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BBenenue

32-pa3psHble  MUKPOKOHTPOJUIEPHl € KaXAbIM JHEM HaOuparoT Bce OOJBIIYIO
HOMYJISIPHOCTh CPeu Pa3padOTYMKOB pa3IMyHOrO O0OpyAOBaHMA U MporpamMmucToB. OHHU
OPUMEHSIOTCS TpU  pa3pabdOTKe W M3TOTOBJICHUHM DIIEKTPOHHOM TEXHUKU. Bbicokas
BBIUMCIIUTENbHAS MOLIHOCTh M MPH 3TOM OTHOCHTEIBHO HHU3Kas CTOMMOCThH J€laloT 3TU
YCTPONCTBA MPHUBIIEKATEILHBIMU JIJIs1 CAMOTO HIMPOKOT0 Kpyra pa3paboTuMKOB.

Mukpocxema 1921BK035 npencrasnsier coboit CBUC 32-pa3psgHoro MUKpOKOHTpOJIIEpa
Ha 0aze RISC-sapa, mpennazHaueHHOTO AJIs1 HPOMBIIIICHHBIX M MTOTPEOUTEIBCKUX MPHIIOKEHHH,
BKJIIOYAsi CHUCTEMbl TUCTAHIIMOHHOTO MOHUTOPHUHTA, KOHTPOJIbHO-U3MEPUTENIbHbIE MNPUOOPHI,
CeTeBble  yCTPOMCTBA,  CHUCTEMBl  ABTOMATH3allMM  IPOHM3BOJCTBEHHBIX  IIPOILIECCOB,
ABTOMOOWIIbHYIO AJIEKTPOHUKY, CUCTEMBI YIIPABJICHUS IEKTPOABUTATEIISIMHU.

B cocraB MHKpOKOHTpoJIepa BXOIUT WIMPOKHA Habop mHdpoBoil M aHaIOroBOM
nepudepun, B CBSI3U C 4Y€M, OH MOXKET NPUMEHATHCA B PA3IMYHBIX cHUcTeMax LU(poBOi
00pabOTKM CHUTHAJIOB, B TOM 4YHCIe TpeOYIOIIMX TOYHBIX aAHAJOTOBO-IIH(POBHIX
npeoOpa3oBaHuii, B CCTEMax yIpaiieHus: u cOopa nHhopmanuu.

B mHacrosimieM pyKOBOJCTBE TIOJB30BATENS TMPUBEACHO ONUCAHHE AaAPXUTEKTYPHI,
GyHKIIMOHAIBHOTO MOCTpoeHus u nepudepun Mukpokontpoiuiepa 1921BK035. Texuuueckoe
OTHMCAHNE MOXET CIIYy’KUTh NMPAKTHUYECKUM PYKOBOJCTBOM IO MPUMEHEHUIO MHUKPOKOHTPOJIIEPA
1921BK035 nns pa3pabOTYMKOB CHCTEM Ha €0 OCHOBE M IIPOrPAMMHCTOB.



1 O6aacts npumeHenns u ocooennocTu UC 1921BK035

Cdepa npumenHenus wuHTErpanbHoii Mukpocxembl 1921BK035 noBombHO mmpoka:
CpeAcTBa M3MEpEeHUuil, CcBsA3M, HaOMIOIeHUs, Oe30IaCHOCTH, aBTOMAaTHM3allMs IPOU3BOJCTBA,
MEAMLMHBI, SHEPIeTUKH, HPOMBIIIIEHHOCTH, PAa3JIMYHbIX CUCTEM YIIPABJIECHUS U CUCTEMBI
3JIEKTPOIIPUBO/A.

Jist 5pPEeKTUBHOTO YIpaBICHHUS B AJIEKTPOMEXAaHHYECKUX CHUCTeMax Oblia pa3zpaboTaHa
nonosHutenbHas nepudepus: Omoxkm IIMM, 6moxk ALl ¢ umHTepdeiicom K KOHTpoOIUIepy
OpSMOTO JIOCTYIA K MaMsTH, MOJYJb 3axBaTa/CpaBHEHHUs, OJIOK MMITYJIbCHOTO KBaJpaTypHOTO
JIeKOJIepa, HUCMHOJIb3yeMOro majasi o0paOOTKM CHUTHAJIOB JAaTYMKOB IIOJIOXKEHHS pOTOpa B
BBICOKOITPOM3BOJIUTENIbHBIX CUCTEMAX AJIs ONPEACIICHUS NOJ0KEHUs, HAPABIEHUsI U CKOPOCTU
BpALLCHHUS.

Pa3zpaboTaHHbIi MHUKPOKOHTpOJUIEp HMeeT BCTpoeHHyr Flash-namsares mporpamm
pasmepoM 64 KOaiiT, KOTOpyr0 MOXHO HCHOJB30BaTh JUISI XpPaHEHUS U 3arpy3Ku
HI0JIb30BATEIbCKOTO MporpaMMHOro obecrieueHus. Bo Flash-mamstu cymectByer ocobast
3alMIIEHHas 00JacTh, KOTOpas MOXET ObITh HCIOJb30BaHA Ul XPAaHEHHUs HAYaJlbHOTO
3arpy3uuka.

Cucrema TaKTHPOBaHUS MHUKPOKOHTpOJUIEpA IMO3BOJSET MCIIOJIB30BaTh PAa3JIMYHbIC
MCTOYHUKU TaKTOBOI'O CUTHAJA, YTO IO3BOJISET PACIIMPUTh HAOOp MPUMEHEHUN M pelaeMbIX
3a71a4 MOJb30BaTeNsl. MUKPOKOHTPOJIEP MOXET TaKTUPOBAThCS OT BHyTpeHHero RC-reneparopa
¢ yactoToii 8 MI'1, BHyTpeHHEr0 OCHIUIATOPA C BHEIIHUM KBapILIEBBIM PE30HATOPOM, a TaKKe
cUrHasiom cunte3atop yactotsl PLL. CymectByer BO3MOKHOCTh THOKOM HACTPOWKHM TaKTOBBIX
CUTHAJIOB JIJIs OJIOKOB miepudepum.

JUis  CHHMXKEHHs DSHEprornoTpedIeHHs MHKPOCXEMbl IPEeIyCMOTPEHa BO3MOXHOCTb
OTKJIFOYCHHSI TAaKTOBBIX CHTHAJIOB OTIEIBHBIX OJIOKOB mepudepur B Ciydae, €CiI OHU HE
UCMONB3YIOTCS  ToJb3oBaresneM. llpu mepexome rmpoieccopa B PEKUM  HNOHUKEHHOTO
SHEPronoTpedICHHsT BO3MOXKHO OTKIIFOUCHHE TaKToBOro curHaia spa (komanna WFI wim WFE).



2 KpaTkoe TexHHYeCKOe ONMCAHHE MUKPOKOHTPOLIepa

2.1 ®yHKUHOHAJBHBIE MAPAMETPHI
CtpykTypHas cxema MUKPOKOHTpPOJIIEpa IMoKa3aHa Ha pucyHke 2.1.

Kaww Bnok ynpaeneHus
ury I-CODE I-CODE Y 1Kx8 KI-CODEY OcHoBHas Flash-namsite 3HepronoTpetneHnem
NV N 14 \J 14 PMU

FPU D-CODE '5-CODE | 1Kx8 (5-CODE 64Kx8
NV N 14 \J 14

Ctopoxxeson Tanmep WDT

JTAG n SWD | KS-CODE )

Briok — 1(:6)|:<3>¥8 3arpy304Ha4ﬂKEI§13h—naMﬂTb <:> UeTbipe 32-paspaaHbix
MPU kKoMmyTaLum Tanivepa TMRO - TMR3
AMBAAHB | | KoHTposnep Tpu 6roka saxsata
YeTblpéxkaHanbHbIi N ommm— DMA ——— <:> ECAPOQ - ECAP2
12-paspsagHbin ALK ) Moot " -
£ \ MMy bCHBbIN
. /| AHB-APB <::> C> KBaApaTypHbIi aekoaep QEP
KoHTponne RN
C?AN P R—/1 Bnok ynpaeneHuns cucremon C> Tpu aByxkaHanbHbIx 6rioka LLIVM
SIU \/::) PWMO - PWM2
[Ba koHTponnepa |~ Briok ynpaeneHwsi c6pocom v Hsa npuemonepenarunka
nopToB N— CUHXpOoHM3aumenn RCU <:> UARTO, UART1
1l 1L RC-reneparop Brok ynpasneHus KouTpornep SPI
8 My () ponnep
Mopt A Mopt B CUCTEMHbIMU
Cvntesatop Jactoro || TAKTOBEIMA CUHanaMM
Hm Hm PLL SCM (:::> KownTponnep 12C

Pucynok 2.1 — CtpykTypHas cxema MUKPOKOHTPOJLIEpA

B cocTtaB MUKpOKOHTpOIIEpa BXOAAT (DYHKIMOHATBHBIE SJIEMEHTHI:

- 32-pazpsimaoe LY ¢ mompmepxkkoil HaOOpa OJHOIMKIOBBIX KOMAHI YMHOXCHHS C
HAKOIUICHHEM, KOMaH/[ [IEHTPAJIM30BAHHOTO YIIPABIEHUS IOTOKOM JAHHBIX, apU(PMETUUECKUX U
JIOTHYECKUX KOMaHJ, BCTPOCHHBIM MOJYJIEM OOpabOTKM KOMaHJ C IUIABAaIOIIEH 3amsaToi C
onuHapHOi TouHocThlo FPU, mommepxkkoit otmnagounsix unHtepdeiicor JTAG mu SWD u
MoayJieM 3amuThl mamsata MPU;

- Omox ympaBneHusi coOpocom u cuHxpoHmsanueir RCU, umerommii B cBoeM cocTaBe
RC-renepatop (8 MI'm), cuutesatop wactorel PLL wu Onok ympaBieHHs CHCTEMHBIMHU
TakTOBBIMH curdagamu SCM;

- 010k ynpaBnenus cucremoit SIU;

- 6ok kommyTannu AMBA AHB,;

- ocaosHas Flash-mamsats 066bemoM 64 KoaiiT;

- 3arpy3ouHas Flash-nmamsts emkocthio 4 KoGaiiT;

- K3II KOMaHI U JaHHBIX 00beMoM 1 KOalT KaIblii;

- O3V ob6wemom 16 KoaiiT;

- 16-xaHamBHBINA KOHTPOJIIEp MPSMOTO A0cTyma K mamatu DMA,;

- 0ok ympaBneHus sHepronoTpedienrnem PMU, mo3Bomnsitonuii nepeBoIuTh CUCTEMHBIE
6soku B peskum Powerdown;

- 1Ba KOHTpoiuiepa mopToB A u B, ympaBnstonmx 16-paspsaasiMu mopTamMu BBOJA-
BBIBOJIA;

- YeThlpexKaHabHbIN 12-paspsaaueiii ALl ¢ pexxumamu nudpoBoro xommapaTopa IS
KaXJIOTO M3 KaHAJIOB (PaBHO WM OOJIbINIE, paBHO WJIM MEHBIIE, TIONaIaHue B JHAIa30H, BBIXOT
U3 Jauana3oHa) M (yHKIMEH aBToMaruyeckoro 3amycka wmoxayneir IIMM mno cobbrtuio
«OKOHUYAHHE MPeoOpa3oBaHUN;

- TpH IByXKaHalbHbIX Osoka [ITUM PWMO — PWMZ,;



- IMITYJIbCHBIN  KBampatypHbeiii nekomgep QEP s o0paGoTku CUTHAMOB J1aTYMKOB
MOJIOKEHUS POTOpPA, TMO3BOJISIIOIIUNA ONPEJSIUTh TOJOXKEHHUE, HAMpaBICHUE U CKOPOCTh
BPAIICHHUS;

- Tpu 61oka 3axBata ECAPO — ECAP2;

- yeThipe 32-pa3psaaubix Taimepa TMRO — TMRS;

- croposxeBoit Taiimep WDT,;

- nBa npuemonepenarunka UARTO, UART],;

- koutpoiuiep CAN (mporoko:n 2.0b);

- koHTpouep 12C;

- koHTposutep SPI.

YcnoBHoe rpaduueckoe 0003HaUYCHIE MUKPOKOHTPOJIIEPA IPUBEACHO HAa PUCYHKE 2.2.

PORTA PORT B
4,5,8-17,— A0 -Al5¢—>»V CPU V «—»B0 -B15 —— 26-29, 38-41,
20-23 44-48, 1-3
36 — SERVEN <4+—» NVCC2 |—xX—24
33— RESET# NGND2 |—>§—25

37 —— NMI#
#VCC1 —>%—7,19, 31, 43
#GND1 |—>¢—6, 18, 30, 42

35— XI_0ScC
34— XO_0SC CX |—>x¢—32

[Ipumevanue — AnbTepHaTuBHBIC ()YHKIIMM BBIBOJOB nopTa A u nopta B ykazansl
B Tabnuue 2.1.

Pucynok 2.2 — YcnoBHoe rpadguyeckoe 0003Ha4eHHE MUKPOCXEMBI

Ha3nauyeHnue BbIBO/IOB

@OyHKUMOHAIbHOE HAa3HAYEHHE BBIBOJOB MUKPOKOHTpOJIIepa MpuBeaeHo B Tabmuue 2.1.
[Tocne cOpoca MUKpPOKOHTpoJIIepa BBIBOABI MOPTOB A U B KOHQUIYypHpYHOTCS Kak BBIBOJbI
o0I11ero Ha3HAUYeHUs] M HaXOIATCA B TPEThEM COCTOSHUU. VICKIIIOYEHHE COCTABISIOT BBIBOJBI
A2 — A6: xoHQUrypHpyIOTCS Kak BBIBOABI oTianouHoro wuHtepdeiica JTAG. Britouenue/
OTKIIIOYCHHE PEXKMMa aTbTEPHATUBHOW (YHKIMH OCYIIECTBIISECTCS IMOCPEICTBOM PETHCTPOB
ALTFUNCSET/ALTFUNCCLR 6mokoB GPIO. BeiBoast oproB A u B umeror cxemsr «pull-
up» u «pull-downy, noaxmogaembie nporpammuo (peructp PULLMODE 6Gnoka GPIO).
BeiBomet NMI#, RESET# wumeror mnocrosHHyio cxemy «pull-up», BeiBom SERVEN —
noctostHayr0 cxemy «pull-downy. Tlpu ucnons3oBannu otnamoynoro mHTepdeiica SWD ero
BbIBOT SWCLK cooterctByeT BeiBOAYy JTAG_TCK, BeiBog SWDIO cOOTBETCTBYET BBIBOIY
JTAG_TMS, a BeiBox 6510Ka TpaccupoBku SWO cootserctByet BoiBoay JTAG TDO.

B tabmume 2.1 ucnosnb3yroTcst yciaoBHbie obo3nauenus: | — Bxox, O — Beixox, /0 —
BXOJI/BBIXO], Z — TPEThE COCTOSIHUE.

MHuKpocxemMbl BBITOTHEHBI B MEeTAIDIOKepamMudeckoM kopryce MK 5162.48-1.

Macca mukpocxemsl — He Oosnee 1,0 T.



Tabnunma 2.1 — dynkuuonansHoe HazHaueHue BeiBoJoB MC 1921BK035

O0o3Hauenue
O0603Ha- .
qerme | 0T PHATHBHOM Homep|  Tun @OyHKIMOHAIBHOE Ha3HAYECHHE BBIBOJIA
GyHKIUH BBIBOJIA| BBIBOJIA|
BRIBO/IA BBIBOJIA

A0 4 I/0/Z | Bxon/Beixon nopta A, paspsa 0
12C_SCL 1/0 Bxon/Beixon cuaxpocuraana 12C

Al 5 I/0/Z | Bxon/Beixon nopta A, paspsa 1
12C_SDA 1/0 Bxon/Beixon mannbix 12C

A2 8 I/0/Z | Bxon/Beixon opta A, pasps 2
JTAG_TCK I Bxonx TakroBoro curnana nopra JTAG

A3 9 1/0/Z | Bxoa/seixon mopta A, paspsi 3
JTAG_TMS I Bxon pexxuma nopra JTAG

A4 10 I/0/Z | Bxoa/Beixoa mopta A, paspsa 4
JTAG_TDI [ Bxon nannbix nopra JTAG
ECAPO_IO 1/0 Bxon/Berxoy 610ka 3axBara 0

A5 11 I/0/Z | Bxoa/Beixon mopta A, pa3psa 5
JTAG TDO O Beixon nanueix nopra JTAG
ECAP1 IO 1/10 Bxon/Beixon 010ka 3axBara 1

A6 12 I/0/Z | Bxon/Beixon nopta A, pasps 6
JTAG_TRST I Bxonx copoca mopra JTAG
ECAP2_10 /10 Bxon/Bbixos 010ka 3axBara 2

A7 13 1/0/Z | Bxoa/Beixo nopta A, pa3psa 7
PWM_TZ I Bxox curnana aBapuu 6;10xoB [IIMM

A8 14 1/0/Z | Bxoa/Beixon nopta A, pa3psia 8
PWMO_A 0 Breixon smnanu A Onoka [ITMMO

A9 15 1/0/Z | Bxoa/Beixon nopta A, pa3psa 9
PWMO_B O Brixon munuu B 61oka [IIUMO

Al0 16 I/0/Z | Bxoa/seixona nopta A, paspsa 10
PWM1 A O Bexon muanu A Onoka [IIMM 1

All 17 I/0/Z | Bxoa/seixoa mopta A, paspsia 11
PWM1 B O Brxox muuanu B 6moxa HIMIM1

Al2 20 I/0/Z | Bxoa/Beixoa mopta A, paspsia 12
PWM2_A O Brxonx muuann A 61oka HHIMM?2

Al3 21 I/0/Z | Bxoa/seixon nopta A, paspsia 13
PWM2_B O Bexon muuanu B 6:10xa HHIMM?2

Al4 22 I/0/Z | Bxoa/seixona nopta A, paspsna 14
TMRO_IN I Bxox BHemHe# cuHXpoHU3auu Taiimepa 0

Al5 23 I/0/Z | Bxoa/seixona nopta A, paspsa 15
TMR1_IN I Bxon BHemHel cuaxpoHu3anuu taiimepa 1

BO 26 I/0/Z | Bxon/Beixon nopta B, paspsin 0
ADC_CHO I Bxon AL, pa3psizg 0

Bl 27 I/0/Z | Bxon/Beixon nopta B, paspsin 1
ADC_CH1 I Bxon AL, pa3psn 1

B2 28 I/0/Z | Bxon/Beixon nopta B, paspsin 2
ADC_CH2 I Bxon AL, pa3psig 2




Oxkonuanue madbauywl 2.1

06 O06o3HaueHne
O3Ha- .
anbTepHatuBHOM Homep| Tun
YeHHUE OyHKIMOHAITBHOE HA3HAYCHUE BBIBOJIA
BLIBOJA byHKIIUN BBIBOJIa| BBIBOJA
BBIBOJIA
B3 29 1/0/Z | Bxoa/seixox nopta B, pa3psin 3
ADC_CH3 | Bxon ALII, pazpsia 3
B4 38 I/0/Z | Bxoa/eixon mopta B, paspsig 4
SPI_FSS 1/0 Bxon/Beixo BeIOOpa Begomoro ycrpoiictsa SPI
B5 39 I/0/Z | Bxox/Beixon nopra B, paspsig 5
SPI_SCK I/0 Bxona/Beixon cunxpocurnaia SPI
B6 40 I/0/Z | Bxoa/Beixoa nopta B, paspsig 6
SPI_RX I Bxon mannbix SPI
B7 41 I/0/Z | Bxox/Beixon nopra B, paspsig 7
SPI_TX 0O Breixon mauaeix SPI
B8 44 I/0/Z | Bxox/Beixon nopra B, paspsig 8
UARTL1 TX O Beixon nannbeix 6oka UART1
B9 45 1/0/Z | Bxoa/seixon nopra B, paspsig 9
UART1 _RX | Bxon mannaeix oimoxka UART1
B10 46 1/0/Z | Bxoa/eixon nopra B, paspsg 10
UARTO TX O Beixona manubix 61oka UARTO
QEP_S 1/0 Bxon/Bbixon cTpoOrpoBaHUs KBaAPATYpPHOTO
JIeKoiepa
B11 47 1/0/Z | Bxoa/eixon nopra B, paspsg 11
UARTO _RX I Bxon mannsix 61oka UARTO
QEP_I I/0 WHeKcHbIM BXOJ/BBIX0]] KBAIPATyPHOTO
JeKoiepa
B12 48 I/0/Z | Bxoa/Beixon nopra B, paspsyg 12
CAN1 RX | Bxon manasix CAN1
QEP_B I Bxon B kBagparypHoro nexonepa
B13 1 I/0/Z | Bxoa/Beixox nopra B, paspsig 13
CAN1 TX O Breixon manasix CAN1
QEP_A I Bxon A kBazpatypHOro aekojepa
B14 2 1/0/Z | Bxoa/eixon mopta B, paspsig 14
CANO_RX I Bxon manasix CANO
B15 3 I/0/Z | Bxoa/eixon nmopra B, paspsyg 15
CANO_TX O Beixonx manueix CANO
CX — 32 — BebiBoa perynsropa HanpsiKeHUs: TMTaHKS U1
TIOJTKITFOUEHHSI BHEIITHETO KoHzeHcaropa 4,7 Mk®
SERVEN |- 36 I/ Bxon BeIOOpa cepBUCHOTO pexuMa/
O BrIxoa mporpaMmmupyemMoro TakTOBOTO CUTHAJIa
CLKOUT
NMI# — 37 I Bxox BHEIHET0 HEMACKUPYEMOTO MTPEPHIBAHUS
(aKTUBHBII HOJIb)
RESET# |- 33 I Bxox BHemtHero cOpoca (aKTHBHBIN HOJIb)
XI_OSC |- 35 - BEIBOJI BHEIIHErO TAKTOBOT'O CUTHAIA/
BrIBOJI TS MOAKITIOYEHHS KBAPIIEBOTO PE30HATOPA
XO 0OSC |- 34 — BrIBOJI /17151 TOAKITIOYCHHSI KBAPIICBOIO Pe30HATOPA
NVCC2 |- 24 - Amnanorosoe nutanue 3,3 B
NGND2 |- 25 - AmHayioroBas 3emJis
#VCC1 |- 7,19, |- Hudposoe nutanue 3,3 B
31,43
#GND1 |- 6,18, |- Hudposas 3emis
30, 42

10




Oco0eHHOCTH cHCTEMbI MUTAHUS

Ha mmare BeBox nuranus NVCC2 MoxeT ObITh 00beauHEH ¢ BeiBogamu rmutanusg #VCC1
(TIpu 3TOM JIOJDKHBI OBITH IPUHSTH MEPBI JUISI CHHYKEHHUS TIOMEX 10 TTUTAHHUIO).

BrikimtoueHue muTaHus MUKPOKOHTPOJUIEPA JOJKHO MPOBOIUTECS ITyTEM MOJIHOTO CHSTHUS
HANPSOKEHUS, KaK C BBIBOJOB IHUTAHHS, TaK M CO BCEX OCTaJIbHBIX BBIBOJIOB MHKPOCXCMBI.
[Tomaya HampspkeHUS HA (PYHKIIMOHATBHBIC BBIBOJABI MUKPOCXEMBI IIPH BBHIKIIOYCHHOM MHTAHUN
HEIOIyCTHMA.

2.2 DaekTpuyecKue napaMeTpbl

HomunansHoe 3HaueHue HampspkeHus mutanus 1o BeiBogam #VCC1, NVCC2 momkHO
owITh 3,3 B + 0,3B.

3HaueHUE CyMMapHOTrO MaKCHMaJbHOTO TOKa IO BBIBOJAM MOPTOB A W B He M0/mKHO
npesbimath 50 MA.

JlommycTriMasi MakKCHMMallbHas Pa3HOCTh 3HAYCHWUH HANpPSOKCHUH MHMTAHUS 110 BBIBOJAM
#VCC1, NVCC2 cocrasiser 50 MB.

AMILIUTYTHOE 3HAYCHHE MYJIbCALMN HAIPSOKESHUS TUTaHMS TOJKHO OBITh He Ootee 50 MB.

DNEKTPUYECKHE IMapaMeTpbl MHUKPOCXEM IIPU TPHEMKE U IIOCTaBKE COOTBETCTBYIOT
HOpMaM, NMPUBEICHHBIM B Ta0uIEe 2.2.

Tabnuna 2.2 — DuekTpudecKue mapamMeTpbl MUKPOCXEM MPH MPHUEMKE U TIOCTABKE

Hopma Temmepa-
Hanmenopanme mapamerpa byxsenHoe napamMeTpa Typa
P pa, 0003HaUYeHHE M

€IMHUIIA U3MEPEHUS, PEKUM U3MEPEHUs HE cpenbl
JUHHLL p »P p MapameTpa | He MeHee | o poél ’

1 2 3 4 5

1 BrixogHoe HanpsKeHUE HU3KOTO YPOBHS 110 UoL
BeiBogaM AQ — A15, BO - B15, B, - 0,4
Ucc1=3,0B, IoL =6 MA

2 BeIxogHOE HANpsHKEHUE BHICOKOTO YPOBHS 10 Uon
BeiBOogaM AOQ — Al15, BO —B15, B, Ucc1 —0,9| _
Ucc1=3,0 B, Iop =-—6 MA

3 Toxk yTeuku HU3KOro ypoBHs o BxonaM A0 — AlS, hie
B0 — B15 ¢ orkmouennasiMu «pull-up» u «pull-downy,
MKA, -10
Ucc1=3,6B,UrL=0B

4 Tok yTeukn BBICOKOTO ypoBHs 110 Bxoaam A0 — A15,) liLH
B0 — B15 ¢ orkmouenuasiMu «pull-up» u «pull-downy,
MKA, - 10
Ucci1=3,6 B, Ui = Ucci —-60+3

5 BXOIHOM TOK HU3KOIO YPOBHSI IO BBIBOJIAM I 25+ 10
«pull-up» A0 — A15, BO — B15, NMI#, RESET#, MxA —200 - 125+5
Ucci=3,6B,UL=0B
6 BXonHOI TOK BBICOKOTO YPOBHS IO BBIBOJIaM I
«pull-up» NMI#, RESET#, MKkA, - 10
Ucci=3,6 B, U = Ucci

7 BXOZHOM TOK HU3KOTO YPOBHS IO BBIBOAY In2
«pull-down» SERVEN, MKA, -10 _
Ucc1=3,6B,UrL=0B

8 BX01HOI TOK BBICOKOTO YPOBHS T10 BEIBOJAM liH2
«pull-down» A0 —A15, BO — B15, SERVEN, MKA, — 200
Ucci1=3,6 B, Un = Ucci

9 BxonHoi# TOK HU3KOro ypoBHs 110 BeiBogy XI OSC, I3
MKA, —40 -
Ucc1=3,6B,UL=0B

Oxonuanue mabauyvl 2.2
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1 2 3 4 5
10 BxogHO# TOK BBICOKOTO YPOBHS IO BBIBOY In3
XI OSC, MkA, - 40
Ucc1=3,6 B, Uiy = Ucci

11 JIunamudeckuii TOK NOTpeOIeHHsI IO BBIBOAAM Tocc1
#VCCI1 B akTUBHOM pEXHUME, MA, - 150

Ucc1=3,6 B, Ucco= 3,6 B, fcr = 100 MI'g —-60+3
12 Nnrterpanbhas Henuneiinocts AL, EMP, EL -3 3 25+ 10

Ucc1=3,6 B, Ucc2=3,6B 125+5
13 Iudbdepenunansuas nenuueinocts AL, EMP, ELp 5 )

Ucc1=3,6 B, Ucc2=3,6B
14 ®yHKIMOHAIBHBIN KOHTPOJIb, OK - -

Ucc1 = (3,0; 3,6) B, Ucc2 = (3,0; 3,6) B,

fc1 =(0,001; 100) MI'ng

IIpumeuanus

1 TTapametpsl liLL, litH, liHi, Lie2 pu TemnepaTtype munyc 60 °C He u3MepstoTces, a
rapaHTHPYIOTCS HOpMaMu Tipu Temneparype (25 + 10) °C.

2 [Ipu ¢pynkumonansHoM KoHTpose ALIT 3HaYeHus: HaNPsHKEHUH MTUTaHUS U3MEHSIOTCS
CUHXPOHHO.

3HaueHMs NPEIEIbHO JTOMYCTUMBIX 3JIEKTPUUECKUX PEKMMOB SKCIUTyaTalluUd B JUAINa30HE
pabo9mx TeMIepaTyp Cpeabl COOTBETCTBYIOT HOpMaM, MIPUBEACHHBIM B TabuIe 2.3.

Ta6nuna 2.3 — 3HaueHHUs MPEAEIFHO JOMYCTUMBIX JIEKTPHUECKUX PEKHUMOB IKCILTyaTaIlHH
MHKPOCXEM B JIMaINa30HE TEMIIEPATYpP CPe/bl

byksennoe IIpenenbHo .
HanmenoBanue napamerpa . [IpenenbHbINA pexUIM
PESKIMA, €UHHHIA H3MEPCHIS 0003HaYCHKE| JTOMYCTUMBIN PEKUM
napaMeTpa | He MeHee | He Oosee | He MeHee | He Ooee
1 Hanpsxenue nuranus uudpoBoit Ucci
gactu, BV 3,0 3,6 -0,3 5,2
2 HanpsikeHre TUTaHus aHAJIOTOBOU Ucc2
gactu, BV 3,0 3,6 -0,3 5,2
3 BxoHOE HanpsKeHue HU3KOTO Ui
YPOBHS, BV -0,5 0,8 -0,6 —
4 BxoaHoe HanpsyKeHUE BHICOKOTO Uin
ypoBHs, BV 0,2Ucc1+1| Ucc - Ucc1 +0,6
5 BxoaHoe HanpsKEeHHE BBICOKOTO UiHc
ypoBHs 1o Beiosty XI_ OSC, BV 0,7Ucc1 Ucci - Ucc1 +0,6
6 BbIX01HOH TOK HM3KOro ypoBHs, MA D loL — 6 — 10
7 BBIXOIHOI TOK BBICOKOTO ypoBHS, MA") loH —6 — -10 —
8 Yacrora cieoBaHUs UMITYJIbCOB for
TaKTOBOTO CHUTHAJIa IPOIIECCOPHOTO
anpa, MI'n 0,001 100 — —
9 Yacrora npu pabore ¢ fc
CJICZIOBAHMSI BHEIITHUM TaKTO-
MUMITYJIbCOB BBIM I€HEPATOPOM 0,001 40 — —
TaKTOBOI'O CUTHAJIA | IpH paboTe ¢
no BeiBoAy XI OSC, kBapiieBbIM
MI'1g PE30HATOPOM 8 24 - -
10 EmxocTh Harpy3ku, nd CL - 40 — —
) BpeMst paGoThl B 0JHOM U3 MPEJIENBHBIX PEXKUMOB JO0IIKHO OBITH He Gonee 5 c.
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3 ApXuTeKTypa u3aejus

Muxkpokontpoiep 1921BK035 crpykTypHO mpencTaBiseT cOOOW MyJbTUCTAIUIHBIHN
RISC mpoueccop. Aapo mosHOCTRIO peanusyeT Habopsl komana Thumb u Thumb?.

[Mognepxka DSP-uHCTpyKIIMI M HalMuue MOMAYJS ONEpaluil ¢ IJIaBaIOIIeH 3amsToi
CYLIECTBEHHO YCKOpsieT 0O0pa0OTKy MOTOKOBBIX JAaHHBIX, YTO B CBOIO Ouepenb JeliaeT
MHUKPOKOHTPOJIJIEP BEChMa MPUBJICKATEIBHBIM JIJIi UCIOJIb30BAHUSI B CUCTEMax YIIPaBJICHUS U
00paboTku nHpopMaIuu.

MUKpPOKOHTPOJIJIEP CIIOCOOEH MapaUICIbHO BBIMONHITH YETHIPE OINEpaIuil CIOKEHUs/
BbIUMTAaHUSL C 8-pa3psiIHBIMH OINEpaHJaMy WM [BE OIlEpaldd CIIOKEHUS/BBIYUTAHUS C
16-pa3psaapiMU ornepaHgaMu. Takke peann30BaHO YMHOXKCHHE 3a OJUH ILHUKII, P 3TOM JUIS
16-pa3psaHbIX YKcea BO3MOXKHO MapajiielbHOe UCIIONHEeHNEe IBYyX oneparuii. 3 ocobeHHocTel
cieayeT OTMETHUTH allllapaTHOE YMHOXEHUE 32-pa3ps/IHbIX Yucen 3a 1 LHMKI, a TakxkKe JIeJieHue
32-pa3psAaHbIX YUCEI, 3aHUMaromee oT 2 10 12 mUKIIoB.

BbJ1ok KOMMyTauMU MUKPOKOHTpPOJLIepa

Bce ycrpoiicTBa MUKPOKOHTpOJIIEpAa COSAMHEHBI MEXKIY CO00M uepe3 OJIOK KOMMYTAIl|H.
Ha pucynke 3.1 mnpuBeneHa cxemMa COEIMHEHHUS OCHOBHBIX M MepUEpHHBIX OJIOKOB
MUKPOKOHTpPOJUIEpA BHYTPH OJ0Ka KOMMYTAaILIUH.

MacTepsbl
r * 1
ury DMA
L H I
3 Q 0|
i o n
» » D-CODE OcHoBHasi| |
I-CODE Kaww Flash
[ | namsiTb
YnpaBneHue
. namsTbo
s
s
3
=4 ] ] o3y o
s n
s =
o *%
v = = ALN 3
o o
[y
[Na]
N N Moptel An B
] ] CAN
| | MocTt AHB-APB

Pucynok 3.1 — Cxema coetnHeHus1 6JI0KOB BHYTPH 0JI0Ka KOMMYTaIMH
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4 bJyiok ynpaBJieHUs1 cOpocoM U cuHxponusamnueiit RCU
4.1 O0masi cucreMa TAKTHUPOBAHUS

B MukpokoHTposuiepe HpeaycMOTpPEeHa pas3BHTas TOJCHUCTEMAa YIPABJICHUS TAKTOBBIMU
CUTHAJIaMH M CUTHaJIaMu cOpoca, CM. pUCYHOK 4.1.

OCHOBHBIMHU TaKTOBBIMU CUTHAJIAMH, KOTOPBIC UCIIOJIB3YIOTCS B MEKPOCXEME, SIBIISTIOTCS:

- OSICLK — rakroBblii curnan BaytpenHero RC-reneparopa;

- OSECLK - BHemHuii TakToBblii curaai no BeiBojgam XI_OSC u XO_0OSC;

- PLLCLK — takToBsIil curaai ¢ Beixoma PLL;

- PLLDIVCLK — takToBbIi curHai ¢ Beixoga PLL, mpomeqmuii gepe3 HONmOTHUTEIBHBIN
JEIIUTENb;

- SYSCLK — cucreMHBIii TaKTOBBIM CHUTHAJ, ONPEACIAIONIMN YacTOTy paboThI
nporieccoproro sapa (fsyscik = fei);

- PCLK — nepudepuitabiii TakToBbIN curHan APB muHbI;

- HCLK - cucremusblii TakToBBIN curdaia AHB muHeI;

- FCLK — HeoTk/Ir09aeMblii CHCTEMHBIA TAKTOBBIA CUTHAI.

OSE
xosc [ (8-24) My OSECLK
[eHeparop
XO 0SC D TAKTOBRIX SCM SLEEPDEEP
- MMNySbCOB osl
OSICLK (8 MrL) Brok K 6nokam
RC-rereparop ynpasneHns MWKPOKOHTPpONNEepa
TaAKTOBbIX CcUCTeMHON
VMMYNbCOB TAKTOBOV
YacTotoi
REFSRC
—>

0
. |@sym PLL | PLLCLK PLLCLK

1
= & PLLDIVCLK | | K cenekropam

DIV AONONHUTENbHbIX
CUHXpocurHanos
DIVEN osicLK _ | Bnokos

OSECLK

Pucynok 4.1 — CxemMa CHHXpOHU3AINH

[Ilpumeuanue — Bpems ycranoBierus crabunbHoro takroBoro curaaia OSICLK — ne Gonee
600 mkc. JlanHOE TIOBeZIeHHe HEOOX0JMMO YUUTHIBATh Npu nctoib3oBanuu curHana OSICLK B kauecTBe
OTIOPHOTO UCTOYHUKA Jy1st O1oka PLL.

4.2 Cunre3artop yactorsl PLL

B kauectBe onopHoro curnana 6moka PLL mMoxHO BBIOpaTh OAMH M3 UCTOYHUKOB, BHIOOD
ocymectsisiercs noiem REFSRC perucrpa PLLCFG.
Brixoanas yactora 6moka PLL onpenensiercs cornacHo ¢popMmyie

M_ 1

fOUT = fIN X N X 0D" (41)

Koadpduuuentsr N, M, OD 3anatorcst cooTBeTcTBYtomuMu nonsmu perucrtpa PLLCFG.
CyIecTBYIOT ClIeAYIOIIME OTPaHUYEHUS TapaMeTPOB:

- koo dunment aenenus 1 <N < 63;

- koo unment aenenus 2 < M < 63;

- BXOJ[HAsl 9aCTOTa JIOJDKHA HAaXOAUThHCS B auanazone (4 — 64) MI';

- 3Hayenune 4actoThl fin/N momkHO Ob1Th B quamaszone (4 — 20) MI'w;

- 3Hayenune 4actoTel finxM/N momkHO ObITh B auanasone (120 — 200) MTI';

- 3HaYEeHHE BBIXOAHOMN 4acToThl fouT M0mKHO OBITE B quamazone (15 — 200) MI'.

Hactpoiiky 6moka PLL HeoOXxommmo nmenmaTh A0 TOTO, KaK €ro TaKTOBBIA CUTHAJI OynaeT
BbIOpaH B KadecTBe paboyeil yacTOThl CHUCTEMbl WU OfHOro u3 OjokoB. [Ipu mpaBumbHON
YCTaHOBKE BceX 3HaueHuil u BbIxojie Onoka PLL nHa paGouuit pexxum, OyAeT ycTaHOBJIEH OUT
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LOCK B peructpe PLLCFG. [Tocne ycrtaHOBiIeHHsI pab0OYero peskuMa MOXKHO pa3pelinTh BBIXOA
gacToTsl u3 Osoka PLL 6utom OUTEN.

Takxe ecTh BO3MOXXHOCTH IPOXOKICHHsI CUTHajda CKBO3b OOk PLL 0e3 u3MmeHeHuit
(bypass pesxxum), i yCTaHOBICHHS KOTOPOI'O MOKHO BOCIOJIb30BaThesi OutoM BYPASS.

Taxxke mnpucyTCTBYeT BHEIIHUN [EIUTEIb YaCTOThHI, YIPABISEMbIi OUTaMU perucTpa
PLLDIV. Jlnsg TakTHpOBaHWS PA3JIUYHBIX OJIOKOB W MOMAYJIEH MHUKPOKOHTPOJUIEpAa MOKHO
BbIOpaTh Kak curaan PLLCLK, tak u PLLDIVCLK, He3aBucumo Apyr OT apyra.

[Ipumeuanme — Bpemst ycTaHOBIEHHsSI CTaOMIIBHOTO TaKTOBOTO CHTHaia ¢ Bbixoma PLL — He
6onee 300 mkc. I[Ipu ncnonb3oBanuu curnana OSICLK B kauecTBe omopHOro ucTouHmKa s omoka PLL
PEKOMEHIyeTCS  BBIACPKHMBATh  JaHHBIA ~ BPEMEHHOW  WHTEpBald, MPEXIe YeM  BbIOpaTh
PLLCLK/PLLDIVCLK B xauecTBe paboueii 9aCTOTBI CHCTEMBI MJIH OHOTO M3 OJIOKOB.

4.3 Cucrema cJIe;KeHHs 32 TAKTOBBIMH CHTHAJIAMU

Cucrema CIEKEHHS OCYIIECTBIISICT KOHTPOJIb HWCTOYHHUKOB TAKTOBBIX CHUTHAJIOB H
MO3BOJIIET 00pabaThIBaTh MCKIIOYUTEIBHBIC CUTYAIldH, CBS3aHHBIC C WX IMPOIMAJaHUEM (CPBIB
reHepanuu 6soka PLL, HeHae)KHBIN KOHTAKT C BHEITHUM PE30HATOPOM H T. I1.).

Texymuid CTaTyC TaKTOBBIX CHTHAJIOB MOYKHO yYCTaHOBUTH, IPOYUTAB COOTBETCTBYIOIIUE
outel XOK u XERR perucrpa SYSCLKSTAT, rne X — OSECLK, PLLCLK, PLLDIVCLK. bur
XOK OyneT ycTaHOBIIEH, €CIH COOTBETCTBYIOIIMHA TaKTOBBIM CHUTHANI CTAOMIBLHO paboTact u
Oyner cOpomen mnpu ero cboe. bur XERR wumeer obOpatHoe mnoBeneHue — mpu cOoe
yCTaHABJIMBACTCSI, COPACHIBACTCS IPU HOPMAIILHOW padOTe TAKTOBOT'O CHTHAJIA.

BpewMmst peaknuu CUCTEMBI CIISKEHUS Ha MCYC3HOBCHHE TAKTOBOT'O CHTHAA HACTPAUBACTCS
¢ nomoipto noner peructpa SECPRD u no ymonuanuto paBHo 256 taktam curnana OSICLK.
Peakmus Ha mr000€ Tiponalanie TAaKTOBOTO CUTHAJIA HA MEHBIIee BpeMst OyIeT OTCYTCTBOBATh.

MuHHMMAaNIbHAS 9aCTOTA, 32 KOTOPOH MOXKET OCYIIECTBIAThCS ciaexeHune — 20 k1.

3HaYeHHE MUHHUMAJIbHO BO3MOYKHOTO BPEMEHH PEaKIMU BbIUUCIAeTCsS 10 hopmyie (4.2)
(pe3ynbTaT OKPYTJIAETCS A0 IEJIOTO B OOJIBIIYIO CTOPOHY).

SECPRD_MIN = (4xTrer + 6xTcLk)/TReF, (4.2)

rnae Trer — mepuoj onopHoit TaktoBoi yacToTsl curnana OSICLK;
TcLk — mepro KOHTPOIMPYEMOM TaKTOBOM YacTOTHI.

Hanpumep, eciiu HeoO6XoaMMa MakCUMaJIbHO OBICTpasi peaklysl Ha MpOoIaJaHue YacTOThI
100 MTI'1; Ha Beixogae 6oka PLL (Tcik = 10 ue) npu curnaine OSICLK 8 MI'n (Trer = 125 Hc),
o HeobxomuMmo B mosie PLLCLK perucrpa SECPRDO 3anucars 3aauenne SECPRD_MIN = 5,
BBIYHCIICHHOE 110 hopmyste (4.2).

Croutr ormeruts, uto SECPRD_MIN sBisiercss nuiib BpeMeHEM JETEKTHPOBaHUS cOO5.
Cam mepexo/i B aBapuitHbIi pexuM (TIepekiroueHre cucteMHoi yactotsl Ha curaan OSICLK)
3aliMeT onoyHUuTeNnbHO He 6osee 14 TakroB curHana OSICLK.

Kpome cnexxeHust 3a KakKIbIM M3 HMCTOYHHMKOB TAaKTOBOTO CHTHAJA IO OTACIHHOCTH,
cucTeMa OTCIIEKHBAHMS IO3BOJIIET KOHTPOJIMPOBATH TEKYIIMH CUCTEMHBIH TaKTOBBIN CHTHal
SYSCLK.

Brmouenne kontponsi curaana SYSCLK ocymectBnsiercs ycranoBkoit 6uta SECEN
peructpa SYSCLKCFG.

[Ipu cOGoe OynmeT OCYyNIECTBICH aBapWHBIA MEPEeXOoJ CHCTEMHON YacTOTHI Ha CHUTHAI
OSICLK, u 6yzaer BbipaboTano Hemackupyemoe npepsiBanue NMI# coBMeCTHO ¢ ycTaHOBKOM
¢mnara npepeiBanus SY SFAIL B peructpe INTSTAT (duar cOpacsiBaeTcst 3aIUChIO €TUHUITBI).

Texkyumii craTyc CUCTEMHOTO TaKTOBOTO curHana jgoctyneH B 6ute SYSFAIL perucrpa
SYSCLKSTAT: npu c6oe 3T0T OUT YCTaHOBUTCA M OYyJeT JepiKaThCs YCTAaHOBJIEHHBIM, TOKa
MOJI30BaTEh BPYYHYIO HE TepeijeT Ha 000 W3 IOCTYNMHBIX CTAaOWIBHBIX HCTOYHHKOB,
3anucaB B nosne SYSSEL perucrtpa SYSCLKCFG HoBoe 3HaueHue (mmpu cboe mosie coxpaHser
CTapoe 3HauY€HHE WCTOYHHMKA CHUCTEMHOW YacTOThI). B TOM umciie BO3MOXEH Tepexoa M Ha
curHan OSICLK, HecMOTpst Ha TO, YTO B aBapUIHOM PEXUME CXEMa YyXe TaKTUPYeTCs ITUM
CUTHAJIOM — 3T0 10o3BoJUT cOpocuth OuT SYSFAIL pernctpa SYSCLKSTAT.
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[TpsiMoit mepexo1 U3 aBapUHOTO COCTOSIHHSI K TAKTUPOBAHHMIO OT BBI3BABIIIETO COOM, HO
y>K€ BOCCTAaHOBHUBIIIETOCSI HICTOYHHKA HEBO3MOXKEH. Ecnu 310 HeoOxoauMo caenaTh, TO CHavama
HY)KHO TIEPEUTH Ha OJMH W3 CTAOMJIBHBIX UCTOYHUKOB (Hampumep, curian OSICLK), u nums
3aTeM HavaTh Mepexo 1 Ha OBIBIINI «COOWHBIMY, HO BOCCTAHOBUBIIUICS HCTOYHHK.

[Tpu nmepexonie MUKPOKOHTPOJIEpA B aBapUMHOE COCTOSHUE 110 TAKTUPOBAHUIO TpeOyeTCs
00s13aTeIbHO MEepPeUTH Ha CTaOWJIBHBIM MCTOYHUK TakTUpoBaHus (O0ut XOK mns Hero Oyner
ycranosiieH), Hanpumep, Ha curnan OSICLK (SYSSEL = 0). Eciu aBapuiiHblii HCTOYHHK
BO30OHOBMJI TaKTHPOBAaHHWE, TO CHOBa MEPEUTH Ha HEro MOXKHO, 3amucaB moje SYSSEL
peructpa SYSCLKCFG Ha HOMEp COOTBETCTBYIOIIETO HCTOYHHUKA.

4.4 Curnaubl copoca

COpoC MOXET OCYIIECTBIIATHCSA KaK BHEIIHUM CHTHaJoM C BhiBojga RESET# (akTuBHBIM
YpOBEHb CHrHajia cOpoca — HU3KUI), TaK U C MTOMOIIBI0 BHYTPEHHUX UCTOYHUKOB — I10 3aMPOCy
nporieccopa H Mo MepernoIHEHUI0 CTOPOKEBOTO TaliMepa.

Taxke B MHUKPOKOHTPOJUIEPE €CTh BO3MOXKHOCTH cOpOca IO TOJyYEHHIO CHUTHaiA
LOCKUP ot saapa. [lanHblii curHaJl BO3HHMKAET B CIIydae HEBOCCTAHOBUMOTO CHCTEMHOTO
uckmouenust (Unrecoverable exception), ecias MHKPOKOHTPOJUIED HE MOMET M3 HETO BBIUTH.
YcranoBka 6ura LOCKUPEN B peructpe SYSRSTCFG paspemut aBrOMaTHYecKui cOpoc
nocyie moay4yeHus ot sapa curaana LOCKUP.

B peructpe SYSRSTSTAT coaepxurcs Habop ¢uiaros, Mo KOTOPHIM MOKHO YCTaHOBHUTD
NPUYHHY MOCIEIHET0 Mpou3omeamero copoca. B ciryuae HopManbHOW 3arpy3KH MMOCIE MOIA4H

nutanus Oyzaet ycranonieH ¢aar POR, Tak kak cOpoc BbI3BaH BHEITHUM CHTHAJIOM.

IIpumeuanue — Jlng npeqoTBpalieHus] HEPEACKa3yeMOoro OBEJCHHsI MUKPOKOHTPOJIEpa MPU
CHIDKEHHU YPOBHS HamNpsDKEHUs NHUTaHUs Hiwke 2,7 B, pekoMeHIyeTcs HCMOJIb30BaHWE BHEIIHETO
CyMepBU30pa MUTAHUS, YIIPABJIAIONIET0 COPOCOM MUKPOKOHTPOJLIEPA.

4.5 IllpepbiBanus

B MukpokoHTpoIuIepe ecTh 1Ba MpephIBaHUs, CBSI3aHHBIX ¢ paboToii 61oka RCU.

[lepBoe mpepriBanue — HemnocpenctBeHHo RCU Interrupt. BriOpare wucTouHHKW,
BIMsIOLIME HA Hero MoxxHO B peructpe INTEN — coObITHs nosiBlIeHNs WK MIPONaJaHusl OJHOTO
W3 TaKTOBBIX CHUTHAJOB, BbIX0J Onoka PLL B paGouuii pesxxum. Bece cOOBITHS COMPOBOXKIAFOTCS
¢maramu B peructpe INTSTAT.

Bropoe npepbsiBaHHe CBA3aHO C MPONaJaHUEM TEKYIIEro CUCTEMHOI'O TaKTOBOTO CUTHAla
SYSCLK. B cnyuae ecau Oblla BKJIIOUEHA CHCTEMa CJIEKEHHs 3a TAKTOBBIM CUTHAIOM (OUT
SECEN peructpa SYSCLKCFG) Bo3HHKHET mpepblBaHHE, COOTBETCTBYIOIIEE BEKTOPY

HeMaCKI/IEI)_yeMOFO npepbiBanust NMI#, u OyneT ycTaHOBJIEH COOTBETCTBYIOIIMHU (har B peructpe
INTSTAT.

4.6 TakTupoBaHue U cOpoc nepudepuiiHbIX 0.10K0B

Jnis HeKoTopbIX nepudepuiHbIX OJOKOB CUCTEMA TAKTUPOBAHUS IPEyCMaTPUBAET BHIOOD
HE3aBUCUMOI'0 TAKTOBOI'O MCTOYHHKA. Y OJIOKOB WATCHDC?G, TRACE, UART, SPI, ADC u
6noka (opmupoBanus BHemHero curHana CLKOUT ecTe cOOTBETCTBYIOILIME pPErHCTPHI, B
KOTOPBIX MOXXHO BKJIIOYaTh TAaKTHPOBAaHUE, BBIOMpATb €ro MCTOYHMK U HAcTpauBaTh
OTKJIFOYaEeMBbIi J1eauTeNb. VICTOUHUK TaKTUPOBAaHMs BBIOMPAETCS HE3aBUCUMO JUIS KaXJ0TO U3
0JIOKOB C TIOMOIIBIO €T0 COOCTBEHHOT'O CEJIEKTOPA, IOKa3aHHOTO Ha pUCYHKE 4.2.

CLKSEL CLKSEL
DIVEN DIVEN
OSECLK OSECLK
PLLCLK PERIFCLK OSICLK PERIFCLK
— —
PLLDIVCLK PLLCLK
OSICLK PLLDIVCLK
DIVN DIVN
Broku ADC, UART, SPI Broku TRACE, WDT, CLKOUT

Pucynok 4.2 — Cxembl CeNeKTOPOB JOMOIHUTEIBHBIX CHHXPOCHTHAJIOB OJIOKOB
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Jliis octanbHBIX 0710K0B, @ mMeHHO: CAP, TMR, 12C, QEP, PWM, 1 1151 6JI0KOB, OTHOCSIITXCS

k AHB nepudepun (GPIO, CAN), TakTHpoBaHHE MOJACTCS YCTAHOBKOW COOTBETCTBYIOIIEIO
oura B CLKCFG, cm. Tabnuiy 4.1.

Tabnuna 4.1 — TakToBble curHaubl nepudepuitHbIX OJI0KOB

[Tepudepuiinbiii 610K TakTOBBII CUTHAT [enurenp YnpaBiasommii perucTp
ADC ACLK 1-63 ADCCFG

SPI SPICLK 1-63 SPICFG

UART UARTCLK 1-63 UARTCFG
WATCHDOG WDTCLK 1-63 WDTCFG
CLOCKOUT CLKOUT 1-7 CLKOUTCFG

TRACE TRACECLK 1-63 TRACECFG

TIMER PCLK - PCLKCFG, PRSTCFG
PWM PCLK - PCLKCFG, PRSTCFG
12C PCLK - PCLKCFG, PRSTCFG
QEP PCLK - PCLKCFG, PRSTCFG
CAP PCLK - PCLKCFG, PRSTCFG
GPIO HCLK - HCLKCFG, HRSTCFG
CAN HCLK - HCLKCFG, HRSTCFG

[To ymMom4aHWiO Ha BCeX NMEpUPEPUUHBIX OJIOKAaX OTKJIFOYEHO TAKTHPOBAHWE, U BCE OHH
HAXOZATCS B COCTOSIHUU cOpoca. J{s Havana paboThl HYKHO MMOJATh TAKTOBBIM CUTHAJ, a TaKXkKe
BBIBECTH OJIOK M3 COCTOSIHHSI COpOCa, OCYIIECTBUB 3alUCh CIUHUI[ B COOTBETCTBYIOIIME OHUTHI
PErUCTPOB YIIPABJICHHUS.
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5 bJok ynpasJjienusi JHepronorpedaeauem PMU

B MHKpOKOHTpOJIIEpe MPEeIyCMOTPEHBI HECKOJIBKO PEXHMOB (DYHKIIMOHUPOBAHHS IS
YMEHBIIICHUS MTOTPEOIIEMOI YJHEPTHH B TEX 3aJla4ax, TJe SAPO HE TOJDKHO MOCTOSTHHO padoTaTh,
HarpuMep, BO BpeMsl OXKHUIaHUs MPUX0/1a BHEITHETo coObIThs. K HUM oTHOCSATCS:

- pexxuM Sleep (s1po ocTaHOBIICHO, epudepus padoTaer);

- pexxum Deepsleep (sapo ocranoBiieHo, epudepus mepeseieHa B peskum Powerdown).

KoHTposb peXxuMOB 3HEPronoTpeOIeHUsT OCYIIECTBISETCS C TOMOIIBIO OJIOKA YIPABICHUS
sHepromnorpedaeanem PMU.

5.1 Pexxum Sleep

Bxoxg B pexxum Sleep mpousBoauTtcs npu BeimoiaHeHuu uHCTpyknmu WFI (Wait For
Interrupt) umu = WFE (Wait For Event) npu copomennom 6ute SLEEPDEEP perucrpa SCR
6ioka SCB sznpa. B 3ToM pexume Ipekpaliaercss TaKTUpPOBaHHUE sipa, HO Bcad mepudepus
MPOIOJDKAET MOTHOCTHIO (PYHKIITMOHUPOBATD.

B 3aBucumoctu ot cocrosiHusi 6uta SLEEPONEXIT (peructp SCR 61oka SCB siapa)
BO3MO>KHBI JIBa PEKHMMa BX0JIa B 3TOT PEXKUM:

- SLEEPONEXIT = 0 — Bxox1 B pexxuM Sleep Mpou3BONUTCS, KaK TOJIBKO ObljIa BBHITIOJIHEHA
uHctpykuusa WFI wim WFEFE, nipu BbIXoz1€ IpOJOJDKAET UCIIOIHATHCA NPOrpaMma, IpepBaHHas
OZHOM U3 UHCTPYKLIUN BBILLIE;

-SLEEPONEXIT = 1 — Bxog B pexum Sleep ocCymecTBisieTcs HE TOJIBKO TIpU
BBITNIOJTHEHUM COOTBETCTBYIOIIMX MHCTPYKLMM, HO M KaXKIbli pa3 IPU BBIXOJE U3 IOCIEIHETO
AaKTUBHOTO 00paboTuMKa TMpephiBaHUN (SAPO  «IIPOCHIACTCS» TOJIBKO sl 00paboTKH
MIPEPHIBAHMN ).

Breixon u3 pexxuma Sleep mpow3BOIUTCS Pa3IHMYHBIMU MYTSIMH, B 3aBUCUMOCTH OT TOTO,
Kakas MHCTPYKLMA ObLIa UCIIOJIb30BaHa Ul BXOJa.

Ecimu nuis Bxona B pexxum Sleep Obiia ricronb3oBaHa nHCTpYKIws WFI, To mpuxo mro60ro
paspemeHHoOro npepsiBanus B NVIC BbI30BET BBIXOJ U3 PEKUMA, OJHOBPEMEHHO C IIEPEXOAOM B
COOTBETCTBYIOIINNA 00pabOTUHK.

Ecnmu Obuta wucnons3oBana wuHcTpykuus WPFE, To BbIXon mnpousoiiner aubo 1o
paspemiennomy npepbiBanuio NVIC (ananornuno WFI), nu6o mo coObITHIO, KOTOPOE MOXKET
OBITH CTEHEPUPOBAHO HECKOJIBKUMH Iy TSIMH.

Ecmu ycranoBien 6ur SEVONPEND perucrpa SCR 6moka SCB siapa, To cobbiTHEM
OyzaeT sABIATbCA MPUXO[ JI0O0ro 3ampemnieHHoro npepeiBanus B NVIC (pa3perieHHoro jauib B
nepudepuitnom moaynie, a He B NVIC). Ilpu sTom 1o Beixojae HEOOX01uMO OyaeT cOpachiBaTh
COOTBETCTBYIOIIME (pJIary MpepbIBaHUs, Kak B epudepuitHoM MojyJe, Tak U B peructpax NVIC
(peructpst ICPR).

Taxoke coObITHEM JUTS BBIXOAA U3 peskuMa Sleep siisercs curHain RXEV, kotopsiit Mmoxer
obITh crenepupoBad B GPIOA wiu GPIOB. [lononnurensHo curHan RXEV oT Heo6xoaumoro
nopra JAoJKeH ObITh paspeuieH ycraHoBkoil 6uta GPIOAEV mmm GPIOBEV B peructpe
RXEVEN 6m1oka PMU. B stom ciydae BbIxoa u3 pexxkuma Sleep Oyner npousBeneH Hanbosee
OBICTPO, TaK KaK BpeMs Ha BXOJI/BBIXOJ] B IPEpPbIBAHNE TPATUTHCS HE OyJeT.

5.2 Pexxum Deepsleep

B pexume Deepsleep TtakTtupoBaHWe siapa OCTaHABIMBACTCS, a TaKXKE HPOHMCXOAUT
nepexox B pexum Powerdown creayrommx nepudepriHbIX 0J0KOB (IO  YMOIYaHHIO):
MFLASH, PLL, EXTOSC.

Bxonx B pesxum Deepsleep mpousBoaurcs npu Beimonnennn uHerpykiun WFI (Wait For
Interrupt) mmu  WFE (Wait For Event) npu ycranosnennom oute SLEEPDEEP peructpa SCR
osoka SCB spa.
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Ecmu ansa Bxoma B peskum Deepsleep Obina ucnonb3oBana unctpykunus WFI, To mpuxon
moboro paspemenHoro npepsiBanuss B NVIC BBI30BeT BBIXOJ U3 peKuUMa, OJHOBPEMEHHO C
MEPEX0JIOM B COOTBETCTBYIOLINIT 00pabOTUHK.

Ecnu nns Bxonma B peskum Deepsleep Obuta ucnosnb3oBana nncrpykius WFE, To npuxon
mto6oro pazpeuieHHOro coobiTisi RXEV 0T mopToB BBOJa-BBIBO/Ia BHI30BET BBIXO/1 U3 PEXKHUMA.

[Tepen TemM Kak OCYIIECTBHTH BXOJ B 3TOT PEXHUM HEOOXOJMMO IMPOBECTH HEKOTOpHIC
MOJIFOTOBUTEIIbHBIE ONEPALIUU.

Heo6xomumo Bxmrounts PMU, ycranoBuB Ooutr EN B peructpe CFG 6Gnoxka PMU.
B npotuBHOM cityuae nepexon B peskum Deepsleep Oynet HeBO3MOXKEH.

C momomuipio copoca 6utoB PLLPD, MFLASHPD, EXTOSCPD B peructpe PDEN 6moka
PMU MOKHO OTKITIOYHMTB IIEPEBOJI COOTBETCTBYIONIMX OJIOKOB B peskuM Powerdown mpu Bxoje B
pexxum Deepsleep — onu npomoinkar cBoe (yHKIMOHMpOBaHHWE. Hampumep, eciid OCTaBHTH
AKTUBHBIM BHEIIHUNA OCHMIUIATOP, Mepudepus, UCHOIb3YIOU[ash ero B KauyecTBE TaKTOBOTO
CHUTHAJIA, MPOJIOIHKUT (PYHKIIMOHUPOBATH.

Heo0x0a1uMo HaCTpOUTh 3HAUCHUE JJTUTEIBHOCTH BbIX0/a U3 pexkuma Deepsleep — Brixon
nepudepuiiHbIX 0J0KOB M3 pexkuma Powerdown tpedyeT HEKOTOpOro BpeMeHH (IS KaKIoro
Oioka pasnoe), moatromy B peructp PUDEL 6Gioka PMU nomxHO OBITh BHECEHO 3HAUYECHHE
Oonbiiee aMO0 paBHOE caMoOil OOJIBLION BENMYHMHE 3aJEPKKU Cpeau OJIOKOB, IJIsi KOTOPBIX
akTHBeH pexxuM Powerdown. 3nadeHue BHOCHTCS B Takrtax TaktoBoro curHaia OSICLK. B
tabuuue 5.1 mpeacraBieHbl TUIOBbIE BeJIWYUHBI 3anepxkek. [lo ymomuanuto peructp PUDEL
coaepkuT 3HadeHue 1680, T. K. BOBMOXHOCTh aKTHBAIlMK pekuMma Powerdown BiiroueHa st
6sioka PLL.

Ta6auma 5.1 — Hactpoiika BpeMeHH BbIX0/1a U3 pexrma POWerdown st yka3aHHBIX 0JI0KOB

3nauenue perucrpa PUDEL B
taktax curHana OSICLK
(fosicLk = 8 MI'm)

Bpewms Bixona

Ilepudepuitusiii 010K
pucep u3 pexxuma Powerdown, Mxc

PLL 210 1680
MFLASH 15 120
EXTOSC 0 0

19



6 Opranuzauus naMsTH

[TamMsTh MHKPOKOHTpOJUIEpA HUMEET MPEIONpPEISICHHOe 32-pa3psjaHoe  aJlpecHOe
IPOCTPAHCTBO C OOJIACTSIMH: TIPOTPAMM, JIaHHBIX, TIEpUPEPUN U BHYTPEHHUX PECYPCOB, KECTKO
COCJIMHEHHBIX C MPOIECCOPOM. AIPECHOE MPOCTPAHCTBO Pa30UTO Ha YETHIPE OCHOBHBIC
obnacty, cM. Tabmuity 6.1.

Tabnunma 6.1 — OO6mas oprauu3anus NamMsITH MUKPOKOHTPOJLIEpa

AnpecHOoe MPOCTPAHCTBO Onucanue

EO000_0000h — FFFF_FFFFh | Cucremuas obmactsb

4000_0000h — 400F_FFFFh | Peructpsl yrpasieHus nepudepuitHbIMU OJT0OKaMu
2000_0000h —2000_3FFFh | Bayrpennee O3Y 16 Koaiit

0000_0000h —0000_FFFFh | Flash-mamsite

(A BeIGOpKHU MHCTpYKIUH [-Code + mmnaa ganneix D-Code)

Cuctemnast o0acTh AenuTcs Ha aBe yacth. [lepBas yacth, oObeMoMm 1 MOaiiT, 3aHUMaeT

nuanason aapeco E000_0000h — EOO07_FFFFh wu 3apesepBupoBaHa Jjisi  «JIHYHOM»
nepudepuiinoni mmHsl PPB  (Private Peripheral Bus). I[lluna PPB wucnome3yercs s
BBIOOPKW/3alMCH  JAaHHBIX W OTIAJA0YHOrO JOCTyma — g nepudepud. Irta  obmacte

paccMarpuBaeTCs Kak CTpPOro ymopsiaodeHHas mamsth. Yacte ee ampeco (EO00_EO00h —
EOO0_EFFFh) 3anmmaer mpocTpaHcTBO yrpaBieHusi cucteMbl SCS, B KOTOpPOM HaXOIATCS
peructpsl Osoka ympasienus cuctemor SCB, xontposuiepa npepoiBanuii NVIC, cucreMHOro
taiimepa SysTick, cpeacts omanku u qpyrue. baiitel peructpoB SCS Bcernma pacnosyiararorcs B
HOPSJIKE «MIIQJIIINA — CTApIINi» HE3aBHCUMO OT TOTO, KaKoi (hopMaT MpeICTaBICHHS JaHHBIX
OPUHAT JUIS OCTANbHOM mamsaTH. JlocTym K OOJBIIMHCTBY PETUCTPOB BO3MOXKEH TOJIBKO
TIOJTHBIMH JIBOMHBIMU clioBaMHu (32 OuTa), BCe MCKIIOYCHUSI U3 TOrO MPaBUjIa OrOBAapUBAIOTCS
cnenuanbHo. [lonbiTka kojna oOparutbes K obsnactu PPB 00bIYHO BBI3BIBAaET mpepbiBaHUE IO
OIIMOKE MIMHBI; UCKITFOUCHHUSIMU SIBIISTIOTCSI BO3MOXKHOCTB JlocTymna K peructpy STIR, ecnu 3to
paszpemieHo cooTBeTcTByIommM O6utoM peructpa CCR, u ZOCTYITHOCTh OTIIAJI0YHBIX PETUCTPOB.
BTopas 4acTh sBIsSETCS MaMATHIO YCTPOiCTB, 3anuMaet ooiacte E010_0000h — FFFF_FFFFh u
SIBIISIETCSI CHCTEMHBIM PETHOHOM Si/Ipa.

Peructpel mepudepuitHbIx OJIOKOB MHKPOKOHTpOJIEpAa JOCTYNHBI B  aJpeCHOM
npoctparctee 4000_0000h — 4000_FFFFh. Kapra pasmerienust 0J0KOB MUKPOKOHTpOJIIEpa B
naMsITH MpejcTaBieHa B Tabmuie 6.2.

Tab6nuna 6.2 —Peructpsl nepudepuitHpIx 0JIOKOB

AJpecHOe POCTPaHCTBO HazBanue Gsoka Onucanue
4005_3000h — 4005_3FFFh ECAP2 bnok 3axBara 2
4005_2000h — 4005 2FFFh ECAP1 Bbiox 3axBata 1
4005_1000h —4005_1FFFh ECAPO bnok 3axBata 0
4005_0000h — 4005_0FFFh 12C [MocnenoBarenbHbIil nHTEpQeEiic 12C
4004_FO000h — 4004_FFFFh QEP Keanparypusiii gexonep QEP
4004_EO00h — 4004_EFFFh PWM2 Biiox [ITMM2
4004_DO000h — 4004_DFFFh PWM1 Biyiok [IIMM 1
4004_C000h — 4004_CFFFh PWMO Birox [ITMIMO
4004_B000h — 4004 _BFFFh TMR3 brnok taiimepa 3
4004_A000h — 4004 _AFFFh TMR2 brok Taiimepa 2
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Oxkonuanue mabauywl 6.2

AJIpecHOE MPOCTPAHCTBO

HasBanue 0Oioka

Onucanue

4004_9000h — 4004_9FFFh

TMR1

bnok Taiimepa 1

4004_8000h — 4004 _8FFFh | TMRO biok taiimepa 0

4004_7000h —4004_7FFFh | SPI [MocnenoBarensHbIN HTEpDetic SPI

4004_6000h — 4004 _6FFFh | UART1 ITocnemoBarenbHbIH
npuemonepenatunk UART1

4004_5000h — 4004 _5FFFh | UARTO ITocnemoBarenbHbII
npuemonepenatuunk UARTO

4004_4000h —4004_4FFFh | DMA KonTpoitep npsmMoro aocryma K
namsitu DMA

4004_3000h —4004_3FFFh | WDT Cropoxeoii Taiimep WDT

4004_2000h —4004_2FFFh | PMU bnok ynpasnenus nuranuem PMU

4004_1000h —4004_1FFFh | RCU biok yrpaBiieHus TaKTHPOBAHUEM U
copocom RCU

4004_0000h — 4004 OFFFh | SIU biok cucteMHbIX QyHKIMI

4003_0000h — 4003 _FFFFh | MFLASH Flash-mamsite

4002_0000h —4002_FFFFh | CAN Kontpomrep CAN

4001_1000h — 4001_1FFFh | GPIOB Tlopr B

4001_0000h —4001_OFFFh | GPIOA ITopt A

4000_0000h —4000_FFFFh | ADC briox AIIIT
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7 Koutpoaep Flash-mamsau

7.1 OcnoBuas Flash-mamsits

OcuoBHast Flash-mamsaTe MOXXET HMCHONB30BaTHCSA IS XPAHCHUS HPOTPaMM M JaHHBIX
nojb3oBareis. Pasmep ocHoBHoi Flash-mamstu cocraBmser 64 Koaiit (64 crpaHuisl 1o
1 K6aiit), 1 B aIpecCHOM IPOCTPAHCTBE OHa 3aHMMaeT auama3on ¢ 0000h mo FFFFh.

Urenne Flash-mamsitu ocymectnsiercs: uepe3 nBe muabl AHB: |-code (s komann) u
D-code (mns manusix). Yrenne D-code mmubl nmeeT npropureT. Ha 00eux MIMHAX MPH MOMBITKE
3anucu B JIIOOYI0 00JacTh, YTEHUM M3 HECYNIECTBYIOIIEH 001acTH, YTEHUH BO BpEMs, Kornaa
Flash-namste 3ansiTa (CTUpaHKe, 3aKCh), TPAH3AKIHS IPOXOIUT YCIICIIHO C HEOPEICICHHBIMU
JTAHHBIMH Ha BBIXOJIC.

[TamsiTh mOCTymHA JJIsl YTEHUS, 3alUCH, IOJIHOTO M TOCTPAaHWUYHOTO CTHUPAHUS Yepes3
peructpsl ganubix DATAL u DATAO, anpeca ADDR, xomanx CMD, craryca STAT 6moka
MFLASH. 3anuck He00X0IMMO TMPOU3BOJANTH B MPEABAPUTEIHHO OYHINCHHYIO SUCHKY MaMSTH.
Crupanue nmaMsTH OCYIIECTBIISIETCS TIOJHOCTBIO WM MTOCTPAHUYHO.

MuHumaabHOe Bpemsi 4uTeHHs naHHbIXx u3 Flash-mamsitu cocraBiser okono 30 HC.
[Toatomy, ucxozas u3 BbiOpaHOW pabouell 4acTOThI, CIENYET 3a4aTh ONPEIEICHHOE KOJIUYECTBO
JIONIOJTHUTEIbHBIX TAKTOB OKUIAHUS, HEOOX0AUMOe /i cTabMiIbHOrO uTeHus u3 Flash-mamstu.
Jannsiii napametp 3anocutcs B oie LAT peructpa CTRL, cm. tabmuiy 7.1.

Ta6nuna 7.1 —3HaueHus napameTpa (KOJIMYSCTBO JOTOTHUTEIBHBIX TAKTOB OXKH/IAHHS) B
nosie LAT peructpa CTRL B 3aBucumoctu ot yactoThl curtana SYSCLK

fsyscLk, MI'L, KonnyecTBO JONOIHUTEIBHEIX TAKTOB OKUIAHUS
He 0oJiee B mojie LAT perucrpa CTRL npu urenun Flash-mamstu
100 3
90 2
60 1
30 0
[Ipumeuanue — 3HayeHue napamerpa mnocie copoca paBHo 1.

Onepanus npeaBbIOOPKH

IIpu 3anpoce MaHHBIX Ha WIIMHE MO aApecy, IO KOTOPOMY HE OCYIIECTBIAIACH
IPeBBIOOPKA, BBHIITOJIHAIOTCS CIEYIOLINE IeHCTBU:

1 Curnan roToBHOCTH Ha LIIMHE YCTaHABIMBACTCS B HOJIb U 33JI€PKHUBAET TPAH3AKLUIO.

2 Tlo 3ampammBaeMOMy aJIpecy CUMTBHIBAIOTCS JIBAa JBOWHBIX clioBa (64 OWUT) MaHHBIX U3
Flash-mamsitu. [lanee 3Tu 1aHHBIE 3aMKCHIBAIOTCS BO BHYTPEHHUIA TIepBbIid Oydep.

3 Tpebyemoe ciioBo nepenaercs Ha muHy AHB, 1 cHTHAJI TOTOBHOCTH YCTaHABIMBACTCS B
eIMHULLY.

4 Cpa3y mocje yCTaHOBKHM CHrHama rotoBHocTH, u3 Flash-mamsaru cuurteiBaroTcs aBa
JIBOMHBIX CJIOBA JAHHBIX IO clefyroleMy aapecy. /laHHble coxpaHsroTcs BO BTOpoM Oydepe.
Ecnu Bo BpeMsi CUMTBIBaHMSI 3TUX JIAaHHBIX MOSBIISIOTCS 3alpOChl MO aJpecaM, COXpaHEHHBIM B
nepBoM Oydepe, OTBET BO3HHMKAET MIHOBEHHO, €CIH IO JAPYIMM ajpecaM, TO FOTOBHOCTh Ha
[IMHE YCTAHABJIMBAETCS B HOJb, MPOMCXOIUT OKUJAHHME 3aBEPIICHMS] CUMTHIBAHUSA BO BTOPOM
Oydep u nanee Bo3BpaT K ACHCTBHIO 2.

S5 Ecniu mpuxondT 3ampochl MO ajapecaMm, COXPaHEHHbIM B TepBoM Oydepe, OTBET
BO3HMKAaeT MTHOBEHHO, €CIIM IO aJpecaM HaxoJIsilIMMcs BO BTOpoM Oydepe, OTBET Takxke
BO3HHMKAeT MIHOBEHHO. /Jlajgee mnepenuchiBaeTcs IMepBblii Oydep 3HaueHHEM BTOPOTO U
cuuThIBaeTcs cienyromuii aapec u3 Flash-nmamstu. Ecnu npuxoasar 3ampocsl mo ajapecam He H3
NepBOro U BToporo Oydepos, TO BO3BpaT K AEUCTBHUIO 1.
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Onepanusi KIMWUPOBAHUS

OcnoBHas Flash-namste nomonmHena Onokamu k3mi-amsatd mo 1 KOait Ha kaxaym u3
mmH |-code u D-code. locTyn k 3THM OJI0KaM OCYIIECTBIIAETCS 38 | TaKT CHCTEMHOM Y4acTOTHI.
[Ipu mepBOoM oOOpalIeHUn K aapecy, ero JaHHbIE MapaJjIeNbHO 3aHOCATCS U B KAII-NIAMSTh, H
coxpansitoTcsi TaM. Ecnu B anbHei1eM mporu3oiaeT MoBTOpHOE oOpallleHUue K TOMY K€ aJipecy,
JlaHHBIC OYIyT MPOYUTAHBI YK€ M3 KdII, oOpaimeHus kK memaieHnoi Flash-mamstu e Oyner. Ho
JaHHbIE B KOLI, KOTOpbIe ObUIM 3alpOIICHbI JaBHO, MOTYT OBITh BBITECHEHHBI 00Jiee CBEKHUMU
JTaHHBIMHU, OOpaIeHNEe K KOTOPBIM OBLIO TIo3ke. TakuM 00pa3oM, KIMIMPOBaHHAS WH(OPMALIUS
MOCTOSIHHO OOHOBJIIETCS, HO YYaCTKU IMPOTPAaMMHOIO KOJia, BBI3bIBAEMbIE 4Yallle BCETO, C
0O0JIbIICH BEpOATHOCTHIO OKKYTCS B KAIII. 33 CYET TOTO JOCTHTaeTCs MOBBIIICHHAS CKOPOCTh
BBITMIOJTHEHHS TAKOTO KOJa.

[IpenBbiOopka M K3 Ha Kaxnayro u3 muH |-code m D-Code BkIOYAIOTCS OTHENIBHO B
peructpe CTRL. Ilepen BkItoueHHEM Kd3IIa HEOOXOAMMO €ro COpOCUTh, YCTaHOBHB
coorBercTByromuii 6ut FLUSH perucrpa CTRL. Bo Bpems mponenypsr copoca 6ut BUSY
COOTBETCTBYIOILIETO perucTpa craryca kdm Oyner nepxkarbes B 1. Ilocne ycmemnoro
3aBepiieHus: cOpoca Oyaer cOpOIIeH ¥ JaHHBIH OWT, IMOCIEe Yero MOKHO MPOAOIKAThH
BBITIOJTHEHHE OCHOBHOM MPOTPaMMBbl.

7.2 3arpy3ounas Flash-namsits

3arpy3ounas Flash-namste (NVR 007acTh) MOXET HCIOIB30BAThCS JUIS  XPaHCHHS
MOJIb30BATEIBCKOM IMPOTPaMMBI-3aTpy34rKa, KOTOpas MOCPEIACTBOM OJHOTO M3 HMEIOUINXCS
uHTep(deicoB MoTy4aeT JaHHbIC VIS MPOIIUBKY OCHOBHOM namsT. Pa3smep 3arpy3ounoii Flash-
namsti coctanisiet 4 KGait (4 crpanunsl no 1 Kbait kaxnaas). Ho mis nporpamMMbl-3arpy3dnka
JNOCTYIIHBI  TONBKO TepBeie 3 KOaiiT. Bepxamii kuimoOaiiT OTBeIeH TOA  XpaHEHHE
[0JI630BATEIbCKUX JAaHHBIX, @ B €ro mepBoM Oaiite (abcomotHbii aapec CO0h) pacmonaraercs
koHpurypanmonHoe cinoBo CFGWORD, conepxamee napamerpsl 3arpy3Kd M 3aIlIUThI
koHTpoJuepa. Onucanue outroB CFGWORD npencrasneno B Tabnure 7.2.

[Ipumevanue — mapawienbHbiid noctyn K NVR u ocHoBHOW obGnactu Flash-mamsitu
HEBO3MOXKEH. Tak Hampumep, sIpo, HCIONSoIee KOX W3 OCHOBHOWM oOiactu Flash Oymer
BBIHY/JICHHO OCTAHOBHUTHCSI Ha BpeMsi ocymiectBieHuss monupukanuu NVR obnactu, T.K. He
MOYKET B 3TO BpeMs CUMTBIBaTh MHCTPYKIUH. [lo1o6HOE cripaBeiiiMBO U [t 0OpaTHOTO ciaydvasl.

Ta6nuna 7.2 — Kondurypamuonsoe ciopo CFGWORD

CFGWORD + CO0h (cmemienue oTHOCcUTENbHO HauanbHOTO anpeca NVR obnactu)
ITone butsl Onwucanue
BMODEDIS | 4 but ncrounuka 3arpy3ku

0 | Barpy3ka u3 NVR obmnactu

1 | 3arpy3ka u3 ocHOBHO#1 Flash-mamsru (o ymonuaHuio)

FLASHWE |3 Burt BriroueHus 3ammThl ocHOBHOM Flash-mamsitu

3anpeT 3allMCU U CTUPAHUSA OCHOBHOT'O omoka Flash-mamsaru

3amuTa BRIKJIIOUEHA (10 YMOIYAHUIO)

Banper 3anucu u crupanusi NVR 6ioka Flash-mamsitu

0
1
NVRWE 2 burt Bxirouenus 3ammtel NVR o6mactu Flash-mamsitu
0
1

3amuTa BbIKJIIOUEHA (110 YMOJIYaHHIO)

DEBUGEN |1 burt paspemiennst paboThl CUCTEMBI OTJIAAKH Spa

0 | OTknanka OTKIIFOUYEHA

1 | Otknaaka BKITIOYEHA (M0 YMOIYAHHIO)

JTAGEN 0 but paspemenns padotsl nuHoB JTAG/SWD

0 | PaboTa 3anpernieHa

1 | Pabora pa3peniena (1o yMOTIAHHIO)

— 7-5 3ape3epBUPOBAHO
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[Tpu ycranosnennsix 6utax NVRWE wnn FLASHWE 3anpemaercs mo6as Mmoaudukanys
COOTBETCBYIOIIEH 00JIaCTH TaMATH 4Yepe3 PErucTpoBbIi mHTepdeiic. Onepanuu 3amucud U
CTUpPaHUS WHTEPHPETUPYIOTCS KaK ONepanus 4YTeHHS, NpPU 3TOM CTaHIAPTHBIM 00pa3zom
MIPOJIOJDKAIOT paboTaTh MeXaHU3MBbI ¢uiaroB u3 peructpa STAT.

[To ymomuanuto nocne crupanust CFGWORD Bkitouena 3arpyska U3 OCHOBHOM MaMATH.
UTo0B! MCMONB30BATh 3arpy3urk, HeoOxoaumo copocuts B Hem 6ut BMODEDIS. Torga npu
3arpyske Mpou30iaAeT mojaMeHa ocHoBHOM Flash-mamstu Ha obnacte 3arpy3ounoit Flash. T. e.
npu obOpamenun no aapecam 0000_0000h — 0000_OFFFh OyayTr mpoduTaHbl JaHHBIC H3
3arpy3ounoii Flash-mamstu, cm. pucynok 7.1.

C6poc ot
RESET# nnu POR

Ha YcraHoBneH 6uT Hert
BMODEDIS B
CFGWORD?2

YcTtaHoBneH 6ut
BMDIS B
BDIS?

1FFFFFFFh 1FFFFFFFh 1FFFFFFFh
0000FFFFh 0000FFFFh
OcHoBHas Flash OcHoBHas Flash
00O000FFFh
Barpys3ouHas Flash
00000000h 00000000h 00000000h
C6poc ot Cb6poc ot C6poc ot
WDT vnu no 3anpocy sgpa WDT unu no 3anpocy sapa WDT vnu no 3anpocy sgpa

I I [
Pucynok 7.1 — briok-cxema anroputMma 3arpy3ki MUKpOKOHTPOJLIEpa

[Ipu sToM 00e 00JIaCTH TOJHOCTBIO JIOCTYIHBI JUIsl YTEHUS, 3aMHCH, CTUPAHUS Yepe3
peructposbiit uaTepderic MFLASH.

EcTb BO3MOXHOCTBH TMoOcie OTpabOTKH MpOrpamMMbI-3arpy3udKa cpa3y Iepe3amyCTUTh
KOHTpoJuiep ¢ obmactu ocHoBHOW Flash-mamsitu. [{is 3TOro HEOOXOMUMO YCTAaHOBHTH OHUT
BMDIS perucrpa BDIS 6noka MFLASH u momate KOMaHIy NpOTPaMMHOW Iepe3arpy3ku
koHTposiepa (ycraHoBute Our SYSRESETREQ perucrpa AIRCR sapa). VerpoiicTBo
nepe3arpy3urcsi yxe ¢ ocHoBHOW Flash-mamsitero. [lanHas komOuHanumsi jaeiictBuil Oynert
paboTath TOJIBKO JI0 BHEUTHEr0 cOpoca uin cOpoca 1o MUTaHUuI0 KoHTpoiiepa. [locie BHenHEH
nepe3arpy3ku npu coOpomenom 6ute BMODEDIS 3arpy3ka omsith HauHeTCs C 3arpy304HOMN
Flash-mamstu. YToOBI OTKITIOUHTD MMOJIHOCTBIO CTApT C 3arpy3o4yHoi Flash-mamsatu, HeoOxoaumo
BepHyth Our BMODEDIS B 1. DTO BO3MOXHO OCYIIECTBUTH, BBITIOJTHUB CTHpPaHHUE
COOTBETCTBYIOLICH CTpaHMIpbl 3arpy30ouHoil Flash-mamsti wnm cepBucHOe cTupaHue BCEro
KoHTpoJutepa. [Ipu 3TOM OOHOBIEHHOE 3HAUYEHHE BCTYIUT B CHIIy TOJBKO IOCJTE BHEIIHEro
cOpoca unu copoca o nutanuto. [lono6Hoe cnipaBemBo u 11 Apyrux 6uroB CFGWORD.

7.3 CepBucHblii copoc Beeii Flash-mamsaTn

1 Bo BpeMst cOpoca MHKPOKOHTpoOJUIepa aHamu3upyercs cocrosiHue BbiBoga SERVEN.
Eciv BBIBOJT HAXOIUTCSI B COCTOSIHHH JIOTUIECKON eqUHUIIBI (oATAHYT K 3,3 B), To 3arpy3ounas
U ocHOBHas Flash-mamsitu mepeBoasiTCS B pekuM, B KOTOPOM YTCHHE 3alpemieHo (Ipu YTeHUU
BO3BpariamTcs Hyin). [Ipu stom urHopupyercs cocrossaue outoB DEBUGEN u JTAGEN.

2 Jlanee no ormnagouHomy uHTepdeiicy (SWD wnu JTAG) nomkHa ObITh TIOJJaHA KOMaH1a
samucu 3Hadenus 0000_0001h B permctp SERVCTL o©Omoka SIU, mocme uero Oyxaer
AKTUBUPOBAHO IOJHOE CTHpaHWE 3arpy304HOd W ocHoBHO# Flash-mamstu. Ilo 3aBepuieHwu
npoliecca CTUPaHus B 3TOM ke peructpe BoicTaButcs guiar DONE

[Ipumeuanue — Ecnmu momHoe cTupanne He TpeOyercs, TO BO BpeMsi cOpoca Ha BBIBOJIE
SERVEN nomkeH yaepxuBaThCsl IOTHUECKUI HOIIb.
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8 KonTpoasep npsimoro nocryna k namsitu DMA

OcCHOBHBIE CBOWMCTBA U OTIUYHUTEIBHBIC OCOOCHHOCTH KOHTPOJIIEpa MPSIMOTO JOCTYTIA K
namsatu DMA:

- 16 xaHamnos;

- kaxapii kanaa DMAI (tae | ot 0 10 15) uMeeT CBOM CHUTHAJBI YIPaBICHHS Iepeaadeii
JAHHBIX M POTPAMMHUPYEMBI YPOBEHb TPHOPHUTETA;

- KKl  ypPOBEHb MPHOpPUTETa 00pabaThlBaeTCs HCXOJS U3 YPOBHS IPUOPUTETA,
orpezensieMoro Homepom kanaina DMAL;

- IO/IJIEPrKKa Pa3IMYHOTO THUIIA MIepelayy JaHHBIX B Mpezenax BHyTpenHero O3VY:
NaMsTh — aMSTh, TAMSITh — iepudepus, nepudepus — mamsTh,

- IO/IJIEPKKA Pa3IMYHbIX TUIIOB LIUKJIOB;

- IO/IJICPIKKA Mepeiadyl TaHHBIX PA3IMYHON Pa3PsIHOCTH;

- kakaoMy kaHamy DMAI  jmocTynHa TepBUYHAs W albTepPHATHBHAS —CTPYKTypa
YOPAaBISIONUX TAHHBIX KaHAJIA;

- BCE JJaHHbIE KaHalla XpaHsaTcs Bo BHyTpeHHeM O3Y B CTpyKType yIpaBISIOMIUX JaHHBIX
KaHaja;

- pa3psAHOCTH TaHHBIX IPUEMHUKA paBHA Pa3psAAHOCTH JAHHBIX MEepeIaTunKa,

- KOJIMYECTBO TIepeiad B OJJHOM IHKJIe KOHTpouiepa DMA MoXeT mporpaMMUpOBaThCS OT
1 no 1024;

- MHKPEMEHT aJipeca Mepeiadil MOXKET ObITh OOJIbIIIE, YeM pa3psaHOCTh JAHHBIX;

- BO3MOXKHOCTb HauaTh niepeaaun mo curaanam ot 6mokos UART, SPI, ADC, TMR, PWM,
QEP.

AnmnapaTHble HICTOYHHUKH 3apOCOB KaHalloB KOHTpouiepa DMA yka3ansl B Tabnune 8.1.

Ta6nuna 8.1 — AnmapaTHble HICTOUYHUKH 3aIPOCOB KaHaJIOB KoHTposiepa DMA

Howmep AnmnapaTHbIil ICTOYHUK Onucanue
KaHaya 3aIpocoB
0 UARTO_TX Kanan DMA ot UARTO o nepemaue
1 UART1_TX Kanan DMA ot UART1 no nepenaue
2 UARTO_RX Kanan DMA ot UARTO no mpuemy
3 UART1 _RX Kanan DMA ot UART1 no npuemy
4 ADC_SEQO Kanan DMA ot cexBencopa 0 6;oxa ALIIT
5 ADC_SEQ1 Kanan DMA ot cekBencopa 1 6moka AT
6 SPILTX Kanan DMA ot SPI no nepenaue
7 SPI_RX Kanan DMA ot SPI o npuemy
8_15 B cootBercBum ¢ perucrpom | Kananst DMA ¢ konpurypupyembiMu
DMAMUX 6moxka SIU HWCTOYHUKAMHU 3aIIPOCOB
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8.1 [IporpamMmMHoOe ynpaBJjieHue KOHTpossiepom DMA

Kontpomiep DMA Bemmosnnsier nepenaun 8-, 16- u 32-paspsaHbix gaHHBIX. Pa3psaHoOCTb
JTAHHBIX UCTOYHUKA U IPUEMHUKA JIOJIKHBI ObITh OJJMHAKOBBIMU.

Kontpomiep DMA 1no3BosisieT ynpasisiTb UHKPEMEHTOM ajpeca MpU YTEHUM JAHHBIX U3
UCTOYHUKA M IPU 3allUCU JAHHBIX B IPUEMHHUK. VIHKpeMEHT ajpeca 3aBUCUT OT Pa3psAHOCTU
nepeaaBaeMbIX JAHHBIX: MUHHMajbHas BEIMYMHA MHKPEMEHTa ajpeca BCErJa COOTBETCTBYET
pa3psAIHOCTH INEpeAaBaeMbIX IaHHBIX; MaKCHMallbHas BEJIMYMHA — OJHO cioBO. KoHTposuiep
DMA moxet ObITh HACTpOEH Ha paboTy ¢ (PUKCUPOBAHHBIM aJipecoM (Harpumep, s paboTsl C
FIFO).

Kontpomiep DMA nmMeeT BO3MOXHOCTh OOCITYKHBAaTh CUT'HAJIBI 3allpoca Ha OJMHOYHBIN
oobmen SREQ u curnainsl 3anpoca Ha nakeTHbiii oomeH BREQ 6moxoB UART, SPI. biiok ADC
TeHepUPYET TOJIBKO 3aIpoChl Ha makeTHbI 0OMeH BREQ.

Kaxnomy kanany koHtpoiuiepa DMA cOOTBETCTBYIOT /1B€ CTPYKTYphl YHIPaBIISIOLIUX
JAHHBIX: TIepBUYHAs U anbrepHaTHBHast. B O3Y nomkHa ObITh OTBeIEHA 00JIACTH ISl XpPAaHCHUS
9THX CTPYKTYP.

Ha pucynke 8.1 moka3aHa o0nacTb mamsiTH, HEOOXOAMMAsh KOHTPOJUIEPY IJISi CTPYKTYP
YIOPaBISIOMUX JaHHBIX KaHAJIOB, IPU MCIOJIB30BAaHUM BceX 16 KaHAJIOB M OIIMOHAIBHOM
QIbTEPHATUBHON CTPYKTYPHI JaHHBIX.

ALT_DATA[15] | 1Fon
ALT_DATA[14] | 1g0h
ALT_DATA[13] | 1pon
ALT_DATA[12] | 1coh
ALT_DATA[11] | 1g0oh
ALT_DATA[10] | 1 a0h
ALT_DATA[9] | 190h
ALT_DATA[8] | 180h

ALT_DATA[7] | 170n PRM_DATA[15]] oron
ALT_DATAB] | 160n PRM_DATA[14] | oE0h
X ALT_DATA[5] | 150h PRM_DATA[13]| opoh He ucronbayercs |01Ch |
XXXXX200 ALT_DATA4] | 140n PRM_DATA[12]| ocon Yrpasnetvie
ALT_DATA[3] | 130nh PRM_DATA[11] | ogon CHANNEL_CFG  |q1gn
cﬁ;;?}?;:‘g;?:j ALT_DATA[2] | 120h PRM_DATA[10] | oa0h Ykasatens npuemMHuKka MepsnyHas N
CTpyKTYpa kaHana
ALT DATA[L6] ALT_DATA[1] | 110h PRM_DATA[9] | og0h DST DATA_END_PTR 014h
ALT_DATA[O] | 100h PRM_DATA[] | pgoh YkasaTernb MCTOYHMKA
XXXXX100h PRM_DATA[7] | 070h SRC_DATA_END_PTR| ; o,
PRM_DATA[6] | 060h He ncnonbayetcs ooch-<
MepsnuHas PRM_DATA[S] | o50h YnpasneHve
CTF?Fye'KArpraA g:rlHe ?Ix PRM_DATA[4] | g40h CHANNEL_CFG  |gggn
- PRM_DATA[3] | g30h Ykasaterb npuemHuka Mependxas
XXXXX000h PRM_DATA[2] | 9o0h DST_DATA_END_PTR|gg4n CTpykTYypa kaHana 0
PRM_DATALL] | 010h Ykasarenb NCTO4YHMKa
PRM_DATA[O] | oooh SRC_DATA_END_PTR 3,

Pucynok 8.1 — Kapra namstu 1i1s1 16 xkananos kontposuiepa DMA, Bkitogas
aIbTEPHATUBHYIO CTPYKTYPY

O0BveM CTpPYKTypHl, TOKa3zaHHOH Ha pucyHke 8.1, cocraBmser 512 Gaiir. Kontposutep
UCTONB3YeT MIIQJIINE pa3paasl aapeca Uil JOCTyNa KO BCEM JJIEMEHTaM CTPYKTYpbI
YIPABISIONUX JTAaHHBIX, U TTOITOMY pa3pelleHHbIe 3HAYeHUsI 0a30BOTO ajapeca Uil MepBHYHON
CTPYKTYPBI yrpaBistomux JaHHbIX — XXXX_X000h, XXXX_X200h, XXXX_X400h u T. 1.

bazoBeIii anpec 11t NIEPBUYHON CTPYKTYPHI YIIPABIISIONIUX JAHHBIX BO3MOKHO YCTaHOBHUTD
MyTEeM 3alMCH COOTBETCTBYIOLIEero 3HaueHus B peructp BASEPTR.

B Tabnune 8.2 mepeumciieHbl pa3psabl anapeca, odecmeumBaromue koHTposuiepy DMA
JOCTYTI K PA3JIMYHBIM 3JIEMEHTAaM CTPYKTYPbI YIPABJISIOMUX JaHHbIX.

26



Tabnunma 8.2 — Paspsansl ampeca, WCHONb3yeMble U JOCTyHa K YIPABISIONIMM JaHHBIM
16 xananoB koHTposuiepa DMA

Pazpsinbl agpeca

9 8 7 6 5 4 3 2 1 0
T T T T T T T
S CHNL EL
1 1 1 1 1 1 1
O6o3naueHue | butel JeicTBue
S 9 Bp160p CTPYKTYPBI YIPABJISIFOIIUX JAHHBIX:
0 | IlepBuunas
1 | AnprepHaTuBHas
CHNL 8-4 Bri6op kanana.
Jlonyctumbie 3HaueHust 0h-18h
EL 3-0 Br100op ynpapistomnero aneMeHTa:
Oh | Yka3aTesp KOHIIA JAHHBIX HCTOYHUKA
4h | Vka3aTenb KOHIIA IAHHBIX TPHEMHHUKA
8h | Kondurypariust CTpYKTYpbl YIPABJIAIOMIAX JaHHBIX
Ch | He ucnionbsyetcst. KoHTposiep He MMEET JOCTYIa K 3TOMY aJipecy

He o0s3aTennbHO BBIYHCIIATH 0a30BBIN aapec adbTCPHATUBHOW CTPYKTYPBI YIIPABIISFOIINX
JIAHHBIX, OH BBIYUCIISETCS aBTOMaTHYecKH u rnmomentaercs B peructp ALTBASEPTR.

JIrobast U3 CTPYKTYp YIPABISIONIUX TAaHHBIX KaXKIOT0 KaHalla COCTOMT M3 JIBYX yKa3aTeleh
ajipeca (MPUEMHHMKA U UICTOYHUKA JIAHHBIX) U SIUCHKHU YIIPABIICHHS KaHAJA.

Ynpasasiomue nannbie kanaia CHANNEL_CFG

32-pa3psinHas A4eika MaMATH, COAep)Kalias KOHPHUTypalroHHYI0 HH(pOpMAIUo JUIs
ocymiectienus nepegadu DMA (na pucynke 8.1 oTmedeHa kak «YmpaBieHue ...»). B Hauane
nukna DMA umu B Hagane 2R nepenaun xoutponnep DMA cunThIBaeT 3HaYeHHE ITOH SIEHKH.
[ocne BomonHenus 2R wiu N mepenad oH coXpaHseT OOHOBIEHHOE ee 3HadeHHe OOpaTHO B
namsaTh. Ctpykrypa CHANNEL _CFG npusenena B Tabmuie 8.3.

Ta6nuna 8.3 — Crpykrypa ynpasisiromux nanabix kanana CHANNEL_CFG

CHANNEL_CFG

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

| | | | | | | | |
DST INC | DST_SIZE | SRC_INC | SRC_SIZE [DST PROT CTRL | SRC_PROT CTRL | R_POWER
| | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | NEXT | |
R_POWER N MINUS 1 usesu| CYCLE_CTRL
— - RST
| | | | | | | | | | | |
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IIpooonsicenue mabauyvi 8.3

[Tone butsl Onucanue
DST_INC 31-30 | [lar naKpemMeHTa agpeca MIPUEMHHKA.
Kon, 3anmucannsiii B mosie DST_INC, 3agaeT miar, KOTOpBIi B CBOIO
ouepe/ib 3aBUCHT OT Pa3PsAHOCTH JIAHHBIX UCTOYHHKA.
Kon Pa3psiqHOCTh JaHHBIX HCTOYHUKA
baiit Crogo (16 6ur) JIBoiinoe cioBo (32 Oura)
00 | [lar — Gaiit 3ape3epBUPOBAHO 3ape3epBUPOBAHO
01 [Iar — coBo (16 6ur) 3ape3epBUPOBAHO
10 Illar — nBotiHOE c11oBO (32 OuTa)
11 | Her unkpemeHnTa. AJpec ocTaeTcsi paBHbIM 3HAYCHHIO STUCHKH
DST_DATA_END_PTR
DST_SIZE 29-28 | Pa3psimHOCTH TaHHBIX MPUEMHUKA.
3HaYeHHE 3TOTO IMOJISI IOJDKHO OBITh paBHO 3HaueHuto nojst SRC_SIZE.
I[Ipumeuanue — Ecnu koHTpOIIiep 0OHAPYKUBACT HEPABHBIC
3HAYCHMSI TUX T0JICH, OH MpH OnrokaiiineM oOHoBIIeHHH 1ot N-1
ycranapnuBaet 3Hadenne oyt DST SIZE, paBaoe SRC_SIZE.
SRC_INC 27-26 | Illar nvHKpeMeHTa ajipeca UCTOYHHUKA.
Kon, 3armcannsiii B mosie SRC_INC, 3amaet miar, KOTOpEIil B CBOIO
ouepe/ib 3aBUCHUT OT Pa3psAHOCTH JIaHHBIX UCTOYHHKA.
Ko Pa3psitHOCTh JaHHBIX HCTOYHUKA
Baiit Crogo (16 6ur) JIBoiiHoe cioBo (32 6ura)
00 | ar — Gaiit 3ape3epBUPOBAHO 3ape3epBUPOBAHO
01 [Tar — cnoBo (16 OuT) 3ape3epBUPOBAHO
10 IITar — nBotiHOE cioBo (32 6uTa)
11 | Her unkpemeHnTa. Ajapec ocTaeTcsi paBHbIM 3HAUEHUIO SIYEHKU
SRC_DATA _END_PTR
SRC_SIZE 25-24 | Pa3psaHOCTh TAaHHBIX HCTOYHHKA
00 Baiit
01 Croso (16 6urt)
10 JIBoiiHoe croBo (32 6ura)
11 3apesepBupoBaHo. He nucrnosp3oBars!
DST_PROT_ | 23-21 | 3agaer mapameTpbl 3amuThl muHbl AHB mnpu 3anmucu naHHBIX B
CTRL IPUEMHHK
Kon buter mons DST_PROT_CTRL
23 22 21
0 Hocrym He Hocrym He Hoctyn
K3IIUPYETCs oydepusyercst HENPUBUJICTUPOBAHHBIN
1 Hoctyn Hoctyn Hocrtyn
KJIIUPYETCs Oydepusyercs PUBIJICTHPOBAHHBIN
SRC_PROT_ | 20-18 | 3amaer mapamerpbl 3ammThl muHBl AHB mpu dreHuM maHHBIX U3
CTRL HMCTOYHHKA
Kon butel most SRC_ PROT _CTRL
20 19 18
0 Hoctym He Hoctyn HE Hoctym
KOILIUPYETCSI Oydepusyercs HEMPUBIICTUPOBAHHBIN
1 Hoctyn Hocryn Hoctyn
KOILIUPYETCSI Oydepusyercs MIPUBUJICTUPOBAHHBIN
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IIpooonsicenue mabauyv 8.3

[Tone butsl Onucanue
R_POWER | 17-14 | ITapametp R.
3amaer KonuyecTBO nepenad  kanana DMA no  BblmosHeHUs
koHTposuiepoM DMA mpouenypsl apoutpaxka (epeapoutparum).
KonuuecTBo nepenay paBHo 2
Kon KosmmuectBo nepegau
Oh 1 (apObuTpask IpOM3BOIUTCS MOCIE Kax 10 nmepegaun DMA)
1h 2
2h 4
3h 8
4h 16
5h 32
6h 64
7h 128
8h 256
9h 512
Ah —Fh | 1024 (apouTpax He IPOU3BOIUTCS, TAK KAK MAKCHMaJIbHOE
KosiuuecTBo nepenady DMA pasno 1024)
I[Ipumeuanue —  HeoOxomumMo ¢ OCTOPOXHOCTBIO
yCTaHABJIMBATh OOJbIIME 3HAYCHHUA R I HU3KONPHOPHUTETHBIX
KaHaJoOB, TaK KaKk »d3TO MOXET TMPUBECTH K HEBO3MOXKHOCTH
00CITy’)KHBaTh 3aIPOCHI 10 BEICOKOIMPUOPUTETHBIM KaHAJIAM.
N_MINUS_ 1 | 13-4 | Ilepen BeimonHeHueM nukia DMA 5TH pa3psisl yKa3bpIBaroT oOliee
Koam4ecTBo nepenad DMA, u3 KOTOPBIX COCTOUT LUK
Kon KonnuecTBo nepenau
000h 1
001h 2
3FFh 1024
IIpumeuanue — Kourpomiep DMA o0HOBUT 3TO moje mnepen
TeM, KaK MPOU3BECTH MPOIECC apOuTpaxa. ITO MO3BOJISET KOHTPOIIEPY
XpaHUTh KOJMUYECTBO OcTaBIIMXcs nepeaad DMA 1o 3aBepiiieHus: BCero
nukiaa DMA.
NEXT_ 3 KoHTponupyeT ycTaHOBKY COOTBETCTBYIOIIUM KaHaly OUTa B PETUCTpe
USEBURST USEBURSTSET, ecnun koHTpomiep paboTaer B nepudepuitHoM

pexxuMe «pazbopka-cOopka» M 3aBepuiaer 1ukial DMA, ucnonbsys
aJIbTepPHATUBHBIE YIIPABJISAIOIINE TaHHBIE.

[Ipumeuanue — Ilepen 3aBepmienuemM nukia DMA,

UCTIOJB3YIOLIEr0 aJbTePHATHBHBIEC YIPABIISIONIUE JaHHbIE, KOHTPOJIIEP
DMA cOpacbiBaeT COOTBETCTBYIONIMN KaHaly OUT B peErucTpe
USEBURSTSET, ecnmu xomuyecTBO ocTaBmmmxcs mnepenady DMA
menpire, gem 2R, TIporpammmposamme 6ura NEXT_USEBURST
ompenenser, Oyaer 1nu  kouTpossiep DMA  pgonmomHHUTENBHO
nepeornpenensats coctossaue outa B peructpe USEBURSTSET.
Ecnu xontposiep BomonHgeT 1ukn DMA B nepudepuifHoM pexume
«pa3zbopka-cOOpKa», TO TMOCIe OKOHYAHUS LHUKJIA, HCIOJIb3YIOIIEro
JIbTEpPHATUBHBIE YIPABIISIONIUE JaHHbIE, NalbHENIINe 1eHCTBUS OyayT
3aBuceTh OT coctossHus oura NEXT_USEBURST
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Oxkonuanue mabauywl 8.3

[Tone butsl Onucanue
NEXT_ 3 0 | Kontpomiep DMA He u3MeHseT 3Hau€HHE COOTBETCTBYIOILETO
USEBURST ka"airy outa B peructpe USEBURSTSET.

Ecau 6ur CHi B USEBURSTSET cOpoiiieH, TO MpH BBINOJHEHUH
1uKkiI0B DMA C ncnosib30BaHueM aJIbTePHATUBHBIX YIPABIISIOMINX
naHHbIX KoHTposuiep DMA otBeuaer kak Ha 3ampocsl BREQ, Tak
3anpockl SREQ ot nepudepun

1 | Kourpomiep DMA un3meHnsier 3HaueHre COOTBETCTBYIOLIETO
ka"airy outa B peructpe USEBURSTSET, a umenno —
yCTaHABIIMBAET OWT.

[TosToMy mu1s ocTaBImIMXCs UKIOB DMA ¢ ucrnonb3oBaHueM
aIbTEPHATUBHBIX YIIPABIIAIOIINX JaHHBIX KOHTpoiiep DMA
pearupyeT ToJibko Ha 3anpockl BREQ ot nepudepun

CYCLE_ 2-0 ITone 3amanus Tuna mukiaa DMA

CTRL 000b | HenelicTBUTEIBHBIIA.
CTpyKkTypa yHpaBISIOMIMX JaHHBIX KaHAJla B 3alpelcHHOM
COCTOSTHHH

001b | OcHoBHOIT

010b | ABro-3ampoc

011b | «ITuHr-moHr»

100b | Pabota ¢ mamaTBIO B pexHMe «pa3dopka-cOopkay ¢
MCII0JIb30BAHUEM MIEPBUYHBIX YIIPABJSIFONIMX JTAHHBIX KaHAJIa

101b | Pabota ¢ mamATEIO B pexHMe «pa3dopka-cOoOpkay ¢
UCIIOJIb30BAHUEM ~ aJbTEPHATUBHBIX  YIPABJISIONIMX  JAaHHBIX
KaHaJjia

110b | PaGora ¢ mepudepucii B pexuMe «pa3bopka-cOopka» ¢
WCIIOJIb30BAaHNEM TIEPBHYHBIX YIIPABJISIFOIIMX JAHHBIX KaHaIa

111b | PaGora ¢ mepudepucii B pexuMe «pa3bopka-cOopka» ¢
WCIOJIb30BAHUEM  QJIbTEPHATUBHBIX  YIPABISIONIUX  JaHHBIX
KaHaJya

[Tpumeuanune — Ilocrme 3aBepuieHHs BCEro UUWKIA Mepeaad
koHTpoiuilep DMA ycranasnuBaer 3Hadenue noiass CYCLE_CTRL B
000b, mepeBoAst TeM CaMbIM THI IHKJIA B «HEIACHCTBUTEIBHBINY. ITO
103BOJIsIET N30eKaTh MOBTOPEHUS BBIIOJHEHHOM nepenaun DMA.

Yka3zarenb konna aanabix ucroununka SRC_DATA _END_PTR u yka3artejib KOHIA

nanubix npuemHuka DST_DATA_END _PTR

VYkazarens konmna maHHbix uctounmka SRC_DATA_END PTR wu yka3atens KoHIA
nanHeix npuemHuka DST_DATA_END PTR - 32-pa3psiiHble siueKd MaMaTH, KOTOpBIE
colepkar  aJpec  MECTOPACIONIOKEHHsI KOHIAa JaHHBIX HWCTOYHMKA W  TNPHEMHHUKA
coorBercTBeHHO. [lepen TteMm, kak koHTpossiep DMA  BeimomHUT mnepenady, HEOOXOIUMO
onpeaenuts ux 3HaueHus. Kontpomiep DMA cuuThiBaeT 3HaueHUs 3TUX oOyacTeil mepen
naganom 2R nepesau.

Jlns BBIYMCIICHUST ajpeca WCTOYHWKA repenadnd koHTposmiep DMA BemmonHseT caBur
BieBo 3HaueHUs: N-1 Ha xomumuecTBO paspsnos, coorBercTByromiee nomo SRC_INC u 3atem
BBIUMTAET MoTy4yuBIIeecs 3HaueHue ot 3HaueHns SRC_DATA _END_PTR.

[TogoOHBIM  00pa3oM BBIYMCISAETCS HAYaIBHBIA agpec NpHEeMHHKa/lepenadyd, |
koHTpoiiep DMA  BeimonHsier caBur BieBo 3HaueHUuss N—1 Ha KoiauuecTBO pas3psiios,

cootBercTByomee moiaro DST_INC u 3aTtem BbrumTaeT monyduBIIeecs 3HAYCHHUE OT 3HAUCHUS
DST _DATA END_PTR.
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8.2 IIpaBus1a 00MeHA TaHHBIMH

Crnenyer uzberarh agpecalii K 3ape3epBHPOBAHHBIM HJIM HEUCIIOJIb30BAaHHBIM ajpecam,
TaK KaK 3TO MOXET IPUBECTH K HENPEJACKa3yeMbIM PE3yJIbTaTaM.

Heo6xoanMo 3amofHsATh HEHCIIONb3yeMble WM 3ape3epPBHPOBAHHBIC Pa3psiibl PETHCTPOB
HYJISIMH TIPH 3aITUCH U UTHOPUPOBATH 3HAYCHHS TAKUX PA3PsAI0B IPU CUUTHIBAHHH.

CuctemHbIif cOpoc wiIu cOpoc O YCTAaHOBKE NHTaHUS COpPAcBHIBACT BCE PETUCTPHI B
cocrosture 0000_0000h, ecnu He yka3aHO HHOE.

Kontpommep DMA wucrnonb3yer mpaBuia oOMeHa MaHHBIMH, cM. Tabmuny 8.4, mpu
COOJIFOJICHHUH CIICTYIONINX YCIIOBUIL:

- kaHan koutpoiiepa DMA BkimiodyeH (YCTaHOBJIEH COOTBETCTBYIOIIMI KaHaly OUT B
peructpe ENSET u 6utr MASTEREN B peructpe CFG);

- 3ampochl KaHajla He 3aMacKHpOBaHbI (COPOIIEH COOTBETCTBYIOLIMH KaHaly OUT B
peructpe REQMASKSET).

Ta6nuna 8.4 — Ilepedens mpaBuil, IPU KOTOPBIX Iepeaadn mo kanaimam DMAI paspemicHbl u
3ampockl He MAaCKHPYHOTCs (I — HOMep KaHauia)

Howmep Onucanue
IpaBuJia

1 Ecnu kaHan He akTuBeH (mepenaya HE UAET B JIaHHBIM MOMEHT), TO YCTaHOBKa OMTa
CHi B peructpe SWREQ witu 3anpoc oT COOTBETCTBYIOIIEH TIeprudepun HHUIUHPYET
nepeaayy no KaHaiy |

2 OaHOBpEMEHHO aKTUBHBIM MOXKET ObITh TOJIBKO OJIMH KaHaJ

3 Ecnn 3ampoc oT mnepudepur HOPOUCXOAUT B MOMEHT, KOIZla KaHajl aKTHBEH, TO
KOHTpOJUIEP 0OCIYKUT 3TOT 3aIpOC MOCIE 3aBepUICHHs TeKYIIEeH nepeaadu

4 Ecnu mpuxoaut cpa3dy HECKOJBKO 3alpoCOB OT Mepudepud Ui OAHOTO KaHala B
MOMEHT, KOT/Ia KaHaJl aKTHBEH, TO KOHTPOJUIEP OOCIYXHUT TOJBKO MEPBBIHA 3ampoc
1ocJie 3aBEPILEHUs TEKYIIEH nepeiaun

5 Jns uukinoB DMA, OTNWYHBIX MO TUIY OT HepudepuitHOro pexmnma «pa3zdopka-
cbopka», mo oxoHuanuu 2R mepemau komTpomaep DMA c6paceiBaer 6ut CHi B
peructpe USEBURSTSET, eciu KOMMYECTBO OCTABLIMXCA Nepeaay MeHble, yeM 2R,
NO3BOJIsAS Tepudeprn 3aBEpUINTh Nepeaadn, ucnonb3ysa kak SREQ 3ampocsl, Tak u
BREQ.
B nepudepuiinom pexxume «pazbopka-coopkay» KoHTposuiep copackiBaer out CHi B
peructpe USEBURSTSET, TonbkO €ciuM KOJMYECTBO OCTABIIMXCS Nepenayd ¢
HCTIONb30BAHNEM ATBTEPHATHBHON CTPYKTYPHI YIPABISIONIMX JAHHBIX MeHble, yem 27

6 Koutpomiep DMA  wurnopupyer 3ampoc SREQ, ecim our CHi  peructpa
WAITONREQ coporien nnn ycranosnen out CHi perucrpa USEBURSTSET

7 Heo6xo1uMo ¢ 0cTOpOKHOCTBIO ycTaHaBiIMBaTh pa3psael peructpa USEBURSTSET.

Ecnu 3Hadenwe, ykasamHoe B peructpe N-1 Menpme, dem 3naueHme 28, To
koHTpoiuilep DMA He oumnctur paspsast USEBURSTSET, u nostomy oxuHOYHBIE
3arpocel SREQ Oynyr 3ampemiensl. Eciim mporpaMMHBIE 3aripochl 4epe3 PETUCTp
SWREQ He renepupyrorcs, U nepudepus He OCyIIECTBISIET 3alIPOCOB HA MaKETHYIO
obpadotky BREQ, 10 koHTpoiutlep DMA Hukorma He BBITOJHUAT HEOOXOIMMBIX
nepegayd
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Oxkonuanue madbnuywl 8.4

Howmep Onucanue
IIpaBuJia
8 Hns tunoB nwmkinoB DMA, oTnuuyHBIX OT mepudepuiiHOTO pekuMa «pa3dopka-
cbopka», ecau mpuzper 3ampoc SREQ, 1o konTtpomep DMA BemonHHT onHY
nepegayy.

B mnepudepuiiHoM pexuMe «HUCHOTHEHHE C M3MEHEHUEM KOH(UTyparuu», eciiu
npuzer 3anpoc SREQ, korTpomnep DMA Brimonnster 2R nepenau ¢ ucnonp30BaHAEM
MEPBUYHON CTPYKTYpHl YIPABISIONUX JAaHHBIX. 3aTeM 03 OCYyIIeCTBICHUS
apOWTpaka BBITIOJHICT OJHY Iepenady, HCIOJIb3ysl aJbTEPHATUBHYIO CTPYKTYPY
YOPABISIOMUX TAHHBIX

9 Hns tunoB nwmkinoB DMA, oTnuuyHBIX OT mepudepuiiHOTO pexuMa «pa3dopka-
cOopkay, eciu ogHOBpeMeHHO mpunniy 3ampockl SREQ u BREQ, to mpuopurer
npenocraBnsercs BREQ, n konrpomtep DMA Bremonnser 2R nepenau (umy umcio
nepenad, ykazanaoe B mose N-1).

B nepudepuitnom pexume «pazbopka-cOOpka», €clid OJHOBPEMEHHO MPUILIN
sampocel SREQ m BREQ, t0 mnpuopurer Tarxke mnpenocraBusercss BREQ, wu
konTpomiep DMA  Bpmonnser 2R mepemau ¢ MCIONB30BAHMEM HEPBUYHOM
CTPYKTYpbl YOpPaBISAIOIIMX JaHHBIX. 3areM 0e€3 OCYILIECTBIEHUs apOuTpaxka
BhIONIHAET 2R mepenau (unm ymcno mepenau, ykazaHHoe B nojie N—1), ucrons3sys
QIBTEPHATHUBHYIO CTPYKTYPY YIPABJISIOMIUX JaHHBIX

10 B nepudepuitnom pexume «pazdopka-coopka», ecim outr NEXT_USEBURST B
CHANNEL_CFG  ycranoBmeH, To  koHTposmiep DMA  ycranaBimuBaer
cooTBeTcTBywOIUN kaHamy Out B peructpe USEBURSTSET mnocne oxoHuaHus
nukiaa DMA, ucnosib3yomero ajaibTepHAaTUBHBIE YIPABJISIOUIUE JaHHbBIC

11 Korma ycranosinen Out CHi perucrpa REQMASKSET, xontpomiep DMA
urnopupyert 3amnpocsl SREQ u BREQ

[lpu orkmrouenun kanama (6utr CHi peructpa ENSET cOpomien) kontpouiep DMA
OCYILECTBIISICT NE€peIaun COTJIACHO MpaBUIIaM, NpeJICTaBIeHHbIM B Tabauie 8.5.

Tabnwm ma 8.5 — HepequL IMpaBUJI OCYIICCTBJICHUS ICpeaal IJid 3allPCIICHHBIX KaHAJIOB

Howep Onucanue
paBUiIa
1 Eciu mpuxoaut 3ampoc Ha mnakeTHyro o0pabotky BREQ or nepudepun, T0

IPOMCXOIUT BBI30B MpephIBaHUs KaHasa KoHTposuiepa DMA (ecnu ObL1O BKIIFOYEHO).
3T0 MO3BOJISIET CUTHATIM3UPOBATH O 3aMPOCe, JaKe €CJIM KaHAI BBIKJIIOYEH

2 Ecim mpuxomur 3ampoc Ha oguHOuHyr mnepeaady SREQ ot mepudepun, TO
IPOMCXOIUT BBI30B MpepbIBaHMs KaHasa KoHTpoiuiepa DMA (ecnu ObU10 BKIFOUEHO)
npu ycnoBuu, uyro Oout CHi peructpa WAITONREQ ycranosnen, a 6ur CHi
perucrpa USEBURSTSET cOporieH. 9To mo3BojsieT CUTHATU3UPOBaTh O 3ampoce,
JI’Ke €CIIM KaHaJl BRIKITIOUEH

8.3 IIpaBuia apouTpaxa

Kontpomiep DMA nMeeT BO3MOKHOCTh HACTPOMKM MOMEHTa apOuTpaxka MpH nepegaadax
DMA. Ota BO3MOXXHOCTh ITO3BOJIIET YMEHBIINUTH BPEMs OTKJIMKA MPU 00CITYKMBAHUU KaHAJIOB C
BBICOKHM IIPHOPUTETOM.

Kontpomnep DMA umeer HacTpoWKH, KOTOpbIE ONPEENSIOT KOJUYECTBO Mepenad Io
mmHe AHB o noBropenus apourtpaxa (nepeapOutpariyu). ITo 3HaUCHHUE 33J]aeTCsl TapaMeTpoM
R (more R_POWER B pernctpe CHANNEL_CFG cTpyKTypbl yIpaBISIONNX TaHHBIX KaHAJIA).
KoJIM4ecTBO TpaH3aKIUii OJHOTO KaHana 10 mepeapOoutpanuu mpu 5ToM pasxo 2R, Hanpuwmep,
ecim R =4, o apbutpax OyaeT mpoBoauThes yepe3 Kaxasie 16 nepenay DMA.
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HeoOxomuMo ¢ OCTOPOXXHOCTBIO  yCTaHaBIMBATh Oonblme 3HaYeHHs R s
HU3KOIPUOPUTETHBIX KAaHAJIOB, TaK KaK 3TO MOXET NMPUBECTH K HEBO3MOXKHOCTU OOCIIY>KHBATh
3aIpOCHI IO BBICOKOTIPHOPUTETHBIM KaHAJIAM.

Ipu N > 2R (N — HOomep nepenaun) u ecnu pesynstatr genenus 28 na N He menoe uucio,
KOHTPOJLIEp BCErJa BBHIMOJHAET MOcienoBaTenbHocTh M3 2R mepenau mo Tex mop, moka He

BemonauTes yeaosue N < 2R, Kontponnep Bemonssier octapimmecs N mepesad B KOHIE IHKIA
DMA.

IIpuopurer

[Ipu mpoBeneHuu apOuTpaska OMpeAeNseTcss KaHal Uil OOCITYy)KHBAHHS B CIEAYIOIIEM
nukiie DMA. Ha BbIOOp ciemyromero KaHaiaa BIHSIOT:

- HOMEp KaHana;

- YpOBEHb IPUOPUTETA, IPUCBOCHHOIO KaHATY.

Kaxxnmomy kaHaly MOXKET OBITh NMPUCBOCH YPOBEHb MPHOPHUTETA MO YMOIYAHHWIO WITU
BbICOKMI. 3MeHeHue ypoBHA NPUOPUTETA OCYLIECTBISIETCS YCTaHOBKOH COOTBETCTBYIOLIETO
oura CHi (i — Homep kanana) B peructpax PRIORITYSET u PRIORITYCLR. Kanan 0 umeer
HAUBBICIIUN YPOBEHb IPHOPUTETA.

[Topsitok KaHATIOB M0 YMEHBIIICHHIO YPOBHSI PHOPHUTETA MIPEICTaBJICH B Tabymie 8.6.

[Tocne oxonuanusa mukia DMA KoHTposuiep BHIOMpaeT CIEXYIOMIMA i 00CITy KHUBaHUS
KaHaJI M3 BCEX BKIIFOYCHHBIX KaHaioB DMAI. Pucynok 8.2 wumocTpupyeTr Mmporece BbIOOpa
CJIEIYIOIIETO KaHama Jjsi OOCITyKHUBaHUSI.

[Haqano I'IOJ'II/IHFa]

|
l

EcTb 3anpoc Ha
obcnyxusaHue
OT KaHana?

Kakon-nmbo
3anpoc MMEET BbICLUUN
ypOBEHb
npuoputeta?

y

Bbibop kaHana ¢ BbicwmM | Beibop kaHana, kotopbii
YPOBHEM NpUopuTeTa no NMeET HaMEHbLLUI
HaVMeHbLLEMY HOMepPY HOMep

| |
v

@Ta pT Nepenayn DMA]

Pucynox 8.2 — Anroput™m BbIOOpa (TMOJIUHTA) CIASAYIOMIETO KaHama i 00CITyKUBaHUS
Tab6nuna 8.6 — Pacnpenenenue npuopuTeToB
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Homep | Cocrosinue 6ura CHi [Mopsimox
KaHaya B pPETHCTpE YpOBEHb MIPHOPUTETA WU3MEHECHHS YPOBHS
CHi PRIORITYSET MIPUOPUTETA
0 1 Bricokuit HauBbicmmii
1 1 Bricokuit o
2 1 Bricokwuii 5 ]
3 1 Bricokuit =
g
14 1 Bricokuii 5
15 1 Bricokuii =
0 0 [To ymosyanuto é
1 0 ITo ymoa4anuro G>;
2 0 ITo ymo4anuro =
3 0 [To yMOIYaHHIO % \ /
14 0 [To ymon4anuro ©
15 0 ITo ymo4yanuro Huzmmit

8.4 Tunbl HUKJIOB

Jlns Bcex TumoB muKiI0B DMA HOBTOpHBIA apOutpax mpoucxoaut mocie 2R mepenau
DMA. Ecau ycTaHOBUTH JUIMHHBIN Iepuo] apOuTpaka Ha HU3KOIPUOPUTETHOM KaHalle, TO 3TO
3a0JIOKMpYET BCE 3ampochl Ha 00pabOTKy OT IpYrHX KaHajoB JO TeX MOp, MOoKa He OyayT
BeimonHensl 27 mepenau DMA no nanHomy kanaiy. IlosToMmy, ycTaHaBiuBas 3HaueHHe R,
HEOOXOMMO YUYUTHIBATh, YTO STO MOXKET MPHUBECTH K IOBBIIICHHOMY BPEMEHH OTKIHKA Ha
3apoc Ha 00pabOTKy OT BHICOKOIIPUOPUTETHBIX KaHAJIOB.

[TonnepkuBarorcs cienyronye Tuiel LukioB DMA:

- HEICUCTBUTENBHBIN (CTPYKTYpa YIpPaBIAIOUIMX JAHHBIX KaHajla B 3alpelleHHOM
COCTOSIHUH);

- OCHOBHOI;

- aBTO-3aIpOC;

- (IUHT-TIOHI;

- paboTa ¢ mamMsThIO B peKUMe «pa3dopka-coopkax (Scatter-gather);

- pabota c nepudepueit B pexxume «pa3zdbopka-coopkay.

3amanne tuna mukiaa DMA ocymectisiercst mporpammupoBanuem mosss CYCLE_CTRL
peructpa CHANNEL_CFG cTpyKTypbl yIpaBisiOIIKUX JaHHBIX KaHala.

HenelicTBUTEIbHBIA HUKJI
[Tocne oxonuanus 1ukia KoHTpoiuiep DMA ycranaBnuBaeT THII IMKIIAa B 3HAUYCHUE
«HEAEUCTBUTENBHBII I MPEJOTBPALLEHUS IOBTOPA BBIMOIHEHHOTO IIMKIa DMA.

OCHOBHOM UK

B nannom pexume koHTpoiuiep DMA paGoraer mmbo ¢ mnepBUYHBIMH, JIHOO C
aTbTEPHATUBHBIMY YIPABIAIONMMY JAHHBIMU KaHana, cosepmias 1o 27 mepesmau mo kaxaomy
3ampocy.

[Tepen nauanom paboThl HEOOXOAMMO BKIIOUUTH KOHTposuiep DMA u paspemuts padoty
KaHaJla: yCTAaHOBUTh COOTBETCTBYIOIIMIA KaHaimy Out B peructpe ENSET u 6utr MASTEREN B
peructpe CFG, a Ttakke NHpoBepuTb, YTO 3apochl KaHaja HE 3aMacKHpOBaHbI (COpolIeH
COOTBETCTBYOIIHIA KaHay OuT B peructpe REQMASKSET).

[Tocne Toro, kak pa3pemieHa padora kaHana, KT DMA BBITISIAUT CIIEIYIONTUM 00pa3oM:
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1 Kontposmep DMA oxumaet moiydeHus 3amnpoca (IporpaMMHOTo Ju00 OT nepudepun)
Ha 00paboTtky. Eciu 3anpoc nmomnyden, To koutpoiuiep DMA nepexonuT k mary 2.

2 Kontpomnep DMA Bwmonasier 2R mepenmau. Ecnmu umeno ocraBmmxcs mepenad 0,
koHTposuiep DMA nepexonut k mary 4, nHade BBIIIOJIHAETCS 11ar 3.

3 [IpoucxoauT ocyuiecTBIeHHE apOUTpaka: €Clid BBICOKOTPUOPUTETHBIM KaHaJl BBITACT
3ampoc Ha 00pabOTKy, TO KOHTPOJUIEp HAa4YMHAET OOCITyXKMBAaHHUE OTOr0 KaHaja, WHa4e
MPOUCXOIUT OXKHUJIAHUE OYEPETHOro 3ampoca Ha o0paboTKy MO KaHally, U ecliu nepudepuitHbIi
0JIOK MM ITpOrpaMMa €ro BblaeT, To KoHTposiep DMA nepexoaut k mary 2.

4 Koutpomiep DMA yka3biBaeT LIeHTpaJIbHOMY Ipolieccopy Ha 3aBeplieHue nukia DMA.
Bri3biBaeTCsl COOTBETCTBYIOIIEE KaHATY MTPEPBIBAHKE (€CITU OBLIO BKIIOUEHO).

ABTO-3ampoc

Kontpomnepy DMA HeoOxoauM JIMIIb OJWHOYHBIN 3ampoc JUIsl pa3penieHus paboThl U
BhInosiHeHus 1ukina DMA. Takas paGoTa 1MO3BOJISIET BBINONHATH Nepeaady OOJbIINX MaKeTOB
JaHHBIX 03  CyIIECTBEHHOTO  YBEJIMYEHUS BpPEMEHH OTKJIMKAa Ha  0OCIy>XKHBaHUE
BBICOKOTIPHOPHUTETHBIX 3alpOCOB M HE TpeOyeT MHOXKECTBEHHBIX 3alpocoB Ha 0OpabOTKy OT
nporpammbl WM nepudepuiiapix  610koB. Kontposmmep DMA  mosBosisier BbIOpaTh iAo
UCTIOJIB30BaHUS JINOO TEPBUYHYIO, JIMOO abTEPHATHBHYIO CTPYKTYpPY YIPABISIOMIAX JAaHHBIX
KaHaJa.

[lepen HauanoM paboThl HEOOXOAUMO BKIHOUYUTH KOHTposiep DMA u paspemuts paboty
KaHaja: YCTaHOBUTh COOTBETCTBYIOLMI KaHany out B peructpe ENSET u 6ur MASTEREN B
peructpe CFG, a Taxke mHpoBepuTh, YTO 3alpOoChl KaHaja HE 3aMacKHUPOBaHBI (cOpoOIIEH,
COOTBETCTBYIOIIHIA KaHay, OuT B peructpe REQMASKSET).

[Tocne Toro, kak pa3peinieHa pabora kaHana, kI DMA BBIMISIAUT CleayONUM 00pa3oM:

1 Kontpomnep DMA oxugaer moiydeHus 3amnpoca (IporpaMMHOro Jubo oT nepudepun)
Ha 00pabotky. Ecnm 3ampoc momyden, To koutpoiuiep DMA nepexonuT k mary 2.

2 Kontpomnep Bemonnsier 2R nepenay. Ecau umcio ocrapimmxcs nepenad 0, KOHTPoILIEp
DMA nepexoauT K mary 4, iHauye BBIIIOJIHAETCS 11ar 3.

3 OcymiecTBieHre apOUTpa)ka: €clu BBICOKONPUOPUTETHBIA KaHall BBIJACT 3alpoc Ha
00paboTky, To KoHTpouiep DMA HaunHaeT oOcCiyKMBaHHE HTOr0 KaHalla, MHA4Y€ KOHTPOJUIEP
NEPEXOIUT K 1Iary 2.

4 Kontpomiep DMA yka3biBaeT IEHTpaJIbHOMY MPOIECCOpPY Ha 3aBepiieHue mukia DMA.
BeI3bIBaeTCsl COOTBETCTBYIOIIEE KaHAY ITpephIBaHUE (€C/IN ObUIO BKIIFOYEHO).

Otnuunre OT peXrMa «OCHOBHOW» COCTOMT B TOM, 4YTO B PEXHME «aBTO-3aIpOC
koHTposuiep DMA no3Bonut ocymiecTBUTh Bce N TpaH3akuuii o olHOMy 3arpocy, B TO BpeMs
KaK B OCHOBHOM PEXKHMe T10 KaKJI0My 3arpocy 6yAeT BHIMOTHATHC b 2R mepenay.

Pexum «IMHI-IIOHI»

Konrpomiep DMA Bbmonnser mukn DMA, ucnons3yst oHY M3 MEPBUUHBIX CTPYKTYD
YIOPaBISAIOIUX JaHHBIX, a 3aT€M BBINOJHSAET ele oauH ki1 DMA, ucnomnb3ys albTepHaTUBHYIO
CTPYKTYpy YyIpaBisromux JaHHbeIX. KoHTposuiep BeimosHsAeT mukiasl DMA ¢ nepekitoueHuemM
CTPYKTYp JO Te€X IOp, NMOKa HE CUUTAET PEKUM «HEIEHCTBUTENIBbHBII» WIH «OCHOBHOW», WU
MIOKa MpOoILECCOop HE 3alpeTuT paboTy KaHaia.

Ha pucynke 8.3 mokazaH mpumep QyHKIMOHHMpOBaHHS KoHTpoiuiepa DMA B pexume
«TUHT-TIOHT». TTosicHeH!s: K pUCYHKY 8.3 MpeaCTaBICHBI B BUJIE TaOIUIBI 8.7.

35



Lar A. MNepBnyHas cTpykTypa
cycle_ctrl =011b 3anpoc —» 3agaya A

2=4,N=6 3anpoc —»

» [pepbiBaHue kaHanai

J

Lar B. AnstepHatMBHas CTpykTypa

cycle_ctrl =011b 3anpoc —» 3agava B
2"=4,N=12 3anpoc —»
3anpoc —»
_ [pepbiBaHue kaHanai

A

Lar C. MNepBuyHas cTpykTypa
cycle_ctrl =011b 3anpoc —» 3agaya C
2°=2,N=2 » [pepbiBanue kaHanai

Lar D. AnstrepHatuBHas CTpykTypa
cycle_ctrl =011b 3anpoc —» 3apaya D

S

2=4,N=5 3anpoc —»

» [lpepbiBaHue kaHanai

LWar E. MNepBnyHas cTpykTypa
cycle_ctrl =011b 3anpoc —» 3apava E

.

2=4,N=7 3anpoc —»

» [pepbiBanue kaHanai

J

KoHeu. AnsTepHatnBHas CTpykTypa

cycle_ctrl = 000b HenpasuribHas
CTpyKTYpa

Pucynox 8.3 — Ilpumep cxembl pyHKIIMOHUpOBaHHUS KOHTpoiuiepa DMA
B PEXKHUME ITUHT-TIOH

Ta6nuna 8.7 —[losicHeHus K cxeme Ha pucyHke 8.3

Iar

JeiicTBust mpoueccopa U KoHTposiepa DMA

A

[Tpomneccop Brimovaet korTposuiep DMA u pa3penraer paboTy kaHana.

B mporpamMe ycTaHaBIMBAIOTCS TIEPBUYHAS CTPYKTypa YIPABISIOMINX JaHHBIX IS
mara A M albTepHaTHBHAs CTPYKTypa YIpPAaBIAIOMIMX MTaHHBIX JUIs mmara B. 910
no3BoJUT KoHTpoiuiepy DMA mepexmounthes K mary B HezamemmuTeNnbHO Mocie
BBIMIOJHEHMS 1Iara A, mpH ycioBud, 4to KoHTpoiiep DMA He momyuuT 3ampoc Ha
00paboOTKy OT BEICOKOTIPUOPUTETHOTO KaHaJa.

Kontpomiep DMA nosyuaer 3ampoc 1 BBINONHAET YeThipe nepeaaun DMA.
Kontpomiep DMA Beimonusier apoutpax. [locne nomydenus 3anpoca Ha 00pabOTKy OT
ATOro K€ KaHama, kKoHTpoimiep DMA mpomomkaeT IUKI B CUTyalldd OTCYTCTBHS
BBICOKOTIPHOPHUTETHBIX 3aITPOCOB.

Kontpomiep DMA Boinonsser octaBmuecs 2 nepenaun DMA.

Kontpommep DMA BxoguT B mpouenypy apoutpaxka. Ecim mpepbiBaHHE BKIIOYEHO, TO
TIPOM30MJIET €0 BHI30B.

I[Ipumeuanne — Ilocne BbIMONHEHUS mIara A IMpoLECCOP MOXKET yCTaHOBUTH
NEepBUYHBIE YIPABISAIONIME JaHHbIE KaHaia /uid mara C. 9TO MO3BOIUT KOHTPOJIIEPY
nepexarounThess K mary C He3aMeIUTENbHO IOoCiie BBIMOJHEHUs mara B, npu
ycioBuu, 4To KoHTposiep DMA He momyuuT 3ampoc Ha o00paboTKy oOT
BBICOKOTIPHOPHUTETHOTO KaHaa.

[Tocne momydenuss HOBOro 3ampoca Ha 00paOOTKy OT KaHaja NpU YCIOBUU €ro
HaMBBICILIETO PUOPHUTETA UCTIONHsIeT s 1mar B.
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Oxkonuanue mabauywl 8.7

Illar JletictBus nporneccopa u koHTposiepa DMA

B KonTpomnep DMA BbIOIHSET YeThIpe Nepeaayu.
Kontpomiep DMA Brimonusier apoutpax. [locie nmomyuenus 3anpoca Ha 06pabOTKy OT
3TOro e KaHaia koHTpoiuiep DMA mnpopomkaeT IUKI B CHUTyallud OTCYTCTBHS
BBICOKOTIPHOPHUTETHBIX 3aIIPOCOB.
Kontponnep DMA BeInoHSAET YeThIpE TIEpe1aduu.
Kontpommep DMA Bemosnnsier apoutpak. [locie momydeHus 3ampoca Ha 00pabOTKy OT
ATOro ke KaHajna KouTpoiuiep DMA mponomkaer LMK B CUTyalldd OTCYTCTBHS
BBICOKOIIPHOPHUTETHBIX 3alIPOCOB.
KonTponnep DMA BbINONHSET OCTaBIIMECS YETHIPE MEPEIAUH.
Kontpomuiep DMA Bxomut B mpouienypy apoutpaxa. Ecimu mpepbiBaHHE BKIIHOYEHO, TO
MPOU3OMIET €ro BHI30B.

[Ipumeuanue — Ilocne BeimonHeHus mara B mporeccop MoKeT ycTaHOBUTH
albTepHATUBHBIC YIPABJISAIONINE JaHHbIe KaHaja Juis mara D.
[Tocne mosydeHWss HOBOro 3ampoca Ha OOpabOTKYy OT KaHaja IPH YCIOBHH €ro
HaMBBICIIIETO MpUOpHTETa HcnonHsercs mar C.

C Kontposnep DMA BbIONHSET 1BE TIepeaayu.
Kontpomep DMA Bxomut B mporienypy apOurtpaxa. Ecimi mpepblBaHHE BKIFOYEHO, TO
TIPOM30MIET €0 BHI30B.

[Ipumeuanue — [locne BeimonHenus mara C mpoieccop MOXKET YCTaHOBUTH
NEpBUYHBIC YIPABISIOMINE TaHHBIE KaHaja i mara E.
[Tocne mosydeHWss HOBOTO 3ampoca Ha 00paOOTKy OT KaHajla TPU YCJIOBUU €ro
HAMBBICIIIECTO MPUOPHUTETA HCTIONHsIeTCs Tar D.

D KonTponnep DMA BbIOIHSET YeThIpe nepeaayu.
Kontponnep DMA Brinonusier apoutpax. [locne nomyuenus 3ampoca Ha 00pabOTKy OT
TOro ke Kanasma koHtpossiep DMA mnpopomkaeT IUKI B CUTyallMd OTCYTCTBHSI
BBICOKOTIPHOPHUTETHBIX 3aIIPOCOB.
KonTpomnep DMA BbINONHSET OCTaBIIYIOCS TIEpeaauy.
Kontpomep DMA Bxomut B mporienypy apOurtpaxa. Ecimi mpepblBaHHE BKIIFOYEHO, TO
MPOU30MIET €ro BHI30B.

[Ipumeuanue — [locne mosydeHUs: HOBOTO 3ampoca Ha 0OpabOTKy OT KaHaja
IIPY YCJIOBUH €T0 HAMBBICIIECTO IPUOPUTETA MCTIONHseTCs miar E.

E Kontposmiep DMA BbINONHSET YeThIpe nepeaayH.

Kontpomiep DMA Beimonusier apoutpax. [locne nomydenus 3anpoca Ha 00pabOTKy OT
TOro ke Kanasma koHtpossiep DMA mpopomxkaeT UK B CUTyallMd OTCYTCTBHSI
BBICOKOTIPMOPUTETHBIX 3aIIPOCOB.

KonTponnep DMA BbIONHSET OCTaBIIMECS TPU NEpeiadu.

Kontpoinep DMA Bxomut B mporenypy apOutpaxa. Ecmu npepbiBaHue BKIIOYEHO, TO
IIPOM30MET €r0 BBI30B

Ecnu kouTpomiep DMA nonyuut HOBBIN 3aripoc Ha 00pabOTKy OT JaHHOTO KaHala, U 3TOT
3arnpoc OyJeT caMbIM HPUOPUTETHBIM, TO KOHTPOJUIEP HPEANPUMET IOMNBITKY BBINOJIHEHHS
cienyromero mara. OmHako H3-3a TOTO, YTO IPOIECCOP HE YCTAaHOBWJ AJIbTEPHATHUBHBIC
yHOpaBISIONME JaHHble M 1O OKOHuaHuM mara D xontpomuiep DMA  ycranoBun mone
CYCLE_CTRL anbTepHaTHBHO# ynpapisioleil ctpykTypsl B coctosiaue 000b, mepenaun DMA
IpeKparaTCs.

PaGora ¢ naMATBLIO B pesknMe «pa30opka-coopka»

Anroput™m pabOTHl aHHOTO PEXUMa SBISETCS ONTUMATbHBIM HWMEHHO IS PabOTHI C
NaMAThIO, HECMOTPST HAa 3TO, €ro MCIOJIb30BAaHME BO3MOXKHO MJis JI0OOr0 TUMA Mepefadu
JMAHHBIX: TaMSTh — aMsATh, nepudepus — namsaTh, NaMATh — Mepudeprs ¢ MOMOIIBI0 KaK
MPOTrpaMMHBIX 3alPOCOB, TaK U 3aMPOCOB OT Mepudepuu.

B nannom pexume koHtposuiep DMA ucnosnb3yer nepBuyHbIe yIPaBISIOUINE TaHHbIE TS
[IPOrpaMMUPOBAHUS AJIbTEPHATUBHBIX YIIPABIIAIOIINX JaHHBIX.
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Kontpomiep DMA, monyyass HavanbHBIH 3ampoc Ha 0OpaOOTKY, BBINOJHSET YEThIpE
nepenaun DMA, 3anonHsisi anbTepHATUBHYIO CTPYKTYPY KaHaia JAHHBIMH, JTOCTYIMHBIMHU JJIsi
NEPBUYHOI yrpaBisitoniel cTpykTypsl. [lo okoHuanuu 3tux nepenad kourposuiep DMA Bxonut
B IpolLenypy apOuTpaxka, U eciu Oojiee BBHICOKONPUOPUTETHHIX 3alPOCOB HE OOHAPYXKEHO,
HaunHaeT 1uKI DMA, ucnosnb3yss OOHOBIIGHHBIC aJbTEPHATHUBHBIC YINPABISAIONINE TaHHBIC,
nocyie — apoutpax, 3ateM KoHtpoiiep DMA BrinonHsieT emie yetrsipe nepeaaun DMA, BHOBb
3aI0JIHSISI ATTbTEPHATUBHYIO CTPYKTYPY JAHHBIMU C IIOMOIIBIO IEPBUYHON CTPYKTYPHI.

Koutpommep DMA  mnpopomkaer BBITOMHATE IWKIBI DMA, MeEHSS CTPYKTYpBI
YIPAaBISAOLUX JaHHBIX, I0KA HE IPOU30UIET OJJHO U3 CIEAYIOLINX YCIOBHIM:

- lepefiadya ¢ MCIOJIb30BaHUEM AIbTEPHATHUBHOM YIPABISIOMIEH CTPYKTYyphl OyzAer
BBITNIOJIHEHA B PEXKUME [IUKIIA KOCHOBHOY;

- KOHTPOJUIEP CUMUTAET «HEMPAaBWIbHYIO» CTPYKTYpy YIpaBisitomux ngaHHbiXx. I[locrie
UCIIOJIHEHUS KOHTposuiepoM N repeaay ¢ UCIoJIb30BaHUEM IEPBUYHBIX YIPABISIOUINX JTaHHBIX,
OH JIeJIaCT AT YMPABJISIONINE TaHHbIC «HENpaBWILHBIMIY TTyTeM 3amucu B mone CYCLE_CTRL
snauerus 000D.

Kourpomrep DMA ycranaBnuBaeT npepsiBanue kanaia DMAI B 3ToM pexume paboThI
TOJIBKO TOTJIa, KOTJa OoCIeAHUN LUK nepenad DMA BBINOJIHSETCS C UCIOIb30BAHUEM PEKUMA
«ocHOBHOI». Tarxke HEOOXOJAMMO MOMHHTH, YTO JUISI PEeKUMa «OCHOBHOW» aBTO-3aIPOCHI HE
JIEUCTBYIOT.

B Tabnune 8.8 ykazaHbl KOHCTaHTBI, KOTOPBIE AOKHBI OBITH 3alKMCaHbI MOJIH30BATENIEM B
peructp CHANNEL_CFG nepBu4HO# CTpYKTYphI YIPaBISIOIINX TAaHHBIX KaHaa Ut paboThI C
MaMATHIO B PEXKHUME «paz00pKa-cOOpKay.

Ta6nuna 8.8 — Kondurypamus mepBUYHON CTPYKTYphl YHPABISIOMIMX JaHHBIX KaHala s
a0O0TBI C TAMSATHIO B PEIKUME «pa30opKa-cOOpKay

CHANNEL_CFG

(1,0/10f10f20f - | - Joojiof  , ., : ., , [0f100
[Tone bursl | Kon- [losicnenue
CTaHTa

DST_INC 31-30 | 10b KonTpomiep DMA npou3BOAUT MHKPEMEHT aJIpeca C I1arom
B JIBOMHOE CJIOBO

DST_SIZE 29-28 | 10b Kontpoinep DMA  ocymectBisier nepegady JABOWHBIM
CJIOBOM

SRC_INC 27-26 | 10b Konrpomnep DMA npon3BoauT MHKPEMEHT afipeca ¢ Iarom
B JIBOMHOE CIIOBO

SRC_SIZE 25-24 | 10b Kontpommep DMA  ocymiectBisier mepeaady IBOHHBIMH
CIIOBAaMHU

DST _PROT_CTRL | 23-21 |- VYnpapneHue 3alMTON IMIMHBI TPU 3alUCH  JIaHHBIX B
MIPUEMHHK. 3a/1aeTCsl IOJIb30BaTeIeM

SRC_PROT_CTRL | 20-18 | - VYnpaBieHue 3alMTON IMIMHBI NpPU YTEHWH JaHHBIX U3
WCTOYHHUKA. 3a/1a€TCsl OJIb30BaTEIEM

R_POWER 17-14 | 0010b | Kourponnep DMA Boimosusier yethipe nepenaun (28 = 22 =
4)

N_MINUS_1 13-4 | - HacrtpauBaer konTposuiep Ha BeinosnHeHue N nepenad DMA.

Tak xak mone R _POWER 3amaer 3Hadyenue 2,

HaCTpaI/IBaTI) aJ'II)TepHaTI/IBHBIe ynpaBJm}onme JaHHBIC.
3agaercs moJIL30BaTeIIEM

HeoOxoauMo 3amgaBaTh 3HadeHue N, kpatnoe 4. Ywmcrno,
paBHoe N/4, 5TO KOIMYECTBO pa3, KOTOpPOE HYKHO

NEXT_USEBURST | 3 0 JU1s qaHHOTrO peykuMa OMT JOJKEH ObITh COPOITICH

YHPaBIAOMIKWX JAHHBIX KaHaJl.

CYCLE_CTRL 2-0 100b | Kontpommtep DMA  paboTaer ¢ maMsaTbl0O B peXHME
«pa3dopka-cOOpKa»  C  WCIOJB30BaHUEM  TIEPBUYHBIX
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B yxkazarens xonna ganubeix uctounuka SRC_DATA _END_PTR mepBUYHON CTPYKTYpPHI
HEOOXOUMO 3amucaTh aApec KOHIAa O00JIaCTH TMaMATH, B KOTOPOW TOCIEeIOBATEIILHO
PAcCIIONIOKEHO HY)KHOE KOJIMYECTBO HAOOPOB YINPABIISIONIMX JAHHBIX JUIS TPOTPAMMHUPOBAHHS
ATBTEPHATUBHOW CTPYKTYPHI KaHAJIA.

B ykazarens xonna ganaeix npuemauka DST_DATA _END _PTR nmepBu4HOW CTPYKTYphI
HE00XO0IMMO 3aIucaTh aJApec KOHIA aTbTEPHATUBHON YIPABIISAIONIEH CTPYKTYPBI HCIIOJIB3YEMOTO
KaHaJa.

Ha pucynke 8.4 mokaszaH mpumep cxeMbl (YHKIIMOHHPOBAHHS KOHTPOJUIEpA B PEKUME
«pa3bopka-coopka». [losicHeHuss Kk pucyHKy 8.4 mpuBeneHbl Hike («HUIManM3amusy wu
«DYHKIIMOHUPOBAHKE).

MepBuyHas cTpykTypa AnbTepHatMBHas CTPyKTypa

KonupoBaHue ns A

3anpoc B NamMATb

A

BTO3a
w’ 3apava A

J2*=4,N=3

KonnposaHue n3B
B NaMsiTb

ABT03a

n

\Poc’ 3agaya B
ABTO3anpoc —»
ABTO3anpoc —» F=2 N=8
ABTO3anpoc —»

‘w

KonnposaHue nsC
B MamMsTb

Ag

TO3g
w’ 3apaua C
*/EiggﬁfL,

]2*=8,N=5

KonmpoBaHue nsD
B NaMsiTb

A

B
%’ 3agaya D

J2=4,N=4

MpepbiBaHKWe kaHana i

Pucynok 8.4 —Ilpumep cxembl GyHKIHOHUpOBaHUS KOHTposiepa DMA B pexume
«pazbopka-coopka

Nuauumnanusanus

1 IlepBuuHas CTPYKTypa YNPaBISIONINX JaHHBIX HACTPaWBaeTCs ISl paOOTHI C MaMATHIO B
pexxume «pazbopka-coopka» myrtem 3amuck B CYCLE _CTRL 3mauenms 100b. Tak kak
yIpaBJISIONINE JaHHbIC KaHaia cocTosT u3 udeThipex cinoB, R_POWER = 0010b. ITockombky
KOJIMYECTBO 3aJ1a4 paBHO yeThipeM, TO N = 16, T. e. 3nauenue mosist N—1 = 00Fh.

2 Yupasnsomue aannaeie s maroB A, B, C, D pacnonaratorcs B obnactu O3Y. Anpec
KoHI1a 3Toi obmactu 3aHocutcst B peructp SRC_DATA_END_PTR nmepBUUHBIX yHpaBIIsSIFOIINX
naHHbIX. [IpuMmep pa3MelneHus W 3aroTHEHHUS YIPaBISIOMUX JAaHHBIX A albTepHATUBHOM
CTPYKTYpHI MokazaH B Tabnwuie 8.9. Mcxons u3 mpumepa, B peructp SRC_DATA_END_PTR
NEePBUYHON YIPaBISIIONIEH CTPYKTYpbl HeoOoxoaumo 3anect 3Hadenue 2000_015Ch.
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B peructp DST_DATA _END_PTR mnepBuuHON CTPYyKTYpbhl HEOOXOJAMMO 3aHECTH aJpec
KOHI[A aTbTEPHATUBHON CTPYKTYPHI YIPABISIONINX JaHHBIX HCIIOIB3yeMOro kaHana. Hampumep,
npu wucnoip3oBanuu kaHama 9 B peructp DST_DATA _END_PTR HeoOxomumo 3aHecTH
sHageHne XXXX_X29Ch.

3 Bxutouaercss kontpoiuiep DMA u paspemaercs pabora KaHaja IyTEM YCTaHOBKH
cooTBeTcTByMOmEero kanaimy ourta B perucrtpe ENSET u 6uta MASTEREN B perucrpe CFG.
Taxke HEOOXOIUMO YIIOCTOBEPUTHCS, YTO 3alpochl KaHalla HE 3aMacKUpOBaHbI (cOpoleH
COOTBETCTBYMOIIMIA KaHay OuT B peructpe REQMASKSET).

Ta6nuna 8.9 —[Ipumep pazMerieHus: ynpapisiiOIIKX JAHHBIX IS aJIbTEPHATUBHOMN CTPYKTYPHI

Tun nanneix | Anpec O3V Peructp 3HaueHue
Vupassromue | 2000_015Ch | He ucnone3yercs XXXX_XXXXh
JIAHHBIC IS 2000_0158h | CHANNEL_CFG CYCLE_CTRL =001b,2R=4,N=4
sanaun D 2000 0154h | DST_DATA_END_PTR | 2000_DEOOh
2000 0150h | SRC_DATA_END_PTR | 2000_D00Oh
VYupasstomue | 2000_016Ch | He ucnons3yercs XXXX_XXXXh
JIAHHBIE JUIS 2000 _0168h | CHANNEL_CFG CYCLE_CTRL =101b, 2R =8,N=5
samaum C 2000 0164h | DST_DATA_END_PTR | 2000_CEOQOh
2000_0160h | SRC_DATA_END_PTR | 2000_CO000h
Vupasnstomue | 2000_017Ch | He ucnons3yercs XXXX_XXXXh
JTAHHBIC IS 2000_0178h | CHANNEL_CFG CYCLE_CTRL=101b,2R=2,N=8
sanaun B 2000 0174h | DST_DATA_END_PTR | 2000_BEOOh
20000170h | SRC_DATA END_PTR | 2000_B000h
Vupasnstomue | 2000_018Ch | He ucnons3yercs XXXX_XXXXh
JIaHHbBIC TS 2000 0188h | CHANNEL_CFG CYCLE_CTRL =101b,2R=4,N=3
sanaun A 2000 0184h | DST_DATA _END_PTR | 2000_AEOOh
2000_0180h | SRC_DATA_END_PTR | 2000_A000h
DYHKIHOHHPOBAHME

1IlepBuuHas CTPYKTypa, KONHMpPOBaHHWE AAaHHBIX 3anaun A. Ilo mosyuyeHuu mnepBoro
3ampoca Ha oOciyxuBaHue KoHTpoiuiep DMA BeimonHsier detwipe mnepegaun DMA. Dtu
nepeaayy 3aluchiBalOT AJbTEPHATHUBHBIE CTPYKTYphl YNPaBISIONMX AAHHBIX JUIS 3agadd A.
Kontpomtep DMA reHepupyeT aBTO-3ampoc sl KaHaia, MOCIe Yero MPOBOIUT MPOLETYPY
apOuTpaxa.

Manee xontposuiep DMA BbinonHsieT 3amady A C HCHOJB30BaHHUEM aJbTEPHATUBHBIX
JAHHBIX, 0 OKOHYAaHMM TEHEepUpyeT aBTO-3alpoc Ul KaHajla W MPOBOJUT MPOLELypy
apoutpaxa.

2 IlepBuyHas cTpyKTypa, KOMMpPOBaHUE JaHHBIX 3afaud B. Ilo momydenun aBTO-3ampoca
koHTpouiep DMA  Bemonnser uyersipe nepenaun DMA. Otu nepenaum  3amuchIBaroT
QIBTEPHATUBHYIO CTPYKTYPY VHpaBIAIOMMX JaHHbIX s 3agaun B. Kowtpomiep DMA
TeHEePHPYET aBTO-3aMPOC ISl KaHalla, TOCIIe YeTro MPOBOINT MPOIIEAYPY apOuTpaka.

Hanee xontpomep DMA Bemmonnser 3amady B ¢ ucmonp3oBaHMEM ajlbTEPHATUBHBIX
JAHHBIX, 10 OKOHYAaHWHM TEHEPUPYEeT aBTO-3alpoc Uil KaHalla W MPOBOIUT TPOIEIYPY
apOuTpaxa.

3 IlepBuunas cTpykTypa, KonmupoBaHue naHHbIX 3amaun C. [lo momyyeHnn aBTO-3ampoca
Ha oOcmyxuBaHue koHTpossiep DMA Bwimonusier uetbipe nepemaun DMA. Dtu nepenaun
3alUCHIBAIOT ATBTEPHATUBHYIO CTPYKTYPY YIPaBISIOMMX AaHHBIX Uit 3amaun C. Kontposrep
DMA renepupyet aBTO-3ampoc i KaHaia, II0cJie 4ero MpOBOUT MPOLelypy apOuTpaxa.
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Hanee xontposmnep DMA Bemonaser 3amadyy C ¢ HCHOJb30BaHUEM allbTEPHATHBHBIX
JMAHHBIX, 10 OKOHYaHWHM TEHEPUPYET aBTO-3ampoCc JUIsi KaHajda W MPOBOJUT MPOLEHAYPY
apouTtpaxa.

4 TlepBuyHas CTPyKTypa, KOMUpoBaHWE AaHHBIX 3ama4u D. 1o momydennn aBTo-3ampoca
Ha oOcmyxuBanue KoHTpoiuiep DMA BemmonHsier yethipe nepenaun DMA. Dtu nepemauun
3aMKUCHIBAIOT ATBTEPHATUBHYIO CTPYKTYPY YHPABISIONUX JaHHBIX U 3amaun D. Kontpoimep
DMA sanuceiBaer B CYCLE_CTRL nepBuunbix ganHbix 3HaueHue 0000 mis uaankamum o Tom,
4TO 3Ta CTPYKTypa YIPABISIONIMX JAHHBIX SIBISICTCS «HEMPaBHIIbHONY. [laiee KOHTpoILIep
DMA renepupyeT aBTO-3aIpoc AJis KaHaja, [10cJjie 4Yero MPOBOJUT MPOLeTypy apouTpaxka.

[Hanee koutpomiep DMA Bbimonnser 3agady D, ucnons3ys Tun nukia «ocHOBHOW». Ilo
3aBEPILCHUHN 33JIa4l TeHepUpyeT npepbiBanne kanaaa DMA (eciiu ObL10 BKITFOUEHO) U BXOIWT B
npoueaypy apourpaxka. Llukn paboTel ¢ TaMATHIO B peKUME «pa3z0opKa-cOOpKay 3aBepIIcH.

Pa6ora ¢ nepudepueii B pe:xknme «pa3doopka-coopka

Anroput™M paboThl JaHHOIO peXUMa SIBJISAETCS ONTHUMAJIbHBIM HMEHHO Uil paboThl C
nepudepueii, HeCMOTpsl Ha 3TO, €r0 HCIOJIb30BAHKWE BO3MOXHO JUIS JIFOOOTO THMA Tepenadyu
JAHHBIX: MaMATh — NaMsTh, NepUdepus — NaMaTh, MNaMATh — Nepudepusi, — ¢ MOMOIIBIO Kak
IPOrPaMMHBIX 3allPOCOB, TaK U 3allPOCOB OT MEPUPEPHUN.

B nannom pexxume koHtposuiep DMA ncnonb3yer nepBrUUHbIE YIIPaBISAIOLUIME JaHHbIE JUIs
IPOrpPaMMUPOBAHNUS aTbTEPHATUBHBIX YIIPABIISIFOIINX JaHHBIX.

Kontpomnep DMA, mnonyuass HadaiapbHBIA 3ampoc Ha OOpaOOTKY, BBHIMOJHSET YEThIpe
nepegaun DMA, 3anonHsis albTepHATUBHYIO CTPYKTYpY KaHajla JAHHBIMH, JOCTYIHBIMH IS
HNEepBUYHON ympaBistomed cTpykTypsl. Ilo oxkoHwanun 3tuX nepenad koHtposwiep DMA 6e3
ocyllecTBIeHUsl apOuTpaka HaunHaeT uKia DMA, ucnosib3ysi oOHOBJIEHHbIE albTEpHATUBHbBIC
yHOpaBISOIME JaHHble, Iocie — apbutpax, 3ateM KoHTpossiep DMA  BeinmonHser emie
yeTbipe nepenaud DMA, BHOBB 3alloyiHsIsI aJIbTEPHATUBHYIO CTPYKTYPY JAHHBIMH C ITOMOIIBIO
HNEPBUYHON CTPYKTYphl. DTO €IMHCTBEHHBIH cilydail, mpu KoTopoMm koHTpoiuiep DMA nHe
OCYIICCTBIISICT TPOIEAYpPY apOuTpaka mocie BbmoiaHeHus mnepegaun DMA, ucnonssys
HNEPBUYHbIC YIPABJISIOIINE JaHHBIC.

Kontpomnep DMA  mnponosmxkaer BbIIOAHATH LMKIBI DMA, MeHAS CTPyKTypbl
YIPAaBISAOIUX JaHHBIX, I0KA HE IPOU30UIET OJHO U3 CIEAYIOLINX yCIOBHM:

- lepeiadya € HCIHOJb30BAaHHEM QJIbTEPHATHUBHOW YINpPaBISAIOUIEH CTPYKTypbl OyIeT
BBITNIOJIHEHA B PEKUME LIUKJIA «OCHOBHOI;

- koHTpoJuiep DMA cuuTaer «HenmpaBWIbHYIO» CTPYKTYpY YIpaBisitoluX JaHHbIX. [locie
ucnonHenuss DMA xontpomnepom N mepenad ¢ UCHOIb30BAHUEM IMEPBUYHBIX YIPABISIONIUNX
JAHHBIX, OH JieJaeT 3TU YIPABISAIONINE JaHHbIE «HENPAaBUIbHBIMU» IYTEM 3alUCH B IOJIE
CYCLE_CTRL 3nauenust 000b.

Konrpouiep DMA ycranaBnuBaet npepbiBanue kanaia DMAI B 3ToM pexume paboTh
TOJIBKO TOTJIa, KOTJla MOCIEAHUN IUKII nepenad DMA BBINOJIHAETCS C UCIOIb30BAaHUEM PEKUMA
«OoCHOBHOI» Takxke HeoOXOIUMO MOMHMTb, YTO I PEXKUMa «OCHOBHOI» aBTO-3alpOChl HE
JEHUCTBYIOT.

B ta6mune 8.10 yka3zaHbl KOHCTaHTBI, KOTOpPBIE TOJKHBI OBITh 3aITMCaHBI MTOJB30BaTEIIEM B
peructp CHANNEL_CFG nepBuuHOii cTpyKTyphl yNpaBisSOIMX JaHHBIX KaHasa AJis paboThl ¢
nepudepueit B pexxume «pazdopka-coopkay.
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Ta6nuna 8.10 — Kondurypanus nmepBHYHON CTPYKTYPHI YIPABISAIONINX JaHHBIX KaHaia DMAI
111 paboThI ¢ iepudepueid B pexume «pazdopka-cOopkay

CHANNEL_CFG

[170[170[10[1T0] T [ T-TJoTof1To] T T T T T T T T o[1l10]
[Tone butsl | Konc- [losicenue
TaHTa
DST_INC 31-30 | 10b Kontposep DMA nipou3BoAUT HHKPEMEHT ajipeca ¢

I1aroM B JIBOMHOE CJIOBO

DST_SIZE

29-28

10b

Kontpomep DMA ocyiiecTBisieT nepenady 1BOWHBIM
CIIOBOM

SRC_INC

27-26

10b

Kontposep DMA nipou3BoAUT HHKPEMEHT ajipeca ¢
1IarOM B JIBOMHOE CJIIOBO

SRC_SIZE

25-24

10b

Kontpomnep DMA ocymiecTBisieT nepenady ABOMHBIMU
CIIOBAMHU

DST_PROT_CTRL

23-21

anaBneHHe 33,HIHTOI>'I IOWHBI IPH 3allMCH JAHHBIX B
IIPUCMHUK. Ba,I[aGTCH I10JIB30BAaTCJICM

SRC_PROT_CTRL

20-18

anaBneHI/Ie 3aHIHTOI>'I IOWHBI P YTCHUU JaHHBIX U3
HMCTOYHHKA. Ba,I[aGTCH I10JIB30BAaTCJICM

R_POWER

17-14

0010b

KonTpomnep DMA Bemonnser uetsipe nepegaun DMA
(2R =22=14)

N_MINUS_1

13-4

HactpauBaer konTpomiep DMA Ha BbinosnineHue N
nepenay DMA.

Taxk xak mote R_POWER 3anaer 3mauenue, paBHoe
JIBYM, TO HEOOXOJMMO 3a/1aBaTh 3HaueHue N, kpaTHoe
gyeteipeM. Yucno, pasaoe N/4, 3To konnyecTBo pas,
KOTOpOE HY’KHO HaCTpauBaTh aJbTePHATUBHBIC
YIPaBIISFOIINE TAHHBIE.

3ajaercs moIb30BaTeNIeM

NEXT_USEBURST

Jl1st maHHOTO pekuMa OUT JTOJKEH OBITH COpPOIIIeH

CYCLE_CTRL

110b

Kontponnep pabGotaer ¢ mnepudepueii B pexume
«pa3bopka-cOopka» C MCIHOJIb30BAaHUEM TEPBUYHBIX
yIPaBJISIONIUX JaHHBIX KaHata DMAI

B ykazarens xonna manubix ucrounuka SRC_DATA_END_PTR nepBu4HOil CTpyKTYpHI

HCO6XOI[I/IMO 3arnucarb aJpeC KOHIa obiactu nHaMsTH,

B KOTOpOfI MMOCJICA0BATCIIbHO

pPacroJIo)KEHO HYXHOE KOJIMYECTBO HAOOpPOB YMNPABISIOUIMX JAHHBIX JJI MPOrPaMMHPOBAHUS
abTEPHATUBHOM CTPYKTYpHI KaHaa DMAI.

B yxazatens xonna manusix npuemauka DST_DATA_END_PTR nepBuuHOW CTPYKTYpPBI
HE00XO0IMMO 3aIucaTh aJpec KOHIAa aJbTePHATUBHON YIPaBIIAIONIEH CTPYKTYPBI HCIIOJIB3YEMOTO

ka"aiza DMAI.

Ha pucynke 8.5 mokazan mpumep cxeMbl (YHKIMOHMpOBaHUS KoHTpoiuiepa DMA B
pexxuMe «pazbopka-coopkay. [loscHeHus kK pucyHKy 8.5 npuBeaeHsl Hike («Hunmanuzanms»
U «DYHKIMOHUPOBAHHEY).
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lMepBuyHas cTpykTypa AnbTepHaTMBHas CTPYKTYpa  ([ins Bcex TpaH3aKLMil U3 NepBUYHOM
CTPYKTYPbI B ansTepHATUBHYIO
KOHTPOMep He OCYLECTBASET
apBuTpax 1 HEMEANEHHO BbIMOMHSET
nepenauy, KoTopyio onpeaenuna
anbTepHaTUBHAs CTPYKTYpa

J2*=4,N=3

KonnpoBaHue ns A
B NaMsTb

\_/—?a;?a”a A
y

KonnposaHune nsB

B NaMsTb

\/—?ﬂ‘;a B

3anpoc —»
3anpoc —» 2X=2,N=8

3anpoc —»
KonuposaHue n3C

L e
B NaMATb
mqa C

3anpoc —»

=8,N=5
y ]
KonnpoBaHue naD
B MaMATb
\/E‘aqa D
J2'=4,N=4

MpepbiBaHWe kKaHana i

Pucynok 8.5 — IIpumep cxemsl pyHkimonupoBanus koutposuiepa DMA B pexxume
paboTsl ¢ mepudepueit «pazdopka-cooprar»

Nuannmanusanus

1IlepBuuHas CTpPyKTypa YOpPaBISIOIMIMX JAHHBIX HacTpauBaeTcst [uid pPabOThl €
nepudepueii B pexxume «pazbopka-coopka» myrem 3amucd B CYCLE_CTRL 3uauenus 110b.
Tak kak ympaBisIOIIKE JaHHBbIE KaHama cOCTOSAT W3 yerbipex cinoB, R_POWER = 0010b.
[TockoBbKY KOJMYECTBO 3371a4u paBHO YeThipeM, To N = 16, T. €. 3nauenue mosist N—1 = 00Fh.

2 Yopasnsomue aannaeie i maros A, B, C, D pacnonaratorcs B obnactu O3Y. Anpec
KoHI1a 3Toit ob6mactu 3anocutcs B peructp SRC_DATA_END_PTR nepBuuHBIX yHpaBiIsiFOIInX
naHHbIX. [IpuMep pa3MelieHuss W 3alOJHEHUs YNPaBIAIOLMX JaHHBIX Ul ajlbTePHATUBHOU
CTPYKTYpHI, TTokazan B Tabmure 8.11. Ucxons u3 npumepa, B peructp SRC_DATA_END_PTR
HeoOxoaumo 3aHectH 3HaueHne 2000_015Ch.

B peructp DST_DATA_END_PTR mnepBuuHO# CTpyKTYyphl HEOOXOIMMO 3aHECTH aapec
KOHIIa aJIbTEPHATUBHOM CTPYKTYphl YIPABJISAIOIINX JaHHBIX HCIIOJIb3yeMoro kaHana. Hanpuwmep,
npu wucrons3oBannn kaHama 9 B permctp DST_DATA_END_PTR HeoOxommmo 3aHecTH
3HayeHne XXXX_X29Ch.

3 Bxmowaercss koHTpoiuiep DMA u paspemaercss paboTra KaHalla IyTeM YCTaHOBKH
cooTBeTcTByMOIIEero kanaimy ourta B peructpe ENSET u 6uta MASTEREN B perucrpe CFG.
Taxke HEOOXOIUMO YIIOCTOBEPUTHCS, HYTO 3alpochl KaHala HE 3aMacKHpOBaHBI (cOpolreH
COOTBETCTBYIOIIMIA KaHay OuT B peructpe REQMASKSET).
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Tabnuma 8.11 — Ilpumep pa3merieHus YHIPaBISIOIMMUX JaHHBIX IS albTEPHATHBHOMN
CTPYKTYPBI
Tun 1aHHpIX Anpec O3Y Peructp 3HaueHue
VYupagssromue | 2000 015Ch He ncnons3yercs XXXX_XXXXh
AQHHBIC UL 2000_0158h CHANNEL_CFG CYCLE_CTRL =001b, 2R = 4,
3agaun D N=4
2000_0154h DST_DATA_END_PTR | 2000_DEOOh
2000_0150h SRC_DATA _END_PTR | 2000_DO000h
VYupasnstomue | 2000_016Ch He ucnons3yercs XXXX_XXXXh
JAHHBIE VIS 2000_0168h CHANNEL_CFG CYCLE_CTRL =111b, 2R =8,
3amaun C N=5
2000_0164h DST_DATA_END_PTR | 2000_CEOQOOh
2000_0160h SRC_DATA _END_PTR | 2000_C000h
VYupasstromue | 2000 017Ch He ncnons3yercs XXXXXXXXh
AQHHBIC UL 2000_0178h CHANNEL_CFG CYCLE_CTRL =111b, 2R =2,
3agauu B N=8
2000 _0174h DST_DATA_END_PTR | 2000_BEOOh
2000_0170h SRC_DATA _END_PTR | 2000_B000h
VYupasmstomue | 2000_018Ch He ucnons3yercs XXXX_XXXXh
AQHHBIC UL 2000_0188h CHANNEL_CFG CYCLE_CTRL =111b, 2R =4,
3amaqyn A N=3
2000 0184h DST _DATA _END PTR | 2000_AEQOQh
2000_0180h SRC_DATA END_PTR | 2000_A000h
DOYHKIUOHUPOBAHHE

1 [lepBuuHas cTpyKTypa, KONUpPOBaHHUE JaHHBIX /Uid 3a1a4u A. Ilo mosiydyeHuu 3anpoca Ha
00cCITy>)KHBaHUE KOHTPOJUIEP BBINOJIHAET 4eThlpe nepenaun DMA. OTu nepenauu 3amuchiBaioT
aNbTEPHATUBHYIO CTPYKTYPY YNPABJISAIONINX JAaHHBIX JUIS 3a/1a4u A.

Jlasiee KOHTpOJIEp Cpa3y e BBINOIHSET 3a1a4y A ¥ 110 OKOHYaHUH NIPOBOJUT IPOLEAYDPY
apoutpaxa. [locine BBICTaBIEHHsS HOBOTO 3arpoca Ha OOCIyKMBAaHUE, IIPH YCIOBUHU, YTO ITOT
3arpoc sBJIAETCsl Hanbosiee MPUOPUTETHBIM, MPOLIECC MPOOKACTCS.

2 [lepBuyHas CTpyKTypa, KONMPOBaHWE MAaHHBIX U 3amadu B. KoHTposep BeImonHseT
yereipe neperaun DMA. Otu  nepemaun  3aluChIBAalOT  AJBTEPHATUBHYIO  CTPYKTYpPY
YOPaBISIOIUX JaHHBIX U1 3a1a4u B.

Jlanee KoHTpoJuiep BBIMOJHAET 3anady B. Jlng 3aBepiieHus 3ajauu HEOOXOAWMO TpH
3anpoca (IMporpaMMHbIX Uiu OT nepudepun). [1o okoHYaHNM KOHTPOJLIEP MPOBOIUT MPOLENYPY
apoutpaxa. [locne BbICTaBIeHHMsS HOBOTO 3arpoca Ha OOCIyXMBaHUE, IPU YCIOBUH, YTO 3TOT
3aIpoc SBJIAETCS Hanuboee IPUOPUTETHBIM, IIPOLIECC MPOJOIKACTCA.

3 [lepBuuHas CTpyKTypa, KonupoBaHue JaHHBIX A 3agaun C. KoHTposiep BBIIOIHSET
yetblpe nepegaun DMA. DOTu mnepepauum  3amMChIBAIOT — AIbTEPHATUBHYIO  CTPYKTYPY
YIOPaBIAOIUX JaHHBIX U1 3aaauu C.

Janee kouTposiep BbIMoNHsET 3a7adyy C W 1O OKOHYAHMM MPOBOAUT MPOLERYPY
apOuTpaxa.

[Tocne BbIcTaBeHusl nepudepueit HOBOro 3amnpoca Ha 00CIy>KMBaHUE, IIPU YCIOBUH, UTO
3TOT 3aMpoc ABJISIETCS HanboJee MPUOPUTETHBIM, IIPOLIECC MPOJIOIHKAETCSL.

4 TlepBuyHasi CTPYyKTypa, KOMHUPOBaHHUE AAaHHBIX s 3anaun D. KonTposuiep BbIIOTHSET
yerelpe neperaun DMA. Otu  nepemaud  3alUCBIBAlOT  JIBTEPHATUBHYIO  CTPYKTYpPY
ynpasisromux AaHHbX Uit mara D. Kontpomnep 3anmuceiBaer B CYCLE_CTRL mepBuuHbIX
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naHHbix 3HayeHue 000b nns MHOUMKAUKMK O TOM, YTO 3Ta CTPYKTypa YNPaBISIOMIMX JIaHHBIX
SIBIISIETCS «HETIPABUIIBHONY.

Hanee koHTpoJiep BBINOJHACT 3a1ady D, ucnonb3ys ocHOBHOM nukiai DMA, BXoauT B
npepbiBanue kaHama DMAI (ecnu BKIIIOYEHO) W 3allycKaeT mnpoueaypy apoutpaxka. Lluk
paboThl ¢ nepudepueii B pexxume «pa3zdoopka-cOopKay 3aBepIIcH.

8.5 Unaukanus ook

KonTpomnep DMA MoXeT OTKIFOUHTS i-if KaHaJ B CIACAYIONHMX CITydasx:

- IIpM 3aBeplueHuy nukia DMA;

- [IPU YTEHUH PEKUMA KaHajla «HeIeHCTBUTEIbHbINN;

- Ipu NosiBJIeHNH omnoOku Ha muHe AHB.

Kak tonpko xonTpomuiep DMA monydaer cooOuienue o6 omubOke mo muHe AHB, on
OTKJIIOYAeT KaHall, B KOTOpoM oOHapyskeHa ommuOka W ycrtaHasiuBaeT ¢guar VAL B perucrpe
ERRCLR.

Jlyist Toro 4To0BI onpenenuTh KaHan kouTpouiepa DMA, B koTopoM mpou3onuia onmoka,
IporpaMma, BBIIOJIHsAEMasl IPOLIECCOPOM, JOJKHA BCETAa XPAHUTh JaHHBIE O KaHallaX, KOTOpbIe
HE/IaBHO BBI3BIBAJIM MIPEPBHIBAHUS, T. €. 3aBEPIIAIN PAOOTy U OTKIFOYAIHCh.

AnropuT™m onpeneneHus kaHaia kontpoyuiepa DMA ¢ omm6koii:

- HeoOxommmo mipounTarth peructp ENSET ¢ menbro co3maHus TEKyIIero CIucKa
OTKJIIOUEHHBIX KaHaIOB KoHTposuiepa DMA,;

- TpoLeccop AOMKEH CPaBHUTH CIHMCOK BBIKJIIOYEHHBIX KaHAJIOB KoHTposuiepa DMA,
HOJy4YEeHHBIH B pe3ynbrare ureHus peructpa ENSET, ¢ qanHbIMU 0 KaHanax, KOTOpble HEJAaBHO
BbI3bIBaJIn npepbiBaHus. Kananm kontposiepa DMA, KOTOpbIl OTKIIOYWICA, U [0 HEMY
OTCYTCTBYIOT JJaHHBIE O BBI30BE IIPEPBIBAHUS, SBIISCTCS KAHAIOM, CBA3aHHBIM C OLIMOKOIA.

B xontpomiepe DMA mnpucyTcTByeT BO3MOMHOCTH HCIOJIb30BAHUSI PEKHUMOB 3aIUTHI
muHel AHB: npu 3anucu B mpueMHHK, IPU YTEHHH W3 MCTOYHMKA M IpU OOpallleHHMH K
CTPYKTypaM YIPaBISIONIMX JAQHHBIX KaHAIOB. 3allUTa IIWHBI B KaXIOW W3 CHTyalui
HACTpauBaeTCsl UHAMBUIYAIbHO. J[OCTYNHBIMU peXMMaMM 3alllUThl SBISIOTCS: K3IIHUPOBAHHE,
OyGepuzanusi, MPUBIIETUPOBAHHBIN JTOCTYII.

3amMrTa IMHBI OpU 3amMcH B NpueMHHUK HacTpauBaercs mnoiem DST_PROT_CTRL B
stueiike CHANNEL_CFG ctpyKTypbl yHpaBislFOIIMX JaHHBIX KaHaia KoHTposuiepa DMA.

3amMrTa MMHBI OpU YTEHUH K3 ucToyHMKa HacTpauBaercs moneM SRC_PROT_CTRL B
stueiike CHANNEL_CFG ctpyKTypbl yHpaBislFOIIMX JaHHBIX KaHasa KoHTposuiepa DMA.

3amuTa MKHEI IpH obpaieHnu KouTpossiepa DMA k cTpykTypam ynpaBistOIIUX JaHHBIX
kanaioB DMAI HactpauBaetcst moiem CHPROT B peructpe CFG.
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9 Cucrema npepbiBaHMi

Tabmuua npeprsiBanuii 9.1 mpencrasnsier coOOM MepeyeHb aIpecoB, COOTBETCTBYIOIIUX
OIpeIeTICHHBIM 00padoTYNKaM MpephIBAaHUH.

Tabnuna 9.1 — Tabnuua npepbiBaHMi

Howmep Cwmeltenue O6o3HaueHue Onucanue
BEKTOpa

- 0000h SP Bepiuna creka

- 0004h Reset Copoc

- 0008h NMI# Hemackupyemoe npepeiBanne NMI#

- 000Ch HardFault JIro0o¥i 0TKa3, €ClIi COOTBETCTBYIOILUI
00pabOTUYHK HE MOYKET OBITH 3aNyIICH

- 0010h MemManage [IpepsiBaHue 110 OTKA3y CUCTEMBbI YIIPABICHUS
aMSTBIO

- 0014h BusFault IIpepriBanue mo orka3zy mmHsl AHB

- 0018h UsageFault [IpepbiBanue 1Mo oUIMOKE MPOrpaMMbl

- 001Ch- - 3ape3epBUPOBAHO

0028h

- 002Ch SVCall OO0paboTka npepbiBaHuil, BEI3BAHHBIX
uHctpykuueid SVC

- 0030h DebugMonitor IIpepriBaHHE MOHHTOPA OTJIATKH

- 0034h - 3ape3epBUPOBAHO

- 0038h PendSV [IpepbiBaHNE CUCTEMHOTO YPOBHSI.
B npuiioskeHUM HCHOJb3yeTCs BHI3OB
«CyniepBH30p», €CITH ATOT 3aIpPoC
oOciyxuBaeTcst 0a30B0il ONEepallMOHHON
CUCTEMOM

- 003Ch SysTick [TpepbiBaHUEe CHCTEMHOTO YPOBHSI.
[pepbiBanue Bbi3bIBaeTcs Taiimepom SysTick

0 0040h WDT [IpepsiBaHMe 6JI0Ka CTOPOKEBOrO Taiimepa

1 0044h RCU [IpepriBanue 610ka RCU

2 0048h MFLASH I[TpepsiBanue koHTposuiepa Flash-nmamsru

3 004Ch GPIOA [TpepeiBanue mopra A

4 0050h GPI1OB [TpepsiBanue nopra B

5 0054h DMA_CHO [IpepbiBanus koutposiepa DMA no kananam

6 0058h DMA CH1

7 005Ch DMA_CH2

8 0060h DMA _CH3

9 0064h DMA_CH4

10 0068h DMA_CH5

11 006Ch DMA_CH6

12 0070h DMA_CH7

13 0074h DMA _CH8

14 0078h DMA_CH9

15 007Ch DMA _CH10

16 0080h DMA_ CH11

17 0084h DMA CH12
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IIpooondicenue mabauyst 9.1

Howmep

Cwmeienue Ob6o3HaueHune Onucanue
BEKTOpa
18 0088h DMA CH13 [IpepriBanus kouTpouiepa DMA mo kanaiam
19 008Ch DMA_CH14
20 0090h DMA_CH15
21 0094h TMRO [IpepriBanue Tarimepa 0
22 0098h TMR1 [IpepriBanme Taiimepa 1
23 009Ch TMR2 [IpepriBanme Taiimepa 2
24 00AOh TMR3 [IpepwiBanme Taiimepa 3
25 00A4h UARTO TD [TpepriBanre UARTO no okoHUaHHIO TIEpe1avu
26 00A8h UARTO_RX [IpepsiBanne UARTO no 3anonnenuto FIFO
27 00ACh UARTO TX [TpepsiBanne UARTO no onmycromenuto FIFO
28 00BOh UARTO Oo6ruee npepeiBanue Ooka UARTO
29 00B4h UART1 TD [IpepriBanne UARTI no okoH4YaHUIO Iepeaavn
30 00B8h UART1 RX [IpepriBanne UART1 no 3anonnenuto FIFO
31 00BCh UART1 TX [pepsiBanne UART1 no omycromenuto FIFO
32 00COh UART1 O6uee npepsiBanue 6oka UART1
33 00C4h SPI Oomiee mpepsiBanue KouTposwiepa SPI
34 00C8h SPI RX [TpepriBanue SPI o 3anonnennto FIFO
35 00CCh SPI_TX [MpepwiBanue SPI o onycromenuto FIFO
36 00DOh 12C [pepriBanue kouTposuiepa 12C
37 00D4h ECAPO [IpepriBanme O10Ka 3axBara 0
38 00D8h ECAP1 [pepbiBanue Os0Ka 3axBarta |
39 00DCh ECAP2 [IpepriBanue O10Ka 3axBata 2
40 00EOh PWMO Oo6ruee npepoiBanue Onoka [LIMMO
41 00E4h PWMO HD [IpepriBanme cxeMbl ynepxanus osoka MO
42 00E8h PWMO TZ [IpepriBanme nerekropa aBapuii 6soka [HIMMO
43 00ECh PWM1 Oomiee mpepsiBanue Osoka [1IMM1
44 00FOh PWM1 HD [IpepsiBanme cxeMbl yaepkanus Oioka M1
45 00F4h PWM1 TZ [IpepbiBanue nerexropa aBapuii 6moka MM 1
46 00F8h PWM2 O6uiee npepsiBanue Osoka [1IMM?2
47 00FCh PWM2_HD [IpepbiBanue cxembl ynepxkanus omnoka HTMM?2
48 0100h PWM2_TZ [IpepbiBanue neTexTopa aBapuid 6soka HIMM?2
49 0104h QEP [IpeppiBaHKe KBaAPaTypHOTO IEKOJEPA
50 0108h ADC SEQO [TpepriBanme cekBeHcopa 0 6;moka ALITT
51 010Ch ADC_SEQ1 [IpepsiBanue cekBeHcopa 1 61oka AL
52 0110h ADC _DC [IpepbiBanue komnapaTtopos O1oka AL
53 0114h CANO IIpepriBanus koHTposiepa CAN
54 0118h CAN1
55 011Ch CAN2
56 0120h CAN3
57 0124h CAN4
58 0128h CANS
59 012Ch CANG
60 0130h CAN7
61 0134h CANS
62 0138h CAN9
63 013Ch CAN10
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Oxkonuanue madbnuyol 9.1

Howmep Cwmeienue Ob6o3HaueHune Onucanue
BEKTOpa

64 0140h CAN11 [IpepsiBarus kouTposuiepa CAN

65 0144h CAN12

66 0148h CAN13

67 014Ch CAN14

68 0150h CAN15

69 0154h FPU [IpepriBanne uckaoueHui 6s1oka FPU

[NepBonauanbHO agpec Havyana Tabmuisl npepeiBanmii 0000_0000h.

Tabnmuia BEKTOPOB MOXKET OBITH pa3MEIeHA [0 IPYroMy ajpecy B MaMATH HPOrpaMM HIIH
B O3VY. B cnyuae pa3memnienus: Tabauils npepeiBanmii B o6mactu O3Y mosBIiseTcss BO3MOKHOCTh
U3MEHATh 00paOOTYMKM TpEpHIBAaHWN B MPOIECCE BBIOIHEHUS IporpaMmbl. [lomoxenue
TaOJIUIIBI BEKTOPOB B aMATH onpeneinsiercs peructpom VTOR, cMm. tabmuiy 9.2.

Tabnuna 9.2 — Peructp cMenieHust TaOIUIBI BEKTOPOB

VTOR E000_EDO8h Co6poc: 0000_0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
TBLOFF
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
TBLOFF 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone butsl Onucanue
TBLOFF 31-9 butel 31-9 anpeca TabnUIIbI BEKTOPOB
0 8-0 JlaHHble OUTHI Beeria 10JKHBI ObITh paBHbI 0, T.K. ajpec TaOIUILbI
BEKTOPOB JIOJKEH OBITh BBIBPOBHEH IO rpaHulie 512 Gailt

OOpaboTUMKN TIpephIBAaHUN MOKHO JHHAMHYECKH MEHSATh, HO TPU 3TOM O00s3aTeNbHO
CJIEZyeT pacroiarath CIEAYIONINE DIEMEHTHI:

- HayaJIbHOE 3HaYeHUE OCHOBHOTO yKAa3aTells CTeKa,;

- BeKTOp cOpoca Reset;

- Bektop NMI,

- BekTOp uckimodenus HardFault.

OcranbHble IPEPHIBaHUS HE MOTYT T€HEPUPOBATHCS, TIOKA HE OY/IyT pa3pelieHB.

KonTtpoJep npepsiBannii NVIC

KonTpomnnep npepoianuii NVIC obecnieunBaert:

- NPOrpaMMHOE 3aJaHUE YPOBHs IPUOPUTETA HE3ABUCUMO JUIsI Ka)KJIOTO NpPEpBIBaHUS B
nuamna3one ot 0 10 7 (mpepbiBanue ¢ ypoBHeM 0 MMeeT HaUBBICIIHI IPUOPHUTET);

- TEHEpUPOBAHUE CUTHAJIA IPEPhIBAHUS MO (PPOHTY U 110 YPOBHIO CUTHAJIA,

- TUHAMHYECKOe N3MEHEHUE MPUOpPUTETA MPEPHIBAHUI;

- pa3zeneHue Mo rpynmnaM ¢ OAMHAKOBBIM IPUOPUTETOM U I10 MOATPYIIIAM BHYTPH OJIHOU
IpYTIIIbI;
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- mepefaya ympaBJICHWsT W3 OIHOTO o0paboTdymka B Jpyroi 0e3 BOCCTAHOBJICHUS
KOHTEKCTA.

[Iporieccop aBTOMAaTHYECKH COXPAHSIET B CTEKE CBOE COCTOSIHHE TPU BXOJIE B 00Pa0OTYHK
IpephIBaHMs ¥ BOCCTAHABIMBAET CBOE COCTOSHHE ITOCIIE 3aBEpLICHHS] 00paOOTKU MpPEphIBAHMUS,
T. €. 03 He0OXOAUMOCTH TPOTPAMMHUPOBAHHSI ITHX OTEPAITUHL.

O0paboTka npepbIBaAHNH 110 YPOBHIO M 10 (PPOHTY

Kontpomep npepriBanuii NVIC nognepxuBaer npepbiBanus, Kak 10 (GpoOHTY, Tak U MO
ypoBHto. [IpepbiBaHue 10 (QPOHTY — HUMITYJIBCHOE TMpEpbIBaHUE, KOTOPOE MOXKET HMETh
JUTATEIIEHOCTB OOJIBLIYIO HIIM PAaBHYIO JUIMTEIIEHOCTH TaKTa CHCTEMHON YacCTOTHI.

[IpepriBanre MO ypOBHIO BO3HUKAET A0 TeX IOp, MOKa YCTPOWCTBOM YIEpP)KUBACTCS
3aJaHHbII ypoBeHb curHaja. Eciim mpepbiBaHHE MO YPOBHIO HE OBLIO CHATO IO 3aBEPLICHHS
paboThel 0OpaboTunka npepsiBanuii, To KoHTpoJiep NVIC BHOBb HAUMHAET €ro 00paboTKYy.

B cnyuyae mnpuxoma HMMIYJIbCHOTO MpPEPHIBAHUS OT JIOOOr0 HCTOYHMKA B MOMEHT
00pabotku npenpiaymero, B koutpouiepe NVIC ycranaBnuBaercs (iar, CHrHaIu3HPYIOMUNA O
MPHUXO0JIe HOBOTO TPEphIBaHUsA, KOTOpoe Oyaer oOpaboTaHo mocie 3aBepiieHus o0paboTKu
TekyIiero npepeiBanus. B ciyyae, ecniu koHTposiep NVIC HaxonuTcs B COCTOSHUU OKUIAAHUS
U TIPUXOJUT UMITYJIbCHOE MPEPHIBAHUE OT TOTO K€ MCTOYHHKA, 00pabOTKa BBITOJHUTCS TOJIBKO
OJIUH pa3.

Jns ympaBiieHHsI MPephIBaHUSIMHE HCIONB3YIOTCA TsiTh rpynn peructpo ISER, ICER,
ISPR, ICPR u IABR. [Togpo6Hoe onucanue MpUBEICHO B IPHIOKEHUHU B.
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10 IMopThI BBOAA-BBIBOAA

B coctaB MUKpOKOHTpoOIEpa BXOAAT ABa 16-pa3psaHbIX NOpTa BBOJAA-BbIBOAA: MOPT A u
nopt B. CtpykTypsl HOPTOB ¥ (PyHKIIMOHUPOBAHUS — UJIEHTUYHBI.

Kaxnprii nudpoBoil BBIBOI NMOpPTa MUKPOKOHTPOJIEpAa MOXKET HCIOJIB30BATHCS Kak
JIBYHAITpaBJCHHBIN BbIBOJ 00mero HazHaueHus (pexum GPlO). [TomuMo 3TOr0, BCe BBIBOJIBI
UMEIOT allbTepHATUBHYIO (QyHKIMIO (in QyHKIuK). Vickiarouenuem sBisitorcst BeioAsl BO — B3
nopta B, KOTOpble UMEIOT aHAJIOroBYK (DYHKIHMIO — C HUMH MYJIBTUIUIEKCHPOBAaHbI KaHAJIbl
ALIL

[To ymMom4aHuIO MOPTHI HAXOIATCS B cOPOCE U HE TAKTUPYIOTCS. AKTUBUPOBATH MOPT A U
nopt B mMoxHO ¢ momoursio cootBercBytonmx OuT perucrpoB HCLKCFG, HRSTCFG 6rnoka
RCU.

10.1 ®yHkunoHMpOBaHUE MOPTA

[lonyuennsie nanHble coxpanstorcs B peructpe DATA mnopra. JlanHble g nepenauu
sanuceiBatoTcss B peructp DATAOUT mopra. CymiecTByeT BO3MOXKHOCTH MOJU(DHKAIIAN
cocrosiust peructpa DATAOUT nyrem 3anucu emunun B peructp DATAOUTSET s
YCTaHOBKHM coOTBeTCTByrommx Out, B peructp DATAOUTCLR nmns cOpoca Out, B perucrp
DATAOUTTGL st uaBepcuu OUT.

Ha pucynke 10.1 mpuBemeHa CcTpyKTypHass cXeMa BbIBOJAa ILH(PPOBOro mopTa
MHUKPOKOHTpoJuIepa. CXeMbl BceX BBIBOJIOB UACHTUYHEI.

MobuTHasa macka

| MASK MASK
HIGHBYTE | LOWBYTE K
yy KaHany
1 BxogHown [laHHble co Bxoaa AUN —
| DATA |< ums (Tonbko Ans
P GPIOB[3:0])
K Bnoky |
npepbIBaHNM
I'IonKmoqume NOATAKKN
s ——
s 1 | PULLMODE
S BbiBog
o | ALTFUNCCLR | nopra
é ¢ |Harpémgr\7;'t;chotéHocn|,_' Cxema ( \
npaBneHus
8 [ ALTFUNCSET | ynp \
'g BkntoyeHune anet. yHKLMK Pexum Bxona Y
2 | INmoDE }_T [ DEnseT ]
'\V
> 1W T
| HI&%I%YKTE LO'\%BSYKTE | [aHHble Ans Bbixoaa | DENCLR |

o

A
| DAROUT | | OUTMODE |
= Pexum Bbixoaa

| DATAOUTSET ’_T | OUTENSET |
| DATAOUTCLR | — !
| DATAOUTTGL |— | OUTENCLR |

Pucynoxk 10.1 — CtpykTypHas cxema BbIBO/Ia IU(PPOBOTO MOPTa MUKPOKOHTPOILIIEpa

Cxema COCTOWT W3 JBYHAIPaBICHHOW TUIOIMIAIAKH BBIBOJA, (DMIBTPA BXOIHBIX CHTHAJIOB,
MyJbTHIIEKCOpa BbIOOpa pexkuma pabotbl (pexum GPIO nubo pexum ambTepHaTHBHOM

byHKIUN).
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JUiss  KaxIoro BBIBOJA 3aJaeTCs pPEXUM padoOThl, HArpy304Has CIIOCOOHOCTh U
OBICTPOACICTBHE BBIBOJA, PEKUM TMOATSHKKH, a TAaKKE MPOM3BOAMTCS HACTpPOWKa TMOpTa Ha
paboTy B PEXHMME C OTKPBITBIM CTOKOM/UCTOKOM. [[si paboThl ¢ mepudepuitHpIMU OJIOKaMu
BKIIIOUAETCS PEXUM allbTepHATHBHONW (YHKIMU. BXOTHOW CHUTHAT MOMKET MOJABaThCS IS
JnanpHEenIen 00paboTKM Kak HampsaMylo (aCHHXPOHHBIA BXOJ), TaK M IMPOXOJHUTh 00pabOTKY
gyepe3 QUuiIbTp.

ITocne cObpoca Bce BBIBOABI, kpoMe BBIBOJIOB JTAG, KOHPUTYPUPYIOTCS KaK BBIBOIBI
obmero HasHaueHus (pexxum GPIO) m HaxonmsTcs B TpeTbeM cocTostHMW. llepen Tem Kak
B3aMMOJICHICTBOBaTh C BBIBOJIOM Kak IM(POBBIM BXOJOM, BBIXOJAOM WIH aJbTEPHATUBHOU
¢yHkumeir HeoOXoAMMO pa3pemuTh HUGpoByr0 padoTy BBIBOJA, 3allMCaB EAMHHUIBI B
cooTBeTCTBYIOIME pa3psaasl peructpa DENSET. [Ins cOpoca ycTaHOBIEHHBIX OWUT ClEayeT
3anucarh equaubl B peructp DENCLR. Ilpu ncnonp3oBaHuM aHAIOTOBOM BXOAHOW (DyHKIMH
HEOOX0omMMO  3ampeTuTh  mUdpoBYyd  paboTy  BCEX  COOTBETCTBYIOUIMX  BBIBOJIOB,
MYJIbTUIUICKCUPOBAHHBIX ¢ BRIOpaHHbIME KaHanmamu ATIIL.

Bbi0op Harpy304HOW CHOCOOHOCTH M OBICTPOJNEHCTBHS BBIBOJA OMPEACISACTCS MOJSMH
peructpa DRIVEMODE, a pexum nontspkku konpurypupyercs peructpom PULLMODE.

Paspemienre paOOThl BBIXOJHBIX KACKAJIOB OIPENENSCTCS COCTOSHUEM OUT perucrpa
OUTENSET (mns cOpoca yCTaHOBICHHBIX OHT CIeIyeT 3amucaTh CIUHHUIBI B PETHCTP
OUTENCLR), a ux pexumsl («push-pull», OTKpBITBI CTOK/HCTOK) COCTOSHHEM IIOJIEH B
peructpe OUTMODE.

Pexxum paboThl BXOIHOM 11enu HacTpauBaeTcs ¢ momotisto peructpa INMODE.

10.2 Pexum ajbTepHATUBHBIX PyHKIUH

Jis  mepeBoja JKeIaeMoOro BbIBOJA IIOPTa B PEKUM  albTEPHATUBHOM (PyHKIMM
HEOoOXOUMO YCTaHOBUTh cooTBeTcTBYytommii Out B peructpe ALTFUNCSET mnopra. s
OTKJIFOYEHHUsI albTEPHATUBHOM (YHKLMH HYXHO 3alUCaTh €AMHUI]Y B COOTBETCTBYIOIIMN OUT
peructpa ALTFUNCCLR.

Bxonsl u BbIXOAbl mepudepuilHbIX OJOKOB B Ipouecce padoTbl KOMMYTHPYIOTCA €
BBIBOJIAaMH MHUKPOKOHTpOJUIEpAa MpPH YCIOBUM, YTO JUISI 3TUX BBIBOJIOB BKIIIOUEH PEXKUM
QJIbTEPHATUBHON (DYHKLIUU.

10.3 Bxoanbie pUABTPHI

Ko BceM muiomaakaMm BBIBOJIOB MOJKIIOYEHbI BXoJaHbIe (uibTpbl. Ha pucynke 10.2
NoKa3aHa CTPYKTYpHas cxema (puibTpa BeIBOJIA TIOPTA.

BxomHOUW curHaim ¢ BBIBOJIa MOPTa MOXKET NMPUHUMATHCS KaK HampsMyro (aCHHXPOHHBIH
PEKUM), TaK U MEPECUHXPOHU3UPOBATHCS (CHHXPOHU3UPOBATHCS C TAKTOBOM 4acTOTOM pabOThI
MHUKPOKOHTpoJuTepa). Ynpasienue ocymiectisiercs peructpamu SYNCSET/SYNCLCR.

JIONOJTHUTENBHO €CTh BO3MOXHOCTh BKJIFOUEHHUS HAKOIJICHHUS TPEeX WJIM IIECTH OTCUETOB
BXOJHOIO CHUTHaja JJIs IOMEXOYCTOMYMBOCTH BbIBOJA. Ecim pe3ynbTaThl BCEX OTCUETOB
COBIIAJAIOT, CUTHAJ TIepeIaeTCs Aajiblle M0 CXeMe, B IPOTUBHOM CITydae COCTOSHUE CHTHAlla He
MeHsieTcsl. BpemeHHble MHTEpBaibl MEXAYy OTCUeTaMM 3aJal0Tcs B KOJIMYECTBE TaKTOB
cucteMHOU yacToThl mocpenctBoM perucrpa QUALSAMPLE. Bpemennoit uaTepBain 3amaercs
OJIMH JUTSI BCEX BBIBOJIOB MOPTA.

Brurouenne QuiabTpa M 3aJaHMe peKUMa €ro padOThl OCYLIECTBISIETCS IOCPEACTBOM
peructpoB QUALSET/QUALCLR u QUALMODESET/QUALMODECLR cooTBeTcTBEHHO.

OnHOBpeMeHHO 00a peXMMa aKTUBHBIMU OBITh HE MOTYT — IIPH YCTaHOBJIEHHBIX €JMHUIIAX
B onHuX M Tex xe paszpsgax SYNCSET u QUALSET curnan OyneT mpoXoIuTh HampsMylo ¢
BXO7a (PMIIbTPa HA €T0 BBIXO/I.
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SYNCCLR

v
SYNCSET

Bnok
nepecuHxpoHusaumm|

=
A
Y

BpemeHHOW nHTepBan Bxon
QUALSAMPLE puneTpa

v

Brnok Brok
CpaBHEeHUHA|ONCKpeTn3aLnmn

5
QUALMODESET

5
QUALMODECLR

dunerpaymns no 3/6 orcuetam

QUALSET

Y
QUALCLR

A

Pucynok 10.2 — CtpykTypHas cxema QuibTpa BbIBOAA ITOPTa
10.4 IlpepbiBaHus

Kaxnplif 13 BBIBOJOB criocobeH reHepupoBarh npepeiBanue. Ha pucynke 10.3 mokazaHa
CTPYKTYpHasi cxema OJIOKa TeHepaIiy pephIBaHU.

Cxema BbIBOJA MO3BOJIAET TAK)KE OCYIIECTBJIATH 'MOKOE YIpaBiI€HHE NPEPHIBAaHUSIMU U
3aJaBarTh, 10 KaKOMY anmapaTHOMY COOBITHIO T€HEpHpPOBATH MpephiBaHuE (IO KakoMy (PpoHTY
win ypoBHIO). [Ipu Bo3HukHOBeHHH mpepbiBanus B peructpe INTSTATUS ycranaBnuBaercs
COOTBETCTBYIOIIUH (py1ar U BHICTABIISIETCS MTpepbIBaHue B KOHTpoiuiepe npepsiBanuii NVIC.

[IpepbiBaHre  MOXET OBITh  COPOIIEHO MPOTPAMMHO  3alUChI0  €IUHMIBI B
cootBercTByromuii 6ut peructpa INTSTATUS. Jlns paspemieHus: mpepsiBaHUs BBIBOJA TOPTa
clleflyeT 3amucaTh €IMHUILY B COOTBEeTCTBYROIIMM BbIBoLy OuUT peructpa INTENSET, a nnsa
3arpera npepbiBanus — equauily B Out peructpa INTENCLR.

Jns 3amaHus Tuna coObITHS (YpOBEeHb WIM (POHT), MO KOTOPOMY T€HEpPHUPYETCs
npepeiBanue, ucnoiw3yercs  peructp  INTTYPESET, s 3amaHus  MOJNSPHOCTH
(HU3KMIA/BBICOKMH YpPOBEHb WJIM TOJOKHUTEIbHBIA/OTPUIIATENbHBIM  (DPOHT) HCHONB3YyETCs
INTPOLSET, a mus copoca Hactpoek — INTTYPECLR u INTPOLCLR cootBercTBeHHO.

Cy1ecTByeT BO3MOXXHOCTb OpraHM3allid HpepbIBaHMs 1O 00ouM (pOHTaM: CHaydaia
HEoOXonuMo 3anath THN TpepbiBaHus — ¢poHT (3amuch B INTTYPESET), a 3atem 3amucatb
coorBercTByromue eauHuil B INTEDGESET. B stom pexume cocrossHHME perucrpa
nonsipuoctd  INTPOLSET wurnopupyetcs. OTKIIOUATH PEXUM TeHEpAIMH TPEPHIBAHUS 10
oboum ¢pontam MmoxkHo 3amuchkio B INTEDGECLR, B Takom ciywyae nnsi reHepamuu B
JanbHeIeM Oy/IeT UCIoIb30BaHa TeKyIas HacTpoiika nonspaocty (peructp INTPOLSET).

B pexume npepriBanus 1o yposHio coctossHue peructpa INTEDGESET nHe Biuser Ha ux
TeHEepaIHIO.
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Bbibop nonspHocTn

INTPOLCLR
INTPOLSET

M3 cxembl Tor. 0
BbIBOAA

10 YpOBHIO UK PPOHTY

INTTYPECLR
INTTYPESET

———>» AnnaparHble 3anpochl

CocTosiHue npepbiBaHUA

INTSTATUS

A

»—»[1pepbiBaHneNVIC

INTENSET
INTENCLR

PaspelueHue npepbiBaHus

EDGESET
EDGECLR

BEIGOP OBHOMO/ABYX (PPOHTOB

Pucynok 10.3 — CtpykTypHas cxema 0JI0Ka TeHepaIuy npepbIBaHun
10.5 N'enepanusi annmapaTHLIX 3aPOCOB

Kpome renepanuu npepbIBaHUM, MMOPTHI TAKKE UMEIOT BO3MOXXHOCTH TeHEPAIMH 3aIPOCOB
K gapyroii mnepudepun. ['eHepamms 3ampoca MPOUCXOAUT IO YCIOBUSM BO3HUKHOBCHUS
IpephIBaHMs Ha BEIOPAHHOM BBIBOJIC, IIPH STOM HE BaKHO, MACKUPOBAHO CaMO TPEPHIBAHNEC HITU
HeT (cocrosinue INTENSET), BausiHue oKa3bIBarOT TOJBKO HACTPOWKH TC€HEPALMH MPEPhIBAaHUS
(INTTYPESET, INTPOLSET, INTEDGESET).

Jlns Toro 4ToOBI B COOTBETCTBHMM C HACTpOHMKaMH MpepbiBaHUs TeHepupoBayics BREQ
3ampoc k koHTpoiuiepy DMA, HeoOxomumo ocymiecTBuTh 3anuch equaui] B DMAREQSET.
OTriroyeHue reuepaiyu 3anpoco k koHTpoisiepy DMA ocymiectsisiercs uepes DMAREQCLR.

Jlist Toro 94ToOBI B COOTBETCTBHHM C HACTPOWKAMH TPEPHIBAHUS CTCHEPUPOBAICS 3aIpoC
Hauana mpeoOpazoBanus ALIl, HeoOxommmo ocymectBuTh 3anuch eaunun; B ADCSOCSET.
OTkiIIOYeHHEe TEeHEepaluu 3ampocoB Haudana mnpeodpazoBanust ALl ocymectBisieTcss uepes

peructp ADCSOCLR.

s Toro uToOBl B COOTBETCTBMM C HACTPOMKaMU NpEpbIBAHUS CIE€HEPUPOBAJICS 3alpocC
RXEV «x saapy, HeoOxomamMo ocymiecTBUTh 3amuch eauHul] B RXEVSET. Orkmouenue
rerepanuu 3anpocoB RXEV k sapy ocymectisiercs uepe3 RXEVCLR.

10.6 MexaHu3M 0JIOKMPOBKH KOHpUTypauuu

Jlns 3amnThl KOHPUTypauy BIBOJIOB OT HECAHKIIMOHUPOBAHHOT'O U3MEHEHHUS pealn30BaH
MEXaHU3M OJOKHPOBKH.

brokupoBka KOH(UTYpallMu OCYIIECTBIISIETCS 3alMChIO COOTBETCTBYIOUIMX EIMHUI[ B
peructp LOCKSET, c6poc OnokupoBkun — B peructp LOCKCLR. Ilpu BkitoYeHHOM
OJIOKMPOBKE UTHOPUPYETCS 3aIUCh BO BCE OUTHI ¥ TOJISI HACTPOMKH MacKHPOBAHHBIX BBIBOJIOB —
JOCTYIHBI /i 3anucu b peructpel INTSTATUS 1 QUALSAMPLE.

[To ymom4aHuIO BCe BBIBOJBI SIBISIIOTCS Pa30JIOKMPOBAHHBIMH, a 3allCh B PETUCTPHI
LOCKSET/LOCKCLR wurnopupyertcsi. ckitodeHre coCTaBIsioT BEIBOIbI A2 — AB, MOCKOIBKY
OHHM UCIOJIB3YIOTCA Jisi paboThl oTinanoyHoro mHTepdeiica JTAG. ns Toro 4tolwl caenatk
noctynabiMa s u3meHeHust peructpel LOCKSET/LOCKCLR, HeoOxomumMo B peructp
LOCKKEY 3anectn 3nHauenue kiaroua ADEADBEEh. Eciim HeoOxoamMo cHOBa 3alllUTUTH OT
nzmenennii peructpsl LOCKSET/LOCKCLR, 10 nocrarouno 3amucate B LOCKKEY mo6oe
3HA4YEHHUE, OTIIMIHOE OT KITF0Ya.

[Ipumeuanue — [locne 3amucu perucrpa LOCKKEY Heo0xonnmo BelIepKaTh May3y MUHUMYM 2
TaKTa CUCTEMHO# 9acTOThI, perx e yeM oopatutbes k peructpam LOCKSET/LOCKCLR.

Texymmii cratyc 3amutbl peructpoB LOCKSET/LOCKCLR MokHO y3HATh, MPOYUTAB
peructp LOCKSTAT - 3nauenue 0000_0001h cootBercTByeT cHstoi 3amute, 0000_0000h —
YCTaHOBJICHHOM.
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10.7 MexaHu3M MacCKUPOBaHMSI

Jlns ynpaBiaeHHsl COCTOSHUEM BBIBOJOB MOPTA JIOTMOJIHUTEIHLHO UCIOIB3YETCSI MEXaHHU3M
MackupoBaHus. OH MMO3BOJISIET YCTaHABIMBATH KEJAaeMblil YPOBEHb CUTHAJIA HA HYKHOM BBIBOJIE,
HE 3aTparvMBas COCTOSIHME JIPYTMX BBIBOJAOB. 16-pa3psiiHbIi MOPT YCIOBHO pa3OuBaeTcss Ha
cTapmuii 6aiT m mmammmii 6ait. st moctynma mo Macke K MiaameMy OalTy HCIOJIb3yeTcs
maccuB peructpoB MASKLB, a k crapmemy — MASKHB.

Kaxxnpiit MmaccuB cocTOUT U3 256 perucTpoB, KaKIAblii pErUCTP UMEET MOPAIKOBbII HOMEp
(ot 00h mo FFh), xotopsiii siBiseTcss mackoit. Tak, Hampumep, I mopra A BbIIEIEHBI JBE
obmactu mamsitu ¢ aapecamu: 4001_0400h — 4001_07FCh mst mnaamiero 6aiita u 4001_0800h —
4001_OBFCh must crapmrero 6aiita. butel ¢ 9 mo 2 agpeca siBIstoTcss Mackoi. Takum oOpazom,
aapecy 4001_0400h cooterctByer Macka 00h (MASKLB[0x00]), axpecy 4001_0404h — macka
01h (MASKLB[0x01]) u T. 1.

Jy1st Toro yToOBl U3BMEHUTH COCTOSIHUE BBIBOJOB MOPTa C UCHOJIB30BAHUEM MACKH, HYKHO
3anucaTh HOBOE 3HaueHHe B cooTBeTCTBYIOUMH meMeHT MacuBa (MASKLB wmun MASKHB) ¢
MOPSIKOBBIM HOMEPOM, COBIAJAIONINM CO 3HAUEHUEM MACKHU.

Pa3psinel mopra, 3aKphIThIE «HYJISMW» MAacKH, OCTaHYTCS HEU3MEHHBIMH, a OCTaJIbHBIC
npuMyT HOBBIE 3HaueHus. Ha pucynke 10.4 mokasan MexaHu3M MacKHUpOBaHUS MialIero 6aira
nopra A.

O6nacTb agpecoB Macok
MASKLB

[0xFF] [10 000 00000000001000001[1 111111 1[00] (4001_07FCh)
I 1

3annck HOBOTO 3Ha4YeHUsi B o6rnacTe Macok anst

DATAOUT [1]oJoJi]aJoJi]1JoJa]1]OJ1]O]1]1] BbIGOpa Macku U MoAUMUKALMN COCTOAHURA
Ao sanucu . peructpa DATAOUT
Crapuumit 6aiT Mnanuwui Gar Mackn H
Hosoe sHadeHne He BakHo 1jofof1ijofofo|1 31 9 2 o]
3 [0xC4] [10 000 000000000010000J01[1 1000100[00]| (4001_0710h)
Macka mnaawero 6aita []1]0J0[0J0]1]1]|foxc31 10 0000000000000100000X1 100001 1Jp 0| (4001_070Ch)
+ [OxC2] ([1000000000000001000001121000010|00 (4001_0708h)
?@%gﬁﬁmn [1To[oJaa[o[i[a[FoT1[o[1[O[O]T] [0xC1] [1000000000000001000001[1 100000 1|00 (4001_0704h)

O6HoBNeHHbIe
3HaYEeHUs

i i
[0x00] [1000000000000001000001[00000000[00] (4001_0400h)

BbluvcneHumne agpeca mackm « 11000011 »
4001_0400h + C3h x4 =4001_070Ch

Appec nadana Macka Anpec ans
o6nacTtu macok 3anucn
mnaawero Ganta Cmeluenne

Pucynok 10.4 — MexaHu3m u3MeHEHHsI COCTOSIHUS Miaaiero 6airta
nopra A ¢ MaCKUpOBaHHEM

Jns n3menenuss 0, 1, 6 u 7 OUTOB perucTpa mopTa HYXXHO HCIOJIB30BaTh MAacKy
1100 _0011b. Dra macka sBasiercs yactbio (Outel ¢ 9 mo 2) aapeca 4001_070Ch. Hosoe
3naueHne XX90h naHHbIX, KOTOpOE TpeOyeTcs mepeaaTh B MopT (MIPH 3TOM CTapiuii OaiiT yncia
HE BaKeH), HY)KHO 3amucaTh B sueiiky ¢ agpecom 4001_070Ch. Jlanee sto 3HaucHue Oyaer
anmapaTHO MacKHpOBaHO U pa3MerieHo B peructpe mopra DATAOUT.

AHaJIOTMYHO BBINOHAETCS MaCKMPOBaHUE cTapiiero 6aiTa, cM. pucyHok 10.5. Pa3nuna nuib
B TOM, YTO B JAHHOM CJTy4yae OepeTcsi CTapIluii OaliT HOBOrO 3HaYEHUs, a MIIJILINI HE BaKEH.

O6nacTbe agpecoB Macok
MASKHB

[OxFF] [1000000000000001000010[11111111J00]| (4001_OBFCh)
f 1

3annck HOBOTO 3Ha4YeHUs B o6nacTe Macok Ans

DATAOUT 1lojofafijoji]|ofofaf1]1]1]Of1]|1 BbIGOpa Mackm 1 MoandUKaL MM COCTOAHUSA

Ao 3anucun :  peructpa DATAOUT

Crapumin Gar Mnaauumin Gairr Macku
Hosoe sHa4deHune|[1]0]|0|1[O0[O0[O]1 He BaxxHO 31 9 o]

2
¥ [0xC4] [10000000000000010000J10[11000100[00]| (4001_0B10h)
Macka crapwero [[1[I[O[O]OJO]1]1]| [OxC3] |1 00000000000000100001&1100001 1}» 0| (4001_OBOCh)
5
1

Gavita + [0xC2] [1000000000000001000010{1100001 0|00 (4001_0BO8h)

DATAOUT [LTO]o[1[1[o[OofT[o[1[1[1]1]Of1]1] [OXC1] [1000000000000001000010[(1 100000 1|00| (4001_0BO4h)

nocne sanvcu

OGHOBMNEeHHble i i
sHadeHuns [0x00] |1000000000000001oooo 1ooooooooo|oo| (4001_0800h)

BbluncneHue agpeca mackm « 11000011 »
4001_0800h + C3h x4 =4001_0B0OCh

ApApec nadana Macka Anpec ana
o6nactu macok 3anucn
craplwero Ganta Cmelienne

Pucynok 10.5 — MexaHu3m u3MeHEeHHsI COCTOSIHUS cTapiiero Oaira
nopra A ¢ MaCKUpOBaHHEM
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11 Baoku TaiimepoB

MUKpOKOHTPOJUIEpP COACPKUT deThipe Onoka 32-pa3psaHbix TaiimepoB. Bcee Onoxu
UJCHTUYHBI.

CueTunk TaiimMepa paboOTaeT MO CHCTEMHOMY TaKTOBOMY CHTHaiy. Kpome srtoro, Taiimep
MOJKET YNPABIATHCSA BHEIIHUM CHUTHAJIOM, a TaKK€ CHHXPOHM3UPOBATbCSA 110 BHEIIHEMY
curnainy. Ha pucynke 11.1 npeacraiena ¢pyHKIHOHAIbHASA CXeMa Taiimepa.

(ADCSOC)

EN
TMRX_IN —»| Brok 1 _
nepecrHXpOHN3aLMm «1»
LOAD &
|5 3anyck AL

ﬁ TMRx_SOC
Cbpoc

[etektop

poHTa

32-paspsigHbIn

06paTHBIN CHETMK & MpepbiBaHue
TMRX_INT
INTEN
(DMAREQ) 3anpoc DMA

Pucynok 11.1 — ®ynkunoHaneHas cxema Taiimepa

VYnpaBienue TaiimepoM ocymectsisieTcs nocpencrsom peructpa CTRL. Hawanehoe
3HavyeHue 3anaercsa peructpom VALUE. Jlns BrimroueHus TaiiMepa Hy)XHO ycTaHOBUTH OUT ON.
Cuerumk TaliMepa JAeKpeMEeHTUpyeTcs OT 3HaueHus 3aaaHHoro perucrpom VALUE no Hyns Ha
YacTOTE€ TAKTOBOTO CHTHAlIa MHKPOKOHTposuiepa. [lo mocTwkeHWH HyIsi CUETYMK TaiMepa
3arpy’kaercs 3HAYeHHMEM, 3aJlaHHbIM peructpoM nepesarpy3ku LOAD, u, ecnu pasperieHo,
o6utoMm INTEN renepupyercs npepsiBanue. [Ipn BO3HUKHOBEHUH MTpEPhIBAaHUS yCTAHABIINBAETCS
¢uar INT B peructpe INTSTATUS.

st taiimepoB 0 u 1 noctynen cBoii BHemHuN BXon cuaxponusamuu TMRX_IN (x =0, 1),
BBIBEJICHHBII Ha aJIbTEPHATUBHYIO (PYHKIINIO IOPTa MUKPOKOHTPOJIIEPA.

Ecnu ycranosnen 6ut EXTINEN, To cueTunk Taiimepa paboTaeT Ha 4acTOTE TaKTOBOTO
CUTHaJIa MHKPOKOHTPOJJIEpA, TOJBKO €CIM CUTHaJl Ha BXOJE€ HMEET YpPOBEHb JIOTHYECKOH
€/IMHUIIBL.

Ecmun onnoBpemenno ycranosneHsl Outsl EXTINEN um EXTINCLK, TO TakTHpOBaHue
CUeTYMKAa TaiiMepa TPOHMCXOIAWT IO TOJIOKUTEIFHOMY (POHTY BHEIIHETO CHUTHaia,
npuxoasmero Ha Bxoa TMRX_IN. Ilpu sTom yacToTa BHENIHET0 CHUTHaNa JOJHKHA OBITH Kak
MHUHHMYM B JIBa pa3a MEHbIIIE YaCTOTHI CHCTEMHOTO TaKTOBOT'O CHTHAJIA.

C nomomnipio TaliMepa BO3MOXKHO reHepupoBaHue 3anpoca DMA. Ecnu 3anucats B moie
EN peructpa DMAREQ enunuiry, To o JOCTH)KEHHH CUYETYHKOM HYJISI OyJE€T reHepupOBaThCs
3alpoc MO COOTBETCTBYMOIIEMY KaHaiy KoHTposiepa DMA. BpiOop HeoOxonumoro kasana
DMAI Beimosasiercst ¢ momomisio monst SRCSELX (X — Homep kaHama ot 8 mo 15) perucrpa
DMAMUX 61oka SIU.

Taxoke TaiiMep MOXKET BBIJaBaTh CTpoO s 3amycka uamepenus ALl Ecnu 3anucats B
none EN peructpa ADCSOC eauHuiyy, TO MO JOCTHXKEHMHM CUETUYMKOM HYJIsS Oyner
reHepupoBaThcst curHan 3amycka AT
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12 Baoku 3axBara

B MukpokoHTposuiepe peaan3oBaHbl TpH 0JioKa 3axBaTa. Bee 070K MACHTHYHBL.

bnoku 3axBaTa UCIIONB3YIOTCS JUISI:

- BBIYMCIICHUS] CKOPOCTH BpallleHUs Bajla poTopa (€ UCHOIb30BaHUEM JIaTYMKOB XO0J1a);

- BBIYHMCIICHUS IIPOMEKYTKOB BPEMEHU MEXy cpabaTbiBaHUEM MO3UIIMOHHBIX JaTYHKOB,;

- BBIYUCJICHUS TIEPHO/Ia U CKBAXKHOCTU UMITYJIHCOB.

BosmoxHocTH 6510Ka 3aXBara:

- 32-pa3psiHbIi TaliMep, ¢ pazperaroniei cnocooHocteio 10 He (Ha 100 MI'n);

- yeTbIpe 32-pa3psIHbIX PETUCTPa 3aXBaTa BPEMEHU;

- BbIOOp MOJSIpHOCTH (PpoHTA JUIst 0OpabOTKH Ka)XIOTO W3 YETHIPEX IMOCIeI0BATEIbHBIX
COOBITHI;

- ICTOYHUKH MTPEPHIBAHUM 110 KaXKJIOMY U3 YETBIPEX COOBITHIA,

- O/IHOKpATHBIN 3aXBaT 3HAUEHUN BPEMEHHU JI0 YETHIPEX COOBITUI;

- PSKHM HUKIAYHOW PabOTHI MO COOBITUSM, C TMEPENUCHIBAHUEM 3HAYCHUH (KOJBIIEBOM
Oydep);

- PeKUMBI 3aXBaTa a0COTIOTHOTO M OTHOCUTEIHHOTO 3HAUCHUH BPEMEHU;

- aJbTEPHATUBHBIN PEKUM PaOOTHI, €CITU HE 3a/IeCTBOBaHa (DYHKIIMS 3aXBaTa BPEMEHU —
OJHOKaHanbHBIN BeIxo M.

OyHKIMOHAIbHAsI cxema 0J0Ka 3axBara Mpe/icTaBieHa Ha pucyHke 12.1.

| CAP/APWM | | SWSYNC |

TSCTRSTOP

(97}
<
=
(@)
m
=2

SYNCI—] 1 vyt

SWSYNC EVO | oo

EV1
EV?2 :: ynpaenexus
EV3 _,| Tanimepom

CAPLDEN

CTRPHS

3arpyska

CTROVF.

C sbiBoga ECAPx_IO CAPOPOL

R0

j o+
gLl

CTR=PRD
——p )

CAP1POL

K BbiBOOY
ECAPx_IO

v
R0

=

I — I n

—CMP Komnaparop

CAP2POL

CAP3POL

v
R0

Pucynok 12.1 — @yHkiuoHanpHas cxema 0J10Ka 3axBaTa
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Jnst Hagasia paboThl ¢ OJ0KaMU 3aXBaTa HEOOXOAMMO TOIaTh TAKTUPOBAHUE — YCTAHOBUTH
cootBercByromme Outhl B peructpe PCLKCFG 6moka RCU u cHATH cOpoc — yCTaHOBHTH
cootBeTcTByHOITHE OUTHI peructpa PRSTCFG.

Kaxnpiii 0ok 3axBata ECAPx umeer ommu BwiBog ECAPX 10 (rme X = 0, 1, 2),
COCJIMHEHHBIN C BBIBOJIOM MHUKPOKOHTpOJUIepa (ajdbTepHaTUBHAS QyHKIUs). B 3aBUCHMOCTH OT
pexxuma paboThl 0JI0OKa 3axBaTa BBIBOJ| SIBJISIETCS BXOJOM BHEIIHErO COOBITHS WM BBIXOJIOM
rerepupyemoro curHaia [IIMM. UtoObl nepekTtoYnTh allbTePHATHBHYIO (DYHKIIUIO Ha CUTHAJIBI
o6mokoB ECAPX mo coorBercByromuM BbIBoJgaMm, HeoOxoaumo ycranoButb Out ECAPXEN B

peructpe REMAPAF 61oka SI1U.

12.1 Pe:xxuMm 3aXBaTa BpeMeHH
Pexxum 3axBaTa BpemeHU BeIOpaH 1mo ymordanuio. BeiBog ECAPx_1O ¢ynknmonupyer
KaK BXO/I.

IIpeaBapuTebHBIN AeTHTE]b

B cnydae ecnu cobpitus Ha Bxoae ECAPx IO mpuxomsT ciumkoM 4acTo U Tpedyercs
YMEHBIINTh MX YacTOTY, HMCIOJB3YETCS IMPEIBAPUTENbHBIA ACTUTEIh COOBITUH (MMITYJIBCOB),
COCTOSIIMI M3 COOCTBEHHO JAENMUTENss U MYJbTHIUIEKCOpa. B mpenBapuTeNbHOM JAenuTele
UCTIONIB3YETCSl CUETYMK, KOTOPBIH IPOU3BOAMT BBIOOPKY OJHOTO COOBITHS U3 KaKIBIX
2 — 63 BxomubiX. 3HadyeHue nenutens 3amaercs mojeM PRESCALE peructpa ECCTLO.
B ciydae ecnu 3amano 3HadeHue 00h, To qenuTesb BHIKIIOYCH U BXOJHOW CUTHAI MOCTYIAET Ha
JIETEKTOPHI (PPOHTA HATIPSIMYIO.

s npumepa Ha pucyHke 12.2 mokas3aHbl HECKOJIBKO BapHUaHTOB CUTHAJIOB Ha BBIXOJE
JEJIUTENS, B 3aBUCUMOCTH OT 3aJlaHHOro 3HaueHus N.

Pucynok 12.2 — ®opMbl CUTHAJIOB HA BBIXOJIE JICIUTENS B 3aBUCUMOCTH OT 3HadeHus N

3axBaT 3HaueHHs Taiimepa

C BBIXOJAa JeNuTeNs CHUTHaJl TOCTYNaeT Ha 4YeTblpe JeTeKTopa (poHTa, Kaxabli u3
KOTOPBIX ympaBisieTcs: cooTBeTcTBytommM Oomtom CAPNPOL. [lanee, ecin ycTaHOBJIEH OWT
CAPLDEN u o6Hapy»xeH 3aaHHbIi GpOHT curHaia, GopMupyeTcst COOTBETCTBYIOIIEE COOBITHE.
Bo3MoxxHo opHOBpeMeHHOE (opMupoBaHue a0 ueTbipex cobwsituii (EVO — EV3), u mo
nepeagHeMy (QpPOHTY KaKIOro COOBITHS MPOMCXOAMWT 3axBarT 3HaueHus Taiimepa TSCTR B
cootBeTcTBYOMUH peructp 3axpara (CAPO — CAP3).

Peructp 3axBara mepe3anuchiBaeTCs HOBBIM 3aXBAau€HHBIM 3HAUE€HHEM KaXJbli pa3 mpu
BO3HHUKHOBEHUH COOTBETCTBYIOIIETO COOBITHS.

OnHOKpaTHBIN 3aXBAT

Opnnokpatuelii 3axBaT BeiOMpaerca outoM CONTOST perucrtpa ECCTLI u Bkirodaetcs
3anuchio enuHUIBl B 0uT REARM ¢ mocnenyromeii ycranokot 6ura CAPLDEN (ycranoBuTcs
anmapatHo). B 3ToM pexume NOpPOMCXOOUT 3aMyCK JBYXPa3psgHOrO CYETYHKA COOBITUH
EVO0 — EV3. KonuuecTBO MOJACUUTHIBAEMBIX COOBITUN OT OJHOTO JI0 YEThIpEX 3a7aeTcs MOJeM
STOPWRAP. TloncunthiBaeTcst Kaxkaoe u3 CGHOPMHPOBAHHBIX COOBITHH W OJHOBPEMEHHO
IPOMCXOTUT 3aXBaT 3HAYCHUS TaiiMepa B COOTBETCTBYIOIIME PETHUCTPHI 3axBaTa. Kak TOJBKO
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KOJINUECTBO coObITHI coBmaaeT co 3HaucHueM STOPWRAP, coowrtus EVO — EV3 Oombiie He
dbopmupyroTcs, 3HaueHue TaniMepa 3axBaThiBaeTcs peructpamu CAPO — CAP3, u nmanee
PETUCTPHI HE MTEPE3aNrChIBAIOTCSI.

Jlns moBTOpHOTrO 3armycka cienyeT 3amucaTh eauHuily B out REARM (1o 0o0HYIHT
CUETYMK M BKJIIOUHUT PEKUM), IOCIE Yero — pas3pemTs ¢popmupoBanue coosituiit EVO — EV3
ycranoBkoi outa CAPLDEN.

ukanyeckuid 3axBat

[{uknudeckuii 3axBaT BbIOpaH mo ymomdanuto. [locie ycranoBku Outa CAPLDEN
HaynmHaeTcss oOpabdoTka coObitmii EVO — EV3 wm 3axBar 3Havenums taitmepa. KommdecTBo
MOJICUMTBHIBAEMBIX COOBITHI OT OJHOTO 110 YeThIpex 3anaercs noiem STOPWRAP.

Peructp 3axBaTa nepe3anmuchiBaeTCs HOBBIM 3aXBAaUE€HHBIM 3HAUEHUEM Kaxblil pa3 IMpH
BO3HUKHOBEHUHU COOTBETCTBYIOIIETO COOBITHS.

[Ilpumeuenue — B oboux pexxumax 3axsarta 3HadeHue 1moiast STOPWRAP He oka3biBaer
HUKAKOTO BIUSHUS Ha cueTunk u coctosiuue oura CAPLDEN.

Taiimep

Taiimep mpencraBisier coOoi 32-pa3paaHblii cYETYMK, pabOTarOmIMii HAa CHCTEMHOMN
gactote. KoHTpons paboThl TaiiMepa OCYyIIECTBISCT OJOK ympaBlieHUs TaiiMepoMm. CUeTduk
taiimepa Bkimtodaercsi Outom TSCTRSTOP u wuHKpeMmMeHTHpyeTCS, HadMHAs CO 3HAUYCHHUS
0000_0000h no 3nauenust FFFF_FFFFh, mocie uero copaceiBaercs.

UTo0bI CHHXPOHU3UPOBATH pabOTy TaliMepa ¢ IPyruMu OJIOKaMH, CUETIYMK TaiiMepa MOKET
OBITH B JTF0OOH MOMEHT 3arpy’K€H HOBBIM 3HAYCHHEM, KOTOPOE MPEABAPUTEIHHO 3aMKUCHIBACTCS B
teHeBoil peructp CTRPHS. 3arpy3ka moxkeT ObITh aKTMBHpPOBaHA KaK MPOrpaMMHO — 3allHCh
enununbl B 0ut SWSYNC peructpa ECCTLL, Ttak u anmapaTHO — MPUX0]] CHHXPOUMITYJIbCA IO
Bxony SYNCI. Pa3pemenne cunxponusanuu ocyuiectisiercs ycranoBkoi 6uta SYNCIEN.

bnok 3axBara Takxke MOXeT reHepupoBath curHan cuaxpoHm3anuun SYNCO. Mcrounnk
BeiOupaetcst noaem SYNCOSEL mm6o ucnonszyercs SYNCI wimm SWSYNC, 1160 coObite
CTR = PRD renepanuu LLIM.

Bxonpl W BBIXOIBI CHHXPOHHM3AIMHM OJOKOB 3axBaTa MOJKJIIOYEHBI IO IEMOYKEe, CM.
pucyHok 12.3.

ECAPO ECAP1 ECAP2
PWM_SYNCO[0] —/SYNCI SYNCO[>SYNCI SYNCO—»SYNCI SYNCO

Pucynok 12.3 — [loakitoueHne CUTHAIOB CHHXPOHU3AIMH OJIOKOB 3aXBaTa

Taiimep MokeT ObITH cOpoIIEeH (C HpPeaBAapUTEIbHBIM 3aXBATOM €ro 3HA4YEHMs) MPHU
dopmupoBannn  cooOeitii  EVO—-EV3.  Vkazare  coObITHE  MOXHO  yCTaHOBKOH
cootBercTBytotero oura CTRRSTN (rae n ot 0 g0 3) B perucrpe EECTLO. Tak, Hampumep,
ecmu ycranoBineH outr CTRRST2, to npu dopmupoBannu cobeituss EV2 mpowmsoiiner 3axsar
3Ha4yeHus Taiimepa B peructp CAP2 u cOpoc Taiimepa.

Peructpsi CAPO — CAP3

32-pazpsnubie peructpel CAPO — CAP3, coxpassromue (3aXBaThIBAIOIIUE) 3HAUCHHE
CUETUYHMKA TaliMepa B MOMEHT MOSIBJICHUS MOJOKUTEIHHOTO (hpoHTa curHaia coobitus EVN (rme
n ot 0 1o 3), TOCTYMHBI TOJIBKO JJISl YTCHUSI.

12.2 Pexxum padotsl «reneparop LHIINM»

Pexum paGoter «renepatop IIIMM» BeIOMpaeTcs ycraHoBkoir Outa CAPAPWM B
peructpe ECCTLL. Beion ECAPx_10 (rme x = 0, 1, 2) dyHKimonupyer kak BbIXoj. biok
3axBara B 3TOM CiIy4ae UCIOIb3YeTCs] KaK OJHOKAHAIBbHBINA 32-pa3psiIHbIA TeHepaTop CHrHaia
[IITNM.
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TaiiMep u perucTpsnl 3axXxBara

Taiimep (QyHKIMOHUpPYET Kak 32-pa3psaHblii MHKPEMEHTHBIM CUYETYHMK, paboTaroumuil Ha
cucteMHol yacrorte. [Tocie BKIrOUEHUS cUeT4nK Taiimepa cunrtaet ot 3Hadenus 0000_0000h mo
3HaueHus, kotopoe 3amaerca peructpom CAPO. Kak Tonbko 3HaYeHHs] cueTdYMKa M perucrpa
COBIIAJIAIOT, CUETUYUK COPACHIBACTCS.

Peructp CAPO sBnsiercss peructpoM mepuojna Taiimepa, a peructp CAPl — perucrpom
cpaBuenus. Peructper CAP2 u CAP3 sBISIOTCS perucTpamMu OTJIOKEHHOW 3arpy3Kd s
peructpoB CAPO u CAP1 cooTBeTcTBeHHO. BCe perucTpbl TOCTYNHBI KaK JAJIsl 3aIMCH, TaK U JUIs
YTEHHUS.

3amuce B peructp CAPO sBnsieTcss MIHOBEHHOHM 3arpy3Kod, KOTopas almapaTHO
ny6mupyetcs 3anuchio B peructp CAP2. Ananornyno ans napet CAP1, CAP3.

3anuce B peructpel CAP2 u CAP3 sBisercs OTIOKEHHOW 3arpy3koi. Kak Toibko
3HaYeHHE CYeTYMKa TaiMepa pgocturaer 3HaueHuss nepuoga CAPO, Bo3HHKaeT coObITHE
CTR =PRD, no xotopoMy NpOMCXOIUT cOpoc Taiimepa W meperpy3ka 3HadeHuil uz CAP2 u
CAP3 B peructpsl CAPO u CAP1 (1a pucynke 12.1 oTMEYEHO CTpEIKaMy YEPHOTO IBETA).

Peructper CAPO u CAP1 nomxsbl OBITH 0053aTENbHO MHHUIMAIA3UPOBAHBI 10 Hayaia
3amycka TaiiMepa. [lpu nanpHeimelr paboTe MOXXHO W3MEHSATh 3HAUYEHHUS TOJBKO pPErucTpa
OTJIOXKEHHOM 3arpy3KHu.

I'enepamus UM

[Tocne wammmanmsammu peructpoB CAPO u CAP1 3amyckaercs cueTduk Taiimepa.
Texymee 3nHauenue cuerynka CTR mocpencTBoM JBYyX KOMIApaTOpPOB CpPaBHUBAETCS
onHoBpeMeHHO co 3HaueHueM PRD perucrpa nepumoma CAPO u 3nauenmem CMP perucrpa
cpaBuenust CAP1 (na pucynke 12.1 oTMe4eHO YEpHBIM IIBETOM).

Kak Ttompko Bo3Hukaer coObiTue CTR =CMP, curman Ha BeixOge ECAPx_10
MIEPEBOJUTCS B HOJIb. Jlanee cUrHaN ynep:KuBaeTcs B HYJIE JIO TE€X MOp, MMOKa CUCTYHK TaiMepa
HE JIOCTUTHET 3HaueHus mnepuona. I[Ipu Bo3HukHOBeHHMH coObITHs CTR =PRD curnan
nepeBoauTcs B eAuHUIy. OZHOBPEMEHHO C 3TUM MPOUCXOIUT cOpoC TaiiMepa M mepe3arpyska
peructpoB CAPO u CAPL. Ympasisre NMOJISpHOCThIO cUTHANIA MokHO 6utom APWMPOL. Ha
pucynke 12.4 mpencrasinen npumep ¢dopmupoBanus curHana IIIMM c¢ akTUBHBIM BBICOKUM
ypoBHeM curHaina (mo ymonadanuio APWMPOL = 0).

CAPO = 0000_0700h

MNepvog Taimepa |
1

0000_0700h

CuyeT Tanmepa

(TSCTR)
0000_0000h | : . : ‘
.y v

Beixog ECAPx_1O
CAP1 | 0000_0400h | 0000_0500h |

A
CAP3 0000_0400h | 0000_0500h

Pucynok 12.4 — [Ipumep ¢popmuposanust curHana HIMM ¢ akTUBHBIM BHICOKHMM YPOBHEM
curtaia (mo ymomrdanuro APWMPOL = 0)

Ha pucynke 12.4 nepuop Taiimepa 3aman kak CAPO = 0000_0700h. HauansHoe 3HadYeHue
cpaBuenust CAP1 = 0000_0400h. IToka Taiimep cumraet, B peructp CAP3 3arpyxaercss HOBoe
snauenne 0000_0500h nnst oTnmokeHHoOW 3arpy3ku. [lo JOCTHIXKEHWM 3HAYEHHsI CPaBHEHUS
curHan Ha BeIxojge ECAPx IO mepeBoaumtcs B HHM3KMH ypoBeHb. [0 OKOHYAaHWHU IepHoja
POUCXOIUT cOpoc Taiimepa u 3arpyska 3Hauenus 0000_0500h (u3 perucrpa CAP3) B peructp
CAP1 u nepeBon currana Ha Berxoge ECAPX_|O B BeICOKHI ypOBCHB.

Takum 00pazoM, MOKHO JIOCTaTOYHO THOKO YIPABIATh KaK JITHTEIHHOCTHIO MMITYJIBCOB,
U3MeHss epro paboThl TaiiMepa, Tak M CKBaKHOCTBIO IIPU MIOCTOSSHHOM TEPHO/IE.
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12.3 IlpepbiBanust

WcTounuku mpepbiBaHuil GJ10Ka 3aXBara:

- coosrTusa EVO — EVS3;

- nepenongHenue cuetunka Taiimepa CTROVF;

- coorsiTusa CTR = PRD;

- cooprTist CTR = CMP.

Kaxnmoe u3 cemu npepsiBanuii umeet 6ut macku B peructpe ECEINT, daar npepriBanus B
peructpe ECFLG, 6ut copoca ¢uara B peructpe ECCLR 1 6uT mporpaMMHOro mpepbiBaHUs B
peructpe ECFRC. Ha pucynke 12.5 nmokazan npumep Juisi mpepbiBaHus 1Mo coobiTrio EV1.

(ECCLR)
CETV1
ce (ECFLG)
POC reETVL
A
EV1 YcTtaHoBKa
" &1, MpepbiBaHue
3N CETV1}» no coObITUIO
(ECFRC) (ECEINT) EV1 (EV1_INT)

Pucynoxk 12.5 — IIpumep ynpasnenus npepoiBanuem EV1

Bce mpepbiBaHus 1mO COOBITHAM MOCTYHNAKOT HAa OJIOK yHpaBIEHUS MPEPHIBAHUSAMU U
oOpabaTbIBatOTCs, KaK CKa3aHO Bblle. [IpM BOSHMKHOBEHMM JHOOOTO M3 3TUX INpPEphIBAHUN B
peructpe PEINT ycranaBnuBaercs ¢ar PEINT, u remepupyercs npepbiBanue 0j0Ka 3axBaTta,
CM. pUCYHOK 12.6.

EVO_,1 EVO_INT X

EVIY  Bnoc  |EVAINT " 1

EV2_, EV2_INT | (PEINT)

YNpasnewn reys= Nt > NVIC npepblBaHme

EV3 —»| npepbiBanusmm — > PEINT pep
CTROVF _,l CTROVFE_INT | Brioka 3axsara
CTR=PRD _,l CTR=PRD_INT; ECAPX_INT
CTR=CMP _,] CTR=CMP_INT |

Pucynok 12.6 — O61mmas cxema ynpaBieHHs PepbIBaHUIMU
[Ipumeuanue — Ilporpamma oOcCIyXMBaHHS NpEpHIBAHUS JOJKHA cOpachiBaTh Quiar

PEINT Bo m36exanue moBTOPHOro 0OCITyKMBaHUS MpepbIBaHUs OT On0ka 3axBara. s cOpoca
¢unara crnegyer 3anucaTh €IMHUILY B HysieBol OuT peructpa PEINT.
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13 Moayasb kBagpatypHoro aexoaepa QEP

KBanpatypunsiit nekoaep QEP npeobpasyeT undpoBoii curaan ¢ qaTyrka rmoyioskeHus Baja,
IO3BOJISISL BBIYMCIIATH CKOPOCTh, HAIIPABJICHNE BPAILICHHs, a TAKXKE TEKYIIee IOJI0KeHHE Baa.

PCLK » TaiMep BpeMeHHbIX
OTCYETOB
UTOUT
Mopynb 3axBata —
BpeMeHU L_»{CTOpOXEBON
< > Tanmep
wpTOUT] ]
QEP_AIN PHE QEP_INT[ KNVIC
QEP_A[}— QEP.BIN | | QCLK | g
QEP_IIN | QDIR |
QEP_B[ ]_> EP SIN KeagparypHeiii |Q] Cuyetunk nosuumn
MUX QEP_ »npeobpasosarerns gs >
QEP_IOUT >
QEP_I[ Je—>r 'QEP_SOUT ) PCSOUT
| QEP_IOE )
QEP_S DH | QEP_SOE

Pucynok 13.1 — Cxema kBaipaTypHOTo JeKOJepa ¢ MyJIbTUILIIEKCOPOM
BXOJTHBIX/BBIXOIHBIX CUTHAJIOB

B cocraB kBagparypaoro nexozaepa QEP Bxonst, cMm. pucyHok 13.1:

- HacTpauBaeMbIii 00pabOTYMK CUTHAJIOB BXOJIOB;

- KBaJ[paTypHBII peoOpazoBaTeb;

- CYETYMK MO3ULMH/OJIOK yIIpaBlIeHHUS;

- MOJTyJIb 3aXBaTa BPEMCHH;

- TaiiMep BPEMEHHBIX OTCYETOB;

- CTOPOXKEBOU TalMep.

[To ymom4aHWi0O MOIyNb 3axBaTa BPEMEHHM HAXOJUTCS B cOpoce M HE TaKTHUPYETCS.
Pa3zpemnTh TakTHMpOBaHWE M CHATh COPOC MOYKHO, YCTAaHOBUB COOTBETCBYIOIIME OWTHI B
perucrtpax PCLKCFG u PRSTCFG 6s0xka RCU.

UToObI NEpeKITIOUNTh aTbTEPHATUBHYIO (QYHKIHIO Ha curHainbl QEP mo cooTBercByrommm
BbIBOZIaM, HeoOxoaumo ycraHoBUTh Out QEPEN B peructpe REMAPAF 610ka SIU.

13.1 O0paboT4YnK CUTHATOB BXO0B

KBanparypusiit  mekomep  QEP  wmcnonms3yer  aBa  KBaapaTypHBIX — BBIBOJA
MUKpPOKOHTpOJUIEpa, paboTaromux Ha BXoJl. Takke, UMEIOTCs CHEeIMalIbHbIN WHIEKCHBIH BBIBOJ
U BBIBOJI CTPOOMPOBAHMSI, KOTOPbIE MOTYT pabOTaTh Ha BXO/ U BBIXOJ.

QEP_A u QEP_B — B kBagpaTrypHOM pexume — 5TO nBa Bxoja. CHrHaJbl Ha BXOJax
cABUHYTHI 10 (paze Ha 90 rpagycoB M MO HUM MOXKHO OIPENEIUTh CKOPOCTh M HaIlpaBIICHHE
BpalieHusi poTopa, cM. pucyHok 13.2. B pexume cuera/HampaBieHUsi CHUTHAJIbI Ha BXOJax
UCTIONB3YIOTCSl KaK TAKTOBBIM M CHUTHAJ HANpPABICHUS BPAIICHUS POTOPA, IO KOTOPBIM TaKKe
MOYKHO BBIYUCIUTH CKOPOCTb BPAILlCHHS.

QEP_I| — uanexcHbIi BBIBOA. CUTHAT HAa BXOJI€ CUTHAIM3UPYET O TIOJTHOM 000pOTE pOoTOpa.
[To3BomsieT cOpachiBaTh CYETYMK MO3UILIUH TOBOPOTA POTOPA.

QEP_S — nmonp3oBaTenbCckuil BbIBO cTpoOupoBanust. CUrHall Ha BXOJIe MOXET COPOCUTh
WIA 3alleJIKHYTh CYETYMK TMO3WIHU. [IpUMeHsieTcss TIpU  HCIOJIb30BAaHUHM  KOHIIEBBIX
BBIKJIIOUATEIICH.

CurHamsl Ha BX0JIaX MOTYT OBITh IPOMHBEPTHPOBAHBI. IHBEpCHS BKITFOUAETCS YCTAHOBKOM
cooTBeTcTBYMOMIIEro Outa B peructpe QDECCTL.

YcranoBkoit 6uta SWAP MOXHO BKJIIOUUTH OOpaTHBIN CUET, T. €. MPOrpaMMHO IOJAATh
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curHan ¢ BeiBoma QEP A nHa Bxoa QB kBagparypHOro mpeoOpa3oBaTelis, a CUTHAJI C BBIBOJA
QEP_B nogats Ha Bxox QA (Bxoasl A u B MeHsiroTCst MecTamu).

QEPA
QEPB
QEPI [ ]

Pucynok 13.2 — JluarpaMMbl BXOJHBIX CUTHAJIOB

13.2 KBaapaTtypHblii npeodpa3oBareb
Ha pucynke 13.3 moka3ana cxema KBaJipaTypHOTO IpeoOpa3oBaTersi.

QAP SWAP QDF PHE
A Y
;\i\ » PHE
QEP_AIN 0 QEPA ;‘jl. _
. 0 QA iCLK 55~
L— 7
L KBagpatypHbin XCLK »(01 QCLK
QEP_BIN » 0 QEPB i Aekozep > 10
—» 0
—>|3—> 1 QB, p 11
/F L Jm:\
QEP el T L e |M2IR oo
g™ XDIR |1,
. » QDIR
«1»—pf10
XCR «O»—pl11

IGATE QSRC

QEP_IIN

.
QEP_SIN —E:

QSP SPSEL
QEP_IOUT « \E
0 le PCSOUT
QEP_SOUT « 1

QEP_IOE « :LI/

<—|:¢<— SOEN
QEP_SOE « 1

Pucynok 13.3 — CxemMa KBagipaTypHOTo npeodpazoBaTess
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Pesxxnmbl padoThI

KBanparypuslii mpeobpazoBaTeb MOAIEPKUBAET YEThIPE PeKUMa pabOThI:
- PeXKUM KBaIPaTypHOTO CUETa,

- PEKUM CUeTa/HanpaBiIeHHUS,

- PEeXKUM CUETa BBEPX;

- peXKUM CUEeTa BHU3.

Br16op pexxuma 3aBucut ot 3HadeHus mojst QSRC peructpa QDECCTL.

Pesxxnm kBaapaTypHOro cuera
KBanparypuslii npeobpazoBatenib (OpMUPYET CUTHAT HANPABIICHUS BpAIllEHUs, TAKTOBBIN
CUTHAJI U CUT'HAJI HAITPAaBJICHUA CUCTA (BBCpX-BHI/IB) JJI1 CHETHHUKA ITO3UIINH.

,Elekpen:;/‘ \@emem

QEPB —| [ [ekpemeHT

CurHanblQEP cueTumka

- LT L L
Lo L L L
e e

QDIR |

WHkpemeHT
cyeTynKa

(00) (ll) NHKpemeHT

(AB)= (10) (0:1) cyeTunka

QEPA

WHkpemeHT
cyeTymnka

osor OGOGHBCDAEOAGGDNON OO
« LI rit i

LT L T P
e LA LU L

QDIR |

wosar DBOOGONDOBEOOEOOGADEON

Pucynok 13.4 — BpemenHnsle aguarpaMmbl 1 aBTOMAT COCTOSIHUM pabOThI
B KBaJpaTypHOM peXUME cYeTa

Hampasiienue BpameHusi poTopa ONpPEIeNsIeTcs] Mo MOPSIIKY CMEHBI NMEepPeTHIX W 3aJHUX
¢pontoB Ha Bxogax QEP_A u QEP_B. K nmpumepy, ecnu 3a neperHum (poHTOM CUTHAJIA Ha
Bxoge QEP_A cmemyer mepennuit ¢pponT curnama Ha Bxoge QEP_B, cm. pucynok 13.4, To
HalpaBJIeHUE BpAIIEHUS CJeIyeT CUuTaTh NOpPAMBIM, a CYETYMK IO3UIMH padoTaeT Ha
yBenuuenue. Ecnu ke 3a mepennum (poHtom curHana Ha Bxone QEP_B crnemyer mepennmii
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¢ponT curHana Ha Bxoae QEP_A, To HampaBieHHE BpalIeHUsI CIIETYyEeT CUMTATh HHBEPCHBIM, a
CYCTUYMK TO3WIMK paboTaeT Ha yMmeHblneHwe. Ecim Ha o0omXx BBIBOAAX 3a(UKCHPOBAHO
OJIHOBPEMEHHO JiBa (DPOHTA, TO TAKOE COCTOSTHHE CYMTACTCS OMTUOOYHBIM.

KBanpatypHblii ipeoOpa3oBaTellb BBIIACT YETHIPE CUYCTHBIX MMITYJIbCA HA OIHMH IEPHO]
BXOJHOT'O CUT'HaJIa, TOCKOJIbKY UCTIONB3YeT JUIA cueTa MepeIHui U 3aHUN (PPOHTHI CUTHAJIOB.

Pesxxum cueTa/HanpaB/ieHUst

B stom pexume BeiBom QEP_A pabGoTaer kak BXOJ TaKTOBBIX HMMITYJIECOB, a BBIBOJI
QEP_B — kak Bxox 3amganus HampaBiaeHUs cyeTa. CUETUYHMK MO3UIIMHM B 3TOM pekuMe paboTaeT
10 Kax10My TiepeineMy (hpoHTy curHana Ha Bxoge QEP_A.

Pexum BBEpXx

Pexum wucnonb3yeTcst s BBIUMCICHHMS] 4YacCTOTHI CJIEOBAaHMSI HMMITYJIbCOB Ha BBIBOJ
QEP_A. ®ponr 3amaercs 6utom XCR perucrpa QDECCTL. Cuerumk Bcerma paboTtaer Ha
yBEJIMYCHUE.

Pesxxum BHU3
Pexxum wmcronb3yercss s BBIYMCICHUS YaCTOTHI CIICOBAHHS WMITYJIbCOB Ha BBIBOJIC
QEP_A. ®pont 3amaercs 6utom XCR. Cuerunk Bcerja paboTaeT Ha yMEHbBIIICHHUE.

13.3 CueT4HK MO3UIMH

Pabora cuerunka mo3unuM KOHTpoimpyercs mnocpeactBoM peructpoB QEPCTL wu
QPOSCTL, xoToppIMU 3aJaeTcsi peXUM cuera, cOpoca M XpaHEHHUs, a TaKKe JIOTHKa s
(bopMHpOBaHHUS BHEITHETO CUTHATA CHHXPOHU3AIHH.

Pe:kumbl cOpoca cueTYnKa Mo3uIUH

CyeTuymK MO3UIMKU MOXKET HAKaIUIMBATh pe3yJbTaT B TE€UEHHE MHOTUX OOOpOTOB Baja, a
MOYET TOACUYUTHIBATh ITO3UIUI0 TOJBKO 32 OJUH O0OPOT, COpachiBasCh KaXIBIH pa3 To
COOBITHIO MPUXO/a WHJIEKCHON METKH. B 3aBHCHMOCTH OT Ha3Hau€HHS MOTYT HCIIOJIB30BAThCS
CIIEIyIOIIIE CIIOCOOBI cOpOca CYETYNKA TTO3UIHH:

- 110 CUTHAJly MHJEKCallly,

- 110 TIEPETIOIHEHUIO,;

- TOJILKO I10 NIEPBOMY CUTHAITy MHJEKCallUu;

- TI0 TaiiMepy BPEMEHHBIX OTCUYETOB.

Pexxum 3amaercs nonem PCRM perucrpa QEPCTL.

Cuetunk cOpachIBaeTcsi B HOJb MPH €r0 NEePENOTHEHUH HITH TIPH MPEBHIIICHUN 3HAYCHHS
peructpa makcumanbHoro 3HaueHuss QPOSMAX. ®nar npepbiBaHHs, BO3HUKAIOLIETO IPH
NepeNoTHEHNN CUeTUNKa, ycTaHaBuBaercs B peructpe QFLG.

PexxuMm cOpoca 1o curuajly HHaeKcauuu

Pexxum cOpoca 1o curHaity MHAEKCAIluH BKIIOUEH 110 YMOJIYAHUIO.

[lpn mony4yenun curHama ¢ wuHAEKCHOTO BBhIBoja QEP_| mpum cuere BBepx cuerumk
OoOHynHMTCA 1O cieaytomeMy ¢poHty curHana taktupoBanus QCLK. Ecmm ke curnan
WHJACKCAllMK OBl MOJIyYe€H IpU CYETe BHU3, TO B CYETYUK OyAET 3arpyKeHO 3HaueHUe
QPOSMAX, cMm. pucynok 13.5.

[Tpu mony4yeHun nepBoro CUrHajga MHAEKCAIMU, CXeMa JOXKUAAeTCs JJF000ro N3MEHEHU Ha
KBaJpaTypHBIX BXOJaX M 3allOMHUHAET 3HAUYE€HHE 3TOT0 COOBITHS — (POHT, AKTUBHBIA BBIBOJ
QEP_A wm QEP B, a Takke HampaBlIeHHE BpalleHHs. DTOT MOMEHT BPEMEHU HAa3bIBACTCS
MapKepoM HHJeKcaluu. [Ipu nosiBieHun 3Toro codbitus ycranasnuaercs out FIMF peructpa
QEPSTS, a nanpasnenue Bpaienus coxpansercsa B 6ute FIDF. B nanpueiiem, copoc cuerTunka
OyZeT NpPOM3BOIUTHCS TOJIBKO B MPUCYTCTBUM CHUTHAjJa WHAEGKCAlMM W COOTBETCTBUSA
COXPAHEHHBIM 3HAYEHUSM MapKepa MHJAeKcauuu. Eciin HampaBiieHUE BpallleHUs U3MEHUTCS, TO
Ui GopMHpOBaHUs cOpoca COXPAHEHHOE B Mapkepe 3HaueHue (QpoHTa (MepelHuil WM 3aJHuN
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(GpOHT) MEHSETCS Ha 00paTHOE. DTO CJICIAHO C IENbI0 MIPUBSI3KH WHACKCAIIMH K KBAJAPATyPHOMY
curnany QA/QB, a Taxxe ans Ooiiee TOYHOW OOPAOOTKU WHACKCAIMH, YTOOBI HCKIIOYUTH
BJIUSHUC IIMPUHBI MMITYJIbCa Ha WHACKCHBIM BBIBOJ. COXpaHCHHBIC 3HAYCHHUS HCIOJB3YIOTCS
npu copoce o Mapkepy unzaekcanuu (ecnu nose |IEL B peructpe QEPCTL pasno 11Db).

e L L LI

Ql . : : . . . . . : : . : . . . . : : N : : i N :
QCLK i
oo N N N N N N S S N S N

F9Ch FOEh : : ¢ i ¢ ! F9Fh_ F9Dh  F9Bh  F99h  F97h
QPOSCNT
Curan  opooii i
MHOekcauum N Hl R S S S S H
QPOSILAT X FOFh X 3h
QDLF i i oo ob b

Pucynok 13.5 — Bpemennsie nuarpaMmmsl cOpoca 1Mo CUTHaITY WHICKCAIUH

[To kaxxtoMy CUTHAITY MHAEKCALUK, BKIIOUAsi MapKep UHICKCAIIUHU, COIEPKUMOE CUETUYHKA
coxpansierca B peructpe QPOSILAT, a manpasnenue Bpamenus — B 6utre QDLF perucrpa
QEPSTS. Ecimu mpu coxpanennn 3HadeHue cuetunka QPOSCNT He paBHO HHM HYIIO, HU
3HaueHuto QPOSMAX, To BeicTaBisieTcst ¢iar ommbku cuyerynka mnosunuu (Out PCEF B
peructpe QEPSTS) u dnar npepriBanus (6ut PCE B peructpe QFLG). ®@nar ommbku cueTynka
MO3UIUN OOHOBIISIETCS C KaXKIBIM MHJIEKCOM, a (iar mpephIBaHuUs MOXKET ObITh COPOIIIEH TOJIBKO
MIPOrpaMMHO.

[Tone HacTpoiku COOBITUSI UHICKCAIIUH JJI1 COXpaHEHHs cueTynka no3unuu |EL (peructp
QEPCTL) urnopupyercsi. Takxke TOJIBKO B 3TOM PEXHME MOTYT yCTaHABIMBATHCS (Iiar OmmOKN
cuetynka no3uiu PCEF u ¢nar cooTBeTcTBYIOIIETO MpephIBaHUS,.

Pe:xum cOpoca no nepenoHeHH 10

MakcuManbHOE 3HaueHue cyeTyumka no3unuu 3azgaercs peructpoM QPOSMAX. Ecnu
CUETYMK CUMTAET BBEPX M JOCTUTHYTO MAaKCHMAJIbHOE 3HAYEHHE, TO CO CJIEIYIOIUM TaKTOM
CHHXPOCHTHAJIa CUETUYUK OOHYIUTCS. ECITM cueTunK cunTaeTr BHU3 U JIOCTUTHYTO 3HAYEHUE HYIIA,
TO CO CJEIYIOIIMM TaKTOM CHHXPOCHTHAlla B CUETYHK OyzeT 3arpyxeHo 3HaueHne QPOSMAX.
COpoc mo coOBITHIO MHIEKCAITUN HE TTPOU3BOJUTCS.

[Tonyuenune 3HaueHW Mapkepa HHAEKCALUU MPOUCXOTUT AHAJOTHYHO TOMY, KaK 3TO
NPOMCXOTUT B PEXHMME cOpoca IO CUTHaITy WHAEKcanuu. [loidydeHHbIe 3HAUEHHS MOTYT
UCIOJIb30BaThCSl MPU MHHULIMAIM3ALMU MO0 Mapkepy HHIekcanuu, eciau B mnone IEL 3ammcano
snauenue 11b B peructpe QEPCTL.

Bpemennbie auarpammsl cOpoca 1mokaszaHsl Ha pucyHke 13.6.
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Pucynok 13.6 — Bpemennsle auarpamMmbl cOpoca 1o CUTHaIly HepenoHeHUs

Pe:xxum cOpoca 1o nepBomMy CHrHaJy HHAECKCALMHA

Ecnu Gb110 momy4eHo coObITHE MHJEKCALUU NP CYETe BBEPX, TO CUETYMK OOHYIUTCS CO
CJIEYIOIIMM TaKTOM cUHXpocurHana. Eciu e coObiTHe nHAeKcauu ObII0 3aUKCUPOBAaHO MpU
cyeTe BHM3, TO CO CJEIYIOIMM TaKTOM CHHXPOCHUTHAJa B CUETUHK Oy/ET 3arpyeHo 3HaueHHe
QPOSMAX. Ilpu nocnemyronieM cyere cOpoc MOKET MPOU30UTH TOIBKO MPH JOCTHKEHUH HYJIS
win 3HadeHuss QPOSMAX (T.e. aHalOrM4yHO pexuMy cOpoca MO TNEpenojIHEHUI0), a
JaIbHENIINE BO3MOXKHBIE COOBITHS IOJIy4EHHs CUTHajla Ha BBIBOJE WMHJEKCALIUM BIUSATH HA
cOpoc He OyIyT.

[lonyuyenue 3HaueHuMi Mapkepa HHAEKCAIIMM MPOUCXOAUT AHAJIOTUYHO TOMY, Kak 3TO
IPOMCXOIUT B peXHUMEe cOpoca MO CUTHalNy uHAekcauuu. IlodydyeHHble 3Hau€HUS MOTYT
WCIIOJIB30BaThCA NPH MHULMAIM3ALHAKA 10 Mapkepy uHAekcauuu, ecau B nose [EL 3ammcano
3Hauenue 11b.

Pe:xxuMm cOpoca o taiiMepy BpeMeHHBIX 0TCYETOB

B aToM pexxnMe cueTunk cOpachiBaeTCsl B HOJb WK 3arpyskaercs 3HadeHueM QPOSMAX,
B 3aBUCHUMOCTH OT TeKyllero pexxuma cueta (3agaercs nojseM QSRC peructpa QDECCTL), no
COOBITHIO CpabaThIBaHWsI TaiiMepa BPEMEHHBIX OTCYETOB. B OCTaqbHOM peXHM aHAIOTHYCH
pexuMy cOpoca 110 NMepernoTHEeHHIO.

Takxke BO3MOXXHO HACTpOUTh coxpaHeHue 3HaueHHs cuetunka QPOSCNT B peructp
QPOSLAT mnepen cOpocom, i 3TOro HeOOXOAMMO BKIIOYUTh MOJYJIb 3aXBaTa, yCTAHOBUB OUT
CEN B peructpe QCAPCTL. DTOT peskuM yao0eH Ik N3MEPEHUS 9aCTOTHI.
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CoxpaHeHne C4eTYHKA MO3ULHHU
BuemHue BXOIBl MHIEGKCAIMM W CTPOOMPOBAHUS MOXKHO 3alporpaMMHUpOBaTh Ha

dbopMHUpOBaHKUE COOBITHUM ISl COXpaHEHUS 3HAYCHUSI cueTYrKa Mmo3uiuu B peructpsl QPOSILAT
u QPOSSLAT.

CoxpaHeHue Mo COOBITHIO HH/IEKCAIIUH

B HekoTOpbIX 3aauax He TpedyeTcsi cOpachiBaTh CUETUUK MO3UIUH M0 KAKIOMY CUTHAITY
MHJ/ICKCAIlMK, @ BMECTO 3TOTO MOXKET MOTPEeOOBATHCS YBEIMUYUTH PA3PSIAHOCTH CUYETUYHMKA [0
32 out (pexxuMmsl, 3amaBacmbie 3HaueHussMd PCRM pasasimu 01b 1 10b). B stom ciydae 6ur
QDLF (manpapnenue Bpamienus) B peructpe QEPSTS Oyner mepe3anuchiBaThCs MO KaKIOMY
CUTHANy MHJIEKCAllMM, a CYETYMK OYyJIeT COXpaHITh 3HAYEHHE M0 CIEAYIOIIUM COOBITUSM
WH/ICKCaIUH:

- o nepeaHeMy (GpoHTy curnana unaekcauu npu IEL = 01b;

- 110 3aiHeMy ppoHTy curnana uajekcauu npu [EL = 10b;

- mo Mapkepy unaekcaruu npu IEL = 11b.

CoxpaHenue 3HaUYCHHS CUETYHMKA 110 MApKEPy UHACKCAUU OyIeT MPOU3BOAUTHCS TOIBKO B
MPUCYTCTBUM CHTHalda HMHJAEKCAIMA U IO COOBITHIO, SKBHUBAJICHTHOMY COXPaHEHHOMY IpHU
NepBOI MHAEKCAIK 10 MapKepy. Ecii HampaBieHne BpaiieHusl HN3MEHUTCS, TO COXPAaHEHHOE B
Mapkepe 3HaueHue THuma (PpoHTa MeHseTcs Ha O0paTHOe 3HAuYeHHE. DTO CHENAaHO C LEJbI0
NPUBS3KK WHIEKCAIMM K KBajaparypHoMy curHamy QA/QB, a rtaxxke ans Oonee TOYHOU
00paboOTKM HHJIEKCAllUW, YTOOBl HMCKIIOYHUTH BJIUSHHE IIMPUHBI UMIyJbCa HA HHICKCHOM
BBIBOJIC.

[Tpu coxpanenuu 3Hayenust cyetuunka B peructp QPOSILAT dopmupyercs ¢uar IEL
npepeiBanmsi uHAekcanuu B peructpe QFLG. B pexume cOpoca mo CUTHalMy HHIEKCAIAU
(PCRM = 00h) 3nauenue mois IEL B peructpe QEPCTL urnopupyercsi.

CoxpaHeHue 1o co0ObITHIO CTPOOMPOBAHNS

3navyenue cuetunka coxpansercs B peructp QPOSSLAT no xaxnomy nepennemy GpoHTY
curnana Ha Bxoae QEP_S, ecnu copomen 6utr SEL B peructpe QEPCTL. Ecnu ke 6ut SEL
yCcTaHOBJeH, To coxpaHeHue B peructpe QPOSSLAT mpoucxomuT mo mepeaHeMmy (QpOHTY
curHana crpo6a Ha Bxoje QEP_S npu npsimoM HampaBieHuM BpalleHUs U 10 3aJHeMy (PpoHTY
uisi oOpatHoro BpameHus. I[lpw kaxmom coxpaneHunn cyerdnka B peructpe QPOSSLAT
ycraHaBnuBaeTcs (iar npepsiBanust SEL.

Nannuaan3anus C4eTYHKA MO3HIHMHU

CueTurk coOOBITUI MOXKET OBITh MPOUHUIIUAIU3UPOBAH IPOrPAMMHO UJIH 110 COOBITUSAM:

- cOOBITHE MHJIEKCAlIUH,;

- cOOBITHE CTPOOUPOBAHUS.

Bxonnoi curnan unaekcauuu QEPI Moker wucmosib3oBaThCs I WHUIMATU3AIUN
cueTymMKa 1Mo nepenHemy U 3aaHemy ¢ponrty. Ecim mosne IEI = 10b, To cueTuuk 3arpyxaercs
3HayeHueM peructpa QPOSINIT nmo mepenHemy (poHTY CHUrHaja MHIEKCAMM. AHaJIOTHYHO,
ecmu IEI=11b, To cuerumk 3arpysxkaercs 3HauenneM QPOSINIT mo 3agHemy ¢poHTy curaama
WHJCKCAINH.

Eciu mome SEI = 10b, To cuerumk 3arpyxkaercs 3Hadenuem peructpa QPOSINIT mo
nepeaHeMy (GpoHTY curHaia crpooupoBanus Ha Bxoae QEP_S. Ecnu SEI = 11b, To cuetumnk
3arpyxaetca 3HadeHneM peructpa QPOSINIT no nepennemy ppoHTY curHajia cTpoOMpOBaHUS,
€CJIM UJIET CUYET BBEPX, U 110 3aTHEMY — €CJIU BHU3.

[IporpaMMHO CYETYMK HHHUIMATU3UPYETCS Mpu 3anucu eauHuibl B Out SWI perucrpa
QEPCTL. but He cOpacbiBaeTCsi aBTOMATHYECKH, HO TOBTOpPHAS 3alUCh EIUHUIBI TaKXKe
IpUBEET K MHUIMAIN3AINY CUETUUKA.
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Kommnaparop cueTuynka mo3muuu

Kommnaparop, cM. pucyHok 13.7, cpaBHUBaeT 3Ha4€HUE CYETYHMKA MO3HMLUU C PETUCTPOM
QPOSCMP wu mnpu coBmajgeHuu 3Ha4eHUH (OPMHUPYET NpEphIBaHHE, a TAaKKe BHEIIHUI
CHUHXPOCHUTHAJI, KOTOPBIII MOXET ObITh HAIlpaBJeH Ha OJUH U3 BBIBOJIOB: WHAEKCHBIM BBIBOJ
QEP_I unu BeiBog crpodupoBanust QEP_S. but SPSEL B perucrpe QDECCTL onpenensiet, Ha
KaKOi MMEHHO BBIBOJ| OyJET HampaBlieH CUTHaJI cHHXpoHm3aiuu, a out SOEN B perucrpe
QDECCTL pa3permiaeT 3ToMy BBIBOLy pab0TaTh KaK BBIXO/I.

PCLOAD | TeHeBoit permcTp | (QFLO)
QPOSCNT= YcTaHOBKa, | PCR C6poc
00000000h

S

| QPOSCMP | (QCLR)
PCM
(QFLG)
pcm [€22°%  [pcspw
= ¥Ycraroska
PCEV
Komnapatop . >
Paclmputenb PCSOUT
ﬂ MMNYMbCOB
| QPOSCNT |

Pucynok 13.7 — @yHKIHOHATBHAS CXeMa KOMITApaTopa CUeTYNKA MO3UIIHN

Peructp QPOSCMP MokeT WHCHOab30BaTh PEXUM OTIOKEHHOW 3arpy3kd, KOT/aa
OTJIOKEHHOE 3HaueHue OepeTcsl U3 TEeHEBOTO PEerucTpa, a €CIM PEeXHM OTIOXKEHHOH 3arpys3ku
BBIKJTIOYEH, TO 3anmuch B QPOSCMP npousBoautcs cpa3y B aKTUBHBIN PETUCTP.

OT1noxeHHast 3arpy3Ka IPOUCXOJUT IO CIETYIOIUM COOBITUSM:

- TI0 COBIIAJICHUIO PE3YJIbTaTOB CPABHEHUS,

- o obonynenuro cuerunka QPOSCNT.

@nar ycnemHoro cpaBHeHus PCM ycTaHaBiuBaeTcs, KOTIJla BBINOJHSIETCS YCIOBUE
QPOSCNT = QPOSCMP, mnpu »sToM Takxke (OpMHUPYETCSs CHHXPOUMIYJIbC Tpedyemoi
JUINTETILHOCTU JJIsi M3BelleHusi BHewHero ycrpoictBa (curHan PCSOUT). HacrtpauBaemas
JUINTENIbHOCTh CHHXPOMMITYJIbCA KOHTPOJIUPYETCs CIEUANIbHON CXEMOM 3aIepKKH.

@nar PCR roroBHOCTH KOMIapaTopa K OTJIOXEHHOH 3arpy3ke 3HA4eHUs CpPaBHEHHS
BBICTABIISIETCS, KOIJIa BBINOJHSETCA YCIOBHE ISl OTJIOKEHHOM 3alucH, 3aJaHHoe OuTOM
PCLOAD B peructpe QPOSCTL. Ilpu 3TOM reHepamusi COOTBETCBYIOLIETO IPEPBIBAHUS U
ycraHoBka (umara PCR Oynmer ocymecTBIATbCA JIMIIb NPU  BKIIOYEHUHM  peXUMa
otnoxeHHoi 3arpy3ku PCSHDW (peructp QPOSCTL).
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13.4 Tajimep BpeMeHHBIX 0TCUETOB

TaiimMep, UCTIOIB3YEMBIH ISl OTIOBEILEHUS POTrPaMMHOT0 00eCTIeYeHHs O HEOOXOMMOCTH
HayaTh M3MEPEHUE CKOPOCTH, MPEICTaBIsACT cOO0M 32-paspsaHblii TalMep, pabOoTarImMi Ha
Y4acTOTE€ CHCTEMHOr0 TaKTOBOIO CHTHama. Taiimep BKiIro4aeTcst yctaHoBkoil Outa UTE B
peructpe QEPCTL. Korma 3mauenme Ttaiimepa mocturaetr mopora (QUTMR = QUPRD),
dopmupyercst npepsiBanue u BoicTaBisiercs ¢iaar UTO. lannbeiii 010k TaiiMepa MOXKET OBITh
WCIIOJIb30BaH JJI BBIYHUCIICHHUS] CKOPOCTH NPHU BBICOKOM OBICTPOJEHCTBUH, CM. pUCYHOK 13.8, a
TaK)Ke I COXPaHEHMsI CUETUYHKA MO3ULMH, PETUCTPA TaliMepa U pErucTpa NeEpUoaa B perucrpax
QPOSLAT, QCTMRLAT u QCPRDLAT cootrBercTBeHHO. PekuM COXpaHEHHS ONpeeseTcs
cocrosinuem 6uta QCLM B peructpe QEPCTL.

(QEPCTL) (QCLR)

UTE uTO

v (QFLG)

PCLK —» QUTMR p UTO | ¢2POC
A

1L YcTaHoBKa

Komnapatop » UTOUT
QUPRD

Pucynok 13.8 — @yHkiroHanpHas cxema TaiiMepa BpeMEHHBIX OTCUETOB

13.5 Moayab 3axBaTa BpeMeHH

OyHKIMOHATBHAS CXeMa MOMAYJS 3axBaTa BPEMEHHU IMpEACTaBieHa Ha pucynke 13.9.
Taiimep HCIIONIB3yeT TAKTOBBIM CHTHAT M CHUTHAJ KBaJIpaTypHBIX COOBITHH ¢ Kod(dduirentamu
nenenus, nporpammupyembivu nosisimu CCPS u UPPS B peructpe QCAPCTL. KoadhdunmenTs
JIeNIeHUs] MO’KHO MEHSTh B Ipoliecce padoThl, HO B 3TOM CIIydyae MOKET NMPOU30HTH COOBITHE
3axBara, COJIeprKallee HEBEpHbIE JlaHHbIE, KOTOpbIE ClIeyeT WIHOpUpoBaTh. Bo u3bexaHue
NoJOOHON CUTyalluM TiepeJl HM3MEHEHHEM 3HAaueHUH KOX(QQHUIMEHTOB JeJNeHus ciexyer
BBIKITIOUMTh MOJyJIb 3axBara BpeMeHu (cOpocuth 6uT CEN), u CHSATH BCe Macku MpepbIBaHUH.
[Tocne uzmeHeHus K03(hGUIUEHTOB nporHUIKan3upoBarh Taiimep QCTMR (3amucars HyneBoe
3HaYeHKE), COPOCUTh BCE CTATYChI, BHOBb Pa3pEIIUTh MPEPHIBAHUS U BKIIOYUTH MOJIYJIb 3aXBaTa.

Takxke, cylecTByeT BO3MOKHOCTb BKJIIOYHMTH YJIYYIIEHHBIM pPEXHM TEHEBOH 3arpy3Ku
UPPS/CCPS. Ecnu ycranoButs 6ut EPSLD B peructpe QCAPCTL, To usmenenne UPPS/CCPS
B TIpoliecce paboThl OyIeT MPOUCXOANUTD CIEIYIONIMM 00pazoM:

- ipu 3anwucH, 3HaueHue UPPS/CCPS 3aneceTcst B TeHEBOW perucTp

- o OnmkaieMy, nocie 3amnuck, coobiTuio QCLK: HOBoe 3HaueHUe IeIuTeNs MpUMeT
cuny, copocutcas QCTMR, copocutcs cuetunk npeanenurtens UPPS, copocutcs UPEVNT.

Taxkum obpa3om, B 3TOM pexxume — cieaytrouiee coObitue (ycranopka UPEVNT u 3axBar
QCTMR B QCPRD), koropoe Oyzaer cienoBarh mnocie uzmenenuss UPPS/CCPS, Oyner yxe
KOppeKTHbIM. be3 HeoOXOAMMOCTH OCYIIECTBISATh MPOIMYCKH NAHHBIX WM JOMOJHUTEIbHBIX
IPOTPAMMHBIX MaHUITYJISTIHH.

Ecnu 6ut SELEVNT B peructpe QCAPCTL cOportien, To 1o AeIeHHOMY KBaJIpaTypHOMY
coopiTuto 3Hauenune taiMmepa QCTMR 3arpyxaercst B peructp nepuoaa QCPRD, mocie yero
Taiimep cOpaceiBaercs, u ycranasnuBaetca ¢iaar UPEVNT B peructpe QEPSTS, o3nauaromuii
obnosnenue peructpa QCPRD. ®dnar cOpackiBaeTCst MpOrpaMMHO 3aMTUCHIO €TUHUIIBI.

[Ipu ycranoBienHom 6ute SELEVNT oOHOBieHHE peructpa mnepuoaa MPOUCXOAHUT IO
curHaiy ot Beixoga kommapatopa PCSOUT.
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(QCAPCTL) (QEPSTS) QCTMRLAT
UPPS UPEVNT QCPRDLAT
I
QCLK 0\ FFFFFFFFh
PCSOUT g1 1T (QEPSTS)
/T/ Brok ynpasneHus Komnapatop —»{ COEF
SELEVNT 3axsaToM Tanmepa TT
QCTMR
PCLK 1| CAPCLK _ .
N Y QCPRD
‘ t
CCPS CEN
QDIR [etektop JICDEF
poHTa
UTOUT

Pucynok 13.9 — @yHKIMOHAIBHAS cXeMa MOJIYJIS 3aXBaTa BPEMEHH

3HaueHue TaliMepa MOXHO MCII0JIb30BaTh IIPU U3MEPEHUIX CKOPOCTH, €CIIH:

- ero 3HaueHue He npesbicuiio FFFF_FFFFh;

- HaIlpaBJICHUE BPAILEHUS 32 BPEMS U3MEPEHUs] HE U3MEHUIIOCh.

Ecnu mexny nByms coOsitusimu UPEVNT (1. e. Bo Bpems usmepenus) taitmep QCTMR
nepernoHmics, ycranasiauBaercst ¢uiar ommOku COEF B peructpe QEPSTS. Ecim mexmy
JBYMsl COOBITUSMU IIOJIOKEHMsI BaJla M3MEHWIOCh HAIIPABJICHHE BPAIEHUS, YCTaHABIUBACTCA
¢nar ommbku CDEF.

3nauenuss taiimepa QCTMR wu perucrpa mnepuoma QCPRD moryr ObITh
ckoHburypupoBansl i 3axBata B peructpel QCTMRLAT u QCPRDLAT 1o co6bITusM:

- npounTtad peructp QPOSCNT;

- cpaboTaJl CTOpPOXKEBOM Talimep.

Ecimu 6ur QCLM cOpomieH, TO NMpH KaXIOM YTEHHUM PErucTpa CUETYHMKA MO3UIHUU
QPOSCNT peructpet QCTMR u QCPRD 3arpyxatorcs B peructppl QCTMRLAT wu
QCPRDLAT cooTBETCTBEHHO.

Ecin our QCLM ycraHOBiEH, TO NpU KakIOM CpabaTblBaHUU TaiiMepa BpPEMEHHBIX
OTCYETOB CUETUUK MO3UIUH, PETUCTP TaliMepa U PErucTp Mepuo/ia 3aXBaThIBAIOTCS B PETUCTPHI
QPOSLAT, QCTMRLAT u QCPRDLAT coOTBETCTBEHHO.

M3mepeHnss Ha MajblX CKOPOCTSIX BpalleHHs (HU3Kas 4acToTa KBaJpaTypHOI'O CUTHAJA)
npou3BoATCs crnenyroumM obpazom — Ttaiimep QCTMR, TakTupyromuicss OT CHUCTEMHOTO
takToBoro curHana ¢ jaenurerem CCPS, mo coOeitmio UPEVNT, coxpansier cBoe 3HaueHHE
Bpemenu B peructpe QCPRD, onnoBpemenHo cOpacbiBaercst u BbictaBiseT ¢guiar UPEVNT B
peructpe QEPSTS, uroObl cooOmute mnporpamme 00 OKOHUaHMM H3MepeHus. CoObITHe
UPEVNT Bo3Hukaer kaxzasle Heckonbko TaktoB QCLK, B  cOOTBETCTBHUH ¢
3anporpamMmmupoBaHHbIM ko3 durmentom geneaus UPPS B peructpe QCAPCTL. Takum
00pa3oM, 3Hasi KOJIMYECTBO KBAAPATYPHBIX COOBITUH 32 N3MEPEHHBIA OTPE30K BPEMEHH, a TaKKe
TaKoOM mapaMmeTrp, Kak KOJIMYECTBO KBaJpaTypHbIX COOBITHI 3a MOJHBIA 00OpOT Baja, MOXKHO
BBIUHCIUTH CKOPOCTb BpAILlEHUS.

M3mMepeHusi Ha BBICOKHX CKOPOCTSX, CM. puCcyHOK 13.10, MoryT mpom3BOAMTHCS WHAYe.
Taiimep BpeMEHHBIX OTCYETOB (POPMUPYET OOIIYIO IIUTENBHOCTh U3MEPEHHUS, CUETUUK MMO3ULINN
nojacuuThiBaeT koaumdectso umimynbcoB QCLK. 3Has xonmuectBo umnyiascoB QCLK 3a onun
MOJIHBIM 000POT, MOXHO BBIUHCIUTH CKOPOCTh BpallleHHUs Baja.
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Pucynok 13.10 — PaboTa Ha BBICOKHX CKOPOCTSIX
Takke CymIecTBYeT M CMEIIaHHBIH CIIOCOO HM3MEPEHUS CKOPOCTH — 110 3aJaHHOMY

3HAQYEHUIO CYETYMKAa II03MLMH, C TIOMOIIbI0 KOMIAapaTopa CYeTYMKA IMO3ULMHU, MOKHO
cpopmupoBarb coobiTue UPEVNT (Heobxonumo ycranoButh Ooutr SELEVNT B peructpe
QCAPCTL), xoTopoe, Tak e KaK U IpU U3MEPEHUSIX Ha MAJIbIX CKOPOCTSAX, MIO3BOJUT MOTYYHUTh
3nayenne Taiimepa QCTMR. [lng wucnonmp3oBaHMsS 3TOrO crocoda H3MEPEHHs CKOPOCTH
HE0OX0oAMMO paspenuTh npepbiBanue mo coosituio PCSOUT koMmapaTopa U yCTaHaBIMBAaTh B
OTOM NPEPBIBAHMM KaXKIbI pa3 mopor cpaBHeHUs kommapatopa QPOSCMP Ha 3amanHOe
KOJIMYECTBO METOK BIIEpe]] IO CpaBHEHHIO ¢ Tekymed mno3uimeit cderunka QPOSCNT
(B 3aBUCHUMOCTH OT HampaBieHus BpamieHus). Torna, ycranasnuBass QPOSCMP panbiie ot
QPOSCNT ¢ yBenmuueHHeM CKOPOCTH BpAIIEHUS, MOXHO HOJJIEP)KUBAaTh ONTHUMAaJIbHOE
3aXBaThIBa€MOE BpeMsl, 00eCleunBaloliee MaKCUMAJIbHYI0 TOYHOCTh U3MEPEHMs] BPEMEHU s
BCEX [JMAala30HOB BpalleHus. DTOT cnoco0 H3MepeHust Haubolsiee CII0KEH, HO M Hauboee
YHUBEpCAJEH.

JlononHuTeNbHO, MOJIYJIb 3axBaTa BpPEMEHHU CIOCOOEH TreHepupoBarh 3ampockl DMA.
YroObl pa3peunTs reHepanno Heodxoaumo yctanoButb 60ut DMAEN B perucrpe DMAREQ.
3areM, kaxnpli pa3, korna ¢uiar UPEVNT (peructpa EPSTS) nepexonut u3 0 B 1, Oyzer
renepupoBatbest 3ampoc. Ecim UPEVNT Oyner ocraBaTbess HECOpOLIEHHBIM, TO 3alpoChl
reHepupoBatbest He OyayT. IIpu stom, koraa npoucxoaut yrenue QCPRD npu DMAEN = 1,
¢aar UPEVNT cOpackiBaeTcsi aBBTOMaTUUYECKH.

13.6 CropoxkeBoii Taiimep 6;10xka QEP

Bbnok kBaaparypaoro nexonepa QEP comepxut 32-0UTHBIN CTOPOXKEBOI TaliMep, KOTOPBIi
TaKTUPYETCS CHUCTEMHBIM TaKTOBBIM CHUTHAJOM, JEJIEHHbIM Ha 64, u cOpacbiBaeTcsi JTHOOBIM
KBaJpaTypHbIM coObiTHeM (mepenax Ha BbiBoge QEP_A/QEP B). Ecim uu  oxmHoro
KBaJIpaTypHOro coObITUS He ObuI0 3adukcupoBano 10 codOeitus QWDTMR = QWDPRD,
cTopoxeBoil Taiimep dopmupyer ¢uiar mpepsiBanuss WTO B peructpe QFLG. Peructp
QWDPRD conepxuT 3HaueHue cpabaThIBaHUsl CTOPOXKEBOro TaiimMepa. DyHKIIMOHANbHAS CXeMa
CTOPOKEBOTO TaiiMepa mpeAcTaBiieHa Ha pucyHke 13.11.
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(QEPCTL) (QCLR)

QCLK WDE WTO

! (QFLG)
PCLK 634 QWDTMR | [ wro FM
ll *Ycramoska
Komnapatop » WDTOUT
1T
| QWDPRD |

Pucynok 13.11 — @yHkuroHanbHas cXxeMa CTOPOKEBOro TaiiMepa

13.7 IlpepbiBaHust

Brok xBagparyproro nexonepa QEP comeprkut 11 MCTOUHMKOB NpephIBaHUM, CM. pUCYHOK 13.12.
Cuctema mpepbsiBaHUN COCTOMT W3 peructpa Macku npepbeiBanuii QEINT, peructpa daros
npepeiBannii QFLG, a taxke cxemsl ¢dopmupoBanus BHemHero npepsiBanus QEP_INT mo
Hanuuuio axkTuBHBIX (QuaroB. IlpepsiBanue INT Takke MoxkeT OBITh MacKMpPOBaHO B
koHTposuiepe npepbiBanus NVIC. Copoc (iaros mpepbIlBaHUI OCYIIECTBISICTCS Yepe3 PErucTp
QCLR. CoOpoc ¢mara axtuBHocTu mpepbiBaHus INT ocymiectBisercs 3amucbi0o B PETUCTP
INTCLR. Taxxe, mpepbIBaHHE MOXHO C(OPMHPOBATH MPOTPaMMHOIA 3armuchio B peructp QFRC,
HO JJIi 3TOr0 HEOOXOJUMO MPEIBAPUTEIHHO BKIIOYUTH CUETYMK IO3UIMH, YCTAHOBUB OUT
QPEN B peructpe QEPCTL.

(QCLR)
INT
uTo _,) UTOINT (QFLG)
IEL _,)l IELINT _f 1 CHpog =] YcTaHoska
SEL SELINT i <
PCM _—,| Bnok PCMINT
PCR __,| o6pabotku PCRINT _ (INTCLR)
PCO _,/ cobbitun | PCOINT > R leHepatop » INT » QEP_INT
PCU _ PCUINT | nMnynbcoB
VQvg(é - ggg:m- > C6poc 3anmcblo
—p D> «1»
QPE _, QPEINT
PCE _,| PCEINT

Pucynok 13.12 — Cxema cucTeMbl IpephIBAaHHIHA

Ha pucynke 13.13 mokazana cxema (OpMUpPOBaHHS MTPEPHIBAHUS BHYTpHU 0JI0Ka 00pabOTKH
coObrtiii  amst cobbitust UTO  (cpabaTbiBaHue TaiiMepa BpPEMEHHBIX OTCYETOB). CXeMbl
(dbopMHUpOBaHUS TIPEPHIBAHHIA JJIST OCTATBHBIX COOBITUI HIICHTHUYHBI.

(QCLR)
UTO
(QFLG)
(QFRC) UTO |$2P0C
UTO—{ 1 *VYcranoska
uto | M & | UTOINT
UTO—»
(QEINT)

Pucynok 13.13 — Cxema dopmuposanus npepbiBanust UTOINT
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14 Baoxku HIUM

Apxutektypa OmnokoB IIMM pa3paboraHa Mo NPUHIUIY MUHUMAIbHOM HAarpy3Kv Ha
IpoIeccop, 4YTO JOCTHraercs aBToMaTh3auued (OpMUPOBaHMS BBIXOJHBIX HMILYJIbCOB C
HACTpauBaeMbIMM I10JIb30BATEIEM IapaMeTpamMu. Tak, MOCI€ MUHUMAJIbHBIX HACTPOEK, 3TU
0JI0KM cIIOCOOHBI paboTaTh CaMOCTOSATENbHO, (HOPMUPYS BBIXOAHBIE CUTHAIBI Ha BBIBOAAX
PWMx A u PWMx_B (rae X =0, 1, 2) MUKpOKOHTpOJLIEpA.

MukpokoHTpoJuiep coaepkut Tpu 01oka [IIMM, 00beTMHEHHBIX CXeMON CHHXPOHHU3AIINH.

Kaxapriit 6ok HIMM nogaepKuBaeT Caeayonyo GyHKIIHOHATHHOCTS:

- 16-pa3psnHblii Taiimep;

-Bboixomel PWMx A u PWMx_B wmoryr pabGorare B pexume (pOHTOBOH U
LEHTPUPOBAHHOM MOAYJIALMN KaK IIOJHOCTbIO HE3aBUCHUMO, TaK M KOMIUIEMEHTApHO C
pa3/iesieHueM TeHEpaTOpOM «MEPTBOT'0» BPEMEHU;

- Beixoibl PWMx A u PWMx_B wMoryr ynpaBisTbcsi B 3aBUCUMOCTH OT COOBITHH
dpoBbIx KoMmaparopos 6ioka ALIL, a Taxke oT coOBITHI OJ0Ka aHAIIOTOBBIX KOMIIAPAaTOPOB,
o0ecreunBasi aBTOMATUYECKUNA PEJICHHBIN PeKUM MOAJepKAHNS 3aJaHHON BEITUYMHBI;

- IpOrpaMMHOE yrpasiieHue Boixonamu MM

- IPOrpaMMHOE 33/1aHue (Ga3bl CYETYUKOB TaiiMepa JUIsl KOOPAMHALUMN pabOThl HECKOIBKUX
610xoB 1IINM;

- anmnapaTHbIM KOHTPOJIb (a3bl IpU KOOPAMHALMU paboThl HecKoIbKkuX 610k0B HINM;

- IPEJOTBPAILICHHE HAIOKEHUSI (POHTOB 3a CUET TEHEepaTopa «MEPTBOT0» BPEMEHH C
HE3aBUCHMOI cXeMOil 3a/1ep’KKU IIepeIHero 1 3a{Hero (PpoHTOB BBHIXOJHOTO CUTHAIA;

- CUTHAJl aBapuM MOXKET NepeBoauTh BeIxopl PWMx A u PWMx B B BeIcOKO€, HU3KOE
WIN Z-COCTOSIHUE;

- O/IHOKpaTHas M LUKJInYecKasi 00paboTKa CUTHAJIOB aBapuu;

- BCE COOBITHSI MOTYT UHULIMUPOBATH IIPEPHIBAHUS;

- Ipu 00paboOTKe MpephIBaHUI MPOTPAMMHPYEMBIA TPEAJICIUTENb COOBITHI MO3BOJSIET
CHHM3HUTb Harpy3Ky Ha IpoLeccop;

-curHan MMM  MoxeT MOIynMpOBaTbCs  BBICOKOYACTOTHBIM  CUTHAJIOM  IIpU
UCIIOJIb30BaHUU JIpaliBEPOB KIIOUEH ¢ UMIYJIbCHBIM TPaHC(HOPMATOPOM.

Jns nayana pabotsl ¢ Onokamu IIIMMM HeoOGxoaumo CHATH ¢ HUX cOpOC M pa3pelnThb
TakTUpoBaHHe — Heo0xoauMo yctaHoBUTh 6Tl PWMEN peructoB PCLKCFG u PRSTCFG.

Onucanue curHajioB U BeIBOAOB Osioka [IIUM:

-PWMx_ A u PWMx_B (roe x =0, 1, 2) — Beixoas! [IINM;

-PWM_TZ — Bx0a, ¢ KOTOPOro MPUHUMAETCS] CUTHAJI aBapuu (0OMIMK Il BCceX OJIOKOB
HINM, n kax b1t 60K MOKET UCIOIb30BaTh WM HE UCIOJIb30BATh 3TOT CUTHA);

- PWM_SYNCI — Bxox, ciaykarmmii 1yt TpueMa CHHXPOCHUTHAA,

- PWM_SYNCO - BbIX0, UCTIONB3YIOMIUICS ATl CHHXpoHu3anuu 6ioka UM,

- PWM_TZINT — npepbiBaHue Mo CUTHATy aBapHH;

- PWM_HDINT — npepsiBanue OT mOporoBoro BEIKJIFOYATE.

®yHkuoHanbHast cxema Oioka [IIMM nokaszana Ha pucynke 14.1.
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I o«
' Briok Taiivepa | TeHeBoil pervcTp | |PRDLD| i . PWM_SYNCO
i ' *—»]
! 1
i ! SYNCOSEL
: 1
|
! | ckoiv |[HsPcLkoM | | errepro
' Komnaparop | »>
PCLK —:—>|,D,EJ'II/ITeJ'Ibl |><|,El,en|/|Tenb2 | !
| : TBCLK i | | cTR=zERO
' | OByHanpaBneHHbIi : = »>
' CTRMODE > chBeg_mg : CTR_DIR
1
' PHSEN '
: m | Obpaborunk PWMA
|
! SWFSYNC 1 11 ! cobbITNIA
PWM_SYNCI — > TBPHS !
A
el ittt U ity | Eelbelely ! _
| Komnapatop LOADAMODE |KomnapaTop|— : CTR=CMPA, ., PWMB
1
: T :
' TeHeBoW pervcTp CMPA | i
1
| SHDWAMODE / i
1
! SHDWAFULL i
1 |
! i |cTR=CcmPB
i LOADBMODE | | Komnaparop | ; >
| T :
' CMPB | :
! i
! i
! I
I |
o e ]
CTR=ZERO Pwm_Tz [} — PWM_TZINT
y OetexTop
PWMA
, = = = e | o
Ob6pabotunk MoporoBbii leHepatop dunetp P
cobbITUiA BbIKNOYaTenb «MepTBOro» KOPOTKUX Moaynsitop
BpeMeHU MMnNynbcoB
PWMB_, > - > - — ) Pwmx_B
‘W L, PWM_HDINT
orALM -
Pucynok 14.1 — @ynkiuonansHas cxema 6oka HINMM
14.1 Taiimep

Taiimep mperncrasisier coOoi aByHampaBieHHbIH cyetdynk 1BCTR, TakTupyemsrii
curHasiom TBCLK, kotopslit ¢popmupyercs Ha ocHoBe cunxpocurnaia PCLK. Yacrora curnana
TBCLK 3amaercs mpousBeneHneM ko3 duineHToB aByX aeiuteneit. KoadumumenTs 3amarorcs
noasimu CLKDIV u HPCLKDIV peructpa TBCTL. Ilo ymomuanuto, paborta aenurteneut
ocranoBieHa - TBCLK wue renepupyercs. UtoOsl Taiimep Hauvan cuet o TBCLK, HeoOxoammo
3anuceio equHul B none PRESCRST perucrpa PWMSYNC 6Gnoka SIU paspemuts paboty
JEINATENEH.

st pabotel apyrux 6;okoB MM cueTunk no3BoisieT GopMUPOBaTH COOBITHS TaKue, Kak
cosnazenue no nepuoxy CTR = PRD (TBCTR = TBPRD), cosnanenue ¢ nynem CTR = Zero
(TBCTR = 0000h), coBmagenne c¢ peructpamu CTR =CMPA wu CTR =CMPB
(TBCTR =CMPA u TBCTR = CMPB cootBerctBenHo). Coobitue TBCTR = FFFFh Bnumser
tonbko Ha ¢uiar CTRMAX peructpa TBSTS.

Bcemu HacTpoiikamu paboThl cyeTdrka Taiimepa ympasisiet peructp TBCTL.

CocrosiHHe cueTuMKa OTpakaroT ¢uiaru peructpa TBSTS.
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Ha Beixome mepBoro 6moka MM dopmupyercst curnan SYNCO, xoTopsiii siBiseTcs,
CHHXPOCHTHAJIOM JJs1 ocTanbHbIX OnokoB IIIMM, cm. pucyHok 14.3a. Curnan SYNCO umeer
TP HUCTOYHUKA — TMPOTPAMMHO CTE€HEPHUPOBAHHBIM CHHXPOUMITYJIBC, IMOCPEICTBOM 3alUCU
equannbl B 0ut SWFSYNC, cobeitus CTR = Zero u CTR = CMPB. Bwibop ucrounuka
ocymectsisiercs nmocpeactom moist SYNCOSEL.

B Onoke TaiiMepa HaxoIATCS perucTpbl HadaidbHOM (asel cuera TBPHS u mepuona
(MakcuManbHOTO 3HadYeHUs cuetunka) TBPRD. Peructp nmeprnoma mmeeT TeHEBOW PErHCTp IS
CUHXPOHHON 3arpy3kd 3HA4YEHHS, 0 KOTOPOTO CUYETYHUK OCYIIECTBISICT CYET. YIpaBJICHUE
3arpy3koi ocymectsisiercs outom PRDLD.

CueTuynk MOXeET paboTaTh B TPEX PEKUMax CueTa, CM. pUCYHOK 14.2:

- BBepx (o1 0000h 1o 3nauenus TBPRD, 3atem copoc 8 0000h u T. 11.);

- BHu3 (ot 3HaueHuss TBPRD no 0000h, 3aTem 3arpy3ska 3uauenuss TBPRD u T. 11.);

- BBepx-BHU3 (0T 0000 10 3HaucHus TBPRD, 3arem ot 3nauenusst TBPRD mo 0000h u . 11.).

[Tapametpsr cuera 3anatorcs moiem CTRMODE.

TBPRD = 04h

Tpwm

4 4 4

Cuyert BBEPX Cuyet BHU3

TBPRD = 04h

But CTRDIR «BBepx» «BHU3» «BBepx»

CueT BBEPX-BHU3

Pucynok 14.2 — PesxumMbl paOoThI cyeTdrKa mpu 3HadueHuu nepuozaa 0004h (Tpwm);
IUTSL peXKMMa CUeTa «BBEPX-BHH3» JAONOJHHUTENBHO yKazaHo rnoenenue piaara CTRDIR

TeneBas 3arpys3ka

Peructper TBPRD, CMPA, CMPAHR, CMPB wuMelT COOTBETCTBYIOUINE TEHEBHIE
PETUCTPBI W YHPABISIONIAE OWTHI, PETYJIHPYIONIME PEXHM W coObITHE 3arpy3ku. [lommmo
UH/IMBUYalbHOM HAacTpoiku TeHeBoro pexuma ectb out SHDWGLOB peructpa TBCTL. Ilo
YMOJTYQaHHIO OH YCTAaHOBJICH, W TEHeBas 3arpy3ka paboTaeT coriiacHO HacTtpoiikam. Ho
BO3MOXHBI CUTyalllH, KOTJa He0OOX0AUMO 00eCIIednTh OJTHOBPEMEHHYIO 3arPy3Ky BCEX TEHEBBIX
peructpoB. Torma mepen 3arpy3koit HeoOxomumo cOpocuth SHDWGLOB, B pesymbrate
3HaYeHus OyAyT TMomajaTb B TEHEBBIE PETUCTPbI, HO TMEpe3aluch B aKTHUBHbIE OyeT
omokupoBana. Korga Bce HEOOXOIUMBIE PETUCTPHI OyIyT 3allMCaHbI, CIEAYeT YCTAHOBUTH 3TOT
OWUT, U TOrJa BCe aKTUBHBIE PETUCTPHI OyIyT Mepe3amucaHbl B COOTBETCTBUU C 3aJlaHHBIMHU
HACTPOWKAaMH IO COOTBETCTBYIOIIMM COOBITHAM. J[aHHBINM OUT HE OKA3bIBACT BIMSHUS, €CITH JIIS
perucTpoB BbIOpaHa mpsMas 3arpyska, 0e3 y4acTusi TEHEBBIX.
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Cunxponusanus taiimeposn 0s0xoB LHHIUM
Peanu3oBana cxema cuaxponusanuuu 61mokoB [IIMM, cm. pucyHok 14.3a.

CobbiTne cMHXpoHM3aumn (Npy CHETE BBEPX-BHU3)

Cuetunk TBCTRL

6roka 0 LM [2[3]4]
PWMO Cuetunk TBCTRL
> 6noka 1 LM [x[x[xJ1]2[3[4]
Nor.0 —»SYNCI SYNCO » KECAPO
TaKT 3an1cK HOBOTO 3HaYEHUS
PWM1 CobbITe cuHXxpoHM3auum (Npu cyete BBEPX)
L »{SYNCI SYNCO
CyeTunk TBCTRL k
_| 6noka 0 LM |98|99|§ ______ [2[3]4]
Cuetunk TBCTRL
PWM2 6noka 1 LM [ x[x[x]12[3]4]

L ,|SYNCI SYNCO

TakT 3anMcu HOBOIo 3Ha4YeHus

a) CoObITne cMHxpoHu3zaLumm (Npu cYeTe BHU3)
Soxa 0 W~ _TZTT]0Jo5]o8Io7[o8]
Cuetunk TBCTRL BRI
Gnoka 0 LM Cyetunk TBCTRL
Cuemnk TBCTRL — 6noka 1 LIMM [x [ x ] x }99]98[97]06]
6roka 1 LM [x[x[x[0]x[x]x] TaKT 3aM1eK HOBOTO 3HaYEHUS
6) B)

Pucynok 14.3 — Cxema cunxponusanuu mozayniein HINM

Cucrema CHMHXpOHM3AIMM TallMEpOB BKIIOYaeT B cedsi Taiimeprl Bcex OnokoB LIIMM.
Kaxnpiii 6mox UM nmeer Bxox cunxponuzaimu PWMx SYNCI u BbIXOA CHHXpOHH3ALUU
PWMx_SYNCO (rme x =0, 1, 2).

Ecnu 6ut PHSEN ycraHoBieH, To B cueTuuk Taiimepa OyneT aBTOMaTHUECKH 3arpyKaTbcs
3HaueHue peructpa TBPHS, npu BbIMOIHEHUH KaXK0OTO U3 YCIOBUI:

- u3MeHeHnue BxoaHoro curHaia PWMx SYNCI (B stom ciyuyae 3arpys3ka 3Ha4eHUs
TBPHS B peructp TBCTR mnpoucxonutr Ha ciuenytomuit Takt TBCLK mocne moctyrieHus
ummyisca Ha Bxog PWMx_SYNCI (rae X = 0, 1, 2) ¢ 3aiep»Koii B JiBa CHCTEMHBIX TaKTa, €CIIU
TBCLK = PCLK, wiu oaun TakTt, eciiu TBCLK # PCLK);

-3anmuch eauHunl B 6ut SWFSYNC (mporpaMMHas CHHXpOHM3alMs), KOTOpas
TeHePUPYET UMITYJIbC CHHXPOHHU3AIINHT, aHAJIOTHIHBIN UMITYJIbCy ¢ Bxoga PWMx_SYNCI.

B pexume cuera BBepX-BHU3 HeoOXxoauMo 3amporpammupoBars OuT PHSDIR, uToOsbI
3a/1aTh HalpaBJieHUE cueTa TaiMepa 1ociie CHUHXPOHU3AINH.

Ecmu 6ur PHSEN cOpomen, 6mok MM He Oyzmer pearupoBaTh Ha BXOAHOM CHrHal
CHHXPOHHM3AallUU, a TOJBKO IepefaBaTh HANpsIMyr 3TOT curdHai Ha Bbixog PWM SYNCO,
4yroObl TakTupoBaTh apyrue Omoku WM. Cnenyromas ocoO€HHOCTh CXEMBI: T€HEepalus |
pacrpocTpaHeHHe CHTHAJIa CHHXpOHM3aIuu oT O1oka [II1M, — 3anumaet oaue takt TBCLK.

K npumepy, ecnu no coObITHIO CHHXpOHU3aMK Ooka 0 B cueTdnk Oj0ka 1 gomKeH ObITh
3alyicaH HOJb, TO 3TOT HOJb 3alMILETCS TOJBKO Ha CJIEAYIOUIMM TakT IOcie COOBITHS,
cM. pucyHOK 14.36. Takum oOpa3om, Npu CHHXpOHH3aUMU OT Apyroro Oyoka IINM nHyxHO
BCEr/a YYUTHIBATh 3TOT TaKT W 3alUChIBaTh 3HadeHHe (asbl, cileaylouiee Mo MOpPsAIKY, B
COOTBETCTBHUH C PEKHMOM CUeTa, CM. pUCyHOK 14.3B.
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14.2 Komnaparop

Kommaparop — 310 O10K, CpaBHUBAIONIMN 3HAYCHHE CUETYMKA TaiiMepa C 3aJaHHBIMHU
3HAYCHUSIMH TIOPOTOB cpabaThiBaHUsA. 3HadyeHHs XpaHarcs B peructpax CMPA u CMPB.
3HaveHus, 3amuceiBaeMble 1o anapecam peructpoB CMPA u CMPB, mnpensaputenbHo
pa3MeIIalTcsl B TEHEBBIX PETUCTPax. DTO HYKHO JUISI CHHXPOHHOM 3arpy3KH HOBBIX 3HAYCHH.
Yupasnenue 3arpyskoii peructpoB CMPA u CMPB ocymectsisiercs ouramu SHDWAMODE u
SHDWBMODE, a taxxe nosassmu LOADAMODE n LOADBMODE perucrtpa CMPCTL.

brok kommaparopa popmupyer Ha Beixogax n8a coobituss CTR = CMPA u CTR = CMPB,
BO3HHUKAIOIIIKE B ClTyyae COBIAJCHUS 3HaUeHHUA cueTurka ¢ peructpom CMPA u/mu peructpom
CMPB cooTBeTCTBEHHO.

Jl1st KaskIoro KoMIiapaTopa coObITHE MOXKET BOSHUKATh:

- OJIMH pa3 3a MepHOJI, €CJIM CUCTUMK CUUTAECT BBEPX WIIN BHU3;

- OIUH pa3 3a Mepuojl, €Clid CUYETYMK CUMUTAET BBEPX-BHU3, HO MpPH STOM 3HAYCHHUE B
peructpe CMPA/CMPB pagro 0000h win 3nadenuto TBPRD;

- IBa pa3a 3a NepUo/, eCIl CUeTYUK CUUTAET BBEPX-BHU3 U IIPU 3TOM 3HAYCHUE B PETUCTPE
CMPA/CMPB nexur B auanasone 0001h — (TBPRD — 1).

Ha pucynkax 14.4 — 14.7 npuBeaeHsl npuMepsl GOPMUPOBAHUS CUTHATIOB COOBITHI.

TBCTR
4 FFFFh

TBPRD,
CMPA
-

CMPB
...> R

TBPHS) |
0000h|

PWM_SYNCI|

CTR = CMPA H H ﬂ

CTR = CMPB J-l ” H

Pucynok 14.4 — JluarpammMbl paOOThI IPH CYETE BHU3

TBCTR
4 FFFFh

TBPRD,
CMPA
o
CMPB|

TBPHS,
0000h

PWM_SYNCI

—_— LT L

Pucynok 14.5 — JluarpammMsl paboThI IPU cYETE BBEPX-BHU3.
CuHXpOHU3AIHS TP CYETE BBEPX
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TBCTR
4 FFFFh

TBPRD)
CMPA
b
CMPB
=

TBPHS
0000h

PWM_SYNCI

CTR = CMPA -l | 1

CTR = CMPB ” ﬂ ﬂ H_

Pucynok 14.6 — JlnarpamMmsbl pabOThI U CUETE BBEPX

TBCTR
4 FFFFh

TBPRD
...>
CMPA
b
CMPB
-~

TBPHS,
0000h

PWM_SYNCI

CTR = CMPA ” H H
CTR = CMPB ” ” ”

Pucynok 14.7 — JluarpaMmMbl paOoThI IPU cYETE BBEPX-BHU3.
CuHXpOHU3AIMS MIPH CYETE BHU3

14.3 O6padoTunk codbITHH

O06paboTuuk cOOBITHI — OJIOK, YIPABIAIOIINN OBEJCHUEM CUTHaNIOB Ha TuHUSIX PWMA 1
PWMB, cm. pucyHok 14.1, B 3aBUCHMOCTH OT BO3HMKAIOIIMX COOBITUM Ha BXoje OJoka U
HalpaBJIeHUs cUeTa cueTdyrka Taitmepa. Ha moBesieHne BBIXOJHBIX CUTHAJIOB BIUSIOT UMITYJIbCHI
BXOJIHBIX CUTHAJIOB Mpu BO3HUKHOBeHUU coObiThii: CTR = PRD, CTR = Zero, CTR = CMPA,
CTR = CMPB.

OcHosHble aelictBud ¢ curnanamu PWMA u PWMB:

- IEPEKIIIOYECHUE B €JUHUILY UM HOJIb;

- HHBepCHs (MEPEKITI0YCHNE B IIPOTUBOTIONI0KHOE COCTOSIHUE),

- coXpaHeHue 0e3 U3MEHEHUH.

[ToBeneHne CUTHAIOB 3a/aeTCsl HE3aBUCUMO APYT OT apyra. Kpome storo, o0paboTdmk
COOBITHI TO3BOJISIET TPOrPAMMHO 33aBaTh coctostuue curaioB PWMA u PWMB u Bennuuny
«meptBoro» Bpemenu WM. Vmpasnenue paboToit O510ka TPOU3BOAUTCS TOCPEICTBOM
peructpoB AQCTLA, AQCTLB, AQSFRC, AQCSFRC.
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CymiecTByeT BEPOATHOCTh TOTO, YTO HECKOJBKO COOBITUH MOTYT IPOU30UTH
OJTHOBpPEMEHHO. JIJig TakuX cUTyaluii 00pabOTUYMK COOBITUI HCIIONIB3YET CUCTEMY IPHOPHUTETOB
COOBITUH TIPH CUETE BBEPX, IIPH CUETE BHU3, IIPU CUETE BBEPX-BHU3, CM. Tabymibl 14.1 — 14.3.

Tabnuna 14.1 — Pacnpenenenue NpUuOpUTETOB COOBITHI MPU CUETE BBEPX

CoObITHE [Ipuopurer
[TporpamMmmHoOe 1 (camblii BBICOKHIA)
CTR = TBPRD 2
CTR = CMPB (cuet BBepX) Mpu cYETE BBEPX 3
CTR = CMPA (cuet BBepX) IIPH CUETE BBEPX 4 (camblil HU3KHIA)

Tabnuna 14.2 —Pacnpenenenue NpUOPUTETOB COOBITUH NIPU CUETE BHU3

CoObITHE [Ipuopurer
[TporpamMmmHoOe 1 (camblii BBICOKHIA)
CTR = Zero 2
CTR = CMPB (cuet BHU3) P cYETE BHU3 3
CTR = CMPA (cuer BHM3) NpH CYETE BHU3 4 (caMblil HU3KHIA)

Tabnuna 14.3 — Pacnpenenenrue NnpuOpUTETOB COOBITUI MPU CUETE BBEPX-BHU3

CobrbiTHE [TpuopuTtet
[TporpammHuOe 1 (camblii BBICOKHIA)
CTR = CMPB (cuer BBepx) Ipu cYETE BBEPX
W 2

CTR = CMPB (cuer BHHU3) IpH CYETE BHU3

CTR = CMPA (cuet BBepX) Ipu cueTe BBEPX

WIn 3
CTR = CMPA (cueT BHM3) IpU CUETE BHU3
CTR =Zerowmu CTL = PRD 4
CTR = CMPB (cuer BBepX) IIpu CUETE BHU3

WIH 5

CTR = CMPB (cuer BHU3) IIpU CYETE BBEPX

CTR = CMPA (cuer BBepX) IIpU CUETE BHU3
WA 6 (camblit HU3KHIT)
CTR = CMPA (cuer BHHM3) IIpH CUYETE BBEPX

B pexxnme cuera BBEpX:

- eci kommaparop 3anporpammupoBaHn Tak, uto CMPA/CMPB < TBPRD (cuer BBepx),
To coObITHe npousoiiner npu CTR = CMPA/CMPB;

- €cJIM KoMmIapaTop 3amporpaMmMupoBal Tak, yto CMPA/CMPB > TBPRD (cuer BBepx),
TO COOBITHE HE IPOU3OUIET;

- €CJIM KOMIIapaTop 3alporpaMMHUpOBaH Ha cpabaThIBaHUE MPU CUETE BHU3, TO COOBITHE HE
IIPOU3OMIET.

B pexume cuera BHU3:

- ecyi Kommapartop 3amnporpammupoBan Tak, 4o CMPA/CMPB < TBPRD (cuer BHU3), TO
cobsitTue npousoitner npu CTR = CMPA/CMPB;

- ecJid KomMmapartop 3anporpamMmmupoBan Tak, 4o CMPA/CMPB > TBPRD (cuer BHU3), TO
cobsiTue npousoitner npu CTR = TBPRD;

- €CJIM KOMIIapaTop 3alporpaMMHUpOBaH Ha cpabaTbIBaHUE MPU CUETE BBEPX, TO COOBITHE
HE IIPOU30MUIET.
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B pexume cuera BBEpX-BHU3, CM. pUCYHOK 14.8:

- eCIM CYETYMK CYHMTaeT BBEpPX, a KOMIIApaTop 3alporpaMMHUpPOBaH TakK, YTO
CMPA/CMPB < TBPRD (cuert BBepx), TO cobbiTHE mpousoiaeT npu CTR = CMPA/CMPB;

- ecniu  CMPA/CMPB > TBPRD (cuer BBepx), TO COOBITHE MPOU3OUIAET NpHU
CTR = TBPRD;

- €CIM CYETYMK CYMTAaeT BHM3, a KOMIApaTop 3alporpaMMHUpPOBaH TakK, 4YTO
CMPA/CMPB < TBPRD (cuer BHH3), TO coObITHE mpousoiiaer mpu CTR = CMPA/CMPB;

- ecniu  CMPA/CMPB > TBPRD (cuer BBepx), TO cOOBITHE MpPOU30HIET mpU
CTR = TBPRD.

[lByHanpaBneHHbIN CHETYNK

TBPRD = 04h,

CAD = 00b, 4 4
CAU =11b

BuT CTRDIR «:BBer%» «Brims?» «EBBer» «BHU3»
[cMPA=14h HIEEEEEEE
CMPA=3h Tl
MNoBeneHune : : : j
PWMA/PWMB CMPA = 2h ; 50% :
npv pasnnyYHbIX : :

3HavyeHusax CMPA CMPA= 1h i 75% 5 |_
| CMPA=0h 100%

Pucynox 14.8 — Pabota TaiiMepa npu cueTe BBEpX-BHU3 C CHMMETPUYHBIM BBIXOJIOM
(LeHTpUpOBaHHAS MOTYJISLINSA)

Ha pucynkax 14.9 — 14.11 noka3ano nosenenue nunuit PWMA u PWMB npu paznuunbix
BUJIaX MOJYJISIIIUH, IPUHITHIE 0003HAUYECHUSI U TIOSCHEHUSI TIPUBEICHBI B Tabnuie 14.4.

Ta6nuna 14.4 —Iosicuenns K 0003HaueHMsIM Ha pucyHkax 14.9 — 14.11

O06o3Hauenue IMosicuenue
P | CA| CB | Coo0srua CTR = PRD, CTR = CMPA, CTR = CTRB coorBeTcTBEHHO.
X X X CHMBOIT «X» YKa3bIBaeT Ha TO, YTO MPU BOSHUKHOBEHHUU ITOTO COOBITHS

curHan Ha muaun PWMA/PWMB ocraetcs 0e3 namenenuid. [1yHKTHPHBIME
JUHUSMHU OTMEYEHbl MOMEHTHI BOSHUKHOBEHHSI COOBITHSI.

Tax, Hanipumep, cM. pucyHok 14.9, npu BOSHUKHOBEHUH COOBITHS

CTR = CTRB, curnan va muanu PWMA ocTaetcs 0e3 u3MeHeHus, a
curdan Ha suaun PWMB nepekitodaercs B HOJIb

Z Z CoobbiTue CTR = Zero

T ! CuMBOIBI «1»/«|» yKa3bIBalOT Ha TO, YTO
CA CA Cobprrne CTR = CMPA MIPU BO3HUKHOBEHUH 3TOTO COOBITHS

1 ! curnai Ha nuanun PWMA/PWMB
CB CB Cobprre CTR = CMPB MIEPEKITIOYACTCS B SIMHHILY/HOJb

T !
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TBPRD

'f\?( 4 4\‘_X :

v A llx
A% X |l x v [X][A]lx
PWMB

Pucynox 14.9 — He3aBucuMslii pexxuM paboThl BEIX0I0B ((PpOHTOBAS MOTYJISIIHS )

o

PWMAT

TBPRD

cA ca CA ! A
Al Ly v Ly

PWMA

». ». ») »,

» » » D
F: . s 3
< p

PWMB

Pucynox 14.10 — CuMMeTpuYHBIH peskuM paboTHI IPH cYETE BBEPX-BHU3
(LeHTpUpOBaHHAS MOTYJISLINSA)

PWMB

Pucynok 14.11 — AccuMmeTpHuHBIi pexXuM paboThI TP CYETE BBEPX-BHU3

14.4 loporoselii BbIK/IIOYATEND

[ToporoBelif BBIKJIIOUATENIb KOHTPOJUPYET BbIXOAHBIE curHaiel PWMA u PWMB
00paboTurka COOBITHI U TTO3BOJISIET yACPKUBATh X B OMPEICICHHOM 33/ITaHHOM I10JIh30BaTeIeM
COCTOSIHUM B CJy4ae MpHUXOJa CUTHajla Tpurrepa oT LU(ppoBbIX KommapartopoB Omoka AILIIL
OT1oT 00K yA00€H JUIsl OpraHU3aluy pejIeiHoro noaaepKaHus 3a1aHHOTO YPOBHSI KaKoi-1n6o
¢u3nUecKkoil BeIMYMHBI, HApPUMEp JJIs OpraHu3aluy KOHTypa Toka. B atom ciydae nudpooit
Komnaparop, kK kaHainy ALIl koToporo mojakitoueH cUrHall AaT4yuKa TOKa KOHTypa, GopMupyeT
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CUTHQJI O IMPEBBIIIEHUM TOKOM 3aJaHus, a COOTBETCTBYIOUIMN IOPOTOBBIA BBIKJIFOYATEIb
pearupyeT Ha O3TO TMPEBBIIICHUE W BKIIOYACT/OTKIIOYAET COOTBETCTBYIOIIMA CHIIOBOM
TPaH3UCTOP MOCPEACTBOM BIUsIHUA Ha BhIxo 1 [ITMM.

D yHKIMOHAJIBHBIE BO3MOKHOCTH:

- BXOJIHbIe COOBITUSI OT KommapaTopoB Omoka AIIIl Moryt wucmosib3oBaTbcs BCEMH
o6noxamu HI1M;

-[IpH  PEerucTpauuud coObITUs OT KommapaTtopa Onoka AIIIl BbIXOAHBIE CHUTHAJIBI
00paboTynKa COOBITHII MOTYT OBITH MIEPEBEIEHBI B COCTOSIHUE JIOTUYECKON €AMHUIIBI, HYJIS WU
OCTaBJIeHbI 0€3 U3MEHEHUI;

- NOJJEPKUBAIOTCA OJIHOKPATHOE M LIMKJINYECKOE cpadaThIBaHUs [ YAEpKaHUS BBIX0/1A;

- BXOJIHOE coObITHE OT Kommaparopa Omoka ALl wMoxeT aHanu3upoBaTbcs B
OJIHOKPATHOM U IUKIIMYECKOM PEXHUMaX;

- coObITHe cpabareiBaHusl KommapaTopa Onoka ALl Moxker OBITH CreHEepHpPOBAHO
POrpamMMHO;

- IOPOTOBBIH BBIKIIIOYATENIb MOKET OBITh OTKIIIOYEH, €CIIH OH He TpedyeTcs;

- MO>KET T€HEPUPOBATHCS IPEPHIBAHUE 110 COOBITUSAM MOPOTOBOI'O BBIKIHOYATEIIS.

VYinpapineHue MOPOroBbIM BBIKIIIOYATEIEM OCYIIECTBIIAETCS IOCPEICTBOM PETrUCTPOB
HDSEL, HDCTL u HDFRC.

@OYHKUMOHHPOBaHUE

Korna BeixoaHble curHaisl koMmmnaparopos 01o0ka ALl nepexoast B cOCTOSHUE BBICOKOTO
ypoBHs, (popmupyetrcsi coObithe. Kaxaplii moporoBwiii Bbikitouarens Onoka [HIMM moxet
UCIOJIb30BaTh, @ MOXKET HE HCIIOJIb30BaTh 3TH COOBITUS B CBOEH paboTe; BHIOOP, MO CUTHATY
Kakoro xommaparopa Onoka ALl dopmupoBars coObiTHe yIep:KaHUs, 3aaeTCS C TTOMOIIBIO
peructpa HDSEL. /InutensHOCTh UMITyJIbCa HA BXOJHOM CHTHaie OT koMmaparopa 6moka ALIIT
HE JI0JDKHA OBbITh MEHBLIE MEePHOJa CUCTEMHOro CHHXpocurHana. Kakaplii BXOJHOW curHai
kommaparopa Onoka ALl momkeH ObITh HACTpOEH HAa OJHOKPAaTHOE WM IMKJINYECKOE
dbopmupoBanue coObITHS, BEIOOP pexuma 3anaercs outamu CBC u OST, a HCTOYHUK COOBITHS —
nosnem ADCDC.

[Ipu nomyuyeHun coObITUs OT Kommapatopa Osoka ALl B pexume HUKIMUECKON
00paboTKK HeMeUIeHHO (hopMupyeTcs peakuus Ha ocHoBe cojepxumoro peructpa HDCTL, B
pe3ysbTare 4ero MEHsETCsl COCTOSIHME CUTHAJIOB Ha BBIXOJIE MOPOrOBOIO BBIKIIIOUYATENS B3aMEH
HOJY4YEeHHBIX 0T oOpabotumnka coobituiit PWMA w/unu PWMB Ha 3apanHoe monb3oBatesieM B
peructpe HDCTL. Jlomomautenshno ycranaBimBaercsi ¢uar CBC B peructpe HDFLG, wu
rerepupyercs npepsiBanne PWM_HDINT. Y nepxanue Bbixoansix curianos PWMA u PWMB
3akanuuBaercs 1mo coosituio TBCTR = 0000h, nipu ycimoBuH, 94To cCOOBITHE KOMITapaTtopa 0Jioka
ALl yxe He axkTuBHO. Takum o00pa3oM, B peXHUME IMKINYECKOH 0OpabOTKM COCTOsTHHE
yaepxxanus copaceiBaeTcst B kKoM repuojie HIUM. Tpu stom durar CBC ocTaercs akTHBHBIM
710 ero nporpaMMmHoro copoca. Eciu nmocie copoca ¢rara CBC BHOBB OyeT OIY4EHO COObITHE
kommaparopa 61oka ALIII, To ¢ar ycTaHOBUTCSI BHOBB.

[Tpu nmonydenun cobbiTUs Kommnaparopa O1oka ALl B pexxume ogHOKpaTHOI 00pabOTKH,
Takke HeMmemJieHHO (GOpMHpYEeTCs peakuus Ha ocHOoBe coxaepxumoro peructpa HDCTL,
KOTOpass MEHsIET COCTOsiHME BbIXOAHBIX curHaioB PWMA w/umu PWMB. B nononnenue,
ycranaBnuBaercss ¢uar OST, u renepupyercs npepsiBanne PWM HDINT. Vnepkanue
BBIXOJHBIX CUTHAJIOB Oy/IeT MPOU3BOIUTHCS 10 IPOTPAMMHOI0 cOpoca 3alHuChi0 €IUHULIBI B OUT
OST peructpa HDCLR.

Crioco6 yzaep>kaHusi BBIXOJHBIX CHUTHAJIOB IPU MOJYYEHUH COOBITHS KOMIlaparopa Ojoka

ANII mporpamMmMupyercs HHAUBUAYAIBHO Ui BBIXOAHBIX curHainoB PWMA u PWMB B peructp
HDCTL.
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14.5 I'enepartop 3aaep:xkxu HIUM

bnok nmeer Ha Bxoxe curnainsl PWMA u PWMB ¢ BbixonoB 00paboTunka coObITHH, a Ha
BBIXO/IaX IMOBTOPSIET 3TU CHUTHANbI, HO CO BCTABKOW 3aJEp’KKU («MEPTBOE» BpPEMs) B MOMEHT
NEPEKIIIOUEHUS] CUTHAJIOB (€CJIN ATO HE0OX0UMO).

3afepKKy MOXHO y4YecTh NPH HPOrpaMMHUPOBAaHUU 0OpabOTYMKA COOBITHH, HO YTOOBI C
BBICOKOM BEPOSATHOCTHIO M30EKaTh OIMIMOOK, KEJaTeIbHO HCIIOJIb30BaTh I€HEpaToOp 3alepiKKU
HINM.

OcHoBHbIe QyHKIIUU reHepaTopa 3aaepxku HINUM:

- TeHepauusi napbl BbIXOAHBIX curHaioB PWMA u PWMB c Bbiepxkoil MHTEpBajIoB
(3a7eprKeK) BpeMEHH OTHOCUTENBHO BXOAHBIX curHaioB PWMA, PWMB;

- IPOrpaMMHUPOBAHUE 3aJEPHKKH ISl aKTUBHOT'O BBICOKOI'O M aKTUBHOI'O HU3KOTO YPOBHS
curHajoB kanaiios PWMA u PWMB;

- o0aBJICHHE MPOTPAMMHPYEMOU 3aJIePKKU MIEPETHUX (PPOHTOB CUTHAJIOB;

- no0aBJeHNe MPOTrPaMMHPYEMOM 3aJIEP>KKU JUISl 3aIHUX (PPOHTOB CUTHAJIOB;

- BO3MOXHOCTh TIEpeJauyl CUTHAJIOB C BXOJ/IOB Ha BBIXOJIbI 0€3 N3MEHCHUH.

I'eneparop 3anepxkku UMM mnporpammupyercs mnocpeactsom peructpos DBCTL,
DBRED wu DBFED. CrpykrypHas cxema reHeparopa «MmeptBoro» Bpemenu [INM
npecTaBieHa Ha pucyHke 14.12.

: ; ; 0 :

5 : 3apgepxka 19, p T T =2 _Sl: PWMA
PWMA . 0 s4 E nepeaHero 5 \8,2 : P . :

. ; dpoHTa ; : b1

——e ; (10-paspsgHbIn Pl : ;

5 1 ' CYETHMK) :

: 0 3agepxka 1 0 s3 g ;

j S5 : sapnero i TT—e———"—% S0: PWMB
PWMB T dpoHTa : : T

: : (10-paspsgHbIN : —— ;

Pl ; CYETUMK) ; 5 + 0 5

INMODE POLSEL OUTMODE

Pucynok 14.12 — CtpykTypHas cxema reHepatopa «MepTBoro» Bpemenu [LIMM

DYHKUMOHHPOBaHUE

['enepatop 3anmepxku MM Moxker paboTaTh € 4YeTbIpbMS HMCTOYHMKAMH ((PpPOHTHI
curnaioB PWMA u PWMB). Bei6op ncrounnka 3amgaercst moitem MODE peructpa DBCTL.

ITone POLSEL mnos3Bonsier 3ajgaTb MHBEpCHIO  (MEPEKIIOUEHUE 3HAYEHWs Ha
POTHBOIOJIOXKHOE) CUTHANIA TIOCTIe BHECEHHS 33JICPKKH, CM. pucyHOK 14.13.

Benuuunbl 3a7epkek Mo meperHeMy U 3aJHeMy (DPOHTY MPOrpaMMHPYIOTCS Pa3JebHO
nocpeactsoM peructpoB DBRED u DBFED cootsercTBeHHO.
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Basosbii curHan gna An B

BasoBbii curHan A ¢ 3agepkkon nepegHero ppoHTa

BbasoBbI curHan B ¢ 3agepikkon 3agHero opoHTa .

POLSEL = 00b

CocTosiHMe curHanos
Ha BbIXO[ax reHeparopa

«MepTBOro» BpeMeHM npu POLSEL =01b 8
OUT_MODE =11bwu — I
PasnuUYHbIX 3HaYEHUAX
POLSEL A
POLSEL = 10b = A—
A
POLSEL = 11b 5
= —

Pucynok 14.13 — BpemenHble quarpaMmmsbl paboThl TeHEpaTOpa «MEPTBOI0» BPEMEHU
B TUIIOBOW KOH(UTYpaIiu

14.6 ®uabTP KOPOTKUX UMITYJIHLCOB

OUIbTp KOPOTKUX UMIYJIBCOB IIPEHA3HAUECH /17151 OJOKMPOBAHUS IPOXOXKICHUS Ha BBIXOJ
UMIYJIbCOB C JJIUTEIIBHOCTbIO MEHBIIE 3aJaHHOM. OTOT OJIOK MOXKET MNPUMEHSTHCS, €CIU
JpaiiBep CUJIOBOTO KJII0Ya HHBEpPTOpa HE HMEET Takoh (QyHKuuMH, a A oOecrneyeHUs
NPaBWIBHOTO pPEXUMa pabOThl TPaH3UCTOpAa HEOOXOAWMO 3alpPETHTh OTKPBITHE/3aKPhITHE
TPaH3MCTOpa Ha OYEHb KOPOTKOE BpEMS.

OcHoBHbIe pyHKUMHU UIbTpa:

- IpOorpaMMHUpyemMas IIUPUHA MUHUMAIBHOTO TPOITyCKAaeMOI0 UMITYJIbCA;

- (UIBTP MOXKET OBITH OTKIIIOYEH, €CIM OH HEe TpedyeTcs.

[uprHa MUHUMAIBHOTO UMITYJIbCA, TOMYCKAEMOIO K MPOXOXKACHUIO Ha BBIXOJ, 33aJaeTCs
B peructpe FWDTH B takrax PCLK u wmoxer npunumars 3naueHue ot 00h (dbumbtp
BoIKITFOUeH) 10 FFh. IMITy ibChl AyTMTENIBHOCTBIO MEHBIIIE 3aJaHHOM MPOIYCKaThCs HE OYIyT.

14.7 MopyasTop

biiok mo3sosnsier MogynupoBarsk BeIxoAHOM curHan MM ¢ moMonipro BBICOKOYaCTOTHBIX
HUMITYJIbCOB TMPOTPAMMHUPYEMOM CKBOXXHOCTU. MoaynupoBaHue TpeOyeTcs: UIsl yIpaBiIeHUs
CUJIOBBIMH KJIFOUaMH Yepe3 UMIYIbCHBIN TpaHchopmarop.

OcHoBHbIE (PpyHKIHHM MOAYJISITOPA:

- IporpaMMupyemMast 4acToTa;

- IporpaMMupyemast IUpUHa MepBOro UMITYJIbCA;

- IpOTpaMMHUPYeMBbIi K03 (PHUIIMEHT 3aITOTHEHUS BTOPOTO U TIOCJIEAYIOIETO UMITYIIbCOB;

- MoaynsaTop Moxet ObITh oTkiroueH (our CHPEN peructpa PCCTL).

Monynstop nporpammupyercs nocpeactsom peructpa PCCTL. CrpykrypHas cxema
MOJYJISITOpa pUBEJeHa Ha pucyHke 14.14.
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PWMA
PWMA » dopmmpoBsarens L
LUMPVHbI MEPBOro
PCLK% > nmMnynsca OSTH > 1 &
8 b
—»
[osTwTH | [cHPDUTY| CHPEN
CHPFREQ
A
Ynpaenexve | |PSCLK
» yactotonmun [
CKBa)KHOCTbHO
A — 1
OSTH ™ &
—» dopmmpoBaTenb q
LUMPVHBI MEPBOro
PWMB N nMnyrnbca I Y
PWMB
¢ » 0
Pucynok 14.14 — CtpykTypHas cxema MOAYJISITOpa
DOYyHKIUOHUPOBAHHE

Yactota Momynsiuu (OPMHPYETCS Ha OCHOBE CHCTEMHOW 4YacTOTBI IPH TOMOIIH
nenurens, nporpammupyemoro noiem CHPFREQ.
Ha pucynke 14.15 npuBenieH npuMep BPEMEHHBIX AUarpamMmm paboThl MOIYJIATOPA.

PWMA.J

-
——

PWMB

PWMB mme; i

Pucynok 14.15 — BpemenHnble nuarpaMMbl paboThl MOAYJISITOpA

[[InprHa nepBOro UMITyJIbCa MOXKET IIPOTrPaMMHUPOBATHCS HE3AaBUCHUMO C ITOMOILIBIO ITOJIS
OSTWTH, »st0o Tpebyercs st OTKpbiBaHMs kKitouya. 3HadeHus noiast OSTWTH nexar B
nuanazone Oh — Fh.

HIupuna L nepBoro nmmnysbca onpenensercs no Gopmyse

L=Tx8x (OSTWTH + 1), (14.1)

rae T — nepuox cunxpocurnana PCLK.
Ha pucynke 14.16 npuBenen npumep GpopMHUpOBaHUS paCIIUPEHHOTO TIEPBOTO UMITYJIHCA.
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PWMA

pscu IO

OSHT

Pucynok 14.16 — BpemenHble AuarpaMmbl paboThl MOIYJISTOPA C pAIIiPEHHBIM EPBBIM
UMITYJIbCOM

Taxke CyniecTByeT BO3MOXHOCTh PEryJUpOBaTh KOA(PQOUIIMCHT 3alOJHEHUS HMITYJIbCOB
nocpeacteom nosst CHPDUTY. 3uauenus nosss CHPDUTY nexar B auanaszone Oh — 7h.

Koaddunuent 3anonnenus D (¢ marom 12,5 %) nocneayomux UMITyJIbCOB ONPEAEIsSeTCS
o popmyne

D = 12,5 x (CHPDUTY + 1). (14.2)

Ha pucynke 14.17 npuBeneHa WUTIOCTPAIUs PEryIupOBKU K03 puumenTa 3anoaHeHusl.

D=1/8=12,5%

D =4/8 =50,0%

D=7/8=87,5%

Pucynoxk 14.17 — PerynupoBka koaddunmenTa 3anonnenus D
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14.8 JleTekTOp CUrHAJIA ABAPUU

JlerekTop cHurHajia aBapuu KOHTpOJUpYyeT BbiXoabl PWMX A u PWMX B u moxer
NEPEBOJUTH UX B ONpEesIeHHOE (3allpOrpaMMUPOBAHHOE) COCTOSIHUE B CIIydyae, €CH MOCTYIUT
CUTHAJI aBapUH.

OcHoBHbIe HYHKIIUU IETEKTOpa CUTHAJIA ABAPUU:

- BXOJIHOM cCHUTHal1 aBapuu C BbIBOJa MukpokoHtposiepa PWM TZ wmoxer
HCIIOJIb30BaThCs JIF0OLIM OiokoMm HITMM;

- B CJy4ae €cjH MOCTYNUT CUTHal aBapuu, BeIBoAbl LIIMM moryt ObITh mepeBeleHBI B
OJIHO U3 COCTOSIHUH: JIOTHYECKOTO HYJIf, JOTUYECKON €IMHUIIbI, BBHICOKOMMIICJAHCHOE WIIU
OCTaBJIeHbI 0€3 U3MEHEHUS;

- TMOJJEpPKUBAETCI OJHOKpaTHas OJIOKUPOBKA BBIBOJOB JMJII CUTyallMd KOPOTKOTO
3aMBIKAHUS WK TIEPETPY3KH 10 TOKY;

- IO/I/IEP’KMUBACTCS IIUKIIMYECKast OJIOKUPOBKA I PEKMMa OTPaHUUYEHUS TOKa;

- K@XIbI BXOJHON MCTOYHUK CHUTHAJIA aBaApUU MOXKET ObITh 00paboTaH B OJTHOKPATHOM H
HUKJIMYECKOM PEXKUMAaX;

- IOJAEPKUBAETCS MPOrpaMMHasi T€Hepalys CUTHajla aBapyHu;

- IETEKTOP CUTHAJIa aBapUU MOKET ObITh OTKJIFOYEH, €CIIM OH HE TpeOyeTcs.

Jerextop curHana aBapuu nporpammupyercs nocpeacrsoM peructpos TZSEL, TZCTL,
TZEINT, TZFLG, TZCLR u TZFRC.

DOYHKIUOHUPOBAHHE
CTpyKTypHas cxema JIeTEKTOpa CUTHAJIOB aBapuu TOoKa3aHa Ha pucyHke 14.18.

PWMA > —Pl ]
Ilorvka ynpasneHuns PWMX_A
PWMB o BblBOAAMU D PWMx_B
~ A A
ACVHXPOHHbIW curHan asapum T
(TZCLR)
CBC Cb6poc
TZFLG)
CTR = ZERO C6poc <
| [e
(TZSEL) (TZFRC) _ Ty oranonka
CBC YcraHoeka |ABaPUHas
3aLenka
CBC
Brok
ynpasneHunsa
PWM_TZ—»[0—» Bbl0OPOM > epfgf:xpo (TZFLG)
- MCTO4HMKA HU3aUMmn C6poc
curHana OST
asapum A - 1 Yeranoeka
(TZFRC) YctaHoBka | \BapUnHas
3alenka
OST OST
(TZSEL) 4
(TZCLR)
Cb6poc
OST

Pucynok 14.18 — CtpykTypHas cxema AeTeKTOpa CUTHAJIOB aBapuu

[Tepexon Bxoanoro curHana asapuu PWM TZ u3 cocTosiHHsS JIOTMYECKON €AMHUIIBI B
COCTOSIHUE JIOTMYecKoro Hyns ¢opmupyer coObitue aBapuu. Kaxapiii Omoxk MM moxer
UCIIONIb30BaTh WM HE UCIOJB30BaTh 3TO COOBITHE B CBOEHW pabore (IporpaMMUpyeTrcs
nocpenctBoM peructpa TZSEL). CoObITHS MOTYT (OPMHPOBATHCS CHUHXPOHHO (C HU(PPOBBIM
bunbTpOM MOMEX) WM aCHMHXPOHHO (mporpammupyercs uepe3 peructpel  GPIO
MUKpOKOHTpoJiepa). Ilpu cuHXpOoHHOW 00pabOTKe MIUTETRHOCTh HMITYJIbca Ha BXOIHOM
curHaie c6os 10JkHa ObITh He MeHblIe neproia cuaxpocurnana TBCLK. Ecnu e o0paboTka
MIPOU3BOJUTCS B ACHHXPOHHOM pPEXHMeE, TO coObITHE (hopmMupyercs U oOpabaThIBacTCs Jaxe B
TOM ciydYae, €ClId M0 Kakoi-muM0o MpuYMHEe OTKIIOYMIOCH TakTUpoBaHHue. Kaxplii BXOJIHON
CUTHAJI aBapuM JOJDKEH OBITh HACTPOEH HAa OJHOKPATHOE WJIM LMKINYEcKoe (HOpMUpOBaHHE
coObITHsI aBapuH (IporpaMMupyercs nocpeacTsoM peructpa TZSEL).
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[Ipu momydeHUH COOBITHUSA aBapuMl B PEKUME MHUKIMYECKOM OOpabOTKH HEMEJICHHO
BBITIOJIHSICTCS JieiicTBHe, 3amaHHoe peructpom TZCTL, u ycranaBiauBaercs ¢umar CBC B
peructpe TZFLG, a Ttaxxe renHepupyercs mnpepsiBanue PWM TZINT, ecnu paspenieHo B
peructpe TZEINT u KOHTpoiiepoM IpepblBaHM. ABapuilHOE yJAEp)KaHHE BbBIBOJIOB
3akanuymBaercsi 1o coObituio TBCTR = 0000h mpum ycimoBuu, YTo COOBITHE aBapuu YixKe
HEaKTHBHO. TakuM 00pa3oM, B pEKUME LUKIMYECKOW O0OpabOTKH COOBITHE aBapuu
copaceiBaercs B kaxaoM nepuoze [IMM, xots ¢uar aBapun CBC ocTaeTcst yCTaHOBICHHBIM J10
NPUHYAUTEILHOTO TporpaMMHoro copoca. Ecnu mocne copoca perucrtpa ¢uara CBC BHOBB
OyzleT moJly4eHO COOBbITHE aBapuu, TO (jar yctaHoBuTcs BHOBb. Ha pucynke 14.19 nmokaszana
cxema (opMHUPOBaHUS MPEPHIBAHUSI.

(TZCLR) (TZFLG)
INT |-COPOSIINT
A
(TZFLG) & YcTaHoBka

> 1| |lFeHepaTop , MpepbiBatne

MMMybCOB PWM_TZINT
CBC

(TZEINT)

OST

(TZFLG)

T

Pucynoxk 14.19 — Cxema hopMupoBaHust IpepbIBaHUS

[Ipy nomyuyeHMH COOBITUSI aBapuu B PEXHMME OJHOKPAaTHOM OOpabOTKHM HEMEUIEHHO
BBITIOJIHSICTCS  JIeiicTBHe, 3amaHHoe peructpom TZCTL, m ycranaBmuBaercst ¢umar OST B
peructpe TZFLG, a Ttaxxe renepupyercs npepbiBanue PWM TZINT, ecnau paspemeHo B
peructpe TZEINT wu KOHTpOsuIepOM IIpepbIBaHM. ABapuiHOE YyJEpKaHUE BBIBOJOB
3aKaH4YMBAETCA MOCJE MPUHYAUTENBHOIO IporpaMMHoOro copoca 3anuceto B outr OST perucrpa
TZCLR.

ABapuilHOE€ COCTOSSHUE BBIBOJOB IpPU TMOJIYYEHUH COOBITUS cOOS TporpaMMHUpyeTCs
uHABUAYanbHO A7 BeixonoB PWM_A u PWM_B nonsmu TZA u TZB peructpa TZCTL.

14.9 Tpurrep codbITH

OcHoBHbIe (pyHKIIMH TPUITEPA COOBITHI:

- IOJTyYeHHE COOBITHH, CHOPMHUPOBAHHBIX TAHMEPOM U KOMITAPaTOPOM;

- MCII0JIb30BaHKE MH(OPMAIIMU O HAIIPABJIEHNUH cUeTa (BBEPX-BHU3);

- MCIIOJI30BAHUE JIEUTENS COOBITHH /Ui (OPMUPOBAHUS CUTHAJIA IPEPBIBAHUS, 3alIPOCOB
K 6510kam koHTposutepa DMA u AL,

- MPEOCTaBJICHUE JOCTyIa MPOLEccopa K COACPKUMOMY perucrpa (paaroB COOBITHH U
CYETYHKAM COOBITHH.

Tpurrep coOwiTuii nporpammupyercs nocpeacrtsom peructpos ETSEL, ETPS, ETFLG,
ETCLR u ETFRC.

IlpepbiBanus

OyHKIMOHATbHAST CXeMa TPUITEpa COOBITUH ISl TeHepaly IpephlBaHUN TOKa3aHa Ha
pucynke 14.20. Tpurrep MoXeT T€HEpHPOBaThH MpepbiBaHus (ecnu paszpemeHo outom INTEN
peructpa ETSEL) mo kaxaoMy coOBITHMIO, a Takke B JBa, TP U YEThIpE pasza pexe.
Koaddrment nenenus coOwrtuii 3amaercs monem INTPRD. Mcrounuk coObITHS BRIOMpaeTCs
nojem INTSEL. KomuuecTtBo Bo3HHMKIIMX coObITHi oTpaxaercss B moje INTCNT. Cueruuk
INTCNT cuwnraer ot 00b 1o INTPRD u cOpacbiBaeTcst TOIBKO BMECTE C OTIPABKOW aKTUBHOTO
IpephIBaHMSL.
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(ETFRC)
CTR = ZERO » 001 INT
CTR = PRD » 010
CueTumnk (ETCLR)
CTRDIR] ) CTR = CMPA 1100 INTCNT [ ~NT o T ]
[LletekTop (cyeT BBEPX)
_ nanpaenexus| CTR = CMPA »l101 &
CTR = CMPA —» cuera (cuet BHM3) NTEN PWM_INT
CTR = CMPB —»| CTR = CMPB J110 INTPRD
(cueT BBEpPX)
CTR = CMPB i1
(cyeT BHU3) L=

Pucynox 14.20 — ®yHkunoHagbpHas cxeMa TpUrrepa coObITUIN ISl TeHepaliy PephIBaHUHI

Korpa Bo3snukaer coBnaaeune 3HadeHUM cueTunKOB INTCNT u INTPRD, To BO3MOXHEI
BapHaHTBHI:

- ecnu nipepbiBaHue paspemnieHo u copomrer ¢uar INT (peructp ETFLG), To renepupyercs
npepeiBanue U ycranaBiuBaercs ¢uar INT, a cuerunk INTCNT cOpacbiBaercss B 00b u
HAUYMHAET CUUTATh 3aHOBO;

- ecnu mpepeiBaHue 3ampemeHo win ¢uar INT ycraHoBIIEH, TO CUETYHMK MEpPecTaeT
CUMTATh COOBITHUS;

- €CITU IIPEepBIBAaHKE Pa3pEIICHO, HO (piiar OT MpeblIyIero NpepbIBaHus elie He COpOIIIeH,
TO CYETYMK XpaHUT cBoe MakcuMmanbHO Jocturnyroe 3HadyeHue INTCNT = INTPRD no cbpoca
¢mnara INT. D10 mo3Bossser o0paboTaTh elie MpephiBaHHe, MpUIIEANIee 3a TO BpeMs, IOKa
00pabaThIBAJIOCh MPEABIIYIIEE.

Kaxxnas 3amce B INTPRD coOpaceiBaer cuerunk INTCNT. 3anuck equnuisl B 6ut INT
peructpa ETFRC yBennuut 3HaueHHe cueTurKa Ha SAUHHUILY.

[Mpumeuanue — Jns nmoiHoro cOpoca mpepbiBaHus B QyHKIHH 00paboTUMKe HEOOXOAMMO Kak

copocuth Quiar Tpurrepa coowituii (peructp ETCLR), tak u cOpocuth ¢uiar Taiimepa Osioka LINM
(peructp INTCLR).

Conpsi:kenue ¢ 6;10kom DMA

Mexanusm compspkenus monyis MMM ¢ G6mokom DMA  peanus3oBaH aHajgOTH4YHO
MexaHu3my comnpsipkerust Moayns IIIMM ¢ tpurrepom coObiTil. YpasneHnue 3anpocamu 0yoka
DMA: conpsoxkenue ¢ curHamamu PWM_DRQA, PWM_DRQB ocymiectisercss depes
peructper ETSEL, ETPS, ETFRC ananornuno MexaHU3My YIPaBICHHS CHTHAIOM TPEPHIBAHHS
PWM_INT. ®ynkunoHanbHas cxema Tpurrepa coObITUi Juist reHepanuu 3anpocos 61oka DMA
NOKa3aHa Ha pucyHke 14.21.

CTR = ZERO (ETFRC)

CTR =PRD DRQA
CTR = CMPA (cueT Beepx) Cuetumk (ETCLR)
CTR = CMPA (cueT BHU3) DRQACNT | DRQA H DROQA |
CTR = CMPB (cueT BBEpPX) (ETFLG)T
CTR = CMPB (cueT BHU3) Komnaparop o & PWM_DRQA
DRQAEN
DRQAPRD
+
CTR = ZERO SR > OV
CTR =PRD _DRQB
CTR = CMPA (c4eT BBEPX) DCRqeéqu:/Ill\(lT (ETCLR)
CTR = CMPA (c4eT BHU3) Q | DRQB |<-| DRQB |
CTR = CMPB (cueT BBEpPX) (ETFLG)T
CTR = CMPB (cueT BHU3) Komnapatop & PWM_DRQB

!

DRQBEN

Pucynok 14.21 — ®yHKIMOHAIBHAS CXeMa TPUTTEpa COOBITHI ISl TEHEPAIMH 3aIIPOCOB
KoHTpoJuiepa DMA
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Conpsizkenne ¢ 610xkom AL

Vmpasnenue curHamamm 3amycka Onoka Al PWM_SOCA, PWM_SOCB
ocyIecTBisieTcst aHajgoruyHo curHany mnpepsiBaHuss PWM_INT u 3anpocam PWM_DRQA,
PWM_DRQB uepes peructpe ETSEL, ETPS, ETFRC.

OyHKIMOHANBHAS CXeMa TpHUITepa COOBITMH Ui TeHepauuu curHana 3amycka ALII
noka3aHa Ha pucyHke 14.22.

SOCASEL|
CTR = ZERO —#| 01 (ETFRC)
CTR = PRD —»{010 SOCA
CTR = CMPA (cueT BBepx) —»{100 | | Cuetunk ¥ (ETCLR)
CTR = CMPA (c4eT BHM3) —»{ 101 SOCACNT SOCA |« SOCA
CTR = CMPB (cuyeT BBEpX) —»{110
CTR = CMPB (cuet8uus) 11| [ommparop (ETFLG) ] 2| PWM_SOCA
>
SOCAEN >
SOCBSEL SOCAPRD
CTR = ZERO —»{001 ETFRC)
CTR = PRD —>{010 SOCB
CTR = CMPA (cueT BBepx) —»{100 | s(c;)lz:eETal::MﬁT " (ETCLR)
CTR = CMPA (c4eT BHM3) —»{ 101 SOCB [« SOCB
CTR = CMPB (cueT BBEpX) —»{110
CTR = CMPB (cyeT BHU3) —’ﬁ Komnapatop (ETFLG)I > & PWM_SOCB
>
SOCBEN B

Pucynok 14.22 — OynkunoHanpHas cxeMa TpUrrepa cCoObITUH A TeHepalii CUrHala
3amycka AL

Beixoast Beex Tpéx 6mokos ILIMMO — TUM2 (PWMx_SOCA u PWMx_SOCB kaxaoro
6noka, rne x = 0, 1, 2) oovenunstorcs no MJIN, kak nmokazano Ha pucynke 14.23. Curnainsl ¢
BBIX0JI0B 2nieMeHTOB MJIM 3amenkuBaroTcss B TpUTTEpax U (GOPMHPYIOT HMITYJIBCHI 3aIycKa
cekBeHcopoB Omoka ALIIT.

PWMO_SOCA N
\ Ww1mo o 1
— PWMO_SOCB —
3anyck
CEeKBEHCOPOB

PWM1_SOCA »dopmmpoBaTtens ALN > AL
—\ WM 1 MMMNyNbCOB > H
— PWM1_SOCB

PWM2_SOCA
L\ > 4
) WM 2 1] | CurHanbl uMdpoBbIX T

PWM2_SOCB ; KOMMaparopos A1

MOPOroBOro BbIKITOYaTENs

Pucynok 14.23 — Cxema coennnenuit mexay omoxkamu LIIMM u ALITT
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15 lpuemonepenaruuk UART

B cocraB MUKpOKOHTpoOJUIEpa BXOMAAT JBa HUJCHTHYHBIX YHHUBEPCAIBHBIX aCHHXPOHHBIX
npuemonepenaranka UARTO, UART]I.

B cocraB npuemonepenatunka Bxoast asa Oydepa tumna FIFO. Bydep npuemnuka nmeer
paspsaHocTh 12, Oydep nepemaTyuka — pa3psaHOCTh BoceMb. Kaxkapiii Oydep MoKeT XpaHUTh
no 32 0allT NaHHBIX, W Kaxablii Oydep MoxkeT ObITh CKOH(UTYpHpOBaH (IIPOrpaMMHO) Kak
32-0aliTHBIN WIHA KaK OJHOOANTHEIN.

[TpuemorniepenaTyuK 0OECIIEUNBACT:

- HE3aBUCUMOE MAacKHUpOBaHUE MpepbIBaHuil oT Oydepa nepenarynka, oydepa npueMHUKa,
10 TaliMayTy MPUEMHHUKA, a TAKXKE B CIIydae OOHAPYKEHHS OIINOKH;

- BO3MOJKHOCTH JICJICHHUsI TAaKTOBOM YacTOTHI B auarma3oHe oT 1 go 65 535 (momyckaercs
UCTIOJIb30BaHUE HEUENbIX KOA(PQHUIMEHTOB JEJIEHUs,, YTO IO3BOJISET HCIOIB30BaTh JIIOOOH
OTIOPHBIN TeHepaTop ¢ YacToToi Oomee 3,6864 MI'nr);

- IO/IJICPKKY MPSIMOTO JIOCTYTIA K MTAMSTH.

[TpuemonepenaTurk peanusyer:

- IepeAavy AaHHBIX JJIHHOHN OT 5 10 8 OuT co ckopocTthio 10 921 600 6ut/c;

- KOHTPOJIb YETHOCTHU (IIPOBEPOUYHBI OUT BBHICTABISETCS IO YETHOCTHU, HEYETHOCTH, UMEET
(¢uKcrpoBaHHOE 3HAaUEHUE JIM00 HE IIepelaeTCs);

- (hopmMupoBaHUE OAHOTO WM IBYX CTOMOBBIX OWT;

- 00HapYyKEHUE JIOKHBIX CTAPTOBBIX OUTOB;

- (hopmupoBaHme u 0OHApYKEHNE CUTHANIA Pa3pbIBa JIMHUU.

DOyHKIHMOHAJIBHBIC BO3MOKHOCTH

Pexxum paboThl mpuemornepesaTiuka M CKOpPOCTh OOMEHa JAHHBIMH KOHTPOJUPYIOTCS
peructpom LCRH u peructpamu aenurens IBRD u FBRD.

YCTpoiCcTBO MOKET (hOPMHUPOBATH CIICAYIONINE CUTHAIIBL:

- HE3aBUCUMbIE MaCKHpYyeMbIe ITPEPhIBAHUSA OT IPUEMHUKA (B TOM YHUCIIE [0 TaliMayTy), OT
nepegaTyrKa, a TaKxke B cliyyae OOHapy KeHUsI OIIMOKH;

- oOuiee mpepblBaHUE, BO3HUKAIOLIEE B CIIydae, €CIU BO3HMKIO OJHO M3 HE3aBHCHMBIX
HEMAaCKHPOBAHHBIX MTPEPhIBaHUII;

- CUTHaJbl 3ampoca Ha MNPsSAMOM JOCTYN K HaMsITH Ui COBMECTHOHM paboThl ¢
KoHTposiepomM DMA.

B cnyuyae BO3HMKHOBEHHs OIIMOKM B CTPYKTYpE CHMTHajla, YETHOCTH JAHHBIX, a TaKXe
pasphiBa JIMHUM COOTBETCTBYIOIIMM OWUT OIIMOKM YyCTaHABIIMBAETCS U coxpaHsieTcss B Oydepe
npuemMHuka. B cimyuae nmepenonHeHus Oydepa TNpUEeMHHMKA TakXKe YCTaHAaBIUBAaeTCs
COOTBETCTBYIOIINN OUT, a Oy(ep cTaHOBUTCS HEOCTYITHBIM IS 3aIIHCH.

15.1 ®yukunonupoBanue 6;10oka UART

Ha pucynke 15.1 nokazana ynpouieHHas (pyHKIMOHAJIbHAs CXeMa IpueMoIiepejaTyiKa.

['eHepaTop TaKTOBOrO CHTHaja IpHEMoIleperaTuuka (OpMUPYET CHHXPOCUTHAI
[0CJIEI0BATEIbHOTO OOMEHa JaHHBIMM, KOTOPBIH MpeicTaBiseT co0oil MocieqoBaTeIbHOCTh
UMITYJIbCOB C IIMPUHOM, paBHOW ogHOoMy mepuony curHaia UARTCLK, u gacroroit B 16 pa3
IIPEBBILIAIOIIEH YaCTOTY NEpelayy JaHHBIX.

Bbydep nepenaTunka nmpenHasHaueH JUIsl XpaHEHUsS NaHHBIX, nonydeHHbIX oT LT go tex
1op, MOKa OHKM He OyayT NepeaaHbl BHEIIHEMY YCTPOUCTBY.
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UARTCLK NennTent .| Ynpasnenne
"|cmHxpoHunsaunen
Brnok npuemo-nepenaryvka |—'
A
_ - NCaOBuroBbi nepegaroLmnii N
8 pg;rglg.:blm perncTp —{ 1 UARTx_TX
[ | nepenatunka
c
nooaep kkom
pexuma FIFO
A 4
_ - | CaBuUroBbl
12 %a)/:zg:anbm‘ npuHUMarLwmnnm peructp | E j UARTX_RX
npuemMHuka
c
nogaep Kkom
pexuma FIFO
v RXINTR =
TXINTR » [lpepbiBaHUs
O6pa60T‘HLVJ”)<°\RT TDINTR . KKOHTponnepy
npepbIiBaHU >
pep EINTR T NVIC
RTINTR >

Pucynok 15.1 — YopouienHnas pyHkIMOHaJIbHAs cXeMa IIpUeMonepeIaTunKa

Bydep npuemMHuka npeaHazHavyeH IS XPAaHEHUS JAHHBIX U KOJOB OMIMOKU (MPUHSATHIX OT
BHEIIIHET0 YCTPOWCTBA) 10 TeX MOp, oKa OHU He OyayT npounTansl LI

OO0paboTuuK TpepbIBaHUN TEHEPUPYET HE3aBUCHMbBIC MACKHUpPyEeMbIe IpPEpPhIBAHUS C
aKTUBHBIM BBICOKUM ypoBHeM. Kpome Toro, (opmupyercss KOMOMHHPOBAHHOE INpepbIBaHUE
nyreM OOBEIMHEHHS HE3aBHUCUMBIX NpepbiBaHuii mo cxeme WJIM. CurHan mnpepbIBaHHA
nepenaercst Ha koHTposuiep NVIC.

Copoc monyas

[Tpuemorniepenaromas Toruka MoayJis, ynpasistomue peructpel U1 FIFO mo ymomuanuro
HaxonsaTcs B copoce. CHATH cOpoc MOKHO myTéM yctaHoBkU Outa RSTDIS B cooTBeTcBytomiem
peructpe UARTCFGi (i — nomep moayis O win 1) 6;10ka RCU.

CunxpoHu3anus
CylecTByeT OrpaHHY€HHE Ha COOTHOUIEHUE MEXKIY 4YacTOTAMH TAaKTOBBIX CHUTHAJIOB
PCLK u UARTCLK:

fuarTcLk < 5/3 % frcLk (15.1)

Hanpumep, a1 IOCTHKEHUS MaKCUMallbHOW CKOPOCTHM mepeaadu jaaHHbIX 921600 6ox
(mpu fuarTcLk = 921600 x 16 = 14,7456 MI'n) yacrora curHana PCLK nomkHa ObITh HE MEHee
8,84736 MI'm.

Jl5ist TOYHOM HACTPOWKM YACTOTHI MEpelavyr JaHHBIX UCTIOIB3YIOTCS JIBA IEUTENS — OJTUH
ynpasnsercs peructpom UARTCFGx 61oka RCU, Bropoit Haxoautcs BHyTpH Moayiss UART.
Koa¢p¢unment nenenns BToOporo AEIHUTENS UMEET LETyI0 U APOOHYIO 4acTH, KOTOPBIE 3a1al0TCs
peructpamu IBRD u FBRD. Bo3moxxHOCTh 3amaHusi HeLeNbIX KOI((QUIMEHTOB JeNCHHS
MIO3BOJISIET OCYIIECTBIISITH OOMEH TaHHBIMH Ha CTAHAAPTHBIX CKOPOCTSIX, HCIONB3Ys B Ka4eCTBE
MCTOYHHKA TAKTOBBIM CUTHAJ C MPOU3BOJIBHON yacToTo Oonee 3,6864 MIm.

Koaddumment nenennst K gwacrorsr curaana UARTCLK paccuutsiBaetcs mo popmyie
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K = fuartcLk/(16xbaudrate), (15.2)
rae fuarTcLk — dacToTa curnana cuaxponusaiu 6oka UART — UARTCLK, I'm;
baudrate — ckopocts nepemaun, 607,

[MonyuuBmieecst APoOHOE NECATHYHOE YUCIIO CIEAYET pa3AeiuTh Ha JABE YaCTH — LEIYIO
JIPOOHYIO.

[lenas yacTh mocine npeodpazoBaHus B ABOMYHBIN (hopMmaT 3anuceiBaercs B peructp IBRD.

Hpobnast yactb yMHOXaeTcsi Ha 64 W OKpyriasercss 10 OiKallero Leaoro Yucia.
[Tony4yenHoe 4uciIO MpeoOpa3oBHIBACTCA B JBOWYHBINA (hOpMAT M 3alUCBHIBACTCS B PETUCTP
FBRD.

Jns mpumepa, mycth Tpedyemas ckopocTh nepenaud ganHbix 230400 6ut/c M vactora
takToBoro curaga UARTCLK pasua 4 MI'tt. Torga:

K = (4 x108) / (16 x 230400) = 1,085.

[TomyuuBieecs: yucio pazouBaercs Ha a8e yactu — 1 u 0,085.

B peructp IBRD 3anuceiBaercs 3Hauerune 0001h.

3unauenue (0,085 x 64) okpyrisercs u npeodpasoBbiBacTcs B 05h 1j1s1 3amucy B PErHCTP
FBRD.

Takum oOpa3om, peanbHble 3HaueHUS KOd(PGUIMEHTa [EIeHHUs] YacTOThl U CKOPOCTH
nepegadyu OyyT CiaenyonMMU:

K=1+5/64=1,078,

baudrate = (4 x 10°)/(16 x 1,078) = 231911 6ur/c.

Ommbka yCTaHOBKH CKOPOCTH:

A =((231911 - 230400)/230400) x 100 % = 0,656 %.

MaxkcumanbHas omrOKa yCTaHOBKHM CKOPOCTH Tepeaun JaHHbIX:

A=(1/64) x 100 % = 1,56 %.

Takas ommOka Bo3HHKaeT B ciydae K = 1, mpu 3TOM pa3HHIlAa HAKaIJIMBAETCs B TEUCHUE
64 TaKTOBBIX MHTEPBAJIOB.

Cogepxumoe peructpoB LCRH, IBRD u FBRD oOHoBisieTcs mpu 3amucu B PErHCTP
LCRH. Takum o6pa3om, AJisi TOro, 4TOOBI HOBBIE MMapaMeTpbl KO3 (UITMEHTA AETICHUS BCTYITHIN
B cuiy, nocie ux 3anucu B peructpel IBRD u FBRD, HeoOxoaumo OCylIeCTBUThH 3alliCh B
peructp LCRH u TO7BbKO B Tako# OCI€10BaTENBHOCTH.

[Ilpumeuanue — U3smenenue conepxkumoro peructpoB IBRD, FBRD u LCRH
JIOTTYCKaeTCsl TOJIBKO BO BpeMs, KOrja IMpHEMOIIepelaTUMK 3ampelieH U He OCYLIECTBISETCS
nepeaaya/mpuem Oaiira.

Ilepenaya 1 npueM JaHHBIX

JlaHHBIC U151 TIepeayn 3aHocATcsl B Oydep mepenaTdanka MOoCPEeCTBOM 3aIMCH B PETHCTP
DR. [Tocne 3anucu xots 661 0j1HOTO Oaiita B Oydep nepenarunka ycranasiausaercs ¢puar BUSY
B peructpe FR. D10 cocrosinue ¢uara coxpansercs, moka Oydep nepenardyuka He MycT (maxe
ecnu paboTa mpuemonepenaryuka 3ampenieHa). Jlanee, eciau pabora mpueMornepenaTinka
paspemena (ycranosnenbl Outei UARTEN u TXE peructpa CR), nHaumnaercs mnepenada
UHPOPMALIMOHHOTO KaJpa ¢ MapaMeTpaMH, YKa3aHHbIMU B PETUCTpPE YIpPaBIeHUs JIHHUEH
LCRH. TIlepemauya nmaHHBIX TPOJOJDKAECTCS IO OIyCTOIIeHWS Oydepa mepeaaryuka (10
OKOHYaHUs nepenayn Beex 0aiit). [To okonuanuu nepegaun copaceiBaercs guar BUSY.

[Ipu npueme OGaiita nanubix (yctanosnenbl 0utel UARTEN u RXE peructpa CR) st
KaX/I0r0 OUTa MPOU3BOAATCS TPU BHIOOPKU YPOBHSI, M PEIICHUE O 3HAUEHUU OMTa MPUHUMAETCS
10 MOKOPUTAPHOMY TIPUHIIAITY.

B cnyuae, ecniu mpueMHHK HaxXoJIWJICSd B HEAKTUBHOM COCTOSIHUHM (TIOCTOSIHHBIA BBICOKUI
ypoBenb curHana Ha guand UART_RX), u mpowu3ornnia cMeHa YypOBHS BXOJIHOTO CHTHAja C
BBICOKOTO Ha HH3KHH (CTapTOBBIA OWT), BKIIOYAETCS CUYETYMK, TAKTUPYEMbI BHYTPEHHHUM
CHUTHAJIOM, TTOCTIE YeTO OTCUETHI CHTHAJIA Ha BXOJIe MPHEMHHUKA PETHCTPUPYIOTCS KX IbIe BOCEMb
TaKTOB.
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CrapToBbIii OUT CUMTAETCS TOCTOBEPHBIM B citydae, ecnu curdHan Ha guHuu UART RX
COXpaHSeT HU3KHHA JIOTMYECKHH YypOBEHb B TEUYEHHE BOCHBMH IIEPHOJOB BHYTPEHHETO
CUHXpPOCHUTHAJIa C MOMEHTa BKJIIOUEHHUS CUYETUHMKAa. B NpOTUBHOM cilydyae mepexo] B HOJb
paccMaTpuBaeTCs KakK JOXKHBIN CTapT U UTHOPUPYETCS.

[Tocne oOHapyXeHHS JOCTOBEPHOTO CTApTOBOrO OHTa OdYepeAHOW OUT JTaHHBIX
dukcupyercs Kaxapie 16 0TCYETOB TaKTOBOrO CUTHaNA. [IpoM3BOIUTCS perucTpamnus Bcex OUT
JaHHBIX (COTJIACHO 3alpOorpaMMHUpPOBAHHBIM IapamMeTpaM) M OuUTa YETHOCTH (€CJIM BKJIIOYEH
PEXKUM KOHTPOJISI YETHOCTH).

[Io oxkonwanuu mnpuema OalTa MPOU3BOIUTCS MPOBEPKA MHPUCYTCTBUS KOPPEKTHOTO
cTonoBoro Ourta (BeIcOKMi noruyeckuii ypoBeHb curHana UART_RX). Ilocne storo Gaiit
3aHOCUTCS B Oydep mprueMHUKa BMECTe ¢ TpeMsi OMTaMu MPU3HAKOB OMIMOKH, CM. pUCYyHOK 15.2,
u 6utom mepenosHeHus Oydepa.

B 12-pa3psinHoii siueiike Oydepa OalT MaHHBIX pacroJiaraeTcss B 00JIACTH MJIAJIINX
BOCbMH OWT, TpH OMTa MPU3HAKOB OMHMOKKH — B 6utax ¢ 8 mo 10.

@unar nepenoyiHeHus Oydepa MpUEeMHHUKA BBICTABIISETCS B TOM Cilydae, €ClIl K MOMEHTY,
KOTJ]a OYepeJHON KaJp JaHHBIX IMOJIHOCTHIO MPHUHAT, Oydep yxe 3amonHeH. B sTtom cimyuae
MOPUHSTHIA KaJIp OCTAaeTCsl B CIBUTOBOM MPUHUMAIOUIEM PETUCTPE U MPHU MPUEME CIICTYIOIIETO
KaJpa IaHHBIX OyJeT MOTEPSH.

Kak tonbko B Oydepe mpueMHHKAa OCBOOOKIAETCS MECTO ISl 3alUCH, KaJp JaHHBIX,
HAXOMSIIMICA B CIBUTOBOM DETHCTpE, IepenuchiBaeTcss B Oydep, a ¢diar mepenogHeHus
cOpachIBaeTCs.

MpuaHaku
ownbKn BanTt gaHHbIX
11 '120 9 g '' 7-0 '
| oE| BE| PE| FE| DATA

|— dnar ownbkn B CTPYKTYpE Kagpa
dnar owmnbKn KOHTPONS YETHOCTN
®nar paspbiBa NMMHUK
dnar nepenonHeHns bydepa npneEmMHUKeE

Pucynok 15.2 — 12-pa3psanas siueiika npuHuMaroiero oydepa

Jannple u3 Oydepa npueMHHKAa MOXHO IpOYMTaTh HocpeacTBoM peructpa DR.
CocrosiHEEe IPU3HAKOB OMMOKHM M (rara MepenoJHeHus onpeenseTcs yrenneM perucrpa RSR
U OTHOCHUTCA K TocieqHeMy Oailty, cuutaHHOMY U3 peructpa DR, B cBs3u ¢ 3tum peructp DR
BCET/Ia TOJDKEH CUUTHIBATHCS TTEPBBIM.

Bce (dhnaru cOpachkiBatoTcsi 0THOBPEMEHHO 3aMUCHIO JTF000T0 3HaUeHus B peructp RSR wnu
nocye copoca ycTpoiicTaa.

IIpumMeyanus

1 Heo6xoaumo 3ampemiath paboTy mpHueMoriepeaTunKa rnepes] nepernporpaMMrupoBaHuEM
€ro perucTpoB ympasieHus. Eciu npuemonepeaaTyuk nepeBoAUTCs B OTKIIOUEHHOE COCTOSIHHUE
BO BpeMsl Mepelaud WM TpHeMa, TO TIepell OCTAaHOBKOH OH 3aBepIIaeT BBIOIHIEMYIO
OTIepaLuIo.

2 1lenoCcTHOCTh JaHHBIX B Oydepax mepenaTdynka W MPUEMHUKA HE TapaHTUPYETCS, €CIH
ycranoBuiicst ¢uar BRK (pa3peiB uHUM), WM e€ciaM MporpaMMHOe oOecreueHHe MPOU3Besio
OCTaHOBKY TpHUeMOoIIepeaTIrKa IMOociie €ro TOBTOPHOTO MEPEBO/Ia B pa3peIIeHHOE COCTOSHHE.
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15.2 UnTepdeiic npsiMoro gocTyna K namsiTu

[TpuemoniepesaTyMK OCHAIEH MHTEP(EHCOM MOJKIIOYEHUSI K KOHTPOJIIEpY MPSMOTO
JocTyna K naMatd. PabGota B JaHHOM peXHMME KOHTPOJIMPYETCS PErucTpoM YIPaBICHHS
DMACR. HUnrepdeiic DMA Bkito4yaeT B ce0sl IECTh CUTHAJIOB.

RXDMASREQ (mns mpuema) — 3ampoc nepenadyd OTACIBHOIO0 CUMBOJIA, HHUITUUPYEMBIH
npuemoriepeaTyukoM. Pasmep cuMBosia B pekuMe mpuema JaHHbIX — A0 12 out. Curnan
IIEPEBOJIUTCS B aKTUBHOE COCTOSIHME B Clly4ae, eciu Oydep NpUeMHHKA COJEPXKUT, 110 MEHbIIEH
Mepe, OJIUH CUMBOIJL.

RXDMABREQ (ans mpuema) — 3ampoc 0JI04HOrO OOMEHa TaHHBIMHU, WHHIIMHPYEMBIH
npuemonepenaTuyukoM. CHUrHan nepexoauT B aKTUBHOE COCTOSIHUE B Cllydae, €ClId 3all0JIHEHHE
Oydepa nmpueMHUKa IpeBbICUIO 3aJaHHbIM mopor. Ilopor mporpamMmupyercs MHAMBUIYaIbHO
JUTSE Kaskioro Oydepa mocpeactBoM mnoneit peructpa IFLS.

RXDMACLR (mns mpuema) — cOpoc 3ampoca Ha DMA, HMHHIMHpPYEMBIH
npuemoriepeaTyukoM. B cimyuyae ecnu Obul 3amporieH OJIOUHBI OOMEH JaHHBIMH, CHTHAI
cOpoca GpopmupyeTcs B X0/ie Ilepejauu MOCIEIHEro CUMBOJIAa JaHHBIX B OJIOKe.

TXDMASREQ (1 nepegauu) — 3anpoc nepeaayu OTAeIbHOTO CUMBOJIA, HHUITUHPYEMBbIi
npuemorniepeaTyukom. PazmMep cuMBoiia B pexuMe nepeaayu JaHHbIX — 10 BOcbMU OuT. CUrHai
NEPEBOJUTCS B AKTHBHOE COCTOSIHUE B Cilydae, eciau Oydep nepenaTdyuka COAEPHKUT, I10
MEHbILIEH Mepe, OJJHY CBOOOIHYIO SUYEHKY.

TXDMABREQ (mms mepemaun) — 3anpoc 0J09HOrO OOMEHa JaHHBIMH, HHULUHPYEMBbIH
npuemornepeaTyukoM. CUrHaj NepeBOAUTCS B aKTUBHOE COCTOSTHHUE B CIIydae, €CIIM 3all0JHEHHUE
Oydepa nmepegarynka HIKE 3a7aHHOrO mopora. [lopor mporpaMMupyercs WHANBHIYAIbHO IS
Kkaxxaoro 0ydepa nocpencrsom nosjeit peructpa IFLS.

TXDMACLR (s mepenadn) — copoc 3ampoca Ha DMA, HHUIIMUPYEMBIH KOHTPOJLIEPOM
DMA c¢ uenbto cOpoca mpuHATOro 3ampoca. B ciyuae ecnu 6bul 3amporieH OJ04HbI 0OMeH
JaHHBIMHU, CUTHai cOpoca QopMHUpyeTCsl B XOJi€ NepeJauyd IOCIEIHEr0 CUMBOJA JIAaHHBIX B
OIoKe.

Curnansl OJOYHOTO W OIHORIIEMEHTHOTO OOMEHa JAaHHBIMU HE SBISIFOTCS B3aUMHO
UCKJIFOYAIOIIMMHU, OHU MOTYT ObITh MHULIMMPOBaHbI OJJHOBpeMeHHO. Hampumep, B ciyuae, eciu
3aroJHeHNE TaHHbIMU Oydepa MpUeMHUKa MPEBbIIIaeT IOPOroBoe 3HaYeHue, GOpMUpPYETCs Kak
CHUTHAJI 3a1poca OIHORJIEMEHTHOI0 0OMeHa, TaK ¥ CUTHaJI 3arpoca 0JI0YHOro 0OMeHa JaHHBIMU.
B ciywae eciu koinyecTBO JaHHBIX B Oydepe mnpueMa MEHbIIE IOPOrOBOrO 3HAYEHUS,
dbopMHpyeTCcsl TOJIBKO 3alpoc OJIHOIIEMEHTHOro oOMeHa. DTO ObIBAaeT MOJIE3HO B CUTYaIMsX,
IIPU KOTOPBIX 00BEM JIaHHBIX MEHBIIIE pa3Mepa OoKa.

[Tycth, Hampumep, HY)XHO MpHUHATH 19 CcUMBOJOB, a mopor 3amosHeHus Oydepa
YCTaHOBJIEH paBHbIM deTbipeM. Toraa koHtposuiep DMA ocymiecTBUT yeThipe nepeaadn 0JI0KOB
[0 YEThIPE CHUMBOJIA, a OCTABIIMECS TPU CHMBOJA IEPENACT B XOJIE TPEX OAHOAIEMEHTHBIX
0o0MeHOB, nockonbKy Jisi HuX 0510k UART He MokeT MHMIMHUPOBATh MpOLEaypy OJOYHOIO
oOMeHa.

Kaxxplii HMHUIMMPOBAHHBIA NPHUEMOIIEPEAATYNKOM curHan 3ampoca DMA  ocraercs
aKTHUBHBIM JI0 MOMEHTA ero cOpoca cooTBeTcTByOmUM curnanom DMACLR.

[Tocne cHATHA curHana cOpoca MOIYJb IpUEMOIEpeaTyMKa BHOBb IOJY4YaeT
BO3MOXHOCTh c(opMupoBaTh 3ampoc Ha DMA B cilyuyae BBINOJHEHHsS ONMCAHHBIX BBIIIE
ycnoBuil. Bee 3anpocst DMA cHuMarotes nocsie 3amnpera padoThl IpreMonepeaaTiynuka, a TakKe
B ciy4ae ycTaHOBKM B Hoib Outa ympasineHuss DMATXDMAE umu RXDMAE B peructpe
ynpasienuss DMACR.

B cayuae 3ampera OydepoB ycTpoicTBO CIOCOOHO NepeaaBaTh W NPUHUMATH TOJBKO
OJIMHOYHBIE CHMBOJIBI, U, KaK CIEACTBHE, KOHTPOJJIEp MOXKeT MHHUIMHpoBaThb DMA ToNbKO B
OJTHOZJIEMEHTHOM pekume. Ilpu 3ToM MOIynb B COCTOSHUU (POPMHUPOBATH TOJBKO CUTHAIBI
ynpasneHuss RXDMASREQ u TXDMASREQ.
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Korma Oydepsl BkiIO4YeHBI, OOMEH JTaHHBIMH MOXKET MPOM3BOIUTHCA B XOJE€ Kak
OJTHODJIEMEHTHBIX, TaK M OJOYHBIX TIepelad MJaHHBIX, B 3aBUCHMOCTH OT YCTAHOBJICHHOMN
BEJIMUMHBI IOpOra 3anojHeHus 0ypepoB U ux HaKTUYECKOro 3arOTHEHHUS.

B rtabmume 15.1 yka3aHpl 3HA4YCHHs MMAapaMeTPOB CpadaThHIBAHUS 3aMPOCOB OJIIOYHOTO
oomera RXDMABREQ u TXDMABREQ B 3aBucHMOCTH OT 1opora 3arnojHeHus 0ydepa.

Tabnuma 15.1 — I[Tapamerpsl cpabaThIBaHUS 3aMPOCOB OJIOYHOTO OOMEHA JaHHBIMH B PEKUME
DMA

. KonuyecTBo He3anmomIHEeHHBIX KonuruaecTBo 3amoIHEHHBIX TYEeK
[ToporoBelii ypoBeHb
siueek Oydepa nepenardynka O0ydepa npueMHuKa
1/8 28 4
1/4 24 8
1/2 16 16
3/4 8 24
7/8 4 28

B peructpe ynpasnenuss DMACR npenycmorpen 6ut DMAONERR, koTopsliif mo3Bosser
3anpetuth DMA 0T mnpuemMHHKa B CiIy4ae aKTUBHOT'O COCTOSHUSI JIMHUU TPEPBIBAHUS I10
obnapyxenuto ommbOku EINTR. Ilpu »sTom cooTrBercTByromue mauHUM 3anpoca DMA
RXDMASREQ u RXDMABREQ nepeBoasTcsi B HEaKTUBHOE COCTOSHHE (MAaCKHPYIOTCS) 10
copoca EINTR. Ha nunuu 3anpoca DMA, o6cnyxuBatomue nepeaaryuk, coctosuue EINTR ne
BIIUSICT.

15.3 IIpepbiBaHus

B Momyne mpexycMOTpeHO MSATh MACKUPYEMBIX HCTOYHHKOB IPEPHIBAHUS.

CurHainsl 3aIIpOCOB Ha MPEPHIBAHUS:

- RXINTR — ot npuemsuoro FIFO;

- TXINTR — ot nepenatomero FIFO;

- RTINTR — o TaiimayTy npuemMHHKa,

- TDINTR — o okoH4YaHUHU TIepelayy B TUHUH,

- EINTR — o omub6ke.

Kaxnplii U3 cUrHaJIOB MOXKET ObITh MAaCKHPOBAaH MYTEM YCTAaHOBKHU COOTBETCTBYIOILETO
6uta B peructpe Mmacku IMSC.

HcTouHuK mpepblBaHUs TaKXKe MOYKHO OINpPENIeNNTh, CUUTaB cocTosHue peructpa RIS nmm
peructpa MIS (mackupoBannble mpepbiBaHus). COpoc TpepbIBaHHUS  OCYIIECTBISETCS
IPOTrpaMMHO MyTEM YCTAaHOBKH COOTBETCTBYIOIEro Outa B perucrpe ICR.

Curnaa RXINTR

3anpoc BO3HHUKAET B ciIyyae 0OHAPY>KEHHS OJTHOTO U3 COOBITHIA:

- 0ydep mpuemnnka B pexxume FIFO u ero 3amonHeHue JOCTUTIIO 3aJaHHOTO TTOPOTOBOTO
3HAUCHUS,

- Oydep nmpuemHHKa uMeeT ofaHy sueiky (pexum FIFO 3ampeiiieH) v npuHAT OJUH Kaap
JAHHBIX.

JluHMS pephIBaHUS IEPEXOUT B BHICOKOE COCTOSIHUE U YACPKUBAETCS B HEM JI0 TeX MOp,
noka u3 Oydepa He OyJeT MPOYNTAH KaK MHUHAMYM OJIMH OAlT WJIM BBITOJIHEH MPOTPAMMHBIN
copoc npepoiBanus (peructp ICR).
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Curnaa TXINTR

3arpoc BO3HUKAET B ciiyyae 0OHApy>KEHHUs! OHOTO U3 COOBITHIA:

- Oydep mnepenatumka B pexkume FIFO u ero omycromeHue MOCTUINIO 3aJaHHOTO
MOPOT'OBOTO 3HAUCHHS,;

- Oydep nepenatunka numeet oany ssuerky (pexxum FIFO 3amnpenien) u mycr.

JluHMS pephIBaHUS TIEPEXOIUT B BEICOKOE COCTOSIHUE U YACPKUBACTCS B HEM JI0 TEX TIOP,
noka B Oydep He OyaeT 3amrMcaH Kak MUHUMYM OJMH OalT WJTM BBITTOJHEH IIPOTrPaAMMHBIN cOpoc
MPEPHIBAHMSL.

3anuch JaHHBIX B Oydep nepenaTyuka JOMYyCKAeTCs KakK Iepes] pa3pelieHueM padoThI
npreMoIniepeIaTInKa U MPEPHIBAHMS, TaK U MOCIIE pa3pelICHHUS.

[Ipumeuanue — IlpepbiBaHue nepenaTynka padoTaer 1Mo (GpoHTy, a HE MO YPOBHIO
curHana. B cimyuae ecnu pabota mpuemorniepeaTdyika M MPepbIBaHUS OT HErO paspelieHa Jio
OCYILIECTBIICHHS 3alllCH JaHHBIX B Oydep mnepematdmka, mpepbiBaHHEe HE (HopMuUpyeTcs.
[IpepwiBaHre BOSHUKAET TOJILKO MIPH OMYyCTOIIEHUH Oydepa.

Curnaa TDINTR
3anpoc BO3HMKAET B CIy4ae OKOHYAHMS MEpelay B IMHUU.

Curnaa RTINTR

3ampoc BO3HHKAET B Ciiydae, eciau Oydep mpueMHHKa He IMyCT W Ha BXOJ MPHEMHHUKA He
HOCTYIAaJI0 HOBBIX JIAaHHBIX B TEYEHHUE IEPHO/a BPEMEHHU, HEOOXOANMOro [uis nepeaayn 32 Our.
[IpepbiBanre cOpachiBaeTCs IOCIEe CYMTHIBAHHWA MAaHHBIX M3 Oydepa NpHeMHUKa [0 €ro
OITyCTOUICHUS WM IPOTPAMMHO.

Curnan EINTR

3anpoc BO3HUKAET B CiIyyae OMMOKU MpU npuemMe JaHHbIX. OHO MOKET ObITh BBI3BAHO!
- OLIMOKOM B CTPYKTYype Kajipa;

- OIIMOKON KOHTPOJISI YETHOCTH;

- Pa3pbIBOM JIMHUH;

- IepenoaHeHneM Oydepa npueMHUKa.

Ha xonTposnepe npepriBanuit NVIC 3aBeneHo 4 1MHUM NpepbIBaHUi:

- UART_RX_INT — 3anmpoc RXINTR,;

- UART_TX_INT —3ampoc TXINTR,;

- UART_TD_INT —3ampoc TDINTR,;

- UART_E_RT_INT — o6senunennsie mo MJIN 3ampocer curnanoB RTINTR u EINTR.

15.4 TlporpaMmmupoBanue

s mporpaMMHUpOBaHUsI pEKOMEHIYETCS CIEAYIOIIAsl TOCIEA0BATEIBHOCTD IEHCTBHMN:
- 3allpeTUTh paboOTy MpUEeMONepeaaTUHKa;

- TO’KJAaThCsl OKOHYAHUS [TpUeMa W/UJH Tepeadu TEKyIero oaira JaHHbIX;

- cOpocuth Oydep nepenarurka nocpeactsom copoca 6ura FEN peructpa LCRH;

- UI3MEHUTD HacTpoiiku peructpa CR;

- pa3pemuTh paboTy MprueMoIepesaTynKa.
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16 KoutpoJsuiep untepdeiica SPI

KonTtpomtep untepdeiica SPl peanmmsyer uHTepdeiic mocinenoBaTeIbHON CHUHXPOHHON
CBSI3M B peKUME BeAylIero (MacTepa) U BeIOMOro YCTPOHCTBa U o0ecrieurBaeT 0OMeH JaHHBIMU
C TOJKJTIOUYEHHBIM BEJIOMBIM WJIM BEAYIIMM MepuepuiiHbIM yCTPOHCTBOM B COOTBETCTBUU C
OJHUM M3 Tpex mpoTokojoB ¢pupm Motorola, National Semiconductor, Texas Instruments.

[MocnenoBarenbublii  cuHxpoHHblid uHTEpdeiic SPI ¢upmsl Motorola obGecnieunBaer
MOJIHOAYTUIEKCHBI OOMEH JaHHBIMH IO YETHIPEXMPOBOJIHOI JIMHUU U MPOTrpaMMHOE 3aJaHHe
(a3bl U MOIAPHOCTH TAKTOBOTO CUTHAJIA.

Hutepdetic Microwire ¢upmbl National Semiconductor obecrnieunBaeT MOy TyTUICKCHBIH
00OMEH JJaHHBIMH C HCIIOJIb30BaHHEM 8-OMTHBIX YIPABIISAIOMINX ITOCIEI0BATEILHOCTEMH.

HNurtepdetic SSI ¢upmbr Texas Instruments oOecrieunBaeT IMOTHOMYIUICKCHBIH OOMEH
JAHHBIMH TI0 YETHIPEXIPOBOAHON JMHUU U BO3MOXKHOCTDH TIepEBOJIa JIMHUU MEepeJadn TaHHBIX B
TpeThbe (BHICOKOMMIIETAHCHOE) COCTOSTHUE.

Br16op untepdeiica ocymectsisiercs mocpeactsom noist FRF perucrpa CRO.

B pexxumMe macTepa u B peKuMe BEIOMOTro ycTpoicTBa KoHTpoiuiep SPIl oGecnieunBaer:

- lepeady JaHHBIX, pa3MELICHHbIX B Oydepe nepenatuvka (Bocemb 16-pazpsaHbIX
STYCEK);

- IPUEM JIaHHBIX U pa3MelIeHne X B Oydepe npueMHuKa (BoceMb 16-pa3psaHbIX SYeeK).

Kontpomnep SPIl dopmupyer curnansl npepbIBaHHi 1O CIETYIOMNUM COOBITHUSIM:

- He00XOAMMOCTh 00CITyKUBaHMs Oy(pepoB MpUEeMHHUKA H/UITH MTEPEJaTINKa;

- iepenoiaHenue 0ydepa npueMHUKa;

- HAUIMYHE JaHHBIX B Oydepe mprueMHUKa 0 UCTEYCHUH BPEMEHH TaiimayTa.

OCHOBHbIE XapaKTEePUCTUKHN KOHTPoJ1epa SPI:

- IPOrPaMMHOE yIIPaBJIICHUE CKOPOCThIO OOMEHA;

- IporpaMMHUpyemMast JUIUTEITbHOCTh HH(POPMAIIMOHHOTO Kajipa oT 4 10 16 our;

- He3aBHCHMOE MacKUPOBaHUE NIPEePIBaHUI OT OyepoB nepenaTunka u MPUEMHHKA;
- OJI/IEpKKa MPSIMOTOo jiocTymna K namstu (6ioxk DMA).

16.1 CrpykTypa koHTpo/iepa SPI
YrpomnieHHast pyHKIIMOHAIBHAS cxema KoHTposutepa SPI ¢ 6510koM cHHXpOHU3AINN
IIOKa3aHa Ha pucyHke 16.1.

SPICLK 1 1 YnpasneHue
CPSDVSR "] 1+SCR i CMHXpOHMSauMGVI:D SPI_SCK
Bnok npuemo-nepegarivka |—<
y
16-paspsgHbIn 16-paspsgHbIn ‘D
Gydep CABUIOBBbIN pervcTp 7 SPILTX
nepegarymka
A 4
16-paspsgHbIv 16-pa3psgHbIf
oydep CABWTOBbIN peructp | SPI_RX

I npuemMHuKka

RXINTR R
TXINTR
O6pabotunk » [pepbiBaHus
n RTINTR K KOHTponnepy
npepbiBaHnn SPI N N
ROINTR >

Pucynok 16.1 — YrpormieHHast pyHKIMOHaIbHAs cxeMa KoHTpoiuiepa SPI
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CuHXpOoHU3aAIUSA

TaxtupoBanue koutposepa SPI ocymectsisiercs: TakToBbIM curHasioM SPICLK, koTopsrii
(opmupyeTcsi Ha OCHOBE OJTHOTO U3 YEThIPEX 0a30BbIX CHHXPOCHIHAIIOB (CM. paszel 4).

Cy1ecTByeT OrpaHHYEHHE Ha COOTHOIICHHE MEXKJy YacTOTaMH TaKTOBBIX CHTHAJIOB
PCLK u SPICLK:

fspicLk < frcLk (16.1)

B pexxume mactepa Ha ocHoBe curHaia SPICLK mocpencTtBoM nByX mociieoBaTeIbHO
CTOSAIIUX JIeNUTENCH (OPMUPYETCS CHTHANT TaKTHPOBAHHS IEpeAadyd M TMpUeMa JaHHBIX C
4acToTOoM fspi_sck, KOTOPYHO MOYKHO BBIYUCIIUTH 110 (OpMYyJie

fspi_sck = fspicLk/(CPSDVSRx(1+SCR)), (16.2)

rae fspicLk — gacrora BxogHoro cuaxpocuriaina SPICLK;

CPSDVSR — ko3¢ duiMeHT nepBoro AeauTess 4acToThl (3aaaercs B peructpe CPSR);

SCR — k03¢ GUIMEHT BTOPOTo AeIUTENs 4acToThI (3amaercs B peructpe CRO).

CdopmupoBanHblii CHHXpOCUTHAN Togaercss Ha BbBoa SPI_SCK MukpokoHTpoiepa u
Janee K MOJKJIIOUEHHBIM BHEITHUM BEIOMBIM yCTPOICTBAM.

B pexunme Bemomoro — 3HaueHHS KOI(D(UIIMEHTOB JeNUTENeH He BaXHBI. BHemHui
cuHxpocurHain nojaaercs Ha BeiBoa SP1_SCK u Taktupyer npuem u nepefaydy JaHHBIX.

J1st KOppeKTHO paboThI BCeria JOJKHBI COOMI0IAThCS yCIOBUS:

- B pe&KHUMe MacTepa i GopMHPYyeMOro CHHXpOCUTHAIIA

fspi_sck < frcLk/2; (16.3)
- B peKUME BEJIOMOTO JIIs BXOJSIIEr0 BHEITHEr0 CHHXPOCUTHANA

fspi_sck < fecLk/12. (16.4)

Bydepsl npuema u nepexauun

Jlist XpaHeHHs TiepelaBaeMbIX W NMPHHATHIX JaHHBIX B KOHTpoiuiepe SPl mmerorcst npa
16-pa3psanbix Oydepa, opranuzoBanHbix o tumy FIFO. Kaxapiii 6ydep MoxxeT XxpaHuTh 10
BOCEMH CJIOB JIaHHBIX. bydep mis mepemaBaeMbIX JaHHBIX JOCTYNEH TOJNBKO ISl 3allUCH, a
Oydep NpUHATHIX JaHHBIX — TOJIBKO JUIS YTEHHUS.

Jauuble u1s iepeaadn 3anuchbiBatoTcst B Oydep yepes3 peructp DR. [Jomyckaetcs 3apaHee
3aMoJIHUTh OyQep WM 3aluchIBaTh B HETO JaHHbIE B Te€UeHUE paboThl KOHTposiepa. CocTosiHue
Oydepa MoOxHO KOHTpOiHMpoBaTh ¢ momompeio OutoB TNF m TFE perucrpa SR. Ecmm
KOHTpoJuIep BhIKIO4eH (cOpouen out SSE perucrpa CR1), To 3anuck B peructp DR npusener
K TOMY, YTO JaHHble OyayT pa3melieHbl B Oydepe um OyayT mepenaHbl MOCIE BKIIOUEHUS
KOHTpoJuiepa. Eciau KOHTposuiep BKIIIOYEH U BBIOpAH PEXUM MacTepa, TO B CIy4ae OTCYTCTBUS
JIaHHBIX B Oydepe 3anuch B peructp DR mpuBener k HemenIeHHOMY Hadainy nepeaauu. Ecnu
3anuch JaHHbIX B peructp DR mpoucxomuT Bo BpeMs TeKylled mepenadyd, TO JaHHbIE
pasmemaroTcs B 0ydepe.

[Tony4yeHHble NaHHBIE aBTOMATUYECKH COXpaHSIOTCS B Oydepe NPUHATHIX JIaHHBIX.
N3Bneusr pgannbsie u3 Oydepa Bo3MoxHO uTeHHeM peructpa DR. CocrosHme Oydepa MOKHO
KOHTpOJMpoBath ¢ nomorbio 6utoB RFFF u RNE peructpa SR.

Pazmep mepegaBaeMoro kazapa JTaHHBIX MOXET ObITh OT 4 10 16 OUT, 4TO 3a7aeTCs MOJIEM
DSS peructpa CRO. Ecnu BeIOpan pa3mep kajapa MeHee 16 OUT, JaHHBIE BBIPABHUBAIOTCS IO
NIPaBOi TPaHUIIE; HEUCIIOIB3YeMble OUTHI HTHOPHPYIOTCS.
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16.2 UnTepdeiic mpsiMoro gocTyna K namsiTu

Kontpomiep SPIl umeer mHTepdeiic MoAKIOYeHNsT K KOHTPOJUIEPY HPSMOro TOCTyIa K
namsatu. PaboTa B qaHHOM pexume KoHTposmpyercs peructpom DMACR.

Curnansl 1715 mprema:

- RXDMASREQ — 3ampoc nepeaadn OTZICTTLHOTO CJIOBa, WHULIUUPYETCS
npuemorniepenaTyukoM. CUTHaI TEpeBOIUTCS B aKTHBHOE COCTOSIHUE B cilydae, eciu Oydep
MPUEMHHKA COAECPIKUT, [0 MEHBIIEH Mepe, OAHO CIIOBO;

- RXDMABREQ — 3anpoc 0J104HOTO oOMeHa JTAHHBIMH, WHULIMUPYETCS
npuemonepenaTaukoM. CHUrHai nepexoauT B aKTUBHOE COCTOSTHUE B Cllydae, €Clid 3alloJIHeHHe
Oydepa mpueMHUKa TPEBBICUIO 33aJaHHbIN mopor. [lopor mporpamMmupyercs WHAMBHIYaIbHO
nocpenctBoM nosst RXIFLSEL peructpa CR1,

- RXDMACLR — c6poc 3anmpoca Ha DMA, ununuupyercsi KoHTpoimiepoM DMA ¢ menbio
cOpoca mpUHATOTO 3amnpoca. B ciayyae ecnu ObuT 3anpoIeH MAaKeTHBIM 00MEH JaHHBIMU, CUTHAI
cOpoca GpopmupyeTcs B X0/ie Iepejauu MOCIEIHEr0 CI0Ba JaHHBIX B MAKETeE.

Curnansl a5 nepesadu:

- TXDMASREQ — 3anpoc nepeaaun OTJIENTHOTO CJIOBa, WHULIUUPYETCS
npuemonepenaTaukoM. CUTHaNl MEpeBOAUTCA B aKTUBHOE COCTOSHUE B ciyyae, eciau Oydep
nepeaaTynKa CoEPIKUT, 0 MEHbBINEH Mepe, OJTHY CBOOOTHYIO STYEHKY;

- TXDMABREQ - 3anpoc OJIOYHOTO oOMmeHa JaHHBIMH, UHUITHPYETCS
npuemorniepenaTaukoM. CUTHAJ EPEBOAUTCS B AKTHBHOE COCTOSTHHE B CIIydae, €CIIM 3all0JTHEHHE
Oydepa mepematumka HmKe 3agaHHOro mopora. I[lopor mporpamMmupyercs WHIUBUIAYaIbHO
nocpenctsoM noist TXIFLSEL peructpa CR1,

- TXDMACLR — cbpoc 3anpoca na DMA, ununuupyetcst koutpoiuiepom DMA ¢ 1ienbro
cOpoca mpuHATOTrO 3ampoca. B cimyyae ecnu ObUT 3anpoIeH NMAaKeTHBIH 0OMEH JaHHBIMU, CUTHAI
copoca popmupyeTcs B xo/1e iepeiaun MOCIEAHEr0 CI0Ba JaHHBIX B MAKETe.

Curnanel OJOYHOTO W OJHODJIEMEHTHOTO OOMEHa JaHHBIMH HE SIBJSIFOTCS B3aUMHO
UCKJTIOYAIOIIMMH, OHU MOTYT OBbITh MHUIIMUPOBAHBI OJTHOBpeMEeHHO. Hampumep, B ciyuae, eciu
3aroJIHEHNE TaHHBIMU Oydepa MpHeMHHUKa MPEBHIIIAET IOPOroBOE 3HAUYECHUE, POPMHUPYETCs KaK
CUTHAJ 3alpoca OJJHO3JIEMEHTHOTO 0OMEHa, TaK U CUTHAJ 3ampoca 6J104HOro oOMeHa JaHHBIMU.
B cnywae ecim konnMyecTBO JaHHBIX B Oydepe mnpueMa MEHbIEe I[OPOroBOr0 3HAYEHHS,
dopMHpyeTCsl TOJIBKO 3alpoc OJIHOIIEMEHTHOro oOMeHa. DTO ObIBAaeT MOJIE3HO B CUTYaIMsX,
U KOTOPBIX 00BEM JIaHHBIX MEHBIIIE pa3Mepa OJIoKa.

Hanpumep, Hy>kHO TpuHATH 19 cioB, a mopor 3anoiHeHUs Oydepa ycTaHOBIEH paBHBIM
yeTtbipeM. Toraa koHTpoiep DMA ocymiecTBUT 4YeTblpe MAKEeTHhIX Mepenaud OJIOKOB IO
YeThIpe CJIOBA, a OCTABILIMECS TPU CIOBA — B XOJAE TPEX OJUHOYHBIX OOMEHOB, IMOCKOJBKY IS
HUX KOHTposutep SP| He MHUIMUPYET MpoIeypy MakeTHOro 0OMeHa.

Kaxaplii MHULIMMPOBAHHBIN MpHeMoNepenaTIukoM curHan 3ampoca DMA  ocraetcs
AKTHUBHBIM JI0 MOMEHTA €ro cOpoca COOTBETCTBYIOIIMM CUTHAJIOM OT KoHTposuiepa DMA.

[Tocne cHATHS curHana cOpoca NpuUeMONepeaTdYMK BHOBb I0JIy4aeT BO3MOXKHOCTb
chopmupoBarh 3ampoc Ha DMA B ciyuae BBITIOJIHEHMsI OINMCAHHBIX BBIINIE yCIoBUH. Bcee
3anpocsl DMA cHHMaroTCsl mocnie 3ampera paboThl IMpueMolepenaTurka, a TakkKe B Ccllydae
CHATHUS cUTHajia paspemienus DMA.

16.3 ®@ynknuumoHnnpoBaHue

[Tpuemorniepenaromas Joruka MoayJis, ynpasistomue peructpel 1 FIFO mo ymomuanuio
HaxomsTcs B cOpoce. CHATH cOpoc MokHO myTéM yctanoBku 6uta RSTDIS B cooTBeTcBytomem
peructpe SPICFG 6mokxa RCU.

[Tpexne gyem paszpemuth padory 6utom SSE peructpa CR1, cremyer ckoHGUTYprupoBaTh
koHTpouiep SPl mocpenctBom peructpoB CRO u CR1, a Ttakxke, eciu 3T0O HEOOXOAUMO,
3alporpaMMHPOBATh MACKH MTPEPHIBAHUM.

JluHaMuueckoe n3MeHeHne KOH(PUTypalii yCTPOHCTBA HE IOITYCKAeTCs.
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s mpotokosia SPI momomHUTEIRHO 33/1at0TCs MOJSIPHOCTD U (pa3a curHana (outsl SPH u
SPO peructpa CRO).

[Tocne pa3peuieHus: paboThl IpUEMONEpeaTYNK TOTOB K OOMEHY JTaHHBIMU C BHEITHUMU
ycrporictBamu 1o auHHsM SPI_TX (mepemada maHHBIX K BHeHmIHeMy ycrpoiictBy) u SPI_RX
(mpueM JaHHBIX OT BHEITHETO YCTPONCTBA).

B 3aBucumoctu ot pexxuma pabotsl curnan Ha auauu SPlFSS ucnonssyercs nubo s
KaJIpoBOM cuHXpoHM3anuu (uHTEepdeiic SSI, akTMBHOE COCTOSIHHE — BBICOKHH YPOBEHB), JTUOO
JUIsE BBIOOpa yCTpoicTBa B pekume Beaomoro (mHTepdeiicet SPI m Microwire, akTHBHOE
COCTOSTHUE — HU3KHI YPOBEHB).

Bo Bcex tpex pexumax SPI, Microwire u SSI cunxpocurnan SPI_SCK ¢opmupyercs
TOJIbKO TOTJa, KOrjJa IpueMolepeaTduk roToB K oOMeHy naHHbMH. [lepeBoj curnana
SPI_SCK B HeakTHBHOE COCTOSHHE MCHOJB3YETCsl KaK MPU3HAK TailMayTa MpHUEMHHUKA, TO €CTh
Hanuuus B Oydepe nprueMHUKa HeoOpaOOTaHHBIX JaHHBIX MO MCTEUYEHUHU 3aJaHHOTO MHTEepBaja
BpPEMEHH.

YcranoBka 6uta MS perucrpa CR1 BkiIO4aeT pexuMm BEIOMOTO yCTpoicTBa. B aTOomM
peKHMME paspelleHHe WU 3alpelieHue Iepenadd  JaHHbiXx  depe3  Bbixoxg SPI_TX
koHTponupyerca 6urom SOD. Ha mpuem cHHXpocHTHaja M JaHHBIX COCTOSIHME 3TOro Outa
BJIMSIHUS HE OKa3bIBACT.

HNurepdeiic SPI

Untepdeiic SP| peannzyeT nomHOAYIIIEKCHBIA PEKUM Tepeaun JaHHbBIX.

Bxirowaer ogny smamto cuaxponmsanmu SPI_SCK, nBe nmHuMM mpuema u mepemadu
nmanHbeix SPI_RX u SPI_TX, a Takxke nuHUIO BbIOOpa YCTpOHCTBa (VIS peKMMa BEIOMOTO)
SPI_FSS.

Ecnu ycTpoiicTBO PyHKIMOHUPYET B peKkUMe BeloMoro, To Ha ero Bxoa SPl_FSS nomken
NoJaBaThCs HU3KUI ypOBEHb CHTHAlla B TEUCHHE BCEH Iepenadd Kajapa (IociieoBaTebHOCTh
nepeaaBaeMbIX OUT JaHHBIX JJIMHOKO OT 4 110 16 Our).

[lepenaua nmaHHBIX MOXKET OBITH OJWHOYHOW (OIMH KaAp) WJIM HeENpepbiBHOW (0Oojee
OJIHOTO Kajpa nojpsia). JlaHHsle nepenaroTcs cTapuIuM OUTOM BIepes.

Ocobennocteio wHTEpdeiica SPl sBisercs To, 9To B HEM peaM30BaHa BO3MOXKHOCTH
3aaHusl MOJIIPHOCTU U (Pa3bl TakToBOro curHaia. but SPO peructpa CRO 3amaeT nmonspHOCTb
TAaKTOBOTO CHTHAJIA, T. €. ONPENeNseT, KAaKOW YpOBEHb CUTHaA OyAeT yJIep)KUBAThCS HA JIMHUH
SPI_SCK B TO Bpemsi, Koria TUHUS HE aKTUBHA.

but SPH 3agaer ¢a3sy TakToBoro curnama. GakTHYeCKH, OH 33Ja€T MOPSIOK CYUTHIBAHUS
U BbIcTaBleHus JaHHbIX. [Io ymomuanuto 6ut SPH cOporiieH u BrICTaBICHHE TaHHBIX HA JIMHUSX
SPI_TX u SPI_RX mpoucxomut mo nepeaaeMy (GpoHTY CHTHaJIa CHHXPOHHU3AINH, a BEIOOpKaA —
0 33 THEMY .

[lepenaum Bcerna cuntaercss TOT GPOHT CUTHAJA, KOTOPBIN SIBIISIETCSI HAYAJIOM TIepeIadn
nepBOro OUTa, CM. pUCyHOK 16.2.

Mepepava kagpa Het
. < > nepenaun
MepenHun ppoHT < N
P o SanHMIA OPOHT I'I?pGeV;IlT?a

Curnan SPIx_SCK | I | I | I | | | I | I | | I | I
npu SPO =0 — _—

CurHan SPIx_SCK | I | I | I T | I | | | I | I | I | I |
npu SPO =1

Pucynok 16.2 — Curnan cunxponuszaiuu SP1_SCK npu pa3ubix cocrostausx 6uta SPO

101



KomOunammu O6utoB SPO m SPH 3amaior derblpe pexuma oOOMEHa [TaHHBIMH, CM.

pucyHok 16.3.
Curnan SPI_FSS \ ’
Curnan SPI_SCK
npuSPO =0
s AN AR AR .
npu SPO =1
YcTaHoBka BeiGopka YcTtaHoBKa BriGopka
v
NaHHble Ha MHUSX SPI_TX M g aanno lCTapu.lM1 l 45 T Ere—
SPI_RX npu SPH =0 onr A bur
YCTaHOBKal le|6opKa yCTaHOBKal le|6opKa
{(
aHHble Ha NMHNAX SPI_TX )T
A nSPI_RX npuSPH =1 He BaxHo Taﬁﬁfw l " ngﬂ:‘”"He BaXKHO

Kagzp (ot 4 po 16 6uT)

h 4

<

Pucynok 16.3 — Ilepenava kanpoB nanusix B uHTEepderice SPI

Ha pucynke 16.4 noka3zaHo noBeieHHe CUTHAIOB MPU HEMPEPHIBHOM Tepeaue KaapoB
JTAHHBIX.

SPI_FSS _I_\ I_\
Curnan SPI_SCK
npuSPO =0 —
Curnan SPI_SCK \’\’\'“\’\’\’\’\’ \'
npu SPO =1

Yerawoska|  |BrlOOPKa Ycravoska|  |BbiOOpka
A\
SPI_TX n SPI_RX TP 1) A Crapw
npw SPH=0 out (' out out
LR

Kagp (o1 4 po 16 6uT)

< >
< >

Pucynok 16.4 — IloBeaeHue cUrHaIOB IPU HEMPEPHIBHOM Mepeadye KaapoB JTaHHBIX

B pexxume HemnpepbIBHOU nepenaun JaHHbIX npu yciaoBun SPH = 0 na nunum SPI_FSS
JIOJDKHBI (POPMUPOBATHCS UMITYITECHI MEXKY TMepeaadaMy KaJpoB JaHHBIX. JTO CBSA3aHO C TEM,
4TO B 3TOM pEeXHME HM3KUI ypoBeHb curHaia Ha juHuu SPI_FSS Benomoro ycrpoiictsa
OJIOKMpYeT 3alluch B CIBUTOBBIA peructp. [lodToMy MacTep JOIDKEH IEepPEeBOIAMTH JIMHUIO
SPI_FSS B BbICOKMII ypOBEHb MO OKOHYAHMH IEpellaud KaXJ0ro Kajapa, paspelias, TaKuM
o0pa3oM, 3amuch HOBBIX JaHHBIX. [0 OKOHYaHWMM TpueMa TOCIeqHero OuTa Kaapa JMHHS
SPI_FSS nepeBonuTcst B COCTOSHUE JIOTUYECKON €IMHUIIBI IO UCTEUEHUH OHOTO TaKTa CUTHala
SPI_SCK.

B pexume HenpepbIBHOI mneperauu JaHHbIX mpu ycinoBun SPH = 1 HU3KUN ypoOBEHb
curHana Ha nuanA SPl_FSS ne Gmoxupyer 3ammck B cnBurosblid peructp. Jluawms SPI_FSS
MOYET OCTaBaThCs B COCTOSTHUM HYJIS B TEUCHHE Mepejauu BceX KaJpoB. TOJIBKO MO OKOHYaHUU
nepeaayn JMHUS MOKET OBITh TIEpeBe/IeHa B COCTOSIHHE JIOTUYECKON €TUHHIIBI.
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Hurepdeiic Microwire

WnTepdeiic Microwire peann3yeT Moy AyIUIEKCHBINA pexXUM Nepeayn TaHHbBIX.

Bxmtouaer nmuauio cuaxponm3anuu SPI_SCK, nBe nuHum npuema M mepenaydd JaHHBIX
SPI_RX u SPI_TX, a Takxe auHMIO BEIOOpa ycTpoiicTBa (i pexxuma Begomoro) SPI_FSS.

Ecnu ycTpoiicTBO (hyHKIIMOHHPYET B peXUME Be1oMOoTo, To Ha ero Bxoa SPI_FSS nomken
M0J1aBaThCsl HU3KHUI YPOBEHb CHUTHAJIA B TEYCHUE BCEW Mepenadyn Kajapa (MOCIeI0BaTeIbHOCTh
nepeaaBaeMbIX OUT JaHHBIX JUTHHOIO OT 4 10 16 OuT).

[Tepenaya naHHBIX MOXXET OBITH OJUHOYHOW (OJWH Kaap) WM HENpepbhIBHOU (Ooiee
OJIHOTO Kajpa nojpsia). JJanHsle nepenaroTcs CTapiuIuM OUTOM BIIEpes.

[lepen nayanom nepexauu nunust SP1_FSS nepeBoauTcst B HU3KOE COCTOSIHUE.

Kaxnas mnepemaua HaumHaeTcs C Mmepegayd OT MacTepa K BeAoMoil  8-OuTHoM
YIPaBJIAIOIIEH IIOCIEIOBAaTEIbHOCTH. B  TedeHWe Iepenaud dSTOM  IOCIENOBATEIbHOCTH
NPUEMHUK MacTepa He oOpabaTbiBaeT BXozsiue aaHHble. [locie Toro kak ympapisitolias
MOCIIEI0BATEIHHOCTD MEepeiaHa U JICKOUPOBaHA OJHUM U3 BEAOMBIX YCTPONCTB, STOT BEIOMBIN
BBIIEP)KMBAET Nay3y B OJUH TaKT CHUHXPOCHTHAlla M HA4YMHAET IMepeAaBaTb MacTepy Kaiap
JAHHBIX, CM. PUCYHOK 16.5.

BricTaBnenue naHHBIX MPOUCXOAUT Mo 3aaHeMy (ponTty curHana SP1_SCK, a cunteiBanue —
IO MePETHEMY .

SPILFSS [ [
S S AVAVAVAVAVAWAWAWAWAWAW SYAWA U

SPLTXD Mmse X X X X X Yuss\ /i
SPI_RXD « /msBY X YsB— >—
SPI_nTXD_OE \ / Ji

Pucynok 16.5 — Ilepenaua kaapa nanusix B uHtepdeiice Microwire

[To oxonuannn npuema nanabIx U SP1_FSS nepeBoaurcs B BeIcOKO€ cocTOsIHUE.

[Ilpumeuanue — B TeueHMe BpeMeHH, KOIJla MeEpeAaercs  YIpaBisioLias
MOCIIEI0OBATEIPHOCT, M MEXAY nepenadamu, juaus SPI_RX MoxeT HaxXxoauTbcs B TPEeTheM
COCTOSIHUU.

B pexxume HempephIBHOH Mepenadyn Hadalo W 3aBepIIeHHE Tepeayd HECKOJIbKUX KaapoB
JTAHHBIX aHAJIOTUYHO nepenayde oxHoro kaapa. Jlunus SPI_FSS ynepxuBaetcs B Hylie B TeueHHe
BCET0 ceaHca nepenadd. [1o okoHYaHUHM Tepeadn OJHOTO KaJIpa JaHHBIX HAYWHAETCS Iepeaada
yHpaBIIsoLIei Mocne10BaTeIbHOCTH 03 may3bl, CM. pUCYHOK 16.6.

[Ipumeuanue - bydepsr FIFO mnpuema wu mepenauum MaHHBIX HE OYHIAIOTCS
aBTOMATHUECKH, JJaJKe B CIyyae 3arpelieHus pabotsl copocom 6uta SSE.
SPI_FSS /i
e VAVAVAVAW A AVAVAVAVAVAVAVAVAVAVAVAVAVAWA
SPLTXD _ JLSB\ /[ MSB LSB
b f&-bitcontrtl —M
SPLRXD ———  /MsB{____ ]/ XLsB\ MSB
+— 410 16 bits outputdata —i
SPI_nTXD_OE / J/i \ /

Pucynok 16.6 — Ilepenaya kaapoB naHHBIX B HHTepdeiice Microwire
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Jns peanmzanuyu BO3MOXXHOCTH oObeauHeHus nByx jauHud TxD m RxD mpu pabGote B
pexume MICROWIRE wmonynes wunTepdeiica umeer B cocraBe curan nSSPOE. 3to
BHYTPEHHUH CUTHAJ ynpaBiieHHs BbixogoMm JuHuu TxD umaTepdeiica SPI. B ¢daze urenus mo
muHun RxD Ha HeM ycTaHaB/IMBAaeTCs BBICOKMHI YPOBEHb, M OH IIEPEBOAUT BbIBOA noprta TxD B
BBICOKOMMIIEZJAHCHOE COCTOSTHUE.

Hurepdeiic SSI

Hutepdetic SSI peanusyeT NoJTHOAYIIIIEKCHBIA PEXKHUM IepeIayr TaHHbBIX.

Bxirowaer ogny smmuuto cuaxponmszanmu SPI_SCK, nBe nmHuu mpuema u mepemayu
nanubix SPI_RX u SP1_TX, a taxkxe nunuto Beidopa ycrporictBa SPI_FSS.

[lepen nawamom mepenaunm kaxmoro kaapa wa juauu SPl FSS dopmupyercs ummynbsc
JUMTENbHOCTRIO B oawH miepuona curHana SPI_SCK. Jlanee mactep W BeAOMBIH TEpenarOT
JAHHBIC. Y CTAHOBKA JIAHHBIX TPOU3BOIUTCS I10 TIepeaHeMY (POHTY CHHXPOCUTHANA, a BRIOOPKA —
1o 3aJHEMY, CM. pUCYHOK 16.7. Bech LUKI meperayd HAYMHACTCS Cpasy e Mocie MOsSBICHUs
x0Ts ObI o1HOTO 3MeMeHTa B Oydepe FIFO nepenartuunka.

JInHusa SPI_FSS :' :\ I_
NHmus SPI_SCK 1 \ 7 \ , \ , \ , \s[_\_[_\_[_\_]_\_f_

Bbibopka

YcTtaHoBKa

i ) :
Qi o s N O Y O =

mSPI_TX

Kagp (ot 4 go 16 6ur)

I~ 1
Pucynok 16.7 — Ilepenaua kajpa naHHbIX B uHTepdeiice SSI

PexxuM HenpepbIBHOM nepeiaun KaApoB JaHHBIX NTOKa3aH Ha pucyHke 16.8.

IMuHuna SPI_FSS :I :\ I: :\

Tnkms SP1_SCK 1 \ 1 \ 1 \ , \ , \ ’ \ ’ \ 1 \ , \ 1\
P M
e e i e i ,’:X i
)

M SPI_TX

Kagp

Pucynok 16.8 — HenpepriBHast iepe1ada KapoB JaHHBIX B nHTepdeiice SSI
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16.4 TlpepbiBanust

bybep mnpuema u Oydep mnepenaun MOTyT TEHEPUPOBATh YETHIPE HE3ABUCUMBIX
MaCKHUPYEMBIX 3alpoca Ha MPEePhIBAHMUS

- TXINTR — 3ampoc Ha obGciyxuBanue Oydepa mnepeaarduka (omycrorieHue Oydepa
paBHO WJIM HUXKE IOPOTra);

- RXINTR — 3anpoc Ha oGciykuBanue Oydepa npueMHHKa (3amosHeHne O0ydepa paBHO
WIH BBIIIIE [10POTa);

- RTINTR - TtaiiMayT OXHIaHUS YTEHUS [aHHBIX H3 Oydepa mnpuemuuka (Oydep
MPUEMHHUKA HE MYCT U HE OBbUIO TOMBITOK OOpaimieHuss K HEMYy B TEUEHHE BPEMEHH DPAaBHOTO
nepeaaye 32 6ur);

- RORINTR — nepenonaenue 0ydepa npueMHUKA.

[Toporu mporpaMMUpPYIOTCSI MHIMBUIYAIBHO IS Kaxaoro Oydepa mocpencTBOM moJjeit
TXIFLSEL u RXIFLSEL perucrpa CR1.

Kaxxaplii U3 curHaiaoB MOXKeT ObITh MAacCKHPOBaH IyTEM YCTAaHOBKHM COOTBETCTBYIOLIETO
Oura B peructpe Macku npepsiBanuii IMSC.

HicTouHuK mpephIBaHMs TaK)KE€ MOXKHO OMPEIENUTh, CUNTaB cocTosiHue peructpa RIS umu
peructpa MIS (mackupoBanHble mpepbiBaHusi). COpoc TpephIBaHUS  OCYIIECTBISICTCS
POrpaMMHO IMyTEM YCTaHOBKHU COOTBETCTBYIOMIEro 6ura B peructpe ICR.

Ha xonTtpomnepe npepeBannii NVIC 3aBeneHo 3 mMHUN NpepbIBaHUNA:

- SPI_RX_INT —3anpoc RXINTR,;

- SPI_TX_INT —3ampoc TXINTR,;

- SPI_RO_RT_INT — o6benunennsie o MJIM 3anpocst ROINTR u RTINTR.
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17 KontpoJsuiep untepdeiica 12C

Mopayns koutpoiiepa I[2C obecneurBaeT TOJIHYIO TOJACPKKY JIBYXIPOBOIHOTO
MoCJIeI0BaTeIHbHOTO CHHXpOHHOTO nHTepdeiica 2C/SMBus. Pesynbrar Takoii COBMECTUMOCTH —
JIETKOE COEIMHEHUE CO MHOTHMMH 3allOMUHAIONIMMH YCTPONCTBAMH M YCTPONCTBAaMH BBOJa-
BbIBOIa, BKItoYasi EEPROM, SRAM, cuetunku, AL, LIAIL, nepudepuiinbie ycTpoiicTBa.

DYHKIHOHAJIBLHbIE BO3MOKHOCTH MOJIYJIsl KOHTpoJiepa 12C:

- COBMECTHMOCTH ¢ mpotokonamu SMBuUs 1.1 u SMBus 2.0, ACCESS.Bus, 12C 2.1;

- moaepkka ckopoctHoro/cranaaptHoro (FS) u BeicokockopocTHOro (HS) pexumos;

- IpOrpaMMHUPOBaHUE ICHCTBUI MacTepa/BeJOMOTO0;

- BO3MOXXHOCTb TIOJIKJTFOUEHHSI K IIMHE HECKOJIBKUX BEIYIIUX YCTPOMCTB, T. €. TOJICPIKKa
pexuma mynbtumactep (MM);

- OJJUH IIPOTrPaAMMHO 3aJaBaeMbIil aIpec;

- 7- wim 10-OuTHas ajgpecalust BeIOMOro;

- OJIAEPIKKa aapeca oOIIero BhI30BA.

Oco0ble BO3MOKHOCTH TPOTOKO1a SMBUS:

- OTCJIeXKMBaHUE BpeMeHu npocTos auHuu SCL;

- Hanuuue (QyHKIUM OTciekuBaHUs omMOoK B nakerax AaHHbIX PEC ¢ ucnonbs3oBanuem
MeTo/a pacdyera KOHTpobHOI cymmbl CRC;

- OJIEPIKKa aipeca OTKIIMKA MacTepa;

- IOJIACPOKKA MOJIMHTA ¥ KOHTPOJIS IIPEPHIBAHUN.

17.1 lIpoToko., MIUHBI

[Tporoxon 12C ucnonb3yet AByXNPOBOIHOM UHTEP(EIC s IBYXCTOPOHHEH CBSI3U MEXKITY
YCTPOWCTBaMH, MOJKIIOUYEHHBIMU K IIWHE. J|ByHampaBiieHHAas IIWHA COCTOUT U3 JBYX JIMHUM:
naHHbIX SDA u takToBoro curtaiia SCL. DTu IMHUM NOJKIIIOUEHB! K UICTOYHUKY [TUTAaHUS Yepe3
MOATATHBAIONIHE pe3ucTophl. IIInHHBIE opMUpOBaTENH JFOOBIX YCTPOWCTB, MOAKIIOYAEMBIX K
IIMHE, BBITOJHAIOTCS 110 CXEME C OTKPBITHIM KOJUIEKTOPOM MJIA OTKPBITBIM CTOKOM. Y CTPOMCTBA
MOTYT BBICTAaBUThH TOJBKO HU3KHI YPOBEHb HAa COOTBETCTBYIOIIeH nuHuu. CienoBaTenbHO, 00
muan SDA u SCL peanuzyroT GyHKIHIO «MOHTaxxHOe ».

[IpoTokon moanep:KUBaeT PEXKUM  MYJbTUMACTEp, B KOTOPOM IIMHA MOXET
KOHTPOJIMPOBATHCSA OJHUM WM HECKOJBKUMU YCTPOMCTBAMHU W3 TOAKIIOYEHHBIX K IIWHE.
Kaxmoe ycTpoiicTBO, MOAKIIOYEHHOE K IIWHE, HMMEET CBOM aJpec M MOXKET OBbITh Kak
MPUEMHHUKOM, TaK U MEepeAaTYNKOM (HEKOTOPbIE TOJIBKO TPUEMHHUKAMH).

Omnepanum ¢ JaHHBIMHA

YcTpoiicTBO, KOTOpOE HAa4YMHAET Tepefady JaHHBIX, CTAaHOBHTCS MacTepoM. Macrep
reHepupyeT TakToBbli curHan SCL, a Taxke MHMIMUPYET U 3aBepIIaeT mepeaady AaHHBIX 10
muHe. 3a onuH TakT curHanma SCL mepenmaercs oauH OMT OaHHBIX 1o JTuHUU SDA, cM.
pucynok 17.1.

spA L I \
SCL ] : ! —
NvHus faHHbIX cTabuneHa, PaspelueHo nameHeHune
AaHHble BEpHbI JaHHbIX

Pucynok 17.1 — [lepenaua 6uta JaHHBIX

JlanHble BaluAHBI (BEpHBI), MOKAa ypoBeHb curHana Ha jguHuu SCL Beicokuil. Korna Ha
muann SCL HU3KUI ypOBEHb CUTHANA, TaHHBIE MOTYT MEHSITHCSL.
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Crapr u cTon

Cocrosinue crapra Qopmupyercss Toraa, korma Ha nuHuM SCL mepKUTCS BBICOKUIN
YPOBEHb CUTHAJA, a HA JIMHUU SDA BO3HHMKAeT repernaj ypoBHsS CHUTHAJIa U3 BRICOKOTO YPOBHS B
HU3KUH, CM. pUCYHOK 17.2.

CocrosiHue croma (octaHoBa) (opmupyercs Torma, korja Ha juHuM SCL mepkutcs
BBICOKHI YpOBEHb CUTHaJA, a Ha MuHUU SDA BO3HUKAeT mepernaj YpOBHS CUTHANA U3 HU3KOTO
YPOBHS B BBICOKHH, CM. pUCYHOK 17.2.

CocrosiHus cTapTta U cTona (GOpMHUPYET TOJIBKO MaCTep.

Pucynok 17.2 — CocTosiHus cTapTa u croma

[Tocne Toro, kak chOpMUPOBAHO COCTOSIHME CTapTa, IIMHA CUYUTACTCS 3aHATOW M JIPyTrHe
YCTPOICTBa HE JOJKHBI MBITAThCS YNpaBisTh eto. llluna cunraercs 3aHATO# 10 Tex MoOp, MOKa
He Oyner copMHUpoOBaHO COCTOSIHHE CTOoma. B cepenuHe mepenayn MOXeT ObITh chopMHpOBAHO
COCTOSIHUE TOBTOPHOT'O CTapTa, €CIM MacTepy HYXKHO OOpaTUTbcad K JAPYroMy BEIOMOMY WIIU
eciu TpedyeTcs U3MEHEHHE HalpaBlIeHHs Mepeladn JaHHbIX 0e3 MOTepu KOHTPOJIS HaJl IIHHOMH,
CM. pucyHOK 17.3.

son T I T
sc T/ S
Crapt [MoBTOPHBLIN

cTaprt

Pucynok 17.3 — CocTosiHEE TOBTOPHOTO CTapTa

ApOurtpax

ApOuTpax BBINOJHIETCS B MOMEHT BpeMeHH, korja Ha nuHuu SCL Haxoxutes «1». [IBa
YCTPOHCTBA MOTYT CI€HEPHUPOBaTh CTApTOBOE COCTOSHUME B OAHO M TO ke Bpems. [lanee
apoutpax OyJeT MPOJOJDKATHCS 0 TEX IMOp, MOKa OJHO U3 YCTPOUCTB chopmupyetr «0», a
npyroe — «l» nHa muaum SDA. VYcerpoiictBo, koTopoe ycraHoBuwio «l» Ha auHum SDA,
npourpeiBaet apoutpax. Ha pucynke 17.4 npusenen npumep apouTpaxa.

Mepepartynk 1 npourpbiBaeT
apbuTpax - Ha ero NUHUKN JaHHbIX
BbICOKVI ypOBEHb CUrHana

DATAL |
DATA2 |

SDA

SCL

Pucynok 17.4 — Ap6utpax Ha muaun SDA

JlBa yctpoiictBa nepenatot ceou aanHsie DATAL u DATA2 na nunuto SDA. B MoMeHT
BpeMeHH, korja ouepeanoit out nanaeix DATAL paBen «1», a out nanaeix DATA2 pasen «0»,
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BTOPOE YCTPOMCTBO BHIMTPBIBACT apOMTPaXX W MPOJOJDKAET Iepesiady CBOMX JaHHBIX, a IEPBOE
YCTPOMCTBO MpEKpalaeT nepeaaqy.

Ecnau ycTpoiicTBO mpourpeiBaeT apOMTpak BO BpeMsl Iepeiadd IepBOoro Oaiita mocie
cTapta (BO BpeMs mepeladd ajpeca BEIOMOI0), OHO CTAaHOBUTCS BEJOMBIM NPUEMHHKOM U
MOHHUTOPHUT TI€peJaBaeMblii aJpec Ha Cilydail cOBHAICHHA. APOMTPaXK TaKKe MOXKET OBITH
NPOUTpaH B PEKHUME MacTepa MPUEMHUKA BO BpeMs KBUTHPOBAHHS WMIIH B PEXHME BEIOMOTO
neperaTyrKa BO BpeMs OTBETa HA a/Ipec OTKJIMKA Ha CUTHAT IPEAYIPEKICHUSL.

B cimyuae mpourpsiBanus apOutpaxka B OutoBom mnone MODE perucrpa ST
YCTaHABJIMBACTCS COOTBETCTBYIOLIMH KOJI M TEHEPUPYETCSI IPEphIBAHUE.

CuHXpOoHU3AIUSA

CHHXpOHHU3AIUS TAKTOBBIX CHTHAJIOB Pa3HBIX YCTPOMCTB, MOJKIIOYEHHBIX K muHe 12C,
peanu3yercsi B CIy4asX, KOTJa HECKOJBbKO YCTPOWCTB SIBIISIFOTCS MacTepaMH, U BBIIOIHACTCS C
UCTIOJIb30BaHUEM TOW ocobeHHocTH, yTto nuHus SCL peann3oBana kak MOHTaxkHOE «M» muUHMNA
TaKTOBBIX CHUTHAJIOB JTUX YCTpoWcTB. [lns mpuMepa paccMOTPUM CHHXPOHHM3ALMUIO JIBYX
MacTepoB ¢ TuHUsIMU TakToBbIX curHanoB CLK1 u CLK2, cm. pucynok 17.5.

- Cbpoc Hayano otcyeta
cyetunkai nepunoaa BbICOKOIO
CocrosHue YPOBHS curHana
oXungaHus
CLK1 | [
> Cbpoc
cyeTumkaz2
CLK2
SCL

Pucynok 17.5 — Cunxponuszanus

Jluaus SCL mepeBomutcs B coctosiHEe «0» cpasy, Kak TOJBKO OJWH W3 MAacCTEpOB
BBICTABIISIET HAa CBOEH JIMHUU TAKTOBOTO CUTHAala HU3KHUH ypoBeHb curHana (curnan CLK1 Ha
pucynke 17.5). Ilpu 5TOM ero BHYTPEeHHHH CUETUWK JIUTEIBHOCTH HU3KOTO YPOBHSI CHUTHANA
cOpaceiBaeTCa U Ha4MHAET OTCUeT. BTOpoil MacTep BhICTABISET HU3KUI YPOBEHBb MO3XKE, U €ro
cueTunk Takxke copaceiBaetcs (curnan CLK2 na pucynke 17.5).

Kak TonpKk0 BHYTPEHHMI CYETYUK MEPBOTO MacTepa MEPErnoTHUTCS, MACTEP BBHICTABUT Ha
muann CLK1 Beicokmit ypoBenb curHana. Tem He MmeHee, JmHus SCL Oyaer mo-mpexHeMy
ocTaBaTthbcsi B cocTosHMM «0», yaep:KuBaeMasi BTOPBIM MacTepoM. B CBSI3U C ATHM, TEpPBbBIH
MacTep NepenJieT B COCTOSHUE OXUAAaHUA, cM. pucyHok 17.5. Korjga mepenosHUTCS CUETUHMK
BTOPOTO MacTepa, OH BhICTaBUT Ha nMuHUM CLK2 BbICOKHIT ypoBeHb CHUTHaNa, U B 3TOT MOMEHT
manst SCL nepeiizer B cocrostare «1». C 3TOr0 MOMEHTa BHYTPEHHHE CUCTUYHKH JITHTEITHHOCTH
BBICOKOT'O YPOBHSI CHTHaIa 000X MacTEpPOB HAUHYT CHHXPOHHBIN OTCUET.

Kaxnass mepemada NaHHBIX COCTOMT W3 HAYaJbHOTO COCTOSIHHS «CTapT», COCTOSHHM
nepenad OMTOB U COCTOSHUSL «cTom». JlaHHbIe mepemaroTcs crapmuMm omtom MSB Bmepen.
[lepemaua kakmoro OaiiTa 3aBepmiaeTCs KBUTHPOBAHWUEM, T.€. TPUEMHHK TOJTBEP)KIAET
OKOHYaHue npuema cursanom noarsepxkaenuss ACK. Beqomoe ycTpoiiCTBO MOXKET yBETUUHUBATh
nay3y MeXIy TaKTOBBIMH HMITyJIbCaMH, yaepkuBas Ha nuHuH SCL cWrHam HH3KOTO ypOBHS,
MOKa MPOUCXOTUT 00pabOTKa MPUHSATHIX NAaHHBIX WM MOATOTOBKA JAHHBIX AJS CIEAyIOIIei
nepegayd. OTOT MPOLECC MOXKET MPOUCXOAMTH IOCie TMepeaadu Joboro Outa/baiira,
CM. pucyHok 17.6.
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CrapLmn KeutnpoBaHune
paspsg 6anta npvemMHuKa

SISV VA [ G D G . 2 W B \ Sl

scL | \_Ji\/2\3:6 e\ [

Crapr j L AéK Cron
Mprewm GaliTa 3aBepLUeH Ha nuHun yaepxmBaeTcst HU3KUIA ypoBEHb
npepbiBaHME B NPUEMHUKE curHarna noka obcnyxvmBaetcs npepbiBaHue

Pucynok 17.6 — [lepenava qanabx

KsutHpoBanue

Kaxzp1ii 6aiiT MOCBUIKY 1OJKEH OBITh 3aBEPIIEH KBUTUPOBAHUEM, T. €. OTBETOM Ha IPUEM
curHana 3ampoca mnoarsepxkiaenus npuema (out ACK). Ha pucynkax 17.6 m 17.7 moka3aHo
II0JIO)KEHNE MOMEHTA KBUTHUPOBAHHUS B IIPE/IEIaxX MOCBUIKH.

3anpoc noateepxaeHnsa npuema
(6VIT ACK)

HanHble nepe,qasaemuem __X:D— <« [lepenarumk ocTaBnser BbICOKNIA
nepeaaTrikom

YpOBEHb Ha BpeMA KBUTUPOBaAHUA

[aHHble nepegaBaeMble

NPUEeMHNKOM <—KBI/ITVIpOBaHVIe

T 1 T <+— HekBntnpoBaHue

CurHan SCLor MaCTepa_'—:_\_/I\_/E\E.'..6 7\/8\/9

Crapr . .
9-1 TAKTOBbIN MMMYNbC

Pucynok 17.7 — KButupoBanue u HeKBUTHpOBaHue 6uta noarsepxkaenus ACK

buT 3ampoca noaTBepxkeHs npuemMa reHepupyercsa mactepoM. [lepenatuuk (Mactep win
BEJIOMBII) B MOMEHT JICBSITOTO TaKTa CHHXPOCUTHANA ocTaBiseT TuHuio SDA B coctosHum «1»
(outr ACK). B cBoto ouepens, mpueMHHUK J0JbKeH cOpocuth imHHI0O SDA B «0» B TeueHme
BpeMeHH, Noka Ha JTMHUU SCL ynepkuBaeTcs BHICOKMI YPOBEHb JE€BATOTO UMITYJIbCA TAKTOBOTO
CHUTHAJIa, T. €. KBUTUPOBATh MpHUeM, cM. pucyHoK 17.7. Ecnu nmpreMHUK He OTBEYaeT Ha 3ampoc
NOJATBEPXKJIEHUSI M HE MOJTBEpXkJaeT mnpueM Oaifta, To oH ocraBiser JuHuio SDA 0Ge3
U3MEHEHUH B COCTOSTHUM «1», T. €. He KBUTUPYET IIPUEM.

[Ipumeuanue — Bce ycrpoiictBa, moacoeauHeHHsle k muHe |12C, B o0s3arenbHOM
nopsijike o/bkHbl kBUTHpoBaTh 6uT ACK npu nomydenuu 6aiita ¢ UX COOCTBEHHBIM aJPECOM.
DTOT MEXaHHU3M UCTOIB3YETCs ISl OTCIICKUBAHUS HAJTHYUS OTKIIOUUBIIAXCS (CAMOCTOSITEEHO
WIN TI0 KaKUM-TO TIPUYHUHAM) OT IIWHBI yCTPOHCTB.

Benomoe ycrpoiictBo nmeeT npaBo He kBUTHpoBaTh OUT ACK B cienyromux ciydasx:

- €CIIM BEJIOMBI HE MOXXET MPHHATH JaHHBIE WJIM OH 3aHAT. Mactep, OOHapy>KuB
HEKBUTHpOBaHUE OaiiTa, JOJDKEH CreHepupoBaTh COCTOSHUE CTONA M IpepBaTth nepenauy. Kax
IbTEPHATHBA, BEJOMbII MOXET 3aTSHYTh NEpUOJ HU3KOI'O YPOBHS CHTHajla TAaKTHPOBAHUS Ha
muann SCL [u1st 3aBepIiieHus: CBOMX OIepanuii ¥ MpOoA0JDKUTh Iepeaaqy;

- €CJIM BEIOMBII OOHAPY>KUJI HEKOPPEKTHYIO KOMaH/1y WM HEKOPPEKTHBIE TaHHbIE. B aTOM
clly4ae BEIOMBIM JOJUKEH HEKBUTHPOBATh TNPUHATHIM  Oaift. Macrep, oOHapyXuB
HEKBUTHPOBaHUE OaiiTa, JOJDKEH CreHEPUPOBATh COCTOSIHUE CTOIA U MIOBTOPHUTH Nepeaavy;

- eciu Mactep (PYHKIMOHUPYET KaK MPUEMHHMK, TO, IPUHSB OalT, OH JOJKEH COOOIIUTh
BEJIOMOMY 00 OKOHYAaHWH JaHHBIX HekBUTHpOoBaHWeM Outa ACK, mociannoro BemomeiM. [Tocie
3TOT0 BEAOMBIN MepefaTyuk J0KeH ocBoOoauTh muHuio SDA mis toro, yToObl Mactep cMor
CT€HEPUPOBATh COCTOSTHHE 3aBEPILEHUS Iepead (COCTOSHHIE CTOIA).
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®opMmaT nepeaavu JaHHbIX ¢ 7-O0MTHOM agpecanuei

Ha pucynke 17.8 noka3ana nepenaya ajpeca u IByX 0aiT gaHHbIX. KaxxnoMy ycTpoiicTBy,
MOJKJIIOUEHHOMY K IIWHE, NMPUCBAUBACTCS YHUKAJIbHBIN 7-OuTHBIA anpec. llepBbie cemb OwUT,
nepegaBaeMbie TIOCTE CTapTa, MPEACTaBISIOT cOo0O0M aapec Bemomoro, BochbMoi Out R/WH
omnpeneNseT HalpaBiICHHE Iepenadd — OT Beaomoro (urenue, ecnd R/W#H = «1») wim x
BeIoMOMY (3amuch, eciu R/W#H = «0»).

Appec R/WACK HOaHHble  ACK OaHHble ACK

Pucynok 17.8 — Ilepenava nannbIx ¢ 7-OMTHOH aapecarnuen

Kaxnplii BeoMblil, MOMy4YuBIINA OalT agpeca, CPaBHUBAET €r0 CO CBOMM COOCTBEHHBIM
aapecoM. Ecnam aznpec pacmo3HaeTcss Kak «CBOW», BEJOMBIM KBUTHpPYET INpHEM U Jaiee, B
3aBUCHMOCTH OT cocTosiHus Outa R/WH#, cTaHOBHUTCS MepeiaTInKOM WM IPUEMHHUKOM.

ITporokonr SMBuUS/I2C  mo3Boasier reHepupoBaTh aapec OOMIETO BbI30BA IS
OJTHOBPEMEHHOTO OOpaIeHuss KO BCEM YCTPOMCTBaM, IOAKIIOYEHHbIM K ImuHE. [lepBbiM
nepenaercsi agpec oduiero BbizoBa (00h), 3atem cnenyer GaldT Ha3HA4YCHUsI OOIIETO BBI30OBA.
Benomebie, KOoTOphIe OXHIAIOT JaHHBIC, KBUTHPYIOT 3TOT OAaWT W CTAHOBATCS MPHEMHUKaMHU,
OCTaJIbHbIE UTHOPUPYIOT OO BBI30B.

[Mpotokosnr SMBuUS/I2C noaaepxuBaeT YHUKAIbHYIO (DYHKIIMIO — paclo3HaBaHHE ajpeca
oTkJIMKa Ha curHan mnpenynpexiaeaus (Alert Response Address — ARA). B cucremax c
HECKOJIBKUMH ~ BEJOMBIMH ~ KaX/I0€ YCTPOWCTBO MOXXET TIOCIaTh MacTepy  CHTHal
npenynpexaeHus. Jias 3Toro wucmonb3yercs IOMOIHUTENbHas TpeTbs mauHus ALERTH,
¢usnueckn uaentuanas auHusM SDA n SCL, peanu3oBanHas mo mpuHIOUIY MOHTaxkHOE «M».
K sroii nuHMM Takke NOJKIIOYAIOTCS Bce ycrpoiictBa. Kornma kakomy-To Beromomy (Miiu
HECKOJIBKUM BEJOMBIM) HEOOXOAMMO OOpaTUThCI K MacTepy, OH (WM OHH) BBICTAaBIISET
(BbIcTaBIAtOT) Ha JuHUM ALERT# Hu3kuif ypoBeHb CHTHajla — 3TO CUTHaJl MpeayNpeKIeHus,
cM. pucyHok 17.9.

ALERT# __\________J KeutnposaHue

npvema -

/ ARA (0001 100b) lRl\N;\ l_/ \ Anpec Begomoro \

Pucynok 17.9 — [lepenava agpeca OTKJIMKA HA CUTHAI TIPSy TIPS ICHUS

Macrep, obnapyxuB «0» Ha muaun ALERT#, obOpamaeTcss ko BceM BEIOMBIM, MOCHLTAs
aJpec OTKIIMKa Ha curHan npeaynpexaenus ARA. Anpec cocrout u3 cemu doutos (000_1100b)
u oura R/W# = «l» (ureHue). Bemomblil, KOTOpBIH OTIPaBUII CHTHAT MPEAyHPEKICHUS,
noiayuuB curHaig ARA, KBUTHPYET ero U 3aTeM OTHpaBiIsieT CBOW 7-OMTHBIN aapec (BOCbMOW OUT
MOXeT ObITh Kak «0», Tak U «l»), cooOmias, TakuM 00pa3oM, BEIOMOMY, KaKO€ HWMEHHO
YCTPONCTBO MOCHLIANIO CUTHA MpeaynpexaeHus. Kpome 3Toro, BeZJOMbIiA, KOTOPBIA BBICTABIISIT
«0» na nuaun ALERT#, nomkeH mepecraTh yAepKUBaTh JIMHUIO, YTOObI HA HEW YCTaHOBMJICS
BBICOKMI YpPOBEHb CHTHaja. B TOM cilydae, ecilid HECKOJbKO YCTPOWCTB MOCBHLIANIM CUTHAI
npeaynpexaeHus, To mocie nomxydeHuss ARA, cBoil aapec mepenaeT TO yCTPOMCTBO, KOTOPOE
3axBaThIBAaeT IMHY IO CTAaHAApPTHBIM INpaBwiIaM apOutpaxa. Eciam mocne oOcmyKuBaHHS
BEJIOMOTO MacTep Bce emie oOHapyxuBaeT Ha jduHUM ALERT# Hu3Kkuii ypoBeHb curHajia, OH
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MOHMMAET 3TO KaK TO, YTO CHUTHAJ MPEAyNpPEeXIEHUS MOChUIAJCS HECKOJIbKHUMH BEIOMBIMHU.
Mactep cHoBa ormpaBiser curHail ARA u 3arem oO0maercs cO CIEAYIOIUM BEIOMBIM.
[TossBnenne Ha nuHMM ALERT# BBICOKOTO YpOBHS CHTrHajga O3HA4yaeT, YTO BCE BEIOMBIC,
KOTOpBIC TpeOOoBaM 0OpaIIeHus, 00CITyKEHBI.

[Ipumeuanue — OnuchiBaeMblii B HACTOSIILIEM TEXHHYECKOM OMHCAaHUU Moayib 12C He
umeer BblieneHHoW JsuHuM  ALERT#. Ilpu HeoOXoauMocCTH, IOJB30BaTelb MOMKET
3aJIeiCTBOBaTh CBOOOJHBIM BBIBOJ ~MHKPOKOHTpOJUIEpAa U MPOTPAaMMHO  PEaIu30BaTh
BO3MOXKHOCTH TI€pe/laui CHUTHAJIa MPEIyNpeXICHUsI 0T BEIOMOro K MacTepy. B cBoro ouepens,
byHKIMS pacro3HaBaHMs anapeca oTkimka ARA W mocnemyromieil OTIpaBKH COOCTBEHHOTO
ajipeca peain3oBaHa MOJTHOCTHIO. BKiIounTh (yHKIMIO MOXHO ycraHoBkoi O6uta SMBARE B
peructpe CTLO.

®opmat nepenauu 1aHHbIX ¢ 10-0uTHOM agpecanueit

10-6utnast agpecanms TO3BOJseT anpecoBaTh A0 1024  BemoMBIX  YCTPOMCTB ¢
UCIIOIb30BaHUEM pe3epBHOM KomOuHammu 1111 Oxxb, xotopas nepemaercs mo iuHuu SDA
cpazy mocne crapta. 10-OuTHBIA (OpMaT MOTHOCTHIO COBMECTUM C 7-OMTHBIM (hOpMATOM U
MOJKET HCIOJIb30BAaThCA OJHOBPEMEHHO C HHUM, 4YTO MO3BOJIIET COeAMHATh mo mmmHe [2C
YCTPOMCTBA C pa3HOM agpecanuei.

OcHoBHol uzeeii popmara sipnsiercs nepegada 10-6uTHOrO agpeca B ABYX MEePBLIX OaiiTax,
CIICAYIONIMX Ccpa3y mocie crapra. B nepBom Gaiite nepenaercs 3nauenue 1111 _0xxb, rae «xx» —
9TO JBa crapimx Outa aapeca u 6ut R/WH# (Ha pucynke 17.10 o6o3naden cumBosiom «W» —
3aMKch), KOTOPBIN AOKEH ObITh paBeH «0», yTOOBI BEOMBIN MOHAJ, YTO B CIEAYIOIEM Oaiite
OynyT mepenanbl ocTalbHble 8 OUT ajmpeca. Bo BTopom Oaiite mepemaroTcss 8§ OUT ajapeca, CM.
pucynok 17.10.

10-6UTHBIN agpec BEAOMOIO

[s]1]2]1]2]o]agag|w] AlJa7]a6la5ad]asla2]at]ag]A]  Aannbe  |Jaad P

MepBblii GanT Bropoii 6anT

Pucynox 17.10 — Ilepenaua nanubx BeqoMomy ¢ 10-OuTHBIM agpecoM (Iuis pacipOBKH
OpUMEHSIEMbIX 0003HAYCHHI CIeyeT 00paTUThCs K Tadbmume 17.1)

YrtoOBl OCYLIECTBUTH YTEHHUE BEJJOMOT0, KOTOPOTO aJIpecyeT MacTep Mmociie BToporo Oaiita
ajzpeca, ciaeayeT OTHPaBUTh OWT MOBTOPHOTO craprta W 3areM komOuHarmio 1111 Oxxb u Our
R/W# (o6o3HaueH cumBoiioM «R» — ureHHe), KOTOpBIi Ha O3TOT pa3 paBeH «l», cMm.
pucynok 17.11.

~ MoBTOpeHune nepsoro GanTa
10-6uTHBIN agpec BegoMoro v

|S|1|1|1|1|Oia9|a8iW|Aia7|a6|a5|a4|a3|a2|al|a0iA|SH,l|1|1|1|0|a9|a8iR|A| Danxbie [A]P]

MepBbii Gant Bropou 6ant TpetunGant

MoBTOpHLIN
cTapt

Pucynoxk 17.11 — [Tonmyuenue JaHHBIX OT Be1oMOTo ¢ 10-OUTHBIM agpecoM

Ha pucynkax 17.10 u 17.11 6uTbl nOCBIIKM yclIoBHO oOo3HaueHbl OykBamu S, W u np.
WJIM COCTOSIHMSI OMTOB yKa3aHbl HemocpeacTBeHHO «0» mimm «1». B manpHelmemM Ha momg00HBIX
PHUCYHKaX, TMOSCHSIOIUX COAEPKUMOE TOCBUIKM IpH Iepeaade Wi NpHeMe JaHHBIX, OyayT
NPUMEHAThCS Takhe jke | JApyrue oOo3HaueHHs. Bce o0003HaueHUs, KOTOpbIE OyIyT
UCIIOJIb30BaThCs, yKa3aHbl B Tabnuie 17.1 ¢ moapoOHbIMU MOSCHEHUSIMH.
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TaOnuna

17.1

— VYcnoBHble 0003HAUEHHUS, MPHUHATHIE HA PUCYHKAX, [MOKA3bIBAIOLINX

COJZIepKMMOE MTOCHUIOK TAaHHBIX WM aapecoB Ha auHud SDA

O0o3Hauenue

PacimdpoBka 0603HauCHUS

S

CocrostHnE cTapTa. CuMBoIOM «S» 0003HaYaeTCA CTapTOBBIﬁ OUT MOCHUIKH

SR

CocTosiHHE TOBTOPHOT'O CTapTa

R/W

but yxa3anus HampaBieHUs Iepeaadd. B TekcTe HACTOSIIEro OMUCAHUS OH
ynomuHaercss kak R/W#. Hanuume sToro o0o3HaueHHss B OWUTE MOCBUIKH
yKa3bIBaeT Ha TO, YTO STOT OUT MOXKeT ObITh paBeH Kak «0», Tak 1 «1»

YacTHbld cinydait 0o003HaueHus Ourta HampasieHus nepeaaun R/W#. Eciou B
0003HaYeHnH OUTa CTOUT CUMBOJ «R», TO 3TO yKa3bpIBaeT HA TO, YTO B JaHHOU
noceuike out R/W# nomken ObITh paBeH «1», T. €. HampaBlcHHE NEpeayn
JTAHHBIX MPOMCXOAUT OT BEJOMOT'0 K MacTepy (YTeHHe)

YacTtHbld ciydait 0o003HaueHus Ourta HampasieHus nepeaaun R/W#. Eciou B
o0o3HayeHnu 6uta cTouT cuMBOJI «W), TO 3TO yKa3bIBAaEeT HA TO, YTO B JAHHOU
noceuike out R/W# nomxen ObiTh paBeH «0», T. €. HampaBlCHUE NEpeadn
JTAHHBIX MPOKMCXOJUT OT MacTepa K BeJOMOMY (3aIuch)

AlA#

but KBUTHPOBaHOTO/HEKBUTHPOBAHOTO IIPHEMa, TOCHIIIAEMbI PUEMHHKOM B
OTBET Ha 3ampoc IepeJaTdydka TOATBEpAUTh mpueM. Hamwmuwme 3Toro
0003HaYCHHSI B OWUTE MOCBUIKM YKa3bIBA€T HA TO, YTO ATOT OUT MOXKET OBITh
paBeH Kak «0», Tak u «1»

YacTHelll ciayvail 0603HaueHus outa A/A#. Eciu B 0003HaYeHHH OWTa CTOUT
CHUMBOJ «A», TO 3TO yKa3blBaeT Ha TO, YTO B JAHHOH IOCBHUIKE B OTBET Ha
3alpoc TOATBEpPXKJICHHsI INpueMa OaifiTa HpPOM30LUI0O KBUTHPOBAaHHE, T. €.
npueMHHUK ycTaHoBWI JnHUIO SDA B «0». B TekcTe HacTOAIIETO OMUCAHHS

KBI/ITI/IpOBaHHHﬁ our 3arpoca IIOATBCPKIACHUA IIPpHCMa 0003HayaeTcsl Kak
ACK

A#

YacTHblll ciayvail 0603HaueHus outa A/A#. Eciu B 0003HaYeHHH OWTa CTOUT
CHUMBOJ «A#», TO 3TO yKa3bpIBaeT Ha TO, YTO B JAHHOW MOCBUIKE B OTBET Ha
3anpoc MOATBEP)KACHUS INpHeMa OalTa NMPOW30LUIO0 HEKBUTHPOBAHHE, T. €.
npreMHUK He m3MeHu uHuto SDA u octaBui ee B coctosiHuH «1». B TexcTe
HACTOSIILIEr0 OINUCAHMs, HEKBUTHPOBAHHBIA OHUT 3ampoca MNOATBEP)KICHUS
npuema oboznavaercst kKak NACK

P

Cocrosnue okoHdanusi nepenaud. CumBonom «P» o0o3HadaeTcs CTOMOBBIN
OUT TIOCBUIKA

Kon macrepa

8-0utHbIiT kKo MacTepa. 3naueHne 0000 1xxxb, rae «xxx» — yHUKaIbHBIN KO
KaXKJ0r0 MacTepa B CUCTEME HECKOJIbKUX YCTPOICTB

Anpec /-OUTHBIN a/ipec BEOMOrO, NepelaBaeMblii MacTepOM
Anpec Anpec BeIOMOro, nepeiaBaeMblii BO BTOPOM Oaiite mochutku. B pexxume HS
BEJIOMOTO 9T0 7-OMTHBII agpec, Ha 4YTO yKasbiBaeT uayummi ciemom out R/WH, B
OCTJIBHBIX CIIyYasiX 9TO BoceMb mitaamux out 10-0utHoro agpeca
JlaHHBIE BaiT nin HeCKOIbKO OalT JaHHBIX
GC Baiit agpeca obero BeizoBa (0000_0000b)
AR Anpec otkiuka (0001_100b)

&

W300paxeHne yucia B oBajie ¢ TUHUEH, MPUKPEIUISIONIEH ero K n300paKeHUI0
nepenayn OMTOB, 0003HAYAET KOJ| OTIEPAIlMU U YKA3BIBAET MOMEHT, B KOTOPBIN
aToT KoJ 3anuckiBaercs B mojae MODE peructpa ST

LlBeTHOE MIONIE

CepLIM IIBCTOM 0003HaYEHBI 6I/ITLI, NepeAaBacMbIC OT MACTCPA K BCIOMOMY

Benoe mmone

benbim 11BeToM 0003HaYEHBI OUTHI, TIEpeIaBaeMble OT BEOMOT0 K MacTepy

17.2 ®ynkumoHaaIbHOE ONUCAHNE
CrpykrypHas cxema moayis 12C mpencrasiena Ha pucynke 17.12. Jlanee mpuBoauTcs
KpaTKoe OMMCaHue Ha3HAYCHHsI OJIOKOB MOJTYJIS.
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Pernctpbl agpeca \
ADDR, CTL2

v

Komnapatop agpeca

?

=
—

BbixogHow kackag |e .
A A CpaBuroBsbli perncTp

SDA [ ]
D |_ BxogHou undpoBo AaHHbIX SDA N y
punsTp

i [y

KoHTpornb own6oH
nepegaqun u
nogcyera

i

L)l BrokynpasneHus
pexMMom paboTbl \
CKOPOCTbIO Nepeaaym '
| Oexonep coctosHus

?

Pernctpbl ynpaeneHumsa
N COCTOSAHUSA A \
ST, CST, CTLO '

~
L

A 4

MepndepuitHan wnHa

Bxoarov umposoy :H Brnok cuHxpoHmnsaumum

scL D |_ bunstp
|_ BbixogHow kackap 4_|

JenuTtenb TakTOBOWN
YacToTbl

?

Peructpbl ynpasneHus |, \
CTL1,CTL2 v

Pucynok 17.12 — CtpykrypHast cxema moaydst 12C

Bxoanblie U BRIXOAHBIEe Kackaabl JuHuii SDA u SCL

Jns obeux NHHHUIA WUCHONB3YIOTCS BXOAHBIE HIyMOBbIE (UIbTpel. B pexxume FS atn
GUABTPBI TMOAABJSAIOT JIOOBIE WMITYJIBChl BXOJHOTO CHUTHAJA, JUIUTEIIBHOCTh KOTOPBIX HE
MPEBBINIAET OJIMH TaKT CHCTEMHOTO CHHXpOCHUTHajia. BBIXOJHBIE KacKaJbl BKIIOYAIOT B ceOs
noHKaroime (10 ypoBHs «0») yCTpoicTBa ¢ OTKPHITBIM CTOKOM. DYHKITMOHUPOBAHHUE BXOTHBIX
U BBIXOJHBIX KAaCKajJOB 3aBUCUT OT coctosHus Moayns |12C, T.e. MOAyih BKIIOUYEH WIH
BBIKJIIOUEH.

YnpasJ/ieHue pe:kuMoOM padoThl U ONPOC COCTOSIHUS

VYnpasnenue moayiem |2C ocymiecTBisioT OJIOKM YIpaBieHHs PEKUMOM pabOThI U
CKOpPOCTBIO TIEpEeNlaud, PETUCTPOB YIPABICHHUS W COCTOSIHHA. B cocTaB 3THX OJIOKOB BXOMST
CJICYIOLINE PETUCTPHI:

- ST — conepxuT OUTHI, OTpaXKAIOIINE TEKYIIYIO KoHpuryparuo Mmoayis 12C (mactep nmm
BEJIOMBIii, MepelaTYNK I IPUEMHHK) U OUT (priara npepbIBaHus;

- CST — sBnsieTcst OAHOBPEMEHHO PETUCTPOM YIPABJICHUS IIMHOM U PETUCTPOM COCTOSHUS
IMHEI,

- CTLO — ynpaBisieT reHepupOBaHUEM COCTOSHUI cTapTa, IOBTOPHOI'O CTapTa U OCTAHOBA,
a Tak’Ke KBUTHPOBAHUEM;
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-CTL1 u CTL2 — ycTanaBauBalOT mapaMeTpbl TAKTOBOTO CHUTHAJIa B PEKHME MacTepa u
KOHTPOJIMPYIOT pexkuM 10-OuTHOM aapecanuu.

Peructpsl agpeca u komnapartop ajapeca

B peructp agpeca ADDR moxer ObITh 3amucaH 7-OMTHBIN ajpec, KOTOPBIA SIBIISETCS
aZipecoM ycTpoiicTBa Ipu paboTe ero B pexume Begomoro. PacrnosnaBanue ajpeca BKIIOYAETCS
ycranoBkoi oura SAEN.

Komnaparop aznpeca cpaBHUBaeT NPUHATHIN 7-OUTHBIN apec CO 3HAUEHUEM, XPaHALIIIMCS
B noie ADDR. Ecnu paspemieno pacro3HaBaHHe ajpeca OOIIero BbI30Ba (YCTaHOBJIEH OUT
GCMEN peructpa CTLO), To xommapaTop CpaBHMBAeT NPHHATBHIA aApec CO 3HAYCHHEM
0000_000b. Ecnu pasperieHo pacrio3HaBaHHE ajpeca OTKIWKAa Ha CUTHAI MPELyNPeKICHUS
(ycranoBnen out SMBARE peructpa CTLO), To koMmapaTop cpaBHHUBAET MPUHATHINA aapec co
saagenrem 0001 _100b.

Ecnu Brmouen pexxum 10-0uTHO# anpecanuu (0JHOBpEMEHHO ycTaHOBIeHBI OMThl SAEN
u S10EN peructpos ADDR u CTL2 cooTBeTCTBEHHO), KOMIApaTOp CPaBHUBACT CTAapIINE MATh
OWTOB IEPBOro IMOJydyeHHOro Oaiita co 3HaueHmeM 1111 Ob, a ciaemyromume aBa Gura — CO
3HayeHneM BToporo u neporo 6uroB monsi SI0ADR perucrpa CTL2. Crapmmii 6uT BTOpOTO
MOJTy4eHHOT0 OaiiTa cpaBHHUBaeTcCs co 3HaueHueM Hyseoro 6uta nmonst SI0ADR, a ocraBmumecs
ceMb OMTOB — co 3HaueHuem outoBoro noisist ADDR peructpa ADDR, cm. pucynok 17.13.

MepBbii GanT Bropow 6ant

[s]1]1]1]1]0]aolag]w] Ala7]a6las]a4]as]az]a]ao|
. : —_ .

]
I_él Iél KomnapaTopi
= agpecai
A [
| f
1111_0Ob
— 2]

| [ 1]s10AbBR] [1 | ADDR
pernctpCTL2 pernctpADDR

J[TH

Pucynok 17.13 — Komnapatop aapeca B pexume 10-OuTHOM aapecariun

CIBUTIOBBII perucTp JaHHbIX

Peructp SDA mnpencraBiseT coboil cIBUTOBBIA pEerucTp, MUCMOJIb3yeMbIH JUIsl IpHeMa U
nepenaun AaHHbIX. CTapuinii OUT perucTpa nepenaercs/mIpuHUMAaeTcs NepBbIM, MIIAIINN OUT —
nocienHuM. 3anuck B peructp SDA Bo3MokHa TonbKO, eciau ycraHoBiieH Out INT peructpa ST.
Peructp Moxer ObITH MpOYNTaH B JIFO00W MOMEHT BPEMEHH, HO NMPOYHUTAHHBIE JaHHBIE OyIyT
rapaHTUPOBAHHO JOCTOBEPHBIMH TOJIbKO Ipu ycraHoBieHHOM Oute INT. Peructp SDA He
OUMINAETCS MPU cOpOCe M XPaHHUT CIy4YaiHbIe JaHHBIC IO TE€X IMOp, IMOKa He OyJeT mepe3ancan
IpOTrpaMMHO WJIM almnapaTHO Mociie npuema Oaifra.

I'eHepanus TAKTOBOr0 CHTHAJIA U CHHXPOHU3ALUS

[TocnenoBarenbHBI TAaKTOBBIM cHUrHan (BbIxogHOW curHan wmonyis [2C B pexume
Mmactepa) GopMHpyeTcsl FeHepaTopoM Ha 0a3e CHCTEMHOTO TaKTOBOTO CHUTrHajia (C 4acTOTOM
fecLk).

Monayns 12C  moxer (QyHKUMOHUpOBAaTH B  JBYX IJIOOQJBHBIX pEeXUMax —
CTaHIapTHOM/CKOpocTHOM FS u BEICOKOCKOpOocTHOM HS.

B pexume FS wucnonb3yercst 15-OuTHbIA mpemaenuTenb. 3HaueHHE MIagmux 6 OuT
omnpenensercss 3HaueHneM oOurtooro monsi SCLFRQ peructpa CTL1, a HyneBoi OMT Bcermaa
paBeH HyNIO (JlelleHHe MPOM3BOIUTCS TOJBKO HAa YETHOE YMCIO). 3HaYeHHE CTapuiux § OuT
3amaercss moigeM SCLFRQ peructpa CTL3. Brnok CHHXpOHHM3AIlMM TaKTOBOTO CHTHAJA
IPOM3BOUT CUHXPOHHU3AIMIO T'€HEepaTopa TaKTOBOTO CUTHaia M BbIxogHoro curHaiza SCL c
TaKTOBBIM CUTHAJIOM JIPYTHX YCTPOMCTB, TIOJKIIOUYSHHBIX K IIWHE.
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B pexume HS wucnonp3yercs 12-OWTHBIA TpemnenuTeNnb. 3HAUCHUE MIaamux 4 OWT
ompenensercs 3HayeHueM OutoBoro monst HSDIV perucrpa CTL2, nyneBoit 6ut mpu sToMm
BCET/Ia paBeH HYJI10. 3HaYeHHE cTapmux 8 ouT 3agaercs nogeMm HSDIV perucrpa CTLA4.

Onpenensiemoe crnenudukanueit nmporokona SMBUS HamMeHbIlee BpeMs OXHUIAHHS Ha
muaun SCL cocraBnsier 25 mc. Ecnu nmay3a Mexay ByMsi TAKTOBBIMH UMITYJIbCaMHU TPEBBICHIIA
25 MC, TO YCTPOHCTBO JIOJDKHO MPEpBaTh TEKYIIyIO mepenady. Mactep JOmKeH chopMHpOBATH
COCTOSTHME cTapTa B IIpoliecce Mepefauyd WIM Ioclie €€ OKOHYaHHA. Benomblil noimkeH
OCBOOOJIUTH HIMHY. YCTPOHCTBA, OOHAPYKUBIIHE JaHHOE COCTOSHUE, JODKHBI BOCCTAHOBUTH
CBOM COCIMHEHHUSA U OKUAATh (POPMHUPOBAHUS COCTOSIHUS cTapTa B mpenenax 10 mc.

Jns oTcnexxuBaHUsl MEPUOAOB OXHMAAHMKM Ha muHEe B MoxayJie [12C ummeercss cueTyuk
BpeMeHH oxuanus. OyHKIMOHAIbHAS CXeMa CUeTYMKa MoKa3aHa Ha pucyHke 17.14.

SCL—sl CocrosiHne
cTapT unmcron |

CucTeMHbIN i INTEN
enuTenb y
y neno FFh
TaKTOBbIN CUTHAN —p|

WHnumnanusaums

TOCDI — (71 | INT 3arnpoc Ha

Curnan npepbiBaHne

OOCTUXEeHUA A 4

8-O1THBIN | 3HaveHns 0 8-6UTHbIN 1o
npenaenuTens "|ocHoBHOM cYeTWMK|  Curnan TOERR

OOCTUXeHuna

u 3HaueHusa 0th
SMBTOPR

Pucynok 17.14 — OyHKIMOHATbHAS CXEMa CYETUHUKA BPEMEHU OKUAAHUS

CyeTynK BpEeMEHHU OXKUJAHUS COCTOUT M3 JENUTENs, 8-OMTHOro IMPOrpaMMHUPYEMOro
IpeIIeIuTeNs U 8-OUTHOTO OCHOBHOTO CueTuMka. Bee eMeHTsl cyeTyrKa BpeMEHU OKUIaHUs
HAuMHAIOT paboTy M0 OTpULAaTeNbHOMY (pOHTY curHaia Ha quHuM SCL (ecnm paboTa cuetumnka
pasperniena). [TonoxurenbHblii GpoHT curHana Ha TMHUU SCL cOpachiBaeT 3HaYEHUS JEIUTEINS,
NpeJICTUTENsT ¥ OCHOBHOTO cueTuuka. llpeanenurens cuyuTaeT BHU3, HAUMHAS CO 3HAYCHHS,
3anucaHHoro B peructp TOPR. Ilocne nocTmkeHuss HyJs CUETUYMKOM TMPEAJIENUTENs, OH
3arpyxaercst 3HaueHueM u3 peructpa TOPR. OCHOBHOW CYETYMK CUYHMTAET BHU3 OT 3HAUCHUS
FFh. Kaxmoe nmocTikeHne HYJsI NPEJICIUTENICM IEKPEMEHTHPYET 3HAuCHHE OCHOBHOTO
cuerunka. OOHyJNEHHE OCHOBHOTO CYETYMKAa M 3arpy3ka ero 3HadeHueM FFh Bei3biBaer
OCTaHOBKY OCHOBHOI'O CYE€TYMKa MpeajenuTens u aenutens u ycraHoBky ¢uara TOERR B
peructpe CST. JlononuurensHo ycranaBiuaetcs ¢uiar INT, u ecin paspenieHo, renepupyercs
npepbIBaHHE.

[Tepnon BpeMeHH OKUIAHUS OTIPENIENSIETCS CIESIYIOIIUM BEIPAKECHHEM

Toxun = TpcLk x TOCDIV X (SMBTOPR + 1) x 256, (17.1)
rae TpcLk — HEpPUOJL CUCTEMHOTO TAKTOBOT'O CUTHANA ¢ 9acToToi fpeik.

ApOuTpaxk u ooHapy:KeHHe oUOOK Ha muHe 12C

ApOutpax B pexume Macrepa IepefaTuuka MOXeT ObITh MOTEepsH B Cllyyae, KOTrja JiBa
MacTepa OJTHOBPEMEHHO (POPMHUPYIOT COCTOSTHHE CTapTa M HAYMHAIOT Nepeaady JqaHHbIX. [loTeps
apOuTpaka MOXeT IMPOMCXOJUTh KaK BO BpeMs Iepellaud ajpeca, Tak U BO BpeMs Iepeadu
JTAaHHBIX.

B cimyuae norepu mpuopuTera npu nepenade 0aiiTa aapeca, MacTep MEPEXOIUT B PEKHUM
BEJIOMOI0 IPUEMHHUKA ¥ HAUWHACT IPUHUMATh ajipec. Eciau mpuHATHINA afpec okazaics «CBOUMY,
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Moayab [12C nmanee QpyHKIIMOHHpPYET B peKUME BeoMOro. Eciiv MpUHATHIA aapec HE OKa3alics
«CBOMMY, TO MOyJh [2C mepexouT B pexuM 0e3apecHOr0 BEIOMOTO.

B ciydae motepu mpuopuTera npu nepenade 6aiita nanabix Moaynib [12C cpasy mepexoaut
B PEKUM 0€33]pECHOr0 BEIOMOTO.

OOHapy:KeHUe U UCIIpaBjeHHe OIIMO0OK Ha muHe 12C

Cocrosnue omubku Ha muHe 12C Bo3HMKaeT B TOM ciydae, €ciad BO BpeMs Nepeaadyu
aJipeca/JaHHbBIX WIM BO BpeMsi KBUTHpOBaHUs Ha muHe 12C o0HapyKMBAIOTCSI COCTOSTHUS CTapTa
niu croma. [Ipu oOHapyxeHnu ommOky Ha muHe [2C BBIMOTHAIOTCS TSHCTBUS:

- B mosie MODE peructpa ST 3anuceiBaercst koj omuoku 1Fh;

- TeHepUpyeTCs IMpepbIBaHUE (€CIIU Pa3pelIeHo);

- Moxynib 12C mepexonuT B peskuM 0e3apecHoro Be0MOro;

- muanu SDA u SCL ocB00OXmaroTcs.

ObHnapyxenue ommoOku Ha muHe [2C MOXET BbI3BaTh Yy NMPOCTON MIMHBI HEKOPPEKTHOE
dbopMupoBaHue cocTosiHMsl cTapta M oTkiaoueHue monyis |12C. Ilostomy nis Bo3Bpara K
HOpMaJIbHOU paboTe cielyeT BhINOJIHUTD JCHCTBUS:

- BBIKJIFOUMTH U CHOBA BKJIFOUUTH MOAyJb 12C (6ut ENABLE B peructpe CTL1);

- B TEYEHUE BPEMEHH IIPOCTOS IPOBEPUTH, HE MOIKIIIOUEH JIM APYTOol aKTUBHBIA MacTep K
umne [2C (6ut BB peructpa CST nomxen ObITh 0OHYIJIEH);

- B pexumMe mactepa CcQOpPMHUPOBAaTH COCTOSIHHE CTapTa, IepelnaTh ajpec M 3aTeM
c(hOopMHUPOBATh COCTOSTHUE OCTAaHOBA, TAKMM 00pa3oM, MPOBEAS CUHXPOHMU3AIMIO BCEX BEIOMBIX
YCTPOMCTB (B TOM YKCJIC U T€X, KOTOPbIE He 0OHapy ik omuoOKy Ha muHe 12C).

Pexum IDLE

[Tepexon B pexxum IDLE mpoucxoauT npu OTKIIOYEHUH BHEUTHETO CUTHaNa TAKTHPOBAHUS
monynsa 12C 3amuceto nyns B 6utr |1I2CEN peructpa APB_CLK. Ilepexox B pexum IDLE
nogo0eH mporpaMMHoMy BeiKitoueHHI0 mMoxynst |2C (oumctka 6uta ENABLE B peructpe
CTL1). Peructper CTLO, ST u CST ouunmarorcs, yToObl TapaHTUPOBATh HOPMAJIBHBIA CTApPT
nocse BO300HOBIEHHS (PYHKIIMOHUPOBAHUS MOTYJISL.

Beixog wu3 pexuma IDLE ocymectBisiercs 3amucbto enunHuisl B 60ut I2CEN u
BkitoueHueM moayiist 12C 6urom ENABLE.

17.3 Uunuuanu3anus 1 GyHKIHOHUPOBaHHE

B nenom monyns 12C noanepxuBaet Ba 6a30BbIX pekuma — pexxuM FS u pexxum HS.

CraHIapTHBII/CKOPOCTHON peXuM Win pexuMm FS — cranmapTHbIi pexum paboTbl, B
KOTOPOM MOJyJib (DYHKIIMOHUPYET 10 yMOIYaHHIo. J(nana3on yactor curHana Ha auHun SCL —
ot 763 I't 10 6,25 MTI'tt (ipu frcLk = 100 MT').

BbicokockopocTHON pexuM win pexxum HS — pexum paOoTbl, KOTOPBIH BKIHOYAETCS
nporpamMMmHo. Pexxum HS 3HaunTEIEHO TPEBOCXOAUT peXnUM FS 10 CKOPOCTH — AMana3oH 4acToT
curHana Ha quauE SCL ot 8,14 I’y 10 16,67 MI'x (pu frcLk = 100 MTI').

Bce onepanuu pexxuma HS Haunnatorcst B pexxume FS B ciemyromem nopsake:

- CTApTOBOE COCTOSIHUE;

- 8-OutHbIi ko1 MacTepa (3HaueHne 0000 1xxxb, rae «xxx» — yHUKaIbHBIH KO KaK0T0O
MacTepa B CUCTEME HECKOJIbKHX YCTPOMCTB);

- HEKBUTHPOBAHHE.

ApOutpax Ha mmHe [2C mpoMCXOIUT B MOMEHT MepeJadyd HECKOJIbKUMH MacTepamu
CBOMX YHHKAIBHBIX KOJOB. BhIMIpaBImii apOWTpak MacTep 3axBaThIBAaeT IMIMHY. B cBs3H C
Takol opraHuzanmei pexxuma HS panpHelmmii apOuTpak W CHHXpOHHM3AIMS HA IIUHE HE
peann3yroTcs.

[Tocre BbIMONHEHUS BBINIEYKa3aHHBIX IIaroB YCTPOMCTBA, MOAJEpKHUBaOLIUe pexxum HS,
MEPEKITIOYAIOTCS B 3TOT PeKUM. MacTep reHepupyeT COCTOsTHHIE MTOBTOPHOTO cTapta SR, a 3aTem
nepenaer aapec BEeJOMOro W OWT HampaBineHus nepenaun R/W#, cm. pucynok 17.15.
PacinmmdpoBka 0603HaueHM, NpUHATHIX Ha pucyHke 17.15, npuBenena B rabnuue 17.1.

116



Bce nepenaun B pexxume HS o hopmaTy uaeHTHUHBI niepeadam pexkuma FS, uro nemaet

9THU J1Ba PCKUMa MOJIHOCTHIO COBMCCTUMBIMHU.
OkoHYyaHune pexmmaHS n

Kon mactepa Ha4yano pexumaFrS —

A
|S|0|0|0|0|1|X|X|X|A#|SR| Appec Begomoro |R/W|A| [aHHble WA#|P

MepBbii Gant Bropou Gant

Pexum FS Pexum HS
Pucynok 17.15 — Ilepexon B pexxum HS 1 obpatho B peskum FS

Beixon u3 pexxuma HS npoucxoauTt reHepupoBaHUEM COCTOSIHHSI OKOHYaHUS repenadu P,
MoCcJie KOTOPOTO BCE YCTPOMCTBA MEPEKITIOYAOTCS 00paTHO B peskuM FS. B kaxkmom u3 aByx
6a30BbIX pexxuMoB — FS m HS — monyne 12C moxkeT (pyHKIIMOHMpPOBAaTH Kak MacTep WU
BEJIOMBIH, IMOJTy9aTh UM IepeaaBaTh HHOOPMAIIHIO.

Hanee Bce pexxumMbl paboTel Moyt 12C OynyT paccMOTpEHBI TOPOOHO.

Nuannuanuzanusa

Jis Havana paboTh ClieAyeT MPOU3BECTH HHUIHATN3AIHIO:

1 Bxamtounts Moayns 12C ycranoskoii 6uta ENABLE B peructpe CTL1.

2 Ecau akTUBEH PEXUM MacTepa, 3alucaTh HYKHBIH K03((UIMEHT aeiaeHus B OUTOBOE
noje SCLFRQ (peructpsr CTL1, CTL3) ans BeiOOpa mepuoaa takroBoro curHana SCL (s
pexxuma HS 3anmcats koaddurment nenenus B mose HSDIV peructpos CTL2, CTL4).

3 Eciiu akTHBEH peKUM BEJOMOr0, HE00X0AUMO:

- 3amUcaTh «COOCTBEHHBI» ajpec BegoMoro B 6urosoe nose ADDR u ycTtanoBuTSH
out SAEN perucrpa ADDR,;

- uis peanmu3anuu 10-OMTHOH ampecaliy 3anucaTh cTapiire OUTHI agpeca B OUTOBOE
nose S10AD u ycranoButb 6ut S10EN perucrpa CTLZ2;

- Ul BKJIIOUEHMS (DYHKIIMM pacrlo3HaBaHus ajipeca oOIIero BbI30Ba YCTAHOBUTH OUT
GCMEN B peructpe CTLO;

- JUIs BKJIIOYEHMsS] (YHKLUMHU pACIO3HAaBaHUS ajapeca OTKJIMKAa YCTaHOBUTb OMT
SMBARE B peructpe CTLDO.

4 Tlpm HEOOXOIWMOCTH OTCIEKUBAHHS TEPUONOB OxuaaHus Ha mumHe |2C 3ammcath
xenaemble 3HaueHus B peructp TOPR u B 6utosoe none TOCDIV (peructp CST) ans orcuera
BpeMeHU oxuganus Ha JuHUU SCL. J{71s1 aBTOMaTHYECKOTo OTCIICKMBAHUS BPEMEHH OKUIaHUS
3anucaTh HeHyJeBoe 3HaueHue B 6urosoe nosie TOCDIV peructpa CST.

5 Jlns pazpemieHus GopMHpOBaHHUs 3ampoca Ha npepbiBaHue ycraHoBUTh OMT INTEN B
peructpe CTLO.

DYHKIMOHUPOBAHUE

Monyne 12C moxxer paboTaTh B pekMMe MacTepa WU BeJoMoro. Takke OH MOXKeT
(YHKITMOHUPOBATh KaK TEepeAaTdyuK WM MPUEMHUK, T. €. Moxysib 12C mojuepkuBaeT IeBATH
PEKUMOB:

- 0e3aipecHbIil BEJOMBIN;

- MacTep neperaTuuk B pexume FS;

- MacTep nepegaTduk B pexxnme HS;

- MacTep NMPUEMHUK B pexume FS;

- MacTep MPUEMHHUK B pexume HS;

- BEJIOMBIH TIepeaTurK B pexume FS;

- BEJIOMBIH TIepeaTuuk B pexkume HS;

- BEJIOMBIN IPUEMHUK B pexxkume FS;

- BEJIOMBIH TIPUEMHUK B peskume HS.

[Tepenaua undopmammu no muHe |2C cOCTOUT W3 MOCIENOBATETBLHOCTH PA3TMYHBIX
JIeHCTBUI (HaYaso mepeaadyu, mMpueM JaHHbIX U Ap.). Kaxaoe nericTBre Ha3bIBAETCSI COCTOSTHUEM
(cocrosiHMe cTapTa, COCTOsIHME ocTaHoBa M jp.). [locime Toro, kak TO WJIM MHOE COCTOSIHUE
c(hOpMHPOBAHO, €r0 KOJ almapaTtHo 3amuckiBaeTcs B peructp ST B OmroBoe moine MODE u
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MOXXET OBITh MPOYUTaHO MporpamMmMHo. B Tabmumax 17.2 u 17.3 mpuBOIATCS BCE BO3MOXKHBIC
COCTOSTHUS, UX MHEMOHHUYECKHe 0003HaYeHHs U KOJbl. Ha KBUTHpOBaHME WM HEKBUTHPOBAHUE
npuema ykasbiBaeT 3amuch «ACK» mmu «NACK» coorBerctBeHHo. Tak, Hampumep, eciu
MacTep OTIpaBUI OAWT ajpeca BEIOMOMY, KOTOPBINA IMOCHE MOTYYCHHs] KBUTUPOBAI MPHEM, TO
Ha 310 Oyner ykaseiBaTh «ACKy», a B moige MODE peructpa ST Oyner 3amucan kox 04h,

COOTBCTCTBYIOH_II/If/'I COCTOSIHUI0O C MHEMOHHYECKHM 0003HAYCHUEM

«MTADPAY.

bonee

MOAPOOHO KaX bl pexxuM padoTel MoayJst 12C Oyner paccmorpen nanee. Ha pucynkax 17.16 —
17.23, noscustomux padoty monyis 12C B ToM Wi MHOM peXuMe, MPUHATHI 0003HAYEHUS,
pacidpoBKa KOTOPBIX MpUBOAWTCS B Tabmuie 17.1. Jlnsg momydeHus IOTOJHUTEIBLHOM
uHpOpMaLru 1 MOHUMaHus paboThl Moayiist |12C MOKHO BOCTIONIB30BaTHCS MPUIIOKEHHEM b.

Tao6nuna 17.2 — Konusl

yHKIIMOHHpoBaHus Moaydst 12C B pexxume FS

Peski Koy MHeMoHHKa Onucanue cOCTOSHUS HA MOMEHT 3aIlUCH ACK/
kona B mosie MODE peructpa ST NACK
OGuwit 0oh IDLE IDLE, HeT nocTymnHoi BaJuIHOMN B
UH(OpPMAIIHMHU O CTaTyce
01h | STDONE | ChopMupOBaHO COCTOSIHHE CTAPTa —
02h | RSDONE CchopMHPOBAaHO COCTOSIHUE ITOBTOPHOTO B
- cTapTa
03h | IDLARL [ToTteps apOuTpaska, Hepexo/1 B peKUM B
0€3aJpEeCHOr0 BEJIOMOT0
Macrep 04h | MTADPA | OTmipasiieH agpec BEIOMOTO ACK
B Mepeata 05h | MTADNA | OTnipaBiieH azmpec BEIOMOTO NACK
pexxume 06h | MTDAPA | OrnpagiieH OaiiT IaHHBIX ACK
FS 07h | MTDANA | OtnpasieH 6aiiT JaHHBIX NACK
08h | MRADPA | OtmpasieH agpec BeIOMOro ACK
Tprewm 09h | MRADNA | OTnipaBiieH ajipec BEI0MOT0 NACK
0Ah| MRDAPA | Ilpussr 6aiiT JaHHBIX ACK
0Bh| MRDANA | TlpunsT 6aiiT 1aHHBIX NACK
— 0Ch| MTMCER | Otnpasinien ko Mactepa, o0HapyxeHa onmbdka | ACK
— ODh — OFh 3apesepBupoBano. He ucnonbp3oBars! —
10h | SRADPA | Ilpuwnst agpec ACK
Tprem 11h | SRAAPA | TIpuHsT ajipec mociie moTepy apouTpaka ACK
12h | SRDAPA | [lpunsT 6alT JaHHBIX ACK
13h | SRDANA | ITpunsT 6allT JaHHBIX NACK
14h | STADPA | Ilpunst ajgpec ACK
Beomniii| TTepeniaua 15h | STAAPA | [lpunst agpec mociie motepu apouTpaxka ACK
s 16h | STDAPA | OtnpaBiieH 6aiiT JaHHBIX ACK
PORHME 17h | STDANA | OTnpaBiicH OalT JaHHBIX NACK
FS 18h | SATADP | IlpunsiT agpec OTKIIMKA Ha MPEAYTIPSKICHIE ACK
19h | SATAAP [IpunsAT agpec OTKIMKA HA ACK
[lepenaua OpeaynpexaeHue nocie noTepu apourpaxa
ampeca |4 p | SATDAP OTnpaBiieHbI JaHHBIE B OTBET HA MOJyUYCHHE ACK
OTKJIMKA aJipeca OTKJIMKa
1Bh| SATDAN OTnpaBieHsl JaHHbBIE B OTBET HA MOJIyYEHHE NACK
aJipeca OTKIIMKa
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Oxonuanue madbauywl 17.2

Pesxim Ko |Mruemornka OnucaHue cOCTOSHUS HA MOMEHT 3aITUCH ACK/
koxa B noige MODE peructpa ST NACK
Bexombii 1chl ssTop OO6HapyXeHO COCTOSIHUE OCTaHOBA B
BEJOMOTO
pexc]:/IMe — 1Dh| SGADPA | Ilpunst agpec o0mIero BpI3oBa ACK
S 1Eh| SDAAPA [TpunsT agpec o0IIETo BRI30BA MOCIIE ACK
oTepu apOouTpaxa
OO6HapysxeHa omuoOKa Ha ITUHE
OO0mmmit 1Fh | BERROR | (HeKOppEeKTHOE COCTOSHHE CTapTa WK —
OCTaHOBA)
[Ipumeuanue — Juamazon 3HaucHuii kogoB 0Dh—0Fh 3ape3epBupoBaH u He AOCTYIICH
JUISL KCTTI0JIb30BaHus. JlonomHuTeNbHAs nH(opManus HaxoauTcs B mpuioxernu b nannoro TO.

Tabnuna 17.3 — Koasl pyskiuonuposanus Moy 12C B pexume HS

Peskiim Ko | Muemornka Ornucanue COCTOSTHUS Ha MOMEHT 3aIllUCH ACK/
koja B nosie MODE peructpa ST NACK
21h IHMTMCOK Kox mactepa nepenan ycremniso, 3
nepexoa B pexxum HS
3 22h HRSDONE CdopmupoBaHO COCTOSIHUE TIOBTOPHOTO 3
cTapra
23h HIDLARL [Toreps apOutpaxa, mepexon B pexum HS B
Macrep 0e3aJpecHOro BEJOMOTO
B 24h |HMTADPA | OtmpasiieH aapec BeZOMOro ACK
pexume Mepeniaua 25h [HMTADNA| OtnpaBieH aapec BEAOMOro NACK
HS 26h |HMTDAPA | Otnpasien 6aiiT JaHHBIX ACK
27h [HMTDANA | OtmipaBiieH 0aiiT JaHHBIX NACK
28h |HMRADPA | OtnpaBieH aapec BEJOMOro ACK
Tpuenm 29h [HMRADNA| OtnpaBJjieH ajpec BeJOMOro NACK
2Ah [HMRDAPA | TIpusst 6aiT JaHHBIX ACK
2Bh [HMRDANA| TIpuHsT GaiiT TaHHBIX NACK
30h | HSRADPA | TlpuHsT aapec ACK
Benomprii| Ilpuem | 32h | HSRDAPA | [punst GaifT JaHHBIX ACK
B 33h | HSRDANA | TlpussT OaiiT JaHHBIX NACK
pexXuMe 34h | HSTADPA | Tpunst aapec ACK
HS [epenaua | 36h | HSTDAPA | OTtnipaBiieH OalT JaHHBIX ACK
37h | HSTDANA | OtmipaBieH 0aiiT JaHHBIX NACK

[Ipumeuanue — Juamasousl 3HadeHuii kogoB 2Ch—2Fh u 38h—-3Fh, a taxxe xomer 20h,

31h, 35h 3ape3epBuUpOBaHbI ¥ HEAOCTYIHBI [T UCIIOIB30BaHUS. JIOMOMHUTEIbHAS HHPOPMAIHS
HaxoauTcs B mpusiockernnu b marnoro TO.

Pe:kum Ge3apecHOro Be10MOro

Pexwum padotsl o ymomuanuto (MODE = 00h). [Tocne Bxirouenus: moayiab 12C HaunHaeT
(GYHKIIMOHUPOBATH B peKUMe 0€3aJpecHOr0 BEJOMOTO M HENPEPhIBHO MOHUTOPHT MIMHY. [lpn
OOHapy’>KEHUH COCTOSIHMS CTapTa WM IOBTOPHOTO CTapTa IMEPEeXOJUT B PEXHUM BEIOMOIO
npueMHHKa. J{J1s mepexoia B peKUM MacTepa nepeaaTiynka Hy)KHO c(hOpMUPOBaTh KOPPEKTHOE
COCTOSIHUE CcTapTa.

[Nepexirouenue B peskuM 0€3apecHOr0 BEIOMOTO TIPOUCXOIHT B CITydasx:

- CTapTOBOE COCTOSIHUE HE OBUIO yCIEHIHO C(OPMHUPOBAHO, TaK KaK JPyroe yCTpOHCTBO
ynepkuBaio Ha iuHuM SCL HU3KHN ypOBEHb CHTHANIA;
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- MpoU30ILIa NOoTepss apOuTpaxa BO BpeMs mepenadyu OaliTa JaHHBIX B PEeXUME MacTepa
nepenaTyrKa Win Bo BpeMs nepeaayn oura R/WH# B pexxume Mactepa MpUEeMHHKA;

- IPOU3011LIA IOTEps apOUTpaka BO BpeMs OTBETA Ha MOJyUCHHBIH aJjpec OTKIMKA;

- HEKBUTHPOBAHHUE MPUHATOIO aJjpeca B peXXUME BEJOMOI0 IPUEMHHUKA (aApec HE COBHAJ
CO «CBOMM» HJIU 3aIpEIIEH);

- HEKBUTHPOBAHHE B KOHILIE IEpEJaHHOrO OaiiTa B pe)XMMe BEJOMOI0 IIEpe1aTuHKa;

- 00Hapy’>KEHO COCTOSIHNE OCTaHOBA;

- oOHapy’keHa omuOKa Ha IIUHE;

- moayJib 12C Ob11 cOportieH;

- Moaynb 12C ObLT BBIKITIOUEH.

Pe:kum FS macTepa nepenaruuka

Bxurouenue pexxuma FS mactepa nepenaruuka:

1 Ilepexox B pexxuM MacTepa nepeaTinka IpOUCXOIUT MOCIe YCIEeIHOTo (POPMUPOBAHUS
cocrosiHus crapta. [lepBriii OaiiT, mepegaBaeMblii MacTepoM cpaszy IOclie CTapTa, COCTOUT M3
ajipeca BeOMOro U OuTa HampaBJICHHUS.

2 B 3aBucumoctH OT cocrosiHusi Ourta Hampasienus (R/W#), moayne 12C  nanee
GyHKHOHHpYeT Kak mactep neperartunka (eciam R/W# = «0») uiam kak Mactep NpHEMHHKA
(ecmu RIW# = «l»). lna mepexoma B pexum HS macrep MoXeT mepemaTh KOA MacTepa
(0000_1xxxb) BmecTo nepBoro Gaiita aapeca.

3 [lepexon B pexxuM Mactepa mpousoiiaer mocie yctaHoBku outa START B perucrpe
CTLO. Ecau 6ur BB B peructpe CST cOporen, T. €. muHa cBOOOAHA, OyJeT CreHepUPOBAHO
cocrosiaue crapta. Ecin 6ut BB = 1b, To 6ut START ocraHeTcsi yCTaHOBICHHBIM, & COCTOSIHUE
cTapta OyAeT CreHepUpOBAaHO II0 WCTEUYCHHUH BPEMEHH, PABHOTO OJHOMY TaKTy CHUTHaia
takTupoBanus Ha tuHuK SCL, mocne 0cBOOOXKACHUS ITHUHBI.

4 Kak TONBKO CTapTOBOE COCTOSHHE OyAeT creHepupoBaHo ycmemHo, out START
copocurca, moaynb 12C mepeiiner B cocrossuue STDONE (B monme MODE 3anmmercs
snauenue 01h), ycranosurcst ¢mar INT, u nmuaus SCL Oynet ynepkuBatbes B «0» 10 Tex mop,
noka ¢uar INT we Oymer cOpomen. Ecmu paspemeno 6utom INTEN (peructp CTLO),
CTeHepupyeTcs MpephIBaHUE.

[Tepenaua anpeca v JaHHBIX:

1 Iloxa ypepxkuBaercs ¢uar INT, mporpamma 3amuceiBaeT ajapec BEJOMOTO U OUT
HalfpaBJIeHUs Tepefiaun B peructp AaHHbIXx SDA (agpec 3amucbiBaeTcs B OUTHI C CEbMOI0 IO
HEPBBIN).

2 Ilocne 3anucu B peructp SDA ¢aar INT cOpacsiBaeTcs nporpaMMHO yCTaHOBKOW OuTa
CLRST B peructpe CTLO.

3 Ilocne coOpoca ¢mara INT u mo ucreyeHuum BpeMeHH, TpeOyemoro Juis YCTaHOBKU
JaHHBIX, Ha THHUU SCL MosBIIsSeTcs TAKTOBBIM CHUTHAI U TaHHBIE, XpaHsmuecs B peructpe SDA,
HAYMHAIOT NepeaBaTbes mo nuHuu SDA.

4 Tlocne 3aBepiieHHs repenadr OaiiTa W MOMYYEeHHUS OTBETAa Ha 3arpoc TMOATBEPIKICHHS
nepenaun (ACK), T.e. mocrne aeBATOr0 TakTa CHUTHaia TakThupoBanus Ha nuHuUU SCL,
amnmapaTHasi 4acTh aHAJIU3UPYeT KBUTHPOBAHHE/HEKBHTHPOBAHHME Iepeladd U YCTaHABIMBACT
cooTBeTcTBYOImMiA koj B moie MODE.

5 Bo Bpems niepenaun auHIH SCL 1 SDA 1OCTOSHHO MOHHTOPSITCS C IICJTbIO BBISIBJICHHS
BO3MOXHBIX KOH(DJIMKTOB € JPYrMMHU YCTPOWMCTBaMHM, IMOJKIIOYEHHBIMH K IIMHE. B ciydae
oOHapyxeHus: KoH(IMKTa nepenada npepbiBaercss U B noje MODE 3ammceiBactcs kox 11b
(cocrostne SRAAPA — niepexo B pe’KuM BeJIOMOTo PUEMHHUKA Mocie MOTepH apOuTpaxka) Win
kox 03h (cocrossune IDLARL — mepexom B pekuM 0e€3aApeCHOr0 BEIOMOTO IMOCiE IOTEpU
apOuTpaxa).

6 Ecnu OuT HampaBieHUs paBeH €AMHMIIE M HE OOHapy»eHO OUIMOOK Ha IIHWHE, MOAYJb
12C nepexoauT B pexXUM MacTepa MpHEeMHHUKA.
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7 Ecnm 6uT HampaBieHHs paBeH HYJIIO U Iepeaaya apeca BeIOMOro 3aBepllieHa YCIelHO
(3nauenue koxa B mosie MODE ne paBHo 05h/1Fh), ycranaBmuBaercs ¢uar INT, yka3siBas Ha
TO, UTO O’KHUJAETCS 3aMUCh MepBOro Oaiita ganHbix B peructp SDA nns nanpHeimieit nepenayw,
M, €CIM paspemieHo, TeHepupyercs mpepbiBanue. Iloka d¢umar INT Oymer ocraBarbes
ycTaHoBiIeHHBIM, TuHUA SCL Oyner ynepxkuBatbes B «0».

8 bailT JaHHBIX 3anKMChIBAeTCs MPOrpaMMHO B peructp SDA u nepepada mpoaosnKaeTcs.

9 Ecniu BeOMBI MPUEMHHUK HE KBUTHUPYET OTIIPABIICHHBIM eMy OallT JaHHBIX, B IMOJe
MODE 3anuceiBaercs kox 0Bh (cocrosune MRDANA). Ha nunuun SCL Oyzmer ycraHOBicH
HU3KHUI YPOBEHb CUTHAJIA U, €CJIU Pa3pellieH0, CTeHEPUPOBAHO MPEPhIBAHUE.

Jnis oTcrnexxuBaHus OMIMOOK B TMAaKETaX MAaHHBIX HPUMEHSETCS MEXaHHM3M BBIUMCIICHUS
koHTpoJibHOM cyMMbl (CRC) nmnst Heckonbkux OaiT MaHHBIX. B pexxnMe mactepa nepenaTynka
ycranoBka 6uta PECNEXT B peructpe CST BBI30BET MepeHOC CONEPKUMOTO PETUCTPA OMIHOOK
(He moctyreH mporpammHO) B peructp SDA u umHHMmuupyer nepenady Oaiita CRC (Oaiir
KOHTPOJILHOM cyMMbI) BetoMoMmy. [lepenaua 6aiita CRC momkHa BRIOTHATHCS MOCTIE Tepelavyn
nocneAHero Oaita JaHHBIX U Tepel (pOopMHUpPOBAHMEM COCTOSIHHSI OCTaHOBA WJIM TMOBTOPHOTO
cTapTa.

Mactep mnepenaTyvka KOHTPOJIHMPYET IMIMHY M MOXET aJpecoBaTh JiI00oe BeAoMOe
YCTPOMCTBO M M3MEHATH HAINPaBICHHUE Tepenayn 0e3 MOTepr KOHTPOJIS HaJ IIMHOM, UCTIONb3Ys
BO3MOXXHOCTh (DOPMHPOBAHUS COCTOSIHUS MOBTOPHOTO crapTta. s popmupoBaHus coCTOSHUS
CIIeyerT:

1 Ycranosuts 6ut START.

2 B pexume mactepa NpUEMHUKA [IPOYUTATH MOCIEAHUI MOTYYEHHBIH OallT U3 perucrpa
SDA.

3 Copocurts ¢uar npepsiBanus INT.

[Tocne »tux geiictBuili Oymer ocBoOoxkaeHa iuHug SCL, creHepupoBaHO COCTOSHUE
MOBTOPHOTO CTapTa M CreHepupoBaHo npepwiBanue. B mone MODE Gyner 3ammcan kox 02h
(cocrosturie RSDONE).

Monyns 12C mMoxeT ObITh BBIBEIEH M3 pPEKUMa MacTepa IepelaTinka TeHepUpOBaHUEM
cocTosiHUS ocTaHoBa. JJi1 3TOro HeoOX0IUMO:

1 Ycranosuts 6ut STOP B peructpe CTLO.

2 B pexume mactepa NMpueMHHUKA MPOYUTATH MOCIEIHUIN MOTYYSHHBIH OalT U3 perucrpa
SDA.

3 Copocuts ¢uar INT.

Brrmeykazannpie JecTBUSI IPUBEAYT K HE3aMEIITUTEILHOMY (DOPMUPOBAHHUIO COCTOSTHHS
octaHoBa 1 ouyrctke 6uta STOP.

CocTosiHEE OCTaHOBAa MOXET OBITh CPOPMHPOBAHO TONBKO ecau Moaynb 12C
(GYHKIMOHMpYET Kak MacTep M KoHTposupyeT wmuHy (B moire MODE naxomutcs mo6oe
3Ha4YeHHe Koja u3 auarasona 01h — 0Bh).

JIOnOTHUTENBHO MOXKHO 00paTUTHCS K MPUIIOKEHUIO b JTaHHOTO TEXHUYECKOTO OMMCAHUS.

Ha pucynke 17.16 npencraBieHo rpaguueckoe NOsCHEHNE K OMMCAHUIO PEXKUMA.
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YcnewHas nepenaya
BEeOOMOMY NPpUEeMHUKY

Cnepylowias nepenaya HadnHaetcs
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Pucynok 17.16 — Pexxum FS macrepa nepenarunka

YenelwHas nepegava
BEJOMOMY MPUEMHUKY

Owwnbka - KBUTMPOBaHWe nocrne nepenadu
KOOa MacTtepa

HekeuTpoBaHue nocre nepegadm
agpeca BeoMOro

HeKBI/ITVIpOBaHI/Ie nocne nepegayvn

@2
Kog mactepa v
I S 0000_1XXX | A ISR Anpecaeﬂomorol W A [aHHble A P I
Y » SR I Appec | W
h
A P |
A\
-
y
AR P I PE)KV:;VI HS
macTepa
_@ npuemMHuKa
A# | P |

6anTa AaHHbIX

Moteps apbuTpaa npu nepenave
Kofa Mactepa v nepexof B
6e3agpecHbIn pexuMmHS BegoMoro

_ pexumHS

- BEe4OMOro NnpuemMHuKa

@D

Pucynox 17.17 — Pexxum HS macrepa nepeaarduka
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Pexxum HS macrepa nepenaruuka

[Tepexon B pexxum HS mactepa mepemaryvka MPOUCXOIUT B TOM CIIydae, €CiIM MOCie
COCTOSIHUS cTapTa MacTep mnepemaer kox macrepa (0000 1xxxb) Bmecro agpeca Bemomoro. Ilo
OKOHYAaHMHU TepeJadn Kojga Macrepa ycraHaBiuBaercss ¢mar INT wu, ecam paspermieHo,
reHepupyercsi npepsiBanue. Benen 3a ycnemHoil mepemaueit koga macrepa B noine MODE
3anucebiBaercst kox 21h (cocrosane HMTMCOK), u mactep nepexoaut B pexxum HS.

Janee Heo6xoauMo chOpMUPOBATH COCTOSTHUE MOBTOPHOTO CTapTa, 3alllCaB €AMHUILY B
outr START, u copocuts ¢aar INT, 3anucero equaumsr B 6utr CLRST.

[Tocne creHeprUpOBaHHOTO COCTOSIHMSI IIOBTOPHOTO cTapTa ycranaBinuBaetcs duiar INT, u B
nojie MODE 3anuceiBaetcs ko 22h (cocrosiue HRSDONE). JlanbHeuit mopsiiok AeHCTBHIA
10 Iepesiaye aapeca U JaHHbIX aHAJIOTHMUYEH OoNKucaHHOMY pexxumy FS mactepa nepenarumka.

JlononHUTENbHO MOKHO O0PAaTUTHCS K MIPUIIOKEHHUIO b.

Ha pucynke 17.17 npeacraBieHo rpagudyeckoe MOsICHEHUE K OITMCAaHUIO PEXKUMa.

Pexxum FS macTepa npueMHHKA

[Tepexox B pexxuM MacTepa MPUEMHHKA MPOUCXOAUT IMOCTE YCHEIHOW Mepeaayn axpeca
BEJIOMOr0O ¢ eIuHUYHBIM OutoM HampasicHus (R/W# = «1»). B pexxume macrepa NMpHeMHHKA
moayib 12C monydaer JaHHbBIE OT BEIOMOTO YCTPOICTBA, IOITOMY TEpsieT KOHTPOJIb HaJl IIUHOM
SDA. B Toxe Bpemsi MacTep MpOAOJKAeT TAaKTUPOBATh Mepefady U JOJKeH OTBeuaTh Ha OUT
ACK xaxmoro npuHaToro Oaira.

[Tocne xaxmoro mpuHsitoro Oaiita ycranaBinuBaeTcs ¢uar INT, u momp3oBaTenbckas
nporpaMMa YuTaeT Nojy4deHHble AanHbie u3 peructpa SDA. Jluaus SCL yaepxuBaetcst B «0»,
noka yctanoslnieH ¢uar INT. [Tocne cOpoca dumara INT MoxeT cTapToBaTh MpUeM CIEAYIOLIETO
Oaiira. [Tocne 3toro (cormacHo mpoTokoiry SMBUS) cocTOsSIHUS TTOBTOPHOTO CTapTa WIIH CTOTIA HE
JOJIKHBI T€HEPUPOBATHCA MACTEPOM, IMOCKOJBKY MAacTep TeNeph HE SABISETCA €IWHCTBEHHBIM
KoHTposepom JmHNME SDA. B koHIE mpuema Kakaoro OaiiTa MacTep HE KBHTHUPYET IPHEM,
coo011as TakuM 00pa3oM BeIOMOMY 00 YCIEIIHOM IIpHUeMe.

[Tocne mpuema mpearnocieqHero Oaiira nmepen copocom duara INT cnemyer 3amucaTs HOITb
B 6utr ACK peructpa CTLO. B Toxxe Bpems, ecnu Tpebyetcs oTnpaBka Oaiita CRC, cnenyer
ycranoButh Out PECNEXT B peructpe CST. Ilocme cbpoca c¢umara INT Oynmer mnpuHST
nocleAHU OalT JaHHBIX W He KBUTHpoBaH. [lo okOHYaHMM TIpHeMa MacTep BO3BpallaeTCs B
PeKUM TIepefaTyika W Temepb MOXKET CIeHEPHpPOBATH COCTOSHUE TOBTOPHOTO CTapTa HIIH
OCTaHOBA.

Ecnmn mexanu3m oOTCieXUBaHUS OIMMOOK BKJIIOYEH, TO TMOCIEIHUM TEpeJaHHbI OT
Begomoro Oait Oyxmer Oaiitom CRC. B ciydae ecnu pe3ynbTaT BBIUHCIEHHS KOHTPOJBHOU
CYMMBI HE HYyJIeBOH, TO yctaHoBUTCS (uar omubkun PECFAULT B peructpe CST.

JlomoTHUTETHHO MOXKHO 00paTUTHCS K IPHIIOKEHHUIO b.

Ha pucynke 17.18 npencrasieno rpaguueckoe NOsSCHEHNE K OMMCAHUIO PEXKUMA.

Pe:kum HS macTepa npuemuunka

[Tepexon B pexxum HS macrepa nmpruemMHHKa MPOUCXOAUT, €CIH MOCIHE MepelaHHOro Koja
MacTepa M IOCIIEOBABIIETO 32 HUM COCTOSHHUSI TIOBTOPHOTO CTapTa, MPOU3BOIMTCS TIepenava
anmpeca Begomoro ¢ outom Hampasienuss RIW# = «1». Moayns 12C nepexoaut B pexum HS
MacTepa TmpueMHHKa, ycraHaBiauBaeTcss ¢uar INT, a B mome MODE 3anuceiBaercs
COOTBETCTBYIOLIHI KO U3 Auana3oHa 28h — 2Bh.

JlonomHUTENHHO MOXKHO O0paTUTHCS K MPHIIOKEHHUIO b.

Ha pucynke 17.19 npencrasneno rpaguueckoe NosCHEHHE K ONMCAHHUIO PEKUMA.
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Pucynok 17.18 — Pexum FS macrepa npuemMHuKa
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Pucynox 17.19 — Pexxum HS mactepa npuemHuka
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Pexxum FS BenoMoro npueMHuka

B oTom pexuMme naHHbIE IPUHUMAIOTCS OT MacTepa Iepefardyuka. Belomblii KBUTUPYET
WIN HE KBUTUPYET IIPUEM KaxJoro Oaira.

[Tocne Briarouenuss Moxyis 12C Mmonutoput munHy. [Ipy oOHapy>KeHHHM COCTOSHUS CTapTa,
Monyib 12C nepekiroyaercss B peKUM BEIOMOTO NIPUEMHUKA M HAYWHAEeT IPUHUMATh CEMb OUT
ajzipeca U OMT HANPaABJICHUSA NEpeaay OT MacTtepa. Macrep nepenaTinka MOXKET MEePEKIIOUUTHCS
B PEXHM BEJOMOI0 IPUEMHHUKA BCIIEACTBUE MIOTEpU apOUTpaska IpH repegaye ajgpeca.

[Tocne nomyyenus Oaiita agpeca BeIOMBIN CpaBHUBAET MOJTYYECHHBIN ajipec:

- moiem ADDR peructpa ADDR, ecniu ycranosiien 6ut SAEN;

- co 3ragenuem 0000 000b (aagpec obmiero Bbi3oBa), eciu ycranosiieH out GCMEN;

- co 3uagennem 0001 100b (ampec oTkimka), ecnu ycranosien our SMBARE.

KButupoBanue npreMa mpOU3BOIUTCS, €CIIM MPUHATHIA apec COBMAN C «COOCTBEHHBIMY
(3amporpaMMHpPOBAHHBIM I10JIb30BaTEJIEM) aJpPECcOM OOILEro BbI30BA WM aJPECOM OTKIIHUKA.
[Tocne oOHapykeHHs coBHaacHHUsS anapeca W kButupoBanus B mone MODE 3anuceiBaercs
COOTBETCTBYIOIIMI Koa M ycTtaHaBinuBaercs (iar INT. Taxxe, ecnu paspemeno outom INTEN,
re’Hepupyercs npepeiBanue. [IpuHaTeIil OaiiT (azpec m OUT HampaBlieHHs) NEPENUCHIBACTCS B
peructp SDA.

B 3aBucuMoctu oT cocrostHMs OWTa HampasieHus, Monayib |2C mepexoautT B pexum
BenoMmoro nepeaatynka (ecnu R/W# = «1») unm ocraercst B pexuMe BEIOMOIO MPUEMHHKA
(R/WH# = «O»).

[Tocne xaxmoro npuHsATOro Oaiita ycranasiubaercs ¢iar INT, ykassiBaromuii Ha TO, 4TO
HEo0XoMMo TpounTarth aanHbie u3 perucrpa SDA, a muaus SCL ynepxuBaercst B «0». Ilocie
nporpammuoro urteHusi peructpa SDA dnar INT cOpaceiBaeTcst (3alMChIO0 €AWHHUIBI B OWUT
CLRST), n muaus SCL ocBoboxgaercs.

YcranoBka 6utoB SAEN u S10EN Bxiatouaer pekum 10-OMTHOM aapecanud BEIOMOIO
npuemHuKa. [locrne oOHapy>KEHHsI COCTOSHHS CTapTa BEAOMBIA MOCIEIOBATEIHHO NPUHUMAET
nBa OaiiTa, B KOTOPBIX COAEPIKUTCS apec.

[TocnenoBarenbHOCTh Iepenadyd OUT B mocbUike npu 10-OuTHOM ajpecanuu  Oblia
paccMoTpeHa panee B noapaszene 17.1 nacrosiuero TO.

Mexanu3m pacrio3HaBaHMs ajpeca H3J0KeH B mojapasaene 17.2 wacrosmero TO u
noka3aH Ha pucynke 17.13.

[Tocne KOppeKTHOTO MpHeMa BEJOMBIM JIBYX OalTOB M COBMAJEHHS MPUHSATOTO ajpeca C
COOCTBEHHBIM OaifTbl coxpanstorcs B peructpe SDA u  caBUroBoM perucrpe, HpHeM
kBuTHpYyeTcs, ycraHaBiuBaeTcs (uar INT, a B monme MODE 3anuceiBaeTcst COOTBETCTBYIOLIHIA
ko1 cocrossaus — 10h wm 17h.

Ecnu BKIIIOUeH MeXaHu3M OOHapy:KeHHUs OIIHUOOK, MOCIeTHUIN OalT, MPUHATHIA OT MacTepa
nepenaryuka, Oyner Oaiitom CRC. Eciu pe3ynbTarT BBIUMCIEHUS KOHTPOJIBHOH CYMMBI HE
HyJeBod, ycraHaBimBaercsi (umar ommbOku PECFAULT wu mnepemaya He KBUTHPYETCS.
[TporpammMa mosib30BaTeNsl JOKHA «3HATh» O KOJHMUYECTBE IEpe/laBaeMblX MacTepoM OalT u
ycranaBimuBath out PECNEXT mepen urenmem mpemmnocienHero Oaifra m3 peructpa SDA u
noroM copacsiBath ¢uiar INT. B pesynprare Oyaer annapaTHO pacCuuTaHa KOHTPOJIbHAs CyMMa,
U pe3yJIbTaT OTIpaBiieH macTepy B MoMmeHT nepemaun outa ACK. Ecmm ommbok Het, Oyner
BBINOJIHEHO KBUTHpOBaHHE (oTmpasieH «0» B orBeT Ha 3ampoc ACK), ecnu omubku ectb —
HEKBUTHpOBaHUE (oTmpasiieHa «1» B oTBeT Ha 3anmpoc ACK).

Ecnu BepoMoMy NpHEMHHMKY HYXKHO COOOIIMTH MacTepy, YTO OH HE MOXeT Oosee
NPUHUMATH JaHHBIC, ClieayeT cHadana yctaHoBUTh OuT ACK, a 3atem — 6ut CLRST (st cOpoca
¢mara INT). lanee Oyaer npuHAT MOCHEIHUA OalT JaHHBIX, KOTOPBIA He OylIeT KBHUTHPOBaH
(our ACK =1b), u ycranoButrcs ¢aar INT. Ilocme sTtoro mporpamMma MOKET MPOYHTATH
nocJaeIHUH nosyueHHbIi 0aiT u3 peructpa SDA u copocuts dar INT, mocne yero moayis 12C
OCBOOOIUT IIMHY.

JIOTIOTHUTENBHO MOKHO 00paTUTHCS K MPUIIOKEHUIO b.

Ha pucynxke 17.20 npeacrasneHo rpaduueckoe MosiCHEHUE K ONKUCAHUIO PEKUMA.
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Pucynox 17.20 — Pexxum FS Begomoro mpueMHuKa
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Pucynok 17.21 — Pexxum HS Benomoro npuemHnka

Pe:xxum HS Beromoro npuemMuunka

Bxirouenne pexuMa MPOUCXOMUT TIOCIE TMONYYeHHs] BalWIHOTO KoJa Mactepa
(0000 _1xxxb). ITocie mepegaun koga Mactepa GOPMHPYETCS COCTOSIHME MTOBTOPHOTO CTapTa, a
3aTeM MepeacTcss aapec BEIOMOTo ¢ HylieBbiM OutoM Hampamienusi (R/W# = «0»). Iocne
MoJTydeHust OaiTa ajapeca BEIOMBIH TPOBEpsSEeT €ro Ha coBmajgeHue (cM. panee «Pexum FS
BEJIOMOI0 TIPUEMHHKAY ).

JlononHUTENBHO MOXKHO 00paTUTHCS K MPHIIOKEHHUIO b.

Ha pucynke 17.21 npencrasieno rpaguueckoe NOSCHEHNE K OMIMCAHUIO PEXKHUMA.
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Pexxum FS BegomMoro nepenaryuka

B 3TOM pexxume maHHBIE TIEpEaroTCs OT BEIOMOTO MepeIaTyrKa K MacTepy MPUEMHHKA.
Benomerit mpoBepsier oTBeT MacTepa Ha 6ut ACK.

[lepexon B pexuM mepeAaTyrKa MPOUCXOIUT U3 PEXHMMa BEIOMOro mpuemHuka. Ilocie
MOJYYeHHsT COOCTBEHHOIO ajapeca W OuWTa HampasieHus, paBHoro emunuie (R/W#H = «l»),
BeoMbIi craHoBHTCs nepenatunkoM. ®mar INT ycranaBnmBaercsi, ykasplBasi Ha TO, YTO B
peructp SDA crenyer 3anucarh JaHHBIE.

[Toxa ycranosnen ¢aar INT, muaus SCL ynepxuBaercs B «0». [locne 3amucu 1aHHBIX B
peructp SDA cunenyer cOpocuth ¢aar INT. Ilocme 3Toro, mo HUCTEYCHHMHM BpPEMEHH,
HE00XO0IUMOT0 JJIs YCTaHOBKHU JMaHHBIX Ha nmuHUM SDA, nmunus SCL ocBobokmaercs, u JaHHBIC
HAUYMHAIOT MEePe/1aBaThCA.

[lepenaua naHHBIX aHAJOrMYHA MeEpeAaye B peXUME Mactepa nepeaardymka. Ilocie
KaXJIOTO yCHeNnrHoro npueMa O6aita ycranaBinuaercs duar INT, a B mone MODE 3anuceiBaercs
cootBercTByromuii koa. Jluaus SCL yaepkuBaercst B coctosHuu «0» 10 Tex mop, moka ¢iar
INT ocraetcs ycranosnennbiM. @mar INT momken cOpachiBaTbhCsl TOIBKO MOCIE 3aITUCH JaHHBIX
B peructp SDA. Kaxaplii mocienyromuii 6aiT gomkeH 3anucbiBatbes B peructp SDA mo tex
nop, noka B nmosie MODE #e nosiButcs kox 17h (coctosuue STDANA), ykaspiBaromuii Ha TO,
YTO MaCTEp «HE JKeJIaeT» Jajiee MPUHUMATh TaHHbIE.

BeiBon BegoMoro wu3 pexuma IepelaTyhKa OCYIIECTBISETCS TOJBKO MacTepoM
npueMHUKa. Macrtep TNpHeMHUKAa JODKEH HE KBUTHUPOBATh MOCIEIHUN  (COTJIacHO
3alJJaHUPOBAHHOMY  KOJHMYECTBY) TMOJy4YeHHBbIH OaliT ganHbix. Ilpu  oOHapykeHuu
HEKBUTHPOBAHUS TIEpEaHHBIX NaHHBIX, Moaynb [2C mepexoautr B pexuM 0e3aapecHOro
Begomoro, u B nojge MODE 3amuceiBaetcss kox 00h (coctosmue IDLE). [lamee Bemombiii
MOHHUTOPHT IIMHY B O’KUJAAHUU COCTOSHHSI CTapTa WIIM MIOBTOPHOTO CTapTa.

Hns pabotel B pexxume c¢ 10-OuTHOM aapecarueil cieqyeT OCYUIECTBHUTH JAEWUCTBUA,
AQHAJIOTUYHBIC OMMCAHHBIM I pekuMa FS BeZjoMoro nprueMHukKa.

Cuauana monyne 12C nepexonuT B pexXuM BEJOMOI0 MpUEMHHUKA U moiy4aeT 10-OuTHbIN
anpec. Eciu mporpammuo He TpeOyeTcs HuKakux aeiictBuid, To ¢iar INT He ycTtanaBnuBaercs,
muaus SCL we ynmepxuBaercs B «0», u mone MODE coaepXuT COOTBETCTBYIOIIYIO
uHdopmarnuo o cocrossuuu. Jlanee (cMm. panee «@Popmar mepemaud AaHHBIX ¢ 10-OuTHOM
ajzipecanueil»), Bciea 3a BTOPBIM OaliTOM aapeca, MOXKET MOCJIeA0BaTh COCTOSHUE MOBTOPHOTO
CTapTa, W 3aTeM MOBTOpPHAs Mepeaaya mepBoro OaifTa agpeca, ¢ TOH JMIIb pa3HUIEH, YTO OHUT
HampaBieHus: cogepxut eaunuity (R/W# = «1»). Takum oOpa3om, mocie mpueMa Tpex OauT,
ecnu NpuHATHIM 10-OUTHBIN azapec okaxercs «cBouM», ycraHoButcs ¢uiar INT, u Bemomblit
MEePEKITIOYUTCS B peKUM nepenatunka. B mose MODE 3anuiiercst onuH u3 AByX KomoB — 14h
i 15h.

Ecnu BKIIOYEH MeXaHM3M pacrlo3HaBaHHs OIMIMOOK, TO TMOCIEIHUI OTMIpaBICHHBIN
BeZIOMBIM TiepenatynkoM OaiT Oyzaer Oaiitom CRC. IlporpamMma momKHa «3HATH)» KOJIHMYECTBO
0aifT, MOChUIaeMBIX B MAaKeTe€ MAHHBIX, W TOCIe OTIPaBKU BceX OaWT ycTaHAaBIMBATh OUT
PECNEXT (BmecTo 3ammcu ouepeHbIX NaHHBIX B peructp SDA) mis Toro, 4ToOBl B PETUCTP
SDA 3anucaincst 6aliT KOHTPOJIBHOM CyMMBI.

B monmyne 12C mopnepkuBaercss (QyHKIMS pacro3HaBaHUS aJpeca OTKIMKA, KOTOPBIHA
nepeaaeTcsi MacTepoM IIMHBI KO BCEM BEJOMBIM. Bemomoe ycTpoHCTBO, MOJyduBIIEE ajpec
orkauka (0001_100b), mepekiroyaeTcss B PEeKUM IepeaaTurka M HaYMHAET IepeIaBaTh CBOU
coOCTBEHHBIN ajpec (moapodHee — cM. «Popmar nepeaayn JaHHbIX ¢ 7-OUTHOMN afpecaruein»).

Jns BritoueHHWs (QYHKIMU PACMO3HABAHWS ajjpeca OTKIHMKA CIEAyeT YCTaHOBUTH OWT
SMBARE B peructpe CTLO.

Monyns 12C pearupyer Ha agpec OTKIHMKA TOJIBKO MpH paboTe B pekuMe Beromoro. B
OTBET Ha TOJYy4YeHHE ajpeca OTKIMKA HadaTh IMepenady aJpecoB MOTYT HECKOIBKO BEIOMBIX.
Benomerii, BeirpaBimii apOuTpax, mpoaoKaeT nepeaady, OCTAIbHBIE — OCBOOOXK/IAIOT IIUHY.

JloTOTHUTETHFHO MOYKHO O0PaTUTHCS K IPHIIOKEHHUIO b.

Ha pucynxke 17.22 npezacrapieHo rpadguueckoe MosiCHEHUE K ONMHUCAHUIO PEKUMA.
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Pucynok 17.22 — Pexxum FS Beromoro nepemaranka

Pe:xxum HS Betomoro nepegaryuka

Monyns 12C mepexoautr B pexkxuM HS BegoMoro mocne moiydeHUs BaJUAHOTO KoJa
mactepa (0000 1xxxb). [lazee ciemyer COCTOSHHME IMOBTOPHOTO CTapTa M Iepeaada ajapeca
BEIOMOrO0 C eauHWYHBIM OutoM Hampasienus (R/W# =«l1»). Ilocme 5TOro BeAOMBIi
nepekirogaeTcss B pexkuM HS Bemomoro nepenatunka. yHKIMOHHUPOBAHUE B ATOM PEXKHUME B
[eJIOM HWISHTHYHO pexumy FS Bemomoro mepegatdymka, ¢ TEeMH OTJIHYUSAMH, YTO
MOJIJICp)KUBAeTCsl O0Jiee BBICOKAs CKOPOCTh IEpeiadd, a 3HA4CHHUs KOJOB COCTOSHHU (ToJie
MODE) naxoasrcs B quamnazone 34h — 37h.

JlononHUTENBHO MOKHO 00paTUTHCS K MPUIIOKEHNUIO b.

Ha pucynxke 17.23 npeacrasneHo rpaduueckoe mosCHEHUE K OMMCAHUI0 PEKUMA.

Kog mactepa
MNpuemkona mactepa, agpeca u | S | 0000_1XXX | A | SR | Anpec Begomoro | R | A HaHHble A
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6ainTa gJaHHbIX

lNoteps apbuTpaxa BO BpeMs nepeaaun koaa A
macTepa v nepexop B 6e3agpecHbiin pexxum HS
BEOMOro
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Pucynok 17.23 — Pexxum HS Beomoro nepenatanka
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JonosHuTtesbHast ”HGOpMAUA 0 padoTe MOYJIs

1 Korga monyne 12C Beikmiouen, 6ut BB peructpa CST ounmien. Bkimoyenune moayns B
cucTteme, ¢ 0oJjiee YeM OJJHUM MacTepOM, MOXKET MPOU30ITH B MOMEHT BpEMEHH, KOTJja IO IINHE
uzaer nepenada. butr BB He cmokeT 310 moka3ats. Bo m30exkaHue co3maHus OMMOOK Ha MIUHE
monynb 12C nomkeH CHUHXpPOHM3MPOBATHCS C CUTHAJAMH Ha ILIMHE MPEeXIe, YeM CclaenaTh
HOMBITKY CTaTh MacTepoM. st 3Toro ciemayer J0KaaTbcs MOMEHTA, KOrJa Ha IIMHE He Oyaer
BBISIBJICHA AKTUBHOCTh, T. €. MEPUOJUYECKH IMpoBepsATs Out BB uepe3 mepuoabl BpemeHw,
paBHBIC NIEPUOY OKHUAHHS HA IIUHE.

2 but BB mno3BosiseT MOHUTOPUTH HIMHY U HE JOMYCKaThb (POPMHUPOBAHUS OIIMOOYHBIX
COCTOSIHUH CTapTa B MPOILIECCe Mepeadn MeXAY APYTUMH yCTPOHCTBAMHU Ha LIHHE.

3 B HEKOTOpBIX cily4asx HIMHA MOXKET «3aBUCATh» MPHU aKTUBHBIX (C HYJIEBBIM YPOBHEM)
curnanax Ha JuHUAX SDA w/mmm SCL. McrouHmkamMu TakuX COCTOSIHMA MOTYT OBITh
HeoOHapyEHHbIE OMIMOOYHBIE CTAapTOBBIE WJIM CTOIMOBBIE COCTOSIHUS, C(HOpPMHUpOBABIIMECS B
TEUYEHUE NpUeMa BEJIOMBIX JAAHHBIX. ECIM cumTarh, YTO MPUYMHON 3aBHCAHUS SBUICS MOMYJb
12C, TO BO3MOKHBI CJIETyIONINE BA BapUAHTA PA3BUTHSI COOBITHIA:

a) ecnu 3aBucina jguaua SCL, HMyero He OyAeT MPOMCXOOUTh, @ MACTEp, 3aXBATHBIIHHA
HIMHY, JT0JKEH OCBOOOIUTH €€;

0) ecnm 3aBucna muHus SDA, mactep gomkeH ocBoOOaUTh muHY. ClieyeT HTOMHUTb, YTO
B HOPMAJIbHOM COCTOSIHHM yAepxkHuBaTh JUHUI0 SCL MOXXeT TONbKO TEeKYyLIHil MacTep LIUHBI.
[TocnenoBarenbHOCTh AEHCTBUI AJI BBIXOJA M3 3aBHCAHUA cleayrouas (Ipu yClOBUHU, YTO Ha
[IMHE TOJIBKO OJIUH MacTep):

- BBIKJIOYHTH W BKIOUYUTH MOAyibs |2C g mepeBoga ero B pexuM 0O€3aapecHOro
BEJIOMOT0;

- ycranoBuTh OuT START U1 CO31aHUS COCTOSIHUS CTapTa;

- MIPOBEPUTH, ynepkubaercs g JuHus SDA B «0» (akTHBHOE COCTOSIHHE) YTCHHEM OuTa
TSDA peructpa CST. Ecniu nuHUS aKTHBHA, OTHPAaBUTHh OJAMHOYHBIA MUMITYJIbC 1o juHuu SCL,
ycranoBuB 6uT TGSCL B peructpe CST,;

- npoBeputhb, 4ro B mose MODE 3amucan xon 01b (cocrosuue STDONE), koTopbiii
YKaXeT Ha TO, YTO COCTOsIHUE cTapTa copMupoBaHo. Ecinu HET, TO MOBTOPATH MPEABIAYIIUI U
ATOT IIary J10 TeX Hop, noka iuHug SDA He ocBoOOUTCS.
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18 KourtpoJsuiep untepgeiica CAN

18.1 Mporokoa CAN

[MocnenoBarenbubiii uaTepdeiic CAN (Controller Area Network) — umuTepdeiic cBs3m,
3¢ (HEeKTHBHO MOIEPKUBAIOIININ pacpeelieHHOE YIIPaBJIEHHE B MacITabe peaJbHOr0 BpeMEH!
C BBICOKOM MoMex03anuiieHHOCThI0. [IpoTokon cBs3u onpexaenex B cnenudukanmu CAN 2.0B.

[Iporokon CAN onTUMH3UpPOBaH s CHCTEM, B KOTOPBIX JOJDKHO TIepeIaBaThCs
OTHOCHUTEIILHO HeOOoJbIoe KonudyecTBo MHpopmaruu (o cpaBHeHuto ¢ Ethernet wim USB) k
TO00OMY WM BCEM y371aM CeTH. MHOXKECTBEHHBIH JOCTYNl C OMNPOCOM COCTOSIHUS IIMHBI
MO3BOJIIET KAKJIOMY Y3JIy TOJY4YUTh AOCTYN K IIMHE C y4yeToM MNpuoputeToB. HeaapecHas
CTPYKTypa COOOIICHMI IO3BOJSIET OPraHU30BaTh MHOTOA0OHEHTCKYIO IOCTaBKY JaHHBIX C
cokpaieHueM Ttpaduka MmMUHBL beicTpas ycroiumBas mnepeaada WHGOPMAlMU C CHCTEMOI
KOHTPOJISI OMMOOK TO3BOJISIET OTKJIFOYATh HEUCIPABHBIC Y37bI OT HIMHBI, YTO TapaHTUPYET
JIOCTaBKY KPUTHYECKHUX IO BPEMEHH COOOIICHUIA.

Oo6nacte npumenenus mnporokosia CAN: OT BBICOKOCKOPOCTHBIX CETEH CBSI3H [0
3JICKTPOTIPOBOZIOB B aBTOMOOWIJIe. Bhicokas ckopocTh mepenaud naHHbIX (1m0 1 MOwuTt/c),
XOpoIasi MOMEX03alUIIeHHOCTh IPOTOKOJIA, 3al[UTa OT HEUCIIPABHOCTH Y3JIOB — JIENAIOT IIIUHY
CAN noaxondmieit 1y HHIyCTPUANbHBIX MPUIIOKEeHU yrnpaBieHus tuna Device Net.

CAN uMeeT acHHXPOHHYIO TOCIIEIOBATEIbHYIO CTPYKTYpPY IIUHBI C OJHHM JIOTHYCCKHM
cermeHTOM ceTu. CAN ceTb MOXET COCTOSTh M3 JBYX WM 0ojiee y3J0B C BO3MOKHOCTHIO
MOJIKJIFOUCHUS/OTKIIFOUCHUST Y3JIOB OT INWHBI 03 TIePEeHACTPONKH APYTruX YCTPOHCTB, CM.
pucyHok 18.1.

KoHTponnep
nHTepgenca CAN
Yzen Y3en
CAN CAN
CAN CAN
TpaHcueep| | TpaHcuBep
TepMuHaTop l L LUnHa CAN TepmuHaTtop
LWUNHBI WMHBbI
CAN CAN CAN
TpaHcuBep TpaHcueep TpaHcusep
K MukpokoHTponnep KoHTponnep
OHTpONnep C VHTErpupoBaHHbIM C VHTErpupoBaHHbIM
nHTepdeiica CAN momynem CAN moaynem CAN

Pucynok 18.1 — O6mas ctpykrypa CAN cetn

Jloruka mMHBI pabOTaeT MO MEXaHU3My MOHTaXHOTo V, B KOTOPOM peLecCUBHBIA OHUT
COOTBETCTBYET JIOTHYECKOW €IWHHUIIE, & JOMHHAHTHBIA — JIOTMYEeCKOMY Hymo. Iloka Hu onuH
y3en He (OpMUpYEeT IOMUHAHTHBIM OHUT, IIMHA HAXOAUTCS B PELECCHUBHOM COCTOSHUHU.
[TosiBNeHre Ha MIMHE TOMMHAHTHOTO OMTA (BBICTABIEHHOTO OJHUM WJIM HECKOJIBKUMH Yy3JIaMHU)
CO3/1aeT TOMMHAHTHOE COCTOsSIHME IMHBL. OTCIO/Ia ClIeAyeT, YTO MpPU BBIOOpE Cpeibl Nmepeaadn
JAHHBIX HEOOXOAMMO TOYHO OMpPENEIUTh, KAKOE COCTOSHUE OYyJeT JTOMHHAHTHBIM, a Kakoe —
peueccuBHbIM. OHUM M3 Hambosiee PaclpOCTPAHEHHBIX U JEIIEBBIX BAPHUAHTOB JIMHUU CBS3H
apnsercss BUTas mapa. Jlunum mumHbel Torna HaseiBaroTcsi CANH u CANL u moryTt ObITh
MIOAKJIIOYEHBI HEIIOCPEACTBEHHO K yCTporcTBaM. He CyliecTByeT HUKAakoro JOIOJIHUTEIBHOIO
CTaHJapTa Ha Cpelly Nepeaadu NaHHBIX.
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[Tpu ncnonp30BaHNU B Ka4eCTBE JIMHUU CBSA3M BUTOM Mapbl C HArPy304YHBIMU PE3UCTOPAMU
Ha KOHIIaX MOXHO IMOJyYUTh MaKCUMaJIbHYIO CKOPOCTh Iepefadn JaHHbIX 1 MOuT/c mpu 1ymHe
auHun 10 40 M. J{ns auHUE CBSA3M TPOTSHKEHHOCTHIO Oosiee 40 M HEOOXOIMMO CHU3HUTH CKOPOCTh
nepeaayn AaHHbIX (Uit muaEd 1000 M cKOpOCTh MMHBI JOMbKHA OBITh HEe Oonee 40 Kour/c). U3-
3a auddepeHunanbHOro xapakrepa JMHUM cBs3M  mMHa CAN  MajllouyyBCTBUTENIBHA K
AJIEKTPOMAarHUTHBIM IOME€XaM. OKpPaHUPOBAaHUE IIMHBI 3HAYUTEIBHO CHU3UT BO3JEHCTBUE
BHEIIIHET0 3JIEKTPOMAarHUTHOI'O IOJIsI, YTO OCOOEHHO Ba)KHO JUISl BBICOKOCKOPOCTHBIX PEKUMOB
paboTHI.

JBonyHas wuHpopMmanus kogupyercs. JIOMHHAHTHBIM SBISETCA HU3KHHM YpOBEHb,
pPELIECCUBHBIM — BBICOKUN ypOBeHb. [l rapaHTUPOBAHHOW CHHXPOHM3ALMM JaHHBIX BCEMU
y3J1aMd IIMHBl HUCHOJb3YeTCsl MNPUHLUMI «OuT-cTapduHray. OTO O3HA4YaeT, 4To IpH
MOCJIEIOBATENIbHOM Tepeaue MATH OUT OJMHAKOBOM MOJISIPHOCTH MEpelaTYuK BCTABISIET OJUH
JIOTIOJIHUTEbHBIN OUT IPOTHBOIOJIOXKHON MOJAPHOCTH Mepel nepenadedl OCTaabHBIX OMTOB.
[TpreMHHK Tak)Ke MPOBEPSIET NOJSAPHOCTD M YAAISET JONOTHUTEIbHbBIE OUTHI.

B CAN nporokone mpu mnepenade JaHHBIX NPUEMHbIC Y3JIbl HE aApECcylrTCs, a
yKa3piBaeTcsi wuaeHTU(uKaTtop mnepenatyuka. C MOMOIIBIO HACHTH(PHKATOpA YKa3bIBACTCA
coJiepKaHue cooOLIeHNs (HampuMmep, IPUMEHHUTENBbHO aBTOMOOWIA — 00OpOTHI, TeMIepaTypa
JBUTATENss U T.J.) U CTENEHb HIpUOpUTETAa COOOIIEHUs. bosee BBICOKUI NPUOPUTET Yy
UEHTU(PHUKATOPA, UMEIOLIET0 MeHbIlIee OMHAPHOE 3HAUYEHUE.

[Ipy KOJUIEKTUBHOM JOCTyNE€ K IIWHE HCIOJIB3YyeTCS Hepa3pylIaAlonidi apOuTpax ¢
ONPOCOM COCTOsIHUS IUHBL. [lepen HavyaaoM mepenauyd JaHHBIX y3e€J HPOBEPSET COCTOSIHUE
HIMHBI (OTCYTCTBUE aKTUBHOCTH Ha 1muHe). [Ipu Havane nepegaun cooOUIEHUS y3€1 CTAHOBUTCS
YIOPaBJISIONUM IIHMHBL, BCE OCTalbHbIE Y3Jbl HEPEXOoAsT B pexuM mnpuema. Ilocne mpuema
cooOmuieHns (MOATBEPIKICHHOTO KaXKIIBIM y3JI0M) KaKABIH y3€l MpoBepsieT HACHTU(UKATOP B
COOOLIEHNN U COXpaHseT cOoOoOIleHHe, eciin 3To TpedyeTcs. B nmpoTuBHOM ciydae, cooblieHue
cOpaceiBaerca. Eciu nBa wim Oojiee y3JI0B HAuMHAIOT IEpefady AAaHHBIX OJHOBPEMEHHO,
Hopa3psIHbI apOUTpax 1Mo3BoiisieT u3dexarb KOH(IMKTa Ha muHe. Kaxaplil y3en BelgaeTr Ha
MIMHY CBOW wuaeHTH(UKaTop (cTapmmii OuUT (opMupyercs mHepBbIM) M KOHTPOJIHPYET €e
cocrosHue. Ecnu y3en moceuiaer «1», a cuutbiBaeT «0», 3HAUUT apOMTpak MOTEPSH, U y3ell
NEPEeKIIIoYaeTcsl B PEXUM IpUeMa. OTO MPOUCXOIUT TOTAA, KOIrjJa HIACHTH(PHUKATOP
KOHKYPHPYIOILIETr0 y3J1a UMEeT MeHbllee OMHapHOe 3HaueHue. TakuMm o0pa3oM, y3ell ¢ BHICOKUM
IPUOPUTETOM BBIUTPHIBAET apOUTpax 0e3 HeoOXOAMMOCTH TOBTOpPSTH coolmieHue. Bcee
OCTaJIbHBIE Y3JIbl OYAYT MBITATHCS MepesiaTh COOOIIEHHE T0CIe OCBOOOXKICHHSI IMHBI. J[aHHBIN
MEXaHHU3M HE MO3BOJISET NepeaBaTh COOOIIEHUsI OJTHOBPEMEHHO Pa3HbIMU y3iamu. st aToro
OPOTPaMMHO JOJDKHO OBITH 00ecredeHo, 4yToObl Y37bl, MEpeAarollue JaHHble, HE HMEIn
OJIMHAKOBbIX HJeHTU(uKaTopoB. OpurnHanbHas cnenudukanus B Bepcun CAN 2.0b (Tak
Ha3bplBaeMas pacimmpenHas Bepcus CAN) ompesensieT BO3MOXKHOCTh HICHTHU(UKATOpa MUMETh
nuHy 11 unm 29 6ur.

[Tpotokosn CAN npeaycMmaTpuBaeT ClIeAyIOIINe THITHI COOOIEHHIA:

- coo01IeHre JaHHBIX (CTaHAAPTHOE U PACIIUPEHHOE);

- yAJEHHBIN 3allpOC JaHHBIX;

- coo01IeHne 00 OIINOKE;

- CoOOILIIeHNE O Iepe3arpysKe.

CranaapTHoe coo0eHue JaHHbIX

dopmupyercst, KOraa y3en JKelaeT mepenars gaHHble. PopMar cooOImeHus MmokasaH Ha
pucynke 18.2.

131



Opyrve Co0BILEHMe AaHHBIX UK

Co0BLLEeHs! Mexay cooBLieHsmMA =§r yAaneHHbIA 3anpoc >
——7— >3 pe—38 pre R =§
Konel [MprocTaHoBIUTL ILinHa ceoboHa |o
CO0BLLIEHNS nepenavy S
INT N ]
[ ] o
< 44+ 8n (n=0-8) bur =
CoobLueHne
x
e 12 e 6 ple 0-64 > 16 yooe— T
2| Mone apburpaxa Mone Mone aaHHbIX Mone CRC KoHew
8 ynpaBneHns COOBLLEHNA
ol 11 > «—4 —ple— 38 b P 8 > 15 >
§ MneHtudmkarop [OnuHa BaifT naHHbIX BaifT naHHbIX CRC
= [AaHHbIX 354
ofa)
55 sEuss 3 u g5y eor
of [T IT TP [ fofofof TIPTIPTILLLAT , THTTATIPTPTTPT IOl PET LT fod Tefefafefefafe]s
dunbTp coobLLeHui
) CoxpaHsietcs B 6ychepe ! ) CoxpaHsieTcst B npveMHom/nepenatoLem 6ycepe

Pucynok 18.2 — CrangapTHOe coO0IIeHrEe JaHHBIX

CranpapTHOE COOOIIEHHE UMEET B CBOEM COCTABE:

- out SOF — nomunantHseiii («0») OUT Hayama cOOOIIEHUS ISl )KECTKOW CHHXPOHHM3ALUU
BCEX Y3JIOB;

- moiie apoutpaxa (12 6ur), Brirouatoniee mose ID naentudukaropa (11 6ur), n 6ut RTR

nepenaun 1o yzaanernHomy 3ampocy (RTR = «0» cooTBEeTCTByeT COOOUICHHIO JIaHHBIX,
RTR = «1» cooTBeTCTBYET ynajJeHHOMY 3aIpocy);
- mosie ympasienus (6 Out), Brmoudaromee Out IDE, — yka3zarenb pacHimpeHHOTro

unentudukaropa (IDE = «0» coorBercTByeT cranmaptHoMy wuneHtudukaropy, IDE = «I»
COOTBETCTBYET pacUIMpEeHHOMY HaeHTU(dUKaTopy), OuT RBO — pe3epBHBIN TOMUHAHTHBINA OUT U
nose DLC — uucno Oaiit gaHHbIX (4 OHMTa), KOTOpOE€ YKAa3bIBAET, CKOJBKO OaWT JaHHBIX
COJIEP)KUTCA B cooOmeHuu (momycTumble 3HaueHus or 0708 — jgpyrue 3HaueHus
HCIIOJIb30BAThCS HE MOT'YT);

- mosie gJaHHbIX (0T 0 10 64 OUT), coeprkallee 1eI0e YUCIO OalT TaHHBIX;

-none koHTpoibHOM cymmbl CRC (16 6ut), Brmowaromee mone CRC (15 6ur),
UCIIOJIB3yEMOE i1 OOHApY>KEHMsI BO3MOXHBIX OMMOOK mepenaun maHHblx, © Outr CRCDel
peneccuBHbIi pasnenutens CRC;

- Tiosie moATBepkaeHus (2 6uta), Briatouatoniee out ACK Slot moaTrBepkaeHus nepepaun
(mepenaroIuii y3el BbIIAeT pelieCCUBHBINA OUT, a 11000 y3e, KOTOpbIi NpUHsUT cooblieHne 6e3
OIIMOOK, 3aMEHSIET €ro CPOPMUPOBAHHBIM TOMUHAHTHBIM OUTOM), 1 OUT ACKDel perieccuBHblit
pa3fennTenb NOATBEPKICHNUS;

- nosie EOF konua coo6mienus (7 6ur).

Mexay nepenayaMu JIByX JIFOOBIX COOOIIEHHI IIMHA JTOJMKHA OCTaBaThCs B PELIECCUBHOM
COCTOSTHUM KaKk MMHUMYyM B TeueHue BpemeHu noseieHus 3 Out (mone INT mpocros). Ecou
1ocje MOsBICHUS TpeX perieccuBHBIX OUT (mose INT) HU oMH y3en He Havall repejady, IMIHHa
nepexoauT B coctosHue Oe3aeiictBus IDLE m HaxomuTcs B PENECCMBHOM COCTOSIHUH IO
MOSBJICHUS] JOMUHAHTHOTO OMTa COOOIICHHUS.

PacumiupenHoe cooduienne JaHHbIX

Pacmmpennoe coobuieHne JaHHBIX (OpMUpPYETCs, KOTJa y3ei KeslaeT rnepenaTh JaHHbIE.
dopmar cooOrieHus mokazaH Ha pucyHke 18.3.
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Apyrve CoobLuenvte AaHHbIX 1nu
Co0BLLEHHs yAaneHHbIi 3anpoc

Mexay coobLueHmnamm >
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coobLueHns neperady

INT

100000000 D00 00RO NERaE
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64+8n(n=0-8)6ur
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=
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& Mone apGuTpaxa More Mone AakHbIX Mone CRC Korely
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§ VnenTucpukarop PaclumperHblit uaeHTudmkaTop [OnuHa BaifT fiaHHbIX BaifT faHHbIX CRC
I [aHHbIX EEE
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DunbTp CO0BLLEHMIT

5
5

Coxpansetca B bydepe X CoxpaHseTcs B npvemHom/nepeaatoLem bydepe
Pucynok 18.3 — Pacimpennoe coo0IieHne JaHHBIX

Pacmmpennoe coo01ieHre MeeT B CBOEM COCTaBE:

- out SOF — nomunaHTHBIN («0») OUT Hayama COOOIICHMS JJIS KECTKOW CHHXPOHHM3AIUU
BCEX Y3JIOB;

- moJie apouTpaxka (38 OuT), BKIHOUAIOIIee Mojie CTaHaapTHOro uiaeHtudukaropa (11 o6ur),
our SRR 3amenurtens ypaneHHoro 3ampoca, Out IDE ykazarens pacmmpeHHOTro
uacHTuduKaTopa (PEeecCUBHBIN, YTO COOTBETCTBYET PACIIMPCHHOMY HUICHTH(PHUKATOPY) U TOJIe
pacmmpeHHoro unentudukaropa (18 6ur);

- out RTR mepenaun no ymanennomy 3ampocy (RTR = «0» cooTBeTcTBYeT COOOIIECHUIO
naHHbix, RTR = «1» coOTBeTCTBYET yIaJeHHOMY 3a1pocCy);

- mosie ynpasiieHus (6 6ut), Briarodaromiee 0utT RB0, — pe3epBHBIN TOMUHAHTHBINA OUT, OUT
RB1 pesepBublii qomuHanTHBI OUT U mone DLC — ymncno OalT nanHbix (4 6urta), KOTOpoe
YKa3bIBaeT, CKOJIbKO OalT JAHHBIX COAEPKHUTCS B COOOIIEHNH (AOomycTUMbIe 3HadeHust ot 0 g0 8
— IpyTue 3HaYeHHsI UCTIONIb30BaThCS HE MOTYT);

- nose nanubiX (0T 0 10 64 6uT), comepxaliee 1ea0e Yucao OalT JaHHBIX;

- monie  KoHTposbHOM cymmbel CRC (16 6ut), Bimowaromee none CRC (15 6wur),
UCIIOJIB3yEMOE JUIsl OOHApy»KEHUs BO3MOXKHBIX OmuOOoK mepenaun gaHHbix u O6uT CRCDel
peueccuBHbli paznenurens CRC;

- Tiosie moATBepkaeHus (2 6uta), Britouaromee out ACK Slot moarBepskeHus nepegadn
(mepenaroIuii y3el BbIIAeT pelieCCUBHBIN OUT, a 11000 y3e, KOTOpbIi NpUHsUT cooblieHne 6e3
OIIMOOK, 3aMeHSIeT ero cOpMUPOBAHHBIM JOMUHAHTHBIM OuToM) u 6ut ACKDel penieccuBHbIN
pa3zenuTenb MOATBEPKIACHNUS,

- nosie EOF xonua coo6mienus (7 6ur).
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YnasieHHbIH 3a1POC JAHHBIX

dopmupyercs, Korja y3iy TpeOyIoTcsl JaHHbIE APYTOro y3ia. Y3el Ha3HaueHUs MOChLIaeT
VAQICHHBIA 3ampoc C HASHTU(UKATOPOM HCTOYHMKA. COOTBETCTBYIOIIMI y3€l HCTOYHHKA
(pactio3HaBIIMIA CBOM UACHTU(DUKATOP) MOCHIIACT CTAHAAPTHOE WM PACITUPEHHOE COOOIIEHUE B
OTBET Ha 3aIpoc.

VYV 1aneHHsbli 3anpoC JaHHBIX CYLIECTBYET B CTAaHJAPTHOM M PAacCIIMPEHHOM BapuaHTtax. Ha

pucyHke 18.4 mpencTaBiieH BapUaHT yAaJICHHOTO 3apoca CO CTaHIaPTHBIM HICHTU(PUKATOPOM.
JOpyrve CoobLLeHVe AaHHbIX UK

< €000 LLEeHs Mex1y CooBLLeHvAMM ;;% yAaneHHbIN 3anpoc >
)
—— 7 — >3 pe—38 pla R >§
KoHew, [MprocTaHoBUTb LLinHa ceobogHa |o
COO0BLLEHMS! nepemayy 5]
INT ) T
[ e[ e ] 1] ) [1]a]1]o
< 44 Bura >
CoobLeHve
=
Ble—— 12— b6 e B T
2| Mone apOurpaxa Mone Mone CRC KoHel
8 ynpasnenus cooBLLeHs
ol 1 > «—4 —ple 15 >
§ WoeHTudmkarop OnuHa CRC
© AaHHbIX B
- o o =
35 gEusz 2 £33  EoF
of [LLLLLLLL ool PPPLLLLITTTELLEEL [ [afefefafefefet
®unbTp cooBLLEHNIA

CoxpaHsietcs B 6ydepe

Pucynok 18.4 — Y nanenuslii 3anpoc JaHHBIX (CTaHAAPTHBINA (opMar)

HNmeroTcss TONBKO J1Ba OTIMYMS COJEPKUMOTO YIAJICHHOTO 3ampoca OT COOOIIECHHS
JTAHHBIX:

- out RTR B ynaneHHoM 3anpoce nepenaercsi B pelecCuBHOM COCTOSIHUY;

- TIOJIe JIaHHBIX OTCYTCTBYET (B COOOIIEHUHU HE TIEPENacTCsl HUKaKUX JaHHBIX, 3HAYCHHE B
nosie DLC mo60oe B npeaenax ot 0 go 8).

B camom ManmoBeposSTHOM ciy4ae, KOrJa OJHOBPEMEHHO (OpPMUPYETCS YIaleHHBIH
3arpocC, u yUFpOﬁCTBO NbITACTCA NepeaaTb JaHHLIC C OJWHAKOBBIMHU I/I)IGHTI/I(l)I/IKaTOPaMI/I,
apOuTpaxk OyIeT BBIUTPAaH YCTPOWCTBOM, IME€pPENAIONIMM JaHHBIE, H3-32 JOMHUHAHTHOTO
coctostaust outa RTR.

Y3e.]'[, KOTOpBIfI NOChUIAMT 3aIIpOC, MOJYHACT JAHHBIC HEMCIJICHHO.

CooOmenne 00 omnoke

CooOuienne 00 ommdke GopMupyercs J00BIM y3JI0M, KOTOPBI OOHAPY>KHUBAET OMIMOKY
Ha muHe. @opMaT cooOIeHus MoKa3aH Ha pucyHke 18.5.

Coob1enue 06 ommdKke COCTOUT U3 IBYX MOJICH: MoJie pa3fenuTesns OMMOKY U roe ¢uara
ommOKku. Bo3MOoxHBI Ba Tuma mojs (iara ommOKH, B 3aBUCUMOCTH OT BHJA OIIMOKH Yy3IIa,
00OHapy’KUBIIETO €€.

Ecnn ommOky oOHapyXuil akTUBHBIN y3en (Kak B mpumepe Ha pucynke 18.5), Torna oH
OpepbIBaeT Iepefady TeKyllero cooOmieHus, ¢opmupys ¢aar aktuBHOM omuOku. Omar
AKTUBHOW OIIMOKM COCTOMT W3 IIECTH IMOCIEeNOBATEIbHBIX JOMUHAHTHBIX OWT, KOTOpHIE
HapymawT mpaBuia «OuT-ctadduHray (mMpaBuia HAMOJHEHUS W Tiepenadyd OUT Ha IIHUHE).
OcranbHble Y37bl TaKXKe OOHApPYXKHBAIOT OMIMOKY M HAUMHAIOT (OPMHPOBATH COOOLIEHHE 00
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ommoOke. TakuM oOpa3zom, mose ¢uiara OMMOKH MOXKET COAEPKATh OT 6 10 12 TOMUHAHTHBIX OUT
(copMupoBaHHBIX OHUM y3J7I0M WK 6oee). [lone dmara ommOKku TOMOIHIETCS pa3AeIUuTeIeM
OLHI/IGKI/I, COCTOAIIUM HU3 BOCBMU PCUECCCUBHBIX our u MO3BOJIAIOIIUM IICPE3allyCKaTh CBA3b C
HIMHOW Tociie 0OHapyxeHus omuoOku. [Tocie mepexoaa MIMHBI B HOPMAJIbHOE COCTOSTHHUE Y3JIbI

BO300HOBIISIOT Tepefady AaHHBIX, OCTAHOBJICHHBIM y3eN IMOBTOPSET IMepenady COOOIICHHS,
HEePEAaHHOTO JI0 ATOTO C OIIMOKOM.

Dpyrve CoobLLieHre faHHbIX Ui
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Pucynok 18.5 — CooOuienue 06 ommnodke

Ecin ommbky oOHapyX Wil NacCUBHBIA y3el, Toraa OH (opMmMupyeTr (iar macCUBHOM
OIIMOKH, COCTOSAIINA M3 MIECTH TOCIEIOBATENBHBIX PEUECCUBHBIX OWT, W 3aT€M pPa3/IeIHUTENb
omnOku. Takum o6pazom, cooOlIeHHe O MACCUBHON OIIMOKE COCTOUT U3 14 pereccuBHBIX OHT.
OT0 He HapymIaeT mpaBwia «OUT-cTapuHTay Ha NIMHE M HE OKA3bIBACT BIHSHHA Ha Mepeqadn
Opyrux y3ioB. HckitoueHue cocTaBiseT y3el, KOTOphIH IepefaeT JaHHble Y31y,
oOHapyxuBlIeMy omHOKy. B sTrom cinyuyae mnpaBmwiia «Out-craduura» HapymaroTcs, H
nepesada JaHHBIX Ipekpamtaercs. [locie mepenaun nmacCuBHON OMMOKM y3€l TOJDKEH OKUAATh
IIECTh MOCIIEA0BATENbHBIX PELIECCUBHBIX OHUT 11 BOCCTAHOBJICHUS CBSI3U C IIMHOIA.

Cooluienue o nepesarpyske

®dopmar cooOliieHns 0 mepe3arpys3ke aHajgorudeH ¢opmary cooOrieHusi 006 ommoke, HO
MO3KET OBITh CPOPMUPOBAH, TOIBKO KOT/Ia IIMHA MPOCTANBAET.
CooOrienne o mepesarpyske Mmoka3aHo Ha pucyHke 18.6.

135



Konew, coobuuyerns wn - «———— CooblieHve nepesarpysin ———»
pasgenvTenb OOk, unu Mexay
Pesnenmens nepesarpysi b e 6 8 COOBLLEHAMM
Onar Onar Paspenutenb
niepesarpy3kv | nepesarpyaki | nepesarpy3kit
LPYT¥X Y3108
ofofofofofofo] | {o[1[t{t[t[t[1]1]1

4

Pucynok 18.6 — CooO1ieHue o nepesarpyske

Pa3nenurens nepe3arpy3ku COCTOMT U3 BOCBMH MOCJICIOBATEIBHBIX PELIECCUBHBIX OWT.

VY3en MmoxkeT chopMupoBaTH COOOIIEHHE O Mepe3arpy3Ke B ABYX CIIydasx:

- MEXIly COOOIIECHUSAMHU OOHApYXKEH JTOMUHAHTHBIN OWT, 4TO SBJISETCS HEHOPMAIBHBIM BO
BpEMsI IPOCTOS IITMHBI;

- 17151 3aJIepKKH TIepeiaui HOBOTO COOOIICHUSI.

VY3en MOKeT MmociieIoBaTeIbHO COPMHUPOBATH HEe 00JIee ABYX COOOIIECHHI Mepe3arpy3KH.

®nar mepes3arpy3Ku COCTOMT W3 IIECTH IOCIIEAOBATEIBHBIX JOMHHAHTHBIX OWT. [[pyrue
y3J161 OOHAPYKUBAIOT IMEpe3arpy3Ky U HAuMHAIOT (OPMHUPOBATH €€ CaMOCTOATENbHO. [loaTOMy
Ha [IMHE BO BpeMs BBIMIOJIHEHUS NIepe3arpy3ku MOXKET OBITh 10 12 TOMUHAHTHBIX OUT.

18.2 CtpykTypa u GpyHKIHOHMPOBaHHEe KOHTpoJuiepa CAN

B cocraB xontposnepa CAN BXoJAT ABa UAEHTUYHbIX He3aBUCUMBbIX y31a CANO u CANI,
O3V s XpaHeHus: cOOOILEHUH, KOTOpoe SIBJISETCS OOLIMM JJIs y3JI0B, U CUCTEMa YIPaBJICHHUS.
Kontpomrep CAN umeer crieayronme GyHKIMOHATBHBIE OCOOCHHOCTH:

- cootBercTBHE ISO 11898;

- hyaxronupoBanue cornacHo crenudpukanun CAN 2.0b (akTuBHas Bepcus);

- OTZEIbHBIC YNPABIAIOUINE PETUCTPBI AJI KAKIOrO U3 IBYX y3JI0B;

- IporpaMMupyemMasi CKOpocTh niepefaun nHpopmanuu 1o 1 Moéur/c;

- TMOKUI M MTOJTHBINA KOHTPOJIb epeAayy COOOIEHHH 1 00pabOTKH OIIMOOK.

Kontpomtep CAN peanusyer 16 nuHWMI npepbsiBaHuii u 64 0OBEKTOB COOOIICHHH ISt
XpaHeHHs cooOmeHuil 1 ux napamerpoB B O3Y. Kaxaplii 00beKT COOOIIEHUS MOKET ObITH
IPUBS3aH K JII0OOOMY U3 y3JI0B, CKOH(DUTYpUpPOBaH JUIs Nepeaayu WK MpueMa Kak CTaHAapTHBIX,
TaK W PACHUIMPEHHBIX COOOLIEHMH M yJaleHHBIX 3ampocoB. Kaxaplii 00beKkT unmeer
WHAMBUAYAIbHYIO MAacKy sl GUIbTpalUU NMPUHUMAaEeMbIX cooOmieHui. OObEeKThl COOOIIEeHUN
MOTYT OOBEIUHATBHCS B KJIACChl, C pa3HbIMU YPOBHSMHU MPHOPUTETA, MOTYT OOBEAMHATHCS AJIS
noctpoerns cTpykryp FIFO mpousBoibpHBIX pazMepoB (10 64 00BEKTOB B OJTHOW CTPYKTYpe).
Kpome Toro, peannzoBaHa BO3MOKHOCTh ITONAPHOTO COEAMHEHUSI 00BEKTOB JUIsl (JOPMHUPOBAHUS
NUTI030B IS aBTOMATHYECKOW Tepefaud cooOmmeHuit Mexnay yi3iamu. [lapamiensHo ¢
BBIIIICYKAa3aHHBIMA CBOWCTBAMM OOBEKTHI COOOIIEHUI MOTYyT OpPraHU30BBIBATHCS B CIHCKH C
MOCTOSIHHO JIOCTYNHOM peopranu3anuei (coBMectumocts ¢ TwinCan-ycTpoiicTBaMH, KOTOpBIE
HE UMEIOT CIIUCKOB).

Crpyxkrypa koHTpouiepa CAN npuBeneHa Ha pucyHke 18.7.
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Pucynoxk 18.7 — O6mas ctpykrypa koutposuiepa CAN

CuHXpoHU3aAIUSA

Taktupyromum  curHasiom  KoHtposwiepa CAN  sBusercss curnan  FIN  (HLCK),
NPUXOMAIIMI C TeHepaTopa TaKTOBBIX CHTHajoB. Ha oOcCHOBe 3TOro curHajia THOCPEICTBOM
IPOrpaMMUPYEMOr0 JIPOOHOr0 JENIUTENS] YacTOThl (POPMHUpYETCS BHYTPEHHUN CHHXPOCHUTHAI
FCAN (FOUT), cuHXpOHHM3UPYIOIIUA paboTy KOHTpoOJLiepa W  SBJISAIONIMNACS 0a30BbIM
CUHXPOCHUTHAJIOM JJIs Iepefaun/pruemMa cooOriennit mo sHemxel muae CAN.

Bkurouenue kontposiepa CAN

[To ymomyanuto nocie copoca MUKpoKOoHTposuiepa KoHTposuiep CAN BeikimtodeH. Ha 3T1o
Takke ykaspiBaeTr coctossHue mara DISS peructpa CLC. Korga koHTposuiep BBIKIIOYEH, 3TOT
¢uar ycTaHOBIIEH.

Hns Brmouenust kouTposuiepa CAN cnenyert 3anucats Hoitb B 6ut DISR perucrpa CLC.
[Tocne storo ¢mar DISS copocutcs. Pekomenayercs mpoBepsath coctostaue ¢ara DISS, nepen
HAYaJIoM IPOTPaMMHUPOBAHUS PETHCTPOB KOHTPOJUIEPA, KOTOPBIE HE JOCTYIHBI B BHIKIFOUEHHOM
COCTOSIHUU.

Beikiaouenue konTposiepa CAN

[TporpammHo MoxHO nepeBecTd KOoHTposiep CAN B peXuM BBIKJIIOUEHHUS YCTaHOBKOM
6uta DISR. Kontposuiep 3aBepiaeTr Bce TeKylle OoNepaluy, Mocjie 4ero ycTaHaBIuBaeT (iar
DISS u oTtkirodaeT BHyTpeHHEE TaKTUPOBAaHUE, B CBSI3M C YE€M, BCE PETUCTPHI CTAHOBATCS
HEJIOCTYIHBIMHU U1 00paleHuUsI.

IIpocToi mMHBI

Mexny nepenadamu cooOmieHuit mmaa CAN HaxoAguTCs B PEIECCUBHOM COCTOSTHHUH. J1is
BBITIOJTHEHUS! YCIIOBUI MPOCTOS MIMHBI HEOOXOAUMO, YTOOBI ObUTH TOTYyYeHBbl KaK MUHUMYM TpH
PEIECCUBHBIX OMTa MOCIIE 3aBEPIICHUS TIepe1avu/IpueMa 04epeHOr0 COOOIICHHS.
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Anain3 padotsl kKoHTpoJLIepa CAN

Jns ananuza pabotel koHTposuiepa CAN nocTymHBI JiBa pekrMa — OOIIEro aHaliu3a U
BHYTpPEHHEH MeTu.

Pexxum obmiero ananmsa BkIoyaetrcs ycraHoBkor o6uta CALM peructpa NCR y3na u
MO3BOJISIET OCYIIECTBIISITh HE3aBUCUMbIII MOHUTOPUHT paboThl y3ia, He 3aTparuBas muHy CAN.
B sTOM pexnmMe cooOIIeHNs JaHHBIX U yAaJCHHbIE 3alIPOCHl OTCIEKHUBAIOTCA 0€3 y4acTHs y37a B
omepanusix Ha IIWHE. BBIXOIbl y37a HaxOIATCS B PEUECCMBHOM COCTOSHHUU. Y3€JI MOMKET
MOJTy4aTh COOOIEHUS JAaHHBIX, COOOIICHUS yIaJICHHBIX 3aIIPOCOB U COOOIICHUs 00 OMMOKax, HO
paboTta y3na Ha nepenauy 3amperieHa. [lomyuenHsie cooOIIeHHs TaHHBIX/YTaT€HHBIX 3allPOCOB
ocraroTcsi 0e3 moATBepkAeHUs (OUT MOATBEPKACHUS OCTACTCS B PELECCUBHOM COCTOSHHH), HO
NPUHUMAIOTCS. U COXPaHSIOTCSA (MpU COBMAJEHUU HUACHTU(PUKATOPOB) B COOTBETCTBYIOIIMX
00BbeKTax coobmieHuii. B oTBeT Ha BXOoAfIIME COOOLICHHS HE BBITACTCS MOATBEPXKICHHE M HE
reHepupyrotcs coobueHuss o0 omwubkax. Ha ynaneHHble 3ampochl HE BBIAAIOTCS COOOILEHUS
JAHHBIX, @ CaMU COOOILIEHHs IaHHBIX HE MOTYT OBITh NEpeAaHbl yCTAaHOBKOH OHWTa 3ampoca
nepenaun TXRQ peructpa cocrosaus obwvekra coobmenuss MOSTAT. IlpepsiBanus mocie
IIpYEMa FeHEPUPYIOTCA (€CJIN 3TO Pa3pelleHo) Ul BCEX IPUHATHIX COOOIIEHNUH, HE COAEPKAIINX
OIINOOK.

Pexxum BHyTpeHHell mnernm BkItouyaeTcs: ycraHoBkoil Outa LBM peructpa NPCR u
MO3BOJIIET MPOBOAWTH BHYTpPEeHHee TecThpoBaHue KoHTpoiuiepa CAN, a Takke OTIaiKy
yIpaBisoneil mporpammsel 6e3 goctyna K BHemHel muHe CAN. BHyTpeHHSIsSI TeTJIsSE COCTOUT U3
BHyTpeHHel muHbl CAN (BHyTpu koHTposiepa CAN) u mepekitoyarenss BbIOOpa IIMHBI IS
KaXJI0TO y371a, cM. pucyHOK 18.8. C momoibto nepexinrodarests Kaxasid y3enl CAN MoxeT ObITh
MOJIKIIIOUEH JIMOO K BHYTPEHHEH MIMHE (PeXUM BHYTPEHHEW MeTNH), MO0 K BHEIIHEH IIMHE
(HOpMasbHBIN pexuM padoThl). Eciam BBIOpaH peXUM BHYTPEHHEW NETJIM, TO HAa BHEUIHEM
nepenatomieM BoiBozie y3ina CAN moanep:KkuBaeTcsi pelieCCUBHBIN YPOBEHb CUTHANIA, & COCTOSIHUE
IIPUHUMAIOILIETO BbIBOJIa UTHOPUPYETCH.

(NPCR) B
HYTPEHHSS
LBM wwuHa CAN
P
0
[Linva CANO
Y3en CANO |« o (Unka CANO)
1
LBM
0
v O _LUVlHa CAN1
Y3en CAN1 |« o

Pucynok 18.8 — Pexxum BHyTpeHHEN netin

Ecin o6a y3ma CAN (QYHKIMOHUPYIOT B pEXKHME BHYTPEHHEW TETIH, OHH
B3aMMOJICHCTBYIOT JIpYT C IPYTOM MOCpeACTBOM BHyTpeHHeH mmHbl CAN, He oka3biBas BIMSHHUE
Ha paboTy Ipyrux MOAyieH, PyHKIIMOHUPYIOIIUX B HOPMATEHOM PEXHIME.

JApoOHbIi 1eauTes b

JpoOHBIii fenuTens, cM. pucyHoK 18.9, mo3BossieT reneprupoBaTh TakTOBbINA curnan FOUT
u3 BxoaHoro FIN (HCLK) mytem mporpaMmmupoBaHust AeauTesis mocpeacTBom peructpa FDR.
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STEP (10 6uT)

1

FIN
E FOUT

PaspeleHne

RESULT (10 6u7)

FIN —! Curnan cbpoca

————> BHELLHero genuTens
Curnan 3anpoca BbIKMHOYeHNS
koHTponnepa CAN

Ynpasnexve
CwurHan 3anpoca oTknodeHus koHTponnepa CAN , P
CwvrHan paspeLueHmns BHELLHEro TakTMpoBaHu1s ,

Pucynok 18.9 — Cxema npoOGHOro nenurens

3anaBaeMoe 3HaueHHe 4acToThl curHana FIN 3aBucuT oT qnmuTenbHOCTH Nepeiadu 0HOTO
Outa MH(pOpPMAIIMK M JOJDKHO OBITh N-KpaTHO ei. I10CKOJbKY UIMTENBHOCTh Iepeaavyn OuTa
OTpeeNsIeTcsl KOJIMYeCTBOM KBaHTOB BpemeHu Ntq, (cM. gaiee), TO IS pacdera YacTOThI
curanain FIN B Ml cienyet nonb3oBatbest popMysIou:

fin = nxNtq, (18.1)

rae Ntq — komu4ecTBO KBaHTOB BPEMEHH t(q;
N — 1esoe Ynciio, HauuHas ¢ 1 (as1s1 3a1aHust KpaTHOCTH).

JpoOublid nenurens Aeaut fin myTeM yMHOKEHUsS Ha BenMuYuHy 1/val WM BEIMYHHY
1024/val ans mo6oro val ot 0 mo 1023, nonyyast Ha Beixoje TakToBbiil curaan FOUT (FCAN).

Ha pucynxke 18.9 mokaszana Giok-cxema apoOHOTro aenutens. Jloruka qpoOHOTo AeauTes
paboTaeT 1no-pa3HoMy, B 3aBUCUMOCTH OT peKuMa, 3aJjaBaeMoro mnoysem DM.

B pexxume HOpMmanbsHOTO Aenenust (DM = 01b) genutens paboTaer Kak HeperpyxaeMblid
CUETYMK C IIaroM HHKPEMEHTHPOBAaHUS, paBHbIM eauHuie. COCTOSHUE CYETYMKAa JIOCTYITHO
nocpeactsoM noist RESULT. Kaxnpiit pa3, npu nepenoinenuu (1. e. korna RESULT = 3FFh),
dopmupyercs umnyibsc curiana FOUT, mocnie yero B c4eT4MK 3arpyskaeTcs 3Ha4eHue U3 Mot
STEP.

Yacrota curnana FOUT omnpenensiercs mo ¢popmyiie

fout = fin x 1/(1024 — STEPd), (18.2)
rae STEPd — 3nauenne nons STEP B gecatuunom dopmare.
Orcroga cnemyeT, yTo Ans monyueHusi curHaiga FOUT c wactoToil paBHOU wyacTtoTe

curHana FIN 3nauenme STEP nomxno Obith paBHo 3FFh. Ha pucynke 18.10 mokazano
dopmuposanue curHana FOUT npu 3nauenuu STEP = 3FDh (1021d).

STEP = 3FDh nepesarpyska nepesarpyska

RESULT ~ | 3FF 3FD | 3FE | 3FF 3FD | 3FE |

eN [ ] [ [ [ [ [ [
FOUT [ [

Pucynox 18.10 — ®opmupoBanue curaasa FOUT B HopMaibHOM pexume
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B pexume npobnoro aenenus (DM = 10b) genurens paboTaer Kak rnepesarpy’kaeMblid
CYETYMK, HO IIar MHKPEMEHTHPOBAHMsI B 3TOM ciydae paBeH 3HaueHHto noinst STEP. Ecmu
pesyibTaT mHKpeMeHTtupoBanus 3HadeHUss RESULT wa Benmmuuny STEP mpesbimraer 3FFh,
BO3HHMKAET NEPENOoIHEHUE cyeTyrka, (opmupyercs ummynbe curHana FOUT, mocne yero B
CUETYHK 3arpy’aeTcs 3HauYeHHE, Ha KOTOPOE pe3yJibTaT HHKpeMeHTHpoBaHus rpesbicui 3FFh.

UYacrota BeixogHoro curtana FOUT ompenensiercs mo ¢popmyiie

fout = fin x STEPd/1024d . (18.3)

B menom, pexxum ApoOHOTO JENEeHHUs IMO3BOJSET MPOTrPaMMHUPOBATh YaCTOTy CHTHaja
FOUT c¢ Oonee BBICOKOH TOYHOCTHIO, Y€M HOPMAJbHBIA PEXHM, HO CHUTHAJI MOXET HMETh
JUKUTTEp Nepuoja, He npeBbliatomuid ogqHoro nepuoaa FIN, B csa3u ¢ uem, He pekoMeHyeTcs
HCIIOJIb30BATh PEKUM JIPOOHOTO JIeJICHHSI IPU BBICOKUX CKOPOCTSX Mepeay.

Ha pucynke 18.11 nmokazano ¢popmupoBanue curHana FOUT npu 3nauennun STEP = 234h
(564d). fout = fin X 564/1024 = 0,55 x fin.

STEP = 234h Mepesarpyska

N N S R

RESULT [150]384|1B8|3EC] 220|054 |288|0BC|2F0 | 124 ]
+ + + + + + + + +

234|234 | 234|234 234|234 |234| 234|234
[ T e I I .

Fout _[] [ [« T [

LKUTTEP
nepvoaa

Pucynok 18.11 — ®opmuposanue curaana FOUT B pexume qpoOHOTO neiieHus

[Iporecc BBHIKITIOUEHUS EIUTEINST HAYMHACTCS OJTHOBPEMEHHO ¢ BOSHHMKHOBEHHEM 3aIpoca
BBIKJIFOYEeHHs KoHTposuiepa CAN.

KonTposuiep coodenuii

KonTpomnnep cooOmiennit ympasmsier ooOmMeHoM cooOmienusmu Mexay CAN y3namu u
NaMsTBIO COOOIIIEHHIA U BBITIOJHSET CIEAYIONINE (DyHKITHH:

- (hubTpanys BXOIAIMUX COOOLUIEHUH) AT ONpeesIeHUs] KOPPEKTHOTO 00BEKTa COOOLICHUS
JUTSL COXPaHEHHS MTOTyYSHHBIX JaHHBIX;

- ompejeNieHne 00bEeKTa COOOIIEHUS, COAEPKUMOE KOTOPOro OyJeT meperaHo B MEPBYIO
ouepenp (IS KaXKI0TO y3J1a UHANBUIYAIBHO);

- mepefaya cojepxkumoro oobekra coobuienuss kK CAN y3i1y ¢ mapamienbHoil BCTaBKOM B
COO0IIIeHNEe OUTOB YIIPABIEHUS U COCTOSIHHUS;

- ocyectBienue 0ydepuszanuu FIFO n pyHKIMOHUPOBAaHUS 1UTI034;

- 00beIMHEHNE OUTOB YBEOMIICHHS JKIYIIIMX 00paOOTKH COOOIICHUH.

Ynpasienue npepbiBanusaMu 6j10ka CAN
Ha pucynke 18.12 noka3zana cTpykTypa GopMuUpoBaHHs 3a1poca Ha IpepbIBaHHE.
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Pucynok 18.12 — Ctpykrypa ¢popMupoBaHus 3anpoca Ha IpepbIBaHUC

CoObITHE, TO KOTOPOMY [JOJDKEH OBITh CrE€HEpUpOBaH 3alpoc Ha MpepbIBaHHE,
yCTaHABJIMBAET (uiar mpepriBaHus U (€ciu paspemnieHo) GopMHUpYyeT 3arpoc Ha MpephIBaHUE Ha
oHOM u3 16 nuHMit npepbiBanuil. Mmynsc 3ampoca Ha NpepbIBAaHUE TEHEPUPYETCS HE3aBUCUMO
oT coctosHUs (uiara npepsiBaHusl. Dnar mpepbBaHUS MOXKET OBITH COPOIIEH MPOTPaMMHO,
3anuchl0 Hysd. Eciim K ONHOM JIMHUM TNpepbIBaHUN IOJKIIOYEHBI HECKOJIBKO HCTOYHUKOB
IpEephIBaHUM, TO MOSBICHHE MMIIyJbca OT JIIOOOr0 HUCTOYHUKA c(opMHpYyeT 3ampoc Ha
npepeiBanue. JIornka — ynpaBieHMs — IPEpPBIBAHMSAMM  MCIOJIB3YET  CXEMY  KOMIIPECCUH
IIPEPBIBAHUM.

HcTouyHMKaMu IPEpBIBAHUN SBIISIOTCSA:

- CAN y31bl (BOCEMb HCTOUHUKOB — 110 YETBIPE JJIs1 KAXKAOI0 y31a);

- 00BbEKTHI cO00IIeHHH (512 UCTOYHUKOB — IO JBa JIJI KaXKJI0r0 00bEKTa);

- IPOrpaMMHOE NpepbiBaHue (MCTOYHUK — peructp MITR).

Kaxplil annapaTHbIil HCTOYHMK NPEpPhIBAHUS YIIPABISAETCS YETHIPbMs OMTaMHU yKa3aTels
IpephIBaHUM, KOTOPBII onpeaenseT AJig Hero oaHy U3 16 JMHMN NpepbIBaHUM, YTO MO3BOJIET
KOMMYTHpOBaTb Ha OJIHY JIMHHIO HECKOJBKO HCTOYHUKOB mpepbiBanuil. Ha pucynke 18.13
IIPEACTABJIEHA CXEMa KOMMYTAIIMH JINHUW NTPEPBIBAHUM.

Korna o0bekT coobuieHns Msg X reHepupyeT 3alpoc Ha IpepbiBaHHE MO OKOHYaHHH
npreMa WIM Nepeadd COOOIIeHHUs], 3allpoc NepeaeTcsl Ha JIMHUIO MPEphIBaHUM, BHIOPAaHHYIO B
ouroBoM mnone RXINP umu TXINP peructpa MOIPR o6bekra coobmenuss Msg x. Eciu
KOJIMYECTBO OOBEKTOB COOOIIEHUI OO0bllle, YeM KOJUYECTBO JMHHUM MpEepbIBaHUM, TO HAa OJHY
JMHUIO MOTYT MPUXOIUTh HECKOJIBKO 3alpOCOB NpepbiBaHuil. [l pa3penieHns KOH(IMKTOB Ha
JUHUSAX TpepbiBaHuM B KoHTpoiuiepe CAN mnpeaycMOTpeH MeXaHHW3M —pachpeseseHus
HIPUOPUTETOB JIJIs1 0OBEKTOB COOOIICHU.
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Pucynok 18.13 — Cxema kOMMyTaluy JUHUNA IpEpbIBaHUI

18.3 Y3ea CAN
Kaxnasiit y3en CAN wuMeeT CBOIO COOCTBEHHYIO JIOTUKY VIpPaBI€HUS U BbLIaYU
UHPOPMALIUM O COCTOSHUU U MOXET OBbIThb CKOH(UIYpUpOBaH U pabOTaTh HE3aBUCHMO OT

JPyroro y3ia.
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Pexxum koHburypanuu Brimouaetcss ycrtaHoBkord Outa CCE peructpa NCR. Pexum
KOH(UrypalMd TO3BOJSIET MU3MEHATHh IapaMeTpbl CHUHXPOHU3ALUMM OHTOB M  COCTOSIHHSA
CUETYMKOB OILIUOOK.

Kondurypauus npepsiBanuii 3agaercs ouramu TRIE, ALIE u LECIE:

- out TRIE ynpaBnser paspenieHueM pepbIBaHus MOCIIE TIEpPE1adu COOOIICHUS;

- out ALIE ynpaBisiet pa3pelieHneM npepeIBaHui Mo OMInoKe;

- out LECIE ynpaBnser pa3zpenieHueM npepbIBaHus 10 KOy TOCIEAHEH OMUOKH.

Peructp NSR otpakaer Tekyliee COCTOSHHE, COACPKUT MHGPOpPMALMIO O Meperadax H
ommoOkax y3ma CAN.

Baoxk ynpasienus y3iom CAN

brnok ynpaBienus y3j10M KOOpAUHUPYET paboTy:

- pa3periaeT/3anpeniaeT AeHCTBH y37a Ha IIHE;

- pa3pelaeT/3anpeiiaeT U reHepupyeT pa3iuyHble COOBITHS, Kacaromuecs paboThl y3ia
(ommOKka Ha IIMHE, YCIEUIHOE 3aBepIICHHE Iepenadyd COOOIICHHUs), KOTOpbIE NPUBOIAT K
(GbopMUPOBAHUIO 3aPOCOB HA IPEPHIBAHMUS,

- YIIPaBIIAET CYETYUKOM COOOIICHHIA.

Baok cunxponusanuu 6utos CAN

Cornacno cranaapty ISO 11898 Bpems mepenaun ogHOro OuTa pasaeieHo Ha CErMEHTHI,
KOTOpbIE, B CBOIO OYE€pE/lb, COCTABJICHBI M3 IIEJIOYHCICHHBIX OTPE3KOB BPEMEHM, HA3BIBAEMBIX
KBaHTaMHU BpeMeHu tq, cMm. pucyHok 18.14. KBant BpemeHu — (uKcUpOBaHHas €IWHHUIA
BpEMEHH, MoJIydaeMasi U3 4aCTOThl CHHXPOHM3AIMHU U Aenutens Koutpoiuiepa CAN.

CermMeHT CHHXpOHM3AIMH TSync Mo3BOJsSET CHHXPOHU3UPOBATH Hayallo 0OMeHa TaHHBIMH
MEXIy MepeaTINKOM U MPUEMHUKOM. JJTUTEIHHOCTh CETMEHTA BCET/la paBHA OJHOMY KBaHTY
BpPEMEHH.

CerMeHT pacmpoCTpaHeHHsI  |PrOp HCIONB3yeTCs JUIsl KOMICHCAMH (U3HYECKOTO
BPEMEHH 3ala3/IbIBaHusl CUTHANA B Mpeenax ceTd. JIUTeNbHOCTh CerMeHTa PACcCUMTHIBACTCS C
Y4€TOM BpPEMEHHU IMPOXOXKJACHHS CHUTHAJA OT IepeAaTduka K MPUEMHUKY U OOpaTHO, BXOJHOMU
3aJIep>KKH KOMIIapaTopa U 3aJepKU BBIXOJa JpaiiBepa U MOXKET COCTABJIATH OT 1 10 8 KBaHTOB
BpPEMEHU.

Bpems 1-oro buta

A
A 4

Tsync Tsegt Tseg?2

A

Tprop N Tb1 Tb2

A
Y
A
h 4
A
h 4

CermeHt A A

CHHXpOHIS ALY 1 KBaHT BpeMeHM

(ta) Touka BbIGOPKM Touka nepenaum

Pucynok 18.14 — Ctpyktypa ogHoro outa

CermenTtsl Oydepa ¢asbl 1 u 6ydepa daszsr 2 — Tbl u Tb2, pacnonoxxeHHble 10 U MOCHe
TOYKHA BBIOOPKH, HWCHOJB3YIOTCS IS KOMIIEHCAIMM CMeUIeHHs (a3bl TaKTOBBIX YacTOT
UCTOYHMKA M NpPUEMHHKA, OOHApY>KUBAeMOH IOCIE MOSBIECHUS CErMEHTa CHHXPOHH3AIMH, a
TaKXe YIS ONITUMAIIBHOTO PACIIONIOKEHHS TOYKH BBIOOPKH ITOTy9€HHOTO OUTa.

Touka BBHIOOPKHM — MOMEHT, Korja uutaercsi coctosHue mmHbl CAN ans onpeneneHus
npuHATOro Outa. Kak mpaBuiio, JNIMTEIbHOCTH BPEMEHHOTO HHTEPBAJIa OT Hayasia OuTa 10 TOUKH
BbIOOpKH cocTaBisieT (60 — 70) % BpemeHu OuTa, B 3aBUCUMOCTH OT CUCTEMHBIX ITapaMeTpPOB.

CerMeHT pacmpoCTpaHeHHsi U cerMeHT Oydepa ¢da3pl 1 BMecTe COCTaBISIIOT CETMEHT
napamerpa 1 (Tsegl), xotopeiii omnpenensercs OutoBbiM monem TSEG1  perucrpa
cunxponmzauu 6utoB NBTR (moxer ObiTh 3ammcaH, Tosbko eciau ycrtaHoBieH Out CCE
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peructpa NCR). CornacHo cranmapty [SO, MuHUMAaIbHAs TMTEIHPHOCTh CETMEHTA Mmapamerpa 1
JIOJKHA COCTABIIATH TPU KBAHTA BPEMEHHU.

Cerment napametpa 2 (Tseg2) onpenensiercss outoeiM nosieM TSEG2 peructpa NBTR u
OXBaTBIBAaeT cerMeHT Oydepa (a3l 2. MUHHMMaNbHAs JJIUTEIBHOCTh CETMEHTA IapaMmerpa 2
COCTaBJISIET JIBa KBAaHTAa BPEMEHHU.

CornacHo crapmapty ISO, MuHMManpHas IIUTENHLHOCTH OJHOTO OWTA, MOTYYaroIIasics
cnoxenreM cermeHToB Tsync, Tsegl u Tseg2, ne gomkHa ObITH MEHEE 8 KBAHTOB BPEMEHHU.

MakcumanbHas ITUTEIEHOCTh OuTa — 25 KBAaHTOB BPEMEHHU.

[Ilpumeuanue — MuHMMaTbHOE HOMHUHAJIBHOE BpeMsl IepeAadyud OoAHOro Owura
COCTaBIISIET 1 MKC, YTO COOTBETCTBYET CKOPOCTH repenaun 1 Mout/c.

@opMyJibl BHIYUCICHHUS 3HAYEHHU CErMEHTOB U BpeMeHHU ojiHoro outa Thit:

- npu DIV8 = 0 3HaueHue KBaHTa BpeMEHU

tg= (BRP + 1)/four; (18.4)
- ipu DIV8 = 1 3HaueHue kBaHTa BpeMeHU
tqg =8 x (BRP + 1)/four; (18.5)

- Tsync=1 xtq;

- Tsegl = (TSEGI + 1) x tq > 3tq;

- Tseg2 = (TSEG2 + 1) x tq > 2tq;

- Thit = Tsync + Tsegl + Tseg2 > 8tq.

YroObl KOMIEHCHPOBATh CMelleHHe (a3bl MEXIy 4YaCTOTaMU T€HEPAaTOPOB PA3IUYHBIX
y310B mmHbBl CAN, Kaxmoe yCTpOHCTBO MODKHO CHHXPOHHM3HPOBATHCS MO (PPOHTY CMEHBI
ypoBHsi curHaina Ha muHe CAN oT peneccuBHoro k aoMuHaHTHOMY. Kak Tonbko ¢(poHT
0OHapy»XUBaeTCsl, JOTMKAa CUHXPOHU3ALMUA CPABHUBAET €r0 TEKYIIEE MOJOKEHUE C OKUAAEMbBIM
Y BBINIOJIHSIET HACTPOIKY 3HaueHui napameTpoB Tsegl u Tseg2.

Koutpommep CAN wucnonp3yer JBa MEXaHM3Ma CHHXPOHHU3AIMH — amnmapaTHbld |
PECHHXPOHU3ALMIO (CHHXPOHU3AIUS C BOCCTAHOBJICHUEM TAKTOBBIX MHTEPBAJIOB).

AnmnapaTHas CHHXPOHM3AIUs BBITOJHIETCSA MO0 KaKJOMY (POHTY CMEHBI YPOBHS CUTHajIa
Ha mumHe CAN oT peueccMBHOro K JOMHMHaHTHOMY. IIpu ammapaTHOH CHHXpOHM3alMU
BpPEMEHHbIE UHTEPBaJIbl CETMEHTOB, N3 KOTOPBIX CKJIa/IbIBAIOTCS BpeMEHa OUTOB, HE U3MEHSIOTCS
B TE€UEHHE BCETO COOOIIECHHUS.

Pecunxponu3zaiusi BBIIOJIHSETCS aBTOMAaTHYECKUM YJUIMHEHHEM cermeHTa Tsegl wim
yKopaunBaHueM cermeHTa Tseg2. MakcuMabHOE 3HaUeHUE U3MEHEHHs] CErMEHTOB KoJiebeTcs
B npezenax oT 1 10 4 kBaHTOB BpeMeHU. CUHXPOHU3AllKs BBIIOJIHAETCS TOJIBKO MPH MOSBICHUN
¢poHTta cmeHbl ypoBHA curHasa Ha muHe CAN OT perneccuBHOrO K JIOMMHAaHTHOMY.
@UKCUPOBAHHOE 3HAYEHHUE MAKCHMaJIbHOTO 4YHCJIA IMOCIEAO0BATEIbHBIX OUT OJAMHAKOBOMU
HOJISIPHOCTU TapaHTHPYET CBOEBPEMEHHOE BOCCTaHOBJIEHHE CHHXpoHHu3aruu. CmerieHue (asbl
(GpoHTa CMEHBl YPOBHS CHUTH&JIa Ha IIHHE OTCJIEKHUBAECTCS OTHOCUTEIIBHO CErMEeHTa
CUHXPOHM3ALMH U U3MEPSETCS B KBAHTaX BPEMEHHU.

Ecniu BenmuuHa (a3oBoro cMemieHHuss MEHbIIE WIM paBHA 3alporpaMMHUPOBAHHOMY
3HAQUEHUIO IIUPUHBI Tepexoja PpeCcUHXpoHM3auuu Tsjw, BBINONHAETCS  annaparHas
CUHXPOHM3AIIHSL.

Ecnu Bennunna cMerienus ¢asel 6obie, yeM Tsyw, a pazoBoe cMelleHrne N0JI0KHUTENbHO,
TO yAJuHsETCs cerMeHT Tsegl, B ciydae oTpUIIaTeNbHOTO (Pa30BOr0 CMEIIEHUSI YKOpaunBaeTCs
cerMeHT Tseg?2.

3nauenne Tsyw onpenensercs mojaeM SIW peructpa NBTRx o ¢popmyie

Tsiw=(SITW + 1) x tq . (18.6)
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[Tomumo poyero, JOMHKHBI COOIIOIATHCS CIEAYIOIINE TPaBHIa:
Tsegl > Tsyw + Tprop (18.7)
u Tseg2 > Tsyw. (18.8)
COOTHOIICHUST MEXJIy MAaKCUMAJIbHBIM OTKIIOHEHHEeM 4YacTtoThl curHama FOUT wu
cermentamu O0ydepoB (a3 u UpPHUHOI nepexoa pEeCUHXPOHU3AINH CIEAYIOIIHUE:
— Afour < T/2 x (13 x Thit — Th2); (18.9)
— Afout < Tsjw/20 x Thit, (18.10)
rne T —wmensiee u3 Tbl u Th2.
B wurore:
- Tsync coctaBinisieT 1 KBaHT BpeMEHU;
- Tprop — ot 1 10 8 KBaHTOB BpEMEHHU;
- Thl —or 1 1o 8 KBaHTOB BpEeMEHHU;
- Th2 — BrIOMpaeTcs paBHBIM JBYM KBaHTaM BPEMEHHU HJIM paBHbIM cermMeHty Tbl, ecnu
ero 3HaueHHe OoJiee ABYX KBAHTOB BPEMEHH;
- Tsjw MOXKET COCTaBIsATh MaKCHUMajdbHO 4 KBaHTa BpPEMEHHU, OJIHAKO, B THIIOBBIX
IPUJIOKEHUAX TIOCTATOYHO 1.
KoppekTHble 3HaYeHHs] MapaMeTpOB CHHXPOHHU3AIMU OMTOB JOJDKHBI OBITH 3alucaHbl B
peructp NBTR (nocrynen, ecnu ycranosiaeH 6utr CCE) 10 oxoHUaHus MHULMANIU3alMU (10
copoca 6uta INIT peructpa NCR), 1. e. 1o Hauana padotst CAN y3ma.

IIpoueccop noroxka OMTOB

[Tpomieccop moToka 6UTOB GopMHUpPYET (HA OCHOBE COAECPKUMOIO OOBEKTOB COOOIICHUH)
COOOIIIeHNUs JaHHBIX U YAallEHHBIE 3apOChl HEMOCPEACTBEHHO Tiepe oTrpaBkoi Ha mmHy CAN.
[Ipouieccop moroka ympasiser reHeparopom CRC (reHepatop KOHTPOJIBHOM CyMMBI) U
n00aBIsIeT KOHTPOJIbHYIO CyMMy K cooOuienuto. [locrne BctaBku 6utoB Hayana SOF u koHua
EOF coo0mienus, mporeccop MoToka HAYMHAET Mepeaady COOOIICHHUs 10 MpaBuiaM apOUTpaxa
mmabl CAN. B TeueHune Bcero BpeMeHH Iepeiadd COOOMICHHsI MPOLeCcCop MOTOKa OUTOB BEAET
MOHMTOPUHI IMHBL. Eciu oOHapyXuBaeTcs HECOBMNAJEHUE TEKYILEro (ONpeaessieMoro
MOHHUTOPUHIOM) M oOxkujgaemoro (BeimaBaeMoro CAN y31moMm) ypoBHS HaIpsKEHHs] Ha IIIMHE
CAN, renepupyetcst ommOKa ¥ COOTBETCTBYIOIIHI €if 3ampoc Ha mpepbiBanue. Ko Bo3HUKIIEH
omunbOku otpakaercs B 6utoBom noje LEC peructpa NSR.

KOppeKTHOCTh TOy4aeMBbIX JaHHBIX TPOBEpSETCS M TOATBEPXKIACTCS WM He
noarBepxaerca kogom CRC. B ciydae oTCyTCTBHS MHOATBEP)KIEHUS BO3HUKAET OLIMOKa,
TeHepUpyeTCs 3alpoc Ha IMpepbiBaHHE U KOJ OomMOKU BbicTaBisierca B peructpe NSR. Kpome
3TOr0, Ha IIMHY BbIJIAeTCs cooO1IeHne 00 ommoKe.

[Tocne momyueHus coOOIIEHMs, HE COJEPIKAIIEro OIIMOOK, M pa30HeHus ero Ha
UJCHTU(GUKATOP U TAaKeT JAHHBIX, MOJy4deHHas HHpopMalus 3amuchiBacTca B Oydep Onoka
00paboTku cooOImeHn, (OpPMHUPYETCS COOTBETCTBYIOIIEE TMIPEphIBAHUE, U OOHOBJISIFOTCS
PETUCTPBI COCTOSHUS.

BbJiok 06padoTku omnooK

bnokx o0pa®oTku omuOOK mpenHa3HayeH JAJsl BBISBICHHS OIIMOOK B paboTe YyCTPOMCTB
y31a. B cocraBe 650ka ecTh /1Ba cueTyMKa: c4eTyuk omuook npuema (nmoixe REC B perucrtpe
NECNT) wu cuerunk omubok mnepenaun (mone TEC). WHkpeMeHTHpOBaHHEM H
JIEKPEMEHTUPOBAHUEM CUETYMKOB YIPABIISIET MPOLIECCOP MOTOKA OUTOB.

Ecnu nporeccop motoka OUTOB caM BBISBISIET OLIMOKY B MpoOIlecce Mepeaaydu, TO CUETUHK
TEC wunkpementupyercss Ha 8. MHKpeMeHTHpoBaHuWE Ha | MPOMCXOIUT, eciu 00 ommdke
coobmieHo BHEMHUM CAN-yCcTpOMCTBOM TyTeéM TEHEpUpOBaHUS COOOImeHus 00 omuoKe.
HanpaBnenue nepenaun ¢ omuOOYHBIM COOOIIEHHEM U y3€l, COOOIMBIIMKA 00 oOmuoke
nepenayd, ykaspiBaroT Ha cooTBeTcTByromue y3iel CAN B peructpax NECNT, uro
UCTIOJIBb3YeTCs IS aHAJIN3a OIIMOKY.
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B 3aBucuMocTu ot 3HaueHui cueTynkoB OmHOOK y3ea1 CAN MOKET HaXOJIUThCS B OJTHOM
U3 TpeX COCTOSTHUM:

- aKTUBHOM OIINOKU;

- MACCUBHOM OIINOKHU;

- OTKJIFOYEHHBIM OT IIMHBI.

Y3en HaXOAUTCS B COCTOSIHMM aKTUBHOM OIMIMOKH, €CIIM 3HAYCHHE KAXKIOTO U3 CUCTUYMKOB
ommbOok MeHbie 128. Y3en B cocTosHMM akTUBHOM omuOku mpucoeauHeH K muHe CAN u
nochuIaeT (yiar akTUBHOM OMMOKM MPH 0OHAPYKEHUU OLIMOOK.

VY3en HaxoIUTCS B COCTOSHUM MAcCCUBHOW OIIMOKH, €CIIM 3HaueHue XOTs Obl OJHOTO W3
CYETYMKOB OIHOOK Oosblie Wi paBHO 128. Y3en MOAKIIOUEH K IIWHE, HO MPH OOHAPYKEHUU
omunoOoK moceliaer ¢uar naccuBHOM omuOku. [locne mepenaun y3en B COCTOSHUU MACCHBHOMN
OIMOKY OYJeT KAATh MHUITMATH3AINH JATBHEUIICH mepeIayn.

VY3en HaXOAUTCA B COCTOSIHMM OTKJIIOYEHHS OT IIMHBI, €CJIM 3HAYEHUE CUETUYHMKA OLIMOOK
TEC 6onbme wnu paBHo 64. O toM, yto CAN y3es1 HaXOAUTCA B COCTOSHUHM OTKIIOYEHHUS OT
muHbl CAN, curnamusupyet ¢uiar BOFF peructpa NSR. V3en B cOCTOSIHUM OTKJIFOUYECHHS OT
mmHbl CAN He MoxeT paboTath ¢ muHOiH CAN (BbIXOHBIE TEpEIaTINKH OTKIIIOUYCHBI).

®nar EWRN peructpa NSR ycranaBnuBaercs, koraa XxoTs Obl OJJUH U3 CYETYUKOB JJOCTUT
WJIM TPEBBICUII JUMUT OLIMOOK, onpezeneHHblil B OutoBom noie EWRNLVL peructpa NECNT.
Kak Tonbko 3HadeHHsi 000MX CUETYMKOB MMEPECTAHYT MPEBHINIATH JIUMUT OIIHOO0K, ¢uiar EWRN
coOpocurces.

CuyeTunk coo0eHUH

CueTunk cooOIIEHNI MOXKET MCII0JIb30BAThCS ISl ITOJTyUeHHs HH(OPMAIMK O 3aBEPILICHUU
nepenaun/mpuemMa coodOmenus coorBercTByromero y3ma CAN. Iloacuer cooOmeHui
ocylILecTBIIsIeTCs 16 pa3psaHbIM CUETYUKOM, KOTOphIN ynpasisercs peructpom NFCR. butossie
noss CFMOD u CFSEL omnpenensitor pexum padoTbl U COOBITHE 71 MHKPEMEHTHUPOBAHUS
CUETYHKA.

Kaxnsiit  y3emn CAN wumeer B  CBOEM  cOCTaBe  16-pa3psaHblii  CUETUMK
COOOLICHUI/CUHXPOCUETUHK, KOTOPBIM MOJCUMUTHIBAET KOJIMYECTBO MPHHATHIX M IEpeJaHHbIX
coobmenuii. butooe none CFSEL omnpenenser oquH U3 Tpex pexkUMOB pabOThl CUETUHKA.

B pexume noacuera cooOIIeHU mocie yCnenHol nepeiayd u/win npuemMa cooOLeH s,
comepxuMoe cuetunka komupyercs B OoutoBoe moje CFCVAL peructpa MOIPR o0bekra
cooOuieHnss Msg X, ydacTBYIOLIETo0 B Mepechbulke JaHHbIX. Ilocie yero cuetumk cooOuieHui
WHKPEMEHTHPYETCSI.

IIpepbiBanus y3iaa CAN

KomMmyTanus nuHMM 3anpocoB MpephIBaHUM IT0Ka3aHa Ha pucyHke 18.15.

VY3en MokeT reHepupoBaTh 3alpOChl HA IPEPBIBAHUS B CIIydae:

- YCIIEIHOM nepegaun/mpruemMa cooOIeH s,

- 00Hapy>KeHUs KO/a MOCIeAHEN OMNOKY;

- IEPENOTHEHNS CUETYNKA COOOLICHNH;

- coctosinuss ALERT (cocrosiHue, BO3HHMKarOIIee, KOrja XOTs Obl OJAMH W3 CUETYMKOB
OLIMOOK y371a JOCTUT 3HAYEHHUSI CBOETO JIMMHUTA, U3MEHSETCS COCTOSTHUE «OTKJIIOYEH OT IIUHBDY,
BO3HUKAET OIIMOKA JJIMHBI CIUCKA WIH OIINOKa CIIUCKA OOBEKTOB).

[Tocne ka0l yCHenHON mepefayn WM YCIEIIHOTo MpUeMa COOOIEHUsS TeHepupyeTcs
(ecmu paszpemieno cootBercTByromumu outamu TXOK n RXOK) mpepriBanne. butoBoe mose
TRINP peructpa NIPR 3anaer ogny (u3 16) nuHMIO pepbIBaHNus.

[IpepriBanue y3na mpu BOSHUKHOBEHHM KOJAa MocjienHed omuoOku dopmupyercs (eciu
paspemieno 6utom LECIE), ecnu nocie monudukanuu noiast LEC ero 3HaueHue Oomblie HyJIs.
burosoe none LECINP 3agaet nunu0 npepbIBaHus.
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KoppexTHasi nepeaaya

COLEPKMMOr0
06beTa COOBLLEHMS NSR NCR
TXOK | TXOK |
Mepenava 1 v NIPR

Mpviem - — o TRINP

NSR
NSR NCR
LEC | LECIE |

Owwnbka CAN . o LECINP

NSR NCR
EWRN ExS >1 | ALIE |
BOFF >4+ v NIPR
OwwubKa ANWHbI cncka ! o—] ALINP
Owwmbka cnncka 06 beKToB
v v NSR
| LLE || LOE | ALERT
NSR NSR
NFCR NFCR
| CFCov | CFCIE
A
. 4 NIPR
epenornHeHve |
CYETYMKA COODLLIEHMNA CFCINP

Pucynoxk 18.15 — IlpepsiBanus CAN y3na

[IpepbiBanue y31a MpH MEPENOTHEHUHM CUETYMKA COOOIIEHMH TeHEpUpPYETCs, €Clid OHO
pazpemreno 6utom CFCIE peructpa NFCR. butoBoe mone CFCINP 3amaet nunHMIO pephIBaHUsI.

[IpeppiBanne ALERT moxer ObITh chopmupoBano (eciu paspemieno ourom ALERT)
JT0OBIM U3 CIEIYIOIUX COOBITHI:

- u3MeHenune cocrossuusa outa BOFF;

- u3MeHeHue coctossaus outa EWRN;

- ommOKa JUIMHBI CIIMCKa, KOTopasi Takke BbicTaBisieT Out LLE;

- omMOKa 3JIeMeHTa CIucKa, KoTopas Takxke BbicTaBisier out LOE;

- out INIT BeICTaBIIEH ammapaTHoO.

burosoe none ALINP 3agaer nuHMI0 npepbIBaHus.

B [1onosHeHHMe K anmapaTHBIM NPEPBIBAHUAM €CThb BO3MOXXHOCTH IPOTPaMMHOIO
TEHEpUPOBAHUS IIPEPHIBAHUII C HCIIOJIB30BaHWEM peructpa mnpepeiBanuii MITR. 3anucek
eIUHUIIBI B N-i paspsim OutoBoro mossi IT reHepupyeT curHam 3ampoca MpephIBaHUS Ha
COOTBETCTBYIOIIECH eMy n-Oi TUHUH TpepbiBanuii (0aHON U3 16). YcTaHOBKA HECKOIBKUX OUTOB
MPUBOAUT K IAPAUIETIBHOMY T'€HEPHPOBAHUIO 3allPOCOB NPEPBIBAHMWK HA COOTBETCTBYIOIIHUX
YCTaHOBJICHHBIM OMTaM JIMHHIX IPEPHIBAHUIA.
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18.4 O0BeKTHI CO00IICHMIT

Peructpsl ynpasiieHus U COCTOSIHUSI 00bEKTOB COOOIIEHUIT

B cocTaB kax10ro 06beKTa COOOIICHHS BXOIAT AEBATH 32-pa3psIHBIX PETUCTPOB:

- ynpasnenuss U coctogHuss — MOCTR (tonpko 3anuce) u MOSTAT (TosIbKO YTEHHE),

JOCTYIIHBIE 10 OJTHOMY aJIpeCy;
- apoutpaxa — MOAR;

- naaabeIx — MODATAH u MODATAL;

- macka — MOAMR,;

- ykazatens npepoeiBanuii — MOIPR;

- ykazarens FIFO unum nuto3a —
- ynpasieHus pynknuonupoBanuem — MOFCR.

MOFGPR,;

Pacrnionoxxenue peructpoB npeacTaBiaeHo Ha pucyHke 18.16, rae i npuMepa B3SIT MSIThII

00BEKT COOOIIEHNUS.

ObnacTb NnamsTn
koHTponnepa CAN

OGbekT coobLeHuns 63

O6bekT coobuieHus 6

OGbekT coobLeHns 5

O6bekT coobLeHns 1

O6bekT coobLeHus 0

Y3en CAN1

Y3en CANO

YnpasnexHue
kKoHTponnepom CAN

4002_07EOh

4002_10CO0Oh

4002_10A0h -

4002_1020h
4002_1000h
4002_0300h

4002_0200h

4002_0000h

Peructpbl obbekta
coobleHnsa 5

MOCTR / MOSTAT

MOAR

MODATAH

MODATAL

MOAMR

MOIPR

MOFGPR

MOFCR

4002_10BCh
4002_10B8h
4002_10B4h
4002_10B0h
4002_10ACh
4002_10A8h
4002_10A4h
4002_10A0h

Pucynok 18.16 — CtpykTypa namsTH perucTpoB

O6bexThl coobuieHuit kouTposiepa CAN MOryT ObITh OpraHM30BaHbl B BOCEMb CITMCKOB,

CM. pucyHok 18.17.
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LUuHa CANO LUunHa CAN1

il il

3NEeMEeHT crnucka MNEMEHT CrucKa AMNEMEHT Crucka 3NEeMEeHT crnucka AMNEMEHT Crucka 3NEeMeHT crnucka

Pucynok 18.17 — Cnucku konTposiepa CAN

Kaxplii 00beKT cooOIIeHUsT MOXKET ObITh 100aBJI€H B OJUH U3 CIUCKOB. Kaxawlil y3ein
CAN wumeer cBOM cIHUCOK M cOoOTBETCTBYromMM peructp cnucka. Peructp LIST1 orpaxkaer
cocrosinue criucka Nel yzma CANO, peructp LIST2 — crincka Ne2 yzna CANI.

[Ipumeuanue — VY3ea MOXKET ONEpUPOBaTH TOJIBKO C TEMH OOBEKTaMH COOOIIECHUH,
KOTOPbIE 3aHECEHBI B PUHAJIEKAILUN €My CITUCOK.

[Tonoxenune oobekTa coodieHns Msg X B CHUCKE OINpeAessieTcsl IOCPEICTBOM perucrpa
MOSTAT, KOTOpBI COAEPKUT yKa3zaTeau Ha MPEALIECTBYIOIIMM €My M CIEIyIOLUN 3a HUM
aJIeMeHTHI criiucka (00wekThl). Hepacnpenenennsie mexay y3namu CAN 0OBEKTHI COOOIICHUI
[0 YMOJIYaHHUIO OPraHU3YIOTCS B OTAEIbHBINA cnucok Ne(, cOCTOSHHME KOTOPOTO OTpa)kaeTcs B
peructpe LISTO. OcranpHble NATh CIMCKOB ¢ HOMEpPaMH OT 3 110 7 SIBJISIFOTCSI CBOOOJHBIMU (HE
HNPUHAAIEKAT HA OJJHOMY Y3]1y) U UMEIOT cooTBeTcTBYoIue peructpsl LIST3 — LISTY.

[Ipumeuanue — OOBEKTHl COOOIIEHUH, paclpe/ie]IeHHbIE B CIIUCKU € 3 1O 7, HE MOTYT
ObITh HcnoNb30BaHbl y31amMu CAN.

Mexanusmbl FIFO u numo3a onepupyroT ¢ 00bEKTaMU COOOIIEHHM HE3aBUCUMO OT UX
pacripesie/ieHus] 0 CHHMCKaM, 4TO JIaeT BO3MOXKHOCTb PabOThI CO BCEMU BOCEMBIO CITUCKAMH.
CnenoBarenbHo, npu ucnoib3oBaHuu MexaHu3moB FIFO u numo3a ciegyer BHUMATENbHO
CJIEIUTH 34 COJAEPKUMBIM CITUCKOB.

Ha pucynke 18.18 npencraBiieH BapuaHT, Korja oObEKThl COOOLIEHUN ¢ HOMepaMHu 3, 5 U
16 3anecensl B cnimcok Ne2, mpunamiexamui y3iny CANI1. CocrosiHue cnmcka OTpaKeHO B
peructpe LIST2.

Crmcok Ne2 obbekto coobierni yana CAN1

[NepBbIi SNEeMeHT cnucka MocnegHuin anemeHT cnucka

LIST=2
N Obvext /] @ Obvext /] W OBbeT ]
coo0LLeHns 5 « coobLueHnst 16 coobLLenms 3
A
[ EMPTY=0| | syze=2 | [ BEGIN=5| | END=3 |
PernctpLIST2

Pucynok 18.18 — IIpumep criucka 00eKTOB COOOIIEHU
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Yaen Y3en
CANO CAN1
T e 1 L |Fo s | r -
1 Crcok Ne 0 | e T e O 1 Ceoboabiit crincok Ne3 || Ceoboabii crmcok Ned | 1 CBoBonHbIi crcok Ne7
I Hepacnpenenesksix 1 nvcok Net 1 TMCOK N22 - 1 06bekTo cooBlyeHnit | | OGBEKTOB CooBlLeHMt | I 0B6beKTOB COOBLLEHMiA
I oGbextos cooGwienn | | obvextos || obvetos || 1l I I
| | 1 COOBLLIEHMI | 1 COOBLLIEHMI | 1 11 | 1
1 | | | | | 1 11 | 1
| 1-i1 anemeHT 1 ! 1-71 anemeHT | | 1-it anemeHT | | 1-i1 anemeHT 1! 1-it anemeHT 1 | 1-71 anemeHT
1 cnucka 1 : cimcka | : cnucka | 1 crmcka 1! cricka 1 | crcka
I 1 | | | | | 1! | |
! { ! { . { ro] { N } ! ! {
1 | 1 \ 1 \ 1 11 | 1
| 2-11 anemeHT 1 ! 2-11 anemeHT | ! 211 anemeHT | | 2-11 anemeHt 1! 211 anemeHT 1 wow ] 2-11 anemeHt
| cnucka 1 : cnueka | : cnvcka | | cnueka 1! cnueka 1 | cnueka
I 1 I 1! | |
1 | | ! | ! 1 11 | 1
1 [ !

1 M | M | M 1 ! M 1! M 1 | M
1 1 1 1 1 1

. | . 1 . 1 . I . I .
1 | | \ | \ 1 11 | 1
I * | | * \ | * \ I * | | * | | *
| $ b $ b $ b $ H $ ! | 4
1 | | \ 1 \ 1 11 | 1
: TMocnepHui | : MocnenHui | : TMocnenHui | : MocnenHui | : MocnenHui | : MocnenHui

| 1 1 | |

1 | ! \ | \ 1 11 | 1



3nauenne moist BEGIN peructpa LIST2 yka3siBaeT Ha MepBbIi 2JIEMEHT CIHUCKA (0OBEKT
coobuienus 5). 3Hauenue mossi END yka3piBaeT Ha MOCIEAHHUN B3JEMEHT cHHcka (00BbeKT
coobmienus 3). KomuyecTBo 3eMeHTOB crrucka (KOJIMYECTBO OOBEKTOB COOOIICHUIN B CITHCKE)
otpaxkaercs B nosie SIZE (3nauenue SIZE Bcerja Ha eIMHUIY MEHbIIIE KOJIMYECTBA 3JIEMEHTOB
criucka). but EMPTY sBnsercs mHAMKATOpOM 3amojiHeHus crnucka. Eciam crucok mycrt, OUT
EMPTY ycraHoBi€H, B IPOTUBHOM Cilydae OUT cOpOILEH.

Kaxnprit 00beKkT cooOmieHus: coaepkut Homep crnucka (mone LIST), k kotopomy OH
otHocutcs, a Takke ykazatenu PNEXT um PPREV nHa cnemyrommii mo cmnmcky OOBEKT
CoO0IIeHUs U TIpeamecTByomuid, coorBeTrcTBeHHO. [loe PPREV mnepBoro no crnmcky o0bekra
COOOIICHNS JIOJDKHO YKasbiBaTh Ha 3TOT ke 00bekT. Ilome PNEXT mocneanero mo crucky
00BeKTa COOOIIEHUS JODKHO YKa3bIBATh HA 3TOT K€ OOBEKT.

Ha pucynke 18.18 ykazarens PPREV msToro oobekra cooOmieHust (IepBoro B CIHUCKE)
uMeet 3HadeHue Sh, a ykazarenbs PNEXT Tperbero oobekTa cooOmieHus (MMoCaeaHEero B CIIUCKE)
umeert 3Hauenue 3h. 3nauenue nmomnsa LIST Bcex Tpex 00beKTOB cooOmienuit pasHo 2h.

OO0bextT coobmieHusi, y koroporo LIST=0h oTHOocHTCSI K HyJIEBOMY CIHCKY
HepacrpeneneHHplx  00bekToB. [locime cOpoca Bce OOBEKTHI COOOIIEHUN  CUMTAIOTCS
HepactpeneaeHHbIMU. [lo ymMonmyanuio mopsaok siaeMeHToB crucka Ne( cremyromuii: 0OBEKT
coobmienus (N — 1) siBisleTcst mpeabIIyuM 00beKTa cooOIIeHnsT Msg X, a 00BEKT COOOIICHHMSI
(Msg_x + 1) — criey oM.

Jist mpocMOTpa CTPYKTYPHI CITUCKA O0BEKTOB COOOIIEHHH y3J1a JOCTATOYHO OOpATHTHCS K
cootBercTByromuM peructpam LIST1/LIST2 u MOSTAT.

CrpykTypa chucKa yHOpaBiseTCsl U H3MEHSAETCS IIOCPEACTBOM KOHTpOJIIEpa CIIMCKa,
KOTOPBIiA, B CBOIO OYepe/lb, YNPABJISETCS MaHENIb0 KOMaHJ, OCHOBHOE Ha3HAUEHHE KOTOPOH —
YIOPOIIEHUE BHECEHUS M3MEHEHUN B CTPYKTYpYy CIHUCKA, OTCICKHBAHHWE ITHUX WU3MEHEHUH U
MIPOBEPKa UX KOPPEKTHOCTH ¢ omoiisto peructpa PANCTR.

[Tanens KOMaHI 3alyCKaeTCs 3alHChi0 COOTBETCTBYIONICH KOMaHABI B OHUTOBOE TIOJIE
PANCMD. Jlo 3anucu Ko/ia KOMaH/Abl JOJDKHBI OBITh 3allMCaHbl COOTBETCTBYIOIINE apTyMEHTHI
koMaH 1l B OnToBble 11oJist PANAR] u PANAR?2.

[Ipumeuanue — 3anuck HOBbIX 3HaueHUil B noist PANAR] u PANAR?2 ne uzmenser
cpasy ux cogepxumoro. HoBble 3HaueHus1 cHavasa MonajatoT B CHEIMaIbHbBIN TEHEBON PETUCTP.
[anee, oqHOBpEMEHHO C 3amuCchi0 KoAa KoMmauawsl B mone PANCMD, HoBble 3HaueHUs U3
TEeHeBOro peructpa nepenocsitces B moinsi PANARIT u PANAR2.

C 3anmuchi0 KOPPEKTHOTO KoJa KoMaHabl BeicTaBnsgercs guar BUSY, u B nanbHeliem Bce
nonbITkK 3anucu B peructp PANCTR wurnopupytorcsa. ®@nar BUSY ocraercs akTuBHBIM, a
MaHeNlb KOMaH]] 3a0JIOKUPOBAHHOM /10 TeX MOp, MOKa HE 3aBEPIIUTCS BHITIOJHEHHE 3allMCaHHON
KOMaH/Ibl.

[Tocie cOpoca MHUKPOKOHTpOJUIEpa KOHTpoJulep cmucka Qopmupyer crucok Ne(
HepaclpeieIeHHbIX 00beKTOB cooluiennii. Bo Bpems stoii onepanuu ¢iaar BUSY ycraHosieH,
U Bce oOpaleHust K 00beKTaM cooOleHuil 3ampemiensl. [1o okoHUaHuM 3TOH omepauuu Qiar
BUSY cOpaceiBaetcs, 1 00bEKTHI CTAHOBSTCS TOCTYITHBIMH.

B cnydae mosiBieHrs KOMaHAbl TUHAMUYECKOTO pacIlpeieseH s, 0 KOTOPOi Kakoi-mubo
areMeHT 3abupaercs u3 cnucka NeQ u mepeHocuTcs B APYroil ykasaHHBIM CIHCOK, Hapsiay C
6urom BUSY, ycranaBnuBaercs 6ut RBUSY. D10 yka3biBaeT Ha TO, YTO 3Ha4eHUs OUTOBBIX
nosieit PANAR1 u PANAR2 O6yayT 0OHOBJIEHBI KOHTPOJIJIEPOM CITUCKA, CJICTYIONAM 00pa3oM:

- HOMep 00BeKTa COOOIIEHUS, TEPeHOCUMOro u3 crucka NeQ HepacrpeeIeHHbIX 00bEKTOB
coobmenuit, 3anuceiBaeTcs B PANARI;

- eciu ycranoBiieH OuT ERR (cegpmoii 6ut monss PANAR?2), 3Hauut criucok Ne(Q myct u
BBITIOJTHEHHE KOMaH/IbI 3aBepiaetcs; eciau 0utT ERR cOopomien — crimcok Ne( He mycT U KoMaHaa
BBITIOJIHSIETCSL.

Pe3ynbTaThl BBINOJHEHUS KOMAHIbl AMHAMMUYECKOTO PpACHpEeNesIeHUs 3allMChIBAIOTCS [0
TOr0, KaK KOHTPOJUIEpP CIMCKA HAYHET Ipoliecc pacnpeneneHus. Kak Toapko pe3yJsbTaTel CTaHyT
noctynHsl, 6ut RBUSY cOpackiBaercs. DT0 mo3BOJIIET MOJIB30BATENIO 3allpOrpPaMMHUPOBAThH
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HACTPOMKH KeTaeMoro o0beKkTa cooOLIeHHS], B TO BpeMs KaK KOHTPOJIIEp CIHCKa paclpeaenser
00BexThl. Bo Bpems oneparuii co cnuckamMu AOCTYH K 00BbeKTaM COOOILICHHI He 3alpelieH, HO
clelyeT IOMHUTD, YTO JIFOOOW JOCTYI K PETUCTpaM OOBEKTOB COOOIIEHUN B TEUEHHE Ipoliecca
pacripeiesieHus] 00bEKTOB BHOCHT 33JI€PXKKY (B MPOLIECC), paBHYIO [UIMTEIBHOCTH JOCTYIIA.

Ko koMaH/IbI «HET oTepalumy aBTOMaTHYECKH 3alUChIBacTCs B OuToBoe rmojie PANCMD.

Hosas xomanma MoskeT OBITh 3amucana B t00oe Bpemsi, korga out BUSY cOporieH.

Bce ourtoBbie nonst peructpa PANCTR, uckimouas 6utet BUSY u RBUSY, moryT ObITh
3alucaHbl MPOTrPaMMHO, YTO JeJIaeT BO3MOXHBIM COXPaHATh W BOCCTaHABIMBATH 3HAYCHUS
peructpa PANCTR, ecnum naHenb KOMaHJ MCIHOJB3YETCS HE3aBUCUMOW MOJNPOrPaMMOit
o0paboTku mpepbiBaHuil. Eciii BO3HWKaeT Takas CHTyalusi, TO JIIOObIE 3aqadd, KOTOpHIE
UCIOJIB3YIOT MaHelb KOMaHJl U KOTOpPble MOTYT NPEpPhIBATh BBIOJIHEHUE IPYTUX 3a]ad, TOXKe
UCTIONB3YIOLINX TTaHeIb KOMaH I, Oy 1yT onpamuBarh coctostuue ¢uara BUSY. Jlo Tex mop, moka
¢bnar BUSY Oyzaer ocraBaThCs YCTaHOBJIEHHBIM, cojaepxkumoe peructpa PANCTR Oyner
COXpPaHEHO B COOTBETCTBYIOIICH 00JAacTH MaMmsTH O Olepalnuu BoccTaHoBIeHHsS. Kak Toibko
noAnporpaMma o0paboTKH MpepbhIBaHUI 3aKOHUYUTCA, coaepxkumoe peructpa PANCTR Oynet
BOCCTAHOBJIEHO.

o Toro, kak OOBEKT COOOIIEHUs, 3aHECEHHBIH B cnucoK akTuBHOro y3iaa CAN, Oyner
IIEPEHECEH Ha JAPYTyl MNO3UIHUI0 ATOr0 € CIHMCKAa WJIM MEPEeHECEH B JPYyrod CHUCOK, OUT
MSGVAL perucrpa MOSTAT o6bekta coobmienus Msg X A0TKeH ObITh OYHIIEH.

[Ipumeuanue — Ecou tpebyercs mepepacrpeneiuTh 0ObeKThl COOOMIEHNH B CIHCKH
MOBTOPHO, HEOOXOAUMO MpUOCTaHOBUTH paboTy y3moB CAN (ycranoButh Out INIT perucrpa
NCR), a nocie 3aHeceHus1 0ObEKTOB B CIIUCKH BO30OHOBUTSH €€ (cOpocuth OuT INIT).

18.5 lpuem u nepenaya coodIeHU

IIpuem cooOureHust

[Tocne 3aBepmieHHs] TpHEMa COOOIIEHHWE COXpAaHAETCS B OOBEKTE COOOIICHHS B
COOTBETCTBUU C YCTAHOBJIEHHBIM &JITOPUTMOM, CM. pUCYHOK 18.19.

[Tomumo coxpaHeHusi JaHHBIX B 00bekTe coobieHusi, koutpouiep CAN ocyiiecTBiseT
oomen nanabiMH ¢ L1

[Tpu mpueme coobuieHuss HHPopMAIUsS coXpaHsieTcsl B 00beKTe COOOUIEHHS TOJIBKO B TOM
ciayuyae, ecnu ycraHoBieH Outr MSGVAL peructpa MOSTAT. Ecnmm III ouwmmiaer Out
MSGVAL, xontposnep CAN ocraHaBiIMBaeT 3amuch B OOBEKT COOOIIEHUS, U Aajiee OOBEKT
MOXET OBbITh PEKOH(PUTYPHPOBAH LIEHTPATbHBIM MPOLIECCOPOM C MOCIEAYIOUIEH 3aMUChi0 B HETO
uH(popmanuu 6e3 yuactus kontposuiepa CAN.

[Tomy4yeHHOE ¢ IUHBI COOOLIEHNE MOXKET OBITh COXPAHEHO B 00BEKTE COOOIIEHUS TOJIBKO B
ciyuae, ecnu ycraHoBiaeH 6ut RXEN. Konrpomnep CAN nposepsier cocrosiHue 6uta RXEN
TOJIbKO BO BpeMs (uibTpauuu HpuHHUMaeMoro coobmenus. Ilocne toro, kak cooOuieHue
IOPUHATO, COCTOSIHME OMTa HE HMMEEeT 3HAueHUs M He OKa3blBaeT BIMSIHUA Ha JajbHeilliee
COXpaHEHHE JaHHBIX B 00BEKTE COOOIICHUSI.

bur RXEN no3Bosiser ynpapisiTh OJIOKMpOBaHHEM O0BEKTa COOOIIEHUsl — rocie cOpoca
6utra RXEN nonyueHHOe cooOlIeHne coxpaHseTcss B 00beKTe COOOIIEHUs, KOTOPBIN MOTyYHI
PUOPUTET, HO B COXPAHEHUH MOCIIEAYIOMINX COOOIIEHUH ATOT 00BEKT He TPUHUMAET yJacTHsI.

Pexondurypanus oObekTa COOOLICHHUS LEHTPAIbHBIM IPOLECCOPOM BO BpeMsi pabOThI
kouTpoiepa CAN (Hampumep, cOpoc 6uta MSGVAL, u3meHeHHe 00BEKTa COOOIIEHUS U
MOBTOpHasi yctaHoBKa 6uta MSGVAL) npoucxosr ciaeayromum o0pa3om:

- 00BEKT COOOILEHHS MOJTyYaeT MPUOPHUTET;

- IIT ounmmaer 6ut MSGVAL s pekondurypammuu 00beKTa COOOIICHUS;

- mocite pekoHpuryparuu L1 cHoBa ycranasiuBaer out MSGVAL,;

- 3aBepIIaeTCs MOJy4YeHne COOOIICHNUS;

-ecnu ycraHoBiieH OuT MSGVAL, mnosydeHHblEe [aHHbIE COXpAHSIOTCA B OOBEKTE
COOOIIeHHUs, TEHEpUPYETCA 3alPOC Ha PephIBaHKE, YCTAaHABINBAECTCS COOTBETCTBYIOIIUI (iiar;

- eclli CKOH(UTYpHUpOBaHO, Ipou3BoIsATCs nutto30Bbie U FIFO onepanuu.
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Hauano npvema coobLueHus

O6bexT coobLueHns
MoNY4MN NpUopUTET
?

Ycranoska RTSEL = 1

TMpvem cooBLLeHms
3aBeplUEH YCTIeWHO

MSGVAL &
RTSEL=1
?

Yeranoska RXUPD = 1

Konuposatiie coobuujeHnsi B
06bexT coobLueHis

Monydyerue faHHbIx
uepes Wwnio3 / 3 FIFO ucTouHvka

MSGVAL=1
?

Yeraroska RXUPD = 1

Konuposanvie coobuujeHist B
OGBEKT coobLLeHNs

Yeranoska TXRQ =18 aToM
wm Apyrom obbexte

NEWDAT =1
?

Her

YcraHoska MSGLST = 1

YeraHoska
NEWDAT = 1, RXUPD = 0,
RXPND =1

Ycranoska MSGLST = 1

Oransl

O6bex cooblujenus nonyumn
TPUOPUTET Ha nepeaaqy cooBLLeH s
YeraHoska RTSEL =1

KonmpoBaHute cooBLueHvs B0
BHYTPEHHWI nepenaioLuwil Gydep

MSGVAL & TXRQ &
TXENO & TXEN1 =1

MOCTOAHHO BEPHO

Mepenaya o 3anpocy
Ha wiHy CAN

CONEPKUMOTO BHYTPEHHEro
Gydepa

lepenaqa coobLLeHms Her

3asepLieHa ycnewHo
?

MSGVAL & Her

RTSEL=1

Yeraroska TXRQ =0

["eHepvpoBaHIe NMpepbIBaHIs

( Kone )

Pucynok 18.19 — Anropurmsl npriema 1 rnepegadn cooOIIeHus

Orans!

@

[ITpumeuanue — Ilocne pekoHpurypanuu o0beKTa COXpaHEeHHE JaHHBIX MO 3aBEPILIECHUH
MOJIYYEHUSI COOOIECHHS] MOXKET OBITh HEXEIAaTeIbHBIM. 3alpeTUTh 3allCh JAaHHBIX B OOBEKT
cooOuieHus MoxHo nocpeacrsom outa RTSEL.

[Tocne nomyuenuss o0bekToM cooOuieHus: npuoputeta, ero 6utT RTSEL ycranaBnuBaercs
koHTposuilepoM CAN, OTKpbIBas, TakMM o0O0pa3oM, OOBEKT cooOuieHus s 3amucu. [locne
npuema coobmienuss KouTpoiuiep CAN JOMOJHUTENHHO TPOBEPSET BO3MOXKHOCTH 3alllCH B
00BEKT COOOIIeHUs, a UMEHHO — ycTaHoBJIeH Ju Bee eme 0utT RTSEL. U Tonbko B TOM ciyyae,
ectn O6ut RTSEL ycraHoBieH, MOMydYeHHBIE NIaHHBIE COXPAHSIIOTCA B OOBEKTE COOOIICHUS
(BMecTe co BCeMU MOCIIEAYIOUIMMHU AeHCTBUSMH, KOTOPbIE YKa3aHbl BBIIIE).

Ecim Bo Bpemss omepammii koHTpoiuiepa CAN 0O0BEKT COOOIICHHS CTaHOBUTCS
HeKOppeKTHBIM (cOopoc 6mta MSGVAL), 6utr RTSEL momxen ObITh COpOIIIEH 10 TOTO, KaK OUT
MSGVAL 06yner ycraHoBji€H CHOBa, WM, MO KpailHeW Mepe, OJHOBPEMEHHO C HUM. OTO

HCO6XO,Z[I/IMO AJId IpEAOTBpAIICHUSA COXPaHCHUA CTapOﬁ I/IH(pOpMaL[I/II/I B 00BbEKTE COO6IJ_IGHI/ISI.

Pexonduryparnus 00beKTa COOOIICHHS J0HKHA MPOUCXOIUTD CISAYIOIMNUM 00pa3oM:
- cbpoc buta MSGVAL;
- pekoHpuryparus o0bekTa coodmenus, moka outr MSGVAL cbpores;
- copoc 6uta RTSEL u nanee ycranoska outa MSGVAL.

152



NunukatopoMm Tporiecca coxpaHeHHUs (M3MEHEHHMs) JaHHBIX B OOBEKTE COOOIICHUS
spisiercs piaar RXUPD, KoTOpBIii BRICTABISETCS ¢ HAYAJIOM IIpoliecca COXpaHeHus (M3MEHEHN)
U cOpachIBaeTCsl C €ro OKOHYAHHUEM.

[Tocne coxpaHeHUs MOJYYEHHOTO coodmieHus (mnentudukaropa, o6ura IDE, xoma miuHbI
JIAaHHBIX, TIOJISI TAHHBIX, B clydae cooOmieHus naHHbiX) BeicTaBisiercs pimar NEWDAT. Ecnu k
MOMEHTY BBICTaBJICHHS (3aBepIleHHE coXpaHeHus/n3MeHeHus aaHHbX) Gmar NEWDAT Obun
yKe ycTaHoBjeH, BbicTaBisgercs (uar MSGLST, xoTopblii TOBOPHT O TOM, YTO MPOHM3OILIA
MOTEPSI TaHHBIX.

®naru RXUPD u NEWDAT mno3BoJISIFOT TPOU3BECTH UYTCHUE KOPPEKTHBIX JAHHBIX W3
0o0BbeKTa COoOOIIeHUsT BO BpeMs Tekymux omnepauuii koutpoiiepa CAN. Pexkomenmyemas
MOCJIEI0BATEIbHOCTh ACUCTBUN CIIEYIOIIAs:

- copoc urara NEWDAT;

- YTeHWE JaHHBIX (MACHTU(UKATOP, TaHHBIC U T. I.) U3 00bEKTa COOOIICHHS,;

- mpoBepka (pmaroB NEWDAT u RXUPD — o6a ¢uara AomKHBI OBITH COpOIICHBI.
B ciyyae HEBBIIOJHEHUS 3TOTO YCIOBHS — BO3BpAllleHHE K IEPBOMY JIEHCTBUIO;

-ecmn pmaru NEWDAT u RXUPD cOportensl, To coAepKuMOe OOBEKTa COOOIICHHUS
KOPPEKTHO U He ucnoibzyetcst Kontpoiuiepom CAN B TeueHHe onepaiuy YTeHUS.

[ToBenenne ¢uraroB RXUPD, NEWDAT u MSGLST wuaeHTHuHO Kak Ui COOOIICHUIN
TAHHBIX, TaK U U1 COOOIIEHUHN yIaJIeHHBIX 3alpPOCOB.

Ilepenauya coobmenust

AnropuT™M mepemadd CcooOmIeHHWI ToOKa3zaH Ha pucyHke 18.19. OpHOBpeMEHHO ¢
KONUpoBaHUEM JaHHBIX (uaeHtuduxatopa, o6ura IDE, 6uta RTR, paBHoro outry DIR, kona
JUTMHBI JAHHBIX U COOCTBEHHO JJAHHBIX) U3 00BEKTa COOOUICHHUS, COJEPKIUMOE KOTOPOTO JOIKHO
ObITh TEepeaHo BO BHYTpeHHUIl mnepenaromuil Oydep coorBercTByromero y3ma CAN, ans
KOHTPOJISL  COONIIOJICHHS  YETKOW  IIOCIIEJOBATEILHOCTH  BBIMOJHEHHWS BCEX  ONepanuit
YCTaHABIMBAIOTCA OUTHI COCTOSTHUSI.

Coo01enne MOXeT OBITh TIEpeAaHo TOJIBKO B ciydae, Korja Bce dersipe outa MSGVAL,
TXENO, TXEN1 u TXRQ ycTaHOBIIEHBI.

butr RTSEL BricTaBnsieTcs mociie Toro, Kak 00bEKT COOOIIECHHS MOTyYaeT MPUOPUTET IS
nepeaayn cBoero cojepxumoro. Korma ngaHHble 00beKTa COOOLIEHMS KOMMPYIOTCS B
nepenatouuii Oygep, 6ut RTSEL npoepsieTcs, 1 eciy OH yCTaHOBJIEH, COOOIIEHUE MTepeaaeTCs.
[Tocne ycnemHod mnepenaun coobmenuss 6utr RTSEL mpoBepsiercss cHOBa, W eciu OH
YCTaHOBJIEH, OCYLIECTBIISIOTCS JalbHEHNIINE ONepaiyH.

JUis monHOW M 3aBEpUICHHOM peKOHQUrypaluu KOPPEKTHOrOo OO0BEKTa COOOLICHUS
JIOJKHBI OBITH BBITIOJTHEHBI CIIEYIOIIHE [IarH:

- ounctka outa MSGVAL;

- pekoHpuryparus o0bekTa coodmenus, moka outr MSGVAL cOporien;

- copoc 6uta RTSEL u ycranoska 6uta MSGVAL.

Copoc Outa RTSEL rapantupyeT Kak MOJHOE OTKJIIOYEHHE OOBEKTa COOOIICHHUS OT
TeKyIlel nepenayu, Tak M TO, YTO HUKAKHE ONeparuy (KOMUpOBaHHME NaHHBIX B Mepelaroini
o0ydep, Bimrouasi copoc 6uta NEWDAT, ouncrtka 6uta TXRQ, npepsiBanue cooOmEeHus  T. 11.),
OTHOCAIIMECS K CTapoil KOH(UIypaluu 3TOro o0beKTa COOOIEHMs, HE MOBIHMIIOT Ha HOBYIO
KOH(urypaiuio nocie ycranoBku outa MSGVAL.

[Tocne 3aBepiieHus meperayu COJIEPKUMOro o0bEeKTa COOOIEeHHs B nepeaaromuii oydep
y3nma CAN, dbaar NEWDAT anmapatHo cOpacbkiBaeTcsi, TeM caMbiM 00O3Hauas, 4TO OOBEKT
COOOIIEHUS OTKPBIT JJIS 3aIMCH HOBBIX JIaHHBIX.

Ecmu mocne ycnemHo# nepexaun coobmenust (Ha muHy CAN) dmar NEWDAT Bce eme
ocTaeTcsi COpOIICHHBIM (B 00BEKT cOOOIIeHHs He ObUTH 3amucanbl HOBbIEe naHHbIe), (haar TXRQ
anmapatHo cOpacbiBaetrcs. Eciu sxe pimar NEWDAT 6b1n1 ycraHOBJIEH POrpaMMHO (B CBSI3U C
HEOOXOIMMOCTBIO Tepesaud HOBbIX JaHHbIX), (imar TXRQ He cOpacbiBaercs, TeM CaMbIM
paspenias nepeaady HOBBIX JaHHBIX.
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18.6 ®uabTpauus coodeHUit

@uabTpanus NpM NOJTy4eHUH COOOIEeHUH

[Tpu nonyuenun y3nom CAN cooOiieHus: onpesensercss 00beKT COOOIIeHusl, B KOTOPOM
OyAyT cOXpaHEHBI ITOJyYyaeMble JJAaHHBIE B CIIydae YCHEIIHOTO IprueMa.

OOBeKT CcOOOIIeHHUS CUMUTAETCS KOPPEKTHBIM IJIsi TpHEMa, €CId OJHOBPEMEHHO
cOOII0OAAt0TCS YCIIOBHUS:

- 00BEKT COOOILIEHHS] pacHpelieieH B CIHCOK OOBEKTOB COOOIICHUN Yy37a, KOTOPBIH
NPUHUMAET COOOIICHHE;

- outr MSGVAL ycraHoBIeH;

- out RXEN ycraHoBieH;

- out DIR paen 6uty RTR npunmmaemoro coodbmenus. Ecnmu 6ut DIR ycranoBieH,
00BeKT cooOmeHusT (0OBEKT Mepeaayn) MOXKET MPHUHATh TOJBKO COOOIICHHE YAaICHHOTO
3anpoca. Eciim 6ut DIR cOporien (00beKT npuemMa), 00beKT COOOIICHUS MOXKET MPUHSTH TOJIBKO
cooOl11ieHre TaHHbIX;

-ecmu 6ut MIDE ycranonen, 1o Out IDE momywaemoro cooOImieHus oOKa3bIBaeT
CJIeyIolIee BIUSIHUE!

- ecmu Out IDE (peructp MOAR) ycranosnen, to outr IDE mnpunumaemoro
COOOIICHHUS JODKEH OBITh paBEH €IMHUIIE (pacIIMpEeHHBIN HICHTU(UKATOP);

- eciim out IDE cOpommen, 6ut IDE npuHuMaemMoro cooOIeHus T0JDKEH ObITh paBeH
HYJIIO (CTaHIapTHBIN UJIEHTU(DUKATOP);

- ecm out MIDE cOpomen, 3nayenne o6urta IDE mpuHmmaemoro cooOmieHusi He
BaXHO, T.€. JOMYCKAIOTCS COOOIICHUs, KaK CO CTaHJapTHBIM, TaK M C PacCIIMPEHHBIM
UACHTU(PUKATOPOM;

- UACHTU(PUKATOP TOITYYEHHOTO COOOIIEHUS MOJHOCTHhIO (TIOOMTHO) COBMAJAET C
uaeHtudukatopoM, xpansmumcs B peructpe MOARn o0bekTa cooOieHus, 3a UCKIIOYEHUEM
OUTOB, 3aKpbIThIX Mackol peructpa MOAMRN, 3HaueHNE KOTOPHIX HE BaXHO.

Ha pucynke 18.20 nokazan npumep npoBepKH UACHTUPHUKATOPA.

WneHTudpmkarop 0 - coBMnaneHve 6UToB
MOMyYeHHoro cooBLLeHms .| 1- Her coenagerus:
MoOUTHbIN
XOR
VineHTudomkatop
obbexTa coobLLeHmns
Macka ugeHTudmkaTopa [OOUTHBIN
- » IDcosn
obbexTa coobLLeHns AND

|Deoen = 0: ugentudomkarop 1D nonyyerHoro coobieHns conan ¢ 1D obbexTa coobLueHmns
|Dcoen > 0: ugeHTudpmkarop D nonyyeHHoro coobLueHns He cosnan ¢ ID obbexTa coobLuenms

Pucynok 18.20 — [IpoBepka uaeHTuukaTopa mogIyuyeHHOTo COOOIEHHs

Cpenu Bcex 00BEKTOB COOOIIEHH, KOTOPbIE OTBEUYAIOT YKa3aHHBIM BBIIIE KPUTEPHUSIM, JUIS
COXPAaHEHHUs MOJYYEHHOTO COOOIEHHUsI BBIOUPAETCS OOBEKT ¢ HAMBBICIIMM Ipuopurerom. s
3amaHus npuopurera ucnonbdyercs noine PRI B peructpe MOAR. OObekT cooluieHus, y
KoToporo 3HaueHue noisi PRI menbie, numeer 6omnbmuii npuopuret. [Ipu paBeHcTBe 3HAUEHUIMA
nosist PRI mpuoputeTHhIM cuuTaeTcsi 00bEKT COOOIIEHUS, KOTOPBIN MPEAMIECTBYET CIASAYIOMEMY
B CIIHCKE.

154



DuabTpanus NpH nepegayve coOOIEHU

Korma tpeOyeTrcst mepemada COAEPKUMOTO Kakoro-mubo oOBeKkTa COOOIICHHS, B
COOTBETCTBYIOIIUX YMPABJISAIONIMX pErucTpax BBICTABISAIOTCA (rarv, ykasblBaloIllMe Ha
HeoOxonuMocTh nepenadn. OObEKT COOOLICHUS CUMTACTCS KOPPEKTHBIM ISl Nepeiadu, eciu
OJIHOBPEMEHHO COOJII0/Ial0TCS YCIIOBUSI:

- 00BEKT COOOIICHUS pactpeiesieH B CIIIUCOK 00beKTOB coobmenuit y3ma CAN;

- yrar MSGVAL ycraHoBIIeH;

- (pnar TXRQ ycraHosneH;

- yraru TXENO u TXEN1 ycTaHOBJICHBI.

MoskeT BO3HUKHYTH CHUTYyalus, KOTJa Tepenadyd TpeOyIOT OIHOBPEMEHHO HECKOIBKO
00bekTOB coolmenuii. Cpeau Bcex OOBEKTOB, KOTOpbIE OTBEYAIOT YKa3aHHBIM BBIIIE
KPUTEPUSIM, JJIs IEpeaur BRIOMPACTCS OOBEKT C HAUBBICIIIUM TPHOPUTETOM.

OOBexT cooOmmieHus, y Kotoporo 3HadeHue mnonss PRI wmenwie, umeer Oobimii
npuopuret. Ilpu paBeHcTBe 3HaueHuil noas PRI pa3HbIX 00BEKTOB NPUOPUTET OINpPEAEIAETCS
CJIEIYIOIIMM 00pa3zoM:

- ipu PRI = 10b — cornmacHo mpaBmiiaMm apOuTpaxka nepeaadn CoOOOmEHus;

-mpu PRI = 01b/11b mpuoputer nMeeT OOBEKT COOOIIEHUS, KOTOPBIA MPEIIIeCTBYET
CJIETYIOIIEMY B CIIHCKE.

OOBeKT coOOIIeHNs, SBISIOMINNCS KOPPEKTHBIM ISl Mepefadyud U UMEIOIINM TPUOPUTET,
OyIeT OCYIIECTBIIATh mepeaady nepBsiM. OcTaabHble 00BEKTHI COOOMICHUH OYIyT TIepeaaHbl 110
ouepe/id, COrJIACHO UX IMPUOPUTETAM.

OOBeKT COOOIICHNS ONPEEIAeTCs KaK CTaHAAPTHBIN 0OBEKT COOOIIEHNS, €CITH B PETHCTPE
MOFCR 3nauenune OutoBoro mnoiss MMC paBHo Hymo. CTaHZapTHBIA OOBEKT COOOIIEHUs
MOJKET IPUHUMATH U TIEpEaBaTh COOOIICHHUS, COTIIACHO TIPABHJIaM, OITMCAHHBIM BHIIIIC.

Ha pucynxke 18.21 nokazano ¢hopMupoBaHue 3amnpoca Ha nepefady 00beKTa COOOIICHHUS.

MSGVAL

TXRQ 0 - o6 bexT coobLueHns He TpebyeT nepenaym

TXEND 1 - 0bbekT coobLyeHns TpebyeT nepefaym

TXEN1

Pucynok 18.21 — ®opmupoBaHue 3ampoca Ha iepeaqy 00beKTa COOOIECHUS

18.7 YnaneHHble 3anpochl

[Tocne momydenust ysnom CAN cooOuieHHs yAajJeHHOTO 3ampoca M COXpPaHEHHUs €ro B
00BeKTe COOOIIEHH S, BBICTaBIsIETCS OUT 3ampoca Mepeaayu s OTBETa Ha yJIalIeHHbIN 3arpoc
(oTmpaBKa cOOOIIEHUS TaHHBIX) WIN JJI aBTOMAaTHYECKOT0 MMOBTOPEHHUS 3aIpoca.

B 3aBucumoctn ot cocrossHus 6uta FRREN o0bexkTta cooluieHusi, KOTOpPBIM HPHUHSIT
cooOlIeHre YJalleHHOT 0 3apoca, BO3MOXKHBI /IBA BapuaHTa ACHCTBUIL:

- eciiu 6uT FRREN cOpomien, To ycranasnuaetcs guar TXRQ storo o6nexra;

-eciu 6ut FRREN ycranoBneH, To ycrtanaBinuBaercss ¢uar TXRQ Toro obbekra, Ha
koTopelii yka3eiBaeT noje CUR oOwekrta, mpuHsBiiero ynaneHHbld 3ampoc. [Ipu stom mone
CUR He MEHsIET CBOETO 3HAUYEHUS.

Cocrosinne perucTpoB 00beKTa COO0LICHHUsI, NEePeAaoIero coodeHne yaaJeHHOro

3anpoca

VY oObekTa coOOlIeHHs, MEpearollero COOoOlIeHHE YAAJeHHOTO 3alpoca, B PErHcTpe
MOSTAT pomken ObiThb cOpomeH Out DIR (0oO0bekT mnepemaer cooOlieHHE HaHHBIX) U
ycranoBneHsl Outel TXENO, TXENI1, MSGVAL u TXRQ. 3nauenue uaeHtudukaropa B
peructpe  MOAR mnepenaromero o00beKTa COOOMICHUS JOJKHO OBITH PABHO 3HAYEHUIO
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uaeHTU(UKATOpa MPUHUMAIOIIETO 00beKTa coobmenus (vwm copmecTHo ¢ peructpom MOAMR
o0OecrevnBaTh yCIEmHOe MPOXOKACHUE QUIBTPAIIUH), YTOOBI COOOIIEHUE YAAIEHHOTO 3arpoca
OBLIO MPHUHATO MPUHUMAIOIIUM 00BEKTOM Apyroro y3na. CaMmo cooOlieHne yaaleHHOro 3ampoca
JOJKHO COJIePKaTh UACHTHU(PUKATOP MPUHUMAIOIIETO 00BEKTa COOOIICHHUS, T03TOMY 3HAUYCHUE
peructpa MODATAL mnepenaromiero o0beKTa COOOIICHHS JTOJDKHO OBITh PaBHO 3HAYEHUIO
peructpa MOAR npuHuMaromero oobexra.

CocTtosinne perucTpoB 00beKTa c0001IeHHs, IPUHUMAIOLIEr0 COO0IeHNe Y1aT1eHHOT0

3anpoca npu FRREN =0

Y o06bekTa coob1IeHus, MPUHUMAIOIIET0 COOOIIEHNE YAAIEHHOTO 3allpoca, JOJIKHBI ObITh
ycranoBnieHsl 0uTbl DIR (00bekT mpuHHMMaeT cooluieHue ynaneHHoro 3ampoca), TXENO wu
TXENI (ecnmu orBedars Ha 3ampoc Oyner cam), RXEN u MSGVAL. Peructpet MODATAL u
MODATAH nomkHbI cojiepaTh JaHHBIE, KOTOPBIE OYIyT MepeiaHbl B OTBET HA 3apoc.

CocTosiHMe perucTpoB 00beKTa COO0IIEeHNUs, IPUHUMAIOLIET0 COOOIIeHUE YAAJTEHHOT 0

3anpoca (mpu FRREN = 1) u coaep:kamero J1aHHble 11 0TBETa Ha 3aNpoc

VY o0bekTa coOo0IIeHNs, IPUHUMAIOLIETO COOOIIEHNE YAJIEHHOTO 3a1poca, 10JKHBI ObITh
ycranosinieHsl 0utel DIR, RXEN u MSGVAL. butosoe nosie CUR 10/15kHO yKa3bIBaTh HA HOMEP
00BbeKTa COOOIICHUsT (IOJDKEH HAaXOAWTHCS B TOM JK€ Y37, 4TO W OOBEKT NPUHSIBIIAA
coo0lIlleHre yAalleHHOTO 3arpoca), COJEPKaIlero JaHHbIe, MpeAHa3HAUYCHHbIe Ui Tepeadyd B
OTBET Ha MOCTYNUBIINIA yIaJeHHBIN 3aMpoc.

B cBoto ouepeny y o0bekTa cooOIEeHNs, XpaHAIIETo AaHHBIC I OTIPABKH B OTBET HA
3anpoc, AODKHBI ObITh ycTaHoBieHbl OuThl DIR, (00BekT mepemaer cooOIIeHHE AaHHBIX),
TXENO, TXEN1 u MSGVAL. bur TXRQ ycraHaBnuBaeTcsi aBTOMATHYCCKH IPU TIpUEME
COOOIIEHUS yAAJIGHHOTO 3aMpoca MPUHUMAIOIUM 00bEKTOM COOOIIIEHHUS.

[Ipuem otTBeTa Ha 3ampoc (MEPEIaHHOTO COOOIICHHS JaHHBIX) OCYIIECTBISETCS
CTaHJapTHBIM 00BEKTOM cooOmieHust 3ampamunBawomero ysna CAN  (oOMeH JaHHBIMU
MPOUCXOIUT MEXIYy OOBEKTOM COOOIIEHHS, XpaHSIIMM JaHHbIE AN OTHpPaBKH B OTBET Ha
3a1poc, 1 00BEKTOM COOOIICHHS 3aPANTHBAIOIICTO Y371a).

18.8 JlonosiHUTE/IbHBIE Pe:KMMbI MlepeJadun

I[OHOJ'IHI/ITCJ'ILHO HMCIOTCA JIBa PEIKHUMA, KaXObId U3 KOTOPBIX MOXKCT OBITh BLI6paH
HHIWBHUYaJIbHO!:

- PCKUM nIepeaaiu JaHHbIX C 3aIllIUTON OT HOBTOpeHHﬁ;

- PCKUM OI[HOKpaTHOI\/'I NEPCChUIKU JaHHBIX.

Pexum nepenavu JaHHBIX € 32A1MTOH OT NOBTOPEHUH

Pexxum nepenaun nJaHHBIX € 3aIIMTON OT MOBTOPEHMI BbIOMpaeTcst ycraHoBKod Outa SDT
peructpa MOFCR.

[Tocne mpuema cooOII€HHs AAHHBIX M COXPAaHEHHUs €ro B OOBEKTE C YCTaHOBJICHHBIM
ourom SDT, 6utr MSGVAL »storo o0bekTa ammapatHO cOpachIBaeTcsi, YTOOBI HCKIFOYUTH
BO3MOXXHOCTh TOBTOPHOT'O MPHEMA U 3alMCU B 3TOT OOBEKT. DTOT PEXKHUM HEJIb3s UCIOIb30BATh
i 6a3oBoro oowvekra FIFO cTpykTyphl.

B otBer Ha cooOmieHne ynajieHHOTO 3ampoca, MPUHATOE OOBEKTOM C yCTaHOBJICHHBIM
6urom SDT, OyayT oTnpaBieHbl JaHHBIE U3 O0OBEKTA COOOIIEHUS, HA KOTOPBIN yKa3bIBaeT MoJie
CUR oObekTa, mpuHSBIIETO ynajdeHHBIH 3ampoc. [locie storo 6ut MSGVAL o00bexra,
NPUHSBIIETO COOOIIEHNE YAAJICHHOTO 3ampoca, COpoCHTes.

[Ipumeuanue — OOBEKT, NPUHABIINN COOOIICHNE yIAIEHHOTO 3a1poca, He MOXKET ObITh
HCTOYHHUKOM JIaHHBIX, TIEPEIaBaeMbIX B OTBET Ha 3aIllpoc. ITO O3HAYAET, YTO B IAHHOM PEXHUME
o6utr FRREN o0bekra, mpuHsBILEro yaaleHHbIH 3arnpoc, 00s3aTeIbHO JOKEH OBbITh YCTaHOBIIEH.
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PesxknM 0THOKPATHOM MepPeCchIKUA JAHHBIX

PexxuM ogHOKpaTHOM MEPEChUTKH TaHHBIX BbIOMpaeTcs yctaHoBkon outa STT.

bur TXRQ cOpacwiBaeTcs, Korja coOAepX)UMoe OOBEKTa COOOMICHHS KOMUPYETCs B
nepenaronuii Oydep yzna CAN. Takum o06pa3om, B JanbHEHIIIEM, TP HEYIa4HOU (BCIEACTBUE
ommnO0K) nepecbuike coobmienus mo CAN-IIMHE, TOBTOPHOU Tiepeavyn He OyeT.

18.9 FIFO cTpykTypa 00beKTOB cOO0IeHHii

Peructp MOFGPR o0bekra coobmenuss Msg X COAEpKUT YCTaHOBKHM yKaszaTelied Ha
00BEKTHI COOOIIEHHI, KOTOpBIE UCTIONB3YIOTCs pu onepanusax FIFO u nutio30BbIX onepanusx.

B ciydae cunbHo# 3arpy3ku LI1 o6paboTka cepuu cooOmEeHnid MOKET OBITh 3aTpyIHEHA —
HaIpUMep, BCIEJICTBUE IMOJYYCHUS W/WIM IMepeaadd OOJbIIOro 4Yucia COOOUIeHHWM 3a Majble
MIPOMEXKYTKH BpeMeHH. JlJIs TakuX CIIydaeB MpeaycMOTpeHa cuctema 0ydepoB ObICTpOro BBOIA-
BbIBOJIa, Tak Ha3biBaemas FIFO ctpykTypa, koTopas MoxeT (yHKIMOHHUPOBATH aBTOMATHUECKH,
U TIO3BOJSIET W30€kKaTh TMMOTEPH NPUHUMAEMBIX COOOIIEHUN, MHUHUMHU3HPOBATH BpEMs
MOJATOTOBKUA COOOILEHUH K OTIpaBKe, a TaKKe T'€HEepUpPOBaTh MpPEpbIBaHUS MO OKOHYAHUU
onepauui.

Jomyckaercst opranuzanusi Heckoiabkux napaenbHbix FIFO ctpyktyp. Uucno ctpyktyp
U UX COCTABJISFOIIMX 3aBHCHUT TOJIEKO OT KOJIMYECTBA JOCTYIMHBIX 00BEKTOB coobmenuii. FIFO
CTPYKTypa MOKET OBITh CO3/1aHa, U3MEHEHa M yJAalieHa B JII0OOH MOMEHT BpPEMEHH, JaKe BO
Bpems onepauuii koutposiepa CAN.

Ha pucynke 18.22 npexacrasnena ocHoBHas FIFO crtpykrtypa. OHa COCTOMT M3 OJHOTO
0a30BOro 00BEKTA M N-0T0 YKCJIa BCTIOMOTaTeNIbHBIX O0OBEKTOB.

-4 PPREV = fln-1]
PNEXT

BcnomorarenbHbii
obbext f[n]

-4 PPREV =1
PNEXT = fli+1] |-

BcnomorarenbHbii

PNEXT 06wexT f[i]

TOP = f[n]
CUR = i
BOT = f1 L. )

T
1
1
PPREV i
:
1
1

Ba30BbIi 06 BEKT PPREV = f1
PNEXT = f3 - —

BcnomoratenbHbiin
obbexT 2

PPREV
PNEXT = 2

BcnomorarenbHbii
06bexT f1

Pucynok 18.22 — FIFO ctpykTypa ¢ 6a30BbIM 00BEKTOM U
N BCTIOMOTaTEIbHBIMHA 00BEKTaMU

BcnomorarenbHsie 00BEKTHI nepeaaronien FIFO ctpyktypbt 00BeAMHSIOTCS
MOCJIEI0BATENIBHO B CIIUCKH (ITOJOOHO CIMCKaM 00BEKTOB co00IeH ). ba3oBbIil 00BEKT MOXKET
OBITh 3aHeceH B JI000# crimcok. XoTs Ha pucyHke 18.22 6a30BbIi 0OBEKT HE OTHOCHUTCS HU K
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OIHOMY U3 CIIHCKOB, OH MOXET ObIThb BCTaBJIeH B JOOyI0 TOCIEI0BATEIbHOCTh
BCIIOMOTATENbHBIX O0OBEKTOB. JTO O3HAYAET, YTO 0a30BbIi OOBEKT OJHOBPEMEHHO SIBISETCS U
BCIIOMOTaTeNbHBIM O00BEKTOM (ILIUTIO30BBIE OINEpalid HEe BO3MOXKHBI). [lopsakoBeie HOMepa
00bexToB coobmennii (0, 1, 2 u 1. 1.) He UMeroT HUKakoro 3HaueHus: npu FIFO onepamnusx c
00BEKTaMHU.

BcnoMorarenbable 00BEKTHI JTOMKHBI OBITh OMPEACNCHbl B OOMIUI CIUCOK (TaK KaK OHU
nocienoBareabHo cBs3aHbl). C momomplo ykasarened (6utoeie moiss BOT, CUR u TOP)
MOKHO TIPUCOCIUHATHL 0a30BbIi OOBEKT K BCIOMOTaTeIbHOMY, HE3aBUCUMO OT TOTO,
MpUHAJJIeKaT 0a30BBIA U BCIOMOTaTEIbHBIA 00BEKTHI OJJHOMY CIUCKY WJIM pa3HbIM CIIUCKaM, HO
0a30BBIN JOHKECH OBITH TIEPBBIM B CIHCKE B TAKOM CIIy4ae.

Munumaneaas FIFO cTpykTypa MOXET COCTOATh M3 OJHOTO OOBEKTa COOOIICHHS,
KOTOPBIA OyZEeT OJHOBPEMEHHO SIBISATHCS W 0a30BBIM, M BCIIOMOTATENbHBIM ((aKTUYECKU HE
ucrnonb3yercs). MakcumanbHas FIFO cTpykTypa MOXeT BKIOYaTh B ceOsi Bce 64 oObekra
COOOILIEHUH.

B 6a3zoBom o0bekTe FIFO rpanumsr ycranoBineHbsl: mojie BOT ykaspiBaeT Ha camblid
minagmuii anemeHT FIFO crpykTypsl, nosie TOP — Ha camblii ctapiuii aseMeHT, nojge CUR — Ha
BCIIOMOTaTeNbHbI 00BEKT, KOTOPBII B HACTOALINI MOMEHT BbiOpaH koHTpoiuiepoMm CAN mns
nepenaun coobmienusi. Kak Ttombpko HaumHaercs mnepenada, B CUR 3amuceiBaeTcs HOMeEp
CIEyIOIIero MO CHUCKY BcrmoMmoratenbHoro o0bekta coobmenus (CUR =PNEXT
ucnonp3yemoro o0wvekTa). Ecnm 3Hauenune OmroBoro monst CUR pocTurio HomMepa crapuiero
anementa cnucka (CUR =TOP), to cnemyromum 3Hauenuem Oyaer BOT (peamuzanus
aBTOMATUYECKOr0 Mepexoja B Hayalo crnucka). Takum obpaszoM, peanusyercsa 3amkHyTtas FIFO
CTpyKTypa, B koTopoil OurtoBsie moisi TOP u BOT ycranaBiauBaroT cBsI3b MEXAYy HAYalIoOM H
KOHIIOM CITUCKA.

buroBoe mone SEL mo3Boisier omnpeaenuTh BCIOMOTraTeNbHBIM OOBEKT, B Mpenenax
CIIMCKa, JJIsl KOTOPOro reHepUpyeTcs MpephiBaHUe BCSIKUM pa3, koraa ykasateab CUR pocturaer
3naueHus ykaszarenss SEL. Taxke OutoBoe mone SEL mo3BonsieT OTCIEAUTh OKOHYAHUE
3aIJIaHUPOBAHHOM Mepeaun cepuu COOOILEHUI UM BbIIATh IPEPBIBAHUE, IPETYTIPEKIAIOLIEE O
oM, 4TO FIFO cTpyKTypa CTaHOBUTCS 3aIl0JIHEHHOM.

Bcenomorarensuabie 00bekThl ipueMHON FIFO cTpykTypsl MOTyT mpHHAAIEXATh CIHCKY
00010 y37a.

FIFO cTpykTypa nJs npuema

FIFO crpyxTtypa mist mpuema ucnoibdyercss uisi Oydepuzanuu BXOASIIMX COOOIIEHUMN
JTAaHHBIX U YAAJIEHHBIX 3aIIPOCOB.

FIFO ctpykrtypa ans npuema aktuBupyercs 3anuchio 3HadeHus 0001b B OuToBoe mose
MMC perucrpa MOFCR 6a3zoBoro o0bekra. JTa 3aluch aBTOMAaTUYECKH OINpenenseT 00beKT
kak 0a30BbIii 00BekT mpuema FIFO. Tunel BcmomoratenbHbix 00BekTOB FIFO He wumeror
3HAUEHUS IIPU ONEpPaALUIX.

Korna 6a308Bs1ii 00bekT FIFO nonmyuyaer coobiieHne, 0HO coXpaHsieTcsl He B 9TOM 0a30BOM
00BEKTE, a BO BCIIOMOTaTelbHOM OOBEKTE COOOIIEHUs, HA KOTOPHII yKa3bplBaeT OMTOBOE IOJe
CUR. Ilpu sTOoM 1O yMOJYAaHUIO MPEAINOJIAraeTrcs, 4TOo JJIs BCIOMOTaTelIbHOIO OOBEKTa
MMC = 0000b (meiictButenbHoe 3HaueHMe MMC wurHOpUpyeTcs) W HUKAKMX OIepanui
buIbTpaui MPUHUMAEMOTO COOOIIEHUS HE TIPOU3BOAUTCS.

OnHOBpeMEHHO ¢ mpueMoM cooOIleHus: Tekyiiee 3HaueHue ykazartens CUR 6a3zoBoro
00bEeKTa MEHSAETCS Ha HOMEpP CIEIYIONMEro MO CHHCKY BcrmoMoratenbHoro oOwnekra FIFO
CTPYKTYpPBbI. DTOT BCIIOMOTaTeNIbHBIH OOBEKT OyJIeT MCIOJb30BaH JUId IpUeMa CJeIyHoIero
COOOLIEHHUS.

Ecnu ycranosnen ¢uar OVIE perucrpa MOFCR 6a30Boro o0bekTa U 3HaUeHUE YKa3aTes
CUR craHoBuTcs paBHbIM 3HaueHuto ykazatens SEL, reHepupyercss mnpepbiBaHuE
NIEPETIOJIHEHNA. DTO INPEPHIBAHUE T'€HEPUPYETCs Ha y3ie IpepbiBaHuil ¢ ykazareiaem TXINP
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0a30BOro0 00BEKTa Cpazy MOCIE COXPAHECHHS IMOJYYEHHOTO COOOIIEHHS BO BCIIOMOTATEIbHOM
o0bekTe. [IpepbiBanus reHepupyroTCs, eciiu 3To pasperieHo ourom TXIE.

CnexgyeT NOMHHUTb, 4YTO COOOIIEHHE COXpaHsSeTcss B 0a30BOM M BCIIOMOTaTelIbHOM
obwekrax FIFO, Tonpko ecnu ycranosien out MSGVAL.

Bo u3bexxanue HEMOCPEICTBEHHOTO IMpHEMa COOOIICHUS BCIIOMOTaTeNbHBIM OOBEKTOM,
Kak eciau Obl OH ObUI He3aBUCHMMBIM 00BeKTOM W He mpuHamiexan FIFO crpykrype, dnaru
RXEN Bcex BcrioMoraresbHbIX 00BEKTOB JODKHBI ObITh cOporneHbl. Coctosiaue ¢uiara RXEN

HEBaKHO B CJIy4ae, KOIJla BCIIOMOTATENIbHBIA O0BEKT 3aHECEH B CIIMCOK, HE CBSI3aHHBIN C y3JI0M
CAN.

FIFO crpykTypa 1iis nepeaaum

FIFO ctpykTypa nmns mepemayd HCIONb3yercs A Oydepu3anuu cepuil cooOIIeHu
JAHHBIX WU YJAICHHBIX 3alIPOCOB, KOTOPbIE TOJKHBI ObITh oTrpaBieHsl. FIFO ctpykTypa mis
nepeaayr COCTOUT U3 0a30BOr0 0OBEKTA M OJTHOTO WIIM O0Jiee BCIIOMOTaTelbHBIX 00 BEKTOB.

FIFO crpykTypa mis nepenaun aktuBupyercs 3anuchio 3HadeHuss 0010b B mone MMC
perucrpa MOFCR 6a3oBoro o6wekra. B otimnune ot FIFO ctpyktypsl 1uis npuema, B OUTOBbIE
nonss MMC BcnomoratenbHbix 00bekTOB (FIFO cTpykTypbl [isi mepenadyu) IOJKHO OBITh
3anucano 3HadeHue 0011b. VYkazaremrm CUR Bcex BCIOMOrareinbHBIX OOBEKTOB JOJDKHBI
yKa3bIBaTh Ha 0a30BbIil 00bekT FIFO nepenaun (4T00bI MHUIIMAIM3UPOBATHCS IPOTPAMMHO).

®marn TXENI] Bcex BCImoMOraTelIbHBIX O0OBEKTOB COOOIIEHHI, 3a UCKIIOYEHHEM OLHOIO,
Ha KOTOphIM yka3piBaeT ykazatenb CUR 06a3zoBoro o0ObekTa, JOMMKHBI OBITH MPOTPaMMHO
copomrensl. @nar TXEN1 ykazaHHOTO 00BEKTa OJDKEH OBITH ycTaHOBIeH. Ykazareiab CUR
0a30BOro 00bEeKTa MOKET ObITh MHUIIMATU3UPOBAH I JTF0O0T0 BCIIOMOTaTeNIbHOTO 00BEKTA.

[Tpu onpenenenun KoppeKTHOCTH 00bekTOB coobmenuit FIFO crpykTypbl s Havana
FIFO omepanmii 6a30BbIii 0OBEKT TOJDKEH OBITH ONpPENETIeH IEPBBIM KaK KOPPEKTHBIH, T. €.
MSGVAL pomxeH ObITh yCTAaHOBJIEH.

B cnyuae neo6xoaumoctu yaanenus FIFO cTpykTypsl, npexkie yeM HauHeTCsl Oomeparus
yJIaJeHus, Bce BCIIOMOTareibHbIe 00BEKTHI, npuHamiexanme 3ol FIFO crpykrype, MOMKHBI
OBITh omnpezaeneHbl kKak HekoppekTHbIe (0uTel MSGV AL nomKkHBI ObITh COPOIIEHBI).

FIFO crpyktypa ans nepepauu ucnoinbdyer (aarm TXENI Bcex cBOMX OOBEKTOB st
BbIOOpa cooOmieHus Juid nepenadu. B pesynbrare ¢uibTpaluu npaBo IHepenaBaTh COOOIIEHUE
MOJIy4aeT TOT 00BEKT, y KoToporo BeicTaBieH ¢uar TXENI. [Tocne nepegaun coobuienus guar
TXENI anmapatHo cOpacbkiBaercsi, a B yka3aTenb CUR 3amuchiBaeTcss HOMEp CieIyrOILero
00BeKTa, TPeOYIOILIEro OTIPABKU COOOIIEHHS, ISl KOTOPOTO Y Xe BBICTAaBJIEH (ammapaTHO) CBOM
¢nar TXENI, u Tak nanee — s Beeit FIFO ctpykTypsl.

Ecmu ycranoBnen d¢mnar OVIE peructpa MOFCRn 06a3oBoro o0bekTa W 3HaueHUE
ykazarenss CUR craHOBUTCS paBHBIM 3HaueHHIO ykazatens SEL, reHepupyercs npepblBaHHE
NEPENoNHEeHNs. DTO TNpepbIBaHUE T'€HEpUpyeTcsl Ha y3je npepbiBaHuil ¢ ykazareirem RXINP
6a30BOro 00BEKTa MOCIE 3aBepIlIeHUs onepaluii noiaydeHus cooOmienus. [IpepsiBanus npuema
0a30BOro 00bEKTa TEHEPUPYIOTCS, €CJIH 3TO pazpenieHo outom RXIE.

IIporpammupoBanue peructpos Aast FIFO cTpykrypsl

1 lns nepenatoiiero 6a3oBoro o0beKkra:

- copocuth Our MSGVAL,;

- 3agarts noist CUR, BOT, TOP, SEL;

- 3anucath 3HaueHue 0010b B mone MMC, 3anate DLC, ycranoButs 6utel OVIE n RXIE
(ecmi HEOOXOAUMO).

[Ipumeuanue — Cocrosaue peructpoB MOAR u MOAMR mnepenatoniero 6a3zoBoro
00BbEKTa HE BaXHO, IMOCKOJBbKY B IMepefaye YYacTBYIOT IepeJaroliue BCIOMOraTelbHble
00BeKThl M TpuHUMAarOmui 6a30BbeIi 00bekT. [lote RXINP ykaspiBaeT nuHHIO, HA KOTOPYIO
Oynert BbIaBathes npepbiBanue nepenoianenus (CUR = SEL).

2 Jlns mepenaronmx BCIIOMOTaTelIbHBIX O0BEKTOB:
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- copocuth Outr MSGVAL;

- ycranoBuTh OuThl DIR, TXEN1 (TONBKO At TOTO BCIIOMOTATENBHOTO OOBEKTa, Ha
koTopelii  ykaspiBaer mnone CUR mepeparomero 6a3oBoro 0O0BEKTa, Y  OCTaJbHBIX
BcrioMorarenbHbIX 00bekToB 6uT TXEN1 nomken 0biTh copomen), TXENO;

- 3anincath B nosie CUR Homep nepenatoiero 6a3oBoro o0beKTa;

- 3armcaTh 3HaueHue 0011b B mone MMC, 3amats DLC.

I[Ipumeuanue — 3Hauenne peructpoB MOAR nepenarommx BCIOMOTATEIbHBIX
00BEKTOB JOJDKHO coBmaaare (uiau coBmectHo ¢ peructpamu MOAMR  oGecnieunBathb
yCHEIIHOE MPOXOXKIeHUEe QuIbTpanuu) co 3HaueHueM peructpa MOAR mnpuHHMaromero
0a30BOro 00BEKTa, TaK Kak IMpoOLEecC mepenayn (paKTHYECKH MPOUCXOAMT MEXIy HUMHU (WU
MHOTO MPUHUMAIOIIETO 00bEKTa, eciid Ha mpueMe ucnoibiyercs He FIFO ctpykrypa).

3 ns npuHUMaroiero 6a30Boro 00beKTa:

- yctaHoBUTh OUT RXEN;

- 3amate noiit CUR, BOT, TOP, SEL;

- 3anmucath 3HadeHue 0001b B mone MMC, 3anate DLC, ycranoButs 6utel OVIE u TXIE
(ecrii HEOOXOAMMO).

[Ipumeuanue — 3nauenue perucrpa MOAR npunuMaroiero 6a3oBoro o0bekTa JOIKHO
OBITH paBHO 3Ha4YeHHIO perucTpoB MOAR mepenaromux BCIIOMOraTeNIbHBIX 00BEKTOB TIepeadn
(unmu coBmectHO ¢ peructpoMm MOAMR obecrieunBaTh yCHENIHOE MPOXOXKIECHUE (PUIBTPALINHN).
[Tore TXINP yxa3piBaeT, Ha Kakylo JMHHUIO OyJeT BbIJABaThCS MpEPbIBAHUE MEPENOJHEHUS
(mpepbIBaHUE TOCJE OMEpPAllMd COXPAHEHHUS MOIYyUYEHHOTO COOOIIEHHS] BO BCIOMOTAaTEIbHBIX
oobekrax nipu CUR = SEL).

4 J1ns npuHUMAIONINX BCIIOMOTaTeNbHBIX O0BEKTOB:

- copocutb 6uT RXEN (He TpeOyercs, ecnu BCIoOMOraTelbHbIE OOBEKTHl 3aHECEHBI B
CIIUCOK, He cBs3aHHbIN ¢ y30oM CAN);

- 3aaath nojie DLC (coctostaue nosst MMC He BaxkHO).

[Ipumeuanue — Cocrosuue peructpoB MOAR, npuHUMAIONIMX BCIIOMOTaTEIbHbBIE
OOBEKTEI, HE Ba)KHO.

5 Ycranosuth 6ut MSGVAL B mepByto ouepens y nepenaroniero 0a3oBoro o0bekTa, a
3aT€M Y BCEX OCTAIbHBIX OOBEKTOB.

6 Ycranosuth 6ut TXRQ /14 Bcex mepenaronux BCIIOMOTaTeNbHBIX 00bEKTOB, HAYMHAS C
TOr0, Ha KOoTophIi ykasbiBaeT nose CUR nepenatomiero 6a30Boro o0bexTa.

18.10 Pexum nuio3a

PexxuM mo3BosisieT peaqu3oBbIBaTh aBTOMAaTHUECKYIO Nepeady HHGOpMaluy Yyepe3 IUTH03
Mexy 1ByMsi HezaBucuMbIMH mmHaMu CAN 6e3 yuyactus L1

[IImr03 MOXHO C(OPMHUPOBAaTH Ha YpPOBHE OOBEKTOB COOOIIEHUH U OCYIIECTBISATH
nepenauy uHopmaruu mMexay ynamu CAN. 1103 Moxer ObITh chOpMUPOBAH MEXKIY IBYMS
T00bIMM  00BbEKTaMu cooOlIeHnH, npuHaiexkamumMu pasHbiM  y3nam CAN. KomuuecTtBo
IJIF030B 3aBUCHUT TOJIBKO OT KOJIMYECTBA OOBEKTOB COOOIIEHUM, AOMyCKaoUMX (OpMUpPOBaHHE
IIJTFO30B.

Pexxum mmro3a aktuBupyercs 3anuckto 3HayeHust 0100b B 6uroBoe nose MMC perucrpa
MOFCR o6bekra cooOmieHuss Msg X, HHUIIMATU3UPYET €ro Kak MUTI030BbIH 00bEKT-UCTOYHHUK.
OOBeKT COOOIICHHS, KOTOPBIA OyIET SBJIATHCS IUIIO30BBIM  OOBEKTOM-TIPUEMHHUKOM,
BeIOupaeTcs ykazareseM CUR oObekrta-uctounuka. s ¢popMHpOBaHUS MIIH03a JOCTATOYHO,
YTOOBl OOBEKT-PUEMHUK ObUT KOppeKTHbIM (ycraHoBieH Out MSGVAL). OcranbHbie
napamMeTpsl He BIHUSIOT Ha BO3MOXKHOCTb OCYIIECTBJICHHUS IEpeauyd MeXIy OObEeKTaMH OT
HCTOYHUKA K TPUEMHHUKY.

[I111030BBII 00BEKT-UCTOYHHK, CM. pUCYHOK 18.23, pyHKIMOHUPYET KaK OObIYHBIA O0BEKT
COOOIlleHHUs], C TEM OTJIMYMEM, YTO BO3MOXKHBI JOMOJHUTENbHbIE AeiicTBUs KoHTposiepa CAN
IpY IpUEMe U COXpAaHEHUU COOOIICHUS B 00bEKTe-TIPUEMHHUKE:
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1 Ecm ycranoBnen ¢uar DLCC peructpa MOFCRn 00bekTa-MCTOYHUKA, KOJ JTHHBI
naaHbIX DLC konupyeTtcs U3 IITI030BOI0 00bEKTa-UCTOYHUKA B IITFO30BBIH 00bEKT-TIPUEMHHUK.

2 Ecmu ycranosien ¢uar IDC oObekTa-uctounuka, uaeHtudukarop ID u pacmmpenue
IDE xonupyroTcst U3 IUTI030BOI0 00bEKTA-MCTOYHUKA B IIUTFO30BbI 00BEKT-IIPHEMHUK.

3 Ecnu ycranosiieH ¢uiar DATC 00beKTa-uCTOYHMKA, OANThI JaHHBIX, XPAHSIIAECS B IBYX
peructpax MODATAL u MODATAH 00bekTa-UCTOUYHHKA, KONUPYIOTCS U3 IUIF030BOIO
00BEKTa-UCTOYHHUKA B IILTIO30BbIN 00beKT-pueMHUK. Konupyrorcs Bce BoceMb OalliT JaHHBIX,
BHE 3aBUCUMOCTH OT 3HaueHwus nojist DLC.

LLinHa CAN ucTOuHMKa LluHa CAN npremHuka
< V < )
YkasaTenb Ha LU30BbIi
———————————— OO BEKT-MPUEMHIK COOBLL{EHMIA
CUR P - X
———————————— Konvposahue, ecniv IDCoc = 1 - - — — — — =]
Vnextugukarop + IDE WoeHtudpukarop + IDE
———————————— Konvposahue, ecnu DLCCom = 1 - — ——— =]
DLC DLC

———————————— KonuposaHue, ecnn DATCon = 1 - ——— — —— — ———

[aHHble [aHHble
YcraHoska, ecn GDFSom =1 b — — — — — — — — — — i

; TXRQ
Wrosoet | b e e ]
OB bEKT-UCTOHHMK YeraHoBKE @ —m —m — — — — — — — — J
MMC = 0100b — ____NE_W_DPE____
YcTaHoBKE @ mm e i

R TXRQ

LLInto30BbI
06O BEKT-NPUEMHIK

Pucynok 18.23 — Ilepenaua uepe3s U103 OT UCTOYHUKA K IPUEMHHKY

4 Ecnu ycranosneH ¢unar GDFS o0bekTa-ucTOUHUKA, TO YCTaHaBIMBAaeTCs OUT 3ampoca
nepenaaun TXRQ oObekTa-npueMHUKa.

5 YcranaBmuBatorcs ¢uiaru RXPND u NEWDAT peructpa  MOSTAT o0bekra-
IIPUEMHUKA.

6 Ecmu ycranoenen ¢umar RXIE peructpa MOSTAT oObekTa-IpHeMHUKA, TO
TEHEPUPYETCS 3apOC Ha IIPEPhIBAHNUE.

7 Vxazatens CUR 00bekTa-MCTOUHUKA MEPEBOAUTCA Ha CIEAYIOUIHA 00BEKT-NPHEMHUK
no npaBwiaM FIFO ctpyktypsl. ChopMupoBaTh MITI03 MEXKITY 00BEKTOM-UCTOYHUKOM U OJTHUM
00BEeKTOM-TIpUeMHUKOM (3HaueHue ykaszarenast CUR OyneTr ocraBaTbcs HEM3MEHHBIM) BO3ZMOXKHO
IPOrpaMMHUPOBAHUEM:

TOP = BOT = CUR = HOMep 00beKTa-IIpUeMHHKA.

Opranuzanys 1UT03a «00beKT-UCTOYHUK — 00BEKT-NPUEMHHK) aHAJIOTMYHA OpraHUu3aluu
FIFO crpykTypel «0a30Bblii O0OBEKT — BCIIOMOTATENbHBI OOBEKT», YTO YKa3blBaeT Ha
BO3MOXXHOCTh (hOopMUpOBaHus 1uTI03a ¢ uHTerpupoBaHHbIM FIFO npuemuukoM. [Tpu nonydennu
cooOuieHnss JaHHbIX (OOBEKT-UCTOUYHUK SABISETCS OOBEKTOM IpuemMa, T.€. €ero Our

161



DIR cOpomien) u npu MOAyYSHUH YIAICHHOTO 3arpoca (00BEKT-UCTOYHHK SBISIETCS 00BEKTOM
nepeaayn) yepes MUTI03 UCIIONb3YEeTCS OJIMH U TOT JK€ MEXaHHU3M.

Hecmotpss Ha TO, 4TO MexaHH3M yAaJlEHHBIX 3alpOCOB pabdOTaeT HE3aBHUCHUMO OT THUIA
00BeKTa coOOIIeHNSs, OH HanboJee MOoJIe3eH MPH UCIOIb30BAHUY IUTIO30B, A7 (POpPMUPOBAHUS
yAaJEHHBIX 3alpPOCOB Ha MIMHE IUII030BOT0 00bEKTA-UCTOUYHUKA MOCTE MONTYYSHUS yAaJICHHOTO
3ampoca Ha IIMHE MUTF030BOr0 00bheKTa-npueMHuKa. B 3aBucumoctu ot 3HaueHus: outa FRREN
[UTI030BOIO0  OOBEKTA-MPUEMHHUKA, €CTh JBa BapuaHTa o0OpabOTKH YJAJIEHHOTO 3arpoca,
BO3HHKIIIETO C TOM CTOPOHBI ILII03a, TJE PACIOJIOKEH OOBEKT-NPUEMHHK (IIPH YCIOBHUHU, UTO
MIPOUCXOUT Mepeaaya U3 00beKTa-UCTOUYHUKA B 00bEKT-IPUEMHHK, T. €. DIR (ucrounuka) =0 u
DIR (npuemnuka) = 1):

1 O6paboTka 3ampoca nuIF30Boro oobekra-nmpueMarka ¢ FRREN = 0b:

- COOOIIEHWE YNAJICHHOTO 3ampoca TMPUHUMAETCS  [UIFO30BBIM  OOBEKTOM-
MPUEMHUKOM;

- out TXRQ 1u1t030Boro 00beKTa-NpueMHUKa YCTaHABIMBACTCS aBTOMAaTHUECKH;

- coo0IIeHHe JaHHBIX C TeKylled wuH(opmanuel, XpaHsuieiics B 00bekTe-
MIPUEMHHUKE, TIePeIaeTCs Ha UHY MPUEMHHKA.

2 O6paboTka 3ampoca ILIF30Boro oobekra-npueMarka ¢ FRREN = 1b:

- COOOIIEHNE YJAJIEHHOrO 3ampoca MPUHUMAETCS  LUII030BBIM  OOBEKTOM-
MPUEMHUKOM;

- out TXRQ 1u1t030BOro 00beKTa-UCTOYHUKA (OOBEKT JIOJDKEH OBITh YKa3aH B IOJIE
CUR o0bekTa-npueMHIKa), yCTaHABIMBAETCS aBTOMATUYECKU;

- cOOOIIEHNE JaHHBIX Iepenaercss OOBEeKTOM-UCTOYHMKOM Ha wmuHy CAN
UCTOYHUKA;

- [IOJIy4aTedb yAAJCHHOrO 3allpoca B OTBET BbIIAET COOOLICHHE AAHHBIX Ha LIMHY
UCTOYHUKA;

- COOOIIEHNE JAHHBIX COXPAHACTCS B 00BEKTE-HCTOUHUKE;

- coO0IIeHNE JaHHBIX KOMUPYETCs B 00BEKT-MIPUEMHHUK (Yepes3 LUTI03);

- BeicTaBiiercs  Out TXRQ oOwekra-npuemHuka (mpu  ycioBuu, 9ro GDFS
UcTouHHKa = 1);

- HOBBIC JaHHBIC, COXpPAaHCHHBIC B OOBEKTE-TIPUEMHHUKE, TEPETAIOTCs Ha MIUHY
MPUEMHHKA, B OTBET Ha y/IaJeHHBIN 3allpoC Ha IIMHE MPUEMHUKA.

PexomMeHaanum mo 3anMcH B PErucTPbl B PeKHMe HLTI03a NPH Nepeaaye yaaJeHHOro

3anpoca ¢ FRREN =1

OOMeH 3arpoc - JaHHbIE MPOUCXOAMUT B JAHHOM Clyyae MEXAy CTaHIApPTHBIM OOBEKTOM
COOO0IIIEHUsI OAHOTO y371a U 00BEKTOM-TIPUEMHHUKOM ILTI03a JIpyroro y3iaa. Ho npu sToMm naHHbIE
JUIs OTBETa Ha 3alpoC B ILUIIO30BbIH OOBEKT-MPUEMHHMK MOCTYMAKT MO III3Yy OT 00bEeKTa-
uctoyHuka. Ilpu mnomydeHuu yAaJeHHOro 3ampoca OT O0O0bEKTa COOOIIEHHS] OOBEKTOM-
npuemMHukoM ¢uar TXRQ ycTaHaBnuBaeTcs He y caMoro oObeKTa-pHEMHUKA, a y 00beKTa-
UCTOYHUKA, Onaroaaps ycraHoBieHHoMy outy FRREN u OutoBomy nomto CUR (yka3biBaer Ha
00BEKT-UCTOYHUK) oOBbekTa-npueMHuka. Jlanuele 13 MODATAL u MODATAH o6bekra-
uctounuka konupytorcsi B MODATAL u MODATAH o6bekTa-npueMHuka (ycTaHOBJIEH OUT
DATC peructpa MOFCR o0bekTa-uCTOYHHMKA), BCIEACTBUE YEro aBTOMATHYECKU
ycranaBnuBaercss 6uT TXRQ peructpa MOCTR ob6bekra-npuemnuka (ycranonieH 6ut GDFS
00BEKTa-UCTOYHMKA IIII03a), U OCYLIECTBISIETCS Ieperadya cOOOIIeHUs JaHHBIX (OTBET Ha
3ampoc) 3anpanmBaroineMy 00bEKTY COOOIICHUSI.

[Tocne ycnemnoro mnpuema/mepenaun cooOmenus LII nomywaer yBenomieHue o
3aBEPIICHUM ONEpAlMK JUIsl 3aJaHusl JaJbHEUINUX JIEWCTBHM, CBS3aHHBIX C OOBEKTOM
COOOILEHHMS.
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18.11 IMpepbiBaHus 00BEKTOB COOOIIEHUIT

[Tocne coxpaHeHUsT MPUHATOTO COOOIIEHHUS B OOBEKT COOOIICHUS WJIH YCIEUTHON
nepenaud GoOpMUPYETCs COOTBETCTBYIOLIEE NpepbiBaHue. Kaxkaplii 00BEKT COOOLIEHUS MOXKET
¢dopmupoBath mpepbiBanug. Kaknoe npepblBaHHE HampaBisgeTcsl Ha OJHY M3 16 BBIXOIHBIX
auHuil  npepbiBanuil. [lpeppiBanuss mnpuema (IOciie COXpaHEHHUs COOOIIEHUs) TaKxkKe
dopmupytores mocne omnepanuii FIFO u mumrozoBeix omeparuii. @maru TXPND u RXPND
BCEr/la YCTaHABIMBAIOTCS IIOCJE YCHEIIHOM omepauuy mepeadd/mpuemMa, HE3aBHUCHUMO OT
COCTOSIHUSI COOTBETCTBYIOLINX (DJIaroB pa3perieHus MpephIBaHU.

O06nekT coobmeHus: moxer ¢popmupoBath FIFO npepriBanus. Eciu dnar OVIE peructpa
MOFCR ycranosnen, To ¢popmupoanue FIFO nmpepbiBanus OyaeT 3aBHCETh OT TUINA 00BEKTa
COOOIIEHUH, CM. pUCYHOK 18.24:

- €Clii 0OBEKT COOOMICHUS SIBJISCTCS MPUHUMAIOMUM 0a30BBIM OOBEKTOM, TO BBIXOIHAs
JUHUS TIPEPBIBAaHUK MJI1 3TOro oObekTa ompexaensercs OutoBeiM mosieM TXINP peructpa
MOIPR;

- eCliM OOBEKT COOOILEHUsI SABISETCS MEepeNarolM 0a30BbIM OOBEKTOM, TO BBIXOAHAS
JIMHUS TpephIBaHUM onpenensiercss outoBbM nosiem RXINP.

MOSTATn MOFCRn
[ TxPnD | RXPND | | OVIE | TXE | RXEE [ mmC |
= 0010|
Mepenaya . = 000b MOIPRn

COOBLLEHNs N >1 l
TXINP
- RE,

FIFO onepauus
¢ coobLueHrem n &

> MOIPRn

Mpuem
coobLLeHns n

MMC = 0001b: obbexT coobuieHns n sBnsieTcs 6a3oBbiM 06bekTom npuema FIFO
MMC = 0010b: 06bexT coobLueHnst n sBnsieTcs 6a3oBbiM 06bekTom nepeaadm FIFO

Pucynok 18.24 — Pacnipenenenue npepbiBaHuit

Knyuue cooduenust

Korna renepupyercs 3ampoc Ha mpepbiBaHUE (IIOCie Ipuema/lepenayd COOOIEHUs), B
OJTHOM W3 YeThIpeX PErucTpoB xaymux npepbiBanuii MSPNDx (x ot 0 mo 3) BeIcTaBisieTcs
dnar xaymero cooOmienus. YeTsipe peructpa o0pa3yroT 0bmacts u3 32 x 4 OuT — 1o aBa Outa
(omuH OWT 1S omepauuMi mpHeMa W OJUH OWUT A olepaluil mepenayu) JUis KakIoro U3
00bekTOB  cooOmienuit.  [lozumuss  ¢mara  sxkaymero  cooOlieHMs — ompeaessercs
nemynbtutuiekcopamu DMUX, cm. pucynku 18.25 u 18.26.

B 3aBucumoctu ot 3HaueHus noas MPSEL perucrpa MCR, peanusyerca oauH u3 ABYyX
PEXUMOB BbIOOpA U YCTAaHOBKHU (DJIaroB, sKIyIIUX COOOIICHHUS:

- pexxum 1 B cmyqyae MPSEL = Oh;

- pexxuM 2 B cmyyae MPSEL = Fh.

Ecnu HeT HeoOX0IMMOCTH B ONpe/IeIeHUN NCTOYHMKA MpephIBaHus (IIPUEM WM Iepenada
COO0O0I1IeHNs), TO MO’KHO UCIOJIB30BaTh 000N U3 IBYX PEKHMOB, B IPOTUBHOM CIIy4ae, cleayeT
HCII0JIb30BaTh BTOPOU PEXKUM.

B nepBom pexume ycraHoBKa (hiara XAyIIETo COOOLIEHUS MPOUCXOAMUT CIEAYIOLUIUM
obpazom:
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- 6 u 5 6utel ot MPN BeiOupator peructp MSPNDX, B koTopoM OyJeT yCTaHOBIICH
¢ar cebMOTo IyIIero COOOIICHNUS;
- aTh Maaammx ouT mosist MPN (Ha pucynke 18.25 BbIieneHbI CEpbIM IIBETOM) BBIOUPAIOT

no3unuio ¢uara (ot 0 7o 31), KOTOpEI OyaeT ycTaHOBIEH B BbIOpaHHOM peructpe MSPNDx.
Pervctp MOIPRn

15 8
. 0 —
Pervctp MSPND3 <« 11
®_ 0
Pernctp MSPND2 <«
------------------------------- D |
. 0 M
Pervctp MSPND1 «l U
............................... X
. 0
| Pervctp MSPNDO | {0 ]
AAAALLLLEARAAALSLLLLALARERALLLS
\E DMUX S le

Pucynoxk 18.25 — Pexxum BbiOOpa 1 ycraHoBkH ¢uiaroB mpu MPSEL = Oh

Peructp MOIPRn

MPSEL = 1111b

S DMUX g\%—
VYV VY VY VYV YV Y VY YYYYYYY VYV YV Y YV VY

3 0 T

L. ... ..  Pecuusenos |

3 0
"""""" |5efméTpM'S|5N|':)2'"""""'|:D
"""""""""""""""" M |e

3 0 ull.

| """""" PervcrgMSPND1 |: X ||

3 0

| """""" PervcrgMSPNDO |::000 =
.............................. 1000 |
Yy YYYYYYYPYYYTTTLY!

< DMUX ] —

Pucynoxk 18.26 — Pexxum BeiOOpa 1 yctaHoBkH ¢aaros mpu MPSEL = Fh

Bo BrOopoM pexuMe TMpH ONpeNelIeHWH NO3MIMU (rara O>KAYIIEro COOOLICHHS
NpUHUMAIOTCS B pacueT 3HaueHus nons MPN, moneit RXINP (mns mpuema) u TXINP (ans
nepenaun). [lpu aToM miig praroB MoryT KMCIosib30BaThCs JHOObIE OUTHI BBIOPAHHOTO pErucTpa
MSPNDx. YcranoBka (hiara s Iymiero coo0IeH s MPOUCXOUT CASAYIOIIIM 00pa3oM:

- 2 u 1 Outel noneit TXINP/RXINP Boioupator peructp MSPNDx, B koTopom Oyner
YCTaHOBJICH (hJIar Mo OKOHYAHUIO Mepeavdn/IpruemMa COOOIIeHHS;

- yerblpe miammux Outa monss MPN (Ha pucyHke 18.26 BblneneHbl CepbIM LIBETOM)
coBMecTHO ¢ HyneBeiMH Outamu mone TXINP um RXINP BwiOuparor mosummio ¢uara
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(ot 0 1o 31). daktuyecku Hyneou O6ut nmosneit TXINP/RXINP BeiOupaet crapiiee uiau miaaiiee
cioBo BeIOpaHHOTO peructpa MSPNDx, a uerbipe Outa monss MPN 3agaror mosunmio B
BbIOpaHHOM CJIOBE.

Peructpet  MSPNDx wMoryr ObITh 3ammMcaHbl NPOrpaMMHO. bBHTBI, B KOTOpBIE
3aMKUCHIBAIOTCS €UHUIIBI, OCTAIOTCS 0€3 M3MEHEHHM, a OUTHI, B KOTOPHIC 3aITUCHIBAIOTCS HYIIH,
ounInarTcs. Takoil MeXaHW3M 3alKCH MO3BOJIIET N30eKaTh KOH(MIMKTAa MEXLy OJHOBPEMEHHOM
arnmapaTHOW YCTaHOBKOW M MPOTrpaMMHOM OYHMCTKOW OUTOB perucrpa.

Kaxnpriii peructp MSPNDX cBsi3aH ¢ COOTBETCTBYIOIIUM PETUCTPOM HHJIEKCA COOOIICHUS
MSIDX, KOTOpbIii OTpakaeT MO3UIMI0 CAMOTO MJIAJAIIEro OUTa M3 BCEX YCTAHOBJICHHBIX B
peructpe  MSPNDx. Peructper MSIDX A0CTYIHBI TOJBKO JUIsi YTCHHS W OOHOBIISIOTCSA
HE3aMEUINTEIbHO IOCIe U3MEHEHMs (KaK anmnapaTHOro, TaKk M IPOrPaMMHOI0) COJEPKUMOTO
COOTBETCTBYIOIIUX peructpoB MSPNDx.

Peructp macku wunzaexca coobmenus MSIMASK coxepxutr macky st perucTpoB
MSPNDx. Tonbpko He3akpbIThle Mackod OHTBI MOryT oOcmyxkuBatbesa. Pernctp MSIMASK
HCIIONIB3YETCS OJHOBPEMEHHO JUIsi BceX peructpoB MSPNDX W COOTBETCTBYIOIIUX WM
peructpoB MSIDx.

18.12 lIporpammupoBanue KoHTpoJiiepa CAN

I xoppektHoi  paborel  koHTpoiuiepa CAN  ciemyer coOnromarh  MOPSIOK
IIPOrPaMMUPOBAHUS PETUCTPOB.

Il 3ammycka konTposuiepa CAN HeoOxoaumo:

- 3anucath peructp CLC;

- poBeputh, uto copomen O6ut DISR, peructp PANCTR = 00000000h u mocne 3toro
3anucath peructp FDR.

Hanee nns konpurypupoanus yzina CAN ¢ Homepom x (x oT 0 10 3) BEIIOTHUTB:

- B peructpe y3ma NCRx ycranoButs 6utsl INIT u CCE, mocne gero peructpst NBTRx u
NPCRX cTanyT 1ocTynHBbI 11 3anicH U uTeHus, a peructp NECNTX — tosbko i uteHus;

- 3anucath peructp NPCRx;

- 3anucarth peructp NIPRx;

- 3anucath peructp NBTRx;

- 3aniucath peructp NFCRx (ecnu HeoOxo1uMo);

- B peructpe NCRx cOpocuts Outhl INIT u CCE, nocne gero peructps NBTRx u NPCRx
OyIyT HE JOCTYIIHBI JUISl 3aIIUCH;

- pacmpenenuTh 00beKThl COOOLIeHnH B ciucku nocpeactsoM peructpa PANCTR.

st KOppeKTHO# paboThl 00BEKTOB COOOIIEHUN PErUCTPhI KaXKI0TO M3 HUX JTOJDKHBI OBIThH
NPOMHULUMAIN3UPOBaHbL. Jl711 OOBEKTOB, HCHOJIB30BAHHWE KOTOPHIX HE IMpeaycMaTpuBaeTcs,
JIOCTAaTOYHO 3amucarh Hollb B OuT MSGVAL peructpa MOCTR.

Pexomenyemplii TOPsIIOK MHUITHATU3AIIUN PETUCTPOB OOBEKTA COOOIIIEHNUS

- ycraHoBuTh O6uT DIR B peructpe MOSTAT st nepeauu cooOIEHUs TaHHBIX/TIpHEMa
yaaJieHHOro 3ampoca wiu cOpocuth Out DIR mis mpuema cooOumieHusi JaHHBIX/TIEpenadn
yaaneHHoro 3ampoca; yctanoBuTh 6utel TXENO u TXENI (mis nmepenaun) win RXEN (ans
npuema) B peructpe MOCTR;

- 3aniucath peructp MOFCR;

- 3anucatb peructp MOAR;

- 3aniucatp peructp MOAMR (ecnu HE0OX0AUMO);

- 3anucatb peructp MOFGPR (ecnu 6yayT ucnons3oBatbest FIFO ctpyktypsr);

- 3anucath peructp MOIPR;

- 3aniucatb peructpsl MODATAL u MODATAH;

- yctanoBuTh OMT MSGVAL xoppektHOCTH 00BeKkTa coobmenust B peructpe MOCTR
(17151 HEUCTIONB3YEMbIX O0BEKTOB ATOT OUT JOKEH OBITH COPOIIIEH);

- JUIs aKTUBUpOBaHUA nepenayn ycranoBuTh 6uT TXRQ perucrpa MOCTR.

165



19 Baox AL

brmox ALl o6wvenunasier omauH Moxaynb AIlll mocienoBaTensHOTO MPUOITMIKEHUS
(apxutektypa SAR), cxemy ynpanenus, Oydepsl pe3yabTaTOB U3MEPEHUN U CXEMY YITPaBICHUS
npepoiBanusiMu. CTpykTypHas cxema 61oka ALIIT mokazana na pucynke 19.1.

| )| Peructpsl
AHB nHTepdenc | ynpaBneHus
::—y 1 HACTPOMKU
KoHTtponnep
npepbiBaHUi » ADC_SEQO
§ » ADC_SEQ1
© Mogynb AL N 4
ADC_CHO > é npeobpasoBaHus » ADC_DC
ADC_CH1  2FY% \ AL
O N———
ADC_CH2 » ©
2 —
ADC_CH3 > = N— g
< g
S >
s
5
MpepbisaHns GPIO ————— 3| | CekeHcop 0 z Kowmnapatop 0 » ADCDC_TRIGC
o
CvrHans! 6rnokos LWWM ————F———— | | | Br1OK ynpaBnexus 5
CurHansl TaiiMepos » sanpocamm Komnaparop 1 » ADCDC_TRIG1
Bydep
y \ pesynbrartoB Komnapatop 2 » ADCDC_TRIG2
( DMA nnTepdeiic
*|| Cexeencop 1 Komnaparop 3 » ADCDC_TRIG2
» Bnok ynpaBsnexus
HCLK 3anpocamu
Curnansl —>»[HRESETn
6roka RCU ST
rioka —3»|ACLK pesynLTatoB
—3»| ARESETn

Pucynok 19.1 — CtpyxrypHas cxema 6oka ALII

B 6ok AL BxoasT:

- yeTblpexkaHanbHbI Moayib ALl pa3zpsaHocThio 12 OGUT UM CKOPOCTBIO U3MEPEHHUS IO
OJTHOMY KaHaily 10 1 MUJUIMOHA U3MEPEHU B CEKyHLY;

- JIBa CEKBEHCOpA, KWKIBIH M3 KOTOPBIX ITO3BOJIIET HE3aBHCHMO IPOU3BECTH 3aITyCK
u3MepeHuit no HeooxoauMeIM kananaMm ALl u creHepupoBaTh NpephIBaHNUE;

- YeThIPE HE3aBUCUMBIX IH(PPOBBIX KOMIApATOPa, OTCIECKUBAOIINX M CPABHUBAIOIINX
U3MEPEHUsi C TMOpPOTOBBIMH 3HAUEHHSAMM Ui (OPMHUPOBAHMS MPEPHIBAHUM M CUTHAJIOB
yIpaBJICHUS IPYTHMHA OJIOKAMU MHUKPOKOHTPOJIIEPA;

- n1Ba Oydepa pe3yabTaToB U3MepeHHi (Kaxx bl opranu3osad no tumy FIFO);

- OJIOK yTIpaBIICHHS TPEPHIBAHUSIMH.

bnox AIIIl umeer derblpe BXOIHBIX KaHaia. Jlnama3zoH H3MepsEeMBbIX HaNpPSKEHUN
orpaanueH NVCC2 u NGND2.

Hactpoiika TaktupoBanusi u cOpoca Omoka ALl u ero Mmoxyneil ocymiecTBiaseTcs
nocpeactBoM peructpa ADCCFG Oioka ympaBieHuss TakToBbiMH curHamamMu RCU. Bes
BHYTpeHHss joruka 0noka AL taktupyercsa yacroroit ACLK, HO 3anuck/4TeHne KOHTPOJIbHO-
CTaTyCHBIX PErucTpoB ocymecTBisieTcs Ha yactote HCLK.

Jlnist mpaBUIBHOM paboThl 0i0Ka HEOOX0IuMO obecrieuuTh TakThpoBaHue moayneir ALITT
gacroroii ACLK or 300 xI'm mo 32 MI1, KOTOpYO MOXHO TOJY4YHTh, BBIOpPAB MCTOYHHUK
takToBOro curHana noimem CLKSEL, a taxke, mpu HE0OXOIUMOCTH, BKIIOYMB M HACTPOUB
nenurensb noisimu DIVEN u DIVN (mosnst peructpa ADCCFG 6510xka RCU). Hactora ACLK He
JIOJDKHA OBITh OOJIbIIE YacCTOTHI CUCTEMHOTo TakToBoro curHana SYSCLK (Ha TakTOBBIH BXOJ
HCLK 6moxa AL motaeTcsi CHCTEMHBIH TaKTOBBIM CHTHAT).
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19.1 CekBencop
CekBeHCOp TmpenacTaBisieT €000  ympaBisoUMi  OJIOK, MO3BOJSIOMIUN  pa3rpy3UTh
npoueccop ot ynpasienus monayssimu ALIIL. CekBencop ymnpasisieT 3anmyckoMm moxayJsie ALLI,
00pabOTKOI MOTYYEHHBIX PE3yJIbTaTOB U3MEPEHHUI U IreHepanueil npepbiBanuii. B coctas 010ka
AIIIT Bxomsar S cekBeHcopoB (S = 0, 1). CtpykTypHasi cxemMa CEKBEHCOpa IpeJCcTaBicHa Ha

pucynke 19.2.

CekBeHcop s

Paspeluerve paborel | SEQENS |

YnpaBeneHue 3anyckamu

3anpoc moaynto

GSYNC[ P & O6paboTimk cobbITUi
[SvNcs > _ 3anycka
Lingrmaeckwi |y Tarimep 3aepxKu Cuetunk
3anyck nepesanyckos nepesaryckoB
MpepbiBanus GPIO MUX iR S
\| Cxewma ycpegHeHus
Curnansl 6nokos LM 0 TP e ARy GKAM RAVG
CurHansl TaimepoB /
Banyck/nepesanyck
YnpaeneHune 3anpocamu
Cxema yc
OI)EIp'\C/)ICOyM Féﬁ”egzznﬂ leHepartop 3anpocos AL
eI Fny6nHa o4epeav| | Ouepenp 3anpocos
ycpeaHeHus RQMAX
QAVGVAL ios
Cratyc ovepenmn RQ2
Paspeluexne RQBUSY RQ1
pabortbl —N RQQ? RQO
QAVGEN ’
YnpaeneHue pesynsratamu
— 3 FIFO Bydep
Peaynstar KoHTponb cxem annck B AETY
naMepeHns ycpenrenna 32 x12 6ut
FIFO
\ FeHepaToi\)Asanpocos
MA uHTepdeic DMA f— Craryc
Y| [DMAEN] [WMARK] [DOV] |" 7 FLOAD]|[UN]
[eHepaTop NpepbiBaHUN KoHTponb pabotsl
CYETUNK U3MEPEHUN komnaparopos
[CNT] [ICLR

» AUM

P K komnapaTopam

. [KKOHTpONMEPY

Pucynok 19.2 — CtpykTypHasi cxema ceKBeHcopa

OauHOYHBIE 32IIYCKH 110 COOBITHSIM
Pa3pemiennie paboThl CEKBEHCOpPa OCYIIECTBISIETCS YCTAHOBKOM COOTBETCTBYIOIIErO OUTa
SEQENS (s =0, 1) B peructpe SEQEN.
Kaxxaplii cekBeHCOp MOXKET coBeplIaTh HE3aBUCHUMBbIE OJJHOKPATHBIE 3aIyCKH MO OJHOMY
U3 COOBITHH, KOTOpOe BhIOMpaeTcs noneM EMs peructpa EMUX:
- ycranoBka 6utra GSYNC perucrpa SEQSYNC (3amycTsTCS TOJBKO CEKBEHCOPBI, IS
KOTOpPbIX ycraHoBieHbl OuThl SYNCS Toro xe perucrpa);
- CUTHAJIbl OT TalIMEPOB;
- curHasl ot 0oxoB 1M;
- cur"an npepsiBanust GP1O.
Kornma cexkBeHcop S 3amyckaercssi MO OJHOMY U3 CUTHAIOB COOBITHH, BBICTAaBISETCA

P> npepbiBaHUin
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cootBercTByromuii  guiar SEQBUSYs B peructpe BSTAT. Taxke B 3TO ke BpeMs Bce
HACTPOMKM CEKBEHCOpa COXPAHSIIOTCS B TEHEBBIX PETUCTPaX, M CEKBEHCOpP HAYMHAET PadoTy
COTJIACHO TOJTyYEHHBIM HAcCTpoWKaM. V3MEHSTh HACTPOWKH CEKBEHCOpPa BO BPEMs €ro padoThI
MOYKHO, HO BCTYIISIT B CHJIy OHH JIMIIb NPH CIEAyIOUIeM 3amycke. dar 3aHATOCTH IACPKUTCS
YCTaHOBJICHHBIM JIO T€X IIOp, MOKa 3a/la4ya, HHUIMUPOBAHHAS COOBITHEM, HEe OYIET MOIHOCTHIO
BBINOJIHEHA ceKBeHCOpOoM (OyIeT oCyIecTBIICHA 3aluCh mocieanero pesynsrara B FIFO).

CoObITHs 3amycKa He KIIMIMPYIOTCS, €CJIM CEKBEHCOP OBUT 3aHST BBITOJHCHUEM TEKYIICH
3anaun (ycranoBien SEQBUSYS), korna npunuio ouepeaHoe coObITHE 3amycka, TO OHO Oyjaer
npourHoprupoBano. HeoOXOoAMMO YYHTBIBATH 3TO INMPH HACTPOWKE 3aIllycKa MO COOBITHSM OT
CTOPOHHHX TepupepuitHbIX MOIYyJIeH TakK, YTOOBI BpeMs MEXIy BO3HUKHOBEHUEM COOBITHUIN
ObUIO HE MEHBIIC BpeMeHH u3MepeHHid. [luarpamMmbl pabOThl CEKBEHCOpa MPH OJUHOYHBIX
3aIrycKax 1o COOBITHSAM MOKa3aHbl Ha pucyHKe 19.3.

Co6biTue 3anycka , c X 6 , . .
ot neprbepunt <— CaobbITne UrHopupyetcs
WnK Nporpammbi . : : : :

®nar SEQBUSYs

MpoBeneHune

Wamepehnns, \
n3MepeHui

3anyck 1

/ NiamepeHus, \
3anyck 0

Pucynok 19.3 — OnuHOYHbIE 3aI1yCKU CEKBEHCOpA 110 COOBITHSIM

OauHOYHBIE 32IlyCKH 110 COOBITHSIM C HeMelJIeHHBIMH Nepe3aiyCcKaMu

3mech W ganee, MOJA Tepe3allyCKaMd MOHMMAeTCs BHYTPEHHHH MEXaHH3M padOThI
CEKBEHCOPa, a MO0JI 3aIlyCKaMM — IIPUXOJ] BHEIIHET0 COOBITHS, KOTOPOE MEPEBOAUT CEKBEHCOP U3
OKU/IAOIIETO COCTOSIHUS B aKTHBHOE.

CekBeHCOp MMEET BO3MOYKHOCTh OCYILECTBISATh KaK OTJIOKEHHbIC, TAaK U HEME/IJICHHbIE
ABTOMATHUYECKHUE MEPEe3aTyCKH CepUil MI3MEPEHH, MOCIIe MPUXO0/1a TIEPBOTO KUHUIIMHUPYIOLIETO
coObITus 3amycka oT nepudepun. llepezamyck mMoxeT BBIMOTHATHCS 10 255 pa3 (mome RCNT
peructpa SCCTL). Texymiee cocTosiHUE CUETYNKA TIEPE3AITyCKOB MOKHO Y3HATh, TPOYHUTAB TI0JIE
RCNT perucrpa SCVAL. Inarpammsl paboThl CEKBEHCOpa MpPH pa3pelieHHBIX HEMEIEHHBIX
nepe3aryckax 1mokasaHnbl Ha pucynke 19.4.

CobbITne 3anycka
OT nepudepun
“nn Nporpammel

dnar SEQBUSYs
Mposepete : // Viamepenus, \/ Usmepenus, \/ Usmeperns, \ WNameperus,\/ WNamepenns,\,
N3MepeHuit : \ 3anyckO0 /\nepesanyck1 /\nepesanyck?2 / 3anyck 1 A\ nepesanyck 1 /i

Mone RCNT l | l I l l . l .
peructpa SCVAL < 0 >< ! >< 2 ° >< ! ><:

Pucynoxk 19.4. - OIII./IHO‘-.IHLIC. 3aﬁyc1<iz1 110 COBBITHAM C HeMenﬁeHﬁLIMﬁ nepe3ényci<aMﬁ npﬁ
RCNT = 2 (peructp SCCTL)

OJII/IHO‘IHBIC 3allyCKH 110 COOBITHAIM C OTJIOKEHHBIMH nepesanyCckamMmu

OTOXKEeHHBIE Tepe3anyCKu OCYIIECTBISIOTCS CIYCTS HEKOTOpPOE BpeMsi OT 3aIlycCKa,
3amaBaemoe peructpom SRTMR. 3anepxkka 3amaercs B Taktax ACLK u Benet cuer He3aBUCHMO
OT TEKYIIEro COCTOSIHUSI CEKBEHCOpa, MO3ITOMY, MpU €€ BBHIOOpPE HEOOXOIUMO yUUTHIBATh, YTO
TEKYIIHEe U3MEPECHHS JOJDKHBI 3aBEPIIUTHCS JIO MTPUXO0JIa CHTHANIA TIepe3aIrycka, HHave OH Oy1er
MPOITYIIIEH.
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B pexxuMe 0IMHOYHBIX 3aITyCKOB MO COOBITHSIM CUETUHK 3aJICP)KKHU Iepe3aycka He Oyaer
cuntatk, eciiu ojie RCNT peructpa SCCTL paBHO HyIO.

Kak roBopuiiock paHee, Bce HACTPOHKH CEKBEHCOpA COXPAHSIFOTCS B TEHEBBIX PETHCTpax
IOpU €ro Mepexo/ie B PEXHM 3aHATOCTH M UX M3MEHEHHWE HUKAaK HE TMOBJIHMAET Ha TEKYIIYIO
paboty. OJHAKO CYIIECTBYET BO3MOXKHOCTh OOHOBHUTH 3aJIEPXKKy Iepe3alycKka emie BO Bpems
paboThI cekBeHcopa. JlJist 3TOro HaJ0 3amucaTh HOBOE 3HaYeHHE 3aJiepkKu B peructp SRTMR ¢
OJIHOBPEMEHHO ycTaHOBJICHHBIM nociequuM outom NOWAIT. B aTom cityuyae, HOBast BelIMUrHA
3aJIePKKU BCTYIHT B CHITy IOcie OJIMKalero COObITUS OTIIOKEHHOTO NIepe3anycKa.

Juarpammbl pabOThI CEKBEHCOpPa MPHU aKTHBHBIX OTIIOKEHHBIX MEpe3aIrycKax MmoKa3aHbl Ha
pucyske 19.5.

CobbITre 3anycka
oT nepudepumn
UK Nporpammbl

3agepxka
nepesanycka

CobbIThE OTMNOXEHHOrO
nepesanycka

dnar SEQBUSYs

_—

[MposeneHve
n3MepeHun

: M3mvepeHus, : M3mepeHus, : : M3mepeHus, : N3vepenus,
\ 3anyck0 / ; \ nepesanyck 1 /. ; \ nepesanyck 2 /. . \ 3anyck1
Mone RCNT < 0 >< 1 >< 2 ' ' '

Pucynoxk 19.5. — OnuHOYHBIE 3aITyCKH IO COOBITHSM C OTJIOKEHHBIMU TI€pe3aIlyCKaMu 4epes
BpeMsi SRTMR npu RCNT = 2 (peructp SCCTL)

OauHOYHBIE 32aIIyCKHU € yCPeHEeHNeM 110 Nepe3anycKam

Cyl1ecTByeT peXuM YCpeIHEHHs pe3yJbTaToOB IO Iepe3alyckaM, KOTOPBIH BKIHOYAETCS
ycranoBkoid 6uta RAVGEN B peructpe SCCTL. 'maBHBIM yciiOBHEM Pa0OTBI 3TOTO PEXHMa
apnsierca 1o, 4yro mnoje RCNT peructpa SCCTL pomkHO copepkaTh Jr000oe 3HadyeHue,
coorBercTByomee 2P — 1, rme p = 1, 2, ..., 8. 3uauenue 2P sBIAETCS KOJUYECTBOM CEpHiA
U3MepEeHuil, KOTopble OyIyT yCpeTHEHBI (3alyCK U BCe Mepe3arycKu).

Pabora storo pexuma 3akirodaercss B TOM, YTO IOKa HAYT MEpe3amyCKH, pe3yJbTaTbl
nonagyT B Oydep He cpady, a OyayT HakalIMBaTbCsl BO BHYTPEHHHMX PETUCTpax (KaKAOMY
3ampocy Ha HU3MEpPEHHE COOTBETCTBYeT TakoW peructp). JIumpb BO Bpems MOCIEIHErO
nepe3amnycka, OyayT MoJy4YeHbl yCpeIHEHHbBIE 3HAaUeHUS M0 KaKJOMY M3 U3MEpEHUH, KOTOpbIe U
Oynyt momematbes B FIFO B mopsiake ouepeny.

PaboTa pexxuma ycpenHeHHs MpU HEMEUIEHHBIX Iepe3anyckax MpOoJIeMOHCTPUPOBaHa Ha
pucyske 19.6. Ilpu oTi0KeHHBIX Iepe3anycKax JaHHbIM BUJl yCpeAHEHNs paboTaeT aHaJIOIMYHO,
NO3BOJISISL PACHpPENeNUTh PAaBHOMEPHO H3MEPEHUs Ha JUINTEIbHOM IPOMEXYTKE BPEMEHH U
MOJTyYUTh CpPEIHEE 3HAUeHNE CUTHAJIa B KOHIIE HETO.
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CobbITve 3anycka
oT nepudepumn
UnM Nporpammbl

®dnar SEQBUSYs . . . . . . .
Mposeaetue . Vavepenus, \/ Vaveperus, \/ Uaveperns, \/ Vaveperus, \ // NamepeHus,\;
n3mMepeHui ' \ 3anyck0 /\nepesanyck 1 /\ nepesanyck 2 / nepesanyck 3 /. . h sanyck1 /.

Morne RCNT : : : ' ' 5 ' ' : ' ' : ' ' ' ' '

peructpa SCVAL 4’< 0 >< 1 >< 2 >< 8 ]

[leiicTBYS C pe3ynkTatamm
npun RAVGEN=0 : <3a|’lVICb 6)a3y><3an140b cg)asy><3anV|Cb (SJasy><3anMCb (g)aay

peructpa SCCTL . : FIF :

[ewictBus ¢ pesynsratamu
npu RAVGEN=1 . HaKonneHme HaKonneHVle HaKonneHme cpenHeHue
peructpa SCCTL : pe3yanaTOB pesyanaToa peayanaTOB \3anmcb B FIFO g

/) HakonneHwue\,
\ pesynsraros /.

Pucynoxk 19.6. — OnuHOYHBIE 3aITyCKH IO COOBITHSAM YCPEIHEHHEM TI0 Mepe3arycKam mpu
RCNT =3, RAVGEN =1 (peructp SCCTL)

Hanmpumep, ecnum w3MepeHHs MPOBOIWIMCH TIO BCEM 4YETBHIpEM KaHAaM TIpH
RAVGEN = 0, o na moment custus ¢paara SEQBUSYs B FIFO 6110 Ob1 16 pe3ynbTaTtoB, HO
eCJIM yCpPeAHCHHE IO Iepe3amyckam Obuto Obl akTuBHO, TOo B FIFO mHaxommmock Obl
YeThIPE YCPEAHCHHBIX PE3yJIbTaTa M0 KaXKIOMYy M3 KaHAaJIOB.

Hukanyeckuii 3anmyck

CekBeHCOp MOXXET OBITH 3alMpOrpaMMHUPOBAaH HA IUKIMYECKHHA 3amycK. OH OyneT
3aIlyCKaThCsl CHOBA KAXK/BIN pa3 MpU 3aBEPIICHUH MPEABLAYIIET0 3amycka (MMUTAIHS ITOCTOSTHHO
AKTUBHOTO BHEIIHETro COOBITHs). UTOOB HauaTh paboTy B HUKIMYECKOM PEXKHME, HEOOXOIUMO
nocine cooTBeTcTByromiel koHpurypamuu peructpa EMUX ycranoButs 6utr GSYNC peructpa
SEQSYNC. Uto06sb! 3aBepmuTh paboTy B MUKIMYECKOM peXHME, HEOOXOAMMO BHIOpATh B IMOJIE
EMs perucrtpa EMUX nr060e coObiTHE OJHOKpAaTHOTO 3amycka. dar 3aHSTOCTH CEKBEHCOpa
SEQBUSYs B peructpe BSTAT OyneT ycTaHOBIIEH cpa3y e IO BXOJIY B IHUKIUYECKUN PEKUM
U OyaeT cOpoIIeH TONBKO JIMIIb MO BBIXOAY U3 Hero. JlmarpamMMbl paboThl CeKBEHcopa Mpu
UKJIMYECKOM 3aIyCKe TTOKa3aHbl Ha pucyHke 19.7.

CobbITre 3anycka
OT nporpaMmbl

Linknnuecknin
3anyck

®nar SEQBUSYs

MposeneHvie ; V3amepeHus, : N3amepeHus, : Navepenus, : V3amepeHus, ; MamepeHus, : Maveperus,
nsmepeHun . \ sanyckO s\ sanyck1 /\ 3anyck2 /\ 3anyck3 s\ 3anmyck4 /\ 3anycks

Pucynok 19.7 — Jluarpammsbl paboThI CEKBEHCOpA MIPH ITUKINIECKOM 3aITyCKe

Hukauveckuii 0TI0KEHHBIN 3alyCK

B oTnmuume oOT pexuMa OJUHOYHBIX 3aMyCKOB, ITUKIMYECKHH PEKUM TIO3BOJISET
akTUBHpOBaTh cueTunk 3agepkku SRTMR, naxe ecnmm moire RCNT perucrpa SCCTL pasHO
Hyt0. B 3TOM ciyyae n3mepenus OyIyT 3amycKaThCsi HE HENPEPBIBHO, a C HEKOTOPOU May30i
(ompenensiemoii SRTMR). /Inarpammbl paOoThl CEKBEHCOpA MPH IMHKIHYECKOM OTIIOKCHHOM
3aIlyCcKe MTOKa3aHbl Ha pucyHKke 19.8.
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CobbITue 3anycka
OT NporpaMml

Linknnyeckui
3anyck

3apepxka
3anycka

CobbITvE OTNOXEHHOTO

3anycka
I
MposeneHvie ; N3amvepeHus, : M3amepeHus, : : M3mepeHus, : ; N3mvepeHus, :
nsmepeHun \ 3anyckO / \ sanyck1 \ 3sanyck2 /. \ 3anyck3 /.

Pucynok 19.8 — JlmarpamMmel paboThI CEKBEHCOPA MPH IIUKINYESCKOM OTIOKEHHOM 3aITyCKe
yepes onpeneénHoe BpeMs (3HaueHue perucrpa SRTMR)

Huknanyeckuii 3amycK ¢ ycpeJHeHUEM M0 Mepe3anycKam

Ecmun B nukimueckom pekume ycranoButTh noje RCNT perucrpa SCCTL 3nauenuem,
OTIIMYHBIM OT HYJIS, TO CEKBEHCOpP MEXIy 3amyckaMl HauyHEeT AeNlaTh HYXKHOE KOJIHMYECTBO
nepe3anyckoB. Ho MexaHuka Takoro pekxuMa BHEITHE HUKAK HE OyJeT OTJIWYaThCsA OT OOBIYHOU
UKIUYECKOH pPaldOThI, MOATOMY JIaHHBIM PEKUM HMEET CMBICH JIUIIbL B TOM Cllydae, KOrja
HEOOXOIMMO CKOMOMHHMPOBATh LUKIMYECKUI PEXHM C YCpPEIHEHHEM IO Iepe3amyckaMm (Kak
HEMEJICHHBIM, TaK U OTJIOKEHHbBIM).

Juarpammbl pabOTBl CEKBEHCOpa B IUKIMYECKOM PEXHUME 3allycKa C YCPETHEHHEM I10
OTJIOXKEHHBIM TIEpE3aIlyCcKaM MoKa3aHbl Ha pucyHke 19.9.

CobbITve 3anycka
OT nNporpaMmbl

Linknnyeckuia
3anyck

3apepxka
3anycka

CobbITVEe OTNOXEHHOro

3anycka

®nar SEQBUSYs . . : ' : ' : . . . ' 1 .
MposeneHve MamepeHus, M3amepeHus, M3amepeHus, M3amepeHus, :
nsMepeHnm \ sanyckO /T \nepesanyck 1/ \ samyck1 /T \ nepesanyck 1}/

[HewncTBus ¢ pesynstatamm
npu RAVGEN=0
peructpa SCCTL

//Banics cpasy\;
: BFlFOp y:

[HewncTBus ¢ pesynstatamm
npu RAVGEN=1
pernctpa SCCTL

./ HakonneHwne\
\ pesynsratos /:

y/YcpenHeHne W : )/ Hakonnenue\
\sanuce B FIFO / : \ pesynsraros /.

h B h
//YcpenHerue w
\3anvce B FIFO

Mone RCNT E :( S A S :
peructpa SCVAL : ) 0 >< 1 >< 0 >< 1 ><

Pucynox 19.9 - ﬂnﬁrpéMMf,I pé6of51 céKBéHcépa ﬁ LII/I'KJ'II/Ilqui(OMIpeH'(I/IM.e 3aﬁycf<a cl
yCpeHEeHHEM 0 OTIIOKEHHBIM Iepe3alyckam onpeaeaéHHoe BpeMsl (3HaUeHHE PEerucTpa
SRTMR) npu RCNT=1 (peructp SCCTL)

I'eHepanus 3apocoB HA H3MepeHHe

[locne 3amycka 1O COOBITHIO WJIM OYEPETHOIO Iepe3alycka CEKBEHCOp HayMHaeT
(dbopMHpOBaThH 3ampoCkl HA U3MEPEHUS MO KaHAJaM B MOPSIKE OYEpelH, 3aJaHHOW PEruCTPOM
SRQSEL. Konen ouyepenu wim e€ «riyouna» 3amaercs noineM RQMAX peructpa SRQCTL.
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Onpenenuth COCTOSIHUE ovepeau MoKHO ¢ momombio peructpa SRQSTAT — B mone RQPTR
HaXOJUTCSI HOMEP TEKYIIEero 3ampoca Mo MopsaKy, a ycTaHOBICHHbIH ¢uar 3anaroctu RQBUSY
TOBOPUT O TOM, YTO 3aIIPOC BHICTABJIEH U B COCTOSIHUM 00paOOTKH.

WnmocTpamuss kK MeXaHM3MY TeHEpalMy 3alpocoB Ha HW3MEpEeHHE NpeCTaBlIeHa Ha
pucynke 19.10.

CurHan
3anycka

ST

3anyck / nepesanyck

3anpoc[RQMAX]

3anunchb
B FIFO*

<)—<3anpoc[0]§33npoc[1 %d

*Ecnun BkntoYeHo ycpegHeHmne no nepesanyckam,
10 3anuce B FIFO Byaet nponcxoamTb Nuilb .
Bo Bpemss RCNT-ro nepesanycka nocne ycpegHeHus. .
B ocTtanbHoe Bpems 3anncb OyaeT MATU TOMbKO B
HaKoMNUTENbHbIE PEMUCTPbI.

Pucynoxk 19.10 — I'enepanusi CEKBEHCOPOM 3alIpOCOB HA UBMEPEHUE

IHosicHenus: k pucynky 19.10

1 Kak TOJBKO CEKBEHCOp IOJIy4aeT CUTHaJ 3allyCKa, OH BBICTABIIAET IEPBbIN 3alpoc U3
ouepean U OXKHUAACT ero npuHATHs Moxyiem ALIII.

2 Korga 3anpoc Oyaetr npunst, ALl nmpoenetr usmepenue. [lo okoHUaHHU HU3MEPEHHUS,
pe3yJbTaT BBIOJHEHUS 3apoca OyIeT epeaH CeKBEHCOPY.

3 CekBencop coxpansier pe3yiabraT B FIFO um mpomomkaer BBICTAaBIATH 3ampochl JI0
OKOHYAHUS UX OYEPEIN.

4 Ecniu CceKBEHCOp HAaCTpPOEH Ha MPOBEIEHUE Iepe3anyCcKoB (OTIOXKEHHBIX WU
HEMEJUIEHHBIX), TO [0 OKOHYaHWU OYepe]ld CEKBEHCOp IMepe3alyCKaeTcss U CHOBAa BBICTaBIISIET
MIEPBBI B OUEpEIN 3aIpocC.

5 JIume Korjza 3aBeplleH IOCIeJHUN Iepe3anyck, TO paboTa CEeKBEHCOpa, Hayartas I10
NEPBUYHOMY COOBITHIO 3amycKa (ITyHKT 1), cuuTaercs 3aBepLUICHHOM.

6 CekBeHCOp NEPEXOUT B COCTOSIHUE 0’KUJAHUS CIEAYIOLIEro CUTHaja 3aIycKa.

PesynbTaT Kaxkgoro 3ampoca coxpaHsieTcs B KOJIbLIEBOM Oydepe pe3ynbTaToB CEeKBEHCOpa
(SFIFO). Bydepsl Bcex CEKBEHCOPOB HMMEIOT eMKOcTh B 32 12-OutHbix cnoBa. Tekymiee
KOJIMYECTBO CJIOB B Oydepe MOKHO y3HaTh, mpountas peructp SFLOAD.

Kontpons cocrostaust 6ydepa ocymectBisercst nocpeactsoM ¢iaros perucrpa FSTAT.
VYcranosnennsiii ¢gurar OVS, ykaswsiBaer Ha TO, 4to B FIFO He ocramoch CBOOOMHBIX siUeek.
JIro6as 3anuch B Oydep B TakoM ciiyyae OyJeT UTHOPUPOBATHCS A0 MOSBIEHUS XOTs Obl OJTHON
cBoOomHON stueiiku. COpomeHHbd (umar UNS cBunmerensctByer o Hammumu B FIFO, kak
MHUHHMYM, OJHOTO pe3yibTata usmepenuil. CoorBeTcTBeHHO, (uiar UNS ycraHoBuTCs, Korjaa
FIFO Oynmer mosHOCTBIO TMYCT, P 3TOM pe3ynbraToM ureHus mycroro FIFO Oyayr nHymm.
CO6poc (raros ocymiecTBIseTCs IMyTEM 3allUCH B HUX €TUHHIIBIL.

YcpenHeHue CKaHMPOBaHUEM OYepeau

Hapsiny ¢ ycpenHeHHeM 10 Tiepe3anyckaM CEeKBEHCOP MMEET JOTIOHUTEFHBI MEXaHU3M
YCpEIHEHUs] — YCPEIHEHUE CKaHWpOBaHUEM (OImpocoM) ouepenu uzmepenuil. O0a MexaHHU3Ma
MOTYT paboTaTh KaK BMECTE, TaK ¥ 110 OTACITHHOCTH.

Bxutouaercst ycpenHenue ckaHupoBaHueM nyteM yctaHoBku outa QAVGEN B peructpe

172



SRQCTL. Ilepem BkirOYEHHWEM pEKHMa HEOOXOIWMO 3a7aTh KOJHUYECTBO YCPEIHIEMBIX
ompocos B mone QAVGVAL Toro e peructpa — oHo cuntaercs kak 2AVEVAL,

Pabora pexnma 3akitoyaeTcs B TOM, YTO OY€pelb 3alpOCOB BBIOIHACTCS HE OJIUH a3,
cM. pucyHok 19.10, c¢ coxpaHeHueM pe3yinbTaToB B Oydep mocie Kaxkaoro 3ampoca, a
2QAVGVAL a3 ¢ coxpaHeHHeM pe3yIbTaToB JIMIIb HA TIOCIEIHEH NTepallu CKAHHPOBAHKS TI0CTIE
YCPEIHEHUs] BCEX IOJIYYEHHBIX H3MepeHuil. Pe3ynbraTel W3MepeHUil HakamauBaroTCcd U
YCPENHSIOTCS WHAMBUAYalIbHO U KaXAOro 3ampoca (aHaJIOrMYHO YCPEAHEHUIO 10
nepe3aryckam).

Juarpammsl paboThI peKuMa yCpEeIHEHUsI CKaHUPOBAHUEM IIOKa3aHbl Ha pucyHke 19.11.

CurHan
3anycka

3anpoc[RQMAX]

CkaHunpoBaHue ovepeamn

(r<3anpoc[0]§3a npoc[1]

3anucb

B FIFO* *Banuce B FIFO 6yaeT nponcxoamTb BO BpeMs NOCNeAHEero
CKaHMPOBaHUS, HO €CNN Takke BKITIOYEHO YCPeAHEHME Mo
nepesanyckam, 1o 3anncb B FIFO 6yaer npomcxogmTb Nub |

BO Bpewmsi nocnegHero ckaHrposaHus RCNT{o nepesanycka:
B ocTtanbHoe Bpems 3anucb byaeTt a1 ToMNbKo B :

HaKonnTernbHblEe PEerncTpbl.

Pucynok 19.11 — JluarpaMmmsbl paboThl pekrMa yCpeaHEHUSI CKaHI/IpOBaHI/IeM

YcpeaHeHue CKaHMPOBAHHWEM IO3BOJISIET C OTHOCHUTENBHO Majod (a30BOM 3aaepiKKOM
WU3MEpPUTh YPOBEHb CUTHAJA 10 HECKOJBKUM KaHajlaM B IIpeesiaX OJHOW BPEMEHHOH TOYKH, a
yCpeIHEHHE IO Mepe3anyckaM J1aeT BO3MOXKHOCTh YCPEIHWUTH 3HAU€HUs, MOJYyYEHHBIX TaKuM
o0pa3oM TOYEeK, Ha JOCTaTOYHO OOJIBLIOM HHTEpBale BpeMeHU. B coBokymHocTH, 00a
MeXaHH3Ma MpelaratoT A0BOJIbHO F'MOKUI HHCTPYMEHTapHi JIJIsl aBTOMAaTHU3allUd U YCPETHEHUS
U3MEPEHUM.

I'enepauus npepbiBanuii

CekBEHCOp MOXKET TEHEPHPOBaTh TNPEPHIBAaHUS C 33JaHHOW mepuoauvHocThio. [lo
3aBepiueHnn kaxao# 3anucu B FIFO nuakpemenTHpyercs cuetTunk naMepenuit. Kak tonbko 0110
3aukcupoBano ICNT+1 3amuceii (none perucrpa SCCTL), renepupyetcs npepsiBanue. CTOUT
OTMETUTh, uTo naxe eciau FIFO 3amomneno momHocThio (ycraHoBieH OVS B peructpe FSTAT),
a M3MEpeHHs NMPOJOHKAIOT MPOBOJUTHCS — CUETYMK M3MEpPEHHMH Bce paBHO OyleT CuuTath
MOCJIeTYFOIIUE TTOTBITKY 3anuch cekBeHcopa B FIFO (xoTs o OyIyT M HTHOPHPOBATHCS CAMUM
FIFO). TexyIee cocTosiHUE CYETYHKA MOKHO y3HatTh, mpountas mosie ICNT perucrpa SCVAL.
COpoc cueTynka 3apOCOB MPOUCXOANT B CIEAYIOIINX CIydasx:

- 3a¢ukcupoBano ICNT+1 3anuceii;

- IIPU 3aITycKe CeKBEHcopa Mo coObITHIo, ecau coporeH Out ICNTS B peructpe CICNT;

- ouT paspenrenus padboTsl cekBeHcopa ENS peructpa SEQEN cOpormien;

- IPOrpaMMHO — MU KaxkJ o 3anucu eaunuisl B nosne ICLR perucrtpa SCVAL.
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Jns xaxxmoro cexkBeHcopa Bbiaenena nuHus npepeiBanuii — ADC_SEQO u ADC_SEQ1
COOTBETCTBEHHO.

Hcnosb30BaHue NPSIMOro A0CTYyNA K MAMSITH

Jns  paspemieHuss wucnosb3oBaHus KoHTposuiepa DMA  cekBeHCOpOM, HEOOXOAMMO
ycranoButb 0ut DMAEN B peructpe SDMACTL. ITone WMARK Toro ’xe peructpa 3amaer
ypoBeHb 3amojHeHus Oydepa cekBeHcopa, MO JOCTIXKEHHH KOTOpOro OyJeT 3amylieH
koHTpoiuiep DMA. Ilepenoc naHHBIX OyA€T BBINOJHATHCS, MOKa HE OyAeT MepeJaHo YHCIIo
pe3yJIbTaTOB U3MEPEHUI, COOTBETCTBYIOIIEE COCTOAHMIO mojiis WMARK.

Ecnu ouepennoii 3anpoc Ha 3anyck koHTposuiepa DMA mnpuiien pasbliiie, 4eM 3aKOHUYHUIICS
npeaplaymuid muki DMA oT Toro e cekBeHcopa, To OyaeT BoicTaBiieH ¢ar ommbku DOVs B
peructpe FSTAT.

19.2 Moayas AIIIT
CtpykTypHas cxema deTblpexkaHaibHoro Moyt AL noka3ana Ha pucynke 19.12.

Mogynb ALl npeo6pasoBaHus

Al
HaJ‘IOBr)C()CE;EL(j 4‘ Eg ®uanyeckmin ALIM
1y
Bbnok ~
KOHTpONSs ; Apaiisep )
if) [ADCEN]| [ADCRDY] gll
O6pabotumk 3anpoca O6pabotumk pesynbsrara
| TekyLui sanpoc | CxeMa kanmbpoBsku
GAINTRIMl
| CrienyoLLmii 3anpoc | —
OFFTRIM |
——
CeKs::gggaog ApBUTpax 3anpocos
PRIORITY | _
coxaeneopa —— [Teryuumi pesyrerar_| > BRARE

Pucynok 19.12 — CtpykTypHas cxema yeTblpexkaHanbHOro Mmoayiis ALITT

Pazpemenne paborer momyns ALl ocymectusiercs ycranoBkoir O6uta ADCEN B
peructpe ACTL. Ilpu kaxnom nepexmouennn ADCEN B enunuily 3amyckaeTcst mpouemypa
uanmmranmzanun ALT, xoropas 3aBepmaercs ycranoBkoit outa ADCRDY perunctpa ACTL.
ALII rotoB k pabote, korra ADCRDY = 1. Jlna npaBuibHOM paboThl 6j0Ka, HEOOXOAUMO
obecrieunth TaktupoBanue moxyneid ALl gacroroit ACLK or 300 xI'p mo 32 MI'n. Bpewms
npeoOpa3oBaHus OJJHOTO KaHaja paBHsercs 14 tTakram yactotsl ACLK.

IIpaBuia apouTpaxka

Korga monyne ALIl HaunHAET BBITONHATH U3MEPEHUS MO 3alpocaM, OH YCTaHABIIMBAECT
¢mar ADCBUSY B peructpe BSTAT. ®nar 3anstoctu OyneT cOpOIIEH JHIIb HMPU MOJTHOM
OTCYTCTBHH 3aIIPOCOB — IPH TTOCIIETIOBATEIFHOM BBITIOIHEHUHN 3aIPOCOB (ar He cOpachIBaeTCsl.
Bo Bpemst yctaHoBku (uiara Bce HacTpoiiku kaHanoB ALIIT coxpaHSIOTCS B TEHEBBIX PEruCTpax.
W3MeHsATh WX HACTPOMKH BO BpeMsi PabOTBI MOXHO, HO BCTYIST B CHJIY OHH JIHINb IIPH
cienytouiei ycranoske piara ADCBUSY nocne cOpoca.
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CekBeHCOPBI MOTYT BBICTABIISAThH 3aIPOCHI KaK OJTHOBPEMEHHO, TaK M HE3aBHUCUMO JIPYT OT
Jpyra 1o pa3HbIM COOBITHSAM 3amycka. [[ns ompeneneHus mopsiaka BBINOJHEHHs 3alpOCOB
moyneM ALIIT peannzoBana cxema apOUTpaxa, co CIEAYIOMMMU IPaBUIaMU pabOThI:

1 Ecnu momyns AL Ob11 B peskuMe OXKUIaHUS (BKITIOYCH M U3MEPECHHS HE TIPOBOMSITCS),
TO MPU MOCTYIICHUH 3aIpoca He3aMeJTUTENIbHO HaYMHAeTCs ero 00CIyKUBaHUE.

2 CeKBEHCOpBI BBICTABIIAIOT <OKIYIIHE» 3alpOChl — 3ampoc OyAeT akTUBEH JI0 TeX IIOp,
noka moayiib ALIIT He HauneT ero 06paboTky. Kak Tosbko ero o0ciyuBaHUE HAYAIOCh, 3aIIPOC
cOpacbIBaeTcs.

3 Kak TonpkO Tekymuii 3ampoc cekBeHcopa ObLI cOpOIIeH, OH cpa3y BbICTABISIET
CIIEYIOIIMN 3ampoc (€ciIM TaKOBOM MMEETCS B HAJIUYMM), YTOOBI YCIIETh IPHUHSTH y4acTUE B
Oommkaiiien npoueaype apourpaxa u 4toosl ALIT He TpaTui TakThl HAa IEPEXO] U3 aKTUBHOTO
peKuMa B PeKUM 0XKUJAHHSI U 00OpaTHO.

4 CekBeHCOp, BO BpeMs pabOThI, MOXKET HE BBICTABUTH CIEAYIOLIUI 3ampoc nocie copoca
TEKyIEro, HO JIMIIb B CJIy4yae OXUIAHUSA OTJIOXKEHHOTO COOBITHs mepe3amycka. Bo Bcex
OCTaJIbHBIX PEXUMaXx 3alpPOChl BHICTABJISIOTCS HEPa3phIBHO APYT 3a JPYTOM.

5 Ecnu HECKONBKO CEKBEHCOPOB BBICTABMIIM OJIMHAKOBBIE 3alpOCHl, TO OOCITYKMBATHCS
oHM OynyT mapamnenbHo. PesynmpTaT 3ampoca momaner B Oydepbl BceX COOTBETCTBYIOIIMX
CEKBEHCOPOB.

6 ApOuTpaxk IPOUCXOIUT Mepe] HadaioM 00padoTku repBoro 3anpoca (ecau AL Obut B
O’KHMJAaHUM) U B KOHIIE KaXJJ0ro 00pabaTbiBa€MOro B TEKYILIUH MOMEHT.

7 Ecnu HECKONbKO CEKBEHCOPOB OJHOBPEMEHHO BBICTABAT 3alpoChl, TO 3aMpoChl IO
KaHaJIlaM C MEHBIIIUM HOMEPOM UMEIOT MMPHOPUTET BHIIIE, YEM KaHAJIBI C OOJIBIINM.

8 Kananbl ¢ ycranoBinenubsiM 6utoM PRIORITY B peructpax CHCTLn (roe n — HOMep
kanaia, N =0, 1, 2, 3) umeroT 6oJiee BHICOKUI IPUOPHUTET, YEM T€, Y KOTOPBHIX OUT COPOIIIEH.

9 Ecnu omHOBpeMEeHHO OyIyT BBICTABIEHBI 3alpPOCHl MO KaHallaM C YCTaHOBIIEHHBIM
PRIORITY, To 3ampochl 1Mo KaHajiaM C MEHBIIUM HOMEPOM HMMEIOT NMPHOPHUTET BBIIIC, YEM
KaHaJbl C OOJIBILINM.

10 HeoOxomuMO ¢ OCTOPOKHOCTBIO ~ MPOM3BOAWUTH  YacThld  ompoc  Oosee
BBICOKOIIPHOPUTETHBIX KaHAJOB — 3TO MOXET 3HAYUTENIBHO 3aTPYAHUTH OMPOC OCTAIBHBIX
KaHaJIOB.

Nnmroctpanus paboThl cxeMbl apOuTpaska 3alpocoB MpuBeeHa Ha pucynke 19.13, rue
CEpPBIM BBIJICJICHBI 3aIIPOCHI TT0 KaHalIaM ¢ ycTaHoBlieHHbIM OuToM PRIORITY.

ADCBUSY | |_

06936&‘11‘?']3%9”"6‘3? K.aHan 0 >< KlaHan 2 >< KlaHan .1 >< K.aHan 2 >< }I<aHan. 3 :
3anpoc ot : - - ' . : ' : : : : : ' : :
cekBeHcopa 0 _< Kanan 1 X Kawan 3 > . :
CeKS::gggao{ KaHlan 0 X KéHan 2 X kaHan I1 X Ke;Han 2 ' : : : : :

IPI/IC.yHOI.C 19.13 - HpI;IMep. CXeMBI IapGI/I.Tpa)'Ka 32'1np0100B |

Koppexknuust pe3yJibTaToB H3MepeHUH
Pesynbrar mpeoOpa3oBaHHsl TepelaeTcsi Ha CXeMy KOPPEKIHMH, KOTOpas HHUBEIUPYET
OLIMOKY YCHJIGHHUS M CMEILEHHs HyJIs U paboTa KOTOpOi onuchIBaeTcs (GopMyJioi:

D¢ = DRX(‘*O‘-’TOS;“NTR‘M) + OFFTRIM, (19.1)

e DR — JAHHBIC, MMOJIYUYCHHBIC HCTTIOCPECACTBCHHO C MOAYJIA A]_[H,
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D¢ — ckoppekTHpoBaHHbIE JaHHbIE, BbIIABAEMble CEKBEHCOPY;

GAINTRIM — ko3 puiineHT KOPPEKTHPOBKH YCHICHHS, UMeeT auamna3on (—256, ..., 255);

OFFTRIM — ko03(¢¢duIMeHT KOPPEeKTHPOBKM CMEHICHUS HYJs, HMEET JIuara3oH
(-256, ..., 255).

3navyenus GAINTRIM u OFFTRIM 3anocsarcs B omnoumennsie mons peructpo CHCTLN
(rme n — wHomep kaHanma ot O mo 3) B gomonHUTEIbHOM Kone. [10 yMom4aHHIO pe3ysbTar
U3MEPEHUs] MPOXOAUT Yepe3 CXeMy KOPPEKIUH, He U3MEHSSICh, T. K. KOI((UIMEHTHl PaBHBI
HYJIIO.

Peanm3oBana marematuka «HachlmeHus»: korna 3nauenne OFFTRIM orpunarensHoe u
Oosbiie apobu, TO pe3ynabrar OyaeTr paBeH Hymo, eciu cyMmma OFFTRIM u npobu Gosnbiie
4095, to pesynbTat paBen 4095.

19.3 Hudposoii kommapaTop
B cocras 6:10ka AL Bxoasat d kommaparopos (d =0, 1, 2, 3). CtpykrypHas cxema
KOMITapaTopa roka3aHna Ha pucyHke 19.14.

PaspeLlueHune ot
nto6oro cekseHcopa

¢ Komnapatop
— Tpurrep
Bbi6op
PeaynsTarl o —T > PEXITE — 3! | Cxema cpaBHeHus » ADCDC_TRIGN
kaHanam ALIM MUX (k 6rokam LLIVIM)
— T 0 A A
o » DATA | [CMPH] [CMPL |
OkoH4aHve » 1 Y Y
n3amepeHna
MpepbiBaHne
K koHTpomnepy
L3 | Cxema cpaBHeHUsI » npephiBaHIi
Pesynbtathl, MUX
coxpaHsieMble
B FIFO cekBeHcopamu —
BbiGop kaHana
CurHans! 3anucu CHNL
B FIFO — ]

T

PaspelueHue ot
ceKkBeHcopa s

Pucynok 19.14 — CtpykTypHasi cxema KOMITapaTopa

Bce xomnapatopsl 61oka AT He3aBucuMebl. Kaxapiii koMmmaparop MoxkeT 00pabaTbiBaTh
pe3yJbTaT U3MEepeHHs IF0O0ro KaHama.

[To ymomuanuto, korga moxyis AIIIl 3aBepmiaeT 00paboTKy 3ampoca TO KaHaly, OH
BBICTABIISIET PE3yJIbTAaT, KOTOPBIA 3aXBAaTHIBAET KaK CEKBEHCOP, TaK U pa3pelIeHHbIH (JII0ObIM U3
CEKBEHCOPOB) U HACTPOEHHBIN HA ATOT KaHaJ KOMIapaTop.

Bo3moxen u apyroil pexxum paboThl, KOT/1a Ha KOMIIapaTop OyJeT Mo/1aBaThCsl pe3yJibTar,
KOTOpbIi cekBeHcop 3amuchiBaeT B FIFO, HO Tombko B TOM ciydae, €ciaM KaHal,
COOTBETCTBYIOIIUNA COXPAHSIEMOMY pe3yJbTaTy, TakXKe COBMNAJAaeT C KaHAJIOM, Ha KOTOPBIH
HACTPOCH KOMIaparop. BkioueHue 3TOro pexuma OCyIiecTBIIsIeTcs ycraHoBKoi outa SRC B
peructpe DCTL.

[TpaBuiia HaCTPOMKHU UPPOBHIX KOMIAPATOPOB:
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1 TTocpenctBom peructpa SRQSEL cexBeHcOpa S BRIOMPAIOTCS KaHAIBI I U3MEPECHUH.

2 IlocpenctBom  peructpa SDC  BwiOMparoTcst  (paspemiaroTcsi) KOMIapaTopbl s
00pabOTKH TMOJYyYEHHBIX PE3yJIbTaTOB 3anpocoB (ycraHoBkoi OutoB DCd). 3amperieHHbie
KOMITapaTopbl He 00pabaThIBAIOT MOJyYCHHBIE PE3yIbTATHI.

3 s kaxkaoro kommapaTtopa d B ero peructpe DCTL B mone CHNL yka3siBaeTcsi HOMep
KaHayla, pe3ysbTaT HU3MEpeHHsl KOoToporo OyneT mepenaH Ha Hero. Ilo ymomuanuio 3HaueHHe
CHNL = Oh, T. €. Bce koMmapaTopbl HACTPOCHHBI Ha PabOTy C HYJIEBBIM KaHAJIOM.

4 butom SRC B peructpe DCTL BbpIOMpaeTcs MCTOUYHUK JaHHBIX JUIS KOMIIapaTtopa —
pe3ynbTathl HenocpenctBeHHo ¢ ALl unu pesynbratel, 3anuceiBaeMble cekBeHcopoMm B FIFO
(koTOpBIE MOTYT OBITH YXKE YCPEIHEHBI).

PesynbpraT HM3MepeHHsl, MOJYyYEHHBIH KommapatopoMm O, mepeaaercss BO BHYTPEHHIONO
CXEMY CpaBHEHHUS U OJIHOBPEMEHHO C 3TuM coxpansercs B peructpe DDATA. Cxema cpaBHeHus
BBITIOJIHSET MPOBEPKY COOTBETCTBUS pe3yJsibTaTa u3MepeHus 3aaanHomy yciosuio (mons CTC,
CTM peructpa DCTL u nons CMPL, CMPH peructpa DCMP) u B 3aBucuMocCTH OT pe3yJbTara
IPOBEPKH MEPEKITIOYAET BHIXOAHOM TPUITEp M ycTaHaBIuBaeT (iar coobitus cpaBaenus DCEVd
B peructpe DCTRIG. Pabora Tpurrepa paspemraercs ycranoBkoit oura CTE peructpa DCTL.

CpaBnenue no ycjaoBuio «Msmepenne < CMPL» (CTC = 00b):

- B onnokparHoM pexxume (CTM = 01b) BbIXO#HON TpUITEep MEPEKIIOYUTCS B CIUHHILY
TOJILKO B CIIy4ae, €CJIM pe3yJbTaT CpPAaBHEHUS OKAXETCS IOJOKUTENbHBIM IPU TOM, 4YTO
pe3yabTaT MPEeAbIYILEro CpaBHEHUs ObLI OTpULATEIbHBIM. B OCTaJIbHBIX CiIydasx COCTOSIHHME
TpPUITEpPa — HOJIb.

- B muorokparaom pexume (CTM = 00b) BbIxonHOM Tpurrep OyaeT mepekitoyarbes B
€AMHMILY KaX/Ibli pa3, Korjaa pe3yJjabTaT CpaBHEHUS OyET MOJI0KUTEIbHBIM.

- B ognokpatHom pexume c¢ rucrepesucom (CTM = 11b) BbeIXoAHON TpUrTEp
NEPEKIIIOUNTCS B €AMHULY TOJBKO B ClIydae, €CIM IOCJE MPEKPALEHUS BBIIOJHEHUS YCIOBUS
«CMPH < H3mepenue», pe3yiabTaT CpPaBHEHUS OKaKETCS IIOJIOKUTEIBHBIM IIPU TOM, 4YTO
pe3ynbTaT MpEeAbLAYLIEr0 CpaBHEHUS ObLT OTPULATENBHBIM. B OCTaNbHBIX CiydasX COCTOSHUE
TpPUITEPA — HOJIb.

- B mHorokparnom pexunme c¢ ructepesucom (CTM = 10b) BbIXOJHOW TpUITEp
NEPEKIIIOUNTCS B E€AMHUIY B ClIydae, €CIM IIOCIE€ IPEKPALEHUS BBINOJHEHUS YCIOBUSA
«CMPH < U3mepenue», pe3ynbTaT CpPaBHEHUS OKAXETCS TIOJOXKUTEIbHBIM TPU TOM, YTO
pe3yJbTaT NPEeAbIAYIIEro CpaBHEHHs Ol OTPULIATENBHBIM, U Jjajiee TPUITep OyAeT OcTaBaThes B
COCTOSTHUM €/IMHUIIBI 71O TEX MOp, IIOKa CHOBA He BbINoMHUTCS yciaosue «CMPH < U3mepenue».

[Tpumep Q)yHKHHOHHpS{BaHHH TpUrrepa nokasas Ha pucynke 19.15.

CMPH - -

CMPL - -

MHorokpatHbin- 0 0 0 O 1 1 1 0 O 1 1 0 0O O O 1

OpHokpatHbli- 0 0 0 O 1 0 O 0 O 1 0 O O O O 1
MHorokpatHbimcructepeaucom- 0 0 0 o0 1 1 1 1 1 1 1 1 0 O O 1
OpHokpaTtHbICTUCTEPE3COM- O O O O 1 O O O O O O O O O O 1

Pucynok 19.15 — ®@ynkunonuposanue tpurrepa npu CTC = 00b
Cpasuenne no yciouio «CMPL < U3mepenue < CMPH» (CTC = 01b):
- B o1HOKpaTHOM pexXHMe BBIXOJHOW TPUTTEP NEPEKIIOUNUTCS B €IUHHILY TOJIBKO B CIyYae,
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€CIIH PE3yJIbTAT CPABHEHUS OKAKETCS MOJIOKHUTEIBHBIM IIPH TOM, YTO PE3yJIbTAT MPEIBbIAYIIETO
CpaBHEHHsI OBbLI OTPUIIATEIbHBIM. B OCTaNbHBIX ClTyyasX COCTOSIHUE TPUITEpa — HOJMb.
- B MHOTOKpaTHOM pe’KuMe BBIXOJHOW TpUTTEp OyJeT NepeKIIIOYaThCs B €ANHHILY KaXKIbIid
pas, Korza pe3yJibTaT CpaBHEHUS OyIET MOJI0KUTEIBbHBIM.
- OHOKpaTHBIH 1 MHOTOKPATHBIH PEKUMBI C THCTEPE3UCOM HE MOICPKHUBAIOTCSL.
[Tpumep (l)yHKI_II/IOHI/Ip(‘)BaHI/ISI TpUrTepa nokasza Ha pucynke 19.16.
h

CMPH - -

CMPL - -

MHorokpatHeln- 0 0 1 1 0 O 0O 1 1 1 O O 1 1 O O
OpgHokpatHbI- 0 0 1 0O O O O 1. 0 O O O 1 O O O
MHoOrokparHbI C TMCTEPE3UCOM - = - - - - - - o o - oo .

O/J,HOKpaTH bl C rmcrepesncom - - - - - - - - - - - - - - - - -

Pucynok 19.16 — ®ynkunonuposanue tpurrepa npu CTC = 01b

CpaBuenne no yciaouio «CMPH < U3mepenne» (CTC = 10b):

- B 01HOKpaTHOM pexXHMe BBIXOJHON TPUITEP NEPEKIOUUTCS B €IUHUILY TOJIBKO B CIyvae,
€CIIM pe3yJIbTaT CPaBHEHUS OKAXKETCS IMOJIOKUTEIBHBIM IIPU TOM, YTO PE3YJIBTAT MPEIBbITYIIETO
CpaBHEHMsI ObLII OTpULIATEIbHBIM. B OCTaNbHBIX ClTyyasiX COCTOSHUE TPUITepa — HOJMb.

- B MHOTOKpaTHOM peXHMe BBIXOJHON TPUTTEP OYyAET NEPEKITI0YATHCS B €AUHHILY KaXKIbIH
pas3, Korja pe3yJibTaT CpaBHEHUs Oy1eT MOJI0KUTEIbHBIM.

- B ogHOKpaTHOM peXHMe C TUCTEPE3UCOM BBIXOJIHOM TPUITEP MEPEKIIIOYUTCS B €AUHUILY
TOJIBKO B CiIydae, €cCliM Mocje MpeKpalleHus BblnoidHeHus ycnoBus «M3mepenue < CMPLy,
pe3yabTaT CpPaBHEHHUS OKAXKETCS TOJOKHUTENBHBIM TPU TOM, YTO PE3YJbTaT MPEIbIIyIIeTo
CpaBHEHHMs OB OTpULIATEIbHBIM. B OCTaNbHBIX ClTyyasX COCTOSIHUE TPUTTepa — HOJMb.

- B mHorokparHom pexunme c¢ ructepesucom (CTM = 10b) BbIXOJHOW TpUITEp
NEPeKIIOUUTCS B EIUHUIy B Cllydae, €clIM IIO0CJe MPEeKpaIleHUsl BBIMOJIHEHUS YCIOBUSA
«3mepenne < CMPLy», pe3ynbTaT CpaBHEHHUS OKAKETCS TOJOXKHUTEIbHBIM TPH TOM, YTO
pe3yJbTaT NPeAbIAYIIEero CpaBHEHHs OblII OTPULIATENBHBIM, U JJaliee TPUITep OyAeT ocTaBaThes B
COCTOSIHUM €IMHUIIBI JI0 TeX TIOp, TOKa CHOBA He BHINOIHUTCS yeinoBue «M3mepenne < CMPLy.

[Tpumep GyHKIIMOHMPOBAHUS TPUTTEpa MIOKa3aH Ha pucyHke 19.17.
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CMPH - -

CMPL - -

MHorokpatHein- 0 0 0 0 1 1 1 0 O 1 1 0 O O 1 1

OpHokpatHeim- 0 0 0 0 1 0 0 0O O 1 0 O O O 1 O
MHorokpatHbiicmcrepeaucom- 0 0 0 0 1 1 1 1 1 1 1 1 0 O 1 1
OpHoKpaTtHbimcrucTepeaucom- 0 0 O O 1 O O O O O O O O O 1 O

Pucynok 19.17 — ®@ynkunonuposanue tpurrepa npu CTC = 10b

[epekoyeHne BBIXOIHOTO TPUITEPA B €IMHUILY YCTaHABIMBAET COOTBETCTBYIOMIMN (piar
TOSd B peructpe DCTRIG wu reHepupyerT yOpaBIAIOMIMA CHTHAT JUIS  [TOPOTOBBIX
BeIKItouareseit 0okos IIIMM. Bue 3aBucumocTt oT coctosiHus ¢uiaroB TOSd mo kaxmaomy
COOBITHIO CpaBHEHHs yCTaHaBIUBaeTcst coorBercTByronmii (iar DCEVd Toro ke perucrpa.
@unaru coOBITHUSA CpaBHEHUSI COPACHIBAIOTCS 3allMChi0 eaquHUIBl. COpOC caMoro Tpurrepa u ero
cTaTycHOro (ara BBINOJHSCTCS TAKXKE 3alMChI0 CIUHUIBI B COOTBeTCTBYrommii Our TOSd
peructpa DCTRIG.

HezaBucumo 0T cocTosHus Tpurrepa (paspemieH WM - 3ampemieH) B - cliydae
MOJIOKHUTEIFHOTO PE3yJibTaTa CPAaBHEHHS KOMIIApaTOp MOXKET TeHEpUpOBaTh npepbiBanue. [l
storo cueayer ycraHoButh O6utr CIE perucrtpa DCTL u 3amats ycnoBus CIC u CIM
(ananmoruynsl o ¢pynkuunonany CTC u CTM).

[Ipumeyanue — YcnoBusi cpabaTbiBaHUS BHIXOJHOIO TPUTTEpa KOMIIApaToOpa U YCIOBUS
TeHepUPOBAHUS MIPEPHIBAaHUI MOTYT HE COBIAAATD.

19.4 IlpepbiBanus

Ilpu renepupoBanum mpepbiBanuii ycranaBmuBarorcs ¢uarn SEQRISs u DCRISd B
peructpe RIS. Ecnu Obltn ycTaHoBiIeHbl Macku npepbiBaHuid B peructpe IM (nmonst SEQIMS u
DCIMd), To Takke yCTaHABIMBAKOTCS COOTBETCTBYIOIIME MAaCKHPOBAaHHbIC ()J1ard MpepbIBaHUIN
SEQMISs u DCMISd. Copoc ¢iaro (MaCKUpOBaHHBIX ¥ HEMAaCKHPOBAHHBIX) OCYHICCTBIISCTCS
3aMKChI0 eAMHHMIIBI B cooTBeTcTBYOMIHE 1oiist peructpa IC (monst SEQICs u DCICA).

YcraHnoBka ~ mackupoBaHHBIX  ¢uaroB  SEQMISs  BeBbBaer  popmmpoBanue
cooTBeTcTBYOIUX npepsiBanuit ADC_SEQs 6moka AIIII.

®naru DCMISd xommapatopoB o0wemunensl no MJIM, u ycraHoBka IHOOOro M3 HHX
BbI3BIBaeT (popmuposanme npepsiBanust ADC_DC 6moka ALIIT.

CrpykTypHas cxema KOHTpOJIepa IpepbIBaHMii oka3aHa Ha pucyHke 19.18.

KoHTponnep
npepbiBaHNI
C6poc ¢dnaros
SEQIC | [ DCIC
HemackvpoBaHHble MackvpoBaHHble
dnarv npepbiBaHMii dnarv npepbiBaHUiA
geﬁ%ﬂgg;gg X SEQRIS & SEQMIS] \—» ADC_SEQO,1
2 SEQM Q 3 7 ADCSEQO,
& 1
MpepbiBaHma _ \ »DOCRS | DICIlY DCMIS A\ =D—>ADC7DC
KoMMapaTopoB 3 T IESNON] 4

Pucynok 19.18 — CtpykTypHas cxemMa KOHTpOJIIepa PephIBAaHHH
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19.5 Ilpumepsl padotsl 6a0ka AL

B sTom monpasnene npeacTaBieHsl pa3HOOOpa3Hble MpUMepsl HacTpoiiku Oomoka AL muist
OCYLIECTBIICHUS U3MEPEHHUM B Pa3JINYHBIX pexumax. i Bcex IpUMepOB MOAPa3yMeBaeTCs, 4To
osox ALIIT TakTupyercs yactoroit 25 MI'm.

Hacrpoiika TakTUpOBaHusA

OnuH U3 mpuUMEpoB HACTpokHM TakTUpoBaHHs Onoka ALl coBMecTHO ¢ HAcCTpOWKOM
CHUCTEMHOT'O TAKTOBOT'O CUTHAJIA TIPEJICTABIICH HUXKE.

1 C nomompto peructpa PLLCFG 610ka RCU nactpanBaem Beixoanyro yactory PLL 100
MTI'u. OcymiecTBisieM mpoueaypy nepeBofa cucreMHoi wactorel Ha PLL. Takum oGpazowm,
yacTota cucteMHoro taktoBoro curaana SYSCLK Oyxaer pasna 100 MI 1.

2 Hactpoiika paboueit yactorsl 61oka ALIT ACLK mpou3BoauTCS ¢ TOMONIBIO perucTpa
ADCCFG o6noka RCU. BwiOupaeM B KauecTBe HCTOYHHKA BBIXOAHYIO dacToTy PLL (mose
CLKSEL = 1), Bkmouaem nenurens Ha 4 (mose DIVN = 1, 6utr DIVEN = 1). Takum o6pazom,
ACLK =25 MIn.

RCU->ADCCFG bit.CLKSEL =

RCU—>ADCCFG_bit.DIVN = 1;

RCU->ADCCFG bit.DIVEN = 1;

3 Brumrouaem taktupoBanue Oioka (our CLKEN = 1) u caumaem copoc (6ur RSTDIS = 1).
bnox ALII roToB k qanbHEUITUM KOH(PUTYPALIKSIM.

RCU—>ADCCFG_bit.CLKEN = 1;

RCU->ADCCFG bit.RSTDIS = 1;

1;

IIpumep 1 — IIporpaMMHBIii 3a11yCK OJHOI'0 CEKBEHCOPa
TpeOGyemblii pexum paboThI:

- IPOrPaMMHBIH 3aITYCK;

- cexBeHcop 0;

- OIHOKPATHOE U3MEpPEHHE BCEX YEThIPEX KaHAIOB;

- 0e3 npepriBaHui (ompoc ¢uiaros).

KoJ, cOOTBETCTBYIOLIMI HACTPOMKE W 3alycKy HEOOXOAMMOTO peXHuMma, MpeacTaBlIcH
HIKE.
// HacTpolika
ADC—>ACTL_bit.ADCEN = 1;
ADC—>EMUX_bit.EMO = 0;
ADC->SEQ[0] .SRQCTL bit.RQMAX
ADC—>SEQ[O].SRQSEL_bit.RQO
ADC—>SEQ[O].SRQSEL_bit.RQl =
07.
07.

3;

WN RO

ADC->SEQ[ SRQSEL_bit.RQ2 =
ADC->SEQ[ SRQSEL_bit.RQ3 =
ADC—>SEQEN_bit.SEQENO = 1;

// 3Banyck
while(!ADC—>ACTL_bit.ADCRDY);
ADC—>SEQSYNC_bit.SYNCO = 1;
ADC—>SEQSYNC_bit.GSYNC 1;

.
4

.
4

1 Pazpemaem paboty momynst ALIT — neo6xoaumo ycranoButh 6uT ADCEN B peructpe
ACTL.

2 Jlns pabotsl BeiOepem cekBeHcop 0. Hactpoum ero mcrounuk 3amycka — moie EMO
peructpa EMUX nomxHo ObITh paBHO 0, T. K. 3aITyCK IPOTPaMMHBIH.

3 B monie RQMAX peructpa SRQCTL HeoOxoauMo BHeCTH 3HaueHue 3N, T. K. ©3MEepeHHSI
OyAyT MPOBOAMTHCS TI0 BCEM YETHIPEM KaHAIaM.

4 HactpauBaeM KaHajibl Juid 3ampocoB. JlomycTuM, HEOOXOAMMO ONPOCUTH KaHAJIbI
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MOCJIEIOBATEILHO OT HYJIEBOTO K TpeTbeMy, 3HauMT, B peructp SRQSEL HeoOxoammo BHeCTH
suauenus B moist: RQO = 0h, RQ1 = 1h, RQ2 = 2h, RQ3 = 3h.

5 Paspemaem paboty cekBeHcopa. [[ns storo Heobxoammo ycranoBut outr SEQENO B
peructpe SEQEN.

6 3amyckaem m3Mmepenus. Ilepen 3amyckom mpoBepsiem diaar ADCRDY, utoObl ObITH
YBEPEHHBIMH B TOM, uTo MoAyb AL mpoBen HeoOXoauMble MHUITMATH3AHH. [[71s1 TOTO YTOOBI
HavyaTh u3MepeHus, Heooxoaumo ycraHoBUTh outT SYNCO B peructpe SEQSYNC u 3anucarts B
outr GSYNC enunuiy.

7 IlpoBoaum ompoc ¢uaroB, 4roObl yCTaHOBHTH OKOHYaHWE H3MepeHui. Hampumep,
MOYHO orpamiuBath peructp SFLOAD, oxuas, moka OH He CTaHeT paBeH 4.

8 CuutbeiBaeM 4eThIpe pe3ysbTaTa u3mepeHus us oydepa SFIFO.

Pabota pexxuma npomuttocTpupoBaHa Ha pucyHke 19.19.

GSYNC GSYNC

3anyck 0 >—<> 3anyck 1 >—<>
CekBeHcop 0 l l

<>—<<aHar| %Kaman 1 KaHan 2XKaHan ﬁg—@amn %(aHan %(aHan %(aHan BH

3anuncek
B FIFO

Pucynok 19.19 — JluarpaMMbl IporpaMMHOTIO 3aIlyCKa OJJHOTO CEKBEHCOpa

Ipumep 2 — Hnkiauveckuii onpoc KaHajia ¢ 3aJep:KKaMu
Tpebyemblit pexxuM pabOTHI:

- IUKJIMYecKas pabora;

- cexBeHcop 0;

- OIIPOC KaHaa HoMep 2 Kaxayro 1 Mc;

- KOPpEeKIIMs KaHaia 2;

- KaKJpli onpoc U3 16 nocienoBaTeabHbIX U3MEPEHUM U yCPEAHEHNUS,
- IpepbIBaHue Mo kaxxaou 3anucu B FIFO.

Kox, cOOTBETCTBYIOIIMI HACTPOWKE M 3alMyCKy HEOOXOJUMOTO pEeXHMa, MpPEICTaBIICH
HIDKE.

// HacTpolika

ZX[)C-—>ZXC:TﬁL__k)j_t .ADCEN = 1;

ADC->CHCTL[2] .CHCTL bit.GAINTRIM = 5; // 3HaudeHud nOjsd nprMepa

ADC->CHCTL[2] .CHCTL bit.OFFTRIM = (uint32 t) (-5);

ADC->EMUX bit.EMO = OxF;

ADC->SEQ[0] .SCCTL bit.ICNT = 0;

ADC->SEQ[0] .SRTMR = 24999;
ADC->SEQ[0] .SRQCTL bit.RQMAX = 0;
ADC->SEQ[0] .SRQCTL bit.QAVGVAL = 4;
ADC->SEQ[0] .SRQCTL bit.QAVGEN = 1;
ADC->SEQ[0] .SRQSEL bit.RQ0 = 2;

ADC->SEQEN bit.SEQENO = 1;
// NVIC npeprlBaHue
ADC->IM bit.SEQIMO = 1;
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NVIC EnableIRQ (ADC SEQO IROnN);
// Bamnyck

while (!ADC->ACTL bit.ADCRDY) ;
ADC->SEQSYNC bit.SYNCO = 1;
ADC->SEQSYNC bit.GSYNC = 1;

1 Pazpemaem paboty monynst ALIIT — neoOxoaumo ycranoButh 6utr ADCEN B peructpe
ACTL.

2 Ecnm mpeaBaputenbHO OblIa MPOW3BEICHA MPOIEAypa KOPPEKIMH KaHala 2, U ObLIH
BBIYKCIICHBI TTONpPaBOoYHble Kod(hduimenTsl, nx HeoOxomumo BHectd B mojisi GAINTRIM u
OFFTRIM perucrpa CHCTL2.

3 Jlns pabotel BeiOepem cexkBeHcop (. Hactpoum ero mcrounuk 3amycka — mosne EMO
peructpa EMUX nomkno ObITh paBHO Fh, T. K. 3aITyCcK IUKIIMYECKUIA.

4 B none RQMAX peructpa SRQCTL Heobxomumo BHecTr 3HaueHue Oh, T. K. u3MepeHus
OyAyT MPOBOAUTHCS 110 OAHOMY KaHaIy.

5 HactpauBaem kanan mis 3anpoca. B peructp SRQSEL HeoOxonuMo BHECTH 3HauYeHUE
RQO = 2h.

6 Bxiiouaem ycpenHneHnue ckanupoBanueM 1o 16 onpocam ouepenu. B peructpe SRQCTL
HY>HO ycraHoBUTh ot QAVGVAL =4, QAVGEN =1.

7 dns Toro 4todsl orpoc npoBoamics kaxaywoo 1 mc (mpu ACLK = 25 MI'ny), Heobxoaumo
BHectH B peructp SRTMR 3nauenue (1000000 /40 He) — 1 = 24999,

8 Pa3perraem renepanuio npepbiBaHui Mo kaxaoil 3anucu B FIFO — HY>XHO yCTaHOBHTH
our SEQIMO B peructpe IM u npocnenuts, yto6s! noge ICNT perucrpa SCCTL ocraBanochk
pPaBHBIM HYIIIO.

9 Pazpemaem paborty cekBencopa. s aroro HeoOxomumo ycranoBut Oout SEQENO B
peructpe SEQEN.

10 3amyckaem m3mepenus. [lepen 3amyckom mposepsieM (uar ADCRDY, 4To0bI OBITH
YBEPEHHBIMH B TOM, uTo MoAyb ALl mpoBen HeoOXoauMble MHUIMATU3AIMH. 715 TOTO YTOOBI
HavaTh u3Mepenusi, Heooxoaumo ycranoButh ouT SYNCO B peructpe SEQSYNC u 3anucats B
outr GSYNC enununy.

11 Uzmepenust OynyT cpasy ke 3alylleHbl U OynyT 3amyckaTbcs Kaxkayro 1 Mc panee.
[Tocne xaxmoro 3amycka OyJeT mpoBedeHO 16 M3MepeHMi, pe3ybTaT yCpeIHEHHs KOTOPbIX
Oyzer 3anucan B FIFO, u Oyner BrI3BaHO MpephIBaHUE.

PaboTa pexxuma npomuTtocTpupoBaHa Ha pucyske 19.20.
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SRTMR

3agepkka 3anycka
cekBeHcopa 0

GSYNC

CekeeHcop 0

Hakorinenwne YcpegHeHue,
3anuchb B FIFO
npepbiBaHne

Pucynok 19.20 — JlnarpaMMbl HIUKJIMYECKOTO OIIPOCa KaHaia

IIpumep 3 — PapHOMepHO pacnipeneieHHbIe H3MepeHus N0 Nepuoay TaiiMepa

TpeGyemblii pexum paboThI:

- 3ammyck 1o taiimepy 0 ¢ wactoroi 10 kI';

- 4 TOUKH U3MEPEHUs], PABHOMEPHO pacIpe/ielieHHbIE 110 MEPHOY;

- cexBeHcop 0;

- onpocsl 1o ka”anam 3 u 0;

- K&Kl ONpOC U3 4 TIOCIIEN0BATENBHBIX N3MEPEHUN U YCPEIHEHUS;

- mpepeiBanue Kaxpie § 3anucerd B FIFO (o okoHYaHWM M3MEpeHuil B TEKYIIEM MTEPHO/Ie
Taiimepa).

Koz, cooTBeTcTByIOmUii HAacTpOWKE M 3alycKy HEOOXOJUMOTO pPEKHUMa, MpeCTaBieH
HIDKE.
// HacTporka Tanmepa
RCU—>PCLKCFG_bit.TMROEN =
RCU—>PRSTCFG_bit.TMROEN =
TMRO->LOAD = 9999;
TMRO—>ADCSOC_bit.EN
// Hactpolika Al
ADC—>ACTL_bit.ADCEN
ADC->EMUX bit.EMO = 3;
ADC->SEQ[0].SCCTL bit.ICNT
ADC->SEQ .SCCTL_bit.RCNT =
ADC->SEQ . SRTMR 624;

1;
1;

1;

1;

[0
[
ADC->SEQ][
ADC->SEQ[
ADC->SEQ][
ADC->SEQ[
[

]
]
]
]
]
]
ADC->SEQI[O0]

0
0
0
0
0
0

.SRQCTL bit.
.SRQCTL bit.
.SRQCTL bit.
.SRQSEL bit.
.SRQSEL bit.

ROMAX
QAVGVAL

QAVGEN

RQO
RQO1
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ADC->SEQEN bit.SEQENO = 1;

// NVIC npepeBaHue

ADC->IM bit.SEQIMO = 1;

NVIC EnableIRQ (ADC SEQO IROnN);
// Bamnyck

while (!ADC->ACTL bit.ADCRDY) ;
TMRO->CTRL bit.ON = 1;

1 Bkumrodaem taktupoBanue taiimepa 0 m cHumaem copoc — ycrtanoum out TMROEN B
peructpax PCLKCFGO u PRSTCFGO cooTBeTCTBEHHO.

2 Jlyist Toro uyToOb! Taiimep omycromaics ¢ yactoror 10 kI (mpu SYSCLK = 100 MI'1),
HeoOxonumo BHecTH B peructp LOAD raiimepa 3nauenue (100000 kI'/10 xI'm) — 1 = 99909.

3 PaspemaeM reHeparyio TaiiMepoM 3alpocoB Ha CTapT MpeoOpa3oBaHUs, YCTAHOBUB OUT
EN B peructpe ADCSOC Taiimepa.

4 Paspemaem padoty moayns ALl — neo6xomumo ycranoButh 6uT ADCEN B perucrpe
ACTL.

5 Hns pabotsl BeiOepem cekBeHcop 0. Hactpoum ero mcrounuk 3amycka — mone EMO
peructpa EMUX nomxHo ObITh paBHO 3h, T. K. 3aIyCK 110 OIyCTOILICHHIO Talimepa 0.

6 Heobxoaumoe kosnmdectBo 3anuceit B FIFO ms renepanuu npepbiBanus — 8h, mostomy
sanuieMm B riosie ICNT peructpa SCCTL 3nauenue 8 — 1 = 7h.

7 Ilo kaxxaomy 3alycKy JOJDKHO COBEPIIMTHCS 3 Tiepe3anycka ¢ Iay30d B YETBEPTh
nepuoja omycromenus taitmepa 0. B mone kommuectsa nepesamyckoB RCNT peructpa SCCTL
BHeceM 3h. B peructp 3anepxku nepesanycka SRTMR BHecem 3HadeHue

25000 xI'u/(10 xk['ux4) — 1 = 624.

8 B mone RQMAX perucrpa SRQCTL neobxoaumo BHecTH 3HaueHue 1h, T. K. n3MepeHus
OyAyT MPOBOAMTHCS 10 IBYM KaHaIaM.

9 HactpauBaeM kaHajsl 11 3anpoca. B peructp SRQSEL HeoO6XoaumMo BHECTH 3HAYCHUS
RQO = 3h, RQ1 = 0Oh.

10 BritoyaeM ycpeHEHUE CKaHHMPOBAHHMEM IO YEThIPEM Ompocam odepeau. B perucrpe
SRQCTL nyxHo ycranosuth oyt QAVGVAL = 2, QAVGEN = 1.

11 Pa3pemaem reHepanuio npepblBaHuil nocie kaxaoi BockMoit 3anucu B FIFO — HyxHO
ycranoButh 6ut SEQIMO B peructpe IM.

12 Paspemaem paboty cekBeHcopa. s storo Heo6xoaumo yctanoButh Out SEQENO B
peructpe SEQEN.

13 3anyckaem usmepenus. Ilepen 3amyckom mnposepsieM (aar ADCRDY, utoGbl ObITh
YBEpPEHHBIMH B TOM, uT0 Moysib ALl mpoBen HeoOxoaumble MHUITHATU3AIUHA. J1J1sT TOTO YTOOBI
UX HayaTh, He00X0AUMO BKItOUUTH Taiimep 0, ycranosus 6ut ON B peructpe CTRL taiimepa 0.

14 Wsmepenuss OyayT 3amyckaThCs IO KaxaoMy omycrtomeHuto TtaiiMepa 0. Ilocne
KaXJI0T0 3alycka OyAeT NMPOBENCHO MO TPU OTIOKEHHBIX Iepe3amycka. T. K. mociie Kaxkiaoro
nepe3anmycka B FIFO momamaer mo 1Ba yCpeaHEHHBIX pe3ylibTaTa, TO IpephIBaHHE OyIeT
CT€HEpUPOBAHO MOCJIE 3aMMCH MTOCIEIHEr0 pe3yibTaTa B IOCIEIHEM TPEThEM Mepe3aIycKe.

Pabora pexxnma npomittocTprpoBaHa Ha pucyHke 19.21.
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LOAD & TMRO [

Cuer Taimepa 0

3apepxka 3anycka
cekseHcopa 0

OnycToweHue,
Tanmepa 0

/
3anyck 0 >—()()—< Mepesanyck 1 >—S()—< Mepesanyck 2 >—()()—< Mepesanyck 3 >—()()§< S

v v v v

e e EhE Ehes O

CekseHcop 0

e FopbpeepiRe e O

YcpenHeHue, YcpeaHeHue,
Hakonnenue 3anmce B FIFO 3amuce B FIFO
W npepbiBaHne

ALMN, namepsemblit kaHan

Pucynoxk 19.21 — JluarpaMMbl paBHOMEPHO paclpeIeI€HHbIX U3MEPEHHI 110 IEPUOTY Taiimepa

IIpumep 4 — 3anyck HeCKOJbKHX CEKBEHCOPOB

TpeOGyemblii pexum paboThI:

- taiimep 0 omycromaercs ¢ yactorou 10 kI';

- lIIMMO cuuTaeT B IByHAPaBIEHHOM PEXHUME, JOCTUTaeT HyJs ¢ yactoroit 10 kI';

- cexBeHcop 0 — 3anmyckaercs no LHNM;

- cexkBeHcop 0 — ycpenHeHHe pe3ybTaToOB 10 YEThIpEM TOYKaM M3MEpPEHHil, paBHOMEPHO
pacrpeeeHHbIM 110 TIEPUOTY;

- cekBeHcop 0 — u3mepenus no kananam 0 u 1, KaHaJIbI UMEIOT MOBBILICHHBIA TIPUOPHUTET;

- cexkBeHCOp 0 — KaXk[10€ U3MEPEHNE U3 JIBYX MOCIIEJ0BATEIBHBIX OMPOCOB U YCPEIHECHUS;

- cekBeHcop 0 — mpepbiBanue Kaxaple 2 3amucu B FIFO (mo oxoHUaHWW U3MEpEeHHi B
TEKYILEM MIEPUOJIE);

- ceKBeHcop | — 3amyckaeTcs 1o curnaiy Taimepa 0;

- CeKBeHCOp | — u3Mepenue kaHaa 2;

- CeKBeHCOp 1 — KaxkJ10e nu3MepeHue U3 4 mocieoBaTeNbHbIX OMPOCOB U YCPEIHEHUS;

- cexkBeHcop | — mpepriBanme npu Kaxoii 3amucu B FIFO.

Kon, coorBercTByromuii HacTpoWke M 3alMyCcKy HEOOXOJMMOIO peXHMa, MPEeACTaBlIEH
HIDKE.
// HacTporka Tarnmepa
RCU->PCLKCFG _bit.TMROEN = 1;
RCU->PRSTCFG _bit.TMROEN = 1;
TMRO->LOAD = 9999;
TMRO->ADCSOC _bit.EN = 1;
/ /Vanumranusaumua M
RCU->PCLKCFGO_bit.PWMOEN = 1;
RCU->PRSTCFGO_bit.PWMOEN = 1;
PWMO->TBCTL bit.CLKDIV = 1;
PWMO->TBCTL bit.HSPCLKDIV = 5;
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PWMO->TBPRD = 250;
PWMO->TBCTL bit.CTRMODE = 2;
PWMO->ETSEL bit.SOCASEL = 1
PWMO->ETSEL bit.SOCAEN = 1;
//HacTporika Al

ADC->ACTL bit.ADCEN = 0x1;
ADC->CHCTL[O] .CHCTL bit.PRIORITY = 1;
ADC->CHCTL[1] .CHCTL bit.PRIORITY = 1;
//HacTporika cexBeHcopa 0

ADC->EMUX bit.EMO = 7;

.
14

ADC->SEQ[0] .SCCTL bit.ICNT = 1;
ADC->SEQ[0] .SCCTL bit.RCNT = 3;
ADC->SEQ[0] .SCCTL bit.RAVGEN = 1;
ADC->SEQ[0] .SRTMR = 624;
ADC->SEQ[0] .SRQCTL bit.RQMAX = 1;
ADC->SEQ[0] .SRQCTL bit.QAVGVAL = 1;
ADC->SEQ[0] .SRQCTL bit.QAVGEN = 1;
ADC->SEQ[0] .SRQSEL bit.RQ0 = 0;
ADC->SEQ[0] .SRQSEL bit.RQ1l = 1;

ADC—>SEQEN_bit.SEQENO = 1;
ADC->IM bit.SEQIMO = 1;

NVIC EnableIRQ (ADC SEQO IRQn);
//HacTporika cekBeHcopa 1
ADC->EMUX bit.EM1 = 3;
ADC—>SEQ[1].SRQCTL_bit.RQMAX = 0;
ADC—>SEQ[1].SRQCTL_bit.QAVGVAL = 2;
ADC->SEQ[1].SRQCTL bit.QAVGEN = 1;
ADC->SEQ[1].SRQSEL bit.RQ0 = 2;
ADC->SEQEN bit.SEQEN1 = 1;

ADC->IM bit.SEQIMI1 = 1;

NVIC EnableIRQ(ADC SEQLl IRQn);

// 3Banyck

while (!ADC->ACTL bit.ADCRDY) ;
TMRO->CTRL bit.ON = 1;

SIU->PWMSYNC bit.PRESCRST = 1<<0;

1 Bxutouaem taktupoBaHue Taiimepa 0 u cHumaem cobpoc — ycraHoBuM 6utr TMROEN B
peructpax PCLKCFGO u PRSTCFGO cooTBeTCTBEHHO.

2 lns Toro utoOsl TaiiMep O omycromancs ¢ yacroroit 10 kI'u (mpu SYSCLK =100 MI'n),
HeoOxonumo BHecTH B peructp LOAD raiimepa 0 3nauenue (100000 xI'/10 xI'r) — 1 = 99909.

3 Pazpemaem renepaunuto TaiiMepom 0 3ampocoB Ha CTapT npeoOpa3oBaHMs, YCTAHOBUB
out EN B perucrpe ADCSOC raiimepa 0.

4 Bxmouaem TakTHpoBanue IIIMMO u caumaem cOpoc — ycranosum 6ut PWMOEN B
peructpax PCLKCFGO u PRSTCFGO cooTBeTCTBEHHO.

5 Hactpoum aenurenu takroBoro curxana IIIMM takum oOpa3zom, 4TOObI yacToTa cyera
TBCLK 6pura paBaa S MI'n (mpu SYSCLK = 100 MI'w). Inst 3TOTO 3amuiieM B IO perucTpa
HINM TBCTL 3nauenuss CLKDIV = 1 (xoaddunuent 1/2), HSPCLKDIV = 5 (ko3 dunment
1/10).

6 Pexum cuera neycroponnuit — noine CTRMODE = 2 peructpa TBCTL, a nepuoa cuera
(peructp TBPRD), cootBercTBenHO, paBen 5000 kI't/(10 kI'm)/2 = 250.

7 Pazpemaem reneparuio IIMMO 3ampocoB mo kaHaimy A Ha crapT npeoOpa3oBaHMA,
ycranosuB 6ut SOCAEN B peructpe ETSEL u 3anmcaB emunmiy B mone ETSEL Toro xe
perucrpa.
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8 Pazpemraem pabory moxyns ALl — Heooxogumo ycranoButh 6ut ADCEN B peructpe
ACTL.

9 VcranaBnuBaeM BBICOKHI MPUOPUTET Ui KaHAJIOB, KOTOpble OyayT oOpalaThiBaThbCs
cexBeHcopoMm 0 — kxananoB 0, 1, ycranoBuB 6utr PRIRORITY B coorBercTByrOmmx perucrpax
CHCTL.

10 IIpoununmanusupyem cexencop 0. Hactpoum ero ucrounuk 3amycka — noie EMO
peructpa EMUX nomkno 0Tk paBHO 7h, T. K. 3amyck o curHany kanaiga A IIMM.

11 Heobxonumoe kommuecTBo 3anuceit B FIFO must reneparum npepbsiBadust — 2, TOITOMY
sanuireM B osie ICNT perucrpa SEQO->SCCTL 3nauenue 2 — 1 = 1h,

12 Tlo kxaxaoMy 3amycKy JODKHO COBEPLIMTBHCSA 3 Iepe3allycka ¢ Iay30il B 4eTBEPTb
nepuosa IIIMM. B none konmnuectsa nepesamyckoB RCNT peructpa SEQO->SCCTL Brecem 3h.

B peructp  3amepxku  mepesamycka  SEQO->SRTMR  BHecem — 3HaueHue
25000 xkI'u/(10 kI'x4) — 1 = 624.

13 B mosie RQMAX peructpa SEQO->SRQCTL nHeobxoauMo BHecTH 3HaueHue 1h, T. k.
u3MepeHus OyayT MPOBOIUTHCS O JBYM KaHallaM.

14 HactpauBaem kanaisl 1is 3anpoca. B peructp SEQO->SRQSEL Heo6xoanMo BHECTH
snauenns RQO = Oh, RQ1 = 1h.

15 BkiowaeM ycpenHeHHE CKaHMPOBAHHUEM IO JBYM OIpocaM ouepenu. B perucrpe
SEQO->SRQCTL nyxHo ycranoButs noist QAVGVAL =1, QAVGEN = 1.

16 Pa3zpemaem reHepanuio npepeiBaHuii: Hy>)KHO ycTaHoBUTh out SEQIMO B peructpe IM.

17 Paspemnraem paboty cekBeHcopa. s atoro Heodoxonumo ycranosuth outr SEQENO B
peructpe SEQEN.

18 TlpoununmanusupyeM cekBeHcop 1. Hactpoum ero ucrounuk 3amycka: moje EM1
peructpa EMUX nomxno ObITh paBHO 3h, T. K. 3aIycK 10 curHaiy taiiMepa 0.

19 B nmone RQMAX peructpa SEQ1->SRQCTL neobxoaumo BHecTH 3HadeHue Oh, T. K.
u3MepeHus OyayT MPOBOIUTHCS IO OJHOMY KaHAIy.

20 HacrpamBaem kanaisl i 3anpoca. B peructp SEQ1->SRQSEL HeoOxoaumo BHECTH
sanauenne RQO = 2h.

21 Bxiroyaem ycpelHEHHE CKaHHMPOBAHHEM IO YETHIPEM oIlpocaM odepenu. B peructpe
SEQ1->SRQCTL nyxHo ycranoButh oist QAVGVAL =2, QAVGEN = 1.

22 PasperraeM reHepaluio npepbiBaHui: Hy>)KHO ycTaHOBUTH OuT SEQIM1 B peructpe IM.

23 Paspemaem paboty cekBeHcopa. s atoro Heobxomumo ycranoButh out SEQENL B
peructpe SEQEN.

24 3amyckaem m3mepenus. [lepen 3amyckom mposepsiem ¢uiar ADCRDY, 49To0BI OBITH
yYBEpEHHBIMH B TOM, 4T0 MoayJib ALII mpoBen HeoOXouMble MHUIMATU3ALKHI. [{71s1 TOrO 4TOOBI
WX HavaTh, HeOOXoauMo BKIOUNTh TaiiMep 0, ycranoBuB 6ut ON B peructpe CTRL taiimepa 0.
A Takxe paspeunth padoty mpeanenutens IIINM, 3anucas 1h B mone PRESCRST perucrpa
PWMSYNC 6:oka SIU.

25 Usmepenus cekBeHcopa 0 OyIyT 3amyckaTbCs MO KaKJOMY PABEHCTBY HYJIIO CYETHOTO
peructpa IIMMO. Ilocne kaxngoro 3amycka OyIET MPOBEIEHO IO TPU OTJIOKEHHBIX
nepe3anycka. T.K. JONOJHUTENBHO BKJIIOUYEHO YCpEeIHEHHE [0 Iepe3amyckaM, TO JiBa
ycpenHEHHBIX pesynbrata momanytr B FIFO B mocnmemnem Tperbem mepesamycke u Oyjer
BBI3BAaHO IMpepbiBaHue. I3mepeHus cekBeHcopa | OyayT NpPOMU3BOIUTHCS MO KaKAOMY
omycromeHuto Taiimepa 0. [locie ycpenHeHus CKaHMpPOBaHHMEM pe3yJbTaT OyleT 3amucaH B
FIFO u Gynet BbI3BaHO MpepbIBaHUE.

Pabora pexxuma npomIocTpupoBaHa Ha pucyHke 19.22.
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20 Cropo:xeBoii Taiimep

CropoxeBoii TaiiMep MO3BOJSIET COPOCHTH CHCTEMY B cCilydae OTKa3a IpOTrPaMMHOTO
obecrieuenus. Ilonb30BaTens MOXXKET BKJIIOYATh WIJIM BBIKIIOYATh CTOPOKEBOWM TaiiMep IO
COOCTBEHHOMY YCMOTPEHHUIO.

CropokeBoii TaiiMep MpeacTaBisieT coOol 32-OMTHBIA OOpaTHBI CUETYHK, KOTOPBIN
3arpyxaercsa 3HadeHreM u3 peructpa LOAD. CueTunk yMeHbIIAETCs Ha €IUHUILY M0 KaKIOMY
HapacTaronemMy ¢poHTty TakroBoro curiaia WDTCLK.

[lo ymomyaHMiO CTOpPOXKEBOM TaliMep He TaKTHPyeTCs M HaxXoauTcsi B cOpoce.
AKTUBHpOBaTH TaliMep MokHO ¢ tomoiisto peructpa WDTCFG 6moxka RCU.

Britouenne cyera CTOPOKEBOro TaliMepa M €ro MPEphIBaHUS  OCYLIECTBISIIOTCS
ycranoBkoir O6ura INTEN B peructpe CTRL. Korma cuerumk TaiiMmepa noCTHUTaeT HYJI,
ycranaBnuBaercs (uar WDTINT B peructpe MIS, a B cuerunk 3arpyxaercsi 3Hau€HUE W3
peructpa LOAD.

Hanee, ecnu ycranoBieHn outr RESEN, cyetunk nmpogoimkaeT aeKkpeMeHTHpoBaThes. Ecim
Ha MOMEHT NoBTOpHOTro noctwkenus Hyns ¢uar WDTINT ycranoBieH, mpou3BOAUTCS cOpOC
MHUKPOKOHTPOJUIEpa. ANTOPUTM paboTHl CTOPOKEBOTO TaiiMepa rnmokaszan Ha pucyHke 20.1.

CHAaTne copoca n BKIro4YeHune
TakTnpoBaHusa (permctp WDTCFG B
RCU)

v

BkrnrouweHme Tanmepa
INTEN = 1

v

CyeTuHuKk Tanmepa
AeKkpemMeHTpyeTcs

Y

CuyeT4mk
ocuyHurtarnrn oo
HYy”nAa?

YcTaHoBKa dnara
WDTINT

v

3arpyska cueT4dmka
3HadveHunem LOAD

Het YcTtaHoBrneH 6unrT

RESEN?

CuyeTuHuK Tanmepa
aAekpemeHTtTpyertcsa [

CuyeT4Hmk
ocuHurtarnrn oo
HYy”na?

HeT

YcTtTaHoBrieH
dornarwDTINT?

HeT

COpoCc MMKPpOKOHTpOnrepa

Pucynok 20.1 — Anroputm paboTsl CTOPOKEBOT0 Taiimepa
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21 IMporpaMMHoO-annapaTHbie CPeACTBA OTIAAKH

Jnist ocBoeHUs1 M u3ydeHus: 32-pa3psiiHoro Mukpokonrposuiepa 1921BK035, a taxoke mmst
MaKEeTUPOBAHUA U OTJIAJKW CHUCTEM II0Jb30BaTeNsi HAa €ro OCHOBE, CJEIyeT HCI0JIb30BaTh
MaKETHO-0TJIAJIOYHYIO IUIATy, KOTOpas MO3BOJISIET MOIKJIIOYATh BHELIHUE 3JIEMEHTHI K MOpTaM
MUKpPOKOHTpOJUIepa, paboTaTh C BHEIIHUMH UHTepdeiicamu, a Takke TpOrpaMMUPOBATH
BcTpoeHHY0 Flash-maMsaTh u BRIOIHSATH OTIAKY M OLICHKY paOOThI IPUKJIATHBIX IPOTPAMM.

Ornucanne MakeTHO-0TIaA09HOM uaThl nmpuBeaeHo B KOJ[J1.441461.018PD.

Jlyist co3ianus mporpaMMHOTO 00eCTieYeHUsT PEeKOMEHIYETCsl UCIIOJIb30BaTh MPOTPaMMHBIN
nponykt CodeMaster++[ ARM], koTopslii IpeAcTaBiIsieT cO00i HAOOP MPOrpaMMHO-aIapaTHIX
CpeACTB IJisl pa3pabOTKH U OTIAIKU CHCTEM Ha Oa3e MukpokoHTpoiuiepa 1921BKO035.

Cpena paspaborkun CodeMaster++[ARM] Bkiarogaer B cebsi MEHEIKEP IPOEKTOB,
pemakTop HCXomHbIX Koao, kommwiatop (C, C++), cpenctBa OTHaAKd W CHMYJISIIHH
MukpokoHTposuiepa 1921BK035. Cpena no3BossieT OCyleCTBIATh OTIAAKY IPOrpaMm, a TaKKe
porpaMMUpPOBaHUE MUKPOKOHTpoJutiepa mocpenctsoMm JTAG smymsaropa JEM-NT-CM4.

Anantep JEM-NT-CM4 obecnieunBaeT B3aMMOJICHCTBHE MEXKIy HWHTETPUPOBAHHOMN
cpenoii pazpadorkn CodeMaster++[ARM], ycTaHOBIIEHHOW Ha TIEPCOHAIBHOM KOMITBIOTEPE, U
OTJIAIOYHBIMU pEeCypcaMH, BCTPOEHHbIMU B MuUKpokoHTpoiiep 1921BK035, a Taxxke
BBITIOJTHEHUE OTINAAOYHBIX (yHKIuHA. WHQOpManMOHHBIE OOMEH ¢ MHKPOKOHTPOJLIEPOM
OCYILECTBIISIETCA 110 OJTHOMY M3 0TJIafouHbIX opToB JTAG nnu SWD.

OTnazaka moyib30BaTeNLCKON IPOTPaMMBI ITPEIIOIAraeT Ba OCHOBHBIX peXUMa pabOTHI:

- BBITIOJTHEHUE MPOTPaMMBbl B pexkuMe peaibHoro BpemeHu RUN;

- OCTAaHOB TMPOTPaMMbl Ha OMPEIEICHHOM aJpece WIM B ONPEACICHHBII MOMEHT
BoinonHeHuss HALT.

BONBIIMHCTBO OTIIAIOYHBIX (YHKIUH JOCTYITHO HMCKIIIOUUTEIBHO B PEKHUME OCTAaHOBA.
B srom pexume otmamunk JEM-NT-CM4 Bo B3aumoneiictBuu ¢ CodeMaster++[ARM]
MO3BOJISIET AHAJIM3UPOBATH U U3MEHATH XOJ] UCIIOJHEHUS MOJIb30BaATEIBLCKON MPOrPAMMbI MEXTY
OTJICIbHBIMU YYaCTKaMU MPOTpaMMbl, UCHIOTHSIEeMbIMU B peskuMe RUN.

[Ipu pabore c¢ momp3oBaTenbckoil mporpammoit amantep JEM-NT-CM4 oGecrnieunBaer
BBITIOJIHEHHE CIEAYIONINX OTJIAI0YHBIX JECTBUI:

- cOpoC MUKpPOKOHTpOJIJIEpAa C OCTAHOBOM II0JIb30BATEIbCKONW MPOrpaMMbl Ha HA4aJIbHOM
azapece;

- 3aITyCK Ha BBITIOJIHEHUE MTPOTPAMMBI B peKUMe peanbHoro BpemeHu RUN;

- OCTAHOB IIPOrPaMMBbI B POU3BOJIbHBIN MOMEHT BpeMeHu STOP;

- OTIpeJIeJICHHE U U3MEHEHHE a/Ipeca BHITIOJIHEHHS TPOTrPaMMbI (YTEHUE U 3alUCh CYETYMKA
KOMaH/I);

- YTEHHE U 3alKCh JOCTYIHBIX pecypcoB MukpokoHTposuiepa (O3Y, Flash-namsars, SFR u T. 11.);

- YCTAHOBKY U CHATHE TOYEK OCTAHOBA I10 aAPECY BHINOJIHEHUS POTPAMMBI;

- 3aIIyCK Ha BBIMIOJIHEHHE MPOTpaMMBbl IO OMPEIEICHHOTO MeCTa B HCXOJHOM KOJIe
(o xypcopa, 110 azgpeca);

- TIOIIArOBOE UCIIOJTHEHUE MPOTPAMMBI: IIard HU3KOTO U BBICOKOTO YPOBHEH, C 3aX0J0M U
0e3 3ax0/1a B MOAMPOTPaMMBI.
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3akjaroueHue

B Hnacrosimem texuuueckoM onucanuu K®JJ1.431295.062TO mpexacraBieHo onucaHue
APXUTEKTYPbI, (PYHKIIMOHAIBHOTO MOCTPOCHHs U Tiepudepun MukKpokoHTposuiepa 1921BK035.
TexHu4eckoe OINHUCAHHE MOXKET CIYXKUTh MPAKTUUYECKUM PYKOBOJICTBOM IO MPUMEHEHHUIO
MUKPOKOHTpOJUIEpa AJIsl pa3padOTYMKOB CHCTEM Ha €r0 OCHOBE U MPOrPaMMUCTOB.
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IIpuaoxenune A
(o0s3aTenBbHOR)
PerncTpsl MUKPOKOHTpOJLIEpa

B JaHHOM HpI/IHO)KeHI/II/I Hpe[[CTaBJIeHBI peI‘I/ICTpBI C YKaSaHI/IeM nux HaSHaquI/Iﬁ,
MHEMOHHYECKUX HA3BaHUI U aJpPECOB.

Jlist kaskaoro O0Ka OTAEIBHO MPHUBEICHBI a0COMIOTHBIC 0a30BbIC aapeca, a B OMHCAHMSIX
PETUCTPOB IOKA3aHbI CMEIIEHHS OTHOCHTEIILHO €ro 0a30BOro ajpeca, €Cad HE yKa3aHO MHOE.
AOCOJIIOTHBIN aJipeCc PErucTpa BBIYMCISACTCS IMyTEM CIIOKEHHUS a0COIFOTHOrO 0a30BOTO ajpeca
0JI0Ka U CMEIICHHS 3TOr'0 PErUCTPa.

A.1 Peructpsl kouTpoJuiepa AL
Ba3osbrii agpec:  4000_0000h

CMmeleHue: + 40h (SEQO) Peructpsl cekBencopa 0
+ 74h (SEQL) Peructpsl cexBencopa 1
+200h (DCO0) Peructper nudposoro kommnaparopa 0
+20Ch (DC1) Peructpsl nudpoBoro kommaparopa 1
+218h (DC2) Peructpsl nugpoBoro komnapaTopa 2
+224h (DC3) Peructpsl nudpoBoro kommaparopa 3
+500h (CHCTL) Peructpbl HACTPOHKHU KaHAJIOB
MHEMOHHKA' SEQs;
DCd
[Ilpumevyanue — S— HOMep cekBencopa 0 wiu 1;

d — Homep o mopsiaky nupposoro kommaparopa ot 0 1o 3.

SEQEN — perucrp BkJI0OYeHHsI CEKBEHCOPOB

CwMmemenue: + 00h.

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
) SEQ|SEQ
EN1 [ ENO
1 1 1 1 1 1 1 1 1 1 1 1 1
34 3y
ITone butsl Onucanue
SEQENSs 1-0 but paspemenus paboThl CEKBEHCOPa S

0 | 3ampemnieHo

1 | Paspermeno

— 31-2 3ape3epBUPOBAHO

192



SEQSYNC — peructp nporpaMMHOii CHHXPOHH3allMU CEKBEHCOPOB

CwMmemwenue: + 04h.

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
G -
SYNG
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
) SYNCISYNG
1 0
1 1 1 1 1 1 1 1 1 1 1 1 1
34 3y
[Tone butel Ornucanue
GSYNC | 31 bur 3amycka cekBeHCOpOB.
3anuce eTUHUIIBI 3aITyCKaeT CeKBEHCOPHI, paboTa KOTOPHIX pa3pelieHa 1
JUIs KOTOpbIX ycTaHoBieHbl outbl SYNCS
SYNCs | 1-0 but paspemienus 3anycka CeKBEHCOpa S
0 | BampemeHo
1 | Paspemieno (ecnu ycranosiaen out SEQENs B peructpe SEQEN)
— 30-2 3ape3epBUPOBAHO

BSTAT — peructp ¢1aroB 3aHsiTocTH

Cwmemmenue: + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
) ADC
BUSY
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T SEQ | SEOQ
- BUSY [BUSY
1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Y Y
ITone butel Onucanue
ADCBUSY | 16 @uiar 3ansTocTy Moyt AT
0 | ALIII BeIKITIOUYEH WK B PEKUME OKUAAHMS 3aIpoca
1 | ALII npoBoaMT M3MepeHUs 0 aKTUBHBIM 3aIIpocam
SEQBUSYs | 1-0 @ar 3aHITOCTH CEKBEHCOPA S
0 | CekBeHCOp BBIKIIIOUYCH WIIH B PEXKMME OKUIAHUS CUTHAJIA 3aITyCKa
1 | CekBeHCOp MPOU3BOIUT 3AIMTYCK/TIEPE3ATyCK WU BBITIOTHSET
3aJIEpPKKY Iepe3anycka
— 31-17, | 3ape3epBUpPOBaHO
15-2
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FSTAT — perucrtp ¢piaros 0ydepon pe3ybTaroB u 6j0ka DMA

CwMmemenue: + 0Ch

Copoc: Oh
31 30 | 29 | 28 | 27 | 26 | 25 24 23 22 21 20 19 18 17 16
DOV1DOVO
1 1 1 1 1
34 3y
15 14I13I12I]_‘I.I10 9 8 7 6 5 4 3 2 1 0
- UN1 [ UNO Oov1|0OVvo
1 1 1 1
34 3y 34 3y
[Tone | butel Onucanue
DOVs | 17-16 | ®nar ommbku DMA
0 | Her ommOku
1 | [Ipu manuuuu obpadatbiBacmoro 3anpoca DMA oT cekBeHcOpa s,
MIPHIIEN ellle OJMH 3aIpoc, KOTOPBI HEe MOXeET ObITh 00paboTan
@unar cOpachlBaeTCs 3aMUChI0 SMHUIIBI
UNs |9-8 @ar mycToThl Oydepa ceKBeHCOopa S
0 | Bydep He mycT
1 | bydep nycr
@iar MOXKeT OBITh COPOIICH MPOTPAMMHO 3aMUCHIO €TUHHIIBI
OVs 1-0 ®drnar 3anogHeHus Oydepa ceKBeHcopa S
0 | B O0ydepe ecTh Kak MUHIMYM OJTHA CBOOOTHAS sSTUCHKA
1 | Bydep 3anonuen. Bee nocnenyromue 3anucu B 0ydep OJI0KHPYIOTCS 10
MOSIBJICHHSI KAK MUHUMYM OJTHOM CBOOOIHOM sIUCHKH
®dnar cOpachIBaeTCsl 3aMUCHI0 €IMHUITBI
— 31-18, | 3apesepBUpOBaHO
15-10,
7-2
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DCTRIG — peructp copoca (p1aroB KoMnapaTopon

CwMmemenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
) DCEV|DCEVIDCEVPCEV
3 2 1 0
1 1 1 1 1 1 1 1 1 1
34 34 34 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
- TOS3TOS2ITOSYTOSO
1 1 1 1 1 1 1 1 1 1
34 34 34 3y
ITose butel Onucanue
DCEVd 19-16 | ®xar npoxoxaeHUS COOBITHS CPABHEHUS
0 | CpaBHeHUE HE BBITIOJIHSIOCH
1 | CpaBHeHHE BBITOIHSAIOCH
®nar cOpachIBa€TCs 3aMMCHI0 €IMHUITBI
TOSd 3-0 dyar coCTOSHHUSA BBIXOAHOIO TPUITEpa KoMiaparopa d
0 | Tpurrep He cpaboTan
1 | Tpurrep cpaboTain
®nar cOpacbIBaeTCs 3aMUCHI0 SIMHHUIIBI
— 31-20, | 3ape3epBUpOBaHO
15-4
CICNT — perucrp HaCTPOMKH pexUMA cOpoca cHYeTYMKA NpepbIBaAaHUM
Cwmemrenue: + 14h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
) ICNT [ICNT
1 0
1 1 1 1 1 1 1 1 1 1 1 1
34 3y
[Tone butel Onucanue
ICNTs 1-0 but BrIOOpa peskrma cOpoca cueTuynKa, UCTIOIB3YEMOTO IS TeHepaIuu
MIpEepBIBAaHUI CEKBEHCOPA S
0 | Caerunk OyneT cOpachIBaThCs MO 3aMYCKY CEKBEHCOpa
1 | 3ampet cOpoca cueTynKa 1o 3amycKy CeKBeHCOpa
— 31 -2 | 3ape3epBUpOBaHO
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EMUX — peructp BbIGOpa coOBITHII 3aNIyCKa CEKBEHCOPOB

CwMmemenue: + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
EM1 EMO
L L L L L L L L L L L L L
3y 3y
[Tone | bursl Ornucanue
EMs 7-0 ITone BbIOOpa COOBITHS JIJIs 3aITyCKa CEKBEHCOPa S
Oh Ycranoska outa GSYNC B peructpe SEQSYNC
1h ITpepriBanne or GPIOA
2h [IpepsiBanue or GPIOB
3h Curnan ot 6;oka TMRO
4h Curnan ot 6oka TMR1
5h Curnan ot 6;oka TMR2
6h Curnan ot 6oka TMR3
7h Curnansl ot 0mokoB PWMO, PWM1, PWM?2 — kananx A
8h Curnaisl ot 6i1okoB PWMO, PWM1, PWM?2 — kanan B
9h-Eh | 3apesepBupoBaHo
Fh Huknmueckas paboTta. AKTUBHPYETCS TIOCIIE YCTAaHOBKH OHMTa
GSYNC B peructpe SEQSYNC
— 31-8 3ape3epBUPOBAHO
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RIS — perucrp ¢Jiarop HeMacKMpPOBAHHBIX NPepPbIBAHMI

CwMmemenue: + 08h

Copoc: Oh

31 30

29

28 27

26

25

24

23

22 21 20 19 18 17

16

15 14

13

12 11

10

9

8

DC
RIS3

DC
RIS2

DC
RIS1

DC
RISO

SEQ
RIS1

SEQ
RISO

Ilone

bute!

Omnucanue

DCRISd

11-8

djar npepbiBaHUs KoMmaparopa d

Het npepriBanust wiu duiar copoieH

[Toctynui 3anpoc Ha MpephIBaHKe

SEQRISS

1-0

JIar [IpephIBaHMs CEKBEHCOPA S

Her neiictBuii

| O e |- o

3anpoc CEeKBEHCOPA 3aBEPIIMICS M CYETUYMK IPEPhIBAHUNA JOCUUTAT 10
3nadyenus ICNT peructpa SCCTL

31-12,
7-2

3ape3epBUPOBAHO

IM — perucTp Macku npepbIBaHH

CwMmemenue: + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
) DC | bC | bC | bC ) SEQ|SEQ
IM3 | IM2 | IM1 | IMO IM1 | IMO
1 1 1 1 1 1 1 1
34 34 34 3y 34 3y
[Tone butel Onucanue
DCIMd 11-8 | Macka mpepsiBaHus1 KoMIiaparopa d
0 | MackupoBaHo
1 | Paspemieno
SEQIMs 1-0 Macka npepbsIBaHUsI CEKBEHCOPA S
0 | MackupoBaHo
1 | Paspemieno
— 31-12, | 3apesepBupoBaHO
7-2
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MIS — peructp (p1aroB MacKMpoOBaHHBIX NMPepPbIBAHUI

CwMmewenue: + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T
L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
. DC | DC | DC | DC ) SEQ(|SEQ
MIS3|MIS2 |MIS1|MISO MIS1|MISO
L L L L L L L L
r Y Y r Y Y
[Tone butel Ornucanue
DCMISd | 11-8 dar MaCKHPOBAHHOTO MPEPBIBaHUsS KoMIaparopa d
0 Het npepriBanust wiu duiar cOpoieH
1 [Toctynun 3ampoc Ha npepbIBaHUE
SEQMISs | 1-0 @dar MaCKMPOBAHHOTO MPEPHIBAHUSI CEKBEHCOPA S
0 Her neiictBuit
1 3ampoc ceKBeHCOpa 3aBEPIIMIICS M CYCTYHK MPEPhIBAHUIN
nocuntan g0 3Hauenusi ICNT peructpa SCCTL
— 31-12, 7-2 | 3ape3epBUpOBaHO
IC — peructp copoca ¢paroB npepbsiBaHui
Cwmemenue: + 28h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
_ DC | DC | DC | DC ) SEQ(|SEQ
IC3 | IC2 | IC1 | ICO IC1 | ICO
L L L L L L L L
3 3 3 3 3 3
ITose buTsl Onucanue
DCICd 11-8 C6poc MaCKUpOBAaHHOT'O M HEMACKHMPOBAHHOTO (p1ara mpepbIBaHUs
Kommaparopa d
0 | Her nelicTBuii
1 | Copoc dbnaros
SEQICs 1-0 COpoc MaCKUpOBAaHHOTO M HEMACKHPOBAHHOTO (p1ara mpepbIBaHUS
CEKBEHCOpa s
0 | Her neiicTBuii
1 | Copoc dmnaros
— 31-12,7-2 | 3ape3epBHpPOBAHO
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SRQSEL — peructp BbiGOpa KaHAJIOB /sl 3alIPOCOB CEKBEHCOpPa

Cwmemenne: SEQs + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
- RQ3 - RQ2 - RQ1 - RQO
1 1 1 1 1 1 1 1
34 3y 3y 3y
[Tose butel Ornucanue
RQn 13-12, 9-8, 5-4, 1-0 Howmep xanana AILIII ayis 3ampoca cekBeHcopa S.

Jonycrumelie 3aagenus ot Oh o 3h.

- 31-14, 11-10, 7-6, 3-2

3ape3epBUPOBAHO

SRQCTL — peructp ynpaJ/ieHus] 04epeabIo 3alIPOCOB CeKBeHCOpa

Cwmerrenue: SEQs + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T " T T T T T T
- QAVGVAL gEN ; ROMAX
L L L L L L L L L L L
3y 3y 3y
[Tone butel Ornucanue
QAVGVAL 11-9 [Tone 3amaHus KoindyecTBa HEOOXOAMMBIX OMPOCOB JJISl YCPEAHEHUs
CKaHHUPOBAHHEM
000 | 3ape3epBHUpOBaHO
001 |2
010 | 4
011 |8
100 | 16
101 | 32
110 | 64
111 | 3ape3epBuUpOBaHO
QAVGEN 8 but ynpaBiaeHusi pe>KMMOM YCPEIHEHUsI CKAHUPOBAaHUEM
0 | YcpenHenne ckaHHPOBaHUEM OYEpEN 3aIPOCOB OTKIFOYEHO
1 | YcpenHeHnue cKaHHPOBAaHUEM OUYEPEIH 3alIPOCOB BKIIFOUEHO
ROMAX 1-0 [Tone 3aganusi HOMepa MOCJIEIHEr0 JIEMEHTa CEKBEHCOPa S
— 31-12, 7-2 | 3ape3epBUpPOBAHO
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SRQSTAT — peructp craTyca ouepeau 3aipocoB CEKBeHCOpa

Cwmemenne: SEQs + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
RQB
- - RQPTR
usy Q
L L L L L L L L L L L
r Y
ITone buThl Onucanue
RQBUSY 8 @dar akTUBHOTO 3a1poca CEKBEHCOpa Ha H3MEpEHUe
0 | Texyumii 3anpoc HEAKTUBEH
1 | BeIcTaBieHbIH 3a11POC B COCTOSIHMH 00Pa0OTKH MJTH OXKHIaHUS
RQPTR 1-0 Howmep Tekymiero 3ampoca B ouepenu
— 31-9, 7-2 | 3ape3epBUpOBaHO

SDMACTL — peructp ynpanJjienus 3anpocamu DMA cexkBeHcopa

Cwmemenne: SEQs + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T VA
- WMARK - EN
1 1 1 1 1 1 1 1 1 1
3y 3y
[Tone butsl Onucanue
WMARK | 10-8 [Tone 3agaHus KoaU4eCcTBa pe3yJIbTATOB U3MEPEHUH 3allMCAaHHBIX B
Oydep cexkBeHcOopa, MO JTOCTHKEHUH KOTOPOro BhI3biBaeTcsi DMA
000 | 3ape3epBUpOBaHO
001 | Opna 3anuck B 0ydep
010 |2
011 |4
100 |8
101 |16
110 | 32
111 | 3ape3epBUpOBaHO
DMAEN |0 burt paspemienust ucnoabp3zoBanus 61oka DMA
0 3anpenieHo
1 Pazpemeno
— 31-11, 7-1 | 3ape3epBUpOBaHO
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SCCTL — peructp ynpapJ/ieHHsl CYeTYHKAMM NPEPHIBAHUSI U Tlepe3anycKa ceKBeHcopa

Cwmemenne: SEQs + 1Ch

Copoc: Oh

31 30

29 28

27 26 25 24 23 22 21 20 19 18 17 16

- ICNT

15 14

13

34

10 9 8 7 6 5 4 3 2 1 0

RAV

GEN RCNT

ITone

butnl

34 34

Onucanue

ICNT

23-16

[[UKIMYHOCTD IPEPHIBAHUMN.

ITose 3aganus KoIM4eCcTBa 3apOCcOB ceKkBeHCOpoM S Moyt AT, no
JIOCTUKEHUHU KOTOPOI'O T€HEPUPYETCS MIPEPhIBAHUE.

3navyenue 00h o3HayaeT BpICTaBJIEHUE NTPEPHIBAHNUS 10 KAXKJIOMY 3aIpOCy
mosyisi AL, 3nauenune FFh — kaxxapie 256 3ampocos

RAVGEN

but pazpenieHus pexuma ycpeIHeHus: pe3yIbTaToB Mo Mepe3anyckam

0 3anpernieHo

1 Pazpenieno

[Ipumeuanue — i KOPpPEKTHOH pabOThl 3TOr0 pexuma IoJie
RCNT peructpa SCCTL pomkHO comepxaTh I000O€ 3HAYEHUE,
cootBerctBymomee 2P — 1, e p or 1 10 8

RCNT

7-0

KonmuecTBo nepe3ammyckoB ouepeiu 3apocoB CEKBEHCOPA S.

[Toxe 3aaHust KOJIMYECTBA TIEPE3aTyCKOB OUYEPEIH 3alIPOCOB CEKBEHCOPa
S mocJie ero 3amycka 1o coosituro. 3uadenne 00h cooTBeTCTBYET pexkuMy
0e3 mepe3amyckoB, 3Hayenue 01h — oquH nepe3sarnyck,

FFh — 255 nepe3amnyckoB

31-24,
15-9

3ape3epBUPOBAHO
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SCVAL — perucrp cocTosiHUsI CYeTYMKOB NMPEPbLIBAHKS U Mepe3anycka ceKBeHcopa

Cwmemenne: SEQs + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
- ICLR ICNT
1 1 1 1 1 1 1 1 1 1 1 1 1
3 Y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- RCNT
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
ITose butel Onucanue
ICLR 24 but cOpoca cueTdymnka 3anpocoB )il FTeHepaIiuy IpephIBaHUs
0 | Her geiicTBuii
1 | Copoc cuerunka ICNT
ICNT 23-16 | Tekymiee cOCTOSTHUE CYETUHKA 3aIPOCOB, UCIOIB3YEMOTO ISl TeHEPAlluU
NpepbhIBAHUI
RCNT 7-0 Teky1iee KOJIMYECTBO COBEPIICHHBIX MEPE3AMyCKOB
— 31-25, | 3ape3epBupoBaHO
15-8

SDC — peructp Bb160pa KOMIIApaTOPa CEKBEHCOPOM

Cwmertenue: SEQS + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T
DC3 [ DC2 | DC1 |DCO
1 1 1 1 1 1
34 34 34 3y
[Tone butsl Onucanue
DCd 3-0 but pasperienns paboThl kKomnaparopa d ceKBeHCOPOM S

0 | 3ampemen

1 | Pa3pemen

3ape3epBUPOBAHO
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SRTMR — peructp 3aiepKKH nepe3anycKkoB CeKBEHCOPa

Cwmemenne: SEQs + 28h
Copoc: Oh

31 30 29 28 27 26 25 24 23 22 21

20

19

18

17

16

NO
WAIT

VAL

34

15 14 13 12 11 10 9 8 7 6 5

34

T T T T T T T T T T T
VAL

34

Iome butel Onucanue

NOWAIT | 31 | bur ynpaBieHusl TCHEBOH 3arpy3K0i 3HaYEHUS 3aJICPKKH Iepe3anmycKa

0 | 3nauenue 0OHOBHTCS MO OJIFDKAWIIIEMY COOBITHIO 3aITyCKa CEKBEHCOPA

1 | 3nayenue 0OHOBUTCS MO OIMKaiIIeMy COOBITHIO IIEpe3anycKa

VAL 23-0 | Ilone 3amaHus 3aIepKKH Iepe3aIrycka ouepe I CeKBEHCOopa.

BKJIFOUYEH)

3unadenrie TMR = 000000h 3a1aet HeMeAICHHBIN TTepe3anyck (eciu oH

— 30-24 | 3apesepBUpOBaHO

SFLOAD - peructp 3arpy3ku 0y(epa cekBeHcopa

Cwmerrenune: SEQs + 2Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
| | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- VAL
| | | | | | | | | | | |
y
Ilone | butel Omnucanue

VAL |5-0 3HavYeHHE KOJIMUECTBA PE3YIHTATOB U3MEPEHU, COXpaHEHHBIX B Oydepe

CEeKBEeHcopa

— 31-6 | 3ape3epBUpOBaHO
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SFIFO — perucrtp pe3y/jbTaTa u3MepeHUus CEKBEHCOpPa

Cwmemenne: SEQs + 30h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- DATA
| | | | | | | | | | | | | |
Y
ITone butnl Onucanue

DATA | 11-0 Pesynbrar usmepenus. Urenue nosst DATA Bo3BpalaeT pe3yibrar
n3MepeHus u3 0ydepa cekBeHcopa

— 31-12 | 3ape3epBUpOBaHO

DCTL — peructp ynpaJ/jieHHsl KOMIIapaTopa

Cwmewenne: DCd + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T
- SRC - CHNL
1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
- CTE CTC CT™M - CIE CiC CIM
1 1 1 1 1 1 1 1
3y 3y 3y 3y 3y 3y
[Tone | bursl Onucanue
SRC 24 | BpiOOp HCTOYHMKA 3HAYECHHUS JJIsl CPABHEHMS

0 | Okonuanue m3mepenus AL

1 | 3amucsk pesynprara B FIFO cexBencopom

CHNL | 17-16 | Ilone Homepa KaHama, pe3yjbTaT M3MEPEHHs KOToporo OyJeT mepeiaH Ha
kommapatop. Jlomycrumeie 3Hauenust ot Oh mo 3h

CTE 12 burt paspemenust cpabaTbIBaHMsI BBIXOJIHOTO TPUITEpA KOMIIapaTopa
0 3anpenieHo
1 Paspemieno
CTC 11-10 | ITose 3amaHus ycinoBusi cpabaThIBaHUS BBIXOAHOTO TpHUrrepa. Ecimum mist

3HAYCHUA, TOJTYUCHHOTO B PC3YyJIbTATC U3MCPCHU A, BBIIIOJIHACTCA YCIIOBUC, TO
COCTOSIHMEC TpUITEpA — CAWMHUIIA, B IPOTUBHOM CJIyda€ — HOJIb

00 | Mameperne < CMPL

01 | CMPL < U3mepenue < CMPH

10 | CMPH < H3mepenue

11 | 3apezepBHupoBaHO

[Mapamerper CMPL u CMPH 3anarorcs B peructpe DCMP
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[Tone | bursl Onucanue
CT™M 9-8 ITone 3aganus pesxkxuMa cpadaThIBaHUSI BEIXOJHOTO TPHUTTEPA
00 MHOTOKpaTHBIH
01 OHOKpATHBIN
10 MHOroKpaTHbIil ¢ TUCTEPE3UCOM
11 OHOKpATHBIN C TUCTEPEIUCOM
CIE 4 but paspenienus npepslBaHusl KOMIIapaTopa
0 3ampernieHo
1 Paspemieno. [IpepbiBanue reHepupyeTcst Kax bl pa3 mpu
o/iHoBpeMeHHOM BblnosnHeHuu ycaosuil CIC u CIM
CiC 3-2 [Tone 3aganus yCIIOBUs FreHEPUPOBAHMSI IPEPhIBAHUS
00 N3mepenne < CMPL
01 CMPL < U3zmepenne < CMPH
10 CMPH < M3mepenue
11 3ape3epBUPOBAHO
CIM 1-0 [Tone 3aganus pesxuMa reHeprupPOBAHKS PEPhIBAHUS
00 MHOTOKpaTHBIHA
01 OJIHOKpaTHBIN
10 MHOTroKpaTHbIi ¢ TUCTEPE3UCOM
11 OJHOKpaTHBIN C TUCTEPEIUCOM
— 31-25, | 3ape3epBupoBaHO
23-18,
15-13,
7-5

DCMP — peructp Anana3ona koMnaparopa

Cwmemenune: DCd + 04h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
- CMPH
1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
- CMPL
1 1 1 1 1 1 1 1 1 1 1 1 1
34
ITone butsl Onucanue
CMPH | 27-16 | [lose 3HaueHHs BEPXHETO IMOPOTa AUANa30Ha U3MEPEHHHA
Bceerna nomxso BeimonHsAThes yenosue CMPL < CMPH
CMPL 11-0 | [Nose 3HaUEHMS] HYKHETO TIOPOTa Hara3oHa H3MEPeHUH
— 31-28, | 3ape3epBupoBaHO
15-12

205



DDATA — peructp pe3yJbTaTa u3MepeHusi koMnapaTopa

Cwmewmenue: DCd + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- VAL
| | | | | | | | | | | | | |
Y
Ilone | buthl Omnucanue

VAL | 11-0 | 3naueHue pe3yiabTaTa U3MEpPEHUs, KOTOPOE MOCIEAHUM UCIOIB30BaJIOCh
KOMITapaTopoM Ipu IipoBepke Ha cooTBeTcTBUE yenoBusiM CTC u CTM
(cm. peructp DCTL)

— 31-12 | 3apesepBupoBaHO

ACTL — peructp ynpaiaenust moayJjem ALIL

Cwmewenue: + 400h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
) ADC | ADC
RDY [ EN
1 1 1 1 1 1 1 1 1 1 1 1 1
4 3y
ITone butel Onwucanue
ADCRDY |1 @ar roroBHoctu AL K mpoBeIeHNIO U3MEPEHHH

0 | ALII Beikarogeno (ADCEN = 0) nu6o B cOCTOSSHUY UHUIHATU3ALNAN

1 | AIIII BKJIIOYEHO U TOTOBO K NPeodpa3zoBaHUsIM

ADCEN 0 Bxoouenne AL [pu kax oM BKITIOUEHUH 3aITyCKaeTCs MpoIeaypa
MHHUIMAIN3alKu, KoTopas 3aBepiuaercs ycraHoskoii ADCRDY

0 | Moxayne AIIIT BEIKITIOUCH

1 | Moayns ALII BrItoueH

— 31-2 | 3ape3epBHpPOBAHO
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CHCTL — maccuB perucTpoB HACTPOIKH KaHAJIOB

Cwmerenne: CHCTL + (04*n)h, rae n — Homep kanama ot 0 10 3

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T RIO T T T T T T T T T T
- RITY - GAINTRIM
L L L L L L L L L L L L
3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- OFFTRIM
L L L L L L L L L L L L L L
3y
Ilone butel Onucanue
PRIORITY | 28 but 3agaHus npropuTeTa KaHajaa
0 | Kanan umeer cTaHIapTHBIA IPHOPHUTET
1 | Kanan umeer MoBBIIICHHBIA PUOPHUTET
GAINTRIM | 24-16 [Tone 3ananus ko3 durmenTa At KOppeKun ycuieHus. J[nana3zon
3HaYeHui —256, ..., 255, BemmunHa BHOCHTCS B JOTIOJHUTEIIHHOM
koze: 100h coorBerctByeT —256, 000h — 0, OFFh — 255
OFFTRIM 8-0 [Tone 3aganus ko3 duienTa Ay KOPPEKLUUU CMEIICHUS HY IS
Jnama3on 3HaueHui —256, ..., 255, BeauunHa BHOCUTCS B
nonoiauTeabHOM Koze: 100h cootBercTByet —256, 000h — 0,
OFFh — 255
— 31-29, 3ape3epBUPOBAHO
27-25,
15-9
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A.2 Peructpsi noptoB (GP10)
Ba3zoswiii agpec:  4001_0000h (GPIOA) Peructpsi nopta A
4001_1000h (GPIOB) Peructpsi mopra B

CMmelenue: + 400h (MASKLB) MaccuB perucTpoB MacoK MIIJIIIETO OaiTa mopra
+ 800h (MASKHB) MaccuB perucTpoB Macok cTapiiero 6aira nopra
MueMoHHKA: GPIOp

[Ipumeuanue — p—wums nopra A unu B;
N — HOMEp 10 MOPSAAKY BbiBoJIa opta oT 0 1o 15.

DATA — perucTp BXOJHBIX JaHHBIX MOPTA

Cwmewenue: + 00h
Copoc: 0000_xxxxh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Ilone | butel Onucanue

VAL | 15-0 | Yrenue | Bo3Bpalmaer Tekyiiee cOCTOsIHIE MOpTa

3ammicey | He BeImostHAETCS

— 31-16 | 3ape3epBUpPOBAHO
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DATAOUT - peructp BbIXOAHBIX IaHHBIX MOPTA

CwMmewenue: + 04h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 _ 16
T T T T T T T
L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T
VAL
L L L L L L
34
ITone | butel Onucanue
VAL | 15-0 | Yrenue | Bo3Bpamaer Tekyliee COCTOSHHUE MOPTa
3anuchk | YcraHaBIMBACT HA BBIBOJIAX IMOPTA YPOBEHb CHTHAJA,
COOTBETCTBYIOIIHI 3aIIUCAHHOMY B OMThI 3HAYCHUIO
— 31-16 | 3ape3epBUpPOBAHO

DATAOUTSET - peructp ycTaHOBKHU OMTOB NOPTA

Cwmewenue: + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T
1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN [ PIN | PIN [ PIN [ PIN [ PIN|[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15| 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
ITone | bursl Onucanue
PINn | 15-0 | Yrenue He nomyckaercs
3anuck He BrinosiasieTcs
HYJIS
3anuck VYcraHaBnuBaeT COOTBETCTBYyrOmMA O6ut N B peructpe DATAOUT
€IMHHUIIBI | U, KaK CJIe/ICTBHE, BRICOKHUN YPOBEHb CHTHANIA Ha BBIBOJIE N MOpTa
— 31-16 | 3ape3epBHpPOBAHO
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DATAOUTCLR - peructp copoca 6uToB nopra

CwMmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T
1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butsl Onucanue
PINn | 15-0 | Yrenue | BosBpamaer HOJIb
3anuce | He BoimosHsieTcst
HYJIS
3amuce | COpaceiBaet cooTBeTcTBYIOmUi 6uT N B peructpe DATAOUT u, kak
€HUILIBI | CIIEJICTBUE, YCTAaHABIMBACT HU3KHUI YPOBEHb CHUTHAlla Ha BbIBOJAE N
mopra
— 31-16 | 3ape3epBUpOBaHO

DATAOUTTGL — peructp nepex/jiro4eHusi GMTOB MOpPTa

CwMmemmenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN|PIN|[PIN [ PIN|PIN|PIN|PIN|PIN|PIN|PIN[PIN|PIN|[PIN|PIN|PIN
15| 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
Ilone | buter Onucanue
PINn | 15-0 | Urenue | Bo3BpamaeT HOJb
3anuce He BeimonHsieTcs
HYJIS
3anuch W3MmeHsieT cOCTOSIHME COOTBETCTBYIOIIETO OHTa N B PETUCTpe
equannbl | DATAOUT Ha mpOTHBOIIOJIOKHOE M, KakK CJEJACTBHE, COCTOSHHUE
CUTHaJIa Ha BBIBOJIE N MopTa
— 31-16 | 3ape3epBUpOBAHO
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DENSET - peructp pa3pemenusi ungpoBoii GyHKIuN nopra

CwMmewenue: + 14h
Copoc: 7Ch (s mopta A), Oh (a1 mopta B)

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
Ilone | butel Omucanue
PINn | 15-0 | Yrenue 0 | BeiBOI n OTKIIFOYEH
1 | BeiBoz N mOaKIIIOUEH
3anuce He Brimonusercs
HYJIS
3anuce [Toakmrouaer BbIBOA N K ero mudpoBOi cxeme, T. €. pasperiact
eaWHHIBI | QYHKIIMOHUPOBAHKE BBIBOJIA KaK BXO/a/BBIX0JIA IIOPTA
— 31-16 | 3apesepBUpOBaHO

[Ipumeuanue — BeiBogsl A2 — A6 mopta A, KOTOpbIM cOOTBETCTBYIOT OuUTHI PIN2 —
PING6 moakiitoueHbI 0 YMOJIYaHHIO, IIOCKOJIBKY UMEIOT albTepHATHUBHBIC (DYHKIINHU, CBSI3aHHBIC C
noptoM JTAG.

DENCLR — peructp 3anpeuienusi uugpoBoii pyHKIIUU MOPTA

Cmemenue: + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN|PIN|PIN|[PIN|[PIN|PIN|PIN|PIN|PIN|PIN[PIN[PIN|PIN|PIN|PIN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
Ilone | buthl Onucanue
PINn | 15-0 | Yrenue Bo3sBpamraer HOTb
3anuce He Brimonusercs
HYJIS
3anuce OTkiroyaeT BBIBOA N OT ero mu(pOBOM CXEMBbI, T. €. 3amperacT
eJIMHMIBI | (YHKITMOHUPOBAHKE BBIBOJIA KaK BXO/a/BBIX0JIA TIOPTA
— 31-16 | 3ape3epBupoBaHO
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INMODE - peructp BbIGOpa peskuMa BXo/Ja MopTa

CwMmemenue: + 1Ch

Co6poc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
PIN15 PIN14 PIN13 PIN12 PIN11 PIN10 PIN9 PIN8
1 1 1 1 1 1 1 1
3y 3y 3y 3y 3y 3y 3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
PIN7 PING PIN5 PIN4 PIN3 PIN2 PIN1 PINO
1 1 1 1 1 1 1 1
3y 34 34 3y 34 3y 34 3y
[Tone butel Onucanue
PINN 31-0 | ITose BeIOOpa pexkrMa BXoJ1a N
00 | Tpurrep IlImurra
01 | KMOII-6ydep
10 | 3ape3epBUpOBaHO
11 | BxoxHoit 6ydep oTkiIr0ueH
PULLMODE - peructp Bb100pa pe:xuMa NOATSZKKH MOpPTa
Cwmemtenne: + 20h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
PIN15 PIN14 PIN13 PIN12 PIN11 PIN10 PIN9 PIN8
1 1 1 1 1 1 1 1
3y 34 3y 34 34 3y 34 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
PIN7 PING PINS PIN4 PIN3 PIN2 PIN1 PINO
1 1 1 1 1 1 1 1
3y 3y 3y 3y 3y 3y 3y 3y
[Tone butel Onucanue
PINN 31-0 [Tone BpIOOpa pexkuMa MOATSKKH BbIBOIA N

00 | [Moarskka OTKIIFOUEHA

01 | Moxarsbxka K ypoBHI0 sioruueckoi eaunuis (Pull-up)
10 | Hoxarshkka K ypoBHIO gorudeckoro Hyus (Pull-down)
11 | 3ape3epBupoBaHO
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OUTMODE - peructp BbIGOpa peskuMa BbIX0/1a MOPTa

CwMmewenue: + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
PIN15 PIN14 PIN13 PIN12 PIN11 PIN10 PIN9 PIN8
L L L L L L L L
3y 3y 3y 3y 3y 3y 3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
PIN7 PING PIN5 PIN4 PIN3 PIN2 PIN1 PINO
L L L L L L L L
3y 3y 3y 3y 3y 3y 3y 3y
[Tone butel Onucanue
PINN 31-0 | ITose BeIOOpA pekrMa BeIXoAa N
00 | Asyxrakthbiii Beixox (Push-Pull)
01 | Beixoz ¢ otkpbiThiM ctokoM (Open Drain)
10 | Beixox ¢ otkpeiThiM HcTOKOM (Open Source)
11 | 3ape3epBupoBaHO
DRIVEMODE - peructp Bb100pa napamMeTpoB BbIX0/1a MOPTA
Cwmerenue: + 28h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
PIN15 PIN14 PIN13 PIN12 PIN11 PIN10 PIN9 PIN8
L L L L L L L L
34 3y 3y 34 3y 3y 3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
PIN7 PING PINS PIN4 PIN3 PIN2 PIN1 PINO
L L L L L L L L
34 3y 3y 3y 3y 3y 3y 3y
[Tone butel Onucanue
PINn 31-0 | [Tosre BEIOOpA MapaMeTPOB BBHIXOJIA TIOPTA

00 | Beicokast Harpy304yHasi CIOCOOHOCTb U BBICOKAsi CKOPOCTh
01 | Beicokast Harpy3049Hasi CIOCOOHOCTh M HU3Kasi CKOPOCTh
10 | Hu3skas Harpy304Has cHOCOOHOCTb M BBICOKasi CKOPOCTh
11 | Huzkas Harpy3o4Hasi ClioCOOHOCTh U HU3Kasi CKOPOCTh
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OUTENSET - peructp pa3penienusi ynpapJjieHHsI BIXOJOM NOpPTa

CwMmemenue: + 2Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tose | butel Onucanue
PINn | 15-0 | Yrenme | O | McTouHMK BBIXOJAHOTO cuTrHasa (N-bIii OWUT perucrpa
DATAOQUT) oTkiroueH oT BbIBOJA N.
1 | CocrosiHre BbIBOa N 3a7aeTcsi UCTOYHUKOM BBIXOJHOTO CHUTHAJIA
(6ur n peructpa DATAOUT)
3anucek | He Boimonusercs
HYJIS
3anuck | Paspemiaer  ympaBiATh  COCTOSIHUEM  BBIBOJIAa C  ITOMOIIBIO
eAUHUIBI | cooTBeTCTBYIONIEro O6uta peructpa DATAOUT
— 31-16 | 3ape3epBUpOBaHO

OUTENCLR - peructp 3anpeuieHusi ynpanJjeHHsl BbIX0J0M MOPTa

Cmemenue: + 30h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN|PIN|[PIN [ PIN|PIN|PIN|PIN|PIN|PIN|PIN[PIN|PIN|[PIN|PIN|PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
ITone | butel Onucanue
PINn | 15-0 | Yrenue | Bo3sBparmiaer HOJIb
3anuchy | He Bemmonssiercs
HYJIS
3anuch CopacsiBaer coorBercTBytonmii 6ut n perucrtpa OUTENSET u
€IMHUILIBI | 3allpelllaeT  YOpaBlATh COCTOSHMEM BBIBOJA C  IOMOIILBIO
cootBercTByMOLIEero 6ura perucrpa DATAOUT
— 31-16 | 3ape3epBUpPOBAHO
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ALTFUNCSET- perucTp BKJIIOYEHHS AJIbTEPHATUBHOM (DYHKIIMH MOPTA

CwMmewenue: + 34h
Copoc: 7Ch (s mopta A), Oh (a1 mopta B)

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
34y 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
ITone | butw Omnucanue
PINn | 15-0 | Yrenue 0 | BeiBo N B pekrMe BXO0/1a/BBIX0J1a 00IIIEro Ha3HAYCHUS
1 | BeiBoA N B peskuMe albTePHATUBHON (DYHKIIMU
3anuce He Brimonusercs
HYJIS
3anuce Bxrouaet pexxum anbTepHaTUBHON (YHKIIMHM BBIBOAA N
€IMHULIBI
— 31-16 | 3apesepBUpOBaHO

[Ipumevyanue — Pexum anprepHaTHBHOW QyHKIMU BbIBOJOB A2 — A6 (BeiBosbI JTAG)
nopta A, kotopomy cooTBeTcTBYIOT OuTHI PIN2 — PING, BKITIOUYEH 110 yMOITYaHHIO.

ALTFUNCCLR - perucrp BbIKJII0YEeHUS] ATbTEPHATUBHOMH QYHKINH NOPTA

CwMmemenue: + 38h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T
I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN | PIN | PIN | PIN | PIN | PIN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
34y 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
ITome | butwl Omnmcanue
PINn | 15-0 | Yrenue | BosBpariaer HOIb
3anuck 0 | He Bemonusercs
HYJIS
3ammch 1 | Bxirogaet pexuM BX0/1a/BbIX0/1a 001IIeT0 Ha3HAYCHUS
€INHUIIBI
— 31-16 | 3ape3epBUpPOBAHO
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SYNCSET — peructp BKJIOYeHHsI JONOJTHUTEIbHOH CHHXPOHU3AIUM BXOI0B MOPTOB

CwMmemwenue: + 44h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T
1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tose | butel Ornucanue
PINn | 15-0 | UYtenne |0 | Curnan c BbiBoja N mepemaerca B peructp DATA mocre
JIBYXTaKTHOH CHHXpOHHU3aIuu (6a3oBas)
1| Curnan c¢ BbiBoma N mepemaercas B peructp DATA mocre
YEeTHIPEXTAKTHOW CHHXPOHM3AINH (0a30Basi ¥ TOTIOJTHUTEIIbHAS)
3anucy | He Beimonnsiercs
HYJISI
3anucy | [lopkitouaeT  JOMONHUTENBHYIO  CXeMy s TOJNy4YeHHUs
SVHMIIBI | YCTHIPEXTAKTHOW CHHXPOHHU3AIIUU
— 31-16 | 3ape3epBUpOBaHO

SYNCCLR — peructp BBIK/II0YeHH A0NOJTHUTEIbHOH CHHXPOHU3ALMH BX0/10B IOPTOB

CwMmemenue: + 48h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T
1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN|PIN|PIN|[PIN|[PIN|PIN|PIN|PIN|PIN|PIN[PIN[PIN|PIN|PIN|PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onucanue
PINn | 15-0 | Yrenue | Bo3sBparmiaer HOJIb
3amucy | He BrimonHsiercs
HYJIS
3amuchk | OTKIIOYAET JOMOJHUTEIBHYIO CXeMY CHHXPOHHU3AIMH BBIBO/IA N
€ IMHHIIBI
— 31-16 | 3apesepBupoBaHO
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QUALSET - perucrtp BKjIK4YeHHs PUJILTPOB MOPTOB

CwMmemenue: + 4Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T
1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butsl Ornucanue
PINn | 15-0 | Yrenue 0 | BxoaHoM (OuibTp BbIBOA N OTKIIOYEH
1 | BxoaHoii ¢puasTp BeIBOJIA N BKIIOYEH
3anucy | He Bhimonnsercs
HYJIS
3anucy | [lonkmrouaeT BXOAHOHN GUIBTP BRIBOJA N
€ IMHHIIBI
— 31-16 | 3apesepBUpOBaHO
QUALCLR - peructp oTk/1104eHHs] (UIBTPOB MOPTOB
Cwmertenue: + 50h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T
1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN|PIN|PIN|[PIN|[PIN|PIN|PIN|PIN|PIN|PIN[PIN[PIN|PIN|PIN|PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butsl Onucanue
PINn | 15-0 | Yrenue Bo3sBpataer HOIb
3anucy | He BoimonHsercs
HYJIS
3amuchy | OTKiIIOYaeT BXOAHOW (pUIbTp BBIBO/AA N
€ IMHHIIBI
— 31-16 | 3apesepBupoBaHO
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QUALMODESET - peructp pe:xxuma ¢puibTpa nopra

CwMmewenue: + 54h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tose | butel Onucanue
PINn | 15-0 | Yrtenune |O | Bxirouen pexuM M3MEpeHHs] YpPOBHS CHUTHaja Ha BBIBOJE N MO
TPEM OTCUETaM
1 | BxiroyeH pexuM M3MEpeHHsl YPOBHS CUTHaja Ha BBIBOJE N MO
IIIECTH OTCUETAM
3anucy | He Beimonnsiercs
HYJIS
3anuch | Birodaer pexxuM HM3MEpEHHs YPOBHSI CHTHAla Ha BBIBOAE N 1O
SIMHHUIIBI | TIECTH OTCYETAM
— 31-16 | 3ape3epBUpOBaHO

QUALMODECLR - peructp copoca pexuma (puibTpa nopra

CwMmemenue: + 58h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN|PIN|PIN|[PIN|[PIN|PIN|PIN|PIN|PIN|PIN[PIN[PIN|PIN|PIN|PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butsl Onucanue
PINn | 15-0 | Yrenue Bo3sBpamraer HOTb
3anuce | He BoimomnHsiercs
HYJIS
3anmuce | COpacbiBaeT coorBeTcTBYtonMid OUT N B peructpe QUALMODESET
EIVHUIIBI | M BKJIFOYAET PEKUM W3MEPEHHS YPOBHSI CHTHAJIa Ha BBIBOJE N 110
TpEeM oTcUeTam
— 31-16 | 3ape3zepBHUpOBaHO
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QUALSAMPLE - peructp HacTpoiiku pujibTpa nopra

CwMmemenue: + 5Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T
L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- PERIOD
L L L L L L L L L L L L L L
3y
[Tone butel Onucanue
PERIOD 7-0 | Bpemennoii wuntepBan (B Ttaktax FCLK) Mexay orcueramu mnpu
M3MEpPEHUSX YPOBHEH CUTHAJIOB Ha BBIBOJIAX MOPTA.
3aaHHOE 3HAYCHHE SIBJISICTCS] IMHBIM JIJISl BCEX BBIBOJIOB MOpPTA
— 31-8 | 3apesepBupoBaHO

INTENSET — perucrp pa3pemeHusi npepbiBaHUii MopTa

Cwmewenue: + 60h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T
1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN [ PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onucanue
PINn | 15-0 | Yrenue | O | IlpepeiBanust BEIBOJA N 3aIPEIICHBI
1 | IlpepbiBaHus BbIBOJA N pa3peLieHbl
3anuce | He BimomnHsiercs
HYJIS
3anuce | Paspemaer nmpepsiBaHuS BbIBOJA N
€IMHUIIBI
— 31-16 | 3ape3epBHpOBaHO
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INTENCLR — peructp copoca pa3pelnenusi npepbIBaHHH MopTa

CwMmewenue: + 64h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN[PIN|PIN|[PIN|PIN|PIN|PIN|PIN|PIN|PIN|[PIN|PIN|[PIN|PIN|PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | butel Omnucanue

PINn | 15-0 | Yrenue Bcerna unrarorcs Hynu
3amuck He BemomaseTcs

HYJIS
3amuce | COpaceiBaeT coorBeTcTBytommii 6ut N B peructpe INTENSET u
€JIMHUIIBI | 3alpeniacT NpepbiBaHUs BBIBOA N

— 31-16 | 3apesepBUpOBaHO

INTTYPESET - peructp THIa npepbIBaHuii MopTa

Cwmewenue: + 68h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

PIN | PIN| PIN[PIN | PIN|PIN|[PIN|[PIN]PIN|PIN|[PIN|]PIN|PIN|[PIN[PIN|PIN
15|14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilome | butel Omnucanue

PINn | 15-0 | Urenue | O | IlpepbiBaHus IO YPOBHIO CUTHAJIA Ha BBIBOJIE N

1 | IIpepriBanusi no GpOHTY CUTHAJIA HA BBIBOAE N

3anuchy | He BeimonHsAeTcs
HYJISI

3anuce | BeiOupaet npepriBanus o (pOHTY CUTHaNa Ha BBIBOAE N
€IMHUIIBI

— 31-16 | 3apesepBupoBaHO
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INTTYPECLR — peructp copoca Tuna npepbiBaHHii moprTa

CwMmemenue: + 6Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T
L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Ornucanue
PINn | 15-0 | Yrenue Bo3sBpaniaer HOIb
3anuch Her peakuun
HYJIS
3anuch CopacsiBaet coorBercTBytonmii 6ut N B peructpe INTTYPESET u
CIMHUHIIBI | BBIOMPACT MPEPhIBaHUS 110 YPOBHIO CHTHAJIA HAa BBIBOJIE N
— 31-16 | 3ape3epBUpPOBaHO

INTPOLSET — peructp noJisipHoCTH COOBITHSI IPEePbIBAHMS MOPTA

Cwmewenue: + 70h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN [ PIN | PIN [ PIN [ PIN [ PIN| PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onwucanue
PINn | 15-0 | YUrenue | O | IIpepbiBaHus 110 HU3KOMY YPOBHIO MJIM OTPHLIATEILHOMY (POHTY
CHTHaJIa Ha BBIBOJIE N
1 | IlpepbiBaHMs MO BBICOKOMY YPOBHIO WM TOJIOKUTEIEHOMY
(GpOHTY CHUTHAJIA HA BBIBOJIE N
3anuce | He BoimomnHsiercs
HYJIS
3anuce | BeiOupaer — mpepelBaHuSt 110 BBICOKOMY  YpPOBHIO WM
SIMHUIIBI | TIOJIOKHUTEITHHOMY POHTY
— 31-16 | 3ape3epBHpOBaHO
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INTPOLCLR — peructp copoca mojispHOCTH COOBITHS MPepPbIBAHUA MOPTA

CwMmewenue: + 74h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butsl Ornucanue
PINn | 15-0 | YUrenue | Bo3Bparmaer HOJIb
3anuce He Beinonnsercs
HYJIs
3amuce | COpacwiBaet coorBercTBytonmii out N B peructpe INTPOLCLR u
€MHUIIBI | BEIOWpAET MpephIBaHUS M0 HU3KOMY YPOBHIO HIIM OTPUIIATEIILHOMY
pouTy
— 31-16 | 3apesepBUpOBaHO

INTEDGESET — peructp BK/II04eHHs NPpepPbIBAHUS 10 JIIOOOMY Iepenany

CwMemenue: + 78h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN|PIN|PIN|[PIN|[PIN|PIN|PIN|PIN|PIN|PIN[PIN[PIN|PIN|PIN|PIN
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onucanue
PINn | 15-0 | UYrenue | O | IlpepbiBanus 1o mo0oMy (POHTY CHUTHajga Ha BBIBOAE N
3aIpeIEHBI
1 | [IpeppiBanuss mo s00oMy (poOHTY CuUTHama Ha BBIBOAE N
pa3peleHsl
3anuce He Bemounnsercs
HYJIS
3anuce Paspenraer npepriBanus 1o 11000My (PpOHTY CHTHaIa Ha BbIBOJE N
eIMHUIIBI
— 31-16 | 3ape3epBUpPOBAHO
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INTEDGECLR — perucrp oTk/io4YeHusi NpepbIBaHHS MO0 JIO00MY nepenany

CwMmemenue: + 7Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
34y 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
Ilone | butel Omnucanue
PINn | 15-0 | Yrenue | Bcerna unrarorcst HyJIH
3anuce He Brmmonnsgercs
HYJISI
3amuce | COpaceiBaer coorBercTBytommii out N B peructpe INTEDGESET u
SAVHUI] | 3ampelaeT NpepbIBaHus 10 JT000MY (PpOHTY CHTHajIa Ha BBIBOJIE N
— 31-16 | 3ape3epBHpOBaHO

INTSTATUS — peructp cocTosinusi 1 cOpoca npepbIiBaHUii mopTa

Cwmewenue: + 80h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN [ PIN | PIN [ PIN [ PIN [ PIN| PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onucanue
PINn | 15-0 | Yrenne | O | Her npepbiBanus
1 | ®nar 3anpoca Ha npepbiBaHue. BUT He cOpackiBaeTcs anmnaparHo.
3anuce | He BoimomnHsiercs
HYJIS
3amuce | O6nynser Out PINNn u Takum oOpa3zom cOpacbeiBaeT duar
€IMHUIIBI | TPEePBIBAHUS, €CJIM OH OBLT YCTAaHOBJICH
— 31-16 | 3apesepBupoBaHO
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DMAREQSET — peructp Bk/JIO4YeHUs1 TeHepanuu 3anpocoB DMA no npepbiBaHNIO
nopra

CwMerenue:; + 84h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T
1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN [ PIN[PIN|PIN | PIN|PIN [PIN| PIN| PIN|[PIN [ PIN [ PIN| PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onucanue
PINn | 15-0 | Yrenue |0 | 3anpoc DMA He renepupyercs
1 | Banpoc DMA renepupyercsi 1o TmpepbiBaHHIO (B TOM YHCIC
HEMAaCKHUPOBaHHOMY)
3anucek | He Boimonusercs
HYJIS
3amuck | Pazpemaer renepupoBanue 3ampocoB DMA 1o mnpepbiBaHHIO
¢IMHUIIBI | BBIBO/A N (B TOM YHCIIC HEMACKUPOBAHHOMY)
— 31-16 | 3ape3epBUpOBaHO

DMAREQCLR — peructp oTk/jiouyeHusi renepanuu 3anpocoB DMA 1no npepbiBaHHIO

nopra

CwMmemenue: + 88h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T
1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN | PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onucanue
PINn | 15-0 | Yrenue | BosBparaer HOJIb
3anuch He Brinonnsiercs
HYJIS
3amuce | COpackiBaer cootBercTByrommid Out N B peructpe DMAREQSET wu
€IMHHUIIBI | 3ampeliaer renepuponanue 3ampocoB DMA o npepbiBaHUIO BBIBOA N
— 31-16 | 3ape3epBUpPOBAHO
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ADCSOCSET - pernctp BKJ/JIIOYEHHSI TeHepallMi 3aNPOCOB HAYaJIa MPeodpa3oBaHusA
AIII o npepsIBaHMIO IOPTa

CwMermenue: + 8Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T
1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN|PIN|PIN|[PIN|[PIN|PIN|PIN|PIN|PIN|PIN|[PIN|[PIN|PIN|PIN|PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onucanue
PINn | 15-0 | Yrenue |0 | 3anpoc mauana npeodpazoBanus ALl He reHepupyercs
1| 3anpoc wnHauama mnpeoOpazoBanus ALl renepupyercs 1o
NpephIBaHUIO (B TOM YHCIIe HEMAaCKHPOBaHHOMY)
3anucek | He Boimonusercs
HYJIS
3anuck | Paspemaer reHepupoBaHue 3anpocoB Hauana npeodpazoBanus ALIL
SJIMHUIIBI | TI0 IPEPHIBAHMIO BBIBOJIA N (B TOM YKCJIC HEMACKUPOBAHHOMY)
— 31-16 | 3ape3epBUpOBaHO

ADCSOCCLR — peructp OTK/II0OYeHHs] TeHepPALUU 3aMPOCOB HA4Yajla Mpeodpa3oBaHuUs
AILII mo npepbIBaHUIO MOPTA

CwMmemenue: + 90h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T
1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN [ PIN| PIN | PIN [ PIN| PIN [ PIN | PIN [ PIN [ PIN | PIN| PIN| PIN [ PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butsl Onucanue
PINn | 15-0 | Yrenue | BosBparaer HOJIb
3anuch He Brinonnsiercs
HYIIs
3amuce | COpaceBaer cootBercTByrommii out N B peructpe ADCSOCSET u
eIVHMIIBI | 3ampelaer renepuponanue 3anpocoB AL mo mpeppiBaHKIO BBIBOIA N
— 31-16 | 3ape3epBUpOBaHO
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RXEVSET — perucrtp Bkiwouenusi reHepauuu 3anpocoB RXEV k siipy no npepbiBanuio

nopra

CwMermenue: +94h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T
1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN [ PIN[PIN|PIN | PIN|PIN [PIN| PIN| PIN|[PIN [ PIN [ PIN| PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Onucanue
PINn | 15-0 | Yrenue |0 | 3anpoc RXEV k siapy He reHepupyercs
1 | Banpoc RXEV k simpy reHepupyercsi Mo mpepbiBaHuio (B TOM
YHCJIC HEMAaCKHMPOBAHHOMY)
3anucek | He Boimonusercs
HYJIS
3anuce Paspemraer renepupoBanue 3ampocoB RXEV k saapy mo
SIMHUIIBI | IPEPBIBAHMIO BBIBOJIA N (B TOM YKCJIC HEMACKUPOBAHHOMY)
— 31-16 | 3ape3epBUpOBaHO

RXEVCLR - perucrp orkiouyenus revepanuu 3anpocoB RXEV k sipy no npepsiBaHuio

nopra

CwMmemenue: + 98h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T
1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN[PIN|PIN|[PIN|PIN|PIN|PIN|PIN|PIN|PIN|[PIN|PIN|[PIN|PIN|PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | bursl Onucanue
PINn | 15-0 | Yrenue | Bo3pparmiaer HOJIb
3anuce | He BoimosHsiercs
HYJIS
3amuce | COpackiBaeT cooTBeTcTByromuil 6ut N B peructpe RXEVSET u
eAMHMIIBI | 3allpeliaeT TreHepupoBanue 3ampocoB RXEV  k  sagpy 1o
pepbIBAaHUIO BHIBOJIA N
— 31-16 | 3ape3epBUpOBaHO
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LOCKKEY - peructp kjao4a 0JIOKUPOBKH

CwMmemenue: + 9Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I I I I I I I I I I I I I
VAL
I I I I I I I I I I I I I I I
3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
I I I I I I I I I I I I I I I
3
ITome buter OmucaHue
VAL 31-0 | 3nauenue xiroua — ADEADBEEhO
Yrenue He Brinonnsgercs
3anucek moboro 3Hauenus: | brnokupyer nocryn k peructpam LOCKSET u
OTJIMYHOIO OT KJIF0Ua LOCKCLR
3anuce 3HaueHus kimoya | Paspemaer moctyn k peructpam LOCKSET wu
LOCKCLR

LOCKSTAT- peructp cratyca 0JJOKHPOBKH

Cwmemenue: + 9Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
) WR
EN
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
[Tone butsl Onucanue
WREN 0 Wupukarop gocryna peructpoB LOCKSET n LOCKCLR mist 3anmcu

0 | 3ampemieHo

1 | Pa3zpemieno

but He nocTyneH s 3anucu

— 31-1 3ape3epBUPOBAHO
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LOCKSET — peructp BKJIOYeHNsI 0JJOKMPOBKH U3MEHEHUsI KOH(PUTypaunu BbIBOAA

Cwmemenue: + AOh
Copoc: 7Ch (s mopta A), Oh (a1 mopta B)

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN| PIN | PIN | PIN [ PIN [ PIN [ PIN[ PIN [ PIN | PIN| PIN | PIN | PIN | PIN | PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butsl Onucanue
PINn | 15-0 | Yrenue 0 brokupoBKka OTKIIFOUCHA
1 biiokupoBKa BKIIIOYEHA
3anuch HyIs He Beimonnsiercs
3anuch equHUIBl | brokupyeT u3MeHeHne KOH(UTypaIuy BeIBOA N.
(Bo3moxkHa mocie | COOTBETCTBYIOIIME OWUTBI N PETHCTPOB  CTAHOBSTCS
YCTaHOBKH KJIOYa | HEJOCTYITHBIMU JIJIS 3aITHCH.
B pETUCTpe Uckmouenus:
LOCKKEY) - peructp ¢uaros npepoeBanuii INTSTATUS;
- peructp BPEMEHHOI'O WHTEpBala U3MEpEeHUI
QUALSAMPLE
— 31-16 | 3ape3epBUpPOBaHO

[Ipumeuanue — BeiBogsl A2 — A6 mopta A, KOTOpbIM cOOTBETCTBYIOT OuThI PIN2 —

PING,

3a0JJ0KMpPOBaHbl MO YMOJYaHHUIO, IOCKOJIbKY HUMEIOT aJbTepHATUBHbIE (YHKIUH,

cBszanHble ¢ mopToM JTAG. Jlng n3mMeHeHuss KOH(DUTYpaIlluu TUX BBIBOJOB CIEAYET 3alucaTh
kmou B peructp LOCKKEY, a 3areM OTKIIOYHTH OJOKHPOBKY TIOCPEICTBOM PpErHCTpa

LOCKCLR.
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LOCKCLR — peructp oTk/I104eHusi 0, IOKUPOBKH M3MeHeHHsI KOHPUTYypauu BbIBOJAA

Cwmewmenue: + Adh

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIN | PIN[PIN [PIN| PIN|PIN[PIN|PIN|PIN|PIN[PIN|PIN|PIN|PIN|[PIN|PIN
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 3y
[Tone | butel Omnucanue
PINn | 15-0 | Yrenue Bo3ssparaer HOJIb
3anuce Hyns He Boinosasiercs
3anuch enuHuibl | COpachlBae€T COOTBETCTBYIOLIMM OUT N B pErucTpe
(Bosmoxna mocie | LOCKSET wu pa3pemaer u3MEHEHHS KOHQHUTypaunuu
YCTAaHOBKH KIIFOYa | BBIBOAA N
B pETruCTpe
LOCKKEY)
— 31-16 | 3ape3epBUpoOBaHO

MASKLB — peructp MaccuBa Macok mMJiajaiiero 6aiita mopra

Anpec: GPIOp + MASKLB + (4*i)h (i=0h, ..., FFh)
Copoc: xxh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
I I I I I I I
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T
- VAL
I I I I I I I I I I I I I I
3y
ITone | butel OmnucaHue
VAL | 7-0 JlocTyn mo macke A7l MIIaIIUX BOCBMH OUT MOPTa
— 31-8 | 3apezepBHpOBaHO
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MASKHB — peructp maccuBa Macok crapiiero oaiita mopra

Anpec: GPIOp + MASKHB + (4*i)h (i = Oh, ..., FFh)
Copoc: xx00h

31

30

29

28 27 26 25 24 23 22 21 20

19

18

17

16

15 14 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
VAL
L L L L L L L L L L
3y
ITosne | butel Onucanue
VAL | 15-8 JlocTym 1o macke Jyisi CTapiiux BOCBbMHU OUT MopTa
— 31-16, | 3ape3epBUpOBaHO
7-0
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A.3 Peructpbl koutpoJuiepa CAN
Basosbrii agpec:  4002_0000h

CMmelenue: + 100h (LIST) Peructpsl cBOOOHOTO cIIMCKA
+ 140h (MSPND) Peructpbl JKAyIIMX MPEPHIBAHUI
+ 180h (MSID) Peructpsl nHIEKCOB COOOIIEHU I
+200h (Node_0) Peructpsl y31a 0
+ 300h (Node_1) Perucrpsl y3na 1
+1000h + 20h*m (Msg_m) Peructpbl 00beKTa COOOIIEHUI X
MueMoHMKA: Node_n;
Msg_m
[Ipumeuanue — N —Homep y3na 0 win 1;

M — HOMep oObekTa coobmeHus ot 0 1o 63;
MO — HoMep 00beKTa COOOIIeHHs B IIecTHaANaTepuaHOM (popmate ot Oh
10 3Fh (uro coorBeTcTBYeT Auamnasony ot 0 mo 63).

CLC — peructp ynpaJ/ieHHs YACTOTOI

Cwmewenue: + 00h

Copoc: 3h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
I I I I I I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
DIS | DIS
S R
I I I I I I I I I I I I I
Yy 3y
ITomne butsl Omnuncanue
DISS 1 bur cocrosiaust koaTpoiniepa CAN

0 | Brirouen

1 | Bexirouen

DISR 0 but BeikmtoueHus: koutposuiepa CAN

0 | Her getictBuii

1 3amnucke CAMHUIBI 3aAITyCKACT MEXAHH3M BBIKJIIOYCHU A

— 31-2 | 3ape3epBUpPOBaHO
[Ipumeuanue — Korma kontpomuiep CAN HaxoauTcs B BBIKJIIOYEHHOM COCTOSHUH,

tonbko peructp CLC pmocTymeH Juisl 3alMCH M YTEHUs, JOCTYIl K OCTaJbHBIM PETHUCTpaM He
BO3MOJKEH.
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ID — perucTp naeHTHPUKATNH

CwMmemenue: + 08h
Copoc: 2B_C051h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
MODNUM
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
MODTYPE MODREV
1 1 1 1 1 1 1 1 1
Y 34
[Tone butsl Onucanue
MODNUM 31-16 Wnerrudukanmonseiii Homep kKoaTposuiepa CAN
MODTYPE | 15-8 Paszpsimrocth koHTposiepa CAN
MODREV 7-0 Yucno moaudukanuii konTpouiepa CAN

FDR — peructp aenurens

Cwmemenue: + 0Ch

Copoc: Oh
31 30 29 | 28 | 27 | 26 25 | 24 | 23 | 22 21 | 20 | 19 18 17 16
DIS | EN
cLK | hw - RESULT
1 1 1 1 1 1 1 1
34 3y Y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
DM - STEP
1 1 1 1 1 1 1 1 1 1 1 1 1
34 3y
ITone butel Onucanue
DISCLK |31 burt 3anpeTta BHYTpeHHEr0 TAKTHPOBAHMUS
0 | 'enepupoBanue curnana FCAN pasperieno
1 | I'enepupoBanue curnana FCAN 3anperieHo
ENHW 30 but xoHTpons cuUHXpOHHM3alMU. DTO OWUT ammapaTHO YACPKUBAETCS B
cOpOIIIEHHOM COCTOSIHUU M HE MOYKET OBITh YCTaHOBJICH
RESULT | 25-16 | CueT4uK AeauTEIs YaCTOTHI
DM 15-14 | [lone 3agaHus pexuMa JISITUTENS] YaCTOThI
00, | CyeTumK BBIKJIIFOYEH.
11 | Cunxpocurnan FOUT ne renepupyercs.
Curnan cOpoca BHEUIHETO JICIWTENS B COCTOSIHHHM JIOTHYECKOH
€IUHULIBI.
ITore RESULT ne mensieTcst
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ITone

butel

Onucanue

DM

15-14

01 | HopmanbHbIi pekuM pabOTHI.

Cunxpocurnan FOUT ¢opmupyercs.

Curnan cOpoca BHENIHETO MACTHUTENS B COCTOSHHH JIOTHYECKOTO
HYJIS.

[Ipu axtuBammm pexxkuma moiae RESULT 3arpyxkaercss 3nHaueHueM
3FFh. Jlanee nepuoanuecku 3arpyxaercs 3HaueHuem u3 STEP.

10 | PexxuMm apoOHOTO JCTICHUS.

Cunxpocurnan FOUT ¢opmupyercs.

Curnan cOpoca BHENIHETO ACTUTENS B COCTOSHHH JIOTHYECKOTO
HYJIS.

[Ipu aktuBammm pexxkuma moiae RESULT 3arpyxkaercss 3nHaueHueM
3FFh. [lanee nepuoanuecku 3arpyxaercs 3HaueHuem u3 STEP.

STEP

9-0

Hlar penurens.
[lone xpanuT 3HaueHwe, KoTopoe 3arpyxaercs B RESULT mnpu
NIEPENOJHEHUU CUETUUKA IECTUTEIs

29-26,
13-10

3ape3epBUPOBAHO

LIST — maccuB perucTtpoB cBOOOAHOIO CIIMCKA

Cwmemenne: LIST + 4*In, rae In — Homep crincka ot 0 10 7
Copoc: 7F_7F00h (amst criucka 0), 100_0000h (st cririckoB 1 — 7)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T - T T T T T T T
- TY SIZE
1 1 1 1 1 1 1 1 1 1 1 1
Y Y
15 14 13 12 1 10 9 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
END BEGIN
1 1 1 1 1 1 1 1 1 1 1 1 1
Y Y
ITone butel Ornucanue
EMPTY 24 WMHauKaTop MycToro CIucKa
0 | B criucke ecTh Kak MUHUMYM OJIMH JJICMEHT
1 | Coucok myct
SIZE 23-16 | Pa3smep crmcka.
KonuuectBo a1meMeHTOB (00OBEKTOB COOOINEHUI) B CIHMCKE. 3HAYCHHE
nonst SIZE Bcerna Ha eauHMIly MEHbIIE YKcia yieMeHToB. Ecim crimcok
nyct, SIZE = 00h
END 15-8 Homep o0bekTa cooOIIeH s, HaXOIAIIErocs MOCISTHIM B CITUCKE.
[Tone moxxet npunumars 3Hadenus ot 00h go FFh, cornacHo konnyectBy
00BEKTOB cO00IIeHNT (64)
BEGIN 7-0 Homep o0bexTa cooOIieHus, HaXOoIAMErocs MepBbIM B CITHCKE.
[Tone moxet npunumars 3Hadenus ot 00h go FFh, cornacHo konnyectBy
00BEKTOB COOOILIEHUN
— 31-25 | 3apesepBUpoBaHO
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MSPND — MaccuB perucTpoB sKAyIIMX NpepbIBAaHUM

Cwmewmenue: MSPND + 4%*i, rne i ot 0 1o 3

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
PND
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
PND
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
Ilone buter Onucanue
PND 31-0 [Toste s mymmx OUTOB COOOIIECHUH.

Kaxxnomy 00beKkTy cOOOIIEHUS BBIAETSETCS OJUH OUT.

buTbl yCTaHABIMBAIOTCS TOJBKO aIllapaTHO. Y CTAHOBJICHHBIC OWTHI
cOpachIBarOTCS ammapaTHO IO OKOHYAaHWUM OOCIy)KMBaHUS 3arpoca
MIPEPHIBAHMS HIIK MOTYT OBITH COPOIIICHBI B TIO0O0 MOMEHT ITPOTrPAMMHO

MSID — maccuB perucTpoB HHIEKCA COOOIIEHMS

Cwmemenne: MSID +4* i, roe i or 0 1o 3

Copoc: 20h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
I I I I I I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- INDEX
I I I I I I I I I I I I I I
V]
ITone butsl Omnmcanue
INDEX 5-0 [Tone Homepa xay1ero oura.

Ecmu B peructpe MSPND ecth ycTaHoBieHHbIE OUTBI, KOTOpbIE HE
MacKHPYIOTCSI COOTBEeTCTByromuMu Outamu peructpa MSIMASK, To
nose INDEX Oyner yxaspiBaTh Ha camblii muaamuii u3 Hux. Eciou B
peructpe MSPND HeT ycTaHOBIEHHBIX OUTOB MJIM OHHM 3aMaCKHPOBAHBI,
to B nosie INDEX Oyner Haxoauthest 3Hauenue 20h, ykaspiBaroiee Ha
our 31 peructpa MSPND

— 31-6 3ape3epBUPOBAHO
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MSIMASK — perucTp Macku HHAeKCA COOOIEHUSs

CwMmemenue: + 1C0h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
IM
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
IM
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
[Tone ‘ butsl ‘ Onucanue
IM 31-0 Macka [Jis ®KIyImux OUTOB COOOIECHUH.

VYuuteiBaeTcsi cocTosiHEE TOJIbKO TeX OuT peructpa MSPND, s koTopsix B
noje |M ycTaHOBIIEHBI COOTBETCTBYIOIINE OUTHI

PANCTR — perucTp nmanejm KoMaH/I

Cwmewenue: + 1C4h

Copoc: 301h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
PANAR2 PANAR1
| | | | | | | | | | | | | |
34 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T o T T T T T T T
- BUSYBUSY PANCMD
| | | | | | | | | | | |
Y Y 3y
Ilomne bute! Omnucanue

PANAR2 | 31-24 | Ilanens aprymenTa 2, cM. Tabmuiy A.3.1

PANAR1 | 23-16 | Ilanens aprymenTa 1, cMm. Tabmuny A.3.1

RBUSY 9 @nar 3aHATOCTH MMaHeNeH apTyMEHTOB

0 | Her gmeticrBuit

1 | BoimonHsieTcss KOMaHJa CIHCKA, PE3YyJbTAT BBIMOJHEHHS KOTOPOM
oynet 3anmcan B mosie PANAR1 u moine PANAR?2

BUSY 8 @iar 3aHATOCTH NaHENIEH apryMEHTOB

0 | ITagenau roTOBBI I 3aIIMCH

1 | ITanenu 3aHATHEI — OKHOAIOT 3alMCH 110 OKOHYAHHHU BBITOJHEHUS
KOMAaHIBI

PANCMD | 7-0 [Tone xomanapl, cM. Tabmuiy A.3.1.
ITocie BBITOTHEHUST KOMAaH/BI B 3TO MoJje 3anuckiBaercs 00h

— 15-10 | 3ape3epBupoBaHO
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Tabnuma A.3.1 — Koapl koMaH pabOThI CO CIUCKAMH

Hoze Moxe Moze Onucanue KOMaH bl
PANCMD| PANAR2 PANAR1
00h — - Her onepanyu. Hukakux eiicTBUA HE BBITOJIHIETCS
01h Pesynbrart: — WMuutmanu3anysi CiicKoB. 3aTyCK WHUITMAIU3AINAA JJIS
our 7 — ounctku 6utoBbIxX nosieir CTRL u LIST Bcex 00beKTOB
omnOKa, COOOIIIEHUH.
ouT 6 — He Peructpsr LISTO — LIST8 ycranaBnuBaroTcsi B CBOU
oIpezesieH 3HAYEHUS TMOcie cOpoca. DTO MPUBOJUT K MEPEHOCY
BceX 00BEKTOB coobmeHni B ciucok Ne( (criucox
HepacHpeeIeHHbIX 00BEKTOB COOOIICHUH).
Nuunnmanuzamus cnuckoB Tpedyet, 4To0bl Outh INIT u
CCE peructpa NCR ObLIH YCTaHOBIIEHBI IS 000MX
y3JI0B.
but 7 nons PANAR2 curnanusupyer o pe3yJyibrare
orepanuu:
- 0 — yHUIMaIM3anKs 3aBEpIIeHA YCICIIHO;
- 1 — uHUIManM3anus He 3aBepllieHa, TOCKOJIbKY HE BCe
outsl INIT u CCE Obuti yCTaHOBJICHBI.
Komanaa nHuImanu3aniu CruckoB aBTOMaTUYECKU
3aIrycKaeTcs mpu KaxxaoM copoce kouTpomuiepa CAN,
3a UCKIIIOYEHHUEM CITy4asi, KOTJia BCe PErUCTPhI
00BEKTOB COOOIIEHUN yXKe COPOLIEHBI
02h Apryment: | Apryment: | CTaTudeckoe 3aHeceHHe 00bEeKTa COOOIICHUS B CITUCOK.
HOMeEp HOMEp OO0BeKT COO0IIeHNUS IEPEHOCUTCS U3 TEKYIIETO CIHCKa
CIIMCKa o0BeKTa B CITUCOK, yka3aHHbIi monem PANAR?2 u noGaBnsiercs
COOOIIIEHUsI | B €r0 KOHELL.
OTa KOMaH/1a TaKKe UCTIONb3yeTCs JUIs
JepacnpeiesieHus 00beKTa COOOIICHUS, T. €. IepeHoca
ero B criucok Ne 0 (ecnu mosie PANAR?2 pasuo 00h)
03h Apryment: | Pesynbrar: | JluHaMuyeckoe 3aHeCEHHE 0OBbEKTa COOOIICHUS B
HOMEp HOMEp criucok. [lepBeiii 00beKT coobmenus cnucka NeQ
chucka 00beKTa MEPEHOCHUTCS B CUCOK, yka3aHHbIl mosieM PANAR?2, u
Pesynprar: | coobmienust | mobapnsieTcs B ero koHell. Homep o0bekTa cooOIeHust
our 7 — Bo3Bpamaercs nosem PANARL.
ommoka, bur 7 nons PANAR?2 curnanusupyer o pe3ynbrare
ouT 6 — He OTIEpaIIHH:
ompeseneH - 0 — omeparus BBINOIHEHA;
- 1 — omeparus He BBITIOJTHEHA — CTUCOK Ne() rmycT
04h Apryment: | Apryment: | I[lepemernienue mo crnucky BBepX.
HOMEP TEKYIIUT [Tepenoc oobekTa coodmienus ¢ Homepom PANARI Ha
o0BeKTa HOMEp OJIHY TO3UIIMIO BBIIIE, YEM PACTIOIOKEH OOBEKT
coolmieHuss | o0ObeKTa coob1enusi ¢ HomepoM PANAR?2
cooOuIeHus
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Oxonuanue madonuywot A.3.1

Hone Moxe Moze Onucanue KOMaH bl
PANCMD| PANAR2 PANAR1
05h Apryment: | Pegynbrat: | [luHamuueckas BCTaBKa B CIIUCOK.
HOMED HOMED [TepBbiif 00BeKT coobmmenuit criucka NeQ BcTaBisercs
o0BeKTa no0aBjeH- | Ha OJHY MO3UIIUIO BBIIIE, YEM PACIIONIOKEH O0BEKT
COOOILIEHUsI | HOTO coob1enust ¢ HomepoM PANAR?2. Homep
o0BeKTa JI00ABJIICHHOTO 00BEKTa COOOITICHUST BO3BPAIIACTCS
Pesynbrar: | coobmenus | momem PANARL.
our 7 — but 7 nons PANAR2 curnanusupyert o pe3yJibTaTe
ommnoKa, oTepanum:
our 6 — He - 0 — omeparus BBITIOJIHEHA,
orpeneNneH - 1 — omeparus He BbITIOJMHEHA — cCTUCOK Ne() mycT
06h Apryment: | Apryment: | [lepemenienue no Cnucky BHU3.
HOMED TEeKyLIUH [Tepenoc oobekTa coobienus ¢ HomepomM PANARI Ha
o0BeKTa HOMeEp OJIHY TMO3UIIUIO HUXKE, YEM PACIONIOKEH 00BEKT
cool1ieHust | o0beKTa coob1enusi ¢ HomepoM PANAR?2
COOOIIIEHNS
07h Apryment: | Pesynbratr: | /luHamuueckas BCTaBKa B CIIUCOK.
HOMEp HOMEp [TepBbiit 00BeKT coobmieHus crucka Ne( BcTaBisercs
o0beKTa no0aBjeH- | Ha OJHY MO3UIUIO HIXKE, YEM PACIIONOKEH OOBEKT
COOOILIEHUs | HOTO coobmienus ¢ Homepom PANAR2. Homep
o0BeKTa T00aBICHHOTO 00BEKTa COOOIIECHHUST BO3BPAIIIACTCS
Pesynbrar: | coobmenus | momem PANARI.
our 7— bur 7 nonst PANAR?2 curnanusupyer o pe3ynibrare
ommnoKa, orepauu:
ouT 6 — He - 0 — omeparus BBIIIOTHEHA;
ompezeneH - 1 — oneparus He BbioJHEHa — cIcOK Ne( mycT
08h —FFh | — — 3ape3epBUPOBAHO

MCR — peructp ynpasjeHus

CwMmemenue: + 1C8h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
I I I I I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
MPSEL -
I I I I I I I I I I I I I I
3y
Ilone butnl Omnucanue
MPSEL 15-12 [Tone 3amaHus MO3WIIMHM KAYHIETO OWTa COOOIMIEHUS TIOCTe MpuemMa/
nepesay COOOIICHHUS
— 31-16, | 3ape3epBHpPOBaHO
11-0
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MITR — peructp npepbiBaHHii

CwMmemenue: + 1CCh

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
IT
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3
[Tone butel Onucanue
IT 15-0 ITone reneparopa npepbiBanuii. Kaxkapiii OUT 1O CBSA3aH C OJHOM M3
nuHui npepsiBanuii. Homepa 6utoB ot 0 10 15 cOOTBETCTBYIOT HOMEpaM
JMHUAN TipepbIBaHuid. J{j1s1 TOro, 4T00BI CreHEPUPOBATH OJTHO HIIU
HECKOJIBKO MPEPBIBAHUM, CIIEAYET YCTAHOBUTH COOTBETCTBYIOIIUE OUTHI.
YcraHoBlieHHbIE OUTHI COPACHIBAIOTCS alapaTHO
— 31-16 | 3ape3epBupOBaHO

NCR — perucTtp ynpasJienus y3jia

Cwmermenne: Node _n + 00h

Copoc: 1h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15I14I13I12Il‘].|10|9|8 7 6 5 4 3 2 1 0
: caimcce| - |G| aLig| N | TRIE| INIT
1 1 1 1 1 1 1
34 34 - 34 34 34 34 3y
ITone | butsl Onucanue
CALM 7 but BrITIOUCHHUS pexuMa aHAIN3a y37a
0 | Pexum BBIKIIIOUEH
1 | YcranoBka 6MTa BKIIOYAET PEXXUM aHAIHM3a y37a.
B o3rtom pexume cooOLIEHMS MOTYT TOJBKO NPHUHUMATHCS, OUT
MOATBEPXKJICHUST HE TOCBUIAETCS TOCE YCHEUIHOTo MpHeMa COOOIIEHUS,
(ytar aKTUBHOM OIIMOKH MTOCHITAETCS PEIIECCHBHBIM BMECTO JJOMUHAHTHOTO.
Ha nuHMM oTnpaBkM COOOLICHWH IOJIEPKUBACTCS BBICOKUI YPOBEHB
CHTHAJIA
but MOoXeT ObITh YCTaHOBIIEH TOJIBKO, eciu yctaHoBieH 6ut INIT
CCE 6 but pa3zpemenus n3meHeHrus KOHPUTYypaIuu y3ia.
VYnpasinser goctynom K peructpam NBTR, NPCR u NECNT
0 | Tonbko uTeHHUE
1 | TonHslii gocTyn
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[Tone | butsl Onucanue
CANDIS | 4 but BeIKTIOUEHUS Y3712
0 COpoc 6uTa BKIIIOYALT y3el
1 VYcranoBka OMTa BBIKIIIOYACT y3€7l.
CHayana y3en NMepexoIUT B COCTOSIHHE «IIPOCTOS WA «OTKJIFOYCH
OT IIMHBI), Jajnee anmapatHo ycrtaHaBiauBaercs out INIT, u, ecom
paszpenieHo, renepupyercs npepsiBanne ALERT
ALIE 3 but paspemenus npepsiBanus ALERT ot y3ma
0 3ampernieHo
1 Pazpemieno
LECIE 2 but paspemenus npepsiBaHus OT y3Jia MpU OOHAPYKEHHWHM KOJa IMOCICIHEH
OIIHUOKHU
0 3anpemnieHo
1 Pazpemeno
TRIE 1 but paspemenus npeppIBaHus OT y3Ja IO OKOHYAaHUH TIepe1adu/IpuemMa
0 3anpernieHo
1 Pazpemieno
INIT 0 Nuunnmanuzanus y3na
0 COpoc Outa pazpenraer yyactue y3ia B padbore CAN HIUHBI.
VY3en oxugaer mocienoBaTenbHOCTh M3 11 peleccuBHBIX OUT Ha
IIIMHE U BKJIFOYAETCS B TpaduK.
Ecru Ha moment cOpoca Ourta INIT y3en Haxomuncs B COCTOSHUU
OTKJIFOUEH OT IIHMHBD), HAYMHACTCS TMPOIECC BBIXOAA W3 3TOTO
COCTOSHMS B CIEAYyIOIEM  NOpsaKke —  IMOJIyYeHHe 128
TIOCJIeIOBATEIFHOCTEN OUT (Kaknast u3 11 pereccuBHBIX OHT), BBIXO U3
COCTOSIHUSI «OTKJIFOUEH OT IIMHBD), BKIIOUEHHUE B TpahuK
1 VYcranoska ourta INIT npekpamiaer yuactue y3na B Tpaduke.
Bce Tekymue mepemaud OCTaHABIMBAIOTCS, JIMHUM Iepeaay
MEPEXOJIAT B PEIIECCHBHOE COCTOSIHHUE.
Ecniu nHa wMmomeHT ycranoBku Ourta INIT y3en Haxomwics B
COCTOSTHUM «OTKJIFOYEH OT IIMHBD», MPOIECC BBIXOJA M3 ITOTO
COCTOSIHUS TIPOJIOIIKAETCA JI0 €ro 3aBeplieHus. Jlanee y3en ocraercs
HEaKTHUBHBIM JI0 T€X NOp, Moka ycraHosieH out INIT
— 31-8, | 3ape3epBupoBaHO
5
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NSR — perucrtp cocrosinusi y3Jja

Cwmerenne: Node _n + 04h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15I14I13I12I]_'I.I10 9 8 7 6 5 4 3 2I1I0
T LOE| LLE | ofe [ wrn| err | ok | oK |LEC|
34 34 oy 4 34 34 3y 3y
[lone | bursl Onucanue
LOE 9 @ar ommOKM HOMEpa CITUCKA
0 | Ommbok He oOHAPYKEHO
1 | O6napyxena omuOKka npu (GUIBTpaUKM MPUHUMAEMOro coodmieHus. B
peructpe MOSTAT o0bekTa coOOIIeHUsT OOHAPYKEH HEBEPHBIH HOMED
CIIUCKa
but nomkeH cOpackiBaThCs MPOTPAMMHO 3aITHACHIO0 HYJIS
LLE 8 @uar ommOKH CIIUCKA
0 | OmmboK HE OOHAPYKEHO
1 | O6napy>xeHa omunoKa npu GUIBTPALUU TPUHUMAEMOTO COOOIICHHUS.
KonmuuecTBo 371€MEHTOB CHUCKA, MPHUHAMISKAIIETO Y3y, OTIMYACTCS OT
yYKa3aHHOTO B nojie SIZE COOTBETCTBYIOIIETO PErucTpa CIUCKa
but nomkeH cOpackiBaThCs MPOTPAMMHO 3aITHACHI0 HYJIS
BOFF |7 @drar COCTOSIHUS «OTKJIFOYEH OT IIMHBD)
0 | Y3en He HAXOJIUTCS B COCTOSIHUM «OTKJIFOUEH OT IIUHBD)
1 | Y3en HAXOIUTCS B COCTOSTHUM «OTKJIFOUEH OT IITHHBD)
EWRN | 6 dar KPUTUYECKOTO KOJUYECTBA OINOOK
0 | JIumMuT OommoOOK enie He TOCTUTHYT
1 | [lo xpaitneit mepe, onun u3 cyeruynkoB ommbok (REC, TEC) moctur
mumuTa omuooK, 3aganaoro nojeM EWRNLVL perucrpa NECNT y3na
ALERT | 5 @nar npeaynpexaenus ALERT
0 | Het coObiTuii
1 | IIpou3onuio 0THO MIIM HECKOJIBKO HE B3aUMOMCKITIOUAIOIINX COOBITHN:
- moaudukanus 6ura BOFF;
- moauukanus/ycranoBka oura LOE;
- ycraHoBka Outa LLE;
- anmmapartHas ycrtanoBka outa INIT
but nomxkeH cOpachIBaThCsl MPOTPAMMHO 3aIKChIO0 HYJIS
RXOK | 4 @uiar yCcnemHoro nprueMa coooueHus
0 | ITomy4yeHHBIX cOOOIIEHUI HET
1 | CooOrieHue nosy4eHo
but nomkeH cOpackiBaThCs MPOTPAMMHO 3aITACHI0 HYJIS
TXOK |3 @ar ycnemnHou nepegadn cooomeHus
0 | [TepenaHHBIX COOOIIECHUH HET
1 | Coobuienne nepeaano 0e3 ounOOK ¢ MOJYYSCHUEM MOATBEPIKICHHS
but nomkeH cOpackiBaThCs MPOTPAMMHO 3aITACHIO0 HYJIS
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ITone

butel

Onucanue

LEC

2-0

IToe koa mocnenHe U3 0OHAPYKEHHBIX OMUOOK PabOTHI y3I1a

000 | Omubox HeT

001 | Omubka cradpdunra (3anonuenusi, STUFF ERROR).

Mosxer ObITh OOHApyKeHa BO BpeMs MepeAadd MIecToro Owra u3
MOCJICIOBATEIPHOCTH MISCTH OJWHAKOBBIX OHT B TIOJE COOOIICHHS,
KOTOpOE JIOJDKHO OBITh KOJAWPOBAHO METOAOM Pa3psiIHOTO 3aIrOJIHEHHS
(3aKkirouaeTcss B TOM, YTO TOCJE IEpenadd NSATH OWUTOB OJWHAKOBOMN
MOJIAPHOCTH, IIECTOW OUT JIOJDKEH HWMETh IPOTHBOIIOJIIOKHYIO
MOJIIPHOCTh W BCTABIATHCS — MEPEJAaTYMKOM B  TIOTOK  JIaHHBIX
ABTOMATHUYECKH, PUEMHUK MTPOITYCKAET ITOT OUT)

010 | Ommbka dpopmel (FORM ERROR).

OOnapyxuBaeTcs, €CIu:

- B OMTOBOM TM0JIe (PUKCHPOBAHHOTO (hopMaTa COACPIKUTCS KOJTHUYECTBO
OUTOB, OTJIMYAIOIIEECS OT YCTAHOBICHHOTO;

- Ha MECTE PEIECCUBHOTO OMTa HAXOMATCS IOMUHAHTHBIM WM HA00OPOT.
WckiroueHue — i TOpUEMHHKA JOMHHAHTHBIH OWUT B TCUCHHE
MOCJICTHETO OWTa TIOJNSl «KOHEI[ KaJpa» HE HMHTEPIPETUPYETCS Kak
omnoka GopMsI

011 | Ommbka moareepkacHuss (ACKNOWLEGMENT ERROR).
OOGHapy>XkuBaeTcsi MepeJaTYMKOM BCAKUM  pa3, KOrJa OH HE
oOHapyxuBaeT nomMuHaHTHbIN OUT ACK B «001acTu moATBEPKICHUS

100 | PaspsimHas ommbka wim ommbka 6ura 1 (BIT 1 ERROR).

VY3en, KOTOpHIH NiepenaeT JaHHbIC HA IIUHY, OCYIIECTBISET MOHUTOPUHT
mHbl. Ommrbka 6uta 1 MeeT MecTo, €ciii MpHU nepeaade PereCCUBHOTO
«1» OuTa (3a HCKIFOYCHUEM OUTOB IOJICH apOUTpaka ¥ TTOATBEPIKICHUS )
Ha mMHe 00HAPYKUBAETCSl JOMUHAHTHBIA «0» OUT

101 | Pa3psannas omubka unu ommboka 6urta 0 (BIT 0 ERROR).

OmmOKka BO3HUKAET B CIIyYasx:

- BO BpeMms mepenauu cooOlleHus (uiau Outa MoATBEpKIeHus, ¢rara
aKTUBHOW OMIMOKH, uiara mepe3arpy3ku), y3em nepeaacT JOMUHAHTHBIN
out «0», HO Ha IMHE OOHAPYKUBAETCS PELIECCUBHBIN «1»;

- BO BpeMsI BBIXOJa U3 COCTOSHUSI «OTKJIFOYEH OT IIWHBIY TPU KAXKIOM
oOHapyXeHHH TMocienoBarenbHoCcT U3 11 peneccuBHbIX OMTOB. B aTOM
ciydae, IIII Moxer wucnonb3oBath koxa 101 mms  oTciexuBaHUs
JUIUTETILHOTO MPOCTOSI IIUHBI

110 | Ommbka mukgeckoro u3osTrounoro kojaa (CRC ERROR).

Ilepegatynk MO YCTAaHOBJIEHHOMY QJIrOPUTMY BBIYMCISET 3HAUCHHE
KoHTpoNbHOK cyMMbl (CRC) mist mepeiaBaeMbIX TaHHBIX M BCTABIISIET €€
B coobmenue. [IpueMHuk, mocie nonydyeHus: AaHHbIX, Berauciasier CRC
0 TOMY JK€ aITOPUTMY, YTO M TIEpEIaTUNK, U CPAaBHUBAET BBHIYHCICHHOE
3HaYeHWe C NPUHATHIM 3HaYeHueM. B ciyyae HecoBHaaeHMs
¢bukcupyercs omunodKa

111 | Ilone30BarenbCKUil KO

[Tone LEC oGHoBnsieTCA anmapaTHO MOCe KaXI0W nepenadn (yCIenHoN Win ¢
ornOKoii) - B HEM ycTaHaBIMBaeTCs Ko omnOku, mibo 000b, ecnu e€ He ObLIO.
[TpepsiBanue no LEC npoucxoaut kaxxapiil pa3 npu 0OHApYKEHUU OIIUOKH MPH
ycnoBud, uto oHO paszpemreHo 6utom LECIE perunctpa NCR. IIporpammuo B
nojie MOXKHO 3amucath Tojbko 111D, ecam TpeOyercs. Dto 3HaueHue Oyner
HAXOJIUTHCS B OJIE JIO 3aBEPIICHISI TEKYIIEH ImepeIayn.

31-10

3ape3epBUPOBAHO
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NIPR — peructp yka3areJjs npepbiBaHuii y3J1a

Cwmerenne: Node_n + 08h

Copoc: Oh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T

CFCINP TRINP LECINP ALINP
| | | | | | | | | | | |
34 34 34 3y
ITone butnl Onucanue

CFCINP | 15-12 | Yka3arenb Ui IpepbIBaHMsI IIPH NIEPENOTHEHUHN cUeTunKa (GperiMoB y3ia

TRINP 11-8 | Yka3arens ajsi IpepbIBaHUs 10 OKOHYAHUHU NIepeaun/mpuemMa cooOIeHHs

LECINP | 7-4 Yka3zarenab )i pepbIBaHMUS IPH 3aITUCH KOJa MOCISAHEH OMTMOKH

ALINP | 3-0 VYkazarens s npepeiBanust ALERT
— 31-16 | 3ape3epBHpPOBaHO

I[Ipumeuanue — Kaxaplii u3 ykazarened 3amaer Homep OJHOM u3 16 nuHHIA
npepbiBanuii. 3HaueHne 0 cOOTBETCTBYET HyJIeBOW JIMHUH, 3HaYeHue Fh — munum 15.

NPCR — peructp ynpasJ/ieHHsl IOPTOM y3Jia

Cwmerenune: Node _n + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
- LBM -
1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone | bursl Onucanue
LBM |8 buTt BiIOUeHUs peskuMa oopaTHo# netin (Loop-Back)

0 | BeIxirouen

1 | Bxirouen. B sTtom pexume y3ed MOACOEAMHSETCS K BHYTpPEHHEH
BupryanbHoi CAN mmne. Ecin 11 000MX y3710B BKIIIOYEH PEXUM
oOpaTHON meTnau, To OHM 00benuHsoTCs BuUpTyaslibHOH CAN muHOW u
MOT'YT B3aUMOJEUCTBOBATh JApyr ¢ ApyroM. IIpm 3TOM Ha BHEHNIHUX
BBIBOJIaX y3JI0B, COCNMHEHHBIX ¢ BHemHed ¢usndeckoir CAN muHOM,
MIOAICPKUBACTCS PELIECCUBHBINA YPOBEHb CUTHAJA, T. €. Y3JIbl HE aKTUBHBI

— 31-9, | 3apeszepBHpOBaHO
7-0

242



NBTR — perucTp cuHXpoHu3auuu OUTOB

Cwmermenne: Node_n + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
DEIBV TSEG2 TSEG1 SIW BRP
1 1 1 1 1 1 1 1 1 1 1
3y 34 3y 3y 3y
Ilone | buth Onucanue
DIV8 15 JlenuTenp 4acTOThl HA BOCEMb
0 | BeixioueHno
1 | BxuiroueHno
TSEG?2 | 14-12 | [TapameTp 2.
BpemeHHOM TPOMEXYTOK OT TOYKM BBIOOPDKHM JIO TOYKM II€peliavu,
OmpeeNsIeMblii  ToJIb30BaTeneM.  JIIUTEIbHOCTH ~ CerMEHTa  paBHA
tg x (TSEG2 + 1) u MoXeT ObITh YMEHBIICHA 3a CUCT PECHHXPOHU3AIHH.
Jlnana3oH J0myCTUMBIX 3HaueHu# ot 1h 10 7h
TSEG1 | 11-8 | ITapametp 1.
BpeMeHHOI TIPOMEXYTOK OT CErMEHTa CHHXPOHHW3AIWUU JI0 TOYKH BBIOOPKH,
ONpeneNsieMblid  MOJb30BATEJIeM W  BKIIOYAIOMMA B ce0sl  CErMEHT
pacnpoctpanenus. JymrenpHocTh paBHa tq X (TSEGI + 1) u mMoxeTr ObITh
yBEJIMUYCHA 3a CUET pecHHXpoHu3anuu. Jlonycrumbie 3HadeHust ot 2h mo Fh
SJIW 7-6 [[InpuHa nepexoa peCUHXPOHU3ALINH.
JlnutenbpHOCTh paBHa tq X (SJW + 1)
BRP 5-0 IIpennenurens CKOPOCTH NEPEAAYUH.
JImuTeapHOCTh OJTHOTO KBAHTA BPEMEHH (B TaKTaX 4acTOTHI):
- (BRP + 1), ecniu DIV8 = 0;
-8 x(BRP + 1), eciu DIV8 = 1.
— 31-16 | 3ape3epBHpPOBAHO
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NECNT — perucrp cueTunka omuooK y3jiaa

Cwmermenne: Node n + 14h
Copoc: 60_0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T
LE | LE
ne | o EWRNLVL
1 1 1 1 1 1 1 1 1 1 1 1
Y Y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
TEC REC
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
ITose butsl Onucanue
LEINC 25 WMHauKkaTop MHKPEMEHTUPOBAHMSL IIPH MTOCTIeIHEH OmnOKe

0 | ObnapyxxeHHass omMOKa TMPUBOAUT K HHKPEMEHTHPOBAHUIO
CYETYMKA OIMMOOK HA SIUHUITY

1 | OOHapyxeHHass omMOKa MPHUBOAUT K WHKPEMEHTHPOBAHHIO
CUETYMKA OLIMOOK Ha BOCEMb

LETD 24 @uar nocyieHer OMMOKU Nepeiavu

0 |Ilpu mpueme cooOuieHuss oOHapy)KeHa OIIMOKa, M IPOU3OILIO
uHKpeMeHTHpoBaHue noyist REC

1 | IIpu nepenaue coobiieHus: oOHapyk eHa OMMOKa, U MPOU3OILIO0
uHKpeMeHTupoBanue oyt TEC

EWRNLVL | 23-16 ITone 3amanuss JuMuTa OMMOOK, IO JOCTHIKEHHH KOTOPOTO
BeicTaBisiercss ¢uar EWRN B peructpe NSR (o ymomvanuio
KOJINYECTBO OIMHO0K — 96)

TEC 15-8 [Toste cueTyrka omuOOK Mepenadr COOOIICHHMA

REC 7-0 [Tosie cueTynka omMOOK MpHeMa COOOIIEHUN

— 31-26 3ape3epBUPOBAHO
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NFCR — peructp cueTunka cood1IeHuil y3aa

Cwmermenne: Node n + 18h

Copoc: Oh
31I3OI29I28I27I26I25I24 23 22 21 20I19 18I17I16
CFC | CFC
- oV IE - CFMOD CFSEL
! ! ! ! ! ! ! ! ! !
34 3y 3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | |
CFC
! ! ! ! ! ! ! ! ! ! ! ! ! !
3y
[Tone butsl Onucanue
CFCOV | 23 dar nepernogTHEHMS CYSTINKA COOOIICHHIMA
0 | CueTuuk He NepernoyHeH
1 | Cyeruuk nepenosTHUICS.
B pexume cuHXpocdYeTdMKa O3TOT (rar ycTraHaBIMBAaeTCS IPU
m3menennu nonst CFC u, ecnu ycranosnen outr CFCIE, ¢popmupyercs
pephIBaHue
but cOpackiBaeTcs NpOrpaMMHO
CFCIE |22 but paspelienus npepblBaHus OT CYETUYUKA COOOIEHUN
0 | 3ampenieHo
1 | Pazpemieno
CFMOD | 20-19 Pexxum paboTHI cueTuyrKa COOOLIEHUI
00 Cuerunk CcOOOIIEHMH HMHKPEMEHTUPYETCSl IMOocCie  KaKJI0ro
YCIIEUIHOTO NMpHeMa/TIepeadu COOOIIECHUS
01-11 | 3apesepBupoBano. He ucnonp3oBars!
CFSEL | 18-16 ITosie 3aaHMsl YCIOBHSI MHKPEMEHTHPOBAHUS CUETYMKA COOOLIEHUI
**1 | Ilpu mony4yeHur cooOIIeHNs, HE UMEIOIIEro 00BhEKTa COOOIIEHUS
*% [Tpu nony4yeHnn cooOIIEHUs, UMEIOIIEr0 COOTBETCTBYOLIHI
00BEKT COOOIEHUS
1** | Tlpu ycrienrHod oTrpaBKe COOOIIEHUS
000 | 3apesepsupoBano. He ncnosp3oBaTh!
CocrosiHre 6MTa, OTMEUEHHOTO CUMBOJIOM *, HEBAXKHO. Y CIIOBUSI MOTYT
KOMOMHHPOBATHCS MKy co00ii (Hampumep, 110b mm 101Db).
CFC 15-0 ITose cueTunka COOOIIEHUA.
Xpanut 3HaueHue cuerurka cooduenuii npu CFMOD = 00b
— 31-24, | 3ape3epBUpPOBAHO
21
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MOFCR — perucrtp ynpasJjieHusi (PyHKIIHOHHPOBAHHEM 00beKTa COOOIIeHUsI

Cwmerrenne: Msg_m + 00h
Copoc: Oh

31

30

29

28

27

26

25

24

23

22

21

20

19

DLC

STT

SDT

RMM

FRR
EN

15

14

13

12

34
10

34

34

34

34

DAT

DLC

GDF

IDC -

ITone

butnl

34 34 34 34

Onucanue

DLC

27-24

Kox mmHb! 1aHHBIX.

[Toka3zpiBaeT KOMMYECTBO OaliT JMaHHBIX, HAXOAALUIMXCA B OOBEKTE
coobmienus. J{mamazon — 3nadenue ot 0 mo 8. Ecinu 3nauenue monst DLC
Oosblue 8, 3T0O aBTOMAaTHYECKU YKa3blBaeT Ha 8 OaifT. 3nauenue noss DLC
TIOJTYYSHHOTO COOOIIEHHSI COXPAHSAETCSI TAKUM, KAKUM OBIJIO TIOTYYEHO

STT

23

but 3amanus OHHOKpaTHOﬁ IICPCCBIJIKH TaHHBbIX

0 | Her neiictBuii

1 | Ecnu 6ut ycranosineH, Torna out TXRQ cOpacwiBaeTcs mocie Havaiga
nepeaayn o0bekTa coobuienus X. B ¢Bs3u ¢ 3THM, B Cilydae HEyJIa4HOM
nepeaaur, MOBTOPHOM Nepeiaun cCoOoOIIeHus He Oy IeT

SDT

22

but 3amanus OJIHOKPATHOI'O Y4aCTHA 00BeKTa COO6IJ_ICHI/I${ M B IEPECHUIKE

0 | Her peiictBuii

1 | Ecnu OuT ycTaHOBJEH, U OOBEKT COOOIIEHUs M He sBIsSETCS 00BEKTOM
FIFO, torma 6utr MSGVAL cOpaceiBaeTcs mociie yCIEmHOTO MpHeMa
IAHHBIX

RMM

21

but BKIIIOUEHHUS YAAJIGHHOTO MOHUTOPUHTA 00BEKTa Mepeadn

0 | Beixirouen. Uaeatuduxarop, 6ut IDE n mome DLC o6bekta coobmieHus
M ocraoTcs 0€3 W3MEHEHWH A0 TONydeHUs KOPPEKTHOTo dpeiima
YAAIEHHOTO 3ampoca

1 | Bkmtouen. Unentuduxarop, 6ur IDE u none DLC xoppektHoro ¢peiima
YIAJIEHHOTO 3ampoca KOMUPYIOTCS B OOBEKT Ieperadyd N B TOpPSIKe
noJy4eHHs OMTOB (ppeiimMa yiaJleHHOTr0 3apoca MOHUTOpa

Cocrosinue OuTa OKa3bIBaeT BIUSIHHUE TOJIHKO HAa OOBEKTHI Mepeiayd

FRREN

20

butr paspemenus ypaineHHoro 3ampoca. Ompenenser, Oyaer Iu
ycranaBimuBatbesi OMT TXRQ B 00BekTe COOOMIEHHMS M I B JAPYroM
00BeKTe coobIIeHHs], Ha KOTOopbIH yka3biBaeT CUR

0 | bur TXRQ o0bekTa coOOmEHnss M yCTaHABIUBACTCS TMOCTE TOTYICHUS
KOPPEKTHOT0 (peiima ynaleHHOoro 3ampoca

1 | but TXRQ apyroro oonekTa coobrienus (Ha kotopsiii ykassiBaeT CUR)
YCTaHABIIMBAETCS TMOCIEe TMONy4YeHHs] UM KOpPpeKTHoro (peiima
YIIEHHOTO 3aIpoca
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[Tone | butel Onucanue
OVIE |18 but pa3spemenus npepriBanus mo 3anogHeHuto FIFO oGbekTa coobmenus m.
[IpepwiBanme reHepupyercs, koraa ykazarenb CUR (ykazarenp Ha TeKymiuit
00bekT) nocturaer 3HaueHuss SEL perucrpa MOFGPR
0 3ampernieHo
1 Pazpemieno
Ecin o0BekT coobmieHuss m siBisietcss o0bekToM mpuema FIFO, 1o mone
TXINP (peructp MOIPR) yka3bsiBaeT Ha o010y U3 16 TUHUN IPEpHIBAHUM.
Ecin o0BekT coobmieHuss m siBisiercss o0bekToM nepenaun FIFO, to mone
RXINP (peructp MOIPR) yka3piBaet Ha oaHy u3 16 nunuii npepeiBaHuii. s
BCEX JIPYTHX PEKUMOB 00beKTa coobiieHus cocrosiare outa OVIE He BaxkHO
TXIE |17 but paspenienus npeppIBaHus 0 OKOHYaHUH TIEpeIadl COOOIICHMS
0 | 3ampenieno
1 | Pa3pemeno. IIpepbiBaHne reHepHpyeTCs, €ClIM COOOIIEHHE W3 OOBEKTa
coobmienns m 6bu10 yernerrHo nepeaano. [lome TXINP (peructp MOIPR)
yKa3blBaeT Ha OAHY U3 16 NMHUI IpepbIBaHUM
RXIE |16 but paspenienus npeppIBaHus 0 OKOHYaHUHU IIPUEeMa COOOIICHHUS
0 | 3ampemnieno
1 | Pa3pemieno.
[IpeppiBaHe TeHEpUPYETCS, €Clau COOOIIeHHEe OBUIO YCIENIHO MPHHATO
00BeKkTOM coolmieHus m (Hampsmyro unu yepe3 nuio3). Ilome RXINP
(peructp MOIPR) yka3piBaeT Ha o1HY U3 16 JTMHUN TPEpHIBAaHMMA
DATC | 11 MHaukaTop KONUpOBaHUS JAHHBIX
0 | JlaHHBIC HE KOMHUPYIOTCS
1 | Hanneie B peructpax MODATAH u MODATAL o00beKkTa-ucToOuHHKA
nuto3a  (1mocje  COXpaHEeHWsT MPHHATOrO  ¢peiiMa B HUCTOYHHKE)
KOMUPYIOTCS Yepe3 I3 B 00BEKT-IPUEMHUK
bur DATC wucnonb3yercs TOIbKO 00BEKTOM-UCTOUHUKOM B PEXHME ILII03A.
Bo Bcex ocTalibHBIX cilydasiX OMT He QYHKIMOHUPYET
DLCC | 10 WuaukaTop KonupoBaHusi Koja AnuHbl qaHabix DLC
0 | Kox He konmpyercst
1 | Kox nnmuHBI NaHHBIX OOBEKTAa-UCTOYHHMKA ILTI03a (MOCIE COXpaHEHUs
HNPUHATOrO (peliMa B UCTOYHHKE) KONMUPYETCs depe3 I3 B OOBEKT-
MPUEMHHK
butr DLCC ucnomnp3yercss TOIBKO 0OBEKTOM-UCTOYHUKOM B PEKUME ILITI03A.
Bo Bcex ocTanpHBIX cllydasx OUT He GYHKIIMOHUPYET
IDC 9 WuankaTop KONMPOBaHUs MIEHTU(UKATOPA
0 | Unentudukarop He KONUpyeTcs
1 | Unentudukarop oOBEKTa-UCTOYHMKA IUTI03a  (TOCIE  COXpaHEHUs
IPUHATOrO (periMa B MCTOYHHMKE) KONMUPYETCs 4epe3 I3 B OOBEKT-
MPUEMHHK
but IDC ucnonp3yercst TOIBKO 00bEKTOM-UCTOYHHKOM B peXHMe IUTo3a. Bo
BCEX OCTAIBHBIX CIyYasiX OMT He QYHKIIMOHUPYET
GDFS |8 WNuaukatop otnipaBku dpeiima yepes miTo3

0 | Cocrosinue 6uta TXRQ o0bekTa-npueMHIKa 0€3 H3MEHEHUH

1 | YcranoBnen Our TXRQ oObekTa-npueMHHKA TIOCIHE€ BHYTPEHHEH
nepeaayn U3 00beKTa-UCTOYHHUKA

but GDFS wncnonp3yercsi TONBKO 00BEKTOM-HCTOYHHKOM B PEXHME ILTIO3A.
Bo Bcex ocTanpHBIX ciydasx OUT He QYHKUHOHUPYET
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ITome | buter Ommcanne
MMC | 3-0 3aganue pexxruMa 00beKTa COOONIEHN M
0000 CraHgapTHBIN 00BEKT COOOIICHHUS

0001 ba3oBbIil 00BeKT TpueMHOI cTpyKTyphl FIFO

0010 bazoBelii 00beKT nepenaromeii crpykrypsl FIFO

0011 BcnomoraTenbHblil 00beKT nepenaroniei ctpykrypsl FIFO
0100 OOBEKT-UCTOYHHK IIITI03a
OcranbpHble KOMOMHAILIUH 3apE3EPBUPOBAHBI
— 31-28, | 3ape3epBUpPOBAHO
19,
15-12,
7-4

MOFGPR — peructp yka3zareas FIFO nian muio3a oobekTa coo01eHust

Cwmemenne: Msg_m + 04h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | |
SEL CUR
| | | | | | | | | | | | | |
3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | |
TOP BOT
| | | | | | | | | | | | | |
3y 3y
ITone butel Onucanue
SEL 31-24 | Ykazarenb 00bEKTa COOOIICHNSI.
Bropoii (mporpaMMmHBIN) yka3zaTenb B JIONOJHEHHE K amllapaTHOMY
ykazatenmto CUR npu pabdote ¢ FIFO. [Tone SEL ncnons3yercst st o0miero
MOHHTOpHUHTa (TeHepupoBaHue npepbiBanuii FIFO)
CUR 23-16 | Ykazarenp Ha TeKymui o0bekT B npeaenax FIFO wmm numro3a.
[Tocne xaxnoii onepauuu FIFO nnn nepenaun yepes numo3 ykazarenab CUR
OOHOBIIIETCSI — B HET'O 3aHOCUTCSI HOMEP CJIETYIONIEro 00BhEKTa COOOIIECHUS B
criucke (mone PNEXT perucrpa MOSTAT) — 1o Tex mnop, moka He Oyner
nocturayt BepxHuii snemeHt FIFO (mome TOP), mocne uero CUR
cOpacbIBaeTcs, U B HEro 3arpy’aercsi HOMep HUKHETrO 3JeMEHTa crucka (13
nosst BOT)
TOP 15-8 VYkazarensb BepxHero siementa FIFO.
B mosie HaxoqUTCS HOMEP MOCIETHETO YIEMEHTA
BOT 7-0 VYkazarenp HIKHero 3nementa FIFO.
B mone HaxoauTCS HOMEp TIEPBOTO AIIEMEHTa
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MOIPR — peructp yka3areJisi npepbIBaHii 00beKTAa COO0IIEHUSA

Cwmerrenne: Msg_m + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
CFCVAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
MPN TXINP RXINP
1 1 1 1 1 1 1 1 1 1 1 1 1
3y 3y 3y
[Tone butsl Onucanue
CFCVAL | 31-16 | KommuecTBo (periMOB.
Kaxxnpiii pa3 mocie 3amuc MPUHATOTO COOOIICHHS] B OOBEKT COOOIIECHUS
M WM yCIIEUIHOW Iepenayn o0beKTa COOOILEeHUsI M, 3HaU€HUE CUETUMKa
¢dperimoB CFC (peructp NFCR) kormmpyercss B CFCVAL
MPN 15-8 Howmep xmymiero 6ura cooOnieHums.
VYka3pIBaeT MO3UIMIO OUTA, COOTBETCTBYIOLIETO OOBEKTY COOOIIEHUS M B
peructpe MSPND
TXINP 7-4 VYka3zarenp JIMHUM NPEepPhIBAaHUM JJIs IPEPBIBAHUS TIOCIIE IIEPEAAYN.
Bcero noctynno 16 nuHuii npepeiBaHuii ¢ Homepamu ot 0 pmo 15.
3unauenne 0000b, 3amucanHoe B TXINP, BbIOMpaceT HyJEBYIO JIHMHHIO
npepoiBanuii, 0001b — mepByro, 0010b — BTopyo u T. 1.
Hononuurensno O6utr TXINP  wmcmonmesyercs anst BbIOOpa  MMO3UIUH
JKAyIIero 0uta 00beKTa COOOIEeHHsT M
RXINP 3-0 VYKka3zarenp JIMHUM NPEpPhIBAaHUM JIs1 IPEPBIBAHMS TI0CIIE IIPUEMA.

Bceero nmoctymHo 16 nuHuMil npepeiBanuii ¢ HoMepamu ot 0 mo 15.
3unauenne 0000b, 3amucanHoe B TXINP, BbIOMpaeT HyJEBYIO JIHMHHIO
npepsiBanuii, 0001b — mepsyro, 0010b — BTOpYyIO U T. 1.

HomnonuurensbHo outr RXINP  wucnons3yercs ans BeiOOpa MO3UIMH
KAyIIero OuTa 00beKTa COOOIICHHS M
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MOAMR — peructp Macku 00beKTa COOOIIEHN ST

Cwmerenune: Msg_m + 0Ch
Copoc: 3FFF_FFFFh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T " T T T T T T T T T T T T
) IDE AM
1 1 1 1 1 1 1 1 1 1 1 1 1
34 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
AM
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone butel Onucanue
MIDE |29 Macka 6uta IDE coo0Omenns
0 | OO0bexT cooOmieHus M MOXKET MPUHUMATh KaKk CTaHIApTHBIE, TaK U
pacupeHHbie Gppeiimbl
1 | O6beKT cooOmEeHnsT M MOXKET MPUHUMATH TOJIBKO T€ (PPEHMBI, y KOTOPBIX
cocrosiaue oura IDE cosnamaer ¢ ero 6urom IDE
AM 28-0 Macka uaentudukaropa.
[Ipyn mpueme pacHIMPEeHHOTO COOOIIEHUS HCHONb3yeTcs Bcs Macka. llpu
npueMe CTaHJAPTHOTO COOOIICHHS HCMONb3YyIoTCs OuThl 28-18, mpu sTOoM
coctosiHre OuToB 17-0 HE BaXKHO
— 31-30 | 3apesepBupoBaHO

MODATAL — muaamuii perucTp I1aHHBIX 00beKTa CO00IIeH NS

Cwmemenne: Msg_m + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
DB3 DB2
I I I I I I I I I I I I I
3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
DB1 DBO
I I I I I I I I I I I I I
3y 3y
ITone butel OmnucaHue
DB3 31-24 | Tperuii OaliT JaHHBIX
DB2 23-16 | Bropoii 6aiiT JaHHBIX
DB1 15-8 [lepBbiii 6alT JTaHHBIX
DBO 7-0 HyneBoii 6aiiT qaHHBIX
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MODATAH — crapuiuii perucTp 1aHHBIX 00beKTa COOOIIEHUSA

Cwmerenune: Msg_m + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
DB7 DB6
I I I I I I I I I I I I I I
3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
DB5 DB4
I I I I I I I I I I I I I I
3y 3y
ITone butwr Omnucanue
DB7 31-24 | CenpMoiil OaliT JaHHBIX
DB6 23-16 | Llecroii OaliT TaHHBIX
DB5 15-8 [IaTe1ii 6GailT JAaHHBIX
DB4 7-0 YeTBepThlii 0alT JaHHBIX
MOAR — peructp apoutpaxa o0beKTa cO00ImeHust

Cwmemenne: Msg_m + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
PRI IDE ID
1 1 1 1 1 1 1 1 1 1 1 1 1
3y 34 34
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
1D
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone | butsl Ornucanue
PRI | 31-30 | Kimacc mpuoputera. [lone onpenensier oquH u3 deTsipex kiaccoB (0, 1, 2 u 3)

npuoputera o0BeKTa coobmeHus M. HyneBoil kiacc ycraHaBiIMBaeT
HauBbIcIIUN npuopuTeT. OOBEKTHl COOOIIEHUH C HYJIEBBIM KJIACCOM BCErja
BBIMTPHIBAIOT apOUTpak NpU Hepepade W npueme coobueHui. PuipTpanus
COOOIIIEHUI Ha OCHOBE WJEHTHU(PHUKATOpa (MACKHUPYEMOI0) U MO3UIIUU B CIIUCKE
OpPTraHU3yITCSd TOJNBKO JIsI OOBEKTOB COOOIIEHUI C paBHBIM MPHOPUTETOM.
Kpowme storo, nosie PRI onpenenser Mmetoa puibTpauuu

00 | 3apeszepBupoBaHO

01 | ®unpTparys B 3aBUCKMOCTH OT TIOJIOKEHUST 00BEKTa COOOIICHHUS B CITUCKE.
OOBeKT coOoOIIeHHsT M MOoNy4aeT MPUOPUTET Ha Tepenady CcooOIeHUS
TONBKO B CJlydae, €CIH HET Jpyrux OOBEKTOB COOOIIEHUN C
ycranoBneHHbIMU Outamu MSGVAL, TXENO u TXENI, crosimux BbIe
TI0 CITUCKY
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[Tosre | butel Onucanue
PRI | 31-30 | 10 | ®unbTpanus B 3aBUCUMOCTH OT 3HaueHUs wuueHTudukaropa. OOBEKT
COOOILICHUS M MOJyyaeT NMPUOPHUTET Ha Mepeaady COOOIIEHHS TOJBKO B
cly4yae, €cid B CHOUCKE HET JApPYyrux OOBEKTOB COOOLIEHU cC
«Unentudukarop + IDE + DIR» Gosnee Bbicokoro mpuopurera (COriacHo
npaBuiIaM apouTpaka B Tabnmie A.3.2)
11 | dunpTpanus B 3aBUCUMOCTH OT IOJIOKEHHSI 00BEKTa COOOIEHHS B CITUCKE
(xax mpu PRI = 01b)
IDE |29 burt pacmupenus uaeHTHPHUKATOpa 00BEKTa COOOUICHUS M
0 | O0bekT cooOmieHUss M omepupyer ¢ ¢pelmMamMu CcO CTaHIAPTHBIM
11-6utHBIM HACHTUDUKATOPOM
1 | O6vekT coobmenus M omnepupyeT ¢ ¢GpedMaMu ¢ pacIIUPEHHBIM
29-OMTHBIM HJCHTU(DUKATOPOM
ID 28-0 Nnentudukarop oobekTa COOOIEHHUS M.
[Ipu omepupoBaHUU C pacUIMpeHHBIMH (peiimaMu ucmonb3yrorcss outsl 28-0.
[Tpu omepupoBaHUM CO CTaHAAPTHBIMU (hpeiiMamMu HCTIONb3yIOTCs OuThl 28-18,
IIPU 3TOM cOCTOsiHUE OUTOB 17-0 HE BaXKHO

Tabnuma A.3.2 — PacmpeneneHue mnpuopuTeTa MEXKIYy OOBEKTaMHU COOOIICHHH COTJIACHO

IpaBuJIaM apOuTpaxka

YcTaHoBKM 1151 00BEKTOB cooOmeHui 0 u 1,
KOTOPBIC YYaCTBYIOT B apOUTpaxe (MIPHUOPUTET
o0bekTa () BhIIIE MpUOPHUTETA 00BbEKTA 1)

[losscuenne

MOARO[28:18] < MOAR1[28:18]

Crangaptaeiii  ¢peiiMm ¢ HIEHTU(DUKATOPOM,

B peructpe MOARI1 6ur IDE = 1.

(11-OuTHBIN cTaHIAPTHBIN HACHTH(HUKATOD UMEIOLIMM  MEHbIlIee 3HaueHue, oO0janaer
00bexTa 0 MeHbIIIE IO YUCIOBOMY 3HAUCHHIO, | OoJiee BBICOKMM IIPUOPUTETOM

yem | 1-OutHbli nueHTHdUKaTOp 00BEKTA 1)

MOARO0[28:18] = MOAR1[28:18]. [Ipy  paBeHCTBE 3HAYEHUH  CTaHAAPTHHIX
B perucrtpe MOARO 6ut IDE = 0. UACHTU(PUKATOPOB,  CTaHIAPTHBIA  (peiim

MMEET NPUOPUTET NEPE PaCIIUPEHHBIM

MOARO0[28:18] = MOAR1[28:18].
butet IDE 060ux 00HEKTOB COPOIIICHBI.
B perucrpe MOSTATO 6ut DIR = 1.
B peructpe MOSTATI 6ut DIR = 0.

[Ipu paBeHCTBE 3HAYEHUN HJIEHTU(HUKATOPOB
CTaHIApTHBIK  ¢peliM  JaHHBIX  MMEEeT
IPUOPUTET Tepel] CTaHAApTHBIM (peiiMoM
YAAJIEHHOIO 3a1poca

MOARO0[28:0] = MOAR1[28:0]

bute! IDE 060ux 00BbEKTOB yCTaHOBIIECHBI.
B perucrpe MOSTATO 6ut DIR = 1.

B peructpe MOSTATI 6ut DIR = 0.

[Ipu paBeHCTBE 3HAYEHUN HJIEHTU(HUKATOPOB
pacmMpeHHbI  (peiiM  JaHHBIX  UMeeT
IPUOPUTET TMEpe]l pacIIMpeHHbIM (periMoM
YAAJIEHHOI0 3a1poca

MOARO[28:0] < MOAR1][28:0]

butel IDE 060ux 00HEKTOB YCTaHOBIIEHBI.
(29-6utHbIN HaeHTHQHUKATOP 00BEKTA O
MEHBbIIIE 110 YUCIIOBOMY 3HAYEHUIO, YEM
29-OUTHBIN HICHTHPHUKATOP 00beKTa 1)

Pacmmpennsiii  ¢peitm ¢ uaeHTHUKATOPOM,
UMEIOIIMM  MEHblllee 3HaueHue, oOsajaer
0o0J1ee BHICOKMM NPUOPUTETOM
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MOCTR — peructp ynpaBJ/jieHusi 00bEKTOM COOOIIIEeHMSI

Cwmerenune: Msg_m + 1Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I SET SET|SET|SET|SET | SET|SET|SET |SET |SET|SET | SET
- DIR TX | TX | TX | RX | RT [IMSG|MSG|NEW| RX | TX | RX
| | | EN1|ENOJ] RQ | EN | SEL| VAL | LST | DAT |UPD |PND | PND
3 3 3 3 3 3 3 3 3 3 3 3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
! ! ! res | RES [RES [RES[RES|RES | RES|RES |RES |RES [RES [RES
- DIR TX | TX | TX | RX | RT [IMSG|MSG|NEW| RX | TX | RX
| | | EN1|ENO| RQ | EN | SEL| VAL | LST | DAT [UPD |PND | PND
3 3 3 3 3 3 3 3 3 3 3 3
Ilone butwl Omnucanue
RESRXPND, 0, Copoc/ycranoBka 6uta RXPND
SETRXPND 16
RESTXPND, 1, Copoc/ycranoBka 6uta TXPND
SETTXPND 17
RESRXUPD, 2, Copoclycranoska 6ura RXUPD
SETRXUPD 18
RESNEWDAT, |3, Copoc/ycranoBka 6uta NEWDAT
SETNEWDAT |19
RESMSGLST, |4, Copoc/ycranoBka 6uta MSGLST
SETMSGLST 20
RESMSGVAL, |5, Copoc/ycranoBka 6uta MSGVAL
SETMSGVAL |21
RESRTSEL, 6, Copoc/ycranoBka 6uta RTSEL
SETRTSEL 22
RESRXEN, 7, Copoc/ycranoBka 6uta RXEN
SETRXEN 23
RESTXRQ, 8, Copoc/ycranoBka 6uta TXRQ
SETTXRQ 24
RESTXENQO, 9, Copoc/ycranoBka 6uta TXENO
SETTXENO 25
RESTXEN1, 10, Copoc/ycranoBka 6uta TXEN1
SETTXEN1 26
RESDIR, 11, Copoc/ycranoBka 6uta DIR
SETDIR 27
- 15-12, 3ape3epBUPOBAHO.
31-28 [Ipu YTEeHUH BO3BPAIIAKOTCS HYJIH.
[Mpu 3anucu cneayer nucatsb Oh.
[Ipumeuanue — burel ¢ npepukcom SET m RES paGorator momapro. KomOunanms

COCTOSIHUHM 3TUX OMT OKa3bIBAaeT BIUSHUE HA COOTBETCTBYIOIMKA 6UT peructpa MOSTAT:
- SET* = 1, RES* = 0 ycranaBnuBaer out *;
- SET* =0, RES* = 1 cOpacbiBaer 6ut *;
-SET*=RES* = 0w SET* = RES* = | He u3MeHseT cocTosiHue OuTa *.
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MOSTAT — perucTp cocTosiHusI 00BEKTA COOOIEHUSA

Cwmerenune: Msg_m + 1Ch

Copoc:

- 0100 _0000h nys o6bexTa coobmieHus 0;

- [mo + 1][mo - 1][0000]h mist 06bexTOB cooOIIeH I ¢ HOMepamH OT 1 10 62, (COOTBETCTBEHHO,
mo ot 01h mo 3Eh);

- FFFE_0000h myst o0bekTa coobteHus 255;

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
PNEXT PPREV
1 1 1 1 1 1 1 1 1 1 1 1 1
Y Y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I LIIST DIR TX | TX | TX | RX | RT IMSG|MSG|NEW| RX | TX | RX
: | EN1|ENO| RQ | EN | SEL| VAL | LST | DAT |UPD |PND | PND
Y Y Y Y Y Y Y Y Y Y Y Y Y
ITone butel Onucanue
PNEXT | 31-24 | Yka3arenb Ha CIACAYIOIMUMA SJIEMEHT CITUCKA.
B none HaxomuTcs HOMEp 00beKTa COOOIIEHHS, PACIIOIOKEHHOTO BBIIIE O
CIIMCKY OTHOCUTENIbHO TEKYIIEro
PPREV | 23-16 | Yka3aTeyb Ha NPEbIIYIIHI JIEMEHT CITHUCKA.
B none HaxoauTcs HOMep 00BbEKTa COOOIIEHUS, PACIIONOKEHHOIO HUXKE I10
CIIMCKY OTHOCUTEJIbHO TEKYIIEro
LIST 15-12 | Homep criucka, KOTOPOMY MPHHAUICKHUT OOBEKT COOOIIECHHUS M.
Ilone oOHOBisIETCA amnmapaTHO NpHU pacHpeAeieHUU/TepepacpeaesieHuH
00BEKTa COOOIICHHUS
DIR 11 but pacnipenenenus
0 | OOBekT mpremMa COOOIICHUS JaHHBIX.
OObexT mpuHMMaeT cooluieHue AaHHbIX. [Ipu ycraHOBIEeHHOM OuTe
TXRQ o00bexkT ¢opMupyeT cooOlIeHHE YAAJEHHOrOo 3ampoca ¢
uaeHTuPUKaATOpOoM OOBEKTa COOOIIEHUS M, a 3aTeM MepeaaeT ero.
[TonmyyeHHOE B OTBET COOOIICHWE [AHHBIX C COOTBETCTBYIOIIUM
UJICHTU(PHUKATOPOM COXPaHSETCsl B 00bEKTE COOOIIEHUsT M
1 | O6bexT nepenaun cOOOIICHUS JaHHBIX.
[Tpu ycranoBiaenHom Oute TXRQ oO0bekT dopmupyer, a 3arem
nepesaeT cooOlieHne JAaHHbIX. Ecnu 00bEeKT cooOIIeHrns M mosydaer
cooO1ieHne yJIaJIeHHOTO 3arpoca c COOTBETCTBYIOIIUM
uaeHtudukaropoM, TO ycraHaBiauBaercs ¢uar TXRQ ero perucrpa
MOSTAT, mnocne yero B OTBET IepenaeTcss COOOILICHHE JaHHBIX,
coJiepKaIxcsi B 00beKTe COO0IeHus: M
TXEN1 |10 but paspemenus nepegaun pperima
0 | BampemieHo
1 | Ilepenaua dpeiima paspernieHa.
OOBeKT coOOIIEeHUsI M MOXKET y4acTBOBATh B Iepejaue TOJIbKO, eCIU
ycranoBieHbl 00a outa — TXENT u TXENO.
Kontpomuiep CAN wucnonszyer 6ur TXENI mns BeiOOpa akTUBHOTO
o0BekTa nepenaun coodmenus u3z FIFO
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Tlone

buter

Onucanue

TXENO

but pa3zpemenus nepegaun ppeiima

0 | 3ampemieHo

1 | Ilepenaua dpeitma pa3penieHa.

OOBeKT coo0IIEeHUsT M MOXET y4acTBOBaTh B Iepeaaue, TOJIbKO €CIH
yctanoBieHbl 00a 6uta TXENO u TXENLI.

Kontpomrep CAN wucnone3yer 6utr TXENI mist BeiOOpa akKTHBHOTO
o0bekTa nepenaun cooodmenus u3 FIFO.

MoxHo mporpammuo ouumath 6ut TXENO mns 3ampera mepemauu
COOOIIIeHHUs, KOTOPOE B HACTOSIIMM MOMEHT (hOpMHUpYETCs, WIH AJIs
3amnpera aBTOMAaTUYECKOU ITepejadyy B OTBET HA YAAJICHHBIN 3aIpOC

TXRQ

but nHUIIMaIMK IepeTadn

0 | Her peiictBuit

1 | YcranoBka OwTa UWHUIMHUPYET Tiepeaady (Qpeiima U3 00BEKTa
coobuienns m. Muunmanusa nepenadu ¢periMa BO3MOXHA TOJBKO B
ciydae, ecnu ycraHoBieHbl Outel TXRQ, TXENO, TXENI wu
MSGVAL. Taxxe Oour TXRQ ycraHaBmuBaeTcs ammapatHO NpU
noJydeHuu ¢peiimMa ynajJeHHOro 3arnpoca.

but cOpachkiBaeTcst anmapaTHO MPH YCIEITHOM 3aBEPIICHUN TIepeaayH,

U €ClIM IPU 3TOM He ObUI NMOBTOPHO NMPOrpaMMHO YCTaHOBJEH OUT
NEWDAT

RXEN

bur pazpemienus npuema

0 | 3anpemeno

1 | OOBeKT coolIIeHUs] MOKET IPUHIUMATH COOOIICHHUS

CoctosiHUe OWTa YYHUTHIBACTCS TOJIBKO MPU (PUIBTpPALMU TPUHUMAEMBIX
COOOIIEHUN

RTSEL

I/IH,Z[I/IKaTOp BO3MOXXHOCTH aneMa/ nepcaadiu

0 | O6BekT cooOlIIeHUsT HE MOXKET IPUHUMATH/TIEpeIaBaTh COOOIICHHSI

1 | OOBeKT cooOIIeHNsI MOXKET TPUHUMATh/TIepeaaBaTh COOOIICHUS

ITpuem dpeiima. butr RTSEL ycranaBnuBaeTcs anmapaTHO HOCJIE TOTO, KakK
BBIOpaH OOBEKT COOOIICHHS M JJIsl COXPAHEHHUS TOJBKO YTO MPUHSATOTO
¢peiima. [Ipexne, uem 3anucaTh NPUHATHIE JaHHBIE B OOBEKT COOOIIEHUS
m, ammapartHasi 4acTh npoBepser coctosuue Omuta RTSEL. LITY moxer
cOpacbIBaTh 3TOT OUT, YTOOBI 3ampeTHTh 3alMUCh NMPHUHATOro (peiima B
00BEKT COOOLIEHUS m.

Ilepenaua ¢peiima. bur RTSEL ycranaBimBaeTcs anmapaTHO MOCIE TOTO,
KaK BBIOpaH CIEAYIOUINI OOBEKT cOOOIIeHus m Ui mepedadn ¢peima.
AnmapaTHas 4acTh TNepe]] HadyaJloM Tepeladd MPOBEPsIeT: YCTaHOBIICH JIN
our RTSEL u cOpomen nu 6ur NEWDAT. bur RTSEL nomxen
OCTaBaThCS YCTAHOBJICHHBIM O OKOHYaHHWs Tmepenaud. lIpoBepka
coctosiHusl 6uta RTSEL mpou3BoAMTCS TOJBKO MPH MOMBITKE U3MEHEHUS
COJIEP’)KUMOr0 O0BEKTa COOOIEHHS m BO H30eKaHUWE OJIHOBPEMEHHOI'O
BBINOJIHEHUST Omepaluidi mepenaun ¢peiiMa W ero u3MeHeHus. bur He
Y4acTBYET B QUJIbTpaIK COOOIICHUI U He cOpachIBAETCsl almapaTHO

MSGVAL

but akTMBHOCTH 00BEKTA COOOIIEHHST M

0 | He aktuBen

1 | AkTuBEeH

TonbKO Te 00OBEKTHI COO6H_ICHI/II71, AJI1 KOTOPBIX YCTAHOBJICH 3TOT 6I/IT,
MOTYT HMCITIOJIB30BATHCA I onepaunﬁ npueMa u nepecaadun
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[Tone butsl Onucanue
MSGLST 4 but notepu coolmieHus
0 | Hu ogHO cooO1ieHre He TOTEPSHO
1 | IlpuHsTOE COOOIIEHUE MOTEPSIHO BCIIEACTBUE TOTO, YTO KOHTPOJLIEP
CAN nomnsrrancs ycranosuts 6utr NEWDAT no oxkonyanuu npuema
coobmenuss npu ToMm, uto diaar NEWDAT yxe Obul yCTaHOBIJICH
paHee MocJie 3aMucu APYroro COOOIeHNUs
NEWDAT |3 WMHnyukaTop HOBBIX JaHHBIX
0 | C momenrta cOopoca 6uta NEWDAT Hukakux u3MeHEHUH 00BEKTa
COOOIICHUSI M HE OOHAPYKEHO
1 | OO6BekT coobiieHus: ObUT U3MEHEH.
bur ycranaBnMBaeTcsl ammapatHO TIOCIE€ TOTO, KakK IPHHATOE
cooOmieHne OBUIO COXpaHEHO B 00BeKTe cooOmmeHuss m. but
cOpacbIBaeTCsi ammapatHoO TIOCIE€ Hayala Iepenadyd o0beKTa
coobmienuss m. bur NEWDAT cnenyer yctanaBnuBaTh mporpaMMHO
Mocjie TOTO, KaK HOBBIC JAHHBIC JIJIs Tiepenadyun OyIyT COXpaHEHBI B
00BbeKTe COOOIIEHUST M Il TPEIOTBPAIICHHUS aBTOMATHUYECKOTO
copoca 6uta TRXQ B KOHIIE TeKyIIeH nepeaadn
RXUPD 2 WHaukaTop n3MeHEeHu
0 | Her Tekymmx u3MeHEHUI
1 | Unertudukarop coodmieHus, noje ;iuHbl AaHHbx DLC u nanHbie B
00BEKTE COOOIICHHS] H3MEHSIOTCS
TXPND 1 WMHnukaTop OKOHYAHMS TIepeIadn
0 | IlepenaHHbIX COOOIICHHIA HET
1 | Coobuienue 00bekTa M ObUIO YCIEUTHO MEPe1aHo
RXPND 0 WHauKaTOp OKOHYAHMSI IPUEMA

0

[TpuHATBHIX COOOIIEHUI HET

1

CooOmienre OBLIO YCIEIIHO MPUHATO OOBEKTOM COOOIICHHS m
(HampsiMy!0 WJIM  4Yepe3 1UIo3). bBHUT JomkeH  cOpachiBaThCs
MPOTrPaMMHO
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A.4 Peructpbl kouTpoJsuiepa Flash-namsatu
Ba3osbrii agpec:  4003_0000h

Cmennenue: + 04h (DATA) Peructpbl naHHBIX

ADDR - peructp aapeca Flash-namsu

CwMmemenue: + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butel ‘ Onucanue
Anpec, UCTIONB3yEMBIN IIPU KOMaHaX 3alyCH, YTEHUS U

MOCTPAHUYHOT'O CTUPAHUA.

VAL ‘ 31-0

DATA — maccuB peructpoB gaHHbIX Flash-mamsitu

Cwmemenne: DATA + (4*d)h, rne d = 0 wm 1
Copoc: FFFF_FFFFh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
I I I I I I I I I I I I I I
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
I I I I I I I I I I I I I I
3y
[Tone ‘ buTsl ‘ Ornucanne
VAL 31-0 32-pa3psiTHBIE PETUCTPHI CIIOB IaHHBIX. Bee clioBa JaHHBIX JOMKHBI OBITh

3arpy’KeHbl B PETUCTPHI 10 YCTAHOBKM OWTa KOMaHBI 3anmucu. Untaemebie

JaHHbIe OYIyT IOCTYIHBI B peructpax nocie copoca ¢uara BUSY.
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CMD - peructp xomana Flash-mamsitn

CwMmewenue: + 24h
Co6poc: DECO_0000h

31

30

29

28 27 26 25 24

23

22 21

20 19

18

17

16

T T T T T T T T T T T
KEY
I I I I I I I I I I I
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T VR T T == | R
) ON ) ALL |sEc| WR | RD
I I I I I I I I
3y 34 34 34 3y
ITone buth Onucanue
KEY 31-16 | Kox 3amycka koManibpl. Bce koMaHAbl A7 BCTYIUIGHHUS B CHUJTY JOJIKHBI
compoBokaathess 3amuchio B moine KEY 3nadenus CODEh. Komanmsi
JOJKHBI  BBIMIOJIHATBCS TIO OJIHOM, T. €. 3aluCh CIEAYIOImEeld KOMaHJIbI
paspenieHa, TOJbKO MOcie 3aBeplIeHus npeapiaymei. [Ipu ogHoBpeMeHHOM
3alMcHu HECKOJbKUX KOMaHj| OyAeT BBINOJHEHA Ta, HOMEp OHWTa KOTOpOii
menbiie. Yrenue mosiss KEY Bcerna Bo3ppamaer DECOh
NVRON | 8 but monudukanun komanel 1 padbotel ¢ NVR ob6nacteio
0 | Komanja BeimosHsieTcs i1t ocHoBHOM oOiactu Flash-mamsitu
1 | Komaunna seimonasercs w1t NVR obnactu Flash-rmamsaru
ERALL |3 but akTHBaMKM KOMaHAbI MOJHOTO CTUPAHUs 00J1aCTH
ERSEC |2 byt akTuBanmMM KOMaHIBI CTUPAHUS CTPAHHIBI OOJACTH. AJpPEC CTPAHMIIBI
BBIYHMCIISICTCS HA OCHOBE 3HaveHus peructpa ADDR.
WR 1 bur axtuBanmu xomannbl 3ammcu AaHHBIX DATAO, DATAL mo aapecy
ADDR B obnactu
RD 0 bur aktuBarum komanabl ureHust gaHHbBIX B DATAO, DATAL mo aapecy
ADDR B obnactu
— 15-9, | 3apesepBupoBaHO
7-4
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STAT — peructp cratyca Flash-mamsaTu

CwMmemenue: + 28h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
- IRQF [BUSY
1 1 1 1 1 1 1 1 1 1 1 1 1
r Y
ITone | butsl Onucanue
IRQF |1 @unar npepblBaHUs 10 OKOHYaHUU BBIIOJIHEHUSI KOMaH/Ibl. Y CTaHABIMBAETCH,
tosibko ecim 6uT IRQEN ycranoBieH
0 | Her undopmanuu
1 Komanna Beimoiinena
COpacbiBaeTcst 3aUChIO «1»
BUSY |0 Cratyc pabotsl koHTpOIuiepa Flash-nmamsitu
0 Her akTuBHOI KOMaH b
1 | BolnonHseTcs KoMaHaa
[Ipumeuanue — B cB3u ¢ 0COOCHHOCTSIMH NIEPECUHXPOHU3AIHNH, TIPU
paboTe Ha BHICOKMX YacTOTaX sapa He0OX0UMO J00aBIATh 3aACPKKY MEKIY
3anucelo peructpa CMD u yrenuem ¢aara BUSY, nanpumep, S NOP xomanz.
— 31-2 | BapezepBHpPOBaHO
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CTRL - peructp HacTpoiiku KoHTpoJuiepa Flash-namsaTu

CwMmemenue: + 2Ch
Copoc: 1_0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
- LAT
1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
' ' ' ' ' DFL | IFL ' ] ' IRQ[ _ | DC | IC |pgp
| | | | | USH [USH | | EN EN | EN
34 3y 3y 34 34 3y
ITone butel Ornucanue
LAT 19-16 [Tone 3agaHus KOJUYECTBA JTOMOJTHUTEIIBHBIX TAKTOB OKHUJIAHUS TTPH
yrenuu u3 Flash-mamsru
DFLUSH |9 buT 3amycka O4MCTKH K31 JaHHBIX
0 | Her peakiyn
1 | 3amyck ouncTkH
IFLUSH |8 burt 3anmycka oUMCTKU K311 HHCTPYKIMM
0 | Her peakiyn
1 | 3amyck ouncTkH
IRQEN 4 but ynpasnenus npepsIBaHUEM 110 3aBEPIICHUY BBIITOIHEHUS KOMAaH/ bl
peructpa CMD
0 | Her peakiyn
1 | [IpepbiBaHue pazpemieHo
DCEN 2 but ynpasneHus K311 JaHHBIX
0 | BeikiroueHo
1 | BkiroyeHo
ICEN 1 but ynpaBieHus K31 HHCTPYKIUN
0 | BeikiroueHo
1 | BxiroueHo
PEN 0 but ynpasineHust mpeaBbIOOpKOH
0 BoikiroueHo
1 BxiroueHo
— 31-20, | 3apesepBuUpoBaHO
15-10,
7-5,3
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ICSTAT — peructp craryca K31 HHCTPYKIUH

CwMmewenue: + 34h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- BUSY
L L L L L L L L L L L L L L
y
[Tone butel Onucanue
BUSY 0 @unar ycraHaBIMBAaeTCs MPH 3allyCKe KOMaHIbl OYMCTKH KJII JAaHHBIX,
cOpachIBaeTCs MOCIIe MX OKOHYAHUS
— 31-1 | 3ape3epBuUpoBaHO
DCSTAT — peructp cratryca K31 JaHHBIX
Cwmerrenue: + 38h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- BUSY|
L L L L L L L L L L L L L L
y
ITose butel Ornucanne
BUSY 0 @uiar ycTaHaBIMBAeTCS IIPU 3allyCKe KOMAaHIbl OYMCTKH KJII JAHHBIX,

cOpachIBaeTCs MOCiIe NX OKOHYaHUS

— 31-1 | 3apesepBupoBaHO
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BDIS — peructp ynpasJ/jieHus 3arpy3Koii

CwMmemenue: + 78h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
I I I I I I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
) BM
DIS
I I I I I I I I I I I I I I
3y
ITone butnl Omnucanue
BMDIS 0 bur otkmoyeHHs] crapTa M3 3arpy3doHOW MaMATH IOCNE CJEIYIOIIEero

nporpaMMHOro copoca. OkasbiBaer BiusHuE, Tonbko ecnn B CFGWORD
aKTHBHPOBAH CTAPT U3 3arpy304HOM 00J1acTH

0 | Crapt u3 3arpy304Hoii 061acTu OyAeT IPOUCXOJUTh KaX/IbIi pa3 1mocie
7100010 U3 COPOCOB

1 | Crapt u3 3arpy304Hoil oOuactu OyAeT MPOUCXOIUTh TOJBKO IPHU
BHemHeM i POR cOpoce. [Iporpammuslii cOpoc Oynet NpuBOAUTE K
3arpy3Ke U3 OCHOBHOM o0jacTu

— 31-1 | 3apesepBupoBaHO
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A.5 Peructpbl 6J10Kka ynpaBJjieHUsI CHCTEMOM
Ba3zoBwlii agpec:  4004_0000h

PWMSYNC — peructp HacTpoiiku cunxponuszanuu PWM

CwMmemenue: + 10h

Copoc: Oh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T

- PRESCRST -
| | | | | | | | | | | | |
3y
Tlomne bute! Onucaunue

PRESCRST | 10-8

buTtel cOpoca c4ETUMKOB IIPEeIBAPUTEIBHBIX JIeauTenei 610koB [ITMM.
3anucek Hyns B MJaammid Out mons copaceiBaer cuetuuk 6ioka [HINMMO,
B IepBbIi OuUT — cyetunk Onoka IIIMMI1, B crapmmii OUT — CYETUHMK
6soka LIIMM2. 3anuch eMHULIBI Pa3peIIaeT cyeT

- 31-11,
7-0

3ape3epBUPOBAHO

SERVCTL — perucTp HacTpOiKH CEPBHCHOTO pPesKMMAa

CwMmemenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
SERV ]
EN
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T P
- DONE CLR
1 1 1 1 1 1 1 1 1 1 1 1 1
4y 3y
[Tone butel Onucanue
SERVEN |31 0 | OOBIYHBII peKUM pabOTHI
1 | CepBucHblii pesxxum. Bo Bpems cOpoca Ha BeiBojie SERVEN 6b11a ennnaunia
DONE 1 @uiar 3aBepLIESHUS] KOMaH/1bl CEPBUCHOIO CTUPaHMs
0 | Komana He 3aBepiieHa
1 | Komanna 3aBepiieHa
CHIPCLR | O but ctupanud. 3anuch eAMHUIIBI AKTUBUPYET MOJTHOE CTUPAHUE
— 30-2 | 3ape3epBHpOBaHO
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CLKOUTCTL — peructp HaCTPOWKH BbIJa4H TAKTOBOI0 CUTHAJIA

CwMmemenue: + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
I I I I I I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T CLK
- ouT
I I I I I I I I I I I I I I EN
3y
ITone butn Omucanue
CLKOUTEN | 0 but BKmoyeHus QyHKIMY BIAYM TAKTOBOTO cuTHaA Ha BeIBoJie SERVEN
0 Brixiroueno
1 Bxiroueno
— 31-1 | 3apezepBupoBaHO

REMAPAF — peructp nepexjii4eHusi a1bTePHATUBHBIX (PYHKIMIA

Cwmewenue: + 1Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
) ECAPECAP[ECAP| QEP
2EN|1EN|OEN| EN
1 1 1 1 1 1 1 1 1 1 1
34 34 34 3y
ITone butsl Onwucanue
ECAP2EN 3 Bxutouenue ¢pynkuuu 610ka ECAP2 Ha BbiBosIe A
ECAP1EN 2 Brutouenne ¢ynkuuu 610ka ECAP1 Ha BeiBosie AS
ECAPOEN 1 Bxutouenue ¢pynkuuu 610ka ECAPO Ha BoiBosie A4
QEPEN 0 Brutouenne dynkuuii 610ka QEP Ha BeiBomax B10 — B13
— 31-4 | 3ape3epBUpPOBAHO

I[Ipumeuanue — J{ns Bcex OUT perucrpa:
0 — dyHKIMS BBRIKITIOUCHA,
1 — ¢pyHKIMS BKIIIOYEHA.
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DMAMUX — peructp HacTpoiiku KoHGUTypupyeMbIx kaHaioB DMA

CwMmemenue: + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I SRCS I ) I SRCS I ) I SRCS SRCS
| EL15 | | EL14 | | EL13 EL12
3y 3y 3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I SRCS I _ I SRCS I ) I SRC SRC
| EL11 | | EL10 | | SEL9 SEL8
3y 3y 3y 3y
[Tone butel Onucanue
SRCSEL15 | 28 Br10op ncrounuka mist kanana 15 kontpomiepa DMA
0 | 3ampoc ot 6sioka PWM2 xanan A
1 | Her anmapaTHOTO HCTOYHHUKA
SRCSEL14 | 24 Bo160p ncrounuka uist kaHana 14 kontposiepa DMA
0 | 3ampoc ot 6;10ka PWM1 kanan A
1 | Her anmapaTHOTO MCTOYHHUKA
SRCSEL13 | 20 Bo160p ncrounuka juist kaHana 13 kontposiepa DMA
0 | 3ampoc ot 6;10ka PWMO kanan A
1 | Her annapaTHOro HCTOYHUKA
SRCSEL12 | 16 Br160op ncrounuka mist kanana 12 kontposiepa DMA
0 | 3ampoc ot 6sioka TMR3
1 | 3anpoc ot 61moka PWM?2 kanan B
SRCSEL11 | 12 Br16op ncrounnka mist kanana 11 kontpomiepa DMA
0 | 3ampoc ot 6sioka TMR?2
1 | 3anpoc ot 6moka PWMI kanan B
SRCSEL10 | 8 Br160p ncrounuka uist kanana 10 kontposiepa DMA
0 | 3ampoc ot 6moka TMR1
1 | 3anpoc ot 6moxka PWMO kanan B
SRCSEL9 |4 Br160p ncrouHuka uist kaHana 9 kontposiepa DMA
0 | 3ampoc ot 6;oka TMRO
1 | 3anpoc ot nopta B
SRCSEL8 |0 Br10op uctounuka iisi KaHazia 8 kontposiepa DMA
0 | 3ampoc ot 6sioka QEP
1 | 3ampoc ot mopra A
— 31-29, | 3ape3epBuUpoBaHO
27-25,
23-21,
19-17,
15-13,
11-9,
7-5,
3-1
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CHIPID - peructp naeHTH(PUKATNNH CHCTEMbI

Cwmewmenue: + FFCh
Copoc: 5A29 8FE1lh

31 30 29 28 27 26 25 24 23

22

21

20

19

18

17

16

15 14 13 12 11 10 9 8 7

ITone butel

Onucaunue

ID 31-4 Homep monenun

REV 3-0 Howmep pesuszun
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A.6 Peructpsbl cucTeMbl yNpaB/ieHHsl TAKTHPOBaHHEM H cOpocoM

basoBblii agpec:

CMelnenmue:

4004_1000h

+ 60h (UARTCFG) Peructpsl HacTpoiiku TaktiupoBanust UART

OSICFG - perucrp koH(purypauuu BHyTpPeHHEro OCuuIJIATOpa

CwMmemenue: + 00h
Copoc: 220_0001h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
- CAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- EN
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
ITone butel Onucanue
CAL 25-16 3HavyeHue 115l MOACTPONKH YaCTOThl BHYTPEHHETO OCIIMILIATOPA
EN 0 buT BKIIIOUYECHHSI BHYTPEHHET0 OCIUJLISITOpA
0 | Bekimro4eHo
1 | Bxiroyeno
— 31-26, 15-1 | 3ape3epBUpOBaHO

OSECFG - peructp kKoH(pUrypanuu BHeIIHEro OCUUJLISITOPa

CwMmemenue: + 04h

Copoc: 3h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- EN XOEN
1 1 1 1 1 1 1 1 1 1 1 1
34 3y
ITone | bursl Onucanue
EN 1 PaspemieHne cHHXpOCHUrHaIa OT BHEIIHETO OCHMILISITOPA
0 | BampemieHo
1 | Paspemeno
XOEN | 0 Pazpemenne padotsl BeiBoja XO_0OSC
0 | BampemeHo
1 | Paspemeno
— 31-2 | 3apesepBupoBaHO
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PLLCFG — peructp kondurypamuu PLL

CwMmemenue: + 08h

Copoc: 102h
31 | 30 | 29 28 27 26 25 24 23 | 22 | 21 20 19 | 18 17 | 16
ouT BY REF
| | LOCK - | En| = |pass | i | SRC | OID
Y 3y 3y 3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
N - M
I I I I I I I I I I I I
3y 3y
ITone buter Onucanue
LOCK 28 VcranaBinuBaercs, eciu 010k PLL ctabunen
OUTEN | 26 Pa3pemienne BpIBO1a 4acTOTHI ¢ O10Kka PLL
BYPASS | 24 PexM CKBO3HOTO MPOXOXK/ICHHSI TAKTOBOTO CUTHAJIA
REFSRC | 20 Br160p cTOYHNKA BXOAHOM YacToTHI fiN
0 Buemnnii takrosslit curgain OSECLK
1 Buytpennnii TaktoBbiii curHan OSICLK
oD 17-16 Koaddunuent nenenust Beixomnoro curnaia PLL
00 |1
01 |1/2
10 | 1/4
11 | 1/8
N 13-8 Koaddunument genenuss N PLL. 3nauenus ot 1h go 3Fh
M 5-0 Koaddunuent nenenust M_PLL. 3nauenust ot 2h no 3Fh
- 31-29, 27, 25, 23-21, | 3ape3epBUpPOBAHO
19-18, 15-14, 7- 6

PLLDIV — perucrtp BHemHero aeaunresasi PLL

Cwmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
I I I I I I I I I I I I I I I
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
DIV
DIV -
EN
I I I I I I I I I I I I
3y 3y
Ilone butel OmnucaHue
DIV 13-8 Koadbdunuent Beixonnoro nenurens PLL, Beranciasemsiii kak DIV+1
DIVEN | O burt pazpenieHus: BBIXOIHOTO JETUTENs 4acTOThl O6J0ka PLL

0 | 3ampemieno

1 | Pa3pemieno

— 31-14, 7-1 | 3ape3epBUpPOBaHO
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SYSCLKCFG — peructp koH(pUrypaumu cucCTeEMHOI0 TAKTOBOT0 CUTHAJIa

CwMmemenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
] SEC
EN
| | | | | | | | | | | | | |
3y
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- SYSSEL
| | | | | | | | | | | | | |
3y
Tlomne bute! Omnucanue
SECEN 16 Byt BKIFOYEHUS CUCTEMBI CIIEKEHUS 34 TAKTOBBIM CUTHAIIOM

0 Brixkiroueno

1 Brxirroueno

SYSSEL 1-0 Bb100p HCTOYHMKA CUCTEMHOIO TAKTOBOI'O CUTHAJIA

00 | Curnax OSICLK

01 | Curnan OSECLK

10 | Curnain ¢ Berxoma 6m1oka PLL

11 | Curuan nocne BHerHero aexurens PLL

— 31-17, | 3apesepBupoBaHO
15-2

SYSCLKSTAT — peructp craryca CHCTEMHOI'0 TAKTOBOI0 CUTHAJIa

Cwmemenue: + 14h
C6poc: C100_0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

! ! ! pLL | PLL | OSE ! ! ! ! PLLD| PLL | OSE
- DIVC| CLK | CLK - IVCL | CLK | CLK -
| | | LKOK| OK OK | | | | KERR| ERR | ERR
y Y Y y y y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
SYS
- FAIL - BUSY - SYSSTAT
I I I I I I I I I I
y y y
ITone butel Onucanue
PLLDIV 27 dnar HaIUYKs TAKTOBOT'O CUTHAJIA HA BBIXOJIE BHEIIHETO JNEIUTEN
CLKOK PLL
PLLCLKOK 26 drar Hamuyus TAKTOBOro curHaiia Ha Berxone PLL
OSECLKOK 25 ®nar Hanuuus BeIOpanHoro TakToBoro curaga OSECLK
PLLDIV 19 ®dnar OTCYTCTBUS TAKTOBOI'O CUTHAJIa HA BBIXOJI€ BHEIIHETO
CLKERR nenurens PLL
PLLCLKERR 18 dar OTCYTCTBHUSI TAKTOBOTO CUTHaJIa Ha Bbhixoae PLL
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[Tose burtel Onucanue
OSECLKERR 17 @nar orcyrcTBHsl BhIOpaHHOTO TakToBOr0o curHaia OSECLK
SYSFAIL 8 ®nar omrOKK IpU NPOMAJAHUN TAKTOBOTO CUTHANA, KOTOPBI OBLI
BBIOpaH B KAYECTBE CHCTEMHOTO
BUSY 4 ®nar 3ansToctu 61oka RCU (Hanprumep, BO BpeMsi CMEHBI
TaKTOBOI'O CHT'HAJIA)
SYSSTAT 1-0 Texymui HCTOYHUK CUCTEMHOI'O TAKTOBOI'O CUTHAJIA

00 | Curmax OSICLK

01 | Curman OSECLK

10 | Curnan ¢ Beixona PLL

11 | Curnain nmocne BHemHero geimrens PLL

31-28, | 3apesepBUpOBaHO
24-20,
16-9,
7-5,
3-2

SECPRD — peructp cjie;keHHs 32 COCTOSTHHEM CHCTEMHOI0 TAKTOBOI0 CHTHAJIa

Cwmewenue: + 18h
Copoc: FFFF_FFOOh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | |
PLLDIVCLK PLLCLK
! ! ! ! ! ! ! ! ! ! ! ! ! !
34 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | |
OSECLK -
| | | | | | | | | | | | | |
3y
[Tone butsl Onwucanue
PLLDIVCLK | 31-24 | MakcuManbHOE 3HaYCHHE CUETUYMKA TIEPUOJIOB IS IETEKTUPOBAHHS
nponaganus curHana PLLDIVCLK
PLLCLK 23-16 | MakcumanbHOE 3HAYeHUE CYETUHKA ITEPHOIOB /IS IETCKTHPOBAHUS
nponaganus curana PLLCLK
OSECLK 15-8 | MakcumanpHOE 3HAUeHUE CYETUHKA ITEPHOIOB /IS IETCKTHPOBAHUS

nponaganus curHana OSECLK

7-0 3ape3epBUPOBAHO
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SYSRSTCFG — perucTp HaCTpoOiiku CHCTEMHOT0 cOpoca

CwMmemenue: + 1Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
) LOCK
UPEN
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
ITose butel Ornucanue
LOCKUPEN | 0 but paspemenus copoca, koraa nporeccop B coctosiaun LOCKUP

0 | 3ampemeHo

1 | Pa3pemeno

31-1

3ape3epBUPOBAHO

SYSRSTSTAT - peructp craTyca cHCTeMHOro copoca

Cwmewenue: + 20h

Copoc: 1h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
LOCK| SYS| W
- POR
UP [RST|DOG
1 1 1 1 1 1 1 1 1 1 1
34 34 34 3y
ITone butsl Onucanue
LOCKUP |3 dnar ycraHaBIMBAETCA, €CIIU MOCIEAHUN cOPOC MPOU30IIIEN U3-3a BXOJa
nporeccopa B cocrosiarie LOCKUP
SYSRST 2 @rnar ycTaHaBIMBAETCS, €CIIU MOCIEAHUI COPOC MPOU3OIIIET B
pe3yabTaTe MoJadd CUTHaJIa CHCTEMHOTO0 copoca
WDOG 1 ®nar ycraHaBIMBAETCA, €CIHU MOCIEAHUN cOpOC ObLIT aKTUBUPOBAH
CTOpPOKEBBIM TAUMEPOM
POR 0 drnar ycraHaBIMBAETCA, €CIU MOCIECAHUNA cOPOC MPOU30ILIET U3-3a
cpabatpiBanus cxembl POR
— 31-4 3ape3epBUPOBAHO
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INTEN — peructp pa3penienusi npepbiBaHHi

CwMmewenue: + 24h
Copoc: Oh

31 30 29 28

27

26

25

23

22

21 20

19

18

17

16

PLL
LOCK
L L L L L L
34
15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
! ! ! PLL | PLL | OSE ! ! PLLD | PLL | OSE
- DIVC | CLK | CLK - IVCL | CLK | CLK | -
| | | LKOK] OK | OK | | KERR| ERR | ERR
34 34 34 34 34 34
ITone butel Ornucanue
PLLLOCK 16 Pazpemenne npepriBanus no curaany LOCK
PLLDIVCLKOK 11 Pa3pemienue npeppiBaHus PU HOSIBIEHUU CTAOUIBHOIO
TAaKTOBOI'O CUT'HAJIa Ha BBIXOJIC BHEIIHero aenurens PLL
PLLCLKOK 10 Pa3penienue npeppiBaHus PU HOSIBIEHUU CTAOUIBHOIO
TAKTOBOI'O curayia Ha Berxone PLL
OSECLKOK 9 Pazpemienre nmpepsIBaHUs IPH MOSIBICHIUH CTAOUIBHOTO
BbIOpaHHOTro TakToBOro curaasa OSECLK
PLLDIVCLKERR 3 Paspemenne mpepsiBaHus IPH MIPOMAIaHUH CTAOUIBHOTO
TAKTOBOI'O CUT'HAJIa Ha BBIXOJIC BHEIIHero aenurens PLL
PLLCLKERR 2 Pazperienne npepsiBaHus IpH MPONagaHUN CTAOUILHOTO
TAKTOBOI'O CUrHayia Ha Beixone PLL
OSECLKERR 1 Pazperienne npepsiBaHus Py MPONaAaHUN CTAOUILHOTO
BbIOpanHOro TakToBOoro curaga OSECLK
— 31-17, | 3ape3epBHpPOBaHO
15-12,
8-4,0
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INTSTAT — peructp craTyca npepbiBaHuii

CwMmemenue: + 28h
Copoc: Oh

31 30 29 28

26 25 24 23 22 21 20 19 18 17 16

T T T T T T T T T T T
) SYS ) PLL
FAIL LOCK
L L L L L L L L L L L
34 34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
! ! ! PLL | PLL | OSE ! ! ! ! PLLD | PLL | OSE
- DIVC | CLK | CLK - IVCL [ CLK | CLK | -
| | | LKOK] OK | OK | | | | KERR| ERR | ERR
34 34 34 34 34 34
ITone butsl Omnucanue
SYSFAIL 20 @dnar  ycTaHaBIUBaeTCs TMpU  IMOMBITKE MEepelTH  Ha
OTCYTCTBYIOIIMKA WCTOYHUK TAKTUPOBaHUs (TpephIBaHUE,
BBICTABJISIOIIEE JAaHHBIN Quiar, coorBeTcTBYeT BeKTOpy NMI)
PLLLOCK 16 @nar npepsiBanust o curaany LOCK
PLLDIVCLKOK 11 ®dnar mpepeIBaHUS TP TOSBICHUH CTAOMIIBHOIO TaKTOBOTO
CUTHaJIa Ha BBIXOJIe BHeHIHero nenutens PLL
PLLCLKOK 10 ®nar mpepbIBaHUS TP TOSBICHUH CTAOMIIBHOTO TaKTOBOT'O
curxaia Ha Berxone PLL
OSECLKOK 9 ®dnar npeprIBaHUs TPH MOSBICHUN CTAOMILHOTO BBIOPAHHOTO
takToBOro curHaia OSECLK
PLLDIVCLKERR 3 @mnar mpepsIBaHUS TPU MPONAJAaHUH CTAOMIBHOTO TaKTOBOTO
CUTHaJIa Ha BBIXOJIe BHeHIHero nenutens PLL
PLLCLKERR 2 @mnar mpepsIBaHUS TPU MPONAJAHUH CTAOMIBHOTO TaKTOBOTO
curuaia Ha Berxoqe PLL
OSECLKERR 1 @uar npepbIBaHUA MPHU MPONATaHUH CTa0OUIBHOTO BEIOPAHHOTO
takToBOro curiana OSECLK
— 31-21, | 3ape3epBUpOBaHO
19-17,
15-12,
8-4,0

I[Ipumeuanue — dnaru copacsiBarocs TOIbKO mporpaMMHo. Jlis copoca diara cneayer
3anMcarh €UHUILY B COOTBETCTBYIOLIUHI OUT.
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TRACECFG — peructp HacTpoiiku unTepgeiica TpaccupoBKH

CwMmemenue: + 2Ch

Copoc: 1h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T iy
- DIVN - EN
L L L L L L L L L L L L
34 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T oLk
- CLKSEL - EN
L L L L L L L L L L L
34 3y
[Tone butel Onucanue
DIVN 29-24 | KoadduuueHTt neneHust BXOIHON 4acTOThl HHTepdeiica TpacCUPOBKH.
Pesynprupytomuii koaddurment nenenns N =2 x (DIVN + 1)
DIVEN 16 Paspemnienne neauTenst BXOJHON 4acTOThI HHTEp(deiica TpacCHPOBKH
CLKSEL 9-8 Bp100p MCTOUYHMKA BXOAHOM 4acTOTHl HHTEp(derica TpacCUPOBKU
00 | OSICLK
01 | OSECLK
10 | PLLCLK
11 | PLLDIVCLK
CLKEN 0 Pa3pernienue TakTHpOBaHUS
— 31-30, | 3ape3epBHpOBaHO
23-17,
15-10,
7-1

CLKOUTCFG - peructp HacTpPOiikH BBIXOJHOI'0 TAKTOBOI'0 CUTHAJIA

CwMmemenue: + 30h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
DIV
- DIVN - EN
1 1 1 1 1 1 1 1 1 1 1
34 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T CLK
- CLKSEL - EN
1 1 1 1 1 1 1 1 1 1 1
34 34
[lose butel Onucanue
DIVN 26-24 | Koaddurment neneHus BEIXOTHOTO CUTHAIA.
Pesynprupyrommii koaddurment genenust N = 2x(DIVN+1)
DIVEN 16 Paspenienue nenuTelis BBIXOJIHOIO CUTHAIA
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ITone butwr Omnmcanue
CLKSEL 9-8 Br100p MCcTOYHMKA BEIXOTHOTO CUTHAJIA
00 OSICLK
01 OSECLK
10 PLLCLK

11 PLLDIVCLK
CLKEN 0 Paspenienne BHIXOAHOIO CUTHAJIA
— 31-27, | 3ape3epBUpPOBAHO
23-17,
15-10,
7-1

WDTCFG — peructp HacTpOiiKH CTOPOKeBOIo TaiiMmepa

Cwmemenue: + 34h
C6poc: 301 _0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T iy
- DIVN EN
I I I I I I I I I I I I
3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T - T T oLk
CLKSEL - DIS - EN
I I I I I I I I I I
3y 34 3y
ITone buter Onucanue
DIVN 29-24 | KoaddummeHT neiaeHust BXOAHOTO CUTHANA.
Pesynprupyromuii kodhdurment aenenns N = 2x(DIVN+1).
DIVEN 16 Paspenienue nenuTesnnst BXOJHOTO CUTHAJIA
CLKSEL |9-8 Bb160p HCTOUHMKA TAKTOBOI'O CUTHAJIA
00 OSICLK
01 OSECLK
10 PLLCLK
11 PLLDIVCLK
RSTDIS |4 Cusitue curnana copoca.
Korna curnan B HyJse, 6JIOK B COCTOSTHUU cOpoca
CLKEN 0 Pa3penienne TakTHpOBaHUS
— 31-30, | 3ape3epBHpOBaHO
23-17,
15-10,
7-5,
3-1

[Ipumeuanue — Yacrora TaKTHMPOBAHUS CTOPOKEBOTO TaiiMepa JOJDKHAa OBITH Kak
MUHHMYM B 2 pa3a HUKE CUCTEMHOM.
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UARTCFG — maccuB peructpoB Hactpoiiku UART

Cwmerenune: UARTCFG + (4*n)h, rae n — Homep 61oka 0, 1
Copoc: Oh

31 | 30 29 | 28 | 27 | 26 | 25 | 24 23 | 22 | 21 20 | 19 18 17 16
; DIVN [é',\\l/
I I I I I I I I I
3y 34
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T - oLk
CLKSEL - DIS - EN
I I I I I I I I
3y 34 3y
IIone butnr Onucanue
DIVN 29-24 KoaddurmenT nenenust BXOgHOTo CUTHANA.
Pesynprupyromuii kodhdurment aeacaus N = 2x(DIVN+1)
DIVEN 16 Paspernienne nenuTensi BXOJHOTO CUTHAJIA
CLKSEL 9-8 Bb100p HCTOUHMKA TAKTOBOI'O CUTHAJIA
00 | OSECLK
01 |PLLCLK
10 | PLLDIVCLK
11 | OSICLK
RSTDIS 4 Cusitue curaana copoca. Korna curnan B Hyie, OJIOK B
COCTOSTHUH cOpoca
CLKEN 0 Paspenienne TakTHpOBaHUS
— 31-30, 23-17, 3ape3epBUPOBAHO
15-10, 7-5, 3-1

SPICFG — peructp Hactpoiiku SPI

CwMmemenue: + 80h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T
DIV
- DIVN EN
I I I I I I I I I
3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T - CLK
CLKSEL - DIS - EN
I I I I I I I I
3y 3y 3y
ITone butnl Onucanue
DIVN 29-24 | Koo dunment aeneHust BXOJHOTO CUTHANA.
Pesynprupytomuii koaddurment genenns N =2 x (DIVN + 1)
DIVEN 16 Paspenienne neanTesnst BXOJHOTO CUTHAJIA
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[Tone butsl Onucanue
CLKSEL 9-8 Bp100p HCTOYHMKA TAKTOBOT'O CUTHAIA
00 | OSECLK
01 |PLLCLK
10 | PLLDIVCLK
11 | OSICLK
RSTDIS 4 Custue curnana copoca. Korna curnan B Hyse, 670K B COCTOSIHUN
cOpoca
CLKEN 0 Pa3penienne TakTHpOBaHKS
— 31-30, | 3ape3epBupoOBaHO
23-17,
15-10,
7-5,
3-1

ADCCFG - peructp HacTpoiiku 610ka ALIT

Cwmenenune: + AOh

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T -
- DIVN EN
1 1 1 1 1 1 1 1 1 1 1 1
3y 34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T - T T CLK
CLKSEL - DIS - EN
1 1 1 1 1 1 1 1 1
3y 34 3y
ITone butsl Onwucanue
DIVN 29-24 | Koo duuumeHT neneHust BXOJHOTO CHTHAIA.
Pesynprupytonmii kodddumment nenenust N = 2 x (DIVN + 1)
DIVEN 16 PaspemieHne nqenuresnst BXOJHOTO CUTHAJIA
CLKSEL 9-8 Bp100p MCTOUHHKA TAKTOBOT'O CUTHAJIA
00 | OSECLK
01 |PLLCLK
10 | PLLDIVCLK
11 | OSICLK
RSTDIS 4 CHstue curnaia copoca. Korza curnain B Hysie, 6J10K B COCTOSIHUM
cbpoca
CLKEN 0 Pa3penienne TakTHPOBAHUS
— 31-30, | 3ape3epBUpOBaHO
23-17,
15-10,
7-5,
3-1
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PCLKCFG - peructp pa3spenieHusi TAKTOBbIX CHTHAJIOB mnepudepuiiHbIX 0J0KOB

muusl APB

CwMmemenue: + EOh
Copoc: Oh

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
' ' ECAPECAP|ECAP|QEP | 12C [PWM|PWM|PWM|TMR | TMR [TMR | TMR
| | 2EN[1EN|OEN| EN | EN [2EN|1EN|OEN | 3EN|2EN|1EN | OEN
34 34 34 34 34 34 34 34 34 34 34 3y
ITone butel Onucanue
ECAP2EN 11 burt paspemenus taktupoBanus 6s1oka ECAP2
ECAP1EN 10 but paspemenus taktupoBanus 61oxka ECAP1
ECAPOEN |9 bur paspemenust taktupoBanus 61oka ECAPO
QEPEN 8 but paspemenus takTupoBanus 61oka QEP
I12CEN 7 but paspemenus taktupoBanus koHTposuiepa 12C
PWM2EN 6 burt paszpemennst TaktupoBanus 61oka PWM2
PWM1EN 5 but paspemenus taktupoBanus 6;1o0ka PWM1
PWMOEN 4 burt paszpemenust taktupoBanus 61oxka PWMO
TMR3EN 3 but paspemenus taktupoBanus 61oka TMR3
TMR2EN 2 burt paszpemenust taktupoBanus 6oka TMR2
TMRIEN 1 bur pazpewenus Taktuponanus 6ioka TMR1
TMROEN 0 but paspemenus taktupoBanus 61oka TMRO
— 31-12 | 3ape3epBUpPOBAHO

PRSTCFG — peructp BriI0OYeHHs nepudepuiiHbIX 0,10k0B mnHbl APB

CwMmemenue: + FOh

Copoc: Oh

31

30

29

28

27

26

25

24

23

22

21

20

19

18

17

16

15 14 13 12 u 10 9 8 7 6 5 4 3 2 1 0
T T
ECAPECAP|ECAP| QEP | 12C |PWM|PWM|PWM|TMR | TMR | TMR | TMR
2EN|1EN[OEN| EN | EN | 2EN|1EN|OEN | 3EN|2EN | 1EN | OEN
| |
34 34 34 34 34 34 34 34 34 34 34 3y
ITose butsl Onucanue
ECAP2EN |11 Bur Briarouenus 6;1oxa ECAP2
ECAP1EN |10 burt Brirouenus 6;oxka ECAP1L
ECAPOEN |9 bur Brirouenus 6;1oxka ECAPO
QEPEN 8 but Bxitouenus 6aoka QEP
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ITone buter Omnmcanue
12CEN 7 but Britouenust kontposuiepa 12C
PWM2EN |6 Bbur Bximrouenus 6ioxa PWM?2
PWMIEN |5 burt Bximrouenus 6i1oxka PWM1
PWMOEN |4 burt Bximrouenus 6ioxa PWMO
TMR3EN 3 burt Bxmrouenus 6ioka TMR3
TMR2EN 2 bur Bximrouenus 6imoxka TMR2
TMRI1EN 1 bur Bximrouenus 6imoxka TMR1
TMROEN 0 burt Bximrouenus 6ioxka TMRO
— 31-12 | 3ape3epBUpOBaHO

HCLKCFG — peructp pa3pelieHusi TAKTHPOBaHuUsI nepudepuitHbix 0,10k0B mmHbl AHB

CwMmemenue: + 100h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
) CAN [GPIO[GPIO
EN [BEN|AEN
1 1 1 1 1 1 1 1 1
34 34 3y
ITone butel | Onucanue
CANEN 2 but paspemenus taktupoBanust CAN
GPIOBEN 1 bur pazpeuienus TakTupoBaHus nopta B
GPIOAEN |0 bur pazpenienust TakTupoBaHusi nopra A
— 31-3 3ape3epBUPOBAHO

HRSTCFG - peructp BkiI04eHusi nepudepuiinbix 010koB muHsl AHB

CwMmemienue: + 104h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
) CAN |GPIO|GPIO
EN [BEN|AEN
1 1 1 1 1 1 1 1 1
34 34 3y
ITone butel | Onucanne
CANEN 2 bur Birouenus CAN
GPIOBEN 1 bur Bxiouenus nopra B
GPIOAEN |0 burt BkitoueHus mopra A
— 31-3 3ape3epBUPOBAHO
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A.7 Peructpnbl cucTeMbl yIIpaBJIeHUsI MUTAHUEM
Ba3oBblii agpec: 4004 _2000h

CFG - peructp Hacrpoiiku PMU

CwMmemenue: + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- EN
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
[Tone | buthel Onucanue
EN 0 bur Bxitouenus PMU
0 | Beikiroueno
1 | BxuroueHno
— 31-1 | 3apeszepBHupoBaHO
PUDEL — perucrp 3aganus 3ajep:Kku npo0y:xaeHus 6J10K0B
Cwmemenue: + 04h
Copoc: xxxx_0690h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone butsl Onucanue
VAL 15-0 3HaueHue 3aJepKKU IPOOYKACHUS ISl TepUPEpUNHBIX OJIOKOB B TAKTaX

OSICLK

— 31-16 3ape3epBUPOBAHO
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PDEN — peructp ynpasjenusi pexkumom Powerdown

CwMmemenue: + 08h

Copoc: 7h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
I I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
) OSE |MFLA| PLL
PD [SHPD| PD
I I I I I I I I
34 34 3y
Ilone butn Ormucanue
OSEPD 2 but BrIrOueHus peskrMa POWerdown uist BHEIIHETO OCHHILIATOPA
0 | Beixiroueno
1 | BxaroueHo
MFLASHPD |1 buT Brutouenus pexxuma Powerdown s MFLASH
0 | Beiximroueno
1 | Bxiroueno
PLLPD 0 burt BriroueHus pexxunma Powerdown mist PLL
0 | BeikaroueHO
1 | Bxiaroyeno
— 31-3 | 3ape3epBuUpOBaHO

RXEVEN - peructp pa3pemenus coobituii RXEV

Cwmemenue: + 0Ch
Copoc: Oh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
! ! ! ! ! ! ! ! ! ! ! ! ! ! !

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I I I I I I GPIO|GPIO
BEV | AEV
! ! ! ! ! ! ! ! !
34 3y
[Tone butsl Onncanue
GPIOBEV 1 burt pa3pemenust Boixosa u3 pexnma cia no RXEV or GP1IOB
0 | BeikimodyeHo
1 | BxitoueHo
GPIOAEV 0 burt paspemenust Berxona u3 pexxnma caa mo RXEV ot GPIOA
0 | BeixioueHo
1 | BrioueHo
— 31-2 | 3ape3epBUpPOBAHO
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A.8 Peructpbl CTOPOKeBOro Taiimepa
Ba3zoBwiii agpec: 4004 _3000h
LOAD — perucrtp 3arpy3ku cTOpOKeBOro taiimepa

CwMmemenue: + 00h
C6poc: FFFF_FFFFh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITose ‘ butsl ‘ Onucanue
VAL 31-0 | 32-pa3psiaHbIil perucTp, XpaHIIIMK HaYaJlbHOE 3HAaYeHHE cyeTunka. Korma

IPOMCXOTUT 3aIUCh B OTOT PErHCTpP, CUETUUK CPa3y HMHUIUHPYETCS ITUM
HOBBIM 3HaucHHEM. MuHuMansHoe gonycrumoe 3HadeHre 0000 _0001h
VALUE - perucrp 3Ha4eHHsI CUeTYHKA CTOPOKEBOI0 TaliMepa

CwMmemmenue: + 04h
Copoc: FFFF_FFFFh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I I I I I I I I I I I I I
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I I I I I I I I I I I I I
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone ‘ butsl ‘ Onucanue
VAL |31-0 | 32-paspsiIHbIA PErHCTp TEKYIIEro 3HAYCHAS CUETIHKA
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CTRL — peructp ynpasjieHHsi CTOPOKEBOIro Taiimepa

CwMmemenue: + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
RES | INT
EN | EN
1 1 1 1 1 1 1 1 1 1 1 1 1
34 3y
ITone butel Onucanue
RESEN |1 bur pa3zpemenust coOpoca MUKPOKOHTPOJLIEpA IO CTOPOKEBOMY TaltMepy.
Paboraer mo ¢Qynkmun «Jlormyeckoe M» ¢ Omrom INTEN peructpa

WDTCTRL

0 | Copoc OuTa BRIKJIFOYAET COpOC

1 | YcranoBka 6uta BKIItOUaeT cOpoc

INTEN | O but BKIIIOUEHHS cUeTa U pa3pelleHUs] PEPhIBaHUsS CTOPOKEBOrO Taiimepa

0 | Copoc OuTa BRIKJIIOUAET CUCTYHK M CHUMAET IpephIBaHUE

1 | YcranoBka OMTa BKJIIOYAET CUETUYMK M T€HEpPHUpYeT mpepbiBaHue. Eciu
CYCTYMK OBUI BKJIIOYEH HAa MOMEHT YCTaHOBKM OwWTa, TO OH
WHULIMHUpYETCs 3HaueHueM u3 peructpa LOAD

— 31-2 | 3ape3epBupOBaHO

INTCLR — peructp copoca cTopo:keBoro raiimepa

CwMmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
WDTCLR
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
WDTCLR
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3
[Tone ‘ butsl ‘ Onucanue

WDTCLR | 31-0 | 32-pa3psiHbiii peructp cOpoca CTOPOKEBOTO TaiMepa.
3anuce M000TO 3HAYEHMsT B 3TOT PErHCTp NPUBOIUT K cOpocy
MPEepBIBaHMUS CTOPOKEBOTO TalilMepa W 3arpy3Ke CUYeTYHKa 3HAUYCHHEM W3
peructpa LOAD.
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RIS — peructp npepbiBaHusi CTOPO:KEBOI0 Talimepa

CwMmemenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T RAW
- WDT
! ! ! ! ! ! ! ! ! ! ! ! INT
y
[Tone butel Ornucanue
RAWWDTINT |0 WMHaukaTop COCTOSIHUSI HEMAaCKHPOBAHHOTO OMTA MpephIBAaHUS
0 | Copomiero
1 | YcranoBneHo
— 31-1 | 3apeszepBHupoBaHO
MIS — perncTp MacKMpOBaHHOTO MPEPBLIBAHNS CTOPOKEBOr0 TaliMmepa
Cwmewenue: + 14h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
) WDT
INT
1 1 1 1 1 1 1 1 1 1 1 1
y
[Tone butel Onucanue
WDTINT |0 WNHaukaTop cocTOsTHUS MAaCKUPOBAHHOTO OMTa MpEepbIBaHUS.
CurHanuzupyer o MOsSBICHUH MAaCKUPOBAHHOTO MPEPHIBAHUS OT CUETUHKA.
Cocrostane 6uta WDTINT — ato «Jlornueckoe My 6utoB RAWWDTINT,
INTEN
0 | CopomieHo
1 | YcranoBneHo
— 31-1 | 3apesepBupoBaHO
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LOCK — perucrtp 0;JOKHPOBKH CTOP0K€BOI0 TaiiMepa

CwMmemenue: + C0O0h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T REG
- WR
1 1 1 1 1 1 1 1 1 1 1 1 1 1 DIS
3
ITone buThl Onucanue
REGWRDIS |0 but 3ampera 3amucu BO BCE PETHCTPHI CTOPOKEBOrO Taiimepa (Kpome

peructpa LOCK). ®ynkuus HeoOxonuMa [uis MpeAOoTBpalleHus
OTKJTIOYECHHUSI CTOPOXKEBOTO TaiiMepa cOOWHBIMU IPOTPaMMaMH

0 | Pa3pemieno (1o yMOIT4aHHIO).
s copoca Omra ciemyer 3anucath B peructp LOCK 3HaueHwme
1ACC _E551h
1 | 3ampermieno.
s ycranoBku Outa cienyer 3anucath B peructp LOCK mo6oe
3nauenue, kpome 1ACC_E551h
— 31-1 | 3apesepBupoBaHO
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A.9 Peructpbl kouTpoJuiepa DMA
Ba3zoBwiii agpec:  4004_4000h

[Ipumeuanue — | — HOMEp IO MOPAAKY KaHaia ot 0 10 15.

STATUS - peructp craryca DMA

CwMmemenue: + 00h
Copoc: 0xxx_0000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | |
- CHNLS
! ! ! ! ! ! ! ! ! ! ! ! ! !
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | VIAS
- STATE - TER
! ! ! ! ! ! ! ! ! ! ! ! EN
Y Y
[Tone butsl Onucanue
CHNLS 20-16 KonnyecTBo noctynHsix kanamoB DMA
00h 1 kaHai
01h 2 KaHaja
02h 3 xaHana
OFh 16 xaHaJI0B
3nauenus 10h-1Fh 3apesepBupoBaHbl
STATE 7-4 Texy1ee COCTOSIHUE KOHEYHOTO aBTOMATa yIPaBIECHUS
KOHTPOJLIEpa
Oh B nokoe
1h UreHue ynpaBiSIFOIINX JAHHBIX KaHaIa
2h Urenue ykazaTelis KOHIIA JaHHBIX HCTOYHHMKA
3h Urenue ykazaTelsi KOHIIA JaHHBIX MPHEMHUKA
4h UreHne TaHHBIX UCTOUYHUKA
5h 3anuch TaHHBIX B IPHEMHHUK
6h O>xuiaHne 3ampoca Ha BBIIOJTHEHUE MPSIMOTO JIOCTyIa
7h 3anuch yIpaBiIsIOLNIMX JTAHHBIX KaHaua
8h [TpuoctanoBieHO
9h BeimosHeHO
Ah Pexum paboTel ¢ nepudepueit «pazdopka-cOopkay
Bh-Fh | 3ape3epBupoBano
MASTEREN |0 Cocrosinne kouTposuiepa DMA
0 PaboTa KOHTpoJITIepa 3amnpenieHa
1 PaboTa KOHTpoJIIepa pa3pelieHa
— 31-21, 15-8, | 3ape3epBupOBaHO
3-1
[Ipumeuanue — Peructp noCTymeH TOJNBKO JuId uTeHHs. Bo3Bpamaer cocrosiHue

koHTpoepa DMA. Bo Bpems cOpoca uTeHne perucTpa 3ampemnieHo.
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CFG - peructp xondurypanuu konrpoiepa DMA

CwMmewenue: + 04h

Co6poc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T VAS
- CHPROT - TER
L L L L L L L L L L L L EN
3 3
ITose butel Ornucanue
CHPROT 7-5 3anmaet mapaMeTpsl 3amuThl UHEI AHB npu obpamienun koHTposuiepa
DMA x cTpykTypaM ynpapiIsrommx JaHHBIX KAaHAJIOB
butel moinst CHPROT
7 6 5
0 Hoctym He Hoctyn He Hoctyn
KILIMPYETCs Oydepusyercs HENPUBUICTHPOBAHHBIN
1 Hoctyn Hoctyn Hoctyn
KOIIMPYETCs Oydepusyercs PUBUIICTUPOBAHHBIN
MASTEREN | O but paspemenus pabotel kouTpoaepa DMA
0 3anpenieHo
1 Paspemieno
— 31-8, | 3ape3epBupoBaHO
4-1
BASEPTR — peructp 6a3oBoro agpeca ynpap/siioIuX JAHHBIX KAHAJIO0B
Cwmemrenue: + 08h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
L L L L L L L L L L L L L L L
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
L L L L L L L L L L L L L L L
3y
ITone ‘ buTsl ‘ Onucanue
VAL ‘ 31-0 ‘ VYkazarenb Ha 0a30BBII apec MEPBUYHON CTPYKTYPHI YIIPABISIONIMX TaHHBIX

I[Ipumeuanue — Peructp omnpenenser 6a30Bblif agpec CUCTEMHOM MaMATH pa3MEIICHUs
YIOPaBISAIOIUX JaHHBIX KaHaIOB. Bo Bpems cOpoca uTeHHe perucTpa 3amnperieHo.
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ALTBASEPTR - peructp 06a30Boro ajapeca ajbTepPHATHBHBIX YINPaBJISIIOIINX
JAHHBIX KAaHAJIOB

Cwmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Yy
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
V]
ITone ‘ butsl ‘ Onucanue

VAL |31-0 | VYkazarenmp 0a30BOro ajapeca albTEPHATHBHOW CTPYKTYPhI YIPABISIONINX
JTAHHBIX KaHAJIOB.

[Ipumeuanue — Peructp mo3BoisieT HE MPOU3BOAUTH BHIYUCICHHS 0a30BOTO ajapeca
AJIbTCPHATUBHBIX YITPABJIAIOMNX JAHHBIX KaHAJIOB. I[OCTyHeH TOJIBKO JJId YTCHUA W BO3BpaAIIaCT
yKazaTtelb 0a30BOro ajpeca ajlbTCPHATUBHBIX YIPABJSIONIMX JaHHBIX KaHAIOB. Bo Bpems
cOpoca uTeHHe perucTpa 3arpemieHo.

WAITONREQ - peructp craryca 0:KuJaHus 3aNpOCOB /sl lepeaaqyu

Cwmewenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CH15|CH14|CH13|CH12|CH11|CH10| CHY [ CH8 | CH7 | CH6 [ CH5 | CH4 | CH3 | CH2 | CH1 [ CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | buthsl Onucanue

CHi 15-0 | Yrenme | 0 | Hoctymusl Tonsko BREQ 3anpocs! ot nepudepun

1 | Jocrynuel BREQ u SREQ 3ampocs! ot nepudepuu

3anuce | He BeimonHsaercs

— 31-16 | 3apezepBUpOBaHO
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SWREQ - peructp nporpaMMHOro 3anpoca Ha oopadoTky kanaios DMA

CwMmewenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH15|CH14|CH13|CH12(CH11|CH10{ CH9 | CH8 | CH7 [ CH6 | CH5 [ CH4 | CH3 | CH2 [ CH1 | CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | butsl Onucaunue

CHi 15-0 | Yrenue | BosBparmaer HOJIb

3ammce He Breimonasercs
HYJIS

3anuch YcraHaBIMBaeT 3arpoc Ha BhINONIHeHKE nukia DMA mo kanaiy |
€AMHUILIBI

— 31-16 | 3ape3epBHpOBaHO

USEBURSTSET — peructp ycTaHOBKH aKkeTHOro ooMeHa kaHaioB DMA

Cwmewenue: + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

CH15|CH14|CH13|CH12|CH11|CH10| CH9 [ CH8 | CH7 | CH6 [ CH5 | CH4 | CH3 | CH2 | CH1 [CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | butkel Onucanue

CHi 15-0 but oTkiroYeHUs BBIMOIHEHHS OAMHOYHBIX 3ampocoB SREQ.
[Ipn axTuBamuu pexuMa OyAyT oOpalaThIBaTbCS W MCHOJHATHCS TOJIBKO
npakeTHble 3anpocskl BREQ

Urenue 0 | Bemomaenne nukiioB DMA B otBer Ha SREQ 1 BREQ
1 | Bemonuenue 1ukinoB DMA tonbko B oTBeT Ha BREQ

3anuce He Brmonnsercs

HYIIs

3anuch OTxurouaeT BhIOTHEeHUE 3anpocoB SREQ

€IUHHIIBI

— 31-16 | 3ape3epBHpPOBAHO
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USEBURSTCLR — peructp copoca nakeTHoro ooMeHa kanajios DMA

CwMmemenue: + 1Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH15|CH14|CH13|CH12|CH11|CH10( CH9 | CH8 [ CH7 | CH6 | CH5 [ CH4 | CH3 [ CH2 | CH1 | CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | buth Onucanue
CHi 15-0 | Yrenue | Yurarorcs HyH

3anuce He BrmonnseTcs

HYJISI

3anuck Paspermaer oOpabateiBaTh omuHOUYHBIE 3ampockl SREQ Ha
€QUHULILI | BRIMOJHEHHUE IUKIIOB DMA

— 31-16 | 3apesepBuUpoBaHO

REQMASKSET — peructp MacKHpPOBaHHSI 3ampocoB OT mnepudepun Ha
o0cay:kuBaHue kanajios DMA

CwMmemenue: + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH15|CH14|CH13|CH12|CH11|CH10| CH9 | CH8 [ CH7 | CH6 [ CH5 [ CH4 [ CH3 | CH2 | CH1 [ CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | butel Onucanue

CHi 15-0 BUT OTKIIIOYEHUs BBINOJHEHHUS KaHAJIoOM | 1MkiI0B DMA B OTBET Ha
nocrynatouue 3anpocsl SREQ u BREQ nepudepun

Yrenne 0 | Kanai | BBIIOIHSAET [IUKIIBI

1 | KaHau | He BBIOIHAET LIAKIIbI

3anuce He Bremmmonasercsa
HYJIS

3anuce OTKII09aeT BBIIOIHECHNE OUKIIOB
CANHUIIBI

— 31-16 | 3ape3epBUpPOBAHO
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REQMASKCLR - perucrp copoca MacKHpPOBaHHSI 3allpOCOB Ha 00CJTy:KMBaHHe
kaHaioB DMA

CwMmewenue: + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CH15(CH14(CH13|CH12|CH11|CH10| CH9 [ CH8 | CH7 | CH6 [ CH5 | CH4 | CH3 | CH2 | CH1 | CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | buth Omnwmcanue
CHi | 15-0 |[UYrenue | Ywurarorcs HyJIH

3anuck He Brimonasercs

HYJISI

3anuck Paspemaer Bommonuenue mnukioB DMA mo 3anmpocam SREQ wu
enunuipl | BREQ nepudepun

— 31-16 | 3apesepBupoBaHO

ENSET — peructp ycranoBku pa3penieHusi padorbl kanaios DMA

CwMmemenue:; + 28h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH15|CH14|CH13|CH12|CH11|CH10| CH9 | CH8 [ CH7 | CH6 [ CH5 [ CH4 [ CH3 | CH2 | CH1 [ CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

ITone | butsl Ornucanue
CHi 15-0 | Yrenue 0 | Kanai i oTKIIFOUYCH
1 | Pabora kaHana i pa3penieHa
3anuch He Brimosnnsiercs
HYIIs
3anuch Paspemaer paboty kanana i
€IMHHUIIBI
— 31-16 | 3ape3epBHpPOBAHO
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ENCLR — peructp copoca pa3pemieHusi padorsl kanajios DMA

CwMmemenue: + 2Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH15|CH14|CH13|CH12|CH11|CH10( CH9 | CH8 [ CH7 | CH6 | CH5 [ CH4 | CH3 [ CH2 | CH1 | CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

ITone | buth Onucanue
CHi 15-0 YreHue Bo3sBpaniaer HOIb
3anuce He BemomanseTcs
HYJISI
3anuck 3amperaer paboTy KaHaa |
€IMHHULIBI
— 31-16 | 3apesepBuUpoBaHO

[Mpumevanue — KoHTposuiep MOKET OTKIIIOUUTH KaHAI | B CITydae:

- 3aBepiieHus nukia DMA;

- yteanst CHANNEL_CFG ¢ mostem CYCLE_CTRL, 3rauenue koroporo 000b;
- mosiBJeHM omInOKy Ha muHe AHB.
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PRIALTSET - perucrp YCTaHOBKH TEPBHYHOI/aIbTEPHATUBHON CTPYKTYpPbI
YIPaBJIAKIIMX JaHHBIX KaHa10B DMA

CwMemenue:; + 30h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CH15(CH14(CH13|CH12|CH11|CH10| CH9 [ CH8 | CH7 | CH6 [ CH5 | CH4 | CH3 | CH2 | CH1 | CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | buthl Omnucanue

CHi 15-0 | bur BKIIOYEHHS HCIIOJIL30BAHUS KAHAJIOM | aJbTEPHATHBHOW CTPYKTYPbI
YIPaBISIIOIUX JAHHBIX

Urenne |0 | Mcnosb3yercs nepBuyHasi CTPYKTypa

1 | Ucnonb3yercs albTepHAaTUBHAS CTPYKTYpa

3armuce He Breinonasercs
HYJIS

3anuce Bxmrouaer HCIIOJIB30BaHUE AIbTEPHATUBHOMN CTPYKTYpBI
€IUHULBI | YIPABJIAIOMUX JaHHBIX

— 31-16 | 3apezepBUpOBaHO

[Ipumeuanue — KonTpomnep MOXeT nepekiIiounTh coctosinue outa CHi B ciyyae:

- 3aBepuIeHUs] 4eTbipex 1neperad DMA, yka3aHHBIX B IEPBUYHOM  CTPYKType
VOPaBISIONUX JaHHBIX MPHU BHIMOTHEHHH IHKIa DMA B pexxuMax paOoThl ¢ MaMATHIO MU
nepudepueit «pazdbopka-coopkay;

- 3aBeplIeHUs Bcex mepenady DMA, yka3aHHBIX B MEPBUYHON CTPYKTYpE YNPaBISIOMIMX
JTaHHBIX MIPU BBIMOJHEHUH IUKJIa DMA B pexnMe «IUHT-TIOHTY;

- 3aBeplIeHUss Bcex nepegady DMA, yka3aHHbIX B albTEPHATHUBHOM CTPYKTYype
YVOPaBISIONUX JTaHHBIX MPHU BHIMOJHEHUH IWKIa DMA B pexumax «IUHT-TIOHD» U «pa3bopka-
cOopkay.
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PRIALTCLR - peructp cOpoca TmepBHYHONH/AJIbTEPHATUBHOW CTPYKTYPbI
YIPaBJISOIIKUX JAHHBIX KaHai0B DMA

CwMerenue:; + 34h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CH15(CH14(CH13|CH12|CH11|CH10| CH9 [ CH8 | CH7 | CH6 [ CH5 | CH4 | CH3 | CH2 | CH1 | CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | buthl Onucanue

CHi | 15-0 |Yrenue | BoszBparaer HOJIb

3anuch He Beimonnsercs
HYJIs1

3anuch Bxirouaer ncnonb30BaHWE MEPBUYHON CTPYKTYPbI YIPABISIOLIUX
EIMHULBI | TaHHBIX KaHaJa i

— 31-16 | 3apesepBupoBaHO

PRIORITYSET — peructp ycTaHOBKH pHOpUTeTa KaHaioB DMA

CwMmemenue: + 38h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH15|CH14|CH13|CH12|CH11|CH10| CH9 | CH8 [ CH7 | CH6 [ CH5 [ CH4 [ CH3 | CH2 | CH1 [ CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

Ilone | butel Onucanue

CHi | 15-0 |Yrenue |0 | Kanany i npucBOCH ypOBEHb IPUOPHUTETA 110 YMOTYAHUIO

1 | Kanaiy i npiucBOeH BBICOKHH YPOBEHb IIPHOPHUTETA

3anuce He Bremmmonasercsa
HYJIS

3anuce [IpucBanBaeT KaHaIy | BHICOKHIT yPOBEHb IPHOPUTETA
€IUHULIBI

— 31-16 | 3ape3epBUpPOBAHO
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PRIORITYCLR — peructp copoca ycTaHOBOK npuopurtera kanajios DMA

CwMmemenue: + 3Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CH15|CH14|CH13|CH12|CH11|CH10( CH9 | CH8 [ CH7 | CH6 | CH5 [ CH4 | CH3 [ CH2 | CH1 | CHO

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

ITone | bursl Onucanue
CHi 15-0 | Yrenue | Yurarorcs HyH
3anuck He Beinonnsercs
HYJIS
3anwuch [IpucBanBaeT kaHaity | ypoBEHb IPUOPHUTETA 10 YMOTUAHHIO
€IMHHUIIBI
— 31-16 | 3apesepBuUpoBaHO

ERRCLR - perucrtp copoca ¢uara omudxu DMA

CwMmemenue: + 4Ch
Copoc: Oh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
I I I I I I I I I I I I I I
34
ITomne butsl Onucanue
VAL 0 ®jar omubku Ha muae AHB
Urenne | 0| OmmboK He 0OHAPYKEHO
1| [Ipou3zonuia omubdKa
3anuce He Brimonasercs
HYJIS
3anuck CopocsiBaet (iar ommoku
CIMHHUIIBI

— 31-1 | 3ape3epBUpOBaHO

[Ipumeuanue — [Ipu omHOBpemMeHHOM cOpoce ¢urara ERRCLR u nmosiBieHn# ommoOKu
Ha mmHe AHB npuopurer otaaercs ommbke, u 6utr ERRCLR ocraercs ycraHOBIECHHBIM.
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A.10 Peructpsi 6s10ka UART
Ba3zoswrii agpec:  4004_5000h (UARTO) Peructper npuemonepenatunka UARTO
4004_6000h (UART1) Peructpel npuemonepenaTunka UARTL

DR — perucrp nanHbIx

Cwmemenue:; + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
- OE | BE | PE | FE DATA
| | | | | | | | | |
y y y y y
I1oxe bute! Onucanue
OE, BE, | 11,10, | Cwm. onucanue our B peructpe RSR
PE, FE 9,8
DATA 7-0 IToste maHHBIX.

Pesynbprarom 3amucu B mone DATA sBnsercs pa3menienue Oaiita B
Oydepe mepenaTynka, a pe3yJabTaTOM YTCHUS — CYMTHIBaHUE OaiiTa u3
Oydepa nmpueMHuKa.

— 31-12 3ape3epBUPOBAHO
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RSR — perucrtp cocrosinusi NpUeMHNKA U cOpoca OMMOKM MPHEeMHHUKA

CwMmewenue: + 04h
Copoc: Oh

31

30 29

28 27 26 25 24 23 22 21 20 19 18 17 16

15

14 13

12 11 10 9 8 7 6 5 4 3 2 1 0

ITone

butel

34 34 34 34

Onucanue

OE

@unar nepenosHeHus Oydepa NprueMHUKA

0

B OGydepe ecth cBOOOIHOE MECTO MM OUT OBLT COPOIIIEH TOCIE 3aliCH B
peructp RSR.

Conepxumoe Oydepa ocTtaeTcsi BEpHBIM, TaK KaK ObLT IIEpe3arrcal TOJIBKO
CIBUTOBBIM peructp. LIeHTpambHBIN MpoIeccop MOJKEH CUUTATh JaHHBIC
JUISL TOTO, YTOOBI 0OCBOOOIUTH Oydep

1

Bydep 3anonnen, a JaHHbIE MPOAOIDKAIOT MOCTYNATh

BE

@dnar paspbiBa JUHUU

0

Hopwmanpnas paboTa wm OuT ObLI cOpoIIeH noce 3anucu B peructp RSR

1

OOHapy)XeH MNpuU3HAK pas3pblBa JHMHUM, TO €CTh HaJMYUE HU3KOIO
JIOTHYECKOI'0 YPOBHS Ha BXOJE IPUEMHHUKA B TEUEHUE BPEMEHHU, OOJIBIIIETO,
4YeM JUIMTENIbHOCTh Ilepeladd IOJIHOTO KaJapa JaHHBIX (BKJIrOYas
CTapTOBBIH, CTONOBBIK OUTBI M OUT IpoBepKH Ha ueTHocTh). [lpum
BKJItOYeHHOM pexxuMe FIFO nannas ommbka accouunpyercs ¢ MocieHUM
OaiiTom, mocTynuBUIMM B Oydep. B ciiydyae oOHapykeHUs pa3pbIBa JUHUU
B Oydep 3arpyxaercs TOJbKO OAMH HyneBol kaap. Ilpuem naHHBIX
BO300HOBJISIETCS TOJBKO MOCJE MEepexoaa JUHUHU B JOTHUYECKYIO IUHUILY U
MOCTIeIYIOIEro OOHAPYKEeHHs KOPPEKTHOTO CTapTOBOTrO OUTa

PE

@uar orOKM KOHTPOJISL YETHOCTHU

0

HopmanpHast pabota minu 6ut 661 cOpolIeH nocie 3anuck B peructp RSR

1

YeTHOCTh MPUHSTOIO Kajipa JaHHBIX HE COOTBETCTBYET YCTaHOBKaM OUTOB
EPS u SPS B peructpe ynpasnenus jiunuein LCRH.

IIpn BxirouenHom pexume FIFO nanHas ommbOka accomuupyercst ¢
OaliToM, HAXOJAIIMMCS Ha BepuinHe Oydepa

FE

®ar ommOKU B CTPYKTYpPE Kaapa

0

HopwmanpHast pabota mnu 6ut 661 cOpolIeH nocie 3anuck B peructp RSR

1

B npunstoM cuMBOie He OOHapy>Ke€H KOPPEKTHBIM CTOMOBBIA OWT
(emuuunia). Ilpu BrmrouenHom pexume FIFO  nmannas  ommbOka
acCOIMUPYETCs ¢ OalTOM, HaXOASAIUMCSI Ha BepinHe Oydepa

31-4

3ape3epBUPOBAHO

[Ipumeuanue — Bee ¢naru copacsiBaroTCs 3aIUCHIO €AMHULIBI.
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FR — peructp ¢aaros

CwMmemenue: + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
- TXFE[RXFF|TXFF|RXFEBUSY| -
1 1 1 1 1 1 1 1 1
Y Y Y Y Y
ITone | butel Onucanue
TXFE/ | 7/ @mnar mycToThl Oydepa nepenaTunka/mpueMHuKa. Y CTaHOBKa (hjara 3aBHCHUT

RXFE |4 ot coctosinusi 6uta FEN perucrpa LCRH

0 | bydep He nyct

1 | Bydep mycr

IMpumeuanue — bur TXFE/RXFE He naer Hukakoit napopmamm o
HAJIMYWU JTAHHBIX B CABUTOBOM II€PEIAIOIIEM PETUCTPE.

RXFF/ | 6/ Onar 3anonHeHus Oydepa mnpueMHUKa/iepenaTynKa. YcCTaHOBKa (hiara
TXFF |5 3aBucuT 0T coctosiHus 6uta FEN perucrpa LCR_H (T. e. Bitouen pexum

FIFO unm Her)

0 | Bydep He 3anonHeH

1 | Ecou pexxum FIFO 3anpemien, 6uT ycraHaBiauBaeTcsl, Korjga OydepHsbii
peructp npueMHuka/mepeaarynka 3ausaT. Ecou pexxum FIFO paspenien
OWT yCTaHABIMBACTCS, €CIIH 3aroyHeH Oydep nprueMHuKa/iepeaaTdnKa

BUSY |3 Bur 3angaroctu 6i1oka UART

0 Biiok He 3ausT

1 |brok mepenaer JaHHBIE HA JIMHUIO. BUT OCTaeTcss yCTaHOBIEHHBIM J10
TEX MOP, MOKa JAaHHBIC, BKJIKOYas CTOIMOBBIC 6I/ITI>I, HEC 6y,)IYT IIOJIHOCTBIO
nepenanbl. Takke OUT yCTaHAaBIMBAeTCS MpPU HAIWYUHM JAaHHBIX B
Oydpepe  mepenmaTumka, BHE  3aBHCUMOCTH  OT  COCTOSHUSA
npreMoInepeaTInKa (Jaxe eclid OH 3anpenieH)

— 31-8, | 3ape3epBupoBaHO
2-0
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IBRD — peructp mesoii yacTu AeJIUTes1 CKOPOCTH 00MeHA TaHHBIMU

CwMmewenue: + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
DIVINT
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone | butel Onucanue
DIVINT | 15-0 | Ilemast yactb ko3pduiimenTa AeICHU 9acTOThI 1 (POPMHUPOBAHMS
TaKTOBOTO CHTHAJIA MePeIavyr JaHHBIX.
Munumainbraoe 3Hauerue 0001h
— 31-16 | 3ape3epBUpOBaHO

FBRD — peructp ueoii ApooHOii YacTH eJTUTEIsI CKOPOCTH 00MeHAa TaHHBIMH

Cwmewenue: + 28h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- DIVFRAC
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone butsl Onucanue
DIVFRAC | 5-0 HpobHas yactb ko3 puiMeHTa AeaeHus 4acTOThI 17151 GOPMUPOBAHUS
TAKTOBOI'O CUTHAJIA Mepe/laul JaHHBIX.
[Tpu DIVINT = FFFFh 3naueane DIVFRAC moxet ObiTh TONIEKO 00h.
[Ilpumeuanue — HeBbIIOIHEHHE 3TOrO YCIOBHS MpPHUBEAET K
MIpEPHIBAaHUIO IpUeMa/Tiepe/1adH.
— 31-6 | 3apezepBHpoBaHO
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LCRH — perucrp ynpapJ/jieHusi TUHUe

CwMmemenue: + 2Ch

Copoc: Oh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | |

- SPS WLEN FEN [STP2| EPS | PEN|BRK

| | | | | | | |

3y 3y 34 34 34 34 3y
[Tone | butel Onucanue
SPS 7 but paspenienus nepeaadyn OMTa Y4eTHOCTH ¢ (PUKCUPOBAHHBIM 3HAYCHUEM
0 | 3ampemnieno
1 | Ha mecrte 6uTa 4eTHOCTH MepeaaeTcs HHBepcHoe 3HadeHune outa EPS,
OHO JK€ TIPOBEPSIETCS MPU PUEME TaHHBIX.
ITpu EPS = 0 Ha MecTe OUTa YETHOCTH MepeaeTCs SANHUIIA.
ITpu EPS = 1 na MecTe OMTa 4YETHOCTH II€PENAETCS HOJIb
WLEN | 6-5 IToe komMyecTBa NepeaBaeMbIX/ IPUHUMAEMBIX HH()OPMAITMOHHBIX OUT
00 | 506wur
01 | 606wur
10 | 7 6ut
11 | 8 bur
FEN 4 but Briouenus pexxuma FIFO Oydepa npueMHuKa U nepeiaTunka
0 | Beixitoueno
1 | BkiroueHo
STP2 3 but BbIOOpa pekrMa nepeiauy CTONOBOro OuTa
0 | OguH cTonoBBIf OHT
1 | JIBa cTomoBbIX OHTa (CleMyeT MOMHHUTh, YTO TPUEMHHUK HE MTPOBEPSET
HAJIMYHUE JONOJIHUTEIBHOTO CTOMIOBOIO OUTA B KaJIpe)
EPS 2 bur napurera. OmnpeznenseTr 4YETHOCTh YHUCIA, 10 KOTOPOrO JOMOJIHSIETCS
KOJIMYECTBO €AMHHUI] B HH)OPMAIIMOHHON YacTH Kaapa
0 | HeuerHoe uncio
1 | YerHoe uncio
PEN 1 buT BKIIIOUEHUS IPOBEPKU YETHOCTH
0 | Beikmroueno. Kagp He coepKuT OUTa Y4eTHOCTH
1 | Bxiroueno. but ueTHoCTH niepeaeTcs B KaJape U MpOBEpsieTCst
BRK 0 @uiar pazpeiBa JUHUU
0 | HopmanbHas pabora
1 | Ilo 3aBepuieHNM Nepeadr TEKYIIET0 CHMBOJIA Ha BBIXOJIE MepelaTInKa
YCTaHABJIMBACTCSI HU3KHH YpOBEHb CHUTHama. /[l mpaBHIIBHOTO
BBIMOJIHEHUSI 3TOM oOmepanuu MporpaMMHOE OO0ecledeHue JO0JKHO
o0ecrieunTh Tepefady CUTHala pa3pbiBa B TeUeHHE KAaK MHUHUMYM
BpPEMEHH Iepeiayl IBYX MHPOPMAIIMOHHBIX KaJIpOB
— 31-8 | 3apesepBUpoBaHO

[Tpumeuanue — JlomonanTenpHas nHpopMarms o Oute mapurtera kaapa B Tadmme A.10.1.
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Tabnuma A.10.1 — 3aBucuMocTs OMTa MapuTeTa B Kaape OT coctosiHus 0utoB peructpa LCRH

butsr peructpa LCRH
Hanuune u cocrosiHue 6uta napurera
SPS EPS PEN
He Baxxno | He BaxxHO 0 He nepenaercs, He npoBepseTcs

0 0 1 [TpoBepka HEUETHOCTH CJIOBA JJAHHBIX

0 1 1 [IpoBepka YETHOCTH CJIOBA JTAHHBIX

1 0 1 BuUT 4eTHOCTH MMOCTOSIHHO PABEH €IMHULIE

1 1 1 BUT 4eTHOCTH IOCTOSIHHO paBeH HYJIIO

CR — peructp ynpaBieHus

CwMemenue:; + 30h

Copoc: 300h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
| | | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
UART]
- RXE | TXE -
EN
| | | | | | | | | |
34 3y 3y
Ilone butsl Omnucanue
RXE 9 bur paszpeuienus npuema

0 | 3anpemeno

1 | Paspemeno

TXE 8 bur pazpemenus nepegaun

0 | 3ampemeHo

1 | Pa3zpemieno

UARTEN |0 burt paspemenust paboThl npueMonepeaTIuKa

0 | 3ampemeHo

1 | Pa3zpemieno

— 31-10, | 3ape3epBuUpoBaHO
7-1
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IFLS — peructp mopora npepbiBaHus o 3anoJjiHeHn1o 0ygepa B pexxume FIFO

CwMmewenue: + 34h

Copoc: 12h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
- RXIFLSEL TXIFLSEL
1 1 1 1 1 1 1 1 1 1 1 1 1
34 34
ITose butel Onucanue
RXIFLSEL/ | 5-3/ [Topor 3anonHenwust/omycromenus Oydepa npueMHUKa/iepe1aTInKa, mo
TXIFLSEL 2-0 JIOCTHXKEHUHU KOTOPOTO OYIET TeHepUPOBATHCS MTPEPHIBAHIE

000 | 3amonnenue/onycromieHue Ha 1/8

001 | 3amonuenue/onycromenue Ha 1/4

010 | 3amonnenue/onycromenue Ha 1/2 (1o yMOI4aHHIO)

011 | 3amonHeHwue/onycromeHue Ha 3/4

100 | BanosHeHue/omycTomnieHue Ha 7/8

KomOunammm 101, 110 u 111 3ape3epBupoBaHbI

— 31-6 | 3apezepBupoBaHO

IMSC — perucTp Macku npepbIBaHHUii

Cwmewenue: + 38h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T
- TDIM(OEIM[BEIM|PEIM|FEIM|RTIM | TXIM|RXIM -
1 1 1 1 1 1
34 34 34 34 34 34 34 3y
ITone butsl Onucanue
TDIM |11 OKOHuaHue nepeaayy B JUHUU
OEIM |10 [lepenonnenue 6ydepa npueMHUKa
BEIM |9 Pa3peIB tuHUN
PEIM |8 OmubKa KOHTPOJISE YETHOCTH
FEIM |7 OmmbKa B CTPYKType Kajapa
RTIM |6 TaiimayT npueMa JaHHbIX
TXIM |5 [Topor omycromenus Oydepa nepenaranka
RXIM | 4 [Topor nepenonnenust 0ydepa npueMHUKA
3

1-12, 3-0 | 3ape3epBupoBaHO

[Ipumeuanue — Macka npepbiBaHuil (GOpMUPYETCS YCTaHOBKOM OUT.
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RIS — perucrp cocTosinusi npepbIBaHUM

CwMmemenue: + 3Ch

Copoc: 0xh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T
. TD | OE | BE | PE | FE | RT | TX | RX )
RIS|RIS|RIS|RIS| RIS | RIS | RIS [ RIS
1 1 1 1 1
r Y Y r Y Y Y Y
[Tone butsl Onucanue
TDRIS |11 @drar OKOHYaHUs EPENAYN B JIMHUU
OERIS | 10 ®dnar nepenosHeHus Oydepa NpueMHHIKA
BERIS @uiar pa3pbiBa JUHUU
PERIS ®dar omuOKU KOHTPOJISI YeTHOCTH
FERIS @iar ommOKHM B CTPYKTYpPE Kajipa

TXRIS ®dmar nmopora omnycromeHus Oydepa neperaryuka

9
8
7
RTRIS | 6 @uiar TaiiMayTa npuemMa JIaHHbIX
5
4

RXRIS @jiar mopora nepenojaHeHus Oydepa MprueMHAKA

— 31-12, 3-0 | 3ape3epBupoBaHO

MIS — perucTp cocTosiHusI NpepbIBaHMUIi ¢ MACKHPOBaHHEM

CwMmemenue: + 40h

Copoc: Oxh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T
) TD | OE | BE | PE | FE | RT | TX | RX )
MIS | MIS | MIS | MIS [ MIS | MIS | MIS | MIS
1 1 1 1 1
r Y Y r Y Y Y Y
ITone butsl Onwucanue
TDMIS |11 @diar OKOHYaHMS Nepelayy B IMHUU
OEMIS |10 @uar nepenosHeHus Oydepa NprueMHHUKA
BEMIS |9 @uiar pa3psiBa JUHUU
PEMIS |8 @uar omKOKH KOHTPOJISI YETHOCTHU
FEMIS |7 @gar omnOKM B CTPYKTYpE Kajapa
RTMIS |6 @uiar TaiiMayTa puemMa JIaHHbIX
TXMIS |5 @gar nopora omycTolIeHus oydepa neperaTunka
4 ®gar nopora nepenojgHeHus 0ydepa npueMHUKA
3

RXMIS
— 1-12, 3-0 | 3ape3epBUpOBaHO

[Ipumeuanue — YcranaBnuBaroTcs (hiaru, KOTOpbIE 3aKPBITH Mackoii peructpa IMSC.
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ICR — peructp copoca npepbiBaHmii

CwMmewenue: + 44h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T
L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T
- TDIC |OEIC|BEIC|PEIC|FEIC|RTIC|TXIC [RXIC
L L L L
3 3 3 3 3 3 3 3
[Tone butsl Onucanue
TDIC 11 buTt cOpoca hiara okoHUAHUS IEpeIaud B JIMHUH
OEIC 10 but cOpoca uara nepenonnenus Oydepa npueMHHKA
BEIC 9 but cOpoca nara pazpsiBa IUHUU
PEIC 8 but cOpoca urara ommOKM KOHTPOJIS YETHOCTH
FEIC 7 but cOpoca uiara oGk B CTPyKType Kajzipa
RTIC 6 but cOpoca ¢nara TalimayTa npuemMa JaHHbBIX
TXIC 5 but cOpoca durara mopora onycromenus Oydepa neperarauka
RXIC 4 bur copoca dara mopora nepenonaeHus 0ydpepa npueMHAKA
— 31-12, 3-0 | 3ape3epBupoBaHO

[Ipumeuanue — 3anuch €AUMHUI] B OUTHI PErUCTpa cOpachIBA€T COOTBETCTBYIONIUE UM
¢dnaru B peructpax RIS u MIS, a Takxe npepbIBaHus, BEI3BABIIME YCTAHOBKY 3TUX (hJ1aros.

DMACR - peructp ynpapjeHHsl NPSIMbIM JOCTYNIOM K MaMSTH

CwMmemienue: + 48h

Copoc: Oh
31 : 30 : 29 : 28 : 27 26 25 24 23 22 : 21 : 20 19 : 18 17 16
1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
! ! ! ! ! ! DMA| TX | RX
ON |DMA |DMA
! ! ! ! ! ! ERR|] E E
34 34 3y
[Tone butsl Onucanue
DMAONERR | 2 bnokupoanue 3anpocoB UARTRXDMASREQ u
UARTRXDMABREQ ot nprieMHHKa B clTy4dae MpepbIBaHUS 110
omnoke
0| BeixsitoueHo
1| BkiroueHo
TXDMAE/ 1/ but paspemenus ¢opmupoBanus 3amnpocoB Omoka DMA s
RXDMAE 0 obciyxuBanus Oydepa nepeaaTanKa/ IpueMHUKA
0| 3ampemnieno
1| Pazpemuieno
— 31-3 3ape3epBUPOBAHO
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CwMmemenue: + 00h

A.11 Peructpsnl KoHTpOJIepa SPI
basoBblii agpec:

4004_7000h

CRO - peructp ynpaJjieHus 0

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
SCR SPH|SPO FRF DSS
L L L L L L L L L L L
3y 34 3y 3y 3y
ITone | buthl Onucanue
SCR | 15-8 KoaddumuenT genenust BTOporo ACIUTEIS.
Mosket npuauMaTth 3HadeHus 00h qo FFh
SPH |7 ®aza curnana SPl SCK (toabko s npotokosa oomena SPI)
0 | Beibopka naHHBIX TI0 TIepeHeMY (DPOHTY CHHXPOCUTHAJIA, a YCTAHOBKA T10
3aIHEMY
1 | BeiOopka gaHHBIX 110 3a1HeMY (POHTY CHHXPOCHTHAJIA, 8 YCTAHOBKA IO
nepeHeMy
SPO |6 [omstprocts curHana SPI_SCK (Tosbko st mpoTokosa oomeHa SPI)
0 | B pexxume oxumanus nuaus SPI_SCK ynepxuBaeTcst B COCTOSIHUH
JIOTHYECKOTO HYJIS
1 | B pexume oxxumanus iuaus SP1_SCK ynepxuBaercsi B COCTOSTHHH
JIOTUYECKON eIMHUIIBI
FRF |54 [Tose BpIOOpa nmpoToKoJia 0OMeHa HHbOpMaITHEi
00 | SPI
01 | SSI
10 | Microwire
11 | 3ape3epBuUpOoBaHO
DSS | 3-0 Pasmep cioBa TaHHBIX
Oh-2h | 3ape3epBupoBaHO
3h 4 oura
4h 5 our
Eh 15 6ur
Fh 16 out
31-16 3ape3epBUPOBAHO
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CR1 - peructp ynpanJjieHus 1

CwMmewenue: + 04h
Copoc: 4400h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
TXIFLSEL RXIFLSEL - SOD| MS |SSE| -
L L L L L L L L L
34 34 34 34 3y
ITose butel Onucanue
TXIFLSEL | 15-12 | Benuuna nopora omyctomenus nepenatouiero FIFO. [Ipu omycromenun
JI0 YPOBHS TTOPOTa WJIM HIKE MOXKET OBITh CTEHEPHPOBAHO MPEPHIBAHHE
nu 3arpoc DMA.
Jonyctumblii nuana3on 3Hauenuii 0h-8h (o ymomuanuto — 4h)
RXIFLSEL | 11-8 Benmuuna nopora HanosHenus npuaumMaroriero FIFO. Ipu 3anonHennn
JI0 YPOBHS TIOPOTa WIIH BBIIIE MOKET OBITh CTEHEPUPOBAHO MIPEPHIBAHKE
nu 3arpoc DMA.
Jonyctumblii nuana3on 3Hauenuii 0h-8h (o ymomuanuto — 4h)
SOD 3 but 3anpera nepenayun TaHHBIX.
B pexxume mMacTepa 3HaueHHE OUTa HTHOPUPYETCSI.
B pexxume BeZJoMOro OMT KOHTPOJIUPYET BBIXOJ NaHHBIX. [loka Out
cOpolleH Tiepeada v MprueM JaHHBIX pa3pelleHbl. Y CTaHOBKa OuTa
OIIOKMpYeT nepeaady AaHHbIX U nepeBoaut BeiBoa SPI_TX B coctosiHue
CJTa00ii TOTUIECKON eMHMIIBI, IIPU 3TOM IPHUEM TaKTOBOT'O CUTHAJIA H
MIpHeM JaHHBIX He OJIOKUpYeTCs
MS 2 bur BbIOOpa pexxrMa padoThl
0 | Macrep
1 | Benowmsiit
SSE 1 bur pazpenienust paboThl npueMonepeaaTInKa
0 | 3anpemieHo
1 | Pa3pemeno
— 31-16, | 3ape3epBUpOBaHO
7-4,0
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DR — perucTp naHHbIX

CwMmemenue: + 08h

Copoc: Oh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T

DATA
| | | | | | | | | | | | | | |
3y
Iome bute! Omucanue

DATA | 15-0 16-pazpsaansiit 6ydep FIFO nmpuemnrka u nepeaarymka.

JlanHble U Tepeladyd 3amuchIBAlOTCS B peructp. Eciim pa3Mep MaHHBIX
MeHee 16 OUT, OHM JJOJDKHBI OBITh BRIPABHEHBI 110 TIPABOI TPaHHMIIC.
[IpuHsATHICE JaHHBIE aBTOMATHYECKH BBIPABHUBAIOTCS IO IPABOM T'PAHHMIIC.
[TpuHsATHIC TaHHBIC BO3BPAIIAIOTCS MPU YTEHUH PETUCTPA

— 31-16 | 3apesepBUpOBaHO

SR — peructp cocTosiHusi

Cwmewenue: + 0Ch

Copoc: 3h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | |
- BSY | RFF |RNE | TNF | TFE
! ! ! ! ! ! ! ! ! !
Y Y Y Y Y
Ilone | bursl Onwucanue
BSY |4 0 | [IpuemomepenaTuuK HE AKTUBEH
1 | ITepepauya/mpuem nansbix 160 6ydep FIFO He mycT
RFF |3 0 | Bygep FIFO npuemMHuka He 3amonHeH
1 | bydep FIFO npuemHuKa 3an0IHEH
RNE |2 0 | Bygep FIFO nmpuemuuka myct
1 | bydep FIFO npuemHuuka He mycr
TNF |1 0 | Bydep FIFO nepenatunka 3anoaHeH
1 | Bydep FIFO nepenarunka He 3amoyiHeH
TFE |0 0 | Bygep FIFO nepenarunka He myct
1 | bygep FIFO nepenarynka myct
— 31-5 | BapezepBupoBaHO
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CPSR — peructp aejauTejsi TAKTOBOI YaCTOTHI

CwMmemenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
I I I I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- CPSDVSR
I I I I I I I I I I I I
3y
Ilone butn Omnucanue
CPSDVSR | 7-0 Koaddumuenr aenenus nepBoro IeauTes.

Mosket npuHUMaTh YeTHbIe 3HaueHus: ot 02h 1o FEh

31-8

3ape3epBUPOBAHO

IMSC — peructp Macku npepbiBaHui

CwMmemwenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
- TXIM[RXIM[RTIM RIC,\)/IR
1 1 1 1 1 1 1 1 1 1
34 34 34 3y
[Tone butsl Onucanue
TXIM 3 Bydep nepenaTurka onmycTOIIEH 10 BEIMYHUHBI TOPOTa UM HUXKE
RXIM 2 Bydep npuemMHuKa 3a110JIHEH HA BEIMYMHY [TOPOTa WM BbIIIE
RTIM 1 TailimMayT nprueMa JaHHBIX
RORIM 0 [lepenonHenue O6ydepa npueMHHUKA
— 31-4 3ape3epBUPOBAHO

[Ipumeuanue — YcranoBka/cOpoc 6uT popmupyet Macky. [lo ymonuanuu Bce OUTHI
cOpoIIeHbI U ycTaHOBKa (p1aroB 3amperieHa.
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RIS — perucrp cocTosinusi npepbIBaHUM

CwMmemenue: + 18h

Copoc: 8h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
TX | RX | RT |ROR
) RIS | RIS | RIS | RIS
1 1 1 1 1 1 1 1 1 1
Y Y Y Y
[Tone | butsl Ornucanue
TXRIS |3 bydep nepenarunka ormycTonieH 10 BEIUYHHBI TOPOTa WIIM HIKE
RXRIS |2 Bydep npuemHuKa 3a10JIHEH Ha BEJIMYMHY [TOPOTa WM BbIIIE
RTRIS 1 TalimayT npuema JTaHHBIX
RORRIS | 0 [Tepenonaenne Oydepa nprueMHUKA
— 31-4 | 3ape3epBUpPOBAHO
[Ipumeuanue — Ilppu  BO3HMKHOBEHHHM  MpEepbIBAaHUI  YyCTaHABIMBAIOTCA

COOTBETCTByIOIIME MM Hemackupyemble ¢uarn. butet RTRIS Tarxke cOpaceiBaroTcs mocie
yTeHus Oydepa nmpueMHuUKa.

MIS — perucTp cocTosiHusI NpepbIBaHMUIi ¢ MACKHPOBaHHEM

Cwmemenue: + 1Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
TX | RX | RT |ROR
i MIS | MIS | MIS | MIS
1 1 1 1 1 1 1 1 1 1
Y Y Y Y
[Tone butsl Onucanue
TXMIS 3 Bydep nepepartunka onycTOLIEH /10 BEJIMYMHBI IOPOTa WK HUXKE
RXMIS 2 Bydep npuemMHuKa 3aM0JIHEH HAa BEIMYHHY OPOTa WK BBILIE
RTMIS 1 TaiimayT npruemMa JaHHbIX
RORMIS 0 [lepenonnenue 6ydepa npueMHUKA
— 31-4 | 3ape3epBHpPOBAHO

[Ipumeuanue — B perucrpe ycraHaBIUBAIOTCS TOJNBKO Te (uIard, KOTOPHIE 3aKPBITHI
mackoit peructpa IMSC. bur RTMIS Taxxe cOpacbiBaeTcs nmocie yTeHus oydepa npueMHHKa.
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ICR — peructp copoca npepbiBaHmii

CwMmemenue: + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
RT |ROR
) IC IC
L L L L L L L L L L L
3 3
ITose butel Onucanue
RTIC 1 TalimayT npuema JTaHHBIX
RORIC |0 [Tepenonaenne Oydepa mprueMHUKA
— 31-4 | 3ape3epBHpPOBAHO

[Ipumedyanue — 3anuch eAWHUI] B OUTHI perucTpa cOpachiBaeT COOTBETCTBYIOIINE UM
¢aru B peructpax RIS u MIS, a Takxke npeppiBaHus1, BBI3BABIINE YCTAHOBKY ATHX (JIaroB.

DMACR - peructp ynpapjeHHsl NPSIMbIM JOCTYNIOM K MaMSTH

CwMmemenue: + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
TXD | RXD
) MAE | MAE
1 1 1 1 1 1 1 1 1 1 1
34 3y
[Tone butel Onucanue
TXDMAE |1 but paspenienus ucnonp3zoBanus koutpossiepa DMA npu nepegave
0 | He ucnonw3yercs
1 | Paspemeno ¢popmupoBanue 3anpocoB kouTposepa DMA s
obcnyxxuBanus 0ydepa FIFO nepenarunka
RXDMAE |0 but paspemenus nucnonb3oBanus KoHTpouiepa DMA nipu npueme
0 | He ucriomp3yercs
1 | Pa3zpemeno ¢popmupoBanue 3anpocoB koutposiepa DMA st
obcnyxuBanus 0ydepa FIFO npuemnuka
— 31-2 | 3ape3epBUpPOBAHO
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A.12 Peructpsbl TaiiMmepoB

basoBblii agpec:

4004_8000h Peructpsl Taiimepa 0
4004 _9000h Peructpsl Taiimepa 1
4004_A000h Peructpsl Taiimepa 2
4004_B000h Peructpsl Taiimepa 3

CTRL — peructp ynpasJjienus 0;10ka Taiimepa

Cwmemenue:; + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T | T T T T T Igz E|>N(T E|),\<IT o
1 1 1 1 1 1 1 1 1 1 CLK | EN
34 34 34 3y
ITone butsl Onucanue
INTEN 3 but paspemenus npepsiBaHus Tamepa
0| 3ampernieHo
1| Pazpemieno
EXTINCLK |2 buT BKIIOUEHHUS BHEIIHETO BXOJa CHHXPOHHU3AIMH KaK TAKTOBOTO
0| Her geiicTBuit
1| Curnan na Bxozne TMR_IN siBrisieTcst TaKTOBBIM
EXTINEN 1 buTt paspemenust paboThl TaliMepa, eciii CUTHAJI Ha BHELITHEM BXOJIe
paBeH eMHUIIE
0|3ampemnieHo
1| Taiimep nekpemenTupyercs ¢ gyacroroii PCLK
ON 0 bur BiroueHus Taiimepa
0| BeikiroueHo
1| Taiimep nekpemenTupyercs ¢ yacroroit PCLK
— 31-4 | 3ape3epBUpOBaHO
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VALUE - peructp Tekyiero 3HayeHus Taiimepa

CwMmewenue: + 04h

Co6poc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITose ‘ butel ‘ Onucanue
VAL ‘ 31-0 ‘ Texyuiee 3nHaueHue Taitmepa
LOAD — perucTp Ha4yaJibHOI0 3HAYEHHS CYETUYMKA TaliMepa
Cwmemenue: + 08h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I I I I I I I I I I I I
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I I I I I I I I I I I I
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone ‘ butsl ‘ Onucanue
VAL \ 31-0 \ 3HaveHue nepe3arpy3ku Taiimepa
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INTSTATUS — peructp npepbiBanusi Taiimepa

CwMmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
- INT
L L L L L L L L L L
3y
Ilosne | butsl Onucanue
INT 0 ®dnar npeppIBaHKS TaiiMepa
0 | Her mpepriBanus
1 | 3anpoc Ha mpepbiBaHKe
@ar cOpachIBaeTCs 3aIMCHI0 SMHUIIBI
— 31-1 | 3apeszepBupoBaHO
DMAREQ — peructp ynpasJjienus 3anpocom DMA
Cwmertenue: + 10h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
- EN
L L L L L L L L L L
3y
ITone | bursl Onucanue
EN 0 Pazpemenne renepanuu 3amnpoca koHTposuiepa DMA 1o omycromenuo
TanMepa
0 | Her 3ampoca
1 | 3ampoc pazpenieH
— 31-1 3ape3epBUPOBAHO
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ADCSOC - perucrtp ynpasienus 3amyckom ALIT

CwMmewenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- EN
L L L L L L L L L L L L L L
34
Tlone | buthl Onucanue
EN |0 Paspemienne renepanuu curnaina 3amycka Al mo omycTonieHuto TaiiMepa
0 | Her curnana
1 | I'eneparus paspemnieHa
— 31-1 3ape3epBUPOBAHO
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A.13 Peructpsi 0J0ka LHHIUM

Ba3zoBwlii agpec:  4004_CO000h Peructpsr 6:1oka LHIIMMO
4004_DO000h Peructpsl 61oka IIIMM1
4004_EO00Oh Peructpsi Gioka [LINM2

TBCTL — peructp ynpasJjeHusi TaiiMepom

CwMmemenue: + 00h
Copoc: 0001_8000h

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

T T T T T T T T T T T T T T
] SHDW
GLOB
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 | 14 13 12 | 11 | 10 9 | 8 | 7 6 5 | 4 3 2 1 | 0
PHS SWF PRD [PHS
FREEISOFT DIR C:LKDI\I/ HSIPCLKIDIV SYNCSYNCIOSEL LD | EN CTRI\:IODE
3y 3y 3y 3y 3y 3y 34 3y 3y
[Tone butsl Onucanue
SHDWGLOB | 16 I'11o6asibHOE pa3penieHre BCEX TCHEBBIX 3arPy30K
0 | Bce TeHeBbIe pETUCTPBI MTUIIYTCS, HO COOBITHS ITEPE3aucu
B aKTUBHbIE OJOKUPYIOTCS
1 | TeneBas 3arpy3ka NpOMCXOAUT COIIACHO HACTPOMKaM
COOTBETCTBYIOIIUX NOJIEH
FREESOFT 15-14 | [lone 3amanus nosenenus cuerunka [IIMM mocne nepexona B pexxum
OCTaHOBA BO BpeMsl OTJIAAKHI
00 | Caeruunk Oynet octaHoBiieH Ha cieaytommid TakT TBCLK
01 | Cuerunk OymeT OCTAaHOBJICH IO IOCTHYKEHUHU COOBITHS:
- TBCTR = TBPRD (mpu cuere BBepx);
- TBCTR = 0000h (ipu cyere BHU3 WK BBEPX-BHHU3)
1x | CyeTuuk NpoOJIOIIKHUT paboTy
PHSDIR 13 bur 3ananus ¢pazoBoro HarpaBieHUs (UCIOIB3YETCS TOIBKO MPH
JIByHAIIPaBJICHHOM CYETE).
3a/iaeT HanpaBJIeHHE CUETa M10C/Ie CHHXPOHU3AIMU. 3arpyxKaeTcs
BMecTe ¢ peructpoMm daszsl TBPHS
0 BHuu3
1 Bepx
CLKDIV 12-10 | Ilome 3agaHusi IEPBOTO MEIUTEISI TAKTOBOM YaCTOTHI
000 |1
001 |1/2
010 |1/4
011 |1/8
100 | 1/16
101 | 1/32
110 | 1/64
111 | 1/128
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ITone

butnl

Onucanue

HSPCLKDIV

9-7

[Tone 3amanust BTOPOro JEIUTENs TAKTOBOW YaCTOTHI.
KoneuHoe 3HaueHHE JETUTEINS SBIISCTCS IPOU3BEICHUEM 3HAYCHUN
nenutenei, 3agaaeMeix nosiMu CLKDIV u HSPCLKDIV

000

1

001

1/2

010

1/4

011

1/6

100

1/8

101

1/10

110

1/12

111

1/14

SWESYNC

but nporpaMMHO# SMyJIALINY TOSIBICHUS] CHHXPOUMITYJIbCa

0

Hert neiictBuit

1

3anuch €JUHULIBI BBI3BIBACT NOSIBJICHUE CUHXPOUMITYJIbCA B LIENU
PWM_SYNCI

SYNCOSEL

Ilone BBI60pa HCTOYHHUKA I BBIXOOAHOI'O CHI'HaJla CHUHXPOHH3AINU
PWM_SYNCO

00

PWM_SYNCI

01

CTR = 0000h

10

CTR =CMPB

11

Britaya cHHXpOMMITYJIbCa 3alpeieHa

PRDLD

bur ynpasnenus 3arpyskoii perucrtpa TBPRD

0

Pexxum oTioxkenHoit 3arpy3ku peructpa TBPRD paspemien

1

3amucsk B TBPRD Oynet npousBeneHna cpa3y B aKTUBHBIN
perucTp

PHSEN

burt paspemienus 3arpy3ku cueTymKka Taiimepa

0

3anpenieHo

1

Paspemiena 3arpy3ka cueturnka TBCTR 3HaueHnuem perucrpa
¢a3el TBPHS npu nonydeHnn coObITHSI CHHXPOHU3ALIUU
(mmrrynibe Ha Bxosie PWM _ SYNCI v 3amuch B OUT

SWESYNCQC)

CTRMODE

ITone 3apanus HanpaBJICHUS cYETA

00

Baepx

01

Buus

10

Brepx-BHH3

11

C4YeTYrK OCTaHOBJICH

31-17

3ape3epBUPOBAHO
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TBSTS — peructp craryca Taiimepa

CwMmewenue: + 04h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
CTR|[SYN|CTR
MAX]| CI | DIR
L L L L L L L L L L L L
4 34 y
ITose but Ornucanue
CTRMAX 2 ®dmar MOCTHXKEHUS CYETYMKOM TalMepa CBOET0 MaKCHMaJIbHOTO
snayenus FFFFh
0 | 3Hayenue He JOCTUTHYTO WK ar OblI1 cOpoIIeH
1 | 3Hauenue ObIIO IOCTUTHYTO
3anuch eqMHMIBI cOpachiBaeT dar
SYNCI 1 @dar CHHXpOHHU3AIUT
0 | CuaxpoHHM3anus He JOCTUTHYTA WK ¢uiar ObLT cOpoIIeH
1 | CuHXpoHHU3aIMs POU30IILIA
3anuce enuHHUIBI cOpackiBaeT Qiar
CTRDIR 0 dar HanpaBJIeHUS CUETa TaliMepa
0 | Baus
1 | Beepx
— 31-3 | 3ape3epBHUpOBaHO

TBPHS — peructp ¢a3b1 Taiimepa

CwMmemenue: + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
TBPHS
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
[lose butel Onucanue
TBPHS 31-16 | Ilone 3amanus HadanbHOH (pa3bl TaliMepa P TOITYISHUU CUTHATIA
CHUHXPOHM3ALUU
15-0 | 3apesepBupoBaHO
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TBCTR — peructp Tekyluero 3HaueHusi Taiimepa

CwMmemenue: + 0Ch

Co6poc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
TBCTR
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITose butel Onucanue
TBCTR 15-0 Texyiiee 3HaueHHe CYETUMKA TaliMepa.
3anuch B pETUCTP U3MEHSICT 3HAUCHUE TaiiMepa. 3amuch MPOUCXOIUT
acuaxpoHHO ¢ TBCLK u He uCnonbp3yeT OTJIOKEHHBII MEXaHU3M
3arpy3Ku
— 31-16 | 3ape3epBHpPOBAHO

TBPRD — peructp nepuoaa raiimepa

Cwmemenue: + 10h

Copoc: Oh

31 30

29

28 27 26 25 24 23 22 21 20 19 18 17

16

15 14

13

12 10 9 8 7 6 5 4 3 2 1

TTone

butel

Onucanue

TBPRD

15-0

[Tepuop TaliMepa (MakcuMaIbHOE 3HAYEHHE CUETa TaiMepa).

OTtnoxeHHast 3arpy3ka B 3TOT pPEerucTp mnporpammupyercs 6utom PRDLD
peructpa TBCTL. Ilo ymomuanuto 6ur PRDLD cOpomen u 3amnuce B
peructp TBPRD mpuBoauT K 3amucu B TEHEBOW pErucTp. AKTUBHBINA
peructp Oynet 3arpyxeH mo coosituio TBCTR = Zero. Ecniu 6utr PRDLD

YCTaHOBJIEH, TO 3aIIMCh BBIITOJIHSAETCS HAIPSIMYIO B AKTUBHBIN PETUCTP

31-16

3ape3epBUPOBAHO
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CMPCTL - peructp ynpapJjieHUs1 KOMIIapaTOPOM

CwMmewenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
! ! ! ! SH:WSHAI?W _ SHE?W _ SHADW LOAD LOAD
| | | | FULL | FULL MODE mopg| BMODE | AMODE
Y Y 3y 34 3y 3y
[Tone butsl Onucanue
SHDWBFULL |9 @uar otyokeHHOM 3arpy3ku B peructp CMPB
0 | Her peficTBumii
1 | AKTUBHBIN perucTp 3arpykeH 3HaueHHEeM U3 TEHEBOTO
perucrpa
SHDWAFULL |8 dnar oTiI0KeHHOU 3arpy3ku B peructp CMPA
0 | Her peficTBwmii
1 | AKTUBHBIN PETUCTp 3arpyKeH 3HAUEHUEM U3 TEHEBOIO
peructpa
SHDWBMODE | 6 but ynpasnenus 3arpyskoii peructpa CMPB
0 | 3nauenwue, 3anucsiBaemoe B peructp CMPB, pasmeraercs B
TEHEBOM pETrUcTpe (OTI0KEHHAs 3arpy3Ka)
1 | ITpou3BoauTCs 3arpy3ka HanmpsiMyt0 B aKTUBHBIN PErUCTp
SHDWAMODE | 4 but ynpasnenus 3arpy3koii peructpa CMPA
0 | 3nauenwue, 3anucsiBaemoe B peructp CMPA, pa3memiaercs B
TEHEBOM pErUcTpe (0TI0KEHHAs 3arpy3Ka)
1 | ITpou3BoauTCs 3arpy3ka HaNmpsiMyI0 B aKTUBHBIN PETUCTP
LOADBMODE | 3-2 [Tone 3amanust cOOBITUS 3aTPY3KH OTJIOKEHHOT'O 3HAUEHUS B
peructp CMPB (ipu ycnosun, yto 6ut SHDWBMODE copoiien)
00 | CTR = Zero
01 |CTR=PRD
10 | CTR = Zero umu CTR = PRD
11 | 3arpy3ka 3anpenieHa
LOADAMODE | 1-0 [Tone 3amanust cOOBITUS 3aTPY3KH OTJIOKEHHOT'O 3HAUEHUS B
peructp CMPA (mipu ycnosuu, uro 6ut SHDWAMODE c6poien)
00 | CTR =Zero
01 |CTR=PRD
10 | CTR = Zero umun CTR = PRD
11 | 3arpy3ska 3anpemnieHa
— 31-10, | 3ape3epBHpPOBAHO
7,5
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CMPA — peructp nopora cpaéaTbIBaHHs KaHaja A

CwMmemenue: + 18h

Co6poc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
CMPA
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[Tone butel Onucanue
CMPA 31-16 | AKkTMBHOE 3HaueHHWe Topora cpabaTbiBaHMs KaHajga A, KOTopoe
CpPaBHUBAETCS CO 3HAUCHUEM CUETUHKA TalMepa.
IIpn coBnagenun 3HaueHuil Qopmupyercs codsitue CTR = CMPA,
KOTOpPO€ BIUSET Ha IOBEICHHE CUTHAIOB Ha JHHUAX PWMX A u
PWMx_B
— 15-0 | 3apesepBupoBaHO

CMPB - peructp nopora cpadéarbiBaHusi KaHajaa B

Cwmewenue: + 1Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
CMPB
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
I I I I I I I I I I I I I I I
[Tone butsl Onucanue
CMPB 31-16 | AkTHBHOE 3HayeHHME TMopora cpabarelBaHus KaHana B, koTtopoe

CPaBHUBAETCS CO 3HAYCHUEM CUETUHKA TalMepa.
ITpu coBmagenun 3HaueHuit ¢opmupyercs cobsitne CTR = CMPB,
KOTOpPO€ BJIMSET Ha TMOBEJICHHWE CUTHAIOB Ha JUHUAX PWMX A u

PWMx_B

— 15-0 | 3apesepBupoBaHO
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AQCTLA — peructp o0padoTunKka s BbIX0Aa A

CwMmemenue: + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
- CBD CBU CAD CAU PRD ZRO
L L L L L L L L L
3y 3y 34 3y 3y 34
Ilose | bursl Onucanue
CBD | 11-10 | HetictBue Ha BeiBoge PWMx A npu CTR = CMPB nipu cuete BHU3
CBU |9-8 Hetvicteue Ha BeiBoie PWMX A mpu CTR = CMPB npu cuere BBepx
CAD | 7-6 JeiictBue Ha BeiBoge PWMX A nmpu CTR = CMPA npu cuere BHU3
CAU |54 HeiictBue Ha BbiBoje PWMX A npu CTR = CMPA npu cuete BBEpx
PRD | 3-2 JeiictBue Ha BeiBoge PWMX A mpu CTR = PRD
ZRO |1-0 JleiictBue Ha BeiBojge PWMX_A mpu CTR = Zero
— 31-12 | 3ape3epBupoBaHO

[Ipumeganue — st KAKIOTO COOBITHS MOXKET OBITh 3a/IaHO OJJHO U3 YETHIPEX JNCHCTBUM:
00 — HeT peakiuu;
01 — nepexnrouenue BeiBoga PWMX_ A B HOJb;

10 — nepekitouenue BeiBoga PWMX A B eaunuily;
11 — unBepcus BeiBoia PWMX_A.

AQCTLB — peructp o6padoTunka s Bbixoaa B

CwMmemenue: + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | |
- CBD CBU CAD CAU PRD ZRO
| | | | | | | | |
34 34 34 3y 34 3y
[Ipumeuanue — Ha3HaueHus OUTOBBIX TIONEH AaHATOTWYHBI HA3HAYCHUIO TOJICH

peructpa AQCTLA c Toii pa3HuIieii, 4To OTHOCATCS OHM K BEIBOyY PWMx_ B.
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AQSFRC — perucTp nporpaMMHOro ynpapJjieHUsi OIHOKPATHBIM JielicTBHEM

CwMmemenue: + 28h

Copoc: Oh
31 | 30 | 29 | 28 27 26 25 24 23 | 22 21 20 | 19 18 17 | 16
1 1 1 1 1 1
15 | 14 | 13 | 12 11 10 9 8 7 | 6 5 4 | 3 2 1 | 0
oT oT
RLDCSF SFB ACTSFB SEA ACTSFA
I I I 3|\4 3y 3Iq 3y 3Iq
Ilone buter Omnuncanue
RLDCSF | 7-6 Ympasienue coosiTeM TeHeBow 3arpy3ku noneit OTSFA, OTSFB, a
taxoke nmojeit CSFA, CSFB peructpa AQCSFRC
00 | CTR =Zero
01 |CTR=PRD
10 | CTR =Zeroumu CTR = PRD
11 | be3 TeHeBO# 3arpy3KH, NpsiMast 3alKCh B PETUCTP
OTSFB 5 3anuce eAMHULBI IPUBOIUT K OAHOKPATHOMY NEPEKIOUYEHUIO BBIBOJIA B
cocrosuue, coritacuo ACTSFB
ACTSFB | 4-3 Br100p neicTBHS ¢ BBIXOJIHBIM CUTHAJIOM Ha BBIBOJIC
00 | Her geticrBuit
01 |PWMx B=0
10 |PWMx B=1
11 | MuaBepcus BeiBoga PWMX B
OTSFA 2 3anuce eAMHUIBI MPUBOIUT K OAHOKPATHOMY NEPEKIIOUYEHUIO BBIBOJIA B
cocrositnne corinacuo ACTSFA
ACTSFA | 1-0 Bo160p 1eHCTBUS C BBIXOIHBIM CUTHAJIOM HA BBIBOJIC
00 | Her geticrBuit
01 |PWMx A=0
10 |PWMx A=1
11 | MuBepcus BeiBoga PWMX_A
— 31-8 | 3apezepBHupOBaHO
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AQCSFRC - perucrtp o6padoTunka AJisi HUKJIAYECKOr0 NPOrpaMMHOI0 YpaBJeHusl

CwMmemenue: + 2Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
- CSFB CSFA
I I I I I I I I I I
3y 3y
ITone buter | Onucanue
CSFB/ | 3-2/ ITose 3amaHus MUKINYECKOro Bo3aeicTBUsA Ha Beixog PWMX_B/PWMX_A
CSFA | 1-0
— 31-4 | 3ape3epBHpPOBAHO

I[Ipumedanue — MoxeT OBITh 3371aHO OJTHO U3 YETHIPEX BO3ICHCTBHIA:
00, 11 — Her peakiuwy;
01 — 3nauenue 0 Ha BeIxoge PWMX_B/PWMX_A;
10 — 3nauenwue 1 Ha Beixoge PWMx_B/PWMx_A.

DBCTL — peructp ynpasiieHusi reHepaTOPoOM «MepTBoro» Bpemenu [HHIUM

Cwmewenue: + 30h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
INMODE POLSEL |OUTMODE
1 1 1 1 1 1 1 1 1
34 3y 34
ITone butsl Onucanue
INMODE 5-4 [Tone BbIOOpa MCTOYHUKA JUIsl KOHTPOJIS 10 poHTY U cpe3y. Crapuimii

OUT Moy ympaBiseT KiaodoM S5, mimagmuii — Kio4doM  S4,
CM. pUCYHOK 14.12

00 | Bxognoii curnan PWMA ucnonb3yeTcst isi KOHTPOJIS IO
nepeHeMY U 3aiHeMY (ppoHTam

01 | Bxognoii curnan PWMA ucnonb3yeTcst 1isi KOHTPOJIS IO
3agHeMy ¢poHnty, a curHan PWMB — no nepennemy

10 | BxoxHoit curaar PWMA wucrionb3yercs A1t KOHTPOJIS 10
nepeaHeMy ¢ponty, a curian PWMB — o 3agHemy

11 | Bxonnoii curaann PWMB ucnonbsiyercs 1j1st KOHTPOJIS 10

nepeHeMy U 3a7HeMy (ppoHTam
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ITose butel Onucanue

POLSEL 3-2 [Tone 3amaHust MOMIPHOCTH CUTHANIA Ha Bbixonxe. Crapmmii OUT moss
yhopaBisieT  KiaouoM  S3, a  miagmud —  KIIo4YoM  S2,
cM. pucyHok 14.12
00 | MuBepcus 3anpenieHa
01 | MuBepcus Toapko Ha BeIXxoge PWMX_A
10 | MuaBepcus Toabko Ha Beixone PWMX B
11 | WnBepcus Ha Beixogax PWMX A u PWMx B

OUTMODE 1-0 [Tone BrIOOpa hpoHTA, 1JIT KOTOPOTO BKIIIOUEHA 3aIepPiKKa («MEPTBOES»
Bpemsi). Ctapiiuii OUT 1oJs ynpasiseT KirodoM S1, a mumaammi —
KI1r04oM S0, cM. pucyHokK 14.12
00 | He 3amano
01 | 3agnawmii ppouT Beixoga PWMX B
10 | Ilepennuii pponT BeIxOg2a PWMX A
11 | Ilepenuuii pponT Beixoga PWMX_A u 3amuuii GpoHT BeIXOAA

PWMx_B
— 31-6 | 3apezepBHpOBaHO

DBRED - peructp ynpaJ/ieHHsI <MepPTBbIM» BpeMeHeM nepeaHero ¢pponra

Cwmewenue: + 34h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
- DEL
1 1 1 1 1 1 1 1 1 1 1 1 1
34
ITone buthl Onucanue
DEL 9-0 Benuuuna 3anmepxku mnepeaHero (poHTa sl TeHeparopa «MEpPTBOTO

Bpemenn» [1TMM (B nepuoaax takroBoro curHaga TBCLK)

31-10 | 3apeszepBHUpOBaHO
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DBFED - peructp ynpaBJjieHUsi <MePpTBbIM» BpeMeHeM 3a7Hero (ppoHTa

CwMmemenue: + 38h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- DEL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
[Tone butel Ornucanue
DEL 9-0 Benmuunna 3amepxku 3agHero (poHTa IS IeHepaTopa «MEPTBOTOY

Bpemenu [IIMM (B nepuopax TakroBoro curnana TBCLK)

— 31-10 | 3apeszepBupoBaHO

TZSEL — perucTp MCTOYHMKA CUTHAJIA aBapUH

Cwmemenue: + 3Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- OST - CBC
1 1 1 1 1 1 1 1 1 1 1 1
34 3y
[Tone | butsl Onucanue
OST 8 but paspenienns ncTouHrka curuana aBapuu ¢ Beisoga PWM_TZ B

OIHOKPATHOM PCIKUMEC

0 | 3ampemieHo

1 | Pa3zpemeno

CBC 0 buTt paspemenns HCTOYHNUKA CUTHANIA aBapuu ¢ BeiBoga PWM_TZ B
IIUKJIMYECKOM PEKUME

0 | 3ampemeHo

1 | Pa3zpemieno

— 31-9, | 3apesepBUpoBaHO
7-1
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CwMmemwenue: + 40h

TZCTL — peructp ynpaBjeHHsl 1eTEKTOPOM CUTHAJIa aBaAPUH

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
I I I I I I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
- TZB TZA
I I I I I I I I I I I I I
3y 3y
Ilone | buthl Onucanue
TZB/ | 3-2/ | Ilone 3amanus noseaeHust BoiBoga PWMx_B/PWMX_A B ciydae mosydeHus

TZA

1-0 CUTHAJIa aBapuH.
VcTouHMK CUTHAJIA aBapuH 1pu 3ToM onpeaensercsa peructpom TZSEL

00

HCpGKHIO‘-ICHI/Ie B TPETHC COCTOAHHUC

01

HepeKﬂ}oquHe B CAMHUIY

10

[IepexitoueHue B HOJIb

11

Her neiictBuii

CwMmemenue: + 44h

31-4 | 3ape3epBUpPOBAHO

TZEINT — peructp Macku npepbIBaHusl 1€TEKTOPAa CHTHAJIA aBAPHHU

Co6poc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | |
- OST(CBC| -
! ! ! ! ! ! ! ! ! ! ! !
34 3y
[Tone | butel Onucanue
OST |2 but paspemeHus reHepaluy IpepeIBaHus B OJHOKPATHOM PEKHUME
00paboTKu aBapuu
0 | 3ampemieno
1 | Pa3zpemieno
CBC |1 bur pa3penienus reHepanyy NpephIBaHUS B [IUKIMUECKOM PEXUME
00paboTKu aBapuu
0 | 3ampemieno
1 | Pazpemieno
— 31-3,0 | 3apesepBupoBaHO
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TZFLG — peructp ¢JiaroB npepbiBaHus IeTEKTOPAa CUTHAJIA ABAPUU

CwMmemenue: + 48h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- OST|CBC| INT
1 1 1 1 1 1 1 1 1 1 1 1
Y Y Y
ITone | butel Onucanue
OST 2 ®dJar npeppIBaHKs B OJTHOKPATHOM PEKUME 00pabOTKH aBapuu

0 | Her mpepwiBanus

1 | 3anpoc Ha npepbIBaHue

IIpu sTOoM peiicTBHEe Ha BBIXOJE NPOAODKACTCA BIUIOTH 10 OOHYJICHUS
CYeTYMKA TaliMepa, €ClIM CHUTHaJ aBapuu HE TepecTal ObITh aKTUBHBIM K
sToMy MoMeHTY. Eciu ¢iar cOpolieH, a MCTOYHUK CUTHAJIa aBapuu OCTaJCs,
(dar yCTaHOBUTCS CHOBA

CBC 1 @ar npepbIBaHMs B IUKIMYECKOM peKUMe 00pabOTKH aBapuu

0| Her mpepsiBanust

1| 3anpoc Ha npephIBaHKE

IIpu sTOoM peiicTBHE Ha BBIXOJE NPOAODKACTCSA BIUIOTH 10 OOHYJICHUS
CYeTYMKA TaliMepa, €CJIM CHTHaJ aBapuu HE IepecTall ObITh aKTUBHBIM K
sToMy MOMeHTY. Eciiu ¢nar cOpolieH, a MCTOYHUK CHTHAJA aBapuH OCTaJICs,
(dar yCTaHOBUTCS CHOBA

INT 0 @unar BHemHero npepsiBanusi NVIC

0| Her mpepsiBanus

1| 3anmpoc Ha ipephIBaHNE

Ecnu ¢nar 6611 copoen, a onun u3 ¢uaroB CBC unu OST ycTaHOBIIEH,
(drar ycTaHOBUTCSI CHOBA

— 31-3 | 3ape3epBHpOBaHO
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TZCLR — peructp copoca ¢Jiaros npepbiBaHuii 1eTEKTOPAa CUTHAJIA aBAPUHU

CwMmemenue: + 4Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- OST|CBC| INT
1 1 1 1 1 1 1 1 1 1 1 1
3 3 3
ITone | butel Ornucanue
OST |2 but cOpoca urara npepbIiBaHUs B OJTHOKPATHOM PEKHUME 00pabOTKH aBapuHu.
3anuce equannbl copaceiBaeT 6ut OST B peructpe TZFLG
CBC |1 but cOpoca urara npepbIBaHUS B UKINISCKOM PEKUME 00paOOTKU aBapHHU.
3anuck equannbl copaceiBaeT 6uT CBC B peructpe TZFLG
INT |0 bur copoca dnara Buentnero npepsiBanus NVIC.
3anuck equannbl copaceiBaeT OuT INT B peructpe TZFLG
— 31-3 | 3ape3epBUpOBaHO
TZFRC — perucTp nporpaMMHO# 3MYJISIIIUH CUTHAJIA AaBAPUH
Cwmemenue: + 50h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- OST(|(CBC| -
1 1 1 1 1 1 1 1 1 1 1 1
3 3
ITone butel Ornucanne
OST 2 but nmporpaMMHO# reHepaliy CUTHAJa aBapuU B OJJHOKPATHOM PEXKHIME.

3anuch equHUIB yeraHaauBaeT out OST B peructpe TZFLG
UreHue OMTa BO3BpaIIaeT HOJb

CBC 1 but nmporpaMMHO# reHepaliy CUTHAJA aBapUH B IIUKIHYECKOM PEKIME.
3anuch equHUIB yeranaBauBaeT out CBC B peructpe TZFLG
UreHue OMTa BO3BpAIIaeT HOJIb

— 31-3,0 | 3ape3epBUpOBaHO
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ETSEL — peructp HCTOYHMKA TPUITEPA COOBITHIA

CwMmewenue: + 54h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T DRQ T T DRQ T T
sen| DRQBSEL | JEx|  DRQASEL
L L L L L L L L L L L
3y 3y 3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOC I I SOC I I I I I INT I I
BEN S?CBS:EL AEN S(I)CASIIEL I | EN IINTSE:_
3y 3y 3y 3y 3y 3y
[Tone butel Onucanue
DRQBEN/ 23/ but paspemenus renepanun 3anpoca DMA
DRQAEN 19 0 3ampenieHo
1 Paspemieno
SOCBEN/ 15/ but pa3perenus reneparmu BHetHero curaaia PWM._SOCB/PWM._SOCA
SOCAEN 11 quts 3armycka AT
0 3anpenieHo
1 Pazpemeno
DRQBSEL/ | 22-20/ | ITone BbIOOpa COOBITHS, 110 KOTOPOMY OyaeT chOPMHUPOBAH UMITYIIHC
DRQASEL/ | 18-16 | DMA REQB/DMA REQA/PWM SOCB/PWM SOCA/PWM INT
SOCBSEL/ | 14-12/ | 000 | 3apesepBupoBaHO
SOCASEL/ |10-8/ | 001 |CTR = Zero
INTSEL 2-0 010 | CTR=PRD
011 | 3ape3epBupoBaHO
100 | CTR = CMPA npu cueTe BBepX
101 | CTR = CMPA npu cueTe BHU3
110 | CTR = CMPB mipu cuere BBEpX
111 | CTR = CMPB npu cuere BHU3
INTEN 3 but pazpemenus resepauuu BHeniHero npepbiaiuss PWM INT
0 3anpenieHo
1 Pazpemeno
— 31-24, | 3ape3epBUpPOBAHO
7-4
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ETPS — pernctp npennennrenst Tpurrepa coobITHii

CwMmemenue: + 58h

Copoc: Oh

31 30

29 28

27 26 25 24 23 22 21 20 19 18 17 16

DRQBCNT | DRQBPRD | DRQACNT | DRQAPRD
| | | | | | | |

15 14

13 12

y 3y y 3y

11 10 9 8 7 6 5 4 3 2 1 0

T
SOCBCNT
1

SOCBPRD

T T T T T T T
SOCACNT | SOCAPRD INTCNT INTPRD
1 1 1 1 1 1 1

y

ITone

34

bute!

y 3y y 3y

Omnucanue

DRQBCNT/
DRQACNT/
SOCBCNT/
SOCACNT

23-22/
19-18/
15-14/
11-10

Cuerunk cobwiTuii curnana DMA_REQB/DMA_REQA/PWM_SOCB/
PWM_SOCA.

CyeTynk aBTOMATHYECKM COpachIBacTcs, Korma CHOpPMHUPOBAHO
npepbiBaHHEe W IIEpecTaeT CYdTarh, KOIJAa JOCTHIaeT 3HAYEHUS

DRQBPRD/DRQAPRD/SOCBPRD/SOCAPRD coorBeTcBeHHO.

DRQBPRD/
DRQAPRD

21-20/
17-16

[Mose 3amanust KoM4ecTBa COObITHH, BEIOpaHHBIX TosieM DRQBSEL/
DRQASEL peructpa ETSEL, o kotopsiM Oy1eT cpopMUpOBaH CUTHAT
3anmycka DMA_REQB/DMA_REQA.

Jlng  paspelieHUs TeHEpallid CHUTHala HYKHO YCTaHOBUTH OWT
DRQBEN/DRQAEN peructpa ETSEL.

Curnan 0yner chopmupoBan, naxe eciu ¢uiar DRQB/DRQA (peructp
ETFLG) npenpinymero curnaina He 0bu1 coporieH. Kak Tonpko curxan
DMA_ REQB/DMA_REQA otmpasien, cuerank DRQBCNT/DRQACNT
ABTOMATHUYECKH cOPaChIBACTCS

00 | Beimaua curHasa 1mo Kax,10My COOBITHIO

01 | Bergaua curgana Kakable 1Ba COOBITHS

10 | Beigaya curHama Kaxaple TPH COOBITHS

11 | Beimaya curHania Kaxaple 4YeThIpe COOBITUS

SOCBPRD/
SOCAPRD

13-12/
9-8

IMone 3amanusg KomauyecTBa cOOBITMH, 3amaHHbIX ToieM SOCBSEL/
SOCASEL peructpa ETSEL, no xotopsiM 0yeT chopMupoBaH cUrHai
3amycka ALIIT PWM_SOCB/PWM_SOCA.

Jlnist pa3zpelieHus reHepaluy CUrHajia Hy’KHO YCTaHOBUTb OUT
SOCBEN/SOCAEN peructpa ETSEL.

Curnan O6ynetr chopmupoBan, gaxe ecnu paar SOCB/SOCA (peructp
ETFLG) npenpinymero curuaina He 6bu1 coporieH. Kak Tonpko curxan
PWM_SOCB/PWM_SOCA ormpasieH, cuerunk SOCBCNT/SOCACNT
aBTOMATHUYECKH cOPaChIBACTCS

00 | Bergaua curHana mo KaxaoMy COOBITHIO

01 | Bermaua curuana Kaxaple IBa COOBITHS

10 | Beiytaya curHaia Kaxaple TP COOBITHS

11 | Beimaya curHasia Kaxxaple 4YeThIpe COOBITUS

INTCNT

3-2

3HaueHue cueTynKa coOBITUI MpepbIBaHUH.
Cyerunk aBTOMaTW4YecKH cOpachiBaeTcs, Korga chopMUpOBaHO
MpEephIBAaHKUE U NIEPECTAET CUNUTATh, KOrAa Aocturaet 3HadyeHusi INTPRD
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ITone

butnl

Onucanue

INTPRD

1-0

[Tone 3amanums kommuecTBa COOBITHH, BbIOpaHHBIX MmojeM INTSEL
peructpa ETSEL, mo xkoropeiM OyaeT cOpMHpPOBAHO BHEIIHEE
npepeiBanie PWM INT. [Ins paspeiieHuss reHepaiuu MNpepbIBaHUs
Hy)kHO ycraHoBuTh Out INTEN B perucrpe ETSEL. Ecmu c¢mar
npepbiBanus INT (peructp ETFLG) ycraHoBieH OT MHpeaplayIIero
MpEephIBaHMs, TO TEKyIee MpephIBaHHE HE OYyJeT aKTUBUPOBAHO [0
copoca asroro ¢uara (cOpaceiBaeTcsi 3amucbio eauHUNBI B OuT INT
peructpa ETCLR). Takoii MexaHu3M MO3BOJsieT 00pabaThiBaTh OJIHO
IpepbIBaHue, B TO BpeMsi KaK JIPYroe *JeT CBOeH ouepeau

00 | IIpepsiBanus no kaxaomy coObitiio (INTCNT = 00b)

01 | IIpepsiBanus kaxapie a8a coobiTrst (INTCNT = 01b)

10 | IMpepwiBanus kaxbie Tpu coObiTHs (INTCNT = 10b)

11 | IlpepwiBanus kaxbie geThipe coObitrs (INTCNT = 11b)

31-24,
7-4

3ape3epBUPOBAHO

ETFLG — peructp ¢Jiaros Tpurrepa co0bITHii

Cwmemenue: + 5Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
) DRQ|DRQ|SOC[SOC| _ | 7
B A B A
L L L L L L L L L
Y Y Y Y Y
ITone | butblibl Onucanue
DRQB/ | 5/ ®nar 3anmpoca DMA REQB/DMA_REQA
DRQA | 4 0 | He ycTaHoBieHo uiu cOpoueHo
1 | YcranoBneHo
SOCB/ | 3/ ®gar BuerHero curHana ALIIT PWM_SOCB/PWM_SOCA/PWM_INT
SOCA/ | 2/ 0 | He ycraHOBIICHO WITH COPOIIICHO
INT 0 1 | YcraHoBieHO
— 31-6, 1 | 3ape3epBupoBaHO
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ETCLR — peructp copoca ¢iaroB Tpurrepa coobITHiA

CwMmemwenue: + 60h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
) DRQ[DRQ[sOC|sOC| | T
B A B A
I I I I I I I I
3 3 3 3 3
ITone bur Omnucanue
DRQB/ | 5/ but copoca paara DRQB/DRQA B peructpe ETFLG
DRQA |4 0 | Her neiicrBuit
1 | 3anuch enuHUIBI cOpackIBaeT diar
SOCB/ | 3/ but copoca daara SOCB/SOCA/INT B peructpe ETFLG
SOCA/ | 2/ 0 | Her neiicTBuit
INT 0 1 | 3anuch enuHUIBI cOpackIBaeT diar
— 31-6, 1 | 3apesepBupoBaHO
ETFRC - peructp nporpaMmmHoii smyJisiniu ¢JiaroB Tpurrepa coobITHii
Cwmewenue: + 64h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T
I I I I I I I I I I
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
) DRQ|DRQ|SOC|SOC| INT
B A B A
I I I I I I I I
3 3 3 3 3
ITone butel Onucanue
DRQB/ | 5/ but nporpammuoii ycranoBku iiara DRQB/DRQA B peructpe ETFLG
DROA |4 0 | Her neiictBuii
1 | 3anwch eTUHUITBI YCTAHABIUBAET (yiar
SOCB/ | 3/ but nporpammuoii ycranosku ¢uara SOCB/SOCA/INT B peructpe ETFLG
SOCA/ | 2/ 0 | Her neiictBuii
INT 0 1 | 3anuch eqMHUIIBI YyCTaHABIMUBAET puar
— 31-6, 1 | 3apesepBUpOBaHO
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PCCTL — peructp ynpapJjieHUs1 MOAYJISATOPOM

CwMmemenue: + 68h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T
| | | | | | | | | | | |
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T
CHP
CHPDUTY CHPFREQ OSTWTH EN
| | | | | | | | |
3y 3y 3y 3y
ITose bute! Onucanue

CHPDUTY 10-8 [Tone 3amanus ko3P UIEHTA 3aMOTHEHNS BTOPOTO U MOCIEIYOIIIX

HMITYJIbCOB

000 | 1/8 (12,5 %)

001 | 2/8 (25,0 %)

110 | 7/8 (87,5 %)

111 | 3ape3epBupoBaHO

CHPFREQ 7-5 [Tone BeIOOpaA IEIUTENS 9YaCTOThI CHHXPOHHM3ALNHU JUTSI 3aJaHUsT YaCTOThI
BTOPOTO M MOCJICTYIOIINX UMITYJIbCOB
000 |1
001 |1/2
110 | 1/7
111 | 1/8
OSTWTH 4-1 [Tosie 3ajaHus IMPUHBI IEPBOIO UMITYJIbCA

Oh | 1 % TpcLk*8

1h 2 X TpcLk*8

Eh 15 x TpcLkx8

Fh | 16 x TpcLk*8

CHPEN 0 bur pazpemienust paboTel MOAYISTOpPA

0 3anpenieHo

1 Pazpemeno

— 31-11 | 3apezepBHpPOBaHO
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FWDTH — peructp mupunbl GuiabTpanun

CwMmemwenue: + 70h

Copoc: Oh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T

- FWDTH
| | | | | | | | | | | | | |
3y
Tlomne butel Omucanue

FWDTH | 7-0 [Tone 3amanus mmpuHbI GUIBTpaLUK KOPOTKUX UMITYIbcoB B TakTax PCLK. Ecin
frcLk = 100 MI1y, To GUIbTPYrOTCS MMITYITBCHI JI0 2,55 MKC ¢ marom 0,01 MKkc.

Oh OuUIbTp BHIKIIOYEH

1h 1 takt PCLK

FFh 255 taktoB PCLK

— 31-8 | 3apesepBupoBaHO

HDSEL — perucTp HCTOYHHKA CUTHAJIA COOBLITHSA Y/AePKAHUS

CwMemenue: + 88h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T
OST - CBC -
1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
) ADC |ADC | ADC | ADC
DC3 [ DC2 [ DC1 | DCO
1 1 1 1 1 1 1 1 1 1 1
34 34 34 3y
[Tone butsl Onucanue
OST 31 bur paspemenust coOsrtust mo ucrounuky ADCDC B omHOKpaTHOM

pexkume 00paboTKH aBapHH

0 3ampenieHo

1 Pa3pemieno

CBC 28 bur pazpemenus coowsitrs o ucrounnky ADCDC B nukimaeckom
pekume 00paboTKH aBapHH

0 3anpenieHo

1 Pazpemeno
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[Tose butsl Onucanue
ADCDC3- | 3-0 but BeiOopa mudposoro kommaparopa (0 — 3) 6ixokxa ALII, ¢ Bexoga
ADCDCO KOTOpOro Oepercst curHai assi pOpMHUPOBAHUS COOBITHS yICPIKAHHS
0 | He BeiOpano
1 | Beibpano
- 30-29, | 3ape3epBHpPOBAHO
27-4

HDCTL — perucTp ynpaBJjieHUsI 1€TEKTOPOM COOBLITHH yaep:KaHusI

CwMmemenue: + 8Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
HDB HDA
1 1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
Ilone bute! Onucanue

HDB/ 3-2/ ITone 3amanms mnoBeaenus curaagsa PWMXx_B/PWMX A B cioydae cOos
HDA 1-0 (aBapum).
(McTounuk cbos onpenensiercs: peructpom HDSEL)

00 | 3apeszepBupoBaHO

01 | ITepekmrovaercs B COCTOSIHUE €IMHULIBI

10 | ITepexitoyaercsi B COCTOSIHUE HYJIS

11 | Ocraercs 0e3 U3MEHEHUN

— 31-4 3ape3epBUPOBAHO
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HDEINT — peructp Macku npepbiBaHusi IOPOTroBOT0 BHIKJIIOYATENS

CwMmemenue: + 90h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- OST|CBC| -
1 1 1 1 1 1 1 1 1 1 1 1
34 3y
[Tone | butsl Onucanue
OST |2 but paspenienus reHepanyy npepbiBaHus B OJHOKPATHOM PEXKHME

0 | 3ampenieHo

1 | Pa3pemeno

CBC |1 but paspemenus reHepanyu NpepriBaHus B IUKIMYECKOM pEKUME

0 | 3ampemieno

1 | Pa3pemeno

— 31-3,0 | 3ape3epBupoBaHO
HDFLG — peructp ¢.1aroB npepsiBaHis NOPOroBOro BhIKJIIOYATEIsA

CwMemenue: + 94h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- OST|CBC| INT
1 1 1 1 1 1 1 1 1 1 1 1
Y Y Y
[Tone | butsl Onucanue
OST, 2, @1ar npepbIBaHUs B OTHOKPATHOM PEXHUME,
CBC 1 ¢uar npepbIBaHUs B HIUKINYECKOM PEXKHME.

[Ipu sToM pelicTBHE HAa BBIXOAE MPONOJKAETCS BIJIOTH 1O OOHYJIEHUS
cUeTYMKa TaiimMepa, €clii CUTHAJ aBapuu He TMepecTal ObITh aKTUBHBIM K
aTOMy MOMeHTy. Ecnu ¢hiar cOporieH, a MICTOYHHUK CUTHAJIA aBapHH OCTaJICH,
(drar yCTaHOBUTCSI CHOBA

INT 0 @nar BHemHero npepeiBanus NVIC.
Ecmu ¢mar 61 cOpomen, a ogun u3 ¢uiaroB CBC wm OST ycraHoBieH,
¢uar INT ycraHOBUTCS CHOBA

— 31-3 | 3ape3epBUpOBaHO
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HDCLR — peructp copoca ¢JiaroB noporoBoro BbIKJIK04YaTe s

CwMmemenue: + 98h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- OST|CBC| INT
L L L L L L L L L L L L
3 3 3
ITone | butel Ornucanue
OST |2 but cOpoca iiara npepbIiBaHNs B OJJTHOKPATHOM PEXKUME
CBC |1 but cOpoca (ara npepriBaHUs B IUKJIXIECKOM PEKUME
INT |0 burt cbpoca dnara BaentHero npepsiBanus NVIC
— 31-3 | 3ape3epBUpoBaHO

[Ipumeuanue — 3anuch eAUHUIBI B OUT perucTpa cOpachiBaeT COOTBETCTBYIOIIUI OUT B
peructpe HDFLG.

HDFRC — peructp nporpaMMHoii aKTHBALMHM MOPOrOBOI0 BHIKJII0YATEIsA

Cwmemenue: + 9Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T
- OST|CBC -
| | | | | | | | | | | |
3 3
ITose buter Ormucanue
OSsT |2 butr axkTMBaUMM TOPOrOBOrO BBIKJIIOYATENS B OJHOKPAaTHOM PEXHME

00paboTKu aBapuu

0 | Her gmeticrBuit

1 | 3anuck enMHUIIBI AKTUBUPYET BBHIKJIIOUATENb U ycTaHaBnuBaeT ¢uar OST
B peructpe HDFLG

CBC |1 bur akTMBanMM TOPOrOBOrO BBIKIIOYATENS B IUKIMYECKOM pEXUME
00paboTKu aBapuu

0 | Her npeticTBuii

1 | 3anmuch enqUHUIIBI aKTHBHPYET BBIKITIOYATENNb U ycTaHaBiuBaeT ¢uar CBC
B peructpe HDFLG

— 31-3,0 | 3apesepBupoBaHO
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HDINTCLR — peructp coOpoca npepbIBaHUsI MIOPOTOBOT0 BbIKJIIOYATEJISI

Cwmemenue: + AOh

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- INT
| | | | | | | | | | | | | |
3
ITone | butwl Onucanue
INT |0 bur cOpoca mpepwiBanusa. COpoc 3ampoca Ha MNpepbIBAaHUE JODKEH
MPOM3BOJIUTECSA  MPOTpaMMOK  0OpabOTKM  TIpephIBaHMSA, BO H30eKaHUE
MTOBTOPHOTO 3aIycka 00paboTImKa
— 31-1 | BapezepBHpoBaHO
TZINTCLR - peructp copoca npepbIBaHUsI 1€TEKTOPa COObITHII aBapUH
Cwmewenue: + Adh
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- INT
| | | | | | | | | | | | | |
3

[Ipumeuanue — Haznauenue u pynkiuonuponanue anagoruuso peructpy HDINTCLR.

INTCLR — peructp copoca npepsiBanus Taiimepa 6aoxa HIUM

Cwmemenue: + A8h
Copoc: Oh

31 30 29 28 26

15 14 13 12 11 10 9 8 7 6 5 4 3 2

INT

3

[Ipumeuanue — Ha3nauenue u pynkumonupoBanue anagoruuno peructpy HDINTCLR.
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A.14 Peructpsbl KBaapatypHoro aexkoaepa QEP
Ba3zoBblii agpec:  4004_F000h

QPOSCNT — peructp cyera cyeTYnKa MO3UIUH

CwMmemwenue: + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butel ‘ Onucanue
VAL ‘ 31-0 ‘ 3HaueHue cueTa CUeTYMKa M03ULIUU

QPOSINIT — perncTp MHHHIIAATU3ANMUH CYETYHKA MO3UIIUH

CwMmemmenue: + 04h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I I I I I I I I I I I I
VAL
I I I I I I I I I I I I I I
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I I I I I I I I I I I I
VAL
I I I I I I I I I I I I I I
3y
[Tone ‘ butsl ‘ Onucanue
VAL ‘ 31-0 ‘ 3HadyeHre HHUITHAIN3AIAN CYETYHNKA ITO3UIINHU
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QPOSMAX — perucTp MakKCMMaJIbHOT0 3HAYEHHSI CUETYHKA MO3UIHHU

CwMmemenue: + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HauYCHIE MAKCHMATBHOTO 3HAYCHHS CYCTUNKA TO3HIIAN

QPOSCMP — perucTtp cpaBHeHHsI CHeTUYMKA MO3UIIUHT

Cwmewenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHNMe CPABHEHHS CYSTINKA TTO3UIIHH

QPOSILAT — peructp XpaHeHus NO3MIHH 110 HHAECKCALINU

CwMmemenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHMe XPaHEHNS! IO3UIMH 10 HHCKCAIIAN
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QPOSSLAT — peructp XxpaHeHUsI MO3UIMHU 1O CTPOOY

CwMmewenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
[Tone ‘ butsl ‘ Onucanue
VAL ‘ 31-0 ‘ 3HavyeHHe XpaHEHUs MTO3ULIUU 110 CTPOOY

QPOSLAT — peructp XpaHeHusi O3MLMH N0 TaiiMepy BpeMEeHHBIX 0TCYETOB

Cwmewenue: + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
V]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
V]
[Tone ‘ butsl ‘ Onucanue
VAL ‘ 31-0 ‘ 3HaueHue XpaHEeHUsI MO3ULUU 110 TaiiMepy BPEMEHHBIX OTCUETOB

QUTMR — peructp Taiimepa BpeMeHHBIX 0TCYETOB

CwMmemenue: + 1Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHue TaliMepa BPEMEHHBIX OTCYETOB
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QUPRD — peructp AJuTeJbHOCTH CYeTa TaiiMepa BpeMEeHHBIX 0TCYETOB

CwMmemenue: + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butsl ‘ Onucanue
VAL ‘ 31-0 ‘ 3HaueHUEe JJIUTEIBHOCTH CYeTa TaliMepa BPEMEHHBIX OTCUETOB

QWDTMR — peructp cuera cTOpo:KeBOro Taiimepa

CwMmemenue: + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHwe cueTa CTOPOKEBOTO TaiiMepa

QWDPRD — peructp AJuTeIbHOCTH CYETAa CTOPOKEBOro TaiiMepa

CwMmemienue: + 28h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHNe IMTEIBHOCTH CYETa CTOPOXKEBOTO TaiiMepa
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QDECCTL - peructp ynpapJjieHus BXOJAaMHU

CwMmemenue: + 2Ch

[Tpumeuanue — [{ng 6uros ¢ 9 o 5 crpaBeuBo: (0 — BBIKJIIOYEHO, 1 — BKIIIOUEHO.

Copoc: Oh
31 | 30 29 | 28 | 27 26 25 24 23 | 22 | 21 20 19 18 17 16
1 1 1 1 1
15 | 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Qsre | 20 | SF |xcr| S |sare| QAP | QBP| QIP |QsP :
3IL| 34 34 34 34 34 34 34 34 3y
ITone | butel Onucanue
QSRC | 15-14 | Pexxum paboThl
00 | KamparypHsbiid
01 | Cyera/namnpaBieHus
10 | Cuer BBepx (QCLK = XCLK, QDIR =1)
11 | Cyer Buu3 (QCLK = XCLK, QDIR =0)
SOEN |13 but paspemnienus BeIJauM BBIXOJHOTO CUTHAJIA KOMIIapaTopa
0 | 3ampenieHo
1 | Pa3pemeno
SPSEL | 12 but BeI00Opa BEIBOJIA IS BBIIAYM BBIXOJIHOTO CHTHAIA KOMITApaTopa
0 | Ctpobupyromuii BEIBOJ
1 | UuaeKkCHBII BBIBO
XCR 11 but BeIOOpa PpoHTa KBaApaTypHOrO BXOJa
0 | Ilepennuii ppoHT
1 | Ilepennuii u 3agauid HPOHTHI
SWAP | 10 bur oomena BxonoB QEP_A u QEP_B
0 | Her neiicrBui
1 | Bxoast QEP_A u QEP_B menstoTcst mectamu
IGATE | 9 but BritoueHusi CTpoOUPOBAHMSI BXOIHOTO CUTHAJIA MHIEKCAIIUU
QAP 8 but BKIIOUEHUS MHBEPTUPOBAaHUS BXOAHOro curHana ¢ QEP_A
QBP 7 but BKIIFOUEHUST MHBEPTUPOBAHMSI BXOIHOTO curHaina ¢ QEP_B
QIP 6 but BKIIfOUEHUST MHBEPTUPOBAHHSI BXOTHOTO curHana ¢ QEP_|
QSP 5 bur BrIIfOUEHUST MHBEPTUPOBAaHUS BXOIHOTO curHaima ¢ QEP_S
— 31-16, | 3ape3epBupOBaHO
4-0
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QEPCTL — perucTtp ynpasjeHusi KBaApaTypHOIo AeKoaepa

CwMmemenue: + 30h

Copoc: Oh

31 30

29 28

27 26 25 24 23 22 21 20 19 18 17 16

15 14

13 12

10 9 8 7 6 5 4 3 2 1 0

!
FREESOFT
|

PCRM

SEI

SWiI

SEL

QP
EN

QC
LM

UTE

WDE

34

ITone

34

butel

34

34

34

Onucanue

34

34

34

34

FREESOFT

15-14

[Tone ynpanenus cuetunkamu QPOSCNT, QWDTMR, QUTMR,
QCTMR B pexkuMe OTIATKH

00

[TpunyautenpHas 6JOKUPOBKA CUETa

01

Cuer 710 nepenoJIHeHHs

10, 11

Pa30nokupoBaHue cueta

PCRM

13-12

[osie 3aganus coObITUS AJis cOpoca CYETUMKA [TO3ULIUU

00

CoObITHE HHAEKCAILIUNA

01

[[OCTI/I)KCHI/IC MaKCHMaJIbHOM J8(0X370005051

10

[TepBoe coObITHE UHIEKCALIUH

11

OxonyaHue BpPECMCHHOI'O OTCYCTA

SEI

11-10

[Tone 3aganust coObITUSI CTPOOMPOBAHUS JJISI MHUIIHAIU3AIIUN CUETUYMKA

MO3HUIL

un (QPOSCNT = QPOSINIT)

00, 01

PabGora 0e3 nHuImamm3anun

10

[Tepennuit dpponT curHana QEPS

11

[Tepennuit dppont QEPS npu BpaiieHuu 1o 4acoBoi CTpeske
nnu 3aaauit Gpont QEPS npu Bpaiiennn npoTuB yacoBon
CTPEJIKU

IEI

[Toste 3amanmst COOBITHS MHACKCAIMH JTSI HHATTAATH3AINH CYSTINKA
no3uiuu (QPOSCNT = QPOSINIT)

00, 01

PabGora 0e3 nHuImanmm3anun

10

ITo nepeanemy ¢ponty curnana QEPI

11

ITo 3anHeMy gponTy curnaiga QEPI

SWiI

burt HpOFpaMMHOﬁ HMHUOaJIn3allui CYCTUYHKA ITO3UIIHUH.

He

cOpachIBaeTcs anmnaparHo

0

Hert nevictBuii

1

3anuch eAUHULBI 3arpyskaeT cueTyuk no3uuu QPOSCNT
3Hauenrem QPOSINIT

SEL

bur 3aganus COOBITHS CTpO6I/Ip0BaHI/I$I AJId COXPAHCHUS 3HAYCHU A

cyec

tunka no3uimu (QPOSSLAT = POSCNT)

0

[To mepennemy dpouty QEPS

1

[To nepennemy ¢pponty QEPS mpu Bpamiennu 1o 4acoBoi CTpenke
i 1o 3aaHeMy pponty QEPS npu BpamieHun npoTHB 4acoBoOi
CTpEJIKH
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Tlone

butnl

Onucanue

IEL

5-4

[Tone 3amanst COOBITHS MHICKCALIUH 11 COXPAHCHUS 3HAUCHUS CUCTUNKA
no3unuu (QPOSILAT = POSCNT)

00

be3 coxpanenus

01

ITo nepeaneMy (ppOHTY CHUTHAIA MHACKCAITH

10

[To 3anHEeMy (pOHTY CUTHAJIA MHJIEKCALIUU

11

ITo Mapkepy HHAEKCALIUU

QPEN

burt paspemienus: paboThl cCUETUMKA MO3ULIUU

0

3anuce HYJII OCTAHABJIIMBACT CUCTYHK U C6paCBIBaeT €ro

1

Pabota pa3peniena

QCLM

bur 3aJaHus COOBITHS COXpaHCHUA 3HAYCHUA PETUCTPOB MOAYJIA 3aXBaTa

0

[To urennro QPOSCNT peructpet QCTMR u QCPRD coxpansitores
B peructpbl QCTMRLAT u QCPRDLAT cooTBETCTBEHHO.

1

[To okonwanuu BpemeHHoro orcueta peructpsl QPOSCNT, QCTMR
1 QCPRD coxpanstores B peructpel QPOSLAT, QCTMRLAT u
QCPRDLAT cooTBETCTBEHHO

UTE

burt pazpeuienus paboThl TaliMepa BpeMEHHBIX OTCYETOB

0

3anpenieHo

1

Paspemeno

WDE

burt paszpemienus paboThl CTOPOXKEBOTO Taiimepa

0

3anpenieHo

1

Pa3pemeno

31-16

3ape3epBUPOBAHO

345



QCAPCTL — peructp ynpanjeHHs 3aXBaTOM

CwMmewenue: + 34h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
EP
SLD
L L L L L L L L L L L L L
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T el T T T T T
CEN EVNT CCPS UPPS
L L L L L L L L L L
34 34 34 34
ITose butel Omnucanue
EPSLD 16 but BritoueHus ynyunieHHOro pexkuma teneBoit 3arpysku UPPS/CCPS
0 | 3ampemieno
1 | Paspemieno
CEN 15 burt paspemenust paboThl MOIYJIS 3aXBaTa BPEMEHU
0 | 3anpemeHo
1 | Paspemieno
SELEVNT |7 bur cOpoca taiimepa
0 | ITo neneHHOMY KBaJIpaTypHOMY COOBITHIO
1 | Ilo monyuenuu curnaia PCSOUT ot komnaparopa
CCPS 6-4 [Tose 3amanus nenuTens CUCTEMHOIO TaKTa
000 Her nenenus
001 1/2
010 1/4
011 1/8
100 1/16
101 1/32
110 1/64
111 1/128
UPPS 3-0 [Tone 3aanus IenuTeNs KBaJpaTypHOTO CHTHAJIA
Oh Hert nenenus
1h 1/2
2h 1/4
3h 1/8
4h 1/16
5h 1/32
6h 1/64
7h 1/128
8h 1/256
9h 1/512
Ah 1/1024
Bh 1/2048
Ch-Fh | 3apesepBupoBano
— 31-17, | 3ape3epBupOBaHO
14-8
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QPOSCTL — peructp ynpapJjieHUsI C4eTYUKOM MO3UITHN

CwMmemenue: + 38h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PC T o | pe T T T T T T T T T T T
SH LOAD POL PCE PCSPW
DW ! ! ! ! ! ! ! ! ! ! !
34 34 34 34 3y
ITone butel Ornucanue
PCSHDW | 15 but paspenienus pexxuma OTI0KCHHOU 3arpy3Ku
0 3ampernieHo
1 Pazpenieno
PCLOAD | 14 but Bb1IOOpa coObITHSI 3aTPY3KU B PEKUME OTI0KEHHOM 3amucu
0 3arpy3ka OTJIOKEHHOT'O 3HAYEHHS B AKTUBHBIM PETUCTP MO COOBITUIO
QPOSCNT =0
1 3arpy3ka no QPOSCNT = QPOSCMP
PCPOL 13 but BEIOOpA MONSAPHOCTH BBIXOJIa CHHXPOHHU3AIUT

0 AKTUBHAS eqUHALA

1 AKTUBHBII HOJIb

PCE 12 burt paspemenus: paboTel KoMaparopa

0 3anpenieHo

1 Pazpemeno

PCSPW | 11-0 | Ilose 3agaHus IIMPUHBI HMITYJIbCA BBIXO/Ia CHHXPOHH3AINN

000h | OtcyTcTBHE HMITYJIBCA

001h |2xT

007h |8xT

FFEh | 4096 x T

T — nepuox takroBoro curHana PCLK

— 31-16 | 3ape3epBHpOBaHO
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QEINT — peructp macok npepbiBaHuii

CwMmemenue: + 3Ch

Co6poc: Oh
31 | 30 | 29 28 27 26 25 24 23 22 21 20 19 18 17 16
1 1
15 | 14 | 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- UTO | IEL | SEL [PCM|PCR|PCO|PCU [WTO|QDC|QPE|PCE| -
1 1
34 34 34 34 34 34 34 34 34 34 3y
ITone | butel Onwucanue
UToO |11 but paspemienus npeppiBaHus M0 cpadaThIBAaHKUIO TaliMepa BPEMEHHBIX
OTCYETOB
IEL 10 but paspenienus npepsrIBaHKs 0 COOBITUIO MHICKCAITUN
SEL |9 buT paspemienust mpepbIBaHuUs IO COOBITHIO CTPOOUPOBAHUS
PCM |8 but paspenienus npeppIBaHus O cpadaThIBAHUIO KOMITapaTopa
PCR |7 bur paspemeHus npepelBaHUS II0 TOTOBHOCTM KoOMIaparopa K 3arpys3ke
3HAYEHHS CPABHEHUS U3 OTIIOKEHHOTO PErucTpa
PCO |6 burt pazpemieHus npepbIBaHus M0 MEPENOTHEHUIO CUETYMKOM MTO3ULIUU
QPOSMAX mpu cuete BBEpX
PCU |5 burt paszpemieHus npepbiBaHus MO MEPEXOAY CUCTUYHUKOM MO3UIIUU Yepe3
MUHHMAaJIbHOE 3HAUCHHE IIPU CUETE BHU3
WTO | 4 but paspenienus npeppIBaHus Npu cpadaThIBAHUKM CTOPOXKEBOT0 TaliMepa
QDC |3 burt paspelienus npepblBaHus IPU CMEHE HapaBJICHUs BPALLCHUS
QPE |2 buTt paspenienns npepbiBaHus 1o omuoOKe ga3bl Ha KBaIpaTypHOM BXO1€
PCE |1 but paspenmienus npepbIBaHMs CUETYMKA ITO3UIUU
— 31-12, | 3ape3epBUpOBaHO
0

[Ipumeuanue — YcTaHOBIEHHBINH OUT pa3peliaeT reHepupOBaHHE COOTBETCTBYIOIIETO
npepbIBaHMsl, COPOILICHHBIN — 3ampernaer.
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QFLG — perucrtp ¢aroB npepbiBaHuii

CwMmemwenue: + 40h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
QFLGLAT
1 1 1 1 1 1 1 1 1 1 1 1 1
Y
15 | 14 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
UTO | IEL | SEL [PCM|PCR|PCO|PCU [WTO|QDC |QPE|PCE| INT
I I r Y Y r Y Y Y Y Y Y Y Y
[Tone butsl Onucanue
QFLGLAT | 27-16 | 3amenkuaet 6utsl 11-0 peructpa QFLG mo coObITHIO YTEHHS perucrpa
QPOSCNT. [Tone noCcTynmHO TOJBKO JJI YTEHUS
UToO 11 ®dar npepbIBaHMsI O CpabaTHIBAHUIO TaliMepa BPEMEHHBIX OTCUETOB
IEL 10 @dar pepbIBaHUsI O COOBITUIO MHICKCAIIUU
SEL 9 ®dar npeppIBaHMs IO COOBITHIO CTPOOMPOBAHMS
PCM 8 @uiar npepbiBaHus 10 cpadaThIBaHUIO KOMIIapaTopa
PCR 7 @nar npepplBaHUA 110 TOTOBHOCTH KOMIIapaTopa K 3arpy3Ke 3HAYCHHUs
CPaBHEHHUS U3 OTJIOKEHHOTO PEerucTpa
PCO 6 @irar nmpepeIBaHUS 0 MEPETIOTHCHHUIO cueTanKoM mo3uiuu QPOSMAX
IIPH CUYETE BBEPX
PCU 5 @uar npepsIBaHus 10 MEPEX0y CUETYUKOM ITO3HUIMH Yepes
MUHUMAaJIbHOE 3HAaYCHHE MIPH CYETE BHU3
WTO 4 @uiar npepbiBaHus IpU cpabaThIBAHUK CTOPOKEBOIO TaliMepa
QDC 3 @uiar npepbIBaHUs IPU CMEHE HANPABICHUS BPALICHUS
QPE 2 ®nar npepbiBanusl o omKOKe das3pl HA KBAJAPATYPHOM BXOJIE
PCE 1 @uiar npepbIBaHUs OIIMOKU CUETYMKA MTO3UIMU
INT 0 @ar BBIXOJHOT'O IpepbIBaHMsl 0JI0Ka KBAIpaTypHOro JeKoepa
— 31-28, | 3ape3epBUpPOBAHO
15-12

[Ipumeuanue — YCTaHOBIEHHBI OWUT SBISETCS HWHAMKATOPOM 3alpOCca COOTBETCTBYIO-
niero npepsiBanust. COpoc (aros nmpepriBanmii ocymecTisieTcs mocpeactsoM peructpa QCLR.
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QCLR — peructp copoca ¢iaroB npepbiBaHHii

CwMmewenue: + 44h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 | 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
- UTO | IEL | SEL [PCM|PCR|PCO|PCU [WTO|QDC |QPE|PCE| INT
1 1 1
3 3 3 3 3 3 3 3 3 3 3 3
ITose butel Onucanue
uTo 11 3anuch eAuHUIIBI cOpachiBaeT ¢uiar mpepbIBaHUs M0 cpabaThIBAHUIO
TaiiMepa BpEMEHHBIX OTCUETOB
IEL 10 3anuchk eAHUIIBI cOpachiBaeT ¢uiar NpepbIBaHUS M0 COOBITHIO
WHICKCALUU
SEL 9 3anuchk eAHUIIBI cOpachiBaeT ¢uiar mpepbIBaHUS M0 COOBITHIO
CTpOoOHpOBaHUS
PCM 8 3anuch eAHUIIBI cOpachiBaeT ¢uiar mpepbIBaHUs 10 cpabaThIBAHUIO
KoMIIapaTopa
PCR 7 3anuch eauHMIBI cOpachiBaeT ¢ar NpepbhiBaHUS IO TOTOBHOCTH
KOMIIapaTopa K 3arpy3Ke 3HAYeHUs] CPABHEHHUS U3 OTIIOKEHHOTO PETHCTpa
PCO 6 3anuce equHAUIBI cOpackiBaeT (ar mpepbIBaHUS 110 EPETIOTHEHHIO
cyetunkoM no3umu QPOSMAX npu cuere BBepx
PCU 5 3anuch eqUHUIBI cCOpackIBaeT (yiar mpephIBaHus 110 IEPEXOTy
CUETYMKOM IMO3UIIMH Yepe3 MUHUMAJIbHOE 3HAYCHUE TIPU CUeTe BHU3
WTO 4 3anuch eqUHUIBI cOpackiBaeT (har mpepbiBaHUs NpU CpadaTbIBAaHUN
CTOPOXKEBOI'0 Taimepa
QDC 3 3anuck enuHAUIBI cOpackIBaeT (iar MpepbIBaHUS TIPH CMEHE
HaIpaBJIeHUs] BpallleHUs
QPE 2 3anuch eqUHUIBI cOpackiBaeT (iar nmpepbiBaHus Mo omuoke ¢a3bl Ha
KBaJIpaTypHOM BXOJ€
PCE 1 3anuch eqUHUIIBI cOpackIBaeT (har mpepbIBaHUs OLIMOKH cUeTUYHKa
O3ULIUU
INT 0 3anuch eqUHUIBI cOpackiBaeT (har BEIXOAHOIO IIpephIBaHMs OJI0Ka
KBaJIpaTypHOI'0 JIeKoepa
— 31-12 | 3ape3epBuUpOBaHO
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QFRC — peructp 3myJsinuu npepbiBaHuii

CwMmemenue: + 48h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 | 14 | 13 | 12 11 10 9 8 7 6 5 4 3 2 1 0
- UTO | IEL | SEL [PCM|PCR|PCO|PCU [WTO|QDC|QPE|PCE| -
1 1 1
3 3 3 3 3 3 3 3 3 3 3
ITose butel Onucanue
uTo 11 3anuch eAuHUIIBI cOpachiBaeT ¢uiar mpepbIBaHUs M0 cpabaThIBAHUIO
TaiiMepa BpEMEHHBIX OTCUETOB
IEL 10 3anuchk eAHUIIBI cOpachiBaeT ¢uiar NpepbIBaHUS M0 COOBITHIO
WHICKCALUU
SEL 9 3anuchk eAHUIIBI cOpachiBaeT ¢uiar mpepbIBaHUS M0 COOBITHIO
CTpOoOHpOBaHUS
PCM 8 3anuch eAHUIIBI cOpachiBaeT ¢uiar mpepbIBaHUs 10 cpabaThIBAHUIO
KoMIIapaTopa
PCR 7 3anuch eauHMIBI cOpachiBaeT ¢ar NpepbhiBaHUS IO TOTOBHOCTH
KOMIIapaTopa K 3arpy3Ke 3HAYeHUs] CPABHEHHUS U3 OTIIOKEHHOTO PETHCTpa
PCO 6 3anuce equHAUIBI cOpackiBaeT (ar mpepbIBaHUS 110 EPETIOTHEHHIO
cyetunkoM no3umu QPOSMAX npu cuere BBepx
PCU 5 3anuch eqUHUIBI cCOpackIBaeT (yiar mpephIBaHus 110 IEPEXOTy
CUETYMKOM IMO3UIIMH Yepe3 MUHUMAJIbHOE 3HAYCHUE TIPU CUeTe BHU3
WTO 4 3anuch eqUHUIBI cOpackiBaeT (har mpepbiBaHUs NpU CpadaTbIBAaHUN
CTOPOXKEBOI'0 Taimepa
QDC 3 3anuce enquHAUIBI cOpackiBaeT (uiar MpepsIBaHUS MPH CMEHE
HaIpaBJIeHUs] BpallleHUs
QPE 2 3anuch eqUHUIBI cOpackiBaeT (iar nmpepbiBaHus Mo omuoke ¢a3bl Ha
KBaJIpaTypHOM BXOJ€
PCE 1 3anuch eqUHUIIBI cOpackIBaeT (har mpepbIBaHUs OLIMOKH cUeTUYHKa
O3ULIUU
— 31-12, | 3ape3epBUpPOBAHO
0
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QEPSTS — peructp craryca

CwMmemenue: + 4Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 | 14 | 13 12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
- pck | YP |FipF | oDF |oDLFCOERCDEF|FIMF [PCEF
EVNT
1 1 1 1 1
34 34 0y r 4 34 34 34 Y
Ilone | butsl Onucanue
DCF 8 Quar U3MEHEHHs HanpaBJIeHusl BpalieHus Baja potopa. Copoc 3anuceio 1
0 | HampaBiieHue He H3MEHSIIOCH
1 | Ilpoun3oniio M3MEeHEeHHEe HapaBIeHUs BPALCHUS
UPEVNT | 7 ®ar copoca QCTMR u o6noBiernss QCPRD. Copoc 3amuceio |
0 Hert coGbiTuii
1 3aduxcupoBaHo cobbITHE cOpOca M OOHOBICHUS
FIDF 6 WHaukarop HanpaBieHUs BPALEHUS 10 COOBITUIO IEPBOT0 UMITYJIbCa
uHAeKcalu. TOoJIbKO YTeHHe
0 [TpoTHB 4acOBOM CTPENIKH (CUET BHU3)
1 ITo yacoBoli cTpelnke (CueT BBEpX)
QDF 5 @mnar HanpasieHus BpanieHus. OOHOBISETCS MO KaXXI0My COOBITHIO HA
BXOJax KBaapaTyp. Tonbko yTeHue
0 Bpamienue Bajia poTopa NpOTHB YaCOBOM CTPEIKH
1 Bpamnienue Bajia poTopa no 4acoBOW CTPEIIKE
QDLF 4 @nar HanpasieHus BpauieHus. OOHOBIAETCS MO KaX/10My CUTHAITY
uHeKcauu. ToJIpKo YTeHHE
0 Bpaienue Baia potopa NpOTUB YaCOBOM CTPEIKU
1 Bpamienue Bajia poTopa no 4acoBOW CTPEIIKE
COEF 3 @nar ommbku nepenonHenus cuerunka QCTMR monynst 3axsara. Copoc
3anuchio 1
0 Ommbka OTCYTCTBYET
1 [Ipousomnuio nepenonHeHue
CDEF 2 @nar omMOKM HM3MEHEHHs HaNpaBJIeHHs BpAlLEHHs Baja poOTOpa MEXIy
naBymsi coobitusiMu UPEVNT. Copoc 3anuchio 1
0 Ommbka OTCYTCTBYET
1 [Tpon3zonuro 3MEeHEeHNE HANPABJICHUS BPALICHHS BO BPEMsI H3MEPEHUs
FIMF 1 ®nar nmpuema rnepBoro UMIyjIbca CUrHana uajaekcanuu. Copoc 3amnuceio 1
0 HMnypCcoB HeT 100 NEepBbI HMIYJIIbC YK€ ObUT IPUHST
1 [IpuHAT IEepBBIl UMIYJIBC CUTHAJIA MHAESKCALlUU
PCEF 0 @nar omuOku cueTyrka Mo3uluu. OOHOBISETCS MO KaXJIOMY CHUTHAILY
uHjaeKcauu. ToJapKo YTeHue
0 Bo Bpemst mocieHero CurHajia WHIeKCcaliui OMMOKH HE BOSHUKJIIO
1 Ommbka cueTunKa Mo3UIINU
— 31-9 | 3apesepBupoBaHO
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QCTMR — perucrtp Taiimepa 0Ji10ka 3axBaTa

CwMmemenue: + 50h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1
3y
[Tone ‘ butel ‘ Onucanue
VAL ‘ 31-0 ‘ 3HaveHue TaliMepa OJ0Ka 3axBara

QCPRD — peructp AJuTeJIbHOCTH H3MepeHHs 0JI0Ka 3aXBaTa

CwMemenue: + 54h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I I I I I I I I I
VAL
1 1 1 1 1 1 1 1 1 1 1
34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I I I I I I I I I
VAL
1 1 1 1 1 1 1 1 1 1 1
34
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHNe IHTEIBHOCTH H3MEPEHNS 6JI0KA 3aXBaTa
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QCTMRLAT - peructp xpaHneHnus Taiimepa 6;10ka 3axBara

CwMmemenue: + 58h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
V]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
V]
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHme XxpaHeHHs TaliMepa GI0Ka 3aXBaTa

QCPRDLAT — peructp XxpaHeHus JJUTeJIbLHOCTH H3MepeHHs 0JI0KA 3aXBaTa

Cwmemenue: + 5Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
| | | | | | | | | | | | | | |
V]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
| | | | | | | | | | | | | | |
V]
[Tone ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHMe XpaHeHNs! [UTHTEIFHOCTH H3MEPEHHs OJI0Ka 3aXBaTa
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DMAREQ - peructp ynpasJienus 3anpocom DMA

INTCLR — peructp copoca npepbiBaHust

Cwmemrenue: + 60h
Co6poc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
) DMA
EN
1 1 1 1 1 1 1 1 1 1
34
[Tone butel Omnucanue
DMAEN |0 Paspemenune reneparuu 3anpoca DMA. 3anpoc renepupyercs Kakabii
pa3, xoraa ¢uiar UPEVNT (peructpa EPSTS) nepexoaut 3 0 B 1. Eciin
UPEVNT 0Oyaer octaBaTbcsi HECOPOIIEHHBIM, TO 3aPOCHI
reHepupoBarthes He OyayT. [Ipu 3TOM, KOT]a MPOUCXOTUT YTSHUE
QCPRD npu DMAEN =1, ¢nar UPEVNT cOpaceiBaetcs
ABTOMATUYCCKU
0 | Her 3ampoca
1 | 3ampoc paspernieH
— 31-1 3ape3epBUPOBAHO

Cwmemntenne: + 70h
Co6poc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T
- INT
1 1 1 1 1 1 1 1 1 1
3y
[Tone | butsl Onucanue
INT |0 bur cbpoca npepriBanus. UteHne Bo3BpamiaeT TEKyIIUA CTaTyC aKTUBHOCTH
IIPEpPBIBAHMSL.
3anuch eUHUIIBI B OUT cOpachIBaeT 3ampoc npepbiBaHus. AKTUBHBIN 3ampoc
crocoO€H BbI3bIBATh MOBTOPHBIE 3aITyCKH 00pabOTUYMKa MPEephIBAHUS
— 31-1 | 3ape3epBUpOBaHO
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A.15 Peructpsnl kouTposiepa 12C
Ba3osbrii agpec:  4005_0000h

SDA — perucTp A1aHHBIX

CwMmemwenue: + 00h

Copoc: 0xxh

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T

DATA
| | | | | | | | | | | | | |
3y
ITone | buthsl Onucanue

DATA | 7-0 ITone maHHBIX

31-8 | 3apesepBupoBaHo
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ST — peructp cocrosiHust

CwMmewenue: + 04h
Copoc: Oh

31

30 29

28 27 26 25 24 23 22 21 20 19 18 17 16

15

14 13

12 1 10 9 8 7 6 5 4 3 2 1 0

- INT - MODE

Ilone

bute!

y y
Onucanue

INT

@iiar npepbIBaHUs

VYcranasnuBaercs nocie aesstoro takra curiana SCL (korma SCL = 0) B
ar000e 3anporpaMMHpOBaHHOE BpeMms. Y cioBus BbicTaBieHus (iara INT:
- BO BpeMsI IIpreMa/TiepeIaun Kak B peXKIMe MacTepa, TaK U B PEKIME
BEZIOMOT0;

- [IpY COBIIAJICHUU aJpeca (aIpeca BEIOMOro, ajipeca OTKIUKA WM ajpeca
o011ero BpI30Ba) coaepkumMoe peructpa SDA T0MKHO KOHTPOIHPOBATHCS
IPOrPaMMHO JUIs OIIPEIEICHMs] TUIIA ITOJyYEHHOTO aJIpeca;

- TIOCJIe YCIEenTHOro (POPMHUPOBAHUS CTAPTOBOT'O COCTOSTHUS MIIA COCTOSTHUS
MOBTOPHOI'O CTapTa;

- B CIy4ae HEKBUTHUPOBAHUS NiepeJaHHON HHOpMaIuy;

- IpH TIOTepe apOUTpaka BO BpeMs Nepeadu MOCIeAHEro OnTa;

- IpH OOHAPY>KEHUU BaJIUIHOTO COCTOSIHHSI OCTAHOBA MUJIM COCTOSIHUS
MOBTOPHOI'O CTapTa;

- Ipy OOHAPY>KEHUU OIIMOKHU Ha IIUHE.

[Toka ycranosnen ¢aar INT, na nuaun SCL yaepxuBaeTcs HU3KUI YPOBEHb
CUTHAJIA.

@mnar INT moxet ObITh cOpouieH yctaHoBkoi 6uta CLRST B peructpe CTLO
i BeikItoueHrneM Moaydst 12C (o6nynenue 6uta ENABLE B peructpe
CTLY).

VYcnosus BeictaBnenus (iaara INT (He Bnustomye Ha ypoBeHb CUTHAIA Ha
munun SCL):

- mpocTtoii Ha muHuK SCL;

- cocTtosiHue octaHoBa B pexume Begomoro (MODE = 1Ch);

- oTepst apOuTpaxa, BCIEACTBUE YETO BEOMBIN MEPEKITIOUMIICS B
oe3anpecusiii pexum (MODE = 03h win MODE = 23h);

- HeKBUTHpOBaHHas nepeaaya Oaita nanubix (MODE = 17h)

MODE

Kon cocrosnusi.
BO3HUKHOBEHHE TOrO WJIM WHOIO COCTOSIHUSI B TeUeHHE (DYHKIIMOHMPOBAHHMS
Moyt 12C compoBorKTaeTCsl 3aIMChI0 COOTBETCTBYHOMIETO Koyia B iosie MODE

3ape3epBUPOBAHO

357



CST — peructp ynpaJieHUsI M cTaTyca

CwMmemenue: + 08h

Copoc: Oh

31 30

29

28 27 26 25 24 23 22 21 20 19 18 17 16

15 14

13

12 11 10 9 8 7 6 5 4 3 2 1 0

PEC [ PEC | TG T | TO
) FAULT[NEXT | SCL | SDA | ERR TOCDIV | BB

Tlone

butel

34 34 3y y 3y 3y 3y

Onucanue

PECFAULT

®diar omuoOKH.

YcranaBnuBaeTcs B cllydae, €CIH IOCJE pacyeTa KOHTPOJIbHOW CYMMBI
JUTSL TIAKeTa JIAHHBIX U CPABHECHHMSI €€ C TIOJYYSCHHONH CyMMOM 3HaUYEHUE BO
BHYTPEHHEM PETUCTPE OMNOOK HE HYJIEBOE

PECNEXT

but ynpasnenus otnpaBkoii 0aiiTa KOHTPOJIBHON CyMMBI.

YcraHoBka OuTa yka3blBaeT Ha TO, YTO CIEAYIOIIMN MepeaBaeMblii OaiT
oyner Gaiitom CRC (GaldT KOHTPOIBEHON CyMMBbl). Peakiist Ha yCTaHOBKY
outra PECNEXT 3aBucuT OT peskxuma paObOTHI.

B pexxume mactepa mepenatunka ycraHoBka 6uta PECNEXT BrezoBer
3arpy3ky pesyibTara BeruncieHuss CRC B peructp SDA. Ilocne cOpoca
¢mara INT naunercs nepenaua 6aiita CRC.

B pexxume mpueMHHKA yCTaHOBKA 3TOTO OuTa OyAeT yKa3bIBaTh JIOTHKE
yIpaBIeHUS Ha TO, YTO CISAYIONINI OalT, KOTOPHIH OyAeT MPUHST, OyIeT
oaiirom CRC. B pexume Bemomoro mnpueMHHKa Moayiab [12C
ABTOMATHYECKU Oy/JeT KBHUTUPOBATH WJIM HE KBUTHPOBAThH MpHEM OaiiTa
CRC, B 3aBHUCHMOCTH OT TOr0, OyJeT JI BBIABIEHA OIIMOKa IMaKeTa
JAHHBIX WIHA HEeT. B pexxnMe mMactepa MpUEeMHHKA TI0 OKOHYaHWUHU MTPHEMa
6aiita CRC 6yner ornpasneno 3HaueHue 6uta ACK perucrpa CTLO

TGSCL

bur nepexnrouenus SCL.

bur mnos3Bomser mepexmouath  BeiBoA 12C_SCL  Bo  Bpems
BoccTaHoBJeHHS mnocie omuoOku. Korma Ha BeBone 12C_SDA — Huskwmii
ypoBeHb curHama, 3amuch «l» B 6ur TGSCL mnepexmtouuT BBIBOA
I2C_SCL Ha oauH TaxT.

Korna Ha BeBoge 12C_SDA BbICOKMI ypOBEHb CHUTHana, 3amuch «1» B
outr TGSCL urnopupyertcs.

but ounniaercs anmnapaTHo 1o OKOHYaHUM TakKTa

TSDA

bur tectupoBanus SDA.

Conepxut tekymiee 3HaueHne SDA. DTOT OMT MOXXHO MCIOJIB30BATh JUIS
OTCII)KUBAHUSI OKOHYAHHUS MPOIIECCa BOCCTAHOBIICHUS TMOCIE OLINOKH, B
TEYCHHE KOTOPOTO BEJIOMBIN ITOCTOSHHO TIOJIJICPKUBACT HU3KHI YPOBCHb
curtaia Ha BeiBojie 12C_SDA

TOERR

@irar omMOKY MPOCTOS HA TITMHE.

Ecmu TOERR = 1b, sto ykaseiBaer Ha TO, uyto Ha JuHUU SCL ObLI
obHapyxen mnpoctoi. @mar TOERR BricTaBisieTcss 10 OOHYJICHHIO
OCHOBHOTO CUETYMKA BpPEMEHH TIPOCTOS U MOXKET OBITh cOpolIeH
3amuchio «1» B out CLRST perucrpa CTLO
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[Tone butsl Onucanue

TOCDIV 2-1 [Tone ko3 dunrenTa nenuTens.
YcranaBnuBaeT K03()GUIIMEHT AeNeHUsS CUCTEMHOTO TAKTOBOTO CUTHAJA,
110/1aBa€MOT0 Ha MpeAJeIUTeIb BpeMeHU mpoctost auHun SCL
00 | TakTOBBIN CUTHAJI OTCYTCTBYET
01 | encuue Ha 4
10 | lenenue Ha 8
11 | Jlenerue Ha 16

BB 0 ®ar 3aHATOCTH ILIKHBI.
Ecom BB = 1b, 310 yka3siBaeT Ha TO, YTO IIMHA 3aHSTA.
YcTanaBiuBaeTcs, Kak TOJBKO IIMHA MEPEXOJUT B aKTUBHOE COCTOSIHUE
(omHOBpEMEHHOE TIOSIBJICHHE HHU3KOTO YPOBHS CHTHAlla Ha BBIBOAAX
12C_SDA u 12C_SCL wunu XxoTs ObI Ha OTHOM W3 HHMX) WJIH B CTApPTOBOE
COCTOSIHUE.
CoOpaceiBaeTcss 1pu  BbIKIOYeHHMH wuHTepdeiica 12C  aubo mpm
00HapyKEHUH COCTOSIHHS OCTaHOBA

— 31-8 | 3apesepBupoBaHO

CTLO — peructp ynpaiaenus 0

Cwmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! !
15I14 13I12I]_'I.I10I9I8 7 6 5 4 3 2 1 0
CLR | SMB [GCM INT STA
- sT [ARE| EN |ACK| - | EN [STOR R
! ! ! ! ! !
3 34 34 3y 34 34 3y
[Tone butsl Onwucanue
CLRST 7 burt cOpoca dnara npepeiBarus INT
UreHue Bo3Bpaiaer HOJIb
3anuce HyIs He Boinosssiercs
3anuce enunnnbl | CopaceiBaer daar INT B peructpe ST
SMBARE | 6 bur ynpasnenus peakuyeil Ha MOJIy4YeHHE apeca OTKINKA
0 | [Momy4eHHsI afpec HE TPOBEPSIETCS HA COBIAJICHUE C aJIPECOM
OTKJIUKA
1 | Anpec, nomydeHHBIN cpa3y Mocie cTapTa, IPOBEPSIETCS Ha COBMAIEHUE
¢ aapecom otksmka (0001 100b)
bur ounniaercs nmpu Beixoe Begomoro u3 pexuma IDLE
GCMEN |5 but ynpasnenus peakiyeil Ha oJryuyeHue ajpeca o0IIero BbI30Ba
0 | [HomyueHHsI# agpec He MPOBEPSETCS HA COBIAIEHUE C aIPECOM O0ILEero
BBI30Ba
1 | Anapec, noigy4yeHHbIH cpa3y Hocie cTapTa, IPOBEPSETCs Ha COBIAICHUE
¢ aapecom obrirero Ber3oBa (0000 000b)
but ounmaercs mpu BeIxoze BezoMoro u3 pexuma IDLE
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[Tone butsl Onucanue

ACK 4 but xBUTHpOBaHUS TTpUEMA.
B pexxnmMe nepenaTyrka He UCIIOJIB3YETCS.
B pexxume npuemHEKa (MacTepa/BeOMOI0) COACPKHUT 3HAUCHHE, KOTOPOE
nepesacTcsi B TEUEHUE [MKIA OTKIMKAa Ha 3ampoc IepeaaTduka
NOATBEpANTh TpueM. llepenada Hyliss MO OKOHYAHWM Iiepenadd Oaiita
(KBUTHMpPOBAHUE) O3HAYAET, YTO JaHHBIE ycremHo noiydeHsl. [lepegaua
eIMHUIBl (HCKBUTHPOBAaHUE) O3HAYACT, 4YTO TNPUEMHHK HE MOXET
POJOKATh paboTy Mo KakuMm-nmuOo mpuywHam. but ACK ouumiaercs
anmapaTHo 10 OKOHYAHHH ITUKJIA OTKIIMKA

INTEN |2 but pa3peurenus npepreiBaHus
0 | 3anpemeno
1 | Paspemieno

STOP 1 bur ocranoga.
B pexume wmacrepa ycranoBka Outa STOP renepupyer cocTosiHue
0CTaHOBa, KOTOPOE 3aBepIacT WK MPEephIBaCT TEKYIYy0 nepenady. [locie
npekpamenus nepenaun 6ut STOP ounniaercs anmapaTHO

START |0 bur crapra.
OTOoT OUT ycTaHAaBIWBAaeTCs, Korjma TpeOyercss chOpMHpPOBATH CTApPTOBOE
cocrosuue Ha muHe. bur START ouminaercs ammapatHo MO OKOHYAHHH
IIUKJIa CTAPTOBOTO COCTOSIHUS, & TAKXKE IMPH OOHAPYKSHUH OIINOKY HA IIIHHE
(cocrosiaue ¢ komom 1Fh)

— 31-8, | 3apezepBupoBaHO

3

ADDR — peructp co0cTBeHHOr0 ajpeca

Cmemenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | |
- SAEN ADDR
! ! ! ! ! ! ! ! ! ! ! ! !
3y 3y
[Tone | butsl Onucanue
SAEN |7 bur paspemenus pacno3zHaBaHus ajpeca
0 | Be3aapecHsIil pexxuM
1 | BxirodeHna GyHKIMS paclio3HaBaHUs MPHUHSTOTO ajipeca
ADDR | 6-0 | [Tone coOGctBeHHoro 7-6utHOTO anmpeca. Ilpu pabore B pexumMe BEIOMOTO
nepBbie 7 OWUT, TPUHSATHIE MOCIE CTaPTOBOTO COCTOSHHSI, CPAaBHUBAIOTCS CO
3HayeHueM ADDR. Eciu obHapyxeHo coBnaaenue u ycranoBieH out SAEN,
BEJIOMBIN MEPEXOTUT B PEKUM MIPHEMHHUKA WM TIepelaTunKa (B 3aBUCHMOCTH
OT cocTosiHus Outa HanpasieHus: R/WH)
— 31-8 | 3apesepBupoBaHO
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CTL1 - peructp ynpaJjenus 1

CwMmewenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T N
- SCLFRQ ABLE
1 1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
[Tone butsl Onucanue
SCLFRQ | 7-1 Munanimme paspsiibl 1mojisi BbIOOpa 4acToThl fscL cUrHama Ha BBIBOJC
12C_SCL B pexxume MacTepa.
JUTUTENbHOCTH BBICOKOTO TscLH M HU3KOTO TscLL ypoBHeill curnama SCL
3aBUCAT OT TakTOBOW 4yacToThl frcLk Momysst 12C u paccuMThIBatOTCS 11O
dbopmyre:
TscLH = Tsce =2 x SCLFRQ x (1/fpcLk). (A.15.1)
Taxum o6pazom, yactota curaana Ha BeiBojie 12C_SCL paBHa
fscL = 1/(TscLm + TscLL). (A.15.2)
B mosie SCLFRQ MosxHO 3amnucath j11000€ 3HaYeHHE B quara3one ot 4h o
7FFFh (crapiume paspsasl Haxomsarcs B peructpe CLT3). Ilpu mombiTke
3amKcy JIF000ro 3Ha4eHusi MeHbie 4h, oHO OyneT 3amucaHo co cMeleHneM
4h. Hanpumep, mipu 3anucu yucia 2h, K Hemy OyIeT anmapatHo 100aBIeHo
cmemenue 4h, u, B utore, B mojge SCLFRQ okaxercs 3Hauenue 6h
ENABLE | 0 but Bxmouenus moayis 12C
0 | Moaynsb BeikiItOueH. TakTHpoBaHNE HE OCYIIECTBISETCS.
Peructpet CTLO, ST, CST cOporeHs
1 | Moaynb BKJIIOYEH
— 31-8 | 3apezepBHupoBaHO

TOPR — peructp 3arpy3ku npejienTeis

CwMmemenue: + 18h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- SMBTOPR
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
[Tone butel Onucanue
SMBTOPR | 7-0 [Tone 3HaueHUs Iepe3arpy3Ku MpeaaeTuTeNs
— 31-8 3ape3epBUPOBAHO
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CTL2 — peructp ynpaBJjieHus 2

CwMmemenue: + 1Ch

Copoc: Oh

31 30

29

28 27 26 25 24

15 14

13

12 11 10 9 8 7 6 5 4 3 2 1 0

S10
EN S10ADR

Tlone

butel

34 34

Onucanue

HSDIV

7-4

Motagime paspsiabpl 1o BbIOOpa vacToThl fscL curHama Ha BBIBOJC
12C_SCL B pexume HS macrepa.
JnurenbHocTr BBICOKOTO( THscLH) M HU3KOTO( THscLL) YpOBHEM curHasia Ha
BeiBosie 12C_SCL 3aBucst or TakToBOM 4actoThl fpck momyns 12C wu
paccYuTHIBAOTCA 1O hopMyiam

ThscLn = HSDIV x (1/fpcLk), (A.15.3)

ThscLL =2 x HSDIV x (1/fpcLk). (A.15.4)

Takum o06pa3om, yactoTa curnana Ha BeiBoje 12C_SCL paBHa
fscL = 1/(ThscLn + ThscLL). (A.15.5)

B none HSDIV moxHO 3amucaTe J000€ 3HaYeHne B auana3zone ot 2h no
1000h (crapmme paspsiabl Haxozstcs B peructpe CTL4). Ilpu mombiTke
3anucu mo6oro 3HaueHus menbie 2 B noie HSDIV, ono 6ynet 3anucano
co cmemeHueM 2. Hanpumep, npu 3anucu umcina | k Hemy Oyzer
amnmapaTHO 100aBJIeHO cMenieHue 2 U, B utore, B ojie HSDIV okaxkercs
3HAYEeHUE 3

S10EN

but paspemenns 10-0uTHOM axpecaiiy BEJOMOTO

0 3anpenieHo

1 Pazpemeno npu ycinoBuu, 4ro ycranonineH out SAEN B peructpe
ADDR

S10ADR

[Tone crapmmx 6utos 10-6uTHOTrO aapeca BEAOMOTO.

[Tone conepsxut crapiime Tpu paspsaa aapeca BeaoMoro mpu 10-6uTHoi
azpecanuu.

[lepBr1ii pUHATHIN OANUT ajpeca CPaBHUBAETCS CO 3HAUEHUEM

[11110b, SI0ADR[2:1]], BTOpOIi OaiiT aapeca — co 3HAYCHUEM
[SI0ADR[0], ADDR]

31-8

3ape3epBUPOBAHO
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CTL3 - peructp ynpaBJjenus 3

CwMmemenue: + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- SCLFRQ
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone butel Onucanue
SCLFRQ | 7-0 Crapmue pazpsanst genurens SCLFRQ. Cm. ocHOBHOe onucaHue moss B
peructpe CTL1
— 31-8 | 3apesepBHupoBaHO
CTL4 — peructp ynpaienus 4
Cwmemenue: + 24h
Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
- HSDIV
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
[Tone butel Onucanue
HSDIV 7-0 Crapume paspsaast aenurens HSDIV. CM. ocHOBHOe onMcaHue mois B

peructpe CTL2

— 31-8 | BapezepBHupoBaHO
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A.16 Peructpsl 0J10Kka 3axBaTa

ba3zosBblii agpec: 4005_1000h Peructpsr 6;10ka 3axBata 0
4005_2000h Peructpsl 6;10ka 3axBara 1
4005_3000h Peructpsl Oioka 3axBara 2

TSCTR — peructp cueryuka Taiimepa

CwMmemenue: + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITose ‘ butel ‘ Onucanue

VAL 31-0 3anuch 3a7a€T HaYajlbHOE 3HAaUEHUE Taiimepa.
UreHne BO3BpaIIaeT TEKyIee 3HaUCHUE TalMepa.

CTRPHS - perucrtp oT1./10:kKeHHOI 3arpy3Ku Taiimepa

Cwmewenue: + 04h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITose ‘ buTsl ‘ Ornucanne
VAL 31-0 | 3naueHue u3 peructpa 3arpyxaercs B Taitmep no coobTisM SYNCI unu noa

yhpaBlIeHHuEM mpoleccopa. Peructp ucnosnb3yercs A CUHXPOHU3ALUM C

npyrumu 61okamu CAP/PWM.
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CAPO - peructp 3axBara (

CwMmemenue: + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
ITose ‘ butel ‘ Onucanue
VAL 31-0 Peructp ucnomnp3yeTcst TOJIBKO B peKUME 3aXBaTa U COACPKUT 3HAUCHUE

TaiiMepa, coxpaHeHHoe 1o coosrturo EVO.

PRD - peructp nepuoaa

Cwmewenue: + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITose ‘ buTsl ‘ Ornucanue
VAL 31-0 | Peructp ucnons3yercs Tonbko B pexume APWM u conepxut 3HaueHue

nepuosia TeHepanud. BenwmumHa MOXKET OBITH OOHOBIIEHA W3 PErHCTpa
0TJ0XeHHOi 3arpy3ku PRDSHDW.
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CAP1 — peructp 3axBara 1

CwMmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Yy
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
V]
ITone ‘ butsl ‘ Onucanue

VAL | 31-0 | Peructp wucmomp3yercs TOJIBKO B pPEXHME 3axBaTa M COJCPKHT 3HAUCHHE
TaliMepa, coxpaHeHHoe 1o coobITHI0 EV 1.

CMP — peructp cpaBHeHHsA

Cwmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I I I I I I I I I I I I I I I
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I I I I I I I I I I I I I
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone ‘ butsl ‘ Onucanue

VAL | 31-0 | Peructp ucnomnp3yercss Tonbko B pexxume APWM wu comepxuT 3HaueHHe
cpaBHeHMs. BennumHa MokeT ObITh OOHOBJEHAa M3 PErucTpa OTIOKEHHOM
3arpy3ku CMPSHDW.
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CAP2 — peructp 3axBara 2

CwMmemenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
[Tone ‘ butel ‘ Onucanue
VAL 31-0 Peructp wucmnonb3yercs TOJIBKO B PEKMME 3aXBaTa M COACPIKHUT

3HAa4YCHHUE TalilMepa, COXpaHCHHOE 10 coObITHIO EV2.

PRDSHDW — peructp 0T./105keHHOIi 3arpy3KH Mepuojaa

Cwmewenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3
[Tone ‘ butel ‘ Onucanue
VAL 31-0 Peructp wucnonezyercs Ttonbko B pexume APWM u coxepxur

3HAaYCHHUE OTIIOXKEHHOU 3arpy3ku nepuoja. [lo coobrrrro CTR = PRD
3HayeHue Oynete nepeneceno B peructp PRD
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CAP3 — peructp 3axBara 3

CwMmewenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
[Tone ‘ butel ‘ Onucanue
VAL 31-0 Peructp wucnonb3yercs TONBKO B pEXHME 3axBaTa U COACPKHUT

3HAaYCHHUE TalilMepa, COXpaHeHHOE 10 coObITHIO EV3

CMPSHDW - perucrp 0T/I0:KeHHOI 3arpy3KH CPaBHEHUsI

Cwmewenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3
ITose ‘ butel ‘ Ornucanue

VAL | 31-0 | Peructp ucnoms3yercs Toiabko B pexxume APWM u conepxur 3HaueHue
OTJIOKEHHOW 3arpy3ku cpaBHeHUs. [lo coOpitio CTR = PRD 3nauenue
Oyznere nepereceHo B peructp CMP.
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ECCTLO — perucrp xontTpoJis 0

CwMmemenue: + 28h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T
L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T
CAP
CTR [CAP3|CTR |CAP2| CTR |CAP1| CTR |CAPO
FREEISOFT | PF\:ESCAILE | Iéﬂ RST3| POL [RST2| POL [RST1| POL [RSTO| POL
3y 3y 34 34 34 34 34 34 34 34 3y
ITose butel Ornucanue
FREESOFT | 15-14 | YmopaBiieHue OCTaHOBKOI TaliMepa B peXKUME OTJIAJKU
00 MoMmeHTapbHasi OCTAaHOBKA TailiMepa
01 OcTtaHOBKa TaliMepa 110 NEPEOTHCHUIO
10, 11 | Taiimep HEe OcTaHABJIMBACTCS
PRESCALE | 13-9 [IpenBapuTeIbHBINA JETUTEIb.
Ecnu 3anmucano 3nauenne 00 — nenuTenb BBIKITIOUCH.
CAPLDEN |8 bur paspemenus 3axBata perucrpamu CAPO — CAP3
0 | 3ampemieHo
1 | Pa3pemieno
CTRRSTn 7,5, bur copoca taiimepa mocie coobrtus N (N ot 0 10 3)
3,1 0 | Her neiictBuit
1 | Copoc TaiimMepa mociie coObITHs N
CAPNPOL 6, 4, burt BeIOOpa dponTa 3axBara (N ot 0 10 3)
2,0 0 | 3axBar no nepexHeMy GpPOHTY
1 | 3axBar no 3aHeMy pOHTY
— 31-16 | 3ape3epBUpOBaHO
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ECCTL1 — perucrp xkontpoJs 1

CwMmemenue: + 2Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I I I I APWM CAP | SW I SYNC s RE I CONT
; POL |APWMsYNC [ SYNCOSEL "N | CTR | Apy [STOPWRAP | og7
1 1 1 1 1 SToP 1
34 34 3y 3y 34 34 3y 3y 3y
ITose butel Onucanue
APWMPOL | 10 but 3aganus akTuBHOrO ypoBHs B pexxume APWM
0 | Beicokuii
1 | Huzkwuit
CAPAPWM |9 bur BbIOOpa pexxnma
0 | Pabora B pexxumMe 3axBata. biiokupoBanre cOpoca TaiiMepa 1o COOBITHIO
CTR=PRD. briokupoanue otnoxenHoii 3arpy3ku PRD, CMP.
Paszpemenue 3axsara CAPO-CAP3. Buennuii nopt padoTaer Ha BXO/I.
1 | Pabora B pexxume APWM. Paspemenue copoca taiimepa no CTR =
PRD. Pa3pemenne TeneBoii 3arpy3ku PRD, CMP. brnokupoBanue
3axBata CAPO—CAP3. Buemnuii nopt paboTaeT Ha BBIXO/I.
SWSYNC 8 Mesx0s10uHasi CHHXPOHHU3AIUS TAUMEPOB
0 | Her neiictBuit
3anuce eMHUIIBL:
- 3arpy’kaeT 3HaueHHE TaiiMepa U3 OTIOKEHHOTO PerucTpa npu
ycioBud, uto ycranosiieH out SYNCIEN,;
- FeHepHpyeT BhIXOAHOM curHai cunxponusauuu SYNCO mpu
ycnosuH, 4to B ojie SYNCOSEL 3anmcano 00b.
I[Ipumeuanue — B pexume APWM cuHXpOHH3anus Takke
nporcxoauT aBTomaTudecku mo coosituio CTR = PRD.
SYNCOSEL | 7-6 Br160p ucrounuka BeixogHoro cuaxpocursaiga SYNCO
00 [Tporryck curnana cuaxporu3auu ¢ SYNCI umu SWSYNC
01 [Tepenava coobiTist CTR = PRD B kadecTBe BEIXOAHOTO
CUTHAJIa CHHXPOHHU3ALIUU
10, 11 3anpeT BBIXOJIHOTO CUTHAJIA CHHXPOHHU3AIIUH
SYNCIEN 5 bur pazpemenuss CHHXpOHU3ALUU
0 3anpenieHo
1 Paspemieno
TSCTRSTOP | 4 bur ynpasnenus paboroii TaiiMepa
0 OcTaHOBIJIEHO
1 3anyuieHo
REARM 3 3anuch €AMHUILIBI 3aITyCKAET CIEIYIONIYIO TOCIEA0BATEIbHOCTD

JecTBUI: cOpPOC yIpaBIISIOIIEro KOHTPOJIEpa, pa3pelieHne paboThl
YIPaBJISFOIIETO KOHTPOJIEpa B 3arpy3Ky PErHCTPOB 3aXBaTa
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[Tone butsl Onucanue
STOPWRAP | 2-1 3HavYeHHEe KOMIIapaTopa OCTAHOBKHU B PEKMMaxX 3axBaTa
00 | Ocranos npu 3HayeHnuu cuetyuka 00
01 | OcranoB nipu 3HaueHnnu cyeTunka 01
10 | OcranoB npu 3HaueHuuM cyerynka 10
11 | OcTtaHoB npu 3HAYCHUUH cueTynka 11
I[Ipumeuanue — OcraHOBKAa YIPABISIONIETO KOHTpPOJIIEpa
IPUBOJUT TAKXKE K OJIOKMPOBKE 3arpy3KH PETUCTPOB 3aXBaTa.
CONTOST |0 Pexxum paboThl 3axBara
0 Huknuueckuii
1 OHOKpaTHBIN
— 31-11 | 3apezepBupoBaHO

ECEINT — peructp Macku npepbiBaHHi

Cwmemenue: + 30h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T
) CTR|CTR|CTR|CEV|CEV |CEV|CEV| _
CMP|PRD|OVF| T3 | T2 | T1 | TO
1 1 1 1 1 1 1
34 34 34 34 34 34 3y
[Tone butsl Onucanue
CTRCMP |7 buTt paspemenus reaepanuu npepbiBanus no coosituio CTR = CMP
CTRPRD 6 buTt paspemenns renepanuu npepbiBanus o coositiio CTR = PRD
CTROVF 5 but paspemienust reuepauuu npepbiBanus no coosituio CTROVF
CEVTn 4-1 buTt paspemenns renepanuu npepbiBanus no coosituio CEVTN
(not 0 10 3)
— 31-8,0 | 3apesepBupoBaHO
[Ipumeuanue — VYCTaHOBJIEHHBIH OHWT pa3peliaeT MNpepbIBaHUE, COPOIIEHHBIM —
3arpenraer.
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ECFLG — peructp craryca npepbIBaHHIi

CwMmewenue: + 34h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T
L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T
) CTR|CTR |CTR|CEV |CEV | CEV|CEV INT
| | | | | | CMP|PRD|OVF| T3 | T2 | T1 | TO
Y Y Y Y Y Y Y Y
[Tone butel Omnucanue
CTRCMP |7 ®nar npepeiBanust mo coopiTuio CTR = CMP
0 | CoObITHE HE IPOHU3OLLIO
1 | CoObiTHE TPOU3OILIO
CTRPRD 6 @nar npepsiBanust mo codeituio CTR = PRD
0 | CobbITHE HE TPOU3OLLIO
1 | CoObiTHE TPOU3OILIO
CTROVF |5 @nar npepsianust o coderrnio CTROVFE
0 | CobbITHE HE TPOU3OLLIO
1 | CobOpiTHE TPOU3OILIO
CEVTn 4-1 ®nar npepsiBanus mo codsrirrio CEVTN (n ot 0 10 3)
0 | CoObITHE HE TPOHU30LLIO
1 | CobOpiTHE TPOU3OILIO
INT 0 ®dar npepbIBaHUs
— 31-8 | 3apesepBupoBaHO

I[Ipumeuanue — Bee dmaru cOpaceiBaroTes 3anuchio equanil B outel peructpa ECCLR.
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ECCLR - peructp copoca npepbiBaHU

CwMmemenue: + 38h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T
) CTR|CTR|CTR|CEV|CEV | CEV|CEV INT
CMP|PRD|OVF| T3 | T2 | T1 | TO
L L L L L L L
3 3 3 3 3 3 3 3
[Tone butel Onucanue
CTRCMP | 7 3anuck eauHMIBI cOpachiBaeT duiar npepsiBanust o coosituio CTR = CMP
CTRPRD |6 3anuce enuHuIBI cOpackiBaeT Quar mpepsiBanus no codeituio CTR = PRD
CTROVF |5 3anuchk eauHMIIBI cOpachiBaeT duiar npepbiBanus mo coosituio CTROVF
CEVTn 4-1 3anuce enuHAUIBI cOpackiBaeT (uar nmpepsiBanus o coosrruo CEVTN
(n ot 0 10 3)
INT 0 3anuch enuHHUIBI cOpackIBaeT (uiar mpepbhIBaHUs
— 31-8 | 3apezepBupoBaHO

ECFRC — perucTp nporpaMMHBIX NIpepbIBAHUIM

Cwmewenue: + 3Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | |
) CTR|CTR |CTR|CEV|CEV |CEV|CEV| _
| | | | | | | CMP|PRD|OVF| T3 | T2 | T2 | TO
3 3 3 3 3 3 3
[Tone butsl Onucanue
CTRCMP |7 3anuce eqUHMIBI TeHepupyeT npepbiBanue o coosituio CTR = CMP
CTRPRD 6 3anuch eIMHMILIBI TeHepupyeT npepbiBanue no coosituio CTR = PRD
CTROVF |5 3anuch eTMHAIBI TeHepHpYeT npepbiBanne 1o coosituio CTROVF
CEVTn 4-1 3anuck eTUHMILIBI TeHepUpYeT NpepbiBaHue 1o coobitiuio CEVTN
(n ot 0 10 3)
— 31-8, 0 | 3ape3epBUpoBaHO
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PEINT — perucTp akTHBHOI0 npepbIBaAHMSI

CwMmemwenue: + 40h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T T T
L L L L L L L L L L L L L L L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T
) PE
INT
L L L L L L L L L L L L L L
34
Ilosne | butsl Onucanue
PEINT |0 ®dnar akTHBHOTO TIPEPHIBAHUS.
YcraHaBnuBaeTCs MPY BOSHUKHOBCHHUH TpephiBaHus O10ka. COpachiBaeTCst
TOJILKO MTPOTPAMMHO 3aIHMChIO MHUIIBI
— 31-1 | 3apeszepBupoBaHO
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Hpuiaoxenne b
(o0s3aTenBbHOR)
Koabl cocTostnmnii pyHkumonunposanus osoka 12C

B tabnumax b.1 — b.11 npencrasnena napopmanus 0 COOTBETCTBUU KOJIOB U OTIEPALIUH.

YcioBHbIe 0003HAYEHUS, IPUHATHIC B JAHHBIX Ta0JIMLIAX:

- [ADR, 0], [ADR, 1] — 8-pa3psnas BenuuuHa, cocTosimas u3 7-paspsaHoro agpeca ADR
u Oura HampaieHus nepemaun R/W#, 3Hauenume kotoporo «O0» wim «1» yKa3bIBaeTcs
HENOCPE/ICTBEHHO;

- DAT — OaiiT maHHBIX;

- kog Mactepa — 8-paspsaHoe 3Hauenue 0000 1xxxb, rme «Xxxx» — yHHKaIbHBIA KOJ
KaXJIOTO MacTepa B CUCTEME HECKOJIBKUX YCTPOUCTB;

- «c ACK» — BeIpaskeHne, o003HavaroIee, 4ro mocie nepenadu ajapeca/0anta B OTBET Ha
3arpoc noarBepxaeHus nepenaun (6ut ACK) nepegaryuk noiaydaer NOATBEpKIACHUE Iepeaun
OT BEJIOMOT0 (KBUTUPOBAHHE);

- «c NACK» — BeIpaxkeHue, 0003HaUaromiee, 4To Mmocie nepeaaqn aapeca/0aiita B OTBET Ha
3anpoc moaTBepxkAeHus mnepenaun (6ut ACK) mnepemartyuk moiy4aeT HEMOATBEPXKACHUE
nepesadyu OT Be1OMOro (HEKBUTHPOBAHUE);

- X — 6utT MoxeT ObITh ycTaHOBJIeHHBIM (1D) mnu cOpourenubiv (0D), B 3aBHCHMOCTH OT
pexumMa paboThl, COCTOSIHUS M JaIbHEWIUX neicTBuil momys 12C.

Tadonuna b.1 — VckirouurenbHble COCTOSIHUS

buts! perucrpa
CTLO
= | Omucanne | Peructp — — Bo3MokHbIE JanpHENIINE 1ECTBUS
>~ | COCTOSHHMS SDA & 5 % EE Y KOJIbl PE3YJIbTATOB X BBIITOJIHEHUS
1 =
o| < vl &
OxunaTh 3aBepileHus TeKyIeH epeaadn
00h | IDLE - S R e P YHIEH Hepe
Oaiita
Ommbxka OYHKIIMOHUPOBATH B PEXKUME 0€33JPECHOTO
1Fh — 110700
Ha ITUHE Begomoro (00h)

Tadnauma b.2 — Pexum FS mactepa nepeaTynka (JOMOJHUTEIBHO cM. Tabiuiy b.4)

butsl peructpa
CTLO
X Onucanue Peructp — — Bo3MoxkHbIe ganpHeinme 1eicTBUs
[a¥
~ | COCTOSTHUS SDA @ 5 o g Y KOJIBI pe3yJIbTaTOB UX BBITIOJTHEHUS
o| < 9|
1 2 3 4 | 516 |7 8
01h | Crapr Kon [Iepenats ko4 MacTepa U EPEUTH B
mactepa | 1 | O | O | O |pexum HS (0Ch/21h)
[ADR, 0] Iepenats aapec Begomoro (04h/05h)
02h | TToBTOpPHBIIt [ADR, 0] [epenats aapec Begomoro (04h/05h)
cTapT 1101 o | o |llepenars agpec BenomMoro, nocie 4ero
[ADR, 1] MEPEHTH B PEKUM MPUEMHUKA
(08h/09h)
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Oxonuanue maobauyvl b.2

1 2 3 4 |5 (6 |7 8
03h | IToTeps @YHKIMOHUPOBAThH B PEKUME
apOHuTpaKa, 6e3ampecuoro Begomoro (00h)
macrep
neperesn — 170|070
B PEKUM
0e3apecHoro
BEJIOMOTO
04h | Ornpasnen DAT 1| 0| 0 | O |Ilepenars Oaiit manusix (06h/ 07h)
azapec 1 | 0| 0| 1 |Cpuenarp noBropusiii ctapt (02h)
BEJIOMOT0 1 1 0] 1| 0 |OcranoBurs nepeaauy (00h)
c ACK B 1 0 1 1 | OcranoBuUTH Nepeaady, a 3aTeM CACNaTh
noBTopHblit ctapt (01h)
05h | Otnpasnen 1 | 0| 0| 1 |Cnuenars moBropusiii ctapt (02h)
aapec 110 OcranoButs nepemaqy (00h)
BCeHN(nglz 110 1 1 OCTaHOBI/Il;I) repeaavy, a 3aTeM ClIeJaTh
noBTopHbIi crapt (01h)
06h | Otnpasnen DAT 1 | 0| 0 | O |Ilepenars Gaiir nanusix (06h/ 07h)
Oaiit 1 |1 0| 0 | 1 |Cnuenars moBropusiii ctapt (02h)
JAHHBIX 1 1 0] 1| 0 |OcranoBurs nepenauy (00h)
¢ ACK - 1 | 0 | 1 | 1 |OcraHoBuTh lepesady, a 3aTeM CIENaTh
noBTopHbIi crapt (01h)
07h | Otrnpasnen 1| 0| 0 | 1 |Cpuenars noBropusiii ctapt (02h)
baiit 0 OcranoButs nepenaay (00h)
JIAHHBIX 1 0 1 | OcranoBuTH nepeaayy, a 3aTeM caeaTh
¢ NACK N
noBTopHslii crapt (01h)

Ta6nuna b.3 — Pexxum FS macTtepa npremMHunka

butsl perucrpa

CTLO
= | Onucanune | Peructp — — Bo3moxHBIE faIbHENIINE NENCTBUS
o
>~ | cOCTOSIHUS SDA 4 LX) o g:i ¥ KOZIbI PE3YJIbTAaTOB UX BBITOJHEHUS
5| <| 5|5
1 2 3 4 |56 |7 8
08h | Ormpasnen 1| 0| 0 | O | IMomyuurs 6GaliT JaHHBIX, KBUTUPOBATh
azpec - npuem (0Ah)
BEJIOMOTO 1 | 1|0 | O |IMomyuurs 6GaliT JaHHBIX, HE KBUTUPOBATh
c ACK npuem (0Bh)
09h | Ornpasnen 1| 0| 0| 1 |Cnenars noBropHsiii crapt (02h)
azapec 0 OcranoButs nepemaqy (00h)
BEZIOMOT0 0 1 | OcranoBuTH Hepenady, a 3aTeM CIeNaTh
¢ NACK noBTopHbIi cTapt (01h)
OAh | IMpunsT 1| 0| 0 | O | [Momyunrs GaliT JTaHHBIX, KBUTUPOBATH
Oaift DAT npuem (0Ah)
JTAHHBIX U 1 | 1|0 | O |[Momyunts OaiiT JTaHHBIX, HE KBUTHPOBATH
KBHUTH- npuem (0Bh)
pOBaH
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Oxonuanue maobauyvl b.3

1 2 3 4 | 5|6 |7 8
0Bh | IIpussT 1| 0| 0 | 1 |Cnenars moBropHsiii ctapt (02h)
Oaiit 1| 0| 1 | 0 |OcranoBurs nepemauy (00h)
JIAHHDBIX 1 DAT 110 1 1 | OcranoBuTh nepegayy, a 3aTeM CIENAThH
HE KBUTH- .
noBTopHbIi crapt (01h)
pOBaH
Tabnuna b.4 — Pexxum FS mactepa nepeaaryuka (IOMOJHUTENILHO CM. Tabwuiy b.2)
buti perncrpa CTLO BosMoxkubie nanpHeinme
= Onucanue Peructp B ¢ CCL) E IEUCTBUA
2 COCTOSIHUSI SDA x| O 2 < ¥ KOJIbI PE3YJIbTaTOB UX
ol < w =
wn BBITTOJTHEHHS
0Ch | OrnpagieH kox 1100 1 Cnenarp noBTopHbIi ctapt (02h)
Mactepa, 1101 1 0 OcranoButs niepenayy (00h)
oOHapyxeHa -
ommi6xa (ACK) 1 0 1 1 OcCTaHOBUTH nepez[avlqy, a 3aTeM
cenath noBropHbIi ctapt (01h)

Ta6nuna b.5 — Pexxum FS BegoMoro nprieMHUKa (JIOMOJIHATEIBHO cM. Tabswuiy b.7)

buTtsl peructpa
CTLO
X Onucanue | Peructp — ol e Bo3MorxHbIe nanpHeme 1eHcTBUS
™ | COCTOSIHUS SDA @ (i_f) o EE Y KOJIBI PE3YJIHTATOB WX BBHITIOJHEHUS
5| <| @] &

10h | ITpunsT 1|0 | 0 | O |[omyunrp OaliT maHHBIX, KBUTHPOBATH
azpec u — npuem (12h)
KBUTH- 1|1 | 0 | O |[omyunrp OaliT HaHHBIX, HE KBUTHPOBAThH
poBaH npuem (13h)

11h | IpunsT 1|0 | 0 | O |[onmyuntp OalT MAaHHBIX, KBUTHPOBATH
azipec moc- - npuem (12h)
JIe TI0TepHU 1 1 | 0 | O | IMomyunts OaliT JAHHBIX, HE KBUTHPOBATH
apOuTpaxa npuem (13h)
Y KBUTH-
poBaH

12h | TpunsT 1|0 | 0 | O |[omyuntp OaliT MAaHHBIX, KBUTHPOBAThH
OaiT npuem (12h)
JIAHHBIX U DAT 1 1 0 0 | [MomyunTs OAaWT MAHHBIX, HE KBUTHPOBATH
KBUTH- npuem (13h)
poBaH

13h | IpunsT 1 | 0| 0 | 0 | ®yakuuoHHpoBaTh B pekuMe 0€33PECHOTO
OaiT Begomoro (00h)
TaHHBIX DAT 1|0 | 0 | 1 | OynxuponupoBath B pekXuMe 0€3aipecHOro
HE KBUTH- BEZIOMOT0, CIIENIaTh CTapT TOCIE OCBOOOMKIIE-
poBaH uus mmnbl (00, 01h)
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Tabnuma b.6 — Pexum FS Benomoro nepeparunka

buTtel peructpa
CTLO
= | Ommcanue | Peructp — — Bo3sMmoxHbIe fanbHENMe 1eHCTBUS
o
>~ | cocTosHus SDA @ EC) o EE Y KOJIbI PE3YJIHTATOB UX BBIMOJIHEHUS
ol < 5| 5
1 2 3 4 | 5|16 |7 8
14h | Ilpunst [lepenatp GalT naHHBIX, KBUTUPOBATH/
azpec u DAT 11 x| o | o |mHexsuTHpOBATE (16h/17h)
KBHUTH-
poBaH
15h | IlpunsT [lepenate GalT naHHBIX, KBUTUPOBATH/
azpec He kBuTHpoBath (16h/17h)
nocie
MOTEpH DAT 1| X|]0}]0
apoutpaxa
U KBUTH-
poBaH
16h | Ornpasien [lepenats GalT naHHBIX, KBUTUPOBATH/
Oaiit DAT 1| x| o o |mexsuTHpOBATE (16h/17h)
JTAHHBIX
¢ ACK
17h Ornpasen 11x1olo ;DyHKIII/IOHI/IpOBaTI) B peXuUMe
Saiit e3aapecHoro segomoro (00h)
TAHHBIX - OYHKIMOHUPOBATH B PEXKUME O€33JPECHOTO
1 X |0 1 | BemoMoro, CaeNaTh CTapT MOCIIE OCBOOOKICHHS
¢ NACK
mHeI (00h, 01h)
18h | ITpunsr [TepenaTth GaliT TaHHBIX, KBUTHUPOBATH/
azpec He kButupoBath (1 Ah/1Bh)
OTKJIMKA U DAT 1|1 X |00
KBHUTH-
poBaH
19h | TIlpunsT [lepenaty 6aliT JaHHBIX, KBUTHPOBATH/
azmpec He kButuposathb (1Ah/1Bh)
OTKJTUKA
Hoere DAT |1 |X |00
noTepu
apOuTpaxa
U KBUTH-
poBaH
1Ah | OtmpaBnen [lepenaty 6aliT JaHHBIX, KBUTHPOBATH/
Oaiit He kBuTHpoBaTh (1 Ah/1Bh)
JAHHBIX B
oTBet Ha DAT |1 |X |00
MIOJTyYeHHE
ajpeca
OTKJTUKA
c ACK
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Oxonuanue mabauywvl b.6

1 2 3 4 | 5|16 |7 8
1Bh | OtnpaBnex 1 | X | 0| 0 | OyskimornpoBath B pexuMe 0e3aapecHOro

Oaiit Beomoro (00h)

AQHHBIX B 1 | X |0 1 |®yHKIMOHUPOBATH B PEXKUME OE€33aPECHOTO

OTBCT Ha - BEJIOMOI'0, C/IeNIaTh CTapT IOCIE OCBOOOKIIE-

HOJTy4eHUEe aus mmnel (00h, 01h)

ajpeca

OTKJIMKA

¢ NACK

Tab6nuna b.7 — Pexxum FS Begomoro npueMHHKa (JIOMOJHUTENILHO cM. Tabwuiy b.5)
butsl perucrpa
CTLO
= | Omucanune | Peructp — Ll e Bo3MmosxHbIE JaIbHENIINE NEHCTBUS
>~ | COCTOSHHMS SDA L 5 o EE Y KOJIbI PE3YJIbTATOB UX BBIMOJIHEHUS
o| ¥ @ 5
1Ch 1 | 0| 0| O | ®yHKIHMOHUPOBATH B PEIKUME
oe3aapecnoro Begomoro (00h)

Cron — 1| 0| 0 | 1 | ®yHKIHMOHUPOBATH B PEIKUME
0e3aIpecHOro BEOMOr0, C/IeNaTh CTapT
nocie ocBobokaeHus mab (00h, 01h)

1Dh | ITpunsr 1| 0| 0 | O | Homyuurs GaiiT JaHHBIX, KBUTHPOBATH
azpec upuem (12h)

o0miero 1|1 ] 0 | O | [Homyuuts GaiiT JaHHBIX, HE KBUTHPOBATH

BBI30Ba U a upuem (13h)

KBHTH-

poBaH

1Eh | [Tpunst 1| 0| 0 | O | [HomyunTs GaiiT JaHHBIX, KBUTHPOBAThH
azmpec npuem (12h)

o0mrero 1|1 ] 0 | O | [Homyuuts GaiiT JaHHBIX, HE KBUTHPOBATH

BBI30Ba npuem (13h)

nocie -

HOTEepH

apoutpaxa

U KBUTH-

poBaH
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Tabnuma b.8 — Pexum HS macrepa nepeparunka

buTtel peructpa
CTLO
= | Ommucanue Peructp — — Bo3sMmoxHbIe fanbHENMe 1eHCTBUS
o
B COCTOSIHUS SDA (D/:) 5 ®) 9(: Y KOJIbI PE3YJIbTATOB UX BBINOJHEHUS
gl < 5| 5
21h | Ycnenno CnaenaTh MOBTOPHBIH cTapt (22h)
OTHpaBJICH
KOJl MacTepa,
MacTep a Lol
neperien B
pexxum HS
22h | TTosropusiii | [ADR, 0] Iepenats aapec Begomoro (28h/29h)
cTapt [epenath anpec BEIOMOTO, TIOCIIE
[ADR,1] | 1 | 0 | 0 | O | kBUTHMpOBaHMS/HE KBUTHPOBAHHS
NEPEKTIOUYUTHCS B PSKUM MacTepa
npuemanka (28h/29h)
23h | TTotepst DOYHKIIMOHUPOBATH B PEIKUME
apOuTpaxa, 6e3aapecnoro Begomoro (00h)
macrep
nepenien B — 11000
pexum HS
0e3apecHoro
BEJIOMOTO
24h | OrnpasieH DAT 1 | 0| 0 | O |Ilepenars Gaiit manubIx (26h/27h)
agpec 1]10]0 1 | Cuenates moBTOpHEIH cTapt (22h)
BEZIOMOTO 1 1 0] 1 | 0 |OcranoButh nepemaay (00h)
¢ ACK B 1 0 1 1 | OcranoBuTH nepeaayy, a 3aTeM ceaTh
noBTopHsIii crapt (01h)
25h | Otmpasnen 1 |0 | 0 | 1 |Caenarp noBTOpHBI cTapt (22h)
aznpec 3 1 1 0] 1| 0 |OcranoBurs nepenauy (00h)
BEIOMOT'0 110 1 1 | OcranoBuTH nepeaady, a 3aTeM CAENaTh
¢ NACK noBTopHbIi ctapt (01h)
26h | Ornpasien DAT 1 | 0| 0 | O |Ilepenars Gaiir manubix (26h/27h)
Oaiit 1]10]0 1 | Cuenatp nmoBTOpHBIH cTapT (22h)
JJAHHBIX 1 1 0] 1| 0 |Ocranosurs nepenauy (00h)
¢ ACK B 1 0 1 1 | OcranoBuUTH nepeaayy, a 3aTeM ceaTh
noBTopHsIii crapt (01h)
27h | OtmpasieH 1|0 | 0 | 1 |Caenarp noBTOpHBI cTapt (22h)
Oaiit B 1 | 0| 1| 0 |OcranoButh nepenauy (00h)
JaHHBIX 110 1 1 | OcranoBuTH nepeaady, a 3aTeM CAENaTh
¢ NACK noBTopHbIi cTapt (01h)
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Tabnuma b.9 — Pexxum HS mactepa mpuemHuka

buTte! peructpa

CTLO
& | Omucanue | Peruerp | — Bo3sMmoxxHbIe fanbHENMe 1eHCTBUS
o
X | cOCTOSHUS SDA @ EC) o g:i 1 KOJIbI PE3YJIbTATOB UX BBIMOJHCHUS
| —
o| < v| &
28h | Ornpasien 1 | 0| 0| O |Ilomyunts OalT TAaHHBIX, KBUTHPOBATH
azapec — npuem (2Ah)
BEJIOMOTO 1 | 1| 0 | O |Ilomyuntp OalT TAaHHBIX, HE KBUTHPOBATH
¢ ACK npuem (2Bh)
29h | Ormpasien 0 | 0 | 1 |Cnenars nmoBropHbIii ctapt (02h)
aapec 0 | 1 | O | OcranoButs nepenauy (00h)
BEJIOMOI'O o
0 1 1 | OcranoBuTh nepeaayy, a 3aTeM CAENAThH
¢ NACK .
noBTopHbIii crapT (01h)
2Ah | ITpussr 1 | 0| 0 | O |Iomyunts GaiiT JaHHBIX, KBUTUPOBATh
Oaiit npuem (2Ah)
TAHHBIX U DAT 1 1 0 0 | INomyuuTh OANWT JAHHBIX, HE KBUTUPOBATH
KBHTH- npuem (2Bh)
pOBaH
2Bh | TIpunst 1 10| 0| 1 |Cnenare nmoBropusiii crapt (02h)
baiit 0 OcranoButs niepeaayy (00h)
IAHHBIX U DAT
0 1 | OcraHOBHTH Tiepeauy, a 3aTeM ClIeNIaTh
HE KBUTH- .
noBTopHslii ctapt (01h)
poOBaH

Tab6nuna b.10 — Pexxum HS Bemomoro nmpremMHuKa

butsl peructpa

CTLO
& | Omucanne | Perumerp | | — Bo3MmoskHbIE falIbHENIINE NEHCTBUS
o
~ | cocrosiaust | SDA & 5 o g Y KOJIbI PE3YJIHTaTOB WX BBITIOJHEHUS
a| < b| 5
30h | IIpunst 1 | 0| 0| O |IMonyuurs OalT JaHHBIX, KBUTHPOBATH
azpec U - npuem (32h)
KBUTH- 1 1 | 0 | O |Ilomyuuts GalT NaHHBIX, HE KBUTHPOBATH
poBaH npuem (33h)
32h | Ilpunst 1 | 0| 0| O |IMonmyuurs OalT JaHHBIX, KBUTHPOBATH
OaiiT npuem (32h)
JaHHBIX U DAT 1 | 1| 0 | O |Ilonmyuurs GaiiT AaHHBIX, HE KBUTHPOBATH
KBUTH- npuem (33h)
pOoBaH
33h | ITpunsT 1 0 0 0 | ®yHKIMOHUPOBATh B PeKUME O€3aPECHOTO
Oaiit Beomoro (00h)
TaHHBIX U DAT 1, 01] 0 1 | OyHKUMOHMPOBATH B peXHUME 0Oe3aApPECHOro
HE KBUTH- BEJIOMOTO, clienarhb cTapT noce
poBaH ocBoboxkienus mwmHbI (00h, 01h)
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Tabnuma b.11 — Pexxum HS Begomoro nepenarynka

buTte! peructpa

CTLO
= Onucanue | Peructp — — Bo3sMorxHbIe nanpHeinme 1eicTBUs
~ | cocrostuust | SDA & 5 % EE Y KOJBI Pe3YyJIbTATOB UX BBITIOTHEHUS
1 —
o| | v &
34h | IlpussT [lepenatp OalT MAHHBIX, KBUTHUPOBATH/
azpec u He kBuTHpoBath (36h/37h)
KBUTH- DAT Ly x 10 0
pOBaH
36h | OrmpaBien [lepenatp OalT MAHHBIX, KBUTHUPOBATH/
Oaiit He kBUuTHpOBaTh (36h/37h)
TAHHBIX DAT 1 N 0 0
c ACK
37h | OrnpaBaen 11 x| o 0 DYHKIIMOHUPOBATh B PEKUME O€3aPECHOTO
OaiT Bezomoro (00h)
AaHHBIX B OYHKIMOHUPOBATh B PeXXUME 0e33IPeCHOrO
¢ NACK 1 | X | 0| 1 |Bexomoro, caenars CTapT Iociae 0CBOOOKIC-

uus masl (00h, 01h)
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Hpuioxenne B
(o0s3aTeNbHOR)
Perncrpsbl npepbiBaHunii

Jlns ympaBiieHusl IpephIBaHUSIMH HCIOJIB3YIOTCA ATk rpymm peructpoB ISERI, ICERI,
ISPRIi, ICPRi u IABRi, tne i = 0, 1, 2, cm. Tabaumy B.1. I'pymnmbsl MMEOT HICHTHYHYIO
cTpyktypy. HabGop mnpepbiBaHmii, KOTOPBIMHU YIIPABJISIET PETUCTP IPYIIIBI, 3aBUCHT OT MHACKCA .
Ha pucynke B.1 noka3aHa o/iHa rpyIina perucTpoB M yKa3aHO COOTBETCTBHE HOMEPOB BEKTOPOB
NPEphIBAaHUI ¥ OUT PETUCTPOB. YTIPABICHHUE MPEPHIBAHUEM OCYIIECTBIISICTCS 3aITUCHIO SAMHUIIBI
WIH HYJS B COOTBETCTBYIOIIUN OUT. JlomycKaeTcsi OTHOBPEMEHHOE YIpPaBICHUE HECKOJIBKUMU
NpePhIBAHHUSIMH.

31130 | 29|28 |27 (26| 25|24 | 23 (22|21 (20| 19|18 | 17 (16| 15| 14 | 13| 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

63 | 62 | 61 | 60 | 59 | 58 | 57 | 56 | 55 [ 54 | 53 [ 52 | 51 | 50 | 49 | 48 | 47 | 46 | 45 | 44 | 43 | 42 | 41 | 40 | 39 [ 38 | 37 [ 36 | 35 | 34 | 33 | 32

69 | 68 | 67 | 66 | 65 | 64

Pucynok B.1 — CooTBeTcTBHE BEKTOPOB MPEPHIBAHUMN 1 OUT YIIPABIISIIOIINUX PETHUCTPOB

Tab6nuna B.1 — 32-pa3psiiHbie perucTphl YIPABICHHUS IPEPHIBAHUSIMH

Oneparus Haj
MHeMOHMKa U Ha3HAuYEHHUe SuroM BnusiHue Ha cOOTBETCTBYIOIIEE TPEPhIBAHNE
ISERI Urenue 0 | IlpepsiBaHHE 3aMPEIICHO
Peructp pa3pemenus 1 | ITpepbiBaHME pa3peLICHO
IIPEPBIBAHUN OT UCTOYHHUKOB 3amnuch 0 | Her BiusHus
1 | Pa3peuienue npepbIiBaHMs
ICERI Urenue 0 | IlpepsiBaHHE 3aMPEIICHO
Peructp cOpoca pazpemieHus 1 | IIpepbiBaHME pa3peIIeHO
IIPEPBIBAHUN OT UCTOYHHUKOB 3amnuch 0 | Her BnustHus
1 | 3anper npepsiBaHus
ISPRI Yrenne 0 | XKnymiero npepbIBaHHsI HET
Peructp xnynmx npepsiBaHu 1 | Ectb kay1ee npepblBaHKe
3anuce 0 | Her Biusinus
1 | YcraHnoBKka KAyIIETO MpEepHIBAaHHS
(mporpaMMHOE NpephIBaHKE)
ICPRI Yrenne 0 | XKnymiero npepblBaHHsI HET
Peructp cobpoca xaymmx 1 | Ectb kay1uee npepbrlBaHKe
IIpEPBIBAHUI 3anuch 0 | Her Bnusinus
1 | Copoc xayuiero npepbiBaHus
IABRI UYrenune 0 | ®nara mpepbIBaHUS] HET
Peructp ¢naros npepsiBanuit 1 | ®nar npepriBaHMs YCTaHOBJIEH.
COpacsiBaeTcs anmapaTHO MO0 OKOHYaHUHU
00CIyKUBaHUSI TPEPhIBAHUSI

Jns 3agaHusl IPUOPHUTETOB MIpephIBaHUil Ucnionb3yrores peructpsl IPRI, rae i ot 0 go 33.
B Ta6nuie B.2 npencrasien ¢popmar perucrpa IPRI.
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Tabnuna B.2 — Peructp npuoputeTon

IPRi Copoc: 0000000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T T T T T T T T T
PRIN+3 PRIn+2
1 1 1 1 1 1 1 1 1 1 1 1 1
34 3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T
PRIn+1 PRINn+0
1 1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
[Tone butsl Onucanue
PRIn+3 31-24 [Tosie 3aganus npuopureta (N+3) BEKTOpa NpepbIBaHUs
PRIn+2 23-16 ITone 3aganus npuopurera (N+2) BeKTOpa NPEPHIBAHMS
PRIn+1 15-8 [Tosie 3apanus npuopureta (N+1) BeKTOpa npepbIBaHuUs
PRIn+0 7-0 [lonie 3apanus npuopurTeTa N-0ro BEKTOpa MpepblBaHus
n=4xi

I[Mpumeuyanue —3anuck B PRIN[4:0] urnopupyercs, untarorcs - Hynu. uana3ox
JOMYCTUMBIX 3Ha4eHuit 1151 6utoB PRIN[7:5] - 0-7. TlogpoOHee 0 TOM, KaK MPHOPUTETHI
pa3AemNAIOTCS Ha TPYIIIBI M MOATPYyIEl B Tabmue B.3.

Ta6nuna B.3 — PacnpesneneHue NpuopuTETOB HA TPYIIIBI M IOATPYIIIBI

[one PRIN[7:5] KonmgectBo
PRIGROUP
Pacnpenenenue
perucrtpa butet butsl oVIEL oArOVIIILL
AIRCR Ha IPyIIIb! | IpyIIIbI MOATPYIIIIBI by APy
MOJIPYTIIBI
saapa
0-4 0bxxx [7:5] OTCyTCTBYIOT 8 0
5 Obxx.y [7:6] [5] 4 2
6 Obx.yy [7] [6:5] 2 4
7 Obyyy OTCYTCTBYIOT [7:5] 0 8
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Jluct perucrpanuu M3MEHEHUM

N3m.

Howmepa nucroB (cTpanuir)

HU3MCEe-
HCHHBIX

3aMCHCHHBIX

HOBBIX

aHHY-
JUpo-
BaHHBIX

Bceero
JINCTOB
(cTpanuir)
B
JIOKYMEHTE

Howmep
JIOKyMEHTa

IToamuce

[ara
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