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Twvn kopnyca:

OCHOBHbIe napamMmeTpbl MUKPOCXeMbl

TaktoBas yactoTta go 33 Mlu;

MuHumanbHas ONNTENbHOCTb LuMKna
BbINOSIHEHUA KOMaHAbI OT 121 HC;

58 O0OHOCNOBHLIX WHCTPYKUUK  (KOAbl
WMHCTPYKUUN 16-paspsaHblie);

8-paspagHoe AJlY;

MapannenbHble:  16-paspsagHas  WKMHA

KOMaHA n 8-paspsaaHas WuHa AaHHbIX;
NHcTpykums 8 x 8 BuTHOoro annapartHo
peanu3oBaHHOIO YMHOXEHUS;

Mopaepka NPSIMOro,  KOCBEHHOro U
OTHOCUTENBHOIO PEXMMOB aapecaLmm
Hanuune  MHCTPYKUMA  OAHOBPEMEHHO

paboTaloLwmx ¢ AByMsl permctpamu,;

Bce KoMaHAabl (Bkrtovas KomaHay
8 X 8 BUTHOE YMHOXEHME) BbINOSTHAKTCA 3a
oanH uukn (oT 121 HC), KpoMe KomaHA

BETBNEHMA W JTeHus/3annucu Tabnuu,
BbIMOSHAEMbIX 32 ABa LWKNa;
TemnepaTypHbIN gManasoH:
O6o03Ha4YeHue Owana3oH
1886BE4Y MuHyc 60 — 85 °C
K1886BE4Y MuHyc 60 — 85 °C
K1886BE4YK 0-70°C

— 48-BblBOgHOM MeTannokepamuyeckmn kopnyc H16.48-1B;
— Mukpocxembl K1886BE4H4 noctaBnsawTca B 6€CKOPNyCHOM UCMOMHEHUMN.

O6Lee onucaHue U o65nacTM NPUMEHEeHUsA MUKPOCXeMbl

Mukpocxema 1886BE4Y (oanee Mnkpocxema) ABRSETCS BbICOKONPOM3BOAUTENbHBIM
8-paspsgHbiM RISC-mukpokoHTponnepom ¢ MapBapackon apxXuTekTypon, npegHasHavyeHHbIM
AN OAHOKPUCTAarbHOM peanu3aunmn cuctem nepegaym, o6paboTkm n xpaHeHUs aHHbIX, B TOM
yucrne C rnpuMeHeHnem BHewHen a3HeproHesasmcumon namatn Tuna NAND  Flash,

ncrnione3yownx  USB-uHTepdeinc.

MoxeT

MCnoJyib30BaTbCA and opraHmnzauunmn

Manonpon3BoanTEsibHbIX BbIHUCITUTETbHbBIX CUCTEM N B Ka4eCTBe yCTpOI‘/'ICTBa coBmMeLlleHunda

passiMyHbIX TUMOB MHTEP(ENCOB.
OcHoBHble 061aCcT NPUMEHEHMS:

—  YCTpPOWCTBA COMNpPsXXeHUss UHTEPENCOB;

— CUCTEMbIl XpaHEHUS 1 nNepefaym gaHHbIX;

—  ManonpousBoauTENbHbIE BbIYUCIIUTENBHbBIE YCTPOUCTBA;
—  MPOMBbILWSIEHHbIE CUCTEMBI YNPAaBIEHUS;

—  nameputenbHoe obopyaoBaHue.

© AO «lKK MunaHOop»

TCKA.431295.004Cr 1

Bepcusi 2.8.0 om 07.04.2020




Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

OCHOBHbIe XapaKTepucTtukun

4-BEKTOPHbIA KOHTPONMEp npepbiBaHU nogaepxuvsarowmm 18 WUCTOYHUKOB
npepbIBaHNN (BHELLHUX N BHYTPEHHUX);

16-ypoBHeBbIN annapaTHbIN CTEK;

Bo3MoXXHOCTb paboTbl TONBbKO C BHYTPEHHEWN, C BHYTPEHHEN U BHELLHEN U TONBbKO
C BHELIHEN NaMATbio MporpaMmm (PeXxuMmbl: MUKPOKOHTPOSSIEP, PacCLUMPEHHbIN
MUKPOKOHTPOIMEP N MUKPOMpPOLLECCOop);

CymMmmapHbIi agpecyemMbii 06bem namatu nporpamm 128 Kbant (64K x 16 6uT);
O6bem BHYTpeHHe namaTu nporpamm 64 Kbarta (32K x 16 6ur);

BHyTpeHHss1 namaTb nporpamm nepenporpammupyemast FLASH tuna;

O6bem BHyTpeHHen namaTn gaHHbix 902 6anTa;

Bce pernctpbl «cneunanbHOrO Has3HA4YeHUs1» HaxoaaTCa B a4pPEeCHOM
NPOCTPAHCTBE NaMATU AaHHbIX;

[0 28-mu yHMBepcarbHbIX IMHUA BBOAA/BbIBOAA C UHOMBUAYANTbHOM HACTPONKOWN
HanpaBfieHMS U BbICOKOW Harpy304HOM CNOCOBHOCTLIO;

16-paspsagHbin - Tanmep/cyeTunk ¢ 8-paspsagHbiM - MpOrpamMMmpyemMbiv
npepaenutenem (tanmep 0);

OanH yHMBepcanbHbI CUHXPOHHO-aCMHXPOHHBLIN nNpuemonepegatynk (USART),
C NporpamMmMmpyemMon CKOpOCTbIO nepeaadn nHpopmaumm;

YHuBepcarneHbld annapaTtHO peann3oBaHHbIA  KOHTPOSINep W aHasnoroBbln
npuemonepenaTtyumnk mHtepdenca USB 1.1, ¢ 4eTbipbMA MOMb30BaTENBCKNMM
OKOHEYHbIMM TOYKaMM N CO CKOPOCTbIO nepeaayn go 12 Méut/c;
MocnenoBaTenbHbIA  CUMHXPOHHBLIM  MOPT C  PEXUMMOM MOCNeaoBaTenbHOro
nepudpepuinHoro nHtepgenca SPI;

YHuBepcarnbHbi KOHTponnep BHewHen namaty Tuna NAND FLASH;
BcTpoeHHoe 3anomuHatowee yctponcteo tmna EEPROM o6bemom 256 6anT;
MWKpPOKOHTpONNEp MMeeT cuUcteMy cbpoca MO BKMAKYEHUO U CHUKEHWUIO
HaNpsPKeHMs NUTaHus (C TanmepamMm OTCPOYKM BKITIOYEHUSA M 3anycka TakTOBOro
reHepaTopa);

CtopoxeBon Tanmep ¢ cobctBeHHbIM RC reHepaTopom Ha Kpuctanne, Ans
obecnevyeHns BbICOKOHAOEXHOW 3aLlimThbl OT CO0EB;

3alUMLLIEHHBIN PEXMM (3aLumMTa Koga NnporpaMmmbl);

MocnepoBaTenbHbI  PEXUM  NPOrPaMMUPOBAHUA  NaMsATM  NpoOrpaMm,
BO3MOXHOCTb BHYTPUCXEMHOIO NPOrpamMM1UpPOBaHNS;

MopoepxuBaeT pexum aHeprocbepexerHmnss SLEEP (c BO3MOXHOCTbIO Bbixoaa €
MOMOLLIbKO BHELLHMX W BHYTPEHHMX NpepbiBaHui 1 cbpoca);

YeTbipe pexnma paboTbl BCTPOEHHOro TakToBOro reHepatopa (RC-reHepaTtop,
MCNONb30BaHME B KayecTBe TAKTOBOW 4acTOTbl AENEeHHOW Ha [Ba 4acToThbl
reHepaTopa USB koHTponnepa, XT — cTaHOapTHbLIN reHepaTtop C KBapueBbIM
pe3oHaTtopoM, EC — Bxoa BHELUHEro TakToBOro curHana);

BcTpoeHHbI perynatop HanpskeHus Ha 3,3 B (Tok go 40 mA);

[lmanasoH HanpskeHna NUTaHua aapa MUKPOKoHTponnepa ot 4,5 0o 5,5 B;
[nanasoH HanpspkeHus nUTaHus Nnonb30BaTeNbCKNX BbIBOJOB
MUKPOKOHTponnepa ot 3 o 5,5 B.
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2 OnucaHue BbIBOAOB

Tabnuua 1 — OnucaHne BbIBOOOB

3
o
> ® [
o s g % = 2 3
g 2 |Ew E O6o3HaueHne Tun g0 HasHaueHue
:g s E g Q BbiBOAA BbiBOAA X E BbIBOAOB
g G)
g R S
] =
]
Bxop reHepaTtopa B pexumax RC reHepaTopa
47 51 OSC1 _CLKIN BX0O[, ST |1 reHepaTopa C KBapLeBbIM pe30HATOPOM.
Bxof BHELLUHEro TaKTOBOro curHana
Bbixog reHepatopa. NoagknoyaeTtcsa K
KBapLLEBOMY pe3oHaTopy (B COOTBETCTBYHOLLEM
48 50 0SC2_CLKOUT BBIXOD i pexume reHepaTopa). B pexumax RC

reHepaTtopa 1 BHELUHEro TakToBOro curHana -
BbIXOA curHamna c yactotou Fc/4 (yactota
LMKITOB KOMaHA)

MopT A - napannenbHbI ABYHANpaBieHHbIN

[JononHuTtenLHoe Ha3Ha4YeHue BbLIBOAOB:
nopT BBOAA/BLIBOAA

BxopgHon nopt obuwero HasHayeHusi. PAO
MOXET MCNONb30BaTbCS Kak BXO4 BHELLHEro
17 17 PAO/INT BX0[, ST |npepbiBaHusA. MOXHO HacTpouTb: OPOHT Unu
chnaj curHana BbI3OBET npepbiBaHne. ToNbKO
BXO/[HOW KOHTaKT

BxogHon nopt obuwero HasHayeHus. PA1
MOXET MCNONb30BaTbCS Kak BXO4 BHELLHEro
npepbiBaHUA. MoXHO HacTpoUTb: PPOHT nnu
18 18 PA1/TOCLK BXO[, ST |cnag curHana Bbi3oBeT npepbiBaHme. PA1 -
MOXeT ObITb BblOpaH Kak BXof TaKTOBOIO
curHana anga tanmepa 0. Tonbko BXOAHOM
KOHTaKT

[ByHanpaBneHHbI NOpPT 06LLEro HasHa4YeHus,
COBMeLLeHHbIV ¢ nuHnent RX/DT moayns

(1)
19 19 PA2/RX/DT BXO[Y/BLIXOA ST USART. Pexum BbiBoga JOCTYMEH TONbKO U3
USART
[ByHanpaBneHHbI NOPT O6LLEero HasHaYeHwus,
20 20 PA3/TX/CK Bxom/BbIXOA® ST CoBMeLLeHHbI ¢ nuHnen TX/CK mogyns

USART. Pexum BbiBOga AOCTYMNEH TOMbLKO U3
USART

MopT C - napannenbHbIn ABYHaNpaBneHHbI’

DononHutenbHoe Ha3Ha4YeHne BbIBOAOB:
nopT BBOAA/BLIBOAA.

1. 8-mu pa3psigHasa wuHa gaHHelx 10 gns

42 45 PCO/ADO/100 BXOA/BbIX0q TTL |oOpalieHus k BHelwHen mukpocxeme NAND
Flash namarn.

41 44 PC1/AD1/101 BXO[/BbIXO[, TTL |2. Mnagwwuin 6anTt 16-T1 BUTHO CUCTEMHOM

40 43 PC2/AD2/102 BX0Z4/BbIX04 TTL |WWHbI B peXnme Mukponpoueccopa nnm
pexvnMe paclUMpPeHHOro MUKPOKOHTpoepa.

39 42 PC3/AD3/103 BX04/BbIX0 TTL ﬂng peanusauum CUCTEMHOW LUUHbI 3TN

36 39 PCA/ADA/I04 BXOA/BLIXOR, TTL |BbiBOAN! I/VIOFyT ABNSATLCS BbIXO4aMMW agpeca u

35 38 PC5/AD5/105 BXOA/BbIX0[, TTL BXOAaMW/BLIXOAaMN AaHHLIX

34 37 PC6/AD6/106 BXOA/BbIX0[, TTL

33 36 PC7/AD7/107 BXOA/BbIX0[, TTL

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 7
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MopT D - napannenbHbI ABYHaNpaBneHHbI

JononHutenbHoe Ha3Ha4YeHne BbLIBOAOB:
nopT BBOAA/BbIBOAA.

LWnHa ynpaBnenuna RBn gns obpalleHus k
31 33 PDO/ADS/NRB BXOA/BbLIXO TTL |BHewHen mukpocxeme NAND Flash namsaTu

30 | 30 | PD1/AD9/nRE BXOA/BbIXO 7L |LMHa ynpasne+us REn ans obpailexms K
BHeLHen mukpocxeme NAND Flash namsaTtu

29 29 PD2/AD10 BX0[/BbIX0[, TTL |Het

28 28 PD3/AD11 BX0[/BbIX0[, TTL |Het

25 | 25 | PD4/AD12/CLE | Bxoa/Bbixon TrL |lLMHa ynpasne+us CLE ans obpauenms
BHeLwHen mukpocxeme NAND Flash namsaTtu

LWWnHa ynpaeneHnuns ALE ansa obpaweHuns k

BHeLHen mukpocxeme NAND Flash namsaTtu

WnHa ynpaeneHns WEnN ansa obpalyeHus k

22 22 PD6/AD14/nWE BX0A/BbIX04 TTL |BHewHen mukpocxeme NAND Flash namsaTtu

23 23 PD5/AD13/ALE BX04/BbIX0f TTL

21 21 PD7 (AD15) BX0/[/BbIX0[, TTL [Het
MopT E - napannenbHbln BYHanpaBnieHHbI
nopT BBOAA/BbIBOAA.

JdononHutenbHoe Ha3Ha4YeHMe BbLIBOAOB:

1. B pexvme mukponpoleccopa unm
pacLLUMPEeHHOro MUKpokoHTponnepa PEO
CTaHOBUTCH BbIXOAOM curHana cmkcaumm
appeca BHelwHew namATh (ALE). Agpec
OoIKeH 6bITb 3adbMKCMpoBaH Ha crnage
curHana ALE.

2. CurHan tx_dp koHTponnepa USB B pexume
TectupoBaHus 2 (USB TEST2)

1. B pexxume mukponpoLeccopa nnu
pacLUMPEHHOro MUKPOKoHTponnepa PE1
CTaHOBUTCH CUrHaNom ynpasneHus, Ans

15 15 PE1/OE/TXDM BXOA/BbIXOA, TTL |4TeHMs gaHHbIX U3 BHELLUHEN NaMSATU
(aKTVMBHbIN YPOBEHb - HU3KMN).

2. CurHan tx_dm koHTponnepa USB B pexume
TectnpoBanus 2 (USB TEST2)

1. B pexvme Mmukponpoleccopa unm
pacLLUMPEHHOro MUKPOKOHTponnepa PE2
CTaHOBUTCH CUrHaNoOM paspeLleHns 3anmcu Bo
14 14 PE2/WR/TXOE BXoa/bixon TTL |BHELUHIOI NaMATb (aKTUBHbINA YPOBEHb -
HU3KUR).

2. CurHan tx_oe koHTponnepa USB B pexume
TectupoBaHus 2 (USB TEST2)

16 16 PEO/ALE/TXDP BX0//BbIX0[ TTL

11 11 PE3 BXOA/BbIX0[, TTL [Het
Curnhan rx_d koHTponnepa USB B pexunme
10 10 PE4/RXD/SS BXOA/BbIX0A, TTL |TtectupoBaHusa 2 (USB TEST2). CurHan Slave

Select nHTepderica SPI

Curnan rx_dp koHTponnepa USB B pexume

9 9 PE5S/RXDP/SDI BXOZA/BbIXOA TTL |TectupoBanusa 2 (USB TEST2). Curnan Serial
Data Input nHtepdgenca SPI

Curnan rx_dm koHTponnepa USB B pexnme

8 8 PE6/RXDM/SCK BXOZA/BbIXOA TTL |tectupoBanusa 2 (USB TEST2). CurHan Serial
Clock uHtepdenca SPI
7 7 PE7/SDO BX0A/BbIX0q TTL |CurHan Serial Data Output nHTepcperica SPI

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 8
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6 6 USBCLK BXO[, ST |TakroBasi yacToTa Ans koHTponnepa USB
4 4 DP BX0//BbIX0[, - CwurHan D+ wuHbl USB
3 3 DM BX0//BbIX0[, - CwurHan D- wuHbl USB
2,12, | 2,12, U HanpsxeHue ) HanpsokeHune nuTaHuAa aapa
26, 32 | 26, 35 ce nuTaHnd MUKPOKOHTponsepa
HanpsokeHue
38 41 Ucciport nMpTaHMﬂ - HanpsixeHne nutaHua nopta C
27 27 Ucczport Hanpsokenne - HanpspkeHne nutaHus nopta D
nUTaHus
43 46 Ucem Hanpsoxerve - lMutaHne BHyTpeHHen Flash-namaTn
nUTaHus
5,13, | 5,13, Hanps»xeHne o
24,37 |24, 40 Uss nMTaHns ) OBumit
HanpspkeHne o
44 47 Usswm NATAHS - O6wwuin BoiBOA Flash-namsaTtun
YnpaBnsiioLwun BXo4 Ans nepexoja B TECTOBbIV
46 49 TEST BX0[, ST |pexum. [Ong obblyHOro pexuma paboThbl
JomKeH bbiTb noakntoyeH k USS
BXOL/HANDSIKEHNE Bxop BHellHero «cbpoca» MUKPOKOHTponnepa
45 48 NMCLR/Upr D'I'IVITanIFI ST |C aKTMBHbIM HU3KMM YpOBHeM curHana. Bxop
HanNpsPKeHUs NporpaMmMmUpOBaHNs
1 1 U HanpspkeHue i Bbixog BHYTPEHHEro perynsatropa HanpsbkeHust
33out nuTaHus (3,3 B, Tok 70 40 MA)
- 31,32, - - - He ncnonb3ytoTcs
34, 50 Y
© AO «IKK MurnaHdp» TCK51.431295.004CIT 9
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3 YkKazaHus No NPMMEHEHUI0 U IKCnyaTauumn

Mpy peMoHTe annapaTypbl U UBMEPEHUN NAPAMETPOB MUKPOCXEM 3aMEHY MUKPOCXEM
Heo6xoaMMo NPOBOAUTL TOSLKO MPW OTKIMKOYEHHBIX MCTOYHUKAX NMUTaHUS.

MHCTpYMEHT and namkm (CBapKM) M MOHTaxa He [JOfKEeH WMMeTb noTeHuman,
npeebiwatowmn 0,3 B oTHOCUTENLHO WNHBI "O6LWMn".

3anpeLaeTcs nogseneHne Kaknx-nmbo anekTpuyecknx curHanos (B TOM YnUCne LWnH
"Mutanme", "O6bwmnn") K BbIBOAAM MUKPOCXEM, HE UCMOSb3YEMbIM COrflacHo Tabnuubl 1.

He3apgencrBoBaHHble B CXEMOTEXHMYECKOM pPELUEHUN BbIBOObI  MUKPOCXEMDI
HeobxogmMmo nogkntoyate K wuHam "lMutanme" nnun "O6wmin”, npn 3TOM pekoMeHayeTcs
MCNonb30BaTb TOKOOrPaHMYMBaKOLWME PE3NCTOPLI HOMUHANIOM He MeHee 55 KOMm.

C uenbl NOBbIWEHUST HAOEXHOCTM  pPEKOMEHOyeTCcs  MNpUHUMAaTb  Mepbl,
obecneynBaroLiMe MUHUManNbHYK TEMMNepaTypy HarpeBa Koprnyca MUKPOCXEM WU 3aluuTy OT
BO3ENCTBUA KNUMaTUYECKNX (PaKTOpOoB, a UMEHHO:

— obecneyeHne paboTbl MUKPOCXEM B OOGMErYeHHbIX 3NEKTPUYECKUX W

TemnepaTypHbIX pexumax;
—  ynydlweHue BEHTUNAUUK, paunoHarnbHoe pasMmeLleHne MMKpocxem B Briokax;
— NPUMEHEHWEe TENNOOTBOAALMX NaHENen 1 3KpaHoB.

Mopsgok Mnogayn M CHATMSA HanpshkeHus NUTaHMA U BXOAOHbIX CUrHanoB Ha
MUKPOCXEMY:
— nogava (BKIHOYEHWE MUKPOCXEMbl) — OOLUMIA, NUTaHMEe, BXOAHbIE CUrHanbl Unu
OLHOBPEMEHHO;
—  CHATUE (BbIKMIOYEHNE MUKPOCXEMbI) — OAHOBPEMEHHO UNU B 06paTHOM Nopsigke.

[MporpammunpoBaHne MUKPOCXEM  MNPOM3BOAUTCA  COMMacHO  WHCTPYKUMM MO
nporpammupoBaHnio TCKHA.431295.0031.

[dunanasoH paboumx TemnepaTtyp nNpu MNPOrpaMMUPOBAHUM W CTUPAHUN MNAMATU
nporpamm ot 0 go 70 °C.

KonnyecTBo UUKNOB 3anucu/cTupaHus AaHHbIX namsaty nporpamm — 1000.

[dunanasoH pabounx TemnepaTyp nNpu 3annucu n CTupaHum namat gaHHelx EEPROM
oT muHyc 60 go nntoc 85 °C.

KonnyectBo uuknos 3anucu/ctupanms gaHHbix EEPROM — 10 000.

BeposaTHocTb oTkasa otgenbHon sdenkn ICIIMN3Y namatm nporpaMmm M nNamsit
[laHHbIX BO BPeMs LMKNa 3anucu/cTmpaHms AaHHbIX He 6onee n-3-10°7

roe: N — YMCro UUKIIOB 3anucu CTUpaHuA.

Cpok xpaHeHusi nHpopmaumm B ICIIMN3Y namatv nporpamm v NamMsaTU OaHHbIX
10 net npu Temnepatype pabotsl 85 °C.

3aBNCUMMOCTb BpeEMEHM XpaHeHns aaHHbix B QCIMN3Y namaTtu nporpamm oT paboyen
TemnepaTypbl npuseaeHa Ha Puc. 2.

PekomeHayemasa cxema nogknioyeHnsa nutaHna npusegeHa Ha Puc. 3.

[lonyckaeTcsa HarpyaTb BblBOAblI MOPTOB BBOAA-BbIBOAA TOKaMu Boriblle Yem 6 MA,
HO He Bonee yem 10 MA Ha BbIBOA 1 He Gonee 4yem 50 MA Ha rpynny BbIBO4OB OOHOMO NOpPTa,
a Takke Npu YCroOBUW COXPaHEHUs MNpenenbHO-4OMYCTUMOro peXxuma Mo Harpy3o4vyHou
CnocoBbHOCTM BbIBOAA NO TOKY.

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 10
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Puc. 2 — 3aBucnuMocCTb BpemeHun XxpaHeHus gaHHbix B QCIM3Y namatn nporpamm ot
paboyen TemnepaTypbl Kpuctanna

UCC

p C7

UCCP

T
Uce ¢l C2 2 \'—’/ 32
+ 4 i UCC UCC i
-1 C5
& ° GND GND 3
C3 12 43
i UCC UCCM i CG
13 44
& GND GNDy &
ca 20 35 H
i UCC UCCPI 'r”_‘
24 27
4 GND TP °
GND
C1 — KOHAEHCATOP EMKOCTbIO HE MeHee 22 MK®P, He meHee 7 B;
C2...C8 - KoHOeHcaTopbl eMKOCTbIO He MeHee 0,1 MKD, He meHee 7 B

Puc. 3 — PekomeHgyemas cxema nogko4eHns NMTaHns
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4  OnucaHue hyHKLUMOHUPOBaAHUS MUKPOCXEMbI

4.1 BcCTpOEeHHbIN TaKTOBbIN reHepaTop

MWKPOKOHTpONEP UCNONb3yeT ABE TAaKTOBbIX YaCTOThI:
— nepsas - 4Ns1 MMKPONPOLECCOPHOro siapa U nepudepuinHbix Mogynen,
— BTOpad - ansa KoHTponnepa USB.

B cooTtBeTCcTBUM CcO crneundukaunen nHtepdenca USB 1.1 TaktoBas vactoTa Ans
KoHTponnepa USB gomkHa 6biTb 48 My, npu paboTe B pexume Full Speed, n 6 My npwm
pabote B pexmme Low Speed. [JaHHas 4vactoTa [OOfmKHA nogaBaTbCs OT BHELUHEro
reHepaTopa Ha BbiBog USBCLK.

TakToBas 4YacTtoTa A1 MUKPOMNPOLIECCOPHOIO siApa M oCTanibHON nepudepun MoxeT
BapbupoBaTtbcs B npegenax 0o 33 M. U moxeT kak nogaBaTbCa OT BHELUHEro reHeparopa
Tak n dopMMpOBaTbCS BHYTPU MUKPOKOHTponnepa. [eHepatop Ans OpPMUMPOBaHWUA
TaKTOBbIX CWUrHanoOB COOEPXMUTCS Ha KpucTanne MUKPOKOHTpornepa. YeTbipe nepuoga
TaKTOBbIX CUrHANOB reHepaTopa COCTaBMSOT LMKIT BbINOSIHEHNS] KOMaHAbI.

leHepaTop MUKPOKOHTpoOsMsiepa MoXeT paboTtatb B 4YeTblpex pexumax. Pexumbl
BblGupatoTcs nporpaMmmupoBaHMeM AByxX 6utoB koHdwurypauum FOSC1 m FOSCO npwm
nNporpaMmMupoBaHn MMKPOKOHTposiepa. BoamoxeH BbIGOp crieayowmnx pexxmumMoB:

—  LF — pexum paboTbl MUKPOKOHTPOIEepa Ha TakTOBOM YacToTe paBHOM S 4acToTb!
KoHTponnepa USB;

— XT — reHepaTop C BHELWHMM KBapLUEBbIM UMM KepaMUYECKMM pPe30HaTopoM
(yactota go 33 Ml'u);

— EC - pexvm nogaymn BHELIHEro TakToBOro curHana (KoHdpurypaumnsa reHepatopa
Mo YMOJSIHaHUI0);

— RC - RC reHepaTtop ¢ 4actoton go 4 Mly (nogknovaetcsi BHELLHSAS
yactoTto3agatowas RC yenoyka).

Mpn BbINONHEHMM komaHabl SLEEP TakToBbIN reHepaTop BbIKMYAETCA YMEHbLUas
notpebnaembin Tok. COCTOSAHME BHYTPEHHEro TaKTOBOrO CMrHana cooTBeTcTByeT TakTy Q1.

Mpn noctynneHumn curHana «cbpoc» oT BbiBoga MCLR npu HopmanbHou paboTte
MUKPOKOHTpPOIiepa TakTOBbIA reHepaTop He BbIKMoYaeTCs.

4.1.1 MHUcnonb3o0eaHuUe Keapueeo20 Uslu KepaMu4ecko20 pe3oHamopa

B pexunme TakTtoBOro reHepatopa XT, KBapuEBbI UMM KEPaMUYECKUN pe3oHaTop
nogcoeauHsetca Kk BbiBogam OSC1 _CLKIN u OSC2_CLKOUT. [leHepatop Tpebyet
MCNONb30BaHMA KBapLEBbIX Pe30HATOPOB C NapansienbHbiM pe3oHaHCcoM. Vicnonb3oBaHue
pe3oHaToOpOB C NocrneaoBaTerlbHbIM PE30HAHCOM MOXET MPUBECTU K MOMyYEeHUI0 TaKTOBOM
4YacToTbl HEe COOTBETCTBYHLIEN napameTpaM pe3oHaTopa. [ns 4acToT npeBblllakowmx
24Mlu, KBapLUEBLIN pe3oHaTop 06bIMHO paboTaeT Ha 4YacToTe rapMoHuKU. B aTtom cnyyae
TpebyeTca pPe30HAHCHbIN KOHTYP, YTOObl YMEHbLUUTb YCUIIEHME Ha 4acToTe OCHOBHOM
rapmMoHukn. Ha Puc. 4 nokasaHbl IpMMepbl CXeM NOOKITHYEHNST pe30HaTOPOB.

Mpn BKNOYEHMM HaNPSHKEHUS NUTAHWUS, TaAKTOBLIN FrEeHepaTop HavyHeT reHepauuto
curHana. Bpems Heobxogumoe gns 3anycka reHepaTtopa 3aBUCUT OT BOMbLIOrO KonnyecTea
gaktopoB. B wux umcno BXxogAT: 4acTtoTa pe3oHaTtopa, €MKOCTb  UCMOoSib3yeMblX
koHaeHcaTopoB (C1 un C2), cKOpOCTb HapacTaHUs HanpskeHuss nutaHus, paboyas
TemnepaTtypa, COMpPOTMBIIEHME PEe3UCTOpa, €CnNM OH MOAKMOYEH, PEeXMM TaKTOBOro
reHepatopa (KOTopbi BblOUpaeT KOIPMUUNEHT YCUNEHUS BHYTPEHHEro WHBEpPTOpPA).
HanpsikeHne nonHoro pasmaxa BbiXxo4a TakTOBOro reHepartopa MOXeT OblTb 4OCTaTOYHO
manbiM (MeHee 50% oT Ucc) noka BpeMeHHas guarpaMmma TakToOBOro curHana ueHTpupyeTcs
K Ucc/2.

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 12
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Puc. 4 — lNMogkntoveHne pesoHaTopa

Cxema CripaBa — a4 pe3oHaTopa, pa60Ta+ou.|,ero Ha rapMoOHUKax

MpumeyaHns:

— Pesuctop Rs MmoxeT noTpeboBaTbCs ANst HEKOTOPbLIX TUMOB PE30HATOPOB.

— [MapannenbHbln pe3oHaHCHbIM KOHTYP LiC2 OT(UNbTPOBbIBAET OCHOBHYH
yacToTty: (2pf)? = 1/(L1*C2).

— Cs3 (0.1 mKd) npensatcTByeT NPOTEKaHMKO MOCTOSIHHOMO ToKa Ha 3emsto. [ns
pe3oHaTopoB HeobxoanMbl BHelHME koHaeHcaTopbl C1 n Cz (pekoMmeHngyemoe
3HayeHne C1 = C2 = 10 + 20 nd). lNpu pacyeTe eMKOCTU KOHAEHcaTopa
HeobXoOMMO yuuTbiBaTb EMKOCTb MeyaTHoM nnaTbl. bomnbwas eMKoCcTb
yBenuMunBaeT cTabunbHOCTb reHepaTopa, HO yBennyMBaeTCs Bpems 3anycka U
TOK reHeparopa.

4.1.2 BHewHuU makmosblli 2eHepamop

B pexume BHewHero reHepaTopa (EC), Ha BBog OSC1 mMoxeT ObiTb NogaH BHELLHWI
TakToBbIN curHan ¢ KMOI yposHamu. B atom pexnme, Bxogq OSC1_CLKIN nmeeT BbicOkoe
BXOo4HOE conpoTueneHune, a BbiBog OSC2_ CLKOUT sensietcsa Boixogom CLKOUT (Fc/4). B
KayecTBe reHepaTopoB MOryT ObiTb WCMNOMb30BaHbl rOTOBble MOAYNN TFEeHepaTopoB,
obecneunBaroLne LUMPOKNIN HABOP TaKTOBLIX YacTOT U CTabunbHble NapamMeTpbl.

[na TakTMpoBaHMUs MUKPOKOHTPOSNEpa MOXHO WMCMNONb30BaTb BHELLHUW reHepaTtop
TakTupoBaHus koHTponnepa USB (pexum LF). BoiBog OSC1 B 3TOM criydae MOXeT ObiTb HE
noacoeanHeH. Ha exogq USBCLK gormkHa nogaBaTtbcs TakToBas YactoTta ans padotel USB B
3afjlaHHOM pexnme. PYHKLUMOHMPOBaHME MUKPONPOLLECCOPHOro sapa byaeT oCyLWwecTBNATLCA
Ha yactote USBCLK pgeneHHon B gBa pasa. Ecnu koHTponnep USB He ucnonb3yeTcs, T0O
Bxog USBCLK gomkeH noacoeanHATLCS K NOrMYECKOMY HYIHO.

B pexxvume BHelwHero reHepaTopa (EC), npm paboTe koHTponnepa USB B pexume Low
Speed, TaktoBasi yactota 6 MI'y moxeT ogHoBpemeHHO nogaBaTtbesa Ha Bxoabl USBCLK u
OSC1_CLKIN.

4.1.3 Pexum RC eceHepamopa

B npunoxeHusix, He TpebyoLmMX BbICOKO CTabuibHON TaKTOBOM YacTOTbI, MOXET ObITb
ncnono3oBaH pexum RC reHepaTopa, KOTOpbIM MNO3BONSAET YMEHbLUMTb CTOUMMOCTb
yctponctBa. Yactotra RC reHepatopa 3aBUCUT OT HanpsKeHUs MUTaHWUA, 3HaveHust
MOAKMIOYEHHbIX BHELLUHMX COMPOTMBIIEHMS W €MKOCTW, U OoT paboyen TemnepaTypsbl.
[dononHutenbHO 4acTtoTa OygeT BapbupoBaTbCA B HEKOTOpbIX npegenax um3-3a
TEXHONOorMyeckoro pasbpoca napaMeTpoB KpucTanna. Takke Ha 4yactoTy OyayT BnNuATb
€MKOCTU MeXay BbiBOAAaMM KOpryca U AOPOXKaMWM nevaTtHOW nnaTbl, 0CO6EHHO nNpu MasnbixX
3Ha4YeHMSIX EMKOCTM BHELUHEro koHgeHcatopa. Heobxoaumo yuntbiBaTb U TEXHONOMMYECKUN
pa3bpoc napameTpoB BHeWwHMX komnoHeHToB R m C. Ha Puc. 5 nokasaHa cxema
nogkrntoyveHns RC uenoykn K MMKpOKOHTponnepy. Ecnn conpotnBneHne pesncropa MeHbLue
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2.2 kOMm YacToTa TaKTOBOro reHepaTopa MOXeT OblTb HECTAOMMbHOW UK reHepaunsa MOXeT
npekpaTuTbes. [Ans oveHb 6onbLoro conpoTusneHus pesncropa (6onee 1 MOM) reHepaTop
TaKTOBOrO CuUrHana CTaHOBUTCH YYyBCTBUTENEH K BHELUHUM MOMeEXaM, BNAaXXHOCTU U YTEYKU
Toka. [NloaTomy, pekomeHayeTcs BbibnpaTb BENNYMHY CONPOTUBIEHUS pe3ncTopa oT 3 go 100
KOm. eHepaTop MoxeT paboTtate 6e3 BHELHEero KoHAeHcaTopa, HO pekoMeHayeTcs
NCnonb3oBaTh KOHAEHCATOP C eMKOCTbio 6onee 20n® ansa ctabunbHom paboTkl reHepaTtopa.
Bes BHellHero koHaeHcaTopa, UM ecnu KOHAEeHcaTop UMeEET O4eHb Maryt eMKOCTb, YacToTa
reHepatopa MOXeT BapbMpOBaTbCA W3-32 U3MEHEHUN BO BHELUHWX E€MKOCTSAX, TaKUX Kak
€MKOCTM NMPOBOAHNKOB NeYaTHOM nnatbl UNn BbIBOLOB KOMMNOHEHTOB.

B pexume RC reHepatopa Ha BbiBoge OSC2 _CLKOUT dopmupyeTcss TakTOBbI
curHan c yactoton Fc/4.

"eHepaTop B pexmnme RC HaumMHaeT popmMmpoBaTb TaKTOBLIN CUrHam cpasy nocre
AOCTWXKEHUSA HanpsbkeHnemM nuTaHus NoporoBoro ypoBHA. Bpemsa 3anycka RC reHepaTopa
3aBUCUT OT psiia PaKTOpPOB: CONPOTUBIIEHNS pe3ncTopa, eMKOCTU KOHAeHcaTopa, CKOPOCTH
HapacTaHUA HanpsKeHNsa NUTaHus, TemnepaTypbl U T.4.

Ucc _
R
0sC1
[ ==
I -«— 0SC2
Fc/4 .

Puc. 5 — Cxema BkntoveHus B pexxume RC reHepaTopa

Bbixog TakToBOro curHana pasgensietcs Ha 4 HenepecekarLwmxcs KBagpaTypHbIX
TaKTOBbIX curHana, umeHyemblx Q1, Q2, Q3, Q4. NMporpammHbIn cyeTyuk (PC) yBennumeaetca
B Takte Q1, a BbibOpKa KOMaHAbl U3 NPOrpaMMHON MAaMATM U COXPaAHEHUE ee B pPerucTpe
KOMaH4 NpoucxoamT no cuHxpocurHany Q4. Komanga aekoavpyetcsa M BbIMOMHAETCS B
TeyeHne unknoB Q1-Q4. TakToBble cUrHanbl U BbINOMHEHNE KOMaH/ Noka3aHo Ha Puc. 6.

LInkn BbINOMHEHMS KOMaHAbl COCTOMT M3 4YeTbipex Q umknos (Q1, Q2, Q3, Q4).
Bbibopka 1 BbINONMHEHNE KOMaHL, NPOUCXOAAT KOHBENEPHbLIM Cnocobom, T.e. BbIBOpKa OaHOWM
KOMaHAbl MCMOMb3YET TOT XEe LUKI, YTO U AEeKOOUPOBAHME U BbINOSIHEHNE OPYrO KOMaHAbI.
Bnarogapsa koHBenepHon ob6paboTke KOMaHL, Kaxaas WHCTPYKUMS BbINOSTHAETCA 3a O4MH
unkn. Ecnm komaHaa nameHseT cHeTYnk komaHa (KomaHabl BETBAEHMS), TO ANS BbINOSTHEHUSA
KomaHabl TpebyeTcs OBa UMKNa, Tak kak Heobxoaumo yaanuTb BblOpaHHyr0 KomMaHay w3
koHBenepa (cMm. Puc. 7). Bo Bpemsa yganeHus BbibupaeTcs HOBas KOMaHOa, M 3aTeM OHa
BbINONHSAETCA.

Linkn BbIGOpKM KOMaHObl HAYMHAETCS C NpMpaLleHns cuyeTymka komaHa B TakTe Q1. B
LMKIIE BbINONTHEHMSI KOMaHAbI, KOA 3arpy>KEHHOM KOMaHAbl NOMELLAEeTCAa B perncTp komaHg IR
Ha TakTe Q1. [lekoanpoBaHne 1 BbINOSTHEHME KOMaHAbl npoucxoauT B Taktax Q2, Q3, Q4.
OnepaHg M3 NamMaTyM AaHHbIX yMTaeTcs B Takte Q2, a pesynbTaT BbINOSIHEHUS KOMaHAObI
3anucbiBaeTca B Takte Q4.
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Q11Q2 Q3 1Q4|1Q11Q2 Q3 |1Q4 1Q1/Q2 Q3 |Q4

OSC1 {7/ 7 T T T T T T T Ty

Q1 J— T T,

Q2 | A a—

Q3 — T I

Q4 LA S F

PC FC FCei FCed
0SC2 |

RC S L
reHEPATOR
BRIDOpKa HHCTRYELWAM (PO
EEINONHEHKE MHCTRYELWMAK (PC-1] EBIDOpES MHCTRYELMAKA (PC+1)
BEINONHEHKE HHCTRYEWAM (PO EEIDOpER HHCTRYEWAK [PC+2)
B BINOAHEHHE MHCTRYELMI [PC+1]
Puc. 6 — CVIHXpOHI/ISaLI,I/IFI BbIMNOJIHEHUA KOMaHObI
TcyO Teyl Tey2 Tcy3 Tcy4 Teyb

BBITIOJTHCHUE

BbIOOpKA KOMaHbI 1
KoMaHsI 1

BBITIOJTHCHUE

BBIOOpKA KOMaH/IbI 2
P 5 KOMaH/IbI 2

BBIOOpKA KOMaHIbI 3 BBITIOJTHCHHE
(CALL) KOMaHBI 3
BbIOOpKA KOMaH bl 4 HET BBITIOJIHEHUS

BBITIOJTHEHHE
KOMaHbI 1
U3 MOANPOrPAMMbI
BBIOOpKA KOMaH/IbI 2
U3 MOANIPOrPAMMBI

BbIOOpKA KOMaHpI 1
U3 TOMPOrPaMMBI

Puc. 7 — KoHBenepHoe BbINONHEHNE KOMaHL4

4.2 Cxema cbpoca MMKPOKOHTponnepa

MWKpPOKOHTpOMNNEpPbI pasnuyatoT cnegyrowme Buapl copoca:
— ¢cBbpoc NO BKIOYEHUIO MUTAHWS;
— cBpOC NO CHMXKXEHUIO HANPSXKEHNSI NUTAHUS;
— cbpoc no BHewHemy curHany MCLR;
— cbpoc No nNepenosiHEHNIO CTOPOXXEBOTO Tanmepa.

HekoTopble pernctpbl He M3MeEHSATCA nocre cbpoca: nocne cbpoca no BKHOYEHUIO
NUTaHUS OHW codepXaT Heu3BeCTHOe 3HadeHue, a nocne nwboro gpyroro cbpoca wmx
COCTOsIHME OCTaeTcs HeU3MEHHbIM. BOonbWMHCTBO OpYyrux pernctpoB nepeBoadaTcs B
onpeaeneHHoe coctosaHme no cbpocy. butel TO n PD npuHumatoT onpegeneHHble 3Ha4YeHns
npy pasnnyHbIX Bugax cobpoca, kak nokasbiBaeT Tabnuua 3. 3K OGUTbI B COEOUHEHUN C
6utamm POR 1 BOR, ucnonb3ytoTcs B nporpaMMHOM obecneyeHun anga onpegeneHns snaa
cbpoca. B Tabnuue 5 npeagcraBneHo onncaHne Bcex BUAOB cOpoca Ans BCEX PErMCTPOB.

Mpn noctynneHnn curHana «cbpocy» perncTpbl HanpaBfeHUs nepegaynm CUrHanos
(DDR) yctaHaBnuBawoTca B «1», nepeBoas BbiBOAbI MNOPTOB B COCTOSIHME
BbICOKOMMMNEeAaHCHbIX BxoAoB. CocTosdHMe cbpoca HeKOTopbIX NepudepumnHbIX MoZynewn
MOXET NepeBecTn BbIBOAbI MOPTOB B APYrne COCTOSHUS, Hanpumep, TakMe Kak aHanoroBble
BXOAbl NN CUCTEMHAs LUNHA.
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B coctosHuM «cbpoc» BbIXOO BHYTPEHHEro TaKTOBOrO CUrHama CooTBeTCTBYeT
Takty Q1. EcCnuM  MUKPOKOHTpONNep  HaxoguTCs B pexuMMe  «pacLUMpeHHOro
MUKPOKOHTpOMNepa» Uin « MMKpornpoLeccopay, To Bo BpeMsi «cbpoca» Ha BbiBoge PEO/ALE
OygeT nNpucyTcTBOBaTb HU3KUA NOMMYECKUMI YPOBEHb BbIXOOAHOrO curHana, a Ha PE1/OE u
PE2/WR BbICOKUI YPOBEHb.
Ha Puc. 8 npuBegeHa ynpolueHHasa 6510Kk-cxema cxeMbl copoca Ha uune.

MCLR .
5 >C EHEWHMK CcOpoc

0Ly e
CTOPOHEEON TalMEepa

oo

MOy NE COpocE No o

CHMAEHMID MATEHMA

BEHY TREHHME

oAy e chpoca no clpoc

EKNHOYEHWK MATEHWA R e
Q5

= II>C 10-Ti paspagHbIi
CHETHME

TAUMEN ZaNyCKa reHepaTopa

CLCHaN
pEIEWEHKA

RC 10-TW paspAgHBIR
rEHERSTOR CHETHME

T-'EII:'II'-J'IEFI EENHIYEHWA MWTIaHKWA

CHIrHan

pEIpEWEHKA

Puc. 8 — YnpoliueHHas 6rok-cxema BCTPOEHHON cxeMbl cbpoca
4.2.1 C6poc no eKsI0YeHU numaHusi

Cxema cbpoca no BKIIOYEHMIO NMUTAHUA yaepXXMBaeT MUKPOKOHTPOSNEP B COCTOSIHUM
«cbpoc» OO Tex Mop, Noka HanpshkeHne NUTaHWs He AOCTUrHET OnpenerieHHOro YpPOBHS
(npumepHo 1,4 — 2,3 B). bnarogaps aton cxeme, B psge NpUNoXeHUn MOXXHO obonTuce 6e3
BHewHen RC uenodkn, nogknioyaemon k BoiBogy MCLR. B atom cnyyae BbiBog MCLR
NOAKMNOYaETCs Yepes3 pe3ncTop UNN HanpsaMyto K HanpshKeHUo nuTaHuda. BHelwHas cxema
«cbpoca» (cM. Puc. 9) notpebyeTcs TONMbKO B Clydae HWU3KOW CKOPOCTU HapacTaHus
HaNpsPKEHUS NUTaHNS.

Ucc

D }R1

1

Puc. 9 — BHelwHAs cxema «cbpocay» no BKITHOYEHWUIO NUTAHUS

MpumevyaHune —dnoag D npegHasHaveH ans GbICTPOKM paspsaaku KoHgeHcaTopa npu
CHWXEHUM HanpskeHusa nutanms. ConpoTtueneHne pesnctopa R1 pekomeHayeTcsa Bblbupatb
He 6onee 40 kKOM (4TOBbLI MageHue HanpsXKeHUs Ha pe3ncTope, n3-3a TOKOB YTEYKN BbiBOAA
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MCLR_Upp, He npesbiwano 0,2 B). Peauctop R2 npegHasHayeH Ong orpaHUYeHus Toka
yepes BbiBog MCLR_Upp, pekomeHgyemas senmynHa 100 Om — 1 kKOm.

4.2.2 Taumep sknrovdeHusi numaHuss PWRT

Tanmep BkNOYeHUs NUTaHUA obecrnednBaeT 3afepXKy BKITOYEHUS (HOMUHanbHoe
3HaveHne 96 MC) No curHamny cxembl cOpoca BKOYEHUS NMUTaHUSA. DTO NPOUCXOAUT nocrne
dpoHTa BHYTpPEHHEero curHana «cbpocay», unm nocne d¢poHta curHana MCLR. Tanmep
BKIMOYEHUSA nNuTaHusa pabotaeT Ha BHyTpeHHeM RC reHepaTtope. B TeyeHne 3TOoro BpeMeHu
MUKPOKOHTpOMMep yaepXuBaeTcs B COCTOsHMM cbpoca. B 6GonbliMHCTBE cnyyaeB 3Ta
3aZiep>KKka No3BONSEeT HaNPSXKEHUO NMUTaHUS OOCTUTHYTb HOMWHASIbHOIO 3HadeHus. Bpems
3alepPXXKM BapbUpyeTcs OT MUKPOKOHTPOSSIepa K MUKPOKOHTPOMEPY N 3aBUCUT OT BESTUYNHDI
HanpspKeHMs NuTaHna u Temnepatypbl. CMoTpuTe Tabnuuy napameTpos.

4.2.3 Talimep 3anycka 2eHepamopa

Tanmep 3anycka reHepaTopa obecneymBaeT AONONHUTENBHYIO 3aaepxky B 1024 TakTa
reHepatopa Nocrne OKOHYaHUS 3afepXKW OT Tamepa BKMYEHUA MUTaHMa Unu BbixoAa
MUKpPOKOHTponnepa us pexuma SLEEP B pexumax XT nnu LF. Tanmep BKkNtoYeHNA NnnTaHna
n Tanmep 3anycka reHepaTopa paboTatoT nocrnegoBaTenbHO. TanmMep 3anycka reHepartopa
cyuMTaeT Kaxablh  uMmnynbCc reHepatopa Ha Bxoge OSC1. CyeTyuk HauuHaet
WHKPEMEHTMPOBATbLCA MOCIe TOro, Kak amnnuTyda curHana reHepatopa JOCTUrHeT nopora
BxogHoro 6Oydhepa. 3agepxka rapaHTuUpyetr cTtabunusaumio 4YacTtoTbl reHepaTopa C
KBapLeBbIM pe3oHaTOpOM npexae, YeM YCTPOMCTBO BbIOeT M3 pexuma cbpoca.
AnNuTenbHOCTb 3a4epXKM 3aBUCUT OT YacTOThbl pe3oHaTopa.

Ha Puc. 10 nokasaHa paboTa cxembl Tanmepa 3anycka reHepatopa (pacnpeneneHue
BpEMEHU MNpu 3anycke reHepaTopa). 34ecb MnokasaH HW3KOYaCTOTHbIN reHepaTop, BpeMs
3anycka KOToporo npeBbIlaeT 3af4epXKy Tanmepa no BKIKYEHUO NuTaHnAa. Tosci — Bpems,
Tpebyemoe KBapueBOMY reHepaTopy AS1s 3anycka.

Hanp axeHue
nNUTaHKA /l
MCLR
o B
Q8C2
[
—l l<—1-‘9—8-91 1024 Tosc
Tanmep I [
3anycka I [
reHepaTopa [ 96 Me 1 :
Talmep : :
BKNOYEHWMA ]
nMTaHKMA ;
BHY TREHHMIA
ctpoc

Puc. 10 — Bpemsa 3anycka reHepaTtopa

4.2.4 [locnedosamesnibHOCMb yOepxKaHUsi MUKPOKOHMpPOJIiepa 8
cocmosiHuu cbpoca

Mpn BKMKOYEHMM NUTaAHUSA BLIMOMHAETCA Ccriegylwasi nocregoBaTenbHOCTb
yAepXXaHNA MUKPOKOHTponnepa B COCTOsiHMM cbpoca: BHYTPEHHWUM curHan «cbpoca» no
BKIHOYEHNIO NUTAHNSA YBENUYMBAETCS, NOKA HE OOCTUITHET MOPOroBOro ypoBHs. Ecnu curHan
MCLR HaxoguTcsi B BbICOKOM YPOBHE, TO CHavana HaymMHaeT pabotaTtb Tanmep BKIOYEHUSN
NUTaHUS, a NOCre TOro, Kak OH OTCYMTAET MOJIOXKEHOE BPEMS, BKIOYAETCA Tanmep 3anycka
reHepartopa, ecnm MCLR B HM3KOM ypoBHE TO TalMepbl 3anyckatoTcs nocrne poHTa 3Toro
curHana. O6bIMHO 3agepxka OT TauMmepa BKITHYEHUS NUTaHus Gonblue, 3a UCKITHYEHUEM
HU3KOYaCTOTHbIX KBapLEeBbIX pe3oHaTopoB. O0Llee BpeMs 3a4epXKKu Takke U3MEHsieTcs B
3aBMCUMOCTU OT KOHdurypaumm reHepatopa. Hwke nokasaHO Bpemsi 3adepXkkun, B
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3aBUCMMOCTU OT KOH(purypauumn reHepatopa (Tabnmua 2). Ha Puc. 11 otobGpakeHbl
nocrnefoBaTesNibHOCTU 3a4epek.

Ecnn HanpsikeHne nuTaHua YCTPOMCTBA He COOTBETCTBYET cneuudpukaumm
SNEKTPUYECKUX XapaKTEPUCTUK MOCMe OKOHYaHUSA 3aJepXXKum OT TauMepoB, TO Ha BbiBOAE
MCLR_Upp pormkeH npucyTCTBOBaTb HU3KUM JOMMYECKUA YPOBEHb, MOKa HarpshkeHue
NUTaHUS He AOCTUrHET HOMMHAIbHOro 3HadeHus. [Ons 6onblMHCTBA CXeM [OCTaTOYHO
ncrnonb3oBaHus BHewHen RC Lenoyku.

Ecnn curHan cbpoca ot MCLR nogaetca BO BpemMsi HopmanbHOW paboTbl
MUKPOKOHTpOMepa, TO MOCfie ero OKOHYaHUS TarMepbl BKIMIOYEHUA NUTaHUA U 3arnycka
reHepatopa He paboTalT, HO 3anyckaeTcs Taumep 3afepXkm Ha OoOHoBMeHue
KOHUrypaUMOHHbIX BUT (TnoBoe 3HavyeHue 1 mc).

Tabnuuya 2, Tabnuua 3 nokasbiBawT COCTOSIHUA nocne copoca Ans HEKOTOPbIX
BGUTOB 1 cneumanbHbIX PETMCTPOB, B TO BpeMsi Kak Tabnuuya 5 nakasbiBaeT COCTOSHUE Npu
MHUUManu3auumn gnsi BCex perucTpos.

Tabnuuya 2 — Bpems 3agepxku npu pasnuyHbiX BUaax copoca

KoHdurypaums BknioyeHue unu cHMXxeHue Bbixog u3 pexuma | Cobpoc ot
reHepartopa HanpsXeHus1 NUTaHns SLEEP MCLR
XT, LF cymma 96 mc 1 1024*Tosc 1024*Tosc 1 mc
EC, RC cymma 96 mc n 1024*Tosc - 1 MC

Tabnuuya 3 — butkl cTaTyca 1 UX 3Ha4YeHue nocre «cbpocay

BOR (ecnu pa3spelueH
poR | ©OPOC RO CHMXeHuo | o | o Tun «c6poca»
NUTaHUA, MHa4Ye
3Ha4YeHWe He U3BECTHO)

0 0 1 1 C6poc no BKIIKYEHUIO NUTAHNUSA

1 1 1 0 Bbixog 13 pexuma SLEEP no npepbiBaHuio
(cMm. npymeyaHue)
C6poc ot WDT npu HOpManbHOM pexumme

1 1 0 1
paboTbl (CM. NnpuMeYvaHue)

1 1 0 0 Boixog n3 pexuma SLEEP ot WDT (cwm.
npuMeyaHune)

1 1 1 1 C6poc ot MCLR (cMm. npumevaHue)

1 0 1 1 C6poc Mo CHMKEHWUIO HANPSKEHNA MUTaHUS

X X 1 1 BbinonHeHnne komanabl CLRWDT

MpumeyvaHne — [Ansa oTMeYeHHbIX BUOOB «cbpoca», COCToAHNA BUToB craTyca
OyayT COOTBETCTBOBATL NPUBEAEHHBIM B Tabnuue, Ansa crnyyasa ecnu utbl NnpeaBapuTenbHO
YyCTaHOBIIEHbI B €ANHNLY.

Tabnunuya 4 —Ycnosus copoca nporpammMmHoro cuetymnka un pernctpa CPUSTA

Tun «cbpocar PCH:PCL | CPUSTA® 3agepka BKIOYEeHUA
C6poc No BKNOYEHUIO NUTaHUSA 0000h --11 1100 | Cymma 96 mc 1 1024*Tosc
Cbpoc no crimkeniio 0000h | --111110 |Cymma 96 mc u 1024*Tosc
HanpsXKeHUs NUTaHWs
C6poc ot MCLR B pexume
HopMarbHOM paboThl
C6poc ot MCLR _ @ | bonbuwee 13 1 mMc nnm (Tonbko Ans
B pexume SLEEP 0000 11111l pexumoB XT n LF) 1024*Tosc

C6bpoc ot WUDT B pexuve 0000h 11 0111® | Het
HopMarsbHOM paboThl

0000h --111111® | 1 mc
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Tun «c6pocar PCH:PCL | CPUSTA® 3agepxKa BKIKOYEHUA

C6poc ot WDT BO Bpems _ @ . "

pexuma SLEEP 0000h 11 0011 Onsa pexumos XT u LF: 1024*Tosc
GLINTD @ ) .

Bbixoa u3 PC+1 --11 1011 Ons pexumos XT u LF: 1024*Tosc
YCTaHOBIIEH

pexuma SLEEP GLINTD

No NpepbIBaHMIO cBpoLLeH PC+1® | --101011® | Onga pexumo XT u LF: 1024*Tosc

Obo3HavYeHuUd:

U — HE NUBMEHAETCA, X — HE N3BECTHO, - — HEe peaJiIn30BaHO, YNTaEeTCA KaK «0»

MpnmeyaHuns:

1 [pu «npobyxaeHuny», BbINONHSETCS 3Ta KomaHaa. [anee komaHaa Bbibupaetca
B COOTBETCTBMM C BEKTOPOM MpepbIBaHUS, a 3aTEM BbIMNOSHAETCS.
2 [MporpammHbIn cyeTumk = 0, TO eCTb YCTPOWCTBO NEpexoauT K BeKTopy cbpoca u
yCTaHaBnMMBaET PeErncTpbl B coctosiHne cbpoca no WDT.
3 3HadveHne 6uta BOR M3BECTHO TOMBKO €Criv paspelleH COpoc MO CHUXKEHUIO
nMTaHus.
4 CocCTosiHMEe cTaTyCHbIX OMTOB COOTBETCTBYET npuBedeHHbIM B Tabnuue ans
cny4yas ux npeaBapuTenibHOM YCTAaHOBKN B e4MHULY.
HanpaxeHue HanpaxeHue
nUTaHKMA | NMTaHKMA /:
I
|
MCLR /I MCLR :
96 Mc ' 96 Mc
% BT 2 T
Tanmep I ' Tanmep I '
BKNOYEHMA | BKNHOYEHMA |
NUMTaHKMA 1 nUTaHKMA 1
: 1024 Tosc, | | 1024 Tosc ,
Talmep I ! Talmep - t
sanycka I 1 sanycka I |
reHepaTopa 1 reHepaTopa |
| I
BHYTREHHMIA I— BHYTREHHMIA ’—
cBpoc cBpoc
a) 6)

Puc. 11 — lNocnepoBaTensHOCTb yaepXXaHus B pexmme cbpoca No BKNKOYEHUIO MUTAHUS:
a) MCLR nogcoeguHeH K HanpsbKeHUo NUTaHus;
6) MCLR He nogknto4eH K HanpsXXeHUo nuTaHus

Tabnuuya 5 — 3HayeHUsa perncTpoB npu «cbpoce»

C6 Co6poc ot Bbixog n3
pOC Mo BKNIOYEHUIO
Peructp Apnpec WUIIN CHUXEHUIO MCLR nnm ot pexuma
CTOpPOXEeBOro SLEEP no
HanpsXXeHUA NUTaHUA -
Tanmepa npepbIBaHNIO
BHe 6aHka
INDFO 00h N/A N/A N/A
FSRO 01h 0000 0000 uuuu uuuu uuuu uuuu
PCL 02h 0000h 0000h PC+1®@
PCLATH 03h 0000 0000 0000 0000 uuuu uuuu
ALUSTA 04h 1111 0000 1111 0000 1111 uuuu
TOSTA 05h 0000 000- 0000 000- 0000 000-
CPUSTA® 06h --11 1190 --11 gquu --uu gquu
INTSTA 07h 0000 0000 0000 0000 uuuu uuuu®
INDF1 08h N/A N/A N/A
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FSR1 09h 0000 0000 uuuu uuuu uuuu uuuu
WREG OAh 0000 0000 0000 0000 uuuu uuuu
TMROL 0Bh 0000 0000 0000 0000 uuuu uuuu
TMROH 0Ch 0000 0000 0000 0000 uuuu uuuu

TBLPTRL 0Dh 0000 0000 0000 0000 uuuu uuuu
TBLPTRH OEh 0000 0000 0000 0000 uuuu uuuu
BSR OFh 0000 0000 0000 0000 uuuu uuuu
BaHk O
EP1 CFG1 10h 0000 0000 0000 0000 uuuu uuuu
EP1 CFG2 11h 0000 0000 0000 0000 uuuu uuuu
EP2 CFG1 12h 0000 0000 0000 0000 uuuu uuuu
EP2 CFG2 13h 0000 0000 0000 0000 uuuu uuuu
EP3 CFG1 14h 0000 0000 0000 0000 uuuu uuuu
EP3 CFG2 15h 0000 0000 0000 0000 uuuu uuuu
EP4 CFG1 16h 0000 0000 0000 0000 uuuu uuuu
EP4 CFG2 17h 0000 0000 0000 0000 uuuu uuuu
BaHk 1
DESC ADR 10h 0000 0000 0000 0000 uuuu uuuu
DESC DATA 11h 0000 0000 0000 0000 uuuu uuuu
PORTA 12h ---= XXXX ---- uuuu uuuu gqqq
DDRD® 13h 1111 1111 11111111 uuuu uuuu
PORTD®* 14h XXXX XXXX uuuu uuuu uuuu uuuu
DDRC® 15h 1111 1111 11111111 uuuu uuuu
PORTC®* 16h XXXX XXXX uuuu uuuu uuuu uuuu
- 17h | e e e e e
BaHk 2
EP1 REG 10h 0000 0000 0000 0000 uuuu uuuu
EP2 REG 11h 0000 0000 0000 0000 uuuu uuuu
EP3 REG 12h 0000 0000 0000 0000 uuuu uuuu
EP4 REG 13h 0000 0000 0000 0000 uuuu uuuu
PIR1 14h --00 0010 --00 0010 --uu uuuu®
PIE1 15h --00 0000 --00 0000 --Uu uuuu
- 16h | e e | e e
- 4 T e e R
BaHk 3
EP1 STAT 10h --00 --00 --00 --00 --uu --uu
EP2 STAT 11h --00 --00 --00 --00 --uu --uu
EP3 STAT 12h --00 --00 --00 --00 --uu --uu
EP4 STAT 13h --00 --00 --00 --00 --uu --uu
EP1 CNT 14h -000 0000 -000 0000 -uuu uuuu
EP2 CNT 15h -000 0000 -000 0000 -uuu uuuu
EP3 CNT 16h -000 0000 -000 0000 -Uuu uuuu
EP4 CNT 17h -000 0000 -000 0000 -uuu uuuu
BaHk 4
USB ADR 10h -000 0000 -000 0000 -uuu uuuu
USB ERROR 11h 0000 0000 0000 0000 uuuu uuuu
USB STAT 12h -000 0000 -000 0000 -uuu uuuu
USB CTRL 13h --00 0000 --00 0000 --Uu uuuu
USB IE1 14h 0000 0000 0000 0000 uuuu uuuu
USB IE2 15h 0000 ---- 0000 ---- uuuu ----
USB IE3 16h 0000 0000 0000 0000 uuuu uuuu
USB |IE4 17h ---- 0-00 ---- 0-00 ---- u-uu
BaHk 5
- 0] I T e e
DDRE® 11h 1111 1111 1111 1111 uuuu uuuu
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PORTE®*® 12h XXXX XXXX uuuu uuuu uuuu uuuu
RCSTA 13h 0000 -000 0000 -000 uuuu -uuu
RCREG 14h 0000 0000 0000 0000 uuuu uuuu
TXSTA 15h 0000 --10 0000 --10 uuuu --uu
TXREG 16h 0000 0000 0000 0000 uuuu uuuu
SPBRG 17h 0000 0000 0000 0000 uuuu uuuu

BaHk 6

NAND MODE 10h 0000 0000 0000 0000 uuuu uuuu
NAND_DATA 11h 0000 0000 0000 0000 uuuu uuuu

- s I e I e
WRDIF 13h 0000 0101 0000 0101 uuuu uuuu
EERPOM_CONT 14h 000 0000 g000 0000 uuuu uuuu
EERPOM MODE 15h 0000 0000 0000 0000 uuuu uuuu
EERPOM_DATA 16h 0000 0000 0000 0000 uuuu uuuu
EERPOM_ADDR 17h 0000 0000 0000 0000 uuuu uuuu

BaHk 7

- 10h | e e e e
SSPCON1 11h 0000 0000 0000 0000 uuuu uuuu

- 12h | e e e e e
SSPSTAT 13h 0000 0000 0000 0000 uuuu uuuu
SSPBUF 14h 0000 0000 0000 0000 uuuu uuuu

- S I e e I

- 1S I e e e

- 4 T e e R

BHe 6aHka

PRODL 18h 0000 0000 0000 0000 uuuu uuuu
PRODH 19h 0000 0000 0000 0000 uuuu uuuu

Obo3HauvyeHunq:
U — He MU3MEHHAETCH, X — HEU3BECTHO, - — He peanu3oBaHo, yuTaeTcs Kak «0»,
g — 3Ha4YeHue 3aBMCUT OT YCIOBUS.

MpnmeyaHuns:

1 OpaunH out nnu 6onee B INTSTA, PIR1 6yget nameHeH (4Tobbl npowusoLwlen
BbIX0L4).

2 Korga Bbixog n3 pexuma SLEEP npoucxognt no npepbiBaHuio n 6ut GLINTD
cbpowieH, PC 3arpyxaeTcsi BEKTOPOM npepbiBaHus. Tabnuua 4 onst 3Ha4eHnn no
cbpocy B 0COBbIX YCIOBUSAX.

3 OT10 3HauyeHue, koTopoe byaeT B TpUIrepe-3allenke nopTa BbiBoaa.

4 Korga 3anporpaMMUpoOBaH pPeXmnMm MUKpomnpoueccopa WAn  paclUMpPEHHOro
MUKPOKOHTpornnepa, paboTta 3Toro nopta He 3aBUCUT OT 3TUX PErMCTPOB.

4.2.5 C6poc no CHUXXeHUr HanpsiXeHuUsi numaHusi

MWKpPOKOHTPONMEPbl MMEIKOT Ha KpUcTanmne cxemy cbpoca no CHMKEHUIO HanNpsXXeHus
nUTaHus. OTa Cxema NepeBOoAMT MUKPOKOHTPONNEep B pexum cbpoca, Koraa HanpspkeHue
MATaHWUS OMYCKAeTCA HWXEe YCTAHOBMIEHHOrO YPOBHA, YTO rapaHTupyeT npekpalieHue
BbINOSIHEHUSA NpoOrpamMM MNpWU BbIXOAE HAMPsSPKEHUS1 MUTaAHUS 3a YCTAHOBMEHHbIE HOPMbI.
Mpexae Yyem ucnonb3oBaTb cxeMy COpoca MO CHMXKEHUIO HANPSXKEHUS NUTaHWUS, NPOBepbTe
3NEeKTpUYECcKMe xapakTepUCTUKN, YTOObI yOOCTOBEPUTLCS B TOM, YTO OHA OTBEYaeT BalUUM
TpeboBaHuaM. BkrtoueHne nnm BoeiknodeHne cxembl cbpoca nponssoamtca 6Gutom BODEN B
CnoBe KOHurypaumm.

PaboTa cxembl cbpoca: ecnun HanpsxkeHne nutaHns onyckaetcs Hke Upor (TUNOBOE
3Ha4veHue 4,0 B), nponsonget cOpoc No CHMXKEHMIO HAaNPSXKeHUSA NMTaHnsA. MUKPOKOHTponnep
HaxoguTCs B COCTOAHMM cBpoca, noka HanpsbkeHne nutaHusa He nogHumetcs Bbiwe Ubpor.
3aTtem HaunHaeT paboTaTb TaiMep BKIOYEHUS NUTaHWS, Aanee TaMep 3anycka reHepaTtopa
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(ana pexumos LF n XT). 310 yaepxuBaeT MUKPOKOHTPOMNeEpP B cocToAHuM cbpoca Gonee
96 mc 1 1024*Tc. Ecnn HanpskeHue nuTaHus onyckaetca Hwxke Ubor Bo Bpemsa paboThl
TarMepa BKIIOYEHUS NUTaHWS, TO MUKPOKOHTPOSNEP BO3BpaLlaeTcs B cocTosHue cbpoca u
TanMepbl NHULMaNM3npyTcsa 3aHoBO. Nocne nogbema nNuUTaHusa, TanMepbl HAYHYT OTCYET
BpeMeHHoW 3aaepXkn. Ha Puc. 12 nokasaHbl TMNoBble cutyauumn cbpoca.

B HekoTOpbIX NPUNOXEHUAX MapameTpbl BHYTPEHHEN CXeMbl COpOCa MO CHUXEHWUIO
NUTaHUs He yOoBNeTBOpsOT TpeboBaHusiM. B aTom cnyyae pormkHa ObiTb NpUMeEHeHa
BHELLHSAS cxeMa cbpoca No CHUKEHMIO HaNPSHKEHUSA NUTaHUS.

HanNpAKEHWe
nutaHma U___—_—_____—_—_____W ___________ Ubor

L
BHYTREHHMIA | ] I i i
cbpoc cymma 96 mc <96 mc cymma 96 mc
11024 Tosc 11024 Tosc

Puc. 12 — CO6pocC MO CHMXEHMIO HANPSKEHUSI MUTaHUS
4.3 T[pepbiBaHuUs

MwuKpOKOHTpOnnepbl UMET 29 UCTOYHMKOB MNPEepPbIBaHUS:

— BHelHee npepbiBaHme ot BbiBoga PAO/INT,

— nepenosiHeHne Tanmepa TMRO,

— bydep nepegatunka USART nycrT,

— bydep npnemHmka USART 3anonHeH,

— npepbiBaHua oT moaynsa USB (21 nctouHuk npepbiBaHui),

— npepbiBaHng oT moaynsa SPI,

— npepbiBaHng ot moayns EERPOM,

— npepbiBaHusa ot moayna NAND Flash,

— un3meHeHne curHana Ha BbiBoge PA1/TOCLK (Tonbko B crniydae TakTMpOBaHUSA
Tamepa TMRO oT aToro BbiBOAA).

MpepbiBaHnsaMu ynpaesnaoT vyeTbipe pernctpa: CPUSTA, INTSTA, PIE1, PIR1.

Pernctp CPUSTA cogepxut 6ut rnobanbHoro 3anpewieHus npepbiBaHnin GLINTD
(Global Interrupt Disable). Ecnu aTOT BMT yCTaHOBIEH, BCe NpepbiBaHUA 3anpeLeHbl. ITOT
OUT ABNSEeTCS 4YacTbilo (PYHKLUMOHAmNbHbIX BO3MOXHOCTEM S4pa MUKPOKOHTpornepa MU
onucbiBaeTcs B pasgene «ObpaboTka npepbiBaHNN».
Korma npoucxogut npepbiBaHne, 6ut GLINTD aBTOmaTuyecku ycTaHaBnmMBaeTcs Ans
3anpeTta fanbHenwmnx npepbiBaHUA, agpec Bo3BpaTa 3anucbiBaeTcss B CTek, a B PC
3arpyxaeTtcsa agpec BekTopa npepbiBaHuin. CyuwecTByeT 4 BekTopa npepbiBaHui. Kaxabin
agpec BeKTopa npepbiBaHUK NpedHasHadeH nsi onpefeneHHOro UCTOYHMKa npepbiBaHUN
(kpoMe nepudepunHbIX NPepbIBAHUN, Y KOTOPbIX OOAWH U TOT Xe agpec). TN UCTOYHMKU
cnegywowue:

— BHelHee npepbiBaHue oT BbiBoga PAO/INT;

— nepenonHeHune Tanmepa TMRO;

— n3MeHeHue curHana Ha BbiBoge PA1/TOCLK;

— nmoboe nepudepunHoe npepbiBaHnE.

MNepexog no agpecy BekTopa npepbiBaHUA He cbpacbiBaeT cnar 3anpoca
npepbiBaHus. dnar 3anpoca npepbiBaHns OOSTKEH ObITb cOpoLLEH B Nporpamme o6paboTkm
npepbiBaHNA Nepen paspeLlleHnem npepbiBaHnii, 4To6bl NPegoTBPaTUTb NOBTOPHLIN Nepexos
Ha 06paboTKy npepbiBaHUi. B nporpamme o6paboTkm nepudepuiiHbiX NpepbiBaHNU MCTOYHUK
npepbIBaHNA MOXHO naeHTMUUMPOBaTh NpoBepKon doraros 3anpoca npepbiBaHUN.
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Korga BbINONHAETCS ycnosue MpepbiBaHUs, WHOMBUAyarnbHble narn 3anpocos
npepbiBaHU  yCTaHaBNMBAKOTCA  He3aBUCMMO OT  cocTtodHma 6uta GLINTD wu
COOTBETCTBYIOLLMNX BUTOB MacCKM.

Mpy BHewHeM npepbiBaHUN MNPOUCXOAUT 3adepXkka npepbiBaHua. [Ons komaHa,
BbIMONHALNXCA 3a ABa MALUMHHBIX UUKIa, 3adepXka ANMHHee Ha OAWH MaLUMHHbIN LK.

BoaBpaT 13 nporpammbl 06paboTku npepbiBaHMin npon3sogutca no komaHae RETFIE.
Mpw BbINONHEHUN KOMaHAbI NPOUCXOANT BOCCTAHOBMEHUE nporpaMMmHoro cyetyunka (PC) na
cteka n copacbiBaetcs 6uT GLINTD (4To6bI paspelwnTb NpepbiBaHUS).

4.3.1 Peaucmp cocmosiHusi npepbieaHuu (INTSTA)

Pernctp INTSTA cogepxuT donarm 3anpoca npepbiBaHUn 1 6UTbl paspeLueHnin ns He
nepudepumrHblix npepsiBaHnn. but PEIF (cdnar 3anpoca nepudepuinHbiXx npepbiBaHUN)
TONbKO YnTaetcs, n obveanHaet no «UAJIM» Bce He 3amackupoBaHHble dnarn 3anpocoB
nepudepurHbix npepbiBaHui B pernctpe PIR1.

BuTbl ¢onaros 3anpocoB MpepbiBaHUM yCTaHaBAMBAKOTCA MO 3a4aHHbIM YCITOBUAM,
AaXe ecnv COOTBETCTBYHOLWMA OUT paspelleHuss npepbiBaHus cbpolleH (npepbiBaHue
3anpeueHo), unm 6ut GLINTD ycTaHoBneH (Bce npepbiBaHUs 3anpeLyeHbl).

CnegyeT C OCTOPOXHOCTLIO chpackiBaTh Nobon paspeLwarowmm 6mut permctpa INTSTA,
Korga npepbiBaHus paspelleHbl (6ut GLINTD cbpoweH). Ecnn kakme-nnbo dnarm 3anpoca
npepsbiBaHna (TOIF, INTF, TOCKIF, unn PEIF) yctaHaBnnBatoTCs B TOM XXe MalLUMHHOM LKKne,
B KOTOPOM COOTBETCTBYHLUNE BUTHI paspeLleHns npepbiBaHNsa cbpacbiBaoTCH, YCTPONCTBO
nepexoamnt no agpecy cbpoca (0x00). MNpexae, 4em 3anpeTuUTb Kakoe-nnbo npepbiBaHue,
cbpocom paspewatrowero 6uta pernctpa INTSTA, Heobxoaumo npenBapuUTENbBHO
yctaHoBUTb 6UT GLINTD, T.e. 3anpeTuTb BCe NpepbiBaHuS.

Bblxon 13 SLEEP
= OKOHYaHMe "8 AMHHOR"
- TOIF — 3anMcu
USBIF — (V2] TOIE —
USBIE —___ = =
< INTF —]
RCIF — = INTE — | NpPepblBaHKUe
RCE— _ 3 - :ﬂ_l)_>—>
TOCKIF __3_,_
TXIF — TOCKE —{__
TXIE—__ PEIF
PEIE —D_

GLINTD

PIR1 / PIE1

MNANDIF — :;
MNANDIE —
EEPROMIF — )

EEPROMIE —

SPIF —
SPIE —

—
—
L

Puc. 13 — CTpyKkTypHas cxema fnormku npepbiBaHum
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Tabnuuya 6 — Peructp INTSTA (agpec: 07h, He 3aBuCcUT OT HoMepa HaHka)

R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PEIF TOCKIF TOIF INTF PEIE TOCKIE TOIE INTE
out 7 6 5 4 3 2 1 6ut 0

ourt7 PEIF: ®nar 3anpoca nepuncdepuinHoro npepbiBaHus. 3ToT 6ut sBnsietca
obveanHeHnem no «WMNW» Bcex cpnaroB 3anpocoB nepudepunHbIX
npepbIBaHMIN NOTMYECKN YMHOXEHHbIX MO «M» Ha COOTBETCTBYOLLMNE OUTbI
paspelleHuss  npepbiBaHWA.  JlorMka — npepbiBaHUA  HanpasnseT
BbIMOSHEHME Nporpammel No agpecy 20h), korga npoucxoguT 3agepXkka
nepugepnnHoro npepbiBaHUS.
1 = ecTb He obpaboTaHHOe NepudepninHoe NpepbiBaHNE;
0 = HeT He 0bpaboTaHHOro nNepmdepUNHOro NpPepbIBaHUs

ouT 6 TOCKIF: ®nar BHeluHero 3anpoca npepbiBaHnda oT BbiBoga PA1/TOCLK.
C6pacbiBaeTca nporpamMHO nporpammon 06paboTku npepbiBaHMS.
Anpec Bektopa 18h.
1 = Ha BbiBoge PA1/TOCLK obHapyxeH 3agaHHbI (PPOHT curHana;
0 = Ha BbiBoge PA1/TOCLK He ob6HapyeH 3aaHHbIi POHT curHana

out 5 TOIF: ®nar 3anpoca npepbiBaHMs Mo nepenonHeHMio Tanmepa 0.
C6pacbiBaeTcsi MporpaMMHO NporpaMmon  06paboTku  npepbiBaHUA.
Agpec Bektopa 10h.
1 = tanmep TMRO nepenosnHeH;
0 = tanmep TMRO He nepenonHeH

out 4 INTF: ®nar BHelwHero 3anpoca npepbiBaHus OT BbiBoga PAO /INT.
CoGpacbiBaeTcsi MporpaMMHO NporpaMmon  006paboTku npepbiBaHUA.
Anpec Bektopa 08h.
1 = Ha BbiBoge PAO/INT oGHapyXeH 3agaHHbIi PpOHT curHana;
0 = Ha BbiBoge PAO/INT He obHapyxeH 3agaHHbIN OPOHT curHana

our 3 PEIE: bBwut pa3speweHne nepugepunHbix npepbiBaHnn. ITOT OuUT
AencteyeT, Kak OuT rnobanbHOro paspeleHns nepudepunHbix
npepbiBaHMN, YbM COOTBETCTBYHOLIME OUTbI paspelleHus npepbiBaHui
Takke YyCTaHOBIEHbI.
1 = nepuchepuintHble NpepbIBaHNSA paspeLleHbl;
0 = nepudepuitHble NpepbiBaHUS 3anpeLLEeHbI

our 2 TOCKIE: BuT paspelleHuss BHELWIHEro npepbiBaHWs OT BbiBOAA
PA1/TOCLK.
1 = npepbiBaHNE paspeLLEHO;
0 = npepbIBaHWE 3anpeLleHo

out 1 TOIE: BuTt paspelueHus npepbiBaHWs MO nepenoniHeHuo Tanmepa O.
1 = NpepbiBaHNE paspeLLEHO;
0 = npepbiBaHME 3anpeLleHo

out 0 INTE: buT paspeLueHns BHeLLHero npepbiBaHus Ha BoiBoge PAO/INT.

1 = npepbiBaHME paspeLleHo;
0 = npepbiBaHMe 3anpeLLeHo

Ob6o3HavyeHUsn:

R — 6ut gnga yteHus; W — OuT ¢ BO3MOXXHOCTbIO 3anucuy;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6mTa nocrne cobpoca No BKAYEHUNIO NMUTAHUS:
1 — ycTaHoBnEH,;

0 — cbpoLueH;

X — 3Ha4YeHne He N3BECTHO.
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4.3.2 Peaucmpbl pa3peweHusi nepughepuliHbix ripepbieaHuu PIE1

OTn pernctpbl cogepxaT uHAMBUMAYanbHble OWUTbl paspelleHns nepudepuinHbIx
npepbIBaHUNA.

Tabnuuya 7 —Peructp PIE1 (agpec: 15h, 6aHk 2)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EEPROM
- - SPIIE IE NANDIE USBIE TXIE RCIE
ouT 7 6 5 4 3 2 1 6ut 0
out 7 3apes3epBMpoBaHo.
ouT 6 3apesepBrpoBaHo.
ouTt 5 SPIIE: MNMpepbiBaHne oT 6noka SPI.

1 = paspeLleHo;

0 = 3anpeuieHo

out 4 EEPROMIE: MpepbiBaHne ot EERPOM koHTponnepa.

1 = paspeLueHo;

0 = 3anpeLieHo

our 3 NANDIE: lNpepbiaHne ot NAND Flash koHTponnepa.

1 = paspeLueHo;

0 = 3anpeLeHo

ourt 2 USBIE: lNMpepbiBaHne ot USB koHTponnepa.

1 = paspeLueHo;

0 = 3anpeLyeHo.

MpumeyvaHne: Kpome gaHHoro 6uta B permctpax KoHTponnepa ecTtb onaru
paspeLleHnsi NpepbiBaHW 4151 Pa3NINYHbIX COObITUI B KOHTpOsnepe

ouT 1 TXIE: But paspelwieHus npepbiBaHusa oT nepegatdmka USART (6ydep
nepegaTymka nycr).

1 = NpepbiBaHUE paspeLLEHO;

0 = npepbIBaHWE 3anpeLLEHO

out 0 RCIE: but paspelueHus npepbiBaHus ot npueMmHnka USART (B 6ydepe
NnpueMHMKa ecTb JaHHbIe).

1 = NpepbiBaHNE pas3peLLEHO;

0 = npepbIBaHWe 3anpeLleHo

Ob6o3Ha4vyeHUsn:

R — 6uTt anga yteHusi; W — GuT ¢ BO3MOXXHOCTbIO 3anucuy;

U — 6uT He peanuaoBaH, YntaeTtcs kak 0;

-n — 3Ha4yeHune 6uta nocrne cbpoca No BKIIHOYEHUIO MUTAHUS:
1 — ycTaHoBreEH;
0 — cbpoluen;
X — 3Ha4YEeHne He N3BECTHO.

4.3.3 Peaucmpsbi 3anpoca nepugepuliHbix npepbisaHul PIR1

OTOT pernctp cogepxaT uHAMBMAyanbHble narnm 3anpocoB nepugepumnHbIxX
npepbiBaHUNA.

MpumeyaHne — onarn 3anpoca npepbiBaHUWA YCTaHaABNUBAKTCA NpU
BO3HWKHOBEHWW YCMOBUI MpepbiBaHUA, BHE 3aBMCUMOCTM OT COCTOSIHMA dnara obuiero
3anpeta npepbiBaHuit GLINTD u cootBeTCTBYHOWMX (bnaroB paspeLlleHns nepngepunHbix
npepbiBaHnin. [epen paspeleHneM npepbiBaHUSA, Nonb3oBaTenb AOIMKEH cOpocuTb dnarum
3anpocoB NpepbiBaHMin, YTOOLI NporpaMma He nepeLusia HesaMmeLnuTenbHO K nognporpaMmve
06paboTkn nepunepurinHbIX NpepbIBaHUN.
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Tabnunua 8 —Peructp PIR1 (agpec: 14h, 6aHk 2)

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R-1

R-0

SPIIF

EEPROM
IF

NANDIF

USBIF

TXIF

RCIF

out 7

6

5

4

3

out 0

our7

3ape3epBMpOBaHO

out 6
out 5

3ape3epBMpoBaHO

SPIIF: ®nar npepbiBaHus oT 6roka SPI.

1 = bnok SPI 3akoH4nn nepegavy/npunem;

0 = bnok SPI ceobogeH nnn BegeT nepegadvy/npmem

EEPROMIF: ®nar npepbiBaHusi OT koHTponnepa EEPROM.

1 = 3akOHYeHa paboTa;

0 = 6nok ceoboaeH nnun Beget paboTy

NANDIF: ®nar npepbiBaHus oT koHTponnepa NAND Flash.

1 = 3aKOHYeHa paboTa;

0 = 6nok ceBoboaeH nnu BegeT paboTy

USBIF: ®nar npepbiBaHns 0T kKoHTpornnepa USB.

1 = ecTb cobbITME B KOHTponnepe USB;

0 = HeT cobbIThI

ouT 1 TXIF: ®nar 3anpoca npepbiBaHnsa oT nepedatumka USART. ®nar
ycTaHaBnueaeTcss M cbpacbiBaeTcs annapaTtHO, AOCTYNeH TONbKO Ans
YTeHus.

1 = Oycbep nepepatunka USART nycr;

0 = 6ydep nepegatunka USART 3anonHeH

RCIF: ®nar 3anpoca npepbiBaHua oOT npueMHuka USART. onar
ycTaHaBnuBaeTcsi U cbpacbiBaeTcsl annapatHO, AOCTYNeH TONbKo Ans
YTeHus.

1 = B 6ydepe npnemHuka USART ecTb AaHHbIE;

0 = 6ydep npuemHuka USART nyct

out 4

outr 3

out 2

ont 0

Obo3HavyeHund:

R — out gnga ytenusa; W — 61T ¢ BO3MOXHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6uTa nocne cobpoca No BKAYEHUIO NMUTAHUS:
1 — ycTaHoBnEH,;
0 — cbpoLueH;
X — 3Ha4YEeHNe He U3BECTHO.

4.3.4 O6pabomka npepbieaHull

But rmobansHoro 3anpeuwenus npepbiBaHut GLINTD (CPUSTA<4>) paspeluaeT Bce
HEeMacKMpoOBaHHbIE NpepbiBaHUA (ecnun cOpoLleH), unu 3anpeLllaeT BCe npepbiBaHusA (ecnm
ycTaHoBreH). HamBmnayanbHble npepbiBaHUSA 3anpelleHbl Yepe3 COOTBETCTBYHOLWMNA OUT
paspewweHus B pernctpe INTSTA. [Ina 3anpeTta nepudepuinHblx npepbiBaHnin Heo6xoaumo,
4YT06bI ObIN cOpoLeH GUT rnobanbHOro paspelleHnsa nepudepurHbix npepbisaHnn PEIE nnu
cbpoLlleH 6uT paspeLLeHns COOTBETCTBYOLLEro NepudepunHoro npepbiBaHus. 3anpeLleHme
nepudepunHbix npepbiBaHUn  Yeped OUT rnobanbHOro paspeleHus nepudepunHblxX
npepbiBaHUi, 3anpeLlaeT Bce nepudepuiiHbie npepbiBaHmsa. but GLINTD yctaHaBnvBaeTcs
npu cbpoce MUKPOKOHTpoOsNepa (NpepbiBaHUs 3anpeLleHbl).

Komanga RETFIE c6pacbiBaet 6ut GLINTD agna paspelieHus npepbiBaHUN U
3arpyxaeT CH4eTYMK KOMaHA 3Ha4YeHNEM M3 BEPLUNHBLI cTeka. Korga npoucxoguT npepbiBaHue,
6ut GLINTD aBTOMaTM4yecku ycTaHaBnMBaeTCs ONs 3anpeTa ganbHenwunx npepbiBaHum,
agpec Bo3BpaTa 3anunCbiBaeTCs B CTEK M CHETYMK KOMaHA 3arpyxaeTca agpecom BekTopa
npepbiBaHnd. CyuwiectByeT 4 BeKTOpa npepbiBaHUA, 4YTO CNOCOOCTBYET COKpaLLeHUIo
3agepXkkn npu obpaboTke npepbiBaHu. dnarn 3anpocoB MNpepbiBaHUA AO0MKHbI ObiTb
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cOpoLleHbl B NporpaMmme nepeq paspelleHMeM npepbiBaHni, YTobbl n3bexaTb NOBTOPHOMO
BbI30Ba.

BekTop nepudepninHbiX npepbiBaHUN MMEET MHOXECTBO UCTOYHUKOB NpepbiBaHnin. B
nporpamme oO0CnyXnBaHna nepudepuinHoro npepbiBaHus, UCTOYHUK MpepbiBaHUS MOXHO
onpenenuTb NpoBepKon ¢hrnaros 3anpoca nNpepbiBaHUS.

MwukpoKOHTponnep UMeeT 4 BekTopa npepbiBaHUN. Agpeca BEKTOPOB U NX NPUOPUTETDI
nokasaHbl B Tabnuue 9. Ecnu npoucxoguT 3anpoc OBYX NpepbiBaHWA O4HOBPEMEHHO,
npepbiBaHne ¢ 6onblwimm npuoputeTom OyaeT obcnyxumBaTbCs B MEPBYD ovepeib. ITO
0O3Ha4aeT, YTO afpec BEKTOpa MMEHHO 3TOro NpepbiBaHNA ByaeT 3arpyXeH B CHETYMK KOMaHA
(PC).

Tabnuua 9 —MNproputeTbl M agpeca BEKTOPOB NpepbiBaHU

Appec BekTop Mpuvopurter
0008h | BHewHee npepbiBaHne Ha BbiBoge PAO/INT (INTF) 1 (cambl BbICOKWIA)
0010h | MpepbiBanne no nepenonHexHno TMRO (TOIF) 2

0018h | BHewHee npepbiBanne no PAL/TOCLK (TOCKIF) 3

0020h | NepudepurHbie npepbiBanus (PEIF) 4 (cambll HN3KNIA)

MpumeyaHns:

1 WHaveugyanbHble onarn 3anpoca npepbiBaHus yCTaHaBMBaOTCA HE3aBUCUMO
OT COCTOSIHUSI COOTBETCTBYHOLLEro Mackupyrowero 6uta unm 6uta GLINTD.

2 [pexpge, yem 3anpeTuTb Kakoe-nmbo npepbiBaHWe, cOpPOCOM paspeluaroLlero
buta pernctpa INTSTA, 6ut GLINTD gosmkeH 6b1Tb ycTaHoBMEH (06LWwmin 3anpeT
npepbIBaHUN).

4.3.5 [lpepbieaHue om ebieoda PAO/INT

BHewHee npepbiBaHue ot BoiBoga PAO/INT npoucxoant nnbo no nepegHemMy poHTY
curHana, ecnun 6ut INTEDG (TOSTA<7>) yctaHoBneH, nMbo no 3agHeMy OpoHTy, ecnu 6ut
INTEDG cbpoweH. Korga aktmBHbIi (PpOHT curHana nosiensietca Ha Bxoge PAO/INT, 6ut
INTF (INTSTA<4>) yctaHaBnvBaeTcs. OTO npepbiBaHNe MOXeT ObITb 3anpeLueHo cbpocom
6uta INTE (INTSTA<0>). T[lpepbiBaHne Ha BbiBoge PAO/INT mMoXeT BbIBOAUTb
MUKpPOKOHTponnep u3 pexuma SLEEP (cm. nogpasgen «Pexum aHeprocbepexeHus
(SLEEP)»).

4.3.6 [lMpepbieaHue om ebieoda PA1/TOCLK

BHewHee npepbiBaHne ot BbiBoga PA1/TOCLK npoucxoamnt nubo no nepeaHemy
dpoHTy curHana, ecnm 6ut TOSE (TOSTA<6>) yctaHoBneH, nnmbo no 3agHemy (OpOHTY, ecnu
6ut TOSE cbpoweH. Korga aktMBHbIN PPOHT curHana nosiensietcs Ha Boisoge PA1/TOCLK,
out TOCKIF (INTSTA<6>) yctaHasnuBaeTcd. PopmupoBaHue dnara 3anpoca npepbiBaHus
TOCKIF npoucxoauTt ToMbKo B criydae TakTupoBaHus Tammepa TMRO oT aToro BbiBoAa, T.€.
3TO npepbiBaHMe OT BHELUHEro TakToBOro curHana tammepa. Ecnm TMRO Taktupyetcsa ot
BHYTPEHHEN TaKTOBOW YaCcTOThbI, TO NpepbiBaHme He bopmupyeTcs. [NpepbiBaHne MoXeT BbiTb
3anpeweHo copocom 6uta TOCKIE (INTSTA<2>). lNpepbiBaHne ot BbiBoga PA1/TOCLK
MOXET BbIBOOUTb MUKPOKOHTponnep wu3 pexuma SLEEP (cm. nogpaspen «Pexum
SHeprocbepexennsa (SLEEP)»).

4.3.7 [lepugpepuliHbie npepbigaHus

YcTaHoBNeHHbIN donar 3anpoca nepudepunHbix npepoisaHnn PEIF nokasbiBaeT, 4To
npoun3oLusio, No KpamHen mepe, ogHO nepudpepuriHoe npepbiBaHue. but PEIF Tonbko anga
yTeHus u saensetca obbeamHeHnem no «WJIM» Bcex hnarosB 3anpocoB nepuepunHbIX
NnpepbIBaHUN, JOMMYECKM YMHOXEHHbIX MO «WM» Ha cooTBeTCTByKOLWME OUTbI paspeLleHus
npepbiBaHnn B peructpax PIE. HekoTopble nepudepuiHble npepbiBaHUSA MOryT BbIBOOUTb
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MUKPOKOHTponnep u3 pexumma SLEEP (cm. nogpasgen «Pexum aHeprocbepexeHus
(SLEEP)»).
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Puc. 14 — BpemeHHas guarpamma ob6paboTku npepbiBaHUN
ot BbiBoAgoB PAO/INT nnu PA1/TOCLK

4.3.8 CoxpaHeHue pe2ucmpoe fnpu npepbieaHuu

Bo Bpemsa npepbiBaHus, B CTEKE COXpaHAETCA ToNbko 3HaveHme PC gns BosBpara.
CoxpaHeHwne gpyrmx permcTpoBs HeobxoaMmMo peanu3oBaTtb NPOrpaMMHO.

Mpumep 1 nokasbiBaeT COXpPaHEHWE W BOCCTaHOBMEHWEe uHGoOpMaumm B
nognporpamme 06paboTku npepbiBaHUA. ITOT NpUMeEp NpuBeAEeH ANs NPOCTON CXEMbI
npepbiBaHU, rAe HEe MOXET NPOM3ONTN BNOXEHHOCTU NpepbiBaHni. Coaepxmmoe pernctpos
coxpaHsieTcs B obnactm GPR BHe 6aHKOB.

Mpumep 2 nokasbiBaeT COXpaHEHWE U BOCCTAHOBIIEHME NHOpMaUMn Ons criyvas
korga TpebyeTca BroxeHue npepbiBaHUn. B npyBegeHHOM NnpuMepe MOXET BbIMOMHATLCSA A0
MakCUMyM 6 ypoBHeW BroXeHus npepbiBaHnin. BSR xpaHutcsa B obnactn GPR BHe 6aHkoB, B
TO BpeMS Kak gpyrve pernctpbl 6yayT XxpaHuTbCca B onpegeneHHoM 6aHke. Takum obpasom,
aTa nporpamMma MOXeT OCyLecCcTBUTb 6 3anucent BNOKOB CO 3HAYEHUAMU COXPaHAEMbIX
perncTpoB. [Ana paboTtel nporpamma TpebyeT BblAeNeHHOro permctpa KOCBEHHOW agpecaunn
FSRO.

CermeHTbl koga PUSH n POP (3anuck B CTEK M YTeHMEe cTeka) MoryT ObiTb Ninbo B
Kaxgon noanporpamme o6paboTkM npepbiBaHus, nmM6o MOryT ObiTb  Bbl3blIBAeMbIMU
nognporpammamMu. B 3aBUCMMOCTM OT KOHKPETHOIrO MPUIMOXEHUS, TakKe MOXeT
notpeboBaTbCA COXpaHeHne 1 OPYrMx perncTpos.

Mpumep 1 — CoxpaHeHne perucTpoB Npu NpepbiBaHUN (MPOCTON BapuaHT)

; Agpeca, KOTopble UCNONb3YTCA ANA XPaHEHUS 3HAaYEHUI PErMCTPOB HAaXo04ATCA BO

; BHyTpPeHHeln namaTtn aaHHbiX. [lnanasoH agpecos 1Ah — 1Fh (BHe 6aHKoB).

; Mpy nomowwm komangsl MOVFP moxeT 6bITb COXpaHEHO U BOCCTAHOBIIEHO A0 6 siyeexk.

; OTa KOMaHAa He BNUSIET Ha BUTbI COCTOSAHUIA 1 He HapyLluaeT 3HadveHne permctpa WREG.

UNBANK1 EQU OxO01A ; agpec ons coxpaHeHus NepBOn S4Yenku
UNBANK2 EQU O0x01B ; agpec ons coxpaHeHusi BTOPOU S4EnKn
UNBANKS3 EQU 0x01C ; agpec onst coxpaHeHust TpeTben SYEnKn
UNBANK4  EQU 0x01D ; agpec ang coxpaHeHusi Y4eTBEpPTOM SYenkn
UNBANKS5 EQU OxOLlE ; agpec ons coxpaHeHUs NATon ssYenkn

; (MeTKa He ncnonb3yeTcs B NporpamMmme)
UNBANKG6 EQU OxO1F ; agpec ansa coxpaHeHus LLECTON SAYENKN

; (MeTKa He Mcnonb3yeTcsa B NporpaMmme)
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PUSH MOVFP
MOVFP
MOVFP
MOVFP

POP MOVFP
MOVFP
MOVFP
MOVFP

RETFIE

; AZlpec BekTopa npepbiBaHnA
ALUSTA, UNBANK1 ; 3anucb B ctek 3HayeHust ALUSTA
BSR, UNBANK?2 ; 3anucb B cTek 3Ha4yeHnsa BSR
WREG, UNBANKS3 : 3anuchk B cTek 3HaveHnss WREG
PCLATH, UNBANK4 ; 3anucb B ctek 3Ha4yeHnsa PCLATH

;Ko nporpammbl 06paboTku npepbiBaHMsA

UNBANK4, PCLATH ; BocctaHoBneHnune 3HayeHuss PCLATH
UNBANK3, WREG : BocctaHoBneHme 3HayeHuss WREG
UNBANK2, BSR : BocctaHoBneHue 3HavyeHns BSR
UNBANK1, ALUSTA ; BocctaHoBrneHune 3HadeHna ALUSTA

; BosBpar 13 npepbiBaHuA (paspellaeT npepbiBaHNS)

Mpumep 2 — CoxpaHeHne perucTpoB Npu NpepbiBaHNN (BapuaHT C NOAOEP>KKON
BNOXEHHbIX NpepbIBaHNI)

Nobank_FSR
Bank_FSR
ALU Temp
WREG_TEMP
BSR_S1
BSR_S2
BSR_S3
BSR_S4
BSR_S5
BSR_S6

: MHnumranusaums

INIT_POINTERS

CLRF
CLRF
BSF
CLRF
MOVLW
MOVWF
MOVWF
MOVLW
MOVWF

; Agpeca, KOTopble MCNONb3YTCA ANSA XPaHEHUS 3HAYEHUIA PETMCTPOB HAaxXoaATCsa BO

; BHYTPEHHen namMaT AaHHbIX. [na coxpaHeHus 3HavyeHun pernctpa BSR ucnonb3yetca
; obractb gaHHbIX ¢ agpecamun 1Ah - 1Fh (BHe 6aHkoB). Takum obpa3om MoXeT BbITb

; COXpaHeHOo 40 6 6roKoB 3Ha4YeHUn pernctpos. MNporpamma nucnonbayeT pernctp FSRO
; (1 BuTbl ero ynpaeneHusa FS1 n FSO B pernctpe ALUSTA).

CALL CLEAR_RAM ; Ouuctka O3Y gaHHbIX

; Kog Bawwen nporpammel

PUSH BSF ALUSTA, FSO; FSRO - peXxum aBTOMHKPEMEHTUPOBAHUSA
BCF ALUSTA, FS1
MOVFP BSR, INDFO ; coxpaHeHue peructpa BSR

EQU 0x40

EQU 0x41

EQU 0x42

EQU 0x43

EQU OxO01A ; agpec nepBomn s4enkun onst coxpaHeHns BSR

EQU 0x01B ; 0x1Ah-Ox1Fh - agpeca a4yeek ons coxpaHeHua BSR
EQU 0x01C

EQU 0x01D

EQU O0x01E

EQU Ox01F

; NoAroToBka napameTpos ans npoueayp POP n PUSH

BSR, F ; ycTaHoBka 6aHkoB B 0

ALUSTA, F ; nepeknoveHne FSRO B pexum

ALUSTA, FS1; aBTOMHKpEMEHTUpOBaHUSA

WREG, F ; cobpoc WREG

BSR_S1 ; 3arpyska FSRO 3HayeHwem nepBoro agpeca Ans
FSRO ; cCoOXpaHeHuns BSR

Nobank_FSR

0x20

Bank_FSR

; AOQpec BekTopa npepbiBaHNst
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CLRF BSR, F ; ycTaHoBKka 6aHka 0 ons nepudepuinHbiX perncTpoB u
: O3Y paHHbIx

MOVPF ALUSTA, ALU_Temp

MOVPF FSRO, Nobank_FSR ; coxpaHeHue 3HavyeHus1 FSR, ncnonssyemoro
; Anga coxpaHeHnsa BSR

MOVPF WREG, WREG_TEMP

MOVFP Bank FSR, FSRO ; BOCCTaHOBreHune 3HadyeHus FSR, ncnonssyemoro
; AN1S1 COXpaHEeHNa apyrux s3HavyeHun

MOVFP ALU_Temp, INDFO ; 3anucb B cTek 3HadyeHuss ALUSTA

MOVFP WREG_TEMP, INDFO ; 3anucb B cTek 3HadeHns WREG

MOVFP PCLATH, INDFO ; 3anncb B cTek 3HadveHmna PCLATH

MOVPF FSRO, Bank_FSR ; COXpaHeHue 3HavyeHuns FSR, ncnonb3yemMoro
; ANSA COXpaHeHNa apyrnx aHavyeHunm

MOVFP Nobank_FSR, FSRO ; BoccTtaHoBreHue 3HadeHnsa FSR, ncnonssyemoro

; Anga coxpaHeHnsa BSR

; Koa nporpammel 06paboTkn NpepbiBaHUS

POP CLRF ALUSTA, F ; FSRO - pexum aBTOogeKpeMeHTUPOBaHUA

MOVFP Bank_FSR, FSRO ; BOCCTaHOBIreHne 3HadyeHus FSR, ncnonssyemoro
; ONs COXpaHeHUsa opyrux saHavyeHun

DECF FSRO, F

MOVFP INDFO, PCLATH : YTeHune 3HavyeHuns PCLATH

MOVFP INDFO, WREG ; yTeHue 3HaveHne WREG

BSF ALUSTA, FS1; FSRO - pexxnm 6e3 nameHeHust 3Ha4eHust permcrpa

MOVPF INDFO, ALU Temp ; yTeHue 3HadeHud ALUSTA

MOVPF FSRO, Bank_FSR ; COXpaHeHue 3HavyeHus FSR, ncnonb3yemMoro
; ONs COXpaHeHUsa opyrux saHavyeHun

DECF Nobank_FSR, F

MOVFP Nobank_FSR, FSRO ; BoccTtaHoBneHue 3HadeHnsa FSR, ncnonb3yemoro
; NS coxpaHeHust BSR

MOVFP ALU_Temp, ALUSTA

MOVFP INDFO, BSR

RETFIE ; BO3BpAT 13 NpepbiBaHus (paspeLuaeT npepbiBaHms)

4.4  OpraHusauusa namaTm

B mMukpokoHTponnepe ectb ABa 6rnoka namaTu: namaTb NPOrpaMm 1 NamaTb AaHHbIX.
Kaxgpblh 6ok MeeT CBOK COBCTBEHHYIO LLIMHY, TakK YTO AOCTYN K KaXaomy 650Ky BO3MOXEH
BO BPEMS OAHOrO M TOTO e LMKNna reHepaTopa.

MamaTb AaHHbIX genutca Ha RAM obLiero HasHavyeHus M perucTpbl cneumarnbHbIX
dyHkunn  (SFRs). dPyHKkumMoHuMpoBaHue SFR-pernctpoB, KOTOpble YMpasnsoT S4poM
MUKPOKOHTpOMNepa, onucbiBawoTca B 3ToM rnase. SFR-pernctpbl, Mcnosnb3yemble A
ynpaBneHna moaynamu nepudgepun, onucbisaloTcAa B pasgenax, MOCBAWEHHbIM 3TUM
KOHKPETHbIM MOAYNAM nepudepun.
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Puc. 15 — KapTa namaTn nporpamm u cteka

4.4.1 MNamamb npo2pamMm

MWKpPOKOHTpONNepbl UMET 16-Tn BUTHBIN CYETYMK KOMaHA, CNOCOBHbIN agpecoBaTb
obnactb namaTK nporpamm pasmepom 64K x 16 6ut. Bektop «cbpoca» nmeet agpec 0000h,
BEKTOpa npepbiBaHnNA HaxoasaTca no agpecam 0008h, 0010h, 0018h n 0020h (cm. Puc. 15).

O6bem BHyTpeHHeW namatm nporpamm coctasnsetr 32K x 16 6ut. [Namsartb
nepenporpammupyemas FLASH tuna.

MukpokoHTponfnep MOXeT (QYyHKUMOHMpOBATb B OOHOWM U3 4  BO3MOXHbIX
KOHGurypaumi namstu nporpamm. KoHdwurypaums BbibupaeTtcs Outamm KoHUrypauuu.
Bo3MOXHbI cnefyowme pexmmbl: MUKPONPOLLECCOP, MUKPOKOHTPOINEP, pacLlUMPEHHbIN
MUKPOKOHTpONNEp U 3amileHHbIA MUKPOKOHTpONep.

Pexumebl «MUKPOKOHTpONepa» n «3alUULLEHHONO  MWKPOKOHTpoOsSnepa»
obecneuynBaroT AOCTYN TOMNbKO K BHYTPEHHEN namaty nporpamm. Jlto6as nonbiTka gocTtyna no
agpecam BHe NaMsTU NporpamMmm npUBOLMT K YTEHUIO HEU3BECTHOro 3Ha4veHus. Pexnm
3aLMLLEHHOr0 MUKPOKOHTpOepa uMeeT PyHKUMIO 3alUmThl Koaa.

B pexume «paclimpeHHOro MMKpOKOHTpOiepa» UMeeTCcsa OCTYM Kak KO BHYTPEeHHeN,
TaK U KO BHELUHEeWN namMAaTu nporpamMmm. BeinonHeHWe aBToMaTUYeCcKn NepeknoyaeTcs mexay
BHYTPEHHEN W BHeEWHeNn namsaTblo. 16-6UTHBIN agpec no3BonsieT agpecoBaTb AnanasoH
namsTu nporpamm B 64K cros.
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B pexume «MuKponpoueccop» BO3MOXEH OOCTYN TOSMIbKO K BHELUHEN NamMsiTM nporpamMm.
BcTpoeHHas (BHYTpEHHSAS) naMATb NporpaMmm urHopmpyetca. 16-Tm GBUTHbIN agpec No3BonseT
agpecoBaTb AnanasoH namaTu nporpaMmm B 64K cnos. MrUKponpoLLECCOPHbIN PEXUM UCXOAHO
YyCTaHOBMEH B He3anporpamMmmMmpoBaHHbIX npubopax.

MUWKpPOKOHTpONNEepbl MOryT OYHKLUMOHNMPOBATbL, KOraa namsaTb NporpaMmMm HaxogauTcs
BHE KpucTanna. 3To peXxmMbl «MUKpOMpoLieccopay U «pacluMpeHHOro MUKPOKOHTpOSepa.
MnKpOnpoLEeCCOPHbIV PEXUM UCXOAHO YCTAHOBMEH B HE3ANPOrpaMmMMpOBaHHbIX Npubopax.

HesaBucMmo oT pexnma npoueccopa MaMsaTb [aHHbIX Bcerga HaxoauTcs Ha
Kpuctanne.

Korpa BblOpaH peXum «MUKponpoLeccopa» nnm «pacLUMPEHHOr0
mMukpokoHTponnepa», PORTC, PORTD n PORTE paboTtatoT kak cuctemHas wunHa. PORTC n
PORTD — mynbTUNNeKcMpoBaHHas WuHa agpeca/gaHHbix, a PORTE<2:0> — curHanbl
ynpasneHus. ®opma curHanoB agpeca W OaHHbIX MokasaHa Ha Puc. 17. BpemeHHble
XapaKTEPUCTUKN NMPUBEOEHbI B dNeKTpuyeckon crneumdukaummn. B pexnme «paclumpeHHoro
MUKPOKOHTponepa» korga npubop paboTaeT ¢ BHYTPEHHEN NaMATbIO NPorpamMm, BHELLHUE
yrnpasnswoLwme curHanbl NpoaosKatoT ObiTb akTUBHBIMW. Taknm ob6pasom, OHU UHOULMPYIOT
AENCTBUS, KOTOPblE MPOUCXOAAT BO BHYTPEHHeW namaATtu. [JaHHble M3 BHELWWHEW namsATu
UrHOPUpPYIOTCS.

Pexum P KM PacHuipeHHOT o Peximv
MIKPOIoLe CCOpa MHK}OKOHTPOLTEpa MHKPOROHTP O/LIepa
0000h 0000h 0000h
0000h BHYTpeHHAS BHYTD eHHsAS
OaMATH TIIAaMATE
TIpOrpanm P OTPaMM
BHemmnan -
naMATE 7FFFh 7FFFh g
mpoerpanm 8000h 8000h E;
BHeLIHAR é
naMATE

mporpaMm E
=

FFFFh FFFFh FFFFh[ Config. Bits

BHE KPHCTALIA Ha KPHCTATLTe BHE KPHCTaLIa Ha KPHCTAJLIe BHe KPHCTATLTA HA KPHCTAJLIe
00h 0Ch 00h E
120H | 220h| | 320h) 120h (220K | 320K 120H | 220K [320h ;
g
FFh | |1FFH |2FFh |3FFh FFh | |1FFh |2FFH |3FFh FFh | [1FFh [2FFH [3FFh E
=
Ha KPHCTAJLIe Ha KPpHCTAJLTe Ha KPHCTALTe g

Puc. 16 — PacnpegeneHune namaTu B pasnnyHbIX pexumax

YTEHWE 3AMUCH
@ , @ Q2 .03 ., 04, Q1 , Q2 .Q3 . Q4 , Q1 .
osc1 [ ] L] | [ L[] !
o —
WR ! ' i '
AID  adar |z | | Adr | Data| |

Puc. 17 — [lnarpaMMbl CUrHanoB AOCTyNa K BHELLHEN NaMaTy nporpamMm
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4.4.2 [Mamsamb OaHHbIX

MamaTb OaHHbIX pasgeneHa Ha aBe obnactu. lNepBaa obnactb — 3Tto obnacTtb
pernctpoB obuiero HasHavyeHus (GPR), n BTopas — 910 obnactb permctpoB crneumanbHbIX
dyHkumn  (SFR).  SFR-peructpbl  KOHTponupytoT 1M obecneymBaloT  peXuMbl
PYHKUMOHNPOBaHMS npubopa.

MamATb AaHHbIX pasgeneHa Ha 6aHkK, Tak opraHn3oBaHbl 06e obnactn. Obnacte GPR
crpynnupoBaHa B 6aHkum gns Ttoro, 4tobbl nonyuMtb obbem namatn Gonee 232 Gauta.
OpraHunsauusa 6aHkammn TpebyeT Mcnonb3oBaHusa yrnpaBnsawowmx 6UToB Ans Boibopa GaHka.
OTn ynpasnsawwme 6utbl HaxogaTcs B pernctpe Bbibopa 6aHkoB BSR. Ecnu nponseegeH
AocTyn Kk obnactn BHe 6aHKOB, 3Ha4YeHne pernctpa BSR urHopupyeTcs.

Komangsl MOVPF n MOVFP oGecneumBatoT nepeHoC 3HAa4YEeHUn OaHHbIX M3 obnacTtu
nepudepumn («P») B ntoboe mecto B obnactn pernctpos («F») n HaobopoT. «P»-ananasoH
onpeaeneH agpecamu ot 00h go 1Fh, gnanasoH «F» — ot 00h go OFFh. JuanasoH «P» umeer
6 perncTpoB, KOTopble MOryT ObiTb MCMONb30BaHblI KaK PErncTpbl obLLero HasHavyeHnsa. 310
MOXeT ObiTb yAOOHO AN HEKOTOPbIX MPUMEHEHWA, rOe nepemMeHHble Heobxoanmo
ckonupoBaTb B Apyrme syerkm B O3Y obuwero HasHayeHus, (TakMe Kak 3anoMuWHaHue
NHpopmauumn o ctaTyce BO BpeMS NpepbIiBaHNS).

Ko Bcen namaTu gaHHbIX MOXHO obpaluaTtbcsa ncnonbayst nmbo npsamon goctyn, nmbo
KOCBEHHbIN (Mcronb3ya pernctpbl ykasatens agpeca FSRO n FSR1) (cm. pasgen 6-4).
KocBeHHast agpecauus Mcnonb3yeT COOTBETCTBYOLWME ynpaBnawowme 6utel BSR-permuctpa
ANs goctyna B obnactn namaTu gaHHbIX, opraHuM3oBaHHble B 6aHkn. BSR-pernctp nogpobHo
paccmaTtpuBaeTcs B pasgene «Pernuctp Boibopa 6aHka (BSR)».

4.4.3 Peaucmpbil obwe2o HazHavYeHusi (GPR)

MWKpOKOHTpOnepbl MMetoT obnactb pernctpos obwero HasHavyeHust (O3Y) o6bemom
902 6anta. 3Tnm pernctpbl 8-6utHble. O3JY pas3buto Ha OaHkn. [Ons obneryeHus
nepeknoyeHne mexay atTumm 6aHkamm cyuwectsyet komaHaa « MOVLR bank». Pernctp GPR
He N3MeHseTCsa Npu BCcex Tunax cbpocos.

4.4.4 Peaucmpsbil crneyuasibHO20 Ha3Ha4vyeHus (SFR)

Pernctpbl cneumanbHoro HasHadeHusa (SFR) wucnonb3yloTcda npoueccopom WU
nepudepuiiHbiMn YyCTPOMCTBaMKM ANs ynpasneHnst paboton npubopa (Tabnuuya 10). 3K
perncTpbl NpeacTaenstoT cobon ctatudeckoe O3Y.

Pernctpbl SFR moryT 6bITb pasgeneHbl Ha 2 rpynnbl, T€, KOTOPbIE CBA3aHbI C YHKUNEN
«sapa», n Te, KOTopble CBA3aHbl C PYHKUMAMM nepudepun. Te perncTpbl, KOTOpble CBSA3aHbI
C «SAPOM», OMUCLIBAKOTCHA HUXe, a Te, KOTopble CBA3aHbl C (PyHKUMSMWU nepudbepun,
ONUCLIBAKOTCA B COOTBETCTBYHOLEM pasfene ansd Kaxgoro moayns nepudepun. Pernctpeol
nepudepum opraHn3oBaHbl B 6aHKN, perncTpbl «sapay» npeactaenatoT cobon obnacTtb, He
opraHu3oBaHHyt0 B 6GaHkn. [Ona obnerdyeHns nepeksitodeHus Mmexay nepudepunHbiMm
6aHkamu ucnonbadyetca komaHga «MOVLB bank».

Tabnuya 10 — Cxema agpecoB pernmcTpos

Agpec He 3aBucUT oT HoOMepa agpecyeMoro 6aHka
00h |INDFO
01h |FSRO
02h |PCL
03h |PCLATH
04h |ALUSTA
05h |TOSTA
06h |CPUSTA
07h |INTSTA
08h |INDF1
09h |FSR1
0Ah |WREG

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 33



Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

0Bh |TMROL
0Ch |TMROH
0Dh |TBLPTRL
OEh |TBLPTRH
OFh |BSR
BaHk 0 BbaHk 1 BaHk 2 BaHk 3 BbaHk 4 BbaHk 5 | bBaHk 6 BaHk 7
10h |EP1_CFG1| DESC_ADR |EP1 REG |[EP1_STAT| USB_ADR - l\l\l/lAg\IgE— -
11lh |EP1 _CFG2|DESC_DATA|EP2 _REG |[EP2_STAT|USB_ERROR| DDRE NISAAI\ITI?A\_ SSPCON1
12h |EP2 CFG1 PORTA EP3 REG |EP3 STAT| USB STAT | PORTE - -
13h |EP2 CFG2 DDRD EP4 REG |EP4 STAT| USB CTRL | RCSTA| WRDIF | SSPSTAT
14h |EP3 _CFG1 PORTD PIR1 EP1 _CNT USB IE1 |RCREG EE(:Pgl\?T'\A— SSPBUF
15h |EP3_CFG2 DDRC PIE1 EP2_CNT USB_IE2 TXSTA Eﬁggy— -
16h |EP4 _CFG1 PORTC - EP3_CNT USB IE3 | TXREG EESE%M— -
17h |EP4_CFG2 - - EP4_CNT USB IE4 | SPBRG EEPROM_ -
- - - ADDR
He 3aBucUT OT HOMepa agpecyemMoro 6aHka.
18h PRODL
19h PRODH
1Ah-1Fh Pernctpbl o6Lero HazHa4yeHusl.
BaHk 0 BaHk 1 BaHk 2 BaHk 3
20h Pernctpbl o6wero Pernctpbl o6ero Pernctpbl o6wero Perunctpbl o6wero
FEN Ha3HayeHwust Ha3Ha4YeHns Ha3HayYeHus Ha3HayeHust

1

MpumeyaHns:

Peructpel SFR B obnactu agpecoB 10h-17h pa3dbutbl Ha GaHku. Mnagwuvn
nonybant peructpa BSR onpegensetr BbiOpaHHbIW HOMep OaHka. Bce He
opraHm3oBaHHble B OaHKM permcTpbl UTHOPUPYIOT 3Ha4YeHns 6uToB pernctpa BSR.
O6nactb namatn GPR ¢ agpecamu 20h-FFh, 120h-1FFh, 220h-2FFh n 320h-
3FFh pasbuta Ha 6aHkn. Crtapwwuir nonybamt pernctpa BSR onpepenser
BblOpaHHbIN HOMep OaHka. [pyrne pernctpbl NamAaTM UFHOPUPYIOT 3HAYeHUs
6uTtoB pernctpa BSR.

UTteHune noboro He CyLLeCTBYIOLLIEro perncTpa AaeT 3Ha4YeHne paBHoe HyIH.

Tabnunuya 11 — Pernctpbl cneynanbHOro HasHa4YeHus

POR, | MCLR,
Appec |Ha3-BaHue| 6ut7 | 6MT6 o6urt 5 o6uTt 4 o6ut 3 ourt 2 ourl 6ut 0 BOR WDT
He 3aBucUT OT HOMepa agpecyemoro 6aHka.
ncrnonb3yeT cogepxxmumoe FSRO ans agpecaummn naMsT gaHHbIX
00h INDFQ |0 = Bsy= ] BOATPATIMPE TORE AT aapEbdi HEMAI AdimB | e e
(dbn3nyeckmn He peanm3oBaH)
01lh FSRO kasaTtenb 0 agpeca, 4ns KOCBEHHOW agpecaumy namaT AaHHbIX 0000 R
v ap » A ap u a 0000 uuuu
0000 0000
02h PCL MnagLwme 8 OUT cyeTynKa KoMaHz, 0000 0000
0000 0000
03h | PCLATH perncrp-3ailernka ans crapwmnx 8 6ut cueTymka KomaHa 0000 0000
1111 1111
04h ALUSTA FS3 FS2 FS1 FSO ov Z DC C 0000 0000
05h | TOSTA |INTEDG| TOSE | TOCS | TOPS3 | TOPS2 | TOPS1 [ Topso | - | 0090 | 9999
06h | CPUSTA - - STKAV |GLINTD| TO PD POR BOR 11 -1l
1190 qqlu
0000 0000
07h INTSTA PEIF | TOCKIF | TOIF INTF PEIE |TOCKIE| TOIE INTE 0000 0000
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0sh INDEL ucrnonbsyet cogepxummoe FSR1 ans agpecaumm namat gaHHeix | |
(don3myeckun He peanusoBaH)
09h FSR1 |ykasaTtenb 1 agpeca, 4ns KOCBEHHOW afgpecauun namaTn SaHHbIX 0000 uuu
’ 0000 uuuu
. 0000 0000
OAh WREG |pabouni pernctp 0000 0000
oo . 0000 0000
0Bh TMROL |mnagwwun 6anTt pernctpa tanmepa 0 0000 0000
RS . 0000 0000
0Ch TMROH |cTapwwuin 6anT pernctpa Tanmepa 0 0000 0000
. 0000 0000
0Dh | TBLPTRL |[mnagwwi 6ant TabnuyHoro ykasatensa namsaTn nporpamm 0000 0000
N 0000 0000
OEh | TBLPTRH [cTapwwui 6anT TabnuyHoro ykasatens namsaTv nporpaMmm 0000 0000
0000 0000
OFh BSR |pernctp Bbibopa GaHka namATn AaHHbIX 0000 0000
BaHk 0
10h EPL_ - MakcrmanbeHbI pasmep nakeTa NnepBOv OKOHEYHOW TOYKM -000 -000
CFG1 0000 0000
11h EP1_ ~ |BLOCK_|TYPE1_|TYPEO_|MODE2_|MODE1_|[MODEO_| - -
CFG2 EP1 EP1 EP1 EP1 EP1 EP1 000 000-{000 000-
12h EP2_ - MakcumanbHbI pasmMep naketa BTOPON OKOHEYHOM TOUKM ~000 ~000
CFG1 0000 0000
13h EP2_ ~ |BLOCK_|TYPE1_|TYPEO_|MODE2_|MODE1_|[MODEO_| - -
CFG2 EP2 EP2 EP2 EP2 EP2 EP2 000 000-|{000 000-
14h EP3_ - [MakcumanbHbIi pasmep naketa TPETben OKOHEUYHOM TOUKM -000 ~000
CFG1 0000 0000
15h EP3_ ) BLOCK_|TYPE1_|TYPEO_|MODE2_|MODE1_|MODEO_ i - -
CFG2 EP3 EP3 EP3 EP3 EP3 EP3 000 000-|{000 000-
16h EP4_ - MakcrMmanbHbI pa3mep nakeTa YeTBEPTON OKOHEYHOWN TOYKM -000 ~000
CFG1 0000 0000
17h EP4_ i BLOCK_|TYPE1_|TYPEO_|MODE2_|MODE1_|MODEO_ i - -
CFG2 EP4 EP4 EP4 EP4 EP4 EP4 000 000-{000 000-
BaHk 1
10n | PESC_ perncTp agpeca nons geckpunrtopa -000 -000
ADR 0000 0000
11h DESC_ perncTp 3HayeHusi Nons aeckpuntopa 0000 0000
DATA 0000 0000
12h | PORTA - -1 - 1T -] PORTA [3:0] ---- XXXX | ---- UuuU
13h | DDRD® |peructp BbiGopa HanpasneHus gaHHbix ans PORTD 111 111
1111 1111
3,4
14h POR)TD( PORTD [7:0] o 3333
4 1111 1111
15h | DDRC® |peructp BbibGopa HanpasneHus gaHHbix ans PORTC 1111 1111
3,4
16n | PORTC™ lporTC [7:0) 000 | Uy
h | S I N N R R S [y jp——
BaHk 2
10h ERFI;lG— pernctp AaHHbix FIFO nepBow OKOHEYHOWM TOYKM 8888 8888
11h EP2_ pernctp AaHHbIX FIFO BTOpPON OKOHEYHON TOYKM 0000 0000
REG 0000 0000
12h EP3_ pernctp aaHHbIX FIFO TpeTben OKOHEYHOW TOYKM 0000 0000
REG 0000 0000
13h EP4_ pernctp aaHHbIx FIFO yeTBEpTON OKOHEYHON TOUKM 0000 0000
REG 0000 0000
SPI EEPRO USB --00 --00
14h PIR1 - - \E MIE NANDIF IE TXIF RCIF 0010 0010
SPI EEPRO USB --00 --00
15h PIE1 - - E MIE NANDIE IE TXIE RCIE 0000 0000
16h - - - - - - - - el M
17h - - - - - - - - I ——
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BaHk 3
EP1_ BLK1_ ) ) 00 .00l an
10h STAT - - DATA ACTIVEL FULL1 |[EMPTY1|--00 --00(--00 --00
EP2_ BLK2_
11h STAT - - DATA ACTIVE2 - - FULL2 |EMPTY2|--00 --00 |--00 --00
EP3_ BLK3_
12h STAT - - DATA ACTIVES3 - - FULL3 |EMPTY3|--00 --00(--00 --00
EP4_ BLK4 ) ) a0 00l an
13h STAT - - DATA ACTIVE4 FULL4 |EMPTY4|--00 --00 |--00 --00
14h EPL_ PErncTp CYETUMKA YMCNa CrIOB B NEPBOI OKOHEUHOI TOYKe -000 -000
CNT 0000 0000
15h EP2_ erncTp cYeTYMKa Yncna CroB BO BTOPON OKOHEYHOW TOYKe ~000 ~000
CNT _ pemetp P 0000 | 0000
16h EP3_ erMcTp cYeTYMKa Yncna CnoB B TPeTben OKOHEYHOW TOYKe ~000 ~000
CNT _ pemetp P 0000 | 0000
17h EP4_ perncTp cyeTYnKa Yyncrna CrnoB B YETBEPTOW OKOHEYHOW TouKe ~000 ~000
CNT 0000 0000
BaHk 4
USB_ . -000 -000
10h ADR perncTtp dyHKUMOHanbLHoro agpeca USB ycTponcTtea 0000 0000
11n USB_ |BUS _E [DROP_F| TO_ |SEQ_ERINSE_ER| PID_ |CRC16_|CRC5_E| 0000 0000
ERROR RR RM ERR R R ERR ERR RR 0000 0000
12h USB_ ) ADR_SE|CONF_S|USB_RS| EP2_ | EP1_ EPO_ |USB_BU| -000 -000
STAT T ET T SEL SEL SEL SY 0000 0000
USB_ USB_TE|USB_TE|FULL_L --00 --00
13h CTRL i i i i ST2 ST1 ow USB_EN 0000 0000
EP4_ | EP4_ | EP3_ | EP3_ | EP2_ | EP2_ EP1_ EP1_ 0000 0000
14h | USB_IE1 | FULL_ [EMPTY_| FULL_ |[EMPTY_| FULL_ |EMPTY_| FULL_ |EMPTYI 0000 0000
IE IE IE IE IE IE IE _E
USB_ | USB_
15h | USB_IE2 RST IE|BUSY IE - - - - - - 0000 ----|0000 ----
16h | USB IE3 BUS_E |DROP_F|TO_ERR|SEQ_ER|NSE_ER|PID_ER CER§é6_ CRC5_ | 0000 0000
- RR_IE | RM_IE _IE R_IE R_IE R_IE E ERR_IE| 0000 0000
CONF_S
USB_ ADR_ = annl A
17h | USB_IE4 - - - - ALL_IE - SET IE EIE_ 0-00 0-00
BaHk 5
oh | - — [ - 1 - T - 1 -~ T - T - T - [l
1111 1111
C]
11h DDRE®Y |pernctp Bbibopa HanpaeneHus aaHHbix ans PORTE 1111 1111
12h |PORTE®4 |PORTE [7:0] O i
XXXX uuuu
13h RCSTA | SPEN RX9 SREN | CREN - FERR | OERR | RX9D 0888 ) 0888 )
14h RCREG |peructp npuHuMaeMbix AaHHbIX nocnegosatensHoro nopta USART 8888 8888
15h | TXSTA | CSRC | TX9 | TXEN | SYNC - - TRMT | TX9D 0028 N 0028 N
16h TXREG |peructp nepegaBaemMbix AaHHbIX nocriegosartenbHoro nopta USART 8888 8888
0000 0000
17h SPBRG |perncTp ynpaeneHusi reHepatopom nocnegosatenbHoro nopta USART 0000 0000
BaHk 6
Lon | NAND_ | EN_ S;%VE’B '\'(E—NBXNS BUSY N|MODE3_|MODE2 [MODE1 |MODEO | 0000 | 0000
MODE | NAND NAND | D AND NAND | NAND | NAND | NAND | 0000 0000
NAND_DA - 0000 0000
11h TA perncTp AaHHbIX KoHTponnepa BHewHen NAND Flash namaTm 0000 0000
12h | - S I AR RS R R B R ey jp——
13h WRDIF |peructp 3agaHnsi BpeMeHHbIX xapaktepuctuk FLASH namaTtn nporpamm 8282 8282
EEPROM_ 1000 1000
14h CONT - EETEST|CPTEST| VEE2 | VEE1 | BRG2 | BRG1 | BRGO 0000 0000
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15h EEPROM_ EN EE ) IE_BUS |BUSY_E ) MODE2_|MODE1_|MODEQ_| 0000 0000

MODE - Y_EE E EE EE EE 0000 0000

EEPROM_ 0000 0000

16h DATA _ [PETCTP AaHHbIX EEPROM 0000 0000

EEPROM_ 0000 0000

17h ADDR _|PETVCTP aapeca EEPROM 0000 0000

BaHk 7

10h - - - - - - - - R R

EN_ 0000 0000

11h |SSPCON1| WCOL | SSPOV SSp CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO 0000 0000
12h - - - - - - - - A R
13h | SSPSTAT | SMP CKE - - - - - BF 00-- --- 0| 00-- --- 0

0000 0000

14h | SSPBUF PErncTp NpUHATLIX/NepeaaBaemblx AaHHbIX 0000 0000
15h - - - - - - - - A (R
16h - - - - - - - - A R
17h - - - - - - - - N R

He 3aBMcUT OT HOMepa agpecyemMoro 6aHka.
Mnagwunn 6anTt 16-Tm GuTHOro pesynbtaTta (8x8 6utHoe annapaTHoe 0000 0000
18h PRODL

YMHOX€eHWue) 0000 0000

19h PRODH [CTaPWi 6anTt 16-Tn BuTHOrO pesynbTaTa (8x8 OMTHOE annapaTHoe 0000 0000

YMHOXeHME) 0000 0000

O6o3Ha4vyeHus:
X — HE U3BECTHO; U — HE N3MEHSIETCH; - — HEe peanu3oBaHo, Yntaetca «0»;q — 3aBUCUT
OT YCNOBUMN.

MpumeyaHuns:

1 K crapwemy 6anty cyeTtdmka komaHg HeT npsamoro goctyna. PCLATH - aTto
peructp-3awenka ans PC<15:8>. [lpn BbINOAHEHMM HEKOTOPbIX KOMaHg
3HayeHue pernctpa PCLATH nepenucbiBaetca B PC<15:8>, unu HaobopoT:
3Ha4yeHne PC<15:8> nepenucbiBaetca B PCLATH.

2 BHewHun cbpoc ot BbiBoga MCLR He Bnndaet Ha ctatycHble 6utel TO u PD
pernctpa CPUSTA.

3 OT0 TO 3Ha4yeHue, KOTopoe ByaeT Ha BbIXOAHOW 3allernike nopTa.

4 Korgpa npubop  cKoHgurypupoBaH  ans  «MwukponpoueccopHoro»  u
«PaclumpeHHOro MMKpOKOHTPOINEPHOrO» PEXUMOB, (PYHKLMOHMPOBAHNE 3TOrO
nopTa He CBA3aHO C 3TUMWN pernctpamu.

4.4.4.1  Peasucmp cmamyca npoueccopa (ALUSTA)

Pernctp cogepxut 6utbl ctatyca apudMeTUYECKOro 1 Normyeckoro 6r10KoB 1M OUTHI
ynpaBneHns pexxmmoM 41151 pexXnmMa KOCBEHHOW agpecauuu.

Kak B cnyyae co Bcemu apyrumm peructpamu, B pernctp ALUSTA moxeT ObiTb
3arpyxeH pesynbtaT BbINOfNHeHUs nwbon komaHabl. Ecnn pernctp ALUSTA gaensetcs
MECTOM Ha3HayeHus Ans pesyrnbTaTa onpefeneHHoOW KOMaHAbl, KoTopas MOXET U3MEHSTb
6utbl Z, DC, C 1 OV, T0 3anuck B 371 4 BuTa 3anpeLyaetcsa. T BUTbI yCTaHaBNMBaKOTCA UNu
cbpacbiBalOTCs B COOTBETCTBMM C pe3yNbTaTOM BbINOMHEHMS KOMaHabl. CnegoBaTenbHo,
pesynbTaTt BbINOSIHEHMS KOMaHabl ¢ pernctpom ALUSTA B KadecTBe MecTa HasHa4yeHus
pe3ynbTata MOXeT CTaTb OTNIMYHBIM OT TOrO, YTO Hagesnucb nonyy4nTb. CrnegoBaTenbHO,
pekomeHayeTca Ona uameHeHuss ALUSTA-pernctpa ucnonb3oBaTb TOMbKO crefytoLne
komaHgbl: BCF, BSF, SWAPF n MOVWEF, T.K. 3TV KkOMaHObl He BNUAKT Ha Kakue-nmbo
cTaTtycHble 6uTbl. YTOBbLI MOCMOTPETh, Kak Apyrne KOMaHabl BAMAIOT Ha CTaTyCHble OUTHI,
CMOTpPUTE OnucaHne CUCTEMbI KOMaHA.

ApudmeTtnyecknin n norndecknin 6nok (AJTY) MmoxeT npomsBoanTb apumeTndeckue
N norn4eckne onepaunmn Hag AByMs onepaHgamuv unu ¢ ogHUM onepaHgom. Bce komaHabl €
OAHUM onepaHgom npowussoasatcsa nnoo ¢ WREG-pernctpom nnbo ¢ gaHHbIM ¢bannoBbiM
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pernctpom. B komaHgax ¢ oBymsa onepaHgamu oguH onepang — ato WREG-peructp, gpyron
— nnbo dannoBbin perncTp, Nnbo 8-6utHas KOHCTaHTa.

Tabnuuya 12 — Pernctp ALUSTA (agpec: 04h, He 3aBucuT oT Homepa 6aHka)

R/W-1

R/W-1

R/W-1

R/W-1

R/W-0

R/W-0

R/W-0

R/W-0

FS3

FS2

FS1

FSO

ov

Z

DC

C

out7

6

5

4

3

2

1

out 0

o6uTt 7,6

FS3:FS2: 6utbl BbiGopa pexma FSR1

00 — aBTOOEKPEMEHT BENNYMHblI FSR1 nocne BbINONHEHNA KOMaHAbI
01 — aBTOMHKPEMEHT Benu4umnHbl FSR1 nocrne BbINONMHEHNS KOMaHbI
1x — 3Ha4yeHne FSR1 He nameHsietcsa

ounTt 5,4

FS1:FS0: 6utbl BiGOpa pexmnma FSRO

00 — aBTOOEKpPEMEHT BenninHbl FSRO nocne BbINONHEHNA KOMaHAbI
01 — aBTOMHKpEMEHT BenuumHbl FSRO nocrne BbINONMHEHNS KOMaHbI
1x — 3Ha4yeHne FSRO He n3ameHseTcs

out 3

QOV: 6yt nepenornHeHus

OTOT GUT Mcnonb3yeTcsa Ans 3HaKOBOW apudMeTUKM (AOMNONHEHne 4o 2).
OH nokasbiBaeT nepenosiHeHne, Koraa 3HakoBbl 6uT (7 6uUT) nameHsiet
COCTOSIHME.

1 — npou3owno nepenosiHeHne Ans 3HAKoBOW apudMETUKM B
apudMeTNYECKMX onepaumnsx (T.e. pe3ynbTaT ANna 3HaKoOBON apumeTukn
npesbicun +127, unn ctan mMeHblle Yem —128)

0 — He Npou130LWNo NepenonHeHne

out 2

Z: donar Hyns
1 — pe3ynbTaTt apnmMeTN4eCcKon nnmn iormyeckon onepauumn paseH 0
0 — pesynbTat apumMeTU4ECKOn Unmn norm4eckon onepauumn He paseH 0

outr1

DC: donar gecatnyHoro nepeHoca/zaema

Ons komang ADDWF n ADDLW.

1 — npomn3sowen nepeHoc u3 4-ro cHu3dy 6uta pesynbTaTa

0 — He 6bIno nepeHoca 13 4-ro cHU3y buta pesynbraTa

NMpumevyaHne — AOnNA 3aeMa 3HaYeHUE WHBEPCHOe (AN KoMaHg
BblYMTaHMS)

out 0

C: dnar nepeHoca/3aema

Onsa komaHg ADDWF n ADDLW. OTmMeTnm, 4YTO BblYMTAHUE BbIMNOITHAETCS
AONOMHEeHNeM 0 2 BTOPOro onepaxHaa.

Ins komang casura RRCF 1 RLCF atoT 6uT 3arpyxaetcs nubo ctapLinm,
nmbo mnagwmm 6MToM perncTpa-mcTodHmKa.

1 — npou3soLlen nepeHoc 13 caMmoro 3Havallero 6uta pesynbTtaTa

0 — HeT nepeHoca 13 caMmoro 3Havallero 6uta pesynbrtaTa.
MpnmevyaHne — OnNA 3aemMa 3HayYeHWe WHBEPCHOe (ONns KomaHg
BblYUTAHMSA)

O6o03HavYeHUd:

R — 6ut gnga yteHus; W — OUT ¢ BO3MOXHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4yeHune 6uta nocne cbpoca No BKIIHOYEHUIO MUTAHUS:

1 — ycTaHoBrEeH;
0 — cbpolueH;
X — 3Ha4YeHne He N3BECTHO.
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4.4.4.2  Peeucmp cmamyca LIy (CPUSTA)

CooepXnT cTaTyCHbIN 1 ynpasnaowmin 6utel ana LMY, 3ToT pernctp coaepxut oumT,
KOTOPbIN Mcnonb3yeTca Ans rnobanbHOro paspelleHus/3anpelieHns npepbisaHmin. Ecnu
HeobxoQMMO paspeLlnTb/3anpeTnTb TONbKO OonpeferieHHoe npepbiBaHWe, WUCMNONb3YyTCA
pernctpbl crtatyca npepbiBaHu (INTSTA) unn pernctpbl paspelleHus npepbiBaHUn OT
nepudpepumn (PIE1). Pernctp CPUSTA Takke nokasbiBaeT, AOCTYMHOCTb CTeka, U COOePXMUT
donaru BkntoyveHus nutanusa (PD) n nepenonHeHna ctopoxesoro Tanmepa (TO). butel TO, PD
n STKAV pocTynHbl Tonbko Ansg 4TeHus. OHM ycTaHaBnmMBawTCA W cOpacbiBalOTCA B
COOTBETCTBUM C JOrMkon npubopa. CrnepoBaTenbHO, pe3ynbTaT BbINOSIHEHWUS KOMaHAbl C
pernctpom CPUSTA B kayecTBe MecTa HasHayeHusi pesyrnbTaTa BbINOSIHEHUS MOXET ObITb
OTITMYHBIM, HEXENN OXMAanoCh.

But POR no3sonseT oTnnumntb cOpoc Npu BKNKOYEHUM NuTaHusa oT BHewHero MCLR
cbpoca wunu cbpoca no nepenoniHeHUO cTopoxeBoro Tavmepa. but BOR aBnsetcs
MHONKATOPOM CBpoca MO CHMXKEHWIO HanpshKeHUs nuTaHus (TOSMbKO B Criyyae ecriv cxema
cbpoca Mo CHMKEHWNIO HANPSPKEHMA NUTaAHUS BKNOYEHa B permctpe KoHdurypaumn).

Tabnuya 13- Pernctp CPUSTA (agpec: 06h, He 3aBUCUT OT HOMepa BaHka)

U-0 U-0 R-1 R/W-1 R-1 R-1 R/W-0 R/W-0
- - STKAV GLINTD TO PD POR BOR
out 7 6 5 4 3 2 1 6ut 0
ouT 7,6 He peanv3oBaHbl: YATAKTCA 3HAYEHUS paBHbIE HYIHO.
ouT 5 STKAV: donar gocTtyna K CTeky

OTOT hnar nokasbiBaeT, YTO BenuumHa 4-x OGUTHOro ykasaTensa creka
paBHa Fh, nnun npousowen nepexog ot Fh k Oh, T.e. nepenonHeHune cTeka.
1 — cTek gocTtyneH

0 — cTeK MomnoH, NUNU NPOU3oLLNOo NepenosiHeHNe cTeka (C Tex Nop, Kak
3TOT OuUT Obin cOpolleH nNpu nNepernofniHeHMM CTeka, TONMbKOo «CObpocy
(RESET) npubopa MOXeT yCTaHOBUTb 3TOT 6UT)

out 4 GLINTD: 6ut rnobanbHoro 3anpera npepbiBaHui

OT10T 6uT 3anpelLaeT Bce npepbiBaHus. Korga npepbiBaHns paspeLueHsl,
TO BbI3BaTb MPEpPbIBAHUA MOIYT TOMbKO MCTOYHUKU C YCTaAHOBMEHHbLIMN
BuTamun paspeLleHnsi NpepbiBaHUS.

1 — 3anpeLLeHbl BCce npepbiBaHNS

0 — paspeLleHbl BCe HEMACKMPOBaHHbIE NpepbiBaHUSA

out 3 TO: cdnar nepenonHeHnst CTOPOXEBOro Tanmepa

1 — ycTaHaBnvBaeTCA MOCMe BKMOYEHUS MUTAHUA WU BbINOMHEHUNA
komaHa CLRWDT vnun SLEEP

0 — nocne nNepenoniHeHNsi CTOPOXEBOro Tanmepa

our 2 PD: cbnar BknoYeHUa nutaHns

1 — ycTaHaBnvBaeTCHA MOCMe BKOYEHUS MUTAHUA WU BbINOMHEHUA
komaHabl CLRWDT

0 — nocne BbINoNHeHNA komaHabl SLEEP

ouT 1 POR: donar cbpoca npv BKNIOYEHUN MUTAHNSA

1 — He 6bINo cOpoca Npu BKNIOYEHUUN NUTAHUSA

0 — npousowen cOpoc nNpu BKAYEHUU NuUTaHus (OuT gorkeH ObiTb
YyCTaHOBJ1EH NPOrpamMMHoO)

out 0 BOR: cpnar cbpoca no CHMKEHNIO HanpPsXKeHUs NUTaHus

Korga 6ut BODEN B pernctpe koHcurypauum yctaHoBMEH (pa3peLleHo):
1 — cbpoca Npu CHMKEHUN NUTAHUA HE BbINo

0 — npowusowen cOpoC NpPU CHWKEHUN NUTaHusa (OUT JOomKeH ObiTb
YCTaHOBJEH NPOrpaMmmMHO)

Korga 6ut BODEN B pernctpe kKoHdurypauum copolueH (3anpeLLeHo):
3Ha4YeHne 6uta 6e3pasnmMyHo
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O6o03Ha4vYeHUd:

R — out anga ytennsa; W — 6MT ¢ BO3MOXHOCTbIO 3anncu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-N — 3Ha4YeHne BuTa nocrne cobpoca No BKAOYEHUIO NMUTAHUS:
1 — ycTaHOBIEH,;
0 — cbpoLueH;
X — 3Ha4YEeHNe He N3BECTHO.

4443

OTOT PperucTp CoaepXut pasnuyHble 6utbl ynpaeneHua. but 7 (INTEDG)
ncnonb3yetca Ons Bblbopa ynpaBnswowero nepenaga curHana (T.e. (OPOHT unu cpes
curHana) Ha BbiBoge PAO/INT, npu kotopom Oyamet ycTtaHaBnmBaTbca donar 3anpoca
npepbiBaHna INTF. OctanbHble 6uUTbl KOHUrypupytoT Tanmmep 0, ero npeagenuTens U
MCTOYHMK TaKTOBbIX CUrHamnoB.

Pezucmp cmamyca ynpasneHuss TMRO (TOSTA)

Tabnuuya 14 — Peructp TOSTA (agpec: 05h, He 3aBuUcUT OT HomMepa 6aHka)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
INTEDG TOSE TOCS TOPS3 TOPS2 TOPS1 TOPSO -
out 7 6 5 4 3 2 1 6ut 0
ourt7 INTEDG: 6uT BbIOOpa ynpaensioLLero nepenaga curHana Ha sbisoge PAO

(INT) ons npepbiBaHusi. OTOT GUT BblIGupaeT, Ha (PoOHTE MnNKu cnage
curHana 6ygeTt npoucxoauTb NpepbiBaHmE.

1 — dppoHT curHana Ha BoiBoge PAO/INT reHepupyeT npepbiBaHue

0 — cnag curHana Ha BeiBoge PAO/INT reHepupyeT npepbiBaHme

ouT 6 TOSE: 6uT BbiOOpa ynpaBndAloLWero nepenaga curHana fnpyu BHELIHEM
TakTupoBaHun Tanmepa 0. IToT OMT BbIOMpPAET, Ha PpoHTE MnNn cnage
curHana Tanmep 0 6ygeT MHKPEMEHTUPOBATLCS.

Korga TOCS-0 (BHeLlHee TakTMpoBaHue):

1 — dpoHT curHana Ha BbiBoge PA1/TOCLK nHkpemeHTupyeT Tanmep 0
n/vnun yctanaenueaet TOCKIF - 6ut

0 — cnag curHana Ha BbiBoge PA1/TOCLK wnHkpemeHTupyeT Tanmmep 0
n/vwnn yctanasnusaet TOCKIF - 6ut

Korga TOCS-1 (BHYTpeHHee TakTupoBaHue):

3Ha4yeHue 6uta 6e3pasnmyHo

out 5 TOCS: 6uT Bblbopa NCTOYHMKA TakTUpoBaHusa ans Tanmepa 0. 3ToT OuT
BblOMpaeT NCTOMHUK CUHXPOHU3auun ansa Tanmepa 0.

1 — BHYTPEHHSAS TakTOBag YactoTa C reHepartopa uuknos (Tcy)

0 — BHelUHee TakTMpoBaHue ¢ BbiBoga PA1/TOCLK

TOPS3:TOPSO: 6utbl BblibOpa Npeagenutens anga tanmepa 0. 3Tu GuThl
No3BOSIAIOT BbIOpATh BENMUYUHY AeNeHnsa npegaenuTens:

0000-1:1 0001-1:2 0010- 1:4 0011-1:8

0100-1:16 0101-1:32 0110-1:64 0111-1:128

Ixxx - 1:256

out 0 He peanu3oBaHO: YNTAETCH 3HAYEHWE PaBHOE HYM0

ourt 4-1

O6o03HavYeHUd:

R — 6uTt gnga yteHus; W — OUT ¢ BO3MOXHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4yeHune 6uta nocne cbpoca No BKIIHOYEHUIO MUTAHUS:
1 — ycTaHoBreH;
0 — cbpolueH;
X — 3Ha4YEeHNEe He U3BECTHO.
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445 @YHKYUOHUpOBaHUe cmeka

MukpokoHTponnepbl umetot 16x16 6ut annapatHbii ctek (cm. Puc. 15). Ctek He
ABNSAETCA YacTbio 06nacTM naMaTn NporpaMm UNn AaHHbIX, yKkasaTerb CTeka He SBNSeTCs Hu
CYMTbIBAaeMbIM, HM 3anucbiBaeMbiM. 3HadeHne cyetyunka komaHg PC nomewaetca (PUSH) B
cTek, korga BbinonHawTca komaHabl CALL n LCALL wmnu npousowno npepbiBaHue. Ctek
BoccTaHaBnusaeT 3HayeHue PC (POP) B cnyyae BoinonHeHnsa komaHa RETURN, RETLW mnu
RETFIE. Onepaunn «PUSH» n «POP» He BnustoT Ha PCLATH (3aLuenky).

CTtek paboTtaeT kak kpyroBon Oydep C ykaszaTtenem crteka, COPOLUEHHbIM B HyneBoe
3Ha4yeHune nocne ntobbix TMNOB cbpocoB. B cTeke cyllecTByeT onpeaeneHHbin 6ut (STKAV),
NO3BOMAIOLWNA NPOrpaMMHO Y6eanTbCH B TOM, YTO HE NPOM3OLLIIO NePENOSIHEHNS CTeka. but
STKAV yctaHaBnuBaetcs nocre copoca npmnbopa. Korga ykasaTtenb cTeka CTAaHOBUTCS paBeH
Fh, STKAV cbpacbiBaeTcs. Ecnn ykasaTtenb cteka npoxogut agpeca ot Fh k Oh, 6ut STKAV
ByaeT octaBaTbCcHa COPOLLEHHBIM OO TEX NOP, NOKa He npousongeT copoc npubopa.

MpumeyaHns.

1 He npenycMmoTpeH cneuuanbHbii CTaTyCHbI OUT ONsi 3anofIHEHHOrO CTeka.
STKAV-6UT MOXeT ObITb MCNonb3oBaH AnA OBHapyXeHus Toro, 4YTo CTeK
3anoJsiHeH, B pe3ynbTaTe Yero ykasaTerlb CTeka HaxOAUTCA Ha ero BepLUNHE.

2 3pecb HET KOMaHAHOM MHEeMOHUKW, HadbiBaemon «PUSH» unn «POP». 3710
AENCTBUSA, KOTOpble npoucxogaT npu BbinonHeHun komang CALL, RETURN,
RETLW u RETFIE unun obpalieHnmn Kk BeKTopy npepbiBaHuUS.

3 TMocne cbpoca ecnu onepauns «POP» nmeeT mecto oo onepauun «PUSH», ut
STKAV 6ygeTt cOpolueH. JTO BbIMALAUT Tak Xe, Kak B criydae Koraa CTeK NosioH.
Ecnn cnepyowen BbinonHaetca onepaumsa «PUSH» (nepen cnegywowmnm
«POP»), To 6ut STKAV 3adukcupyeTcs cbpolleHHbIM. U Tonbko cbpoc npmnbopa
yCTaHaBMMBaET 3TOT OMT.

Mocne Toro, kak npubop 16 pa3 ocywecTteun onepaumo «PUSH» (6e3 onepauum
«POP»), 17-as onepauus «pushy» 3anucbiBaeT 3HavyeHMe nosepx rnepsoro. 18-as onepaums
«push» 3anunceiBaeT cBepxy BTOporo «push» (1 1.4.).

4.4.6 KoceeHHasi aOpecayusi

KocBeHHass agpecaums — 9TO pexuMMm agpecaumm namsiTM OaHHbIX, Korga agpec
namaTn gaHHbIX B KOMaHAe He domKcupoBaH. Takum obpa3om, agpec perncrpa, n3 KoToporo
OygeT Npom3BOAUTLCA YTEHME UM B KOTOPbIN OyaeT Npon3BOAUTLCS 3annCb, MOXET ObiTb
MOAMMUUMPOBaH nporpaMmMon. ITO MoOXeT ObiTb ygobHO B cnyyae Tabnuy LaHHbIX,
pa3meLleHHbIX B NamMaTh gaHHbIX. Ha Puc. 18 nokasaH npuHUmMn KOCBEHHOW agpecaumn. Tam
nokasaHa mogudukauus 3Ha4yeHus agpeca naMaTn AaHHbIX, 3HAa4YeHUEeM perncrpa.
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RAM

BbINOGJIHAeMAA
KOMAHIA

Opcode ‘ Address |
A

File = INDFx

BBIOPAHHAA

KOMAaHIA

‘ Opcode ‘ File | ‘ FSR ‘

Puc. 18 — KocBeHHast agpecauuns

Mpumep 3 nokasbiBaeT UCMOMb30BaHME KOCBEHHOW agpecauun ans odnctkm O3Y
AaHHbIX (0T 20h go FFh) ¢ MnHuUManbHbIM konnyecTBOM KomaHA. NogobHasa koHuenums
MOXeT ObITb MCnonb3oBaHa ANd MNepeHoca onpedeneHHoro uyucrna 6amT JaHHbIX B
nepegatowmn pernctp USART (TXREG).

MWKPOKOHTpONNEp uMeeT [Be napbl PErncTpoB pAns peanus3aumm KOCBEHHOM
agpecaumn. 3t1o: INDFO, FSRO n INDF1, FSR1. Peructpol INDFO n INDF1 dunsnyeckun He
peanu3oBaHbl. UTeHME M 3anucb B 3TU PEMNCTPblI aKTUBMPYET KOCBEHHYH agpecauuio co
3HayeHMeM agpeca M3 cooTBeTcTBylwWero pernctpa FSR, koTopbln siBnseTcss agpecom
AaHHbIX. FSR — 370 8-6UTHbIN perncTp, N03BONALWNA agpecoBaTb 0611acTb NAMATY AAHHbBIX
obvemom 256 6anTt. [Ona namaTu. opraHu3oBaHHOW B 6aHKM, 6aHK, K KOTOpOMY
OCYyLLEeCTBNSAETCA AOCTYN, onpeaenseTca BenuynHon B permctpe BSR.

Ecnn kocBeHHO Yepe3 FSR untaetca cam gpann INDFO unn INDF1, To yMtarotcsa Bce
Hynn. MNoao6bHbiM obpasom, ecnu B INDFO (unn INDF1) nget kocBeHHasa 3anmcb, onepauus
Oynet akBmBaneHTHa komaHge NOP, 1 oHa He Ooka3sbiBaeT BUSIHUA Ha CTATyCHble OUTbI.

CywecTByiOT ABa ynpaBnsawoLWwmx buTta, cBsa3aHHbIX C KaxabiM pernctpom FSR. OTu aBa
6uta koHurypupytoT FSR-permuctp, 4tobsbl:

— Mpou3BOOUTL aBTOLEKPEMEHT 3HadeHusa (agpeca) B peructpe FSR nocne
A0CTyna K NamMsiT ¢ KOCBEHHOW agpecauven;

— Npou3BOOUTbL ABTOMHKPEMEHT 3HauveHusa (agpeca) B peructpe FSR nocne
A0CTyNa K NamMsaTu C KOCBEHHOW agpecaumen;

— He U3MeHdATb 3HadveHue (agpec) B peructpe FSR nocne goctyna K namsitm C
KOCBEHHOW agpecaumen.

OTn ynpasnswowme 6utbl Haxogsatca B peructpe ALUSTA. Peructp FSR1
ynpasnsietca butamm FS3 n FS2, a peructp FSRO ynpasnsietca 6utammn FS11 FSO.
Korga ncnonb3ytoTcs aBTOMHKPEMEHTHbBIA MM aBTOOEKPEMEHTHbBIA PEXUMbI, TO U3MEHEHNE
pernctpa FSR He oTpaxaetcsa Ha peructpe ALUSTA. Hanpumep, ecnn npu KOCBEHHOW
agpecaumn pernctp FSR ctaHeT paBeH Hynto, To 6UT Z ycTaHaBnmBaTtbecs He byaeT. Ecnu
pernctp FSR cogepxut BennunHy 00h, kocBeHHoe uTeHune Oyaet gasatb 3HadyeHwe 00h
(6wt Z ycTaHoBMEH), B TO BpEMS Kak KOCBEHHas 3anuch byaet akBuBarneHTHa komaHae NOP
(9TO He BNMSIET Ha CTaTyCHbIE BUThI).

KocBeHHasi agpecauus no3BonsieT 3a OAWH LMKN nepefaBaTb AaHHble MO BCEMY
afpeCHOMY MpPOCTPAHCTBY NaMATU AaHHbIX. OTO BO3MOXHO C MCMOMb30BaHWEM KOMaHA
MOVPF n MOVFP, roe nnbo «P» nnbo «F» 3apgaHo kak INDFO nnu INDF1. Ecnn ncto4Hmk
NN NPUEMHMK MPU KOCBEHHOW agpecaummn — 3TO NaMATb, OpraHmM3oBaHHasi B 6aHku, To s4verika
Aoctyna bygeTt onpefenartbcs 3HavyeHnem B permctpe BSR.
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Mpumep 3 — KocBeHHas agpecaums

MOVLW 0x20
MOVWF FSRO : FSRO = 20h
BCF ALUSTA,FS1 ; 3agaHue pexnva
BSF ALUSTA,FSO ; aBTOMHKpeMeHTuposaHmsa FSR
BCF ALUSTA,C ;C=0
MOVLW END_RAM + 1
LP CLRF INDFO,F ; OUMCTKa siuenkn namatm (FSR-ykasaTtenb agpeca)
CPFSEQ FSRO ; cpaBHeHne: FSRO = END_RAM+1?
GOTO LP ; HeT, ounctka npogomnxkaetcs
: ; [a, BcA namMaATb O4YnLLEHa.

4.47 Peaucmpbl Ons1 ymeHusi/3anucu mabnuy,

Pernctpebl ykasatensa tabnmy TBLPTRL n TBLPTRH cdhopmupytoT 16-6MTHOE 3HaYeHme
ANs agpecaumm nNpocTpaHCcTBa nNamaTy nporpamm pasmepom 64 Kcnos. YkasaTtenb Tabnuy
ncrnonbsyetca komaHgamu TABLWT n TABLRD. 3Tn koMaHAabl MO3BOMST OCYLECTBUTb
nepegayvy AaHHbIX Mexay obnactamu faHHbIX U nporpamm. Ykasatenb Tabnuy CnyxuT B
KadyecTBe 16-Tm BUTHOro agpeca crioBa BHYyTpW MporpamMHON namsTtu. Pernctp saiuenku
Tabnuy — 16-tm paspsgHbii pernctp. Ctapwun 6ant pernctpa TBLATH, mnagwun 6ant
TBLATL. Pernctpbl He OTHOCATCS HKM K obniactm namsaTv nporpaMmm, HU K obnactm namsitm
AaHHbIX. 3allenka Tabnuy, ncnonb3yeTcs Ans BPeMEHHOW (hrkcaumm AaHHbIX BO BpeMsi UX
nepefayn mexagy namsiTblo NporpaMmm 1 NamsTbio JaHHbIX (CM. onucaHusa komaHg TABLRD,
TABLWT, TLRD u TLWT B nogpasaene «Cucrema KkomaHa»).

448 Modynb cdyemyuka KOMaHO

Cuetumk komaHg PC — 310 16-6uTHbIM permcTtp. PCL — mnagwwui 6ant cyetumka
KomMaH HaxoauTcsa B obnactn namsaty AaHHbIX. PCL MOXHO 4ynTtaTh U 3anucbiBaTb TOYHO Tak
Xe Kak un nobon gpyron permctp. PCH — ato ctapwmin 6anT cyeTymnka KOMaHg, U OH HE UMeeT
npsimon agpecauun. T.k. PCH HaxoguTcst BHE NaMsTK NporpaMm M AaHHbIX, TO UICNONb3yeTcs
8-6uTtHbIN pernctp PCLATH B kauyecTBe yaepxuBalowen 3allenky ansa crapwero banrta
cyeT4ymnka komana. PCLATH HaxoauTca B naMATU AaHHbIX. [1onb3oBaTenb MOXET CYMTbIBATb
nnu 3anucoiBatb PCH yepe3 PCLATH.

BHYTPCHHAA IIHA JAHHBIX (8 OHT)
-1 o

< . " ey
P AN

Vi v
| PcH | PcL |

Puc. 19 — dyHKUMOHNPOBaAHME CYETYMKA KOMaHL,
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15 1312 87 0

‘ ; 0T KOMAHIBI
PC<15:13> 5

3
\/ 54 i 0 8
\ ' PCLATH \
%8
15 ) 87 ) 0
| PCH | PCL

Puc. 20 — CyeTumk koMaHg npu BbiNonHeHMU nHCTpykumn CALL n GOTO

16-OMTHbIN CHETUYNK KOMAHL NHKPEMEHTMPYETCS nocrne BbIOOPKM KOMaHAbl B TeYEeHMe
uukna Q1 go Tex nop noka:
— He wu3ameHutca cnegywowmmm komangammn: GOTO, CALL, LCALL, RETURN,
RETLW wvnn RETFIE;

—  He U3MEHUTCS Npu nepexoae K BEKTOpPY NpepbiBaHUS;

— He n3MeHuTCHa B pesynbrate 3anucu B pernctp PCL pesynbtaTta BbINOSHEHUSA
KOoMaHbl.

OTn «nepexoabl» 9KBMBANEHTHbl BblHYyXaeHHoMY uukny «NOP» ¢ nepexogom no
agpecy. Puc. 19 n Puc. 20 nokasblBaloT PYHKLMOHNPOBAHNE CYHETUYMKA KOMaHA B PasSiMyHbIX
CcUTyaumsiX.

Pabota cuetumka komang (PC) n pernctpa PCLATH gns pasnuyHbix KOMaHA:

— Komanpa LCALL:

8-6uTHbLIN agpec ykasaH B koge komaHabl, PCLATH He nsmeHsieTcs.

PCLATH —> PCH; 6utbl koMmaHabl <7: 0> -> PCL

—  Jlro6asa komaHpa uTeHus s PCL:

PCL —> wwuHa gaHHbix —> ALU unn npuemnuuk; PCH —> PCLATH

— Jlob6asa komaHpa 3anucu B PCL.:

8-0UTHble AaHHble —> WnHa aaHHbIX —> PCL; PCLATH —> PCH

— Jlrobasa komaHga YTeHus — mogudmkaumm — 3anucu PCL (Hanpumep ADDWF

PCL,F):

YteHune: PCL -> wunHa gaHHbIX -> ALU

3anncb: 8-mu BUTHBIN pe3ynbTaT -> WKHAa AaHHbIX -> PCL

PCLATH — PCH

— KomaHpa RETURN:

Copepxnmoe cTteka -> PC<15:0>

— KomaHnpbl CALL, GOTO:

13-6uTHbIN agpec yKkasaH B Koge KoMaHabl

OunTbl kOMaHabl <12:0> -> PC<12:0>

PC<15:13> -> PCLATH<7:5>

OunTbl koOMaHabl <12:8> -> PCLATH<4:0>

KomaHgpbl 4yTteHns — mogudukaumm — 3anucmn Bo3gencteyoT Tonbko Ha PCL. PCH
3arpyxaetcs 3HavyeHnem n3 PCLATH. Ons npumepa ADDWF PCL,F npuBeaeT k nepexoqy B
npegenax Tekywen crpaHuubl. Ecnn PC=03F0h, WREG=30h n PCLATH=03h go Ha4ana
AencTeust komaHabl, To nocne ee genctena PC=0320h. YTo0bl BbINOMHUTL NpaBUsbHbIN 16-
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TV BanTHbLIN Nepexon, HeobxoaMMO BbIYUCTIUTL 16-TM BUTHBIN agpec NpPUeMHUKa, 3anucaTb
ctapwwun 6ant B PCLATH n Torga 3anucatb mnaawwn B PCL.

Cnegytowme KoMaHbl, CBA3aHHbIE CO CHETYNKOM KOMaHf, He nameHsoT PCLATH:

— LCALL, RETLW n RETFIE;

— Mepexon K BEKTOPY NpepbliBaHuS;

—  KOMaHAbl YTeHUs — mogudumkaumm - 3anucu u 3anucm gns PCL.

4.49 Peaucmp ebibopa 6aHka (BSR)

Pernctp Bbibopa 6aHka BSR ncnonb3yetca ons nepekniodeHns mexay 6aHkamu B
obnactn namaTu gaHHbix (cMm. Puc. 21). Mnagwwuin nonybanTt mucnonb3yeTtca Ans Bblbopa
GaHka nepudepunHoro permctpa, ona ero 3anucu ucnonbadyertcs komanga «MOVLB banky.
Crapwwuin nonybant ucnonb3yetcs ansa Bblbopa 6aHka namatn obuwero HasHayveHus (O3Y),
Anga ero 3anucu ncnonedyetcsa komaHaa « MOVLR bank». Ecnu BeiGpaHHbIn 6aHK donandeckm
He peannsoBaH, TO NMpu ero YTeHUn ByayT cunTbIBATLCA BCE Hynu. Jllobasi 3anncb B 06nacTb
namsTu 6ygeTt cCooTBETCTBEHHO YCTaHaBnmMBaTth Unn copackiBaTb 6UTbI cocToaHna AJlY.

7 4 3 0

BSR

A3 0H |
agpecos

T T I I |
5 6 7 8
10h SFR Gamk
(neprdepHITHLI)

I
1
17h

m

:,wA
I:,b_

0
Oamkx 0 Oank 1 OaHk 2 OamK 3 OaHk 4 Oank 5 Gank 6 Oank 7 OaHk 8  Gamk 15
1 1 I I 1
0 2 3 4 15
20h GPR §aHk
see (RAM)
FFh
Gapkx 0 Oank1 GaHk 2 OaHK 3 GaHk 4 Oamx 15

Puc. 21 — dyHkumoHupoBaHne BSR
4.4.10 CyumbieaHue u 3anucb mabnuy 0aHHbIX

MuKpoKoHTponnep nmeet 4 KOMaHAbl, KOTOpble AalT BO3MOXHOCTb MNEPEHOCUTb
AaHHble U3 obnacTn NnamaTy AaHHbIX B 061acTe namaty nporpaMmm 1 HaobopoT. T.K. namMaTb
nporpamm 16-6utHas, a namaTb AaHHbIX 8-Mu OUTHaA, TO Ans nepeHoca 16-6uTHoKn
BENNYMHbI JAaHHbIX B NaMATb JaHHbIX UM U3 NaMATU OaHHbIX TpebyeTcs aABe onepauuun. Ons
3anMcn aHHbIX U3 NaMmAaTu JaHHbIX B NaMsTb NporpaMm MCMNONb3yrTCA ABe creayrouime
komaHabl: TLWT t,f u TABLWT t,if. [lna 3annucm gaHHbIX U3 namaTy nporpamMm B NamsTb
AaHHbIX mucnonb3yTcsa Aee cnegywowme komangsl: TLRD tf u TABLRD t,i,f. OnepaHg
komaHabl TABLWT — «i» onpegenset: TpebyeTca nv aBTOMaTUYECKM UHKPEMEHTMPOBATL
BenuunHy 16-outHoro pernctpa TBLPTR (gns cneaytowent 3anncun). BlNpumep 4 pernctp
TBLPTR aBTOMaTU4eckn He UHKpeMeHTuUpyeTcs. Puc. 22 nokasbiBaeT BbIMOSHEHNE 3Tux 4
komaHA. LLaru nokasbiBaloT nocnegoBaTenbHOCTb onepaunin. NMamate nporpamMmm MOXeT ObITb
Kak BHYTPEHHEW, TaK WU BHELWHeN (ONs pexuma «MUKPOMPOLIECCOP» WU «paCLUMPEHHbIN
MUKPOKOHTPOMNEP»).
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TaBIHUHBLT VKa3aTeNb
TBLPTRH | TBLPTRL |
TabMHUHAA 3amenka (16 GuT)

TABLATH : TABLATL
TLWT 1f TLWT 0f
TIaMAThH
AaHHBIX TIaMATH TIpOTrpanM
Sege-

IIar 1: 8-MH OGHTHOE 3HaUeHHe 113 perHeTpa "f" 3arpy:kaerca
B CTAapIIHA 1M Muafgunii 6aiit B TABLAT (16 Gur).

a)

TaBMHUHBIN YKa3aTeNb
‘ TBLPTRH | TBLPTRL

TaGmuHas 3amenka (16 61T)

TABLATH « TABLATL ‘

TLRD 1f TLRD Of

IanMATH

OaHHBIX [MaMATE MporpamMm

TAOIINHEII VKA3aTEb
‘TBLPTRH . TBLPTRL ‘

TaGmiuHaA 3amenka (16 6ur)
i

TABLATH i TABLATL

!

TABLWT 1.i.f TABLWT 0,i.f

TIaMATH

HAaHHBIX MaMATE MIpOoTrpanvmM

IMTar 1: 8-Mi GHTHOE 3HAYeHHe 13 pertictpa "' 3arpy/kaerca B
cTapirni tm moaaami Saiit TABLAT (16 6ur).
2: 16-m1 6utHoe 3HaveHrie TABLAT sarmicbiBaeTcA B ITAMATH
TIpoTPaMM Mo afpecy TadmIuHoro ykasateni (TBLPTR).
3: Ecmi"1"=1, To TBLPTR=TBLPTR+1,
ecm "1"=0, To TBLPTR He H3MeHAETCA.

6)

TaGIHYHLI YKazaTeb
TBLPTRH | TBLPTRL ‘

TaOmHaA 3amenka (16 6ur)

TABLATH : TABLATL

TABLRD 1,if TABLRD 0,i.f
TanMATH

HaHHBIX TIAMATE TIPOTPAMM

@

Ilar 1: 8-Mi1 GHTHOE 3HATEHHE I3 CTAPLIETO HIH MIAJIIETO
Gaiira 16-11 6utHoro pertictpa TABLAT 3arpykaerca
B pertetp "f".

B)

ITar 1: 8-Mu GHTHOE 3HAMEHNE H3 CTAPIIEro [ MIATUIEro
Gatita 16-11 GrrtHoro pertictpa TABLAT 3arpyzaeTtca
B pertcTp "f".

: 16-TH GHTHOE 3HAYEHIE H3 TTAMATH [POTPAMM
3arPyAKAETCA B TAOIIMHVIO 3a1enky TABLAT.

3: Ecm "1"=1, To TBLPTR=TBLPTR+1,

ecm "i"=0, To TBLPTR He H3MeHAETCA.

r)

Puc. 22 — BbinonHeHne komaHg YteHus/3anucmn tTabnuy,

a) BeinonHeHne komaHgbl TLWT
B) BbinonHeHune komaHabl TLRD

6) BeinonHeHne komaHabl TABLWT
r) BeinonHeHue komanasl TABLRD

4.4.10.1 3anucb mabnuy 80 8HYMPEHHIOK namsime

3anvcn Tabnuy BO BHYTPEHHIOW MaMATb 3anyckaeT onepaumio «AJIMHHOW 3anmcuy.
«nnHHaa 3anucb» HeobxoauMma Onsa nporpammumpoBaHnsa BHYTpeHHen FLASH namatn.
BbinonHeHve koMaHg OCTaHaBnMBaeTCA BO BpeMs LUMKNa «ANUMHHOW 3anucuy». «dnuHHas
3anucb» ByaeT 3akoH4YeHa NbbiM paspeLleHHbIM npepbiBaHneM. YTobbl rapaHTMpoBaTh, YTO
AYerika NamATN 3anporpammMmmpoBaHa, TpebyeTca BpemMs NporpaMMmpoBaHns HE MEHEE: CM.
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cneundukauunio. [N OKOHYaHUSA «ANUHHOM 3anucu» OObIYHO pas3pellaeTcs TOMbKO OOHO
npepbiBaHNe, YTOObI rapaHTMPOBaTb, YTO HUKaKNe Apyrue npepbiBaHUS NpexaeBpeMeHHO He
3aKoOHYaT «ANMHHY 3anucb». [locnegoBaTtenbHOCTb COOLITMI ANA NPOrpaMMuUpOBaHMS
AYENKN BHYTPEHHEN NaMATN NporpaMmm OygeT cneayoLlen:

1 3anpeTtuTb BCE MWCTOYHWKMA NpepbiBaHUK, 3a MWCKIIOYEHWEM MpepbiBaHUS A1
OKOHYaHuS 3anucy;
nogatb Ha BbiBog MCLR_Upp HanpsixkeHue nporpaMmmMmnpoBaHng;
cbpocuTb ctopoxeson Tanmep (WDT);
nponsBecTy 3anuck Tabnuubl. MNMpepbiBaHNE 3aKOHYNT OSIMHHYHO 3aMNUCh;
BeEpUPUUMpPOBaTL A4ENKY NaMATK (YTEHUe Tabnuupbl).

apbrwmnN

Mpn nporpammupoBaHnn HeobXxoAMMO BbINOSHATL TpeboBaHuA crneumdurkauuu.
HapyweHnune cneuudukaumm (BkroYas tTemnepartypy) MOXeT NMPUBECTU K TOMY, YTO S4enka
namaTn ByaeTt 3anporpaMmupoBaHa He NOSTHOCTLI0 U CO BPEMEHEM MOXeT cTepeTbes. Ecnn
HanpskeHue nporpammupoBaHus (Upp) He nogaHo, TO KoMaHga 3anucu Tabnuubl dyaet
BbINOSIHEHA 3a ABa UuKNa, 1 NaMmaTb NPOrpaMm He U3MEHUTCS.
3aKoHYNTb onepauuio «4JIMHHOW 3anucu» MOryT TOMbKO crneylowme cobbITUS: MCTOYHMK
npepbiBaHNSA Unn «cbpocy». [na oKoOHYaHUSA «ANUHHOW 3anmncu» no npepbiBaHuio, TpebyeTtcs
4TOObI ObINO paspeLleHo NpepbiBaHME U OblN yCTaHOBIEH (hiar 3anpoca npepbiBaHNUS.

Ecnu ans okoH4YaHWs «4nuHHOM 3anucu» UCNonb3yeTcsa nepugepumnHoe npepbiBaHune,
TO 3TO NpepbiBaHWe OOMKHO ObiTb pa3spelleHo u 6uTt ¢pnara 3anpoca NpepbiBaHUSA O0SDKEH
ObITb ycTaHoBrneH. dnar 3anpoca npepbiBaHUs He cbpackiBaeTca Npu nepexone no agpecy
BekTopa npepbiBaHus. but GLINTD onpegenset 6yget nv nporpamMmma nepexoanTb K BEKTOPY
npepbiBaHNA NOCe OKOHYaHUA «anuHHomM 3anucny. Ecnu GLINTD cbpolueH, To nporpamma
nepexoaut K BekTtopy npepbiBaHnd, ecnn GLINTD yctaHoBneH — He nepexogur.
UcknioyeHne cocTaBnseT OKOHYaHMe «AJIMHHOM 3anucu» NO npepbiBaHUK OT
«Tanmepa O». B atom cnyyae Hesasucumo o1 6uta GLINTD nporpamma npogosmkuT
BbINOSIHEHUE, T.€. Nepexoaa K BeKTOpy npepbiBaHns He ByaeT.

OnMTenbHOCTb MMMYNbCOB 3anucyM BO diell namsaTb 3agaetca  8-paspsgHbiM
pernctpom WRDIF (koadhdULUMEHT OeneHnst 4acToTbl reHepaTopa). Tpebyemoe 3HadeHue
anvtenbHocTn 5 Mmkc. KoadbdunumeHT aenenus Bolbupaetca: K = 5 Mmkc/Tc, rae Tc B MKC.
3HauyeHune perncTpa nocne cbpoca pasHo 05h. Ecnu npegnonaraetcsa Nnpon3sBoguTh 3annchb
BO ¢bnew namdatb W YacTtoTa reHepatopa oTtnuyaetcsa oTr 1 MU, TO Heobxogumo
npeaBapuUTenbHO 3arpy3nTb B 3TOT pernctp Heobxogumoe 3HaveHue. Pernctp JocTyneH no
YTEHUIO M 3anucu.

Tabnuuya 15 — BosgencTene npepbiBaHUN HA onepaumio « 4SIMHHOW 3anmncmy»

UcTouHuk _ |GLINTD our c¢nar [eiicTBue
npepbiBaHUN pa3spelueHus |3anpoca
PAO/INT, 0 1 1 3aKkaH4yMBaeT ANWHHYK 3anucb Tabnuy BO
PA1/0CLK, BHYTPEHHIOIO MamATb NporpamMmm, nepexoauT K
TMROQP™) BEKTOPY NpepbiBaHUA
nepudepuinHble 0 1 0 Het
npepbiBaHWS 1 0 X HeTt
1 1 1 3akaHuMBaeT [OJIMHHYK 3anucb Tabnuuy, He
NnepexoanT K BEKTOPY NpepbiBaHMS

MpumeyaHue — B cnyyae «Tarimepa O» nepexod K BEKTOPY NpepbiBaHUS He
npoucxoauT.

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 47



Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

4.4.10.2 3anucbk mabnuy 80 8HEWH namMmsims

KomaHpa 3anucu t1abnuu, BO BHELLHIOW NamMATb Bcerga BbIMNOMHAETCA 3a ABa LUuMKa.
BTopon uukn 3anucbiBaeT AdaHHble B SYenKy BHelwHen namaTtu. [locrnenoBaTenbHOCTb
cobbITNN AN 3aNMCK BO BHELLHIOW NaMsTb Ta XXe caMas, YTO M 4SS 3an1cn BO BHYTPEHHIOL.

Mpumep 4 —3anuck Tabnuubl

CLRWDT ; OuncTka cTopoXxeBoro Tanmepa
MOVLW HIGH (TBL_ADDR) ; 3arpyska agpeca Tabnuupl
MOVWEF TBLPTRH

MOVLW LOW (TBL_ADDR)

MOVWF TBLPTRL

MOVLW HIGH (DATA) ; 3arpyska ctapLuero 6anta B

TLWT 1, WREG ; TabnuyHyto 3awenky TABLATH

MOVLW LOW (DATA) ; 3arpy3ka mnagLero 6anTta B TabnuyHyto 3aLuernky
TABLWT 0,0, WREG ; TABLATL n 3anuck B namMsaTb Nporpamm (BHELLHIOH)

'Q ‘62‘(33‘@4 Q1‘Q2‘Q3‘Q4 Q1‘Q2‘Q3‘Q4 Q1‘Q ‘QS‘CM]

I C G G e )

““%?31?%?3&%‘“" | TABLWT ' INST(PC+) | " INST (PC#2)
e 1 INST (PC-1)  TABLWT wmen1 . TABLWT mmn2 | INST (PC+1)
: : : LHK 3alFIcH : :
1 | 1 JAaHHBIX 1 |
ALE I | I I |
ETN
T | ! !
WR /!

Puc. 23 — BpemeHHasa guarpamma BbinosiHeHna komanael TABLWT

el ‘ QZ‘ QB‘ Q4, Q1‘ QZ‘ QB‘ Q4, Q1‘ QZ‘ ‘ Q4; Q‘I‘ ‘ ‘ ‘ QZ‘ QS‘ Q4 cn‘ QZ‘ QB‘ Q4|
1 |
porsaen X)X @EmmEX ) @EmmE )
i ; 1 | | 1 |
Ckormnga 1 TABLWT1 o TABLWT2 +INST (PC+2) ; INST (PC+3) |
BEOMMSNAE | INST (PC-1) | TABLWT1 wmct! TABLWT1 w2, TABLWT2 e 1, TABLWT2 WEN2,  INST (PC+2) |
' : I IHET 3armHcH II ‘I LIHEIT 3arTHCH I :
I 1 ITaHHBIX 1 ! JaHHBIX ! !
ALE |/ ; ; s | Y |
oE /T \_ /T . \ | . l
| 1 1 1 | 1 1

WR | I I N | \_/

Puc. 24 — BpemeHHas gnarpamma nocnepgosatesnibHocTn komaHg TABLWT

4.410.3 YmeHue mabnuy

Onepauus yteHus Tabnuuy oCyLecTBAAET YTEHME NamMATK NporpaMmm. OTO No3BonseT
XpaHUTb KOHCTaHTbl B MaMmsATM MporpaMM UM CUYUTbIBAaTb UX B MNaMsATb [AaHHbIX MpuU
HeobGxogumocTu. Mpumep 5 nokasbiBaeT cunTbiBaHne 16-Tn GUTHOM BENUYNHBI N3 NAMSATU
nporpamm ¢ agpecom u3 TBLPTR. lNocne Toro, kak He3Hadawmm 6anTt Obin cumtaH u3
TABLATH, B TABLATH 3arpyxaetcsa 16-Tu 6utHas BenuuMHa M3 namsaTu nporpaMmm C
agpecom n3 TBLPTR, n sHa4yeHne TBLPTR nHkpemeHTUpyeTca. Npn nepBomMm YTEHUN JaHHbIE
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M3 NamaTU NporpaMM 3arpyarwTcs B 3allerniky, a [AaHHble CYUTbIBaeMble W3 3allenku
paccMaTpmBaloTCs Kak He3Hadalee (nyctoe) uteHue (B «f» Obinn 3arpyxeHbl HEN3BECTHbIE
AaHHble). Pexxnm kocBeHHon agpecaummn Yepes INDFO gormkeH GbiTb CKOHGUrypupoBaH nmbo
C aBTOMHKpeMeHTupoBaHueM nnbo C aBTOAEKPEMEHTUPOBaAHMEM perncrpa ykasartens
agpeca FSRO.

Mpumep 5 —YreHne Tabnumubl

MOVLW HIGH (TBL_ADDR) ; 3arpyska agpeca Tabnuubl

MOVWF TBLPTRH

MOVLW LOW (TBL_ADDR)

MOVWF TBLPTRL

TABLRD 0,1,DUMMY ; MycToe uTeHne N3 TabnMyHOM 3aLerku, YTeHne

;MAaMATY NporpamMm B TabnnYHyo 3aLlenky,
MHKpemeHTuposaHne TBLPTR
TLRD 1,INDFO ; UTeHue ctaplwero 6anta ns tabnmyHon 3awenkm TABLATH
TABLRD 0,1,INDFO ; UteHne mnagwero 6anta n3 TabnuyHon 3awenkn TABLATL,
; UTEHUE NaMsTu NporpaMmm B TabNMYHYHO 3aLLENKy U
; UHKpemeHTnMposaHue TBLPTR

| Q1‘ QZ‘ QS‘ Q4! Q1‘ Qz‘ QB‘ Q4:Q1‘ QZ‘ QS‘ Q4! Q1‘Q2‘Q3‘ Q4

X @)

Rt TABLRD ' INST (PC+1) +INST (PC+2) |
BBITIONIHAEMAA | _ ! 1 1 I
KoMaHa | INST (PC-1) ! TABLRD wumkn 1 | TABLRD L|M|<n2: INST (PC+1) :
| \ LI Y TEHHA ‘

‘ X X JTAHHBIX X ‘

ALE /N ! ! ' j

I I 1 1 I

oE /T N\ /T NN\

| =1 ! ! ! 1

WR — ; : : i

Puc. 25 — BpemeHHas gnarpamma BbinoniHeHns komaHabl TABLRD
(BHELWHsa namMATbL NporpaMmm)

! Q1‘ Qz‘ QS‘ Q4! Q‘l‘ Q2‘ QS‘ Q4 ‘ ‘ ‘Q4 Q1‘ QZ‘ Q3‘ Q4! Q1‘ Q2‘ QB‘ Q4! Q1‘ ‘ ‘Q4‘
1 1

I

rorsaon X )—EX ) EXE)— X @)X
BEOJT

I
CUYMTBEIBAEMad ! ! ! ! | 1 |
kowmgya ' TABLRDT . TABLRD2 - INST (PC+2) | INST(PC+3) |
ot . INST (PC-1) \ TABLRD? umkn 1 , TABLRD1 yukn 2, TABLRDZ uwmkn 1, TABLRD2 uukn 2, INST (PC+2) |
: : : LRI YTEHHA : : LT YTCHIA : :
I I I IAHHBIX i ' TAHHBIX ' '
ALE /N . . ‘ /N YA )
— '= 1 1 | 1 | |

WR

Puc. 26 — BpemeHHas gnarpamma nocnegosatenbHocT komaHg TABLRD
(BHELWHsa namMaTb NporpaMmm)

4.5 AnnapaTHbIW YMHOXUTENb

MWKpPOKOHTpOnepbl UMetoT 8 X 8 BUTHBIM annapaTHbIN YMHOXUTENb, BKIMHOYEHHbIN B
AJTY npubopa. U3-3a TOro, 410 yMHOXEHME peannu3oBaHO annapaTtHO, OHO BbIMOSHAETCS 3a
OAMH uukn. Peanusauus BbINOSTHEHUS YMHOXEHUS 3a OAMH UuMKn obecneuyvsaeT 6Gornee
BbICOKYIO BbIYMCANTENBHYIO NPOU3BOANTENBHOCTb U yMeEHbLUAET TpeboBaHMs K pa3mepy Koaa
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ANS anropuTMOB YMHOXEHUS. YBenuyeHne npon3BoauTeNibHOCTU NO3BONSET MCMNOSb30BaTh
npubop Ons NpUMMEHeHUW, paHee NpeAHasHayYeHHbIX TOMbKO AN LMAPOBbLIX CUrHamNbHbIX
npoueccopoB.be33HakoBoe yMHOXeHWe aaeT 16-6uTHbIM pe3dynbTaT. Pe3ynbtaTt XpaHuTcs B
16-6utHOoM permctpe PRODH:PRODL. YMHOXeHNe He BNMSIET HU Ha Kakue dpnarn B perucrpe
ALUSTA. Peructpsl PRODH 1 PRODL gocTynHbl TONLKO A5151 YTEHUS.

Hwxe npuBeaeHo cpaBHeHWe BbICTPOAENCTBUS MUKPOKOHTPOMNEPOB, UCNOSb3YHOLLNX
arnnapaTtHO peanim3oBaHHOE YMHOXEHWE C BbINOSTHEHWEM 332 OOVH LMK, U NPOU3BOAALLNX Te
e camble BbluMcneHns Ho 6e3 annapaTHO peanM3oBaHHOro yMHOXeHus (Tadnuua 16).

Mpumep 6 nokasbiBaeT nocrneaoBaTenbHOCTb AEeWCTBUN npu 8 x 8 Ge33HakoBOM
YMHOXeHun. TpebyeTca TONbKO ogHa KOMaHAa, Korga ofavH apryMeHT Ang YMHOXEHUS yxe
3arpyxeH B peructp WREG.

Mpnmep 7 npuBOoOUT nocnegoBaTenbHOCTb OeACTBUA npu  8x8 3HaKOBOM
YMHOXeHUN. [na BblYUCNEHNA 3HAKOBbIX OUTOB apryMeHTOB TECTUPYeTCs 3HaKOBbIA OuT
Kakgoro aprymMeHTa n nponsBoAnTCA COOTBETCTBYIOLEE BbluMTaHue. Pe3ynbTat xpaHuTcs B
pernctpax RESH:PRODL.

Mpumep 9 npuBoAUT nocnefoBaTenbHOCTb AencTBUn nNpu 16 x 16 6e33HaKoBOM
yMHOXeHun. B npumepe 8 npmBoaUTCA MCNONb3yeMbli anroputMm. 32-OUTHbIM pesynbTaT
XpaHuTcs B 4-x pernctpax, RES3:RESO.

Mpumep 11 npuBOAWUT nNocredoBaTesNibHOCTL AencTBun npu  16x16 3HakoBOM
yMHOXeHUn. B npumepe 10 npmMBoanTCa MCNONb3YyEMbIN anroputMm. 32-X BUTHLINM pe3ynbTaT
xpaHutcs B 4-x peructpax, RES3:RESO. [na BblYMCNEHNA 3HaKOBbIX BUTOB apryMeHToOB
TeCTUpyeTCa 3HaKoBbI OWUT Kaxgoro aprymeHTa M Mpou3BOAUTCA COOTBETCTBYHOLLEE
BblYMTaHME.

Tabnuuya 16 — CpaBHeHME NPON3BOAUTENBHOCTH

O6bem Kon-Bo Bpems BbinonHeHus (MKc)
MeToa yMHOXeHMUA | nporpaMmmbl LMKIOB
(criog) (MaKcumym) 33Mly | 16 MI'y, 8 MINy
Ges annaparHoro 13 69 8,364 17,25 34,50
8x8 YMHOXUTENS
6e3 3Haka annapaTHbIn 1 1 0.121 0.25 0.50
YMHOXUTENb
©e3 annapaTHoro ) i i i i
8x8 YMHOXUTENS
CO 3HaKoOM annaparHblv 7 7 0,848 175 35
YMHOXUTENb
Ge3 annaparHoro 21 242 29,333 | 60,50 121,0
16 x 16 YMHOXUTENS
6e3 3Haka annapaTHbIn 2 24 2.01 6.0 12.0
YMHOXUTENb
Ges annapatHoro 52 254 30,788 | 63,50 127,0
16 x 16 YMHOXWTENNS
CO 3HaKoOM annaparHblv 36 36 4.36 9.0 18,0
YMHOXUTENb

Mpumep 6 —lNNporpamma 8 x 8 GUTHOrO 6€33HAKOBOrO YMHOXKEHMS

MOVFP ARG1,WREG ;
MULWF ARG2 ; ARG1 * ARG2 -> PRODH:PRODL

Mpumep 7 —Tlporpamma 8 x 8 GBUTHOrO YMHOXEHUS CO 3HAKOM

MOVFP ARG1,WREG
MULWEF ARG2 ; ARG1 * ARG2 -> PRODH:PRODL
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MOVPF
BTFSC
SUBWF
MOVFP
BTFSC
SUBWEF

PRODH,RESH : PRODH -> RESH
ARG2,SB ; Tect 6buTa 3Haka
RESH,F : RESH = RESH - ARG1
ARG2WREG
ARG1,SB : TecTt buTa 3Haka
RESH,F : RESH = RESH - ARG?2

Mpumep 8 —Anroputm 16 x 16 GUTHOro 6€33HAKOBOr0 YMHOXEHNSA

ARG2L)

RES3:RESO = ARG1H:ARG1L * ARG2H:ARG2L
= (ARG1H * ARG2H * 216) + (ARG1H * ARG2L * 28) + (ARGIL * ARG2H * 28)+(ARG1L *

Mpumep 9 —Tlporpamma 16 x 16 GUTHOro 6€33HAKOBOrO0 YMHOXEHMS

MOVFP
MULWF
MOVPF
MOVPF

MOVFP
MULWF
MOVPF
MOVPF

MOVFP
MULWF
MOVFP
ADDWF
MOVFP
ADDWFC
CLRF
ADDWFC

MOVFP
MULWF
MOVFP
ADDWF
MOVFP
ADDWFC
CLRF
ADDWFC

ARGI1L,WREG

ARG2L
PRODH,RES1
PRODL,RESO

ARG1HWREG
ARG2H
PRODH,RES3
PRODL,RES2

ARGI1L,WREG
ARG2H
PRODL,WREG
RES1,F
PRODH,WREG
RES2,F
WREG,F
RESS,F

ARG1HWREG
ARG2L
PRODL,WREG
RES1,F
PRODH,WREG
RES2,F
WREG,F
RESS3,F

; ARG1L * ARG2L -> PRODH:PRODL

; ARG1H * ARG2H -> PRODH:PRODL

; ARG1L * ARG2H -> PRODH:PRODL

; CnoxeHune MPOMEXYTOYHbIX pe3ynbTaToB

; ARG1H * ARG2L -> PRODH:PRODL

; CnoxeHue NMPOMEXYTOYHbIX pe3yrnbTaTtoB

Mpumep 10 — Anropnt™ 16 X 16 BUTHOrO YMHOXEHMUSI CO 3HAKOM

RES3:RESO = ARG1H:ARGIL * ARG2H:ARG2L
= (ARG1H * ARG2H * 21)+(ARG1H * ARG2L * 28)+(ARG1L * ARG2H * 28)+(ARG1L * ARG2L)+
(-1 * ARG2H<7> * ARGIH:ARGIL * 216) + (-1 * ARG1H<7> * ARG2H:ARG2L * 216)

Mpumep 11 —Tlporpamma 16 x 16 BUTHOrO YMHOXEHUS CO 3HAKOM

MOVFP
MULWF
MOVPF
MOVPF

ARGI1L,WREG
ARG2L
PRODH,RES1
PRODL,RESO

; ARG1L * ARG2L -> PRODH:PRODL
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MOVFP ARG1HWREG
MULWF ARG2H ; ARG1H * ARG2H -> PRODH:PRODL
MOVPF PRODH,RES3
MOVPF PRODL,RES2
MOVFP ARGI1L,WREG
MULWF ARG2H ; ARG1L * ARG2H -> PRODH:PRODL
MOVFP PRODL,WREG
ADDWF RES1,F ; CnoxxeHne NpoMeXyTOYHbIX pe3ynbTaToB
MOVFP PRODH,WREG
ADDWEC RES2,F
CLRF WREG,F
ADDWFC RES3,F
MOVFP ARG1HWREG
MULWF ARG2L ; ARG1H * ARG2L -> PRODH:PRODL
MOVFP PRODL,WREG
ADDWF RES1,F ; CnoxxeHne NpoMeXyToYHbIX pe3ynbTaToB
MOVFP PRODH,WREG
ADDWFC RES2,F
CLRF WREG,F
ADDWEFC RES3,F
BTFSS ARG2H,7 ; ARG2H:ARG2L oTpuuaTtensHo?
GOTO SIGN_ARG1 ; HeT, npoBepka ARG1
MOVFP ARG1L,WREG
SUBWF RES2,F
MOVFP ARG1HWREG
SUBWFB RES3,F
SIGN_ARG1
BTFSS ARG1H,7 ; ARG1H:ARGI1L oTpuuaTtensHo?
GOTO CONT_CODE ; HET, OKOHYaHue
MOVFP ARG2L,WREG
SUBWEF RES2,F
MOVFP ARG2H,WREG
SUBWFB RES3,F
CONT_CODE

4.6 MNopTtbl BBOOga-BbIBOAA

MUWKpOKOHTpONNEpbl MMET YeTblpe nopTa BeBoAa-BbiBoAa. [opTbl «C», «D» n «E»
UMEIT perucTp HanpaeneHusi aaHHbiXx DDR, koTopbi ncnonb3yetcs nsi KoHurypaumm
BbIBOAOB MOpTa Ha BXOA4 WNM Ha BbIxod. HekoTopble BbIBOAbI MOPTOB MOryT UMETb
AOMNOSTHUTENBHOE Ha3Ha4YeHne.

Korga BbiBOoAbl NOPTOB CKOH(PUIypUpOBaHbl KakK BbIBOALI NepudepunHoro yCTpomcTea,
3Ha4veHune, cogepxauweecss B pernctpe DDR HeusBecTHo. [locne oOKoH4aHust paboTbl C
nepudepuHbiM  MoaynemM norb30BaTemnto XenaTenbHO 3aHOBO YCTaHOBUTH 3HaYeHue
pernctpa DDR. [Ona HeKoTOpbIX APYrnX nepudepuinHbiX YCTPOMCTB (KOoTopble TpebytoT
BXOAHbIX BbIBOAOB) TpebyeTcsA BbICTaBneHne OUTOB HanpaBfeHust nepegayn OaHHbIX B
peructpe DDR.
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CurHan «cbpoca» nepeBoaUT BbIBOAbI B PEXUM BXOA4a C BbICOKMM BXOAHbIM
conpoTueneHnemMm. Ho HekoTopble nepudepuinHble Moaynu MOryT BHECTU U3MEHEHMS, Takne
Hanpumep Kak NepeBoj B PEXNM aHanoroBoro Bxoaa UM CUCTEMHONM LUMHbI.

4.6.1 Peaucmp nopma A u peaucmp HanpaesieHusi 0aHHbix DDRA

«lMopT A» — aTO 4-pas3psagHbii NOpT. DTOT NOPT HE UMEET perncTpa HanpaBfeHus
AaHHbIX (DDRY). Mo curHany «cbpocy, BbiBOAbI «MopTa A» NPUHYAUTENBHO KOHUIYPUPYHOTCA,
Kak «BXO4» C BbICOKMM BXOOHbIM CONPOTUBMEHMEM. HanpaBneHue OaHHbIX Ha BblBOAAX
PA2/RX/DT n PA3/TX/CK koHTponupyetcsa nepudepuinHbiM Mmoaynem. Mo curHany «cbpocy
nepudepuiiHbIn MOAYSNb HEAKTMBEH, NP 3TOM BbIBOAbI NepeBefeHbl B COCTOSIHUE «BXOAY.
Mpn YTeHnn «nopTta A» CUUTBIBAETCHA COCTOSHME C BbIBOOOB.

BoiBog PAO/INT moxeT paboTaTb Kak OObIYHbIA BXOO WKW Kak BXOA4 BHELLHEro
npepbiBaHnsa. BbiBog PA1/TOCLK moxeT pabotaTtb kak OObIMHbIM BXOA4 WM Kak BXO4
TakToBOro curHana ana «Ttammepa O». BbiBogbl PA2/RX/DT wu  PA3/TX/CK
MyNbTUNNEKCMpoBaHbl ¢ nepudepuriHbiM mogynem USART. Hactpoinika PA2 n PA3 kak
BbIXOA0B, NPOBOANTCSA aBTOMATUYECKM NepuepmniiHbiM Mogynem.

Tabnuua 17
Tun BxogHoro
Ha3BaHue burt Bychepa PyHKUUA
PAO/INT 0 Bxoa nopTta nnu Bxog, BHELWHEro NpepbiBaHUA

PA1/TOCLK 1 Bxoa nopTta nnun Bxon, TakToBOro curHana «tanmepa 0».
Bxog nopta wnu BXO4 nNpPUEMHMKA aCUHXPOHHOIO

PA2/RX/IDT 2 IL%;:_?_Z USART, nnn Bxog/Bbixoq AaHHbIX cMHXpoHHoro USART
Bxog nopta vnu BbIXO4 acUMHXPOHHOro nepegartyuvka

PA3/TX/CK 3 USART, unu BXxoa/BbIXog, CUHXPOCUrHANa CUHXPOHHOIO
USART

4.6.2 Peaucmp nopma C u peaucmp HanpaesieHusi 0aHHbix DDRC

«lMopT C» — 310 8-paspsaHbIi AByHanNpasneHHbI NOpT BBoAa/BbIBOAA. HanpaBneHue
AaHHbIX ynpaBndaetca peructpom HanpasneHna DDRC. 3HauveHnsa «1» B pernctpe DDRC
KOH(pUrypupyeT COOTBETCTBYIOLIME BbIBOAbLI MopTa Kak BxoA. 3HadeHus «0» B peructpe
DDRC koHurypupyeT COOTBETCTBYIOLLME BbIBOAbLI MOPTA Kak BbIxoA4. [1pu YTeHun permncrpa
«nopTa C» (PORTC) cunTbiBaeTCA COCTOSIHME C BbIBOAOB, @ NPU 3anncu B perncTp, 3HadeHune
3anncbiBaeTcs B Peructp 3awlenky. B pexmmax «MUKponpoLeccop» W «paclUuMpPEHHbIN
MUKPOKOHTponep» «nopt C» asnseTtca mnagwunm 6antom WwuHel agpeca/aanHbix (AD7-ADO)
cucTteMHon WuHbl. MNpu pabote koHTponnepa BHewHen NAND Flash namaTtu, gaHHbIA nopT
ncnonb3yeTcs Ans opraHmsauuun WwuHbl gadHblx K Mukpocxeme NAND Flash. [JaHHbin nopt
MMeeT OTAEeNbHbI BbIBOA 3adaHus HanpskeHna nutaHus Uccipot. Ha KOTOpbIN MOXET
nogasaTbcs HanpsbkeHne oT 3,0 oo 5,5 B (HO He 6onee nutaHua agpa Ucc). Takum obpasom
nopT MoXeT BbITb ncnonb3oBaH aAnga paboTtel ¢ Mukpocxemamn 3,3 B noruku.

MpnmeyvaHune — «lopt C» n «nopt D» nMeT eanHOe HanpshkeHue nuTaHus,
noatomy BbIBOAbl Ucciport U Ucczport AOMKHBI ObITb 06beAnHEHbI HA NeYyaTHOW nnaTe.

Tabnuua 18
Tun
HasBaHue burt BXOOHOro PyHKUMA
oydepa
PCO0/ADO/IO0 0 Bxoa/Bbixog nopTta, WNU  BbIBOO CUCTEMHOW  LUWHbI
PC1/AD1/101 1 TTN agpeca/gaHHblX, unu BbeiBog WuHbl AaHHbIX NAND Flash
PC2/AD2/102 2 namsaTu
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PC3/AD3/103
PC4/AD4/104
PC5/AD5/105
PC6/AD6/106
PC7/AD7/107

~N(oo|b~hw

4.6.3 Peaucmp nopma D u pecaucmp HanpaeneHusi daHHbIx DDRD

«MopT D» — 310 8-pa3psaHbIi AByHanpasnieHHbI NOPT BBoAa/BbIBOAA. HanpaBneHune
AaHHbIX ynpaBndetca peructpom HanpasneHna DDRD. 3HaveHna «1» B pernctpe DDRD
KOH(UrypMpyeT COOTBETCTBYKOLLME BbIBOAbI MOpTa Kak Bxod. 3HadeHna «O0» B
pernctpe DDRD koHurypmpyeT CooTBETCTBYIOLWME BbIBOAbLI MOPTa Kak BbIxod. [pu 4yTeHum
pernctpa «nopta D» (PORTD) cuntbiBaeTCA COCTOSIHME C BbIBOAOB, a NpU 3anucu B perucTp,
3HayeHVe 3anucbiBaeTCsd B peructp 3awlenky. B pexumax «mukpornpoueccop» U
«pacLUMPEHHBbIN  MUKPOKOHTponnep» «nopt D» 4gBnsetcsa crapwmm 6GanToM  LIMHBI
agpeca/aaHHbix (AD15 — AD8) cuctemHon wuHebl. Npu paboTte koHTponnepa BHewHen NAND
Flash namsaTti, gaHHbIM NOPT MCNOMb3yeTcs ANA OpraHu3auum CUrHanoB ynpasfeHust K
mukpocxeme NAND Flash. [laHHbIM NOPT UMeeT OTAESNbHbIM BbIBOA 3afaHUsA HanpshkKeHust
nnTaHns Ucczport. Ha KOTOPBIM MOXET noaaBaTbca HanpsihkeHue ot 3,0 oo 5,5 B (Ho He 6onee
nutanua agpa Ucc). Takum obpas3om nopT MoxeT ObiTb Ucnonb3oBaH Anst paboTbl C
Mukpocxemamun 3,3 B norukn.

MpumeyvaHne — «lopt C» n «nopT D» MMET eauHoOe HanpshkeHne nuTaHus,
noatomy BbiBOAbl Ucciport U Ucczport AOMKHBLI ObITb 00 beANHEHBI HA NeYaTHOW NnaTe.

Tabnuua 19

Tun
HasBaHue but | BxogHoOro PyHKUUA
oydepa
Bxoa/Bbixog nopTa, WM BbIBO4 CUCTEMHOMW  LUMHbI
PDO/ADSB/RBN 0 agpeca/gaHHbix, unu curHan RBn ana NAND Flash namsaTtu
Bxoa/Bbixogq nopTa, WNM  BbIBOO CUCTEMHOW  LLMHbI
PDL/ADS/REN 1 agpeca/gaHHbix, unu curHan REn ans NAND Flash namsaTtn
PD2/AD10 5 Bxoa/Bbixog nopTa, WM BbIBO4 CUCTEMHOW  LUWHBI
agpeca/gaHHbIX
PD3/AD11 3 Bxoa/Bbixogq nopTa, WNM  BbIBOO CUCTEMHOM  LUWHbBI
agpeca/gaHHbIX
TTh Bxoa/Bbixog nopTa, WM BbIBO4 CUCTEMHOW  LUMHbI
PD4/AD12/CLE 4 agpeca/gaHHbix, unu curHan CLE ana NAND Flash namsaTtu
Bxoa/Bbixogq nopTa, WNM  BbIBOO CUCTEMHOW  LLMHbI
PD5/AD13/ALE : agpeca/gaHHbix, unu curHan ALE ana NAND Flash namatn
Bxoa/Bbixog nopTta, WM BbIBO4 CUCTEMHOW  LUMHbI
PD6/AD14/WEn 6 agpeca/gaHHbix, nnun curHan WEn gns NAND Flash
namsaTiu
PD7/D15 7 Bxoa/Bbixog nopTta, WM BbIBO4 CUCTEMHOW  LUWHbI
agpeca/gaHHbIX

4.6.4 Peaucmp nopma E u pecucmp HanpaesieHuss 0aHHbix DDRE

«MopT E» — 310 8-pa3psagHbIvi AByHaNpaBneHHbIN NOpT BBOAA/BbIBOAA. HanpasneHue
AaHHbIX onpegenseTtca permctpom HanpasneHnsa DDRE. 3HaveHne «1» B pernctpe DDRE
KOHUrypmpyeT COOTBETCTBYIOLLMI BbIBOA NOPTa Kak BxoA. 3HaveHue «0» B pernctpe DDRE
KOH(pUrypupyeT COOTBETCTBYIOLWMN BbIBOA MopTa Kak Bbixod. [lpy 4TeHunM peructpa
«nopTta E» (PORTE) cuntbiBaeTCa COCTOSIHUE C BbIBOAOB, a NpY 3anncu B perncTp, 3HavyeHue
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3anucbiBaeTca B peructp 3awernky. B pexumax «MUMKponpoueccop» U «pacClUMpEHHbIN
MUKPOKOHTponnep» «nopT E» BbIBOOUT ynpasnswoowme curHanbl AN CUCTEMHOW LUMHbI:
paspelueHue 3auwernku agpeca (ALE), paspelwweHnue Bbixoga (OE) n 3anuck (WR). AKTUBHBIN
ypoBeHb ang curHanos OE n WR — Huskuin. B pexxume tectupoBanua USB_TEST2 aToT nopt
nucnonb3dyetca ana  peanmsaumm  USB  wmHTepcenca B 06xoa4 — aHanoroBoro
npuemornepenarymka. Hactb BbIBOOB «MOPT E» ncnonesytotca ona uHtepdgenca SPI.

MpnmeyaHne — B pexumax «MUKPOMNpoLeccop» U  «paclUMPEHHbIN
MUKPOKOHTpONMep» BbiBOAblI «nopTa E», He gABnswowmecs ynpasnawoWMMM CUrHaANamm
CUCTEMHOW LUMHbI, NEPEKIIOYAOTCH B PEXUM BXOAa.

Tabnunua 20
Tun
HasBaHue burt BXOAHOIro PyHKUMA
Ooydepa
PEO/ALE/TXDP 0 Bxopa/Bbixoq nopTa, WM BbIXOA curHana dmkcaumm
agpeca BHelHen namaTi, unu umdposon Beisog TXDP
Bxoa/Bbixogq nopTta, WNM BbIXO4 CUrHamna 4TeHus
PE1/OE/TXDM 1 OaHHbIX M3 BHELUHEN namaTtu, UM UnudpoBOM BbIBO4
TXDM
Bxoa/Bbixog nopTa, uUnu BbIXOA CUrHana paspelueHus
PE2/WR/TXOE 2 3anucy BO BHELUHIOW NamaTb, UNU LMAPOBON BbIBOL
TR TXOE

PE3
PE4/RXDI/SS 4

Bxoa/Bbixog nopTa

Bxoa/Bbixog nopta, unn uudposon BbiBog RXD, nnu
curHan Slave Select SPI

Bxoa/Bbixog nopta, unu undposon Beisog RXDP, nnn
curHan Serial Data Input SPI

Bxoa/Bbixoqg nopta, unun umdposon Beieog RXDM, nnu
curHan Serial Clock SPI

Bxoa/Bbixog nopta, unu curdan Serial Data Output SPI

PES5/RXDP/SDI 5

PE6/RXDM/SCK 6
PE7/SDO 7

4.7 bnok «tanmep 0»

Brnok «tanmmep O» coctouT u3 16-paspsigHoro Tammep/cyeTdmka. Crtapwmn 6ant
npeacraeneH permctpom TMROH, a mnagwui 6ant — pernctpom TMROL. Ob6a peructpa
AOCTYMHbI MO YTEeHU W 3anucu. [lporpaMMHO-ynpaBnsgemblin 8-paspsgaHbii  genuTesb
4YacTOTbl NO3BOSISIET CO3a4aTbh HA OCHOBE Grioka 24-pas3psgHbi CHETYMK. ICTOYHMK TaKTOBbIX
nMmnynbcoB 3agaetca 6utom TOCS peructpa TOSTA. CHeTuMK MOXET M3MEHSATb CBOE
COCTOSAAHWE UM OT BHYTPEHHUX TAKTOBbIX MMMNYMbCOB, UMM OT BHELLHUX, NO4aBaeMbIX Ha BXOA
PA1/TOCLK. YnpasneHune «tanmepom O» ocyLiecTBnaeTcs ¢ nomoubio pernctpa TOSTA.

Tabnuuya 21 — Peructp TOSTA (agpec: 05h, He 3aBUCUT OT HOMepa GaHka)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
INTEDG TOSE TOCS TOPS3 TOPS2 TOPS1 TOPSO -
out 7 6 5 4 3 2 1 out 0
our7 INTEDG: 61T BblGOpa ynpaBnsawoLero nepenaga curHana Ha BblBOAe
PAO/INT gns 3anpoca npepbiBaHusi. OTOT OMT BbIOMpaeT, Ha PPOHTE Unu
cnage curHana 6ygeTt npoucxoguTb 3anpoc NpepbiBaHus.
1 = dopoHT curHana Ha BoiBoge PAO/INT reHepupyeT npepbiBaHune
0 = cnag curHana Ha BbiBoge PAO/INT reHepupyeT npepbiBaHve
ouT 6 TOSE: 6uT BbIGOpa ynpaenstoLero nepenaga curHana npu BHeLWHeM
TakTupoBaHun «tanmepa 0». OToT 6UT BbIOMpaeT, Ha hbpoHTe nnmn cnage
curHana «tanmep 0» 6ygeTr MHKpEMEHTUPOBATLCS.
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Korga TOCS=0 (BHeLLHee TakTUpOBaHMe):

1 = ppoHT curHana Ha BbiBoge PA1/TOCLK nHKpeMeHTUpyeT «Tanmep
0» n/vnn yctaHaenueaeT TOCKIF - 6ut

0 = cnapg curHana Ha BbiBoge PA1/TOCLK uHkpemeHTupyet «tanmep 0»
n/vunun yctanaenueaet TOCKIF - 6ut

Korga TOCS=1 (BHyTpEHHEE TAaKTUPOBAHME):

3Ha4eHune 6uta 6e3pasnuyHo, yctaHoska 6uta TOCKIF He nponsBoaunTcs
out 5 TOCS: 6uT BbibOpa UCTOYHMKA TaKTMpPOBaHMA ansa «tarmepa 0». 3ToT
OuT BbIOBUPaET UCTOYHUK CUHXPOHM3aLMK ansa «Tanmepa 0».

1 = BHYTPEHHSAA TaKTOBas 4acToTa C reHepaTopa LMKIoB, NpepbiBaHue
ot BbiBoga RA1/TOCKI He dhopmupyeTcs

0 = BHewHee TakTMpoBaHue ¢ BbiBoga PA1/TOCLK, cdopmumpoBaHue
npepbiBaHms oT BbiBoga RA1/TOCKI paspelueHo

out 4-1 TOPS3:TOPSO: 6uTtbl BiGOpa npegaenutens gns tammepa 0. 3tm outhl
NO3BONAOT BblIOpaTh BENMYNHY AENEHNS BXOLHOIO TakTOBOro cMrHana
npegaenutTenem:

0000-1:1 0001-1:2 0010-1:4 0011-1:8

0100-1:16 0101-1:32 0110-1:64 0111-1:128

Ixxx - 1:256

ouT 0 He peanv3oBaHO: YATAeTCs 3HAYEHNE paBHOE HyM0

Obo3HavyeHuns:

R — out gnga ytennsa; W — 6MUT ¢ BO3MOXHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne BuTa nocne cobpoca No BKAYEHUIO NMUTAHUS:
1 — ycTaHoOBnEH,;
0 — cbpolueH;
X — 3Ha4YeHne He N3BECTHO.

Ecnn 6ut TOCS ycTtaHoBneH B «1», TO MHKPEMEHTUPOBaAHME cyeTUMKa «Tanmepa O»
NPOUCXOAMT OT TaKTOBbIX WMMYNbCOB BHYTPEHHEro reHepaTopa, KOTOpbiM SBMseTCs
NCTOYHMKOM CUHXPOHM3aLMN A51s Bcero MMKpokoHTponnepa. Ecnun 6ut TOCS cbpowleH B «0y»,
TO MHKPEMEHTMPOBAHME CYETUMKA NMPOUCXOANT OT TaKTOBbIX MMNynbcoB ¢ Bxoaa PA1/TOCLK
(BHELUHUM UCTOYHUK TaKTOBbIX MMMYSbCOB). B criyyae Mcnonb3oBaHUSA BHELLHEro MCTOYHUKA
TaKTOBbLIX UMNynbcoB, 6uT TOSE onpegenseT nonsapHOCTb PPOHTA, MO KOTOPOMY U3MEHSETCA
cocTtosiHue cyeTumka. Ecnn 6ut TOSE yctaHoBneH B «1», cdyeTunk OygeT uamMeHaTb cBoe
cocTosiHume no nepegHemy ¢poHTy curHana PA1/TOCLK, a ecnn 6ut TOSE cbpoweH B «0»,
TO no 3agHemy poHTy (cnagy) curHana PA1/TOCLK. lNpeaBaputenbHbii 8-paspsagHbin
AenuTenb ¢ nporpammMmmpyemMbim koadduumeHTom aenenms yactotol (MAMNKO) ocywectensaeT
AerieHe 4acToTbl TaKTOBbIX UMMYSbCOB B Auana3oHe oT 1:1 go 1:256, B 3aBMCUMOCTU OT
coctosiHua 6utoB TOPS3:TOPSO. Tammep UMKIMYECKM M3MEHSIET CBOE COCTOSHME B
AnanasoHe 3HaveHun ot 0000h go FFFFh ¢ warom 1. lMpn goctmxkeHnn makcMmanbHOro
3HaveHus (FFFFh) (coctosHne nepenonHeHusi) yctaHaBnuBaetca conar (TOIF) 3anpoca
npepbiBaHUSA Mo nepenosiHeHuto «Tanmmepa O». ITOT 3anpoc Ha 0bpaboTKy npepbiBaHUS
MOXeT ObITb 3amackumpoBaH, nyteMm cbpoca B «0» COOTBETCTBYHOLLUErO OMTa paspelleHus
3anpoca npepbiBaHus (TOIE) B pernctpe INTSTA. ®nar 3anpoca Ha 06paboTKy npepbiBaHUs
oT «Tanmepa 0» (TOIF) cbpacbiBaeTcs nporpammMHO nporpammMorn 06paboTkn NpepbiBaHUS.

Ecnn gna «tanmepa 0» Mcnonb3yeTcsl BHELWHUN UCTOYHUK TaKTOBbIX UMMYSbCOB, TO
OCYLLECTBNAETCA CUHXPOHM3aUNA BHELLUHEro TaKTOBOro CuUrHana u BHYTPEHHEW TaKTOBOW
yactoTbl. Puc. 28 wnnoctpupyeT MexaHuU3M CUHXpOHM3auuMn. TakTOBbIA  CUrHan
cuHxpoHusupyetca nocne npepgenutensa (MAMKO). CurHan ¢ BbiIxoga npeagenuTens
(MAMNKO) camnnupyeTcsa ABa pasa B KaX4oM KOMaHAHOM LMKME C Uernbio AeTEeKTMPOBaHMUS
NosIBNEeHNsA nepeaHero unu 3agHero ppoHTta. TpeboBaHus K napameTpam BHELLHEro curHana
CMHXpOHM3aUMM npuBedeHbl B Tabnuue oanekTpuyeckux napametpos. [lpoueaypa
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CYHXPOHM3aLUMN BHELLUHUX TaKTOBbIX MMMYSbCOB, BHOCUT 3afepXKy OT BpeMeHu npuxoaa
aKTUBHOro ppoHTa A0 MOMEHTa M3MeHeHust Tammepom 0 cBoero coctosiHudA. Ha Puc. 28
nokasaHo, YTO 3Ta 3aZepKka MOXeT cocTaBnATb oT 3*Tc oo 7*Te.

Mpobnema cuntbiBaHMsa 16-paspsigHoro 3Hadvenust permctpos TMROL n TMROH
3akn4aeTcsa B TOM, YTO NOCNE CYUTbIBAHUSA MiagLiero (unm ctapluero) 6anTa, ero 3HadeHme
MoxeT namenHntbea ot FFh k 00h. [Insa obecneyeHns ogHO3HAYHOIO CYUTbIBAHUS COCTOSIHUSA
cyeTUMKa peKoMeHOYyeTCsl MackMpoBaTh CUrHas 3anpoca Ha o6paboTKy NpepbiBaHUS.

3annce B nwbon w3 pernctpoe TMROL u TMROH 6nokupyetr un3MeHeHue
COOTBETCTBYHOLLEN YacTu cyeTyuka «Tammepa O» B nocreayrowem nocre 3anucu Lukne
MUKPOKOHTpOIfepa, NpyM 3TOM 3anucb HE OKasblBaeT BIIMSHUSA Ha APYryl0 4YacTb cyeTyumka.
MoaToMy pekomeHOyeTCs nocnefoBaTenibHO MNPOM3BOAUTL 3anMuCb CHavana perucrpa
TMROL, a 3atem TMROH. 3anuck B ntobon n3 pernctpos TMROL nnn TMROH cbpacbiBaeT B
ncxopgHoe coctosiHne npegaenutens (MAMNKA).

YctaHoBka koadduumeHTa genenus npegaenutena (MAMKLO) nonHocTbo 3aBUCUT OT
cocTosiHuA pernctpa TOSTA, To eCTb 3Ha4YeHue KoadppuLmMeHTa MoXeT BbITb NU3MEHEHO «Ha
neTty» BO BpeMsA UCMNOMHEHUs nporpammebl. [lepen nameHeHnem koadbduumeHTa agerneHuns
pekomeHayeTca copacbisatb MANMKLIA.

[MpepbiBaHne NO NepPenonHeHno
yctaHoBka TOIF (INTSTA<5>)

D—\O\ MpeaBapuUTenbHbIA
Aenutens
—]  (8-Mv paspsAHsIi CUHXPOHM3aLMS I TMROH<8> | TMROL<8>

PA1/TOCLK Fc/4 1 Gy POHHST]
CYETHUK)
TOSE
(TOSTA<6>) 4 T T
TOCS  TOPS3:TOPSO Q2 Q4

(TOSTA<5>) (TOSTA<4:1>)
Puc. 27 — brniok-cxema mogynsa «tanmep O»

01| @2|a3| @41 at1]az|as|aaiat|a2|a3 |04 11| a2| @3] Q4

ﬂanM.Z)
(|

1 1 1
BbIXO/, : :
npeaaenuTens : \ ! |

CVHXPOHW3MPOBAHHbIN 1 i
BbIXOJ, : !
1 I

npeaaeniTens |

\W;

)
S
X i To+1 X

Puc. 28 — (DyHKLI,I/IOHI/IpOBaHI/Ie «Ta|7lmep O» OT BHELWHEero NCTOYHMKA TaKTOBbIX nMnynbcoB

TMRO To T0+2

MpnmeyaHna:

1 3agepxka OT BpEMEHW MpUxO4a aKTUBHOIMO (PpoOHTa A0 MOMEHTA M3MEHEHUS
TMRO cBoero coctosiHuss coctasnseT oT 3*Tc go 7*Te.

2 [OnuntenbHocTb nMmnynbca Ha Bbixoge MNAMKL meHbLe 4YacToTbl CUHXPOHU3aLNM.
B atom cnyyae coctosiime cdetumka TMRO He nameHuTcs.
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Q1‘Q2‘Q3|Q4EQ1‘Q2|Q3|Q4:Q1|Q2‘Q3‘Q4 Q1‘Q2‘Q3‘Q4:Q1 ‘Q2‘Q3‘Q4:Q1‘Q2‘Q3‘Q4

M B S o I o I
WR TRMOL : . : | : |
WRJRMOHE ! | |—i ! : |
RD_TI\/IROLE E E E [ ] E [ ] E [ ] E

1

1
TMROH ! 12 X 12 X '3 X ' AB ! : I
. : , , . .

I
TMROL FE X1 FF X1 56 ! X1 57 X s8 ><:

1 1 1 1
1 1 1 1
1 1 1 1
1 1 1 1
BoGupaeman | MOVFP MOVFP 1 MOVPF !  MOVPF MOVPF MOVPF 1
MHCTPYKLMS ! DATAL TMROL DATAH,TMROH TMROL,W ! TMROL,W ! TMROL,W TMROL,W !
. Banmcb TMROL | 3anuck TMROH ; Utenne TMROL | YreHme TMROL | YUrtenme TMROL , Utenme TMROL
1 1 1 1 1 1 1
I 1 1 1 1 1 1
BbIMONHSemMas |  npeasiayuas ! MOVFP ! MOVFP ! MOVPF ! MOVPF ! MOVPF !
MHCTpykwsr | E90P@at L DATALTMROL 1 DATAHIMROH 1 TMROLW 1 TMROLW & TMROLW
! PyKd ! Banuck TMROL | 3anuce TMROH | Urtenne TMROL | Ytenne TMROL | YreHue TMROL |

1 1 1 1

Puc. 29 — dyHkumnmoHupoBaHue «tarimep 0» npu obpaiueHun k permctpam TMROL n TMROH

MpnmeyaHune — B npumepe 3anucbiBaetcs 3HadeHne TMRO pasHoe ABS6h.

4.8 Moaynb CUHXPOHHOro nocrnenoBaTenibHOro noprta SPI

Moaynb BeayLiero CUHXPOHHOrO nocrefoBaTenbHOro nopta npeacraBnsieT cobon
nocnegosaTenbHbln - MHTEepdenc SPl, npumMeHsiemMbln Onsi COeauHEHWs € Apyrumu
MUKPOKOHTpONepaMmn nnm nepuepunHbiMm MMKpocxeMmamun. TakumMm MUKpocxeMmamm MoryT
6bITb nocnepoBatensHble EEPROM, caoBuroBblie pernctpbl, ApavBepbl AUCNIEsS, aHanoro-
undpoBble Nnpeobpasosatenu n T. 4.

MukponpoueccopHoe sapo ocyuwecTBnsaeT paboTty ¢ nHtepdenicom SPI nocpeactesom
YTEeHUs K 3anucu pernctpoB B6noka, n obpaboTkn curHanos npepbiBaHUA OT 6rioka. bnok
COAEPXUT TPU NPOrpamMMHO AOCTYMNHbIX perncTpa:

— SSPBUF — peructp npuHATLIX 1 NepefaBaemMbliX JaHHbIX;
— SSPSTAT — peructp coctosiHusa 6noka (Tabnvua 22);
— SSPCONL1 - perucTtp ynpasneHus 6nokom (Tabnuua 23).

Mpn okoH4YaHUM nepefaun AaHHbIX MoAynb SPlI MoxeT ¢opMmupoBaTb CurHarn
3anpoca npepbiBaHUS.

BeiBog PE6/SCK cnyxuTt ang Bbigadn (B pexnme BegyLero) unm npvema (B pexvve
BEAOMOro) CWUrHanoB CUMHXPOHM3auMM nepegaBaembiX AaHHbIX. Mo nuHum PE7/SDO un3
MOAYNSA BbIrpyXawTca AaHHble, no nuHum PES/SDI 3arpyxatotca. [Ona Bblibopa ogHoro
BEJOMOrO 13 HECKOSbKUX MOXET Ncnornb3oBaTbecs NuHnsa PE4/SS.
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Tabnunua 22 — SSPSTAT, peructp coctosHus 6noka SPI (agpec: 13h, 6aHk 7)

R/W-0

R/W-0

R-0 R-0 R-0 R-0 R-0 R-0

SMP

CKE

- - - - - BF

out 7

6

5 4 3 2 1 out 0

our7

SMP: BbIGOp pexmma CaMNIMPOBaHMUS.

Pexxum Begywero SPI:

1 — BXoOHble [JaHHble 3axBaTblBAlOTCA B KOHUE nepuofa BbIXOLHOM
4aCcTOTbl CUHXPOHM3aLNN

0 — BXxoAHble daHHble 3axBaTbiBAKOTCHA B cepeduHe nepuoga BbIXOLHOW
4YaCcTOTbl CUHXPOHM3aLUN

Pexum Begomoro SPI: SMP gomxkeH 6biTb cOpoweH B «0» BO Bpemsi
ncnonb3oBaHusa SPI B pexxume Be4oMoro

ouTt 6

CKE: Bbibop cdbpoHTa TakToBoro curHana SPI.

Mpn CKP = 0: 1 — laHHble nepenatotca no nepegHeMy ppoHTy SCK
0 — [aHHble nepepatotcsa no 3agHemy poHTy SCK

Mpn CKP = 1: 1 — [JaHHble nepegatoTcs no nepegHeMy ppoHTy SCK
0 — [laHHble nepepatoTcs no 3agHeMy poHTy SCK

o6ur5,4,3,2,1

3ape3epBMpOBaHO

out 0

BF: donar 3anonHenuns 6ydepa npu npuemMe gaHHbIX.
1 — MNpwuewm 3aBepLueH, B SSPBUF HaxogsaTcsa NpuHATbIE AaHHbIE
0 — lNpuem He 3aBepueH, SSPBUF nyct

Obo3HavyeHuns:

R — out gnga ytennsa; W — 61T ¢ BO3MOXHOCTbIO 3aMucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne BuTa nocne cobpoca No BKIOYEHNIO NUTAHUS:

1 — ycTaHoBIEH;
0 — cbpolueH;
X — 3Ha4YeHne He N3BECTHO.

Tabnuya 23 — SSPCON1, peructp ynpasneHus 6nokom SPI (agpec: 11h, 6aHk 7)

Pexum BeayLero:
1 — nonbiTka 3anucu B pernctp SSPBUF B ycrnioBusax He roToBHOCTU 6roka
K nepegave AaHHbIX.
0 — HeT koHnukra.
Pexxum Begomoro:

1- nonbiTka 3anucu B SSPBUF B MOMEHT nepegayn paHee 3anucaHHbIX
AaHHbIX (ycTaHoBKa B «0» ocyLecTBNseTCA NporpaMmmHo).
0 — HeT koH(pnmkTa

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO

out 7 6 5 4 3 2 1 6ut 0
our7 WCOL: ®nar obHapy>xeH1s KOHpNnKTa 3anmcu.
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out 6 SSPOV: ®nar obHapyxeHus nepenonHeHus Oydepa npu npueme
AaHHBbIX.
1 - npuem HoBoro 6Ganta npousowen [O MOMEHTa, Korga paHee

nony4eHHble AaHHble He Gbinn cuntaHbl n3 pernctpa SSPBUF. B cnyyae
nepenonHennsa paadHHole B SSPBUF Tepstotcs. lNepenonHeHne MOXeT
NpPoOUCXoAnTb TOMbKO B pexume Begomoro. Yrtobbl npegoTeBpaTuTb
yCTaHOBKY ¢hrara B pexxmme BeJOMOro, Nofib3oBaTterb JOMKEH CYUTLIBATb
SSPBUF, paxe ecnu npegnonaraetcs TOMbKO nepegada AaHHbiX. B
pexxmMme Beayuwlero 6MT nepenosiHeHUs He YCTaHaBNMBAETCS, T.K. KaXabln
HOBbLIN MpvMeM W nepedada [LaHHbIX WMHUMLMANM3NpyeTca 3anucbio B
SSPBUF. YctaHoBka B «0» ocyLiecTBNgeTCca NporpaMmmHo.

0 — nepenonHeHns HeT

ouT 5 SSPEN: BkntoveHne moayns SPI.

1 — moagynb SPI BknouyeH, BbiBoAbl PE6/SCK, PE7/SDO, PES/SDI n
PE4/SS koHdurypupyoTcsa Ansa Ncnonb3oBaHUA Mogyrem.

0 — moaynb SPI BbikntoyeH, BoiBoabl PE4 — PE7 paboTtatoT kak nopThbl
BBOJAa/BbIBOOA

out 4 CKP: ¥YnpaBneHue curHariom TakToBOM YacToThl.

1 — BbICOKMI YPOBEHb CUrHaNa SBMAsSeTCA HE aKTMBHbIM

0 — HM3KUI YPOBEHb CUTHara siBNSIeTCs He aKTUBHLIM

6utbl 3,2,1,0 SSPM3 — SSPMO: Bbibop pexumma CUHXPOHHOIO MocnenoBaTeribHOro
nopra:

0000 — SPI pexum BegyLLero, TakToBbIn curHan = Fc/4;

0001 — SPI pexum BegyLlero, TakToBbi curHan = Fc/16;

0010 — SPI pexum BegyLlero, TakToBbIn curHan = Fc/64;

0011 — He ncnonb3yemMas KoHurypauus;

0100 — SPI pexum Begomoro; TakToOBbI curHan ¢ BbiBoga PEG6/SCK,
paspeLleHo ynpasneHune BelBogoMm PE4/SS;

0101 — SPI pexum Begomoro, TakToBbl curHan ¢ BbiBoga PE6/SCK,
3anpeweHo  ynpaeneHne BbiBogom  PE4/SS, PE4/SS  moxeTt
Ncnonb30BaTbCs KakK BbIBOA NOpTa Bxoaa/Bbixoaa ;

011X — He ncnonb3yemas KoHUrypauus;

1XXX — He ucnonb3yemasi KOHpurypaums

MpumeyvaHne — [na Bcex pexumoB Beaywero B SPI, 6utel SSPM3-SSPMO,
3anpeLleHo ynpasnaTb BeiBogomM PE4/SS, annapaTHO BbIBOA Takke He PYHKLMOHMPYET.

Obo3HavyeHuns:

R — out gnga ytenusa; W — 61T ¢ BO3MOXHOCTbBIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne BuTa nocne cbpoca No BKAOYEHNIO NMUTAHUS:
1 — ycTaHoBnEH,;
0 — cbpoLueH;
X — 3Ha4YeHne He N3BECTHO.

Pexvm SPl no3sonsetr CUMHXPOHHO nepedaBaTb W OLHOBPEMEHHO nonyyatb 8-
paspsaHble AaHHble. [MoaaepxuBatoTca YyeTolpe pexuma SPI. na npuema/nepenaym gaHHbIX
ncnonb3yrTcs 3 BbiBOAA MUKPOKOHTPOMMEpPA: «BbIX04 nocnegoBaTtenbHblx AaHHbIX» (SDO),
«BXoq nocnegosaTenbHbiX AaHHbix» (SDI) n «taktoBbii curHan» (SCK). Onsa pab6oTbl B
pexvme BeOOMOro AOMNOMHUTENbHO MOXET WCMNOMb30BaTbCs elle OAMH BbIBOA: «BblIGOp
BegomMoro» (SS).
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49  ®yHKunmoHupoBaHue moayns SPI

Ha Puc. 30 npuBegeHa 6nok-cxema moaynsa SPI. [ns nHuumanusaumm pexmva SPI
HeobXoQMMO YCTaHOBUTb HECKONbKO KOHTPONbHbIX paspsgoB  peructpa SSPCON1
(SSPCON1<5:0>) n SSPSTAT<7:6>. BboibpaHHas koHdurypaums onpenensieT crnegyrowme
BapuaHTbl PYHKLMOHNPOBAHMS:

— Pexum Begywero (PE6/SCK - Bbixoa).

— Pexwnm Begomoro (PE6/SCK - Bxoa).

—  AKTUBHbIV YPOBEHb TAKTOBOIrO cUrHamna (akTuBHbIn ypoBeHb SCK).

— ®a3a BbI6OPKM BXOAHBIX AAHHbIX.

—  AKTMBHBIN (DpOHT TaKTOBOro curHana (nepegnHunin/aagHmnin ppoHT SCK).

— CkopocTb nepefayn gaHHbIX (TONbKO B peXnMe BeayLero).

— Pexum Bbibopa BegOMOro (TONbKO B peXxnme Be4oMOro).

Moaynb cocTouT u3 npuemo-nepegatowiero pernctpa casura SSPSR n 6ydepHoro
pernctpa SSPBUF. B SSPSR BbinonHseTcsa casur aHHbIX B/M3 MUKPOKOHTPOSINepa cTapLumm
6utom Bnepen. SSPBUF xpaHuT gaHHble, KOTOpbIE Obinn 3anmcaHnbl B SSPSR, oo nonyyveHns
HOBbIX AaHHbIX. [NpuHATBIN GanT AaHHbIX nepemMewaetcs B peructp SSPBUF. [anee
ycTaHaBnuBatotca dnar 3anonHeHnsa dygepa BF (SSPSTAT<0>) n BbicTaBnaeTcs curHan
3anpoca Ha obpaboTky npepbiBaHna SSPIF (PIR1<5>). Ctpyktypa peructpos SSPBUF u
SSPSR nos3BondeT xpaHUTb MOMyYeHHble AaHHble B TeYeHue npuema cnegyrouwero 6anta
AaHHbIX. Jlloboe obpaweHne no 3anucu k pernctpy SSPBUF Bo Bpems nepegadn/npunema
AaHHbIX OyaeT urHopupoBaTbCH, Kpome Toro, OygeT ycTaHoBneH cnar obHapyXeHus
koHdpnukTta 3anmcn WCOL (SSPCON1<7>). Ounctka cdnara WCOL B «0» gomkHa 6biTb
ocyLlecTBreHa nporpaMmHo (obpalieHmnem no 3anucu k pernctpy SSPCON1).

Mpn npneme nnn nepegayun gaHHbix B pexunme SPI, pernctp SSPBUF gomxkeH 6biTb
CYMTaH 4O MOMEHTa OKOHYaHUA Npuema unu nepegayu crnegyrowero 6anrta. YcraHoBka donar
3anonHeHna O6ydepa, BF (SSPSTAT<0>), B «1» ykasbiBaeT, yto SSPBUF 3arpyxeH
nosly4eHHbIMU AaHHbIMK (Nepefada 3aBeplueHa). [Nocne obpawieHus k pernctpy SSPBUF no
yTeHuto, 6ut BF aBTOmMaTtmnyeckn cbpacbiBaetcsa B «0». Kak npaBuno, ans onpegeneHus
OKOHYaHUA nepegadn unu npuemMa mcnonb3yetcs npepbiBaHne oT moayna SPI. SSPBUF
AOIMKEH ObITb CYMTAH M 3anucaH B nporpamme ob6paboTku NpepbiBaHUN.

Mpsmoro gocTtyna no YTeHuto 1 3anucu K pernctpy SSPSR He cyuwlecTByeT, obpalleHne
K HEMY ocyLlecTBnsieTcs Yyepes obpalleHue k permctpy SSPBUF.
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Puc. 30 — briok-cxema mogyns SPI

4.9.1 Hacmpolika ebieodoe npu pabome c modysnem SPI. Tunoesoe
8KJII04YeHue

Ona  BknoyeHns  wmogyna  SPI Heobxogumo  yctaHoBuTb ©6uT  SSPEN
(pernctp SSPCON1<5>) B «1». Ona cbpoca mnu nepeHacTponknm moaynd, Heobxoaumo
cbpocnte B «0» 6ut SSPEN, nepeHactpoutb pernctpol SSPCON1, 3atem 3aHOBO
ycTtaHoBUTL ©uT SSPEN B «1». 3TO no3BonuT CKOH(urypuposaTb BbiBogbl PES/SDI,
PE7/SDO, PA6/SCK n PA4/SS ana ncnonb3oBaHus B KadecTBe BbIBOLOB MHTepdenca SPI.
Takke HeoOXoOMMO HACTPOUTbL HampaBneHne BbIBOOOB B perucrpax ynpasneHus
HanpasneHmem BbiBogos (DDR).

MaBHbLIN KOHTPONNEp WHUUMANU3NpyeT nepefady AaHHbIX, QOPMUPYs TaKTOBbIN
curHan SCK. [aHHble caBuratoTcsi Mo YCTAHOBMEHHOMY (PPOHTY TakTOBOro curHana wu
NPMHMMAOTCA Ha NPOTMBOMOSIOXXHOM (ppOHTE TakToBOro curHana. Oba MMKPOKOHTposepa
AOJTKHbI UMETb OANHAKOBYH KOHurypaumto pexmuma SPI, B yactn coctosiHus paspsiga CKP
(ynpaBneHue curHasiom TakToBOW 4YacToThl).
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Puc. 31 — Pabota moayns SPI B pexume BegyLiero
4.9.2 Paboma modyns SPI e pexxume sedyuje2o

Moaynb SPI B pexxnme BegyLLero MoXeT MHULUMMPOBATL Nepeaady AaHHbIX B fntoboe
BpeMs, T.K. B 3TOM criydae OH KoHTponupyeT nnHuio SCK. OBMeH AaHHbIMU MHULMKUPYETCS
nytem obpalleHus no 3anucu k permctpy SSPBUF. Beaywun onpegenseT, koraa Be4OMbIN
MOXeT nepecbinaTtb AaHHble B COOTBETCTBUM C WUCMOMb3yeMbIM MPOTOKONOM. B pexume
BeAyLLero, JaHHble cYMTaTCA NepeaaHHbIMU/MPUHATBIMUY, KakK TONbKO Npom3oLusia 3anuch B
pernctp SSPBUF u3 cgsurosoro peructpa. [aHHble co Bxoga SDI nocrnepoBatenbHO
(noTakTHO) BABUrarTca B pernctp SSPSR co ckopocTbio, onpenensemMon permcrpamu
ynpasneHus. MNpun nonydeHun 8 6ut (BGanTta), nonyvyeHHbIn BanT 3arpyxaetcd B pernctp
SSPBUF, npu atom dopmupyroTca curHan 3anpoca Ha 00paboTKy npepbiBaHUS U
onpegeneHHble dnarn.

YnpaBneHne curHanom TakTOBOW 4acTOTbl, BbIOOP aKTUBHOMO (YPOHTA, MOMEHTbI
nepefayv n npvema AaHHbIX NPOU3BOAMTCA C NMOMOLLbI 3anucun paspagos CKP peructpa
SSPCON1, CKE n SMP pernctpa SSPSTAT, Bo3MOXHble BapuaHTbl nepegayun/npuema
AaHHbIX NokasaHbl Ha Puc. 31, Puc. 33, Puc. 34. Ha Puc. 31 nokasaHbl BapuaHTbl nepegaym
AaHHbIX Ans pexuma segyuwero. Hanpumep, ecnn 6ut CKE yctaHoBMEH B «1», TO AaHHbIE HA
Bbixoge PE7/SDO ycrtaHaBnuBalTCA elle 0O MOMeHTa nepBoro ¢opoHta Ha nvHum SCK.
MomeHT npuema BXOLHbIX AaHHbIX onpegendetcda paspsgom SMP. Kpome Toro, pmcyHok
AEMOHCTpUpyeT MOMeHT 3arpy3km SSPBUF nonydeHHbiMM faHHbIMU. [aHHble Bcerga
nepepatTca ctapwum paspsgom Brneped. CywlecTBywoT criegylowune BapuaHTbl Bblbopa
TakToBOW YacToThl SPI B pexume BegyLlero:

—  Fcl/4 (nnm Tic);

—  Fc/16 (nnun 4 « Tic);

—  Fc/64 (nnun 16 « Tic).
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Takum o6pasom, MakcumanbHasa 4YactoTa nepefaym gaHHbix cocTtaBnseT 8,25 My,
Nnpu TaKTOBOW YacToTe MUKPOKOoHTporsepa 33 MITu.

BoiBog PE4/SS npn pabote B pexume Begywlero annapatHO He WUCNonb3yeTcs,
MCnonb30BaTh BbIBOA B KAYECTBE NopTa BBOAA/BbIBOAA TaKKe 3anpeLleHo.

4.9.3 Paboma modyns SPI e pexxume sedomMo20

B pexvme BegoOMOro faHHble nepenarnTcs U NPUHUMAKOTCS MO BHELLHEMY TaKTOBOMY
curHany noctynawowero co Bxoga PE6/SCK. T[llpu npueme nocnegHero paspsga,
ycTaHaBnumBaeTtca ¢nar npepbiBaHna SSPIF (PIR1<5>). MapameTpbl BHELWIHErO TaKTOBOroO
CuUrHana [OOJSDKHbl YAOBMETBOPATb TpeboBaHUAM, OMMCaHHbIM B pasgene 3MneKTpuyeckux
XapakTepucTuk. BegomMbln MOXeT nepegasaTtb/nonyyarb AaHHbIe, HAXOOACh B peXXMMe NoKos
(Sleep pexwum). MMpu nonyyeHnn Ganta AaHHBIX MUKPOKOHTPOSNEP BbIXOAUT U3 pexunma
MOKOS.

49.4 Bbl6bop CUHXPOHHO20 pexxuma 8e00MO20

Hanuune BbiBoga PE4/SS nosBonser wucnonb3oBaTb Moaynb SPlI B pexume
CUHXPOHHOro Begomoro. B gaHHoM cnyvae paspsagbl permctpa SSPCON1<3:0> gofmkHbl
nmeTb 3HadeHue 04h, To ecTb ycTaHoBRneHa KoHuUrypaums «SPI pexum BeoMOro, TakToBbIN
curHan ¢ BbiBoga PEG/SCK, paspelleHo ynpasneHue BbiBogoM PE4/SS». Ecnun Ha BbiBoge
PE4 (SS) nogaH HU3KMM NOrMYECKU YpPOBEHb, Nepedada u npuemM paspelleHbl, BbIBOA
PE7/SDO ynpasnsetca mogynem SPI. Korga Ha BbiBog PE4/SS nogaH BbICOKUMW YPOBEHb
curHana, BbiBog PE7/SDO OTKMOYEH M HaxoguTca B «TPeTbeEM» COCTOSAHWUWU. [lpu Takom
MCNONb30BaHMN MOAYNSA PEKOMEHOYETCS NPUMEHSTb BHELLHWE NOATSArMBaloLWME pe3ncTopsbl.
Kpome Toro, nogaya normyeckon eamHuupbl Ha Bxoa PE4/SS daktnyeckm o3HavaeT cbpoc
moayns SPI. Copoc moayns SPI o3HavaeT cbpoc cueTymka BUTOB COBUIOBOrO permcrpa.

SS —\ :  \ ;
SCK ! S ‘
(CKP=0 CKE=0} B
sk : ‘ ‘ . . . -
(CKP=1 GKE=0} ‘ ‘

: | | | : : | | |_SS_ 1 !
sanvich B—— : : : : : : : : : 1
SSPBUF : i | | | | | 1 1 1 1 :

: | | | | | | | | C 1 !
SDO W our 7% onr 6 Y ><6m7><6m6><§)( W BT 0|

| ‘ ‘ ‘ ‘ ‘ . . J
SDI : (ouT 7 61T 6 - : : 6wt 7
(SMP=0) . ‘ ‘ ‘ ‘ ‘ . .
CUMTHIBaHWE . 1 1 1 1 1 : :
Bxona (SMP=0) ! : 1' 1 T 1 1 1 : 1‘ :
SSPIF
nepesannck 13
SSPSR B SSPBUF e 1'

Puc. 32 — [lemoHcTpaumsa paboTbl B peXUME CUHXPOHHOIO BEJOMOro
4.10 ®dDyHKUMOHUpOBaHUE B pexnme nokos (Sleep pexum). dd ekt copoca.

Tak Kak B pexuMe MOKOS CUCTEMHbIA TaKTOBbIA CUrHam oTcyTcTByeT, moaynb SPI,
BKIMIOYEHHbIV B peXuMe BeayLlero, He MOXeT nepenaBaTb MW MonyyaTb AaHHble 1 GyaeT
COXPaHATb CBOE TeKylllee COCTOsIHUE [0 BbiXOAa MUKPOKOHTPOSISiepa 13 CNsiLLEro pexvma.
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B pexume Begomoro, caBUroBbi pernctp yHKUMOHNPYET aCUHXPOHHO MO OTHOLLEHWIO
K CUCTEMHOM YacTOTe MUKPOKOHTpOSepa, YTO NO3BOSSeT OCYLeCTBNATbL npuem/nepenadvy
AaHHbIX B MOMEHT HaXOXAEHWUSI MUKPOKOHTpornnepa B pexume nokos. o npuemy 8 6uT,
yCTaHaBnmBaeTcs dniar npepbiBaHna OT Moayns SPI, KOTOpbI BbIBOOUT MUKPOKOHTPOMNep
N3 Crswero pexuma.

JTrobon cbpoc oTknovaeT moaynb SPI n npepbiBaeT TEKYLLYO nepeaady.

S8 ' .
He 0Ba3aTensHO \ /

SCK 1
(CKP=0 CKE=0)
0

SCK
(CKP=1 CKE=0)
3annck B ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ L
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SDO s §>< ouT 7 >< Gur 6 >< our 5 >< out 4 >< Bur 3 ><6wT 2 >< ST >< w Sur 0 %
ESSDNI“ - {6t 7)< Bur 66T 5 {Bur 4};#<6m 36w 2}%(6m 1)-(BuT 0
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Puc. 33 — Pabota moayns SPI B pexume Begombii (CKE = 0)
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Puc. 34 — Pabota mogynsa SPI B pexume sBegombint (CKE = 1)

411 Moaynb yHUBepcanbHOro CUHXPOHHO-aCUHXPOHHOIO
npuemMonepepaTymka

MukpokoHTponnep coaepxuT OOVH MoAyIb CUHXPOHHO-aCUHXPOHHOIO
npuemMonepegaTyvka USART. YHuBepcarnbHbIn CUHXPOHHO-aCUHXPOHHbIN
npuemonepeaaTymk MOXeT paboTaTb B CreayoLmx pexmmax:

—  @CUHXPOHHbIN (MONHbIA Aynnekc);

—  CUHXPOHHbIM BeayLwmi (Nonyaynnekc);

—  CMHXPOHHbIN BEOOMbIV (Nonygynnekc).
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But SPEN (RCSTA<7>) gomkeH ObiTb ycTaHoBNeH, 4Tobbl BbiBoAbl PA2/RX/DT un
PA3/TX/CK ckoHGurypmpoBanucb Kak BblBOAbI NnocrnegoBaTtenbHoro nHtepdenca. Mogynb
USART 6ygeT ynpaBnaTb HanpaeneHneM BoiBogos PA2/RX/DT n PA3/TX/CK, B 3aBUMCUMOCTH
OT cocTosiHus 6utoB koHdurypauum B peructpax RCSTA m TXSTA. Cneaywowme 6utbl
KOHTponupytoT HanpasreHune BbiBogos: SPEN, TXEN, SREN, CREN, CSRC.

Tabnuuya 24 — Pernctp ctaTtyca u pexmnma pabotbl nepegatyunka TXSTA (agpec: 15h,
6aHk 5)

R/W-0 R/W-0 R/W-0 R/W-0 U-0 uU-0 R-1 R/W-0
CSRC TX9 TXEN SYNC - - TRMT TX9D
out 7 6 5 4 3 2 1 6ut 0
out7 CSRC: BbI6Op UCTOYHMKA TAKTOBbIX MMMNYIbCOB
CUHXPOHHbLIN PEXNM:
1 = pexxum BefyLero (BHyTPEHHUIN TakToBbIn curHan n3s BRG)
0 = pexxum BegoMoro (0T BHELLUHEro UCTOYHMKA TaKTOBOro curHana)
ACNHXPOHHbBIN PEXNM:
He nmeet 3Ha4YeHns
ouT 6 TX9: BbIOOp 9-TK paspsgHoOM nepenaydun.
1 = BbIOMpaeT 9-Tn paspsagHyto nepegady
0 = BbIOMpaeT 8-mu paspsgHyo nepegavy
out 5 TXEN: paspelueHune nepegaym
1 = nepepava paspelueHa
0 = nepegaya oTKNOYEHA
But SREN/CREN 6noknpyet TXEN B CUHXPOHHOM pexnme.
out 4 SYNC: 6uTt Boibopa pexunma USART (CUHXPOHHbIN/aCUHXPOHHbIN)
1 = CMHXPOHHbIV PEXNM
0 = aCUHXPOHHbIN PEXNM
our 3,2 He peanunsoBaHbl, YnTaloTCca Kak «0»
our1 TRMT: donar 3anonHeHHOCTH caBUroBoro permctpa nepegatymka (TSR)
1 = pernctp nyct
0 = perucTp 3anosnHeH
o6ut0 TX9D: 9-n 6MT nepepaBaembiX OaHHbIX (MOXET WCNONb30BaTbCA AN
NporpaMMHoON peanuaaumm NpoBEPKN YETHOCTH)

Ob6o3HavyeHUsn:

R — 6ut anga yteHus; W — 6uT ¢ BO3MOXXHOCTbIO 3anucu;

U — 6uT He peanuaoBaH, YntaeTtcs kak 0;

-n — 3Ha4yeHune 6uta nocrne cbpoca No BKIIHOYEHUIO MUTAHUS:
1 — ycTaHoBreH;
0 — cbpoluen;
X — 3Ha4YEeHNe He N3BECTHO.

Tabnuya 25 — Peructp cratyca un pexuma pabotsl npuemHnka RCSTA (agpec: 13h,
BaHk 5)

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R-0 R-0 R-0
SPEN RX9 SREN CREN - FERR OERR RX9D
out 7 6 5 4 3 2 1 out 0
outr 7 SPEN: 6uT paspelueHus paboTbl NoCrneaoBaTenbHOro nopra
1 = «koHdpurypmpyer PA3/TX/CK un PA2/RX/DT Kak BbIiBOAbI
nocnegosarensHoro nopta USART
0 = nocnegoBaTeribHbIN MOPT OTKITHYEH
ouT 6 RX9: BbIbop 9-Tn paspsgHoro npuema
1 = BbIBUpaeT 9-T1 paspsaHbIN NpUemM
0 = BbIOMpaeT 8-Mu paspsagHbIA Npuem
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out 5 SREN: 6uT paspelueHns ogHOKpaTHOro npuema. ITOT 6uT paspelsaet
npvem ogHoro 6anTa u nocre ero npyemMa asTomaTnyeckn copacoiBaeTcs.
CUHXPOHHBIN pEXUM:

1 = paspeLwwmTb Nnpuem

0 = 3anpeTuTb Npnem

MpuMeyaHue: BUT UrHOPMPYETCA B CUHXPOHHOM peXxmuMme Be4OMOro.
ACHHXPOHHbIN peXnm:

He nmeet 3HaveHus

CREN: 6uT paspeleHnss npoaospKUTENbHOrO npuema. JToT  6ut
paspellaeT HernpepbiBHbIM MPUEM MOCNeaoBaTenbHO nepegaBaeMblX
OaHHbIX.

ACNHXPOHHbBIN PEXNM:

1 = paspeluaeT HenpepbIBHbLIN NpUemM

0 = 3anpeLLaeT HenpepbIBHLIN NpUeM

CUHXPOHHBIN pEXUM:

1 = paspeluaeT HenpepbIBHbINA NpueM oo momeHTa cbpoca CREN (CREN
oTmeHseT SREN)

0 = oTKMYaET HenpepbIBHLIN NpUemM

He peannaoBaHo, yntaetca Kak «0»

FERR: 6uT owmnbkn kagpupoBaHus

1 = ecTb owwmbka (cOpackiBaeTca npu YteHun pernctpa RCREG)

0 = HeT owmnBKM

OERR: 61T owmnbkn nepenonHeHnsi BHyTpeHHero bydepa.

1 = ecTb owmnbka (cOpacbiBaeTcd npu copoce 6uta CREN)

0 = HeT ownbKM

RX9D: 9-n ©OMT nNPUHATBIX AaHHbIX (MOXeT MWCMNoNb30BaTbCA Afis
nporpaMMHON peanuaaumm NpoBePKN YETHOCTH)

out 4

out 3
out 2

out1

out 0

O6o3HavyeHUsn:

R — 6uTt anga ytenusi; W — uT ¢ BO3MOXXHOCTbIO 3anucuy;

U — 6uT He peanuaoBaH, YntaeTtcs kak 0;

-n — 3Ha4yeHune 6uta nocrne cbpoca No BKIIHOYEHUIO MUTAHUS:
1 — ycTaHoBreEH;
0 — cbpoluen;
X — 3Ha4YEeHNe He N3BECTHO.

Tabnuuya 26 — Pernctp aaHHbix npuemHuka RCREG (agpec: 14h, 6aHk 5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG6 DATAS DATA4 DATA3 DATAZ2 DATA1 DATAO
ont 7 6 5 4 3 2 1 ont 0
ountr7...0 DATA7...DATAO: gaHHble, nony4veHHble no USART
Obo3HavyeHUN:
R — 6ut gnga yteHus; W — OUT ¢ BO3MOXXHOCTbIO 3anucu;
U — OuT He peanu3oBaH, Yuntaetcs kak 0;
-n — 3Ha4YeHne 6mTa nocrne cobpoca No BKAOYEHUIO NMUTAHUS:
1 — ycTaHoBnEH,;
0 — cbpoLueH;
X — 3Ha4YeHne He U3BECTHO.
Tabnuya 27 — Peructp gaHHbix nepegatymka TXREG (agpec: 16h, 6aHk 5)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG6 DATAS DATA4 DATA3 DATAZ2 DATA1 DATAO
ont 7 6 5 4 3 2 1 ont 0
ontr7...0 DATA7...DATAO: gaHHble, nepegaBaemble no USART
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O6o3Ha4vyeHus:

R — 6uT anga uyteHnsa; W — 61T ¢ BO3MOXXHOCTbIO 3anucy;

U — 6uT He peanuaoBaH, YntaeTcs kak 0;

-n — 3Ha4YeHne Guta nocne cbpoca NO BKNHOYEHMIO MUTAHUS:
1 — ycTaHoBreH,;
0 — cbpoLueH;
X — 3Ha4YeHne He U3BECTHO.

4.11.1 I'eHepamop ckopocmu nepedavyu OaHHbIX

leHepaTop ckopocTn nepedadn AaHHbIX (BRG) nopgaoepXuBaeT aCUMHXPOHHBIA U
CUHXPOHHbIN pexnmbl USART. OT0 oTaenbHbIN 8-pa3psagHbii Tanmep/cyetyunk. Ero nepuog
3agaetca 3HadeHMem B pernctpe SPBRG. CkopocTb nepefaym paccyuTbiBaeTcs Mo
cnegywwmnm opmynam

CKOPOCTb Nepenayn onst acuHxpoHHozo pexuma = FC / (32*((SPBRG)+1)), (1)
CKOPOCTb Nepefayn ons cUHXpoHHozo0 pexuma = FC [/ (4*((SPBRG)+1)), (2)
roe SPBRG — 3Ha4deHune ot 0 go 255.

3anncb HoBoro 3HayeHus B SPBRG npusoaunT k cbpocy Tanmepa BRG. 310 cpasy
NnepekniyaeT reHepaTtop Ha HOBYH CKOpPOCTb nepegayvn. [locne curHana «cbpocy»
pernctp SPBRG ouniaeTtcs, noaTomy ero Heobxoammo 3arpyxaTtb TpebyembiM 3HavyeHneMm
nocne kaxgoro cbpoca.

Tabnuya 28 — Pernctp 3agaHus ckopocTtun npuema n nepegaydn SPBRG (agpec: 17h,
6aHk 5)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO
out 7 6 5 4 3 2 1 out 0
outr 7...0 BRG7...BRGO: faHHble, onpegensdiowme CKoOpoCcTb Npuema n nepegaymn
no USART

Ob6o3HayeHUsn:

R — 6uTt anga yteHusi; W — OuT ¢ BO3MOXXHOCTbIO 3anucu;

U — 6uT He peanuaoBaH, YntaeTcs kak 0;

-n — 3Ha4yeHne 6uta nocrne cbpoca No BKIIHOYEHUIO MUTAHUS:
1 — ycTaHoBreEH,;
0 — cbpoluen;
X — 3Ha4YEeHNe He U3BECTHO.
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CUHXPOHHbIN
BegyLwun/segomblin

CuHXp./ACUHXP.

CKITX CUHXP./ACUHXP. BRG
""""""""""""""""""" ! CUHXP./ACUHXP
! TaKToBbIN
DT Crapr|0[1].- -] 7|8 [Cron| 1« /16
XF— AKX A & e
RN Y I g
&

TXREG|0[1[---| 7| [8] [Cuerunk GuTos

TXSTA<0>
LLlvHa gaHHbIX TXIE

Puc. 35 — brnok-cxema nepegatynka

TXEN / 3anuck B TXREG

D&epblsaﬂue

CHHXPOHHbIA MNpepeiBaHue

0sC BRG BeAyLUWA/BEAOMBIRA
r CUHXP.JACUHXP. AcUHXP./CUHXP.
RCIE
CK PaspeLu.
> OBGHapyx.
. ! SPEN ! | CTAPT
. SREN/
Bydbep cxema | TaKTOBLIA 5SE CREN/
&_ obHapyxeHus \ . MSb LSb Craprosbit
[Cron 8] 7] ses [1]0] o
B
RX9 Toruka
AcUHXP./CUHXP. FIFO
Y Yy

FERR RX9D (7| eee |1
FERR RXOD |7| eee |1

I 1

Puc. 36 — brniok-cxema npnemMHuka

-«

RCREG

o|o|«

] LLnHa paHHbIX

4.11.2 ACUHXPOHHbIU PEXUM

B atom pexume USART ucnonb3yeT ctaHgapTHbin doopmaT NRZ (oguH cTapToBbLIN

OuT, BOCEMb UMM AOeBATb MHMOPMALUMOHHBIX OGUTOB M oauMH cTonoBbin 6UT). Cambin
pacrnpoCTpaHEeHHbIN hopMaT AaHHbIX — 3TO 8-MW OBUTHBIA. BHYTPUNPOLECCOPHLIN FreHepaTop
CKOPOCTU nepefaym MOXeT UCMOJSb30BaTbCA AN NOMTyYEeHUS CTaHOAPTHbLIX YaCTOT CKOPOCTU
nepegayn. NpuemHuk n nepegatunk USART aBnsoTca PyHKUMOHANbHO HE3aBUCUMbIMWU, HO
NCNOSb3YIT OOMHAKOBLIM POpMaT AaHHbIX U CKOPOCTb Nepepayvn. NpoBepka YETHOCTU He
noagepXmBaeTcs annapaTtHbIMM CpeacTBamMu, HO MOXeT ObiTb peanMsoBaHa NPOrpammMHO
(vcnonb3yss  geBATbin 6UT  gaHHbIX). Mogynb USART B aCMHXPOHHOM  pexunme
ocTaHaBnuBaeTcsa BO Bpems SLEEP (B pexume oxungaHus). ACUMHXPOHHBIN PEXUM
BblbMpaeTcs copocom buta SYNC (TXSTA<4>).

Mogyns USART B aCMHXPOHHOM peXume COCTOUT U3 CredyoLwmnx KOMMNOHEHTOB:

— [eHepaTOp CKOpOCTU Nepenayn.

— Cxema BbIGOpKN.

—  ACUHXPOHHbIN NPUEMHMUK.

— ACUHXPOHHbIV NepeaaTyuk.
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4.11.2.1 ACUHXPOHHBIU nepedamyuk

brnok-cxema nepepatyumka npeacrtaeBneHa Ha Puc. 35. OcHoBon nepegaTymka
ansaetca capuroebin permctp nepegavm (TSR). OH nonyvaeT uHdopmaumio ns dydepa
nepegatyuka (TXREG). B 6ydep TXREG paHHble 3arpyxatoTcs nporpammHo. CABUroBbIN
pernctp TSR 3arpyxaeTtcd HoBbiMM AaHHbIMM M3 TXREG (ecnu OHW ecTb) KaK TOSbKO
nepegacTcs CTonoBbI GUT NpeablayLien NOChINKM AaHHbIX. OTO NPOUCXOAUT B NOcrneaHeMm
KomMaHaHoOM uukne nepuoga BRG. Npu aToM ycTaHaBnvBaeTcsa hnar 3anpoca npepbiBaHUs
TXIF vHanumpyowmn, 4to TXREG nyct. OTo npepbiBaHME MOXET ObiTb paspeLlleHo unu
3anpeLleHo COOTBETCTBEHHO YCTaHOBKOWM unu cbpocom 6Guta TXIE. dnar 3anpoca
npepbiBaHna TXIF ycTtaHaBnuBaeTcs He3aBUCUMO OT 3HadeHus TXIE. OH He mMoxeT 6bITb
cbpoweH nporpammHo. ®nar cbpacbiBaeTcs annapaTtHO Npu 3arpy3ke HOBbIX [aHHbIX B
TXREG. but TRMT (TXSTA<1>) nHguumpyet cOCTOosiHMe caBuroBoro peructpa TSR. but
ycTaHaenuesaetcda korga TSR nyct. TRMT pocTyneH TOMbKO ANA YTEHUSA U HE MOXET
BbI3blBaTb NpepbiBaHus. Pernctp TSR He oTobpaxkaeTcs B NaMATU JaHHbIX, T.€. He JOCTYMeH
AN YTeHus/3anucu.

lMepepaya paspewaetcs, korga yctaHaBnmBaetca 6uT TXEN (TXSTA<S>).
dakTMyeckM nepegada He HaYHeTCs: Noka faHHble He OyayT 3arpyxeHbl B TXREG u
reHepatop CKOpPOCTM nNepefayun He BblOAacT CABWUIOBbIN CUHXpouMMynbC (cm. Puc. 37).
Mepenayy Takke MOXHO HadaTb cHayvana 3arpysmB TXREG, a notom yctaHosuB 61T TXEN.
O6blyHO, ecnu nNepefaya Ha4yMHaeTcs B nepBbin pa3, TSR nycT, N03TOMy 3anncb OaHHbIX B
TXREG nosnevyeT HemegneHHyto wux nepepady B TSR, ocsoboaus TXREG. [loatomy
BO3MOXXHa Hepa3pbiBHas nocnegosartenbHas nepegaya (cm. Puc. 38). Copoc TXEN Bo Bpems
nepenayu BbI30BET OTMEHY nepefayu, cbpoc nepenartymka.

[ns Bbibopa 9-6uTHOM nepenayun, 6ut TX9 (TXSTA<6>) gomkeH 6biTb YCTAaHOBIEH B
eavHuuy. [leBsatoe 3HavyeHne 6uta 3anucbiBaeTca B TX9D (TXSTA<0>) nepen 3anucbio 8-mu
OGuTHbIX AaHHbIX B TXREG, Tak kak 3anucb AaHHbiX B TXREG MOXeT Bbl3BaTb HEMEANEHHYO
nepegady AaHHblx B TSR (ecnu TSR nycr).

Larn ans HacTponKn aCMHXPOHHOW Nepeaadn cneayrowme:

1 3anucatb 3HadeHue B pernctp SPBRG ans 3agaHus CKOpoCcTu nepenayu;
2  BKJTOUYUTb aCUHXPOHHLIM nocnegoBaTenbHbin NopT (6ut SYNC=0 n 6ut SPEN=1);
3 ecnu TpebytoTca npepbiBaHnd, Torga yctaHosute o6ut TXIE;
4 ecnun TpebyeTtca 9-Tnm GuTHaa nepegava, Torga ycraHosute out TX9;
5 ecnu BblibpaHa 9-Tn BuTHaa nepenada, OeBATLIN OUT AOMKEH ObITb 3arpyXeH B
TX9D;
6 3arpysute gaHHble B peructp TXREG;
7 3anyctute nepegadvy yctaHoskon 6uta TXEN.
3anncb [ (C
B TXREG Galﬁ:r 1 JJ
Bbixod BRG | L 1 J 0 7 ! | | L
(cauraowmin 1 ! < | !
CMFHEI‘I) ' i 1
(asizoq TXICK) ! Crapr But 0 X But1 X ¢ But 7/8: Cron
! Bant 1 P!
But - ((C :
TXIF 1] 27 l
A !
But Ganr 1 |
TRMT—I COBUI NepefakLlero pernctpa ——p ((
2J

Puc. 37 — AcnHxpoHHas nepefada
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3anuck

c
J

¢
8 TXREG BaiiT 1 Bant 2 2
Bbixon BRG | | 1 | \ G |
(capuraowmm ' )
curHan) 1
X X
(Bbigog TX/CK) : Crapt But 0 BuT 1 >C5§ X_Bbut 7/8 Cton Crapt But 0
BuT < BaiAT 1 » | €—Canr 2
TXIF L \ (¢ [
JJ
GaiAt 1 BaiT 2

Bur
TRMT CABUr Nepefatollero peructpa ———»

NN

(
J

Puc. 38 — AcnHxpoHHas HepaspblBHas rnocriegoBaTtefnibHasa nepegaya
4.11.2.2 ACUHXPOHHBIU NMPUEMHUK

brnok-cxema npmemHuka nokasaHa Ha Pwuc. 36. [aHHble ¢ BbiBoga PA2/RX/DT
nogatTcs B BOK BOCCTAHOBIIEHUS OaAHHbIX. OTO BbICOKOCKOPOCTHOW COBWUIOBbLIN Perncrp,
paboTarLwmin Ha YactoTe B 16 pa3s Bbllle CKOPOCTM nepenayun, B TO BPEMSI Kak OCHOBHOW
CABUWIOBbIV PErUCTp NPUHMMAaeMbIX JaHHbIX paboTaeT CoO CKOPOCTbIO Nepeaayn.

Ecnn BbIOpaH aCMHXPOHHLIN PeXuM, TO NPUEMHUK BKINOYAeTCs yCTaHOBKOW OuTa
CREN (RCSTA<4>).

OcHoBon npuemMHuka sBnseTca casurosblin pernctp npuema (RSR). MNocne 3axBaTta
cTtonoBoro 6urta, npuHaTble gaHHble U3 RSR nepepatotcs B RCREG (ecnu OH nycT), nocne
yero yctaHaBnueaeTcs dnar 3anpoca npepbiBaHus RCIF. [NpepbiBaHne MoxeT ObiTb
paspeLleHo UNu 3anpeLLeHo COOTBETCTBEHHO yCTaHOBKOWM unn cbpocom 6uta RCIE. RCIF
AOCTYMNEH TOSbKO NS YTeHUd, OH cObpacbiBaeTcsl annapaTHO Korga CYMTbIBaAKOTCA JaHHbIE U3
RCREG wu peructp nyct. Pernctp RCREG umeeT fBounHyko Oydepusaumio, T.e. MOXHO
nNpuHATL ABa 6anta gaHHbix B RCREG FIFO un Tpetuin 6anT Havatb npuHumMath B RSR. Npwu
obHapyxeHun ctonoBoro 6uta TpeTbero 6amta, ecnn RCREG no-npexHemy He CYuTaH,
yCTaHaBnmBaeTca o6ut owmndkm nepenosiHeHus npuemHnka OERR (RCSTA<1>). [JaHHble B
RSR 6yayTt notepsHbl. [Ans n3snedenuns apyx 6ant RCREG gomkeH cuntbiBaTbCa ABaXAb!.
But OERR pomxeH 6bITb ouunweH nporpaMmHo cbpocom npuema (cbpocom 6uta CREN).
Moka 6ut OERR yCcTaHOBMEH, NPMEMHUK He paboTaeT. dnar ownbkn kagpuposaHus FERR
(RCSTA<2>) ycTaHaBnmBaeTCsl, €CNN HEBO3MOXHO 0OHapyxuTb cTonosbi 6uT. ®nar FERR
N OeBATbI OUT AaHHbIX OydepusyroTcsa Takke Kak WM MNpUHATble AaHHble. [loaTtomy
Heobxoaumo cumtaTb peructp RCSTA nepen cuntbiBaHnem RCREG, 4ToObl HE NoTepsATb
npexHor nHgopmaumo FERR n RX9D.

[aHHble ¢ BbiBoga PA2/RX/DT CKaHWpPYHOTCH, TPU pa3a B KaXdoM TakTe npuvema,
MaXXOPUTaApHON CxemMon OOHapyXeHusl, ONA BbISIBIEHUS YPOBHA CUrHana Ha BblBOAE
PA2/RX/DT. CkaHMpOBaHME OCYLLECTBMSETCA Ha CedAbMOM, BOCbMOM U OEBATOM 3afHEM
dpoHTE (Cnage) wuMNynbCoB 4YacTtoTom B 16 pa3 npeBbllalWen 4YacTtoTy npuema
(cm. Puc. 39).

RX .
(BbIBOA RX/DT) Craprosbli Gut / but 0

| «—— CLK ans Bcex 6uT, Kpome cTapToBoro 6uta
CLK : l |

1 2 3 4 5 6 7 8 9 0 N 12 13 14 15 16 1 2
A A 4

CKaHupoBaHue

Puc. 39 — Cxema ckaHupoBaHus BbiBoga PA2/RX/DT
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RX .
(BbIBOA RX/DT) CrapToBblin GuT

x16 CLK

<\\ nepeeiid hpoHT curnana x16 CLK, nocne

) nosABReHUA Ha BoiBoAE RX HU3Koro ypoeHs

Q2 Q4

TcumThlaaHme HM3KOro YPoBHA Ha RX

Puc. 40 — OBbHapyxeHne ctapToBoro buta

LWarn ons HacTporKnU aCUHXPOHHOrO Npuema crneayoLme:

3anucaTtb 3Ha4veHune B pernctp SPBRG ansa sagaHnsa ckopocty Npuema;
BKITHOUUTb aCUHXPOHHbIN nocriegoBatenbHbln nopT (6ut SYNC=0 n 6ut SPEN=1);
ecnu TpebytoTca npepbiBaHug, Toraa yctaHosute out RCIE;

ecnu TpebyeTca 9-m GUTHLIN Npuem, Torga ycraHoBuTe 6uTt RX9;

paspewmnTe npuem yctaHoskon 6uta CREN;

npwn 3aBepweHun npuema ycrtaHosutca 6ut RCIF, n nponsonget npepbiBaHue
(ecnun yctaHosneH 6ut RCIE);

cuntante RCSTA gns nonyyeHus 3HayvyeHust gesdatoro 6uta (ana 9-tm GuTHOro
npuema) n 6ut FERR ans onpeaenenus owmnbku;

8 cuutante 8-mu BUTHbIE NPUHATBIE AaHHbIE U3 peructpa RCREG;

9 ecnu npousowwna owmnbka nepenonHeHus, copocbte 6GuT OERR.

OO WNBE

\‘

[Ons oTmeHbl npuema, cbpocbte nnbo 6utel SREN 1 CREN, nubéo 6ut SPEN. 3T0
cOpocuT Nornky npuema, Ho He USMEHUT HACTPOWKM.

4.11.3 CuHXpPOHHbIU 8edyuwull pexum

B cMHXpOHHOM BeaylleM pexnme gaHHble nepeaatoTcs NonyaynnekCHbIM cnocobom,
TO eCTb NpuemM n nepegaya NPOUCXOASAT HE OQHOBPEMEHHO: Npu nepeaadve OaHHbIX npyem
3anpelieH, u HaobopoT. CUHXPOHHBIN peXxmnm BKNOYaeTcss npu yctaHoBke Guta SYNC
(TXSTA<4>). but SPEN (RCSTA<7>) yctaHaBnMBaeTcs, YTOOblI CKOHpUIypMpoBaTh BbIBOAbI:
PA3/CK - nuHUSA TakToBbIX MMNynbcoB U PA2/DT - nnHUS faHHbIX. Begywmnm pexum o3HadvaerT,
4YTO npoueccop opmMMpyeT TakKTOBble UMMyNbCbl Ha NuHUKM PA3/CK. Beaywwmn pexum
BblOMpaeTcs yctaHoBkon 6uta CSRC (TXSTA<7>).

Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|03|QA| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4| Q1|Q2|Q3|Q4|
[ 1

1 1 1 1 1 1 1 1
X 1But0 X TBut 1 X [But2 )qb(!swﬂ X 1 But0 X 1 Bur1 X [ But2 >d§ X
I 1

DT

T T

(BbIBOA RX/DT) L < . Gaiir 1 4 Gaiir 2 L : »
1 1 1 1 1 1 1

I R I_SS_I_‘_I_I_I e I_SS_I_I_
3anuck. |_| ! : |_| : (( ! : : . C :
B TXREG  sanuce Gaitta 1 I sanucs Gaiita 2 1 J2J 1 1 1 ! JJ 1
cnar. : : : : : : : : I CC :
(o T | | (- : : : 5P

TRMT | : | | C ! | : | cc [
TXEN —2 E E i i §§ i E E i §§ i

Puc. 41 — CuHxpoHHasa nepefada B BeAyLEM pexnme
4.11.3.1 [lepedaya OaHHbIX 8 CUHXPOHHOM 8E0yEM peXUME

brnok-cxema nepegatymka nokasaHa Ha Puc. 35. OcHoBoOW nepegatymnka ABnsieTcs
casurosbli peructp nepegayun (TSR). CaBuroBbii peructp nonyvaeTt AaHHble M3 Bydepa
nepegatynka TXREG. [daHHble 3arpyxatotca B TXREG nporpammHo. [locne nepegaun
nocnegHero 6uta npegbigywien nocbinkn, TSR 3arpyxaetca HoBbiMU gaHHbIMK U3 TXREG
(ecnu oHu ecTb). DTO NPOMCXOAUT B NocneaHem KomaHaHoMm umkne nepuoga BRG. MNpu atom
ycTaHaBnmBaeTcs ¢onar 3anpoca npepbiBaHma TXIF nHgmuumpytowmin, 4yto TXREG nyct. 310
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npepbiBaHNe MOXeT ObiTb paspelleHO UNn 3anpeLlleHo COOTBETCTBEHHO YCTAHOBKOW WK
cbpocom 6uta TXIE. dnar 3anpoca npepbiBaHus TXIF ycTaHaBnvMBaeTca He3aBUCMMO OT
3Ha4veHus TXIE. OH He MmoxeT 6bITb cOpoLleH nporpammHo. dnar copacbiBaeTcs annapaTtHO
npwn 3arpyske HoBbiX AaHHbIX B TXREG. but TRMT (TXSTA<1>) nHanuupyeTt COCTOSIHWUE
casurosoro peructpa TSR. but yctaHasnueaetca korga TSR nyct. TRMT goctyneH Tonbko
AN YTEeHUS U He MOXEeT BbI3blBaTb NpepbiBaHus. Pernctp TSR He oTobpaxaeTcs B namaTu
AaHHbIX, T.€. He AOCTYNEH AN YTeHusa/3anncuy.

Mepepava paspelwiaetca, npu ycraHoBke 6uta TXEN (TXSTA<5>). daktuyecku
nepefada He Ha4yHeTCs noka AaHHble He ByayT 3arpyxeHbl B TXREG. NepBbit GUT AaHHbIX
NosIBUTCA Ha MNEepBOM nepeaHeM POHTE TaKTOBbIX UMMyNbCOB C BbiBoga PA3/TX/CK.
[aHHble cTabunmanpyoTca K 3agHeMy (OpOHTY TaKTOBbIX MMMYNbCcoB (CM. Puc. 41). Nepepadvy
TaKKe MOXXHO Ha4vaTb cHadvana 3arpy3ms TXREG, a notom yctaHoBuB 6ut TXEN. 3710 yoobHo,
koraa BblbpaHbl HU3KMe ckopocTu nepepadn. MeHepatop BRG ocTtaHoBneH, korga GuTbl
TXEN, CREN, SREN cbpolueHbl. YctaHoBka 6uta TXEN 3anyctut reHepaTtop BRG, koTopbiin
cpasy e BblAdacT CABUroBble TakToBble MMMynbCbl. OGbIMHO, NPX NEPBOM paspeLLeHnn
nepegayn pernctp TSR nyct, noatomy 3anucaHHble B TXREG paHHble 6yayT cpasy
nepegaHel B TSR, onyctowas TXREG. [loatomy BO3MOXHa  HepaspblBHas
nocrnegosaTenbHasa nepefaya gaHHbix. Copoc TXEN BO Bpems nepefaym BbI30BET OTMEHY
nepegayu, copoc nepegarymka. Ecnm Bo Bpemsi nepegayn dyayt yctaHosneHbl 6utsl CREN
n SREN, nepepava 6yget oTtmeHeHa, u BbiBog PA2/RX/DT BepHeTcs B TpETbE COCTOSIHUE
(ana npuema). BeiBog PA3/TX/CK octaHeTcs BbIxogom, ecnu yctaHoBneH 6ut CSRC
(BHYTPEHHUMN UCTOYHMK TakToOBbIX uMNynbcoB OT BRG). Jlormka nepepatynka He
cbpacbiBaeTca. UTobblI cOpocnTb Nnepeaatyunk - Heobxoanmo copocutb 6uUT TXEN. Ecnn out
SREN ycTaHOBNeH Ansa npepbiBaHUS OCYLECTBNAEMOW nepefayn v noslyvYeHust OOgHOro
banTta, TOo nocne nonyvyeHnsa ogHoro Ganta SREN cbpocutcsa v nocneposatenbHbl NopT
CHOBa BepHeTCA K nepeaaye, tak kak out TXEN no npexHemy yctaHoBneH. JlnHna DT cpasy
Xe OygeT nepekntodeHa M3 TpeTbero COCTOAHUA B pexnm Bbixoga. [Ans mnsbexaHue aToro,
TXEN pormkeH 6bITb COpoLLEH.

UToObl BbIOpaTh 9-0MTHYIO Nepenady, Heobxoanmo yctaHoBUTbL BUT TX9 (TXSTA<6>).
Heatbii 6uT gomkeH 3anucekiBatbesa (B TX9D (TXSTA<0>)) ao 3anmcu 8-6UTHbIX OaHHbIX B
TXREG, TaK kak 3anuck gaHHbix B TXREG MoOXeT Bbl3BaTb HEMeSIEHHYIO nepeaady AaHHbIX
B TSR (ecnu TSR nycr).

LLlarn ansa HacTpownkn nepefayn B CUHXPOHHOM BEAYLLEM PEXMUME:

1 3anucatb 3Ha4yeHue B pernctp SPBRG ansa 3agaHms CKOpocTu nepegayn;

2 BKMOYUTb CUHXPOHHBIA MocrefoBaTesbHbI MNOPT B Begylem pexume (buthbl
SYNC=1, SPEN=1 n CSRC=1);

3 npoeeputb 410 GUTEI CREN 1 SREN cbpolueHbl, ecrnv 3T BUTbl YCTaHOBSIEHDI,
TO OHM OTMEHSIOT Nepeavy;

4  ecnu TpebyoTcsa npepbiBaHus, Torga ycraHosute 6ut TXIE;

5 ecnu Tpebyetca 9-6utHaa nepenaya, Toraa ycraHosute 6ut TX9;

6 ecnu BblbpaHa 9-O6uTHaa nepepadva, OEBATbIM OUT OOMMKEH ObiTb 3arpyxeH B
TX9D;

7 3arpysute gaHHble B peructp TXREG;

8 3anyctute nepegadvy yctaHoBkon 6uta TXEN.

[Onsa oTmeHbl nepepaun Heobxoammo cbpocutb 6ut SPEN unmn 6ut TXEN. 3T10
cOpocuT Nornky nepeaayun, Ho COXpaHUT HacTPOMKK, Koraa nepegadya BO30OHOBUTCS.

4.11.3.2 [lpuem daHHbIX 8 CUHXPOHHOM 8€0yLUEM PEXUME

Ecnu BbIGpaH CUHXPOHHBIM pexuMm, npuem paspeluaetca yctaHoBkon 6uta SREN
(RCSTA<5>) unn 6uta CREN (RCSTA<4>). [laHHble ¢ BbiBoga PA2/RX/DT onpawwmBatoTcs
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Ha 3aHeM PpoHTe (cnage) TakToBbIX UMMynbcoB. Ecnn yctaHoBneH SREN, To npuHnmaeTcs
Tonbko oanH 6ant. Ecnun yctaHoBneH CREN, 1o npuem npopomkaetca noka CREN He
cbpocutca. Ecnm yctaHoBneHbl ob6a 6uta, To CREN mnmeeT npuoputet. lNocne npuema
nocnegHero 6uTa NonyyYeHHble JaHHbIE U3 COABUIOBOro pernctpa npuema (RSR) nepegatorcs
B RCREG (ecnu oH nycT), u yctaHaBnueaetca dmar 3anpoca npepbiBaHua RCIF.
MpepbiBaHWe MOXeT ObiTb paspeLlleHo WU 3anpeLleHo COOTBETCTBEHHO YCTaHOBKOW WU
cbpocom 6uta RCIE. RCIF gocTtyneH Tonbko Ang 4teHus, n copacbiBaeTcsa annapaTHo, korga
RCREG cuuTtaH n nycr.

Pernctp RCREG wnmeeT gBonHyto Gydepusauuio, T.e. MOXHO NpUHATL ABa bGanTta
AaHHbIX B RCREG FIFO n TpeTtuin 6ant HayaTb npuHumMmaTth B RSR. Npu npueme nocnegHero
6uta TpeTbero 6anTa, ecnn RCREG no-npexHeMy He cuuTaH, ycTaHaBnuBaeTcs 6ut owmbkn
nepenonHeHns npmemHuka OERR (RCSTA<1>). [aHHble B RSR 6yayT notepsiHbl. Ons
nssneyveHunsa asyx 6ant RCREG pomkeH cuntbiBaTbea aABaxabl. but OERR gomkeH 6biTb
ouunLleH nporpammHo copocom npmnema (copocom 6uta CREN). NMoka 6ut OERR ycTtaHoBneH,
npueMHuK He paboTtaeT. [1eBATbIN 6GUT AaHHbBIX DydepusyeTcsa TakKe Kak U MPUHATbIE JaHHbIE.
Moatomy Heobxoammo cumtatb pernctp RCSTA nepen cumtbiBaHem RCREG, 4ToOblI He
noTepsTb NpexHee 3HadveHmne RX9D.

LWarn ana HacTpownku npuemMa B CUHXPOHHOM BeyLLeM pexume:

1 3anucatb 3HadeHue B pernctp SPBRG ans 3agaHusi CKOpoCTU Npuema;

2 BKMOYUTb CUHXPOHHbLIA MocrnefoBaTerbHbI MOPT B Bedywem pexume (buthbl
SYNC=1, SPEN=1 n CSRC=1);

3 ecnu TpebytoTca npepbiBaHus, Torga yctaHosute out RCIE;

4 ecnun TpebyeTtcsa 9-6UTHLIN NpueMm, Torga yctaHosute 6ut RX9;

5 ecnn TpebyeTtca npuem eauHudHoro 6Gawmta yctaHoBute O6ut SREN, ans
npogormkuTeneHoro npuema ycraHosute 6ut CREN;

6 npu 3aBepweHun npmema yctaHosutcs 6ut RCIF, n nponsonaget npepbiBaHune
(ecnu yctaHosreH 6ut RCIE);

7 cuutante RCSTA gns nonyyeHus 3HadeHus gesstoro 6uta (ons 9-6utHoro
npuema) n 6ut onpegeneHns owmnobKku;

8 cuutante 8-6uTHbIE NPUHATLIE AaHHbIE U3 pernctpa RCREG;

9 ecnu npousowna ownbka nepenonHenus, copocbTe 6UT OERR.

[ns oTmeHbl npuema, cbpocbTe Nnbo 6utel SREN n CREN, nubéo 6ut SPEN. 3T10
cbpocuT nornky npuema, Ho He USMEHUT HaCTPOWKM.

Q1|02|Q3|Q4|o1|02|Q3|Q4|o1|ole3|Q4|Q1|02|03|04|Q1|Q2|Q3|o4|o1|a2|a34o4|o1|oz|a3|o4|Q1|02|03|@4|Q1|02|03|04|0 |o2|Q3|o4o1|Q2IQa|a4|

DT 5 >< BT 0X Byt 1 Bur 2)<_Bur 3 X Bt 4>< BuT 5>< BuT 6X Bur 7

(BbiBOg RX/DT) :
CK 5 : A I e N v I e N 3
(BblBOg TX/ICK) : 3 3 : : : : :

3anuck B :
6ut SREN | |

Bur § § f f : § f f f f :
SREN : : f f : : f f : : :
But - =0 :
CREN .

RCIF
YteHue
RCREG

Puc. 42 — CUHXPOHHbBIN Npuem
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4.11.4 CuHXPOHHbIU 8€00MbIU PEXUM

CVHXPOHHbIN BEOOMbIV PEXMM OTNNYAETCH OT BEAYLLEro TEM, YTO TaKTOBbIE MMMYbChI
noaatTCa OT BHELLUHEro UCTOYHMKA. OTO NO3BONSAET YCTPOUCTBY NepedaBaTtb UM Nony4vatb
AaHHble B pexxume SLEEP. Begombi pexnm BkritovaeTcs copocom 6uta CSRC (TXSTA<T7>).

4.11.4.1 [lepedaya OaHHbIX 8 CUHXPOHHOM 8€00OMOM PeXUMe

PaboTta Bepgyliero 1 BeAOMOro peXmMMOB MAEHTMYHA, 3@ MCKMYeHnemM paboTbl B
pexxume SLEEP. Ecnn 2 6anTta 3anucbkiBatotcd B TXREG 1 3aTeM mcnonHseTca komaHaa
SLEEP, 10 npousongeT cneaytowee. Nepebii 6ant cpasy nepeHocutca B TSR n 6yaer
nepefaBaTtbCsl NO TAKTOBbIM MMNyrbcam. Btopon 6ant octaHetca B TXREG. ®nar TXIF He
Oypet yctaHoBneH. Korga 3akoHuMTCcs nepefada nepsoro GawTa, BTopon Gant Gyper
nepeHeceH n3 TXREG B TSR u yctaHosutcs cpnar TXIF. Ecnu TXIE=1, npepbiBaHue BbiBEET
ynn n3 pexxuma SLEEP, n ecnu paspelleHo nepudepuiniHoe npepbiBaHue, Torga nporpaMmma
nepexoanT K BekTopy npepbiBaHus (0020h).

LLlarn anga HacTponkn nepegadn B CUHXPOHHOM BEAOMOM pPEXUME:
1 3anucatb 3Ha4yeHue B pernctp SPBRG ans 3agaHmst CKopocTu nepeayu;
2 BKMAYUTb CUHXPOHHbIA MOcnefoBaTeNbHbIN NOPT B BEAOMOM pexume (butbl
SYNC=1, SPEN=1 n CSRC=0);
cbpocutb 6T CREN;
ecnu TpebyroTca npepbiBaHus, Torga yctaHosute out TXIE;
ecnu Tpebyetca 9-Tn GBuTHaa nepefaya, Torga ycraHosute 6ut TX9;
ecnu BblbpaHa 9-Tn buTHas nepegava, AeBATbIN BUT JOMKEH ObiTb 3arpyXeH B
TX9D;
3arpysnte gaHHble B peructp TXREG;
3anycTtute nepegadvy ycraHoskon 6uta TXEN.

o0k w

o~

[ns oTMmeHbl nepepayn Heobxoammo cbpocutb 6uT SPEN unu 6ut TXEN. 3T0
cbpocuT Nornky nepegayn, Ho COXpaHUT HaCTPOKMKK, Koraa nepegadya BO30O6HOBUTCS.

4.11.4.2 [lpuem OaHHbIX 8 CUHXPOHHOM 8€00OMOM PEXUME

PaboTta Beaywlero n Be4OMOro peXxuMoB MAEHTUYHA, 3a UCKIoYeHMeM paboTbl B
pexuve SLEEP. Takke 6e3pa3nnyHo 3HavyeHne 6uta SREN.

Ecnu npuem paspeweH (CREN=1) no komangbl SLEEP, To gaHHble moryT ObiTb
nony4veHol B pexunme SLEEP. lNpun 3aBeplieHun npvema, gaHHble n3 RSR nepepatotca B
RCREG u ycraHaBnuBaetcsa dnar 3anpoca npepbiBaHna RCIF, a ecnu 6ut RCIE=1
npepbiBaHne BbiBedeT 4un u3 pexmma SLEEP. Ecnn paspelweHo nepudpepuninHoe
npepbiBaHWe, NporpaMmma nepengeT K Bektopy npepbisaHns (0020h).

LWarn ons HacTporku npuema B CUHXPOHHOM BEJOMOM peXUME:
1 3anucatb 3Ha4yeHue B pernctp SPBRG ansa 3agaHust cCKopocTu npuema;
2 BKMOYUTb CUHXPOHHBIA MOcnefoBaTeNbHbIN NOPT B BEOOMOM pexunme (butbl
SYNC=1, SPEN=1 n CSRC=0);
ecnu TpebytoTca npepbiBaHus, Toraa yctaHosute 6ut RCIE;
ecnu Tpebyetca 9-6uTHBIN Npuem, Toraa ycraHosute 6ut RX9;
Ans paspeleHns npmema yctaHosute out CREN;
npw 3aBeplieHnn npuema yctaHosutca 6ut RCIF, n nponsonget npepbiBaHve
(ecnun yctaHoBneH 6ut RCIE);
cuntante RCSTA gns nonydeHus 3HadeHus gessatoro 6uta (ons 9-6utHOro
npuema) n 6ut onpegeneHns owmnobku;
8 cuuTante 8-6UTHbIE NPUHATLIE AaHHbIe U3 pernctpa RCREG;
9 ecnu npousowwna owmnbka nepenonHeHus, copocbte 6ut OERR.

o0k~ w

\‘
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[na oTmeHbl npuema, copocbTe nndo 6ut CREN, nnbo 6ut SPEN. 310 cbpocut
NOrMKy NpuemMa, HO He U3MEHUT HACTPOMKM.

4.12 bBbnok BHyTpeHHen EEPROM namATu faHHbIX

MukpokoHTponnep cogepxut 6nok BHyTpeHHen EEPROM namatn gaHHbix 06 bemom
256 8-paspsaHblx cnos (6anT). EEPROM namate nmeet opraHmnsauuto 16 ctpok no 16 6ant.
MuHMManbHO AOCTYNHbIM AN YTeHMs W 3anucy aBndeTca oauH 6ant. MuHuMManeHo
AOCTYMHOW ANSA CTUpaHuA aBnsieTca ogHa ctpoka (16 6anTt). MNepen 3anucbio Heob6xoaNMMO
NPOBECTU CTUpaHMe CTPOK, B KOTOpbIX OyaeT pacnonoxeHa 3anucbiBaeMasi UHpopmauus.
3anncb BO3MOXHa TOSbKO «1» noBepx «0». B cTepTOM COCTOSAHUMN NaMsATb coaepkuT Bce «0».

CtpykTypHas cxema opraHmsauun EEPROM namatn npegcrasneHa Ha Puc. 43.

Mpn nepexope B SLEEP pexum Gnok KoHTponnepa AoMmMKeH ObiTb MpOorpaMMHbIM
obpa3om BbIkNtoveH ang obecneveHus aHeprocbeperatowero pexuma. [locne Bbixoga M3
SLEEP pexnma 6nok gomkeH BknoYaTbCa 3aHOBO.

lMocne BbINONHEHUA Kaxaow onepauun, koHTponnep EEPROM pomkeH 6bITb
nepeseneH B pexum padotbl "HeT" - EEPROM_MODE<2..0>=000.

:=0F
Qx1F
O=2F

Q=00
010
020

cTpoka 0 oo

CTROkS 1 oo0

CTpoks 2 ooo

oo [a e

cTpoka 15 0xFO | | | lalalal | | | | | OxFF

Puc. 43 — CtpykTypHasa cxema opraHmsauun EEPROM namatn

Onepauuu, BbINOMHAEMbIE KOHTPONNEpoM BHyTpeHHen EEPROM namartu:

— 3anucb 8-mu paspsgHoro cnoBa (6anta) B EEPROM — no3sondert 3anucatb
3agaHHbIn 6anT. 3anucb GUTOB NamsaTM NPOU3BOAUTCS TONbKO M3 COCTOSHUA
NIOrMYECKOro Hyrns B NOrMYeckyo eanHuuy. [Ans nepesofa siyeek n3 CoOCTOSAHUA
€ANH1LbI B HOMb HEODXOAMMO MCMNONb30BaTh ONepaumio CTUPaHUA.

— YrteHune 8-mu paspsgHoro cnoBa (6anta) us EEPROM — nossonsieT cumtatb
3agaHHbI 6anT n3a EEPROM namsartu.

— Ctupanue Bcen EEPROM namsaTtu — nossonseT ctepeTb Becb 06bem EEPROM
namsiTu.

— CtupaHue ctpokn EEPROM namsaTn — no3BonsieT CTepeTb 3agaHHY CTPOKY
EEPROM namsaTn.

— 3anucb Bcen EEPROM namaTtn ogHMM 3HauyeHMeM — MNO3BONSEeT 3anucaTtb
Becb 06bem EEPROM namsatn 3agaHHbIM OAUHAKOBbLIM 3HAYEHMEM.

4.12.1 Peaucmpsbl ynpaeneHusi 6riokom eHympeHHeli EEPROM namssmu
OaHHbIX

Pabota ¢ EEPROM namaTblo oCywlecTBAsSeTCs C NMOMOLLbI YTEHUA WU 3anucu
pernctpoB koHTponnepa. OnnucaHme perncTpoB NPUBEAEHO HUXE.

Tabnuuya 29 — Peructp koHTpona n TectuposaHnss EEPROM_CONT (agpec: 14h,
6aHk 6)

R-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- EETEST CPTEST VEE?2 VEE1 BRG?2 BRG1 BRGO
out 7 6 5 4 3 2 1 out 0
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out7 3apesepBUpoBaHoO, Bcerga cyutbiBaetcd «1»

ouT 6 EETEST: curHan anst oT6pakoBOYHbIX UCMbITAHUN MUKPOCXEMBbI

ouT 5 CPTEST: curHan gns oT6pakoBOYHbIX UCNbITAHUA MUKPOCXEMbI

out 4 VEE2: curHan ansa ot6pakoBOYHbIX UCMbITAHUI MUKPOCXEMBbI

our 3 VEEL: curHan ansa ot6pakoBOYHbIX UCMLITAHUN MUKPOCXEMBbI

o6ut2,1,0 BRG2, BRG1, BRGO: 3agaHne BpEMEHHbIX XapakTepuctuk. B

3aBMCUMOCTM OT YacToTbl paboThbl SAapa MUKPOKOHTpOMepa, Heobxoanmo
ykasaTtb koHTponnepy EEPROM namatu aTy 4acToTy, Mcxogs u3 KOTOpowu,
OH ©Oygetr dopmupoBate HeobOXoauMmble ANUTENBHOCTU  CUrHanoB
«NPOrpaMMmMpoBaHUS» N KCTUPAHUS» 3adaHHbIX AJSIUTENbHOCTEMN:

000 —yacTtoTta Fc =30 — 33 My,

001 — yactoTta Fc =20 — 30 Mlw,

010 —yactota Fc =10 -20 Mlu,

011 —yactota Fc=1-10 Ml'wu,

100 —vactota Fc =500 kl'y, — 1 My,

101 — vyactoTta Fc = 250 kl'y, — 500 kly,

110 — yactota Fc = 0 — 250 kU,

111 — 3apesepBnpoBaHO

Obo3HavyeHuns:

R — out gnga ytennsa; W — 6MUT ¢ BO3MOXHOCTbBIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6uTa nocne cobpoca No BKAKYEHUIO NMUTAHUS:
1 — ycTaHoBnEH,;
0 — cbpolueH;
X — 3Ha4YeHne He N3BECTHO.

Tabnuya 30 — Peructp pexuma pabotsl EEPROM_MODE (agpec: 15h, 6aHk 6)

R/W-0 R-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0
EN_EE - IEBUSY_ | BUSY_E - MODE2_ | MODE1_ | MODEO_
EE E EE EE EE
ot 7 6 5 4 3 2 1 out 0
our 7 EN_EE: paspelueHue pabotsl koHTponnepa EEPROM namsaTu:

0 = KOHTpOMnNep BbIKITHOYEH,

1 = KOHTpONEp BKIOYEH

ouTt 6 3ape3epBUPOBAHO

out 5 IEBUSY_EE: donar paspelleHusi npepbiBaHNSA N0 OKOHYAHWUIO 3aHATOCTU
KoHTponnepa EEPROM namsaTu:

0 = npepbiBaHME 3anpeLLEeHO,

1 = npepblBaHNE pa3peLLeHo.

out4 BUSY_EE: cnar 3aHsaToctu koHTponnepa EEPROM namsTu:

0 = koHTponnep ceoboaeH,

1 = KOHTpoNnep 3aHAT

out 3 3ape3epBnpoBaHoO

omr2,1,0 MODE2_EE, MODE1_EE, MODEO_EE: pexum paboTbl KOHTponnepa
EEPROM namaru:
000 = Her,

001 = yteHne banta s EEPROM,

010 = 3anuckb cnosa B EEPROM,

011 = ctupanune ctpokn EEPROM,

100 = ctupaHue scert EEPROM,

101 = 3anucb Bcen EEPROM ogHum 3HayeHnem,
11x = 3anpelleHHasa kKoMbuHauus
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O6o03Ha4vYeHUd:

R — out anga ytennsa; W — 6MT ¢ BO3MOXHOCTbIO 3anncu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-N — 3Ha4YeHne BuTa nocrne cobpoca No BKAOYEHUIO NMUTAHUS:
1 — ycTaHOBIEH,;
0 — cbpoLueH;
X — 3Ha4YEeHNe He N3BECTHO.

Tabnuya 31 — Peructp gaHHbix EEPROM_DATA (agpec: 16h, 6aHk 6)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG6 DATAS DATA4 DATA3 DATA2 DATA1 DATAO
our 7 6 5 4 3 2 1 out 0
ounr7...0 DATAY7...DATAO: 3anucbiBaeMble N1 CHUTbIBAEMbIE JaHHbIE

O6o03HavYeHUx:

R — 6uTt anga yteHusi; W — 6uT ¢ BO3MOXXHOCTbLIO 3anucuy;

U — 6uT He peanuaoBaH, YntaeTtcs kak 0;

-n — 3Ha4yeHne 6uta nocrne cbpoca No BKIIOYEHUIO MUTAHUS:
1 — ycTaHoBreH,;
0 — cbpolueH;
X — 3Ha4YEeHNe He U3BECTHO.

Tabnuuya 32 — Peructp agpeca obpaweHns EEPROM_ADDR (agpec: 17h, 6aHk 6)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADDR7 ADDRG6 ADDR5 ADDRA4 ADDR3 ADDR2 ADDR1 ADDRO
out 7 6 5 4 3 2 1 out 0
our7...0 ADDRY7...ADDRO: Pernctp agpeca gaHHbIX:

Mpwn yTeHun n 3anncu ogHoro 6anTa NCNONb3YyTCH BCe paspsaabl agpeca,
npu CTUpaHNN CTPOKM MMEKT 3HadYeHus Tonbko ADDR[7:4], npu 6no4vHon
OYUCTKE U 3anNnCu CoOepKMMOE perncTpa 3Ha4yeH1s He umeet

4.12.2 Paboma 6510ka no cmupaHuro, 3anucu U YmeHuro OaHHbIX
4.12.2.1 BknwyeHue EEPROM namsmu
Mocne BbicTaBneHnss 6uta EN_EE B pernctpe EEPROM_MODE npousBoguTtcs

BkntodeHne EEPROM  namatu. [lpouecc  BKMYEHUMST MpU TakTOBOW  Y4acToTe
MUKpokoHTponnepa 33 MIu 3aHnmaeT nopsgka 45 mke (Tsuy). [lNMocnegoBaTenbHOCTb
aencteun npu BrnoveHnn EEPROM namsitv npeactaesneHa Ha Puc. 44.
Januce
EEPROM_MODE
0xA0
Tsuy
EN_EE %
IEBUSY _EE £
BUSY_EE 4 \_
INT st T\
Puc. 44 — BknioyeHne EEPROM namsaTn
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4.12.2.2 CmupaHue ecell EEPROM namsmu

Ona ctupaHna Bcero cogepxumoro EEPROM namatn umcnonb3yetcsa kKomaHga
«cTupaHne scen EEPROM namsatu». [1ns BbinonHeHMs onepaunmn Heobxoanmo 4tobbl Obin
BkrntodeH koHTponnep EEPROM namatu. lNpouecc ctupanus Bcer EEPROM namaTtu npu
TaKTOBOMW 4acToTe MUKPOKoHTponnepa 33 MIy 3aHumaeTt nopsgka 5 mc (Tsup, Te u Thp).
MocnepoBaTenbHOCTL AencTBUn Npwu ctupaHum Bcen EEPROM namaTtu npencrasneHa Ha

Puc. 45.
3anuce
EEPROM_MODE Pafota cEEPROM
Ox24

Taup Te Thp
EN_EE
IEBUSY _EE £
4
BUSY_EE , A\
INT st VARN
EBE A N

Puc. 45 — Ctupanue sBcen EEPROM namstu B TEST pexnme

4.12.2.3 Banuck eceli EEPROM namsmu oOHUM 3Ha4YeHUemM

Onsa 3anonHeHus Bcero o6bema EEPROM namatn ncnonb3yeTtca komaHaa «3anucb
Bcem EEPROM namatux». lNepen nogaden aton komangbl B pernctp EEPROM_DATA
Heob6xo4MMO 3anucaTb 3HayYeHune, KoTopbiM ByaeT 3anonHeHa Bca NamMsaTb. [ns 3anonHeHus
BCEN namsTM Heobxoaumo, 4Tobbl 6bin BKItoveH koHTponnep EEPROM namsaTtu. MNpouecc
3anonHennsa scen EEPROM npu TtaktoBon 4Yactote MukpokoHTponnepa 33 MIy 3aHumaer
nopsagka 5 mc (Tsup, Te n Thp). MNocnegoBaTenbHOCTb OEUCTBUA NPU 3anofIHEHUUM BCEN

EEPROM namstn ogHuM 3HavyeHneM npeacrasneHa Ha Puc. 46.

Te Thp

3anuce
EEPROM_MODE
DxAd

Jannce
EEPROM_DATA
DA

EN_EE \

EBUSY _EE N\
BUSY_EE N\

INTset N
EBMWY A e
EDI[7:0] N XA

~ |
7

Puc. 46 — 3anuck Bcen EEPROM namaTtu ogHMM 3HavYeHuem

4.12.2.4 CmupaHue cmpoku EEPROM namsmu

[nsa ctnpanusa cogepxumoro ogHoun ctpokn EEPROM namsaTtu ncnonb3yeTtca komaHga
«ctnpaHne ctpokmn EEPROM namatu». [lepen nogaden 3TOM KOMaHObl B PerucTp
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EEPROM_ADDR([7:4] Heobxoanmo 3anucaTtb agpec cTpoku. Mnagwwuve paspsabl permctpa
EEPROM_ADDR 3Ha4eHust He nmetoT. [1na cTtupaHus 3agaHHOM CTPOKN He0OXoaAnMO, YTOObI
6b1n BkNtoveH koHTponnep EEPROM namaTu. Mpouecc ctupanuns ogHon ctpokn EEPROM
npw TakTOBOM YacToTe MUKpokoHTponnepa 33 MIy 3aHnmaeT nopsagka 5 mc (Tsup, Te n Thp).
MocnepoBaTenbHOCTL AeNCTBUIA Npu cTupaHum ogHon ctpokn EEPROM npegcraBneHa Ha

Puc. 47.

Te Thp

3anmce

EEPROM_MODE
DxA3

Jannce

EEPROM_DATA
DA,

EM_EE \

EBUSY _EE S
BUSY_EE N\

INTset g
EER A N E

EA[7:0] (N DA E

s
A

Puc. 47 — Ctupanue ctpokn EEPROM namsaTu

4.12.25 Banuck 6batima e EEPROM namsmsb

Onsa 3anucn opgHoro 8-mm  paspsigHoro cnoBa (6amta) B EEPROM namatb
ncrnonb3yetcs kKomaHaa «3anucb 6anta B8 EEPROM namate». MNepen nogayen aTon komaHbl
B pernctp EEPROM_ADDR][7:0] HeobxogMmo 3anucaTb agpec Ans 3anucu, a B pPerucTp
EEPROM_DATA 3anucaTb 3HayeHue ans coxpaHeHns B EEPROM namarts. Ona 3anucu
Garita B namsaTb HeobxogMmo, YTobbl 6bin BKNtoYeH koHTponnep EEPROM namsaTu. MNpouecc
3anncn 6anta B EEPROM namaTe npu TakToBOW 4actoTe MUKPOKOHTponnepa 33 My
3aHMmaeT nopsgka 5 mc (Tsup, Te n Thp). MNocnegoBaTenbHOCTL OEWUCTBUAA NPU 3anmncu
ogHoro 6anta B EEPROM namatb npeacrtaBneHa Ha

aaaaa Banuck Banuck
EEPROM_DATA EEPROM_ADDR EEPROM_MODE Pa6ota c EEPROM
0xDD OxAS5 OxA2
Tsup Thp

Tw

EN

IE BUSY

BUSY ] \
INTset /__\
EWR N

EA[7:0] (N OxAS5 |

EDI[7:0] XS 0xDD X

Puc. 48 — 3anucek barta B EEPROM namartb

4.12.2.6 YmeHue batima usz EEPROM namamu

Onsa JteHns opgHoro 8-mu paspagHoro crosa (6amta) na EEPROM namstu
ncrnonb3yetcsa komaHga «4vteHne 6GanTta m3 EEPROM namatuy. lNepen nogaden atom
komaHabl B pernctp EEPROM_ADDR][7:0] Heobxoamumo 3anucaTtb agpec ons vrteHud. Ons
YTeHWs cnosa 13 NnamaTn Heobxoaumo, 4to 6bl KoHTponnep EEPROM namatn 6bin BKNOYEH.
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Mpouecc yteHna Ganta 3 EEPROM namatm npu TakTOBOM 4YacTOTE MWKPOKOHTpoOssiepa
33 MI'y 3aHmMmaeT nopsagka 1 mkc (Tsux, Tacc n Thx). NocnegosaTenbHOCTb AENCTBUIA NPU

YTeHumn ogHoro 6anTta 3 EEPROM namsaTtu npeacraeneHa Ha Puc. 49.
YTteHune
EEPROM_DATA
Tsux Tacc Thx

En N _ ]
N —

BUSY \ | 7
INTset \
ERD \ o 7
EA[7:0] (N OxA5
EDO[7:0] :> pata !

Banuce
EEPROM_MODE
OxA1l

Banuce
EEPROM_ADDR
OxAS5

|

/
[
X
[

)

Puc. 49 — YteHune banta ns EEPROM namatu

4.13 OnucaHue 6noka koHTponnepa BHewHen NAND Flash namaTtu

brnok koHTponnepa BHewHen NAND Flash namatn npegHasHayeH ans obecneveHus
paboThbl sApa MUKPOKOHTposnnepa ¢ nepudepuriHon namsatoio Tuna NAND Flash dovpwmebl
Samsung 1 gpyrux. Mukpocxembl NaMATn NOACOEOUHSAITCA K MUKPOKOHTPOSNeEpy yepes
nopTbl «<PORTC» n «PORTD» (cm. Puc. 50). Npun atom ecnu mukpocxema namstu paboTtaet
OT HanpsbkeHust nuTaHua B 3.3B, AaHHble MOpTbl Tak e A0SDKHbl OblTb 3anuTaHbl 3TUM
HanpsbkeHueM. [ng 3Toro MOXHO MCNOMb30BaTh BCTPOEHHbIW PErynsaTop HanpsikeHust n C
BbiBoga U33out 3aBectn nutaHue Ha BbIBOAbl Ucciport U Ucczport. HarpysovHass cnocobHocTb
BCTPOEHHOro perynatopa obecneymBaeT Tok 4o 40 MA. Takum 06pas3om, OT 3TOro NCTOYHMKA
MOXeT BbITb 3anuTaHa n cama mmkpocxema NAND Flash namsaTu.

KoHTponnep BHewHen NAND Flash namatu annapatHo dopmupyeT curHasbl
ynpaeneHns RBn, REn, CLE, ALE, WEn wn ynpaBnseT wwuHon AanHbIX |0. CurHanbl
ynpaesnenus CE n WP gns Mmmkpocxembl namat He popmmpytoTes. Paspabotumk cam 0b6s13aH
BblbpaTb Kakme nunbo cBOOOAHbIE §MHUWM BBOLA-BbIBOAA MUKPOKOHTpomnnepa Ans
dopMUpoOBaHUA 3TUX CUrHAnNoB. Hanpumep, MOXHO ucnonb3oBatb nuHMio PD2 (AD10) aons
dopmupoBaHus curHana CE gns nepBon MukpocxeMbl namaTtu, a nuHuio PD3 (AD11) ans
dopmupoBaHus curHana CE gna sTopon mukpocxemMbl namaTtu. Jindna PD7 (AD15) moxeT
ncnonb3oBaTtbes Ans popmmpoBaHus unu koHtTponsa curHana WP (Write Protect). Kpome Tor0,
nnHns RBn gormkHa 6bITb NOATAHYTA K YPOBHIO NOrnmyeckon eguHuupl. MNpu BknoyeHun 6noka
koHTponnepa BHewHen NAND Flash namatu, nopt «PORTC» nonHocTblo nepexoauT nog
ynpaBneHnune atoro 6noka. MNMopt «PORTD» wactnyHo. Jlnnum PDO, PD1, PD4, PD5 n PD6
ynpasnatTcs 6nokom, a nuHum PD2, PD3 n PD7 octatoTca nog ynpasreHneM permctpos
nopta «PORTD» 1 pa3paboTynk MOXeT UX UCMOMb30BaTh N0 CBOEMY YCMOTPEHMIO0. [pn 3ToM
nuTaHve, nogaBaemMoe Ha BbiBOAbl Ucciport M Ucczport, A€NCTBYET AN BCEX NUHUA MOPTOB
«PORTC» n «PORTD», He3aBucumo oT BblbpaHHOro pexuma paboTtbl. Npu nepexoge B
SLEEP pexvm paspaboTunk gormkeH 3aBepwmTb Bce onepaumm pabotel ¢ NAND Flash
NamMsaTbio, W MOCIe 3TOro NPOrPaMMHO BbIKIMHOYUTL BHYTPEHHUN PErynaTop HanpshkeHus ans
obecneveHuns aHeprocbeperatwouwero pexuma. locne Bbixoga n3 SLEEP, aHanornyHbim
06pa3omM HeoBX0aUMO BKMIOYUTL UCTOYHUK U MPOUHULNANIM3MPOBATL MUKPOCXEMY MNaMSATU.
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U33out Ucec
Ucc1port c1 L cz L c3 L
Ucc2port 22 MK(#)I 0.1 I 0.1 I
PCO_ADO_I00 100
PC1_AD1_IO1 101
PC2_AD2_02 102
PC3_AD3_I03 103
PC4_AD4_l04 104
PC5_AD5_IO5 105
PC6_AD6_|06 106
PC7_AD7_IO7 107
R1
10K
PDO_ADS_RBn RBn
PD1_AD9_REn REn
PD2_AD10 CE
PD3_ADM |———
PD4_AD12_CLE CLE
PD5_AD13_ALE ALE
PD&_AD14_WEn WEn
PD7_AD15 WP
1886BE4 Uss T Uss NAND FLASH

Puc. 50 — MNogkntoyeHne k MmukpokoHTponsepy BHewHen NAND Flash namatm

4.13.1 OnucaHue npozcpammHoz2o docmyna k NAND Flash namssmu

Cemencteo mukpocxeM NAND Flash namatm wumeetr pocrtatoyHo 6onbLuyto
HOMeHkKnaTypy. Mukpocxembl oTnnYaroTca Apyr oT Apyra BpeMeHHbIMU XapakTepucTukamu,
pasmepamMu NamaTn U opraHmsaumen. Ho npuHuunel paboTkl C HUMK Y BCeX oguHakoBble. [ns
paboTbl C KOHKPETHOM MUKPOCXEMOW MNpeaBapuUTENibHO U3yyuTe ee onucaHue. B gaHHOM
onucaHum NpuBoaATcAa obLume npuHUMnLl paboThbl.

4.13.1.1 3anucb komaHObl 8 NAND Flash namsamb

Ona 3agaHna komangbl NAND Flash namatn Heobxogumo B perucrtpe
NAND_MODE ycTaHOBUTb pexumm «Bblgaya KOMaHOHOW WHdopMauuny. 3aTemM B peructp
NAND_ DATA 3anucatb 3HadeHue komaHabl. PasnunuyHble Tunbl mukpocxem NAND Flash
namaTM MOryT MMETb pa3nnyHble Habopbl koMaHa. [JaHHasa gokyMeHTauma byaeT nocTpoeHa
Ha ©a3e paccmoTpeHuna mukpocxembl KIK1GO8UOM cumpmbl Samsung. 3ta Mukpocxema
nmeet crnegyrowmi Habop komaHg (Tadnuya 33). Quarpamma curHanoB npegcrasneHa
Ha Puc. 51.

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 82



Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

Temd

Tcle

Tcls, Twp, Tclh,

CLE

ALE

wes 9
< X
sy -
wo [\

Puc. 51 — [inarpamma curHanos 3anncu komaHgsl B NAND Flash namatb

Tabnuya 33 — Habop komaHa mukpocxeMmbl NAND Flash namatn K9K1G08UOM

PyHKUMA MepBbin Uukn | Bropon Uukn | Tpetun Llukn | NMpumeyaHusn
Read 1 0x00/0x01® - -
Read 2 0x50 - -
Read ID 0x90 - -
Reset OxFF - -
Page Program (True) 0x80 0x10 -
Page Program (Dummy) 0x80 0x11 -
Copy-Back Program (True) 0x00 0x8A 0x10
Copy-Back Program (Dummy) 0x03 0x8A 0x11
Block Erase 0x60 0xDO -
Multi-Plane Block Erase 0x60—0x60 0xDO -
Read Status 0x70 - -
Read Multi-Plane Status 0x71 - -

MpnmeyaHue:

(1) Komanga 0x00 onpepenseT, 4To obpalleHe naeT HadMHasa ¢ NepBoi NOMOBUHLI
perncTpoBoit namsaTu, komanaa 0x01 onpeaenseT 4YTo obpatleHne UaeT co BTOPOM NOMOBUHbI
perMcTpoBOn NamAaTu.

4.13.1.2 3anuck adpeca 8 NAND Flash namsimeb

Ons 3apaHna agpeca obpaweHns B8 NAND Flash Heobxoanmo B perucrpe
NAND_MODE ycTaHOBUTb peXuMM «Bblgadya agpecHon umHdopmauum». 3aTtem B pernctp
NAND_DATA nocnepoBaTternbHO 3anvcaTtb agpecHyto nHgopmauunio. [1na OKOHYaHUS Bblgauu
agpecHon nHgopmaumm Heobxoaumo B pernctpe NAND_MODE ycTaHOBUTL peXnm «HeT
paboTbl» unu nbon Apyron pexmm OTIIMYHBIA OT «Bblgaya agpecHon WHgopmaummy.
[wnarpamma curHanos npeactaeneHa Ha Puc. 52.
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Ans mukpocxembl KOK1GO8UOM dompmbl Samsung agpec BblgaeTcs B YeTbIpe Luukria
(Tabnuua 34).

Tabnuua 34

100 101 102 103 104 105 106 107
1 Uumkn A0 Al A2 A3 Ad A5 A6 A7
2 Uukn A9 Al10 All Al2 Al3 Al4 Al15 Al6
3 Umkn Al7 Al8 Al9 A20 A21 A22 A23 A24
4 Unkn A25 A26 Low Low Low Low Low Low

Tadh Twe Twb Tr
Talh

Tals | Twp

CLE

ALE /

WEB N S\

REB

0B Xooat Xooaz XAz X .4

|

RBB

BUSY /

al

INTset

EX XeX KaaX Koy XuX
wp AN AN AWA /\

Puc. 52 — [inarpamma curHanos 3anuncu agpeca B NAND Flash namatb

4.13.1.3 CmupaHue cmpaHuubl NAND Flash namsmu

Mepea 3anuckio Flash namaTtn Heobxoammo npeasaputensHo ee ctepeTb. NAND Flash
Nno3BonsieT CcTMpatb MUMHUMYM OOHY CTpaHuuy. [duarpamma paboTbl npu CTUpaHUK
npeacrasneHa Ha Puc. 53.

4.13.1.4 Banuck daHHbIx 8 NAND Flash namsame

Onsa 3anucu gaHHbix B NAND Flash namate Heo6xoaumMo NoaroToBUTb MUKPOCXEMY K
npuemMy AaHHbIX: OYUCTUTb Obnactb AN 3anucu LaHHbIX, YCTAHOBUTb agpec U OYHKUMIO
3anucu. MNMocne atoro yctaHoute B pernctpe NAND_MODE pexum «nporpammHasi 3anumcb
AaHHbIX» 1 nocnegosatenbHo B pernctp  NAND DATA  3anucbiBanTe  gaHHble,
npegHasHayveHHble ana coxpaHeHus B NAND Flash namatn. [Ouarpamma curHanos
npeacrtaesneHa Ha Puc. 53.
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CLE / \ / \ / \ / \ /
twec»
WEB \/ N/ S\ S\ S ./ \J
« twg = {BERS—»
ALE / \ / \ i
REB \ / ) /
10B X B0h XAE-—A-%-?~A2XA:5.A:5X DOh} ‘{ 70h } { ucu}
T Pageow) Iy ry X
Address
REB Busy ) /

(00=0 Successful Eraze
Auto Block Erase Sstup Command Erase Command Read Status  1/00=1 Errorin Erase
Command

Puc. 53 — lnarpamma curHanos npu ctupaHum ctpanuubl NAND Flash namstu

Tds
Tdh Twe

Twp. Twh
CLE
ALE
wes NS\
REB
10B D1 (_ D2 >< D3 >< D4 X

RBB

BUSY

INTset

X XoX XoX Ko XuX
wp ANYANAWA N\

Puc. 54 — [lnarpamma curHanos 3anuncu gaHHolx B NAND Flash namatb

4.13.1.5 YmeHue daHHbIx us3 NAND Flash namsmu

Onsa ytenunsa gaHHbix 3 NAND Flash namsatn Heob6xoanmo noaroToBUTbL MUKPOCXEMY K
BblAa4ye OaHHbIX: YCTAHOBUTb afpec YTEHUSA N (PYHKUMIO YTEHUS, AOXKOATbCHA FOTOBHOCTH, U
panee ycrtaHoBuTb B permctpe NAND_MODE pexum «nporpammMHOE YTeHWEe LaHHbIX» U
nocnegosatensHo n3 pernctpa NAND DATA cumTbiBaTh gaHHble. [uarpamma curHanos
npeacrtaeneHa Ha Puc. 55.
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CLE

Trr | Trea Trc

ALE

REB

M\

WEB

10B

X_ o1 X o2 X p3 X pa_X

RBB

BUSY

INTset

DATA0

X_Dl X2 X b3 X pa X

Rp

ANWAW AN A

Puc. 55 — [Inarpamma curHanoB 4YteHus gaHHbix n3 NAND Flash namaTtu

4.13.2 Peaucmpsbi ynpaesneHuss koHmpossiepom NAND Flash namsmu

YnpasneHne koHTponsnepom BHewHen NAND Flash namsatm ocywectBnaeTcs ¢
NMOMOLLbIO ABYX PEMMCTPOB: pernctpa pexmma paboTbl KoHTponnepa (cm. Tabnuuya 35)wm
pernctpa gaHHbix (cMm. Tabnuuya 36).

Tabnuuya 35 — Peructp pexuma pabotbl KoHTponnepa NAND Flash namaTtu
NAND_MODE (agpec: 10h, 6aHk 6)

R/W-0 R/W-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
EN_NAN LECé\[/)V_I\SIAP IE_BUSY | BUSY_N | MODE3_ | MODE2_ | MODE1_ | MODEO_
D ND _NAND AND NAND NAND NAND NAND
out 7 6 5 4 3 2 1 out 0
our 7 EN_NAND: paspeweHune pabotbl koHTpornepa NAND Flash namatn un
KOHUrypupoBaHue NopToB.:
0 = KOHTpOnnep BbIKITOYEH,
1 = KOHTpONNep BKNKOYEH
ouT 6 LOW_SPEED_NAND: ckopocTb paboTbl KOHTpOMnepa:
0 = HopmaribHasa CKOpoCTb,
1 = MeaneHHas ckopoCTb.
MpymeyvaHne: 3ToT OUT npumeHsieTcs and obecnevyeHus goctyna K
MeaneHHsliM mukpocxemam NAND Flash namaTtu. B gaHHOM pexnme Bce
BpEMEHa  yBENuuMBalTCA BABOE, MNpuM  39TOM  OOMNOSHUTENbHO
yctaHasnueaetca donar BUSY _NAND
out 5 IE_BUSY_NAND: dnar paspeleHna npepbiBaHUA MO OKOHYaHUIO
3aHAaTocTn koHTponnepa NAND Flash namaTu:
0 = npepbiBaHUe 3anpeLLEHO,
1 = npepbiBaHME paspeLleHo
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out 4 BUSY_NAND: dnar 3aHstoctn koHTponnepa NAND Flash namaTu:
0 = koHTponnep ceoboaeH,
1 = KOHTpONNEp 3aHAT
omr3,2,1,0 MODE3_NAND, MODE2_NAND, MODE1 NAND, MODEO_NAND:

pexum paboTbl koHTponnepa NAND Flash namsaTu:
0000 — HeT paboThil,

0001 — Bblgaya agpecHon MHGopMaLmK,

0010 — Bblgaya KOMaHAHOM MHOPMaLKMK,

0011 — yteHune aaHHbiXx 3 NAND Flash namaTs,
0100 — 3anuckb ganHbix B NAND Flash namaTtb,
1011 — 3ape3epBUpOBaHO,

1100 — 3apesepBUpOBaHO

O6o3Ha4yeHUn:

R — 6ut gnga ytenus; W — 6GuT ¢ BO3MOXXHOCTbHIO 3aMnncu;

U — 6uT He peanuaoBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6mTa nocrne cobpoca No BKAOYEHNIO MUTAHUS:
1 — ycTaHoBreH,;
0 — cbpolueH;
X — 3Ha4YEeHNEe He N3BECTHO.

Tabnuuya 36 — Peructp agaHHbix NAND Flash namsatn NAND_DATA (agpec: 11h, 6aHk 6)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATAL DATAO
ont 7 6 5 4 3 2 1 out 0
our7...0 DATAY7...DATAQ: 3anucbiBaemMble W CYUTbIBaeMble [OaHHble,

nepegaBaemble KOMaHabl U agpeca

Ob6o3HavyeHUsn:

R — 6ut anga yteHus; W — 6uT ¢ BO3MOXXHOCTbIO 3anucu;

U — 6uT He peanuaoBaH, YntaeTtcs Kak 0;

-n — 3Ha4yeHne 6uta nocne cbpoca No BKIIHOYEHUIO MUTAHUS:
1 — ycTaHoBreH;
0 — cbpoluen;
X — 3Ha4YEeHNe He N3BECTHO.

4.14 KonTtponnep USB uHTepcpenca

Lindpposon nHutepdencHeli 6nok USB npegHasHayveH onga peanusaumm KoHTponnepa
nHtepcerica USB Bepcum 1.1 co ckopocTbio nepegaum go 12 Méut/c. brniok obecneunBaet
paboTy Ha Hu3komn 1,5 Mbut/c (Low Speed) n nonHon ckopoctn 12 Moéut/c (Full Speed). briok
nogaepxueaet 0o 5 okoHeuvHbix Touyek (Endpoint): ogHa okoHeyHasa Touyka ynpaBrieHus
paboton 6noka koHTponnepa USB 1 4 nonb3oBaTenbCKNMX OKOHEYHbIX TOYKW. Ha kpuctanne
MUKPOKOHTpOMepa peanu3oBaH aHanoroebl npuemonepegatymk PHY, Bknovarowmm
NHenHble apansepbl NUHMKM D+ n D-, obecneumBaowmin puanyeckumn CTolk ¢ wnHon USB.
Cxembl nogkntoveHns MMKpokoHTponnepa k USB wuHe npeacrasneHsl Ha Puc. 56 n Puc. 57.
Tak e KOHTponnep nossonsieT pabotatb C BHELWHUM MpuemonepeaaTymkoM, Hanpumep
mukpocxemon PDIUSBP11A.
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USE_CLK

1886BE4
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24
) L USB
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Puc. 56 — Cxema nogkrntoyeHmst MMKpoKoHTposnepa kK USB wuHe B pexxume Full Speed

Ucc
U33DLIT—1_5K[|]
o L USB
DM ——F WMHA
ss
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1886BE4 - W
m
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Puc. 57 — Cxema nogkntoveHns MukpokoHTposnnepa k USB wuHe B pexxume Low Speed

4.14.1 OnucaHue npuHyunoe pabomsi u pyHKYUOHUPOBAHUSI KOHMpoJsiiepa
USB uHmepgbetca

bnok koHTponnepa USB npegHasHayeH Ans npuema v nepegayvv gaHHblx no USB
nHTepdgency Bepcun 1.1. mexay MukpokoHTponnepom (functional device) u xocTt-
koHTposninepom (USB host). bnok koHTponnepa USB MoOXeT pyHKUMOHMPOBATb B pexumax
Low Speed (1.5 M6ut/c) n Full Speed (12 M6ut/c). B coctaBe 6noka peanu3oBaHo 5
OKOHEeYHbIX ToYek. HyneBass OkOHeYHast TOYKa npedHasHayeHa pAns MHUMuManmMsaumm
KoHTpornepa USB nocne nogcoeguMHeHMss €ro K - XOCT-KOHTpomnnepy. Yetbipe
NoNnb30oBaTENbCKME  OKOHEYHble  TOYKM  MOryT OblTb  HacTpoeHbl gnss  obmeHa
NONb30BaTENbCKMMUN AaHHBIMU C XOCT-KOHTPONNepoMm. Nonb3oBaTenbCkue OKOHEYHbIE TOYKM
MOryT 6bITb CKOH(purypupoBaHbl B pexumbl IN nnn OUT. B pexnme IN okoHeuHas Touka
obecneuynBaeT nepegavy AaHHbIX OT MUKPOKOHTPOSNepa K XOCT-KOHTponnepy. B pexume
OUT okoHeyHas Toyka obecneuvBaeT npuemM AdaHHbIX OT  XOCT-KOHTpomnnepa K
MUKPOKOHTponnepy. B 3aBucumoctn oT BblbGpaHHOro pexuma, 6rok koHTponnepa USB
obecneunBaet cnegywowme Tunbl obmeHa ¢ xocT-koHTponnepoMm: Interrupt transfer, Bulk
transfer n Isochronous transfer. Npn pabote B pexnme Low Speed obecneumBaeTcs Tvn
obmeHa Interrupt Transfer. Npu pabote B pexume Full Speed obecneumBaetcs Tun odbmeHa
Interrupt Transfer, Bulk Transfer n Isochronous Transfer. brnok koHTponnepa USB no3sonser
3agaTb Nonb3oBaTenbCcknin onucatens yctponctea (Descriptor).
CtpyktypHas cxema ©6noka USB npuBegeHa Ha Puc. 58, nepeyeHb OCHOBHbIX
BbINOMHAEMbIX (PyHKUMKM B Tabnuua 37.
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Tabnuuya 37 — OCHOBHblE BbINOMHAEMbIE (PYHKLMK

HaumeHoBaHue KpaTkoe onucaHue
ABTOMaTU4eCKas Mpn paspeweHnn paboTbl M3 NpOrpamMMbl, BbINOSIHAEMONW Ha
WHUUManusauns USB | MUKpOKOHTpORNnepe, 1 NOACOEANHEHUN €r0 K XOCT-KOHTponnepy, byaet
nHTepdenca npovsBedeHa aBToOMaTU4eckas WHWUManusaums Groka KoHTponnepa

USB. [ononHutenbHoe y4acTue sapa  MUKPOKOHTponsepa npu
MHMUManun3aumm 6noka He TpebyeTtcs. MNporpamma gomkHa obecneynTb
MOHUTOPUHI COOOLEHNI N OWNBOK, KOTOpblE MOryT BO3HUKHYTb MpU

MHUUMann3aumm

Monb3oBaTenbCKUm Mpn peanusaumm USB uHTepdelnca nonb3oBaTtenb MOXET 3adaTb
onucaTtenb YCTPOWCTBa | Npou3BoNbHbIM onucatens USB ycTtponctea, Bkntodvas Vendor 1D,
USB Product ID, oo 3 cTpokoBbIX onncaTenemn n npoyee

Twun obmeHa: Tun obmeHa ¢ noaTBepXOeHWem npuema, obecneymBaeT nepegady
Interrupt Transfer nakeToB ANUHoN oo 8 6anT B pexxume Low Speed n anvHon go 64 6ant

B pexume Full Speed. NMNakeT MOXeT nepegaBaTbCa HE 4valle OAHOro
pa3sa Bo chpenm (1 Mmunnmcekyngy)

Tun obmeHa: Tun obmeHa c noaTBepxaeHnem npuema, obecneymBaeT nepenaqvy

Bulk Trans nakeToB ANWHON A0 64 GanT Tonbko B pexume Full Speed. NakeTbl
MOFyT nepegaBaTbCsl MHOMOKpaTHO BO BpeMsi 0AgHoro dopenma

Tun obmeHa: Tun obmeHa 6e3 noaTeBepxaeHUs npuema, obecrneunmBaeT nepegady

Isochronous Transfer nakeToB ANWHON A0 64 GanT Tonbko B pexume Full Speed. NakeTbl
MOryT NepefaBaTbCsl MHOrOKpaTHO BO BpeMsS ogHoro dopenma

Pexnm nepegauun: IN Mpw KOHUrypMpPOBaHNN OOHOM U3 OKOHEYHBIX TOYEK B PEXNM Nepenaym

IN, koHTponnep OygeT aBTOMATMYECKM OCYLLECTBNATL nepegady
OaHHbIX  XOCT-KOHTponnepy. [lporpamma,  BbIiNofHsAeMas  Ha
MUKPOKOHTpOMNepe, OOMmMKkHa obecneynTb KOPPEKTHY 3anucb B Gnok
KoHTponnepa USB gaHHbIX, NpegHasHavyeHHbIX ans nepegayun. Takke
nporpaMmma gosrmkHa obecneynte MOHUTOPUHI COOOLLEHUN N OWKNBOK,
KOTOpbl€ MOTYT BO3HUKHYTb Npu nepegadye

Pexum npnema: OUT Mpy KOHUrYypUpoBaHUN OOHON N3 OKOHEYHbIX TOYEK B peXxuMm npuema
OUT, koHTponnep byaeT aBTOMaTUYECKM OCYLLECTBNATb NPUeM AaHHbIX
oT XOCT-KOHTpoOnnepa. Mporpamma, BbIMOMHsAeMas Ha
MUKPOKOHTpOMNepe, [AOOofkHa obecneunTb KOPPEKTHoe  YTeHue
NPUHATBIX AaHHbIX. Tak e nporpaMmma [orkHa obecneuntb
MOHUTOPUHI COOOLLEHMI N OLWNOBOK, KOTOPblE MOryT BO3HUKHYTb MpU
npueme

OcHoBHbIM 61nokoM KoHTposnnepa sasnsetcs Protocol Layer, obecneumBatowmi
06paboTKy NpMHMMaeMbIX NakeToB U (hopmMMpoBaHMe OTChiNnaembix naketoB. Protocol Layer
obecneunmBaeT pacyeT U KOHTpoNnb 4eTHocTn, bit staffing, obGpabotky 3anpocoB npwu
KOH(pUrypupoBaHuu, nHuumManuasaumo mHtepdenca. ObpaboTky NpUHUMaeMbIX MAKeTOB U
dopmMumpoBaHne nepenaBaembix nakeToB. [pn obpaboTke KOHGUrypauMOHHbIX 3anpOCoB,
nosly4aemblin NakeT pasMmeLlaeTcsl B MPUHUMALOLLEN oYepean HyneBon OKkoHeYHon Toukmn EPO
OUT. OnucaHue yctponcTtea 3annucaHHoe B 6rnok Descriptor nepenucbiBaeTcs B nepeaatoLLyto
oyepeab EPO IN, nocne yero 6nokom Protocol Layer hopmupyeTcs B nakeTbl U nepegaeTcs
XOCT-KOHTponnepy. lNpvHMMaemble n oTnpaBnsemble nakeTbl nepepatTcs 4depes UTMI
NHTepgEeNCc cneumanbHOMY aHanoroBomy npuemonepegatyuky. MNpn paboTe no nepepadye
NONb30BaTENbCKMX AaHHbIX, MPUHUMAaeMble OT XOCT-KOHTponsiepa AaHHble MOoryT 6bITb
pasMelleHbl B o4epeauM OOHOW U3 4YeTblpeX MOofb30BaTENbCKMX OKOHEYHbIX TOYeK,
oTrnpasnseMble JaHHble MOryT 3anucbiBaTbCs B ovyepedb APYrol OKOHEYHOW TOYKW, nocre
yero U3 9TUX JaHHbIX ByayT cdopmmpoBaHbl nakeTbl Protocol Layer n nepegaHbl XocT-
KOHTponnepy. PaboTta ¢ 6Gnokom koHTponnepa USB wuHTepdelnica co cTOpoHbl sapa
MUKPOKOHTpONepa ocyuwiectengaetcs Yepes uHtepdgenc Core Interface.
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EFPO EFPO
I auT
LTI LSBT .1
Frotocol Layer | nterface
1 1 1 1 1
EP1 EFZ EP3 EP4

Descriptor
] i) i) i) i)

Core Interface

1 ANPO MUKPOKOHTPONNEpa

Puc. 58 — CtpykTypHas cxema 6noka USB

4.14.2 Paboma c koHmponnepom USB uHmepdetica

Pabota MukpokoHTponnepa c 6rokom koHTponnepa USB ocyuwectBnserca c
MOMOLLIbIO 3aNnUCK U YTeHUs1 perncTpoB G6roka. OnucaHne permcTpoB NpMBeAEHO Aanee.

4.14.2.1 Peaucmp hyHKUUOHaIbHO20 adpeca

B npouecce wuHuMUmManusaumm XocCT-KOHTposinepom kaxgomy USB yctpownctsy
Ha3Ha4YaeTCsl yHUKanbHbIN (PYHKUMOHANbHbLIM agpec. 3HadeHue npucBoeHHoro USB
YCTPOWCTBY agpeca otobpaxaeTtcsa B 4aHHOM peructpe. [locne npuceBoeHnss agpeca Tak xe
B3Boautcs out ADR_SET B peructpe USB_STAT.

Tabnuya 38 — Pernctp cyHkumnoHanbHoro agpeca USB_ADR (agpec: 10h, 6aHk 4)

U-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
- ADRG6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO
out 7 6 5 4 3 2 1 6ut 0
out 7 3ape3epBUpoBaHO
6uT 6...0 ADRG6...ADRO: dyHkumoHanbHbIM agpec USB yctporicTBa. HasHavaeTcs
XOCT-KOHTPOSNIEPOM B Npouecce nHmunanusauum ycTponcTaa

O603HavYeHUd:

R — 6uTt gnga yteHus; W — OUT ¢ BO3MOXKHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4yeHune 6uta nocne cbpoca No BKIIHOYEHUIO MUTAHUS:
1 — ycTaHoBreH;
0 — cbpoLuen;
X — 3Ha4YEeHNEe He U3BECTHO.
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4.14.2.2 Peaucmp cmamyca owubok

B npouecce pabotbl 6noka koHTponnepa USB, npu nepepaye AaHHbIX wUnu
yNpaBnsoLWmMX NakeToB, MOryT BO3HMKaTb OWNOKN. OwmMOKM MOryT BO3HMKATb B pe3ynbrate
HEeAOCTaTOYHOro Ka4yecTBa NMHUKN CBA3N, owmMbKax B MporpammHOM obecneveHun apariesepa
XOCT-KOHTposnnepa, owmnbok B NnporpaMmMe BbINOSTHAEMOMN Ha 94pe MUKPOKOHTponnepa u T.4.
[aHHble ownbkn uncnpaBnalTcsa KoHTponnepom USB aBTomMaTtMyecku, HO paspaboTyumk
MOXET MPU BO3HUKHOBEHWWN LaHHbIX OWWMOOK NPUHATL MEpbl MO YNyYLEHUIO HaAEeXHOCTU
paboThbl CXEMbI.

Tabnuuya 39 — Peructp cratyca owmnbok USB_ERROR (agpec: 11h, 6aHk 4)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BUS DROP_ SEQ_ER | NSE_ER CRC16_ CRC5_
ERR FRM TO_ERR R R PID_ERR ERR ERR
out 7 6 5 4 3 2 1 6ut 0
ourt7 BUS_ERR: Bus Error. Ha nunuax D+, D- obHapyxeHa owmnbka. MoxeT
ObITb Bbl3BaHa HenpaBurbHbIM noacoeanHeHmem Full Speed yctporicTea
B Low Speed nuHuun, unu owmnbka bit staffing, byte error n 1.4.
ouT 6 DROP_FRM: Dropped Frame. KoHTponsnep oTkasa B npueme naketa oT
XOCT-KOHTpOrfepa no npuymMHe oTCyTCTBUS CBOOOAHOrO MecTe B odepeam
OKOHEYHOW TOYKN. XOCT KOHTPOSNepy OTNpaBieH 0TKas B NOATBEPXKAEHUN
npyema
ouT 5 TO_ERR: Time Out Error. XoCT KOHTpOMnMep He npucnan nogrsepxaeHus
npuema faHHbIX U OHM ByAyT NocnaHbl KOHTPOMSEPOM CHOBa, NMbO nocne
naketa DATA OUT He nony4yeH nakeT ¢ 4aHHLIMU U KOHTPOINEP BEPHYCA
B PEXMM OXMAaHUSA
ouT 4 SEQ_ERR: Sequential Error. MNonyyeH nakeT ¢ 1em xxe DATAX 4tO 1”
npeabiayLmi naket. MNakeT NPOUrHOPUPOBaH, XOCT KOHTPOMNEPY BblAaHO
nogTBepXaeHue npuema
out 3 NSE_ERR: No Such Endpoint Error. XocT koHTponnep obpaTtuncs K
YCTPOMWCTBY C HAWNM (PyHKLMNOHANbHBbIM aapecoM, HO K HECYLLIECTBYHOLLEN
OKOHEYHOW TOYKe
ourt 2 PID_ERR: PID Error. uBepcua nonsa PID He cooTBETCTBYET NPsIMOM
yactu
ourl CRC16_ERR: CRC16 Error. CRC16 noOnyyYeHHbIX [OaHHbIX He
COOTBETCTBYET NPUHATOMY MO, AAHHbLIX OTOPOLLEHbI, XOCT KOHTpOSNepy
OTNpaBrieH 0TKa3 B MOATBEPXAEHUM Npuema
out 0 CRC5_ERR: CRCS5 Error. CRC5 nonyyeHHOro naketa He COOTBETCTBYET
paccyMTaHHOMY, NakeT NPOUrHOPMPOBaH

Ob6o3HavyeHUsn:

R — out gnga ytenusa; W — 6T ¢ BO3MOXHOCTBIO 3aMucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6mTa nocrne cobpoca No BKIKOYEHNIO NMUTAHUS:
1 — ycTaHoBnEH,;
0 — cbpoLueH;
X — 3Ha4YeHne He N3BECTHO.

4.14.2.3 Peaucmp cmamyca b6rioka

B npouecce pabGotbl 6noka koHTpornepa USB ¢ XxoCT-kKOHTponmnepowm, craTtyc
TEKyLLLero COCTOSIHUSE U COObITMIA, Npoucxoasawmux npu paboTe, oTobpaXkaeTcss B perncrpe
USB_STAT.
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Tabnuya 40 — Peructp crtatyca 6noka USB_STAT (agpec: 12h, 6aHk 4)

uU-0 R-0 R-0 R/W-0 R-0 R-0 R-0 R-0
ADR_SE CONF USB_RS USB
- T SET T EP2_SEL | EP1_SEL | EPO_SEL BUSY
ouT 7 6 5 4 3 2 1 6ut 0

out 7 3ape3epBUPOBaHO.

ouT 6 ADR_SET: Addressed. KoHTponep nony4mn agpec oT XOCT-KOHTponnepa

ouT 5 CONF_SET: Configured. KoHTponep  ckoHduUrypmpoBaH  XOCT-
KOHTPOSNepoM

ourt 4 USB_RST: Reset on USB lines. XoCT-KOHTpoOmnep BbICTaBWUil KOMaHOy
cbpoca Ha USB nunHuio

onr 3,2, 1 EP2_SEL; EP1_SEL; EPO_SEL: Endpoint Select. Tekywas, BbibpaHHas
XOCT-KOHTPOMSEPOM, OKOHEYHasa ToYKa Ansi paboTbl:
000 — HyneBas okoHe4Has To4ka nmbo paboTa He BeaeTcs.
001 — lNepBas okoHeYHas TouKa.
010 — BTopasa okoHe4Hasa To4ka.
011 — TpeTbst OKOHEYHast TOYKa.
100 — YeTBepTasa okoHEYHas1 TOYKa.
OcrtarnbHble — HegoNyCTUM

out 0 USB_BUSY: USB BUSY. XocT-koHTposniep paboTaeT ¢ KOHTPONIIEPOM
USB

O6o03HavYeHUx:

R — 6ut anga yteHusi; W — GuT ¢ BO3MOXXHOCTbIO 3anucuy;

U — 6uT He peanuaoBaH, YntaeTtcs Kak 0;

-n — 3Ha4yeHne 6uta nocrne cbpoca No BKAKYEHUIO MUTAHUS:
1 — ycTaHoBreH,;
0 — cbpoluen;
X — 3Ha4YEeHNe He U3BECTHO.

4.14.2.4 Peaucmp ynpasneHusi 6rioka

[nsa obecnevyeHns1 BO3MOXHOCTU paboTbl KOHTponnepa USB ¢ XOCT-KOHTPONnepom,
Heob6xoauMO 3agaTh pexumm paboTbl KOHTponepa u paspewntb ero paboty. Kpome Ttoro,
HeobxooMMO  3agaTb  pexuMbl  paboTbl  ANs YeTblpeX  OKOHEYHbIX  TouveK
(pernctpbl EPX_CFGX). lameHeHne pexnmoB paboTbl NOCne nHuumManuaaumm KoHTponnepa
MOryT NpUBECTU K c6osim B paboTe.

Tabnuuya 41 — Peructp ynpaenenus 6noka USB_CTRL (agpec: 13h, 6aHk 4)

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
USB_ USB_ FULL_
i ] j j TEST2 TEST1 LOW USB_EN
out 7 6 5 4 3 2 1 out 0
our 7,6,5,4 3ape3epBUPOBAHO.
out 3 USB_TEST2: TectupoBaHue uudpoBor 4Yactu. [lpu BbicTaBneHuu

OaHHoro 6uta, Ha nopT E BbiBogaTca uudposble curHansl USB. U genaet
BO3MOXHbIM TECTUPOBAHME C BHELLUHMM aHanoroBbiM LpPaviBEPOM LUUHbI

UNn TecToBbiM 060pyAOBaHUEM.
0 — TECTOBbIN PEXWM BbIKITIOYEH,
1 — TeCTOBbIV PEXUM BKIOYEH
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our 2 USB_TEST1: TectupoBaHne Oydepa. Wcnonbsyetcs B npouecce
ANarHOCTUYECKNX N OTOPaKOBOYHbIX TECTOB.
0 — HeT TecTUpOBaHUS,
1 — Ha TX_DP n TX_DN BblgaeTca MeaHap O5S OLEHKWU XapakKTepucTuk
nepegatynka. USB gomkeH ObiTb paspelleH U OTCOEAMHEH OT XOCT-
KOHTposnnepa

ourl FULL _LOW: Full Low Select. OnpegensieT, B KakoM pexuve bynet
dYyHKLMOHMpPOBaTL KOHTponnep USB:
0 — Low Speed (1.5 M6ut/c),
1 — Full Speed (12 M6wuT/c)

out 0 USB_EN: USB Enable. PaspeuwleHne paboTbl koHTponnepa USB

Ob6o3HavyeHUn:

R — out anga ytennsa; W — 6MT ¢ BO3MOXHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6uTa nocrne cbpoca No BKAKOYEHUIO NMUTAHUS:
1 — ycTaHoBIEH,;

0 — cbpolueH;

X — 3Ha4YeHne He N3BECTHO.

4.14.2.5 Peaucmpsbl pa3peweHus npepbigaHuli om brioka USB

Mpn 3anonHeHun OydepoB, UX OMNYCTOLIEHUN U APYrMX COBLITUAX BO3MOXHO
dopMupoBaHue npepbiBaHUS MUKPOKOHTponnepa. [Ona Bbibopa COObITUIA, reHepupyroLmnx
npepbiBaHNA, UCNONb3YETCHA PErUCTP paspeLleHns npepbiBaHUN.

Tabnuuya 42 — Pernctp paspeLueHna npepbisaHnin ot USB 6noka USB_IE1 (agpec: 14h,

6aHk 4)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EP4 EP3 EP2 EP1
EP4 y EP3 y EP2 y EP1 iy
FULL_IE EMPTY_ FULL_IE EMPTY_ FULL_IE EMPTY_ FULL_IE EMPTY_
IE IE IE IE
ot 7 6 5 4 3 2 1 out 0
our7 EP4 FULL_IE: Endpoint 4 Fifo Full Interupt Enable.
1 — paspeweHo npepbiBaHMe npu 3anonHeHnn OUPO yetBepTOn
OKOHEYHOW TOYKM,
0 — npepblBaHME 3anpeLleHo
ouT 6 EP4 EMPTY_IE: Endpoint 4 Fifo Empty Interupt Enable.
1 — paspeweHo npepbiBaHve npu onyctoweHun OUDPO yeTBepTOmn
OKOHEYHOW TOYKM,
0 — npepblBaHME 3anpeLleHo
ouT 5 EP3_FULL_IE: Endpoint 3 Fifo Full Interupt Enable.
1 — pa3pelueHo npepbiBaHme npu 3anonHeHun PUNPO TpeTben OKOHEYHOM
TOYKM,
0 — npepbiBaHWE 3anpeLLeHo
out4 EP3_EMPTY_IE: Endpoint 3 Fifo Empty Interupt Enable.
1 - paspeweHo npepbiBaHMe npu onyctoweHun OUNPO TpeTben
OKOHEYHOW TOYKM,
0 — npepbiBaHWE 3anpeLLeHo
out 3 EP2_FULL_IE: Endpoint 2 Fifo Full Interupt Enable.

1 — paspelueHo npepbiBaHue npu 3anonHeHnn PO BTOPOM OKOHEYHOW
TOYKN,
0 — NpepbiBaHWE 3anpeLLeHo
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ourt 2

EP2 _EMPTY_IE: Endpoint 2 Fifo Empty Interupt Enable.

1 — paspelueHo npepbiBaHmne npu onyctoweHnn NGO BTOpon OKOHEHHOM
TOYKM,

0 — npepbiBaHMEe 3anpeLleHo

out1

EP1_FULL_IE: Endpoint 1 Fifo Full Interupt Enable.

1 — paspelueHo npepbiBaHue npu 3anonHeHnn PUPO nepBont OKOHEYHOMN
TOYKM,

0 — npepbiBaHMe 3anpeLleHo

ont 0

EP1_EMPTY_IE: Endpoint 1 Fifo Empty Interupt Enable.

1 — paspeLueHo npepbiBaHme npu onyctowweHnn PUPO nepBon OKOHEHHOMN
TOYKM,

0 — NpepbiBaHWE 3anpeLLEHO

O6o3Ha4yeHUn:

R — 6ut gnga ytenus; W — 6GUuT ¢ BO3MOXXHOCTbHIO 3aMnncu;

U — 6uT He peanuaoBaH, YntaeTtcs Kak 0;

-n — 3Ha4YeHne 6mTa nocrne cobpoca No BKAOYEHUNIO NMUTAHUS:
1 — ycTaHoBreEH,;

0 — cbpolueH;

X — 3Ha4YEeHNEe He N3BECTHO.

Tabnuuya 43 — Pernctp paspeLueHnsa npepbiBaHuin ot USB 6noka USB_IE2 (agpec: 15h,

GaHk 4)
R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 U-0 U-0
USB_ USB_
RST IE | BUSY_IE i i i i i i
ot 7 6 5 4 3 2 1 out 0
our 7 USB_RST _IE: USB Reset Interrupt Enable.
1 — npv BO3HMKHOBEHUM Ha NnHUAX USB coctosHua RESET reHepupyeTcs
npepbiBaHue,
0 — npepblBaHME 3anpeLleHo
ouT 6 USB_BUSY_IE: USB Busy Interrupt Enable.
1 — npu nepegaye no nuHuam USB reHepupyeTcs npepbiBaHue,
0 — npepbiBaHWE 3anpeLleHo
out 5 3ape3epBUPOBaHO.
[MpumMeyaHue: BUT OOIMKEH BCerga paBHATLCA HYIHO
out 4 3apes3epBupoBaHoO.
[MpumMeyaHue: BUT OOIMKEH Bcerga paBHATLCSA HYIHO
our 3,2,1,0 3ape3epBUPOBaHO

Ob6o3HavyeHUsn:

R — 6ut gnga yteHus; W — OUT ¢ BO3MOXXHOCTbIO 3anucy;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6mTa nocrne cobpoca No BKAOYEHUIO NMUTAHUS:
1 — ycTaHoBnEH,;

0 — cbpoLueH;

X — 3Ha4YeHne He N3BECTHO.
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Tabnuuya 44 — Peructp paspelueHusa npepbisaHun ot USB 6noka USB_IE3 (agpec: 16h,

BaHk 4)

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

BUS_
ERR_IE

DROP_F
RM _IE

TO_
ERR_IE

SEQ_
ERR_IE

NSE_
ERR_IE

PID_
ERR_IE

CRC16_
ERR IE

CRC5_
ERR_IE

out 7

6

5

4

3

2

1

ont 0

our7

BUS ERR_IE: BUS Error Interrupt Enable.

1 — paspelueHne npepbiBaHNA Npu owmnbke Ha NuHuax D+, D- unu owmnbke
bit staffing, byte error n 1.4.

0 — npepbiBaHMe 3anpeLleHo

out 6

DROP_FRM_IE: Packet Dropped Interrupt Enable.

1 — paspelueHne npepbiBaHUA ONS Cnyyas oTkasa B npueme nakerta oT
XOCT-KOHTpOepa no npuimMHe oTCyTCcTBUSt CBOOOAHOrO MecTe B odepeamn
OKOHEYHOWN TOYKN.

0 — NpepbiBaHWE 3anpeLLEHO

out 5

TO_ERR_IE: Time Out Interrupt Enable.

1 — paspelleHve npepbiBaHUs ANSA Cryyas, €Cn XOCT-KOHTponnep He
npucnan nOATBEPXAEHNS MNpMeMa [LaHHbIX M OHWM OyayT nocnaHbl
KOHTpONIepom cHoea, ninbo nocrie naketa DATA OUT He nonyyeH naket
C AaHHbIMUN N KOHTPOSEP BEPHYICA B PEXNM OXUOAHUS.

0 — npepbiBaHMe 3anpeLleHo

out 4

SEQ_ERR_IE: Sequential Interrupt Enable

1 — paspelueHune npepbiBaHMs 415 Cryyasi, eCriv NosyvyeH nakeT ¢ TeM Xe
DATAX 4TO 1 npeablayLwnin nakerT.

0 — npepbiBaHMe 3anpeLleHo

out 3

NSE_ERR_IE: Not Such Endpoint Interrupt Enable.

1 — paspelleHve npepbiBaHUA B Criyd4ae, €ecrnv XOCT-KOHTpornep
obpaTunca K yCTPOWCTBY C Hawum yHKUMOHAmNbHbIM agpecoMm, HO K
HEeCyLEeCTBYHOLLIEN OKOHEYHOW TOYKE.

0 — npepbiBaHWe 3anpeLleHo

ourt 2

PID_ERR_IE: PID Field Error Interrupt Enable.

1 — paspelueHne npepbiBaHUs B cnyyae, ecnu nHeepcusa nons PID He
COOTBETCTBYET NPAMOW YaCTu.

0 — npepbiBaHWe 3anpeLleHo

out 1

CRC16_ERR_IE: CRC16 Error Interrupt Enable.

1 — paspeweHue npepbiBaHua B cnydae, ecrnim CRC16 nony4YeHHbIX
AaHHbIX HE COOTBETCTBYET NMPUHATOMY MOSHO.

0 — npepblBaHME 3anpeLleHo

out 0

CRC5_ERR_IE: CRCS5 Error Interrupt Enable.

1 — paspelueHue npepbiBaHus B cnyyae, ecnv CRCS nonyyeHHoro naketa
He COOTBETCTBYET BbIYMCIEHHOMY 3HAYEHMIO.

0 — npepblBaHME 3anpeLleHo

Ob6o3HavyeHUsn:

R — 6ut gnga yteHus; W — OuT ¢ BO3MOXXHOCTbIO 3anucu;

U — 6uT He peanusoBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6uTa nocrne cobpoca No BKAOYEHUIO NMUTAHUS:
1 — ycTaHoBnEH,;

0 — cbpoLueH;

X — 3Ha4YeHne He N3BECTHO.
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Tabnuya 45 — Peructp paspelueHmsa npepbisaHun ot USB 6noka USB_IE4 (agpec: 17h,

BaHk 4)
U-0 U-0 U-0 uU-0 R/W-0 U-0 R/W-0 R/W-0
USB_ ADR_ CONF_
i i i i ALL IE i SET IE SET _IE
ouT 7 6 5 4 3 2 1 6ut 0
our7,6,5,4 3apesepBnpoBaHoO
ouT 3 USB_ALL_IE: USB All Interrupt Enable.
1 — rmob6ankHoe paspelleHne npepbiBaHnin OT KoHTpornepa USB.
0 — npepbiBaHUs OT KoHTporsiepa USB 3anpelieHsl
ourt 2 3ape3epBUpPOBaHO
ouT 1 ADR_SET_IE: Addressed Interrupt Enable.
1 — paspeLueHune npepbiBaHUA B Cryvae, ecriv KOHTporep nony4vn agpec
oT
XOCT-KOHTpoOnnepa,
0 — npepbiBaHWE 3anpeLleHo
o6uT 0 CONF_SET _IE: Configured Interrupt Enable.
1 — paspelweHve npepbiBaHUA B Chnyyae, ecnn  KOHTpornep
CKOH(UryprpoBaH XOCT-KOHTPOMepPOM,
0 — npepbiBaHWE 3anpeLleHo

Obo3HavyeHuns:

R — out gnga ytennsa; W — 61T ¢ BO3MOXHOCTbIO 3aMucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne BuTa nocne cbpoca No BKAOYEHNIO NMUTAHUS:
1 — ycTaHoBnEH,;
0 — cbpolueH;
X — 3Ha4YeHne He N3BECTHO.

4.14.2.6 Peructpbl cTaTyca OKOHEYHOWN TOYKM

Tabnuuya 46 — Pernctpbl cTaTyca OKOHEYHbIX Touek EPx_STAT:
nepson-EP1_STAT (agpec: 10h, 6aHk 3), BTopon-EP2_STAT (agpec: 11h, 6aHk 3),
TpeTben-EP3_STAT (agpec: 12h, 6aHk 3), yetBepton-EP4_STAT (agpec: 13h, 6aHk 3)

U-0 U-0 R-0 R-0 U-0 U-0 R-0 R-0
- - BLKX_ | ACTIVEX - - FULLX | EMPTYx
DATA
out 7 6 5 4 3 2 1 6ut 0

our 7,6 3ape3epBUPOBAHO

out 5 BLKx_DATA: 1 — pabota ®UPO coOTBETCTBYIOLLIEN OKOHEYHOW TOUKM
3anpeLyeHa

out 4 ACTIVEx: 1 — pabota ®UNPO cCOOTBETCTBYIOLLEN OKOHEYHOM TOYKM
paspelleHa

owur 3, 2 3ape3epBUPOBAHO

out 1 FULLX: 1 — ®NDPO cooTBETCTBYIOLLEN OKOHEYHON TOYKM 3arOSIHEHO.
0 — PNDPO cooTBETCTBYHOLLEN OKOHEYHOW TOYKM HE 3aMOSTHEHO

ouTt 0 EMPTYx: 1 — ®NDO cooTBECTBYIOLLEN OKOHEYHOW TOYKN MYCTO.

0 — PNDPO cooTBECTBYHOLLIEN OKOHEYHOM TOYKMU HE MYCTO

Obo3HavyeHunN:

R — 6ut gnga yteHus; W — OuT ¢ BO3MOXXHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6mTa nocrne cobpoca No BKAKOYEHUNIO NMUTAHUS:
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1 — ycTaHoBIeH;
0 — cbpoluen;
X — 3Ha4YeHne He U3BECTHO.

4.14.2.7 Peaucmpbl Konu4ecmeaa crio8 8 o4epedu OKOHEYHOU MOYKU

Tabnuuya 47 — Pernctpbl kKonnyecTBa CroB B oMepeasix OKOHeYHbIX Todek EPX_CNT:
nepson-EP1_CNT (agpec: 14h, 6aHk 3), BTopon-EP2_CNT (agpec: 15h, 6aHk 3),
TpeTben-EP3_CNT (agpec: 16h, 6aHk 3), yetBepTon-EP4 _CNT (agpec: 17h, 6aHk 3)

U-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
- CNT6 CNT5 CNT4 CNT3 CNT2 CNT1 CNTO
ot 7 6 5 4 3 2 1 out 0
out 7 3ape3epBUPOBAHO
ouTt6...0 CNT6... CNTO: Counter of Word in FIFO. C4yeTuuk crnos B o4vepeamn
COOTBETCTBYIOLLEN OKOHEYHOW TOYKN.
00h — ouyepegb NOMHOCTLIO NyCTa,
40h — oyepeb NOSTHOCTLIO 3anosiHEHA
O6o3Ha4vyeHusA:

R — out gnga ytennsa; W — 61UT ¢ BO3MOXHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne 6uTa nocne cobpoca No BKAKYEHUIO NMUTAHUS:
1 — ycTaHoBIEH,;
0 — cbpolueH;
X — 3Ha4YeHne He N3BECTHO.

4.14.2.8 Peaucmpbl KOHU2ypauuu OKOHEYHbIX MoYeK

Tabnuuya 48 — Pernctpbl MakcMManbHOro pasmepa naketa OKOHEeYHbIX TOYEK
EPx_CFG1: nepson-EP1_CFG1 (agpec: 10h, 6aHk 0), BTopon-EP2_CFG1 (agpec: 12h,

6aHk 0), TpeTben-EP3_CFG1 (agpec: 14h, 6aHk 0), yetBepTon-EP4 _CFG1 (agpec: 16h,
6aHk 0)

U-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- MAX MAX MAX MAX MAX MAX MAX
SIZE6 SIZES SIZE4 SIZE3 SIZE2 SIZE1 SIZEO
out 7 6 5 4 3 2 1 out 0
out7 3ape3epBUpoOBaHO
6uTt 6...0 MAX SIZE6... MAX SIZEO: MakcumanbHblii pasmep naketa
COOTBETCTBYHIOLLIEN OKOHEYHON TOYKM

Obo3HavYeHUd:
R — out gnga ytenusa; W — 61T ¢ BO3MOXHOCTbIO 3aMucu;
U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne Guta nocne cbpoca NO BKNOYEHMIO NMUTAHUS:
1 — ycTaHoBrEH,;
0 — cbpoLueH;
X — 3Ha4yeHne He N3BECTHO.
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Tabnuuya 49 — Pernctpbl KoHGUrypaumm okoHeuvHbix Tovek EPx_CFG2: nepsou-

EP1_CFG2 (agpec: 11h, 6aHk 0), BTopon-EP2_CFG2 (agpec: 13h, 6aHk 0), TpeTben-
EP3_CFG2 (agpec: 15h, 6aHk 0), yetBepton-EP4_CFG2 (agpec: 17h, 6aHk 0)

uU-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

u-0

BLOCK _
EPx

TYPE1l E
Px

TYPEO_E
Px

MODE2_
EPx

MODE1
EPx

MODEO _
EPx

out7

6

5

4

3

2

1

out 0

our7
out 6

3ape3epBMpPOBaAHO
BLOCK_EPx: 1 — 6rnokupoBaHue paboTbl COOTBETCTBYHOLLEN OKOHEYHOM
TOYKM

TYPEL1 _EPx, TYPEO_EPx: Transfer
COOTBETCTBYIOLLEN OKOHEYHOM TOYKU:

00 — Interrupt Transfer,

01 — Isochronous Transfer,

10 — Bulk Transfer,

11 — HegonycTUMO
MODE2_EPx...MODEO_EPx: Endpoint
COOTBETCTBYIOLLEN OKOHEYHOW TOYKU:

000 — okoHe4YHast To4Ka OTKIHYEHa,

001 — IN okoHe4Has To4ka,

010 — OUT okoHe4YyHas To4ka,

ocTanbHble — HEAOMYCTUMO
3ape3epBUPOBAHO

out 5,4 Type. Twvn obmeHa

our 3,21 Mode. Pexum  pabGoTbl

ont 0

Obo3HavyeHuns:

R — out gnga ytennsa; W — 6MUT ¢ BO3MOXHOCTbIO 3anucu;

U — 6uT He peanu3oBaH, YntaeTtcs kak 0;

-n — 3Ha4YeHne BuTa nocne cobpoca No BKAOYEHUIO NMUTAHUS:
1 — ycTaHoBnEH,;
0 — cbpoLueH;
X — 3Ha4YEeHNe He U3BECTHO.

4.14.2.9 Peaucmp O0aHHbIX OKOHEYHbIX MOYEK.

Tabnuuya 50 — Pernctpbl AaHHbIX OKOHEYHbIX Touek EPX_REG:
nepson-EP1_REG (agpec: 10h, 6aHk 2), BTopon-EP2_REG (agpec: 11h, 6aHk 2),
TpeTben-EP3_REG (agpec: 12h, 6aHk 2), yetBepTon-EP4_REG (agpec: 13h, 6aHk 2)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATAY DATAG DATAS DATA4 DATA3 DATA?2 DATA1 DATAO
ont 7 6 5 4 3 2 1 ont 0
our7...0 DATATY...DATAO: USB Data. Peructp panda 3anucM  AaHHbIX
nepegasaembix no USB, vnu 4teHMs AaHHbIX nonyyeHHbix no USB,
COOTBETCTBYIOLLEN OKOHEYHOWN TOYKM

Ob6o3HavyeHUsn:
R — 6ut gnga yteHusi; W — OuT ¢ BO3MOXXHOCTbIO 3anucuy;
U — 6uT He peanu3oBaH, YntaeTtcs kak 0;
-n — 3Ha4YeHne 6mTa nocrne cobpoca No BKAOYEHUIO NMUTAHUS:
1 — ycTaHoBrEH,;
0 — cbpoLueH;

X — 3Ha4YeHne He NU3BECTHO.
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4.14.2.10 Peaucmpbi adpeca nons 0eckpunmopa u 0aHHbIX 0eckpurnmopa

Tabnuuya 51 — Peructp agpeca nonga geckpuntopa DESC_ADR (agpec: 10h, 6aHk 1)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO
ot 7 6 5 4 3 2 1 out 0
out 7 3ape3epBUpoBaHO
ouTt 6...0 ADRG6...ADRO: Descriptor Field Address. Agpec nons geckpuntopa ans
AOCTyrna Ha 3an1cb U YTEHNE

Ob6o3HavYeHUd:
R — ouT anga yteHnsa; W — 61T ¢ BO3MOXHOCTbLIO 3aMuUcu;

U — 61T He peann3oBaH, untaetcs kak 0;
-n — 3Ha4yeHne GuTa nocne cbpoca rno BKIHYEHNIO NMUTaAHUS:

1 — ycTaHoBrEH;
0 — cbpoLueH;
X — 3Ha4YeHne He U3BECTHO.

Tabnuuya 52 — Pernctp AaHHbIx nonst aeckpuntopa DESC_DATA (agpec: 11h, 6aHk 1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DATAY DATAG6 DATAS DATA4 DATAS DATA2 DATA1L DATAOQ
ouT 7 6 5 4 3 2 1 6ut 0
our7...0 DATAT...DATAO: Descriptor Data. 3HauyeHMe nond geckpunrtopa Ans
3anMcy UK YTeHUs

O6o3HavyeHUsn:

R — 6ut anga yteHusi; W — GuT ¢ BO3MOXXHOCTbLIO 3anucuy;

U — 6uT He peanuaoBaH, YntaeTtcs kak 0;

-n — 3Ha4yeHune 6uta nocrne cbpoca No BKIIOYEHUIO NUTAHUS:
1 — ycTaHoBreH;
0 — cbpoluen;
X — 3Ha4YEeHNe He N3BECTHO.

4.14.3 Aemomamu4ecKasi uHuyuanusayusi USB uHmepgbelica

Onsa aBToMatudeckon wHuumanusaumm USB wuHTepdenca npuv noAKNHYeHUn
YCTPOWCTBA K XOCT-KOHTposnnepy Heobxoanumo:

— BblbpaTb KOHUrypaLmo OKOHEYHbIX TOYEK,

—  3anoflHUTb B COOTBETCTBUMU C KOHpUTYpaLMEN OKOHEYHbIX TOYEK OEeCKPUMTOP,

— 3ajaTb pexum paboTtel USB ycTponcTea,

— paspewntb paboTy 6noka USB.

WHnuynanmnsauus yCcTponcTea, BKItoyaroLwas B cebs Bblgady XOCT-KOHTPOMNNEpy MHGopMauum
O JecKpunTope YCTPOWCTBA, MOMyYeHUs OT XOCT-KOHTpossiepa (PyHKUMOHANbHOro agpeca u
agpecaumn ycTpomncTBa, KOH(UIypMpoBaHMEe YCTPOWCTBA, MPOMCXOOUT aBToOMaTudecku. B
xo4e vHuyunanmsauumn 6nok koHTponnepa USB oTpaxaeT Tekyllee COCTOSiHME NOCpPeacTBOM
perncTpoB crtaTtyca 1 owmnbok. MNMporpamma, BbINONHAEMass HA MUKPOKOHTPOINEpE, OOMMKHA
oTCnexmBaTb CocTosiHMe Groka koHTponnepa USB, a B cnyyae BO3HWMKHOBEHMSI OLLMOOK,
NPUHATL MEepPbI MO UX ucnpaeBneHunto. bnok-cxema paboTbl MUKPOKOHTPOMEpa Npu 3anycke
USB unHTepdenca npmsegeHa Ha Puc. 59.

C MOMeHTa noacoeaMHEHNS MUKPOKOHTPOIINEpPA K XOCT-KOHTPONEpY A0 MOMEHTA
HayYana aBToMaTM4YeCKOn MHMuuanusauum nponget He meHee 500 mc. 3a 3TO Bpemsi AOTKHO
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BKMIOYNTBCA MNUTAHME MWUKPOKOHTPONNEepa, 3anycTUTbCs SAPO M HayaTb BbINOMHATLCS
nporpamma (B crydae ecnvm MUKPOKOHTpOnmnep nonyvyaeTr nutaHue ot wuHbl USB).
Mporpamma pormkHa ycneTb 3agaTb MNONb30BaTENbCKUA OECKPUNTOP, CKOHUIypupoBaTb
OKOHEYHbIE TOYKM, 3afaTh pexmm paboTbl 610ka 1 paspeLlmnTb ero paboty. N3HayvanbHO 6nok
koHTponnepa USB apgpecyeTcsi XOCT-KOHTPOMNEPOM MO HyneBOMY (PYHKLMOHANbHOMY
agpecy. B npouecce aBTOMaTMyecKOW MHULMANM3auMM XOCT-KOHTponsep 3agaet Onoky
koHTponnepa USB yHukanbHbIM hyHKUMOHaNbHbIN agpec. Mocne yero obpawaeTcsa Kk 6rnoky
TONbKO No 3ToMy agpecy. lMocne HasHayeHUs OYHKUMOHANbHOro ajpeca, ero 3HayeHue
otobpaxaetcsa B pernctpe USB_ADR, a B peructpe USB_STAT BbicTaBngetca cnar
ADR_SET. Tllocne aBTtomaTtuyeckon wuHuumanusaumm pgpaveep USB  ycTtponctea,
paboTatoLmi Ha CTOPOHE XOCT-KOHTpONSepa, AOMKEH 3a4aTh KOHUrypaLumo n nitepgenc
6noky koHTponnepa USB. Tllocne 3agaHua koHdurypaumum B pernctpe USB_STAT
BoicTaBnsetca c¢nar CONF_SET. [Mocne BbicTaBneHus pgaHHoro dnara nporpamma,
BbINOSIHAEMas Ha MUKPOKOHTPOINepe, MOXeT MPUCTYNUTb K NpUeMy 1 nepegadve OaHHbIX B
COOTBETCTBUM C O6LLEN SIorMkon paboTbl yCTPONCTBA.

BkntoyeHne nutaHus
MUKpOKOHTponnepa. Copoc
curHana POR. 3anyck
sanpa.

3anonHeHve
Nonb30BaTenbCcKoro
feckpunTopa

ABTOMaTMyeckas
NHUUManusauus

{} 3anpoc geckpuntopa 3anpoc aeckpuntopa
XOCT-KOHTPOMIEPOM i> XOCT-KOHTPOMSIEPOM
3agaHme KoHUrypaLMm GET DESCRIPTOR GET DESCRIPTOR
OKOHEYHbIX TOYEK {} {}
{} Bblgava Bblpgava
MWKPOKOHTPOSINEpOM MVKPOKOHTPONEpoM
3apgaHune pexvima paboTbl [eckpunTopa [neckpunTtopa
6noka USB11 n IN IN
paspeLueHune ero paboTbl { } { }
Hynesow nakeT ot Hynesow naket ot
XOCT-KOHTponnepa XOCT-KOHTpornnepa
ouT ouT
Reset ot xocT-kOHTpONNepa 3anpoc koHdurypaumm
10 ms XOCT-KOHTPONepom
{} GET CONFIGURATION
3apaHue d;yHKeL(L:V;OHaHbHOFO Bhinaua
Ap MWKPOKOHTPONEepomM
XOCT-KOHTPOMNNEPOM KOHEUFyPaLIMYN
SET ADDRESS IN
Hynesoit nakeT ot HynesoWt naket ot B3apnaHue koHdUrypaummn
XOCT-KOHTpornepa XOCT-KOHTpornepa [ApaiiBepom ycTponTcea
ouT ouT SET CONFIGURATION

Pabota c USB
nHTEpdencom

Puc. 59 — bnok-cxema paboTbl MMKpOKOHTpoOnepa npu 3anycke USB nHTepdeinca

4.14.4 3adaHue nonb3oeamesibckoz20 onucamenss USB ycmpolicmea

Kaxxgpoe USB yctponctBo nmeet cobctBeHHoe onucaHue (Descriptor). OnucaHue
CAYXUT ANA TOro, YTO NPWU MOAKIOYEHUN YCTPOWMCTBA K XOCT KOHTPOMNepy, XOCT CMmor
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NONy4YNTb OCHOBHYKO MHGOPMAaLMIO O YCTPOMCTBE, O YNCIIE OKOHEYHbIX TOYEK, O pasmepax
BydepoB n npoyee. [1na aToro pa3paboTymk B COOTBETCTBMM CO cneundukauymnen wmHsl USB
N 3anoXeHHbiMM B pa3pabaTtbiBaemMoe YCTPOMCTBO BO3MOXHOCTSIMW AOSMKEH 3amnofiHUTb
onucatenb B COOTBETCTBMM C Tabnuuen 53. 3anonHeHue onucaTens npou3BoAUTCA
nocpeactsoMm 3anucu B peructpsl DESC_ADR n DESC_DATA. YcTtaHoBMB B perucrpe
DESC_ADR agpec HyxHoro nonsi, B permctp DESC_DATA 3anucbiBaeTcs ero 3HadeHue.
3anonHeHne onucaHusa OOMKHO NPOU3BOANTLCA A0 BKIOYeHNsa 6noka koHTponnepa USB.

Tabnuuya 53 — [eckpuntop USB ycTponctea

O6s3a- | PekomeH-
O6o3HayeHue TenbHoe | Ayemoe OnucaHue
3HayeHue | 3HaYeHue
Standard Device Descriptor

bLength hl12 - Pa3mep aToro geckpuntopa B 6antax
bDescriptorType h01 - Tun geckpuntopa — DEVICE

2 bcdUSB h0o - Homep Bepcun USB cneundmkaumm B
ABOWYHO-0ECATUYHOM KO4MpoBaHuM (T.e.,
2.10 o6o3Ha4vaeTcs kak 210H). 3to none
obo3HavaeT penus USB cneundmkaumm
KOTOPOMY COOTBETCTBYET YCTPOUCTBO

Anpec

nons

O

3 bcdUSB h10 -
4 bDeviceClass - hFF Koa knacca (HasHavaeTca USB).

Ecnn ato none cbpacbiBaeTca B HOIMb,
Kaxabll MHTepdenc B pamkax AaHHOW
KOHUrypauum onpegenseTtcs  CBOUM
COBCTBEHHbIM KMaccoM W pasfnyHble
MHTepdencbl paboTalT He3aBUCUMMO.
Ecnu none nmeet 3Ha4veHmne ot 1 go FEH,
TO YCTPOWCTBO nogaepxunsaeT
pasnunyHble Knaccbl cneuMdukaumm Ha
pasnunyHble MHTEepdENCHl U pasfnuyHbie
NHTEpdEeNncsl He MoryT OYHKLUMOHMPOBATb
He3aBUCMMO. JTO 3Ha4YeHune onpepenseT
Knacc, NCNONb3yeMbii ans
obbeanHeHHbIX  WHTepdencoB. Ecnu
3Ha4yeHue nons FFH, T1o0 «knacc
yCTpOWCTBa - vendor

5 bDeviceSubClass - h0oO Kog nogknacca (HasHadvaeTtca USB).
OTn Kogbl onpenenslTca  3HadYeHuem
nonsa bDeviceClass field. Ecnu none
bDeviceClass HyneBoe, 370 Mone Tak xe
OOIMKHO ObITb HYyNeBbLIM. Ecnn
bDeviceClass He yctaHoBneHo B FFH, Bce
3Ha4yeHus 3ape3epBNpOBaHbI ans
Ha3Ha4eHus Yepes3 USB

6 bDeviceProtocol - hFF Kog npotokona (HasHavaetca USB).
OTOT KOA4 onpedensieTcsa  3HayYeHusMu
nonen bDeviceClass n bDeviceSubClass.
Ecnn ycTtponcteo nogaepxuBaeT class-
specific protocols on a device basis as
opposed to an interface basis, aToT kog
onpependet NPOTOKOS, KOTOpbIV
YCTPOWCTBO UCMNONb3YeT Kak onpeaeneHo
B creundukaumMm knacca yCTpoWcTBa.
Ecnn ato none cOpoweHo B HOMb, TO
YCTPONCTBO He ucnonbayeT class-specific
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protocols on a device basis. B ntobom
crnydyae OHO MOXEeT Mcnonb3oBaTth class-
specific protocols on an interface basis.
Ecnn none ycrtaHoBneHo B FFH, 710
yCcTponcTBo wmcnonbadyeT vendor-specific
protocol on a device basis

7 bMaxPacketSize0 h08 - MakcumanbeHbIl  pa3Mep naketa Ans
Hyneso OKOHEYHOM TOYKW.

8 idVendor - h34 Vendor ID (HasHaveHHbIn USB)

9 idVendor - h12
10 idProduct - h78 Product ID (HasHa4veHHbIN
npovssoanTenem)

11 idProduct - h56
12 bcdDevice - h0O Homep Bepcum ycTponcTBa B OBOWUYHO-
OECATUYHOM KOAe.

13 bcdDevice - h0oO0
14 iManufacturer - ho1 Ykaszartenb CTPOKM aeckpuntopa
onpegensoLwero npoMssoanTens

15 iProduct - h02 YkasaTenb CTPOKM aeckpunTopa
onpegensoLwero NpoayKt

16 iSerialNumber - h03 YkasaTenb CTPOKM aeckpuntopa
onpenensawLlwero  CepunHbIn HOoMep
yCTpONCTBa

17 bNumConfigurations h01 - KonnyecTtBo BO3MOXHbIX KOHdMrypaumm
Standard Configuration Descriptor

18 bLength h09 - Pasmep aToro geckpunrtopa B 6anTax.

19 bDescriptorType h02 - Tun geckpuntopa — CONFIGURATION
20 wTotalLength h20 - O6uwas anvHa gaHHbIX BO3BpalllaeMbIX
AaHHON KOoHurypaumen. Bknovas anvHy
BCEX OECKPUNTOPOB

21 wTotalLength h00 -
22 bNumlnterfaces ho1 - KonuyectBo nHTepdencos,
noaaepXnBaeMblx AaHHON
KOHpurypauuen.

23 bConfigurationValue ho1l - 3HayeHne, Ucnonb3yemoe Kak aprymMeHT
ana  SetConfiguration 3anpoca gng
BblGOpa 3TON KOHUrypaumu.

24 iConfiguration h0o - Ykaszatenb Ha CTPOKy [AeckpunTopa,
ONUCBIBAIOLLYIO 3TY KOHpUrypaumio.

25 bmAttributes - hCO XapakTepuCTUKM KOHUrypawmm:

D7: 3apesepBnpoBaHoO (YCT. B €aNHNLLY)
D6: =1, ecnu ecTb cOOCTBEHHOE NUTaHne
D5: =0

D4..0:=0

26 MaxPower - hAO MakcumanbHas MOLLIHOCTb,
notpebnsemas yCTPOMCTBOM, OT LUWHbI
USB. YkasbiBaeTca B 2 MA eguHuLax, T.e.
50=100 mA

Standard Interface Descriptor

27 bLength h09 - Paamep aToro geckpuntopa B 6bantax

28 BDescriptorType h04 - Twun geckpuntopa — INTERFACE

29 binterfaceNumber h0O Homep nHTepdemnca. Zero-based
3Ha4veHue, yKasblBatolLlee Ha
Ncnonb3yemblit NHTepdpenc n3
MHOXecTBa noaaepXnBaemMbix
KOHpurypauunen uHTepgencos

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 102



Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

30 bAlternateSetting h0O - 3HayeHue, ucnonb3yemoe Ans Bblbopa
anbTepHaTMBHOIO NHTepdenca
31 bNumEndpoints - ho4 KonunyecTtso OKOHEYHbIX TOYEK,

NCNONb3yeMblX AaHHbIM WHTEPdENCOM
(nckntovass HyneBYH OKOHEYHYH TOuYKY).
Ecnn 9310 3HayeHne Hynesoe, ITOT
WHTEpdENC  MOXET  UCMOSb30BaTbCSA
TonbKo Kak Default Control Pipe

32 binterfaceClass - hFF Koa knacca (HasHavaeTtcs USB).

HyneBoe 3HadeHve 3ape3epBUMPOBaHO
ana  Oyaywen craHpaptu3auun. Ecnn
none yctaHoBneHo B FFH, «knacc
UHTepdenca - vendor. Bce ocTanbHble

3Ha4yeHus 3ape3epBNpOBaHbI ans
HasHa4veHuss depe3 USB

33 binterfaceSubClass - h0o1 Koa nogknacca (HasHadaeTtca USB).
OToT  KOA4 ~ onpegensieTca  MNonemM
binterfaceClass. Ecnn none

binterfaceClass cbpollueHo B Homb, 3TO
none AOIMKHO Takke 6biTb copolueHo B 0.
Ecnn none binterfaceClass He
ycTaHoBneHo B FFH, Bce 3HayeHunsa atoro
nons 3ape3epBupoBaHbl A4S Ha3Ha4YeHus
yepes USB

34 binterfaceProtocol - hFF Kog npotokona (HasHa4vaetca USB).
OTOoT KOO  onpegenseTca  MonsiMu
binterfaceClass wun binterfaceSubClass.
Ecnu uHTepdenc nogaepxmsaet class-
specific 3anpocbl, 3TOT KOO onpeaensiet
NPOTOKOJbI, KoTopble ncnonbayeT
YCTPONCTBO Kak onpegeneHo
cneundumkaumen knacca YCTpoOWCTBa.
Ecnn 3to none cOpoweHo B HOMb, TO
YCTPOWCTBO He ucnonbayeT class-specific
NPOTOKOS Ha 9TOM MHTepdence. Ecnun aTo
none ycraHoeneHo B FFH, To yctponcTteo
ncnonb3yet vendor-specific npoTokon
Ans 3TOoro nHTepdenca

35 iinterface (g[0]0] YkazaTenb Ha CTPOKY Aeckpuntopa,
OMUCbIBalOLLY0 3TOT UHTEPENC.
Standard Endpoint 1 Descriptor

36 bLength h07 - Pasmep aToro geckpunrtopa B 6amnTax.
37 bDescriptorType h05 - Tun geckpuntopa — ENDPOINT
38 bEndpointAddress - h81 AOpec OKOHEYHOM TOYKM YCTPOMCTBA

USB, onnucaHHOro B 9ToM AECKPUMNTOpPE:
Bit 3...0: Homep okOHEeYHOW TOYKMW.

Bit 6...4: 3apesepBnpoBaHo,
cbpacbiBaeTcs B HOMb.

Bit 7. HanpasneHue nepegayu,
urHopupyetcs gnsa control Todek (0 = OUT

OoKoHe4yHasa Todka, 1 = IN OKoHeYHasa
TOYKa)

39 bmAttributes - h03 310 norne coaepXxuT aTpubyTbl
OKOHEYHbIX TOYeK, korga OHM
CKOHOUTYpUpPOBaHbI B

bConfigurationValue.
but 1..0: Tvn nepegayu:
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00 = Control
01 = Isochronous
10 = Bulk

11 = Interrupt
OcTtanbHble 6UTbl 3ape3epBUPOBaHbI

40 wMaxPacketSize - h08 MakcumanbHbIN pasMmep nakeTa, KOTopbIi
MOXET NPUHATL NN NepefaTtb 3Ta TOYKa,
He Gonee 64

41 wMaxPacketSize h00 -

42 Binterval - h0o1 MHTepBan onpoca OKOHEYHOW TOYKM Ans

nepefayn faHHbIX (B MUMANUCEKyHAax).
910 none wurHopupyetcsa ana bulk and
control OKOHEYHbIX TOYEK. Ons
isochronous  TOYKM  OOMKHO  ObITb
ycTaHoBneHo B 1. [Onsa interrupt To4ek
MOXeT UMeTb 3HadeHue ot 1 go 255

Standard Endpoint 2 Descriptor

43 bLength hO7 - Pa3mep aToro geckpvntopa B 6antax
44 bDescriptorType h05 - Tun geckpuntopa — ENDPOINT
45 bEndpointAddress - h02 AOpec OKOHEYHOM TOYKM YCTPOMCTBA

USB, onucaHHoro B 3ToM geckpunTope:
Bit 3...0: Homep OKOHEYHOW TOYKMW.

Bit 6...4: 3apesepBnpoBaHo,
cbpacbiBaeTcs B HOJMb.

Bit 7. HanpaeneHune nepegayn,
urHopupyetcs gna control Todek (0 = OUT

okoHe4yHasa Tovyka, 1 = IN OKOoHeYyHas
TOYKA)

46 bmAttributes - h03 o710 none COOEePXUT aTpunbyTbI
OKOHEYHbIX TOYEK, Korga OHU
CKOH(UrypmpoBaHsbl B

bConfigurationValue.
But 1..0: Tvn nepenauu:

00 = Control
01 = Isochronous
10 = Bulk

11 = Interrupt
OcTtanbHble 6UTbI 3ape3epBUPOBaHbI

47 wMaxPacketSize - h08 MakcumanbHbIN pasMmep NakeTa, KOTopbIi
MOXET NPUHATL UNN NepeaaTb 3Ta TOYKa,
He 6onee 64

48 wMaxPacketSize h00 -

49 Binterval - h01 WHTepBan onpoca OKOHEYHOW TOYKU AN

nepedayn AaHHbIX (B MUNNMCEKyHOax).
910 none wurHopupyetca ans bulk and
control OKOHEYHbIX TOYeK. Ons
isochronous  TouykM  AOOMKHO  ObITb
yctaHoBrneHo B 1. [na interrupt Touek
MOXeT UMeTb 3HadeHue ot 1 go 255
Standard Endpoint 3, 4 Descriptor

50-56 | ... e . AHanormyHo  gna  geckpuntopa 3
OKOHEYHOWN TOYKM
57-63 | ... e . AHanormyHo  ana  geckpuntopa 4

OKOHEYHOW TOYKU
Codes Representing Languages Supported by the Device
64 | bLength | hog | - | Pasmep aToro geckpuntopa B 6aiTtax
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65 bDescriptorType h03 - Tun geckpuntopa — STRING
66 WLANGID[O] - h09 LANGID code 0
67 WLANGIDI[1] - ho4
68 WLANGID[2] - h09 LANGID code 1
69 WLANGIDJ[3] - ho4
70 WLANGID[4] - h09 LANGID code 2
71 WLANGIDI[5] - hO4
UNICODE String 1 Descriptor
72 bLength hOA - Pa3mep aToro geckpmntopa B 6antax.
73 bDescriptorType h03 - Tun geckpuntopa — STRING.
74 BString[0] - h00 UNICODE encoded string
81 BString[7] - h00
UNICODE String 2 Descriptor
82 bLength hOA - Pa3mep aToro geckpmntopa B 6antax.
83 bDescriptorType h03 - Tun geckpuntopa — STRING.
84 BString[0] - h00 UNICODE encoded string
91 BString[7] - h0oO0
UNICODE String 3 Descriptor
92 bLength hOA - Pasmep aToro geckpunrtopa B 6anTax.
93 bDescriptorType h03 - Tun geckpuntopa — STRING.
94 BString[0] - h00 UNICODE encoded string
101 | BString[7] - g[0]0]
UNICODE String 4 Descriptor
102 | bLength h1lA - Pasmep aToro geckpunrtopa B 6anTax.
103 | bDescriptorType h03 - Tun geckpuntopa — STRING.
104 | BString[0] - h00 UNICODE encoded string
127 | BString[23] - g[0]0]

4.14.5 Pexum nepeda4u IN

B pexume nepepaun IN, gaHHble nepeardTcs OT MUKPOKOHTpOSsiepa K XOCT-
KOHTponnepy (cMm. Puc. 60). XocT-koHTponnep Bblgaet Ha wuHy USB naket tuna IN, ¢
yKazaHMeM (QyHKLMOHANbHOro agpeca yCTponcTBa M HOMepa OKOHEYHOW TOYKM K KOTOpPOM
obpalaetcsa. B oTBeT yCTPOMCTBO, KOTOPOMY B MpoLecce MHuumanuaaumm, obin npuceBoeH
AaHHbIM agpec OOMKHO BbicTaBuTb naketT Tuna DATAO wnn DATA1 n B none AaHHbIX
nepedaTb AaHHble, KOTOpble ObinNu 3apaHee 3anucanbl B FIFO o4yepeab okoHe4yHOM To4kn. B
OTBET, MOCME MONyYeHUs AaHHbIX, XOCT-KOHTponnep BbigaeT nakeT tvna ACK. [aHHbie
cuMTalrTCsa nepeaaHHbIMMU.

Bo Bpemsa nepegaym MoryT BO3HUKHYTb Kakne nmbo Konnuamm n owmnbkun, Hanpmvep,
OLNOKM KOHTPOSbHBIX cyMmM CRCS nnu CRC16, obpalleHns K HeCyLLeCTBYHLLMM OKOHEYHbIM
TOYKaM, OTCYTCTBME YCTPOMCTBA, K KOTOPOMY obpallaeTcsa XOCT-KOHTPOMNep, AaHHbIX Ans
nepegayuv un T.n. B aTom cnyyae, OaHHble CHMTAKOTCH HE NepefaHHbIMU, U CUTyauumn Takoro
pona obpabatbiBatotca 6nokom koHTponnepa USB aBTomaTtnyeckn B 3aBUCMMOCTM OT TUna
obmeHa.
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XoCT-KOHTponnep KoHTponnep

SYNC SOP Frame CRC5 EOP

00000001 OxA5 0x143 0x12 001
SYNC IN ADDR | ENDP CRC5 EOP

00000001 0x87 0x2 0x2 0x12 001
SYNC DATAO0/1 DATA CRC16 EOP

00000001 0xC3 0x1234 001
SYNC ACK EOP

00000001 0x4B 001

Puc. 60 — Pexxum nepepaun IN

Mpn nony4eHmnn 6nokom koHTponnepa USB oT xocT-koHTponnepa naketa tuna IN.
KoHTponnep USB, HaunMHaeT nocnepoBaTenbHo m3Bnekatb M3 FIFO oyepean okoHeyHon
TOYKW JaHHblE U, KOAUPYS NepefasaTth UX, 4O TeX Nop noka nnubo He ByaoyT n3BneveHol Bce
AaHHble, MO0 He ByaeT npeBblleH MakcMMarbHbIM pasmep naketa. [locne yero nepefada
nakeTta npekpaTtuTtca. B cnyyae NnpuHATUA AaHHBIX XOCT-KOHTPOSepoM, M ByaeT BbiCTaBfeH
naket nogreepxaeHuns ACK. Nocne nony4eHns ot XocT-KoHTponnepa naketa tuna ACK, 6ok
kKoHTposinepa USB 3adumkcnpyeT dakt nepegayun, U aHHble ByayT cumTaTbes nepegaHHbIMA.
Mpeanonoxum, 4YTO NpU nepegadve LaHHbIX XOCT-KOHTPONSepy npousoLwna owunbka, npu
KOTOpOW AaHHble bbinNun He nepeaHsbl. B aToM cnyyae 6510k koHTponnepa USB ocyuiectensaeT
«OTKaT» nepefayn, u BoccTaHoBUT AaHHble B FIFO ouepeawn. lMockonbky B npouecce
nepedadun gaHHbix no USB, 90p0 MUKPOKOHTponnepa MoxXeT npogormkaTb 3anonHate FIFO
oyepeab OKOHEYHOWN TOYKM, TO MOXET BO3HUKHYTb cuTyauma korga B FIFO ovepean MoxeT He
ocTaTbCs MecTa N9 BOCCTaHOBMEHUS HeNpeaaHHbIX AaHHbIX. B aTom cnyyae, ecnu Bo Bpemsi
nepegayv gaHHbIX Ymcno csoboaHbix syeek FIFO BygeT MeHblue MakcMmansHOro pasmepa
naketa, 6nok koHTponnepa USB 3abnokupyeT Bo3MOXHOCTb 3anucu B FIFO gaHHbIX co
CTOPOHBbI sigpa 1 nepudepuinHbIX YCTPOMCTB, BbICTABUB B PEMUCTP CTaTyCa OKOHEYHOM TOYKU
EPx_STAT cdnarm BLKx_DATA n FULLX.

4.14.6 Pexum nepedaqu OUT

B pexume nepegaun OUT pgaHHble nepeparTca OT  XOCT-KOHTponnepa K
MUKPOKOHTponnepy (cMm. Puc. 61). XocT-KoHTponnep BblaaeT Ha wnHy USB nakeT tuna OUT,
C yKasaHneM (PyHKLMOHaNbHOro agpeca yCTponucTea U HoMepa OKOHEYHOW TOYKU K KOTOPOM
obpauwiaetcsa. Benen 3a atum Bolgaetca nakeT tuna DATAO nnu DATA1 n B none AaHHbIX
nepegaroTcsa AaHHble. B oTBeT, nocne nonyyeHust JaHHbIX, MUKPOKOHTPOMSEP BblgaeT nakeT
Tnna ACK. [JaHHble cunTatoTcs nepegaHHbIMK.

B npouecce nepegadnm MOrytT BO3HWKHYTb KakMe NMOO KOMMU3MM MU OLUNOKM,
HanpumMep, owmnbKN KOHTPOrbHbIX cyMm CRC5 nnu CRC16, obpalyeHns K HecyLLeCTBYLWNM
OKOHEeYHbIM ToYKam 1 T.n. B aTom cniyyae 6nok koHTponnepa USB He BbigacT noarsepxaeHns
nepefayun XoCT-KOHTPOSNepy, U AaHHble He ByayT cuMTaTbesa nepefaHHbIMU. B aTom crny4dae
XOCT-KOHTpOnnep NoBTOpUT nepedadvy naketa ¢ Tem xe tmnom DATAO nnu DATA1, yto 6bin
y He nepefaHHoro naketa. OgHako, MOXET BO3HMKHYTb CUTyauusi, koraa 6nok KoHTponnepa
USB npuHAn gaHHble, 1 OTBETUN XOCT-KOHTponnepy naketom tuna ACK. Ho xocT-koHTponnep
He NPUHAN JaHHOro nakeTa. To, B 3TOM Crnyyae, XOCT-KOHTPOMep Tak e NOBTOPUT nepeady,
HO Ha OCHOBaHWW TOro, YTo 6noKy koHTponnepa USB npuwen nakeT ¢ TeM Xe TUNOM YTO U
npegblaywmin npuHatein naket (DATAO wnn DATA1), To AaHHble, nepefaBaemMble B 3TOM
nakete, OyaoyT MpPOMrHOPMPOBaHbI, HO XOCT-KOHTPOMSepy MNOBTOPHO OyaeT BbldaH NakeT
noateepxaenus ACK.
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XoCT-KOHTponnep KoHTponnep

SYNC SOP Frame CRC5 EOP

00000001 OxA5 0x143 0x12 001
SYNC ouT ADDR | ENDP CRC5 EOP

00000001 0x87 0x2 0x2 0x12 001
SYNC DATAO0/1 DATA CRC16 EOP

00000001 0xC3 0x1234 001
SYNC ACK EOP

00000001 0x4B 001

Puc. 61 — Pexxum nepegaum OUT

Mpu nony4yeHun 6nokom koHTponnepa USB oT xocT-koHTponnepa naketa tuna OUT,
O6noK nNepexoamT B pexmm npuema faHHbiX. M npu nonydeHun naketa tuna DATAO wnu
DATA1 c gaHHbiMK, nocnegoBaTenbHO 3anuckiBaeT ux B FIFO ovyepeab OKOHEYHOM TOYKWN.
[Mocne nony4YeHus KOHTPONbHOW CyMMbl, ecnn 6yaeT obHapyxeHa owwnbka, 6nok USB
BbIMNOMNHUT «OTKaT» 1 yaanut ua FIFO ovyepean aaHHble, NonyvYeHHble ¢ owmnbkon. Mpn aTom
XOCT-KOHTponnepy He 6yaeT BbicTaBrneH nakeT noarteepxaeHus ACK. Kpome Toro, B
npouecce npvema AaHHbIX, MOXEeT BO3HUKHYTb nepenonHeHne FIFO oyepean okoHeYHOWM
TOYKW, B 3TOM cryvae 6nok koHTponnepa USB Tak e BbIMNOMHUT «OTKaT» YXe NPUHATbIX
OAaHHbIX, a XOCT-KOHTposnsepy He Bblgact noateepxaeHus ACK. B atom cutyaumm
npegnonaraeTcd, YTo S4P0 MUKPOKOHTPOSINIEpa K Hayasny NOBTOPHOW nepefayn cymtaeT u3
FIFO paHee npuHsATbIE faHHbIE, YTO NO3BONUT KOPPEKTHO 0B6paboTaTb NOBTOPHYIO Nepeaadyy.
lMockonbKy AP0 MUKPOKOHTPOMepa MOXeT untaTb gaHHble 3 FIFO oyepean B npouecce
npuemMa naketa, TO MOXET BO3HUKHYTb cuTyauusi, koraa 65ok koHTponnepa USB 3anucan B
oyepedb OaHHble, KOPPEKTHOCTb KOTOPbIX He MOXeT ObiTb yCTaHOBMEHa [0 OKOHYaHMWS
nakeTa, a 54p0 MUMKPOKOHTPOSINEpa yXe HaunHaeT ux cunTbiBaTh. [1ns npegoTepaLleHns aTon
KONnusum, Ha BpeMs nony4veHus naketa tuna OUT, npu konnyectse gaHHbIx B FIFO ovepean
MEHbLUE YEM MaKCMManbHbI pa3Mep naketa, Onokom KoHTpornepa USB 6Gyget
3abnokupoBaH [OCTyn K odepeau CO CTOpPOHbl dapa u B peructpe EPx _STAT 6yaet
BbicTaBneH ¢onar BLKx_DATA n EMPTYX.

4.14.7 Tun obmeHa: Interrupt Transaction

Mepepaun tmna Interrupt moryt BbINONHATCA B pexumax nepegaym IN n OUT.
lMepepaya ocywecTengeTca oauH pas 3a perm (1 Mc), 4TO MUHUMATLHO 3arpyxaeT LUKHY
USB. Npwn nepenaye gocraBka AaHHbIX rapaHTupyetcs. MNepegaym tmna Interrupt Transaction
MOTYT BbINOMNHATLCA B pexxumax Low Speed n Full Speed.

Korga npuxogut naket tvna IN, 6nok USB mMoxeT BO3BpaTuTb XOCT-KOHTpOMNepy
AaHHble, NAK nnu STALL. Ecnun 6nok USB He umeeT gaHHbIX, HEOOX0ANUMbIX AN OTNPaBKu
XOCT-KOHTponnepy, oH Bo3spawaeT NAK. Ecnn 6nok USB nepeseneH B pexum Halt, To oH
Bo3Bpalwaet STALL. Ecnn y 6noka USB ecTb gaHHble, KOTOpblE MOXHO nepegaTtb, TO OH
BO3BpaLlaeT nakeT AaHHbIX. [ocne nonyyeHnsa gaHHbIX XOCT-KOHTponnepom 6e3 owmnbok, oH
Bo3BpallaeTt 6roky USB nakeT ACK. [laHHble cunTatotca nepegaHHbimu. Ecnn ACK oT xocT-
KOHTponnepa He 6bin nonyyeH, To 6rnok USB BocctaHoBuT B FIFO ouyepean nepegaHHble
AaHHbIE 1 NOBTOPUT UX Nepeady B cnefyowem nakete. Korga npuxoaut naket tuna OUT,
6nok USB HaunHaeT oxupaTb nakeT € AaHHbiMW. [lpyv nonyvyeHuMm naketa OaHHbIX C
koppekTHbIM DATAO nnn DATA1 1 KOHTPONBbHOW CYMMOW, 1 BCE NOMYyYeHHbIE AaHHbIE CMOIN
pasmecTtutbes B FIFO ouepean, To 6nok USB Bo3Bpaluaet xoct-koHTponnepy ACK. Ecnu xe
npousoLuna kakas-nnbo owmnbka B npuHMmaemoMm nakete, unu FIFO ouyepean okoHeuHoMn
TOYKM He XBaTWUNO ANs BCeX AaHHbIX, TO 6nok USB BepHeT xocT-koHTponnepy NAK. XocT-
KOHTponnep, nonyyns ot 6rioka USB NAK, 6yaet noBTOpsaATb nepegadvy Ao Tex nop noka
nepegadva He GyaeT BbiNOMHEHA MM ocTaHoBneHa pabota. Ecnu 6nok USB nepesefeH B
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pexum Halt, To oH Bo3BpawaeT STALL. Taknm obpasom, obecneumBaeTcsa rapaHTUpPOBaHHas
AoCTaBka gaHHbIX.

IDLE
3aronosok IN ouT
[aHHble nnu DATAO/ DATAO/
OT6oit DATAL NAK STALL DATAL
\ \ IDLE
MoaTtee eHune
Sl ACK Owwbka NAK ACK STALL Ownbka
AaHHBIX HaHHbIX
IDLE
‘ XocT-koHTponnep ‘ MwukpokoHTponnep

Puc. 62 — Tun obmeHa Interrupt Transaction

4.14.8 Tun obmeHa: Bulk Transaction

Mepenaun Tnna Bulk moryT BbINONHATLCA B pexxumax nepegaym IN n OUT. MNepepava
MOXeT OCYLLeCTBNATLCA MHOIMOKpaTHO 3a OauH hpenm (1 Mc) Hackonbko no3sonseT obuias
3arpy>keHHoCTb LWuHbL. [1pn nepepade gocTtaBka AaHHbIX rapaHTupyetca. lNepegaumn Tuna
Bulk Transaction moryT BbINONHATLCA TONbLKO B pexxume Full Speed. Mo anroputmy paboTbl 1
NnoaTBEPXKAEHUAM MPUHATUA AaHHbiX Bulk Transaction nonHocTblo aHanornyHbl Interrupt

Transactions.

IDLE
3aronoBok IN ouT
[aHHble nnu DATAO/ DATAO/
Ot601 DATA1 NAK STALL DATAL
\ \ IDLE
MoaTeepxaeHne
WM oTEON ACK Ownbka NAK ACK STALL Owwubka
AaHHbIX AaHHbIX
IDLE
‘ XocT-KoHTponnep ‘ MwuikpokoHTponnep

Puc. 63 — Tun oobmeHa Bulk Transaction
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4.14.9 Tun obmeHa: Isochronous Transaction

Mepenaun Tmna Isochronous MOryT BbINONHATLCA B pexumax nepegadm IN n OUT.
lMepepaya MOXeT OCYLLECTBMATLCA MHOrOKPaTHO 3a OAMH (PPEeVM HaCKOMbKO MO3BONseT
obLwan 3arpykeHHOCTb WnHbL. [pn nepefaye AocTaBka JaHHbIX HE rapaHTUpyeTCs, Tak Kak
He npoucxoaut noareepxaeHuin. Mpu atom obecneunBaeTcs MakcuMarbHasi NaTeHTHOCTb
npu nepepade. lNepenayun tmna Isochronous Transaction MoOryt BbINOMHATLCA TOJSIbLKO B
pexume Full Speed. Mo anroputmy pabotbl Isochronous Transaction He npegnonaratoT
noATBepXaeHne npuema AaHHbIX, YTO He NO3BONAET rapaHTUpOBaTb LOCTaBKY AAHHbLIX U UX
LenocTHocTb. Ecnn npy npveme AaHHbIX BbisiBfieHa owmMbKa KOHTPOSIbHOM CyMMbl, TO BCE
AaHHble nakeTa ©Oyayt oTtbpoweHbl. Ecnn Bo Bpems npuvemMa [aHHbIX NPOU3OLLSO
nepenonHeHue FIFO oyepean, To AaHHble He noMmecTuBluMecs B FIFO 6yayT oT6poLueHbi.

IDLE

3aronosok IN ouT
[aHHble DATAO DATAO
IDLE
‘ XOCT-KOHTpOnnep ‘ MukpokoHTponnep

Puc. 64 — Tun obmeHa Isochronous Transaction
4.15 CneuuwanbHble MOAYNU MUKPOKOHTpOSepa

4.15.1 Peaucmpbi KOHhu2ypayuu MUKPOKOHMpoJsiepa

Pernctpbl KOH(Urypaumm MWUKPOKOHTPOSSIEpa HaxoddaTcs B MamMsaTuU nporpamm u
3anucbiBalOTCA NP NPOrpaMmMmMpoBaHNN MUKPOKOHTpornepa (CMoTpute cneundukaumio no
NporpaMMnpoOBaHUIO).

3anucb 6UTOB KOHUIypauun npon3sBoanTcs NOBUTHO, NO COOTBETCTBYIOLUNM 3TUM
butam agpecam cnoB (Tabnuuya 54). Yrenne 6utos PM1, PMO, WDTPS1, WDTPSO,
FOSC1 n FOSCO BoamoxHo no ntobomy agpecy B gnanasoHe FEOOh-FEO7h, a 6utos PM2 u
BODEN no ntobomy agpecy B agnanasoHe FEO8h-FEOFh.

3HaveHna ©6utoB KoHdurypauumn aybnupytotcs B 3Y nporpamm no agpecam
7FFOh-7FFFh. 3Ha4eHnto 6uta =0 cooTBeTCTBYET 3HadYeHue a4venkn MN3Y pasHoe FFFFh, a
3HaveHuto buta =1 — 3HayeHne ayenkn pasHoe 0000h. CooTBeTCcTBME agpecoB siveek MN3Y
Butam koHdwurypauumn ykaszaHo B Tabnuue. Obnacte namatn nporpamm 7FFOh-7FFFh
AOCTYMNHA TONbKO ANSA YTEeHUS.

MpumeyvaHne — Ecnn B auenkn ¢ agpecamun 7FF4h, 7FF6h n 7FFFh 3anncano
3HavyeHne FFFFh, To npu «cbpoce» MUKPOKOHTpoONnep nepengeTr B pexum 3awmuTbl Koga
nporpaMmMm, T.€. CUYUTbIBAHME W CTMpaHMe namsaTM nporpamm 3abnokupyetca. [Onsa
npeaoTBpaLleHns aToro Heob6xoaMMo NPOM3BECTM CTUPAHME SYEeeK NaMATK A0 NOCTYNNEeHUs
curHana «cbpocy.

PexumM MUKPOKOHTpOepa C 3aliMTol KOAOB MporpamMmmbl (PEXUM «3alLMLLEHHOTO
MWKPOKOHTpOSNepa») No3BOMSieT 3alUMTUTb COAEPXMMOE BHYTPEHHEW MaMsiTu nporpamm
MUKPOKOHTpONNiepa OT CYMTbIBAHMS WUNM  MOAMMUKALMM  BHELIHUM  YCTPOWCTBOM
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(nporpammatopom). [locne ycTaHOBKKM 3TOro pexunma 6rnokmpyeTcs 4OCTyn nporpaMmmaTopa K
BHYTPEHHEN NaMAaTW nporpamMm, T.€. BbIMNOMHEHME Onepauun CTUpaHus, YTeHus,
Bepudukauum 1 3anncu namsTy nporpaMmm, a Takke perMcTpoB KoHUrypauum, CTaHoOBUTCA
He BO3MOXHbIM. MUKPOKOHTpONNEpP, HaXOAALWNNCS B «3aLLMLLEHHOMY pPEXUME, UTHOPUPYET
BCE KOMaHAbl, nocTynawuwme OT nporpammaropa, U He oTBevaeT Ha Hux. [Nporpamma
yrpaBfieHUs nporpamMaTtopoM B 3TOM Criydae He MOXeT onpefenutb Hanudve
NporpaMmMmupyemMoro MMKpPOKOHTPOSINEpPa 1 BblAaeT COOTBETCTBYHOLLYIO OLLMOKY.

YcTaHoBKa pexvma «3aLmnLeHHOro MMKPOKOHTposepa» He BUSIET Ha BbINOSTHEHNE
KOMaH, MUKPOKOHTPOSSiepa, OCYLECTBNAOLWMNX YTeHNe/3anmcb Tabnuy, B naMsaT nporpaMmm
(TABLRD n TABLWT). YcTaHOBKa pexnma «3alueHHOro MMKPOKOHTpOepa» He BNusieT
Ha PYHKLMOHMPOBAHWE NPOrpaMmmbl, 3annMcaHHOW B NamMaTb NporpaMmm MUKPOKOHTposiepa.

MepeBOO MMUKPOKOHTPOMMEpPa B PEXUM «3aALUMULLEHHONO MMUKPOKOHTpONepa»
NPOM3BOAMTCS 3aMUCbl0 COOTBETCTBYIOLLEN KOMOUHALUUKN BUTOB B permcTpbl KOHUrypauum
MUKpOKOHTponnepa (cm. Tabnwunua 54).

BHumaHue! [lepeng nporpammmpoBaHMEM  MUKPOKOHTpomfiepa  MpoBepbTe
NPaBUSIbHOCTb YCTAHOBJIEHHOW KOHUrypaumm MUKPOKOHTpoOsifepa. YCTaHOBKa pexuma
«3aLLUMLLEHHOIrO MUKPOKOHTpOMepa» 3abnokmpyet BO3MOXHOCTb UBMEHEHUSI COOEPKUMOTO
BHYTPEHHEeN namMaTn NporpaMmm MUKPOKOHTPOSSIEPa N ero KOHurypaumu.

Tabnuuya 54 — Pernctpbl KOHGUrypauum MMKPOKOHTponnepa

FEOFh | FEOEh
out 15-8 ont 7 6 5 4 3 2 1 ount 0
- PM2 | BODEN - - - - - -
FEO6h FEO4h FEO3h FEO2h FEO1h | FEOOh
ont 15-8 ont 7 6 5 4 3 2 1 out 0
- - PM1 - PMO WDTPS1 | WDTPSO | FOSC1 | FOSCO

PM2: 6ut 7, agpec FEOFh | PM2, PM1, PMO - 6utbl BbIOOpa pexuma MUKPOKOHTponnepa:

(suenika M3Y: 7FFFH) 111 — pexxrmM MUKponpoLeccopa

PM1: 6ut 6, agpec FEO6h | 110 — pexxum MUKPOKOHTponnepa

(suenka M3Y: 7FF6h) 101 — pacLUMpeEHHbIN peXnM MUKPOKOHTponepa

PMO: 6uT 4, agpec FEO4h | 000 — pexm MUKPOKOHTpOMsepa C 3almuTon KogoB nporpammbl (T.e.
(syenika M3Y: 7FF4h) 3anpeT CYMTbIBAHNSA COAEPXKMMOrO BHYTPEHHEN NAMATU NPOrpaMm)

BODEN: ©6ut 6,agpec | BODEN - BktoYeHME cxeMbl COpoca MO CHWKEHMIO HarpsbKeHUs
FEOEh MUTaHUS:

(suenika M3Y: 7FFE) 1 — cxema BKIOYEHa

0 — cxema BbIKITIOYEHA

WDTPS1:6ut 3,agpec | WDTPS1, WDTPSO - Bbibop npegaenntens «CTOPOXKEBOro Tanmepa:

FEO3h 11 — «cTOpPOXEBOWN TanMep» BKIIOYEH, NpeaaenuTtens = 1

(suenika M3Y: 7FF3h) 10 — «CTOpPOXXEBOW TAaMep» BKITOYEH, Npeaaenutens = 256
WDTPSO: 6ut 2, agpec | 01 — «CTOpOXXEBOW TaMep» BKMOYEH, Npegaenvrens = 64

FEO2h 00 — «CTOpOXEBOW Tanmep» BbIKMOYeH, paboTaeT kak 16-pa3psagHbiv
(ayenka M3Y: 7FF2h) TanmMep nepenosiHeHnst

FOSC1l: 6ut 1, agpec | FOSC1, FOSCO - BbibOp pexnma TakTOBOro reHepartopa:

FEO1lh 11 — EC — pexum nogadm BHeLIHero TakToBOro curHana,

(ayenka M3Y: 7FF1h) 10 — XT — reHepaTop C BHELUHUM KBapLUEBbIM WM KepamMU4eCKUM
FOSCO: 6ut 0, apgpec | pesoHaTtopom (4actoTta ot 2MIy oo 33 Mly),

FEOOh 01 — RC reHepaTtop ¢ 4Yactoton oo 4 My,

(syenka M3Y: 7FF0ON) 00 — LF — pa6bota Ha 4Yactote USBCLK/2

Obo3HayeHMUe:
- — 3ape3epBupPoBaHo, YnTaeTtcs kak 0
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4.15.2 BHympucxeMHOe npo2paMMupoeaHuUe MUKpOKOHmMpoJsiiepa

Ona nporpammupoBaHusi BHYTPpeHHen FLASH namatm  MUKPOKOHTponsepa
ncnonb3yeTca nocnegoBaTenbHbI MHTepdenc. Ona aToro 3agencTByOTCS CEMb BbIBOLOB
mukpocxembl (Tabnuuya 55). 3710 nos3BonsieT nNpovM3BOAUTL MNpOrpaMmMupoBaHue
MUKPOKOHTPONMEPOB YCTAHOBMEHHbIX Ha MevaTHyt nnaty. [logpobHee cmoTpuTe B
cneumdukaunmn no NporpaMMmnpoOBaHUIO.

Ta6bnuua 55 — BbiBoabl, ncnonb3yemble Ans IporpaMMMpOBaHUs

0603HaYEHME B pexume nporpaMmmmpoBaHuUA
HasHa4veHune Tun OnucaHwue
PA2/RX/DT DT /O | nocnepgoBaTtenbHble AaHHble
PA3/TX/CK CK | nocnegoBaTtesibHble TAKTOBbLIE UMMYINbChI
PA1/TOCLK OSCI I BXOZ CMHXPOHM3aUMM MUKPOKOHTpROMIepa
TEST TEST | BXOZ BblObOpa TECTOBOro pexvma
MCLR UPP MCLR/UPP P HanpshXeHne nporpaMmmMmpoBaHuns
Ucc Ucc P HanNps>KeHne NUTaHus
Uss Uss P «3emMna»

4.15.3 Cmopoxeeol matmep

CtopoxeBom Tanmep (WDT) npegHasHayeH ans BOCCTaHOBNEHUs
MUKpPOKOHTponnepa npu cbosax CropoxeBon Tammep (WDT) npegHasHayeH Aans
BOCCTAHOBMNEHUS MUKPOKOHTpossiepa npu cbosx mnm cbpoca ycTponcTBa BO BpeMs €ro
HaxoxaeHus B pexume SLEEP. [Ina noBblleHMUs HAOEXHOCTU CTOPOXEBOW Tamep nmeeT
cobctBeHHbIN RC reHepatop. OH paboTaeT gaxe npu OTCYTCTBUM TaKTOBOW 4acTOTbl
MUKPOKOHTponnepa. Pexum  cTopoxeBoro TanWmMmepa  nporpammupyetca  Gutamu
KOHdUrypaumm B permctpax KoHdurypauum MWUKPOKOHTponsepa. Bo Bpems HopmanbHOW
paboTel WDT gomkeH ounwaTtbes Yepes3 onpeaenieHHble NHTEpBarnbl BpeMEHU. JTO BpeEMS
AOJSDKHO ObITb MeHbLUE, YeM MUHUManbHoe Bpems nepenonHenHna WDT, B npoTuBHOM criyvyae
nepenonHeHne WDT npousBeaeTt cOpoc ycTponcTaa.

HomuHanbHbIM Nepuoa CTOpOXeBOro Tanmepa (¢ npegaenutenem = 1) cocrasnset

oKosio 12 mc. 3To BpeMs 3aBUCUT OT TemnepaTypbl U HAaNPSXXeHUs NuTaHus. [ns ysenuyeHus
nepuoga TamnmMmepa MOXHO BKMAOYUTb Npegaenuteny ¢ 6onbwmnmM KoamuumMeHToM aeneHus.
CtopoxeBon Tanmep n ero npegaenutens cobpacoiBatotca komangamm CLRWDT u SLEEP,
curHanom «cbpoca» un npu Bbixoae n3 pexuma SLEEP no npepbiBaHuio. Tanmep HaynHaeT
CYET cpasy Xe Mnocrne OKOH4YaHus curHana «cbpocy». but TO B permctpe CPUSTA OGyget
cOpoLLEeH Npu NepenosIHEHUM CTOPOXEBOIro Tanmepa.
Ecnn ctopoxeBor Tanmep BKIHOYEH B pexmnme obbIMHOro Tarmepa, TO Ha Hero nogarTcsa
UMMYNbCbl C reHepaTopa TaKTOBOM 4acTOTbl MUKPOKOHTposinepa. Bpems nepenonHeHus
cocTtaBnseTr 65536 TaktoB Tc. lMpu nepenonHeHun cBpacbiBaetca 6ut TO B peructpe
CPUSTA, Ho ycTponcTteo He cbpacbiBaetcsa. KomaHga CLRWDT yctaHaBnuBaeT aT10T GUT.
Pernctpbl CTOpPOXEBOro Tanmepa u ero npegaennutens He AOCTYNHbl AN YTeHus/3anucu.
Tarmep B 3TOM pexume ocTaHaBnueaeTcs B pexume SLEEP.

4.15.4 Pexum aHepzaocbepexeHus (SLEEP)

MWKPOKOHTpONNEp nepexoauT B PEeXUM 3SHeprocOepexeHus npu  BbINONHEHUN
komanabl SLEEP. MNpu aTom cOHpackiBaeTca CTOPOXKEBOW TaMep 1 ero npeagenuTens (ecnm
OHW BKMOYeHbl), 6ut PD cbpackiBaetcsa, 6ut TO ycraHaBnmBaetcs (pernctp CPUSTA),
BbIKIIOYAETCA reHepaTtop TaKTOBOWM 4acTOTbl MMKPOKOHTpOMNepa, MnopThbl BBOAaA/BbiBOAA
COXPaHSAIT CBOE COCTOSHME.

Cneaytowme cobbITUS MOryT BbIBECTU MUKPOKOHTpONSEp u3 pexuma SLEEP:

— cbpoc npu BKMOYEHUN UK COPOC NPU CHUKEHUN NNTAHWS;

— nopada curHana cbpoc Ha BHelwwHun Bxoa copoca MCLR,;
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— cBpOC OT CTOPOXKEBOrO TarMepa (eCriv OH BKIOYEH);
— npepbiBaHne ¢ BoiBoga PAO/INT, npepbiBaHne ot PA1/TOCLK, nnu HekoTopble
nepudepumrHble npepbiBaHna (USART, USB, NAND v T.n.).

Apyrve nepudepunHble YCTPOMUCTBA He MOryT reHepupoBaTb MpepbiBaHUS B
pexunme SLEEP, Tak KaK BbIKIHOYEH TaKTOBbIN reHepaTop MUKPOKOHTponnepa. Kpome Toro,
psa nepudepuiHbiX GnOKOB TakuMe, Kak KOoHTponnep BHyTpeHHen EERPOM namatu wu
perynatop HanpsbkeHus B 3,3 B MOryT oTknoyaTbCa Npu nepeBode MUKPOKOHTpornepa B
pexum SLEEP. 310 0b6ycnoBneHo HanMynem MCTOYHMKOB OMOPHbLIX HAMPSXKEHWUN, KOTOpble
NnoTpebnslT 3HEPrM0 MOCTOSHHO M MX NOTPebneHne He 3aBUCUT OT pexuma paboTbl
MUKPOKOHTponnepa. lNocne Bbixoga u3 pexuma SLEEP gaHHble 6nokm OomkHbl ObiTb
BKITHOYEHbI CHOBA.

JMobown curHan «cbpoca» BbI30BET cOpoc ycTpomnctea. [lpepbiBaHMa npogorkat
BbinonHeHne nporpaMmmbl. butel TO n PD B pernctpe CPUSTA MoryT ObiTb UCMONb30BaHbI
ANs onpegeneHns NpudnHel cbpoca ycTponcTea. YcTaHaBnmBaembIn nNpy BKNKYeHUn 6ut PD,
cbpacbiBaeTcsa npu nepexoge B pexum SLEEP. but TO cbpacbiBaeTcsa npyn NepenosiHeHnK
CTOPOXXeBOro Tanmepa.

Mpn BbINONHEHUN kKomaHabl SLEEP, npegBapuTenbHO BblbupaeTcsa creayrouwas
komaHga (PC+1). Ytobbl NnpobyanTb YCTPONCTBO NpepbiBaHMEM, JOMMKEH ObiTb YCTaHOBMEH
COOTBETCTBYOLWNA OUT paspelleHnss npepbiBaHUsS. OTO MNPOUCXOOUT He3aBUCUMO OT
coctosiHua 6uta GLINTD. Ecnm 6ut GLINTD yctaHOBneH, YCTPOMCTBO NpoJosnkaeT
BbINOMHEeHne nporpammbl. Ecnv 6ut GLINTD cbpolueH, ToO yCTPOMCTBO BbIMOMHAET KOMaHAy,
cnegyowwyto 3a SLEEP, 1 3atem nepexoauT K agpecy BekTopa npepbiBaHud. B cnyyasx, raoe
ncrnofiHeHne komanabl nocrne SLEEP HexenatenbHo, Heobxoammo ctaButb NOP nocne
komaHabl SLEEP. CtopoxeBoun TanMmep cbpacbiBaeTcs npu BbIXOAE YCTPOMCTBA U3 pexnma
SLEEP, He3aBMCUMMO OT NCTOYHMKA NPOBYKaEeHUS.

Ecnn ycrtaHoBneH XT wnu LF  pexum reHepaTopa TakKTOBOW 4acToOThbl
MUKPOKOHTposepa, 1o npu Bbixoge M3 SLEEP npoucxoguT 3anyck «TanMmepa 3anycka
reHepaTopa», KoTopbin OygoeT gepXaTb YCTPOMCTBO B COCTOSIHMM «cOpoca» B TeyeHue
1024 TakToB Tc.

Q1TQZ2(Q31Q4:Q1Q2|Q3 Q4 Q1| 1024+Tc: Q1| Q2|Q3 Q4. Q1| Q2|Q3 | Q4 Q1| Q2| Q3 | Q4.

S IV AVAVAVAVAWAWAWA NS
’

INTF | . i i | i

| l | gfigghrg | l 0004h l

GLINTD ! Aa— ! ! ! !
PC i PC ¥ PC+1 N PC+2 o PC+2 ¥ PC+2 4 0004h )
Bi?ﬂ@ﬁi&"a“ 1 SLEEP ' komaHga(PC+1)! ' komaHga(PC+2), | KOMaHza(004h) |
Bb&%?nﬂaHHFfaMaﬂl komaHpa(PC-1):  SLEEP | ' Komanpa(PC+1). NOP | NOP |

Puc. 65 — Bbixog 13 pexxuma SLEEP no npepbiBaHuio

MpumeyaHuns:

1 Pexwum reHepaTtopa XT unu LF. B RC pexume 3agepxku 3anycka reHepartopa
(1024*Tc) He BygerT.

2 Ecnu GLINTD=0, npoueccop nepexoguT K nporpamme obpaboTkmn npepbiBaHum,
ecnn GLINTD=1, To npogosmKMUTCS BbINOSIHEHME NMPOrpamMmbi.

4.16 Perynatop nutaHusa Ha 3.3 BonbTa

Ona obecneyeHns nutaHus 6roka aHanorosoro npuemonepegatymka USB u ans
BO3MOXHOCTU MUTAHWUS MNOSb30BaTENbCKUX MOPTOB BBOAA/BbIBOAA OT HanpsxeHus 3,3 B,
BHYTPU MWKPOKOHTPOSSIEpa peanu3oBaH peryndarop HanpskeHusi, obecneynsatonn
BblpaboTKy Hanpsxenuss 3,3 B u3 5B nutaHna sgpa MukpokoHTponnepa. Perynstop

© AO «[llKK MunaHOp» TCKA.431295.004Cr 1 112



Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

HaNpsPKeHMs BKMNIOYaeTCcs NyTem YCTaHOBKM ©Outa peructpa ynpaeneHus 6noka USB
USB_CNTR[0] B eanHuuy. HarpysodyHas cnocoOHOCTb perynatopa HanpsbkeHnsa go 40 mA.
CtabunbHoCTb BblpabaTbiBaeMoro HanpsbkeHns =5 %. BbipabaTtbiBaemoe HanpsikeHue
BblaaeTcs Ha BbiBoA Uszzout.

Bnok aHanoroBoro npuemonepegatynka USB nonyyaeT nutaHue Hanpsamyk oOT
perynsatopa. [na nogayn nutaHua Ha nopTbl BBOAa/BbiBoAa C BbiBOAA Ussout NMUTaHME
nogaeTcsa MO neyaTHOM nnate Ha BbiBoAbl NuTaHMsA NOPTOB Ucciport M Ucczport. ECNK TOK
notpebneHna noptoB npesocxoant 50 MA, TO ANa nuMTaHUa MNOPTOB pPEKOMEHAYeTCs
MCNONb30BaTb BHELUHWA perynatop HanpsbkeHus. BbiBogbl nuTaHus Ucciport M Ucczport HE
06beaNHATCS BHYTPU MUKPOCXEMbI, HO OHM OSXKHbI OblITb 00 beANHEHBI HA NeYaTHOM NnaTe.

4.17 ToaknyeHUe HanpsAXeHUs NUTaHus

Bce wwuHbl nutaHms Ucc (MONMOXWUTENbHBLIM  BbIBO4 HAMpPsXKeHUs NUTaHUS
MUKpokoHTponnepa) u Uss ( BbiBog «OOLWMI» HanNpsKEeHUS MUTaAHUA MUKPOKOHTpornnepa)
OOMMKHbI ObITb MOAKIOYEHbl K COOTBETCTBYIOLLMM LIMHAM NUTaHUS Ha MeyaTHOW nnaTe.
Henocpe4CTBEHHO Yy  BbIBOOOB  MUKPOKOHTpOsiiepa  Mexay  WuMHaMu  NuTaHusg
yCTaHaBMMBAKOTCA KepamMuyeckne KoHOeHcaTopbl (He MeHee 5 LIT.) eMKOCTbI He MeHee
0,1 MK® n 3nNeKTPONUTUYECKUI KOHOEHCATOp eMKOCTbio He MeHee 33 MKD. Mexay LnHon
«OBbwmny n BbIXOAOM perynsatopa HanpsbkeHnsa Ussout NOAKMAYAKTCA KepaMUYeCKUn
KOHOEeHcaTop eMKOCTbio He MeHee 0 1 MK®P 1 aneKTponnTUYeCKU KoHgeHCaTop EMKOCTbIO He
MeHee 33 MKD. BoiBoabl HanpsbkeHUst nntaHus NopToB Ucciport U Ucczport COEANHAOTCS MeXay
cobon 1 nogkyarTca NMOO K HAaNPSPKEHUI0 MUTAHUA MUKPOKOHTpornepa, imbo K BbIxoay
BCTPOEHHOrO perynsatopa HanpsbkeHust Ha 3,3 B, nnbo Kk Apyromy UCTOYHWUKY HanpsbkeHus B
AnanasoHe oT 3 B 40 HanpsXeHust NTTaHUsa MUKPOKOHTpornepa. Mexay KaxabiM U3 BbIBOJOB
Ucciport, Ucczpot UM WwWKMHOM «OOBWMIA» NUTAHUA PEKOMEHOYETCS YyCTaHaBnuBaTb MO
KepamMunyeckoMy KOHAEeHcaTopy eMKOCTbIo He MmeHee 0,1 Mk®.

4.18 Cwucrtema KomMaHpf

MukpokoHTponnep noggepxmsaet 58 komang (Tabnwuua 54). Bce komaHabl
16-paspsagHble. KomaHabl BbIMOMHAKTCA 3@ OOUH LMKIT, COCTOALLMA M3 YEeTbIpEX NEpMoaoB
TaKTOBOW 4acTOTbl, 3@ UCKMNIOYEHMEM BbINOSTHAEMbIX 3a ABa UMKNA KOMaHL nepexonoB U
KOMaHA4 M3MEHSLWMX 3Ha4YeHne nporpaMmmHoro cyetymka PC (T.e. pesynbTat onepauun
3anucbiBaetcsa B PCL), a Takke kKoMaHg YTeHus/3anucyn Tabnuy, B naMsaTy nporpamm (3anucb
BO BHyTpeHHIoto FLASH namsate nmeeT 6onbluyto onutenbHOCcTh). Kogbl kKomaHg npueeneHbl
B Tabnuue 55. Heucnonb3yemble KoObl KOMaHg 3ape3epBuMpOBaHbl, UX MPUMEHEHUE He
pekomeHayeTca. ECTb HeKoTopble 0COBEHHOCTM NCNOMBb30BaHMUS KOMaHA,:

— ecnu pesynbTaT BbINOMHEHNSA onepaumn 3anucebiBaeTcs B pernctp ALUSTA, 1o

dnarn Z, C, DC n OV MmeHsis cBoe 3Ha4yeHuWe nocre BbIMOMIHEHUST KOMaHAbl,
N3MEHSAT 3anncaHHbIn pe3ynbTar.

— onepauumn c peructpom PCL: uyteHne PCL npuBoaut K 3arpy3ke B PCLATH
3Ha4veHus1 pernctpa PCH, 3anucb n yreHne-mogmdukaums-3aniucb NpUBOANT K
3arpyske B PCH 3Ha4veHus peructpa PCLATH.

— HeobXxoAMMO yuuTbIBaTb, YTO KOMaHAbl OMTOBLIX onepauui Npou3BOaAT
ornepaumio «4TeHne-moandukauna-3annucb» Lenoro perncrpa.
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Tabnuya 56 —Habop komaHa

MHeMOHMKa U3meHsiemble | Kon-Bo
OnuncaHne KomaHAbl
KOMaHAbl c¢naru LMKIOB
ADDLW k Copepxummoe pernctpa WREG cknageiBaetca ¢ 8- | OV, C,DC, Z 1

OuTHOM KoHcTaHToM «k» (k=0...255) u pesynbTaT
nomewtaetcs B pernctp WREG

ADDWEF f,d CnoxeHue cogepxumoro pernctpos WREG un «f» (f=| OV, C,DC, Z 1
0...255).
Ecnn d=0, TO pesynbTaT COXpaHSIETCS B perucrpe
WREG,
ecnu d=1, To B peructpe «f»
ADDWFC f,d | CnoxeHue cogepxumoro pernctpoe WREG, 6uta | OV, C,DC, Z 1

nepeHoca u cogepxumoro peructpa «f» (f = 0...255).
Ecnn d=0, TO pesynbTaT COXpaHSeTCs B perucrpe
WREG,

ecnu d=1, To B pernctpe «f»

ANDLW k Jlornyeckas onepauns «M» 8-mu GUTHOM KOHCTaHTLI «k» 4 1
(k = 0...255) un cogepxumoro permuctpa WREG.
PesynbTtat nomewaetca B pernctp WREG

ANDWEF f,d Jlornyeckass onepaums «M» cogepXmmoro perncTpoB Z 1
WREG u «f».
Ecnn d=0, TO pesynbTaT COXpaHSeTCs B perucrpe

WREG,
ecnu d=1, To B peructpe «f» (f = 0...255)
BCF f,b C6poc 6uta «b» B peructpe «f» (b =0...7, f=0...255) - 1
BSF f,b YcTtaHoBka B eanHuuy 6uta «b» B permctpe «f» (b=0...7, - 1
f=0...255)
BTFSC f,b Ecnim 6ut «b» B pernctpe «f» paseH 0, Toraoa - 1(2)

cnegywouwias KoMaHga nponyckaeTcd, T.e. BMECTO
cnegyowlen komaHabl BelinonHaetcs onepauus NOP, B
3TOM CIyyae BbIMNOJIHEHNE KOMaHAbl 3aHMMaEeT 2 uuKnia
(b=0...7,f=0...255)

BTFSS f,b Ecnn out «b» B peructpe «f» paBeH 1, Toraoa - 1(2)
cnegywowias KomMaHga nponyckaeTcs,, T.e. BMECTO
cnegyowlen komaHabl BelinonHaetcs onepauus NOP, B
3TOM Clny4ae BbINOfIHEHNE KOMaHAbl 3aHMMaeT 2 Lukna
(b=0...7,f=0...255)

BTG f,b MHBepTupoBaHue 6uta «b» B pernctpe «f» (b =0...7, f - 1
= 0...255)
CALL k Bbi3oB noanporpaMmmbl  Haxodsilencsa B npegenax - 2

ctpaHuubl 8Kcnos. Agpec cnegytowen nocrne CALL
komaHabl (PC+1) nomewaetca B ctek. 13-Tm GUTHBIN
agpec, coaepallmincs B Koge KoMmaHabl, 3arpyxaeTcs B
cueTuunk komaHg PC <12:0>. 3aTtem ctapwme 8 6ut PC
konupytotca B PCLATH. Komanga CALL BbinonHseTcs
3a [gBa Uuukna. [ns Bbi3oBa nognporpaMMm  3a
npegenamun 8Kcnos, cmoTpute KomaHgy LCALL

CLRF f,s CbpacbiBaeT (06HynsieT) peructp «f» (f = 0...255). - 1
Ecnu s=0: cbpacbiBatotca permctpbl «f» 1 WREG,
ecnu s=1: cbpacbiBaeTcs pernctp «f»

CLRWDT CbpacbiBaetr  «CtopoxeBow  Tammep» u  ero | TO=1, PD=1 1
npepaenutens. YcraHaBnusaet outel TO, PD B «1»

COMF f,d NuBepTmpoBaHue 6utos peructpa «f» (f = 0...255). 4 1
Ecnn d=0, TO pesynbTaT COXpaHSETCs B perucrpe
WREG,

ecnu d=1, To pe3ynbTaT coxpaHseTcs B peructpe «f»
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MHemoHuUKa U3meHsiemble | Kon-Bo
OnuncaHne KomaHAbI
KOMaHAbl cdonarn LUKNOB
CPFSEQf CpaBHeHune cogepxummoro pernctpa «f» (f = 0...255) ¢ - 1(2)
copgepxmmbim pernctpa WREG nytem 6GessHakoBoro
BblYUTaAHUS.
Ecnn (f) = (WREG), To BMecTo criegytowien komaHabl
BblnonHseTca onepauua NOP, B 9aTtom cnydvae
BbINOJIHEHME KOMaHAbl 3aHMMaeT 2 uMKna
CPFSGT f CpaBHeHune cogepxummoro pernctpa «f» (f = 0...255) ¢ - 1(2)
cogepxummbim pernctpa WREG nytem 6GessHakoBoro
BblYUTaAHUS.
Ecnn (f) > (WREG), To BMecTo criegytowien komaHabl
BbinonHsieTcs  onepauusas NOP, B atom cnydae
BbINOJIHEHME KOMaHAbl 3aHUMAaeT 2 LUnKna
CPFSLT f CpasHeHune cogepxumoro peructpa «f» (f = 0...255) ¢ - 1(2)
cogepxmmbim pernctpa WREG nytem 6Ge3sHakoBoro
BblYUTaHUS.
Ecru (f) < (WREG), To BMecTo cnegytowien KomaHabl
BbinonHseTca onepauua NOP, B 9atom cnydvae
BbINOJIHEHME KOMaHAbl 3aHUMaeT 2 uuKna
DAW f,s KomaHga  npoumsBOAUT  OECATMYHYHO  KOPPEKLMIo C 1
pesynbTaTa cnoxeHusa (peructp WREG) gByx umcen B
ynakoBaHHoM ¢opmate BCD.
Ecnu s=0, 1O pesynbrtaT [ECATUYHOM KOpPPEKUUn
nomewaetcsa B «f» n 8 WREG, ecnu s=1, To pesynbtar
nomewaetca B «f» (f = 0...255).
BbinonHeHne onepauyuu:
Ecrm: [ [WREG<74> > 9]lOR.[C = 1]
].-AND.[WREG<3:0> > 9],
T0: WREG<7:4> + 7— {<7:4>, s<7:4>.
Ecnu: [WREG<7:4> > 9].0R.[C = 1], TO WREG<7:4> +
6— f<7:4>, s<7:4>, wnHaye WREG<7:4>— {<7:4>,
S<7:4>,
Ecnu: [WREG<3:0> > 9].0R.[DC = 1], To WREG<3:0> +
6— f<3:0>, s<3:0>, mHaye WREG<3:0>— {<3:0>,
5<3:0>
DECF f,d YMeHblleHMe 3HadveHus peructpa «f» Ha egumHunuy | OV, C, DC, Z 1
(f=0...255).
Ecnn d=0, TO pesynbTaT COXpaHSETCs B perucrpe
WREG,
ecnu d=1, To B pernctpe «f»
DECFSZ f,d YMeHblUeHne 3HadeHus peructpa «f» Ha eavHuuy u - 1(2)
NponycKk cnegyoLwen KomaHabl ecnn pesynbTaT paBeH
Hyno, T.€. BMECTO CcrieaytoLlent KOMaHabl BbIMOSHAETCA
onepaunst NOP, B 3TOM crny4ae BbINOfHEHNE 3aHMMaeT
2 uukna.
Ecnn d=0, To pesynbTaT onepauuuM cCoxpaHseTcs B
pernctpe WREG,
ecnn d=1, 1o B peructpe «f» (f =0...255)
DCFSNZ f,d YMeHblUeHne 3HadeHus peructpa «f» Ha eavHuuy u - 1(2)
NponycK criegylowen KoMaHgbl ecnu pesynbtaT He
paBeH Hynw, T.e. BMECTO criegylowen KomaHabl
BblnonHsieTcs  onepauua NOP, B atom cnydae
BbINOSIHEHME 3aHNUMaET 2 LuuMKna.
Ecnn d=0, To pesynbTaT onepauum cOXpaHAeTcs B
peructpe WREG,
ecnu d=1, To B peructpe «f» (f=0...255)
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MHeMOHMKa
KOMaHAbl

OnuncaHne KomaHAbI

N3meHsieMble
c¢narn

Kon-Bo
LUUKNoB

GOTO k

besycnoBHbIN Nepexod MO nporpamme B npegenax
CTpaHuubl 8Kcnos. 13-u OWTHbIV agpec,
cogepxawunca B Koge KOMaHAbl, 3arpyxaetca B
cyeTumnk komang PC<12:0>. 3atem ctapwme 8 6ut PC
konupytotca B PCLATH. KomaHga BbinonHsieTcs 3a 2
uukna

2

INCF f,d

YBenuyeHue 3HaveHus perncrtpa «f» Ha eguHuuy (f =
0...255).

Ecnn d=0, TO pesynbTaT COXpaHSETCH B perucrpe
WREG,

ecnu d=1, To B pernctpe «f»

ov,C,DC, z

INCFSZ f,d

YBenuueHne 3HaveHusa peructpa «f» Ha eguHuily u
NponycK cneayroLwen KoMaHabl ecnv pesynbTaT paBeH
Hyno, T.€. BMECTO CreaytoLlent KOMaHabl BbINONHAETCH
onepaumst NOP, B 3TOM crniy4ae BbINOJIHEHNE 3aHNMaET
2 umkna.

Ecnn d=0, To pesynbTaT onepauuMuM CoxXpaHsieTcs B
pernctpe WREG,

ecnn d=1, To B peructpe «f» (f = 0...255)

1(2)

INFSNZ f,d

YBenuyeHue 3HaveHus peructpa «f» Ha egnHuuy u
NpONycK criegylowen KoMaHgbl ecnu pesynbtaT He
paBeH Hynw, T.e. BMECTO criegylowen KomaHabl
BbinonHseTca onepauua NOP, B atom cnydvae
BbIMOMHEHME 3aHMMaeT 2 uukna.

Ecnu d=0, TOo pesynbtar onepaunn CoxpaHdeTcs B
pernctpe WREG,

ecnu d=1, 1o B peructpe «f» (f = 0...255)

1(2)

IORLW k

Jlornyeckass onepauusa Bkntovatowero «AJMA»  8-mu
OGuTHOM KOoHCTaHTbl «k» (k = 0...255) n cogepxumoro
pernctpa WREG. PesynbTaT nomelwiaetca B perucTp
WREG

IORWF f,d

Jlornyeckas onepauus BKIHOYaloLLLEero «NMN»
cogepxmmoro pernctpoe WREG un «f».

Ecnn d=0, TO pesynbTaT COXpaHSETCs B perucrpe
WREG,

ecnn d=1, 1o B peructpe «f» (f=0...255)

LCALL k

BbI3oB nognporpammbl Haxogsuiencs B niobom mecte
namatTu B AnanasoHe 64Kcnos. Agpec cnepytoLlemn
nocne LCALL komaHabl (PC+1) nomewaeTcsa B cTek. 16-
TV OUTHBIV agpec 3arpyxaeTcsa B cyeTumk komaHg PC.
Mnagwuwe 8 6uT 3arpyxarTca U3 Koga Komadgbl, a
ctapwme 8 6ut wmn3 peructpa PCLATCH. LCALL
BbINOSIHAETCS 3a ABa UMKNa

MOVFP f,p

Mepecbinka gaHHbIX U3 obnactn namatn «f» B obnactb
namsaTtu «p». Agpec obnactu «f» moxet 6b1Tb 0T 00h go
FFh, a o6nactu «p» ot 00h go 1Fh. U «f» n «p» moryt
O6biTb  peructpom  WREG, a Takke KOCBEHHO
aZpecoBaHbl

MOVLB k

3arpyska 4x OUTHOM KOHCTaHTbI «k» B Mnagwme 4 6uta
pernctpa Bbibopa 6GaHka (BSR). Crapwue 4 6uta
pernctpa BSR He nameHsoTcs

MOVLR k

3arpyska 4-x 6UTHOM KOHCTaHTbl «k» B cTapLluve 4 6uta
Peructpa Bbibopa 6aHka (BSR). Mnagwwue 4 6uta
pernctpa BSR He nsmeHswTCs
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MHemoHuUKa U3meHsiemble | Kon-Bo
OnuncaHne KomaHAbI
KOMaHAbl cdonarn LUKNOB
MOVLW k 8-MM OMTHas KOHCTaHTa «K» 3arpykaeTcsi B perncrp - 1
WREG
MOVPF p.f Mepechbinka aaHHbIX U3 obnacTn namaTn «p» B obnacTb 4 1
namaTtn «f». Agpec obnactun «f» moxet 6biTb oT 00h go
FFh, a o6nactu «p» ot 00h go 1Fh. U «f» n «p» moryt
O6biTb  permctpom  WREG, a Takke KOCBEHHO
afpecoBaHbl
MOVWEF f Mepecbinka cogepxumoro pernctpa WREG B peructp - 1
«f» (f=0...255)
MULLW k Bes3sHakoBoe nepemMHoOXeHne 8-mMy GUTHOW KOHCTaHTbI - 1

«k» n copgepxumoro pernctpa WREG. 16-Tn GUTHbIN
pes3ynbTaT  3anucbiBaeTcd B MNape  pPerucrpos
PRODH:PRODL. Peructp WREG He u3MeHseTcs.
Onepauunsi He u3mMeHseT dnaru

MULWEF f be33HakoBOe NepeMHOXEHMNE COAEPKMMOro PErncTpoB - 1
«f» (f = 0...255) 1 WREG. 16-T 6UTHbIN pe3ynbTaT
3anuceiBaetca B nape pernctpos PRODH:PRODL.
Pernctpel WREG 1 «f» He namensitotcs. Onepaums He
N3MeHSeT dnarm

NEGW f,s M3meHeHne 3Haka copepxummoro peructpa WREG | OV, C, DC, Z 1
nyTemM ABOUYHOIO SOMOMHEHMS.

Ecnn s=0, To pesynbtart nomewaertcs B «f» n 8 WREG,
ecnu s=1, 1o pesynbtat nomeltaerca B «f» (f = 0...255)

NOP HeT onepaunn - 1
RETFIE BosBpar wu3 npepbiBaHus. CoaepXkumoe cyeTyuka GLINTD=0 2
KOMaH, BOCCTaHaBnuBaeTca U3 creka. Paspelwatotca
rnobanbHble npepbiBaHUA cbpocom buTa

GLINTD(CPUSTA<4>). PCLATCH He wn3meHseTcs.
KomaHpga BbINoONHAETCS 3a 2 uMknia

RETLW k Bosgpar 13 nognporpammel. B peructp  WREG - 2
3arpyxaetcsa 3HayeHue 8-mu GBUTHON KOHCTaHTbI «K». B
CYETUYMK KOMaHZ 3arpyaeTcsl U3 CTeka agpec Bo3Bpara.
PCLATCH He unameHsietcsa. KomaHaa BbinonHdAeTcd 3a
ABa LuMKna

RETURN BosBpatr wun3 nognporpammbl. B cyeTunk komaHAg - 2
3arpyxaetcsa 13 cteka agpec Bo3spaTta. PCLATCH He
nameHsietcd. KomaHga BbINONHAETCA 3a ABa UuKna

RLCF f,d Onepaumsi  UMKNUYECKOro  cABUra  COAOEPXKMMOro C 1
pernctpa «f» Bneso 4yepes cnar nepeHoca «C».
Ecnu d=0, TOo pesynbTtar onepaumm COXpaHAeTcs B

pernctpe WREG,
ecnn d=1, 1o B peructpe «f» (f = 0...255)
RLNCF f,d OnepaumMsi  UMKNUYECKOro  caBura  COLEPXMMOTO - 1

peructpa «f» Bneeo.
Ecnn d=0, TOo pesynbTar onepauuMmM COXpaHsieTcs B

pernctpe WREG,
ecnu d=1, 1o B peructpe «f» (f = 0...255)
RRCF f,d Onepaumsi  UMKNUYECKOro  cABUra  COOAEPXMMOTO C 1

peructpa «f» BnpaBo Yepes dnar nepeHoca «C».

Ecnn d=0, 1O pesynbTaT onepauum CoOxXpaHseTcs B
pernctpe WREG,

ecnn d=1, 1o B peructpe «f» (f=0...255)
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MHemoHuUKa o U3meHsiemble | Kon-Bo
nucaHue KOoMaHAabl
KOMaHAbl cdonarn LUKNOB

RRNCF f,d OnepaumMsi  UMKNUYECKOrO  cABuMra  COOEPXMMOTO - 1
pernucTpa «f» Brnpaso.
Ecnn d=0, To pesynbTaT onepauuMmM COXpaHsieTcs B
pernctpe WREG,
ecnn d=1, To B peructpe «f» (f = 0...255)

SETF f,s YcTaHoBKa Bcex 6uToB peructpa «f» B eguHuubl. - 1
Ecnun s=0, 1o 3HayeHne OFFh nomelwaetca B «f» n B
WREG,
ecnn s=1, To pesynbTaT NomeLlaeTcst Tonbko B «f» (f =
0...255)

SLEEP CbpacbiBaeT  «cTOopoxeBon  Tammep» u  ero | TO=1, PD=0 1
npepoenutens. but «TO» yctaHasnuBaetcsd, a «PO»
cbpacbiBaeTca. [lpoueccop nepexoguTcs B PeXunMm
«cHa» (SLEEP) c ocTtaHOBKOWM TakTOBOIro reHeparopa

SUBLW k Copepxunmoe pernctpa WREG Bblumtaetca ms 8-mm | OV, C, DC, Z 1
GutHOM KOHCTaHTbl «k». PesynbTaT nomelaeTtcs B
pernctp WREG

SUBWEF f,d Bbluntanme cogepxumoro permctpa  WREG wu3 | OV, C,DC, Z 1
cogepXxmmoro perncrpa «f».
Ecnn d=0, To pesynbTaT onepauuMuM COXpaHsieTcs B
pernctpe WREG,
ecnu d=1, To B pernctpe «f» (f = 0...255)

SUBWEFB f,d Bbluntanme cogepxumoro permctpa WREG wn cnara | OV, C, DC, Z 1
nepeHoca (3aema) u3 cogepxumoro peructpa «f»
(mMeTon ABOVMYHOIO OOMOSTHEHUS).
Ecnu d=0, TOo pesynbTtar onepaummnm COXpaHAeTCcs B
pernctpe WREG,
ecnn d=1, 1o B peructpe «f» (f=0...255)

SWAPF f,d O6meH mectamn nonybantos pernctpa «f». BepxHsas - 1
MOSIOBMHA PErNCTPa N HWXKHSA MEHSAOTCA MECTaMM.
Ecnn d=0, To pesynbTar onepauuMmM COXpaHsieTcs B
pernctpe WREG,
ecnn d=1, 1o B peructpe «f» (f=0...255)

TABLRD t,i,f 1. Cogepxnmoe b6anta «tabnmyHon sawwenkm» (TBLAT) - 2(3)
nepechbinaeTcs B perncTp «f»
(f = 0...255). Ecnun t=1, 10 nepecbinaeTca crapLiunin
6anT, ecnu t=0, To mnagwnnm 6anT.
2. Copepxumoe obnactm namatm  Nporpamm,
yKasbiBaeMow 16-Tv BUTHBIM «Tabnn4YHLIM yKazaTenem»
(TBLPTR) 3arpyxaetcsi B 16-TM BUTHYIO «TabnunyHyto
3awenky» (TBLAT).
3. Ecnu i=1, 10 3Ha4yeHne TBLPTR yBenuunBaetcs Ha
eanHudy, ecnim  i=0, TO 3HayeHne TBLPTR He
N3MEHsIeTCS.
KomaHga BbinonHseTcsa 2 uukna, a ecnu permctp «f»
asngaetca permctpom PCL, 1o 3 yukna
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MHeMoOHuMKa N3meHsiemble | Kon-Bo
OnuncaHne KomaHAbI
KoOMaHAbl c¢onaru UMKIOB
TABLWT t,i,f | 1. 3arpy3ska COOEep>XXMMOro perncrtpa «f» - 2(>2)

(f = 0...255) B 16-TM BGUTHYIO «TabnUYHyO0 3aLLenKy»
(TBLAT). Ecnun t=1, To 3arpyxaetca B ctapwmi 6anT,
ecnu t=0, To B Mnagwmn 6anT.

2. Copgepxumoe «TabnuyHonm 3awenku» (TBLAT)
3anucbiBaeTca B obnactb  namatM  nporpamm,
ykasbiBaemMon «TabnuyHbiM ykaszatenem» (TBLPTR).
Ecnn TBLPTR ykasbiBaeT Ha 06r1acTb BHELLUHEN NAaMATH
nporpamMm, TO KOMaHAa BbINOMHUTCA 3a 2 uukna. Ecnn
TBLPTR ykasbiBaeT Ha BHyTpeHHIo0 obnacte FLASH
namsaTv, TO BbINOSIHEHWE KOMaHAbl MPOMCXOAUT A0
npepbiBaHnA (T.e. >2 UUKIOB).

3. Ecnu i=1, T0 3Ha4yeHne TBLPTR yBenuyuBaetcsa Ha
eanHndy, ecrim  i=0, TO 3HayeHme TBLPTR He
N3MEHsIeTCS.

MpumeyaHne: [Ona 3anuMcyM BO BHYTPEHHIOK MaMATb
nporpaMMm  OOSPKHO  ObITb  NOAAHO  HanpshKeHue
nporpaMmMmmpoBaHus. Ecnv aTo ycrnosme He BbINOSTHEHO,
TO KOMaHAa BbIMOSTHUTCA 3a 2 LiMKNa U 3Ha4YeHne NamsaTn
He N3MeHUTCS

TLRD tf CunTbiBaHME AaHHbIX U3 16-TM OUTHOM «TabNMYHOM - 1
3aLlenkmn» B pernctp «f»
(f = 0...255). «TabnuyHas 3awenka» npu 3TOM He
nameHsietcd. KomaHaa ucnonb3yeTcsd COBMECTHO C
TABLRD gna nepechbinikn gaHHbIX U3 naMaTi nporpamm
B NaMATb AaHHbIX.

Ecnun t=1, TO cunTbiBaeTcAa crapwmn 6anT,

ecnu t=0, To mnagwwun 6ant

TLWT tf Copepxunmoe peructpa «f» (f = 0...255) sanuckiBaetcs - 1
B 16-TM OuTHyt0 «TabnuuHyto 3awenky» (TBLAT).
KomaHga wucnonb3yetcs COBMECTHO C KOMaHOOWM
TABLWT ans nepecbifikv AaHHbIX U3 NaMATU AaHHbIX B
namsTb NporpamMmm.

Ecnu t=1, To 3anuckiBaeTcsa ctapwunn 6anT,

ecnu t=0, To mnagwwun 6ant

TSTFSZ f CpasHeHune cogepxumoro peructpa «f» (f = 0...255) ¢ - 1(2)
Hynem.
Ecrm (f) = 0, TO BMecTO cnegywuwen KomaHabl

BbinonHsaetca onepaums NOP, B atom cnydvae
BbIMOJSIHEHWE KOMaH4bl 3aHUMaEeT 2 LuuKna

XORLW k Jlornyeckas onepauusa wucknodawowero «UNNy» 8-mu Z 1
BGutHon koHCcTaHTbl «k» (k = 0...255) n cogepxmmoro
pernctpa WREG. PesynbtaT nomelwiaerca B perucTp
WREG

XORWEF f,d Jlormyeckass  onepaumsa  ucknovawowero  «AJNMA» Z 1
copepxummoro pernctpos WREG u «f».

Ecnn d=0, TO pesynbTaT COXpaHSETCs B perucrpe
WREG,

ecnu d=1, To B peructpe «f» (f = 0...255)
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Tabnuua 57 — Koabl komaHAa

MHeMOHUMKa Kon MHeMOHuMKa Kop MHeMOHMKa Kop
KomMaHAbl KOMaHAbl KoMaHAbl KoMaHAbI KOoMaHAbI KomMaHAbl
ADDLW k 1011 0001 DCFSNZ f,d | 0010 011d ffff RETURN 0000 0000

kkkk kkkk ffff 0000 0010
ADDWF f,d | 0000 111d ffff GOTO k 110k kkkk RLCF f,d 0001 101d ffff
ffff kkkk kkkk ffff
ADDWFC 0001 000d ffff INCF f,d 0001 010d ffff RLNCF f,d 0010 001d ffff
f,d ffff ffff ffff
ANDLW k 1011 0101 INCFSZ f,d | 0001 111d ffff RRCF f,d 0001 100d ffff
kkkk kkkk ffff ffff
ANDWEF f,d | 0000 101d ffff INFSNZ f,d | 0010 010d ffff RRNCF f,d | 0010 000d ffff
ffff ffff ffff
BCF f,b 1000 1bbb ffff IORLW k 1011 0011 SETF f,s 0010 101s ffff
ffff kkkk kkkk ffff
BSF f,b 1000 Obbb ffff IORWF f,d 0000 100d ffff SLEEP 0000 0000
ffff ffff 0000 0011
BTFSC f,b 1001 1bbb ffff LCALL k 1011 0111 SUBLW k 1011 0010
ffff kkkk kkkk kkkk kkkk
BTFSS f,b 1001 Obbb ffff MOVFP f,p | 011p pppp ffff SUBWEF f,d | 0000 010d ffff
ffff ffff ffff
BTG f,b 0011 1bbb ffff MOVLB k 1011 1000 SUBWFB 0000 001d ffff
ffff uuuu kkkk f,d ffff
CALL k 111k kkkk MOVLR k 1011 101x SWAPF f,d | 0001 110d ffff
kkkk kkkk kkkk uuuu ffff
CLRF f,s 0010 100s ffff MOVLW k 1011 0000 TABLRD t,i,f 1010 10ti
ffff kkkk kkkk ffff ffff
CLRWDT 0000 0000 MOVPF p,f | 010p pppp ffff TABLWT 1010 11ti
0000 0100 ffff t,i,f ffff ffff
COMF f,d 0001 001d ffff MOVWEF f 0000 0001 ffff TLRD t,f 1010 0O0tx ffff
ffff ffff ffff
CPFSEQf 0011 0001 ffff MULLW k 1011 1100 TLWT tf 1010 01tx ffff
ffff kkkk kkkk ffff
CPFSGT f 0011 0010 ffff MULWEF f 0011 0100 ffff TSTFSZ f 0011 0011 ffff
ffff ffff ffff
CPFSLT f 0011 0000 ffff NEGW f,s 0010 110s ffff XORLW k 1011 0100
ffff ffff kkkk kkkk
DAW f,s 0010 111s ffff NOP 0000 0000 XORWEF f,d | 0000 110d ffff
ffff 0000 0000 ffff
DECF f,d 0000 011d ffff RETFIE 0000 0000
ffff 0000 0101
DECFSZ f,d | 0001 011d ffff RETLW k 1011 0110
ffff kkkk kkkk

O6o3Ha4vyeHun:
f —agpec peructpa ot 00h go FFh;

p — agpec nepugepuinHoro pernctpa ot 00h go 1Fh;

k — none KOHCTaHTbI (JaHHbIe N agpec);
b — agpec 6uta B 8-pa3psiaHOM perucTpe;

d- Bbl60p MeCTa Ha3Ha4dYeHua Ond pasmMmelleHna pesynbrtaTta

nomewtaetca B pernctp WREG, ecnu =1 — B yka3aHHbI perucTp;

S — Bbl60p MeCTa Ha3Ha4YeHuna Ond pa3MelleHna pesynbrtaTta: eClin

. ecnn

=0 — pesynbTaT

=0 — pesynbTaT

nomewiaetca B ykasaHHbln pernctp n permctp WREG, ecnnm =1 — TONbKO B yKasaHHbIN

perucTp;

© AO «lKK MunaHOop»

TCKA.431295.004Cr 1

120




Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

i — ynpaBneHue «Tabnu4yHbIM ykasaTenem»: ecnn =1 — 3HayeHWe ykasaTens
NHKPEMEHTUPYETCA Nocne BbiNonHeHusa onepauun, ecnv =0 — He nameHseTcsNe;

t — BbIOOp GanTa B 16—Tn paspsiagHON «TabnuyHowm 3auwlenke»: ecnn =1 — cTapwun
O0anT, ecnn =0 — mnaawunn 6anT;

X, U — He UCNoNb3yrTCH, UMetoT 3HaveHune 0.
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5 TlMpepenbHO oonycTUMbIE U NpeaenbHble PeXUMbl padboTbl

Tabnunua 58 — MNpegensHo-A0NYyCTMMbIE U NpeaenbHble PEXUMbI SKCMyaTauum

MWKPOCXEM
o S Hopma napameTpa =
23 . . {33
Iz efenbHo efenbHbIN o
HauvmeHoBaHue napameTpa :.: g p,onychMbm PEXUM P PEXUM E §-
L?Lg He MeHee | He 6onee He He Gonee | 2
o MeHee
HanpsikeHne NCToYHMKa NUTaHus, Ucc 4,5 55 - 6,5 B
Egﬂpmkewle nutaHusa noptoe PC u Uccr 3.0 Uce i 65
BxogHoe HanpsikeHne BbICOKOro
YPOBHS
Ha BbiBogax PA (17, 20), 0,8eUcc Ucc - Ucct+0,3
OSC1_CLKIN (47), USBCLK (6),
MCLR_Upp (45) Umn B
Ha BbiBogax PE (7...11, 14...16) 2,0 Ucc - Ucc+0,3
Ha BbiBogax DM, DP (3, 4) 2,0 3,6 - Ucc+0,3
Ha BbiBogax PC, PD (21...23, 25,
28...31, 33...36, 39..(.42) 2,0 Ucce - | Yeert03
BxoaoHoe HanpsikeHne HU3KOro
YPOBHS
Ha BbiBogax PA (17, 20), 0 0,2eUcc -0,3 -
OSC1 CLKIN (47), USBCLK (6),
MCLR_Upp (45) Ui B
Ha BbiBogax PE (7...11, 14...16) 0 0,8 -0,3 -
Ha BbiBogax DM, DP (3, 4) 0 11 -0,3 -
Ha BbiBogax PC, PD (21...23, 25, 0 0,6 -0,3 -
28...31, 33...36, 39...42)
BbIXOHOW TOK BbICOKOrO YPOBHS,
Ha BbiBogax PA (19, 20), PE (7...11, ) 6 i 10
14...16) PC, PD (21...23, 25, | A
28...31, 33...36, 39...42) OH M
Ha BbiBoAe OSC2 (48) - 1 - 2
Ha BbiBogax DM, DP (3, 4) - 4 - 10
BbIXO4HOM TOK HU3KOTO YPOBHS,
Ha BbiBogax PA (19, 20),PE (7...11, _6 i ~10 i
14...16) PC, PD (21...23, 25, | A
28...31, 33...36, 39...42) oL M
Ha BbiBoge OSC2 (48) -1 - -2 -
Ha BbiBogax DM, DP (3, 4) -4 - -10 -
HanpsipkeHne nporpaMmmMmpoBaHns un
CTUpaHnNA Ha BXogax: Urr 11,75 12,25 - - B
MCLR_Upp (45), TEST (46)
YacTtoTa crnegoBaHus MMMynbCcoB
TaKTOBbIX CUTHaNoB
MUKpOKOHTponnepa (OSC1_CLKIN fe - 33 ; ; My
(47))
YacTtoTa crnegoBaHus MMMynbCcoB
TaKTOBbIX CUrHAIOB KOHTpoOnepa fuss - 48 - - My,
USB (USBCLK(6))
AnnTtenbHOCTb NporpamMmmMmMpoBaHus tonur i 500 i i MKG
OAHOro croea
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§ § Hopma napameTpa ] © E
HanmeHoBaHue napameTtpa S © I'Ipe,qen!:Ho fpenentHei za
@ T |AONYCTUMbLIN PEXUM pexum =9
o9 He MeHee | He 6onee He He Gonee | 2
o MeHee

AnuTenbHOCTb cUrHana BbICOKOro

YPOBHA CMHXPOHM3aLU MM Ha BXOO4axX tWH(TOCLK) 15 ) ) ) HC

PA1/TOCLK (18) n twH(CLKIN)

OSC1 CLKIN (47),

AnnTtenbHOCTb cUrHana BbICOKOro

YPOBHA CUHXPOHM3ALMN Ha BXoae twH(USBCLK) 10 - - - HC

USBCLK (6)

AnnTtenbHOCTb CcUrHana BbICOKOro o 40 i i i He

ypoBHs npepbiBaHnsg PAO/INT (17)

OnNnTenbHOCTb curHana HU3Koro
YPOBHS1 cucteMHoro cbpoca, twLMCLR) 100 - - - HC
MCLR_Upp (45)

MapameTpbl yHMBepcanbHOro nocrefoBaTesibHOro CUHXPOHHO-aCUHXPOHHOIO
npuemonepegaTymka

Bpems yctaHOBREeHMs AaHHbIX
RX/DT (19) oTHOCUTENBHO tsurx-RX) 17 - - - HC
cunHxpoHusauum TX/CK (20)

Bpemsi yoepxaHusa gaHHbix RX/DT
(19) oTHOCUTENBHO CUHXPOHU3ALUK tHTx-RX) 17 - - - HC
TX/CK (20)

[NapameTpbl aHanorooro npmuemo-nepeaatynka USB

OnutensHocTe EOP npu npneme

USB Ha nuHuax DM (3) n DP(4) (full | teopr 140 180 HC
speed)

OnutensHoctb EOP npu npueme

USB Ha nuHuax DM(3) n DP(4) (low | teopL 1,17 1,50 MKC
speed)

MapameTpbl CUHXPOHHOIO NocnefoBaTeNbHOro nNpuemMonepenarymka B pexume SPI
AnnTenbHOCTb CUrHana BbICOKOro t 40 i i i He
YPOBHsi Ha nHUM SCK (8) WHISCK)

AnntenbHOCTb cUrHana HU3Koro ¢ 40 i i i He
ypoHs Ha nuHum SCK (8) WLSCK)

Bpewms yctaHoBneHus gaHHbix SDI

(9) OTHOyCI/ITeJ'IbHO SCK (8) tsuscksoy | 100 ) ) ) He
Bpemsa yaepxanus gaHHbix SDI (9) tiscK-so) 100 i i i He

oTHocuTensHO SCK (8)

MapameTtpbl Tanmepa 0

AnnTenbHOCTb CUrHana BbICOKOro
ypoBHS Ha nuHum TOCLK (18), twH(PAL) 15 - - - HC
npeckanep BKNOYEH

AnnTenbHOCTb CUrHana HM3Koro
ypoBHS Ha nuHum TOCLK (18), twi(pal) 15 - - - HC
npeckanep BKNOYEH

[OnuTenbHOCTbL pOHTa 1 cnaga
BXO[HOIO CUrHamna Ha BbiBOE T
OSC1_CLKIN (47), T

npu: fc=33 My
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§ § Hopma napameTpa © E
Iz MpeanenbHoO MpepenbHbLIN S o
HaumeHoBaHue napametpa 2T p,onychMbm pexum P pexum s &
X ™ g3
L?Lg He MeHee | He bonee He He 6onee | 2
o MeHee

AOnuTenbHOCTbL OpOHTa 1 cnaga

BXOAHOrO curHana Ha BbiBOAe Tr USBCLK ) 5 i i He

USBCLK (6), Tf_USBCLK

npu: fuss=48 MI'yy

EmKoOCTb Harpysku

Ha BbiBogax (7...11, 14...16, ) i i

19...23, 25, 28...31, 33...36, C 50 ne

39...42, 48)
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6 JdnekTpuyeckue napameTpbl MUKpPOCXeMbl

Tabnuua 59 — dnekTpuyeckme napameTpbl MUKPOCXEM NPU NPUEMKE U NOCTaBKe

Hopma
napameTpa

HanmeHoBaHuMe napameTpa,

peXum uamepeHus
He MeHee | He bonee

EavHuua
U3MepeHuns

BykBeHHOe
obo3HauyeHue
napameTpa

BbixogHoe HanpskeHne HN3KOro yPOBHS
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 39...42) - 0,4
npwu: Uccp= 3,0 B, Ucc= 4,5 B,|o|_= 6,0 MA
Ha BbiBogax PE (7...11, 14...16)
npu: lo.= 6,0 MA
Ha BbiBogax PA (19, 20) UoL
npu: lo.= 6,0 MA
Ha BbiBogax DM, DP (3, 4)
npu: lo.=4,0 MA
Ha BbiBoge OSC2_CLKOUT (48)
npu: lo.= 1,0 MA

- 0,45

- 0,45

BbixogHOEe HanpsikeHne BbICOKOro YPOBHS

Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 39...42)
npwu: Uccp: 3,0 B, Ucc: 4,5 B, |o|-|: 6,0 MA 2,4 -

Ha BbiBogax PE (7...11, 14...16) 24 i
npu: lon= 6,0 MA ’

Ha BbiBogax PA (19, 20) Uon
npu: lon=6,0 MA

Ha BbiBogax DM, DP (3, 4)
npu: lon= 4,0 MA

Ha BbiBoge OSC2_ CLKOUT (48)
npu: lon=1,0 MA

4,05 -

2,8 -

4,05 -

ypOBeHb HanpaxeHuna and CpaGaTblBaHl/IFI CXeMbl

reHepauuu cbpoca Usor 3,6 4,3 B

YpoBeHb BbIXOAHOrO HaNpsiKeHUst BHYTPEHHEro perynsaropa
HanpshkeHus Ussour 3,0 3,6 B
npu: Ucc= 4,5 B, lon= 40 MA

Cratnuyecknii TOk NOTpebNeHNsI B pEXMME MOKOS

npu: Uce= Uccp= 5,5 B, MCLR_Upp=0 B lecs J 50 | mKA

OnHammyeckun Tok noTpebneHus
npwu: Ucc: Uccpz 5,5 B, |occ - 100 MA
fc= 33 MI'y, fuse= 48 MI'y,
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) g © Hopma ®
oOT o napameTpa © s
HanmeHoBaHue napameTtpa I3 E o
pexum namepeHust , 22 c% § %
£ 8 2 |He MeHee | He Oonee LII:J[ 5
nwoc =
[<)
BXxOQHOM TOK YTEYKN BbICOKOIO YPOBHS, MKA,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 39...42)
npwu: Ucc= Uccp= 5,5 B, U|= 5,5 B - 1,0* 1,0
Ha BbiBogax PE (7...11, 14...16) _ 1.0* 10
npwu: Ucc: Uccp= 5,5 B, U|: 5,5 B ’ '
Ha BbiBogax PA (17...20) _ 10 10
npwu: Ucc= Uccp= 5,5 B, U|= 5,5 B liLH ! ! MKA
Ha BbIBogax DM, DP (3, 4) _ 1.0* 10
npwu: Ucc: Uccp= 5,5 B, U|=3,6 B ’ '
Ha BbiBogax OSC1_CLKIN, USBCLK (47, 6) _ 10 10
npwu: Ucc: Uccp= 5,5 B U|: 5,5 B ! !
Ha BbiBogax MCLR_Upp, TEST (45, 46) _10* 10

npwu: Ucc: UCCP: 5,5 B U|: 5,5 B

Bxo4HOM TOK YTEYKN BbICOKOrO YPOBHS, Ha BbIBOAAX
MCLR_Upp, TEST (45, 46) i | —90,0% 90,0 MKA
npu: Ucc= Uccp=5,5 BU=12 B

BXxO4HOM TOK yTEYKN HU3KOrO YPOBHS,

Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 39...42)
npwv: Ucc: Uccp= 5,5 B, U=0 B - 1,0* 1,0

Ha BbiBogax PE (7...11, 14...16)

*

npwu: Ucc: Uccp= 5,5 B, U|= 0B B 1’0 1’0
Ha BbiBoAax PA (17...20) _10* 10

npu: Ucc= Ucecp=5,5 B, U=0B ' ’ ' MKA
Ha BbiBogax DM, DP (3, 4) _ 10 10

npwu: Uccz Uccp= 5,5 B, U|: 0B ! !
Ha BbiBogax OSC1_CLKIN, USBCLK (47, 6) _10* 10

npwu: Ucc: Uccpz 5,5 B U|= 0B ! !
Ha BbiBogax MCLR_Upp, TEST (45, 46) _ 10 10

npwu: Uccz Uccp= 5,5 B U|: 0B

Mepuog paboTbl BHYTPEHHETO
RC - reHepaTOpa CTOpOXeBOro Tanmepa Tre 60 140 MKC
npwv: Ucc= Uccp= 4,5 B

I'Iapameprl CUHXPOHHOIo nocriegoBaTesibHOro npuemMmonepegaTynka B pexmme SPI

Bpemsa 3agepxkun gaHHbix SDO (7) otHocuTenbHO SCK (8)

npu: Ucc=4,5B ta(sck-spo) - 50 HC
MapameTpbl yHMBepcanbLHOro nocreaoBaTeNlbHOro CUHXPOHHO-aCUHXPOHHOTO
npuemMonepepaTymka
Bpems 3agepxku gaHHbix RX/DT (19) ot dopoHTa TX/CK t ) 50 He
(20), npu: Uce= Uccp= 4,5 B d(TX-RX)
MapameTpbl aHanoroBoro npuemo-nepeaarinka USB

Bpemsa HapacTaHusa 1 cnaga BbIXOOQHOIO curHana, ¢
Ha BbiBogax DM, DP (3, 4) (Full Speed) tf—FS - 40

npu: Uce= Uccp= 4,5 B, C.=100 n® LS HC
Ha BbiBogax DM, DP (3, 4) (Low Speed) tr s ) 300

npwu: Ucc= Uccp= 4,5 B, C|_=400 nd tf_LS

M pnMmedyaHune —n-B Ha3BaHWM BbiIBOAA - obo3Havaer MHBEPCHIO.

Mukpocxembl YCTOMYMBbLI K BO3LOEWCTBMIO CTaTUYECKOro 3nekTpudectBsa C
noTeHuuanom He meHee 2 000 B.
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Tabnuya 60 — dnekTpnyeckne napameTpbl MMKPOCXEMbI, KOHTPONMPYEMbIe Ha obLuen

nnactuHe (6eckopnycHoe UCMNoSIHEHME)

© S naﬁ:rnh;:pa gu
oo P
HaumeHoBaHue napameTpa, Ioh o
eauHULa U3MepeHus, Qs g He He > é
pPeXnm nuamepeHus £3¢a MeHee | Gonee E 3
n\wc o ©
o [
BbIxogHOe HanpsixeHne HU3KOro ypoBHS, B
Ha BbiBogax DM, DP npu: lo.=4,0 MA UoL ) 0,29 25
BbIxogHoe HanpsikeHne BbICOKOro YpoBHS, B, U i 288 o5
Ha BbiBogax DM, DP npu: lo,.=4,0 MA OH :
YpoBeHb HaNpsXKeHNs BHYTPEHHErO perynsatopa
HanpsbkeHus, B, npu: IOHleO MA Y Uss our 31 35 25
Cratnyecknii Tok NOTPeBEHUs B peXMME NMOKOST, MKA, | i 485 o5
npu: Uccp=5,5 B, nMCLR=0 B ces ’
@DYHKUMOHAMNbHbIN KOHTPOIb i i i o5
Nnpwn: Ucc = 5,5 B, Uccp = Ucc, fc=1 MFu,
@OYHKUMOHAMbHbIN KOHTPOSb i i i o5
npwu: Ucc = 5,0 B, Uccp = Ucc, fc:1 MrLl,
© AO «lKK MunaHOop» TCKA.431295.004Cr1 127




Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

7

TunoBble 3aBUCUMOCTH

3aBUCUMOCTb YacToTbl reHepaTopa B pexume RC,0T BHELWHMX BpemsasagaroLmx
anemeHToB (R, C) npu: Ucc=5B, T=25°C

Cexr Rext fc
10 kOm 2676 kl'y
22n® 100 KOM 278 kI
3,3 KOm 2856 kl'y
5,1 kKOm 2000 kl'y
100 no 10 KOM 1080 KL
100 kOm 116 kl'y
3,3 KOm 1120 kly,
5,1 KOm 756 kl'y
300 o 10 KOM 404 Ky
100 kOm 27,6 kl'y
< <
2 90 e
§ 80 _§ 10
- 70
60 8
50 6
40 4
30
20 2
10 0
0 4,5 5 55 6
0 10 25 30 35 Ucc, B
fc, MIy

Puc. 66 — 3aBUCMMOCTb ANHAMMYECKOrO TOKa
noTpebneHns oT YacToTbl CneaoBaHUs

cMHxpoumMnynbeoB (fc)

npu T =25 °C, Ucc = 5,5 B, fuse = 48 Ml

326 328 33

332 334 336 338 34

Uon (DM, DP), B
342 344 346 348

lo (DM, DP), MA

0
El
2
3
4
5
6
7
-8
9

-10

Puc. 68 — 3aBMCMMOCTb BbIXOAHOIO
HaNPS>KeHWs1 BLICOKOIO YPOBHS Ha BbiBOAAX
DM, DP ot Toka Harpy3ku rnpu T= 25 °C, Ucc

© AO «lKK MunaHOop»

Puc. 67 — 3aBUCUMOCTb CTaTU4ECKOro
TOKa NoTpebneHnst OT HanpskeHus

loL (DM, DP), MA

o -~ N w & O ® N ® ©

nMTaHus
npu T =25°C

20 30 40 50 60 70

80 90 100
UoL (DM, DP), MB

Puc. 69 — 3aBMCUMOCTb BbIXOQHOIO

HanpsxXeHnAa HU3KOro ypoBHA

Ha BbiBogax DM, DP ot Toka Harpysku

TCKA.431295.004Cr 1
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=)

Uon (PA), B
4,15 4,2 4,25 4,3 4,35 4,4 4,45 4,5 4,55

E

loL (PA), MA

lon (PA), MA

O = N w A OO N ® ©

0 50 100 150 200 250 300

b b 4 &5 & b L M L o

UoL (PA), B

5}

Puc. 70 — 3aBUCMMOCTb BbIXOAHOIO Puc. 71 — 3aBUCMMOCTb BbIXOAHOIO
HaNPs>KeHWs1 BbICOKOIO YPOBHS Ha BbiBOAAX HaNPS>KeHMs1 HU3KOro YPOBHS Ha BbIBOAAX
PA ot Toka Harpy3sku npu: T = 25 °C, Ucc = PA ot Toka Harpy3km npn T = 25 °C, Ucc=

458B 45B
Uox (PD), B < Uon (PD), B
o 42 425 43 435 44 445 45 S 265 27 275 28 2,85 29 2,95 3
a a o0
e S
o , <,

3 -3

4 4

5 5

6 6

7 7

-8 8

9 S

-10 10

Puc. 72 — 3aBMCUMOCTb BbIXOQHOIO Puc. 73 — 3aBMCUMOCTb BbIXOQHOIO
HaNPS>KeHUs1 BbICOKOIO YPOBHS Ha BbIBOAAX HaNPS>KEHWS1 BbICOKOIO YPOBHS
PD ot Toka Harpy3ku npu T = 25 °C, Ucc = Ha BblBoAax PD oT Toka Harpysku

45B,Uccr=4,5B npu T =25°C, Ucc=4,5B, Uccpr=3,0B
<0 < 10
g o g o
30 S

7 - 7

6 6

5 5

4 4

3 3

2 2

1 1

0 0 A

0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
UoL (PD), B UoL (PD), mB
Puc. 74 — 3aBMCUMOCTb BbIXOQHOIO Puc. 75 — 3aBMCUMOCTb BbIXOQHOIO

HanNpsPKeHMs HU3KOro YpoBHSA Ha BbiBogax PD HaNpPsHKEHWs1 HU3KOro YPOBHS HA BbIBOAAX
oT ToKa Harpy3kn npu T = 25 °C, Ucc = 4,5 B, PD ot Toka Harpy3ku npu T = 25 °C, Ucc =
Uccpr=3,0B 45B,Uccr=4,5B
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Uon (PC), B
4,25 4,3 4,35 4,4 4,45 4,5

Uon (PC), B
2,7 2,75 2,8 2,85 29 2,95 3

lon (PC), MA
IS
N
N
@
a

lon (PC), MA

b b N b b ok b b Lo
b b N b b A b b Lo

o

=)

Puc. 76 — 3aBUCMMOCTb BbIXO4HOIO Puc. 77 — 3aBMCUMOCTb BbIXOAHOIoO
HanNPS>KeHUs1 BbLICOKOIO YPOBHS Ha BbiBOAAX HanNpPs>KeHWs1 BLICOKOIro YPOBHSA Ha BbiBOAAX
PC ot Toka Harpy3ku npn T = 25 °C, Ucc = PC ot Toka Harpy3ku npu T = 25 °C, Ucc =
4,5B, Uccr=4,5B 4,5B, Uccr=3,0B
<10 < 10
g o g
2 3 8
7 7
6 6
5 5
4 4
3 3
2 2
1 1
0 0 20 40 60 80 100 120 140 160 ' 0 2 ° &0 i 10 120 o 160
Uov (PC), MB VoL (PC), MB
Puc. 78 — 3aBMCMMOCTb BbIXOAHOIO Puc. 79 — 3aBMCMMOCTb BbIXO4HOIO
HaNPS>KeHUs1 HU3KOro YPOBHS Ha BbiBOAAX HaNPs>KeHUs1 HU3KOro YPOBHS Ha BbIBOAAX
PC ot Toka Harpy3ku npn T = 25 °C, Ucc = PC ot Toka Harpy3ku npn T = 25 °C, Ucc =
4,5B, Uccr=3,0B 4,5B, Uccr=4,5B
Uon (PE), B ERRL
§ 4.1 4,15 4,2 4,25 43 4,35 4.4 4,45 4,5 4,55 E 9
@ 0 3
o
-2 5
-3 5
4 4
5 3
-6 2
-7 1
-8 0
9 0 50 100 150 200 250 300
-10 UoL (PE), MB
Puc. 80 — 3aBMCMMOCTb BbIXOAHOIO Puc. 81 — 3aBMCMMOCTb BbIXOAHOIO
HaNPs>KeHUs1 BLICOKOIO YPOBHS Ha BbiBOAAX HaNPs>KeHUs1 HU3KOro YPOBHS Ha BbIBOAAX
PE ot Toka Harpy3ku npu T = 25 °C, Ucc = PE ot Toka Harpy3ku npu T= 25 °C, Ucc=
458B 45B
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3,28

3,26
5 \\
3,24

3,22
32
\

3,16 \

3,12

31

lon uazouryr MA

Puc. 82 — 3aBMCMMOCTb YPOBHS
BHYTPEHHEro perynstopa HanpsikeHus ot
TOKa Harpysku
npu T=25°C,Ucc=4,5B

84,6

locc, MA

84,4

84,2 /

84 /

83,8

83,6

83,4

83,2

83

82,8

-80 -60 -40 -20 0 20 40 60 80 100

T°C

Puc. 83 — 3aBUCUMOCTb ONHaMn4eCcKoro
TOKa noTpebneHnst oT TemnepaTypsbl Npw
Ucc=5,5B, fc =33 Mly, fuse =48 MI'yy,

TCKA.431295.004Cr 1 131



Cneyudgukayusi 1886BE4Y, K1886BE4Y, K1886BE4H4

8 TlabapuUTHbLIN YepTeXX MUKPOCXEMbI

[ 0 2 0,07
= [
h=
Pi=
h=
fi=
Pi=
£
P=
Pi=
h=
=
= |H
3,0 max

1
42 R inE
23 !
- I
S| | 3505
& = ; 110 KOHTYpY
Sl S 30 —
&F = - ! 22
2 = - | [ e e
@ = = ! =
® \
< = - ! e <%
— ©
1= B ! M n uE> m,ﬁ,
48 --= == I lr === S N
1 1= i | e et i s
= - | —— x| U O]
[ B i ——F— a
= B i T
= i 1 B —
—E 1 - } - -
1 I L/ t
6 T T T L =
iz T e A e = |
gg O e ‘
x I
e (R TR Ko |
e L AU WL UL e i
11 X = L0 1. A — anvHa BbIBOAA, B Npeaenax KoTopoi NPoM3BOANTCA KOHTPOMNb CMELLeHUs
nnockocTen CUMMETPUN BbIBOAOB OT HOMUHASbHOIO pacnosioXeHus.
0,7 max D 15,5 max 2. B — WwMpnHa 30HbI, KOTOpas BKMOYAET AENCTBUTESIbHYIO LMPUHY MUKPOCXEMBI 1
N0 KOHTYpY HEKOHTPONMPYEMYIO YacTb BbIBOAA.
A B 3. Hymepauus BbIBOAOB NokasaHa yCcroBHa.
Puc. 84 — Kopnyc H16.48-1B
6,150 max 0,420 + 0,030+ |«
AY M
O/Oo 0O O O O O 0o O o o O o []
45/ 44 43 42 41 40 39 38 37 36 35 34 33
0 320
46
D 47 310
P 48 300
D 49 290
P 50 28 0
051 270 é
1S
D 52 26 0 0
&
po1 250 %)
0 2 240
0 3 230
n 4 22 g
05 21 g
0 6 20 g X
7 8 9 10 11 12 13 14 15 16 17 18 19
0 (.

1 Paamepbl koHTakTHbIX nnowagok (KM) kpucranna (90 x 90) MkMm.
KoopauHatsl K — cm. Tabnuuy. Matepuan KIM — AICu (0,5 % Cu).
M — mapkupoBka MLDR12, ykasaHa Ha Kaxxgom KpucTanne.
TexHonorma XCO06, npoekTHble HopMbl 0,6 MKM.

w N

Pwuc. 85 — Kpuctann (6eckopnycHoe NcnosiHeHne)
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Tabnuuya 61 — KoopauHatel KIM kpuctanna

Ne KIN|O6o3HaBeHue Kl Ko; p‘q"HaTb'YKn Ne KIN | O6o3HaBeHue KI1 Ko)? p‘D‘"HaTb'\'(( n
1 Usszout 0,00 2486,00 27 Ucc2port 5732,00 | 3346,00
2 Ucc 0,00 2056,00 28 PD3/AD11 5732,00 | 3776,00
3 DM 0,00 1626,00 29 PD2/AD10 5732,00 | 4206,00
4 DP 0,00 1196,00 30 PD1/AD9/nRE 5732,00 | 4636,00
5 GND 0,00 766,00 31 RDO/AD8/nRB 5732,00 | 5066,00
6 USBCLK 0,00 336,00 32 VS 5732,00 | 5496,00
7 PE7/SDO 346,00 0,00 33 PDO/ADS/nRB 5386,00 | 5832,00
8 PEG6/RXDM/SCK | 766,00 0,00 34 Ucc 4966,00 | 5832,00
9 PE5/RXDP/SDI | 1186,00 0,00 35 Ucc 4546,00 | 5832,00
10 PE4/RXD/SS 1606,00 0,00 36 PC7/AD7/107 4126,00 | 5832,00
11 PE3 2026,00 0,00 37 PC6/AD6/106 3706,00 | 5832,00
12 Ucc 2446,00 0,00 38 PC5/AD5/I05 3286,00 5832,00
13 GND 2866,00 0,00 39 PC4/AD4/104 2866,00 5832,00
14 PE2/WR/TXOE | 3286,00 0,00 40 GND 2446,00 | 5832,00
15 PE1/OE/TXDM | 3706,00 0,00 41 Ucclport 2026,00 | 5832,00
16 PEO/ALE/TXDP | 4126,00 0,00 42 PC3/AD3/103 1606,00 5832,00
17 PAO/INT 4546,00 0,00 43 PC2/AD2/102 1186,00 5832,00
18 PA1/TOCLK 4966,00 0,00 44 PC1/AD1/101 766,00 5832,00
19 PA2/RX1/DT1 | 5386,00 0,00 45 RCO/ADO/I00 346,00 5832,00
20 PA3/TX1/CK1 | 5732,00 | 336,00 46 Uccm 0,00 5496,00
21 PD7/AD15 5732,00 766,00 47 GNDw 0,00 5066,00
22 PD6/AD14/nWE | 5732,00 | 1196,00 48 NMCLR/Upr 0,00 4636,00
23 PD5/AD13/ALE | 5732,00 | 1626,00 49 TEST/Upr 0,00 4206,00
24 GND 5732,00 | 2056,00 50 Ucc 0,00 3776,00
25 PD4/AD12/CLE | 5732,00 | 2486,00 51 OSC1/CLKIN 0,00 3346,00
26 Ucc 5732,00 | 2916,00 52 OSC2/CLKOUT 0,00 2916,00
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9 WHdopmauusa ana 3akasa

O603HayeHue MapkupoBka Twvn Kopnyca TemneparypHeim
AnanasoH

1886BE4Y 1886BE4Y H16.48-1B MuHyc 60 — 85 °C

K1886BE4Y K1886BE4Y H16.48-1B MuHyc 60 — 85 °C
K1886BE4YK K1886BE4Ye H16.48-1B 0-70°C

MpumeyvyaHune — Mukpocxembl B 6€CKOPNYCHOM UCNONTHEHUN NOCTaBNAOTCA B BUAE
OTAENbHbIX KPUCTANMOB, NOMy4YaeMbIX pa3geneHnem nnactuHel. MMKpocxembl NOCTaBNAKTCA
B Tape (kencax) 6e3 notepu opueHTauuun. MapkupoBka Mukpocxembl — K1886BE4H4,
HaHOCUTCA Ha Tapy.

Mukpocxembl ¢ npuemkon «BlM» mapkupytoTcsa poMooMm.
Mukpocxembl ¢ npuemkon «OTK» mapkupytoTcst BykBon «K».
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