OCOBEHHOCTU MEPUNDEPUW
MWKPOKOHTPOJIJIEPOB PIC
OT MICROCHIP
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M3PU T3H (MARY TAN), nHxxeHep no npunoxexuam, Microchip Technology,
YUNJNEM CMUT (WILLEM SMIT), Microchip Technology,
ANNEKCAHPY BAJIEAHY (ALEXANDRU VALEANU), Microchip Technology

B cmamee nodpobHo paccmampusatromca ¢pyHKYuu, Komopele obecneyusarom
nepudeputiHblie ycmpoticmea 8-pa3psaoHeix MUKpokoHmposnnepoe PIC kom-
naHuu Microchip. [Ipusodamca KoHKpemHble npuMepbl MO20, KAK C NOMOW|bIO
modyneli onepayuoHHbIx ycunumenet, LUINM-modynel, yacoe peanbHoz20 epe-
MeHuU u 0pyaux nepucgpeputiHeix ycmpoticme 8 cocmase MK ymeHbwiums pacxoosl
U nosbicumb 3¢hcheKmuBHOCMb KOHEYHbIX CUCMEM.

mMoAyib oy

OfHUM 13 OCHOBHbIX 3/1IEMEHTOB aHa-
NOTOBbIX Lienewn ABNAeTCA onepaLyoHHbIN
ycunutens (OY), KOTOpbI BbINOMHAET ABE
6a3oBble GYHKLMUN — MaTeEMaTUYECKIE one-
paumm 1 ycuneHne BXOAHbIX CUrHanoB. Ty
YHUBEPCANbHYIO 1 LLNPOKO MCMOSb3yemMyto
aHaJIoroBylo CXemMy MOXKHO HaliTU B LUIMPO-
KOM pAfly aHa/loroBbiX 1 LIMGPOBBIX CUCTEM
IS HOPMUPOBaHUA N 06PabOTKM CUrHANOB.

HekoTopble MUKPOKOHTpONNEpPHI,
Hanpumep 8-pa3pagHbie MK cepun PIC
oT Microchip, ocHawatoTca mogynem OY,
KoTopbln obecrneunBaeT 6a3oBble GpyHK-
uun onepaumoHHoro ycunutens. Mpwu ero
COBMECTHOM MCNOMb30BaHWM C APYTrMMNn
BCTPOEHHbIMU NHTENNEKTYaNlbHbIMU aHa-
NIOroBbIMU MepupepuritHbIMKU YCTPOIA-
cTBamMn, K KoTopbiM oTHocAaTca AL,
Komnapatop, LLAT, nctouHnk onopHoro
HanpsaxeHua (MOH), petekTop Nepece-
YeHUA HYNA, KOMMNEHCATop yrna HaknoHa
1 NpOorpaMMrpyemblil reHepaTop NUI0o-
6pa3HOro HanpPAXKeHUs, MOXHO peanmn3o-
BaTb MHOTMe aHaNoroBblie NPUNOXKeHMA.
bonee TOrO, TakNe MMKPOKOHTpONNEPDI
ynpowawT MHTerpayuto aHanorosomn
1 UMdpoBo nepudeprm BO MHOFME CIIOXK-
Hble CUCTeMBbI.

Mopaynb onepaunoHHOro ycunutensa
MOXHO peannsoBaTtb Kak OY c ogHono-
NAPHBIM NUTAaHUEM, YTO MOBBIWAET FN6-
KOCTb 1 HafleXKHOCTb pelueHuns. B coctas
8-pa3pAapHbix moaynen PIC BxoaaTt OY
C MasibiM TOKOM YTEUKM, Y KOTOPbIX BENYN-
Ha HanpsXeHNA cMeLLeHna KanmbpyeTca
npu n3rotosneHunun. Boisogbl OY coenu-
HeHbl ¢ nopTamu BBoga/Bbisoga MK. Pas-
Max BXOZHbIX U BbIXOAHbIX cUrHanos OY
paBeH pa3Maxy HanpaXXeHWio NUTaHUSA.
37K ycunutenn obecneumsatoT Nporpam-
MUpPYeMbIli BbIGOP NMCTOYHMKOB NONIOXN-
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TeNIbHOro N OTPULIATENIbHOTO HAMPAXKEHNA.
Monoca nponyckaHuA ycunuTtenein coctas-
naet 3 MIu. Boixogbl OY moryT 6bITb Nepe-
BeAeHbl B TpeTbe (BbICOKOMMMNEZAHCHOE)
coctosAHMe. Ha pucyHke 1 npepcTtasneHa
CTPYKTypHaa cxema mopyna OY n3 natu
6nokoB. He Bce 6n0kn 1 GyHKUMM noaaep-
XKUBAIOTCA BCEMU MUKPOKOHTPOIEpamMU.

Y onepauroHHOro ycunuTensa — Bbico-
KU KO3GPUUMeHT ycuneHus, jBa Bxoaa
HEeNHBEPTUPYIOLWNA (MONOXKNTENbHbIN)
N NHBEPTUpPYOLWNIA (OTpUUaTeNbHbIN),
a TakXe HeCMMMETPUYUYHbIA BbIXOS.
B 3aBMCMMOCTM OT KOHKPETHOFO YCTPOWi-

CTBa NPMMEHAIOTCA pa3Hble NCTOYHU-
KW HanpaXeHUA AN1A NONOXKUTENbHOro
1 oTpumLaTeNibHoro BXoAoB. B nx KauecTse
MOTYT NCMOMb30BaTbCA BHELLHNE NCTOY-
HVKW, Hanpsa)KeHune C KOTOPbIX nofjaeTca
Ha BblBOJbl YCTPOWCTBA, UIN BHYTPEHHNE
aHaNoroBble UCTOYHWKM, HanprmMep nepu-
depuiiHble 6510KN MUKPOKOHTpoOepa.
lMockonbKy onepaynoHHbIN ycunu-
Tesib paboTaeT ¢ Lenbio 06paTHON CBA3W,
ee KOMMOHEeHTbI fO/IXKHbI MOAKIIoYaTbCA
K BbIBOJJaM MOAY/A B 3aBMCMMOCTY OT NpW-
NOXeHnA. DTN BHeWHNEe KOMMNOHEHTbI,
B OCHOBHOM, onpefenaAoT napameTpbl
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Puc. 1. CrpykTypHas cxema mopynsa 0Y
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Puc. 2. BbIXoAHbIe CUTHaMbI B ABYX PEXMMAX C NCnonb3oBaHuem LUM-Mopayna B KauecTBe NCTOYHUKA YNpaBReHus

BbIXOAHOrO CMrHana moayns. BeixogHon
CUrHan CHMMaeTCA C BbIBOAOB YCTPOWCTBA
1 HanpAMmyio NOAaeTCA Ha APYrylo aHano-
rosyto neprdepuio Kpuctanna.

Mogynb OY moxeT GpyHKLMOHNPOBaTb
B peXunme eAMHNYHOrO YyCUNeHUA, ecnmn
3ajaTb COOTBETCTBYOWMNIA 6UT B perun-
cTpe. B pesynbraTe NHBEPTUPYIOWNI BXOA,
BHYTPEHHE NOAKNI0YaeTCA K BbIXOAY, YTO
BbICBOOOXAeT BbIBOA AJ1 BXOAA U BbIXOAA
obLiero HasHauyeHus.

HecKonbKo MWKPOKOHTpONEpOB
obnapaeT GyHKUMEN NPUHYANTENIBHOTO
nepesofa Bbixoaa OY B TpuctabunbHoe
COCTOAHUE NN B PEXUM C €ANHNYHDbIM
ycuneHnem. 3Tu pexumsbl BbibrpatoTcs
C MOMOLLbIO COOTBETCTBYOWNX 6UTOB
B perucrpe.

Mogynb OY paboTaeT C NOHbIM pas-
MaxoM Hanps»KeHuA, 4To yBennumnsaet
ero AMHaMnyeckuin gruanasoH. JinHenHas
06nacTb HaxoAWTCA B fMana3oHe HanpsA-
»eHuA Vs—Vpp. [0CKONbKY MUKPOKOHTPOJT-
nepsbl PIC npefHa3HavyeHbl ansa paboThbl

C OAHOMONAPHBIM UCTOYHUKOM MUTAHUSA,
HanpseHune Ve, Kak NpaBuio, NprBA3aHo
K 3eMNIAHOMY NoTeHUmany, Yto obecneun-
BaeT MaKCMMasbHbI pa3max HanpsKeHnA
B npegenax 0-Vyp.

JInHeiiHas obnactb mopyna OY Haxo-
anTcs B AnanasoHe Vyp—0. Heobxonumo,
YTOObI HaNpsAXeHne BXOLHOrO CMrHana
He NpeBbllWano 3HayeHus Vo, 1 He nagano
HUXe Vs BO M36eXKaHne Henpeackasyemo-
ro noBeeHNa MUKPOKOHTpOJIepa.

Kak n ctaHgapTHbIA onepauroHHbIN
ycunuTenb, pacCMaTpuBaemblii MOAYNb
MO>KHO CKOHOUIYprpPOoBaTh A1 LUMPOKO-
ro paga NPUNOXeHUN C MOMOLLbIO TaKMX
BHELWHUX 3/IEMEHTOB yNpaBieHuna Kak
pes3ncTopbl, KOHAEHCATOPbl N ANOAbI.
MockonbKy Mmoaynb NnpefHa3HauveH gna
paboTbl B MMHENHO 061acTh, HEO6X0ANMO
BCeraa pyKkoBOACTBOBATbCA 3aABNEHHbI-
MU 3NEKTPUYECKUMUN XapaKTepucTukamm
1 NpUAEPXNBaTbCA ONpeaeneHHbIX orpa-
HWYEHUN, YTOObI ONTUMU3NPOBATDL €r0
pabory.

PeXum egUHNYHOrO ycuneHusa

HekoTopbim NpunoxeHusm TpebyeTcs
pa3BA3Ka Mmexay nocnenoBaTesibHbIMU
Kackagamu CXembl, YTO 06YCNOBNIEHO
BapuvaunAMuM MMnegaHca HarpysKku.
Cxema pa3BA3KM He NoTpebnsaeT Tok
13 npepwecTByoWen Lenu, Ho nepe-
JaeT ero B nocjegyiolwyio uenb. 3Ta
CcXema Tak)Ke NnpumeHAeTca Ana ycune-
HMA MoLWHOCTHY. MpK TOM e HanpAaxe-
HUWN UCTOYHMKA C MEHbBLUM UMMEeAAHCOM
JocTturaetcs 6onee BbiICOKasA BbIXoAHanA
MOLWHOCTb. ONepaumnMoHHbIN yCUnu-
Teflb UMeeT OYEeHb BbICOKUI BXOAHOM
MMneaaHC U OYEeHb Malblli BbIXOAHOWN
MMMNefaHc, YTo NO3BONAET C YCNEXOM
NPUMEHATb 3TO YCTPOWNCTBO B TaKNX Npu-
NOXKEHMAX.

OnepaunoHHbIN yCUANTENb MOXHO
CKOHOUIYypupoBaTb Tak, YTOObI OH He yCu-
NBan 1 He 0CNabnAan BXOAHOW CUrHan.
37oT Tun OY Ha3blBalOT Take NOBTOPU-
Tenem HanpsxeHus. bydpep ¢ eAMHNYHBIM
ycuneHmeMm ABNAETCA HEUHBEPTUPYIOLLUM
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yCunuTenem, BbIXOA KOTOPOro NOAKIIoUYeH
K UIHBEPTMPYIOLLEMY BXOAY.

B mukpokoHTponnepax PIC mogynb OY
MO>KHO CKOHUIypUPOBaTb B peXUME efjn-
HUYHOTO ycuneHus 6e3 fOMONTHUTENbHbIX
BHELUHUX KOMMOHEHTOB, 3afiaB COOTBET-
cTBYOWMN 6UT B peructpe. Mpu Boibope
eAVHNYHOro KoadduureHTa ycuneHuns
BbIXOZ BHYTPU NOAKNIOYAETCA K UHBEPTU-
pytoLiemy BXoay.

MepeBopa BbixoAa B TpeTbe COCTOAHUE
HecKonbko MUKPOKOHTPOIEPOB MOTYT
YCTaHaBNMBATb BbIXO YCUNIUTENA B TPeTbe
(BbICOKOMMMEAAHCHOE COCTOSIHUE), B KOTO-
[POM BbIXOAHbIE MMYSbChI C APYrMX Mogynen
obecneuymnBaloT ynpassieHne KOMMyTaUuein
Bbixoga OY. ina npuHyauTenbHoro nme-
HEHWA BbIXOAHOMO CUrHaNa NCnosnb3yloTcA
[lBa YMOMAHYTbIX Bbllle peXxuma — nepe-
BOZ, B TPUCTABUNBbHOE COCTOSIHNE U PEXIM
eVIHUYHOrO ycuneHus. Ha pncyHke 2 noka-
3aHbl BbIXOAHbIE CUFHAMbI B IBYX peXunmax
¢ ucnonb3osaHvem LLUVM-mopyna B Kave-
CTBe NCTOYHUKa ynpasneHus. Cxema nepe-
BOZa BbIXOJa B TPUCTabUNbHOE COCTOAHUE
npepcTasieHa Ha pUCYHKe 5.

MNocnepoBaTenbHO BKAIOYEHHbIE
moaynu

MukpokoHTponnep PIC16F1769
oT Microchip ycTtaHaBnuBaeT 3anpo-
rpammmpoBaHHOE NOAKIIOYEHNE BbIXO-
fa opgHoro OY k Bxogy apyroro QY. 3Tu
nocsiefjoBaTesIbHO BKJ/IlOUYEHHbIE MOAYIN
NCMoNb3ylTCA ANA pa3BA3KM BbiXxoja
onepaLMoHHOro yCunnTena oT Harpysku.
BbIxoAHO cMrHan 3Tux nocnefoBaTesibHO
BKJTIOYEHHbIX MOAY/eN 3aBNCUT, FMaBHbIM
obpasom, oT KoapduLmreHTa ycuneHns
OTAEeSbHbIX KacKafoB.

Ha purcyHKe 3 nokasaHbl aBe KOHOUry-
pauum cxembl C NOC/Ief0BaTENbHO BKIIIO-
yeHHbIMK OY. B neBoWi 4aCTN 3TOro PUCYHKa
npeacTaBneHbl ABa HEMHBEPTUPYIOLWNX
YCUANTENbHbIX Kackaaa ¢ Bbicokmm KY. 3Ta
CXema MCNonb3yeTcs B BbICOKOYACTOTHbBIX
npunoxeHusx 6narogapsa obpaTHol 3aBu-
CUMOCTN MeXay KoaddrumneHTom ycune-
HMA 1 yacToTon Npu KY Huxe -3 ab. Kpome
TOro, n3-3a 6onbluero conpoTMBAEHNsA
yBeNNYMBaAETCA TEMIOBON WYM OT 3TUX
pe3unctopoB. YTo6bl €ro ycTpaHuTh,
NCMONb3YIOTCA NOCNeA0BaTeNIbHO BKIIIO-
YeHHble ycunutenu c Tpedyembim KY.
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Cxema B NeBOW YacTu pUCyHKa 3, CoCTo-
Allan U3 NHBePTUPYIOLWero ycunmurensa
C HEVIHBEPTUPYIOLWNM NONOXUTENbHBIM
OMOPHbIM HaNPAXKEeHNEeM, Kak NpaBuno,
reHepupyeTt yCUNEeHHbIN PAa3HOCTHbIN
CUTHaN MeXAy UHBEPTUPYIOLWNM BXOLOM
1 ONOPHbIM HanpsaxeHnem. B coctas sTon
CXeMbl TaK>Ke BXOAUT yCUnTesb C eVHNY-
HbIM KY, KOTOpbIn 06ecneyrBaeT pa3Bas-
Ky Mexxay npepalecTByoWMM Kackagom
N Harpy3Kou BO n3bexaHne HexenaTesb-
HbIX 3 deKTOB.

Mopaynu OY, cocToAwme n3 nocnego-
BaTeSIbHO BKJ/IIOYEHHbIX 610KOB, MOXHO
peann3oBaTtb C NOMOLLbIO BCTPOEHHOIO
M0, 3apaB BbIXOAHOE HaNpsXeHne OfHO-
ro MoZyna oTpuuaTeNbHbIM UAN NMOAOXKN-
TeNbHOEe BXOLHOE HanpsAXeHne Apyroro
mopayna. Mogynb OY nerko nHterpupyert-
cAa B gpyrue nepudepuiiHble ycTpPONCTBa,
ncKoYaa Heo6XoANMOCTb BO BHELWHUX
KOMMOHEHTaX B LUIMPOKOM pAAY Npuioxe-
HUIA.

®opmupoBaHue curiana

OpHVM 13 Hanbonee pacnpocTpaHeH-
HbIX NPUNOXEHWI ONepaLMOHHOrO YCUn-
Tens ABNAeTCA Npeobpas3oBaHNe BXOAHOTO
CMrHasna B COOTBETCTBUM C TPEOOBAHNAMM
nocneayoLWmx Kackafos. Ha pucyHke 4
nokasaHa 6a3oBas cxema /1A npeobpa-
30BaHMA BXOAHbIX CUTHANIOB B Anana3oHe
0,6-1 B B curHanbl ¢ HanpsxeHuem 0-5 B,
npexge yem nogatb nx B mogynb ALIM. Sta
Lenb BbINoSHAET ABe GyHKLMU — MacluTa-
6VpoBaHMe N CMELLEHNE YPOBHS.

Y mozyns OY B HBepTUpYtoLLein KoHOU-
rypaLum BbIXOGHOW CUrHas MHBEPTUPOBaH
1 npeacTaBnAeT coboit ycuneHHbln andde-
peHuManbHbIi BXOAHONW cUrHan. [lnanasox
HanpAXXeHWA BbIXOLHOIO CUrHana 3aBucuT
ot KY unseptupytouwero ycunutens. lNpo-
n3BefeHne BXOAHOMO CUrHana Ha Koad-
buLMeHT ycuneHusa onpegenset Wwkany
HanpAXXeHNA BbIXOQHOrO Kackaga.

OpfHaKo MNOCKOJbKY BeIMYnMHa macluTa-
6U1POBaHHOro Hanps»eHns 5 B B TOUHOCTM
He nonafgaeT B Anana3oH 0-5 B, Heob6xo-
OVMO OCYLLIEeCTBUTb CMelleHre BbIXOAHO-
ro HanpPAXeHUA [0 3a4aHHOro 3HaYeHns,
[106aBMB NOMOXKNTENbHOE ONMOPHOE Hanps-
MeHvie Ha HeMHBEPTMPYIOLLMI BXOA onepa-
LIMOHHOTrO ycunuTens.

YT106b1 06ECneunTb BENNUYNHY BbIXOA-
HOro CUrHana c 6osnbluell TOYHOCTbIO,
Heo6X04MMO N3MEHATb OMOPHOE Hanps-
XeHune. BMecTo BHEWHUX NCTOYHUKOB
HanpAXXeHNA MOXHO 3afeNncTBOBaTb
BHYTPEHHUN UCTOUYHUK GUKCUPOBAH-
HOrO OMOPHOIO HaMpPAXeHNA U MoayNb
LIATI. 3TOT MCTOYHMK GUKCUMPOBAHHOTIO
OMOPHOrO HanpsAXeHNA HacTpanBaeTca
Tak, uto6bl Ha LUAIN nogaBanock ctabunb-
HOe OMOPHOE HanpsAXKeHWe, KOTopoe 3aTem
nenutca Ha 512 nporpamMmmHO KOHOUrypu-
pyeMbixX ypOBHeN AnA Nofayun Ha HeUHBep-
Tupytowwmii Bxog mogyna OY.



Mocne Toro Kak curHan 611 MacluTabu-
POBaH 1 CMeLLEeH Mo YPOBHIO 0 Tpebye-
MOV BEJINUMNHDBI, OH NOJAETCHA Ha MOZYNb
AUMN gna undposoit 06paboTkmn. bnaro-
faps Tomy, uto ¢ mogynsa OY noctynaet
ONTUMM3UPOBAHHBIN CUTHAN, 3HAUNTENb-
HO ymeHbluaeTca pasmep waros AL, uto
obecneynBaeT HaMHOro 6onee BbICOKOE
3¢bPeKTMBHOE paspeLLeHe NO CPaBHEHUIO
C HEHOPMMPOBAHHbBIM CUTHanoM. Bbixoa-
Hom curHan OY nofaeTca Ha Apyrve aHa-
norosble NepudepuriiHble yCTpoicTBa Ans
nocnepyoleit 06paboTKkm.

Cxema o6paTHOIA CBA3M
ceeTtoaunopHoro LLMM-gummepa

Ha pucyHKe 5 npefcTaBneH noebiwato-
LA KOHTPONIEP B TOKOBOM PEXMME LA
LLUMM-ynpaBneHuna ApKOCTbIO CBETOAMOA-
HOrO OCBELLEHMS NMPU NOCTOAHHOM TOKe.

B 3TOM cxeme noBbllwaowWmii Npeob-
pa3zoBaTeNb NOAAET NOCTOAHHbIN TOK
Ha NocieloBaTeNbHO BK/IIOUYEHHbIE CBETO-
avopbl. NMoafepxaHre TOKa NOCTOSHHBIM
HEe3aBNCUMO OT U3MEHEHUS BXOAHOIo
Hanps»eHnsA 1 CyMMapHOro conpoTuBne-
HUs CBETOLMOAOB MO3BOMIAET COXPaHUTb
TpebyeMmblil LUBET CBETOANOLHOTO OCBe-
weHns. Kak n3BecTHo, BeMUrHa TOKa,
rnaBHbIM 06pa3oMm, 3aBUCUT OT KO3 PULM-
€HTa 3aMnoIHEHNA BbIXOAHbIX MMY/bCOB
C reHepaTopa KOMMIEeMEHTapHbIX CUFHa-
nos (COG, IKC).

BbIxoAHOW CUrHan ¢ 3TOro reHepartopa
nocTynaeT B MOHUTOP CUrHana AaHHbIX
N UCMonb3yeTca ANsA KOMMyTalumn cuno-
Boro MOSFET Q1 (cm. puc. 4). NMepuop
KOMMYTaLuUn onpeaenseTca TIOrnyeckon
cxemon ynpasneHua (mogynem CCP),
KoTopas ABnAeTCA ANA reHepaTopa Kom-
njeMeHTapHbIX CUFTHaNOB NCTOYHUKOM
3anycka cobbITuin No BocxoasLemy GpoH-
TY UMMYyfbCa M KOMMapaTopoM, 3anycKato-
LWMM cobbITUA MO HUCXoAALEMY GPOHTY
umnynbca. Mogynb CCP HacTpaunBaeTca
B LUMM-pexunme, utobbl obecneunTb GUk-
CMPOBaHHYI0 YacTOTY NocsiefoBaTebHO-
CTU UMNYNbCOB B Anana3oHe 100-500 Klwy.

C opyroin CTOPOHbI, KOMMAPaTop reHe-
pUpYyeT BbIXOAHYIO NOCNEA0BATENIbHOCTD,
Korga HanpsaXeHue Ha Ryyse; NPEBbILLAET
BbIXOAHOE Hanps»KeHune nporpammupye-
moro moayns. BxogHou cnrHan noctynaet
B 3TOT MOAYb € BbixoAa OY no uenv obpat-
How cBA3n. Moaynb PRG HacTpamnBaeTcsa
KaK KOMMEHCATopP Yyrna HaknoHa, YTobbl
HenTpann3oBaTb BHYTPeHHMe cybrapmo-
HUYecKne KonebaHns B Tex ciyyasx, Koraa
K03 dULMEHT 3anoNHeHNA Bbllwe 50%.

Mogynb LUNM3 ynpasnaeT ApKocTbio
cBETOANOL0B, 0becneumnBas 3GdeKTBHBbIN
cpefHMI TOK ANA ynpaBieHNa APKOCTbIo
CBETOAMOLOB W HE BIUAA NPV 3TOM Ha LiBeT
nx nsnyyenus. 200-y LUMM-curHan moay-
NA Mcnonb3yeTca ANA MOAYNALMMN reHe-

paTopa KOMMIeMeHTapHbIX CUTHAJOB,
KOMMYTauUun Harpys3ku n ynpasneHus
BbIXOAHbIM curHanom OY. KoadpduumneHt
3anonHeHua WNM2 onpegenset Ko3d-
bGUUNEHT 3aTeMHeHNA CBETOANOAHOIO
OCBelleHNA, KOTOPbI, B CBOIO ouepefb,
obycnaBnMBaeT NMHTEHCMBHOCTb CBe-
TOAMOAHOro ocseleHua. Yem sbie
K03 PULMEHT 3anonHeHUA, Tem 6onblue
NPOAOIKNTENbHOCTb BK/IIOYEHHOIO COCTO-
aHmAa MOSFET Q2 n, cnefoBaTtenbHo, sipue
cBeT.

Korga BbixogHou curHan WKMM3 npu-
HMMaeT HMU3KOoe flornyeckoe 3HayeHue,
BbIXOJ reHepaTopa OTK/lo4aeTca yepes
mogynaTtop curHanos (DSM), Q2 pasmbl-
KaeTcA, N BbIXOA OMepaunoHHOro ycu-
NUTenAa nepexoanT B TpPUCTabunbHoe
cocTtosAHme. MogynAaTop CUTrHaNOB UCMNONb-
3yeT LUMM3 B KauecTBe NCTOUHUKA MOAY-
nAayun, obecneymBan CMHXPOHN30BaHHYIO
KoMMyTauuio ¢ Q2 1 BbIXOLHbIM CUTHaNIOM
OY. Kpome Toro, oH npekpatiaet popmm-
poBaHue MNyNbCHOW NoCNeAoBaTebHO-
CTn Ha Bbixoge reHepatopa COG, npexpae
YyeM BbIXOAHbIE KoUMW NepenayT B HUX-
Hee flornyeckoe cocTosHue. Boikntoye-
Hue KC npegoTBpallaeT BO3MOXKHOCTb
NoABNEHNA NepeHanpaXeHns, a nepexoa
QY B TpncTabunbHoe cocTosHne nogaep-
XKMBaAET CBETOANOAHDIN TOK B YCTaHOBUB-
LeMCA pexunme.

MODIIZ<1 :0>
EN 5
0K
PHx_match WAM-
DCx match ynpasnexus D Q——PWMxOUT
| . _/_
Q4 —CK
OF3_match® — 11 PWMxPOL
PWMx_output K nepudepunHbIM
() — =
OF2_match 10 OF _match y yCcTponcTBam
| npaBneHve
OF1_match 01 PRx_match CMeLeHmnem PWMxOE
Reserved — 00 |
OFM<1:0> PWMx
E R UD
OFS
PWM_clock — PWMxTMR TRIS Control
[ 1
PRx_match PHx_match OFx_match DCx_match

set PHIF

set OFIF

[9d0223INMOdUOdHNIN M 19dIULOdLHONOdHNIN
un
O

16-6ut
3auernka

16-6ut
3allenka

16-6ut
3aulernka

16-6ut
3auernka

LDx_trigger

LDx_trigger

LDx_trigger

LDx_trigger

PWMxPR PWMxPH PWMxOF PWMxDC

Puc. 6. CtpykTypHaA cxema 16-paspapnoro LWINM-mopyna
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Mpw pa3mbikaHuy Kntoua Q2 obpaTHas
CBA3b NCYE3aeT, a BbIXOJHOE HanpsKeHne
mopyna OY Bo3pacTaeT 4O MaKCMManb-
HOI BeJINYNHDI, Nepe3apAaxan Lenb KoOm-
neHcauuu. NMpwn cnegytowem BKIOYEHN
LLIMM3 KomneHcaTopy TpebyeTcsa HECKOb-
KO KOMMYTaLNOHHbIX LMK/IOB AN1A BOCCTa-
HOBMEHWA, KOrA4a 60MbLION NMUKOBbIN TOK
npoTekaeT yepes ceetoanoabl. B pesynbra-
Te YacTo BO3HUKAIOT NeperpysKu no Toky,
UTO COKpalLaeT CPOK CNyXObl cBETOAM-
onoB. B paccmaTpuBaemom npunoxe-
HUU MOZYNb ONepPaLNOHHOro ycunutensa
HacTpausaeTca BmecTe ¢ LIVIM3 Kak ncrou-
HUK nMpepbiBaHNA, a BbIXO4 NPUHNMaeT
TPUCTabUSIbHOE COCTOAHNE, ECNN Y BbIXOA-
Horo WWM-cnrHana Hu3Koe nornyeckoe
COCTOfIHNE, YTO NO3BONAET YMEHbWUTb
OPOCOK HaMpPsXKeHNA N NpefoTBPaTUTb
N3MeHeHue LiBeTa OCBELLeHNA.

Taknum o6pa3zom, mogynb OY B 8-pas-
PAAHBIX MUKPOKOHTponnepax PIC He Tonb-
Ko obecneunBaeT 6asoBble GyHKLUN
onepauuoHHbIX ycunuTenen c ogHononap-
HbIM NCTOYHUKOM NMNTAHNA, HO N o6na,qaeT
APYrrMMn BO3SMOXHOCTAMU, KOTOPbIE yBE-
JINYUBAIOT NPOEKTHYIO FTMOKOCTb PELLIEHWIA.

BbICOKOTOYHbIE WWUM-MOAYNU

C PACIULMPEHHDBIM OYHKLMOHAJIOM

LWINM-mogynn B HEKOTOPbIX MUKPO-
KOHTpoOMiepax OCHalleHbl MTHHOBALVOH-
HbIMU QYHKLMAMMK ANA UCNONb30BaHMA
3TWX YCTPOMNCTB B MCTOYHMKAX NUTAHWUA,
B CICTEMaX CBETOAMOAHOrO OCBeLleHNs,
CMeLLUEeHUNsA LBETOB 1 YNpaBieHNsA NeKTPO-
npueoAamu. B yKkaszaHHbIX NPUNOKEHUAX
LWMM-mopynu no3sonAT c 6onblen
TOYHOCTbIO M JIErKOCTbIO M3MEHATL a3y,
K03 dMUMEHT 3aNONTHEHUA U BECTU cyeT
onepauunam cMmeleHnA. C NOMOLLbIO peXxu-
MOB cMeuweHna kKaxabin LWUWMAM-Bbixopg
MOXeT CMeLLaTb CBOW CUrHaN OTHOCUTESTb-
Ho curHana n6oro gpyroro LUAM-moayna
Ha TOM Xe yCTpoWncTBe.

Ecnn WWM-BbIXxOoAbl HE ncnonb3y-
I0TCA B 3TUX BbICOKOTOUYHbIX 16-pa3-
pAaaHbiX WMM-moaynax, Kotopbimn
OCHaLLeHbl, HaNnpUMep, MUKPOKOHTpoOJ1e-
pbl PIC16 oT Microchip, 3T1 BbiIXxogbl MOXHO
[06aBUTb K YeTbipeM AOMONHUTENbHBIM
16-pa3pagHbIM Talimepam o6LLero HasHa-
yeHua. Y kaxporo LWWMM-mopyna nmeetca
CBOW Taimep, KOTOPbIA HE3aBUCUMO CUH-
XPOHM3YEeTCA C MOMOLLbIO OJHOT0 13 Tpex
NCTOYHMKOB. Kpome TOro, 4aCcToTy UCTOY-
HMKa CMHXPOHM3UPYIOLLMX UMMYbCOB ANA
LUNM-mopgynaTopa MOXXHO nNpu Heobxoaun-
MOCTW pa3fenmnTb C MOMOLLbIO CeMu Npes-
BapuTeNbHbIX AennTenein 4acToTbl.

3HauyeHMe TaMepa cpaBHMBaeTCA
CO 3HaYEHUAMU PErnCTPOB COObITMI AnsA
reHepauunn WWM-curHanos. YeTbipe
16-pa3pAfHbIX perncTpa—cyeTyrKa No3Bo-
NAT ynpaenath dasoi, koadduumneHTom
3anoNHeHNA, NepuooM N CMeLeHnem
(cm. puc. 6).
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LUNAM-pexnmbi

Kaxkgbin LUIMM-mopynb nmeet uetbipe
pabounx pexunma: CTaHAapTHbI, 3anycK
npun coBnajeHnn, nepeknoyeHne npm
COBMafiEHMM 1 BbIPaBHUBAHME MO LEHTPY.
B cTaHpapTHOM pexxunme reHepupyeTcsa
opHodaszHbINn LUMM-curHan, KoTopsbii co3-
[laeTcA Npu CpaBHEHWN N COOTBETCTBUN
3HavyeHuA WMM-cueTumka co 3HaveHnaAmMMn
dasbl, nepropa n KoapdrLmeHTa 3anonHe-
HKA 16-6uT perncTpos. Mpwn coBnageHun
3HaueHWA permcTpa—cyeTynka dpasbl 3any-
cKaeTcA pabounin LMK, KOTOPbIA 3aKaH-
YMBaeTCA NPU COOTBETCTBUM 3HAUYEHUIO
cyeTumKa KoadpdurLMeHTa 3anoNTHEHUS.

B pexnme 3anycka npu coenageHun
reHepupyeTca BbIXOLHOW CUTHaN npu
COOTBETCTBUM 3HAUYEHUA cYeTUmMKa dasbl
3HaueHwmio LUMM-Taiimepa. OTOT BbIXOAHOW
CUrHan akTMBEH A0 TeX Mop, MoKa He oun-
CTUTCA 3HAaUYEHWE BbIXOZHOTO 6UTa Unn
He oTknouutca LWAM-mopyne.

B pexnme nepeknoyeHma npu coBna-
JeHuun reHepupyioTca 50% pabouero
umkna WMM-curnana ¢ nepnogom, Koto-
pbil B ABa pa3a npeBblllaeT BeNNYNHY
nepuoga B ctaHgaptHom LUMM-pexume.
CueTumku dasbl onpesensioT KOMYeCTBo
nepuogos LU/M-Talimepa c cooTBeTCTBY!10-
L|lero MomMeHTa oTcyeTa nepuoga o nepe-
KkntoveHuna LWMM-curnana.

B peXxvme BblpaBHMBaHMA NO LEHTPY
reHepupyetca WMM-curnan, Kotopbii
ueHTpupyetca no nepuogy LWAM. 3toT
nepvoA B ABa pa3a NpeBbllaeT 3HaYeHnA
peructpos-cuetunkos PWMxPR. B gaH-
HOM pexume LUMM-Tanmep paboTaer,
noKa ero 3HayeHue He COBMaAeT CO 3Ha-
yeHuamu peructpos PWMxPR, a 3atem
HauMHaeTcA o6paTHbIA OTCYET [0 HYNA.
AKTUBHbIA NepeaHnii 1 3agHUIN GPOHTBI
LLIMM-crrHana onpepensanTca C MOMOLLbIO
perncTpoB-cyeTUMKOB paboyero umkna.

PeXxum cmeweHuna

[TOMMMO YNOMAHYTbIX PEXVMMOB Y KaX-
poro WMM-mopyna nmetoTtca yetbipe
pexrmMa CMeLeHns, KoTopble NO3BONAIT
cMellaTb CUrHaN OTHOCUTENBHO Nlo6oro
apyroro WM-mopynsa. K atum pexnmam
OTHOCATCS: He3aBUCUMasn paboTa; pabo-
Ta BEJOMOIO YCTPONCTBA C CUHXPOHHbIM
3anyckoMm; ogHOKpaTHas paboTa Befomo-
ro YCTPOWCTBA C CUHXPOHHBIM 3amnyCckom
1 HenpepbIBHas paboTa BELOMOTr0 YCTPOil-
CTBa C CUHXPOHHBIM 3aMycKoM 1 cbpocom
Tanmepa.

B pexxume HezaBucrMom paboTbl Apy-
rne W/M-moaynu He BANAIOT Ha cMelle-
Hue, dasy, Ko3PpOMLUNEHT 3aNoNHeHMUA
n nepuogd. B stom pexkume WM paboTtaeT
HenpepbIBHO, MOKa MMeEeTCA BO3MOXKHOCTb
(cm. puc. 7).

B pexxume paboTbl BEJOMOrO YCTPOWA-
CTBa C CUHXPOHHbBIM 3aNyCKOM HE06X0-
AVMO, UTOObI, NO KpalHen Mepe, ABa Un
6onblie LUIMM-mopayns 6binv akTUBHBIMM

OnA co34aHMA napbl «Befywmn-seno-
MbI». B 3TOM pexnme Begomoe ycTpoi-
CTBO »K[€T, NOKa He BbINOJIHUTCA YCNoBMe
CMeLLeHUA AN BeayLlero, 4tobbl Hayancs
OoTCYeT.

Kak n B npeabigywem pexume, npu
OfiHOKpaTHOW paboTe BEOMOro yCTPOi-
CTBa C CUHXPOHHbIM 3aNyCKOM TaKXe
TpebyeTca, UTO6bl aKTUBHbIMY ObINN ABa
unun 6onbue WMM-mopyna. Mpu 3Tom
OfVH U3 MoJyneln ABAAETCA BefylWunMm,
a apyron — BefombimM. B 3Tom pexnme
OTCYeT TalMepa HauMHaeTCA C 3apaHee
BbI6pPaHHOrO 3HaYeHUA 1 NPOAOSIKAeTCA,
rnoKa He COBMaayT 3HaueHusA nepuopa.
3atem WMM-Taimep oxupaeT coBnage-
HWUA 3HAYEHNA CO 3HAUEHNEeM CMeLleHnA
BeJyLlero ycTponcTaa, NOC/e Yero Lukn
noBTOpAeTCA.

B pexume HenpepbiBHOW paboThbl
BeJOMOrO YCTPOMCTBA C CUHXPOHHbIM
3anyckom n cbpocom Taimepa BeOMbIN
LLIMM-Talimep He HayMHaeT OoTCcYeT, MokKa
He AOCTUTHYTO MepBOe COOTBETCTBUE
CO 3HaYeHMeM CMeLLEeHNA BeayLLEro MOAY-
na. Mocnepytowne coBnageHna 3Ha4YeHNA
CO CMeLLeHneM BegyLLero Mogyna copacbl-
BaloT 3HaueHune segomoro LLMM-Taimepa
o 1, nocne yero npojosKaeTca oTcyeT
(cm. puc. 8).

MTaK, BbBICOKOTOYHbIN 16-pa3pAan-
Hbln LUMM-mopynb, KOTOPbIM OCHalLLeHbl
MUKpOoKoHTponnepbl PIC16 komnaHumn
Microchip, obecneunBaeT paclumpeHHble
bYHKUMM MOMUMO TeX, KOTOpble MMeLTCA
B CTaHAapTHbIX LUIM-mopynax.

YACbI PEAJIbHOTO BPEMEHU

ONeKTPOHHbIE Yacbl, B KOTOpPbIX
Avicnnei, Bpema 1 pata BbibupaioTtcs
C MOMOLLbIO AiBYX KHOMOK, MOXHO CO3faTb
C UCNONb30BaHUEM YaCOB peasbHOro
BpemeHu 1 KaneHpapsa (RTCC). B coctas
3TNX cxem BxoauT namaTte EEPROM, SRAM,
YHUKanbHaa naeHTndrKaymoHHaa MeTka
BPEeMeHM, CTOPOKEBOW TalMep 1 Moay b
06HapyXeHWsA coBbITUI.

Takoe ycTponcTBo kak MCP795WXX SPI
RTCC ot komnanum Microchip n ncxogHoin
NPOEKT MOXHO peann3oBaTb Ha IeMOH-
cTpauynoHHon nnate PIC18 Explorer,
3a[eCTBOBAB YCTAHOBJIEHHbIV Ha Hen
KK, pocTyn K KOTOpOMY OcCyLlecTBAAeT-
cA yepes wWuHy SPI n kHonku. Ha pucyH-
Ke 9 npepcTaBsieHa cxema C naaTon
PIC18 Explorer n goyepHei nnaTton
AC164147 SPI RTCC PICtail.

Ona poctyna kK KKl ¢ nomoubto
MWHMMaNbHOTO KOJNIMYeCTBa BbIBOAOB
ncnonb3yetca SPl-uHtepdeinic moayna
MSSP1 ¢ 16-6UT paclumpuTenem cMcTeMbl
nopToB BBOAa/BbIBOAA C SPI-uHTepdelicom
(MCP23S17). 1Be BCTpOEHHbIE KHOM-
Kn S1 1 S2 nogknovaloTCca K noptam
BBO/Ja/BblBOAA 06WEro Ha3HayeHuA
RBO 1 RA5. SPI RTCC - yacTb oLeHOYHOM
nnatbl PICtail, kKoTopaa Hanpamyto noa-
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Puc. 7. BpemeHHas Auarpamma He3aBUCMMOro pexuma pa6oTbl
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Puc. 8. Pexxum HenpepbIBHOIl paboTbl BeJOMOr0 YCTPOIACTBA C CUHXPOHHBIM 3anyckom u c6pocom Taiimepa

Kntoyaetca K mogynto MSSP1 MUKpOKOH-
Tponnepa.

Ewe oAHMM HEO6XOAMMbBIM BbIBOAOM
ABNAETCA TOT, € KoToporo curHan CLKOUT
6noka RTCC noctynaet Ha RA4/T0 CKI -
TaKTOBbIN BXO4 cyeTunka TMRO. bnok RTCC
NpOrpaMmmnpyeTcs Takum 06pasom, YTobbl
obecneynTb NPAMOYTONbHbIA CUTHAN
c vyactoTton 1 Iy Ha BbiBoae CLKOUT. bnok
TMRO nporpammupyeTtca Kak cyeTuuK,

KOTOPbIN NHULMANM3NpyeTca Npu 3Have-
Hun OXFFFF, obecneunBas nporpammHoe
npepbiBaHne Kaxayto cekyHay. CoefmHe-
HuA mexay SPI RTCC n mukpokoHTponne-
pom peanun3yioTca 6e3 cxembl C OTKPbITbIM
CTOKOM 1, COOTBETCTBEHHO, 6e3 noaTArn-
BaloLNX pPe3ncTopoB. BcnomoraTenbHbiM
BbIBOAAM, MPEACTaBAALLM COBOI BbIXO-
Zbl U BXOAbI C OTKPbITbIM CTOKOM, Tpeby-
I0TCA COOTBETCTBYIOLME NOATATMBAOWME

pe3uctopsbl. CurHan CLKOUT noctynaeTt
Ha Bxog RA4/TOCKI 6e3 nosbiweHnaA 1 Npo-
rpammunpyeTca Ha YacToTbl 1;4; 16 1 32 klu.

Mnata PIC18 Explorer ocHalleHa MUKpoO-
KoHTponnepom 8F87J11. Koa ana gpainisepos
1 OCHOBHaA GYHKUMA NULLYTCA Ha A3bIKe
C c nomouwbto MPLAB X v2.10 n komnuns-
Topa XC8 v1.34. SneKTpOHHbIE Yacbl MOTYT
0TO6PAXKaTb LIECTb OCHOBHbIX NMEepPeMEHHbIX
BpemeHU 1 Aatbl Ha BcTpoeHHOM KK, K Hum

dneKTPOHHblIe KOMMOHeHTbl N°12017
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Puc. 9. MpunuunuanbHan cxema nnatbl PIC18 Explorer n gouepxeiit nnatbl AC164147 SPI RTCC PICtail
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Puc. 10. MocnepoBaTenbHOCTL MMNYNbCOB
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Puc. 11. SPI-nocnepgoBaTenbHoOCTb 3anucu
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OTHOCATCA rof, MecAL, AaTa, Yac, MUHYTbI
1 ceKyHAbl. C MOMOLLbIO COOTBETCTBYIOLLEN
nocnefoBaTeNlbHOCTI 3a[1al0TCA Te Xe nepe-
MEHHbIe BPEMEHW 1 AaTbl C UCTIONb30BaHVEM
[BYX KHOMOK Ha oLleHouYHow nnate: ST — kna-
BULLA MEHI0, a S2 — KNaBswLwa NpupaLLeHus.
B TO e Bpems, Kof AeMOHCTPUpPYeT, Kak
HacTpamBaTb U UCMONb30BaTb PErUCTPbI
XpaHeHVA BpeMeHMU.

MpuHUMN pa6oTbl

MCP795WXX - Begpomoe SPI-
YCTPONCTBO, nogkntoyaemoe K SPl-wnHe
MUKPOKOHTposnepa. Boibop MMKpocxembl
RTCC ocyuiecTBnaeTca ¢ MOMOLLbIO BbIBO-
fAa GPO. OToT KOMMNOHEHT BblbUpaeTca
nytem nepesopa CS B HU3Koe flornyeckoe
COCTOfIHMeE, Nocye yero 8-61UT KOMaH-
[la uTeHnA nepepaetca Ha MCP795WXX
BC/ep 3a 8-6ut agpecom. Mocne KoppeKT-
HOM OTNpPaBKM KOMaHAbl CYNTbIBAHUA
1 agpeca fiaHHble, COXpaHAeMble B NaMATA
no BbIbpaHHOMY afpecy, nepemellaioTcs
Ha BbiBoA SO. [laHHble, XpaH/Mble B NamsA-
TV MO cnegylowemMy agpecy, CYATbIBAOTCA
nocnefoBaTesibHO; NPU 3TOM NPOAOSIXKa-
eTcA noAaya CUHXPOVMNYNbCOB. BHYTpeH-
HWI yKa3aTenb agpeca aBToMaTU4ecku
nepexoanT K cnegyloLemy agpecy nocne
3aMeHbl KaXkaoro 6anTa AaHHbIX.

Mockonbky pernctpol RTCC otaeneHsl
oT maccmBa SRAM, npu yteHumn Habopa
pernctpos RTCC agpec Bo3BpalaeTca
B Hauano peructpos RTCC. Kpome TOT0O,
npwu 3arpy3ske agpeca B maccus SRAM BHy-
TPEHHWUI yKa3aTeNb afpeca BO3BpaLlaeTca
B Hayano 3Toro maccrsa. OnepaTop CUnTbI-
BaHWA NPUMEHAETCA A1A YTEHNA MacCMBOB
B TeuyeHune HeonpeaeneHHOro BpemMeHu.
Onepauus YTeHNA NpekpaLlaeTca nyTem
NOBbIWEHNA TOTMYECKOrO COCTOAHUA
BbiBoAa CS. CooTBeTCTBYIOLaA Noc/iefoBa-
TeNbHOCTb NpefcTaBfieHa Ha pucyHke 10.

MockonbKy Npu onepaumnax 3anu-
cn peructpam RTCC n SRAM He Tpeby-
etca nocnegoBatenbHocTb WREN, kKak
namAaTb EEPROM, Ha BbiBOge CS MOXHO
YCTaHOBUTb HU3KOE COCTOAHME, BblfaBas
KOMaHZy 3anuncuy JaHHbIX BCieq 3a agpe-
com. Mockonbky pernctpam RTCC n SRAM
He TpebyeTcA LMKN 3anncK, BeCb MaccuB
MOXHO 3anucaTb 3a OAHY KomaHay. Ecnu
[aHHble Heo6X0aMMO 3anncaTb B MacCuB,
BbIBoA CS nepeBoANTCA B BbICOKOE Nornye-
CKOe COCTOAHVE NOCsie NOCTYNeHNA BCEro
6ariTa. Ecnmn BbiBog CS nepeBefieH B BbICO-
KOe Nornyeckoe cocTosiHue B Nitobon apy-
roi MOMEHT BpeMeHU, nocnegHunii 6ant
3anucbiBaTbCA He cTaHeT. Ha pucyHke
11 nocnefoBaTeNbHOCTb 3aMNUCK UANIO-
cTpupyeTca nogpobHee.

[Be rnaBHble GYHKLUN SNEKTPOHHbIX
4YacoB OTOOpPaXKaloT WeCTb NepeMeHHbIX
BPEMEHU 1 JaTbl C MOMOLLbIO NPepbIBaHNA
MUKPOKOHTpONiepa 1 yCTaHOBKM nepe-
MEHHbIX C NCNONb30BaHNEM ABYX KHOMOK
Ha nnare.

Onepauusa oTobpakeHnA BbIMONHAET-
cA Ha BcTpoeHHoM XK/ B 24-4 popmare.
OTob6paxeHne NnepemeHHbIX Ha gucnnee
B peasibHOM BpeMeHM ocyLlecTBiAeTcA
[0 TeX Nop, NOKa He HaXkaTa KHOMKa MeHIO.
HaxaTrne KHOMKu npupateHuin He gen-
CTBYET Ha Yacbl, Ha KOTOPbIX HEMPEPbIBHO
oTobparkaeTcA Bpems 1 aaTa.

Ha)kaTue KHOMKM MeHI0 3anyckaeT
YCTaHOBOYHOE MEeHI0, OTKNYasa npe-
pbiBaHMA. MeHIo No3BONAET YCTaHOBUTb
rofi, MecaL, AaTy, Yac, MUHYTbl U CEKYHAbI.
MNepexopn OT ogHON NepeMeHHON K Apyron
BbIMOJIHAETCA C MOMOLLbIO KHOMKU MEHIO,
a MoLuaroBoe N3MeHeHNe 3Ha4yeHusA nepe-
MEHHOW — C NOMOLLbIO KHOMKMW Npupalye-
HUN. NocneaHee Ha)kaTne KHOMKN MEH0
No3BOJIAET U3 HEro BbIATH.

Bxop B yCTaHOBOYHOE MeHI0 He ocTa-
HaBnMBaeT paboTy reHepaTopa 60Ka
RTCC. B KOHLe 3TOI YCTaHOBKU O6HOBNSA-
I0TCA NepeMeHHble BpemeHu 1 fatbl. Ecnn
Nnonb30BaTeNb BXOAUT B PEXNM YCTaHOBKM
BpPEeMeHW, BCe NepeMeHHble 3anncbliBaloTCA
B 610K RTCC B KOHLe nNOoc/iefoBaTesibHO-
CTW, faXxe ecnnm nx 3Ha4yeHnA He N3MeHn-
nuncb. B 3TOM cnyyae npu BbiIxoge 13 MeHto
Yyacbl BO30OHOBAT OTCYET BPEMEHU C TOrO
MOMEHTa, Korga Obi/l BbIMOMHEH BXOA
B MEHI0.

3agepKKu n gpansepbl

Mockonbky KoHTponnepy KK Tpeby-
eTCcA AONONHUTENbHOE BpeMs Ans obpa-
60TKN KOMaHfA, NpeaycMaTpuBatoTCa
BCMOMOraTeNibHble 3afep>Kn. [NHHbIe
3a[lepPXKKUN UCNONb3YIOTCA ANs yCTpaHe-
HUA fpebe3ra KOHTAaKTOB KNaBuaTypbl UK
KaK 3agepKu obLero HasHaueHms. KK-
ApariBepbl 06pabaTbIBalOT AaHHbIE, KOMaH-
Ibl U NocnefoBaTebHOCTM MPU BXoAe
B KK/ BbicokoypoBHeBble pyHKLnM KK/,
VHVLMANM3MPYIOT UK oTobpaxatoT faTy
n Bpemsa Ha KK[. B 6ubnmoteKky Bxogsat
Takxe rnobasnbHble NepemMmeHHble BpeMeHN
1 parbl.

LpariBepbl RTCC npeacTaBnaioT KOM-
MYHUKaLUN CPefHEro ypoBHA Mexay
mopgynem MSSP1 MukpokoHTponnepa
PIC18 n SPIRTCC. CooTBeTcTBYIOLWME GYHK-
Lmm Bbi3biBatoT SPI-gpaieepsbl. bonee Toro,
3Ta 6MbnMoTeKa onpegensaeT Bce He06xo-
OVMble KOHCTaHTbl Kak perncTpbl, agpeca
1 mMacku. SPl-gpanBepbl obecneunBatoT
HM3KoypoBHeByto SPI-cBA3b ¢ 6rokom RTCC
1 ero pyHKLUMAMY, a ero GYHKLMU Bbi3biBa-
toTca gpavisepamu SPI RTCC.

Habop ppaliBepoB Knasmatypbl UMeeT
TONbKO ofHYy ¢yHKuuto. OHa oxupaeT
BblbOpa OAHOMN M3 ABYX BCTPOEHHbIX
KNlaBULW: MeHIo 1 npupaueHnin. MNocne
3aBepLleHuns BbI6opa MUKPONPOrpamm-
Hoe MO o6bHOoBNAET KOA Ha)aTol KnaBu-
wun. Mocne Bbixoaa 13 GYHKLUMUN 3HaYEHNe
BO3BpallaeTca, U ycTpaHaeTca gpebesr
KOHTAKTOB KaBULLIW; KOHTPOJb Haf COCTO-
AHNEM KNaBULIN NPONCXOAUT B TeUeHmne

BpemeHu 2x100 mc. Ta yHKUMA 3aBep-
LIaeTCA TOSIbKO NOC/e TOro, Kak KnaBmiua
BEpPHeTCA B MICXO[HOE COCTOAHME.
MpepbiBaHMA reHepypyOTCA NpK Nepe-
nonHeHun Taimepa TMRO, KOTopbIi MHU-
umanunsmpyetca npu 3HaveHmmn OXFFFF kak
cueTyuk. MpupalleHnsa 3HayeHNn Tanme-
pa 0 npoucxoamuT pa3 B OAHY CEKYHAY Npu
noctynneHun curHana CLKOUT ¢ 6noka
RTCC. ®yHKLMA NpepbiBaHNA Bbi3biBaeT
byHKLMI0 BpeMeHr 0To6paxeHus, KOTo-
pan cUMTbIBAET LWeCTb COOTBETCTBYIOLMX
peructpos 6noka RTCC n npucBansaeTt
3TW 3HaYeHuA wecTn rnobanbHbIM Nepe-
MeHHbIM (rofi, mecau, AaTa, 4ac, MUHYTbI
N CeKyHAbl). Pexxum cnyyanHoro 6ainto-
BOro afjpeca NpMmeHAeTCcA MoTOMYy, YTO
B HEKOTOPbIX BEPCUAX 3TOrO MPUNOKEHUA
NCNOoNb3yeTcA TONbKO NOAMHOXECTBO
13 3TUX WeCTn nepeMeHHbIX. HakoHeu,
byHKUMA NpepbiBaHMA OTOOpaxaeT WwecTb
3TUX NepeMeHHbIX Ha BCcTpoeHHoMm KK,

KoHdurypauus

Mpouecc kKoHbUrypmposaHuma RTCC
COCTOUT 13 ABYX 3TaMOB: MHWULMan3aLnm
RTCC n HacTponKn perncTpoB XpaHeHus
BpemeHu. ina nHuymnanmsaymm 6noka
SPI RTCC B 3aronoBoK ero gpanBepos
BKJ/IIOUEHbI 1B COOTBETCTBYOWME PYHK-
uun. MepBas U3 HUX NO3BONSET BKIIO-
ynTb GaTapeto ¢ nomouybto 6uta VBATEN
B PerucTpe AHA 1 3agaTb ynpasnsaoLwmin
pervucTp Ans OTKOYEHUS CUTHasa O HENC-
NpPaBHOCTU 1 CKOHGUIYpPMpPOBaTb BbIBOA
MFP Ha Bblgauy curHana npAmMoYyronbHoOn
dopmbl c yactoToi 1 M.

BTopas ¢yHKUMA npoBepsAeT 6uT
OSCON (peructp gHs). Ecnu reHepatop
y>Ke Hayan GyHKLMOHUPOBATb, HUKAKNX
nencTeuin He npounssoanTca. Ecnm xe
reHepaTtop He paboTaeT, Bpems u faTa
3aJaloTCA NPOU3BOJIbHO, U OH HaYMHaeT
bYHKUMOHNpPOBATD.

UTOo6bl YCTAaHOBUTbL 3HAUYEHUSA peru-
CTPOB XpaHeHNA BPEMEHU, MOXXHO HalNTh
nocnefoBaTebHOCTb B KOHLE OCHOBHOM
GYHKUMM 1 OBHOBUTL 3HAYEHWA WeCTK
pPerncTpoB BpeMeHU 1 AaTbl C MOMOLLbIO
LEeCTN COOTBETCTBYIOLNX MEPEMEHHbIX.
Mcnonb3oBaHue perncTpoB XpaHeHuUn
BpPEMEHN 3aK/NIoYaeTCsa B YTEHUN 1 0ToOpa-
>KeHWUM nx 3HauyeHnin Ha KK, DT oBe one-
paum BbIMONHAKTCA C MOMOLLbIO GYHKLMM
OTOGpaXXeHNA BPeMeH C YacTOTON oauH
pas B ceKyHAy nNpuv NpepbiBaHUAX.

MmetoTca aBe ocHOBHble QyHKLMUM Ans
poctyna K pernctpam RTCC: ogHa npume-
HAETCA ANA 3anncK, Apyras — ANA YTeHuA.
O6e ncnonb3yloT agpeca pPerncTpoB BHY-
Tpu 30HbI SRAM 6110Ka SPI RTCC. B 6a308Bbix
bYHKUMAX YTEHMA 1 3aNUCK pa3finyaloT-
CA TONbKO appeca perncTpos. YteHune
ncnonblyetca GyHKUMEN NpepbiBaHUA.
3anncb npumeHaeTca GyHKLNEN UHNLN-
anusaumun 1 B yCTaHOBOYHOW NocneoBa-
TENbHOCTU. =
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