ATtiny2313/V

Oco0eHHoCTH:

* Hcnone3yercs AVR ® RISC-Apxurekrypa
* AVR - brictpoaeiictBytomas u manonotpedsstomas RISC Apxutektypa - [
- 120 Momusix Komann - 60JbIIMHCTBO BhITOIHSAETCS 3a 1 Tak LIITY 8_ b It AVR
- 32 x 8 peructpa odmiero HazHaueHUs (32 perucTpa 8-Mu pa3psaHbIX)
- lTonnocteio Cratuueckas Onepauus -
- MpouseomurensHocTs 10 20 MUJUTMOHOB KOMAH/I B CEKYH/TY M t I I
TSy ICcrocontrolier
* DHeproHe3aBucHMast IIaMATh JaHHBIX U IPOTPAMM .
- 2 KB BHYTpHCHCTEMHO# SHepronesasucumoii @JIDIII-namsTy mporpamm w I t h 2 K B ytes
- BeirocnuBocTs @JIDII-namsatu 10 000 UKIOB 3anucH/CTUPAHUS
- 128-6aiitoBas BcTpoeHHas nporpammupyemas EEPROM namsats
* BerHociimBocts EEPROM: 100 000 1UKIIOB 3amucy/CTUpaHUS I n - S y ste m
- 128-6aiitoBast BHyTpeHHAI SRAMnamsTh
- [IporpammupoBanue 3amutHOMN 6okupoBkH it GJISII-prpamm u
EEPROM-asnx Programmable
* [lepudepuiinsie OcobeHHOCTH:
- OnuH 8-6utHbid Talimep/Cuetank ¢ OtaenpHbM [Ipennenurenem
4acTOTHl U PexXnMoM cpaBHEHUS F I a E.h
- OnuH 16-6utHb Taiimep/Cuerank ¢ OtaensHbIM [Ipennenutenem
4acTOThl U Pexxumom cpaBHEHHA
- Yetsipe IINM Kanana
- Betpoennsiit B unn Ananoroseiii Kommapatop -
- [Iporpammupyemsiit CTopoxeBoii Taiimep co BCTPOSHHBIM ATtI nyz 3 1 3 / V
I'enepatopom
- USI - Yuusepcanbuslii [TocnenoBarensuslii UaTepdeiic
- Homuo-ynnexcHsrit uaTepdetic - USART
* NonosnuurensHble Oco6eHHOCTH MUKPOKOHTpOIIIepa:
- debugWIRE-muna nns Otnanku Ha-uune - -
- Baytpucucremuoe IIporpammupoBanue uepe3 SPI Ilopt P I
- Buemnue u Buyrpennue Mcrounuku [IpepoiBanus re I m I na ry
- Xonoctoii pexxuM (Low-power Idle oTkimrodaeT Toiabko LITY),
SKOHOMHYHBINA pekuM (Power-down OTKIIIOUAET TOJIBKO TEeHEpaTop),
u Pexxum CHa (Standby Modes OCTaBIIIeT BKIIFOUEHHBIM TOJIBLKO [ 'eHeparop)
- YcoBepuieHCTBOBaHHAs cXeMa cOpoca MpH BKIIOUEHUH MUTAHUS
-IIporpammupyemast Cxema 3aIuThl OT HOHI)KEHHOTO HANIPSKEHH
nutaHusa Brown-out Detector (BOD)
- Bayrpennnii KannOposannsrii ['eHepaTop
* [TopTs!l BBOAa/ BeIBOAAA 1 Kopmyca:
- 18 IIporpammupyembIx TUHUI BBOJA - BBIBOAA
- PDIP ¢ 20 noxkamu, SOIC ¢ 20 noxxxkamu, 1 MLF ¢ 32 HOXKaMu
* Hanpspkenust mutaHus:
- 1.8 - 5.5V (ATtiny2313V)
-2.7-5.5V (ATtiny2313)
* Tabnuia [Tponu3BOAUTENBHOCTH:
- ATtiny2313V: 0 -4 MI'I] 1.8 - 5.5V, 0 - 10 MI'I[ 2.7 - 5.5V

- ATtiny2313: 0- 10 MI'L] 2.7 - 5.5V, 0 - 20 MI'L1 4.5 - 5.5V
* Tunmunoe Ilotpebnenne DHepruu:
- AkTUBHBIN Pexum:
1 MI'LL, 1.8V: 230 uA
Y )

32 kHz, 1.8V: 20 pA (ipu BKIIOYEHHOM T'€HEpaTOpE)
DKOHOMUYHBIN PEXKUM:

<0.1 pAB 1.8V
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s AT tiny2313/V

Koudurypanust Boioaos
PDIP/SOIC

- p_—
(RESET/dwW)Paz [] 1 20vCC
(RXD)PDo O] 2 18 PET(UCSK/SCK/PCINTT)
(TXD)PDn O 3 18 [ PBa(MISO/DO/PCINTE)
(XTaL2)Pa1 O 4 173 PES(MOSIDISDAPCINTS)
(XTaL1)Pan O & 16 [ PE4{OC1B/PCINTA)
(CKOUTXCKANTo)PD2 O & 15[ PBa(0OC1 APCINTS)
(INT1)PD3 4 7 14 [ PE2(0OCOAPCINTZ)
(TO)PD4 1 & 13 PE1{AINTPCINT
({OCoOBT1)PDs O] 9 12 PEO(AING/PCINTD)
GND O 10 11 [ PDs(ICP)

Pucynok 1 — [foxoneBka ATtiny2313 B 1ByX Tumax kopiyca

Kpatkuii 0030p

ATtiny2313 - w™anonotpebmstomuiit CMOS  -8-OWTHBIE MHKpPOKOHTpOJUIEpP, OCHOBaHHBIA Ha AVR-
ycoBepueHcTBOBaHHOM RISC-apxurektype. Boinonnsas Momusle koMaHabsl 3a oguH TakT LITY, ATtiny2313 nocturaer
MPOU3BOUTEIBHOCTH, HpuOmmkatomeiics k 1 MUWJUJIMOHY KOMAHJZ B CEKYHJY mwa IMIIl u mo3Bomser
CHCTEMHOMY MPOEKTHUPOBIIMKY ONTUMH3UPOBATH IIOTPEOJICHHE MOIITHOCTH B KOMIIPOMHCCE CO CKOPOCTBIO 00paOOTKH.

[TpuGop M3roToBIEH, WCHONB3YSl TEXHOJOTHIO Atmel NOATOBpeMEHHOH NHAMATH C BBICOKOW IUIOTHOCTBIO.
Berpoennass B umMm BHYTpHCHCTEMHas mporpammupyeMass Oismi-maMsaTh IO3BOJSET IIEPENporpaMMHpPOBATh HAMSThH
mporpamm uepe3 SPI-(serial peripheral interface)mocienoBarensHelii MHTEpdEHc WM depe3 OOBIYHBIN MpOorpamMmarTop
noctosiHHOW mamsaTu. O0venuuss 8-OutHpii RISC IIITY co BcTpoenHoit Camomporpammupyemoi QundII-NaMsAThi0 Ha
OolHOW mONynmpoBogHHKOBON WMHuTerpampHOit Cxeme xouTpomiep ATtiny2313 sBmsercs MOIIHBIM yCTPOHCTBOM
00eCTIeYNBAIOIINM BBICOKYIO THOKOCTh
U JIeIIeBOE PELICHHE A1 MHOTHUX BHEAPSACMBIX MIPUIOKCHUH.

ATtiny2313 monmnep:kuBaeTcsi MPOTPaMMHBIMH MHCTPYMCHTAIBHBEIMHA CPEICTBAMH — pa3paboTKu, BKIrodas: CH-
KOMITWIAITOpBI, MakpoaccemOutepsl, [Iporpammusie OTnamank/Cumynsatopsl, BHyTpucxemusie OMynstopsl 1 OLieHOYHbIC
KommnekTsl.
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Pucynok 2 — bnok-/Inarpama ATtiny2313 (BHYyTpeHHSS apXUTEKTypa)
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s AT tiny2313/V

AVR spo xoMOHHHpYET Goratbiii Habop MHCTPYKIMA ¢ 32 peructpamu oOmero HazHaueHusa. Bee 32 peructpa
HETMOCPEICTBEHHO CBs3aHbl ¢ Apudmeruko-Jlornueckum YcrpoiictBom (ALU), 4TO HO3BOISIET ABYM HE3aBUCHMBIM
peructpam oOpammaTthsecsi K OJTHOM WHCTPYKIMHU U BhIOMHATE ee 3a luukin LITY. RISC apxutektypa 6onee a¢dhekTuBHa 1O
KOy IOCTUTas IPUPOCTA MPOU3BOIUTEIHLHOCTH B ACCATH pa3 Mo cpaBHEHUIO ¢ 00BIYHBIMU CISC-MHUKpPOKOHTpOIIIEpaMH.

ATtiny2313 umeet cnenyromue ocodeHHOCTH: 2Kb BcTpoeHHO# mporpammupyemoit GJIDII-mamsaru nporpaMm,
128 Gaiir EEPROM, 128 Gaiitr SRAM, 18 oOmmux muHWI BBOAA - BBIBOJA OOINEr0 Ha3HAYCHHS, 32 pErHCTpa OOIIEro
Ha3HaueHUs, ogHomnpoBogHoi UaTepdetic mms Ormagkun Ha-umme, nBa HacTpamBaembIx Taiimep/CueTduka ¢ peXMMaMU
CpaBHEHHs, BHYTPCHHHEC W BHEUIHHE IIPEPHIBAHUSA, MPOrpAMMUPYEMBIH MocienoBaTenbHbIil uHTEepdeiic -USART,
Vuusepcansublii  [locnenoBarensusiii MuTepdeiic USI ¢ darumkom HawambHoro CoCTOSIHHS, TNPOTPaMMHPYEMBbIH
CropoxxkeBoli TaiiMep ¢ BHYTpeHHMM [‘eHEpaTopoM M TpU NPOTPaMMHO BBIOMPAEMBIX PEXHMMa HHU3KOTO IOTPEOICHHS
SHEPIUH.

Xonoctorr Pexxum (Idle mode) ocranaBnuBaet LIITY, HO mo3Bomser mamsatu SRAM, Taiimepam/Cuerunkam u
CucTteme mpepsIBaHM IPOAOIDKATh (QYHKIIMOHHPOBATE.

Pexxum Oueprocoepexkenns (Power Down mode) coxpaHseT cojfep)kaHhe pPEeruCTpOB, HO OCTaHaBIHUBaeT
I'eneparop, 3ampenraer Bce Apyrue GyHKIHUU KOHTPOJUIEpa 0 CIEAYIOIIEro IpephIBaHNs MK ammapaTHoro copoca.

PexnM cHa (Standby mode) ocTaBiseT BKIFOUSHHBIM TOJBKO ['eHepaTop, moka ocTambHble (YHKIUH KOHTPOJLIepa
BBIKJTIOUCHBI, YTO [TO3BOJISICT OCYIIECTBIATH SKOHOMHUIO 3HEPTHU M OJHOBPEMEHHO C 3THUM OBICTPO 3aIlycKaTh KOHTPOJIEP B
paborty.
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s A Ttiny2313/V

Onucanue BoIBOI0OB

VCC «udpoBoe» HaPsHKECHUE TUTAHUS
GND BeMisi»
Port A (PA2..PAO) Ioptr A o310 3-OWTHBI JABYHampaBJICHHBIH TIOPT BBOJA/BEIBOJA C BHYTPCHHUMH

MOTSTUBAIOIIAMU(HATPY30YHBIMI) PE3UCTOpPaMH (BBIOMPACMBIMH U KaXIOTO BEBIBOJIA).
Brixoxasie Oydeps! [Topta A HMEIOT OTMHAKOBEIE XapaKTEPHCTUKU C BRICOKOH HArpy309HOM
cnocoOHOCThIO. Ecimm BeIBOIBI [TopTa A 3aMBIKAIOTCS Ha 3eMIIF0 M BKJIFOUCHBI HATPY30YHBIC
PE3UCTOPHI TO BBIBOIBI SIBITIOTCS HMCTOYHHMKaMU Toka. Cpasy mocie cOpoca KOHTpoJUepa
BbIBOsbI [lopra A Haxonsarcs B BricokolIMIenaHCHOM COCTOSIHUM (TPETbEM COCTOSIHHM)
Jaxke, ecau reHeparop He 3amymieH. ITopT A Takke oOCIyXnBaeT (PYHKIHM Pa3IWIHBIX
CIIEIUANILHBIX eJIeMeHTOB KoHTpouiepa ATtiny2313 npencTaBieHHbBIX Ha CTPS2.

Port B (PB7..PB0)

Ilopr A o510 8-OWTHBIN JAByHampaBIEHHBI TIOPT BBOAA/BBIBOJA C BHYTPEHHHMH
MOATSATUBAIOIIUMHU(HATPY30YHBIMH) PE3UCTOpPaMH (BBIOMpaeMBIMH Ul KaXJIOTO BBIBOJA).
Brixoansie Oydeps! [lopra B umeror oguHakoBEIe XapaKTEPUCTHKHU C BHICOKOI HArpy304HON
cnoco6HOCThI0. Ecim BeiBoEI [lopTa B 3aMBIKaroTCs Ha 3€MIIIO M BKJIIOYEHBI Harpy30uHBIE
PE3UCTOPHI TO BBIBOIBI SIBIAIOTCS MCTOYHMKaMM Toka. Cpasy mocie cOpoca KOHTposuiepa
BeiBOABI Iloptra B Haxomsarcs B BeicokolMMmenaHCHOM cOCTOSHHMM (TPEThEM COCTOSHHUM)
Jlake, eciad TreHeparop He 3amymieH. Ilopt B rtakke oOcmyxuBaeT (QYHKIHMH pa3IHYHBIX
Crie[UaJIbHBIX 3JIeMeHTOB KoHTpoJuiepa ATtiny2313 npeacraBieHHBIX Ha cTpS2.

Port D (PD6..PD0)

Ioptr A o310 7-OWTHBI JABYHAmpaBJICHHBIH TIOPT BBOJA/BEIBOJA C BHYTPCHHUMH
HOATATUBAIOIIUMHU(HATPY30UHBIMH) PE3UCTOPaMH  (BBIOMPAaEMBIMH ISl KaXJIOTO BBIBOJA).
Beixoansie 6y¢epsr [Topra D nMeroT ognHaKoBbIE XapaKTEPUCTUKH C BBICOKOW Harpy304HOM
cnoco6HOCcThIO. Eciiit BeIBoztEI [TopTa D 3aMBIKaroTCs Ha 3eMJIF0 M BKIIFOUEHBI HArpy304HBIC
PE3UCTOPBI TO BBIBOIBI SIBIIIOTCS MCTOYHHMKaMU Toka. Cpasy mocie cOpoca KOHTposuepa
BeIBONbI [lopta D Haxomsarcs B BricokolIMIIeJaHCHOM COCTOSSHUU (TPETbEM COCTOSTHHIH)
Jaxke, ecau rereparop He 3amymieH. ITopt D Takke oOcmyxuBaeT (GyHKIHM pa3IdIHBIX
CIIENUANIBHBIX 3JIeMeHTOB KoHTpoJuiepa ATtiny2313 npeacTaBieHHBIX Ha cTpS?2.

RESET

BriBox cOpoca xkoHTposutepa. Huskuil ypoBeHb Ha 3TOM BBIBOAE UISIIHUNCS OIS YEM
MUHUMAaJbHAS JUIUTEIHLHOCTh UMITYJIbCa TeHEpUpYeT cOpoc, naxe ecau LIITY He 3amyiieH.
MunnMabHas JTUTEIHHOCTh UMITYIIbca puBoauTcs B Tabmuie 15 Ha crpanune 33. Bonee
KOPOTKHE UMITYJIbCHI HE TEHEPUPYIOT cOpoc B OONBIIMHCTBE ciiydaeB. BBox COpoca nmeer
JIOTIONTHUTENBHEIC, T.C. albTepHAaTUBHBIC (QyHKIUN: PA2 u dW.

XTAL1

OtoT BrIBOA siBiIsieTcs BX010M MHBEpTUPYIOLIETro Y CHIIUTENS U BXOJIOM JUJIsl BHYTPEHHEH
CXeMBI BEIpBOAThIBaromIei TakToBEIH curan. XTAL1 umeer anpTepHATHBHYIO (DYHKITHIO -
PAO.

XTAL2

OTOT BBIBOA sABIAETCA BhIXOA0M MHBepTUpyromero Ycunurens ['eneparopa.
XTAL2 umeer anprepHaTHBHYIO (pyHKIHIO - PAT.

O npuMepax NpPOrpaMMHOro Kojaa

OTa JOKyMEHTAIUsl COJNEPXKHUT IPOCThIe HMPUMEPHl KOJa, KOTOPBIC KPAaTKO IOKAa3bIBAIOT , KAaK HCIIOJIB30BaTh
pa3HbIe YacTH KOHTpoJiepa. DTH NMPHUMEPH NPEAIoNaralT, YTO CIEIHaIbHbIE 3aroj0BOYHBIC (aiiasl OyayT BKIFOUEHBI
nepes; KOMIWsnuMed mnpoekra. Mwmelite B BuAy, 4TO HEe BCe MPOU3BOAMTENH/pacmpocTpaHuTend C-KOMOMISTOPOB
BKJTIOYAOT B 3ar0JIOBOYHBIE (haililbl onucaHusa OUTOB, a 00pabOTYMKHU MpPEephIBAaHUKA MOTYT OBITh IO-Pa3HOMY PEaNTU30BaHBI
B pazHbix C-xommmisTopax.3a OoJjiee moapoOHON MHDoOpMammeid mo 3ToMy MOBOMY oOpamainTech K JOKyMEHTAllMd Ha
KOMIIMJISATOP.

IIpumeuyanue

Tunuyable 3HAYCHHUS COZCPIKaIMCCA B 3TOH JJIKYMCHTAllUN 6331/Ip0BaHLI Ha MOJCIMPOBAHUU U XAPAKTECPUCTUKAX
APYTHUX KOHTPOJIIEpax 3TOTO CCMefICTBa, MMPOU3BCACHHBIX HA HOZ[O6HOM TEXHOJIOT'MYCCKOM IPOoLEeCCe. MunnuManbHEIE U
MaxkcumaabHbBIe MNPUBCACHHBIC 3HAYCHNA MOKHO IPHUMCHATH MTOCJIC TPOUTCHUA BCeH JAOKYMCHTAIlHH.
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ATtiny2313/V
Anpo LIITY AVR
BBeaenue

3nece B obmem Buae obcyxknaercss apxutekrypa AVR-snpa. ['maBnas ¢ynknus sapa LITY -rapantupoBatsb
NIPaBWJILHOE BBINIOJIHEHNWE TporpamM. Ilo stoit mpuumue LIIY nomkeH OBITH B COCTOSHHMM OOpaIaTbesi K IMaMsITH,
BBITIOJTHATH BBIYUCIICHUS, KOHTPOJINPOBATH Neprdepnio 1 00padbaThIBaTh NpepHIBaHMU.
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Pucynok 3 — biiok-/Iuarpamma AVR-apXUTeKTypbl

UTo0Bl MaKCHMAaJbHO YJIYYIIMTh XapakTepucTUkd, B AVR wucmnonp3yercs rapBapickas apXuTeKTypa - ¢
paslenbHON MaMAThIO M IIWHAMU MPOTPaMM H JaHHBIX. WHCTPYKIIMM B TIAMSATH MPOTPAMM BBINIOJIHEHBI ¢ OJTHOYPOBHEBOM
KOHBeliepHOH 00paboTkol naHHbIX. [Toka 0fHa MHCTPYKIMS BBIMOIHIECTCS CIIEAYIOIIas HHCTPYKIUS YXKe MpeaBbIOpaHa u3
naMsATd TporpaMM. Takas KOHIEMIUS TO3BOJISET WHCTPYKIHUSM BBITIONHATHCS 3a KaKIBIM TakT reHeparopa. IlamsTts
IporpaMM IpeacTaBisieT co0oi BcrpoeHHyo OJIDII-maMsATs ¢ BO3BMOKHOCKHIO TIEPEIPOTPaMMUPOBAHHS.

PeructpoBsiii aiin ObICTporo moctyma coaepXuT 32 8-OMTHBIX perucTpa oOUmIero Ha3HAYCHHS C BPEMEHEM JOCTyma 3a
OJMH TakT. DTO MO3BOJSIET yCTpoHcTcBY AJIY BBINONHATH ONEpaluy 3a OAUH TaKT CUCTEMHOH 4acToThl. B TunmuuHOH
oTepanyy apuPpMEeTUKO-IOTHIECKOT0 YCTPOICTBa, 1Ba ONIEpaHaa BRIBOIITCS OT PeructpoBoro daiina,
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s AT tiny2313/V

orepanys BBIOIHIETCA, a pe3yIbTaT coXpaHsercs oopaTHo B PeructpoBsiil daiiin — 1 Bce 3TO 3a OJIUH TaKT.

[lects 3 32 perncTpoB MOTYT UCIOIB30BATHCS Kak TP 16-pa3psiIHBIX KOCBEHHBIX PETHCTPA yKaszaress ajapeca
st [IpoctpancTBa JlaHHBIX - MO3BOJSIONINX 3G GEeKTUBHYIO ajapecanuio. OIUH U3 UITUX yKa3zaTeJel ajpeca MOXKET ObITh
HCTIONB30BaH KaK yKazaTenb ajapeca Jis npocMotrpa Tabmun Bo OJIDII-mamaru nporpamm. Ota GyHKIHMS qobasieHa 16-
outHBIM peructpaM X,Y U Z, ONMHCaHHBIM JaJbIIe.

AJIY monnepuBaeT apupMETHIECKUE W JIOTMYECKUE ONEpaIliii MEXIYy PETUCTPaMH M MEXIY KOHCTaHTaMH H
peructpamu. Onepanusi ¢ OJHUM PETHCTPOM TaK K€ MOXKET ObITh BbimosiHeHa B AJIY. Ilocne apudmernyeckoil onepannu
Peructp Craryca o6HOBIIsIeTCS U1l OTOOpaskeHNsI HHPOPMALMU O Pe3yJIbTaTe BHIYNCICHHUS.

ITpouecc BHIMOMHEHUST TNPOTPaMMBbl oOOecreyrBaeT YCIOBHBIH M be3yclnoBHBI mepexox a TakKe BbI30B
WHCTpyKIMH CITOCOOHBIX MPSIMO aIpPECOBATHCS MO BCEMY aJAPECHOMY IMPOCTpaHCTBY. bompmmHCTBO AVR-mMHCTpYKUIMi
umerot 16-outHeiil popmat CrioBa. Kaxkaplii anpec namsitu mporpamm cojepxut 16- uinu 32-0uTHYI0 HHCTPYKIIHUIO.

Bo BpeMs BEINOTHEHUS IPEPBIBAaHUN U BBI30BOB MOAIIPOrpamMM aapec Bo3Bpata Cuetunka IIporpamm coxpansercs
B Creke. CTek (pakTHUECKH PACIIONIOKEH B MpocTpaHCTBe NaHHBIX O3Y U ciefoBaTeNbHO OIpaHHYEH TOJIBKO pa3MepaMu
MecTHOM O3Y. Bce mporpammsl [lonmp3oBarenst JODKHBI MHULIHMAIW3NPOBATH(KaIHOPOBATH/ONpEaeIsaTh/yCTaHABINBATS)
SP-Vkazarens Ctexa B moamporpamme obpabotku COpoca KoHTpoiuiepa a0! BBI30Ba MOANPOTPaMM U BBITIOJTHEHUS
npepsiBaHmiA. YKa3arenp CTeka JOCTYIICH Ui YTCHUS/3aucH B 00acT BBoga/BeiBoa. [JarHeie O3Y MOTYyT OBITH JIETKO
JOCTYTNHBI Yepes [Tk pa3nuuHBIX pEXXKUMOB aJpecaluu noanep:kuBaeMbix B AVR apxurekrype.

IMpoctpanctBo mamsatn B AVR apxuTekrype pacnpeneieHo JMHEHHO M IOJENICHO Ha pa3n4Hble 00J1acTH
HCTIONb30BaHUs.

I'mbxonactpauBaembiii Moxayns [IpepeiBaHMil HMEET pETUCTp YIPaBICHUS PACIIONOKEHHBIH B 001aCTH MaMATH U
ucrionp3yercs B KoMOuHanmu ¢ @narom Imobamsnoro IlpepeiBanms, pacnomnokenHoM B Permcrpe Craryca. Bce
pepsIBaHms HMetoT coOcTBeHHBIH Bexrop [IpepriBanust B Tabmuie IpepsiBanuii. Kaxoe npepeiBaHne UIMEET IPUOPUTET
B COOTBETCTBUHU C Tabnuiei mnpepsiBaHuil. CaMblif mepBblif MO cueTy BekTop mpepsiBaHuil B Tammue IlpepsiBaHmid,
HWMEIOUINI caMblil MITalIui aapec, UMEeT HAUBBICIIMM MPUOPUTET.

O0sacTh MaMATH BBOJA/BBIBOJIA COAEPKHUT 64 ajipeca BHIBIOJIHAIOMINX (YHKIMIO PeructpoB YmpasneHus s
nepudepuiinbix ycrporicts/dpyukumii LIITY u ap. dyHkuuii BBoga/BeiBoga. O0JACTh MaMITH BBOJAA/BBIBOJA MOXKET OBITh
aZipecoBaHa HEMOCpeACTBeHHO M Kak O6macTe JlaHHBIX pa3MelneHHas HocienoBaTenbHO B PercurpoBom aiine ot
anpeca 0x20 go OxSF.

Apudmerurosoruniecoe Y CTpoucTBo

BricokokauecTBeHHOE ApudMmeruronorndeckoe Ycrpoictso (AJIY) AVR paboraer HemocpenctBeHHO 32
Peructpamu O6mmero Haznauenns. AJIY BBINIOTHAET Oonepanuy MEX.y pa3INdHbIMHA PErHCTPaMH 332 BpeMsi OJJHOTO! TaKTa.
AJIY-onepanuu mojeneHbl Ha 3 OCHOBHBIE Kareropuu: l-apupmernueckue, 2-JOrH4ecKkue U 3-moOUTOBbIC (QYHKIIHH.
Peanuzamus apXuTeKTypsl ,Takxke, 00ecTiednBaeT BOSMOKHOCTh YMHOXKEHHE CO 3HAKOBBIMH M O€33HAKOBBIMU YHCIAMHU U

npobHbIM (hopmaToM uuces. CmoTpu "Pasznen MHCTpyKIwmii" Tam Ooiee 1eTaaIbHOIO OMUCAHKU.

Peructp Craryca

Peructp Cratyca conepxutr nHQOpMamuio O TONBKO-YTO BBINOJHEHHOH apu(METHYEeCKOW HHCTPYKLIHUH. OTa
nHpopmManuss MOXeT OBITh HCIIONB30BaHA JUIL TOTO YTOOBI M3MEHHTH XOJ MPOTPAaMMBbI BBIIOJIHMB YCJIOBHYIO OIEPALHUIO.
Ob6parure BHUMaHHMe, 4uTo Permctp Craryca oOHOBiseTcs mocie Kakaod HMHCTpyKiuu AJIY, Kak W OIpeAeseHo B
CopaBoynnke 1nmo HaGopy Komann. 3To BO MHOTHMX ciydasx OCBOOOXKAAeT OT HaJOOHOCTH HCIIOJIB30BAHMS
"y3KOOIIpeAeICHHbIX" MHCTPYKIMH CpaBHEHHs , B pe3yjbrare mHosydaercs: 3((GEeKTUBHBIN 10 CKOPOCTH BBIIIOJIHEHHS U
KOMIIAKTHBIH 10 00BEeMY KO IPOTPaMMBI.

[Ipy BO3HHMKHOBEHHMH MNpPEPBHIBAHMSA WM TPHU IEPeXoAe K BBIIOIHEHUIO MOANPOrpaMMbI 00pabOTKH TNpephIBaHUSA
Peructp Craryca nomkeH OBITH NpEABAPUTEIBHO COXPAaHEH KyJa-Tu00 (YTOOBI HE TNPOM3OIIIO H3MEHEHHE €ro
COJIEPKIMOTO B IOAINpOrpaMMe oOpaOOTKH IpEephIBaHMA), a IPU BBIXOAE W3 MPEpHIBAaHHUSA JOJDKEH OBITH BOCCTAHOBIJICH
00paTHO, €CIi, KOHEUHO, €ro COJEP)KUMOE UMEET 3HaUCHHE.
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Peructp Cratyca «SREG» AVR onpeznener cienyroniim o0pa3om:

Butbt ——— 7 6 5 4 3 2 1 0

Pnarp ——— I | T H ] v N Z C SREG
Urenne/3anuce — R-W R-W R.W R-W R."W H"W H."W H."W

HauaneHoe 0 4] 0 0 4] 0 0 0

3JHa1eHHe

* bur Ne7 - I: I'no6anbHoe Pazpemienue [lpepbiBanuii

bur (¢pnar) "I'mobansHoro Pasperenus [IpepriBanuit" omKkeH OBITh YCTAaHOBICH IS TOTO YTOOBI Pa3peIInTh
nepexox k 00padoTke npepsiBaHuid. KOHTpOJIb Hal OTAECTHHBIMH ITPEPHIBAHUSAMH BBITIOJIHACTCS B OJICNIBHBIX CIICITHATIBHBIX
peructpax. Eciu but N7 ounten -ycranosieH B 0- TO Bce pebIBaHUA OyAyT 3alpenieHbl He3aBUCUMO OT
MHIUBUAYaAIbHBIX HACTPOEK KAXKAOr0 U3 HUX. but Ne7 ouminaercs annapaTHO IpU HACTYIJIEHUM NIPEPHIBAHUA U
ycranaBiuBaetrcs B 1 komannoit RETI- mi1st BeIxozia u3 npephIBaHuUs, YTOOBI pa3pelInTh NOCIEAYIONIHe IpephIBaHMsL. but
Ne7 MokeT Tak ke ObITh yCTaHOBJICH WM O4HIeH porpaMMHo 1o koMaHze SEI u CLI cooTBeTCTBEHHO, KaK OIMCAHO B

Crnpasounnke o Habopy Komang.

* but Ne6 - T:bur 3arpy3ku u Boccranosinenus (bydepusriii bur)

Takue nacTpykumu bydepHoro buta kak BLD(3arpy3ka 6urta) u BST(BoccTaHOBICHHE OHTa) HCHIONB3YIOT bUT
Ne6 B kauecTBe Oydepa st xpaneHust oura. Kakoi-HuOyns OUT U3 11000T0 perucTpa MoxeT ObITh CKONUpoBaH B but Ne6
koManzgoi BST u BoccranoBien orryna komangoit BLD.

* but Ne$ - H: ®aar Ilepenoca IonoBuHsbI 6aiiTa

@nar Ilepenoca ITomoBunbl H yka3sIBaeT Ha TO YTO OCYIIECTBICH NEPEHOC MJIAAIICH MOJIOBHUHEI OaliTa,
UCIIONIb3YeTCs B HEKOTOPBIX apudmeTryeckux aenctBusix. [lepenoc [lonosunsl ncnonssyercs B BCD apudpmeruke. Cwm.
“Omnucanne Habopa MHCTpyKIMK” 11 AeTAIBHOW HH(DOPMAIIUH.

* but Ned4 - S: bur 3naka, S=N xXor V
S-bur Bcerna pasen onepanuu "Uckimouaromee NJIN" mexay ¢pmaramu N u V.

e burt Ne3 - V: ®gar Jonoanenus 1o JAByx
DTOT OUT MOACPKUBAET ApU(HMETUKY C TOTIOTHEHHEM JI0 TIBYX.

* but Ne2 - N: OrpunarensHnblii ®iar
YcraHoBKa 3T0r0 (hara roBopuT 00 OTpUIATEIHHOM PE3yIbTaTe apu(PMETHUECKOMN ONepaIiy WM JIOTUYECKOH.

* bur Nel — Z: ®aar Hyas
DTOT (nara TOBOPHT, UTO B pe3yJbTaTe apU(PpMETHICCKOM ONepaliy WK JOTHYeCKOr 00pa3oBaliCcst HOJIb.

* but Ne( - C: ®aar Ilepenoca
YcraHoBKa 3TOro (hjara roBOpUT O MEpeHoce B pe3ysibTare apu(METHIeCKOr Onepannuy Wik JJOTHIeCKOM.

Perucrposbiiit @aii

Perucrpossrit @aitn 66u1 onTuMu3upoBaH cnennanso it RISC-uncrpykuuit AVR, 9to mo3BosseT JocTurath
3aJ]aHHBIX XapaKTePUCTHK U ruOkocTH. Creayronye cXxeMbl BBOIa/BBIBOJIA IOAIEP)KUBAIOTCS] PETUCTPOBHIM (haiom:

- OnuH 8-OWTHBIN BRIXOIHOM ONepaH/ M OAUH 8-OUTHBIN Pe3yIbTHPYIOUIHA BXO
- [1Ba 8-OUTHBIX BBIXOJHBIX OIEPAaHAA U OIWH 8-OUTHBINA Pe3yIIbTUPYIOIIUI BXOT
- [1Ba 8-OUTHBIX BBIXOIHBIX OIIEpaHAa U OOWH 16-OUTHEIA Pe3yIbTUPYIOMIHN BXO/

- OnguH 16-OUTHBIN BEIXOIHOW onepan U OOUH 16-OUTHBIN pe3yIbTHPYIOUTHHA BXO

Pucynok 4 nmokaseiBaeT cTpykTypy 32 Peructpor O6mero Hasnauenus.
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Butel o1 7 oo 0 (8-0UTHBIE perncTpel}  Anpeca perncTpos

RO 0x00
R1 0x01
R2 0x02 I
R13 0x0D
Ri4 0x0E
Percrpel R15 0x0F
R17 ox11
Rze 0x1A — X-pernctp Mnapwwmin Bair
R27 ox1B — X-pernctp Crapumii Baiit
Rzs 0x1C — Y-peructp Mnaguwnit Bair
; R2g 0x1D — Y-perwerp Crapunii baiit
Rao 0x1E — Z-permctp Mnapwmi Bair
// R31 0x1F — Z-peructp Crapumii Baiit

HHMEeHa %

perucTpos

Pucynok 4 - Ctpykrypa 32 PeructpoB O6mero Haznauenus

BoJIBIIMHCTBO MHCTPYKIMI PErUcTpOBOro (aiiyia MMEIoT IPSMOIM JOCTYI KO BCEM PErucTpaM M OOJIBIIHHCTBO U3
HUX SBJISIFOTCSA OJJHOTAKTOBBIMH.

Kak mokazano Ha pucyHke 4, KOKIbIH peructp o003HA4YeH Kak aJpec B MaMATH JaHHBIX, OTOOpa)K€HbI OHU
HayuHas ¢ nepBbix 32 aapeco [Ipoctpanctsa [lamsitu. [Ipu Tom, 4TO OHM PU3NUECKH HE pacmoiokeHbl B O3Y-maMartu,
MaMATh OPraHM30BaHA TaK, 4yTO obecrmedymBaeTcss OONbINas TMOKOCTh AOCTYMAa K PErucTpaM, X- U Y- H Z-perucTphI-
yKa3aTelld MOTYT YKa3bIBaTh Ha HHACKC IFOOO0T0 PErucTpa B (aiiie maMsTH.

X-u Y- 4 Z-perucrpsnl

Peructper ot R26 1o R31 wuMeEIOT HECKOJNBKO JOTONHUATEIBHBIX (DYHKIMA MTOMAMO OOIIMX IUTSL BCEX OCTATBHBIX
Peructpos O6mmero HazHaueHus. OTH perucTpsl ABISIOTCS 16-OMTHBIME yKa3aTeNsIMH ajpeca Il KOCBEHHOW aJpecanuy B
IIPOCTPAHCTBE MaMATH [aHHBIX. TpU KOCBEHHBIX aApecHBIX peructpa X,Y U Z onpeneneHsl Tak, Kak OIMCAHO Ha
pHUCYHKeES:

Crapuwnit Baiit Mnapwwi bair

XH\

15 XL 0
X-pernctp F 0 I ? 0 I

R27 (0x1B) R26 (0x1A)

15 YH YL 0
Y-peructp 7 0 I 7 [i I

20 (Ox1D) R28 (0X1C)

15 ZH ZL 0
Zpeructp I 7 0 I U e I

R31 (Ox1F)

R30 (OX1E)

Pucynok 5 - Tpu KocBeHHBIX afpecHbIX peructpa X,Y u Z

B paznmuHBIX pekuMax aIpecallii 3TH PETHCTPHl aapeca MMEIT (QYHKIMH Kak: (UKCHPOBAaHHOE CMEIICHHE,
aBTOMaTU4Yeckoe Bo3pacTaHue{MHKpeMeHT Ha 1}, u aBToMatndeckuii aekpemeHT Hal. Cmotpu CmnpaBounuk no HaGopy
Wuctpykumit 1 6omee moapoOHOH nHpopManny.
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Ykaszareab Cteka (CHeTYHK NMPOrpamMm)

"Crex" T7aBHBIM 00pa30oM HCHOJB3YeTCs I 3allOMHHAHUSA(XpAaHEHHWS) BPEMEHHBIX NaHHBIX, JJIS XpaHEHHS
JIOKAJIbHBIX ITEPEMEHHBIX U XPaHEHUS aipecoB BO3BpaTa I0CJIE MPEephIBaHUK U BBI30BOB MoAnporpamm. Peructp Ykaszarensb
Crexa Bcerna ykaspiBaeT Ha BepmmHy (TOP) Creka. O6parure BHMManue, uro CTeK peaju3oBaH  HApacTaOIIUM OT
HaWBBICILIETO ajpeca (AYehKr) MaMsATH JO caMOro MJAJAIIEro aapeca. DTo nmojapaszymenaeT, uro komanaa PUSH (nonoxuts
B Crek) ymeHbIlaeT ajapec Ykazarens Creka.

Vkazarens Creka ykas3bIBaeT Ha ydacTok AaHHbIX O3V, rae u peannsyercs CTek MOAIPOrpaMM U IpepbIBaHUM.
[poctpanctBo CTeka MOMKHO OBITH omnpeneicHO B maMatd O3Y (00BMHO 3TO KOHEUHBIH aapec mamsatu O3V, ecnu mon
Crexk HaZo pa3peIuTh UCIIOIb30BaTh BCIO mamiaTh O3Y) mporpaMMHO MOJIB30BAaTENIEM TMPEXIE, YeM IPOU30HAET Jitodoe
BBITTOJIHEHHE BBI30BA MOANPOrPaMMBI WK OYIyT pa3pelieHs! npepbiBanua. YKa3zaTens CTeka JoJKeH OBITh YyCTaHOBJICH Ha
anpec crapiie, ueM 0x60. Ykazarens CTeka yMeHbIIAETCS HA €AMHUILY, KOT/a aHHbIe knanyTces B Ctek o komanae PUSH
WIM yMEHBINAeTCs Ha JBa, KOTJa ajgpec BO3BpaTa 3amuchkiBaeTcsi B CTEK BBHI30OBOM MOAIPOTPAMMBI WM MPEPHIBAHHEM.
VYxazarens CTeka yBeIMUMBAETCs HA €IMHUILY, KOTa TaHHBIE n3BiekatoTcs u3 Creka no komanae POP wnn yBennuuBaercs
HAa J1Ba, KOI'/1a IPOUCXOJUT BO3BpAT U3 noanporpamMmsl 1o koManae RET nnu Beixon us npepeiBanus no komanje RETI.

Vxkazarens Crtexka AVR peanmzoBan kak aBa 8-OMTHBIX permcrpa B HPOCTPAHCTBE BBOAA/BBIBOJA. UuMCIO
HCPOJIBb3YeMbIX OWTOB 3aBHCHT OT peanm3anuu (komudectBa mamsata O3Y). OOparure BHHMaHHE, YTO NPOCTPAHCTBO
nmaaHbIX (O3Y) B HEKOTOPHIX peann3alusix apXUTEKTypbl AVR HacToiabKo Mano, 4TO MOKHO OOOHTHCH JIMIIb OZHUM
peructpom SPL, KOTOpBIil sBISseTCS MIAaAINM Hoiyoaiitom peructpa-ykasaresns Cteka SP. B atom ciydae Hanmume
perctpa SPH npocto He Hy»HO. Ha cnenyromei mnroctpanuu nokaszan Peructp Ykasarens Creka anst ATtiny2313:

Houep burta 15 14 13 12 11 10 9 8
- - - - - - - - SPH
Wunena butoe SP7 5P6 SP5 SP4 SP3 SP2 SP1 SPo SPL

7 B 5 4 3 2 1 0
TonbkouTeHne R R R R R R R R SPH
Urenne/3annce  RW RW RAW RwW RW R/W RW RW SPL
HavyanbHoe 3HavYeHHe ( 0 0 0 0 0 0 0 SPH
HavaneHoe 3nayvenne 0O 0 0 0 0 0 0 0 SPL

Wnmroctparus - Peructp Ykazarens Creka qis ATtiny2313

Bpevs BbINOJHEHUS MHCTPYKUUHA

B 3T0i1 cexium B 001eM OMUCHIBaeTCS BpeMs BeImoHeHHS HHCTpyKuuil. LIITY AVR -kxoHTpomepa TakTUpyeTcs
OT CHEUHMalbHOM CXEeMBI I'€HEpaToOpa TAKTOBBIX HMITYJIbCOB DACIIOJNIOKEHHOH Ha 4ure. BHyTpeHHee NeleHHE TaKTOBOH
YaCTOTHI B 3TOM CJIydae He UCIIOJIb3YeTCs.
PucyHox 6 neMoHCTpHpyeT napauieNbHyl0 BEIOOPKY HHCTPYKIMH 1 JabHEHIIee UX BHIOJHEHUE, PeaIM30BaHHOE
10 TapBapJCKOM apXWTEKType, a TakXke, JEMOHCTPHPYET KOHLENIMIO OBICTporo nocryma kK PermctpoBomy Qaiimy. Ota
KOHBelepHasl KOHIETIIUS apXUTEKTYPhI ITO3BOJISICT JJOCTUTaTh MMPOU3BOANTENHHOCTH 10 | MIUIITMOHA MHCTPYKIMi Ha 1MI'1t
CHUCTEMHOW TaKTOBOI CHHXPOHHM3AllMH, a TaKKe, JEMOHCTPHPYET YHHKAIbHbIE MOKa3aTeNu 10 (PYHKIMOHAIBHOCTH M
CTOMMOCTH MPUOOPa, 1Mo OBICTPOACHCTBUIO U IOTPEOICHUIO MOIITHOCTH:
TAKT NepBbIii TaKT BTopoi TaKT TpeTHil TaKT YeTBepThI
: m™ : T2 : T3 : T4
| | | |
|

TakTel LMY M

MepBan BbIBopKa HHCTPYKUHH

MepBaA HHCTPYKUHA BLINOMHAETCA
n! Bropas BbIDOpPKa HHCTPYKUHH
BoinonHeHue BTOpoi HHCTPYKUHH
n! TpeTbA BLIDOPKA HHCTPYKLHH
TpeTbA HHCTPYKUHA BBINOAHARTCA
n! YeTBepTana BbIDOpPKa HHCTPYKUHH

Pucynok 6 — [NapamiensHas BEIOOpKa HHCTPYKITUH U WX JTalbHEHIee BBIMOJIHEHNE B TapBapaAckon apxuTekType AVR

PucyHok 7 peMOHCTpHpyeT KOHIENIuio (moHsATHE) o TamuHaraXx PeructpoBoro @aiima. AJIY-omepanuu,
HCTIONB3Ysl JIBa PETHCTPOBBIX OIEPaHAa, BBHIOIHSIOTCS B TCUCHHU OJHOTO IIEPHOJa TAKTOBOW YaCTOTHI, a pE3yiabTar
oTepanyy 3alIOMUHACTCS B PETUCTPE HA3HAUCHUS.
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TAaKT MNepebIA
: T1 : T2 g T3 . T4
1 1 1 1

TakTe! LINY M

| I | I
1 T 1 1

Monnoe epena semonnenna —— Ly : :

| | | |

S . _ L ] ] ]
Buibopka onepanpa n3 permctpa T > ; ; -
| | | I

| | | |

Brinonuenna ANY-onepauun _'_G : : .

| | I

| I

Januck pesynbTaTa ¢ S - -

| I

| I

1
1
t 1
1 \_I'/
I

Pucynox 7 — OngnotakroBas AJIY-onepauus

Copoc n Oopadorka IlpepsiBannii

AVR mMeeT HECKOIBKO HCTOYHHKOB npephiBaHuil. Kaxmoe u3 npepsiBanuif, 1 otaensHo Bextop Copoca, mmeer
COOCTBCHHBII IPOTPaMMHBII BEKTOp IIEPEX0/a, PACIOJOXKEHHBIH B IIPOCTPAHCTBE MaMATH. Bce IMpepbIBaHUS HMEIOT
COOCTBEHHBII OWT pa3pelleHus, B KOTOPBIH HOJDKHAS OBITH 3amKcaHa JIOTHYECKas CIMHUIA, €CIM KaKoe-TO JaHHOE
npepbIBaHKie TpedyeTcs pazpemmTs. Hamo moMHUTE, 4TO Jake, €M KaKoe-TO IpephIBaHNE HACTPOCHO M Pa3peleHo, HO B
I'mo6aneusiil but Paspemenust [IpepriBanuii He 3amucaHa eIHALA - TO TIPEPHIBAHHE HUKOTIA HE CpabdoTaeT.

Camble Miafmive ajgpeca B NMaMATH IPOrpaMM II0 yMOJYAHMIO ompexaeneHbl kak Bekrop COpoca u apyrue
Bexkropsl IlpepsiBanus. [TonHbI cnivcok BEKTOpOB NpephiBaHui npuBeieH B cekuuu "llpepriBanus” Ha cTpanuue 43.
Takxe, 3TOT CHHCOK OIIpenessieT YpOBEHb IMPHOpUTETa Kaxaoro mpepbiBaHMs. CaMbplii MIIQIIINI afpec NpepbhIBaHUA
(myneBoil agpec) mMeeT HauBbicumii npuopureT. [IpepriBanme mo copocy (RESET) mmeer HauBBICIINI HPUOPHUTET,
clenyroliee MpepbBaHue MO CHHCKY M ¢ MeHbIIMM mpuopureroM 310 INTO - "Breumnuii 3anpoc Ha npepsiBanue 0", u
Jlajyiee Mo CIUCKY CM. cTp.43.

Korma mpomcxomutr mnpepsiBanue, ['moGameubiii butr Paspemenus IlpepriBaHus ouuimaeTcss M Bce Ipyrue
IpepbIBaHKs 3ampemarorcs. [lomp3oBaTens MOXET MPOrpaMMHO 3alMcaTh JIOTHYECKYIO equHully B [noOanbHbI but
Pazpemenus [IpepeiBanus 1S pa3pelieHns] OCTaIbHBIX HACTPOSHHBIX NpephIBaHUi. B 3TOM ciyuae, moboe BO3HHKIIEE
IpepbIBaHNE CMOXKET IIpepBaTh MOANPOrpaMMy OOpaOOTKM TIpepbIBaHMS BO3HHUKIIEro panee. [JoOanpHbIN bur
Paspemenus IIpepsiBaHMs BOCCTaHABIUBAETCA aBTOMATUYECKH, KOT/Aa MIPOUCXOAUT BbloaHeHne HHCTpyKuuu RETI - nns
BBIX0JIa U3 NIPEPHIBAHUS.

CymiecTByeT ABa OCHOBHBIX TuIa IpepbiBaHus. [IepBelii THI cpabaThIBaeT NMpH YCTAHOBKE COOTBETCTBYIOLIETO
¢nara mpepeiBanusi. B stom cinyuae, Cuetunk IIporpamm "mepenpbiriBaeT” Ha COOTBETCTBYIOIIUH MPOM3OIIEIIIEMY
MIPEPBIBAHHUIO BEKTOP (aapec), A TOTO, YTO OBl BBIIOIHUTH MOANPOTpaMMy 00pabOTKH MpEephIBaHMS, a 3aTeM aInapaTHO
OUHIIAETCST COOTBETCTBYIOLIMH (uar npepbiBaHus. Diar npepbiBaHUS MOXKET ObITh OUMILIEH 3alHChI0 JIOTHYECKOit
EJJVUHULIBI (uMeHHO equHUIBI a HEe HyJs) B OUT COOTBETCTBYIOIETO PETHCTPa, B KOTOPOM O3TOT (iar mpepbIBaHHs
HaxonuTcs. Eciam ycioBuMe BO3ZHHMKHOBEHHUS IPEPHIBAHUS MPOHCXOAWT B TO BpPEMs, KOTJa COOTBETCTBYIOLIHM OUT
pa3pelieHns 3TOro MpephIBaHU OUYMINEH (YCTAaHOBJICH B HOJB), (iar 0 BOZHUKHOBEHHH IPEPBIBAaHUS BCE PaBHO OyneT
YCTaHOBJICH (XOTSl NpephIBaHME B IPOrpaMMe M HE TNPOM30HAET) M 3alOMHEH [0 TOro, Kak 3TO IpephIBaHUE OyneT
paspereHo, 3TOT ¢uiar MOXKET OBITH OYMIIEH NPOrpaMMHO. TOYHO Tak *e, eciy MPOU30HAET OIHO MM OOJIbIIE YCIOBHH
MpepBIBaHMiA, B TO BpeMs, kak [ mobanpubIil but Paspemenus [IpepbiBannii o4nIeH, Bce paBHO COOTBETCTBYIOIIKE (hiaru
(wmu ommH (mar) OyOyT YCTaHOBJCHBI M 3allOMHEHBL. A, korma [nmobanpubrii butr Paspemrenus [IpepwiBanuii Oymet
YCTaHOBJICH, IPON301eT 00paboTKa IIPEPhIBAHUI B COOTBETCTBHH C UX IIPHOPUTETOM.

Bropoii Tun npepriBaHuil cpabaTeiBaeT, KOTJa yCIOBHE BO3HHKHOBEHHS MPEPHIBAHHS HNPUCYTCTBYET B TEUCHUHU
HEKOTOPOTO BPEMEHHU. DTH MpEephIBaHUS HE 00s3aHbl UMETh CBOW COOCTBEHHBIH (iar nmpepbiBaHus. B aToMm ciydae, eciu
YCIIOBHE BOSHMKHOBEHHSI IPEPHIBAHUS UCUE3HET J0 TOTO, KaK 3TO IpephIBaHUE OyAeT pa3pelieHo, TOTAa 3T0 MpephIBaHHe
HUKOT/a He Oy/IeT BBIIIOJIHEHO.

Korma AVR-koHTposIep BEIXOANUT U3 MPEPBIBAHUS, OH BCETJa BO3BpAIaeTCs HA IVIaBHYIO IpOorpaMMy (TOYHEe Ha
TO MECTO KOJIa, TA€ IIPEePBAIM €r0 BHIIOJIHEHHE) U BBIIOJHSCT CICAYIOUIYI0 OJHY WHCTPYKIHIO MPEXkKAe, YeM 0OCITyKUTh
CToslIee B OYEPEAN CIEAYIOIIEe IPEPhIBAHNUE.

OO6parute BHHMaHue, 4To coaepxkumoe Permcrpa CraTyca aBTOMAaTHYECKH HE COXPAHSIETCS, €CIH MPOHMCXOIUT
nepexo]] K MoJArporpaMMe oOpabOTKH NpEephIBaHUS M HE BOCCTAHABIMBACTCS OOpAaTHO MPH BBIXOAE M3 IMOAIPOrPaMMBI
00paboTKM npepsIBaHMsl. JTa paboTa JOIDKHA BBIIOIHATHCS IIPOIPaMMON TTOJIb30BATEIIS.

Korma Oyner ucnonp3oBana uHcTpykiust CLI 11 3anpermieHust nmpepbIBaHUM, NpepbiBaHus OyIyT HEMEIJICHHO
3anpemensl. Hu ogHo mpepsiBanne He OyzmeT BbIMonHeHO nociie mHCTpykuuu CLI, naske, ecim ycioBue HpepbIBaHHS
BO3HHUKAET BO BPEMsI BBITIOIHEHHS 3TOH CaMO HHCTPYKIIMU.
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Crenyromuii IpuMep MOKaKeT, KaK MOXKHO HCIHOJIBb30BaTh 3Ty MHCTPYKIMIO, YTOOBI M30€KaTh NpephIBaHUI BO
BpeMs BeinoHenus 3anucu B EEPROM:

Assembly Code Example

in rl6, SREG

cli ; disable interrupts during timed sequence
sbi EECR, EEMPE
sbi EECR, EEPE
out SREG, rlé6

I

’

store SREG value

start EEPROM write

restore SREG value (I-bit)

C Code Example

char cSREG;

cSREG = SREG; /*

store SREG value */
/* disable interrupts during timed sequence */
__disable_interrupt();

EECR |: (1<<EEMPE) ;
EECR |: (1<<EEPE) ;

SREG = cSREG; /* restore SREG value (I-bit) */

;

;

/* start EEPROM write */

Korma wucnoms3yercss mHcTpykims SEI ans pasperneHus npepbhlBaHHiM, TO HHCTPYKLHUH, CIEAYIOIIHE IIOCie

koMaHipl SEI, OyTyT BBEITIOTHATHCS 0 HACTYIUICHHUS KaKOTO-TUO0 MpephIBaHMsI, KaK MOKa3aHO Ha 3TOM TpuUMepe:

Assembly Code Example

; interruptis)

sel ; set Global Interrupt Enable
sleep; enter sleep,

; note: will enter sleep before any pending

waliting for interrupt

C Code Example

_slesp(); /*

enable_interrupt(); /* set G
enter

/* note: will enter

,

obal Interrupt Enable */
g

for interrupt */

1
=7 =1 F7
sileep, waltln
sl

eep before any pending interrupt(s) */

Bpems Peakuuu Ha IlpepbiBanus

Bpewms peakimu Ha Bce pa3pelieHHbIE IPEPBIBAaHUS B KOHTPOJUIEpE COcTaBiIgeT MUHUMYM 4 TakTa. CrycTs 4 TakTa
IIPOUCXOTUT MEPEX0] Ha BEKTOP BO3HHUKIIETO IPEPhIBAHMS U JAIBHEHIINIT BEI30B MOAIPOTPaMMBI 00pabOTKH MTPEPHIBAHUSL.
B Tedennn nepuiga BpeMeHH 3THX 4 TaKTOB NMpoucxoauT coxpanenne Cuerynka [Iporpamm B Creke. 3aTeM MIPOUCXOTUT

Mepexo BEeKTOpa MPOrpaMMBbl Ha METKY HOJIPOTPaMMBI 1 00pabOTKH NMpephIBaHuUs, 3TO 3aHUMAT 3 TakTa. Eciu
IIPEBIBAHHE TTPOMCXOANT BO BPEMS BBHITIOIIHECHNSI MHOTOTAKTOBOIM MHCTPYKIMU TO CHAaYajla MPOUCXOJHUT 3aBEPILICHNE
BBITIOTHEHUSI TOH HHCTPYKITHH, a IIOTOM 00paboTKa mpepsiBanus. Eciu npeprsiBanue nmpoucxonut, korga LHITY (MLY)
HaXOJMTCS B PEXKHUME CHA, TO BPEMs pEaKLMH Ha IIPEepbIBaHUE YyBeIM4IHBacTcs Ha 4 TakTa. Takoe yBeIndeHHEe BpEeMEHN

PEaKIUK NPOUCXOIUT U3-3H J00ABICHHS BpEMEHH TeOyeMOro Ha BBIXOJ] U3 BEIOPAaHHOTO PE)XXMMA CHA.

Ha BeIXOm w3 moxmporpamMMbl 00pabOTKH TpephIBaHMSI TOXE Tpedyercst 4 TakTa. B TeyeHmn BpHMeHH 3THX 4
takToB Cuerumk IIporpamMm (OByx-OaifTHBINM) BBITAJIKUBAeTCA -BOCCTaHaBiIMBaeTcs- u3 Cteka, Ykazatenb Creka
YBEJIMYHMBACTCS HA 2 ¥ MPOUCXOAUT ycTaHOBKa OuTa I B peructpe cocrossaus SREG.
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IHamate AVR ATtiny2313

Drta cekuuss onuceiBaeT pasHele Buabl mamsatH B ATtiny2313. AVR apxurektypa uMeeT JABa TJIaBHBIX
npocTtpancTBa namatu, [lamsate [launeix u [lamsate [Iporpamm. B nomonmmenme xatomy, ATtiny2313 mmeer EEPROM-
namath (I13Y) nns xpaHeHus JaHHBIX. DTH TPU IPOCTPAHCTBA MAMATH PACIIONOKEHBI ITOCJIEAOBATEIBHO.

Berpoennast nporpamvupyemas OJIDII-namaTs

ATtiny2313 conepxut BcTpoeHHyto DJIDII-mamMate 11t XpaHeHus nporpaMMel. Tak kak Bce AVR-uHCTpyKumn
ABIsI0TCS 16- nmm 32-0utHbME To @JIDI-TamMaTe opranm3osana kak Tabmuma 1K x 16.

OJIBUI-mamsaTe MOXeT OBITh Tepe3amucana MEHIMYM 10 000 pa3, IMEIOTCS B BHAY IHKIIBI 3aIHCH M CTUPAHUS.
Cuerunk [Iporpamm (PC) y ATtiny2313 sBnstercst 10-OuTHBIM, Tak 9To MoKeT aapecoBarh poBHO 1K (1 Kwunobaiir)
npoctpanctBa mnamatd. Paszgen "IlporpammupoBanue Ilamstu" Ha cTplS57 comepxuT [AeTambHOE ONMCAHME Kak
nporpammupoBath (mpomuBaTs) OJISII-mamsate uepes SPI-uaTepdeiic.

Tabmuma KOHCTAaHT MOXET OBITh PACIIOJIOKEHA B MpenesiaX MPOCTPAaHCTBA BCel MaMATH (CMOTPHUTE OIMCAHHE
uHCTpyKuMH 171t 3arpy3ku [Tamsatu Iporpamm- LPM- Load Programm Memory)

BpemenHbIe AuarpamMMel U BRIOOPKH MHCTPYKIUI U A BBIIOJHEHUS] MHCTPYKIMHA IpeacTaBieHs! Ha cTpl0.

MamAatb Mporpamm

0x0000

0Xx03FF
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ITamaTte 1annbix SRAM (03Y)

Pucynok 9 moka3pIBaeT Kak OpraHH30BaHa MaMATh JaHHBIX SRAM.

Cample mmagmue 224 anpeca pacloyioKEHHS AaHHBIX B MaMsITH JaHHbIX 310 Paiin PerucrtpoB, mamsTh
BBOJA/BBIBOJa, PacmmpenHas mamMsaTh BBOJA/BBIBOAA M BHYTpeHHsSI maMaATh HaHHBIX SRAM. IlepBeie 32 ampeca - 310 U
ectb @aiin Peructpos (PeructpoBbiii @aiin), cienyrommue 64 ampeca - 3TO CTaHAApTHAs MaMATh BBOJA/BBIBOJA, a
caenytomie 128 aapecoB 3TO y)ke BHYTPEHHsA MamsATh AaHHBIX - O3Y (SRAM).

[14Th pa3snUYHBIX PEKUMOB aJIpecalliy MaMsITH JaHHBIX MIPEJICTABIAIOT cO00M cienyromiee:

1-IIpsimoit Joctym,

2-Kocsennast Anpecanus co CMmelieHueM,

3-Kocsennas Aapecanus (Ilpocras),

4-KocBeHHast Anpecanys ¢ IpeIBapUTEIbHbIM JEKPEMEHTOM (IIPEAEKPEMEHT),

5-KocBennast Agpecaniys ¢ HOCAeAYIOUIUM HHKPEMEHTOM (IOCTUHKPEMEHT).

B PeructpoBom @aiine peructpsl ¢ R26 no R31 sBasioTcst peructpamMu KOCBEHHOW ajpecanuu (KOCBEHHBIE
yKa3aTellu agpeca).

[Ipsimas agpecariis MOKET apecoBaTh NOJHOCTHIO BCE IPOCTPAHCTBO MAMSITH.

KocBennas Anpecarius co cMeIIeHHeM MOXKET aApecoBaTh 63 aapeca UCTIONB3Ys PETUCTPH Y W Z.

Korma ucnonesyercs pexxum Kocsernoit Anpecarun ¢ Ilpenexpementom wiu IIoCTHHKpEMEHTOM TO PerucTpsl X
unu Y UK Z NeKPeMEeHTUPYIOTCS WM HHKPEMEHTHPYIOTCSL.

32 Peructpa OOmero Hasnauenus, 64 peructpa BBOma/BeiBoja M 128 Oaiit BHyTpenneil mamsatu O3Y B
KOHTPOJUIEPE, BCE 3TO CTAHOBUTCS TOCTYITHBIM ITyTE€M HCIOJIB30BaHMUS BCEX IISITH PEKHMOB afpecariiy.

Peructpossiii ®aiin onucan Ha cTpS.

MamMaTb JaHHbIX

32 Pernctpa 0x0000 - 0x001F
64 Per. Beoga/Buisoga | 00020 - Ox005F
0x0060

Buytpennan O3Y
{128x8)

0x00DF

Pucynok 9 — Kapra ITamaru JlaHHBIX

Bpems loctyna k Illamsatu JaHHbIx

OTa ceKuus ONMUCHIBACT KOHIENIHUIO BpeMeHH nocTyna K Bryrpenneit Ilamsaru [lanueix. Bpems moctyma k
BHyTpeHnHei O3Y 3anumaert 2 takra LTV, kak nokazano Ha Pucynke 10:
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TakT 1 TakT 2 TakT 3
1 | |
. T1 I T2 I T3
1 1 1
TAKTbI uny m
1 1 1
Anpeca : BeruncneHne appeca :X DefdcTEHeTenbHBIA appec
1 1 1
. 1 1/ ™, —_—
HNaHHble i Y D, .
1 1 1 g
1 I / |\ =
; 1 1 1 s
3anuce 3 : ” —
1 | i
JaHHbIE i —{ P Y —
\ / o
I I T o
: : / :\‘ E
Y =
ITeHne 0 g I —
1 1 1
Hucrpyxuna Docryna k Mamatk Cnepywman HHcTpykuna

Pucynok 10 — Bpemennsle quarpammsl ocTyna K AaHHeIM B O3V BCTpOE€HHOMY Ha KpUCTaI

IHamars JJanueix EEPROM (IIII3Y)

ATtiny2313 cogepxur 128 baiitr EEPROM (IIII3VY)-mamsatu. OTa mamsaTh OpraHM30BaHa Kak OTIEIbHOE
MIPOCTPAHCTBO JAHHBIX, KAXKABIA OJMH OalT MOKeT ObITh pounTaH u 3anucad. EEPROM (III13Y) moxeT ObITh 3amucaHa
u crepra B cymme kak muHumyM 100 000 pa3. Pabora LIIIY ¢ EEPROM o0msicHena B ommcanuu Peructpa Anpeca
EEPROM, Peructpa [lamasix EEPROM wu Perumcrpa VYmpasienns EEPROM. 3a momgpoOHoi wuHbopMammed 1o
ocJIeTOBaTeNbHOM 3arpy3ke nanHbIX B EEPROM ob6patuteck k ctp. 171.

JHocryn Ha yrenue/3anucb EEPROM

Peructp Hoctyna k EEPROM pacnonoxeH B IpocTpaHCcTBe BBoAa/BeIBoAa. Bpemsa nocryna k 3anucu EEPROM
nmaHo B Tabmume 1. Ota camoomnpenensromas BpeMeHHas (QYHKIUS U TTO3BOJISCT MOJIE30BATEII0 MPOTPAMMHO OMPEICIATh,
KOTI'/Ia )K€ MOXKHO OyJeT 3aluChiBaTh cleayromui 6aiit. Ecau mporpamMma mosib30Bartessi CONEPKUT WHCTPYKIUU 3aIHCH,
TOTJa JO/DKHBI OBITh MPEIIPHHATH HEKOTOPBIC MPEAOCTOPONKHOCTA. B HCTOYHHKAX MUTAHUSA COACPIKAIIMX (PHILTPHI
BO3MOYHO MEJJICHHOE U3MEHEHUE HANpPsOKeHHs VCC (+IUTaHus) BBEPX WU BHU3 OTHOCUTENHHO 3eMiu. 1o 3Toit mpuunHe
YCTPOUCTBO MOXET paboTaTh HEKOTOPOE BpeMs C MOHWKCHHBIM HANPSHKECHUEM MMUTAHUS, MEHBIIIUM, Ye€M TIOJIOKEHO, s
naHHOM cuctemMHOM wactoTel. CMmoTpu "IlpenorBpamenne Mckaxenus anasix EEPROM" Ha ctp. 19 mia moapoOHoi
nHpOpPMALIUK O TOM, Kak KM30ekaTh MpobsieM B 3Toi cuTyanuu. J[as Toro, yTtoObl M30€KaTh HEYMBINUICHHYIO 3aIlHCh B
EEPROM, nomkHEI OBITH COOMIOACHBI OIpENeIIeHHbIe mpoleaypel. OOpaTtuTech 3a Ooyiee MeTanbHON HH(pOpMAIHEn 10
stoMmy mnoBoay k onucanuto Peructpa Konrpons EEPROM. Korma mnpoucxoaur urenne EEPROM, HITY
MpUOCTaHaBIMBaeTCs Ha 4 TakTa A0 TOro, KaK HayaTh BBINOJHEHHE cienyrouied nacrpykuuu. [locne 3anucu EEPROM
LITY mpuoctaHaBIHBaeTCs HA 2 TaKTa, IPEXK/E, YeM HAYATh BEITIOIHEHHUE CIICIYIONICH HHCTPYKIINH.

Peructp Aapeca EEPROM «EEAR»

but 7 B 5 4 3 2 1 0
I - | EEARG | EEARS | EEAR4 EEAR3 EEAR2 EEAR1 EEAFI'IJI EEAR
UreHne/Januce R RW RW R/W RW RW RW RW
HavanbHoe 3HaveHHe 0 X X X X X X X

* burt Ne7 - Res: 3ape3epsupoBannblii bur
Orot 6ut 3ape3epBupoBan B ATtiny2313 u Bceraa 9utaeTcs Kak HOIb.
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* butsl Ne6.. Ne( - EEARG.. 0: Anpeca EEPROM

Peructp ampeca - EEAR - ompenenser anpec Oaiita maHHbIX B 128 OaiitHom mpoctpanctBe EEPROM. BaiiTet
naraeix EEPROM anpecyrotces mumaeitHO ot 0 ampeca mo 127. HawameHble 3HaueHus OutoB B Permctpe EEAR He
onpeneneHbl. Hamexammue 3HAYEHWS JTOTO perucTpa JMOJDKHBI OBITH 3amucadbl, A0 Toro, kak EEPROM Oyner
HCTIONIb30BATHCS.

Peructp Jannsix EEPROM «EEDR»

burt 7 6 B 4 3 2 1 0

ST N A S S E— =
Urtenne/3anuce RW RW RAW RW RW RW RW RW
HavanbHoe 3Ha4YeHHe 0 0 0 0 0 0 o] 0

¢ butel Ne7.. Ne0 - EEDR?7.. 0: EEPROM /lanHble

Hus 3anmcn 8 EEPROM, Peructp Jlanaeix EEDR nomkeH conmepath gaHHBIC, KOTOpPBIE OyIyT 3aICEIBATHCS B
EEPROM, no agpecy, onpenenenHoMy B Peructpe Anpeca EEAR. lna onepauuu urenuss EEPROM, Peructp JlanHbix
EEDR pnomxeH conepxxath AanHble npountanHble u3 EEPROM no agpecy, onpenenennomy B Peructpe Anpeca EEAR.

Peructp Ynpasienusa EEPROM «EECR»

but 7 6 5 4 3 2 1 0
- - EEPMA1 EEPMO EERIE EEMPE EEPE EERE EECR
Ure”Hne 3anuck R R RW R R RN RAN RW
HavaneHoe 3HaveHHe 0 0 X X 0 0 X 0

* butsbl Ne7.. Ne6 - Res: 3ape3epBupoBanHbie BUThI
Otn 6utsl 3ape3epupoBansl B ATtiny2313 1 Bcerga YMTalOTCS Kak HOJb.

* butsl \eS, Ne4 - EEPM1 u EEPMO: IIporpammupoBanue buros Pe:zkuma EEPROM

YcranoBka 6utoB BeIOOpa pexkxuma EEPROM omnpenenser kakoe AEHCTBHE BBIIOIHUT IMpOrpamMMa, Korga B OWUT
EEPE Oyner 3arpyxena 1. DTo HO3BOJSET MIPOrpaMMHpPOBATh JAHHBIE B aBTOMATHUECKOM PEXHMME (CTHPaHHE CTapbIX
JaHHBIX W 3alUChIBAaHME HOBBIX IAHHBIX) MM BBIIOJNHATE OT OTHeNbHO omepanuu Crtupanns W 3anucu. Bpewms
MIPOTPaMMHPOBaHUS TAHHBIX JJIS pa3IHYHBIX PSKUMOB Toka3aHo B Tadmute 1. [Toka 6ut EEPE conepxur 1, mobast 3amuch
B Out EEPMn Oynet urnopupoatbcs. [Ipu copoce konTpoiuiepa 6utsl EEPMn 6ynyT copomenst B 0b00, ecmu EEPROM
B 3TOT MOMEHT IIPOTrPaMMHPOBAJIACh.

Taonuua 1 - Bute! esibopa pexnmos EEPROM

ouT ouT Bpeua nporpam-
EEPMA EEPMo |MupoBaHnA Onepaunn
CTHpaHHe H 3anNHCk B 00HY ONepauHi
0 0 3.4ms (aABTOMATHYeCKAA onepaunAa)
0 1 1.8 ms Tonbkoe CTupaHne
1 4] 1.8 ms Toneko 3anuce
1 1 3ape3zepEHPOBAHO ONA DYLYWEre HCNONB30BAHHA
— (elWe He NPpUAYMANH, 4T0 ¢ 3THKM AenaTsk)

* but Ne3 - EERIE: IlpepriBanue or EEPROM no CocTosiHuio ''TOTOBO K 3anucu''

B out EERIE nyxHO 3ammcaTh 1, 9T00BI pa3pemmuts npepbiBanue (u nmepexon Kk k Bekropy EE READY), eciu Tak
xe yctanoBieH B 1 our I B Perucrpe Cocrosaust SREG. 3ammce B EERIE Hyns 3ampemaer npepsiBanue or EEPROM.
Ecmn B EERIE HaxomuTcs emuHMIA, TO TpEphIBaHUE OYIET MPOUCXOAUTH moctosHHO, korna EEPROM Oyaer rotoBa k
3aITicH.
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* bur Ne2 - EEMPE: Macrep IIporpammuoro Paspemenns EEPROM

Bur EEMPE onpenensier 6yaet mu 3¢ dexr ot 3amucannoro 6ura EEPE. Eciiu 8 6ut EEMPE 3ammcate 1 u motoM,
He To3ke, depe3 4 TakTa, 3amucatk | B 6utr EEPE, To HauneTcs mporpammmupoBanue Oaiita nanaeix B EEPROM mo
3ananHomy anpecy. Eciu 8 EEMPE Homp 1O ycranoBka B 1 EEPE ne maer sddexra. Ecmu 8 EEMPE 3amumcats 1
IIPOTPaMMHO, TO CIIyCTSI 4 TakTa 3TOT OUT OyIeT OYMIIICH B HOJIb AlIIapaTHO.

* bur Nel - EEPE: IIporpammuoe Paspemenne B EEPROM

bur EEPE st10 6ur IIporpammuoro Paspemenus Curnana unymero B8 EEPROM, nporpammupyeT paspemieHue
s curHana (6atita) umymero B EEPROM. Korna EEPE 3amucan 1-eit o EEPROM Oyzer 3amporpaMMupoBaHa COTIACHO
ycranoBkam 6utoB EEPMn. EEMPE Out noimkeH yxe coiepkaTh CIMHHUIYY eIie A0 TOTrO, KaK eIWHUIA OYIeT 3aliucana B
our EEPE, unaue 3anmmce EEPROM He Oynet ocymectieHa. Korjja oTBeieHHOE BpeMsl Ha TOCTYII K 3aITUCH HCTEUET, OUT
EEPE Oynet ounmen anmaparHo. Korma 6yzner ycranosneH out EEPE, LIITY nproctaHOBHTCS Ha ABa IWKIIA JIO TOTO, KaK
cleyronIast HHCTPYKIHS OYAET BBITOTHCHA.

* but Ne( - EERE: Paspemenue Yrennss EEPROM

bur EERE - 310 6ut Pa3pemenns Urtenus Curnana (6aiita) 13 EEPROM. bur EERE sBnsercs ctpoOupyromum
curHanom g EEPROM. Tlocne Toro, kak OyzeT 3amucaH KoppeKTHBIN aapec B Peructp Anpeca - EEAR - Torna MoxHO
Ooyner 3amuceiBaTh 1 B Out EERE mns BerzoBa urenust u3 EEPROM. Jloctyn k EEPROM Gyner ocymiecTBiieH 3a OQHY
HHCTPYKIMIO U TpeOyemble maHHbIe OyayT TyT ke moctymHeIMH. Korma EEPROM namseie OyayT mpountassl, LITY
NIPUOCTAHOBUTCS Ha 4 TakTa MpexJe, YeM HadaTh BBIIOJHEHHE Ccleaylomeil MHCTpyKuuH. Ilomp3oBaTenb IOIDKEH
nporpammuo onpammsath Out EEPE 1o Toro, kak HauaTh onepanuo yTeHus. Eciiu B JaHHBI MOMEHT BPEMEHH OTICPaIlHs
3armucu EEPROM Oyzer akTuBHA, TO HeNb3s ocyniecTBIATh yreHne EEPROM u m3meneHue comepkumoro Peructpa
Anpeca EEAR.

ABToMaTtndeckoe IlporpammupoBanue baiita

Haubonee mpocTeIM u3 Beex sBIsAETCs pekuM ABTomaTtmueckoro ITporpammmpoBanust baifra. Ilepen Ttem kak
ocymecTtBuTh 3amuch B EEPROM mnomnp30BaTens JODKEH CHavaja 3amucarh aapec B Peructp Anpeca EEAR u nanuble B
Peructp daunbix EEDR. Ecnu 6utet EEPMn siBisiroTcst HysieBbIMH, TO 3anuch | B 6ut EEPE (He mo3aHee, yem B TeueHnu 4
ukiIoB mocie 3amvcu | 8 EEMPE) npuBenet k 3amycky onepanuii CTUpaHus U 3anucy. LIUKIIBl cTupaHus U 3anmucu OyIyT
BBITTOJTHEHBI KaK OJJHa OTIepanys, IIOJIHOE BpeMs TaKOro IPOTpaMMUpPOBaHUS MaMTH IpuBeaeHo B Tabmuue 1 Ha cTp.16.
bur EEPE ocrtaercst ycTaHOBJIEHHBIM 0 TOT'O, NMOKA LIUKJIbI CTUPAHMS U 3alMCH He 3aBepiuatcs. [loka ycTpoHCTBO 3aHATO
nporpammupoBanrieM EEPROM, reBo3moxxHO ¢ EEPROM BHIIONHATE KaKUE-THOO APYTUE OTICPAIIHH.

Pa3zgeabHoe [IporpammupoBanue baiitos

Takke, BO3MOXXHO BBINIOJIHATH JBE pa3Hble omepanuu 3amucu U CTuUpaHds. DTO MOXKET MOHAAOOUTHCS B
MIPHIIOKEHUAX TPEOYIOIMMX OBICTPOTO JOCTYIA K MaMITH 33 HEKOTOPbIe OTpaHUYCHHBIE TIEPUOJIBI BpEMEHHU (HampuMep, Ipu
MajarolieM HanpspkeHuH). UToObl BOCIOJIB30BATHCS MPEUMYIIECTBAMHU TaKOTO METOJA, HY)KHO TMOMHHTBH, YTO sYeiika
NaMsATH TI0 TOMY ajipecy, Kyaa OyAeT MPOU3BOJIUTHCS 3allMCh JAHHBIX, JOJDKHA OBITh MpeaBapuTelibHO cTepTa. CTupaHue
HY>KHO TIPOM3BOJINTD, KOT/Ia HANPSDKEHUE SBJSIETCS JOCTATOYHO BHICOKUM JIJIS HOPMAIbHON paboTHI.

Crupanue

UtoObI IPOU3BECTH CTHpaHHE OaiiTa, mpekae Bcero Hamo 3amucath B Peructp Anpeca EEAR anpec ctupaemoro
Oatita. Ecu Be1Opan pexxuMm "Tonpko Crupanue", kak moka3zaHo B Tadmune 1 - 0b01 mms EEPMn, to 3amuce EEPE (B
TeueHuH 4 taktoB, nociue 3anucu EEMPE) BeizoBet onepauuto crupanusi. but EEPE ocrtanercst yctaHoBieHHBIM B 1 110
3aBeplueHus onepauuu crupanus. Iloka ycrpoiictBo 3aHsTo ctupanueM EEPROM, neBo3moxxHo ¢ EEPROM BbIIONHATE
KaKue-moo Apyrue oneparum.

3anuce

Uto0OB! MpoM3BECTH 3amuch OaiiTa, mpexe Bcero Hajao 3amucath B Peructp Aapeca EEAR anpec 3amuceiBaemMoro
Oatita. Ecin BeIOpan pexum "Tonpko 3amucek”, kak nmokazaHo B Tabmume 1 - Obl0 mrs EEPMn, to 3ammcek 1 B EEPE (8
TeueHuH 4 TakToB, mocie 3anmucu EEMPE) Be1zoBet onepanuto 3anmcu 6aiita. but EEPE octaneTcs ycTaHOBICHHBIM B 1 110
3aBEpILICHISI OMEPALHU 3amucu. Eciy sdelika maMsATH, KyJla MPOWU3BOAUTCS 3alMCh HE ObLIa CTEpPTa Iepel 3amluchio, TO
JAaHHBIC XpaHUMBIC B Hell OymyT 3atepThl HOBBIMH. [loka yctpoiicTBo 3aHsATO 3amuchio EEPROM, HeBO3MOXHO ¢
EEPROM BHITONHATH KaKHe-THOO APYTUE OTIEPAIIHH.

e A Ttiny2313/V

r IITaxTh iprito@mail.ru Jlucm

TOPTYDC [Komes | ocems | ATtiny2313 nokymeHTanms (moJiHas) 17

Marucrparypa | llonmucs | 2006r




A Ttiny2313/V

Kanunbposka ['eHepaTopa MPOUCXOAUT MPUMEPHO 3a TO ke Bpems ,4T1o U goctyn Kk EEPROM. Vo6enutech, 9To
gacrota ['eHepaTropa HaxoauTcs B mpezenax Tpedyemoil B omucanuu "Peructpa Kamubposku I'eneparopa - OSCCAL" Ha

ctp. 25.

Crnenyromuii mpuMep KoJia MOKaKeT, Kak Ha accemOuiepe u Ha C mpousBoauTh 3anuchk B EEPROM. B npumepax
MIPUHSATO, YTO MPEPBIBAaHUSA OBLIM OTKIIOUEHBI ImyTeM ouncTku 0uta I B Peructpe CocrostHus SREG, Tak 4To npepsiBaHusA

He cpaboTaroT BO BpeMs BBHINOJIIHEHHS (DYHKIMH B IpUMepax:

Assembly Code Example

EEPROM write:
Wait for completion of previous wri
sbic EECR, EEPE

rjijmp EEPROM _write

out EEAR, rl7
; Write data (rl6) to data register
out EEDR,rlée

Write logical one to EEMPE
sbi EECR, EEMPE
; Start eeprom write by setting EEPE
sbi EECR, EEPE

ret

; Set up address (rl7) in address register

C Code Example

{

while (EECR & (1<<EEPE))

/* set up address and data registers

EEAR = uiZddres

L]

EEDR = ucData;

J* Write logical one to EEMPE */

EECR |= (1<<EEMEE);

J/* Start eeprom write by setting EEPE

EECR |= ({1<<EEPE);

void EEPROM_write({unsigmed int uiAddress,

J/* Wait for completion of previous write

*

*

/

*/

unsigned char ucData)

/
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Crenyromuii mpuMep Koja NOKaxeT, Kak Ha accemoinepe u Ha C npousBoauts ureHne n3 EEPROM. B npumepax
MIPUHATO, YTO MPEPBIBAaHUSA OBLIM OTKIIOUEHHBI ImyTeM ouncTku 0uta I B Peructpe CocrostHus SREG, Tak 4To mpephiBaHusA
He cpaboTaroT BO BpeMs BBHINIOJIHEHHS (DYHKIMH B IpUMepax:

Assembly Code Example

EEPROM_read:
Wait for completion of previous write
sbkic EECE, EEWE
rijmp EEPROM read
; Set up address (rl17) in address register
out EEAR, rl7
; Start eeprom read by writing EERE
sbhi EECR, EERE
; Read data from data register
in rl&,EEDR

ret

C Code Example

unsigned char EEPRCM _read unsigned int uiaddress)
{

A Wait for completion of previous write */

while(EECR & (1<<EEWE))

/* Set up address register */

EEAR = uikAddreszs;

/* Btart eeprom read by writing EERE */

EECR |= (1l<<EERE);

/* Return data from data register */

return EEDE;

IIpenorBpamenue Uckaxkenuss nanabix EEPROM

B TeueHnu mepmoma BpeMeHH HHU3KOro HampspkeHus nutanus Vcec, EEPROM naHHBIE MOTYT OBITh HMCKa)KEHHI,

notromy, uyTo LIITY 1 EEPROM He MOTyT KOPpeKTHO paboTaTh B TAKUX YCIOBHAX. DTa MpobieMa SBIIeTCS TaKoH ke, KaK y
miat-npmwioxkeHui ucnons3youmx EEPROM u pemierus 3Toi npoGiieMsl 37iech MOTYT OBITh TaKUMH Jke. VckaxeHune
naaHEbpix EEPROM npy HU3KOM HampsKEHHH MOXKET IIPOM30HTH o ABYM IpuunHaMm. [lepBast: mocienoBaTenbHas 3aliCh B
EEPROM TtpebyeT onpeneIeHHOr0o MEHUMAITFHOT'O HATIPSDKCHHS ISl KOPPEeKTHOM paboThl. Bropas npuunna: LITY moxer
CaM HENOCPECTBEHHO BBINOIHATh HEKOPPEKTHO ONEPALMH, €CIIU HAPSYKCHUE UCTOYHUKA MUTaHMsS CIIMIIKOM HU3KOE.
HUckaxernus nanapix EEPROM MOKHO JIerko u30exkaTh, CIICAYs CICIYIOIIAM MPOSKTHBIM PEKOMEH IAITHISIM:
Vnepxusath BbixoJ RESET B HH3KOM COCTOSIHUM B T€UEHHH BPEMEHHU IOKa HANPSDKEHUE HEYAOBIETBOPUTENBHOE. JTO
MOXeT OBITh cHaemaHo paspemmB paboty Brown-out Detector (BOD) - merekTopa HH3KOTO HampspkeHus. Ecmm
ONpenenseMblii YpOBEHb HampsDKEHUs  BHYTpeHHMM BOD-geTekTopoM He COOTBETCTBYET 3aJaHHOMY YPOBHIO, TO
cpaboraer Cxema 3amuThl (cOpoca).

Ecm Copoc Cxemoit 3amuThl JOKEH MPOU30UTH BO BpeMs oneparun 3anuci B EEPROM, To Oynet obecnieueHo
3aBepILEHIE ATOM ONepariy, HO IPH YCJIOBHUH, UTO JUIS 3TOTO OyJeT JOCTATOUHO HAIPSIKCHHUS.
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ITamats, BBoaa/BeiBoaa (B/B)

Onpenenenue npoctpancTsa B/B g ATtiny2313 npuseaeno Ha ctp. 209 B paznene "Pestome Peructpa".

Bce Buabl npoctpancTs B/B B ATtiny2313 u nepudepuiiHple yCTpoicTBa pacHoiI0KeHbI B 00IIeM MPOCTPaHCTBE
B/B. JIroboe MecTo mpocTpaHCTBA B/B MOXET OBITh AocTymHO depe3 mHCTpykuuu LD/LDS/LDD u ST/STS/STD npu
nepenayu JaHHBIX Mexay 32 Peructpamu O6mero HazHadueHust 1 caMuM MPOCTPAHCTBOM B/B. Peructphl B/B, ubM ajpeca
pacnionaratorcs B mpefenax auanasona 0x00 - 0xF1, moOutHO noctynHsl yepe3 komauasl SBI u CBI. B »tux perucrpax
3HAYCHUS Ka)Xa0ro OuTa MOKeT ObITh mpoBepeHo komaHmamu SBIS u SBIC. 3a mompoOno#t  wuH(popmarmeir 00
HHCTPYKIHMAX oOpamaiTech K COOTBETCTBYIOUUM paszienaMm. OmnpeneneHHbIe KOMaHAB U IPOCTPAHCTBA B/B, TAKHE Kak
IN u OUT, nomxusl ucnonb3oBarbes B Auanazone aapecoB 0x00-0x3F. Korga Peructpsl npoctpaHcTBa B/B agpecyroTCs
KakK MPOCTPaHCTBO JaHHBIX, nocpeactBoM koamana LD u ST, To k agpecam 3tux PerucrpoB nomkHO OBITH NpHOaBICHO
3HaueHue 0x20.

3ape3epBUpOBaHHBIC ajpeca IaMATH NPOCTPAHCTBA B/B HUKOTJAa HE MOTYT ObITh mepesamucaHbl. HekoTopsie
¢aru (6utsl) B Peructpe Cocrosaus SREG ounmiarotes 3amiceio B HuX uMeHHO jormdeckord EJIMHUIIEBI a vHe Hyms.

OO6paTtuTe BHUMAaHKE, YTO B OTVIMYME OT JPYTUX MHCTPYKIHHA KoHTpoiuiepa, CBI u SBI nunCTpyKUIMu onepupyror ¢
OTIpe/IeICHHBIMU OUTaMH U TIO3TOMY OHH MOTYT OBITh HCIOJIB30BAHBI B PETHCTPAX IS ONPEACICHUS OTACIBHOTO (rara.

Komanast CBI u SBI paboTatoT Tobpko B onpeeneHHoM auamnaszone aapecos: oT 0x00 mxo Ox1F.

Peructpbl YpasiaeHus npocTpancTBoM B/B u [lepudepueii 00bsICHEHBI B CIICAYIOIIEM pa3/elie.

Perucrtpsl B/B O0mero Haznayenus

ATtiny2313 comepxutr Tpu Permctpa Bpoma/BeiBoma OOmero HasnadeHwms. DTH perucTpsl MOTYT OBITh
HCTIONB30BaHbl IS 3allOMHHAHUS 000N WH(pOpMAIMd W OCOOCHHO OHHU IIOJIE3HBI I 3alOMHHAHUS [100anbHBIX
[epemennpix u ®maros CocrosHus. Peructpsl BBoma/BriBoga OOmiero HasHaueHwWs HaXomaTcs B AHMANa30HE aIpecoB
0x00 - Ox1F u HemocpencTBeHHO MOOUTHO HOoCcTymHEI Yyepe3 uHcTpykuuu SBI, CBI, SBIS, u SBIC .

Peructp Broga/BeiBoga O0mero Haznauenus 2
- GPIOR2 (General Purpose I/0 Register)

bur 7 & 5 4 3 2 1 0

L _MsB_| | | | LsB | GPIOR2
UreHHe/ s3anuce R RwW RAW R RAwW RW RW RAW
HavanbHoe 3HaveHHe 0 0 ] 0 0 0 0 0

Peructp BBoaa/BeiBoaa Oomero Haznavyenus 1
- GPIORI (General Purpose I/0 Register)

Bur 7 & 5 4 3 2 1 0

LMsB_| | | | LSB | GPIOR1
'.ITe HH e_."3 ANMHCh R RW RAW R RW RAN R/W RW
HayanbHoe 3HaYeHHe 0 0 0 0 0 0 0 0

Peructp Beoaa/BeiBoga Oomero Haznauenus 0
- GPIORO (General Purpose I/0 Register)

Eur 7 ] & 4 3 2 | ]

[ MmsB | | | | LSB | GPIORO
UTeHHE/ 3aNMHCh R RwW RAW RW RwW RwW R RW
HavyanbHoe 3HaYeHHe ] 1] 0 i 0 1] 1] 0
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Cucremubiii TaktoBbii I'enepaTop u ero Hacrpoiika
Onucanue Cucremuoro ['eneparopa

Ha Pucynke 11 npexacrasineHa cTpykrypHas cxema TaxroBoro I'eHepaTopa u ero omucanue. Bee ycTpolicTBa
HyXgatomecss B TaktoBoMm ['eHeparope OyAayT HEaKTHBHBI, €CIH MOCIEIHHN TOXe HEaKTHBEH. UTOOB YMEHBIIUTH
HOT’pe6J’[eHI/Ie MOIITHOCTH, TaKTOBBIN MOAYJIb MOXKET OBITh OCTAHOBJIEH B HECKOJILKHX Ha BI)I60p peXKnMax CHa, OMMMCAHHBIX
Ha cTpaHune 29 B pazaene "YmnpaeineHue DHepromnorpebnenumem u Pexxumbr CHa". TakToBblli ['eHepaTop neTanbHO
MIPECTaBIICH HIDKE!

Mogyne
Beona/Buisoma Anpo LINY 03¥ @AW ANy
A A A A A
TAaKThI
Moayna
BB
TakToBoe YerpoiicTae rakTul LMY
Ynpapnouna AVR
TakTe MN3Y
A
n Conoca MK Croposesoi
orika Cpoca Taiep
1 v
Heron T TakTel
cTounnk TakTon Cropowerore
Taiuepa
MyneTHnnekcop
Taktom
A A A A
lNemeparoop
Cropowerors
Taliaepa
BHewHun - -
e rel!EFh'll’ﬂll KUJIIIU|JOB£IHH!|IH
KBapuesbii Ha Kpucranne RC-reneparop
PezoHatop

Pucynok 11 - CtpykrypHas cxema TaktoBoro I'eneparopa

Taxkrel HITY

Takter LIITY HampaBiieHBl Ha T€ YaCTH CHCTEMBI (MOAYNH), KOTOpBIE padoTaloT CHHXpOHHO ¢ sapoM AVR. K
puMepy, TaKUMH MopayisiMu MoryT ObiTh Permctpsl O6mero Hasnauenus, Permctp CraTyca m mamsTh JaHHBIX,
conepkamas Ykaszarenb Creka. OcraHoBka TakToB LII1Y 3ampemmaer paboTy siapa M IpeKpamiaeT BBHIIOJHEHHE OOIIHX
orepanuii ¥ BEIYHUCICHUS.

TakTsl npocTpancTBa B/B

TakTel TPOCTpPAaHCTBA B/B WCHONB3YIOTCS OONBIIMHCTBOM MOAYJCH B/B, Takumu, Kak Taiimepsl/CueTduku U
uaTepdeiic USART. TakTel mpocTpaHCTBa B/B TakK ke HCIONB3YIOTCS MoxyineM Bremmwux [IpepriBaHmii, HO HE TEMH
BHEITHUMH NPEPHIBAHMAMH, KOTOPBIE HCIIOJB3YIOT aCHHXPOHHYIO JIOTHKY, MO3BOJISISI TAaKMM IPEpPBIBAHHUSAM CpadaThIBATH
Jla’ke, €CITM TaKThI IIPOCTPAHCTBA B/B OCTAHOBJIEHHI. Takxke, oOpaTuTe BHUMaHKE, YTO YCIOBHE HAYAIBHOTO OOHAPYKEHNUS B
USI-monyne siBAsieTCsl aCHHXPOHHBIM, KOTZa TakThl B/B OCTaHOBIIEHBI; 3T0 ycinoBue B USI-monyne 3amyckaeTrcs mpu
MIepex0/ie B CIISIININ PEKHM.

Takrel IIII3Y

Onepauun takrtoBoro ynpasienus I1I13Y ompenenstor unTepdeiic TIMI3Y. Takrer TIII3Y oxHOBpeMeHHO
HCHOJB3YI0TCA ¢ TakTamu LITY.
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Ucrounuk TaktupoBanus

KonTposmep nmeer cienyromuye HACTPOHKH MCTOYHUKA TAKTOBBIX MMITYJIBCOB, BHIOMpaeMble mpommBkoii Fuse-
6utoB (OMTOB-TEpeMBIYCK), KaK IOKa3aHO Hmke. CHrHaibl W3 BBHIOPAHHOTO HCTOYHHMKAa MJIyT HAa BXOA  TaKTOBOTO
I'erepaTopa AVR 1 3aTeM MoCTynaroT Ha COOTBETCTBYIOIINE MOIYJIH.

Tabauua 2 Be16op cxeMbl TAKTHPOBAHMA

HacTpoiika TakTpylomers ycTpoicTea CKSEL3..0
BHeWwHee TAKTHPOEBAHHE 0000
KanuopoeaHHblil BHyTpeHHA RC-revepatop Ha 4 My, o010
KanuopoeaHHbiil BHyTpeHHnid RC-renepaTtop Ha 8 My, 0100
lenepatop Cropomeroro Taiimepa Ha 128 Ky, 0110
Brewnnil Keapueesiil Pezonatop 1000 - 1111
JapesepeupoBaHo 0001/0011/0101/0111

Mpuueyanne:
1. InAa Bcex nepeMblveK COCTOAHHE:

"1".03navaer HEzanporpaMmnpoBaHo, a
"0 3AnporpaMMHpoBaHo.

B cnenyromux paszenax omucaHbl ONMIUK Kakaoro criocoba takrupoBanus. Korma LIITY mpoOysxknaercs oto cHa,
TO HAa4YMHAET CTApPTOBAaTh BHIOPAHHBIM WCTOYHHK TAaKTUPOBAaHUs obOecneuynBas cTaOWIBHYIO YacTOTy e€Ile 10 Hadaia
BoimoiHeHus nHeTpykuui. Korma LIITY crapryer mocie Copoca TO 3TO MPOUCXOAUT € 33ACPXKKOH, MMO3BOJISAST HCTOYHUKY
TaKTUPOBAHUS CTaOWIM3HPOBATH CBOIO pabOTy, emie A0 Hadyala HOPMAJIBHOIO (YHKIMOHHUPOBAHUS KOHTPOJIIEpA.
I'eneparop CtopoxkeBoro TaiimMepa Kak pa3 U HCIONB3yeTcs A MOACYETa IPOMEXKYTKAa BPEMEHH 3aJIepXKKHU IIPH cTapTe
KoHTposulepa. B Tabmume 3 moka3zaHel HOMepa TaKTOBBIX HHKIOB IeHepatopa CropokeBoro Taiimepa (WDT),
HCTONB3YeMBIX IIpH mojacueTax BpeMeHH. Yactora I'eHepaTopa CropokeBoro TaiiMepa 3aBHUCHT OT MPHIIOKEHHOTO
HampsDKEeHUsA, 006 3ToM rosopurcs Ha cTp. 179 B pasgene "Tunmunsie Xapakrepuctuku MK ATtiny2313"

Tabauna 3 — KoiuvectBo TakToB I'eneparopa CropoxkeBoro Taiimepa

Tunmanoe Koneunoe Bpems Tunuunoe Koneunoe Bpems Howmep Takrta
(mpu Vce=5V) (pu Vce=3V) (KOHEYHOE YHCJIO)
4,1 mc 4,3 mMc 4K (4096)

65 Mc 69 mc 64K (65536)

U CTOYHUK TAKTUPOBAHUSA MMO-YMOJTYAHUIO

KonTposiep BellTycKaeTcsi ¢ TAKUMH 3alIpOrpaMMHUPOBAHHBIMI OUTaMM MO-yMOJYaHHUIO:

CKSEL = “0010”, SUT = “10”, u CKDIVS.

Buytpennnii RC-rereparop mo-yMoi4aHHIO HAacTpPOCH Ha HauOoOJbIee BpeMs 3alycka C IPEABAPHTEIbHBIM
JIeICHHEM Y9acTOThI Ha §. YCTaHOBKHU O-YMOJIYaHUIO FAPAHTUPYIOT, YTO KAXKABIM MONB30BaTEeNlb CMOXKET B CBOMX MPOEKTaxX
HACTpauBaTh NCTOUYHHUK TaKTHpoBaHUs npu BHyTprCucremHoM win [lapasiensHOM MporpaMMHPOBAaHUH.

I'enepaTop Ha Pe3onatope

XTALI u XTAL2 310 BXOJ W, COOTBETCTBCHHO, BBIXOJl MHBEPTHPYIOUIETO YCIIUTEINS, KOTOPBIH MOXET OBITH
CKOH(HTYpPHPOBaH MOJIH30BATENEM KaK BHYTPCHHHIH T'€HEpaTop, Kak Mmoka3aHo Ha Pucynke 12 Ha ctp. 23.Taxxke, MOXHO
ncnonb3oBaTh KBapuessii pesoHarop min Kepammueckuii.

Emkoctu C1 u C2 Bcerma OyayT KBUBaJEHTHBIMH, T.€, OJIMHAKOBBIMH IPH HCIIOJIB30BAHUH PE30HATOPA JTHOOO0TO
Buma. OnTumanbHOE 3HAYCHHE EMKOCTEHl ompenensercss NMapa3suTHBIMH E€MKOCTSMH M 3JIEKTPOMAarHUTHBIMHM IIyMaMH
BHeITHEH cpenpl. Heckoabko Ha4ambHBIX PEKOMEHIAIUH MO BEIOOPY €EMKOCTEH, MPH UCIIOJIb30BAHUN PE30HATOPOB, NaHO B
Tabnuue 4 nHa crp. 23. Jlns KepaMHUUECKHX PE30HATOPOB 3HAUYEHHS €MKOCTH OINpECIIeTCs] ONMUpasich Ha MH(OPMALHIO
MIPOU3BOIUTENS PE30HATOPA.
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Pucynok 12 — Cxema nmoakiarouenus: Pesonaropa

['eHepaTop MOXET pabOTaTh B TPEX PasHBIX PEKUMAX, KaKIbIH ONTHMH3UPOBAH O] OMpPEACNICHHBIA THAara30H
gactoT. Pexxum paboTel BeIOMpaercs fuse-Ouramu (Ouramu-mepemerakamu) CKSEL3..1, kak moka3ano B Ta0muie 4:

Tadoauua 4 — Pe:xxumbl padotsl KBapueBoro I'enepatopa

SHTBI 1 i PexomMeHaoEAHHELT DIAIIA3 0H 1A eMEOCTeH
CKSEL3..1 Auamazor sactor (M ') C1 u C2 ¢ govmmaxanmt (k)
100@ 0.4-0.9 -
101 09-3.0 12 - 22
110 3.0-8.0 12 - 22
111 8.0- 12 -22

Mpimveyarme: 1. IIpemgpapHTe bHBIE HAYEHHIA JEATIAZ0HA YACTOT
1. 3Ta HACTPOIKA He NPHMeHIMA T1A KBapIIeBEIX pe3oHATOPOE
- ToMBEKO 004 Keparorde ckmx.

burei-nepembraku CKSELOQ, Bmecte ¢ 6utamu SUT1..0, BeIOHparoT Bpems 3amycka, Kak ykazaHo B Tabuure 5:
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Tabauua S — Bpems 3anycka TakroBoro I'eneparopa ¢ KBapuesbim pe3onatopom niu Kepamunueckum

B . Bpena zamyera mz JormomHuTe MEHAA Pexomenmoeano
DHTEI DIITEI XoncToro pexama IATePHKA IOCTe HCIIOJB30EATE KOTga:

CKSELO | SUT1..0 H 3K OHOMITYHOT O CBPOCA (Vee=5V)

1) KepaMITde CKHH pe3oHaTop
0 o 258 CK ol GBICcTpOHAPACTAIEE

HAIpAKeHIIe
) KepapMIiTdecKHI peroHATOp
0 01 258 CK 14CK + 65 ms H HATIPAMKeHIIe HAPACTAeT
MeTIeHHO
o KepAMITY eKHI pe3oHATop
0 10 1K CK® 14CK H BKIHOTeH
Brown-out Detector

0 11 1K CK®@ 14CK + 4.1 ms KepaMErde CKHI pe3oHATop
) OBICTpOHApPACTARIIE®

HAITP A eHITe

2) Kep AMIETY € C K EET pe3oHaATOD
1 00 1K CK 14CK + 65 ms H HAIIPAKeHIIe HapacTaeT

MeITTeHHO

o1 16K CK 14CK Keapuee piit pezorarop

H ekardeda BOD-cxena

10 16K CK 14CK + 4.1 ms | FBAPLIEBEIN pesoHaTap

H OGBICTpo HapacTaroliee
HANpAKeHHe Ve
11 16K CK 14CK + 65 ms [Ke apIieB BIA pezoHATOP

1 I MeTJTeHHO HapacTak e
HATID A e HITe I T aHIA

IIpumeudanue:

1.9Ta omnmus HCMONMB3yeTCs TOJIBKO TOTa, KOTJa YCTPOHCTBO HE paboTaeT Ha MaKCHMAIBHOW WITH OJM3KOM K HEH
4acTOTe U, KOTJa B IPHJIOKCHUN HE TpeOyeTcs CTaOMIbHAS YacTOTa MPH CTapTe.

2.Jta omws MpeHa3HauYeHa ISl MCIIONIb30BaHus KepaMrdeckoro pe3oHaTopa v TapaHTUPYET CTA0MIEHYIO
yacToTy npu crapte. OHa, TakXke, MOXKET ObITh UCIIOJIb30BaHa 1 ¢ KBapIiieBbIM pe30HATOPOM, HO, €CITH
YCTPOHCTBO He paboTaeT Ha MaKCHUMAIbHOM 9acTOTe M He TpeOyeTcsl CTaOMIBHOCTh YaCTOTHI IIPH CTapTe.

KanuopoBannubiii BuyTpennuid RC-reneparop

Kamubposaunsiii Bayrpernunit RC-renepatop obecrneunBaer TakToByr0 dactory 8.0 MI'm. DTo HOMHHAIBHOE
3HaueHue vactoTel npu Vee=3V u 25*C. Ecnu yactora 8.0 MI'mM 3TO CIMIIKOM BBICOKas 4acTOTa NpU 3aJaHHOM
HanpspKeHWH, KaK YKa3aHO B CHENU(HKAIMH Ha YCTPOHCTBO, TO HEOOXOIMMO IEPEHpOrpaMMHpPOBATh OUT-TIEPEMBIUKY
CKDIV8 s Toro, 9To0BI MOAEIHTE 3TY YacToTy Ha 8. KOHTpoIuiep mo-yMOTYaHUIO BEITYCKACTCS C YXKE YCTAHOBICHHBIM
ourom CKDIVS. Takas gacToTa MOXET OBITh BRIOpaHa B KauecTBE CUCTEMHOM, myTeM nporpammupoBanns CKSEL-6uTos,
Kak noka3aHo B Tabmume 6. B Takom cirydae, KOHTposiep cMOXeT paboTaTe 0e3 Kakoro-imbo BHEIIHETO Pe30HATopa.
ITocie CBPOCA xoHTpoJsiepa, MPOUCXOAUT ammapaTHasi 3arpy3ka kamuopytomiero O6aiita B Peructp OSCCAL u Takum
obpasoM aBToMaTHuecku kanubpyercst RC-renepatop. [Ipu Hanpsoxkenunn nuranus 3 B u temmeparype 25* C, Takas
KanmuOpoBKka obecreynBaeT 4acToTy ¢ omuOkor B 10% oT HOMuHaNBbHOW. Eciau ncmonb30BaTh METONBI KaluOpaiuu,
KOTOpBIE OTHCAaHbl U JOCTYMHBI Ha html-cTpanume www.atmel.com/avr, TO BO3MOXHO JOCTHTHYTh OIIWOKH YCTaHOBKHU
4acTOThl 110 2% OT HOMUHAJIBHOH MpH Mro0oM HanpspkeHun Vec u Temneparype. Ecaun RC-reneparop ucnonb3yeTcst Kak
HCTOYHUK CHCTEMHOW 4acToThl, TO s CtopoxeBoro Taiimepa mo-mpekHeMy OyAeT HCIONb30BaThCs CBOW COOCTBEHHBIN
TeHepaTop, a TaKkke, ¥ 11 pOPMUPOBAHKA 3allepKKH 1ocie coOpoca koHTposutepa. st 6osee moapoObHON HHPOpPMAIMN O
IIPOrpaMMHPOBaHNH KaIHOPYIOINX 3HaUCHNH oOpaTuTech K paszaeny "KammbOpyromuit baiir" Ha ctp. 159.

Tabnuna 6 — PexxuMer BHyTpeHHETO KanmopoBanHoro RC-rereparopa

CKSEL3..0 Honpmamuas yactoa
0010 - 0011 4.0 MHz
0100 - 0101 8.0 MHz

IIpinesanme: 1. ME primyckaeTea mo-yMOoTdaHHE © TAKHMH HAC TP OIIK AMI
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ITpu Be10Op 3TOTO ['eHEpaTopa, Bpems 3ammycka onpenensercss SUT-nepemMbIukamMu, Kak OKa3aHO B Tabiwuie 7:

TaGnuya 7. Bpems sanycka ANA BHyTpeHHero kannbpoeanHoro RC-reHepartopa
(BbIOpaHHOro B KayecTBe CUCTEMHOro reHepaTopa) '

Bpewma sanycHka NpW Belxoae HofaenAenan sagepsra npu PexomeraogaHo
13 PowerDown-3K0HOMUYHOIO cTapTe nocne Copoca WCMONE30BATh NPM:
SUT1..0 PEXMME W XonocToro (PowerSave) | (Veo=8V)
00 6 CK 14CK exna4eHHoR BOD-cxeme
BeICTpO HapacTawem
01 6 CK 14CK + 4.1 ms HANPEHEHWM NUTAHKUA
MeanNeHHD HADACTAKLWENM
1
10t 6 CK 14CK + 85 ms HaNpSKREHUM MMTAHMA
11 3abnokupoBaHo

anME‘!ﬂHHE: 1. ‘.\-‘crpoucmo BbINYCKAETCA NPH TAKHX BblﬁpaHthK HAacTpOKaX

Perucrtp OSCCAL naa kanubpoBku I'enepatopa

EuT 7 6 5 4 3 2 1 0

[ CAL6 | CALs ] CALs | CALS | AL | CALT | CALO] osccaL
RAN RW RAW RAN RW RN RAN

YreHnel3anuce R

* butsl 6.. 0 - CALG.. 0: 3navyenns kanuoépyomue I'eneparop
3HaveHHs, 3alicaHHbIE 110 3TOMY aJpecy, MOTYT HAacTpouTh BHyTpeHHuii ['eHepatop M yMEHBUINTh HECTAOWILHOCTH
4acTOThl. DTO AelaeTcss aBToMaTHuecku npu nepesarpyske Yumna. Korma B peructpe OSSCAL Hynu, 3TO 03HA4aeT, 4To
BbIOpaHa camasl HHM3Kas 4YacToTa. 3allcCh B 3TOT PETHCTP HEHYJICBBIX 3HAYCHHUH, NMPHUBEAET K IOBBIIICHHIO YaCTOTHI
Buyrpennero I'enepatopa. 3anuce B Peructp 3Hauenuss Ox7F nHactpauBaer ['eHepaTop Ha MakCUMalbHO IOCTYIHYIO
yacToTy. BHyTpeHnnuii I'enepatop mMoxeT ucnosib3oBatbes mpu obpamennn k EEPROM u FLASH namstu. [Ipu 3anucu
EEPROM wmnu FLASH, ommbka B crabunsHocTH BaHyTpenHnero I'enepaTopa He nomwkHa npeBbimaTth 10%. B nmpotusHOM
ClIydae 3alich MOXKET ObITh HeyJauHOW. 3aMeThTe, 4To 3TOT [ 'eHepaTop mpeaHa3HaueH A HACTPOHKHU Ha 4acToTy 8 uim 4
MI'. HacTpoiika Ha Ipyrue 4acTOTHl He TapaHTHPOBaHa, Kak Moka3aHo B Tabmuue 8.

W36eraiite OonpIINX OTKJIOHEHHH dacTOoThl BHyTpenHero I'eHepaTopa OT HOMHHAJIBHOM s oOecriedeHUs
ctabunbHOM paboTsl Ymma. OTKIOHEHHE OT HOMHHAJIBHOM YacTOThl Ooibine, dyeM Ha 2% 3a BpeMs MEXAY IBYMs
TaKTOBBIMHU NEPUOAAMH, MOXKET NPUBECTU K HempeackazyeMbiM nocinenctBusiM. U3menenus B peructpe OSCCAL ue
JTOJDKHBI TIpeBhIaTh grcia 0x20 mpu KakIoi KaTnOpOBKe.

Taénuua 8. AnanasoH Hactotr BHyTpeHHero RC-reHepartopa

JIHaveHHA MuHHHanLHaA YacToTa MakcHMansHaAa YacToTa
pericTpa B NPOUEHTAX 0T HOMMH- B NPOUEHTAX 0T MAKCH-
OSCCAL HANLHOH Y4aCTOThI HaNnbLHORH 4acTobl

Ox00 50% 100%

0x3F 75% 150%

0x7F 100%: 200%:

e A Ttiny2313/V

r IITaxTh iprito@mail.ru Jlucm

TOPTYDC [Komes | ocems | ATtiny2313 nokymeHTanms (moJiHas) 75

Marucrparypa | llonmucs | 2006r




A T tiny2313/V

BHemHu TakToBbIN ['eHepaTop

Jns raktupoBaTth Yun oT BHemnero TaktoBoro I'eHepaTopa, Hy>KHO Bocnonb3oBaThes BeIBo1oM XTALI Tak, kak
nmoka3aHo Ha Pucynke 13. Uro6s1 Yun cMmor 3amycTuthes oT BHemraero I'eHepaTopa, Hy>)KHO 103a00THUTBECS O TOM, YTOOBI
bursr-nepembrakun CKSEL 6b1m1 3aniporpamMmmupoBan B vy - "0000".

HE ucnonbayetca

(B 3TOM cny4ae) XTAL2

BHewHHA TAKTOBLINA
leHepaTop NnogknwYaeTcA
K 3TOMY BbIBOOY — | XTAL1

GND

Pucynoxk 13. [Toaxmouenue Buennero TakroBoro I'eneparopa

Ecnu BBIOpaH 3TOT MCTOYHMK TAaKTUPOBAHMSA, TO BpeMs 3amycka ompexensercs SUT-Outamu nmepeMblukaMu, Kak
noka3ano B Taomure 10:

Tatnuua 9. TakToBad 4YacToTa 4Mna

CKSELS3..0 Ouana3oH vyacToT
0000 - 0001 0-16 MHz

Ta6annal(). Bpems 3anycka ¢ Bueminum takTtoBbIM I'eHepaTopom

BpeMms 3anmycka npu BbIX0e U3
SUTL.0" XO0JIOCTOr0 pesKuMa Jlo6aBisieMasi 3aepKKa PexomeHnaIoBaHo
owerSave(idle) 1 YKOHOMHYHOIO mnocJje oca (Vee= HCIO0JIL30BAThH NPH:
- P Save(idle) Cop (Vee=5V) p
PowerDown
BxaroueHnHoii
00 6CK 14CK BOD-cxene
01 6CK 14CK+4.1mCex bricrpo
HapacTtawumem Vce
10 6CK 14CK+65mCex Menento napacratouem
Vcee
11 3ape3epBHPOBAHO 3ape3epBHPOBAHO 3ape3epBHPOBAHO

Hcnonp3oBanue BremHero ['eHepaTopa HOIDKHO oOecIiedMBATh OTCYTCTBHE BHE3AITHBIX M3MCHEHUH B TaKTOBOU
gactore, 4ToObl pabora Yuma Opiia crabuipHO#. V3MeHeHHWe B 9acTtore Ooiee 4eM Ha 2% MEXIy OBYMS COCCIHHMH
TaKTOBBIMH ITEPHOIaMHU MOXKET IPUBECTU K HETIPEICKA3YEeMBIM COOBITUSAM. HeBrImonHeHHEe 3THX TpeOOBaHMUI, TapaHTHUPYET,
YTO KOHTpOJUIep OyIeT HaXOAuThes B cocTostHUM COpoca, MoKa 4acToTa He CTaOHIH3HpYyeTCs.

3ameTpTe, uTo CucTeMHbI TakToBBINM JlenuTenb MOKET OBITh MCIOJB30BaH JJISi TOTO, YTOOBI M3MEHSATH BpEeMs
3amycka BHyTpeHHero taktoBoro I'eHepaTopa nmpu cTabUIbHOM CUCTEMHON 4acTOTe.
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Buytpennui I'enepaTop Ha 128 k'

Buytpennnii ['enepatop Ha 128 k[ '11 ABIIIETCS MaIOMOITHEIM YCTPOUCTBOM, 00CCIICYNBAIOIINM TAKTOBYIO YaCTOTY
paBHyto 128 kI'm. Orta yacToTa sBIsSeTcs HOMHUHANIBHON Ipu Vee 3V u temmepaype 25%C. Ortot I'eHepaTop MOXKeT OBITh
BbIOpaH B KadecTBe cucteMHOro mporpamMupoBanneM CKSEL-OutoB-mepemsruek Takum obpazom:"0110-0111". Ecou B
KayecTBe CHUCTeMHOro ['eHepaTropa BBIOpaH 3TOT, TO €ro BpeMs BKIIOUEHHUS ompenensercss ycTaHoBkod SUT-OuToB-
MepeMBbIYeK, Kak moka3zaHo B Tabmure 11:

Ta6auna 11. Bpems 3anycka nist Buyrpennero I'enepaTopa Ha 128k1'iy

BbIX0a U3 pesKHMOB X0JI0CTOT0 PexoMeHnoBaHo
. JlomosiHuTEILHAS
SUT1..0 PowerSave(idle) 1 3xoHOMHYHOTO HCI0J1b30BaTh
3ajepikka nociae Copoca
PowerDown npu/c:

00 6CK (TakToB) 14CK bO/I-cxema

01 6CK 14CK+4ms BeicTpo HapacTaomiee
HanpsixkeHue

10 6CK 14CK+4ms MensieHHO HapacTaouee
HATIPsIyKEHH e

11 3ape3epBHPOBAHO

Macmitadupyromuii Perncrp-ageaurens CLKPR

bur 7 6 5 4 3 2 1 0
CLKPCE - - - CLKPS3 CLKPS2 CLKPS1 CLKPS0 CLKPR
Hrenne/ u3 qy |4|y us3 u3 u3 u3
3anuch
Havyaubn Cmotpu Cmotpu CMmoTtpu Cmotpu
ble 0 0 0 0 onucaHue onucaHue onucaHue onucaHue
3Hauenus burtos burtos burtos burtos

* bur 7 - CLKPCE: /lejieHne 4acTOThI - pa3penieHo

bur CLKPCE nomxeH ObITh 3amucaH JOTHYECKOW equHuIe s paspemienns m3meHeHnst CLKPS 6utoB. but
CLKPCE Tonpko o0HOBIsIeTcs, Koraa apyrue outsl B 3ToM peructpe CLKPR ogHoBpemenHo 3ammceiBatorcss B HOJIb.
CLKPCE-6ut ouumaercs ammapatHo mnocie YETBIPEX taktoB mpomeccopa wiu mocie ycraHoBku Outa CLKPS.
[Tepesanucy CLKPS 6uta B npenenax nepuojga YETBIPEX TakToB He pacmupsieT 3TOT MEepUO/ anmapaTHoro copoca, OUT
BCE paBHO OyZeT COPOIIIeH IOCIe TOro, Kak OH OBLI 3aIiCaH B IIEPBEII pas.

* burtei 3..0 - CLKPS3..0: buts! n1as Bei6opa ko3¢ dunuenTa gejieHHs1 TAKTOBOH YaCcTOThI

OTu OUTHl OHpeneNsAloT KOI(PQHUIUEHT MAeNeHHS MEXIYy BBIODAaHHOW CHCTEMHOW YacTOTOH M BHYTPEHHHM
CHCTEMHBIM MCTOYHHKOM TAKTHPOBAHHA. DTOT OMT MOXKET OBITh M3MEHEH BO BpeMs paObOTHI Ul TOTO, YTOOBI HACTPOUTH
4acToTy, TpeOyemyto mpuioxeHueM. [Ipyn MCIONB30BaHUM AEIHUTEINS YaCTOTHl YMEHBIIACTCS YAaCTOTa CHHXPOHM3AIMH C
nepudepueit. Koaddurmentsr nenenust mokazansl B Tabmuie 12.

Jng Toro, 4ToOBl HE NMPOU3OILIO HEYMBIIUIEHHBIX U3MEHEHUH 9acTOTHI, HY)KHO HamucaTh MPOLEAypYy, KOTopas
IOJDKHA clIeanuTh 3a m3MeneHusmu outos CLKPS:

1. Ing navana 3anummurte B 0uT CLKPCE enunuity, a Bce ocranbhbie 6uthl B peructpe CLKPR cOpochkTe B HOJB.

2. B TeueHnn 4eThIpeX TaKTOB MPOLIECCOPa HA/IO 3amucaTh HykHoe 3HaueHne 6utos CLKPS, moka He mpou3onuio

anmapataoro copoca CLKPCE.

[TpepbiBanus BO BpeMsl HACTPOMKHM 3TOTO T'eHEpaTOpa JOJDKHBI OBITH 3allpelleHbl, yOeanTech, YTo Mpolenypa
HACTPOMKM TeHepaTopa He OblIa IpepBaHa.

Bur-iepempruka-CKDIVS onpenenser HawanpHoe 3HaueHue st CLKPS 6utoB. Ecmu mepemsraka CKDIVS He
3amporpammupoBana, torma CLKPS ©Owtel Oymyr coOpomensr B "0000" wymn. Ecmm mepempraka CKDIVS
3anporpammupoBana, Torga CLKPS outsl 0ynyT copomensr B "0011" 3Ha4eHUs, onpenemnss 3TuM Ko3QPHUIIUEHT TeIeHUs
paBHBIN 8 Tipu cTapTe KOHTPOJUIEpa. DTa 0COOEHHOCTh A0KHA OBITh UCIIOIB30BaHA B CIIydae, KOT/ia BEIOpAaHHBIA HCTOYHUK
TaKTUPOBAHMA UMeeT OoJiee BRICOKYIO YAaCTOTY, YeM TpeOyeMasi MaKCHMalbHas 9acTOTa YCTPOWUCTBA I JAHHOTO PEeKUMA.
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OOpaTnTe BHUMaHHE, YTO MOXHO 3amucaTh Jroboe 3HaueHue B Outel CLKPS He3aBHcHMO OT YCTaHOBOK OwWTa
nepeMbryku-CKDIVE. Heo0xoamMo ymocToBepUThCS, 9TO KOI(QQPHUIUEHT ACICHUS YacTOTHI ObUT BHIOPAH JOCTATOYHBIM,
€CJIM WMCTOYHUK TAaKTHPOBAHHUS HMMEET Oojiee BBICOKYIO 4YacTOTy, 4yeM Hamo. KoHTpoisiep W3HAYaJIbHO BBITYCKAETCS C
3anporpaMMHupoBaHHbBIM OuTOM-TiepeMbrukoii CKDIVS.

Ta6auna 12. Bei6op neuTenss 4acTOThI

CLKPS3

CLKPS2

CLKPS1

CLKPSO

Koaddrmument
JeTICHHS

)

)

o)

)

1

2

4

8

16

32

64

128

k=l =l =] =] (=] [e] )

O|=| === |||

Ol=|=|O|O|—=|—|O

= Ll el Lol fel Lo Kel R

256

3ape3epBHPOBAHO

3ape3epBUPOBAHO

3ape3epBUPOBAHO

3ape3epBUPOBAHO

3ape3epBUPOBAHO

3ape3epBUPOBAHO

3ape3epBUPOBAHO
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Yupasiienne norpedaeHueM MOIIHOCTH
u PexxumbiCHa

PexuM cHa TO3BONAET OTKIIIOUNUTH B MPUIOKEHUH HEUCIIOIB3yEeMbIe MOIYIH MUKPOKOHTPOIJIEpa, TaKUM 00pa3oM
coxpanss sHepruro. CemelictBo AVR olecrieunBaeT pa3Hble peXKUMBI CHA, MTO3BOJIIOIINE OJIH30BATENIO aJallTHPOBATh
MoTpeOIeHNe MOIIHOCTH K TPEOOBAHUSAM MPHIIOKECHHUS.

Jlst BItoueHUs Tr000T0 M3 TPEX PEeKMMOB CHa Hajo 3amucarh eauHuily B 6ut SE B peructpe SMCR u 3atem
BoIMoTHUTG WHCTpyKImio SLEEP. butet SMO u SM1 B peructpe MCUCR onpenemsiioT, Kakoil U3 peXUMOB OynaeT
axktuBupoBaH uHcTpykuueil SLEEP (pexumsl: Idle-xonocroi, Power-down-skoHoMuuHsli, unu Standby-cHa). CmoTpure
Tabmumy 13. Ecim B To Bpems, moka koHTposiep cnut, npoucxoaut PASPEIIIEHHOE npepsiBanue, Torna KOHTpOJIIEP
BBIXOANT U3 PEXXHMa CHA U BBIMOJHSET KaKylo-To paboTy.

Korma koHTposutep IpochInaeTcsi, OH NMPHOCTAaHABIMBACTCS HAa YETHIPE TaKTa, BPeMsl KOTOPHIX Ao0aBiseTcst K
BPEMEHH €T0 3arpy3KH, BHIIOJIHIETCS BEI30B TOANPOTrpaMMbI 00pabaThIBAIONIEH NpephIBaHUE U ITOCIIE 3TOTO POJIOIIKAETCS
BBINIOJIHEHNE UHCTPYKIMH, cnenyromux 3a nHerpykuueit SLEEP, co6cTBeHHO, KOTOpas 1 BBeJa KOHTPOJUIEP B PEKUM CHA.
Copeprxanne PerucrpoBoro ®aitna u mamsatu SRAM octaeTcst HETpOHYTHIM, KOTJa YCTPOMCTBO BBIXOAUT U3 PEKUMa CHA.
Ecmu nmpouzoiizer COopoc Bo BpeMs CHa, TIOCIIE 3TOTO KOHTPOJUIEp CTApTyeT U BBIMOIHSIET porpammy ¢ Bekropa Copoca.

Pucynok 11 Ha ctpanuue 21 moxassiBaeT pasziIHyHBIC TaKTHPyEeMbIE MOAYJIH, a,TakXKe, UX PACHOJOXKEHHE. DTOT
PHCYHOK MOJKET OKa3aThCs MTOJIE3HBIM IPH BEIOOPE HYKHOTO peXHMa CHa.

MCUCR - Perucrtp ynpasJjenus MK
(MUKPOKOHTPOJLIEPOM)

Pernctp VYmpasnenuss Pexxumom CHa COOEp)XHT YHpaBISIOIUME OWTHI AL PETyIMPOBaHHS IOTPeOIsieMOH
MOIIHOCTH.

bur 7 6 5 4 3 2 1 0
PUD SM1 SE SMoO ISC11 ISC10 ISC01 ISC00 MCUCR
Hrenme/ |y us3 us3 us3 us3 us3 us3 us3
3anuce
Hauajabn
bl 0 0 0 0 0 0 0 0
3HaueHus

* burtsi 6,4 - SM1..0: Peskumbl CHa
OTH GUTHI BEIOUPAIOT OJIMH U3 YeThIpeX AOCTYyMHbIX PesxkxumoBCHa, kak mokazaHo B Tabmmme 13.

Tadanua 13 — Peskumbl CHa

SM1 SMO Pexumer Caa
0 0 Xomnocroii-Idle
0 1 DxoHOMHUYHBIIH-PwerDown
1 1 DxoHOoMUYHEIA-PowerDown
1 0 Pexum CHa-Standby

Ipumeuyanue 1: Peskum CHa (MmeHHo Standby) pekoMeHIyeTcsl HCIIOb30BATH TOJBKO NPU HCNOJIb30BAHUM
BHeEIIIHero pe3oHaTopa Ay I'eneparopa.

XoJgoctoinPexnm-Idle

Korga 6uter SM1..0 3ammucans B Hynu "00", nactpykuus SLEEP BBomur MK B XonocroitPexxum CHa, ipu 3TOM
ocranaBmuBaetcs L{[TY, HO mpu 3TOM pa3pemicHa W mpojoipKaeTcs pabdora takux momyinel, kak: UART, AHanorossiid
Kommnaparop, ALIL, USI-uarepdeiic, Taitmepsl/Cuetunku, CropoxkeBoitTaiimep u CuctemallpepriBanuii.

XoaocroiiPe:kxum mo3Bomsier MK mpoOykaaTecsi OT BHEIIHMX IPEPBIBAHUM, 3TO INPOUCXOAWUT TaK XKe, Kak
poOyXaeHne OT BHYTPEHHMX IpepbIBaHMH, K mpumepy npu Ilepenonmnennu Taiimepa/CueTynka wind IMpH OKOHYAHWUU
nepemaun naHHbIX depe3 UART. Ecnm mpepsiBanue ot AmnamoroBoroKommapatopa He TpeOyeTcs, TO €ro MOXHO
OTKJIIOUHTh ycTaHOBKONI ACD-6urta B Permctpe VmpaBnenuss AnanorossiM Kommaparopom - ACSR. D10 ymeHbIIHT
oTpeOIsIEMyI0 MOIIHOCTE B XosiocToMPexume.
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Pe:xxum CoxpaneHusi DHepruv (IKOHOMUYHDbIN)

Korma 6utet SM1..0 3anucansr B 01 win 11, nacrpykims SLEEP nepesoant MK B pesxum Coxpanenust Hepruu. B
3TOM pEXHMME BHEIIHWI T'€HpPaTOp OCTaHABIHMBAETCS, B TO BpeMs, KaK BHEIIHHE IpephIBaHMA, Takue, kak OmnperneneHue
Hauana Ilepenaun Jlanubix mo unrepdeiicy USI u CropoxepoiTaiimep, mpomomkaroT padortars (ecnu, koneuno OHU
paspemensl). BeiBectu MK U3 3TOro pekmma MOTYT TOJIBKO ClieAylomue mnpepbiBaHmst: BremamnitCopoc, Copoc ot
CropoxeBoroTaiimepa, Copoc BOD-cxemoii, IlpepsiBanne ot USI-mHTepdelica mpu ompeneneHHH ycIOBHSA Hadaya
nepeaydl JAaHHBIX, U3MEHEHHEM BHEIIHEro ypoBHsS curHaiga Ha BbIBoge INTO mim mpepsiBaHHE Ha JIpyroM BBIBOAE,
CITy’KaIllM HCTOYHHKOM TIPEpPhIBaHMUS, ONPEAeICHHOM MoIb30BaTeneM. OToT PesxxumCHa OCHOBaH Ha TOM, YTO MPOUCXOAUT
OCTaHOBKA BCEX TAKTOBBIX I'€HEPATOPOB, IO3BOJISISL PA0OTATH TOJIHKO MOLYJISIM HE TPEOYIONIMM TaKTOBOW YaCTOTHI.

OOpatuTe BHHMaHHWe, 4YTO, ecou B KadecTBe BremmHerollpepeiBanms mms  BeiBoma MK u3
PexumaCoxpanennsOneprun-PowerDown, HCnonb3yTcss W3MEHEHHE YPOBHS CHUTHajJa Ha KaKOM-TO M3 BBIBOJOB TO
3aJaHHBIA YPOBEHb CHI'HAJA JOJDKEH NPHUCYTCTBOBATH HEKOTOPOE MUHMMalbHOE BpeMs. OOparurecs Kk pasneny "Buemnue
[pepriBanus" Ha cTp. 58 32 yTOUHEHHEM 3TOW HHPOPMALIUH.

IIpu Beixone u3 PexnmaCoxpaHeHUIDHEPTUH MIPOUCXOTUT €Il HKOTOpasi BpeMEeHHas 3aepxKKa 10 Toro, kak MK
MTOJTHOCTBIO MIPOCHETCS. JTO mo3BosieT TakToBOMYyl eHepaTopy Iepe3amyCTUThCS M CTa0MIIN3HPOBaTh CBOIO paboTy mocie
TOTO, Kak OH ObuT ocTtaHoBieH. Ilepuon mpoOyxaenuss MK onpenensiercs Temu ke cambiMu Outamu-llepembrukamm,
KoTophle ompenessitoT Bpems JlonomautensHoit 3agepxkku [TocneCOpoca, 310 omucaHo paHee B pasneene "HMcToUHHMK
TaktupoBanus" Ha cTp. 22 u B Tab1.5 Ha cTp.24.

PexumCra-StandBy

Ecmu 6uter SM1..0 umerot 3HadeHus "10" 1 BBIOpaH BHEUTHWIA TaKTOBBIA TEHEPATOP HA KPUCTAJUIE/pe30HATOpE,
to nHcTpykuus SLEEP nepesogut MK B PexxumCha (StandBy). Otot pexum uaeHtrdeH pexumy CoxpaHeHUsDHEPrum-
PowerDown (unu eme mno-mpyroMy - OKOHOMHMOHEPrHMM) 3a TEM MCKIIOUEHHUEM, UYTO B 3TOM pexume-StandBy
TaxroBsIi] enepaTop ocraercs B pabodem coctostHud. M3 3Toro PexxumaCra MK Beixomut 3a IIIECTD TakToBBIX IHKIIOB.

Tabéauna 14 — AxruBabie O6aactu TaktupoBanusi U Mcrounuku Ipodyxaenus

AxrtuHble O6nactu TaktupoBanus | 'eneparopsl VcTouanku npoOyxaeHns
EZz g =
g ) = o 2 s 5 & S )
E 3 5 = 2 = 5 5 = 3
s 2 = e 5 z S E T o =
g g 3 & =y =E 2 = =
% s > S 3 S Z o S e
[ = = A =0 = =
[=¥ Z, Q 154 o~
= & & > 2]
Xonocroit —
X X X X X X
Idle
OKOHOMUH- @
X X
PowerDown
Cha - @
StandBy X X X

Hpumeuanusi: 1. PekoMeHI0BaHO MPH HCTOIb30BAHHH BHEITHET0 KPUCTAJIA HIIM Pe30HATOPA.
2. Jas INTO - Tonbko npepbIBaHue MO0 YPOBHIO.

Ixonomus IloTpebdiasieMmoit JHepruu

[IpuxoauTCss paccMaTpuBaTh HECKOJIBKO MPOOJIEM OIHOBPEMEHHO MPH IMOMBITKE MHUHHUMU3UPOBATH MOIIHOCTH
notpebniennss AVR -koHTposepamu. B o01iem, Bce pexxuMbl CHa TOJDKHBI UCTIONIB30BATHCSI MAKCUMAIbHO 3G (GEKTUBHO, U
TOr/Ia, KOT/Ia 3TO TOJBKO BO3MOXKHO M PEXHM CHA HAJ0 BHIOMPATh TAKHM, YTOOBI 0OECHEYUTh PA0OTY TOJBKO HYMKHBIX
MoJyJeill ycTpoiicTBa. Bee HeHy)XHBIE MOIYJIM JOJDKHBI OBITh OTKJIIOYEHBI. B YacTHOCTH, CIEIYIONIME MOIYIH MOTYT
HYXIAThCS B 0COOOM pPaCCMOTPEHHH MPHU TOTMBITKE JOCTUTHYTh HU3IIETO YPOBHSI MOTPEOICHUS SHEPTHH.
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A Ttiny2313/V
Anajsiorosslii Komnaparop (AK)

I[Ipu Bxome MK B XomocroitPexum-Idle, AnanorossriiKommaparop HOMKEH OBITh OTKIIOYCH, €CIH OH HE
ucnone3yetcs. B apyrux pexxumax cHa AK otkmogaercs aBroMmatmdecku. OnHako, eciin AK HacTpoeH Ha HCIOIB30BaHUE
Buytpennero Hcrounnka OmnopHoro HampspbkeHust B kadecTBe BXomHOro, Torma AK OymeT cam OTKIIOYATBCS BO BCEX
pexxumax cHa. B npyrux ciyuasx Baytpenunii Victournk OmopHoro HanpshkeHus OyIeT akTHBEH HE3aBHCHMO OT KaKOTO-
6o pexxuma cHa. O6parutech K pasaeny "Ananoroseiii Kommnaparop" Ha ctpanuiie 148 3a 6onee netansHoi nHpopmarme
00 AK.

BOD-gerexTop (Brown-out Detector)

(BOD-nmerekTop Uiy cxema 3aliuThl (CIeKEeHUs) OT MOHMKEHHOTO HANPSDKEHUS TATaHM)

Ecimu BOD-neTexTop HE HY>KEH B MPHIOKEHUU TO 3TOT MOAYJbh HeoOXoanMo oTkmounTh. Eciim BOD-netexTop
BkitodeH mepeMmblukaMu-BODLEVEL, Torma on Oymer paboTaTh BO BCEX pEeKMMaxX CHA W, CIEIOBATENBFHO, BCErna
notpebsaTs 3Hepruto. ObpaTtureck K paszaeny "BOD-gerekrop” Ha crpanune 34 ms Oonee neTanbHON HH(OPMAIHH.

Buyrpennuii Ucrounuk Onopnoro Hanpsixkenus
(BUOH)

Buytpennnit Vctounnk OnoprHoro HampspkeHust moypkeH OBITh paspelieH, Koraa ucnonb3yercs BOD-netekrop
nnu Ananoroserii Kommaparop. Eciu 3Tu MoTyTi OTKITIOUEHB], KaK PEKOMEHI0BAHO B MPEABLIYIINX pa3aenax,
BUOH nomxeH ObITh TOXe OTKIIIOYEH M TOTJa OH He OyneT morpebiars sHepruto. Korma BUOH cHoBa Hamo0 BKIIIOYHTS,
MIOJIF30BaTeNb JOJDKEH CHavaja I03BOJIUTh My HOPMAJIBbHO 3alyCTHThCS, npekae yeM BIIOH moxHO OyneT ucnoiap30Bath.
Ecmn BUOH ne Beikitouancst Ha neprosx cia MK to BUOH mosker ObITh HcTonb30BaH 6e3 npomemieHus. OopaTtutecs K
paszneny "Buyrpennanii crounuk OnopHoro Hanpsixenns" Ha ctpanuie 37 3a 6oiee neTaapHON HHpOpMAaIie.

Cropo:xeBoit Taiimep (CT)

Ecmu CroposkeBoifTaiimep He HCIONB3yeTCS B MPUIIOKEHUH, TOTa 3TOT MOAYJIb JIy4llle OTKIIOUNTh. Ecau aToro
He caenath, OH Oynet pabotaTh B 11000M peKUMeE CHa U, CIelI0OBaTelIbHO, OyIeT Bceraa MoTpediars dHepruio. B camom
9KOHOMHYHOM peknme cHa CT BHeceT 3HAUMTENBHBIN BKIaA B HoTpebieHnn Toka. ObpaTturech k pasneny "IIpepsiBanus"
Ha cTpanune 41 3a Gosiee neranbHOI HHpOpMalei o ToM, kak HacTpanBaTh CtopoxkeBoi Taiimep.

BoiBoabl [lopToB Boxa/BbIBOAA

ITpn BXome B pas3iMyHBIE PEXHMMBI CHA, BCE BBIBOJBI IOPTOB B/B OyAyT CKOH(HUIYpHpOBaHBI Ha MHHHUMAaJbHOE
norpebienue sHepruy. OUeHb BaXKHO IEPE] TUM YOSIUTHCS, YTO HUKAKNE BBHIBOABI HE IOJDKHBI YIPABISATh PE3UCTUBHBIMU
Harpy3kamu. B pexxume cHa, korga otkmodaercs TakToBwIil eHepaTop, Bce Oydepsl MOPTOB B/B TOXKE OTKIIOYAIOTCS. DTO
CIy’)KHT TapaHTHEH TOTrO, YTO MOPTHl B/B HE MOTPEONIAIOT TOKa, KOrZa 3TO He Tpedyercs. B HEKOTOpPHIX ciydasx, MpH
BBIXOJIE M3 PA3IMYHBIX PEKHMOB CHA, IOPTHI B/B HY)KJAIOTCS B HACTPOMKe M ToibKo mocie 3toro OHU 6yxyT paboTats
ucnpasHo. O6parurech k pazaeny "Paspemenue Lupposoro Beona n Pexxumbr CHa" Ha cTpanure 49 3a Gosee AeTanbHOM
nHpopmanuei 0 ToM, K KAKUM BBIBOJIAM OTHOCHUTCS BbIlllecKkazaHHOe. HeoO0X01MMO MOMHHTS, YTO, €CIM BXOJHbIe Oydepsbl
MIOPTOB B/B BKJIIOUEHBI M BXOJHOI CHTajd Ha KaKOM-JIMOO BBIBOJIE M3MEHSETCS WM SIBISETCS aHAJIOTOBBIM CHUTHAJIOM
JIOCTHTAIOLIMM YpoBHs Vcc/2 To BXoAHbIe Oydepbl OyayT NoTpediIsaTh Ype3MEPHYIO MOITHOCTb.

J1ist BBIBOJZIOB, HACTPOCHHBIX HAa Pa0OTY C aHAJIOrOBBIMH CHTHaJIaMU, (poBoii BXoHOI Oydep oTkmouarcs. [1pu
AHAJIOTOBBIX CHI'HANAX, JOCTHTAIONINX YPOBHS Vcc/2 Ha BBIBOJE MOPTA B/B, BO3MOXKHO 3HAYMTENILHOE MOTPEOICHUE TOKA,
Jlake B aKTHBHOM pexume BbiBoaa. LlndpoBoit BxomHoi Oydep MokeT OBITH OTKIIOYEH COOTBETCTBYIOIIMMH OHWTaMHu,
sanucsiBaeMbIMU B peructp DIDR "Digital Input Disable Register - DIDR”, o ueM paccka3zaHo Ha cTpanune 149.
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A Ttiny2313/V
Konrpous 3a Cucremoi u Ilepesarpyska

IMocne nepe3arpy3ku Bce perucTphl B/B yCTAaHABIMBAIOTCS B X HadaJlbHOE 3HAYEHHE, 3aT€M, CTapT U BHIITOJIHEHHE
nporpammbl ¢ BektopaCoOpoca ResetVector. MHcTpyknus, pacmoiiokeHHass Bo3ine BektopaCOpoca, MOXKET COBEPIIUTH
6e3ycnoBHbIi nepexon (RIMP) ma mommporpammy, obpabaTsiBatommyto npepsiBanue mo Copocy. Eciam B mporpamme He
MIPEIyCMOTPEHO MWCIOJIBb30BaHME IIpephiBaHui, Torga BexropllpepslBaHHs He HCHONB3yeTCd U KOJ OECKOHEYHOTO
MIPOrPaMMHOTO IMKJIa pacrojyaractca Ha Mecte BekropallpepsBanns. Ha Pucynkel4 moxasana Jlormueckas Cxema
Copoca. B Tabnunel5 onpenenensl anekTpuieckue napameTpbl Cxembl Copoca.

A JaHHEDL
-~

A

Permcrp Ctaryea ME

MCUSR
TR ™ ™ TN
% g |0_: gl fmrer
Bomox c6 . Iloporoeoe & &l > =
. POC TIO BRIOIEHINO |y aerme y i
cc » e e
Cxempr Copoca
CneskeHnie 1a Ve - il
P = OPOroBOe
BODLEVEL [2..0] HATpALAEHIE Y
= BOD-cxeMbl
TTo A TATHE AR
pesHeTOp ES-Tpurrep g
DULTY =
Bemoa i - | B
/RESET BCITTECKOR o Cxema Copoca ) s Q O
HAMLReHHA =
R :
]
] E
_ g &
CToposenoil F A
Taiinep =
&)
y 2
&
=
TeHeparop
CTOpPOAEBOTO
Taiimepa | : 4
CreTTHEH
TaKTOBBLT CK . 3agepazu B
TeHepaTop 4 LA
EBromno

ontel CKSEL[3:0]
ol SUT[1:0]

Pucynok 14 Jlornueckas Cxema Copoca MK

IMopter B/B MK HemezsieHHO cOpachIBalOTCS B MX 3HAYCHHUS MO-YMOJIYAaHUIO, Korja akTuBupyercs Cxema Copoca.
Ona He TpeOyeT TaKTOBOW CHHXpOHHM3auuH s 3amycka. [locie Toro, kak Cxema COpoca BBIKIIOYAETCS, BKIIOYAETCS
Cuetunk 3ajepKKu, IpU3BaHHBIN OTHANUThL BpeMs BuyTpennell Ilepesarpysku. Oto nosBonser TakroBoMy I'eHepaTopy
CTaOMIIM3UPOBaTh CBOIO paboTy mepel TeM, Kak HadaTh BBINOJHEHHWE Iporpammbl. Ilepuon 3amepxkku y Cuerymka
3amepKKu ompeaessieTcs mob3oBaTeneM yepe3 yecraHoBky outoB-niepembraek SUT u CKSEL. Bribop meprona 3amepxku
ONHCaH Ha CTpaHuLe 22.

Hcrounnku Copoca:

ATtiny2313 umeer 4 ucrounuka copoca
- Copoc nmo BraoYeHnw. MK mocTosHHO mepe3arpyskaercsi, KOorja YPOBeHb VCC Yy HCTOYHUKA HAMpPSDKCHUS HUKE
IIOPOTOBOTO HANIPSHKEHUA VpoT, pa3zpenaromero Bkmoueane MK.
- Buemnuii Copoc. MK mnepesarpyxkaercsi, korna Ha BeiBoge /RESET HU3KHIT ypoBEHb HamlpsKECHHS IPUCYTCTBYET
JIOJIbLIIE, YeM OTIpeeIeHHbII MUHUMYM JUINTEIbHOCTH UMITYJIbCa.
- Copoc ot Cropoxesoro Taiimepa. MK nepesarpyskaercs, xorna nepuon y CT ucrekaer, npu 31oM padora CTIomKHA
ObITh pa3perieHa, a npepsiBanus oT CT 10DKHBI OBITh 3aITpEIIEHBI.
- Copoc ot BOD-cxembl. MK nepesarpyskaercsi, Koraa 3HaueHHE VCC HIDKE YCTAHOBJIEHHOTO ITOPOTOBOTO HAIPSKECHHS
Vgor, IIpH 3TOM padota BOD-zmerexTopa qomkHa OBITH pa3peiicHa.
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A Ttiny2313/V
Ta6umna 15 — Yceaosusa Copoca MK

VYcaoBus Munumansaoe | HopmanbHoe | MakcumanbHoe Enunaunes:
[lepemennast ITapameTpsbl a @ )
paboTHI 3HAYEHHE 3HaueHne 3HaueHue U3MEPEHUs
I'pannna
HaIPsHKEHUSA
p T A=_4O -
st Copoca 1o n 1,2 BonbT
58*C
Bxirouenuro
(Hapacraroniee)
Veor T
paHuIa
HaIPSHKEHUS
p Ty=-40 —
st Copoca 1o N 1,1 BombT
58*C
Bxirouenuro
(cnaz[afomee)(z)
I'panuna
3HAYEHUS Vcee=1,8 -
VRsT 0,1 Vcc 0,9 Vcc BoinbeT
HampspKeHUs Ha 5,5
BEIBoZic COpoca
MuHaumMmansHas
IUIATENHHOCTD
¢ UMITyJIbCa Vce=1,8 — 25 ukCex
RST HHU3KOTr'O 5,5 ’
YpOBHS Ha
/RESET
IIpumeyanue:

1. 9TI/I 3HAYCHUA ABIIIIOTCA TOJIBKO peKOMeH}IOBaHHBIMI/I/HpeIIBapI/ITeJ'II)HI)IMI/I. ﬂeﬁCTBHTeHBHBIe 3HAUYCHUS
npezacTasieHsl B TBD.

2. Cxema CoOpoca no BxmoueHuto He OyaeT paboTaTh, €CJIM 3HaY€HNE HCTOYHUKA HAIPsDKEHUs OyeT HIbKe Vpor
(B pesKMMe CTIAIArOIIET0 HATIPSHKCHIS).

Cxema CoOpoca no Bkiroyenuio - '"Power-on Reset''
(POR-cxema)

POR-cxema, BIpabaThIBaromas UMITyiabchl COpoca, pacrionoxeHa Ha kpuctamie MK. YpoBHH HanpshkeHUs, IpH
KOTOPBIX OHa pabotaeT, ommcanbl B Tabmmme 15. POR-cxema akTuBHpyeTCs BCAKHU pa3, KOT/a 3HAYCHUS UCTOYHUKA Vcc
HIDKE TT0JIOKEHHOT0 ypoBHs. POR-cxema MoxeT OBITh HCIToNb30BaHa Kak At copoca MK, Tak 1 a1 KOHTPOJISA HCTOYHHKA
Vcce. POR-cxema rapanTtupyer copoc cucteMsl. [locne qocTibkeHUs mopora HOPMaJbHOTO HANPSOKCHUS, YCTAHOBIEHHOTO
POR-cxemoit, BkimouaeTcss CueTunk 3alep kKU, KOTOPBIA ompenenser, kak noaro MK OyneT HaXOAWThCA B COCTOSTHUU
Co6poca mocne Toro, kak Vec gocturio npuemiemoro ypoBHs. RESET-curnan Oymer BoipabaThIBaThCS KKl pas, 6e3
BCSIKOM 3aJIepKH, KOTJa YPOBEHb VCC YIaJeT HUKE ONPEEICHHOTO YPOBHS.

|
~7~ Veor
Vee 4/

|
|
|
I
Y
RESET RET

Bpena
A ePAKH

|
|
I
|
by ——
|
|
|
|
|
|

BHyTpeHHHH
cpoc

Pucynok 15 — 3arpy3zka MK, RESET npussizan k Vcc
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I
- A=~ Vpar
Voo 4/?/

RESET

Bpema
CreTqHE
JagepAEH

BHyTpeHHIT
copoc

Pucynox 16 — Bpemennas auarpamma Ileprnona Bxmouenns MK

Buemnuii Copoc (BC)

BC BozHukaer mpu Hamumuuu jorumdeckoro Hyns Ha BbiBoge RESET. Eciau Ha 3TOM BBIBOJE NPUCYTCTBYET
HU3KOYPOBHEBBI CHTHAJ AOJBIIC, YeM MoJoxeHo (cMoTpu Tabmmiy 15), Oymet creHepupoBan Copoc MK, maxke, ecim
TaxkroBerii ['eHepaTop He 3amynieH. COpoc He rapaHTHPOBAH, €CIIA UMITYIIEC BEICOKOTO YPOBHS OTCYTCTBYET MCHEBIIE, YeM
ycranoBneHo B TabmumelS. Korma curnHam HapacTaeT W JOCTHTaeT HOMHHAaiIa Vgsr, Torga CdeTdwk 3afepKKd, IO
HCTEYCHHIO CBOETO Meproa paboTHI troyT, ITO3BOIUT BKIFOUUTE MK.

Vg

RESET | I

‘ tT-'.ZILT »

|

|

Bpema |
1 |
CUeTIHE? !
|

|

|

|

|

3AJePEKH

BryTpeHHHIT
cOpoc

Pucynok 17 — Bremnuit Copoc Bo Bpemst Pabotsr MK

BOD-nerexTop (Cxema Ciaexenns 3a [luranuem)

ATtiny2313 umeer BcrpoeHHBIE BOD-metekTop, 3TO cxema, KOTOpas CICIUT 3a COCTOSHHEM YpPOBHA Vcc B
peanpHOM BpeMmeHH paboTel MK, mocTOsSHHO cpaBHMBas TeKyllee 3HaueHHE VcCC C YCTaHOBJIEHHBIM (MKCHPOBAHHBIM
3HAQUCHHEM. YPOBEHb YCTAHOBICHHOIO (HKCHPOBAHHOTO 3HAUCHMS CpPAaBHEHHUS ONpEACNsICTCS YCTAaHOBKOW OWTOB-
nepembriek "BODLEVEL". YpoBeHb (DYUKCHPOBAaHHOTO 3HAYCHUS CPABHEHUS MMEET CBOH THCTEPE3UC, YTO IO3BOJISET
pabotats BOD-cxeme B 1enoM auana3oHe 3HAUCHHUH, rapaHTHPYs OTCYTCTBHE PEAKIMH CXEMBI Ha BCIUIECKH HAIPSKCHHS.
FI/ICTepGSI/IC PaCCUYUTHIBACTCA TaK: VBOT+ = VBOT + VHYST/2 n VBOT- = VBOT - VHYST/2‘
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A Ttiny2313/V
Ta6auua 16 — Yeranoska BODLEVEL-nepembruex

1. 3nauenue

VBOT

butsi-nepeMbruku MunnmanpHOE Hopmanshoe MakcumanbHoe Enununiet

BODLEVEL 2..0 HanpsbkeHue Vgor HanpsbKeHue Vgor HanpspbkeHue Veor HU3MEpPEHUs
111 BOD-cxema oTkiIr04YcHa Boast
110 1,8 BonbeT
101 2,7 Bonst
100 4,3 Bonst
011
010 3ape3epBUPOBAHO
001
000

IIpumeyanue:

MOXET OBITh HIDKE ONPENEeNICHHOIO0 MHUHMMyMa IJisl HEKOTOphIX ycrpoiictB. MK, Te, y
KOTOPBIX aKTyalIeH 3TOT ClTy4yail, TECTUPYIOTCS BO BpeMsl IPOM3BOCTBA. JTO rapaHTupyeT, uro Copoc BOD-
CXEMO#l BBITNOJHACTCS 10 TOro, Kak VcC ymajeT J0 YPOBHs HANpsDKEHUs, NMPH KOTOPOM KOPPEKTHOE
BBITIOJIHEHHE KOHTPOJUIEPOM 3aJad He TrapaHTHpyercs. TecTHpoBaHHE NPOM3BOAUTCS C HCIOJIb30BaHUEM
YpOBHEM, yCTaHaBIMBaeMbIX uepe3 Outel-nepemeraku BODLEVEL.

Taoauna 17 — Xapakrepucruku BOD-nerexkropa

[lepemennast

ITapameTpsbl

MuHumann. Hopwman.

Makcumarir.

Enunnmnum
HU3MEpEHUsI

VHYST

l'ucrepesuc
BOD-cxembl

MB

tgop

MuHauMansHas
INTENHHOCTD
HMITyJIbCa, Ha
KOTOPBII
pearupyer BOD-
cxema.

HCek

Korma pabora BOD-cxeMbl pa3penieHa u Vcc yMEHbBIIIAETCS 10 3HAYEHUS HIDKE Mmopora Vporw -PuUCyHOK 18-,
HEMeUIeHHO TeHepupyeTcsa copoc ot BOD-cxemsl . Korma Vee yBenmuuBaeTcs 10 ypoBHS BhIIe mopora Vgor, -PucyHok
18-, Cuerunk 3agepxku paspemruT MK BKIIIOUHUTBHCS IO UCTEUEHUIO NMEPUOAA MOJIOKEHHOH 3a1epKKH troyr -BOD-cxema
OTIPENICTINT HaNpsDKeHHE VCC Kak HE YIOBIETBOPHUTENLHOE, €CIM YPOBEHb Vcc OyneT HMXKE IIOJIOKEHHOTO YPOBHS B

TEUYCHUH MEPHOIa BPEMEHH OOJIBINETO, YeM tpop, Kak mokazaHo B Tabmure 15.

Voo

RESET

Bpena
CrIeT KA

JaJepaKi

BHyTpeHHIII

cOpoc

Pucynok 18 — Copoc BOD-cxemoit Bo Bpems pabotsr MK
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ATtiny2313/V
Copoc ot CropoxkeBoro Taiimepa «WDT»

Korma Bpems CroposkeBoro TaiiMepa mcTekaeT, OH TEHEpUPYET KOPOTKUi uMmiyinbe COpoca, DTUTEIBHOCTHIO B
oauH niepuona TakroBoii Yactotel Cuctemuoro ['eneparopa. [lo cnanatomemy ¢hpoHTy sTOoro ummynasca Copoca HaUMHAET
cBoro paboty Taiimep 3amepKu, KOTOPBI CUUTaeT BpeMs trour - 3a Oojee moapoOHOM wuHpopmanuit o pabote
CropoxeBoro TaliMepa oOpariaitech kK cTpanuie 43.

—» «— 1 CK Cyele
Bpema mvorvimca
Cropo:xeroro H

Tafmaepa "WDT" i
|

I
|
I
Ileprog e | e trouy —>|
I
I
I

COCTOAHITIT

Copoca 4,—‘
By rpenmmit

Chpoc

Pucynox 19 — Copoc ot CropoxkeBoro Taiimepa Bo Bpemst pabotst MK

Perucrp Craryca MK "MCUSR"

Peructp Craryca MK npenocrasnsier HHGOpMAIMIO 0 TOM, KTO BeinoHuI Copoc.

bur 7 6 5 4 3 2 1 0
- - - - WDRF BORF EXTRF PORF MCUSR
Hrenne/ g q q q us3 us3 us3 us3
3anuceh
Hauanm- Cmotpu | Cmorpu | Cmotpu | CmoTpu | CMoTpH
omuca- onmca- onmca- onmca- omuca-
HbIE 0 0 0
HHE HHE HHE HHE HHE
SHaveHus OUTOB OHUTOB OHUTOB OHUTOB OUTOB

* Bit 3 - WDRF: Watchdog Reset Flag: ®aar copoca ot CropozkeBoro Taiimepa
bur ycranasnuBaetcsa B 1 mocine copoca ot WDT. but ycrananuBaercs B 0 mocne BeIkiItodeHHs nutanus MK
WJIN 3aITUChIO B HETO JIOTMYECKOTO HYJIS.

* Bit 2 - BORF: Brown-out Reset Flag: ®aar Cépoca ot BOD-cxemblI
Bur ycranaBmuBaercs B 1 mocne copoca ot BOD-cxemsl . but ycranaBnmuBaetcs B 0 mociie BBIKITIOYCHUS TUTAHASL
MK miti 3anHChI0 B HETO JIOTHYECKOTO HYJIA.

¢ Bit 1 - EXTRF: External Reset Flag: ®aar copoca ot Buemnero Ucrtounuka
bur ycranaeiuBaercs B 1 mocne copoca ot Bremnero Mcrounnka. but ycranasiauBaercs B 0 mociie BEIKIHOYCHHS
nutanus MK mim 3anmucelo B HEro JIOrH4eckoro HyJsl.

* Bit 0 - PORF: Power-on Reset Flag: ®aar Copoca no Briouenuio [luranus
bur ycranaBmuBaetcs B 1 mocne cOpoca mo Bxirouenuto Ilutanus. but ycranasmuBaercs B Homp TOJIBKO
3aIUCHIO B HETO JIOTHYECKOTO HYJIS.

Uro0s! ucrions3oBate RESET-¢marn st uaentudukanun nctounnka COpoca, moJib30BaTelb JOJDKCH MPOYHUTATh,
a 3atem ounctuth MCUCR-peructp u caemate 3TO HaJ0 HACTOIBKO OBICTPO, Kak TONBKO Bo3MmoxkHO. Ecm MCUCR-
PETUCTp yCIEeBACT OYUINATHCS IO BHITOHEHHS Kakux-Tuoo Copocor To Mcrounnk COpoca MOXKET OBITh MOWMaH/BBIYHCIICH
10 YCTAaHOBJICHHOMY (hJIary.
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A Ttiny2313/V
Berpoennblit Uctounuk Onopaoro Hanpsixkenust
(MOH)

ATtiny2313 umeet Bctpoennsiit MOH. MOH aktuBHO ncnosib3yercst BOD-cxeMoil 1 MOXKeT OBITh HCIIOJIB30BaH B
KauecTBe CUTHaJa, oiaBaeMoro Ha Bxoja AHajoroBoro Kommaparopa.

Curnan Bxmouenusa MOHa n Bpems Brimrouennst MOHa

NOH wuMeer HEKOTOpOe BpeMs 3alycka, KOTOPOE MOXET IOBIUATh Ha MPHWIOXKCHHSA, TAC OH Oyaer
HCTONB30BaThC. Bpems 3amycka mpuBenero B Tabmume 18. B memsax sneprocoepeskenus, IOH He Bcerna HaXoauTcs BO
BKJIFOYEHHOM COCTOSIHUH.

HOH BritouaeTcs B CIEAYIOMUX CUTYaIUIX:

1. Korza paspermena padora BOD-cxems! (mytem nporpammuposanuss BODLEVEL-nepemsruexk [2..0])

2. Korma MOH noakmtodeH ko Bxony AnanmoroBoro Kommapatopa (ycranoBkoit 6utoB ACBG B Peructpe ACSR).

Takum obpazom, korma BOD-cxema oTkimoueHa, mocie yctanoBku 0ura ACBG monp3oBaTens JODKEH BCerna
no3BosuTh MOHy HOpManbHO 3amyCTHUTBCS, MPEXJEe, YeM HCIOJb30BaTh AHajorowlii Kommapartop. JIns cHmkeHuUs
sHepronoTpedieHus B DxkoHoMuaHoM Pexxume CHa -PowerDown- mosibp30oBaTens MOKET UCKIIOUHTh JIBA peskuma paboThl,
OTIMCAHHBIX BHIIIE, YTOOKI rapaHTHPOBaTh, 4T0 IOH Oyzet BBIKIIOUEH 10 BXona B PowerDown-pexum.

Ta6auua 18 — Xapakrepucrukn Berpoennoro MOHa

epeMennas apaMeTpbl VYcaoBus Munumansioe | HopmansHoe | MakcumanbHOe EnuHuier
p paMetp paboTHI snauenne 3uauenne V 3uauenne HU3MEPEHUI
Jnamnazon
W3MCHECHUS Vee=2.7B
Vi OnopHoro 2550 1 1.1 1.2 Boast
Hanpsoxenus
Bpewms 3amycka Vee=2.7B
tsg MOHa 25%C - 40 70 MKCek
Tok, _
Igg MOTPeOISIEMBII chgf C7 B - 15 - MKA
HNOHowMm
IIpumeuanue:

1. DTy 3Ha4YeHHS SIBISIOTCS TOJIBKO PEKOMEHI0BaHHBIMH/TIPEABAPUTEIHHBIMU. J{eHCTBUTENbHBIE 3HAUCHHUS
npencrasieHsl B TBD.
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A T tiny2313/V

Cropo:xkeBoit Taiimep “WDT”

ATtiny2313 umeer Ha 60pTy Y coBepuieHcTBOBaHHBIN CTopoxeBoil Taiimep (WDT).
Ero rmaBHBIME 0COOEHHOCTSMH SIBIISIOTCS:

1. TakTupoBaHue oT 0TAEIbHOrO0 BeTpoenHoro Ha kpuctai ['eneparopa.

2. Tpu pexxuma paboThI:

2.1 Pexwm IpepsiBaHus

2.2. Pexxum Copoca CucteMsl

2.3 Pexxum IpepriBanus u Copoca CructeMbl

3. Beibupaewmsrii [Teprog Otcueta ot 16 MCek mo 8 Cex

4 Bo3MoxxHOCTh anmnapaTHoro BkiroueHuss WDT HaBcerna — i1t HaieKHOCTH.

e mITeNE TAKTOR ko3 prupieHT B
Tenepatop >| A WDT e TeHMA
Ha 128 xI'nx TEEEEEEEE
512 215 SN E
°°1B55|2lz|3 )
Yy YyYYyYY¥Y L "C)“_ 3;1[')1‘;%
CBpoc Taitmepa WDP1
WDT WDP2
WDP3
b WOE j—b Copoc ME
dur WDIF
ot WDIE Ilpeprieamie

Pucynok 20 — Ctpyxrypa CtopoxeBoro Taitmepa WDT

CropoxeBoii Taitmep -WDT- , sT0 TaiimMep, CUMTAIOUIMI TaKThl OT OTAEIHHOIO BCTPOCHHOI'O HAa KPHCTAII
reeparopa Ha 128 xI'm. CroposkeBoii Taiimep renepupyet IlpepsiBanme min CuctemHbiii COpoc, Korja CUYETUHK
JIOCTHTAET 3aJIaHHOTO 3HadyeHus. B HOpMaJbHOM pexxkuMme cucteMa, ucnonbiytomas WDT, nomkna obecrnieunBats cOpoc
C.Taiimepa 10 TOrOo, Kak €ro CYCTYHK JOCYMTACT O 3aJaHHOTrO 3HadeHWsA. Ecmu cucrema He cOpocut C.Tafimep, oH
creHepupyet [IpepriBanue i Copoc CucteMsl.

B Pexxume IlpepsiBanusa WDT renepupyer CuUrHaia NpepbiBaHUs, KOTJA CUETUYHMK 3AMOJHSETCS MOIHOCTBIO.
Taxoe npepbIBaHNE MOXKET OBITH MCIIOIb30BaHO B KauecTBE NPOOYKIAIOIET0 CUTHAMA JUIsl BBIXO/a U3 PEXXMMOB CHA WMJIM B
KayecTBe OOBIYHOTO cucTeMHOro Ttaiimepa. C.TaliMep MOXHO HCHONB30BAaTh JUIS OTPAaHWYEHUS BPEMEHH pPabOTHI
KOHTPOJUIEPa, TeHEPUPYsI CUTHAJ IIPEPBIBAHMS, €CIM KOHTPOJUIEp JI0Iro He OTBeYaeT U He cOpackiBaeT cueTynk WDT.

B Pexxume Copoca Cucrembl WDT renepupyer curnan COpoca CuCTeMBI, KOTJa CUETYHK 3aIlOJTHSIETCS
MOJTHOCTHI0. OOBIYHO 3TOT PEKUM HCIIONB3YIOT [UIA MPEIOTBPAICHIS 3aBUCAHNUS CHCTEMBI, B CIy4ae BBIX0Ja KOJa U3 0]
KOHTPOJISL.

Tpetuii peskum, 370 Pe:kum IpepsiBannsa u Copoca Cucremsbl, KOTOPBIT KOMOMHHPYET J1Ba IPYTHUX PEXKHMA,
nepBbIi - reHepupyet IlpepriBanue, a 3ateM nepekiarodaercs B Pexum COpoca Cuctembl. O1oT TpeTuil pexuM MOXKeT
obecrieunTh 6e30MacHyo Mepe3arpys3Ky, HO3BOJIMB COXPAHUTh KPUTHUECKU BaKHBIEC JAHHBIC MIEpe]] TeM, KaK Iepe3arpy3uTh
CUCTEMY.

CroposxeBoii TaiiMep MokeT OBITH BKIIFOUCH HaBceraa, npommuBanueM rnepeMbrakn WDTON, B atom cimyqae WDT
Oyner paborate B pexxume CoOpoca Cucremsl. [Ipn mpommBanum «uraBkoi» mnepembrakn WDTON, aBTomarmuecku
BeIOUpaeTcs pexxuM Cucremuoro COpoca, coorBerctByrommii 6ut WDE monyugaer 3nadenme 1 u Onokupyercs, OHT
Pexwma IpepeBarus WDIE nonywaer 3HaueHue 0 1 TOXKE OIOKHpyeTCs.

[anee, 9ToOBI TapaHTUPOBATH OE30MAaCHOE BBINOJIHEHHE HMPOTPaMMBbl, M3MEHEHHs B HacTpoiikax WDT nomkHsI
OBITH BBITIOJIHEHBI B OIPEICIICHHON MOCIIeI0BATEIbHOCTH.

ITocnenoBarenwvHble miaru ouuntienus 6uta WDE u cmensl nepuoga moacuera WDTrakue:

1. B Tom xe pexxume 3anumute ysorudeckyro eaununy B 6utsl WDCE u WDE. Jlorndeckas equHHMIA JODKHA
ObITh 3anucana B Out WDE He3zaBuCHMO OT mpeplIyIero 3HaueHust 3TOro OuTa.

2. B Tedennu creayronmx yeTeipex TakToB CucremHoro I'enepatopa 3anumure 6ut WDE eaunureii u Beioepute
3aIUChI0 CIUHUIEI XKelaeMblil Out-nenmurens WDP, Ho mpu sTom 6ut WDCE nomkeH OBITH OUYHIIEH. TO JOJDKHO OBITh
CAEIaHO B OJHOM PEXUME.
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A Ttiny2313/V

Crnenyromuii mpuMmep KoJa IokaspiBaeT kak Ha AccemOnepe m C-¢ynkium Bkmodate WDT. Dt mpumeps
MIPEATIONAraioT, YTO MPEPhIBAHMS OTKIIIOYEHB! IJ00aIbHO, TaK YTO NPEPHIBAHMS HE NMPOW3OWUAYT B TEUECHHH BBITOTHEHHS

9THX (YHKITHIA.

Assembly Code Example!!

WDT_off:
: Turn off global interrupt
cld
; Reset Watchdog Timer
wdr
; Clear WDRF in MCUSE
in rle, MCUSR
andl «rls, (Oxff & (0<<WDEF))
out MCUSR, rlé
: Write logical one to WDCE and WDE
; Feep old prescaler setting to prevent unintentional time-out
in rle, WDTCSE
ord rl6, (1l<<WDCE) | (1l<<WDE)
out WDTCSR, rlée
; Turn off WDT
141 rle, (0=<WDE)
out WDTCSR, rle
: Turn on glokal interrupt
sal

ret

C Code Example'

wvold WDT _off (woid)
{
_ dimakble interrupti();
__watchdog_reset();
/* Clear WDRF in MCUSE */
MCUSE &= ~(l=<WDEF) :
f* Write logical one to WDCE and WDE */
/* Feep old prescaler setting to prevent unintenticnal times-out

* J
!

WDTCSE |= (1<<WDCE) | (l<<WDE);:
J* Turn off WDT */

WDTCSE = 0x00;
__enable_interrupt();

}

Mpumeuanue: 1. KonoBble mpuMepsl MpeIoiaraioT, YTO HYXKHBIE 3aroJIOBOYHBbIE (Dailiibl y)ke BKIIOYCHBI B
nporpammy. IIpumeuanue: Ecimu pa6ota WDT Obina paspemiena cirydaifHo, Toraa yCTpoHCTBO OyIeT Iepe3arpykeHo,
nocie vero  WDT ocraHeTcss Bo BKIIIOUEHHOM COCTOSHMU. Ecin Kox mporpammsl He TpenyCMaTpHUBAacT MOJIPOrpaMMy
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A Ttiny2313/V

00pabotkr WDT , 3T0 MOKET MPUBECTH K 3aIUKINBaHUIO Ha BHyTpeHHEeM copoce MK ot WDT mo 3amoiHeHHIO cueTInKa
WDT. YrtoOsl n30eXaTh 3Ty CUTYaLHIO, IPOTPAMMHBIA KOJ TOJDKEH mocTossHHO ounmath giuar WDRF u Out ynpaBneHus
WDE B [loamporpamme Wuunmanuzauun (HavyanpHOM HacTpoiike MK mnpu BrimtoueHuu), gaxe, ecau WDT ne
ucnons3yercs. Crneayromuii mpumep koma Ha AccemOuepe u sa3bike C IOKa3bIBaeT, KaK M3MEHSTH BpEMs 3aIOJTHEHUS

taiimepa WDT.

Assembly Code Example!!)

WDT_Prescaler_Change:

eli

14i rl6é, (1l<<WDE)
out WDTCSR, rlé

seil

ret

; Set new prescaler (time-out)

; -- Finished setting new values,

; Turn off glohal interrupt

;: Reset Watchdog Timer

| (1<<WDE)

wdr

; Start timed sequence
in rleé, WDTCSR

ori rle, (1<<WDCE)
out WDTCSR, rlé

; -— Got four cyecles to zet the new walues from here -

value = 64K cycles (~0.5 =)

| (1<<WDP2) | (1<<WDPO)

used 2 cycles -

; Turn onh global interrupt

C Code Example("

{

_ watchdog_reset () ;
/* Start timed
WDTCSR | = (1l<<WDCE)

WDTCSR = (1<<WDE)

/* Set new prescaler(time-ocut)

void WDT_Prescaler_Change (void)

_ disable_interrupt();

equence */

| (1<<WDE) ;

(0]
*
-

value = 64K cycles (~0.5

| (1<<WDPZ) | (1<<WDPO);

_ enable_interrupt();

[Mpumeuanue: 1. [IpumMep Koja mpeAnosaraer, YT0 COOTBETCTBYIOINE 3ar0J0BOYHbIC (Daiiiibl BKJIFOUYECHBI B IIPOEKT.

IIpumeuanue:

WDT nomxeH ObITh COPOIIICH Tepes] TeM, Kak IoJib3oBaTenb OyneT meniatb WDP our, Tak kak

cMeHa 3Toro 6uta 6e3 copoca WDT moxer npuBecTy K 6osiee paHHEMY 3anoyiHeHHuIo Taiimepa WDT, dem mimaHupoBaiocs.
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A Ttiny2313/V
Peructp Ynpasienus CropoxkeBbiM Taiimepom
(WDTCSR)

bur 7 6 5 4 3 2 1 0
WDIF | WDIE | WDP3 | WDCE | WDE | WDP2 | WDP1 | WDP0 | WDTCSR

Yrenne/ us3 qy/s3 y/3 q/3 y/3 /3 4/3 /3
3anuce
Hauanbnbie 0 0 0 0 X 0 0 0
3HAYEHUS

* Bit 7 - WDIF: ®aar IIpepsiBanusi or WDT

OToT OMT yCTaHABIMBAETCS B €AMHHMILY, KOTJa NPOMCXOAWT mnepernonHeHue Taiimepa WDT, nmpu ycimoBuu, 4rto
WDT nactpoen Ha paboty B Pexxume [IpepriBanus. but WDIF ouuniaercs anmapaTHo, KOTJIa BBITIOTHIETCS MEPEX0] HA
COOTBETCTBYIOIUII BEKTOp IpephIBaHuUs. Taxke, ’TOT OUT MOXKHO OYHCTHUTH, 3aIlUCAaB B HETO JIOTHUECKYIO eanHuIy. Eciun
our I B peructpe SREG ycraHOBIEH, TO €CTh, pa3pelieHbl IMpephIBaHUs, Toraa ycraHoBka Omra WDIE BbI3BIBaeT
npepsiBanue ot WDT.

* Bit 6 - WDIE: pa3pemenue IIpepsiBanus or WDT

Ecmu 3amucate B 3TOT OWT JIOTHUECKYIO E€AMHUILY, TO NPH YCIOBHH, YTO pa3pelleHbl NpephIBaHUs, OyaeT
paspemieHo reHepupoBaTh npepsiBanne or WDT. Teneps, B fomojHEHHE K 3TUM YCTaHOBKAM, €CIIH €Ie OYHUCTHTh OWUT
WDE B Honb, TOrma CtopokeBoii Taiimep Oynet paborats B Pexxume [IpepriBanus, u OyaeT BEI3BIBATHCS
COOTBETCTBYIOLIEE NIPEPHIBAHUE MTPU NEPENOTHEHUN TaliMepa.

Ecmu 6ur WDE ycranosieH B 1, torma WDT pabotaer B Tpersem Pexxume, copmentast Pexxum [IpepriBanus u
Pexmm CoOpoca Cucremsl. IlepBoe mepemomnenune Ttaiimepa WDT mpuBomur k ycranoBke Omta WDIF. 3arem, npu
Iepexoe Ha COOTBETCTBYIOIINK BekTop mpepbiBaHusA, 6utel WDIE u WDIF aBTOMaTH4YecKH ammapaTHO OYHINAIOTCS
(WDT mnepexmtouaercs B Pexxum CoOpoca Cuctemsl). COpoc 3TUX OMUTOB TOJE3€H, TaK KaK IMO3BOJISAET 3AIIUTUTHCS OT
neiicteuit WDT Bo BpeMs 06paboTku BbI3BaHHOTO IpepsIBaHus. g toro, uto6s1 WDT u manee octaBaincs B Tpersem
pexume, 6ur WDIE nmomkeH ycTaHaBIMBATBCS TOCHHE KaKAoro mpepbiBaHus. OpHAKO, €ro ycTaHOBKAa HE JOJDKHA
BBITTOJIHATHCS B OJIPOrpaMMe, 00pabaThIBaoLIel pephIBaHNE, T.K. 3TO MOXKET MOCTaBUTh MO YTPO3Y CUCTEMY B IICJIOM.
Benp, ecnu npepriBaHre He OBITO BBI3BAHO JI0 cieayromero nepenoiaenus TaiiMepa WDT, to 6utr WDIE He ycTaHOBHIICS
u npomsoiiner Copoc Cuctemsl.

Tab6imua 19 — Hacrpoiika Ctopo:keBoro Taiimepa

WDTON WDE WDIE Pesxin I[ef/'ICTBI/IequI/I MEPETNOTHEHUH
taiimepa WDT
0 0 0 OcTaHoBIIEH Her
0 0 1 Pexxum IpepriBanus Bri3oB [IpepbiBanust
0 1 0 Pexxum Copoca CucteMsl Copoc
Tperuii pexxum — Pexxum Cuauana [IpepbiBanue, a 3aTeMm
0 1 1 IMpepeiBanus u Pexxum Copoca nepexon B Pexxum COpoca
CucrteMsl CucteMsl
1 X X Pexum Copoca Cuctemsl C6poc Cucremsl

* Bit 4 - WDCE: bur pa3pemenus HacTpoiiku WDT

OroT 6UT UcnonklyeTcsa mid usmMeHenus 6urta WDE u BeiGopa Outa mpenaenurens. s Toro, 4ToOsl OYHUCTUTH
6utr WDE 6ut w/mim cMeHUTH OUT IpeieuTeNs, HyKHO cHadaia ycraHoBUTs Out WDCE.
Ecmu 8 WDCE 3anmcana jor. eIuHuIa, TO OHA OyAET OUHuIleHa almapaTHo, CIYCTS YEThIPE TAKTOBBIX KA.

* Bit 3 - WDE: Pa3pemiuts WDT copacbiBaTh cucremy

Bur WDE urnopupyetcsa ¢pmarom WDRF B peructpe MCUCR. 310 03Hauaer, 4To OUT pa3pelieHus MPEephIBAHUS
WDE ycranaBnuBaeTcs Bcera, Koraa yctanaBiuBaercs ¢urar npepbiBannss WDREF. [l Toro, uto0s1 ounictuth Out WDE,
HYXHO cHavaja ouncTuth ¢uar WDRF. D1tum rapantupyercst MOCTOSHHBIH cOpOC CHCTEMBI, ITOKa NMPHCYTCTBYET YCIOBHUE
Kpaxa CHCTeMbI 1 Oe30macHast 3arpy3Ka CHCTEMBI TI0CJIe HCUE3HOBEHHUS YTPO3BI.

* Bit 5, 2..0 - WDP3..0: buts! [Ipengeanrenss WDT 3,2,1u 0

Buter WDP3..0 onpenensitor Beidop [pennemurens (Koadduuuenra nemenus), Bo Bpems padorst WDT. Kakue
opiBaroT Ilpeamenureny ¥ COOTBETCTBYIOIINE UM IEPHOIBI TIEPETIONIHEHIS MTpuBeeHbI B Tabmumue 20 Ha cTpaHurie 42.
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A Ttiny2313/V

Ta6anua 20 — Beioop penaeantens (Kodpdunuenrta neaenuss) WDT

wors | wor | woet | wore | Komeememee [ T e
0 0 0 0 2 K (2048) takToB 16 MCex
0 0 0 1 4 K (4096) TakToB 32 mCex
0 0 1 0 8 K (8192) TakToB 64 mCex
0 0 1 1 16 K (16384) takToB 0.125 Cex
0 1 0 0 32 K (32768) TakToB 0.25 Cex
0 1 0 1 64 K (65536) TakTOB 0.5 Cek
0 1 1 0 128 K (131072) takTOB 1.0 Cek
0 1 1 1 256 K (262144) TakToB 2.0 Cex
1 0 0 0 512 K (524288) takToB 4.0 Cex
1 0 0 1 1024 K (1048576) TakTOB 8.0 Cex
1 0 1 0
1 0 1 1
1 1 0 0

3ape3epBHUPOBAHO
1 1 0 1
1 1 1 0
1 1 1 1

IIpuMeuaHue NepeBOAYMKA: CEKYH/IA MOKeT 0003HAYAThCsA KaK OyKBa «C» WIH COKpaleHHo «Cek».
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A Ttiny2313/V

IIpepbiBanus

OToT pazmen ommchiBaeT cnenupuky oOpabOTKM mpepbiBaHMi, BBIMONHEHHYI0 B ATtiny2313. 3a obmeit

uHdpopmanueii o npepriBanusax B AVR obpaturecs k paszaeny "Copoc u O6pabdoTka [IpepsiBanuii”, crpanura 11.

Bekropsl [IpepriBanus B ATtiny2313

Tab6auna 21 — Bekropsl [IpepsiBanus

Howmep Anpec B Ucrounuk
Onucanue [IpepriBanus
Bexkropa IIporpamme GpepbIBaHUs

[IpepoiBanyue Ha BHELTHEM BBIBOZIE
“RESET”, COpoc 10 BKIIOYCHHIO

! 0x0000 RESET mutanusi, Copoc ot BOD- cxemsl,
Copoc or WDT.

> 0x0001 INTO 3ampoc ot Bremnero IIpepsiBanus Ha
BeiBozie INTO

3 0x0002 INT1 3ampoc ot Bremnero IIpepsiBanus Ha
BeiBoze INT1

4 0x0003 TIMERI CAPT Taiimep/Cuerurk] B pexxume 3axBaTa
Tatimep/Cuerank] B Pexxnme CpaBHEeHUS

> 0x0004 TIMERI COMPA Ha paserctBo TCNT1 n OCRIA

6 0x0005 TIMERI OVF Ilepenonnenune Taiimepa/Cuerunka 1

7 0x0006 TIMERO OVF Ilepenonnenne Taiimepa/Cuerunka 0

8 0x0007 USARTO, RX UYrenne gepe3 USARTO 3aBepreHo

9 0x0008 USARTO, UDRE Peructp dannsix UART O myct

10 0x0009 UARTO, TX ITepenaua uepe3 USARTO 3aBepieHo

11 0x000A ANALOG COMP IIpepbiBaHue OT AHAJIOTOBOTO
Kommnapatopa

12 0x000B PCINT IIpepriBanue Ha BeIBogax PCINT7..0
Taiimep/Cuerunk] B Pexume CpaBHeHuUs

13 0x000C TIMERT COMPB Ha paBeHcTBO TCNT1 nu OCR1B
Taiimep/Cuerark 0 B Pexxume CpaBHeHU

14 0x000D TIMERD COMPA Ha paBeHcTBO TCNTO 1 OCROA
Tarimep/Cuetank( B Pexxnme CpaBHEHUS

15 0x000E TIMERO COMPB Ha paBeHctBo TCNTO 1 OCROB

16 0x00F USI START zg;owe Crapra(Havana) uatepdeiica

17 0x0010 USI OVERFLOW ITepenonnenue USI

13 0x0011 EE READY ITamsate EEPROM rorosa k 3anucu(T.c.
BBITIOJTHEHBI YCIIOBUSI [UIsl HA4aJIa 3aIIHCH)

19 0x0012 WDT OVERFLOW [lepenonnenne Taitmepa 8 WDT
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Hambonee m oOmme mporpammHble ycTaHOBKH it anpeca COpoca u Bexropor IlpepeBanms B ATtiny2313,
npumep Ha Accembiepe:

Howmep
Crpoku
(B TekeTe Anpec B KOMaHJ1a Nms Metku Omnucanue [IpepriBanus
IPOrPaMMBbl IIporpamme
OH HE
TUIIETCS)
1 0x0000 rjmp RESET ;JIpepriBaHKEe Ha BHEIIHEM BBIBOJIE
;“RESET”, COpoc 1o BKIFOUEHHUIO
;matanust, Copoc or BOD- cxemsr,
;Copoc or WDT.
2 0x0001 rjmp INTO ;3anpoc ot Baemmnero IlpepeiBanus Ha
:BeIBOZE INTO
3 0x0002 rjmp INT1 ;3ampoc ot Baemnero IpepriBanus Ha
:BeIBOJIE INT1
4 0x0003 rjmp TIMER1_CAPT ;Talimep/CueTuuk! B pexume 3axBara
5 0x0004 rjmp TIMER1_COMPA ;Talimep/Cuetunk! B Pesxxume CpaBHEHHS
Ha paBeHcTBO TCNT1 u OCR1A
6 0x0005 rjmp TIMER1_OVF ;Ilepenonnenne Taiimepa/Cuerdnkal
7 0x0006 rjmp TIMERO_OVF ;Ilepenonnenue Taiimepa/Cuetunkal
8 0x0007 rjmp USARTO_RX ;Urenue yuepe3s USARTO 3aBepiueHo
9 0x0008 rjmp USARTO_UDRE ;Peructp Janusix UARTO myct
10 0x0009 rjmp UARTO_TX ;Ilepenaua yepe3s USARTO 3aBepieHa
11 0x000A rjmp ANALOG_COMP ;IIpepbiBanne 0T AHAIOTOBOTIO
;Kommaparopa
12 0x000B rjmp PCINT ;IIpepriBanne Ha BeiBogax PCINT
13 0x000C rjmp TIMER1_COMPB ;Talimep/CueTunk! B Pexxume CpaBHeHHs
Ha paBeHcTBO TCNT1 u OCR1B
14 0x000D rjmp TIMERO_COMPA ;Talimep/Cuetunk( B Pexxume CpaBHeHUs
Ha paBeHcTBO TCNTO u OCROA
15 0x000E rjmp TIMERO_COMPB ;Talimep/Cuetunk( B Pexxume CpaBHeHHs
Ha cooTBeTcTBHE B
16 0x00F rjmp USI_START ;Venosue Crapra(Hauana) untepdeiica
;USI
17 0x0010 rjmp USI_OVERFLOW ;Ilepenonnenue USI
18 0x0011 rjmp EE_READY ;ITamsate EEPROM rorosa k 3amucu(T.e.
;BBITIOJIHEHBI YCIIOBHA JJIS Hadasa
;3QITUCH)
19 0x0012 rjmp WDT_OVERFLOW ;Ilepenonnenue Taiimepa B WDT
; JanpHelinuil TeKCT B mporpaMmme
0x0013 RESET: 1di r16,low(RAMEND) ;Ha4asto [ J1aBHO# MporpamMmel
0x0014 out SPL,r16 ;YcranoBuTh Ykazarenab CTeka
;IIporpamm Ha Bepxumiit Anpec B SRAM
0x0015 sei ;Ycradosuts ['moGanbHbIl but
;Paszpemenus [IpeprpiBanmuii
0x0016 U TaK nauee
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A Ttiny2313/V
I/O-ITopTsl (IIopTHI BBOAA/BHIBO/IA)
Berynnenue

Bce AVR-noptsl MoryT pabotats ¢ ¢pyHkuusiMu Urenns-Moaudukanun-3anucyu 3Ha4eHUH Ha WX BBIBOJAX, €CIH
OHHM HUCTIOJB3yI0TCs Kak O6rue [{udpporsie I/O-mopTel. DTO 3HAYMT, YTO HAMPABICHHE BBOa/BHIBOIA HHPOPMAIIUH MOXKET
OBITh M3MEHEHO Ha KaXJOM OTIEIBHOM BBIBOJE, 0€3 pHCKa HEYMBIIUIEHHOI'O M3MEHCHMs HAIIpaBJICHHUS BBOJA/BBIBOJA Y
JIPYTOTO BBIBOJA IOPTA, TAKXKE, UMEETCSI BOZMOXKHOCTh MIPOBEPKH HATUYHS KaKOTO-IHOO JIOTHYECKOTO YPOBHS Ha KaXKJIOM
OTIeNBEHOM BBIBOAE ImyTeM npuMeHeHus SBI- u CBI-uncTpykuuii. Ta jke camasi cuTyalsl U IIpH YCTaHOBKE KaKOT0-JIHO0
JIOTHYECKOTO YPOBHS HA OTACIHFHOM BBIBOJE (€CITH OH KOHOUTYpHPYETCs Kak BBIX0) Wit py OJKITFOYSHIH/OTKITFOYCHIH
[onrsaruBaromux Pe3ucropoB (ecmu BBIBOI HacTpamBaeTcs kak Bxom). Bce TokoBbie Oydepsl  BBIBOIOB HMEIOT
HICHTUYHBIC XapaKTEPUCTUKU M MOTYT MOTJIOMATh WIH 00ECIIeYNBaTh B HATPY3Ke OTHOCHUTEIFHO OONBIION TOK. JpaiiBepsl
BEIBOJIOB SIBJISIFOTCS JOCTATOYHO CHIIBHBIMHU, YTOOBI O0ECIICYHUTH YIIPaBICHUE CBETOANOIHBIMA HHIUKATOpaMU. Bce BEIBOIBI
[OPTOB HMMEIOT HHIMBUAYaJbHO MOJKIIOYAEMbIE MOATATUBAIOLUINE PE3UCTOPHI, KOTOpPbIE, B CBOIO OYEpedb, YXKE
MOJIKJTIOUEHBI K UCTOUHUKY Vcc. Bee I/O-BBIBOMIBI UMEIOT 3alIUTHBIE TUOIbI, MoAKII0YeHHbIE K Ve 1 GND, 310 mokazano
Ha Pucynke 21. O6parutech K pa3aeny "DIeKkTprudeckue XapakTepucTUKU" Ha cTpanuile 176 nis 03HAKOMIICHHS C ITOJHBIM
CIIFICKOM TIapaMeTpPOB.

|
& I F'y
L b o
FaumpTHEIA Tmon VHZS I
| § R ITograrne arngni
I PL Pesmcrop
Brieog moboro .
[P} 1 1 l
napaLielLHOT 0
mopTa u |
Fammtaei Tuog GND Zk Cpin —_ I
Ermcocte |
Briroga I

Pucynox 21 — Cxema I/0-nopros

Bce Peructpel m buThl B 3TOM paszene MMeEIT TOJIbKo obmiee onucanue. Ctpounas OykBa "X" TpeacTaBiseT
co0oif Homep (Tounee Mms mopra: A,B,C u T.1.), a cTpouHast 6ykBa "n" mpeacrasiset coboit Homep buta ITopra. OgHaxo,
Ipu ompeneneHnu PeructpoB u BeIBOIOB, B TeKCTe MpOrpaMMBbl JOJDKHBI OBITh HMCIOJB30BAHBI MX HACTOAIINE HMMEHA.
Hanpumep, "PORTB3" sto bur 3 B nopre B (PortB); 3neck ucnonbsyercs obmwmii Bua: "PORTxn". O ¢usnyeckom
pacnionokeHHH PeructpoB BBOAa/BBIBOJa M MX BUTOB pacckazaHo B pasgene "Omnwucanme Peructpor I/O-moprtos" Ha
crpanute 57.

Jns xaxxgoro I/O-mopTta mMeeTcst TpU afipecyeMoil 00acTH MaMsATH, KoTopas mpeactaBisgeT codoit :1. Peructp
Hannpix - "PORTX"; 2. Peructp nns Hactpoilku Hampasnenus [Hanusix - "DDRX"; 3. but-"PINX"; bur-"PINx"
paspermiaercs TOJIbKO uuTaTh, a BOoT Peructp [anubix - "PORTX" u Peructp ans nactpoiiku HanpaBnenust JJaHHBIX -
"DDRx" MoeT OBITh M IpoUYuTaH U 3amucad. OTHAKO, 3amuch Jormdeckoil equHUIBI B but-"PINX" maetr B pesynbraTe
MepeKITIoYeHrne cooTBeTcTBYIomero Omra B Permctpe [damnmpix "PORTX". Ilmoc ko BceMy, MMeEETCS BO3MOXKHOCTH
oTkioueHus Becex IloaTsruBaromux Pe3ancTopoB Ha BceX BBIBOAAX BCEX IMOPTOB TOJBKO JIMIIB OJHOHM ycTaHOBKOI Omra
PUD B peructpe MCUCR.

Kax wucnonb3oBats I/O-moptel mis O6mero [{udpoBoro Beoga/BeiBoma omucano B pasaene "I/O-mopTsl ams
O6mero [ludpororo Beoga/BreiBoga" Ha crpaHuie 46. BOJIBIIMHCTBO BBIBOJOB MOPTOB COBMEUIAIOT aJbTEPHATUBHBIE
¢byHkimK, obecrieunBas padoTy nepudepuiiHbix ycrpoiicts MK. O ToM, Kak KaxJas ajlbTepHAaTHBHAs (QYHKIHS
B3aHMOJIEHICTBYET CO CBOMM BBIBOJOM, HamucaHo B pazzaene "AmnpTepHaTuBHbie DyHKimu [loptoB" Ha crpanwmie 50.
OOparurech K pasfenaM, OIHUCHIBAIOIIMM KOHKpeTHble Moxynun MK, mns momydenuss nomHod uH(opmanmu 00
ANBTEPHATHUBHBIX (DYHKIUSX.
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OOpaTnTe BHHMaHHE, YTO pa3pelIcHHE ANbTCPHATHBHBIX (YHKIUH Yy COOTBETCTBYIOIIMX BEIBOJOB, HHKAK HE
BO3JCHCTBYET M HE MEIIaeT padoTaTh APYTHM BEIBOJAM ITOPTA U BBHIMONHATE (yHKIHI0 OOIIero BBOAa/BRIBOIA.

I/O-noptel 1t Oo6mero IHudposoro Beoga/BeiBoaa

OTH mapauieibHbIC TOPTHI SBIAIOTCS AByHampaBieHHbIMU. Ha Pucynke 22 mpuBeneHa (GyHKI[HOHAIBHAS CXeMa
oanoro I/O-BpIBOA, KOTOPBIiA 3/1€Ch Ha3BaH 0000MAlONTUM UMEHEeM Pxn.

— (3 W
g
Pxn <_:_:] g
=
g
BLEEF
CHHXpOHH3aTOp
=g I Fliban ]
I L5 > O ]
I r [ 1 ol
—_—— A
, B ¥his Jmwwenw DIDKK
PLL:  Ssoper Tloarmrsesomnx Pesmropor  Bhw Uvewse o DDRx
SLEEP: ¥uparcuns & Peewsax Cua W Jamnerp PORIz
sl Tukruposam uoprek FE Bz Yremme s PR

Tl Wrenne Bumoys PINs
¥y Jannen & Baepoa PINs

Pucynok 22 — BeiBon anst O6mero [udposoro Beoga/Brisona

[pumeuanue: 1. O6o3nauennss WRx, WPx, WDx, RRx, RPx, u RDx sBnstoTcst oOmmMu A7 BEX BEIBOJIOB B
mpeenax ofHOro opTa, a clkyo, SLEEP, u PUD sBnsitoTCs 0OIMMH AJIS BCEX TIOPTOB.

Kondurypupoanue BriBo10B

Kaxxaprii mopT UMeeT Tpu BUAa OUTOB, KaXKIIbIi OUT OTHOCHTCS K CBOEMY perucTpy; Buasl outos: DDxn, PORTxn,
u PINxn 6utsl. Kak paccka3ano B pazaene "Onucanue Peructpos I/O-nopTtoB” Ha ctpanuiie 57, DDxn 6UTEI OTHOCSTCS K
peructpy DDRX, 6utet PORTxn otHOCSTCA K peructpy PORTX, a 6utsl PINxn otHOCATCS K peructpy PINX.

Butsr DDxn peructpa DDRX onpenensior HampaBieHue epeaad JaHHbIX 4epe3 BeIBOAHI mopTa. Eciu DDxn 6ut
3amucaH eAMHUIIEH, Toraa BeIBo Pxn ckoHpurypupoBan kak Beixoa. A, ecnu DDxn Gut 3amnucan Hynem, Toraa BeiBoj Pxn
CKOH(UTypHpOoBaH Kak Bxog.

Ecnu B 6utel PORTXn 3anucath TOrH4ecKyio eIMHHILY, KOTIa BEIBOJBI CKOH(DUTYpHPOBaHEI Kak BXosl, TO K
BBIBOJIaM MOJIKJIIOYATCS HOATATHBAIOIINE PE3UCTOPHI. [IIst OTKITIOUEHHS 3TUX pe3nucTopoB, B Outsl PORTXn Hamo 3anmcarts
JIOTHYECKUE HYJIH WIH )K€ CKOHQHUTI'YpUPOBATh BHIBOABI Kak BeIxoabl. BeIBoIbI TI000T0 TIOpTa OYAYT HAXOIUTHCS B TPETHEM
COCTOSIHUH, eciu Tipom3oiaet copoc MK mn ke, eciu He Oyaet padotats TakroBsiil ['eHepaTop .

Ecmu xe B 6utet PORTXn 3amucath TOTHYECKYIO SAWHUILY, KOTJa BRIBOABI CKOH(HUTYPHPOBAaHKI Kak BBIX0OAbI, TO
Ha BBIBOJIaX Oy/ET YCTAHOBIICH BBICOKHI JIOTHUECKUI ypoBeHb. A, ecmu B O6utel PORTXn 3ammcath jorn4eckue HyIH,
KOTZ1a BBIBOJIbI CKOH(UT'YpHUPOBaHBI Kak BBIXOpBI, TO HAa Ka’KAOM BEIBOJIE OYZET HU3KUH JIOTHYECKUH YPOBECHB.
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Hacrpoiika BbiBo10B

3amuce moruueckoit exuHUIBl B OuT PINXn Menser 3HaueHue B peructpe PORTxn, B 3aBHCUMOCTH OT OHWTOB
DDRxn. O6paTtute BHIMaHUe, 9YTO MHCTpYKIMsA SBI MoXkeT ycTaHaBNIMBAaTH €IUHMILY TOJIBKO B OJUH OWUT OIpEAeICHHOTO
mopra.

IIepekmrouenue Mexay coctoasuuemM BBoaa u BeiBoga

B03MO0HBEI TaKME€ COCTOSTHHMSL:

Nel. "Tpetse" nmm "Z-cocrosinue”, korma ({DDxn, PORTxn} = 0b00), BbeIBoABI ABIsAIOTCS BxomamMu M UMEIOT
00JIBIIOE BXOTHOE COMIPOTHBIICHIE;

No2. BriBogp! siBisitoTcst Beixogamu. Ha Beixonax ycTaHOBJIEHBI BEICOKHE JOrHUEcKHe ypoBHU, koraa ({DDxn,
PORTxn} = 0bl1);

Ne3. CocrosiHEE, KOT]a BBIBOJBI ABISTIOTCSA BXoqaMu v K HUM MOAKITIOYAFOTCS MOATATUBAIOIINE PE3UCTOPHI, TaKas
ycranoBka 6utoB: {DDxn, PORTxn} = 0b01) ;

Ne4. CocrosiHHE, KOTIa BEIBOJIBI SIBISIOTCS BBIXOaMU M HA HUX YCTaHOBIIEHBI HU3KUE JIOTHYECKUE YPOBHH, B 3TOM
ciydae OuThl HacTpanBaroTcs Tak: ({DDxn, PORTxn} = 0b10);
OOGBIYHO COCTOSIHHE, KOT/1a BBIBOBI SIBIISIIOTCA BX0oAaMu M K HUM MOAKITIOYAIOTCS MOATITUBAIONINE PE3UCTOPHI Yallle BCETO
MpUeMJIEMO B OOJBIIMHCTBE MPWJIOKEHHUM, T.K. K BBIBOJIAM YacTO MOJKIIOYAIOT BHEUTHHE COMPOTUBIEHUS ¢ OONBITUMU
HOMHUHAJIaMH ¥ TPUTATHBAIOT WX K Vcc. Ecam, Bce-Taku, 3TOT Ciydail HE MOAXOAWT, TO MOATATHUBAIOUIUE PE3UCTOPHI
MOJKHO OTKJIIOUHTH ycTaHOBKoM PUD-6uta B Pernctpe MCUCR.

[Ipu nepexone u3 Tperbero cocrosinuss Nel B coctosiHue Ne2, Hamo ucnonb3oBaTh cocTostHue Ne3 umm Ned B
Ka4eCcTBE POMEKYTOTHOTO.

[pu nepexaroueHNN MeXK Ty cOcTOSTHUIMHU Ne3 1 Nod BOZHHKAIOT OJTHU H T€ XK€ MPoOiieMbl. TyT MoIp30BaTeNb
JTOJDKEH HMCIIONTB30BATh OCTANBHBIC COCTOSHUS (Kakoe-HUOYIh oHO0) Nel mim Ne2 B KauecTBe MPOMEKYTOUHBIX.

B Tabmmme 22 moka3aHbl OUTHI ISl HACTPOWKH MOPTOB M 3HAYCHHUN HA HUX.
Ta6anna 22 — Koudurypanus BIBOIOB NapaJLIeJIbHBIX IOPTOB

PUD-Gur IMoprt Pull-up-pe3uctopsl
DDxn | PORTxn (B peructpe 1 /pO (1o TEFiBaIO Ife) KommenTapuii
MCUCR) A B
Tperne Cocrosiaue
0 0 X Bxon Her «'p ”
(Z-cocrosiHue)
Pxn-BeIBO OyI€T HCTOYHUKOM TOKA, ECJIH €TI0
0 1 0 Bxon Tla LOYA
Harpy3ka MmoJKJII0ueHa Ha 3eMITI0
Tperne Cocrosiaue
0 1 1 Bxox Her «'p ”
(Z-cocTosiHME)
Ha BrIxoae HU3KHi JJOTHYEeCKUH YPOBEHD
1 0 X Brixon Her A }u]p
(BBIBOJ SIBJISIETCSI HATPY3KOM)
Ha BrIxo/ie BEICOKHH TOTHYECKHI YPOBEHb
1 1 X Brixon Her A P
(BBEIBOJ, SIBJSICTCS ICTOYHHUKOM TOKA)

Yreuue 3HaueHmii Ha BeIBogax

HezaBucumo ot HacTpoek peructpoB DDxn, BBIBOABI IMMOPTOB MOTYT OBITH mpounTaHsl uepe3 Outhl PINX. Kax
moka3ano Ha Pucynke 22, BeiBoxg PINxn Bmecte ¢ @ukcaropom o0pasytoT CHHXpOHH3ATOp. DTO MOMOTaeT w30exkKaTh
HecTaOMIIBHOCTH, €CJIM YPOBEHb CHT'HAJIA HA BBIBOJIC M3MEHSETCS PSIIOM C (PPOHTOM HMITYJIbCA TAKTOBOM YaCTOTHI, OJTHAKO,
3TO, Takke, BHOCHT JIOTOJIHUTENbHYIO 3anepkky. Ha Pucynke 23 mokazanel Bpemennsle Jlumarpammsl mporiecca
CHHXPOHH3AINY IPU YTEHUH 3HAUCHHS HA BHEIIHEM BBIBOJE. MakcuMaibHas 1 MUHUMaIbHAS 3aIepKKa 0003HAUECHBI KaK
tod,max ¥ pd,min COOTBETCTBEHHO.

TaKToEas TacToTa — | | | L
IIHCI v T KOTA 4 XXX >< XX inr7, PINx ><
TPy & UTEHIIE
CHHX]POHMH3ALIL |
(prmEcaTopoM
BEIBO, PINxn
PETTICTP 17 0x00 X oxFF
tpd.max
t]:sdmm
3aTePEKH

Pucynok 23 - BpemeHHble [lnarpaMMBbl npolecca CHHXPOHU3ALUH IPH YTCHHU 3HAYCHHUS HA BHEIIIHEM BBIBOJIC
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3nece(Ha Pucynke 23) paccMaTpuBaeTCs TAaKTOBBIM IEPHOM, HAYMHAIOMIMKCS TOCIE MEPBOrO 3aTHEro (poHTa
TAaKTOBOW YacTOTHl (TepBasi NMyHKTHUpPHAs BepTHKajbHas JuHUs). Pukcatop He paboTaeT, €ciM ypPOBEHb TAaKTOBOTO
HUMIIylbca SIBISAETCS HU3KUM, KOTJa TaKTOBBII ypOBEHb CTAaHOBHUTCS BBICOKMM, DHKCATOp CTaHOBHUTCS "MpPO3pauHbIM” U
MIPOIYCKaeT CUTHAJ C BBIBOJA, 3TOT IpOIlecC MMOKa3aH B 3alITPUXOBaHHOW obsactu Ha Pucynke 23. 3HaueHHe cUrHaia Ha
BBIBOJIC SIBNISICTCS HEAOCTYIHBIM BOJHM3HM 3aJHEro (poHTa TaKTOBOTO HMMITyJhCa. 3HAYCHHWE Ha BBIBOJEC YMUTAETCS B OWUT
PINxn TOJBKO, KOTJIa YpOBEHb TAaKTOBOTO WMITyJIbca HAYMHAeT HapacTath (mo mepeanemy ¢ponty). Kak mokaszano
CTpelKaMH, 00O3HAYAIOIIMMH BPEMEHHYIO 3aJEp)KKy, YPOBEHb CHTHajla Ha BBIBOJIC, KOTOPBIH HAIO MPOYHTATh, MOXKET
ObITh 3anepikan ot 0,5 10 1,5 meproga TaKTOBOH 9acTOTHI, U TOJBKO MOTOM 3HaUYEHHE CUTHAJIA Ha BBIBOJIE OYJIET JOCTYITHO
quts 6uta PINXn, Bpemst 3aIep>KKK 3aBUCHT OT TOT'O, KAK CKOPO MOSBUTCS MEPEIHUNA (POHT TAKTOBOTO UMITYJIbCA.

ITpn yTeHnn mporpaMMoii Imosb30BaTelsl 3HauUeHHs Ha BbhIBoJe MK HeoOX0onMMO HCIONIB30BaTh (BCTABIIATH) NOP-
WHCTPYKLIMU B TEKCT MPOrpaMMBbl Tak, Kak 3TO Moka3aHo Ha Pucynke 24. HWHcrpykums "out" ycTaHaBIMBaeT CUTHAI
®duxcaropa Ha nepeaHuil GpoHT TakTOBOH yacToThL. B 3TOM cityuae BpeMs 3aJiepiKKM t,q yepe3 CHHXpoHU3aTOp Oyner
PaBHO OJHOMY NEPUOTY TAKTOBOM 4aCTOTHL.

TaxToBad UacTOTA —I ‘— I— |_|_|_

permucTp r16 0xFF

HHCTpyKIIA KoJa X out PORTx, 116 nop inr17, PN

CHHXPOHIT3aIIA
(prcaTopom

BEIBOO PINxn
PETTICT]D r17 0x00 >< 0xFF
toa

" -
* >

Pucynok 24 — CunxpoHu3anus Npy 4YTE€HUU IporpaMMoil 3HaueHus Ha BeiBoge MK
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Crnenyromue mpuMepsl KoJla MMOKa3bIBal0T, KaK HACTPOUTH MOPT B ciemyroniim oOpa3om:
BbIBO/IbI PBO 11 PB1 — 3710 BBIX0/1BI € BEICOKMM YPOBHEM CUTHAJa Ha HUX;

BbIBO/IBI PB2 11 PB3 — 310 BBIX0/1bI ¢ HU3KUM YPOBHEM CUTHAJIa HA HUX;

BBIBO/IBI PB4 11 PBS — 310 BX0761 B TpeTheM BBICOKOMMIIETAHCHOM COCTOSIHUU (Z-COCTOSIHUN);
BbIBO/IBI PB6 11 PB7 — 310 BX0/1BI C MOAKITIOYEHHBIMU MOATATUBAIOIIUMHU K VCC pe3UCTOPaMH;

Assembly Code Example'"

; Define pull-ups and set outputs high

; Define directions for port pins

14i rlS,(lﬂCPBTJ|(1ﬁCPB6)|(1ﬂﬂPBl)|(1ﬂﬂPBO)

1di rl7, (1<<DDB3) | (1<<DDB2) | (1<<DDB1) | (1<<DDBO)
out PORTEB, rlé6

out DDREB,rl17

; Insert nop for synchronization

nop

; Read port pins

in rl6, PINB

C Code Example

unsigned char i;
/* Define pull-ups and set outputs high */
/* Define directions for port pins */
PORTB = (1<<PB7)| (1<<PB6) | {1<<PB1)| (1<<PB0);
DDEB = (1ﬂﬂDDB3)|(1ﬂﬁDDB2)|(1ﬂﬂDDBl)|(1ﬂcDDBO];
/* Insert nop for synchronization*/
__no_operation();
/* Read port pins */
i = PINB;

IIpumeuanue: 1.

B accembnepHoM kone BpemenHple Permctpbl HCTIONB3YIOTCS A MUHHMU3AIIUH BPEMEHH HACTPONKH BBIBOJIOB
0, 1, 6 u 7, moka OWTH HaNpaBJICHUS BBOJA/BHIBOJIa HE YCTAHOBICHHI IOJDKHBEIM 00pa3oM; BHIBOABI 2 U 3
OTIPENICIIAIOTCS KaKk BBIX0OABI ¢ HU3KHM YpPOBHEM CHTHAJIA Ha HUX, a BIBOABI 0 1 1 ompenensrorcs kak Berxoasl ¢
BBEICOKAM YPOBHEM CHTHAJIA Ha HUX.

Paszpemenue Liudgposoro Beoaa u Pexnvbl CHa

Kak nokazano Ha Pucynke 22, BXoHOH nu(poBoii curHan MoxeT ObITh 3akopodeH Ha GND npsiMo nepea BXogoM
Tpurrepa IlImurra. Curnan, o6o3naueHHslil Ha pucynke kak SLEEP, moceutaercs SLEEP-konTposuiepom npu Bxoge MK
B Pexxum Dxonomuu Dueprun wiu Pexxum CHa 171 TOro, YTOOBI MOXKHO ObLTO M30ekKaTh OOIBIIOr0 MOTPEOICHUS YHEPTUN
Ha OIpENeNIeHHBIX BBIBOJAX, €CIHM CHTHAJ HAa HUX NMPHCYTCTBYET, HO HE HCIIOJIB3YEeTCS WIIH, €CIH YPOBEHb aHAJIOTOBOTO
CUTHAJIA JIOCTUraeT aMIUIUTy 16l Vec/2.

Pexum CHa He BIHAET U HE OTKJIIOYAET T€ BBIBOJBI, KOTOPBIE HCIONB3YIOTCA s BHemnux IIpepeiBanuii. Ecnn
BBIBOJIBI HE HAacTpoeHbl Ha npueM Buemnux IlpepriBanuii, To 1 31ux BbIBo0OB Pexxum Chua (SLEEP-pexxum) MoxHO
npuMeHnts Bceraa. SLEEP-pexuM, Tak k€ He BIMAE€T Ha Te BBIBOABI, KOTOpPbIE HACTPOEHBI Ha BBINOIHEHUE
aNbTePHATHUBHBIX (DYHKIIHMH, YTO OMUCAHO B pa3aene "AnpTepHatuBHbIe OyHKINMN [TopToB" Ha cTpanume 50.

Ecmu Ha BBIBOJIE, HACTPOEHHOM Ha IMPUEM BHEIIHErO NpepbIBaHMA (HACTpauBaThb MOXKHO B pexkuM "IIpepbiBanue
no Hapactatomemy ¢ponry"”, "IlpepeiBanue mno cnanatouiemy ¢pouty" wim "llpepeiBaHue Npu cMeHe YpOBHs'"),
MIPUCYTCTBYET JIOT. EAMHUIIA, B TO BpeMms, Korna Bremnwe IlpepbiBaHuMsa 3amperneHsl, TO IPHU BBIXOAE U3
BormeynoMsHyToro SLEEP-pexxuma 6yner ycranosneH @uar (6ut) cooTBeTcTByIomero Buemmnero [IpepriBanus, Tak Kak,
HM3MEHEeHHe CUTHala Ha 3TOM BeIBojie pukcupyetcs B SLEEP-pexxume u pu Beixoze n3 HEI'O Bocipon3BoauTes 3aHOBO.
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ATtiny2313/V
AabTepHatuBHble @ynkuuu [lopTos

BoNBIIMHCTBO BBHIBOJIOB IOPTOB  BBINOJIHSIOT ~QJIBTEPHATHBHBIC (YHKIMM IIOMHMO OCHOBHOH (yHKIMH
BBOJIa/BbIBOIA II(hpoBOi nHpopMarmu. Ha Pucynke 25 nokazano, kak CurHasbl YpaBlieHUs1, YIPOIIEHHO [TOKa3aHHbIE Ha
Pucynke 22, moryT OBITh IPOUTHOPHUPOBaHBI AnbTepHaTHUBHBIMU DyHKIMsMU. rHOpupoBanue CHUrHajioB YTpaBIeHUS
HEJNlb3sl YCTaHABIMBATh HAa BCE BBIBOJBI MOPTA, OJHAKO PHCyHOK 25 gBnsercs oOIMKM ONMCAaHHWEM, IPUMEHUMBIM KO BCEM
BBIBOJIaM [IOPTOB MUKPOKOHTPOJIEPOB CEiMeﬁCTBa AVR.

A

PUOExN A
PUON %N
:I { E FUD
hN—

1|
DDCExn
L DDOVxn
> 1
1 I oD IJ
Dnn [
=
WD
PYOExn RESET
RDOx
PWOVxn |\[
|/
.
1 —
|“. I o
"‘-..‘J .
'\ fj
LIECE®R Do PTOExn E
WPx
| <} oieovxn RESET
1|
RARx
L g—— sLeer N R
l/
SYNCHRONIZER
I~ === RPx
l|>/\ T o =
I Fiixn
| I alk o
= P Dlxn
< AlOxn
Curnan 7151 Pxn — Paspemieno UrnopupoBaHue HacTpoeK . 3amnper Ha Bce [loaTsarusaronye
Bur PUD:
PUOExn: TloarsiruBaromux Pezuctopon Pesuctopst
CurHan s Pxn — Curnaul, Bkirouarouii iIrHopupoBanue .
PUOVxn: TloarsiruBaromux Pesucropon Curnan WDx: 3armcp B DDRx
gpll)rg%i o Qﬁﬂn}z{r}{ ;1 )I:a3pemeHo HruopupoBanue Hactpoek Hanpasienus Curaan RDx: Urenne n3 DDRxX
Curnan st Pxn — CurHan, BKIroYaromui IrHopupoBaHie HaCTPOEK K
DDOVxn: Hanpasierns B/8 i[ AHHBIX PHp p Curnan RRx: Urenue Pernctpa PORTX
(PI{/I/EI)-IEJXTH 5;15]{3 I)P;](ar(l) ;eP;gg;LlueHo HraopupoBaHue BHIXOIHOIO 3HAUEHHs Curuan WRX: 3amncs B Pernerp PORTX
Curnan s Pxn — Curnan, Bkitoyaromui IrHOpupoBaHue BBIXOAHOTO .
PVOVxn: 3HaueHus Ha BoiBojIe mopTa Crrnan RPx: Hrenme Beisozta PINX
CurHan Jlns Pxn — PaspemieHo MruopupoBanue Toro, uto Beisoa .
DIEOExn: HACTDOGH KaK 1(bPOBOH BXO Curnan WPx: 3anuce B Boeisog PINx
Curnan st Pxn — Curnan, Bkitoyatrouuid VIrHOpUpoBaHHUE TOTO, YTO .
DIEOVxn: BeI1BoI HACTPOEH KaK LM(BPOBOM BXOJ clkyo: TaxThl A1 CHCTEMBI B/B
Curuan Boisoz IopTa BbINONHSAET
SLEEP: Jlnst Pxn — Curnan Ynpasnenus Pexumom CHa DIxn: AnpTepHaTHBHYIO QYHKIIUIO
. Iudposoro BBoAA
CurHan BriBon Ilopra Beinosnser
PTOExn: Jns Pxn — Paspemienue HBepTHpOBaHHs 3HAYCHUS HAa BBIBOJE AlOxn: ANbTepHATHUBHYIO (DYHKLIUIO
' AHanoroBoro BB0J1a/BbiBojia

PucyHoK 25 — AsnbTepHatuBHEIe DynKiun [Topros'’

[Ipumeuanue nepeBoaunka Kk Pucynky 25:
1. Pxn: P—>53t0 BeiBox; x — MIms [lopta; n — Homep BriBoga;
2. DATABUS - lluna [laHHBIX;
[pumeuanue: 1. O6o3nauennss WRx, WPx, WDx, RRx, RPx, u RDx sBnstoTcst oOmmMu A7 BEX BEIBOJIOB B
mpeenax oJfHOro mopta, a clkyo, SLEEP, u PUD sBnsitoTcs 0OIMMH AJIs BCEX TTOPTOB.
Bce ocTanbHble CUTHAIBL SBJIAIOTCS YHUKAIBHBIMU AJIS1 KaXKAOTO BBIBOJIA.
B Tab6mumy 23 ceenensl U onmucansl Bece Curaansl Uranopuposanwus. Munekcamus [lopTroB u BeiBooB, mokasanHas
Ha Pucynke 25, e ucnons3yercs B Tabmune 23. Bce Curnansl MrHopupoBaHHs BbIpaOaThIBAlOTCS BHYTPU KaXkKIOTO
MOJYJIsI, UMEIOIET0 ANbTepHATHBHYIO DYHKITHIO.
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Tabauna 23 — Oouee onucanne Urnopupywomux CHrHajioB Aasi ATbTepHATHBHBIX PyHKIUH

Hasanue Curnana [Honnoe Mmst Curnana Onucanue Curnana
Ecmu ator Curnan ycraHosieH, Torna [loararusaromrue
Pull-up Override Enable - Pesuctopsl non kourposieM curnana PUOV. Ecau PUOE
PUOE Paspemeno Urnopuposanune OTCYTCTBYET, TO IMMOATATHBAIOIINE PE3UCTOPBI MOTYT OBITH
Hactpoek [loaTsaruBaromux BKITIOYCHBI, €CTECTBEHHO, €CIIH 3aTPy>KEHBI
Pesuctopos COOTBETCTBYIOIIUE OUTHI B COOTBETCTBYIOIIUE PETUCTPHI:
DDxn, PORTxn u PUD)
. Ecmu PUOE curnan ycranosineH, Torna [lontsarusatoriye
Pull-up Override Value - Curnan, Y > A A m
" Pesuctopsl paspemiensl/3anpeniensl, ecian PUOV
PUOV BKiItovaromuid UrnopupoBanue
ToarsrBaionx PesHCTOPOB MIPUCYTCTBYET/OTCYTCTBYET, HE3aBUCHMO OT HACTPOCK
DDxn, PORTxn u PUD 6ura.
S . Ecnu ator Curaai npucyTcTByeT, TO (PyHKIIHOHHPOBAHUE
Data Direction Override Enable - o B prcy YeT, T0 pyHKu P
Paspemeno Uruopuposanse HpaiiBepa Beixona (BEIBOAa) HAXOIUTCS MO KOHTPOIEM
DDOE curaaa DDOV. Eciu DDOE otcytcTByerT, To padota
HacTtpoek HanpasneHus B/B o o
TaHHbIX JpaiiBepa Berxoga MokeT OBITH pa3pelnieHa yCTaHOBKOM
COOTBeTCTBYIONIEro outa B Peructpe DDxn.
Data Direction Override Value - | Ecnmu curnan DDOE npucytctByer, To [paiiBep Brixona
DDOV Curgai, BKIIFOYArOLIHi BKIIIOUEH/BBIKTIOUEH, ecinin DDOV
HrnopupoBaHue HaCTpOeK MIPUCYTCTBYET/OTCYTCTBYET HE3aBHCUMO OT HACTPOEK
Hanpasnenwus B/B JlaHHBIX DDxn Perucrpa.
. Ecnu sToT curnan npucyrtctByer, u Jpaiisep Brixoga
Port Value Override Enable - prcy yer, u Jlp p A
Paspemeno FrHOpHpOBarKe BKITIOYCH, TO 3HAYCHHE B IOPTE KOHTPOIUPYETCS
PVOE curtasiom PVOV. Ecnu PVOE ouuen, a Jlpaiisep
BBIXOAHOro 3HaueHust Ha BriBoae B
mopra BIXOJIa TIO-TIPEKHEMY BKIIIOUEH, TO 3HAaUEHUE Ha BBIBOJIC
nopTa OyaeT 3aBuceTh 0T 6uToB PORTXN.
Port Value Override Value —
o Ecnu npucyrctByer curnan PVOE, 1o 3HaueHue Ha
CurHa, BKIIOYAFOITHHA
PVOV BBIBOJIE ITOpPTA paBHO 3HaUeHU0 PVOV He3aBucumo ot
HrHopupoBaHHe BBIXOJHOTO
Hactpoek 6utoB PORTxn.
3HaueHus Ha BriBoge mopra
Port Toggle Override Enable —
g8 Ecmu mpucytctByet curian PTOE, To 6ur B PORTxn
PTOE Paspewmenne HBepTHpOBaHUs
HHBEPTHPYETCSI.
3HA4YCHHUS HA BBIBOJIC
. . Ecmmu sToT curHan ycranoBieH, To Pa3perienue
Digital Input Enable Override y ’ P
Hudposoro Broxa korTponupyetcs curaaiom DIEOV.
Enable — Pa3pemmeno
Ecmu DIEOE otcytcTByeT, To Paspemienue [{udpposoro
DIEOE UrHopupoBanue TOro, 4to
. | BBoma mH(pOpMAaIIH ompeneseTCsS TEM, B KAKOM PEKIME
BriBoz1 HacTpoeH kak udgpoBoii
BXO1I Haxonutcs MK — B HopMmanmsHOM it KakOM-HHOYTh
pEeXUME CHa.
Digital Input Enable Override o
& P o Ecmu curaan DIEOE npucyrctByeT, To Lludporoii Beox
Value — Cursai, BKIIOYAIOIIUKA
pasperies/3anpeuie, ecinu curian DIEOV
DIEOV HrnopupoBanue TOro, 4ro
. | IPUCYTCTBYET/OTCYTCTBYET HE3aBUCHMO OT TOTO, B KAKOM
BrIBOT HACTPOCH Kak IUPPOBOH
BXOJL pexume padotaet MK — B pexxume cHa win HopmaisHOM.
Orta pynkws [udbpororo Broaa seisercst
anpTepHATHBHON (pyHKIMeH. Kak mokasano Ha Pucynke
25, 3TOT curHan noaaercs Ha Beixon Tpurrepa HImutra
.. o nepen Cunxponuzatopom. Ecimu [udporoii Beo
DI Digital Input — Iudposoii Brox pea p P Hudpp A
HCTIONB3YyeTCs B Ka4eCTBE HCTOYHMKA TAKTHPOBAHUS, TO
MOJTyJTb, IMEIOIINN ATbTepHATUBHYIO DyHKIHNIO, OyIeT
HCTIONIB30BaTh 3TOT HCTOUHUK TSI COOCTBEHHOM
CHHXPOHH3AIHH.
Oyukuust AlO Tak ke sBiseTcs ANbTepHATUBHOM.
o CHrHAJ MOABOAUTCS/CHUMACTCS HETIOCPEICTBEHHO C
AIO AHaJ0TOBBIN BBOJI/BBIBOJ ABOAL pell
BBIBOJI, ATOT BBIBOJ] MOXKET HCIIOJIB30BATHCSA KaK
JIBYHAIIPABIICHHBIA BBIBOJI.

Crenyromue moapaszesnsl KpaTKO OMHUCHIBAIOT AJbTepHaTHBHBbIE DYHKIMM IS KaKAOTO MOPTA M OIHCHIBAIOT
cootBeTcTBHE Mexay WrHopupyrommmu CurHanamu u AnbrepHaTuBHBIMH DyHKiumsMu. OOpaTuTech K paszaeiam,
onuchIBaONMM AJbTepHaTHBHBIE DYHKIMH, 32 OoJiee AeTalbHOM nHpOpMaIHeH.
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MCUCR - Peructp Ynpasjenus MK
6 5 4 3 2

bur 7 1 0

PUD SM1 SE SMO0 ISC11 | ISC10 | ISCO01 | ISC00 | MCUCR

Uremwe/ |y |\ ys | uz | uz | w3 | uz | uz | un
3anuce
HavaabHble 0 0 0 0 X 0 0 0
3HAYECHUS

* Bit 7 — PUD: lloarsrusamouiue Pe3ucrops 3anpeineHsl

Ecmu stor Out 3ammcaH nor. eauHuIei, To [loarsruBatome Pesnuctopsl /O mopToB 3ampemieHsl, Jaxe, eciu
Peructpst DDxn nu PORTxn Hactpoens! u pazpemator UX Brmounts ({ DDxn, PORTxn} = 0b01). O6parutecs k
pasneny «Koudurypupoanue BeiBogos» Ha cTpaHuie 46 3a 6oee moapoOHO# HHGopMaIme 00 3TOM.

AnbTepHaTtuBHble @DyHkuuu BoIBOAOB [lopTa A
«PORTA»

AabTepHaTuBHbIe @yHKIMM BbIBOAOB IlopTaA «PORTA»noka3ansl B Tadauue 24

Tabéuuna 24 — AnprepHatuBHble @yHkuuu BoiBo10B IlopTaA «<PORTA»

| BaiBosiel [TopTaA || AnpTepHaTHBHBIE PYHKIINH |
 PA2 I RESET, dW |
[ PAI I XTAL2 |
[ PAO I XTALL |

AabTepHaTuBHble @yHkuuu BoIBOA0B [lopTaB
«PORTB»

AabTepHaTuBHbIe @yHKUMM BbIBOAOB [lopTa B «PORTA»noka3ansl B Tadauue 25

Tab6uuna 25 — AnbrepHaTtuBHble @yHKkuu BbIBo0B [lopTa B «<PORTB»

| Brisogs! [TopraB Il AnprepHaTiBHbIC PYHKINN |
| PB7 || USCK/SCL/PCINT? |
| PB6 [l DO/PCINT6 |
| PB5 Il DI/SDA/PCINTS |
| PB4 Il OCI1B/PCINT4 |
| PB3 Il OCIA/PCINT3 |
| PB2 Il OCOA/PCINT2 |
| PB1 Il AIN1/PCINT1 |
| PBO Il AINO/PCINTO |

AnbTepHaTUBHBIE BBIBOJIBI CKOHHUIYPHPOBAHBI TaK, KaK MMOKAa3aHO Aajee:

* USCK/SCL/PCINT7 - llopt B, bur 7

AabrepHaTuBHass @ynkumusi USCK: B TpexnmpoBosHOM pexuMe BBIBOJ SIBISICTCS CHHXPOHM3HPYIOIIUM JUIS
VYuusepcansHoro ITocnenosarensHoro Murepdeiica (USI).

AabTepHaTuBHasg @ynkuus SCL: B OByXIpoBOZHOM peKHME: BBIBOJ SIBIISCTCS CHHXPOHHM3HPYIOUIUM IS
JIByXIPOBOJHOTO pesknMa uHrepdeiica USI.

AabTepHaTuBHass @ynkuus PCINT7: BriBon, ycranaBmuBaeTcs B KadecTBE MCTOYHMKA IpepbIBaHMA. BBIBOX
PB7 moxer cinyx’uth ucrounukoM Bremnero IIpepsiBanus.

* DO/PCINT6 - ITopt B, Bur 6

AabrepHaTuBHas ®ynknus DO: B tpexnpoBogHoM pexume: 310 BbIBOJ Brixonusix JlaHHEIX U3 nHTEpdeiica
USI. B tpexnpoBogaoM pesknMe Beixomusie JlaHHBIC HTHOpHUPYIOT 3HadueHue Ha BeiBoge PORTB6 wu mepemarorcs
B TIOPT, €CJIM OWUT HampaBieHus JaHHEIX DDB6 ycranoBien B 1. OxHako, 6utr PORTB6 Bce eme koHTpOIHpyeT
Hactpoiiky [ToarsruBaromux Pesnuctopos, ecnu BeIBoA sBIseTcs Bxomom, a B Out PORTBG6 3arpyxeHa 1.
AabrepHaTuBHas @ynkumusi PCINT6: BriBox, ycranaBimBaeTcsi B KauecTBe MCTOYHHKA IpepbIBaHUA. BrIBOA
PB6 moxer ciry>kuTh nCTOYHUKOM BHemnrtrero [IpepriBanus.
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* DI/SDA/PCINTS - Ilopt B, bur 5

AnbrepHatuBHass ®ynkuusa DI: B TpexnmpoBogHoMm pexkume BbiBoA sBisercss Bxomom ans Hauubix USI-
nnrepdeiica. B aTom pexume HOpMaybHbIE (YHKIMK MOPTA HE UTHOPHUPYIOTCS, IIO3TOMY BBIBOJ JOJDKEH OBITH
CcKOH(pUTypHpoBaH Kak Bxog.

AabTepHaTuBHasg ®yHkuus SDA: B n1ByXnmpoBomHOM peXuMe BBIBOJ HMCIIONbB3YyeTCs A pabOTHl ¢ JaHHBIMHU
USI-untepdeiica.

AabTepHaTuBHass @ynkuus PCINTS: BriBon, ycranaBnuBaeTcs B KadecTBE MCTOYHMKA IpepbIBaHMA. BrIBOX
PB5 moxer ciryxuth uctounnkom Bremrero IlpepsiBanus.

* OC1B/PCINT4 - Ilopt B, but 4

AabrepHaTuBHasg @ynknus OCIB: DTOT HOXKa CIYXHT U1 BBIBOJA MAaHHBIX Hpu pabore B Pexunme
Cosnanenus B: Hoxka PB4 moxer ciry>kuTh BHEIIHMM BBIXOAOM it Taiimepa/Cuerumka 1, paboraromiero B
Pexwmve CoBnagenus B. J{nst Toro, 9To0bI BOCIIONB30BAThCS 3TOW QYHKIUEH, 3TOT BeIBox MK HYXHO HaCTpOUTh
kak Beixon (3arpy3us B DDB6 uucno 1.

AabTepuaTuBHass @ynkuuss PCINT4: Brion, ycraHaBinBaeTcs B KadecTBE MCTOYHMKA IpepbIBaHUA. BBIBOX
PB4 moxer ciry>kuTh nctounnkom Bremrero IpepeiBanus.

* OC1A/PCINT3 - lopt B, bur 3

AabTepHaTuBHasg @ynHknusa OClA: DToT HOXKa CIYyKHT U1 BBIBOJA JaHHBIX Ipu pabore B Pexnme
CoBnanenus B: Hoxxka PB3 mMoxeT ciyXuTh BHEITHHM BBIXOJOM it TakiMepa/Cderunka 1, paboTaromero B
Pexwnmve CoBmagenust A. s Toro, 9ToOBl BOCHOIB30BaThC 3TOH (yHKIHEH, 3TOT BeIBoA MK HY»XHO HACTPOHUTH
kak Beixoa (3arpy3us B DDB3 yucino 1).

JTa HOXKKA, TAKHKe, HCIOJIb3yeTCsl KaK BbIXoA, eciin Taiimep/Cueruyunk 1 padoraer B pexxume IIIUM.
AabrepHaTuBHas @ynkuusi PCINT3: BriBoj, ycraHaBinMBaeTcs B KayecTBE MCTOYHMKA IpepbiBaHUA. BrIBox
PB3 moxer cinyxuTh ucrounukoM Bremnero IIpepsiBanusi.

* OCOA/PCINT2 - Ilopt B, bur 2

AabTepHaTuBHasg @yHknusa OCOA: DToT HOXKa CIYKHT U1 BBIBOJA JAHHBIX Ipu pabore B Pexume
CoBnanenus B: Hoxxka PB2 mMoxeT ciyXuTh BHEITHHM BbIXOJOoM it TakiMepa/Cyerunka 0, paboraromero B
Pesxxume CoBnanenust A. J{is Toro, 4To0bl BOCIIONB30BAThCs ATOM (QyHKIMEH, 3TOT BbiBoJ MK HY)XHO HacTpouTh
kak Bexon (3arpy3uB B DDB2 uncino 1).

JTa HOKKA, TaKKe, HCIOJb3YyeTcsl Kak BbIXo[, ecin Taiimep/Cuerunk 0 padotaer B pexxume HINM.
AabrepHaTuBHas @ynxumusi PCINT2: BriBoj, ycraHaBinMBaeTcs B KadecTBE MCTOYHMKA IpepbIBaHUs. BrIBox
PB2 moxer cinyxuTh ucrounukoM Bremnero IIpepsiBanusi.

* AIN1/PCINT1 - lopt B, bur 1

AabrepHaTuBHas @ynkuus AIN1: Bemonnss sty QyHKnuio, 3Ta HOXKa siBisieTcs: MHBepTHpytomuM Bxomom
Amnanorosoro Komnapatopa. Uto6s1 n36exaTh BMeIIaTenbpcTBa B paboty AHanmoroBoro Kommnapatopa OyHkiuen
[udpoBoro BBOAA, HEOOXOAMMO HACTPOHUTH O3TOT BBIBOJ KaK BXOJ C OTKJIIOYEHHBIM TOATSATHBAIOLIMM
PE3UCTOPOM.

AabrepHaTuBHasg @ynkuuss PCINTI1: Brion, ycraHaBinBaeTcs B KadecTBE MCTOYHMKA IpepbIBaHHUA. BBIBOX
PB1 moxer ciry>xuTh uctounnkom Bremrero IlpepeiBanus.

* AINO/PCINTO - ITopt B, burt 0

AabrepHaTuBHas @ynkuus AINO: Bemonuss sty ¢yHKmuio, sta HoXKa sBisercs HellnBeprupyrommum
Bxomom AnamoroBoro KommapaTtopa. UToObl m30exkaTh BMEIIATeNbCTBa B paboTy AHamoroBoro Kommapartopa
@ynxnueii L{ugpoBoro BBoia, HEOOXOIMMO HACTPOUTH HTOT BBIBOA KAK BXOJ C OTKJOYEHHBIM ITOATITUBAIOLINM
PE3UCTOPOM.

AabrepHaTuBHas @ynxumusi PCINTO: BriBox, ycraHaBnmBaeTcs B KayecTBE MCTOYHMKA IpepbIBaHUA. BrIBox
PBO moxer ciry>kuTh uctounnkom Braemrero IlpepeiBanus.

B Tabmmmax 26 u 27 moka3aHO, Kakasl CyIIECTBYET CBs3b MeXAy AjbprepHaTuBHbIMH DyHkuusamu [lopta B u
Urnopupytomumu CurHagamu, KOTopsle moka3ansl Ha Pucynke 25 (ctpanmna 50). Curmamst SPI MSTR INPUT u SPI
SLAVE OUTPUT cocrasnstor ogud MISO-curnan B 1o Bpemsi, kak curHaai MOSI genmutca Ha curHan SPI MSTR
OUTPUT wu curnan SPI SLAVE INPUT.
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Tabauna 26 — Urnopupyromue Curaajnl st AjbTepHaTuBHbIX @ynkuuii BoiBoaos PB7...PB4

Nwms PB7/USCK/SCL/ PB6/DO/ PB5/SDA/DI/ PB4/0OC1B/
Curnasa PCINT7 PCINT6 PCINTS PCINT4
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE USI_TWO_WIRE 0 USI_TWO_WIRE 0
roov | oommmrooEn : ey :
PVOE (USL_TWO_WIREDDRB?7) || USI_TREE_WIRE || (USI_TWO_WIREDDRB5S) OC1B_PVOE
PVOV 0 DO 0 OC1B_PVOV
PTOE USI_PTOE 0 0 0
DIEOE (PCINT7PCIE+USISIE) (PCINT6PCIE) (PCINTS PCIE)+USISIE (PCINT4PCIE)
DIEOV 1 1 1 1
PCINTS INPUT
DI ECSI(IIVI;FZI\?ITII;}FJT PCINT6 INPUT ]S)]I)ﬁ\llll\g)%j T PCINT4 INPUT
SCL INPUT
AIO - - - -
USI_TWO_WIRE - gByxnpoBoanoi pexxum USI;
USI_TREE_WIRE - tpexnpoBoaHoii pexxum USI;
HOLD - ynepxanue;
Tabauna 27 — Urnopupyrouue Curnaisl 1Js1 AjibTepHaTUBHbIX @yHkumii BbiBog0B PB3...PB(
Nmsa PB3/OC1A/ PB2/OCOA/ PB1/AIN1/ PBO/AINO/
Curnasa PCINT3 PCINT2 PCINT1 PCINTO
PUOE 0 0 0 0
PUOV 0 0 0 0
DDOE 0 0 0 0
| bpov 0 I 0 I 0 I 0
PVOE OC1A_PVOE OCOA_PVOE 0 0
PVOV OCl1A_PVOV OCOA_PVOV 0 0
PTOE 0 0 0 0
DIEOE (PCINT3 PCIE) (PCINT2 PCIE) (PCINT1 PCIE) (PCINTO PCIE)
DIEOV 1 1 1 1
| DI PCINT7 INPUT || PCINT6 INPUT || PCINTS INPUT || PCINT4 INPUT |
AIO - - AIN1 AINO
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AabTepHatuBHblie @ynkuuu [lopra D
AabTepHaTuBHBbIe @yHKIMH BbIBOAOB IlopTa D «PORTD»noka3zansl B Tadaune 28

Tabéauna 28 — AnbrepHaTtuBHble @yHKuuu BbIBO0B [lopTa D

| Beisoasl [Topta D || AnbrepHaTuBHble DyHKIIMH |
| PD6 | ICP |
| PD5 | OCOB/T1 |
| PD4 | TO |
| PD3 | INT1 |
| PD2 | INTO/XCK/CKOUT |
| PDI | TXD |
| PDO | RXD |

* ICP - Ilopt D, Bur 6

AuasrepHatuBHas @ynknusa ICP: Ota Hoxka sBistetcst Bxomom st 3axsara Tatimepom/Cuetankoml.

* OCOB/T1 - lopt D, bur 5

AabTepHaTuBHasg @ynknusa OCOB: Dtor HOXKa CIOyXMT OIS BBIBOAA NAaHHBIX Ipu pabore B Pexume
Coenanenus B: Hoxxka PB2 moxeT ciyXuTh BHEITHHM BbIXOJoM it Takimepa/Cyerunka 0, paboraromero B
Pesxxume CoBnanenust B. st Toro, 4To0bl BOCHONB30BaThCSI 3TOW (DyHKLMEH, 3TOT BbIBOJ MK Hy)XHO HAacTpOUTh
kak Beixon (3arpy3us B DDBS 6ur 1).

JTa HOXKKA, TaKKe, HCIOJb3YyeTcsl Kak BbIxo[, eciiu Taiimep/Cuerunk 0 padotaer B pexxume HINM.
AabTepHaTuBHasg @ynkuusa T1: Bremmnuit Takroseiit Bxog Taiimepa/Cuetunkal Bmrouyaercs 3arpy3koil «1» B
outer CS02 u CSO1B Peructp Ynpasnernus Taiimepom/Cuerankom] — «TCCR1»

* TO — Ilopt D, bur 4
AabrepHaTuBHasg @ynkuus TO: Buemnuii TakroBsiit Bxon Tailimepa/Cuerunkal BKitogaeTcst 3arpy3koi «1» B
outer CS02 u CSO1B Peructp Ynpasnernus Taiimepom/CuerankomM( — «TCCRO»

¢ INT1 - Ilopt D, Butr 3
AabrepHaTuBHass ®ynkuus INT1 Hcrtounuk Bremnero IlpepeBanus 1. BriBom PD3 MoXeT cioyXuTh Kak
Uctounnk Bremmnero IlpepsiBanns MK.

* INT0/XCK/CKOUT - lopt D, Bur 2

AabrepHaTuBHas ®ynknus INTO: Vcrounnk Bremmnero IIpepsiBanns 0. BeBog PD2 moxer cimyXuTh Kak
Ucrounuk Buemnero IpepriBanus MK.

AabrepHaTuBHas Pynkumss XCK: CunxponHblii BbiBox, mcnonb3yercss Aisl CHHXpPOHHM3AIMHM HHTepdeiica
USART, ucnosnezyetcst ToabK0 B CHHXpOHHOM Pexnme.

AastepHatuBHas @ynkmusa CKOUT: Hoxxka ucnions3yercs st BeiBoga TakroBoit Yactorsr MK.

* TXD - Ilopt D, Bur 1
AabtepaaTuBHas @ynkuus TXD: Hoxka ucnons3yercs 11 nepenayum 1aHHbx uepe3 uatepderic UART.

* RXD - lopt D, But 0
AabtepaatusHas @ynkuusa RXD: Hoxka ucnonb3yercs uis mnpueMa aaHHbix yepe3 narepdeiic UART.
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B Tabnuuax 29 u 30 noka3aHo, Kakasi CyIIECTBYET CBA3b MeXIy AinbrepHaTuBHbIMH DyHkiusmu [lopra D u
Urnopupyromumu CurHanamu, KOTopble okasansl Ha Pucynke 25 (ctpanuna 50).

Tabauna 29 - Urnopupyomue Curnajsl 1 AjibTepHaTUBHBIX @ynkuuii BbiBogoB PD7...PD4

| Haspanne Curnana | PD6/ICP | PD5/0OC1B/T1 | PD4/T0 |
| PUOE [0 [0 [0 |
| PUOV [0 [0 [0 |
| DDOE Lo Lo Lo |
| DDOV [0 [0 [0 |
| PVOE | 0 | OC1B_PVOE | 0 |
| PVOV | 0 | OC1B_PVOV | 0 |
| PTOE | 0 | 0 | 0 |
| DIEOE || ICP pazperien || T1 paspenien || TO pasperien |
| DIEOV | 1 | 1 | 1 |
| DI | ICP — Bxog, | T1 —Bx0x1 | TO — BxOI |
| AIO | - | - | AIN1 |
Taoauna 30 - Hrnopupyomue CurHajasl 151 AnbTepHaTuBHbIX @ynkuuii Beisogos PD3...PD0

|  Haseamme Curmana ||  PD3/INT1 || PD2/INTOB/XCK/CKOUT || PDI/TXD || PDORXD |
| PUOE [0 [0 || TXD_OE || RXD_OE |
| PUOY E E [E | PORDOPUD_ |
| DDOE 0 Il 0 || TXD_OE || RXD_EN |
| DDOV [0 [0 [ 1 L0 |
| PVOE | 0 | XCK_PVOE ||| TXD_OE || 0 |
| PVOV | 0 | XCKO_PVOV || TXD_PVOV || 0 |
| PTOE | 0 | 0 | 0 | 0 |

DIEOE INT1 pasperuen X céﬁ%ﬁiﬁgﬁgéxoa 0 0
| DIEOV | 1 | 1 | 0 | 0
o) vl e o | r oy

| AIO I - | - I I |
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Onucanue Perucrpos mist I/O-nopros

Peructp Iopt A — «<PORTA»
Bur 7 6 5 4 3 2 1 0
PORTA2 | PORTA1 | PORTAO | PORTA
Urenue/ y g q q q us3 us3 us3
3anuceh
Havaabubie 0 0 0 0 0 0 0 0
3HAYCHUA
Perucrp ycraHaBIMBaOUIMd HampaBjieHHe B/B
nanHbix [lopra A — «DDRA»
Bur 7 6 5 4 3 2 1 0
DDA2 DDA1 DDAO DDRA
Urenue/ y g q q q us3 us3 us3
3anuceh
HavaabHbie 0 0 0 0 0 0 0 0
3HAYCHUA
Az[pec YTCHUA I1aHHbLIX C BBIBO/J10B
IHopta A — «<PINA»
Bur 7 6 5 4 3 2 1 0
PINA2 PINA1 PINAO PINA
Urenue/ y g q q q us3 us3 us3
3anuch
HavaabHbie
— Heomp. | Heomp. | Heomp. | Heomp. | Heomp. Heomp. Heomp. Heomp.
Peructp dlannsbix Illopra B — «<PORTB»
Bur 7 6 5 4 3 2 1 0
PORTB7 | PORTB6 | PORTBS | PORTB4 | PORTB3 PORTB2 PORTB1 PORTBO0 PORTB
Trenne/ us3 43 43 us3 us3 u/3 u/3 43
3anuceh
Havaabubie 0 0 0 0 0 0 0 0
3HAYCHUA
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Perucrp ycraHaBJIMBaOUIMid HampaBjieHHe B/B
naHHbIX IlopTa B — «DDRB»
Bur 7 6 5 4 3 2 1 0
ppB7 | ppBe | ppBs | ppB4 | pDB3 | DDB2 DDB1 DDBO DDRB
Trenne/ us3 43 us3 us3 us3 u/3 u/3 43
3anuceh

Havaabubie 0 0 0 0 0 0 0 0

3HAYCHUA
Az[pec YTCHUA I1aHHbLIX C BBIBO/J10B
ITopTa B — «PINB»

Bur 7 6 5 4 3 2 1 0
pPINB7 | PINB6 | PINBs | pINB4 | PINB3 | PINB2 PINB1 PINBO PINB
Trenne/ us3 43 43 us3 us3 u/3 u/3 43
3anuceh

Havaabubie

S Heomnp. | Heomp. | Heomp. | Heomp. | Heomp. Heorp. Heorp. Heomp.
Peructp lannsbix Ilopta D — «<PORTD»

Bur 7 6 5 4 3 2 1 0
PORTDé6 PORTDS5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO PORTD
rente/ q u/3 u/3 u/3 u73 u73 u/3 u73

H:

o | 0 [ 0 [0 [0 [0 [ e e T
Perucrp ycraHaBIMBaOUIMd HampaBjieHHe B/B
naHubIxX [Hopra D — «<DDRD»

Bur 7 6 5 4 3 2 1 0
pppe | ppps | pop4 | ppp3 | DDD2 DDD1 DDDO DDRD
Trenne/ q us3 u/3 u/3 u/3 us3 u/3 43
3anuceh

Havaabubie 0 0 0 0 0 0 0 0

3HAYCHUA
Az[pec YTCHUA I1aHHbLIX C BBIBO/J10B
IHopTa D — «<PIND»

Bur 7 6 5 4 3 2 1 0
- | pinp6 | pINDs | PIND4 | PIND3 | PIND2 PIND1 PINDO PIND
Trenne/ q 43 43 us3 us3 us3 u/3 43
3anuceh
Havaabubie
N Heomnp. | Heomp. | Heomp. | Heomp. | Heomp. Heorp. Heorp. Heormp.
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Buemnue IlpepsiBanus

Buemrane npepriBanus Be3bBatoTcs BeiBogamu INTO u INT1 wim mro0siM u3 BeiBoioB PCINT7..0. 3ameTsTe, UTO,
eciu nipepbiBanue PA3PEIIIEHO, To OHO Oyner BbI3BaHO Ja)ke, €CIIM COOTBETCTBYIOIIMK BBIBOJ HACTPOEH Kak Bwixom.
OT1o obecrmeynBaeT BO3MOXHOCTH BBI3BIBATH IPEphIBAaHME NPOTPaMMHBIM crocoboM. Peructp Ympasnenus "PCMSK"
onpenenseT, kakoil u3 BeiBogoB PCINT7..0 moxxeT BbI3bIBaTh IpepbiBanue. Besoasr PCINT7..0 paboTatoT He3aBUCHMO OT
TakrtoBoro I'enepatopa MK, T.e. ux paboTa ¢ HUM HE CHHXPOHH3UPYETCS, a 3TO 3HAYUT MpPEPHIBAaHHE HA ITHX BBIBOJAX
MOJKET OBITh MCIIOJIB30BAHO IS IPOOYKICHHS U3 PA3HBIX PEXKHUMOB CHA, kKpoMme XomocToro-«Idlex.

IIpepriBanmst Ha BeiBogax INTO u INT1 moryt OpiTe BeI3BaHBI CramaronuMm GpoHTOM curHaia, Hapacraromum
¢ponTom miu Cmeno#t YposHs CurHasna Ha HOKKE. DTH HACTPOHKH OTpaXkeHBI B crienudukanun Ha "Peructp YnpasneHus
Buewnumu IpepriBanusamu A" - "EICRA". Ecnu Ha BeiBogax INTO u INT1 pasperieHsl npepbIlBaHUS U, €CIIH IPEPHIBAHUS
JIOJDKHBI cpabateiBaTh o YpoBHIO Curnana, To IlpepeiBanust OyayT BBI3BIBATHCS Tak JIOJITO, ITOKa Ha BBIBOAAX OyaeT
ynepxuBaTbess Husknit Yposens Curnana (sor. 0). O6parure BHMMaHue, 4To pacrno3HaBanue Crapatomero ®poHTa U
Hapacraromero ¢ponra curaana Ha BeiBogax mnpepbiBanust INTO u INT1 tpebyer Hammuaus Cuaxponnsanun "Monyns B/B"
¢ TakroBeM (CucremueiM) I'enepatropom MK, uro mokazano Ha ctpaHuie 21 B pasgene "Omnucanne CHCTEMHOTO
I'enepatopa”. IpepreiBanus mo Huzkomy YposHio Ha BeiBogax INTO u INT1 BeI3bIBaroTCs ACHHXPOHHO, & 3TO 3HAYUT
IIpepBIBaHIE Ha 3TUX BBIBOJAX MOXKET OBITh HCHOIB30BAHO /I NPOOYKICHUS U3 PAa3HBIX PEKUMOB CHA, KpOME X0JI0CTOTO-
«Idle». TakTupoBanue I/O-moxyns nprocTaHaBINBAeTCA BO BCEX pekuMax cHa, kpome Xomocroro-Idle.

OO6paTtute BHUMaHME, 4TO, eciau [IpepeiBaHne mo YpoBHIO HMcmoib3yercss ansd mpodyxaeans MK m3 Pexuma
OxoHomun DHepruu - "Power Down" - To 3TOT YpoBeHb JOIDKEH yIEpKUBAThCA Ha BBIBOJE, moka MK He 3akoHUMT
npoOyXIIeHHe, TOJBKO MOcie 3Toro Oynmer mpousBeneH mepexon Ha Bekrtop [IpepeBanus. Ecnum Yposens Curnana
[IpepriBaHus UCUE3HET A0 TOTO, Kak (pukcupoBaHHOe Bpems 3amycka MK ucteuer, To MK Bce paBHO BBIHET U3 pexuMa
cHa, HO IIpepriBanme 1o cooTBeTcTBYIOmEMY Bekropy Be3Bano He Oyner. Bpems 3amycka MK omnpenensercs buramu
[epembrakamu SUT- u CKSEL-6uTamu, kak onmcaHo B pa3zaene "CuctemHsiii TakToBerii ['eneparop u ero Hactpoiika" Ha
crpanuue 21.

MCUCR - Perucrtp ynpasJjenus MK
(MHKPOKOHTPOJLJIEPOM)

buter VYmpasnenuss CuutbiBanueM [IpepbiBaHunit HaxojaTcss B «Peructpe VYmnpasneHus Boemnumu
IpepriBanusivu A» - "EICRA".
But Ne 7 6 5 4 3 2 1 0
PUD SM1 SE SMO ISC11 ISC10 ISCO1 ISC00 MCUCR
et/ u3 u3 u3 u3 u3 u3 u3 u3
3anuch
Hauanpnsie 0 0 0 0 0 0 0 0
3HaYeHUs

e burt Ne3, N2 - ISC11, ISC10: gas nacrpoiiku npepbiBanus INT1

IIpepriBanne INT1 Oymer Bbi3BaHo Ha BHemHeM BbBoge INT1, ecim ®mar I B Permctpe SREG u
cooTBeTcTBYomas Macka IIpepsiBanust OyayT ycraHoBieHbsl. Beroop [IpepriBanus no YposHio mwin mo OpoHTy
Ha BHEIIHEM BBIBOJIE BBIOWpaeTcss B COOTBEeTCTBUU ¢ Tabnumeir 31. Bribopka 3Hadenuss Ha BbIBoge INT1
MIPOUCXOIUT 10 onpenesieHus pponta. Eciu Bpems HapacTaHust/criafanus PpoHTa ATUTCS Ooblie, 4eM TaKTOBbIH
ITepron MK, To IlpepriBanne OyaeT BeI3BaHO. bojiee KOpOoTKKE UMIYIbCHI BBI30B IIpephiBaHNs HE rapaHTHPYIOT.
Ecmu BeiOpano IlpepeiBanme no Huskomy YpOBHIO Ha BBIBOJE, TO 3TOT YPOBCHb JOJDKEH YIEpXKHMBAThCS Ha
BBIBOJIC, TTOKa HE 3aBEPILIMTCS BBIOJHEHHE TeKymed mHCTpyKimn MK miast Toro, 4roObl BEI3OB HpEpHIBAHHSA
MIPOU3OLIEL.

Taoauna 31 — Pexxumsbl cuntbiBanus curaaia I[pepsiBanus INT1

| 1sci1 || 1scio || Ormicanue |
| 0 || 0 || IIpepeiBanne Ha INT1 BBI3BIBacTCA no: Huzkomy YpoBHIO |
| 0 || 1 || IIpepriBanue Ha INT1 Be3bIBacTCa no: M3smeneHuto Jlornueckoro Y poBHs Ha BBIBOJIE |
| 1 | 0 || TIpepsiBanue Ha INT1 BeisbiBaetcs mo: Cranaromemy OpoHTyY |
| 1 || 1 || IIpepriBanue Ha INT1 Be3bIBacTca no: Hapacraromemy @poHTy |

* bur Nel, Ne0 - ISCO01, ISC00: nnst nacrpoiikn npepsiBanus INTO

IpepriBanne INT1 Oyzmer Bbi3BaHo Ha BHemHeM BbBoge INTO, ecim ®mar I B Peructpe SREG u
cootBeTcTByIomas Macka [IpepsiBanus OynyT ycraHoBieHbl. Boioop IIpepsiBanns mo YposHio mim o ®poHTy
Ha BHEITHEM BBIBOJIC BEHIOMpAaETCsS B COOTBETCTBUH ¢ Tabmmreit 32.
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Bribopka 3nauenns Ha BeiBojge INTO mpowucxomut mo ompeneneHus gpponra. Ecnu Bpemst HapacTaHus/criagaHus
¢ponta mmurcs Oonbine, yeM TakroBeiit [lepmom MK, To IlpepriBanme OyzmeT BbI3BaHO. boiee KOpOTKHE
UMITyIIbCHI BBI30B [IpepriBanus He rapanTupytoT. Eciu BeiOpano IIpepriBanne nmo HuskoMy YpoBHIO Ha BBIBOJIE,
TO 3TOT YPOBEHb JIOJDKEH YACP)KUBAThCA HA BBIBOJIC, IIOKA HE 3aBEPIINUTCS BBIMOJIHEHHE TEKYIIEH WHCTPYKIHU

MK a5 TOro, 94TOOBI BBI30B MTPEPBIBAHUS TPOU3OIICII.

Tab6uuna 32 — Pe:kumbl cuuthiBanus curdana Ilpepeisanus INTO

| 1sci1 || 1scio || Ormicanue |
| 0 || 0 || IIpepriBanue Ha INTO Be13piBaeTcs mo: Huskomy YpoBHIO |
| 0 || 1 || IpepsiBanue Ha INTO BbI3bIBacTCs n0: M3MeneHuto Jlornyeckoro YpoBHs Ha BBIBOJE |
| 1 | 0 || TIpepsiBanue va INTO Bei3bIBacTcs mo: CranaromeMy OpoHTyY |
| 1 || 1 || IpepsiBanue Ha INTO BbI3bIBacTCs n0: Hapacraromemy @ponry |

Perucrp Makcu IlpepbiBannii — «GIMSK»

but Neo 7 6 5 4 3 2 1 0
INTI INTO PCIE - - - GIMSK
Hrenue/ un un un q q q q q
3anuch
HauanbHble 0 0 0 0 0 0 0 0
3Ha4yeHUs

e bur Ne7 - INT1: Buemrnuii 3anpoc Ha npepsiBanue INT1 Pa3zpemen

BrrzoB [IpepriBanus va BeiBoge INT1 paspemen, ecu 6ut INT1 u 6ur I B Peructpe SREG ycranoBneHs! B Jor. 1.
Buter ISC11 u ISCI10 B Permctpe MCUCR ompenensior, B KakoM peXHMe OyAeT cuuThIBaThcsl CHrHan
[IpepriBanus Ha BbiBone INT1 (Tabmuna 31). Curnansr Ha BeiBoge INT1 Oynyt BeI3bIBaTh [IpepriBanus, gaxe,
ecmu BeiBOA INT1 mHactpoen kak Beixon. Ilocie BeizoBa IlpepsiBanms, OyaeT coBepIIeH Iepexoj Ha
cootBeTcTBYIOMM Bekrop IlpepriBanus.

* but Ne6 — INTO: Buemnuii 3anpoc Ha npepsiBanue INTO Paspemen

BrrzoB [IpepriBanus va BeiBoge INTO paspemen, ecu 6ut INTO u 6ur I B Peructpe SREG ycranoBneHs! B Jior. 1.
Burer ISCO1 m ISCO0 B Permcrpe MCUCR ompenmensror, B KakoM peXuMe Oyner cumThiBaThesi CurHam
[peprBanust Ha BeBoge INTO (Tabmuma 32). Curnansl Ha BeiBoge INTO OyayT Be3biBath [IpepriBanus, naxe,
ecmu BeBOA INTO mactpoen kak Brixonm. Ilocie BeizoBa IlpepeiBaHms, OyaeT COBEpIICH IEpexoj] Ha
cootBeTcTBYIOIIMM Bektop IlpepriBanus.

* but NeS - PCIE: Hacrpoiika BeiBoga B kauecTBe ucTouHUKA [IpepriBanus Pazpemena

IIpepriBanmst Ha BhIBomax PCINT7..0 paspemeno, ecnmu PCIE Outr ycranoBneH (B 1), m I-6ut B Peructpe
Cocrostaust (SREG) ycranoBnen (B 1). Jlro6oe m3aMenenune Ha mob6om u3 BeiBoJoB PCINT7..0 crenepupyet
IIpEPBIBaHUE, 1I0CIIE YEro NMPOU30HAET MEePEXo] Ha COOTBETCTBYIOIMUM Ui 3TUX BbIBOJOB Bekrop IlpepriBanus.
Brisoasr PCINTY..0 HacTpanBaroTcs Ha IIpephIBaHNE HHANBHAyanbHO 6utamu B Pernctpe PCMSK.
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Peructp ®@aaros Bauemnux IpepoiBanui — «<EIFR»

but Neo 7 6 5 4 3 2 1 0
INTFI INTFO PCIF - — — EIFR
e/ us3 us3 us3 q q q q y
3amnuch
HauanbHble 0 0 0 0 0 0 0 0
3Ha4yeHUs

* bur Ne7 - INTF1: Buemnnii ®aar [pepoisanns INT1

Korma nponcxoaut BeI30B npepeiBanus Ha BeiBoge INT1, To cootBetcTByromuit ¢rar INTF1 ycranaBnmuBaeTes B
1. Ecnu B 6ut I Peructpa SREG u B 6ut INT1 Peructpa GIMSK 3arpykena 1, To mpu ycraHOBKe 3TOTO (hiara
MK mnepeiiner k CoorBercTByIonieMmy Bekropy IlpepriBanus. ITOT (iar oynInaeTcs anmapaTHo IOcie BBIXOa U3
MOIIPOTPaMMBbI 00pabOTKH IpepbIBaHuA. DT0T Djar, Takke, MOXKeT OBITh OUHMINEH 3alUChI0 B HEro Jor.l . Otor
@uar mocTossHHO ouuIneH, eciiu BeiBoJ INT 1 padoraer B Pesxume [IpepriBanus no YpoBHIo.

* but Ne6 — INTFO: Buemtnuii ®@aar IlpepbiBanus INTO

Korna mpoucxoauT BbI30B HpepbiBanus Ha BeiBojie INTO, To cootBercTByromuii daar INTFO ycranaBnuBaetcst B
1. Ecou B 6ur I Peructpa SREG u B 6ut INTO Peructpa GIMSK 3arpyskena 1, To mpu ycTaHOBKe 3TOTO (priara
MK mnepeiiner k CoorBetcTByIonieMmy Bekropy IlpepriBanus. ITOT (iar oynInaeTcs anmapaTHo IOcie BBIXOa U3
MONPOTpaMMBbl 00paboTKH mpepbIBaHust. DToT Dar, Takxke, MOXKET ObITh OYHIIEH 3aIUChI0 B HEero Jior.]l . O1oT
®mnar nocTosiHHO ounileH, ecid BeiBoA INTO padoraet B Pexxume [IpepriBanns o YpoBHIO.

* bur 5 - PCIF: ®aar IlpepsiBanus Ha BeiBogax PCINT7..0

IIpu cmene Jlornueckoro YposHs Ha 1060M u3 BeiBo0B PCINT7..0 mpoucxomut Be30B [IpepriBanus, Ipu 3TOM
ycraHaBnuBaeTcs coorBercTBytomuit ®@mar IlpepeBanus PCIF. Ecou B 6ur I Peructpa SREG u B 6ur PCIE
Peructpa GIMSK 3arpyxena 1, To npu ycranoBke 3toro ¢guara MK nepeiiner k CoorBercTByIomemy Bekropy
IpepriBanust. DTOT (hiar OUMIIACTCS aNMapaTHO MOCIe BHIXO/AA U3 MOAIPOTPaMMbI 00PaOOTKH MPEePhIBAHUA. ITOT
®djar, TakKe, MOXKET OBITh OUHIIECH 3aIIMChIO0 B HErO JIOT. 1.

Peructp Macku IlpepsiBanuii BbiBogoB PCINT?7..0
«PCMSK»

but Neo 7 6 5 4 3 2 1 0
PCINT7 PCINT6 PCINTS PCINT4 PCINT3 PCINT2 PCINT1 PCINTO PCMSK
Hrenue/ /3 u/3 u/3 u/3 /3 /3 /3 u/3
3anuch
Hauvanbabie 0 0 0 0 0 0 0 0
3HaueHus

Butbr Ne7.. Ne( - PCINT?7..0: Mackupyromue 6ursl BoiBogos PCINT7..0

Kaxnprit 6ut w3 PCINT7..0 oTBeuaer 3a cBoif BEIBOJ. YCcTaHOBKA Kakoro-HuOyap O6urta 3 PCINT7..0 pa3pemaer
cooTBeTcTByROIMEMyY 1/O-BEIBOTy paboTaTh B KauecTBe MCTOYHHKA [IpepbIBaHUS, IPU YCIOBHUHU, YTO YCTaHOBIICH
our PCIE B GIMSK. Ecmu kakoro-au0yns 6ut u3 PCINT7..0 ounmieH (HOIb), TO cOOTBETCTBYOIIMA I/O-BRIBO

He OyzeT paboTaTh B KadecTBe HCTOYHHKA [IpeprIBaHMsI.
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8-0utnbiid Taiimep/Cuerunk (0 ¢ UM

Taiimep/Cuerunk O - 3to 8-6utHbl T/CO (Taiimep/Cuerunk 0) oOmero HazHaueHHs, ¢ OByMs "HesaBucuMbBIMU
Monaynsvu Cpaaenus” u "LIHMM". Bce 3T0 03BOMISET TOCTHYB TOYHOTO BBIIOIHEHUS nporpamuM (PexuM YnpasneHus) u
ocylecTBIAT, TOHOBYIO I'eHepanuzo.

I'maBHBEIME 0cOOeHHOCTSAMHY 3TOTO TaliMepa SIBIISIOTCS:

* JIsa HezaBucumsix Moaymns CpaBHEHHS

* JIsaxxasl bydepusuposannsie Peructper CpaBHEHUS

* Ouumiaromumii Tafimep nmo Cosnanenuto (ABto [lepesarpyska)

* CroOoansrit ot dpoxanus LLHUM ¢ ®azoBoit Koppexkrmeit

* Hactpausaewmsiii [lepuog ILINM

* UactoTtusiiil eHepatop

* Tpu nHezaBucumeix ucrounuka IpepriBanus (TOVO, OCFOA, u OCF0B)

O030p

VYnpomennas Oiok-auarpamma 8-6utHoro Taiimepa/Cuerdynka mokazaHa Ha pucyHke 26. 3a mHpopMmarmei o
JIEMCTBUTENILHOM pa3MEIeHUH BBIBOJOB oOpaTtutech kK paszaeny "Kondurypauus BreiBomos" Ha crpanuue 2. JlocTynHbie
LITY Peructpsl B/B, BblAeieHbl Ha PucyHke 26 nonyxupHbM mpudrom/munusmu. Crnenuduueckue Peructpsr Momysist
T/CO nepeuuncnens B pazaene "Onucanue Peructpos 8-6utHoro Taiimepa/Cuetanka 0" Ha cTpanute 72.

CHUETHBII HMITyJIEC TOVn - dnar
= [CPENOTHEHUS
oumcTka | ¥Ympasisromyil (BBI30B NpephIBAHUSL )
Jlornuecknii TaKThI — = TAKTOBBIN
Hanpasnenne cuera Mognyne clk, |'axTOBBIH MOIYITE BbIBOI (Bx0M)
ETEKTOL
[ pouta [ Tn
MaKCHMaJL. MUHUMA.
3HAYCHUE 3HAUEHHUE
TOP BOTTO
Yy Vi N Ot Jlenutens
‘ Taiimep/CueTank0 A T aCTOTBI
TCNTn |
L= | L=0o]|
‘ Buson-OCnA Brrxoa juis
H BbI3OE e3yIbTATa
| MpepbIBaHUS CpdBHEHUS
1 HacTOTHBIH
== == 1 OCnA
T'eneparop
AAAAAAAAAAAAA [oled2] ;] Tremmm—— e 4
<= Perncrp CpasHeHns
ODHUKCHPOBAHHOE BreBoa-OCnB. Brrxon s
MaKCHMAITEHO BBI30E pesynbTara
w 3HAUCHUE MPEPbIBAHUS CpdBHEHUS
E YacToTHBIH
S = B | OCNB
i( T'eneparop
=
=
------------- OCRNB -
<= Perucrp Cpasrennsi
Peruerp ¥YnpasiieHus Perucrp YnpasneHns
| TCCRnA | | TCCRnB |
=T} T

Pucynox 26 - Ynporuennas 0nok-guarpamma 8-ourHoro Tatimepa/Cuerunka 0
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Perucrpsi T/C0O

Peructp TCNTO Taiimepa/Cuetunkal (T/CO) u Peructpsr CpaBaenns OCROA u OCROB sBinstoTcst §-OUTHBIMU.
Onarun IlpepriBanuii Taiimepos/CuetunkoB Haxonarcsi B Perumctpe TIFR. Taxoke, Bce curnHaisl IIpepsiBaHus
Taiimepor/CueTunKOB NMEIOT HHANBHAYyaNbHEIe Mackupytomue 6utel B Peructpe TIMSK. TIFR u TIMSK Ha pucynke 26
HE TTOKa3aHbI.

Taiimep/CueTunk MOKeT OBITH TAKTMPOBAaH OT BHYTPEHHEro MCTOYHMKA depe3 Jlemmurens YacToTsl (pUCYHOK 26)
nnu yepe3 BHemHUM BriBox TO. TakToBerii Monyis (pucyHOK 26) onmpenenseT KaKuM HCTOYHMKOM OyAeT MOJb30BaTHCS
T/CO nns MHKpEMEHTHUPOBAaHUS Ha €IMHULY (WIM JEKPEMEHTUPOBAaHUS Ha €AMHMILY) CBOEro 3HaueHus (uucna). T/CO
HaXOJWTCSl B HEAKTUBHOM COCTOSHMHM, €CJIM HE BBHIOpaH HM OJMH HMCTOYHHMK TakToB. Bwixom m3 TakrtoBoro Momyss
oOo3HaueH kak clky, .

Jsaxnasr Oydepusuporannsie Peructpsr CpaBHeHnss OCROA u OCROB mocTosSHHO CpaBHUBAIOTCS CO 3HAUCHHEM
Taiimepa/Cuetunkal. Pe3ynpraT 3TOro cpaBHEHHMsS MOXET OBITh Hcoib30BaH YacToTHBIM ['eHepaTtopoMm uis
rerepupoBanus LLIMM wmnu U1 n3MeHeHHs 9acTOThl Ha HoKKax-Brixomax OCOA u OCOB.
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3a neranmamu oOpamaiitece k pazzmeny "Monyns CpaBHenus" Ha crpanune 63. Pesxxum CpaBHEHHS Tak ke
ycranaBiuBaeT ®@mar CpaBaenus OCFOA mimu OCFOB, KoTOpEIil MOXKET OBITh HCITONB30BaH ISl BEI30BA MPEPBIBAHUS MIPH
COBITA/ICHUN CPABHUBAEMBIX 3HAUCHHUH.

OnpeneneHus

Msorue Peructpel u butel B 3TOM paszmerne omucaHbl B oOmied ¢opme. Manenpkas OykBa 'n" B Ha3BaHHUHU
"Timer/Counter n" o6o3Hauaer HoMmep Taiimepa/CueTunka, B [JaHHOM ciy4dae ucmonb3yercss Taiimep/Cuerunx O.
Maenpkas OykBa "X" cooTBeTcTBYyeT OykBe Permctpa CpaBuenus, Hampumep, "OCROx" o3nawaer Peructp CpaBHeHUS
OCROB wumun OCROA. OpnHako, IpH HCHOJB30BAaHHH KOHKPETHBIX PETHCTPOB M OUTOB JOJDKHO HCIIONIB30BATHCS HX
Hacrosmee ums, Hampumep, Permerp "TCNTO", kortopsrii ucmomssyercs Taiimepom/CuerumkoM 0 aiisi, COOCTBEHHO,
MOJICUETa TAKTOBBIX UMITYJIbCOB.

OmnpenencHus, naHHble B Ta0muie 33, HCIOIB3YIOTCS BO BCEM JIOKYMEHTE.

Tabnmma 33 - OnpeneneHus

BOTTOM Cuerunk pocturaet 3HaueHuss BOTTOM, korna ero peructp TCNTO npunumaet 3nauenue 0x00.

Cuetunk nocruraet 3HaueHnst MAX, xoraa ero peructp TCNTO npuanmaer 3nauenue OxFF (255 B
JIECITUYHOM C.CU.)

MAX

Cuetunk nocruraet 3HaueHus TOP, xorna ero peructp TCNTO npuHMMaeT 3HadeHNE, SKBUBAJICHTHOE
TOP HaUBBICIIEMY JOMyCTUMOMY 3HaueHuto. 3HaueHne TOP moxxeT 6p1Th ycTanoBneHo kak OXFF (MAX)
unu 6617 3anucado B Peructp CpaBaernns OCROA.

Uctounnku TaktupoBanusi Taiimepa/CueTunka ()

T/CO MmoxeT OBITH TAaKTHPOBAH KaK BHYTPEHHMM HCTOYHHKOM, TaK M BHEHIHMM. VICTOYHMK TaKTHPOBAHUSA
BeIOupaeTcs TakToBEIM MoayneMm (pucyHOK 26-27), KOTOPBIH, B CBOIO o4yepenab, HacTpauBaercsa Outamu CS02:0, koTopsie
Haxozsrcs B Perucrpe Ynpasnennss TCCROB. 3a ngeranbHoit unpopmarnueii 06 Mcrounnkax TaktupoBanus u o lenurene
Yacrots! ([Ipennenurene) obpamaiitecs k pazneny "demurens Yactorsl Taiimepa/Cuerunka O u Taiimepa/Cuerunka 1" Ha
cTpanuue 79.

CuetHbii Moyib

I'maBHOM wacThio 8-OmtHOTO Taiimepa/Cuerdymka O sIBISsIeTCSl POrpaMMHUpYEMBIil ByHanpaBieHHBbIH CUeTHbIH
Monyib.
Ha pucynke 27 noka3ana 6ox-guarpamMmma CaetHoro Moayiis.

CYETHBII MMITYJIbC TOVn - ¢aar
- TICPETIOTHEHHS
ouncTKa | YIpaBIsomuit (BBI30B MPEPHIBAHNS )
H%P(I;Lllcycnlinn TaKTBI = = TaKTOBBIN
Hanpasnenue cuera P clky, aKTOBBIM MOZYJIb BBIBOJ (Bx0M)
-t
ETEKTOP
[&JpOHTa < Tn
MaKCHMaJ. MUHHMAIL.
3HAYCHHE 3HAUCHHE
TOP BOTTOM
®
2 Yyvy Ot Jlenurens
z Taiimep/CueTunk0 aCTOTHI
S(
o | TCNTn
=
=
CuetHbd Moayns

Pucynok 27 - bnok-nuarpamma CuetHoro Moayins

Omncanne Curnanos Ha PucyHkax 26-27:

«Cuetssblit UMmnynse» — BeimonHseT MHKpeMenTupoBanue (+1) win Jlexpementuposanue (-1) uncna 8 TCNTO.

«Hampaenenus: Cuera» - curHai Juisi Beioopa VHKkpeMeHTHpoBaHus Win J{eKkpeMeHTHPOBaHHUS.

«Ounctka» - curaai, copaceiBatomuit Bce 6utel TCNTO B Hynu (ounctka TCNTO).

«clkty» - curnan, takrupyomuii T/Cn, nanee OyaeT ucmnonb3oBaThest 0003HaueHue clky .

«TOP» - Ha pucyHKe 3T0 cUrHaj, coobmaromuii o Tom, 4to TCNTO nocTur MakCHMalbHOTO 3HAYCHUS.

«BOTTOM» - Ha puCyHKE 3TO cUrHal, coodmaromuii 0 ToM, 9To TCNTO mocTur MUHEMATEHOTO 3HAYCHUS
(Hyms).
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B 3aBucuMocCTH OT pexuma paboThl, KAXKIBIH TakTOBBIN nMITyssc "Ounmaer" cueTdyuk, "VHKpeMeHTHpYeT" HiH
"llekpeMeHTHpYET" €ro 3HadeHHe. TakToBbIe HMITYJIbCHI Clkry MOTYT OBITH MONYYCHBI KaK OT BHEIIHETO, TaK U OT
BHYTPCHHETO UCTOYHHUKA, 3T0 omnpenensetcs Outamu CS02:0. Ecmu Mcrounnk TaktoB He BEIOpaH (OUTHI YCTAHOBICHBI KaK
CS02:0 = 0), ro T/C octanosnen. Ognako Peructp TCNTO mosxxeT ObiTh mpounTan [IporieccopoM HE3aBHCHUMO OT TOTO,
3amymieH c4eTduk min HeT. Omeparus 3amucu [IporieccopoM 3Ha4YeHH B CHETYMK MMEET HMPUOPHUTET HAJ OIepanusMu
"Ounctku" cuetdnka, "VHKpeMeHTHpoBaHuA" win "JlekpeMeHTHpOBaHH .

ITocnenosarensHocTh Cuera T/C ompenensercs ycranoBkod WGMO1- 1 WGMOO0-6UTOB pacmonoXeHHBIH B
Peructpe VYnpasienus Taiimepa/Cuetunka (TCCROA) m WGMO2-6urom, pacmonokeHHOM B Peructpe YmpamneHus
Tatimepa/Cuetunka B (TCCROB). Ot 3tux 6urtos, Taxxe, 3aBucut, oyzaet au T/CO Bectu cebs kak Cuetunk unu ke OH
Oynet paborats B pexume ['eneparopa YactoTsl. 3a monpoOHO# nHpopManmeii o PacompenHom pexxume "Cuerunka” u
pexxume "I'eneparopa YactoTsl" oOparmmaiirecs k paszaeny "Pexxumbr PaboTer” Ha cTpanuie 93.

@mnar Ilepenonaenus Taiimepa/Cuetanka (TOV0) ycraHaBIHBaeTCS COTJIACHO PEKUMY pabOTHI, BEIOpaHHOMY
6utamn WGMO1:0. @nar TOVO MokeT OBITh HCTIOJIB30BAH JUIS TOTO, YTOOBI BBI3BAaTh NpephiBanne padors! LITY.

Monyns CpaBHEHUSA

8-6utHBIN nnppoBoil kommaparop noctostHHO cpaBHUBaeT Peructp TCNTO ¢ Perucrpamu CpaBrerns OCROA u
OCROB. B cnyuae paBeHcTBa 3HaueHus, Haxojsamerocs B Peructpe TCNTO, ¢ xakum-HHOYyns Peructpom - OCROA mnu
OCROB, xommaparop BeigaeT Curran o CoorBerctBuu (PaBeHcTBe) 3TMX peructpoB. CurHan o PaBenctBe Permctpos
CIeNYIONIMM TaKTOM TaliMepa YCTaHaBJIMBAET COOTBETCTBYIomMA eMy Dmar PaBenctBa (curHanusupyromuid 6ut) OCFOA
nmu OCFOB. Eciu ycranoBnen ®@iar PaBenctBa u IlpepriBanue mo CoBmajgeHHI0 3Ha4eHU Peructpor pasperieHo, To
Oynet Bb13BaHo I[IpepeiBanue. @uar PaBeHcTBa ounmiaeTcs aBTOMaTH4IecKH nociie Beixoaa u3 [loxmporpammer O6paboTku
[MpepeiBanusa. @nar PaBeHCTBa MOXET, TakXKe, OBITH OUYMILECH, €CIHM BBIIOJHHUTH KOMAaHIy 3allUCH B HETO JIOTHYECKOH
emnaunbl. ['eneparop Yactorer ucmonb3yer Curnan PaBeHCTBa B COOTBETCTBMM cO cBouM Pexxumom Pabotel m
ycranoBkamu 0utoB WGMO02:0 1 COMOx1:0. TOP mmm BOTTOM 3HaueHus ucnoib3yrores ['enepatopom YacToTel B
0coOBIX ciydasix it oOpaboTkm Kpurnueckux 3HaueHWH B HEKOTOphIX Pexxmmax Paborwl (oOpartutech K pasmery
"Pexumbr PaboTer” Ha cTpanute 93).

Ha pucynke 28 noxa3zana 6mox-guarpamMma Moayis CpaBHEHUS.

uHa JlaHHbIX

& >

Peructp OCRnx Peructp TCNTn

%L L

= (8-6utHblit Komnaparop, |

> OCFnx Qumar
(BBI3OB MPEPLIB.
Y
curtain top > BBIBOJI
curan bottom o] YacToTHbll ['eHeparop

| OCnx

outr FOCn >

1]

ouTbl WGMnN1:0 COMnNX1:0 GuThbI

Pucynox 28 - briok-nuarpamma Mogyns CpaBHeHUS
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[Ipu wucnonp3oBanum moboro pexmva MM (IuportHo-UMmnynbcHoit Monynsamun) Peructpsr CpaBHEeHHS
OCROx Oynyr /[Baxnmer BydpepmsupoBanueimu. ns HopmamsHoro Pexuma uw Pexkxmma Ounmenus Tafimepa 1o
CoBnafieHNI0 BO3MOKHOCTh HcHonb30oBaTh JIBoiHyro bydepmsanmio Perucrpos CpaBHeHHss HemocTynHa. JlBoWHas
Bydepuzanus cunxponusupyer ob6HoBieHune PeructpoB OCROx co 3HauenusmMa TOP wmwm BOTTOM!. Takas
CHHXPOHH3AIMS IPEIOTBPAIIAeT MOsSBIeHHEe UMITYIbcoB IIIMIM HeueTHOH UINTENPHOCTH U HECUMMETPHYHBIX HMITYJIHCOB
INM, 4uTto, B CBOIO O4epeib, MO3BONISIET JOOUTHCS UMITYIbCOB ILIIM cBOOOIHBIX OT ApokaHuUs (B OOIIEM, - H30aBUTHCS OT
cOoeB).

Pa6ora ¢ Peructpom OCROX MokeT mOKa3aThCsl CIOXKHOM 3anadeit, Ho 310 He Tak. Ecnu J{BoiHas Bydepuzanus
Pasperena, to LIITY obpamaercs k bydepusuposannomy Peructpy OCROX, a, eciu JIBoiinas bydepuzanus HenocrymHa,
to HITY o6pamaercs k Peructpy OCROX Hampsmyro.

dopcupoBaHHbil Pexxum CpaBHEHUSA

Ecmu I'eneparop YacToTsl padoTaet B pexnmax non-lIIINUM (3to Pexumer, He sBnstomuecs [LHINM-pexumamu), To
CpaBHenue PermctpoB MoxeT OBIT (OpPCHpPOBaHO, IS 3TOrO Hano 3ammcaTh eaunHuiy B Out FOCOX. Ilpu coemaneHun
CpaBuuBaembix 3HaueHuil diaar OCFOx ycranaBnuBatbesi He OyJeT, Takxke, He OyzaeT npoucxoauTh [lepesarpyska/Copoc
TaiimMepa, HO OyZeT MpouCXoIuTh 0OHOBIeHHE 3HaueHus Ha BeiBoge OCOx (Hactpoiika 6utoB COMOx1:0 onpenenser, 9To
OyzneT npoucxoauTh Ha BeIBoge OCOX, ouHIlieHHe WK TIepeKItoueHre OuTa).

bnokupoBanue Pexuma CpaBHEHUS pu 3anucu
Peructpa TCNTO

JIro6as oneparus 3anucu B Peructp TCNTO Oynet 6nokupoBats Pesxkum CpaBHEHHS Ha BPeMs OJHOTO TaKTOBOTO
nMmiynbsca Taiimepa clkry naxe, ecnu T/CO octanoBieH. OTo no3Bossiet 3arpyxath B Peructp CpaBuenuss OCROx Takoe xe
3HaueHue, kak U B Peructpe Cuerunka TCNTO u mocne storo, ecaun T/CO BkmtoueH, [IpepbiBanue no CoBnageHHIo
BBI3BIBAHO HE OyzeT.

Hcnonp3zoBanne Monyiisi CpaBHEHUSA

Tak xak 3amuce B TCNTO B moboMm pexume paboTsl Gmokupyer Pexxum CpaBHEHHS Ha OAMH CIEIYIOIIUI
TakToBbIN nKKI T/CO, TO MBI PHCKYeM COBEpIINTH OMMOKY mpu u3MeHeHnH 3HaueHuss B TCNTO, xorna Peructp TCNTO
ucnonszyercss Monynem CpaBHeHUsI, He3aBUCUMO OT Toro, 3amyiieH T/CO wim - HeT. Ecnu 3HaueHue, 3amuchiBaeMoe B
TCNTO Oynet sxBuBaneHTHO 3HaueHHio B Peructpe OCROX, To Ha ciexyromemM mocie 3anucu TaKTOBOM Iukie Talimepa
Pexum CpaBHenus byzner mpomyieH, 9To B pe3yiabTaTe MpUBEIET K HEKOPPEeKTHOH pabote I'eneparopa Hactorsl. Touno
Tak ke, Henb3s 3anucbiBaTh B TCNTO 3Hauenue, paBaoe BOTTOM, eciiu T/CO Beruucnsier JleKkpeMeHT.

Ycranoska 3Hauenus B BbiBox OCOX noimkHa OBITH BBIIOJIHEHA 10 HACTPOMKH BBIBO/IA B KauecTBe Brixona, mytem
Hactpoiiku Peructpa DDR. Cawmsblii nmpoctoii croco6 ycranoButs 3HaueHne OCOXx - 310 mcronb3oBaTh B HopmanbHOM
Pexmme crpobupyromuii 6ut FOCOx. Permctp OCOX coxpaHsSeT CBOM 3HAYCHHS AaXKe NPH CMEHE pekuMa padOTHI
I'eneparopa Yactothl. [Tomuaute, uro 6utel COMOXx1:0 He sBisifoTcs Oy(QepH3upOBaHHBIMU Tak ke, kak CpaBHHBacMBbIC
3nauyenus Peructpor CpaBuenus. U3menenne 6utoB COMOx1:0 naror HemeieHHBIN 3] dexT.

Pexunm CpaBHeHUA

butsr Pexxuma Cpasrennst COMOx1:0 umerot ase ¢yakmuu. ['enepatop YactoTsl ucnonsdyetr 6utsi COMOx1:0
IS onpenenieHus: coctosiHus Ha BhiBojie OCOx mpu caenyromem CoBnaaenuu 3HadeHuit Peructpo CpaBHenus. Taxoke,
outel COMOx1:0 ympaBnstoT ucrounnkoMm 3HaueHuil Ha Bwixome OCOx. Ha Pucynke 29 mokazaHa ympolieHHas OJIOK-
cxeMa pabotsl 6utoB . I/O-peructpsl, I/O-6utbl u [/O-BRIBOIBI Ha PUCYHKE MOAIMCAHEI XHUPHBIMU OykBamu. Ha Pucynke
29 nmokazaHa  TOJBKO 4acTh obummx I/O-PeructpoB Ympasnennss (DDR n PORT), Ha paboTy KOTOPBIX BIHSIOT, OUTHI
COMOx1:0. Ipu obpamennu k cocrosauto OCOx, umer obpamenue k Peructpy OCOx, a He k BrBomy OCOx. Ecmu
npouzoitner Copoc Cuctemsl, To Pernctp OCOx Toxe Oynet coporen B "0".
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Pucynox 29 — Yacts 06umx 1/0-Perucrpos Ynpasnenns (DDR n PORT), Ha paboty kotopsix BiusitoT, 6utel COMOX1:0

CrangapTHas QyHKOus BBoa/BeIBOa OyaeT npourHopuposana Pexxnmom CpaBaenust ['eneparopa YacToTsl, ecinn
x0Th onuH 6ut 3 COMOx1:0 6uroB Oyner ycraHoBieH. OqHaKO, HanpaBiIeHUe B/B HaHHBIX Yepe3 Hoxky OCOX Bce emie
koHTponupyercss Peructpom DDR. bur B Peructpe DDR (DDR_OCOx), nactpamBaromuii BeiBog OCOx kax Brrxon,
JIOJDKEH OBITh yCTAaHOBIIEH 10 Toro, kak Hoxka OCOx Oyzaer ucronb3oBaHa B kadecTBe Berxona. @ynkuuns UrnopupoBanus
Ipyrux QyHKOUI He 3aBUCHUT OT TOTO, B KAKOM pexkume padotaet ['eneparop YacToTsl.

Cxema Monynsa CpaBHeHHs NMO3BOJsieT MHHUIManu3upoBath Permctp OCOx mo Ttoro, kak BeiBog OCOx Oymer
WCTIONIb30BaH B KauecTBe Brixoma. OOpatute BHMMaHMe, uTo HacTpoiika 6utoB COMOx1:0 ocraercss HEM3MEHHOU, YTO
obecreunBaeT yCTOWYMBYIO paboTy BO BceX pexkuMax. Obparurech k pazaeny "Omnucanue 8-6utHOoro Taiimepa/Cuerdnka
0" Ha cTpanune 72 3a moapoOHOIT HHpOpMAaIHEH.

Monyns CpaBHenus u ['eneparop HacToTsl

I'eneparop YactoTsl B paznmuuHbix Pexxumax Padoter (Normal, CTC, PWM(ILIMM)) ucnonszyer 6uter COMOx1:0
mo-pasHomy. s Bcex PesxxumoB Takas ycraHoBka OutoB COMOx1:0=0 (mogpobuee: COMOx1=0 1 COMOx0=0) roBopur
o ToM, uto I'ereparop Yacrorel He moms3yercss Permctpom OCOx. To, xak pabortaer Pexxum CpaBHeHus B Pexxnume
Taiimepa non-11I1MM (e IHNM), moxHO ocMoTpeTh Ha Pucynke 28, ctpanuna 63. Pexxum beictperit-IHNM (fast-PWM)
onucan B Tabnune 26 Ha ctpanuie 54, a @azosast Koppexiwust [LHIMM onucana B Tabnuue 27 Ha cTpanuie 54.

/
/
/

Pexxumpr PaOoThl

Pexum pabotel, T.e moBenenue Taiimepa/Cuetunka 1 Moayns CpaBHEHHs, ompeenseTcs KoMOnHanuei ONToB
WGM2:0 u COMxI1:0. butst COMx1:0 Hukak He BIUAIOT Ha BbluuciaeHue WHkpemeHnTa wian [lekpemeHTa
Taiimepa/CueTunka, B otiamuun o 6utoB WGM2:0. butet COMx1:0 Biustor Ha I'enepupoBanne ummyiabcos MM, u
onpenensot - Oymyt mu oru MuBepcHbME wiH - HeT (MuBepcHsiii IIINM nwin HEWHBepcenpiid LLIUM). [Ins Pexxuma non-
UM 6uter COMx1:0 onpenemnsitor, 6yner mu B Pexume CpaBHenus Out Ha Brixone: 1-Ycrtanomnen; 2-Ounien; 3-
[Tepexmrouen (oOpamaiitecs k pazaeny "Moayns CpaBHeHus" Ha cTpaHulle 64).

3a noapoOHoit nHpopmanmeii ot Talimunrax (BpemenHbix 3anepkkax), ooparurech k Pucynkam: 33, 34, 35 u 36
B paznene "Bpemennsie Auarpammel Taitmepa/Cuerunxa” Ha ctpanune 70.
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Peskum Normal

Hopmameneiii Pexxum ("Normal") paboTel sBisercs Hambojee MPOCTHIM W3 BceX (OMTHI YCTaHABIHBAIOTCS
Tak: WGMO02:0 = 0). B Otom PexunmMe HampapieHue cdera Bcerna spisercs VMHKpeMeHTUpyomuM, a OunIieHne cueTInkKa
He BbITONHSETCsI. CYETUYHK MPOCTO MEPETIOHACTCS, KOTIa JJOCTUTaeT MakcuManbHOro 8-0utHoro 3HaueHus: (TOP=0xFF), a
3areM mepesamyckaeTcs 3aHoBo co 3HaueHHs (0x00. B Normal Pexume @nar Ilepenonuenus T/CO -TOVO- Oynmer
YCTaHABJIMBATHCS Ha TOM JK€ LIUKJIE, Ha KOTopoM OyneT mpoucxoauts oonynenue Peructpa TCNTO. B satom ciiyuae @nar
TOVO Benet cebs Tak, kak Oynto oH siBisieTcst NeBAThIM OutoM Peructpa TCNTO (xoTs, 3TO U HE Tak), 3a HCKIIOUEHUEM
TOTO, 4TO 3TOT Pnar ycraHaBiuBaercs, a He cOpacbiBaeTcs. OqHako, B komOuHaiuu ¢ [IpepeiBaruem no Ilepenosnnenuto,
KoTopoe aBTromaruuecku oummmaet dmar TOVO, Paspemenwme (mmamazon) cuetumka T/CO MoxeT OBITH YBEIHYCHO
nporpammuo. HoBoe 3HaueHne B Pesxxume Normal moskeT ObITh 3amcano B TCNTO B moboe Bpems.

Mopnyns CpaBHEHHSI MOXKET OBITh MCIIOJIB30BaH /ISl BEI30BA MpEpPHIBaHKS B Hy)KHOe BpeMs. He pekoMmeHmyercs
ucronb3oBaTh Pexxum CpaBHEHHUs Ui TOro, YToObI ['eHeprpoBaTh KaKylo-TO 4acTOTY, TaK KaK 3TO 3aliMeT 3HAaYHUTEIbHOE
Bpems y LIITY.

CTC-pexxum (Ounmenue Taiimepa npu CoBnageHnn
PerucrpoB CoBnaaenus)

A66pesnatypa "CTC" pacumppossBaetcs kak "Clear Timer on Compare', 4ro MO-pycCKH O3HadaeT
"Ounmienne Taiimepa npu CoBnanennn 3HadeHuilt Peructpo Cosnazenus”. B CTC-pexxume (korfa OUTHI yCTaHOBJICHBI
Tak: WGMO02:0 = 2) Peructp OCROA wucmonp3yercst 11 TOTO, YTOOBI yIpaBiaTh/HacTpanBath Paszpemenne Cuerunka. B
CTC-pexume 3Hauenne Permctpa Cuerumka TCNTO cOpaceiBaetcs B Hynu, ecian 3HaueHne TCNTO coorsercTBYyeT
3HaueHm1o, 3anucanHoMy B Peructp CpaBuenmss OCROA. [na Cuerumka 3Hauenue Permctpa OCROA Oyner sBIATBHCS
TOP-3HaueHneM, COOTBETCTBECHHO, TaKMM 00pa3oM MOXkHO HacTpauBath Paspermenue T/CO. Takoit Pexxum npenocrasinser
MHOT'O BO3MOXKHOCTEH JUI yIIpaBieHus | eHepupoBaHUEM YacTOTHI, UCTIONB3Ys Monyins CpaBHEHHSI.

Bpemennsle quarpammsl qiis CTC-pexuma nokasansl Ha Pucynke 30. 3nauenune Cuerunka B Peructpe TCNTO
yBeNIW4HMBaeTCs 10 Tex mop, moka yuciao B TCNTO we cranet paBHbIM uucity B Pernctpe OCROA, nocne 3toro Cuetunk
TCNTO 6yzet ouuIeH.

ycTanoBka @ara
[IpepsiBanus mo

‘ } Cosnanennro TCNTn
| : n OCRnx; u cmena
| i yposrs Ha OCnx
_ _ _ \J
rF |
peructp TCNTn -/7-
BEIBOA OCn 2R OWTBI
(mepexntoueHue \ (COMPx1:0=1)
OuTa Ha BLIBOJE) — —_—
MepHoOIbl I 1 | 2 l 3 | 4 |

Pucynox 30 - Bpemennsie quarpammel 1t CTC-pexxnma

[IpepriBanne MoxeT Br3piBaThCs Kax bl pa3, korga Peructp TCNTO 6yzer nocturats 3Hadenus TOP u O6yzer
ycranaBiuBatscst @aar OCFOA. Eciu [IpepsiBanus paspemniensl, To [lonnmporpamma O6pabdotku IIpepsiBaHus MOXKET OBITH
HCTONIb30BaHa JJisl TOTO, YTOOBI 0OHOBIATH TOP-3Hauenue. OgHako, cleayeT MOMHUT, 4T, eciu 3HaueHue TOP 6mu3ko k
3HaueHuto BOTTOM, To 3amuchiBaTh ero B Peructp cieayer oueHb ocTOpoxkHO, Tak kak CTC-pexxum He pabortaer ¢
JBaxner BydepusupoBannsiMu Pernctpamu, mostoMy HYXHO Y4uThIBaTh 4acToTy TaktupoBanus 1/CO. Ecim B Peructp
Cpasnenuss OCROA 3anucaTh 3Hau€HHE MEHBIIIEE, YeM 3HaUeHHe yxke npucyrctByromee B Peructpe Cuetunka TCNTO, To
Taiimep/Cuerunk 0 nponyctut CpaBHeHne 3HaueHui 3TuX Perucrpos. B atom cimydae T/CO nomxen OyzaeT ocuuTaTh /10
MakcuManbHOTO 3HaueHus 8-OmtHoro Permcrpa TCNTO (0OxFF), a 3a Tem, Hauath cuet ¢ Hyns (0x00) u cuuTath OO0 Tex
nop, noka 3HaueHue B Peructpe TCNTO He craner paBHbIM 3HaueHHI0 B OCROA.

Jna T'enepuposanust Yactotsl B CTC-pexxume, caenyer BoiBog OCOA HacTpouts Ha Pexum [lepexmoueHus
CBOETO JIOTHYECKOTO YpPOBHS KaXIblid pa3, korma OymyT paBHbl Peructpet TCNTO u OCROA, sTo nmenaercs myTem
yctaHoBKH cooTBeTcTBYIOMMX O0utoB: (COMOAL:0 = 1). 3nayenne Ha BbiBosie OCOA He OyneT M3MEHSTHCS, €Cld 3TOT
BBIBOJ] OyZeT HacTpoeH Kak BrIxox. MakcumanpHas dYacToTa, BeIpaOaThIBaeMas TaKHM O0pa3oM, MOXET JOCTHUTaTh
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3HaueHus B J[Ba paza meHbmero, yeM TaktoBast (Cuctemuas) Yacrora MK: foco = fuk yo/2, Ipu ycnosun, uro B Peructp
OCROA 3arpyxensl Hynu (0x00). HactoTa I'enepatopa B CTC-pexume onpeaensercs clegyomuM Y paBHEHHEM:

[fexa/o]
2-N-(1+OCRnx)

focnx =

Ilepemennas N npezacrasisier coboit koadduuuent nenenuss TakroBoit Yactorer MK, xoTOpast, B MOCIEACTBHY,
spnsiercs: TakroBort Yacrotoit T/CO, aTa mepeMeHHass MOXKET MPUHUMATD 3HaueHus Takoro psina: (N=1, N=8, N=64, N=256
nnn N=1024). Kakx u B Hopmanpaom Pexume (Normal) padoter T/CO, B Otom Pexxmme (CTC-pexxume) dmar TOVO
YCTaHABJIHMBACTCS Ha TOM ke caMoM TakTtoBoMm ILluKkiie, HAa KOTOPOM IMPOWCXOIUT MEepeKiIroueHue 3HadueHus Peructpa
TCNTO ¢ makcumainbsHoro 3HaueHus: (MAX) Ha HauanbHOe HyJieBoe 3HaueHue (0x00).

Pesxkum boictpoit IHUM-monyasinuu (FastPWM unim
FPWM-pexum)

Pexum beictpoit IIMM-monynsanun, win FPWM-pexxum (WGMO02:0 = 3 wnu 7), mosBossier ['eHepupoBaTh
BbIcOKouacToTHbIN curHan ¢ IHNUM. FPWM-pexum _ ucnons3yer OxnoHanpasineHHbI Cuer. T.e. CueTyuk cuMTaer oT
BOTTOM-3uauenus 10 TOP-3nauenus, 3ateM CueTynk HaunHaeT cyuTath 3aH0BO T BOTTOM no TOP u t.1.. 3Hauenue
TOP pasro uncny OxFF, xorma 6utst WGM?2:0 = 3 wim ke TOP MoxxeT ObITh paBHO YHCIy, 3allHICAaHHOMY B Peructp
OCROA, xorna 6utst WGM2:0 = 7. Ecnu ucnoneizyercs Helaseptupytronuii Pexxum CpaBHEeHus, To 3HaUYCHHE Ha BBIBOJIE
OCOx ouunmaercs (ycraHaBiuBaercsi Houb) rpu coBnaaenuu PeructpoB TCNTO u OCROX, a mpu goctmxkenun Peructpom
TCNTO 3nauerus BOTTOM, na BeiBoge OCOX o00paTHO YCTaHaBIMBACTCS CAWHUIA. A, €CIH HCIOIb3yeTCs
HuBeptupyromuii Pexxum CpaBHeHusi, To 3HaueHHe Ha BbIBoge OCOX ycTraHaBIMBaeTCsl (BBITPYXKAeTCs €OUMHMIA) MPHU
coBnaaenuu PeructpoB TCNTO u OCROX, a npu goctuxennu Peructpom TCNTO 3nauennss BOTTOM, na BeiBoge OCOx
oOpatHO ycTaHaBimBaeTcs Hoimb. Momyms PWM B FPWM-pexume, ucrons3ys OnHoHanpaBieHHBIH CUYeT, MO3BOJSET
I'enepupoBaTh yIBOCHHYIO 4acTOTY, TaKylo ke, kKakyto MoxeT I'enepupoBats LIIM ¢ ®azoBoit Koppekuueid, ucnonpsys
JBynanpaBnennslii Cuer. CrnocoOGHOCTH ['eHepupoBaTh TaKyl0 BBICOKYIO dacToTy aenaeT FPWM-pexum oTImgHO
MIPUCHIOCOOICHHBIM U MCIIONB30BaHMUS B NMpWIOXKeHUAX PerymupoBanus Momnuocty, _ B LAIl-mpunoxkxeHusax u ap..
Wcnonp3oBanue B npuiioxkeHHsx BU-curHanoB maeT BO3MOXKHOCTh HPUMEHATH PAIHOAIEMEHTHI I HOBEPXHOCTHOTO
MOHTa)Ka (KaTyIIKH, KOHACHCATOPHI U Jp.), UTO, B CBOIO 0UEPE/Ib, BEJECT K YMEHBIIEHHIO CTOMMOCTH IIPOEKTA.

B FPWM-pexume Cuerduuk yBenuuuBaeTcs 10 Tex mop, nmoka Permctp TCNTO He cpaBHAeTCS cO 3HaYCHHEM
TOP. Korna 3nauennie B TCNTO gocturner 3nauenus TOP, npousoiigeT ounctka Perucrpa Cuerunka TCNTO cpasy ke Ha
ero cneaywomeM TakroBom Iluxne. Bpemennele Juarpammsl anst FPWM-pexuma nokazanel Ha Pucynke 29.
Hapacraromue 3Hauennst Peructpa TCNTO Ha Pucynke 29 mokaszaHbl Kak rucTorpaMma (IIM1000pasHble UMITYJIbChI), YTO
mmoctpupyer OgHoHanpasneHHbll CueT (MMITynbc HapacTaeT - 3HaueHue B TCNTO ysenuuuBaetcs). Ha Pucynke 29,
Takxke, nokazansl MuBeptupyroumii 1 Heueeptupytromuii pesxxumsl HIUM. KopoTtkue ropusonranbabie TuHUM (PUCyHOK
29) na TCNTO-3HaueHUX MPEICTABISIIOT cO00H ciydaii coBrnaneHus 3HadeHuit peructpoB OCROx u TCNTO.

ycranoBka dmara
1IpeppiBanns 10
CoBnajgeHuic
TCNTn u OCRnx;
¥ CMEHa YPOBHA Ha
OCnx

OOHoBnAeTCs
Pernctp OCRnx
IIPH TOCTIKEHHN
Pernctpom TCNTn

[ i / / / uncna TOP; n
YCTaHABIABAETCA
UHKpeMeHTHpOBaHHe / / / ®nar TOVn

3nauenmnit TCNTC

OUTBL:

HeHusepr. Pexxun  OCn (COMnx1:0=2)
OuThI:

Hugept. Pexxum  OCn (COMnNx1:0 = 3)

Ilepuons! (paBHbIE) I-—1 I 2 I 3 I 4 I 5 l 6 I 7—-|
Pucynok 31 - Bpemennsie J{uarpammsl ans FPWM-pexnuma

Omnar Ilepenonnenuss Taiimepa/Cuerunka "TOV0" ycraHaBnuBaeTcsi KaxkIbli pa3, korga CuUeTUMK TOCTHTaeT
sHadeHuss TOP. Ecmu mpepriBaHus pa3pemieHbl, TO MOXKHO HCHOJIB30BaTh MOANPOrpaMMy 0OpaOOTKH HpephIBAaHHNA IS
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TOT0, YTOOBI OOHOBJATH (M3MEHITH) CpaBHUBacMble 3HaueHHWs B Permctpax Cpaeuenus. B FWPM-pexume Monmynb
Cpasaenus no3sossiet ['enepupoBate BU IIIMIM-curnan u BeiBoauTh ero Ha BeiBog OCOX. Ecnu HacTponuts 6uter COMOX
tak: COMOx1:0 = 2, To 310 mpuBeneT ko BKIroueHHI0 HellHBeptupyromero Pexxuma IIMM. Ecmu HacTpouTh OWTHI
COMOx tak: COMOx1:0 = 3, To 310 mpuBeneT Ko BKiItoueHH0 MHBepTHpytoniero Pexuma LIIMM: ecnu HacTpouTh OUTHI
COMOx Tak: COMOAL1:0 = 1, To 3T0 MO3BOAUT 3ajeiicTBoBaTh BeiBog ACOA u mepexiodarh 3Ha4eHne Ha HeM B Pexume
CpaBHeHUs1, IPH TOM YCIIOBUH, 4TO ycTaHoBleH 6uT WGMO2. Drta Omuus He AOCTYIMHA JJIs MCIOJIb30BaHus BeiBogoM
OCOB (Cmotputre Tabmuiy 54). 3HaueHue Ha 3TOM BriBoje (B 3ToM ciydae) OyAeT U3MEHATHCS, €CU STOT BhIBOX
HacTpoeH Kak Beixon. IIpunmnun ['enepupoBanus IIIMM YactoTsl cocTout B ToM, uTO B Peskume CpaBHenus Ha BriBone
OCOx MOCTOSIHHO M3MEHSETCs JIOTHUECKUil yPOBEHb CHUTHANA, T.€. MPOMCXOIUT YCTaHOBKa B "1" (mnn ounctka B "0"); miun
HaobopoT - ouncTka B "0" (nnm ycraHoBka B "'1") omHOBpeMeHHO Ha TOM ke TakroBoMm Llukie, korna CueTunk cOpackiBaeT
cBoe 3HaueHue ¢ TOP no BOTTOM.
Yacrora [IINM, "caumaemas" ¢ BeiBoma OCnx, MoXkeT ObITh paccuutana mo Dopmyie:

[fet/ 0]
f PWM = —SX/22
OCnx N-256

[epemennas N npezacraBusier coborr ko3pduument nenenust TakroBoit Yactorer MK, koTOpast, B OCIEICTBHH,
spisiercss TaktoBoit Yacrotoit T/C, 3Ta nepeMeHHasi MOKET NpUHUMATh 3HaueHus Takoro psaga: (N=1, N=8, N=64, N=256
nm N=1024).

Kpurnueckne 3nauenus mis Permcrpa OCROA mpeacraBisror coboif ocoObIi crmydait mpu [eHepupoBaHun
IMNM-gactotrel. Ecnmu 3nauenme Permctpa OCROA skBuBanentHo 3HaueHHro BOTTOM, to Ha Brixome Oyzer
MIPOUCXOIUTh BBIOPOC MMIYJbca Ha KaxkaoM ciemyromeM TakroBoM Llumkme Taiimepa mocne moctmkenus uncia MAX:
MAX+1; 3arpy3ka B OCROA umcna, paBHoro 3HaueHui0 MAX, B pe3yibTaTe AaeT MOCTOSHHBIM JTOTHYECKUH YpOBEHb Ha
Brixone - BBICOKMI WIIM HU3KHUK (MTOCIEAHEE 3aBHCHT OT MOJSPHOCTH BhIXona, KOTOpas 3aBHCHUT OT YCTAaHOBKH OHMTOB
COMOATL:0).

HINM-gactrota B FPWM-pexxume ¢ Pabounm [ukiom 50% (koraa MiMTETHHOCTh MMITYJIbCA PaBHA MOJIOBHUHE
neprojia IUKIa) MOXKET OBITh IOJIyYeHA TepeKIoYeHrueM Jorudeckoro ypoHsS Ha BriBome OCOx wucmonb3yst Pexum
CpaBrenus (COMOx1:0 = 1). MakcuManbHas 4acToTa, BeIpabaThiBaeMasi TAKUM 00pPa3oM, MOXKET JOCTUraTh 3HAUYCHHS B
JlBa pa3a mensbuero, yeM TaxroBas (Cuctemnas) Hacrora MK: focy = fux yo/2, mpu ycnosum, uto B Pernctp OCROA
sarpyxensl Hynn (0x00). Otor cnocob I'enepupoBanus Yactorer mogobeH CTC-pexnmy, B KOTOPOM HCIIOJIB3YETCS
nepekmoueHne  BeiBoga OCOA, 3a wmckimodeHnem Toro, 4to B FPWM-pexxume /[IBoitHas Bydepmsamms Mopyns
Cpasnenus Paspemena, a B CTC-pexxume - 3anpenieHa.

IINUM ¢ ®a3oBoii Koppexuuein (PCPWM-pexum)

PCPWM-pexum (WGMO02:0 = 1 wnm 5) TO3BOJSET BOCIONB30BAaThCA BBICOKMM Paspemenuem ['enepartopa
Yacrotel u obecneunBaet [IIMM-curnan npaBmisHbd 0 paze. PCPWM-pexum ocHoBaH Ha JIByHanpasienHoMm Cuerte.
[Ipu JIBynampaBnerHom Cuetre CueTunk mUKIHUecKd cuyuraeT or 3HaueHHMs BOTTOM gmo TOP,a 3atem, obpaTHO OT
3HaueHust TOP no BOTTOM. 3nauenue TOP 6yzaer pasHo OXFF, ecmtu WGM2:0 = 1, a, eciiu yctanoBiensl 6utet WGM2:0
=5, to 3nauenne TOP Oyzner paBHO umchy, 3arpykeHHomy B OCROA. Tlpu ucnonb3oBanun HellHBepTupytomero Pexxnma
CpaBHenuss 1 MHKpemeHTHpoBanHOro Cuera, 3HaueHue Ha BriBome OCOx Oymer Ouwmmatscs B "0" mpu coBmageHHUU
PerncrpoB TCNTO u OCROx u HaobOopot, mpu ToMm xe Pexmume CpaBHeHus, 3HaueHue Ha BrBome OCOx Oyner
VYcranaBnuBatrbest B "1" mpu coBmagennn TCNTO u OCROx mpu expementupoBanHoM Cuere. [Ipu ucnonab3oBaHuu
WNuseprupyromero Pexxuma CpaBHeHust Bce pabotaetr HaoOopoT. J[ByHanpasinenHsii Pexxum Cuera mmeeTr Oosee HU3KYIO
MakKkCUMallbHYl0 4acTOTy TreHepupoBaHusi, ueM OpHoHampaBieHHbIH. OnHako, H3-32 CBOEH CHMMETPUYHOCTU
JIByHanpaBnenHslii Pexxum Cdera npeAnoYTHTENBHO HCIOIB30BaTh AJIS IPUIIOKEHHUH, YIPABISAIOIINX JBUTATEISIMU.

B PCPWM-pexume Cuerunk ysenmuuBaerca (MHKpemeHTHpyeTcs) no Tex mop, moka Permctp TCNTO He
nocturnet 3HadeHus TOP. Ilpu moctmxennu 3HaueHus TOP Cuerunk menser HampasieHue Cuera. EctecTBeHHO, uTO
TCNTO pasen TOP tonbsko Ha BpeMms ogHoro TaxtoBoro I{ukma. Bpemennsie nuarpammsl 111 PCPWM-pexnma moxka3aHbl
Ha Pucynke 32. YpenmuuBaromeecss u yMmeHsmaromeecss 3HaueHHs Permcrpa TCNTO mokaszansl Ha Pucynke 32 xax
THCTOTPaMMBI (KpHBBIC), OHH WILIIOCTpUPYIOT [IByHampaBieHHbl Pexum Cuera. Ha Pucynke 32, takke, Mmoka3aHbI
BpPEMEHHBIE TUarpaMMsl 3HadeHH Ha Beixogax OCn s MaBeptupyromux u HelluBeptupyromux Pexumon CpaBHEHHS.
KopoTkue ropuzoHTanpHblE JIMHAW Ha THUCTOTpaMMax IPEJCTaBISIOT COOOW BpeMs COBMAJCHHMS MEXAy Perumcrpamu
OCROx u TCNTO.
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Ycranoska ®Orara
IIpepeiBanmst o CoBnageHHIO
TCNTn u OCRnx: u cmeHa

l l yposHs Ha OCnx
Oo6nosnsercsa Perucrp OCRnx

npu poctuKeHun Perucrpom
TCNTn uncia TOP

Ycranoska ®Orara
I lepenionHeHUS
TOVn

TCNTn \\//\\/

butst ana HeWuseptupyloiuero

L L] | L Pexmva: (COMnx1:0=2)
QOCn [_l |_| butst g Mueeprupyloiero
[ Pexnma: (COMnx1:0=3)
J I,
| 2 |

TICPHOIBI: l 1

Pucynox 32 - Bpemennsle quarpaMMel 3HaueHuil Ha Beixogax OCn ans MHBepTHPYIOLIHX
n HeluBeptupyromux Pexxumos CpaBuenus (PCPWM-pexum)

Omnar Ilepenomnenus (TOVO0) Taiimepa/CueTunka ycTaHABIMBAETCS KaXAbli pa3, korma CUYeT4yHK TOCTHTaeT
3HageHnss BOTTOM. Drot ®nar MOXKHO HCIIOIB30BaTh I TOTO, YTOOBI BBI3BIBATH MPEPHIBAHUS.

B PCPWM-pexume Moxyns CpaBaenust nosponser ['enepuposats I[IIMIM-uacToTy H, 3aTeM, BBIBOJAHUTH €€ Ha
Breon OCOx. Ecnin HacTpouts 6utel Tak: COMOx1:0 = 2, To Moayns CpaBaeHust Oynet padorats B HellHBepTHpYIOTIEM
Pexwme. MuaBepTHpyrommii PexuMm BrITtowaeTcs, ecnu HacTpouTh OuTH Tak: COMOx1:0 = 3, 3arpy3ka "enuHHUNE" B OHUT
COMOAO mno3BosisieT nepekitouaTh 3HaueHue Ha BeiBoge OCOA kaxapiil pa3, korga Peructpel CpaBHEHUS! paBHBI MEXAY
co0boif, mpu ycnoBuu, 4to ycraHosieH outr WGMO2. Beisog OCOB HacTpamBaercst mo-gpyromy. 3HadeHHE Ha BwiBome
OCOx OymeT BUAMMO, ecii 3TOT BriBog HacTpoeH kak Brixon. IIMMM-dactora reHepupyetcs Ha BeiBoge OCOx myTem
ouneHus B "0" (wm ycraHoBku B "1" mis MuBeptupyromero Pexuma) orudeckoro ypoBHs Ha 3ToM BriBoge, korna
Peructper CpaBaernss OCROx u TCNTO (tounee OCROx - 310 Peructp Cpauenusi, a TCNTO - sto Peructp Cuetunka,
3Ha4YeHHEe KOTOpOro cpaBHHUBaercs co 3HaueHHMeM OCROX) cTaHOBSATCS paBHBI MeXIy coOoil mpu MHKpeMeHTHPOBaHHOM
Cuere; u myTeMm ycTaHoBKH B "1" (wm oumimenuem B "0" mmst MHBeptupytomero Pexuma), korna Peructper CpaBHeHHS
OCROx u TCNTO craHoBATCS paBHBI MeXAy coboil mpu [lexkpementupoBanHoM Cuere. I'eHepupyemas Yacrora B
PCPWM-pexnMe MoKeT ObITh paccyrTaHa 1o cienytomei dopmyine:

[fet/o]
f PCPWM = —&/22
OCnx N-510

Ilepemennas N npezacrasisier coboit ko3dduuuent nenenust TakroBoit Yactorer MK, koTOpast, B MOCIEACTBHY,
spnsiercs: TakroBoit Yactoroit T/C, 3Ta mepeMeHHast MOKET MPUHUMAThH 3HadeHus Takoro psaaa: (N=1, N=8, N=64, N=256
niu N=1024).

Kputnueckue 3Hauenus (T.€., co3naronue puck omuoku B padore) ans Peructpa OCROA mpeacraBnstor coboi
ocoObrit ciyuait mpu ['enepupoBanmn [IIMM-uactotst B PCPWM-pexxume. Ecmm OCROA »KBHBaNCHTCH 3HAYCHUIO
BOTTOM, To Ha BriBone Bcerma OymeT HH3KHI ypoBeHb curHana, a, eciiu OCROA=TOP, to Ha BriBoge Bcerma Oyzaer
BBICOKUI YPOBEHb CHUTHana - 3T0 chpaseqnuBo 11 Hellnseptupyromero Pexuma CpasBHenus. [Ina MHBepTupyromero
Pexwma Bce Oymer HaA0OOPOT.

B camoMm nHauane 2-ro mepuona, Pucynok 32, 3sHaueHue Ha BriBoge OCn MeHseT cBoe 3HaueHue ¢ Bricokoro
VYpoBus Ha Husknit naxe, ecim  Pernctpsl CpaBHEHHS HE paBHBL. JTO TapaHTHPYET TC€HEPUPOBAHHUE CHMMETPUYHBIX
UMIyIbCcoB B /IByHampaBieHHoM Pexxume Cuera. DTO BTOpO ciaydaid, KOTa IPOUCXOIUT CMEHA JIOTHYECKOTO YPOBHS 0e3
Cpasnenus Peructpos CpaBHeHus.

* Peructp OCROA wmoxer wuMmeTh 3HaueHHs He paBHble MAX, kak moka3aHo Ha Pucynke 32. Ecmm

OCROA=_TOP(MAX)_, Tto 3naueHue Ha BpriBogme OCn OyneT TakuM e, Kakoe IOIy4aeTcs B pe3yJbTaTe

paBerctBa PeructpoB CpaBHenus npu JlekpementupoBanHoMm Cuere, a 310 "1" - mpu HellHBeptupyromem

Pexxume u "0"- npu UuBeptupyromem Pexume.
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Cummertpus Umnynscos IIIMM-dacToThl rapanTupoBaHa, ecnu 3HadeHue Ha BriBoge OCn, npu TCNTn=MAX,
COOTBETCTBYET 3HAUYCHHIO, IIOJNyYalolIeMycss B pe3yiabTare paBeHcTBa PermctpoB CpaBHEHHS TpH
WukpemenTtupyomem Cuete.

e TaiiMep HauyMHAEeT CUYUTATh C 4YKWCIA HAa EAWHMIY OOJbIIero, deM To, koTopoe 3arpyxeHo B OCROA (t.e.
OCROA+1) u moatomy, mpomyckaer CpaBHenue Ha oauH mnepuoj (maxe, eciu TCNTO u OCROA paBHbI) H,
cJIeIoBaTeNIbHO, He TPOUCXOIUT OIMOOYHOTO U3MEHEHUs CuTHaa Ha BeiBojie OCn (4to moka3zaHo Ha Pucynke 32
— mepuoA 1 TaM mpoIyIieH).

Bpemennbie Inarpammbl Taiimepa/CyeTunka

T/Cn sBasiercst CunxpoHHbIM Mogynem, a TaxtoBsle MMnysbcesl clkro, Kak MOKa3aHO Ha CIEAYIOIIEM PHUCYHKE,
sBisitoTes: Cunxponusupyomumu. Ha Pucynke, Takke, BUIHO, 4TO MPOUCXOAUT Hociie yctraHoBku PDuara IpepriBanus.
Pucynok 33 ummoctpupyer, kak Jlanusle CueTdnka U3MeHA0TCS BO BpeMeHH. Ha Pucynke BugHO, yTo CueTdnk cunuTaer
1o 3nauenuss MAX, 31o otHocurcs ko BceM HIUM-pexumam, kpome PCPWM-pexuma..

clk,q

clky,
(clk,o/1)

TCNTn >< MAX -1 >< MAX X BOTTOM X BOTTOM + 1

TOVn

Pucynoxk 33 - Bpemennsie J{uarpammer Taiimepa/Cuetunka (IIpennenurens He HCIIOIB3YETCS)

PucyHok 34 mokaspIBaeT Te e Mpoliecchl, uTo Ha Pucynke 33, Ho ¢ ucnonb3oBanueM [pennenurens (g o/8)

oo ML
E i i i

TCNTn >< MAX -1 MAX BOTTOM BOTTOM + 1

TOVn

Pucynok 34 Bpemennsie J[uarpammsl Taiimepa/Cuetunka npu ucnonbp3zoBanuu [peanenutens (fouyo/8)

Pucynok 35 wmoctpupyer ycraHoBky dnaro CpaBHenuss OCFOB u OCFOA (B Pexxume CpaBHenust Peructpon

CpasneHnus) Bo Bcex [IIMM-pexumax, 3a uckmodenueM CTC-pexxuma u IIIUM-pexuma, rae Peructp CpaBaenns OCROA
spisieTca TOP-3HaueHnem.

o |_ |_ |_ |_

Peructp: —

TCNTn >< OCRnx -1 OCRnx OCRnx + 1 OCRnx + 2
Peructp: .

OCRnx OCRnx - 3HaueHue

Onar:

OCFnx

Pucynox 35 - Bpemennsie J{narpammsl Taiimepa/Cuerunka ¢ YcranoBkoit ®@maroB OCFOx ¢
ucnone3oBanueM [pemnemurens (foo/8)
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Pucynok 36 nokaseiBaer ycranoBky ®@mara OCFOA u ounmenne TCNTO B CTC-pexxume u FPWM-pexume, rae
OCROA sBnsiercs TOP-3HaueHnem.

|

clky,
(clk,/8)

-

1

TCNTn
(CTC)

TOP - 1

BOTTOM

X BOTTOM + 1

X TOP

OCRnx

TOP

OCFnx

Pucynox 36 - Bpemennsie J{narpammsl Taiimepa/Cuerunka ¢ Ounctioit Taiimepa B Pexunme
CpaBHenus ¢ ucnionb3oBanueM [Ipegnenurens (foyo/8)
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Onucanue Perucrpos 8-0utHoro Taiimepa/Cyerunka ()

Peructp ¥

npasyieHuss A Tanmepa/Cuerunka 0 — «TCCROA»

but Neo
COMOALI COMOA2 COMOB1 COMOBO - - WGMO1 WGMO00 TCCROA
Hrenue/ un un un un q q un un
3anuch
HauanbHble 0 0 0 0 0 0 0 0
3Ha4yeHUs

* butel 7:6 - COMO0A1:0:Bkiaiouen Pe:xxum CpaBHeHus A

Ot 6utel ynpaiusiror BeiBogom OCOA. Ecmu m3 6utoB COMOAL:0 ycTaHoBieH X0Ts ObI onuH (WK 1Ba OUTa),
t0 BriBox OCOA 6yzner urnopupoBats Hopmansaeie @yrakmuu [Topta B/B. OnHAK0, 00paTuTe BHUMaHHE, 9TO OWT,
cootBercTByonuii B Peructpe DDR sTomy BriBomy, mOmkeH OBITH yCTAHOBJEH TakK, YTOOBI ObUT BKIIOUEH

Hpaiisep BeiBoza.

Ecimn AnprepHatuBHas ®dynxumsa OCOA «moxakimodaeTcs» K CBOEMY OJHOMMEHHOMY BriBomy, To ®yHKuuf,
BmouaeMast 6utamu COMOA1:0, ctanoBuTcs 3aBrcuMOl 0T HacTpoek outoB WGMO02:0. B Tabnune 34 mokazaHo, KaKyro
¢yukimo Hecyt 6utet COMOATL:0 mpu ycraHoBineHHbIx WGMO02:0 6urax B HopmansHom Pexume (Normal-pesxum) wim
CTC-pexume (B non-PWM pexumax - He apnstomumucs [IINM-pexxumamu Taiimepa/Cuerdnka).

Tabmuna 34 — Pexxum Cpasrenns B non-PWM (non-IIMM) Pexxumax Taiimepa

| COMOAl || COMAO || Onucanme |
| 0 || 0 || Hopwmanphnas padora nopra /B, @ynkuust (Beisox) OCOA oTkimoueHa |
0 1 [lepexmouenue (nHBepTHpOBaHKe) 3HaueHNA Ha BriBome OCOA B Pexxnme
Cosnanenus PeructpoB CpaBHeHUs
1 0 Ounmenue (B «0») 3nadenus Ha BeiBoge OCOA B Pexxume CoBnageHus

PerucrpoB CpaBHeHHs

VcranoBka (B «1») 3nauenus Ha BeiBoge OCOA B Pexxume CoBnageHus
PeructpoB CpaBHeHus

Tabmuna 35 — Pexxum CpaBrenns Peructpos B FPWM-pexume Taiimepa

COMOA1 ||

COMAOQ

|| Onucanue |

0 I

0

|| Hopmanbshas pabota nopra B/B, @yrakmus (BeiBox) OCOA oTkiroueHa |

WGMO2 = 0: Beisog OCOA otximouer (Hoxxka PB2 ne sBasercst BeiBogom
OCOA, Ho sBsercs BeiBonom PB2, BemosHAOMIM 00BIYHBIE QYHKITUH [TOPTA).
WGMO?2 = 1: IlepexmoueHne (MHBepTHpOBaHHUe) 3HaueHUs Ha Brisoge OCOA B
Pexnme Cosmagerns Peructpos CpaBHeHHS.

Ounmenue (B «0») 3nauenus Ha BeiBone OCOA B Pesxxume CoBnaaeHust
PeructpoB CpaBHeHus, Y cTaHOBKA MPOUCXOIUT mipu gocTwkernn TCNTO
3nayeHuss TOP.

VcranoBka (B «1») 3naduenus Ha BeiBoge OCOA B Pexxume CoBnageHus
PeructpoB CpaBHeHust, ¥YcraHoBKa mpoucxoaut npu goctiwxkennn TCNTO
3HageHus TOP.

IIpumeuanue:

1. OcoOsrit Cmyuait mpenctaBinser coboit ciyuait, xorma Peructp OCROA paBen 3Hagenunto TOP mpu
ycranosieHHOM 6ute COMOAL. B stom Cnyuyae Pesxxum CpaBHeHust urHopupyercs (He pabotaert), a Ha BriBone OCOA
IIPUCYTCTBYET IOCTOSHHBIN JIOTUYECKUN YPOBEHb - BBICOKUN WIM HU3KUHM (TOCIENHEEe 3aBUCUT OT MOJLIPHOCTH Brixona,
KoTOpast 3aBHCHUT OT ycTaHoBKH OuToB COMOAL:0). Obpamaiitece k Pasnmeny Pexum «Pexum beictpoit M-
MOAYJISIIIUK» Ha cTpaHuile 67 (cM. mpeanocnenHui adzarr).
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Tabmmma 36 nemoncTpupyet padoty 6mroB COMOA 1:0, xoraa uepe3 outet WGMO 2:0 BruroueH pexxum Da3oBoit
Koppexuu HLITUM — PCPWM.

Tabnuna 36 — Pexxum CpaBHeHHs PerucTpoB npu BKIIFOYCHHOM PEKUME
®asosoit Koppexiuu UM — PCPWM. .

| COMOAlI ][ COMAO || Onucanue |
| 0 | 0 || Hopmanshas pa6ota nopra, OCOA oTKITOU€H. |

WGMO02 = 0: Hopmanbras padota mopta, OCOA OTKITIOUCH.
0 1 WGMO?2 = 1: [Tepexmouenue ypoHs Ha OCOA mpu cOBaACHUU PETUCTPOB B
Pexume CpaBHeHus.

OCOA ounmaetcs mo CoBnazneHuio PerucTpoB npu HHKpeMeHTHOM cuete. U
1 0 OCOA ycranasnuBaetcs B 1 mo CoBnaeHuio PerucTpoB mpu 1eKpeMEHTHOM
cyere Talimepa.

IIpumeuanue:

1. OcoOpwrii citydaii O6b1BaeT, korma Peructp OCROA skBuBanienTeH 3HaueHuto TOP u ycranosinen 6utr COMOAL.
B stom cinyuae Pexxum CpaHenmss Wrnopupyercs. [logpobHee o0 stom Hammcano B pazaene «IIIMM c¢ dazooit
Koppexrueir (PCPWM-pexxum)» Ha cTp. 68.
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USART - YHupepcaibHblii CHHXpOHHBIM U ACHUHXPOHHBIN
[TocnenoBarenbHbii [Ipuemunk u [lepenatunk

1.

o N R NV RCRERS

=)

11.
12.

[MomHomymnekcHsIN pexuM padoTsl (HesaBucumele Peructpsr as Ilepenatanka u [IpueMuuka c
IIOCJIEZIOBATEIbHON 3arpy3KOU JaHHbIX);

AcuHXpoHHBIH 1 CHHXPOHHBII peXuM paboTsl;

Master- mwnu Slave-taktipoBanre pu CHHXPOHHOM pekuMe padoTsl;

I'enepatop butpeiita (boxapeiita) ¢ BBICOKMM pa3pelieHHeM JUIsl HACTPOMKH CKOPOCTHU Nepeaun JaHHbIX;
HonnepxxuBaemsrit pazmep Kanpa: 5-, 6-, 7-, 8- wm 9-6urtHsiit Kaap u 1 wim 2 Cromnossix bura;
I'eneparop PaBenctBa UetHbIx 1 HeueTHBIX OMTOB, amnmmapaTHas MpoOBepKa Ha paBEHCTBO (YET-HEUET);
Jetexkrop nepenonHeHus JlaHHbIX;

Hetexrop ommbku Kanpa;

Ounbtp lllyma, onpenensroniuii KCTHHHOCTH (J10xkHOCTH) CtaproBoro bura u Iludposoit HuzkouacToTHBIH
OuibTp;

. Tpu otnensHbIx IlpepsiBanus, cpabaTeiBaromnue mo okoH9anuio Ilepenaun JlanHbIX, IpH omycTomeHun Perucrpa

Jannbix npu [lepenave u no okonyanuto Urenus lanupix [IpuemMankom;
MynbsTunponeccopHsiii Pexxum Csizu;
JIBoiinas CkopocTs paboTs! Ipu AcHHXpOHHOM Pexxnme PaboTsr;

O030p

VYupormmennas 6nok-nuarpamma a1t USART — IMepenatunka npusenena Ha pucynke 52. O6pamenue LITY k Pernctpam
BBOJIa/BbIBOA M BEIBoiaM MK Ha Gnok-auarpamMme 0003Ha4eHO SKUPHBIMY JINHUAMH.

| -’ Clock Generator |

I UBRR[H:L] |

| 0sC |

I ¥ I

| I

| BALID RATE GENERATOR ot |

| 4 I

I ll SYNC LOGIC II‘ BIN |

| r o] contrRoL [HTR] XCK

| |

F++———————3--——————— - - —_ === s

I Transmltter_:

— T
: UDR (Transmil) CONTROL |
PARITY |

ol | h 4 GENERATOR |
' I . e FIN 1.
of TRANSMIT SHIFT REGISTER o Tron | D
<] -
ALY ___ o ___1
ol |_ Receiver |

| = cLock Rx |

| RECOVERY CONTROL |

| |

I DATA FIN I

| RECEIVE SHIFT REGISTER RECOVERY -t CONTROL - i RxD

| - |

I L |

T PARITY

| UDR {Receive CHECKER |

| I

[ r - 1

UCSRA UCSRE UCSRC

Pucynok 52 - YrpomenHas 6ok-nguarpamma gt USART — Hepez[aTqHKa(”

[Ipumeuanue: 1. YToOBI yTOUHUTH HHPOPMAIIHIO O pacmoiiokeHn: BeiBoAoB nHTepdetica USART, oOpaTturech k
Pucynky 1 Ha ctpanune 2, -k Tabmume 29 Ha crpanune 56, -k Tabmune 26 Ha ctpanuie 54.
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[IyHKTHpHBIME JTHHHUAMHA Ha OJOK-AHarpamMme OTHeNeHBI Tpu riaBHbIC 9acTH Moxyins USART (pacmonoskeHHBIE
cBepxy B HU3): TakrtoBblil ['eneparop, Ilepenatunk u Ilpuemnuk. Peructpel Ynpasnenus noctynssl BceM monyiasim MK.
Cxema TakroBoro ['eHeparopa COCTOMT W3 CHHXPOHH3UPYIOIIEH JOTUKM a1 BHEUIHMX TakToBeIXx CHIHAJOB,
HCTIONE3YEMBIX B CHHXPOHHOM pexume paboTel M boapeit I'enepatopa (the baud rate generator). BemBom XCK
(TaktupoBanue llepematunka) ucnonsdyercs Toiabko mpu CuuxpoHHON pabote Ilepematumka. IlepemaTdmk cocTouT U3
onnoro bydepa [launbix, IlocnemoBatensHoro Peructpa Cnsura, ['enepatopa PaBenctBa u Jlormueckoit Cxembl
VYupasnenus s 00paboTku paznnuHbix GopmatoB Kangpa. bBydep JlaHHBIX MO3BOJSET HEOPEPHIBHO IEpEaAaBaTh JaHHBIC
0e3 3alepKKH MEXOy IepefaBaeMbIMU Kaapamu. IlpuemMHHK sBisercss Hanboiee CI0KHOW COCTaBHOW YacThIO MOIYJLI
USART, uto obycnoBneHo bmoxom TaktupoBanmst u biokom Ompenenennst CraproBoro buta. biokom Onpenenenus
CrapToBoro bura ucnone3yercst Ast acHHXpPOHHOTO IpueMa JTaHHbIX. Bro6asok k broky Onpenenennst CraptoBoro bura
IMpuemuuk nmeer Cxemy IlpoBepku Ha YerHocts, Chsuroseiii Peructp n /IByxyposuesslit 0ydep (UDR) mist mpuema
naHHbIX. [IpmeMHuK nopnepkuBaer Te ke Qopmarel Kanpa, uto u Ilepemaramk m moxer BbIBiATh OmmbOxu Kanpa,
[Nepenonnenue bydepos n Ommbku Ha YeTHOCTS.

AVR USART «nporuB» AVR UART - CoBmecTuMOCTH

USART nonaocThIO coBMecTHM ¢ MoaysieM UART OTHOCHTENBHO ClieAyIOIETo:
Pacnonoxenue 6utoB BHyTpu Peructpo USART;

Bonpeiit I'eneparopa;

Pa6ortsr [lepenarunka;

OynkmonupoBanus bydepa [lepenarunka;

Paborts! [Ipuemanka;

el e

Opnaxo, Bygep [IpuemHnka umeer 1Ba yiIydmeHns, KOTOpbIE BIUSIOT HA COBMECTHMOCTh B HEKOTOPBIX OCOOBIX
Cy4asx:

1. bbb no6asnen Bropoii Bydepnsiit Peructp. [iBa bydepusix Peructpa paboraror, kak 3aMkHyThI# 110 kKpyry FIFO-
oydep. [Tostomy, Peructp Janubsix UDR cienyeT yutaTh TOJIBKO OJMH pa3 MO MPUXOy JaHHBIX. bolee BaKHBIMU
ABTISIFOTCS: Bo3HUKHOBeHHEe Ommboku Kanpa, o uem cumBommupyet @nar Omubku (FE - «Frame Error» u DOR);
u aeBaThid OuT naHHeX (RXBS), mpuxopsmmuii BMecTe ¢ TONE3HBIMH JaHHBIMU. [loaTomy, mpexie, uyem
ocymecTBiATs ureHne Peructpa UDR, cnenyer uutate but Craryca. B mpotuBHOM cityuae, nHpopmanus o6
omubke OyIeT moTepsHa.

2. Cppurossrii Peructp IlpumemHHKa Temeppr MOXET SBISATbCS bBydepoMm TpeTbero ypoBHA. ITHM MOXKHO
[I0JIb30BAThCA MPU MpUEME JaHHBIX U «cKiaJpiBaHuM» X B CasuroBom Peructpe (cmotpute PucyHok 52), ecnu
Bydep HdaHHBIX eme He OBUT OMYCTOIICH, Koraa mosiBrics HOBBIA CraproBblii but. Takum oOpazom, MOmyihb
USART o6onee ycroituns kx nepenonnennto Peructpa Jlanusix — (DOR - «Data OverRun»). Crnenyrommii bur
VYnpasneHus Terepb UMeeT HOBOE MMs, HO, ITO-IIPEKHEMY, BBIIOJIHICT EepBOHAYANIbHBIE (QYHKINU H UMEET TO XKe
pactnionokeHue B Peructpe, 4To u pasblie:

e  bur CHRY nepenmenosan va UCSZ2.
e bur OR mnepeumenoBad Ha DOR.

TaxkroBbiu I'eHepaTop

TaxkroBerii ['enepaTop BeIpabaTeiBaeT 6a30BYyr0 YacToTy it padothl [lepenarunka u [Ipuemunka. USART moanepxuBaet 4
pexxuma padotel TakroBoro I'eneparopa. butr UMSEL B «Peructpe Craryca u Ynpasienus — UCSRC» momyns USART
OCYyIIECTBIISICT BBIOOP Mexny AcHHXpoHHBIM H CuHXpoHHBIM Pexnmom PaGotel. [IBoiiHast Ckopocth Pabotsr
(ucmonp3yeTcst TONBKO B ACHHXpOHHOM Pesknme) Beioupaercs outom U2X, kotoperit Haxoautes B Peructpe UCSRA. Tlpu
ucnonb3oBanun CunxponHoro Pexxuma (UMSEL=1), Peructp DDRx ans BeiBona XCK (DDR_XCK) onpeznensier kakoi
HCTOYHHK TaKTHPOBaHH OYHET HCIOJIB30BAThCSA, BHYTpeHHU nnu BHeUIHwiA, cOOTBETCTBEHHO, 3T0 Master-peskum min
Slave-pexum.
Ha Pucynke 53 nmokazana 6ok-gauarpamma TaktoBoro I'eneparopa.
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| UBRR |
uz2x
* fosc
Prescaling UBRR+1 _ _ N
Down-Counter 2 /4 2
A
0
0SC — 1 txclk
DDR_XCK
Y v
Sync - Edge _
xcki Register Detector o
XCK L — UMSEL
Pin |q"K° Y >l
DDR_XCK UCPOL
rxclk

Pucynok 53 - bnok-nuarpamma TakroBoro I'enepatopa USART

OnmcaHne CUrHAJIOB:

txclk — TakroBbiii Curnan IlepenaTdauka (BHyTpEHHUH CUTHAN);

rxclk — bazoBerii TakToBeii Curnan [IpueMHuka (BHyTpEeHHUI CUTHAN);

xcki — Bxon ¢ Hoxku XCK (BHYTpeHHUH curHan). Mcnons3yercs st cHHXpoHU3anuy B Pexxume Slave.
xcko — BriBog TaktoBoro Curnana Ha HOxKyXCK. Mcnons3yetcs st cuHXpoHU3auu B Pexnme Mastre.
fosc — XTAL-noxka (BeiBoz g Cuctemuoii TakroBoi YacTOTE).

Nk =

Buyrpennuit  TakroBbiii I'enepatop -  boapeir
I'enepartop

Buytpennnit TaktoBslit ['eneparop ucnonszyercsa ans AcuHxpoHHONH u CHHXpOHHOH paboThl B pexumMe Master.
HanmcanHoe B 3TOoM paszerne oTHocutcs K Pucynky 53. Permctp UBRR u Cuetunk O6paTtHoro Cuera BBICTYNAIOT B
Ka4yecTBE MPOTrpaMMUpPYyeMOro mpeanenuTens, nomydaerca boapeit I'enepatop. Cuetunk O6patHoro Cuera TaKTHPYETCS
CucrtemHoit TakroBoit YactoToit (fosc), a HacTpauBaeTcs OH 3arpy3Kkoi 3HaueHus u3 Peructpa UBRR, xoTopas mpoucxoaur
Kaxapld pas npu oOHyneHun Cuetunka OOpatHoro Cuera wiu npu 3amucu B Permctp UBRRL. TakToBbIi UMIyibC
BbIpabaThIBacTCs KaXIblil pa3, kKorna npoucxoaut oonynenne Cuerdnka O6patHoro Cuera. TakroBas wactora bompeir
I'ereparopa Beramcisiercs o gpopmysne: (output =fosc/(UBRR+1)). [lepenarunk nenut yactoty boapeiit ['enepaTopa output
Ha 2, 8 wm 16 B 3aBucumoctH OoT Pexkmma. YactoTa output HCHONB3yeTcs HEMOCPEACTBEHHO JUIS TaKTHPOBAHHS
IMpuemnuka u bnoka Ompenenenust CraproBoro burta [lannpix. _ .Tabmuma 48 conmepXuT ypaBHEHHs Ul pacdeTa
Bonpeiita (burpefita) um 3Ha4YeHHs, KoTopoe ciemyeT 3arpy3uTh B Permctp UBRR mns kaxmoro pexxuma paOOTHI,
UCTIONB3YIOIIET0 BHYTPEHHUH HCTOYHUK TAKTOBOW YaCTOTHI.
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Tabnmna 48 - YpaBHeHnus as eraucieHus bopapeiita u 3Hauenns Peructpa UBRR

PesxuM paboThL VpaBHEHUs 111 BEIYUCICHUSA YpaBHEHUS TS BEIYUCICHUS
P Bonpeiita 3HaueHus Peructpa UBRR

Acunxponnsit Hopmanbubiit Pexum BAUD = fosc ! _ Josc

(U2X = 0) o 16(UBRR +1) UBRR = Se84uD |

AcuHxpoHHbIN Pexum ¢ Y 1BoeHHOM BAUD = Josc UBRR = Tosc _

Ckopoctpro(U2X = 1) 8(UBRR+1) 8BAUD

CuHXpoHHBII Master-pexum BAUD = L UBRR = fosc
2[{IBRR+1) - 28.4{’19_

BAUD - BoapeiT - ckopocTh mepeaauu JaHHbIX, IPEJICTABISIET CO00H openeeHHOe KOJIMYECTBO MepeiaBaeMbIX OUTOB B
CEeKyH]y, yaie Bcero 1 601=8 6ur/c;

fosc — CucremHas TakTOBas 4acToTa;

UBRR - 310 Peructp misa nactpoiiku boapeiita, coctout on u3 AByx Peructpos UBRRH u UBRRL, makcumanbHoe
3HaueHHUE , KoTopoe MokHO 3amucaTh B UBRR sBnstercst 12-6utHbiM (0-4095). Heckonbko IpuMepoB 3HAYEHUN
st Peructpa UBRR ¢ cOOTBETCTBYIOIIMME MM YacTOTAMH IpHUBECHEI B Tabmuie 56 (cMotpure ctpanuity 133).

JBoiinass Cxopoctb Padornl (U2X)

[IpuHUMaeMbIif TOTOK JaHHBIX MOXKET OBITH YIBOEGH HACTpOWKoi coorBercTByromero Oura U2X B Pernctpe UCSRA.
YcranoBka 3toro 6ura maet 3¢¢dexT Tobko mpu AcuuxponHoi padote USART. D1oT OHT ciieayeT cOpachiBaTh B HOJIb,
ecnu ucnonb3yercs CuuxponHbli Pexxum Pabotst USART. YcraHoBka 3TOro OuMTa yMEHBIIMT KOA(MGHULIUCHT ACICHHS
nenutens ans boapeiita ¢ 16 mo 8, TakuM 06pa3oM, IOBBICHB B JIBa pasa Iepeaady AaHHBIX NpU ACHHXPOHHOM Pexmnme
Pa6otet USART. Onnako, obpatute BHUMaHUe, 4TO [IpHEMHHK B 3TOM Cly4yae MCIOJB3YET TOJILKO IMOJIOBUHY 4YHCIA
BEIOOPOK (BBIOOpKA yMeHbIHTCA ¢ 16 mo 8 wmmimynbcoB) misa ompenencHus butoB [lamHeix um ompenerneHus bura
CHHXpOHM3AIMY, ¥, TAaKUM O0Opa3oM, IPEABSBISIOTCS IOBBINICHHBbIE TpeOOBaHMS K TOYHOCTH HacTpoiku boxpeiita m
crabmipHocTH CucteMuoi TaxkTtoBoi HacToThl. .

TaxTupoBanue ot Buemnero Ucrounuka

TaktupoBanue or Buemnero Vcrounuka ucnonb3yercs B CHuHXpoHHOM Slave-pexkxume pabotbl. HamucanHoe B
3TOM paszene otHocutTcss K Pucynky 53. Taktel or Bremmnuero Mcrounmka moctymaioT Ha HOXKY XCK B Peructp
CuHXpOHU3aIUU TSt 00pabOTKH. 3aTeM, 3TH TaKThI C Bhixona Peructpa CHHXpOHU3AIMK JOJHKHBI IPOUTH depe3 JleTexTop
®poHTa U TOJBKO MOCJE 3TOT0 OHU MOTYT OBITh MCTONB30BaHbI [lepenaTunkomM u [IpueMHUKOM. DTOT Mpoliecc 3aHUMaeT
nBa TakToBbIX Hukia LIITY, To ecth, momyuyaercs 3aiepikka, OTCIOAa — MakcMMalbHasg yactota Buemnero McrouHuka,
noctynaromias Ha HOXKy XCK, orpaHudeHa cieIyioluM YPaBHEHUEM:

Tosc

fxck <3

[Ipumedanue: 3naueHue fo 3aBUCUT OT cTabnibHOCTH CuctemMHon TakToBoi YacToThl. [ToaTOMYy pekomMeHayeTCs
3TO YYUTHIBATh JISI TOTO, YTOOBI HCKIIFOUUTH BO3MOXKHYIO TIOTEPIO TaHHBIX.
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Pa6ora B Cunxponnom Pexxume

[Tpu Pabote B CunxponHoMm Pexxume (UMSEL=1) BriBoxg XCK ucnons3yercs kak TaxToBslii Bxox (Slave-pexum)
ninn kak TaktoBbii Beixon (Master-pexum). 3mecs npuHIUN paboThl B TOM, yTo Bxomueie JlaHHbIE (MTOCTyMaroniue Ha
BreBon RxD) coMmmmpyrorcs (OCyIIECTBISCTCS BBIOOpKA) MPOTHBOIOJOXKHBIM (DPOHTOM TakToBOoro mmmyisca XCK
OTHOCHUTEIHHO TOTO PPOHTA, KOTOPHIM OCYIIECTBIIACTCS Tiepenada qaHHbIX Ha BeiBoa TxD:

womo X Y Y Y

*— Sample

UCPOL =0 XCK

oo XXX

*— Sample

Pucynox 54 — Bpemensnsie quarpamMmsl 111 CHHXpOHHOTO pekuMa

Burer UCPOL u UCRSC ompenenstor, kakoid ¢poHT curHama Ha XCK wucmomb3yercs IS COMILTHPOBAHUS
Bxomaerx [lanaeix u Beixogueix. Ha Pucynke 54 moxaszaHo, uro, korga 6ut UCPOL = 0, to butel Beixoguerx JlaHHBIX
OynyT MeHsAThcs mo Hapacrtatomiemy ¢porty XCK, a commmmpoBathest — mo cmagatomemy ¢porty XCK. Ecmu Out
UCPOL=1, to buret Bexomueix [daHHBIX OyZyT MeHATBCA o HapacrtaromeMmy ¢pponty XCK, a Bxomaeie JlaHHBIC
COMIUTUPYIOTCS 10 HapacTaoumeMy (QpoHTy.

dopmat Kaapa
@opmar Kazmpa omnpenenser cBoiictBa mopruu butoB JlaHHBIX, TIZ€ JJOJDKHBI TNPHCYTCTBOBATh OWTEHI

CHHXPOHH3AINK (CTApTOBBIM U CTOMOBBINA) U JOMONHUTENHFHO MOXHO BHecTH butel YetHoctu. Monyns USART pabGotaer
€O BCEMHU CIIECTYIOUUMH KOMOWHAIIMSAMHU KaJpOB:

e | - Craprosslii bur;

e 56,7,8 mm 9 buros JlaHHBIX;

e  burel YetHoctu (HeueTHOCTH) MOTYT MPUCYTCTBOBATh WJIK OTCYTCTBOBATb;

e | wu 2 CronoBbixX bura;

Kanp naunnaercs co CraproBoro bura, oH sBiseTcst cambiM MiaqmuM. CrieioM 3a HUM UAYT butel JlaHHBIX 0TMH
3a APYrUM MOCJIEIOBaTENbHO, 3akaHunBaeTcss Kaap campiM ctapmum OutoB. Ecim 3to paspemieno, To butel UetHocTn
(HeuetHnoctu) OyayT BCTaBIAThCA cpa3y mocie butoB JlaHHbIX H, ogHOBpeMeHHO, nepen CtomoBeiM Outom. Korma
nepegada ganHoro Kazapa OymeT 3akoHYeHa, HEMOCPEACTBEHHO 3a HMM MOXKET IocienoBarh apyroit Kaap c¢ HOBeIMHU
JTAaHHBIMHY, B IPOTHBHOM CIIy4dae, IMHUA CBSA3U IepexoauT B Xosnoctoe CocTosiHUE, KOT/Ia Ha IMHUN IPUCYTCTBYET BBICOKUN
JIOTHYECKUI ypoBeHb. PHUCYHOK 55 wiumocTpupyeT BO3MOXKHBIE KoMmOuHanuu ¢opmara Kaapa. butel BHyTpu cKoOOK
SIBIITFOTCS ONIIHOHATIFHO BKITFOYaEMBIMU (ECIIH TPEOYIOTCS).

FRAME I

(IDLE) \St / 0 X 1 X 2 X 3 X 4 X[S]X[E]X[TJX[EJX[PJ /Sp1 (Sp2]\ (St/IDLE)

Pucynok 55 — ®opmar Kazpa

St — CrapToBslil but (Bcerna sBIS€TCSI HU3KUM JIOT. YPOBHEM);
(n) — bute Jauseix (ot 0 1o 8);

P — but YetHoct (HeuetHOCTH);

FRAME - Becs Kanp;
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e  Sp - Cronosslil but (Bceraa siBisieTcss BEICOKUM JIOT. YPOBHEM);
e IDLE - Her nepenauu Ha nunuu cBsizu (RxD wnu TxD).

®opmar Kanmpa mis USART ycranaBmuBaercss buramu UCSZ2:0, UPM1:0 u USBS B Peructpax UCSRB u
UCSRC. Ilpuemnnk u IlepenaTdank NoJabp3yIOTCS OAMHAKOBBIMU HacTpoiikaMu. OOpaTHTe BHUMAaHHUE, 9TO CMEHA HACTPOCK
3TuX OuToB BO BpeMsa paboTrel USART HempemeHHO naeT cO0od BO BpeMms CBsa3M, Kak qia [IpuemHuka, Tak U s
Ilepenaruuka.

buter SIZe (UCSZ2:0) nactpauBaroT yuciio buros lanueix B Kaape. butst UPM1:0 pa3pemaior u HacTpauBaroT
kakoi tun burtoB mcmoss3oBars YerHoct mim HewerHoctn. Bri6op mexny aByms mimm ogauM CrtonoBeiMH Butamu
ocymectBisieT but USBS. Ilpuemuank urHopupyet Bropoit Cromossiii but. FE (Frame Error — Ommbka Kamgpa) Oyzer
onpeneneHa Tonbko, eciau Ilepeiii Cronosslil but pasen Hyito.

Boiruucienue bura Yernoctn (HeyeTHOCTH)

Brraucnenue unet Mckmouaromum UJIN s Bcex buros Jlanueix. Ecnu ucnonsdyercs but Heuetnoctu (Odd),
TO pesyabTar onepanuu Mckmovaromee NJIM uneptupyetcs. CooTHomeHuss mexay butamu Uernoctu (HedeTHocTH) 1
burtamu JlanHbIX cieayroue:
f!llg @ [i2 @ (l'r-l
f!llg @ [i2 @ (l'r-l

even — T n-—

.. ® @ u"c,
P\'chﬂr: [f”_ _..ﬂ:" '\_BUFOE}1
e  P..n,— bur YetHocru;

e P, — bur Heuetnocru;

e d, - bur/lanHbx;

Ecau bur Yernoctu (HeuetHocTH) Hcmosib3yeTcs, TO OH pacrojiaraercss Mexay nocieqHuMm burtom J[aHHBIX U
[IepBeiM CronoBsiM butom.

Muaunnuanuzanusa USART (3aganue HayaIbHBIX YCJIOBHIA)

Wuntmanm3anust USART nomwkHa OBITH cjenaHa Tpexae, YeM OTOT MOIyJdb OyJeT WCIMOIb30BaH s
OCyIIECTBJICHUS CBs3U. [Iporiecc MHMIMAIM3AIMM COCTOMT W3 HacTpoilku boxpeiita, Hactpoiixu ¢opmara Kampa u
BKIIIOYCHHUS paspemieHus pabotel Ilepematumka w/wim IIpmemuunka. Bo Bpems maummanusamumun USART IlpepriBanus
JIOJDKHBI OBITH 3anpernieHs! [ mobansHo. [Ipu penHnnnann3anueii, korga Hajgo noMeHsITh boapeitt mwim ¢popmar Kanpa, Hamo
YIOCTOBEPUTHCSI, UYTO B 3TOT MOMEHT HE OCYHICCTBIACTCS OOMEH MaHHbIMH N0 JHHUHU cBsi3u. @mar TXC moxer OBITH
HCTIONB30BaH IS TOTO, YTOOBI ONPEeNIUTh, YTO Tepeiavya JaHHBIX Oblta 3aBepiieHa. A ®@mar RXC M0XHO HCHOIB30BaTh
IUTS TOTO, 9YTOOBI YAOCTOBEPUTHCS, YTO B bydepe mprueMHrKa HE OCTaOCh HE MPOYUTAHHBIX MaHHBIX. OOpaTuTe BHUMAHUE,
yto ®nar TXC gomkeH oyuIaThes KaxkIblil pa3 mepen nepenayeil AJaHHbIX (mepen 3anmuchbio naHHbIX B Peructp UDR),
KOHEYHO, ecI ATOT DJar HCrmob3yeTcs B 3TUX IEIIX.
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Crnenyromue mpuMepsl koma is uHunuanmsanud USART mokaspBaror omHy AccemOnepHyto u omHy C-
(YHKIMIO, KOTOpBIE MEXIy CO0O0It SKBUBAJICHTHBI. DTH IMPUMEpHI MperoaraloT AcuHXpoHHbIi Pexxnm Padotsr USART c
MePUOANYECKUM OIpocoM (h1aroB (Korja mpepbIBaHus 3ampelieHbl) 1 ¢pukcupoBanHblid popmar Kazgpa. [lepemennast amst
HacTpoiiku boxpeiita sBisiercst BXOAHbIM mapamerpoMm QyHkuuu. [ns AccemOiepHo#l (QyHKUMU TepeMeHHas s

Hactpoiku boxapeiita coxpanena B Peructpax R17 u R16.

Assembly Code Examplet"

USART Init:
; Set baud rate
rl7

rle

out UBRRH,
ocut TURERL,
: Enable receiver and transmitter
1di rl6, (1<<RXEN) | (l<<TXEN)
out UCSREE,rlé
; Set frame format:

8data, Z2stop bit

1di rl6, (1<<USBS) |(3<<UCSZ0)
out UCSRC,rlé
ret

C Code Examplet"

I

vold USART Tnit( unsigned int baud )
{

/* Set baud rate */

UBRERH = (unsigned char) (baud=>8) ;

UBRRL = (unsigned char)baud;
/* Enable receiver
UCSRE = (l=<RXEN)

/* Set frame format:

and transmitter */
{l==TXEN) ;
Bdata,

UCSRC = (l<<USBS) | (3<<UCSZ0);

Zetop kit

*
/

HpI/IMe‘IaHI/IeZ 1. HpeanonaraeTc;I, YTO COOTBCTCTBYIOMINE 3ar0JIOBOYHBIC (I)aﬁﬂbl IIOJK/IIOYCHBI. _.

Bonee ynuBepcaipHble (QYHKIMN WHULHAIN3ALUN MOTYT NMETh B KadecTBE BXOJIHBIX MmapameTpoB ¢opmar Kaapa
u 3ampemiats/paspemars [IpepsiBanus u T.1. OnHAKO, MHOTHE PUIIOKEHUS UCTIONB3YIOT (huKcupoBaHHBIN dopmart Kampa,
¢dukcupoBaHHblil BoapeiT u Hactpoiiky Ynpasnstonmx PeructpoB u B 3ToM ciydae umHunmaimzauus USART mosxer
IIPOBOIUTHCA NpsAMo B I'maBHO# [Iporpamme uiam MokeT KOMOMHUPOBATHCSA KOJIOM MHUIMANH3AaUUH Ipyrux [/O-moxyrneit.
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Ilepenaua Jannbix — I[lepenatuuk USART

Pa6ora Ilepenatunka USART pa3zpemaercs ycranoBkoit bura TXEN B Peructpe UCSRB. Ecnu 310 caenano, To
HOpMaslbHas (YHKIMSA IOPTA, IZIe HaXOAUTCS HOKKa TxD, urHopupyercs, U eif Ha3HavaeTcsl QYHKIMS HOCIeI0BaTeIbHON
nepenaun AanHbeix ot [lepepartunka USART. bonpeiit, Pexxum PaGots! u ¢popmar Kagpa 10/mKHBI OBITH HACTPOCHBI IEpe]
TeM, KaKk HavaTh Nojb3oBaThes [lepemadeit Jlanuwix. Ecim wmcmonb3yercs CunxponHbli Pexum PaboTel, TO apyrue
¢yukiun Hoxkn XCK OyayT urHopupoBathesi, @ 3TOT BbiBox OyneT MCHONb30BaThCsl KaK JIMHHUS CHUHXPOHHM3ALMH TPH
nepenaye JaHHBIX.

Ilepecbiika Kaapos pasmepom ot Spo 8 buroB /laHHBIX

Ilepenaua JlaHHBIX HaumHaeTcsa mocie 3arpy3ku B Bydep Ilepemardnka moie3HBIX MAaHHBIX, KOTOPBIC HAIO
ormpaButh 1o JuHUH CBA3u. LY moxxer 3amomuuth 3T0T Bydep 3ammcaB coorBerctByromme Ilonesnpie laHHBIC B
Peructp UDR. Ot Bydepusupopanusie [lonesusie Jannbie nepemectsaTces B Casurossiii Peructp, korma 3ToT Peructp
OyneT roToB oTmpaBuTh HOBBIM Kaap. CapuroBwiii Peructp 3arpy3ut B ceOst HoBble [lone3nbie JaHHBIC, €clu JMHHS
nepeayn HaxoxuTcs B XosoctoM Cocrostauu (Idle) mnmm HemeanenHo nocne nocneanero CronoBoro buta npeapiaymero
nepemasaemoro kanpa. Korma Casurossiii Peructp 3arpy3utcs HoeiMu Ilonesusivu JJaHHBIME, OH HAaUHET IepeaBaTh UX
¢ 3apaHee YCTaHOBJIEHHOW CKOPOCTHIO, ckopocTh (Bompeiit) 3aBucut He Tosbko oT Peructpa UBRR, HO 1 oT buta U2X n
XCK, B 3aBHCHMOCTH OT BEIOpaHHOTO Pexnma.

Crnenyromuii mpumep Koia colepXuT mpoctyo ¢yHkuuio i Ilepemaum [lanubsix npu ompoce Piara
Omnycromenuns Perucrpa Januerx UDRE. [Ipu ucnons3zoBannu popmara Kagpa mMensmero, uem 8 Our, To Ooyee crapuime
o HOMEpY paspsiiga OWTHI, KOTOphIe 3amuchiBaroTcs B Peructp JaHHEBIX, mpocTto urHopupytotcs. USART momkeH ObITH
WHHUIUATIM3UPOBaH TIepe] HCIOoJib30BaHWeM dTHX ¢GyHKuuid. [ng AccemOnepHod ¢QyHKUMM npennonaraercs, 49To
nepeiaBaeMble JaHHBIC TIPEBApUTEIILHO coxpaHstorces B Peructp R16.

Assembly Code Example'"

USART Transmit:
; Wait for empty transmit buffer
sbis UCSRZ, UDRE
rjmp USART Transmit
; Put data (rif) into buffer, sends the data
out UDR,rlé

ret
C Code Example!"

void USART Transmit | unsigned char data |

{
/* Wait for empty transmit buffer */
while ( !{ UCSRA & (1l«<<UDRE)}) )

/* Put data inteo buffer, sends the data */
UDE = data;

[Mpumeuanue: 1. [IpenmnonaraeTcs, 4TO COOTBETCTBYIOLINE 3ar0JI0BOYHBIE (halliIbl MOIKIIOYEHBI. _.
OTH QYHKIUH MPOCTO XKIYT, moka nmossutcs @mar UDRE, uro OyneT cumMBoIH3upoBath 00 omycromennu bydepa

Iepenatunxka. Ecmu IIpepriBanue no Omycromenuto Peructpa UDR pazpemeno, To IpH OMyCTOIEHUH €ro MPOUu30iiaeT
ycranoBka @ara UDRE u moxnporpamma (pynkmwst) 3amumet Hoseie Janabie B Peructp UDR.
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Ilepecsuika Kaapa ¢ 9 buramu {annbix

Ecmu ucnionssyetcst 9-6utnbiit pasmep Kagpa (UCSZ = 7), Torna 9it but nomxken OviTh 3anucan B butr TXB8 B
Peructpe UCSRB 1o Toro, kak mianmmii 6aiiT 6yzer 3anucan B Peructp UDR. Crnenyrommii mpumep Kona cogepxur
¢byuknuo 06padotku 9-6utHoro Kazapa. Jlns AcceMOaepHON (BYHKIIMHU MPEIIIOIaracTcs, 4To nepeaaBacMbIe JaHHbIC

IIpeaBapuTeNbHO coxpaHsioTcs B Peructpax R17:R16.

Assembly Code Example("@

USART_Transmit:
; Wait for empty transmit buffer

sbis UCSEZ,UDRE

rimp USART Transmit

; Copy 9th bit from rl17 to TXBS

cbi UCSREE, TEES

sbre rl7,0

sbi UCSRE, TXES

out UDR,rlé

ret

Put LSB data (ril6) inte buffer, sends the data

C Code Example!!@

void USART Transmit( unsigned int data )
{

/* Wait for empty transmit buffer */

while ( !( UCSRR & (l<<UDRE)}) )
;

/* Copy 9th bit to TXB§ */

UCSEE &= ~(1<<THES8);
if { data & 0x0100 )
UCSRB |= (1<<TXB8);

/* Put data into buffer, sends the data */

UDR = data;

[Ipumeuanue: 1. OTi QyHKIMH MOTYT OBITh OITUMHU3UPOBAHEI, eciu conepykanue Peructpa UCSRB cnenath
cratuueckuM. K mpumepy, MOXKHO HCIOJIB30BaTh MOCIEe MHULMaIU3auuu Tosibko but TXB8

Peructpa UCSRB.

2. HpennonaraeTca, YTO COOTBETCTBYIOIINUEC 3ar0JIOBOYHBIC (I)aﬁﬂbl INOJKJIOYCHEI. _.

Jesterii but MoxeT ObITh HCIIOIB30BaH AJI MHAMKaNWU anpeca Kaapa npu MynbsTunporeccoproi CBsI3H WM I APYTHX

HYX[, K IPUMEPY, CAHXPOHU3ALUH.
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dJjaru llepegaruuka u IpepbiBanus

USART Ilepenatunk mmeer nBa ®mnara s mHaukauuu Ero coctosuums: @mar UDRE roeoput o TOM, uTO
Peructp UDRE niyct, a ®nar TXC — o Tom, uto [lepenada /lanasix 3aBepuieHa. O6a 3tu ¢ara MOTyT OBITh HCTIOIB30BAHBI
211 reHepupoBanust [IpepbiBaHuii .

®nar UDRE ycranaBnuBaetcsi, korna bydep Ilepenatunka rotoB cuoBa npunste Hosbie [lanuble. JtoT bur
ycraHasiuBaercs, koraa bydep Ilepenarunka onycromaercs, a ounmaercst ®unar, korna bydep npunumaer lanubie s
[Tepenaun, koTopble He ObLIH elle mepeMelieHsl B CiBurossiii Peructp. J{ms COBMECTUMOCTH TPOTPAMMHOTO O0ecTieueHus
¢ Oymymumu yerpoticteamu (MK) Bcerna ycranasnmsaiite 31oT but B Honb nipu 3amucu B Peructp UCSRA.

Ipu ycranoBke bura UDRIE B Peructpe UCSRB mpoucxomut paspemeHue cpabateiBaHus [IpepriBaHus 10
omycromenuio Perucrpa UDR, sto IlpeprsiBanue Oyner BBI3BIBaThCS Tak 10Jro, moka OHO OymeT paspemieHo (IOKeH
ObITh ycraHOBICH [ moGameHBI But paspemenus I[IpepriBanumit). UDRE oummaercs mpw 3ammcu gaHHeIx B UDR.
Oo6paboTunk [IpepriBanus (QpyHkusa) nomkna 3amucate HoBeie JJanabie B8 UDR miis Toro, uto0s cHATh @aar UDRE wmun
06paboTunk MoxkeT 3ampeTuth IIpepsiBanue mo OMyCTONICHHIO, B IMPOTHBHOM CiIydae IpephIBaHWE MPOM30HAET CHOBa
nocie Bbixona u3 [loamporpammer O6paboTyuKa.

@nar TXC ycranaBimuBaercs B 1, koraa Beck Kanp 66u1 «BeIIBUHYT» U3 CriBUroBOrO Perucrpa, a HOBBIC TaHHBIC B
Peructp UDR He moctymumun. @mar TXC oummiaercs aBTOMaTHYECKH, KOTJa IO 3aBEpIICHUIO Iepefadd TaHHBIX
BbI3bIBaeTCs lIpepbIBaHne Wi, emie, OH MOXET OBITh OUHINEH 3alUChI0 B Hero jJorndeckoit eaunuipl. @uar TXC nonezeH
npu [lomymymnekcHoit Csizu (k mpumMepy, uHTepdeiric RS-485), xorga npriiokeHne NOHKHO MO 3aBEPUICHUIO Mepeadn
HEMEJICHHO OCBOOOANTDH JIMHUIO CBSI3U U BOWTH B Pexxum [Ipuemunka.

\

Ecm B Peructpe UCSRB ycranonmen bur TXCIE, Tto mo 3aBepmenuto Ilepemaum [lanHBIX Oynmer
ycranaBiuBatbes @mar TXC u Oyzaer Bo3eiBaThes [IpepriBanue ([JomkHO OBITH ycTaHOBIIEHO [J100anbHOE pasperncHue
IMpepeiBanmii). Korna cpadateiBaer IlpepriBanne mo 3aBepmenuto [lepemaun [lannbix, O6pabotumk IlpepeiBanHus He
nomkeH ogniiate @nar TXC, 310 IpOUCXOAUT aBTOMATHYECKH ITpH cpabaTeiBaHuH [IpeprIBaHus.

I'enepatop Yernoctm (HeuerHoctn) - I'eHepartop
PaBencrBa

I'enepaTop PaBenctBa noacuuteiBaeT butel PaBenctBa (buthl Yernoctu u Heuetnoctu) B Kagpe mannsix. Ecnu
bur UPM=1, to Jlornueckass Cxema Ilepenatumka BctaBuser bur PaBencrtBa mexay nocineanum burom J[aHHBIX u
[IepBriM CronoBsiM butom B Kaape, KoTopbli ciiegyeT 0ToCnath.

Boikirouenue IlepenaTunka (3anper)

Beixmouenue [epenatunka (ycranoBkoit bura TXEN B Honb) He aacT 3¢ ¢exTa, noka U, eciu rnepeaadya JaHHbIX
eme He 3aBepmieHa. _ . Korma xe Ilepematumk OyneT BBHIKIIIOYEH, OH Ooible HE cMoxeT MrHopupoBaTe HOpMajbHBIC
(oObrunbie) pyHkumu BeiBojaa TxD.
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IIpuem /lannbix — [llpuemunk USART

Pa6ora IIpuemanka USART paspemaetcs yctanoBkoit buta RXEN B enunuIly, KOTOpBIA HaxoauTcs B Peructpe
UCSRB. IIpu pa3pemenun pabdotsl [Ipuemunka HopmanbHas QyHKuus (paborta) BeiBoga RxD mrHopupyercss MomyieM
USART w eii Haznauaercs pynkuust Bxona IIpuemHuka ¢ mocienoBarenbHbIM preMoM aaHHbIX. Hacrtpoiika Bonpeiira,
Pexuma Pabotsl 1 @opmat Kanpa momkaa OBITE caenaHa o Toro, Kak [IpreMHUK OyaeT UCTIoNb30BaThCs [0 HA3HAUECHUIO.
Ecmu ucnioneiyerca Cunxponsslii Pexxim PaboTel, To TakTel Ha BeiBoge XCK OynyT HCIOIB30BATHCS IS CHHXPOHHU3AINN
nepesayn.

IIpuem Kaapa ¢ S u 8 burtamu /laHHbIX

[IpuemHuk HaunHaeT npuHUMaTh butel JlaHHBIX, KOorja ycnemHo onpeaenser npuxon CraproBoro bura. Kaxapii
OuT, NAYIIUHA 32 CTAPTOBBIM, OyZET OTCEMIUTMPOBAH (BHIOpPAaH) B COOTBETCTBUU C NPENyCTaHOBIEHHBIM boapeiitom, mibo B
COOTBETCTBUH C CHHXPOHU3YIOIIMMH TakTaMu Ha BbIBoAe XCK, manee onm OynyT mepenaBatecsi B CnBUroBBIl Peructp,
moka He Oyner mpuHAT llepseiit CtomoBbiii bur. Btopoit Cromnossni but Ilpmemunkom Oyner urnopupoBatbes. 1lo
npuxoxy Ilepsoro CromoBoro bumra Bech Kamp oxaseiBaercs B CraBuroBom Peructpe, oTKyZga ero copaepkumoe
nepememaercs B bydep [Ipuemnnka. bydep [Ipuemunka Mmoxket ObITh IpounTaH yepes uyrenne Peructpa Jlanueix UDR.

Crnenyrmomuii mpocToil mpuMep Kojaa MokaspiBaeT npoctyio ¢yHkuuioo it [Ipuemnnka USART, kortopas
6asupyetcs Ha ompoce (mara RXC, KOTOpHIi, B CBOIO O4Yepellb, TOBOPUT 00 OKOHYAHUU TpueMma. [Ipu MCToab30BaHUU
Pasmepa Kagpa menpmero, uem 8 bur [lanHbIX, Oonee crapmme 6utsl w3 UDR OymyT unTathes kak Hymu. Hacrtpoiika
USART nomxkHa OBITE BEIITOJIHEHA JI0 TOTO, KaK IMOJT00HAs (PYHKIUS OyIeT UCIOIh30BATHCS.

Assembly Code Example'"

USART Receiwve:
; Wait for data to be received

shis UCZSEA, FRXHC

rijmp USART Recelve

; Get and return received data from buffer

in rlé, UDE

ret

C Code Example'!

unsigned char TUSART Receive( woid )
/* Wait for data to be received */
while (| ! ({TCSE2 & (l=<RXC)) )
i
/* Get and return received data from buffer */

return UDE;

[Mpumeuanue: 1. [IpenmnonaraeTcs, 4TO COOTBETCTBYIOLINE 3ar0JI0BOYHBIE (halliIbl MOIKITIOYEHBI. _.
Orta QyHKIU (HOAIpOrpaMMa) MpoCcTo 0XKUAACT, TI0Ka JaHHbIE He nosBsTcs B bydepe [Ipuemuuka, st 3Toro ona

moctostHHO nipoBepsieT @mar RXC. Ilocne Toro, kak 3ToT ®nar ycraHourcs B 1, 3ta pynkus npouuntaet Peructp UDR u
BO3BPATUT €0 3HAUYCHHE.
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IIpuem Kaapa ¢ 9 buramu Jannabix

Ecmu ucnonesyetcs pasmep Kaapa pasusiii 9 butam (B aToMm ciydae B Peructp UCSZ 3arpyskaetcs uucio 7), To B
kadectBe 9 bura JlannHeix ucnonsdyetcs bur RXB8, xotopsrii Haxogurcs B Peructpe UCSRB. Ot0T but nomxeH OBITh
[IPOYNUTAH paHbIIE OCTAJBHBIX Ooyiee MiAAUINX OWTOB, KoTOphle Haxomsrcs B UDR. IlpaBunpHBIM moaxoioMm Oyaer
cHavana yutath Craryc-®naru, takue kak: FE, DOR u UPE. Onu naxonsarcs B Peructpe UCSRA. Ilocne uero, nanee,
MoskHO npountaTh UDR. Urenne UDR m3menut cocrostaue bygepa I[Ipuemunka FIFO u, cienosatensHo, - butos TXBS,

FE, DOR, u UPE, kotopsie Bce coxpanensl B FIFO.

Crenyrmomuii mpocToil mpuMep Kojaa IMokaspiBaeT npoctyio ¢yHkuuioo it [Ipuemnnka USART, kortopas

oOpabatsIBaeT ogHOBpeMeHHO 9-if but u bute Crartyca.

Assembly Code Example'!

TUSART Receive:
; Wait for data to be received
sbis UCSRA, RNC
rijmp USART Receiwve
; Get status and 9th bkit, then data from buffer
in rl8, UCSEA
in rl7, UCSEE
in rlé, UDE
; If error, return -1
andi rl8, (1<<FE) | (1<<DOR) | (1<<UPE)
bregq USART ReceiveNoError
1ldi r17, HIGH(-1)
1ldi rle, Lowi(-1)
TUSART ReceivelNoError:

; Filter the 9th bkit, then return

ler rl7
andi rl17, 0x01
ret

C Code Example'"

unsigned int USART Receive| woid )

{

unsigned char status, resh, resl;
/* Wait for data to be received */
while | ! (UCSREA & (l<<REXC)) )
H
/* Get status and 9th bit, then data */
/* from buffer */
status = UCSEA;
resh = UCSRE;
rezl = UDR;
/* If error, return -1 */
if ( status & ilffFEj|i1ffDOR3|i1<fUPE3 )
return -1;
/* Filter the 9th bkit, then return */
resh = (resh »=»> 1) & 0x01;

return ((resh << 8) | resl);

[Mpumeuanue: 1. [Ipenmnonaraercs, 4TO COOTBETCTBYIOIIHE 3ar0JOBOYHbIC (hailiIbl OJKITIOYEHBI. _.
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djar Oxonyanusa Ipuema u IlpepsiBanue

IIpuemunk USART umeer ogun ®mar, KOTOPHIN CIYKUT B Ka4eCTBE MHAMKATOpa O cocTosHNM IIpuemHuka, 3T0
@nar RXC. . Ilo cocrosiauto bura RXC MoxkHO onpenennts uMeroTcs i HenpounTanubie JJannsie B Bydepe [Ipuemuuka.
Oror Onar (but) ycranaBnuBaercs B Emununy, korna B Bydepe IlpuemnHuka umerorcss HenmpouuTaHHble J[aHHBIE U
ycranasiuBaercss B Homb, korma Bydep Ilpuemuuka myct (T.e. He coaepxkut [anubix). Ecnmu pabora Ilpuemnrnka
sanpeniena (RXEN = 0) To bydep [Ipuemuuka OyaeT onycrolieH u, cneaosareiabHo, but RXC ycranoButcs B Hob.

Ecmu TlpepriBanne o Oxonuanuto [Ipuema pasperiero, T.e., eciu ycraHoBieH but RXCIE B Peructpe UCSRB,
to O10 [IpepriBanue Oyner cpabaTeiBaTh Tak Aouro, Kak noiaro bur RXC Oyner conepxarts eannuny (ecnu [IpepoiBanus
He 3ampemieHsl [nobanmbHo). Ecnmm mns npuema paHHbIX ucnonssyercst [IpepeiBanme mo Oxonuanuio Ilpuema, To
Homnporpamma (OynukIus) st 006padotku [IpepriBaHus qomKHA ocyIIecTBIATs uyreHne Peructpa UDR mns Ttoro, 4ToObI
ounmare ®nar RXC, B mpoTuBHOM citydae, 1o OKOH4YaHHIO 00paboTku IlpepeiBanus, mpu BbIxone u3 [loxmporpammer
obpabotunka [IpepriBanus, 310 ke [IpeppiBanie OyneT BBI3BAHO €IIe pas.

djar Omuoku no Ipuemy

IIpuemunk USART nmeet B cBoeM pacniopspkernn Tpu @nara Omubku: @nar FE — rosopur 06 ommbke Kanpa,
®mnar DOR — roBoput o Ilepenonnenuu Hannpix, @mar UPE — rosoputr 06 ommbke YetHoctu (Hewetnoctu). Ko Bcem
stuMm Dnaram nmmeercs noctyn depe3 Peructp UCSRA. Bcee atu @naru pacnonararotcs B bydepe IIpuemHuka BMecte ¢
Kanpom JlaHHBIX, COOCTBEHHO, O CTaTyce KOTOPOro, OHH W coobmaroT. UteHne dmaros, kKoTopele HaxonsaTcs B bydepe
[Ipuemnuka, JOMXKHO ocyliecTBIAThCS panblie yTeHus Peructpa anueix UDR, Tak. kak urenue UDR wusmensier
cocrostane bydepa I[Ipuemanka. Cocrossaue ®OnaroB He MOXeT OBITH H3MEHEHO MPOrPpaMMHO ToJb30BateneM. OHaKo, Bce
®mnaru MoryT ObITh cOporeHs B Homk cooTBeTcTBYIOMIECH 3amuchio B Peructpe UCSRA, 3T0 cienaHo st COBMECTUMOCTH
¢ Oymymumu peanm3anuaMu USART. Hu onus u3 sTix @naros He Moxet ['eHepupoBats [IpepriBaHus.

®nar FE roBoputr o ToM, B KakoMm coctostHuu Haxonutcsi [lepseiii CtomoBeiii bur Kaapa laHHBIX, KOTOpBIit
coxpaneH B bydepe [Ipuemuuka. ®nar FE conepxur Hosb, eciiu Ctonossiii but Obut ycnemHo npountal (kak Exaununa)
u ®nar FE Oyner ycranosneH B Exunuiy, ecniu CromoBelii bur Gynet HexoppekTHbIM — HysneBbiM. OtoT ®nar Moxer
OBITH HMCIIOJIB30BAH [UIS ONpEACTICHNUS PAaCCHHXPOHU3AINH NpH paboTe [IpreMHuKa UMM MPOCTO — IS MPOTOKOJA, KOTAa
HykHO ybenutbes, uro Omubku Kagpa e 6puto. Ha ®@nar FE ycranoBka buta USBS (8 Peructpe UCSRC) He Bnmser,
Tak Kak [IpuemHuK urHopupyer Bce butel, kpome IlepBoro CromoBoro. [ COBMECTHMOCTH Balled HpPOTpaMMBI C
Oyayuumu yctpoicTBamu, npu 3anucu B Peructp UCSRA Bcerna ycrananusaiite 3t1oT but USBS B Houb.

®nar DOR mHanmupyeT notepto Janneix npu nepenonaeranu bydepa [Ipuemuuka. @mar DOR ycranaBimuBaetcs
npu nonHoM 3anoiHeHun bydepa [Ipuemuuka (nBa nm¢poBBIX €lIOBa), KOTrJa HOBOE CIOBO HaxoauTcs B CIBHUTOBOM
Peructpe u ero CraptoBsrii bur onpenenen. Eciu @nar DOR ycranosnen B Enunuiry, To 3T0 3Ha4UT, 9TO OBLIO MOTEPSIHO
OMH WM HecKonbko KanapoB Mexay HOCIeTHHM IPaBUIBHO MPOYMTaHHBIM KaapoMm M 4uTaeMbIM B JaHHBIM MOMEHT
BpeMeHH. J[J1s1 coBMecTUMOCTH IporpaMMsbl ¢ Oyaymumn yerpoiictBamu (MK), Bcerna 3anmceiBaiite B 3ToT but Hons npu
3amucu naHHbIX B Pernctp UCSRA. @nar DOR ouwniaetcs anmapaTHo, KOT/ia MpaBUibHO NMpUHATHINA Kaap nepememaercs
u3 CnpuroBoro Peructpa B bydep [Ipuemuuka.

®nar UPE (Yernoctu-HeueTHOCTH) B COCTOSIHUU JIOTMUECKOM €IMHUIBI TOBOPUT O TOM, UTO CIEAYIOIIMHA Kajp,
KoTOpbIi Haxomutcs B bydepe [Ipuemunka, mmeer ommoOky Ha YetHocTh i HewetHocts. Ecim mpoBepka YeTHOCTH-
Hedernoctu 3anpemena, To out UPE Bcernma Oymet untatbes kak Hob. st coBmectimoctu 10 ¢ Oyaymmumu MK, Beerna
copaceiBaiite 6utr UPE B Homp mpu 3ammcu nmaHHBIX B Permerp UCSRA. 3a geramsMu oOpammaidiTech K pa3meiny
«Bpruucnenue buta YetHoctu (HeuetHoctn)» Ha ctpanuuel 15 u — k pazneny «Cxema IIposepku YetHocTu-HeuetnocTr»
Ha cTpanuue 123.
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