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BBEJEHHE

Yieno mpecTaBicHHBIX Ha PHIHKC pa3HO00pa3HBIX MHKPOKOHTPOJICPOB HEnpe-
peiBHO pactet. [MouTtn exeHeneabHO nogBIACTeH HOBOC H3Acane. Hapsay ¢ neGonbimnmu
MEK-unnamu Ha peIHOK BBITTYCKaeTcs Bce DoNbIIe MHOTOSACPHBIX yerpoiicTe. Ecnn B Ha-
qajIe MOABICHUS YHHBEPCATLHEIX YCTPOHCTE OCHOBHOC BHUMaHHC pa3spaboTIHKOB yaeIs-
JIOCH MOBBILICHUIO OBICTPOCHCTBHA M CHUKCHHIO cTonMocTH MK, To ceroaus Bee Gomb-
MWW THTEPEC BRIZBIBAIOT KOHTPOIUICPE! € PACIIHPCHHBIMH (DYHKIIHOHAIBLHBIMH BO3MOXK-
HOCTAMH, PACCUNTAHHBIC HA KOHKPETHOC MpUMeHeHHe. HapammsaioTes cpe/icTBa B3anMo-
JIeHCTBHS MHKPOKOHTPOJIJICPOB € JIPYTHMH YCTPOHCTBAMH, HAIIPHMEp C JICHICBBIMH JaT-
gnkamu 1 Ethernet, a Taksike cpencTsa NoaaepKi MpoTokonos decnposoaHoi ceasn. He-
TIPCPEIBHOC YMCHBIICHHE Pa3sMCPOB JICMCHTOB MHKPOKOHTPOJUICPOB, HAPAMHMBAHHC WX
WHTEIICKTA W TIOBBIICHHC OBICTPOACHCTBHS MPUBOAAT K PACIIHPCHUIO HX (PYHKIHOHATE-
HEIX BO3MOMHOCTECH M CHUKCHHIO CTOMMOCTH.

MHKPOKOHTPOILIEp - MHKPOCXEMa, MPCIHA3HAYCHHAS UL YIIPABJICHUS ICKTPOH-
HBIMH YCTpOICTBaMH, KOTOpas codcrtacT B ceOe (yHKumMn npoticccopa n nepuepritHbix
yeTpoiicTB, a Takke cogepant O3V u [13Y. Tlo cyTH, 9TO 0AHOKPHCTATBHEIH KOMITBIOTEP,
CTIOCOOHBIT BHITIOMHATL ONPEACIACHHEIC 3a1aun, Bonbias yacTh BHIITYCKACMBIX B COBpC-
MCHHOM MHpC TIPOIICCCOPOB — MHKPOKOHTpOIICpsl. [TepBEIii MHKPOKOHTPOIIICP TOSBHII-
¢ na cset eme B 1976 roay, o1o 6u1a Mukpocxema gupmer Intel, nomyausmas wms 8048,
B nanwreitimenm, Intel npomomkana pasBHBaTh JTY KaTErOPHIO YCTPOMHCTB, MOIOKHBIIYIO
HAYAN0 LEIOMY CCMCHCTBY MHKPOKOHTPOIJICPOB, KOTOPLIC TOCHOACTBOBAIIN Ha PBIHKC
BIUIOTH JIO HEaBHETO BpeMeHH. [TepBhic 3HAUUTCIBHEIC TEPEMEHB! TIPOH3OILIN ¢ TOABIIC-
arem PIC-konTtposiepos ¢upMel Microchip. DTH 9HITEL Npeaiarainch 110 peKoOpaHo HiT3-
KHM IICHaM, 9TO TO3BOJIHIO UM B KOPOTKHII CPOK 3aXBATHTH 3HAYHTCIBHYIO YaCTh PhIHKA
MHKPOKOHTPOJUICPOB.

Mmukpokontponnepsr cemeiictea PIC noctpoensl mo rapeapiackoil apxXmTekType,
qTO TMOAPA3yMEBACT Pa3[c/ICHHC TaMATH W IOMH JAaHHBIX H KOMaHI, 9TO MO3BOIACT 3a
OJIMH TAKT MHKPOKOHTPOIUIEPA BLITOIHATE 00OpalleHHe K MaMsTH JaHHBIX H K NaMATH KO-
MaHn. B smkpoxonTponnepax PIC peamizoBaHa aByXcTyrneHuaTtas KoHBeiiepHas obpa-

00TKa KOMaHI, 4T0 06eCHCUNBACT OHOBPEMCHHOC HCMOJIHCHHE TEKYTICHT KOMaHIB! # BbI-



BOpKY M3 MaMATH TaHHBIX cieayiomci. Bee KoMaHIBl MHKPOKOHTPOIICpA, KPOME KOMAaH
0C3yCIIOBHOTO H YCIOBHOTO NEPEX0/I0B, BRITIOIHAIOTES 33 OJUH KoHBeHepHBIT TakT. One-
pauuu 0C3yCI0BHOTO M YCJIOBHOTO TICPEX0/1a, BKIIOYAA KOMAHBl BBI30Ba NMOANPOTpaMM H

BO3BpAT M3 HHX, UCTIOJIHAIOTCA 3a JIBA KOHBCHEPHBIX TaKTa,

Pucynoxk 1 - 8-paspaaueic MukpokoHTpoiuiephl cemeiicta PIC B DIP-koprycax ¢
PA3IHYHBIM YHCIOM BBIBOIOB

HauGosnbiee pacnpocTpaHcHie MHKPOKOHTPOIUICPB! MOIYYHIN BO BCTPOCHHBIX
CHCTCMaX KOHTpOns W ynpasicHus. OHOH W3 TIaBHBIX MPHYHH TOMYIAPHOCTH MHKPO-
KOHTPOIUICPOB CIYKHT TO, 9TO OHH SBIAFOTCH TPAKTHYCCKH IMOJIHOCTEI TOTOBBIMH BbI-
YHCINTCIBHBIME YCTPOICTBAMM, HC TPCOYIOMMMH Ui cBOCHT padoTHl MONOJHUTEIBHOTO
obopyzxosanns. KpoMe Toro, BO3MOKHOCTE MPOTPAMMHPOBATE paboTy MHKPOKOHTPOIIIC-
pa MO3BOJACT PCaM30BLIBATEL AOCTATOMHO CIIOKHBIC HICKTPOHHBIC YCTpOifcTBa, B KOTO-
pEIX Gombnras gacTh yHKIHOHAIA PCATH3YCTCH TIPOTPAMMHO.

B nacTosmiee BpeMs Ha PHIHKE MHKPOKOHTPOIUICPOB akTHBHO paboTaiot Gomnee 30
pazpaboTunkos u u3roroputencii. [IponsBoauTenn npemnaraloT MHPOKHI aCCOPTHMEHT
MHKPOKOHTPOIIICPOB, OTIHYAIONINXCA KaK TCXHHYCCKHMH XapakTepHCTHKAaMH, Tak M Tic-
pevYHeM BCTPOCHHBIX nepHpepuiiHBIX ycTpoiicTs, Onarogaps ueMy paspaboTYHKN HMEIOT
BO3MOKHOCTB 11006paTh MHKPOKOHTPOIIICP, KOTOPHI Hanbosce MOAXOMANT IS PCIICHMS
KOHKPETHOI 3a1a4u.

BaxHoii XxapakTepHCTHKOI, BIUAIOMIICH Kak Ha NPAKTHYHOCTB, TAK H HA LCHY YCT-
poiicTBa, sBIsETCS cnocod nporpaMmuposannst. [lepenporpaMMipyeMele MHKPOKOHTPOI-
JICPBI, ABIAIOTCS CAMBIMH JOPOTHMHM, HO BMECTC € TC¢M, H HanbolIce MPaKTHYHBEIMH YCT-
policTBaMM U MEIKOCEPHITHOTO M JKCNepHMEHTAIBHOTO Mpou3BoacTea. OIXHOKpaTHO-
HMPOTPaMMHPYCMBIC MHKPOKOHTPOIUICPHI ACIHICBIIC TCPEIPOTPaMMHPYCMBIX OIHAKO, TIPO-
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rpPaMMHPOBAHHE BO3MOKHO TOJIBKO OIWH pa3. MacouHO-TporpaMMHpYCeMBIC MHKPOKOH-
TPOIICPBl — CaMBlil JICHICBEIH CIIOCOD M3rOTORICHHUA, HO TPOTPAMMHPOBAHHC OCYIICCTB-
NACTCS TMPOMBIIJICHHBIM CIIOCO00M Ha 3aBOJC W3TOTOBHTEIC, HTO ACIACT BO3MOXKHBIM
MPHMCHCHHE NOA0OHEIX MHKPOKOHTPOIUICPOB TOJIBKO B KPYITHOCCPHITHOM TIPON3BOJICTBE,
NpPH YCIOBHH, WTO TMporpamMMa HM3MeHAThCS He Oyamer. Mcmomb3oBaHHe B COBpCMEHHOM
MHKPOKOHTPOJUICPE MOIIHOTO BBIYHCIHTEIBHOrO YCTPOIHCTBA € IIMPOKHMH BO3MOMKHO-
CTSAMH, TOCTPOCHHOTO Ha OIHOH MHKpOCXeMe BMECTO 1enoro Habopa, 3HauYHTCIBHO CHH-
KACT Pa3sMEPEl, JHCPToNOTPEOICHNE H CTOMMOCTE YCTPOHCTR, ITOCTPOCHHEBIX Ha ero Hase.
C MOMeHTa NOsBICHUA NMEepBOTO MHKporpoueccopa B 1970-x rogax OypHo pa3eu-
BacTes 067acTh NH(POBOH YIPABISIONICH MICKTPOHHKH, OTHOCAINANCS K BCTPAHBACMBIM
MHKPOTIPOLICCCOPHBIM CHCTEMaM YIIpaBIeHHs PealbHOTO BpeMeHH. Peyub HeT He TONBKO 0
MPAMOM YIIPABICHHH KIHOYaMH CHIIOBBIX ITpeodpasoBatesieii, HO M 0 MPAMOM CONPSAKCHHUH
¢ WHPOKOH HOMCHKJIATYPOH HaTUMKOB 0OpaTHBIX CBA3CH (MONOKCHNA, CKOPOCTH, YCKOpE-
HHA), @ TAKKE € IICMCHTAMH JHCKPCTHOH aBTOMAaTHKH (pe/ciiHO-KOHTAKTOPHOI arnmapa-
TYpOii, AMCKPCTHBIMH JATYHKAMH W JAHCKPCTHBIMH HCHOJIHHMTCIABHBIMH YCTpOHCTBaMH).
OG6nacTs ynpaBicHUS ABHTATCIAMHI H CHIOBBIMH TIPco0Opa3oBaTCIAMH CTajla SPKHUM TIpH-

MepoM ObICTpO aganTalny MPOLECCOPHOIT TEXHHKH K 3aj1auaM npeiMeTHOl o6nacTH.

Pucynok 2 - BHemrnmnii Bua Moaynell MEKPOKOHTPOJUICPHBIX CHCTEM YIIpaBJICHH
DYHKIHH TPAMOTO UH(POBOTO YIMPABICHUS B COBPCMCHHBIX TIPHBOJAX peannsy-
IOTCS 33 CYET MCTIONB30BAHUS CTICHHAIH3HPOBAHHBIX TIEpH(EPHITHBIX YCTPOIHCTB, HHTET-

PHPOBAHHBIX HCMOCPCIACTBCHHO Ha KPHCTAILT MHKPOKOHTpOJLICpA, H HE T‘pCGyTOII[I‘IX ao0-



TOMHUTEIBHBIX PA3BHTBIX CPCACTB COTIPSAKCHIA, 4 TAKAKC 32 CUCT BBICOKOTIPOM3BOINTCITE-
HOH apXUTCKTYPEI H CHCTCMEBI KOMaH 1 HCHTpaIsHOro npoteccopa. [lepexoa k undporev
cHCTEMaM YTIpaBjIcHUA TTpHBOAaMK Ha 0asc CICUHAIM3MPOBAHHEIX MHKPOKOHTPOJUICPOB
MO3BOIHI 00CCHCYHTEL HOBBIH, HCAOCTHANMEIH B aHAIOTOBEIX CHCTCMAaX, YPOBCHE MOKa3a-
Teneit kauecTra:

Ha TTOPAI0K MCHBIITHE rabapHThl B BCC YIIPABIIAIONMICH YICKTPOHIKH:

- pe3Koe TMOBBINICHAHE HAICKHOCTH ((hakTHUecKoe BpeMa HapabOTKH Ha 0TKa3 Joc-
Turaet 100000 gac n Beime) n cpoka ciny:x0wer npusoaa (xo 10 xet n Sonee);

- OBICTPYI0 W KauecTBCHHYI0 WHTCTPALMIO TPHBOAA B CHCTEMY KOMIUICKCHOH aB-
TOMATH3ALHH TTPOU3BOACTBA ¢ MOMOUIBLIO YHH(DHIHPOBAHHEIX HHTCPCHCOB CONPIKCHIA
¢ CHCTEMaMH YNpaBiAcHHUA 0olice BEICOKOTO YPOBHS M COOTBECTCTBYIOUIMX CPEACTE TIPO-
rpamyuoil nogaepxkn (RS-232, RS-485, CAN);

- MCCTHOC M JIHCTAHIIHOHHOE YIIPABJICHHC,

- HHTCPAKTHBHEIH APYKCCTBCHHEI MHTEpdEiic ¢ YeITOBCKOM-0TICPaTOPOM Ha A3bI-
KC CTPAHBI HCTIONB30BAHHS TIPHBO/A: 0TOOPAKCHHE HA BCTPOCHHOM AHCIUICC HH(OPMALIHK
O TCKYIICM COCTOSHHH NMPHBOAA W 3HAYCHIAX HAOIIOIACMBIX MCPCMCHHEIX: BBOI KOMaHI
OTCPATHBHOTO YIPABICHUA CO BCTPOCHHOI KJIABHATYPBI: HACTPOIlKa NapaMeTpOB MPHBOIA
W CHCTCMBI YIIPABJICHHS B MPOICCCE MYCKO-HANAJ0HEIX paboT ¢ coXpaHCHHEM 3HauCHMIT
B JHCPrOHC3aBHCHMOIT MTaMATH; WHTCPAKTHBHASA CTIPABOYHAN CHCTCMA W CHCTEMa MOJCKa-
30K CTPATCTHH YIPABICHHA B PCATLHOM BPCMCHM,

- BCTPOCHHBIIT M yAQICHHBIH (110 CCTH) MOHHTOPHHT COCTOSHMS NMPHBOA W paHHEE
NPEAYNPEKICHHC ABAPHItHBIX CHTYaUMit B TEXHOIOTHYCCKOM 0BOPYI0BAHNH, BOZHMKAIO-
LINX BCJICACTBHC cpabaThIBaAHMS 3aLIHT HIH HACHTH(UKAIINH 0TKA30B B IIPHBOJIC;

- KOH(UTYPHPOBAHHE CTPYKTYPEl CHCTCMBI YIPABJICHHS CAMUM TOIL30BATEICM B
nporecce 3anycka NpHBOJA B IKCILTYATAIMIO Ul aJanTallli K KOHKPETHOH TEeXHOIOTHH
W crietndKe TPIMCHCHNS TPHBOAA;

- BCTPOCHHOE YIPABICHUE CPEACTBAMH TTPHBO/IA COMYTCTBYIOMICH AHCKPCTHOH aB-
TOMATHKOiT §e3 HCMONB30BaHMS TOMOJHUTCIBHEIX MPOMBIILICHHEIX TIPOTPAMMHPYCMBIX
KOHTPOJICPOR M yrpaeisiommx JBM:

- pacrpese/icHHOC MYJTBTHMHKPOTPOIECCOPHOE YIPABICHHE MHOTOOCCBEIMH TIPH-

BOZAMH POBOTOB, MAHHTIYIATOPOB, KaOCIBHBIX JIMHA H T.I. ¢ HCTONB30BAHHCM JIOKATb-



HBIX TTPOMBINUICHHBIX ceTeif, Hanpumep, CAN, ¢ IHPOKHMH BO3MOAKHOCTAMH CHHXPOHH-
3alH I, BILIOTE 10 CHCTEM MICKTPHYCCKOTO Balla, PACTIPE/ICICHHOIO MO3HIHOHHOTO H KOH-
TYPHOTO YIIPaBJICHHA;

- YHH(HKAUHIO BCTPOCHHBIX CPCACTB YNPaBICHHS NPHBOAAMH (KOHTPOIICPOB,
MOIYIIeil BBOAA-BBIBOAA, MYJIBTOB ONCPAaTHBHOTO VIIPABICHMS) HC3aBHCHMO OT THMA HC-
MOMHATCIBHOTO JABHTATEIS, CTPYKTYPBI CHIIOBOTO KaHATA, THIIOB HCHONB3YCMBIX JaTui-
KOB 00paTaHBIX CBA3CH;

- MPOCTYIO CHCTEMY HApalMBaHWA MOIIHOCTH KOMIUICKTHOTO YICKTPONIPHBO/A 3a
CYUeT WCIMOIB30BaHHA CCKIMOHUPYEMBIX HMCIIOJHHUTCIBHEIX IBUraTeneii (HarmpuMep, BeH-
THILHO-HHIAYKTOPHBIX ), Ka#J/1as CCKIMA KOTOPEIX YVIPABIACTCS OT OTACIBHOTO THIOBOTO
npeoOpasoBaTens ¢ 00bEIMHCHHEM CHCTEM YTIPaBICHUA BCCMH Tpeo0pa3oBaTelsiMi B 110~
KaJIBHYIO TIPOMBIIUICHHYIO CCTh;

- BO3MOXKHOCTE HCTOJNB30BAHUA CAMEIX COBPEMCHHBIX CTPYKTYP W AllTOPHTMOB
YIPABJICHUA NPHBOIAMH, KOTOPEIC TPYIHO, a MOPOif H HCBO3MOKHO pealn3oBaTh Ha aHa-
JOTOBOM ICMEHTHOH $a3¢: BCKTOPHONO YIPABICHHA IBHTATCISMH NEPEMCHHOIO TOKa:
MPAMOT0 YNPaBICHHA MOMCHTOM; TIPAMOTO HaCTOTHO-TOKOBOTO YIIPABICHMUS; YIIPABICHNA
¢ oneMeHTaMu (pasz3nu-IOrHKH; MPAMOI TPOTPaMMHOI peanu3anun 1o rpadgam nepexoiosn
ANCKPETHBIX YNPAaBIAIOMINX aBTOMATOR J060# CIIOKHOCTH | T.01.

B mannoM nocoGun paccMOTPeHB! OCHOBHEBIC 0COOCHHOCTH MpOrpaMMHIpoBaHns 8-
paspsaanbix PIC MukpokoHTposuicpos rponssoactsa pupmel Microchip. Ha ceroamsmmmit
JIcHB daHHas (pHpMa UMECT MHPOUAiimy THHCHKY Mo BeITycKY 8, 16, n 32-paspsaHbix
npuGOPOB, OTANYATOMINXCH APYT OT APYra TCXHHUYCCKHMH XapakTepHCTHKAaMH, (hyHKIHO-
HAIILHBIMA BO3MOKHOCTAMM H UeHOH. BRIOOp MUKPOKOHTPOILIEPA 3aBHCHT OT KOHKPETHOH
WHKCHEPHOH 3a7a4M, OHAKO NPHHIHNL TPOTPAMMHPOBAHNS TIPAKTHYCCKH BCEX KOH-
Tpoiepos (hupmel Microchip ocTaloTes CX0KNUMH, 9TO 3HAYUTEIBLHO 00JICTHaeT Nepexon

MCKIY KOHTpOJUICpaMH pa3siiHYHBIX ceMeiicTs.



| OBIIHE CBEJEHHS O PIC-KOHTPOJIJIEPAX

Cmpyxkmypa mukpokenmpoanepoe. Kaxnas 4acTe MUKPOKOHTPOJIICPA MOKET
OBITE OTHECCHA K OJHOI U3 TPeX TPYMIL:
1. Slapo MUKpOKOHTpOIUICpa;
2. Mepndepuitusie Moaynn;
3. CreunanbHble 0COOEHHOCTH MHKPOKOHTPOJLIECPOB.
Hopo muxpoxonmponiepa. S1ipo OTHOCHTCH K OCHOBHBIM OCODCHHOCTAM, OHO
3aCTaBIIACT MUKPOKOHTpoOIIep pabotats. B cocTa® Toi rpynmel BXOAHT:
® TakToBEI reHepaTop
® Jlornka cbpoca
e [lenTpanenpiii npoucccop (CPU)
® ApH(PMETHKO-TOTHICCKOEC YCTPOIICTBO
o Opranuzauys maMsaTi
e [IpepuiBanms
e CHcTeMa KOMaH
Hepudgpepuiinvie modyau. llepudepniinpic Moayan - 0coOCHHOCTH, KOTOPBIC 70~
OaBIAIOTCH HE3ABHCHMO OT HEHTpaibHOTO Tpottcccopa. Ilepudepniinbie MOayIN M03BO-
TMIOT OpPTaHH30BaTh HHTCP(Ciic CBI3M ¢ BHCITHCH CXeMoil (HampHMep, YHHBCPCATBHEIC
nopThl  BBOJA/BRIBOAA, Apaiisepsr KW, sxomsr AL, Beixonsr HIUM) u BEITONHATE OT-
cYeT BPeMEHHBIX HHTepBaios (Taiimepsl). [lepudepuiinsie Moxynn:
e YHHUBepcallbHBIC TOPTH BBOJA/BBIBOAA
e Taiimep TMR
e 3axgsat/Cpasucuue/[LINMM (CCP)
e CUHXpOHHEIIT MocaeaoBaTenBHEI MopT (SSP)
e Begymmii cHHXpOHHBI TocneaoBaTenbHbN mopT (MSSP)
e USART
e HcTOoMHHK OTIOPHOTO HANIPSAKCHHSA
e KowmmapaTtopsl
e 10-paspaanoe ALLTI
o Jlpaiteep KKH



e Beagomerii napannensnsnii nopt (PSP)

e [lIpounc moaymnu,

C‘neuuaﬂbuue ocobennocmu MUKPOKOHMPO1Epoes. CHCUH&J‘IBHHC 0COOCHHOCTH
- YHHKaJIbHBIC 0COOCHHOCTH MHKPOKOHTPOIICPA, MO3BOILIONINE MIPHAATL 0JHO Win Go-

JIcC CICOYHIOLMX CBOICTB KOHCHHOMY H3ICIHIO:

. VMEHBIINTE CTONMOCTE YCTPOHCTBA;
. Veennunts HAICHKHOCTE CHCTCMEI,
. [TpeaocTaBuTh AONMOIHUTEIBHYIO THOKOCTE pa3paboTyHKaM IpH MPOCKTHPO-

BAHHH YCTPOIiCTEA.
CreunansHeie 0co0CHHOCTH MIKpokoHTpoIiepos PIC:

® butel koHuryparin
e [HTerpupoBanHas cxema cOpoca 1o BKITIO-

e Cxema cOpoca 1o CHHIKCHHIO HATIPSUKCHMS
» CTopoxesoil TaiiMep
» Pexim oneprocGepeskenns (SLEEP)
o MaTerpuporanntii TakTosslii RC renepatop
® BHyTpHCXCMHOC ITPOTPAMMHPOBAHNE
[Tocne onpenencHust (QyHKUHOHANBHEIX TpeOOBaHHI K MHKPOKOHTPOIUICPY
HCOOXOAMMO BHIOpaTh CICAYIONIHEC MapaMeTphl:
e TexHOIOTHA NaMATH;
e Pa0ounii Anana3oH HANPAKCHHA THTAHU,
e Pabounii TemricpaTypHBIi Ananason;
e TakToBas 4acToOTa;
e Tun kopryca.
Texnonozus namamu. TeXHONOTHSA, 10 KOTOPOil BBITIOJHEHA MAMATEL, HE BIHACT
Ha JOTHHCCKHE ONCPAni MHKPOKOHTpoisiepor. H3-3a pasnnunoii rnocieaoBaTeiibHOCTH
H3TOTOBIICHHS KpPHCTA/JIa HEKOTOPBIE WICKTPHYECKHE I[apamMeTpsl MOTYT OTIHYaThCA
s MHKPOKOHTPOJUICPOB ¢ pa3HOil TexHomorueil mamstH. Hanpuwmep, snektputeckuit
napameTp VIL (BXOIHOC HANPAKCHUE HU3KOTO YPOBHA) MOKCT OTIHYATECH B THIIOBOM
mukpokouTpomiepe ¢ EPROM namaThio W THIOBBIM MHKpOKOHTposicpom ¢ ROM

nmaMAaTBHO.



Ka)KI[bIﬁ MHKPOKOHTPOJIICPp MMECT pAl AHanasoHoB TAKTOBOIl HYacTOTBI W aoc-
TYHHBIX YIIaKOBOUYHBIX mapametpos. [Tpn Beibope (pyHKIHOHATBHBIX BO3MOKHOCTEH MHK-
POKOHTPOJIICPA TCXHOJIOTHA TIAMATH H JIHANa30H HAINPAKCHHA TTHTAHHA HC HMCHOT 3Ha-
yeuus. Microchip mpeutaraer Tpu THna namsaTH nporpamMu. Koa Tema nmamsitH mpo-
rpamMm 0003HAYeH CHMBOJAMH B HAUMEHOBaHHH MHKPOKOHTpOJUIIEpa TIoce Ll]'](]]p cemeii-
CTBa MHKPOKOHTPOILICPOB.

1 - C, kak B PIC16CXXX - EPROM namaATe nporpaMm;

2 - CR, kak B PICI6CRXXX - ROM namats nporpamu;

3- F. xax B PIC16FXXX - FLASH mamsaTh nporpamMm.

Pabouuii ouanazon nanpaycenua numanus. Bee MUKPOKOHTPOJUICPE] CpeHETo
cemeiictea PICmicro MCU paboTatoT B cTaHAapTHOM AHATIA30HC HATIPAMKCHUA THTAHUA.
HexkoTopbic MEKPOKOHTPOILICPE! MOTYT pafoTaTh B PAcHIMPCHHOM AMAna3oHe HaTpskKe-
HHIT THTaHNA (¢ YMCHBIICHHCM TakTOBOI uwactoTs). B tabGmuue 1-1 nokasansl Bee BO3-

MOJKHBIC THIBI TAMATH W pabounii ananazon Hanpskenna mutanus s PIC16CXXX.

Tabdmuua 1.1 - Tun naMaT mporpamm 1 paboumnii InanasoH HaNpAKCHNA MTHTAHUA
THA TAMSTH JInanaszon nanpszKeHns NHTANHA
Crangapribiii Pacumpenubiii
EPROM PICI6C XXX PICI6LCXXX
ROM PIC16CRXXX PIC16LCRXXX
FLASH PICI6FXXX PICI6LFXXX

B rabmune 1.2 MOKHO YBHACTB, UTO CCJIH HC M3BCCTHBI TOYHBIC MapaMeTphl yCT-
poiCTBA, TO MHHHMAIBHOC HANpPHKCHIC MHTAHMA I PACIIHPCHHOTO AWAla3oHa He-
CKOJIBKO orpanudeHo. JList BEITOIHEHNs crienn(uKanny HeoOX0IHMO TOYHO OTPEIeInTh

TIapaMeTpel YCTpoicTBa.

Tabmnua 1.2 - JInanason HanpsKeHHs THTAHKS JUIS Ka#7I0T0 THITA MUKPOKOHTpOJLIIEpa

Jlnanason HANPsKEeHNA MHTAHUA EPROM ROM FLASH
Crannaprisnii C 45-60B| CR| 45-60B| L g(?f_}
[Mpeasapurensibic napa- 30-
; . p I’m_mm P LC | 30-60B|LCR| 30-60B| LE| ¢£y4g
ACIIHPEHH b 30-
Oxonuarensusie napamerpsl| LC | 25-60B| LCR| 25-6.0B| LF 60B




Tun kopnyca B 3aBHCHMOCTH OT CTaiHM TPOCKTHPOBAHUA YCTPOHCTBA MOMKCT
HCTIONB30BATECH MHKPOKOHTPOJIICP B OJHOM W3 CICAYIONIHX KOPIYCOR:

1. Kopniyc ¢ okHoM a7s cTHpanus naMaTH. OOBIYHO HCHONIB3YCTCA KepaMHyuecKHii
Kopriyc. MUKPOKOHTPOJIIEPE! B TAKOM KOPITYCE Kak TIPaBUIO HCHOIBL3YIOTCA Ha HTane
TPOCKTHPOBAHNA, T.K. MaMAThL TPOTPaMM MOKET OBITBE CTEpTa H MOBTOPHO 3alpOrpaMMHu-
pOBaHa MHOTO pas.

2. Hegoporoii muactMaccoBeli kopryc, DTOT THI KOpPIyca NPHMCHICTCS B TOTO-
BOM YCTPOHCTBE, ¢ HEJIbI0 MHHHMH3HPOBATE CIO CTOMMOCTE.

3. DIE - nposepennsiii, e ynakosanuslii kpuctamt, DIE npumensieres s nemo-
POTHX MPHIOKCHHH, B KOTOPBIX HEOOXOIMMO MHHHMH3HPOBATEL pa3Mep MedaTHOH TUIaTH.

B rabmume 1.3 npeacrapicHa cBoanas HHGOpMAaIms,.

TaGuuua 1.3 - TuNoBoe NPUMEHEHHE MHKPOKOHTPOILICPOB B Pa3INUHBIX KOPITycax

Tun kopnyca Tunoeoe npumenenne
C OKHOM ISl CTHPAHUS aMATH PazpaboTka npockra
[lnacTmaccoBblit Brimmyck npoayknnn
DIE CriennanbHeIC TPHIOKCHHS, TPEOYIOLUIME MHHHMALHBIC
PasMCpBI NCYATHOW T1J14ThI

Mukpokonmpoanepusl ¢ piompag)uonemogsim clmupanuem namamu.

Mukpokoutpostepsl ¢ Y@ crupacmoit EPROM naMsTeio nporpaMm onTHMalb-
HEBI U1 TOATOTOBKH OMBITHOTO 00pasiia YCTPOHCTBA W OKCIICPHMCHTAIBHBIX TIPOTPAMM.
HuTepsan BpeMcHH, HCOOXOANMBIH UIs CTHPaHHs TAMATH, 3aBHCHT OT CICAYIOLINX Ta-
paMeTpOB: JUIHHA BOJIHEL M3iydacmoro Y@ ceeta, MOMHOCTE HCTOYHHKA, PACCTONHUE OT
MCTOYHHKA 10 MUKPOKOHTPOJIICPA, TEXHOIIOTHS M3TOTOBICHHA KpHcTalia (pasMep aucii-

KH TTaMATH ).

Oonoxpamno npozpammupyemsie muxkpoxonmponnepor | [ [

OTP MHKPOKOHTPOJUIEPB! BBINYCKAIOTCH B TUIACTMACCOBBIX KOPIYcax ¢ OJHO-
kpatHo nuporpammupyemoii EPROM  namsateio nporpamm. Bumecte ¢ maMsaTBiO Tpo-
rpaMM JIOJDKHBL OBITB 3anpPOTpPaMMHPOBAHB! OHTHI KOH(HTYpaHH. DTH MHKPOKOHTPOII-
JIepBl TMPeIHA3HAUCHBI 1A M3ICTHIH, BEITYCKACMBIX HCOOJBIMHMH MapTHIMH € BO3MOK-

HBEIM H3MCHCHHEM TCKCTa TPOTrpaMMBL.



FLETE mukpoxenmponnepo.

FLASH MHUKpOKOHTPOIUICPE! TO3BONAKT BBINOIHATL ICKTPHUCCKOC MEPErpo-
rpaMMHpoBaHHe naMaTH. YerpoietBo MoskerT ObITh paszpaborano Takum obpasoM, uTo
MHKPOKOHTPOJUICP TIpOTpaMMHpYeTCA TOCHe YCTaHOBKM ero Ha miaty. B kopmyce
JAHHOTO BHIA MHKPOKOHTPOIUICPOB He Tpebyercs aenarh OKHO Ui CTHPAHA, 4TO 110-
3BOJIICT MX YNAKOBBIBATH B HCAOPOTOI MJIaCTMACCOBBIH KOPITyC.

EEPRON muxkpoxonmponepo,

EEPROM MHKpOKOHTPOIICPE! TO3BOISMIOT BBITTOJHATE IICKTPHUCCKOE CTHpPaHHE
naMaTH. YerpoHcTBo MomeT OBITE paspaboTaHo TakHM 00pa3oM, Y4TO MHKPOKOHTPOILICP
TPOrpaMMHpPYETCs TIOCIIC YCTAHOBKH €ro Ha Iuary. B kopmyce maHHOro BHAa MHKpPO-
KOHTPOJIJICPOB He TpedyeTes AeiaTh OKHO [UIA CTHPAHMA, YTO MO3BOJIACT MX YIMaKOBEI-
BaTh B HCIOPOTOIl TJ1aCTMACCOBEIH KOPITYC.

t 0V muxpoxonmponiepuor.

Koa nporpaMmel B naMaTe nporpaMM ROM MHKPOKOHTPOJUICPOB 3aHOCHTCH Ha
ITane H3rOTORICHUS KpreTauna. [laMsaTe mporpaMM STHX MHKPOKOHTPOIUIEPOB HE MOKET
ObITh 3MeHeHa, ROM MHKPOKOHTPOJUICPB! MOTYT GBIThH YIIaKOBaHBI B HCIOPOTOH TTa-
CTMaccOBBIiT KOpITyc.

V1E murpoxkonmponnepot.

Onuna DIE no3eonser MEHAMI3HPOBATE pa3Mep nedatHoil miatel. Menonssosa-
Hue mMukpoxontpouiepor DIE tpebyer onpenenennbrii ypoBeHE TEXHOIOTHYECKOTO
obopyaoBaHus W KBaTHGHUKALNH CICIHATHCTOB, DTO 03HAYACT, 9TO BO3MOMKHOCTE HC-

nonezoBannd DIE TexHonornu orpannvcHa.

Koumpoabusie onpocni.
1. Kakne ocHOBHEIC 0COOCHHOCTH OTIIMYAIOT PasINYHBIC THITEI MHKPOKOHTPOIIICpoB?
2. Yro taxoe mepudepuitnbic MOAYINH KOHTPOJLICPA, M KaKOBO MX HazHaucHWC 1P
MPOEKTHPOBAHNH ONPEACNICHHOro (PYHKIHOHAIBHOTO yeTpoiicTsa?
3. B uewm zakmogacrest otnnane FLA SH-MUKpOKOHTPOIUICPOB OT APYTrHX npHOOpOB,

€ MHBIM NPHHIATIOM 3aTIHCH HCHIOIHATEILHOI porpaMMer”?



2 TAKTOBBIl TEHEPATOP

Jdas  GopMHpOBaHHS TaKTOBOTO CHTHAMd MHKPOKOHTPOIICPA TPEAYCMOTPCH
BHYTpeHHHUH TeHepaTop. TakTOBEI CHTHAI HEOOXOOHMM TS BBEITIOIHEHUA MHCTPYKLIHH
MHUKPOKOHTpOIUIcpa W padoTel nepudepmiineix Moaysieit. BuyTtpennuit  MammHHBIH
IHKIT MUKPOKOHTpOJIICpa fTCY) COCTOHT U3 YCTRIPCX NMECPHOA0B TAKTOBOTO CHI'HAIIA.

TakToBEI TeHEPATOP MUKPOKOHTPOIIepa MOKeT padoTaTe B OZHOM H3 BOCHEMH
pexnmon. CymecTByer aBa pexuma pHyTpeHHero RC remepartopa, oTamHaonmimxcs
MeKIy coOolf pexnmom paboTel BBIBOZIA MWKPOKOHTpOIIIepa (BBIBOJ MHKPOKOH-
Tpomnepa paboraet kak CLKOUT uinm xak yYHHBCpCadbHBEIH TMOPT BBOJA/BEIBOjA). Pe-
HKUM padOTHEl TAKTOBOTO TeHepaTopa onpeaenserTcs ONTaMH B CIOBE KOH(HIYpaumd,
PactoioKCHHBIME B JHCpT’OHCSaBHCHMOﬁ TIaMATH. HaCTpOHT’b OnuTHI KGHC]J!'II"YP&!IHH
MOKHO TOJIBKO TIPH TNPOTpaMMHUPOBAHHH MHKPOKOHTPOJIIICPA. BosMmoxHEIC PEeKHMBI TAK-

TOBOTO I'CcHCpaTopa:

. LP - an3kouacToTHBII KBapIIEBHIil pe3oHaTOp (MOHWKEHHOE JHEpronoTped-
JICHHC);

. XT - cranjapTHBI KBapUCBLIT/KepaMuueckuil pesoHarop;

. HS - BeICOKOUacTOTHEII KBapHUeBbIil pe3oHaTop;

. RC - sremnnii pesncrop/koraeHcatop (maentndeH EXTRC ¢ CLKOUT);

. EXTRC - srHemnH#it pesnctop/KonacHcaTop;

. EXTRC - puemnnii pesnctop/konaencarop ¢ CLKOUT:

. INTRC - prytpennnii pesncrtop/konmencarop (4MIm);

. INTRC - BHyTpenHuii pesuctop/konacHcatop (4MI'm) ¢ CLKOUT;

Pasuueic peskiMel TAKTOBOTO TCHEPATOPa MO3BOMNAIOT HCIONL30BaTE OINH THIT
MHKPOKOHTPOILIEPOB B NMPUJIOKEHHAX ¢ pasHbIMi TpeboBanuamn K reHepatopy. RC
PCHKHM TEHCPATOpa CHHKACT CTOMMOCTBL yeTpoiictea, a LP pewumM reneparopa umeet
MeHbllee dHepronotpednenue. C noMoubio OHTOB KOH(HIypalHH ycTaHABINBaeTCH

TpeOYeMEIH pesHM TAKTOBOTO FeHEpaTopa.

1.1 Pescumuvt makmosozo cenepamopa

Cpennee cemeiictBo MuKpokoHTpoyuiepoB PICmicro MokeT MMeTh A0 BOCBMH
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PEHKHMOB TAKTOBOTO TeHepatopa. [lis Beibopa pesknMa TaKTOBOTO TCHCPATOPA MOJTE30Ba-
TeNE JOKCH 3anporpaMMupoBatk g0 Tpex Outos koudurypaumn (FOSC2, FOSCI n
FOSCO0). Ocnopuev omimaneMm Mekay pexumamu LP, XT w HS ssiasercs sHaucHue
kodppuumeHTa YCHICHHA MHBEPTOpPAa BHYTPCHHCH cxeMbl rencpatopa. B tabmune 2-1 n
2-2 yka3aH JOTYCTHMBIH [AMANa30H 9acTOTHl TAKTOBOTO TIEHEpAaTOpa B Pa3IHYHEIX pe-
AKUMax padoTel. PekoMeHIyeTcs MCHONL30BaThH PEKHM TAKTOBOTO TCHEpATOpa ¢ MHHH-
MaJIBHBIM KOI((PHUNCHTOM YCHICHHSA UIA BHIOPAHHOI YacTOTHL, WTO TMO3BOIACT MOIY-
YHTE MEHBINHI AHHaMuYecknii Tok noTpednennd (Iyp). Mpn BeiGope pemuma u vacToTH
TAKTOBOTO TCHEPATOPa HCOOXOMANMO YUHTHIBATH PCKOMEHIYCMBIiT IHANa30H 4acToT W BbI-
MOJHCHHE  IOTIONHATEIBHBIX TpeOOBaHNil (HanpskcHHe NHTaHUA, pabodas Temreparypa,
napaMeTpsl KOMIIOHCHTOB (Pe3HCTOp, KOHZCHCATOP, BHYTPCHHAN CXeMa TeHepaTopa MHK-
POKOHTpOJUICPA)).

Pesnmer Taktosoro renepatopa RC m EXTRC ¢ CLKOUT wumeroT 0IMHAKOBEIC
¢dyuxmonanseie ocodeHrocTH. OHM HMCIOT pasHbIc HasBaHus, 4TOOB 06ICTUNTEL ONH-

CAHHEC JPYTHX PCHKHMOB rCHCpaTOpa.

Tabnuna 2.1 - Brifop peknuMa TakTOBOTO TeHepaTopa I MHKPOKOHTPOIUIEPOB €
FOSC1:FOSCO
BuThl KOHthUrypauuu Pexum Koadpepuument OnEanE
FORC1RRSLY reHepartopa | YCHMNEHWR MHBepTopa
11 RC - MWHMMaNEHaA CTOMMOCTE  TaKTOBOIO reHepaTopa

(TpebyeTcA TONLKO BHEWHWA PE3MCTOP W KOHOEHCa-
Top). Bonblwon AWanasod 4acToT TAKTOBOrO reHepa-
Topa. Pesxum paboTsl No ymMonyaHuo.

10 HS Bricokma Ana  npunoxeHui c BBICOKOWYACTOTON
TAKTOBOID reHepatopa, Beicokui ToK noTpebneqnA
TAKTOBOFD reHEpPaTopa M3 Tpex p OB C KBA[
PE3oHATOPOM.

m XT CpegHui CrangapiHan 4actoTa KBapuesorolkepamu-eckoro pe-
3oHatopa. CpenHwi  TOK noTpeBneHuA TakToBoro
FEHepaTopa ua Tpex p ¢ pesoHaTo-
pom.

o0 LP Huzkmn An: MPUNCHEHWMA C  HU3KOW YACTOTON TAKTOBOMO

reHeparopa. Huakwi ToK notpebrieHus TakToBoro
rEeHEPaTOPE M3 TPEX PEXUMOB C KBAPLEBLIM PE3oHATO
pom.

Tabmma 2.2 - Beibop pekmnma TakTOBOTO TeHEpaTopa Ul MHKPOKOHTPOJIICPOB C
FOSC2:FOSCO

BuTet koHthurypaummn Pemum Koadhpuument Onvicaiivie
FOSEL:FOSLY reHepaTopa | yCHUNEeHWA UHBEP
111 EXTRC - MuHMMaNEHaA CTOMMOCTL TAKTOBOIO reHepartopa. bone-
¢ CLKOUT WO AWanasoH YactoT TakToBoro reHepartopa. ®yHKuwA
CLKOUT sxniovena. Pexum paBoTel N0 yMOMYaHWio,




110 EXTRC MUHUMANBHER CTOMMOCTE TAKTOBOO reHepaTopa.
Bonewon Avana3soH YacToT TAaKTOBOro redepartopa.
DyHrymn CLKOUT sunicveHa (BLiBoa MCNONL3YETCA Kak
nopT Beoaa/esBoaa).

101 INTRC MuHMManNsHaR CTOMMOCT  TakToEOro rewepatopa. Ha-
c CLKOUT = cTpamBaemsit resepatop 4MMy. ®ynkuna CLKOUT ermio-
Yeua.

100 INTRC MUHHMANEHEA CTOMMOCTE TAKTOBOMO TeHepaTopa.
HacTtpaveaemsiin redepatop 4MMU. ®ywkuwa CLKOUT
BLIKNOYEHE (BBIBOA MCNONB3YETCH KaK NOPT BBO-
halewBoaa).

011 - - Peaseps.

010 HS Ons npuNoMeHui ¢ BICOKOR YAcTOTON TAKTOBOID reHepa-
BuicokWiA TOpa. Beicokuit TOK noTpebneHus TaKTOBOTO reHepatopa wa
Tpex p C KBap IM P TOPOM.

001 XT CTavpapTHan YacToTa KBapuesoro/kepaMyHeckoro peioHa-
CpegHui Topa. CpegHuit Tok notpeBneHwA TakToBOrO reHepatopa
M3 TPEX PERHUMOB C KBAPUEBLIM PE30HATOPOM.

000 LP OnAa NpunoKeHwit © HW3KOW YACTOTOR TAKTOBOMO reHepa-
Topa. Huakui Tok noTpebnenua TakTOBOMO reHeparopa ua
Tpex [ c I M p TOROM.

Huarn

1.l Keapueswiii/kepamuueckuil pezonamop
B pesxumax taktosoro rencparopa XT, LP u HS kBapuessiit win xepamuuccekuit
pezonarop noakntogactes Kk Beiogam OSC1, OSC2 (em. pucynok 2.1). Jnsa Mukpokon-
Tpoiutepos PICmicro HYKHO HCIONB30BATE PC30HATOPE! C MApalUIC/IBHBIM PC3OHAHCOM.
Henonp3oBanie pe3oHATOPOB C MOCICAOBATCIBHEIM PC30OHAHCOM MOXKCT HMPHBCCTH K 110-
JIYUCHHIO TAKTOBOH HACTOTHI, HC COOTBETCTBYIONICH mapamerpaM pesoHatopa. B pewn-
max XT, LP u HS mukpoxouTpoiiep MoeT paboTaTh OT BHEHIHEr0 HCTOYHMKA TaKTO-

poro curaana OSC1 (cm. pucyHok 2.3).

" osc1
I
c1
[ XTAL ¥
= 0sCy -
c2

Pucynoxk 2.1 - l[Noaknouenne kpapueroro/kepamuteckoro pezonaropa 8 HS, XT u LP
PEKIME TAKTOBOTO TCHEpaTopa

Kak TOIBKO HaNpsyKeHWe THTAHHS MHKPOKOHTpOJUICpa cTaHeT Bbime Vgg, Tak-
TOBBII TCHCPATOP HAYHCT ICHCPAuUNio curHana. Bpems, HeoGXoammoe s 3amycka rene-
paTopa, 3aBHCHT 0T OOJIBIIOTO uncia (PakTopoB:

1. YacToTa KBapIEBOTO KCPAMHYICCKOT0 PE30HATOPA;

2. Emrocts konaencatopos C1 u C2 (eMm. pucyHok 2-1);
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3. CkopocTh HapacTaHns HanpsukeHus mutanns VDD;

4. Pabouas Temncpatypa;

5. ConpoTHBICHHE pe3HcTopa RS, ecin MoAKmoucH (cM. pHCYHOK 2-1);

6. Pesxnm TakToBOTO TeHepatopa (Ko pHIHMCHT YCHIICHHS BHYTPCHHETO HHBEPTO-
pa):

7. KauectBo peszonaropa;

8. PasmenicHne KOMITOHCHTOR TAKTOBOTO I'CHEPATOPA Ha MCUATHOMH ru1aTe;

9. IMomexn.

Ha pucynke 2.2 nmokasana BpcMcHHas QHArpaMma 3arycka TaKTOBOTO I'CHepaTopa
¢ KBapICBBIM/KCpAaMHYECKHM pe3oHaTopom. Hampsbkenne muTaHms, mpH KotopoM (op-
Mid CHTHalla TaKTOBOTO TCHCpaTopa YIOBICTBOPACT Tpcﬁonanum, MOMKCT COCTaBIATH
50% oT HOMHHAIIBHOTO HAnmpAXKCHUA TIHTAHHA. [MocTosunan COCTaBJIAOIIAA TAKTOBOTO

curHana pasHa Vipn.

MakcmMansHos HanpaxaHle -
VDD B yoTp

BonbTsl

Ranyox resepatopa Bpemst

Pucynoxk 2.2 - BpemeHHas 1uarpaMma 3arycka TAKTOBOTO TCHCPATOpa ¢ KBapie-
BEIM/KEPaMHUCCKHM PE30HATOPOM

1.1 Buibop komnonenmos

Ha pucynke 2.1 nokasana cxema NOIKIIOUYCHHS KBapLEBOTO/KepaMHUIECKOro pe-
30HATOPa K MHKPOKOHTpPOIUICPY. 3HaucHue pesuctopa obpatHoil cBasH Ry BHYyTpeHHETO
nHBepTopa Konebmerca or 2MOwm no 10MOM B 3aBHCHMOCTH OT pekHMa TeHepartopa,
HATIPSKCHUS TATAHKA ¥ TeMiepatypel. TlocieaoBaTensHenii pesnctop Rs MoxkeT mortpe-
OoBatecd AN TIPEAOTBPALICHUA BO30YKICHHMS pe3oHAaTOpa Ha HU3KOil wactorte. YOemu-
TECh, 4TO HANPHKCHUE TTUTAHHA MHKPOKOHTPOIICPAa M PeKHM paboThl MHKPOKOHTpOJIIIC-
pa COOTBETCTBYIOT TpeOOBaHHAM pe3HcTOpa. BHYTpeHHSS JIOTMKa MHKPOKOHTpOJLIEpa

MOKCT OBITh MOAKITIOUCHA K BXOIY WIH BBIXOIY HHBCPTOpa TAaKTOBOTO T'CHCpaTopa (oM.
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pucynok 2.1). Tumnoseic 3nadeHus cMkocTn kKoHiacHcatopo Cl, C2 mns xBapicso-
rO/KepaMHUCCKOTO pe3oHaTopa npeiacrasiceHsl B Tadbmuue 2.3 u 24, Tounoe 3Haue-
HHC CMKOCTH KOHICHCATOPOB s KOHKPETHOTO MHKPOKOHTpOJICpa CMOTPHTC B
COOTBCTCTBYIOMICH TCXHHUCCKOMH JTOKYMCHTAIIHH,

Tabnnna 2.3 - [NapaMeTphl KOHACHCATOPOB /IS KEPAMHUCCKOTO Pe30HATOpa

MpoTecTtup e AManasoH bl
Pexum Yacrota (R
xXT 455 kY 22 - 100 ne
2.0Mry 15 - 68 n®
4.0MMu 15 - 68 nd
HS 8.0Mru 10 - 68 n®
16.0 My 10 - 22 np
20.0 MMy TBD
MF F TOpbL
455 kl'y Panasonic EFO-A455K04B 10.3%
2.0 My Murala Erie CSA2.00MG 10.5%
4.0 My Murala Erie CSA4.00MG 10.5%
8.0 My Murata Erie CSAB.00MT 10.5%
16.0 My Murata Erie CSA16.00MX +0.5%
20.0 My TBD TBD

Tabnuna 2.4 - [apaMeTpsl KOHICHCATOPOR I KBAPLCBOTO Pe30HATOpPA

MpoTecTHPOBAHHbIE AMANAIOH bl

Pexum

YacToTa

Cl Cc2

LP 32klMy 68 - 100 n® 68 - 100 nd

200 KMy 15- 30 nd 15- 30 nd

xXT 100 kly 68 - 150 n® 68 - 150 nd

2.0Mry 15-30 ne 15-30 n®

4.0 My 15 - 30 n® 15-30nd

HS 8.0 MMy 15-30 n® 15-30 n®

10.0 MMy 15-30 ng 15-30n®

20.0 My 15 - 30 nd 15 - 30 nd

MpUMEHAEMbIE PE3OHATOPLI

32.768 «l'y Epson CO01R32.768-A +20 PPM
100 kly Epson C-2 100.00 KC-P £20 PPM
200 klMy STD XTL 200.000 kHz +20 PPM
20Mry ECS EC5-20-3-2 +50 PPM
4.0 MMy ECS EC5-40-5-4 50 PPM
8.0 My ECS EC5-80-5-4 150 PPM
10.0 My ECS ECS-100-5-4 150 PPM
20.0 My ECS ECS-200-5-4 +50 PPM

[Mpumeuanne. bombimas eMKOCTE YBCIMYHBACT CTabHIBHOCTE TeHepaTtopa, HO
yBeIHIHBacTCH W Bpems samycka. [locnemopatensnuiii pesncrop Rs Moxer morpedo-
Bateess B HS m XT pexume s npegoTBpamicHus  Bo3OYRKICHHS pe3oHaTopa Ha
HH3KOI1 gacToTe. 3HAUYCHHA CMKOCTH KOHICHCATOPOB ABJIAIOTCH OLCHOYHBIMH, T.K. Kak-

JIBIH PC30HATOP HMCCT CcODCTBCHHBIC XapaKTCPHCTHEN.



1 4. Hacmpoitika cxemnl cenepamopa

Cymectsyet Gosbmoce gncio (akTopoB, BANAIONIHX Ha paboTy TAKTOBOTO reHepa-
Topa: pabounii Irana3oH (4acToTa TAKTOBOTO FeHEpaTOpa, HaNpKCHUE MU TaHNsA, pabodas
TeMIIepaTypa U pesknM paboTel); BHCIIHHC KOMIOHCHTH (PE30HATOP, KOHICHCATOPHI); Ka-
YeCTBO M3ICIHMA W MUKPOKOHTpoiiepa. [1ooToMy HCOOX0IHMO BBITIOIHATE MPOBEPKY BBHI-
OpaHHBIX MAPaMCTPOB, YTOOBI TAPAHTHPOBATE BEITOIHCHHC TPCOOBAHNIT TTPHITOMKCHIA.

[lpn BBIOOpC BHCHIHHX KOMIIOHCHTOB HCOOXOAMMO YUHTHIBATE OONLIIOC YHCIIO
thakTopoB:

e Koo duunenT ycHicHus BHYTPCHHETO HHBCPTOPaA TeHEpaTopa;

¢+ Tpebyemas qacToTa;

*  Yacrtora pezonaropa;

. PaGouas Temmneparypa;

e Jlnana3oH HaNpsSKCHUA MTHTaHNS;

. Bpewms samycka;

¢ CrabnisHOCTE 9ACTOTHI!

. HapaboTtka MukpokoHTpoiepa;

. [MoTpebisemas MOIIHOCTE;

*  VIpoIUICHHE CXCMBI;

= Hcnone3oBanue cTaHAAPTHBIX KOMIIOHCHTOB;

*  (Cxcma ¢ MEHHMATBHBIM YHCIOM BHEITHHX KOMIIOHCHTOB.

Perosendayuu no enibopy keapyeeozo pezoHamopd, pescuma makmogozo 2eHepa-
mopa, CI, C2 u Rs. Hanmyammii MeToz BRIGOPa BHEITHIX KOMITOHCHTOB MOKHO chopmy-
JIMPOBATE TAK: HA OCHOBE HECTIOKHBIX TIPABIII CO3/1aTh CXEMY, IPOBECTH HCTBITAHUA W TeC-
THpoBaHHC ycTpoiicTea. KBapreprslii pezonatop HeoOXoammo BeIOHpaTE ¢ Hapasicib-
HBEIM PE30HAHCOM, HO B BalicM TMPOEKTEe MOTYT noTpeboBaThes W ApYrHe NapaMeTphl
Pe30HATOPOB (HaNpUMep, TeMICPAaTYPHEI apeid mim cTabuIBHOCTE YaCTOTEI).

Bryrpennnii TaktoBslii TeHepaTop PICmicro BRITTOIHCH 1O cXeMe MapauieIbHOTo
reHepaTopa, TpeOyromeH HConb30BaHuA  KBAPLCBBIX PC30HATOPOB € MAapaIe/IbHBIM
pesoHancoM. THIOBOG 3HAUCHHME CEMKOCTH HArpy304HBIX KOHAcHCaTOpoB o1 20md 10
32nd. YacToTa TaKTOBOTO CHTHAla. MPH YKa3aHHOH eMKOCTH Harpy304HBIX KOHICHCATO-

poB Oyzer Hanbosee Oam3koil k TpeGyemoii. MHOTAa MOKET BO3HHKHYTE HCOOXOAMMOCTE
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M3MCHHTH HacTOTY TCHCpaluH B HEOOJBIINX TIpeiesiax s HOCTHIKCHMS IIPYTHX Lerci
(7Ta BO3MOKHOCTE OYACT ONHCaHa 103%Ke).

PesknM  paGoTel TaKTOBOTO TCHEpPATOp BEIOMpAcTes B COOTBCTCTBHMH € TCXHH-
HCCKOH  JOKyMCHTanmeil Ha Mukpokontpoiuiep outamu FOSC. Bribop peknma TakToBo-
ro rerepatopa (kpome RC) 3axmodaetcs B BeIOope KOd(HIHCHTa YCHIICHHS HHBEPTOPA
reHepatopa (Mansiit KoddpuUMEHT yeracHNA - HU3Kad dactota, Gonpimoit xodddumment
VCHIICHHS - BEICOKas WacToTa TAKTOBOrO reHepatopa). JlomyckaeTcss BHIOHPATH BBICOKHI
K02 OHIMCHT YCHIICHHS BHYTPCHHCTO HHBCPTOPA /U PCaM3allni OTpeIeIcHHBIX Tpebo-
BAHMIT K CXEMC TAKTOBOTO reHepaTopa.

[Tepsonavansio emkocTs kKoHAeHcaTopoR C1 n C2 BuibupaeTcs B COOTBETCTBHH C
TpcOoBaHUAMH TPON3BOINTCIIA KBApLCBOTO PE30HATOPa M MPCIACTABICHHBIMH B TCXHUYC-
CKOIl JOKYMEHTAlNH Ha MHKPOKOHTpoJulep TabanuamMu. 3HadcHHe eMKOCTH KOHICHCATo-
pOB, YKa3aHHOC B TCXHMYCCKOH JOKYMCHTAIMH Ha MHKPOKOHTPOJLICP, MOKCT HCTIONB30-
BATBCS TOJBKO KaK OTIPaBHAS TOYKA, T.K. TEXHOJIOTHA M3TOTOBICHHC pe30HATOpa, HATps-
JKCHHC TIHTAHNUA | IPYTHE YIKC YIOMAHYTRIC (JakTOpBl MOTYT H3MCHHTE MapaMeTpsl pabo-
THI PE30HATOPA B BAIICH CXCME 110 CPABHCHHIO C 3asBICHHBIMH MPON3BOIHTCICM.

B naeane, 3HauCHHE CMKOCTH KOHICHCATOPOB JOJKHO BEIOMPATBCS € YICTOM Mak-
CHMAJIBHO BO3MOKHOI padoucit TeMIepaTypsl # MHHHMAIBHO BO3MOKHOTO HATPAKCHHA
muranis VDD (B npeienax, peKOMCHIYCMBIX H3TOTOBHTEICM pesonaTopa). Bricokas Tem-
nepaTypa W HH3KOE HATpS/KEHHC NMUTAHUA HMEIOT BO3ACHCcTBHE Ha KodYppumenT ycuie-
HUA HHBCPTOPA, MOITOMY €CITH YCTPOHCTBO yCTOHUNBO paboTacT B 9TOM PEKHME, TO TIPO-
CKTHPOBIIHK MOXKeT OBITh OoJice yBepeH B HOPMaJbHOH padoTe ycTpoiicTBa NpH IpyTHX
koMOMHAIMAX paboteii TeMrepaTypsl W HaNpAXKeHHd nuTaHms. CHHYCONIATBHEIIT CHIHAT
HE JIOIKEH OTPAHNYHBATHCSH MTPH CAMOM BBICOKOM KOMp(HIMECHTE yeHIeHHs (caMoe BRICO-
koe Vpp H caMoc HH3Kas TeMrcpaTrypa) H aMIUIHTY[a CHTHada Ha BBIBOJC J0JIAKHA OBITh
J0CTATOYHO OONBIIOI MpH MHHAMAIBHOM KOd((uuneHTe ycHIeHHs HHBepTOpa (camoe
HU3Koe Vpp M camas BBEICOKas TEMIICpaTypa), 9ToOBl YAOBICTBOPATE TPeOOBAHMAM JIOTH-
H9CCKOT0 BXOJA TaKTOBOTO CHIHANAa MHUKPOKOHTPOILICpA, ONMHCAHHBIM B TCXHHYCCKOH 10-
KYMCHTAINH.

MeToa yIyqIIeHHOTO 3amycka TAKTOBOTO FCHEPAaTOp 3aKII0YacTesl B TOM, MTO 3Ha-

yenne emkoeTH C2 pribnpacrtes Soneme, gem Cl. D10 Be3BIBacT OonbIIOil cABHT a3kl
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TIpH BKJIIOUCHHH MHTaHHA, YCKOPAS 3allycK TCHepaTopa.

[ToMHMO HArpy3KH pezoHaTopa Ul cTadHIN3alii 9acTOTEl TeHEepaTOpa KOHICH a-
Topsl C1 w C2 MoryT umeTh ekt noHmKeHns KodhUIeHTa YCHICHNAS TIPH YBETHYe-
HUH eMKocTH. 3HaucHne eMkocTH C2 MOKET OBITH H3MCHCHO € HETBI0 H3MCHCHHA KOd(-
(puumenTa yennenns uHBepTopa. boneinee 3nadenne eMkoctn C2 MOKET HOHH3UTE KO-
(hHIHCHT YCHIICHUSA 0 TMOJHOTO TIPEKPAIICHIS TeHepalni. 3HaYCHIE CMKOCTH KOHICHCa-
topoe Cl u C2 He 10/BKHO OBITE OYeHB OOJIBIIHM, TOCKOJIBKY ITO MOKET MPHBECTH K 3Ha-
HHTSIBHOMY CHIDKCHHIO TOKA HCPE3 Pe30HATOP.

IMocnenosarenbHblii pesncTop Rs HeoOXoanMO HCMOIB30BATh, CCIIH T0AO0P BHEII-
HUX KOMIIOHCHTOB HE Jajl YAOBICTBOPHTEIIBHOIN paloTel TakToBOrO reHepatopa. Pesu-
cTop MOKeT O®ITE moakmoucH K Beipomy OSC2, k KOTOpOMY MOAKIIOHMEH OCIHIIIO-
rpad. [oakmrouenne ocumnnorpada k eemeoxy OSCIl MomeT ABIATHCS TPUYHHON CpBIBa
TCHCPAINH, MOCKOIBKY OH OYICT OKa3blBaTh CYMICCTBCHHOC BIMAHHC HAa OTPHIATCIBHYIO
o0paTHYIO cBA3b HHBepTOpa. Heo0XoanMo yunTeIBATE TO, 9TO MOAKIIOUEHNAE H3MEPHTEb-
HOro 06opynoBanus 106aBIscT COOCTBCHHYIO EMKOCTE K cxemc. Hanpuwep, ecin Takto-
BBIT reneparop ayume Beero pabortan npu emkocti 20nd u OBUT MOAKIIOUCH H3MEPH-
TeNBHEI TpHbop ¢ emkocThi0 BXoda 10nd, To HeoOX0ANMO YCTAHABIHBATE KOHICHCATOP
B 30n®. Curnan ¢ BBIXOJA HC JOIKCH OTPAHAYHBATLCA HITH HATPYKATHCA H3MCPHTEIBHOMH
uensio. [lepepos3dykacHue pe3oHaTOpa MOKET NMPHBECTH K TIEPEXOAY reHepalnH CHIHala
Ha 0oJice BEICOKOIH rapMOHHKE HIIH TIOBPC/AKIACHHIO Pe30HATOPA.

Ha Brieome OSC2 gomseH NMpHCYTCTBOBATH CHTHAN B BHAC YHCTOH CHHYCOMIEI,
pa3sMax KoTOpOit JIErKO JOCTHTaeT MHHUMAJIBHOTO H MaKCHMAaJIbHOTO 3HAUCHMA CHTHAlla Ha
TAKTOBOM BXO¢ (XOpOMHil TAKTOBEII CHUTHAI - YpOBeHE curHaia oT 4B 1o 5B npn vanpsa-
s#ennn mutanng 5B). HeoOxomumo 100MTHCA YKa3aHHBIX TTapaMeTPOB TaKTOBOTO CHTHATA,
a 3aTeM MPOBCPHTL CXCMY TPH MHHHMAIBHOI TeMIICpaType 1 MakCHMAaIbHOM Vpp. OKH-
JaeMoM B nipoekTe. B aToM pexmme Oyaer nosydeHa MakcHMallbHas aMIIIATYa TaKTOBO-
ro curraia, Ecin nmpoHcXoanT OrpaHnueHHe aMIITHTYIbl HITH TOCTOSHHAS COCTaBIISIONIas
ememieHa K Vpp win K Vs, @ 3HAMCHHE EMKOCTH KOHICHCATOPOB 3HAYHTCILHO TPEBLICHIIO
PEKOMCHIOBAHHOE TPOH3BOIATEIICM PE30HATOPa, HCOOXOANMO MOAKIIOYHTE TCPEMEHHBIH
PE3HCTOP MEKILY BBIBOZOM MHKPOKOHTpOJLICpa # KoHaeHcaTtopoM C2, TlepeMeHHBIM pesi-

cTopoM A00nThCA "ancTOro" cHHycOonAanbHOrO curHana. [Ipn HusKkoil TemnepaType U BbI-
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COKOM HANpPHKCHUN THTAHUA T0Jy4acTed MaKCHMaTbHas aMIUINTY/Ia TAKTOBOTO CHIHAlA,
4TO TapaHTHPYCT TPCAOTBPAlCHHE nepeBo30y acHns. BmecTo nepeMennoro pesncropa
JOJKEH OBITH YCTAHOBJICH MOCTOSHHEI pe3ncTop ¢ Hanbosce GIH3KAM CONPOTHBICHHEM.
Ecim conporusiaenne Rs fonee 20kOmM, BxXoa Ooliee H30JIHPOBAH OT BBIXOA, 49TO JCIHacT
cxemy Oonee BocnpHHMUNBOI K mrymy. Ecim npuHATO pentenue, 9To HeoOXoanmo Ooib-
moe conpoTuriIcHre Rs, To jis NpeoTBpatieHus nepeposoyisaeHns nonpodyiite ysein-
yuTh emMkocTh C2. TlonbiTaliTech MOMYYHTH KOMOHHALNIO, B KOTOPOil conpoTHBicHHe Rs
He Gonee 10kOM, a 3HAYCHHME HATPY30UHBIX KOHCHCATOPOB HE CHJIBHO OTIHYACTCHA OT
20n® mo 32nd nam cnennUKaMN H3TOTOBHTEIA Pe30HATOPA.

3anyex cenepamopa. Hanbonee criokHBIC YCIOBHS 3amycka TAKTOBOTO I'eHEpaTopa
BO3ZHHKAIOT 11K BRIXOjIC W3 peskuma SLEEP, notoMy 9To Harpy30uHbie KOHACHCATOPHI 3a-
PAMKEHBI 10 HEKOTOPOTO TIOCTOSHHOTO 3HaWeHHd W anu(ipepeHmanbHas (aza mpH BEIXOIC
w3 SLEEP munnmansna. [lostomy Tpebyeres Donbumii nHTepBal BpEMEHH TSI IOCTHIKC-
HHUA ycToituneoro koneOanus. HeoOXoammo Tawkke yIUTEIBATE, 9TO MaJO¢ HAllpsKeHHE
MUTaHNA, BEICOKas pabodas TeMricpaTypa M HH3Kas TaKTOBAd 9acTOTa HAKIAALIBAIOT OTpa-
HUYCHMS Ha KOY(UIMCHT YCHICHUS MHBEPTOpA TCHEpaTopa, KOTOPEI B CBOW O4epeilb
BO3IciicTBYCT Ha 3amyck renepaunu. Kamapii w3 cienyommx (GakTopoB YCITOKHACT 3a-
MYCK reHepatopa:

. Huskas gacToTa TAKTOBOTO reHepatopa (HU3KHit KOOQPHUINCHT YCHICHIS HH-
BCPTOpa TeHepaTopa);

*  OrtcyTcTBHE IIyMa IO HENA THTaHNA (YeTpoiicTBa ¢ DaTapeiiHBIM THTAHHCM );

e DKcruyatanmus yeTpoicTBa B YCIOBHAX Maloro ICKTPOMATHHTHOTO IIyMa

. Maroe HanpaKeHHE TTHTaHHA,

*  Bricokas Temrcpatypa;

. Beixox u3 pesnma SLEEP.

DACKTPOMArHUTHEIC TIOMEXH HITH ITOMCXH [0 HCHH MHTaHWA MOTYT CIYKHTh CTap-

TOBBIM HMITYITBCOM TIPH 3AITYCKC TCHCpaTopa.

1.} Buewnui maxkmosotit cuenan

Ecimm BHYTpeHHHIT TAKTOBBI reHepaTop He HCMONB3YETCH, a TAKTOBBIIT CHTHAI Te-

HepHpyeTes BHenrHei cxemoii, HeobxomimMo Beibpate oaun 13 pexnvon LP, XT wim HS,

[
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T.e. nroboit pesnm, kpome RC, 1.x. 8 RC pexnmve renepatopa OyaeT BO3HHKATh HAJIOKC-
HHC JIBYX CHTHANOB. B micane Hy:KHO BRIOHpaTh peKnM TAKTOBOTO TEHEpaTOpa, COOTBET-
CTBYIOIHI 9acTOTC BHCIIHETO TAaKTOBOTO CHIHANA, HO B JaHHOM ClIydac 2TO HMCCT
MCHBIIYIO BaKHOCTH, T.K. BHCINHWH TaKTOBBIH CHIHAN cpasy MOCTYNAacT Ha BHYTPCH-
HIOK0 JIOTHKY MHKPOKOHTpoJulcpa Ge3 MCIOoNB30BaHHUA Lereil BHYTPCHHETO TeHepatopa.
Jlonyckaetcs BBRIOHpaTE PEAHM TAKTOBOIO TCHEPATOPA ¢ MCHBINMM IHANIA30HOM TaKTO-
BBIX 9aCTOT, 9€M YacTOTa TAKTOBOTO CHTHANA, C LENBI0 CHIKCHHA MOTpebIseMoro TOKa.
HeobxoammMo yIocTOBEpHTCS, 4TO aMIUINTYa curiaita Ha Beixoge OSC2 ynoenersops-

er TpeboBaHMA JTOTHYCCKHX YPOBHEH MUKPOKOHTpOIUIEpa.

Bxoa sHewHeno oSG

Henonumum - 105C2

Pucynok 2.3 - l[logxmoucnne suemnero takrooro curnana B HS, XT n LP pexnme Tak-
TOBOTO IcHCpaTopa

Brewnuit maxmossiti 2enepamop. WHoraa tpebyetes, utodsl foaee 0HOTO yeT-
poitctea paboTano ot TaktoBOro rexeparopa. ®upma Microchip e pexkomenayer noi-
KIKOYaTh AOMOIHUTEC/IBHEIC 1ICMTH K BHYTPCHHEI CXCME TAKTOBOTO TCHEpaTopa, ModTOMY
JIOIDKHA HCTIONB30BATRCS BHCHIHAM CXeMa reHepaTopa, B oTom cirytdac kaxkioe yeTpoiicTso
cXeMbl OyICT MMETh BHCIIHHIH TCHCpaTOp TAKTOBOTO cHTHama. YUmeio MoaKimiovacMBIX
YCTPOICTR 3aBHCHT OT HATPY30uHOiT criocobHOCTH BBIXOAHOTO Oy(epa TAKTOBOTO reHepa-
Topa. [IpuMeHeHNe BHEIHErO TAKTOBOTO TEHEPATOpA MOJIC3HO, KOrda HeoDXOANMO CHH-
XPOHH3HPOBATEL PaboTy HECKOIBKHX YCTPOHCTE.

B kadecTBe BHEIIHEr0 TAKTOBOTO F'EHEPAaTOpa MOKHO HMCMOIL30BATh TOTOBBII Te-
HepaTtop, oo codpate npoctyio cxemy ¢ TTJI Beixomom. KauecTBeHHEIN KBapLCBBIil pe-
30HaTOp obecrieunBacT BRICOKYHO d(exTierocTh TTJI cxemur. CymecTByeT ABE OCHOB-
HEIX CXCMBl BKITIOUCHHA KBAPICBBIX PC30HATOPOB: € TAPAMICABHBIM PC30HAHCOM,
C TOCIEIOBATEIBHEIM PE30HAHCOM.

Ha prucynke 2.4 mokazaHa THIIOBas CXeMa TEHEpPaTopa ¢ MapauleIbHBIM pe30HAH-
COM, TpeHasHaucHHan s paboTel Ha OCHOBHOH HacTOTE KBapleBOTo pesoHatopa, M-

BepTop 74AS04 mpou3BOANT HCOGXOAMMETI LTS MapaIICIBHOTO Pe30HAHCA CABHT (a3l
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na 180°. Jlns obecredchnst cTabIBHOCTH CXEMBI B OTPHIIATEIBHON 00paTHOI CBA3N
srmodeH pesnctop 4.7k0m. [Morenumomerp 10kOM npeanasnaucH s eMerenus pado-

Hcit TOUKH HHBEPTOPa B IMHCHHYI0 061aCTh.

Pucynox 2.4 - BRemnnii reHepaTop ¢ napaulelbHEIM Pe30HAHCOM

Ha prcyrke 2-5 mokasaHa THIIOBas cXeMa reHepaTopa ¢ MocieoBaTellbHBIM pe3o-

HAHCOM, TOKC TpeAHa3HaucHHas 1y paboThl Ha OCHOBHOI HacTOTC KBaplICBOTO PC30HA-
(i

Topa. MuBepropel Beimonusior casur (aser Ha 1807, Pesncroper 330kOM cozpalor oTpu-

HATCIBHYIO 0OPAaTHYIO CBA3b 17 CMCIICHIS pabounX TOUCK HHBEPTOPOB B IHHCHHYIO 06-

J1acThb.
K apyrvm
330 k 330k yeTpORCTRAM
m T4ASDE T4ASO4 PIC18CX00L
>o CLKIN
0.7 wed
XTAL
{0+

Pucynok 2.5 - Bremnnii reneparop ¢ nocine1oBaTe/IEHEIM PE30HAHCOM

Koraa mMukpokonTposuicp paboTacT oT BHEHIHEIO HCTOYHHKA TAKTOBOTO CHIHAA
(pucynkn 2.4, 2.5), TakTOBBII reHepaTop AomkeH ObITh HacTpoeH B pesknme HS, XT mm

LP (pucynox 2.3).

Breuwnuit RC zenepamop. B npurokeHnsax, He TpeOyroleH BBICOKOCTaOHIBHOI
TAKTOBOI 9acTOTEl, BO3MOKHO Henonb3oBate RC (EXTRC) pewknum renepartopa, YMCHbB-

marmni cTonMocTe yeTpoifcTea. Yactota RC renepatopa 3aBHCHT OT HAlpsKCHHA ITH-
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Tauud, sHaucHud conpotusicHus (REXT), emxoctn (CEXT) u paboucii Temrepatypsl.
JIONONHHTENBHO YacToTa OyAeT BAPLHPOBATECH B HCKOTOPBIX Mpeeliax H3-3a TeXHOIOrH-
HECKOTro pa3dpoca mapaMeTpoB kKpHcTamia. Pasindubie napasuTHEIC CMKOCTH TaKkke OyayT
BJIMATH Ha 9acTOTY reHeparopa, ocobeHHO npu maneiX 3HadeHuax CEXT. Heobxoanmo
YUHUTEIBATB TCXHOIOTHYCCKHIT pa3dpoc napaMeTpoB BHEITHHX KoMmoHeHTOR R 1 C.

Ha pucynke 2-6 nokasana cxema noakmoucHns RC nenoukn k PIC16CXXX. Jlna
COTIPOTHBIICHAS pe3ncTopa MeHbIme 2.2kOM wacToTa TAaKTOBOTO TeHEpaTopa MOKeT OBITh
HeeTaOMIIBHA MIM TCHEpatna MOKeT pekpatnThes. [l oucHs DOIBIIOro ConpoTHBICHUA
(Gompme 1MOM) TeHepaTOp TaKTOBOTO CHTHAIA CTAHOBHTCA YYBCTBHTCJICH K BHCITHHM
MoMeXaM, TOKaM YTCUKH W BIaXHOCTH. PekoMenmyeTes BRIGHPAThH COMPOTHBICHHS PC3H-

cropoe oT 3kOm 10 100kOM.

Voo
ReXT K BHyTpaHHER
05C1 Fosc _ NOMHKe
L I
Cexr _IQ PIC16CX00(
Vss :I—: =
OSC2/CLKOUT
Fosci4

Pucynoxk 2.6 - EXTRC pexnm TakToBOTO TeHepaTopa

TaktoBwiii  rewepatop  mower  pabotate  Ge3  BHCIIHETO — KOHACHCATOpa
(CEXT=0n®), no ans crabuiapHoil paboTh reHepaTopa PCKOMCHIYCTCH MOAKIIOYATH
KOHJCHCAaTop ¢ eMKkocThio Donee 20n®. bes pHemHero KoHAcHcaTOpa (WIN KOHICHCATOP
HMEET 0YCHb MAJIYI0 EMKOCTB) HaCTOTa TAKTOBOTO TCHEPATOPa MOKET 3aBHCETh OT EMKO-
CTH TIPOBOJIHHWKOB TCUATHOH 1J1aThl ¥ BEIBOZOB KOMIIOHCHTOR,

B paszene snekTpHuccKuX XapaktepueTHk PIC-MHKPOKOHTPOIICPOB MpeicTaBiic-
Hbl JaHHBIC TEXHOJIOrHYeckoro paszdpoca wactotel RC reneparopa. Pasbpoc wactoTs!
BO3PACTACT ¢ YBCIWYCHHEM COMNpOTHBICHNA R (T.K. BO3pacTacT BIMAHKC TOKOB YTCUKH) 1
yMcHbImeHHeM eMkocT C (T.K. YCHIHBAcTCS BIHAHHC TTAPA3UTHOH CMKOCTH MPOBOIHHKOB
W BHEIBOJOB KOMTOHCHTOB). [l  HCNBITATCABHEIX UEJCH WIM 1A CHHXPOHM3ALNH
pHemHell norukn Ha BeBoAe OSC2/CLKOUT mnpucyTeTBYeT TAKTOBHI CHIHAI ¢ 4ac-

Totoit FOSC/4.



3anyex RC zenepamopa. Buemranit RC renepatop HeMeUICHHO Ha9HET (hOpMHpPO-
BaTh TAKTOBBI CHTHAI NOCIIE JOCTHACHUS NOPOTOBOTO YPOBHS HANPAKCHHA HA BBIBOJAX
MHKpOKOHTpossiepa. Bpems 3anycka RC renepatopa 3asucnT o1 G0mbmoro umcna (axto-
POB, BOT OCHOBHEIC H3 HHX:

*  CompoTHBIICHHE BHEIIHETO PC3HCTOPA;

*  EMKOCTb BHEIUIHCTO KOHJICHCATOPA;

*  CKOpOCTh HApaCcTaHWA HATIPSHKCHHSA T TAHIS;

e Temmneparypa.

Brympennuit RC zenepamop 4MIy. BryTpeHHRI TakTOBBII reHepatop (He s
BCEX MHKPOKOHTPOJUICPOB) (hOPMHPYET TAKTOBEIH CHTHAM ¢ wacToToit 4MI' (HOMHHAIB-
HOE 3HAUCHIIE) TIPH HatpsukeHNH matarna VDD=5B n Temmepatype 25°C. 3anmch kami6-
poeouHOIT KOHCTaHTHl B pericTp OSCCAL no3BossieT yeTpaHHTE TEXHOIOTHUCCKHIT pa3-
opoc napamerpoe BrytpentHero RC renepatopa. butet CAL3:CALQO ucnonssyiores juis
HACTPOIKH 4acTOTBl TAKTOBOTO ICcHCpaTopa B TpeiciiaX oKHa KaluOpOBKH. Y BCIHUCHHC
snaucHus 6uToB CAL3:CALO (o1 0000 10 1111) npHBOANT K YBCIHUYCHHIO TAKTOBOI Hac-
TOTHI.

Ecnu TtaktoBas uwactota 4MI'n Bmyrpennero RC renepatopa He MoxeT OBITH
aoctHrayTa wimencHuem ontos CAL3:CALO, 1O wacToTa TAKTOBOTO TCHEpAaTOpa MO-
xeT ObiTh cmemena Outamn CALFST uw CALSLW. DTt OHTH gar0T BO3MOKHOCTH
BBITTIOJTHHTE TOMIOMRHTEIBHOC MIIM OTPHUATEIBHOE CMCHICHHE OKHA KaJHOPOBKH HacTOTHI
TaKTOBOTO reHepatopa. Ycranoeka Outa CALFST B 'l' ememiaer okHo kannOpoBkn k o-
nee BeicokuM gactotam RC reneparopa, a yeranoeka o6uta CALSLW B 'l' eMetnaeT okHO
KaTnOpoBKH K Dolnlee HH3KOIT gacroTe.

ITpu cbpoce mukpokonTposiepa B pernctp OSCCAL 3arpyskacrcs 3HauCHHE, CO-
OTBETCTBYIOWICE cpeaHeMy monoxennio kanmudpoekn (CAL3:CALO = 7h, CALFST u

CALSLW He co31aoT CMCIICHHS ).

Pernctp OSCCAL
RAW-0  RMW-1  R/W-1 R/W-1 R/W-0 R/W-0 U-0 U0
| caL3 | cAL2 | cAL1 | CALO [CALFST [cALstw | - | - |
Ewr 7 BuT 0



R — grenne dura

W — sanuce Outa

U — ne peanmsosano, autactes kak 0
—n — 3HaucHNe nocne POR

—X — HEM3BeCTHOE 3HaueHne nocie POR

ontel 7-4: CAL3:CALO: bure kanmnOposkn euytpenHero RC reneparopa. 0000 = nHan-
MCHBINAN YacToTa B npescnax okHa kanubposku; 1111 = nawseicmas yactoTa B

npenenax OKkHa KMHGPO BKH.

our 3: CALFST: but cmemennsa oxHa kanmOposkn BHyTpeHHero RC remepatopa. 1 =

YBCIIMYCHHC HacTOTHI TAKTOBOTO I'CHCpATOpa; () = cMemeHns HeT

[}

our 2: CALSLW: But cMmenicHns okHa kannbposkn eHyTpeHHero RC renepatopa |1
YMCHBIICHNC 9ACTOTEI TAKTOBOTO TeHepatopa; () = cMeleHns Het

onTtel 1-0: He peannsopansr: untatotes kak 0

Tpumeyvanue 1. Ecan 6utr CALFST = 1, to 3naucnune 6urta CALSLW urnopupyeres.
Hpumeyanue 2. Tlpn sammcn B peructp OSCAL ot OuTel  Beeraa  1OJIKHEI

pasuATLCA () [UIA COBMECCTHMOCTH C MOCHCAYIONIHMH BCPCHAMH MHKPOKOHTPOJIICPOB.

3anmck Kanubposounoii koHctantel B pernctp OSCCAL nosBomaser ycTpaHuTh
TeXHoNornvecknii pasdpoc mapamerpor BHyTpenHero RC renepartopa. Kamnbposounoe
3HAuCHHE, coxpaHeHHoe kommanneit Microchip, we momkHo HaMeHaThed. Bee dyukimmm
OTCUCTa BPEMCHH J0KHBI OBITH OTKOPPEKTHPOBAHE! POTPAMMHEBIM 00CCTICUCHUEM.

Ha pucynke 2.7 nokazaHa BO3MOKHAsi 9acTOTa HCKAIHOPOBAHHOTO TAKTOBOTO Te-
nepatopa (VDD = 5B, 25"C, OSCCAL=07h) n peanmsyeMoe CMEIIEHHE acTOThI TeHEpa-

TOpa 3a cUeT H3McHeHHs 3HaveHuA peructpa OSCCAL.



Yacrova CAL3:.CALD
|, Owno canuBpoess | 1
- -l{/l
. |
| |
AMry
I ' 4
| CAL3:CALD = 0Th
CALF5T =0
CALSIW =0
T T
CALRCALO=0h  CAL3:CALO = Oh CAL3:CALO=Fh  CAL3:CALO=Fh
CALFST =0 CALFST =0 CALFST =0 CALFST =1
CALSLW = 1 CALSLW =0 CALSLW =0 CALSLW = x
(Hasmaenbiuan yacToTa) (HanGonsiwan yacTora)

Pucynok 2.7 - Wneansnas gactora BHyTpeHHero RC renepaTopa B 3aBHCHMOCTH OT
sHaucHnd perucrpa OSCCAL

Ha pucynke 2.8 nmokaszan nipuMep, B KOTOPOM HacTOTa TAKTOBOIO reHepaTopa He-
npasisierest k 4MI'1 3a cuer usmenenns outos CAL3:CAL(. B nannom ciywae yaanochk
CKOPPEKTHPOBaTh 9acTOTY TaKTOBOTO reHepaTopa, u3MeHsas Toneko ouTel CAL3:CALD.
HMuorma wactora sayrpennero RC reneparopa He MoxeT ObITh cKOppekTHpOBaHa K 4MI'11
namenenneM ontos CAL3:CALO. [Toyromy OBITH NpeayCMOTPEHE! ABa JOTIOIHHTEIBHBIX
(CALSLW u CALFST). cosnatoumx Golbliee cMENICHHE 9acToThl reHepartopa. [locie
rpyboro ememennd qactoTel RC renepatopa MOSKHO BEITIOIHHTE TOUHYIO TOACTPOiiKY G-
tamu CAL3:CALO. [leiicreue ouroB CALFST n CALSLW mnokasano nHa pucyHkax 2.9,
2:.10.

]
CAL3:C T
> 4Mry Ht » By
| 4 RC reweparopa
nocne cépoca
B el 5% | CALFST -0
g M e 108, | CALFLW = 0
H 5B, 26mp.C | CAL3:CALD = 7h
|
<4Mry
[
CAL3:CALD = 0000 CAL3:CALO = 1111
OpmHa 1a 16 BoSMOXHLX TOMEK kanwBpos

Pucynok 2.8 - Koppektnpoeka uwacToTel BHyTpeHHero RC reneparopa ¢ moMomisio
ounros CAL3:CALO



1 o 1
e m‘%ﬁ 0 BHYTDEHHEN

AMINY +/-1.5%,
5B, 25rp.C

§

et | | R
@}fs‘ nocne cpoca

CALFLW = 0

Yacrora
@0
n
o

<4mry

CAL3:CALO = 0000 CAL3:CALO = 1111

Opwia u3 16 hiX TOHEK p

Pucynok 2.9 - CALFST nonoxutesbHoe cMemieHne 9actoTel BHyTpeHnero RC re-
Hepatopa

>4Mru
CALFST =0

Yacrota

YacroTa

RC ronoparopa
CALSLW = 1
CALFST -0

AMIY +/- 1.5%,
5B, 25rp.C

CAL3:CALO = 0000 CAL3:CALO = 1111
Opmma ua 16 TOMBK P

Pucynok 2.10 - CALSLW otpuuaTtensHoe cMeIeHe 9acToThl BHyTpentero RC
reHeparopa

B nocienHeii sueiikin maMaTH TPOTpaMM COXpaHACTCA KalMOPOBOYHAA KOHCTAHTA
s sHyTpenHero RC renepatopa. Kanubpopouras KOHCTAHTA COXPAHACTCS B BHIC KO-
manael RETLW XX, rae XX - kannbposounoe 3Hagenne. UtoOw! 3arpy3nTe kannbposou-
HYI0 KoHCTanTy BeImosmuTe uHCTpykumio CALL YY, rae YY - nmocnemuss goctyrnHas
MONE30BATEITIO AYCHKka NaMATH MpoTpaMM. 3Ha4YeHHEe KaunOpoBKM OyaeT 3arpykcHO B
peruetp W. 3atem HeoOxomnMo BRIMOIHHTE HHCTpyknHio MOVWE OSCCAL. utods
3arpy3uTh KATHOPOBOYHYIO KOHCTAHTY B pPerucTp Kanudposku BHyTpeHHero RC renepa-
Topa. B Tabnuue 2.5 mokaszaHo pacnolokcHHE KaTHOPOBOYHOIl KOHCTAHTBEI B 3aBHCHMO-

CTH OT 00BEMa IAMATH TTPOTPaMM.



Tabnuua 2.5. PasMmeltricHne KanHOpPOBOYHOH KOHCTAHTBI

OBLem NaMATH NPOrpamMm Apnpec kanubpoBoYHOR
(cnos! KOHCTAHThI
512 1FFh
1k 3FFh
2K 7FFh
4K FFFh
8k 1FFFh

Crupanye naMstH MHKpPOKOHTpossiepa (¢ Y@ cTupanneM namsaTi) TakKe coTper
MPEABAPHTCILHO 3aITPOTPAMMHPOBAHHYI0 KamnbpoBounyio wHdopmannio, [lns coxpamne-
A KamnOpoBouHoit HHBOPMAINK ¢¢ PCKOMCH/IYCTCS MPOYNHTATE TIPS/l CTHPAHNCM Ta-
MATH MHKpoKOHTpoiuiepa. KanuGposounas wrH(popMams m0ikHa GBITE BOCCTAHOBICHA
Mepeil IporpaMMHpPOBaHHCM MEKPOKOHTpOJLIEpa.

Buixod maxkmosozo cuznana. Bayrpennnii RC reHepatop MokeT OBITE HACTPOCH
s paborer B pexnme gopmuposanns Ha BeBoge CLKOUT TakrtoBoTO cHrHAma ¢ 9acto-
Toit FOSC/4 (6uter FOSC2, FOSCI, FOSCO B cnose xoudurypaunn (agpec 2007h)
nomkael papasTeed 101" 1ns sayTpennero RC renepatopa n '111" mns sremnero RC re-
Hepatopa). BEIXOA TAKTOBOTO CHIHala MOWKET MCIHONB30BATHCS I H3MCPCHHUS HacTOTHI
TeHEpaTOpa WM CHHXPOHU3AIHH BHEITHCH JTOTHKH.

Ecnn xannbposounas uadopmanns ayTpennero RC reneparopa ctepra, BXOAHOM
TAKTOBBEIH CHIHAIl TIO3BOJACT CKOPPCKTHPOBATH 9acTOTY TeHepaTtopa. 9To MOKeT OBITH
peayM30BaHO HAMHCAHHCM IOTIOMHHTEIBHOI MPOTPaMMBI, H3MCHSIOIICH 3HAYCHUC PeTH-
ctpa OSCCAL. Koraa ua seisoge CLKOUT npucyrersyer curnan ¢ wactoroit 1 MI'n
(+1.5%) npn VDD = 5B n temmepatype 25°C, 10 3uauchue B pernctpe OSCCAL npa-
BIWIBHOC. DTO 3HAYCHHC J0/DKHO OBITH TIEPEIAaHO HCPe3 MOPTH BBOA/BEIBOIA U1 COXpa-

HCHHA €T0 B KAIMOPOBOYHOH SUSHKH MaMATH MPOTPaMM.

1.4 Bosoeucmeue pexcuma i | [ [ | na makmogwiit zenepamop
Ilpn semomnennn wHeTpykumAa SLEEP TakToBBIH TeHepaTOop BBIKIIOWAeTCH, a
BHYTPEHHSAS JIOTHKA MHKPOKOHTPOILIEpa TIEPEBOANTCA B HAYANO LHKIA KOMAHBI (TakT
Q1). Ilpn BBIKJIIOUCHHOM TakTOBOM reHepaTtope Ha BeiBogax OSC1 u OSC2 ne Oyier Ha-
OnmoaaTees TapMOHHMUCCKHX KoneOauwii. T.K. TakTOBBII TreHEpaTOp BBIKIIOUCH, TO B
SLEEP peknme MHKPOKOHTpOJUIepa JOCTHTaeTCA HAUMEHBIINI TOK MOTpeOICHAA (TOIb-

KO TOKM yTedek). Brmouenne moboro nepudepniinoro Moy, paborawomero 8 SLEEP
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peKIMC MHKPOKOHTPOJLICPA, YBCIHYHT CyMMapHBIil TOK noTtpebieHua. MukpokoHTpoi-
nep momeT BEITH 13 pesknMa SLEEP no Bremrnemy cBpocy, NEpenoiHeHHIo CTOPOKCBO-
ro Taitmepa WDT nin BO3HHKHOBEHHIO TPEpLIBaHNS.

Tabnuua 2.6. Cocrosune seiBogos OSC1 n OSC2 8 SLEEP pesxime.

Pemum reseparopa Beimogl § (' Buimopl i 1!

EXTRC CeobogHoe cocTofHMe, BHELLIHWA HH3KMA NOrMHECKNIA YPOBEHD
PEIUCTOP AOTKEH NOATAHYTE K Ha-
npmxeu VIO MUTEHWA

INTRC = =

LP, XT n HS Buikmiosena obpaTHan CBAskL MHBEpTOPa, BriknioyeHa obpaTHan CEA3k MHBEpTOPa,
NOCTOAHHOE HAaNpAKEHWE NOCTOAHHOE HanpAMeHne

Bozdeticmeue copoca mukporonmpoanepa na maxkmosotli 2enepamop. Copoc MUK-
POKOHTPOJIZICPa HE BBHI3EIBACT HHKAKOTO BO3ACHCTBHS Ha paboTy TaKTOBOTO reHeparopa.
On npozomkact paGoTaTh, MOCKOIBKY cOpOC MPOH3ONICH B HOPMATLHOM PEKHME MHKPO-
KoHTposiepa. COpoc MepeBOANT JIOTHKY MHKPOKOHTPOJUICPAa B HCXOAHOC COCTOAHHE (B
HAYaJI0 IHKIa KoMaHae!, TakT Q1).

B pexnmve BHemHero RC renepatopa (EXTRC) npm mcnonb30BaHWM CHTHama
CLKOUT #na erose OSC2 OyaeT npHCyTCTBOBATE HH3KHH JIOTHYCCKHIT YPOBCHE CHTHA-
na, noka Ha -MCLR axrusHbiit yposens. Kak Tonbko Ha seisoje -MCLR nosisurest Beico-
kuit tornuecknit yposens VIH | RC reneparop HaureT (OpMHPOBATE TAKTOBBIH CHIHAI.

3adepoicka copoca MUKpoOKOHMpoIaepa npu eKmovequy numatus. Jla 1omomnHu-
TeNBHBIX TaltMepa BBRITIONHAIOT 3aCpAKY crapta paboTel MUKpOKOHTpoIepa. Tleppotii,
TaiiMep 3amycka reaeparopa (OST), yaepmuBacT MUKPOKOHTPOIICP B COCTOSHIH cOpoca
MoKa He cTabniIn3npyercs qacToTa TAKTOBOTO rencpatopa. Bropoit - Taiimep BrimoucHms
nutannsa (PWRT). cpabareiaeT nociie BKIIOYCHUA NMHTAHHA W VICPKHBACT MHKPOKOH-
TpoIIep B cocTosHum cpoca B TeucHHEe 72Mc (THIOBOE 3HAYCHNC), TTOKa He cTabHITH3H-
pyercs HanpskeHue nuTanud. B GonpmIMHCTBE NPWIOKEHHH TH (PYHKIMH MHKPOKOH-

TPOILICPA MO3BOIAIOT HCKITIOYHTE BHEITHHE CXCMBI cOpoca.

Konmponvhuie éonpochl.
1. Yro Takoe TaKTOBBIH Ir'eHepaTop MAKPOKOHTPOJUIEpa M KAKOBA €ro poib?
2. Kaxme BO3MOKHOCTH HAcTpOiKH TakToBOTO TeHepatopa wumeroT PIC-

MHKPOKOHTPOJIIIEpE! !



3. Yewm otimyacres padoTa MUKPOKOHTPOIIJICpa B Pe/KHMaX BHCIIHCTO H BHYTPCHHE-
TO TAKTOBBIX CHTHAJIOB?

4. Kakumn MYTAMH MOMKHO CHH3HTH 3HCpF0]’IOTpCﬁHCHHC jﬂCKTpOHHOﬁ CXCMBI Ha
OCHOBC IMPOTPAMMHPYCMOTO MHKPOKOHTpoIIcpa?

5. Yewm oTnnuaroTes BHYTPECHHHE THITH TEHEPATOPOB MHKPOKOHTpoiuiepoB? B kakom
CIIyHac ONpaBIaHo NPHMCHCHHE KaXkI0T0 13 HUX?

6. Yro takoe OMTH KOH(GHUrypalUnn 1 KakoBa X PoJIb B HAacTpoifke?



3 APXUTEKTYPA PIC-MUKPOKOHTPOJLJIEPOB

Bricokas sddextusrocTs MuKpokoHTpouicpoB PICmicro gocturacress 3a cuer
aApXHTCKTYPHI A7pa, Moao0Has apxuTekTypa 00kano npuMenserca B RISC mukpornpornec-
copax.

OcHopHBIC 0COOCHHOCTH aPXHTEKTYPLI MHKpoKoHTposuiepos PICmicro:

*  Tapapuckas apxHTeKTypa;

e JlnmHHOE CIOBO KOMAHJIBI;

*  KomaHza cocTONT M3 CAMHCTBEHHOTO CIIOBA;

. Kouseitepras o6paboTka koMaH;

e KoMaHIBI BEITOIHAIOTCS 3a OJNH MalIMHHBIT ITHKIT;

. Hebonbimoe ancino koMan;

e dailnosas cTPYKTYpa JaHHEIX]

e Bce komMaHbl OPTOrOHATBHE! (CHMMCTPHYHBL).

Ha pucynke 3.2 nokazana o0mas CTPYKTYpHas cXeMa MHKPOKOHTPOIUICPOB
PICmicro cpeinero cemeiicTna.

Iapeapockaa apxumexmypa. B rapeapickoil apXHTeKType pasjciicHa MaMsTh
porpaMM H naMaTh JaHHeIX. OOpartenne K naMaTi MPOHCXOIUT 110 OTACHEHBIM HIHHAM
ajzipeca W JAHHBIX, YTO 3HAYHTCILHO TOBBINACT TPOM3BOANTEIBLHOCTE TMpOIECCOpa Mo
CPABHCHMIO C TPaIHIIHOHHOH apXHTCKTYPOii.

B MHKpOKOHTpOIIICpax ¢ TPaaHIMOHHOH apXUTCKTYPOi spa KOMaHIbl 1 TaHHEBIC
3anpamnBaloTes 10 0AHOI 1 Toil ke mmHe, YToOb! BRINOIHATE BEIOOPKY KOMAHIBI HeoO-
XOUMO CHENIATh HCCKOJIBLKO 3aTIpOCOB 1o 8-paspsaHoil (nim kpatHoii 8 paspsaaam) mune.
3atem (ccitm HEOOXOMMMO) 3alpOCHTE JAaHHEBIC, BBIOIHUTE KOMaHIy M COXpaHHThL pe-
syneTaT. Kak MoxkeT OBITE 3aMcucHO, HHA ¢ TPaIHUMOHHON apXHTCKTYPOH fapa 3HauM-
TEMBHO 3arpyKCeHa.

B MuKpoxkoHTpoIIepax ¢ rapBapiAcKoil apXHTeKTypoil spa BeIOOpKa KOMAaHIBI
TMPOMCXOINT 3a OAHH UHUKI (Bce KoMaHier 14 - paspsamaueic). [Ipn obpameHnn & maMaTh
NPOrpaMM MOKHO BBITIONTHHTE 3allHCh WM YTEHHE JAaHHBIX, T.K. TaMATh JaHHBIX TTOIKITIO-
HCHA K A7pY MHKPOKOHTPOJITICPA 110 OTACHBHON 1miHe. Pa3ieneHbIC IMHHE! 10CTYNA K Ma-

MIATH TIPOTPaMM M K HAMATH JAHHBIX TTO3BOJSIOT HCITOJIHATE TCKYILYI0 KOMaHIy H ITpoH3-
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BOJHTH BRIOOPKY ciIcayiomeii KoMaHIbl, opraHnsys KoHBcitepHyio o6paboTky Komawi.

CpaBHCHHE TapBapACKOi H TPAAUIHOHHON apXHTCKTYPH OKA3aHO Ha pucynke 3.1,

Fapeapgckan T LIMOHHARA
apxuTeKTypa g%uﬂypa

MNamsaTe
Mamats|. . ., | Mawmrs &
pawnix [ ¥ CPU 477 nporpawm CPU 198 ™ o

Pucynox 3.1 - CpaBueHue rapsap/ICKoil # TpaJINIIHOHHOI apXHUTEKTYpHI

Mnunnoe cnoso komanosr. PazpaaHocTb KOMaHI MHKPOKOHTPOIUICPa HECKOJIBKO
Oombine weM B-paspsiHas IWHHA TAMATH JaHHBIX. DTO CTANO BO3MOMKHBIM H3-3a Pa3iciib-
HEIX IIMH JIOCTYTIA K MaMATH TIPOrpaMM M K NMaMATH JaHHbeIX. Pasfaenenue muH goctyna K
PazHBIM BHAAM TAMATH MO3BOIICT TPON3BOILHO BEIONPATh paspsaHOCTh KOMaHI MHKPO-
KOHTpoJuIcpa (He KpaTHOC 8-pa3psiHoil IIHHC TaHHBIX). HTO B CBOK OYCpe/b 1acT BO3-
MOKHOCTE H(PQEKTHBHO HCIMONB30BATE NMAMATh MPOrpaMM H ONTHMH3HPOBATE paspsil-
HOCTB ITHHBI TPOTPaMM K apXHTEKTYPHEIM TPeDOBaHHAM MHKPOKOHTPOILICpPA.

Komanoa cocmoum uz eduncmeennozo cioea. Bee KoMaHIB MIKPOKOHTPOILIC-
poB oaHOcnOBHEIE 14 - paspaansic. 14 - paspsaHas MWHA JOCTYNA K MaMATH TTPOTpaMM
MO3BOJAT BRITOMHATE BEIOOPKY 14 - pa3psaiaHoil KOMaHIbl 32 OXWH MalIHHHBIH OHKIT MHK-
poxouTposuepa. [Ipi HCHoNB30BAHHM OIHOCTOBHBIX KOMAaHI YHCIO CJIOB B TTAMATH TPO-
TPaMM PaBHACTCH MaKCHMAIBHOMY WHCIY KOMAHI TIPOrpaMMBl MHKPOKOHTpOJICpa. D10
03HAYACT, YTO BCC AYCHKH NaMATH HMCIOT CHITY KOMaH/IbI.

Kax npapumno, B TpaquuUHOHHOI apXHTEKType OONBITMHCTBO KOMaHI MHOTOOAHT-
HBle., MUKPOKOHTpOILIEp, HMeonHit 4k 6aiiT namMaTH, COMCPKAT TPHMEPHO 2K KOMAaHiI.
Koo puunenT Henolb3oBanis naMaTH TPHMEpHO paBeH 2:1 W 3aBHCHT OT KOHKPETHOTO
npunokeHnd, TTocKoIBKY Kakas KOMaHIa MOXKCT COCTOSTH M3 HCCKONBKHX DaiiToB, TO
HET HHKAKOi rapaHTHi, 9T0 Kaskaas s4eiika maMaTH IPorpaMM HMEET CHIIY KOMaHIbl.

Konegeitepnan odbpadomra komano. KonsciicpHas odpaboTka KOMaHI COCTOUT H3
JIBYX CTaiMil: BHIOOpKA KOMaHIB! W3 MaMATH, BHIIOIHCHHC KOMaH/IEl. BeiGopka xoMaHIs!

TMPOHCXOINT B Tle'Bb'lf:I MammHHBH KT TCY, a BRIMONHATCA KOMaHIa BO BTOpOM Ma-
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miaHoM Hkie TCY. Onnako u3-3a 0ZHOBPEMCHHOI BRIOOPKH TCKYIICH KOMAaHIBl W BBI-
TIOJIHCHMS! TTPEABIAYICH B KaxaoMm MamwnaaoM uukiae TCY npouexonnT BeiGopKka W BbI-
MOJTHCHNE KOMaH]I.

Komanow estnonnstomen 3a o0un mawunnoii yura . lonnas su10opka KOMaH 11
TPOMCXOANT 3a oauH MamuHEHbI tnka (TCY) u3-3a Toro, 4To MIMHA JT0CTYTA K TTaMATH
nporpamMm 14 - paszpsaanasn. Kaxmas koMaHaa cOACPANT BCIO HCOOXOAUMYIO HH(POPMALIHIO
W BBITIOJTHACTCS 3a OJIMH MAIMHHEN IHKT, [Ipn BEITOITHEHNH KOMAHIBl MOYKET BO3HHKATH
3a/IeP/KKa B OJIMH MAUIMHHBI IHKII, CCIHM PE3yibTaT KOMAHIB H3MCHACT COACPKHMOE
cuerunka komana PC. 3agepikka B OMH MaIlIMHHEI LMK HeoOXoauMa 1S BHIGOPKH HO-
BOH KOMaHIbI, KOTOPAas 10JKHA OBITH BEITTOHCHA,

Hedonvuioe wucno komand. Korna creremMa KoMaHI Xopomo npopadoTaHa H Ko-
MaHIBl OPTOTOHAIBHE (CHMMCETPHYHBI), TO TPEOYETCs MCHBIICC YHCIO KOMAHIL [ perie-
HHA BCCX HC0OX0ANMEIX 3a1au. C MEHBIITHM YHCIOM KOMAH/[ H3YUCHUE MHKPOKOHTPOILIC-
pa 3HAYMTC/ILHO YIIpOIIacTes.

Daitnrosan cmpyxkmypa dannpix. QOBPALICHHE K PCIHCTPAM MaMATH JAHHBIX MOK-
HO BBITIOJIHUTE NMPAMOIT HIH KOCBEHHOIT agpecanmcii. Bee perueTpsl cnienuaibHOro Ha3Ha-
YCHHA, BKITIOYas cueTynk komanz PC, oToOpaxkaeTes B maMaTH JaHHEIX.

Bee komanow opmozonansnnl | cummempuynst). OpToroHANBHAS CHCTCMA KO-
MaH7 JacT BO3MOMKHOCTE BBITIONHHTE JTHOOYI ONCPALHI0 C JTHOOBIM PCrHCTPOM MaMsATH
JAHHBIX TPAMOI I KOCBCHHOI anpecanmeii. B opToronansHoil cHeTeMe KOMaH Majtoce
KOIIMYECTBO "CHeNHaIbHBIX KOMAHA", 9TO YNPOIIAaeT W3YHMCHHC W TNPOTPaMMHPOBAHHC
MHKPOKOHTPOJIICPOB HE Tepssd HPPeKTHBHOCTH KOAa NporpaMMel. B MEKpoKOHTpOILIIEpax
CPeIHETO ceMeiicTBA HCIONB3YeTCH TOIBKO JBE HE OPTOTOHAIBHBIC KOMAHJIBI, peaan3ylo-
mHe 0cobeHHOCTH siIpa.

Komanna SLEEP - nepeBoanT MUKPOKOHTPOIUIEP B PEKHM MOHMKCHHOTO JHEPro-
noTpedIcHNs.

Komanga CLRWDT - noareep#kaaet HOpManbHYI0 paboTy MHKPOKOHTpOILICpa,

nperoTepamas copoc 1o nepenoiIHeHHI0 cTopokesoro Taiimepa WDT.
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Pucynok 3.2 - O0mas cTpyKTypHas cxema MHKpokoHTposnepos PICmicro cpemne-
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Cunxponuzaqusa evinoamnenus xomand BXoaHoli TakToBbIl cHTHaN (BBIBOI
OSC1) BHyTpeHHEH cXeMOI MEKPOKOHTPOJIICpa pasjie/iieTes Ha YeThIPEe MOCICI0BaTeb-
HBIX HenepekpouiBatomxes Takta Q1, Q2, Q3 u Q4. Buyrpennnii cuetunk komani (PC)
VBCJIHYMBACTCS Ha CAMHUIY B KaskIoM Takte QI, a BoIOOpKAa KOMAHIBLI M3 MaMATH TIPo-
TpaMM TIPOMCXOANT Ha KakaoM Takte Q4. JlekoaupoBaHue W BEITIOIHCHHE KOMaHIBI TPo-

mexoanT ¢ Takta Q1 o Q4. Ha pucynke 3.3 noka3aHe! HHKIIB! BRITTOTHCHIS KOMaHL.

Tevd Tev2 Tevd

Q1| Q2|03 | Q4 Q1| Q2| Q3| Q4 Q1| Q2|03 Qe

|
osci |
Gt o ek s el
Q2 A Jm——X
| 1 T § Bosigrmt
o | | I |
o ?' | | |
PC I( C X [0S X ez ].
oscaclkouTN I ]
(RC pexum)
[ Bufopawcmpum(PC) | |
B WHCTRYRLM (PC-1) Bubop PCH)

Pucynok 3.3 - JlnarpaMma 1UHKIIOB BBITTOJTHEHMS KOMAH

Koneeitepnaa evibopka u evmmonnenue xomand. 1AKa1 BBITIOTHEHHS KOMAaHIIB!
coctonT n3 deteipex taktor Q1, Q2, Q3 n Q4. Bribopka cneayromeii KoMaHIBl W BBITION-
HCHHE TEKYIIei COBMEIICHE! 0 BPeMeHH, TaKuM 006pa3oM, BRITIOIIHCHHE KOMAH/IBI TTPOHC-
XOIMT 38 OIHH UHKI. ECin koMaHaa nsMeHseT cueTauk koMani PC (KOMaHIbl BCTBICHHS,
Hanpumep GOTO), To HEOOXOAUMO /1B MATIIHHHEBIX [IHKJIA IS BRITOTHSHNS KOMAHIIBL.

Llnkn BEIDOPKH KOMaHIBI HAYHHACTCA ¢ MpUpameHns cacTunka komang PC B Tak-
Te Q1. B umkie BHIMOJIHCHHS KOMaHIbI, KOJ 3arpyeHHON KOMaHIBI, MOMEIaeTcs B
peruetp komaHa IR ma Ttakte Q. /lekoaupoBaHue W BHITIOTHCHHC KOMAaH/IBI MPOHCXO-
muT B Taktax Q2, Q3 n Q4. Onepana U3 MaMATH JaHHBIX uATaeTcs B TakTe Q2, a pe3ynb-

TaT BBRITOJHCHHA KOMaHIB! 3alTHCBIBACTCA B TAKTC Q4



Ha pucynke npumepe 3.4 nokasaHsl IB¢ cTaani KOHBeiicpHOil 00paboTkn KomaHI
JUIS TpeicTaBlIeHHoi nocneaorarensiocTi. B mnkie TCY(O nponcxoanT BeIOOpKa niepBoi
KOMaH el 13 amMaTh niporpamm. Ha umkste TCY 1 nepeas koMaH/1a MCTIONTHACTCA, a BTOpas
KOMaHa BRIOMpacTcs M3 maMaTH nporpamm. B teuenme nmkna TCY2 Bropas komanaa
HCTIOITHACTCA, 8 TPEeThs BEIOMpaeTcs w3 namatn nporpamM. Ha mnkne TCY3 npoucxomnt
BEIOOpKA YCTBEPTOIt KOMAH/IB! H BBINOIHACTCA KoMana Tpeths komania (CALL SUB_1).
Korma zasepmactcs BemonHeHue Tperkeil komanasl CPU sarpyikaer aapec ueTeproit
KOMaHJIBl B BCPHIMHY CTCKA W M3MCHACT cueTynk komani PC na agpec SUB_L. D10 o3Ha-
4aeT, 4TO KOMaH[a, 3arpy:xenHas B unkie TCY3, nomxua ObITh yHaneHa u3 koHBeiiepa. B
Teucnne nukina TCY4 deTBepTas KoMaHaa yaanscTcs M3 KOHBCHcpa (BBITIOMHACTCA TTyc-
Toil unkn NOP) u nponcxoanut Beidopka komanas! 1o aapecy SUB_1. B uukne TCYS
BEITOJIHACTCA KOMaHAa MATh ¥ BHIOMpacTes M3 NMaMATH NPOrpaMM KOMaHIa ¢ agpecoM

SUB_1+ 1.

Tev0 Tevl Tev2 Tevd Tevd Tevs
1. MOVLW 55h | Buopra 1 | Bunonw. 1
2. MOVWF PORTB Bubopka2 | Benonn.2 |
3. CALL SUB_1 Buibopka 3 | Buinonh. 3
4. BSF  PORTA, BIT3 (Bunonwaesca NOP) Buibopka 3 | Ypanexwe
5. MucTpyxusa no ampecy SUB_1 Buib. SUB_1 | BuiG. SUB_1+1
i o T TR

Pucynok 3.4 - Berbopka v BEITIOTHCHMS KOMaHT

Bee koMaHIBl BRITIOTHAIOTCH 3a OIMH IMKJI, KpOME KOMaH BeTIcHHA, KomaHas!
BCTBJICHHA TPeOyIOT [Ba MANIMHHBIX LHKIA, T.K. HCOOXOANMO YIaIHTh TpPEABAPHTEIBHO
BRIOPAHHYIO0 KOMaHy W3 KoHBeiicpa. Bo Bpems yiaicnus BeIOHpacTes HOBas KOMaHia, a

3aTeM OHA HCIIOJHACTCA B CIICAYIOLIEM MALIHHHOM LHKIIC,

Onucanue nopmos ¢eoda/evieoda.

B ta6muue 3.1 gano kpatkoe onmucanne (PYHKIHIT, KOTOPEIC MOTYT GBITH MYIBLTHII-
JIMIHPOBAHBl K KaHAllaM TIOPTOB BBOJA/BEIBOIA. BO3MOKHA CHTYanmns, KOrja Ha OJWH BEI-
BOJI MYIBTHIUTHIHpYeTcH Heckoibko (yHKumii. Ilpm mcemoneszoBaHMmM BeIBOga mepHQe-
puitHeEIM MomysteM AeifctBue OntoB perncrpa TRIS moxker ObITh 3abnoknporano (Hanpn-

Mep ma ALI nm LCD momyns).
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Tabmmna 3.1 Onucanne BEIBOIOR

Tun Tun
Wmna Beigoga skiana Gytepa Onucaxue
AHANOMOBLIE BXOALI.
ANO 1 AHANOroBsIA
AN1T | AHanorossin
AN2 | AHANOroBeIR
AN3 | AHANOIOBLINA
AN4 | AHanorossif
ANS | AHENOTOBEIN
ANE | AHANOTOBLIR
ANT 1 AHanorosbIn
ANB | AHANOIOBLIA
ANS | AHanorossin
AN10 | AHANoroBeIn
AN11 | AHANOIOBbIR
AN12 1 AHanorosbIn
AN13 | AHanoroBsin
AN14 | AHanorossii
AN15 | AHANorossIA
Avoo B P AHANDIOBOE NUTAHNE.
Avss P P AHaNoroB bR 0B
C1 | AHaNOroBbIR HaonDKBHMe LCD.
c2 | AHanoroesin p e LCD.
CCP1 o ST Buao,n 3axsat/Cpasxexme/lLIMM moayns CCP1.
CCP2 o ST BuiBog 3axsar/Cpaerenwe/IMM mogyna CCP2.
CDAC (o] AnanoroBel | TokoBbi BeiBogd ALLN. OBbMHO WCNONL3YETCA ANA NOQIIOHEHWA BHELW-
HEro KOHAEeHCaTopa, 4ToBs! (POPMUPOBATE NMHERHOE YMEHBLLEHKE Ha-
MPAKEHUH,
CK [I[e] ST Taktoeem cwrvan USART B8 cunxpondom pewume. Boerga cessad
¢ thynkumamMi Beisoaa TX (cm. TX, BX, DT).
CLKIN 1 ST/ICMOS | Bxog BHewHero TakToBoro curdana. Boerga ceR3ad © DyHKUMAMMK Bbi-
sona OSC1 (em. OSC1/CLKIN, OSC2/CLKOUT).
CLKOUT (o] - Bbmon TaKTOBOTO  reHepaTopa. MogkmoyaeTcs  KBapue-
p Top 8 HS,XT, LP pexwme reneparopa. B RC
pemme redepaTopa Ha BeiBoae OSGC2 npucyTcTeyet curian CLKOUT ¢
1/4 yactoTel OSC1, pasHoi UMKNaMm BLINONHEHWA komawi, Boerpga cen-
3aH ¢ chyHKUMAMK BriBoga OSC2 (cm. OSC1, 0SC2).
CMPA [s] - Beixog komnapatopa A.
CMPB (o] - Buixog komnaparopa B.
COMO L - O6wwiA ppaieep 0 LCD.
COoM1 L o OBwwmi apaisep 1 LCD.
COm2 L - O6wwA ppaieep 2 LCD.
COmM3 L - O6wwa ppansep 3 LCD.
-C8 I TTL Bxog B660pa MUKPOCXEMEl BEAOMOTO NapannensHoro nopia (cm, -AD,-
WR)
DT o ST Cursan panmbix USART 8 cunxponHom pexume. Beerga cersad
¢ hyHsumAMK BeiBoaa RX (om. TX, RX, CK).
GP - peynanpasr W NopT esopal Ha HekoTopeIx Bxogax
MoryT  BbiTe  NPOTPAMMHO  BIIIOYEHB  BHYTPEHHWE  NOATAMM-
PE3UCTOPSL.
GPO (lle] TTUST TTL Bydbep & pewume nopta esoga/esigoga. Bydep c tpurrepom Wmnata
PERUME NOCNEA0BATENEHOMT NPOTPEMMUPOBEHWA,
GP1 Ile] TTUST TTL Bydep 8 pawume nopta esopa/esieoga. Bydep ¢ tpurrepom Wmnata
PeKUME NOCNEAOBATENLHOTO NPOIPaMMUPOBAHMA.
GP2 lle]} ST
GP3 | TTL
GP4 lle] TTL
GP5 lle] TTL
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Tabmunua 3.1 Onucanne BHIBOAOB (MTPOIOIKECHNE)

Tun Tun
Wms Beisona pniEoaA 6ychepa (-:“II:

INT | ST Bxopn npeg M.

-MCLRWVer P ST Bxoa cOHpoca MMKPOKOHTPOMNEPa (aKTHBHLIA HUBKKMA NOTWHECKWA
YPOBEHL] WK BXOA Hanp A Nporp poaanma

NC - - TTH BHIBOLL! A0NKHL! BbiTe OCT: HE N {BIMM,

0sC1 [ ST/ICMOS | Bxog TakToBOrO reHepaTopa MW BXOA BHEWHErD TakTOBOTO CMIHa-
na. Bxogvoi Bydep c Tpurrepom WWmkara B RC pexume reqepato-
pa. KMOM Gychep B oCTanbHbX PEKUMEX,

oscz o - Buisoa TaKTOBOIO reHepaTopa. MogkneyasTeh KBapLe-
euikepamuieckuin  pesosarop 8 HSXT, LP pexvme renepatopa. B
RC pesume redepatopa Ha ssieope OSC2 npucyTcreyer curHan
CLKOUT ¢ 1/4 vacTote OSC1, pagHoR LUWMKNAM BLINONHEHWA KOMaHE,

PETN 1 ST Bxog ¢ BHYTPEHHMM NOATHIVBAIOLLKMM PE3MCTOPOM. MomeT nenonsao-
BaTLCA [ANA reHepaumny npepsisanmn,
BepoMmbii NapannensHeid NOpT ANA CBA3M C MWKPONpOUeccopoM. Bei-
wmetoT BxoaHon Bydep TTL, korga mogyns PSP siaioye.

PSPO 1o TTL

PSP1 [lle] TTL

PsP2 lle] TTL

P5P3 o TTL

PSP4 o] TTL

PSP5 tle] TTL

PSP& le] TTL

PSP7 fie] TTL
PORTA - JEBNEHHBIM NOPT BBOAABRBOAA.

RAD 1o TTL

RA1 Ils] TTL

RA2 lle] TTL

RA3 lLe] TTL

RA4 [le] 5T RA4 MMEaT BLIXOL C OTKPLITLIM CTOKOM,

RAS fle] TTL
PORTB - peynanpasnesisii NnopT eecaa/esisoga. Ha sxogax nopra
BbiTh NPOrPaMMHO BKIOYEH! BHYTPEHHUE NOATAMMBAIOLWE PEIUCTOPSI,

RBO 1o TTL

RB1 [[e] TTL

RB2 1o TTL

RB3 lle] TTL

RB4 1o TTL Mpeps!BaHKE ND KIMEHEHWID YPOBHA CHIHANA Ha BXOAE.

RB5 1o TTL Mpeg nowu YPOEHA CHIHANA Ha BXOAE.

RBB [le] TTUST MpepsiBaHne No WIMEHEHMI YPOBHA CMIHANAa Ha exope. TakToBbIR
s npory ¥ . Bychep TTI 8 HopManeHom pexume. By-
Tpurrepom Wangra e p nporp p A,

RB7 (lle] TTUST Mper 0 Mam YPOBHA curHana Ha exopne. BeBog pan-
pexume nporpammupoeanuA. Bytpep TTI & HopmansHoM pexume. By-
TEMI‘I’BEM lUMMTB B EJKHME nEGr@MMMEB&HMH.
PORTC - peyHanpasneHHsi NopT BBoAa/BLIBOAE.

RCO lle] ST

RC1 lle] ST

RC2 lle] ST

RC3 1o ST

RC4 110 ST

RCSs lle] ST

RCS lie] 8T

RC? [lie] ST

-RD | TTL YnpaeneHwe 4TeHuem BEgOMOro nap Horo nopra (cm. -WR, -CS).




Tabmunua 3.1 Onucanne BHIBOAOB (MTPOIOIKECHNE)

MmA BLisoga BJ::;'HB Sy::pa Onucavue

PORTD - geyHanpasneHtsin NoOpT BB0Aa/BHBOAE.

RDO [le] ST

RD1 l[e] 8T

RD2 lle]} §T

RD3 lle]} ST

RD4 [le] ST

RDS lle]} ST

RD& 1o ST

RD7 lie] ST
PORTE - PEBNEHHEIN NOPT BBOAAIBLIBOAE.

RED lle} ST

RE1 lle} ST

RE2 lle] ST

RE3 le] ST

RE4 lle] 8T

RES [le] ST

REB lle} 8T

RE7 lie] ST

REFA 5] CMOS Buixog A nNporpaMMupyemMono MCTOMHUKS ONopHOTo Hanpsisxe-

REFB o CMOSs HuA, Beixoa B nporpamMmupyemono CTOUHKKE ONOPHORD Ha-
PORTF - umibpoBbie BXoAL! MW NopT gpaneepa cermedtos LCD.

RFO lle} sT

RF1 lle]} 8T

RF2 lle] ST

RF3 1o ST

RF4 1o ST

RF5 o ST

RF& lle] ST

RE7 lis] ST
PORTG - uncbposeie Bx0isl wik NOpT Apansepa cermentos LCD.

RGO 1o ST

RG1 fle] ST

RG2 lle} ST

RG3 lle] ST

RG4 lls] ST

RGS5 lle] ST

RG6 1o 8T

RG7 [fie] T

RX | T BuiBoa N s oM [ USART.

SCL [I[] 5T BuiBog TAKTOBOMO CHMIHANE B pewmnne |'C.,

SCLA [e] ST BuiBOf TAKTOBOMO cHIHana wTepdenca °C.

SCLB o ST BuiBOd TaKTOBOIO CHIHana m‘repd)eﬁca e

SDA [[e] ST BuiBOf OaHHBIX B pestume | °C.

SDAA 1o ST BbiBog aakHsix wHTepdeiica I°C.

SDAB lls] ST BulBog AaHHeIX MHTepdedca I°C.

SCK [I] ST Bxog/ewixo TAKTOBOTO cHIHana B pexume SPI.

sol | Beisoa npuemunka SPI.

sDO (o] Brieog nepeaartyunka SPI.

-58 | onn esifopa segomoro SPI.

SEGO0:SEG31 /L ST cermentos LCD o1 00 po 31.

B [s] AN AN1 rnogTeepwaeHue nepexoga. K ewsogy moker Belme nog-
KMIOMEH BHELHWA KDHOEHCATOp

TOCKI 1 ST Bxog BHewHero Taktosoro curiana ana TMRO.

T1CKI [ ST Bxog BHewHero TakToBoro curHana gna TMR1,

T1080 o CMOS Buixog rerepatopa TMR1.

T108! | CMOS Bxon renepatopa TMR1,

TX [o] - Beixog nepenatumka USART B SCMHXpOHHOM p (cm. RX).
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Tabmiua 3.1 Onncanue BEIBOIOB (OKOHYAHHE)

Tun Tun

WMmsa BeiBoga ki 6ydepa Onucanue

Vicol P - Hanpssexne LCD.

Vico2 P - Hanprmenue LCD.

Vicod P - Hanp e LCD.

VLCDADJ | Ananoroeein | Hang LCD.

Vier | Auvanoroeeld | Bxog BepxHero  onopHoro  Hanpssedwd. Breog  exoga onop-
HOMO HANPAKEHWA NPUCYTCTBYET Ha MUKPOKOHTROIEPax ¢ koMnapaTo-
pamm.

Vier. 1 AHanoroeblil | Bxog BepxHero onopHoro Hanpaxenus. OBuiMHD MyNbTHNAMUWPYETCA
Ha aHanoroBLIA BX0M.

Vier- | AHanoroBei | Bxog HUMHErD ONopHoro HanpakenuA. OBLMHO MYyNbTHNNMUMPYETCR
H8_aHanorossin Bxog.

VREG [s] - BuiBog yNpaeneHws eHelwHwM komnowentom N-FET ana perynu-
pGBKM HaIng 3

Vss P - OBLWKA BEIBOA ANA BHYTPEHHEN NOTWKW W NOPTOE BBOAA/BLIBOAE.

Voo P - MonommTensHoE HaNPAKEHWE NUTAHWA ANA BHYTPEHHER NOTHKM W
NopToB BBOAa/BLIBOAA.

-WR YnpasneHve 3an1ceo 8 W nap Hbii nopT (oM. -RD, -C8).

O6osHavucHus:

TTL = Bxoauoii oyep TTL;

ST = sxojnoit 6ydep ¢ Tpurrepom Hmuara;
CMOS = KMOII coBMecTHMEI BXO WIIH BEIXOI;
NPU = N-kaHalbHBIHA MOATATHBAIOLIN 2JICMCHT;
NO-PD = ner BuyTp. anona, nogkmoy. k VDD;
PU = BHYTpeHHMIT NOATATHBAIOMINIT JICMEHT;

I = Bxox;

O = peIxoxm;

L = apaiieep LCD:

P = nuranmne;

SM = coorserersue crienndukannn SMBus. Tpebyeres BHCIHIH MOATATHBAIONIHIT pe3H-
cTOop.

Koumpoasuvie éonpocot.

1. Yro Takoc MOPTH BBOAA-BBIBOJA MHKPOKOHTPOJLICPA, KakoBa MX (YHKIHOHATb-
Has pois’?

2. Kakne BHIBI ypOBHEH CHIHalOB JOMYCKAIOT MOPTH BBOAa-BhiBoAa? Kak X MokK-
HO HACTPONTE JUTA PEIICHHA KOHKPETHOI 3amayn’?

3. Yro Takoe koHBelepHan obpaboTka komana?

4. KakoBsl ocHOBHEIC 0cobeHHOCTH apXuTekTyphl PIC-MukpokonTpoiepos?

5. Kakue gacT BXoAAT B 00IIyI0 CTPYKTYPY MHKpokoHTpoiuiepos PIC cpeanero ce-

MCHCTBA W KAaKOBO WX HazHaucHue?
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4 OPTAHH3ALIUA MAMSATH

B maHnOM pasjeiic ONMCEIBACTCH /IBA HE3aBHCHMBIX OJI0Ka MaMATH: TTaMATE T1po-
rpaMM B naMATh JaueiX. Kamaerii 610K uMeeT coOCTBCHHYIO IMHY JaHHBIX H ITHHY a1-
peca, O3B0 OPTaHH30BaTh OJIHOBPEMCHHEIH Z0CTYT K 000HM THIIAM TTIaMATH B TCUCHHE
OIHOTO MAIIHHHOTO HHKIIA.

[TamaTE TaHHEIX cocTOMT W3 perueTpos obwmero (GPR) u ecnermansroro (SFR) na-
snaucHus. Pernerper SFR, ynpapnsiompe S1poM MHKPOKOHTpoIUIepa, OY/IyT ONHCAHBl B
nanaoM pasnene. Onucanne pernctpoe SFR, ynpaenstonie nepudeprilHeIMI MOIYITSAME,

CMOTPHTC B COOTBCTCTBYIOUICM Pasiciic JOKYMCHTAIIHH.

Opzanuzayus namamu npozpamm

MUKPOKOHTPOILIEPBI CPEAHEro ceMeiicTBa MMEIOT 13-paspsinblil cH4eTunK Ko-
Mauz, criocobnslit agpecosath 8K X 14 cimoB mamsaTH mporpamm, U 4-paspaaayio mimnHy
JIAHHBIX TaMATH TporpaMm. Bee KoMaH sl MEKPOKOHTPOIJICPA COCTOAT H3 14-paspsaianoro
CJI0BA, TOJTOMY MHUKPOKOHTpOJUICp ¢ 00beMoM mamsaTi nporpamm 8K x 14 moxer comdep-
xath 8K komana. DTo NO3BOMICT JICTKO OMPEICINTh J0CTATOUHOCTE 00BEMA MaMATH TIPo-
rpaMM JUTS KeITaeMOro NpHIIOKCHHS .,

Bes mamATe mporpaMm pasgencHa Ha 4 ctpannuel no 2Kcmos kaxagas (0000h-
07FFh, 0800h-0FFFh, 1000h-17FFh, 1800h-1FFFh). Ha pucynke 4.1 nokasana kaprta
HaMATH TPOTpaMM 1 8-YPOBHEBEIIT anmapaTHEI cTek. B 3aBHCHMOCTH OT THITA MIKPOKOH-
TpOJICpa TOJIBKO HECKOTOPAs HacTh AOCTYITHON MaMaATH IPOrpaMM peann3oBaHa armnapar-
HO (CMOTPHTE TEXHUYECKYIO TOKYMCHTAIMIO HA KOHKPETHBIH MHKPOKOHTPOIIIEP ).

s mepexoga  MEky CTPAaHHMIAMM TIAMATH TPOTpaMM HEOOXOANMO H3MCHHTH
crapmie OWTBI perucTpa cueTdnka komaua PC, 3amiceio B perucTp CrelHaIbHOTO Ha-
snadeHns PCLATH (ctapmmii OaiiT cuerunmka xomana). M3ameHus snadenme permcrpa
PCLATH w BeImonmHWB KOMaHIY BeTBICHH, cdeTunk komana PC mepecedeT rpaHuiy
CTPaHHIIBI MAMATH TporpaMmM 0e3 TOMOIHATEeTIBHOTO BMEIIATCTBCTBA TI0JIB30BATEIIA,

Jlis MMKPOKOHTPOIUIEPOB, HMEIONIMX MaMATh nporpaMm menbine 8Kcnos, odpa-
HICHHE K MaMaTH TPOrpaMM BeINe (aKTHHCCKH PCATH30BAHHOTO 3HAUCHHS TNPHBCACT K

UMKINYeCcKoi agpecamnn. Hampumep, B MHKPOKOHTPOIUIEPE € TNAMATBIO TPOTPAMM
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4Kcnos #u mnomeITke mepexoga 1o azapecy |7FFh mepexom Oyaer BBINOIHEH 10
aapecy 07FFh. B mukpokonTponnepax ¢ naMateio nporpamy 2Kenos ynpaenenne crpa-

HHLIaAMH MaMATH HC TpCGYCTCH.

PC<12:0> | PC<12:8> | PCL

CALL, RETURN 4} 13
RETF1E., RETLW

Crex ypoBeHs 1
Crex yposers B
Bexrop cbpoca 0000h
: <
2K BexTop npepsiBatui | D04
4 BHYTpeHHSR NamaTs RORSk
nporpamm (Ctpaxmua 0)
L. P | I U | R i Ve ~ | 07FFh
8K BHYTpeHHAA NAMATL
nporpamm (Ctpanmua 1)
_________ OFFFh
BHyTREeHHAA NaMATL 1
nporpamum (Crpanuya 2)
_________ _ | 17FFh
8 18000
HYTPEHHAR NaMATE
nporpamm (CtpaHmua 3}
1FFFh

Pucynok 4.1 - Kapra naMsti nporpaMm u 8-ypoBHCBEI anmmapaTHbIi cTeK

Hpumevarnus:

1. He BO BCceX MHKPOKOHTPOJLICPAX TIOJHOCTBIO PCAM30BAHO aPECHOC MPOCTPaH-
CTBO MAMATH TIPOTPAMM.

2. B maMaATH 1MPOTpaMM MOKET pasMcemaTees Kamnbposounas wHpopMmanm,

Bexkmop copoca. B nobom mukpoxonTtpoiiepe PICmicro ¢copoc npusener k oun-
cTke cuetunka xoMana (PC), ycranasnmusas aapec Oh. Agpec 0000h na3swiBaeTcs «anpec

BekTopa cbpocar», T.K. GyACT BEIIOIHCH TICPEXO 10 JTOMY aipecy mpH cOpoce MHKpO-
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KkoHTpoiiepa. Bmecte co cuetunkom komaua (PC) ounmactes pernctp PCLATH, ycra-
HaBIHBasg pabOUyI0 CTPAaHHIY TaMATH Tporpamm 0,

Bexmop npepviganui. Koraa Bo3HHKACT pa3spelICHHOC NpEpEIBaHHE, B CHCTYHK
koman PC sanuceiBactes aapec 0004h, HaseiBacMBIil «afpec BEKTOpa NpepbIBaHMi», TIpH
stom 3HadeHue pernctpa PCLATH ne namensercda. Ecim B nmoanporpamme o0paboTkn
NpephIBaHHI TPEOYETCs BBITIONHATE KOMAH /Bl BETBICHH, TO HEOOX0HMMO NpeBapHTCiIh-
HO 3amucath B perictp PCLATH 3rauenme, onpezensioniee Hy/KHYIO CTPaHHIY TaMATH
nporpamm. [Tpesxe uem pernerp PCLATH Gyner H3MeHeH, ero sHaueHue J0IAKHO OBITH
COXPAHCHO B JIPYTOM PErHCTPE MaMATH JAaHHBIX, 4 3aTCM BOCCTAHOBIICHO TIEPE]] BEIXOIOM
W3 MOATTPOTpaMMbl 06pabOTKH NpepBIBaHITE.

Kaaubdposounas ungpopmayus. B HEKOTOPHIX THIAX MHKPOKOHTPOIIECPOB, BO
BpCMS 3aKJTIOMATEIBHOIO 3aBOJCKOTO MCTIBITAHUA B IaMATH TPOTPaMM COXpaHACTCH Ka-
mmbposounas wH(popmauns. Menonezopanne xanuOpoBouHON HHPOPMAUKK NO3BOISCT
TPHIIOKCHHIO TONYUaTh HAMJIYUIIHC pe3yreTaThl pabotel. Kak npaeuio, kannGporounas
MH(pOPMALINA COXPAHACTCS B KOHIC MaMATH riporpamyM Hadopom uHcTpykunii RETLW.

llpumeuanue. JIns MHKPOKOHTPOIUICPOB, B KOTOPHIX TICPCI MPOTPAMMHPOBAHHCM
OYHIIACTCH BCS NMAMATE MPOrPaMM, PEKOMCH/YCTCH cHavala MPouNTaTh KaTHOPOBOUHYIO
HH(POPMAIIHIO, a 3aTEM 3aIPOrpaMMHPOBATH MHKPOKOHTPOJIICP.

Cyemuur komano ! ( . 13-paspaaHeiii peructp cuetunka koMania PC ykaseiBact
ajipec BRIGHpacMOil KOMaH B! LT BRITIONTHCHIS . Muammnii 6aiT cuerunka nporpamm PCL
AocTyrneH aad uteHus U 3anucu. Crapmmit Gaiit PCH, cogepxammnii <12:8> OuTE cuet-
unka komani PC, He mocTynen s uteHus n 3amicn. Bee onepaunn ¢ pernctpom PCH
npoucXoasaT 4epes pononunTensHbli pernerp PCLATH. Ha pucynkax 4.2 noxkasano 4

NpUMCpa H3IMCHCHHA 3HAYUCHHA CUCTUHKA KOMAaH PE,

STACK (13-fwr x 8)

5/ PCLATHcAD> [ 8

O T 111 AL

PCLATH

Pucynok 4.2 a) - HenocpeacrsenHnas 3anuch 3HadeHus B peructp PCL
(PCLATH<4:0> —-PCH)
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STACK (13-6ut x 8)
_Benmml
PCH PCL
12 1110 8 7 0
el | | _ |
5 Jf_PCLATH<4:3> T u
T E | D
PCLATH

Pucynok 4.2 6) - U3mencnne snaucuis PC npu BemonseHnn nHeTpykimn GOTO
(PCLATH<4:3> — PCH)

13 STACK (13-6ur x B)
PCH [ PCL
12 1110 8 7 0
re[__] _ J
» J[ PCLATH<4:3> T n
: 1 —* Kog wxeTpywumm <10:0>
PCLATH

Pucynok 4.2 B) - U3menenne 3nadenns PC ripy BRIOTHCHHH TICpexoa K MOAIpo-
rpamme CALL (PCLATH<4:3> — PCH), npwu otom crapoe suaucuue PC coxpansercs B
BCPUIHHC CTCKa

| 7 L
PCH J PCL
i T [
el |

EEE | EEE

PCLATH
Pucynox 4.2 r) - Bozspamenne n3 noanporpamMvel (RETURN, RETFIE mim RETLW),
CUCTUHK KOMAaH]I 3arpy’KacTcs 3HAMCHHCM C BCPUIMHEBI CTCKa

lpumevanue. Pernetp PCLATH ne u3mensercs npu namerennn PCH.

Buoruucasemuotii nepexod. BrranciaaeMslii nepexo MoKeT 66Tk BRITIOIHCH KOMaH-
noii npupamenns k peructpy PCL (manpumep. ADDWF PCL). [Ipn BeImonHeHnn BeIUnC-
JIAEMOTO0 Mepexona ciaeayeT 3aboTHTees 0 ToM, uTo0k! 3HaucHHe PCL He mepecekno rpa-

HALY O10Ka namaTh (Kax it 6oox 256 Oaiir).
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llpumeuanue. lpn 3anucwn 3naucHns B peructp PCL, apToMaTHYCCKH TTPOHCXOANT
nepesanick 5 muagmmx 6uT n3 pernerpa PCLATH<4:0> 8 pernerp PCH.

Annapamnoiit emex. CTek nomIepKuBacT 10 8 YpOBHCH BIOKCHHOCTH MOANPO-
TpaMM TTONB30BaTeNs, BKIovuas 00paboTky npepeiBannii. B cTeke coxpanseres aapec Bo3-
BpATa B OCHOBHYIO ITPOTPaMMY.

B mukpoxonTpoiuiepax cpensero cemeiictea PICmicro peannzosan 8-ypoBHEBEIH
13-paspsaaneit annapataeiii ctek. CTeK HE MMECT 0TOOpaKCHHA HA NMaMATh IPOTPaMM M
MaMATh JaHHBIX, HEITB3s 3aIHCaTh WIM NPOYHTATE JaHHBIC W3 CTCKA. 3HAUCHUE CUCTUMKA
KOMaH]Il 3aHOCHTCS B BCPINMHY CTCKa NPH BHINOIHCHHH MHCTPYKIMI mepexoia Ha 110j-
nporpamMmy (CALL) nim obpabotky npepriBannii. Utenne U3 cTeka u 3alichk B CUCTUHK
koman PC npoHCXOIHT NpH BBITOJIHCHUH HHCTPYKINH BO3BpaTa M3 HOANIPOrpaMMbl HIH
obpaborkn npepesannii (RETURN, RETLW, RETFIE), npn sToM 3naucHue perumcrpa
PCLATH ne nsmenserea. [locne 8 samiceil B cTCK, ACBATaA 3a1HCh 3alHIICTCA HA MCCTO

HepBOii, a AecaTas 3anuch 3aMCHHUT BTOPYIO 1 T. . [pumMep nokasan Ha pucynke 4.3,

BepluuHa creka

Pucynoxk 4.3 - [Ipumep mocnenoBaTelbHOCTH 3aIHCH B CTEK

Hpumevanue 1. B MUKpPOKOHTpOIIJICPaX HE HMCETCS HHKAKHMX yKasaTelscii o repe-
TIOJTHEHHH CTeKa.

Ipumeuanue 2. B MHKPOKOHTpOIUICpax HC MPEAYCMOTPEHO KOMaHI 3armi-
CH/9TCHHMA W3 CTCKAa, KpPOME KOMaHi BEI3oBa/Bo3epata w3 moanporpammer (CALL,
RETURN, RETLW u RETFIE) nim ycnoBmii nepexoia 1mo BEeKTOPY TIpepeIBaHIIL.

Cmpanuyor namamu npozpamm. Komauael nepexonos (CALL, GOTO) B MuKpO-
KOHTpomepax cpeanero cemeiictBa PICmicro umerot 11-paspagnoe nmone ans yKasaHus
ajzipeca, 9To TO3BOISCT HEMOCpeACTReHHO agpecorath 2Kenor nmamatn nmporpamm. Heko-

TOpBIC MHKPOKOHTPOIUICPEl MMCIOT NMaMATe nporpamm Oosee 2Kcemom. ns agpecamnn
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BCPXHHUX CTpaHHIl MaMATH MporpaMM Henonbsylotes 2 oura B peructpe PCLATH<4:3>.
[Tepen semosnnennem komaniel nepexota (CALL win GOTO) neobxoaumo sanporpam-
Mupoeatk OHTEI peructpa PCLATH<4:3> ana aagpecauny tpebyeMoii cTpaHHIs! (cM. pH-
cyHkn 4.2-6, 4.2-).

[Ipy BEINMOIHCHWH WHCTPYKUMH BO3BpaTa M3 mojanporpaMmel 13-paspsaaHoe 3Ha-
ucHHe Juisd cuetunka nporpamm  PC Gepetcst ¢ BCPIIMHBI CTCKA, TOITOMY MaHHITYIISIIHS
ontamu peruerpa PCLATH<3:4> He TpeOyeTcs (cM. prcyHOK 4.2-1).

Tpusevanue. B MMKpPOKOHTpOILICpax ¢ 00BEMOM  HaMATH  TIpOTpamMM 10
2Kcnoe owntel pernctpa PLATH<4:3> wmruopupyrorcs. He pekoMeHmyeTcs HX HCTIONE-
30BaTH Kak OHMTH 00IIEr0 Ha3HAYCHHS, T.K. MOKCT BO3HHKHYTH HCODOXOAMMOCTE MepeHoca
TIPOrpaMMBI Ha MHKPOKOHTPOITIEp ¢ GOMBITHM 00bEMOM TTaMATH TTPOTPAMM.

B mmkpokonTpoiepax ¢ obsemom mamaTi nporpamu no 4Kcmos 6ut permctpa
PLATH<4> urnopupyercs. He pekoMeHIyeTes ero HCnmonb3oBaTh Kak OuT odmero na-
JHAUCHNA, T.K. MOKCT BOZHHKHYTH HCOOXOIMMOCTE TIEpeHOCca TPOrpaMMBbl Ha MHKPOKOH-
Tposiep ¢ OoABIHM 00BEMOM TAMATH TPOTPAMM.

B mpumepe 4.1 moxasan nepexoa co crpanuus! (0 Ha crpanniy | mamaTH npo-
rpaMM. DTOT NpHMEp MPEANONAracT, 9To B MOANPOrpaMMe COXpaHseTes W BOCCTAHABIH-
Bactes 3Hadenne perncrpa PCLATH.

Ipumep 4.1. Bemonnenne nepexojaa co ctpannusl 0 Ha cTpaAuiy | maMaTH npo-

Tpamm.
e ; Beiop ciparuys 1 (800h-FFFh)
; Nepexoa Ha cTpanvuy 1 (800h-FFFh)
ORG Ox4900
susl1_Pl: ; Cvpanuua 1 (800h-FFFh)
ézr':_w ; Boaepar wa ctpanmuy 0 (000h-7FFh)
Opeanusanqua namamu oannoix. TlaMaTh JaHHBIX pasienseTcs Ha PerHCTPB] JIBYX
THITOB:
e Peructpel cricunanbHoro HasHadenus (SFR), ynpasnsior paboroii MUKpoKOH-
TpoJuiepa;

e Peructper ob6mero Haswadenus (GPR), 1s XpaHeHHS JaHHBIX TIPOTPAMMBL.
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IMaMaATh TaHHBIX pa3icicHa Ha OaHKM, COICPIKAIINC PETHCTPBI 0BLICTO M CTICIIH-
albHOro HasHaucHusA, PernceTpel 00mero HasHAuCHUA Pa3MCIIAOTCS B PA3HBIX DaHKax ma-
MATH JaHHBIX U1 TOTO, 9TOOB! OBlIa BO3MOKHOCTE Opranusosatk Oonee 96 Gaiit O3V,
PerucTpe! cneqnansHOro Ha3HAYCHES TIPC/IHAZHAYCHB! [T YIIPABICHHA nepuepriineiMu
MOIYISIMH W (PYHKIHAMH MAKPOKOHTpoUIepa. YipaBicHHe GaHKaMH MaMATH BBITIOIHICT-
cst Outamu B peructpe STATUS<7:5>. Ha pucynke 4.5 npejicTaBlicHa 0HA W3 PasHOBHIL-
HOCTCH KapThl MaMATH TaHHBIX. OpraHusanms maMsaTH TaHHBIX 3aBHCHT OT THIIA MHKpPO-
KOHTpoJuIepa.

YrtoOBl mepenath JaHHBIC U3 OJHOTO PETHCTPa B APYToil, HCOOXOIIMO HCTIONB30-
BaTh AOTOMHUTCABHEIH pernetp W. DTa onepaius BRITIONHACTCS ABYMS KOMaHIaMH 3a
JIBa MalIMHHEIX HKJIA MHKPOKOHTPOJLICpA.

O6pamenne K BCCM PCrHCTPAM MaMATH TAHHBIX MOMKCT OBITE BBITIOTHEHO TIPAMOIL
WIIM KOCBEHHOM ajipecarueii:

e [Ipamas agpecanus - Ut yKasanns OaHKa MaMsTH JaHHBIX HCOOXO0IHMO MCTIONb-
3oBath OuTel PR1:PRO pernctpa STATUS:

* Koceennas agpecanus - aapec perucrpa coxpansercs B FSR, a 8 6ute IRP pern-
crpa STATUS ykaseiBactcs K Kakoit nape GaHKOB MaMaTH JaHHBIX BBITOJHACTCH 0Opa-
menne (bank0/bauk] win bank2/bank3).

Pecucmpuor odwezo naznavenusn (0 [ ). Perncrper obmero HazHaueHUs pasme-
MATCA B pasHbIX OaHKax naMsTH JaHHBIX, DTH PCrHCTPEI HC MHHIHANM3MPYIOTCH TPH
cOpoce 1Mo BKITIOMCHHIO TTHTaAHNA ¥ MCIOT HCH3BCCTHOC 3HAYUCHMC, a MPH BCEX OCTATBHBIX
cBpocax MHKPOKOHTPOJLICPA HE H3MCHIIOT CBOCTO 3HAUCHHS,

OOpauteHie K permerpam o0IIero Ha3HAuCHHA MOWKET OBITH BBITIOJIHCHO MPAMOil
Wi KocBeHHOI ajgpecanmeil (uepes pernetpel FSR u INDF). B HCKOTOPBIX MHKPOKOH-
TpOJUIEpax CYIECTBYIOT PErHcTphbl OOMIETO Ha3HAYEHHs, ajipecyeMble K OJHOI W TOll ke
suciike O3V, HezapHCcHMO OT Tekymiero 0OaHka naMaTH JaHHBIX. OOpaTHTe BHUMaHNC Ha
ITH PETHCTPBI, T.K. OHH pacronokeHel B odmem O3V,

Pecucmpunr cneyuanvnozo nasnavwenun (i f 1| PerncTpel cnennaibHOTO Ha3Ha-
YCHHWA WCTIONB3YIOTCA U  YIIPABICHUA AAPOM M TepH(epHiHBIME MOIYIAMH MHKPO-

KOHTpOJUICpa. DTH PerucTphl pealn3oBaHsl Kak cratndeckoe O3V, Onncanne perncTpos
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SFR, ynpapisionnx nepudepuiiHeIMI MOIYIAMH, CMOTPHTE B COOTBCTCTBYIOMICM pasiic-
JIe IOKYMEHTAIHH,

PerucTper crennaibHOrO HA3HAUCHWS PAa3MCIICHBI B PasiHuHBEIX OaHKax maMsaTH
JaHHBLIX, @ HCKOTOPBIC W3 PEriHCcTpOB oToOpakaoTes BO Beex ODankax. IlepexmroucHue pa-
Oouero OaHka mMaMATH BEITIONHsAETCs HacTpoiikoii outor RP1:RPO permcrpa STATUS.
[Tpu cOpoce 1Mo BKIIOYCHHIO MATAHHA W APYTHX BHAax cOpoca MHKPOKOHTpOIICPA B He-
KOTOPBIC PErHCTPBI CTCIUHAIBEHOTO HAZHAYCHMS 3aMACHIBACTCA OTPEICIICHHOS 3HAYCHHE.
Cymecrsyior pernctpsl SFR, koTopeie cojepikar HEH3BECTHOC 3HaucHue npu cbpoce no
BKJTFOUCHWIO TTHTaHMA, a TpH APYTHX BrAax cOpoca He MIMCHAIOTCA (CM. TEXHHHUCCKYIO
JIOKYMCHTAIIHIO Ha COOTBCTCTBYIONMH MHUKpokoHTpoiuiep). OGpaienne K perncrpam
CTCIHATBHOTO HA3HAYCHN S MOKET OBITH BBITIOIHCHO TPAMOI HIIH KOCBCHHOM ajipecarmei.

Ipumevanue. B obGracTn perncTpoB CICHHATIBHOTO HA3HAYCHHA MOTYT pa3Me-
HIATHES PETHCTPEI OOIIETO HA3HAUCHMUS,

Banku namamu oannvix. 1laMaTe JanHbBIX paszacicHa Ha 4 Oanka. Kamasnii 6ank
COACPAKHT PCTHCTPRI CHCHHANBHOTO HA3HAYUCHMA (B Hadase ajpecHOro npocTpancTsa Han-
Ka) M perueTpel 00mero HazHageHns. [lepeximoucHne Mekly GaHKaMHu OCYIICCTBIACTCH ¢
MOMOIIBIO OUTOB!

* RP1:RPO B peruerpe STATUS nipn npamoit agpecatmn,

¢ [RP B pernctpe STATUS npu kocBeHHOI agpecartii.

Tabmmna 4.1 - Berbop 6anka naMATH JaHHBIX PH NpAMOIl # KOCBEHHOI agpecannn

Hocryn x MNpaman agpecaumn KoceeHHan agpecauyun
BaHky HEAE AT HiRa
0 0o
1 01 4
2 10 1
3 11

Best mamaTh JaHHBIX BBITIOJHCHA TIO TEXHOJOTHM ctathHueckoro O3V ¢ makcu-
ManeHBIM pazmepom Ganka namsati 7Fh (128 Gaifit). B navane Ganka pacnonaratotcst pe-
THCTPHI CHCUHAIBHOTO Ha3HAYCHMA, 32 HUMH PerucTphl obmero nasHaucHus, Hekotopeie,
HaCTO MCTOIMB3YCMBIC PErHCTPB CHCIHANBHOTO HasHadeHns Oanxa 0 oToOpawaiorcs B
Apyrux Gankax maMsTH U YIPOIICHWS TTPOTPaMMBl MHKPOKOHTPOJICPA M TMOTYHCHHA

6HCT]JDFO JOCTYIa K HAM.

50



B npouecce paspaboTki HOBBIX MHKPOKOHTPOIJICPOB, ajfpeca pa3sMCIICHHS peru-
CTPOR CIHCUMANBLHOTO HAZHAUCHHA B MAMATH JAHHBIX MPETCPICIH HCKOTOPBIC H3MCHCHHA.
OpraHmalmn MaMATH JTAHHBIX, MOKasaHHad Ha PHCYHKC 4.5, apasercs cTangapToM IJiA
BCCX HOBBIX MHKpokonTpoiuiepos PIC cpeanero cemeiicrsa. [Tocnennue 16 Gaiit Beex
OaHKOB TTAMATH JaHHBIX, MOKa3aHHBIX Ha KapTe, OTOG]:!EIH\‘EEOTCH Ha OaHk U, HTO JOJTAKHO
YIPOCTHTE TIporpaMmy, paboTaiomnyto ¢ HaHKaMu MaMaTH JaHHEIX. PerucTpel, HMeHa KO-
TOPBIX BBIACIICHEI MOIYXKHPHBIM TCKCTOM, MIPHCYTCTBYIOT BO BCCX MHKPOKOHTpOJIIEpax.

CocTaB pericTpoB CHEUMANBLHOIO HAa3HAYCHHA, WX ajpeca B NaMATH JaHHBIX W
00BEM PETHCTPOB 0611101'0 HasHaA4YCHHA I KOHKPETHOTO THTIA MHKPOKOHTpOJIICpa CMOT-

PHTC B TCXHHYCCKOIT JOKYMCHTAIIHH Ha CODT’BCTCTBY[OHI}‘Iﬁ MHKPOKOHTPOJJICP.

Namas
AaHHbX

TFh TFh
Bank0 Banuk1 Bawk2 Bawk3

Pucynox 4.4 - MexanusMm 1npsaMoii ajzpecatiny naMaTH JaHHBIX
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Anpec Anpec Anpac Anpec

INDF och | _ _INDF_| 80h ___INDF__ | 100h ____INDF__| 180h
TMRO O1h OFTION_REG | 81h TMRO 101h OFTION_REG | 181h
—PcL_| oz — Pt | a2 —PeL [0 [ PeL | 1em
STATUS 03h STATUS B3h STATUS 103h STATUS 183h
___FSR | 04n ~__FSR___ | 84nh FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
__PORTE | O6h TRISB B86h PORTB 106h TRISB 186h
PORTC 07h | TRISC | 87h 1G7h 187h
__PORTD | O&8h | TRISD | BBh 108h 188h
PORTE 0%h TRISE B89h 108h 18%h
| _PCLATH | 0Anh __PCLATH | 8Ah __PCLATH | 104h __PCLATH | 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
— PIR1__| och _PiE1__|scn [EEDATA | 1och EECONT | 18Ch
PIR2 0Dh PIE2 B8Dh EEADR 10Dh EECON2 | 18Dh
TMRIL OEh PCON BEh 10ER 18Eh
TMR1H OFh BFh 10Fh 18Fh
T1CON 10h a0h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 1910
T2CON__| 12h PR2 | o2h 112n 192h
SSPBEUF 13h SSPADD a3h 113h 193h
SSPCON 14h SSPSTAT | 94h 11an 194h
CCPRIL 15h 05h 115h 195h
[ ccPr1H_| 16n a6h 1160 196N
CCP1CON_| 17h a7h 117h 19Th
RCSTA 18h TXSTA a8h 118h 198h
TXREG 16h SPBRG 0ah 110h 190h
RCREG 1Ah 9Ah 114h 19Ah
CCPR2L 1Bh 0Bh 11Bh 10Bh
CCPR2H 1Ch ach 11Ch 19Ch
CCP2CON_| 1Dh oDh 11Dh 19Dh
ADRES 1Eh 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 | OFh 11Fh 19Fh
20h Alh 120h 1ADh
PervcTpst PermcTps! PerwcTpal
obwero ofwero obwero
Peructpsi HAIHAYEHWA HOIHAYEHWA HAAHANEHUA
'W'u”a (=1} (&)} (&1}
2 EFh 16Fh 1EFh
Foh 170nh 1F0h
AocTyn x RocTyn K NocTyn K
70n-TFh® T0h-7FR 70h-TFh™
TFh FFh 17Fh 1FFh
GaHk 0 bank 1 Bank 2" Bawxk 3

Pucynok 4.5 - Kapra maMaTH TaHHBIX
Hpumevanus:

1. PerucTpel, Ha3BaHHA KOTOPBIX BBIJCICHBI KHPHBIM TEKCTOM, OYAyT MpHCYT-
CTBOBATh B KaKIOM MHKPOKOHTPOJLIEPE.

2. B HEKOTOpBEIX MHUKPOKOHTpOIUICpax 4acTb OaHKa NaMATH JaHHBIX MOKET OBITH
He peanusosana. YUtenne no aapecy Hecymectsyiomero O3Y Oyner maBatk pesynstaT
00h.

3. Ora yacte O3Y MoxkeT ObITh He peann3oBaHa. YUTeHHe 10 agpecy HecyulecT-
Bytomiero O3V Gyaer naBaTh HENMPEACKA3YCMBIT Pe3yibTaT.

4. B HEKOTOPBIX MHKPOKOHTPOIIIEPAX ITH PerHCTphl 00IIero Ha3HaueHHs oTodpa-
saetes Ha 0ank 0.
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5. bank mMoxket OBITE He peanusoraH. UTeHne 1o agpecy HecymecTeyiomero O3V
Oyaer naeate pesynasTat 00h.

6. Permctper ofiiero Ha3HauCHHA MOTYT GBITH PAacTIONOKCHBI B 061aCTH PETHCTPOB
CTEIHATBHOTO HA3HAYCHNA.

Ha pucynke 4.6 mnokaszaHa kapta NaMATH JaHHBIX HCKOTOPHIX |8-BBIBOAHBIX

MHKPOKOHTPOIUICPOB, UTCHHE HE pealH30BAHHBIX PCIHCTPOB OYIACT AaBath pesyiubtat 0,

Agpec Anpec
INDF 00h INDF 80h
_TMRO 01h OPTION_REG | 811
PCL 02h PCL 82n
STATUS | 03h STATUS 83h
FSR 04h FSR B4h
PORTA 05h TRISA 85h
PORTE 0&h TRISB 36h
| O7h PCON | a7h
ADCONO/ | 0Bh ADCON1/ | 88h
EEDATAY EECON1"
ADRES/ 08h ADRES!/ 89h
EEADRY EECON2”
PCLATH DAh PCLATH B8Ah
INTCON 0Bh INTCON 8Bh
0Ch 8Cch
Perucipe Pemcpe
obwero o0wero
HaIHAYEHUA HasHa4eHA
&1} I EFh
FOh
| 7Fh FFh
bawrk 0 Banx 1

Pucynok 4.6 - Kapta naMsaTi TaHHBIX HCKOTOPBIX 18 - BEIBOIHBIX MHKPOKOHTPOII-
JICpOB

Koceennaa adpecawus, pecucmpor 1V 1 [ u [ i . Koceenuas agpecaums — taxoif
PEKHM ajipecaliiil PEerHCTPOB, TIPH KOTOPOM B KOMAaH/IE HE yKa3elBacrTcs ajpec maMsaTH
JaHHeIX. PermcTp crcupaneHoro HasHadceHus FSR, moctynusii g sarmicn/darenns, we-
MOJIB3YETCH B KA4ecTBEe YKazaTelld ajpeca B MaMATH JaHHBIX. DTOT PEekWM aapecanyH
MOKeT OBITE MOJIC3eH NPH 00palieHnH K Ta0IHIaM JaHHBIX.

Ha pucynke 4.7 mokazana onepanms KOCBEHHON ajapecalns (3amHch 3HAYCHHS B
PErHCTp MaMATH JaHHBIX C aJpecoM, ykasaHHOM B peructpe FSR). Jlna BeimoaHenns koc-
BeHHOI agpecannn Heobxoanmo obpatnthes k pernctpy INDF. Obpamenne k peructpy
INDF ¢akTiaeckn BBI30BET ACHCTBHEC C PEIHCTPOM, afpec Kotoporo ykazan B FSR. Koc-
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BeuHoe dtenue peructpa INDF (FSR=0) mact pesynstat 00Oh. Kocsennas sanucek B pe-

ructp INDF He BezoseT HuKakux aciicTBuil (BeI3eiBacT BozicHcTeus Ha duarn AJIY B

peructpe STATUS). 9-6ut kocBeHHOTO ajapeca

IRP coxpansercs

B permcrpe

STATUS<7>. [lpumep 9-paspsanoii KOCBEHHOIT agpecanny mokasaH Ha pucyHke 4.8,

oay
BuinonneHme /,/—-
KOMEHS
[ kA | Aspec |
[ 3
{8
J/~\ Mapauerp = anpec INDF
i
RP1IRPU fo 3
Buifiopa 2 '?
[ Kon [ napawerp | [IRP] FSR |

Pucynok 4.7 - Koceennas agpecanns

00 o1 10 11

IRP

Ol ET

A

FSR

iaEn

J

ebibop Bakxa 1
-

00h

MamATL OaHHLX

TFh

Bawk0 Bawk1 Bawk2 Bawk3d

Pucynok 4.8 - Mexanu3M KOCBeHHOIT ajpecannn

B npumepe 4.2 nokazaHo HCMONB30BAHNE KOCBEHHON aIpecainn I O9HCTKH Ta-

MATH gaHubIX (agpeca 20h — 2Fh) MUHHMAaTbHBIM 9HCIOM KOMaHA MHKPOKOHTpOIIEpa.

[TonoOHEI METOA MOMKET HCTONL30BATHCH s nepeaaun OJI0Ka JaHHBIX B PErucTp
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TXREG nepenaranka USART. Hauansusrii agpec 610Ka JaHHBIX, TTOATOTOBICHHOTO s
repeiaun, MOKET OBITh JICTKO H3MEHCH B COOTBETCTBHH ¢ TPeOOBAHMIMH TIPOTrPaMMBL.

[punep 4.2, OuncTra perucTpoB naMsT AaHHerx ¢ agpeca 20h o 2Fh

BCF STATUS, IRP , YeranoeuTe Bank 0,1

MOVLE 0x20 ; ¥kasate nepewin pervctp 8 O3Y

MOVWE FSR
NEXT:

CLRE ; D4MCTHTE perveTp

INCF 1 Yeenwuute agpec

BTFSS ; 3aBepwnTe?

GOTD , Her, npoaonsme o4McTRy
CONTINUE: +Aa

Hnuyuanuzayusa. B npumepe 4.3 nokasano nepekioucHue Mesiiy Oankamu na-
MSTH JaHHBIX IS TPAMOi ajgpecaldu, a B nmpuMepe 4.4 MpeIcTaBicH KO MPOTpaMMEI,
BRITOIHSAIONIEH HHUIHAIN3ALHIO (0YHCTKY) PCTHCTPOB 00IIETo Ha3HAUCHHS .

[Tpumep 4.3 Tepexmouenne OAHKOB MaMATH JaHHBIX

CLRF  STATUS ; Oumctka permectpa STATUS (Bawk 0)

STATUS, REO0 Bank1i

STATUS, AP0 ;Bank0

MOVLW 0x60 ; Yeranoente RPO v RP1 8 STATUS perwctpe
3 F STATUS, © ; (Bank 3)

BCE STATUS, RPO0 ;Bank2

BCF STATUS, RPF1 [ Bauk0

[pumep 4.4 MEnmmanuszanis perucTpoe 001ero Ha3HauCHNA

; OumcTe pervcTp STATUS (Bank 0)

; 1-n appec pemctpa GPR

| 38NKHCaTL B PEFUCTP KOCBEHHOTD agpeca
Bank0_LE
; OumeTuTe parveTp GPR ¢ agpecom e perictpe FSR
; Cnegylowwi permetp GPR

: Ounctra pervctpoe GPR B atom Ganke 3asepwena?
;(FSR=80h,C=0)

1 HET, npoaom#ate 04MCTRY

Cneaylowwn Gadk (Bauk 1)
1 (" Tonsko ana MUKpoKkoHTpoOnnepos ¢ Bankom 1 **)

MOVLW OxAD ; 1-h agpec pemctpa GPR

MOVHE TSR ; 3aNMCaTh B PEFUCTP KOCBEHHOTD agpeca
Bankl_LP
; OumcTuTe perveTp GPR c agpecom B peructpe FSR
; Cnepywowwin pemctp GPR
; OumcTra perwctpoe GPR B aTom Ganke sasepwena?
J{FSR=00h,C=1)
1 HET, npogomxats o4mcTky

; Cnegywwwmin Gank (Bark 2)

3 (** Toneko AnA MMKPOKOHTPONNepoB ¢ Gankom 2 *7)
BSE STATUS, IRP  ; Buifop Gawkos 2w 3 ANA KOCBEHHOW agpecaumn
MOVLW Ox20 ; 1-n appec perwctpa GPR
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MOVHWE ESR . 38NKHCaTE B PEFUCTP KOCBEHHOTO agpeca

Bank2_LP

; OumcTuTe perveTp GPR c agpecowm 8 perctpe FSR
; Cnepywowwi permetp GPR

; OuncTka pervcTpos GPR B aTom Bakke 3asepwena?
1(FSR=80h,C=0)

GOTC Bank2_LE i HET, npogorxate o4mcTry

1 Cneaywwmin Gavk (Bawnk 3)
1 (** Tonbko AnA MWKPOKOHTPONEPoE ¢ baHkom 3 **)

MOVLW O0xAO ; 1-n appec permctpa GPR
MOVWE TSR | 3ANMCATE B PEFUCTP KOCBEHHOTD afpeca
Bank3_LF
3 Ounctute pervctp GPR c agpecom 8 perwctpe FSR
; Cnegytowwi perietp GPR
STATUS, © ; OuucTra perwetpoe GPR B atom Ganke 3apepwena?
;(FSR=00h,C = 1)
GOTQ Bank3_LP i HET, npogonxate oumcTry
F ; OA, Boe pervcTpel GPR ounweHs

Konmponwuwie sonpocst.

1. B weM oTIiHue MaMATH TPOTPaMM MUKPOKOHTPOIUIECPA OT MaMATH JaHHBIX ?

2. Yro npeacrasusier cobo KapTa naMsTH TPOrpaMMbl MUKPOKOHTpoILiepa?

3. Yro Takoe annapaTHEI CTEK M BEIMHUCINEMBIiT mepexon?

4. B ueM OTIMYHC PErHCTPOB CHEUHAIBHOTO HA3HAYCHUA OT PCrucTpoB 00lIero Ha-
IHAuCHHA

5. Jlna uero npuMeHAcTes kKammGporodnads nHpOpMaIis MUKPOKOHTPOIIICPA, MOKHO
JIHM e¢ H3MCHHTR?

6. Yto Takoe DaHK nMaMsaTH, KAKOBO ero HazHavcHue!

7. Yro Takoe KOCBCHHaA ampecanmnd, Ay 9ero oHa HpHMC‘HHCTCX?
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5.CHCTEMA KOMAH/J

Ka}{cnan KOMaHIa COCTOHT H3 OJHOTO 14 - paspAIHOTO CJI0OBa, pa3saciiCHHOTO Ha
ko onepaunn (OPCODE), onpeaensioninit THIT KOMaHALI M OJMH HIH HCCKONIBKO OflC-
PaHI0B, OTIPCACHAIONINE OTICPALNID KOMaH bl [TonHEerl criHcoK KOMaHI MOKa3aH B Tabmmn-
e 5.1.

Cucrema KOMaH aKKYMYIATOPHOIO THIA, OPTOTOHalIbHA W pa3JclicHa Ha TpH OC-
HOBHEIX TPYHIIBL:

« baiiT opHeHTHpOBaHHEIC KOMAHIEL;

* bur DPHCHTHPOBEIHHI:IC KOMaHIBI,

* Komaner YIIpaBJICHHA H OHEPaHHﬁ C KOHCTaHTaMH.

Jns Gaiit opueHTHpoBaHHBIX KoMau 'f' ABIseTCs yKaszaTesnem perncrpa, a 'd' yka-
3aTeNieM ajpecara pesynbrarta, YKasaTeib perucTpa onpeiesiacT, Kakoi perucTp J0KeH
HCHONB30BaTLCA B KOMarje, YkasaTesb ajpecata Onpeiensct, rac OyaeT coxpaHeH pe-
synsTat. Ecam 'd'=0, pesynstar coxpansicres B peructpe W. Ecim 'd'=1, pesynstat coxpa-
HACTCHA B PErHCTPE, KOTOPBIT HCMONB3YETCHA B KOMAHIIE.

B 6ut opueHTHpoBanHEIX KomManaax 'b' onpesenger Homep GHTa yuacTBYIOLICTO B
onepanni, a 'f' - ykazaTenb perucrpa, KOTOPBIH COOCPKNT ITOT OHT.

B koManzax yrpaBicHHA HIH oncpanuax ¢ koncrantamu 'k’ nmpejacTaBisieT BoceMb
WITH OJIMHHALIATE OUT KOHCTAHTHI TN 3HAYMCHHSA JINTCPalIOB.

Bece koMaH k! BEITIOMHATOTCA 32 OMH MalTMHHBIH KT, KPOMC KOMaHII YCIOBHI, B
KOTOPBIX MOJTYYeH HCTHHHBIH Pe3yIbTaT H WHCTPYKINIH H3MEHAIOMNX 3HAYCHNE CUETIHKA
koman PC. B ciryuac BRITOIHCHNS KOMaHIIb 3a JBA MAITHHHEIX WK, BO BTOPOM IHKIIC
BBINONHAeTCH HHCTPYKIHS NOP. OnnH MamIHHHBIHA HHKI COCTOMT W3 YETHIPEX TAKTOB re-
Hepartopa. [lns TakToBoro reHeparopa ¢ wactotoil 4 MI'T Bce KOMaHIB! BEITIOMTHAIOTCS 34
IMKe, eciTH YCIOBHE HCTHHHO HIIH M3MEHSETCs cueTdnk Komana PC, koMaHIa BBITIOIHS-

erca 3a 2MKC,

57



Tabmuma 5.1 - Cnucok KOMaH MEKPOKOHTPOJIJICPOB CPEHETO ceMeiicTra

MHemoHuKa . | REE Wwkoa | Mam
KOMaHgkl Gricaitin {L' [ BuT 13 [ BuT 0| tnarn N Npyum
Bant opueHTap 18 KO-
[NEEE] 4 | Cnoxenwe W u 00 0111 df C.DC.Z2 1.2
VRN T 1.t | Nobuthoe 'MW u f 00 0101 di Z 1,2
PLLF || Oumcrnms f 00 0001 1f£f Z
Y] - | Oumctis W 1 00 0001 Oxxx Z
LUE 1.t | MueepTuposats f 1 00 1001 dfff Z 1.2
BVELF It | Budects 1 maf 1 00 0011 df Z 1,2
FERFET 1,4 | Burects 1 ma f v nponycTute ecnun 0 1(2) 00 1011 df 1,23
KA 1.t | Mg e 1kf 1 00 1010 4 1,
MEFst 1,¢ | NpwBaswte 1 &k f n nponycTue ecnn 0 1(2) 00 31111 dsf 1,23
NN 1.t | NoButroe 'MITA'W w f 1 00 0100 df zZ 1,2
(IR 1.t | Nepecnate f 1 00 1000 di Z 1.2
[N I | NepecnateW e f 1 00 0000
0¥ + | Het onepaummn 1
ELF 1.t | Luknwyeckwin caeur f BNeso Yepes nepexoc i 1.2
PRt 1.t | Liuknwaecknin caswr f Bnpaso 4epes nepexoc 1 158
PUREF 1.t | Bovects W nal 1 2
N |,¢ | MomeHATs MecTamu nonyBanTe B perucTpe f 1 2
TGAEF 1.t | NoButHoe 'weknioyaowee MWW n f 1 2
BUT opuerHTUp KO
i 1.4 | OumcTiTe BuT b B pervctpe | 1 1.2
Vit 1,3 | YeTavoeuTs BuT b B pervctpe | 1 1.2
F1Ese 1,4 | Mposepute But b & pervcrpe [ nponyc- 1(2) 01 3
TMTE ecnv 0
PTESS i:x | MposepuTh BuT b 8l perictpa |, nponye: 1(2) 01 11bb bEFf E£££F 3
TMTE ecnv 1
KomaHak! ynpasneH uA ¥ oNepaumi © KOHCTAHTAMU
LhbLY i | Cnommts koHcTaHTy cW 1 11 111x kkkk kkkk| C,DCZ
LVbLY i | NoBurHoe 'M' kokcTaHTe u W 1 11 1001 kkkk kkkk .
bR [ B1308 nognporpamme! 2 10 Okkk kkkk kkkk
TLER T - TOumcuis WDT 1 00 0000 0110 0100]-TO,-PD
[ RE] i | Beaycriophsli nepexod 2 10 1kkk kkkk kkkk
ALY i | NobutHoe 'MNW' koHcTaHTel n W 1 11 1000 kkkk kkkk Z
11l i Nepecnate koHctanty B W 1 11 00xx kkkk kkkk
PETRIE . ::"’mr 1 DEANPRIPEMME €« pRIpOLLBH. 2 00 0000 0000 1001
PETLE i Bosspar w3  noAMPOrpaMMbl G 3arpyaKoi 2 11 0lxx kkkk kkkk
koHcTauTsl B W
PETORN - | Bosspar ua noanporpamms! 2 00 0000 0000 1000
JLEE? - | Nepeitn 8 pesum SLEEP 1 00 0000 0110 0011]-TO,-PD
PURLE i | Berects W na el 1 11 110x kkkk kkkk| G,DCZ
1ORLE | NoButHoe 'wermoyaowee MK’ konwcTanTe: n W 1 11 1010 kkkk kkkk Z
Tpuseqanus:
1. [lpn  Bemonuenun onepaunu  "yTeHHe - Moau(uKanMs - 3anuce” ©

noproMm BBoja/BeiBoAa (Harpuvep MOVE PORTB.1) ncxoaHbIc 3HAUCHUA CHHTRIBAIOTCH
¢ BBIBOJOB TIOPTA, @ HC M3 BBRIXOIHBIX 3amicioK. Hampumep, ccim B BBRIXOZHOI 3ammiciike
OB110 3amucana 'l', a Ha COOTBETCTBYHOIIEM BBIXOJIE HH3KHIT YPOBEHB CHTHAIA, TO 00paTHO
Oyner samicano snavycHne 0"

2. Ilpu semonnennn 3anmucn 8 TMRO (n d=1) npemxnennrens TMRO cGpacrisaet-
s, ecim OH nokmoneH K Moayimio TMRO,

3. Ecam ycnoBHe WCTHHHO WIIM H3MCHACTCSH 3HAYCHMC cucTunka komana PC, 1o
WHCTPYKIINS BBITIOTHACTCA 3a /1Ba nnkaa. Bo sTopom umkne semonngercs komanga NOP,
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Dopmam komanod. Ha pucynke 5.1 nokasan (opmat Tpex rpynmn komaua. Kox ko-
MaHBI MOKET OBITE OT 3 710 6 OHT, UTO MOZBOJACT PeaH30BaTh 35 KOMaH.

Tpumevanue 1. JT1o6oii He pealn30BaHHBIH KO ONCpaliy COXpaHCH JUIA TOCIC-
ayomux paspabotox. Mcrnone3oBanne HEJ0KYMEHTHPOBAHHOTO KOJa OTICPAllMH MOKCT
TIPHBECTH K HEMPEACKa3yeMbIM TTOCTCACTBHAIM.

Bo Bcex nmpuMepax HCnoib3yeTcs cacayomuii opMar mecTHaAIAaTCPHYHBIX YH-
cem: Oxhh, rae h - mectraguaTepianas mwngppa.

[peacrasnenne aponunoro yncna: 00000100b, rae b - ykazaTens ABOHYHOrO umHC-

na.
BaAT of P Ie ONEPALMY C PETUCTPAME
13 B 7 € 0 d=0-pesynsTart COXPaHRETCA B W
~ OPCODE | d | f(Nss dpaine) 1 d = 1 - peaynsTaT coxpaHAeTcA B f
e bl l o | ! {NE B A (-7-pay il ADEC PONCTRE
Bur of P 18 of {MI € PeruzTRaMA
13 10 9 7 6 0 b - 3-paspagHeit Homep Gura 8 pericTpe
OPCODE | b | f(Nesdanne) | f- 7-paspaaneih anpec percipa
Komauas! ynpasneHys u onepauui ¢ KoHcTaHTaMu
Obuwes
13 8 7 0 e
OPCODE | k (koticTarTa) | = PIoPRRNOR SHaNEING
Toneko ana uHcTpyrumin CALL w GOTO
13 1110 0
OPCODE | k (komcTanTa) | k - 11-paspsinuoe auanenne

Pucynok 5.1 - Obmmit opmat KoMaHI MHKPOKOHTPOJICPOB CPEIHETO ceMeiicTRa

Tabmina 5.2 Onncanne noneii Koaa onepanny

Mone Onucanue

Anpec perwctpa (o1 0200 ao 0x7F)

Pabouui peructp (akkymynaTop)

Homep Buta 8 8-paspaaHoM permcipe

KokcTanTa (paHHsie i meTka)

He umeer snauenms (0 unu 1). AccemBnep redepupyet x=0 AnNA COBMECTUMOCTH NPOrPaMMmel
MUKDOKOHTPONNepa ¢

WHCTPYMEHTANbHEIMU CRBCTBAMM

d Ykasavens agpecata peaynetata onepaumu: d = 0 - peaynsTar COXpaHReTCA B
perucTpe w

d =1 - pesyneTat coxpanaeTca B perucrpe |

Mo ymonyanmo d = 1

label Mma meTim

x |x|or|E =

59



TOS BepluwHa cTeka
PC CHETYMK KOMaHT
PCLATH bythep cTapwero BanTa cHeTUMKE KOMaH
GIE EWT moBankHomm paspewents NpepeBaHui
WDT Cropoxesoh Taimep
-TO ®nar nepenonvenmna WDT
-PD @riar cHpoca No BRIKYEHMIO NWTaHKA
desl MpHEMHIMK, PETMCTP W WK PErUCcTP NamMATH
[1 [ononuuiensHsie napameTpel
() Copepxumoe
] Mpucaoexne
<> Butosoe none
g] W3 naBopa
Kypcua Tepmut, onp AbIF NONL3oBaTenem

Oépaugenue Kk pezucmpam cnequanbnozo nasnavenus, CucreMa KOMaHni MUKpPO-
konTpomnepoer PICmicro cpeanero cemeiicTBa Mo3BoiAeT HaANpAMY0 oOpamaTecsa KO
BCCM pErHCTPaM, BKITIOHAs PerucTphl obmiero HasnaucHms. CymecTByIOT HIOaHCH 00pa-
HICHHS K HCKOTOPBIM PErHCTPaM, KOTOPHIC JOMKCH YUHTRIBATE paspaboTuHK NporpaMm-
HOTO OGecTICucHNs,

YTAT T kax peeucmp nasnauenusn npu evinoanenuu komandsi. Ecnn obpame-
aic k peructpy STATUS BuimonnscTes KOMaHI0i, KOTopas Bo3acHcTByeT Ha (arm Z,
DC u C, to n3McHCHHE ITHX Tpex ONTOB KoMaHoil 3abnokuposana. DTH OMTE cOpachl-
BAKOTCH WIM YCTAHABIMBAKOTCA COTJIACHO JIOTHKE fpa MHKpOKOHTpomepa. Komanasr n3-
meHeHusa pernetpa STATUS takie He BosaciicTByioT Ha Outel -TO u -PD. [Tosytomy pe-
3YIBTAT BHITIOTHEHUA KoMaHael ¢ pernctpoM STATUS mower oTanuarees OT okMmac-
moro. Hanpumep., xomanga CLRF STATUS cOpocnt Tpn cTapumx OHTa W yCTAaHOBHT
out Z (cocrosuue pernerpa STATUS nocne seimonuenns komanaer 000uuluou, rae u - He
H3MCHSEMEBIIT OHT).

PLL kak ucmounuk daunsix U pe2ucmp naznayenus npu euinoanenun Koman:
Oovt. Komauasl aTeHns, 3amic 1 "areHne - Moandukanns - 3anuce” pernctpa PCL moryr

UMCTE CIICOYIOMINC Pe3YIIbTATRI:

Yrenne PCL: PCL — dest; PCLATH ne usMenscresd.
3armmce PCL: PCLATH — PCH;

8 - paspsagHoce 3HaucHie — PCL.
"Yrenne - moandukauns - 3amics": PCL — onepang AJIV;

PCLATH — PCH;

8 - paspsaaublii pezynsrat — PCL.
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I'me PCH - crapmmii 6aiiT cuctunka komani (He aapecyemsrii peructp), PCLATH
- Oydpep crapmiero HaiiTa cueTuHKa KoMaH, dest - perneTp HazHAYCHHA.

Bumoguvie onepayuu. Tlpn w3MeHeHun nroboro OWTa perucrpa cHavama perucTp
MOIHOCTBIO YNTACTCH W3 NaMATH JAaHHBIX, H3MCHACTCA OMT, 00paTHO JaHHBIC 3aITHCHIBA-
0TcA B peructp ("uteHne - moaugukanus - 3amice”). HeodXoaumMo yauTeIBATE ITOT (akT
npy 00panIcHIH K HCKOTOPBIM PETHCTPAM CIICHHAIBHOTO Ha3HAYCHHS (HanpHMep, perd-
CTPBI TIOPTOB).

lTpusevanue. U3MeHeHNE COCTOSHMS YIIpaBIfIOMMX OMTOB (BKIIOuas duarn npe-
pHIBaHWIT) BEIMONHACTCH B Takte Q1, modToMy He BO3HHKaeT npobieM mpH oOpaimieHHH
KOMaHI10# "uTcHHC - MOANPHKAINS - 3a1THCE" K PETHCTPaM, COACPKAIHM JITH GHTHL.

Takmot sotnoanenus komand. Kaxawiit unkn komanas! (TCY) cocTOUT U3 9eThl-
pex taktoB (Q1-Q4). Takt Q paBeH 1Mo UIHTEIBHOCTH NMEPHOAY TAKTOBOIO T'CHEpaTopa
(TOSC). Taxkter Q obecneunBaOT KECTKYI0 CHHXPOHH3ALUNIO JACKOJMPOBAHHA, YTCHHUA
AaHHBIX, 06paboTKY AaHHBIX, 3aMMCH PE3yIBTATA UM KayI10TO UHMKIa Komanjael, Ha pu-

CyHKe 5.2 MOKa3aHO COOTHOWICHHC TAKTOB Q K UHKIIY KOMaHJIBI.

Q1,02 Q3,04 .0Q1,Q2 /03,04 Q1,Q2,03 Q4

Shhhhhinhhhhh

PucyHok 5.2 - BpeMeHHas AuarpaMMa NUKJIHYECKOro MOBTOPEHN TakToB Q

Hukn xomanael (TCY), cocroammii u3 4-X TakToB, 0000IMIEHHO BBITISIAT Clle-
IYIOIHM 00pa3soM:

Q1: JlerekTHpoBaHue KOMAaHIB! WIH TIPHHYIANTEILHOH ycToil onepaunn (NOP)

Q2: Onepaunsa 9TeHAA JaHHBIX HUIH OTCYTCTBHE ONCpalnn

Q3: O6paboTka TaHHEIX

Q4: Onepanns 3anmiucH JaHHBIX HIH OTCYTCTBHE ONEpaLiH.

Onucanue komand. KoManae! nendartes Ha 2 Buaa: OUT-OpHCHTHPOBAHHEIC H DaiiT-

oprcHTHpoBanHsle. Hiske MpHBOIHTES WX OMHCAHNE,
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MHEMOHHKA |

ONHCAHHE

I

HPHMEPBI

] Lk ] Daarn

BaiiT-opHeHTHP OBaHHbIe KOMAH/IbI

CAo&NTH COAEPKRIMOE PErHCTPOB
W f

Ecan d=0, pesyasTar coxpansiercs B
perucrpe W.

Ecan d=1, pesyasTar coxpansnercs B
perucrpe f.

Koceennaa adpecayus: 014 ee guinove-

HUR m’r_:drm}u\m {)(;JFJE’]'J'HI.‘H”}{_‘H K peclc=
mpy INDF.
Ono awizosem delicmaie ¢ peaicmpom,

ADDWE __ABCO
Jlo BBITOJIHEHNS
W=0x17
ABC=0xC2
Mocae spinoanenus
W=0xD9
ABC=0xC2
Kocaennas adpecayusn
ADDWE INDF.1
J1o BEIMOIHEHAA

peructpe f,

ANDWE  ABCO

ADDWEF f.d adpec komopozo ykasan ¢ FSR. W=0x17
Kocaennasa sanucs & pezucmp INDF ne | FSR=0xC2 (nmo 3Tomy
Chaoxenne anizoaen nuxarix deticmauts (kpome agpecy “JekHT” HHe- c.pc,
Wuf sozdeticmens va grazu & pezricmpe a0 0x20) Z
STATUS) IMocae BuINOIHEHHA
Koceennoe ymenue INDF (FSR=0) oacm W=0x17
pesvabmam 00h. FSR=0xC2 (no sromy
9-1t Gum koceennozo adpeca (IRP) coxpa- | agpecy “JaeRuT” umHC-
nsemes 8 pecucmpe STATUS<7>. 110 0x37)
Hamenenue adpeca cuemuuxa komand PC | Buvucasemsiii nepexoo
(BBIYNCAACMBIL REPexod) BHINOIHAEMCA ADDWE PCL.1
komandoit npupauenus x peaucmpy PCL Jlo BLIMOIHEHHA
(ADDWF PCL). W=0x10
Ipu smont neobxodumo credums, Ymos PCL=0x37
snauenue PCL ne nepecexano spanuyy C=x
Baoka namamu dannwix (256 Gaiim, unave Mocne BeINOIHEHNS
- paGoma no Koabyy). PCL=0x47
PCL — snadunai Gaim (8 6um <7:0>) Cc=0
cuemyuraxomano (PC), docmynen oas
YIMEHUA U 3anucl. ADDWE PCL.1
PCH — cmapwuii Hatim (5 6um <12:8>) Jo BeInOAHEHHA
cuemyura komand PC, ne docmynen ons W=0x10
umenus u sanuci). Bee onepayun ¢ PCH PCL=0xF7
APOUCXOORM Yepes JONOTHUMERbHBI PCH=0x08
peawemp PCLATH. C=x
B cavuae svinicisemozo nepexada, npu IMocae BLIMOJTHEHHA
nepenomienuu PCL, unkpevenma PCH PCL=0x07
He npoucxooum (ghaaz C nodnumaemen). PCH=0x08
C=1
ANDWF __ ABC.I
Jlo BeInosIHEeHNs
ANDWE f.d Brinoansiercs noduTHoe “H” coaep- W=0x17 (00010111)
HMoro perucrpos W m . ABC=0xC2(11000010)
IModuTHoe H Ecau d=0, pe3yabTar coxpansaercs B IMocae BinoaHesnsn
Wuf perncrpe W. W=0x17 Z
Ecan d=1, pesyastar coxpansierca B | ABC=0x02 (00000010)

J10 BBIMOJAHEHHS
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W=0x17
(00010111)
ABC=0xC2(11000010)
Mocae puinoJaHenns

W=0x02
(00000010)

ABC=0xC2
Koceennas adpecayun
ANDWE ___INDF.1
Jlo BeINOAHEHHSA
W=0x17
FSR=0xC2 (no sTomy
agpecy “JaesHT” HHC-
a0 0x5A)
IMocae BuIMOAHEHHA
W=0x17
FSR=0xC2 (no sTomy
azgpecy “JeRnT” HC-
a0 0x15)

CLRE f

Ounernrs f

OuHeTHTE cogep:knMoe perucTpa f
M VCTAHOBHTL (aar 7

CLRF FLAG_REG
Jlo BeInOIHEHHS
FLAG_REG=0x5A
IMocae BIMOTHEHHA
FLAG_REG=0x00
Z=1
1‘\}!{"‘.{('””{{){ ﬂ(.’f}é"f'(.‘![!lﬁ
CLRF __INDF
Jlo BeIMOIHEHHA
FSR=0xC2 (no sTomy
agpecy “aekuT MHC-
a0 0xAA)
IMocae BuIMOAHEHHA
FSR=0xC2 (no 3Tomy
aapecy “aeRHT” HHC-
J10 Ox00)

Z=1

CLRW

OQuueruts W

OuHCcTHTEL CONePRHMOE PErHcTpa W
M YCTAHOBHTL haar 7

CLRW
Jlo BeinoaHeHs
W=0x5A
[Mocie BeINOTHEHHA
W=0x00
Z=1

COME f.d

HuBepTHPOBaTHL Bee GHTLI B perncrpe

Hugeeprupo-
BaTe f

Ecau d=0, pesyabTar coxpanserca B
perncrpe W.
Ecan d=1, pesyabTar coxpansiercs B
perncrpe f

COMF REGI1.0
Jo BeinonHeHns
REGI1=0x13
IMocae BuINOIHEHHA
REG1=0x13
W=0xEC

COMF_REGI1.1
Jo BbInOAHEHHS
REG 1=0xFF
Mocae BuINOTHEHHSA
REG 1=0x00




Z=1
!\’UC'()’(‘]H!’HH adpt‘cm,-rm
COMFE ___INDF.1
J10 BBITIOTHEHNA
FSR=0xC2 (no sTomy
agpecy “JAesHT” YHC-
a0 0xAA)
IMocae BuIMOTHEHHA
FSR=0xC2 (no aromy
agpecy “JIekHT UHC-

a0 (0x55)
DECF _CNT.1
J1o BEINOTHEHHAA
CNT=0x01
7=0
IMocne BoINOIHEHHUSA
CNT=0x00
=1
JleKpeMeHT coAepRHMOro DECE __CNT.0
DECF f.d perncrpa f Jlo BeInoaHeHHn
CNT=0x10
Beivuects Ecan d=0, pesyabTaT coxpansercs B W=x
lnsf peructpe W, Z=0 1
Ecan d=1, pesyasrar coxpanserca B IMocae BeInOAHEHHA
peructpe f. CNT=0x10
W=0x0F
Z=0
Koceennas adpecayus
DECF ___INDF.1
Jlo BeinoaHeHns
FSR=0xC2 (no sTomy
azgpecy “aeRuT” uHC-
a0 0x01)
[Mocie BLINOTHEHHA
FSR=0xC2 (no aromy
agpecy “aeRuT uMC-
a0 0x00)
Z=1
JexpeMeHT coiep:RHMOro HERE %
perucrpa { ¢ nponyckom, ecan () Ty et
DECFSZ f.d | Ecan d=0, pesyasTar coxpansiercs B 1) Mo Bbin u.'lmenmi
bl il  CNT=0x01
Beiuectn Ecan d=1, pesyanTart coxpansiercs B PC=anpec HERE
lusfu perncrpe f. THocne bramomenng | 1@
nponyctiTh | | Ecan pesyasTar He pagen () — Henmoans- CNT=0x00
ecan 0 eTest eIy HHCTPY KIus. PC=agpec CONTINUE

Ecan pesyasrar = 0, TO caeayoman
HHCTPYKIUNA He BLITOJAHAETCA (po-
MYCKAeTCH, BMECTO Hee BbINOJIHAETCR
“gupryaasieiii’ NOP), a komanaa
BLINOJIHAETCS 32 2 NMKIA,

2) Jlo BuinoaneHns
CNT=0x02
PC=anpec HERE
[Mocae BLIMOTHEHHA
CNT=0x01
PC=aapec HERE+1




INCF f.d

Mpudapurs
l v f

Huk PEMEHT COAEPAHRHMOTD

perucrpa f
Ecan d=0, pesyasrar coxpannercs B

perucrpe W.
Ecan d=1, pesyabrar coxpansnercs B
peructpe f.

1) INCF__CNT.1
Jlo BeinoaHeHus
CNT=0xFF
Z={)

Mocae puinoaHenns
CNT=0x00
Z=1

2) INCF_CNTO
J10 BEIMOTHEHHA
CNT=0x10
w:x
Z=0
IMocae BLINOIHEHHA
CNT=0x10
W=0x11
Z=0
JF\'I‘J('HL’HHHX HUPL’I"_'EHHU(
INCF__INDEF.1
Jlo BeINOJAHEHHA
FSR=0xC2 (no aTomy
agpecy “JeRuT” uHC-
a0 0xFF)
7Z=0
IMocae BuIMOIHEHHA
FSR=0xC2 (no 3tomy
agpecy “JaekRHT” MHC-
a0 0x00)
Z=1

INCFSZ f.d

Npudasurs
Il wfm
nponycTHThL
ecan

HukpeMeHT cofepRHMOro
perucrpa { ¢ nponvekom, ecan ()

Ecan d=0, pesyasTart coxpansiercs B
perucrpe W.
Ecan d=1. pesyasTaTt coxpansiercs B
perncrpe f.
Ecan pesyanrart we pasen () — uenoans-
€TCA CeAYIOLIAs HHCTPY KM,
Ecan pesyasrar = 0, T0 caeayoman
HHCTPYKUHS He BLINoAHAETes (1po-
MYCKAETCH, BMECTO Hee BLINOJIHAETes
“pupryaasHblii”’ NOP), a komanaa
BLINOJHSAETES 32 2 HHKAA,

HERE INCFSZ CNT.1
GOTO LOOP
CONTINUE

1) o BeinosHenus
PC=anpec HERE
CNT=0xFF
IMocne BoinoaHeHA
CNT=0x00
PC=anpec CONTINUE

2) Jlo BeimoaHeHsn
PC=aapec HERE
CNT=0x00
Mocnae BoinoaHenun
CNT=0x01
PC=aapec HERE+1

1(2)

1) IORWE RESO
o BeINOIHEHIS
RES=0x13

W=0x91




IORWF fd

MoGuTHOE
“HJIH”
W f

Modurroe "HIIH™ coaepxnmoro

perncrpos W n f
Ecan d=0 - pesyabrart coxpansercs B

perucrpe W
Ecan d=1 - pe3yasTaT coxpaHsercs B
perucrpe f.

IMocae puinoaHenus
RES=0x13
W=0x93
Z=0

2) JORWF RES.1
Jlo BBInOAHEHHA
RES=0x13
W=0x91
IMocne BuINOTHEHHA
RES=0x93
W=0x91
Z=0

3) IORWF RES.I
Jo BeIMOJAHEHAA
RES=0x00
W=0x00
MMocae puinoaHeHs
RES=0x00
W=0x00
Z=1
Koceennan adpecayus
IORWFE INDF.1
Jo BeInoaHenus
W=0x17
FSR=0xC2 (o 3tomy
agpecy “aekRuT” uHC-
a0 0x30)
IMocae Boimoanenus
W=0x17
FSR=0xC2 (mo 3Tomy
agpecy “aeknT” uHc-
a0 0x37)

Z=0

MOVE fd

——

Iepecaars
f

Conepsumoe pernctpa { nepecbiiaer-

cfl B peruerp agpecara
Ecan d=0 — 3pauenue coxpanserca B
perncrpe W.
Ecan d=1 — 3Hauenue coxpansercs B
peructpe f.
d=1 nemoaw3yeres 415 NPOBEPKH
coep:RuMoro { Ha HOJIB.

MOVE REGO
Jlo BEINOIHERHA
W=0x00
REG=0xC2
MMocae BeinoaHeHNs
W=0xC2
REG=0xC2
Z=0

MOVE REG.I
1) do BuinoiHeHns
REG=0x43
MNMocae BuINOIHEHNA
REG=0x43
Z=0
2) /1o BBIMOJIHEHHS
REG=0x00
IMocae ppinoaHenNn
REG=0x00
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Z=1
Koceennas adpecayun
MOVF INDF.1
Jlo BeINO/THEHHA
W=0x17
FSR=0xC2 (o aromy
aapecy “aeRut” ne-
a0 0x00)
IMocie BuINOTHEHHA
W=0x17
FSR=0xC2 (mo 3Tomy
aapecy “aeknt’” une-
a0 0x00)

Z=1

MOVWE f

Mepecnars
W B f

Iepecaars coaepxnmoe W B f

MOVWE OPTION
Jlo BeIMOAHEHHSA
OPTION=0xFF
W=0x4F
Mocae BoinoaHenus
OPTION=0x4F
W=0x4F
KU('KL‘HHI:J’H dr]})&‘['ﬂi{h‘}i
MOVWE___INDE
J1o BEIMOJIHEHHA
W=0x17
FSR=0xC2 (no 3romy
ampecy “JaeRHT MHC-
a0 0x00 )
Mocae BoinmoaHenns
W=0x17
FSR=0xC2 (mo 3Tomy
azgpecy “JeRnT” YHC-
a0 0x17)

Her onepaunu

HERE NOP
Jo BeIOAHEHHA
PC=anpec HERE

IMocae BuINOIHEHHA
PC=anpec HERE+]

RLF f.d

Huxkanuecknii
cagur f
BJIEBO Hepes
nepeHoc

Beinoansercs gmc:mwecmlii CABHE

BJIEBO COIEPAKRHMOT0 perucrpa f uepes
out C pernerpa STATUS

Ecan d=0 — pe3yasTar coxpaHsercs B
perncrpe W.

Ecan d=1 - pesyabrar coxpansercs B
peructpe f.

RLF REG .0
J1o BEIMOJIHEHHA
REG=11100110
W=XXXKXAXX
Cc=0
IMocae BeinosIHEHNA
REG=11100110
W=11001100
C=1
Kocsennas adpecayus
RLE INDE.|
Jlo BbIMOJAHEHHS
FSR=0xC2 (no sromy
azgpecy “aeRuT” qHC-
a0 0x3A - 00111010)
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O PenierpT j

C=1
[Moc1e BLIMOTHEHHS
FSR=0xC2 (no 3Tromy
azgpecy “JeRnT” uHC-
A0 0x75 - 01110101)
c=0

RLF INDF.1
Jo BeINOAHEHHR
FSR=0xC2 (no aTomy
agpecy “JeRHT " HHC-

a0 0xB9 - 10111001)
Cc=0
Mocae BuinosaHenus
FSR=0xC2 (no aTomy
ajgpecy “neauT” umc-
a0 0x72-01110010)
C=1

RRE f.d

——

Hukanueckuii
capur f
BIPABO HYepes
nepexHoc

Bolmoansiercs unkIuMeckuii casur

BIIPABO COIEPRHMOTO pernctpa f uepes
our C pernerpa STATUS

Ecan d=0 — pesyvasTar coxpansercs B

perncrpe W.

Ecan d=1 — pe3yasrar coxpaHsercs B

perucrpe f.

€rHCT

RRF REG O
Jlo BeIMOAHEHHS
REG=11100110
W=xxaxxxxx
C=0
IMocae puinoanenns
REG=11100110
W=01110011
Cc=0
I‘\}J(‘I‘f[‘””ﬂ}i ﬂ(}p{’t'ﬂifh‘h’
RRF INDF.1
Jo BeImoaHeHHA
FSR=0xC2 (no 3Tomy
agpecy “JIeRHT HHe-
a0 0x3A - 00111010)
C=1
Mocae BuINOIHEHNSA
FSR=0xC2 (no aTomy
agpecy “aemRnT” YHc-
a0 0x9D — 10011101)
c=0

RRF INDF.1
Jo BeinoaHeHHS
FSR=0xC2 (no 3Tomy
agpecy “JaemRnT” qHC-
a0 0x39-00111001)
Cc=0
IMocae BeimnosaHeHns
FSR=0xC2 (no sromy
agpecy “JaeRHT” uHC-
a0 0x1C = 00011100y
c=1
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SUBWEF f.d

Bervects

W ns f

Belueranue coaep:kumoro perucrpa W

u3 perucipa f.
Ecan d=0 - pesyasrart coxpansercs B

perucrpe W.
Ecan d=1 - peiyasTaT coxpaHsercs B
perucrpe f.

SUBWF REG.I
,H.D BBRINMOJTHEHHA
REG=0x03
W=0x02
C=x
Z=x
IMocae BuIMOTHEHHA
REG=0x01
W=0x02
C=1,Z=0
(“+" pesyabTar )

SUBWF REG.1
Jlo BEITOJIHEHNSA
REG=0x02
W=0x02
C=x
Z=x
IMocae BuINOIHEHHS
REG=0x00
W=0x02
C=1,Z=1

("0 pesyasrar)

SUBWE REG.1
Jlo BeIMOAHEHHA
REG=0x01
W=0x02
C=x
Z=x
Mocae BLINOAHEHHA
REG=0xFF
W=0x02
C=0,Z=0

(- pesyabTart)

C.DC,

SWAPF f.d

IoMeHATE MeCTaMH CTapUIHiE H Maan-

MomenaTs
MecTamu
noaybai sl
B f

wHii noayoaiiTe! perucrpa f.
Ecan d=0 — pesyasTar coxpansercd B

peructpe W.
Ecan d=1 — pesyasTar coxpansercs B
peructpe f.

SWAPF REG.0O
Jo BeinoaHeHnn
REG=0xA5
(1010 0101)
W:x
IMocae spinoaHenns
REG=0xA5
W=0x5A
(0101 1010)

SWAPF REG.1
J1o BeIMOJAHEHHSA
REG=0xA35
IMocae BuinoaHeHNA
REG=0x5A
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K(JL‘HEHHHH ﬂd.ﬂé-‘{'b‘l{ﬂ){
SWAPF INDF.1
J1o BBINOJAHEHHA
FSR=0xC2 (nmo a1omy
anpecy “JeanT” uHe-
a0 0x20 - 0010 0000)

MMocae BeINOAHEHNA
FSR=0xC2 (no sromy
anpecy “aeAnT HC-
a0 0x02 - 0000 0010)

XORWF f.d

———— e

ModurHoe “ue-
KAWYawuee
WiIn"
Wunf

Cpasnentie codepicumozo pesucmpos
W u f (nposepxa na “odunaxosocms”)

= Jovatomee “HJIIH™
epaumoro pernerpos W wu f

Ecan d=0 - pesyasTar coxpansiercs B
perncrpe W,
Ecan d=1 - pesyawTar coxpansercs B
perncrpe f.

XORWF REG.1
Jlo BeInoAHEHHA
REG=0xAF
W=0xB5
MMocae BIMOIHEHNA
REG=0x1A
W=0xB5

XORWF REGJO
Jlo BeIoIHEHNA
REG=0xAF
W=0xB5

Iocne Beimoanenns
REG=0xAF
W=0x1A

=
Kocsennas adpecayus

XORWE INDF.1
J10 BRINOAHEHHA
W=0xB5
FSR=0xC2 (no sromy
agpecy “aexuT” MHC-
a0 0xAF)

MMocae BuinoIHEH NS
W=0xB3
FSR=0xC2 (no sromy
agpecy “aekuT” uHC-
o Ox1A)
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BHT - 0pHEHTHPOBAHHBIE KOMAH/LI

(b-010 10 7)

BCF f.b

f ot SRR L

YeTaHoBHTH
B0 our b

perncrpa f

YeranoBute B () Gur b perucrpa f

BCF REG.J
o BeINOIHEHNA
REG=0xC7-11000111

IMocae BuinoaHeHH
REG=0x47- 01000111

Koceennaa adpecayus
BCE INDF 3
Jo BeinoaHeHns

FSR=0xC2 (no 3romy

azgpecy “JemnT” qnc-

a0 0x2F -0010 1111)

Mocue BeInOIHEHIS
FSR=0xC2 (no 3romy
anpecy “aeRHT” une-
a0 0x27 - 0010 0111)

BSF f.b

YeTanoBHTH
Blour b
perucrpa f

YeranosuTh B | dur b perucrpa f

BSF___REG.7
Jo BeInoaHeHN
REG=0x0A- 00001010

IMocae BuinoaHeHHs
REG=0x8A- 10001010

Koceennas adpecayus
BSFE INDF.3
J1o BeINOAHEHHS
FSR=0xC2 (no aTomy
ampecy “JeknT” uHC-
a0 0x20 — 0010 0000)

MMocae BeImOTHEHHA
FSR=0xC2 (no aTomy
azgpecy “JemnT” qHc-
a0 0x28 — 0010 1000)

BTFSC f.b

R

Mposepurs Gur
b B perncrpe [,
ecan b=0,T10
NPONYCTHTL
CACAYIONIY10
HHCTPYRIHIO

Ecau 6ur b B perncrpe f =1. 10
HCHOJIHAETCS CAeaVIOIasn HHCTPVKIHS
Ecan dnt b B perucrpe { =0,

TO CJAeIYHIas HHCTPYKUHSA
He BBINOJHAETCH (MPONYCKAETCH , BMe-
€T0 Hee BLINOIHAETCH ~ BHITYAIbH I
NOP). a komanma
BBINOJIHSETCS 38 2 UHKIA.

HERE BTFSC FLAGA
FALSE GOTO  ABC
TRUE .

1) o sinoanesns
PC=aapec HERE
FLAG=xxx0xxxx

IMocae BuInoHEHHA
T.k. FLAG<4>=0,
PC=anpec TRUE

2) o BuinoJaHeHns
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PC=aapec HERE
FLAG=xxx1xxxx

TMocuie BuIMOJTHEHHA
T.k. FLAG<d4>=1,
PC=anpec FALSE

(ncnoausercs
GOTO ABC)

BTESS f.b

Mposepnts GuT
b B perncrpe f,
ecan b=1,T10

Ecan 6ur_b B perncrpe f=0.

HCMOOJHASTCH CAeAVIOLIAH HHCTPYKIHA
Ecau 6ur_b_B peruncrpe f=1.

TO CIeAVIOIad HHCTPYKIHA

HERE BTESS FLAGA
FALSE GOTO ABC
TRUE

1) Mo spinoasennsn
PC=aapec HERE
FLAG=xxx0xxxx

1(2)

“p"“l-""":”' HE BLINOIHSAETCH (MPONYCKACTCH , BMe-
SR CTO Hee BLINOJIHSAETCH " BHPTYAILHBII"
HHCTPYKINIO NOP). a rcomtana MMocie BuinoIHeHHs
BBINOIHSACTCA 324 2 HKAA T FLAG =1,
LLiie NCLes o T PC=aagpec FALSE
(McnoaHaeTcs
GOTO ABC)
2) Mo BBINTOJHEHHSA
PC=anpec HERE
FLAG=xxx1xxxx
IMocae BLIMOIHEHHA
T.k. FLAG<d>=1,
PC=angpec TRUE
Komanael onepanmii ¢ KOHCTaHTAMH (k—-or0mo255)
ADDLW 0x15
Jo BeinoaHeHnn
W=0x10
Iocae BLINOIHEHRHA
W=0x25
ADDLW _k Coaepsxumoe perscrpa W ADDLW  REG
cRAAabIBaeTes ¢ 8 — paipaaHoii Jlo BINOAHEHHS
ClosnTh KOHCTanTol K. WwW=0x10 1 C.DC,
KOHCTAHTY PesvabTaTt coxpansercs B perucrpe W | REG=0x37 (agpec pe- Z
c W THCTPA, 4 HE ero co-

fnepanMoe)

IMocae BuIMOIHERHA
W=0x47

ADDLW _ CONST

Jo BeinonHeHHA




“Iponucka” B wan-
Ke” mporpaMmi:
CONST EQU 0x37

W=0x10

Mocae Beinoanenns
W=0x47

SUBLW _ 0x02
Jo Beinoanenns

W=0x01
SUBLW Kk C=?
=1

Mocae BuinmoaneHns

Boiuects W Briuects conepxumoe perucrpa W

3 H3 8 - paipsanoii KoHcTaHTh k. W=0x01

KOHCTAHTLI Pesvanrar coxpansiercs B perucrpe W. C=1,Z=0
(“+" pesyabrart)

SUBLW _0x02
Jlo Belnoanenus
W=0x03
C=?
=2
MMocae Buinoanenns
W=0xFF
C=0,Z=0
(*-* pesyabTart)

SUBLW _ 0x02
Jo Beimoanenus
W=0x02

=?

Z=?
Mocae BuinoaHeHns
W=0x00
C=l )
( *0" pesyanTar)

SUBLW _ REG

Jo Binoanenns

W=0x10

REG=0x37 (aapec

pemcTpa, a He ero
conepkMMoE)

IMocae BLIMOIHEHHSA

W=0x27

C=1




MOV

LW k

Iepe

KOHCTAHTY

CAATh

Ilepecaars koneTanTy k B perucrp W

MOVLW 0x5A
Jlo BeIMOIHEHHA
W=x

IMocae BuIMOIHEHIA
W=0x5A

MOVLW _REG
B HencnoabsveMmeix Gurax accembaep
w

yeranasausaer 0

Jo BeINOAHEHHR
W=x
REG=0x37 (anpec
perscrpa, a He ero
COMEPKNMOE)

[Mocae BuinoaHeHHS
W=0x37
Z=0

MOVLW CONST
Jo BelnoaHenus
“Iponucka” B “wan-
Ke” nporpaMmei:
CONST EQU 0x37
W=x

IMocae BuinoIHEHHS
W=0x37

ANDLW

k

IModuTHOE
“H”

KOHCTAHTHI
n W

Brinoauserca nodurnoe “H” coaepxn-
moro perucrpa W u 8 — paipanunoii
KOHCTAHTEI K.

Pesviabrar coxpansiercs B perncrpe W

Ilocae BuinoaHeHHA

ANDLW _ CONST

ANDLW 0xSF (01011111)
J1o BbINOJAHEHHA
W=0xA3 (10100011)

Mocae BuINOIHEHHS
W=0x03 (00000011)

ANDLW _REG
Jo BeinoaHeHns
W=0xA3
REG=0x37 (anpec
persicTpa, a He ero
cogepRHMOe)

W=0x23

Jlo BeinoaiHeHs

“IMponucka” B “wan-
Ke” mporpaMmel:
CONST EQU 0x37
W=0xA3

IMocae Beimoanenus
W=0x23
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IORLW__k

HModnTHoe
SHAN”
KOHCTAHTEI
u W

Buinoansieres noGurnoe "HIHT
cojfepaxumoro perincrpa W w8 — pas-
PRAHOI KoHCTanTE K.
M’akJET COXPAHAETCH B PETHCTPE W.

(0x35 - 00110101)
Jlo BEIMOJAHEHHA
W=0x9A (10011010)

Moche BUMOIHEHR
W=0xBF (10111111)
7=0

IORLW _REG
J10 BLINOJIHEHNA
W=0x9A
REG=0x37 (aapec
perucTpa, a e ero
coaepaIMoe)

Mocae BeImOAHEHHS
W=0x9F
z=0

IORLW CONST
Jlo BeInOIHEHNR
W=0x9A
“Iponuera” B “wan-
Ke' mporpaMmb
CONST EQU 0x37

IMocae BuInoaHERns
W=0x9F
Z=0

IORLW __ 0x00
Jo BeimoaHeHns
W=0x00
Moche Buinoanenns
W=(x00
Z=]
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XORLW k

IoduTHOE

“Herawuaio-
wee HWIH™
KOHCTAHTBI
nw

Cpasnenue codepacumozo pezucmpa W
u koncmanmsi (nposepra ha *oounaxo-
gocms"")

Buinpausiercs nodurioe

“Herawuawmee U™ copepaumoro
perncrpa W u 8 — pazpsinHoii

KOHCTaHTHI k.

PeavanLTart coxpansiercs B perucrpe W.

XORLW OxAF(10101111)
Jlo Beinoanenus
W=0xB5 (10110101)

Iocae BuInoIHEHHS
W=0x1A (00011010)
Z=0

XORLW REG
Jo BeINOAHEHHA
W=0xAF
REG=0x37 (aapec
perncTpa, a He ero
COMEPKNMOE)

[Mocae BuinoIHeHHS
W=0x18
Z=0

XORLW CONST
J1o BBIMOJAHEHHA
W=0xAF
“Mponucka”™ B “wan-

Ke” mporpaMmet:
CONST EQU 0x37

MMocie BunoaHEHHS
W=0x18
Z=0

Komanae! ynpasienus

CALL

Yeaosuwiii
nepexosn
(mepexoa
Mo CTeKy)

BrinoannTh Ye10BHBII nepexo.

Anpec caeaviomeii naerpykinn (PC+1)

HERE CALL ABC

Jo BeIMOAHEHHS

“sarpyaaerca’ B BePUIHHY CTeKa
(TOS).

KOMAHALI B CHETUHK KOMAHT

PC<10:0>.

cueTunk komaua PC<12: 11>
u3 perncrpa PCLATH.

11 6ur anpeca “sarpyvikalores’” W3 Koma
2 crapmnx OuTa “sarpykaiores’ B

PC=aapec HERE

Mocae BeIMOTHEHHA
PC=anpec ABC
TOS=agpec HERE+1

(%]
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GOTO _k BoInoainTes 0e3vCa0BHbII epexo.
11 OuT anpeca “3arpyikarTen’” H3 Koaa GOTO ABC
KOMAHIBI B CHeTYHK KOMaH] IMocae BLIMOIHEHHA
besycnoBabIi PC<10:0>. PC= anapec ABC 2
nepexon 2 crapunx duTa “sarpyvkaiores’ B
(cTex ne cueTunk Komaua PC<12: 11>
3agect- n3 perncrpa PCLATH.
BOBaHI
RETURN Boispar 3 noanporpaMmel. RETURN
Bepmnna creka (TOS) “Buirpyvikaeres”’ | Ilocae BeinoaHeRns 2
Bosepar B cueTuuk kKomana PC. PC=TOS (aapec,
0 CTEeKY “BBITPY/REHHBIH" W3
TOS)
HERE CALL TABLE
RETLW k Boispart H3 noanporpaMmel. .
B peructp W sarpysaerea 8-pa3pai- | TABLE ADDWF PCL.I
Bosspart Hasl KOHCTAHTA, RETLW kIl
10 CTeKy Bepunua crexa (TOS) “puirpyvakaerca” RETLW k2
¢ 3arpy3koi B cueTqHK komaua PC. ‘ 2
KOHCTAHTHI RﬁTLW i
B W Jlo BbINOAHENHHS
W=0x07
MMocae BulmOIHEHHA
W=3nauenmue k8
PC=TOS (aapec
HERE+1)
RETFIE Bosspart 13 noanporpamMmmel 06padoTki
HpepLIBAHMIL. RETFIE
Bosspat no Bepminna creka (TOS) sarpyaaercs Mocae BuinOIHEHHS 2
crexy m3 [T B cueTynk kKomana PC. PC=TOS
obpadoTku OcyuiecTBaseTcs nNpeiBapHTeIbLHOE GIE=1
npepLIBaAHNI paspelenie npepbiBaHuii
(our No7 perncrpa INTCON {GIE} ve-
TAHABJIHBAETCA B 1).
CLRWDT
J10 BBIMOJIHEHHS
CLRWDT Copoe WDT u npeiennrens WDT » npexytenn-
(ecam on moakmoven k WDT). Telb He cOpoIeHE!
Copoc WDT B perucrpe STATUS, 6urer -TO u Kaea. npeptennrens:
(cTopoxesoro| -PD veranapaueawres B 1. 1:128 1 -TO
Taiimepa) -PD
Koydppuunent genenus npemaenurens | Iocne Buimoanenus
(ecan oH noakarden kK WDT) WDT u npemienn-
He MEHAEeTCA. Tellb chpolIeHB]
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Kaen. npepgenurens:

1:128
-TO=1
-PD=1

SLEEP

Iepexon
B PeKHM
SLEEP

IMepexon B “cnsumii peskum”
Copoc daara BRAWYEHHS NHTAHUA
(-PD)BO.

Veranoska daara nepenosiHeHus
WDT (-TO)=s 1.

Copoc WDT u ero npeienurenn.
IlepeBoa M/KOHTpoO.LIEPa B
peswum SLEEP u Bulka04enne
TAKTOBOIO reHepaTopa.

SLEEP

-TO
-PD

KOH.‘:‘IPO;'.' bHblE 6ONPOCHI.

1. Yro Takoe OMT-OPHCHTHPOBAHHBIC KOMAaHIB MHKpokoHTpoiicpa?! Ilpueeante

TIPHMEPBI HX TIPDHMCHCHHAA .

2. Uro takoc GaifT-OpMCHTHPOBAHHBIC KOMaHIB MHKpokoHTpoiuiepa? Ilpuseinte

IPHMEPEI HX TIPHMCHCHHS.

3. Yro npexcrasiasioT codOH KOMaHIE! YIPABICHHS MHKPOKOHTPOIUICPOM, B KAKHX

CIIy4asX OHH MOTYT TPHMCHSATBCS?

4. llpuBeanTe NPHMEPBI TPOTPAMMHBIX OTICPALIHil ¢ KOHCTAHTAMH.

5. Kakosa pons pernctpa STATUS muxpoxonTpomniepa?

6. YTo Takoe TAKTHI BRITIOIHCHHA KOMaHI MHKPOKOHTposepa?
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rTOCCAPUHA

A/D
AT
Cwm. Analog to Digital.

Acquisition Time (TAQC)

JlmiTenbHOCTS 3apsjia KOHACHCATOpa

10T napameTp cBaszan ¢ momgyiaeMm AL TAQC - untepBan BpecMCHH, B TCHCHHE
KoToporo BHyTpeHHHI kKoHmeHcaTop ALTT 3apszkaercs 10 HanmpsKCeHHUS TOIKITIOUCHHOTO
Bxoauoro kanana. Korma 6ut GO ycranosicn B 'l', To aHanoroselii BXOJ OTCOCAWHCH OT

BHYTPCHHCTO KOHACHCATOPA, BBITIOJIHACTCA npcoﬁpaaonanu&

ALU

AJTY

Apu(MeTHKO-IOTHYCCKOE  yeTpoficTBo.  Moayns  #ipa  MHKPOKOHTpOILICpa,
OTBCYAIONIHI 32 MATEMaTHUCCKHE (CIOKCHUE, BEIYHTAHNE | Ap.), norrycckue ("n", "mom”

H Z[p) H oncpainmn casura.

Analog to Digital (A/D)
Ananoro-unposoc npeobpasoBanmc

Bxoanoii ananoroselii curuan npeodpasyertca B JKBUBAICHTHEI 1TH(pOBOIT Ko,

Assembly Language
Accembiiep
CHMBOIHYCCKHIT A3BIK TPOrPaMMHPOBAHNA, ¢ MOMOIIBI0 KOTOPOTO MAallHHHBIC

KOJIEI TPEACTABIAIOTCS B YA0GHO unTacMoii hopme.
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Bank

bank

Metoa agpecannn namsaTi gaHHeix. KomawuIel cpeaHero cemeiicTBa MHKPOKOH-
Tpomnepos PICmicro nmeror 7 OHT 1t npsaMoli agpecanny NaMsaTH IaHHBIX (MaKCHMyM
128 Gaiit), BRIIOUAsl PETHCTPEI CCUHATbHOTO HaznadcHus. Jlnst Toro, 4tober Gblma BO3-
MOKHOCTE Pean30BaThk OOJMBIINIT 00beM MaMsITH JaHHBIX, OHa Obla pa3duTa Ha DaHKH 1Mo
128 Gaiir. Beibparte Tpebyemerit Dank MosxkHO ¢ nomomkio 6urtor RP1:RPO. Makcumym

MOXkeT OBITh pean3oBaHo 4 GaHKa MTaMATH JaHHBIX (71Ba YIIPABISIOMNX OHUTa).

Baud
bon

CKOpOCTh Mepeiadn JaHHBIX [0 NOCHe/I0BATEIbHEIM HHTepdeiicaM (IKBHBAICHTHO
ont/c).

BCD
Cwm. Binary Coded Decimal (BCD).

Binary Coded Decimal (BCD)
JIBOMYHO-JCCATHUHOC KOANPOBAHUC HHCE
Kaxapie 4 6uta onpexensior mndpy ot 0 1o 9. Kak npaeuno. oann Gailt comep-

KUT Be wndper (ananason yncen ot 0 10 99).

BOR

Cwm. Brown-out Reset.

Brown-out
CHIKCHHC HANPAKCHAC TTHTAHHSA
Venosue, IpH KOTOPOM HATIPAKEHHE THTAHMS OMYCKACTCS HIDKE ONPEICICHHOTO

3HAYCHHA. DTO MOKET TMPOHUCXOINTE MTPH KOMMYTAalnn MOITHOH HAarpyskH.
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Brown-out Reset (BOR)

COpoc 110 CHIKCHHIO HATIPSUKCHUS TTHTAHA

Cxema, KoTopas TICpeBOIHT MHKPOKOHTPOIUICP B cocTosHHe cOpoca, ccim Hanps-
FKCHME MHTAHNS CTAT0 HIGKC YCTAHOBJICHHOTO 3HaucHMsA. HeKOTOpBIC MHKPOKOHTPOIICPHI
HMeI0T HHTerpupoBannyo cxemy BOR (ecnm Her BryTpenneit cxemel BOR, 1o moxer

BO3HHKHYTE HCOOXOIMMOCTB B TOCTPOCHHH BHCIIHCH CXCMBI).

Bus width
Pa3psagHocTs IMHE
Yicsio 6T AaHHBIX NCpeaaBacMBIX 1o mHHe. PaspsaanocTs NIHHE JaHHBIX - 8 OHT.

PaspsaaHoCTe MHHEL TPOTPaMM U MEKPOKOHTPOJIICPOR cpeliHero cemMeiicTra - 14 Our.

Capture
3axsaT
@ynkuns CCP mMomysa, B KOTOpOit 3Ha4CHHE TaiiMcpa 3alHChIBACTCA B PCTHCTPEI

3aXBaTa MpH BO3HHKHOBCHHH YCIIOBHA 3aXBaTa.

CCP
3axBaT, CPABHCHHC, MIHPOTHO-HMITYIBCHBIH Momymstop (PWM). Dror Moayns
MOMKCT OBITE HacTpOCH 14 ]3360'[1':] B OTHOM M3 PCKHMORB! 3aXBaT JaHHBIX, CPABHCHHC WIH

HIUM.

Common RAM

O6mee O3V

ObnacTe mamMATH AaHHBIX, KOTOpas AOCTYIHA BO BceX OaHKax MaMATH JaHHBIX.
Kaxk npasuno, ta obnacts nmeet agpeca ot 70h no 7Fh (Brmountensho). B oToit obmacmn
yI00HO COXPaHATE YacTO MCHAIOIIHCCA TICPEMCHHBIC H KOHTCKCT NPOrpaMMbl TIpH oOpa-

00TKe npepbIBaHuii.
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Compare
Cpapzenue
Oynkuna moayna CCP, npn KoTOpoil BHIMOIHUTCA YKa3aHHOC ACHCTBHC, Korja

3HAYCHUC TaiiMepa COOTBCTCTBYET 3HAYCHHIO B PETHCTPaX CPABHCHHA.

Compare Register

Perncrp cpasHeHUS

16 - paspsjHBIl PCrHCTP, B KOTOPOM XPAHMTCA 3HAYCHHE, CpaBHHBacMoce ¢ 16 -
paspAaIHbIM 3HAYCHHCM TaﬁMCpa. OD,'HOKpaTHO BBIMTOTHACTCH YKa3aHHOC ﬂeﬁcranc, Koria

JHAYCHHC Tai'mcpa CTAHOBHTCH PaBHBIM 3HAYCHHIO PCTHCTPA CPABHCHHA.

Capture Register
Pernctp 3axsarta
16 - pa3psaHeli perucTp, B KOTOPLIi 3arpy:kactea 16 - paspsaiHoc 3HasMcHHC Taii-

mepa TMRI, korjia BeITONHACTES YCIOBHC 3aXBata.

Configuration Word

Crnoso kouurypammm

B croBe KOHGUTYpAaUHH OTPEACIAIOTCS TapaMeTpsl paboTEl MHKPOKOHTPOIIICPa
(pesknm paBoThl TAKTOBOTO reHepatopa, BritoucHne WDT, srmouenue taiimepa PWRT n
ap.). DTH MapaMcTPBl OTIPCACIAIOTCA BO BPCMS TIPOTPAMMHPOBAHNA MHKPOKOHTPOIICPA.
Jlms mukpokorTpossiepos ¢ EPROM namsiTeio nporpamm sHadcune 6ura '1' MoxkeT ObITE
usMeHeHo Ha ‘0. [lamsaTe mporpamMyM aomkHa ObITE CTEpTa, 9T00B! BOCCTAHOBHTH 3HAUECHHE

|1|

Conversion Time (Tconv)

Bpewms npeobpazosanns

[MTapametp cBsazan ¢ mogynem ALIIL. Huatepean BpeMenn, HeoOXOIUMBII 111 HOp-
MaJIBHOTO TIpeoOpa3oBaHus BXOAHOTO aHAOTOBOTO CHIHANA B COOTBCTCTBYIOMINI H(ppPO-
BOIi KOJI.

CPU
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LIy
LlenTpaneHoe npoleccoproe yeTpoiicTso. BrImonuseT AcKoaupoBaHHe KOMAaHI,
onpeicyiAeT HEOOXOAMMBIC OIepaHisl H TpeOyemyio omncpaunto. Ympaeiaser padotoii

AJTY 11 BRITIOJTHCHAS JTOTHICCKHX , apH(PMETHUCCKUX H PYTHX ONCparii,

D/A
LIATI

Cw. Digital to analog.

Data Bus
[HInHa gaHHBIX

[lIuna, HeoOXxomuMast 118 TIiepeladn JaHHBIX H3/B aMATh JTaHHBIX.

Data EEPROM

EEPROM mnamsTh TaHHBIX

3HCICF]JH‘3ICCKH nepenporpaMMupycMas maMAaTe JTaHHBIX. I1a naMmATh JaHHBIX MO-
ket OBITE 3anporpaMMupoBana komanaamu LIITY s coxpaneHus HEoOXOAMMBIX TTPHITO-

ACHWH TAHHBIX TIPH BBIKITHOYCHHH MMHTAHWA (3HCpFOHCBaBHCHMaH TaMATh).

Data Memory
[TaMsiTh TaHHBIX
[laMaTh, NOAKIIOYCHHAS K WIHHC JaHHBIX, BBITIOJTHCHHAA KAk CTATHUECKOE

O3Y. B naMsti AaHHBIX PasMCIIAlOTCs PCTHCTPE! 0BIIEro H CHECHHATBHOTO HA3HAYCHIS .

Direct Addressing
[Ipsvasn agpecauns
Apec naMATH JaHHBIX COACPKUTCA B KOMaHIe MuUKpokoHTpoiaepa. OGpamienne

OyZCT BRITIOMHATECA K PETHCTPY € YKA3aHHEIM aJIpecoM.
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Digital to Analog
Lindpo-ananorosoe npeodpazosanne
Iudporoit koa npeobpasyercs B COOTBETCTBYIONICE AHATIOTOBOC HANPAKCHHC

(TOK).

EEPROM
GHCKTPH'-ICCKH CTHPAcMOC MOCTOAHHO 3aTIOMHHAKOIICC YCT[JOECTBO. MHK]’)OCKCMBL
€ JIAaHHBIM THIOM MaMATH TPOrPaMM. MOTYT ObITE BHYTPHCXEMHO CTEPTHI U TIOBTOPHO 3a-

MPOTrpaMMHPOBaHEL.

EPROM

DNEKTPHUCCKH  MPOrPaMMHPYEMOE  TOCTOSHHOC 3allOMHHAIOIIECE  YCTPOIHCTRO.
MHKPOCXCMH, ¢ JaHHBIM THIOM NaMATH TIpOorpaMM, MOTYT OBITh BHYTPHCXCMHO 3arpo-
rpammuposansl. Ctupanne EPROM namsiti seimonnserces noj aeiicrsuem Y@ usiyue-

HHAA.

EXTRC
Bucnraaas RC nenouka. HCKDTOpBIC MHKPOKOHTPOIIIICPEI HMCHOT PCKHM TAKTOBOTO
rerepatopa ¢ Bremeit RC nenoukoit. Dxsusaicntio RC pexnMy TakKTOBOTO reHepaTto-

pa.

Flash Memory

Flash namars

MuKpoCcXeMBl, ¢ TaHHEIM THIIOM NaMATH IPOTPAMM MOTYT OBITE  BHYTPHCXEMHO
CTEPTH W TOBTOPHO 3anporpamMupoBansr. Flash Texmomorns namatn nporpamm (yHK-

HHOHATBEHO YKBHBaNIcHTHA EEPROM namsaTu.

FOSC
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TaxTosas wacrora MHK POKOHTpOJLICPA.

GIO

OO6mwmii mopT BBOAA/BEIBOIA.

GPIO

YHHuBepcaNbHBII NOPT BBOAA/BBEIBOAA

GPR
Pernctper obmero nasnaduenns (O3Y). DT perncTpsl MOTYT HCIONIB30BATECA 714

XPpaHCHHA IMCPCMCHHEIX ITPOTPAMMEI ITOJTL30BATCIIA.

H
Harvard Architecture
[apsapackas apXxuTeKTypa
B mamnHOI apXHTCKTYype MHKPOKOHTPOILUICPOB INHHBI MAaMSTH AAHHBIX H TaMSITH
MPOTpaMM PasIeICHBl MeskIy coboit. DTO MO3BOIACT BRITTONHATE OAHOBPECMCHHEIH 10CTYT
K TaMATH TIPOrpaMM W TaMATH JaHHEIX, 9T0 VBEIHYHBACT TIPOH3BOIUTEILHOCTE AJpa

MHKPOKOHTpOILICpA.

Holding Capacitor

V nepauBalomnii KOHJACHCATOP

Konzencatop pacrionoxen B Moiaysie AL, DToT KoHACHCATOP MOMKCH 3apiKaTh-
¢l 10 HATIPA/AKCHMS HA aHAIOTOBOM BXOJE Tepea HadanoM npeobpasosanng. Kak Toibko
HauaTo 1npeoOpazoBaHue, KOHACHCATOP OTCOCAMHACTCA OT aHAI0roBOTO BXoga. Hampsxe-

HHE Ha KOHJICHCATOPE HCMOIb3YeTes Ul peodpa3oBaHi.

HS

BBICOKOCKOPOCTHOH peskiM reHepaTopa
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OiHH 13 peKUMOB TAKTOBOTO TeHepaTopa. TAKTOBLIH FeHEpaTOp HACTPOCH TAKHM
o0pazoM, 9TODEl TOJACPKUBATE BHICOKYIO TAKTOBYIO YacTOTY MWKPOKOHTposiepa (0T
4MTI'1 10 20MT ).

12C
Inter-Integrated Circuit. /Ipyxnposoausiii nwaTepdeiic ceazu. OnuH U3 peKHMOB

SSP momyms.

Indirect Addressing

Koceennas agpecatms

Ciryuaii, Korja agpec perucTpa naMsaTH JaHHBIX HC coAcpkuTcA B Komauzae. O6-
pamenne Brmonugercs k peructpy INDFE, a onepanms BeImonHseTces ¢ perucTpom, aapec
KoToporo ykaszan B FSR. Beeraa yaeT BRITIOTHATECH 0DpalicHHC K PETHCTPY € aapecoM,

KOTOpBIit 3anucan B peruerp FSR.

Instruction Bus
[InHa koMang

IlIuna ans mepegadn Koja KOMaHAb! U3 naMaTi nporpamMm B LIITY.

Instruction Fetch

Bribopka KoMaH k!

[TockobKy pealin3oBaHa rapBapiackas apXHTeKTypa, TO OAHOBPEMEHHO MPOHCXO0-
ST BRITTOMTHCHHE TEKYIIEH KoMaHael ¥ BeIGopka cicaytomceii. Kak Toisko Gyaer BImos-

HCHA TCKYLIas KOMaHaa, cleayias KOMaHaa NoAroToBlIeHa K JICTCKTHPOBAHHIO.

Instruction cycle
LIk koMauIs!
BeimonHenne Kak a0l KOMaHIBl COCTOMT W3 HECKOJIBKHX ACHCTBHIL: JeKOIHpOBa-

HHE. HTCHHC JaHHBIX, BRIMIOJTHCHHC, 3aTTHCHh JaHHBIX. HCKOTOFII:IE KOMaHIBl MOTYT CcOOcp-
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JKaTh HE BCe ACHCTBHA (CM. onmHcaHne KOHKpeTHOH koMaHael). Llukin komauas (TCY) co-

CTOMT M3 YeThIpeX TakTok renepatopa (TOSC).

Interrupt

[pepriganns

Coberrue, no kotopomy IITY BEIHYKIICH NEPEBCCTH BBITIOIHECHHC MPOTPAMMEL T10
anpecy BekTopa npepsianuii (0004h). Ilepen m3MeHeHHEM 3HaUCHHE CHUCTYHMKA KOMAaHI
PC Texyuee 3HaYCHUC COXPAHACTCA B BCPIIMHC CTCKA, 9TOOB! OBIIA BO3MONKHOCTE T1PO-

JOITEWTE BEITTOJTHCHHE TIPOTPaMMEL.

INTRC
Bayrtpennsas RC nenouka. HekoTopele MHKPOKOHTPOILICPEl HMCIOT PCKHM TaKTO-
BOTO reHeparopa ¢ BuyTpenneit RC

HCTIOTKOI.

LCD
KKH
Kuaxokpreranmuecknii ancnneil. Menonesyeres U1 BH3YAIBHOTO KOHTPOIS pa-

60TH yeTpoiicTea.

LED
Crertoanon

Herionb3yeres uta BH3YalIbHOTO KOHTPOJS paboTsl yeTpoiteTsa.

Literal
KoncranTa

Hewnsmensemoe 3HaucHue, KOTOpOC BXOIHUT B COCTAB KOMaHIIBI.

Long Word Instruction

JInmMHHOE CIIOBO KOMAaHIBI
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B c1oBO KOMaHIBI BXOAHT BCs HCOOXOmuMan HH[[)O]}ME!U.HSI JUTA BREITTOJIHCHHUA OITC-
panun (kox oTICpaluy u JAHHEIC). Beinonnenue u Bmﬁopka KOMaH/IBl TIPOHCXOINT 3a

OIMH MAalTHHHBIH [HKI, T.K, BCC KOMaH/IBI O/IHOCIIOBHBIC,

LP

HuskockopocTHOi peknM relepatopa

OI[H‘H H3 peKHMOB TAKTOBOTO I'eHCpaTopa. TakToBEIIT TEHEPATOP HACTPOCH TaKHM
obpazoM, 4ToObl TOICPAKHBATE HU3KYID TAKTOBYIO HaCTOTY MUKPOKOHTpoIuiepa (710
200km).

LSb

Camerii Maaammii 6uT.

LSB

Camblii MiIaanmmii oaiir.

Machine cycle

MalHHBI KT

Eauunia BpecMCHH BRITIONMHCHHS TPOTpaMMel MiKpokouTposiepa. [l PICmicro
JTa eAMHWIA BPeMCHH paBHa 4 Taktam TakToporo rerepatopa (4 TOSC). OGosnauaercs

kak TCY.

MSb

Camprit cTapuriii 6uT.

MSB

Cawmplii cTapmmii OaiiT.
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Non-Return to Zero

be3 BosBpatieHns K HYITH0

MeTtoa KOAMpOBAaHUA MaHHBIX MPH Tepeade 1o kananaM cessu. Jlormucckas 'l
TiepeaeTcsd Kak BBICOKHI YpOBeHb cHTHana, mormdeckuii '0' - kak HU3KHIl YpOBCHb CHIHa-

Ia. YPOBCHI: CHTHaJ1a B THHHH T10 YMOJIYaHHIO - BBICOKHII.

NRZ

Cwmotpure Non-Return to Zero.

Opcode

Kox onepann

Yacte 14-paspaaHoro cioBa KOMaH/Ibl, ONPEACIAIONIAA BEITIOIHACMYIO OTICPallnio.
Kot onepatinn MOKET HMETh PasHYIO JUTHHY B 3aBHCHMOCTH OT THIIA KOMaHjikl (0T 4 OuT).

B ocTanbHoi yacTH croBa KOMaHIb! COICPWHUTCA apryMCHT.

Oscillator Start-up Timer (OST)
Taiimep 3amycka reHepatopa

Taiimep ortcunteiBacT 1024 takrta reHeparopa mnpeil OTHYCKaHHCM BHYTPCHHETO

curuata copoca MHKPOKOHTpOIIIEpa.

OST

Cwmotprre Oscillator Start-up Timer.

Pages

Crpannis

MeToa ajpecalnn maMsaTH nporpaMM. MHKPOKOHTPOIUIEPB! CPEIHET0 CCMEHCTBO
nmetoT B cinose komaHng CALL n GOTO 11 - paspaanoe mosie Ans ajpecatiyl MaMsaTH

TPOrpamMM, YTO TTO3BOISCT HEMOCPEACTBEHHO aapecosaTh 2KeioB mamat. Jlng anpeca-
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unH Gosbiero o0beMa MaMiITH BCs TIAMATE MporpaMM ObITa pasjesicHa Ha CTPaHWIL! TI0
2xcnosa. BriDpaTe HYXKHYIO CTpaHHMIy MOXKHO HacTpoiikoil OuTOB B permcrpe
PCLATH<5:4>. Bceero moker ObITB pealli3oBaHo 4 CTPAHUIEI TAMATH TIporpamMu (aBa

VIpaBIAoMNX OnTa).

Parallel Slave Port (PSP)
Benomelii napaniensHeli opT
[MapannenbHeli KOMMYHHKAIHOHHEIT 8 - paspsaaHelit mopT A1i NOAKIIOUCHHA K

HIMHE MHKPOTIpoLeccopa.

POP
Tepmun, 0603HaYAI0MIAH BOCCTAHOBICHIE HHPOPMAIMK W3 cTeKa (TpOrpaMMHEBI-

MU WIN anmapatHeiMy cpeacteamu). Cvorpate PUSH.

Postscaler
BrixoaHoii acauTens
Cxema, 3aMeUISIONIA BOSHUKHOBCHNC npephiBanns (mian cbpoc WDT) ot Taiime-

pa/cucTunka.

Power-on Reset (POR)

Cbpoc no BKMOYCHWIO MHTAHAA

Cxema, 0OHapYKHBAKOMIAs MOBBIICHAE HATIPSAKCHIA MuTanud ot yporusa 0B. Ecin
Hanpskenne nopsimactes ¢ 0B, To npouexoant cOpoc Mo BKIYCHHIO TTHTAHWA W 3a1Tyc-

Kaetcs Taitmep PWRT.

Power-up Timer (PWRT)

TaiiMep BKITIOYCHHSA THTAHAA

Taiivep, yIepAKHBaOIINI MIKPOKOHTPOJUICP B cocToAHMN cOpoca Tociie BBITION-
Hennd cOpoca POR, 9T00B MO3BOMNTE HATIPSKEHHIO THTAHUA JOCTHTHYTh HOMHHAIBHOTO

ypoens. [locne 3apepuieHns otcuera taiimepa PWRT, sanyckaetes Tatimep OST, ecin on
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BriodcH (taiimep OST Brimtoden mas moboro peknMa TAKTOBOTO TeHepaTopa ¢ KBapiie-

BBIM HJIH KCPAMHYCCKHM PC30HATOPOM).

Prescaler
[pennemmrens
Cxema, YMCHBIIAMOMIAS 4Y4CTOTY BXOAHOTO TAKTOBOTO CHIHAla Ui TaiiMe-

pa/cueTunKa.

Program Bus
[ImHa nporpamm
[llnHa mpeaHa3HaveHHAs U1 Mepefady KoJa KOMAaHIBl W3 TaMsITH MporpaMM B

LITY.

Program Counter
CueTunk KoMaH1
PerucTp cucTunka KoMaHI, B KOTOPOM XpPaHHTCH aapec CIACAYIONUICH BBITIONHACMOIH

KOMaH/bI.

Program Memory
[TamsTh TIporpaMm
JTwobas mamMATh., MOJKIIOUCHHAN K MIMHC maMATH mporpamM. CraTHuccKHe

JaHHBIC MOTYT COXPaHATECA B NaMATH NporpaMm (HEII'IPHMCP B BHIIC Taﬁﬂlﬂl}.

PSP

Cworpute Parallel Slave Port.

Pulse Width Modulation (PWM)

[HInporHO-nMmynbeHas Mogynsmna (LLTHM)

[TocnenoBaTenbHEI CHIHAN, HHGOPMAIHA B KOTOPOM TIPCICTABIICHA KaK [UTHTEb-
HOCTE UMITYJIBCA BBICOKOTO YPOBHA € MOCTOAHHON wacToToil. Bereon PWM momyna CCP

TpebyeT MHHUMAILHOTO TTporpaMMHoro obecredenus mist rerepatnn IAM curnana.
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PUSH
Tepmun, obosHauatommii coxpancHue wH(OpPMAINK B cTeKe (MTPOrpaMMHBIMH

Wi annapatHeiMB cpeactsami). Cmotprte POP.

PWM
M
Cwmotpure Pulse Width Modulation.

Q - cycles

Q - nuKIB

Toxe camoe, 4TO W LMK TAKTOBOTO TeHepatopa. 4 Q - HMKIa paBHO UMKIY KO-
mana TCY.

RC

Pesucrop-konzicHcaTop

BéUIaHHBIﬁ no yMOIYaAaHHK PCKHM TaKTOBOTO TCHCpaTOopa MHKPOKOHTpOIIICPAa.
Hanbosnee aenresbiii (MeHee TOUHBIL) PEKHUM TAKTOBOTO TeHepatopa. MakcuMaibHas pe-

komeHaoBanHas gactota 4MI . (em. EXTRC).

Read-Modify-Write

Yrenne - Moandmrars - 3annch

Obo3naueHne Onepanuy - YTCHHE JTaHHBIX H3 PErHCTpa, H3MCHCHHC 3HAYCHUA, 3a-
IMMHCH HOBOTO 3HAYCHHUA B PCTHCTP. ITO MOMKCT OBITE BRINIOJIHCHO B OJTHOM HIIH HCCKOIBKHX

HHUKITaX KOMaH/IbI.

Register File

aiin perncTpos



[TamsTh TaHHBIX C perucTpaMu 0OUICTO M CITEHHATBLHOTO HAZHAYCHNS.

ROM
13y
[MocTosHHOE 3anmoMuHAaOMIee yeTpoiicTeo, [TaMsaTs, KoTOpas 3anporpaMMHpoBaHa

M HE MOWKET OBITE H3MCHCHA,

Sampling Time
Bpewms Beibopkn
Hurtepean BpeMeHH, HeOOXOANMBIN I8 TOTYYEHIA OIHOTO pe3ynbTaT npeodpaso-

auns ALl On BrirouaeT BpeMs 3apsjia KOHICHCATOpa H BpeMsA ImpcodpasoBaHus.

Serial Peripheral Interface (SPI)

[Mocnenoparensuslii nepudepuitnpii nurepdeiic

Omnn 13 pexnmoB Monyas SSP. Kak npasno 3-x nposognoit nutepdeiic: smuns
BXOJAILIMX MAaHHBIX, JIMHHSA MCXOIAIINX JIAHHBIX, THHHA CHHXPOHHM3ALNH. DTO CHHXPOH-

HEIT naTepdeiic, T.K. MPHCYTCTBYCT CHIHAI CHHXPOHH3AIINA.

SFR
PerueTper cnenmanbHOTO Ha3HAUCHHA, COACPKAIINC OWTBI YNIPABJICHHUA SIPOM

MHKPOKOHTPOJIICPa W 1Tepr(eprilHBIMI MOTYITAMH.
Single cycle instruction

OIHO-IIHKIOBBIC KOMaH/IbI

KoMaHzel, KOTOpEIC BEITIOMHAIOTCS 3a oauH MammHHbH makd (TCY).

Sleep



Pesxnm moHMKeHHOTO 'JHCPFOITOTpCﬁJTCHHSI C BREIKTIOYCHHBIM TAKTOBRIM TCHCpaTO-
poM. B arom PCHHMC MHKPOKOHTPOJLIICP HOTDCGJTHCT MHHHMAaJILHBIH TOK. HCKOTOPLIC rne-

pudepritHBIC MOIYITH MOTYT TpoI0KaTh paboTtath B Sleep peknme.

Special Function Registers (SFR)
PCrHCTPBI CHEIHATBHOTO HA3HAYCHHS.
Conepsxat OMTHl yrpaBICHHS A1pOM MHKPOKOHTpOIUIepa W nepH(pepHitHBIMH MoO-

JIYIIIMH,

SPI

Cwaotpure Serial Peripheral Interface.

Stack

Crex

Yacrs LITY, B k0TOpOil coxpansieTcs aapec Bo3Bpara s NPOJOIKEHHUS BHINOI-
HCHHA TIPOTPaMMEL. Crex 3arpyx,acTcsa U3 CHCTHHKA KOMaHI TTPpH BBIMIOJTHCHHH KOMaHIbI

CALL nin BO3HHKHOBCHHH TIPCPBIBAHMA,

TAD
Bpemss momyuenns omHoro OWMTa pesyiabTaTa NpPH  BBRINOJIHCHHA  aHAIOTO-

unposoro npeodpazoBanms.
TCY
JUTHTeTbHOCTE  BBITIOMTHEHHS  OJHO-IMKIOBOH KOMaHAB MHKPOKOHTpoJiepa (4

TOSC).

TOSC

[lepHoa TAKTOBOTO TEeHEpPATOPAa MHKPOKOHTPOILICPA.
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USART

VHHBCPCATBHEIT CHHXPOHHO-ACHHXPOHHEIH TpHEMOTICpeAaTIHK. ITOT TepHpe-
pHﬁHB]ﬁ MOIYIIE MOMKCT HCTIONIB30BATHCA Kak HUHHOHYI’U’ICKCHHﬁ ITOCI[CJIOBaTCIIBHHE HH-
Tepdeiic CBA3M WITH MONYYTUICKCHBI CHEXPOHHBIT nuTepdeiic. B acHHXpOHHOM peskuMe

MOMKCT HCTIOJIB30BATHCA JUIA CBA3H C NECPCOHAIIBHBIM KOMITBKOTEPOM.

Voltage Reference (VREF)
McTouHIK OMOPHOTO HATIPSKEHIS
Y poBeHb HaNpsKEHNs , KOTOPEIH MOKET HCIOIb30BaThC KaK OMOPHBII UL MOLY-

a1 ALLIT nom Momyns KoMnapaTopos.

Von Neumann Architecture

TpagnunoHHas apXUTEKTypa

[MamaTe TporpamMM u naMaATh JaHHBIX HAXOMATCH B OHOI M Toil sKke obnactn. D10
03Ha4acT, uTo 06pamcmlc K MaMATH TIpOorpaMM 1 mMaMATH JaHHBIX BBINTOJIHACTCH MOCICI0-

BATCIBHO (MCHEBIIAS TIPON3BOANTEIBHOCTE S7pa).

W
W Register

Cwvotprre Working Register.

Watchdog Timer (WDT)

Cropo:kesoit Taiimep

[IpuMensercs ans ynydmeHns nomexoycroitunsocti yerpoiicrea. WDT Beimon-
HCT cOpoc MHKPOKOHTPOILICPa, ¢Clii He OBl BOBPCMs OUHIICH, UTO MO3BOJIACT MPCIAOT-
BpaTHTE "3aBHcanne" mporpammel. Mcrodnnkom taktoBoro curnana s WDT asnsercsa

otaeneHEl BHYTpeHHit RC renepatop.

wWDT
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Cwmotpurte Watchdog Timer.

Working Register (W)
Pabouwnii peructp (W)
DTOT PEerncTp MOKHO PACCMATPUBATL KaK aKKyMYJIATOp MHKpokoHTpoiuepa. He-

nosb3yeTes Kak onepan B AJIY 1pH BRINOIHCHHH KOMAH]L C JIBYMS OTCpaHIaMH.

XT

Oame 13 PeKIMOB TAKTOBOTO reHepatopa. [TpuMeHsieTes npH TakToOBOI HacToTe
ot 100kI1 1o 4MI 1.
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