA HA IIMHE,

— TMepenaya JaHHBIX BEIOMOMY;

— TpUEM JIaHHBIX OT BEJIOMOTO.

Hanpasnenus oOMeHa JaHHBIMU MEXKIY YCTPOWCTBAMHU MOXXHO Pa3/IeliUTh Ha
(W) (147011107 (<N

— BeAylui oOparmmaeTcst K BeIOMOMY JIJIsl Iepenadn JaHHbIX (puc. 6.2);

— BeAylmi oOpamaeTcsi K BeIOMOMY JIJIsl TpreMa JaHHbIX (puc. 6.3).

JIrobast TpaH3aKIUs TIpUeMa WM Mepeladyu JaHHBIX 00s3aTeIbHO HAaYMHACTCS
¢ (hopmupoBaHUs CHTHAJA CTapTa C MOCJEAYIONIeH nepenaydeii 7 OUToB aapeca BeO-
MoOro (B JaHHOU y1abopaTopHOi paboTe HE pacCMaTpPUBAETCs aapecalusi BEIOMBIX C
10 6utoBeIM ampecom). Ecnu BegoMbIN C mepenaHHBIM aJpecoM MPUCYTCTBYET Ha
IIMHE, TOrJa MochulaeTcsa curdain noarBepxkaeHus. Cornacuo 12C mpoTokony, Bce
YCTPOMCTBA HA IIMHE, KOTOPhIE MPUHUMAIOT JTaHHBIC JOHKHBI TCHEPUPOBATH CUTHAI
MOATBEPIKICHUS WU HETIOATBEPKACHUS (TOIBKO JJIs BEAYIIETO B PEXKUME TIPHEMa).
B cBoro ouepenr curHanm MOATBEPIKACHUS MO3BOJIAET NMEpEaaTInKy (TepeaaTunkoM
MOKET ObITh, KaK BEJIOMbIH, TaK W BEIYIIHI1) HaYaTh CIEAYIOLIYIO Iepeaady JaHHbIX.
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Puc. 6.2 — Bpemennas auarpamma curaanoB Ha [2C mmHe npu oOpaiieHuu BeAyIIero
K BEIOMOMY JUIS [Iepeiadul TaHHBIX

YcTaHOBUTH

[ AmnmapaTHsIil cOpoc ACKEN=ACKDT=1
START TIlepenaua 7 GUTOB ajpeca BeOMOro i Q ; 6ura RCEN STOP
: : + outr RW E (uj IIpuem 8 OUTOB TaHHBIX OT BEAOMOTO : :
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Puc. 6.3 — BpemenHas quarpaMMa CUTHAJIOB Ha IIMHE [IPH OOpallleHUH BEIyLEro
K BEJIOMOMY JUIsI IpUeMa JIaHHbIX

Jlnig 3aBepllieHuEe ceaHca Mepelayd WM NpueMa JaHHBIX BEAYUIUH J0KEeH
CTeHEepUPOBATh CUTHAJI OKOHUYaHUs ceaHca curHaioMm STOP.

6.2.2. ®yukuuonupoBanue moayJasi MSSP B pe:kume Beayiero

MSSP monyns (Master Synchronous Serial Port — momyne Bemyiiero cus-
XPOHHOTO TOCJEA0BATEIbHOTO MOPTa) AAHHOTO MHUKPOKOHTPOJIJIEpA MOXKET OBIThH
ckoHurypupoat st paboTel ¢ SPI unu 12C mmuamMu o BeIOOpY pa3paboTyuka.
Mopayns MSSP taxke MoxkeT ObITh CKOH(PUTYPUPOBAH KaK BEAyIEe WM KaK BEJO-
Moe yctpoiictBo. Monyns MSSP nanHoro mukpokonTposuiepa B pexume 12C non-
JEPKUBAET CICAYIOIINE PEKUMBI:

— BEJIOMBIH ¢ 7 OMTOBBIM aJPECOM;

— BeJoMbIi ¢ 10 OUTOBBIM afpecom;

— Bez[yumﬁ c 3a71aBaeMOU 4acTOTOU TaKTOBOI'O CHUTHaja

F../4(SSPADD + 1));

— MporpaMMHasi oJJIepkKa BeAyLIero pexkuma (UCIoab3yeTcsl AJii COBMEC-
TUMOCTH C APYTUMH YCTPOMCTBAMU CPEIHETO KIlacca).
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Benymiee ycTpoiicTBO HE UMeEeT COOCTBEHHOTO ajjpeca, B TO BpeMsi KaK BCE Be-

JIOMbIE UMEIOT. B 3TOM CBSI3M, BEAYIIMM JOJKEH UMETh 3apaHee 3amporpamMMHUpO-
BAaHHBIE a/Ipeca BEJOMBIX I KOPPEKTHOM aJIpecaliyu.

s xoHurypanuu u ynpasienus moayinem MSSP ucnonssyrorcs criemnyro-
1€ PETUCTPHI:

— koHdurypanuonusiii peructp SSPOCN;

— koHdurypanuonusiii peructp SSPCON2;

— cratycHblil peructp SSPSTAT;

— OydepHslii peructp nocieaoparenbHoro npuema/nepenauun SSPBUF;
— peructp capura SSPSR (He 10CTyIEeH U3 NpOrpaMmbl);

— peructp aapeca SSPADD B pexume Be1oMOro (B pexuMe BEeAyIIEro Mc-
MOJIB3YETCS IJIs1 ONpeIeICHUS TaKTOBOM yacToThl Ha inHUU SCL).

J171s1 BBITIOJTHEHUS HACTOSIIEH JTa00paTOpHOI pabOThI MOTPEOYETCS UCIIOIH30BATh
Moaysib MSSP ckoHpuryprupoBaHHOTO B pexxuMe BeAyiero (puc. 6.4).

< > LiuHa paHHbIX SSPM3:5SPMO,
SSPADD<6:0>
Yrenne ﬁ% 3annce JL
| sspeuF | i
reHeparop
I Al
SDA !
+ 7
= - SSPSR =
L - Mmsb LSb Q
o 1]
= g L 3
a I'euepa;_lo% ETART, 4Ci__ g
! 5]
?-‘a_- NOATBEPKASHUS =
scL 3
X8
= bl
| e
[ ~d
1 —= Netextop START,
= STOP, koHbnUKTOB
SCL Y
ApBuTpa YcraHoeka/cOpoc GuToe S, P, WCOL (SSPSTAT)
Ycranoeka ¢naroe SSPIF, BCLIF

Puc. 6.4 — CrpykrypHas cxema Mmoaynsgs MSSP B pexume BeyLIero

Jnsa nopxiroueHus K [2C mmHe, JaHHBI MUKPOKOHTPOJUIEP MCIIOIB3YET J1Ba
BhiBoAa nopta C: RC3 mns coequnenus ¢ SCL u RC4 nnsg coenuHeHus ¢ TUHUEH
SDA. Tlpu Bxmouenun moayist MSSP ucnosib30BaHue 3TUX BBIBOJIOB B OOIIEM pe-
KMME HEBO3MOYKHO, TaK KaK YIPABJIECHHE 3TUMH BBIBOJAMH IMEPENAECTCS MOLIYJIIO

MSSP.

st Toro, 4ToOBI CKOHUTYypUpOoBaTh Moayidb MSSP B pexume Bemyiiero
TpeOYyeTCs BBITIOJIHUTD CIEIYIONINE [aru:

1) BeiBoast RC3 u RC4 HacTpouTh Ha BXOJI YCTAHOBUB COOTBETCTBYIOIINE OU-
Tl peructpa TRISC.

2) YcranoButh OuT SMP peructpa SSPSTAT nnst amantanuu CKOpocTd Ha-
pactanus curana s 100 kI'n u 1 MI't unu cOpocuts uis ckopoctu 10 kI,
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3) 3arpy3uth 3HaueHue B peructp SSPADD nys onpenenenus TakToBON vac-
TOTHI Ha IINHE.

4) YcranoButrb Out SSPEN peructpa SSPCON st BKIIOYEHUST MOMYJIS
MSSP u nepexntouenust BoiBoJ1IoB RC3 u RC4 B pexumsl SCL u SDA cooTBeTcT-
BEHHO.

5) 3amate pexxum padotsl Mmoaynro MSSP, 3anaB TpeOyemMbie 3HaUCHUST OUTaM
SSPM3—SSPMO (B pexxume BeITyIIETo CIeayeT yCTaHOBUTD TOJIbKO OUT SSPM3).

@®parMeHT OporpaMmbl JJisi MHUITMATU3AIUU OCIIEI0BATEIbHO CUHXPOHHOTO
nopTa rnokaszaH Ha puc. 6.5.

kBl

baf TRISC, 3 ; OoOUoTOEHa ENHECIOOE

bkaf TRISC, 4 ;oma 120 uumrepbeiica

baf SME ; CTEHOaApTHED PEeEMM CHRODOCTH
LORT LW -5 ; OOpeOseTAs

LOWWE S5PADD ; TERTOEVE HacToTy BeOyIer o
kO

baf SS5EM3 ;ERMENEZel DEXM EeIyVIersc
BSE S5FEN ; BERIENMESHME NOoCNIed NopTa

Puc. 6.5 — ®parment nporpaMmmsl 1yt KoHGHUTypanuu moayinst MSSP
B PEKHME BEIYIIETO

[Tocne BwIMOTHEHUS MIAaroB KoHpurypaiuu, moayib MSSP roros k nepenaue
WM npueMy JaHHbIX. Kak ynmomuHanoch paHee, nepegadya JaHHBIX MOKET OCYIIECT-
BIISITHCA OT BEIOMOTO K BEIyIIEeMY YCTPOUCTBY U oOpatHo. [Ipuem u nepenada gan-
HBIX PACCMOTPEHBI Jajee.

Jlist mepenayu AaHHBIX OT BEAYIIEro K BemoMomy (cM. puc. 6.2) TpeOyetcs
chopMuUpOBaTh CIEIYIOUINE CUTHAJIbHBIE TTOCIIEI0BATEILHOCTH Ha IIIHHE.

1) CrenepupoBats curHain STATR ycranoBus 6ut SEN peructpa SSPCON2.

2) Yepe3 HEKOTOpOE BpeMs, Korja curHan crapra copmuponaics, out SEN
anmapaTHo cOpacblBaeTcs, Iociie 4ero 7 OUTOB ajpeca BEJOMOIr0 yCTPOICTBa C HY-
JIEBBIM 3HaU€HUEM OuTa 3anuch/yteHue R/W (cm. puc. 6.2) crnenyet 3arpy3uTh B Oy-
dbepubiii peructp SSPBUF, npu stom mocne 3anucu peructpa SSPBUF, 6ur R/W
peructpa SSPSTAT ycranoButcs B «1», a mocjae BOCBMOTO CABUTA COACPKHUMOTO
peructpa SSPBUF, atoT 6uT anmapatao cOpocurcs.

3) Ilo 3aBepiieHHIO TIepeAaun ajapeca, B ciydyae MPUCYTCTBUS BEIOMOTO yCT-
pOMCTBA C COOTBETCTBYIOITUM aJIPECOM, BEJOMBIN OTIPABUT CUTHAJ MOJATBEPIKICHHE
ACK (curnan nmoATBep»JIeHUsI UMEET MHBEPCHOE 3HAUCHHE) BEAYIIEMY, MO JEBSTO-
My UMITYJIbCY CHHXPOHHU3AIIHH.

4) Ilocne mpuema curnana noarsepxaenus out R/W perucrpa SSPSTAT an-
napaTHO COPOCHUTCS, TIOCJIC Yero BEAYIIUNA MOXET OCYIIECTBUTH Mepenady JaHHBIX,
3arpy3uB § outoB B peructp SSPBUF.

5) Ilo 3aBepieHHIO pUEMa JaHHBIX, BEIOMbI OTBETUT CUTHAJIOM MHOATBEP-
KICHUSL MO JEBITOMY HMIIYJIbCY CHHXPOCHIHAJa, TOCJE YEero BEeAYLIUMl CMOXKET
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OCYULIECTBUTD Mepeaavy CIeAyIoluX 8 OUTOB WIN 3aBEPIIUTh CEAHC Mepeaadyu JaH-
HBIX copmupoBaB curaaia STOP.
I'enepanus curnana STOP ocymectBisiercss ycraHoBkod 6uta PEN peructpa
SSPCON u oxxuganuem anmapaTHoro copoca 3Toro OuTa.

®dparmenT noanporpammsl nepeaaun gaaHex b‘00000000° Begomomy ¢ ampe-
com b‘1101000° moka3an Ha puc. 6.6.

IZC_WRITE
Call START TZC FHE=ano ceaHca, cHrHan START
LR LW B'11010000" ;=zarpy3ma agjpeca BedoMorc + Hylesok Bur zammcn
Call SEND_T2C ; OEMOSHME OTODEENRM aODeECa
MO LW B'00000000" ;3arpyIEa OSHHEY
Call SEND_T:2C ; OEMOSHME OTCHETHM TaHHEEN
Call STOP I2C;zasepmeHMe CeaHca, cHrHan STOP
return

Puc. 6.6 — ®parmeHT noamnporpaMMsl IJisl Iepeaadn JaHHBIX
BEZIOMOMY OT BEIYIIETO

JUIsl reHepaly CUTHAJIBHBIX ITOCJIEI0BATEIbHOCTEN HA IMHE, B IOAIPOTPaM-
Me (cMm. puc. 6.5) ucnonp3oBasnivch noanporpammbel START 12C, SEND _I2C u
STOP_12C, peanuzanust KOTOpbIX IpUBEICHA Ha puC. 6.7.

STRRT T2C
k1
BSE SEN
btiac SEN
goto -1
k0
return
E=no_1zc
o £ SS5FEUFE
kb1
btfac B W
goto -1
k0
return
STCE _T2C
kb1
BSF EEH
btfac EEN
goto -1
kO
return

Puc. 6.7 — Iloanporpammsl popmupoBanus cursanoB START, STOP
u oxuanus nepenaun ganHeix SEND_12C

Jlns mpuema AaHHBIX OT BEIOMOTO, BEAyIIeMy HEOOXOIuMO CPOpMHUPOBATH
CJIeTyIOIINE CUTHAJIbHBIE MTOCJIEI0BATEIbHOCTH Ha LINHE.

1) Crenepupyiite curaan STATR ycranoBuB 6ut SEN perucrpa SSPCON?2.

2) Uepes HEKOTOpOE BpeMsi, Korja CUTHaI crapta copmupoBancs, out SEN
anmapaTHoO cOpachiBaeTcs, 1Mocje yero 7 OUTOB ajpeca BEIOMOTO YCTPOUCTBA U OUT
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3anucb/ureHue R/W co 3nauenueM «1» (cm. puc. 6.3) ciaemyert 3arpy3uTh B Oydep-
uelii peructp SSPBUF, mpu stom nocne 3anucu peructpa SSPBUF, 6ut R/W peru-
ctpa SSPSTAT ycranoButcs B «1», a mociie OTChUIKH 8 OUTOB, 3TOT OUT COPOCUTCS
anmnaparHo;

3) Ilo 3aBepuieHHIO Nepegadu ajapeca, B cliydae MPUCYTCTBUS BEJIOMOIO YCT-
pPOMCTBA C COOTBETCTBYIOIIMM aJPECOM, BEAOMBINA OTIpaBHUT moATBepkaeHne ACK
(curHan MoATBEPXKACHUS UMEET MHBEPCHOE 3HAUCHHE) BEAYILEMY, IO JEBITOMY HUM-
NyJIbCY CUHXPOCUTHAIA.

4) Tlocne npuema noarepxkaeHus 6ut R/W peructpa SSPSTAT anmapatHo
cOpocuTcs, TOCIIe Yero MOYKHO OCYIIECTBUTh NMPUEM JAHHBIX, JJI1 3TOrO BEIYIIMI
JOJDKEH TEPEeKIIIOUUThCS B peXUM NpueMHuKa ycraHoBkod 6uta RCEN perucrtpa
SSPCON?2, nocne 4ero ocymiecTBisieTcs mpueM 8 OUTOB, U WX 3arpy3ka B OydepHbIi
peructp SSPBUF, mo 3aBepmienuto mpuema, our RCEN Oyaer aBTOMaTtuuecku
cOpouIeH, Mocjie Yero MOKHO OCYIIECTBUTh CUMUTHIBAHME J@HHBIX M3 PErucrpa
SSPBUF-.

5) Eciu TpebyeTrcs npuHATH cienytomue 8 OMTOB JaHHBIX, TO Beayluid (op-
MUpPYET MOATBEpkACHUE, s 3Toro Tpedyercs copocuth 6ut ACKDT (ecnu Out
cOpoLIeH, TOr1a OTCHIIAETCS MOATBEPKJIECHUE, a €CIIM YCTaHOBJIEH, TOI/1a OTChLIAET-
cs1 HenoaTBepxkaeHue) u ycranoButh 0ut ACKEN (a1 pa3pemieHns OTCHUIKH CUT-
Hana noaTBepxkaeHus) B peructpe SSPCON2, nnst Hepa3pbIBHOIO IMpUEMa JAaHHBIX
cienyeT noBTopHO yctaHaBiauBaTh OUT RCEN, cunurtate 60ydepnsiii peructp SSPBUF
Y OTOCJATh CUTHAJI TOATBEPKICHHUS .

6) B ciyuae, ecnu TpebyeTcs 3aBepIINTh CeaHC MpUeMa, TO BeAyui GopMu-
pYET CUTHaJI HENMOATBEPKIEHHUS, Ajid 3Toro Tpedyercsa copocuts Outr ACKDT, ycra-
HOBUTH OMT ACKEN u crenepupoats curnana STOP.

[Ipumep noamnporpaMmsl, TO3BOJISIOMIMNA OCYIIECTBUTh MPUEM JAHHBIX OT Be-
JIOMOT0, IPUBEJICH Ha puc. 6.8.

[Momnporpammer REC 12C — receive mode, ACKNOL — acknowledge
signal, ACKNOL_NOT — not acknowledge signal, ncrosb30BaHHBIC B IMOAINPO-
rpaMme AJis pueMa 0ailToB TaHHBIX OT BEIOMOTI0O MTOKa3aHbl Ha puc. 6.9.

B HekoTOpbIX citydasix AJisi CYUTHIBAHUS TAMSITUA BEJIOMOTO YCTPOMCTBa TpeOy-
eTCsl IPeIBapUTENIbHO 3aJaTh aJpeC yKa3aTello MaMsITH BEJOMOro ycrpoiictra. Jis
3TOr0 HEOOXOIMMO BBINOJHUTD CJIEIYIOIIYIO MOCIEI0BATENbHOCTD.

1) Benymmit nomxen chopmuponats curiain START.

2) 3areMm Beymuii IepeIaeT apec BEAOMOTO C HyJIEBbIM 3HAYCHUEM OWTa 3a-
nucu/urenus R/W.

3) Ilocie nosiydeHHsi cUrHajga MOATBEPKACHUS OT BEJAOMOIO, BEIYIUMHU JOJI-
JKEH repenaTh 8§ OMTOB JaHHBIX JJIsl yKa3aTelssl aApeca perucTpa naMaT JaHHbIX Be-
JIOMOT0, C KOTOPOr'0 HaJl0 Ha4yaTh CYUTHIBAHUE.
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CREA
CALL START IzC ; CHMTHaST HaYaNa
MO LW E'11010001"' ;=a2rpyEEa M Oepedad¥a
call SEND TzZC ;7 Buros agpeca o BuToM nopHema "1T
call REC Iz2C [IEpERMEDYEHME EEOVIerD E PEeXTid NERMEeMHETLLES
MOVE SSLBUE, W ; CoXpaHeHMe OpMHEATorD BaiTa = W
HOWWE FIRST BYTE ;=Samdce NpMHATOrDD DaiiTa B peTHCTR
call ACENOL ¥ES ;smwcomnmsed "NoOTEepEmeHMe" ONA CONSR ODME
call REC TIZC
MOWVE S5EBUE, W

MOWVWE SECCND BYTE
;7 rOpoOoEzeM OpMem Gairos
;70T ESOOMOCD, OHCOHYAHME OpEMa,
;fioomEso Bure ocbBosIHasweno "He OOOTEepEISHNMeM"

call RCENOL_NOT
CALL STOPR_IZC
return

Puc. 6.8 — [loamporpamma i npuema 0aiiTOB JaHHBIX OT BEJOMOTO

REC_IZC

Bl
BSE BRCEM  ERNENEHMEe ESIVIErs = DeXlid OPMeMHMES
btfac RCEN ; OEMOaHMEe OpMeMa SalTa
goto -1
kO
return
ACENCOL YES
Bl
bof ACEDT s chopMMpOEATE CHIHAN NOOTESRENOSHMA
baf LACEEN yoboprIpOEATE CHMIOHET HE DNdHEe
btfac ACEEN
goto -1
kO
return
ACENOL MOT
Bl
BSF LACEDT yoboprOMpOEATE CHMIHAEN HE OOOTESDEISHIMA
BSF LACEEN yoboproIpOoEaTE CHMIHAET HE DIdHEe
btfac ACEEN
goto -1
kO
return

Puc. 6.9 — Onucanue noanporpaMm Ajs NprueMa JaHHbIX

4) Tlocne monydeHHs CUTHala MOJTBEPKICHUS, BeaylleMy TpeOyeTcs: chop-
MHUPOBATh CUTHAJI IOBTOPHOTO CTapTa.

5) Hanee, Benynui JOJDKEH MepeaaTh aApec BEJOMOTO CO 3HaUYeHUEM OuTa
3anucu/ateHust R/'W paBHbIM euHUIIE.

6) Jlanee, Beaymuii OCYIIECTBISICT IPHEM JaHHBIX OT BEJIOMOTO B CTaHJIAPT-
HOM pexuMe (cM. puc. 6.8).
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[Tonmporpamma st GOpMUPOBAHUS CUTHAIA TOBTOPHOT'O CTapTa MOKa3aHa Ha
puc. 6.10.

ReSTART TI:Z2C

Bl

B5F BESEHN
btfac BESEN
goto -1
b0

return

Puc. 6.10 — IMoanporpamma 1151 GOpMUPOBAHKS CUTHAJIA TIOBTOPHOTO CTpaTa

6.3.3. AnnapaTHasi OpraHu3anus 4acoB peajbHOro Bpemenun DS1307

Yacel peanbHoro Bpemenu DS1307 npencraBisioT €000  JABOMYHO-
JECATUYHBIC Yachl M KajeHAapb. [lepemaya qaHHBIX MEXIYy YacaMu U OIpaIlinBaro-
M yctporictBoM ocyiiectsisiercs no 12C mmnue, rae DS1307 Bcerma BhICTymaeT
KaK BEJOMOE YCTPOMCTBO M MO3TOMY HMMEET (PUKCHUpPOBAaHHBIA 7 OWUTOBBIN ajapec
(1101000) 3anporpaMMHUpOBaHHBIN 3aBOJOM M3rOTOBHUTENEM. HYachl/KaleHIaph BEIyT
CYeT CeKyHJ, MUHYT, 9acOB, JHEH, HEIeNb, MECAIEB U roaoB. [Ipu 3TOoM ocymiecTs-
JISIeTCS aBTOMATHYECKasi KOPPEKIIMS KOJMYECTBA JTHEW B MecsIaX UMEIOIIUX MEHee
31 mHs1, BKIIFOUAs TIOMIPABKY IS BACOKOCHOTO roja [4].

DS1307 umeer He3aBUCHUMBIN BHEUTHUN UCTOUYHHUK MUTAHUS U T'€HEPATOp TaK-
TOBOUM YaCTOTHI, YTO TO3BOJISICT MPOJOKATH CYET BPEMEHH JIaXe MPH OTCYTCTBHH
OCHOBHOTO TTUTAHUS.

DS1307 conmepxxut 7 OydepHBIX PETUCTPOB NAHHBIX U 56 PETUCTPOB OOIIETO
HasHadeHus (puc. 6.11). KanenmapHo-4acoBoli MOAYJb BEIET CUET BPEMEHH U COOT-
BETCTBEHHO MHKPEMEHTUPYET 3HAYCHHsI CEKYHJ, MUHYT, 4acOB W T.J., TTOCJIC YETO
3HaueHus 3aHOCATCS B 7 Oy(depubix peructpos. Uudopmarnus, conepxariascs B Oy-
(dbepHBIX perucTpax, MOXKeT ObITh MpourTaHa Wi nepesanucana no 12C mwune. [Ipu
ATOM €CJIM MPOU3BECTH TePE3anuch KaKoro-I11u00 U3 0ypepHbIX perucTpoB, TO HOBOE
3alMMCaHHOE 3HAYCHHE Oy/IeT MHKPEMEHTUPOBATHCS B HOPMAJILHOM TIOPSIKE CUETa.
Takum oOpa3zoM, ya0OHO OCYIIECTBISITh KOPPEKTUPOBKY WM YCTAHOBKY BPEMEHH
yTEeM 3aIiCH TPEOYEeMBIX 3HAUCHUH.

JIJist 9TeHUS U 3aMUCH PETUCTPOB, IAHHBIX MPEACTABICHHBIX HA KapTe PErucT-
POB MaMsATH JaHHBIX (CM. pHC. 6.5) cieayeT GopMHUpOBaTh CIEAYIOIIUE CUTHAIILHbBIC
nocieaoBarenbHocT Ha [2C muHe.

Jas 3anucu namsatu ganabix DS1307 cnenyer chopMupoBaTh CUTHAIBHbBIE
MOCJIEIOBATEIbHOCTH, KaK MOKa3aHo Ha puc. 6.12.
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ADDRESS [ BIT7 [ BIT6 | BITS | BIT4 | BIT3 | BIT2 | BIT1 | BITO | FUNCTION | RANGE
00h CH 10 Seconds Seconds Seconds 00-59
01h 0 10 Minutes Minutes Minutes 00-59
10
12 1-12
02h 0 *:,‘;:fr H10°ur Hours Hours +AM/PM
24 AM 00-23
03h 0 0 0 0 0| DAY Day 01-07
04h 0 0 10 Date Date Date 01-31
10
05h 0 0 Month Month Month 01-12
06h 10 Year Year Year 00-99
07h OUT | 0 | 0 [SQwWeE] 0 | 0 | RS1 | RS0 Control —
RAM
08h-3Fh 56 x 8 00h—-FFh
Puc. 6.11 — Kapta peructpo namsaru ganueix DS1307
Curnansl n Curnan Iepe Crenyromas
naya YIOII
ITOCHUIKU Start azI[)peca R/W=0 H;ffx?fﬁ; 2a2:1ﬂ114)celfl: % neperava tanmbIx Curma
BEIOMOTO - BEOMOMY Stop
(b opmupyembie ¢
BEIyIIUM o __
—————————— ~ START [ 1101000 | 0 | A| 8 -Guros |A| 8-6uros | STOP
Curaaisl © -———— *
MOCBIIKH
IIpuem curnana Ilpuem curnana IIpuem curnama
bopmupyemsre MOJTBEPXK IEHHS  TTOJITBEPIK ICHUS 0 JITB €DK JICHUS
BEJOMBIM OT BEJIOMOTO OT BEJIOMOTO OT BETOMOTO

Puc. 6.12 — 3anucek B namMath gadabix DS1307

Jyist Hayauia ceaHca 3amucH JaHHBIX, BEAYIIUN JOJKEH COPMUPOBATH CUTHAI
START wu nepenats 7 OUTOBBINA anpec ¢ HyleBbIM OutoM R/W 1 monydnth curHai
NOATBEPKJIEHUS OT Begomoro. Ilocie dero, Benymuii nepenaer aapec Hadajga yre-
HUS U 3aT€M IepeaeT 0aiThl JaHHBIX CTOJBKO pa3 CKOJbKO MOTPEOyeTCs, IpH 3TOM
Bce peructpsl AaHHbIX DS1307 GynyT 3anmuchIBaThCs MOCIE0BATEIBHO, TaK KaK IMO-
CJle KaKJO0Tro MPUHATOro OaiTa, yKaszaTellb aJpeca aBTOMAaTUYECKH UHKPEMEHTHPY-
etcsi. Ecnu ykazatesns He ObUI OMpesiesieH paHee, TO OH HAUHET HHKPEMEHTUPOBATHCS
C HYJIEBOT'O 3HAYEHUS WU C MOCIEAHETr0 3HAaUeHUs], HA KOTOPOM 3aBEPIIMIICS MPEIbI-
OYIIMN ceaHc 3amucu Wik uTeHus. [locie kaxkaoro mepemaHHOro OaiTa, BEIOMBIN
JOJDKEH OTChUIATh CUTHAJ MOJTBEPXKIAEHUS, KOTOPBIM COOOHIAET BEIyIIEMY, YTO
JAHHbIC TIPUHSATHI U 0KUIAETCA CIEAYIOLas TpaH3aKUWU JNaHHBIX. JlJIsi OKOHYaHUs
CeaHca 3amnucy, BeIylnid JOJHKEH creHeprupoBaTh Ha muHe curHain STOP, nocre yve-
ro IIWHA NEPENIET B HEAKTUBHOE COCTOSIHUE.

Jist yrenust mamsatu nanHbix DS1307 ciepyer copMupoBaTh CUTHAJIbHbBIE
MOCJIeI0BaTEIbHOCTH, KaK MOKa3aHo Ha puc. 6.13.

ITepenaua Ilepenaua

Curnansl 1 Curnan Ilepenaua curHana curHama me- ~ CHTHAM
HOCBIIKH Start  APeca pini-q TIOITB € PIK ICHHST HOATBEpXKICHUS  Stop
dbopmupyembie BEAOMOTO OT BE/lyLLEro OT BeJIyIero
BeLY UM Y
e — START | 1102000 | 1 [A| 8 Guros |A| 8-6uros | STOP
UTHAJBI U ———_
HOCBUIKU
[Ipuem curnama C .
OpMH pyeMbIe NeIyIONHit
(opmupy TIOITB EPoK IEHUS NPHEM AAHHBIX OT
BCAOMBIM OT BEJIOMOTO BEAOMOTO
ITpuem
IaHHBIX OT
BEJIOMOTO

Puc. 6.13 — Yrenune namsatu gaggerx DS1307
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JIiist Havana ceaHca YTEHUs MaMsITH TaHHbBIX, BEAYIIUN JOJKEH chopMUpOBaTh
curHan START u nepenars anpec Bemomoro ¢ outom R/W umeromum 3nadeHue «1y.
Jlanee, BeOMBIi TIepeaeT CUTHAN TOATBEPKICHHUS, MOCIIE YEro BeJOMbIA HAUMHACT
nepenady AaHHbiX. [locnme xaxmoro mpuHAToro OaiTa, BeIylleMy HaJI0 T€HEPHUPO-
BaTh CHUTHAJ MOATBEPKICHHUS, JJIsl MpueMa cieayromero Oaiita manusix. [Ipoiecc
npreMa JaHHBIX OT BEIOMOTO MOXKET MPOAOHKAThCS 0 TeX MOp, MOKa BEAYIIH He
CreHEepUpYeT CUTHANI HEMOATBEPKAeHUs ¢ nocienytonum curiaiom STOP. Crnenyer
YUUTBHIBaTh, YTO C KaXKIBIM IMEpelaBaeMbIM OaliTOM NaHHBIX, yKaszaTelb ajpeca
DS1307 aBTomMaTH4YeCKH HHKPEMEHTUPYETCS.

Jl7is TOTrO, 4YTOOBI CYUTHIBATH JTAHHBIE TOJIBKO U3 TPEOyeMOro peructpa, Tpeoy-
eTCsl MPEJIBAPUTEIHLHO MepeaTh 3HaUCHUe AJI yKazaTels ajpeca, Takas Mocjie1oBa-
TEJILHOCTh HAa3bIBACTCS «3aIKCh YKa3aTess, 3aTeM uTeHuey» (puc. 6.14).

Ilepenaua

Curnan Ilepemaua Anpec s IoBTOpHSBIHA Ilepemaua epenaua CHIAAMA He- Cg:Han
azpeca AT — CcTapr azgpeca in— CUr'Haja MNOATBCPXK ACHUSA op
Start BeoMoro R/W=0 yi@saress BE OMOFOR/W_]HOZLTBCD)KZ[CHI/ISI BEYILIAM
Y o
| START | 1201000 | 0 [ A | Aecper® | AR | 1101000 1| A| 8-6uros [A] STOP
ITpuem curnana  I[puem curhana Ipuem CUrHAMA [1yya JAHHBIX OT
NOATBEPKJEHUS  [10ITBEPXK IEHHS TNOTBEPXK ICHUS P BEAOMOTO
OT BEIOMOTO OT BEJIOMOTO OT BEJJOMOTO

Puc. 6.14 — IlocnenoBaTellbHOCTh CUTHAIOB [JIS UTEHHUS HaMSITH JaHHBIX
C 3arpy3Koil 3HaUeHHUs yKa3aTels aapeca

JIns Havana ceanca yreHus namsata DS1307 ¢ 3arpy3koi 3Ha4eHUs yKa3aTems
aapeca maMATH JaHHBIX, BEAYIIUA TOKeH creHepupoBaTh curHail START, 3arem
nepeaarb ajpec BEJOMOro YCTPOMCTBA C HYJIEBbIM 3HaueHueM aisa Outa R/W. B
Ciy4dae COBNAACHUA aJpeca, BEIOMBIN NEpEelaeT CUTHANI NOATBEPKICHMS, TIOCIIE Ye-
ro, BeAyLIUi J0HKEH Nepenarh 8 OMTOB JAHHBIX IS aJipeca yKazarels U 0XKUAATh
OUEpEeIHOTO CUTHaJIa MOATBEPKIACHUS OT Beaomoro. Jlanee, Beayuemy TpeOyercs
CreHepHpOBaTh CHUTHAJ MOBTOPHOIO CTApTa W Mepenarh aJpec BEJOMOro ¢ OUTOM
R/W umeronm 3nauenne «1y», 3aTem 0xuaaTh NOATBEpkKACHUS OT BegoMoro. [locre
Yero, BeAOMbI HAYHET MepeaBaTh JaHHbIE, HAYMHAS C aJpeca, KOTOPbIA ObLI 3a-
IpyeH B ykasarenb. [0 3aBepiieHuro npuema JaHHbIX, BEAYIIUN JTOJKEH CTEHEPH-
poBaTh CUTHaNI HenoATBepxkAeHUs U curan STOP.

Baxxno o0patuTh BHHMaHue, Ha TO, 4YTO, MO YMOJYAHHUIO, TaKTUPOBAHUE
DS1307 oT BHEHIHETO T€HEPATOPA BBIKJIIOUYEHO, MOATOMY JJIsl BKIIFOUEHHS] TAKTOBOTO
curHana, TpedyeTcsi cOpocuTh camblii cTapmuid pa3psa CH B peructpe namsitu naH-
HbIX 1o aapecy 0x00, mocne 4ero Ha4yHETCS MHKPEMEHTHUPOBAHUE PETUCTPOB, CO-
JeprKaluX KaJeHAapHYyI0 U YaCOBYIO HH(OpMaIIHIO.

6.3. Ilopsinok BbINOJIHEHHS JIA00PATOPHOI PadoOTHI

Hanucates nporpammy, kotopas Oyaet onpamuate DS1307, ucnonsszys [12C
poToKoJ npu nomoiy moaysst MSSP. Tlpu stom Mmogyns MSSP nomxen paborarts
B pexxume Benyuero. s koHpurypauun moayns u onpoca DS1307 HeoOxoaumo
UCIOJIb30BaTh ONMHCAaHKWE M (PparMeHThl MporpaMMm B TeopeTuyeckor uvactu. [locne
4Yero HeoOXOJMMO 3anporpaMMHUPOBATh MUKPOKOHTPOJUIEP U YOEQUTCS, YTO Mpo-
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rpamMMa BBINIOJIHSAETCS TpaBWIbHO. Ha nMaHHOM 3Tarne Ha JucIuiee JOJDKHBI 0TOOpa-
KAThCA CEKYH/IBI U €XKECEKYHHO MUTAIONIAS JECATUYHASI TOUKA BO 2 pa3psiae.

[Tocne BeIMONIHEHUS TIPEABIAYIIETO 3adaHus, TpeOyeTcs 10padboTarh Mporpam-
My TakuMm 0Opa3om, 4yTOOBI, HAa JUCIUIEE OTOOPAKAIUCHh Yachl U MUHYTHI C €XKece-
KYHJTHO MUTAIOILIEH TOYKOU.

[Tocne ycnemHoro BBIMOJHEHUS JIBYX MPEAbIIYIINX MyHKTOB, TpeOyeTcs J0-
paboTaTh mporpaMMy TakuM oOpa3om, 4TOObl MOXKHO OBLJIO MPOU3BECTH KOPPEKTHU-
POBKY BPEMEHH, UCIIOJIB3YsI KHOMIOYHYIO KJIaBUATYPY.

6.4. Conep:xkanue oT4yeTa

Ienb paGoTHI.

CxeMa 3a/IciiCTBOBAHHOM YaCTH MakeTa.

Yacth KOJa, IIe pealii30BaHa HACTpOIKa 4acOB MPU MOMOIIMA KHOIIOYHBIX
KOHTaKTOB.

YacTh KOJa, T/I€ OCYIIECTBIACTCS M3BJICUCHHE MUHYT M YacOB U3 MPUHATHIX
oairoB or DS1307.

[ToapoOHBIE BEIBOIBI

6.5. KonTposibHbIe BONPOCHI

OObsicHuTe 0OCHOBBI (PyHKIIMOHMpPOBaHus 12C nmpoTokoiia.

Kaxk opranuzoBana [12C muna?

Kakoe makcuMallbHOE KOJUYECTBO YCTPOUCTB MOKET OBITh HA IIMHE?

Kax xondurypupyercst Mmogynbs MSSP pexxum BenyIiero u Kakue BbIBOJBI UC-
MOJIB3YIOTCS JJIsI IOCieioBaTebHO HHTEp(eiica?

Kakne OuThl HEOOXOIUMO HCIOJB30BaTh YTOOBI CHOPMHUPOBATH CHUTHAIA
START STOP na I12C mune?
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JIABOPATOPHAS PABOTA Ne 7.
MN3YYEHUE OBMEHA JTAHHBIMU 11O 1-WIRE HIIUHE
C IU®POBBIM TEMIIEPATYPHBIM JATYUKOM DS18B20

7.1. leab padoTsl

O3HAKOMUTBECA C NPUHIMIOM PabOThl KOMMYHHUKAIIMOHHOTO MpPOTOKojda |-
Wire.

N3yunth ocobeHHOCTH padoThl U(poBOro maturka remrnepatypsl DS18b20.

BrInmomHuTe mporpaMMHYIO peanu3anuio npoTtokona 1-Wire ans u3mepeHus
TEeMIIepaTypbl OKPYXKaIOLEH Cpebl.

7.2. TeopeTnueckne cBeIeHUA

Ha npaktuke npu pa3paboTke paodJeKTPOHHBIX YCTPOUCTB U CUCTEM YaCTO
BO3HHMKAET HEOOXOJIUMOCTh M3MEPEHUsSI TeMiieparypbl. JlJis pemieHus 3Tod 3aaadu
CYIIECTBYET psiai crnoco0oB. Camble pacnpOCTpaHEHHBIE M3 HUX ITO MPUMEHEHUE
TepMONapbl, TEPMOPE3UCTOPOB U ITUDPOBBIX JATUYNKOB.

[Tpu peanuzannu MK cuctemsl UCMOJIB30BAaHNUE TEPMOIIAP U TEPMOPE3UCTOPOB
TpeOyeT YCIOXKHEHHsI cXeMbl. Hampumep, curHain TepMorapbl UMEET JOCTaTOYHO
HU3KUU YPOBEHb U €ro HYKHO YCHUIIMBATh. B CBOIO odepesib TEpMOpPE3UCTOPhI 001a-
JAI0T HEJIMHEMHON XapaKTEPUCTUKOW, YTO YCIOKHSET IIPOLIECC CUUTHIBAHUS IMOKA3a-
HHM.

[MudpoBbie TepMOAATUMKYN JIUIIIEHBI YKAa3aHHBIX BBIIIE HEJOCTAaTKOB, HE Tpe-
OYIOT KaTuOPOBKH, MOJKIIOYAIOTCS MOCPEJICTBOM MPOCTHIX U CTAHJIAPTHBIX HUHTEP-
dbeiicoB. IMeHHO MOATOMY MX MCIIOJIB30BaHUE TIpeanoYTuTeIbH0 B MK crucremax.

7.2.1. OcHOBHbBIE M0J10:KeHUsI TemnepaTypHoro nartuunka DS18B20

B nannoit pabote uccnenyerca tepmonaruuk DS18B20. K ero mocrouncram
MO>XHO OTHECTH MPOCTOTY, JOCTYITHOCTh M JOCTaTOYHO BHICOKYIO TOYHOCTh U3MEpe-
HUS TEMIIEpPaTyphl, a TAKKE BO3MOXHOCTh MOAKIIOUYEHUS MHOXECTBA JATYUKOB HA
onny yuuuio [5]. Buemnnii Bug DS18B20 nokazan Ha puc. 7.1. Cxema MoakiIroue-
HUS TT0OKa3aHa Ha oOIel cxeme MakeTa.

Puc. 7.1 — BHemHuit BUJ UCNOJIB3yEMOI'0 TEPMOIATUNKA
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s oomena nHpopmanueit mexxny MK n TepMogaTunKoOM MCHOJIB3YETCs MO-

cienoBarenbHblii 1-Wire uatepdeiic. BaxxHo OTMETHTB, 4TO mpoliece nepeaadn gaH-
HBIX KOHTpospyeTcss MK, Ipu 3TOM HCIIONB3yeTCsl BpEMEHHAss CHHXPOHU3ALMS.

7.2.2. OcHoBbI pa6oThI 1-Wire muHbI

PaccMoTpuM, Kak mepeaarh JIOTHYECKHE YPOBHH COIIacHO mpotokony 1-Wire,
[Ipu 5TOM clietyeT MOHUMAaTh, YTO BHICOKUM JIOTUYECKUN YPOBEHb HA JINHUU aBTOMa-
TUYECKH (POPMUPYETCS MOJATATUBAIOIIUM PE3UCTOPOM, a HU3KHI — OJHUM M3 YCT-
POICTB, MOJKIIOYEHHBIX K JTUHUH.

Ha puc. 7.2 nokazaHno, Kak nepeiatb OUT ¢ HU3KUM JIOTUIECKUM ypoBHEM. [i1s
sToro MK 1omKeH yCTaHOBUTH Ha JINHUW HU3KUM JJOTHYECKUNA YPOBEHb Ha MHTEPBAJ
BpeMeHHU JIMHOU oT 60 Mkc 10 120 MKc, a 1ociie 3TOro BEpHYTh JIUHUIO B UCXOTHOE
COCTOSTHUE (XOJIOCTOU XOJ).

u(t)

60 mKc < | Low< 120 mMKc

MK dopmupyeTt HU3KNI
YpOBEHb

Puc. 7.2 — Taiim-cnot nist nepenauu «0» or MK

Jlnig nepeaaun OuTa ¢ BHICOKUM JIOTHYECKHM YPOBHEM CIIEIyeT YCTAaHOBUTDH Ha
JIMHUY HU3KUW JJOTUYECKUI YPOBEHb Ha MHTEpBaJl BpeMeHH Oosiee 1 MKc, mocie yero
BEpHYTh JIMHHIO B HCXOAHOE cocTosiHue. (CKa3aHHOE NPOWJUIFOCTPUPOBAHO Ha
puc.7.3.

u(t)

1 mKkc < Tow
«— — — — »

MK dopmunpyet
HU3KNI Y POBEHH

/

Puc. 7.3 — Taiim-ciiot myist mepenayn «1» ot MK

[Ipouecc nepenaum HaHHBIX OT JaTduka Takxke KoHTposmpyercs MK. Ilpuem
KaXJI0ro OWTa HAUMHAETCA C Nepejayu BEIyIIUM YCTPOHCTBOM TaliM-CIIOTa YTCHUSI.
PaccmotpumM, kakum obOpazom gopmupyercst Taitm-ciaot urenus. MK momkeH ycra-
HOBUTH HA JIMHUM HU3KHUH JIOTUYECKHI YPOBEHb HAa MHTEpPBaJ BPEMEHM JIMHOM OT
1 mMxc 10 15 MKc, a mocyie 3TOoro BEpHYTh JIMHUIO B UCXOJHOE COCTOSIHUE, AJISI TOTO,
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4TOOBI CUNTATh KAKOM JIOTMUECKUN YPOBEHb IPUCYTCTBYET Ha JUHUU. [Ipu 3TOM MoO-
cienyromee cocrossaue auHUM 3agaet DS18B20. Ecnu nepenaBaemeplil OT JaTyvKa
out «1», To Ha TMHUM OYJET YCTAHOBJIEH BBICOKUH JIOTHYECKUH YPOBEHb, a €CIIU Ha
JVHUM YCTAHOBJIEH HU3KUH JOTHYECKHI YpOBEHb, TO Mepenaercs OUT paBHBIN «0».
VYkazaHHas npoueaypa rokasasa Ha puc. 7.4.

u(t) CocToAHME NUHUU 3agaer

AaTunK
1 mKc < Tow< 15 MKC T \/
:

fl
)
i
— — — —— —— W
I
i
i
’ i
i
i,
T
1
A
i
i
i
~ L i i i
i
MK bopmupyeT HUKuiA yposeHb |7/
)
T
///////////////////////////////////////////////////,////,/////////////,
///7///7///7///7///7 i ////7///7/// /i) ///,7///7// /7/
U il
11171 il
i
s

Puc.7.4 — Taitm-ci0T a4 nepenadu TaHHbIX OT gaTynka kK MK

BaxxHo moHMMAaTh, YTO JJI MPAaBWIBHOW pabOThl ¢ TEPMOJATYMKOM HEOOXO-
JUMO CTPOro COOJI0IaTh YKa3aHHbIE BPEMEHHbIE HHTEPBAJIbl KaXKI0T0 TalM-CIIOTA.

7.2.3. lopsinok padorel ¢ DS18b20

Jlns oOMeHa JaHHBIMH C TEPMOJIATUUKOM CIICIYET MPUJICPKUBATHCS OIpPEae-
JICHHOTO MOPSJKA IEUCTBUM. Y IPOIIEHHBIN aJIrOPUTM B3aUMOJICHUCTBUA C JATUUKOM,
JIOCTaTOYHBIN ISl BBITIOJIHEHHS JAHHOUW j1abopaTOpHOM paboThI, MOKa3aH Ha pHC.

7.5.

UHnumannsauua
|
KomaHnga Skip ROM
|
3anycK namepeHuma

\
O)Xnpatb KOHUA

n3mepeHus

MonyyeHue pesynbTaTa

Puc.7.5 — Anroputm B3auMOJEHCTBUS C TaTYNKOM
JUISl CAUTBIBAHUS TEMIIEPATYPbI

Kak BugHO M3 mpuBeAcHHOro ajroputma, jJobdoe obpamenue k DS18B20
JOJDKHO HAYMHATHCS C CHTHAJa MHUIMaIu3anun. PaccMoTpuM, Kak mepeaarh Takou
curHan (puc. 7.6.), mis aroro MK noibkeH yCTaHOBUTH Ha JIMHUU HU3KUHW JIOTHYe-
CKUI ypOBEHb Ha MHTEpPBaJ BpeMEHH NIUHOU OT 480 MKC, MMOCIie 4ero BEpHYTh JIU-
HUIO B UcxoaHoe cocTosinue. Yepes 15—60 mkc, nmocie Toro kak MK Bo3Bpamaer
JUHHUIO B COCTOSIHUE XoJioctoro xoaa, DS18B20 ¢opmupyer curnan mpucyTCTBUS,
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O3HAYaIONIMK YTO JATYMK MCIPaBEH U TOTOB K pabore. CUrHal MPUCYTCTBUS MOKa-
3aH Ha puc. 7.6.

u(t)
480 mKc < T ow 60 MKC < T Low< 240 MKC

«— — — — — — — > «— — — >
Datunk

dopmupyet
HU3KUI
YpOBEHb
(npucyTcTBME)

MK dopmupyeT HU3KIUIA ypoBEHb
(MHMUManusayus)

Puc.7.6 — Curnan uHUIIMAINU3alUY U CUTHAJ IPUCYTCTBUS

[Tocne Toro Kak MmojaydeH CUrHaiI IPUCYTCTBUS OT BEIOMOI'O YCTPOHCTBA MOXK-
HO TIepeaaBaTh KOMAHIBI BEAYIIUM yCTPONUCTBOM. 37€Ch BaXKHO OTMETHTbH, UYTO CY-
IIECTBYET BO3MOXKHOCTh IMOJKIIOUeHUs MHOXecTBa DS18B20 Ha omgny oOIIyto ju-
HUWO. /{1 HE3aBUCUMOIrO B3aUMOJEHCTBHUS C KaXIbIM BEJOMBIM YCTPOMCTBOM BCE
OHM MMEIOT CBOM YHUKaNbHBIA 64 OuTHBIN koa (ROM). B nannoit paGote uccneny-
€TCS TOJILKO OJMH TEPMOJATINK, TTOITOMY 3a7a4ya ero HACHTU(GUKAIIUNA HE CTOUT.

JIns Toro 4Tto0Bl MPONMYCTUTh OIepaluu, cBa3aHHble ¢ ROM cyiiecTByeT Ko-
manja SkipROM, kotopyto cieayer nepeaaTsh Nocjie MHUIHATU3aIH.

7.2.4. Crpykrypa namsitu DS18B20

Tepmoaatunk DS18B20 umeer O3V ob6bemom 9 Gaiit u [13Y o6bemom 2 Oaii-
ta. Kapra namsitu DS18B20 nokazana na puc. 7.7.

SCRATCHPAD (Power-up State)
byte 0 | Temperature LSB (AAh} (85°C)-

byte 1 | Temperature MSB (00h) EEPROM
byte 2 | Ty Register or User Byte 1* <4—»| Ty Register or User Byte 1
byte 3 | TL Register or User Byte 2* <—»| T Register or User Byte 2

byte 4 | Reserved (FFh)

byte 5 | Reserved (FFh)

byte 6 | COUNT REMAIN (0Ch)
byte 7 | COUNT PER °C (10h)
byte 8 | CRC*

Puc.7.7 — Crpykrypa mamstu DS18B20

Pe3ynbraThl n13MepeHus: TeMnepaTypsl xpaHsarces B peructpax O3V ¢ anpecamu
O u 1, mpu TOM COAEPKUMOE OCTAIHLHOM MaMsATU B X0JI€ JaHHOU pabOThl HE MOTpe-
oyercs.

PaccmoTpuMm B kakoMm QopmaTe XpaHSATCA JaHHBIE O TeMIlepaTrype B MaMATH
natunka. dopMar TaHHBIX OMpPEAESET TO, C KAKUM Pa3pelIEHUEM H3MEPSIETCS TEM-
neparypa. CornacHo nokymentauuu DS18B20 Mmoxet uzmepsats TeMneparypy ¢ pas-
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pearonei cnocoOHOCThIO OT 9 10 12 GUTOB, UTO B CBOIO OUYEPEb OIPEIEISIET TOY-
HOCTbh u3MepeHui. Ha puc. 7.8 noka3aHo, B KAKOM BUJE XPaHATCS JAHHBIC B PETUCT-
pax TeMIeparypsl Ipy pa3peiieHuu B 12 6UToB.

22 (2228 2% |2 (22|22 |27 | LSB
MSb (unit = °C) LSb

S|S|{S|Ss|s|20]2°|2*|MSB

Puc.7.8 — Conepxumoe perucTpoB TeMIIEPATYPHI

Crapuiue 6utbl, 0003HaYeHHbIE OYKBOW S, yKa3bIBalOT Ha 3HaK TEMIIEPaTyphl,
€CJIM OHU paBHBI 1, TO TeMIiepaTypa OTpHIaTelbHasl, a ecin 0, TO MONOKUTENbHAS.
IIpu stoM 6utsl 2°—2° HPEenCTABIAIOT LETyI0 YacTh, a OHTHI 2 - — 2 mpeacTaBis-
10T IpOOHYIO YacTh BEJIMYMHBI U3MEPEHHOW Temmeparypsl. JpoOHas yacts ¢popmu-
pyeTcs IyTeM aHaJi3a yCTaHOBJICHHBIX OuToB ¢ 2 1o 2 *. Ecym 6ut 2 nmeer 3Ha-
yeHue «1», To 3To 3kBUBasieHTHO 0,5 Tpanayca, eciu OUT 2°° YCTaHOBJIEH B «1», TO
3TO 3KBHBaJIeHTHO 0,25 rpagyca u Tak gajiee ¢ yMEHbIIECHUEM B J1Ba pa3a. [locie To-
ro Kak Bce OMTHI APOOHOM YacTH MPOAHAIU3UPOBAHBI, APOOHBIC YACTH, COOTBETCT-
BYIOIIME Ka)KIOMY YCTaHOBJICHHOMY OHUTY CJIEIYET CIIOKHUTb, YTO U OYJET COCTaB-
JATh TPOOHYIO YaCTh U3BMEPEHHOW TEMIIEPATYpPbl, 3aTEM MOJYYEHHOE YUCIO HEOOXO-
MO TpeoOpa3oBaTh B JECATUUYHBINA KOJA U BBIBECTH Ha MHAMKATOP MOCJE JECATHY-
HOTO 3HaKa. A Bce OUTHI, MPEICTABIAIONINE LETYI0 YacTh U3MEPEHHOM TeMIlepary-
pBI, cleayeT nmpeodpa3oBaTh B ECATUUHBIN (opMaT O6€3 TOMOJIHUTEIBHBIX Tpeoldpa-
30BaHMI U BBIBECTH MOJYYEHHOE YMCIIO MEpe]l IeCATUUHBIM 3HaKOM. Takke Heo0Xo-
JUMO MTOMHHTb, YTO JJI KOPPEKTHOTO JIBOMYHO-JIECATUYHOIO MPeoOpa3oBaHus Tpe-
OyeTcsl HaJIOXKUTh MAacKy M OCYIIECTBUTh LIUKINYECKUN CIBUT OMTOB, MPEACTABIISIO-
IUX APOOHYIO U IIeJIble YaCTH U3MEPEHUS TEMIIEPaTyPhl.

OTtMeTuM, 4TO COrJIacHO MpOTOoKoNy 1-Wire naHHble nepefaroTcs MIIaIIINM
OMTOM BIIEpE/I.

7.2.5. Komanapl TepMoaaTuYnKa

JIJisi B3aMMOJICMCTBUSL C TEPMOJIATYUKOM CYIIIECTBYET HAOOp OIMpPEACICHHBIX
koMmaH. Kaxknas komana npeacrasiser u3 ceds oauH 0alT (nanee OyayT npuBese-
el B HEX-dopmare). PaccmoTpuM ocHOBHBIE KOMaH IbI, KOTOPBIE TOTPEOYIOTCS IS
B3auMo/ielicTBusa ¢ DS18B20 B x0/1€ BHIMOJHEHUS JAHHOU J1Ta00paTOpHON pabOTHI.

SKIP ROM [0xCC] — mo3BoJsieT 00paTuThCs KO BCEM MOIYMHEHHBIM YCT-
po¥CTBaM Ha JMHUU OJTHOBPEMEHHO.

CONVERT T [0x44] — 3amyckaeT mpoliecc U3MEpPEHHs TeMIIEpaTyphl, KOTO-
pBIN 3aHUMAaeT HEKOTOPOE BpeMsl, 3aBUCAINEE OT 3aJaHHON TOYHOCTH.

READ SCRATCHPAD [0xBE] — unuIManu3upyer nepeaady CoaepKUMOTro
O3Y DS18b20 Beayimemy yctpoiictBy (MK).
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7.2.6. IIporpammHuas peanu3zanus nporokosaa 1-Wire

Jlns peanuzanuu anroputMma (cMm. puc. 7.5) uenecoodpa3Ho UCIOJIb30BATh Cle-
JYIOIIHME MOIPOTrpaMMBI:
— nepeaayu O6aiTa (KOMaHAbl U KOH(OUTYPAIIMOHHOTO CJIOBA);
— mnpuema 0aiiTa OT TeMIEepaTypHOro JaTYMKa (JJ1sl mpueMa pe3yJibTaToB 13-
MEpEHUS TeMITepaTyphl, IJIs1 OTIpOca CTaTyca TPEBOTH | JIp.);
— WHUIHAIN3AIAA U TIPOBEPKHU MIPUCYTCTBUS JATUHKA.
JIiist ynpouieHust KoAa nmporpaMMsbl MpejyiaraeTcs NTPUMEHUTh HECKOJIBKO MaK-
POCOB, KOTOPBIE TOKA3aHbI HA puc. 7.9.
ouT macro
bl
bef TRISA, 4
b0
endm
IN macro
bl
bsf TRISA, 4
b0

endm
#define sens PORTA,4

Puc.7.9 — Makpocs! ajig ynpouieHus: IporpaMmmsl

Makpoc OUT nepexitouaet BbiBoJ MK RA4 (k koTopoMy MOJKIIIOYEH TEPMO-
JATYMK) Ha BBIXOJ, JIJISI TOTO YTOOBI 33/1aBaTh HA HEM JIOTUYECKHE YPOBHU. Makpoc
IN nepexmtouaet BeiBog MK RA4 Ha BXOJ, 1711 TOTO YTOOBI CUUTHIBATH JIOTUYECKHUE
YPOBHU Ha JIMHUH.

Jlns peanuzaiuu aroputMa (cMm. puc. 7.5) nenecooOpa3HO UCIOIb30BaTh Clie-
JYIOIIME MOAIPOTrpaMMBI:

— mnepenayu Oaiita (koMaHabl U KOH(HUTYyparoHHoro cioBa) (puc. 7.10);

— mnpuema OaiiTa OT TeMIEepaTypHOro JaTYMKa (JJIs1 mpueMa pe3yJIbTaToB U3-

MepEeHUs TEMIIEpaTyphbl, IJIsl OIpoca cTaTyca TPEBOTrH U 1ip.) (puc. 7.11);

— HHUIMAIN3aUUU U IPOBEPKHU MPUCYTCTBUS AaTuuKa (puc. 7.12).

[ToamporpamMmbl, TPUBEICHHBIE BBIIIE HEOOXOIUMO 3alucaTh B COOTBETCT-
BYIOILIEH TMOCIEA0BATEILHOCTH MPU PEAIU3ALUA OCHOBHOT'O KOJIa U3MEPUTENS TEM-
nepatypbl. [l aHanu3a BEJIWYMHBI TeMIIEpaTyphl, TpeOyeTcs NpUHATH JBa Oaiita
JBaYK]IbI, MCIIOJIB30BaB MOIIporpaMmMy npuema Oarrta (puc. 7.11).
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SEND BITE ; IIOONPOT'PAMMA OTIIPABKM BAWTA OAHHHX TATUMEY
b0
MOVLW .8 ;samaeM CKOJBKO pas HYKHO CIOBUHYTH
MOVWE CNT3;3zarpykaceM 3TOSHaYeHME B NEPEMEHHYD
send
RRF sendbite,f ; CIOEMIaeM pPeTMCTp NEpPEIaB3EMHX [I3HHHEX
;UTOOH KpalHuii OUT BHNaI B C
BTFSS C ; NpOBEepAeM 4YTOo [omaio B C
GOTO SendNull ; ecmu Bumnan 0, To nepenaem 0
GOTO SendOne ; eciM BHNOaN 1,To nepemaeMm 1
SendNull 7 TOCHIIaAEM HOJIE
QUT ; JHMHMID Ha BHBOI
BCF SEns; BLHICTABJIASM HOJNE Ha JIMHMM
CALL WAIT100uS; =moeMm
IN ; JMHME Ha BXOO(OTOYCKaeM eg)
GOTO ml
SendOne JIOCHNIaeM eOUuHUITY
QuT ; JIIMHWE Ha BHBOI
BCF SENns; BHICTaBJIAEM HOJB
call WAITZuS ; ®I=M
IN ; JIMHMID Ha BXOO(OTOYCKAEM &)
CALL WAIT100uS;
ml
DECFSZ CNT3,F ; YBeIMYMEAEeM CUETUMK M NPOBEpPAEM HEe 2aKOoHUeH JiM GanT
GOTO send 7 eCll He SaKOHUMIM MIEM [EPECEUIATE CIHeIymal GuT
RETURN ; Iepefada SaKkoHYEeHa
Puc.7.10 — IMognporpamma ajist mepeaaun Oaiita
GET_BITE
b0
MOVLW .8 ;BalaeM CKOJBKO pas HYXHO CIOBMHYTE
MOVWE CNT3 ;s=arpy¥aceM STO SHaYeHUME B [NepeMEHHYD
get
ouT ; YVCTAHOBWMIM JHMHWE Ha BHXOX
BCF Sens; YCTaHOBMIIM JIMHME B HOJB
CALL WAITZ2uS
IN ; OTOYCTWMIM JIMHMWID
CALL WAIT30US; XIOIeM MOKa OaTUMK YVCTAHOBMT COCTOAHME
BTFSS Sens; NPpOoBEpASM COCTOAHME JIMHMM
GOTO GetNull; eciM Ha JIMHMM HOJNE
GOTO GetOne ; eciM Ha JIMHMM BHCOKMIA
m2
DECFSZ CNT3,F ; YBeIMYMEIEM CUETUMK M IIPOEEpASeM He SaKOoHYeH M BalT
GOTO get ; eCIIM He SaKOoHYMIM npmew
EETURN
GetNull
BCF C; WiIafeM MNONYy4YeHHHIT HONE B C
ERF result,f ; coeuraeMm 4ToGH coepxMMoe C
; NONaNIo Ha [NOSHMUME CcTapmero 6mMTa result
CALL WATITT70us
GOTO m2
GetOne
BSF C; ®JaiseM MNONYYSHHYER eOMHMIY B C
ERF result, f ;coeuraeMm 4dToOH comep®MMoe C
; MONallo Ha NosSHMUMED cTapmero OwuTa result
CALL WAIT70us
GOTO m2

Puc.7.11 — IMoanporpamma nijist mpriema 6aiita
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INIT 7 MHMUMaMsaluAa M IpOEepKa NpMCcyTcTEMA DS18b20
OUT ;JIMHMI Ha BHEOIX
BCF Sens ; OpEMMaceM JIMHWUD K SeMIe
CALL WAIT500uS ; *®IoeMm
IN ; JIMHMI0O Ha BXOI
CALL WAIT100uS ;®OeM
BTFSC Sens ; MOpoBEpAeM COCTOAHME IIMHWUM
GOTO ERR no sensor ; IaTUMK HE OTEBETII
CALL WAIT500uS ; BCE B IOPALOKE
RETURN

Puc.7.12 — [loanporpaMma HHULMAIU3ALUN U IPOBEPKU IIPUCYTCTBUS

7.3. Illopsigok BBINOJIHEHUS JIA00PaATOPHOI padoThI

Peanmusylite mporpammy JUIsi CUMTBHIBAHUS TEMIIEPATYPhl C TEMIIEPATyPHOrO
JaTYNKA MCIIOJB3Yysl KOJbI MOANPOTrPAMM, KOTOPbIE MPUBEACHBI B TEOPETUUYECKOU
YaCTH.

Hcnonp3yiiTe TMHAMUYECKYIO MHIUKALIMIO JJIs1 BBIBO/IA U3MEPEHHOW TEMIEpa-
TYpBI NIPEIBAPUTEIHHO TPeoOpa30BaB MOJYICHHBIN KOl OT TEeMIEPATypHOTO IaTUNKa
B ITPONOPLUOHATBHBIN IECATUYHBIN C IPOOHON YaCThIO.

7.4. Conep:kanue oruera

Ienb paGoThI

Cxema 3a7eiCTBOBAHHOM YaCTH MaKeTa.

Kon nmporpammel ¢ mogpoOHBIMH OOBSICHEHUSMHU.
[TonpoOHbIE BHIBOIBI.

7.5. KoHTpO/bHBIE BONIPOCHI

OO®wsacHUTE TpUHIKI paboThl 1-Wire mpoTokosia.

OOBsicHUTE YCTPOMCTBO MaMsATH TemnepaTypHoro aatunka DS18b20.

OObsacHUTE TPUHLIMII TOANPOTPaMMBI JIJIs epeadn 0ailTa K TeMIepaTypHOMY
JaTYHKY.

OObsicHUTE, KaK U3BJICYb LENYI0 U JIPOOHYIO YacTH U3 JBYX OalTOB TeMmIiepa-
TYpHOTO KOHBEPTHPOBAHHSI.
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MuemMoHuKa, Konuu. | 14 OuroBsiit  kop | Cratyc
Onucanue o

OTIePaH/IbI TaKTOB | MHCTPYKIIUH OUTBI

baiiT-opreHTHPOBaHHBIE KOMaH bl

ADDWF fd | Cioxure Wu f 1 00 0111 dfff ffff C,DC,Z

ANDWF fd | Jloruueckoe U W ¢ f 1 00 0101 dfff ffff Z

CLRF f Ouuctuts peructp f 1 00 0001 1fff ffff 4

CLRW - Ouncruth akkymymnstop W 1 00 0001 Oxxx Xxxx | Z

COMF f.d | MuBeprupoBars OuthI f 1 00 1001 dfff ffff 4

DECF f.d | dexpementuposars f 1 00 0011 offf ffff 4

DECFSz fd Hex. f, mponyctuts ecnu 0 1(2) 00 1011 dfff ffff

INCF f.d WNukpementuposats 1 00 1010 dfff ffff Z

INCFSz fd | Unk. f, nponyctuts eciu 0 1(2) 00 1111 dfff ffff

IORWF fd Jlornueckoe UJIM W ¢ 1 00 0100 dfff ffff Z

MOVF f.d [Tepemectut f 1 00 1000 dfff ffff Z

MOVWF f [lepemectuts W B f 1 00 0000 1fff ffff

NOP - [Tycrast onepauus 1 00 0000 0xx0 0000

RLF fd Cusurats BieBo f 1 00 1101 dfff ffff C

RRF fd Casurath BripaBo f 1 00 1100 dfff ffff C

SUBWF fd Beruects W u3 1 00 0010 dfff ffff C,DC,Z

SWAPF fd OO0OMeH 110J10BUH B 1 00 1110 dfff ffff

XORWF fd Ucxmouaromee MU W ¢ 1 00 0110 dfff ffff Z

buT-oprieHTHPOBaHHBIC KOMaHIbI

BCF f,b | Ouucruts 6ur peructpa f 1 01 00bb bfff ffff

BSF f,b | YcranoButs Out peructpa f |1 01 01bb bfff ffff

BTFSC f,b [ IIpom. eciu Gut cOporeH 1(2) 01 10bb bfff ffff

BTFSS f,b [ Ilpon. eciiu 6ut ycranosnen | 1(2) 01 11bb bfff ffff

Koman il yripaBiieHust ¥ pabOThI C TOCTOSTHHBIMH BeJTHUHHAMK (KOHCTAHTaMM)

ADDLW k CnoxuTh KOHCTaHTY © W 1 11 111x kkkk kkkk | C, DC, Z

ANDLW  k Jlor. U koucTanTel ¢ W 1 11 1001 kkkk kkkk | Z

CALL k Bb130B moamporpamMmel 2 10 Okkk kkkk kkkk

CLRWDT - OYHUCTHTD CTOPOXK. TalMep 1 00 0000 0110 0100 | TO,PD

GOTO k [Tepexon o ampecy 2 10 1kkk kkkk kkkk

IORLW Kk Jlor. NJIU xoucTanThl 1 W 1 11 1000 kkkk kkkk | Z

MOVLW k [TepemecTuTh KOHCT. W 1 11 00xx kkkk kkkk

RETFIE - BosBpar u3 npepsiBaHus 2 00 0000 0000 1001

RETLW k BosBpar co 3naueHne B W 2 11 01xx kkkk kkkk

RETURN - Bosspar u3 nognporpammsr | 2 00 0000 0000 1000

SLEEP - Pexnm oxumanus 1 00 0000 01100011 | TO, PD

SUBLW k Brruects W U3 KOHCTAHTBI 1 11 110x kkkk kkkk | C, DC, Z

XORLW Kk Wckn. N xorcTtantei 1 W | 1 11 1010 kkkk kkkk | Z
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HPUJIOKEHUE b
OIIMCAHHME PET'ICTPOB CIIEHUAJIBHOI'O HABHAYEHUSA

Peructp STATUS coxepxut OUTHI ynpaBieHUs OaHKaMH MaMSTH JaHHBIX,
(aru (OUTHI 3HaYEHUS! KOTOPBIX YIPABISAIOTCS HEMOCPEACTBEHHO SIPOM MUKPOKOH-
TpoJuiepa) oToOpaxkaroiue apudmerndeckue coctosHus AJIY u ¢uaru, orobpa-
JKarolIre MPUYMHBI COpoca MUKPOKOHTpPOJIEpa.

RW-0 RW-0 RW-0 R-1 R-1 RW-x RW-x RW-x
IRP RP1 RPO TO PD Z DC C
7 our 0 outr

IRP but BrIOOpa GaHKa nMpu KOCBEHHOU ajipecainu

1 = 0ank 2, 3

0 =0ank 0, 1

RP1:RPO | butel BBrIOOpa OaHKa MaMsATH JAaHHBIX TPH HEMOCPEICTBEHHOM
aJipecanuu

11 = 6ank 3

10 = 6ank 2

01 =6ank 1

00 = 6ank 0

TO @dnar nepenoiHeHUs CTOPOKEBOr0 TakMepa

(MHB) 1 = mocite POR nimu komaux SLEEP, CLRWDT

0 = nocne nepenoaHennss WDT

PD @dar BKIIOYECHUS MTUTAHUS

(uHB) 1 = mocne POR wimm komaraaet CLRWDT

0 = nocJe BeinosiHeHus koMaHasl SLEEP

Z ®dnar HyJIEBOTrO pe3yiabTara

1 = pe3ynpTaT BBIMOTHEHUS JIOTUYECKOW WM apupMeTUYECKOU
OTIepaIlH PABEH HYITIO

0 = pe3ynbTaT BBITIOJHEHUS JIOTMYECKOW WM apupMeTUYECKOU
OTIepalvy He PaBEH HYIIIO

DC @nar gecaTuyHOro TepeHoca/zaemMa nans komaHn SUBLW,
ADDWEF, SUBWF, ADDLW

1 = ObUT MepeHOC U3 MIIAIIETO MoTy0OaiiTa

0 = He O6BUIO IEpeHoca U3 MIIAJAIIETo MmoxyoaiTa

C ®dmar nepenoca/zaema g komang SUBLW, ADDWEF, SUBWF,
ADDLW

1 = ObLT MEpeHOC U3 CTapIIero ouTa

0 = He ObLIO IEpeHOca U3 cTapiero Oura

[Tpu ucnonb3oBanuu komann casura RRF u LRF 6ur C 3arpyxa-
€TCS CTapIIUM MU MJIQIIIAM OUTOM CIIBUTA€MOTO PETUCTpA.
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Peructp OPTION_REG cogepxut Outbl 151 KOHPUTYpallud MOATATHBAIO-
IIMX PE3UCTOPOB 17 1opTa B, BbIOOpa akTUBHOTO (PpOHTA /711 BHELLIHETO NpEPhIBa-
HUs, BBIOOpAa MCTOYHMKA TakToBoro curHaia aiasi TMRO u HacTpoiiku mpenBapu-
tenpHO nemutelst 1id TMRO nim WDT.

RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1 RW-1
RPBU | INTEDG| TOCS | TOSE | PSA pPS2 PS1 PSO
7 our 0 outr

RPBU | bur BkIIto4eHUS MOATATHBAIONINX PE3UCTOPOB JJist opTa B

| = noaTsArMBarOLIE PE3UCTOPHI OTKIFOUCHBI

0 = MOATATUBAIOIINE PE3UCTOPHI MOIKIIOUEHbI

INTED | but Bb100Opa akTUBHOrO ()pOHTA CUTHAJIa HA BXOJI€ BHEIIHETO Mpe-
G pBhIBaHHS

1 = npepriBaHue 1O NepeIHEMY (PPOHTY CUTHAJIA

0 = npepbIBaHue 10 33 JHEMY GPOHTY CUTHAJIA

TOCS | but Be1OOpa TakToBOTO curHaia aiast TMRO

1 = BHemHMI TakTOBLIN curyai ¢ BeiBoga RA4/TOCKI

0 = BHyTpeHHni TakToBbI curHasl CLKOUT

TOSE | but Be1OOpa (hpoHTA BHENIHETO TAKTOBOI'O CUTHAJA JIJIsl IPUPAIICHUS
TMRO

1 = npupamenne TMRO no 3agHEMy PPOHTY TAKTOBOTO CUTHAJIA

0 = npupamenue TMRO 1o nepenHemy (GpoHTY TAKTOBOT'O CUTHaja
PSA but HazHaueHUs TpeABaAPUTEIBLHOTO JCTUTEIS

1 = IIpenBapuTenbHbIi AEIUTENb HCTIOJIB3yeTCA 11t WD'T

0 = IIpeaBaputenbHbIi IeIUTENb UCTIONb3yeTcs Ayt TMRO

butsl ycTaHOBKH KO3 PUIIMEHTa AeNeHHs PEIBAPUTEIBLHOTO IETu-
TEJIS IS

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

PS2:PS
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Peructp INTCON coaepkuT OuThl pasperieHus npepbiBaHuil U ¢uaru, KOTo-
pbI€ YCTaHABJIMBAIOTCA, KOT/Ia BBHITIOJIHICTCS YCIOBUE NIPEPBIBAHUS OT ONPEAEICHHO-
ro ycrpoiictBa. djaru ycTaHaBIMBAIOTCA MPHU BBHIMOJHEHUH YCJIOBUS IPEPHIBAHUS
HE3aBUCUMO OT COCTOSIHMI OMTOB pa3pelieHus IpepbIBaHui.

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-x
GIE PEIE | TOIE | INTE | RBIE | TOIF | INTF | RBIF
7 our 0 outr

GIE | but rimoGanbHOro pa3penieHus npeprIBaHus

1 = pa3pelieHbl Bce HEeMAaCKHUPOBaHHBIE MPEPHIBAHUS

0 = Bce npepbIBaHUsl 3alPEIICHbI

PEIE | but pa3peuienus npepbiBaHus OT NEPUPEPUIHHBIX YCTPONUCTB

1 = pa3pelieHbl Bce HEMACKUPOBaHHBIE MPEPBIBAHUS OT NepUEepUHbIX
YCTPOWCTB

0 = Bce npepbIBaHUs OT NEPUPEPUNHBIX YCTPOICTB 3alpelICHbI

TOIE | but paspemenus npepsiBanus o nepenonnenuo TMRO

1 = npepbIBaHuE pa3peLICHO

( = npepbIBaHKE 3aMPENICHO

INT | but pa3peienus BHEIIHETO IPEPhIBAHUS

E | = npepriBaHKE pa3pemieHo

0 = npepbIBaHUE 3aMIPEUICHO

RBI | but pa3penienus npepblBaHus 10 U3MEHEHUIO JJOTUYECKUX COCTOSHUN
E Ha oqHoM n3 RB7 : RB4

| = npepriBaHKE pa3pemIeHo

0 = npepbIBaHUE 3aMIPEUICHO

TOIF | ®nar nepenosaennss TMRO

1 = npousonuio nepenonnenrne TMRO (mporpamMmmubiii copoc)

0 = nepenonHenue TMRO He 6b110

INTF | ®nar BHemHero npepbIiBaHus

| = BHenIHee nNpepbIBaHKEe MPOU3ONLIO (MPOrpaMMHBINA cOPOC)

( = BHEIIHEro npepbIBaHUs HEe ObLIO

RBIF | ®nar npepbiBaHus 110 U3BMEHEHUIO YPOBHSI CUTHAJIA HA OJTHOM U3 BXOJIOB
RB7:RB4 PORTB

| = U3MeHeHne ypoBHs CUTHAJIA 3a(DUKCUPOBAHO HA OJHOM U3 BXOJIOB
RB7 : RB4 (mporpammHsIii cOpoc)

0 = U3MeHeHHsI YPOBHS CUTHANIa He ObUIO HU Ha OJTHOM U3 BXOJIOB HE
OBLIIO
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Peructp ADCONO
RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 U-0 RW-0
ADCS1 | ADCSO | CHS2 | CHS1 | CHSO | GO-DONE - ADON
7 out 0 6ur
ADCS1: | BpiOop ucToyHMKa TAKTOBOTO CHTHAJIA, M YCTAHOBKA YaCTOTHI Mpe-
ADCS0 00pa3oBaHUs
00 = Fosc/2
01 = Fosc/8
10 = Fosc/32
11 = FRC (Bxitouenue cobctBeHHbIN renepatop Mmoayist ALIT)
CHS2: Br16op kanana qis monynst ALIT-
CHSO 000 = Kanan 0 (RAO/ANO)
001 = Kanan 1 (RA1/AN1)
U TaK Jajee.
GO- but coctostaus AL
DONE Uro6sl Moy ALIT Hauan npeoOpa3zoBaHre HEOOXOIUMO YCTAHO-
BUTH JIAaHHBIN OWT, a 3aTEM MPOBEPSATH €r0 COCTOSTHUE, CCIIH:
1 = monynb AL BeimonHsIeT IpeoOpa3oBaHme
0 = mpeoOpazoBaHue €Ile HE 3aBEPIICHO (M0 3aBEPIICHUIO MTPE00-
paszoBaHus anmnapaTtHo cOpaceiBaetcs B ()
ADON but nns Brimroyenns moaynst AL

1 = monyns ALIII BKIIFOUEH
0 = monynbs ALIII BeIKITFOUEH
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Peructp ADCON1
RW-0 U-0 U-0 U0 RW-0 RW-0 RW-0 RW-0
ADFM - - - PCFG3 | PCFG2 | PCFG1 | PCFGO
7 out 0 6ur
ADFM | ®opmart coxpaneHnus pesynbrarta npeodpazoBanus Momyiast AL
1 = npaBoe BbIpaBHUBaHUE, 6 cTapmux 6utoB ADRESH uurarotcs kak 0
0 = neBoe BeIpaBHUBaHKE, 6 Miuaamux 6mtoB ADRESL unratorcs kak 0
PCFG3: |AN7 | AN6 |AN5 |AN4 |AN3 [AN2 | AN1 |[ANO
PCFGO |RE2 |RE1 |RE0O |RA5 |RA3 |RA2 |RAl |RAO |vVRE+ | VRE-
0000 A A A A A A A A VDD | Vss
0001 A A A A VREF | A A A RA3 [ Vss
+
0010 D D D A A A A A VDD | Vss
0011 D D D A VREF | A A A RA3 [ Vss
+
0100 D D D D A D A A VDD | Vss
0101 D D D D VREF | D A A RA3 [ Vss
+
011x D D D D D D D D VDD | Vss
1000 A A A A VREF | VREF | A A RA3 [ RA2
+ -
1001 D D A A A A A A VDD | Vss
1010 D D A A VREF | A A A RA3 [ Vss
+
1011 D D A A VREF | VREF | A A RA3 [ RA2
+ -

1100 D D D A VREF | VREF | A A RA3 [ RA2
+ -

1101 D D D D VREF | VREF | A A RA3 | RA2
+ -

1110 D D D D D D D A VDD | Vss

1111 D D D D VRF+ | VRF- | D A RA3 [ RA2




Peructp T1CON (ampec 10h)

U-0

U0 R/W-0 RW-0 R/W-0 R/W-0 R/W-0 R/W-0

- T1CKPS1 | TICKPSO | TIOSCEN | -T1SYNC | TMR1CS | TMR1ON

7 our

0 our
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T1CKPS1:
T1CKPSO

Bri6op xoaddunmnenta aenenus npeaaenurens TMR1
11=1:8
10=1:4
01=1:2
00=1:1

T10SCEN

Bxmrouenne takroBoro reneparopa TMR1

1 = renepaTop BKIHOYEH

0 = reHepaTop BBIKIIIOUYEH (MHBEPTUPYIOIIMI 3JIEMEHT U PE3U-
CTHBHasi 0OpaTHas CBSI3b BKJIIOUYEHBI JJI1 YMEHbBILIEHUS TOKA 110-
TpeOJICHHUS])

T1SYNC

CHHXpOHM3aLKsl BHEIIHETO TAKTOBOI'O CUTHAsa
TMR1CS=1

] = He CHHXPOHU3HUPOBATh BHEIIHNUN TaKTOBBIN
0 = CHUHXPOHU3HMPOBATh BHEIIHUMN TaKTOBBIN

TMR1CS=0
3HaueHne OUTa UTHOPUPYETCS

TMR1CS

Bb160p HCTOYHMKA TAKTOBOTO CUTHAJIA

1 = BHemHuit uctounuk BeiBoga RCO/T1OSO/T1CKI (akTUBHBIM
SBJIIETCS TIEpeIHUIN (GPOHT CUTHAJA)

0 = BHyTpeHHu ncrounuk Fosc/4

TMR1ON

Bxurouenne moayist TMR1
1 = BKJIIOUEH
0 = BRIKJIFOYEH




Peructp T2CON (agpec 12h)
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U-0 R/W-0 RIW-0 R/W-0 RW-0 R/W-0 R/W-0 R/W-0
TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO0
7 our 0 out
TOUTPS3: | Bei6op koadduimenta sxoanoro aenuresss TMR2
TOUTPSO |0000=1:1
0001 =1:2
1111 =1:16
TMR20N | Bkimrouenue moayns TMR2
1 = BKIIIOUEH
0 = BBIKJIIOUECH
T2CKPSL1: | Beibop xoaddunmenTa nenenus npeaaenurens TMR2
T2CKPSO |00=1:1
01=14
Ix=1:16




Peructp CCPXCON (agpec 17h/1Dh)

U-0 U-0 R/W-0 RW-0 R/W-0 R/W-0 R/W-0 R/W-0

CCPxX CCPxY CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO

7 our 0 our
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CCPxX:
CCPxY

Munanmme 6utel ckBakHoctu HHIMM

Pexum 3axBarta

He ucnone3zytorcs

Pexxum cpaBHEeHUA

He ucnone3zytorcs

Pexum HIMM

JIBa muaammx OuTa CKBAXXHOCTH. BocemMb MTapiinx HaxoAsThCS B

CCPRxL

CCPxM3:
CCPxMO0

Pexum paboter mogynst CCPX

0000 = monyns CCPx BoikitoueH (copoc moayist CCPx)

0100 = 3axBaT Mo KaxA0MYy 3aJHEMY (POHTY CUTHAJIA

0101 = 3axBaT 1o KaxjaoMy nepeaHemMy GpoHTy CUTHaIa

0110 = 3axBara o kaxaomy 4-my nepeaHemMy (ppoHTy cUrHasia
0111 =3axBara o kaxaomy 16-my nepennemy GpoHTY cUTHaIA
1000 = cpaBHEHME, YCTaHABIMBACT BBIXOJHOW CUTHaN (yCTaHABIIU-
Baerca (iar CCPxIF B ‘17)

1001 = cpaBHeHUe, cOpacuBaeT BBIXOIHOW CUTHAI (YCTaHABIMBAET-
cst pmar CCPxIF B ‘1)

1010 = cpaBHEHHE, HA BHIXOJHOW CUTHAJ HE BIUSET (YCTaHABIMBA-
etrcst pmar CCPxIF B “17)

1011 = cpaBHeHuUe, TpUITEp CreUHAIBbHBIX (QYHKIMI (yCTaHABIMBA-
ercst ¢puar CCPxIF B ‘1’; na BeiBog CCPx e Bmuser). CCP1 —
copoc Taitmepa TMRI1. CCP2 — cb6poc Taiimepa TMRI1, 3anyck
npeoOpazoBanus AL (ecniu ALIIT BxitoYeHO).

11xx = [IINM pexunm




Peructp SSPSTAT (anpec 94h). Peructp craryca moayins MSSP
R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
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SMP CKE DI-A P s R/-W UA BF
7 our 0 Our
SMP da3za BEIOOpKH OUTA
Benymuii pexxum SPI
1 = onpoc BXxoJ1a B KOHIIE NIEPUO/Ia BBIBOIA TAHHBIX
0 = ompoc BX0Ja B cepeIMHE NEPHO/Ia BEIBOAA TaHHBIX
Benomplii pexxum SPI
Jlist pexxuma Betomoro SPI aToT OuT Beerga A0KEH ObITH COPO-
mieH B ‘0’
Benymmit nim Begomslid pexxum [2C
| = ynpaBneHue AIUTENbHOCTH (PPOHTA BBIKJIIOUEHO B CTAHJAPTHOM
pexume (100xI'n u 1MI ')
0 = ynpaBneHue AIUTENbHOCTH (PPOHTA BKIIOYEHO B CKOPOCTHOM
pexume (400kI 1)
CKE Br160p ppoHTa TaKTOBOTrO CUTHANA
SPI pexxum, CKP =0
| = naHHBIE NEpenaTcs 1o nepeaHeMy (POHTY CUTHANIA Ha BBIBO-
ne SCK
0 = maHHBIE NIEpenarTcs Mo 3aaHeMy (POHTY CUTHAJIa Ha BBIBOJIE
SCK
SPI pexum, CKP =1
| = nanHble IEpeAaroTCcs Mo 3aJHEMY (PPOHTY CUTHAJIa HA BHIBOJIE
SCK
0 = naHHbIE IEpeAaroTCcs Mo NepeaHeMy (PpOHTY CUTHaja Ha BBIBO-
ne SCK
Benymmuii unn Begomslii pexxum [2C
1 = BXOJIHbIE YPOBHU COOTBETCTBYIOT crierupuxanuu SMBus
(0 = BXOJHbIE YPOBHU COOTBETCTBYIOT crienukaimu 12C
D/-A bur [lanubie/Anpec (Tonbpko s pexuma [2C)
| = nocnegHui TPUHATHIN WK NTepedaHHbIN OalT SBIIETCS UH-
(hopMaIMOHHBIM
0 = nocnegHUM TPUHATHIN WK NepeJaHHbIi OalT ABIIsSIeTCS aapec-
HBIM
P but STOP (tonbko ans pexuma [2C)

Otot 6uT cOpacsiBaercs B ‘0’ korna moxyins MSSP BoikitoueH,
SSPEN=0.

1 = ykaszbiBaet, uto 6ut STOP 0611 OOHApYKEH MOCIETHUM (3TOT
ouTt paBeH ‘0’mocie cOpoca)

0 = out STOP He sBiIsieTCA OCIETHUM
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but START (Tosbko mns pexxuma 12C)

Otot 6uT cOpacsiBaercs B ‘0’ korna moxyns MSSP BeikioueH,
SSPEN=0.

1 = yka3eiBaert, uro 6uT START Ob11 00HApPYXEH MOCTETHUM (3TOT
ouTt paseH ‘0’mocie copoca)

0 = 6ut START He siBJISIETCS] TOCTETHUM

R/-W

but urenus/3anucu (Tosbko as pexxkuma 12C)

3HadeHne OuTa JEeHCTBUTEIHLHO TOJIBKO MOCIIE COBIAICHHS apeca U
no npuema 6uta START, STOP unu —ACK.

Benowmpiit pexxum [2C

1 = uyTenue

0 = 3amnuce

Benymmuii pexxum 12C

| = BeIMONTHSACTCSA TTepeada TaHHBIX

0 = nmepenauu JaHHBIX HE TPOUCXOIUT

Jlornueckoe MJIN storo 6uta ¢ omtamu SEN, RSEN, PEN, RCEN
i ACKEN ykaker Ha HEakTUBHOE COCTOsIHME MoayJist MSSP.

UA

®dnar oOHOBIICHHUS apeca YCTPOUCTBa (TOJbKO A pexxumal 0-
paspsigHoro 12C)

1 = HeoOxonumo 00HOBUTH aapec B peructpe SSPADD

0 = oOHOBJIEHHE a/ipeca He TpeOyeTcs

BF

but cratyca 6ydepa

[Tpuem (SPI u 12C pexxnmpbr)

1 = mpuem 3aBepieH, 6ydep SSPBUF nonon

0 = npuem He 3aBepiieH, Oypep SSPBUF myct

ITepenaua (Tonbko [12C pexuma)

1 = BeIMIONTHSACTCS TIepeAada JaHHbIX (ckiarouas outel —ACK u
STOP), 6ydep SSPBUF mnonon

0 = mepenaya gaHHbIX 3aBepiieHa (uckiodas outel —ACK u
STOP), 6ydep SSPBUF nyct




Perucrp

SSPCON (agpec 14h). Peructp ynpasienust mogayiast MSSP

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

WCOL

SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO

7 our

0 our

WCOL

but koHdnuKTa 3anucu

Benymmnii pexxum

1 =3anuck B SSPBUF 06b11a BbINIOJIHEHA NPU HE BBITIOJIHEHUH YCJI0-
Bui 1muHbI [2C

0 = xoH(}MKTa HE OBLIO

Benowmslii pexxum

1 = Obuta npeanpunsaTa nonsitka 3anucu B SSPBUF Bo Bpems 1ie-
penauu npeasiaynero oaita

0 = koHpIUKTa HE OBLIO

SSPOV

but nepenonHenus nprueMHUKa

SPI pexum

1 = npunsT HOBBIN 6alT B TO Bpems kak SSPBUF coaepxur npe-
neiaynie nanaeie (6ait B SSPSR Oynet motepsin). B Beqomom pe-
KUME MOJIb30BaTENb JOJDKEH MPOUYUTATH COJIEPKUMOE PETUCTPA,
T.K. KakJas onepauusi tHunuanu3upyercs 3anucbio B SSPBUF.
(copaceiBaercd B ‘0’ mporpaMMHO)

0 = HeT nepenoaHeHus

[2C pexum

1 = npunsT HOBBIN 6alT B TO Bpems kak SSPBUF coxepxkut npe-
JBIIYIIME TaHHbIe. 3HAaUEeHUE OUTa HE JICHUCTBUTENIHLHO MPHU Mepeaa-
ye gaHHbIX. (cOpackiBaeTcs B ‘0’ mporpaMMHO)

( = HeT nepenoJHeHus

SSPEN

but BrmtoyeHust moaysst MSSP

Korna Moynb BKIIFOUE€H, COOTBETCTBYIOIIKME MOPTHI BBO/Ia/BBIBO/IA
HACTPaMWBaIOTCS HA BBIXOJI WA BXO/JT

SPI pexum

1 = moxyne MSSP Bxitouen, BeiBogsl SCK, SDO, SDI, -SS uc-
NOJIB3YyIOTCS MoaysieMm MSSP

0 = momyne MSSP BbIKITIOUEH, BEIBOABI PA0OTAIOT KaK UG POBHIC
OPTHI BBOA/BBIBOJIA

[2C pexum

1 = monyns MSSP BkitoueH, BbiBobI SDA, SCL ucnosib3yroTcs
moxayiem MSSP

0 = Moy MSSP BbIKITIOUEH, BEIBOABI PA0OTAIOT KaK LIHU(POBBIE
ITOPTHI BBOJIA/BBIBOIA

CKP

but Bb16Opa MOTSIPHOCTH TAKTOBOTO CUTHAJIA
SPI pexum
| = maccuBHBIN BHICOKHI YPOBEHb CUTHAJIA
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0 = maccuBHBIN HU3KHUI YPOBEHb CUTHAJIA

Benowmpiit pexum [2C

VYrnpasnenue TakToBbIM curHajgom SCK

1 = He ynpaBasiTh TAKTOBBIM CUTHAJIOM

0 = ynep>KuBaTh TAaKTOBBIM CUTHAJ B HU3KOM JIOTHYECKOM YPOBHE
(ucronb3yeTcs s MOJATOTOBKH JIAHHBIX )

Benymmuii pexxum 12C

He nmeer 3HaueHus

SSPM3:
SSPMO

Pexxum pabotsl Moaysst MSSP

0000 = Begymuii pexxum SPI, TaktoBbii curaan = Fosc/4

0001 = Benymuii pexxum SPI, TakToBBINM curHan = Fosc/16

0010 = Begymuii pexxum SPI, TakToBbIN curnan = Fosc/64

0011 = Benymuii pexkxum SPI, TakTOBBINM curHai = Beixoa TMR2/2
0100 = Benompsiit pexum SPI, TaktoBeIi curHan ¢ Beiojia SCK.
BriBox —SS noakirouen k MSSP

0101 = Bemompsiit pexum SPI, TaktoBeIi curnan ¢ Beieojia SCK.
BriBoa —SS He nmoakimoueH kK MSSP

0110 = Benomslii pexxum 12C, 7-paspsaHas agpecanus

0111 = Benomsiit pexum 12C, 10-pa3psagnas agpecanus

1000 = Bemymmii pexxum 12C, TaKTOBBINM CUTHAI =
Fosc/(4*(SSPADD+1))

1011 = nporpammuas noanepxka seayuiero pexxuma 12C (Beno-
MBIN PEKUM BBIKITIOUYEH)

1110 = nporpammHas noanepskka Benyuero pexuma 12C, 7-
paspsigHas agpecalus ¢ pa3penieHueM IpepbIBaHUM 110 pUeMy OUT
START u STOP

1111 = nporpammHas moaeprkka Beayiiero pexuma 12C, 10-
paspsiiHas agpecalus ¢ pa3penieHueM IpepbIBaHUM 1O MpuemMy OUT
START u STOP

1001, 1010, 1100, 1101 = pe3epn
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