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B 370l cTarbe oOmUCaHbl HEKOTOPbIE CXEMOTEXHMYECKUE MPHUEMbl, MONE3Hble MpU pPazpadoTKe
npudopoB Ha 6aze PIC-koutpomnepos. HexoToprie 13 HUX KOHEUHO MOXHO MPUMEHATh U C APYTUMU
MUKPOKOHTpo/iepaMu. Pa3ymeercs, J1 HEKOTOPbIX ONBITHBIX CHELMAIUCTOB KOE-YTO MOMXKET
TMoKa3aThes "MPOTTMCHBIMK WCTHHAM®', HO Jymaio OONbIOe UWCIO HAYMHAIOIMKX padoTaTh ¢
MWKPOKOHTPOJITIEpaMy, y3HAIOT /TSt ce0s UTO-TO HOBOE, 1a W OTIHITHBEIM OY/IET W ITOJIE3HO.

JAexypHbil pexum

OcHOBHOe MpenMyIIecTBO PIC-KOHTpOJIIEpOB 3aKTOuaeTcs B NX HU3KOM MOTPEONIeHNH TTPH BBICOKOM
ObIcTposieficTBIH, 9TO OYEHb TIONE3HO B TpWOOpaxX ¢ aBTOHOMHBIM TMTaHWeM. Eme Oorbimei
9KOHOMHWH PHEPTHN MOYKHO AOCTHYb MPH WCMOJIB30BAHUW JEKYpHOTO pexkuMma. [Ipw 3ToM OcHOBHOe
BpeMsi MWKPOKOHTPOJUIEp HAaXOAWTCS B peXnMme sleep, TP KOTOPOM TIPHOCTaHABIWBAETCS
BBINOJHEHUE MPOrPaMMbl, BbIKIIOYACTCSl TAKTOBBIA FEHEPATOP, HO MOXKET IPOAOIIKATh CBOIO paboTy
Watch Dog TaiiMep u HekoTopeie nepudepuiiHbie ycTpoiicTBa. Bbixoa W3 3TOro pexkuMa MOXKET
MPOU3BOAUTHCS T10-PA3HOMY, B 3aBUCUMOCTH OT TUIA KOHTPOJLIEPA.

Hanpumep, moxkHO 3anporpammupoBaTh Watch Dog Taiimep ("cobaky") Ha ompeneneHHbI mepuo,
npu cpabaTblBAHUKM KOTOPOTO KOHTPOJUICp "MPOCHETCS", OMPOCUT CBOU BXOAbl M, €CIU HYKHO,
TiepeifneT k Tmpoteaype odpadoTkh. EciW HWKakWX AeHCTBWIT COBEPIWTH HE HY)KHO, OH BBITIONHUT
komaumy SLEEP w OymeT HaXomWThCS B 3TOM COCTOSHWHW JO CIICAYIOMIETO cpadaThiBaHUS TaiiMepa.
[lpy BBITIONTHEHWH TIPOTIENypHl 00pabOTKW ciiemyeT TieproAawdeckn cOpackiBaTh '"coOaky" s
TIPEIOTBpAIIEHNs €e TIOBTOPHOTO cpabaThiBanms. Mcmonb3ys MogoOHyI0 METOIWKY, MOKHO CTPOWTH
nprOOopHI, He TpeOyrolie BHIKIFOUATENs THTAHWS, pa3TNdHble CHTHAIM3WPYIONINE W KOHTPOIHHEIE
TpUOOPHI.

OueHb yacTo, Mpudop AOJKeH ObITh BHITIONIHEH B BUJC MyabTa (K mpuMepy - myasT Y TeneBuzopa),
KOTOPBIH OOJIBbIIYIO YacTh BPEMEHU HAXOAWTCS B BBIKIIOUEHHOM COCTOSIHWM, @ MPU HAKATUKM KHOTIOK
yOpaBJieHUs] NPOU3BOAMTH COOTBETCTBYOIIME AeicTBUA. PeanuzoBaTh pexuM  "MyabT" MOXKHO
HECKOJIBKUMU CTIOCO0aMH, OIUH U3 KOTOPBIX ommucaH Boime. [lepuoa "cobaku" B 3TOM ciiydae cliemyer
BEIOUpaTh B nuanazone 0.05-0.1 cekyHbI.

JHpyrue crnocoObl HE OCHOBAHBI HAa WCIIONB30BAaHUM "COOAKH", T.e. KOHTPOJEpP HE MPOCHITIACTCS IS
OIIPOCa KHOMOK, 8 OCTAeTCA CHAaTh 40 UX HAXKATUA.

B PIC-koutponnepax craporo cemeiicta (16C5x), a5 BbixoJa U3 pexkuma sleep Hy»KHO UCMOJIb30BATh
creLuabHY0 CXEMOTEXHMKY M mnporpammMuposanue. Ilpu 3TOoM oOecneuuBaeTcs Nojaya curhasa
"cOpoc" Ha KOHTpOJIep NpU HAXATUU JI0O0N KHONKU. PucyHok 1.
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B nexypHoM pexxume Boixoabl RB2 u RB3 Haxoanstes B coctosnumn "0", koHaeHcaTop C 3apsbkeH 10
yporHs "1". Tlpu HaxkaTuu Nr0O0H KHOMKU KOHASHCATOP OBICTPO paspshKacTes uepes pezuctop R2 wiu
R3, wu9ro mnpuwBomwr Kk Tomade cwrHama "cOpoc". Ilpm cOpoce, BBIXOABI TEPEXOAAT B
BBICOKOMMTTETAHCHOE COCTOSTHHWE, W pas3psn KonjeHcaropa depe3 R2 (R3) mpekparmaetcs. Bpems
pazpsina momKHO OBITH Gonbime Tpedyemoro mms cOpoca KoHTposmepa (okono 18mc) HO MeHbime
MUHWMAITBHOM JTMTENTFHOCTH HakaThsi Ha KHOMKY (mpwmepro 50-100mc). Ilocre cHsthst cuTHaia
"cOpoc" (3apsAne KoHIeHcaTopa depe3 R1) KOHTpomIep HauWHAET BBHITIOTHEHNE MpOTpaMMEl. [1pu aToMm
Ha BeIX06I RB2 w RB3 "0", Ha xopoTkoe (0komo 10MKC) BpeMs, 3a KOTOpOe KOHIEHCATOp He YCeBaeT
pazpsautbes, a ¢ BxogoB RBO u RB1 cuutbiBacTcs COCTOSIHUE KHONOK. AHAJIOTMYHO MOKHO
MOJKIHOUUTE MATPULLY KIIABUATYPHI, PUCYHOK 2.
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bonee HOBble PIC-KOHTpOSUIEpH! MMEIOT BO3MOYKHOCTh T€HEPHPOBATh MPEpbIBAHUE, BBIBOAAIIECE W3
CISIILEro PeXUMa MPU U3MEHEHUM COCTOSIHUA ONpPENeeHHBIX BXOA0B, 00biuHO RB4-RB7. Ilpu stom
BO3MOXKHO KaK IPUMEHEHUE HECKOJbKUX KHOMOK, TAK U MaTpuubl k1asuaTypsl (PucyHok 3.) BbiBoabl
RB4-RB7 3anporpamMmMupoBaHbl Ha BBOJA, C BKJIKOUYEHHbIMU BHYTPEHHUMH [NOATAIUBAOLUMMU
pesuctopamu. Ilepen BXOAOM B pexuM sleep BKIIIOYACTCSl TeHEpalus NPEpblBaHUI MO M3MEHEHUIO
cocTosiHuA (B ciy4yae MaTpuupl - Bbixoabl RBO-RB3 ycranaenusatotes B "0"). Ilpu Haxatuu 000k
KHOTTKH, BBI3BIBAETCS TpephIBaHNeE, BBIBOAAIIEE KOHTPOJIIEp W3 peknMa sleep, mociie 9ero oH MOKeT
MPUCTYNIATh K TpOLeaypaM TOAaBJIeHHd apebe3ra KOHTAKTOB, OMPEAENICHUS HaXaTOW KHOMKH
(cxaHWPOBAHWS MaTPHIIBI) W BEITIOJIHEHUIO COOTBETCTBYIOINX HaKaTOWH KHOMKH AeHCTBHIA.

PaGota "mipepbiBaHws IO W3MEHEHNIO" NMEET CBOW HEKOTOPhIe 0COOEHHOCTH, B CBS3W C KOTOPBIMH €T0
cleyeT MPUMEHATh TOJNBKO T BBIXO/A W3 CMAIIEro peknMa, a Mpu HOpMalTbHOH paboTe OHO TOMTKHO
OBITh BBEIKITIOYEHO BO W30€KaHwe JIOKHBIX cpadaThiBaHHH.
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JKOHOMUS 8180008

Yero Bcerza HE XBaTaeT MPU UCHONB30BAHUM MUKPOKOHTPOJUIEPOB, OCOOEHHO B HEOOJbLIMX
kopnycax? Yucna noproB BBOAa-BbIBOAA. KOHEUHO, MOXKHO NPUMEHUTH KOHTpoJuiep B 40-BbIBOAHOM
KOpITyce, HO 3TO He BCEra BO3MOXKHO MO Pa3iW4HBIM coo0paxkeHusM. K cuacThio CyIlecTByeT pan
CXEMOTEXHHYECKWX YJOBOK, MO3BOJSIOMIMX MHOTOKPATHO WCTIOJB30BaTh OJHU W T€ e BBIBOABI IS
pasHBIX LeNel, NI A9 YIIpaBiIeHns HeCKONBKUMH yCcTpolcTBaMu. PaccMOTpUM HEKOTOPBIE M3 HAX.

ynpaBreHue 2-Msi cBeToanoAaMn OAHUM BbIXOA0M

B otnune ot MUKpOKOHTpOIIEPOB ceMeticTBa MCS-51, IMEIOIIKX BBIXOAB! C OTKPBITEIM CTOKOM W He
TpeOyomuX MepeKMoueHns pexxnMa, B PIC-koHTposepax BBIXOAHBIE KacKaiabsl aKTHBHBIC, W I
TIepeKITIoYeHUs pexxiMa paboTsl (BBOJI WITH BBIBOA) CIYXXHT CIIENWANBHBIN perdcTp. Takum obpasom,
KaXblil BBIBOA J100Oro MopTa MOKET OpuHuUMarh 3 3HaueHus - "0", "1" u "Bxond", KOTOpHBIi
SKBUBAJICHTEH BblCOKOUMMEAAHCHOMY ("Z") COCTOAHMI0. DTO MO3BOJSET YNPaBIATb OBYMs
CBETOJMOAAMU NPU MOMOLLY €AUHCTBEHHOrO BbIBOA. PUCyHOK 4.
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[Ipu paboTe mopTa B peXWMe BBIXOAA, B 3aBUCUMOCTH OT coctosHus "O0" wmm "1" roput
COOTBETCTBEHHO BEPXHUN WU HWKHUI CBETOAWOM. IIpH MepeknoueHun B PeKUM BX0/a, TOCTeTHIH
HaXOAWUTCSH B Z-COCTOSTHWH, W TIPA COOTBETCTBYIONIEM BHIOOPE PE3UCTOPOB TOK Uepe3 CBETOMHOIBI
BeCbMa MaJl M UX CBEUEHUE TIOYTH HE3aMETHO.

ynpaBrieHue 6-10 ceeTogmogamun 3-M4 BbIxogamu

Eme Oomee WHTepecHO BKIFOUEHHWE TPEX TMap BCTPEYHO-MAPAUIETBHBIX CBETOJMOAOB IO CXEME
"3Be31a", PUCYHOK 5.

R
AN Qj
" R
N/ K ANEE S
~M 3
M L
PUC 5.

COoOTBETCTBYIOIUMMHU CUTHAJIAMU MUKPOKOHTPOJLIEPA MOXKHO 10OUTHCS CBEYCHUs JHOOOro M3 LIEeCTH
CBETOJMOMOB, a TakKe UX komMOuHauuii. Mcnonb3ys AMHAMUYECKYHO WHAMKALIMIO, MOXKHO MOJY4MTh
JII0ObIe KOMOUHALIMU.

BBoa aHanoroBoro curHana ¢ BbIBOAOM CTpO6OB

B PIC-xoutponnepax co BcTpoeHHbiM ALIL, ogHu M Te K€ BBIBOJbl MOTYT MCMOJB30BaTbCA KaK
aHanmoroBbiii Bxoa, uuppoBoit Bxox unu uudpoBoil Beixod. BO3MOXKHO OOHOBpPEeMEHHOE
UCTIONB30BaHNE TAKWX BBIBOJAOB AN PasHbIX Heleil. B xauecTse mpumMepa, Ha pHCyHKe 6. MOKas3aHO
TMOJKITFOUEHUE 7-CETMEHTHBIX WHAWKATOPOB, MPH KOTOPOM BBIXOJBI CKAHMPOBAHUS UCMOJB3YIOTCSA Kak
aHaJIOTOBBIE BXOIBI.
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B npouecce ckaHUpOBaHMS ~ MHAMKATOPA, BBIXOJAbL, [EHEPUPYIOLIME CTPOObl  3HAKOMECT
KPAaTKOBPEMEHHO MEPEKIoYaloTcs B PEXKHUM  aHalorosoro BBoja. Heobxonumas —pasBsizka
OCyLLECTBIAIETCA pe3ucTopamMu. s MCKIIOYEHUs! BIMSIHUSA TPAH3UCTOPHBIX KIIIOUCH, >KEIaTelbHO
TIpUMEHeHre TTOJIEBBIX TPAH3WCTOPOB.

PaclumpeHne Yncrna Bxo40B-BbIXOO0B:

MynbTUNIIEKCOpamMu

I1pn HEoOX0IMMOCTH OTTpoca OONTBITOTO KOJIMYECTBA ITH(POBLIX BXOJIOB, ECITH TIO3BOJIAIOT BpeMeHHbIE
XapaKTePUCTHKH, YIOOHO WCTIOH30BaTh MYMbTHITICKCOPH. K TipuMepy, Ans BBOAA 8§ CWUTHAJIOB TP
nomoiu S61KI12 TpeOyetrca Bcero 4 BbIBoJa KOHTpoyiepa BMecTo 8. B ciydae WCmonb30BaHuUs
KOHTAKTHBIX HaTUWKOB, TIOATATHBAIOMINN pPE3WCTOp MOXeT OBITh oawWH. Ha prcyHke 7 TOKa3aHO
MOIKITIOUEHHe 4-X KHOMOK, 3-X MO3UIMOHHOTO TIEPEKTIoYaTeNs u jorudeckoro curnana 1TL/CMOS
YPOBHSL.
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cOBUTroBbIMU peErncTpamm

J1ns1 5KOHOMUHU BbIBOZIOB MPU BbIBOAE MOKHO MCIMOJIb30BaTh CABUIOBbIE PETMCTPbI, [JIs1 yNpPaBICHUS
KOTOpbIMU TpeOyeTcs 2 curHana (AaHHble U cTpod) U, MpU HEOOXOAUMOCTH, CUrHAN 3allenkuBaHus. Ha
pUCyHKe 8 1 MPOCTOTHL MOKA3aHO MCMOJb30BaHUe ciBurosoro peructpa 4015 (561UP2) u 3auenok
4042 (561TM3) nmns BbIBOJA BOCBMHU pa3psiioB, HO, pa3yMeeTcs, BBIFOJHEE MCIONb30BATH Oojee
COBpPEMEHHbBIE PECUCTPBI € 3alle/KaMH, HAPUMEpP BeJIUKOJICNHbI §-pa3panHblii peructp 74HC595.
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3T10T ¢cnocod, Kak M BBOA Uepe3 MYJbTHIUIEKCOP, HHUKaKol 0co0ol XUTPOCTH He TpeCTaBlseT,
TIO3TOMY paccMoTprM GoJlee MHTepeCcHBIN cmocol BeIBOa. MHOTIA, KOTIa SKOHOMUS BBIBOJIOB BakKHee
ObicTponeiicTBUsA, MOXHO wucnons3oBaTh OJMH BbiBOO A OOJAHOrO YIOPaBJISHUS CIOBUTOBBIM
PErucTpoM, UCMOJb3Ysl LIMPOTHO-UMILYJbCHYIO MoAynsuuto. Ha pucyHke 9. nokasaH ¢parmeHt
CXEMBI 151 CIBUIOBOIO PErUCTPA, CO CABUIOM U 3aLICAKUBAHUEM N0 MOJOXKUTEILHOMY (DpOHTY.

PIC'S OUTPUT PIN

DATA R2
R1
DATA
1 g g c2 K PEFUCTPY

LATCH

CLK

PUC 9.

Brixoa MHUKPOKOHTpOJUIepa MOCTOSAHHO Haxoautcsa B coctosHuu "0". TlogpoOHO mpouecc 3amucu
nokazaH Ha pucynke 10. Juarpamma a) oToOpakaeT CUrHal Ha BBIXOJE KOHTpOJUIEpA.
HNudbopmanuonnsiit "0" mepemaercs KOPOTKUM HMILYJIbCOM W AJIMHHONM may3oi, "1" nepepaercs
Hao0OPOT - MUIMHHBIM MMILYJIbCOM MPU KOPOTKO# naysze. Ha auarpamme D) nmokaszaHo HanpskeHue Ha
koruaencarope C2. [loctosrras Bpemenn R2C2 ppiGpana TakuM 00pa3oM, UTOOBI 3TO HampsHKeHHe
JTOTHYEeCKH COOTBETCTBOBAIO CHTHATY IHATpaMMbI C) Ha BXoJe JanHbIX. COCTOSHUE BXOJa MaHHBIX, B
MOMEHT C/IBUTA OTMEUEHO KPECTHKOM.

Ananorvano ¢opmupyercss curnan 3amenkuBanus (LATCH) memoukoit R1C1 w  nawmonow,
yekopsirompM paszpan Cl. CooTeTcTByFoIIWe THarpamMmMer d) v €).

PUC 10.

NHmepgbelic ¢ 8bICOKOBOSILMHbLIMU CU2HaIaMu

Odenp dYacTo Tpe6yeTc51 BBOJAUTL CUTHAJBI € HANPAXKCHUCM, MHOTOKPATHO MPEBLITHNAIOIINM
HaMpA)KEHUEC MATAHUA KOHTPOJIJIEpa U, COOTBETCTBEHHO, NOMYCTUMBIC JIOTUYCCKHUEC YPOBHU. 3TO MOXET
OLITh BBOJO € RSZ32, paCCMOTpeHHBIﬁ HUWXKE, WIIH, K IPUMECPY, BBOA CCTCBOTO HAMPAKCHUA, C LEJIBIO



U3MEPEHHUS ero YacToThl, (a3bl WM CUHXPOHU3ALMU ¢ HUM. brarogaps HalIU4YuiO 3alUUTHBIX AUOAOB
Ha Bcex BbiBogaxX PIC-koHTpo1epoB, 3T0 He cocTaBaseT 6oabluoro Tpyna. (Pucynok 11.)
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JUts  corylacoBaHWSl BBICOKOBOJIBTHOTO HAMPSKEHHA C JIOTHYECKHUM BXOAOM  CIYXKHT PE3HUCTOP,
OTPaHWIHMBAIOIIMIT TOK Yepe3 3alIMTHRIE AMOMB Ha 0e30TIacHOM YpOBHE (/1T 0c000 OTBETCTBEHHBIX
TIPUMEHEHAH JKENaTeNbHO 3TOT PE3WCTOP COCTABHWTh W3 JABYX TOCIEAOBATENBHBIX PE3NCTOPOB, IS
3alINTBl MUKPOKOHTpOJIIEpAa B cilydae mnpodost pesuctopa). llpy oleHKe TOYHOCTH COCTOSIHUS
JIOTHYECKOTO CUTHAJa (B MOMEHT TIepexo/1a Yepe3 HOIIb) CITEMYeT YIUTHIBATH BXOAHYTO eMKOCTh (5STIdD)
M COMPOTUBICHHUE 3ALUUTHOTO PE3UCTOPA, KOTOpOoe 0ObIuHO npuHuMaetca 10 MOM 1yia HanpsiKeHus
220B (mpu 3TOM TOK OrpaHMuMBacTca Ha ypoBHe mpumepHo 30MmkA). Beieogst MCLR unn TOCKI
HUMEIOT TOJBKO OJMH 3aLUUTHbII U0, COEAUMHEHHbIH ¢ OOLIMM IPOBOIOM, O3TOMY PH MOJaYe HA 3TH
BbIBOJIbl BBICOKOBOJIbTHBIX CUTHAJIOB, KPOME PE3UCTOPA HYKHO BKJIOYUTh [IOMNOJHUTEJbHBIN
3aLUUTHBIH AUOJ K TUTAHUIO.

Uumepdgpetic c RS232C

OcHOBHas 3a1aua Mpyu COeANHCHUN YCTPOMCTBA HA MUKPOKOHTPOJUTEPE ¢ KOMTBIOTEPOM (WITH JIPYTHM
obopynosanueM) uepes RS232 3akmodaeTcs B nmpeodpasoanny yposHS curHaimoB TTL/CMOS (0-58)
B OWMONMAPHBIN cWrHam W oOpatHO. [Ipw 3TOM OYeHh YacTo B TPHOOpPE OTCYTCTBYET HWCTOUHHK
TIOBBITIIEHHOTO TIOJIOKUTETEHOTO W OTPUIATENILHOTO HATIPSKEHWH. PemuTh 3Ty MpobiieMy MOXKHO
HECKOJTEKUMHY CIoco0aMu, HanboJiee YA0OHbIe W3 KOTOPHIX OMMHCAHBI HIKE.

ucnonb3osaHue ADM202

B HacTosimee Bpems cymiecTByeT MHOXKECTBO MHKpOCXeM-TpeoOpaszoBaTeneil ypoBHs, HO HauboJee
YIOOHO MNpPUMEHEHHE MUKPOCXEM, HMEIOIIMX BHYTpPU MpeodpazoBare/lb HamnpsukeHus. Taxkum
MUKpOCXeMaM TpeOyeTcs INUTAaHUE TOJNbKO +5B, OT KOTOPOrO IMUTAETCS CaM MUKPOKOHTPOJLIEP.
Heobxoaumbie mna RS232 nanpswenus (o0biuno  +10 u -10) BeipabaThIBalOTCA EMKOCTHBIM
npeobpa3oBaresnieM, [/ HEro MCMOJb3YHOTCA BHELIHME KOHAeHcAaTOpbl (00bIYHO 4 KOHAEHCATOpA,
emkocThio 0.1 unu 1.0 Mxg). Takue MUKPOCXEMBbI BbIILYCKAIOTCA pa3iuyHbIMU (pupMaMu, ¢ pa3auuHbIM
KOITMIecTBOM  BXOJOB-BHIXOJIOB W pa3HbIM  ObicTponelicTBreM. TWNWYHBIN TpeiCTaBUTENh -
mukpocxema ADM202 ¢upmbr Analog Devices (byHKImoHanbHBIH ananmor MAKpocxeMbl MA X202
mpom3BosicTBa MAXIM). OHa WMeeT To /iIBe TMHWH BBOJA-BBIBOMA. [IpuMep WcTiomb30BaHMs TIOKazaH
Ha pucyHke 12.
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CXemMa Ha TpaH3ncTope

Bo mHorux cnyuasx He TpeOyercs padoTa Ha OONBLIMX CKOPOCTAX U HAa OOJbILKE PACCTOAHUS, U
JOCTaTOYHO TONbKO curHanoB mnepeaauu aaHHeix (TxD u RxD). B s31toM cilyyae MOKHO
BOCTIONTB30BAThCS MPOCTON CXEMOH Ha OTHOM TPaH3UCTOpPE, UTA MpeoOpa3oBaHUS YPOBHS M H30aBUTHCA
OT HeoOXOIMMOCTH WMETh WCTOYHWK OTPHIATEITHHOTO HANpSKEHWS WM TipeoOpasoBaTerb. Jlis
curHana "0" BMOJIHE AOCTATOYHO HAIMpsbKeHH +5B, a Ans curHada "1" ucmosb3yeTcsl OTpUlaTeTbHOe
HamnpsKEHHWE C BBIXOJAa KOMITBIOTEpA. OTO HANpsKeHWE dYeped pasBA3BIBAIOIININ THOMA 3apsikaeT
KOHZIEHCATOP, KOTOPBIIT CIYXUT NCTOYHUKOM OTPHLATENBHOTO HANPSKEHWS HE3aBHCHMO OT CHTHANa
Ha BbiBoAe TxD komnbroTepa. [lns BBOAA cUrHajga B KOHTPOJUIEP MCHONIB3YETCsl HANMYUE 3ALUUMTHBIX
JMOJOB HAa BXOJAaX CaMOIr0 KOHTPOJUIEPA, YTO [O3BOJIIET BBOJUTL OUMOJISIPHBII CUTHAJ [IPOCTO Yepes3
pe3uctop. Cxema NaHHOTO BapuaHTa CONPsDKCHUS Moka3aHa Ha pucyHke 13. Ilpu skcmepumeHTax
MOKHO BOOOILIE OTKa3aTbCsi OT NpeoOpa3oBaHUs YPOBHSA BbIXONA, T.K. MOYTH BCE COBPEMEHHbIE
MOCJeI0BATENbHBIC MMOPThl KOMIIBIOTEPOB MOTYT BOCHPUHUMATH OAHONOINAPHLIH curHan ¢ TTL/CMOS
YPOBHSIMM, HO MPUMEHATb 3TO B CEPUHHBIX MPUOOPAaX HE PEKOMEHAYETCsl, TaK KaK 3TOT PEXUM HE
COOTBETCTBYET CTAHAAPTaM, M MOTYT BO3HWKHYTH TTPOOJIEMBI TIpH paboTe ¢ MPYTHM KOMITHIOTEPOM.
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PUC 13.

PacwupeHue namssmu

MporpamMMHoW - UCMONb30BaHNE MHTEPNPETaTOPOB:

Hebonbluoli pasMep nporpaMMHON NaMsATH BMECTE € HEBO3IMOKHOCTBIO UCHOJIb30BAHUS BHEILHEH
[aMsATH MPOrpaMM OYEHb 4acTo sBisieTcs OosblinM orpaHuyeHueM PIC-kOHTposuiepoB muaniuero u
CPEIHEro ypoBHS, HECMOTPsI HA IOBOJIbHO KOMIIAKTHbIE POrpaMMbl, OCOOCHHO, €CJIM OHU MNULLYTCS HA
accembnepe. Tam, rae He Tpedyerca Oounblioe OBICTPOACHCTBUE, B NPOrPaMMHYI) OAMAThb
MUKPOKOHTpOJJIEpa MOXHO 3alKucaTh 0a30Bble NOANPOrPAMMbL U MHTEPIPETATOP, & CaMy HNpOrpammy
pasMecTHTh BO BHEITHEW MaMATH C TIOCIHeJOBaTeNbHBIM IOCTYTTIOM. 3TO MOXeT OBITh DopT-



uHTEepOpeTarop, belicuk-uHrepnperarop, wiu BoodLIe HEUTO cBoe. HapyxHyro naMars "mporpamMmbl”
[pU 3TOM MOKHO HApallUWBaTh B MPUHUMIE 10 OECKOHEUHOCTH. BO3MOXKHO TakKe pa3MeLIeHUE BO
BHETTHEW TIOCTIeOBATENHLHOM TTAMATH Pa3TMIHBIX TabJWIL NTaHHBIX (pa3yMeeTcs, 3TO BO3MOXKHO W 0e3
HHTEPIIPETATOPa, HO C YUETOM YBEITMYEHHOTO BPEMEHHU IOCTYIA).

Pabouen:

Suetikn O3Y (Wnu peTHCTPhl) TTOMOOHBI TIPOTPAMMHOM TTaMATH - UX TOXKE 9acTO He XBATaeT, a WHOTAA
TpedyeTcs TPOCTO XPaHHUTh OOJTBITHE MAacCHBBI JaHHBIX. [103TOMY TIPUMEHSFOTCS pa3TAIHBIE CTTOCOORT
petenust 3Toi MpobeMbl, KpoMe KOHEYHO WHOT/A BITOITHE CITPaBETABOTO, HO HE paccMaTprBaeMoTo
3/1eCh CTT0c00a ""CMEeHH MAKPOKOHTpOIIIEP".

Pacwupenne O3Y nocneposaTensHbiMn EEPROM

B HexoTOpBIX Cilyudasx, KOrga He XBaTaeT BHYTPEHHUX PETCUCTPOB MUKPOKOHTPOJUIEpA, BpeMs
oOpaleHuss He 0053aTeqbHO Majo W 3AlUCh OCYLIECTBJSIETCSl HEYACTO, €CTh CMbIC] MCIMOJb30BAThb
nocnenosarenbieie EEPROM ¢ wmHoit i2c unu SPI, pake torma, korga He Tpedyercs XpaHUThb
JaHHbIE [PU OTCYTCTBMM NuTaHus. Mukpocxembl cepuii 24Cxx u 93CXx OuY€Hb JAOCTYIHbl U
OTHOCUTENIBHO JELIEBbI, YEr0 HE CKaxKelllb Mpo Mukpocxembl O3V ¢ NOCNEN0BaTENbHbIM JOCTYIIOM.
Heobxonumo TONbKO UMETh B BUAY, YTO KOJMuecTBO LukiIoB nepesanucu EEPROM orpaHuueHo, B
OCTaJILHOM ke TpUMeHeHne nocaenoBaTenbHeIx EEPROM croxkHOCTElH He BBI3bIBaeT. PucyHok 14,

\Ley
106
1
sDA A
2 IEPD
A2
T rag reo [
18 7
T A RE! |5
o RE2 [ 2AC1E
= raz :j o
2 reee RE5 = ol
1 12 1
& veR e | Do
&1 osc RB7 oK
= oscaaKout
cs

3ameuanus o paboTte ¢ i2c:

Pabora ¢ muHOI i2¢ uMeeT HeKOTopble 0coOeHHOCTU. [10 NoNnHOMY CTaHAApTY i2¢C yNpaBAeHUE HY:KHO
OCYLLECTBIIAITh /IBYHAIPABICHHBIMU BbIBOAAMH, KOTOpPbIC NpU paboTe€ Ha BBIXOA MMEIOT OTKPbITHLA
KOJUTIEKTOP (CTOK) ¢ TOATATHBAIOUIMMH PEe3UCTOpaMU. DTO CBA3aHO € BOMpPOcaMu apOuTpaxa U
CHHXPOHM3AIVH. OTO BBITIONHAETCS B cemeiicTBe MCS-51, Ho He BeIMOHAeTCS B PIC-kOHTpOmepax,
BBIXO/IBI KOTOPBIX aKTWBHBI Kak B cocTostHny "0", Tak W B cocTosHuK "1" (32 WCKIMOYEHHEM OJTHOTO
BBIX0/1a, UMEIOIIETO OTKPHITBIH CTOK). DTOT BOMPOC MOYHO PEIINTh MPUMEHEHHEM "BUPTYATLHOTO
OTKpPBITOTO cTOKa". OOBITHO BBIBO/I MEPEKITIOTAIOT WITH Ha BXOJ WITH Ha BEIX0M perrctpom TRIS v pu
BbIBOE NPOCTO 3anuckiBatoT "0" uan "1" B peructp panHbiX. [Ipu "BUPTYanbHOM OTKPBLITOM CTOKE" B
perucTpe AaHHbIX MOCTOAHHO 3anucad "(0", cam BblBOL MOATAHYT PE3UCTOPOM K nuraHuo. M npu
BBOZE W OpU BbiBOAE "1" BbIBOIL HaxXoAMUTCA B PEXUME BX0JAa, W nepekmouaercs peructpom TRIS
TONBKO Npu BbiBOAE "0". Hy)kKHO MMeTb BBUAY, UTO Takas padOTa Hy)KHA TOJNBKO MPU HEOOXOJUMOCTU
cOOJII0ICHNA CTAHAAPTOB i2¢, B OCHOBHOM B multi-master cpese Win ¢ yCTpOCTBAMU, KOTOPBIC MOTYT
BBICTaBJISITb HETOTOBHOCTb MO JIMHUKM CUHXpoHu3auuu. Ilpu oObiuHON paboTe ¢ mocienoBaTesnbHON
TTaMSATBIO 3TOTO, Kak MPaBWIO, He TpeOyeTcs.

MapannenbHbim O3Y

PasymeeTcd, TpH WCTMONB30BAaHWM KOHTPOJJIEPOB C COOTBETCTBYIOMIMM KOJHMYECTBOM BBIBOJOB,
BO3MOXHO TIpUMEHeHHNe OOBITHBIX MHWKPOCXEM CTATHIECKOW WM AWHAMWUYECKOW TaMsaTH, UMUTHPYS
MTOPTaMH KOHTPOJUIEPA MIMHBI aApeca, JaHHBIX U yNpaBieHus. JIMHaMuueckas maMaTb UMeeT OOJTbIIYIO
€MKOCTB W TTO3BOJISIET COKPATUTh YACTO BBIBOJAOB KOHTPOJUIEPA, 33 CUET MYJBTHIUIEKCHPOBAHWS ITHHEI
ajipeca W WCTIONTB30BaHms 1-OWTHOM Waw 4-X OWTHO MIMABI  MaHHBIX, HO TpeOyeT pereHeparnn. OdeHpb



BbITOIHO €€ HCMOJIb30BaHUE B Hpubopax Tuna "camomnucel', MpU YCIOBUHU, YTO MPU 3alUCH WU
BOCIIPOU3BEACHUYU UX 4aCTOTa obecrieunBaeT TpeOyemslii nepuo pereHepauuy. B pexume xpaHeHus
pereHepao MOKHO TPOM3BOAUTE XONOCTBIM BOCTPOW3BEACHVEM W WCMOB30BaTh BHYTPEHHIOIO
pereHeparuro, HMEMILYOCS BO MHOTHX MUKPOCXEMAaX AMHAMAYECKOH MaMATH.

"MumennekmyanbHbIl Ki1r04Y"

CymiecTByeT OOJBIIOE KOJIWIECTBO TIEPEHOCHBIX TPUOOPOB, B KOTOPBIX 1O KaKWM-TTHOO MpAIHHAM
HeXXenmaTrelbHO WMeTh TyMOJlep WM KHOTIKY TWTanus ¢ (ukcanmeil. YmoOHee BKIOYeHUe-
BBIKITIOUEHNE TPOM3BOANTE WIIW HaXKaThHeM J000i KHOTKWM WM CTienuaibHoW KHOmKK "Biu" (He
¢ukcupyemoii). PeanuzoBaTb 3TO MOXHO pPazIUUHBIMU CIOCODAMH, HAMPUMEP, € HUCHOJIB30BAHUEM
JEKYPHOrO pexuma, HO OYEHb 4acTO MOAOOHAs anmapaTypa MUTAETCsl OT OJHOMU-ABYX HabYMKOBBIX
Garapeii uepes npeodpazoBaTeib, U B LEASIX IKOHOMHUU XOUETCS UMETh UMEHHO KJIKOY, OTKJIIOYAIOLIUiA
BCE WM MOYTH Bce. [ KIKOUEBOro 3JEMEHTA JIyullle BCEro UCMOJb30BaTh HU3KOBOJBLTHBIH MOJEBOI
TPAH3UCTOP C MAJbIM NaJCHUEM HANPSLKEHMSA, HO OHU IOCTATOYHO AOPOrd U AS(ULUTHBI, OITOMY B
cllyyae nuTaHus oT 2-X U bosiee GaTapeek B KaueCTBE caMOro KJo4Ya MOKHO UCNOJb30BaTh.... APYroil
MHUKPOKOHTPOJITEp, HampuMep aetesiii 16C505 (0.498) nmm Bocsmurokky 12C508. Pucyrok 135.

it

E‘EIEE‘HEHFHEHFHQ i

b3
S Y P o P

I T 3

TR e

el

wﬁym n o J7 jD RCRZt

PUC 15.

"KmroueBoii" koHTposiep paboTaeT OT BHYTPEHHETO TeHepaTopa, Uiu oT BHemHel RC-1ienouku, ecnu

HY’KHAa €ro MOHVWKEHHAas TaKTOBas YacTOTa /U YMEHBIIEHUS TOTPeOIeHNS W HaXOMUTCA B CIISIIEM
JeKYpHOM pexnMe. B kauecTBe "BbIXOAa" KITIOWa HUCTONB3YeTCS OAWH WIH HECKONBKO BBIXOJOB,
COCIMHEHHbIX BMecTe. OJMH BXOA MOXHO UCNOJb30BaTh Ulsl KHONKU "Bki.", Ha Apyroil MOxXHO
[0JaTh CUrHAJ C OCHOBHOIO MUKPOIPOLECCOpa, HApUMeEp Ajs POrpaMMHOro BulkIoueHus. Boobuie
3Ke, eCU Y "KIOYEBOro” KOHTPOJUICpA eLIe OCTAKTCS CBOOOIHbIC BBHIBOABI TO MY MOXKHO MOPYYUTH
elle Kakyr-HuOyb paboTy BO BKJIIOYEHHOM COCTOSIHUM NPUOOpPA, HAPUMED - BHIMOJHATH POJib ELIE
onHoro Watch Dog, uiau reHepupoBaTh UMITYJIbChl MPEPbIBAHUS HA OCHOBHOM MuUKpompoueccop. B
o0uieM, Ha yTo xBaTuT (aHTa3uu. B mpuBeaeHHO! cXeme BbIXOJ OCHOBHOrO KoHTposuiepa RA4 ¢
OTKPBITHIM CTOKOM WCTIONB3yeTCS JUI OJNIOKWPOBKH BKIFOYEHHOTO COCTOSTHWS, a BBIXOX P2
BCIIOMOTATENBHOTO - JUI TeHepallny MpepeIBaHMil.

Mukpo nompebneHue

B anmapatype ¢ OarapeiiHbiM THTaHNEM HEOOXOANMO SKOHOMHTH KaXKIBIH MUIIIIHaMIIep-dac daTtapei.
310 Jerko gocruraetcs Oiarofaps HU3KOMY MOTPeOIEHUIO CaMMX MUKPOKOHTPOJUIEPOB, BO3MOXKHOCTH
WCTIONB30BAHNA peXXuMa sleep W T.I., HO TIpW KOHCTPYWPOBAHWHW HYKHO YUWTHIBATH PazITMIHbIE
MEJIOYM.

Tax pnas yMmeHblieHUA NOTPeONEHUs, HYAHO MCMOJb30BaThb MUKPOKOHTpOJUIEpbl ¢ OykBoii "L" B
0003HaUEHUH, HA KAK MOKHO MEHbILEH TaKTOBOM 4acTOTE U [0 BO3MOXHOCTU € HU3KUM HaIPAKEHUEM
nutaHus. [Ipy Hanuuuu CBOOOAHBIX BBIXOAOB, NEPUOLMYECKH WCMOJb3YIOLIMECS AOMNOJHUTEIIbHbIE
ycrpoiicTea (Hanpumep, nocnenoparenbieie EEPROM) Hy:kHO 3anuThiBaTh curHaiom "1", Bkitouas
€ro TOJIbKO Ha MOMEHT 00palleHus K ycTpoiicTBy. PucyHox 16.
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PUC 16.

Bce Hencnonb30BaHHbIE BBIBO/IbI [IOPTOB CIIEIYET IEPEBECTU B PEKUM BbIBOJIA, B pexuMe sleep HyxHO
[IEPEBECTU BCE BbIXOJAHBIC CHUIHA/bl B COCTOSIHUE C HAMMEHbLIMM TOKOM B HAIPY3KE, BBIKIIOUWTD
HEHCMoJb3yeMble BHYTpeHHUe nepudepuiiHbie ycTpoiictBa (Hampumep, BcTpoeHHble ALIIT), Bce
BXOJHblE CUIHAJbl JOJKHBI HAXOAWUTCA B YETKUX JIOTMYECKUX YPOBHSX, HE AOIYCKAThb BUCALIUX B
BO3/IyXe BXOJOB WIJIM TTO/IadW Ha TA(POBHIE BXOBI HAMPSKEHUH HIDKe Jorndeckoi "1" wnw BbIme
norrveckoro "0". (ToceaHee OTHOCHTRCS KO BeeM 0e3 nekmodenus CMOS MukpocxeMam, He TOTBKO
K MUKPOKOHTpOJIIEpaM).

He crmenyet 3a0bIBath, uTo MHKpocxeMbl 16C84 n 16LC84 mmeroT ommOKy, B pe3ynbTate KOTOPOH y
HUX TTOBBITIEHHOE TIOTpeOIIeHIe B CIISAIIEM pEXKAMe, TTO3TOMY HYXXHO WCMONB30BaTh Tobko 16F84 n
16LF84, y npyrux PIC-kOHTpoIepOoB 3Ta OITUOKA OTCYTCTBYET.

Ecnu ucnons3yercs Watch Dog u pexxum sleep, To B cmAlieM peXuMe MOXKHO YCTaHABIMBAThb
MaKCHUMAJIbHO JIOIMYCTUMBIH B JaHHOH 3aaue NePUO, YTO YMEHBLIACT CPEAHUN NMOTPeOIsIeMblil TOK.
IIpu padore B RC-pexume ecTh BO3MOKHOCTb MEPEKIHOUEHUS TAKTOBON YaCTOThI "BhICOKAs HU3Kas",
Kak NoKa3aHo Ha pucyHke 17.
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PUC 17.

DTO MOJNE3HO KOrja OT MUKPOKOHTpOJJIEpa HE Bce BpeMsl TpedyeTcs BbICOKOE OBICTPOIEHCTBUE.
BriBon, o0o3HaueHHwiil "I/O pin" HaxomuTcs Bce BpeMs B PexUME BBOAA (BBICOKOMMIICJAHCHOE
COCTOSTHAE) W TONBKO Ha OTIpeleNleHHOe BpeMs TepekimodaeTcs B pekuM BeBoma 1", Tpw 3ToM
nocTosTHAas BpeMeHw R C-TIenmovKky yMeHbIIaeTcs M TAKTOBAS 9acToTa YBEIMIHBAETCS.

Hamocneiox mpuBeny moxoxkee petrenue i kBapieB. Ha prcyrke 18 mokazano mMoakimovYenne AByX
KBaprieB - dacoBoro 32768 I'm. (LOW) wu Gornee BwIcokowactoTHOTO (HIGH), KOMMYyTHpYeMBbIX
MUKPOKOHTPOJITIEPOM Hepe3 aHaJIoTOBBIH Kiod. ClietyeT 3aMeTHTh, UTO caM s 3Ty CXeMy He TIpOBepsii,
HO aBTOPHI YTBEPXKIAIOT, UTO OHa y HWX paboTaeT. Bo3moxHo, moTpebyeTcss sKCTIeprMeHTaTbHOe
OMpeeICHUE CONPOTUBIICHUS. PE3UCTOPOB U EMKOCTU KOHAEHCATOPOB ULl KOHKPETHBIX KBAapLEB.
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PUC 18.

B kadecTBe YacOBBIX HYKHO TPUMEHSTH CTapble OTCUECTBCHHBIC "POMOWKH' WIIH WUMTIOPTHBIE
"crimdku", oTeuecTBeHHbIE "CMUYKHK'", KaK MPaBWIO, O4eHb MIOX0 paboTaroT (a vacTo BooOImE He
paboTatoT) B rereparopax PlC-koHTpomTepos.

Jlutepatypa u NoNE3HbIE CChLIKU:
Microchip Microcontrollers Databook
Embedded Control Handbook
Microchip World Magazine
http://www.geocities.com/SiliconValley/Way/5807
http://www.geocities.com/SiliconValley/Lab/6311

r. XapbKOB.



