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BBenenune

B macrosmem pykoBoactBe mnonb3oBatens (PII) mpuBeaeHo ommcaHue apXHTEKTYPHI,
CTPYKTYpBI, CHCTEMBl KOMaHA M ocoOeHHOcTed mnpumeHeHuss wuHTerpanpHoil cxemsl (MC)
1887BE7T, xoropas mpeacTaBisieT coOoil 8-paspsanblii  MukpokoHTpouiep AVR RISC-
apXUTEKTYphl, TaKTOBOHM yacTtoToil 16 MI'm u conepxut 128 KOaliT BcTpoeHHOI mamsTH Ipo-
rpamm (tunia EEPROM), 4 K6aiit BcTpoerHoro O3V, 4 KGalT BCTpOEHHOMN SHEPTOHE3aBUCUMOMN
namatu AaHHbIX (Tuna EEPROM), 8-kananbubiii 10-paspsansiii AL, nociaenoBarenbHbli niepu-
dbepuitnbiii uaTepderic SPI, aByxmpoBoaHol mocnenoBaTenbHbld HHTepdeiic TWI, uaTepdeiic
JTAG, nporpaMMupyeMyto 3allUTy Koja porpamm, NporpaMMHUpyeMbI€ IIOCIEI0BATEIbHBIE ITOP-
Tl USART. Pazpaborannas Mukpocxema OyJeT CIIyKUTh OCHOBOM JIJIsl CO37JaHUs TTEPCIIEKTUBHBIX
CUCTEM YIIPABJICHUS.

B Hacrosiiee BpeMsi OIHUM U3 OCHOBHBIX (paKTOpOB oOecredeHHs] KOHKYPEHTOCIIOCOOHO-
CTH OTEUECTBEHHOW PaJMOIEKTPOHHOMN anmapaTrypsl U €€ )KUBYUYECTH SIBJISIETCS] IPUMEHEHUE NIPU
ee pazpaboTke M MPOU3BOJCTBE MMIIOPTOHE3aBUCUMOM 3JeMEHTHON 0a3bl. MIMmopro3amenieHue
AIIEKTPOHHBIX KOMIIOHEHTOB Hanbosee 3((PEKTUBHO B CIIydae MCIOIB30BAHMUS MOJHBIX (DYHKIHO-
HaJIbHBIX aHAJIOTOB U3JIEJIUN MUKPOAIJIEKTPOHUKH.

Hacrosmee PII moxer Ciy’KUTh IPAKTUYECKUM PYKOBOACTBOM IO NMPUMEHEHUI0 MUKPO-
KOHTPOJIIEPOB 1S pa3zpaboTurkoB cucteM Ha ocHoBe MIC 1887BE7T.

1 Ha3znauenmne u 00J1aCcTh NMPUMEHECHUSA

Muxkpocxema 1887BE7T npennasnaueHa ajis UCIOJIb30BaHUS B CHUCTEMAax Ipuema, nepe-
nauu 1 00paboTku MH(POPMAIMU, BCTPOCHHOTO YIPABJICHUS U B aBTOHOMHBIX HEOOCITYKMBaeMBbIX
amnrnaparax ClelUallbHOro HazHadeHus. [IpumeHeHue usnenust 06ecednT TEXHOIOIMYECKYO0 He-
3aBHCHUMOCTH IIPU pa3pabOTKe LEJIOro psifa HOBBIX MEPCIIEKTUBHBIX 00Pa3IOB U CHCTEM BOOpPYKE-
HUS U BOCHHOM TEXHUKH, UCHOJB3YIOUIMX HU(POBYIO TEXHUKY U LHU(POBBIE METOBI 00pabOTKU
CUTHAJIOB, a TAK)K€ IIPU KOMIUIEKTOBAHUHU U MOJEPHU3ALMH JIEHCTBYIOIIHUX CUCTEM U KOMILJIEKCOB.
[Tpumenenue paspadoranHoii CBUC mno3Boiaut obecrneyuTh TpeOyeMble TAaKTUKO-TEXHUYECKUE
JTAaHHbIE BaKHEHIIUX CUCTEM U BBIMOJIHUTH BCE HEOOXOIUMBIE TPEOOBAHUS 110 HA3HAUEHUIO, SHEP-
ronoTpeOIeHNI0 U MaccorabapuTHBIM MOKa3aTelsiM. DTO MO3BOJIMUT TAK)KE PEIIUTh BOIPOC KOM-
IUIEKTOBAHUS PAMO3IEKTPOHHON almaparypsl ClIEHUaJIbHOIO Ha3HaueHus oreuecTBeHHbIMU MC
B3aMEH aHAJOTMYHBIX UMIOPTHBIX MUKPOCXEM.

2 Kpartkoe Texunueckoe onucanue UC 1887BE7T

Muxkpocxema 1887BE7T mnpencraBnser coboii 8-paspsaHbiii MUKpokoHTposuiep AVR
RISC-apxutextypsbl. 3a c4eT BBITOJHEHHUS OOJIBIIMHCTBA MHCTPYKIMM 32 OJAMH MAIIMHHBIA UK,
MHKPOCXE€Ma JIOCTUTaeT MPOU3BOJUTENBHOCTH | MUJUITMOH omnepauuii B cekyHay Ha 1 MI'h, uyto
MO3BOJISIET MPOEKTUPOBIIMKAM CHUCTEM ONTHMHU3UPOBATH COOTHOIICHHE SHEPronoTpelseHus u
OBICTPOICHCTBUSI.

SAnpo AVR couetaer Habop mHCTpyKuMid ¢ 32 peructpamu obuiero HazHadeHus. Bee 32
perucTpa HEMOCPEICTBEHHO MOAKIIOUEHBI K apu(PMETHKO-TOTHIeCKOMY yCcTpoicTBy (AJIY), Ko-
TOPOE MO3BOJISIET BBINOIHATH AEHCTBUSI, UCIIOIb3Ys 3HAUEHUSI OJJHOTO WM ABYX perucrposn. JlaH-
Has apXUTeKkTypa obnamaer Goisbmied 3G(HEKTUBHOCTHIO KOJA 3a CUET JOCTIDKCHHS MPOU3BOJIN-
TeNbHOCTH B 4 pasza npeBocxopsmein CISC-MUKpOKOHTPOIIIIEPHI HA TOM € TAKTOBOM 4acTOTE.

Mukpocxema uMeeT creayroriue ocooeHnocT: 128 KbailT mamstu mporpamm ¢ Mojaepx-
KOl ureHuss Bo Bpems 3amucu, 4 KoOailr sHeproneszaBucumoi namsatu naHHbix (DI, nubo
OCIII3Y naHHBIX — ANEKTPUYECKH CTUPAEMOrO NEPENPOrpaMMHUPYEMOTO MMOCTOSIHHOTO 3aIlOMH-
HAIOILEero ycTpoiicTBa AaHHbIX), 4 KbaiiT cratnueckoro O3Y, 53 yHuBepcaibHble TUHUHA BBOJA-
BbIBOJIa, 32 perucrpa oOIero Ha3HaueHus, cueTynk peaiabHoro BpemeHu (RTC), yeTsipe rubkux
Taiimepa/cueTunka ¢ pexumamu cpaBHeHus u MM, nBa yHHBEpCaJbHBIX CHHXPOHHO-
ACMHXPOHHBIX TpUEMOIIepeIaTuiKa, OalT-OpUEeHTUPOBAHHBIA JBYXIIPOBOJHON IOCIIE€0OBATEIb-
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HbI uHTepdelric, 8-kananpHbii 10-paspsaaubii AL ¢ momomuuTensHbIM audQepeHInaTbHBIM
BXOZIOM M MPOrpaMMHUPYEMbIM KO3((UIIMEHTOM YCHICHHS, MPOTPaMMUPYEMBIH CTOPOKEBOM
TaliMep ¢ BHYTPEHHUM T€HEPaTOpOM, IocieaoBarenbubiii natepderic SPI, TectoBeiii naTEpdeEiic
JTAG, coBmectumsbiii co crangaprom IEEE 1149.1, koTopblil Takke UCIONb3yeTcs VIS JOCTYIA K
BCTPOEHHOM cHCTeMe OTJIaJKU U AJIsl IPOrpaMMUPOBAHMSI, a TaKXKe IIeCTh MPOTrPaMMHO BbIOHMpae-
MBIX 3Heprocoeperaonmx pexxumon. Pexxum xonoctoro xoaa (Idle) ocranaBnusaer LIITY, HO mpu
3TOM TojJepkuBaeT paboty crarmdeckoro O3V, taiimepos/cuetunkoB, SPI-unrepdeiica u cu-
cTeMbl npepbiBaHuid. Pexxum xpanenus: (Power-down) mo3BoJsieT COXpaHUTh COAECP)KUMOE peru-
CTPOB, HO OCTaHaBJIMBAET I'€HEPaATOp, OJIOKUPYS BCE OCTaIbHbIE (DYHKIHUU MHUKPOCXEMBI 10 TEX
1op, MOKa He MPOM30UET CieayIolee MPephIBaHNE WU anmapatHeiidi copoc. B pexume Mukpo-
notpebnenust (Power-save) acHHXpOHHBIN TaliMep MPOJOHKAET paboTy, MO3BOJISAS MOJIB30BATEIIO
COXpaHUTh (DYHKIMIO CUETa BPEMEHH, B TO BpeMs KaK OCTaJIbHAasl 4YacTh KOHTPOJUIEpA HAXOIUTCS B
pexume cHa. Pexxum camkenust mrymoB ALLIT (ADC Noise Reduction) octanasnusaer LIITY u Bce
uHTEpQEichl BBOJA-BBIBOJIA, 32 UCKIIIOUCHHEM acMHXpoHHOro Taiimepa u AL, nns munMMu3a-
MM UMITYJIbCHBIX IIIYMOB B Tporecce mpeoOpazoBanusi ALIIL. B pexume oxumanus (Standby)
reHepaTop KBApPLEBOI0 pe30HaTOpa MPOA0JIKAET padoTy, a OCTajbHAs 4acTh MUKPOKOHTpOJUIEpa
HAXOAUTCS B pexkuMe cHa. J[aHHBIN pekuM XapakTepu3yeTcs: Majioi moTpedsieMoil MOIIHOCTHIO,
HO IIPH 3TOM MO3BOJISIET JJOCTHYB CAaMOT0 OBICTPOTrO BO3BpaTa B paboumii pexxuM. B pacmmpennom
pexume oxuaanus (Extended Standby) m ocHOBHOM reHepaTop W aCHHXPOHHBIN TaitMep MPO10II-
JKAIOT paboTaTh.

Kapra peructpoB MUKpOKOHTpOJLIEpA MIPeICTaBICHA B MPHIIOKEHUU B.

B cocTtaB MUKpOKOHTpOJIIEpa BXOAUT YHEPrOHE3aBUCUMAs NaMsTh (IPOrpaMM U JaHHBIX),
KOTOPYIO MOXKHO IEpPEenporpaMMUpPOBaTh HEMOCPEICTBEHHO BHYTPU CHUCTEMBI Yepe3 MOcie/10Ba-
TenbHbIA nHTepdeiic SPI ¢ momorpio 00BIYHOTO MPOrpaMMaTopa WIK aBTOHOMHOM MPOTPaMMBbI B
CEKTOpe 3arpy3urKa. 3arpy3ouHasi IporpaMma MOXeT HCIIOIb30BaTh Jito00i uHTepdeiic mis 3a-
Ipy3KH MPUKJIAJHOM NMporpaMMsl B MaMsTh nporpaMm. IIporpaMma B 3arpy304HOM CEKTOpPE IIPO-
JoJiKaeT paboTy B mporecce OOHOBJICHUS CEKLUU MPUKIIAJAHON MaMsATH MPOrpaMm, HOJAEepKUBas
olepalyIo YTEHUs BO BpeMs 3anucu. biarogaps coueranuto 8-paspsanoro RISC sapa ¢ BHyTpu-
CHUCTEMHO CaMOIPOrpaMMHUPYEMOH MaMsIThI0 mporpamMm B ogHoM kpucrtamie, IC 1887BE7T sB-
JSIFOTCSL MUKPOKOHTPOJUIEPaMH, TO3BOJISIIOIIMMH TOCTUYb BBICOKOM cTeneHu ruokoctu u 3 dek-
TUBHOM CTOMMOCTHU IIPU MIPOEKTUPOBAHUU OOJIBIIMHCTBA MIPUIJIOKEHUH BCTPOEHHOTO YIIPABJICHUS.

Mukpocxema MOAJIEPKUBAETCS HAOOPOM IMPOrpPaMMHO-ANIMAPATHBIX CPEJICTB, BKIOYAS
Cu-KOMIUISITOPBI, MakpoacceMOJepbl, TPOrpaMMHBIE OTIaAYUKU/CUMYIISTOPHI, BHYTPUCHUCTEM-
HBIE AMYJIATOPBI U MAKETHO-OTJIAI0OYHBIE IIJIATHI.

2.1 ®yHKIHOHAJIBbHbIE BO3MOKHOCTH

@YHKIMOHAIbHBIE BO3MOKHOCTH MUKPOCXEMBI:
- 8-pazpsanas RISC apxurekrypa

- TaKTOBas yacTtoTa, MI'm 16

- BCTPOCHHBIH JIBYXIIMKJIOBBIN YMHOKHUTENb, OUT 8 x8
- IaMsATh Mporpamm, GauT 128K
- 00sem BHyTpeHHero O3V, GalT 4K

- 00BEM BCTPOEHHOM SHEProHE3aBUCUMON MaMATH JTaHHBIX, OalT 4K

- 00beM ajZjpecyemMoi BHEIIHEH nmaMsTu, OalT 64K
- IporpaMMupyemsle nociaenoBarenbabie noptel USART 2

- TIocJIeI0BaTeNbHbIN nepudepuiinpii untepdeiic SPI ¢ pyHkuein
BHYTPHUCXEMHOI'O ITPOrPaMMUPOBAHMUS 1

- 0alT-OpHEeHTHPOBAHHBIN IBYXIIPOBOJIHOM MOCIeI0BaTeNbHbIN HHTEpPEiic

TWI 1

- 8-OUTHBIE TaltMEPHI/CYETUYNKHU C Pa3AeIbHBIMU MPEIISIUTETSIMHI U

peXMMaMH CPaBHEHUS 2

- 16-GuTHBIE TaliMepbl/CUETYUKH C pa3esIbHBIMU MPEAIETUTENIMH,



peXMMaMH CpaBHEHHS U PEKMMaMU 3aXBaTa
- CYETYHK PEAIIbHOTO BPEMEHHU C OTJEJIbHBIM I'€HEPATOPOM
- 8-pazpsanbie kanans! [HIMM
- kaHans! [1IMM ¢ nporpaMmMupyeMbIM pa3perieHneM ot 2 1o 16 6ur
- BctpoeHubiit ALIIl:  paspsmHocTs mpeoOpa3zoBaHus, OUT
KOJIMYECTBO KaHAJIOB
- IPOTrpaMMUPYEMBI CTOPOKEBOU TaliMep CO BCTPOECHHBIM F€HEPATOPOM.
- BCTPOEHHBIN aHAJIOTOBBIM KOMIIApaTOp
- BCTpOEHHBIN KanuOpoBanHblii RC-reneparop

— = 00— N DN = DN

- KOJIMYECTBO MPOTPaMMHUPyEMBbIX JIMHUI BBOJa-BbIBOA 53
- KOJIMYECTBO BHEIIHUX M BHYTPEHHHUX UCTOYHUKOB NPEPHIBAHUM 21
- KOJIMYECTBO PEKUMOB IIOHMKEHHOT'O DHEPIONIOTPEOIICHUS 6

- uaTepdeiic JTAG

- IOJTHOCTBIO CTaTUYeCcKas pabora

- IporpaMMHpyeMast 3alluTa KoJa MporpaMmbl

- cOpoc npu mo1ade MUTAHUS ¥ porpaMMupyemas cxema copoca mpu
CHIDKEHHMH HATPSOKCHUS TUTAHUSI.

Muxkpocxema 1887BE7T pa3zpaborana B METALIOKEPAMUYECKOM IIAaHAPHOM KOPIyce C
YETBIPEXCTOPOHHUM PACIOI0XKEHUEM BbIBOAOB Tuna 4203.64-2.

HoMmuHanpHOE 3HaueHne HapsKeHUs: TUTaHus MUKpocxeMsl 5,0 B.

JlonycTrMoe OTKJIOHEHHE HAIIPSKEHUSl TUTaHUsl OT HOMUHainbHOro +£10 %.

2.2 Oco0eHHOCTH APXUTEKTYPbI

Crpykrypnas cxema MC 1887BE7T npusenena Ha pucyHnke 2.1.

VYcioBHOe rpaduueckoe 0003HaYEHUE MUKPOCXEMBI IIOKAa3aHO Ha PUCYHKe 2.2.

@OyHKIMOHAIBHOE HAa3HAYEHHE BBIBOJIOB MHUKPOCXEMBl M MX albTE€PHATHUBHbIC (YHKIMU
npeJcTaBieHsl B Tadnume 2.1.



Pucynok 2.1 — Ctpykrypnas cxema UC 1887BE7T



Pucynok 2.2 — YcnosHoe rpapuueckoe ooboznauenne UC 1887BE7T
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Tabnuna 2.1 — OyHKIIMOHAIIBHOE HA3HAYCHHE BBIBOJIOB MUKPOCXEMBI

O6o3na- | Homep Tun O6o3HavyeHne
YeHHe BEI- QOyHKINOHATFHOE Ha3HAYECHNE aIbTePHATHBHOMN
BEIBOJIA
BBIBOJIa | BOjJa (yHKIIMH BBIBOJIA

PAO 51 Bxon/Beixon "mopt A, 0-if pazpsia” 1/0/Z
Bxon/eixon "paspsia 0 anpeca/naHHbIX HHTEpdeiica ADO
BHEIIHEH namstu" 1/0

PA1 50 Bxox/serxon "mopt A, 1-# pazpsn” 1/0/Z
Bxon/Beixon "paspsa 1 agpeca/nanabIx uHTEpdeiica ADI
BHEIIHEW namsTu" 1/0

PA2 49 Bxoa/seixon "mopt A, 2-# pazpsn” 1/0/Z
Bxon/Beixon "paspsa 2 agpeca/naHHbIX HHTEpQeiica AD2
BHEIIHEH namsTu" 1/0

PA3 48 Bxon/Beixon "mopt A, 3-it pa3psn” 1/0/Z
Bxox/seixon "paszpsn 3 anpeca/maHHBIX HHTEpdetica AD3
BHeITHEH mamstu" 1/0

PA4 47 Bxon/Beixon "mopt A, 4-ii pazpsia” 1/0/Z
Bxon/Beixon "paspsia 4 anpeca/naHHpIx nHTEpQetiica AD4
BHEIIHEW namsitu" /0

PAS 46 Bxon/Beixox "mopt A, 5-i1 pa3psn” 1/0/Z
Bxon/Beixon "paspsia S aapeca/naHHbix nHTEpdetica ADS5
BHENIHEW namsitu" /0

PA6 45 Bxox/serxon "mopt A, 6-# pazpsn” 1/0/Z
Bxon/Beixon "paspsia 6 agpeca/naHHbix uHTEpdetica AD6
BHEIIHEW namsTu" 1/0

PA7 44 Bxox/serxon "mopt A, 7-# pazpsn” 1/0/Z
Bxon/Beixon "paspsa 7 agpeca/naHHbIX HHTEpQeiica AD7
BHEIIHEH namsTu" 1/0

PBO 10 Bxoa/eixon "mopt B, 0-i1 paspsazn” 1/0/Z
Bxon "Be100p BegoMoro uatepdeiica SP1" I SS#

PB1 11 Bxon/Beixon "mopt B, 1-it pazpsax” 1/0/Z
Bxon/Beixon "TakToBbIH curHan uHTepdeiica SPI" 1/0 SCK

PB2 12 Bxoa/eixon "mopt B, 2-i1 pazpsazn” 1/0/Z
BriBon "Bemymiuii BBIXO/BEOMBIN BXOJ TOCIIE0BA- /0 MOSI
TenpHOTO nepudepuiinoro uaTepdeiica SPI "

PB3 13 Bxoa/eixon "mopt B, 3-it pazpsan” 1/0/Z
BriBon "Bemymuii BX0/1/BEIOMBIH BBIXO]] IIOCIIEI0OBA- I/0 MISO
TenpHOTO nepudepuiinoro uaTepdeiica SPI "

PB4 14 Bxon/Beixon "mopt B, 4-it pazpsax” 1/0/Z
Brixon "cpaBuenue u IHUM-Boixon ass Taiime- 0Co
pa/caerunka 0" 0

PB5 15 Bxon/Berxon "mopt B, 5-it pazpsax” 1/0/Z
Brixon "cpaBuenne u IIUM-Beixon A mmst Taiitme- OCI1A
pa/cyerynka 1" O

PB6 16 Bxon/Beixon "mopt B, 6-i pazpsna” 1/0/Z
Brixon "cpaBaenne u IIIMM-Boixon B mst Taime- OCI1B
pa/cyerynka 1" O

PB7 17 Bxoa/eixon "mopt B, 7-i1 pa3psan” 1/0/Z
Brixon "cpaBaenue u INMM-Bbixon asis Taiime- 0C2
pa/caerunka 2" 0O
Brixon "cpaBuenue u IIIMM-Boixon C st Talime- OoCl1C
pa/caerunka 1" 0

PCO 35 Bxon/sexon "mopt C, 0-if pa3psia" 1/0/Z
Brixon "8- pa3psin crapuiero Oaiita agpeca HHTEp- A8
¢eiica BHemHEH naMsaTH" O
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IIpoodondcenue mabauyot 2.1

O6o3Ha- O6o3HavyeHne
Howmep Tun .
YeHue OyHKIIMOHATBFHOE Ha3HAUYEHHUE aJIbTepHATUBHON
BBIBO/IA BBIBOZIA
BBIBOJIA (YHKUWY BBIBOJA
PC1 36 Bxon/Beixon "mopt C, 1-i pa3psia” 1/0/Z
Brixon "9-i paspsin crapiiero Oaiita anpeca HHTEp- A9
¢elica BHemHEH namMsATH" 0]
PC2 37 Bxona/seixon "mopt C, 2-if pa3psag" 1/0/Z
Brixon "10-if pa3psan crapimiero 6aita agpeca HHTEp- Al0
¢eiica BHemHEH maMaTH" O
PC3 38 Bxoa/seixon "mopt C, 3-if paspsag" 1/0/Z
Brixon "11-if pa3psan crapmiero 6aita agpeca HHTEp- All
¢eiica BHemIHEH maMsaTH" O
PC4 39 Bxoa/eixon "mopt C, 4-i1 pa3psan” 1/0/Z
Brixon "12-# paspsin crapiiero 6aira agpeca HHTEp- Al2
¢eiica BHemHEH namMsITH" 0
PC5 40 Bxon/Beixon "nopt C, 5-i pazpsia” 1/0/Z
Brixon "13-ii paspsin crapiiero 6aiita agpeca HHTEp- Al3
¢eiica BHemHEH MamMsATH" 0
PCo 41 Bxon/Beixon "mopt C, 6-it pazpsxa” 1/0/Z
Brixon "14-ii paspsin crapiero 6aiiTa agpeca HHTEp- Al4
(hetica BHeNTHEH TamMsATH" (0)
PC7 42 Bxox/seixon "mopt C, 7-i pa3psag" 1/0/Z
Beixon "15-ii paspsin crapiero 6aiiTa agpeca HHTEp- Al5
¢eiica BHemHEH maMaTH" O
PDO 25 Bxoa/serxon "mopt D, 0- pazpsn” 1/0/Z
Bxon "BuemHee mpepriBanue 0" I INTO
Bxon1/BbIX01 "TaKTOBBIM CUTHAJ IBYXIIPOBOJIHOTO SCL
nocienoBaTenbHoro narepgeiica TWI" 1/0
PD1 26 Bxoa/serxox "mopt D, 1-# pazpsn” 1/0/Z
Bxon "BremrHee npepriBaane 1" I INT1
Bxon/Bbixon "naHHbIe ABYXIIPOBOHOTO MOCIIEI0BA- SDA
TenpHOTO MHTEepdeiica TWI" 1/0
PD2 27 Bxon/Bexox "nopt D, 2-i1 pa3psn” 1/0/Z
Bxon "Buemnee mpepriBanue 2" I INT2
Bxox "naHHbIe Mocae0BaTeNbHOI0 aCHHXPOHHOTO RXD1
npuemonepegaturnka UART1" I
PD3 28 Bxox/serxon "mopt D, 3-i pazpsn” 1/0/Z
Bxon "Buemnee mpeprisanue 3" I INT3
Brixon "naHHbBIE TOCIEAOBATEILHOTO ACUHXPOHHOTO TXD1
npuemonepenatunka UART1" 0]
PD4 29 Bxon/Beixox "nopt D, 4-i1 pa3psn” 1/0/Z
"Bxoj 3axBara Talimepa/cueTunka 1" | ICP1
PD5 30 Bxoxa/Beixon "mopt D, 5-if pazpsaa” 1/0/Z
Bxon/BbIX0 "TaKTOBBIH CUTHAT YHUBEPCAIBHOTO XCK1
CHHXPOHHO-aCHHXPOHHOTO MpHEeMOTIepeaaTINKa /0
USARTI1"
PD6 31 Bxon/Bexox "nopt D, 6-i1 pa3psn” 1/0/Z
Bxop "TakToBEIH curHan TaiiMepa/cueTanka 1" I T1
PD7 32 Bxoa/seixon "mopt D, 7-ii pazpsia” 1/0/Z
Bxon "TakToBBI curHan TaiiMepa/cuerunka 2" I T2
PEO 2 Bxon/Bexon "moprt E, 0-if pazpsan” 1/0/Z
Bxon "mporpamMmmupyemsie gaHHbIe" I PDI
Bxon "naHHBIE YHUBEPCAIHLHOT'O ACHHXPOHHOTO RXDO
npuemonepenarunka UARTO" I
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IIpoodondcenue mabauyot 2.1

O6o3Ha- O6o3HavyeHne
Howmep Tun .
YeHue OyHKIIMOHATBPHOE HA3HAUYEHHUE aJIbTepHATUBHON
BBIBO/IA BBIBOZIA
BBIBOJIA (YHKUWY BBIBOJA
PE1 3 Bxoa/eixon "mopt E, 1-i pazpsin” 1/0/Z
Brixon "nporpammupyemMslie JaHHbIE" O PDO
Brixon "nmaHHbIE YHUBEPCATIBHOTO AaCHHXPOHHOTO TXDO
npuemonepenarynka UARTO" 0
PE2 4 Bxon/Beixon "moprt E, 2-if pa3pan” 1/0/Z
Bxon "monoxxuTenbHbIi BX0 aHAIOTOBOTO KOMIIapa- AINO
Topa" I
Bxon/BpIxon "BHEIIHUH TaKTOBBIA CUTHAN yHHUBEP- XCKO
CaJIbHOTO CHHXPOHHO-ACHHXPOHHOTO NpUEMOIepe-
natuynka USARTO" /0
PE3 5 Bxon/seixon "mopr E, 3-it pazpsn” 1/0/Z
Bxon "oTpunaTtenpHBINA BXO aHAJIOTOBOTO KOMIIapa- AIN1
Topa" I
Brixon "cpaBHenue u [IIMM-Bbixoa A nmis Taiime- OC3A
pa/cuetanka 3" (0)
PE4 6 Bxoa/eixon "mopt E, 4-if pazpsin” 1/0/Z
Bxon "BHemnee npepriBanue 4" I INT4
Brixon "cpaBHenue u LIIUM-Boixon B aiist taiime- OC3B
pa/cueTanka 3" (0)
PES5 7 Bxoa/eixon "mopt E, 5-i pazpsin” 1/0/Z
Bxon "BHemnee nmpepriBanue 5" I INTS
Brixon "cpaBaenne u IIHMM-Boixon C st Talime- OC3C
pa/cuerunka 3" 0
PE6 8 Bxoa/eixon "mopt E, 6-if pazpsin” 1/0/Z
Bxon "BHelHee npepriBaHue 6" I INT6
Bxon "TakToBBIM cHrHaN TaiiMepa/cuerynka 3" I T3
PE7 9 Bxoa/eixon "mopt E, 7-i pazpsin” 1/0/Z
Bxon "Buemnee nmpepriBanue 7" I INT7
Bxon "BEIBOJ 3axBara TaliMepa/cdyeTynka 3" I ICP3
PFO 61 Bxon/Beixox "noprt F, 0-i1 pazpsia” 1/0/Z
Bxon AIIII, kanan 0 I ADCO
PF1 60 Bxoa/seixon "mopt F, 1-it paspsa” 1/0/Z
Bxox AL, xanan 1 | ADCI1
PF2 59 Bxon/Beixox "noprt F, 2-i1 pazpsna” 1/0/Z
Bxon AIIII, kanan 2 I ADC2
PF3 58 Bxoa/seixon "mopt F, 3-it pazpsa” 1/0/Z
Bxox AIIIT, xanan 3 | ADC3
PF4 57 Bxon/Beixox "noprt F, 4-i1 pazpsna” 1/0/Z
Bxon AL, kanan 4 I ADC4
Bxox "JTAG, TakToBBIN cuTHAT" | TCK
PF5 56 Bxon/Bexox "noprt F, 5-i pazpsan” 1/0/Z
Bxon AIIII, xanain 5 I ADC5
Bxoxa "JTAG, Beibop TecToBOro pexuma’ I TMS
PF6 55 Bxon/Bexox "noprt F, 6-i1 pazpsn” 1/0/Z
Bxoxn AIIII, xanain 6 I ADC6
Brixon "JTAG, BBIXOJ TECTOBBIX JTaHHBIX" O TDO
PF7 54 Bxoa/seixon "nopt F, 7-it pazpsa” 1/0/Z
Bxox ALII, xanan 7 | ADC7
Bxox "JTAG, BX0J TeCTOBBIX JaHHBIX" I TDI
PGO 33 Bxon/Beixon "nopt G, 0-i1 paspsin” 1/0/Z
Brixon "cTpo0 3anucy BO BHEHIHIOK NaMATh" O WR#
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Oxonuanue mabauywl 2.1

O6o3Ha- O6o3HavyeHne
YeHUe Howmep DyHKIIMOHAILHOE HA3HAUYCHUE Tun aJpTepHATUBHOU
BBIBOJIA BEIBOJIA
BBIBOJIA (yHKIIMH BBIBOJIA
PGl1 34 Bxon/Beixon "mopt G, 1-ii pazpsia” 1/0/Z
Brixon "cTpo0 uTeHus BHELIHEH mamMsTH" O RD#
PG2 43 Bxon/Bexon "nopt G, 2-i1 pa3psn” 1/0/Z
Brixon "paspelienue 3axpara aapeca Jis JOCTyIa K ALE
BHEIITHEH aMsT" (0)
PG3 18 Bxon/Beixon "nopt G, 3-it pa3psn” 1/0/Z
Brixon "BeIBOJ ociiuIsTOpa TaiiMepa/cueranka 0" O TOSC2
PG4 19 Bxoa/serxon "mopt G, 4-# pazpsn” 1/0/Z
Bxon " BeIBOJ ocIunIsiTopa Taiimepa/cuerynka 0" I TOSCI1
PEN# 1 Bxon "pa3zpemienue nmporpaMMUpOBaHUs IS ITOCTIe-
JIOBATEIILHOTO TIepudepuitHoro narepdetica’ I
RESET# 20 Bxon "cOpoc"/"HanpsikeHnE TporpaMMHPOBaHUs" |
BQ1 24 Bxon MHBEpTHUPYIOIIETO YCUIUTENS OCLMILIATOPA I
Bxoj TakTOBOIro curHanaa I
BQ2 23 BbIxoa MHBEPTHPYIOLIETO YCHWIINTENS OCHMILIATOpA O
NVCC 64 BriBoa nutanus nopta F u AT
AREF 62 BriBon onoproro Hanpspkenust s AL -
#VCC 21,52 | BeiBoa nutanus nudposoit yactu UC -
#OV 22,53 | O6wmwuii BeiBog uugposoi yactu MC -
nov 63 OO6muii BeIBOA aHanoroBoit yactu MC -
IIpumeuanus
1 O603nauenwus B rpade «Tun BeiBoga»: [ — Bxoxa, O — BeIX0ll, Z — TPEThE COCTOSIHUE.
2 Bee BeiBonb #0V 1 BbIBOA N0V MHUKpOCXeMBbI 00BEIMHEHBI B KPUCTAILIE OOIIEH IIIMHOM!.

2.3 Cucrema KOMaHJ

Cucrema KOMaH] BKJIIOYAeT B ce0s MOJNHBIN HA0Op apupMETHUECKUX M JOTMYECKHUX KO-
MaHJI, a TaKXKe OIepaluy HaJ OUTaMH, ONEpaIMy MePexo/1a U Mepeayn JaHHBIX C Pa3TUIHBIMU
crocobamMu ajpecaliii, KOMaHJIbl yIpaBieHusi cucreMoil — 133 uHCTpyKIMH, OOJBIIMHCTBO U3
KOTOPBIX BBITOJHSAETCA 3a OAWMH MAIIMHHBIA UK. [lepeyeHb KOMaHJ MHUKPOKOHTpOJUIepa
1887BE7T npencraBieH B MPUIOKEHUH A.

2.4 DuekTpuyecKHe nNapaMeTpbl MUKPOCXeMbI

DnekTpuyeckue napamerpbl Mukpocxembl 1887BE7T npu npuemMke u mocTaBKe IMpuBeie-

HBI B Tabnure 2.2.

3HaueHHs TPEENBHO JOMYCTUMBIX 3JIEKTPHYECKUX PEKMMOB IKCILTyaTalldH B THAIIa30HE
paboumnx TemnepaTtyp npuBeIeHbl B Tabnuie 2.3.
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Tabnuma 2.2 — Dnexrpudeckue napamerpsl UC 1887BE7T npu npuemke 1 mocTaBke

Byksennoe Hopwma Tewm-
HaumeHnoBanue mapamerpa, 0003Haue- 1apamerpa frepa-
SIMHUIIA U3MEPEHHUS, PEKUM U3MEPECHUS HUE Tapa- He He C;ZE:I
METpa MeHee | Goiee oC ’
1 BrixoaHOE HaNpsHKEHUE BEICOKOTO
ypoBHs 1o BeiBogaM PAOQ — PA7, Ucci = Ucc2 =4,5 B, Uon Ucc—
PBO — PB7, PCO — PC7, PDO — PD7, Ion =20 MA 1,29 Bl
PEO — PE7, PFO — PF7, PGO — PG4, B
2 BBIXOJHOE HaIpsKEHUE HU3KOTO
ypoBHs 110 BbiBojilaM PAO — PA7, Ucci =Ucc2 =4,5B, U B 0.7
PBO — PB7, PCO — PC7, PDO — PD7, ToL=20 MA oL ’
PEO — PE7, PFO — PF7, PGO — PG4, B
3 BxomHOe HampspKeHUE CMEIICHUs aHa-
JIOTOBOTO KOMIIapaTopa, MB, Ucci =Ucc2=5,5B Uo - 40
UI = UCC2/2
4 BxoxgHoi TOK2 )yTquH BXOI0B/ UL =0B " 10 3
BBIXOJ0B, MKA“,
_ _ —60+
Ucer = Uec2 =55 B Un=55B T - 10 222 1(3)
5 luraMU9ecKui TOK OTPeOIeHUS B 8543
aKTHBHOM PEXHUME, MA, Ucci =Ucc2=5,5B Tocc - 50
fer= 8 MI'ig
6 lnHaMHYeCcKHi TOK OTpeOIeHus B
PEXUME XOJIOCTOT'O X044, MA, Ucc1 = Uccz = 5,5 B IOCCI — 22
fCI = 8 MFH
7 Tok notpebyieHHsI B pexKUME XpaHe-
HUS, MKA, Ucci =Ucc2=5,5B Iccsi — 200
CTOPOKEBOM TailiMep pazperieH
8 Tok moTpebeHus B pexkuMe XpaHe-
HUS, MKA, Ucci = Ucc2=5,5B Iccsz - 150
CTOPOXKEBOH TaiiMep 3anpelicH
9 OYHKIMOHANBHEIH KOHTPOIIE)
Ucci = Uccz2 = (4,5; @K _ _
5,5) B, fCI = 16 MFH

1) Ucc = Ucct = Ucca.

2) [Tapamertpsl Iir, Iiuu npu Temnepatype munyc 60 °C He U3MepsI0TCA, a TapaHTUPYIOTCSI HOPMOU ITPU

temnepatype (25 + 10) °C.

3) (DYHKHHOHaHBHLIi/'I KOHTPOJIb OCYIIECTBJIACTCA B COOTBETCTBUHU C CHCTEMOU KOMaHJ MUKPOKOHTPOJI-

aepa.

Ta6nuna 2.3 — IIpeaenbHo T0MyCTUMBIE U TpeAebHbIE pexxuMbl skciutyatanun UC 1887BE7T B

nuarnasoHne pabouux remmeparyp ot munyc 60 go mitoc 85 °C

BykBenHOe IIpenenbHo IIpenenbHbIi
HanmeHnoBanue mapamerpa pexuma, ein- 0003Haue- JIOTTYCTUMBII peXuM pexXUM
HUIAa U3MEPEHUS HUE napa- He Me- He 60-
He MeHee | He Ooiee
MeTpa Hee aee
1 2 3 4 5 6
1 Hanpspkenne nmutanust nudpoBoi 4acTH
BD ’ Ucc 4,5 5,5 -0,5 6,0
2 HampspkeHue nuTaHus aHaJI0roBOM 4acTH
gy P " Uee 4,5 5.5 05 | 60
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IIpoodondcenue mabauysl 2.3

1 2 3 4 5 6
3 Bxo/1HO€ HaNpsHKEHUE HU3KOTO YPOBHS
no BeiBojiaM kpome BQI1 u RESET#, B Ui —0,5 0,2Ucc1 -0,6 -
4 BxoJIHOE HANPSKEHUE HU3KOTO YPOBHS Ui 0.5 0.1Ucci 0.6 B
Ha BeiBOJie BQ1, B
5 Bxo/HO€ HanpspKeHUE HU3KOTO YPOBHS
Ha BBIBOC RESET#, B, U1L3 *0,5 0,2Ucc1 *0,6 —
Ucci = Uccz = (4,5-5,5) B
6 BxongHoe HampsiKeHHE BBICOKOTO YPOBHS U 0.6U Ueert0.5 B Ucc110,
1o BeBojaM kpome BQ1 u RESET#, B tH e certh 5
171(13;(;);[2;; E%IRHEGHI/IG BBICOKOT'O YPOBHSI Unio 0.7Ucc1 Ucart0,5 B Ucc51+0,
8 BxogHOE HanpsiKeHHEe BHICOKOTO YPOBHS
[0 BHBOAY REé)ET#, B P Unis 0,85Uccr | Ucert0,3 - 13,0
9 Hanpspxenue mporpaMMHApPOBaHUS Ha BBI-
Boge RESET#, B, Uprr 11,5 12,5 —
Ucci = Uce2 = (4,5-5,5) B 13,0
10 BbIXo1HO#M TOK HU3KOT'O YPOBHS IO BbI-
BozaM kpome BQ1 u RESET#, MA?, Tor - 20 -
UCCl = Uccz = (4,5—5,5) B 40
11 BbIx0HOM TOK BEICOKOTO YPOBHSI IO
BBIBOJIaM Kpome BQ1 u I 3 50 3
RESET#, MmA?, o =201
Ucci = Uce2 = (4,5-5,5) B |-40]
12 ymrensHOCTh (PpoHTA | CIIajga TaKTo-
BOTI'0 CHTHaJa, HC, b — 10 — 500
- misa Bxoga BQ1 LH, PHL - 20 - 500
- JUTSL OCTAJIbHBIX BXOJIOB
13 YacToTa ciie1oBaHUSI UMITYJIbCOB TaKTO-
Boro curaana, MI'1, for - 16 - -
Ucci = Ucez = (4,5-5,5) B
14 EMxocTh Harpy3ku o BeiBojgam PAQ —
PA7, PB0O - PB7, PCO — PC7, PDO — PD7, CL - 80 — 120

PEO — PE7, PFO — PF7, PGO — PG4, n®

1) MC)K,Hy HAIMPsKCHUAMUA TATAHUA AaHAJIOTOBOM YaCTH U HH(I)pOBOﬁ YaCTHU MUKPOCXEMBbI JOJKHO CO-

xpassTbest cooTHomeHue |Ucci —Uccez| £ 0,3 B.

2) 3HaYCHUE CYMMapHOTI0 MaKCUMAaJILHO JIOMyCTUMOTO TOKA 110 BCEM BbIBOJIaM — He Oosiee 400 MA,
o BeiBogaM PAQ — PA7 — ue 6onee 100 MA, PBO — PB3 — ne 6omee 100 MA, PB4 — PB7 — 1e 6omee 100 MA,
PCO — PC3 — ne 6omnee 100 MA, PC4 — PC7 — ne 6omee 100 MA, PDO — PD3 u BQ2 — He 6omee 100 MA,

PD4 — PD7 — ue 6oiniee 100 MA.

Ecnu BeIXOgHOM TOK MOPEBLIIIACT YCJIOBUA TECCTUPOBAHUS, BBIXOAHOC HANIPSI)KCHUEC MOKET IIPCBBILIATH
3asBJICHHBIC 3HAYCHMA. BLIBOIH)I HE rapaHTUPYIOT Hany30‘iHLIﬁ TOK, HpCBBIIHaIOHII/Iﬁ yCI0BU TECTUPO-

BaHMU.
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3 ®yukuunonaasHoe onucanue UC 1887BE7T

B tabmune 3.1 mpueneno onucanue BoiBooB C 1887BE7T.

Tabnuna 3.1 — Onucanue BEIBOJOB MUKPOCXEMBI

HazBaunue
BbIBOJIA

Omnucanue

#VCC

Hanpsbxenne nuranus nudposoit yactu MC

#OV

O6muit BeiBoA 11 poBoii uactu MC

ITopT A
(PA7-PAO)

[Hopt A — 8-pa3psiiHblil ByHAnpaBlI€HHBIH MOPT BBOJA-BbIBOAA C BHYTPEHHUMH
MOATATUBAIOLIMMH K IMUTAHUIO PE3UCTOpPaMHU (BBIOMPAIOTCS OTAEIBHO Ul KaXKIO0ro
paspsiaa). Beixonnele Oydepbl mopra A HMMEIOT CUMMETPUYHYIO BBIXOIHYIO
XapaKTePUCTUKY C OJUHAKOBBIMU BTEKAIOLIMM M BBITEKAIOLUIUM ToKaMu. B pexume
BBOJIa JIMHUU TopTa A OyAyT HEHCTBOBaTh KaK MCTOYHHUK TOKA, €CIM BHEIIHE
3a/1aeTCsl HU3KUN ypOBEHb U BKJIIOYEHBI IOATATMBAIOLIUE PE3UCTOPBL. BBIBOIBI
nopra A HaxoJATCA B TPETbeM (BBICOKOUMIICJAHCHOM) COCTOSIHUM TpHU
BBINIOJIHEHUH cOpoca, Ja)ke €Ciau He BBINONHsEeTCA TakTupoBaHue. [lopt A Ttaxke
BBITIOJIHSICT HEKOTOPBIE CIEIMAIbHbIE (PYHKIIUH, OIMChIBAEMBIE Jajiee

ITopt B
(PB7-PBO0)

[Topt B — 8-pa3psanblii [ByHanpaBiIeHHbIA MOPT BBOJA-BBIBOAA C BHYTPEHHUMHM
MOJTATUBAIOUIMMHU K MIUTAHUIO PE3UCTOPAaMU (BBIOMPAIOTCS OTIENBHO Ui KXKI0TO
paspsna). Beixoguele Oydepsl mopra B HMEIOT CHMMETPUYHYIO BBIXOJIHYIO
XapaKTEPUCTUKY C OAVMHAKOBBIMU BTEKAIOLIMM M BBITEKAIOLIUM TOKaMu. B pexxnme
BBOJIa JMHUU Topra B OynyT neiicTBoBaTh Kak HCTOYHUK TOKA, €CIM BHEIIHE
3a1a€TCsl HU3KUKM YPOBEHb M BKJIIOYEHBbI IMOATIATHBAIOLIUE PE3UCTOPBI. BBIBOBI
nopra B HaxomaTcs B TpeTbeM (BBICOKOMMIIEAHCHOM) COCTOSIHUM —IIpH
BBINOJIHEHUH cOpoca, AaKe ecld He BBINONHsAeTcs TakTupoBanue. [lopt B Taroke
BBINOJIHSICT HEKOTOPbIE CIEIMAIbHbIE (DYHKIIMH, ONIUChIBAEMBIE Jajiee

opt C
(PC7-PCO0)

[Topt C — 8-pa3psaHblii JByHANpaBiICHHbIA NOPT BBOJA-BBIBOAA C BHYTPEHHUMHM
MOJTATUBAIOUIMMHU K MUTAHUIO PE3UCTOPaMU (BBIOUPAIOTCS OTIEIBHO Ui KAXKI0TO
paspsna). Bwixoguelie Oydepsr mopra C HUMEIOT CHMMETPHUYHYIO BBIXOJHYIO
XapaKTEPUCTUKY C OAMHAKOBBIMU BTEKAIOLIMM U BBITEKAIOLIUM TOKaMu. B pexnume
BBOsa JuHUU mopra C OynyT aeilcTBoBaTh Kak HCTOYHUK TOKA, €CJIM BHEIIHE
3a1a€TCsl HU3KUHM YPOBEHb M BKJIIOYEHBbI IMOATATMBAIOLIUE PE3UCTOPBI. BBIBOIBI
nopra C HaxomaTrcs B TpeTbeM (BBICOKOMMIIEAHCHOM) COCTOSIHUM —IIpH
BBINOJIHEHUH cOpoca, JAake eclu He BhImonHseTcs TakTuposanue. [Topt C Taxoke
BBINOJIHSICT HEKOTOPBIE CHEIMaIbHbIE (PYHKIIUH, ONIMChIBAEMBIE Jajiee

IToptr D
(PD7-PDO)

IMopt D — 8-pa3psaHblii JBYHAIIpaBICHHBIM MOPT BBOJA-BBIBOJA C BHYTPEHHUMH
MOJTATUBAIOLUIMMHU K MUTAHUIO PE3UCTOpaMU (BBIOMPAIOTCS OTIENBHO Ui KaXK0TO
paspsna). Beixoguele Oydepsl mopra D HMeEOT CHUMMETPUYHYIO BBIXOJHYIO
XapaKTePUCTUKY C OJJMHAKOBBIMH BTEKAIOIIMM M BBITEKAIOUIMM TOKaMu. B pexume
BBOJIa JIMHUU mopTra D OyayT nedcTBOBaTh KaK MCTOYHHMK TOKA, €CIM BHEIIHE
3a/1a€TCSl HU3KUH ypOBEHb M BKJIIOYEHBI IOATATMBAIOIIME PE3UCTOPBL. BBIBOIBI
nopra D Haxomiarcs B TpeTbeM (BBICOKOMMIIEIAHCHOM) COCTOSIHUM —HIpHU
BBINOJIHEHUH cOpoca, Ja)ke eclii He BBINOJHseTcs TaktupoBaHue. [lopt D Taroke
BBINOJIHSICT HEKOTOPbIE CHEIMAIbHbIE (PYHKIIMH, ONUChIBAEMBIE Jajiee

ITopT E
(PE7-PEO)

ITopt E — 8-pa3psianbiii 1ByHampaBi€HHbIA MOPT BBOJIa-BbIBOJA C BHYTPEHHUMH
MOJTATUBAIOIINMH K MUTAaHUIO PEe3UCTOpaMu (BBIOUPAIOTCS OTIEIBHO IS KaXI0TO
pa3psina). Beixonneie Oydepbl mopra E UMEIOT CHUMMETPUYHYIO BBIXOAHYIO
XapaKTePUCTUKY C OJUHAKOBBIMU BTEKAIOIIMM M BBITEKAIOUINM TOKaMu. B pexume
BBOoAa JuHUU mopta E OymyT nelicTBOBaTh Kak HCTOYHHK TOKA, €CJIM BHEIIHE
3a/1aeTCsl HU3KUH YPOBEHb M BKJIIOUEHBI MOTITUBAIOIINE PE3UCTOPHI
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IIpoodondcenue mabauyot 3.1

HazBaunue
BbIBOJIA

Omnucanue

ITopt E
(PE7-PEO)

BeiBoabl nopra E HaxonsdTcs B TpeTheM (BBICOKOMMIIEAHCHOM) COCTOSIHUM IIPH
BBINOJIHEHUH cOpoca, Jake eciM He BhINoNHAeTcs TaktupoBanue. [lopt E Taroke
BBINOJIHSICT HEKOTOPbIE CIEIMATIbHbIC (PYHKIIMH, ONIMCHIBAEMBIE Jajiee

ITopt F
(PF7-PF0)

ITopt F nelicTByeT kak aHAJOTOBBIA BXOJ aHAJIOrO-IM(POBOro mpeodpazoBaTess.
ITopt F Taxke MOXKET MCIONB30BAaThCS KaK 8-pa3psIHbIA BYHAIPaBIECHHBIA MOPT
BBOJIa-BbIBO/IA, ecin ALl He mcnonb3yercs. K kaxaoi IMHUA IOPTa MOXKET OBITH
MOJIKJIIOUYEH BCTPOEHHBIM NOATATMBAIOIIMM K IUTAaHUIO PE3UCTOp (BbIOMpaercs
OTACNBHO JUISI Kaxaoro paspsaa). Beixomusie Oydepst mopra F  umeror
CUMMETPUYHYIO BBIXOJHYIO XapaKTEPUCTUKY C OJMHAKOBBIMM BTEKAIOIIMM U
BBITEKAIOUINM TOKaMu. B pexxume BBoAa simHUM nopta F OyayT neiicTBoBaTh Kak
HCTOYHMK TOKAa, €CIM BHEIIHE 33JaeTCsd HU3KUM YpPOBEHb U BKIKOYCHBI
NOATATUBAIOIIME pE3UCTOpbl. BrBoxbl mnopra F  Haxomsarcs B TpeTbeM
(BBICOKOMMIIETAHCHOM) COCTOSIHUM TPU BBINOJIHEHUH cOpoca, Jaxe €clau He
BBINOJIHSACTCST TakTHpoBaHue. Ecnm axtuBusupoBan wuHTepdeiic JTAG, To
noararuBatoiue pesucrtopsl Ha nuHusx PF7(TDI), PFS(TMS) u PF4(TCK) 6ynyt
MOJIKIIFOUEHBI, 1aXke eciu BhlnonHseTca copoc. BeiBon TDO HaxonuTcst B TpeThbeM
cocTosiHuM, 11oka TAP KOHTpoJuIep HE HAUHET BbIJAaBaTh JIaHHBIE.

[opt F Takxe Boimonuser pynkuuu uurepgeiica JTAG

Ilopr G
(PG4-PG0)

ITopt G — 5-pa3psaHblii JBYHAIIpaBICHHBIM MOPT BBOJA-BBIBOJA C BHYTPEHHUMH
MOJTATUBAIOUIMMHU K MUTAHUIO PE3UCTOpaMU (BBIOUPAIOTCS OTIENBHO Ui KaXK0TO
paspsna). Boeixomnelie Oydepbl nmopra G HUMEOT CHUMMETPHUYHYIO BBIXOJHYIO
XapaKTePUCTUKY C OJJMHAKOBBIMM BTEKAIOIIMM M BBITEKAIOUIMM TOKaMu. B pexume
BBOJa JMHUU mopra G OyayT AEHCTBOBaTh KaK MCTOYHHUK TOKA, €CIM BHELIHE
3a/1a€TCsl HU3KUH ypOBEHb M BKJIIOYEHBI IOATATMBAIOLIME PE3UCTOPBL. BBIBOIBI
nopra G HaxogdTcs B TpeTheM (BBICOKOMMIIEJAHCHOM) COCTOSIHUM —IIPH
BBINIOJIHEHUU YCIIOBUS cOpoca, Jlake eclld He BhINoJHseTcs TaktupoBanue. [lopt G
TaKX€ BBIINOJIHAET HEKOTOPbIE ClIeUaIbHble ()YHKLUH.

RESET#

Bxon copoca. Ecnu Ha 5TOT BXOJI 01aTh HU3KHI YPOBEHbB, JIUTEIBHOCTH KOTOPOTO
0oJbIlle MUHUMAJIbHO HEOOXOIMMOM, TO OyJeT BBINOJHEH COpPOC HE3aBHUCHMO OT
paboThl cuHXpoHM3aMH. [leificTBIe MMITyIbca MEHBIIEH MPOIOKUTEILHOCTH HE
rapaHTUpPyeT reHepaiuo copoca

BQI

B0,xoq uwHBEpTHpYIOIIErO YCWJIMTENS TE€HepaTopa W  BXOJA BHYTPEHHEU

CUHXPOHH3AIINN

BQ2

Brixon HWHBCPTHUPYIOHICTO YCHIIUTCIIA TCHCPATOPA

NVCC

Bxon nuranus nopta F u ananoro-mudposoro npeodpaszoparens. OH J0KEH ObITh
BHelHe noakimoueH k #VCC, ecnu ALIT He ucnonb3yercs. [Ipu ncnons3oBannn
ALII srot BeiBoa nmojkitouaercs K #VCC yepe3 GuIbTp HUHKHUX 4acTOT

nov

OO0wwui BeIBO a”HajIorosoii yactu MC

AREF

Bxon nogkirodeHuss HCTOUHHKA OIMOPHOI'0 HAITPSIXKCHU A AHH

PEN#

Bxon paspemeHus NporpaMMHpOBaHHMS Ul peXKHMMa  IOCIEA0BATEIBHOIO
nporpammupoBanus yepes unrepderic SPI. Eciu Bo Bpems cOpoca 1o BKIIIOYEHHIO
nutanus (Power-on-Reset) Ha 3TOT BXOA MOAAH HU3KHM JIOTUYECKUN YPOBEHb, TO
MUKPOKOHTPOJUIEP NMEPEXOAUT B PEKUM IOCIENOBATEIBHOIO IPOrpaMMHUPOBAHUS
yepe3 SPI. B pabouem pesxume PEN# He BBINOTHSET HUKAKUX (DYHKITHIHA
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3.1 SInpo MUKPOKOHTpPOJLIIEpa

B nanHOM mopapaszeiie onuchIBaeTCs apXUTEKTypa siipa MUKPOKOHTpouiepa B 1eiaom. Oc-
HOBHOM (yHkimei sapa LY sBnsercs obecneueHue NpaBUILHOTO UCIIOJHEHHs mporpammsl. C
yuetoM 3Toro L{ITY momkeH uMeTh BO3MOXKHOCTh JOCTYNa K YCTPOMCTBAM MAaMSITH, BBITOJIHEHUS
BBIYUCIICHUH, YTIpaBlieHUs TepuepritHbIMUA yCTPOHCTBAMU M 0OpaIlieHus! ¢ IPEPHIBAHUSIMU.

3.1.1 O030p apxXuTEeKTYpbI

Pucynok 3.1 — biiok-cxema apXUTEKTypbl siipa MUKPOIIPOIPaMMHOTO YIIPaBJICHUS

B nensx goctikeHuss MakKCUMaJIbHOW MPOU3BOAUTENFHOCTH U Mapajiein3Ma UCTIOIb3yeT-
cs ['apBapackas apXUTEKTypa ¢ OTAEIBbHON NaMAThIO MPOTPaMM U JIaHHBIX, a TAKXKe MIUHAMU J0-
ctyna K HuM. KoMaH1bl B mamMsITH MPOTpaMM BBITIOJHSIOTCS ¢ OJHOYPOBHEBOM KOHBeepHu3aluen.
B mpouiecce BBINTOJIHEHHS] OJHOM MHCTPYKLUH, CIEAYOAasi HHCTPYKIMS MPEJBAPUTEIBHO CUUTHI-
BaeTCs M3 MaMATH Iporpamm. JlaHHash KOHIENIUS MO3BOJISIET BBIMOJIHATH OJHY HMHCTPYKIIMIO 32
OJIMH MaIIUHHBINA UK. [TaMaTh mporpamm mpeacrasisieT co00il BHyTPUCUCTEMHO MEepenporpam-
MHUPYEMYIO MaMsTh.

PeructpoBslii aiis ¢ OBICTPHIM AOCTYIIOM COJIEPKUT TPUILIATH ABa 8-pa3psiIHBIX pabodnx
perucTpa oOIIero Ha3HayeHusl ¢ OJIHOTAKTHBIM LUKJIOM JOCTyma. biaromapst aToMmy jgocturaercs
OJTHOTAKTHOCTH PabOThI apr(PpMETHKO-TIOTHIECKOro ycTpoiicTBa. [Ipu oObunoOl padore AJIY cHa-
yaja U3 perucTpoBoro (aiiina 3arpykaeTcs Ba ONepaHaa, 3aTEM BBIIIOIHIETCS OTepalus, a mocie
pe3yNbTaT OTHPAaBISETCS 0OpAaTHO B PETUCTPOBBIN (paiii, U BCE 3TO MPOUCXOAUT 32 OAWH MAIIUH-
HBIN LK.

[Iects peructpoB u3 32 MOTyT UCIOIB30BATHCA KaK TPU 16-pa3psaHbIX peructpa KOCBEH-
HOTO ajpeca ams dpPeKTUBHON aapecaruu B Mpeaenax namsaTH JaHHBIX. OJUH U3 dTUX yKazare-
JIel MOKET TaK)Ke MCIIOIh30BaThCs KaK yKazaTelb aapeca JJI IOCTyna K maMsaTé mporpamm. Jlan-
Hble 16-pa3psaHble perucTpbl Ha3bIBAIOTCA X-PErUCTp, Y-PErucTp U Z-perucTp U OMHUCHIBAIOTCS
Jlajiee B TOM IoJipas3enie.
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AJIY mopnepxuBaer apu(pMETHUECKUE M JIOTHYECKHUE OIEpalldd MEXIy PErHCTpaMu, a
TaK)Ke MEXIy KOHCTaHTOM M peructpoMm. Kpome toro, AJIY momnep:kuBaeT NEHCTBUSI C OJHUM
peructpoM. Ilocne BbimoaHeHUsT apuMETHYECKOM Onepaluyd perucTp cratyca OOHOBISETCS A
oToOpakeHHsI pe3yJIbTaTa BHIOTHEHUS OTIepalllu.

Jlis BeTBiEHHs] MPOrPaMMBI MOAJIEPKUBAIOTCS MHCTPYKLUU YCIOBHBIX M 0€3yCIOBHBIX
NIePEeX0/I0B U BBI30BOB MPOIIEYp, KOTOPHIE CIIOCOOHBI HAINpsIMyI0 oOpalmarbcs KO BCeMy aapec-
HOMY TPOCTPAHCTBY. BOJBIIMHCTBO MHCTPYKIIUK MPEACTABISIIOT cCOO0M OAHO 16-pa3psmHoe Cio-
BO. Kaxxiplii agpec namMsTi nporpamMmm COAEpKUT 16- nnu 32-paspsiiHy0 HHCTPYKIUIO.

[TamaTh mporpaMMm paszenieHa Ha JBE CEKIUU: CEKIUS 3arpy3yuKa U CEKIUsSl MPUKIIATHON
nporpamMMbl. O6€ CEKIIMM MMEIOT CIIeUAIbHBIe OUTHI 3alUTHI OT 3alMCU U yTeHus/3anucu. VH-
cTpykuus SPM (3amuch B CEKIMIO MPUKIATHONW MPOrpaMMBbl) TOJKHA HMCIIONIb30BATHCS TOJIBKO
BHYTPU CEKLIUU 3arpy34HKa.

[Ipu renepauuu mpepbiBaHUS U BBI30BE MOANPOrPAMM aJpec BO3BpaTa U3 MPOrpPaMMHOTO
CcYeTuMKa 3anuchiBaercsa B cTtek. Ctek pa3menieH B cratuueckoM O3Y mamsiTé JaHHBIX W, CIEI0-
BaTeJIbHO, Pa3Mep CTeKa OrPaHUYEH TOJBKO OoOLMM pazmepoMm cratuueckoro O3V u ero 3arpy-
KEHHOCTBI0. B 0001 mporpaMmme cpasy mociie copoca qoJKHA ObITh BBITIOJTHEHA HHUIIAATH3AIUS
ykazarens creka SP (T.e. mepe/ BBIIOJIHEHHEM MPOLIEypbl 00pabOTKH MpEepbIBAHUIN MIIM BHI30BOM
HoJAIporpaMM). Ykaszarenb creka — SP — 10CTyIeH 17 YTeHUs U 3alIMCH B IIPOCTPAHCTBE BBOJIA-
BbIBoJIa. JlocTyn Kk ctatnueckomMy O3Y naHHBIX MOXKET OBITH OCYLIECTBIIEH 4Yepe3 MSATh pa3iuy-
HBIX PEXUMOB aJIpeCaLU, IOJAECPKUBAEMBIX APXUTEKTYPOH.

Monynb npepbIBaHUM COAEPKUT CBOM YIPABISIOLIME PErHCTPhl B MPOCTPAHCTBE BBOJA-
BBIBOJIA U UMEET JIOTIOIHUTENbHBIA OUT 00111ero pa3penieHus paboTbl CUCTEMBI IPEPHIBAHHIA B pe-
TUCTpe cTaryca. Y BcexX MpephIBaHUI MMEETCs CBOIl BEKTOp NpPEphIBaHMS B COOTBETCTBUU C Tal-
nuuen BeKTopoB. [IpepriBaHusA UMEIOT IPUOPUTET B COOTBETCTBUM C MO3MLMEN UX BeKTOpa. Yem
HUDKE aJjpec BEKTOpa MpepbhIBaHMs, TEM BbIIIE €r0 IPUOPUTET.

[IpocTpancTBO MaMsTH BBOJIa-BBIBOJA COJECPKUT 64 ajipeca ¢ HEMOCPEACTBEHHOM ajipeca-
LUE UM MOKET aJIpecoBaThCs KaK MaMsITh JaHHBIX, CIEAYIOIas 3a perucTpaMu 1o ajpecam
$20 - $5F. Kpome Toro, UC 1887BE7T mmMeer mpocTpaHCTBO PacIIMPEHHOTO BBOAA-BBIBOJA TIO
anpecam $60 - $FF B cratuueckom O3V, i 10CTyna K KOTOPOMY MOTYT HCIIOJIb30BaThCs TOIBKO
xkomauael ST/STS/STD u LD/LDS/LDD.

3.1.2 Apu¢pmeTnKO-JI0THYECKOE YCTPOMCTBO

AJIY MHUKpOKOHTpoJIiepa paboTaeT B HEOCPEACTBEHHON CBSI3M CO BCEMH 32 perucTpamu
oOuiero HazHadyeHus. AJIY Mmo3BoJSIET BBHIMOJHUTH 32 OAMH MAIIWHHBIM IUKJI ONEPaI0 MEXIY
JIBYMsI PETHCTPaMU HJIM MEXy PEerucTpoM M KoHcTaHTo. Omepanuu AJIY MoryT ObITh Kilaccu-
bupoBaHbl Ha TPU OCHOBHBIE TPYIIBL: apudmMeTnyeckue, Joruueckue u ourossie. Kpome toro,
NC 1887BE7T nonnepkuBaeT onepanud yMHOKEHHUS CO 3HAKOM U 0€3 3HaKa M IpoOHBIM Gopma-
ToM. CMOTpHUTE MPUITIOKEHHE A JIJIst TOAPOOHOTO 03HAKOMIICHHS.
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3.1.3 Peructp craryca

Peructp craryca conepxut HHGOPMAIUIO O Pe3yabTaTe TOJBKO YTO BBIMOJIHEHHON apud-
METHYECKOW HMHCTPYKIMH. JlaHHass MHPOpMAaLUs MOXXET HCHOJIb30BATHCS JUISI BETBJICHUS IPO-
TPaMMBI TI0 YCJIOBHIO. PerucTp craryca 0OHOBIISIETCS MOCIE BBHITOJIHEHHS BceX omeparuii AJIY B
o0beMe, MPEeayCMOTPEHHOM JUIsl KaXXI0H KOHKPETHOW HMHCTpyKuMU. Dnaru 3TOro perucrpa B
OOJIBIIMHCTBE CITy4aeB MO3BOJISIOT OTKA3aThCs OT UCMOJIb30BAaHUS MHCTPYKIMM CpaBHEHUS, Jenast
KO/ POTpaMMBbl 00J1€€ KOMIIAKTHBIM B OBICTPBIM.

CocrosiHue perucrpa craryca aBTOMaTUYECKH HE 3allOMMHAETCS] IPU BBI30BE MPOLEAYPHI
00pabOoTKK MpEephIBAHUN U HE BOCCTAHABIMBACTCS IPU BBIXOJE M3 Hee. ITO HEOOXOIUMO BBIIIOI-
HUTb IIPOTrPaMMHO.

Peructp cratyca SREG MHKpOKOHTpoJIEpa UMEET CTPYKTYpYy, MOKa3aHHYIO HAa PUCYH-

ke 3.2.
bur 7 6 5 4 3 2 1 0
I T H S Vv N Z C SREG
YreHnue/3anuch 4/3 4/3 4/3 4/3 4/3 q/3 4/3 4/3
Hauanbuoe 0 0 0 0 0 0 0 0

3HA4YCHHUC

Pucynok 3.2 — Peructp craryca SREG
Pa3psn 7 — I: O0mee paspemienue npepbIBaHui

bur obuiero paspemieHuss NpepbIBAHUNA HCHOJB3YETCS AJI aKTUBAaLUU PabOThl CUCTEMBbI
npepelBaHui. PaspelieHue OTAEIbHBIX IPEpPHIBAHUM OCYIIECTBISAETCS B COOTBETCTBYIOIIHX
yHOpaBisoluX perucrpax. Eciau 6ut obuiero pasperienus npepbiBaHuil cOPOCUTh, TO HU OJJHO U3
npepbiBaHUi He OyAeT aKTUBHBIM HE3aBHUCHMO OT MX MHIMBUAYaIbHOW KOHGuUrypamuu. but I
cOpachIBaeTcs B HOJIb allllapaTHO IOCJe FeHEpaluy 3arpoca Ha IpepbIBaHUE, a MOCJE BBIOJIHE-
HUS MHCTPYKUMHU Bo3Bpara u3 npepsiBanus RETI cHoBa ycTaHaBnuBaeTcsl B €IMHUILY AJIS BBIIOJI-
HEHUS MOCNENYyIoMUX npepbiBaHuil. but I MoxkeT Takke cOpachiBaThCsA M yCTaHABIMBATHCSA C IO-
Motibto nHcTpykuuit CLI u SEI cooTBeTcTBEHHO.

Paspsin 6 — T: Xpanenue konupyeMoro 0ura

Crenanbsable 6utoBbie onepanuu BLD (konupoBanue u3 T-6urta) u BST (konupoBanue B
T-0uT) UCTIONB3YIOT B KaYeCTBE MCTOYHHMKA M MojyuaTens naHHbIX out T. JlroOoit 6ut u3 peru-
CTpOBOTO (aiina MoxeT ObITh ckonupoBaH B 6ut T unctpykiueit BST, a Taxke conepxumoe Outa
T MoxeT ObITh CKOITUPOBAHO B JI000M OUT peructpoBoro (aiiia ¢ momoulso HHCTpyKiuu BLD.

Pa3psia S — H: daar mo10BUHHOTO nepeHoca
Janublit ¢uar ycTraHaBIMBAaeTCsl NMPU BBINOJIHEHUH HEKOTOPBIX apu(METHYeCKUuX HH-
CTPYKIUH U MHIULIUPYET O BOBHUKHOBEHUHU MOJOBUHHOTO nepeHoca. Kak mpaBuio, NOJTOBUHHBIN

MEPEHOC MIUPOKO MCIIONB3YETCS B ABOMYHO-ACCATUYHON apudmMeTuke. bonee moapobuas uabpop-
Mallys PUBE/IEHA B OMMCAHUU CUCTEMbI KOMaH]I.
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Pa3psin 4 — S: 6ut 3Haka, S=N®V

bur S — pesynbrar BBINOJIHEHUS JIOTHYECKON omepanuu uckiaovatouniero WM mexny
¢tarom oTpHLaTENbHOrO pe3ysbraTa N U (yiarom nepenoaHeHus JBOUYHOro gonoiaHeHus V. bo-
aee moapoOHas HHPOPMAIUs MPUBEICHA B ONMCAHUU CUCTEMBI KOMaHI.

Pa3zpsin 3 — V: ®@aar nepenoiHeHUs1 J0NMOJHEHHS /10 ABYX

@uiar nepenogHeHus JOMOJMHEHUs 0 ABYX V MOAJIEPKUBAET apU(PMETUKY C JIBOUYHBIM
nonongHeHueM. bosee noapobHas nHGpoOpMalus NpuBeieHa B ONMCAHUU CUCTEMbl KOMaHI.

Pa3psia 2 — N: @Jiar oTpuuaTe/ibHOT0 pe3yJbTara

@unar oTpunaTeNbHOrO pe3yiibTaTa N MOKa3bIBAET, YTO PE3yJbTATOM BBIMIOJHEHUS apud-
METHUYECKON WJIM JIOTUYECKOW olepaluu SBJSETCsl OTpulaTelibHOe 3HaueHue. bonee moapobHast
uHbOpMaIlvs IpUBEIeHA B OMMMCAHUU CUCTEMbI KOMaH]I.

Pa3psiag 1 — Z: ®daar HyJ1eBOro pe3yjabTrara

@nar HyJIEeBOro pe3yJsibTaTa Z IMOKa3bIBAET, YTO PE3yJIbTATOM BBINOJIHEHUS apupmeTHye-
CKOHM WJIM JIOTMYECKOW olepaluu sBseTcss Houb. boiiee moapobHast nHpopMalus NpUBEIeHA B
ONMCAHUU CUCTEMBI KOMaHI.

Pa3psn 0 — C: ®djar nepenoca

®nar nepeHoca C CBUIETENBCTBYET O BOZHUKHOBEHUU MEPEHOCA B PE3YyJIbTATE BBIOJIHE-
HUs apu(METHUECKOM WK JIOTHYEeCKOH omepanuu. bonee monpoOHast nHpopManus mpuBeacHa B
OIMCAaHUMU CUCTEMBbI KOMaH/I.

3.1.4 ®aiin perucTpos 001ero HA3HAYCHUS

@ailnn perucTpoB ONTUMUZUPOBAH IO PACHIMPEHHBIH HA0OP MHCTPYKIUIT MUKPOKOHTPOJI-
aepa. B mensx moctikeHus TpeOyemMol MpPOM3BOIUTEIHHOCTH U THOKOCTH (haiilioM peructpon
MOJIICPXKUBAIOTCSA CIIEIYIOIINE CXEeMbl BBOAA-BBHIBOIA:

- OAUH 8-pa3psaHbIN ONepaHa U OJIMH 8-pa3psiiHbII pe3ynbTar;

- IBa 8-pa3psAHBIX ONepaH/a v OJUH S8-pa3psAHbIN pe3ysbTar;

- IBa 8-pa3psAHbIX OomepaHa U OJUH 16-pa3psaIHblid pe3yibTaT;

- onuH 16-pa3psaaHblid oniepana U OJUH 16-pa3psaHbIi pe3ybTar.

Ha pucynke 3.3 mokasana ctpykrypa 32 peructpos o0iiero HazHauenus B LIITV.

BonpmrHCTBO MHCTPYKIMM, paboTaromMX C PEerucTpoBBIM (DaiijioM, UMEIOT HEMoCpe.-
CTBEHHBIH JOCTYNl KO BCEM pErucTpaM, 4eM JOCTUTAETCs BBINOJIHEHHE UX 3a OJWH MAIlMHHBIN
IUKJT.

Kak mokaszano Ha pucyHke 3.3, KaXIblii PETUCTp UMEET CBOM ajapec B 00JIacTH MaMsTH
JMaHHBIX, JUJIS 4ero TaM OTBEAEHHI nepBble 32 mo3uiuu. HecMoTpst Ha pu3MUecKkyto peanusaliio
He 10 ajpecam ctarndyeckoro O3V, naHHas apXUTEKTypa MaMsATH 00ecTieuuBaeT THOKOCTh JOCTY-
na K perucrpam omarogaps ToMy, 4TO peructpbi-ykazarenu X, Y U Z MOTYT OBITh UCIIOJIb30BAHbI
JUTSL OOpaIeHHs K JII000MY PEeTUCTpy B daiie.
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Peructpsl
oOmiero
Ha3HAYCHUS

RO

R1

R12

R13

R14

R15

R16

R25

R26

R27

R28

R29

R30

R31

Anpec
$00
$01

$0C
$0D
$OE
$OF
$10

$19
$1A
$1B
$1C
$1D
$1E
$1F

YcnoBHBIE 0003HAYEHUS: MJT. — MJIAIIIAMA, CT. — CTapIITHH.

X-perucrtp, Y-perucrp u Z-perucrp

Pucynok 3.3 —Peructpsl 0011ero Ha3HaYCHUS

Mu. 6aiiT X-peructpa
Cr. OaiiT X-peructpa
Mu. 6aiiT Y-peructpa
Cr. OaliT Y-peructpa
M. 6aiiT Z-peructpa

Cr. 6aiiT Z-peructpa

Peructper R26-R31 06manaroT HOMOJHUTEIBHBIMA (QYHKIIMSAMH KpOME UX OOIICIICIICBOTO
UCIIOJIb30BaHuA. JlaHHBIE PETUCTPHI ABISIOTCS 16-pa3psaHbIMHU yKa3aTeIsIMU aJipeca JJisi KOCBEH-

HOM aapecanuu B rIpeaciax nmaMAaTu JaHHBIX.

Tpu peructpa kocBeHHOM agpecaunu X, Y U Z npeAcTaBleHbl Ha pUCyHKe 3.4.

15 XH XL 0

X-peructp |7 0
R27($1B) R26($1A)

15 YH YL 0

Y-peructp |7 0
R29($1D) R28($1C)

15 ZH ZL 0

Z-peructp |7 0
R31($1F) R30($1E)

Pucynok 3.4 — X-, Y- u Z-peructpsl
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B pa3nmuyHBIX pexuMax aapecanyyl JaHHbBIC aJpecHbIe PErHCTPhI BBHITOIHSIOT (QYyHKIHH
a0COTIOTHOTO CMEIIEHHs, aBTOMATHYECKOTO NHKPEMEHTUPOBAHUS U aBTOMAaTUYECKOTO JIEKPEMEH-
TUPOBaHUs (CM. OTMCAHUE CUCTEMbI KOMaH I JIJIsl 60JIee MoIpOOHOTO N3YUEHNS).

3.1.5 Yka3zareJb cTeKa

Crek 00BIYHO HCTIONB3YETCs ISl XpaHEHUS! BPEMEHHBIX JaHHBIX, TIOKAJIbHBIX MEPEMEHHBIX
U aJIpecoB BO3BpaTa IpH MPEPHIBAHUAX U BbI30BaX MOANporpamMMm. Peructp ykasaresns cTeka yka-
3bIBAeT Ha BepIIMHY cTeka. OOpaTuTe BHUMAaHUE HA OPTaHU3AlMIO CTEKa, KOTOPBIM HaNpaBieH OT
CTapIIMX K MIAIIINM MO3UIUsAM cTtatudeckoro O3Y. DTo 03HauaeT, 4TO KOMaH/a OMEIICHUS B
crek PUSH yMeHbIIaeT 3HaueHUE yKa3aTens CTeKa.

VYkazarenb cTeka onpeaelnseT o0nacTk cteka B ctatudeckoM O3Y nmaHHBIX, TI€ pacroiio-
JKEHBI CTEKU MpepbIBaHui U moanporpaMm. lannas obnacte cteka B ctarudeckoM O3Y mamstu
JAHHBIX JOJDKHA OBITH OTpE/IeNIeHa MPOTPAMMHO JI0 BBI30BA JHO00W MPOIETyPhI WIH Pa3peiieHUs
IpephIBaHMA. Y CTaHABIMBAEMOE 3HAUCHHE YKa3aTellsd CTeKa JOJDKHO ObITh Oosee $60. Ykazarenb
CTEKa OJHOKPATHO JEKPEMEHTUPYETCS MpPH MOMEIIEHUU JaHHBIX B cTek uHCTpykuuert PUSH u
JIBAX/IbI IGKPEMEHTHPYETCSI MIPH MOMEIICHUH B CTEK aJpeca BO3BpaTa IMpU BHI30BE MOJIPOrpam-
MbI WM TMPEpPhIBAaHUU. YKa3aTellb CTEKa OJHOKPATHO MHKPEMEHTUPYETCS MPU HU3BICUCHUU J1aH-
HBIX U3 cTeka uHcTpykuued POP u nBakapl HHKpeMEHTUpYeTCs IPU U3BJICUEHUU aJipeca BO3Bpa-
Ta MPU BBIMOJHEHUU MHCTPYKIMHU BbIxoJa u3 noanporpammbel RET win BeIxoga W3 mpoienypbl
00pabotku npepbiBannii RETI.

VYkazarenb CTeKa peayiM30BaH Kak JBa 8-pa3psiIHBIX PETUCTpa B 00JIACTH BBOJA-BHIBOJIA
(cM. pucyHok 3.5).

bur 15 14 13 12 11 10 9 8
SP15 SP14 SP13 SP12 SP11 SP10 SP9 SP8 SPH
SP7 SP6 SP5 SP4 SP3 SP2 SP1 SP0 SPL

7 6 5 4 3 2 1 0
Yrenue/3anuch 4/3 4/3 4/3 4/3 /3 /3 /3 /3
4/3 4/3 4/3 4/3 q/3 4/3 4/3 4/3
HaganrHoe 3Ha4YeHME 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Pucynok 3.5 — Ykazarenb creka
Perucrp Z Bri0opa crpaHunbl namsatu nporpamm — RAMPZ

Crpykrypa peructpa Z BbIOOpa cTpaHuibl namsatd — RAMPZ — npencraBieHa Ha puCyH-
ke 3.6.

bur 7 6 5 4 3 2 1 0
- r - r - [ - [ - [ - [ - [RAMPZ0]RAMPZ
Yrenue/ q q q q q q 9 /3
3aIHCh
Havanenoe 0 0 0 0 0 0 0 0

3HA4YCHUC
Pucynok 3.6 — Peructp Z Bbi6opa crpanuus O3Y
Pa3psiabl 7-1: 3ape3epBUpOBaHHbIE Pa3psbl

I[aHHLIC paspAaabl CYUTBIBAIOTCA KaK HOJIb.
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Pa3psan 0 — RAMPZ0: PaciunpeHHblil Z-yKka3aTeab CTPAHHIbI NAMSATH IPOrPaMM

JIaHHBINA PErUCTP UCIOJB3YETCs AJIS BBIOOPA CTPAaHUIIBl MAMATU MPOTPaMM, JOCTYI K KO-
TOpPOW OCylIecTBIsIeTCss ¢ Tomolbio MHCTpykimid ELPM/SPM. Pasnuunble ycraHOBKHM Outa
RAMPZ0 umeroT ciienyronui pe3yabTar:

RAMPZ0 =0: HWactpykauun ELPM/SPM ocymiecTBisifoT A0CTYI K TaMSTH MPOTPaMM B
nuarnaszoHe aapecos $0000 - $7FFF (mnammme 64 KoaiT)

RAMPZ0=1: HWactpykuuun ELPM/SPM BBINONTHAIOT JOCTYII K MAMATH IPOTPaMM B JHAa30He
anpecos $8000 - SFFFF (crapiiue 64 KGaiit)

OOpaTuTe BHMMaHHUe: JeiicTBue nHcTpykuuu LPM He 3aBucut ot yctaHoBku RAMPZ.
3.1.6 BpemeHnHble 1uarpaMmMbl BbINIOJIHEHUSI KOMaH]]

Huxe onuceiBaroTcst 00111M€ KOHIENIIMU BPEMEHHBIX JUArpaMM JO0CTYIa JUIsl BHITTOJIHEHUS
komau. LleHTpanbHOe mpoleccopHoe yCTpoiicTBO paboTaeT oT TakToBOro curnana clkceu, cdop-
MHUPOBAHHOTO HEMOCPEICTBEHHO OT BBIOPAHHOTO JJIi MUKPOKOHTPOJUIEPA MCTOYHUKA TAKTOBBIX
VMITYJIbCOB.

Ha pucynke 3.7 npencraBieHa napajuielibHas Iporeaypa BHIOOPKA KOMaH U WX BBIMIOJI-
HEHUs, pa3peiieHHas ['apBap/cKkoil apXUTEKTypOl M KOHIEIMIIMEH PerucTpoBoro (aiima ¢ ObICT-
PBIM JIOCTYTIOM. DTO SBIsieTCS 0a30BOI KOHIIETIIUEH paObOThI B PEKUME KOHBEHEepU3alUy ISl TI0-
JyY€HHUsI IPOU3BOJUTEIBHOCTH BIUIOTh 0 1 MUJUIMOHA KOMaH[I B ceKyHy Ha 1 M.

Pucynok 3.7 — [lapasnienbHas mpoleypa BHIOOPKH U BBIIIOJTHEHUS KOMaH/T
Ha pucynke 3.8 npescraBieHa BpeMeHHast Auarpamma Jjsi perucTpoBoro ¢aitna. 3a oauH

TAKTOBBIM IIUKJI BhINOJIHSAETCA onepanus AJIY ¢ ucrnonb3oBaHMEM ABYX OINEPAHIIOB PETUCTPA, U
pe3yJIbTaT COXpaHsETCss OOPaTHO B PETUCTP HA3HAUCHHS.
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Pucynok 3.8 — Pa6ora AJIY B OMHOYHOM LIHUKJIE
3.1.7 Copoc n 00padoTKa npepbIBAHUH

NC 1887BE7T conepKuT HECKOJIbKO UCTOYHUKOB IpepbiBaHuil. Kaxxaoe u3 aTuX npepsl-
BaHUH, a Takke cOpOC MMEIOT UHIUBUAYaJIbHBIA BEKTOp B MaMsTH Hporpamm. Bce mpepbiBaHus
UMEIOT MHIUBUAyaJIbHbIE OUTHI Pa3pelIeHusi, KOTOPbIE JOJDKHBI OBITh YCTAaHOBIICHBI BMECTE C
YCTaHOBKOW OuTa ri100aJbHOrO pa3pelieHus NpepblIBaHUN B PETUCTPE cTaTyca AJsl TOTO, YTOObI
pa3pelunTh NpepbiBaHue. B 3aBUCUMOCTH OT 3HaUEHUS IPOrPAMMHOI0 CUETYMKA [TPEPBIBAHUS MO-
IyT OBITh aBTOMATUYECKU OTKIIIOUEHBI, €CJIH 3alpOorpaMMHUpPOBATh OUTHI 3aLIUTHI 3arPy304HOTO
cektopa BLB02 nnu BLBI12. [lannas QyHKIus yaydmaer 3amuTy nporpammbl. CM. moapasaen
3.21 «lIporpamMmmupoBaHue mamMAaTH» JJIsl yTOUHEHUS JIETAJICH.

Munanmme aapeca B MPOCTPAHCTBE MaMATH IIPOrPaMM, 110 YMOJIYAHHUIO, ONPENEIEHbl KaK
BEKTOPBI cOpoca u npepbiBaHus. [lepeuens npepbiBaHUil yCTaHABIMBAET TAK:Ke YPOBEHb NMPUOPH-
TETOB JJI Pa3IMYHbIX IpepblBaHUN. UeM HIDKE ajpec, TEM BbILIE ypoBeHb Npuoputera. COpoc
(RESET#) umeeT HauBBICIIMN TPHOPUTET, a cienyromuM sBisietcss INTO — 3anpoc BHemHero
npepbiBaHusl. BeKTOpHI mpephIBaHMs MOTYT OBITh IIEPEMEIICHBI B HA4YaJI0 CEKTOpa 3arpy34rKa Ia-
MATH Tporpamm ycraHoBkod Outa IVSEL B perucrtpe ympaBiaeHUsS MHKPOKOHTPOJIEPOM
(MCUCR). Cwm. monmpaszaen 3.6 «IIpepbiBanusi» ans 6oyiee moapoOHOTO O3HAKOMIICHHS. Bektop
cOpoca MOXKeT OBITh TaKXkKe MepeMeIlleH B Hauajo CEKTOpa 3arpy3urka MaMsTd MporpamMM IMyTeM
nporpamMmmupoBanusa KoHpurypaunonHoro oura BOOTRST (cm. moapaznen 3.20 «Camompo-
rpaMMUPOBAHHE U3 CEKTOPA HAYaJIbHOM 3arpy3Ku C MOJACPKKOM YTSHHS BO BPEMsI 3aITUCH).

[Tpu BO3HMKHOBEHHMH TpepbIBaHus OUT | 00IIero pa3perieHus npepeIBaHuil OUUIIACTCS, U
Bce mpepbiBaHusa O6nokupyrored. [lomszoBatenbekoe 10 MoXeT 3anmuchIBaTh TOTUYECKYIO €TUHU-
1y B ouT I nns paspeuieHust BIOKEHHBIX IpepblBaHMN. Bcee paspelieHHble IpepbhIBaHUS MOTYT
IpephIBaTh TEKYIIYIO MporpaMMy oOpaboTku npepbiBaHuil. but | yctanaBnuBaercs aBromaTtuye-
CKH IIpY BBIIIOJIHEHUH BO3BpaTa U3 KOMaH bl npepbiBanus RETI.

CymiecTByeT 1Ba OCHOBHBIX THUIa TpepbiBaHui. [lepBbIil TUIT 3amycKaeTcst COOBITHEM, KO-
TOpOE yCTaHaBIUBaeT (iar mpepbiBaHus. )i 3TOTO THMA MPEephIBAHUN MPOTPAMMHBIN CUETUHK
NEPEXOIUT Ha BEKTOp MpepbIBaHUS AJS UCIOJHEHHS MOIIpOrpaMMbl 0OpabOTKH NpEephIBaHUMH,
IpU ATOM amImapaTHoO cOpachIBaE€TCS COOTBETCTBYIONIUI Quar mpepsiBanus. dnar mpepbiBaHUS
TaKk)K€ MOXHO COPOCHUTDH IyTEM 3aMUCH JIOTUYECKOW €IMHUIIBI B COOTBETCTBYIOIIUN pa3psiy] peru-
cTpa ¢uaroB. Eciy BO3HMKaeT yCJIOBHE MPEPHIBaHHSA, B TO BpeMsI KaK COOTBETCTBYIOIIUH OUT
npepsiBaHusl cOpolieH, (uar npepbiBaHus OyIeT YCTAaHOBJICH U 3alIOMHEH JI0 pa3perieHus Mpephl-
BaHUs WU OH OyAeT cOpolleH nporpaMMHbIM crioco6oM. [1ogo6HBIM 00pa3om, eciau BO3ZHUKAET
OJTHO WJIM HECKOJBKO YCIOBUU TPEPHIBAHHS TPH COPOIICHHOM OHUTE TJI00ATBHOTO pa3perieHus
npepbiBaHuii I, coorBeTcTBYIONIIMIt (iar(u) OyneT yCTaHOBJIEH U 3alIOMHEH, IIOKa HE YCTaHOBUTCS
I, a 3areM OyzeT BbIMoIHEHA 00padOTKa MpEepHIBaHUI B MOPSAKE MPUOPUTETA.
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Btopoii Tun npepeiBanuii OyneT 3amyIieH, Kak TOJIBKO BO3HUKHET YCIIOBUE MPEPHIBAHMS.
OTH pephIBaHMsI He 0053aTeNLHO TOJKHBI UMETh ¢uiaru. Eciau ycinoBue nmpephIBaHHs HCYE3aET 10
€ro pasperieHus1, To MpepbIBaHNe HEe OyACT 3aIyIIeHO.

[Tocne BbIXOaa U3 NpephIBaHUS MUKPOKOHTPOJUIEP BCETa BO3BPAILAETCS K OCHOBHOM MpoO-
rpaMMe M BBITIOJHSET €Ile OJITHY KOMaHIY 10 OOCITY>KHBaHHMS JIFOOOTO YKIYIIEeTO MpephIBaHUSI.

OOpaTtuTe BHUMaHUE Ha TO, YTO PETUCTP CTATyca HE COXPAHSAETCS aBTOMATHUECKH TMPH Tie-
pexojie K mporeaype o0paboTku MpephIBaHUN U HE BOCCTAHABIMBAETCS MIPU BO3BPATE U3 Hee. DTO
JIOJKHO BBITOJHATHCS POTPAMMHO.

[Ipu ucnonwszoBanuu komaHael CLI 11 GIOKMpPOBKHM TIpEephIBaHMS, IPEPHIBAaHUS OYIyT
HEMeJIEHHO OJIOKMpoBaHbl. HU of1HO mpepbhiBaHUe HE OyAeT BBIMOTHATHCS mocie komauasl CLI,
Jla’ke €CJIM OHO IPOMCXOJUT OJAHOBpEeMEHHO ¢ koMaHaou CLI. Crnenyromuil mpuMep Mnmoka3blBaer,
KaK 3TO MOXET OBITh MCIIOJIL30BAHO JIJISl TOTO, YTOOBI M30€KaTh MOSIBIICHUSI IPEPHIBAHHUI BO BPEMsI
3aIUIaHUPOBAHHOM MociieioBaTebHOCTH 3anucu DI/,

[Ipumep xoxa Ha Accembiepe:

in rl6, SREG
cli

ureHue 3HaueHusa SREG

OJIOKMPOBKA [PEPLHEBAHMUI B TEUEHUE OTPABOTKM BPEMEHHOM
IOCJIeNOBaTEJILHOCTH

sbi EECR, EEMWE crapTt sanucu B O]
sbi EECR, EEWE

out SREG, rl6 ; BoccraHoBjyenue sHaueHusa SREG (6ur I)

[Ipumep kona na Cu:

char cSREG;

CSREG = SREG; /* urenme sHauenmsa SREG */
/* OIOKUPOBKA MpPEpPHEBaHMI B TeUeHUE OTPaBOTKM */
/* BpEeMeHHOM nocJjiemoBaTeibHOCTU */

_CL1O):

EECR |= (1<<EEMWE); /* crapr 3anmucu B HaMATbh IOaHHEIX */

EECR |= (1<<EEWE);

SREG = CSREG; /* BoccTaHoBJieHue sHauenus SREG (6ur 1)*/

[Ipn ncnonbs3zoBannn komanasl SEI juist paspelieHnst npepblBaHUN NHCTPYKLHUSA, CIEAYIO-
mas 3a SEI, OyneT BhINONHEHa Mpeke 0000 0XKUIAIOIIEro NpephIBaHus, KaK 3TO MOKa3aHo B
IIpUMEPE HIKE.

[Ipumep koxa Ha Accembiepe:

sei ; YCTaHOBKa IJIO0AJIbHOTO pas3pelleHMs NPEePEBaHUM

sleep BKJIOUEHUE pPeXrMa sleep, OXMIOaHME IPEepPEBAHUA
npuMedaHme I Iepexol B pexum sleep OyHmeT OCylleCTBJIEH
OO0 0BpaboTku JOOT0 OXMIANLEeTO NPEepbIBaHUA (1)

N u YN

[Tpumep xona Ha Cu:

_SE1Q); /* ycraHoBka IJoBajIbHOTO paspelleHMsa NpepeBaHutt */
_SLEEPQ); /* Briouenve pexuva Sleep, oxumanme npeprBanua */
/* npumeuanme: nepexon B pexum sSleep 6ymer ocymecteren */
/* 10 0BpaboTKM JMOOOTO OXMAAKMETO NpepHBaHus (mi) */

Bpems oTk/IMKa HA IpepbIBaHUE

OTKIMK Ha BBIMIOJIHEHUE TPEPBIBAHUS AJI BCEX pa3pelleHHBIX MPEpPhIBAHUNA COCTaBISET
MHUHUMYM YE€ThIpE TAaKTOBBIX ITMKJIA. Bo Bpemsi mepumoja 4eThIpeX TAKTOBBIX IHUKJIOB 3HAYEHUE
CUYETUMKa MMPOTPaMM 3aHOCUTCS B cTEK. BekTop 00BIYHO TIEPEXOIUT B MPOLEAYPY 00pabOTKH mpe-
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PBIBaHMSA, W 3TOT TEPEXOJ 3aHMMAeT TPU TAKTOBHIX HUKJIA. Ecim mpepbiBaHME MPOUCXOIUT BO
BpEeMs UCIOJIHEHUSI KOMaH[Ibl, COCTOAIICH U3 HECKOJIBKHMX IIMKJIOB, TO KOMaHJa 3aBEpIIaeTCs /10
TOTO, KaK 00CITy>XHBaeTcs mpepbiBanue. Ecim npepriBaHie MPONUCXOAUT KOTAa MUKPOKOHTPOILIED
HAXOJUTCS B CILIIEM PEXHUME, TO BPeMs OTKJIMKA Ha BBIOJHEHHE MPEPHIBAHUS COCTABISET CyM-
MYy BPEMEHH BBIXO0JIa U3 CIISIIETO PEXKUMA U JITUTEIFHOCTH YETHIPEX TAaKTOBBIX ITUKIIOB.

BosBpamienue u3 npouenypsl 00pabOoTKH MpepbIBaHUs OOBIYHO 3aHMMAET YETHIPE TaKTO-
BBIX IIMKJIA. B TedyeHHe 3THX 4YeThpeX NUKIOB 3HAYEHHE MPOrPAaMMHOTO CUeT4YHMKa (1Ba OaiiTa)
BOCCTaHABJIMBACTCS M3 CTEKa, yKa3aTellb CTEKa yBEITMUMBACTCS HA J[BA U yCTaHaBiIMBaeTcs OuT I B
SREG.

3.2 [lamars

B nanHom moapaszaene onuchiBatoTcs paznuunblie Buabsl namsatu MC 1887BE7T. B coot-
BETCTBUU ¢ ['apBapiackoil apXUTEKTYpol aMsATh MUKPOKOHTPOJIJIEpA pa3/ielieHa Ha JiBe 00JIacTH:
NaMATh JAaHHBIX M aMATh IporpamMm. Kpome Toro, ycTpoicTBO COACPIKUT MaMsATh JIJIsl SHEPrOHe-
3aBUCHMOIO XPaHEHUs JaHHBIX. Bce Tpu 00nmacTu maMsTu SBISIOTCS JTUHEHHBIMU U PETYJISIPHBI-
MH.

3.2.1 lamATs nporpamMmm

HC 1887BE7T conepkar 128 KOalT BCTpOGHHOH MaMATH MPOTPaMM C BO3MOXKHOCTBIO
BHYTPUCUCTEMHOIO IporpaMMupoBanud. ITockonpky Bce MHCTpyKUMM siBisitorca 16- wim 32-
pa3psAIHBIMH, TO MMaMATh IIporpamMM opraHu3oBaHa kak 64 Kout x 16. J{ns 3amurtel [10 mamsate

IporpaMM pasJiejieHa Ha JIBa CEKTOpa: CEKTOp 3arpy34HKa U CEKTOp MPUKIATHON IPOTrpaMMBI (CM.
pUCYHOK 3.9).

Pucynok 3.9 — Kapra namsitu nporpamm

KonnuectBo ko nepesanucu namsatu nporpamMm — 100 000. Cpok xpaHeHUS! JaHHBIX —
10 ner.
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[IporpamMMHBIi cueTUUK SBISETCS 16-pa3psaHbIiM, TO3TOMY MO3BOJISIET aIPECOBATH
64 Ko6aiiT mamsatu nporpamm. Paborta cekropa 3arpy3unka M CBSI3aHHBIX C HUM OUT OJOKHPOBKH
3arpy3ku i 3amuthl [10 neranbHO ommcana B moapasnaene 3.20 «CaMonporpaMMupOBaHHUE U3
CEKTOpa 3arpy3urKa ¢ MOJAEPAKKOM uTeHus Bo BpeMs 3anucu». B noapaznene 3.21 «lIporpammu-
pOBaHHE MaMATH» JETabHO OMHCHIBAETCS Mapajie]bHOE MPOrpaMMUpPOBAaHUE MAMSITH ITPOrpaMM
U TocIieIoBaTeNIbHOE porpaMMupoBanue yepe3 uarepdeiicel SPI, ITAG.

[Ipu 3anucK 1aHHBIX B MACCUB MaMATH HEOOXOAMMOCTh B MIPEIBAPUTEIILHOM CTHPAHUU OT-
CYTCTBYET. 3amucChIBaeMble SUCHKU MaMsITH OyIyT coiepxarb oOHOBIIEHHYI0 MH(popmarmio. Co-
JEP>KUMOE OCTANIbHBIX slU€EK MaMsITH OCTaHeTCsl 0e3 U3MEHEHUs! CO BPEeMEHHU MocieiHel Moaudu-
Karuu (3anucu/ctupanusi). CoctosHue syeek nmamsaTu nocie komanz ctupanus — 0000. 3amnuch
MO>KHO MPOU3BOAUTH KaK MOCTPAHUYHO (pa3Mep CTPAHULIBI — TPUALATH /1Ba 16-pa3psiiHbIX CI0BA),
TaK ¥ MOCJIOBHO (3alUCh OJIHOTO 16-pa3psIHOTO CIIOBA).

Pexxum 3amuicu oHOTO CJIOBa MOJE3€H B Clydae CaMOIpPOrpaMMHUPOBAHUS KOHTPOJLIEpa.
Ecnu Heo0X0aMMO M3MEHHUTH OJJHO MJIM HECKOJBKO CIIOB HA CTPAHHUIE MaMSATH IPOTPaMM, TO HET
HEOOXOJMMOCTH MPOU3BOAUTH MPEABAPUTEIHHOE CUUTHIBAHUE U cOXpaHeHue B Oydepe Heusme-
HSEMBIX JTaHHBIX CO CTpaHUIlbl mamsaTH. [1oapoOHO ommcaHWe AaHHOW BO3MOXKHOCTH OIHCAHO B
paszeiie o0 ynpaBieHHH [IPOLIECCOM CaMOIPOrpaMMUPOBAaHUSI MUKPOKOHTPOJLIEPA.

Tabnuibl KOHCTAaHT MOTYT PAcIoiaraThCsl B Mpeeax BCEro MPOCTPAHCTBA MaMATH IPO-
TpaMM.

Bpemennbie aquarpaMmMbl BRBIOOPKHU M BBITIOJTHEHUS! HHCTPYKIUH MTPEICTaBICHBI B

3.1.6 «BpeMeHHbIe AMarpaMMbl BBIITOJTHEHUS KOMaHI».

3.2.2 IlamaTh JaHHBIX cTaTH4eckoro O3y
HC 1887BE7T mmeert cienyromryo KOHQHUTYypaIiio MaMsITH JTaHHBIX cTatrudeckoro O3VY:

4096 GaliT BHyTpeHHEW aMSTH NaHHBIX U 10 64 KOaiiT BHEITHEH MaMATH JaHHBIX.
Ha pucynke 3.10 nmokazaHo, kak opraHiu3oBaHa naMsath ctatuueckoro O3V.

29



Pucynok 3.10 — Kapra mamsaTu 1aHHBIX

NC 1887BE7T — mukpokoHTposuiep ¢ HabopoMm mnepudepuilHbIX YCTPOHCTB, KOTOpBIE
yIOpaBisitoTcs uepe3 64 perucrpa, 3apesepBupoBaHHble B kojgax MHCTpykuuid IN um OUT. [{na
pacuupeHHoi 00acTi BBOJa-BbiBoja B cratuueckom O3V mo aapecam $60 - $FF HeoOxoaumo
UCToNb30BaTh ToybKO HHCTpYKUuU ST/STS/STD nu LD/LDS/LDD.

[TepBrie 4352 syeilku maMATH JaHHBIX OTHOCSATCS K PETUCTPOBOMY (ailily, mamsiTH BBOJAA-
BBIBOJIA, PaCIIMPEHHOM MaMATH BBOJIa-BbIBOJIA, U K BCTPOEHHOMY cTatnueckomy O3V nanHbIX. B
nepBbIX 32 suyeiikax paclojioKeH PEerucTpoBBINA (haiin, cienyrouie 64 syeiiku 3aHUMAET CTaH-
JapTHas NaMsATh BBOJAA-BBIBOJA, a 3a HUMHM cieayroT 160 sueek paclIMpeHHOW NaMsATH BBOJA-
BBIBOJIA. 3aMBIKAIOT BHYTPEHHIOK MaMATh AaHHBIX 4096 siueex BHyTpeHHEro cratmyeckoro O3V
JAaHHBIX.

B HC 1887BE7T cymecTByeT BO3MOXXHOCTh HCIOJIB30BAHUS BHEIIHErO0 CTATHYECKOTO
O3Y. Or1o cratnueckoe O3V OyneT 3aHUMaTh OCTABLIYIOCS YaCTh aJPECHOI0 MPOCTPAHCTBA pas-
Mepom 64 KGaiiT. BHemHsAsS maMsaTh HAUMHACTCS C aJipeca, CIEIYIONIEro 3a MOCIeIHUM aqpecoM
BHYTpeHHero craruueckoro O3Y. PeructpoBblii (aiin, mamsaTh BBOJa-BbIBOJA, NMaMATh pacCIlu-
PEHHOTO BBOJa-BBIBOJIa M BHyTpeHHee cratnueckoe O3V 3anumaror muaammue 4352 6aitr. Takum
00pa3oMm, MpHu KUCIIOJIb30BAHUU BHEIIHEH nmaMsaTu pazmepoM 64 KoGaiit (65536 6aiiT) u3 Hux Oyaet
noctymHo 61184 Gaiit. Cm. 3.2.5 «MHTepdeiic BHEMIHEH TaMATH» ISl I€TaTbHOTO U3YYCHUS Me-
TOJIOB MCIOJIb30BAaHUS BHEIIHENW MTAMSATH.
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Hoctyn k BHemHeMy ctatudeckoMy O3V oCyIIecTBISETCS aBTOMATUYECKHA € MOMOUIBIO
TeX K€ MHCTPYKLUH, 4TO U A BHyTpeHHero O3V, eciau ykazaHHOE 3HaUEHHUE aJpeca HaXOIUTCs
3a IpelenaMy BHYTPEHHEH NaMATH NaHHBIX. [Ipy anpecanyy BHyTpEeHHEN NaMSATH CHTHAJIBI YTe-
HUs U 3anucu BHemHed namsatu (BeiBoabl PGO u PG1) He akTUBHBI B MpoIecce BCEro IUKIa J0-
cryna. Pabora BHemHero craruueckoro O3V paspemaercs myteM yctaHoBku 6uta SRE B peru-
ctpe MCUCR.

Hoctym k BHenHeMY ctatndeckomy O3V TpeOyeT erie oauH MalTuHHBIN UK Ha OaiT, 1o
CPAaBHEHMIO C JOCTYIIOM K BHYTpeHHeMY cTaTthueckoMy O3Y. DTO 03Ha4yaeT, 4To Ha BHIIOJHEHUE
komann LD, ST, LDS, STS, LDD, STD, PUSH u POP notpebyercst ofvH IOMOJHUTEIbHBIN
nuki. Ecnu ctex Oyzaer pasmeleH Bo BHelIHeM ctatudeckoM O3Y, To BBI30B M BO3BpAT U3 MOJ-
IporpaMMm U npoueayp o0paboTKu NpepbiBaHUN OyAeT JUIMTHCSA HAa TPU MAIUIMHHBIX IMKJIA J10JIb-
me. 910 OyAeT MPOUCXOAUTH BCIICACTBHE TIOMEIIEHUS B CTEK M M3BJICUEHUS U3 CTEKa JIByXOauT-
HOI'O0 CYETYMKA MPOrpaMM, a TAK)K€ HE MCIONb30BaHMs BO BpPEMs JOCTyIla K BHEIIHEHW NaMATH
nperuMyliecTBa KOHBEHEPHOTO IOCTyNa K BHyTpeHHeH nmaMatu. Ecnu uHTepdeiic BHemHero cra-
tudeckoro O3Y nCHosab3yercs ¢ COCTOSIHUAMU OXKHJIaHUS (CO CHMXKEHHBIM ObICTPOAEHCTBUEM), TO
OJIHOOANUTHBIM BHEITHUHN NOCTYI NOTpeOyeT 2, 3 win 4 JOMOTHUTEIBHBIX MAIIWHHBIX ITUKIA TS
1, 2 u 3 cocTOsSIHUN OKUJAHUN, COOTBETCTBEHHO. TakuM 00pa3oM, BBI30B U BO3BpAT U3 IPEphIBa-
HUI ¥ TOAIporpaMM notpedyer eme 5, 7 1 9 MaIMHHBIX UKIOB (B OTJIMYME OT 3HAYCHUH, NIPU-
BE/ICHHBIX B OIIMCAaHUU CUCTEMbI KOMaHA) A 1, 2 1 3 cOCTOSIHUI 0’KUAaHUS COOTBETCTBEHHO.

Peann3oBaHO NATH pa3IMYHBIX CIOCOOOB aJpecanuy sl OXBaTa BCEW MaMATU JaHHBIX:
npsiMasi, KOCBEHHasl CO CMEILEHUEM, KOCBEHHAs, KOCBEHHAs C IIPEIBAPUTENBHBIM IEKPEMEHTOM U
KOCBEHHasl C MOCIEeAYIOMUM HHKpeMeHToM. Peructpol ¢ R26 mo R31 u3 peructposoro ¢aiina uc-
IIOJIB3YIOTCSL KaK PErMCTPBI-yKa3aTeu JUIsl KOCBEHHOM aipecaliii.

[Ipsimas appecanyst o3BOJISET 0OpaIaThCst KO BCEMY IPOCTPAHCTBY MAaMSATH JAHHBIX.

KocBeHHas agpecanus co CMEIIEHUEM TO3BOJIAET apecoBaTh 63 S4YCHKU, HAYNHAA C afpe-
ca, YKa3aHHOro B perucrtpe Y uiuu Z.

[Ipu ucnonp3oBaHMU KOMaH]| KOCBEHHOH ajipecaliiyl ¢ MpeiBapUTEIIbHBIM JEKPEMEHTOM U
NOCIEAYIOIUM HHKPEMEHTOM 3HAYEHMsI apeCHBIX peructpoB X, Y U Z, COOTBETCTBEHHO, IEKpe-
MEHTHUPYIOTCS 10 WK UHKPEMEHTUPYIOTCS I1OCJIE BBIIIOJHEHUS] HHCTPYKIIHH.

32 pabouux perucrpa oduiero Ha3HaueHus1, 64 peructpa BBoja-BeiBoa U 4096 OailT BHYT-
pennero craruyeckoro O3V nanusix B UC 1887BE7T mocTynHbI C MOMOIIBIO BCEX ITHUX PEXHU-
MOB ajpecauuu. PeructpoBsiii (aiin onuceiBaercs B 3.1.4 «®daiin peructpoB oduero HazHaue-
HUS.

JocTyn Kk namMsITH JaHHBIX BHyTpeHHero O3Y
Huxe onuceiBaercs o0mias KOHIENINS JOCTyTa K BHYTPEHHEH MaMsTH JaHHBIX.

Hoctyn Kk BHyTpeHHEMY cratudeckoMy O3V BBINOJIHAETCS 32 /1Ba MAIIMHHBIX LIUKJIA, KaK
IIOKa3aHo Ha pucyHke 3.11.
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Pucynok 3.11 — Bpemennas nuarpaMmma A0CTyIa K JaHHBIM BHYTpeHHEro cratudeckoro O3Y
3.2.3 DHeprone3aBucumasi namsathb Janubix (1)

NC 1887BE7T conepxat 4 KOaiT 3HEproHe3aBUCUMOM NTaMATH JTaHHBIX. [laMaTh opraHu-
30BaHa Kak OTJeNbHast 00JacTh MaMsATH JaHHBIX, B KOTOPOI KaKIblii OAUT MOXKET OBITh 3alMCaH U
CUMTaH.

KonnuectBo nukinos nepesanucu namatu gaHHbix — 100 000. Cpok xpaHeHMs] JaHHBIX —
10 ner.

B mnogpasznene 3.21 «lIporpaMMupoBaHMe NaMsTH» COAEPKUTCSA JI€TAIBHOE ONMCAHUE
MIpOrpaMMHUPOBaHUsl SHEPTOHE3aBUCHUMON MaMsATH NaHHBIX 4epe3 uHrepdericel SPI, JTAG u na-
payIenbHbIN HHTEpdEric MPOrpaMMUPOBAHHSL.

[Ipu 3anucK 1aHHBIX B MACCUB MaMSATH HEOOXOAMMOCTh B MIPEIBAPUTEIILHOM CTHPAHUU OT-
cyrcTByeT. COCTOSIHME Y€K MaMsITH IOCe KOMAHJl CTUPAHUS — HOJIb. 3allUCh MOXHO IIPOU3BO-
JIUTh KaK IOCTPAHUYHO C pa3MEPOM CTpaHUIlbl 32 6aiiTa, Tak U MoOaNTHO.

Yrenue/3anuch ]

Hoctyn k OIIJ1 ocymiecTBisieTcs yepe3 clelnaibHble PETUCTPBI, PAaCOI0KEHHBIE B MPO-
CTpaHCTBE BBOJa-BBIBOJIA.

Bpewmst 3anmcu B OI1/] npuBeneno B tabmuie 3.2. OyHKIUS BBIIEPKKA BPEMEHHU 3aITUCH
MO3BOJIET MPOTPAMMHO OMPEIEIUTh BO3MOXKHOCTh 3aMucH cienytoniero Oaira. Eciau xox mpo-
TpaMMBbl COAEPKUT UHCTPYKIHHK 3anucu B DI1J], To HOMKHBI OBITH MPEANPUHATEI HEKOTOPBIE Me-
PBI TIPETOCTOPOKHOCTH. Y HCTOYHUKOB MUTAHUS C Xoporied (uibrpanuei Hanpsbkenue #VCC
ME/JICHHO HapacTaeT/crafaeT NpHu moaade/CHATUU nutanus. [1o 3Toi mpuunHe HanpspKeHUe -
TaHUS MUKPOKOHTPOJUIEpA B TEUEHHE HEKOTOPOTO Mepro/ia BPEMEHU MOXKET OKa3aThCsl HUXKE, YEM
TpeOyeTcst Uil KOPPEeKTHON paboTel Mukpocxembl. CM. noanyHKT «lIpenoTBpaiienre noBpexie-
Hus AaHHbIX B OI1/]» m1s netanbHOro u3y4eHus METOI0B pa3pelieHus JaHHOW MPOOIeMBbI.

Ta6nuna 3.2 — Bpems nporpammupoBanusi I11J]

Onepanus KonnvecTBO Nepro0B KAIHOPOBAHHOTO TunoBoe Bpemst
RC-reneparopa* MIPOTPAaMMHUPOBAHHUS, MC
3ammce D11
(uepes ITITY) 8448 8,5

* Mcnonp3yercs yactora 1 MI'i, He3aBHCHMO OT ycTaHOBKH KoH(purypannonaoro 6ura CKSEL.
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B nensix npenoTpaiienns HeymbinieHHOH 3anmucu B DI1J] momkHa OBITH BBITTOIHEHA CIIe-
mudpudeckas Tporeaypa 3amucu. [leTalbHO 3TOT MPOIECC pPacCMATPUBACTCS IPH ONUCAHUU
ynpasisitoiero peructpa JI1/].

Bo Bpems cunrtsiBanus JI1J] LITY 3anep:xkuBaeTcsi Ha YeThIpe MALIMHHBIX LUKJIA /10 BbI-
MOJHEHUs cienyonieil naeTpykiuu. Bo Bpems 3anucu B OIIJ[ LIITY 3aaepxuBaercs Ha qBa Ma-
IIMHHBIX [UKJIA IO BHINOJIHEHUS CJIEAYIONIEH HHCTPYKIUU.

Anpecnbie peructpsl Il - EEARH nu EEARL

bur 15 14 13 12 11 10 9 8
- - - - EEARI1 | EEARIO | EEARY | EEARS | EEARH
EEAR7 | EEAR6 | EEARS | EEAR4 | EEAR3 | EEAR2 | EEARI | EEARO | EEARL

7 6 5 4 3 2 1 0
Yreuue/ q q q q 4/3 /3 /3 /3
3aIKCh q/3 /3 4/3 q/3 4/3 q/3 q/3 q/3
HauannHoe 0 0 0 0 X X X X
3HaUEHUE X X X X X X X X

Paspsiabl 15-12: 3ape3epBupoBaHbI

JlanHble pa3pspl BCEI/1a CYUTHIBAIOTCS KAK HOJb.

Paszpsaabl 11-0: EEAR11-0: Anpec ssueiikn D11

Anpecnsbie peructpsl OIIJI - EEARH u EEARL — onpenenstot agpec sueriku O11J1 B mpo-
cTpancTBe pazmepoM 4 Koaiit. baiithbie siueiiku DI/l anpecyrorcs IMHEHHO B AMana3oHe ajape-
coB 0...4096. HauanbHoe 3HaueHue EEAR neompenenennoe. HeoOxonumoe 3HaueHHe ajapeca

JIOJIKHO OBITH 3allMCcaHo 710 Havasa goctyna k D111

Peructp nannsix JIIJI - EEDR

Bur 7 6 5 4 3 2 ! 0
Crapmmii Manmmit EEDR
our our
Hrenme/ 4/3 4/3 4/3 4/3 4/3 473 4/3 4/3
3a1rCh
HauvanbHoe 0 0 0 0 0 0 0 0

3HA4YCHUC
Pazpsaabl 7-0: EEDR7-0: Janubie 11/

Jlns Bemonaenus 3anvcu B D11/ B peructp EEDR HeoO6xoanMo momeniaTh JaHHBIE, KOTO-
pble OyAyT 3amucaHbl Mo aapecy, ykazaHHoMy B peructpe EEAR. Ilpu BeinonHeHnn onepauuu
yrenus u3 JIIJ[ B peructpe EEDR coaepkarcs cuuTaHHbIe TaHHBIE U3 SYEHKHU C aApecoM, yKa-
3aHHbIM B EEAR.

Peructp ynpasaenusi 1] - EECR

bur 7 6 5 4 3 2 1 0

[ - | - | - | - | EERIE | EEMWE | EEWE | EERE | EECR
UreHne/3anuch q q q q 4/3 u/3 4/3 /3
Hauansnoe 0 0 0 0 0 0 X 0

3HA4YCHUC
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Pa3psiabl 7-4 3ape3epBHPOBaHbI
JlaHHbIe pa3psiabl cCUUTHIBAIOTCS Kak 0.
Pa3psan 3-EERIE: Paspemenue npepbiBanns 1no rorosuocta 11/

3anuck equHunbl B EERIE paspemaer npepsiBanue no roroBHocty DI/, ecau ycTtaHOB-
nen 6urt I B peructpe SREG. 3anuce nyns B EERIE 3anpemaet sto npepsiBanue. [IpepsiBanue 1o
roroBHOocTH DI1J] renepupyercs, ecnmu 6utr EEWE cOoporen.

Pa3psn 2-EEMWE: Pa3zpemenue 3anucu B I11/{

butr EEMWE paszpemaet ycrtanoBky 6ura EEWE, uaunuupyromero 3anucek B 111, [an-
Hble OynyT 3anucanbl B JI1J] mo ykazanHomy anpecy, ecniu B EEMWE 3anucars exaunuiy, a 3a-
TEM B TEUCHHME YEThIPEX MAUIMHHBIX HUKJIOB 3anucath eauuully B EEWE. Eciu EEMWE=0, To
3anuce jormyeckor enuHunbl B EEWE He BbI3oBeT HuMKakux nerctsuil. Ilocie nmporpammHon
yctanoBku Outa EEMWE oH aBromMaTnuecku cOpachIBaeTCs amnmapaTHO MO MCTEUEHUH YEThIPEX
MalIUHHBIX [UKIIOB.

Pa3psin 1 - EEWE: 3anuce B 11|

s 3amcu B DI1]] mociae KOppeKTHOM YCTAaHOBKH aJipeca M IaHHBIX HE0OXOUMO YCTaHO-
Buth 0utT EEWE. Ilepen ycranoskoit oura EEWE nomken ObiTh ycranosiien 6ut EEMWE, nnaue
3amuch B DI1J] He mpousoiiaer. [lpu BemonHeHnn onepanuu 3amucu B DI1J] HeoOXoammo pyko-
BOJICTBOBATKCS CIIEAYIOIIEH OCIIE0BATEILHOCTBIO (MOPSAIOK HIaroB 3 U 4 HE BajKeH):

1. Oxkunanue, noka EEWE He cranet paBHbIM HYIIIO.

2. Oxunanue, noka out SPMEN B peructpe SPMCSR He cTaHeT paBHBIM HYJIIO.

3. 3ammcek HoBoro anapeca DI1J] B EEAR (He o0s3arensHO).

4. 3anuch HOBbIX AaHHbIX B peructp EEDR s 3anucu B D111 (He 00s13aTeNbHO).

5. 3anucsk nornveckoit enunuibl B EEMWE onHoBpemenHo ¢ 3anuchio Hyns B out EEWE
peructpa EECR.

6. 3anuce norudeckoit enuHulbl B EEWE B TeueHue yeTblpex MallMHHBIX LIUKIIOB IOCIE
ycranoBku EEMWE.

OI1/] Henp3s mporpaMMUpPOBATh BO BpeMs 3amucu B namsTh nporpamm u3 LITY. C yyerom
ATOTO Tiepes HadaioM HOBOH 3amucu B DI1/] HeoOXoaumMo poBEepUTh 3aBEPIIIEHUE TPOTPAMMHUPO-
BaHUs namsTu nporpamm. llar 2 HeoOXOAMMO BBIMOJHATh, €CIIU B MPUIOKEHUU HCIOIb3YETCs
IIPOrpaMMHUPOBAHUE U3 3arPy304HOr0 cekTopa. Ecinm mporpaMMupoBaHHe MaMATH IIPOrpaMM IO
ynpasinenuem LIIY He npexycmoTpeHo, To mar 2 MoxkHO nponyctuts. CMm. nozapaszaen 3.20 «Ca-
MOIIPOrPAMMHUPOBAHUE U3 CEKTOpaA 3arpy3uuKa ¢ MOAIAEPKKOW YTEHHUSI BO BPEMS 3aIllCH» JUIA Jie-
TaJIbHOI'O U3Y4YEHHS TPOIrPaMMUPOBAHUS U3 3aTPY30UYHOTO CEKTOPA.

[IpepriBanne Mexay maramu 5 U 6 MOXKET HApYLIUTh LMK 3allUCU M3-3a MPEBbIIICHUS
YCTAHOBJIEHHOTO TIpejiesia BPEMEHHM Ha BBINOJHEHHE 3THUX maroB. Ecim mpouenypa ob6paboTku
npepeiBanusi, ocymectBisitomas noctyn k JIII, mpepeiBaercs apyrum goctynom k I/, To
EEAR wimn EEDR u3mensrcs, BbI3bIBasg cO0i mpepBaHHOTO IUKJIA AocTyna. Bo nzbexxanue aTux
npobiieM peKoMeHJyeTcsi copachiBaTh (hiar oOLIero paspemieHrs nIpephlBaHUi MPHU BBHITOTHEHUH
MOCJIEAHUX YETHIPEX LIAroB.

[To okonuanuu 3anucu 6ut EEWE cOpaceiBaetcs anmapatrHo. JlaHHBIH OUT MOXET ompa-
IIMBATHCS MPOTPAMMHO Ul ONpE/AeTeHUsT BO3MOXKHOCTH 3allMCU Cledyrouiero Oaifra (HyseBoe
3Hauenue). [locne ycranoBku EEWE LY octanaBnuBaeTcs Ha 1Ba MAaIIMHHBIX IHKJIA TEPE.T
BBITNIOJTHEHUEM CJIEYIOLIEH HHCTPYKIIHH.
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Pa3psin 0 — EERE: Urenne u3 JI1/]

[Tocne 3amucu koppekTHOro azapeca B peructp aapeca EEAR our EERE momkeHn ObITh
yCTaHOBIIEH JUis 3amycka Mexanusma uteHus OIIJI. J{ns onmepauuu urenus uz DI/ tpebGyercs
OJIHA MHCTPYKLHSA, O3TOMY 3allpallMBa€MbI€ JaHHbIEC JOCTYIHBI JUIsl CUATBIBAHUS Cpa3y IO €e
3aBepuieHud. [locne BeimonHenust yrenus uz I LITY ocranaBnuBaercs Ha 4eThIpe MAITUHHBIX
LMKJIa U TOJIBKO 3aTEM BBIIOJHAET CIAEAYIOIIYI0 HHCTPYKIIHIO.

[onw3oBarens gomwkeH onpocuth ¢iar EEWE no nauana onepauuu yrenusi. Ecnu ocy-
LIECTBJISETCS OINepalus 3allHMCH, TO HEBO3MOXKHO HE TOJIbKO cuuTaTh JII/[, HO U M3MeHuTH pe-
ructp agpeca EEAR. Jlns orcuera Bpemenu 3amucu B DI1J] ucronb3yercs BHYTPEHHHA KaaruOpo-
BAaHHBIN T€HEPATOP.

Jlanee mpencraBiieHbl puMepbl koaoB pyHkmwmii 3amucu B DI1J] Ha si3pikax Accembiep u
Cu. B nmaHHbIX npUMeEpax MPEeANoJaraeTcsi, YTo HU OJIHO IIPEPHIBAHME HE BO3HUKAET B MpOLECCE
BBITIOJTHCHHSI TAHHBIX (QYHKIMA (Hampumep, MmyTeM OOIIero OTKIIOYeHHs mpepbiBanuii). Kpome
TOT'0, CUYMTAETCS, YTO U3 CEKTOpa 3arpy3urKa HE BBINOJIHAETCS MPOrpaMMUPOBAHUE NAMATH IPO-
rpamMMm. B mpotuBHOM ciyyae ¢yHkius 3anucu B DI/l nqomkHa 0KUAATh OKOHYAHUS JEHCTBUS
MHCTpYKIuu SPM.

[Tpumep xona Ha AccemoOuiepe:
EEPROM_write:
; OxmMIaHMe OKOHYaHMSA MNPemblnyliei 3anucu
sbic EECR,EEWE
rjmp EEPROM_write
; Bamnmchk azmpeca (rl8:rl7) B ampecHbll perucTp I
out EEARH, ri8
out EEARL, rl17
; Bammchk mJaHHHX (rl6é) B permcTp OaHHEX Ol
out EEDR,ri16
; 3anmuce JOTMYECKOM eIMHMLE B EEMWE
sbi EECR,EEMWE
; Crapt zanmcu B Jl]l nyTeM yCTaHOBKM OurTa EEWE
sbi EECR,EEWE
ret

[Ipumep xoxa Ha Cu:
void EEPROM_write(unsigned int uiAddress, unsigned char ucData)

{

/* OxumaHme OKOHUAHMA MNpenpnymei zanucu >/

while(EECR & (1<<EEWE))

/* YkaszaHue ampeca M IOaHHBEX */

EEAR = uiAddress;

EEDR = ucData;

/* Banuchp JoruMdueckoM emuHMLE B EEMWE */

EECR |= (1<<EEMWE);

/* Crapr 3ammcu B JIJ nyTem ycTaHoBku O6mra EEWE */
EECR |= (1<<EEWE);

B cnenyromux npuMepax KoaoB npezctasieHbl GyHkunu urenus u3 1. [Ipu paspabort-
K€ MPUMEPOB YUUTHIBAJIOCH YIIPaBJICHHUE MPEPHIBAHUAMU TaKUM 00pa3oM, 4TO HU OJHO M3 HUX HE
BO3HHKAET B MPOIIECCE BHIOIHEHUS ATUX (DYHKITHIA.

[Tpumep koxa Ha Accembrepe:
EEPROM_read:
; OxmnmaHue 3aBepleHnAa npenbmymel?{ 3allCcum
sbic EECR,EEWE
rjmp EEPROM_read
; YcranHoBka azpeca (rl8:rl7) B ampecHOM permucTpe
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out EEARH, rl8

out EEARL, rl17

; Banyck ureHmsa OIJ nyrem ycraHoeku oOura EERE
sbi EECR,EERE

; CumMTEBaHME IAHHBIX M3 permcTpa OaHHBIX Ol

in rl16,EEDR

ret

[Tpumep xona Ha Cu:
unsigned char EEPROM_read(unsigned int uiAddress)

{

/* OxmOmaHMe 3aBepleHMsa Ipenbnyumeil sanmcu*/

while(EECR & (1<<EEWE))

/* YcraHoBKa ampecHOTO perucTtpa */

EEAR = uiAddress;

/* Banyck urenmsa O3l nyTeM yCTaHOBKM 6ura EERE */
EECR |= (1<<EERE);

/* BO3BpaT IAHHEIX U3 perucTpa OaHHex SI0*/

return EEDR;

}

3anuce B DI/ B pexxume MmukponorpedieHus

Korna MUKpoKOHTpOJUIep MEPEBOAUTCS B PEKUM MHUKPONOTPEOICHUS B MPOLIECCE BBIMOJ-
HeHus orneparuu 3anucu B OI1/], onepanus 3anucu OyaeT MpoI0KeHa U 3aBEPIINUTCS 110 UCTEUe-
HUU TpeOyeMoro BpeMeHH A0CTyma [ 3anucu. OIHAKO M0 3aBepUICHUH ONEpaliy 3aIiuCcH KBap-
LEBbIM reHepaTop OyJeT MpoaoJKaTh padoTy, U KaK CIIEACTBUE, MUKPOKOHTpOJLIEp OyleT nepe-
BEJICH B PEKUM MUKPOMOTPEOIEHUS HE MOMHOCThIO. C y4eTOM 3TOr0 peKOMEHIYETCs IPOBEPSITh
OoKOH4YaHMe ornepanuu 3amucu B 11/ 10 mepeBoaa ycTpoiicTBa B peKUM MHKPOIIOTPEOICHHUS.

I[IpenorBpamenne noBpe:xkaeHusi AaHHbIX B /]

B Te MOMEHTBI, KOrja HalpsH KeHUE IMUTAaHWs HaXOIUTCS HAa YPOBHE, HETOCTATOYHOM [T
koppekTHo#l pabotel LIITY u DI/, cogepxumoe DI1J] moxeT ObITh HapyuieHo. Takue mpoOiaeMbl
TaK)K€ XapaKTEpHBbI I yCTPOMCTB, UCHOJIB3YIOMMX BHeMHOKW JI1/], mosToMy B JaHHOM ciydae
HE00X0IMMO MPUMEHUTh AaHAJIOTUYHBIE MEPBI.

[Ipy MOHMKEHHOM HANPSKEHWM NMUTAaHUS CYIIECTBYET JABE IPUYMHBI HAPYILIECHUS COJEp-
xumoro JITJI. [lepBast mpuunHa 3aKIH0YAETCSA B TOM, UYTO AJI1 KOPEKTHOTO BBIITOJIHEHUS MTPOLIEY-
psl 3anucu B DI/ Tpebyercss Hamu4YMe MUHUMAaJIbHO HEOOXOJUMOT0 HANpPsUKEHUs MUTaHus. BTo-
past — B TOM, 4TO L{IIY MOXET BBINOIHATh HHCTPYKLIMU HEKOPPEKTHO, €CJIM HAIPSKEHUE TTUTaHUS
CJIMIIIKOM HHU3KOE.

[oBpexnenue nanubix B DI1] MoxeT ObITh IPEAOTBPALICHO, €CIIU MPUAEPKUBATHCS Clle-
OYIOUMX peKoMeHAanui. MHKpOKOHTpoJIep HEOO0XOAMMO YIEepXKHMBAaTh B COCTOSHMM cOpoca
(Hu3kuii ypoBeHb Ha BbiBoJie RESET#) npu HemocTaToyHOM ypOBHE MUTaHMSA. AHAJOTHYHO 3TO
MO’KHO BBITIOJTHUTbH, pa3pelinuB paboTy BCTpoeHHOro naerekropa nutanus (BOD). Ecou moporo-
BbIi YypPOBEHb BCTPOEHHOI'O JETEKTOpAa MHUTAHUS HE COOTBETCTBYET HEOOXOJUMOMY IOpOTY, TO
ClIelyeT MIPUMEHHUTH BHEIIIHIOIO CXeMy cOpoca MpH CHIKEHUU HANPSKEHUU TUTaHUS (CyTIepBU30D
nutanus). Eciu cOpoc BO3HMKaeT B mpoliecce ONepaluy 3alKc, TO 3aich OyIeT 3aBeplleHa npu
YCJIOBUH JIOCTaTOYHOCTH YPOBHS IUTAHMSL.

3.2.4 IIamATL BBOJa-BLIBO/IA

Bce nmoptel BBosa-BeiBosIa U niepudepuiinbie ycrpoiictea B UC 1887BE7T pa3mernieHs! B
IPOCTPaHCTBE BBO/A-BBIBOAA. JIOCTYIl KO BCeM siueiikaM BBOJIa-BbIBO/Ia MOKET OBITh OCYIIECTB-
neH ¢ nomoibo uHCTpykiuit LD/LDS/LDD u ST/STS/STD nyTtem nepenadu JaHHbIX MEXAY OJI-
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HUM M3 32 perucTpoB OOLIEro Ha3HAuU€HMs M MaMAThIO BBOJA-BbIBOJIA. PerucTpel BBOJa-BbIBOIA C
anpecamu $00-$1F moryt nobutHO anpecoBatbest ¢ momonibto nHCTpykimid SBI u CBI. Cocros-
HUE OJTHOTO U3 Pa3psA/ioB B 3TUX PETUCTPAX MOKET TECTUPOBATHCS C MOMOIIBI0 MHCTPYKIHil SBIS
u SBIC. Ilpu ucnons3oBanuu crenuduueckux koman BBoga-BbiBoga IN u OUT nHeoOxommmo
ucnois3oBath aapeca $00-$3F. Ecnmu ampecoBarbess K perucTpaM BBOJA-BBIBOJA KaK K MaMSTH
JAHHBIX ¢ ToMomIbi0 HHCTpYKIM LD u ST, To k yka3aHHBIM BbIIIIE aipecaM He0OXOAUMO Mpuoda-
BuTh $20. B muxpokontposiepe 1887BE7T 64 ampeca, 3ape3epBUpOBaHHBIX B KOAAX OINEpardit
IN u OUT, He AOCTaTOYHO JIsl MOJAEPKKU BCEX UMEIOIUXCs NMepu(epuitHbIX ycTporcTB. s
pacmmpeHHoi 00JacT! BBOAA-BBIBOIA, KOTOpask Haxoautcs 1o anpecam $60 - $FF B ctarnueckom
O3V, HeoOX0arMOo HCTob30BaTh ToIbK0 HHCTPYKIMH ST/STS/STD u LD/LDS/LDD.

B 3ape3epBupoBaHHbIE afpeca BBOJA-BbIBOJA IAMATH 3aIIACh IPOBOAUTHCS HE JOJDKHA.

Hexotopeie ¢iaru cratyca cOpachlBatOTCS MyTEM 3allMCH B HUX JIOTMYECKOW €IWHUIIBI.
Wuctpykuun CBI u SBI pabotaroT Tosibko ¢ peructpamu 1o aapecam $00-$1F.

Peructpsl ynpasieHus: BBOJOM-BBIBOJAOM U MEepUPEPUIHBIMU yCTPOHCTBAMH OINUCHIBAIOT-
Csl B CJIELYIOIINX pa3jesax.

3.2.5 UnTepeiic BHeLIHEH MaMATH

XapakTepucTuku UHTep(elica BHEIIHEH MaMATH MO3BOJSIOT HCIOIb30BATh €r0 HE TOJIBKO
JUTSL TIOIKITIOUeHUsT K BHemHeMy cratndeckomy O3Y wimm Flash-nmamsatu, HO 1 B kauecTBe UHTEP-
delica ¢ BHemHUMH TepudepuiiHbIMU ycTpoiicTBamu, Hanpumep, KK-mucren, AL u TTAIL
Ero oCHOBHBIMH OTJIMYHUTEILHBIMA OCOOCHHOCTSIMHU SIBJISIFOTCS:

- Bo3MoOKHOCTD 3a/1aHusl YEThIpeX Pa3IUYHbIX MO JUIMTEIHLHOCTU COCTOSIHUM 0XKHMIaHUS,
BKJIFOYAsi OTCYTCTBUE COCTOSIHUS O3KUJIaHUS.

- BO3MOXHOCTH YCTAaHOBKM pa3IUYHBIX COCTOSHUI OXXHMIAHUS ISl Pa3HbIX CEKTOPOB
BHEITHEH MaMATH (pa3Mep CEKTopa KOHPUTYPUPYETCs).

- Bo3aMOXHOCTh BBIOOpa KOJWYECTBA 3a/ICCTBOBAHHBIX PA3PsAOB B CTApIIEM aqpEeCHOM
Gaiire.

- YCTpoiCTBO 3aIIOMUHAHUS COCTOSIHHSI IITUHBI JJIT MUHUMU3AIUHU TTOTPEOJICHHs ToKa (J10-
MOJTHUTEJILHO).

Kpartkuii 0030p
[Tocne paspemenus BHemtHel namsatu (XMEM) cTtaHOBHUTCS JAOCTYNHBIM aapecHOE IMpo-

CTPaAHCTBO 3a TpejeaMu BHyTpeHHero cratudeckoro O3Y Omaromaps cnenuaibHBIM BBIBOJAM.
Kondurypanus namsti nokaszaHa Ha pucyske 3.12.
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Pucynok 3.12 — BHewHss maMsTh ¢ BHIOOPOM CeKTopa
Hcnosb3oBanue nHTepdeiica BHEIIHEH NaMATH

Wutepoeiic cocrout us:

- AD7-0: MyJIbTHIUIEKCUPOBAHHON IMTUHBI MIIAJIIIIETO aJpeca/IINHBI JaHHBIX;

- A15-8: muHbI cTapiero ajgpeca (¢ KOHPUTYpUPYEMbIM YHCIOM Pa3psaoB);

- ALE: curnana paspenieHus Gpukcainuu aapeca;

- RD#: curnana yreHus: u3 BHEUIHEN NaMATH;

- WR#: curnana 3anucu BO BHELIHIOIO TaMSATh.

butel ynpaBnenus uHTtepdeiicoM BHEIIHEH MaMATH PacHojOXKEeHbl B TPEX PErucTpax: pe-
ructpe ymnpasieHuss MukpokoHTposiepomM (MCUCR), peructpe A ymnpaBieHUs] BHEIIHEH Mmamsi-
ThI0 (XMCRA) 1 peructpe B ynpasnenus Buemneit namsateio (XMCRB).

[Tocne pazpemenus pabotel unTepdeiic XMEM mnepeonpenenser (yHKIHIO O00IIETo
Ha3HauEHUs MOPTOB BBOA-BBIBO/IA, TMHUU KOTOPBIX MPEIONPEAETICHbI IS BBITOIHEHUS PYHKINH
unteppeiica XMEM. bosee nonpobHas nndopmaiys o0 U3MEHEHUH HACTPOEK MOpTa MpUBEIeHA
B nonpasnene 3.7 «IlopTel BBOJA-BBIBOJIA» MPH PACCMOTPEHUU allbTepHATUBHBIX (pyHKIM. WH-
tepdeiic XMEM aBTOMaTuuecku omnpeneisieT K Kakoil MmaMsTh — BHEIIHEH WM BHYTpEHHEH —
ocCyIlecTBIIsIeTCs AOCTyN. Bo BpeMs noctyna k BHemHel namsatu uarepdeiic XMEM Oynet dop-
MHpPOBaTh CUTHAJIBI IIMH aJpeca, JaHHBIX W YNPABICHHsA HAa JIMHUAX IOPTa B COOTBETCTBHH CO
cxeMol Ha pucyHke 3.14 (Ha pucyHKe IIpelcTaBiIeHa BpeMeHHas auarpamma jpocryna k XMEM
0e3 coctostamit oxuaanus). [Ipu nepexone curnana ALE u3 enunauipl B HOoMb Ha JmHUSIX AD7:0
OyZeT mpucyTCTBOBAThH AEUCTBUTENbHBIN agpec. Curnan ALE HaXoauTcst B HU3KOM JIOTHYECKOM
COCTOSTHUM BO BpeMs Iepenayu AaHHbIX. [locne paspemenus padotel uarepdeiica XMEM noctyn
K BHyTpeHHEH naMaTu OyAeT BbI3bIBATh U3MEHEHUS Ha IIMHAX JaHHBIX U aJlpeca, a TAKXKe CUrHajia
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ALE, npu 3tom curHansl RD# 1 WR# ocranyrcs HemsmeHHbIMH. [lociie 3ampera paGoThl HHTED-
(beﬁca BHEIIHEH MaMSTU HCIIOJIB3YHOTCHA O6I:I‘-IHI>IC YCTaHOBKH BBIBOJOB M HAlpaBJICHUA HAHHBIX.
Ha pucynke 3.13 noka3ssiBaeTcsl Kak NOAKIIOUNATHh BHENIHEE cTatndeckoe O3Y K MUKPOKOHTPOII-
Jepy € MOMOIIBIO 8-pa3psAHOrO PErUCTpa, KOTOPHIA MEpeaeT JaHHbIE HANPSIMYIO MPU BHICOKOM
ypoBHE Ha Bxoje G.

TpeGoBanus no pukcanum aapeca

K ocHOBHBIM mapameTpaMm, XapakTepU3yOIUM (pUKCALUIO aipeca, OTHOCATCS:

- JInurenpHOCTD 3a/1ep’KKM Ha paclpocTpaHeHue curnana ¢ Bxoaa D Ha Beixon Q (tep).

- Bpems ycTaHOBKU aHHBIX, Iepes TeM Kak G cTaHeT paBHBIM HYJIIO (tsu).

- Bpems yaepxxanust JaHHBIX (aapeca) IOciae YCTaAHOBKM HU3KOTo YpoBHs Ha Bxone G (tn).

WuTepdeiic BHeHEH naMaTu pa3paboTaH C y4ETOM TOTrO, YTO MOCIE MPUII0KEHUS HU3KO-
ro ypoBHS Ha BXoJ peructpa G MUHUMAaJbHOE BpeMsl ylepKaHHs ajipeca tH COCTaBisieT 5 He. 3a-
Jiep>KKa pacrpocTpaHeHus co Bxoaa D Ha Bbixox Q (tpp) JOMKHA OBITH yYTEHA IIPU BBIYUCICHUU
TpeOOBaHUS MO BPEMEHU JOCTYIA K BHELIHEW namMsATH. BpeMs yCTaHOBKH JaHHBIX, ITEPE]] TEM Kak
G craser paBHBIM HYJIIO (tSU), JOJDKHO HE MPEBBIIATh PA3HOCTU MEXAYy BPEMEHEM JeHCTBUTEIb-
HOTO a/Ipeca U HU3KUM JIornueckuM ypoBHeM ALE (tAviLc) U 3a1ep>KKOW B II€YATHBIX POBOIHU-
Kax (ONpenensoT eMKOCTHYIO Harpys3Ky).

Pucynok 3.13 — Iloakimtouenne BHEMIHETO cTaTuaeckoro O3Y K MUKPOKOHTPOJUIEPY
IMoararnBawuye pe3ucTopbl H YCTPOIHCTBO 3aNIOMUHAHHUS COCTOSTHUSI INHHBI

[loararuBaronue K MUTAHUIO pe3ucTopbl Ha JUHUAX AD7:0 MOryT OBITH AaKTHUBMPOBAHBI,
€CJIM 3aIucaTh JIOTMUECKHE €IUHULBI B PETUCTP COOTBETCTBYIOLIEro nopra. /i CHUKeHus 1mo-
TpeOsieMOil MOILTHOCTH B PEXHME CHa PEKOMEHIYETCS OTKJIOYaTh MOATATMBAIOIINE PE3UCTOPHI
IIyTEM 3alMCH HYJI B PETUCTP NOPTa HEMIOCPEICTBEHHO MIEPE] BXOIOM B PEXKHM CHA.

Nutepdeiic XMEM Takke COAepKUT yCTPOWCTBO 3alIOMUHAHUS COCTOSTHUSI IIIMHBI HA JIU-
HUAX AD7:0. 9T0 yCTpOHCTBO MOXKET OBITh MPOTPAMMHO TOJIKJIFOYEHO M OTKIIOUYEHO, KaK OIHca-
HO B noanyHkre «Peructp B ynpasnenus BHemHen namsateio — XMCRB». [locne aktuBuzanum
YCTPONCTBO 3alIOMMHAHUSI COCTOSHUS IIMHBI OYyAET COXpPaHATh MPEAbIAyIee COCTOSHUE IIUHbBI
AD7:0 npu nepeBone >Tux nuHui uHTepdeiicom XMEM B TpeTbe cocTosSHUE.

Bpemennasi tmarpamma

MHuKpocxeMbl BHEUIHEH MaMSITH XapaKTEPHU3YIOTCS PA3IUYHBIMH MapaMeTpaMu BpPEMEH-
HbIX nuarpamm. Jliis ynoBneTBopeHus 3Tux TpeOoanHuit mHTepdeiic XMEM UMC 1887BE7T
o0ecrieunBaeT pa3IMyHOE KOJMUYECTBO COCTOSIHHUN oxuaanus (cM. tadbmuiy 3.4). Ilepen BoiOOpom
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COCTOSIHUHM OXHJIaHHMsI OYE€Hb Ba)KHO YTOYHMTH TPEOOBaHMs K BPEMEHHOH IuarpaMMme MHUKpOcXe-
MBI BHEIIHEN NaMATH. BpeMs 1ocTyna K BHEIIHEW MaMATH ONPENEIsieTCs KaK IIPOMEKYTOK Bpe-
MEHH C MOMEHTa BbIOOpa MUKPOCXEMBI aMATH U YCTAHOBKH aJipeca [0 MOSIBJIICHUS Ha IIUHE JeH-
CTBUTEIIBHBIX JAHHBIX, COOTBETCTBYIOLIUX YKa3aHHOMY ajpecy. Bpems mocryna He MOXKET Ipe-
BBIIIATh BPEMEHHU C MOMEHTa YCTaHOBKM curHana ALE B HHM3KO€ JIOTHYECKOE COCTOSTHUE [0 CTa-
OMJIBHOTO YCTAaHOBJICHUS JaHHBIX BO BpeMs UTEHUs. Pa3inuHble COCTOSHHS OXKUIaHMS yCTaHaB-
JUBAIOTCA MporpaMMHo. Peann3oBaHa qononHUTENbHAS QYHKIKSA, KOTOpask MO3BOJISET pa3aeiinTh
BHEIIHIOK ITAMSATh HA JIBa CEKTOPa, U JUI KaXKI0r0 U3 HUX MHIMBUAYAJIbHO BBIIIOJHUTH HACTPOM-
Ky COCTOSIHMM OKMJAHUS. DTO AENAeT BO3MOXKHBIM IOAKIIOYUTH JIBE Pa3IMYHBIE MHUKPOCXEMBI
HNaMsTH C PA3IMYHBIMH TPEOOBAHUSAMHU K BPEMEHHOW TUarpaMMe AO0CTyIa Yepe3 OIMH U TOT XKe
unrepderic XMEM.

Ob6parure BHUMaHue, 4o uHTepderic XMEM — acHHXpOHHBIH, U YTO NEPEKIIOUEHUE CHT-
HAJIOB HA PUCYHKAax HUXKE CBS3aHO C BHyTpeHHeW cuHXpoHM3auueil. CienoBaTenbHo, MHTEpdeiic
XMEM He noaxoauT A1l CHHXPOHHOM pa0oThI.

Pucynok 3.14 — BpemeHHas nuarpaMma J0CTyIa K BHEIITHEH TaMsITH
6e3 coctostauit oxkuaanus (SRWnl=0 u SRWn0=0)

I[Ipumeuanue — SRWnl paBusercas SRW11 (Bepxuuii cexrop) unmu SRWOI1 (HmxHMIMA
cektop), SRWnO paBusercs SRW10 (Bepxuuii cekrop) wim SRWOO (HrxHuit cextop). Mmmyssce
ALE npucyrctByeT Ha Takte T4, TONBKO €CIM CIEIyIOIIasi MHCTPYKLHUS OCYIIECTBISET JOCTYI K
O3Y (BHyTpeHHEMY WM BHELIHEMY ).
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Pucynoxk 3.15 — Bpemennas nuarpamMma goctyna kK BHemHed namsta npu SRWnl=0 u SRWn0=1

[Ipumeuanue — SRWnl pasusiercs SRWI11 (Bepxuuii cexrop) unu SRWOI (HmxHu
cektop), SRWnO paBusercs SRW10 (Bepxuuii cekrop) unu SRWOO (HmkHui cektop). Mmmynse

ALE npucyrctByeT Ha Takte TS5, TONBKO €CiM CleIyroliasi HHCTPYKLHUS OCYIIECTBISET JOCTYI K
O3Y (BHyTpeHHEMY WJIM BHELIHEMY ).

Pucynok 3.16 — Bpemennas nuarpamMma goctyna kK BHemHel namsitu mpu SRWnl=1 u SRWn0=0

[Ipumeuanue — SRWnl pasusercs SRWI11 (Bepxuuii cexrop) unu SRWO1 (HrxHui
cektop), SRWnO pasusercs SRW10 (Bepxuuii cexrop) mimu SRWOO (amxHMI cekTop). UMimyise

ALE npucyrctByeT Ha Takte T6, TONBKO €CiM CleIyroIIasi MHCTPYKLHUS OCYIIECTBISET JOCTYH K
O3V (BHYTpEHHEMY WJIM BHEITHEMY ).
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Pucynoxk 3.17 — Bpemennas nuarpaMma goctyna kK BHemHed namsata npy SRWnl=1 n SRWn0=1

I[Ipumeuanue — SRWnl paBusercas SRW11 (Bepxuuit cextop) mnu SRWOI (HkHUMI
cektop), SRWnO paBusiercs SRW10 (Bepxuuii cekrop) wim SRWO00 (Hmxuuit cexrop). Mmmynsce
ALE npucyrctByeT Ha Takte T7, TONBKO €CIM CIIELYyIOIIass MHCTPYKLUS OCYIIECTBISET JOCTYI K
O3Y (BHYTpeHHEMY WM BHELIHEMY).

Peructp ynpasiennss mukpokontposiepom — MCUCR

bur 7 6 5 4 3 2 1 0

| SRE [SRwio| SE | sml | SM0 | SmM2 | IVSEL | IVCE | MCUCR
Yrenune/3anuce q/3 q/3 q/3 q/3 4/3 4/3 q/3 4/3
HaganrHoe 0 0 0 0 0 0 0 0

3HA4YCHHUC

Pa3zpsn 7 — SRE: Pa3pemienue BHemHero craruueckoro O3Y/XMEM

3anuck B SRE noruueckoil enuHuIpl pasperiaer paboty mHTepdeiica BHEIIHENH MaMsTH,
nocye yero BeiBoJsl AD7:0, A15:8, ALE, WR# u RD# BbINonHSIIOT CBOM allbTepHATUBHbIE (YHK-
uu. [locne ycranoBku 6uta SRE urHOpupyroTCs MI00BIE YCTAHOBKH B COOTBETCTBYIOIIUX PEru-
CTpax HampaBlieHWs JaHHbIX. 3anuck Hydss B SRE oTkimtouaer nHTepderic BHEIIHEH MaMsTH, 1O-
CJIe 4ero BCTYNAloT B CHIIy OObIYHbIE (DYHKIIMH BBIBOJOB M YCTAHOBKM HAIIPaBIICHUS JTAHHBIX.

Paspsin 6 — SRW10: but Bb100pa COCTOSIHUS 0KMIAHUS

CwMm. ke B oncanuu peructpa XMCRA.

Perucrp A ynpasienus BHemHeil namMaTeio — XMCRA

bur 7 6 5 4 3 2 1 0

| - | SRL2 | SRLI | SRLO | SRWOI | SRW00 | SRWIl | - | XMCRA
YUrenue/3anuch q /3 4/3 4/3 4/3 4/3 /3 q
Hauvansnoe 0 0 0 0 0 0 0 0

3HA4YCHUC
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Pa3psin 7 — 3ape3epBUpOBaHHBIH OUT
JlaHHBIN OUT SABIISIETCS 3ape3epPBUPOBAHHBIM U BCETJA YUTAETCS KaK HOJIb.

Pa3psabl 6-4: SRL2, SRL1, SRLO: 3axanue rpaHui ceKTOPOB € COCTOSIHMEM 0KHIA-
HHUSA

Nmeercsi BO3SMOXKHOCTh YCTaHOBUTH PAa3IMYHOE KOJIHMYECTBO COCTOSIHUN OXHUAAHUS IS
pa3IMyYHBIX aJpecoB BHEIIHEH MaMsaTu. AJpecHOe MPOCTPAHCTBO BHEIIHEH MaMSTH MOXET ObITh
pa3leNieHo Ha JIBa CEKTOpa, KaXKIbI M3 KOTOPBIX UMEET COOCTBEHHBIE OMTHI BHIOOpA COCTOSIHUMN
oxkunanus. buter SRL2, SRL1 u SRLO onpenensitor pazouenue cekTopoB (cM. Tabdiuity 3.3 u pu-
cyHok 3.12). [1o ymonuanuto 3nauenue 6uroB SRL2, SRL1 u SRLO paBHO Hy:10 U BCe aipecHOE
IIPOCTPAHCTBO BHEIIHEN MaMsATH OOCITyKUBAEeTCs Kak OJuH cekTop. Eciu Bce agpecHoe npocTpaH-
cTBO cratudueckoro O3Y KOHPUTYpHUPYETCS KaK OJUH CEKTOP, TO COCTOSHHS OXUIAHUS ONpe/e-
astorest outamu SRW11 u SRW10.

Tabnuma 3.3 — ['paHuUIIbl CEKTOPOB NMaMSTH NMPHU Pa3IUIHBIX HacTporikax SRL2—0

SRL2 | SRL1 | SRLO I"panutipl cektopa

Hwxnuii cekrop = Het

0 0 0 Bepxuuii cexrop = 0x1100-0xFFFF
0 0 1 Hwxnuit cextop = 0x1100-0x1FFF
Bepxumnii cexrop = 0x2000-0xFFFF
0 1 0 Huxumii cextop = 0x1100-0x3FFF
Bepxuuii cexrop = 0x4000-0xFFFF
0 1 1 Hwxnuit cextop = 0x1100-0xSFFF
Bepxumnii cexrop = 0x6000-0xFFFF
1 0 0 Huxuwmii cextop = 0x1100-0x7FFF

Bepxuuii cexrop = 0x8000-0xFFFF

Hwxnuit cextop = 0x1100-0x9FFF
Bepxumuii cexrop = 0xA000—0xFFFF

Huxuwmii cexrop = 0x1100-0xBFFF
Bepxnuii cextop = 0xCO000—O0xFFFF

Hwxnuit cextop = 0x1100-0xDFFF
Bepxumuii cexrop = 0xEO00—OxFFFF

Pa3psasl 3, 2 - SRWO01, SRWO00: butbl Bb100pa COCTOSIHUS OKMIAHUSA 1JIs1 HUKHET 0
ceKTopa

butet SRWO1 u SRWO00 3agat0T KOJIMYECTBO COCTOSIHUM OKUJIaHUS 1JI1 HUKHETO CEKTOpa
aJPECHOTO0 MPOCTPAHCTBA BHENTHEN aMATH (cM. Tabnuity 3.4).

Pa3psn 1 n paspsa 6 peructpa MCUCR - SRW11, SRW10: butsl Bb10Opa cocTosi-
HHUSA OKUTAHUA 1JIsI BEPXHET0o CEKTOpa

butet SRW11 u SRW10 3anat0T K0JIMU€CTBO COCTOSIHUI OKUJAHUS JIJIs1 BEPXHETO CEKTOpa
aJPECHOTO0 MPOCTPAHCTBA BHENTHEN aMATH (cM. Tabnuity 3.4).
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Taonuna 3.4 — CocTosTHUS OKUIAHNUSA

SRWnl | SRWn0 CocTosiHue OKUIaHUS
0 0 Hert cocTossaunii oxxnmanus
0 1 3aziepKKa Ha OJIMH MAIIMHHBINA [TUKJI BO BPeMsl CUTHAJIA YTCHYsI/3aITUCH
1 0 3aepKKa Ha 1Ba MANIMHHBIX [TUKJIA BO BPEMs CHTHAJIA YTCHHUSI/3aMUCH
1 1 3amepiKKa Ha J1Ba MilI_HI/IHHBIX LIMKJIa BO BpeMvﬂ CUTHajIa YTCHHS/3AIMCH U 3a1ePiKKa
Ha OJIMH MAIIMHHBIN ITUKJI ePeJl YCTaHOBKOM HOBOT'O ajipeca

I[Ipumeuanue —n =0 wim 1 171 HIXKHETO WIN BEPXHETO CEKTOPa, COOTBETCTBEHHO. Ha prcyHkax
3.14 - 3.17 npencraBieHbl BpeMEHHbIE JHAarpaMMBbl, KOTOPbIE COOTBETCTBYIOT Pa3IMUHBIM YCTaHOBKaM OH-
ToB SRW.

Pa3psin 0 — 3ape3epBrupoBaHHbIN OMT
JlaHHBIH OUT SABIISETCS 3ape3epPBUPOBAHHBIM U BCETa YUTAETCS KaK HOJIb.

Peructp B ynpasiienusi BHemHel namMatbio — XMCRB

Bur 7 6 5 4 3 2 1 0
[ xvMBg | - | - | - | - | XMM2 | XMMI | XMMO | XMCRB

Urenue/3anuch /3 q q q q 4/3 /3 /3

Hagansuoe 0 0 0 0 0 0 0 0

3HA4YCHUC

Pa3psin 7 — XMBK: Pa3pemienue padoThbl yCTPOHCTBA 3AlIOMUHAHMS COCTOSTHUS M-
HbI BHELIHEH NaMATH

3anucs B XMBK sorudeckoit eIuHUIBI pa3peniaeT padoTy YCTPOMCTBA 3alIOMUHAHUS CO-
crostaus muHbI HA TrHUSX AD7:0. [Tocne ero aktuBuzamuu AD7:0 OyayT 3aliOMHHATE MTOCIIETHEE
YCTAaHOBJICHHOE COCTOsIHHE, naxe ecinu uHTepdeiic XMEM nepeBen TUHUU B TPEThE COCTOSHUE.
3amuck B XMBK norudeckoro Hyss 03Ha4aeT 3amper padoThl yCTPOMCTBA 3alIOMUHAHMS COCTOS-
Hus mmHbl. XMBK He 3aBucut ot SRE, Tak uyto maxe ecnmm unTepdeiic XMEM oTkmroueH,
YCTPOMCTBO 3aIIOMUHAHUS COCTOSIHUS ITUHBI OyIeT akTHBHBIM, TToka XMBK=1.

Pa3psiabl 6-3 3ape3epBupoOBaHHbIE PA3PAAbI
I[aHHI)IG paspaabl ABJIAIOTCA 3apC3CPBUPOBAHHBIMU U BCCTId YUTAIOTCA KaK HOJIb.

Paszpsabl 2-0: XMM2, XMM1, XMM0: Macka cTapiuux aJpecHbIX pa3ps/ioB BHEIl-
Hell MaMATH

[Tocne pa3penieHns BHEMIHEN NaMATH Bce BBIBOJBI OpTa C 110 yMOTYaHUIO UCIIONIB3YIOTCS
B KQ4eCTBE CTapIIero agpecHoro 6aita. Eciu HeT HE0OX0IMMOCTH aJJpecoBaTHCS KO BCEMY
60-K06aliTHOMY TIPOCTpPaHCTBY BHEITHEH MaMATH, TO CBOOOIHBIEC afipecHble JIMHUH TopTa C MOKHO
UCIIOJIb30BaTh B KAUE€CTBE YHUBEPCAIBHOTO BBOJIa-BbIBOJIA (CM. Tabuuity 3.5). Mcnonb3oBanue Ou-
ToB XMMn 103BOJISIET a/ipecoBaThcs KO BceMy MpocTpaHCTBY 64 KOaiT ssueek BHEUIHEH maMsaTu
(cM. HIKe ToANyHKT «Vcronb3oBaHue Beero npocrpancTBa 64 KOaitT BHEIIHEH maMsaTH»).
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Tabnuma 3.5 — Mcnonp30oBaHue cTapmux aApecHbIX CUTHaIOB opTa C B KaYECTBE JTMHUI
YHUBEPCAIbHOIO BBOJA-BbIBOJA [TOCIIE Pa3pELICHUs BHECILHEH ITAMITH

XMM2 | XMMI1 | XMMO Yucno pa3psaoB ajpeca BHELIHEN MTaMATH Ocroboxnaembie
anpecHsle uHUA mopta C

0 0 0 8 (Bce mpoctpancTBo 60 Kobaiit) Her

0 0 1 7 PC7

0 1 0 6 PC7 - PC6
0 1 1 5 PC7 - PC5
1 0 0 4 PC7 - PC4
1 0 1 3 PC7-PC3
1 1 0 2 PC7 - PC2
1 1 1 Crapume OuTHI agpeca He HCIOIb3YIOTCS Bce auann

Hcnonb3oBanue Beex siueek BHeLIHel mamMsTi pasmepoM MeHee 64 Koaiit

[lockosibKy B COOTBETCTBUU C PUCYHKOM 3.12 axpecHO€ NPOCTPAaHCTBO BHEIIHEW NaMATU
CJeyeT 3a aapeCHbIM POCTPAHCTBOM BHYTPEHHEH MaMsATH, K MiaamuM 4352 sdaeiikaM BHENTHEH
namsITH HEBO3MOXKHO anpecoBaTbes (agpeca 0x0000...0x10FF). Onnako, mpu MOIKIOYEHUU
BHEIIHEN namsaTi pasmepom Menee 64 Koaiir, nanpumep 32 KOaiiT, k 3TUM stuelikamM MOKHO JIer-
Ko obpatuthcs no ajgpecam 0x8000...0x90FF. Ilockonbky agpecHblif OUT BHemHel namsatu AlS
HE TOJKJIIOYEH K BHelHel nmamsartu, To agpeca 0x8000...0x90FF OyayTt BbicTynath B KauecTBE ajl-
pecos 0x0000...0x10FF mnst BHemHe# namsatu. Anpecanus no agpecam coiie 0x90FF He pexo-
MEHAYEeTCS, TaK KaK MOXKET 3aTPOHYTh SUEHKy BHEIIHEH MaMsTH, JAOCTYIl K KOTOpPOW yxe ocy-
IIECTBIISUICS 110 IpyroMy (MeHblemy) aapecy. s npuknagHoi nporpamMmel 32 K6aiita BHEIIHEH
namsaTd OyayT MpeAcTaBiATh JUHEHHOe aapecHoe npocTtpancTBo ¢ aapecamu 0x1100...0x90FF
(cM. pucyHok 3.18).

Pucynoxk 3.18 — [Nonkmouenue 32 Ko6aiit BHelTHEH maMaTu
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Hcnonb3oBanue Bcero npocrpanctea 64 Koaiit BHemHel naMsaTH

[TockonbKy BHELIHSS TaMATh pacrojaraeTcs mocie BHyTPEHHEH naMsaTH, Kak MOKa3aHo Ha
pucynke 3.12, To Toipko 60 K6alT BHeUIHeH naMsIT JOCTYIHO 10 YMOJIYaHUIO (apecHoe Mmpo-
ctpancTBo ot 0x0000 mo Ox10FF 3ape3epBupoBaHo st BHyTpeHHEH mamMsaTe). OHaKO UMEeTCs
BO3MOXXHOCTh HCIIOJIb30BAaTh BECh O0OBEM BHEITHEH MaMSATH IyTEM MACKHPOBAHUS CTapIIUX af-
PECHBIX Pa3psioB B HOJb. DTO MOXKET OBITh BBIMOJHEHO C MOMOIIBI0 6uToB XMMn u nmporpamMm-
HOTO YIIPAaBJICHUS CTAPIIUMU aJpeCHbIME paspsaamu. MHaTepdeiic mamsaTi OyaeT UMeTh Tuana3oH
anpecoB 0x0000...0x1FFF, ecin yctanoBuTh Ha Bbixojsie nopta C 3nauenune 0x00 u BHIOpaTh pa-
00Ty cTaplIMX aJpECHBIX pa3psA0B Kak OOBIUHBIX JIMHUN BBOJA-BbIBOJA. CM. HMXKEIIPUBEACHHbIE
PUMEPBHI.

[Ipumep xoxa Ha Accembiepe:

OnpegnesneHo cumemeHre OFFSET=0x2000 nnsa rapaHTUPOBAaHMA IOOCTylla K BHeUHeN
namMaru. Koudurypmpyem nopt C (crapumit ©anT anpeca) Ha BuBon 0x00, nocie
; 4ero HacTpauBaeM BEBOIB Ha BHIIOJIHEHME OGYHKLUMM OOBIUHOI'O IIOpTa

Idi ri16, OxFF

out DDRC, ril6

Idi r16, 0x00

out PORTC, ri6

; OcBoboxmaem PC7:5 oT ampecHBX OGyHKUMUM

Idi ri6, (1<<XMM1)](1<<XMMO)

sts XMCRB, rl16

; Bammce OxAA mo azpecy 0x0001 pHewmHel HaMATHU

Idi rl16, Oxaa

sts Ox0001+OFFSET, rl16

; CHOBa paszpemaemMm pabory PC7:5 Kak aIpeCHBIX JIMHUN
Idi rl16, (0<<XMM1) ] (0<<XMMO)

sts XMCRB, rl6

; Banmce 0x55 no azmpecy (OFFSET + 1) BHemHEeM IaMsaTH
Idi rl16, 0x55

sts Ox0001+OFFSET, ri16

L u N

[Ipumep kona Ha Cu:

#define OFFSET 0x2000
void XRAM_example(void)

{

unsigned char *p = (unsigned char *) (OFFSET + 1);
DDRC = OxFF;

PORTC = 0x00;

XMCRB = (1<<XMM1) | (1<<XMMO);

*p = Oxaa;

XMCRB = 0x00;

*p = 0x55;

}

3.3 CucreMHasi CHHXPOHM3alUsl
3.3.1 CucreMbl CHHXPOHHM3aIlUM MUKPOKOHTPOJLJIEPa

Ha pucynke 3.19 npencraBiieHbl OCHOBHBIE CHCTEMBbI CHHXpoHHU3auu. He obs3aTensHoO,
4yTOOBI B IAaHHBIN MPOMEKYTOK BPEMEHHU BCE TAKTOBBIE UMITYJIHChI OBUIM aKTUBHBIMH. J{J1s1 CHIDKE-
HUS TOTPEOIIIEMOIl MOIITHOCTH 1M0/1a4a TAKTOBBIX UMITYJIHCOB K HEUCIOJIb3YEMbIM MOJYJISIM MO-
KET OBITh MPUOCTAHOBJICHA C TTOMOIIBIO UCITOJIE30BAHUS PA3IMYHBIX CIIAIINX PEKUMOB, KaK OITH-
caHo B nojapasfene 3.4 «YnpaBieHHe SHEPronoTpeOIeHHeM U Crisiie pexumb». [logpoObHocTH B
OTHOIIIEHWU CUCTEM CHHXPOHHU3AIUU IPUBEACHBI HUXKE.
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Pucynoxk 3.19 — PacnipenienieHre TakTOBBIX CUTHAJIOB
Takrosbiii curnaa HITY- clkcpu

TakrtoBeiit curnan L{ITY moacoenuHeH K y3JIaMm CHCTEMBI, CBSI3aHHBIM C paboOTOM sizpa.
[Tpumepamu Takux MOAyJEH SBISIOTCS (haill perucTpoB OOIIEero Ha3HAUEHUS, PETUCTP COCTOSHUMN
u T. 1. OctaHoBKa TakToBOro reHeparopa LIITY GrokupyeT BBIOTHEHUE SIAPOM OTiepalliii 00IIero
Ha3HAYCHWS U BEIUYUCICHUH.

TakToBbBIi cCUTrHAJ BBOAa-BbIBOAA — clkyo

TakToBBIN CUTHAN BBOAA-BBIBO/IA UCIIOJIb3YETCSl OOJBIIMHCTBOM NEepU(EpUHBIX MOTyJIEH,
TakuMH Kak Taitmepsl/cueTuynku, SPI 1 USART. TakToBbIil curHan BBOJA-BbIBOJA UCHOIB3YETCS
TaK)K€ MOJYyJIEM BHEIIHEro MpephIBaHMs, IPU ITOM HEOOXOJUMO OOpaTUTh BHUMaHUE Ha TO, YTO
HEKOTOpbIe BHELTHHE MPEPhIBAaHUS JAETEKTUPYIOTCS aCHHXPOHHOM JIOTMKOM, O3BOJIsIsl OOHApY K-
BaTh TaKue MpephIBaHMs J1aXKe B Cllydae OCTAaHOBKHM TaKTOBOI'O CUTHaja BBOJAa-BbIBoja. HeoOxo-
MO TaKke oOpaTUTh BHUMaHHE Ha TO, YTO paclo3HaBaHue ajapeca B Moayie TWI BoimonHsercs
aCMHXPOHHO npu octaHoBKe clkyo, uTo mo3BossgeT obecneunts npueM aapeca TWI Bo Bcex cns-
IIUX pEeKUMax.

TaxkToBbIi cUrHaJ namMaT nporpamMm — clkrrLasu

TaxToBBIN curHan nmamatu nporpamm clkrLasn ympasiser paboToit uHTepdeiica mamsaTH
nporpaMM. OOBIYHO OH aKTUBUPYETCS OJTHOBPEMEHHO C TaKTOBBIM reHeparopom LIITY.
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TaxkToBBIN CUTHAJ ACHHXPOHHOIO TaliMepa -clkasy

TakToBbIif curHa) acMHXpOHHOTO Taiimepa clkasy oOecrieurBaeT HEMOCPEICTBEHHYIO CHH-
XPOHU3AIMIO ACHHXPOHHOTO TaliMepa/CueTyrKa C MOMOIIBI0 BHEIIHETO KBapILIEBOTO TAKTOBOTO
reneparopa 32 kl'n. CnenuanbHO BBIICJICHHBIM KaHal TaKTHPOBAHUS MO3BOJSIET MCIOJIb30BATH
ATOT TalilMep/CUYETYMK B KAUECTBE CUETYMKA PEATbHOTO BPEMEHH, JaKe €CIU YCTPOMCTBO HAaXO-
JIUTCS B CIISAIIEM PEXKUME.

TakroBblii curaaa AL — clkapc

AIIl umeer cnenuanbHbI KaHaJ CUTHAjJa TAKTUPOBAHMS, YTO ITO3BOJISIET BBINOJHATH
OCTaHOBKY TakTOBOro curHaia L{IIY u TakTOBOro curHajia BBOJA-BbIBOJIA JIJII CHUKEHHUS IIyMma,
BBI3BIBAEMOT0 IU(PPOBBIMU CXeMaMHU. JTO JaeT 0ojiee TOYHBIC PE3ysIbTaThl aHAJIOTO-ITU(POBBIX
npeoOpa3oBaHuil.

IIpenneauresib TAKTOBOr0 curuana BQ

[Ipennenurens TakroBOoro curxaia BQ mo3BosisieT nporpaMMHO YMEHBIIUTh YacTOTY CHUI-
HaJIa, IOCTYIAIOLIET0 OT TAKTOBOT'O T'€HEpaTOpa, MOCPEACTBOM ACICHUS HA YHUCIO B AUANA30HE OT
2 o 129. D1y HyHKIHMIO MOXHO MPUMEHSATH I CHU)KEHUS MOTPeOICHUsT MOIIHOCTH, KOT1a Tpe-
00BaHUs K IPOU3BOAUTEIBHOCTH HEBBICOKH. JIJ1s yIIpaBieHUs IpeAeIUTEIeM TaAKTOBOIO CUIHAJIa
ucnonb3yercs peructp XDIV.

Bur 7 6 5 4 3 2 1 0
[ XDIVEN | XDIV6 | XDIV5 | XDIvV4 | XDIV3 | XDIV2 | XDIVI | XDIVO | XDIV
Hrerme/ /3 93 /3 /3 /3 /3 93 93
3anuch
Hauvansnoe 0 0 0 0 0 0 0 0

3HAYCHUC
Paszpsin 7 — XDIVEN: Pa3pemenue nesienuss BQ

Korna 6ur XDIVEN paBen enunune, yactora cuaxponuzauuu LITY u Bcex nepudepuii-
HBIX ycTpoiicTB (clkro, clkapc, clkcpu, clkrLasn) aenutes Ha KO PUIMEHT, onpeensieMblii OuTa-
mu XDIV6...XDIVO. butr XDIVEN M0OXHO yCTaHOBUTBH BO BPEMSI BBIITOJIHEHUS ITPOTPAMMBI, YTO-
OBl UI3MEHUTH YAaCTOTY CHHXPOHHU3AIMU Ha YaCTOTY, MOAXO/SIILYIO ISl JAHHOTO MPHIIOKEHHS.

Pa3psabi 6-0: XDIV6 — XDIVO0: butsl BbiG0opa nesenuss BQ

OTH pa3psabl ONpenensoT Ko3(p(UIUEHT JeneHusi, KOTOPhId HCIHOIb3YyeTcs, Korja OuT
XDIVEN ycranosneH B equHuily. Ecnu 3HaueHue 3TUX pa3psaoB 0003HA4UTh d, 3aBUCUMOCTh
TaKTOBOH 4acTOTHI fCLK OT COCTOSHUS 3THX Pa3psA0B OyAET ONMpPEaeAThCS BBIPAKEHUEM:

Yacmoma

P UCTOYHUKA
CLK —
129-d

3HaueHUEe STHUX OUTOB MOXKET OBITh HM3MeHeHO, Toiabko korga XDIVEN = 0. Korma
XDIVEN=1, 3HaueHwue, onpenenasieMoe COBOKYMHOCThI0 0uToB XDIV6...XDIV0, paccmarpuBaeT-
cs kak kod(punment nenenus. Korma XDIVEN = 0, 310 3HaYeHHE UTHOPHPYETCSL.

Korna Beimonnsiercs AeneHue CUCTEMHOTO CHHXpOCUTHAIA, TaitMep/cueTdrk () MOXKHO HC-
MOJIb30BaTh TOJBKO C ACHUHXPOHHBIM TaKTHpOBaHHWEM. YacToTa aCMHXPOHHOTO TaKTUPOBAHUS
JOJKHA OBITh HUYKE YETBEPTU YaCTOTHI CHHXPOHU3AIMH MUKPOKOHTpoIIIepa. B mpoTuBHOM
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Cllydae MOXKHO TPOIYCTHTh MPEPHIBAHUS U TOT/IAa 3HAYEHHSI PETUCTPOB, HMEIONINX JOCTYT K Taii-
Mmepy/cueTduky 0, MOTYT OBITh HApPYIICHBI.

3.3.2 UcTOYHUKH CHHXPOHU3ALMHU

MUKpPOKOHTPOJUIEp MMEET HECKOJIbKO HMCTOYHHUKOB TAKTOBOT'O CHUTHAja, BHIOMPAEMBIX C
MOMOIIBbI0 KOH(DHUTYypaMOHHBIX OUTOB coryacHo Tadnuie 3.6. CurHan CHHXpOHHU3AIMN BBIOpaH-
HOr'o MCTOYHHKA ABJIACTCA BXOAHBLIM [JISI TAKTOBOI'O I'CHEPATOPAa MHUKPOKOHTPOJIJICpA U 3aTeM

IMOAKIIFOYACTCA K COOTBETCTBYIOIIUM MOYJISAM.

Tabnuma 3.6 — Oniuu BEIOOpa CHHXPOHU3HPYIOMIETO YCTPOHWCTBA

Onuus BbIOOpa CHHXPOHU3UPYIOLIETO YCTPOUCTBA CKSEL3...0
Baennuii KBapueBblii/KepaMUUeCKUil pe30HATOP 1111-1010
BHennuii HU3K04acTOTHBIN KBAPIIEBBIN T€HEPATOP 1001
Buewnuii RC-reneparop 10000101
KanuOpoannsiii BHyTpeHHUI RC-renepatop 0100-0001
BHenHuil TaKTOBBIN reHepaTop 0000

[Ipumeuanue — [y Bcex KOHPUTypallmOHHBIX OUTOB «1» O03HauaeT He3anporpaMMuUpO-
BaHHOE COCTOsIHUE, «0» 03HAYaeT 3alporpaMMHUPOBAHHOE COCTOSIHUE.

[TonpoOHoe onucaHue Ka)xa0M U3 3TUX ONUMN NPUBEIEHO B CleAyoUMX pasnenax. [Ipu
Beixoge LITY u3 pexxnMa MHUKpONOTpEONCHHS WIM pEXHMMa XpaHEHHS BBIOpPAHHBIA HCTOYHHK
CUHXPOHM3ALMH MCIIONb3YETCA 110 MCTCUCHWU BPEMEHM 3allyCKa, I'apaHTHpPYys TEM CaMbIM CTa-
OMJIBHOCTH pabOTHI TeHepaTopa IMepel BBINOJHEHHEM IEpPBOM HHCTPYKLMHU. 3alyCcK MHUKpPO-
KOHTpOJUIepa 1ocie copoca CONpOBOXKIACTCS AONOTHUTEIBHON 3aepKKOH A1 JOCTHXKEHUS IHU-
TaHHEM CTaOWJIBHOTO YPOBHS NEepe MePeBOJOM MUKPOKOHTPOJIIEPAa B HOPMAJIBHBIH PEXUM pabo-
Thl. ['eHEepaTOp CTOPOKEBOrO TalMepa MUCIOJIB3YeTCs I CHHXPOHU3aLUUU JAHHOTO MOXYJIS, KO-
TOPBIN (POPMUPYET 3aJAEPHKKY MPH 3ammycke. JIUTenbHOCTh TeHEPUPYEMOil 3aI€PIKKU OTIpEIeTsIeT-
Cs1 KOJINYECTBOM MMITYJIbCOB I€HEPATOPA CTOPOKEBOTO TaliMepa WM Ul Pa3jIM4YHBIX CIIy4aeB IIpH-
BeJieHa B Tabuuue 3.7.

Tabnuna 3.7 — KonnuecTBo TaKTOB CTOPOXKEBOTO FeHEpaTopa

Tumosoe BpEM:A IIPOCTOsA, MC KOMM4ecTBO TAKTOR
(#VCC =5,0 B)
8 4K (4096)
130 64K (65536)

3.3.3 UcTOYHHMK TAKTOBBIX MMILYJILCOB 10 YMOJYAHHUIO

MuxkpokonTtpoiep nocrasisgercs ¢ yctaHoBkamu CKSEL = «0001» u SUT = «10». Ot
3HA4YeHUs COOTBETCTBYIOT BHIOOPY B KauyecTBE MCTOYHHMKA CHHXPOHHM3AIMM BHYTpeHHero RC-
reHepaTopa ¢ MaKCUMaJbHbIM BpeMeHeM cTapTa. /laHHas HacTpolika rapaHTUPYET BCEM IOJIb30-
BaTeNsIM BO3MOXXHOCTh YCTaHOBHUThH TpeOyeMblii HCTOUHUK CHHXPOHM3ALUU C TOMOIIbIO BHYTpPHU-
CHCTEMHOI0 WIN MapaJljIeIbHOIO IPOrpaMMaTopa.

3.3.4 KBapuesBblii reHepaTop

BQIl u BQ2 — cOOTBETCTBEHHO BXOJ M BBIXOJ MHBEPTHPYIOLIETO YCHUIIUTENS, KOTOPBII
MOYET OBbIThb HACTPOEH JJISl MCIOJB30BAHUS B KAUeCTBE BCTPOCHHOTO I'eHeparopa (CM. pUCYHOK
3.20). [yst 3agaHusi 9aCTOTHI MOKET MCIIOIB30BaThCS JTMOO KBAPIEBhIH, JIMOO KepaMUYECKUN pe-
3oHatop. Kondurypaunonnsiit out CKOPT BbiOMpaeT oAMH U3 ABYX PEKUMOB YCHIIUTENS TeHE-
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paropa. Ecmu CKOPT 3anporpaMMupoBaH, TO aMIUIUTY/1a KOJeOaHW BBIXOTHOTO CUTHAJIa TeHE-
patopa Oyaer orpaHHY€Ha YPOBHSMH MUTaHUsS. JIaHHBIA PEKUM PEKOMEHIYETCS HCIOIb30BaTh
IIPU BBICOKOM YPOBHE OKpY KAIOIIMX HIYMOB WJIM IPU MCIONb30BaHUM BhIxojna BQ2 B kauecTBe
MCTOYHHMKA CUHXPOHHU3AIMU BHEIIHEW cXeMbl. JIaHHBIH PEeXHM XapaKTepU3yeTcsl MIHUPOKUM Ya-
crotHbIM nuana3zoHoM. Eciiu CKOPT He3zanmporpaMMupoBaH, TO aMIUIUTYAa BBIXOJHBIX KoJieOa-
HUU reHepaTopa cHibkaercs. Mcronb3oBaHrue TaHHOTO PEeKUMA MO3BOJISET CYIIECTBEHHO CHU3UTh
noTpedIIeEMyI0 MOIIIHOCTh, HO TIPYU 3TOM YaCTOTHBIM JMana3oH OTpaHUYEH, U HENb3sl UCIOJIb30-
BaTh BQ2 s BHENIHEW CUHXPOHU3AIUU.

Pucynok 3.20 — [ToakmtoueHue KBapueBOro reHepaTropa

[Ipu ucnonbp3oBaHUM pe30HATOPOB MakcuManbHas yactora paBHa 8 MI'n, ecau CKOPT ne
3anporpammupoBal, u 16 MI'n, ecan CKOPT 3anporpammuposas. Konnencaropsr C1 u C2 Bee-
I/1a JOJIKHBI OBITH OJIMHAKOBBIMH, HE3aBUCUMO OT HCIIOJIb30BaHMS KBapLIEBOrO WM KEPAMUUECKO-
ro pesoHaropa. ONTUMaIbHOE 3HAYEHUE €MKOCTEH KOHJEHCATOPOB 3aBUCUT OT HCIIOJIb3YEMOIO
KBapLEBOT0 UM KEPaMUYECKOr0 PE30HATOPA, OT 3HAUYEHHUS Mapa3UTHON €MKOCTH U OT OKpYKaro-
IIEr0 YPOBHS 3JIEKTPOMArHUTHOTO IIymMa. PekoMenaanuu no BbIOOpY HOMUHAIOB KOH/IEHCATOPOB
npuBeaeHbl B Tabuie 3.8. {11 kepaMuueckux pe30HaTOPOB HEOOXOAMMO MCTIOIb30BaTh KOHIEH-
CaTOpbl C HOMUHAJIOM, PEKOMEHTyEMBIM IIPOU3BOJIUTEIIEM.

['enepaTop MoxeT paboTaTh B TPEX PA3IUYHBIX peXUMaX, KaXKIbIH U3 KOTOPBIX ONTHUMU-
3UPOBaH JUIsl OINPEEJIEHHOr0 YaCTOTHOTO Juana3oHa. PexxuM paboTsl BHIOMpAETCs ¢ MOMOIIbIO
koH¢uryparuoHHsix 6utoB CKSEL3-1, kak nokazaHo B Tabnune 3.8.

Tabnuma 3.8 — PexxuMbl paboThl KBAPIIEBOTO TE€HEPATOPA

YacrotHslli | Pexomennyemble HoMHHaIbI KoHAeHcaTopoB C1 u C2
CKOPT | CKSEL3-1 JAaras3oH, JUISL MICTIOJIb30BAHUS C KBapPLEBBIMU PE30HATOPaMHU,
MI'n nd
1 101* 0,4-0,9 -
1 110 0,9-3,0 12-22
1 111 3,0-8,0 12-22
0 101, 110, 111 1,0 — max 12-22

* DTOT BapuaHT HE CJeyeT UCTIONb30BaTh C KBAPIIEBBIMU PE30HATOPAMH, TOJIBKO C Kepa-
MUYECKUMHU.

Konduryparnuonnsiit 6ut CKSELO coBmectHo ¢ 6uramu SUTI-0 BbiOupaer Bpems 3a-
MycKa B COOTBETCTBHH ¢ Tabmureit 3.9.
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Tabnuma 3.9 — BpemenHas 3aepKka MMpH 3aImycKe IJIs1 pa3IuIHBIX HACTPOEK KBAPIIEBOTO
reHeparopa

JnutensHOCTh 3anepkku | JlomonHuTenbHas
CKSELO | SUT1-0 | ["P¥ BbIXOACH3 periiiva 3ICPoKIa Hocie Pexomenyemoe nmpumMeHeHUE
MUKPOIIOTPEOICHUS U cbpoca, Mc
pEeKUMa XpaHEeHHUs! (#VCC=5,0B)

0 00 258 CKV g Kepamuueckuii pesonarop,
OBICTPO HapacTarollee MUTAHUE

0 01 258 CKY 130 Kepamuueckuii pe3onaTop, Me-
JICHHO HapacTalouiee MUTaHne

0 10 1K CK? i Kepamuueckuii pezonatop, ae-
tektop nutanus (BOD) BxiroueH

0 11 1K CK? 3 Kepamuueckuii pezonarop,
OBICTPO HapacTarollee MUTAHUE

1 00 1K CK? 130 Kepamuueckuii pesonarop, men-
JICHHO HapacTarollee NUTaHHe
KBapueBslii reHepaTop, JETEKTOP

! 01 16K CK ] nutadus (BOD) BkimroueH

1 10 16K CK g KBapueBslii renepaTop, ObICTPO
HapacTaroliee MUTaHHe

1 11 16K CK 130 KBapueBslii reHepaTop, MeUIEH-
HO HapacTaloliee NUTaHue

Y 310t BapuaHT 0MKEH HCIOJIB30BATHCS TOMBLKO B TOM CIydae, KOrja paboTa BBINOJIHAETCS He Ha
TpaHMLIE MPeNeTbHON YacTOThl paboThI IPUOOPA, M €CIIN CTAOMIBHOCTD 110 YAaCTOTE TPH 3aITyCKe HE HIPaeT
POJH JUIsl JaHHOTO IPUMEHEHMsI. BapraHT He MPUTO/EH AJIA UCIONb30BAHNS C KBAPLIEBBIMU PE30HATOPAMH.

) DTOT BapUAHT MpeHA3HAYEH JUIA HCIOJIb30BaHUs C KepaMUUYECKHMHU PE30HATOPaMHU 1 obecrieyn-
BaeT CTa0MIIBHOCTD YaCTOTHI MPH 3amycke. Taxke MOKHO HCIOIB30BaTh C KBAPIIEBBIMUA PE30HATOPAMH,
€CII He IPUMEHSATH [IPU paboTe Ha YacToTe, OJIM3KOH K MpeenbHOM, U eI CTa0MIBHOCTD M0 YacTOTe MPH
3aIyCKe He BayKHA JUIsl JAaHHOTO BUAA MPUMEHEHHUS.

3.3.5 Hu3ko4acToTHBIN KBapLUeBblil reHepaTop

JI71st ucnosib30BaHMsl 4aCOBOTO KBapIeBOro pesonaropa 32,768 kIl B kauecTBe HCTOYHUKA
CUHXPOHM3AIMH HE0OX0IMMO BBIOPATh HU3KOYACTOTHBINM KBapIIEBbIN reHepaTop MyTeM YCTaHOBKHU
koHpuryparmoHHbix 6utoB CKSEL paabiMu «1001». TlogkiroueHne KBapIeBOro pe3oHaTopa
noka3aHo Ha pucyHke 3.20. [lytem mporpaMMupoBaHus KOHPHUTYpallMOHHOTO OMTa MOJIB30BaTENb
MOJKET Pa3pelINTh MOAKIOYEHNE BCTPOSHHBIX KOHAEHCAaTopoB K BbiBojaM BQ1 u BQ2, tem ca-
MBIM UCKJII0Yasi He0OOXOJUMOCTh MPUMEHEHUS! BHEITHUX KOHAEHCATOpOB. BHyTpeHHUE KOHIeHC Ca-
Topsl uMetoT HomuHal 36 nd. [Tocae BEIOOpa TaHHOTO TeHEpaTOpa, [UTUTEIBHOCTH 33JIepKEK TPU
crapTe onpeaensaroTcs kKondurypanunonaeiMu outamu SUT kak mokaszaHo B Tabmiuie 3.10.

Tabnuma 3.10 — JInuTenbHOCTH 3aIepKEK MPHU CTAPTE I HU3KOYACTOTHOTO KBAapIIEBOTO
reHeparopa

JmiTenbHOCTD 3aepKKU TIpH i[ZH:H;EZ?(f;?
SUT1-0 BBIXOJIE U3 PEKHUMA MUKPOIIO- Z([: 6ppoca Me Pexomentyemoe npumeHeHue
TpeOJICHUS U PeKUMA XPaHSHUS (#VCC = 5.0 B)

00 1K CKD 3 BricTpo HapacTarolee MUTaHUE WK
BKJIIOUEH JieTekTop nutanusg BOD

01 1K CK" 130 MeIeHHO HapacTarollee NUTaHUE

10 32K CK 130 CraluipHasi 9acTOTa MPHU 3aITyCcKe

11 3ape3epBUPOBAHO

b Ot BapHaHThI CIICAYCT NPUMCHATH TOrJa, Koraa CTaO0MILHOCTh YaCTOTHI IIpu CTapTC HE BaKHA
JJI IPUJIOKCHMA.
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3.3.6 Buemnnii RC-reneparop

Jlig ipuiioKeHuid, HEKPUTUYHBIX K CTA0MIBHOCTH BPEMEHHBIX XapaKTepUCTHK, B KAUeCTBE
MCTOYHUKA CHUHXPOHHM3ALMH MOKET MCIOJb30BaThecsl BHEIHAA RC-1ienb, NOAKII0YEHHE KOTOPO
nokazaHo Ha pucyHke 3.21. TakroBas yactora rpy6o ompenensiercss BeipaxkenueM f = 1/(3RC).
Homunan xongencatopa C gomkeH Ob1Th He MeHee 22 nd. [Tyrem mporpaMMupoBaHusi KOHPUTY-
pannonnoro 6uta CKOPT mosib30BaTeIh MOKET pa3pelinTh MOAKIIOUEHNE BHYTPEHHET0 KOH/ICH-
catopa 36 n® mexay BQIL u #0V (GND), Tem cambiM HCKITIOUasi HEOOXOIUMOCTh MPUMEHEHUS
BHEIIHEro KOHJeHCcaTopa.

Pucynok 3.21 — Cxema noakiatoueHus BHelHeH 3anatomieit RC-nienu

I'eneparop MoxeT paboTaTh B YETHIPEX PA3IHUHBIX PEKUMAX, Kbl U3 KOTOPBIX OpH-
CHTHPOBaH Ha ONPEAEICHHBIN 4aCTOTHBIA auama3oH. Paboumii pexuMm BbIOMpaeTcs: KOHHUTypa-
rmonHbiMu Outamu CKSEL3-0 (cm. Tabmumy 3.11).

Tabnuna 3.11 — Pexxumsl pabotel BHenHero RC-reneparopa

CKSEL3-0 YacroTHbIi Auana3on, MI'n
0101 0,1-0,9
0110 0,9-3,0
0111 3,0-8.0
1000 8,0-12,0

Ilocne paspemeHust paboThl JaHHOTO T'€HEpaTopa JJIUTEIbHOCTh 3aJECP)KKH NPHU CTapTe
OTIpeNIeNsIeTCs] YCTAaHOBKaMU KOH(UTYpallMOHHBIX OUTOB (cM. Tabmmiy 3.12).

Tabnuma 3.12 — JInuTenpbHOCTD 3a/IepKEK MPHU cTapTe mocie Beibopa BHentHero RC-rereparopa

JATensHOCTS 3aePKKH
JomomauTensHas 3a1epK-
MIPHU BBIXOJIE U3 peKUMa
SUT1-0 MIKDOIOTDEGICHIS 1 Do Ka mocJie copoca, Mc Pexomenmyemoe mpuMeHeHHE
poroTp p (#VCC =5,0 B)
KUMa XpaHEHHUS
Bxiro4eHHBIN JETEKTOP MUTAHUS
00 18CK -
BOD
01 18CK 8 BricTpo HapacTaroniee nuTaHue
MeneHHo HapacTarollee MUTa-
10 18CK 130 o PacTaIon
HUE
BricTpo HapacTaromiee nuranue
11 6CK* 8 WM BKJIIOYEHHBIH JETEKTOp MU-
taruss BOD

* DTOT BAapHAHT HC JOJDKCH MCIOJb30BATHCA IIPU pa60Te Ha 9aCTOTC, ONU3KOM K HpCHCHLHOﬁ.
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3.3.7 Buyrpennnii kaanoposannbiii RC-renepartop

BnyTtpennuii kanubpoBanubeiii RC-reneparop dhopmupyer GpukcupoBaHHBIE TaKTOBBIE Ya-
ctoThl 1, 2, 4 unu § MI'u. JlaHHbIE 3HAUYEHMS YACTOT SABJISIIOTCS HOMUHAJIBHBIMU U OINpPEIEIICHbI
JU1s HanpspkeHus nuTanus 5 B npu temmepartype 25 °C. OmHa U3 3TUX Y9acTOT MOXKET OBITh BBI-
OpaHa B KaueCcTBE TAaKTOBOM, €CJIM 3amporpaMMupoBaTth koH¢purypauuonnsie 6utsl CKSEL B co-
otBeTcTBUU ¢ Tabmuiei 3.13. locme BrIOOpa MUKpOKOHTpoOJIIEp OyneT padoTaTh 0€3 BHEIIHHUX
komroHeHTOB. Kongurypanuonnsiii 6utr CKOPT nomxen ObITh BCeraa He3alporpaMMHpOBaH-
HBIM, €CJTU UCToJb3yeTcs BHyTpeHHH RC-reneparop. B mporecce cOpoca kamuOpoBOYHBIN OalT
anmapatHo 3anuceiBaetcs B peructp OSCCAL, Tem caMbIM aBTOMaTHYECKH BBITIOJHICTCS KaIu0-
poBka RC-reneparopa. [Ipu nuranuu 5 B, Temrniepatype 25 °C 1 BBIOpaHHON 4acTOTE reHepaTopa
1 MI'y naHHBIA METO/ KaTHOPOBKU 00ECIeYNBACT MOTPEUTHOCTh TeHEPAIMH YaCTOTHI B Mpeeiax
+6 % OT HOMHMHAJIBHOTO 3HaUeHUA. Vcronb30BaHNe METOA0B KAIUOPOBKH BO BpeMsI pabOThl MUK-
POKOHTpOJUIEpa MO3BOJISIET JOCTHYb TOYHOCTH +1 % mpu m1000¥ 3amaHHON Temmeparype u
HanpspkeHuu nuTtaHus. Korjga sToT reHepatop mpuMeHsIeTCs Ui CHHXPOHHU3ALUA MHUKPOCXEMBI,
JUISL CTOPOXKEBOTO TaiiMepa M 3allep’KKu copoca OyIeT MCHOIb30BATHCS TEHEPATOP CTOPOKEBOTO
taiimepa. bonee nmoapodbnas mHbopMalnus O MpeaBAPUTEIHHO 3alIPOrPAMMHUPOBAHHOM KaiuOpo-
BOYHOM 3Ha4YeHuU npuBeneHa B 3.21.4 «KanubpoBouHslii 0aiiTy.

Tab6nuna 3.13 — Paboune pexxuMbl BHyTpeHHEro KamOpoBanHoro RC-reaeparopa

CKSEL3-0 HomwunaneHast yactora, MI'ng
0001* 1,0
0010 2,0
0011 4,0
0100 8,0
* MUKpPOKOHTPOJUIEP IMMOCTABIISAETCS C TAHHOH YCTaHOBKOH.

[Tocne BbIOOpa MaHHOTO TEHEpAaTOpa JUIMTEIBHOCTh 3aJEPKKH IPU 3alyCKEe MHUKPO-
KOHTpOJUIEpa Oomnpeaensercs ycranoBkamu KoHpurypaunonueix 6utoB SUT (cm. tabmumy 3.14).
BeiBoasr BQ1 u BQ2 momkHBI ObITh OCTaBICHBI HEITOAKITFOUYCHHBIMH.

Tabnuna 3.14 — JImuTenbHOCTH 3a/IepXKEK MPH 3aIMyCKe C Pa3IMYHBIMU HACTPOHKAMH
BHyTpeHHero kainuoposanHoro RC-reneparopa

JlintenbHOCTD 3aep KKy ipu | JlomonHuTEeNnbHAS
SUT1-0 BBIXOJIE U3 PEKUMa MUKPOIO- 3a/1epKKa 1ocie Pexomennyemoe
TpeOJIeHNs U peXXrMa XpaHe- cbpoca, Mc IIpUMEHEHHe
HUs (#VCC =5,0B)
BxitoueHHBINH JETEKTOP
00 6 CK ) rimutanus BOD
01 6 CK ] BricTpo HapacTatoiee
MIUTaHUE
10* 6 CK 130 MeieHHO HapacTarolllee MUTaHue
11 3ape3epBUpPOBAHO
* MUKPOKOHTPOJUIEP IMOCTABIISIETCS C JAHHON YCTaHOBKOM.
Peructp kannoposku reneparopa — OSCCAL
bur 7 6 5 4 3 2 1 0
| CAL7 | CAL6 | CAL5 | CAL4 | CAL3 | CAL2 | CAL1 | CALO | OSCCAL
Yrenue/3annch 4/3 4/3 4/3 4/3 4/3 4/3 4/3 4/3
HauansHoe
SHAUCHHE KanmbpoBouHoe 3HaUeHNE WHANBUAYAIBHO ISl KaXKI0TO MUKPOKOHTPOJLIEpa
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Pa3psaabl 7-0: CAL7-0: KaanOGpoBo4yHoe 3HAYEeHHE I TeHepaTopa

3anuch 3HAYCHUST KaTUOPOBOYHOTO OalTa B JTAHHBIA PETUCTP MPHUBEAET K MOACTPOIKE Te-
HepaTopa Ha HOMMHAJIBHYIO 4acToTy. B mpouecce cOpoca kanuOpoBoYHOE 3HaUEHHUE ISl BEIOpaH-
HOM yacToThl aBTOMaTudecku 3amuckiBaetcs B peructp OSCCAL. Ecnu HeoOxonuma Goiiee ToU-
Has nojcTpoiika yactoTel reHeparopa B peructp OSCCAL M0XHO MpOrpaMMHO 3arpy3uThb KO-
TUOPOBOYHBIA KOA(DPHUITUEHT, KOTOPBI HEOOXOAMMO TPEIBAPUTEILHO COXPAHUTH B MAMSTH IPO-
rpaMMm unn JIIJI, a mocne crapra cuurarh u 3anucate B peructp OSCCAL. Ecnu B peructp
OSCCAL 3anucath HOJIb, TO BRIOMpAETCI MHHUMAIbHAS YacTOTA. 3aMKMCh HEHYJEBOT'O 3HAYCHUS
IPUBOJIMT K TIOBBIIICHUIO YacTOThI TeHepaTopa. 3amuck $FF maer MakcMMallbHO JOCTYIHYIO Ya-
croty. KanuOpoBaHHbIIl TeHepaTop UCHOJIb3yeTcs Al cuHXpoHu3anuu aoctyna k DI/ mamsatu
nporpamMM. Bo BpeMs BbinonHeHus 3anucu B Ol uinu B mamsTh nporpaMm He CJeIyeT BbIIOJI-
HSTh YCTAHOBKY 4acTOThI O6osee, yeM Ha 10 % oTIauyaronlyocss OT HOMUHAJIBHOM YacToThl. B mpo-
TUBHOM citydae 3anuch B DIIJ] win B maMsaTe mporpaMM MOKET ObITh HEKOppeKTHOM. OOparute
BHMMAaHHE, YTO T'e€HEpaTop NpeIHa3HA4YeH IS KaaIuOpOBKM Ha 4acToThl 1, 2, 4 wim 8§ MI.
Hactpoiika Ha npyrue 3nauenus He odecrnieyena (cm. Tabnmiy 3.15).

Tabnuna 3.15 — JInanazon yactot BHyTpeHHero RC-reneparopa

3HaueHHE MuHuMasnpHast 4acToTa B IPOLEHTaX MakcumainbHasi 4acTOTa B MPOLIEHTAX
OSCCAL OT HOMHUHAJBbHON YaCTOTHI OT HOMHHAJIbHOM YaCTOTHI

$00 50 100

$7F 75 150

$FF 100 200

3.3.8 BHelIHuil TAKTOBBIN reHepaTop

Eciu Heo0XoAMMO TakTHpPOBATh MUKPOKOHTPOJIIEP OT BHEIIHEr0 HCTOYHUKA, TO €ro
HEO0X0MMO MOJKIOYUTH K BeIBoLy BQ1 (cM. pucynok 3.22). B 3ToM ciyyae BHELIHSISI CUHXPO-
HU3alMsl JI0JDKHA OBITh paspelleHa 3amucbio B KoHgurypanuoHusle 6utel CKSEL 3HaueHus
«0000». Ecnu 3anporpammupoBath kKoHpurypamuonssiii outr CKOPT, to mexny BQ1 u #0V
(GND) Oy et nmoik/It04eH BHYTPEHHUH KOHJIeHcaTop HOMUHAIOM 36 nd.

Pucynok 3.22 — Cxema NOAKIIOUEHUS] BHEIITHETO TAKTOBOI'O F'eHEpaTopa

[MTocne BpIOOpa JAHHOTO MCTOYHUKA CHHXPOHHU3AIMHU JUIUTEIBHOCTD 3P KKH TIPH 3aITyC-
Ke orpenensercs kKoHpurypauuonueiMu 6utamu SUT, kak nmokazano B Tabnmuue 3.16.
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Tabnuma 3.16 — JImuTenpbHOCTD 3aI€PXKKH MPHU 3aITyCKe T0CIIe BHIOOPA BHEITHETO TAKTOBOTO
reHeparopa

JmATenbHOCTD 3aIepIKKU JormonHauTensHas 3a-
SUT]_0 | TP¥ BBIXOZC H3 pexkiMa JIeprKKa Tocie copoca, PeKOMEH/TyeMOe MpUMEHEHHE
MUKPOTIOTPEOIEHUS U MC
peKHMa XpaHEeHHs (#VCC =5,0B)

00 6 CK - Bxatouen perekrop nutanus BOD
01 6 CK 8 BricTpo HapacTarolniee nuTaHue

10 6 CK 130 MeaneHHO HapacTalolee MUTaHHue
11 3ape3epBUPOBAHO

ITocne INOAKIOYCHUA BHCIIHCTIO TAKTOBOI'O HCTOYHHUKA H€06XOI[I/IMO n30€erath BHE3AMHBIX
M3MEHEHHMH €ro 4acTOTHI JUIS TapaHTHPOBAHHS CTAOMIBHOCTH PabOTHl MUKPOKOHTposuiepa. Eciu
Ha CJIEIYIONIEM TaKTe 4acTOTa M3MEHUTCS Oojiee 4eM Ha 2 % IO CpaBHEHHUIO C MPEIBIIYLINM, TO
HOBE/ICHHNE MUKPOKOHTPOJUIEpa MOXET CTaTh HempenckazyemMbiM. HeoOxoammo rapanTtupoBaTh
HAXOXXJCHUE MHUKPOKOHTPOJIEpAa B COCTOSHUU cOpoca B IMpolecce TaKUX M3MEHEHHH 4YacTOTHI
CHHXPOHU3AIINY.

3.3.9 I'enepartop Taiimepa/cueT4nka

B cocraB MUKpOKOHTpOJIIEpa BXOIUT OTIEJIbHBINA TeHepaTop Taiimepa/cuerunka. KBapue-
BBl pe3oHaTOp NnojakIrovaercs HenocpeAcTBeHHO Mexay BbiBogamu TOSCI u TOSC2. B stom
cilydae He TpeOyIOTCsl BHEIIHUE KOHJIEHCATOphl. ['eHepaTop onTUMHU3UPOBAH Ul COBMECTHOM pa-
OOTBI C YaCOBBIM KBapIlEBbIM pe3oHaTopoM vactoToit 32,768 kl'u. [logk/ioueHne BHEIIHETO UC-
TOYHHKA CHHXpoHM3auuu K BbiBoAy TOSC1 He pexoMeHayeTcs.

B reneparope TaiimMepa/cueTdynKa UCIONb3YETCS TOT K€ THUIl KBapLIEBOTO PE30HATOPA, UTO
U B HU3KOYACTOTHOM I'€HEpaTope, U BHyTPEHHHE KOHJIEHCATOPhl UMEIOT TAKOE K€ HOMHHAJIbHOE
3HaueHue 36 nd.

3.4 YapaBJ/ieHue JHepPronoTpedjaeHueM U Cusilue pexuMbl

Hcnonp30Banue CrsiiuX peKMMOB MO3BOJISIET OTKJIIOUATh HEUCIIONIB3YEMbIE MOAYJIM MHUK-
POKOHTpOJIIEpa, YMEHBIIIAasi TEM CaMbIM MOTPEOIIEMYI0 MOITHOCTE. MUKPOKOHTPOJUIEpP MOIIEP-
KUBAeT HECKOJBKO PEKUMOB CHA, MO3BOJIIOIIMX MPOTrPaMMUCTY ONTHMHU3UPOBATh SHEProNo-
TpebseHue noja TpeOoBaHUS MPUTOKEHUS.

Jlns mepeBojila MUKPOKOHTpOJUIEpAa B OJUH M3 IIECTU CILIIUX PEKUMOB HEOOXOAUMO
npensaputensHo ycraHoBuTh Out SE B peructpe MCUCR, a 3areM BBIMOJHUTH WHCTPYKIIMIO
SLEEP. butst SM2, SM1 u SMO perucrpa MCUCR 3anaror, B Kakoii UMEHHO peKuM OyJeT re-
peBesieH MUKpOKOHTposuiep (xonoctot xonm «Idle», cHmwxenue mymoB ALl «ADC Noise
Reduction», xpanenne «Power-downy, mukpomnorpednenne «Power-savey», oxxunanue «Standby»
WJIM pacIIMpeHHBIN pexkuM oxuaanus «Extended Standby») mocine BeimonHeHus: koman bl SLEEP
(cM. Tabmmiy 3.17). Beixox W3 pekuMa CHa TMPOUCXOAMUT MPU BO3HUKHOBEHHUHU DPA3pPEIICHHOTO
npepeiBaHusl. B 3TOM ciydae mOMHMO BpeMEHHU CTapTa MUKPOKOHTPOJIJIEP MPUOCTAHABIMBACTCS
Ha 4YEThIpEe MAaUIMHHBIX LMKJIA, BBHIIOJIHAET MPOLEeaypy OOpaOOTKM HpEpBIBaHMUS U MPOJIOJIKAET
BBITIOJIHATH KOMaH b, ciaeayromue 3a SLEEP. CoaepkuMoe peructpoBoro ¢aiiya u CTaTHIeCKOTO
O3Y ocraeTcst HEM3MEHHBIM IIOCJIE BBIXOJIa M3 CIsIEro pexuma. Eciam Bo Bpemst aelictBus pe-
KUMa CHa BO3HUKAET YCIOBHE cOpoca, TO MUKPOKOHTPOIIJIEP MPOOYKAAETCS U HCIONHSIET KO
MporpamMMBbI 10 BEKTOpY cOpoca.

Ha pucynke 3.19 npencraBiieHbl pa3inuHble CUCTEMbl CHHXPOHU3AIMA MUKPOKOHTPOJLIE-
pa 1887BE7T u ux pacupenenenue. JlaHHbINA PUCYHOK MOKET OBITh MOJIE3HBIM IIPH BBIOOpPE COOT-
BETCTBYIOIIETO CIIAIIETO PeKUMa.
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3.4.1 Peructp ynpasiieHust MUKpokontposiepom — MCUCR

Peructp ymnpaBieHus MUKPOKOHTPOJUIEPOM COJEPKUT OUTHI yIpaBlIEHUS dHEPronorped-
JICHUEM.

bur 7 6 5 4 3 2 1 0

| SRE [SRwio| SE | sMi | sMo | sm2 | IVSEL | IVCE | MCUCR
YreHne/3anch q/3 q/3 q/3 q/3 4/3 q/3 /3 4/3
HagansHoe 0 0 0 0 0 0 0 0

3HA4YCHUC
Pa3psin 5 — SE: Pa3pemienune nepesosa B peKuM CHa
B 6ut SE nomxHa ObITh 3amucaHa JIOTHYECKas €IMHMIA, KOIrJa HeoOXOAUMO MEpEeBECTH
MUKpPOKOHTpoJuIep B crsaumii pexxum komanaoid SLEEP. Bo u3bexaHue He3amiaHUpPOBAHHOTO
IIPOrPaMMHUCTOM II€PEBOIa MUKPOKOHTPOJUIEPA B PEKUM CHA PEKOMEHAYETCSl yCTaHABIMBAaTh 3TOT
OWT HEmoCpeACTBeHHO mepea BbimonHeHneMm uHCTpyknuu SLEEP u cOpaceiBaTh cpasy mocie
poOy KICHHUS.

Pa3psabl 4-2: SM2-0: butsl BbI0Opa pesxuMa CHa

C moMoIIbI0 JaHHBIX OUTOB MOYKHO BBIOpATh OJMH M3 IIECTH PEKUMOB CHAa B COOTBET-
CTBUH ¢ Tabiuuei 3.17.

Tab6nuna 3.17 — Beibop pexxuma cHa

SM2 SM1 SMO HanmeHoBaHue pexuma cHa
0 0 0 X0JI0CTOH X0
0 0 1 Camxernne mrymos AL
0 1 0 XpaHeHune
0 1 1 MukpormnotpebiieHue
1 0 0 3ape3epBUpPOBAHO
1 0 1 3ape3epBUPOBAHO
1 1 0 Oxnnague*
1 1 1 PacimpeHHbIi pesKuM 0KuaaHus ™

* PexxrM O’KHUJaHHS W PACIIMPEHHBIN PEXXUM OXKUJAHHS JOCTYITHBI TOJIBKO TIPY UCTIONH30BAHUN
BHEIITHUX KBAPIIEBBIX TEHEPATOPOB WIIM PE30HATOPOB.

3.4.2 Pexxum xoJ1octoro xoaa (Idle)

Ecnu 3nauenune 6utoB SM2...0 paBao «000», To nocie BoinosHeHUs: HHCTpYKIu SLEEP
MUKPOKOHTPOJIJIEP MEPEXOIUT B PEKUM XOJIOCTOTO X0Ja, B KOTOpoM ocra”asnusaercsa LIITY, Ho
nponospkaroT padoty SPI, USART, ananorossiii kommapartop, AL, nByxnpoBogHO# uHTEpdEIC
TWI, TaiiMepbl/CUeTUMKH, CTOPOKEBOM TaiimMep u cucteMa npepbiBanuid. [lo cyTH, B 1aHHOM pe-
JKUMe ocTaHaBiuBaeTcsi cuaxpoHu3anus sapa LITY u mamsatu mporpamm (clkcpu u clkrrasn), a
OCTaJIbHbIE CUCTEMBI CHHXPOHHU3AIMH IPOI0JDKAIOT padoTy.

B pexume xomocToro xoia Jomyckaercs MpoOyKIeHHe OT JItoOOro BHEIIHErO MM BHYT-
PEHHETO MpEpPHIBAHUS, HANPUMEDP, NPU IEPENOIHEHUH TallMepa WIM 3aBEpUICHUM Iepenadu
USART. Ecnu npoOy:xieHue 1o npepbIBaHUI0 aHAJIOTOBOr0 KoMIaparopa He TpeOyercs, TO aHa-
JIOTOBBIM KOMITapaToOp MOKET ObITh OTKJIIOUEH MyTeM ycTaHoBkH Outa ACD B peructpe ymnpasie-
HUS U COCTOSTHUA aHasoroBoro kommnapartopa ACSR. DTo MO3BONHUT yMEHBIIUTH MOTPEOISIEMYIO
MOIITHOCTh B peXHUMe xojocToro xona. Eciau paspemena padora AL, To mpeoGpa3oBaHue aBToO-
MAaTHYECKH 3aIyCKAeTCs MOCIIE NEPEBO/A B JAHHBIM PEXKUM.
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3.4.3 Pexxum camxenusi mymoB ALIIL (ADC Noise Reduction)

Ecmu 6uram SM2-0 npucBouth 3HaueHue «001», To BeimomHenue mHcTpykimu SLEEP
MPUBEIET K MEPEBOy MUKPOKOHTPOJUIEpA B pexuM cHIkeHus 1myMoB AL, B koTopoM ocTaHaB-
muBaetcs L{ITY, Ho mpomomkaroT padory ALIIl, BHemHME npephiBaHus, HAOIIOIEHNE 32 aAPEeCcOM
JBYXIPOBOJHOTO HocienoBarenbHoro uarepdeiica TWI, taitmep/cuetunk 0 U CTOPOKEBOH Taii-
Mep (B ciydae, eciid ObUTH IPEIBapUTENbHO aKTUBU3UPOBaHbl). DaKTHUUECKU B TaHHOM pEXUME
mpeKpaiaeTcsi CMHXpoHu3anusi BBoaa-BeiBona (clkyo), sapa LITY (clkcpu) u mamsita mporpamm
(clkrLAsSH), @ OcTaNbHAS CHHXPOHHU3AIUS MPOJOIIKAET padoTy.

B sToMm pexxume cozgaroTcst 0osiee OIaronpusTHRIEC YCIOBHS Ul aHAJIOTrO-IIM(POBOTO TIpe-
00pa30oBaHMs C MOBBIIICHHONW pa3pelaroieil criocOOHOCThIO 32 CUET CHIKEHHUSI BIUSHUS IIYMOB
Ha pe3yibTar m3Mmepenusi. Ecnmu paspemena pabora ALIL, To mpeoOpa3zoBaHMEe aBTOMATHYECKH
3aIyCKaeTCs MpU MEPEBOJE B JAHHBIA peKUM. BBIXOJ M3 JaHHOrO peXuMa JOIMYyCKaeTCsl HE TOJIb-
KO IpU T'€HEpalMy 3alpoca Ha MpepbIBaHUE 110 3aBeplueHnn npeodpazoBanus ALl Ho Takke u
pu BHEIIHEM cOpoce, cOpoce Mo CTOPOKEBOMY TaliMepy, cOpoce MpH HEAOMYCTUMOM CHUKCHHUH
NUTaHUs, TIPEPHIBAHIH NIPU OOHAPYKEHUU YCTAHOBIIEHHOTO aJpeca Ha JIByXIIPOBOIHON MOCIEH0-
BaTeJbHOM IIMHE, MpephIBaHUM 1O Taiimepy/cueTynky O, NOpepplBAHUM 10 TOTOBHOCTH
SPM/EEPROM, npepbIBaHuM 110 BHEIIHEMY YpOBHIO Ha BbiBoAax INT7—4 nnu BHemrHem npepbl-
BaHuu 1o Bxomam INT3-0.

3.4.4 Pe:xum xpanenusi (Power-down)

Ecmu 6utet SM2-0 ycranoButh B 3HadeHue «010», To BbImosHeHue komanasl SLEEP
O3HayaeT MepeBoji MUKPOKOHTPOJUIEPA B PEKUM XpaHEHUs. B 1aHHOM pexume mpekpariaer padbo-
Ty BHEIIHUI reHepaTop, HO OCTAIOTCA aKTUBHBIMHU BHELIHME NpEpPbIBaHUSA, HAOIIOCHHUE 32 aJpe-
COM Ha JABYXIIPOBOJHOH NOCIEA0BATEIbHON IIMHE U CTOPOKEBOM TaliMep (IIpU yCIIOBUH, YTO OHU
aKTUBU3UPOBaHbI). BbIX0J U3 JaHHOTO peXxuma BO3MOXKEH TOJBKO 10 BHEIIHEMY cOpocy, cOpocy
CTOPO’KEBBIM TaliMepOM, cOpOCY MPHU HEJOMYCTUMOM CHIDKEHHM MUTAHUSA, IPEepbIBAHUU IpU 00-
Hapy»XEHUH YCTAHOBJIEHHOI'O aJipeca Ha ABYXIIPOBOJHOH MOCIIEI0BATEIbHON IMHE, TPEPhIBAHUH
110 BHEIIHEMY ypoBHIO Ha BbiBojax INT7—4 wunu npu BHemHem npepeiBanuu INT3-0. lannbiin
CISIIMKA peXuM (PaKTHUECKH OCTAHABIMBACT BCE CUCTEMbl CMHXPOHM3ALMU, MO3BOJISAS paboTaTh
TOJIBKO ACUHXPOHHBIM MOIYJISIM.

OOpaTtuTe BHUMaHue, YTO €CJIM I BBIXOJla U3 MpPEphIBaAHUS HCIOIB3YETCs MpephIBaHHe
10 YCTAHOBKE 3a/IaHHOT'0 YPOBHS Ha BHEUIHEM BXOJIE€, TO BBIXOJ U3 peXHMa CHa BO3MOKEH, TOJIb-
KO €CJIM 3TOT ypOBEHb NMPUCYTCTBYET B TEUEHUE OINPEAEIECHHOIO0 BPEMEHH (CM. TakXKe MoApa3ies
3.8 «BHeninue npepuIBaHusm»).

Boixon u3 pexuma XpaHEeHHs COMPOBOXKAAETCS 3aA€PKKOM ¢ MOMEHTA BBIMOIHEHUS yCIIO-
BUS MpepbIBaHus 10 3¢ dexkTuBHOro npolyskaeHus. JlanHas 3aaep)kka MO3BOJSAET Mepe3anyCTUTh
CUHXPOHM3AIMIO U J0XKAATbcsa cTabuiabHOCTU ee padoThl. [lepuon mpoOykaeHus ornpenenseTcs
Ttemu ke KoHpurypaunonueiMu Outamu CKSEL, koTopble onpenensioT Mepuoj 3aAepKKU Mpu
copoce (cm. 3.3.2 «VIcTOUHUKU CHHXPOHUBAIINI).

3.4.5 Pe:xxum mukponorpediaenus (Power-save)

Ecmu ycranoButs 3naueHus 6utoB SM2—0 paBabsiM «011», To neiictBue komanasl SLEEP
NpUBEET K MEPEeBOIYy MUKPOKOHTpPOJIJIEpa B PeXXUM MUKpONoTpeOneHus. JJaHHbIH pexXxuM uaeH-
THYEH PEKUMY XPAHEHUS 33 OJTHUM HCKIOYEHUEM.

Ecnu taitmep/cuerunk 0 TakTHpyeTcss aCHHXPO