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MukpokoHTponnep
AT90S2313 doupmbl Atmel

MaTepuan 3Toro NpUNOXeHUs CNYyXWUT AONOSHEHUEM K rMaBe 3 1 npeacTaBnaeT cobon nepeBoj C
aHrmMnucKoro  ocuumManbHON cTaTb O  MUKpokoHTponnepe AT90S2313. [MepeBof BbINOSHUN
KO. AHgpueHko (r. XapbkoB). Mpy NOArOTOBKE K NyGrnvkaumm matepuarn HECKOMbKO COKpalLLEeH 1 nepe-
paboTaH. VicxoaHbIN TEKCT MOXHO HaliTK B Internet no agpecy: www. kirov.ru/~uadnx/fail/.

AT90S2313 — sxoromuunbli 8-0uToBblii KMOIT MHKPOKOHTpOJIIEDP, MOCTPOSHHBIH
¢ ucronmp3oBaAreM pacrmperroil RISC apxurexktypsr AVR. Henomnss mo oanoii xo-
MaHIe 3a mepuod TakToBoil yacToTbl, AT90S2313 muMmeeT MPOWU3BOAWUTENBHOCTH OKOJIO
IMIPS Ha MTI11, 9To mo3BOJIAeT pa3paboTIKaM CO3aBaTh CHCTEMBI ONTHMAalbHBIE 110
CKOPOCTH W TIOTPEOIIEMON MOIIIHOCTH.

B ocrose sapa AVR nexut pacmmpernas RISC apxurexrypa, oObennHs0mMas pas-
BUTHII HaOop KoMaH 1 32 perucTpa odiero HasHadeHHs. Bee 32 peructpa HerocpeacT-
BEHHO MOJAKIIIOYEHBI K apH(METHKO-TTOTHYeCKOMY YcTpoicTy (AJIY), 4To naet moctym
K JTIOOBIM IBYM PETHCTPAM 32 OJWH MAIIHHHBINA [THKIT.

[TonobHas apxuTekTypa obecrednBaeT AeCATUKPATHBIH BBHIMTPHIII B 3PPEKTHBHOCTH
KoJla TIo cpaBHEHHO ¢ TpaAnLHoHHBIMU CISC MUKpOKOHTpOLIIepamMHu.

AT90S2313 mnpennaraer cruemyronme Bo3MOxHOCTH: 2Kb 3arpyxaemoii  dmam-
mamaT; 128 6aiit EEPROM; 15 nwHMi BBOJa/BBIBOAA 00IIIEro HazHaueHHs; 32 pabounx
peructpa; HacTpauBaeMble TaiMepbI/CUSTUMKH C DPE&KWMOM COBMAIeHWS; BHEIIHHE W
BHYTPEHHHWE TIPEPHIBAHHA; TIPOTPAMMHPYEMBI YHHBEPCAIBHBINA TMOCIENOBATETBHBIN
TOPT; TMTPOTPAMMHPYEMBI CTOPOKEBOM TaliMep cO BCTPOEHHBIM reHepartopom; SPI mo-
ciieoBaTebHBIN TOPT A/ 3arpy3KH MporpaMM; ABa BBIOUpaeMbIX TIPOTPaMMHO pexNMa
HH3KOTO SHEPTrOmoTpeOIeH s.

Xomnocroii pesknm (Idle Mode) otkmouaer LIITY, ocrasnss B pabouem COCTOSHHH pe-
TUCTpBI, TaliMepbl/cueTdnki, SPI mopt n cucreMy npepbiBaHWil. DKOHOMUYHBIH PeKUM
(Power Down Mode) coxpaHsieT cofepXiUMoe PETHCTPOB, HO OTKIIHOYaeT TeHepaTop, 3a-
nperias QyHKIIHOHAPOBAHWE BCEX BCTPOSHHBIX YCTPOWCTB JO BHEITHETO MPEpBIBAHHSA
WK ammnapaTHoro copoca.

MukpocxemMbl TIPOM3BOAATCS € WCMOIB30BaHHEM TEXHONOTHH 3HEPrOHe3aBUCHMON
MaMsITH BBICOKOH TIMOTHOCTH (GrpMbl Atmel. 3arpyxaeMas GudII-namMsaTe HA KpHCTAIITE
MOKeT OBITh TIEpENPOrPaMMHPOBAHA TIPSIMO B CHCTEME Hepe3 MoceI0BaTeNbHbIH HHTEP-
deiic SPI nnu mocTynmHBIM MpOTpaMMaTOpPOM BHeproHe3aBUcHMoON nmamsiTH. OObeanHss
Ha OJHOM KPHCTa/LIe YCOBEpIIeHCTBOBaHHBINH 8-0uToBbIi RISC mporeccop ¢ 3arpyxae-
Mol dam-namaTero, AT90S2313 sBseTcs MOIIHBIM MHKPOKOHTPOJLIEPOM, KOTOPBIH
MO3BOJIAET CO3AaBAThH 10CTAaTOUHO THOKHE W 3(pPeKTUBHBIS 10 CTOWMOCTH YCTpOKCTRa.
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AT90S2313 noaaep kuBaeTCA MOJHOM CHCTEMOM pa3pabdoTKH BKIIOUAKOIIESH B ceOs
MakpoacceMOiiep, TPOrpaMMHBIH OTIaIUHK/CHMYIIATOP, BHYTPHCXEMHBIH AMYJIATOp W
OTIAZ0YHBIH KOMIUIEKT.

OnucaHue BbLIBOOOB

VCC — BBIBOJ HCTOYHHKA TTHTAHHS.

GND — zemu.

Port B (PB7-PB0) — mopt B siBsiercss 8-OMTOBBIM JIByHATIPaBIEHHBIM TIOPTOM BBO-
na/seiBofa. Js BBIBOZOB MOPTa MPEIyCMOTPEHBI BHYTPEHHHE MOJTATHBAIOIIHE pPEe3H-
cTopsl (BeIOHparoTes s kakaoro oura). Beisoasl PBO 1 PB1 Takoke ABIAIOTCS MOMTOKH-
TenabHbIM (AINO) 1 oTpunaTtensHbiM (AIN1) BXogaMu BCTPOSHHOTO aHaJIOTOBOTO KOMTIa-
patopa. Berxognasie Oydepsl mopta B MoryT norsmomars Tok 10 20 MA 1 HeTlocpeICTBeH-
HO YITPaBJIATH CBETOOAWOAHBIMH WHAWKaTopamu. Eciai seiBoasl PB0..PB7 ncnoms3ytores
KaK BXOJBbl U U3BHE YCTaHABINBAIOTCS B HU3KO@ COCTOSHHE, OHU SIBJISIIOTCS HCTOUHHUKAMHA
TOKa, ©C/IH BKIIIOYSHbl BHYTpeHHHe MoATIrHBatolne pesuctopbl. Kpome toro, Ilopt B
00CITy)KHBAET HEKOTOPBIE CrieTHANBbHBIE (DYHKITHH, KOTOpbie OYIyT OMMHCAHBI HHKE.

Ha pric. [14.1 nokazaHbl pacmofIoKeHHs BBIBOIOB MHUKpoKoHTposiepa AT90S2313.

Port D (PD6.PD0) — mnoprt D dpmsercs 7-

AT9052313
OWTOBBIM JIBYHAITPABIEHHBIM TIOPTOM C BHYTPEHHH- —
MH TOATATHBAIOIIAMHA pe3HcTOpaMH. BerxonHbie Oy- reser [ 1 20 [ vee
thepsl opra D MoryT mormommatek Tok 10 20MA. Kax 0 ro0 [ 2 18 B por s
BXOZbl YCTAHOB/IEHHbIE B HU3KOE COCTOSIHNE, BHIBOABI
nopra D SBAAIOTCA HCTOUHHKAMH Toka, ecrn 3ageit- o P L 2 18 [ Pe6 (0)
CTBOBaHBI MOATATHBAIOIINE pe3ncTopbl. KpoMe Toro ¥ral2 [« 17 [ pes mmos)
[Topr D obcmyxuBaeT HeKoTOpble CHeLMaIbHbIe  xtaLi [ 5 16 [ pea
(hYHKLIHH, KOTOpPbIe OyAyT OMHCAHBI HHXKE. ooz [ & 15 [ pes coch)
RESET — Bxox cOpoca. Yaep:kaHre Ha BXOJe e [ 7 .
HU3KOTO YPOBHS B TeUeHWe ABYX MAaIlMHHBIX LIMK-
1oB (ecim paGoTaeT TaKTOBBIH reHepatop), copacsr- (2P L] 8 13 11 Pat (et
BA€ET YCTPOMCTRO. (yeos [ s 12 [ peo camn)
XTAL1 — BX0oAd WHBEPTHPYIOLIETO YCHINTENIS e [ 10 11 [7] Pos (cP)
reHeparopa W BXO[ BHEIIIHEer0 TaKTOBOTO CHTHAA. prapepp—

XTAL2 — BbIXO HHBEPTHDYIOLIETO YCHIIHTENS Puc. N4.1. PacnonoxeHue BbIBOAOB

reHeparopa. MK AT90S2313

KBapueBbIin reHepaTop

XTALI n XTAL2 siBasitoTcs BXOAOM H BBIXOAOM WHBEPTHPYIOLIEro YCWINTeNS, Ha
KOTOPOM MOXHO COOpaTh Te€HEPaTop TAaKTOBBIX HUMIMYJIBCOB. MOIKHO HCTIONB30BATH KaK
KBapIeBbIie, TAK W KePAMHUECKHE Pe30HATOPHI. [1pH OOKITIOUEHWH BHEITHETO TAaKTOBOTO
curnana Beieog XTAL2 ocraercs HenmoaktoueHHbIM, a X TAL1 mogkitoyaeTest B BBIXOAY
BHellTHero reHepaTopa. Ha pwc. [14.2 mokazaHbl BapHaHTHI MMOAKIIOUEHHS KBAPIIEBOTO pe-
30HATOPA W BHEIIHETO TeHepaTopa.



348 MukpokonTponnep AT90S2313 compmbl Atmel

He NoaKI4YeH

XTAL2

c1
— P XTAL2
71
—
o2 XTALA
— }—I—n XTAL1

CurHan oT BHELLHEro

reHepaTtopa
| GND |
[ GND
I_IO,CLKI‘IIOLIeHI/Ie KBapueBoro I-IO,D.KﬂK)LleHVle BHeLllHero
pesoHaTopa reHepaTopa

Puc. M4.2. Cxembl NOAKMOMEHNS KBapLa U reHepaTopa

O630p apxutektypbl AT90S2313

PerwcTpoBsiii daiin OblcTporo HocTyma cofep kT 32 8-paspsaHBIX perrHcTpa o0IIero
HazHa4eHHs, JOCTYIT K KOTOPBIM OCYIIeCTRIIAETCS 3a OJJWH MalTWHHABIA TMKIT. [loaToMy 3a
OIWH MaIWHHBINA WK UCTONHsSeTCA ofHa oneparus AJIY. J[sa onepanaa BIOHPaKOTCA
W3 perucTpoBOTO (haiiia, BHITTOMHASTCS oTlepallys, pe3ybTaT ee 3alliChiBaeTcs B perHcT-
POBBIH haiim — Bce 3a OAMH MaITWHHBIN ITHKIT.

IllecTs W3 32 perHCTPOB MOXKHO HWCTONB30BATH Kak TPH |6-pa3psamHbIX yKazaTesas B
aZIpECHOM TIPOCTPAHCTBE JAHHBIX, YTO JaeT BO3MOKHOCTH HCTIONB30BATh BHICOKOA(deK-
THBHYIO afipecHyto apudmeTnky (16-paspsannbie peructpsl X, Y ¥ Z). OnWH U3 Tpex af-
PEecHBIX yKazarenei (pernctp Z) MOKHO HCTIONB30BaTh IS aapecariii TabuIl B MaMATH
mporpamM. 310 X-, Y- H Z-perucTpsl.

AJIY nognepxuBaeT apridpMeTHUIecKHe W JJOTHIECKHe OTepalliy ¢ peTHCTpaMH, ¢ KOH-
CTaHTaMH W perrcrTpamu. Oriepaliii HaJl OTISIBHBIMHA peTHCTPaMy TakKe BBITTOTHIOTCS
B AJIY.

Kpome perncTpoBbIX omepaliiii, I paboTl ¢ PETHCTPOBBIM (haiiioM MOTYT HCITOITh-
30BaThCA JIOCTYITHBIE PeXXKHUMBI allpecalliii, TTOCKOIBKY PeTHCTPOBBIH (halil 3aHUMaeT aji-
peca $00-$1F B obmacTr maHHBIX, 00pAILATHCS K HAM MOXHO KaK K AYeiKaM TTaMATH.

ITpocTparcTBO BBOAA COCTOHT M3 64 aapecoB Ajisa nepH(EepHHBIX (BYHKIHH TpoLec-
copa, TaKWX KaK YTPpaBIISoIIHe PeTHCTPHI, TaliMepbl/cCHeTurKi W apyTrre. JlocTym K mpo-
CTPaHCTBY BBOJA/BBIBOIA MOYKET OCYIIECTBIIATHCA HEMOCPEACTBEHHO, KaK K AYelKaM ma-
MATH PACTOTIONKEHHBIM TIOCIIe perucTposoro daina ($20-$5F).

ITpotuteccopsr AVR mocTpoeHBI 1o TapBapAcKoi apXHTeKType ¢ pa3ne’dbHBIMH o0iac-
TIMWA TIaMSTH TIpOTpaMM W JaHHBIX. J[ocTynm K MaMATH TIpoTpaMM OCYIIecTRIIeTcs MpH
MOMOIITH OJAHOYpOBHETO Oydhepa. Bo Bpems BBITIONHEHHS KOMAaH/IBI, CIIEAYIONIAsS BBIOHpa-
eTcs M3 MaMATH nporpamm. [1og00Has KOHIIETIHS JaeT BO3MOKHOCTD BBITIONHATH 10 O/
HOI KOMaHe 3a KaXXIblii MallTHHHBIA K. [laMaTs TporpaMM — 3To BHyTpHCHCTeMHas
3arpyxaemas (QJIdII-raMsaTh.
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ITpw mmoMoIIH KOMaHI OTHOCHTENIBHBIX TTEPEXOI0B W BBI30BA TIOATIPOTPAMM OCYIIECT-
BIISIETCS] AOCTYT KO BCEMY aApecCHOMY TPOCTpaHCTBY. bonbinas yacte komaHd AVR nme-
eT pasMep 16-paspsnos, ogHo cioBo. Kaxkablii aapec B MaMATH TIPOTpaMM COAESPIKUT OJ-
Hy 16- wmi 32-pa3pAanHyto KOMaHIy.

[Tpwn 0OpaboTke TpepbIBaHHi W BBI30BE MOAMPOTPAMM aJpec BO3BPATA 3aMOMHHAETCS
B cTeke. CTek pasMelaeTcss B MamsITH JaHHBIX OOLIET0 Ha3Ha4YeHWs, COOTBETCTBEHHO
pasMep cTeka OTpaHWYeH TOJBKO Pa3MepoM JOCTYITHOH TIAMATH JAaHHBIX H €€ WCTOJIB30-
BaHHEM B TIporpaMMe. Bce TporpamMMBl TIOB30BaTeNA JODKHBI HHHITHATH3HPOBATH YKa-
3arenb creka (SP) B mporpaMme BeIMOsTHSeMO# Tocie cOpoca (IO TOTO KaK BHI3BIBAIOTCS
MOANPOTpaMMbl M paspellatoTesl MpepbiBaHus). §-pa3psaHblii YKkazaTelb cTeKa JOCTYTeH
JUTA YTEHH/3aMUCH B 00JIACTH BBOAA/BBIBOA.

Hoctym k 128 Gaiitam cratudeckoro O3V, perrctpoBoMy (hailily W peTHcTpaM BBO-
Ja/BbIBOMA OCYILECTBISETCS MPH MOMOLIM TISITH JOCTYMHBIX PEXMUMOB aipecalliil MoJ-
JepPKHBAEMBIX apxHuTekTypoit AVR.

Bce mpocrpancTso mamaTi AVR sBrsercs THHEIHHBIM W HETTPEPBIBHBIM.

I'nbkmii Momysb TIpepblBaHMH MMeeT COOCTBEHHBIN YMPaBISsIOLINN perucTp B Tpo-
CTpaHCTBE BBOJAA/BBIBOJIA, H (hiar TNOOATBHOTO pa3peleHns MpepbiBaHHi B peTHCTpE COo-
ctostans. KakaoMy mpephiBaHHIO Ha3HA4eH CBOM BEKTOp B HAYaJIbHOH OOMAcTH TIaMATH
nporpamMM. Paznrdnble NpepbiBaHUS MUMEIOT MPHOPHUTET B COOTBETCTBHH € PACTIONIOKEHHEM
WX BekTopoB. [1o Maaammm aapecaM pacrioioxKeHbl BEKTOPBI ¢ OOIBITNM MPHOPHUTETOM.

®dann perncTpoB oOwWeEro Ha3Ha4YeHuA

Bcee koMaHIBI OMIEpHPYIOIIHE PETHCTPaMH MPIMO afpecyroTes K JI000MY W3 PerHcT-
POB 3a OAMH MalIWHHBIN UMK, EIWHCTBEHHO® MCKITIOUeHHe — TISTh KOMaH[ OTepHpYLo-
mx ¢ koHcrantamMi SBCI, SUBI, CPI, ANDI, ORI n komanga LDI, 3arpyxatomas pe-
THCTP KOHCTAHTOH. DTH KOMaHAbl padoTaroT TOIBKO CO BTOPOH MOJIOBHHON PErHCTPOBO-
ro ¢aitma — R16-R31. Komanaer SBC, SUB, CP, AND n OR, Takke kak W Bce OCTallb-
Hble, MPUMEHNMBI KO BCeMY perucTpoBoMy daiiry.

KaxxmoMy perncTpy MpHCBOEH afipec B MPOCTPAHCTBE NaHHBIX, OHH OTOOPAKAIOTCS Ha
mriepBble 32 sdeiiki O3Y. XoTd perHcTpoBHBIii ¢aitn dpusnudeckn pasMetied BHe O3V, mo-
OoOHast opraHW3alus NamsTd JaeT TMOKHI JocTym Kk peructpaM. Peructpsl X, Y v Z mo-
TYT HCTIONB30BATHCA JTA HHAESKCAITHH JI000TO perrHeTpa.

Kpome oObIuHBIX YHKIHH, perHcT-
pbl R26-R31 umeroT monosHUTeNbHBIE
(YHKIIHH, DTH PETHCTPBI MOXKHO Hc- FememmX
TTOJTE30BATH KaK aIPECHBIE YKa3aTelH B R27 (518) R25 (314)
001acTh MaMITH JaHHBIX. DTH perucT-
pel obosHavatotes kak X,Y,Z W ompe- FememY |7 of7 0
nenenbl kak «Pernctp X», «Peructp R29 ($10) R25 ($1C)

Y» u «Peructp Z». CxemaTHuecKoe 15 D
n300paskeHHe 3THX PErHCTpoB ToKaza- PemernI|7 of7 0
HO Ha prc. [14.3.

Tlpyn paznu4HBIX pexuMax aapeca-

UMW 3TH PErrcTpbl MOTYT HCMOIB30-

15 u]

7 oy ]

RE31 (¥18) R30(¥1E)

Puc. N4.3. Cxembl peructpoB X, Y nZ
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BaThCA KakK d)HKCHpOBaHHBIﬁ anpec, Ja aapecai ¢ aBTOMHKPEMEHTOM WJIH € aBTOACK-
PEMEHTOM.

ApudmeTuko-nornyeckoe yctpomctso — AJlY

AJIY mporieccopa HENMOCPEACTBEHHO MOAKIIOUEHO K 32 perncTpam odIero HazHave-
HHA. 34 OIWH MaITAHABIN KT AJTY TIpOH3BOIHT OTIepallHd MEXKIY PETHCTPAMH PETHCT-
poBoro ¢aiina. Komarasr AJIY paszmeneHbl Ha TPH OCHOBHBIX KaTeTOpHH — apH(pMeTH-
YECKHE, JIOTHYCCKHUE U 6HTOBBIC.

3arpyxaemasa namMaTb nporpamMmm

AT90S2313 comepxkut 2kb 3arpyxkaemMoii uIaII-NaMaTH 715 XpaHeHHs nporpamm. 1lo-
CKOJIBKY BCEe KOMaHIbI 3aHUMatOT OIHO 16- min 32-paspsiniHoe cioBo, (IdIn-namsTh opra-
H#30BaHa Kak 1K x16. Omm-namaTs BeigepxkiBaeT He meree 1000 mAkiIoB niepesarnmcH.

[MporpammMHBIi cueTurk WMeeT mWHpHHY 10 OWT W Mo3BOMIseT ampecosarhes k 1024
CJIOBaM MPOTpaMMHON (IIBII-MaMSTH.

[Moapo6Ho 3arpy3ka Gadm-namMsaTH OyIeT paccMOTpeHa JalibIie.

Tabnuiel KOHCTAHT MOTYT pacrosaraTecs B Ananazone aapecos 0-2K. (cMm. onwcanme
koMmaHasl LPM).

EEPROM namsaTb AaHHbIX

AT90S2313 coaep:knT 128 GalT 3MeKTPHYECKH CTHpaeMOH PHEProHe3aBHCHMOMN Ma-
MaTH (EEPROM). EEPROM oprannzoBaHa Kak OTHelbHas 00JacTh AaHHBIX, KasKIIbIi
GaliT KoTopoi MoxkeT OBITH TIpounTaH W iepesarniicaH. EEPROM BeinepxrBaeT He MeHee
100000 mmksI0B 3amicH/cTHpannsa. JlocTyn K SHEPrOHe3aBHCHMON MaMATH JaHHBIX pac-
CMOTpEH HHKE H 33J]aeTcq PeTHCTPaMH aJipeca, JTaHHBIX W YIPaBISHHS.

I[aJ'IBHIe 6y/:[eT paccMOTpeHa 3arpyska AdaHHbIX B PeMCTROBLI AIRECHOE NPOCTRAHCTBO

EEPROM uepes SPI nnrepdeiic. tpaitn MAMATH faHHEX
i1} FO000
1 FO001
Ctatnuyeckoe O3Y paHHbIX R2 50002
F29 FO01D
Ha puc. [14.4 nokasana opraHW3aIsi MaMsaTH HaH- ';33'3 :gg}g
HeIX B AT90S2313. o
- - EMCTPEI
224 s9eiikv MaMATH BKJIKOYAIOT B ce0A PETHCTPOBBINA _eeoasiewizoas
%1 $00 ]
taiin, mamsaTh BBOAA/BBIBOAA W cTaTHUYeckoe O3Y naH- 301 0001
HBIX. 02 FO022
ITepseie 96 aapecoB HCITOMB3YHOTCA IJIA PETHCTPO- i 0050
Boro (aliia W mMaMATH BBOAA/BBIBOAA, CIICAYIOLIHE B O05F
128 — g O3V maHHBIX. E'H?Ti;zfgé%e o3y
ITpu oOpatieHNH K TaMATH UCTIONB3YIOTCS TISTH pas- 0061
JUYHBIX PEKHMOB aApecallu: TPSIMOH, HEMmocpeacT- ST00E
BEHHBI CO CMEIIEHHeM, HEeMOCPeACTBeHHBIH, Hemno- $00DF
CpeHCTBeHHHf/i ¢ MpeaBapUTEIIbHBIM AEKPEMEHTOM H Puc. N4.4. OpraHM?,aumg namsTu
HEMOCPEACTBEHHBIH C TOCTHHKPEMEHTOM. Perucrpsi AaHHbIX AT90S2313

R26-R31 pernctpoBoro (haiiia HCMIONB3YIOTCS KakK yKa-



O630p apxuTekTypbl AT90S2313 351

3aTeNH AJ1A HeMOCPEICTBEHHOH aapecaly.

TIpsimas anpecanns UMeeT AOCTYIT KO BCeil MaMATH JaHHBIX.

HemocpencTeennas aapecalis co cMellleHHeM WCTIONB3yeTcsl UId JocTyna K 63-M
sqelikaM 0a30BbIH apec KOTOPBIX 33/1aeTcs COASPKHMBIM PErHCTPOB Y HITH Z.

Jlns HenocpeacTBEHHOH aapecalni ¢ HHKPEMEHTOM H IeKPEMEHTOM aapeca HCIMOb-
3YIOTCS aapecHble peructpol X, Y v Z.

[Tpw momoIe MoOOT0 W3 ITHX PEKHMOB MPOH3BOIHTCA AOCTYT KO BCEM 32 perucT-
pam oOriero Ha3HavyeHHs, 64 perncTpam BBoAa/BeiBoAa W 128 sueiikam O3Y.

BpeMﬂ BbINMOJIHEHUA KOMaHA

TIITY npoueccopa AVR ymnpaBisieTcsi CUCTEMHONH Y4acTOTOH FeHepHpyeMOol BHEITHUM
pe3oHaTropoM. BHyTpeHHee /ieieHe 9acToTH reHepaTopa He HCTIOIb3yeTcCH.

B mpotieccope opranuzoran Oydep (pipeline) komaH#, pw BEIOOpe KOMaHABI U3 Ta-
MSTH MPOTpamMM MPOUCXOIUT BHITIONHEeHHe mpenbiayiieli komaHapl. [logoOHas koHLen-
LM TO3BOJIAET AOCTHYB ObicTpomedcTBus |MIPS Ha MI'L, yHUKaapHBIX MOKaszarenei

CTOHMOCTH, OBICTPOIEHCTBHS W MOTPEOSIEHHS MpoTieccopa.

Ta6bnwuua MN4.1. MpocTpaHcTBo BBOAA/BbIBOoga AT90S2313

Apnpec HanmeH. HasHa4eHue
$3F($5F) | SREG Status REGister PerucTp coctosHUs
$3D($5D) | SPL Stack pointer low YkasaTtenb crteka, Mi. 6anT
$3B($5B) | GIMSK General Interrupt MaSK register OBLLUKMIA perncTp Macku NMpepbIBaHUIA
$3A($5A) | GIFR General Interrupt Flag Register (B):HUI;I"EM PervcTp pniaros npepe-
$39($59) | TIMSK Tlmer/counter Interrupt mask reg- Pej'VICTp chnara npepbiBaHnsa OT
ister Tanmepa/cyeTimka
$38($58) | TIFR Tlmer/counter Interrupt Flag reg- PerucTp cbnara npepsiBaHus Tam-
ister Mepa/cyeTyrka
$35($55) | MCUCR | MCU general Control Register Obumi perucTp ynpasneHus muk-
POKOHTPONIEPOM
$33($53) | TCCRO Timer/Counter 0 Control Register Peructp ynpasneHus Taiimepom
/cueTurkom 0
$32($52) | TCNTO Timer/Counter 0 (8-6uT) Tanmep/cuetuunk 0 (8 6uT)
$2F($4F) | TCCR1A Timer/Counter 1 Control Register | Per. A ynpaesneHus Tanmepom
A /cueTunkom 1
$2E($4E) | TCCR1B Timer/Counter 1 Control Register | Per. B ynpaesneHus Tanmepom
B /cyeTunkom 1
$2D($4D) | TCNT1H | Timer/Counter 1 High byte Tanmep/cyeTynk 1 cTapwunii Gant
$2C($4C) | TCNT1L | Timer/Counter 1 Low byte Tanmep/cyeTink 1 mnagwmn 6anT
$2B($4B) | OCR1H Output Compare Register 1 high BbIxog, QermcETpa coBnageHusa 1
byte cTapwumin 6anT
$2A(34A) | OCRIL Output Compare Register 1 low Boeixog p?rchpa coenageH. 1
byte Mnaawuin 6snT
T/C 1 Input Cupture Register Peructp saxsata T\C 1 crapuwmn
$25(%45) | ICR1H High Byte aiT
$24(344) | ICRIL T/C 1 Input Cupture Register Low Pe[VICTp saxgata T\C 1 mnaawmun
Byte bant
$21($41) | WDTCR | Watchdog Timer Control Register | - S/VICTP YMPaBNeRus CTopoxkeseim
Tanmepom
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Taonuua MN4.1. OkoH4aHne

Apnpec HanmeH. HasHa4yeHue

$1E($3E) | EEAR EEPROM Address Register PerucTp aapeca sHeproresasi-
CMMOWN NamAaTn

$1D($3D) | EEDR | EEPROM Data Register PErvCTp AaHHLIX SHEProHe3aBu-
CMMOKN NamdaT

$1C($3C) | EECR EEPROM Control Register Peructp ynpasnenus sHepronesa-
BUCUMMOKN NaMATN

$18($38) PORTB Data Register, Port B Pernctp gaHHbIX nopTa B

$17(337) | DDRB | Data Direction Register Port B Ej;‘ﬁgg HarpaB/eHA AanHbIX

$16($36) | PINB Input pins, Port B BbiBoabl NopTa B

$12($32) PORTD Data Register, Port D Pernctp gaHHbIX nopTa D

$11(331) | DDRD | Data Direction Register Port D Ej;‘ﬁgg HarpaB/eHA AanHbIX

$10($30) | PIND Input pins, Port D BeiBoabl nopta D

$0C($2C) | UDR UART Data Register Pervctp aaHHbIX nocneaoBaTtenb-
HOro nopTa

$0B($2B) | USR UART Status Register Peructp coctosHms nocneaosa-
TEJTbHOro nopTa

$0A($2A) | UCR UART Control Register Peructp ynpasnenus nocneaosa-
TEJTbHOro nopTa

$09($29) | UBRR | UART Baud Rate Register PerucTp ckopocTu nocneaosa-
TENbLHOro NopTa

$08($28) | ACSR Analog Comparator Control and Pervuctp ynpaBneHus 1 cOCTOSHWSA

Status Register aHanoroBoro komnaparopa.

TIprMeyaH¥e: 3ape3epBHPOBAHHBIE H HEHCITONB3YEMBIC AUCHKH HE TIOKA3AHBI.

Bee ycrpoiicTBa BBOMA/BEIBOAA W TiepHdepHiiHble yeTpoiictBa AT90S2313 pacmosna-
ratoTest B TIPOCTPaHCTBe BBO/Ia/BBIBOAA. Pa3iHuHbIe SYeHKH 3TOTO MPOCTPaHCTBA JOCTYTI-
HbI gepe3 koMaHabe! IN 1 OUT, mepechutalonvie TaHHbIe MEXITY OTHHM W3 32-X PEerHCTPOB
00IIero HazHa4YeHHs W MPOcTpaHcTBOM BBoma/BbiBoAa. K perwcrpam $00-$1F moxHO
OCYIIeCTBIATh TTOOWTOBBIN MocTyn kKomaHaamu SBI w CBI. 3HaveHne oTnenpHOTO OWTa
3THX PErHCTPOB MOXKHO MpoBepuTh koMaHaamMu SBIC wu SBIS. /lonoaHuTenbHYO HH-
thopMalirio 0 3TOMY BOTIPOCY MOXKHO HAWTH B OMTHCAHHH CHCTEMbI KOMaH]I.

TTpn nenonws3zoBanny cetranbHbiX KoMaH IN, OUT, SBIS u SBIC, 1o/kHbBI UCTON-
soBaThes afapeca $00-$3F. Tlpu goctyne k perneTpy BBOAA/BBIROMA KaK K sueiike O3V, k
ero azapecy Heooxoanmo mobasuth $20. B nipreenenHoi BhItie TabNHIIE afpeca PerHeT-
POB B TTaMATH JaHHBIX MPHBEASHBI B CKOOKaX.

Peructp coctosaHusa — SREG

Perwcrp cocrosrus pacronosxken 1o aapecy $3F ($5F) nmpocrparcTra BBOIA/BRIBOLA H
ompenieNieH eIy IONHM 00pa3oM.
$3F ($5F) — SREG

But 7 6 5 4 3 2 1 0

I T H S \% N Z C
Yr./3an. R/W R/W R/W R/W R/W R/W R/W R/W
HauyanbH.3Hay. | 0 0 0 0 0 0 0 0
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Bur 7 — |: o61uee pazperienne npepbiannil. s pasperieHns mpepbiBaHnil 3TOT OHUT
JIoJKeH ObITh YCTaHOBJIEH B €AMHULLY. YTIpaBiieHHe OTASILHBIMU MPEPhIBAHUSIMHA MTPOH3-
BOAWTCS perucrpamMu Macku nipepbiBadiii — GIMSK u TIMSK. Ecmit dtar cGporren (0),
HezaBHcHMO oT coctossHA GIMSK/TIMSK mpepbiBanms 3anpeineHbl. but | odnmmaercs
anmapaTHO Mociie BXOJa B MPEpbIBAHHE W BOCCTaHaBaHBaeTcsa komannoi RETI, ons pas-
petiieHHst 00pabOTKH MOCIeoYOLINX MPEPHIBAHUH.

bur 6 — T: xparenne komupyemoro o6nuta. Komanapr xomuposanns 0utos BLD (Bit
LoaD) n BST (Bit STore) HcOMB3YIOT 3TOT OWT KaK HCTOYHHK H MPHEMHHK 00padaThi-
BaeMoro Oura. but u3 perrcrpa peructpoBoro daiina MoxkeT ObITh ckomHpoBaH B T Kko-
maumoi BST, 6ur T moxer OBITH CKOTMTMPOBaH B OWT perwcTpPOBOTO (hailfla KOMaHIOM
BLD.

bur 5 — H: dunar nonoBWHHOTO TepeHoca. DTOT ¢uyar WHIMLHUPYET MepeHoc W3
MIIaJInei MoJOBHHBI OaiiTa MpH HEKOTOPBIX apU(MeTHUecKHMX omnepauusx. bonee moa-
POGHO 00 STOM MOYKHO MPOYNTATH B OMTHCAHWH CHCTEMBI KOMAHI.

Bur 4 — S: 6ur 3Haka, S = N XOR V. bur S Bcerna pasen nckmouatomemy MJIN me-
xkay daaramu N (oTpuLaTensHbIH pe3yasTar) v V (MepenoHeHne JOMOMHeHNs 10 ABYX).
Bosee moapobHO 00 3TOM MOMKHO TTPOYHTATH B OMHCAHHH CHCTEMbI KOMaHI.

bur 3 — V: dnar nepenonHeHHs MOMOMHEHHA M0 ABYX. JTOT (uar MOIIepKHBAET
aprudMeTHKy ¢ AOTIOJIHEeHHeM 10 ABYX. bojiee moapoOHO 00 3TOM MOXKHO MPOYUTATH B
OTMCaHWH CHCTeMbl KOMaHI.

bur 2 — N: dar oTpHIIaTENEHOTO pe3ynbTaTa. ITOT (Gar HHARIHPYET OTPHIIATEh-
HBIH Pe3yNIbTaT pasiInyHbIX apuPMETHYeCKHX M JIoTHUeCKHX onepaumii. bonee noapoGHo
00 3TOM MOKHO TIPOYHUTATH B OMMUCAHWH CHCTeMbl KOMaHA.

bur 1 — Z: dnar HyneBoro pe3ysnbrata. ITOT (iar HHAHITHPYET HYJIeBOH pe3ysbTaT
PasIUUYHBIX apHPMETHIECKHX | JIOTHYECKHX onepaliii. bojee moapoGHO 00 3TOM MOKHO
MPOYHTATH B OTIMCAHUH CUCTeMbI KOMaHI.

bur 0 — C: dnar mepeHoca. DToT duiar MHANLUPYET MepPeHOC B apUPMETHUSCKIX W
JIOTHYECKHWX Omeparnax. bonee moapoOHO 00 3TOM MOXKHO MPOYHTATh B OMMHCAHWH CHC-
TeMbl KOMaHI.

YkasaTtenb cTteka SP

Oror 8-paspamreiii pervctp ¢ aapecom $3D ($5D) xpaHHT ykazarens cTeka Tporec-
copa AT90S2313. 8-Mu paspsaaoB moctaTouHo, ais aapecaiin O3V B mpenenax $60-
$DF.
$3D ($5D) — SPL

Bur 7 6 5 4 3 2 1 0
SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO

Yr./3an. R/W R/W R/W R/W R/W R/W R/W R/W

Hav.sHau. | O 0 0 0 0 0 0 0

VYkazaTesnh cTeka yKasbiBaeT Ha o0iacTh MaMsATH, B KOTOPO# pacIiofioskeH CTeK BBI30Ba
noanporpamMm u nipepbiBarnii. O6macts crexa B O3V gomkHa ObITH 3aaHa A0 TOTO, Kak
MPOH30iAeT 1000H BBI30B MOAMPOrpaMMbl HIIH OYAYT pa3peiieHbl MpepbiBaHHA. YKaza-
TeJb cTeKa YMeHblllaeTcsd Ha | Mpu 3anvcH AaHHbIX B cTek komaHaol PUSH n ymeHbIna-
ercs Ha 2 mpH BbI3oBe moamporpaMmbl komarmoi CALL wuiaw o0paboTke mpepbiBaHHS.
VYkazarenb creka yBenHyHBaeTcss Ha | TpH BBIOOpe JaHHBIX M3 cTeka koMaHmol POP w
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YBETHYHBAETCA Ha 2 TPH BBHITTOJTHEHWH KOMaH[ BO3BPATa W3 MOAMPOTPAMMBI HIIH 00pa-
6orunka npepeianws (RET wiu RETI).

C6poc n ob6paboTka npepbiBaHUU

B AT90S2313 mpemycmotpensl 10 HCTOYHWKOB TpepBIBAHANA. OTH TIPEPHIBAHHA W
cOpoc UMEIOT pa3iniHble BEKTOPBI B 00JIacTH MamsTH mporpaMM. Kaxkaomy W3 mpepbiBa-
HHUI MPUCBOSH OTINBHBIN OWUT paspellatolliii JaHHOe MpepbiBaHNe MPH YCTaHOBKe OWTa
B 1, eciiit 6wt | perrictpa coctosHus paspernaet odiee 00CIy;KHBAHHE MPEPbIBAHHIA.

Camble MiIadllIne agpeca MaMATH TIPOrpaMM ofpenesieHbl Kak BeKTOpbl cOpoca M Tpe-
poiBanmii. [loHBIN CMTHCOK BeKTOPOB TIpepbIiBaHHil TpuBeneH B Tabnwie [14.2. 3toT crm-
COK OTTpe/iesigeT W MPHOPHTET Pa3IHYHBIX TPEphIBaHwii. MeHbIHe ajgpeca COOTBETCTBY-
10T OoJsiee BBICOKOMY YPOBHIO TipHopHTeTa. Camblii BBHICOKHH ypoBEeHB y cOpoca, crie-
ayiomii nproputeT y INTO — BHelHero 3anpoca npepbiBanus 0 v T.1.

Tabnuua M4.2. Copoc 1 BEKTOPbI NpepblBaHN

Homep Bektopa | Agpec | UcTo4HMK OnucaHue npepbiBaHUA
1 $000 RESET BI?’IBOA cbpoca 1 cbpoc OT CTOPOXKEBOTO
Tanmepa

2 $001 INTO BHeluHee npepbiBaHue 0

3 $002 INT1 BHeluHee npepbiBaHue 1

4 $003 TIMER1 CAPT1 3axBaT Talimepal/cdeTunka 1

5 $004 TIMER1 COMP1 | CosnageHue TanmepalcHetymka 1

6 $005 TIMER1 OVF1 MepenonHeHve Tanmepa/cyeTymka 1

7 $006 TIMERO OVFO MNepenonHeHue Tanmepal/cuetumka 0

8 $007 UART RX Mocneposar.nopT NPUEM 3aKOHYEH

9 $008 UART UDRE [Mocn.nopT pervcTp AaHHbIX NyCT

10 $009 UART TX Mocn.nopT nepegaya 3akoHYeHa

11 $00A ANA_COMP AHanoroBbI koMnapaTop

Hmxe nmpuBeaeHa THIIMYHas porpaMMa o0paboTKu cOpoca W BEKTOPOB TIpephIBaHHIA.

Address Labels Code Comments
$000 rjmp RESET O6paboTka cbpoca
$001 rjmp EXT_INTO O6paboTka IRQO
$002 rjmp EXT_INT1 Ob6paboTka IRQ1
$003 rjmp TIM_CAPT1 ObpaboTka 3axeaTa Tarimepa 1
$004 rjmp TIM_COMP1 O6paboTka coBnageHusa Tamepa 1
$005 rjmp TIM_OVF1 O6paboTka NepenonHeHNsa Tanmepa 1
$006 rjmp TIM_OVFO0 O6paboTka nepenonHeHnsa Tanmepa 0
$007 rjmp UART_RXC O6paboTka nprvema banta
$008 rjimp UART_DRE O6paboTka ocsoboxaeHna UDR
$009 rjimp UART_TXC O6paboTka nepefauu banTta
$00a rjmp ANA_COMP O6paboTka aHanorosoro Komnapartopa
$00b MAIN: <instr> xxx Hayano ocHoBHOWM NporpamMmbil

UcTouHnku copoca

AT90S2313 nmeet Tpr HCTOUHWKaA cOpoca.

e (COpoc no BKIIOUEHHIO THTaHHA. [Ipotieccop cOpachiBaeTCs MPH MoAaue NMUTAHHA Ha
BeiBOABI VCC u GND.
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e Bremnwii cOpoc. [poreccop cOpaceiBaeTcs MpH ToJa4ue HA3KOTO YPOBHS Ha BBIBOJ
RESET na Bpems Goitee IByX TIepHOIOB TaKTOBOM YaCTOTHI.

e COpoc oT cropoxkesoro TaiiMepa. [Iporieccop cOpacbiBaeTcs Mo OKOHYAHHIO BPEMEHH
oTpaboTKH CTOPOKEBOTO TaliMepa, ecili pa3pellieHa ero paboTa.

Bo Bpems cOpoca Bee pervicTpbl BROJA/BBIBO/IA YCTaHARIMBAIOTCS B HadYaJbHbIE 3Ha-
YeHHA, TPOTpaMMa HaYHHAET BHITIONHATRCS ¢ ampeca $000, mo sToMy ampecy HOIDKHA
OBITh 3amnvcaHa KoMaHaa RIMP — OTHOCHTENBHBIH Mepexoa Ha mporpaMMy oOpaboTKH
cOpoca. Eciau B mporpamMme He paspemaroTes MPEepbIBaHHS W BEKTOPHI MPEPbIBAHHN HE
WCTIONB3YIOTCA, B TIEPBBIX afipecax MaMsITH MOJKeT OBbITh 3arricaHa porpaMma.

COpoc no BKNKYEHUIO NUTAHUA

Ienb cOpoca Mo BKIHOUEHHIO TTHTaHHA 00ECTICYHBAET 3aMpeT BKIKOYEHHS MpoLeccopa
10 TeX Top, ToKa HamnpshkeHHe TIMTaH|s He TOCTHTHeT Oe30macHoTo YpoBHS. [locie Toro,
KakK HarpshkeHHe MHTaHus JOCTHTHeT YPOBHS BKIIIOYEHHS, TIpoLieccop He BKIoYaeTes 10
TeX TOp, MOKa BCTPOEHHBIH TaliMep He 00paboTaeT HeCKOMbKO pabounX TIepHOAOB CTO-
poskeBoTO TaiiMepa. ObIee BpeMs cGpoca COCTONT W3 CYMMBI BpeMeHH Tpor W BpeMeHH
Tout (cM. TabnHIly HIKe)

Ta6nuua M4.3. XapakrepncTtukm cbpoca (Vee=5.0V)

MapameTp Min Typ Max | EauMHuUUbI
Vpor HanpsxeHune cpabatbiBaHua copocano | 1,8 2 2,2 B
BKIOMEHWIO NUTAHUA
Vrst HanpsikeHuve cpabaTtsiBaHus copoca VCC/2 B
no seiBogy RESET
Tpor CvrHan ¢6poca no BKIOYEH. NUTaHWSA 2 3 4 MC
Ttout 3azepkka Ha oTpaboTky cbpoca 11 16 21 MC
FSTRT He sanporpammupoBaH
Ttout 3azepkka Ha oTpaboTky cbpoca 1,0 1,1 1,2 Mc
FSTRT sanporpamMmmupoBaH

Ecnmm k miporieccopy moakImoueH KepaMHU9eckHii pe3oHaTop WA Apyroi, obecriedn-
BaIOIIHI OBICTPOE BKIKOYEHHE, /I8 YMEHBIIICHHS BPEMEHH cOPOCa MOXKHO 3aMporpamMMHu-
poBath OuT-Tiepembiuky FSTRT.

TTockonbky k BbIBOAY RESET moakmtoveH MOATIATHRAIOLIMI Pe3HCTOpP, STOT BBIBOA
MO3KET OCTaBaThCH HEMOAKIKOYESHHBIM, eClIH He Tpedyercs BHemnuii copoc. [oaxmove-
Hie BbiBoJa RESET k HanpsskeHHIO TIHTaHHA JaeT TOT ke 3ddekt. Bpems BKIOUEHHS
rocsie TIoJlaqd TTHTaHWS MOKeT OBITh yBelTMIeHO yaepKaHHeM BBbIBo/a cOpoca Ha HH3KOM
YPOBHE.

BHelwHun co6poc

Bremnnii copoc oOpabaTeiBaeTcs 10 HW3KOMY YpOBHIO Ha BBIBome RESET. Briron
JIOJKEH YIEPKHBATBCSA B HU3KOM COCTOSIHHH, MO KpaiHeH Mepe, IBa MepHoaa TaKTOBOM
yactoTel. [locne poctrxxkeHns HampsxkeHHst Vrst 3amyckaercs TalMep 3aIepiKKH, depes
MPOMEXKYTOK BpeMeHH Tout npolieccop 3armyckaeTcs.
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CO6poc no cTopoxXeBOMy Taumepy

IMocne oTpaboTKK LIMKIIA CTOPOKEBOTO TalMepa, OH BhIPAa0ATHIBAET KOPOTKHU HM-
nyiasc copoca. [lo cmagaromemy GpoOHTY 3TOr0 HUMMYNIbCa 3aMyCKaeTCs BHYTPEHHHI
CUETYHMK, OTCUMTHIBAIOIWI Bpems Tout.

O6paboTka npepbiBaHUHA

AT90S2313 mmeer mBa perwicTpa Mackd TnpepbiBadnii GIMSK — ofmuii peructp
Macku TipepbiBadii 1 TIMSK — peructp Macku mpepbiBaHWl OT TaliMepa/cueTdnka.

Korga BosHWKkaeT mpepbiBaHHe OWT rI00abHOTO pa3pelineHns npepbisanii, | cOpa-
ceiBaeTcs (HOIB) W BCE TIPEPBIBAHHA 3armpermarorcs. llporpamma mosb30BaTens MOJKeT
YCTaHOBHTH 3TOT OWUT A paspellieHns npepbiBaHnil. Onar paspelneHns mpepbiBaHuii |
yCTaHaBJIHBaeTCA B | TIPH BBITTOIHEHHH KOMaHIB! BBIX0/1a W3 TipepbiBanis — RETI.

Jlns mipepbIBaHWi BKITIOYAEMBIX CTATHYECKHMH COOBITHAMH (HAMp. COBMAZeHHE 3Ha-
YeHHs cYeTHUHKa/TaliMepa 1 ¢ perncTpoM coBnaaeHns) duiar mpepbiBaHUs B3BOAUTCS MPH
BOSHUKHOBeHHH cOOBITHA. Ecin dmar mpepbiBaHHS OUYMILEH W MPHUCYTCTBYST YCIIOBHE
BOZHWKHOBEHHs TpepbIiBaHHA, (iar He OymeT YCTaHOBIEH, MOKa He TPOW30HaeT cre-
JYIOILee COOBITHE.

Korma mporpaMMHBIi cUeTUMK yCTaHaBIWBaeTcd Ha TeKYIIWi BEKTOp TMpepbIBaHWS
U ero 00paboTKH, COOTBETCTBYIOINIHH (JIar, creHepHpPOBAHHBIN TIpephIBAaHHEM, ara-
patHO cOpaceiBaetca. Hekotopbie (iari mpepbiBaHHS MOTYT OBITH COPOIIEHBI 3aMTHCHIO
JIOTHYeCKOH eIMHHLIBI B OUT COOTBETCTRYIOLIMH dutary.

Oo6mmuii peructp Mmacku npepbiBanuii GIMSK
$3B($5B) — GIMSK

but 7 6 5 4 3 2 1 0

INTO INTO - - - - - -

Yr./3an.(R'W) | R RIW R R R R R R

Hau.3Hau. 0 0 0 0 0 0 0 0
bur 7 — INT1: 3anpoc BHemHero mpepbiBanus | paszpemen. Korga ator Our ycra-

HOBJIEH, & TaKKe YCTAaHOBJIEH OWT | perwcTpa COCTOAHHA, pa3peliaercs mpepbiBaHHe OT
BHEIIIHEero BbIBOAa. bUTHI ympasieHns 3anyckom mnpepsiBadus (ISC11 u ISC10) B peru-
crpe ynpaeieHus mukpokoutposiepom (MCUCR) onpenensor mo KakoMy COOBITHIO
oTpabaThIiBaeTCA MpepbIBAHHE: MO CTIAIAIOIEMY HITH HapacTalomeMy (ppOHTY HITH Ke 1o
YPOBHIO. AKTHBHOCTB Ha BBIBOZE MPUBOANT K BO3SHUKHOBEHHIO TIPePBIBaHWH, dake ecin
BBIBOA CKOH(MMTYPHPOBaH Kak BbIXod. [IpH BOSHUKHOBEHWH TIPEPBIBAHHUS BBITIOIHSASTCS
nporpamMmMa, HaurHatomascs ¢ aapeca $002 B maMsaTH niporpamMm (cM. Takxe «BHemHre
TTpepPBIBaHAN»).

but 6 — INTO: 3anpoc BHelHero npepbiBanms 0 pasperneH. Korzna 3ToT OUT ycTaHOB-
JIeH, a TaKXKe YCTaHOBJIEeH OWT | perncrpa cocTOsHHS, pa3peliaercs TpephbiBaHHe OT
BHEIITHEeTO BBIBONA. BHTHI yripaBiienHa 3amyckomM mipepsianns (ISC01 w ISC00) B pern-
cTpe ynpasieHAs MUKpokoHTposuiepoM (MCUCR) onpenensitoT 1o KakoMy cOOBITHIO OT-
pabaTbiBaeTcs MpepbiBaHWe: TIO chajarolleMy WK HapacTaloleMy (BpOHTY WIH e 1o
YPOBHIO. AKTHBHOCTB Ha BBIBOZIE TTPHBOAWT K BO3HHKHOBEHHIO TIPEPBIBAHHH, JaXke eCciTH
BBIBOA CKOH(MMTYpHpPOBaH Kak BbIXoA. [IpH BOSHUKHOBEHWH TIPEPBIBAHHUS BBITIOIHSASTCS
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nporpammMa, HaurHatomascs ¢ aapeca $001 B mamsaTe nporpamMm (cM. Takxke «BHemHre
MPepBIBAHN).

buter 5-0 — zapezepsupoBadbl. B AT90S2313 aT# OUTHI 3ape3epBUPOBaHBI H BeeT/Ia
guTatoTes Kak 0.

Oo6mmii perncTp ¢aaros npepbIiBanni
$3B($5B) — GIFR

Bur 7 6 5 4 3 2 1 0

INTF1 INTFO - - - - - -

Yr./zan.(R'W) | R RIW R R R R R R

Hau.3Hau. 0 0 0 0 0 0 0 0
bur 7 — INTF1: ¢nar BHemHero nipepbiBanust 1. [lpW BOSHMKHOBEHWH Ha BBIBOJIE

INT1 cobbiTis BBI3BIBatoIiero nipepsiBanre, INTF1 ycranapmiuBaeTcs B «1». Ecmu yera-
HonieHbl Out | periicrpa SREG 1 6ur INT1 8 GIMSK, npoucxoanuT nepexon Ha BEKTOP
npepsiBanns 1o aapecy $002. dmar ounimaercs mocie BHITIOIHeHHS 00paboTyrka TIpe-
poiBanus. Kpome Toro, daar MOXKHO OYHCTHT, 3alTHCaB B HET'O JIOTHYECKYIO eAMHHLLY.

bur 6 — INTFO: duar sHemiHero mpepbiBanns 0. [Tpy BO3HHKHOBEHWH Ha BBIBOJE
INTO coObiTHs BBI3BIBatOIIEro npepbisaniie, INTFO ycranasnweaercs B «1». Ecnmi yera-
HoisteHBl OUT | perrctpa SREG 1 6uT INTO B GIMSK, mpoucxoanT Tiepexos Ha BEKTOP
npepsiBanns no aapecy $001. dar ouwnimaercst mMociae BHIMOIHEHHA 00paboTHHKa TIpe-
poiBanws. Kpome Toro, dar MOKHO OYHCTHTE, 3aMTHCAB B HETO JIOTHYECKYIO SAHHHITY.

buter 5-0 — zapezeppupoBanbl. B AT90S2313 aTi OUTHI 3ape3epBUPOBaHBI H BeeT/Ia
yuTaroTes Kak 0.

Perncrp Mackn npepsiBanni otr Tafimepa/caeranka — TIMSK
$39(859) — TIMSK

Burt 7 6 5 4 3 2 1 0
TOIE1 OCIE1A | - - TICIE1 | - TOIEO | -

Yt./3an.(R/W) | RIW R/W R/W R/W R/W R/W R/W R/W

Hau.3Hau. 0 0 0 0 0 0 0 0

bur 7 — TOIE1: pazpemenne npepsIBaHHs MO MEPENOIHEHHIO TaliMepa/cueTyurka 1.
Ecnn yeraHoBneH >ToT OUT M OUT paspellieHs TIpepbiBaHU B perucTpe COCTOSHUS, pas-
pelieHbl TpepbIBaHUS MO MepernoHeHnto Takimepa/cueTunka 1. CooTBeTCTBYIOLIEE TIpe-
poiBanue (Bektop $005) BbIMOMHSETCS MPH MEPENOTHEHHH Taiimepa/cuetdynka 1. B peru-
crpe ¢uaros taiiMepos/cueTunkoB (TIFR) ycranarmiBaercss diar nepenonrenns. Ecim
Taiimep/cuetunk 1 pabotaer B pexume IIIMM, dnar nepenosHeHns: ycTaHaBIHBaeTCs
MPH W3MEHEHHWH HampaBieHHs cueta, pu 3HadeHni $0000.

bur 6 — OCIE1A: pa3perenHe TipepbIBaHHs TIO COBMAACHHIO TakiMepa/cyeTdynka 1.
Ecmm yeranornenst 6ut OCIE1A v 6T paspellieHHs TIPepbIBaHUS B PETHCTPE COCTOSTHAS,
paszpelueHsl MpepbiBaHHS MO COBMAJEHHIO TakiMepa/cuerdnka 1. [IpepwiBanne (BEeKTOp
$004) BeimosHSETCS TIPH paBeHCTBE TailimMepa/cdyeTdika | W perrcTpa copmaaeHns. Bo
thnarosom peructpe TIFR ycranapmiaetest («1») dutar coBmageHus.

buter 5,4 — 3apesepsupoBanbl; B AT90S2313 ati OWTH 3ape3epBUPOBaHBI M BeeT/Ia
guTatoTes Kak 0.

but 3 — TICIE1: pa3pelieHue mpepbiBaHUsS MO BXOAY 3aXBaTa. Eciu yCTaHOBIEHBI
out TICIE1 n 6WT paspellieHns MpephIBAaHUA B PETHCTPE COCTOSHUS, pa3pellieHbl Mpephi-
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BaHHs 10 BX0Ay 3axBara. CooTsercTByoiiee mpepomanne (sextop $003) BBITONHAETCA
o curHaiTy 3axBata Ha BeBojzie 11 (PD6/ICP). Bo dutarosom perrctpe TIFR ycranarimm-
Baetcs («1») dhar 3axBara.

bur 2 — 3apesepsuposan; B AT90S2313 sToT OHT 3ape3epBHpPOBAH H BCETa YHTAET-
cq kak 0.

bur 1—TOIEQ: pa3spelnieAre mpepbiBaHNs TIO TiepeToJHeHUIO TaiiMepa/cuetunka (.
Ecnu ator Out yeranosiieH B 1, u Ot | B periucTpe coCTOsiHNA YCTaHOBIIEH B 1, paszpetiie-
HBI TIpEPBIBAHHA MO TepenojHeHiHto TaliMmepa/cderdrika 0. IIpH BO3HHKHOBEHHH Tiepe-
TIOJTHEHWS BHITIOTHSETCS COOTBETCTRYIOIINI BekTop Nipepbianns ($006). dnar mepemnor-
Henns (TOVO) Bo ditaroBom peructpe nipepbiBadiii (TIFR) TaiiMepoB/cueTdnkoB ycTa-
HaBiaWBaeTca B 1.

but 0 — 3apesepBupoBan; B AT90S2313 atoT OUT 3ape3epBUPOBaH W BceTAa YHWTaeT-
ca kak 0.

Perncrp ¢uiaros npepsisannii ot Taiimepos /cueTankoB — TIFR
$38($58) — TIFR

Burt 7 6 5 4 3 2 1 0
TOV1 OCF1A | - - ICF1 TOVO - -

Yt./3an.(R/W) | RIW R/W R/W R/W R/W R/W R/W R/W

Hau.3Hau. 0 0 0 0 0 0 0 0

bur 7 — TOV1: dunar nepenonrenns Talimepa/cueTurika 1. ®mar TOV1 ycraHaBHBa-
etcst («1») TTpy BOZHWKHOBEHHWH TIepeTIoTHeHHs TakiMepa/cderunka 1. Mmar TOV1 cOpa-
CbhIBaeTCA anmapaTHO TIPH BBITIOJIHEHNMH COOTBETCTBYIOIIEro BeKTopa 00paboTKH Mpephi-
BanHs1. Kpome Toro, drar MOKHO cOpPOCHTH, 3aMHCaB B HETO JIOTHYECKYIO eTHHHITY. Ecin
ycradosieHbl OHT | B SREG 1 6ut TOIE1 B TIMSK, nipu ycraroBke 6uta TOV1 BBITION-
HsieTCs TTpepbIBaHKe Mo MepernoHeHuto Talimepa/cuetunka 1. B pexxume 1LIUM stot out
YCTaHABIHBAETCA, KOT/Ja TaliMep/cueTdik | W3MeHsAeT HampaBiIeHHe cueTa NMpH 3HAYeHHH
$0000.

butr 6 — OCF1A: dar Beixoaa cornamenus 1A. Mmar ycraHapmiBaeTed B «1» ecnn
MTPOHUCXOANT COBTaJileHWe 3HaueHHs TaiiMepa/cdeTunka | W JaAHBIX B peructpe OCR1A.
(duiar ouWImaeTes armapaTHO TIPH BHITIOIHEHHH COOTBETCTBYIOIIETO BEKTOpa TpephiBa-
Hus. KpoMe Toro, duar MokHO cOpOCHTH 3anncaB B HETO JIOTHUECKYIO eAWHMLY. Ecin
ycradosieHbl OHT | B SREG 1 6uT OCIE1A B TIMSK, npn ycradoBke 6uta OCF1A BEI-
TTOSTHAETCH TIPEPhIBAHAE.

buter 5,4 — 3apeseperposansbl; B AT90S2313 3TH OWTHI 3ape3epBHPOBAHBI H BCeTia
yuTaroTes Kak 0.

bur 3 — ICF1: ¢nar Bxona 3axBata 1: OWT ycTaHaBinBaetcs («1») pH BO3HHKHOBE-
HHH COOBITHS 3axBaTa TO BXOMY, OH WHIHIIHPYET, YTO 3Ha4eHHe TailiMepa/cdyerdnka |
CKOMHAPOBAHO B perucTp 3axpaTa nmo Bxoay ICR1. ICF1 ouninaercs npy BHIMOIHEHHH CO-
OTBETCTBYIOIIETO BeKTOpa 00paboTKH NipepbiBaHns. KpoMe Toro, duar MoKHO OUNCTHTD,
3aMHcaB B HETO JIOTHIECKYHO SAHHHALLY.

but 2 — 3apesepBupoBan; B AT90S2313 atoT OUT 3ape3epBUPOBaH W BeeTAa YHWTaeT-
ca kak 0.

Bur 1 — TOVO: dar nepenoiHeHus TaiiMepa cuerynka 1; guar TOVO ycraHaBIHBa-
etcs («1») mpu mepenofHeHHH TaliMepa/cueTurika 0. diar cOpackiBaeTes anmaparHo MpH
BBIMOJIHEHAN COOTBETCTBYIOLLETO BEKTOpa TMpepbiBaHusd. Kpome Toro, dgar MoxkHO OouM-
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CTHTH, 3aIHCaB B HErO JIOTHYECKYI0 eanHHIly. Ecnn ycranosnens OuT | B SREG w Ot
TOIEO B TIMSK, mipu ycranoBke 6uta TOVOQ BHITIONIHSETCS TIpepbIBaHHe 1O TIepeToiHe-
HUIO TalimMepa/cueTunka 0.

bur 0 — 3apesepsuposan; B AT90S2313 sToT OHT 3ape3epBHpPOBAH H BCETa YHTAET-
cq kak 0.

BHewHue npepbiBaHUA

Bremrnwe npepreiBanws ynpasiAtoTes BeisonaMi INTO w1 INT1. 3ameTim, 9To mpepsi-
BaHWs 0OpabaThIBatOTCA, Aaxe KOTda BBIBOAbI CKOHMUTYPHPOBaHBI KaK BBIXOABI. JTO MO-
3BOJISIET TeHepupoBaTh MporpaMMHBIe TIpephIBaHHs. BHelIHne mpepbiBaHWS MOTYT BO3-
HHKaTh MO CMAJAlOIEMy HIIH HapactaronieMy (QpoHTy, a Takke MO0 HH3KOMY YPOBHIO.
3T0 ycTaHaBIHBaeTCA B perucrpe ympasiaerus nporeccopom MCUCR. Ecii BHenmHIE
MpepbIBaHNS paspellieHbl U CKOHQUTYpHUpOBaHbl Ha OTpaboOTKY MO YPOBHIO, MPepbIBaHHE
OyzmeT BBIpa0aTHIBATECS JIO TEX TOP, MOKA BBIBOJ] YACPKHBAETCS B HH3KOM COCTOSTHHH.

VYnpasnenne paboToii BHEITHHX MPepbIBAHHH PACCMOTPEHO MPH ONMHCAHWH PErncTpa
yrnpasieHus npoueccopom MCUCR.

Bpems peakuuu Ha npepbiBaHUue

MuHHMaIBHOE BpeMs PEakiHK Ha JI000e H3 MPEAYCMOTPEHHBIX B MPOLIECCOPe Mpe-
peIBaHnii — 4 TlepHoia TaKTOBOM YacToThl. Ilociie deThipex MHMKIIOB BBI3BIBAeTCA TIPO-
TPaMMHBIH BeKTOp 00pabaThIBAIOIINI JaHHOE MpepbiBaHKe. 3a 3TH 4 IHKJIA TIPOTpaMM-
HBIH CUETYHK 3aITHCBIBAETCA B CTEK, yKa3aTenb CTeka yMeHbInaercs Ha 2. [IporpamMmHABIH
BEKTOp TIpe/icTaBisieT co00i OTHOCHTENBHBII TTepeXo/T Ha TIOATIPOTpaMMy 00CITyKHBaHHSL
TTpephIBaHAS W ATOT TiepeXo ] 3aHUMaeT 2 TiepHoa TaKTOBOM dacToThl. Eciii mpepbiBanme
MPOUCXOANT BO BPEMS BLITIOJIHCHUA KOMaHIbI ,HJ'[F[I_L[CﬁCﬂ HECKOJIBKO IMHKJIOB, TIEPEA BbI-
30BOM TIpEpHIBAHHS 3aBepIiliaeTcs BHITIOJTHEHWE 3TOH KOMaHIbI.

Breixon u3 mporpaMmbl 00CITy>)KWBaHHS TIpEephIBaHUS 3aHWMaeT 4 TepHoAa TaKTOBOMH
9acTOTHL. 3a ATH 4 TiepHoAa W3 CTeKa BOCCTAHABIHWBACTCS TIPOTPAMMHBIH cueTdHK. [locie
BBIXO/Ia W3 TTPEPBIBAHAS TIPOIIECCOP BCETA BHITTOIHAEST €IIe OAHY KOMaHIY, TTPEXKIe deM
00CITY UTh 1000 OTIIOKEeHHOe TIpephIBaHHe.

3ameTiM, 4To peructp coctosHus SREG annapatHo He 00pabarhIBaeTCs MPOLECCOPOM,
KaK MPH BHI30BE TIOAMPOTPaMM, TaK W MPH 0OCITYKHBAHWH MpepbiBaHii. Ecin mporpamma
TpebyeT coxparerns SREG, oHO TOMKHO TTPOW3BOIUTHCS TIPOTPAMMO# TTOTE30BATESI.

Perncerp ynpaiacansa mukpoxkontposuicpom — MCUCR

DTOT perucTp COASPIKNUT ONTHI 0OIIero YIMpaBlIeHHsT MUKPOKOHTPOJIJISPOM.
$35(855) — MCUCR

Bur 7 6 5 4 3 2 1 0

- - SE SM ISC11 ISC10 ISCO1 ISC00
Yr./3an.(R/W) | R R R/W R/W R R R/W R/W
Hau.3Hau. 0 0 0 0 0 0 0 0

buter 7,6 — 3apezepsrpoBanbl. B AT90S2313 >t OWTHI 3ape3epBHPOBaHBI W BCeTia
yuTaroTes Kak 0.

butr 5 — SE: paspemiennie pexxima Sleep. 31oT OWT HomkeH OBITh YCTaHOBIEH B 1,
4TOOBI TIPH BBITMOJIHEHHH KoMaHasl SLEEP mpotieccop nepexoans B pekiM MOHHKEHHO-
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ro 3HEepronoTpedeHHs. DTOT OHT HODKEH ObITh YCTAHOBJICH B 1 10 WCMOJHEHHS KOMaH-
el SLEEP.

butr 4 — SM: pexknm Sleep. DToT OUT BRIOHpaeT OAWH W3 IBYX PEKUMOB TIOHIKEH-
Horo »HepronoTpednenns. Eciu our coporen (0), B kauecTe pexima Sleep BoiOHpaeT-
cs xomnoctoil pexiM (Idle mode). Ecni OWT ycTaHOBIEH, TOTAa BRIOHpAETCs SKOHOMHY-
Hbli pexxuM (Power down). OcobGeHHOCTH KaXkKIOTO W3 PeXXUMOB OyIyT paccMOTPeHBI
HIKE.

butet 3,2 — ISC11, ISC10: GuTHI ynipaBiieHHs cpadaThiBaHHEM MpepbiBanis 1. BHet-
Hee TIpepbiBaHWe akTHBHUpyeTcs BbIBogoM INT1, ecii yeraHoBiieH ¢uar | peructpa co-
crosans SREG w ycTaHOBIIeHa cOOTBETCTBYOIIas Macka B perrcTpe GIMSK. Cpabatsi-
BaHHe MO YPOBHIO H PPOHTAM 33/1aeTcs CIEAYIONIHM 00pa3oM.

Tabnuua MN4.4. YnpaeneHue cpabartbiBaHWeM npepbiBaHus 1

ISC11 ISC10 OnucaHue

0 0 3anpoc Ha NpepbIB.reHEpPUP-CA NO HM3K.YPOBHIO Ha Bxoae INT1

0 1 3apeseperpoBaHO

1 0 3anpoc Ha npepbiBaHWe Mo cnajawllemMy hpoHTy Ha Bxoae INT1
1 1 3anpoc Ha npepbiBaHWe Mo HapacTawL,. (hpoHTY Ha Bxoge INT1

Tprmedanwe. TTpy m3menennn 6uros ISC11/ISC10 npepesanne INT1 g0mkHO GBITE 3aITPEIIEHO OYHCTKON COOTBETCT-
Bytomero 6uta B periictpe GIMSK. MHade npepriBaHiie MOKeT BOSHUKHYTH BO BpeMsi H3MeHeHHsT GHTOB.

Tabnuua MN4.5. YnpasneHue cpabaTtbiBaHueM npepbiBaHus 0

1ISC01 1ISC00 OnucaHue

0 0 3anpoc Ha NpepbIB.reHepup-ca No HW3K.YPOoBHIO Ha Bxode INTO

0 1 3apes3epBupoBaHO

1 0 3anpoc Ha npepbiBaHWe Mo crnajawllemMy hpoHTy Ha Bxoge INTO
1 1 3anpoc Ha npepbiBaHWE NO HapacTaww,. hpoHTy Ha Bxoae INTO

TTpumedanwe. [Tpn n3menennn Guros [ISCO1 u ISCO0, npepemanms 1o exoay INTO 10mKHBT GBITE 3aMpeIleHsI cOpocoM GHTa
paspeltieHust ipepbiBanmst B perrctpe GIMSK. MHave npepbiBaHie MOYKET MPOU3ONTH NPH M3MeHeHHH 3HaueHUs GUTOB.

burer 1,0 — ISCO1, ISC00: Guthl yripaBieHns cpabaTbiBadreM TipepbiBanvs 0. Brer-
Hee TpepbiBanwe akTHBHpyeTcs BbiBoAOM INTO ecni ycranosieH ¢uiar | perwctpa coctos-
Hus SREG w ycraHoBIIeHa COOTBETCTBYHOMIAas Macka B pervucrpe GIMSK. B Ta6im. [14.5
NMpUBeIeHa YCTaHOBKa OMTOB ANd 3alaHNs cpadaThIBaHNS MO YPOBHIO W PPOHTaM.

PeXuMbl NOHWXXEHHOro 3HepronoTpebneHus

[ 3amycka pesknMa TTOHWIKEHHOTO dHepronoTpebleHus AomkeH OBITh yCTaHOBIESH
(1) 6ut SE perucrpa MCUCR, n momkHa OBITh HciodHeHa koMaHga SLEEP. Ecmi Bo
BPEMS HAXOKACHHS B PEKHME MOHIKEHHOTO MOTPEOICHH MPOHCXOIHT OIHO W3 paspe-
[IEHHBIX MPEPBIBAHH, MPOLIECCOP HAYHHAET PadoTarh, HCTMIOIHIAET MOAMPOTrpaMMy 00pa-
OOTKW TIpepBbIBaHHA W TTPOAOIIKAET BBITIONHEHHe TTPOTpaMMBbl ¢ KOMaHABI cIeAyoIlei 3a
SLEEP. Coaepsknmoe pernctpoBoro daiiia 1 maMaTH BBOAA/BbIBOAA HE H3MEHseTCs. Ec-
JIH B PEIKHUME MOHIKEHHOTO MOTPEOICHHS MPOHCXOANT ¢OPOC, MPOLIECCOP HAYHHAET BbI-
TTOSTHEHHe TTPOTPaMMBI ¢ BeKTopa cOpoca.

Ecnu anst BeIBOAa M3 3KOHOMHUYHOTO PeXKMMa UCTMOJIB3YEeTCs MpepbIBaHHe MO YPORBHIO,
HH3KHI YPOBEHb OJDKEH YAEPKHBATHCA Ha BPEeMsl TOCTATOYHOE JJTA 3aIycKa TeHepaTopa
TaKTOBBIX UMTTYIThcOB — 16 Mc. MHaue dutar mpepbiBaHis MokeT BepHYThes B 0 10 TOTO
KaK Tipoiieccop HadHeT paboTy.
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Pexum xonoctoro xoaa

Korga 6ur SM cOporen (0), komanga SLEEP nepeBoanT nMpoLeccop B PexHM XOJI0-
croro xona (Idle mode). [I[TY ocranarnmnBaercs, HO TaUMEPBI/CHETYHKH, CTOPOIKEBOM
TaliMep W cricTeMa TIpepbIBaHii MTPOoAOIKatoT padoTaTk. DTO TIO3BOJISAET TIPOIIecCopy BO-
300HOBIATH Pa0OTy KaK OT BHEIIHHX MPepbIBaHHH, TaK W TIO TEepenojHEeHHIO TaliMe-
POB/CYETYHKOB WITH TI0 cOpPOCY OT CTOPOKEBOTO TaiiMepa. Eciw mpepbiBaHHe OT aHAIOTO-
BOTO KOoMTIapaTopa He TpeOyeTcs, aHAIOTOBBIH KOMITapaTop MoKeT OBITh OTKITIOYeH yc-
TaHoBKOU Outa ACD peruictpa ACSR. D10 yMeHbIaeT TToTpeOasieMyt0 MOIITHOCTE B pe-
JKHME XOJIOCTOTO XO/IA.

OKOHOMMUYHbIN PEXUM

Korma 6ut SM ycranosnen (1), komanaa SLEEP nepesoauT mporeccop B SKOHOMHY-
HbIi pesxum (Power Down Mode). B sToM pesknMe ocTaHaBIHBAaETCS BHEITHHN TeHepa-
TOp TaKTOBBIX MMMYJIbCOB. [lonb30BaTeNs MOXKET pa3pellinTh padoTy CTOPOKEBOTO Taii-
Mepa B 3TOM pexxnMe. Eciii cToposkeBoii TaliMep paspellleH, MpoLeccop BEIXOANT U3 3KO-
HOMHYHOTO pekiMa mocie oTpaboTKH MepHoa CTOpokeBOTO Talimepa. Ecni cropoxe-
BOH TailMep 3amnperleH, BBIXOA H3 S3KOHOMHYHOTO PEKHMa MOKET MPOH30HTH TOIBKO MO
BHEIIHEeMY ¢OpOCY MJIM BHEITHEMY MPEePbIBAHHIO 1O YPOBHIO.

Tanmepbl/cHETYNKKN

B AT90S2313 mnpemycMoTpeHBI JBa TaliMepa/cdeTddka oOIero Ha3HadYeHws. §-
paspsaaHbiil U 16-paspsaaHbiii. Kaxaslii W3 TaliMepoB MHOMBHAYaTBHO TIOAKIIOYaeTCs K
OOHOMY W3 BBIXOHOB |0-pazpsaHoro MpeaBapuTebHOTO AeuTens 4acToThl. Oba TaiiMe-
pa MOTYT HCTOIB30BAThCA KaK TalMepbl ¢ BHYTPEHHHM HCTOYHHKOM HMITYJIBCOB HITH
CYETYNKH UMITYJIBCOB TIOCTYTIAIOIINX H3BHE.

B kadecTBe HCTOUHHKA WMITYJIBCOB IUIS TaiiMePOB MOYKHO BBIOpaTh CHTHAJT ¢ TAKTOBOM
yactotoi mpoueccopa (CK), mmnynscel nipeasapurensioro aenurens (CK/8, CK/64,
CK/256 wnn CK/1024) wmi AMTYIbCH ¢ COOTBETCTBYIOIIETO BHEITHETO BBIBOJAA. Kpome
TOTO, TaiiMepbl MOTYT OBITh OCTAHOBJIECHBI, 3aMPETOM TPOXOKISHHS HMITYIHCOB Ha HHUX.

8-pa3psaaHbin Taumep/cueTumk 0

8-paspaaHbIii TaliMep/cueTUNK MOXKET MOJIydaTh UMIYIbCHI TaKTOBON YacToThl — CK,
WMTTYIIBCHI ¢ TipeaBapurenbHoro memnrens (CK/8, CK/64, CK/256 wmn CK/1024), nM-
MyJIbCHI C BHEITHETO BBIBOJA WJIH OBITH OCTAHOBIEH COOTBETCTBYIOIIMMH YCTAHOBKAMH
peructpa TCCRO. ®nar nepenonHeHus TaiiMepa Haxoautes B pernctpe TIFR. bute
yrpaBleHus TaliMmepoM pacmoiioskeHbl B perncTpe TCCRO. Paspemenwe W 3anpelieHne
MpepbIBaHA OT TaiiMepa ynparisercs peructpom TIMSK.

[Tpw pabore TailiMepa/cueTdika OT BHEITHETO CHTHANA, BHEINHHH CHTHAJT CHHXPOHH-
3upyeTcs ¢ TakToBbIM TeHepaTopoMm LIITY. Jlnsg npaswisHOi 0O6paboTKH BHEITHEro CHr-
HaJla, MUHUMaJIBEHOE BpeMs MeXKIy COCeTHUMH MMITYJIbCaMH TOKHO TTPERBIIATE TEPHOT
TaKTOBOH 9acToThl mpoiteccopa. CHTHAN BHEITHETO HCTOYHHKA 00padarsiBaeTes 1o cra-
natorieMy (hpOHTY TaKTOBOI HaCTOTHI MPOLIecCcopa.

8-paspsoHbIil TaliMep/cueTUNK MOXKHO WCTIONB30BaTh KaK CHETYMK ¢ BHICOKMM paspe-
MIeHHeM, TaK W I TOYHBIX TIPHMEHEHHH ¢ HU3KHM KOXDODHITHEHTOM JeNIeHHsT TAKTOBOH
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4acToThI. bostee BICOKHE KOADPHITHEHTHI ACIEHHS MOYKHO HCTIOTIB30BATE IS MEJIEHHBIX
(hYHKUMH WA A U3MepeHUs BpeMEeHHbBIX MHTEPBAJIOB MEXKIY PeAKHUMH COOBITHSIMH.

Perucrp ynpasicuns Taitmepom/cactaaxom — TCCRO
$33($53) — TCCRO

Bur 7 6 5 4 3 2 1 0

- - - - - CS02 CS01 CS00
Yr./3an.(R/'W) | R R R R R R/W R/W R/W
Hau.3Hau. 0 0 0 0 0 0 0 0

buter 7-3 — 3apesepsupoBanbl. B AT90S2313 5TH OWTHI 3ape3epBHPOBAHBI H BCETIa
yutatores kak 0. buter 2,1,0 — €CS02, CS01, CS00 — BHIOOp TAaKTOBOM 4aCTOTHI. JITH
OWUTHI 3a0at0T KOIPOULMEHT deNeHUs MPeABAPUTENBHOTO ASTHTES.

Tabnuua M4.6. Beibop koaddmrumeHTa NpeaBapuTeNbHOro LeneHns
CS02 | CS01 | CS00 | OnucaHue

0 0 0 Tanmep/cyeTynK OCTaHOBNEH

0 0 1 CK

0 1 0 CK/8

0 1 1 CK/64

1 0 0 CK/256

1 0 1 CK/1024

1 1 0 BHewHui BeiBoa TO, HapacTaowmin GpoHT
1 1 1 BHewHwuir BeiBOA, TO, cnagawowmn ppoHT

VYcenosue Stop 3ampemaer/paspernaer GyHKIIHOHHPOBaHHE TaliMepa/cdeTdnka. B pe-
JKUMax JeeHNs WCTIONb3YyeTcd YacToTa TaKTOBOTO reHepaTtopa. [Ipu nenoas3oBaHun pa-
OOTBI OT BHEIIHET0 WCTOYHWKA TpedBapuTeIbHO JOKeH ObITh YCTAHOBIEH COOTBETCT-
BYIOIIHI OWT perncTpa HampaBieHns NaHAbIX (0 — BKITIOYAeT HOXKKY Ha BBOJ).

Taiimep/caeTunxk 0 — TCNTO
$32($52) — TCNTO

Bur 7 6 5 4 3 2 1 0
MSB - - - - - - LSB

Yr./3an.(R/W) | RIW R/W R/W R/W R/W R/W R/W R/W

Hau.3Hau. 0 0 0 0 0 0 0 0

Talimep/cueTunK peai30BaH KaK HapacTatOIIHI CUETYHK ¢ BO3MOKHOCTBIO YTEHHS H
sarmvicH. [Ipw 3armich TaiiMepa/cyeTunKa, €CITH MMPUCYTCTBYIOT TaKTOBBIe WMITYJIBCHI, Taii-
Mep/CHeTYHK MPOJOIKAET CYET B CIEMYIONeM 3a Ofepaliiel 3amicH TaKTOBOM IIHKJIe
Tamepa.

16-pazpsianbiii TaliMmep/caeTank 1

16-pa3psaaHbIil TaliMep/CUeTYHK MOXKET MOJIy4aTh UMIMYJIbChl TAKTOBOHW 4aCcTOTHI —
CK, ummymsesl ¢ ipeasapurensHoro gemutens (CK/8, CK/64, CK/256 wam CK/1024),
WMTTYJIBCHI ¢ BHEITHETO BBIBOJa WK OBITh OCTAHOBJIEH COOTBETCTBYIOIUMH YCTaHOBKa-
mi pervictpa TCCR1A. ®dnard cocTodHnsA TaiiMepa (TIepenoIHeHHs, COBIAAeHHA W 3a-
XBaTa) M YIpapstoLIie curHaibl HaxoanTes B peructpe TIFR. Paspeienne u 3anperue-
HWe TIpepbIBaHuii OT TaiiMepa | ynpasinsercs peructpoM TIMSK.



O630p apxuTekTypbl AT90S2313 363

[Tpw paboTe Talimepa/caeTdrika | OT BHENIHETO CHTHANA, BHEITHHH CHIHAIT CHHXPOHH-
3upyeTcs ¢ TakToBbIM TeHepaTopoMm LIITY. Jlnsg npaswisHOi 0O6paboTKH BHEITHEro CHr-
HaJla, MUHUMaJIBEHOE BpeMs MeXKIy COCeTHUMH MMITYJIbCaMH TOKHO TTPERBIIATE TEPHOT
TaKTOBOH 9acToThl mpoiteccopa. CHTHAN BHEITHETO HCTOYHHKA 00padarsiBaeTes 1o cra-
natorieMy (hpOHTY TaKTOBOI HaCTOTHI MPOLIecCcopa.

16-pa3psaHblii TaliMep/cueTunKk 1 MOXKHO MCTTONB30BATh KaK CUETUMK C BBICOKHM pas-
peleHreM, TaK H JJIs TOYHBIX MPAMEHEHHH ¢ HH3KHM KO3 PHITHEHTOM IeNeHHs TaKTo-
BOH 9acToThl. bosee BrIcokHe k02D PHITHEHTHI AETEHHs MOKHO HCTIONB30BATh I Me/I-
JIeHHBIX PYHKLWMH WITH H3MEPEeHNST BpeMEeHHBIX HHTePBAJIOB MEXIY PEAKUMH COOBITHIMH.

Taiimep/cueTunk 1 moanepxuBaeT GYHKUHMIO COBMAaISHNAS UCTIONB3YS perucTp copnane-
Hus OCR1A B KauecTBe MCTOYHHKA [UTS CPABHEHHS C COASPKHUMBIM cueTuHKa. DyHKUHA
COBMaZeHUs MOIAePKHBaeT OUMCTKY CHETUMKA W MepeKItoueHre BBIXOa MO CORMaIeHHIO.

Talimep/cueTunk | MOKHO HCTONB30BaTh Kak 8-, 9- wiaw 10-paspsaaHbIil MIAPOTHO-
HMITYJIBCHBIH MOIyJsATOp. B 3TOM pesknme cueTurk H perrctp OCR1 paboraior kak 3a-
HMIIEHHBINH 0T apedeszra Hezarucumbid [IIMM ¢ oTueHTpoBanHbIME HMITyIscami. [loa-
poOHoO aTa GyHKINS OyeT onicaHa HIKe.

OyHKUMA 3aXBaTa MO BXOAY TMPEoyCMaTPHBAaeT 3aXBaT COACPKHUMOro Taiime-
pa/cuerunika 1 B pervctp 3axsara ICR1 w yrnpasisercst BHEITHAM CHTHAJIOM Ha BXOJE 3a-
xBata — ICP. PaboTa pexxima 3axBaTa orpe/iesnsieTcs YIpapistomnM pervctpom TCCR1.

[Tpu pabote 3axBaTa Mo BX0AY, MOXKeT ObITh BKJIOUSHa cXeMa MOAaBlIeHHs [Iyma, IpH
9TOM CHTHAJl 33XBaTa BO3HHKAET TOJBKO B TOM CIIydae, ecliid COOBITHE, YIpaBstoliee 3a-
XBaTOM, HaOmonaeTes Ha MPOTSKEHUH 4-X MAIIMHHBIX LUKIOB.

Perucrp ynpasicuns Taitmepom/cucrankom — TCCRI1A
$2F($4F) — TCCRIA

Bur 7 6 5 4 3 2 1 0
COM1A1 | COM1AOQ | - - - - PWM11 | PWM10

Yr./3an.(R/W) | RIW R/W R R R R R/W R/W

Hau.3Hau. 0 0 0 0 0 0 0 0

buter 7,6 — COM1A1, COM1AQ: pexxnM BBIXOJa coBmaaernsd, OuTel 1 u 0. DTH
YIpaBIAOLIHE OUTHI 33a0T OTKIIMK BhiBoga OC1 mpolieccopa Ha COBMAACHHE PEerucTpa
cpaBHEeHHs W TalimMepa/cueTunka 1. [TockoabpKy 3TO anbTepHaTHBHAA (PYHKLIHA MOPTa, CO-
OTBETCTBYIOIIHI OWT HallpaBleHHs MOJDKeH yCTaHaBIWBATh BBIBOA Ha Bbixoa. KoH(Hry-
partist yrpaBJstoux OUT TiokasaHda B Tabi. [14.7.

Ta6nuua M4.7. YcTaHOBKa pexuma CoBnaeHns

COM1A1 | COM1A0 | OnucaHue

0 0 Tanmep/cueTumk 1 oTKNOYEH OT BbIBOoga OC1
0 1 MepexkntoyeHne Boixoga OC1

1 0 Co6poc (0) eeizoga OC1

1 1 Ycranoska (1) seiBoga OC1

B pexnve UM >t OuThHl wMeloT aApyrHe (YHKIHH, KOTOpbIE YKa3aHbl B
Tabum. 114.11.

[Tpw n3menennn 6utos COM1A1 1 COM1AOQ mipepbiBanie TIO COBMAACHHIO JTOJIKHO
OBITH 3aMPEILeHO, OYHCTKON cooTBeTcTBYIOIIero OnTa B peructpe TIMSK. Muaue, mpe-
pbIBaHWE MOXKET NMPOU30HTH BO BpeMs M3MEHEHHs OUTOB.
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buter 5-2 — 3apesepsuporanbl. B AT90S2313 5TH OWTHI 3ape3epBHPOBAHBI H BCeTIa
yuTaroTes Kak 0.

buter 1,0 — PWM11, PWM10: 6utel ycranoBku [IIMM. OTH OUTH ycTaHaBIWBaOT
pesxxaM pabotel Talimepa/cueturika | B kadectse 1IIMM (cm. Tabm. 14.8). TMompobhee
ITOT PeKHM OYJIET PACCMOTPEH HIKE.

Tabnuua MN4.8. YcTtaHoBka pexxuma padoTbl LLIMM

PWM11 | PWM10 | OnucaHue PWM11 PWM10 OnucaHue
0 0 PaboTta LUMM sanpeweHa | 1 0 9-paspsagHsein LLUIAM
0 1 8-paspsagHein LM 1 1 10-paspagHsin LUINM

Perucrp B ynpasicuns raiimepom/cuctanxom 1 — TCCR1B
$2E($4E) — TCCR1B
7

Bur 6 5 4 3 2 1 0
ICNC1 ICES1 - - CTC1 CS12 CS11 CS10
Yr./3an.(R/'W) | RIW R/W R R R/W R/W R/W R/W
Hau.3Hau. 0 0 0 0 0 0 0 0
but7 — ICNC1: moaaBinsieT BXOIHBIe TIyMBI Ha BXOJAe 3axBaTa. Ecii aToT OUT cOpo-

med (0), mogaBiIeHHe BXOAHOTO IIyMa Ha BXOJe 3axBara 3ampeinero. [Ipw sTom 3axsar
cpabaTbiBaeT M0 TIEPBOMY 3aJaHHOMY (HapacTaloIeMy HITH CafatomeMy) GPoHTY CHT-
Hasia Ha BbIBoZe ICP. Ilpu ycTaHoBKe OHMTa 00pabaThiBalOTCA YeThIpe TIOCIeAOBaTEIbHbIC
BHIOOpPKH cHTHama Ha BbIBoJe ICP. Jns cpabaThiBaHHs 3aXBaTa BCE BBHIOOPKH MOMKHBI
COOTBETCTBOBATH YPOBHIO 3amanHoMy Ontom ICES1. HactoTa BEIOOPOK paBHA TaKTOBOM
yacToTe NpoLeccopa.

bur 6 — ICES1: BeiO0Op hpoHTa chTHasa 3axBara: Ecim 6wt ICES1 cOporrren (0) comep-
JKHMOE TakiMepa/cueTdiika | mepenwchiBaeTes B PETHCTP 3aXBara Mo CiajalomemMy (ppoHTY
curHaia Ha BerBofe ICP. Ecimi 6T yeraHOBIIeH 10 HapacTatomeMy (GpoHTy CHTHAA.

buter 5,4 — 3apesepsupoBadbl. B AT90S2313 aTi OGWTHI 3ape3epBUPOBaHBI W BeeT/Ia
guTatoTes Kak 0.

Bur 3 — CTC1: ounicrka Taiimepa cueruika | mo coBnaaernto. Ecin OUT yeTaHOBIICH
(1), Taiimep/cuerank 1 ycranapauBaercs B $0000 B TaxTe, ciemaytomemM 3a cCOOBITHEM COB-
nagenns. Eciau Our cOpornen, Talimep/cuerdnk 1 mpomospKaeT CYATATH MOKa He Oyaer
OCTaHOBJIEH, cOPOIEeH, TIPOH30MIET ero TepernolHeHne WIH H3MEHEHHWe HampaBlieHHs
cuera. B pexxume LIIUM stot 6uT He paboTaerT.

buter 2,1,0 — CS12, CS11, CS10: BEIOOp TaKTHPOBAHHA: DTH OUTHI OTIPeeNstOT HC-
TOYHWK CHETHBIX HMTTYJIBCOB JUTA TakiMepa/cuerdnka 1.

Ta6bnuua M4.9. Beibop NCcToHHMKa CHETHBIX MMMYNBCOB

CS12 | CS11 | CS10 | OnucaHue

0 0 0 Tanmep/cHeTink 1 OCTaHOBNEH

0 0 1 CK

0 1 0 CK/8

0 1 1 CK/64

1 0 0 CK/256

1 0 1 CK/1024

1 1 0 cnajatoLlmin GpoHT Ha BbiBoAe T1

1 1 1 HapacTawLwmin hpoHT Ha BbiBoAe T1
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Taiimep/cueTunk 1 — TCNT1H n TCNT1L
$2D($4D) — TCNT1H; $2C($4C) — TCNTIL

Hau.3Hau. 0 0 0 0 0 0 0 0
Yr./3an.(R/W) R/W R/W R/W R/W R/W R/W R/W R/W
Bur 15 14 13 12 11 10 9 8
MSB — — — — — — —
— — — — — — — LSB
Bur 7 6 5 4 3 2 1 0
Yr./3an.(R/W) R/W R/W R/W R/W R/W R/W R/W R/W
Hau.3Hau. 0 0 0 0 0 0 0 0

D10 16-pa3psaHbIi perucTp, comepikallnii TeKyllee 3HaueHWe TakiMepa/cyeTunka 1.
UToOBl UTeHHE W 3aMHCh JBYX OalT CYeTYHKA TIPOMCXOANIO CHHXPOHHO, A paboThl ¢
HHM HCTIoNTb3yeTcs BpeMennslii pervctp (TEMP).

3anwch B TakiMep/cueTdrk 1: mipw 3anwicH crapirero Oaiita B TCNT1H, 3aniiceiBaemblie
naHHbie momeratores B peructp TEMP. 3atem, npu 3amicu maamiero 6aiita, OH BMECTe
¢ nanAbeiMH W3 TEMP niepemiceiBaeTes B TaliMmep/cuerdrk 1. Takum 00pa3zoM, MPH 3armicH
16-paspsaHOTO 3HAYEeHHS TIePBBIM IOJDKeH 3armichiBaThes OaiT B TCNT1H.

Urenwe Taiimepa/cuerunka 1: [Tpw arennn mmaamrero 6aiita w3 TCNT1L, oH mockiia-
ercsa B mporeccop, a aarnabie W3 TCNT1H mepemicemarores B peructp TEMP, T. €. oa-
HOBpeMEHHO 4YHWTatoTed Bce 16-paspamoB. [lpm mocnmemyrolieM YTeHWH perncTpa
TCNT1H, nannsie Oepytest n3 perrctpa TEMP.

Taiimep/cueTdrnk | OpraHW30BaH Kak CyMMHPYIOIIHI cdeTdwk (B pexxume LITMM —
CYMMHPYIOTIHH/BEIYHTAIONTHH) ¢ BOBMOXKHOCTBIO YTeHHs W 3amicH. Ecnw BeIOpaH HeToU-
HHUK TaKTOBBIX UMIMYJILCOB AN TaliMepa/cueTurka 1, mocie 3amicd B Hero HOBOTO 3Haue-
HWS, OH TIPOJOIIKaeT cUeT B CIIeAYIOIIeM TociIe 3alicH MepHoae TAKTOBOI YacTOTHI.

Pernctp coBmagenns A taiimepa / caerunka 1 — OCR1AH n OCRI1AL
$2B($4B) — OCR1AH; $2A($4A) — OCRI1AL

Hau.3Hau. 0 0 0 0 0 0 0 0
Yr./3an.(R/W) R/W R/W R/W R/W R/W R/W R/W R/W
Bur 15 14 13 12 11 10 9 8
MSB — — — — — — —
— — — — — — — LSB
Bur 7 6 5 4 3 2 1 0
Yr./3an.(R/W) R/W R/W R/W R/W R/W R/W R/W R/W
Hau.sHau. 0 0 0 0 0 0 0 0

Pernctp cormagennst — 16-pa3psaanblii perucTp, AOCTYMHBIN AS YTeHWs W 3aMHcH.

B 3TOM pernctpe xpaHaTca JaHHBIE, KOTOPBIE HEMPEPBIBHO CPABHHBAKOTCA € TEKYLIAM
3HaYeHHeM TaliMepa/cuerurika 1. JlelicTBHe TO COBMaJEHHIO 3aJaeTcs PerHcTpamu
yrpaBieHus TaliMepoM/cUeTunKoM | W perncTpoM COCTOSTHHS.

TTockomeiy perrctp OCR1A sBnsiercs 16-pas3psagAbM, TIPH 3aITHCH HOBOTO 3Ha4YEHHA B
perrcTp, T Toro 4To0bl 00a OaiiTa perncTpa 3amichIBAITHCH OHOBPEMEHHO, HCTIONMB3YeTCs
BpeMeHHbIH peructp. IIpn 3anmcu ctapiiero OaiiTa, JaHHBIe MOMELIAIOTCS BO BPEMEHHBIH
perwcTp, KoTophlii TieperwickiBaeTcss B OCR1AH mpn 3ammicw muimaarero 6aiita 8 OCR1AL.
Taxum 00pazoMm, 15 3aMMHCH B PETHCTP MEPBBIM IOJDKEH 3aMHChIBATHCA CTAPIIHI OalT.
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Perncrp 3axBara tafimepa/cuerunka 1 — ICR1H n ICR1L
$25(845) — ICR1H; $24(844) — ICRIL

Hau.3Hau. 0 0 0 0 0 0 0 0
Yr./3an.(R/W) R R R R R
Bur 15 14 13 12 11 10 9 8
MSB — — — — — — —
— — — — — — — LSB
Bur 7 6 5 4 3 2 1 0
Yr./3an.(R/W) R R R R R R R R
Hau.sHau. 0 0 0 0 0 0 0 0

Pernctp 3axBata 16-pa3psanblii perucTp AOCTYMHBIN TOJBKO A7 UTEHHS.

ITo HapacratormeMy win criagaroemMy GppoHTy (B COOTBETCTBHH ¢ BBIOOPOM (ppoHTa
nMIyiibca 3axeata ICES1) cuwrrama Ha BeBoAe ICP Tekymmee 3HadeHHe TaiiMe-
pa/cderurka | mepemnichiBaeTcs B pervctp 3axBata ICR1. B aTo ke Bpems ycTaHaB/IHMBa-
ercs uar 3axsata ICF1.

TTockonbKy perHCTp 3axBaTa SBAAETCA |6-pa3psmaHBIM, IJIs YTEHHS €r0o 3HAYCHHS,
uyToObI 00a OaiiTa MpoUNTAIHCH OJHOBPEMEHHO, HCTIONB3YyeTes BpeMeHHbIi pervctp. [lpu
yTeHWH Miaamero Oaiita ICR1L, on moceutaerca B LIITY, a crapmmii Galit perncrpa
ICR1H nepemnicbiBaeTcs BO BpeMeHHBIH perncTp. [1pw yrenwn crapiiero 0aiita, OH MpH-
HUMaeTCsl U3 BPeMEHHOTO perucTpa. TakuM o0pazom, Ass uTeHHs 16-paspsaHoTO peru-
CTpa MepBbIM JOIDKEH YNTAThed MIIAAIINN OalT.

Tatimep/cueTunk B pe:xknme UM

ITpu BBIOOpE perkrMa MTHPOTHO-UMTTYTRCHONM Moayssimn (LLIMM), taiimep/cuetuark 1
n peructp cosnagerns OCRIA dopmupytor 8, 9 wnw 10-pa3psaHbiii HETPEPHIBHBIH CBO-
OOZHBIH OT «ApOXKAHWA» W TIPAaBHIBHBIA MO (aze CHrHal, BBIBOAWMBIH Ha HOKKY
PB3(OC1). Taiimep/cuerurk 1 paboTaeT Kak peBepCHBHBIN cHeTUWK cuMTatonHii ot 0 10
KOHeYHOTO 3HaueHus (cM. Tabi. [14.10). [Tpu moctimkeHNH KOHEYHOTO 3HAUSHHUS CHETUHK
HaYWHAET CYHATATh B 00OPATHYIO CTOPOHY JI0 HYJIS, TOCIE 9ero padovnii ITHKIT MOBTOPAET-
ca. Korna sHadeHne cuetdika coBnagaet ¢ 8, 9 wim 10-t0 MuaammMn OUTaMH peTrHceTpa
OCR1A, BeiBog PD1(0C1) ycraHaBimHBaeTcs WiIH cOpachiBaeTcsl B COOTBETCTBHH C yeTa-
HoBKamMH OUT COM1A1 11 COM1AOQ B perrctpe TCCR1 (cMm. Tabn. I14.11).

Ta6nuua M4.10. KoHe4Hoe 3HaveHne Tamepa u JactoTta LUMM

Paspewenue LUIAM KoHe4yHOe 3Ha4YeHue Tanmepa YacrtoTta LUIUM
8 but $00FF (255) Ftc1/510

9 but $01FF (511) Ftc1/1022

10 6ut $03FF (1023) Ftc1/2046

Ta6nuua M4.11. YcTaHoBKa pexuma coBnageHuns npu padote LM

COM1A1 COM1A0 | BnusHue Ha BbiBog OC1

0 0 He noaknyeH

0 1 He noakntouveH

1 0 OunwaeTca npu CoBNaAEHWM, Ana BO3pacTaHMsa cueTymka 1 cbpachbi-
BaeTcsd AN9 yMeHbLUeHUs (He nHBepTupyowui LLKWM)

1 1 OunwaeTcs Npy coBnageHnn, AN YMeHbLUEHNS cyeTyKa U cOpachbl-
BaeTcsd AN BospacTaHus (MHBepTupyowmin LLAM)
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B pexnme THUM, npw 3amick B perictp OCR1A, 10 Miaammx OHT miepenatoTes BO
BPEMEHHBII PerncTp W MepermuchIBatOTCS TOJIBKO MPH AOCTHXEHHWH TaliMepoM/CUeTUHKOM
KOHeuHoTo 3HadeHus. [Ipn 3ToM ycTpaHsieTcs MosiBlieHHe HeCHMMETPUYHBIX UMITYJIBCOB
(aposkaHHs), KOTOpBIE HEH30EKHBI TIPH ACHHXPOHHOM 3amiicH OCR1A.

Ecmin OCRIA comepxur sradenre $0000 wmn koreurnoe 3Hauenne (TOP), BbBOA
OCl1 ocraeTcs B TOM COCTOSIHMHM, KOTOpoe ompenensiercss yctaHoBkamMu COMIAL n
COMIAQ. Oro mokazano B Tabu. I14.12.

Ta6bnuua M4.12. Beixon LUAM ana OCR=$0000 unu TOP

COM1A1 COM1A0 OCR1A BiBog OC1
1 0 $0000 Huskuin

1 0 TOP Bicokuin

1 1 $0000 Bbicokuin

1 1 TOP Huskuin

B pexnve HIUM dinar nepernionaenns taiiMepa 1 (TOV1) ycraHaBimHBaeTcs, KOT/a
cYeTUMK W3MeHseT HarpaBieHre cyeta B Touke $0000. [IpepbiBanie Mo MepenoIHeHHIO
Taiimepa | paboTaeT Kak MpH HOPMATEHOM pekHMe padOThl TaliMepa/cueTdrKa, T.e. OHO
BBITTONTHSIETCS, ecli yeTaHoBieH dutar TOV1 u paspeliieHbl cOOTBETCTRYIOLINE MpepbIBa-
Hus. To ke camoe KacaeTcs (iara COBMaleHNUs W MPEePbIBAHAS TIO COBMAaASHHIO.

Croposkenoii Taiimep

CropoxeBoii TaliMep padoTaeT OT OTAENBHOTO BCTPOSHHOTO TeHepaTopa padoTaroLme-
ro Ha dactore 1 Ml (310 THITOBOE 3HAYEHHE YAaCTOTHI I THTaHWs SB). Ympasmss
MpeBapHTEIBHBIM JACTHTENEM CTOPOKEBOTO TaliMepa, MOKHO 3a1aBaTh HHTEpBaT cOpoca
Taiimepa ot 16 no 2048 mc. Komanma WDR cOpacbiBaeT cToposkeBoii Taiimep. Jlins pabo-
ThI CTOPOXKEBOTO TaliMepa MOXKHO BBIOpaTh OJHO M3 8-MH 3HaYeHWI YacTOThI, YTO TIO3BO-
JfeT B IIHPOKHWX MpeAeax W3MEHATb BpeMs Mmexay ucrnonHeHnem komanasl WDR wn
cOpocom npoueccopa. [Ipn oTpaboTke nmepuoda paboTel CTOPOKEBOTO TailiMepa, eciih He
noctyniia komadga WDR, AT90S2313 cOpacwiBaercs, BBITIOTHEHHe TIPOTPaMMBI TIPO-
JIOTKAeTes ¢ BeKTopa copoca.

s mpenoTepaiieHis HeKeIaTeTbHOTO OTKITIOYeHH CTOPOXKEBOTO TaiMepa, I ero
3anpelleHns A0JIKHa BBITIONHATHCS OMpeaereHHas MociefoBaTelIbHOCTb, KOTopas OfH-
caHa TpH paccMoTpeHnn peructpa WDTCR.

Pernctp ynpasienns cropoxkeBbiM Taiimepom — WDTCR
$21($41) — WDTCR

Burt 7 6 5 4 3 2 1 0

- - - WDTOE | WDE WDP2 | WDP1 WDPO
Yr./3an.(R/W) | R R R R R/W R/W R/W R/W
Hau.3Hau. 0 0 0 0 0 0 0 0

buter 7-5 — 3apesepsuporanbl. B AT90S2313 5TH OWTHI 3ape3epBHPOBAHBI H BCETIa
ypTarored Kak 0.

but 4 — WDTOE — pa3zpelnieHte BEIKITIOUEHHA CTOPOKEBOTO Talimepa. [lpn ouricTie
oura WDE stoT 6uT gospkeH ObiTh yeTanosieH (1). MHaue, paGora cToposkeBoro TaimMe-
pa He TIpekpariaercsa. Uepes "eThipe TakTa Tocie YCTAaHOBKH 3TOTO OWTa, OH armapaTHO
cOpachiBaeTcs.



368 MukpokonTponnep AT90S2313 coupmbl Atmel

bur 3 — WDE — pa3periienie cTopoxkeBoro Taiimepa. Ecin 6ut yeranosnen (1), pa-
6oTa cTopoXKkeBOTO TaliMepa paspellieHa, eciaw OUT cOpolieH — 3amnpeleda. COpoc 6ura
TTPOH3BOANTCS TOIBKO B TOM citydae, eciw 6ur WDTOE ycradosier B 1. Jlns 3anperre-
HHA BKJIFOYEHHOTO CTOPOKEBOTO TalMepa 10/KHA HCTIONMHATBCA CIIeAyoas MpoLuesypa.

1. Ongnaoil koMaHoou 3amucat, | B WDTOE 1 WDE. Eannnia 8 WDE goimkHa 3amichl-
BaThCA JAKEe B TOM CJIy4ae €C/ii ITOT OWT ObLT YCTAHOBJIEH TIEPE] HAYAIOM MPOLICAY-
Pbl OCTAaHOBKH TaliMepa.

2. B Teuenue ciaemyroIIHX YeThIpEX TAKTOB Mpoleccopa Heodxoaumo 3amncats 8 WDE
sorudeckwnii 0, Tpw ATOM paboTa CTOPOKEBOTO TaiiMepa 3ampelaeTrcs.

butet 2—0 — WDP2-0 — GHTHI TIpeABApUTETHLHOTO IEITUTENS CTOPOKEBOTO TakiMepa.
Ecnm paboTa cTroposkeBOro TaliMepa paspeleHa, 3TH OWTBI OMPEAeNAOT MPeABAPHTEb-
HBIH KO3 GUIWEHT JesTeHns UTS CTOpoXkeBoro TaiiMepa. B Tabu. [14.13 npuBeneHs! pas-
JWYHBIe 3Ha4YeHWS YCTAaHOBOK TMpPEeABapWTENIBHOTO AEIUTENs W COOTBETCTBYIOIIHE WM
BPEMEHHBIC HHTEPBAJIBI VIS HAMPSYKEHHs MHTaHusA Vcc=5B.

Ta6nuua M4.13. YCTaHOBKM NpefBapuUTENbHONC AENUTENS CTOPOXKEBOro Tanmepa

WDP2 | WDP1 | WDPO | Mepwuopg WDP2 WDP1 WDPO0 | Mepuoa spe-
BpPeMeHH MEHU

0 0 0 16 mc 1 0 0 256 mc

0 0 1 32 mc 1 0 1 512 mc

0 1 0 64 mc 1 1 0 1024 mc

0 1 1 128 mc 1 1 1 2048 mc

YTeHue u 3anuchb B OHeproHe3aBuUCMMyrO NaMATb

PerwucTper moctyna k 3neproHesasrHcumoi mamatin (EEPROM) pacrosioskeHs! B TTpo-
CTPaHCTBE BBOA/BBIBO/IA.

Bpewms zanncn HaxoanTes B AuanazoHe 2,5—4 Mc W 3aBUCHT OT HaMpPSKEeHUS MATAHHUS.
DT0 camoTakTHpyemas (QYHKITHS, KOTOpas, OJHAKO, MO3BOJAET MONB30BATENIO ONpe/e-
JIUTh, MOYKHO JIH 3aMHCBIBATE CIACAYIOIIHK OaiT. Eciu nporpaMma mojis30BaTeNs Mpon3-
BOJAWT 3aliCh B SHEPTOHE3aBUCHMYIO TIaMATh, MTOJKHBI OBITH TIPeANPHHATH HEKOTOPHIe
Mepbl MTPEeIOCTOPOKHOCTH. [IpH HMCMONB30BaHWM B UCTOYHWKE MUTaHUS KOHAEGHCATOPOB
OONBINOH eMKOCTH, HAMpPsyKEHWe MHTAHHSI HAPACTaeT M CMaJaeT NOCTAaTOYHO MEIJIEHHO.
DTO IPUBOANT K TOMY, UTO TIpolleccop HEKOTopoe BpeMs paboTaeT TIpH HaITpsoKeHHH TIH-
TaHHs HKe MHHUMYMa JOCTaTOYHOTO IS HOpPMallbHOH paloThl cXeM TaKTHPOBaHWS.
TTpn stom IIITY MoxkeT coBepiiaTh HeXkelaTelbHbIEe TIEPeX0abl, ToNagas Ha 4acTH Mpo-
rpamMmel, Tponzsoasamie 3amich B EEPROM. B Taknx ciydasx, mis 3aIliThl COIEPIKH-
moro EEPROM, HeoOxomMMO WCTONB30BaThH BHEITHHE CXeMbl (POPMHPYIOIHe CHTHAI
cOpoca MpH YMEHBIIEHHH HAMPsKEHHS THTAHHS.

Jltst 3armuTe! oT HeskenarensHoM 3amicH B EEPROM weobxoauMo ciaemnoBaTh HEKOTO-
PBIM TIpaBHIIaM, KOTOpble OyAyT paccMOTpeHbl HYKe, TIPH OTTHCaHWH YTTIPaBIIAIOIIETO pe-
TUCTpa SHEeProHe3aBUCUMON TTaMSTH.

ITpw 3armcn wiw urernn EEPROM miponieccop mprocranaBinBaeTcs Ha 2-X MallvH-
HBIX LWKJIa 0 Hayasa BBITOJHeHHS CAeAyIollei KOMaHIbl.

Pernerp anpeca EEPROM — EEAR
$1E ($3E) — EEAR
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Bur 7 6 5 4 3 2 1 0

- EEAR6 | EEAR5 | EEAR4 | EEAR3 | EEAR2 | EEAR EEARO
Yr./zan.(R/W) | R R/W R/W R/W R/W R/W R/W R/W
Hau.3Hau. 0 0 0 0 0 0 0 0

but 7 — zapesepruposan. B AT90S2313 atoT OWT 3ape3epBUpOBaH W BCeTa YATaEST-
ca kak 0.

buter 6-0 — EEAR6-0 — anpec EEPROM. Anpecnsiii periictp EEPROM 3anaer
anpec B 128-6aiitHom mpoctpanctee EEPROM. Baiiter nanasix EEPROM aapecytotes
JWHelHo B auamnasone 0—127.

Perncrp ganasix EEPROM — EEDR
$1D ($3D) — EEDR

Bur 7 6 5 4 3 2 1 0
MSB - - - - - LSB

Yr./3an.(R/W) | RIW R/W R/W R/W R/W R/W R/W R/W

Hau.3Hau. 0 0 0 0 0 0 0 0

butel 7-0 — EEDR7-0 — nannsle EEPROM. ITpwn 3anucu pervctp EEDR coaep:kut
nMaHHbIe, KoTophlie 3amuchiBatoTes B EEPROM mo agpecy B perncrpe EEAR. Jls omepa-
LWW YTEHUS B 3TOT PErMcTp YMTarOTCs JaHHble, mpounTaHHble 13 EEPROM no agpecy
3aJaHHOMY B peructpe EEAR.

Pernctp ynpasienns EEPROM — EECR
$1C ($3C) — EECR

Burt 7 6 5 4 3 2 1 0

- - - - - EEMWE | EEWE | EERE
Yr./3an.(R/W) | R R R R R R/W R/W R/W
Hau.3Hau. 0 0 0 0 0 0 0 0

buter 7-3 — 3apesepsupoBanbl. B AT90S2313 5TH OWTHI 3ape3epBHPOBAHBI H BCeTIa
yuTaroTes Kak 0.

butr 2 — EEMWE — yrnipaBiedHe paspellieHHeM 3alici. JDTOT OWT omnpefesnseT, 0y-
JyT JIA 3aMicanbl JanHbie mpH yctanoske EEWE. Ecnn 6ut EEMWE yctanoBieH, npw
ycradoBke EEWE nmannble 3amichiBatoTes 1o BeiOpanHoMy aapecy EEPROM. Ecin atoT
ouT coporreH, yecraHopka EEWE He mumeet addekra. [locme nporpaMMHAoil yeTaHOBKH
9TOT OUT COPACHIBAETCA aMMapaTHO Yepe3 YEThIPE TaKTa MPOLIeCCopa.

bur 1 — EEWE — pazpemrennie 3amici B EEPROM. Curnan EEWE sBisiercs crpo-
6om zammc B EEPROM. Tlocrie ycTaHOBKH TTpaBWITBHBIX ajipeca W JaHHBIX IS 3aITHCH B
EEPROM neoOxomnmo yeranornTs OuT EEWE. [pw 3anmch «1» B 0ut EEWE nomxeH
ObITh ycTanosneH Out EEMWE, toraa mpowcxoaut 3amick 8 EEPROM. Jlns 3amwcn B
EEPROM nomxHa cobmoaaThes clieytommas ocieoBaTeTbHOCTb.

1. Knuem oOnynenns EEWE.
. 3ammrceiBaem aapec B EEAR (He 00s3aTesbHO).

2
3. 3ammceBaeM ganrbie B EEDR (He 00s3aTenbHO).
4. YcranamiBaeM B 1 6ur EEMWE.

5

. He mozxe uem uepes 4 Takta nociie yctaHoBkn EEMWE ycranapnneaem EEWE.
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Tlocne Toro kak BpeMs 3amucH HeTedeT (THMHYHO 2,5 Mc mis Vee=5B u 4mc mis
Vee=2,7B), our EEWE ounrmaercs armmapatHo. Ilosb30BaTesb MOKET OTCIIEKHBATH 3TOT
OWT W OXKWOATh er0 YCTAHOBKH B HOJb, TIepel TeM KakK 3aITiChIBAThH CIeMYIOIMNi OaiT.
TIpn ycranoske EEWE, LITY ocranaBnnBaeTca Ha ABa LKA MEPEeA WCMOIHEHHEM Clle-
JYIOIIed KOMaHIbl.

but 0 — EERE — pazpeinenue urenus n3 EEPROM. Curnan EERE sBnsetcs cTpo-
oom urenus w3 EEPROM. Tocne ycranoBkr HykHOTO aapeca B perictpe EEAR, HeoO-
xoauMo yctanosuTs OHT EERE. Tlocse Toro kak 6ut EERE Oyaer anmapaTHO OYHINEH, B
peructpe EEDR. Urennie EEPROM 3zanumaet omHy KoMaHAY W He TpeOyeT OTcleKHBa-
uus Oura EERE. Ilpn ycradoBke 6ura EERE, 1{ITY ocTanapmiBaeTcs Ha /IBa IMKIIA Tie-
pen TeM Kak OyaeT BBITIOJHEHA CieAylomias komaHzaa. [lepen YTeHHEM TONB30BaTENb
JOMKeH TPoBepsATh coctosiHne OMTa EEWE, ecimi perucTphl JaHHBIX WITH ajipeca H3Me-
HSIEOTCSl BO BpeMsl oMepallfK 3alKicH, 3aMich B UeiiKy MpepbIBaeTCs W pe3yJIbTaT onepa-
ITHH 3aTTHCH CTAHOBHTCA HEOTIPEISIICHHBIM.

YHMBepcaanblﬁ aCMHXpOHHbIﬁ npuemo-nepegatvyuk

B cocta AT90S2313 BXOOWT YHHBepcaibHBIi aCHHXPOHHBIH MpHeMOo-MepeJaTuHK
(UART), ero ocHOBHBIE OCOOEHHOCTH:

e TeHepalys MPOHU3BOJIBHBIX 3HAYSHHH CKOPOCTH;

e BBICOKas CKOPOCTH MPH HU3KHWX TAKTOBBIX HACTOTaX;

e 8 1K 9 OWUT JaHHBIX;

o  GUTBTpAIHS TITyMa;

e OmpeaesiCHHE MEPENOHEHH;

* JETeKTHPOBAaHWE OIHOKH Kaapa;

e OfpefeNeHre HEBEPHOTO CTAPTOROTO OHTA;

e TPH pasfelbHBIX TIPephIBAHNS — 3aBepilieHHe Tepeadyn, OUNCTKa perHeTpa Tiepeaadn
W 3aBepllleHHe MpremMa.

ITepenaya nanHbIX

Tlepenavya naHHBIX WHULMHPYETCS 3aMUCHIO MepeAaBaeMblX NaHHBIX B PErHcTp BBO-
na/seiBoga ganHeix UART — UDR. Jlannsie niepecoiiatorcs w3 UDR B caBHroBbiid pe-
THCTpP NiepeaaTYrKa Koraa.

e Hossiii cimBos 3anmckiBaercs B UDR mociie BeIABHKEHHS CTOMOBOTO OWTa A1 Tpe-
Ablayiiero cuMBosa. [Tpu 3ToM CABUTOBRBIH perucTp 3arpysKaercs cpasy.

e Hossiii cumBog 3amiceiBaercs 8 UDR 10 TOTro, Kak BBIABHHYT CTOMOBBIM OWT mjIst
MpeablayIIero cumMBoa. [Ipr 3TOM CABWUTOBBIA perucTp 3aMUChIBaeTCs cpasy Mocie
BBIIBIKEHHS CTOTIOBOTO OWTa MpeABIAYIIero CHMBOIIA.

ITpw >Tom B perrctpe coctosiHis UART — USR ycranasnwBaercst OWT-TIPH3HAK OYHCTKH
peructpa nanabix — UDRE. Koraa stor Our yeranosineHn, UART rotoB k nipremMy CIIeayo-
mero cimBosa. [Ipe mepesammicn UDR B 10(11)- paspsimHblii cABATOBBIN perwcTp, out 0
CABHTOBOTO perHcTpa oOHyssieTes (cTapToBblii OWT), a OUT 9 1 10 ycranasnmBaetcs (cTo-
noseiii Out). Ecin BeiOpano 9-0utoBoe coBo aaHHbix (ycraHorineH out CHRO B perncrpe
UCR), 6ut TXB8 13 UCR miepermickiBaeTcs B 9-ii OWT CABHTOBOTO perrcTpa NiepeaaTanka.
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TTocne TakTOBOTrO UMMYIIBCA, CISAYIOIIErO ¢ YaCTOTOH MepeaayH, CTapTOBbIi OHUT BbI-
nBuraercs Ha BbiBog TXD. 3aTeM BBIABUraroTCA JaHHbIe, HAUWHAA ¢ Miaamero oura. [lo-
cile TOTO KaK BBIIBHHYT CTOTIOBBIH OWT, B CABWTOBBIN PETHCTP 3arpyKatoTcsl HOBbIe daH-
Hble, eciiv oHH ObuTH 3arrcanbl B UDR Bo Bpems nepenaun. [1pu 3arpyske ycraHaBIHBa-
ercs Out UDRE. Ecnu o BeiaBrkeH#s cromoBoro 6uta B peructp UDR He mocTynaror
HoBble AaHHble, UDRE ocTaeTcsi ycTaHOBISHHBIM 10 mocieaytoweii 3anic UDR. Ecin
HOBBIE JaHHBIE HE MOCTYMHIA W Ha BeiBOAE TXD mosABIsieTcs CTOMOBBINA OHT, B perucTpe
USR ycranaeniBaercs ¢uar okoH4aHus nepeaadin — TXC.

VYeranorka 6urta TXEN B UCR paspemaer paboty nepenatumka. [lpn odmncTike Gwra
TXEN, BoiBog PD1 Mo3KHO HWCTONB30BaTh Aj18 BBOAa/BbIBoAa maHHbIX. Ecin out TXEN
ycranorieH, nepegatank UART moakmoden k BeiBoay PD1 HE3aBHCHMO OT YCTaHOBKH
6ura DDD1 B perwictpe DDRD.

ITpuem gaHnbBIX

Jloruueckas cxema mpueMHika oOpadaTeiBaeT curHain Ha BeiBoge RXD ¢ wacToToii B
16 Sonbline ckopocTH Nepenayuu (11 oO6paboTkK ogHOTO OWTa MPUHAMAaeMO# TToCae10Ba-
TEIBHOCTH, TIPOU3BOANTCA 16 BHIOOPOK BXOAHOTO CHTHAMA). B COCTOAHNN OKHOaHWS Of-
Ha BBIOOPKA JIOTHYECKOTO HYJ HHTEPMPETHPYETCs, KaK Crafatomnii GpoHT cTapToBOTO
OWTa, Mocsie uero 3amyckaercs TocieA0BaTeIbHOCTh OOHApYKEeHNS cTapToBoro OuTa. Ec-
JIM B MepBOi BHIOOpKe cHTHaIa 0OHapyKeH HYJIeBOH oTcHeT, MpueMHHUK oOpadaTeiBaeT 8,
9 w 10 Be1dopkr curHaia Ha BeiBoJe RXD. Ecni xoTsa 6b1 1BE M3 TpexX BHIOOPOK PaBHBI
JIOTHUYeCKOH eMHMLIe, CTAPTOBBIH OWT CUATAeTCS TYMOM W MPHEMHHK XKIST CleAyoLe-
ro nepexona u3 1 B 0.

Ecnn oOHapy:keH cTapToBbIii OWT, HauWHAaeTcs 00paboTka OWT AaHHBIX. Pemenne o6
YPOBHE MaHHBIX Takxke MpOoH3BOIUTCA TIO 8, 9 1 10 BEIOOpKAM BXOJHOTO CHIHAMNA, YPO-
BEeHb BXOJHOTO CHTHaJla OMpeaensercss Mo paBeHCTBY ABYX BbiOopok. Ilocme Toro kak
YpOBEHb JaHHBIX OTIpeNiesieH, TaHHbIe BABHTAIOTCSA B CAABHTOBBIH PETHCTpP MMPHEeMHAWKA.

Jlns ompeneneHus cTOmoOBOTO OHTa XOTS OBl JIBE M3 TPeX BBIOOPOK BXOAHOTO CHTHAIA
DoipkHbl ObITh paBHbl 1. Eciii 210 yenosne He BbiMogHseTcs, B peructpe USR ycraHas-
smuBaeTes ¢uar ommokn kaapa FE. [lepen arenviem mannasx n3 perucrpa UDR nomb3oBa-
TeNb qoikeH mposepsath 6ut FE ms oGHapyskeHns ommbok kaapa.

He3zaBucrMo OT MpUHATHS TPaBMIBHOTO CTOMOBOTO OWTa MO OKOHYAaHHWIO MpHeMma
CUMBOJIa TIpAHSTBIE JaHHbIe mMepenuchiBatoTes B UDR n ycranaenusaetrcs ¢uar RXC B
peructpe USR. ®uznueckn peructp UDR coCcTONT W3 ABYX OTAENBHBIX PErHCTPOB, OJHH
HCTIONB3YyeTCs AN Mepejay JaHHbIX, Apyrod — st nmprema. [Ipwn urennn UDR mponc-
XOOWT IOCTYI K perucTpy MpHeMHWKa, TPH 3alMcH — K perucTpy nepedatyuka. [lpu
oOMeHe 9-OMTOBBIMH JaHHBIMH 9-ii OWT TIPWHATHIX NaHHBIX 3amHchkiBaeTcs B 6MT RXB8
peructpa UCR.

Ecmn mpn nprieme cimBosa n3 pernctpa UDR He Obl1 pounTaH NpeablayIlii CHMBOJ,
B perrctpe UCR ycranasnuBaercs ¢aar nepenonHennss — OR. YeraHoBka 3Toro 6uta 03-
Ha4aeT, YTo MOCIEAHHI MPUHATHIN OalT TaHHBIX HE TIEPETTHCHIBACTCA W3 CBHIOBOTO PErH-
ctpa B perictp UDR u Oynet motepsH. but OR Oydeprposan w 0OHOBIAETCS TIPH YTEHHH
npaBWiIbHBIX JaHHBIX M3 UDR. Takum oOpasom, Monb30BaTeNh Beerda MOKET TPOBEPHTH
coctostare OR mocsie grernst UDR 1 0OHapy)HTH MpOHCIIIEAINeE TepenoTHeHHe.

[Tpw copoce 6ura RXEN B perrctpe UCR nprem maHHBIX 3amnpemaercs. [Ipn s3Tom
BbiBoA PD0 MokHO Mcmonb3oBaTh A BBOAA/BhIBOAa o0INero HasHaueHws. [Ipw ycra-
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HoBke RXEN, mpueMHHK moakmodeH K BbiBoAy PDO He3aBHCHMO OT COCTOSHHS OWTa
DDDO B peructpe DDRD.

YnpasneHune UART

Pernctp BBOga/BhIBOga UART

$0C ($2C) — UDR

Burt 7 6 5 4 3 2 1 0
MSB - - - - - - LSB

Yr./3an.(R/W) | RIW R/W R/W R/W R/W R/W R/W R/W

Hau.3Hau. 0 0 0 0 0 0 0 0

Ousnueckn peructp UDR gBasieTcs AByMS OTASNBHBIMA pervcTpaMu, JOCTYT K KOTO-
PBIM TTPOUCXOINT TIO OAHOMY azapecy. lIpH 3amuch MPOMCXOANT 3aMich B PETUCTp Mepe-
JATIAKA, TIPH YTEHHH — YHTAETCA PETHCTpP MMPHeMHAWKA.

Perncrp cocroaaus UART — USR
$0B ($2B) — USR

Bur 7 6 5 4 3 2 1 0
RXC TXC UDRE | FE OR - - -

Yr./3an.(R/'W) | R R R R R R R R

Hau.3Hau. 0 0 0 0 0 0 0 0

Perncrp USR mocTymneH TONBKO AJS YTEHHS, B HEM XpaHWATCS MH(OpMaLHg O cOCTOs-
Hum UART.

bur 7 — RXC — niprem 3aBepireH. ITOT OWT yYCTaHABIHBAeTCs B | KOT/Ia MPHHSATHIN
CHUMBOJI TIepelTUChIBAeTCH U3 CABWUTOBOTO perncTpa NMpueMHWKa B perncTp UDR. but ye-
TaHaBJIWBAeTCS HE3aBUCMMO OT OOHapyxXeHWs OIMOKM Kaapa. Eciau ycTaHoBiieH OWT
RXCIE B perrctpe UCR, mipH ycTaHOBKe OWTa BBITTOTHAETCS TIpEphIBAHHE TIO 3aBeplie-
HHIO mipreMa cumMBona. RXC cOpaceiBaercss mpu ureHnn UDR. TIpw wcnonb30BaHAH
nmprueMa JaHHBIX 0 TpepbiBaHUI0, 00paloTUMK TpepbIBaHWS AOKESH YWTaTh PerucTp
UDR mis ¢c6poca RXC, nrHade 1pH BBIXOJIe W3 TIpepbIBaHNs OHO OyIeT BBI3BaHO CHOBA.

bur 6 — TXC — nepenava 3aBepineHa. ITOT OWT YCTaHABIHBAETCS B | €ClIH CHMBOJ
W3 CABWIOBOTO PeTHCTpa mepedaTuika (BK/ItOUas CTOTIOBBIH OWT) mepelaH, a B pervcTp
UDR He ObIIH 3amicaHbl HOBbI® JaHHbIe. JTOT (uiar 0coOeHHO MoJIe3eH MpH Moy ayT-
JIEKCHOH CBSA3H, KOTJa MpeAatoiee yCTPOUCTBO AODKHO MEPEHTH B PEKHM MPHEMa W OC-
BOOOHTH JTHHHIO CBSI3H cpazy MO OKOHYaHHIO nepeaadn. Ecnn ycranosmeH OuT TXIE B
perrctpe UCR, ipn yctaHoBKe TXC BBITTOSHAETCS MpepbIBaHAA TI0 OKOHYaHHWIO Tiepeaa-
ui. TXC cOpackiBaeTcst anmapaTHO TPH BBITOJIHEHHH COOTBETCTBYIOIIETO BEKTOpa Tpe-
poiBanws. Kpome Toro, OWT MOKHO cOpPOCHTS, 3arHcaB B HeTo 1.

butr 5 — UDRE — peructp gadaeix UART mycT. DTOT OHT ycTaHaBimHBaeTcs B 1 Ko-
ra AaHHble, 3anvcandble B UDR mepenmuchiBatoTCA B perHCTp CABHTa MepefaTdynka. Yc-
TAHOBKA 3TOTO OWTa 03HAYAET, YTO TIePeIATIHK TOTOB MPHHATH CIEAYIOIIHNA CHMBOJT TS
niepenaun. Ecmn yeranosiieH OuT UDRIE B perictpe UCR, Torna mpH yCTaHOBKE 3TOTO
OWTa BBHITIOJHAETCS MpepbiBaHWe okoHuaHWs mepenaur. but UDRE cOpackiBaercst mpu
3anmucu peructpa UDR. Tlpm mcronb3oBaHWM Tepegadd yMpaBiseMOH MpepeIBAHHEM,
MonporpaMMa 00CTyKHBaHHS TIPEPhIBaHHS JOJKHA 3amichiBaTh UDR, 9T00BI cOPOCHTH
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ont UDRE, wiHave TIpH BBIXO/IEe W3 TIpEphIBaHNs OHO OyJeT BhI3BaHO cHOBA. [IpH cOpoce
3TOT OWT ycTaHapanBaeTcs B 1, YToObl MPOMHANLNPOBATH TOTOBHOCTH MepeaaTYHKa.

bur 4 — FE — ommbka kaapa. OToT OWUT ycTaHaBIMBaeTCs TIPH OOHapYKEHWH YClIo-
BHA OITHOKA KaJpa, T.e. €cH CTOMOBBIH OHT mpuHsTOTO OaliTa pasen 0. bur FE cOpacki-
BaeTcs TPH TIpHEeMe e THHHIHOTO CTOMOBOTO OHTA.

bur 3 — OR — mnepenonHeHne. DTOT OUT ycTaHaBIWBaeTCs TIPH OOHAPYKeHWH yeilo-
BHSI TIEPETTONTHEH s, T.€. Koraa ciMBoi H3 perrctpa UDR we ObIT MpoYHTaH A0 TOTO, Kak
3aMOJHHIICS CIBHTOBBIH PETHCTP TPHEMHHKA. DTOT OWT OydepHpoBaH, T.e. ocTaeTcs ycTa-
HOBJIGHHBIM IO TeX Mop, Moka u3 perrcrpa UDR He OyoyT mpounTaHbl MpaBUIbHBIE daH-
Hele. bur OR cOpachiBaeTcs ToTIa, KOTIa TIPHHASTHIE NaHHbBIe MepemnichBatorcs B UDR.

buter 2—0 — 3apesepsuporanbl. B AT90S2313 5TH OWTHI 3ape3epBHPOBAHBI H BCeTIa
ypTarored Kak 0.

Pernctp ynpasiacansa UART — UCR
$0A ($2A) — UCR

But 7 6 5 4 3 2 1 0
RXCIE | TXCIE | UDRIE | RXEN TXEN CHR9 RXB8 TXB8

Yr./3an.(R/'W) | RIW R/W R/W R/W R/W R/W R W

Hau.3Hau. 0 0 0 0 0 0 0 0

butr 7 — RXCIE — paspetiieHHe TIpepbIBaHHs TI0 OKOHYaHHIO TTprieMa. Eciii 3ToT OHUT
yeradosieH (1), yeranoka 6uta RXC B pervictpe USR TIpWBOANT K BBITTOSHEHHIO TIpe-
PBIBAHAS TIO OKOHYAHHIO TIpHeMa (TTPH YCIOBHH, YTO pa3perieHbl TTPephIBaHH)

bur 6 — TXCIE — pa3zpertieniie TIpepsIBaHHA M0 OKOHYaHHIO Tiepenadn. Ecin aToT
OWT ycTaHoBIeH, ycTaHoBka OuTa TXC B USR npHBOANT K BHIMOTHEHHIO MPEPbIBAHNS TIO
OKOHYaHHIO TIepeaayH (MTPH yCIOBHH, UTO TTPEPHIBAHHS pa3perieHsl).

but 5 — UDRIE — npepsiBaHHe MO OYHCTKE PErHCTpa AAHHBIX MOCASAOBATEIBHOTO
riopta. Eciw atot OUT yeraHoBieH, yecTtaHoBka Outa UDRE B USR MpHBOAWT K BHITIONHE-
HHUIO TIpepbIBaHUs MO ouncTKe peructpa aaHHbX UART (mpw ycinoBHH, UTO MpepbIBaHUS
paspereHsr).

but 4 — RXEN — paspertiensie niprueMHnKa. [ Ipi ycTaHOBKe aTOTO OWTa paspelnaercs
pabota nmpuemrarka UART. Ecin npueMAnk BoikmtodeH, ¢utard TXC, OR u FE He ycra-
HaBnHBatoTes. Eciw oTh duarn ycrarosieHsl, copoc RXEN He ounimaer wx.

Bur 3 — TXEN — paspeinenne nepegatynka. [Ipu yctaHOBKe 3TOro OuTa paszperia-
eTcst pabota nepenarynka UART. [Ipn 3anperuennn paboThl NepedaTylka BO BpeMs Tie-
penavyd cHMBOJIa, OH MPOJOKAeT paboTaTh MoKa He OyIeT OYHINEH CABHTOBBIH PeTHCTP
W He Oy et nepenaH cumBoJl, momerneHHbId B UDR.

but 2 — CHR9 — 9-6uToBBIe MOCHUIKH. Ecin 3TOT OWT ycTaHOBIIeH, MPUHUMaeMble H
nepenaBaeMble CUMBOJIBI UMEIOT MIMHY 9 OuT. Jlng nmepemaun u mpuema 9-ro cumBosia
rcnosp3ytoTes outel RXB8 11 TXB8 co0TBETCTBEHHO. 9-if GHT MOYKHO HCTIONB30BATH KaK
JOTIOTHUTENIbHBINA CTOTIOBBIN OWT WIIH KaK MPHU3HAK YeTHOCTH.

bur 1 — RXB8 — bur 8 npuAnMaemMbix qaHAbX. Ecimi yeranosien 6ur CHRY, crona
3aMmnichiBaeTes 9-i OHT MPHUHATHIX TaHHBIX.

Bur 0 — TXB8 — Bburt 8 nepenasaembix gannbix. Ecian ycranosiaen 6ut CHRY, ot-
ctona 6epercs 9-ii OUT MepenaBaeMbIX JaHHBIX.
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FeHepaTop cKOpOCTU Nepenauu

T'eHeparop CKOpOCTH TIepenad 3TOT ASITHTENb YaCTOTHI, KOTOPBIM TEHEPHPYET CKOPO-
CTH B COOTBETCTBHH C HIKETTPHBEIACHHBIM BBIPAKCHHEM

rae

BAUD — ckopocts nepenaun (601),

BAUD = Fck | (16*(UBRR+1)),

Fck — 4gactoTa TakTOBOTO TeHepaTopa npoLeccopa,
UBRR — conepxumoe peructpa ckopocTh nepegaun UART.

B Tabn. [14.14 npusenenst 3Hauenns peructpa UBRR w npoiieHTHOE OTKIOHEHHE OT
CTaHAaPTHOH CKOPOCTH TTepeiayH UTA CTAHAAPTHBIX YaCTOT KBapIIEBBIX TE€HEPATOPOB.

Tabnuua MN4.14. 3Haqenus peructpa UBRR 1 cTanAapTHbIe CKOPOCTU Nepeaasu

Ckop., 1,0000 Owwub., | Ckop., 1,8432 Owwub., | Ckop., 2,0000 Owunb.,
6on MIy % 6on MIy % 6on MIy %
2400 25 0,2 2400 47 0 2400 51 0,2

4 800 12 0,2 4 800 23 0 4 800 25 0,2
9600 6 75 9600 11 0 9600 12 0,2

14 400 3 7.8 14 400 7 0 14 400 8 3,7
19200 |2 7.8 19 200 5 0 19 200 6 75

28 800 1 7.8 28 800 3 0 28 800 3 7.8

57 600 0 7.8 57 600 1 0 57 600 1 7.8
115200 | O 84,3 115200 | O 0 115200 | O 7,8
Ckop., 2,4576 Owwub., | Ckop., 3,2768 Owwub., | Ckop., 3,6864 Ownb.,
6on MMy % 6on MMy % 6on MMy %

2 400 63 0,0 2 400 84 0,4 2 400 95 0,0

4 800 31 0,0 4 800 42 0,8 4 800 47 0,0

9 600 15 0,0 9 600 20 1,6 9 600 23 0,0

14 400 10 3,1 14 400 13 1,6 14 400 15 0,0

19 200 7 0,0 19 200 10 3,1 19 200 11 0,0
28800 | 4 6,3 28 800 6 1,6 28 800 7 0,0
57600 |2 12,5 57 600 3 12,5 57 600 3 0,0
115200 | O 25,0 115200 | 1 12,5 115200 | 1 0,0
Ckop., 4,0000 Owwub., | Ckop., 4,6080 Owwub., | Ckop., 7,3728 Owunb.,
6on MIy % 6on MIy % 6on MIy %
2400 103 0,2 2400 119 0,0 2400 191 0,0

4 800 51 0,2 4800 59 0,0 4 800 95 0,0
9600 25 0,2 9600 29 0,0 9600 47 0,0

14 400 16 2.1 14 400 19 0,0 14 400 31 0,0

19 200 12 0,2 19 200 14 0,0 19 200 23 0,0

28 800 8 3,7 28 800 9 0,0 28 800 15 0,0

57 600 3 7.8 57600 |4 0,0 57 600 7 0,0
115200 | 1 7,8 115200 | 2 20,0 115200 | 3 0,0
Ckop., 8,0000 Owwub., | Ckop., 9,2160 Owwub., | Ckop., 11,059 Owunob.,
6on MMy % 6on MMy % 6on MMy %

2 400 207 0,2 2 400 239 0,0 2 400 287 —

4 800 103 0,2 4 800 119 0,0 4 800 143 0,0

9 600 51 0,2 9 600 59 0,0 9 600 71 0,0

14 400 34 0,8 14 400 39 0,0 14400 | 47 0,0

19 200 25 0,2 19 200 29 0,0 19 200 35 0,0
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Taonuua MNM4.14. OkoH4YaHue

Ckop., 8,0000 Owwub., | Ckop., 9,2160 Owwub., | Ckop., 11,059 Owunob.,
6on MMy % 6on MMy % 6on MMy %

28 800 16 2.1 28 800 19 0,0 28 800 23 0,0

57 600 8 3,7 57 600 9 0,0 57 600 11 0,0
115200 | 3 7.8 115200 | 4 0,0 115200 | 5 0,0
Ckop., 14,746 Owwub., | Ckop., 16,0000 | OwuoG., | Ckop., 18,432 Owunb.,
6on MIy % 6on MIy % 6on MIy %
2400 383 — 2 400 416 — 2400 479 —

4 800 191 0,0 4 800 207 0,0 4 800 239 0,0
9600 95 0,0 9600 103 0,0 9600 119 0,0

14 400 63 0,0 14 400 68 0,0 14 400 79 0,0

19 200 47 0,0 19 200 51 0,0 19 200 59 0,0

28 800 31 0,0 28 800 34 0,0 28 800 39 0,0

57 600 15 0,0 57 600 16 0,0 57 600 19 0,0
115200 | 7 0,0 115200 | 8 0,0 115200 | 9 0,0

Peructp ckopoctn nepegaun — UBRR
$09 ($29) — UBRR

Bur 7 6 5 4 3 2 1 0
MSB - - - - - - LSB

Yr./3an.(R/'W) | RIW RW R/W R/W RW RW RW R/W

Hau.3Hau. 0 0 0 0 0 0 0 0

310 8-pazpsamHbIi PeTHCTP, KOTOPBIH 33a€T CKOPOCTH TTePEIadn TOCIEeA0BATETEHOTO
nmopTa B COOTBETCTBHH C BBIPAZKCHHUEM TTPHBCICHHBIM BBITIE.

AHanorosbi KOMnNapaTop

AHaJIOTOBBIH KOMTApaTOp CPaBHHBACT BXOITHBIC HAMPSIKEHHAA Ha TOJOKHTEITHFHOM
Bxoae PBO (AINO) i otpumiarensHoMm Bxome PB1(AIN1). Korma HanpsokeHHe Ha TIOMOKH-
TenbHOM BXofle OoJIbITlle HalpsikeHWs Ha OTPHIaTeldbHOM, ycTaHaBimHBaeTcs OWT ACO
(Analog Comparator Output). Beixon aHanmoroBoro koMmnaparopa MOXKHO YCTAaHOBHTH Ha
paboty ¢ dyHKIHel 3axBara Talimepa/cuerunikal . Kpome Toro, komnapatop MOXeT Bbi-
3BIBAaTh CBOe TipepbiBaHHe. [lok30BaTeslh MOXKET YCTAHOBUTH cpadaThiBaHHe TIpephbiBa-
HUS TI0 HapacTatolleMy WiIH criafatomeMy (GppoHTy, WIH TI0 TTepeKItoueHH!O.

Perncrp ynpanjieHHs H COCTOTHASI AaHAJIOroBOro kommnapatopa — ACSR
$08 ($28) — ACSR

Bur 7 6 5 4 3 2 1 0

ACD - ACO ACI ACIE ACIC ACIS1 | ACISO
Yr./3an.(R/'W) | RIW R R RW R/W RW RW RW
Hau.3Hau. 0 0 0 0 0 0 0 0

Bur 7 — ACD — 3anpeiieHie aHalIoroBoro kommnaparopa. Korga >tot OHT ycTaHOB-
JIeH, TUTaHWe OT aHaJOrOBOTO KOoMMaparopa OTKIoYaercd. [ oTKIoUeHUs KoMIapa-
TOpa ATOT OUT MOKHO YCTaHOBHUTH B MoO0e BpeMsi. OOBIYHO 3TO CBONMCTRO MCITONB3yeTCH,
€CJTH KPUTHYHO TOTpeONieHHe TPOIIeccopa B XOJIOCTOM pPexXHMe, H BOCCTAHOBJIeHHe pabo-
ThI TIPOLIECCOPA OT aHAJIOTOBOTO KOMMaparopa He Tpebyercs. [Tpu n3menennn oura ACD
TIpephIBaHAS OT aHAJIOTOBOTO KOMTIapaTopa JOMKHBI OBITH 3arpetieHbl copocom ACIE B
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peructpe ACSR. B npoTHBHOM ciiydae MpepbIBAHHE MOXKET MPOU30HTH BO BpeMs H3Me-
HeHHs OWTa.

but 6 — zapesepruposan. B AT90S2313 atoT 6WT 3ape3epBUpOBaH W BCeTa YATaEST-
ca kak 0.

bur 5 — ACO — BbIXOJ aHaIOroBoro kommnaparopa. but ACO HenocpeacTBEHHO
MOJKIIIOUeH K BBIXOAY aHaJIOTOBOTO KOMTapaTopa.

bur 4 — ACIl — ¢nar mpepblBaHHS OT aHAIOTOBOTO KOMMapaTopa. JToT OHT ycTa-
HaBJIMBAETCA KOT/A TEeperIoveHHe BBIX0/Ia KOMTIapaTopa COBIAaeT ¢ PEKAIMOM TTpephI-
BaHHA ycTraHoBiIeHHBIM OnTamu ACIS1 1 ACISO. [Tporpamma oOpaboTKH TpephIBaHUS OT
aHaJIOTOBOTO KOMMapaTopa BhIMOHseTes ecin ycraHoBieH OUT ACIE (1) u ycTaHOBIeH
owt | B peructpe cocrosiansa. ACI cOpaceiBaeTcs anmapaTHO TIPH BBITIOMHEHHH COOTBETCT-
BYIOLLETO BeKTOpa mpepbiBaHnd. JIpyroii cnocod ounctute ACl — 3anncats BO duiar jo-
THYECKYHO eIWHULLY.

bur 3 — ACIE — paspetreHie TpepsIBaHAS OT aHAIOTOBOTO Kommaparopa. Korma
YCTaHOBJIEH 3TOT OWT W OWT | perrcTpa COCTOSHHS, MPEPBIBAHAS OT aHAIOTOBOTO KOMITa-
patopa otpabatbiBatoTes. Ecinn ot ountteH (0), mpepbiBaHus 3anpeieHsbl.

Bur 2 — ACIC — 3axBar 1o BBIXOAY aHAJIOTOBOTO KoMmaparopa. Ecin atot Gut yc-
TaHOBJEH, (PYHKIMA 3aXBaTa TakiMepa/cdeTdurka | ympasisercss BHIXOJOM aHAJIOTOBOTO
Kommaparopa. [Tpn aToM BBIX0A KoMTapaTopa MOAKIIOHaeTCs HeMOCPeACTBEHHO K CXeMe
00paboTKM 3aXBaTa, MPeAOCTaBIfd yIOOHBbI® cpelIcTBa TOAaBISHHWS IIyMa W BBHIOOpa
¢dhpoHTa MpeIycMOTpEeHHBIE TIpEphIBAHHEM 3axBaTta 1o Bxoay. Koraa OWT ounineH, cxema
3axBaTa U KOMTapaTtop pasbedrHeHbl. UToObI KoMMapaTop MOT YNpaBiaTh QyHKUWeH 3a-
XBaTa TaiiMepa/cueTdnka 1, mommkeH ObITh yeTaHoBsieH OWT TICIE1 B perrctpe TIMSK.

buter 1,0 — ACIS1, ACIS0 — BeIOOp peskHMa TIPEPBIBAHHS aHAIOTOBOTO KOMTIApaTo-
pa. Paznmnunbie ycranoBku nipuBeaeHbl B Tad. [14.15.

Taonuua MN4.15. Yctanosku ACIS1/ACISO

ACIS1 ACISO OnucaHue

0 0 MpepbiBaHWe OT KOMNapaTopa Mo NePEKOYEHUIO BbIXoAa

0 1 3apesepBUpoOBaHO

1 0 [MpepbiBaHWe OT KOMMapaTopa no cnajawlleMy (hpoHTY BeiXxoaa

1 1 [MpepbiBaHWe OT KOMMapaTopa no HapacTawlemMmy PpPOoHTY Bbixoda

TTpumedanvie. TTpu mmereny 6utor ACIS1/ACISO mipephiBaHust OT aHAIOTOBOTO KOMTIapaTopa JIOMKHBI GBITh 3alperlieHbI
c6pocoM GHTa paspenieHus nmpeprisanus B perrctpe ACSR. MHavue npepsisaHHe MOKET MMPOU3ONTH TPH H3MEHEHHH GHTOB,

MopTbl BBOOa/BbiIBOAA
Mopt B

ITopt B 8-paspsaHsiii ABYHAITpaBIeHHBIH TIOPT BRBOAA/BHIBOAA.

JUist o6ciy>:KHBaHHs TOPTa OTBEAEHO TPH perucrpa: peructp aanHeix PORTB ($18,
$38), pernctp Hanpasnenus ganrsix — DDRB ($17, $37) w Hoxxw mopta B ($16, $36).
Anpec HoXek TiopTa B nipenHasHaueH TOIBKO IJIS YTeHHS, B TO BpeMs Kak pervcTp AdaH-
HBIX W PETHCTp HaTpaBiIeHWs JaHHBIX — T YTeHHs/3aITHCH.

Bce BBIBOOBI MOpPTa HMEIOT OTACITHHO TOAKITIOYAEMBIE MOATATHRAIOIIHE PE3HCTOPHI.
Beixomst mopta B mMoryt moromats Tok 10 20 MA B HETTOCPEICTBEHHO YIPABIATEH CBE-
TOANOAHBIMU WHAWKaTopaMH. Ecinm BeiBoasl PBO-PB7 Wenonbs3yroTes kKak BXOIbI W 3a-
MBIKAIOTCS Ha 3eMITIO, €CJTH BKITIIOYEHBI BHYTPEHHHE MOATATHBAIOIIHE PE3UCTOPHI, BBIBO-
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el seisaores ucrounankamu Toka (lil). JlonomHuTensHbie ¢GhyHKIMH BBIBOAOB mopra B
nipuBeieHbl B Tabd. 114.16.

Tabnuua M4.16. AnbTepHaTUBHbIE (DYHKUUN BbIBOAOB NopTa B

BeiBOa AnbTepHaTUBHasA dYHKLUA

PBO AINO (MonoXnTenbHbIN BXO aHaNorosBoro kKomnapaTopa)

PB1 AIN1 (OTpuuaTenbHbIA BXOA aHanoroBoro komnaparopa)

PB3 0OC1 (Bbixoa coBnageHns Taimepal/cdeTynkal)

PB5 MOSI (Bxoa AaHHbIX AN 3arpy3kvu NamsTi)

PB6 MISO (Bbixoa AaHHbIX 4118 YTEHUS NAMATW)

PB7 SCK (Bxoa TakTOBbIX MMMYNbCOB MOCNEA0BATENBHOrO 0OMEHa)

[Tpr Mcnonp30BaHHH ATBTEPHATHBHBIX GYHKIHH BBIBOAOB, perrcTpsl DDRB 1 PORTB
JIOJKHBI OBITh YCTAHOBIIEHBI B COOTBETCTBHH C OMTHCAHHEM AlTbTEPHATHBHBIX (DYHKITHH.

Peruerp gannbix nopra B— PORTB

$18 ($38) — PORTB

Bur 7 6 5 4 3 2 1 0
PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTBO
Yr./3an. R/W R/W R/W R/W R/W R/W R/W R/W
Hayv.sHauy. | O 0 0 0 0 0 0 0

Perncerp HanpagiicHust nannsix nopra B— DDRB
$17 ($37) — DDRB

Bur 7 6 5 4 3 2 1 0
DDB7 | DDB6 | DDB5 | DDB4 DDB3 DDB2 DDB1 DDBO

Yr./3an.(R/'W) | RIW R/W R/W R/W R/W R/W R/W R/W

Hau.3Hau. 0 0 0 0 0 0 0 0

Brioas1 nopra B— PINB
$16 ($36) — PINB

Bur 7 6 5 4 3 2 1 0
PINB7 | PINB6 | PINB5 | PINB4 PINB3 | PINB2 PINB1 PINBO

Yr./3an.(R/W) | R R R R R R R R

Hau.zHau. Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z

PINB He sBIsieTcs perucTpoM, Mo 3TOMYy aapecy OCYIISCTBIIASTCA OOCTYN K (hruznue-
CKWM 3HaueHWsM KaxXaoro u3 BeiBoaoB nopta B. Ilpu urennn PORTB, unrtarores nan-
HBbIe W3 pervucTpa-3allesku, MpH uTeHrd PINB unratores iornueckie 3HaUSHUS TTPHCYT-
CTBYIOIIHE Ha BBIBOJAX TTOPTA.

MopT B, kak nopT BBoaa / BbiBoAa o6Lero HasHaueHusi

Bce 8 6wt nopra B npn mcnons3oBaHny 11 BBOAA/BBIBOLA OAMHAKOBHI.

bur DDBn perrctpa DDRB BbiOHpaeT HanpaeieHne nepenadl AaHHbX. Ecian OuT ye-
TaHoBieH (1), BIBOA CKOH(HUTYpHpOBaH Kak BBIXoA. Ecmm omt cOporren (0) — BBIBOX
CKOH(WTYpHpOBaH Kak BXxoJl. Eci PORTBN ycraHOBsIeH W BBIBOJ CKOH(PHUTYPHPOBaH Kak
Bxof, Bkmodaercs KMOII moarsrusatonmii pesuctop. JUIs OTKIIOYEHHA Pe3HCTOpa,
PORTBnN nomxen 0biTh cOpotmer (0) HiTH BBIBOJ OMAKEH OBITH CKOHPHTYPHPOBAH KakK BbI-
XOf.
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Ta6nuua M4.17. BnusHne DDBN Ha BbiBOALI NOpTa B

DDBn | PORTBn | Bx/Bbix | MNogr.pe3suct | KommeHTapumn

0 0 Bxop, Het TpeTbe cocTosHue (Hi-Z)

0 1 Bxoa Ja PBn nctouHuk Toka lil, ecnu n3sHe coeavHeH
C 3emnen

1 0 Bbixog, HeTt Beixog ycTtaHosneH B 0

1 1 Bbixoa Het Bbixoa ycTaHoBneH B 1

T"ne n— HomMep BBIBOJA. n =7, 6...0.

AnbTepHaTtuBHble ¢hbyHkuun PORTB

SCK — PORTB, Bit 7 — BX0a TaKTOBO#H YaCTOTHI TS 3aTPY3KH/4TEHHS TIAMATH.

MISO — PORTB, Bit 6 — BbIX0a JaHHBIX O/ YTEeHHA [TaMATH.

MOSI — PORTB, Bit 5 — Bxox AaHHBIX A1 3aTPy3KH TTAMSTH.

OC1 — PORTB, Bit 3 — BbIxo coBnameHHsA. ITOT BBIBOJ MOXKET ObITh CKOH(HTY-
PHpPOBaH I BHEITHETO BhIBOJAA COOBITHS coBnameHus taiimepal. s sroro 6wt DDB3
JToMKeH OBITh yeTaHOBIIeH B | (BBIBOM CKOH(HUTYPHPOBAH Kak BBIXO).

AIN1 — PORTB, Bit 1 — oTpumareasHbIii BX0J aHaJIOTOBOTO KoMTiapatopa. Ecmmn
9TOT BBIBOZA CKOHMHTYpHpoBaH Kak Bxon (DDB1=0) v oTkmoYeH BHYTPEHHHN MOATATH-
BaIOIIHI Pe3UCTOP, 3TOT BBIBOA padoTaeT KaK OTPHUIATEIBHBIN BXOI BHYTpeHHeTo aHajIo-
TOBOT'O KOMMapaTopa.

AINO — PORTB, Bit 0 — moi0kHTeNBHBIN BX0[ aHAJOTOBOrO KoMraparopa. Ecin
9TOT BBIBOA CKOHMHTYpHpoBaH Kak Bxon (DDB0=0) v oTkmoYeH BHYTPEHHHHI MOATATH-
BaIOIIHIH PE3HCTOP, 3TOT BBIBOJ paboTaeT KakK TIOJIOKHTETBHBINH BX0J BHYTpeHHEero aHa-
JIOTOBOTO KOMTIapaTopa.

Mopt D

Jlns mopta D 3apesepBupoBanbl 3 sueiikn mamsati — pervictp PORTD $12 ($32), pe-
ructp Hanpasnenns manHbix — DDRD $11 ($31) u seBoas mopra D — PIND $10
($30). PervcTpbl JaHHBIX H HAMMPABICHHS JaHHBIX MOTYT YHTATHCS/3AMHCHIBATHCA, TYSHKa
PIND — Tonbko Ojis UTeHus.

TTopT D — 7-pa3psiaHblil ABYHAMPABIECHHBIN MOPT ¢ BCTPOSHHBIMHA MOATATHBAIOLIHMH
perucTpaMi. BerxoaHbie 6ydepsl mopTa MOTyT moriomats Tok 10 20 MA. Ecii BBIBOIBT
WCTIONIB3YIOTCS KaK BXOABI, U HA HUX MOJaH HU3KHH YPOBEHb, OHH SIBJISIOTCS UCTOUHHMKA-
MU Toka lil, ecnmn moxksroueHsl MOATATHBAIOIINME pe3ucTophbl. HekoTopkle M3 BBIBOAOB
MopTa HMEIOT alTbTePHATHBHBIE PYHKITHH, Kak moka3ano B Tabmume [14.18.

Ta6nuua MN4.18. AnbTepHaTuBHblE DYHKUMK NopTa D

BeiBog nopta | AnbTtepHaTuBHaA (PyHKUMNA

PDO RXD (Bxog aanHbix UART)

PD1 TXD (Bbixoa gaHHbix UART)

PD2 INTO (BxoZ BHelLHero npepbiBaHna 0)
PD3 INT1 (BXx0Z4 BHeLUHero npepbiBaHna 1)
PD4 TO (BHeLWHWA BXo Tanmepa cieTymKa 0)
PD5 T1 (BHELWHWA BXO Tanmepa cHeTymKa 1)
PD6 ICP (Bxop 3axBaTa Talimepa cdeTyuka 1)

Ecnn BBIBOABI MTOpTa WCTTONB3YIOTCS A7 0OCTYKHBAHHS allbTePHATHBHBIX (QYHKIHIA, OHH
JIOJDKHBI OBITh CKOH(PHIYPHPOBAHBI HA BBOI/BHIBOJ] B COOTBETCTBHH C OMHCAHHEM (DY HKLHH.
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Peructp gannanrx nopra D — PORTD
$12 ($32) — PORTD

Bur 716 5 4 3 2 1 0

- | PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTD2 | PORTD1 | PORTDO
Yr./3an. R | RIW R/W R/W R/W R/W R/W R/W
Ha4.3Hau. |0 | O 0 0 0 0 0 0

PerncTp Hanpas/ienns nanabix nopra B— DDRB
$11($31) — DDRB

Bur 7 6 5 4 3 2 1 0

- DDD6 | DDD5 | DDD4 DDD3 DDD2 DDD1 DDDO
Yr./3an.(R/'W) | RIW R/W R/W R/W R/W R/W R/W R/W
Hau.3Hau. 0 0 0 0 0 0 0 0

BriBoas! mopta B— PINB
$10 ($30) — PINB

But 7 6 5 4 3 2 1 0
PIND7 | PIND6 | PIND5 | PIND4 PIND3 | PIND2 | PIND1 PINDO

Yr./3an.(R/'W) | R R R R R R R R

Hau.3Hau. Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z

PIND He siBnseTcst perucTpoM, To 3TOMY alpecy OCYILIeCTBISETCS AOCTYN K dusnue-
CKWM 3HaYEHHIM Kakmoro w3 BeiBoAoB niopta D. ITpu urenwn PORTD, wnrarores nan-
HBIE U3 PEerucTpa-3allenk, mpu ureHHH PIND unTatoTes norndyeckre 3Ha4eHHs, MPHUCYT-
CTBYIOIIME Ha BBIBOJAAX MOPTa.

Mopt D, kak nopT BBoAaa/BbiBOAA 00LLEro HasHauYeHUsA

bur DDDn perncrpa DDRD BeiOWpaer HampaBieHWe Tepedadd HJaHHBIX
(tabn. 114.19). Ecom 6ut ycranosieHd (1), BBIBOA CKOHGHUTYpHPOBaH Kak BbIXoAd. Ecmm
ont coporren (0) — BBIBOA CKOHMHTYpHpOBaH Kak BXoa. Ecniin PORTDn ycraHosneH u
BBIBOJ CKOHOHTYpHpOBaH Kak Bxof, Bkmovaetcs KMOII moarsrreatommii pe3ncTop.
s otkmodenus pesrcropa, PORTDn gomken 6b1Th cOpotiied (0) WM BBIBOA JODKEH
OBbITH CKOHPUTYPHPOBAH KaK BBIXOL.

Ta6nuua M4.19. BnusHmne DDDn Ha BbiBoAbl nopTa D

DDDn | PORTDn | Bx/Beix | Moart. peauct | KommeHTapun

0 0 Bxop, Het TpeTbe cocTosHue (Hi-Z)

0 1 Bxop Ja PDn ucTtouHuk Toka lil, ecnvn n3BHe coegvHeH
C 3emnen

1 0 Bbixog, Het Beixog ycTtaHosneH B 0

1 1 Bbixoa Het Bbixoa ycTaHoBneH B 1

T"ne n — HoMep BBIBOJA. n = 6...0.

AnbTepHaTtuBHble ¢pyHKUMK nopTa D

ICP — nopt D, 6ut 6 — BXO/ 3axBara TaliMepa/cueTdika 1.
T1 — mopt D, 6WT 5 — TakTOBBII BXOJ TaliMepa/cueTunka 1.
TO0 — mopt D, 6wt 4 — TakTOBBI BXOJ TaliMepa/cueTumka (.
[MoapobHyto HHPOPMALTHIO CMOTPHTE B OTTHCAHHH TalMEPOB.
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INT1 — nopt D, 61t 3 — BX0J BHEIIHHX MpepbIBanmii 1.

INTO0 — nopt D, 6uT 2 — BXOA BHEUTHHX TipepbIBaHHii (.

ITonpoGHee cMOTpHTE B OTIMCAHWH TIpepBIBaHH .

TXD — nopt D, 6ur 1 — Beixon nepenaraika UART. Eciu pasperiena pabora nepenar-
urika UART, Hezasucimo ot cocrosarsa DDRDI1 310T BBIBOA CKOH(DHTYPHPOBAH KaK BHIXO/.

RXD — mopt D, 6ut 0 — Bbixon npuemanka UART. Ecnn pasperrena pabora nipH-
emuuka UART, Hezasucnmo ot coctosains DDRDO0 3ToT BbIBOA CKOHPHTYPHPOBAH Kak
Berxoq. Korma UART wcnonmsayer BBIBOA mIs TipHemMa HaHHBIX, equHHIa B PORTDO
MOAKIIOYaeT BCTPOSHHBIH MOATATHRAIOIINNA PE3UCTOP.

MporpammupoBaHue NaMAaTH

MporpammupoBaHue 6UTOB GNTOKUPOBKU NaMATU

MikpokorTpossiep AT90S2313 wmeer asa OWTa OIOKHPOBKH, KOTOPBIE MOTYT OBITH
OCTaBJIEHBI HE3amporpaMMHpoBaHHBIMHA (1) Wi iporpammupoBaThes (0), TpH 3TOM q0C-
THTaIOTCS CBONCTBa TIpHBeieHHbIe B Tabu. 114.20.

Tabnuua M4.20. Pexxumbl 3aLuUTbl U BUTbI GIOKUPOBKK

BuTbl GNOKUPOBKK Tuvn 3aWmThI

Pexum | LB1 LB2

1 1 1 3alunTa He ycTaHoBNEHa

2 0 1 HanbHelllee nporpamMmMmupoBaHie ¢naw-namatm 1 EEPROM
3anpeLeHo

3 0 0 Kak pexum 2, HO 3anpeLLeHo 1 YTeHne

TTPUMEYAHUE: GUTH 6TOKHPOBKH CTHPAIOTCS TOJIBKO TIPH TIOTHOM CTHPAHHW TTaMSITH.

BuTtbl koHduUrypauum (Fuse bits)

B AT90S2313 nmpemycmoTtpero apa 6uta koHpurypaitii — SPIEN n FSTRT. Korna
out SPIEN (0) 3anporpaMMHpOBaH, pa3pellieH PeXHM MOCIeI0BaTSIEHOTO TIPOTpaMMH-
poBannd. 1o ymoaanmto 6wt 3amporpammupoad (0).

Korpaa 3anporpammuposan Out FSTRT (0), ucnonb3yercs YKOPOUSHHOE BPeMs 3amyc-
ka. Ilo ymomuanuto aToT OHT He 3amporpamMmmipoBaH (1). MoxHO 3aka3bIBaTh MHKPOCXe-
MBI C MTPeaBapHUTEIBHO 3aMPOrPaMMHPOBAHHBIM OUTOM.

DTH OWUTBI HEMOCTYITHBI MPH MOCIE0BATENFHOM TIPOTPAMMHPOBAHHH H HE H3MEHSAIOT-
CA TIPH CTHPAHHH TTAMATH.

Kop ycTtpoucrtea

Bee mukpokoHTposutepbl dupmel Atmel umeroT 3-0alTOBBINH CHUTHATYpHBIH KOO, TO
KOTOPOMY HAECHTH(QHITHPYETCS YCTPOHCTBO. DTOT KOA MOKET ObITh MPOYHTAH B Mapa-
JETEHOM H TTOCIEeIOBATENIEHOM PEXMMaxX. JTH TpH 0aiiTa pa3MmelieHbl B OTASEHOM aji-
pecHoMm nipocTpancTe U At AT90S2313 nmMeroT cieayrole 3HaUSHHUS:

¢ $000: $1E — wox mpowmsBomuTens — Atmel,

¢ $001: $91 — 2 kb dmd>m-namsaTa;

¢ $002: $01 — mpm $01=$91 — m/cx AT90S2313.
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Ecnwi 3anporpaMMHpOBaHbl OWTHl OJIOKHPOBKH, OAWTBI CHTHATYPHI B MOCIEIOBATENh-
HOM pPeKHUMe He YMTAIOTCS.

MporpammupoBaHue pnaw-namatu un EEPROM

AT90S2313 umeer 2xb nepenporpamMmmupyemMoil GudII-niaMsaT mporpamMm K 128 Gaiir
SHEepProHe3aBUCUMON MaMITH AaHHBIX.

IMpw noctaBke AT90S2313 duiot-aMaTh W MaMATh TaHABIX cTepThl (comepxar $FF)
W TOTOBBI K TIPOTPAaMMHPOBAHHIO. JTa MHKpOCXeMa TTONASPKHBAET BHICOKOBOIBTHBIN
(12B) napanienbHbli pexkKUM MPOrpaMMHUPOBaHHS U HU3KOBONBTHBIH PEKHUM MOcaed0Ba-
TeJILHOTO TporpaMMupoBaHns. Hanpsokenne +12B vcnons3yercst TONBKO IS pa3peliie-
HHS TIPOTPAMMHPOBAHHSA, STOT BBIBOJ He MOTpednseT Toka. [locneaoBaTenbHbIH PexHM
TTPOTPaMMHPOBAHHA TIPEAYCMOTPEH IUTA 3aTrpy3KH TiporpamMmel W 1aAHbx B AT90S2313 B
chcTeMe MoJb30BaTeNs (BHyTPUCHCTEMHOE TIPOTPaMMHUPOBaHHE).

[Mamste mporpamMm w aadHbix B AT90S2313 mporpamMmupytotes OaiT 3a GaliToM B
000HX peXMMax TIPOrpaMMHPOBaHHsA. [ 3HEproHe3aBHCHMON MaMATH TIPEILyCMOTPeH
PEKHMM aBTOMATHUYECKOTO CTHPaHUS MPH TIOCIeAOBATEIBHOM MPOTPaMMHUPOBaHHH.

MapannensHoe nporpamMmupoBaHue

Hmxe paccMoTpeHo mnapajieabHOe MPOrpaMMHPOBaHHE (GUIAII-MAMATH MPOTPaMM,
9HeproHe3aBUCHMON TIaMSATH JaHHBIX, OUTOB OJOKMPOBKH W KoH(HTyparwn. HekoTopsie
BbIBOABI AT90S23 13 Hibke Ha3bIBAKOTCS HMEHAMH, OTPAXKAIOIIHMH (PYHKI[HOHAIBHOE Ha-
3HAYCHUE CHTHAJIOB TIPH MapaJIISIFHOM MPOTPaMMHPOBAHWH. BEIBOIBI, HE IPHBEICHHBIC
B Tabi. [14.21, Ha3bIBarOTCA CBOUMH OOBIYHBIMHA HMEHAMH.

Tabnuua M4.21. MimeHa BbIBOAOB

Uma curHana npu | Amsa Bx./ OYHKUMA

nporpaMMuMpoBaHuu | BbiBoAa | BbIX.

RDY/BSY PD1 Bbix | 0:m/cx saHATa nporpammupoBaHnem; 1:m/cx rotosa
K MPUEMY KOMaHZbI

OE PD2 Bx PaspeleHue Bbixoa0B (akTueHbIn 0)

WR PD3 Bx Umnynec 3anucu (aktveHbin 0)

BS PD4 Bx Beibop Ganta

XAO0 PD5 Bx Hencteme XTAL 6uTt 0

XA1 PD6 Bx DenctBre XTAL 6uT 1

butet XAO0 u XAl onpenensitoT AelcTBHe, MPOUCXOIsIee MO MOJOKUTEIEHOMY HM-
nmynscy XTALL. Yeranosku OWTOB MpuBeneHsl B Tabi. 114.22.

Taonuua MN4.22. YctanHoska XA1 n XAO0

XA1 | XA0 | OenctBue npu nogaye umnynsca XTAL1

0 0 3arpyska agpeca namsiTu nporpaMMm Unu AaHHbiX (CTaplumin/mnagwvin 6ant 3a-
faetcs BbIBoAOM BS

0 1 3arpyska AaHHbIX (CTapwuvi/mnagwmvia 6ant ana dbnaw-namaTy 3a4aeTCA BbIBO-
aom BS)

1 0 3arpyska koMmaHgbl

1 1 He paboTaeT, XonocToi xo4
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ITo mvmyeey WR wmmit OE 3arpy»kaercs komMaHIa, OTpenessomas 1eiCTBHe TI0 BBO-

Jly WIW BBIBOAY. B GaiiTe koMaHIBI KaxkaoMy OWTY MpHcBoeHa (hyHKITHS, KaK TOKa3aHo B
Tabm. 114.23.

Tabnuua M4.23. BuTbl kKOHDUrypaumMm KoOMaHaHoro Gaita

But 3HauyeHue npUu yCTaHOBKe

7 CtnpaHue kpucranna

6 3anucb GUTOB KOHUIypaumm1, pacnonoXeHHbIX B CNeAyLUX No3vumax 6anTta AaHHbIX:
D5-SPIEN, DO-RCEN (0 ansa nporpammuposanus, 1 ansa ctupanvs)

5 3anucbk 6UTOB GNOKUPOBKM, PACMONOXKEHHBIX B CNEAYIOLWMX No3vumax OanTa AaHHbIX:
D2-LB2, D1-LB1 (ans nporpammMmupoBaHus yctaHasnueaTth 0)

4 3anucb NamaTy NporpaMmm UM AaHHbix (onpeaensetca 6utom 0)

3 UTeHre curHaTypbl

2 YUTeHne 61MTOB BNOKMPOBKN U KOHDUIypaumun, pacnonoXeHHbIX B CNeAYOLWMX NMO3NLMAX
HanTa gaHHbIx: D7-LB1, D6-LB2, D5-SPIEN, DO-RCEN

1 UTteHne namsaT nporpamm mnu gaHHeix (onpegensercs 6utom 0)

0 0 - gocTyn K namsaTh nporpamm, 1 - K namMsATn JaHHbIX

Bxoa B peXXum nporpaMmMmupoBaHus

CrenytoLmii alrOpUTM TEPEBOANT YCTPOHCTBO B PEKHM MapajUIeNbEHOTO TPOrpam-

MHPOBaHUWA.

l.
2.
3.

Tlonate HanpsikeHne 4.5—-5.5 B Ha BBIBOJABI MUTaHHUS.
VYeranosats RESET v BS 8 0 7 Beigepxats e mensie 100 He.

IMomare 12B Ha RESET wu Beixaats He meree 100 He mepen n3menennem BS. JlioGas
aKTHBHOCTH Ha BbIBoAe BS B TedeHHe 3TOT0 BpeMeHH TIpHBeIeT K TOMY, UTO MHKPO-
cXeMa He BKIFOYHTCS B PEXKHUM MTPOTPaMMHPOBaHHS.

CTtupaHue kpuctanna

[Tpw cTHpaHHH KpHCTAIa CTHPAIOTCS TIAaMATh MPOTPaMM H JaHHBIX, & TaKkkKe OWTHI

OIOKMPOBKH. bUThI OJIOKHPOBKM He cOpachiBatoTed A0 TIOJIHOTO CTUPAHUS MaMsITH Mpo-
rpaMM H JAaHHBIX. BATBI KOH(HUTYpaitii He w3MeHstoTes. (CTHpanHe KpHcTalia TPOoH3-
BOAMTCA TIEPE] €T0 MPOTpaMMHPOBAHHEM).

3arpyska KomaHAbl «CTepeTb KpUcTann»

Eall O e

YeranosuTh XAl, XAO B '10'. DTo pazpernaeT 3arpy3Ky KOMaHIbI.
VYcranosnts BS B 0.
Yeranosuts PB 8 '1000 0000'. D10 KOMaHAa CTHpaHHA KPHCTAILIA.

ITonare momoxkwuTensHblii UMIysTbe Ha XTALIL. Tlpr aTom 3arpykaercs koMaHma W
HaYWHAETCA CTHpaHHe TaMATH TiporpamMM W mannbiX. Ilocme wmmymnsca XTALI, mo-
JaTh OTpULIATeNBLHBIH UMITYyJIbe Ha WR, 4ToObI pa3 peimTs cTupanre GMTOB OJIOKH-
POBKHM MO OKOHYaHWIO LINKJIa CTHPaHWS.

Togoxmats okoio 10 Mc T0 OKOHUYaHHS IWKIA cTHpanwus. CTHpaHHe KpHCTALTA He

reHeprpyeT cirHana RDY/BSY.



Kop, yctpoiicta 383

MporpammupoBaHue hnaw-namMaTu

Jlst nporpaMMupoBaHus (UISII-MaMATH HEOOXOANMO BBITIOTHUTE CIISAYIOLIHE ASHCTBHS.

1. 3arpy3uTh KOMaHAy «MPOrPaMMHAPOBaHHE (IISII-TTAMSITHY:

*

*

*

*

yeTaHoBUTE XA 1,XAOQ B '10'. DTo paspelnaer 3arpy3Ky KOMaHbI;

ycTaHoBUTH BS B 0;

ycranosHTs PB B '0001 0000'. D10 KOMaHIa MPOrpaMMHPOBAHHSA (IIAII-MTAMATH
MOAaTh MOMOKHTENBHBINH HMITYNTBC Ha X TALL. TTpw aToM 3arpy»xkaeTcs KoOMaHaa.

2. 3arpyswTh MIaIIHi OaiT agpeca:

*

¢
¢
¢

yeraHoBUTE XA 1,XA0 B '00'. D10 paspeliaer 3arpysky aapeca;
ycranoBnTs BS B 0. D10 BRIOHMpaeT Miaaimwii 6aiit aapeca;
ycTaHoBWTh Ha PB miaammii 6aiiT agpeca;

moaTh TOJIoKHTeNbHBIH UMTTysTbe Ha XTALIL. Tlpw atom 3arpyskaercs Miammiiii
Oaiit agpeca.

3. 3arpy3uTh cTapinuii OaiT agpeca:

*

4
4
¢

yeraHoBUTE XA 1,XA0 B '00'. D10 paspeliaet 3arpysky aapeca;
ycTadHoBHTH BS B 1. D10 BBEIOHMpaet crapimii Galit afpecas;
ycTaHOBHTH Ha PB crapimii 6aiit agpeca. ($00..501);

TTOATE TTONIOKATENBHBIN uMTTyiibe Ha X TAL1L. Tlpw stom 3arpyskaercss crapiiiii
Gaiit agpeca.

4. 3arpy3wth 0alT JaHHBIX:

*

*

*

ycraraoBHTs XA1,XAO0 B '01'. Dr0 pazpemraer 3arpy3Ky JaHHBIX;
ycraHoBHTh Ha PB Miaamniii 6aliT naHHbIX;

MoAaTh MOJOXKATENbHBIH UMMyIbe Ha XTALIL. Tlpn aTom 3arpysxkaercss MiaaaminAi
OaliT NaHHbBIX.

5. 3amncek Miaamero 0aita JaHHbIX:

*

*

yctadoBUTH BS B '0'. 310 BRIOMpaeT MilaaIvii GaiT JaHHBIX;

ronath Ha WR oTpHIarenbHBII HMITYJIhC. JTO WHHIIMAPYET MPOTpaMMHPOBaHWe
Gaiita. RDY/BSY miepexouT B HH3KO€ COCTOSIHHE;

Tiepe/l MPoTpaMMHAPOBaHeM cienytoliero Oaiita momokaaTh, moka RDY/BSY re-
peiiieT B BBICOKOE COCTOSHHE.

6. 3arpy3uTh OaliT ZaHHBIX:

*

*

*

yeraHoBUTE XA 1,XAO0 B '01'. D10 paspeliaer 3arpy3Ky AaHHBIX;
YCTaHOBHTH Ha PB crapimiii 6aiT naHHBIX;

TTOATE TTONIOKATENBHBIN uMTTyiibe Ha X TAL1L. Tlpw stom 3arpyskaercss crapiiiii
OaliT NaHHbBIX.

7. 3anmuch crapiiero 0aiTa JaHHBIX:

*

ycTadoBHTE BS B '1'. D10 BEIOHpaeT cTapimii 6ailT JaHHBIX;
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¢ moxate Ha WR OTpHIIATENBHBIH HMITYIBC. JTO HHHIMHPYET TPOTPaMMHPOBAHHE
Gaiita. RDY/BSY miepexouT B HH3KOe COCTOSIHHE;

¢ Tiepel MPOTpaMMHPOBaHHEM ciemytorero 0aiiTa momoxaars, moka RDY/BSY me-
peieT B BBICOKO® COCTOSTHHE.

3arpykeHHble aapec W AaHHBbIe COXPaHSIOTCS B YCTPOHCTBE Mocie MporpaMMHpOBa-

HHA, TIPH 3TOM TTPOIIECC TTPOTPAMMHPOBAHHSA YTTPOIIIaETCA.

Komanay nporpamMMupoBanws (GIa3m-namMsITH He0OXOHMO TIOAATE TOJIBKO Tiepe] Tpo-
TpaMMHPOBaHHWEM TIEpBOTO OaiiTa

Crapmmii 6aliT agpeca MOKHO MEHATH TOJIBKO TIepel MPOrpaMMHPOBAHHEM CITSTYO-
el CTPaHHIIBT TAaMATH TTporpaMM (256 ciioB).

MporpammMupoBaHue NamMATU fAHHbIX

AJITOpHATM MPOrPaMMHPOBAHHS MAMSITH JaHHBIX CIEAYIOLIHH (00parnTech K mporpam-

MUPOBaHHIO TTaMATH TIPOTrpaMMm 3a OMMMUCaHUEM 3arpy3Kn KOMaHAbI, aapeca U HaHHBTX).

1.

Sl

3arpy3uth komaHmgy '0001 0001'.

3arpy3uTs MITaAuIHi aapec maMaTi garaex ($00-$7F).

3arpy3uTs M AN OalT TaHHBIX.

ITomats orpunatensHBIH IMITyITEC Ha WR 1 mogoxnats meperona RDY/BSY B 'l

3arpy3ka KOMaHIbl HEOOXOANMa TOIBKO Mepea MPOorpaMMHPOBAHHEM MIEPBOTO OaiiTa.

YTeHue namaTun nporpamMmm

ANTOpATM YTeHHs GIIBII-MaMITH cieayromuii (odpaTntech K MpOrpaMMHUPOBAHHIO

NMaMATH TIPpOTpamMM 3a OTTHCaAaHWEM 3arpy3KH KOMaHIbl, aapeca u HaHHBIX).

1.

4

3arpy3uth komangy '0000 0010'.

2. 3arpysuth Mnaamwii 6aiiT aapeca ($00-$FF).
3.
4

. Ycranosuts OF 8 '0', BS B '0'. Temeps Ha BoiBOAaX PB MOkHO TTpowHTaTH MIIamIIIHiA

3arpysuth crapiiii 6ait aapeca ($00-$03).

OalT DaHHBIX.
VYcranosnte BS B'1". Teneps Ha BbiBOAaX PB M03kHO MpounTATh CTapinwii 0alT TaHHBIX.
Ycranosnuts OE B '1'.

3arpy31<a KOMaHAabl HeO6XOHI/IMa TOJIBKO TIEpe] YTEHUEM TTEPBOTO GaiiTa.

YTeHue naMATU AAaHHbIX

ANITOPHUTM YTEHHS MAMATH JAHHBIX CIEAYIOLIHN (00PaTHTECH K MPOTPAaMMHPOBAHHIO

MaMATH TIpOTpaMM 3a OTTMCaHNEM 3arpy3kKu KOMaHAbI, agpeca 1 HaHHBIX).

1.

2w

3arpy3uth komaHmgy '0000 0011'.

3arpyszute mnaammii 6aiT agpeca ($00-$7F).

Yceranoruts OE B '0', BS B '0'. Tereps Ha BeiBoZIax PB MoxHO TipounTaTs OaiiT TaHHBIX.
Yeranosuts OE B 'l'.
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3arpy3ka KOMaHIbl HEOOXOHMa TOTBKO Tepe/] YTeHHeM MepBoro Oaiita.

MporpammupoBaHue 6UMTOB KOHbUrypauum

ANTOPHTM TNPOTPaMMHPOBaHHS OHTOB KOH(MHTYpalWn creaytommii (odpartuTtech K
MPOTPAMMHPOBAHHIO TIAMATH TPOTPAaMM 32 OTIHCAHHEM 3arpy3kd KOMaH[bl, ajapeca W
JIaHHBIX).

1. 3arpysnTs komarmgy '0100 0000'.
2. 3arpy3wTh JaHHbIE:
¢ 6uT5=0 — mporpammupoats OuUT SPIEN, 6ut5=1 — crepers 6ut SPIEN;
¢ 6ut0=0 — mporpammupoBaTh OUT FSTRT, 6ur0=1 — crepers 6uT FSTRT.
3. Tlomate Ha WR oTpHIaTenbHBII HMITYIIBC W JKOaTh Mepexoqa RDY/BSY B '1'.

BHumaHue! WR pgonkeH yaepvBaTbCs B HU3KOM COCTOSHUM He MeHbLUe 1Mc.

MporpammupoBaHue GUTOB GNOKMPOBKM

ANTOPUTM MPOrpaMMHUpOBaHHs OWTOB OJIOKMPOBKM ciedyromuii (oOpaTutech K mpo-
TpaMMHUPOBAHHIO TIAMSITH MPOTPaMM 3a OMMCaHHWeM 3arpy3KH KOMaHIbl, afpeca U AaHHBIX).

1. 3arpysnuts koManzy '0010 0000'".

2. 3arpy3wTh JaHHbIE:
¢ 6uT2=0 — MporpammHpoBaTh OuT LB2;
¢ 06utl=0 — nmporpammuporats OuT LB1.

3. Tlomate Ha WR oTpHIaTenbHBII HMITYIIBC W JKOaTh Mepexoqa RDY/BSY B '1'.

BuTHl GIOKHPOBKH CTHPAIOTCS TONBKO MPH CTHPAHWH BCel MHKPOCXEMBI.

YreHue 6UTOB KOH(pUrypaLmum u GNOKUpOBKHM

AnropuT™ dTeHHs ONTOB OJOKWPOBKHA W KOH(HUTYpaIldH clieqytomni (o0paTiuTech K
MPOTPAMMHPOBAHHIO TTAMSITH TPOTPaMM 3a OMHCAHHEM 3arpy3KH KOMaHABI, aapeca H
JTaHHBIX).

1. 3arpysnTts komanmgy '0000 0100'.

2. Vcranoents OF B '0', BS B 'l". Teneps Ha BeIBOA2X PB MokHO TpounTaTh OHTHI OJ10-
KHPOBKH W KOHQHTYpaIHH:

e Out7 — LB1 — '0' 3anporpaMMHpoBaH;

e Our6 — LB2 — '0' 3amporpaMmmupoBaH;

e Outr5 — SPIEN — '0' 3anporpamMmupoBaH;
e 6ut0) — FSTRT — '0' 3anporpamMmMipoBaH.
3. Vcranoeuts OE B'1".

Caenwnre, 9ToOs1 6T BS GBI yeTaroBiaeH B '1'.
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UrteHue 6aNTOB CUrHaATYpbI

ANTOpPHTM uTeHHs OaWTOB CHTHATYpHI CleAylolHi (00paTHTech K MPOTPaMMHPOBa-
HHIO TIaMATH TTPOTPaMM 3a OTTHCaHWeM 3arpy3KH KOMaH/Ibl, afpeca W JaHHBIX).

1. 3arpysnTts komanmgy '0000 1000'.

2. 3arpy3urs muaammii 6aiit agpeca ($00-$02), yeranosuts OE u BS 8 '0'. TTocne aToro
BHIOpaHHBIH 0AlT CHTHATYPBI MOKHO MPOYHTATh Ha BBIBOAAX PB.

3. Vcranosuts OE B'l'.

Komanmy HeoOX0aHMO BBITIOIHATE TOJIBKO MEPEI YTEHHEM MEePBOTo OaiiTa.

NMocnepoBaTtenbHasn 3arpy3kKa

ITaMATH maHHBIX, KaK MaMATh TTPOTPaMM MoXKeT OBITh 3alpoTpaMMHUPOBaHa ¢ HCTIONB-
30BaHHeM mnocienosatenbHoi muHbl SPI, mpu aTom BeiBog RESET momxen ObiTh mom-
KmodueH K 3emite. [locnenoBarensHbiii WHTepdeiic pabotaer ¢ BeiBogamu SCK, MOSI
(Bxon) u MISO (Bbixon). [Tocne nogaun Huskoro yposHs Ha RESET mepenporpammupo-
BaHHeM/CTHpaHHEM HeOOXO0IHMO HCTTIOTHHTD KOMaHIY pa3pellieH s MporpaMMHPOBaHHS.

ITpw mporpaMMHPOBaHHH TTAMATH NAHHBIX, BO BHYTPEHHHI alTOPHTM TIPOTPaAaMMHpPO-
BaHHS BCTPOEH ITUKI CTHUPaHHA (TOMBKO TIPH MOCIENOBATEIHHOM MPOTPaMMHPOBAHHH),
MO3TOMY HET HEeOOXOAWMOCTH B BBITIOJHEHHH KOMAaHIBI CTHpaHWs maMaTH. Komanma
CTHPaHHA MHKPOCXEMBI TIEPEBOIHT BCE AYSHKH TTaMATH TIPOTPaMM W ITaHHBIX B COCTOA-
Hue SFF.

Qu3II-MaMATh TIPOTpaMM W dHeproHe3aBUCHMas MaMATh JaHHBIX WMEOT OTAelIhbHOe
aapecroe mipoctparctBo: $000-$7FF mus mamatu mporpamm w $000-$07F mmsa mamsiTa
JTaHHBIX.

ITpu mporpaMMHpoBaHWH HEOOXOIHMO TOAaBaTh BHEITHIOW TAaKTOBYH) YacTOTy Ha
BerBOA XTAL1 wiH MOAKTIOYATH BHEIIHHWIM TaKTOBBIN TeHepaTtop k BeiBogamM XTALIL u
XTAL2. MuHHMaITbHBIE TTHTEIBFHOCTH HH3KOTO W BBICOKOTO ypoBHs curHaiga SCK or-
penesneHbl CeAYOIAM 00pa3oM.

e Huskwii: > 2 meprogos XTALI.
e Beicoxwii: > 2 meprogos XTALI.

MoarBepxaeHue AaHHbIX

Jlo 3aBepriieHHs MpOrpaMMHPOBaHHS HOBOTO OaiiTa, TIpH YTeHHH W3 MaMAITH OyIeT YH-
TaTees 3Hadenre $7F. Korma Mukpocxema Oy[eT TOTOBa IJIA 3aTHCH CEMYIONETo Oaiira,
OyIeT BBIIaBaThCs 3alicaHHOe 3HaYeHHe. DTO UCTIONb3yeTcs I oTpeneleHrs MOMeH-
Ta, KOTJla MOJKHO 3aITUCBIBATh CIeMYIOIMHN 0ailT. ITOT crocod He OymeT padoTaTs s
Oaiita $7F, mosToMy mMIs 3aMHCH DTOTO YHCIIA TIEPE MPOTPAaMMHPOBAHHEM CIIEIYIOIIETO
OaiiTa TipumeTes BBDKAATH, TIO KpaiiHeil Mepe, 4Mmc. [lockombky Tiocie cTHpaHHs SYelKH B
Heii ycranasmuBaetces $FF, mpw mporpamMuposannn sdeiikn, cogepxaniie $FF moxHO
MPOTTyCKaTh. JT0 He MpHMeHHMo TipH niepesaniici EEPROM 6e3 ctrpanmns mamMaTH mpo-
rpamMm. B atom ciydae moarsepikaenie He padoraer aas ganubix $7F w $FF, ams aTwx
3HaueHWi TTepel TpoTpaMMHUPOBaHWeM ClIeytolero OaiTa HeoOX0IHMO BEDKIATH 4McC.
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Anroputm nocnepoBaTesibHOro
nporpaMmmMumpoBaHua

Jns mporpammupoBanus u mpoepkn AT90S2313 B pexxnme MocaeAOBATEILHOTO

MPOTPaMMHPOBaHHS peKOMeHIyeTcs ciedytomas MOocHef0oBaTeIbHOCTh OeHCTBHI (CM.
thopmar geTsipex OaiiToBoi KOMaHaB! B Ta0M. [14.25).

N

Tlocn €A0BATCIIBHOCTDH BKIIKOYCHWA TTHTAHHUA

Tlongate HanpsokeHne nutanus Mexay VCC u GND, npu 3tom RESET n SCK momx-
HBI OBITH yeTaHoBIeHs! B '0'. (Ecii mporpamMMarop He TapanTHpyeT yeTaHoBkH SCK
B '0' mpu nmogave nmutanus, Toraa nocie toro kak Ha SCK Oyaer ycranosien '0', Ha
RESET HeoOxoamMo moAaTh MOJOKHTETbHBIN UMITyNbC. ECIn KBaplieBblii pe3oHa-
Top He nmoakmoueH K BeiBogaM XTAL1 n XTAL2, nogaiite wactoty ot 0 1o 16 MI'n
Ha BeiBO XTALL.

[Monoxaars 20 Mc 1 paspelinTh Tocaea0BaTeIbHOS IPOTrpaMMHpPOBaHHe, MocsIaB Ko-
MaHIy pazpemrenns Ha Beisog MOSI/PBS.

ITpu noceiike TpexOAWTOBOH MOCIEIOBATEILHOCTH Pa3PEIIeHHs MPOrPaMMHPOBA-
HHA, BTOpOH OGaiT mocmemosarensHocTH ($53) Oymer BO3BpallleH TPH TIOCHIIKE
Tperbero Oaiita. B mobowm citydae, MOMMHKHBI OBITH TOCIaHBl Bce HeThIpe OaiiTa Ko-
MaHael. Ecnm ureno $53 He nomydeHo obpaTHo, TIofaiTe TIONOKHTETHHBII UMITYITHC
Ha SCK # moBTOpHTE KOMaHIy pa3perienns mporpaMmMupoBanis. Eciw mocite 32 mo-
MBITOK He OyeT moiydeHo uncio $53, Mukpocxema HewcIpaBHa.

ITpw molawe KOMaHAB! CTHPaHHA CTHPATh MHKpPOCXeMy (Bcerda TIPH TPOTPamMMHpO-
BaHUH MaMATH MPOTrpaMM), moaoxaats 10 Mc, BbIOaTh TIOJIOKHTEIBHBII UMITYJIBC Ha
RESET w nosTOpHTH 1.2.

ITaMsaTE TTpOTpaMM ¥ TIAaMATH JaHHBIX TIPOTPAMMHPYIOTCS TIO OAHOMY 0aiiTy BhImader
aapeca W JaHHBIX B KomaHAe 3amucH. Ilepen 3anuichio HOBbIX AaHHbIX B EEPROM
SYSUKH TIAMATH TIEPel 3arHChO HOBBIX TaHHBIX aBTOMATHYECKH CTHPAaroTCsA. YToOs!
OTIpeflelTATh BpeMsl, KOTJa MOXHO 3aliichiBaTh CIEAYONIHi OaiT, HCToIbh3yeTcs
MOATBePKASHUe JaHHBIX. [[py 3anmicy MpeaBapHUTENBEHO CTEPTOH MHKPOCXSMBI 3amu-
CBIBATH AueiikH comepxainre $FF He obazarensHo. Tpw 3amicH B sueiiky uncna $7F,
nepea MporpaMMHPOBAHHEM CIISAYIOLIETO aapeca HEOOXOAHMO BBIKAATE 4 MC.

JioBy10 AueiiKy mamMATH MOKHO MPOBEPHTh, HCTIONB3YA KOMAHIY YTCHHSA, KOTOpPas
BBIJIaeT coJlepKUMOe YKka3aHHOH aueliki Ha TfociefoBaTebHbIN BbiBoq MISO/PB6.

[To oxondanwto mporpamMmuposanis BeiBoA RESET moxer ObITh ycTanosneH B 'l
1T BO30OHOBIIGHUSI HOpMaJIbHOH paboThl CXEMBI.

TTocnenoBarebHOCT BBIKIIIOYEHHS TTHTAHHS (€CITH HEOOXOIHMO).
Yeranosnte XTALIL B '0' (ecimi He HCTIONB3YeTCS KBAPIEBBIH PE30HATOP).
VYeranosuts RESET B '1'.

OTKITIOYHTE TTHTaHHe.

Tlpwn 3amrcn mocnenoBarensHBIX TaHABIX B AT90S2313 maHHbBIE YHTAIOTCSA TIO Hapac-

Tatomemy (pouTy curHaiga CLK. TTpn urennn nanasix u3 AT90S2313 ganHble unTatoTes
o criafaromeMy ¢ponty curraita CLK.
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Ta6nuua M4.25. Komarngbl nocnefoBaTensHOro nporpammuposadms ans AT90S2313

KomaHgbl dopmart KOMaHAabI DencrtBue
Bawnt 1 Bawur 2 Bawnt 3 Bawnr 4
Paspewenve | 1010 1100 | 0101 0011 XXXX  XXXX XXXX XXXX Paspewenue  no-
nporpammup. cneaoBaTenbHOro
nporpaMmMmp.  no-
cne YCTaHOBKM
RESET B ‘0’
CTunpaHue 1010 1100 | 100x xxxx XXXX  XXXX XXXX  XXXX CTupaHue namatu
MUKPOCXEM nporp. v AaHHLIX
Urenne na- | 0010 HOOO | 0000 OOaa bbbb bbbb | cooo oooo | Uutate  crapwwuin
MATN npo- unu mnaawuin 6ant
rpammump. 0 no agpecy ab
Banvce  nma- | 0100 HOOO | 0000 0OOaa bbbb bbbb | iiii iiii 3anuncb cTapll. 1nu
MSATU npo- Mnagw. danTta i B
rpaMmmmp. namsaTe Mporp. Mo
agpecy ab
Ytenne na- | 1010 0000 | 0000 0000 xbbb bbbb 0000 0000 | Yutatb AaHHble 0
MSATU JaHHbIX no agpecy b
3anvce  na- | 1100 0000 0000 0000 | xbbb bbbb | iiii iiii 3anvcb AaHHbIX i
MSTW JaHHbIX no agpecy b
Banucs  ©u- | 1010 1100 111x x21x XXXX  XXXX XXXX  XXXX Banucb 6uToB 6ro-
ToB  Gnoku- KWPOBKW.  YcTaHo-
pOBKM Butb 1,2=0 ansa
ONOKMPOBKM MaMATU
Yutate kopg | 0010 0000 XXXX XXXX xXxX Xxbb 0000 0000 | YuTaTb KOA YCTPOR-
YCTPOWCTBA ctea 0 cagpecab
I'me a — crapmme GUTHI aapeca; b — mutaamie 6HTH aapeca; 0 — BBIXOA AaHHBIX; H = '0' — mutaammuit Gaiit, '1' — crap-
mvii GakiT; i — BXOJ JAHHBIX; X — HE UCMONB3yeTCsA; | — 1-if GUT GIOKHPOBKH, 2 — 2-if GHT GIIOKHPOBKH.

MakcumanbHo AonyCTUuMblie napamMeTpbl

Paboyas TEMITEPATYPA....cccveereerierieriierieesresresveeneens =55°C ... +125°C
TeMITePaTYPa XPAHEHH .....veveereeereeeieeenieeeveeenneee e —65°C ... +150°C
Harmpskenne Ha mobom BeiBoe kpome RESET ... -1,0B...+7,0 B
MakcHMaIbHOE Pabouee HATIPAKEHHE ........eeveevrenennnns 6,6 B
TToCTOSHHBIH TOK Y€PE3 BBIBOI TTOPTA. . ceeuvveeerreeneeeennnes 40,0 MmA
TTocTostHubIii Tok Mexay VCC 1 GND.......cccccceeneeennee. 140,0 MA

Bbixo4 napameTpoB 3a Npeenb! ykasaHHbie B Tabnvue MOXET NPUBECTU K HapyLIeHWIO paboTo-
CNOCOGHOCTU MUKPOCXeMbIl. 3TO NpeferbHbIe 3HAYEHUS NapaMeTpoB, paboure napamMeTpbl MUKPO-
CXeMbI NPYBEAEHbI BbILLE.

Yp,epmaHme npeaenbHbIX 3HAYEHWA HAa BbLIBOAAX MUWKPOCXEMbLI B Te€YEeHWe ANUTENLHOIO BPEMEHU
MOXET NpUBECTU K NoTEpE €€ paGOTOCI’IOCOGHOCTVI.

XapaKTepVICTVIKVI no NOCTOAHHOMY TOKY

Ta=-40 ... +85°C, Vec =2,7 ... 6.0 B (ecnri He yka3aHO WHaye).
Mun./Tun./Make — 3TH 3HA4YEeHHA TIOKA3aHbI B CJSAYIOLIHX CTPOKAX.

Bxonanoe nampskenwe '0' — —0,5/ ... /0,2Vec — 0,1 B.
BxomHoe rampsixerne '1' (kpome XTAL1 n RESET) ——-0,2Vee + 0,9/ ... /Vee + 0,5 B.
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Ha XTAL1 u RESET —-0,7Vce/ ... /Vce + 0,5 B.

Brerxognoe nanpsikernne '0' (mopTel B 1 D) 11 = 20 mA, Vee =5 B — /0,5 B.

I1=10wmA, Vcc=2,7B —/0,5 B.
Beixognoe Hanpsoxenne '1' (moptel B u D) I0h =10 MmA, Vec=5B —4,5/.../ B.

[0h=5w™mA, Vec=2,7B—4,5/.../ B.
Berxognoii Tok (moptet B D) Vee=5B —/ ... /10 MA; Vec =27 B—/.../5 MA.
TMornomaemsiii Tox (moptet B D) Vee=5B —/.../20 MA; Vec =2,7 B—/.../10 mMA.
TMoararusatoruii pesucrop copoca — 100/.../500 kOwm.
IToarsruBatomwii pesrcTop BbIBoa opta — 35/.../120 kOwM.

TMToTpebnsemsiii TOK.
AKTHBHBIH pexxum, 3 B, 4 MI'n — 2,5 MA.
Xomocroii xox (idle mode), 3 B, 4 MI'm— 800 pA.
[Mornxennoe notpedbnerne WDT srmoden, 3 B — 50 pA.
WDT seiximtoden, 3 B — 1 pA.
Hanpsxenne cmeleHus aHatorororo kommnapatopa Vee =5 B — 20 mB.
BxomHoii Tok yTeukn aHamoroBoro kommaparopa — 10 HA.
Bpewmst cpabatbiBanis aHamorosoro kommaparopa Vee = 2,7 B — 750 He.
Vee=4,0 B— 500 ne.

B pabouyem cOCTOSIHUM TOK Yepes BbIBOALI AOITKEH OrpaHnYMBaThCA CreAyoLWUMA YCIIOBUAMU:
e  MakCUManbHbLIA TOK Yepes Bbieog — 20 MA;

®  MaKCUMarbHbIA TOK Yepes Bce BbIBOALI — SOMA.

MuHUManbHoe HanpsXXeHNe 4N8 peXmMa NOHUKEHHOIo I'IOTpeGﬂeHVIH — 2B.

TTapaMeTpsl BHEIIIHErO TAKTOBOTO CUTHAJIA nokasaHbl B TabuL. 114.26

Ta6nuua M4.26. [NapameTpbl BHELLUHErO TAKTOBOrO CUrHana

Vcc =2,7-6,6 B Vcc =4,0-6,6 B EauHuubi
MapameTp - .

min max min max M3mMepeHust
YacTtoTa 0 10 0 10 MIy
Mepwopg, 100 100 HC
AnutensHocTb ‘1° 0 0 HC
OnntensHocTb ‘0’ 0 0 HC
AnuTtensHOCTL hpoHTa 1,6 0,5 uc

Wndopmanns a1s 3akaza MHKPOKOHTPOILIEPOB nokazana B Tad. 114.27.

Tabnuua M4.27. NHdopmauus gns 3akasa

Yactota | HanpsikeHne | MapkupoBka Kopnyc [AnanasoH Temnepatyp
nATaHuA

4 MHz 2,7..6,0B AT90S2313-4PC 20P3 Kommepueckni
AT90S2313-4SC 20S (0°C...70°C)
AT90S2313-4PI 20P3 MpOMBbILLNEHHbINA
AT90S2313-4SlI 20S (—40° C ... 85° C)

10 MHz 40..6,0B AT902313-10PC 20P3 Kommepueckunin
AT90S2313-10SC 20S (0°C...70°C)
AT90S2313-10PI 20P3 MpOMBbILLNEHHbINA
AT902313-10SI 20S (—40° C ... 85° C)

Kopryc 20P3 — PDIP, 20S — SOIC.

Criricok perueTpoB nipuBeneH B Tadum. 114.28.
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Ta6nuua M4.28. Cnncok perucTpoe

Agp | Umsa Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$3F SRE

$5F G | T H S \% N z C
$3E 3apesepBrpoBaH

$5E | “aPesePBIP

$3D

$5D SPL SP7 SP6 SP5 SP4 SP3 SP2 SP1 SPO
$3C 3apesepBrpoBaH

$5C Pe3epBip

$3B

$5B GIMSK INT1 INTO — — — — — —
$3A

$5A GIFR INTF1 INTFO — — — — — —
$39

$59 TIMSK TIIE1 OCIE1A — — TICIE1 — TOIEO —
$38

$58 TIFR TOV1 OCF1A — — ICF1 — TOVO —
$37

$57 3apesepBrpoBaH

$36

$56 3apesepBrpoBaH

$35

$55 MCUCR — — SE SM ISC11 ISC10 1ISCO1 ISC00
$34

$54 B3apesepBurpoBaH

$33

$53 TCCRO — — — — — CS02 CS01 CSO00
$32 .

$52 TCNTO | Tanmep/cueTtuuk (8 6uT)

$31

$51 B3apesepBurpoBaH

$30

$50 B3apesepBurpoBaH

$2F

$4F TCCR1A COM1A1 | COM1AQ — — — — PWM11 PWM10
$2E

$4E TCCR1B ICNC1 ICES1 — — CTC1 CS12 CS11 CS10
$2D . .

$4D TCNT1H | Taimep/cyeTumnk 1 cTaplumin 6anT

$2C . N

$4C TCNTID | Tamep/cyeTumnk 1 Mnagwnin 6anT

$2B OCR1AH | Tanmep/cHeTunk 1 perncTp cpaBHEHWs CTapLuvin GanT
$4B

$2A OCRIAL | Tanmep/cyHeTuuk 1 perncTp cpaBHeHNa Mnaawmin 6anT
$4A

$25 ICR1H Tanmep/cyeTunk 1 perucTp saxearta crtaplumn 6ant
$45
$24 ICR1L Tanmep/cyeTunk 1 perucTp 3axearta Mnagwnn 6anT

$44
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Ta6nuua M4.28. MNpoaomkeHue

Aop | Ums | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
$23 3apesepsunpoBaH

$43 pesepaup

$22

$42 3apesepsunpoBaH

2‘2‘1 WDTCR — — — WDTOE WDE WDP2 WDP1 WDPO
$20

$40 3apesepBupoBaH

$1F

$3F 3apesepBrpoBaH

$1E .

$3E EEAR | Pernctp agpeca 3HeproHe3aBuCMMON NamaTn

2;8 EEDR | PerncTp AaHHbIX 3HeproHe3aBUCUMO NamsTu

$1C

$3C EECR — — — — — EEMWE EEWE EERE
$1B

$3B 3apesepBrpoBaH

$1A

$3A 3apesepBrpoBaH

$19

$39 3apesepBupoBaH

2;2 PORTB | PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 PORTB1 PORTBO
:;; DDRB DDB7 DDB6 DDBS DDB4 DDB3 DDB2 DDB1 DDBO0
2;,2 PINB DDB7 DDB6 DDBS DDB4 DDB3 DDB2 DDB1 DDBO0
$15

$35 3apesepBupoBaH

$14

$34 3apesepBupoBaH

$13

$33 3apesepBupoBaH

2;5 PORTD — PORTD6 PORTDS | PORTD4 PORTD3 PORTD2 | PORTD1 PORTDO
2;1 DDRD — DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO
2;’8 PIND — PIND6 PIND5 PIND4 PIND3 PIND2 PIND1 PINDO
$OF

$2F 3apesepBrpoBaH

$oC

$2C UDR | Peructp gaHHbix UART

$0B

$2B USR RXC TXC UDRE FE OR — — —
$0A

$2A UCR RXCIE TXCIE UDRIE RXEN TXEN CHR9 RXBB TXBB
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Taonuua M4.28. OkoH4YaHue

Aop | Uma | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
ggg UBRR | Peructp ckopoctu nepegaun UART

$08

$28 ACSR ACD — ACO ACI ACIE — ACIS1 ACISO
$00

$20 3apesepBUpoBaH

Hab6op komang MK AT90S2313

B Tabn. 114.29 w 114.30 nipuiBeieH MoTHBINH HaOOp KOMaHI, HCTIONB3YEeMBIX TTPH co31a-

HHH MPOTPaMM IS YIpaBlIeHHS MHKPOKOHTpOIIEpaMH GupMbl Atmel.

Ta6nuua M4.29. Ha6op komang AT902313

MHe- One- OnucaHue HDencTtBue ®naru Luvkn
MOHUMKA | paHAabl
APNOMETUYECKUE N NOTMYECKWE KOMAHbI

ADD Rd, Rr CnoxuTb gBa perucTpa Rd<Rd+Rr ZCNVH 1
ADC Rd, Rr CnoXuTb ¢ NepeHocoM Rd<Rd+Rr+C ZCNVH 1
ADIM Rd1, k CROXWTb CNOBO C KOHCTAHTOMA Rdh, 1<Rdh, 1+K ZCNV,S 2
SUB Rd, Rr BbiMecTb gBa perucrpa Rd<Rd-Rr Z,CNVH 1
SUBI Rd, K BbluecTb KOHCTaHTY Rd<Rd-K Z,CNVH 1
SBIW Rd1, K Bbl4ecTb CNOBO C KOHCTaHTO Rdh, 1<Rdh, 1-K ZCNV,S 2
SBC Rd, Rr BblMeCTb C NEPEHOCOM Rd<Rd-Rr-C Z,CNVH 1
SBCI Rd, K BbIMeCTb C nepeHocoM Rd<Rd-K-C Z,CNVH 1
AND Rd, Rr TNoruueckoe N Rd<Rd AND Rr Z NV 1
ANDI Rd, K TNoruueckoe N Rd<Rd AND K Z NV 1
OR Rd, Rr Noruueckoe NN Rd<Rd OR Rr Z NV 1
ORI Rd, K Jloruyeckoe NN Rd<Rd OR K Z NV 1
EOR Rd, Rr Neknovarowee NN Rd<Rd XOR Rr Z NV 1
COM Rd HonornHeHue go 1 Rd<$FF-Rd ZCNV 1
NEG Rd HononHeHune fo 2 Rd<$00-Rd Z,CNVH 1
SBR Rd, K YcTraHoBUTb BUT(bl) B pernuctpe Rd<Rd OR K ZNV 1
CBR Rd, K C6pocutb 6uT(bl) B peructpe Rd<Rd AND (FFh — K) ZNV 1
INC Rd Yeenuunutb 40 1 Rd<Rd +1 Z NV 1
DEC Rd YMeHbLWNTb 40 1 Rd<Rd -1 Z NV 1
TST Rd Mpoeeputs Ha 0 unu ap. otpuua- | Rd<Rd AND Rd Z NV 1

TenbHOe 3Ha4YeHue
CLR Rd OuncTUTL perncTp Rd<Rd XOR Rd Z NV 1
SER Rd YCTaHOBUTb PErucTp Rd<$FF None 1

KOMAH[blI BETBNNEHAA

RJMP k OTHOCUTENBHBIN Nepexos PC<PC+k+1 None 2
LJMP Mepexog no agpecy (z) PC<Z None 2
RCALL k OTHOCUTENBHBIN BbIZOB NOANPO- | PC<PC+k+1 None 3

rpamMmbl
ICALL BbisoB nognporpammel no agpe- | PC<Z None 3

cy (z)
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Ta6nuua M4.29. MNpoaomkeHue

MHe- One- OnucaHue HdencTteBue ®naru LUuvkn

MOHUKA | paHAbl

RET Bbixog 13 nognporpaMmmel PC<STACK None 4

RETI Bbixoz u3 npepuiBaHus PC<STACK 4

CPSE Rd, Rr Cpaenutb gBa peructpa u npo- | If(Rd=Rr) None 1/2
nyckaeT cneaywwyilo komanay, | PC<PC+2 unn 3
€CInu paBHO

CP Rd, Rr CpaBHUTb LBa perucrtpa Rd - Rr 1

CPC Rd, Rr CpaBHUTb € NepeHocoM Rd-Rr-C 1

CPI Rd, K CpaBHUTb C KOHCTaHTOl Rd - K 1

SBRC Rr, b Mponyck, ecnu 6ut B peructpe | If(Rr(b)=0) None 1/2
cBpolueH PC<PC+2 nnmn 3

SBRS Rr, b Mponyck ecnu 6ut B peructpe | if(Rr(b)=1 None 1/2
YCTaHOBNEH PC<PC+2 nmmn 3

SBIC P, b Mponyck ecnu 6ut B peructpe | If(P(b)=0 None 1/2
BBOJ,a/BbIBOAA COPOLLEH PC<PC+2 unn 3

SBIS P, b Mponyck ecnu 6ut B peructpe | If(P(b)=1 None 1/2
BBOZa/BbIBOfA YCTAHOBNEH PC<PC+2 unn 3

BRBS s, k Mepexos ecnu  ycraHoeneH | if(SREG(s)=1 None 1/2
dnar s PC<PC+k+1

BRBC s, k Mepexon ecnu cbpoweH cdnars | if(SREG(s)=0) None 1/2

PC<PC+k+1

BREQ k Mepexog ecnu paBHo if(Z=1) PC<PC+k+1 None 1/2

BRNE k Mepexog ecnu He paBHO if(Z=0) PC<PC+k+1 None 1/2

BRCS k Mepexon ecnu ycranoeneH ne- | if(C=1) PC<PC+k+1 None 1/2
peHoc

BRCC k Mepexop, ecnu copoleH neperoc | if(C=0) PC<PC+k+1 None 1/2

BRSH k Mepexop, ecnu paeHo unm 6onblwe | if(C=0) PC<PC+k+1 None 1/2

BRLO k Mepexoh ecnu MmeHbLUe if(C=1) PC<PC+k+1 None 1/2

BRMI k Mepexog ecnu MUHyC if(N=1) PC<PC+k+1 None 1/2

BRPL k Mepexog ecnu nnoc if(N=0) PC<PC+k+1 None 1/2

BRGE k Mepexon ecnu Gonbwe wunu | if(N XOR V=0) None 1/2
paBHO, CO 3HaKOM PC<PC+k+1

BRLT k Mepexon ecnu meHbwe HynsA, co | if(N XOR =1) None 1/2
3HaKoMm PC<PC+k+1

BRHS k Mepexog, ecnu ycraHoeneH conarH | if(H=1) PC<PC+k+1 None 1/2

BRHC k Mepexog ecnu cbpoweH dnar H | if(H=0) PC<PC+k+1 None 1/2

BRTS k Mepexop ecnu ycraHoeneH dnar T | if(H=1) PC<PC+k+1 None 1/2

BRTC k Mepexop ecnu cbpoweH dpnar T | if(H=0) PC<PC+k+1 None 1/2

BRVS k Mepexon ecnu ycraHoeneH conar | if(H=1) PC<PC+k+1 None 1/2
V (nepenonHeHve)

BRVC k Mepexog ecnu cbpowweH nar V | if(H=0) PC<PC+k+1 None 1/2

BRIE k Mepexon ecnu paspeweHbl npe- | if(I=1) PC<PC+k+1 None 1/2
pbIBaHUA

BRID k Mepexon ecnu sanpeweHbl npe- | if(I=1) PC<PC+k+1 None 1/2
pbIBaHUSA

KOMAHAbI NEPECHINIKA
MOV Rd, Rr Mepechbliika MEXAY perncTpamu Rd<Rr
LDI Rd, K 3arpysuTb KOHCTaHTY Rd<k
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Taonuua M4.29. OkoH4YaHue

MHe- One- OnucaHue HdencTteBue ®naru Luvkn

MOHMKa | paHAabl

LD Rd, X 3arpysuTb peructp HenocpegeT- | Rd<(X)
BEHHO

LD Rd, X+ 3arpyauTb peructp Henocpeact- | Rd<(X), X<X+1
BEHHO C NOCT UHKPEMEHTOM

LD Rd, -X 3arpyauTb peructp Henocpeact- | x<x-1, Rd<(x)
BEHHO C Npej, AeKPEMEHTOM

LD Rd, Y 3arpysuTb peructp HenocpegeT- | Rd<(Y)
BEHHO

LD Rd, Y+ 3arpysuTb peructp HenocpegeT- | Rd<(Y), Y<Y+1
BEHHO C NOCT UHKPEMEHTOM

LD Rd, -Y 3arpyauTb peructp Henocpeact- | Y<Y-1, Rd<(Y)
BEHHO C NPef,. AEKPEMEHTOM

LDD Rd, Y+q 3arpysuTb PervcTp HENOCPELCT- Rd<(Y+q)
BEHHO CO CMELLIEH.

LD Rd, Z 3arpysuTb peructp HenocpegeT- | Rd<(Z2) None 1
BEHHO

LD Rd, Z+ 3arpysuTb peructp HenocpegeT- | Rd<(Z), Z<Z+1 None 1
BEHHO C NOCT UHKPEMEHTOM

LD Rd, -Z 3arpyauTb peructp Henocpepct- | Z<Z-1, Rd<(Z) None 2
BEHHO C NPEAB. AEKPEMEHTOM

LDD Rd, Z+q 3arpyauTb peructp Henocpeact- | Rd<(Z+q) None 2
BEHHO CO CMELLEHUEM

Ta6nuua MN4.30. MNpogomkeHue Hadopa komaHg AT90S2313

Muemo- One- OnucaHue HDencTtBue ®naru Luvkn

HUKa paHabI

LDS Rd, k 3arpysutb us O3Y Rd<(k) None 2

ST X, Rr 3anucatb peructp HenocpencT- | (X)<Rr None 2
BEHHO

ST X+, Rr 3anucatb peructp Henocpenct- | (X)<Rr, X<X+1 None 2
BEHHO C NOCT. UHKPEMEHTOM

ST -X, Rr 3anucatb peructp Henocpeact- | X<X-1, (X)<Rr None 2
BEHHO C NPef,. AEKPEMEHTOM

ST Y, Rr 3anucatb peructp Henocpeact- | (Y)<Rr None 2
BEHHO

ST Y+, Rr 3anucatb peructp HenocpencT- | (Y)<Rr, Y<Y+1 None 2
BEHHO C NOCT. UHKPEMEHTOM

ST -Y, Rr 3anucatb peructp Henocpenct- | Y<Y-1, (Y)<Rr None 2
BEHHO C NPef,. AEKPEMEHTOM

STD Y+q, Rr 3anucatb peructp Henocpeact- | (Y+q)<Rr None 2
BEHHO CO CMELLIEH.

ST Z, Rr 3anucatb peructp Henocpeact- | (Z)<Rr None 2
BEHHO

ST Z+, Rr 3anucatb peructp Henocpenct- | (Z)<Rr, Z<Z+1 None 2
BEHHO C NOCT. UHKPEMEHTOM

ST -Z, Rr 3anucatb peructp HenocpencT- | Z<Z-1, (Z)<Rr None 2

BEHHO C nNpej. 4EeKPpEeEMEHTOM
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Taonuua M4.30. OkoH4YaHue

Muemo- One- OnucaHue HDencTtBue ®naru Luvkn
HUKA paHabI
STD Y+q, Rr 3anucatb peructp Henocpeact- | (Y+q)<Rr None 2
BEHHO CO CMELLIEH.
STS k, Rr 3anucatb B O3Y (K)<Rr None 3
LPM 3arpysutb U3 namsTu nporpammel | RO<(Z) None 3
IN Rd, P Beog 13 nopta Rd<P None 1
ouT P, Rr BriBOg, B nopT P<Rr None 1
PUSH Rr 3anucatb B cTek STACK<Rr None 2
POP Rr MpoynTaTth U3 CTEKa Rr<STACK None 2
KOMAHAblI PABOTbLI C BUTAMA
SBI P, b YcraHoeuTe 6ut B peructp Beo- | I/O(P, b)<1 None 2
La/BbiBOAA
CBI P, b Coépocute 6ut B peructp BBo- | I/O(P, b)<0 None 2
La/BbiBOja
LSL Rd TNornyeckuin CLBUr BEBO Rd(n+1)<Rd(n), Rd(0)<0 | Z,C,N,V 1
LSR Rd Nornueckuih cLBur BNpaeo Rd(n)<Rd(n+1), ZCNV 1
Rd(7)<0
ROL Rd CpBur Bneeo yepes C Rd(0)<C, C<Rd(7), ZCNV 1
Rd(n+1)<Rd(n)
ROR Rd Capur Bnpaso 4Yepes C Rd(7)<C, C<Rd(0), Z,C NV 1
Rd(n)<Rd(n+1)
ASR Rd ApudpmeTtunueckun casur enpaso | Rd(n)< Rd(n+1), n=0-6 | Z,C,NV 1
SWAP Rd OBMeH mecTamu B TeTpanu pe- | Rd(3-0)<Rd(7-4), None 1
rmcrTpa Rd(7-4)<RD(3-0)
BSET s YcTaHoBUTb hnar SREG(s)<1 SREG(s) 1
BCLR s C6pocutb pnar SREG(s)<0 SREG(s) 1
BST Rr, b 3anomHuTL 6utB T T<Rr(b) T 1
BLD Rd, b MpounTatb 6uT U3 T Rd(b)<T None 1
SEC YCTaHOBUTL NEPEHOC C<1 C 1
CLC CHpocuTb NnepeHoc N<0Q C 1
SEN YcraHoeutb ¢pnar N N<1 N 1
CLN C6pocutb hnar N N<0Q N 1
SEZ YcraHoBuTb ¢hnar Z Z<1 Z 1
CLZ C6pocutb pnar Z Z<0 V4 1
SEI PaspelunTb npepblBaHUA 1<1 | 1
CLI 3anpeTuTb NpepbiBaHUs 1<0 | 1
SES YcTaHoBUTb (onar S S<1 S 1
CLS C6pocutb pnar S S<0 S 1
SEV YcraHoBUTb donar V V<1 V 1
CLv C6pocutb thnar V V<0 V 1
SET YcraHoeuTb ¢hnar T T<1 T 1
CLT Co6pocute hnar T T<0 T 1
SEH YcraHoeuTb ¢hnar H H<1 H 1
CLH C6pocutb hnar H H<0 H 1
NOP Het onepauuu None 1
SLEEP OcTaHoB None 3
WDR C6poc cTopoxeBoro Taimepa None 1




