I_.L Cneyudgpukayusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y,
1886BE3, K1886BE31

=

OaHokpuctanbHaa mukpo-3BM ¢ 3CIN3Y (Flash-tuna), ¢
uHtepcpencom USB u kpuntosawmron.

OcHOBHbIe NnapameTphbl
MUKpPOCXeMbl
e TaktoBasd yactoTta go 33 Mlu.
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[| “ |_| - “ “ “ IJ “ IJ “ |_| OTHOCUTENBHOTO PEXMMOB afpecaLum
GBS EBEEERAE S e Hanuuue MHCTPYKUWIN OOQHOBPEMEHHO
AT FEREEEgE paboTaloLLMX C ABYMS percTpamu

PE1_OE:
PEQ_ALE

PAY_
[ ]

Bce komaHgbl (Bkntovasa komaHay 8x8
BUTHOE YMHOXEHUe) BbIMOMHATCS 3a
oavH uukn (ot 121Hc), Kpome KoMaHg
BETBIIEHMA U YTeHus/3annucu Tabnuu,
BbINOMNHSAEMbIX 3a [ABa LUMKa

e ®dnarun 3awnTbl OT MOANGUKALNN
cogepxmmoro EEPROM paHHbIX

BE3 — 3awmTa aktuBmMpoBaHa

BE31 — 3awuTta oTknto4YeHa
TemMnepaTypHbIN Anana3oH:

XX- rog Bblnycka
YY- Hegens Bbinycka

Tun kopnyca: O603Ha4yeHue Onana3oH
- 48-1 BbIBOAHOW MeTannokepaMmmnyeckmm 1886BE3Y MuHyc 60 — 85 °C
kopnyc H16.48-1B 1886BE31Y MuHyc 60 — 85 °C
- 64-X BbIBOAHOW NSIaCTUKOBBIV KOPMyC K1886BE3Y MuHyc 60 — 85 °C
LQFP64 K1886BE31Y MuHyc 60 — 85 °C
K1886BE3T MuHyc 40 — 85 °C
K1886BE31T MuHyc 40 — 85 °C

K1886BE3AY 0-70°C

K1886BE31AY 0-70°C

[lpumeyaHue
Mwukpocxema K1886BE3AY sBnaetca nonHbiM aHanorom Mukpocxembl K1886BE3Y, a

mukpocxema K1886BE31AY sBnsieTca nonHbiM aHanorom mukpocxembl K1886BE31Y ¢

ApyrumMm TemnepaTtypHbIM AnanasoHOM.

e 4-xX BEKTOPHbIN KOHTPOSfiep MpepbiBaHUA nogaepxusarowmm 18
npepbIBaHUN (BHELLHUX N BHYTPEHHMX)

e 16-T1 ypOBHEBLIN annapaTHbIA CTEK

MCTOYHNKOB

© 3A0 «l1KK MunaHdop» TCKA.431295.003 Cr1 Bepcus 2.5 om 27.04.2010



Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

e BO0O3MOXHOCTb paboTbl TOMBbKO C BHYTPEHHEW, C BHYTPEHHEN WU BHELLUHEN N TOSbKO C
BHELWIHEN NaMATbO  NporpamMm  (PEeXMMbl:  MUKPOKOHTPOSNEpP,  paCLUMPEHHbIN
MUKPOKOHTPOSINEP Y MUKPOMPOLLECcop)

CymmapHbIi agpecyemblt 06bem namatu nporpamm 128 Kbant (64K x 16 6uT)

O6bem BHyTpeHHen namaTn nporpamm 64 Kbanta (32K x 16 6uT)

BHyTpeHHss1 namaTb nporpamm nepenporpammupyemas FLASH tuna

O61bem BHYTpeHHen namaTy AaHHbIx 902 6anTa

Bce pernctpbl «cneunanbHOro HasHa4YeHUsi» HaxoAaATCA B aApeCcHOM MpPOCTPaHCTBE
NamMATU AaHHbIX

e [lo 28 yHuBepcanbHbiX NWUHMKA BBOAA/BbIBOAA C WMHAMBMAOYaANbHOW HACTPOMKOW
HanpaBfeHns U BbICOKOW Harpy304HOM CNOCOBHOCTLIO

e bnok annapaTHOM NogaepXKn anroputMa Kpuntorpaguyeckon sawmtbl MHOpMaLnn
B cootBeTcTBMM ¢ [OCT 28147-89

e 16-TM paspagHbin  TanMMmep/cyeTynk C  8-Mu  paspsgHbIM - IpOrpamMMmnpyemMbim
npegaenutenem (tanmep 0)

e OauH yHMBeEpCanbHbIN CUHXPOHHO-aCUHXPOHHbIN npuemonepeaatumk (USART), c
nporpaMmMmpyemMon CKOpOCTbIO Nepeaayn nHopmawmm

e VYHMBepcanbHblh  annapaTtHO  peanu3oBaHHbIA  KOHTPOSSIEp W aHanoroBbIN
npuemonepenaTymnk nHtepdgernca USB 1.1, ¢ AByMs Nonb3oBaTeNIbCKUMN OKOHEYHbIMU
TOYKaMM 1 CO CKOpPOCTLIO Nepegaym ao 12 Méut/c

e YHuBepcarnbHbI KOHTposinep BHewHen namatu Tuna NAND FLASH

e BcTtpoeHHoe 3anomuHatowee yctponctBo Tuna EEPROM ob6vemom 256 6Gamt c
BO3MOXHOCTbIO YCTAHOBKM 3aLUTbl OT CTUPAHNS 1 3anucu

e  MUKpPOKOHTpONNEP UMEET CUCTEMY COpOCa MO BKIMIOYEHUIO N CHUKEHUIO HaNPsXKeHUs
NUTaHUA (C TaMepamMu OTCPOYKM BKIMKOYEHNA 1 3amnyCKa TakTOBOro reHepartopa)

e CtopoxeBon Tanmmep c cobctBeHHbiM RC reHepaTopom Ha kpuctanne, pAns
obecnevyeHnss BbICOKOHaAEKHOW 3aLuThbl OT cOboeB

e 3alULEeHHbIN pexnm (3awuTa Koga nporpammel)

e [locnegoBaTtenbHbli pPeXUM MNPOrpaMMMPOBAHUA MaMATU MPOrpamMMm, BO3MOXHOCTb
BHYTPUCXEMHOIO NporpaMMmpoBaHus

e [logoepxuBaeT pexum aHeprocbepexennas SLEEP (c BO3MOXHOCTbIO BbIxoga C
MOMOLLIbIO BHELLIHMX N BHYTPEHHUX NpepbiBaHui 1 cbpoca)

e YeTbipe pexuma paboTbl BCTPOEHHOro TakToBOro reHepatopa (RC reHepatop,
MCMonb30BaHME B Ka4eCTBEe TakTOBOW YacTOTbl AeNeHHON Ha [Ba 4YacToTbl reHepartopa
USB koHTponnepa, XT — cTaHOapTHbIN reHepaTtop C KBapueBbiM pe3oHaTtopom, EC —
BXO[, BHELLHEro TakToBOro curHana)

e BcCTpoeHHbIN perynaTop HanpskeHus Ha 3.3 BonbTa (Tok 4o 40 MA)

e [lnanasoH HanpskeHusi NUTaHus sapa MUKpoOKoHTponnepa ot 4.5 oo 5.5 BonbeT

e [lnanasoH HanpskeHUs NUTaHUs NoSib30BaTelbCKMUX BbIBOAOB MUKPOKOHTPOMepa oT 3
0o 5.5 BonbT
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O6Lee onucaHue U o651acTM NPUMEHEeHNs1 MUKPOCXeMbI

1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3 (nanee 1886BE3
nnm 1886BE31) - BbicOkonpomnsBoanTeNbHbIN 8-Mun paspagHbin RISC MUKpokoHTponnep ¢
apBapackon apxutektypon. OH npegHasHadyeH Ans OAHOKPUCTanbHOWM peanusauum
KpunTorpauyecknx cuctem nepegayvm, odbpaboTkm n XxpaHeHnsa AaHHbIX, B TOM 4Yucne C
npuMeHeHneMm BHelHen 3HeproHe3asucumon namatn Tuna NAND Flash, ncnonb3syroumx
USB wuHTepdenc. MoxeT mcnonb3oBaTbCs ONS OpraHM3auumM Manonpoun3BoamTenbHbIX
BblYUCNUTENBbHLIX CUCTEM M B KadeCTBe YCTPOWUCTBA COBMELLEHUS PasfUYHbIX TUMNOB
NHTEPdENCOB.

OCcHOBHbIe 0611acCTV NPUMEHEHUA:

e Cucrtembl kpuntorpadunyeckon obpaboTkm MHpopmaumn.
e TenekoMmyHMKaLMOHHOE 0B6OpyaOBaHME.

e YCTpOWCTBa XpaHEHUs SaHHbIX.

e YcTponucTea C Ucnonb3oBaHMeM UHTepdenca USB.
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Puc. 2 PacnonoxeHne BbIBOAOB U yCNOBHO-Irpacdunyeckoe ob6o3HaveHne
MUKpOocxeMbl B kopnyce LQFP64
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Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

Tabnuua 1
Homepa, Ha3BaHue, TMn n Ha3Ha4YeHne BbIBOAOB
Homep | Homep
BbiBOAa | BbiBoga Tuvn
B B 0623";:9:"6 BX. BJ:;' a Ha3HaueHue
Kopnyce | Kopnyce A oydepa A
H16.48 | LQFP64
Bxog reHepatopa B pexumax RC
reHepaTopa n reHepaTopa c
a7 7 OSC1_CLKIN ST BXOA KBapLeBbIM pe3oHaTopoM. Bxopg
BHELLHEro TakToOBOro curHana.
Bbixog reHepatopa. lNogkntoyaeTtcs K
KBapLieBOMY pe3oHaTopy (B
COOTBETCTBYHOLLEM pexmme
48 8 0SC2_CLKOUT - BbIX0[ reHepaTopa). B pexmmax  RC
reHepaTopa W BHELWIHEro TaKTOBOro
curHana - BbIXO[ CUrHamna c¢ 4acToToWm
Fc/4 (4acToTa UMKIoB KOMaHAg).
[lononHnTenbHOE Ha3Ha4YeHne
BbiBoabl nopta A BbIBOOB:
BxogHon nopT oOuwiero HasHaveHus.
PAO moxeT ncnonb3oBaTbCs Kak BXO[,
BHELUHEero npepbiBaHUA. Mo>kHO
17 30 PAG/INT ST BXOA HacTpouTb: (DPOHT UNM cnag curHana
BbI30BET npepbiBaHueE. Tonbko
BXOHOW KOHTAKT.
BxogHon nopT oOuwiero HasHaveHus.
PA1 MOXeT Mcnonb30oBaTbCA Kak BXOA
BHELUHEero npepbIBaHUA. Mo>kHO
HacTpouTb: (DPOHT UNM cnag curHana
18 31 PA1/TOCLK ST BXOA BbI30BET npepbiBaHne. PA1 - moxert
ObiTb BbIOpaH Kak BXO4 TaKTOBOrO
curHana pgna Tammepa 0. Tonbko
BXOZHOW KOHTAKT.
Bxon/ [ByHanpaeneHHeld  nopT  obLuero
Ha3Ha4YeHNs, COBMELLEHHbIN C NIMHNEN
19 34 PA2IRXDT | ST SYA0A | RXIDT ~ mopyns USART.  Pexum
BblBOAA AocTyneH Tonbko n3 USART.
[1ByHanpaBneHHbIN nopt  obuero
BXOA/BbIXO, | HA3HA4YEHUS, COBMELLEHHbIN C NTMHNEN
20 35 PAS/TX/CK | ST (1) TXICK wmomyns USART.  Pexum
BblBOAA AocTyneH Tonbko n3 USART.
MopT C - napannenbHbIW ABYHanpaBfieHHbIN [lononHnTenbHoe Ha3Ha4YeHne
nopTt BBoAa/BbiBOAA BbIBO/JOB:
Bxon/ 1. 8-mun paspsigHas wWwuHa gaHHbix 10
42 63 PCO/ADO/I00 T BbIXO[], ans obpaweHuns K BHELLHEeNn
Bxoa/ mukpocxeme NAND Flash namsartu.
41 62 PC1/AD1/101 T BbIXOA, 2. Mnagwwn 6ant 16-Tm  GUTHOM
Bxopn/ CUCTEMHOMN LUNHbI B pexnme
40 61 PC2/AD2/102 TTI BbIXO/, MUKponpoLieccopa nnm pexnme
Bxon/ pacLUMPEHHOro MUKPOKOHTpoOnnepa.
39 60 PC3/AD3/I03 T BbIXO4 [Ona peanusaumm CUCTEMHOW LIWHbI
Bxoza/ 3TN BbIBOAbI MoryT SABNATLCA
36 57 PC4/AD4/104 TTI BLIXOA BbIXOJaMM anpeca "
Bxon/ BXOJamMu/BbIXog4aMn AaHHbIX.
35 55 PC5/AD5/105 TTI BLIXOA
Bxon/
34 54 PC6/AD6/106 TTI BLIXO]
© 3AO «lMKK MunaHop» TCKA.431295.003 CI1 8




Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

Bxon/

33 53 PC7/AD7/107 TTh BbIXON
HononHutensHoe HasHayeHune

BbIBOZOB:

Crapwun  6ant 16-T1 BuTHOM
CMCTEMHON LUMHBI B pexume
MopT D - napannenbHbIW ABYHanpaBrieHHbIN MUKponpoLieccopa nnm pexvve
nopT BBoAa/BbiBOAA PaCLUMPEHHOTO  MMKPOKOHTpOnepa.

[Ons peanusauun CUCTEMHOM LUWHBI
3TN BbIBOAbI MoryT ABMNATLCSA
BbIXogamu agpeca n
BXOJaMW/BbIXO4aMWN OaHHbIX.

Bxon/ Wnna ynpaBneHus RBnN ans
31 50 PDO/AD8/RBn | TTII Bblxg obpalleHnsa K BHELUHEN MUKPOCXEME

A" | NAND Flash namsitu.
LLnna ynpasrneHus REN ans

30 47 PD1/AD9/REn | TTN BBSQQ’ 06palLeHnsi K BHELLHEN MUKpPOCXeMe
A" | NAND Flash namsitu.
Bxon/ Her.
29 46 PD2/AD10 TTN BLIXOT
Bxon/ Her.
28 45 PD3/AD11 TTN BLIXOT

Bxon/ LWvHa ynpaBsneHuns CLE Ans

25 41 PD4/AD12/CLE | TT Bblxg' obpallleHna K BHELHENn MUKpoCxeme
A NAND Flash namartu.

Bxon/ LWvHa yrnpasneHuns ALE Ans

23 39 PD5/AD13/ALE | TTI Bblxg' obpallleHna K BHELWHeNn MUKpOoCXeme
A NAND Flash namartu.

LWvHa ynpasneHus WEn  ans

22 38 PD6/AD14/WEn | TTJ1 :l:gg'/ obpallleHna K BHELWHeN MUKpoCxeme
A NAND Flash namsatu.
Bxon/ Her.
21 37 PD7/AD15 TTN BLIXOL
MopT E - napannenbHbIM AByHaNpaBneHHbIN [lononHuTensHoOe Ha3HayeHne
nopTt BBoAa/BbiBOAA BbIBOAOB:

1. B pexume mukponpoueccopa wnu
pacLUMpeHHOro MUKPOKOHTpOnepa
PEO crtaHoBUTCA BbIXOOOM CuUrHana
douKcaumMn agpeca BHELUHEW MaMATU
PEO/ALE/TXD T Bxon/ (ALE). Anpec JOJIKEH ObITb
P BbIXO[, 3adukcupoBaH Ha crnage curHana
ALE.
2. Curnan tx_dp koHTponnepa USB B
pexume TectupoBaHua 2 (USB
TEST2).
1. B pexume mMuKponpoLeccopa wunm
pacLUMPEHHOro MUKPOKOHTpOnepa
PE1 CTaHOBUTCA CUrHanom
ynpaBneHus, ans YTeHus OaHHbIX U3
BHELLHEN NamMATK (aKTUBHbBIA YPOBEHD -
HU3KNR).
2. CurHan tx_dm koHTponnepa USB B
pexuve TectupoBaHus 2 (USB
TEST2).

16 28

Bxon/
15 27 PE1/OE/TXDM | TTI BbIXON

© 3AO «lMKK MunaHop» TCKA.431295.003 Cr1 9



Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

1. B pexume muKponpoLeccopa wunm
pacLMpeHHOro MUKPOKOHTpoOnnepa
PE2 CTaHOBUTCH curHanom
14 26 PE2/WR/TXO TN Bxoa/ paspelleHns 3anncu BO BHELLHIOW
E BbIX0[ NnamMsTb (AKTUBHbIA YPOBEHb - HU3KUI).
2. CurHan tx_oe koHTponnepa USB B
pexuve TectupoBaHus 2 (USB
TEST2).
Bxon/ Her.
11 22 PE3 TTN BLIXOA
Bxon/ CurHan rx_d «koHTponnepa USB B
10 21 PE4/RXD TTN A pexuve TectupoBaHus 2 (USB
BLIXOA | TESTY).
— CurHan rx_dp koHTponnepa USB B
9 20 PE5/RXDP 1T A pexume TectupoBaHua 2 (USB
BbIXOA | TEST2).
— CurHan rx_dm koHTponnepa USB B
8 19 PEG/RXDM 1T A pexume TectupoBaHua 2 (USB
BbIXOA | TEST2).
Bxon/ Her.
7 18 PE7 TTN BLIXOM
6 15 USBCLK ST BXOA -LrJaSKET;OBaﬂ yactoTa AOns KOHTponnepa
4 13 DP - Bxoa/Bbixoq | CurHan D+ wmnHbl USB
3 12 DM - Bxoa/Bbixoq | CurHan D- wnHbl USB
2 12 11 23 Hanps- MonoXxnTtenbHbIM BbIBOA HanpsiKeHud
26. 32 42 52 Ucc - XeHwne nUTaHns.
’ ’ nUTaHus
Hanps- HanpsikeHne nutaHmsa nopta C.
38 59 Ucc1port - XeHune
nUTaHus
Hanps- HanpsibkeHne nutanusa nopta D.
27 44 Ucc2port - XeHue
nUTaHus
Hanps- [MoNoOXUTENbHbIN BbLIBOL HaNpPs»XeHUs
43 2 UccM - XeHue nUTaHna BHyTpeHHen Flash namartu.
nUTaHus
5 13 14,24 ,40 Hanps- 3emns.
2"1 3% ,43,51,5 Uss - XeHne
’ 8 nMTa-HUS
Hanps- 3emns BHyTpeHHen Flash namaTu.
44 3 UssM - XeHue
nuTaHus
Ynpasnswowmn Bxod Ans nepgxo,u,a B
TecToBbln  pexuMm. [Ons obbl4HOro
46 5 TEST ST BXOA pexuma paboTtbl  JOMmKeH  ObiTb
noaksitoyeH K Uss.
Bxon/ Bxon BHeELUHero «cbpoca»
Hanps- MUKPOKOHTponnepa C  aKTMBHbIM
45 4 MCLR_Upp ST XeHue HU3KMM  ypOBHeM curHana. Bxopg
NUTaHUs | HaNpPsXXeHWs NporpaMMmnpoBaHms.
Hanps- Bbixogq ~ BHyTpeHHero  peryndatopa
1 10 U33out - KeHue HanpsxkeHus (3.3 BonbTa TOK A0
nutaHusa | 40mA).
© 3AO0 «lKK MunaHop» TCKA1.431295.003 CI 10




Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

1,6,9,16, He ncnonbaytotcs.
17,25,2
,32,33,3
- 6,48 49, NC - -
56,

64

Ob6o3Ha4YeHus:
TTI - BxogHon 6ycep TTJ1 Tuna, ST - Bxog ¢ Tpurrepom WmntTa.

[MpumeyaHus:
1. Pexxum BbIxofa AOCTYNEH TOSbKO 13 NepudepuiiHbiX YyCTPONCTB.

© 3AO «lMKK MunaHop» TCKA.431295.003 Cr1 11



Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

CTpyKTypHasa 6nok-cxema mukpocxembl. OTnnumua 1886BE3 ot
1886BE31

Otnuunem wmexagy MukpokoHTporinepamu 1886BE3 un 1886BE31 sasnsetcsa
COCTOSIHME nnaBkon nepembldkn 3awmntel EEPROM namatn. Y MukpokoHTposnnepa
1886BE3 aTa nepemblyka nepexckeHa, a y MUKpoKoHTposinepa 1886BE31 HeT.
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Puc. 3 NMpumep peanusauum kpuntorpamnyeckomn CUCTEMbI C UCNOSTb30BaHNEM
MUKpOKoHTponnepa 1886BE3(1886BE31)

Mwukpocxema BbinonHeHa Ha ocHoBe KMOIT TtexHonorum 0.6 MkMm. Agpo
MUKPOKOHTpOMepa MMeeT pasBUTYI0 apXUTEKTYpy, LUMPOKMMA Habop KOMaHA, MOLLHbIN
KOHTponnep npepbiBaHUN. MUKPOKOHTPOSNEP MMeET BbICOKYHD MPOU3BOAUTENBHOCTL 3a
cyeT Habopa apxuTekTypHbIx ocobeHHocTen npucywmx RISC mukponpoueccopam. O6bem
agpecyemon namaTtn nporpamm o 64K x 16 6ut. Ha kpuctanne cogepxutca 32K x 16 6ut
namaTtu nporpamm FLASH tuna.

MWKpPOKOHTpONep uMeeT MOWHbLIN Habop wHTepdenco. KoHTponnep USB
nHTepdenca obecnevmBaeT NnpuemMm 1 nepegady AaHHbIX CO ckopocTbto Ao 12 Moéut/c (Full
Speed). KoHTponnep nocnegosatensHoro npuvemonepegatymka USART B CUHXPOHHOM
pexxnme obecrneymBaeT ckopocTb A0 8 M6uT/c, B acCMHXpOHHOM pexume go 1 MoéwuTt/c.
Bnok annapatHon nopgaepxkn anroputma wmndgposaHus B cootseTcTBum ¢ TOCT 28147-
89 nosBonseT 3Ha4YUTENbHO MNOBbLICUTL NPOU3BOANTENBHOCTL MPOrpaMmM BbINOSMHAEMbIX Ha
MUKPOKOHTpOMfepe no WndpoBaHuio N pacwumdpoBaHmio gaHHbiX. C MCnonb3oBaHMEM
dyHKUMn Bnoka annapaTtHOM NOAAEPXKKN LM POBAHMUS CKOPOCTb LUN(POBAHNA 4OCTUraeT
8 Mobwut/c. CneumanuampoBaHHbii uHTepdenc k BHewHen NAND Flash namsTtu
noagep>XuBaeT LUMPOKUIA CMEKTP MUKPOCXEM NaMATU AAHHOrO Knacca ¢ 06 beMoM namsTu
00 4 [vrabut. BCTPOEHHbI B MUKPOKOHTPOMNEP PErynaTop HanpsikeHus no3BonseT
OCYLLECTBNATb NUTAHWE MUKPOCXEMbl NaMATU HEMOCPEACTBEHHO OT MUKPOKOHTpOInepa.
PeannsoBaHHas HenocpeaCcTBEHHO Ha KpucTanse MUKpPOKOoHTponnepa namsate EERPOM
pasmepom 256 6anT nmeeTt annapaTHble MeXaHn3Mbl 3alUUTbl OT 3aMUCu U CTUPaHUS, YTO
no3soniseT 3ajaBaTb KaXAOMY YCTPOWCTBY YHUKamnbHbI WOEHTUMPUKALMOHHBLIN NI
CEPUNHBLIAN HOMEP WNU XpaHUTb Kakyt NMbo Kr4veByd WHGopMauuto. Tak xe Ha
MUKPOKOHTpOMNMepe peanu3oBaH psg  Apyrux  Moaynen:  MHOrogyHKUMOHASbHbIN
TanMmep/CYeTUMK, TaKTOBbLIM reHepaTop, CTOPOXEeBOW Tammep, Cxembl cbpoca wn T.A.
Mukpocxema BbinyckaeTcs B 48 BbIBOOHOM MeTasnsiokepaMmnyeckoM Kopryce C npuemMKomn
«5» 1 B 64 BbiBOAHOM LQFP Kopnyce B MHOYCTpManbHOM M KOMMEPYECKOM UCMOSTHEHUM.
Bnok-cxema MnkpokoHTponsepa npusegeHa Ha Puc. 4.
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Puc. 4 CtpykTypHaa 6nok-cxema
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eHepaTop AN

hopMMpPOBaHMSA TaKTOBbIX CUrHarloOB COAEPXWUTCS Ha KpucTanmne MUKPOKOHTporsepa.

o

USB TaktoBass 4acrtota Ansa

kKoHTponnepa USB gomkHa 6b1Tb 48 Ml npu pabote B pexunme Full Speed, n 6 MMy npu

MHbIX MoAynewn,

TCKA.431295.003 Cr1

v

M TaKTOBbIN reHepaTop

Tak " (bOpMMpOBaTbCFI BHYTPU MUKPOKOHTpPOIIIEpPA.

TakToBass 4yactoTa Ans MUKPOMPOLECCOPHOro sigpa W ocTanbHou nepudepun
MOXeT BapbupoBaTtbcs B npegenax 0o 33 MlIu. M moxeT Kak nogaBaTbCA OT BHELLHErO

MWKPOKOHTpONep Ucnonb3yeT ABe TaKTOBbIX YacTOThbl:
B cootBeTcTBUM CO cneumdukaumen LWUHbI

BcTpoeHHbI
nepsas - 4N MMKPOMNpPOLIECCOPHOTO sapa v nepudepu

BTOpasd - Ansa KoHTponnepa USB.
pabote B pexume Low Speed. [JaHHas 4acToTa AOMKHA MNoAaBaTbCA OT BHELLHEro

OnucaHne (pyHKLMOHUPOBAHUA MUKPOCXEMbI
reHepaTopa Ha BbiBog USBCLK.

reHepartopa,

© 3AO «lMKK MunaHop»
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UeTbipe nepuoga TaKTOBbIX CUrHaNoB reHepaTopa COCTaBMSAT LWKIT BbINOSTHEHMS
KOMaHAbl.

[eHepaTop MUKPOKOHTpOsNepa MOXeT pabotaTtb B 4YeTbipex pexummax. Pexumbl
BblGupatoTcs nporpammmpoBaHnemMm Asyx 6utoB koHdwurypauum FOSC1 u FOSCO npwm
NporpaMmMmnpoBaHUM MMKPOKOHTPOepa. BoamoxeH BbIGOp crneayowmnx pexmmos:

e LF - pexum paboTbl MMKPOKOHTPOSNEpa Ha TaKTOBOW 4YacTOTE pPaBHOW Y2 4acTOThbl
KoHTponnepa USB;
e XT - reHepaTop C BHELLHUM KBapLEBbIM UM KEPAaMUYECKUM Pe30HaTOPOM (YacToTa [0

33 Ml'w);

e EC - pexum nogaym BHELIHEro TaKTOBOro curHana (KoHdurypauusi reHepaTtopa no
YyMOIN4YaHuio);

e RC - RC reHepatop c wuvactotom pgo 4 Mly (nogknioyaeTcss BHELLHSS

yactoto3agarowas RC uyenoyka).

Mpwn BbINONHEHMM KOMaHAbl SLEEP TakToBLIM reHepaTop BbIKIOYAETCH, YMEHbLUAsA
notpebnsembin Tok. COCTOsIHME BHYTPEHHEro TaKTOBOrO CUrHamna COOTBETCTBYET TaKTy
Q1.

Mpn noctynneHun curHana «cbpoc» ot BbiBoga MCLR npu HopmanbHon pabote
MUKPOKOHTPOMNepa TakTOBbIN reHepaTop HE BbIKITHOYAETCA.

Ucnonb3oeaHue Keapyeeo20 Uslu KepamMu4ecKo20 pe3oHamopa

B pexume TakTtoBOro reHepatopa XT, KBapueBbIA UMM KEpaAMUYECKUIA pe3oHaTop
nogcoeauHsietca k BbiBogam OSC1_CLKIN n OSC2 _CLKOUT. leHepaTop Tpebyet
MCNONb30BaHUA KBapLIEBbIX PE30HATOPOB C napannenbHbIM pe3oHaHcoM. Vicnonb3oBaHue
pe3oHaTOpPOB C NocregoBaTeNbHbIM PE30HAHCOM MOXET MPUBECTU K NOSTYYEHMNIO TAaKTOBOW
4acTOTbl HE COOTBETCTBYHOLLEN NapameTpaM pe3oHaTopa. [ns 4acToT npesbiwarwmx 24
MIy, kBapueBbI pe3oHaTop 06bLIYHO paboTaeT Ha 4YacToTe rapMoHuku. B atom cnydvae
TpebyeTca pPe3OHaHCHbIA KOHTYpP, YTOObl YMEHbLWUTbL YCUIEHME Ha 4acToTe OCHOBHOM
rapmMoHukun. Ha Puc. 5 nokasaHbl npuMepbl CXeM NOOKNYEHUS pe30HaTOPOB.

Mpy BKNIOYEHUN HANPSKEHUA NMUTaAHWS, TaKTOBbIA FEeHepaTop HA4yHET reHepauumio
curHana. Bpemsi HeobxoguMmoe [f[nd  3anycka reHepatopa  3aBUCUMT OT  ©onbLuoro
KonmnyecTBa akTopoB. B nX 4ncno BXO4AT: YacToTa pe3oHaTtopa, EMKOCTb MCMOSMb3yeMbIX
koHaeHcatopoB (C1 u C2), CKOpOCTb HapacTaHUs HanpshkKeHus nuTaHus, pabodas
TemnepaTypa, COMNPOTUBIIEHME pPe3nUCTopa, €CNU OH MOAKMIYEH, PEeXMM TaKTOBOro
reHepaTopa (KOTOpbIA BblOUpaeT KO3IPUUMEHT YCUNEHUA BHYTPEHHEro WHBEpPTOpa).
HanpsibkeHne nonHoro pasmaxa BbixO4a TAKTOBOrO reHepatopa MoXeT ObiTb 4OCTaTOYHO
manbiM (MeHee 50% oT Ugc) noka BpemMeHHas Auarpamma TaKTOBOro curHana
ueHTpupyeTtcs K Ucc/2.

BHewHuUU makmoebiUu 2eHepamop

B pexume BHewHero reHepatopa (EC), Ha BBog OSC1 moxeT ObiTb nopaH
BHELHMA TakToBbI curHan ¢ KMOI ypoBHsamu. B atom pexume, Bxogq OSC1_CLKIN
MMeeT BbICOKOE BXxoaHoe conpoTtmerneHne, a BoiBog OSC2 CLKOUT sBnsaeTca BbIXO4OM
CLKOUT (Fc/4). B kauyectBe reHepaTtopoB MOryT ObiTb MCMNOMb30BaHbl FOTOBbIE MOLYIN
reHepaTopoB, obecneyvBalOliMe LWMPOKUA Habop TaKTOBbIX 4acTOT U cTaburibHble
napameTpbl.

[ns TakTMpoBaHWS MUKPOKOHTPOMepa MOXHO WCMOMb30BaTb BHELWHUW reHepaTop
TakTMpoBaHus KoHTponnepa USB (pexum LF). BeiBog OSC1 B 3TOM crnyyae MoxeT bbiTb
He nogcoeauHeH. Ha Bxog USBCLK gomkHa nogaBaTbCAa TakToBasi YactoTa ans paboTbl
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USB B 3agaHHOM pexume. OPyHKUMOHMPOBaAHME MUKPOMPOLIECCOPHOro sapa Oyaer
ocywecTBnATbca Ha Yyactote USBCLK peneHHon B gBa pasa. Ecnv koHTponnep USB He
ncnonssyetcs, 1o Bxog USBCLK pgormkeH nogcoeanHATLEA K NOrMYEeCKOMY HYIHO.

B pexume BHelwwHero reHepatopa (EC), npn pabote koHTponnepa USB B pexume Low
Speed, TakToBasi yactota 6 My moxeT ogHoBpeMeHHO nogasaTbcs Ha Bxoabl USBCLK v

OSC1_CLKIN.
—(::I:I 0SC1 —(:I:'*I 0SC1
| ' I '
= =
C2 '|' Rs C2 '|'
————_—1—{08C2 —— 0sc2
— _I I_rW\_
Llcs U
Puc. 5 MNopgkntoyeHne pesoHaTopa. Cxema cnpaea - Ans pe3oHatopa paboTatoLlero Ha
rapMOHMKax.
[lpumeyaHusi:

e Pesuctop Rs moxeT notpeboBaTbCA A1 HEKOTOPLIX TUMNOB PE30HATOPOB.

e [lapannenbHbln pe3oHaHCHbIN KOHTYpP L1C2 OT(mnbTpoBbIBAET OCHOBHYK 4acToTy:
(2mf)? = 1/(L1*C2).

e C3 (0.1 MKkcb) npenaTcTBYET NPOTEKAHNIO NOCTOSIHHOIO TOKa Ha 3eMIII0.

e [Ina pe3oHaToOpoB HeobXxoauMbl BHeWwHWe KoHgeHcaTopbl C1 un C2 (cmoTpute
crnpaBoyHble napameTpbl). [lpn pacyeTe eMKOCTM KOHOeHcaTopa Heobxoaumo
y4nTblBaTb EMKOCTb NnedaTtHou nnatbl. bonblias emMkocTb yBennymBaeT CTabunbHOCTb
reHepartopa, HO yYBenMuYnBaeTCs BpeMs 3anycka U TOK reHepaTtopa.

Pexxum RC 2eHepamopa

B npunoxeHunsax, He TpebyroLmnx BbICOKOCTAOUNBbHOM TakKTOBOW 4YacCTOTbl, MOXET
6bITb ncnonb3oBaH pexunm RC reHepaTtopa, KOTOPbLIA NO3BONAET YMEHbLUNTb CTOUMOCTb
yctponctBa. Yactota RC reHepatopa 3aBUCUT OT HanpshKeHUs MNUTaHUdA, 3Ha4YeHus
NOAKMIOYEHHbIX BHELUHUX COMNPOTUBMEHUA M €MKOCTM, M OT paboden TemnepaTypbl.
JononHutenbHO 4actota 6OydeT BapbuMpoBaTbCs B HEKOTOPbLIX Npegenax Wus-3a
TEeXHOMNornyeckoro pasbpoca napameTpoB KpucTanna. Takke Ha yactoTy OyayT BnAusATb
€MKOCTM Mexay BblBOAaMM KOpryca U JOPOXKaMK nNeYaTHoW nnatbl, 0COOGEHHO Npu Manbix
3Ha4yeHMsX €eMKOCTM  BHELWHero KoHaeHcaTopa. Heobxogumo  yuuTbiBatb U
TexHonornyeckmn pasbpoc napameTpoB BHeWwHuXx komnoHeHToB R u C. Ha Puc. 6
nokasaHa cxema nogkrntodeHna RC Lenoykn K MUKPOKOHTponnepy. [na conpoTnBneHus
pe3auctopa MeHblle 2.2 kKOM 4acToTa TaKTOBOro reHepartopa MOXeT ObiTb HecTabunbHa
NN reHepaums MoxeT npekpaTutbcd. [ns oyeHb BOMbLIOro COnpoTUBEHUSA pe3ncropa
(6onee 1 MOM) reHepaTop TaKTOBOrO CUrHama CTaHOBUTCS YyBCTBUTENEH K BHELUHUM
nomexam, BNaXHOCTU W yTeykn Toka. [MoaTomy, pekomeHOyeTcs BblOMpaTb BeErMUUHY
conpotmBnenus pesnctopa ot 3 go 100 KOm. NeHepaTop moxeT pabotatb 6€3 BHELHEro
KOHAeHcaTopa, HO peKoMeHAYyeTCa UCMOob30BaTbh KOHAEHCATOP C eMKOCTbio bornee 20 nd
ana  crabunbHon paboTbl reHepatopa. be3 BHelwHero KoHAeHcaTtopa, WAM  ecnu
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KOHAEHCATOp MMEET OYEHb Maryk eMKOCTb, YacTOoTa reHepaTtopa MOXeT BapbUpOBaTbCS
n3-3a U3MEHEHUA BO BHELUHWX E€MKOCTSX, TakMX KakK €MKOCTM MPOBOAHWKOB MnevaTHOW
nnaTbl UM BbIBOAOB KOMMOHEHTOB.

B pexunme RC reHepatopa Ha BbiBoge OSC2_ CLKOUT dhopmupyeTtcsa TakToBbIN
curHan c yactoton FOSC/4.

"eHepaTop B pexnme RC HaunHaeT popmMmpoBaTb TAKTOBbIM CUrHan cpasy nocne
OOCTUXKEHUS HanpshKeHneM NUTaHus Noporosoro ypoBHSA. Bpemsa 3anycka RC reHepaTopa
3aBUCUT OT psga ¢akTopoB: COMNPOTUBIIEHMS pPeE3UCTOpa, €MKOCTU KOHAEeHcaTopa,
CKOPOCTM HapacTaHus HanpsKeHWst NUTaHnd, TemnepaTtypbl U T.A4.

Ucc
R

osc
C
-=—10SC2
Fc/4

Puc. 6 Cxema BkntoveHus B pexxume RC reHepaTopa.

CVIHXpOHVI3aL|M$| BbINOJIHEHUA KOMaHAbI

Bbixog TakToBOro curHana pasgensietcs Ha 4 Henepecekatolmxcs KBagpaTypHbIX
TakToBbIX curHana, umeHyembix Q1, Q2, Q3, Q4. [lporpammHbin cyeTtumk (PC)
yBenuunBaetca B Takte Q1, a Bbibopka koMaHabl U3 NPOrpamMMHON NaMATU U COXPaHEHMEe
ee B perncrpe KomaHg npoucxoaut no cuHxpocurHany Q4. Komanpa gekogupyetcs u
BbiNOMHAeTca B TeyeHne umknoB Q1-Q4. TakToBble CuUrHambl UM BbINOMHEHWE KOMaHA4
nokasaHo Ha Puc. 7.

Linkn BbINONHEHUA KOMaHAbl cOCTOMT M3 YeTblpex Q uuknos (Q1, Q2, Q3, Q4).
Bbibopka ¥ BbINOMHEHWE KOMaHA MPOMCXOAAT KOHBEWEPHbIM cnocobom, T.e. Bbibopka
OLHOM KOMaHAbl UCMOMb3YeT TOT Xe LUK, YTO U OeKOOUPOBaHME W BbINOSTHEHNE LPYromn
komaHabl. bnarogapa kKoHBevepHonm 06paboTke KOMaHA, Kaxgas  MHCTPYKUus
BbINOMHAETCA 3a oauH uukn. Ecnv komaHga w3aMeHseT cyeTyMk KomaHg (KoMaHAbl
BETBIEHUS), TO ANSA BbINOMHEHUS KOMaHObl TpebyeTca ABa UMkna, Tak Kak Heobxoanmo
yaanuTb BbIOpaHHylO KomaHgy w3 KoHBevepa (cm. Puc. 8). Bo Bpemsa ypaneHus
BblOMpaeTcs HoBas KOMaHaa, U 3aTeM OHa BbIMNOSTHAETCS.

Linkn BbIOOpKM KOMaHAbl HAYMHAETCA C NPUpAaLLEHMA CHETYNKA KOMaH B TakTe Q1.
B uuvkne BbINONMHEHWA KOMaHAbl, KOO 3arpyeHHOMW KOMaHAbl MoMellaeTcsa B perucrtp
komaHg IR Ha TakTte Q1. [lekognpoBaHue 1 BbINOSTHEHNE KOMaHAbl NPOUCXOAUT B TakTax
Q2, Q3, Q4. OnepaHpg 13 NnaMATU JaHHbIX YnTaeTca B Takte Q2, a pesynbTaT BbINOMHEHWS
KOMaHAbl 3anucbiBaeTcsa B Takte Q4.
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Q11Q2 Q3 1Q41Q11Q2 Q3 |1Q4|1Q11Q2 Q3|1 Q4
OSC1 {7 /7 T T T T T T
Q1 T T
Q2 | . T
Q3 T . e N
Q4 / / /
PC FC P FCid
0SC2 |
RC " S— A —
reHepaTop
EbIGOpKES MHCTRYELRHM (PC
EEINONHEHWME MHCTRYELMAM (PC-1) EEIDOpES MHCTRYELMK (PC+1]
B bINONHEHME MHETRYELMK (PC) BEbIDODKE MHCTRYKLMM (PC+2)
BBINONHEHKE MHC TRYELpM (PC+T1)
Puc.7 CVIHXpOHI/I3aLl,VIFI BbINOJIHEHNA KOMaHAbI
Tcy0 Tyl Tcy2 Tcy3 Tcyd Tcyd
BblbOpKa BbIMOSIHEHNE
kKomaHAabl 1 komaHAabl 1
BbI60pKa BbINOJIHEHNE
KomMaHabl 2 KoMaHabl 2
BblOOpKa
kOMaHzb! 3 BbIMNOJTHEHNE
(CALL) komaHabl 3
BblGOpKa HeT
Komanabl 4 BbIMNOJIHEHUA
Bbl60pKa BbIMNOJTHEHNE
komaHabl 1 komaHab! 1
n3 n3
nognporpam noanporpamv
Mbl Mbl
BblGOpKa
KoMaHAabl 2
n3
noanporpam
Mbl

Cxema cOpoca MUKPOKOHTponnepa

Puc. 8 KoHBenepHoe BbINOMHEHNE KOMaHL,

MUKpPOKOHTpOMnepbl pasnuyatoT cneayowme Buabl copoca:
cOpoC MO BKITHOYEHNIO NUTaHUS;

C6DOC MO CHMXEHUIO HanpaXXeHnAa NMTaHnA;

cbpoc no BHewHeMmy curHany MCLR;
cbpoc No NepenosiHEHNIO CTOPOXEBOro Tanmepa.

HekoTopble perucTpbl He M3MEHAKTCS nocne cbpoca: nocne copoca no BKNOYEHUIO
NUTaHMA OHW codepxaT Heu3BeCTHOe 3HadeHue, a nocre nboro gpyroro cbpoca mx
COCTOSIHME OCTaeTCs HeU3MeHHbIM. BOonblMHCTBO Apyrux perucTpoB nNepeBoadTca B
onpegeneHHoe coctosHne no cbpocy. butel TO m PD npuHumaloT onpegeneHHble
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3Ha4YeHus1 Npu pasnuYHbIX Buaax cbpoca, kak nokaszaHo B Tabnuua 3. 3T GuTbl B
coegnHeHmn ¢ butamm POR n BOR, ucnonb3ytTca B nporpammMHOM obecnevyeHun ans
onpeaenenus Buaa cbpoca. B Tabnuua 5 npeacraBneHo onucaHne Bcex BMAoOB cbpoca
O5sl BCEX PErncTpoB.

Mpn nocTynneHumn curHana «cOpoc» perncTpbl HanpasneHUa nepegadn CUrHanoB
(DDR) yctaHaBnuBaoTcs B «1», nepeBogs BbiIBOAbI MOPTOB B COCTOSIHUE
BblCOKOMMMeAaHCHbIX BxoaoB. CocTtosiHMe cbpoca HEeKOTOpbIX NepudepunHbIX MOAyNen
MOXeT nepeBecTn BbIBOAbI MNOPTOB B ApyrMe COCTOAHUA, Hanpumep, Takue Kak
aHanorosble BXOAbl UM CUCTEMHAs LUMHA.

B cocTosiHum «cbpoc» BbIXOL BHYTPEHHEro TaKTOBOrO CUrHama COOTBETCTBYET
Takty Q1. EcnM  MUKpPOKOHTpOnnep HaxoauTca B peXuUMe  «pacClUMpPEeHHOro
MUKPOKOHTpOMNepa» WM «MuKpornpoLeccopa», TO BO Bpems «cbpoca» Ha BbiBOAeE
PEO/ALE/TXDP 6ygeT npucyTCcTBOBaTb HU3KUIN NOrMYECKUN YPOBEHDb BbIXOQHOMO CUrHana,
a Ha PE1/OE/TXDM n PE2/WR/TXOE BbICOKMI yPOBEHbD.

YnpouweHHas 6nok-cxema cxemMbl cbpoca nokasaHa Ha Puc. 9.

MCLR EHe W HKA chpoc
= o
MDY Nk
CTOROAEEOM Takepa

Uce

M0y N CApoca no o

CHIHEHAKD MATSHA A

B HY TREHHIE

MLy NE COpOCE No chpoc

B KHOHEHMID MM TEHM A = N e
Q5C1

5 {>O 10-TH pasp agHeI
CHETHHE

TaRMER 3aNYCKA MeHEpaTopa

CUrHan
pASHE WEHKMA

R 10-TH pasp ALHEA
MeHERETOR CUBTUMK

TEII:1I'u'IEFI ERKNMHINEHHA NHMTaHKA

CHrHan

PASHE WEHKMA

Puc. 9 YnpouwieHHasn Grnok-cxema BCTPOEHHOM CXeMbl cOpoca

C6poc rno 8KI/ITIO4YeHUro numaHus

Cxema cbpoca no BKMOYEHUIO MUTAHUSA YAEPXKMBAET MUKPOKOHTpONnep B
COCTOSiHUM  «cBbpoc» [0 Tex nop, MoKa HanpskeHune nuTaHusa He OOCTUrHeT
onpegeneHHoro yposHs (NnpumepHo 1.4 — 2.3 BonbTta). bnarogaps aton cxeme, B psage
NPUNOXEHNA MOXHO obonTucb 6e3 BHewHen RC uenodku, nNogknoyaemMon K BbIBOAY
MCLR. B atom cny4ae BbiBog MCLR nogkntovyaeTcs yepes pe3ucTtop Uv Hanpsmyro K
Hanpsb>keHuto NutaHusa. BHewHaa cxema «cbpoca» (cM. Puc. 10) notpebyeTca Tonbko B
Cny4ae HM3KOW CKOPOCTM HapacTaHUs HanpsiKeHUs NUTaHnS.
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Ucc

D }R1

1

Puc. 10 BHelwHasa cxema «cbpocay» no BKNHOYEHMIO NUTaHNSA
[TpumeyaHue:

Ovoa D npegHasHavyeH Onsa ObICTPOM pas3psiaknm KOHOEHcaTtopa Mpu CHMKEHUN
HanpsbkeHna nutanms. ConpotmBneHue pesuctopa R1 pekomeHayeTcs BblibupaTb He
6onee 40 KOm (4Tobbl nageHne HanpsKeHUsa Ha pesncTope, N3-3a TOKOB YyTEYKN BbiBOAA
MCLR/Upp, He npesbiwano 0.2 B). Pesnctop R2 npegHasHayeH Ans orpaHnUYeHns Toka
yepes BbiIBog MCLR, pekomeHayemas senuunHa 100 Om — 1 KOwm.

Taumep eknroyeHuss numaHus PWRT

Tanmep BKIOYEHUA NUTaHUA obecneynmBaeT 3a4epXKKy BKITHOYEHUSI (HOMUHANbHOE
3HayeHue 96 Mc) No curHany cxembl cOpoca BKAYEHNSA NMUTaHUSA. ITO NPOUCXOOUT nocre
dpoHTa BHYTPEHHero curHana «cbpoca», unu nocne gpoHTta curHana MCLR. Tanmep
BKMOYEHNA nuTaHna paboTtaeT Ha BHyTpeHHeM RC reHepatope. B TedeHue aToro
BPEMEHM MUKPOKOHTPONNEpP yAEepXuBaeTcss B COCTOsHUMM cbpoca. B 6GonblumMHCTBE
CnyyaeB 3Ta 3ajepXka MO3BOMSEeT HaMpsKEeHUH NUTaHUs AOCTUTHYTb HOMWHANbHOro
3HayeHus. Bpems 3agepkkn BapbMpyeTcsl OT MUKPOKOHTPOSIEPa K MUKPOKOHTPOINEPY U
3aBUCUT OT BENUYUHbI Hanps>KeHUs nuTaHus un Temnepatypbl. CmoTpuTe Tabnuuy
napameTpoB.

Taumep 3anycka ceHepamopa

Tanmep 3anycka reHepatopa obecneuymBaeT LONONHUTENbHYIO 3adepxky B 1024
TakTa reHeparopa nocrne OKOHYaHWUs 3afepXKu OT Tammepa BKOYEHUS NUTAHUS WUMn
BbIXO4a MUKPOKOHTpornepa u3 pexuma SLEEP B pexumax XT wnu LF. Taumep
BKIIOYEHUA MNUTaHUA WM Taumep 3anycka reHepatopa paboTalT nocnegoBaTenbHoO.
Tanmep 3anycka reHepaTopa cCuYuTaeT Kaxablh uMnyrnbc reHepatopa Ha Bxoge OSCH1.
CyeTynk HayMHaeT WHKPEMEHTUPOBATLCA Mocre TOro, Kak amnnutyga curHana
reHepartopa 4OCTUrHET nopora BXoAHoOro bydepa. 3agepxka rapaHTupyeT ctabunusauunio
4YacToTbl reHepaTopa C KBapLeBbIM pPe3oHATOpOM npexae, Yem YCTPOUCTBO BbIMAET U3
pexuma cbpoca. JnMTenbHOCTb 3a4epXKKN 3aBUCUT OT YacTOTbl pe3oHaTopa.

Ha Puc. 11 nokasaHa pabota cxembl TanWMmepa 3anycka reHeparopa
(pacnpegeneHne BpeMeHVM Mpu 3anycke reHepaTtopa). Ha 3Tom pucyHke nokasaH
HW3KOYaCTOTHbLIN reHepaTop, BpeMs 3anycka KOTOPOro He npesbIlaeT 3a4epXKy Tanmepa
MO BKMOYEHUO NuTaHunda. Ha pucyHke: Tosct - Bpemsi, Tpebyemoe KBapLeBOMy reHepaTopy
Ans 3anycka.
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HaNpAKEHWE
NMTaEHKA iy
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Talimep I [* *
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MWTaEHKA |
B HYy TREHHIM
cApoc

Puc. 11 Bpems 3anycka reHepaTopa

lMocnedosamenbHocmMb yOep)kaHUsi MUKPOKOHMpoJJiepa e
cocmosiHuu cbpoca

Mpn BKMAOYEHMM nMUTaAHUS BbLINOMHAETCA cregylwas nocnegoBaTenbHOCTb
yaepXxaHnss MUKPOKOHTpOsifiepa B COCTOSIHAM cOpoca: BHYTPEHHUI curHan «cbpoca» no
BKIMIOYEHNIO MUTaAHUSA YBENUYMBaETCH, Moka He OOCTUrHeT MNoporoBoro YpoBHA. Ecnn
curHan MCLR HaxoguTcs B BbICOKOM YPOBHE, TO HaYMHAET paboTaTb TanMep BKITHOYEHUS
NUTaHUA, NOcne Toro, Kak OH OTCYMTAET MOMOXEHHOE BPEMS, BKIIOYaeTCs Tarmep 3arnycka
reHepaTopa, ecnm MCLR B HM3KOM ypoBHe, TO TanMMepbl 3anyckakTcsa nocne (poHTa
atoro curHana. OObIMHO 3agepkka OT Tanmepa BKIKYEHUS nuTaHus 6Gonblie, 3a
NCKITIOYEHMEM HU3KOYACTOTHBLIX KBapLEBbIX pe3oHaTopoB. OOLee BpeMsi 3a0epXKKM Takke
N3MEHSAETCHA B 3aBUCMMOCTU OT KOHUrypaumm reHepatopa. B Tabnuua 2 nokazaHo Bpems
3a[EepPXKKN, B 3aBUCMMOCTM OT KOHdwurypauum reHepatopa. Ha Puc. 12 otobpaeHbl
nocrniegoBaTesibHOCTU 3aepXekK.

Ecnu HanpsikeHMe nuTaHuMs YCTPOMCTBA HE COOTBETCTBYET creundukaumnm
SNEKTPUYECKUX XapaKTEPUCTUK NOCHe OKOHYaHUA 3a4epXKn OT TauMepoB, TO Ha BbIBOAE
MCLR_Upp pomkeH npucyTCcTBOBaTb HU3KUM NOMMYECKUI YPOBEHb, MOKa HanpshkeHue
NUTaHMA HEe OOCTUTHET HOMMHAaNbHOro 3HadeHus. [Ons 6onbLUMHCTBA CXEM AOCTaTOYHO
ncnosnb3oBaHua BHewHen RC uenoyku.

Ecnn curHan cbpoca or MCLR nopaetcs BO BpemMsi HopmanbHOW paboThbl
MUKPOKOHTpOMepa, TO Nocne ero OKOHYaHWs TanMepbl BKITHOYEHUS NUTaHMS M 3anycka
reHepatopa He paboTalT, HO 3anyckaeTca TavMep 3adepXkn Ha obHoBrneHue
KOH(pUrypaumMoHHbIX BUT (TMNoBoe 3HayeHue 1 mc).

B Tabnuua 3 n Tabnunua 4 nokasaHbl COCTOSIHUA nocne cbpoca Ansa HeKOoTOpbIX
OGMTOB N cneuunanbHbIX PErMCTPOB, B TO BpeMS kak B Tabnvua 5 nokazaHo COCTOsIHME Npu
MHULManu3aumm ans BCEX PerMcTpos.

Tabnuua 2
Bpems 3agepxku npu pasnuyHbix Bugax cobpoca
KoHdurypauus BknoyeHne nnm CHMXxeHue Bbixog u3 pexxuma | Cobpoc ot
reHepartopa HanpsXXeHUA NUTaHuA SLEEP MCLR
XT, LF cymma 96 mc n 1024*Tosc 1024*Tosc 1 MmC
EC, RC cymma 96 mc n 1024*Tosc - 1 Mmc

© 3AO «lMKK MunaHop» TCKA.431295.003 Cr1 20



Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

Tabnuua 3
Butbl cTatyca n nx 3HayeHune nocne «cbpoca»

BOR (ecnu pa3speleH copoc no

POR CHMXXEHUIO NUTaHUA, NHaye TO | PD Tun «cbpoca»
3Ha4YeHune He U3BECTHO)
0 0 1 1 | CHpocC NO BKKYEHNIO MUTAHKS.

Bbixogq u3 pexuma SLEEP no
npepbIBaHNIO (CM. NpUMeYaHue).
C6poc oT WDT npwm
1 1 0 1 | HOpManbHOM pexume paboThbl
(cM. npumeyaHue).

Bbixog n3 pexuma SLEEP ot
WDT (cMm. npumevaHume).

C6poc oT MCLR (cm.
npumMeyaHme).

Cbpoc no CHWXEHWIO
HaNPsHXKEHUS NUTaHNS.
BbINOSIHEHUNE KOMaHabl
CLRWDT.

1 1 1 0

[lpumeyaHue:

[Onsa oTMeyeHHbIX BMAOB «cbpoca», cocTosiHMs OuUTOB cTatyca Oyayr
COOTBETCTBOBATb NpUBEAEHHbIM B Tabnuue, ons crnyyas, ecnu OuTbl npeaBapuTenbHO
YCTaHOBIEHbI B €ANHULY.

Tabnuua 4
Ycnosusi cbpoca nporpammHoro cyetdmka n permctpa CPUSTA
Tun «c6pocan PCH:PCL | CPUSTA® | 3apepxka BkntoueHus
C6poc no BKIOYEHWIO NUTaHUA Cymma 96 MC n

0000h -111100 1024*Tosc

Cymma 96 MC n

COpoC MO CHWKEHUIO HanpsKeHus 0000h 111110

NMTaHUA 1024*Tosc

Cb6poc oT MCLR B pexume 0000h --11(4) 1 mc

HOpManbHOM paboThl 1111

Cb6poc ot MCLR B pexume SLEEP 11 bonbwee n3 1 mc unm

0000h 1111@ (Tonbko ansa pexumos XT
nLF) 1024*Tosc

C6poc oT WDT B pexume 0000h --11(4) Het

HOpMarnbHOW paboThl 0111

Cbpoc ot WDT BO Bpemsi pexunma 0000h -1 Ona pexumos XT u LF:

SLEEP 0011% | 1024*Tosc

Bbixog wn3 pexuma | GLINTD PC + 1 -11 Ona pexumoB XT u LF:

SLEEP Mo | yCTaHoBIEH 1011% | 1024*Tosc

npepbIBaHNIO GLINTD pC + 1™ -10 Ona pexumoB XT u LF:
cbpoLueH 1011 | 1024*Tosc

0Obo3Ha4YeHus:
U = HE U3MEHSIETCH, X = HE U3BECTHO, - = HE peann3oBaHo, YntTaeTcs kak «0»
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[TpumeyaHue:

1. MNpun «npobyxaeHnn», BbLINONHAETCA 3Ta KomaHga. [anee komaHaa BbibupaeTcs B
COOTBETCTBUMN C BEKTOPOM MNpepbIBaHNSA, @ 3aTEM BbIMOSHAETCS.

2. llporpamMmHbIn

CHEeTHUK =

yCTaHaBnMBaET PerncTpbl B cocTosiHne cbpoca no WDT.
3. 3HadveHune 6muta BOR 13BECTHO TONMLKO ecnn paspeLleH cOpoc Mo CHMKEHMIO MUTAHNA.
4. CocCTosiHMEe CTaTyCHbIX BMTOB COOTBETCTBYET NpMBEAEHHbIM B Tabnuvue ansa cnydast ux

npeABapuUTENbHOW YCTaHOBKM B €4MHMILLY.

0, TO ecTb YCTPOWCTBO NepexoauT K BeKTopy cGpoca u

HaMp AMEHME HanNp AkEHK1E
MATEHM A : MATEHIA /‘I
I
MCLR v MCLR ¥
I I
e 9B MC ' 9Bme
] | u ey
TaHMER ; TaMMER .
B KNHIYEHKMA | EKNHYEHA
MATEHMA | MATEHMA ;
| 1024 Tosc, | | 1024 Tosc :
—— —
TalMERD I } Taknep f }
FANyoKa | I FAMYCKa I
MEHEpETORS I rEHEpATORS |
I I
B HY TREHHI |— EHYTREHHMIA l—
chpoc chpoc

Puc. 12 lNocnenoBaTtenbHOCTb yaepXaHusa B pexxmme cbpoca no BKIIHYEHUIO MUTAHNA.
MCLR nogcoeguHeH k HanpsixkeHuto nutaHua (crnesa). MCLR He nogkntoyeH K
HanNpPs>KeHUIo NUTaHns (cnpasa)

Tabnuua 5
3HayYeHnsa perncTpoB Npun «cbpocey.
Copoc no Co6poc ot Bbixog u3
BKNIOYEHUIO
Peructp Appec WUIU CHUXEHUIO MCLR vnm ot pexima
CTOPOXEeBOro SLEEP no
Hanps)XXeHus N
Tanmepa npepbIiBaHUIO
nuTaHusA
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 11q0 --11 gqquu --uu qquu
INTSTA 07h 0000 0000 0000 0000 uuuu uuuu'”
INDF1 08h N/A N/A N/A
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 0
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C6poc no

Co6poc ot Bbixog us
BKNIOYEHUIO
Peructp Anpec WUIIN CHUNXEHUIO MCLR unu ot pexnmMa
CTOpPOXeBOro SLEEP no
HanpsbkeHus -
Tanmepa npepbIBaHUIO
nuTaHusa
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
- 14h
- 15h
- 16h
- 17h
BaHk 1
DESCR ADR 10h 0000 0000 0000 0000 uuuu uuuu
DESCR DATA 11h 0000 0000 0000 0000 uuuu uuuu
PORTA 12h -—-= XXXX ---- Uuuu uuuu qqqq
DDRD®™ 13h 1111 1111 1111 1111 uuuU uuuy
PORTD"*> 14h XXXX XXXX uuuu uuuU uuuu uuuU
DDRC™ 15h 1111 1111 1111 1111 uuuU uuuy
PORTC*> 16h XXXX XXXX uuuu uuuU uuuu uuuu
- (4 T B B e
BaHk 2
EP1 REG 10h 0000 0000 0000 0000 uuuu uuuu
EP2 REG 11h 0000 0000 0000 0000 uuuu uuuu
NAND DATAZ2 12h 0000 0000 0000 0000 uuuu uuuu
CRPT DATA2 13h 0000 0000 0000 0000 uuuu uuuu
PIR1 14h --00 0010 --00 0010 --uu uuuu”
PIE1 15h --00 0000 --00 0000 --uu uuuu
- (5] o T e e B
- (4 o T B R e
BaHk 3
EP1 STAT 10h --00 --00 --00 --00 --uu --uu
EP2 STAT 11h --00 --00 --00 --00 --uu --uu
- 12h
- 13h
EP1 CNT 14h -000 0000 -000 0000 -Uuuu uuuu
EP2 CNT 15h -000 0000 -000 0000 -uuu uuuu
- 16h
- 17h
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 ---- 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
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Copoc no Co6poc ot Bbixog us
BKNIOYEHUIO
Peructp Appec UNN CHUXKEHUIO MCLR vnm ot pexima
CTOpPOXeBOro SLEEP no
HanpsbkeHus -
Tanmepa npepbIBaHUIO
nuTaHusa
- 10h | e | e e | e e
DDRE® 11h 1111 1111 1111 1111 UUUU UuUU
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
- (7 o T B e
WRDIF 13h 0000 0101 0000 0101 uuuu uuuu
EERPO.II.VI—CON 14h g000 0000 g000 0000 uuuu uuuu
EERPOéVI—MOD 15h 0000 0000 0000 0000 uuuu uuuu
FERPOM_DAT 16h 0000 0000 0000 0000 UuUU UUUU
FERPOM_ADD 17h 0000 0000 0000 0000 UuUU UUUU
BaHk 7
CRPT CWR 10h 0000 0000 0000 0000 uuuu uuuu
CRPT SR 11h 0000 0000 0000 0000 uuuu uuuu
CRPT DATA 12h 0000 0000 0000 0000 uuuu uuuu
CRPT KR 13h 0000 0000 0000 0000 uuuu uuuu
CRPT CR 14h 0000 0000 0000 0000 Uuuuu uuuu
CRPT SYNR 15h 0000 0000 0000 0000 uuuu uuuu
CRPT _ITER 16h -010 0000 -010 0000 -uuu uuuu
CRPT IMIT 17h 0000 0000 0000 0000 uuuu uuuu
BHe 6aHka
PRODL 18h 0000 0000 0000 0000 uuuu uuuu
PRODH 19h 0000 0000 0000 0000 uuuu uuuu
ObosHa4yeHue:

U = HE UBMEHHAETCAH, X = HEU3BECTHO, - = HE pealin30BaHO, YNATAETCA KaK «O»,
q = 3Ha4yeHune 3aBUCUT OT YyCI10BUA.

[TpumeyaHus:

1. OawvH 6ut unn 6onee B INTSTA, PIR1 6yaeT nameHeH (4ToObl Npon3soLlen Bbixoa).

2. Korga Bbixog u3 pexuma SLEEP npoucxognt no npepbiBaHuto un 6ut GLINTD
cbpoweH, PC 3arpyxaetcs BeKTOPOM NpepbiBaHUS.

Cmotpute Tabnuua 4 ons 3Ha4yeHun no cbpocy B 0CobbIX YCrOBUSIX.

3. OT0 3HayeHue, koTopoe ByaeT B TpuUrrepe-3allenke nopTa BbiBoaa.

4. Korga 3anporpamMmupoBaH  pexmm  MUKponpoueccopa WU pacLUMPEHHOro
MUKPOKOHTposnnepa, paboTta 3Toro nopta He 3aBUCUT OT 3TUX PETUCTPOB.
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C6pocC Mo CHUXXeHUI HanpsiKeHusl numaHusi

MWKpPOKOHTpONNEp NMeeT Ha KpucTanmne cxemy cbpoca no CHMKEHUIO HaNpPsXXeHUs
nMTaHUA. JTa Cxema nepeBoanT MUKPOKOHTPOMNEpP B pexum cbpoca, Korga HanpshkeHue
MUTAHUS OMNYCKAeTCs HWXe YCTAHOBMEHHOrO YPOBHS, YTO rapaHTUpyeT npekpalieHve
BbIMOMIHEHNA NpOrpamMm MNpu BbIXOAE HaNPSPKEHUS NMUTAHUA 3a YCTAHOBMEHHbIE HOPMbI.
Mpexge 4Yem ucnonb3oBaTb CXeMy COBpoca MO CHWKEHWIO HanpsKeHUs nuTaHus,
NpoOBepbTE 3JNEKTPUYECKME XapaKTepUCTUKW, 4TOObl yOOCTOBEPUTHCA B TOM, YTO OHa
oTBeyaeT Bawum TpeboBaHMAM. BkroyeHne unM BbIKIKOYEHWE CcxeMbl cbpoca
npounssogutca 6utom BODEN B cnose KoHdUrypauuu.

Pabota cxembl cbpoca: ecnu HanpsbkeHue nuTaHus onyckaetca Huxke Ubor
(Tvnosoe 3HaveHue 4.0 B), npomsonger cOpOC MO CHMXKEHWUIO HAMPSHXKEHUS MUTaHUSA.
MWKPOKOHTpONNEp HaxoauTCsa B COCTOSHUM cOBpoca, Moka HanpsbkeHne nuUTaHua He
nogHumeTcsa Bbiwe Ubor. 3atem BKNOYaeTcs TanMep BKNKOYEHUS NUTaHuA, ganee —
Tanmep 3anycka reHepatopa (ons pexumoB LP wu  XT). 3T10 yoepxuBaet
MUKPOKOHTpOMNep B coctosiHm cbpoca 96 mc n 1024*Tosc. Ecnn HanpsikeHne nutaHua
onyckaetcsa Hwke Ubor BO Bpems paboTbl Tavmepa BKIKOYEHUS MUTaHUS, TO
MUKPOKOHTPOMMEep BO3BpaLlaeTca B COCTOAHME cbpoca M TanMepbl MHULMANU3NPYOTCA
3aHoBO. [locne nogbemMa NUTaHWUA, TanMepbl HAaYHYT OTCYET BPEMEHHOW 3adepXkun. Ha
Puc. 13 nokasaHa Tunosas cutyauus cépoca.

B HekoTOpbIX NPUNOXEHUAX NapamMeTpbl BHYTPEHHEN CXeMbl COpPOCa MO CHUXEHMUIO
nMTaHna He ygosneTBopstoT TpeboBaHnaMm. B aTom cnyyae formkHa ObiTb NpUMEHeHa
BHELUHAS cxema cbpoca No CHUXKEHUIO HAaNpPsXKeHUst MUTaHUS.

Har A EHME
mataHwa U___________________W ___________ Ubor

|
B HYy TREHHMIA | | [ P
chpoc cyhmz 96 mc <96 mc cymmaz 96 rac
11024 Tosc 11024 Tosc

Puc. 13 C6poc No CHMXEHMIO HanNpPsXKeHNS NUTaHUA

MpepbiBaHuA

MUKpOKOHTpONepbl UMEKT 24 NCTOYHUKOB NPEpPbIBaHNS:
BHewHee npepbiBaHne ot Bbisoga PAO/INT,
MepenonHeHne Tanmepa TMRO,
Bydep nepepatumka USART nycr,
Bydep npuemHuka USART 3anosHeH,
MpepbiBaHns ot moayns USB (17 nctoyHnKoB npepbiBaHnin),
MpepbiBaHus ot moayns EERPOM,
MpepbiBaHna ot mogynsa NAND Flash,
MN3meHeHne curHana Ha BbiBoge PA1/TOCLK.

MpepbiBaHsaMK ynpaesnaoT vYeTblipe pernctpa: CPUSTA, INTSTA, PIE1, PIR1.

Pernctp CPUSTA cogepxut 6ut rmobansHoro 3anpeweHms npepbisaHmi GLINTD
(Global Interrupt Disable). Ecnn aToT OMT ycTaHOBMEH, BCe NpepbiBaHUSA 3anpeLueHbl.
OTOT BUT aBnseTCs YacTbio (PYHKUMOHAMNbHbIX BO3MOXHOCTEN siApa MUKPOKOHTponepa u
onucbiBaeTca B pasgene ObpaboTka npepbiBaHUN.
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Korga npoucxoguT npepbiBaHve, 6ut GLINTD aBTOMaTU4ecku ycTaHaBnvMBaeTCs
Anga 3anpeTta ganbHenwmnx npepbiBaHNn, agpec Bo3BpaTa 3anucbiBaeTcsa B cTek, a B PC
3arpyxaeTcs agpec Bektopa npepbiBaHun. CylwecTtByeT 4 BekTopa npepbiBaHUn. Kaxabin
aZipec BeKTopa npepbiBaHUN NpeaHasHayYeH aAnsg onpeneneHHoro UCToYHMUKa npepbiBaHnim
(kpome nepudepuinHbIX NpepbiBaHU, Y KOTOPbIX OOAUH U TOT Xe agpec). OTU UCTOYHUKM
cnegyowme:
¢ BHewHee npepbiBaHme ot BbiBoga PAOQ/INT,;

MepenonHeHne Tanmepa TMRO;
MN3meHeHne curHana Ha BbiBoge PA1/TOCLK;
JTroboe nepudepunitHoe NpepbiBaHME.

Mepexoa no agpecy BeKkTopa npepbiBaHMA He cbpacbiBaeT dnar 3anpoca
npepbiBaHnga. ®nar 3anpoca npepbiBaHUA [AomkeH ObiTb cbpoweH B nporpamme
0bpaboTkn npepbiBaHUS neped paspelleHreM npepbiBaHun, 4Tobbl NpegoTBpaTUTh
MOBTOPHbIN nepexon Ha o0b6paboTky npepbiBaHun. B nporpamme  o6paboTku
nepugepunHbIX MNpepbiBaHUA  UCTOMHUK  MpPEpPbIBAHUS  MOXHO  uAeHTUununpoBaTb
NpoBepKon (priaroB 3anpoca npepbiBaHUN.

Korga BbINOMHSETCS ycrnoBue npepbiBaHUs, WHAMBMAYyanbHble driarM 3anpocoB
npepbiBaHU  yCTaHaBNMBAKOTCA He3aBUCMMO OT cocTosiHua ©6uta GLINTD n
COOTBETCTBYHOLLUNX OUTOB MaCKM.

Mpn BHELWHeM npepbiBaHUN MPOUCXOOAUT 3afdepXka npepbiBaHusA. [Ana komaHg,
BbIMOMHALWNXCA 3a ABa MalUMHHbIX LMKNA, 3afepXka OMWHHee Ha OOVH MaLUMHHBIN
LMK,

BosBpaT u3 nporpammbl 06paboTkM npepbiBaHMMA MNPOU3BOAUTCA MO KOMaHAe
RETFIE. TlpuM BbINOMHEHMM KOMaHAbl MPOUCXOAUT BOCCTAHOBMIEHME MPOrPaMMHOro
cyetyuka (PC) ns cteka n cobpacbiBaetca 6uT GLINTD (4T06bI paspelnTb NpepbiBaHUS).

Peaucmp cocmosiHusi npepbieaHul (INTSTA)

Pernctp INTSTA cogepxut donaru 3anpoca npepbiBaHn U 6UTbl paspeLlleHnin ans
He nepudepunHbix npepbiBaHnin. but PEIF (cdnar 3anpoca nepudepunHbix npepbiBaHUN)
TONbKO ynTaeTcs, n obbveanHsaet no «AJIN» Bce He 3amacknmpoBaHHble donarn 3anpocoB
nepudepunHbix npepbisaHumn B peructpe PIR1 (peructp 5-3).

BuTbl doiaroB 3anpocoB npepbiBaHUN yCTaHaBAMBAKOTCA MO 3aaHHbIM YCNOBUSAM,
AaXe ecnu COOTBETCTBYKOLWMIA OUT paspelleHns npepbiBaHna cbpolleH (npepbiBaHue
3anpeueHo), unmn 6ut GLINTD yctaHoBneH (Bce NpepbiBaHus 3anpeLLeHbl).

Cnepnyet c OCTOpPOXHOCTbIO cbpacbiBaTb nobon paspewarowmin 6ut permncrpa
INTSTA, korga npepbiBaHus paspeweHbl (6ut GLINTD cbpouweH). Ecnn kakme-nnbo
dnarn 3anpoca npepbiBaHnsa (TOIF, INTF, TOCKIF, unu PEIF) yctaHaBnusatoTcst B TOM
Xe MalUMHHOM UMKNe, B KOTOPOM COOTBETCTByHOLWME OUTbI paspelueHusi npepbiBaHnS
cbpacbiBaloTcs, YCTPOMCTBO nepexoauT no agpecy cbpoca (0x00). [Mpexae, yem
3anpeTuTb kakoe-nnbo npepbiBaHMe, cbpocom paspellatouiero outa pernctpa INTSTA,
Heobxoammo npeasaputensHo yctaHoButb 6uT GLINTD, T.e. 3anpeTuTb BCe npepbiBaHus.
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PIR1 [ PIE1

—
x =
m
|

MARDIF
MARNDIE

CRPTIF
CRPTIE

=
B &

INTSTA
\

EEPRCAIF
EEPRCRIE

Bblxog W3 SLEEP
OKOHYEHKE "8 AMHHOR"
TOIF —j_ FEMHCK
TOIE — —

IMNTF —

IMTE —___ MREEIE B SHHE
TOCKIF — i ::

TOCKIE —

PEIF
PEIE —D_

GLIMTLD

Puc. 14 CTpykTypHasa cxema fnornkn npepbiBaHnin

Ta6bnuua 6
Pernctp INTSTA (agpec: 07h, He 3aBUCUT OT HOMepa bGaHka)

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

outr 7

6

5

4

3

2

1

out 0

our7

PEIF: dnar 3anpoca nepudepumnHoro npepbiBaHus. ITOT O6uUT
ansietca obbeauHeHnem no «WJTIN» Bcex dnaroB 3anpocoB
nepuepumrHbIX NpepbiBaHNN JIOMMYECKU YMHOXEHHBIX No «M» Ha
cooTBeTCTByHOLWME OUTbl paspeleHna npepbiBaHWA. Jlormka
npepbIBaHUn HanpaBnsdeT BbINOSIHEHWE MporpamMmbl MO agpecy
20h), korga npovcxoanT 3agepXkka nepnugepunHoro npepbiBaHUs.

1 = ecTb He obpaboTaHHOE nepudepuriHoe npepbiBaHnE;

0 = HeT He o6paboTaHHOro nepndepunHOro NPepbIiBaHUS.

ouT 6

TOCKIF: ®nar BHeluHero 3anpoca npepbiBaHus ot BbiBoga TOCLK.
C6pacbiBaeTcs nporpamMmMHo nporpamMmmMon 0bpaboTkn
npepbiBaHnsa. Agpec Bektopa 18h.

1 = Ha BbiBoge PA1/TOCLK oBHapyXeH 3agaHHbI (OPOHT CUrHana;
0 = Ha BbiBoge PA1/TOCLK He o6GHapyxeH 3agaHHbIi PPOHT
curHana.

out 5

TOIF: ®nar 3anpoca npepbiBaHUs No nepenosiHeHuio Tanmepa 0.
C6pacbiBaeTcs nporpamMmMHo nporpamMmmMon 0obpaboTkn
npepbiBaHnsa. Agpec sektopa 10h.

1 = Tanmep TMRO nepenonHes;

0 = Tanmep TMRO He nepenosiHeH.

ouTt 4

INTF: ®nar BHewwHero 3anpoca npepbiBaHusa oT BbiBoga PAO/INT.
CobpacbiBaeTcs nporpamMmMHo nporpammMon obpaboTkun
npepsbiBaHna. Agpec Bektopa 08h.

1 = Ha BbiBoge PAO/INT obHapyxeH 3agaHHbI (OPOHT CUrHana;

0 = Ha BbIBoge PAO/INT He obHapy>xeH 3agaHHbI (PPOHT curHana.
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out 3 PEIE: but paspelweHne nepudepuiHbix npepbiBaHUn. ITOT 6uT
AencTByeT, Kak OuT rnobanbHOro paspeleHus nepugepuinHbix
npepbiBaHU, 4bW  COOTBETCTBYHOLME  OUTbl  paspeLueHus
npepbiBaHU TakKe YCTaHOBMEHbI.

1 = nepudepuiiHble npepbiBaHUS pa3peLleHbl;

0 = nepudepuninHbie NpepbiBaHNA 3anpeLLEHbI.

ouT 2 TOCKIE: Bbut paspelleHna BHELUHEro npepbiBaHUA OT BblBOAA
PA1/TOCLK.

1 = npepbiBaHne paspeLleHo;

0 = npepbiBaHME 3anpeLieHo.

out 1 TOIE: but paspelueHns npepbiBaHUA MO NepenosiHEHN0 Tarmepa
0.

1 = npepbiBaHne paspeLleHo;

0 = npepbiBaHME 3anpeLieHo.

out 0 INTE: BuT paspelweHns BHeLWHEro npepbiBaHUS Ha BbIBOAE
PAO/INT.

1 = npepbiBaHWe paspeLleHo;

0 = npepbiBaHME 3anpeLieHo.

ObosHa4vyeHus:

R = 6uTt ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpouueH;
X = 3Ha4YEeHMe He N3BECTHO.

Peaucmpbi pa3peweHusi nepughepulHbix npepbieaHul PIE1

OTn perucTpbl cogepXxat uHAMBMAYyanbHble OUTbl paspelleHns nepugepunHbixX
npepbiBaHWN.

Tabnuua 7

Pernctp 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
- - CRPTIE | EEPROMIE | NANDIE | USBIE TXIE RCIE

out 7 6 5 4 3 2 1 6ut 0
out7 3ape3epBnpoBaHo.
ouT 6 3apes3epBUpoBaHo.
out 5 CRPTIE: NMpepbiBaHue oT 6510Kka Wndpaumm gaHHbIX.

1 = paspeLueHo;
0 = 3anpeLleHo.
out 4 EEPROMIE: lNpepbiBaHne ot EERPOM koHTponnepa.
1 = paspeLleHo;
0 = 3anpeLleHo.
our 3 NANDIE: lNpepsiBaHne ot NAND Flash koHTponnepa.
1 = paspeLueHo;
0 = 3anpeLleHo.
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ouT 2 USBIE: NpepbiBaHne ot USB koHTponnepa.

1 = paspeLleHo;

0 = 3anpeLLleHo.

Mpumeyvanune: Kpome gaHHOro duta B pernctpax KoHTposnsnepa ecTb
dnarn paspelwleHna npepbiBaHMM ANs pasnuyHbiX CcobbiTM B
KOHTponnepe.

out 1 TXIE: Bbut paspelweHus npepbiBaHus OT nepegatdnka USART
(bydep nepenaTymka nycr).

1 = npepbiBaHWe paspeLleHo;

0 = npepbiBaHWE 3anpeLieHo.

out 0 RCIE: but paspeweHus npepbiBaHua oT npuemHuka USART (B
Oydepe npueMHunKka ecTb JaHHbIE).

1 = npepbiBaHWe paspeLleHo;

0 = npepbiBaHWE 3anpeLieHo.

ObosHa4vyeHus:

R = 6ut ana ytenna; W = O6UT ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca no BKINOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMe He N3BECTHO.

Peaucmpbi 3anpoca nepugepuliHbix npepbieaHutl PIR1

OTOT perucTtp cogepxaT wuwHAMBMAYyanbHble dnarn 3anpocoB nepudepumnHbIX
npepbiBaHWN.

[lpumeyaHue:

dnarn 3anpoca npepbiBaHUA YCTaHABNUBAKOTCA MPU BO3HWKHOBEHUU YCIOBUN
npepbiBaHNn, BHE 3aBUCMMOCTM OT COCTOsHMA donara obliero 3anperta npepbiBaHUiN
GLINTD u cooTBeTCTBYIOLWNX (oriaroB paspeLleHns nepugepunHbix npepbisaHui. lNepeq
paspelleHneM npepbiBaHWs, MNonb3oBaTenb AOMmKeH cbpocuTtb dnarnm  3anpocoB
npepbiBaHU, 4TOObI MNporpamMma He nepelna He3amegnuTenbHO K nognporpamme
06paboTkn nepmnepurHbix NpepbIBaHUN.

Tabnuua 8
Pernctp 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
- - CRPTIF | EEPROMIF | NANDIF | USBIF TXIF RCIF
out 7 6 5 4 3 2 1 o6ut 0
out 7 3apesepBnpoBaHo.
ouT 6 3apes3epBupoBaHo.
out 5 CRPTIF: ®nar npepbiBaHns o1 6510ka WwWndpaumm aHHbIX.
1 = [aHHble TOTOBbl ANA YTEHWs Nocfe  BbINOSIHEHHOro

npeobpasoBaHus (LWnpauum nnun gewmdpaumm).

0 = gaHHble He roTOBbI A1 YTEHMS.

out 4 EEPROMIF: ®nar npepbiBaHus oT KoHTponnepa EEPROM.
1 = 3aKoH4eHa paboTa;

0 = 6nok ceobogeH nnu seget paboTy.
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out 3 NANDIF: ®nar npepbiBaHus ot koHTponnepa NAND Flash.
1 = 3akoH4YeHa paboTa;

0 = 6nok ceoboaeH unu Beget paborty.

our 2 USBIF: ®nar npepbiBaHus oT koHTponnepa USB.

1 = ecTb cobbiTne B KOHTponnepe USB;

0 = HeT cobbITUN.

out 1 TXIF: ®nar 3anpoca npepbiBaHua oT nepepatymka USART. ®nar
yCTaHaBnuBaeTcs u cbpacbiBaeTcs annapaTHO, OOCTYMEH TOJSIbKO
ANS YTeHus.

1 = 6ycbep nepenatunka USART nycT;
0 = 6ydpep nepegatynka USART 3anonHeH.

out 0 RCIF: ®nar 3anpoca npepbiBaHus OT npuemHuka USART. ®nar
yCTaHaBnmBaeTcss U cbpacbiBaeTca annapaTHO, OOCTYNEH TOSbKO
ANSA YTeHus.

1 = B 6ycbepe npnemHmka USART ecTb AaHHbIE;
0 = 6ycep npnemHmka USART nycT.

ObosHa4vyeHus:

R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anncu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca no BKIHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMe He N3BECTHO.

O6pabomka npepbieaHul

But rmobanbHoro 3anpeweHus npepbiBaHu GLINTD (CPUSTA<4>) paspelwlaet
BCE€ HEMACKMpPOBaHHbIE MNpepbiBaHNA (ecnv COpPOLLEH), UK 3anpeLlaeT BCe npepbiBaHUSA
(ecnu yctaHoBneH). MHanBmnayansbHble NpepbiBaHUs 3anpeLleHbl Yepe3 COOTBETCTBYOLLNIA
out paspewenns B peructpe INTSTA. Ona 3anpeta nepudepuinHbiX NpepbiBaHNN
HeobxoomMmo, 4ToObl Obin cbpoweH ©OuT rnobanbHOro paspeleHns nepuPepUnHbIX
npepbiBaHnin PEIE nnu cbpoweH 6UT paspelleHns cCoOOTBETCTBYHOLLEro nepuepuinHoro
npepbiBaHna. 3anpelleHve nepudepuiHbix npepbiBaHUn 4vepe3 OuT rnobanbHoro
paspeLlleHnst nepngepnnHbiX NpepbiBaH, 3anpeLlaeT Bce nepmgepnnHble npepbiBaHUS.
But  GLINTD ycraHaBnuBaetca npu cbpoce MUKPOKOHTponnepa (npepbiBaHUA
3anpeLyeHbl).

Komanga RETFIE cbpacbiBaet 6ut GLINTD gna paspelweHus npepbiBaHun U
3arpy)kaet CYeTyMK KOMaH 3HayeHMeM K3 BeplwuHbl cTeka. Korga npoucxogut
npepbiBaHne, 6ut GLINTD aBTOMaTU4eckn ycTaHaBnvBaeTCa AN 3anpeta AanibHenwmx
npepbiBaHUA, agpec Bo3BpaTa 3anucbiBaeTCA B CTEK M CYETYMK KOMaHL 3arpyxaetcs
agpecom BekTopa npepbiBaHus. CylwecTByeT 4 BeKTopa npepbiBaHus, YTO CnocobcTByeT
COKpaLLleHNIO 3adepXxku npu obpaboTke npepbiBaHuin. dnarn 3anpocoB MNpepbiBaHUN
OOIMKHbI ObITb COpOLWEHbl B MNporpaMme nepea paspelleHneM npepbiBaHUA, YTOObI
n3bexatb NOBTOPHOrO BbI30BA.

BekTtop nepudepurHbix npepbiBaHUN UMEET MHOXECTBO MCTOYHWKOB MpepbiBaHUMN.
B nporpamme o6cnyxuBaHus NepudEPUNHOro npepbiBaHNA, WUCTOYHWUK MNpepbiBaHUA
MOXHO onpegenntb NpoBepkon doraros 3anpoca npepbiBaHUS.

MukpokoHTponnep nMmeeT 4 BekTopa npepbiBaHuMn. Agpeca BEKTOPOB U UX MPUOPUTETHI
nokasaHbl B Tabnuua 6. Ecnv npoucxoamTt 3anpoc ABYyX MpepbiBaHWA OAHOBPEMEHHO,
npepbiBaHne ¢ BonblUMM NpuopuTeToM ByaeT obecnyXxmBaTbCA B NEPBYO ovepenb. ATO
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O3Ha4aeT, YTO agpec BEKTOpa MMEHHO 3TOro npepbiBaHuA OyaeT 3arpyXeH B CHETYMK
komaHg (PC).

Tabnuua 9

[MpropuTeTbl M agpeca BEKTOPOB NpepbiBaHN
Appec BekTop Mpuwopurer
0008h BHewHee npepbiBaHne Ha BbiBoge PAO/INT (INTF) 1 (cambli BbICOKUNI)
0010h [MpepbiBaHme no nepenonHeHnto TMRO (TOIF) 2
0018h BHewHee npepbiBaHne no PA1/TOCLK (TOCKIF) 3
0020h Mepundepuntole npepoiBaHna (PEIF) 4 (cambll HA3KNIA)
[TpbumeyaHue:

1. NHaomBuayanbHble dnarM 3anpoca npepbiBaHUS YCTaHaBNMBAKOTCA He3aBUCUMO OT
COCTOSIHUSI COOTBETCTBYIOLWEro Mmackmpytowiero 6uta nnm 6uta GLINTD.

2. lNpexge, Yem 3anpeTutb Kakoe-nmbo npepbiBaHMe, cOpocoM paspellarowiero 6uta
permctpa INTSTA, 6ut GLINTD pomkeH ©ObiTb ycTtaHoBneH (obwwmin 3anpet
npepbIBaHUN).

lMpepbieaHue om ebieoda PAO/INT

BHewHee npepbiBaHne ot BbiBoga PAO/INT npoucxogut nmbo no nepegHemy
dpoHTy curHana, ecnv 6ut INTEDG (TOSTA<7>) ycTtaHoBneH, NMbo no 3agHemy (OpOoHTY,
ecnu 6ut INTEDG cbpoweH. Koraa aktmBHbIA (OPOHT CUrHana nosiBMsieTCA Ha BXoge
PAO/INT, 6ut INTF (INTSTA<4>) yctaHaBnuBaeTcs. JOTO npepbiBaHNE MOXeT ObITb
3anpeweHo copocom Buta INTE (INTSTA<0>). MNpepbiBaHne Ha BbiBoge PAO/INT moxeT
BbIBOANTb MUKPOKOHTposnep mn3 pexuma SLEEP. CmoTpute pasgen onvcaHus pexuma
SLEEP.

lNpepbieaHue om ebieoda PA1/TOCLK

BHewHee npepbiBaHne oT BbiBoga PA1/TOCLK npoucxogut nubo no nepegHemy
dpoHTy curHana, ecnm 6ut TOSE (TOSTA<6>) yctaHoBrneH, nnbo no 3agHemMy (POHTY,
ecnun 6ut TOSE cbpoweH. Korga akTmBHbIA PPOHT CUrHana nosiBNSIeTCS Ha BbiBOAE
PA1/TOCLK, out TOCKIF (INTSTA<6>) yctaHaBnuBaetcs. [lpepbiBaHMe MOXET ObliTb
3anpeweHo cobpocom 6uta TOCKIE (INTSTA<2>). MNpepbiBaHne oT BbiBoga PA1/TOCLK
MOXeT BbIBOAUTb MUKPOKOHTponsiep u3 pexumma SLEEP. Cmotpute pasgen onucaHus
pexuma SLEEP.

lMepughepuliHbie npepbieaHUs

YcTtaHoBneHHbIn doniar 3anpoca nepudpepunHblx npepbiBaHui PEIF nokasbiBaer,
YTO NPOM30LLIIO, MO KpanHen mepe, ogHO nepudepunnHoe npepsiBaHne. but PEIF Tonbko
ans  JdteHna u  gaBndetca obbeguHeHnem no  «UJW»  Bcex chnaroB 3anpocos
nepuepunHbIX nNpepbiBaHUN, NOMMYECKU YMHOXEHHbIX o «W» Ha cooTBeTCTBYlOLLME
OGuTbl paspelwweHns npepbiBaHun B peructpax PIE. Hekotopble nepudepuiiHbie
npepbiBaHNA MOTYT BbIBOAUTb MUKPOKOHTponnep u3 pexuma SLEEP. CmoTtpute pasgen
onucaHuna pexuma SLEEP.
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CoxpaHeHue pe2ucmpoe npu npepbieaHuu

Bo Bpemsi npepbiBaHus, B CTEKE COXPaAHSETCA TONbKO 3HadeHne PC ans Bosepara.
CoxpaHeHune gpyrmx permctpoB HeobxoanuMo peanu3oBaTb NPOrPaMmmMHoO.

B T[llpumep 1 nokasaHO cCcoOXpaHeHMEe W BOCCTAHOBIEHWE WHGOpMaunMnm B
nognporpamme o6paboTkM npepbiBaHUA. OTOT npumep nNpuBeAeH AMs NPOCTON CXeMbl
npepbiBaHUN, rOe HE MOXET MPOU3ONTU BIIOXEHHOCTM npepbiBaHui. Coaepxmmoe
pernctpoB coxpaHsieTca B obnactn GPR BHe 6aHKOB.

B lNpumep 2 nokaszaHo coxpaHeHWe U BOCCTaAHOBIEHUE MHAOopMaLNK ONs criyyas,
korga TpebyeTcs BnoXeHne npepbiBaHUn. B npyuBeaeHHOM npumMepe MOXeET BbINONHATLCS
MakCcumMym A0 6 ypoBHen BroxeHus npepbiBaHun. BSR xpaHutca B obnactn GPR BHe
GaHKoB, B TO BpeMsa Kak Apyrne peructpbl OyoyT XpaHuTbCA B onpedeneHHom 6GaHke.
Taknm obpasom, ata nporpammMma MOXET OCyLLeCTBUTb 6 3anuncen 6NoKoB CO 3HAYEHNAMMU
coxpaHsemblx peructpoB. [Ana paboTbl nporpamma TpebyeT BbliOENEHHOro perncrpa
KocBeHHoWn agpecaumn FSRO.

CermeHTbl koga PUSH 1 POP (3anuck B cTek 1 YTeHne cTeka) MoryT 6biTb nnbo B
Kaxgon nognporpamme o6paboTkm npepbiBaHUsA, 60 MoryT ObiTb Bbi3biIBAEMbIMA
nognporpamMmamu. B 3aBUCMMOCTM OT KOHKPETHOrO MPUIIOXEHUS, TakkKe MOXeT
noTpeboBaTbCA COXpaHEHME U APYrMX PErmcTpoB.

Mpumep 1
CoxpaHeHne perncTpoB npu npepbiBaHnUM (NPOCTON BapUaHT)
; Agpeca, KoTopble UCMONb3YITCH OS5 XPaHEHNSA 3HAYEHUN PerMcTpoB HAXo4ATCHA BO
; BHYyTPEHHen namatn gaHHbiX. [lnanasoH agpecoB 1Ah — 1Fh (BHe 6aHkoB).
; Mpn nomowm komangbl MOVFP MmoxeT ObiTb COXpaHEHO M BOCCTAHOBIIEHO A0 6 Si4YEeK.
; OTa KOMaHga He BrnvsieT Ha OUTbl COCTOSHMMA W He HapyllaeT 3HadeHuwe permcrpa
WREG.

UNBANK1 EQU O0x01A; agpec ons coxpaHeHns nepBov S4emnku
UNBANK2 EQU 0x01B; agpec onsi coxpaHeHusi BTOPOW S4YEnKM
UNBANK3 EQU 0x01C; agpec aonsi coxpaHeHuUsi TpeTbemn S4emnku
UNBANK4 EQU 0x01D; agpec ansi coxpaHeHusi YeTBEPTON SYENKN
UNBANKS5 EQU O0x01E; agpec ons coxpaHeHUs NaTon S4emnku

; (MeTKa He ucnonb3yeTcs B nporpamme)
UNBANKG6 EQU O0x01F ; agpec ons coxpaHeHusi LLEeCTON S4ENKU
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; (MeTka He ucnorb3yeTcs B NporpaMmme)

; Apec BeKkTopa npepbiBaHNS

PUSH MOVFP ALUSTA, UNBANK1 : 3anuck B cTek 3HayeHna ALUSTA
MOVFP BSR, UNBANK?2 : 3anuck B cTek 3HayeHnsa BSR
MOVFP WREG, UNBANKS3 : 3anuck B ctek 3HadveHus WREG

MOVFP PCLATH, UNBANK4 ; 3anucbk B cTek 3HayeHnsa PCLATH

; Kog nporpammbl 06paboTkun npepbiBaHNS

POP MOVFP UNBANK4, PCLATH : BocctaHoBneHune 3Hadyenmna PCLATH
MOVFP UNBANKS3, WREG : BoccTtaHoBneHue 3HayeHna WREG
MOVFP UNBANK2, BSR : BocctaHoBneHume 3Hayenmsa BSR
MOVFP UNBANK1, ALUSTA : BoccTaHoBneHue 3HadyeHmna ALUSTA
RETFIE ; BosBpaTt 13 npepbiBaHus (paspeluaeTt npepbiBaHns)

Mpumep 2

CoxpaHeHwne perucTpoB Npu NpepbiBaHUN (BapuaHT C NOAEPXKKON BIOXEHHbIX
npepbIBaHNN)

; Agpeca, KoTopble UCMONb3YITCH AN XPaHEHUSA 3HAYEHNIN PErMCTPOB HAXO4ATCA BO
; BHYTPEHHeWn naMaTn gaHHbIX. [ns coxpaHeHus 3HaveHun pernctpa BSR ncnonesyetcs
; obracTtb AaHHbIX ¢ agpecamu 1Ah - 1Fh (BHe 6aHkoB). Takum o6pa3om MOXeT ObITb
; COXpaHeHo A0 6 6rokoB 3Ha4YeHun perncTpos. Nporpamma ncnonbsyet pernctp FSRO
; (n 6utbl ero ynpaesnenna FS1 n FSO B pernctpe ALUSTA).
Nobank FSR EQU 0x40
Bank FSR EQU 0x41
ALU_Temp EQU 0x42
WREG_TEMP EQU 0x43
BSR_S1 EQU O0Ox01A; agpec nepBon sivenkn gns coxpaHeHna BSR
BSR_S2 EQU 0x01B; 0x1Ah-Ox1Fh - agpeca s4yeek ana coxpaHeHus BSR
BSR_S3 EQU 0x01C
BSR_S4 EQU 0x01D
BSR_S5 EQU Ox01E
BSR_S6 EQU OxO01F
: MHnumnanmsagyusa
CALL CLEAR_RAM : Ounctka O3Y gaHHbIX
INIT_POINTERS ; NoAroToBKa Nnapametpos ansa npoueayp POP n PUSH
CLRF BSR, F ; ycTaHoBka 6aHkoB B 0
CLRF ALUSTA, F ; nepekntodeHne FSRO B pexum
BSF ALUSTA, FS1 ; aBTOMHKPEMEHTUPOBAHMS
CLRF WREG, F ; cobpoc WREG
MOVLW BSR_S1 ; 3arpy3ka FSRO 3Ha4yeHnem nepBoro agpeca ans
MOVWF FSRO ; coxpaHeHus BSR
MOVWF Nobank_ FSR
MOVLW 0x20
MOVWF Bank FSR
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X Kog Bawwen nporpammel

; AQpec BeKTopa npepbiBaHUs

PUSHBSF ALUSTA, FSO ; FSRO - pexxnm aBTOMHKPEMEHTUPOBaHMUSA

BCF ALUSTA, FS$1

MOVFP BSR, INDFO ; cCOXpaHeHue pernctpa BSR

CLRF BSR, F ; yctaHoBka ©OaHka 0 ana nepudepuinHbix
pPerncTpoB u

; O3Y aaHHbIX
MOVPF ALUSTA, ALU_Temp
MOVPF FSRO, Nobank FSR ; COXpaHeHue 3Ha4eHus FSR,

NCnonb3yemMoro
; Anga coxpaHeHus BSR
MOVPF WREG, WREG_TEMP
MOVFP Bank FSR, FSRO ; BOCCTaHOBMNEHNEe 3Ha4YeHusa FSR,
NCNONb3yeMoro
; ANs1 COXpaHEeHUs1 APYIrMX 3HA4YEHNI
MOVFP ALU_Temp, INDFO ; 3anucb B cTek 3Ha4yeHnss ALUSTA
MOVFP WREG_TEMP, INDFO : 3anucb B cTek 3HavyeHna WREG
MOVFP PCLATH, INDFO ; 3anucb B cTek 3HadeHuss PCLATH
MOVPF FSRO, Bank_FSR ; coxpaHeHue 3HayeHust FSR, ncnonb3yemoro
; ANS1 COXpaHeHUs OPYrMx 3HaYeHnn
MOVFP Nobank FSR, FSRO : BOCCTaHoBNeHne  3HaveHma  FSR,
NCNONb3yemMoro
; Ans coxpaHeHnst BSR

; Koa nporpammbl 06paboTkm npepbiBaHUs

POP CLRF ALUSTA, F ; FSRO - pexum aBTOoAeKpEMEHTMPOBAHUS

MOVFP Bank FSR, FSRO ; BOCCTaHOBIEHNE 3Ha4YeHus FSR,
NCMnonb3yemoro

; ON151 COXpaHeHUs1 ApYrMx 3Ha4YeHnin

DECF FSRO, F

MOVFP INDFO, PCLATH ; yTteHue 3Hayenusa PCLATH

MOVFP INDFO, WREG : YyTeHue 3HayeHne WREG

BSF ALUSTA, FS1 ; FSRO - pexum ©6e3 M3MEHEHUS1 3HAYEHUS
pernctpa

MOVPF INDFO, ALU _Temp ; uteHne 3Ha4deHuss ALUSTA
MOVPF FSRO, Bank_FSR ; coxpaHeHue 3HayeHust FSR, ncnonb3yemoro
; ANS1 COXpaHeHUs OPYrMx 3HaYeHnn

DECF Nobank FSR, F
MOVFP Nobank_ FSR, FSRO ;  BOCCTaHOBfeHMe  3HadeHusi FSR,
NCMnonb3yemoro

; ANga coxpaHeHust BSR
MOVFP ALU_Temp, ALUSTA
MOVFP INDFO, BSR

RETFIE ; BO3BpAaT M3 NpepbiBaHus (paspellaeT npepbiBaHUs)
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OpraHusauml namMAaTun

B MukpokoHTponnepe ectb ABa ©Onoka namsatv: namsiTb MNporpaMMm U namsaTb
AaHHbIX. Kaxxabin 610K MMeeT CBOK CODCTBEHHYIO LUMHY, TaK YTO JOCTYN K Kaxaomy 6rnoky
BO3MOX€EH BO BpeMS O4HOro M TOro e LMKna reHepaTopa.

MamaTb gaHHbIX genutca Ha RAM obuiero HasHa4yeHnsa 1 perncTpbl cneumanbHbIX
dyHkumn  (SFRs). ®yHKumMoHupoBaHne SFR-peructpoB, KoTOpble YMpaBnsalT S4pPOM
MUKPOKOHTpOMMepa, onucbiBaetca B aTon rnaee. SFR-pernctpbl, ucnonb3dyemble Ans
ynpaBneHns moaynsmu nepudepun, onucbiBalTCA B pasgenax, MNOCBSWEHHbIM 3TUM
KOHKPETHbIM MOAYNAM nepudepun.

| PC<15:0> |
CALL, RETURN 16
RETFIE, RETLW

cTeK (YpoeeHs 1)

cTeK (ypoBeHb 16)
Bexktop "cGpoca” 0000h
Bexkrop npeprieamma ot erreoga INT [Q008h
Bexkrop mpeprieamin ot afimepa ) (00100
Bexrop mpepripanna ot eeieoga TOCK 0018h
Bexrop mepud epriimerx mpeprieammmi | 0020h
0021h

BHYTPEeHHAA

none3oBaTenbCcKad

NaMATe AporpamMmm
7FEFh
7FFOh

ermcTpbl KOHQUrypauwum

P P cpurypay ZEEFh
perncTpbl koHdUrypauum EEEIC-'}E
FFOOh

sarpysouHoe M3Y
FFFFh

Puc. 16 Kapta namaTtu nporpamm n cteka
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Mamameb npoz2pamm

MukpokoHTponnep nmeet 16-Tm BUTHBIA CHETYMK KOMaHA, CnocobHbIN agpecoBaTb
obnacte namaTu nporpamm pasmepoMm 64K x 16 6ut. Bektop «cbpoca» umeet agpec
0000h, BekTopa npepbiBaHNA HaxoasaTca no agpecam 0008h, 0010h, 0018h n 0020h (cm.
Puc. 16).

O6bem BHyTpeHHen namaTn nporpamm coctaBnsetr 32K x 16 6ut. [Namsartb
nepenporpammupyemasn FLASH tuna.

MWKpOKOHTpoOnNnep MoXeT QYHKUMOHNPOBATb B OOHOM U3 4  BO3MOXHbIX
KOH(purypaumn namsitu nporpamm. KoHdurypaums Bbibnpaetcs Gutamm KoHdurypaumm.

Bo3moXHbI crneayroLmne pexumbi:

MUKPOMpPOLIECCOp;
MUKPOKOHTpPONNep;
pacCLUMPEHHbIN MUKPOKOHTPOMNEP;
3aLUNLLIEHHBIN MUKPOKOHTPOMEp.

Pexnmbl  «MUKPOKOHTpOMnepa» U «3alWMWEHHOr0  MUKPOKOHTpomnepa»
obecneunBaroT JOCTYN TOMNbKO K BHYTPEHHeN namaTn nporpamm. Jlrobas nonbiTka goctyna
no agpecam BHE NamMATU NPOrpaMmm MpPUBOAMUT K YTEHUIO HEM3BECTHOIO 3Ha4YeHus1. Pexunm
3aLUULLLEHHOrO MUKPOKOHTPOSSiepa UMeeT eLle YHKUUIO 3alnTbl Koaa.

B pexume «pacluMpeHHOro MUKPOKOHTpoOsiiepa» uMeeTcs [LOCTYyn Kak Ko
BHYTPEHHEN, TaK M KO BHelWHerW namMaTu nporpamMm. BbinonHeHve aBTOMaTUYeCKM
nepeknyaeTca Mexay BHYTPEHHEW W BHewHerW namatblo. 16-Tm GuTHbIN  agpec
Nno3BOSISIET agpecoBaTh AnanasoH namaTu nporpamm B 64K cnos.

B pexume «mukponpoueccop» BO3MOXEH AOCTYM TOMbKO K BHELLUHEN MaMSTK
nporpamm. BcTpoeHHasa (BHYTpPEHHSS) namsaTb nporpamm urHopupyetcs. 16-Tm GUTHbIN
agpec rnossBongeT agpecoBaTtb Auanas3oH namatm  nporpamm B 64K cnos.
MWKpONpoLECCOPHbIA  PEXMM  WUCXOAHO YCTaHOBNEH B  He3anporpaMMMpPOBaHHbIX
npmnbopax.

MUWKpOKOHTpONNep MoXeT (PYHKLMOHMPOBATL, Korga namaTb NporpaMMm HaxoguTCs
BHE Kpuctanna. OTO  pexuMmbl «MUKponpoLeccopa» n «pacLMpeHHoro
MUKPOKOHTpornepa».  MUKpOMPOLECCOPHbIA  PEXMM  UCXOOHO  YCTaHOBMNEH B
He3anporpaMMmnpoBaHHbIX Npubopax.

HesaBucMmo OT pexuma npoueccopa NamATb OaHHbIX Bcerga HaxoauTcs Ha
Kpuctanne.

Korga BblOpaH pexunm «MUKponpoLieccopa» nnu «pacLUIMpeHHOro
MukpokoHTponnepa», PORTC, PORTD un PORTE pa6oTtalT kak cuCTeMHas LUMHa.
PORTC un PORTD - mynbTunnekcmpoBaHHasa wWuHa agpeca/gaHHbix, a PORTE<2:0> —
curHanbl ynpasneHua. dopma curHanoB agpeca M AdaHHbIX MNokasaHa Ha Pwuc. 18.
BpeMeHHble XapaKTepUCTUKN NpUBEOEHbI B 3nekTpudeckon cneundukaummn. B pexume
«pacLIMPEHHOIr0 MUKPOKOHTponnepa» koraa npubop paboTaeT C BHYTPEHHEN MNaMsTbio
nporpaMmmM, BHELLUHME YMpasnslowue curHanbl NpoAorkawT ObiTb akTUBHbIMW. Takum
06pa3oM, OHW WHOMUMPYIOT LENCTBUS, KOTOPble MPOUCXOAAT BO BHYTPEHHEN MNaMATW.
[laHHble N3 BHELLIHEN NaMATU UTHOPUPYIOTCS.
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Permm
MHEPOIIP OLIE CCOPA

PeXHM PACHIH] e HHOT 0
MHE] 0K OHTPOJLTep A

Pexmm
MHKPOKOHTP 0TLTepa

0000h

0000h

FFFFh

BHe KPHCTATLTA Ha KPHCTALTe

0000h

BHYTPeHHAA
maMATE
TpOTpaMdM

FFFFh

EHe KPHCTALTA

Ha KPHCTAJLTe

0000h

BHYTPeHHAA
MAMATE
TIPOrpaMM

BHelmHAA -
OAMATH 7FFFh 7FFFh g
IporpanmM 8000h &000h E.;
BHemmAA é

AMATH
P Orpanmv E
]
]

FFFFh[ Config. Bits

EBHe KPHCTaJLIA

HA KPHCTAILTe

00h

120 [220H320h
FFh | [1FFH [2FFR 3FFh

HA KpHCTALTIe

00h

120H [220H[320N
1FFh |2FFH[3FFh

HA KPHCTAILTe

FF

=

00h

T20H[220H [320h
1FFH | 2FFH[3FFh

HA KPHCTAILIe

FF

o

NAMATE TAHHBIX

Puc. 17 PacnpegeneHne namMaTu B pasnnyHbIX pexmmax
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YTEHWE 3AMMCh
: Q4 a1 . Q2 . 3 . o4 1 Q2 . Qa3 . o4 (o)
osc1 | | | . | | || L[]
oocs | || Bl
ALE B B | N | T
OE L] ';
WR | i | i |
AD ™ Aadr |z | | Adr | Data] |

't‘Latch Data
Puc. 18 [Juarpammbl curHanoB A0CTyna K BHELLHEN NaMATU NporpaMm

Mamsmb OaHHbIX

MamaTb OaHHbIX pasgeneHa Ha 2 obnactu. lNepBaa — 310 obGnacTb pPerucTpos
obwero HasHaveHna (GPR), n BTopas — aTo obnactb perncTpoB crneumnasbHbIX (OYHKLUUIA
(SFR). SFR-pernctpbl KOHTPONMMPYHT Kn obecneumnBaloT pexumMmbl PYHKLUMOHUPOBAHUSA
npuodopa.

MamaTb gaHHbIX pa3geneHa Ha 6GaHku, Tak opraHm3oBaHbl 06e obnactn. Obnactb

GPR crpynnupoBaHa B 6aHku gns Toro, 4tobbl nonyynts obbem namsitu bonee 232
GanrTa.
OpraHunzauyusa 6aHkamu TpebyeT Ucnonb3oBaHus ynpasnsawowmx 6utos ansa seibopa 6aHka.
OTn ynpaenswowme dutbl HaxogaTcs B pernctpe Bobibopa 6aHkoB BSR. Ecnu npounsseneH
aoctyn kK obrnactu BHe 6GaHkoB, 3HayeHue peructpa BSR urHopupyetcda. Tabnuua 10
NoKasblBaeT OpraHmn3auunio KapTbl NAMATU OAHHbIX.

KomaHgbl MOVPF u MOVFP obecneunBaioT nNepeHOC 3HaYeHU OaHHbIX W3
obnactn nepudepum («P») B ntoboe mecto B obnactu pernctpos («F») n HaobopoT. «Px»-
avanasoH onpegeneH agpecamu ot 00h go 1Fh, gmanasoH «F» — ot 00h go OFFh.
[OwanasoH «P» nmeeT 6 pernctpoB, KOTOpble MOryT ObiTb MCMONb30BaHbI Kak PerncTpbl
obLwiero HasHavyeHnda. IOTO MOXeT OblTb YAOOHO ANs HEeKOTOpbIX MPUMEHEHWN, rae
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nepemeHHble Heobxoaumo ckonupoBaTb B Apyrue sdverikm B O3Y obwero HasHavyeHus,
(Takme Kak 3anoMmHaHue nHgopmaLmm o0 ctaTyce BO BpeMs NpepbiBaHus).

Ko Bcen namaTtu gaHHbIX MOXHO obpaluartbes, Mcnonb3ys nmbo npsiMon JocTyn,
nnBo KOCBEHHbIN (Mcnonb3ysa pernctpbl ykasatensa agpeca FSRO n FSR1). KocseHHas
agpecaumsa mucnonb3yeT COOTBeTCTBylOWMe Yynpasnsiowune 6utel BSR-pernctpa ang
aocTtyna B 06nacty namaTtn aHHbIX, OpraHn3oBaHHble B 6aHKW.

Pezucmpbi o6wezo Ha3HavyeHusi (GPR)

MukpokoHTponnep wumeeT obnactb pernctpoB obuwero HasHadeHus (O3Y)
obbemom 902 6Ganta. AT pernctpbl 8-mmu OuTHble. O3Y pas3dbuto Ha 6GaHku. [Onsa
obneryeHna nepeknoveHne mexagy aTmmm 6GaHkamm cyuectByeT komaHga «MOVLR
bank». Pernctp GPR He nsmeHsieTcst npu Bcex Tunax cbpocos.

Peaucmpbi cneyuasibHO20 Ha3Ha4YeHusi (SFR)

Pernctpbl cneumanbHoro HasHadeHuss (SFR) wucnonb3yroTcd npoLeccopom U
nepudepunHbIMK YCTPOUCTBaMn Ansa ynpaenexHua paboton npubopa (cm. Tabnuua 10).
OTn perucTpsbl NpeacraensatoT cobon ctatndeckoe O3Y.

Pernctpol SFR mMoryT 6bITb pasgeneHbl Ha 2 rpynnbl, T€, KOTOPble CBS3aHbl C
dyHKUMEN «adpa», U Te, KOoTopble CBA3aHbl C PYHKUMSAMU nepudpepun. Te pernctpeol,
KOTOpble CBA3aHbl C «94POM», OMUCLIBAOTCA HUXE, a Te, KOTopble CBSA3aHbl C PYHKLMSAMN
nepudepumn, OnuCbiBalOTCA B COOTBETCTBYKOWEM pasgene Ang Kaxgoro Moayns
nepucepun. Peructpbl nepudepun opraHn3oBaHbl B OaHKW, peructpbl  «agpar»
npencraBnaoT cobon obnactb, He opraHM3oBaHHyto B OaHku. [Ons  obnerdeHuns
nepeknoyeHna mexay nepudepurHbiMm BGaHkamu ucnonbdyetcs komaHga «MOVLB

bank».
Tabnuua 10
Cxema agpecoB pernctpos
Apnpec He 3aBucuT oT HOMepa agpecyemMoro 6aHka.
00h INDFO
01h FSRO
02h PCL

03h PCLATH
04h ALUSTA

05h TOSTA
06h CPUSTA
07h INTSTA
08h INDF1
09h FSR1
OAh | WREG
OBh | TMROL
0Ch | TMROH

0Dh | TBLPTRL
OEh | TBLPTRH
OFh BSR
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BaHk 0 | baHk1 | BaHk 2 | BaHk 3 | BaHk4 | BaHk 5 | BaHk 6 | BaHk 7
10h  |EP1_CFG1 DESg—AD EP1_REG |EP1_STAT|USB_ADR ; NANIEE—MO CRP_FE—CW
11h  |eP1_cFa2| PESC-PA| gpo reg |EP2 sTAT|YSBLERR| pprp  |NAND_DA| cppr R

TA OR TA

12h  |EP2_CFG1| PORTA NA'#EEDA . |usB_STAT| PORTE ; CRF}L—DA

13h  |EP2_CFG2| DDRD CR_'F/IEDA ; USBECTR RCSTA | WRDIF |CRPT KR

14h ; PORTD | PIR1 |EP1 _CNT| USB_IE1 | RCREG EEgg,\?T'V'— CRPT CR
EEPROM_| CRPT_SY

15h - DDRC PIE1 EP2 CNT | USB_IE2 | TXSTA MODE NR
EEPROM_|CRPT_ITE

16h - PORTC - - USB_IE3 | TXREG DATA R
EEPROM_| CRPT_IMI

17h - - - - USB_IE4 | SPBRG ADDR T

He 3aBucuT oT HOMepa agpecyemMoro 6aHka.

18h PRODL

19h PRODH

1Ah-

1Eh Pernctpbl obwero HasHayeHus.

BaHk 0 BaHk 1 BaHk 2 BaHk 3
20h Pernctpbl obwero | Pernctpbl obwero | Permctpobl obwero | Pernctpbl obwero
FFh Ha3Ha4YeHus. Ha3Ha4YeHus. Ha3Ha4YeHus. Ha3Ha4YeHus.
[lpumeyaHue:

1. Peructpbl SFR B obnactn agpecoB 10h-17h pa3butbl Ha 6aHku. Mnagwun nonybanT
pernctpa BSR onpepensiet BbiOpaHHbIM HOMep 6GaHka. Bce He opraHu3oBaHHblE B
BGaHKM perucTpbl UTHOPUPYIOT 3HaYeHna butos permctpa BSR.

Ob6nacte namsatn GPR ¢ agpecamu 20h-FFh, 120h-1FFh, 220h-2FFh n 320h-3FFh

pa3buta Ha OGaHku. Crtapwui nonybant pernctpa BSR onpegenser BblOpaHHbIN
Homep 6aHka. [lpyrne permctpbl NamaTn UTHOPUPYIOT 3HaYeHns 6utos pernctpa BSR.
3. YTeHue nobOro He CyLLECTBYIOLLIErO perucTpa AaeT 3HayeHne paBHoe Hyrio.

Tabnuua 11

PeI'VICprI cneuynanbHOro Ha3Ha4YeHn4

Ha3Ba- POR, IMCLR,
Anpec Hue out 7 6MT 6 | OUT 5 |OMT 4| OUT 3 | OKUT 2 |GUT 1 /6UT O BOR | WDT

He 3aBucUT OT HOMepa agpecyemMoro 6aHkKa.
00h INDFO ucnonb3yet cogepxmmoe FSRO ans agpecauny namsTu AaHHbIX | —---= == | -——= --
(cbmsmyeckn He peanmsoaH) - -

ykasatens O apgpeca, Ana kocseHHoit agpecaumn namsatv | 0000 | uuuu
01h FSRO AaHHbIX 0000 | uuuu
0000 | 0000
02h PCL mnaglme 8 6UT cHeTuMKa KoMaHz 0000 | 0000
0000 | 0000
03h PCLATH | peructp-3aLlenka ans craplumx 8 6uMT cyeTymka KomaHz 0000 | 0000
1111 | 1111
04h ALUSTA | FS3 FS2 FS1 FSO ov Z DC C 0000 | 0000
INTE TOP | TOPS | TOPS | TOP 0000 | 0000
05h TOSTA DG TOSE | TOCS S3 > 1 S0 - 000- | 000-
STKA | GLI --11 --11
06h CPUSTA - - y NTD TO PD POR | BOR 1190 | qqtu
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TOCKI TOCKI 0000 | 0000
07h INTSTA PEIF F TOIF | INTF | PEIE E TOIE | INTE 0000 | 0000
08h INDF1 ucnone3yeT cogepxmmoe FSR1 onsa agpecaumn namsty gaHHbIX | =--= == | ==-= ==
(cbnanueckn He peanm3oBaH) - -
ykasaTens 1 apgpeca, Ana kocseHHoit agpecaumm namsatv | 0000 | uuuu
09h PSR AaHHbIX 0000 | uuuu
OAh WREG | pabouuit peructp 8888 8888
0Bh TMROL | mnaawwn 6anT peructpa Tanmepa 0 8888 8888
0Ch TMROH | craplumit 6ainT peructpa taimepa 0 8888 8888
ODh | TBLPTRL | mnagwwin 6ant TabnmMyHOro ykasaTesns namsti nporpamm 8888 8888
OEh | TBLPTRH | crapwwit 6ainT TabnmyHoro ykasaTens namsatii nporpaMm 8888 8888
OFh BSR perucTp BbiGopa 6aHka NamaTy AaHHbIX 8888 8888
BaHk 0
10h EP1_CFG i MakcumarnbHbI pa3mep naketa nepBon OKOHEYHOI -000 | -000
1 TOYKU 0000 | 0000
MO
BLOC | TYPE | TYP | MOD MOD - -
1ih | EPEFG T kep | 1ep | Eo_ | E2E | E1E [ PES| - | 000 | 000
1 1 | EPT| P1 PT | 000- | 000-
12h EP2_CFG i MakcuMarbHbIi paamep nakeTa BTOPOW OKOHEYHOIA -000 | -000
1 TOYKM 0000 | 0000
MO
BLOC | TYPE | TYP | MOD MOD - -
13h EPZECFG - KEP | 1EP | EO_ | E2 E | E1 E DEES - 000 000
2 2 | EP2| P2 P2 | — 000- | 000-
14h -
15h -
16h -
17h -
BaHk 1
10h DESIS—AD perucTp aapeca nons AeckpunTopa 6%%% 6%%%
11h DES.I%—DA PErucTp 3HaYeHus nons aeckpunTopa 8888 8888
12h PORTA - - - - PORTA [3:0]
XXXX | uuuu
13h DDRD® 1111 | 1111
perncTp Bbidbopa HanpasneHust gaHHblx ans PORTD 1111 | 1111
14h | PORTD®* PORTD [7:0] XXXX | uuuu
XXXX | uuuu
15h DDRC® 1111 | 1111
perncTp Bbidbopa HanpasneHust gaHHblx ans PORTC 1111 | 1111
16h | PORTC®® PORTC [7:0] XXXX | uuuu
XXXX | uuuu
17h - - - - - - - - - T
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BaHk 2
y . 0000 | 0000
10h EP1_REG | perucTp aaHHbix FIFO nepBoit oKoHeYHOW TOYKM 0000 | 0000
. y 0000 | 0000
11h | EP2_REG | perucTp AaHHbIx FIFO BTOPO OKOHEYHOM TOUKM 0000 | 0000
12h gﬁ’#ﬁi PerucTp aaHHbIx kKoHTponnepa eHewwHen NAND Flash (3epkarno) 8888 8888
13h CRPT_ | PerucTp AaHHbIx 6rnioka noaaepxku anroputma FOCT 28147 0000 | 0000
DATAZ2 (3epkano) 0000 | 0000
CRPT |EEPR| NAND --00 --00
14h PIR1 - - IF OMIF IF USBIF | TXIF | RCIF 0010 | 0010
CRPT |EEPR| NAND | USBI --00 --00
15h PIE1 - - IE OMIE IE E TXIE | RCIE 0000 | 0000
16h - - - - - - - - - T
17h - - - - - - - - - T
BaHk 3
1on | EPISTA | ~ |BLKI_|ACTI| | FUL | EMP | --00 | --00
T DATA | V1 L1 | TY1 | --00 | --00
11n | EP2STA | _ |BLK2_|ACTI| | FUL | EMP | --00 | --00
T DATA | V2 L2 | TY2 | -00 | --00
12h -
13h -
14h EP1_CNT | pernctp cyeTymka Yncna cros B MEPBON OKOHEYHOW TOYKe (_)%%% (_)%%%
15h EP2_CNT | pernctp cdeTymnka 4ncna croB BO BTOPO OKOHEYHOM TOYKe (_)%%% (_)%%%
16h -
17h -
BaHk 4
10h | USB_ADR perucTp dyHKuMoHansHoro agpeca USB yctpoiicTea 6%%% 6%%%
BUS SEQ CRC | CRC
11 |vss.gRe0] °E% [omoe [ 10 € [ 368 T wee e e [ SCT 5E [ 0000 | 0000
R - R ERR | RR
USB EPO | USB
ADR_ | CONF EP2_ | EP1_ -000 | -000
12h |USB_STAT| - | "gpr | “gT —FT{S SEL | SEL —EE —SBy 0000 | 0000
USB FUL
USB usB | --00 --00
13h |USB_CTRL - - - - TE28T TEST ng "EN | 0000 | 0000
EP2_ |EP2 E| 0V [EP1E| | ___
14h USB_IE1 - - - - FULL |MPTY_I EL_I MPTY 0000 | 0000
_IE E E _IE
USB | USB_
15h | USB_IE2 | RS | BUSY | - ; ; - ; _ | 0000 | 0000
T IE _IE T T
CRC | CRC
BUS | DROP SEQ | NSE
TO_E - | PID_E | 16 5_E | 0000 | 0000
16h USB IE3 | ER | FRM — _ER | ERR_| - — =
RiE| g |RRIE|g | E- |RRIE EFIQER RFé_I 0000 | 0000
USB_ ADR | CON
17h USB_IE4 - - - - ALL T - SE | Fs | — | —
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E TIE | ET_ | 0-00 | 0-00
IE
BaHk 5
10h - - - - - - - - - T
11h DDRE™ | pervcTp BbiGOpa HanpaBneHns AaHHbIX Ans PORTE 1111 1111
1111 | 1111
12h | PORTE®? PORTE [7:0] XXXX | uuuu
XXXX | uuuu
13h | ResTA | STE| Rxo |sren | ORF| - | FErR | OER | RX9 0888 0888
perncTp npuHMMaeMblx aaHHbix nocneposaTensHoro nopta | 0000 | 0000
14h | ROREG | UsarT 0000 | 0000
CSR SYN TRM | TX9 | 0000 | 0000
15h TXSTA C TX9 TXEN C - - T D 10 ~-10
pernctp nepegaBaeMbix AaHHbIXx nocneposaTensHoro nopta | 0000 | 0000
16h TXREG USART 0000 | 0000
perucTp ynpaeneHusi reHepaTtopom nocnegosatensHoro nopta | 0000 | 0000
17h SPBRG USART 0000 | 0000
BaHk 6
MO | MOD
LOW_S|IE_BUS| BUS | MOD | MOD
10h NANSE—MO i’}'\j—g PEED |Y NAN| Y N | E3 N | E2 N Dﬁll EXN 0000 | 0000
NAND | "D | AND | AND | AND | i | AN 0000 | 0000
NAND _ y 0000 | 0000
11h DATA perncTp gaHHbIx koHTponnepa BHewHen NAND Flash namatu 0000 | 0000
12h - - - - - - - - - T
perucTp 3agaHus BpemeHHbix xapaktepuctuk FLASH namsatu | 0000 | 0000
13h | WRDIF | nporpamm 0101 | 0101
EEPROM _ EETE | CPTE | VEE BRG | BRG | 1000 | 1000
14h CONT - ST ST 5 VEE1 | BRG2 p 0 0000 | 0000
BUS MOD MO | MOD
o |Eepronen | e eus| S8 | EO2 GO0 00oo [ 0000
-~ E E | EE| EE
EEPROM _ 0000 | 0000
16h DATA perucTp aaHHbIx EEPROM 0000 | 0000
EEPROM _ 0000 | 0000
17h ADDR _ | PervcTp anpeca EEPROM 0000 | 0000
BaHk 7
1 | eo 0000 | 0000
IE_CR STAR DE1 EOQ_
10h CRPT_CWR| BIST | RST PT DIR T IM "CR | CRP | 0000 | 0000
PT T
ERR | REA 0 0
DNC_ OR_| DY_ | 0---
Th | CRPT_SR | gia7| - - - - " | CRP | CRP | -000 | -000
T T
CRPT_DAT 0000 | 0000
12h A Pervctp gaHHbIX Wdpaumm 0000 | 0000
0000 | 0000
13h | CRPT_KR |PerucTp kniova wndpaumm 0000 | 0000
14h CRPT_CR PerncTp KOHCTaHT 3amMeHbl 0000 | 0000
0000 | 0000
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15h CRPT_ Pernctp cMHXpOomnochInKku 0000 | 0000
SYNR 0000 | 0000

16h CRPT_ITE ) EN C Uncno uTepaLmii -010 | -010
R RPT 0000 | 0000

0000 | 0000

17h |CRPT_IMIT |Pervcrtp MMMTOBCTaBKM 0000 | 0000

He 3aBucuT oT HOMepa agpecyemoro 6aHka
Mmnagwun 6ant 16-tv GuTHoro pesynbtata (8x8 | 0000 | 0000

18h | PRODL

OMTHOE annapaTHOEe YMHOXeHMWE) 0000 | 0000
19n | PRODH ctapwui 6Ganut 16-Tv GuTtHoro pesynbTata (8x8 | 0000 | 0000
OMTHOE annapaTHOEe YMHOXeHMWeE) 0000 | 0000
Ob6o3Ha4YyeHus:
X = He U3BECTHO; U = HE U3MEHSIETCS; - = HEe peann3oBaHo, Yntaetcsa «0»; q = 3aBUCUT OT
YCroBUWN.
[lpumeyaHus:

1. K ctapwemy 6anty cyeTtumka komaHg HeT npsimoro goctyna. PCLATH - aTo peructp-
3awenka gna PC<15:8>. lNpu BbINOMTHEHUM HEKOTOPbIX KOMaHg 3Ha4YeHue perncrtpa
PCLATH nepenucbiBaetcas B PC<15:8>, unn HaobopoT: 3HayeHne PC<15:8>
nepenucoiBaetca B8 PCLATH.

2. BHewHwun cbpoc ot BbiBoga MCLR He BnusieT Ha ctatycHble 6utbl TO 1 PD peructpa

CPUSTA.

OT0 TO 3HaYeHue, kKoTopoe ByaeT Ha BbIXO4HOM 3aLuerike nopra.

Korga npubop ckoHdurypuposaH ans «MwukponpoueccopHoro» u «PaclmpeHHoro

MUKPOKOHTPOMMEPHOro» PEXMMOB, (PYHKLUMOHUPOBAHWE 3TOro nopta He CBSA3aHO C

STUMU perncTpamu.

e

Pernctp cratyca npoueccopa (ALUSTA) - peructp cogepxut Gutbl cratyca
apudMeTnU4ecKoro n nornyeckoro 6nokoB n GUTbl ynNpaBrneHUss PEeXUMOM ANSA pexuma
KOCBEHHOW agpecauuu.

Kak B cnyyae co Bcemu gpyrumm perunctpamu, B permctp ALUSTA moxeT 6biTb
3arpyxeH pesynbtaTt BbINOSHEHUs nobon komaHabl. Ecnn peructp ALUSTA gaBnsetcs
MEeCTOM Ha3HayeHusa Ons pesynbTarta onpeaeneHHon KOMaHabl, KOTopas MOXeT U3MEHATb
6utkl Z, DC, C n OV, To 3anuck B 31K 4 Buta 3anpeLtaetca. 3TN BUTLI yCTaHaBNMBaKOTCS
unn cbpacbiBalOTCA B COOTBETCTBUM C  pe3ynbTaTOM  BbIMNOMHEHUS  KOMaHAbl.
CnepoBaTtenbHO, pesynbTaT BbINOSIHEHMS KOoMaHAabl ¢ permctpom ALUSTA B kadecTse
MecTa HasHayeHusa pesynbTata MOXeT CTaTb OTNIMYHBIM OT TOro, YTO Hagesanucb
nonyunte. CnepoBatenbHO, pekoMmeHayetcsa Ansa  u3MeHeHus ALUSTA-peructpa
ncnonb3oBaTb TONbKO cneaywuwme komaHabl: BCF, BSF, SWAPF n MOVWF, T.k. atn
KOMaHAbl He BNUSKOT Ha Kakme-rnmbo ctaTycHble 6utbl. YTOOLI NOCMOTPETb, Kak gpyrue
KOMaHAbl BAUSIOT Ha CTaTyCHble BUTbI, CMOTPUTE ONMCAHNE CUCTEMbI KOMaHA.

ApudmeTtnyecknin n norndecknin 6ok (AJ1Y) moxeT Npon3BoanTb apupmeTmyeckme
N NorMyeckne onepaunm Hag AByMS onepaHgamu unm ¢ ogHuMm onepangom. Bece komaHabl
C OogHuM onepaHaoMm npoussogarca nmbo ¢ WREG-pernctpom nmbo ¢ gaHHbIM
dannoBbiM peructpom. B komaHgax ¢ ABymMs onepaHgamu ogmH onepaHg — ato WREG-
perncTp, gpyron — nubo annosbin pernctp, Mbo 8-mm BUTHasA KOHCTaHTa.
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Tabnuua 12
Pernctp ALUSTA (agpec: 04h, He 3aBucKT 0T 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 FSO0 ov Y4 DC C
out 7 6 5 4 3 2 1 o6ut 0
ouT 7,6 FS3:FS2: 6uthl Boibopa pexvma FSR1
00 = aBTogekpemeHT BennuMHbl FSR1 nocne BbINOMHEHUS
KOmMaHAabl
01 = aBTOMHKpPeMeHT BennunHbl FSR1 nocne BbINOMHEHUS
KOmMaHAabl
1x = 3Ha4yeHne FSR1 He namenserca
our 5,4 FS1:FS0: 6uThl BoiGopa pexnma FSRO
00 = aBTogekpemeHT BennunHbl FSRO nocne BbINOMHEHUS
KOomMaHAabl
01 = aBTOMHKpeMeHT BennunHbl FSRO nocne BbINOMHEHUS
KOomMaHAabl
1x = 3Ha4yeHne FSRO He nameHserca
out 3 OV: 6uT nepenonHeHus
OTOT 6UT ncnonb3yeTcs AN 3HAKOBOW apudMeTUKkn (SOnonHeHne
0o 2). OH nokasbiBaeT NepenofnHeHne, Koraa 3HakoBbIn 6uT (7 6uT)
N3MEHSIET COCTOSIHME.
1 = npousowno nepernofiHeHNe [Ond 3HAKOBOW apupmeTnkm B
apudpmMmeTndeckux onepaumsx (T.e. pesynbtar OnNd  3HaKOBOW
apmdMeTuKkn npesbicun +127, unn ctan MmeHblle Yyem —128)
0 = He Npon30LLNO NepenosiHeHne
ouT 2 Z: chnar Hyns
1 = pesynbTaT apuMeTU4eCcKon 1Um JIorM4yeckon onepaunmn paBeH
0
0 = pesynbTaT apupPMETUYECKON WUNU NOrMYECcKOn onepaumm He
paBeH 0
ount 1 DC: cdnar gecatuyHoro nepeHoca/3aema
Ons komaHg ADDWF n ADDLW.
1 = npousoLwlen nepeHoc u3 4-ro cHU3y buta pesynbTaTta
0 = He 6bIno NnepeHoca u3 4-ro cHM3y buTta pesynbTaTta
MpymevaHue: gns 3aema 3HavyeHue MWHBEPCHoe (4Ns KomaHAa
BblYMTaHMUSA).
out 0 C: donar nepeHoca/3aema
Ons komang ADDWF wn ADDLW. OtmeTtum, 4TO BblYMTaHWE
BbIMOSHAETCA AONOMHEHMEM [0 2 BTOPOro onepaHaa.
Ana komang casura RRCF n RLCF atot 6ut 3arpyxaetca nmbo
cTapwum, nMbo mnagwmm BUToM permcTpa-mCcToOUHKUKA.
1 = npomsoLwlen NepeHoCc U3 caMmoro 3Havawlero 6uTta pesynbTaTa
0 = HeT nepeHoca 13 caMoro 3Havallero 6uta pesynoraTta.
MpymeyaHue: Oonsa 3aema 3HavyeHVe MWHBEPCHoe (ONs KomaHA4
BblY4MTaHMUS).
Ob6o3Ha4YeHus:

R = 6ut ana ytenua; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne buTa nocne cbpoca no BKIHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3Ha4YEeHMe He N3BECTHO.
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Pernctp cratyca LMY (CPUSTA) coaepXuT CTaTyCHbIN U ynpaBnalowmn mutol
ana UIY. 3totr pernctp cogepxut OuT, KOTOpbIM uMcnonb3yetca anda rnobanbHoro
paspeLlleHusi/3anpeLleHms npepbiBaHnin. Ecnn Heobxoammo paspeLlumnTb/3anpeTuTb TONbKO
onpegeneHHoe rnpepbiBaHMe, UCNOMb3YTCA perucTpbl ctatyca npepbiBaHun (INTSTA)
U perncTpbl paspelleHna npepbiBaHnin ot nepudpepun (PIE). Peructp CPUSTA Takxke
nokasblBaeT, AOCTYNHOCTb CTeka, W coAaepxuT dnarn BkNoYeHus nutaHus (PD) wu
nepenoniHeHnst ctopoxeporo Tammepa (TO). butel TO, PD n STKAV gocTynHbl TOSMbKO
ana Jrenms. OHM ycTaHaBnuBalwTCA WM cOpacbiBalOTCA B COOTBETCTBUM C  JIOTMKOW
npubopa. CnepoBaTtenbHO, pes3ynbTaT BbINOMHEHUA KoMaHabl ¢ pernctpom CPUSTA B
KayecTBe MecTa HasHayeHus pesynbTaTa BbINOSHEHUS MOXET ObITb OTANYHBLIM, HEXENK
OXMAanochb.

But POR nossonsieT oTnmynTb cOpOC npu BKNKOYEHUU NUTaHusA oT BHewHero MCLR
cbpoca unu cbpoca No nepenosiHEHUO cTopoxeBoro Tammepa. but BOR gaendetcsa
NHONKATOPOM CcHpoca MO CHMXKEHUIO HanNpPsKeHUsA NUTaHusA (TOMbKO B Criyvyae ecriv cxema
cbpoca No CHUKEHUIO HANPSHKEHUS NUTaHUS BKIKOYEHA B permctpe KoHdurypauun).

Ta6bnuua 13
Pernctp CPUSTA (agpec: 06h, He 3aBUCUT OT HOMepa 6aHkKa )
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 peann3oBaHbl: YATAKTCH 3HAaYEHNSI paBHbIE HYIHO.
out 5 STKAV: hnar goctyna K cTeky
OTOT dhnar nokasbiBaeT, YTO BenunyuHa 4-x BGUTHOro ykasatens
cteka paBHa Fh, wnu npowmsowen nepexog ot Fh k Oh, T.e.
nepenoriHeHne cTeka.
1 = cTek gocTyneH
0 = cTeKk NONOoH, UM NPOM3OLLSO NepenosiHeHNe cTeka (C Tex nop,
Kak 9TOT OuT Obin cOpolweH npu nepenosiHEHUN CTeKa, TOSbKO
«cbpocy» (RESET) npubopa MOXeT yCTaHOBUTb 3TOT 6UT)
out 4 GLINTD: 6uTt rmobanbHoOro 3anpeta npepbiBaHU
OT0T OUT 3anpewaeTr Bce npepbiBaHnA. Korga npepbiBaHus
paspeLleHbl, TO Bbi3BaTb NMpepbiBaHMA MOTYT TOSNbKO MCTOYHUKA C
yCTaHOBMEeHHbIMW BTamMn paspeLleHns npepbiBaHuS.
1 = 3anpeLyeHbl BCe NpepbiBaHUS
0 = paspelueHbl BCe HEMaCKMpPOBaHHbIE NpepbIBaHUSA
out 3 TO: chnar nepenonHeHns CTOPOXKEBOro Tanmepa
1 = ycTaHaBnmBaeTCs Nocrne BKIYEHNUS MUTaHUSA UK BbINONIHEHNS
komaHg CLRWDT wnn SLEEP
0 = nocne nepenosiHEHNA CTOPOXEBOro TanmMmepa
ouT 2 PD: chnar BknoYeHUs nutaHus
1 = ycTaHaBnMBaeTCsa NOcne BKIIKYEHNS MUTAHUSA UK BbINONIHEHNS
komanabl CLRWDT
0 = nocne BbiNonHeHna komaHabl SLEEP
ouT 1 POR: dnar cbpoca npu BKNIOYEHUM NMUTAHUSA
1 = He GbINO cOpoca Npu BKIKOYEHUM NMUTAHUS
0 = npousowwen c6poc npu BKNOYEHUN NUTaHNUA (BUT OOmKEH ObiTb
yCTaHOBJIEH MPOrpamMmMHO)
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out 0 BOR: conar cbpoca no CHUKEHUIO HaNpsKeHUst NUTaHNA

Korgpa 6ut BODEN B peructpe KOH(urypaumm yCTaHOBIEH
(paspeLueHo):

1 = cbpoca npn CHMKEHNN NUTAHUSA HE BbINo

0 = npousowen cbpoc Npy CHWKEHUN NuTaHus (Ut gormkeH 6bITb
YyCTaHOBIEH NPOrpamMMHO)

Korpa ©6utr BODEN B peructpe koHdwurypaumm cOpoLueH
(3anpeLueHo):

3Ha4yeHue buta 6e3pasnnyHo

ObosHayeHus:

R = 6ut ana ytenuna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3Ha4YeHne He N3BECTHO.

Peructp cratyca ynpaBneHua TMRO (TOSTA). 3T1oT perncrp cogepxur
pasnnyHble Outbl ynpaBnenus. but 7 (INTEDG) wucnonb3yetca pgna Bblbopa
ynpaBndawoLwero nepenaga curHana (QopoHT unu cnag curHana) npu KoTopoMm Ha BblBoAEe
PAO/INT 6ymet yctaHaBnuBatbcs donar 3anpoca npepbiBaHna INTF. OctanbHble 6UTbI
KOHGurypupytoT Tavimep 0, ero npegaenuTenib U UCTOYHMK TaKTOBbIX CUTHAsOoB.

Ta6bnuua 14
Pernctp TOSTA (agpec: 05h, He 3aBUCUT OT HOMepa BaHKa)
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 TOPS0 -
ont 7 6 5 4 3 2 1 ont 0
our7 INTEDG: 6uT BblbOpa ynpasBnswLlero nepenaga curHana Ha

BoiBoge PAO/INT pana npepbiBaHus. 3TOT 6UT BblbUpaeT, Ha
poHTE nnu cnage curHana byget npoucxoanTb NpepbiBaHue.

1 = poHT curHana Ha BbiBoge PAO/INT reHepupyeT npepbiBaHne
0 = cnag curHana Ha BeiBoge PAO/INT reHepupyeT npepbiBaHme
ouTt 6 TOSE: 6ut BblbOpa ynpaBnswowero nepenaga curHana npu
BHELWHEM TakTupoBaHun Tanmepa 0. ITOT OMT BbIGMpaeT, Ha
dpoHTE nnm cnage curHana Tanmep 0 oynet
NHKPEMEHTUPOBATLCA.

Korga TOCS=0 (BHelwHee TakTMpoBaHue):

1 = cpoHT curHana Ha BbiBoge PA1/TOCLK wuHKkpemeHTupyeT
Tanmep 0 n/vnn yctanasnueaet TOCKIF - 6ut

0 = cnag curHana Ha BbiBoge PA1/TOCLK wHKkpemeHTupyeT
Tanmep 0 n/vnn yctanasnueaet TOCKIF - 6ut

Korga TOCS=1 (BHyTpeHHee TaKkTMpoBaHue):

3HayeHue buta 6e3pasnnyHo

our 5 TOCS: 6uT BbIbOpa MCTOYHMKA TaKTMpOBaHUA ansa Tanmepa 0. 3ToT
OUT BbIOMpPAET NCTOYHUK CUHXPOHU3aUMn ons Tanmepa 0.

1 = BHYTPEHHSAA TaKkTOBas YactoTa ¢ reHepaTopa umknos (T¢y)

0 = BHewWwHee TakTupoBaHue ¢ BoiBoga PA1/TOCLK

ouT 4-1 TOPS3:TOPSO0: 6uthl Boibopa npepgaenutens gnga tanmepa 0. Atu
OGuTbl NO3BONAOT BbIOpaTh BENUYMHY AeneHns npeaaenvTens:
0000 - 1:1 0001 - 1:2 0010 -1:4 0011 -1:8
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0100 - 1:16 0101 -1:32 0110 - 1:64 0111 -1:128
1xxx - 1:256
out 0 He peanvM3oBaHO: YUTaeTCsa 3HAaYEHNEe paBHOE HYIHO.

ObosHayeHus:

R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3aMucu;

U = 6uT He peannsoBaH, ymtaeTca Kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHue He N3BECTHO.

PYyHKUUOHUpPOBaHUE cmekKa

MukpokoHTponnep mmeet 16x16 6uTt annapaTHbin ctek (cMm. Puc. 16). Ctek He
ABNSAETCA YacTblo 06nacTu NnamsaT NporpaMm Unu AaHHbIX, yKa3aTenb CTeka He ABNseTca
HU CYMTbIBAEMbIM, HU 3anucbiBaeMbiM. 3HayeHue cdetymka komang PC nomewaetcs
(PUSH) B ctek, korga BbinonHsawTca komangbl CALL w LCALL wnm npowusowwno
npepbiBaHne. Ctek BoccTaHaBnmeaeT 3HavyeHne PC (POP) B cnyyae BbINOMHEHNA KOMaHA
RETURN, RETLW wunun RETFIE. Onepaumn «PUSH» n «POP» He BnustoT Ha PCLATH
(3aLuenky).

Ctek paboTaeT kak kpyroBomn bydep C ykasaTenem creka, COpOLLEHHbIM B HyneBoe
3HayeHne nocne nwbbIX TUNOB COpocoB. B cTeke cyuwlecTByeT onpeaenieHHbin 6uT
(STKAV), nossonswowunm nporpammHO ybeamtbCa B TOM, YTO HeE MPOU3OLLSIO
nepenonHeHnst cteka. but STKAV ycrtaHaBnuBaetca nocne cbpoca npubopa. Koraga
ykasatenb cteka ctaHoBuTcsa paBeH Fh, STKAV cbpackiBaeTtcsa. Ecnn ykasaTenb cteka
npoxoant agpeca ot Fh k Oh, 6ut STKAV 6yaeTt octaBaTbCsl COpOLUEHHbIM A0 Tex nop,
noka He npounsonget copoc npubopa.

[lpumeyaHue:

e He npegycmoTpeH cneuuanbHbI CTaTyCHbIM BUT onda 3anonHeHHoro crteka. STKAV-
GuT MOXeT ObITb MCNoNb3oBaH [ANsi OOHapYXXeHMs TOro, YTO CTEK 3arnofiHeH, B
pesyrnbTaTe Yero ykasaTesib CTeKa Haxo4MTCH Ha ero BepLUMHE.

e 34ecb HET KOMaHOHOW MHEMOHUKU, Ha3biBaemon «PUSH» nnn «POP». 310 gencreus,
KoTopble npoucxoasat npu BbinonHeHun komang CALL, RETURN, RETLW un RETFIE
nnn obpalleHnn K BEKTOpPY NpepbiBaHUS.

e [locne cbpoca ecnu onepauma «POP» mnmeetr mecto go onepaumm «PUSH», 6ut
STKAV 6yget cbpollueH. OTO BbIMMAAUT TaK Xe, Kak B criyyae Korga cTek nonoH. Ecnu
cnegywowen BbinonHsetca onepauns «PUSH» (nepeq cnegytowmum «POP»), To 6ut
STKAV 3acmkcmpyeTtcsa copoweHHbIM. M Tonbko copoc npubopa yctaHaBnnBaeT 3TOT
ouT.

Mocne Toro, kak npubop 16 pas ocywecTteun onepauunio «PUSH» (6e3 onepaumm

«POP»), 17-n «push» 3anuncbiBaeT 3Ha4YeHne nosepx nepsoro. 18-n «push» 3anucoiBaeT

cBepxy BTOpOro «push» (u 1.4.).

KoceeHHast abpecayus

KocBeHHasi agpecaumsi — 3TO pexuMm agpecauum namsti AaHHbIX, korga agpec
namMaTM OaHHbIX B KOMaHae He dukcupoBaH. Takum o6pa3om, agpec perucrpa, U3
KoToporo GyaeT Mpou3BOAUTLCS YTEHWE MMM B KOTOPbIN ByaeT Npov3BOAMTLCS 3aniuchb,
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MOXeT BbITb MOAMMULMPOBAH NporpaMmmMon. 3To MoxeT ObiTb yAobHO B cnyyae tabnuu
OaHHbIX, Pa3MELLEHHbIX B NamATU AaHHbiX. Ha Puc. 19 nokasaH npuHUMN KOCBEHHOWM
agpecaumn. Tam nokasaHa moaudoukaums 3HadeHns agpeca NaMaT AaHHbIX, 3HAYEHNEM
perucTpa.

Mpumep 3 nokasbiBaeT MCMNONb30BaHWE KOCBEHHOW agpecauuu ana oumctkn O3Y
AaHHbIX (0T 20h go FFh) ¢ MMHUManbHBIM KONMYECTBOM KOMaHA,

RAM
BBINOJIHSIEMAST
KOMAHJA
Opcode | Address |
A
8
File = INDFx
A A
BBIGpAHHAA 8 8
KOMAH/A
‘ Opcode | File | ‘ FSR ‘

Puc. 19 KocseHHas agpecauuns

MopobHas koHuenuma mMoxeT OblTb UCNONb3oBaHa ANs nepeHoca onpeaeneHHoro
yucna 6anT aaHHbIX B nepegarowmn pernctp USART (TXREG).

MUWKpOKOHTpONNep uMeeT ABe Napbl PerucTtpoB Ans peanusaunm KOCBEHHOM
agpecaumn. 31o: INDFO, FSRO n INDF1, FSR1. Peructpbl INDFO n1 INDF1 cdumnsunyeckn He
peann3oBaHbl. YTeHne 1 3anucb B 3TN PErncTpbl akTUBMPYET KOCBEHHYIO agpecauumtio co
3HayeHMeM agpeca u3 cooTBeTcTBylollero pernctpa FSR, KoTopbiM sBRsSeTCA agpecom
AaHHbIX. FSR - 910 8-Mn OMTHBLIM perucTp, NO3BONALWNA agpecoBaTb 0b6nacTb NamaTu
AaHHbIX o6bemom 256 GanTt. [ns namsatn, opraHnsoBaHHoOW B ©aHku, BaHK, K KOTOpOMY
OCyLLEeCTBNAETCS AOCTYN, onpeaensieTca BenuyunHon B permctpe BSR.

Ecnn kocBeHHO 4epe3d FSR uutaetca cam cpann INDFO nnu INDF1, 1O yutarotcq
Bce Hynu. [NogobHbim obpasom, ecnn B INDFO (mnn INDF1) nget kocBeHHas 3anucb,
onepauma 6yget akeumBaneHTHa komaHge NOP, u oHa He okasbiBaeT BUSHUSA Ha
cTaTyCHble BUTHI.

CywecTByloT 2 ynpaBnsawowmnx 6muta, cBA3aHHbIX C KaxabiM peructpoMm FSR. OT1u 2
6uta koHdurypupytot FSR-permncTp, 4tobbl:

e pOM3BOANTL aBTOAEKPEMEHT 3HadeHus (agpeca) B pernctpe FSR nocne goctyna k
namAaTn ¢ KOCBEHHOW agpecaumen;

e [pPOM3BOAUTL aBTOMHKPEMEHT 3Ha4veHus (agpeca) B peructpe FSR nocne pgoctyna k
namsiTM ¢ KOCBEHHOW agpecauuen;

e He N3MeHATb 3HaveHne (agpec) B permuctpe FSR nocne goctyna Kk namMstT ¢ KOCBEHHON
agpecaumen.

OTn ynpasnsawwue 6utbl Haxogatca B peructpe ALUSTA. Peructp FSR1
ynpaBnsetca outamum FS3 n FS2, a peructp FSRO ynpasnsietcs 6utamm FS1n FSO.

Korga mcnonb3ytoTcs aBTOMHKPEMEHTHBLIM UMW aBTOOAEKPEMEHTHbBIA PEXUMbI, TO
nameHeHne permnctpa FSR He oTpaxaetcsa Ha pernctpe ALUSTA. Hanpumep, ecnu npm
KocBeHHoW agpecauuun pernctp FSR ctaHeT paBHATLCA Hyno, TO 6GUT Z ycTaHaBnNuBaTbCA
He OyaeT. Ecnu peructp FSR coaepxut BennunHy 00h, kocBeHHOe yTeHMe OyaeT naBaThb
3HayeHne 00h (6ut Z ycraHoBneH), B TO BpeMs KaK KOCBEHHas 3anucb OyaeTt
akBmBaneHTHa komaHae NOP (3To He BNUSIET Ha CTaTyCHble BUTHI).
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KocBeHHast agpecauus no3BosiseT 3a OOAMH UMKN nepedaBaTb AaHHblE MO BCEMY
afpeCHOMY MPOCTPAHCTBY NaMATU LaHHbIX. OTO BO3MOXHO C MCMNONb30BaHWEM KOMaHA
MOVPF n MOVFP, rope nuoo «P» nubo «F» 3apaHo kak INDFO wnun INDF1. Ecnu
NUCTOYHUK WUNN MPUEMHUK NMPU KOCBEHHOW agpecaumm — 3TO NamsTb, OpraHnM3oBaHHas B
6GaHkn, TO syenka gocTtyna byaeT onpeaenaTbcs 3HadeHnem B pernctpe BSR.

Mpumep 3
KocBeHHas agpecauus
MOVLW 0x20
MOVWEF FSRO ; FSRO = 20h
BCF ALUSTA,FS1 ; 3agaHne pexnma
BSF ALUSTA,FSO ; aBTOMHKpemeHTnpoBaHma FSR
BCF ALUSTA,C ;C=0
MOVLW END_RAM + 1
LP: CLRF INDFO,F ; ounmctka sa4enkn namatn  (FSR-ykasatenb
agpeca)
CPFSEQ FSRO ; cpaBHeHue: FSRO = END_RAM+17?
GOTO LP ; HeT, ouncTka npogomxkaercsa
: ; [a, Bcs namMsATb o4unLleHa.

Pezaucmpbi 0ns ymeHus/3anucu mabnuy

Pernctpbl ykasatensa tabnuy TBLPTRL u TBLPTRH d¢dopmupytot 16-Tv ButHoe
3HayeHne [Ona agpecaumm MNpocTpaHCTBa MamsATM nporpaMmm pasmepom 64K cros.
Ykazatenb Tabnuy wucnonb3yetca komangamm TABLWT u TABLRD. 3tm komaHabl
MO3BOMAIT OCYLWECTBUTb Nepefady AaHHbIX Mexay obnactaMu AaHHbIX M Nporpamm.
Ykazateno Tabnuy cnyxmt B KadectBe 16-Tm OUTHOro agpeca croBa BHYTpPU
nporpaMmmHon namatu. Permctp 3awienku tabnuy — 16-tm paspsagHbin pernctp. Ctapuni
6ant peructpa TBLATH, mnagwwnin 6ant TBLATL. Peructpbl He OTHOCATCS HM K obnacTtu
namMATM nNporpamm, HXU K obnactu namatv gaHHbIX. 3awenka Tabnuy mcnonb3yeTcs Ans
BpeEMEHHOM buKcauun AaHHbIX BO BpPeEMS UX nepedadn mexgy namatbio nporpamm m
namMaATbio AaHHbIX (CM. onncanusa komang TABLRD, TABLWT, TLRD n TLWT).

Modynb cyem4uka komaHO

Cuetunk komaHg PC - 310 16-Tn GutHbin pernctp. PCL - mnagwun 6ant cyetyunka
KoMaHA HaxoauTtcs B obnactu namatu gaHHbiX. PCL MOXHO 4nTaTth U 3anucbiBaTb TOYHO
Tak e Kak n nobon apyron pernctp. PCH — ato ctapwwmi 6anT cHeTynka KOMaHa, U OH He
nmeeT npamon agpecaumn. T.k. PCH HaxoamnTtcsa BHe nmamsTM nporpaMm M OaHHbIX, TO
ncnonb3yetca 8-mun 6utHbi pernctp PCLATH B kavecTBe yaepKuBatoLlen 3alenku ons
ctapwero ©Oanta cuyetdnka komaHg. PCLATH Haxoantcs B namMsaTM  OaHHbIX.
[Monb3oBaTenb MOXeT cunTbiBaTh UK 3anucbisatb PCH yepes PCLATH.

16-T BUTHBLIN CYETUMK KOMaHL WHKPEMEHTUPYETCHA nocne BbiOOPKM KOMaHAbl B TeYeHue

umkna Q1 go Tex nop noka:

e He m3ameHutca cnegywoowmnmmn komaHgamu: GOTO, CALL, LCALL, RETURN, RETLW
unn RETFIE;

e HEe M3MEHUTCH Npu Nepexoae K BEKTOPY NpepbiBaHnUS;
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e He wu3aMeHuTCa B pesynbTaTe 3anucu B pernctp PCL pesynbrtata BbINONHEHUS
KOMaHAbl.

OTn «nepexoabl» 3KBMBANEHTHbI BbIHYy>XAeHHOMY uukny «NOP» ¢ nepexogom no
agpecy. Puc. 20 nokasbiBaeT (YHKUMOHMPOBAHME CYETYMKaA KOMaHA B PasfnNYHbIX
cuUTyauusx.

Pabota cuetumka komaHg (PC) n pernctpa PCLATH ans pasnuyHbix KOMaHA:

e Komanpa LCALL:

8-Mu BUTHBIN agpec ykasaH B koge komaHabl, PCLATH He nsmeHsieTcs.

PCLATH —> PCH; 6uTtbl komaHgbl <7: 0> -> PCL
e Jlro6as komaHaa uYTeHus n3 PCL:

PCL —> wwuHa gaHHbix —> ALU nnu npuemuuk; PCH —> PCLATH
e Jlro6asn komaHaa 3anucu B PCL:

8-Mun BUTHBbIE AaHHblE —> WNHA gaHHbIX —> PCL; PCLATH —> PCH
e Jlrobas komaHpa uTeHusa — moaudumkauumm — 3anmcu PCL (Hanpumep ADDWF

PCL,F):

Utenune: PCL -> wmnHa gaHHbIX -> ALU

3anncb: 8-mu BUTHBIN pesynbTar -> WKHA AaHHbIX -> PCL

PCLATH — PCH
e KomaHpga RETURN:

Copepxunmoe cteka -> PC<15:0>
e KomaHabl CALL, GOTO:

13-Tn BUTHBIV agpec ykasaH B KO4E KOMaHAbl

ouTbl kKOMaHabl <12:0> -> PC<12:0>

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

ouTbl kKomaHabl <12:8> -> PCLATH<4:0>

KomaHgpb! 4yTeHus — mogudukauum — 3anucu Bo3gencTteytoT Tonbko Ha PCL. PCH
3arpyxaetca 3HayeHnem u3 PCLATH. [Ons npumepa ADDWF PCL,F npuBegeT K
nepexoay B npegenax Tekywen ctpaduubl. Ecnu PC=03F0h, WREG=30h n PCLATH=03h
[0 Hayana gencrtema komaHabl, To nocne ee genctema PC=0320h. YTobbl BbINONHUTL
npaBunbHbIN 16-T BGanTHBIN nepexon, Heobxoammo BblMMCIUTL 16-TM OUTHBIN agpec
npuemHuka, 3anucatb ctapwwun 6ant B8 PCLATH v Torga 3anucate mnaawwmn B PCL.

Cnepytowme koMaHabl, CBA3aHHbIE C CYETYMKOM KOMaHL, He nameHsot PCLATH:

e LCALL, RETLW n RETFIE;
e repexopn K BeKTOpY NpepbiBaHus;
e KOMaHAbl YTEHUA — Mogndukaumm - 3anucu u 3anncm gnsa PCL.

15 13 12 8 7 0

BHYTP¢HHAA IIHHA TAHHBIX (3 §HT)

- .:/ I 0T KOMAHIBI

S
%EB Pc«:jHE:nw ﬁs
3
PCLATH : 184 v 0 8

| PCLATH

%8 ’ %8

Vi 15 8 7 i 0

I

PCH | PCL PCH . PCL

Puc. 20 dyHKUMOHMPOBaHME cHETUYMKA KOMaHS (CrneBa) U CHETYMK KOMaHg npu
BbinonHeHun nHetpykumn CALL n GOTO (cnpasa)
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Peaucmp ebibopa 6aHka (BSR)

Pernctp Bbibopa 6aHka BSR ncnonesyetca onga nepeknoveHnsa mexay baHkamn B
obnactn namaTu gaHHbix (cMm. Puc. 21). Mnaawwvi nony6ant ucnonb3yeTcs Ans Bbibopa
GaHka nepudepunHOro peructpa, Ans ero 3anmcu ucnonb3dyetcd komaHga «MOVLB
bank». Ctapwwin nonybant wucnonb3dyetca pnna Bblbopa 6aHka namatn obuiero
HasHaveHna (O3Y), ana ero 3anucu wucnonbdyetrca komaHga «MOVLR bank». Ecnu
BblOpaHHbIN BaHK PM3NYECKM HE peanu3oBaH, TO NpU ero YteHun ByayT cunTbiBaTbCA BCE
Hynu. Jllobasa 3anmcb B obnactb namsatn OygeT COOTBETCTBEHHO YCTaHaBnMBaTb UMK
cbpacbiBaTb 6MTbI cocTosiHMs AJTY.

7 4 3 0

BSR

A
IHANATOH
aapecos I I
1

= 0000000 nn

0
LN
GaHk 0 GaHK 1 Gamk 2 GaHK 3 OaHk 4 GaHk 5 CaHK 6 OaHK 7 OaHk 8  Gamx 15
T \
0 1 4
6 -

I
15
SFR OanHk
. (TepH(pepHIHLLT)

2 e

1 1
15

T
2
GPR baHk
I L] T

<l
ank 0 Oank1 Gapk 2 OaHK 3 Oauk 4 Gamux 15

Puc. 21 dyHkumoHmpoBaHne BSR

20h
FFh

e

CyumbieaHue u 3anucb mabsauy 0aHHbIX

MWKpOKOHTponnep uMeeT 4 KOMaHabl, KOTOpble AaldT BO3MOXHOCTb NEPEeHOCUTb
AaHHble M3 06nacTm namatTv daHHbIX B 06nacTtb namaTu nporpamMmm u HaobopoT. T.k.
namatb nporpamm 16-tm 6GutHas, a naMmaTb AaHHbIX 8-Mu BuUTHas, To Ans nepeHoca 16-Tn
OUTHOM BENWYUHBbI AaHHbIX B NaMATb AaHHbIX UMM U3 NaMsaTU OaHHbIX Tpebyetca 2
onepaumn. [1ns 3anucy AaHHbIX U3 NaMATU SaHHbIX B NAaMATb NPOrpaMm UCMOnb3yTes 2
cnegywowue komangbl: TLWT tf wu TABLWT t,if. Ona 3anucm paHHbIX M3 NaMaTu
nporpaMm B NamsiTb AaHHbIX Ucnonb3ytoTes 2 cnegyowme komanasl: TLRD t,f un TABLRD
t,i,f. Onepang komanHgbl TABLWT - «i» onpegenseT: TpebGyetca Nnu aBTOMaTUYECKM
WHKpEMEHTMpOBaTb BenuuuHy 16-Tu OutHoro pernctpa TBLPTR (ana cnepyrowen
3anucn). B lMNMpumep 4 pernctp TBLPTR aBTOMatnyeckn He nHKkpemeHTupyetcs. Puc. 22
nokasblBaeT BbiNonHeHne 3aTux 4 komadg. Llarm nokasbiBaloT nocnenoBaTenibHOCTb
onepauun. NamaTe NporpamMmm MoXeT ObiTb Kak BHYTPEHHEN, TakK U BHELLIHEN (ANa pexuma
«MMKPOMPOLIECCOP» NI «PACLUMPEHHBIN MUKPOKOHTPOSSIEPY ).
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Brmoadenne komauael TLWT. Beimonnenne komaugbl TABLWT.
Tal IIYHBI YKA3aTEb

‘TBLPTRH . TBLPTRL ‘

TaOmIuHAA 3amenka (16 6HT)
.

TadMTHBIN YKa3aTENh
‘TBLPTRH ! TBLPTRL ‘

Tadm4HaA 3amenka (16 6ur)

TABLATH : TABLATL

!

TABLATH E TABLATL

TLWT 1f TLWT 0O,f
TABLWT 1,if TABLWT 0,if
amMATh
TIAHHBIX MAMATD MPOTPAMM
MaMATh
JIAHHBIX TIAMATE [IPOrpamMM

IMTar 1: 8-mi1 SrTHOE 3HAvYeHHe 13 pericTpa " sarpy:xaerca B
ITTar 1: 8-ni1 6HTHOE 3HAYeHHe 13 perticTpa "f' sarpyskaeTca clmpl.mll 11T MU ?ggi?LAT (16 Gur).
. o - - - 16-TH 61 3HaY AT 3arm
B CTAPIIH HUT1 M Gaifr B TABLAT (16 6uT). : 16-T11 GHTHOE 3Ha tenre TABLAT sanmiceiaetes & mamATh
[poTpaMM o agpecy TabmHIHoro ykazatend (IBLPTR).

3: Ecmi "i"=1, o TBLPTR=TBLPTR+1,
ecmi "1"=0, To TBLPTR He H3MeHAETCA.
Brimoanenne koManasl TLRD. Bemoanenne komauasl TABLRD.
TAGIMYHBLT VKa3aTeb TAGMIMHBI YKA3aTeNb
‘ TBLPTRH | TBLPTRL ‘ | TELPTRH | TBLPTRL |

TadmIuHaA 3amenka (16 6ur)

H TABLATH E TABLATL
TABLATH : TABLATL ‘ !

| [

TaGMIYHAA 3alenKka (16 6uT)

TLRD 1,f TLRD 0O,f YT
TABLRD 1,i,f TABLRD 0,if
TaMATh '
AQHTILLS [aMATh MPOTPAMM HAMATE
TAHHBIX

MMaMATH MPOoTpanmM

@

IMMar 1: 8-Mi GHTHOE 3HAUEHHE H3 CTAPLIEro WIH MITAJIIIEro
Gaiira 16-m1 SutHOro pertictpa TABLAT 3arpykaetcs
B pertctp "

Iar 1: 8-MH GHTHOE 3HAUEHHE H3 CTAPLIETO IV MIAZMIET0 2: 16-TH GUTHOE 3HAYEHHE H3 TTaMATH MPOTPaMM
Gaiira 16-111 GutHOTO pertctpa TABLAT 3arpy:xaerca 3arpy:xaerca B TaOIHUHYRO 3amienxky TABLAT.
B perHetp "f'". 3: Ecm "i"=1, o TBLPTR=TBLPTR+1,

r—,

ec "1"=0, To TBLPTR He ir3menHdeTca.

Puc. 22 BbinonHeHne komaHg YTeHus/3anmcu Tabnuy,

3anucb mabnuy eo S8HYMPEeHHKI namMmsimb

3anucy Tabnuy BO BHYTPEHHIOK NamATb 3anyckaeT onepauuio «4fMHHON 3anmucny.
«nnHHaga 3anucb» Heobxoamma Anst nporpammmpoBaHnsa BHyTpeHHen FLASH namartw.
BbinonHeHve komaHA ocTaHaBNMBaeTCs BO BPEMS UMKNA «AJSIMHHOM 3anucuy». «[nnHHas
3anucb» ByaeTt 3akoHYeHa nbbiM paspelleHHbIM npepbiBaHMeM. YTobbl rapaHTupoBaThb,
4YTO fAYerika namsaTuM 3anporpaMmmupoBaHa, TpebyeTcsa BpemMs MpPOrpaMMmMpoBaHUS He
MeHee: cM. cneuudukauymto. Ons OKOHYaHUS «ASIMHHOW 3anucny» OB6bIYHO paspeluaeTcs
TONBbKO OAHO nNpepbiBaHWe, 4TOObl rapaHTMpoBaTb, YTO HUKaKME Opyrve npepbiBaHUA
npeXxaeBpeMeHHO He 3aKoH4YaT «ASNIMHHYK 3anucby». [locnegoBaTenbHOCTb COBbITUA ANS
NporpaMMmnpoOBaHUS SYENKN BHYTPEHHEN NaMATN NporpaMmm ByaeT cneayroLwen:
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1. 3anpetuTb BCe WCTOYHUMKM TMpepbiBaHUM, 3a WCKMIOYEHWEM rMpepbiBaHUA Ond
OKOHYaHUSA 3anucu.

MogaTb Ha BbiBOA MCLR/Upp HanpsxeHue nporpamMmmMmpoBaHus.

C6pocuTtb ctopoxeson Tanmep (WDT).

MpounseecTtun 3anucb Tabnuubl. MNpepbiBaHNe 3aKOHYUT OSIMHHYHO 3aNUCh.
BepudumumposaTtb s4yenky namaTtn (YteHme tabnuvubl).

Mpn nporpamMmMmMpoBaHUM HEOBXOAMMO BbINOSMHATL TpeboBaHWA cneundukaumm.
HapyweHune cneundurkaumm (Bknoyas TemnepaTypy) MOXeT NPUBECTU K TOMY, YTO s4erka
namaTn GyaeTt 3anporpaMMupoBaHa He MOSIHOCTbIO M CO BPEMEHEM MOXET CTepeTbCs.
Ecnun HanpsxeHue nporpammupoBaHus (Upp) He nogaHo, TO KOMaHaa 3anvcu Tabnuupl
OyaeT BbiNONHEHa 3a 2 uMkna, U NaMatb NPOrpaMm He U3MEHUTCS.
3aKOHYMTb onepaunto «ANMHHOW 3anMcu» MOryT TOSbKO criegytowme cobbITUSA: MCTOYHMK
npepbiBaHNa unn  «cbpoc». [Ons OKOHYaHUA «OSIMHHOW 3anucu» MO NpPepbIBAHUIO,
TpebyeTcq, 4To6bLI ObINO paspelleHO npepbiBaHWEe M Obil ycTaHOBMEH donar 3anpoca
npepbiBaHUS.

Ecnn ana  OKOHYaHus  «ONWHHOW  3anmMcu»  Ucnonb3yeTcs  nepudepuiHoe

npepbiBaHWe, TO 3TO MNpepbiBaHWE A0MKHO ObiTb paspewweHo un 6ut cnara 3anpoca
npepbiBaHNSa OomkeH OblTb ycTaHoBneH. dnar 3anpoca npepbiBaHMa He cbpacbiBaeTcs
npu nepexoge no agpecy BekTopa npepbiBaHus. but GLINTD onpepgenset 6ygoet nu
nporpaMma nepexoauTb K BEKTOPY MpepbiBaHUSA MOCHE OKOHYaHUS «OJSIMHHOW 3anucuy.
Ecnun GLINTD cbpolweH, To nporpaMmma NepexoanT K BeKTopy npepbiBanms, ecnn GLINTD
yCTaHOBIEH — He nepexoauT. VcknioyeHne coctaBnseT OKOHYaHue «AfMHHOW 3anMcuy» no
npepbiBaHnio oT «Tanmepa O». B aTom cny4ae HesaBucumo ot 6uta GLINTD nporpamma
NPOAOIKUT BbINOMTHEHME, T.€. Nepexoia K BEKTOpY npepbiBaHusA He byaer.
OnnTenbHOCTb MMMYNbCOB 3anucu BO  priew-namaTb  3agaetca  8-mm  paspsagHbiM
pernctpom WRDIF (koadbduumeHT geneHuns 4actoTel reHepatopa). Tpebyemoe 3HaveHune
anvtenbHocTn 5 mkc. KoadhdumumneHnT genenuns soibupaetca: K =5 mkc / TC, rae TC B MKC.
3HadeHne perucTpa nocne cbpoca paBHo 05h. Ecnu npeanonaraetcs npou3BOAUTb
3anucb BO hnew namatb M 4YacToTa reHepatopa otnmyaetca ot 1 My, To Heobxoanmo
npeABapuUTENbHO 3arpy3nTb B 3TOT pPernctp Heobxoammoe 3HayeHue. Permctp gocrtynex
MO YTEHWIO N 3anucu.

aORrLD

Ta6bnuua 15
Bosgencrteune npepbiBaHU Ha onepauuio «4rMHHOM 3anmucny
MUCcTOYHMK . |GLINTD bur ®dnar [lelicTaue
npepbiBaHUN paspelueHus |3anpoca
PAO/INT, 0 1 1 3akaH4MBaeT ONMHHYIO 3anucb Tabnuy,
PA1/TOCLK, BO BHYTPEHHIOK MaMATb MporpamMm,
TMROP"™) MepexoamnT K BEKTOPY NpepbIBaHMSI.
nepudepumnHbie HerT.
npepbiBaHUs 0 1 0 Her.
1 X 3akaHumBaeT OJTVHHY0 3anuncb
1 1 1 Tabnuuy, He nepexoauT K BEKTOpY
npepbiBaHMS.
[lpumeyaHue:

B cnyyae «tanmepa O» nepexop K BEKTOpPY npepbiBaHUA HE NPOUCXOANT.
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3anuck mabnuy 6o 8HeWHIOO NaMsImb

KomaHpga 3anucu Tabnuu, BO BHELLHIOK NaMATb BCerga BbINOMNHAEeTCs 3a 2 uukna.
BTopon umkn sanucbiBaeT OaHHble B S4YerKy BHellHen namaTtu. lNocnepoBaTenbHOCTb
coObITU OnNs 3anMCM BO BHELLHIOKW NaMATb Ta e camasi, YTO U Ansa 3anucu BO

BHYTPEHHIOHO.
Mpumep 4
3anucb Tadbnuubl
CLRWDT ; OumcTKa CTopOXEeBOro TanmMepa
MOVLW HIGH (TBL_ADDR); 3arpy3ka agpeca Tabnuupbl
MOVWEF TBLPTRH
MOVLW LOW (TBL_ADDR)
MOVWEF TBLPTRL
MOVLW HIGH (DATA) ; 3arpyska ctapuwero 6avrta B
TLWT 1,WREG ; Tabnmynyto 3awenky TABLATH
MOVLW LOW (DATA); 3arpy3ska mnaawero 6anta B TabnnyHyo 3aLlenky
TABLWT 0,0 WREG : TABLATL " 3anncb B namMmsTb
nporpamMm(BHELLHIOK)

:@1‘@2‘@3‘@4: Q1‘Q2‘Q3‘Q4} Q1‘Q2‘Q3‘Q4} Q1‘Q2‘Q3‘Q4:

porsssn Gy

CunTBIBaEMaa |

KOMaHIa : TABLWT : INST (PC+1) : I INST(PC+2) |
vt 1 INST (PC-1) | TABLWT w1 | TABLWT mmn2 | INST (PC+1)
: : | o sarmen ! :
1 1 | JaHHBIX | 1
ALE 1 1 /—\ | /_\ | 1
Ty |
. |,1, 1 I I 1

WR : 1 \_/.

1 Q1‘ QZ‘ QS‘ Q4| Q‘I‘ QZ‘ QS‘ Q4 Q1‘ QZ‘ QS‘ Q4. Q‘I‘ QZ‘ QB‘ Q4! Q1‘ QZ‘ Q3

Q4! Q1‘ Q2‘ QS‘ Q4!

0 i o = G S0 i < W R C e (2

|
T

curThiBaeMad ! ! ! ! !
| |
|

|
INST (PC+2) ' INST (PC+3) !
I

KOMaHma | TABLWT1 + TABLWT2

| | | I I
BRIOTACAs | INST (PC-1) | TABLWTT wpcn TABLWT1 tpn2 TABLWT2 e 1, TABLWT2 thin2)  INST (PC+2)
IRHEKT 3armCcH 1 | LK 3armHCcH ,
! ! JAHHBIX 1 | TIAHHBIX , )
ALE /N i I M\ | M |
I I I I I I
oE VT \_/ \_V ! \ 1 ‘ l
I I I I I I I

WR | : . Y \

Puc. 23 BpemeHHas guarpamma BbinonHeHnsa komaHael TABLWT (cBepxy) n
nocnegosatensHocTn komaHa TABLWT (cHu3y) (BHewWHsa namMaTb nporpamMm)

UmeHue mabnuy
Onepauust 4TeHnsa TabnWL OCYLECTBNSIET YTEHME namATu nporpaMmm. 3TOo
NO3BOMAET XPaHUTb KOHCTAHTbl B NaMATU NPOrpaMMm U CYMTbIBATb MX B NaMATb OAHHbIX
npn HeobxogmmocTtn. B lNpumep 5 nokasaHo cuuTbiBaHWe 16-TM OUTHOWM BENMWMYUHBLI U3
namatu nporpamm c agpecom u3 TBLPTR. lMocne Toro, kak HesHavawun 6ant 6bin
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cuntadH n3 TABLATH, B TABLATH 3arpyxaetca 16-Tu 6uTHaa BenuuMHa M3 NamsaTu
nporpamm ¢ agpecom n3 TBLPTR, n sHavyeHne TBLPTR uHkpemeHTunpyetcs. Npu nepsom
YTEHUW JaHHble N3 NaMATN NporpaMm 3arpyXxarTcs B 3aLlenky, a AaHHble, CYMTbIBaeMble
N3 3aLlerki, paccMaTpuMBalOTCA Kak He3Havallee (nyctoe) yTeHue (B «fH» Obinn 3arpyxeHol
HensBecCTHble [OaHHble). Pexum kocBeHHown appecauun depe3 INDFO pomkeH 6bITb
CKOHUrypupoBaH nnbo ¢ aBTOMHKPEMEHTUPOBAHMEM NUOO C aBTOOEKPEMEHTUPOBAHMEM
pernctpa ykasatens agpeca FSRO.
Mpumep 5
YteHne Tabnuupbl

MOVLW HIGH (TBL_ADDR); 3arpyska agpeca Tabnuubl
MOVWEF TBLPTRH
MOVLW LOW (TBL_ADDR)
MOVWEF TBLPTRL
TABLRD 0,1,DUMMY ; Tlyctoe u4TeHMe un3 TabnMM4YHOM 3alUEnKW, YTEHue
namsTu npor-
; paMM B TabnuyHyr 3allenky, MHKpPEMEHTUpoBaHue

TBLPTR
TLRD 1,INDFO ; UTeHne ctapwero 6anta 13 TabnuyHOM 3aLlenku
TABLATH
TABLRD 0,1,INDFO ; YrtenHne wmnagwero 6amta u3 TabNU4YHOW 3aLLEnNKU
TABLATL,
; UTEeHMe NamMaTu NporpamMm B TabNUYHYHO 3aLLenky u
; UHKpemeHTnpoBaHme TBLPTR
Qi sz‘ Q3| @4’ af Q2‘ 3| @4 a1 Q2‘ Q3| Q4! Q1Q2‘Q3 Q4!
o X)X )@= )
CHTBACME TABLRD ' INST (PC+1) . INST (PC+2)
Bb%%gggglﬂﬂi INST (PC-1) | TABLRD umkn1 , TABLRD ymkn2 ;  INST (PC+1) |
: LIHKT UTEHHA :
X TAHHBIX
ALE /A '
OE | 1 :
WR
;@1‘ ‘QS‘ Q4! cn‘ Q2‘ QG‘ Q4! ‘ ‘ ‘Q4 Q1‘ QZ‘ Q3‘ Q4 Q1‘ Q2 QS‘ Q4' Q1‘ Q2‘ 3‘ Q4!
I |
rorss00 (X)X EXE XX )

cUMTBIBaeMad ! ' | i | | i
KoMamta | TABLRD1 ! TABLRD2 : : INST (PC+2) : : INST (PC+3) :

B"‘I‘;‘gg‘gf&;‘“" . INST (PC-1) . TABLRD1 yukn 1 , TABLRD1 uukn 2, TABLRD2 wkn 1, TABLRD2 umkn 2, INST (PC+2)

LK ITEHA ! ! LK IYTEHIA
1 1 ITAHHBIX [ [ JaHHBIX !
ALE /" \ . ‘ . LN\ N\ .
1 1 1 I
1 I
I

=1

w | | | |
Puc. 24 BpemeHHaa guarpamma BbINOSTHEHNSA KOMaH,EI,bI TABLRD (CBepxy)
nocneposatensHocTn komang TABLRD (cHu3y) (BHewWHAS namATb nporpamm)
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An napaTHblﬁ YMHOXUTEeI b

MukpokoHTponnep nmeet 8x8 OGUTHLIM annapaTHbI YMHOXUTENb, BKIOYEHHbIA B
AJTY npubopa. MN3-3a TOoro, YTo YMHOXEHME peann3oBaHO annapaTHO, OHO BbIMNOSTHAETCS
3a oauH uwmkn. bessHakoBoe yMHOXeHwe pgaet 16-Tm GUTHBIM pesynbTat. Pesynbtar
xpaHutcsa B 16-tn 6utHom pernctpe PRODH:PRODL. YMHOXeHME He BNUSIET HU Ha Kakne
dnarn B peructpe ALUSTA. Pernctpel PRODH 1 PRODL gocTtynHbl TONbKO ANSA YTEHMS.
Peanusauusa BbINONMHEHNS YMHOXEHWA 3a OOWH UMkn obecneynmBaeT Oonee BbICOKYHO
BbIYUCINUTENBbHYIO MPOU3BOANTENBHOCTE M YMeHbluaeT TpeboBaHuA K pasmMepy koga ans
anropuTMOB YMHOXEHUS. YBennyeHne npousBOAUTENBHOCTM MO3BOMSET MCMNONb30oBaTb
npnbop Ans NPUMEHEHUN, paHee npeAHasHaYeHHbIX TOMbKO ANS LMEPOBbLIX CUrHaNbHbIX
NpOoLLeCCOpPOB.

B Tabnuua 16 npuBegeHO cpaBHeHWEe ObICTPOOENCTBUS MWUKPOKOHTPOSSIEPOB,
MCNONb3YIOLWNX annapaTHO peann3oBaHHOE YMHOXEHUE C BbINOSIHEHNEM 33 OOMH LMK, 1
NPON3BOOAWMX Te >Xe CcaMble BblMUCIEHNA HO ©6e3 annapaTHO peann3oBaHHOMoO
YMHOXEHUS.

Mpumep 6 nokasbiBaeT nocrnegoBaTenbHOCTb Aencteur npu 8x8 6GesszHakoBOM
yMHOXeHun. TpebyeTca TONMbKO ofHa KOMaH4a, Korga OAWH apryMeHT ANns YMHOXEeHWUS
yxe 3arpyxeH B pernctp WREG.

Mpumep 7 npuBOAUT MOCNeOOBaATENIbHOCTL OENUCTBUA Mnpyu  8x8 3HAKOBOM
YMHOXeHUN. [ns BblMUCNEHUS 3HAKOBbLIX OUTOB aprymMeHToOB TECTUPYETCS 3HAKOBbIM OUT
Kakgoro aprymMeHTa 1 npovM3BOAMTCS COOTBETCTBYIOLLEE BblunTaHue. Pe3ynbTat XpaHuTcs
B pernctpax RESH:PRODL.

Mpumep 9 npuBOAMT nocnegoBaTeNnbHOCTb AencTBuMiA npu 16x16 6Ge3szHakoBOM
yMHOXeHun. B MNpumep 8 npmBogmTcs ucnonb3yemMbln anroputm. 32-x BUTHbIN pe3ynbtat
XpaHuTcs B 4-x peructpax, RES3:RESO.

Mpumep 11 npuBOoAMT nocnegoBaTenbHOCTb AencTBun npyu 16x16 3HaKoBOM
yMHOXeHun. B MNpumep 10 npMBoanTCA MCNONb3yeMbI anroputM. 32-X OUTHbIN pesynbTat
xpaHutca B 4-x peructpax, RES3:RESO. [Ins BbluncneHns 3HakoBbiX GUTOB aprymMeHToB
TECTUpPYeTCa 3HaKOBbIN OUT Kaxgoro aprymMeHta W NpoOu3BOAUTCHA COOTBETCTBYIOLLEE

BblMUTAHUE.
Tabnuua 16
CpaBHeHWe Npoun3BoAUTENbHOCTU
MeTop‘ O61Lem Kon-Bo BpeMﬂ ?“I:IKHC(;.HHGHMH
YMHOXEHUA np?gﬁzl\;)m o (M::g::;;M) 33 16 8
My My | My
8x8 66;M3H”g')§”pf;:'ﬂ°r° 13 69 8.364 | 17.25 | 34.50
oes =
3HaKa 3;:35’&“6';”; 1 1 0.121 | 0.25 | 0.50
8x8 6e3 annapaTHoro i ) i ) )
co YMHOXUTENA
3HAKOM 3;:2‘;31‘;{ 7 7 0.848 | 1.75 | 3.5
16 x 16 6e;MaH”(;‘;MpfeT;'ﬂ°r° 21 242 29.333 | 60.50 | 121.0
bes =
3HaKa 3;:2‘;31‘;{ 24 24 291 | 6.0 | 12.0
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16 x 16 6es annapatHoro 52 254 30.788 | 63.50 | 127.0
co yMHO)KVITeJ'Ifl

3HaKOM annaparHbin 36 36 436 | 9.0 | 18.0
yMHO)KVITeﬂb

Mpumep 6

Mporpamma 8 x 8 GUTHOro 6e33HaKOBOro YMHOXEHUS
MOVFP ARG1,WREG ;
MULWF ARG2 ; ARG1 * ARG2 -> PRODH:PRODL

Mpumep 7
[Mporpamma 8 x 8 GBUTHOrO YMHOXEHUSA CO 3HAKOM

MOVFP ARG1,WREG

MULWEF ARG2 : ARG1 * ARG2 -> PRODH:PRODL
MOVPF PRODH,RESH : PRODH -> RESH

BTFSC ARG2,SB : TecT OuTa 3Haka

SUBWF RESH,F : RESH = RESH - ARG1

MOVFP ARG2,WREG

BTFSC ARG1,SB : TecT 6buTa 3Haka

SUBWEF RESH,F : RESH = RESH - ARG2

Mpumep 8
Anroputm 16 x 16 6uTHOro 6€33HAKOBOr0 YMHOXEHUS
RES3:RESO = ARG1H:ARG1L * ARG2H:ARG2L = (ARG1H * ARG2H * 2'°) +
+ (ARG1H * ARG2L * 2°) + (ARG1L * ARG2H * 2°)+(ARG1L * ARG2L)

Mpumep 9
[Mporpamma 16 x 16 GUTHOro 6€33HaAKOBOr0 YMHOXEHUS
MOVFP ARG1L,WREG
MULWF ARG2L ; ARG1L * ARG2L -> PRODH:PRODL
MOVPF PRODH,RES1
MOVPF PRODL,RESO

MOVFP ARG1H,WREG

MULWF ARG2H ; ARG1H * ARG2H -> PRODH:PRODL
MOVPF PRODH,RES3

MOVPF PRODL,RES2

MOVFP ARG1L,WREG

MULWF ARG2H ; ARG1L * ARG2H -> PRODH:PRODL
MOVFP PRODL,WREG
ADDWF RES1,F ; CnoxxeHne NpoMexXyTouHbIX pe3ynbTaToB

MOVFP PRODH,WREG
ADDWFC RES2,F

CLRF WREG,F
ADDWFC RESS3,F

MOVFP ARG1H,WREG

MULWF ARG2L : ARG1H * ARG2L -> PRODH:PRODL
MOVFP PRODL,WREG
ADDWF RES1,F ; CnoxxeHve NpoMeXXyToYHbIX pe3ynbTaToB
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MOVFP
ADDWEFC
CLRF
ADDWEFC

PRODH,WREG
RES2,F
WREG,F
RESS,F

Mpumep 10
Anroputm 16 X 16 GBUTHOIO YMHOXEHUS CO 3HAKOM

RES3:RESO = ARG1H:ARG1L * ARG2H:ARG2L = (ARG1H * ARG2H * 2™)+
+(ARG1H * ARG2L * 2%)+(ARG1L * ARG2H * 2%)+(ARG1L * ARG2L)+
+(-1 * ARG2H<7> * ARG1H:ARG1L * 2'°) + (-1 * ARG1H<7> * ARG2H:ARG2L * 2'%)

Mpumep 11
Mporpamma 16 x 16 BUTHOrO YMHOXEHUS CO 3HAKOM
MOVFP ARG1L,WREG
MULWF ARG2L ; ARG1L * ARG2L -> PRODH:PRODL
MOVPF PRODH,RES1
MOVPF PRODL,RESO
MOVFP ARG1H,WREG
MULWF ARG2H ; ARG1H * ARG2H -> PRODH:PRODL
MOVPF PRODH,RES3
MOVPF PRODL,RES2
MOVFP ARG1L,WREG
MULWF ARG2H ; ARG1L * ARG2H -> PRODH:PRODL
MOVFP PRODL,WREG
ADDWF RES1,F ; CnoxxeHne NpoMeXyToYHbIX pe3ynbTaToB
MOVFP PRODH,WREG
ADDWFC RES2,F
CLRF WREG,F
ADDWFC RES3,F
MOVFP ARG1H,WREG
MULWF ARG2L ; ARG1H * ARG2L -> PRODH:PRODL
MOVFP PRODL,WREG
ADDWF RES1,F ; CnoxxeHne NpoMeXyTouHbIX pe3ynbTaToB
MOVFP PRODH,WREG
ADDWFC RES2,F
CLRF WREG,F
ADDWFC RESS3,F
BTFSS ARG2H,7 ; ARG2H:ARG2L oTtpuuatensHo?
GOTO SIGN_ARG1 ; HeT, npoBepka ARG1
MOVFP ARG1L,WREG
SUBWF RES2,F
MOVFP ARG1H,WREG
SUBWFB  RESS3,F
SIGN_ARG1
BTFSS ARG1H,7 ; ARG1H:ARG1L oTtpuuartensHo?
GOTO CONT_CODE ; HET, OKOHYaHune
MOVFP ARG2L,WREG
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SUBWF RES2,F
MOVFP ARG2H,WREG
SUBWFB  RES3,F

CONT CODE

MopTbl BBOAa-BbIBOAA

MuKpoKOHTponnep uMmeeT 4veTbipe nopta BBoaa-BbiBoda. MopTbl «C», «D» n «E»
UMEIT perncTp HanpasneHus AaHHbix DDR, KOTOpbI Ucnonb3yeTca Ans KOHgurypaumm
BbIBOAOB MOpTa Ha BXOA4 WM Ha BbIxoAd. HekoTopble BbIBOALI MOPTOB MOrYT UMETb
AOMNOMNHUTENBbHOE Ha3HavYeHune.

Korga BbiBOObI MOPTOB CKOHUIypMpoOBaHbl Kak BbiBOAbl NepudepuinHoro
YCTPOWNCTBA, 3Ha4yeHne, cogepxalleecs B pernctpe DDR HensBecTHo. [locne okoHYaHus
paboTbl C NepuepunHLIM MoAyrneM Mnosib3oBaTeNlo XenaTeNlbHO 3aHOBO YCTaHOBUTL
3HayeHue permnctpa DDR. [ns HekoTopbIX OPYrux nepuepumnHbiX YCTPOMUCTB (KOTOpbIE
TpebyloT BXOOHbIX BbIBOAOB) TpebyeTcs BbiCTaBrneHne OUTOB HanpaBneHus nepegayvv
AaHHbIX B pernctpe DDR.

CurHan «cbpoca» nepeBOAUT BbIBOAbI B pPEXMM BXOA4A C BbICOKMM BXOAHbLIM
conpoTtuBneHnemM. Ho HekoTopble nepudepuinHblie MOoAynu MOryT BHECTU WU3MEHEHWUS,
TakuMe Hanpumep Kak nepesof B PEXUM aHarnoroBoro Bxoga Unn CUCTEMHOW LUNHBI.

Pezaucmp nopma A u pecucmp HanpaesneHusi OaHHbix DDRA

«[NopT A» 4-x paspsigHblin. OTOT NOPT HE MMEET perucTpa HanpaBfeHns OaHHbIX
(DDR). Mo curHany «cbpocy», BblBOAbI «MopTa A» NPUHYAUTENBHO KOH(UIypupYyoTCS, Kak
«BXO4» C BbICOKMM BXOAHbIM COMPOTMBEHNEM. HanpaBneHne gaHHbIX Ha BbiBogax PA2
n PA3, koHTponupyeTcs nepudepuinHeiMm mogyrnem. Mo curHany «cbpocy», nepugepuinHbIn
MOAYNb HEaKTMBEH, NPU 3TOM BbIBOAbLI NepeBefeHbl B COCTOSIHME «BXoA». lMpu yteHun
«nopTta A» cUYNTbIBAETCA COCTOSIHNE C BbIBOJOB.

BeiBog PAO/INT moxeT paboTaTb Kak OObIYHbIM BXO4 WM Kak BXO4 BHELLHEro
npepbiBaHna. BoiBog PA1/TOCLK moxeT paboTatb kak OObIYHbIA BXOA4 WIIM KaK BXOA
TakToBOro curHana pana «tamvmepa O». BbiBogbl PA2/RX/DT un PA3/TX/CK
MynbTUNNEeKcMpoBaHbl ¢ nepudepuninHeiMm moayrnem USART. Hactponka PA2/RX/DT wn
PA3/TX/CK kak BbIXO40B, NPOBOAUTCS aBTOMATUYECKN NepudrepuiiHbiM MOAYEM.

Ta6nuua 17
Twvn
HasBaHue burt BXOAHOro PyHKUUA
Oydepa
PAO/INT 0 Bxoa nopta unu Bxo BHELWHErO NpepbIBaHUS.
PA1/TOCLK 1 BXOP‘ nopta wWnu BXOA4 TaKTOBOro curHana
«Tanmepa O».
Tpurrep Bxoa nopta vnn BXxog nNpuemMHMKa acUHXPOHHOrO
PA2/RX/DT 2 WmuntTa USART, wnn Bxoa/Bbixo4 AaHHbIX CUHXPOHHOrO
USART.
Bxog nopta wunm  BbIXO4 ~ ACUHXPOHHOrO
PA3/TX/CK 3 nepegartyunka USART, nnu BXOA/BbIX0[,
cuHxpocurHana cnHxpoHHoro USART.
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Pezucmp nopma C u peaucmp HanpaesieHusi 0aHHbix DDRC

«Mopt C» - at0 8-mm paspagHbii  OAByHanpaereHHbIM MNOPT BBOAA/BbIBOAA.
HanpaBneHue aaHHbIX ynpasnsietcsa pernctpom HanpaeneHna DDRC. 3HauyeHus «1» B
pernctpe DDRC KoHurypvpyeT COOTBETCTBYOLWME BbIBOAbI MOpTa Kak BXO4. 3Ha4YeHus
«0» B pernctpe DDRC KoHurypmpyeT COOTBETCTBYIOLLME BbIBOALI NOPTa Kak BbixoA. Mpu
yTeHuun pernctpa «nopta C» (PORTC) cunTtbiBaeTCst COCTOAHME C BbIBOAOB, a Npu 3anmcu
B perucTp, 3HavyeHue 3anncbiBaeTCs B perncTp 3awlenky. B pexumax «mukponpoLeccop»
N «paclUMpPEHHbIA MUKPOKOHTposnep» «nopT C» saBnseTca mnagwmm 0anToM LUUHBI
agpeca/panHbix (AD7-ADO) cuctemHon wuHbl. MNpun pabote koHTponnepa BHewHen NAND
Flash namsatn, AaHHbIN NOPT MCNOMb3yeTca ANs OpraHuM3auun  WWHbl  OaHHbIX K
mukpocxeme NAND Flash. [JaHHbIM NOPT UMeeT OTAENbHbIA BbIBOA 3aJaHUA HaNpPsKeHUs
nutaHna Ucclport. Ha koTopbin MoxeT nogaBaTbcs HanpshkeHue ot 3.0 go 5.5B (HO He
6onee nutanua agpa Ucc). Takum obpa3zom nopTt MoXeT ObiTb MCNONb30BaH Anst paboTbl ¢
Mukpocxemamu 3.3B noruku.

[lpumeyaHue:
«MopT C» n «nopT D» nmetoT egruHoe HanpsXKeHne nNuTaHus, No3ToMy BbiBoAbl Ucc1port n
Ucc2port AomkHbl ObITb 06beANHEHBI HA NeYaTHOW nnarte.

Tabnuua 18

Twvn
HasBaHune Bbut | BXoAHOro PyHKUUA

oydepa

PCO/ADO/IO0
PC1/AD1/101
PC2/AD2/102
PC3/AD3/I03
PC4/AD4/104
PC5/ADS/I05
PC6/AD6/I06
PC7/AD7/107

Bxoa/Bbixog nopTa, MNU BbIBOL4 CUCTEMHOW LUUHbI
TTh agpeca/gaHHbiX, unn BbiBOA4 WWHbI AaHHbIX NAND
Flash namaTtu.

N[OOI |IWIN=O

Pezaucmp nopma D u pecucmp HanpaeneHusi daHHbix DDRD

«Mopt D» - 310 8-Mnm paspsagHbI ABYHanpaBlieHHbIM MOPT BBOA4A/BbIBOAA.
HanpaBneHue AaHHbIX ynpasnseTtcsa pernctpom HanpasneHna DDRD. 3Hayenus «1» B
pernctpe DDRD kKoHurypmpyeT COOTBETCTBYIOLWIMNE BbIBOALI MOpPTA Kak BXO4. 3Ha4YeHus
«0» B pernctpe DDRD kKoHurypmpyeT COOTBETCTBYIOLLME BbIBOALI NOPTa Kak BbixoA. Mpu
yTeHuun pernctpa «nopta D» (PORTD) cunTbiBaeTcsl COCTOAHME C BbIBOAOB, a Npu 3anmcu
B pPerncTp, 3HadeHne 3anucbiBaeTCs B PerucTp 3allenky. B pexunmax «Mukponpoleccop»
N «PaCLUMPEHHBIN MUKPOKOHTponnep» «nopT D» sBnsetca crapwmm 6anToM LUWHbI
agpeca/gaHHblx (AD15-AD8) cuctemHon wWwuHbl. [pu paboTe KoHTponnepa BHELHeW
NAND Flash namsatn, paaHHbIA NOPT uUCNoNb3yeTca AN opraHusaumm CcurHanos
ynpaBneHns k mukpocxeme NAND Flash. [aHHbIi nopT vMmeeT OTAENbHbI BbiBOA
3agaHusa HanpsbkeHus nuTtanus Ucc2port. Ha KoTopbein MOXET nofaBaTbCsa HanpsXeHne ot
3.0 po 5.5B (HO He 6onee nutanma sgpa Ucc). Takum obpasom nopt MoxeT ObiTb
Ncnonb3oBaH Ansa paboTtbl ¢ MUKpo-cxemamm 3.3B noruku.
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[TpumeyaHue:
«MopT C» n «nopT D» nmetoT eguHoe HanpshKeHne nuTaHus, No3ToMy BbiBoAbl Ucc1port n
Ucc2port aomkHbl 6bITb 06beANHEHBI HA NEYaTHON nnare.

Tabnuua 19

Tvn
HasBaHue BbuTt | BXOogHOro PyHKUMA

oydepa

Bxoa/Bbixoa nopTta, unu BbIBO4 CUCTEMHOW LUMHbI
PDO/AD8/RBn 0 agpeca/gaHHbix, unu curHan RBn ans NAND
Flash namaTu.

Bxoa/Bbixoa noprta, unu BbIBO4 CUCTEMHOW LUMHbI
PD1/AD9/REn 1 agpeca/ganHbix, wnu curHan REn ans NAND
Flash namaTu.

Bxoa/Bbixoa nopTta, unu BbIBO4 CUCTEMHOW LUMHbI

PD2/AD10 2
agpeca/gaHHbIX.
PD3/AD11 3 Bxopa/Bbixoa nopTa, Unu BbIBOA CUCTEMHOW LUWHbI
agpeca/gaHHbiX.
TTI Bxoa/Bbixoa nopTta, unu BbIBO4 CUCTEMHOW LUMHbI
PD4/AD12/CLE 4 agpeca/ganHbix, wunu curHan CLE pgna NAND

Flash namatu.

Bxoga/Bbixoq nopTa, unu BbiBO4 CUCTEMHOW LUWHbI
PD5/AD13/ALE 5 agpeca/gaHHbix, unu curdan ALE ans NAND
Flash namaTu.

Bxoa/Bbixoa nopTta, unu BbIBO4 CUCTEMHOW LUMHbI
PD6/AD14/WEn 6 agpeca/ganHbix, uwnn curHan WEn gna NAND
Flash namaTu.

Bxoa/Bbixoa nopTta, unu BbIBO4 CUCTEMHOW LUMHbI
agpeca/gaHHbIX.

PD7/AD15 7

Peaucmp nopma E u pecaucmp HanpaesneHusi 0aHHbix DDRE

«Mopt E» - 310 8 paspagHbld  OByHanpasreHHbI NopT  BBOAA/BbIBOAA.
HanpasneHue gaHHbIX onpegendeTca pernctpom HanpaesneHns DDRE. 3HaueHue «1» B
pernctpe DDRE koHdurypupyetT cooTBETCTBYHOLLMIA BbIBOA MOpTa Kak BXO4. 3HaYeHue
«0» B peructpe DDRE KoHUrypupyeT COOTBETCTBYIOLLMI BbIBO, NopTa Kak Bbixoq. [pu
yTeHuun pernctpa «nopta E» (PORTE) cuntbiBaeTCA COCTOSAHME C BbIBOLOB, a NP 3anmncu
B PerucTp, 3Ha4yeHue 3anncbiBaeTcsl B perncTp 3awlernky. B pexumax «Mmukponpoleccop»
N «pacLUMPEHHbI MUKPOKOHTponnep» «nopT E» BbIBOAMT ynpaBnsowme curHanbl Ans
CUCTEMHOWN LUWHbLI: pa3pelleHve 3awenkn agpeca (ALE), paspewenue Bbixoga (OE) un
danucb (WR). AkTmBHbIM ypoBeHb ansi curHanoB OE u WR - Huskui. B pexume
TectTupoBaHua USBTEST2 atoT nopT ncnonbadyetca ansa peanusauum USB nHTepdeinca B
06xo4 aHanoroBoro npuemonepenaTymka.

[lpumeyaHue:
B pexnmax «MUKpOmpoLeccop» M «pacLUMPEHHbIM MUKPOKOHTPOMSEP» BbIBOAbI «nopTa
E», He gaBndaowmnecs ynpaensoWMMNU CUTHANAMNU CUCTEMHOWN LUUHbI, NEPEKITYalTCa B
pexunm Bxoga.
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Tabnuua 20
Tvn
HasBaHue burt BXOAHOro PyHKUMA
oydepa
Bxoa/Bbixogq nopTa, WM BbIXOA4 ~CUrHana
PEO/ALE/TXDP 0 duvkcaumm agpeca BHELWHEN naMaTh, Wnu
umdpposon BeiBog TXDP.
Bxopa/Bbixoa nopTa, unu BbIXOA4 CUrHamna 4TteHus
PE1/OE/TXDM 1 OaHHbIX M3 BHELWHeWn namstu, unn umdpoBOn
BbiBOog TXDM.
Bxog/Bbixoq nopTta, wnM  BbIXOA ~CUrHana
PE2/WR/TXOE 2 paspeLleHns 3anmMcu BO BHELLHIOW NaMATb, UK
TTN undgposon BbiBog TXOE.
PE3 Bxopa/Bbixog nopra.

PE4/RXD 4 giog/ablxon noprta, wnuM uUMdppOBOM BbLIBOS
PE5/RXDP 5 Bxoa/Bbixogq nopTa, unn uMpoBon BbIBOA
RXDP.

Bxoa/Bbixog nopTa, unn umpoBon BbIBOA
PE6/RXDM 6 RXDM.
PE7 7 Bxopa/Bbixon nopTa.

Bbnok «tanmep 0»

Bnok «tanmep O» coctouT m3 16-paspsgHoro Tammep/cyetumka. Ctapwwuin 6ant
npeactaenen pernctpom TMROH, a mnagwwuin 6ant — pernctpom TMROL. O6a peructpa
OOCTYMNHbI MO YTeHuo K 3anucu. [NporpaMmmHo-ynpasnsembln 8-pas3psgHbin ennuTenb
YacToTbl MNO3BONAET co3daTb Ha OcHoBe 6noka 24-paspsigHbli cyeTynk. VICTOYHKMK
TakToBbIX UMNYnbcoB 3agaetca 6utom TOCS pernctpa TOSTA. CYeTUMK MOXET U3MEHSATb
CBOE COCTOSHME UMW OT BHYTPEHHUX TAKTOBbIX MMMYNbCOB, UK OT BHELUHUX, NO4aBaeMblX
Ha Bxoa PA1/TOCLK. YnpasneHue «tanmepom O» OCyLLeCTBNAETCS C MOMOLLbI0 perucrpa

TOSTA.
Tabnuua 21
Pernctp TOSTA (agpec: 05h, He 3aBucuT 0T HOMepa 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 out 0
out7 INTEDG: 6ut BbiGOpa ynpaBnsiowlero nepenaga curHana Ha
INTEDG BbiBoge PAO/INT gnsa 3anpoca npepbiBaHus. QTOT 6UT BbiOMpaeT,
Ha poHTe wnNM cnage curHana OygeT npoucxoauTb 3anpoc
npepbiBaHUS.
1 = dpoHT curHana Ha BbiBoge PAO/INT reHepupyeT npepbiBaHue
0 = cnag curHana Ha BbiBoge PAO/INT reHepupyeT npepbiBaHme
ouTt 6 TOSE: Out BbIOOpa ynpaBnsdwowero nepenaga curHana npu
TOSE BHELUHEM TakTUpoBaHun «Tanmepa O». OTO0T GUT BbIOMpaeT, Ha

dpoHTE nnm cnage curHana «Tanmep O» oynet
MHKPEMEHTMPOBATbLCA.

Korga TOCS=0 (BHelWHee TakTMpoBaHue):

1 = dpoHT curHana Ha BbiBoge PA1/TOCLK uHKpemeHTupyeT
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«tanmep 0» n/vnn yctaHasnusaet TOCKIF - 6ut

0 = cnag curHana Ha BbiBoge PA1/TOCLK wHKkpemeHTupyeT
«tanmep 0» n/vnn yctaHasnusaet TOCKIF - 6ut

Korga TOCS=1 (BHYTpPEHHEE TaKTUPOBAHUE):

3Ha4yeHue buta 6e3pasnnyHo

ont 5 TOCS: OuT BblIbOpa UCTOYHUKA TaKTMPOBaHMA Ons «Tanmepa O».
TOCS OTOT 6UT BbIBMPAET UCTOYHNK CUHXPOHMU3aLMN Ana «Tanmepa 0».

1 = BHYTPEHHAA TaKTOBasA YyacToTa C reHepaTopa LUKoB

0 = BHewHee TakTMpoBaHue ¢ BbiBoga PA1/TOCLK

out 4-1 TOPS3:TOPSO0: 6utbl Boibopa npegagenuntens anga Tammepa 0. OTtu
TOPS[3:0] 61Tl NO3BONAOT BbIOpaTh BENUYNHY AENEHNS BXOOHOMO TakTOBOro
curHana npeggenutenem:
0000 - 1:1 0001 -1:2 0010-1:4 0011 -1:8
0100-1:16 0101 - 1:32 0110 - 1:64 0111 -1:128
1xxx - 1:256
out 0 He peann3oBaHo: YNTAETCH 3HAaYEHNE paBHOE HYII.
Obo3HayeHus:

R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anncu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca no BKIHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMe He N3BECTHO.

Ecnn 6ut TOCS ycTaHOBMEH B «1», TO MIHKPEMEHTUPOBAHME CYETUMKA «Tanmepa 0»
NPOMCXOAMUT OT TaKTOBbIX MMMYNbCOB BHYTPEHHEro reHepaTtopa, KOTOPbIN SABMSETCS
MCTOYHMKOM CUMHXPOHMU3aLMu Onsi BCEro MUKpokoHTponnepa. Ecnn 6ut TOCS cbpoweH B
«0», TO MHKPEMEHTUPOBaAHME CYEeTYMKa MPOUCXOAWUT OT TaKTOBbLIX MMMYNbCOB C BXOoAa
PA1/TOCLK (BHELWHMA WCTOYHWK TakTOBbIX WMMynbcoB). B cnyyae wcnonb3oBaHus
BHELLHEro UCTOYHMKA TakTOBbIX MMMyrnbcoB, 6ut TOSE onpegensieT nonsipHOCTb (PPOHTA,
Mo KOTOPOMY WM3MEHSIETCA COCTOsiHME cyeTumka. Ecnm 6ut TOSE yctaHoBneH B «1»,
cyeTyuk byaeT M3MEeHATb CBOE COCTOsIHME No nepegHemy dpoHTy curHana PA1/TOCLK, a
ecnu 6ut TOSE cbpoweH B «0», TO no 3agHemy ¢poHTy (cnagy) curHana PA1/TOCLK
MpepBapuTtenbHbIn - 8-pa3psigHbli - AenuTenb C  NporpamMmpyemMbiM  KO3IhUUMEHTOM
penennsa dactotbl (MAMNKLO) ocywecTBnseT AeneHMe 4acTtoTbl TaKTOBbIX MMMYNbCOB B
ananasoHe ot 1:1 go 1:256, B 3aBUCMMOCTM OT cocTosiHus 6utoB TOPS3:TOPSO0. Tanmep
LIMKINMUYECKN U3MEHSAET CBOEe COCTosiHMe B AmanasoHe 3HadeHun ot 0000h go FFFFh c
warom 1. Tlpun pgocTwxeHun MakcumansHoro 3HadvenHus (FFFFh)  (coctosHue
nepenonHeHus) yctaHasnusaetcsa donar (TOIF) 3anpoca npepbiBaHMs N0 NePEnonHEHNIO
«Tanmepa O». IOTOT 3anpoc Ha 00paboTKy npepbiBaHMS MOXeT ObiTb 3amMacKMpoBaH,
nytem cbpoca B «0» cooTBeTCTBYlOLWEro 6uta paspelweHus 3anpoca npepbiBaHunsa (TOIE).
®nar 3anpoca Ha 00paboTky npepbiBaHua oT «Tammepa O0» (TOIF) cbpacbiBaeTcs
nporpaMmmMHoO nporpaMmmon 06paboTkn npepbIBaHNUS.

Ecnn gna «tanmepa 0» ncnonb3yeTcst BHELLUHUIA NCTOYHUK TAKTOBbIX UMMYSbCOB, TO
OCYLLECTBNAETCA CMHXPOHM3aLUMS BHELUHErO TAKTOBOrO CUrHana u BHYTPEHHEW TakTOBOW
yactotbl. Puc. 26 wunnwocTpypyeT MexaHU3M CUHXPOHM3auuun. TakToBbIA  CUrHan
cuHxpoHusmpyetcsa nocne npepgenutena (MAMKLO). CurHan ¢ Bbixoga npepnoenutens
(MArNKQ) camnnupyeTtcsa ABa pasa B KaXXA0M KOMaHOHOM LMKIE C Ueribio AeTeKTUPOBaHUA
NosIBNeHNs nepegHero unu 3agHero poHTta. TpeboBaHMa K napameTpamMm BHELLHEro
cuUrHana CMHXpOHM3aLumMm NpuBeaeHbl B Tabnvue anekTpudecknx napameTtpos. [Npouenypa
CYHXPOHMN3aLUMN BHELLUHUX TaKTOBbIX MMMYNbCOB, BHOCUT 3a4epXKy OT BPeMeHWU npuxona
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aKTUBHOro opoHTa 4O MOMeHTa uameHeHus Tanmepom 0 ceBoero coctosHus. Ha Puc. 26
NnoKasaHo, 4YTO 3Ta 3agepXKka MoXeT coctaBnaTb oT 3T, oo 7T..

Mpobnema cuunTbiBaHua 16-paspsagHoro 3HaveHunsa perunctpos TMROL n TMROH
3aKknyaeTca B TOM, YTO MOCME CYMTbIBaHUA Mnagwero (unm crapuwero) 6awnTta, ero
3HayeHne wMoxeT wuameHntbca oT FFh k O00h. [Ona ob6ecneyeHnss OAHO3HAYHOro
CUMTbIBAHMSA COCTOSIHUA CYeTyMKa peKoOMeHAyeTCs MacKupoBaTb CWUrHam 3anpoca Ha
06paboTKy npepbiBaHMUS.

3annce B nwbon un3 pernctpoe TMROL n TMROH 6nokupyeT u3MeHeHue
COOTBETCTBYIOLLEN YacTu cyeTyuka «tanmmepa O» B nocnegywoowemMm nocne sanucu uukne
MUKPOKOHTpoOInepa, Npy 3TOM 3anucb HE OKa3biBaeT BUSHUA Ha APYrylo YacTb CYETYMKa.
[MoaToMy pekomeHayeTcs nocregoBaTesibHO MPOM3BOAUTL 3annCb CHadvana perucrpa
TMROL, a 3atem TMROH. 3anuce B nwobon wu3 perncrpoe TMROL wnu TMROH
cbpacbiBaeT B ncxogHoe coctosiHue npegaenutens (MAMNKQ).

YctaHoBka koadpdpuumeHTta agenenuvs npegaenutens (MAMKO) nonHocTbo 3aBUCUT
oT coctosHusa peructpa TOSTA, To ecTb 3HayYeHne koappmumeHTa MoxeT BbITb UIBMEHEHO
«Ha neTy» BO BpeMs WUCNOfHeHua nporpammebl. [lepen nsameHeHnem KoadduumneHTa
aeneHns pekomeHayetcs cobpacwisath NOMNKLI.

MpepbiBaHue No NepenonHeHuo
ycraHoska TOIF (INTSTA<5>)

D— 0 MNpeaBapuTentHbIi
AenUTENE .
PA1/TOCLK Fe /4 (8 w1 pasprio CMHXPOHM3aLUs — TMROH<8> | TMROL<8>

TOSE CHETUMK)
(TOSTA<6>) 4 T T

TOCS  TOPS3:TOPSO Q2 Q4
(TOSTA<5>) (TOSTA<4:1>)

Puc. 25 bnok-cxema moayns «tanmep O»

-y

1Q1|a2|as|a4ra1|az|as|4 a1 |az|as|as 1a1]|az|as| a4
1

npezzlggﬂTenﬂ :§§3\\ E / §§§§li E / \(anM'Z) i
(I (I |

CUHXPOHN3UPOBaHHbIN
BbIXO,

| 1
npe,u,,qenﬂ'Tenﬂ i—|
\\>

1 I
1 I
1 I
T T T

TMRO ! TO ! X ; TO+1 X
i T ]
i I

Puc. 26 dyHkumoHnpoBaHme «tanmep 0» OT BHELUHEro UCTOYHMKA TaKTOBbIX MMIMYSIbCOB

TO+2

[lpumeyaHus:

1. 3agepxka OT BpeMEHU npuxoga akTMBHOro (opoHTa OO0 MoMeHTa mameHeHns TMRO
CBOEro coctossHua coctaesnsaeT ot 3*T. go 7*T..

2. OnutenbHocTb mMmnynbca Ha Bbixoge [MMAMNKL MeHble YacToTbl CUMHXpOHM3auuun. B
3TOM cny4ae coctosiHne cyetumka TMRO He nameHunTcs.
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Q1‘Q2‘Q3|Q4EQ1 ‘Q2‘Q3‘Q4EQ1 |Q2‘Q3‘Q4EQ1‘Q2‘Q3‘Q4EQ1 ‘Q2|Q3‘Q4EQ1 ‘Qz‘os‘m

v LA A AT AT AT AT
WR_TRMOL ! [ ] ! ! ! !
WR_TRMOH : |—i : : |
RD_TMROL E [ ] E [ ] E [ ] E
TMROH 12 X: 12 X 13 X AB : : :

1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
TMROL ! FE X FF X
; ,
1
1
1
1
1
1
1
1
1
1
1
1
1
1

56 X 57 X 58 X
1 \ \ 1
1 1
1 1
1 1
BLGVpaeMas MOVFP | MOVFP MOVPF MOVPF MOVPF MOVPF !
srcrpykums | DATALTMROL 1 DATAHTMROH 1 TMROLW TMROLW 1+ TMROLW & TMROLW 1
3anunce TMROL | 3anuch TMROH | Yrtenne TMROL | Yrtenme TMROL | YteHue TMROL | YteHue TMROL |
1 1 1 1
1 1 1 1
BLINONHIEMas npeabigywas ! MOVFP MOVFP MOVPF ! MOVPF ! MOVPF !
BbiGpaHHas 1 DATALTMROL DATAH, TMROH TMROL,W | TMROL,W 1 TMROL,W |
VHCTPYKLNA NHCTPYKLMS 1
i 3anucs TMROL | 3anucs TMROH | YteHue TMROL | Ytenne TMROL | YteHue TMROL
]

Puc. 27 CDyHKlIJ,I/IOHI/IpOBaHII/Ie «Tanmep 0» npu o6paIUJ,eH|/||/| K peF‘I/ICTpaM TMROL n TMROH

[lpumeyaHue:
B npumepe 3anucbiBaeTca s3HavyeHne TMRO paBHoe ABS6h.

Bbrnok annapaTtHon noaaepXku anroputma wudppaumm

Cmpykmypa 6510ka annapamHoU noodep kKU asrzopumma
wugppayuu

bnok wundpaumn npegHasHayeH Ona  annapaTHOWM  NOAAEPXKW nporpamm
Kpuntorpaduyeckon 3awmtbl MHopmaumm B cootseTcTBum ¢ FOCT 28147-89.
Co CTOpOHbI dapa MUKPOKOHTponnepa 6nok wudpaumum npeacraBnsetr cobon
Habop crneaylWwmx NPOrpamMmMHO AOCTYMNHbIX 8-pa3psagHbIX  PEerncTpoB:
e perucTpa ynpasneHns CRPT_CWR;
pernctpa coctosHna CRPT_SR;
pernctpa aaHHbix CRPT_DATA,;
pernctpa kntoda CRPT_KR;
perncTtpa cuHxponocbinikn CRPT_SYNR;
perncTpa koHcTaHT 3ameHbl CRPT_CR;
pernctpa nmurtosctaskm CRPT_IMIT;
e perucTpa uncna utepaumm CRPT_ITER.
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CRYPTO

OmMmMmuTOoBCTABKA ———
8 bant —

CucteMHast

LMHa - T
Yucno Utepauui

npotieccopa ] —

Bnok

npeobpasosaHus
< Knirou — JaHHbIX

32 bawnTta —

A

[aHHble —
CurHan 8 Baiir
npepbiBaHns A ]

D CuHxpo

nocsbinka
8 bant

A [ ]

KoHcTaHTbI
3aMeHbl
64 baiiTa

A [ ]

Peructp —
ynpaenewus  ———

J\ Peructp

*‘/ COCTOSIHUS
oo <« oo ﬁ

CamoTecTmpBoaHus Ynpasnenus

Puc. 28 bnok-cxema 6noka annapaTHON NoAOEPXKN
anroputma wudpaummn no NOCT 28147-89

Pernctpbl OaHHbIX, KNOYa, CUHXPOMOCHIIKM M KOHCTAHT 3ameHbl ABngalTcs 8-
paspagHbIMU MopTamu, Yepes KOTOPbIA OCYLLECTBRSETCA OOCTYN K COOTBETCTBYHOLLMM
mMaccumBaMm AaHHbIX (8 6anT), knoya (32 6anTta), CMHXPOMNOCLINKM (8 GanT), KOHCTaHT
3amMeHbl (8 6anT) u uMUTOBCTaBKM (8 BanT).

Bnok wudpaumn cogepxut OBa NpPakTUYECKM OOWHAKOBbLIX MOAYNSA, OAHU U3
KOTOPbIX peanu3yeT OAWH M3 TPeX OCHOBHbLIX PEXMMOB paboTbl YyCTPOWCTBA, a ApYyrou
npefHasHayeH Ans annapaTtHoOW NOAAEPXKKN BbIpabOTKM UMUTOBCTaBKU. ITO HEOBXOAMMO
ANg Toro, 4tobbl AaHHbIE MPOXOAMIM Yepe3 YCTPONCTBO NULLb OAHaXAbl, 6€3 NOBTOPHOro
NPOXOXAEHUA Yepe3 MOoAyNb ANS BbIpaboTKM MMUTOBCTABKM.

Pabota yctponctea (6noka wudgpaumm) BO3MOXHaA B pexume onpoca wunu B
pexvMme npepbiBaHuA. B pexume onpoca HeoBXOAMMO MOCTOSHHO —onpawmBaTb
COCTOSIHMEe BuTa rOTOBHOCTM B peructpe coctosHusa. Ecnu 6uT ycTaHoBneH, AaHHble
MOXHO cunTbiBaTb. B pexxunme npepbiBaHus npouenypa obpaboTku npepbiBaHUA, KoTopas
aktmsmusnpyetcs no curHany INT ycTponcTtBa, mMoxeT cpasy CUMTbiBaTb AaHHble, He
onpawmBas perucTp COCTosHUSA. Bce ckaszaHHOe OTHOCUTCHA KO BCEM pexmnmam paboThbl
yCTpPOMCTBA.
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®nar 3anpoca npepsbiBaHsa CRPTIF (Bbixog INT ycTtponcTtBa) ycrtaHaenueaeTtcs
nocrne oKoH4YaHusa npeobpasoBaHnsa AaHHbIX Npu ycnosun, 4to 6utel IE_ CRPT (peructpa
CRPT_CWR) 1 CRPTIE (perunctpa PIE1) ycTaHoBMeHbl. 3anpoc npepbiBaHNA CHUMaeTCs
nnmbo npwu cbpoce ycTpoucTBa (NporpamMMHOM WNM annapaTtHom), NMbo npu cTapTte
(yctaHoBke 6uta “START” peructpa ynpasneHus), nnbo no pakty YTeHNA AaHHbIX.

BbipaboTka MMUTOBCTaBKU BO3MOXHa B MOOOM M3 OMUCAHHBIX BbIlEe PEXMMOB
paboTbl. [1na KOppekTHOM paboThl B pexmmMmax C BbipabOTKOM MMUTOBCTABKM HE0obXoamMmo
nepepn 3arpyskon Krtouva, AaHHbIX U T.4. COpOCUTb YCTPOMUCTBO (ycTaHoBUTL OuT “RST” B
perncTpe ynpaeneHusl) AN CUMHXPOHM3auMM C Hadanom naketa obpabaTtbiBaemblx
AaHHbIX. Takum o06pasom, npouecc nporpaMMMpPOBaHUA B pexmmax C BbipaboTkon
WMUTOBCTaBKM [JOMOMHATCA elle OA4HMM, CaMbiM NepBbiM OencTBMEM — CcBpocom
ycTponcTtBa. B octanbHOM oTnmyum Het. lNocne okoHYaHusa npeobpasoBaHus AaHHbIX
MMUTOBCTaBKa CYMUTbIBAEeTCA M3 nopTta MMUTOBCTABKW, M3 Hee NpOrpamMMHbIM MNyTem
Bblpe3aeTcs OTPe30K HYXXHOW AfMHblI M MOCbIaeTcs Bcnen nakety npeobpasoBaHHbIX
OaHHbIX.

B pexxvmax gewumdpaumm gaHHbIX HeobxoanmMo nocrie obcyeTta nocnegHero naketa
AaHHbIX [aTb elWe oAHM cTapT npeobpasoBaHna [AOns  3aBeplleHuMs  pacyeTa
nmutoBcTaBku. pu atom Tpebyetca yctaHoButb 6uT IM B pernctpe CRPT_CWR , a
HOBble JaHHble NocbiNaTb He TpebyeTcs.

Tabnuua 22
Pernctp ynpasnexnns CRPT CWR (agpec: 10h, 6aHk 7)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
BIST RST IE_CRPT DIR START IM MODE1_ | MODEO_
CRPT CRPT
out 7 6 5 4 3 2 1 out 0
out 7 BIST: TectoBbIn pexum paboThbl.
ouT 6 RST: C6poc - npegHasHadyeH ANA NpuUBEAEHUS YCTPOWCTBA B

NCXOOHOE COCTOSsIHUE.

Mpumevanune: 6ut «RST» cOpacbiBaeTcs aBTOMATMYECKM B
cnegyowem LnKne CUCTEMHON TaKTOBOW YacTOThI.

our 5 IE_CRPT: PaspeweHne npepbiBaHua. Wcnonbsyetca ans
paspeweHna («1») wnn 3anpeta («0») Bblgaum curHana
npepbiBaHNS.

out 4 DIR: Hanpaenenue wudpauyuun: «0» — wundpaums, «1» —
aewmdpauyms.
out 3 START: Crapt. [lpegHasHayeH Aana  3anycka npouecca

wndppauunm/gewmndpauymnm gaHHbIX.

MpumeyvaHue: 6ut «START» cbpacbiBaeTcsi aBToMaTU4eCckn nocne
Ha4ana npeobpa3oBaHus.

ourt 2 IM: BbipaboTka MMUTOBCTaBKM B pexumax gewmndpauum AaHHbIX.
But «IM» ycTtaHaBnuBaeTca nocne okoH4YaHuss 06paboTkM AaHHbIX
ANS 3aBeplUeHnsa BbIpaboOTKM UMUTOBCTaBKW. [locne ycTaHOBKM
HeoBXxoAMMO BbINOMHUTL eLle OAMH LMKN obpaboTkun (He nocbinas
AaHHbIX), MOCre 4Yero MMUTOBCTaBka MOXeT OblTb MpoynMTaHa u3
YyCTPOMWCTBA.

out 1,0 MODE1_CRPT — MODEO_CRPT: Pexum paboTbl 6roka:

00 - paboTa B pexunme npoCTon 3aMeHbl;

01 - paboTa B pexmme raMmMmupoBaHuS;

10 - paboTa B pexvme raMMMpOBaHUSA C 0GpPaTHOW CBA3bIO;

11 - MHUUManNM3aumsa CUHXPOMOCHISIKN.

Mpumevanue: B pexunmax «01» n «10» nepen Hayanom obpaboTkn
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AaHHbIX CcrnegyeT 3anucaTb CUHXPOMOCHLISIKY, YCTaHOBUTb PEXUM
«11» n nocnaTtb KOMaHay «ctapT». [lanee Heo6xoaMMO YyCTaHOBUTb
HY>KHbIN pexum 1 obpaboTtaTtb JaHHbIE.

ObosHayeHus:

R = 6ut ana ytenua; W = O6UT ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3Ha4YeHMe He N3BECTHO.

Tabnuua 23
Pernctp coctosaHna CRPT SR (agpec: 11h, 6aHK 7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
DNC_BI * * * * * ERROR_ | READY
ST Kw() swt) DR" pw® KF®) CRPT CRPT
out 7 6 5 4 3 2 1 6ut 0
out7 DNC_BIST: PesynbTat guHamMmyeckoro
KOHTpOns/CamMoTeCTUPOBaHMS.
ouTt 6 KW(*): CocTtosHMe ykasaTens YTeHust naMmaTn UMUTOOAHHbIX.
ouTt 5 SW(*): CocTosiHMe yKasaTens 3anucn namsTv CUHXPOMOCHINKMA.
out 4 DR(*): CocTosiHMe yKasaTens YTeHus NnaMsiTv JaHHbIX.
out 3 DW(*): CocTosiHe ykasaTens 3anvcu NnaMmaTn JaHHbIX.
ouT 2 KF(*): CocTosiHWe ykasaTtens 3anucu naMmsTu Kroya.
out 1 ERROR_CRPT: Owwubka. but onpegenser Hanuune unm
oTcyTcTBMEe owmnbkm B paboTte yctporctBa. COCTOSHME OLINOKK
BO3HMKaET B Crlydae nonbITKN 3anyCcTUTb Npouecc npeobpasoBaHms
AAHHbIX MPU HE NOMIHOCTBIO 3aMMCaHHbIX AAHHBIX MW KIoYe.
out 0 READY_CRPT: PaboTta/rotoBHOCTb. BUT onpegenseT rotoBHOCTb
AaHHbIX MOCe BbINOSIHEHHOrO npeobpasoBaHusa (Wngpaunm mnu
aewnpauum). [locne Havana npeobpasoBaHUs [OaHHbIX OUT
aBTOMaTU4eCckn cbpacbiBaeTcs U BHOBb YCTaHaBMMBaeTCs nocre
3aBepLUeHns npeobpasoBaHusl.
Ob6o3Ha4YeHus:

R = 6ut ang ytenna; W = 6UT ¢ BO3MOXHOCTbIO 3aruncu;

U = 6uT He peanunsoBaH, ymtaeTca kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBnEH;
0 = cbpoLueH;
X = 3Ha4YeHue He U3BECTHO.

[lpumeyaHue:

©) Butbl 6...2 3ape3epBMpOBaHbI ANSt CUCTEMHBIX Lienel. [0 UX COCTOSHUIO NPOrpaMMmUCT
Npu HeoBXOOMMOCTM MOXET OnpedenuTb MOSIOKEHWe YykasaTenen 3anucyt U YTeHns
(cocTosiHMe BUTOB M MHTepnpeTauust GyayT onpeaeneHbl B AanbHeilleM, Tak kak Ans
paboTbl OHU He SBASIOTCS HEOBXOANMBIMM).
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Tabnuua 24

Pernctp ganHbix wudgpaumm CRPT DATA (agpec: 12h, 6aHk 7)

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

out 7

5

4

3

2

1

out 0

our7...0

DATAY...DATAO:

8-mu

pas3pagHbIv

nopT

JaHHbIX,

npegHasHayYeHHbIn  Ona  BBOAA  MCXOAHbIX  unM  BbiBOAA
npeobpasoBaHHbIX AaHHbIX. [lpn 3aTOM agpec ans Bcex GanTos
AaHHbIX B NporpamMMe yKasbiBaeTCa OAWH U TOT Xe. 3anucb BCEX
6anToOB AaHHbIX B MOAYSb OCYLECTBASAETCS nocnegoBaTenbHON
3anucblo G6anToB MO agpecy perucTpa  [AaHHblX, HauynHas C
Mnagwero 6Ganta (unn nepBoro 6amTa TekcTa, ecnv AaHHble
paccmMaTtpuBaTh Kak TEKCT). UTeHMe oCcyLeCcTBNAeTCss aHanorm4Ho.
PeanbHass apgpecaumMss BO  BHYTPEHHEW naMdatm  Mogyns
OCYLLECTBNAETCA BHYTPEHHUMMW YyKasaTensamu, aBTOMaTUYEeCKM
WHKPEMEHTUPYIOLUMNCA UM OEeKPEMEHTUPYLWNMUCA B
3aBMCMMOCTWN OT HanpaefeHnsa nepegadn gaHHbiX. OTMETUM, 4TOo
yKkasaTenu 3anucum u yTeHus cbpacbiBalOTCs MNpyM NPOrpaMmMHOM
cbpoce yCcTponcTBa, T.€. Npu yctaHoBke buta «RSTy.

ObosHa4vyeHus:

R = 6uTt ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMEe He N3BECTHO.

Tabnuua 25
Pernctp kntova wngpauyum CRPT KR (agpec: 13h, 6aHk 7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
KEY7 KEY6 KEY5 KEY4 KEY3 KEY2 KEY1 KEYO
ont 7 6 5 4 3 2 1 out 0
our7...0 KEY7... KEYO: 8-Mn paspsagHbln NopT Krtoya, npeaHasHavyeHHbIn
Ans BBoga mucxogHoro kntoda. Npu atom agpec anst Bcex 6antoB
Knioya B NporpamMme yKasbiBaeTCA OA4HM U TOT Xe. 3anucb BCeX
GanToB KNOYa B MOAYMb OCYLLECTBNSETCA MocnenoBaTenibHOM
3anucblo GanMToOB NO agpecy  perucrtpa Krya, HauvHas c
mMnaguwero 6anra.
ObosHayeHus:
R = 6ut ana ytenua; W = 61T ¢ BO3MOXHOCTbIO 3anucu;
U = 6uT He peanu3oBaH, untaetca Kak 0;
-n = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3HA4YEeHne He U3BECTHO.
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Tabnuua 26
Pernctp cunxponocbinikn CRPT_SYNR (agpec: 15h, 6aHk 7)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SYNCH7 | SYNCH6 | SYNCH5 | SYNCH4 | SYNCH3 | SYNCH2 | SYNCH1 | SYNCHO
out 7 6 5 4 3 2 1 out 0
our7...0 SYNCH?7...SYNCHO: 8-mn paspagHbii nNopT CUHXPOMOCLISIKHU,
npegHasHayYeHHbIN AN BBOA4A WM BbIBOAA CUHXPOMOCHINKK. [Mpu
9TOM ajgpec Ansa Bcex 6aMToB CUHXPOMOCLIIKM B nNporpamme
yKkasblBaeTCss OOUH M TOT xe. 3anucb Bcex 0anToB [aHHbIX B
MOAYINb OCYLLECTBSAETCA NnocrneaoBaTenibHOW 3anmcbio 6anToB No
agpecy peructpa CUHXPOMOCHIKA, HauMHasi ¢ mnagwero banta.
UTeHne ocyLecTBNseTCs aHanormyHo.
Ob6o3HayeHus:

R = 6uTt ang yteHus;
U = 6uT He peannsoBaH, yntaeTca Kak 0;
-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:

1 = ycTaHoBneH,;

0 = cbpoLueH;
X = 3HAa4Y€eHne He U3BECTHO.

W = 61T ¢ BO3MOXXHOCTbIO 3anuncu;

Tabnuua 27
Pernctp koHcTaHT 3ameHbl CRPT CR (agpec: 14h, 6aHk 7)

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

CONST7

CONST6

CONSTS

CONST4

CONST3

CONST2

CONST1

CONSTO

out 7

6

5

4

3

2

1

out 0

our7...0

CONST?7...CONSTO: 8-mu paspsgHbii NOPT KOHCTAHT 3aMeHbl,

npeAHasHayYeHHbIM ONs BBOAA KOHCTAHT 3aMeHbl. [pu aTom agpec
Ans Bcex 6anToB KOHCTAHT B NporpaMme ykasbiBaeTCcs OOAUH U TOT
Xe. 3anucb Bcex 6aMTOB [OaHHbIX B MOAYSlb OCYLLECTBNAETCHA
nocnegoBaTeNbHOM 3anvcbto 6anToB NO agpecy perucTpa AaHHbIX,
HauMHaa ¢ wmnagwero 6Gamta. BBoOg  KOHCTaAHT  3aMeHbl
ocyuwiectBndetca nobanTtHO, Te eCTb BBOOATCA cpa3y [ABe
KOHCTaHTbl B BWAe, rge crapwui nonybanT cooTBeTCTBYeT
cTapwemMy agpecy 06rnoka KOHCTaHT, Hanpumep, 4wucno 97h,
BBeaeHHoe no agpecy «0», o3HavaeT 3anonHeHne «7hy» no agpecy
«0» un 3anonHeHve «9h» no agpecy «1». 3anorHeHve Yy3noB
3aMeHbl OCYyLLEeCTBNAETCA HayMHasa ¢ 1 y3na un 3akaHumBasi y3nom
8.

ObosHayeHus:

R = 6ut ana ytenua; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 6uT He peanu3oBaH, untaetca Kak 0;

-n = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3Ha4YeHne He N3BECTHO.
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Tabnuua 28

Pernctp nmutosctaeskm CRPT IMIT (agpec: 17h, 6aHk 7)

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

IMIT7

IMITS

IMIT4

IMIT3

IMIT2

IMIT1

IMITO

our 7

5

4

3

2

1

out 0

our7...0

IMIT7...

IMITO:

8-mu

paspsaHbini - MOPT  MMWUTOBCTaBKW,
npegHasHayYeHHbIn Ons BblBOAA MMUTOBCTABKM MOCe npouecca
wnppauum n gewmndpaumn. MNMpn aTom agpec Ans Bcex 6anTtos
WMUTOBCTaBKM B NporpaMmme ykasblBaeTCs OAWH U TOT Xe. UTeHne
Bcex  6GanmToB  AaHHbIX n3 mMoayns ocyLecTBNsaeTCH
nocrnegoBaTesibHO MO agpecy pernctpa UMMUTOBCTABKU, HAYMHAsA C
mMnagwero 6GanTta. BblpaboTka MMWUTOBCTaBKM OCYLLECTBSETCS
aBTOMaTU4YeCKN napannenbHo ¢ wudpaumen mnn gewmdpaumnen
AaHHbIX.  [locrne  OKOHYaHWs  WWUPOBaHNUA  MMUTOBCTaBKa
cuuTbiBaeTCs U3 permctpa u ganee obpabaTtbiBaeTcss NporpaMmmMHoO

B cooTBeTcTBMe ¢ [OCT 28147-89.

ObosHa4vyeHus:

R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anncu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca no BKIHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMe He N3BECTHO.

Tabnuua 29
Pernctp uncna utepauun CRPT_ITER (agpec: 16h, 6aHk 7)

R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
. |FNCRP tERs | ITER4 | ITER3 | ITER2 | ITER1 | ITERO
out 7 6 5 4 3 2 1 out 0
out 7 3apes3epBMpoOBaHo.
onT 6 EN_CRPT: but pa3peweHnus paboTbl 6roka.
«0» - 6nok annapaTHOM NOAAEPXKKM anropytma KoaupoBaHMWSA
BbIKITHOYEH;
«1» - BNOK BKINIOYEH.
out 5...0 ITERS...ITERO: Pernctp cYyeTymKa nTepaunn LMKNOB
Wwnppayuu/geumdpauuu.
Ob6o3HayeHus:

R = 6ut ana ytennsa; W = O6UT ¢ BO3MOXHOCTbIO 3aMuUcu;

U = 6uT He peannsoBaH, ymtaeTca Kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHue He N3BECTHO.

[lpumeyaHue:
But EN_CRPT wMeHseTca TOnMbKO B TOM cCrniydyae ecnu 6wt
CRPT_CWR cbpoLueH.

DNC_BIST peructpa
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Paboma 650oka no wugpayuu u dewughpayuu OaHHbIX
Wugppauusi 0aHHbIX. Pexxum npocmot 3aMeHbl

Mopsiaok BbINONHAEMbIX Aencteum (cm. MNpumep 13):

1. BbIMONHWUTL NporpamMMHbIN  cOpoc OGnoka ANa  CUHXPOHU3AUUM  MMUTOBCTaBKU
(yctaHoBUTb OUT «RST» B perncTtpe ynpaBneHus);

2. ycTtaHoBuTb pexum «00» B perncTpe ynpasneHus u 6ut HanpaBneHnsa WndpoBaHus;

BBECTU KItod (cMm. Mpumep 12);

BBECTU KOHCTaHTbI 3aMmeHsbl (cM. Mpumep 12);

3. BBECTM o4epeaHon BNOK AaHHbIX;

4. yctaHoBuTb 6T «START» B pernctpe ynpaBneHus;

5. nogoxpatb, noka npeobpasoBaHne 3akoH4MTCca (IMBO No npepbiBaHWO, NGO No
onpocy 6uta roToBHOCTK);

6. npouuTatb NnpeobpasoBaHHble AaHHbIE U, €CNU He BCe NakeTbl 06paboTaHbl NepenTu K
n.5, unu, B NpOTUBHOM cryyae nepentu n.9.;

7. npoyuTaTb UMUTOBCTABKY M3 NOPTa MMUTOBCTaBKM.

[lpbumeyaHue:
MyHkTol 1 1M 2 (NporpamMMmHbIN COPOC M yCTaHOBKA PEXUMOB) MOXHO BbINOMHATD
OAHOBPEMEHHO (O4HOM KOMaHLOW).

Mpumep 12
BapuaHT nognporpaMmmbl MHMLMaNM3aumm Kno4va n KOHCTaAHT 3aMeHbl!
init_crypto: MOVLB 7

MOVLW

MOVLW

MOVLW

CLRF 10h,F
BSF 10h,6 ; MpOrpamMMHbIn cOpoC yCTporCTBa
MOVLW key : MHUUManu3auma knioda 32 6anta
MOVWF FSRO
MOVLW 20h
MOVWEF count
in_key: MOVFP INDFO0,13h
DECFSZ count,F
GOTO in_key
MOVLW 45h ; 3arpy3Kka KOHCTaHT 3aMeHbl 64 BanTta

MOVWEF 14h

67h

MOVWF 14h

89h
MOVWF 14h
MOVLW Oabh

MOVWEF 14h

Ocdh

MOVWEF 14h
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MOVLW Oefh
MOVWEF 14h
MOVLW 01h
MOVWEF 14h
MOVLW 23h
MOVWF 14h
RETURN

Mpumep 13
Mognporpamma wnpaunm JaHHbIX B PEXUME NPOCTON 3aMEHbI

simple_code:MOVLB 7
CLRF 10h,F
MOVLW indata : MHULManm3auma AaHHbIxX 8 6anT
MOVWF FSRO
MOVLW 8h
MOVWF count
in_data: MOVFP INDFO0,12h
DECFSzZ count,F
GOTO in_data
MOVLB 7
BSF 10h,3 ; CTapT WndpoBaHus
wait1: BTFSS 11h,0 ; OXngaHve OKOHYaHus WndpoBaHus
GOTO wait1
MOVLW outdata ; YTEHNE 3alnpPoBaHHbIX AaHHbIX 8 6anT
MOVWF FSRO
MOVLW 8h
MOVWF count
in_data1: MOVFP 12h,INDFO
DECFSZ count,F
GOTO in_data1
MOVLW imit ; YTEHME NMUTOBCTaBKM 8 6anT
MOVWF FSRO
MOVLW 8h
MOVWEF count
in_imit: MOVFP 17h,INDFO
DECFSZ count,F
GOTO in_imit
RETURN

Hewudgpayus daHHbIX. Pexxum npocmoli 3aMeHbl
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[Mopsiaok BbINONHAEMbIX Aencteum (cMm. Npumep 14):
1. BbINOMNHWUTBL MNPOrpaMMHbIA COPOC YCTPOWCTBaA ANS CUHXPOHMU3ALMUM WUMUTOBCTaBKM
(ycTtaHoBUTb 6UT «RST» B pernctpe ynpasneHuns);

2. BBECTU KIOY;

3. BBECTM KOHCTaHTbl 3aMEHbI;

4. yctaHoBuTb pexum «00» B perncTpe ynpaBneHus n 6uT HanpaBneHns WngpoBaHns;

5. BBeECTM oyepeaHon BroK AaHHbIX;

6. yctaHoBuTb 6T «START» B pernctpe ynpaBneHus;

7. nogoxpaTtb, Moka npeobpasoBaHuMe 3akoHUMTCS (IMBO no npepbiBaHUiO, nMbBO no
onpocy éuta roToBHOCTK);

8. npouuTaTb NpeobpaszoBaHHbIE AAHHbIE U, ECNN HE BCE NakeTbl 06paboTaHbl NEPeEnTH K

n.5, Unu, B NPOTUBHOM cny4yae nepenTtu K n.9;

9. ogHOBpPEMEHHO YycTaHoBUTb OuTbl «IM» n «START» B peructpe ynpaBneHus Ons
3aBepLUeHns BblpabOTKM MMUTOBCTaBKM (MX 3annCb B pernctp LOfKHa NpoBOAUTHLCHA
OZHOW KOMaHAown);

10.nogoxpgatb, Moka npeobpasoBaHue 3akoHYUTCs (MMBO no npepbiBaHUO, NGO Mo
onpocy éuta roToBHOCTK);

11.npo4ntaTtb UMUTOBCTABKY U3 NopTa MMUTOBCTaBKM.

Mpumep 14
[Mognporpamma gewmdpaumm aHHbIX B peXume npoCTon 3aMeHbI
simple_decode: MOVLB 7
MOVLW 10h ; YCTAHOBUTb PEXMM Aelmndpaumnm
MOVWF 10h

MOVLW outdata ; 3aMnCb 3alnpoBaHHbIX JaHHbIX 8 6anT
MOVWF FSRO

MOVLW 8h
MOVWF count

in_data2: MOVFP INDFO0,12h
DECFSZ count,F

GOTO in_data2
BSF 10h,3 ; CTapT gewwmndpayunu
wait2: BTFSS 11h,0 ; OXKMAaHue OKOHYaHus gewwmndpauum
GOTO wait2
MOVLB 7
MOVLW outdata ; UTeHue aewmnpoBaHHbIX JaHHbIX 8 6anT
MOVWF FSRO
MOVLW 8h

MOVWF count

in_data3: MOVFP 12h,INDFO
DECFSZ count,F
GOTO in_data3

MOVFP 10h,WREG ; cTtapT BbipabOTKM MMUTOBCTaBKM
BSF WREG,2
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BSF WREG,3
MOVFP WREG,10h

wait im1:  BTFSS 11h,0 ;  OXMOAHME  OKOH4YaHMs  BbIpabOTKK
NMUTOBCTaBKM

GOTO wait_im1

MOVLW 8h

MOVWF count

MOVLW imit ; UTEHMEe MMMUTOBCTaBKM 8 bant

MOVWF FSRO

in_imit1: MOVFP 17h,INDFO
DECFSZ count,F
GOTO in_imit1
RETURN

Wugppayusi aHHbIX. Pexxum 2aMmMupoeaHus

Mopsagok BeinonHaeMbix gencteni (cum. MNMpumep 15):

1. BbINOMHUTE MNPOrpaMMHbIA COPOC YCTPOWCTBA AN CUHXPOHMU3ALUMM WUMUTOBCTaBKM

(yctaHoBUTL OUT «RST» B perncTtpe ynpaBneHus);

BBECTM KITHOY;

BBECTU KOHCTAHTbl 3aMeHbI;

YyCTaHOBUTb pexum «11» B pernctpe ynpasneHuss Ons  uvMHuMuManmsaumm

CUHXPOMOCHLINKN U BUT HanpaBneHnsa WngpoBaHnS;

5. BBECTWN CUHXPOMOCLISIKY;

6. yctaHoBuTb 6T «START» B perucTtpe ynpaBneHus;

7. nogoxpaTtb, noka npeobpasoBaHne 3akoH4UnTca (IMBo no npepbiBaHWO, NGO nNo
onpocy éuta roToBHOCTH);

8. yCTaHOBUTb pexum rammmpoBaHna  «01»;

9. BBecCTM oyepeaHON BMOK AaHHbIX;

10.yctaHoBuTb 6UT «START» B pernctpe ynpasneHus;

11.nogoxpgatb, Moka npeobpasoBaHue 3akoHYuTcs (MMBO no npepbiBaHUO, NGO Mo
onpocy éuta roToBHOCTK);

12.npounTtatb NpeobpasoBaHHbIE AaHHbIE U, eCinn He BCe NakeTbl 0bpaboTaHbl NnepenTu K
n.9, unu, B NPOTUBHOM cny4vae nepentn K n.13;

13.npoynTaTtb MMUTOBCTaBKY M3 NOpTa UMUTOBCTABKW.

SN

Mpumep 15
Mognporpamma wungpaumm aHHbIX B PEXUME raMMUPOBaHWS
gam_code: MOVLB 7
MOVLW 3h
MOVWF 10h

MOVLW 35h ; MHULManmn3auns CUHXPOMNOCHINKN
MOVWF 15h
MOVLW 8ah
MOVWF 15h
MOVLW 60h
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MOVWF 15h
MOVLW 0d1h
MOVWF 15h
MOVLW 81h
MOVWF 15h
MOVLW 2ah
MOVWF 15h
MOVLW 44h
MOVWF 15h
MOVLW 45h
MOVWF 15h

MOVLB 7

BSF 10h,3 ; CTapT npeobpasoBaHns
wait_s: BTFSS 11h,0 X oXxunaaHue OKOHYaHUA
npeobpasoBaHus

GOTO wait_s

MOVLW 01h
MOVWF 10h

MOVLW indata : MHULManm3aumsa AaHHbIxX 8 0anT
MOVWEF FSRO
MOVLW 8h

MOVWF count

in_data_s: MOVFP INDFO,12h
DECFSZ count,F

GOTO in_data_s
MOVLB 7
BSF 10h,3 ; CTapT WndpOBaHMUS
wait_d : BTFSS 11h,0 ; OXKngaHne OKOHYaHMs W pPOBaHUS
GOTO wait_d
MOVLW outdata ; YTeHue 3amMpoBaHHbIX JaHHbIX 8 6anT
MOVWF FSRO
MOVLW 8h

MOVWF count

in_data1: MOVFP 12h,INDFO
DECFSZ count,F

GOTO in_data1

MOVLW imit : YTEHMEe MMUTOBCTaBKM 8 banT
MOVWEF FSRO

MOVLW 8h

MOVWF count

in_imit: MOVFP 17h,INDFO
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DECFSZ count,F
GOTO in_imit
RETURN

Hewudgppayus 0aHHbIX. Pexxum 2aMMupoeaHusi

Mopsiaok BbINONHAEMbIX Aencteum (cm. MNpumep 16):

1. BbINOMHWUTbL MPOrPaMMHbIA COPOC YCTPOMCTBA [ANS1 CUMHXPOHM3ALMM WUMUTOBCTABKM

(yctaHoBuTb 6MT «RST» B pernctpe ynpaBneHus);

BBECTM KITHOV;

BBECTM KOHCTaHTbl 3aMEHb!;

YCTaHOBUTb pexum «11» B pernctpe ynpaeneHuss Ons  vMHuMuManmsaumm

CUMHXPOMOCHISIKM 1 BUT HanpasneHns WdpoBaHUS;

5. BBECTU CUHXPOMOCLISIKY;

6. yctaHoBuTb 6T «START» B pernctpe ynpaBneHus;

7. nogoxpatb, noka npeobpasoBaHne 3akoH4UTCca (IMBO No npepbiBaHWO, NGO No
onpocy éuta roToBHOCTK);

8. yCTaHOBUTb pexunm rammmpoBaHmsa «01»;

9. BBeCTU oyepenHON BMOK AaHHbIX;

10.ycTtaHoBuTb 6UT «START» B pernctpe ynpasneHus;

11.nogoxpgatb, Noka npeobpasoBaHue 3akoHuYMTcs (MMBO no npepbiBaHUO, NGO no
onpocy éuta roToBHOCTH);

12.npounTtatb NpeobpasoBaHHbIE AaHHbIE U, ECNN HE BCE NakeTbl 06paboTaHbl NnepenTu K
n.9, unu, B NpOTUBHOM Cryyae nepenTtu K n.13;

13.o0aHoBpeMeHHO ycTaHoBUTb 6utbl «START» u «IM» B pernctpe ynpasneHus ang
3aBepLUEeHNs BbipabOTKN UMUTOBCTABKMY;

14.nogoxpgatb, Moka npeobpasoBaHue 3akoHUMTCs (MMBO no npepbiBaHUO, NGO no
onpocy éuta roToBHOCTK);

15. npoynTtatb UMUTOBCTaBKY U3 NOopTa MMUTOBCTABKM.

BN

Mpumep 16
Mognporpamma gewmndpaumm gaHHbIX B peXMMe ramMUpOBaHNs
gam_decode: MOVLB 7
MOVLW 13h
MOVWF 10h

MOVLW 35h ; MHMUManmsaumsa CUHXPOMOCHINKN
MOVWF 15h
MOVLW 8ah
MOVWF 15h
MOVLW 60h
MOVWF 15h
MOVLW 0d1h
MOVWF 15h
MOVLW 81h
MOVWF 15h
MOVLW 2ah
MOVWF 15h
MOVLW 44h
MOVWF 15h
MOVLW 45h
MOVWF 15h

© 3AO «lMKK MunaHop» TCKA.431295.003 Cr1 77



Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

MOVLB 7
BSF 10h,3 ; CTapT npeobpa3oBaHuns

wait_s2: BTFSS 11h,0 ; OXXnaaHne OKOH4YaHusi Nnpeobpa3oBaHus
GOTO wait_s2

MOVLW 11h
MOVWF 10h

MOVLW outdata . MIHULManum3ayua AaHHbIX 8 6anT
MOVWEF FSRO
MOVLW 8h

MOVWF count

in_data_s1: MOVFP INDFO0,12h
DECFSZ count,F

GOTO in_data_s1
MOVLB 7
BSF 10h,3 ; CTapT Aelmdpayunm
wait_d2: BTFSS 11h,0 ; OXXngaHue OKOHYaHus gelumdpauum
GOTO wait_d2
MOVLB 7
MOVLW outdata ; YTeHMe agewmnpoBaHHbIX AaHHbIX 8 6anT
MOVWEF FSRO
MOVLW 8h

MOVWF count

in_data31: MOVFP 12h,INDFO
DECFSZ count,F

GOTO in_data31

MOVLB 7

MOVFP 10h,WREG ; cTtapT BblpabOTKM MMUTOBCTaBKM

BSF WREG,2

BSF WREG,3

MOVFP WREG,10h
wait_im2: BTFSS 11h,0 ;  OXuMOaHue  OKOH4YaHUSA  BbIpaboTKM
NMUTOBCTaBKMU

GOTO wait_im2

MOVLW 8h

MOVWEF count

MOVLW imit : YTEHME MMUTOBCTaBKN 8 6anT

MOVWF FSRO

in_imit2: MOVFP 17h,INDFO
DECFSZ count,F
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GOTO in_imit2
RETURN

Wudppayusi OaHHbIX. Pexxum 2ammupogaHusi ¢ obpamHou
Ccesi3bio

Mopsiaok BbINONHAEMbIX Agencteum (cm. MNMpumep 17):
1. BbINOMHUTbL MNPOrPaMMHbIA COPOC YCTPOWCTBA [ANS1 CUMHXPOHM3ALUMM WUMUTOBCTaBKM
(yctaHoBuTb 6MT «RST» B perncTpe ynpaBneHus);
BBECTM KITHOV;
BBECTU KOHCTaAHTbl 3aMEHbI;
YCTaHOBUTb PEXNM raMMMUpPOBaHUSA ¢ obpaTHoM cBs3bio «10» B pernctpe ynpasneHus
1 BUT HanpaeneHns WndPOBaHWS;
BBECTM CUHXPOMOCHISKY;
BBECTU odepenHon 6nok AaHHbIX;
ycTaHoBuTb 6UT «START» B peructpe ynpaBsneHus;
nogoxaaTb, Moka npeobpasoBaHMe 3akoHYMTCs (MMBO no npepbiBaHUO, NGO no
onpocy 6uta roToBHOCTK);
9. npounTaTb Npeobpas3oBaHHbIE AAHHbLIE U, ECNU He BCe NakeTbl 06paboTaHbl NepenTu K
n.6, unu, B NpOTUBHOM crny4yae nepeuntu K n.10;
10.npounTaTth MMUTOBCTABKY M3 NOPTa UMUTOBCTABKW.

BN

© N O

Mpumep 17
Mognporpamma wndpaumm gaHHbIX B PEXUME raMMUpoBaHust ¢ 06paTHOM CBA3bIO
gam_os_code: MOVLB 7
MOVLW 02h
MOVWF 10h

MOVLW 35h ; MHULUManmn3aumns CUHXPOMNOCHINKN
MOVWF 15h
MOVLW 8ah
MOVWF 15h
MOVLW 60h
MOVWF 15h
MOVLW 0d1h
MOVWF 15h
MOVLW 81h
MOVWF 15h
MOVLW 2ah
MOVWF 15h
MOVLW 44h
MOVWF 15h
MOVLW 45h
MOVWF 15h

MOVLW indata ; MHAUManu3auus gaHHbixX 8 6anT
MOVWF FSRO
MOVLW 8h

MOVWEF count

in_data_os: MOVFP INDFO,12h
DECFSZ count,F
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GOTO in_data_os
MOVLB 7
BSF 10h,3 ; CTapT wudpauum
wait_os: BTFSS 11h,0 ; OXKMAaHMe OKOH4YaHus Wwndpaumm
GOTO wait_os
MOVLW outdata ; YTEHMe 3alMdPOBaHHbIX AaHHbIX 8 6anT
MOVWF FSRO
MOVLW 8h

MOVWEF count

in_data1: MOVFP 12h,INDFO
DECFSZ count,F

GOTO in_data1
MOVLW imit : YTeHne nMUToBCcTaBku 8 6anT
MOVWF FSRO
MOVLW 8h
MOVWF count
in_imit: MOVFP 17h,INDFO
DECFSZ count,F
GOTO in_imit
RETURN

Hewudgppayus daHHbIX. Pexum 2aMmupoeaHusi ¢ obpamHoli
ces3bio

[MopsiaoK BbIMNONHAEMbIX 4ENCTBUN (CM.
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Mpumep 18):

1. BbINONHWUTL MPOrPaMMHbIA COPOC yCTpPOWCTBaA ANA CUHXPOHU3AUMM WUMUTOBCTaBKM
(ycTtaHoBUTb 6UT «RST» B pernctpe ynpasneHuns);

2. BBECTU KIoY;

3. BBECTW KOHCTaHTbl 3aMeHbI;

4. yCTaHOBWUTb PEXUM raMmMuMpoBaHusi ¢ obpaTHoM CBA3bo «10» B perucTpe ynpasreHus
1 GUT HanpaeneHns WndpPOBaHWS;

5. BBECTM CUHXPOMOCLISIKY;

6. BBECTW o4epeaHon O6nok gaHHbIX;

7. yctaHoBuTb 6UT «START» B peructpe ynpaBneHus;

8. nogoxpgaTtb, Mnoka npeobpasoBaHuMe 3akoHUMTCS (IMBO no npepbiBaHUiO, NGO no
onpocy éuta roToBHOCTK);

9. npouuTaTb Npeobpas3oBaHHbIE AAHHbIE U, ECNN HE BCE NakeTbl 06paboTaHbl NEpenTn K

n.6, unu, B NpOTMBHOM cryyae nepentu k n.10;

10.0aHOBpeMeHHO ycTaHoBUTb 6utbl «START» u «IM» B pernctpe ynpasneHus ang
3aBepLUEeHNs BbipabOTKN UMUTOBCTABKMY;

11.nogoxpgatb, Noka npeobpasoBaHMe 3akoHuYMTCs (MMBO no npepbiBaHUO, NGO no
onpocy éuta roToBHOCTH);

12.npoyntatb UMUTOBCTaBKY U3 NopTa MMUTOBCTAaBKM.
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Mpumep 18
Mognporpamma gewwmdpaumm JaHHbIX B pEXMME raMMUPOBaHNSA ¢ 06paTHOW CBA3bIO
gam_os_decode:
MOVLB 7
MOVLW 12h
MOVWF 10h

MOVLW 35h ; MHUUManmn3aumns CUHXPOMNOCHINKK
MOVWF 15h
MOVLW 8ah
MOVWF 15h
MOVLW 60h
MOVWF 15h
MOVLW 0d1h
MOVWF 15h
MOVLW 81h
MOVWEF 15h
MOVLW 2ah
MOVWF 15h
MOVLW 44h
MOVWF 15h
MOVLW 45h
MOVWF 15h

MOVLW outdata . MTHUUManm3ayusa aaHHbIX 8 6anT
MOVWEF FSRO
MOVLW 8h

MOVWF count

in_data_s2: MOVFP INDFO,12h
DECFSZ count,F

GOTO in_data_s2
MOVLB 7
BSF 10h,3 ; CTapT npeobpasoBaHuns
wait_d3: BTFSS 11h,0 ; OXXngaHue oKoH4YaHus npeobpasoBaHna
GOTO wait_d3
MOVLB 7
MOVLW outdata ; YTeHMe gewmnpoBaHHbIX AaHHbIX 8 6anT
MOVWEF FSRO
MOVLW 8h

MOVWF count

in_data32: MOVFP 12h,INDFO
DECFSZ count,F

GOTO in_data32

MOVLB 7

MOVFP 10h,WREG ; cTtapT BbipabOTKM MMUTOBCTaBKM
BSF WREG,2
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BSF WREG,3
MOVFP WREG,10h

wait im3: BTFSS 11h,0 ; OXKMAaHMe OKOH4YaHus npeobpa3oBaHus
GOTO wait_im3
MOVLW 8h
MOVWF count
MOVLW imit ; YTEHME NMUTOBCTaBKM 8 6anT

MOVWF FSRO

in_imit3: MOVFP 17h,INDFO
DECFSZ count,F
GOTO in_imit3
RETURN

Pexxum camonpoeepku

CamonpoBepka YCTpOMCTBa MOXET OCYLLECTBNATbCA Mexay npeobpasoBaHUsMn
NakeToB [AaHHbIX. [nsa ee ocylwecTBneHnss Hago 3anucatb B PErucTp ynpaBreHus
ynpasnstowee cnoso «11100000», ecnu 3aBepLueHNne CaMOTECTUPOBAHUS onpegendeTca
no npepbiBaHuio, unm «11000000», ecnu 3aBeplLueHMe onpegenseTcs no onpocy 6uta
rotoBHoctu. Pesynbtat camoTecTupoBaHuMs  onpedensdeTtcd  COCTosiHMeM  Guta
«DNC_BIST» peructpa KoHTpons ycTponcTea. Ecnu oH ycTaHoOBMEH B «1», TO YCTPOMUCTBO
ncnpaeHo, B NPOTMBHOM criydae annapaTypa paboTaeT ¢ owmbkamum.

OnHamn4ecknii KOHTPOMb AaHHbIX B MNPOLECCEe BbIMUCMEHMI OCYLLECTBSAETCS
aBToMaTtmn4yeckn. ocne okoH4yaHus npouecca wndpoBaHna 6ut «DNC_BIST» copepxut
pe3ynbTaT AMHAMUYECKOro KOHTPOMS npouecca wudpoBaHms. Ecnn, 6Gut yctaHoBneH B
«1», TO pe3ynbTaTt QUHAMMUYECKOTO KOHTPOMA MOSIOXKUTENbHbIA, B NPOTUBHOM Cllyyae BO
BpeMs paboTbl CXembl Npom3oLunia omnbka.

lMopsidok 3aHeceHUs1 KOHCMaHM 3aMeHbl U K1o4a 8
coomeemcmeuu c FTOCT P 34.11-94

B npunoxenun A TOCT P 34.11-94 npuBegeHa Tabnuua KOHCTAHT 3aMeHbl, CM.
Tabnuua 31. lNocnegoBaTenbHOCTb 3aHECEHUS OaHHbIX U3 3TOM Tabnuubl B perncrp
CRPT_CR npegctasneHa B Tabnuua 32.

B npunoxenunn A TOCT P 34.11-94 Ha cTpaHuue 7 NnpuBeaEH KoY 3aMEHbI:

K1=733D2C20 65686573 74746769 79676120
626E7373 20657369 326C6568 33206D54
Mopsook 3aHeceHus aToro kntoya B pernctp CRPT_KR npueeaeH B Tabnuua 32.
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Ta6bnuua 30

Tabnuua KOHCTaHT 3aMeHbl
8 7 6 5 4 3 2 1
0 1 D 4 6 7 5 E 4
1 F B B C D 6 B A
2 D 4 A 7 A 1 4 9
3 0 1 0 1 1 D C 2
4 5 3 7 5 0 A 6 D
5 7 F 2 F 8 3 D 8
6 A 5 1 D 9 4 F 0
7 4 9 D 8 F 2 A E
8 9 0 3 4 E E 2 6
9 2 A 6 A 4 F 3 B
10 3 E 8 9 6 C 8 1
11 E 7 5 E C 7 1 C
12 6 6 9 0 B 6 0 7
13 B 8 C 3 2 0 7 F
14 8 2 F B 5 9 5 5
15 C C E 2 3 B 9 3

Ta6bnuua 31

[MocnepoBaTenbHOCTL 3aHeceHNsa aaHHbIX B pernctp CRPT CR

Homep | KoHcTanTa | Homep | KoHcTanTa | Homep | KoHcTtanTa | Homep | KoHcTaHTa
1 0xA4 17 0x85 33 0xC6 49 0xBD
2 0x29 18 0xD1 34 0x17 50 0x14
3 0x8D 19 Ox3A 35 OxF5 51 OxF3
4 OxEO 20 0x24 36 0x8D 52 0x95
5 0xB6 21 OxFE 37 0xA4 53 0xA0
6 0xC1 22 0x7C 38 OxE9 54 OX7E
7 OxF7 23 0x06 39 0x30 55 0x86
8 0x35 24 0xB9 40 0x2B 56 0xC2
9 OxBE 25 0xD7 41 0xB4 57 OxF1
10 0xC4 26 0x1A 42 0x0A 58 0x0D
11 0xD6 27 0x80 43 0x27 59 0x75
12 OxAF 28 0xF9 44 0xD1 60 0x4A
13 0x32 29 Ox4E 45 0x63 61 0x29
14 0x18 30 0xC6 46 0x58 62 OxE3
15 0x70 31 0x2B 47 0xC9 63 0xB6
16 0x95 32 0x35 48 OxEF 64 0xC8

Ta6bnuua 32

Mopsagok 3aHeceHnsa kntoda B pernctp CRPT KR

Howmep | KoHctanta | Homep | KoHctaHTa | Homep | KoHcTtaHTa | HoMmep | KoHcTaHTa
1 0x54 9 0x69 17 0x20 25 0x73
2 0x6D 10 0x73 18 0x61 26 0x65
3 0x20 11 0x65 19 0x67 27 0x68
4 0x33 12 0x20 20 0x79 28 0x65
5 0x68 13 0x73 21 0x69 29 0x20
6 0x65 14 0x73 22 0x67 30 0x2C
7 0x6C 15 Ox6E 23 0x74 31 0x3D
8 0x32 16 0x62 24 0x74 32 0x73
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Moaynb yHMBepcanbHOro CUHXPOHHO-aCUHXPOHHOTIO

npuemMonepenaTymka
MWKpPOKOHTpONNEpP  COOAEPXUT  OOMH MOAYIb  CUHXPOHHO-aCUHXPOHHOTO
npuemMonepenaTymka USART. YHuBepcarnbHbIn CUHXPOHHO-aCUHXPOHHbLIN

npyemonepeaaTynk MoXeT paboTaTb B Cneayowmx pexmma:
® ACMHXPOHHbIN (MOMHBLIN AYNNEKC),

e CUHXPOHHbLIN Beaywumn (nonygynnekc),

e CUHXPOHHbIA BeAOMbIN (NOnyaynnekc).

But SPEN (RCSTA<7>) gomxeH 6biTb ycTaHoBMnEeH, 4Tobbl BoiBOAbl PA2/RX/DT 1
PA3/TX/CK cKoHGUrypnpoBanucb Kak BbIBOAbl MOCNefoBaTenbHOro WUHTepdgenca.
Moayne USART 6ynet ynpaBnate HanpasneHvem BoiBogos PA2/RX/DT n PA3/TX/CK, B
3aBUCUMOCTN OT COCTOSIHMA 6uTOB KOHdurypauum B permctpax RCSTA u TXSTA.
Cnepyowme 6utbl koHTponupytoT HanpaeneHue BbiBogoB: SPEN, TXEN, SREN, CREN,

CSRC.
Ta6bnuua 33
Pernctp ctatyca n pexuma pabotbl nepegartymka TXSTA (agpec: 15h, 6aHk 5)
R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 R-1 R/W-0
CSRC TX9 TXEN SYNC - - TRMT TX9D
out 7 6 5 4 3 2 1 out 0
our7 CSRC: BbIOOp MCTOYHUKA TAKTOBbIX UMMYbCOB
CUWHXPOHHbBIN peXUM:
1 = pexxum BegyLLero (BHyTPEHHUIN TakToBbIN curHan n3 BRG)
0 = pexxMm Be4oMOro (OT BHELLHEro UCTOYHMKAa TakTOBOro curHana)
ACVHXPOHHbBIN PEXUM:
He nmeeT 3HayeHns
ouT 6 TX9: BbIGOp 9-TM paspagHON nepegayn.
1 = BblbupaeT 9-Tn paspsgHyto nepegadvy
0 = BbibupaeT 8-mu paspsigHyto nepegadvy
ont 5 TXEN: paspelueHne nepegauin
1 = nepenaya paspelueHa
0 = nepegaya oTKMOYEHA
But SREN/CREN 6noknpyet TXEN B CMHXPOHHOM pexnme.
out 4 SYNC: 6uT BbiGOpa pexuma USART (CUHXPOHHbIA/@CUHXPOHHbIN)
1 = CMHXPOHHBbIN PEXUM
0 = aCMHXPOHHbIN PEXUM
our 3,2 He peanunsoBaHbl, YntaroTcsa Kak «0»
ount 1 TRMT: cnar 3anonHeHHOCTU CABUIOBOro perncrtpa nepegaryuvka
(TSR)
1 = peructp nyct
0 = pernctp 3anosnHeH
ont 0 TX9D: 9-n 6uT nepemaBaemMbliXx AaHHbIX (MOXET WMCMNONb30BaTbCS
ANs NporpaMMHON peanu3aunmn NPoOBEPKN YETHOCTH)
Obo3Ha4YeHus:

R = 6uTt ang yteHus;

W = 61T ¢ BO3MOXXHOCTbIO 3anuncu;

U = 6uT He peannsoBaH, ymtaeTca Kak 0;
-n = 3Ha4yeHune buta nocne cbpoca No BKIHYEHUIO MUTAHWS:

1 = ycTaHoBneH,;
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0 = cbpoLueH;
X = 3Ha4yeHue He U3BECTHO.

Ta6bnuua 34
Pernctp ctatyca n pexuma pabotbl npuemHnka RCSTA (agpec: 13h, 6aHk 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

onr7 SPEN: 6uT paspelueHus paboTbl nocrneagoBaTenbHOro nopra

1 = koHdurypupyetr PA2/RX/DT un PA3/TX/CK kak BbiBOAbI
nocnegosaTtenbHoro nopta USART

0 = nocnepgoBaTenbHbIN NOPT OTKIKYEH
RX9: Bbibop 9-Tn paspsagHoro npuvema

1 = BbIbupaeT 9-Tn paspsaHbIi Npuem

0 = BbIObMpaeT 8-mMu paspsiaHbIi Npuem
SREN: OuT paspelueHna ogHOKpPaTHOro
paspewwaer npuem ogHoro 6Gawta U
aBTOMaTU4eCku cbpacbiBaeTcA.
CUHXPOHHbBIN peXuMm:

1 = paspewnTb NpMem

0 = 3anpeTnTb Npuem

MpumeyaHue: BUT UrHOpUpyeTCs B CUHXPOHHOM PEXMME BEAOMOrO.
ACUHXPOHHBIN PEXUM:

He nmeet 3HayeHus

CREN: 6uT paspelleHus NpoaoSPKUTENBHOrO npuema. JAT1oT 6uT
paspeLuaeT HenpepbIBHbIN npuem nocrnegosaTenbHO
nepeaaBaeMbiX AaHHbIX.

ACVHXPOHHbBIN PEXUM:

1 = paspeluaeT HeNpepbIBHbIN NPUeM

0 = 3anpeLuaeT HenpepbIBHLIN NpYem

CUHXPOHHbBIN pPeXUM:

1 = paspellaeT HenpepbiBHLIM NpuemM 0O MOMeHTa cbpoca CREN
(CREN otmensieTr SREN)

0 = oTKNYaeT HeNpepbIBHLIN NMpUemM

He peanusoBaHo, Yntaetcd kak «0»

FERR: 6uT owmnbkun kagpnpoBaHus

1 = ecTb owmbka (cbpacbiBaeTcs npu yTeHumn pernctpa RCREG)

0 = HeT owmnbKM

OERR: 61T owmnbkn nepenonHeHns BHYTpeHHero bydepa.

1 = ecTb owmbKa (cbpacbiBaeTca npu cbpoce 6uta CREN)

0 = HeT oWnbKN

RX9D: 9-i1 GMT NPUMHATBLIX AaHHbIX (MOXET WCNOoNb30BaTbCA A1
NporpaMMHON peanusauun NPOBEPKN YETHOCTH)

out 6

our 5 npyema. JTOT OUT

nocne ero rnpuema

out 4

outr 3
ouT 2

out 1

out 0

ObosHa4vyeHus:

R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca no BKIHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMe He N3BECTHO.
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Tabnuua 35

Pernctp gaHHbix 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 DATAS5 DATA4 DATA3 DATA2 DATA1 DATAO

ont7 6 5 4 3 2 1 ont 0
onr7...0 DATAY...DATAO: faHHble, nonyyeHHble no USART.
ObosHa4vyeHus:

R = 6uTt ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;
U = 61T He peanu3oBaH, untaetca Kak 0;
-n = 3Ha4YeHne buta nocne copoca No BKMHYEHUIO MUTaHWUS:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMe He N3BECTHO.
Tabnuua 36
Pernctp gaHHbix nepegatymnka 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 DATA2 DATA1 DATAO

out 7 6 5 4 3 2 1 out 0
our7...0 DATA7...DATAOQ: gaHHble, nepegaBaemble no USART.
ObosHayeHus:

R = 6uTt ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3aMuUcu;

U = 6uT He peannsoBaH, ymtaeTca Kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHue He N3BECTHO.

FeHepamop ckopocmu nepeda4vyu OaHHbIX

"eHepaTop ckopocTu nepefadn gaHHbix (BRG) nogaepmBaeT aCMHXPOHHLIM U
CUHXPOHHbLIN pexuMmbl USART. 310 oTaenbHbi 8-Mu paspsagHbii Taumep/cyeTymnk. Ero
nepuog 3agaetcsa 3HadveHnem B peructpe SPBRG. CkopocTb nepegayun paccymTbiBaeTcs
no crnegytoLlen opmyne:

e CKOPOCTb nepegayv Ans acuHXpoHHoro pexunma = Fc / (32*((SPBRG)+1)),
e CKOpOCTb nepefaudn Ansi CMHXpoHHoro pexuma = FC / (4*((SPBRG)+1)), 3HadeHue
SPBRG ot 0 go 255.

3anncb HoBoro 3HadeHmsa B SPBRG npuBogut k cbpocy tammepa BRG. 3to0
obecneunBaeT TO, YTO reHepaTop Cpasy MepekryaeTcs Ha HOBYK CKOPOCTb nepenayw.
Mocne curHana «cbpoc» pernctp SPBRG ouvwaertcs, noatomMy ero Heobxogmmo
3arpyxatb TpebyeMbiM 3Ha4YeHnem nocne Kaxxgoro cbpoca.

Tabnuua 37
Pernctp 3agaHus ckopoctu npmema u nepegadm 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
ont 7 6 5 4 3 2 1 out 0
onr7...0 BRG7...BRGO: paHHble, onpegensawowme CKOpPOCTb Npuema wu
nepegayn no USART.
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Ob6o3Hay4yeHus:

R = 6ut ang ytennsa; W = 6UT ¢ BO3MOXHOCTbIO 3aruncu;

U = 6uT He peannsoBaH, ymtaeTca kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKHYEHUIO MUTAHWS:
1 = ycTaHoBneH;
0 = cbpoLueH;
X = 3Ha4YeHne He U3BECTHO.

CWHXPOHHBIA
BegyWWA/BenoMbIR

CHHxp.JACHHXD.

CKITX CUHXP./ACHHXP. BRG
------------------------------------ ! CuHxp.JACKHXp
| -2
DT /16
TXEN / 3anuce B TXREG
D@epbmauue
Puc. 29 bnok-cxema nepegarynka
CWHXPOHHBLINA . MNpepbiBaHme
0SsC BRG Befylyvit/eeaoMbli
CuHXp.JACHHXP. ACHHXP./CHHXP.
A
RCIE
CK PaspeLu.
— -
» O6Hapyx.
—{ SPEN ] | —| cTAPT
RX
. SREN/
Eyq;ep cxema —_— T%»:"ll'_?‘aanr_:n CREN/
e \ aHHble ROR MSb LSb CraproBbiil
: [Cron[8]7] eee [1]0 ] 6
L
RX9 Jloruka
ACHHXP./CHHXP. FIFO
Y 4 Yy
FERR RXSD |7| eee |1[0 [«
FERR| |RXSD |7| eee |1|0 |RCREG

<&

I ] LUnHa gaHHbIX
Puc. 30 brnok-cxema npnemMHuka

ACUHXPOHHBbIU pexum

B atom pexume USART uncnonb3yeT ctaHaapTHbin doopmaT NRZ (oanH ctapToBbi
6uT, BOCEMb MNN OEBATb WMHMOPMAUMOHHBIX OGUTOB U OAuH CcTONOBbIM 6MT). Cambin
pacrnpoCTpaHeHHbIn opMaT AaHHbIX — 3TO 8-Mym OGUTHbIN. BHYTPMNpPOLIECCOPHbIN
reHepaTop CKOpPOCTM nepefadn MOXeT MCMNOoNb30BaTbCA ONSA MONyYeHUs CTaHO4apPTHbIX
4YacToT ckopoCcTU nepenayun. NMpuemHuk n nepegatumk USART saBnsoTca pyHKUMOHANbHO
He3aBUCMMbIMU, HO MCMNOSMb3YKT OAUHAKOBbIA (bopmaT AdaHHbIX U CKOPOCTb nepeadu.
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[MpoBepka YETHOCTU He MOAAEpPXKMBAETCHA annapaTtHbIMW CpeacTBamMu, HO MOXET ObITb
peanu3oBaHa nNpPoOrpaMMHO (Mcnonb3ys AeBATbIM 6UT AadHbiX). Mogynb USART B
aCMHXPOHHOM pexume ocTaHasnueaeTcs BO Bpems SLEEP (B pexume oxugaHus).
ACUHXPOHHBIN pexnm BblbupaeTcs copocom 6uta SYNC (TXSTA<4>).

Mogynb USART B aCUHXPOHHOM peXnme COCTOUT U3 CreayoLwmnx KOMMNOHEHTOB:
["eHepaTop CKOpOCTU nepeaayun.
Cxema BbIbGOpKH.
ACUHXPOHHbIN NPUEMHUK.
ACUHXPOHHbLIN NepeaaTyuk.

ACUHXPOHHbIU nepedam4yuk

brnok-cxema nepepatuvMka npegcrtaeBneHa Ha Puc. 29. OcHoBou nepepaTymka
aBnseTca casuroBbln pernctp nepegaydn (TSR). OH nonyyaet uHdopmauuio 3 bydepa
nepegatynka TXREG. B 6ydpep TXREG gaHHble 3arpyxatoTcsa nporpammHo. COoBuUroBsbin
pernctp TSR 3arpyxaetcsa HoBbiMM AaHHbIMM M3 TXREG (ecnm oHM ecTb) Kak TOSbKO
nepegacTca CTOMoBbIi OUT Npeablaywen MOCbINKM  AaHHbIX. JTO NPOMCXOOAMT B
nocnegHem komaHgHom uukne nepmoga BRG. Mpu atom yctaHaBnuBaeTcs cnar 3anpoca
npepbiBaHna TXIF nHguumpytowmn, yto TXREG nyct. 310 npepbiBaHNe MOXeT ObiTb
paspeLleHo 1nn 3anpeLeHo COOTBETCTBEHHO yCTaHOBKOM mnn copocom buta TXIE. dnar
3anpoca npepbiBaHna TXIF yctaHaBnueBaeTca He3daBucumo OT 3HadeHua TXIE. OH He
MOXeT ObITb cOpoLleH nporpammHo. dnar copacbiBaeTcs annapaTtHO Npu 3arpy3ke HOBbIX
AanHHbix B TXREG. but TRMT (TXSTA<1>) nHamMumpyeTt cOCTOsiHUE CABUIOBOro perncrpa
TSR. but yctaHaBnuBaetcs, korga TSR nyct. TRMT gocTtyneH TONbKO ANs YTEHUSA U He
MOXET BbI3blBaTb npepbiBaHus. Pernctp TSR He oToGpaxkaeTcs B NnaMATU OaHHbIX, T.€. He
AOCTYNeH Ana YTeHus/3anucu.

Mepepaya paspewaetcq, korga yctaHaBnmBaetcs 6ut TXEN (TXSTA<S>).
dakTnyeckm nepegada He Ha4yHETCHA: MOKa AaHHble He 6yayT 3arpyxeHbl B TXREG wu
reHepaTop CKOPOCTW nepefayn He BblOacT CABUIOBbIM CUHXpouMnynbC (cMm. Puc. 31).
lMepepavy Takke MOXHO HadaTb cHadana 3arpy3mB TXREG, a notom ycrtaHoBuB 6uT
TXEN. O6bI4HO, ecnu nepefada HaunmHaeTcs B nepBbin pa3, TSR nycT, noatomy 3anucb
AaHHbix B TXREG noeneyeT HemeaneHHyto mx nepegady B TSR, ocBoboamB TXREG.
[MoaTomy BO3MOXHa HepaspbiBHasa nocnegosatenbHas nepegada (cm. Puc. 32). Cpoc
TXEN BO BpemMsi nepefayn BbI30BET OTMEHY Nepenayn, cbpoc nepegaTymka.

Ona Bbibopa 9-Tn GutHOM nepepaun, 6ut TX9 (TXSTA<6>) pomkeH 6bITb
yCTaHOBMNeH B eauHuuy. [leBAtoe 3HayeHume OuTa 3anucbiBaetca B TX9D (TXSTA<0>)
nepen 3anucbio 8-mu GUTHbLIX AaHHbIX B TXREG, Tak kak 3anncb gaHHbix B TXREG moxeT
Bbl3BaTb HEMeASIEHHYI0 nepeaady aaHHbix B TSR (ecnn TSR nycr).

LWarn ons HacTporku aCMHXPOHHOW Nepefaydn crnegyoLwme:
3anucatb 3HadeHune B pernctp SPBRG ons 3agaHus cKOpoCcTu nepenaym;
BKIMOUNTb aCUHXPOHHbIV nocnegoatenbHbin nopt (6ut SYNC=0 n 6ut SPEN=1);
ecnu TpebyroTca npepbiBaHus, Toraa yctaHosute out TXIE;
ecnu TpebyeTca 9-tm GButHas nepenada, Toraa ycraHosute 6ut TX9;
ecnu BbibpaHa 9-tn BuTHaa nepenavda, 4eBATLIN OUT JOMKEH ObITb 3arpyxeH B TX9D;
3arpysute gaHHble B peructp TXREG;
3anycTtute nepegavy ycraHoskom 6uta TXEN.

Nookrwh=
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3anuce [ (C
B TXREG SaiT 1 Py
Boixon BRG L' | 1 ) C , 1 L
(caBuraoWwmn | | - ) |
CcUrHan) ] ] i |
TX — ’ !
(8bison TXICK) " N\__Crapr < _Bur0 X_Bur 1 X3¢ Bur 7/8,/ Cton |
A Gant 1 »
But ' (C .
TXIF I L E
Bur Gant 1 !
TRMT—‘ CABWI Nepefawlyerc pernctpa ——p= C
JJ
Puc. 31 AcuHxpoHHas nepegava
3anuce M {iil (C
B TXREG BaiT 1 GaiT 2 2J
B BRG
BuRBRD | 1 I 1 | 1 f 1 I ) - I 1 L
cHrHan) '
TX "
(BbiBOA TX/CK) : Crapt But 0 X Bur 1 X Sﬁ X_bur 7/8 Cron Crapt < But 0
E = Gant 1 > < Bant 2
uT i ]
TXIF |_| | cc |
JJ
But Bant 1 Bawnt 2
TRMT CABMI NEPEALWErc perucTpa ——— (C
JJ

Puc. 32 AcnHxpoHHas HepaspbiBHas nocnegosaTternbHas nepegada

ACUHXPOHHBLIU NPUeMHUK

bnok-cxema npmemHuka nokaszaHa Ha Puc. 30. JaHHbie ¢ BbiBoga PA2/RX/DT
nogatoTcAa B 610K BOCCTAHOBMEHMUS JaHHbIX. OTO BbICOKOCKOPOCTHOW CABUIOBbIM PErucTp,
paboTatowmn Ha YyacTtoTe B 16 pa3s Bbille CKOPOCTWU Nepenayn, B TO BPEMS Kak OCHOBHOW
COBWUIOBbLIN PEMMCTP NPUHUMAaEMBbIX AaHHbIX paboTaeT Co CKOPOCTLIO Nepenaydun.

Ecnun BbiObpaH aCMHXPOHHLIA PEXUM, TO MPUEMHUK BKoYaeTca yctaHoBkon 6uta CREN
(RCSTA<4>).

OcHoBon nprvemHuka aBnsieTca capuroBbii pernctp npuema (RSR). MNocne 3axBaTta
cronoBoro 6uta, npuHATble gaHHble M3 RSR nepepatTtca B RCREG (ecnu oH nycr),
nocne 4ero ycraHaesnmBaeTtcsa dnar 3anpoca npepbiBaHnsa RCIF. lNpepbiBaHne MoxeT
ObITb paspeLleHo unu 3anpeLeHo COOTBETCTBEHHO YCTaHOBKoW nnu copocom 6uta RCIE.
RCIF pocTyneH Tonbko ANs YTeHUd, OH cOpacbiBaeTcs annapaTHO, KOrga CUYMTbIBAKOTCS
AaHHble n3 RCREG u peructp nycT. Pernctp RCREG nmeet gsonHyto 6ydepusaumtio, T.e.
MOXHO NpuHATL ABa 6anta gaHHbix B RCREG FIFO n Tpetun 6ant HayaTb NpyHUMaTh B
RSR. lNpu o6HapyxeHnn ctonosoro 6uta Tpetbero 6anta, ecnu RCREG no-npexHemy He
cuMTaH, yctaHaBnmBaeTcs 6uT owmnbkm nepenonHeHna npuemHuka OERR (RCSTA<1>).
HaHHble B RSR 6yayt notepsHbl. Ons wussnedyeHus asyx 6ant RCREG pgorkeH
cumTtbiBaTbCa ABaxabl. but OERR gomkeH ObiTb OYMLLIEH NpOrpaMMHO COpOCOM Mpuema
(copocom 6uta CREN). lNMoka 6ut OERR yctaHoBneH, npueMHuWK He paboTtaet. dnar
ownbkn kagpupoBaHna FERR (RCSTA<2>) ycraHaBnuBaeTcsi, €CfM HEBO3MOXHO
oBbHapyxuTb ctonoBbi 6uT. ®nar FERR n gesatbin 6uT gaHHbIX BydepusyloTcsa Takke
Kak W MNpuHATble AaHHble. [loatomy Heobxoammo cumtatb permctp RCSTA nepea
cuntbiBaHMeM RCREG, 4ToObl He noTepsTb npexHio nHdopmauuio FERR 1 RX9D.

HaHHble ¢ BbiBoga PA2/RX/DT ckaHupyloTCs, TPU pasa B KaXaoM TakTe npuema,
Ma)KOPUTaApPHOM CXeMOW OOHapy>XeHus, ONs BbISIBIEHUS YPOBHSA CUrHama Ha BbiBOAE
PA2/RX/DT. CkaHMpoBaHMEe OCYLLECTBNSAETCSA Ha CeAbMOM, BOCbMOM WU LEBATOM 3agHEM
dpoHTe (cnage) nMnynbLCOB YacToToM B 16 pa3 npesbilatoLen yactoTy npuema (cm. Puc.
33).
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X .
(BbchEt RX/DT) CTapToBbli OUT / But 0

| | «—— CLK ans Bcex 6UT, Kpome cTapToBoro 6uta
CLK ! ! |

1 2 3 4 5 6 7 8 9 10 N 12 13 14 15 16 1 2

A

CKaHupoBaHue

Puc. 33 Cxema ckaHmpoBaHus BbiBoga PA2/RX/DT.

(B.,.BORE)%X/DT) CrapToBblii 6UT

x16 CLK ‘\I'IepBbll;l poHT curHana x16 CLK, nocne

nosBnNeHns Ha BbiBoAe RX HU3Koro YPOBHA
1

Q2, Q4

'T‘cqmrblBaHme HWU3KOTO ypoBHS Ha RX

Puc. 34 O6HapyxeHne ctapToBoro buta

Larn ans HacTpOMKNM aCUHXPOHHOrO Npuema creaytowme:

1. 3anucatb 3HadeHue B pernctp SPBRG gns 3agaHusa ckopocTu npuema;

2. BKIOYMTb aCUHXPOHHLIN nocnegoBatenbHbli nopT (6ut SYNC=0 n 6ut SPEN=1);

3. ecnu TpebytoTca npepbiBaHus, Toraa yctaHosute 6ut RCIE;

4. ecnn TpebyeTtca 9-Tn BUTHBIM NpueMm, Toraa ycraHosute 6ut RX9;

5. paspelwwmTe npuem yctaHoBkon 6uta CREN;

6. npu 3aBepweHun npuema yctaHosutcs 6ut RCIF, n nponsonget npepbiBaHue (ecnu
yctaHoBneH 6ut RCIE);

7. cuntante RCSTA pgna nonyyeHus 3HavyeHus pesstoro 6uta (gns 9-tm GuTHoro

npuema) n 6ut FERR ansa onpegenennsa owmbku;
8. cuuTtante 8-mMun OUTHbIE NpMHATBIE AaHHble U3 pernctpa RCREG;
9. ecnu npousowina owmnbka nepenornHeHus, copocbte 6ut OERR.
[nsa otmeHbl npuema, copocbTe Moo 6utel SREN n CREN, nmnbo 6ut SPEN. 310
cbpocuT Noruky npuema, Ho He M3MEHUT HACTPOWKMN.

CUHXPOHHBbIU eedywiuli pexum

B cuHXpoHHOM BefyuwleMm pexume [aHHble MepefarTca  nonyaynneKkCHbIM
cnocobom, TO eCTb npuemM W nepegadya nNpPouCxXoadaT He OO4HOBPEMEHHO: NMpu nepegadve
AaHHbIX NpueM 3anpeLleH, n Haob6opoT. CUHXPOHHBIM PEXUM BKITHOMaAETCs Npu YCTaHOBKe
6uta SYNC (TXSTA<4>). butr SPEN (RCSTA<7>) ycraHaBnuMBaeTcsd, u4TOObI
CkOHpurypupoBaTb BbiBoAbl: PA3/TX/CK - nuHua TaktoBbiX umnynbcoB u PA2/RX/DT -
NUHUA JaHHbIX. Beoywmn pexmm o03HavaeT, 4To npoueccop (opMupyeT TaKTOBble
nmnynecbl Ha NuHUK PA3/TX/CK. Begywun pexum Boibnpaetcs yctaHoBkon 6uta CSRC
(TXSTA<T7>).
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Puc. 35 CuHxpoHHaga nepegaya B BegyLLEM pexnme
lMepedaya OaHHbIX 8 CUHXPOHHOM 8edyw,eM pexxume

brnok-cxema nepegatymka nokasaHa Ha Puc. 29. OcHoBoM nepeparyuvka sBnsieTca
casurosbl pernctp nepegayvn (TSR). CaosuroBbl pernctp nonyyaeT gaHHble u3 bydepa
nepepatynka TXREG. [JaHHble 3arpyxatotca B TXREG nporpammHo. Mocne nepegayn
nocrnegHero 6uta npegbigyLen nocblnkm, TSR 3arpyxaetca HoBbIMU AaHHbIMU U3 TXREG
(ecnv oHM ecTb). ATO NPOMCXOAUT B MOCNeAHeM KomaHaHoM uukne nepmoga BRG. Mpu
9TOM ycTaHaBnmBaeTcs dnar 3anpoca npepbiBaHua TXIF vHanumpyowmin, 4yto TXREG
nycT. OTO npepbiBaHWe MOXeT ObiTb paspeleHo WM 3anpeleHo COOTBETCTBEHHO
ycTaHoBKOW nnu copocom buta TXIE. ®nar 3anpoca npepbiBaHna TXIF yctaHaBnuBaeTcs
He3aBuCcMMO OT 3HadeHuss TXIE. OH He moxeT ObiTb cbpoweH nporpammHo. dnar
cbpacbiBaeTca annapatHO npu 3arpy3ke HoBbIXx pfaHHbix B TXREG. but TRMT
(TXSTA<1>) nHanumpyeT coctosiHme casurooro peructpa TSR. buT yctaHaBnvBaeTcs
korga TSR nyct. TRMT pocTtyneH TOMbKO AN YTEHUS M HE MOXEeT BbI3blBaTb
npepbiBaHnda. Pernctp TSR He oToOpaxaeTcs B NaMATU AaHHbIX, T.e. HEe AOCTyneH Ans
YTeHus/3anucu.

Mepenava paspewaetcs, npu yctaHoBke 6uta TXEN (TXSTA<5>). daktnyecku
nepegada He HadvHeTcs, noka faHHble He 6yayT 3arpyxeHol B TXREG. [lepBbin 6uTt
OaHHbIX MOSBUTCA Ha NepBOM nepefHeM (OPOHTE TaKTOBbIX MMMYNbCOB C BbiBOAA
PA3/TX/CK. OaHHble cTabunusupyloTcs K 3agHemy (PpOHTY TaKTOBbIX MMMYMbCOB (CM.
Puc. 35). lNepepayy Takke MOXHO HadaTb cHavana 3arpy3mB TXREG, a notom yctaHoBUB
6ut TXEN. 310 yoobHo, korga BbibpaHbl HU3KME ckopocTu nepepaudn. 'eHepatop BRG
octaHoBneH, korga outbl TXEN, CREN, SREN cbOGpoweHbl. YctaHoBka 6uta TXEN
3anyctut reHepaTtop BRG, kOTOpbIA cpasy e BblOacT COABUIOBble TAKTOBbIE MMMYIIbCHI.
O6blyHO, NpKn NepBOM paspeLLeHnn nepegaym pernctp TSR nycT, NO3TOMy 3anucaHHble B
TXREG pgaHHble 6yayT cpasy nepefaHbl B TSR, onyctowas TXREG. [NoaTomy BO3MOXHa
HepaspblBHasa nocnegoBaTtenbHas nepegada gaHHbix. Copoc TXEN Bo Bpemsi nepegayn
BbI30OBET OTMEHYy nepepayun, cbpoc nepepartyuka. Ecnn Bo Bpemsa nepepadn OGyayT
yctaHoBneHbl 6utel CREN n SREN, nepepaya 6yget otmeHeHa, n BbiBog PA2/RX/DT
BEpHeTCa B TpeTbe cocTodHue (ans npuema). Beisog PA3/TX/CK octaHeTcsa BbIXOOOM,
ecnu yctaHoBneH 6mut CSRC (BHYTPEHHWM WCTOYHWK TaKTOBbIX MMNynbcoB OT BRG).
Jlornka nepepartymka He cbpacbiBaeTcs. UToObl cOpocuTb nepegatyMk - Heob6xoanmo
cbpocntb 6ut TXEN. Ecnn 6ut SREN ycTtaHOBREH Onsi NpepbiBaHUS OCYLLECTBASEMON
nepegayv u nonyyvyeHnss ogHoro Ganta, TO nocne nonyyeHus opHoro 6avta SREN
cbpocuTca 1 nocneagoBaTenbHbIA NOPT CHOBA BEPHETCA K nepeaaye, Tak kak 6ut TXEN no
npexHemy yctaHosreH. Jinnns DT cpasy xe ByaeT nepekniodeHa u3 TpeTbero COCTOSAHUS
B pexum Bbixoga. [ns nsberanmsa atoro, TXEN gomkeH 6biTb COpPOLLEH.

UTtobbl BbIGpaTh 9-TM BUTHYKO nepegady, Heobxogumo ycTaHOBUTL 6yt TX9
(TXSTA<6>). [eBatbin 6ut gormkeH 3anucbiBatbes (B TX9D (TXSTA<0>)) oo 3anucu 8-mu
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OuTHbIX AaHHbiXx B TXREG, Tak kak 3anmcb AaHHbix B TXREG MoxeT BbI3BaTb
HemMeaneHHy nepefady AaHHbix B TSR (ecnn TSR nycr).
LWarn ana HacTpowku nepefayn B CUHXPOHHOM BeQYLLEM PeXUME:

1. 3anucaTtb 3HaveHune B pernctp SPBRG ans 3agaHuna ckopocTu nepegaydn.
2. BKnOUYUTb CUHXPOHHBIM NocnefoBaTeNbHbINM NOPT B Beaywem pexunme (butel SYNC=1,
SPEN=1 n CSRC=1).
Mpoeeputb uto 6MTHI CREN 1 SREN cbpolueHbl, ecnvm 3T 6UTbl YCTaHOBIEHbI, TO OHK
OTMEHSAOT nepeaavy.
Ecnun TpebytoTca npepbiBaHus, Toraa yctaHosute 6ut TXIE.
Ecnu TpebyeTcsa 9-tn ButHasa nepenada, Torga yctaHosute 6ut TX9.
Ecnu BbibpaHa 9-Tn BuTHaa nepenava, AeBATbIM OBUT JomKeH ObiTb 3arpyeH B TX9D.
3arpyaute gaHHble B pernctp TXREG.
3anyctute nepegadyy yctaHoskomn 6uta TXEN.

[Onsa otmeHbl nepegayn Heobxoammo cbpocutb 6ut SPEN unmn 6ut TXEN. 310
cbpocuTt noruky nepegaym, Ho COXpPaHUT HACTPOWKKM, Korga nepegada BO306HOBUTCA.

w

©NO O

lMpuem OaHHbLIX 8 CUHXPOHHOM 8edyuieM pexume

Ecnn BbIOpaH CMHXPOHHLIN pexuMm, NpMem paspeluaetcs ycraHoBkon outa SREN
(RCSTA<5>) wunm 6uta CREN (RCSTA<4>). [aHHble c BbiBoga PA2/RX/DT
onpawmnBalTCaA Ha 3agHeM (POHTe (cnage) TakToBbIX MMMNYNbCOB. Ecnu ycTaHoBneH
SREN, TO0 npuHumaetca Tonbko oauH 6Gant. Ecnu yctaHoBneH CREN, 1o npuem
npogomkaetcs noka CREN He cbpocutca. Ecnn yctaHoBneHsl o6a 6uta, To CREN nmeet
npuoputeT. [locne npuema nocnegHero 6uta NOMyYeHHble [OaHHblE W3 COBWUIOBOIO
pernctpa npuema (RSR) nepepatotca B RCREG (ecnv oH nycT), n ycTaHaBnMBaeTcs
dnar 3anpoca npepbiBaHna RCIF. lNpepbiBaHne MOXeET ObiTb pa3peLleHo Unmn 3anpeLieHo
COOTBETCTBEHHO YycTaHoBkom unu cbpocom 6uta RCIE. RCIF goctyneH Tonbko Ans
4yTeHus, n cbpacbiBaeTcs annapaTHo, korga RCREG cuuTaH n nycr.

Pernctp RCREG umeet gBoriHyto 6ydepumsaunto, T.e. MOXHO MpuHATL ABa BanTta
AaHHbix B RCREG FIFO u Ttpetum 6ant HayaTb npuHumate B RSR. [lMpu npueme
nocnegHero 6uta TpeTtbero 6Gawmta, ecnm RCREG no-npexHemMy He cuyuTaH,
ycTaHaBnmBaeTcs 6uTt owmnbku nepenonHeHns npuemHnka OERR (RCSTA<1>). [laHHble B
RSR 6yayTt notepsiHbl. [Ona wussneyeHus asyx 6ant RCREG pomkeH cyuTbiBaTbhbCA
asaxapbl. but OERR gomkeH 6bITb o4nLLeH nporpaMMHoO copocom npuema (copocom Guta
CREN). lNoka 6ut OERR yctaHoBnNeH, NpuemMHuk He paboTaeT. [eBATblin OUT AaHHbIX
BydepunsyeTcsa Takke Kak M NpUHATbIE AaHHble. [1o3ToMy Heo6XoaAMMO cuuTaTb pernucTp
RCSTA nepeg cuntbiBaHmem RCREG, 4Tobbl He noTepsaTb npexHee 3HadveHmne RX9D.

LWarn ana HacTponku npuema B CUHXPOHHOM BeAYLLEM PEXUME:

1. 3anucaTtb 3Ha4eHune B pernctp SPBRG ans 3agaHmna ckopocTy npuema;

2. BKOUYNTb CUHXPOHHBIM NOocnefoBaTeNbHbIN NOPT B Beaywem pexnme (butel SYNC=1,
SPEN=1 n CSRC=1);

3. Ecnwu tpebytoTtcs npepbiBaHus, Toraa ycraHosute 6ut RCIE;

4. Ecnu TpebyeTcs 9-Tn GuTHbIN Npuem, Toraa yctaHosute omt RX9;

5. Ecnn Tpebyetca npuem eguHudHoro ©Gawnta yctaHoBute 6ut  SREN, pgns
NpoaomKnTENbLHOro npmuema ycraHosute 6ut CREN;

6. lNpu 3aBepweHun npmema ycrtaHosutca 6ut RCIF, n nponsongeT npepbiBaHue (ecnu
yctaHoBneH 6ut RCIE);

7. Cuutante RCSTA pns nonydeHus 3HadeHuss gesstoro 6uta (ana 9-tm GutHoro

npuema) n 6ut onpeneneHnsa owmnbKku;

Cuuntante 8-mu GUTHbIE NpUHATLIE AaHHbIe 13 pernctpa RCREG;

Ecnu npounsowna owunbka nepenonHeHus, copocbte 6uT OERR.

©
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[na otmeHbl npuema, cbpocbte nNnbo 6utel SREN n CREN, nn6o 6ut SPEN. 3T1o
cOpOoCuT NOrnKy Npruema, Ho He U3MEHUT HACTPOWKM.

01|02103104Io1|oz|03|0al01E02|Q3Ita4|01|02103h401|e2103|a401|e2103|0401|0210340401I021Q2404Io10?1Q:4040102103404IO1|02|Q3|04

DT E X but 0>< EMT 1>< but 2>< But BX But 4>< but 5>< But 6>< bur 7
(ewigog RX/DT)
CK ; N S [ SR I S I A A S B S I S B
(BeiBOg TX/CK) : : : : :
3anuce B : ; : : : : '
6ur SREN | | : _ : . . :
But : : : ; : : : : : ; :
SREN : : : : : : :
But - =0 : : . . : : :
CREN . ' : ' : E : : ; E E
But : - : : : : : T

RCIF : : : : : : :
YrteHue i ¥ . . . i . . 5 i

RCREG ; ; : :
Puc. 36 CUHXPOHHBIN npuem

CUHXPOHHbIU 8€00MbIlU PEXUM

CWHXPOHHbIN BEOOMbIN pPEXUM OTNNYaeTCsa OT Bedywero Tem, YTO TaKTOBble
UMMYNbCbl NOAAKTCA OT BHELLUHEro MCTOYHMKA. OTO NO3BOSISIET YCTPOWCTBY MepefaBaTb
unu nony4vatb AaHHble B pexume SLEEP. Begombin pexum BkntoyaetTcsa cbpocom Guta
CSRC (TXSTA<7>).

lNepedaya OaHHbIX 8 CUHXPOHHOM 8€00MOM pPeXxume

PaboTa BefgyLlero n Be4OMOro pexmmoB MOEHTUYHA, 3a UCKIYeHMeM paboTbl B
pexxume SLEEP. Ecnn 2 6anta 3anuceiBatotcss B TXREG n 3aTem ncnonHseTcs komaHaa
SLEEP, 10 npousongeT cnegytowlee. lNepBbin 6anT cpady nepeHocutca B TSR u byget
nepegaBaTbCs MO TaKTOBbIM MMMynbcam. Bropon 6ant octaHetca B TXREG. ®nar TXIF
He OypeT ycTaHoBreH. Koraa 3akoH4YMTCA nepedada nepBoro Gawvta, BTopon 6ant byaet
nepeHeceH n3 TXREG B TSR un ycraHoButcs dnar TXIF. Ecnu TXIE=1, npepbiBaHune
BbiBeOeT unn n3 pexmma SLEEP, n ecnu paspelwieHo nepudepunHoe npepbiBaHne, Toraa
nporpamma nepexoauT K Bektopy npepbiBaHus (0020h).

LLlarn ana HacTponkn nepefaym B CUHXPOHHOM BEAOMOM peXnUMeE:
3anucaTtb 3HaveHne B pernctp SPBRG gns 3agaHus ckopocTu nepegaym.
BKNOYNTL CUHXPOHHLIN NOCreaoBaTeNbHbIN NOPT B BeAOMOM pexnme (6utel SYNC=1,
SPEN=1 n CSRC=0).
Copocutb 6ut CREN.
Ecnu TpebytoTcs npepbiBaHus, Toraa ycraHosute 6ut TXIE.
Ecnu TpebyeTcsa 9-Tn ButHasa nepegada, Torga ycraHosute 6mut TX9.
Ecnu BbibpaHa 9-Tn BuTHas nepegava, AeBATbIN OUT AomKeH BbITh 3arpyxeH B TX9D.
3arpyaute gaHHble B pernctp TXREG.
3anyctute nepenadvy yctaHokon outa TXEN.
[na oTmeHbl nepegayn Heobxoammo cbpocutb 6uT SPEN mnn 6ut TXEN. 3T10
cbpocuTt noruky nepegaym, Ho COXpPaHUT HACTPOWKKM, Korga nepeaada BO30OHOBUTCA.

N —

©NO O AW

lMpuem 0aHHBLIX 8 CUHXPOHHOM 8€G0MOM pPeXxume

PaboTa BefyLlero n BeAOMOro pexvmoB UAEHTUYHA, 3a UCKNYeHneM paboTbl B
pexume SLEEP. Takke 6e3pasnuyHo 3HadyeHne 6uta SREN.

Ecnn npuem paspeweH (CREN=1) go komaHabl SLEEP, To gaHHble moryT ObiTb
nonyyeHbl B pexxume SLEEP. lNpu 3aBepweHun npuema, gaHHble n3 RSR nepepatoTcs B
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RCREG wn ycraHaenuBaeTca dnar 3anpoca npepbiBaHus RCIF, a ecnn 6ut RCIE=1
npepbiBaHne BbiBeaeT umn un3 pexuma SLEEP. Ecnn paspelweHo nepudepuiiHoe
npepbiBaHWe, NnporpaMmma nepenaeT K Bektopy npepbiBaHna (0020h).
LWarn ana HacTpownku npmemMa B CUHXPOHHOM BEAOMOM pPEXUME:

3anucaTtb 3Ha4veHue B pernctp SPBRG ansa sagaHna ckopoctn npuema;
BKIMHOYNTb CUMHXPOHHbIN NocreaoBaTenbHbI NOPT B BEAOMOM pexnme (6utbl SYNC=1,
SPEN=1 n CSRC=0);
ecnu TpebytoTca npepbiBaHus, Toraa yctaHosute o6ut RCIE;
ecnu TpebyeTca 9-tm GUTHBIM NpueMm, Toraa yctaHosute 6ut RX9;
Ans paspelueHus npuema yctaHosute 6ut CREN;
npu 3aBeplieHun npuema ycraHosutcs 6ut RCIF, n nponsonget npepbiBaHve (ecnu
yctaHoBneH 6ut RCIE);
cuntante RCSTA ana nonydvyeHusa 3HadyeHus gesatoro 6uta (ons 9-tm GuTHOro
npuema) n 6ut onpeneneHnsa owmnbKku;
8. cuutante 8-mn GuUTHbIE NPUHATBIE AaHHble n3 pernctpa RCREG;
9. ecnu nponsowrna owndka nepenosnHenusi, copocbte 6UT OERR.

[na oTmeHbl npuema, cbpocbte nMbo 6ut CREN, nubo 6ut SPEN. 310 cbpocut
NOrnKy npMema, Ho He U3MEHUT HaCTPOWKM.

N —

o0k ®

N

Bnok BHyTpeHHen EEPROM namsaTn gaHHbIX

CtpyktypHasa cxema opraHmsauun EEPROM namatm npeacrtaeneHa Ha Puc. 37.
MukpokoHTponnep cogepxut 6nok BHyTpeHHenn EEPROM namaTtu gaHHbix o6bemom 256
8-mun paspsagHbix cnoB (6ant). EEPROM namaTtbe umeet opraHmsauuio 16 cTtpok no 16
6anT. MMHMManbHO AOCTYMHbLIM AN YTEHUS U 3anucuK aenseTcs oanH 6anTt. MMHMMansHO
OOCTYNHOWN AN CTUpaHusa siBnsieTca ogHa ctpoka (16 6anT). Nepea 3anucblo He06xoaMMo
NPOBECTM CTMPaHUe CTPOK, B KOTOPbIX ByaeT pacnonoxeHa 3anucbiBaemas MHopMaLums.
3anncb BO3MOXHa Tomnbko «1» noBepx «0». B cTepTOM COCTOAHUM NaMATb COLEPXKUT BCe
«O».

EEPROM namsaTb COAEPXUT MexaHu3Mbl annapaTHOM 3almTbl OT 3anucu u
cTupaHusa. [na ynpaBreHus BKMIOYEHWEM/BBIKITIOYEHMEM arnmnapaTtHOM 3aluTbl CIYXUT
nnaekasi nepemMblyka. Y mukpokoHTponnepa 1886BE3 nnaBkas nepembiuka nepexkeHa m
annapaTHyl 3aWuTy OTKNIYUTL Henb3A. Y MukpokoHTponnepa 1886BE31 annapatHyto
3aWMTy MOXHO OTKMOYUTb, T.K. NfaBkad nepemMblyka He nepexckeHa. [na oTKYeHus
3awmTbl MukpokoHTponnep 1886BE31 Heobxoaumo nepeBectn B TEST pexum, unu
nogatb Ha BbiBo4 TEST egmHuuy B HopManbHOM pexume paboTbl.

®narn 3awmTbl OT 3anMCU U CTUPAHUA YCTaHaBnMBaKTCA ANS CTpok. 15 cTpoky
namatn (agpec ctpokn OFh) pekomeHgyeTcss wucnonb3oBatb A9  OAHOKPATHO
3anncbiBaemMon nHopmauumn. 3To 06bACHSAETCS TeMm, YTO npu cTtupadmm 15 cTpoku, byayT
cbpoLleHbl OUThI 3alWKUTbl OT CTUPAHUS U 3anncK Ans OPYrMX CTPOK, a Takke TeM, YTO Nnpu
yCTaHOBKe 3alUunTbl OT CTUpaHus 1 3anucn Ha 15 cTpoky, moamduumnpoBaTb ee 3HayYeHne
6yneTt HeBO3MOXHbIM. Bantbl ¢ agpecamn OxFEh u OxFFh (16 ©uT) BblgeneHbl Ans
XpaHeHus cnaros 3awmnTbl oT 3anucu (WP(15:8) n WP(7:0)). Bantel ¢ agpecamu OxFCh n
OxFDh (16 6uT) BbligeneHbl Ans xpaHeHus dnaroB 3awmTtbl OT ctupaHua (EP(15:8) u
EP(7:0)). bantol ¢ agpecamn OxFOh no OxFBh (Bcero 96 6uTt) Ans wHdpopmauuu
nonb3oBaTens (PeKoOMeHAYTCA ANs OAHOKPATHOWM 3anucn, Hanpumep: CEPUNHLIN HOMEP).
[Mocne ycTtaHOBKM dornara 3awmThbl OT CTUpaHus ons 15 CTpoku, yctaHoBKa GUTOB 3alunThbl
OT 3anncu n CTUpaHus, MOXeT NPOBOANTCS TOSNbKO OAHOKPATHO. YCTaHOBKa OuTa 3awumThl
OT 3anucu ana 15 ctpoku OGonblie He MNO3BONMUT yCTaHaBnuBatTb OWTbl 3awuTbl OT
CTUPaHUA Unu 3anmcu ansa gpyrnx CTPok.
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Mpu nepexoge B SLEEP pexum 6nok KoHTponnepa AOMKeH ObiTb NPOrpaMMHbIM
obpasom BbIKkNOYeH Ansa obecneveHus aHeprocbeperatoulero pexunma. lNocne Bbixoga 13
SLEEP pexvma 650K OMmKeH BKHOYaTbCS 3aHOBO.

[Mocne BbINONHEHUS Kaxgow onepauun, koHTponnep EEPROM pomkeH ObiTb
nepesefeH B pexum pabotbl "HeT" - EEPROM_MODE<2..0>=000.

0:0F
0:1F
Ox2F

00
010
20

CTpoka 0 oo

cTpoka 1 ooo

CTROKS 2 ooo

oo OO

0=FF

CcTpoka 15 0xFO | | | oo | | | | |

Puc. 37 CtpykTypHasa cxema opraHmsaumn EEPROM namatn

Onepaunun, BbINONHAEMbIE KOHTpOiepom BHyTpeHHen EEPROM namsaTu:

e 3anucb 8-mmu paspsgHoro cnoBa (6amta) B EEPROM - nossonser 3anucatb
3agaHHbIN 6anT. 3annucb BO3MOXHA TOMbKO B HE3aLUMLLEHHYIO OT 3anucu CTpoky. [ns
MUKpokoHTponnepa 1886BE31 B TEST pexume 3anucb BO3MOXHaA HE3aBUCUMO OT
COCTOSHMS BUTOB 3awWnTbl OT 3anucK. 3anucb GUTOB NAaMATU NPOM3BOAUTCSA TOSBKO U3
COCTOSIHUSI NOMMYECKOro Hyns B NOrnyeckyo eauvHuuy. [Ana nepesoga sdveek U3
COCTOSHUS €4MHM1Lbl B HONb HEOBX0AMMO MCMNOMb30BaTh ONepauunio CTUpaHus.

e YrteHme 8-mmn paspsgHoro cnoBa (6amta) M3 EEPROM - nossonser cuutatb
3agaHHbI 6anT n3a EEPROM namaTw.

e CtupaHue Bcen EEPROM namsatm - nossonser crepeTb Becb obbem EEPROM
namatu. Onepaumsa OOCTynHa TONbKO Ansi MUKpokoHTponnepa 1886BE31 B TEST
pexunme.

e CtupaHue ctpokmu EEPROM namsaTtu - nosBonseT cTepeTb He3alUULEHHY OT
cTupaHusa 3agaHHyto ctpoky EEPROM namatu. na mukpokoHTponnepa 1886BE31 B
TEST pexume cTvpaHue CTPOKM BO3MOXHO HE3aBUCUMO OT COCTOSIHMSA OuTa 3awuTbl
CTPOKU OT CTUPaHUS.

Pezaucmpsbi ynpaeneHusi 6;1okom eHympeHHel EEPROM namsimu
OaHHbIX

Pabota ¢ EEPROM namaTblo OCyLecTBRASETCA C MOMOLLBbI YTEHUA UK 3anucu
perncTpoB KoHTponsiepa. OnucaHue perncTpoB NPUBEAEHO HUXE.

Ta6nuua 38
Pernctp koHTpons n TectupoBaHna 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 VEE2 VEE1 BRG2 BRG1 BRGO0
out 7 6 5 4 3 2 1 out 0
our 7 3apesepBMpPOBaHO, BCerga cumtbiBaeTcs «1».
ouT 6 EETEST: curHan ansa ot6pakoBOYHbIX MCMbITAHUN MUKPOCXEMbI.
ont 5 CPTEST: curHan ans ot6pakoBOYHbIX UCNbITAHUA MUKPOCXEMbI.
ouT 4 VEE2: curHan gna ot6pakoBOYHbIX UCNbITAHUA MUKPOCXEMBI.
out 3 VEE1: curHan gns ot6pakoBOYHbIX UCNbITAHUA MUKPOCXEMBI.
outr2,1,0 BRG2, BRG1, BRGO0: 3agaHue BpeMEHHbIX XapakTepuctuk. B
3aBMCUMMOCTU OT 4acToTbl paboTbl fApa  MUKPOKOHTpoInepa,
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Heobxoammo ykasatb kKoHTponnepy EEPROM namsatu aty 4actorty,
ncxogs w3 KOToponw, OH OyaeT dopmumpoBaTb Heobxogumble
ANUTENBHOCTU CUrHAmNOB «MPOrpamMMMPOBAHNAY U «CTUPAHUS»
3afaHHbIX ONUTENbHOCTEMN:

000 = yvactoTa Fc = 30 — 33 Ml'u,

001 =yvactoTta Fc =20 — 30 Mlw,

010 = vactoTta Fc = 10 — 20 Ml'y,

011 =yvactota Fc =1 -10 Mly,

100 = yactota Fc =500 kl'u — 1 My,

101 = vyactota Fc = 250 kl'y — 500 klu,

110 =vactotaFc= 0-250«kMu,

111 = 3ape3epBNpoOBaHO

Ob6o3Hay4yeHus:

R = 6ut ang ytennsa; W = 6UT ¢ BO3MOXHOCTbIO 3aruncu;

U = 6uT He peannsoBaH, ymtaeTca kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBnEH;
0 = cbpoLueH;
X = 3Ha4YeHue He U3BECTHO.

Tabnuua 39
Pernctp 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

IE_BUS
Y EE

BUSY_E
E

MODE2_
EE

MODE1_
EE

MODEO_
EE

outr 7

6

5

4

3

2

1

out 0

our7

EN_EE: paspeweHue paboTbl koHTponnepa EEPROM namsaTtu:
0 = KOHTpONMEep BbIKITHOYEH,
1 = KOHTPOSINEP BKIOYEH.

ouT 6

3ape3epBMPOBaHO.

out 5

IE_BUSY_EE: dnar paspelweHns npepbiBaHUA MO OKOHYaHMUIO
3aHATOCTM KOHTponnepa EEPROM namaru:

0 = npepbiBaHMe 3anpeLLeHo,

1 = npepblBaHNe paspeLleHo.

out 4

BUSY_EE: cdnar 3aHatoctn koHTponnepa EEPROM namsaTu:
0 = koHTponnep ceoboaeH,
1 = KOHTpONep 3aHAT.

outr 3

3ape3epBrpPOBaHO.

omt2,1,0

MODE2 EE,  MODE1_EE,
koHTponnepa EEPROM namsTu:
000 = Her,

001 = yteHune b6anta us EEPROM,

010 = 3anucb cnosa B EEPROM,

011 = ctupaHue ctpokn EEPROM,

100 = ctupanune scen EEPROM,

101 = 3anucb Bcen EEPROM ogHuM 3Ha4YeHmeMm,
11X = 3anpelieHHas kKomonHaums.

MODEO _EE: pexum paboTbl

Ob6o3Ha4YeHus:

R = 6uTt ang yteHus;

W = OUT ¢ BO3MOXXHOCTbIO 3aMnuncu;

U = 61T He peanu3oBaH, untaetca Kak 0;
-N = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
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1 = ycTaHoBneH,;

0 = cbpouueH;

X = 3Ha4YeHune He N3BECTHO.

Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

Tabnuua 40
Pernctp 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
ont7 6 5 4 3 2 1 ont 0
onr7...0 DATA7...DATAO: 3anucbiBaemMble NN CYUTbIBAEMbIE OaHHbIE.
ObosHa4vyeHus:

R = 6uTt ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;
U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca No BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMe He N3BECTHO.

Peructp 13-4. Pernctp agpeca obpawwenna EEPROM_ADDR (agpec: 17h, 6aHk 6).

Ta6bnuua 41
Pernctp agpeca obpauweHns 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 | ADDR6 | ADDR5 | ADDR4 | ADDR3 | ADDR2 | ADDR1 ADDRO
ont 7 6 5 4 3 2 1 out 0
our7...0 ADDRY7...ADDRO: Pernctp agpeca AaHHbIX:
Mpn 4TeHun n 3anmcu ogHoro GanTa MCNOoNb3yKTCA BCE pa3psiabl
agpeca, Npu CTUPaHUM CTPOKM MMEIDT 3HavyeHns Tonbko ADDR[7:4],
npu 65I04HON OYUCTKE WU 3anNUCU COAEPXKUMOE pPerncTpa 3HadeHus
He UMeer.
Obo3HayYeHus:

R = 6uTt ana ytenua; W = O6UT ¢ BO3MOXHOCTbIO 3aMuUCu;
U = 61T He peanu3oBaH, untaetca Kak 0;

-n = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3HA4YEeHUe He U3BECTHO.

Paboma 6510ka no cmupaHuro, 3anucu U YmeHur OaHHbIX
BknroyeHue EEPROM namsmu

Mocne BbicTaBneHna 6uta EN_EE B permctpe EEPROM_MODE npowussogutcs
BkntodeHne EEPROM namsaTtu. [pouecc BKAKYEHUA MpUM  TaKTOBOW  4yacToTe
MuKpokoHTponnepa 33 Ml 3aHumaeT nopsgka 45 Mkc (Tsy). lMocneposaTenbHOCTb
aencteun npu BkntodeHnn EEPROM namatn npegcraeneHa Ha Puc. 38.
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neuugukayuss 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE3

Januce
EEPROM MODE PaboTa cEEPROM
Dzt

Tauy

4
EN_EE

4

EBLUSY _EE

4
BUSY _EE ) N\
T st VARN

Puc. 38 BknioyeHne EEPROM namsaTtu
CmupaHue eceli EEPROM namsimu

[nsa ctupanusa scero o6bema EEPROM namatn ucnonb3yeTcs KOMaHga «CtupaHme
Bcen EEPROM namatny. [Jns BbiNOfHEHMS onepauun Heobxoammo 4Tobbl Obin BKNHOYEH
koHTponnep EEPROM namsatu. MNpouecc ctnpanuna scen EEPROM namatn npu TakToBOwm
yactoTe MUKpoKoHTponnepa 33 MIy 3aHumaetr nopsagka 5 mc (Tsup, Te u Thp).
MocnepoBaTenbHOCTL AencTBUi nNpu ctupaHum Bcen EEPROM namstn npeacrtasneHa Ha

Pwuc. 39.
Jance
EEFRCM_MODE PaboTa cEEPROM
(I

Taup Te The
EM_EE
¥
IEBUSY _EE
¥
BUSY_EE \_
IMT szt VARN
r
EEE y N

Puc. 39 Ctupanune scen EEPROM namsatn B TEST pexume

3anuck ecelti EEPROM namssimu oOHUM 3Ha4YyeHUem

[na 3anonHeHus Bcero cogepxmmoro EEPROM namsatu ncnonb3yetcs komanga
«3anuce Bcen EEPROM namatuy». [lepeg nogaden 3TOM KOMaHAbl B PErucTp
EEPROM_DATA HeobxoguMmo 3anucatb 3HayeHue, KoTopbiM OyaeT 3anofiHeHa BCs
namatb. [na 3anonHeHus Bcen namsatn Heobxoammo, 4YTobbl Obin BKIIKOYEH KOHTpONnep
EEPROM namsatu. [pouecc 3anonHeHna Bcen EEPROM npu TaktoBoM 4actoTe
MUKpOKOHTponnepa 33 My 3aHummaer nopsgka 5 wmc (Tsup, Te wn  Thp).
MocnepoBaTenbHOCTb AenctBui npu  3anonHeHun Bcen EEPROM namatu ogHum
3Ha4yeHneM npeacrtasneHa Ha Puc. 40.

1
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Patora « EEPROM

Te Thp

Jankoe

EEFROM_MODE
Ot

Janu e
EEPROM_DOATA
ety

EM_EE \

[EBLISY _EE M
BISY EE N 5]
INTset N s
BB N, S .

EDI[7:0] £

Puc. 40 3anucb Bcen EEPROM namsatu ogHUM 3Ha4YeHnem
CmupaHue cmpoku EEPROM namsimu

Ona ctmpanua cogepxmmoro opgHon ctpokm EEPROM namatn ucnonb3yetcs
KomaHga «ctupaHue ctpokm EEPROM namsatuy. [lepen nogayen 3T0M KOMaHObl B
pernctp EEPROM_ADDR(7:4] Heobxoanumo 3anucaTb agpec CTpokn. Mnagwme paspsgbl
peructpa EEPROM_ADDR 3HayeHna He wumetoT. [Ons CcTMpaHus 3a4aHHOM CTPOKM
Heobxoaumo, 4Tobbl Obin BkNtoyeH kKoHTponnep EEPROM namaTtu. lNpouecc ctupaHmsa
ogHon ctpokn EEPROM npu TaktoBoM 4actote MuKpokoHTponnepa 33 Mly 3aHumaet
nopsgka 5 mc (Tsup, Te n Thp). MNocnegoBaTenbHOCTL EACTBUN NPU CTUPAHUKM OL4HOWN

ctpokn EEPROM npencrasneHa Ha Puc. 41.

Te Thp

JanKoe

EEFROM_MODE
Dot 2

Janu e
EEPROM_DOATA
ey

EM_EE \

[EBLISY _EE \
BUSY _EE N

INTset N
EER: g 2 T

EA[7:0] (N O

Puc. 41 Ctupanue ctpokn EEPROM namsitm
3anucb 6atima e EEPROM namsimb

Ona 3anucnm opgHoro 8-mu paspsgHoro cnosa (6amta) B EEPROM namath
ncnonb3yeTcsa komaHga «3anucb G6anta B EEPROM namatb». [Nepen nogadven atom
komaHgbl B pernctp EEPROM_ADDR[7:0] Heobxoanmo 3anucatb agpec Ans 3anucu, a B
pernctp EEPROM_DATA 3anucatb 3HadyeHne gns coxpaHeHns 8 EEPROM namatb. Ona
3anucu Ganmta B namsTb Heobxoammo, 4ToObl Obin BkNtouveH koHTponnep EEPROM
namatn. [pouecc 3anmcnm 6Ganta B EEPROM namate npu  TakToBOW 4actoTe
MUKpOKOHTponnepa 33 My 3aHummaer nopsgka 5 wmc (Tsup, Te wn  Thp).
MocnepoBaTenbHOCTL OeWCTBUA Npu  3anucn ogHoro Ganta B EEPROM namatb
npeacrasneHa Ha Puc. 42.
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Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

Banuce 3anucb Banvcb
—» EEPROM_DATA —» EEPROM_ADDR EEPROM_MODE —» Pa6ota c EEPROM
0xDD OxA5 0xA2

Tsup Tw Thp

EN

|IE BUSY

BUSY \_
INTset / T\
EWR N
EA[7:0] X oxas ]
EDI[7:0] X oxDD X

Puc. 42 3anuck 6anta B8 EEPROM namsaTtb
YmeHue 6atima uz3 EEPROM namsmu

Ona uJTteHms ogHoro 8-mm paspsgHoro cnoea (6amta) 3 EEPROM namstm
ncnonb3yeTcsa koMmaHga «dTeHue 6anta usa EEPROM namatux». lNepen nogaden atom
komaHabl B permctp EEPROM_ADDR][7:0] Heob6xoaumo 3anucaTtb agpec ansa urenus. [Ans
4YTeHUs1 crnoBa M3 namsTM Heobxogumo, 4to Obl KoHTpornep EEPROM namatu 6bin
BkMtoveH. [lpouecc uyTeHusa 6Ganta u3 EEPROM namsaty npu TaktoBOW 4actoTe
MUKpoKOoHTponnepa 33 MIy 3aHumaetr nopsgka 1 mkc (Tsux, Tacc wn Thx).
MocnepoBaTenbHOCTL OEUCTBUM Npu YTeHun opgHoro 6Gamta w3 EEPROM namatn
npeacTtasneHa Ha Puc. 43.

3anucb 3anucb Urenme
EEPROM_ADDR EEPROM_MODE
Y OXAT EEPROM_DATA

Tsux Tacc Thx
EN
IE BUSY YA
BUSY YA T\
INTset /T
ERD o ™

EA[7:0] )K 0xA5 X
EDO[7:0] :)( Data

Puc. 43 YteHune 6annta nus EEPROM namaTtu

OnucaHue 6noka koHTponnepa BHewHen NAND Flash namsatu

brnok «koHTponnepa BHewHen NAND Flash namatn npegHasHauyeH Aans
BO3MOXHOCTU paboTbl sapa MUKPOKOHTponnepa ¢ nepudepuriHon namatbio Tmna NAND
Flash dwupmbl Samsung wun gpyrux. Mukpocxembl NamMATU  MNOOCOEOUHSATCA K
MUKpokoHTponnepy Yepe3 noptbl «PORTC» n «PORTD» (cm. Puc. 44). INpu aToM ecnu
MUKpOcxeMa namatn paboTaeT oT HanpsbkeHua nutadus B 3.3B, AaHHble NopThl Tak Xe
OOMMKHbI  ObITb  3anUTaHbl 3TUM  HanpsbkeHunem. [Ona 3TOro MOXHO WCNOSib30BaThb
BCTPOEHHbIN perynatop HanpskeHus u ¢ BbiBoga U33out 3aBecTu nuTaHMe Ha BbIBOAbI
Ucc1port n Ucc2port. Harpy3souHas cnocobHOCTb BCTPOEHHOIO perynaropa obecnednBaet
Tok go 40 mMA. Takmm obpas3om, OT 9TOr0 UCTOYHMKA MOXeT OblTb 3anuTaHa M cama
mukpocxema NAND Flash namatu.
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Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

KoHTponnep BHewHenn NAND Flash namatu annapaTtHo ¢opmupyeT curHanbl
ynpasnennsa RBn, REn, CLE, ALE, WEn u ynpasnset wuHon fadHbix 10. CurHansl
ynpasneHna CE n WP gna mukpocxembl namatn He dopmupytotes. Paspabotynk cam
0643aH BblbpaTb Kakme-nmbo csobogHble NMMHMM BBOAA-BbIBOAA MUKPOKOHTpoOMnepa ansa
dopmMMpoBaHus 3TUX curHanoB. Hanpumep, MOXHO mncnonb3oBaTb NnHUio PD2/AD10 ans
dopmmpoBaHus curdana CE gnsa nepson Mukpocxembl namatun, a nuumio PD3/AD11 ansa
dopmmpoBaHus curdana CE gna BTopon Mukpocxembl namatu. JinHma PD7/AD15 moxeT
ncnonb3oBaTbCs Ans opMmupoBaHusa nnmn kKoHtTponsa curHana WP (Write Protect). Kpome
Toro, nnHna PDO/AD8/RBnN gomkHa 6bITb NOATAHYTA K YPOBHIO JIOrM4eckon eguHuubsl. Mpu
BKNoyeHnn ©Onoka koHTpomnnepa BHewHen NAND Flash namatn, nopt «PORTC»
MOMNHOCTbIO NepexoanT nog ynpasneHune atoro 6noka. Mopt «PORTD» vyactuyHo. JInHMm
PDO/AD8/RBn, PD1/AD9/REn, PD4/AD12/CLE, PDS5/AD13/ALE wn PD6/AD14/WEn
ynpasnstTca 6rnokom, a nuHum PD2/AD10, PD3/AD11 n PD7/AD15 octatotca noA
ynpaBneHnem pernctpoB nopta «PORTD» n pa3paboTymk MOXEeT MX MCnonb3oBaTb MO
cBoeMy ycMmoTpeHuto. [pu aTtom nutaHue, nogasaemoe Ha BbiBoabl Ucc1port n Ucc2port,
aencteyeT gns scex nuHuni noptoB «PORTC» n «PORTD», He3aBMCUMO OT BbIOpaHHOIoO
pexuma pabotbl. MNpu nepexoge B SLEEP pexum paspaboTumk OOMKEH 3aBEPLUUTL BCE
onepaumn pabotel ¢ NAND Flash namatblo, U nocne 3Toro NporpamMHO BbIKMIOYNUTD
BHYTPEHHUI PErynaTop HanpshkeHus anst obecneyvyeHus aHeprocOeperawLero pexuma.
Mocne Bbixoga n3 SLEEP, aHanormyHbiM o6paszomMm HeobXxoAuMO BKAKYUTbL MCTOYHUK W
NPONHULMaNM3npoBaTb MUKPOCXEMY NaMATH.

U33out Uce
Ucclport €1 L C2L C3L
Ucc2port 22 MK(bI 0.1 I 0.1 I
PCO_ADO_IO0 100
PC1_AD1_IO1 101
PC2_AD2_|02 102
PC3_AD3_IO3 103
PC4_AD4_104 104
PC5_ADS_IOS 105
PC6_AD6_|06 106
PC7_AD7_IO7 107
R1
|:l:| 10K
PDO_ADS_RBn RBn
PD1_ADS_REn REn
PD2_AD10 CE
PD3_ADM |———=
PD4_AD12_CLE CLE
PD5_AD13_ALE ALE
PD6_AD14_WEn WEn
PD7_AD15 WP
1886BE3Y Uss + us  NAND FLASH

Puc. 44 lNogkntoyeHne k mukpokoHTpornepy sBHewHen NAND Flash namaTtu

OnucaHue npozpammHoz2o docmyna Kk NAND Flash namsimu

Cemenctso mukpocxem NAND Flash namsatu wumeetr poctaTtodyHo 6onbLuyko
HOMeHKnatypy. Mukpocxembl  oTnM4atoTcA apyr OoT  Adpyra  BpeMeHHbIMU
Xapakrepuctvkamu, pasmepamu namaTu n opraHusauuen. Ho npuHumnel paboTbl C HUMK Y
BCEX oguHakoBble. [Ans paboTbl C KOHKPETHOM MUKPOCXEMOW NPeaBapUTENbHO U3y4nTe ee
onucaHve. B gpaHHoM onuvcaHuu npmeogaTcs obLine NnpuHUMMbLI paboThl.
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3anuck komaHObl 8 NAND Flash namssmsb

Ona 3apaHms komaHgabl NAND Flash namatm  Heobxogumo B peructpe
NAND_MODE ycTaHOBUTb pexuM «Bblgayvya KOMaHAHOW MHpopMaunny. 3aTtem B perucTp
NAND_ DATA 3anucaTb 3HayeHne komaHabl. PasnuyHble Tvnbl mukpocxem NAND Flash
namMaT¥ MOryT MMeTb pasnuyHble Habopbl komaHa. [daHHas p[okymeHTauma 6yaet
noctpoeHa Ha 6ase paccmoTpeHus mukpocxembl KIK1GO8UOM cdmpmbl Samsung. OTa
MUKpOCXeMa UMeeT cregyrowmin Habop komaHg, cMm. Tabnuua 42. [Juarpamma curHanos
npeacTtasneHa Ha Puc. 45.

Temd

Tcle

Tels , Twp, Tclh

CLE

ALE

WEB N\_/
REB
108 K ¢
BUSY _/ N—
INTset /_\_
DATAI :)@(
wo [\
Puc. 45 [Quarpamma curHanos 3anucun komanabl B NAND Flash namsaTtb
Tabnuua 42
Habop komaHg mukpocxembl NAND Flash namatn K9K1G08UOM
DVHKLMS MepBbIN Btopon Tpetnn MouMeyaHms
yHKU Uukn Uwnkn Uukn P
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 0x03 OX8A 0x11
(Dummy)
Block Erase 0x60 0xDO -
Multi-Plane Block Erase 0x60—0x60 0xDO -
Read Status 0x70 - -
Read Multi-Plane Status 0x71 - -
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[pumeyaHue:

M Komanga 0x00 onpegensieT, 4yto obpauieHne uaoet HadnHasi C NepBOW MOSOBUHBI
permctposon namatu, komanga 0x01 onpepgensetr 4to obpalleHne mMaeT co BTOpPOW
NOSTIOBUHbI PErMCTPOBON NaMATH.
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3anucwk adpeca e NAND Flash namssimb

Ona 3apgaHua agpeca ob6paweHns B NAND Flash Heobxogmmo B peructpe
NAND_MODE ycTaHOBUTb peXmnm «Bblgada agpecHon uHdopmauum». 3atemMm B perucTp
NAND_ DATA nocnepoBaTenbHO 3anucatb agpecHy WHgopmaumo. [Ona OKOH4YaHusA
Bblgaun agpecHon uHpopmaumm Heobxoaumo B permctpe NAND_MODE yctaHoBUTH
pexumm HeT paboTbl nMbo nobon pyron OTANYHBLIA OT «Bblgada agpecHoON NHopmaumnmny.
[unarpamma curHanoB npegcrasneHa Ha Puc. 46.

Ona mukpocxembl KOK1GO8UOM dupmbl Samsung agpec BblgaeTca B 4YeTbipe
uukna (cm. Tabnuua 43):

Tabnuua 43
100 | 101 | 102 | 103 | 104 | IO5 | 106 | 107
1Umkn | AO | A1 | A2 | A3 | A4 | A5 | A6 | A7
2Umkn | A9 | A10 | A11 | A12 | A13 | A14 | A15 | A16
3Uukn | A17 | A18 | A19 | A20 | A21 | A22 | A23 | A24
4 Unkn | A25 | A26 | Low | Low | Low | Low | Low | Low

Tadh Twe Twb Tr
Tals | Twp. Twh Talh
CLE
ALE // \

WEB AN AW

REB

10B X A1

N/

a2 Xo.az X . a4

]

RBB

BUSY /

- [

INTset

DATAI X XazX_ XasX_Xa) >®<
Wp [/ \/ __/\ /_\

Puc. 46 [Juarpamma curHanos 3anuncu agpeca B NAND Flash namsatb

CmupaHue cmpaHuuybl NAND Flash namssmu
Mepen 3anucbto Flash namatn Heobxogumo npeaBaputenbHo ee ctepeTb. NAND

Flash nossongeTt ctMpatb MUHMMYM OfHY cTpaHuuy. Ouarpamma paboTbl Npu CTMpaHUK
npeacrasneHa Ha Puc. 47.
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3anucek 0daHHbIX 8 NAND Flash namssmb

Onsa 3anncu ganHbix B NAND Flash namsate Heo6xoanmMo nogroToBUTb MUKPOCXEMY
K NpueMy AaHHbIX: O4UCTUTb 0B6MnacTb AN 3anucy AaHHbIX, YCTaHOBUTL aapec N OYHKLNIO
3anucn. lNocne atoro ycrtaHoBuTe B pernctpe NAND _MODE pexum «nporpammHas
3anucb AaHHbix» K nocnegosatenbHo B peructp NAND_DATA 3anucbiBanTe [aHHble,
npeaHasHayveHHble gna coxpaHeHuss B NAND Flash namaTtu. [Ouarpamma curHanos
npeacrtasneHa Ha Puc. 47.

CLE / \ / \ / \ / \ /

- twe o

wes A/ N/ S\ /S ./ \J

twa — »e tBERS—»
A /S N\ I\ ——
REB \ / \ /
10B X BOh XAE ~ A-—s)l("v? ~ AzX A:s.A:sX DOh /\ ‘KT_L‘h\ m
T PageRew] 1 3 [
Address
REB Busy /

100=0 Successful Erase
Auto Block Erase Setup Command Erase Command Read Status  1/00=1 Error in Erase
Command

Puc. 47 Qunarpamma curHanos npu ctupadum ctpaduubl NAND Flash namatn

CN .
CLE - -

ALE

wee TN\ NS\
REB

10B p1_ X.p2 X.ps X_.pa X

RBB

BUSY

INTset

DATAI X XezX XX Xow XX
Wp / \ / \ / \ / \ /_\

Puc. 48 [Jnarpamma curHanos 3anucu gaHHolx B NAND Flash namatb
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UmeHue daHHbIx u3 NAND Flash namsmu

Ona yteHna panHHbix M3 NAND Flash namsatm Heobxogumo noaroTtoBuTb
MUKPOCXEMY K Bblgaye [daHHbIX: YCTAaHOBUTb afpec 4YTeHUs W  YHKUMIO YTEeHUS,
aoxgaTtbCa rotoBHOCTM, M panee ycrtaHoButb B pernctpe NAND MODE pexum
«nporpaMMHOe YTeHWe [aHHbIX» U nocnegosatensHo u3 peructpa NAND_DATA
cunTbiBaTb AaHHble. [lnarpamma curHanos npeactasneHa Ha Puc. 49.

Trr | Trea Trc

gt

CLE

ALE

REB

WEB

I0B X_ b1 X o2 X b3 X _pai X

RBB

BUSY

INTset

X ot X2 X 0s X X
[\ _/\

Puc. 49 [lnarpamma curHanos yteHna gaHHblx u3 NAND Flash namsaTtu

DATAo

Rp

Peaucmpbi ynpasneHusi koHmposiniepom NAND Flash namsmu

YnpaeneHve koHTpornnepom BHewHen NAND Flash namatn ocywectensercs c
NOMOLLLIO OBYX PEerucTtpoB: peructpa pexunma pabotbl koHTponnepa NAND_MODE wu

pernctpa gaHHbIx NAND_DATA.
Tabnuua 44

Pernctp pexuma pabotbl koHTponnepa NAND Flash namatn 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 Iég‘g—:: IE_BUS | BUSY_N | MODE3_ | MODE2_ | MODE1_ | MODEO_
D ND Y_NAND AND NAND NAND NAND NAND
out 7 6 5 4 3 2 1 out 0
our7 EN_NAND: paspeweHne pabotbl koHTponnepa NAND Flash
NamATN N KOHUTypupoBaHME NOPTOB:
0 = KOHTpONMEep BbIKITHOYEH,
1 = KOHTPONNEpP BKIHOYEH.
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ouTt 6 LOW_SPEED_NAND: ckopocTb paboTbl KOHTponnepa:
0 = HopMarnbHasi CKOPOCTb,
1 = MeaneHHasa CKOpPOCTb.
MpumeyaHue: aToT BUT NpUMeHdaeTca Ans obecnevyeHns ocTyna K
mMeaneHHbiM Mukpocxemam NAND Flash namatn. B gaHHoOM
pexume BCe BpeEMeHa YBenuuMBalroTCsa BABOE, MpU  3TOM
gononHutensHo yctaHaenueaeTcs onar BUSY NAND.
out 5 IE_BUSY_NAND: chnar paspelleHus npepbiBaHUA MO OKOHYaHUIO
3aHaTocTn koHTponnepa NAND Flash namartu:
0 = npepbiBaHKE 3anpeLleHo,
1 = npepbiBaHNE paspeLleHo.
out 4 BUSY_NAND: dmnar 3aHatoctn koHTpornepa NAND Flash
namsaTu:
0 = KoHTponnep ceBoboaeH,
1 = KOHTpONNep 3aHAT.
omr3,2,1,0 MODE3 _NAND:MODEO_NAND: pexum paboTbl KOHTpomnnepa
NAND Flash namsaTu:
0000 — HeT paboThl,
0001 — Bblgaya agpecHoun nHopmaumn,
0010 — Bblga4a kKOMaHgHOM MHGOPMAaLNWK,
0011 — yteHne panHbix 13 NAND Flash namaTts,
0100 — 3anuck gaHHbiXx B NAND Flash namsaTb,
1011 — 3ape3epBMpoOBaHo,
1100 — 3ape3epBMpOBaHO.
Obo3HayeHus:
R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;
U = 61T He peanu3oBaH, untaetca Kak 0;
-N = 3Ha4YeHne BuTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3HaYeHne He U3BECTHO.
Ta6bnuua 45

Pernctp gaHHbix 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 DATA1 DATAO
ont 7 6 5 4 3 2 1 out 0
our7...0 DATA7...DATAO: 3anucbiBaemble W CHYUTbIBAEMblE [aHHbIE,

nepegaBaeMble KOMaHAbl U agpeca.
Obo3HayeHus:

R = 6ut ang ytenna; W = 6UT ¢ BO3MOXHOCTbIO 3aruncu;

U = 6uT He peannsoBaH, ymtaeTca kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKHYEHUIO MUTAHWS:
1 = ycTaHoBnEH;
0 = cbpoLueH;
X = 3Ha4YeHue He U3BECTHO.
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KonTponnep USB uHTepdenca

Undpposon uHTepdencHbin  6nok  USB  npegHasHadeH ana  peanusauuu
KOHTponnepa nHtepdenca USB Bepcum 1.1 co ckopocThio nepegaun go 12 Méut/c. bnok
obecneuvnBaet paboty Ha Hu3kon 1.5 Mbut/c (Low Speed) 1 nonHon ckopoctn 12 Méut/c
(Full Speed). bnok nopgaepxuBaet 00 3 OkOHeYHbIX Toyek (Endpoint): ogHa okoHeuvHas
Touka ynpasrieHus paboton 6noka koHTponsnepa USB 1 2 nonb3oBaTesibCkMe OKOHEYHbIe
TOYKW. Ha KpucTanne MUWKpPOKOHTpoOmfepa peannu3oBaH aHanoroBbli npuemMonepenaTymk
PHY, Bkntovatowmin nnHenHole gpansepbl nuHuin D+ n D-, obecneunsatownmn pmsmnyeckmni
CTbik C wunHom USB. Cxembl nNOAKMOYEHUA MUKPOKOHTponnepa Kk USB wwuHe
npeactaeneHbl Ha Puc. 50 u Puc. 51. Tak e KoHTponnep no3sonsier pabortatb C
BHELLHMM npuemMonepenaTynkom, Hanpmmep mukpocxemon PDIUSBP11A.

Uce
K U33out =l L
R USB
DM —— = LINHA
Llss
USB_CLK —@
1886BE3 4BMIy

Puc. 50 Cxema nogkroyeHmst MUKpokoHTposinepa kK USB wuHe B pexxume Full Speed
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Uee
K U33|:|ut—[|1.5lf< -
op 23" USB
DM LWKHA
Uzg
USB_CLK
1886BE3 oMMy

Puc. 51 Cxema nogkntoveHns MukpokoHTponnepa k USB wuHe B pexume Low Speed

OnucaHue npuHyunoe pabomsi u hyHKUUOHUPOBAHUS
koHmporsinepa USB unmepgbelica

Bnok koHTponnepa USB npegHasHadeH ons npyema v nepegayvv gaHHoix no USB
nHTepdency Bepcum 1.1. mexagy wMukpokoHTponnepom (functional device) u xocT-
koHTponnepom (USB host). briok koHTponnepa USB MoxeT yHKUMOHNPOBATL B peXnmMax
Low Speed (1.5 M6wut/c) n Full Speed (12 M6uTt/c). B coctaBe 6noka peanusoBaHo 3
OKOHEeYHble TOYkM. HyneBass OKOHeYHas To4yka npefHasHadyeHa aANs WHUUManusauuu
KoHTponnepa USB nocne nogcoeguHeHuss ero K XOCT-KOHTponnepy. [lBe
Nonb30oBaTENbCKME  OKOHEYHble TOYKM MOryT ObiTb  HAcTpoeHbl Aana  obmeHa
NONb30BaTENLCKUMN [aHHLIMU C XOCT-KOHTpOnnepom. [lonb3oBaTenbCkue OKOHEeYHble
TOYKM MOTYT BbITb CKOHGUrypupoBaHbl B pexumbl IN nnn OUT. B pexume IN okoHeyHas
Toyka obecneuvvBaeT nepefady AaHHbIX OT MUKPOKOHTpOMfepa K XOCT-KOHTponnepy. B
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pexnme OUT okoHeuyHast Touka obecneumBaeT MpUMEM [aHHbIX OT XOCT-KOHTposnnepa K
MUKPOKOHTpoOnnepy. B 3aBucmmoctn oT BbiGpaHHOro pexuma, 6nok koHTponnepa USB
obecneunBaeT cnegytowme Tunbl obmeHa ¢ xocT-koHTponnepoM: Interrupt transfer, Bulk
transfer n Isochronous transfer. Npn pabote B pexume Low Speed obecneumBaeTtcs Tvn
obmeHa Interrupt Transfer. MNMpn pabote B pexume Full Speed obecneumBaetca Tun
obmeHa Interrupt Transfer, Bulk Transfer n Isochronous Transfer. bnok koHTponnepa USB
no3sosiseT 3agaTb Nonb3oBaTenbckMm onucarens ycrponcTaea (Descriptor).

CtpyktypHaa cxema 6noka USB npuBegeHa Ha Puc. 52, nepeyeHb OCHOBHbIX
BbINOSIHAEMbIX OYHKUMIM B Tabnuua 47.

Tabnuua 46
OcCHOBHBbIE BbIMOMNHAEMbIE DYHKLNN

HanmeHoBaHue Kpatkoe onucaHue
ABTOMaTUMYecKas Mpn paspeweHnn paboTbl U3 NpPOrpaMmbl, BbINOMHAEMON Ha
MHULManun3aums USB | MMkpOoKkOoHTpOnnepe, W  nNogcoeguMHEHMM €ero K XOCT-
NHTepenca KOHTponnepy, Oynet npousseneHa aBToMaTnyeckas

MHUUManmnsauma 6noka koHTponnepa USB. HdononHuTenbHoe
yyactTve aapa MUKPOKOHTposfepa npu nHvumanusaumm 6noka
He Tpebyetcsa. lNporpamma formkHa obecnevnTtb MOHUTOPUHT
coobueHnn u ownbok, KOTOpble MOryT BO3HUKHYTb MpU

NHUUManu3auuu.
[Monb3oBaTenbCKkun Mpn peanusaumm USB wnHTepgenca nonb3oBatenb MOXeET
onucatenb YCTPOWCTBA | 3agaTb NPOuU3BOSbHbIN onncaTenb USB ycTponcTBa, BKoYas
USB Vendor ID, Product ID, 0o 3 cCTpOKOBbIX onucaTernemn n npo4ee.
Twvn obmena: Tun obmeHa c noaTBepxageHnem npuema, obecneymBaeT
Interrupt Transfer nepegavy nakeToB AnuHon o 8 6ant B pexmume Low Speed n

annHon o 64 G6amt B pexmnme Full Speed. lMakeT moxeTt
nepegaBaTbCad He Yauwe ogHoro pasa BoO penm (1

MUININCEKYHAY ).
Twun obmena: Tun obmeHa c noaTBepxgeHMem npuema, obecneymBaeT
Bulk Trans nepegady naketoB AnvHOW Ao 64 6anT Tonbko B pexume Full

Speed. MakeTbl MOryT nepegaBaTtbCs MHOFOKPATHO BO BpeMs
OfHoro hpenma.

Twun obmena: Tun obmeHa 6e3 noaTeBepXaeHus npuema, obecnednBaeT
Isochronous Transfer nepegady naketoB AnvHOW Oo 64 6anT Tonbko B pexume Full
Speed. NMakeTbl MOryT nepegaBaTtbCs MHOFOKPATHO BO BpeMs
OfHoro hpenma.

Pexum nepegauu: IN Mpn KOHUrYpMpoBaHUN OOHON M3 OKOHEYHbIX TOYEK B PEXUM
nepega4n IN, KOHTpoOnnep oynet aBTOMaTMYECKU
OCYyLLEeCTBNATb nepegayy  AdaHHbIX  XOCT-KOHTpoOnnepy.
[Mporpamma, BbINOMHSAEMAs Ha MUKPOKOHTpoMnepe, AOSKHa
obecneunTtb KOPPEKTHYK 3anncb B Onok koHTponsnepa USB
AaHHbIX, NpeAHa3HayYeHHbIX Ons nepefadn. Takke nporpamma
AOomkHa obecneynTb MOHUTOPUHI COOBDLWEeHM U OWKnBOK,
KOTOpble MOryT BO3HUKHYTb NpuU nepegave.

Pexum npuema: OUT Mpn KOHUrYpMpOBaHUN OOHON U3 OKOHEYHbIX TOYEK B PEXUM
npuema OUT, KOHTpoOnnep Gynet aBTOMaTU4YECKM
OCyLWeCTBNATb  NPUEM  [OaHHbIX OT  XOCT-KOHTposnsepa.
[Mporpamma, BbINOMHSAEMAs Ha MUKPOKOHTpoMnepe, AOSKHa
obecneunTb KOPPEKTHOE YTEeHWEe MPUHATbIX AaHHbIX. Tak Xxe
nporpaMmma [[OfPkKHa obecnevyntb MOHUTOPUHI COOBLEHUN U
OLIMOOK, KOTOPbIE MOTYT BO3HUKHYTb MNPy NpUeme.
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OcHoBHbIM 6ri0KOM  KOHTponnepa gasnsietcsa Protocol Layer, obecneuvBaroni
006paboTKy NPUHUMAEMbIX NaKETOB M POPMUPOBAHWE OTCbINTaeMbiXx naketoB. Protocol
Layer obecneumBaeT pacyeT u KOHTPOsb YeTHOCTH, bit staffing, o6paboTky 3anpocos npu
KOHJUrypmMpoBaHun, nHuumanusaumio nHtepdgenca. O6paboTky npMHUMaeMbix NakeToB U
dopmumpoBaHne nepegaBaeMbix nakeToB. [1pn obpaboTke KOHUINYpPaLMOHHbBIX 3anpOCoB,
nosiydaemMbl MakeT pasMeLlaeTcd B NpUHMMaKOLLEN ovepenn HYreBOW OKOHEYHOW TOYKM
EPO OUT. OnucaHne ycTtponctBa 3anucaHHoe B 6nok Descriptor nepenucbiBaeTtcs B
nepepatowyto ovyepeab EPO IN, nocne yero 6nokom Protocol Layer dopmupyetca B
nakeTbl M nepefaeTcs XOCT-KOHTponnepy. [lMpvHMMaemble M oTnpaBnsemble NakeThbl
nepepatotcsa Yepes UTMI nHTepdenc cneuymansHoOMy aHanorosomMy npuemornepenatymky.
Mpn pabote no nepepade nNOMNb30BATENBCKMX [OAHHbIX, MNPUHUMAEMble OT XOCT-
KOHTponnepa AdaHHble MOryT OblTb pasMelleHbl B o4Yepeau OOHOW U3 YeTbIpex
NONb30BaTENbCKNX OKOHEYHbIX TOYEK, OTMpaBfsieMble AaHHble MOryT 3anucbiBaTbCs B
oyepedb OPYro OKOHEYHOW TOYKM, NMOcne Yero M3 3TUX AaHHbIX ByayT chopMuMpOBaHbI
nakeTbl Protocol Layer n nepegaHbl xocT-KoHTponnepy. Pabota ¢ 6nokom KoHTponnepa
USB wuHTepgenca co CTOpOHbl f4pa  MUKPOKOHTPOSSiepa OCyLeCcTBNAeTcs 4epes
nutepdenc Core Interface.

EFO EFO
1M auT
LTI USE1.1
Frotocol Layer S terface
1 L L L T
Descriptor EF1 ER2 EF3 EF4

1 1 1 1 1

Zore Interface

J AAR0 MUKDOKOHTpONNERA
Puc. 52 CtpykTypHasa cxema 6noka USB

Paboma ¢ konmponnepom USB uHmepgbelica

Pabota MukpokoHTponnepa ¢ OGnokom KoHTpornnepa USB ocyuwectBnseTrcs c
MOMOLLIbIO 3annCK U YTEHNsI perncTpoB Groka. OnucaHme perncTpoB NpUBEAEHO Aanee.
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Peructp dyHKUMOHaNbLHOro agpeca

B npouecce wuHUUManu3aumMm XocCT-KOHTposinepom kaxgomy USB yctponcrtsy
Ha3Ha4YaeTCcs YHUKanbHbiM YHKUMOHAmNbHbLIM agpec. 3HayeHue npucBoeHHoro USB
YCTPOWCTBY agpeca oTobpaxkaeTcs B AaHHOM peructpe. [Mocne npucBoeHnsa agpeca Tak
xe B3Boantca 6ut ADR_SET B pernctpe USB_STAT.

Tabnuua 47
Pernctp cpyHkuymoHaneHoro 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 out 0
our7 3apes3epBMpPOBaHO.
6uT6...0 ADRG...ADRO: ®yHkunoHaneHbin agpec USB  yctponctsa.
HasHa4yaeTca XOCT-KOHTPOM/epom B npouecce WHULManusaumm
yCTPOMWCTBA.
Ob6o3Ha4YeHus:

R = 6ut ang ytennsa; W = 6UT ¢ BO3MOXHOCTbIO 3aruncu;

U = 6uT He peannsoBaH, yntaeTca kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKHYEHUIO MUTAHWS:
1 = ycTaHoBnEH;
0 = cbpoLueH;
X = 3Ha4YeHue He U3BECTHO.

Pez2ucmp cmamyca owu60k

B npouecce pabotbl 6noka koHTponnepa USB, npu nepegaye AaHHbIX wnv
YyNpaBnswoWmnX MNakeToB, MOryT BO3HMKATb OWUOKM. Owmnbkn MOryT BO3HWKATb B
pesynbTate HeAOCTaTOYHOro KayecTBa fMHUM CBA3KW, owubKkax B NPOrpamMmMHOM
obecneyeHnn gpanBepa XOCT-KOHTpornepa, oWnboK B NporpaMme BbINOMHAEMOMW Ha sape
MUKPOKOHTponnepa wu T1.4. [HaHHble ownbkn wucnpasnsoTca KoHTponsnepom USB
aBTOMaTU4EeCKM, HO pa3paboTymKk MOXET MpU BO3HWKHOBEHWW OAHHbIX OLIMOOK MPUHATH
Mepbl MO YNYYLEeHUO HaAEeXHOCTN paboTbl CXEMBI.

Tabnuua 48
Pernctp ctatyca 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_
ERR

DROP_
FRM

TO_ERR

SEQ_ER
R

NSE_ER

PID_ER
R

CRC16_
ERR

CRC5_
ERR

out7

6

5

4

R
3

2

1

out 0

our7

BUS_ERR: Bus Error. Ha nuHunax D+ D- obHapyxeHa owwmbka.

MoxeT ObITb Bbl3BaHa HenpasuibHbIM noacoeanHeHnem Full
Speed ycTtponctBa B Low Speed nuHum, unm owmbka bit staffing,
byte error n 7.4.

DROP_FRM: Dropped Frame. KoHTponnep oTkasa B npueme
nakeTa OT XOCT-KOHTposfepa no npuymHe OTCyTCTBUA CBOOBOAHOMO
MecCTe B odepean OKOHEYHOM TOYKN. XOCT KOHTpOsnepy oTnpasneH
OTKa3 B NOATBEPXAEHUM npuema.

TO_ERR: Time Out Error. XoCT KOHTponnep He npucnan
NoOOATBEPXAEHNA nMpMeMa [daHHbIX W OHM  OyayT nocnadbl
KOHTponnepom cHoBa, nnbo nocrne naketa DATA OUT He nony4yeH
nakeT C AaHHbIMU 1 KOHTPOMNEP BEPHYICS B PEXUM OXUOAHUS.

ouT 6

out 5
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out 4 SEQ_ERR: Sequential Error. Nony4eH nakeT ¢ Tem e DATAX yTO
N Npeabliaywmin naket. NakeT NPOUrHOPUPOBaH, XOCT KOHTPONnepy
Bbl4aHO NoAgTBEPXAEHUE npuema.

our 3 NSE_ERR: No Such Endpoint Error. XocT KoHTponnep obpartuncs
K YCTPOMCTBY C Hawum QYHKLMOHANbHBIM agpecoM, HO K
HecyLeCTBYLWEN OKOHEYHON TOYKE

ouT 2 PID_ERR: PID Error. WNHuBepcna nons PID He cooTBeTcTBYET
NPsIMON YacTu.

ouT 1 CRC16_ERR: CRC16 Error. CRC16 nony4eHHbIX AaHHbIX He
COOTBETCTBYET MPMHATOMY MOMK, [AaHHbIX OTOPOLUEHbI, XOCT
KOHTpONepy OTNpaBneH 0Tka3 B MOATBEPXAEHMM NpuemMa.

out 0 CRC5_ERR: CRC5 Error. CRC5 nonyyeHHOro naketa He
COOTBETCTBYET pacCYMTaHHOMY, NakeT NPOUTHOPMPOBAH.

Obo3Ha4YeHus:

R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3aMuUcu;

U = 6uT He peannsoBaH, ymtaeTca Kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHue He N3BECTHO.

Peaucmp cmamyca 6s10Ka
B npouecce pabGoTtbl 6noka koHTponnepa USB ¢ XOCT-KOHTpoOnnepom, craTtyc
TEKyLero COCTOSAHUA 1 cobbITUA, Nponcxogawmx npyu paborte, otobpaxkaeTcs B perncrpe

USB_STAT.
Ta6bnuua 49
Pernctp ctatyca 6noka USB STAT (agpec: 12h, 6aHk 4)
u-0 R-0 R-0 R/W-0 R-0 R-0 R-0 R-0
ADR_SE | CONF_ | USB_RS EP2_ EP1_ EPO_ USB_
i T SET T SEL SEL SEL BUSY
out 7 6 5 4 3 2 1 out 0
our 7 3ape3epBMpPOBaHO.
ouTt 6 ADR_SET: Addressed. KoHTponep nony4mn agpec OT XOCT-
KOHTponnepa.
ouTt 5 CONF_SET: Configured. KoHTponep CKOH(UrypnpoBaH XOCT-
KOHTPONIEPOM.
out 4 USB_RST: Reset on USB lines. XOCT-KOHTpoOnsiep BbICTaBui
komaHay cbpoca Ha USB nuHuio.
ount 3,2, 1 EP2_SEL, EP1_SEL, EPO_SEL: Endpoint Select. Tekywas,
BblOpaHHasA XOCT-KOHTPOSNEPOM, OKOHEYHAsA ToYka Ans paboThbi:
000 — HyneBas okoHe4Has Todka nmbo paboTta He BegeTcs.
001 — NepBasi OkOHeYHasa TouKa.
010 — BTopasa okoHe4yHast Touka.
OcTanbHble — HegoNyCTUMO.
out 0 USB_BUSY: USB BUSY. XocT-koHTponnep pabotaetr cC
KoHTponnepom USB.
Obo3Ha4YeHus:

R = 6uTt ang yteHus;
U = 6uT He peannsoBaH, ymtaeTca Kak 0;
-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
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1 = ycTaHoBneH,;

0 = cbpouueH;

X = 3Ha4YeHune He N3BECTHO.

Peaucmp ynpaeneHus 6510kKa
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[na obecneyeHns BO3MOXHOCTW paboTbl koHTpornnepa USB ¢ XOCT-KOHTPONnepom,
Heobxoa4MMo 3a4aTb PexMM paboTbl KOHTpoNepa n paspeLwwmnTtb ero paboty. Kpome Toro,
HeobXxoauMO 3agaTbh pexummbl paboTbl ANA OKOHEYHbIX Toudek (pernctpbl EPx_CFGx).
M3meHeHne pexnmoB paboTbl NMocre uHUMuManuM3aumm KOHTposnsiepa MoryT npuBecTU K
cbosim B pabore.

Tabnuua 50

Pernctp ynpasnenus 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
TEST2

USB
TEST

FULL_
LOW

USB_EN

outr 7

6

5

4

3

2

1

out 0

ounr7,6,5,4
ounr 3

3apes3epBMpPOBaHO.

USBTEST2: TectupoBaHue umdpoBon yactu. [Npun BbiCTaBrneHun
AaHHoro 6uta, Ha nopTt E BbiBOoAATCA undposble curHanel USB. U
AenaeT BO3MOXHbIM TECTUPOBaAHME C BHELUHUM aHanoroBbiM
ApanBepoM LUMHbI U TECTOBLIM 060pya0OBaHUEM.

0 = TECTOBbIN PEXNM BbIKINIOYEH,

1 = TECTOBbIN PEXUM BKITHOYEH.

USBTEST: TectupoBaHue Oydepa. Wcnonb3dyeTcs B npouecce
ANarHOCTUYECKNX N OTOPAKOBOYHbLIX TECTOB.

0 = HeT TecTMpoBaHus,

1 = na PE1/OE/TXDM n PEO/ALE/TXDP Bbigaetca meaHap ANs
OLIEHKM XapaKkTepucTuK nepepatymnka. Pabora USB pomkHa 6bITb
paspeweHa. KoHTponnep pforkeH ObITb OTCOeAMHEH OT XOCT-
KOHTponnepa.

FULL_LOW: Full Low Select. OnpegenseTt, B Kakom pexume byaet
dyHKUMOHNpoBaTb kKoHTponnep USB:

0 = Low Speed (1.5 MowuT/c),

1 = Full Speed (12 M6wut/c).

USB_EN: USB Enable. Pa3pelwieHne paboTbl KoHTponnepa USB.

ouT 2

out 1

out 0

ObosHa4vyeHus:

R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpouueH;
X = 3Ha4YEeHMe He N3BECTHO.
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Mpwn 3anonHeHun 6ydepoB, WX OMYCTOLUEHUM W APYIUX COObITUSIX BO3MOXHO
dhopMupoBaHMe NpepbiBaHNS MUKPOKOHTponnepa. [ns BolGopa cobbiTUiA, reHepUpPYHOLLMNX
npepbiBaHWUs, UICNOMb3yeTCs PErMCTP pa3peLleHns NpepbiBaHUN.

Ta6nuua 51
Pernctp paspelweHnsa npepbisaHnn ot USB 6noka USB _|IE1 (agpec: 14h, 6aHk 4)
U-0 u-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
EP2 EP1
EP2 y EP1 y
i ) i ) FULL_IE EMFETY— FULL_IE EM:DETY—
out 7 6 5 4 3 2 1 ont 0
our7,6,5,4 3apes3epBUpPOBaHO.
out 3 EP2_FULL_IE: Endpoint 2 Fifo Full Interupt Enable.
1 = paspeweHO npepbiBaHne npu 3anonHeHun OGUNPO BTOpon
OKOHEYHOW TOYKMU,
0 = npepbiBaHKE 3anpeLleHo.
ouT 2 EP2_EMPTY_IE: Endpoint 2 Fifo Empty Interupt Enable.
1 = paspelleHo npepbiBaHne npu onyctoweHun OPNPO BTOpOK
OKOHEYHOW TOYKMU,
0 = npepbiBaHKE 3anpeLleHo.
out 1 EP1_FULL_IE: Endpoint 1 Fifo Full Interupt Enable.
1 = paspeweHo npepbiBaHMe nNpu 3anonHeHun PGNP0 nepsown
OKOHEYHOW TOYKMU,
0 = npepbiBaHWE 3anpeLleHo.
out 0 EP1_EMPTY_IE: Endpoint 1 Fifo Empty Interupt Enable.
1 = paspelwleHo npepbiBaHne npu onyctoweHun OGP0 nepson
OKOHEYHOW TOYKMU,
0 = npepbiBaHNe 3anpeLLeHo.
Obo3HayeHus:

R = 6uTt ang yteHus;
U = 61T He peanu3oBaH, untaetca Kak 0;
-N = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:

1 = ycTaHoBreH;

0 = cbpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Peructp pas

W = OUT ¢ BO3MOXXHOCTbIO 3aMuncu;

Tabnuua 52
eweHus npepbiBaHnin ot USB 6noka USB IE2 (agpec: 15h, 6aHk 4)

R/W-0 R/W-0 R/W-0 R/W-0 u-0 uU-0 u-0 u-0
USB_ | pusy| | - - - - - -
RST_IE E
out 7 6 5 4 3 2 1 out 0
out7 USB_RST_IE: USB Reset Interrupt Enable.
1 = npu BO3HWKHOBEHMM Ha nuHUAX USB coctosiHus RESET
reHepupyeTcs npepbiBaHue,
0 = npepbiBaHWE 3anpeLieHo.
ouTt 6 USB_BUSY_IE: USB Busy Interrupt Enable.

1 = npu nepegadye no nuHuam USB reHepupyeTcsa npepbiBaHune,
0 = npepbiBaHNE 3anpeLLeHo.
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out 5 3apes3epBMpPOBaHO.

MpumeyaHue: OUT JOMKEH BCerga paBHATLCS HYIIHO.
out 4 3apes3epBMpPOBaHo.

NMpumMeyaHue: OUT JOMKEH BCerga paBHATLCS HYIIHO.
outr3,2,1,0 3ape3epBMpPOBaHO.
Ob6o3Ha4YeHus:

R = 6uTt ang yteHus;
U = 6uT He peannsoBaH, ymtaeTca Kak 0;
-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHue He N3BECTHO.

W = 61T ¢ BO3MOXXHOCTbIO 3anuncu;

Tabnuua 53
Pernctp paspelweHnsa npepbisaHnin ot USB 6noka USB_|IE3 (agpec: 16h, 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_F TO_ SEQ_ NSE_ PID_ CRC16_ | CRCS5_
ERR_IE RM_IE ERR IE | ERR IE | ERR IE | ERR IE | ERR IE | ERR IE
out 7 6 5 4 3 2 1 out 0
out7 BUS_ERR_IE: BUS Error Interrupt Enable.
1 = paspelleHne npepbiBaHUA Npu owmnbke Ha nuHnax D+, D- unu
owwmbke bit staffing, byte error n T.4.
0 = npepbiBaHME 3anpeLieHo.
ouTt 6 DROP_FRM_IE: Packet Dropped Interrupt Enable.
1 = paspelueHune npepbiBaHUA AN cryyasa oTkasa B Npueme naketa
OT XOCT-KOHTpOSIfiepa no NpuyYnHe oTCyTCTBMS CBOOOAHOrO MecTta B
oyepean OKOHEYHOW TOYKN.
0 = npepbiBaHNE 3anpeLLeHo.
ont 5 TO_ERR_IE: Time Out Interrupt Enable.
1 = paspelueHue npepbiBaHUA AN Criyvasi, eCnu XOCT-KOHTponnep
He npucrnan noATBEPXKAEHMS NpuemMa [aHHbIX WU OHWM  OyayT
nocnaHbl KOHTPOMNepom cHoBa, Nnbo nocne naketa DATA OUT He
noslyyeH nakeT C OaHHbIMU W KOHTPOSIIEPp BEPHYNCA B PEXMM
OXngaHus.
0 = npepbiBaHWE 3anpeLuieHo.
out 4 SEQ_ERR_IE: Sequential Interrupt Enable.
1 = paspelueHne npepbiBaHUA AN Criyvasi, €Crv nofyyYeH naket ¢
TeM xxe DATAX 4TO 1 npegblayLwunn naker.
0 = npepbiBaHWE 3anpeLieHo.
our 3 NSE_ERR_IE: Not Such Endpoint Interrupt Enable.
1 = paspelleHne npepbiBaHUSA B Criydae, €Cnu XOCT-KOHTponnep
obpaTtunnca K yCTpPONCTBY C HaWMM (PYHKLMOHANbHBIM agpecoM, HO
K HECYLLLeCTBYIOLLEN OKOHEYHOMN TOYKE.
0 = npepbiBaHNE 3anpeLLeHo.
ouT 2 PID_ERR_IE: PID Field Error Interrupt Enable.
1 = paspelueHune npepbiBaHUs B criydae, ecnu uieepcua nonga PID
He COOTBETCTBYET NPSIMON YacTu.
0 = npepbiBaHNE 3anpeLLeHo.
ouT 1 CRC16_ERR_IE: CRC16 Error Interrupt Enable.
1 = paspeLueHne npepbiBaHus B criydae, ecnn CRC16 nonyyYeHHbIX
AAHHbIX HE COOTBETCTBYET MPUHATOMY MOJHO.
0 = npepbiBaHNE 3anpeLLeHo.
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out 0 CRC5_ERR_IE: CRC5 Error Interrupt Enable.
1 = paspelueHue npepbiBaHusa B criydae, ecnm CRCS nonyyeHHoro
nakeTa He COOTBETCTBYET BblYMCIIEHHOMY 3HAYEHMUIO.
0 = npepbiBaHWE 3anpeLuieHo.

Obo3HayYeHus:

R = 6ut ang ytenna; W = 6UT ¢ BO3MOXHOCTbIO 3aruncu;

U = 6uT He peannsoBaH, yntaeTca kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKHYEHUIO MUTAHWS:
1 = ycTaHoOBnEH;
0 = cbpoLueH;
X = 3Ha4YeHue He U3BECTHO.

Ta6bnuua 54
Pernctp paspelwenunsa npepbisaHnin ot USB 6noka USB |E4 (agpec: 17h, 6aHk 4)
U-0 uU-0 u-0 u-0 R/W-0 U-0 R/W-0 R/W-0
USB_ ADR _ CONF_
i ) ) ) ALL_IE i SET IE | SET IE
out 7 6 5 4 3 2 1 out 0
ounr7,6,5,4 3apes3epBMpPOBaHO.
out 3 USB_ALL_IE:
1 = rmobanbHoe pa3spelueHue npepbiBaHU OT kKoHTponnepa USB.
0 = npepbiBaHNE 3anpeLLeHo.
our 2 3ape3epBMpPOBaHO.
ouT 1 ADR_SET IE:
1 = paspelueHne npepbIBaHU B criydae, ecriv KOHTPOep Nonyyun
agpec OT XOCT-KOHTponnepa,
0 = npepbiBaHWE 3anpeLieHo.
out 0 CONF_SET_IE:
1 = paspelweHne npepbiBaHUs B Criyvyae, €Ccnv KOHTponep
CKOHpUIypUpPOBaH XOCT-KOHTPOSNEpoM,
0 = npepbiBaHWE 3anpeLieHo.
Obo3HayeHus:

R = 6ut ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTta nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpouueH;
X = 3Ha4YEeHMe He N3BECTHO.

Peaucmpbl cmamyca OKOHe4YHOU moyYKu

Tabnuua 55
Pernctp cratyca nepson okoHe4yHon Toukn EP1_STAT (agpec: 10h, 6aHk 3)
U-0 uU-0 R-0 R-0 U-0 u-0 R-0 R-0
- - BLK1_ ACTIV1 - - FULL1 | EMPTY1
DATA
out 7 6 5 4 3 2 1 out 0
our 7,6 3ape3epBMpOBaHO.
out 5 BLK1_DATA:
1 = pabota PUDPO 1-11 OKOHEHYHON TOYKM 3anpeLLeHa.
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0 = pabota PNDPO 1-N OKOHEYHOWN TOYKN paspeLleHa.

out 4 ACTIV1:
1 = pabota PUDPO 1-11 OKOHEYHON TOUKN pa3peLleHa.
0 = pabota PUDPO 1-n OKOHEYHOW TOYKM 3anpeLleHa.
owur 3, 2 3ape3epBMpPOBaHO.
ourt 1 FULLA1:
1 = ONDPO 1-n OKOHEYHOW TOYKM 3aMOSTHEHO.
0 = DO 1-11 OKOHEYHOWM TOYKWN HE 3aMOSNTHEHO.
out 0 EMPTY1:
1 = ®NDO 1-1 OKOHEYHOM TOYKM NYCTO.
0 = ®UDPO 1-11 OKOHEYHOM TOYKMN HE NYCTO.
Obo3HayYeHus:

R = 6uT ang 4ytenus;

U = 6uT He peannsoBaH, yntaeTca kak 0;

-n = 3Ha4yeHune buta nocne cbpoca No BKIKYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3HA4YEeHUe He U3BECTHO.

W = 6UT ¢ BO3MOXHOCTbIO 3aMuUCH;

Tabnuua 56
Pernctp ctatyca BTopoun okoHeyHon Todkn EP2 STAT (agpec: 11h, 6aHk 3)
u-0 u-o0 R-0 R-0 u-0 u-0 R-0 R-0
- - BLK2_ ACTIV2 - - FULL2 | EMPTY2
DATA
out 7 6 5 4 3 2 1 out 0
outr 7,6 3apes3epBMpPOBaHO.
ouTt 5 BLK2_Data:
1 = pabota PUDPO 2-11 OKOHEYHOW TOYKM 3anpeLleHa.
0 = pabota PNDPO 2-n OKOHEYHOWN TOYKM paspeLleHa.
out 4 ACTIV2:
1 = pabota ®PUDPO 2-11 OKOHEYHOWN TOUKWN pa3peLleHa.
0 = pabota PUDPO 2-1n OKOHEYHOW TOYKM 3anpeLleHa.
out 3, 2 3apes3epBMpPOBaHO.
out 1 FULL2:
1 = ODUDO 2-11 OKOHEYHOM TOYKM 3aMOSTHEHO.
0 = ®UDPO 2-11 OKOHEYHOM TOYKMN HE 3aMNOSNTHEHO.
out 0 EMPTY2:
1 = ®PNDPO 2-1 OKOHEYHOM TOYKM NMYCTO.
0 = ®UDPO 2-11 OKOHEYHOW TOYKM HEe NYCTO.
Peaucmpbi kosiuyecmea csioe 8 oyepeou OKOHEe4YHOU MOYKU
Tabnuua 57
Pernctp konuyecTtsa cnos B ovepean nepBon okoHeyHom Toukn EP1_CNT
(agpec: 14h, 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
out 7 6 5 4 3 2 1 out 0
out 7 3ape3epBMpPoOBaHo.
ouT6...0 CNT6... CNTO: Counter of Word in FIFO. CyeTunk cnoB B ouepeau

NnepBOn OKOHEYHOW TOYKN.
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00h = o4epeab NONHOCTbLIO NyCTa,
40h = o4yepeab NONHOCTbLIO 3anosIHEHA.

ObosHayeHus:

R = 6ut ana ytenua; W = O6UT ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3Ha4YeHMe He N3BECTHO.

Ta6nuua 58
Pernctp konuyecTtsa cnos B oMepean BTOPoM OKoHeYHon Toukn EP2_CNT

(agpec: 15h, 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
out 7 6 5 4 3 2 1 out 0
our7 3apes3epBMpPOBaHO.
6uT6...0 CNT6... CNTO: Counter of Word in FIFO. CyeTunk crnoB B ovepeau
BTOPOM OKOHEYHOW TOYKM.
00h = o4yepeab NONHOCTbLIO NyCTa,
40h = o4epeaib NOSIHOCTLIO 3aMnoSIHEHA.

ObosHayeHus:

R = 6ut ana ytenua; W = 61T ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne buTa nocne cbpoca no BKNHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3Ha4YEeHMe He N3BECTHO.

Pea2ucmpsbi KOHcpueypauuu OKOHEe4YHbIX MO4Y€eK

Tabnuua 59
Pernctp makcnmanbHOro pasmepa naketa nepson okoHeyHon Toukn EP1_CFG1

(agpec: 10h, 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
onr 7 3ape3epBMpPOBaHO.
out6...0 MAXSIZEG6... MAXSIZEOQ: MakcumarnbHbIn pa3mep naketa nepsomn
OKOHEYHOW TOYKM.

ObosHa4vyeHus:

R = 6ut ana ytenna; W = O6UT ¢ BO3MOXHOCTbIO 3anucu;

U = 61T He peanu3oBaH, untaetca Kak 0;

-N = 3Ha4YeHne BuTa nocne cbpoca No BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBreH;
0 = cbpoLueH;
X = 3Ha4YEeHMe He N3BECTHO.
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Tabnuua 60
Pernctp makcumanbHOro pasmepa naketa BTOpon okoHeyHoun Toukn EP2 CFG1
(agpec: 12h, 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 SIZES5 SIZE4 SIZE3 SIZE2 SIZE1 SIZEO
ouT 7 6 5 4 3 2 1 6ut 0
our7 3ape3epBMpOBaHO.
6uT 6...0 MAXSIZEG6... MAXSIZEO: MakcumanbHbI pasmep naketa BTOpOW
OKOHEYHOWN TOYKW.
Obo3Ha4YeHus:

R = 6ut ang ytenna; W = 6UT ¢ BO3MOXHOCTbIO 3aruncu;

U = 6uT He peanunsoBaH, yntaeTca kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBnEH;
0 = cbpoLueH;
X = 3Ha4YeHne He U3BECTHO.

Tabnuua 61
Pernctp koHturypaumm nepson okoHeyHour Toukn EP1 CFG2 (agpec: 11h, 6aHk 0)
U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
BLOCK_ | TYPE1_ | TYPEO_ | MODE2_ | MODE1_ | MODEOE
i EP1 EP1 EP1 EP1 EP1 P1 )
ont 7 6 5 4 3 2 1 out 0
our 7 3apes3epBMpOBaHO.
ouT 6 BLOCK_EP1:
1 = 6rnokmpoBaHue paboTbl 1-1 OKOHEYHOW TOYKM.
0 = pasbnokmpoBaHue paboTbl 1- OKOHEYHOW TOYKM.
ounr 5,4 TYPE1_EP1, TYPEO_EP1: Transfer Type. Tun obmeHa:
00 = Interrupt Transfer,
01 = Isochronous Transfer,
10 = Bulk Transfer,
11 = HegoMycTUMO.
out 3, 2,1 MODE2_EP1...MODEO_EP1: Endpoint Mode. Pexum paboThbl
OKOHEYHOW TOYKWN:
000 = okoHeYyHas To4yka OTKIOYEHa,
001 = IN okoHeYHas To4Ka,
010 = OUT okoHe4Has TouKa,
ocTasnbHble — HE4OMYCTMUMO.
out 0 3ape3epBMpPOBaHO.
ObosHayeHus:
R = 6ut ana ytenuna; W = O6UT ¢ BO3MOXHOCTbIO 3aMucu;
U = 61T He peanu3oBaH, untaetca Kak 0;
-n = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3HA4YEeHUEe He U3BECTHO.
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Tabnuua 62
Pernctp koHdurypaumm BTopon okoHevHon Toukm EP2 CFG2 (agpec: 13h, 6aHk 0)

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0
BLOCK_ | TYPE1_ | TYPEO_ | MODE2_ | MODE1_ | MODEO_
i EP2 EP2 EP2 EP2 EP2 EP2 )
ont 7 6 5 4 3 2 1 out 0
our 7 3ape3epBMpPOBaHO.
ouT 6 BLOCK_EP2:
1 = 6rnokMpoBaHue paboTbl 2-1 OKOHEYHOW TOYKM.
0 = pasbnokmpoBaHue paboTbl 2-1 OKOHEYHOW TOYKM.
ounr 5,4 TYPE1_EP2, TYPEO_EP2: Transfer Type. Tun obmeHa:
00 = Interrupt Transfer,
01 = Isochronous Transfer,
10 = Bulk Transfer,
11 = HegoMycTUMO.
out 3,2,1 MODE2_EP2...MODEO_EP2: Endpoint Mode. Pexum paboThbl
OKOHEYHOW TOYKWN:
000 = okoHeYyHas To4yka OTKIOYEHa,
001 = IN okoHeYHas Tou4Ka,
010 = OUT okoHe4Has ToukKa,
ocTasnbHble — HE4OMYCTUMO.
out 0 3ape3epBMpPOBaHO.
ObosHayeHus:
R = 6ut ana ytenunsa; W = O6UT ¢ BO3MOXHOCTbIO 3anucu;
U = 61T He peanu3oBaH, untaetca Kak 0;
-N = 3Ha4YeHne buTa nocne cbpoca no BKINHOYEHUIO NMUTAHUA:
1 = ycTaHoBneH,;
0 = cbpouueH;
X = 3HA4YEeHUe He U3BECTHO.
Pezucmp 0aHHbIX OKOHEYHbIX MOYEK
Tabnuua 63

Pernctp gaHHbIx nepsoun okoHeyHon Todkn EP1 REG (agpec: 10h, 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
DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATA1 DATAO
ont7 6 5 4 3 2 1 ont 0
our7...0 DATA7...DATAO0: USB Data. Peructp ansa 3anMcu AaHHbIX

nepegasaemMblx No USB, nnu 4yteHns gaHHbIX nonyyvyeHHbIx no USB.
Obo3HayeHus:

R = 6ut ana ytenna; W = O6UT ¢ BO3MOXHOCTbIO 3aMncu;

U = 6uT He peannsoBaH, ymtaeTca Kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHue He N3BECTHO.
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Tabnuua 64
Pernctp gaHHbIX BTOpon okoHeyHou Todkn EP2 REG (agpec: 11h, 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
DATA7 DATAG6 DATAS DATA4 DATA3 DATA2 DATA1 DATAO
ont7 6 5 4 3 2 1 ont 0
onr7...0 DATA7...DATAO0: USB Data. Peructp gnsa 3anuMcu [OaHHbIX
nepegasaemMblx no USB, nnu 4yteHns gaHHbIX nosy4vyeHHbIx no USB.

ObosHayeHus:

R = 6uTt ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3aMuUcu;

U = 6uT He peannsoBaH, ymtaeTca Kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHue He N3BECTHO.

Pezaucmpsbi adpeca nossi eckpunmopa u 0aHHbIX

decKkpunmopa
Tabnuua 65
Pernctp agpeca nonsa 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
ont7 6 5 4 3 2 1 ont 0
onr 7 3ape3epBMpPOBaHO.
6uT6...0 ADRG6... ADRO: Descriptor Field Address. Agpec nons
AEecKpunTopa Ans AoCTyna Ha 3anucb UIN YTEHME.
Obo3HayeHus:
R = 6ut ana ytenua; W = 61T ¢ BO3MOXHOCTbIO 3aMucu;
U = 6uT He peannsoBaH, yntaeTca Kak 0;
-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHne He U3BECTHO.
Tabnuua 66

Pernctp gaHHbix nonga geckpuntopa 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
DATA7 DATAG6 DATAS5 DATA4 DATA3 DATA2 DATA1 DATAO
ouT 7 6 5 4 3 2 1 6ut 0
our7...0 DATAY7...DATAO: Descriptor Data. 3HaueHne nons geckpunrtopa
ANS 3anMcn UNn YTeHus.

ObosHayeHus:

R = 6uTt ana ytenna; W = 61T ¢ BO3MOXHOCTbIO 3aMuUcu;

U = 6uT He peannsoBaH, ymtaeTca Kak 0;

-n = 3Ha4yeHne buta nocne cbpoca No BKIHYEHUIO MUTAHWS:
1 = ycTaHoBneH,;
0 = cbpoLueH;
X = 3Ha4YeHue He N3BECTHO.
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Aemomamud4eckasi uHuyuanu3ayuss USB uHmepgpelica

[Ona aesTomaTuyeckon wHuumanmsauum USB wuHTepdbenca npuv nogkroyeHum

YCTPOMWCTBA K XOCT-KOHTpOnepy Heobxoanmo:

e BblOpaTb KOHPUIrYPaALIMIO OKOHEYHbIX TOYEK;

e 3anoSIHUTb B COOTBETCTBUM C KOH(PpUIypaLmMen OKOHEYHbIX TOYEK OECKPUMTOP;
e 3agaTb pexum paboTtbl USB ycTponcTBa;

e paspewwunTtb paboTty 6noka USB.

MHnumnanmsauma ycTponcTBa, BKko4vawwas B cebs Bblgady XOCT-KOHTpoOMnepy
WHpOpMaUMKM O  OEecKpunTope YCTPOMCTBA, MOMlydYeHUs OT  XOCT-KOHTpornnepa
dYHKUMOHANbHOro agpeca v agpecauum YCTPOWCTBA, KOHMUrypupoBaHWe YCTpPOMCTBa
npoucxoguTt asTomaTudeckn. B xoge nHuynanusauumn 6nok koHTponnepa USB oTpaxaet
TEKylllee COCTOslHAE MOCpPeacTBOM permcTtpoB cratyca wu  owmnbok. [lporpamma,
BbIMOMIHAEMas: Ha MMUKPOKOHTpomnfnepe [OfKHA OTCnexuBaTb COCTOsHME 6noka
KoHTponnepa USB, a B cnyyae BO3HWKHOBEHUS OLIMOOK MPUHATL Mepbl MO UX
ncnpasneHno. briok-cxema paboTbl MUKPOKOHTponnepa npu 3anycke USB uHTepderica
npueegeHa Ha Puc. 53.

C MomeHTa noacoeAnHEHNA MUKPOKOHTPOMepa K XOCT-KOHTPOSepy 40 MOMEHTa
Ha4yana aBTOMAaTU4YECKOW MHMUManu3aumm nponget He meHee 500 mc. 3a 310 Bpems
OOJDKHO  BKIMOYMTBCHA MNUTaHME MWUKPOKOHTpoONsepa, 3anycTUTbCa SOpO0 M HavaTb
BbIMOMHATLCA Nporpamma (B criydae ecrniv MUKPOKOHTPOMEP Nosly4yaeT NnuTaHne OT LUUHbI
USB). Tllporpamma pgorkHa ycneTb 3ajaTb  MNOSb3oBaTesbCKUMA  OECKpUNTop,
CKOH(UIypupoBaTb OKOHEYHblE TOYKW, 3adaTb pexum paboTbl 6roka u paspelmnTb ero
paboty. W3HavanbHO 6nok koHTponnepa USB agpecyeTtcs XOCT-KOHTPOSMNEpPOM no
HyneBoMy pyHKUMOHanNbHOMY agpecy. B npouecce aBToOMaTUYECKOW MHULMANM3aumm
XOCT-KOHTposnnep 3agaet 6noky koHTponnepa USB yHuKanbHbIN yHKLUNOHANbHbIN agpec.
Mocne 4ero obpawaetca kK 650Ky Tonbko MO 3aToMy agpecy. [locne HasHayeHus
PyHKUMOHANbLHOrO agpeca, ero 3HadeHwe oTobpaxaetca B peructpe USB_ADR, a B
pernctpe USB_STAT BbicTaBnsietca dnar ADR _SET. [locne aBTtomaTtuyeckom
nHnumanusauun gpaneep USB ycTponctea paboTatowmin Ha CTOPOHE XOCT-KOHTponsepa
OOIKEeH 3afaTtb KoHdurypauuio n nHtepdenc 6noky koHtponnepa USB. Nocne 3agaHus
KoHpurypaumm B pernctpe USB_STAT BoeictaBnsetca dnar CONF_SET. [locne
BbICTaBNEHNA AAHHOro doriara nporpamma, BbINOSIHAEMasa Ha MUKPOKOHTPOSepe, MOXeT
NPUCTYNUTb K MpUMeMy W nepefade OaHHbIX B COOTBETCTBUWM C 0oOLien nornkon paboThbl
yCTponucTBaa.
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BkntoyeHne nutaHns
MUKpOKOoHTponnepa. Copoc
curHana POR. 3anyck

agpa.
3anonHeHve
ABTOMaTUYeckas
Nonb30BaTeNbCKOro
MHULManusauus
feckpunTopa

XOCT-KOHTPOINIEpom XOCT-KOHTPOJIIEPOM
3apaHuve KoHUrypaLmm GET DESCRIPTOR GET DESCRIPTOR

OKOHEUHbIX TOYeK {} {}
{} Bbigava Bbigaua

{} 3anpoc aeckpunTtopa [ 3anpoc geckpunTtopa

MWKPOKOHTPONNEPOM MWKPOKOHTPOSINepoM
3apaHue pexuma paboTbl [eckpunTopa [eckpuntopa
6noka USB11 u I IN IN
paspeLueHue ero paboTbl {} {}
HyneBsow nakeTt ot Hynesown naket ot
XOCT-KOHTponnepa XOCT-KOHTponnepa
ouT ouT
Reset oT xocT-koHTpONnepa 3anpoc koHdurypauum
10 ms XOCT-KOHTPOS/1IepoM
{} GET CONFIGURATION
3apaHue yHKUMOHaNbHOro Buigaua
afgpeca
MWKPOKOHTPOSINEpoM
XOCT-KOHTPONNEPOM KOHEMIypaLIAN
SET ADDRESS IN
Hynesow nakeT oT Hynesoit nakeT oT 3apaHue KoHdurypaumm
XOCT-KOHTponnepa XOCT-KOHTponnepa ApaiiBepom ycTponTcaa
ouT ouT SET CONFIGURATION

Pa6ota c USB
MHTepdericom

Puc. 53 brnok-cxema paboTbl MUKpOKOHTponsiepa npu 3anycke USB nHtepdenca

3adaHue nonb3oeamenbcko2o onucamens USB ycmpoilicmea

Kaxxgoe USB ycTtponctBo umeeT cobctBeHHoe onucaHue (Descriptor). OnucaHne
CNYXXWUT Ona TOro, YTO NpY NOAKMIOYEHMM YCTPOMCTBA K XOCT KOHTPOMNepy, XOCT CMOr
NOMyYMTb OCHOBHYK WH(popMaumio 06 YCTPOMCTBE, O YMCIIE€ OKOHEYHbIX TO4YeK, O
pasvepax 6ydepoB u npoyee. [Ana atoro pas3paboTuyMKk B COOTBETCTBMM CO
cneundukaumen wuHbl USB 1 3anoxeHHbIMM B paspabatbiBaemoe YCTPOWCTBO
BO3MOXXHOCTAMM LOSKEH 3anonHUTb onncaTenb B COOTBETCTBUN C
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Tabnuua 67. 3anonHeHne onucaTenst NPou3BOAUTCS NOCpeacTBaM 3anncu B PErncrpbl
DESCR_ADR n DESCR_DATA. YctaHoBuB B pernctpe DESCR_ADR agpec HyXHOro
nons, B pernctp DESCR_DATA 3anucbiBaeTcss ero 3HayeHue. 3anosfiHeHMe onmncaHus
OOJTHKHO NPON3BOAUTLCS A0 BKNtoYeHNsa 6rioka koHTponnepa USB.
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Tabnuua 67
Heckpuntop USB ycTtponctea

Anpec

nons

O0b0o03Ha4yeHue

Ob6s3a-
TernbHOe
3HauvyeHue

PexkomeH-
ayemoe
3HauyeHue

OnucaHue

Standard Device Descr

iptor

bLength

h18

Pasmep aToro pgeckpuntopa B
Ganrtax.

—

bDescriptorType

hO1

Tun geckpuntopa — DEVICE.

bcdUSB

h0O

Homep BEpCUU USB
cneumdmrkaumm B ABOMWYHO-
AEeCATUYHOM KoampoBaHumn (T.e.,
2.10 obosHavaetca kak 210H).
9710 none obo3Ha4vaet penn3 USB
cneumdmkaumm KOTOpoMy
COOTBETCTBYET YCTPOMCTBO.

bcdUSB

h10

bDeviceClass

hFF

Koa knacca (HasHavaeTtca USB).
Ecnn ato none cbpacbiBaeTcs B
HOMb, Kaxablh WHTepdenc B
pamMKkax [OaHHOW KOHurypaumm
onpegenseTcs CBOUM
CcOBCTBEHHbLIM Knaccom n
pasnn4yHble NHTEepenchol
pabotaloT HesaBucumo. Ecnn
none mmeert 3Ha4dyeHme ot 1 o
FEH, TO YCTPOWCTBO
nogaepXxusaet pasnuyHble
Knaccel cneymdukaunm Ha
pasnn4yHble NHTepenceol n
pasfinyHble  UHTepgencbl  He
MoryT YHKUMOHNPOBATL
He3aBUCMMO. ITO  3Ha4veHue
onpegenser Knacc,
NCNONb3yeMbli ans
00beanNHEHHbIX NHTEepPencos.
Ecnn 3HaveHne nona FFH, 10
Knacc ycrtpoucTtsa - vendor.

bDeviceSubClass

h0O

Kog nopgknacca (HasHa4yaetcs
USB).

1N Koabl onpeaensaTcs
3HavyeHnem nonsa bDeviceClass
field. Ecnn none bDeviceClass
HyneBoe, 3TO TMone TaK Xe
OOIMKHO ObITb  HynesbiM. Ecnu
bDeviceClass He ycTaHOBNEHO B
FFH, BCe 3Ha4yeHusd
3ape3epBMpPOBaHbI ans
Ha3Ha4yeHna Yyepe3 USB.

bDeviceProtocol

hFF

Kog npotokona (Ha3HayaeTcs
USB).
10T

Kog onpenenseTcs
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Anpec

nons

O0b6o03Ha4yeHue

Ob6s3a-
TernbHOe
3HauvyeHue

PexkomeH-
ayemoe
3HauyeHue

OnucaHue

3HayeHusamun nonen bDeviceClass
n bDeviceSubClass. Ecnn
YCTPOWCTBO nopaepxusaeT class-
specific protocols on a device
basis as opposed to an interface
basis, 9TOT KOO onpegensieT
NPOTOKOM, KOTOPbIN YCTPONCTBO
ncrnonb3yeT Kak onpeaeneHo B
cneundunkaumm Knacca
ycTtpouctBa. Ecnu 310 none
cHbpOoLLEHO B HOMb, TO YCTPONCTBO
He wucrnonb3yeT class-specific
protocols on a device basis. B
nobom cnyyae OHO  MOXeT
Ncnonb3oBaTb class-specific
protocols on an interface basis.
Ecnu none ycraHosneHo B FFH,
TO YCTPOMCTBO ncrnonb3yet
vendor-specific protocol on a
device basis.

bMaxPacketSize0

h08

MakcumanbHbIn  pa3Mep nakeTta
ans Hyneson OKOHEYHON TOYKM.

idVendor

h34

Vendor ID (HazHayeHHbIn USB)

idVendor

h12

RN
o@m

idProduct

h78

Product ID
npounssoauTenem)

(Ha3Ha4eHHbIN

11

idProduct

h56

12

bcdDevice

h0O0

Homep Bepcun ycTponcTsa B
OBONYHO-AECATUYHOM KOAE.

13

bcdDevice

h00

14

iManufacturer

hO1

YKkasaTtenb CTPOKM Aeckpuntopa
onpegensiLero NpoM3BoanTens.

15

iProduct

h02

YkasaTtenb CTPOKM Aeckpunrtopa
onpegenstLero NpoayKr.

16

iSerialNumber

h03

YkasaTtenb CTPOKM Aeckpuntopa
onpegenswLLero CEPUNHbIN
HOMep YCTPOMCTBA.

17

bNumConfigurations

hO1

KonnyectBo
KOHpurypaumn.

BO3MOXXHbIX

Standard Confi

guration Descriptor

18

bLength

h09

Pasmep aToro pgeckpuniopa B
OaunTax.

19

bDescriptorType

h02

Tun aeckpunTopa -
CONFIGURATION.

20

wTotalLength

h20

Obwasn anvHa JaHHbIX
BO3BpaLlaeMbIX AaHHom
KOHurypaumen. Bkrovaa onuHy
BCEX OECKPUMTOPOB.
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Anpec

nons

O0b6o03Ha4yeHue

Ob6s3a-
TernbHOe
3HauvyeHue

PexkomeH-
ayemoe
3HauyeHue

OnucaHue

21

wTotalLength

h00

22

bNumlnterfaces

hO1

KonunyectBo
noaaepXXvBaembix
KOHJoUrypaumen.

NHTEpPENCOB,
JaHHON

23

bConfigurationValue

hO1

3HayeHne, unCNonb3yeMoe Kak
aprymeHt ana  SetConfiguration
3anpoca pgna Bblbopa 3TOM
KOHpurypaumn.

24

iConfiguration

h0O0

YkasaTtenb Ha CTPOKY
AecKkpunTopa, OMuCbIBaloLLYyO 3Ty
KOHoUrypaumio.

25

bmAttributes

hCO

XapaKkTepucTmkm KoHduUrypaumm:
D7: 3apesepBupoBaHo (ycT. B
eavHuLy)

D6: =1, ecnn ectb cobcTBEHHOE
nuTaHme

D5: =0

D4..0:=0

26

MaxPower

hAO

MakcmnmanbHas MOLLHOCTb,
notpebnsiemas ycTpoOMCTBOM, OT
wunHbl USB. YkasbiBaetca B 2 MA
eanHuyax, T.e. 50=100 MA.

Standard Interface Desc

riptor

27

bLength

h09

Pasmep aToro pgeckpuntopa B
OaunTax.

28

BDescriptorType

h04

Tun peckpuntopa — INTERFACE.

29

binterfaceNumber

h00

Homep uHTepdenca. Zero-based
3HayeHue, YykKasbiBawwee Ha
ncnonb3yemblt  uHTEpdEnc us
MHOXecCTBa noaaepXnBaembix
KOH(purypaumen nHTepdemncos.

30

bAlternateSetting

h0O0

3HayeHne, wncnonb3lyemoe Ans
BblGoOpa anbTepHaTMBHOIO
NHTEpenca.

31

bNumEndpoints

h04

KonnyectBO OKOHEYHbIX TOYeK,
NCNONb3yeMbIX AaHHbBIM
NHTepdencom (nckntovas
HYIEBYO OKOHEYHYI0 TO4KY). Ecnn
3TO 3HayeHWe HynesBoe, 9TOT
NHTEpenc MOXeT
MCMONb30BaTbCs  TOMbKO  Kak
Default Control Pipe.

32

binterfaceClass

hFF

Kopg knacca (HasHavaeTtcsa USB).
Hynesoe 3Ha4yeHune
3apesepBMpoBaHO Ans 6yayuwen
cTaHgapTusauun. Ecnu  none
yctaHoBneHo B FFH, «knacc
WHTepcpenca - vendor. Bce

OCTalJlbHblE 3Ha4YeHNA
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Anpec

nons

O0b6o03Ha4yeHue

Ob6s3a-
TernbHOe
3HauvyeHue

PexkomeH-
ayemoe
3HauyeHue

OnucaHue

3ape3epBMpPOBaHbI
Ha3Ha4yeHna 4epes USB.

ans

33

binterfaceSubClass

hO1

Kog nopgknacca (HasHa4daetcs
USB).

OTOT ko4 onpefendeTrcs nonem
binterfaceClass. Ecnu none
binterfaceClass  cbpoweHo B
HOMb, 3TO MONEe [OOMKHO TaKKe
ObiTb cOpoweHo B 0. Ecnn none
binterfaceClass He ycTaHoBReHo
B FFH, Bce 3HayeHus aToro nons
3ape3epBMpPOBaHbI ans
Ha3Ha4yeHnsa Yyepe3 USB.

34

binterfaceProtocol

hFF

Koo npotokona (HasHa4vaetcs
USB).

OTOT Kog onpegensieTcst NosisiMu
binterfaceClass n
binterfaceSubClass. Ecnn
nHTepdenc nogaepxueaeT class-
specific  3anpocbl, 3TOT Kopg
onpeaensieT NpoTOKONbI, KOTOPbIE
nucrnonb3yeT  YCTPOMCTBO  Kak
onpeaeneHo cneundukaumen
knacca ycTtpouctea. Ecnn 3aTo
none  CcOpPOWIEHO  HOMb, TO
YCTPOWUCTBO He ncrnonb3yet
class-specific npotokon Ha 3TOM
nHTepdence. Ecnn 310 none
yCTaHOBIIEHO B FFH, TO
YCTPOMCTBO ucnosnb3dyeT vendor-
specific npotokon Aans 3Toro
nHTepdenca.

35

ilnterface

h0O0

Ykasartenb
aeckpunTopa,
3TOT UHTEpdenc.

Ha CTPOKY
OMUChIBAIOLLYHO

St

andard End

point 1 Des

criptor

36

bLength

hO7

Pasmep aToro pgeckpuntopa B
OanTax.

37

bDescriptorType

h05

Tun geckpuntopa — ENDPOINT.

38

bEndpointAddress

h81

Anpec OKOHEYHOMN TOYKM
yctporctBa USB, onucaHHOro B
39TOM AecKkpunTope:
Bit 3...0: Howmep
TOYKMN.

Bit 6..4: 3apesepBupoBaHo,
cbpacbiBaeTcsl B HOJMb.

Bit 7. HanpasneHnwe nepenaun,
UrHopmpyeTtcsa gnst control Touek
(0 = OUT okoHe4yHasi Touka, 1 =

OKOHEeYHOoM
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Anpec

nons

O0b6o03Ha4yeHue

Ob6s3a-
TernbHOe
3HauvyeHue

PexkomeH-
ayemoe
3HauyeHue

OnucaHue

IN OKOHEYHas ToYKa).

39

bmAttributes

h03

OTO0 none coaepXut aTtpubyThl
OKOHEYHbIX TO4YeK, Koraa OHM
CKOH(UIypupoBaHbI B
bConfigurationValue.
but 1..0: Tun nepepauu:

00 = Control

01 = Isochronous

10 = Bulk

11 = Interrupt
OcTtanbHble
3ape3epBMpPOBaHbI.

ouThl

40

wMaxPacketSize

h08

MakcumanbHbIn pasmep nakeTa,
KOTOPbIN MOXET MPUHATL  WNn
nepegaTb 3Ta To4vka, He 6Oonee
64.

41

wMaxPacketSize

h00

42

Binterval

hO1

MHTepBan onpoca OKOHEYHOW
TOYKM Ona nepegayvv AaHHbIX (B
MunnucekyHgax).  JTo  none
urHopmpyetca ana  bulk and
control OKOHeYHbIX TO4Yek. [ns
isochronous TOYKW OOIMKHO ObITb
yctaHoBneHo B 1. [ns interrupt
TOYEK MOXET MMEeTb 3Ha4yeHue oT
1 no 255.

St

andard End

point 2 Des

criptor

43

bLength

hO7

Pasmep aToro pgeckpuntopa B
BGanTax.

44

bDescriptorType

h05

Tun geckpuntopa — ENDPOINT.

45

bEndpointAddress

h02

Apgpec OKOHEYHOM TOYKM
yctporctea USB, onucaHHOoro B
9TOM OEeCKpuUnTope:
Bit 3..0: Homep
TOYKWN.

Bit 6..4: 3apesepBupoBaHoO,
cbpacbiBaeTcH B HOMMb.

Bit 7: HanpaBneHue nepegaun,
UrHopupyetca gns control Touek
(0 = OUT okoHeyHast Touka, 1 =
IN OKOHEeYHas To4Ka).

OKOHEeYHOoMn

46

bmAttributes

h03

OTO none coaepXxut aTpubyThbl
OKOHEYHbIX TO4YEeK, Korga OHMU
CKOHpUrypupoBaHbl B
bConfigurationValue.
But 1..0: Tun nepenauu:

00 = Control

01 = Isochronous

10 = Bulk
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Oo6s3a- | PekomeH-
O603Ha4YeHue TenbHoe | Ayemoe OnucaHune
3HayYeHue | 3HauYeHue

Anpec

nons

11 = Interrupt
OcTtanbHble onThbl
3ape3epBMpPOBaHbI.
47 wMaxPacketSize - h08 MakcnmanbHbI pasmep naketa,
KOTOPbIN  MOXET MPUHATD WK
nepegatb ata Todka, He Gonee
64.

48 wMaxPacketSize h00 -
49 Binterval - hO1 MHTepBan onpoca OKOHEeYHOW
TOYKM ANA nepegayn AaHHbiX (B
MUANUCEKyHOax). 3JTo  none
urHopupyetca gns  bulk and
control OKOHeYHbIX Touvek. [Onsa
isochronous TO4YkM OOMKHO ObITb
yctaHosneHo B 1. [na interrupt
TOYEK MOXET UMETb 3Ha4eHue oT
1 po 255.
Standard Endpoint 3, 4 Descriptor

AHanorn4yHo ans geckpuntopa 3
OKOHEYHOWN TOYKN.
57-63 | ... AHanormyHo ans geckpuntopa 4
OKOHEYHOWN TOYKM.
Codes Representing Languages Supported by the Device

50-56

64 bLength h08 - Pasmep aTOro pgeckpuntopa B
GanTax.
65 bDescriptorType h03 - Tun geckpuntopa — STRING.
66 wLANGID[0] - h09 LANGID code 0
67 WLANGIDI[1] - h04
68 wLANGID[2] - h09 LANGID code 1
69 wLANGID[3] - h04
70 WLANGID[4] - h09 LANGID code 2
71 wWLANGID[5] - h04
UNICODE String 1 Descriptor
72 bLength hOA - Pasvep aTOro pgeckpuntopa B
Ganrtax.
73 bDescriptorType h03 - Tun pgeckpuntopa — STRING.
74 BString[0] - h00 UNICODE encoded string
81 BString[7] - h00
UNICODE String 2 Descriptor
82 bLength hOA - Pasvep aTOro pgeckpuntopa B
Ganrtax.
83 bDescriptorType h03 - Tun pgeckpuntopa — STRING.
84 BString[0] - h00 UNICODE encoded string
91 BString[7] - h00
UNICODE String 3 Descriptor
92 |bLength | hOA | - | Pasamep aToro pgeckpuntopa B
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Aapec O6s3a- | PekomeH-
nonst O603Ha4YeHue TenbHoe | Ayemoe OnucaHune
3Ha4YeHue | 3Ha4YeHue
GanTax.
93 bDescriptorType h03 - Tun pgeckpuntopa — STRING.
94 BString[0] - h00 UNICODE encoded string
101 | BString[7] - h00
UNICODE String 4 Descriptor
102 | bLength h1A - Pasmep aToro pgeckpuntopa B
GanTax.
103 | bDescriptorType h03 - Tun geckpyntopa — STRING.
104 | BString[0] - h00 UNICODE encoded string
127 | BString[23] - h00

Pexxum nepedayu IN

B pexume nepegavn IN, gaHHble nepegaroTcsl OT MUKPOKOHTPOSfepa K XOCT-
KoHTponnepy (cMm. Puc. 54). Xoct-koHTponnep Bbligaet Ha wuHy USB naket tmna IN, ¢
ykaszaHnem pyHKLMOHaNbLHOro agpeca yCTpoMCcTBa U HOMepa OKOHEYHOM TOYKM K KOTOPOW
obpaluaeTtcs. B oTBET yCTPONCTBO, KOTOPOMY B Npouecce nHmumnanmsaumm, obin NpucBoeH
AaHHbIN agpec AomkHO BbicTaBuTb nakeT Tuna DATAO wnu DATA1 n B none AaHHbIX
nepenaTtb AaHHble, KOTOpble ObIM 3apaHee 3anncaHbl B FIFO oyepeab OKOHEYHOW TOYKN.
B oTBeT, nocne nonyyeHus gaHHbIX, XOCT-KOHTponnep BblaaeT nakeT tuna ACK. [aHHble
cuMTarTca nepeaaHHbIMU.

Bo Bpemss nepegadum MOryT BO3HUKHYTb Kakue nmbo Komnmamm u  OwmnbKuM,
Hanpumep, OoWwnbkn KoHTpomnbHbix cymm CRC5 wnn CRC16, obpaweHua kK
HECYLLIECTBYIOLLUNM OKOHEYHbIM TOYKaM, OTCYTCTBME Yy YCTPOWCTBA, K KOTOPOMY
obpallaeTca XOCT-KOHTPONMEpP, AaHHbIX AN nepegayn u T.n. B aTtom cnyyae, paHHble
cuMTalTCa He nepedaHHbIMM, U CUTyaumm Takoro poga obpabatbiBatoTca ©ONoKoM
KOHTponnepa USB aBTomatnyeckn B 3aBUCMMOCTM OT Tuna obmeHa.

XoCT-KOHTpOnnep KoHTponnep

N

SYNC
00000001

SOP
0xA5

CRC5
0x12

EOP
001

Frame
0x143

SYNC IN
00000001 0x87

ADDR
0x2

ENDP
0x2

CRC5
0x12

EOP
001

SYNC
00000001

DATAO0/1
0xC3

DATA CRC16

0x1234

EOP
001

SYNC
00000001

ACK EOP
0x4B 001

Puc. 54 Pexum nepegayn IN

Mpn nonyyeHun Gnokom koHTponnepa USB oT xocT-koHTposninepa naketa tuna IN.
KonTponnep USB, HaunHaeT nocnegoBaTtenbHO uasnekatb u3 FIFO oyepean okoHeYHowm
TOYKW OaHHble W, Kogupysa nepegasatb UX, OO TeX nop noka nmbo He 6yayT nsBnedeHbl
BCe AaHHble, NMOO He OyaeT npeBbileH MakcumanbHbl pa3mep naketa. llocne yero
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nepegaya nakerta npekpatutca. B cnyyae npuHATUMS OaHHbIX XOCT-KOHTPONIEpPOM, UM
O6ynet BbicTaBrneH nakeT noaresepxaeHna ACK. [locne nonyyYeHus oT XOCT-KOHTponnepa
naketa Tmna ACK, 6nok koHTponnepa USB 3adwmkcupyeT dakT nepegadm, U AaHHble
OyaoyT cumTtaTbCa nepegaHHbiMU. [1peanonoxumm, 4TO nNpu nepegade OaHHbIX XOCT-
KOHTpOnnepy npousowna owunbka, npu KOTOPON AaHHble Obinn He nepedaHbl. B aTom
cnyyae 6nok koHTponnepa USB ocywectBnser «oTkaT» nepefayn, U BOCCTAHOBMUT
AaHHble B FIFO o4vepegu. lMockonbky B npouecce nepegadn paHHblx no USB, sgpo
MUKPOKOHTpOMiepa MOXeT npoaosmkaTe 3anonHAaTb FIFO oyepeab OKOHEYHOW TOYKM, TO
MOXeT BO3HWKHYTb cuTyauus korga B FIFO odepegu moxeT He ocTaTbca MecTa Ans
BOCCTAHOBMNEHUA He MepefaHHbIX OaHHbIX. B aToM cnyvae, ecnv Bo Bpemsi nepenaydu
AaHHbIX Yncno ceoboaHblx ayeek FIFO GyaeT meHblle MakcMManbHOro pasmepa nakeTa,
6nok koHTponnepa USB 3abnoknpyeT BO3MOXHOCTb 3anmcu B FIFO gaHHbIX CO CTOPOHLI
agpa u nepudepuinHbiX YCTPOWCTB, BbICTAaBMB B PErUCTP CTaTyCa OKOHEYHOM TOYKU
EPx_STAT ¢narn BLOCK n FULL.

Pexxum nepedayu OUT

B pexunme nepegaun OUT pgaHHble nepegawoTcsi OT  XOCT-KOHTponnepa K
MUKpOKOHTponnepy (cMm. Puc. 55). XocT-koHTponnep BbligaeT Ha wuHy USB nakeT Tuna
OUT, c¢ ykasaHMeM yHKUMOHANbLHOro agpeca yCTpoOMCTBa M HOMEpPA OKOHEYHOW TOYKU K
KoTopoun obpalyaetcs. Beneq 3a atum Boligaetca nakeT tuna DATAO nnu DATA1 n B none
AaHHbIX nepefarTcs faHHble. B oTBeT, nocne nosiydYeHns AaHHbIX, MUKPOKOHTpOMep
BblgaeT nakeT Tuna ACK. [laHHble cunTaroTca nepegaHHbIMN.

B npouecce nepegadn MOryT BO3HUKHYTb KakuMe-nuMbO KOMMM3uUM unm ombKw,
Hanpumep, oOwubkn KOHTponbHbiX cymm CRC5 wnm  CRC16, obpaiweHuns kK
HECYLLIECTBYIOLLMM OKOHEYHbIM ToYKaMm 1 T.n. B aTom cnyyae 6nok koHTponnepa USB He
Bbl4acCT NMOATBEPXAEHUA Nepedadn XOCT-KOHTPOMfepy, U AaHHble He ByayT cumTaThbes
nepegaHHbIMU. B 3TOM criydyae XOCT-KOHTpOsnfnep NoBTOPUT nepedadvy nakera C TEM Xe
tunom DATAO wnn DATA1, uyto 6bIn y He nepepaHHoro nakeTta. OpgHako, MoXeT
BO3HUKHYTb CUTyauus, korga 6nok koHTponnepa USB npuHAn AaHHble, 1 OTBETU XOCT-
KOHTponnepy naketom tuna ACK. Ho XoCT-koHTponnep He NpuHAN gaHHOro naketa. To, B
9TOM cry4ae, XOCT-KOHTPOfep TakK e NOBTOPUT nepegady, HO Ha OCHOBaHWWU TOro, YTO
6noky koHTponnepa USB npuwen naket ¢ TEM Xe TUNOM YTO U NpeablayLnn NPUHATBIN
naket (DATAO wnn DATA1), TO OaHHble, nepefaBaemMble B 3TOM nakete, OyayT
NPOUrHOPUPOBaHbI, HO XOCT-KOHTPOepy NOBTOPHO ByaeT BbldaH NakeT NOATBEPKAEHUS

ACK.
XOCT-KOHTpoOnnep KoHTponnep

SYNC SOP Frame CRC5 EOP

00000001 0xA5 0x143 0x12 001
SYNC ouT ADDR | ENDP CRC5 EOP

00000001 0x87 0x2 0x2 0x12 001
SYNC DATA0/1 DATA CRC16 EOP

00000001 0xC3 0x1234 001
SYNC ACK EOP

00000001 0x4B 001

Puc. 55 Pexxum nepegaun OUT
Mpn nonyyeHmnn 6Grnokom KoHTponnepa USB oOT XOCT-kOHTponsnepa naketa tuna
OUT, 6nok nepexoguT B pexum npuema gaHHblx. VI npyn nonyyeHuun naketa tuna DATAO
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unn DATA1 ¢ gaHHbIMKM, nocnegoBaTenbHO 3anuceiBaeT ux B FIFO o4yepeab okoHe4yHoM
Touku. lNMocne nonyyYeHnsa KOHTPOSbHOM CyMMbl, ecnn Byaet obHapyxeHa owwmbka, 6rok
USB BbinonHut «otkat» u yaanut u3 FIFO odepean gaHHble, NOfnyYeHHbIE C OLWMOKON.
Mpn aTtom xocT-koHTponnepy He 6yaet BbicTaBneH naket noarsepxaeHus ACK. Kpome
TOro, B npouecce npuemMa [AaHHbIX, MOXeT BO3HWKHYTb nepenonHeHne FIFO ouepenu
OKOHEYHOWN TOYKM, B 3TOM cryyae 650k koHTponnepa USB Tak e BbINOMHUT «OTKaT» yXe
NPUHATBIX [aHHbIX, a XOCT-KOHTponnepy He Bblgact noartsepxaeHna ACK. B atom
cUTyaumm npegnonaraeTcs, YTo S4p0 MUKPOKOHTPOIepa K Havany noBTOPHOM nepenayu
cumtaet m3 FIFO paHee npuHATbIE AOaHHblE, 4YTO MNO3BONMUT KOPPEKTHO obpaboTtaTtb
NOBTOPHYHO nepepady. [MOCKONbKY AP0 MUKPOKOHTpOMfepa MOXET yYuTaTb AaHHble U3
FIFO oyepean B npouecce npuvema naketa, TO MOXeT BO3HUKHYTb CUTyauums, koraa 6nok
KOoHTponnepa USB 3anucan B oyepeab AaHHblE, KOPPEKTHOCTb KOTOPbIX HE MOXET ObliTb
yCTaHOBIIeHa [0 OKOHYaHWA MakeTa, a S4p0 MUKPOKOHTporfepa yXe HadumHaeT Wux
cunTbiBaTb. [Na npefoTBpalleHns 3TOM KONMuU3nnM, Ha BPeEMS MONyYeHusi naketa Tuna
OUT, npu konuyectBe AaHHbIX B FIFO oyepean meHblue 4em MakcMMmaribHbIM pasmep
naketa, 6riokom KoHTposinepa USB 6yaeT 3abnokMpoBaH JOCTYN K odepenu CO CTOPOHBbI
aapa n B pernctpe EPx_STAT 6yaet BruictaBneH dnar BLOCK n EMPTY.

Tun obmeHa: Interrupt Transaction

Mepegaun TMna Interrupt moryT BbINONHATLCA B pexumax nepegadm IN n OUT.
lMepepaya ocyuiecTBnseTca oanH pas 3a gperm (1 MC), YTO MUHMMAInbHO 3arpyxaet
wuHy USB. lNpu nepepadve goctaBka AaHHbIX rapaHTupyetcs. Nepegayum tuna Interrupt
Transaction moryT BbINnonHATLCSA B pexumax Low Speed n Full Speed.

Korga npuxoamt naket tuna IN, 6nok USB MoOXeT BO3BpaTUTb XOCT-KOHTPOMNepy
paHHble, NAK unun STALL. Ecnu 6nok USB He mmeeT AaHHbIX, HeobxoaumblX Ans
OTNpaBKK XOCT-KOHTponnepy, oH Bo3BpawaeT NAK. Ecnu 6nok USB nepesefneH B pexum
Halt, To oH Bo3Bpawaer STALL. Ecnn y 6noka USB ecTb gaHHble, KOTOpblE MOXHO
nepegatb, TO OH BO3BpallaeT MakeT [daHHblX. [locne nonyyYyeHUs [OaHHbIX XOCT-
KOHTponnepom 6e3 owmnbok, oH Bo3epawaet 6noky USB naket ACK. [JaHHble cumTatoTca
nepegaHHbiMn. Ecnim ACK OT XoCT-kOHTponnepa He Obin nonyydeH, 1o 6nok USB
BocctaHoBuT B FIFO oyepean nepepaHHble OaHHble W MOBTOPUT WX nepefady B
cnepyowem nakete. Korga npuxogut naket tuna OUT, 6nok USB HaunHaeT oxupaTb
nakeT ¢ AaHHbIMKU. [Mpy NonyyYyeHMn naketa AaHHbIX ¢ KoppekTHbiM DATAO unu DATA1T n
KOHTPOSIbHOW CYMMOW, U BCe [OfyYeHHble [aHHble cmornn pasmectutbca B FIFO
oyepeamn, To 6nok USB Bo3BpaluaeT xocT-koHTponnepy ACK. Ecnu e npousoLuna Kakas-
nnbo owwmnbka B npuHnmaemom nakete, nnn FIFO ouyepeam OKOHEYHON TOYKM HE XBaTWIO
Ans Bcex daHHblx, To 6nok USB BepHeT xocT-koHTponniepy NAK. XocT-KoHTponnep,
nony4mB oT 6noka USB NAK, 6yaet noBTopsaTb nepegady Ao Tex nop, noka nepegada He
OyneT BbINOMHEHA UM ocTaHoBreHa paboTta. Ecnn 6nok USB nepeBeaeH B pexum Halt,
TO OH Bo3BpawiaeT STALL. Takum ob6pasom, obecneumBaeTca rapaHTUpOBaHHaA JOCTaBka
OaHHbIX.
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IDLE
3aronoBok IN ouT
[aHHble unm DATAO/ DATAO/
Or6oi DATAT NAK STALL DATAT
\ \ IDLE
MopTtBepxaeHve
Wnn o160 ACK Ownbka NAK ACK STALL Owwubka
JaHHbIX [aHHBIX
IDLE
‘ XocT-KoHTponnep ‘ MwukpokoHTponnep

Puc. 56 Tuin obmeHa Interrupt Transaction

Tun obmeHa: Bulk Transaction

Mepepgaun Tvna Bulk moryT BbinonHATbCA B pexunmax nepegaqm IN n OUT.
[Mepenaya MOXeT OCYLLECTBMATLCSA MHOFOKpaTHO 3a oAuH dpermMm (1 MC) HaCKoSbKO
nossonser obwaa 3arpyXeHHOCTb WuHbl. [lpy nepegadye [ocTaBka  AaHHbIX
rapaHTupyetcs. lNepegaym tTnna Bulk Transaction MoryT BbIMOMAHATECHA TOSMIbKO B peXuMMme
Full Speed. o anroputmy paboTbl U MNOATBEPXKOEHMAM NPUHATUA AaHHbIX Bulk
Transaction nonHocTb aHanornyHbl Interrupt Transactions.

IDLE
3aronoBok IN ouT
HaHnHble unu DATAO/ DATAO0/
Ot6oii DATA1 NAK STALL DATA1
\ \ IDLE
MoaTeepxaeHve
AN 01608 ACK Ownbka NAK ACK STALL Ownbka
[aHHbIX DaHHBIX
IDLE
‘ XOCT-KOHTponnep ‘ MwukpokoHTponnep

Puc. 57 Tun odbmeHa Bulk Transaction
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Tun obmeHa: Isochronous Transaction

Mepenayn Tnna Isochronous MoryT BbINOSHATLCA B pexumax nepegayu IN n OUT.
lMepepada MOXeET OCYLWECTBIATLCA MHOMOKPATHO 3a OAMH (OPENM HaCKONbKO NO3BONAeT
obLas 3arpykeHHoCTb WuHbI. [Mpn nepegade goctaBka [aHHbIX HE rapaHTUpyeTcsd, Tak
Kak He npoucxoguT noaTteepxaeHwun. [lpyu aTtom obecneuvBaeTcs MakcMMmanbHas
nateHTHocTb npu nepepayn. [lepegaun Tuna Isochronous Transaction moryT
BbIMOMHATLCA TONbko B pexume Full Speed. Mo anroputmy paboTbl Isochronous
Transaction He npegnonaratoT NOATBEPXAEHWE MpuUemMa [OaHHbIX, YTO He no3Bonset
rapaHTMpoBaTb [OCTaBKy [AaHHbIX M WX UenocTHOCTb. Ecnv npum npueme [aHHbIX
BbIsiBfieHa olmnbKa KOHTPOSbHOM CyMMbI, TO BCe AaHHble nakeTa OyayT otbpoleHbl. Ecnn
BO BpeMms npmema AaHHbiXx npousowsno nepenonHeHne FIFO ouyepean, TO AaHHble He
nomecTtusLlumecs B FIFO 6yayt oTbpoLueHsb!.

IDLE

3aronoBok IN ouT
[aHHble DATAO DATAO
IDLE
‘ XocT-KOHTponnep ‘ MwukpokoHTponnep

Puc. 58 Tun odbmeHa Isochronous Transaction

CneuuvanbHble MOAYNU MUKPOKOHTpoOsnepa

Peaucmpbi KOH¢hu2ypayuu MUKPOKOHmMpoJsiiepa

Perncrtpbl KOHUrypauum MUKPOKOHTpONNepa HaxXOAsaTCA B NaMATU Nporpamm U
3anncbIBaOTCA Npuv NPOrpamMMpoOBaHUN MUKPOKOHTpoOsnepa (CMoTpuTe cneumndukaumo
Nno NporpaMMmUpPOBaHUIO).

3anucbk 6uToB KOHUrypaLmm NPoOn3BOAMTCSA NOBUTHO, MO COOTBETCTBYHOLUM 3TUM
6utam agpecam cnoB (cMm. Tabnuua 68) YteHne 6utos PM1, PMO, WDTPS1, WDTPSO,
FOSC1 n FOSCO Bo3moxHO no nobomy agpecy B ananasoHe FEOOh-FEO7h, a 6utos
PM2 1 BODEN no nto6omy agpecy B ananasoHe FEO8h-FEOFh.

3HaveHnss 6uToB KoHdUrypauumn ayonupyrotca B [3Y nporpamm no agpecam
7FFOh-7FFFh. 3HaveHnto 6uta =0 cooTBeTCTBYET 3Ha4YeHue a4venkn MN3Y paBHoe FFFFh,
a 3HadeHuto 6uta =1 - 3HayeHue a4enkn pasHoe 0000h. CooTBeTCTBME adpecoB A4eek
M3Y 6utam KoHdUrypauumn ykasaHo B Tabnuue. Obnactb namsatu nporpamm 7FFOh-7FFFh
AOCTYMHa TOMbKO ANs YTEHMUS.
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[NpumeyaHue:

Ecnn B a4enkn c agpecamu 7FF4h, 7FF6h n 7FFFh 3anucaHo 3HadveHne FFFFh, TO npu
«cbpoce» MUKPOKOHTpONnep nepevaeTr B pPexuM 3awuTbl Koga nporpamm, T.e.
CUMTbIBAHME U CTMpaHME NamMaTu nporpamm 3abnoknpyetcd. [Ana npegoTspalleHns aToro
Heo6Xxo4MMO NPOM3BECTU CTUPaHME AYeeK NaMATU 4O NOCTYNMEHUsS CUrHana «copoc.

PexvM MUKpOKOHTposnnepa C 3almTon KOAOoB NporpaMmMbl (PeXmMm «3aLluLieHHOro
MUKPOKOHTpOsiepa») No3BonseT 3aWwmnTnTb COAEPKUMOE BHYTPEHHEN NaMsTU NporpamMm
MUKPOKOHTpOMNMAepa OT CYMTbIBAHMS WM MoaupMKaumMm BHELLIHUM  YCTPOWCTBOM
(nporpammatopom). [locne  yctaHOBKM  3TOro  pexmma  Onokupyetca  gocTtyn
nporpaMmmaTopa K BHYTPEHHEN NamMATU NporpamMm, T.e. BbIMOMHEHME Onepaunn CTUpaHus,
YTeHUs, BepMdPUKaLMN 1 3anucu NamsTu NporpaMm, a Takke perncTpoB KOHdurypauum,
CTaHOBUTCA He BO3MOXHbIM. MMWKPOKOHTpONMep, HaxoddAwMnca B «3allULLEHHOM»
pexvmMe, UTHOPUPYET BCe KOMaHAbl, NOCTynaroLwue oT nporpaMmartopa, U He oTBeYaeT Ha
Hux. Mporpamma ynpaBneHus NporpaMmMaTopoM B 3TOM Criydae He MOXeT onpeaenvtb
Hanu4Me nporpaMmMmMpyemMoro MMKPOKOHTpOepa 1 BblAaeT COOTBETCTBYHOLLYIO OLLMOKY.
YcTaHOBKa pexuma «3alMLEeHHOr0 MWKPOKOHTPONnepa» He BMAWSET Ha BbINOSIHEHUE
KOMaH4 MWKPOKOHTpOsfepa, OCYLWECTBNAOWNX YTeHne/3anucb Tabnuy B namsTu
nporpamMmm (TABLRD n TABLWT). YcTaHoBKa pexuma «3aLLNLLEHHOTO
MUKPOKOHTpOMnNepa» He BAUSEeT Ha (YHKUMOHMPOBAHWE MNporpamMMbl, 3anvcaHHOW B
NamMmsiTb MPOrpaMm MUKPOKOHTpoOIepa.

MepeBog MUKPOKOHTpPOMNEpa B PEXMM «3aLMLLEHHOIO MUKPOKOHTpoONnepa»
NPOM3BOAMTCA  3anMUCbi0  COOTBETCTBYKOLLEN  KOMOWMHauMmM OUTOB B perucTpbl
KOH(purypaumm MMKpoKoHTponnepa (cmoTpute Tabnuuy 68).

BHumaHue!

Mepeg nporpammupoBaHUEM MUKPOKOHTpossiepa rnpoBepbTe MNpPaBUIIbLHOCTb
yCTaHOBJIEHHOM KOHUrypaumm MMUKPOKOHTpoMnnepa. YcTaHOBKa pexuma
«3alMIEHHOr0 MUKPOKOHTpossiepa» 3abnokupyer BO3MOXHOCTb U3MEHEeHuUs
coAepXMMOro BHYTPEHHeM naMsATM MnNporpaMM MUKPOKOHTponnepa W ero

KOHdpUrypaumm.
Ta6nuua 68
Pernctpbl kKOHGUrypaumm MUKPOKOHTposepa
FEOFh | FEOEh
out 15-8 out 7 6 5 4 3 2 1 out 0
- PM2 | BODEN - - - - - -

FEO6h FEO4h | FEO3h FEO2h FEO1h | FEOOh

out 15-8 outr 7 6 5 4 3 2 1 out 0
- - PM1 - PM0O | WDTPS1 | WDTPSO0 | FOSC1 | FOSCO0

PM2: out 7, agpec | PM2, PM1, PMO - 6uTbl BbiDOpa pexnma MUKPOKOHTponepa:
FEOFh 111 = pexxum Mukponpoueccopa

(suvenka M3Y: 7FFFh) | 110 = pexxmm MUKPOKOHTponnepa

PM1: 6ut 6, agpec | 101 = pacliMpeHHbIN peXnmM MUKPOKOHTpOsepa

FEOG6h 000 = pexmm MWUKPOKOHTpOSfepa C 3alnTON KOOOB MNporpammbl
(auenka M3Y: 7FF6h) | (T.e. 3anpeT cuYMTbIBaHUA COOEPXMMOro BHYTPEHHEN NaMATh
PMO: 6ut 4, agpec | nporpamm)

FEO4h

(ayenka MN3Y: 7FF4h)
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BODEN: 6uTt | BODEN - BkntoyeHne cxembl cbpoca MO CHMDKEHUIO HaNPsPKEHUS
6,agpec FEOEh NMUTaHNS:

(Ayenka M3Y: | 1 = cxema BkNto4eHa

7FFEh) 0 = cxema BbIKNKYEHa

WDTPS1:6ut WDTPS1, WDTPSO0 - BbiGop npepgenutenss «CTOPOXEBOro
3,agpec FEO3h Tanmepay:

(avenka MN3Y: 7FF3h)
WDTPSO: ouT
2,appec FEO2h

(suvenka MN3Y: 7FF2h)

11 = «cTOpPOXEBOW TaMep» BKMNIOYEH, Npegaenutens = 1

10 = «CTOpPOXXEBOW TanMMep» BKMNIOYEH, npegaenutens = 256

01 = «CcTOpPOXEBOW TAaUMeEpP» BKITOYEH, NpeaaenuTtens = 64

00 = «cTOpOXEBOM TanWmep» BbIKMOYEH, paboTaeT kak 16-Tu
pas3psagHbIv Tamep nepenosiHeHns

FOSC1: out 1,
agpec FEO1h
(suvenka MN3Y: 7FF1h)
FOSCO: ount O,
agpec FEOOh
(ayenka MN3Y: 7FFON)

FOSC1, FOSCO - Bbibop pexmma TakTOBOro reHepaTopa:

11 = EC — pexum nogayv BHELLHEro TakToBOro curHana,

10 = XT — reHepaTop C BHELIHUM KBapLEBbIM UM KEPAMUYECKUM
pe3oHaTopoMm (4actoTa oT 2MI'y go 33 Mlu),

01 = RC reHepaTop ¢ yactoTon ao 4 Mlu,

00 = LF — pabota Ha yactore USBCLK/2.

Ob60o3Ha4YeHus:
- = 3ape3epBMpoOBaHoO, YMTaeTcs kak 0

BHympucxeMHoe npo2pamMmMupogaHue MUKpPOKOHmMpossepa

Ona nporpammupoBaHus BHyTpeHHen FLASH namatu  MUKpOKOHTponnepa
ncnonb3yeTcs nocnegosaTenbHbI MHTEPdENC. [Ina aToro 3a4enCcTBYOTCA CEMb BbIBOJOB
Mukpocxembl (cM. Tabnuua 68). OT0 no3BonsgeT NpOU3BOAUTL MPOrpaMMMpOBaHUE
MUKPOKOHTPOMMNEPOB YCTAHOBMIEHHbLIX Ha nedaTHyk nnaTy. [logpobHee cmoTpute B
cneumdukaLmm no NnporpaMMmMpoOBaHUIO.

Ta6nuuya 69
BbiBOAbI, UCNONb3yeMble 4115 NPorpaMmMmMpoBaHng

0603HaYEHME B pexume nporpammmpoBaHus
HasHayeHue | Tun OnucaHue
PA2/RX/DT DT I/O | nocnepoBaTenbHble AaHHbIE
PA3/TX/CK CK I nocrnegosaTeslbHble TaKTOBble UMMYIbCbI
PA1/TOCLK OSCI I BXO[, CUHXPOHM3aLUN MUKPOKOHTpoONepa
TEST TEST I BXOZ BbIOOpa TECTOBOro pexmma
MCLR/Upp MCLR/Upp P | HanpskeHne nporpaMmMmmupoBaHns
Upp Upp P | HanpskeHne nuTaHus
Uss Uss P «3eMna»
Cmopoxeeol malmep
CtopoxeBou Tanmep (WDT) npegHasHayeH ans BOCCTaHOBMNEHUSA

MUKpPOKOHTponnepa npu cbosax Cropoxeson Tammep (WDT) npegHasHaveH Aans
BOCCTaHOBMNEHNS MUKPOKOHTpoOMnepa npu cbosix nnm cbpoca yCTponcTBa BO BpPEMS €ro
HaxoxaeHusi B pexxuve SLEEP. [1ns noBblleHNs HageXXHOCTN CTOPOXXEBOW TauMep nmeeT
cobctBeHHbIN RC reHepatop. OH paboTaeT gaxe npyv OTCYTCTBUM TaKTOBOW 4acTOTbl
MUKPOKOHTponnepa. Pexum cTopoxeBoro Tammepa nporpammupyeTcs Gutamm
KOH(purypaumm B permctpax KoHgurypaumm MukpokoHTpornnepa. Bo Bpems HopmansHowm
pabotbl WDT pomkeH ouuwatbcsi 4epe3 onpeneneHHble MHTepBanbl BpPeMeHu. JTOo
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BpeEMSA [OO/MKHO OblTb MeHblle, 4YemM MuHMMmanbHoe BpeMms nepenonHeHua WDT, B
npoTuBHoM cnyyae nepenonHeHne WDT npoussenet copoc yCTponcTaa.

HomuHanbHbIM Nepuon CTOPOXeBOro TavMmepa (¢ npegaenutenem = 1) coctaBnset
okono 12 mc. OTO BpeMs 3aBUCUT OT TemnepaTypbl W HanpsbKeHus nutaHusa. Ons
yBENMMYEHNA nepuoda Tammepa MOXHO BKMOYMTbL npeggenutenn ¢ 6onblumm
kKoacppuumeHtom genenus. CTOpoXXeBOW Taumep M ero npegaenutens cbpacbiBaloTcs
komaHgamu CLRWDT un SLEEP, curhanom «cbpoca» n npu Bbixoge n3 pexuma SLEEP no
npepbiBaHMo. Tarmep Ha4YMHaAEeT CYET cpasy Xe Nocre OKOHYaHUs curHana «copocy». but
TO B pernctpe CPUSTA GyaeT cOpoLleH npu nepenosiHEHN CTOPOXEBOro Tanmepa.
Ecnu ctopoxeBon Tarmep BKITHOYEH B pexume oObIMHOro TanmMepa, TO Ha Hero NogarTcs
MMMYNbCbl C reHepaTopa TakTOBOW 4aCTOTbl MUKPOKOHTpossiepa. Bpems nepenonHeHus
coctaBnset 65536 TtaktoB Tc. lNMpu nepenonHeHun cbpackiBaetcs 6ut TO B peructpe
CPUSTA, Ho ycTpowncTtBo He cbpackiBaetca. KomaHaa CLRWDT yctaHaBnmBaeT 3T0T OuT.
Pernctpbl CTOpoXXeBOro TanMmepa n ero npegaennutens He SOCTYNHbl A9 YTeHus/3anucu.
Tanmep B 3TOM pexume ocTaHasnmnBaeTca B pexume SLEEP.

Pexxum aHepaocbepexeHusi (SLEEP)

MUWKpPOKOHTpONNEP NepexoauT B PEeXMM 3HeprocbepexeHns npu BbIMOMHEHUM
komaHabl SLEEP. MNpu aTom cbpacbiBaeTca CTOPOXEBOW TavMep U ero npeaaenutenb
(ecnn oHun BknNto4eHbl), 6ut PD cbpackiBaetcs, 6ut TO ycraHaeBnusaeTcs (perncrp
CPUSTA), Bbikno4aeTcs reHepaTop TakTOBOWM 4acTOTbl MUKPOKOHTpOMSepa, MopThl
BBOAA/BbIBOAA COXPAHAOT CBOE COCTOSIHME.

Cnepytowme cobbiTMsi MOTYyT BbIBECTM MUKPOKOHTpoOIep ua pexnmva SLEEP:

e C6poc npu BKNHOYEHUN U cOPOC NPU CHKEHUU NUTAHUS.

e [logaya curHana cbpoc Ha BHewwHu Bxoa copoca MCLR.

e COpoc OT CTOpOXEBOro TanMmepa (eCcrv OH BKIHOYEH).

e [lpepbiBaHne c BbiBoga PAO/INT, npepbiBaHne ¢ PA1/TOCLK, wnu HekoTopble
nepudepunHble npepbiBaHna (USART, USB, NAND v 1.n.).

Opyrve nepudepuiHble YCTPOMUCTBA HEe MOryT reHepupoBaTb MpepbiBaHUS B
pexxume SLEEP, Tak kak BbIkNOYeH TakTOBbIN reHepaTop MUKPOKOHTposnepa. Kpome Toro
psa nepudepuiiHbix G6NOKOB Takue Kak koHTponnep BHyTpeHHen EERPOM namatu u
perynartop HanpsbkeHnda B 3.3 B JOMKHbI OTKAOYATBCA NPU NepeBOAE MUKPOKOHTponnepa
B pexum SLEEP. 3710 00ycrnoBneHo HamMuMeM WCTOYHWKOB OMOPHbIX HaMpsiKeHUHN,
KOTOpble NMOTPEONAT 3HEPrM0 NOCTOSHHO M UX NOTpPebneHne He 3aBUCUT OT pexuma
paboTbl MUKPOKOHTponnepa. Nocne Bbixoga n3 pexunma SLEEP gaHHble Grnoku OOMKHbI
ObITb BKMOYEHbBI CHOBA.

IMobon curHan «cbpoca» BbI30BET cCOpoc ycTponcTBa. [pepbiBaHMa npogormkaT
BbinonHeHne nporpaMmmbl. butel TO 1 PD B pernctpe CPUSTA moryT 6bITb MCNOSb30BaHbI
Ans onpeaeneHns npuyrHbl cbpoca yCTponcTea. YCTaHaBnmMBaeMbI NPy BKIOYEHUM BUT
PD, cbpacbiBaetca npu nepexoge B pexum SLEEP. but TO cbGpackiBaetca npu
nepenosiHeHMM CTOPOXEBOro Tanmepa.

Mpn BbInONHeHUM komaHgbl SLEEP, npepBaputenbHO BblbupaeTcs cnegyrolas
komaHga (PC+1). 4tobbl npobyouTb YCTPOWCTBO MpepblBaHMEM, [LOMKEH ObIiTb
YCTAHOBIEH COOTBETCTBYHOLWMN OUT paspelleHns npepbiBaHus. 3TO  NPOUCXoauT
HesaBucumo o1 coctosdHus 6uta GLINTD. Ecnu 6ut GLINTD yctaHoOBReH, yCTpOMCTBO
npogorkaeT BbiNoNHeHne nporpammbl. Ecnn 6ut GLINTD cbpoleH, To yCTpOWCTBO
BbINOMHAET KomaHay, cnegywowyto 3a SLEEP, n 3atem nepexogut K agpecy BekTopa
npepbiBaHnda. B cnyvasx, rge wucnonHeHne komangbl nocne SLEEP HexenatenbHo,
Heobxogmmo ctaBuTb NOP nocne komaHabl SLEEP. CtopoxeBon Tanmep cbpacbiBaeTcs
npw BbIxoge yctponcTtea u3 pexmnma SLEEP, He3aBMCMMO OT UCTOYHMKA NPOBYXaAEeHUS.
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Ecnun yctaHoBneH XT unu LF pexum reHepaTtopa TakTOBOW 4aCTOTbl MUKPOKOHTpOSepa,
TO npu BbiIxoge n3 SLEEP nponcxoant 3anyck «Tarmepa 3anycka reHepatopay, KOTopbli
OyneTt aepxaTb YCTPONCTBO B COCTOSAHUN «cOpoca» B TeveHme 1024 TaktoB Tc.

Q1| Q2|Q3|Q4;Q1|Q2|Q3|Q4, Q1| 1024+Tc' Q1| Q2| Q3| Q4. Q1| Q2| Q3| Q4 Q1] Q2|Q3 | Q4
Y AVAVAVA VAVAVACA YA (hin ACATATA TATATATATATAYAYS

INTF . . . | | | |

: : : SE}I'E{EI\; | | 0004h | l l

GLINTD ! : s | | | |
PC X PC ¥ PC+1 ¥ PC+2 X PC+2 X PC+2 i 0004h Y
Bi?ﬂgﬁﬁé“a“ | SLEEP ' KoMmaHga(PC+1), | KoMaHaa(PC+2), | komaHaa(004h) |
BbINONHAeMas | komaHga(PC-1):  SLEEP I ' komaHpa(PC+1), NOP | NOP |

KomMaHga

Puc. 59 Buixog n3 pexuma SLEEP no npepbiBaHmio

[lpumeyaHus:

1. Pexxum reHepatopa XT unm LF. B RC pexume 3agepxku 3anycka reHepaTtopa
(1024*T¢) He ByperT.

2. Ecnn GLINTD=0, npoueccop nepexoauT K nporpamme o6paboTkn npepbiBaHUN, ecnu
GLINTD=1, To npogomkunTcsi BbINOSIHEHWE NPOrpamMMbl.

Perynatop nutaHusa Ha 3.3 B

[na obecneveHns nutaHmsa Gnoka aHanoroBoro npuemonepegatynka USB u gna

BO3MOXHOCTU MUTaHWA MNONb30BaTENbCKMX MOPTOB BBOAA/BbiIBOAA OT HanpsbkeHus 3.3
BOJIbTA, BHYTPU MUKPOKOHTpoOnepa peann3oBaH perynsarop HanpsHKeHus,
obecneunBarownin BbIpaboTKy HanpsbkeHns 3.3 BonbTa M3 5 BONbT NUTaHUA agpa
MUKPOKOHTponnepa. HarpysoyHaa cnocobHOCTb perynartopa HanpsbkeHus o 40 mA.
CtabunbHoCTb BblpabaTbiBaemMoro HanpsbkeHus +5%. BbipabaTbiBaemoe HanpsikeHue
BblgaeTcsa Ha BbiBog U33out.
Bnok ananoroBoro npuemonepegatyMka USB nonyyaetr nuTaHuMe HanpsiMyko OT
perynartopa. [ns nogayn nutaHus Ha nopTbl BBOoAa/BbiBOAa € BbiBoAa U33out nutaHue
nogaeTcs No neyYaTHOM nnaTte Ha BbiBoAbl nuTanus noptoB Ucc1port n Ucc2port. Ecnin Tok
notpebneHnss noptoB npesocxoant 50MA, TO ANA nNuUTaHWa MNOPTOB pPEKOMEHAyeTCs
MCNONb30BaTb BHELIHUN perynatop HanpsbkeHus. BoiBogbl nutaHua Ucciport n Ucc2port
He 06BbEOUHAIOTCA BHYTPU MUKPOCXEMbI, HO OHU OOSTKHbI ObiTb 06bEeAUHEHBI HA NEYATHOM
nnare.

MoaknoyeHue Han pAXXeHNA NnTaHuA

Bce wuHbl nutaHma Ucc (NONOXWUTENbHbIM  BbIBOL HanNpsKeHUs nUTaHus
MUKPOKOHTpOMnepa) wu Uss  («3eMnsiHomn» BbIBOA4  HanNpsKeHuUst  nuTaHus
MUKPOKOHTpoOrnepa) A0MKHbl ObITb NOAKMOYEHbI K COOTBETCTBYIOLUMM LUMHAM MUTaHUSA Ha
neyatHon nnate. HenocpenCTBEHHO Yy BbIBOAOB MMWKPOKOHTpOMNEepa Mexay LUMHamu
NUTaHWSA YyCTaHaBNUBAKOTCHA KepamMuyeckne KoHAeHcaTopbl (He MeHee 5 LWT.) eMKOCTbIO He
mMeHee 0.1 MKD 1 SNeKTPONIUTUYECKUA KOHOEHCATOP eMKOCTbI0 He MeHee 33 MK®D. Mexay
«3eMIITHOMY» LUMHOW W BbIXO4OM perynatopa HanpskeHna U33out nogkntovaroTcs
KepaMuyeckuin KoHAeHcaTop €eMKOCTbio He MeHee 0.1 MK® 1 3anekTponuTU4ecKun
KOHOEHCATOp €MKOCTbio He MeHee 33 MKD. BbiBOAbI HanpshkeHUst nNUTaHWs MNOopToB
Ucc1port n Ucc2port coeanHsaoTcs mexay cobon 1 noaknovarTcs nNnMbo K HanpsiKeHWto
MUTaHUA MUKPOKOHTponnepa, Nnbo K BbIXOo4Yy BCTPOEHHOro perynaropa HanpsXeHus Ha
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3.3 BonbTa, NUBO K OPYroMy MCTOYHUKY HamnpsKeHuss B AuanasoHe oT 3 BOMbT A0
HanpshkeHuMs nuTaHMs MWUKpPOKOHTponnepa. Mexay kaxabim n3 BbiBogoB Ucciport,
Ucc2port 1 «3eMnsiHOM»  LIMHOW MNWUTaHUA pekoMeHOyeTcs ycTaHaBnuBaTb Mo
KepamMunyeckoMy KOHAEHCATOpy eMKOCTbo He meHee 0.1 Mk®.

Cucrtema KomaHa

MukpokoHTponnep nogaepxueaet 58 komaHg (cm. Tabnuua 70). Bce komaHgbl 16-

TV paspsiaHble. KomaHnabl BbIMOMHATCA 3a OAWH LMK, COCTOSILMIA U3 YEeTbIpex NepruoaoB

TaKTOBOM 4acCTOTbl, 3@ UCKITIOYEHMEM BbIMNONHAEMbIX 3a ABa UMKIA KOMaH4 NepexonosB v

KOMaHz, M3MEHSILWMNX 3Ha4YeHne nporpammMHoro cyetdmka PC (T.e. pesynbtaTt onepauumm

3anucbiBaetca B PCL), a Takke KOMaHA 4TeHus/3anucu Tabnuy B namsaTu nporpamm

(3anucb BO BHYTpeHHIo FLASH namaTtbe nmeet 6onbluyto AnutenbHocTb). Kogbl KomaHa

npuBegeHbl B Tabnuua 71. Heucnonb3yemble KOAbl KOMaHL 3ape3epBMpPOBaHbl, MX

NpUMeHeHNe He pekomeHayeTcs. ECTb HEKOTOpble 0COBEHHOCTM MCMONb30BaHNUS KOMaHA:

e eCnu pesynbTaT BbINOSIHEHUS onepaunn 3anuceiBaetca B pernctp ALUSTA, 1o cnaru
Z, C, DC n OV meHsasas cBoe 3HayeHue nocre BbINOMHEHUSA KOMaHAbl, U3MEHAT
3anucaHHbI pesynbTar;

e ornepauun c pernctpom PCL: yteHne PCL npmBoauT K 3arpyske B PCLATH 3HauyeHus
pernctpa PCH, 3anncb 1 4YteHne-moamndumkaumna-sanmcb npuBoguT K 3arpyske B PCH
3Ha4veHus pernctpa PCLATH;

e HeobX0AMMO yunTbIBaTb, YTO KOMaHAbl GUTOBBLIX Onepauui NPou3BOAAT Onepauumto
«YTeHue-moamndukaumna-3annucb» Lenoro perncrpa.

Tabnuuya 70

Habop komaHg

MHeMOHuUKa U3meHsiemble | Kon-Bo
OnuncaHne KomaHAbl

KOMaHAbI donarn LUMKNOB

ADDLW k | Cogepxunmoe pernctpa WREG cknagbiBaetcsa ¢ | OV, C, DC, Z 1
8-mMn OutHOM KOHCTaHTOM «k» (k=0...255)
pesynbTtat nomewaetcs B pernctp WREG.
ADDWEF f.d | CnoxeHune cogepxumoro perunctpoe WREG un| OV, C,DC, Z 1
«f» (f=0...255).

Ecnim d=0, TO pesynbrtaT CcoxpaHseTca
pernctpe WREG,

ecnu d=1, 1o B pernctpe «f».

ADDWFC | CnoxeHnue cogepxumoro pernctpoe WREG, | OV, C,DC, Z 1

b

o]

f,d 6uta nepeHoca n cogepxumoro permuctpa «f» (f
=0...255).
Ecnn d=0, TO pesynbTaT coxpaHseTca B
pernctpe WREG,
ecnu d=1, 1o B pernctpe «f».
ANDLW k | Jlornyeckas onepauus «W» 8-mm  OUTHOM Z 1

koHCcTaHTbl «k» (k = 0...255) n cogepxmmoro
permctpa WREG. PesynbtaT nomewaetca B
pernctp WREG.

ANDWEF f.d | Jllornyeckas onepauma «W/M»  cogepXumoro Z 1
pernctpos WREG un «f».

Ecrnim d=0, TO pesynbTtaT CcoXxpaHseTca B
pernctpe WREG,

ecnu d=1, 1o B pernctpe «f» (f = 0...255).
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BCF f,b Cb6poc 6uta «b» B peructpe «f» (b = 0...7, f = - 1
0...255).
BSF f,b YctaHoBKa B eauHuuy buta «b» B pernctpe «f» - 1
(b=0...7,f=0...255).
BTFSC f,b | Ecnn 6ut «b» B peructpe «f» pasen 0, Torma - 1(2)

cnegywwas  KomaHga o npornyckaeTtcs,  T.e.
BMECTO creaywouwen KoMaHAbl BbINOSHAETCH
onepauna NOP, B 3ToM crny4ae BbINOfIHEHNE
KomaHabl 3aHumaeT 2 uukna (b = 0...7, f =
0...255).

BTFSS f,b | Ecnn 6ut «b» B pernctpe «f» paBeH 1, Torga - 1(2)
cnegylwas  KomaHga — npornyckaeTtcs,  T.e.
BMECTO criegylouwen KoMaHabl BbINOSIHAETCH
onepaunma NOP, B 3ToM crny4ae BbINOSIHEHNE
KomaHabl 3aHumaeT 2 uukna (b = 0...7, f =

0...255).

BTG f,b MHBepTupoBaHme 6uta «b» B peructpe «f» (b = - 1
0...7,f=0...255).

CALL k Bbi3oB nognporpaMmmbl Haxoasuwencsa B - 2
npegenax CTpaHuLpbl 8Kcnos. Apnpec

cnegyowen nocne CALL komaHgbl (PC+1)
nomewaetca B cTek. 13-Tu OGUTHBbIN agpec,
coaepxalumncsa B Koge KoMaHAbl, 3arpyxaetcs B
cyeTyuk komaHg PC <12:0>. 3aTtem crapwue 8
out PC konupytotca B PCLATH. KomaHga CALL
BbINOMNHAETCA 3a ABa Uuukna. [na Bbi3oBa
nognporpamm 3a npegenamun 8Kcnos, cmoTpuTe
komaHgy LCALL.

CLRF f,s | CbpacbiBaeTr (0bHynsietr) pernctp «f» (f = - 1
0...255).
Ecnn s=0: cbpacbiBatotca pernctpbl «f» un
WREG,
ecnu s=1: cbpacbiBaeTca pernctp «f».

CLRWDT | CbpacbiBaetr «CtopoxeBon Tammep» u ero | TO=1, PD=1 1
npeggenutens. YctanasnmeaeT 6utel TO, PD B
«1».

COMF f,d | iuBeptnpoBanne 6utoB pernctpa «f» (f = Z 1
0...255).
Ecrnim d=0, TO pesynbTtaT CcoOXpaHseTca B
pernctpe WREG,

ecnn d=1, TO pesynbTaT CcoOXpaHAeTca B
pernctpe «f».

CPFSEQf | CpaBHeHue cogepxumoro peructpa «f» (f
0...255) c cogepxumbim pernctpa WREG nytem
6€e33HaKkoBOro BblYUTAHUA.

Ecrm (f) = (WREG), T0 BMecTOo cnepgyowen
KoMmaHabl BbinosniHsaeTcs onepauns NOP, B aTom
Ccnyyae BbIMOSIHEHWE KOMaHObl 3aHuUMaeT 2
LuKna.

- 12)
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CPFSGT f | CpaBHeHue copepxumoro peructpa «MH (f = - 1(2)
0...255) ¢ cogepxumbim pernctpa WREG nytem
6e33HaKOBOro BblYUTAHKSI.

Ecrm (f) > (WREG), TO BMecTo crnieaytowien
KoMaHabl BblnosiHseTcs onepauns NOP, B aTom
Cnyyae BbIMOSIHEHWE KOMaHObl 3aHUMaeT 2
LuKna.

CPFSLT f | CpaBHeHue copepxumoro peructpa «MH (f = - 1(2)
0...255) c cogepxumbim pernctpa WREG nytem
6€e33HaKkoBOro BblYUTAHUA.

Ecrm (f) < (WREG), T0 BMecTOo cnepgyouen
KoMmaHabl BbinoniHsaeTcs onepauns NOP, B aTom
crnyyae BbINOSIHEHME KOMaHAbl 3aHuMMaeTt 2
Lukna.

DAW f,s KomaHga npous3BoguT OEeCATUYHYH KOppeKuuto C 1
pesynbtata cnoxeHus (permctp WREG) aByx
yucen B ynakosaHHoMm ¢popmate BCD.

Ecnu s=0, TO pesynbTaT AECATUYHON KOppPEKLNN
nomewiaetca B «f» n B WREG, ecnun s=1, 10
pesynbTtat nomewaetca B «f» (f = 0...255).
BbinonHeHne onepauuu:

Ecrm: [ [WREG<7:4> > 9].OR[C = 1]
].AND.[WREG<3:0> > 9],

T0: WREG<7:4> + 7— f<7:4>, s<7:4>,

Ecnn: [WREG<7:4> > 9]OR.[C = 1], 70O
WREG<7:4> + 6— f<7:4> s<7:4> uvHaye
WREG<7:4>— f<7:4>, s<7:4>.

Ecrm: [WREG<3:0> > 9].0R.[DC = 1], 710
WREG<3:0> + 6— f<3:0>, s<3:0>, wuHaue
WREG<3:0>— f<3:0>, s<3:0>.

DECF f,d | YmMeHblwieHne 3HayeHus peructpa «f» Ha | OV, C,DC,Z 1
eannHuuy (f = 0...255).

Ecnm d=0, TO pesynbTaT coxpaHseTca B
pernctpe WREG,

ecnu d=1, 1o B pernctpe «f».

DECFSZ f,d | YMeHblueHne 3HayeHus pernctpa «f» Ha - 1(2)
€4VHMLY M NPONYyCK CrneayloLlen KomaHabl ecnm
pesynbTaT paBeH Hyto, T.€. BMECTO CrieaytoLLen
KoMaHAabl BbinosniHseTcs onepauns NOP, B aTom
Cny4ae BbINOSIHEHME 3aHUMAET 2 LuKna.

Ecnun d=0, To pesynbTat onepaunn coxpaHseTcs
B pernctpe WREG,

ecnn d=1, 1o B peructpe «f» (f = 0...255).
DCFSNZ f,d | YMeHblueHne 3HayeHus pernctpa «f» Ha - 1(2)
€4VHMLY M NPONyCK CrneayroLlen KomaHabl ecnm
pes3ynbTaT He paBeH Hynw, T.e. BMECTO
cnegywowen KoMaHabl BbINOMHAETCA onepauus
NOP, B 3TOM crny4yae BbINOSHEHWE 3aHUMaET 2
Lukna.

Ecnu d=0, To pe3ynbTaTt onepauum coxpaHseTca
B pernctpe WREG,

ecnu d=1, 1o B pernctpe «f» (f = 0...255).
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GOTO k BesycnoBHbin nepexogq No  nporpamMme B - 2
npegenax crtpaHuubl 8KcnoB. 13-TM OUTHBIN
agpec, cogepXxawmmcs B Koge  KOMaHAbl,
3arpyxaetca B cyeTyuk komaHg PC<12:0>.
3atem crapwue 8 6ut PC «konupylTca B
PCLATH. KomaHpga BbinonHsieTca 3a 2 umkna.

INCF f,d YBenunyeHue 3HaveHus pernctpa «f» Ha eguany | OV, C, DC, Z 1
(f=0...255).
Ecnn d=0, TO pesynbTaT coxpaHseTca B
pernctpe WREG,
ecnu d=1, 1o B pernctpe «f».
INCFSZ f,d | YBennyeHue 3HaveHus pernctpa «f» Ha eguHmly - 1(2)

MW NpONycK cnegywwen KoMaHgbl  ecnuv
pesynbTaT paBeH Hymto, T.€. BMECTO CrieaytoLLen
KoMaHabl BbinosiHseTcs onepauns NOP, B aTom
Cny4ae BbINOSIHEHME 3aHUMAET 2 LuKna.

Ecnun d=0, To pesynbTat onepaunn coxpaHseTcs
B peructpe WREG,

ecnn d=1, 1o B peructpe «f» (f = 0...255).
INFSNZ f,d | YBennuyeHue 3HaveHus pernctpa «f» Ha eguHmly - 1(2)
M NpoONycK cnegywwen KoMaHgbl  ecnuv
pesynbTaT He paBeH Hynw, T.e. BMECTO
cnegywowen KoOMaHabl BbINOMHAETCA onepauus
NOP, B aTOM crnyyae BbINOSHEHWE 3aHUMaET 2
Lukna.

Ecnu d=0, To pe3ynbTaTt onepauum coxpaHseTca
B pernctpe WREG,

ecnu d=1, 1o B pernctpe «f» (f = 0...255).
IORLW k | Jlormyeckasa onepauus Bkntodatowero «AJMA» 8- Z 1
MU OuTHOM KoOHCTaHTbl «k» (k = 0...255) u
cogepxmmoro pernctpa WREG. Pesynbtat
nomewjaetca B pernctp WREG.

IORWEF f,d | Jlorndyeckas onepauusi Bkntodatowero «IA» Z 1
cogepxumoro pernctpos WREG un «f».

Ecnm d=0, TO pesynbTaT coxpaHseTca B

pernctpe WREG,
ecnn d=1, 1o B peructpe «f» (f = 0...255).
LCALL k Bbi3oB noanporpammbl Haxogsiwencss B nobom - 2

MecTe namMsaTnm B AmanasoHe 64Kcnos. Agpec
cnegytowen nocne LCALL komangbl (PC+1)
nomelwiaetca B CcTek. 16-Tm OWUTHbIN agpec
3arpyxaetcsa B c4yeTtumk komaHg PC. Mnaawwme 8
OuT 3arpyxaroTcs M3 Koga KomaHAbl, a cTaplume
8 ©Our wu3 permctpa PCLATCH. LCALL
BbIMNOJTHAETCS 3a ABa Lukna.

MOVFP f,p | lNepecbinka gaHHbix 13 obnactn namatm «f» B - 1
obnacTtb namatn «p». Agpec obnactu «f» moxeTt
6biITb OoT 00h go FFh, a obnactu «p» ot 00h go
1Fh. N «f» n «p» moryT 6bITb pernctpom WREG,
a TaKkKe KOCBEHHO afpeCOoBaHbI.

© 3AO «lMKK MunaHop» TCKA.431295.003 Cr1 144



Cneuudpuxauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

MOVLB k | 3arpyska 4x GUTHOW KOHCTaHTbl «k» B Mnaglwive - 1
4 ©uta peructpa Bblbopa 6aHka (BSR).
Crapwue 4 6uta pernctpa BSR He nsmensaorcs.
MOVLR k | 3arpy3ka 4-x GUTHOM KOHCTaHTbI «k» B cTaplume - 1
4 6wuta Peructpa Bblbopa 6GaHka (BSR).
Mnagwve 4 ©6uta peructpa BSR He

N3MEHATCS.

MOVLW k | 8-mn GuTHaa KoHcTaHTa «k» 3arpyxaetca B - 1
pernctp WREG.

MOVPF p,f | lNepecbinka gaHHbIX 13 06nactTn namsaTn «p» B Z 1

obnactb namatu «fH». Agpec obnactu «fH» moxeTt
6biITb OoT 00h go FFh, a obnactu «p» ot 00h go
1Fh. N «f» n «p» moryT 6bITb pernctpom WREG,
a TakKe KOCBEHHO apeCcoBaHbI.

MOVWEF f | lNepecbinka cogepxumoro pernctpa WREG B - 1
pernctp «f» (f =0...255).
MULLW k | Be3sHakoBoe nepemMHOXeHne 8-mu  OGuTHOM - 1

KOHCTaHTbl «k» © CcoOepXummoro peructpa
WREG. 16-T1n 6UTHbIN pe3ynbTaTt 3anucbiBaeTcs
B nape peructpos PRODH:PRODL. Peructp
WREG He n3meHsietca. Onepauusi He U3aMeHsieT
donaru.

MULWF f | be33sHakoBoe nepeMHOXeHMe  COOepPXMMOro - 1
pernctpoB «f» (f = 0...255) 1 WREG. 16-tn
OUTHBIN  pe3ynbTaT 3anucbiBaeTca B nNape
pernctpos PRODH:PRODL. Peructpel WREG n
«f» He wnamenaTca. Onepaunsa He W3MeEHSAET
donaru.

NEGW f,s | /IlameHeHne 3Haka cogepxumoro peructpa | OV, C,DC, Z 1
WREG nytem ABONYHOro AOMNOSTHEHWS.

Ecnun s=0, To pesynbTat nomewaetca B «f» n B
WREG,

ecnn s=1, To pesynbtat nomewlaetca B «f» (f =
0...255).

NOP HeT onepauumn. -
RETFIE Bosgpat 13  npepbiBaHna.  Cogepxumoe | GLINTD=0
CcyeTyMKa KOMaH[ BOCCTaHaBrMBaeTCs U3 cTeka.
Paspewatotcsa rnobanbHble npepbiBaHNS
cbpocom buta GLINTD(CPUSTA<4>).
PCLATCH He N3MeHseTcs. KomaHga
BbINOSIHAETCA 3a 2 UMKna.

RETLW k | Bo3spat u3 nognporpammsbl. B peructp WREG - 2
3arpyxaeTtcsl 3HadeHne 8-My BUTHOM KOHCTaHTbI
«k». B cuyeTumk komaHp 3arpyxaetcs U3 creka
agpec Bo3Bpata. PCLATCH He wu3meHsieTcs.
KomaHga BbINonHAeTCS 3a ABa LMKNa.

RETURN | BosspaT 13 nognporpammbl. B cyetumk KomaHa - 2
3arpyxaetca K13 CcTeka agpec Bo3BpaTa.
PCLATCH He N3MeHsieTcH. KomaHpa
BbINOSIHAETCA 3a ABa LMKNa.

N —
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RLCF f,d

Onepauusa UMKNUYECKOro casura CoOepPXXMMOro
perncTtpa «f» BneBo 4yepes cdnar nepeHoca «C».
Ecnun d=0, To pesynbTat onepaunn coxpaHseTcs
B pernctpe WREG,

ecnn d=1, 1o B peructpe «f» (f = 0...255).

C

1

RLNCF f,d

Onepauusa uuKNUYeckoro casura CoaepXXMmMoro
perucTpa «f» Bneso.

Ecnu d=0, To pe3ynbTaTt onepauum coxpaHseTcs
B pernctpe WREG,

ecnu d=1, 1o B pernctpe «f» (f = 0...255).

RRCF f,d

Onepaunsa UMKIMYECKOro caBura COAEPXKUMOro
peructpa «f» BnpaBo 4epe3 cnar nepeHoca
«C».

Ecnu d=0, To pe3ynbTaTt onepauum coxpaHseTca
B pernctpe WREG,

ecnu d=1, 1o B pernctpe «f» (f = 0...255).

RRNCF f,d

Onepauus UMKNUYECKOro casura CoOepPXXMMOro
perucTpa «f» Bnpaso.

Ecnun d=0, To pesynbTat onepaunn coxpaHseTcs
B pernctpe WREG,

ecnn d=1, 1o B peructpe «f» (f = 0...255).

SETF f,s

YcTtaHoBKa Bcex 6utoB pernctpa «f» B eauHULbI.
Ecnun s=0, To 3Ha4yeHne OFFh nomewaeTtca B «f»
n B WREG,

ecnu s=1, To pesynbTaT NOMeLLaeTCa TOMbKO B
«f» (f=0...255).

SLEEP

COpacbiBaeT «CTOPOXEBOW TamMep» U €ero
npegaenutens. but «TO» ycrtaHaBnuBaeTtcs, a
«PO» cbpacbiBaeTtcs. lNpoueccop nepexogurcs
B pexum «cHa» (SLEEP) c¢ ocraHoBkomn
TaKTOBOro reHepaTopa.

TO=1, PD=0

SUBLW k

Copepxnmoe pernctpa WREG BbluMTaetca wms
8-Mn  OUTHOM KOHCTaHTbl «k». Pesynbtar
nomewjaetca B pernctp WREG.

oV, C,DC, z

SUBWF f,d

Bbuntanne cogepxumoro peructpa WREG u3
cogepxmmoro permctpa «f».

Ecnun d=0, To pesynbTaTt onepaumm coxpaHseTcs
B pernctpe WREG,

ecnn d=1, 1o B peructpe «f» (f = 0...255).

oV, C,DC, zZ

SUBWFB
f.d

Bbiuntanne copgepxunmoro pernctpa WREG un
dnara nepeHoca (3aema) M3 COOEPXMMOro
pernctpa «f» (MmeToq ABONYHOro AOMNOSTHEHUS).
Ecnu d=0, To pe3ynbTaTt onepauum coxpaHseTca
B pernctpe WREG,

ecnu d=1, 1o B pernctpe «f» (f = 0...255).

oV, C,DC, zZ

SWAPF f,d

ObmeH wmectammn nonybantoB peructpa «f».
BepxHaa nonoBuHa pernctpa UM HWXKHSAS
MEHS0TCA MEeCcTaMu.

Ecnu d=0, To pe3ynbTaTt onepauum coxpaHseTca
B pernctpe WREG,

ecnu d=1, 1o B pernctpe «f» (f = 0...255).
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TABLRD 1. Cogepxmmoe Ganta «TabnM4HOM 3allenikuy» - 2(3)
t,i,f (TBLAT) nepecbinaetca B peructp «f» (f =
0...255). Ecnu t=1, TO nepecbinaeTcs crapLimn
©anT, ecnu t=0, To Mnagwunmn 6anT.
2. Copgepxumoe obnactm namsatv nporpamm,
ykasbiBaeMon 16-Th OUTHbIM  «TaBNUYHbIM
ykaszatenem» (TBLPTR) 3arpyxaetca B 16-Tu
BUTHYIO «Tabnuynyto 3awenky» (TBLAT).
3. Ecnm =1, 710 3HayenHune TBLPTR
yBenuumBaeTcsa Ha eguHuyy, ecnm =0, TO
3HadeHne TBLPTR He nameHsietcs.
KomaHga BbINnosiHAeTCs 2 uuknia, a ecrnn perucTp
«f» asngaetcsa permctpom PCL, 10 3 umnkna.
TABLWT | 1. 3arpyska cogepxumoro peructpa «f» (f = - 2(>2)
t,i,f 0...255) B 16-T1 GUTHYIO «TabNUYHYO 3aLLEnKy»
(TBLAT). Ecnn t=1, TO 3arpyxaeTcs B cTapLumm
6anT, ecnn t=0, TO B Mnagwunm 6anT.
2. Cogepxummoe «TabnuyHon 3awenkm» (TBLAT)
3anucbiBaetca B obnactb namsaTU nporpamMm,
yKa3blBaeMom «TabnnyHbIM ykasatenem»
(TBLPTR). Ecnun TBLPTR ykasbiBaeT Ha
obnactb BHEWHENn namaTM nporpamMm, TO
KoMaHga BbINONHUTCA 3a 2 uukna. Ecnu
TBLPTR ykasbiBaeT Ha BHYTPEHHIOIO obnacTtb
FLASH namatu, TO BbINONHEHME KOMaHAbI
NpoONCXoauT 40 NpepbiBaHnS (T.€. >2 LMKIOB).
3. Ecnm =1, 710 3HayenHune TBLPTR
yBenumumBaeTcsad Ha eguHuyy, ecnm =0, TO
3HayeHne TBLPTR He nameHsietcs.
[MpumeyaHue: [na 3anucn BO BHYTPEHHIOKO
namMaTb NporpaMm  AOSMKHO  OblTb  nogaHo
HanpsbkeHne nporpammupoBanus. Ecnm  aT1o
yCrnoBME  HE  BbINOSIHEHO, TO  KOMaHga
BbIMOJSTHATCS 3a 2 LUMKIIa U 3Ha4YeHne namsitm He
N3MEHUTCH.
TLRD t,f CunTbiBaHMe fAaHHbIX K3 16-TM OUTHOM - 1
«TabnuyHon 3awenkm» B permctp «f» (f =
0...255). «TabnunyHas 3alwienka» npu 3TOM He
nameHsetca. KomaHga ncnonb3yetcsa COBMECTHO
¢ TABLRD pans nepecbifikn gaHHbIX M3 NamMsaTu
nporpaMm B NamsiTb AaHHbIX.
Ecnu t=1, To cuntbiBaeTca ctapumnn 6anT,
ecrv t=0, To mnagwunn 6anT.
TLWT tf | Cogepxumoe pernctpa «f» (f = 0...255) - 1
3anucbiBaetcs B 16-T OGUTHyO «Tabnuv4yHyto
sawenky» (TBLAT). KomaHpa wucnonbayetcs
coBMEeCcTHO ¢ komaHgon TABLWT agnsa
NepecbISikM AaHHbIX U3 NaMATU JaHHbIX B NaMSATb
nporpamm.
Ecnu t=1, To 3anucbiBaeTca ctapwmnm 6anT,
ecrv t=0, To mnagwunn 6anT.
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TSTFSZ f | CpaBHeHune cogepxumoro peructpa «f» (f = - 1(2)
0...255) c Hynem.
Ecnun (f) = 0, To BMecTo cnegytowien KomaHabl
BbinonHaeTca onepauua NOP, B atom cny4vae
BbINOJSIHEHNE KOMaHAbl 3aHMMaEeT 2 LMKna.
XORLW k | Jlornyeckas onepauusi uckntodawowero «UIA» Z 1
8-Mn GUTHOM KOHCTaHTbl «k» (k = 0...255) un
cogepxmmoro pernctpa WREG. PesynbtaT
nomewiaetca B pernctp WREG.
XORWEF f,d | llornueckas onepaumsa wuckntoyatowero «UN» Z 1
cogepxumoro pernctpos WREG u «f».
Ecrnim d=0, TO pesynbTaT CcoxpaHseTca B
pernctpe WREG,
ecnu d=1, 1o B pernctpe «f» (f = 0...255).
Tabnuua 71
Koabl komaHA
MHeMOHuMKa Kon MHeMOHuUKa Kon MHeMOHuMKa Kon
KOMaHAbl KOMaHAbl KOMaHAbl KOMaHAbl KOMaHAbl KOMaHAbl
ADDLW k 1011 0001 DCFSNz f,d | 0010 011d RETURN 0000 0000
kkkk kkkk ffff ffff 0000 0010
ADDWEF f,d 0000 111d GOTO k 110k kkkk RLCF f,d 0001 101d
ffff ffff kkkk kkkk ffff ffff
ADDWFC 0001 000d INCF f,d 0001 010d RLNCF f,d 0010 001d
f.d ffff ffff ffff ffff ffff ffff
ANDLW k 1011 0101 INCFSZ f,d 0001 111d RRCF f,d 0001 100d
kkkk kkkk ffff ffff ffff ffff
ANDWE f,d 0000 101d INFSNZ f,d 0010 010d RRNCF f,d 0010 000d
ffff ffff ffff ffff ffff ffff
BCF f,b 1000 1bbb IORLW k 1011 0011 SETF f,s 0010 101s
ffff ffff kkkk kkkk ffff ffff
BSF f,b 1000 Obbb IORWF f,d 0000 100d SLEEP 0000 0000
ffff ffff ffff ffff 0000 0011
BTFSC f,b 1001 1bbb LCALL k 1011 0111 SUBLW k 1011 0010
ffff ffff kkkk kkkk kkkk kkkk
BTFSSf,b 1001 Obbb MOVFP f,p 011p pppp SUBWEF f,d 0000 010d
ffff ffff ffff ffff ffff ffff
BTG f,b 0011 1bbb MOVLB k 1011 1000 SUBWFB 0000 001d
ffff ffff uuuu kKkkk f,d ffff ffff
CALL k 111k kkkk MOVLR k 1011 101x SWAPF fd 0001 110d
kkkk kkkk kkkk uuuu ffff ffff
CLRF f;s 0010 100s MOVLW k 1011 0000 TABLRD t,i,f | 1010 10ti ffff
ffff ffff kkkk kkkk ffff
CLRWDT 0000 0000 MOVPF p,f 010p pppp TABLWT 1010 11ti ffff
0000 0100 ffff ffff t,i,f ffff
COMF fd 0001 001d MOVWEF f 0000 0001 TLRD t,f 1010 00tx
ffff ffff ffff ffff ffff ffff
CPFSEQf 0011 0001 MULLW k 1011 1100 TLWT t,f 1010 01tx
ffff ffff kkkk kkkk ffff ffff
CPFSGT f 0011 0010 MULWEF f 0011 0100 TSTFSZ f 0011 0011
ffff ffff ffff ffff ffff ffff
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CPFSLT f 0011 0000 NEGW f,s 0010 110s XORLW k 1011 0100
ffff ffff ffff ffff kkkk kkkk
DAW f,s 0010 111s NOP 0000 0000 XORWEF f,d 0000 110d
ffff ffff 0000 0000 ffff ffff
DECF f,d 0000 011d RETFIE 0000 0000
ffff ffff 0000 0101
DECFSZf,d | 0001 011d RETLW k 1011 0110
ffff ffff kkkk kkkk
Obo3HayeHus:
f- agpec peructpa ot 00h go FFh.
p- agpec nepugepumnHoro pernctpa ot 00h go 1Fh.
k-  none KoHCTaHTbI (daHHble Unn agpec).
b- agpec 6uta B 8-Mu pa3pagHOM perncrpe.
d- BbLIOOp MecTa HasHayeHus ANA pasMelleHus pesynestarta: ecnu =0 - pesynbTaT
nomewaetca B pernctp WREG, ecnn =1 - B ykazaHHbI perncrp.
S - BblDOp MecTa HasHavyeHus Ona pasmelleHus pesynbtata: ecnn =0 - pesynbtar
nomewiaeTca B ykasaHHbli pernctp n permctp WREG, ecnn =1 - TONbKO B yKa3aHHbIN
perncTp.
i- ynpaBrneHne «TabnuyHbiM ykasatenem»: ecnu - 3HayeHwe ykasatensd

MHKPEMEHTUPYETCA NOocCrie BbINOJIHEHNUA onepaunn, ecin =0 - He n3meHsieTCA.

t- Bbl6oOp Oavita B 16-T1 paspsagHon «TabnuyHon 3awenke»: ecnu =1 - ctapwun 6anT,
ecnun =0 - mnaawwunn 6anT.

X,U -
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MpenenbHble U NpeaenbHO-A0NYCTUMbIE PEXUMbI PaboThbl

Tabnuua 72
o 2 Hopma napameTtpa
3 NpeaenbHo- n N}
HanmeHoBaHve napameTpa, eanHnua | I [ONYCTUMBIIA PeAeNbHbIN
“3MepeHust 9z pexuMm pexum
e He He He He
° MeHee | Gonee MeHee | Oonee
HanpsikeHne nctoyHmka nutanus, B Uce 45 5,5 - 6,5
ganpﬂmel-me nutanna noptos PC n PD, Uccr 3.0 Uce ) 65
BxogHoe HanpshkeHue BbICOKOro ypOBHS,
B
na BbiBomax PA(17, 20), OSCH (47), 0.8eUcc | Uce = | Ueet03
USBCLK (6), MCLR (45) U
Ha BbiBogax PE (7...11, 14...16) I 2,0 Ucc - Ucc+0,3
Ha BbiBogax DM, DP (3, 4) 2,0 3,6 - Ucct0,3
Ha BbiBOogax PC, PD (21...23, 25, 28...31, )
33...36, 39...42) 2,0 Uccp Ucce+0,3
BxogHoe HanpsikeHne HM3KOro ypoBHsi, B
Ha BbiBogax PA(17, 20), OSC1 (47), 0 0,2e¢Ucc |MuHyC 0,3 -
USBCLK (6), MCLR (45)
Ha BbiBOogax PE (7...11, 14...16) U 0 0,8 muHyc 0,3 -
Ha BbiBogax DM, DP (3, 4) 0 1,1 muHyc 0,3 -
Ha BbiBogax PC, PD (21...23, 25,
08...31, 33...36, 39...42) 0 06 |muryc0,3) -
BbIXO4HOW TOK BbICOKOrO YPOBHS, MA
Ha BbiBogax PA (19, 20), PE (7...11, i 6 ) 10
14...16), PC, PD (21...23, 25, 28...31, |
33...36, 39...42) OH
Ha BbiBoge OSC2 (48) - 1 - 2
Ha BbiBogax DM, DP (3, 4) - 4 - 10
BbIXO4HOWM TOK HU3KOrO YpOBHS, MA
Ha BbiBogax PA (19, 20), PE (7...11, MUHVC 6 i MUHVE 10 )
14...16) PC, PD (21...23, 25, 28..31) | y y
33...36, 39...42) oL
Ha BbiBoge OSC2 (48) MUHYC 1 - MUHYC 2 -
Ha BbiBogax DM, DP (3, 4) MUHYC 4 - MuHyc 10 -
HanpsokeHne  mporpamMMupoBaHUs U
ctupanus, B, Ha Bxogax: MCLR (45), Upr 11,75 12,25 - -
TEST (46)
YacTtoTa crnegoBaHus NMMNYNbCOB
TaKTOBbIX CUrHaroB MWKpPOKOHTponnepa fc - 33 - -
(OSC1(47)), MI'y,
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o 2 Hopma napameTpa

3 NMpeaenbHo- n .
HanmenoBaHve napameTpa, eanHnua | I 7 [ONYCTUMBbIIA peAenbHLIN

n3mepeHus QI pexXnm Pexum
e He He He He
© | meHee | 6onee | meHee | 6onee

YacToTa crneaoBaHus MMMYSbCOB
TaKTOBbIX CUrHanoB koHTponnepa USB| fuss - 48 - -
(USBCLK(6)), My,
[nnTensLHOCTb NPOrpamMmMmMpoBaHus

teyw - 500 - -

OAHOro crioBa, MKC

,D,J'IVITeJ'IbHOCTb CuUrHasna BbICOKOIo ypOBHFlt
Ha  Bxogax  PA1/TOCLK (18) thH<CLK'N> 15 - - -
CLKIN (47), He WH(TOCLK)
ﬂ,J'II/ITeJ'IbHOCTb CuUrHana BbICOKOIo ypoBHA
cuHxpoHm3aumm Ha Bxoge USBCLK (6),
HC

twhusscL 10
K)

[InMTensHOCTbL curHarna BbiCOKOTO YPOBHS| 40
npepbiBaHusa PAO/INT (17), He WH(INT)

[NnUTENbHOCTb CUrHama HWU3KOro YpPOBHS
cuctemHoro copoca, MCLR\Upp (45), HC
MapameTpbl  yHUBepcanbHOro nocnegoBaTeNiIbHOr0O  CUHXPOHHO-AaCUHXPOHHOIO

twmery| 100 - - -

npuemMonepegaTymka
Bpemss yctaHoBneHus pgaHHbix RX/DT]
(19)  oTHOCUTENbHO  CUMHXPOHU3AUMU tsyTx-RX) 17 - - -

TX/CK (20), HC
Bpemsa ypepxanuns paHHbeix RX/DT (19)
OTHOCUTENbHO  CUHXpOoHU3auMn TX/CK thTx-rx) 17 - - -
(20), HC
MapameTpbl aHanoroBoro npuemo-nepegarynmka USB
[nntensbHoctb EOP npu npueme USB Ha t 140 180
nuHusix DM (3) u DP(4)  (full speed), vc | F°FF
[nntensHoctb EOP npu npueme USB Ha t 117 150
nuHusix DM(3) n DP(4) (low speed), mkc| =Pt ’ '
MapameTtpbl Tanmepa 0
[NnTEeNbHOCTb CUrHana BbICOKOrO YPOBHS
Ha nuHum PA1/TOCLK (18), Hc, twH(Tocki) 15 - - -
npeckanep BKIKYEH
[ANnTenbHOCTb CUrHamna HW3KOro YpPOBHS
Ha nuHun PA1/TOCLK (18), HC, tWL(TOCKI) 15 - - -
npeckanep BKNOYEH
[1nnTenbHOCTb OPOHTa M crnaga BXO4HOro
curHana Ha BbiBoge OSC1 (47), He o - 5 - -
npu: fc=33 MI'y u
[nMTenbHOCTbL PPOHTa M cnaga BXOOHOrO,
curHana Ha BbiBoge USBCLK (6), He Tr USBCLK - 5
npu: fusg=48MI'L H_USBCLK
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o 2 Hopma napameTpa
3 NMpeaenbHo- n .
HanmenoBaHve napameTpa, eanHnua | I 7 [ONYCTUMBbIIA peAenbHLIN
n3mepeHus QI pexXnm Pexum
e He He He He
© | meHee | Gonee | meHee | Gonee

EmMkocTb Harpysku, nd
Ha BbiBOogax: (7...11, 14...16, 19...23, 25, C_. - 50 - -
28...31, 33...36, 39...42, 48)

[NpumeyaHue
1. He ponyckaeTcs ogHOBpEMEHHOE BO3AENCTBUE ABYX M Bonee npeaesnibHbIX PEXNMOB.
2. n - B HasBaHWK BbiBOAA - 0603HA4YaeT MHBEPCUIO.

3. EOP - kombunaums curHanos DP (3) n DM (4) paBHbix 0, o603Hayatowasi OkoH4YaHue
USB nakerTa.
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AnekTpnyeckne napameTpbl MUKPOCXEMbI

Tabnuuya 73
o 2w Hopma
HaumeHoBaHMe napameTpa $5E napameTpa
’ I > 9
eAVuHULAa n3MepeHus, Q < %
PEXUM n3mepeHus £ 3 2| HeMeHee He bonee
1] Lg c
BbIxogHOEe HanpskeHne HU3KOro ypoBHS, B,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, i 04
39...42) ;
npu: Uccp= 3,0 B, UCC= 4,5 B, |o|_= 6,0 MA
Ha BbiBogax PE (7...11, 14...16) i 04
npu: lo.=6,0 MA U ’
Ha BbiBogax PA (19, 20) oL 0.45
npu: lo.= 6,0 MA ) ’
Ha BbiIBogax DM, DP (3, 4) i 03
npu: lo.=4,0 mMA ’
Ha BbiBoge OSC2 (48) ) 0.45
npu: lo.=1,0 MA ’
BbIxogHOe HanpsKeHue BbICOKOro ypoBHS, B,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, 24 i
39...42) )
npu: Uccp= 3,0 B, UCC= 4,5 B, |o|-|= 6,0 MA
Ha BbiBogax PE (7...11, 14...16)
2,4 -
npu: loy= 6,0 MA U
Ha BbiBogax PA (19, 20) OH 4.05
npu: lop= 6,0 MA ’ i
Ha BbiIBogax DM, DP (3, 4) 28 i
npu: loy=4,0 MA ’
Ha BbIBOLI,e. OS_CZ (48) 4.05 i
npu: loy= 1,0 MA
YpoBeHb HanpsikeHust gna cpabaTbiBaHMS CXEMb
Ugsor 3,6 4,3
reHepaumm cbpoca, B
YpoBeHb BbIXOQHOMO HanpshKeHUst BHYTPEHHEro
perynsatopa HanpshkeHus, B, UssouT 3,0 3,6
npu: Ucc= 4,5 B, loy=40 MA
Ctatnuyeckuin TOK NOTpebrneHus B pexnme MNOKos,
MKA, |CCS - 50
npu: Ucc= UCCP= 5,5 B
[OuHamnyeckunin Tok noTpedbnenuns, MA,
npu: Ucc= UCCP= 5,5 B, fC= 33 Ml'u, |occ - 100
fUSB= 48 MrLI,
BxoaHOM TOK yTEYKN BbICOKOIO YPOBHS, MKA,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, .
39...42) i - [£1,0]
npu: Ucc= UCCP= 5,5 B, U|= 5,5 B
Ha BbiBogax PE (7...11, 14...16) i 1£1,0["
npu: UCC= UCCP= 5,5 B, U|= 5,5 B -
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Hopma
napameTtpa

HamnmeHoBaHue napameTpa,
eANHNLA N3MepeHus,
PEXUM n3mepeHus

He MeHee He Oonee

BykBeHHO€e
o0O03Ha4YeHue
napameTtpa

Ha BbiBogax PA (17...20)

npu: Uge= Ugep= 5,5 B, U=5,5 B ) 1.0
Ha BbiBogax DM, DP (3, 4) ) 1+5,0[*

npu: UCC= UCCP= 5,5 B, U|=3,6 B s
Ha BbIBogax OSC1, USBCLK (47, 6) ) +1,0[*

npu: Ucc= Uccp=5,5 BU=55 B _’
Ha BbiIBogax nMCLR, TEST (45, 46) ) 1+7,0[*

npwu: UCC= Uccp= 5,5 B U|= 5,5 B
BxOOHOM TOK yTEYKM BbLICOKOrO YPOBHSA, MKA, Ha
BoiBogax MCLR, TEST (45, 46) liLH1 - |+90|

npu: UCC= UCCP= 5,5 B U|= 12 B
BxogHOM TOK yTE€YKN HU3KOrO YPOBHSA, MKA,
Ha BbiBogax PC, PD (21...23, 25, 28...31, 33...36, - |+1,0]*
3942) npw: UCC= UCCP= 5,5 B, U|= 0B
Ha BbiBogax PE (7...11, 14...16)

npu: UCC= UCCP= 5,5 B, U|= 0B ] |i1,0|
Ha BbiBogax PA (17...20) ) +1,0[*
npun: Ugc= Uccp=5,5 B, U=0 B I -
Ha BbiBogax DM, DP (3, 4) ) 1+5,0[*
npu: Ucc= Uccp=5,5 B, U=0 B 7
Ha BbIBogax OSC1, USBCLK (47, 6) ) 1+1,0[*
npu: Ucc=Uccp=55BU=0 B -
Ha BbiIBogax NMCLR, TEST (45, 46) ) 1+7,0[*

npwu: UCC= Uccp= 5,5 B U|= 0B
Mepnoa paboTbl BHYTPEHHETO
RC - reHepaTopa CTOpOXeBOro TanmMmepa, MKC Tre 60 140
npwu: UCC= Uccp= 4,5 B
MapameTpbl yHUBepcanbHOro nocrefoBaTeNibHOr0O  CUHXPOHHO-aCUHXPOHHOIO
npuemonepenar4yumka
Bpems 3agepxkn gaHHbix RX/DT (19) oT dpoHTa
TX/CK (20), HC td(TX-RX) - 50
npw: Ucc= UCCP= 4,5 B
MapameTpbl aHanoroBoro npvemo-nepegaryimka USB
Bpems HapactaHMs u“  cnaga  BbIXOQHOrO
curHana, He t Fs
Ha BbiBogax DM, DP (3, 4) (Full Speed) tr Fs
npwu: UCC= Uccp= 4,5 B, C.=100 n®
Ha BbiBogax DM, DP (3, 4) (Low Speed) t s 300
npwu: UCC= Uccp= 4,5 B, C|_=400 nd tf_LS B
[TpumeyaHue
1. n - B Ha3BaHWM BbiBOAA - 0603Ha4YaeT NHBEPCUIO.
2. * - ponyckaeTcsa U3MepeHne CyMMapHOro Toka no BCEM BbiBOAAM O4HOBPEMEHHO.
3. Uccp — HanpsxxeHue Ha BbiBogax Uccp1 1 Uccp.
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TunoBble 3aBUCUMOCTHU

3aBUCMMOCTb 4acToTbl reHepaTtopa, B pexume RC, oOT BHewHWX Bpemsasagaromx
anemeHToB (R, C) (cMm. TCKA.431295.003P3), npu: Ucc=5 B, T= 25°C.

Tabnuua 74
Cext Rexr fc
10 kKOm 2676 kl'y
22 no 100 KOMm 278 KL
3.3 kKOm 2856 kl'y,
5.1 kOm 2000 kI'y,
100n® 10 KOMm 1080 KTy
100 kKOm 116 klMy,
3.3 kKOm 1120 klMy
5.1 kOm 756 kl'y,
300 nd 10 KOM 404 KL
100 kKOMm 27,6 Ky,
<
s 85
[8)
Q
= 80 /
75
70
65 >
60 : : :
4 45 5 5,5 6
Ucc, B

Puc. 60 3aBMCMMOCTb AUHAMMUYECKOrO TOKa NOTPEONEHNs OT HaNPSXKEHNSA MUTAHUSA, NPU:
T=25°C, fc=33 Ml'u, fysg= 48 MI'yy,
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90
80 -
70 -
60 -

locc, MA

50 |
40
30 |
20 1
10 -

0 5 10 15 20 25 30 35
sz Mrl-l

Puc. 61 3aBncMmMoCTb ANHAMNYECKOro ToKa NOTPebNeHns oT YacToTbl CneaoBaHus
cuHxpounmnynbeos (fc), npu: T= 25°C, Ucc = 5,5 B, fuseg= 48 MI'y

s
s 12
2
© 10
8 i /
6
4
2
0 : :
4 4,5 5 55 6
UCC! B
Puc. 62 3aBMCUMOCTb CTAaTUYECKOrO TOKa NOTPEBNEHNSA OT HaNPsPKeHUA NUTaHUS,
npu: T=25°C
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Uox (DM, DP), B

3,26 3,28 3,3 3,32 3,34 3,36 3,38 3,4 3,42 3,44 3,46 3,48
0

:; Y

lon (DM, DP), mA

; _—
\ /

-10

Puc. 63 3aB1CUMOCTb BbIXOLHOrO HanpsiXXeHNsa BbICOKOrO YPOBHS Ha BbiBogax DM,DP
OT TOKa Harpysku, npu: T= 25°C, Ucc =4,5B

10

lo. (DM, DP), mA

z /

~

1 |

N

0 10 20 30 40 50 60 70 80 90 100

Uo. (DM, DP), mB

Puc. 64 3aB1CMMOCTb BbIXOAHOIO HaNpPsXKEHNS HU3KOro YPOBHS Ha BbiBogax DM,DP
OT TOKa Harpys3ku, npu: T= 25°C, Ucc =4,5B
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Uon (PA), B
4,1 4,15 4,2 4,25 4,3 4,35 4,4 4,45 4,5 4,55

lon (PA), MA

-10

Puc. 65 3aB1CMMOCTb BbIXOLHOIO HaNpsiXXeHUs BbICOKOrO YPOBHS Ha BbiBogax PA
OT TOKa Harpysku, npu: T= 25°C, Ucc=4,5B

i e

loL (PA), MA
©
\

0 50 100 150 200 250 300

Uo|_ (PA), vB

Puc. 66 3aB1CUMOCTb BbIXOLHOrO HaNpsiXKEHNA HU3KOro YPOBHS Ha BbiBogax PA oT Toka
Harpysku, npu: T= 25°C, Ucc=4,5B
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4,2

4,25

4,3 4,35

4.4

Uon (PD), B

4,45

4,5

pd

lon (PD), B

yd

S

-10

—

Puc. 67 3aBMCUMOCTb BbIXO4HOIO HanpsiKeHNs BbICOKOrO YPOBHS Ha BbiBogax PD

OT ToKa Harpysku, npu: T=25°C, Ucc=4,5 B, Uccp=4,5B

2,65

2,7

2,75 2,8 2,85

Uon (PD), B
2,9 2,95

e

lon (PD), MA

e

-10

/

Puc. 68 3aB1CMMOCTb BbIXOLHOIO HaNpsXXeHUS BbICOKOrO YPOBHS Ha BbiBogax PD oT Toka

© 3AO «lMKK MunaHop»
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Puc.

10

loL (P D) MA
© ©

0 20 40 60 80 100 120 140 160
Uo. (PD), mB

69 3aBNCMMOCTb BbIXOAHOIO HaNpPsXXeHUS HU3KOro YpoBHS Ha BbiBogax PD oT Toka
Harpy3ku, npu: T= 25°C, Ucc=4,5 B, Uccp= 3,0 B

loL (PD), MA

7

0 20 40 60 80 100 120 140 160

Uo. (PD), mB

Puc. 70 3aB1CUMOCTb BbIXOLHOrO HanpsiXeHUa HU3KOro ypoBHS Ha BbiBogax PD

OT TOKa Harpy3ku, npu: T= 25°C, Ucc= 4,5 B, Uccp=4,5B

1
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Uon (PC), B
4,25 4,3 4,35 4,4 4,45 4,5

lon (PC), MA
N
N

: _
|

-10

Puc. 71 3aBNCUMOCTb BbIXOLHOIO HanpsiXXeHUs BbICOKOro YPOBHS Ha BbiBogax PC oT Toka
Harpy3ku, npu: T= 25°C, Ucc=4,5B, Uccp=4,5B

Uon (PC), B
2,65 2,7 2,75 2,8 2,85 2,9 2,95 3

:; S

lon (PC), MA
o

.
N

-10

Puc. 72 3aBMCUMOCTbL BbIXOOHOMO HanNpsiXeHUs BbICOKOro YPOBHSA Ha BbiBogax PC oT Toka
Harpy3ku, npu: T= 25°C, Ucc=4,5 B, Uccp= 3,0 B

© 3A0 «l1KK MunaHdop» TCKA.431295.003 Cr1 161



neuugpuxkauusi 1886BE3Y, 1886BE31Y, K1886BE3Y, K1886BE31Y, K1886BE3, K1886BE31

sf ~
; e

-
o

loL (PC), MA
©

0 T T T T T
0 20 40 60 80 100 120 140 160

Uo|_ (PC), mB

Puc. 73 3aBNCMMOCTb BbIXO4HOIO HaNpPshXXeHUA HU3KOro YpoBHS Ha BbiBogax PC oT Toka
Harpy3ku, npu: T= 25°C, Ucc=4,5 B, Uccp= 3,0 B

lo (PC), MA
©

: /
? e
0 / | | |

0 20 40 60 80 100 120 140 160

Uo|_ (PC), vB

Puc. 74 3aBMCMMOCTb BbIXOAHOMO HanpsXXeHus HU3KOro YpoBHS Ha BbiBogax PC oT Toka
Harpysku, npu: T=25°C, Ucc=4,5 B, Uccp=4,5B
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Uon (PE), B

N
-
>
—
[6)]

4,2 4,25 4,3 4,35 4,4 4,45 4,5 4,55

o

lon (PE), MA

: e

-10

Puc. 75 3aBNCMMOCTb BbIXO4HOIO HaNpsXKEHUS BbICOKOrO YPOBHS Ha BbiBogax PE
OT TOKa Harpysku, npu: T=25°C, Ucc=4,5B

loL (PE), mA
©

0 50 100 150 200 250 300
UoL (PE), mB

Puc. 76 3aBNCMMOCTb BbIXOAHOIO HaNpsXXeHUs1 HU3KOro YpoBHS Ha BbiBogax PE
OT TOKa Harpy3ku, npu: T= 25°C, Ucc=4,5B
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3,28
3,26 \
3,24

3,22

Ussour B

3,2
3,18 \
3,16

3,14 |

3,12 1

3.1

0 20 40 60 80 100 120

lon (U330UT)s MA

Puc. 77 3aBMCUMOCTb YPOBHS BHYTPEHHErO perynsaropa HanpsXeHus
OT TOKa Harpysku, npu: T= 25°C, Ucc=4,5B

84,6
84,4 - /
84,2

84 |

locc, MA

83,8 A

83,6

83,4 -

83,2 -

83 -

82,8

-80 -éo -40 -éo o 2‘0 4‘0 s‘o 8‘0 100
T°C

Puc. 78 3aBncuMoCTb AMHaMUYECKOro Toka noTpebnenus

oT TemnepaTtypbl Ucc= 5,5 B, fc=33 MI'y, , f{USB=48 MI'y
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FabapuTHbLIN YepTeXX MUKPOCXEeMbl

L 3\

oanoOnooooonmQrn
L Juguduouodouagog L
-
o o
48 BbiBogoB 0,32-0,11 ™
&[T 0,15(Mm)
“Innnnnnnnnnn
B— N =
— | D [ e |
—  — <
—  —] - x
C—1 | — | Ml (]
48 — _ e £
1 | [  — —| «
]  — < N
|  — O
Kriou — = =
— | L ]|l BE=--
6_ k j 00000 J -
U
7 18
11x[1,0/ = 11,0
+0,3
[ ]14,2 5215

Puc. 79 Kopnyc H16.48-1B
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< >
< >

Nnnnnnnnnnnnnnn :

O

I
©
w
N

JUUnOouoooooo

NN

o)
N~
@]

N
3

UU@WUUUUUUUUUUMV
5] 16

64 BbiBoaa 0,22+0,5

1,4+0,05

0,125

|

Puc. 80 Kopnyc LQFP64

UHdopmauma ansa 3akasa

O603Ha4yeHue MapkupoBka Tun kopnyca Tem;:::;gg:bm
1886BE3Y 1886BE3Y H16.48-1B MuHyc 60 — 85 °C
1886BE31Y 1886BE31Y H16.48-1B MuHyc 60 — 85 °C
K1886BE3Y K1886BE3Y H16.48-1B MUHYC 60 — 85 °C
K1886BE31Y K1886BE31Y H16.48-1B MuHyc 60 — 85 °C
K1886BE3AY K1886BE3Y" H16.48-1B 0-70°C
K1886BE31AY K1886BE31Y" H16.48-1B 0-70°C
K1886BE3T K1886BE3 LQFP64 MuHyc 40 — 85 °C
K1886BE31T K1886BE31 LQFP64 MuHyc 40 — 85 °C

Mukpocxembl ¢ npuemkon «BlM» mapkupyoTcs pomoom.
Mukpocxembl ¢ npnemkon «OTK» mapkmpyroTca 6ykBon «K».
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Jlnct pernctpaunmn nameHeHun

Ne HaTta Bepc KpaTkoe cogepxxaHve nameHeHus NeNe NeNe
n/ nsa N3MeHse- | HOBbIX
n MbIX NNCTOB
nucTos
1 27.02.2010 | 2.2 | 1. AcnpaBneHue onevyaTok; 1;2,7,21, 166
2. VicnpaBneHne Ha3BaHU PEMMCTPOB, 23-26, 28,
ounToB; 29, 30, 32,
3. BeegeH nuct perncrpaunm n3amMeHeHum 39, 41- 44,
63, 68, 73,
83, 85-93
2 |26.03.2010 | 2.3 |1 KoppektupoBka Ha ocHOBaHuu nnaHosoro | 1, 7, 16, -
nepecmoTpa SOKyMeHTaumm 109, 172,
173
3 12.04.2010 | 2.4 | Jo6aBunca ab3au EEPROM... 95 167
JlncTbl nocne 95 +1
4 | 27.04.2010| 2.5 | 3ameHa norotmna 1
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