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BBenenue

32-pa3psaaHble  MHKPOKOHTPOJUIEPHl € KaXAbIM JHEM HaOupaioT Bce OOJIbILIYIO
HOMYJSIPHOCT CPeu Pa3pabOTUMKOB PA3ITUYHOTO OOOPYIOBaHHMS M IMPOrpaMMHcTOB. OHH
OPUMEHSIOTCS TpH  pa3pabOoTKe U U3TFOTOBICHUM DJIEKTPOHHOM TeXHHWKH. Bbicokas
BBIYUCIUTENbHAs. MOIIHOCTh M IPH 3TOM OTHOCHUTEIBHO HHU3Kas CTOMMOCTH JEJal0T 3TU
YCTpOICTBA MPUBJIEKATEIbHBIMU JIJISI CAMOT'O IIIMPOKOTO Kpyra pa3paboTYHKOB.

Muxkpocxema 1921BK035 npeacrapnsier co6oit CEBUC 32-pa3psgHOro MUKPOKOHTPOILIEpa
Ha 6a3e RISC-sampa, npenHazHauYeHHOTO IS MPOMBIIIJICHHBIX U MOTPEOUTEbCKUX MPUIIOKCHHH,
BKJIIOYass CHUCTEMbI JUCTAHLIMOHHOTO MOHHMTOPHHIA, KOHTPOJbHO-U3MEPHUTEIbHBIE NPHOOPHI,
CeTeBbIE€  YCTpPOMCTBA,  CHUCTEMBbl  aBTOMATH3allMUd  IPOU3BOACTBEHHBIX  IPOIIECCOB,
ABTOMOOWJIBHYIO 3JIEKTPOHUKY, CUCTEMBI YIIPABJICHUS HJICKTPOABUTATEIISIMH.

B coctaB MHKpOKOHTpoJIepa BXOJIUT INUPOKHM Habop NUPPOBOIl M aHaIOroBOU
nepudepur, B CBA3M C YeM, OH MOXET HPUMEHSTHCS B Pa3IMUHBIX CHUCTEMax HU(PpPOBOU
00paboOTKM CHUTHAJIIOB, B TOM UHKCIe TPeOYIOIUX TOYHBIX  aHAIOTOBO-IIM(PPOBBIX
npeoOpa3oBaHuil, B CHCTEMax yIpaBlieHUs U cOopa nH(pOpMaIuy.

B HacrosimeM TEXHMYECKOM  OMHCAHMM TPUBEACHO  OMNHCAHHUE  ApPXUTEKTYpHI,
(GYHKIMOHATIBHOTO TOCTpOCHUsT W mepudepun Mukpokontposuiepa 1921BK035. Texuuueckoe
OIMHMCAHNUE MOKET CIY>KUTh MPAKTUYECKUM PYKOBOJACTBOM IO MPUMEHEHHUIO MUKPOKOHTPOJLIEpa
1921BK035 st pa3paboTUMKOB CHUCTEM Ha €r0 OCHOBE U IIPOIPaMMUCTOB.



1 O6aacte npumenenns u ocobennoctu UC 1921BK035

Cdepa npumeneHuss uHTerpaabHON Mukpocxembl 1921BK035 poBonpHO 1mmmpoka:
CpeAcTBa M3MEpPEHUi, CBs3M, HAOMIONEHUs, OE30MacCHOCTH, aBTOMATH3alMs IPOU3BOJICTBA,
MEAMIMHBI, SHEPTeTUKHU, MPOMBIIIICHHOCTH, PAa3JMYHbIX CHUCTEM YIPABICHUS U CHUCTEMbI
AIIEKTPONPUBO/IA.

Jns sddexTuBHOrO ynpapieHUs B AJIEKTPOMEXaHUYECKUX cHUcTeMax Oblia pa3paboTaHa
normonautenbHas nepudepus: Omoxku IIUM, 6mox ALl ¢ wmaTepdeiicoMm K KOHTpOJLIEPY
IpsIMOrO JOCTyNa K MaMsTH, MOAYJb 3aXBaTa/CpaBHEHUS, OJOK HMMITYJIbCHOTO KBaApaTypHOTO
JIEKOJIepa, HUCMOIb3yeMoro s oOpaOOTKM CHTHAJIOB JAaTYMKOB TMOJIOXKEHHS pPOTOpa B
BBICOKOITPOU3BOIUTENIBHBIX CUCTEMAX Ui OMpEeNICHUs MOJI0KEHUS, HAIIPaBIEHUSI U CKOPOCTHU
BpAICHHUS.

Pa3paboTaHHBIi MHUKPOKOHTpPOJUIEp HMeeT BCTpoeHHylo Flash-mamsate nporpamm
pasmepoMm 64 KGaiiT, KOTOpYyH0 MOXXHO HCIIOJIB30BaTh JUIS XPaHEHUS ©  3arpy3Kd
M0JIb30BATEIBCKOTO IporpaMMHOro obecreueHus. Bo Flash-mamsatu cymectByer ocobast
3alUIIeHHass 00JIacTh, KOTOpask MOXeT OBITh HCIONB30BaHA JUISI XPAaHEHUS HadaIbHOTO
3arpy3uyuka.

Cucrema TaKTHPOBaHUS MHUKPOKOHTpOJUIEpA TMO3BOJSET HCIOJB30BAaTh  PA3IUYHbIC
MCTOYHUKM TAaKTOBOI'O CUTHAJA, YTO MO3BOJISET PACHIMPUTh HAOOp MPUMEHEHUN U peliaeMbIX
3a7a4 MoJb30BaTelsi. MUKPOKOHTPOJIEp MOKET TaKTHPOBAThCs OT BHyTpeHHero RC-reHeparopa
¢ yactoroit 8 MI'1l, BHyTpEeHHET0 OCHMJUIATOPA C BHELITHUM KBapIeBBIM PE30HATOPOM, a TAKKeE
curtaigoMm cunre3zarop yactotel PLL. CymecTByeT BO3MOXKHOCTh TMOKOM HAaCTPOMKH TaKTOBBIX
CUTHAJIOB JJIs1 OJIOKOB TMepudepuu.

JUiss  CHWKEHHsI DHEPromnoTpedJeHHs MHKPOCXEMBI IPEIyCMOTPEHAa BO3MOXHOCTD
OTKJIFOUEHHUS TAaKTOBBIX CHUTHAJIOB OTIENbHBIX OJIOKOB mepudepuu B ciyyae, €ClIM OHM HeE
UCTIONB3YIOTCS  TIoJb3oBaTesieM. llpm  mepexome Tmporeccopa B PEKUM  MOHHKEHHOTO
SHEPronoTpedIeHHsT BO3MOYKHO OTKIIFOUCHHE TaKTOBOro curHaina supa (komanaa WFI win WFE).



2 KpaTkoe TexHHYeCKOe ONICAHHE MIKPOKOHTPOJLIepa
2.1 OyHKIHOHAIbHBIE APAMETPHI

CrpyKTypHas cxema MUKPOKOHTPOJIJIEpA [TI0Ka3aHa Ha pUCYHKe 2.1.

KoLl (] Brnok ynpasnexus
ury I-CODE I-CODE Y 1Kx8 KI-CODE§ OcHoBHasa Flash-namstb <:> 3HepronoTpebneHnem
N—— 7V N 14 N 14 PMU
FPU D-CODE (D-CODE ) 1Kx8 (G-CODE, 64Kx8
K__ ) Cropoxesoi Taimep WDT
JTAG n SWD | (S-CODE, oy
Briok A\ 3arpy3oyHas Flash-namsarb UeTbipe 32-
16Kx8 pe pas3psanHbIX
MPU KOMMyTaL|MM 4Kx8 () ravivepa TMRO - TMR3
AMBA AHB KoHTpomnep Tpw 6rioka 3axeara
YeTbipéxKkaHanbHbIN ——— DMA <:> ECAPO - ECAP2
12-pa3psagHbin ALK ) Moor " -
£ \ MMySIbCHbIN
\ /| AHB-APB <::> <:> KBaapaTypHbIi fekoaep QEP
KoHTponne RN
C?AN P N—/ Brok ynpasneHus cuctemon C> Tpn AByxKkaHanbHbIX 6rioka LLIMM
SlU - PWMO - PWM2
[Ba koHTponnepa [+—\ Brok ynpaeneHusi cpocom un [Ba npuemonepeaarinka
nopToB N—] CUHXPOHM3aLUmeit RCU <:> UARTO, UART1
1L 11 RC-reneparop Brok ynpasnexus KoHTponnep SPI
8 My () ponnep
MopT A Mopt B CUCTEMHbIMMN
CHHTesaTOp YacToTs) TaKTOBbIMY CUTHaNamm
Hle Hle PLL SCM C> KoHTpornep 12C

Pucynok 2.1 — CtpykTypHas cxeMa MUKPOKOHTpOJIepa

B cocraB MEKpOKOHTpOIIIEpa BXOAIT (DYHKIIMOHATLHBIE 3JIEMEHTHI:

- 32-pazpsinnoe  LITY ¢ momgmepxkkoil HaOOopa OMHOIMKIIOBBIX KOMAHJIl YMHOXEHHS C
HAKOIUICHWEM, KOMaH][ IICHTPAJIN30BAHHOTO YIIPABJICHUS IIOTOKOM JAaHHBIX, apU()PMETHUECKUX U
JIOTUYECKUX KOMAaHJ, BCTPOCHHBIM MOJyJeM O00pabOTKM KOMaHJA C IJIaBalollei 3amsToi ¢
onuHapHOW TouHOCThl0O FPU, mommepkkoi ormamounbix wuHTepdeiicoB JTAG u SWD u
Moj1ysieM 3anuThl namsitu MPU,;

- Omok ympaBieHus cOpocom u cuHxpoHm3arnmeir RCU, mmerommii B cBoeM cOCTaBe
RC-reneparop (8 I'tr), cuntesarop yactorsl PLL 1 6J10K ympaBIHEHHS CHCTEMHBIMU TAKTOBBIMH
curgaigamu SCM;

- 6ok ympaBneHus cucremoit SIU;

- 6ok kommytaunu AMBA AHB;

- ocnoBHag Flash-mamsate 06bemoM 64 KoaiiT;

- 3arpy3ounas Flash-mamsars emxoctsio 4 Koaiir;

- K21 KOMaH/I ¥ JaHHbIX 00beMoM 1 KOalT kakblif;

- O3V ob6wemom 16 KoaiiT;

- 16-xaHanbHBINA KOHTpOJIEp MpsAMOro AocTyna K namsata DMA,;

- 010K ymipaBieHus sHepronoTpedireHuemM PMU, mo3Bomstomuii mepeBOANTh CHCTEMHBIC
6soku B peskum Powerdown;

- IBa KOHTpoJuiepa moptoB A u B, ympapnsiommx 16-pa3psaHbpIME TIOPTaMH BBOJA-
BBIBO/JIA,

- YeTeIpeXxKaHAIbHBIN 12-paspsaaenii ALl ¢ pexxnMamu nudpoBoro kKommapaTopa Jyis
KQXKIO0T0 W3 KaHAJoB (paBHO WJIM OOIBIIE, PAaBHO WM MEHBIIE, MOMalaHue B JHUAIa3oH, BHIXO
W3 Juama3oHa) W (yHkued aBToMaTWyeckoro 3amycka wmonayned IIIMM mo coOspiTuto
«OKOHYaHHE MTPEOOpa30BaAHUSY,

- TpU AByXKaHaIbHBIX Ooka [IIMM PWMO — PWMZ2;



- UMIYJIbCHBIM KBaaparypHblii nexonep QEP mns oOpabGoTkuM CHUTHANIOB JaTYMKOB
MIOJIOXKEHHUST POTOpA, TMO3BOJISIONIMN ONPENCTUTh IOJIOKEHHE, HANpaBICHUE M CKOPOCTh
BpALICHHUS;

- Tpu Osioka 3axBata ECAPO — ECAPZ2;

- yeTeIpe 32-pa3psaaubix Taiimepa TMRO — TMRS;

- cropoxkeBoi Taiimep WDT;

- mBa npuemonepenarunka UARTO, UART]L;

- koutpoiutep CAN (porokoi 2.0b);

- koHTpoiutep 12C;

- koHTposutep SPI.

YcnoBHoe rpaduueckoe 0003HaUCHHE MUKPOKOHTPOJUIEpA MPUBECHO HA 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 <+—» NVCC2 |—>¢—24
33— RESET# NGND2 |—>§—25

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

35— XI_0ScC
34— X0 _0SC CX b—x—232

[Ipumeuanue — AnprepHaTuBHBIC (YHKIIMH BBIBOAOB MopTa A u nmopta B ykazanbl
B TadOmure 2.1.

Pucynok 2.2 — YcnoBHoe rpadudeckoe 0003HauYeHUE MUKPOCXEMBI

Ha3na4yenue BbIBONOB

OyHKIIMOHATBHOE HAa3HAYCHHE BBIBOJIOB MHUKPOKOHTpOJUIepa TpuBeaeHo B Tabmuie 2.1.
[Tocne cOpoca MUKPOKOHTpOJIEpa BBIBOJBI MOpToB A u B koHuUrypupyroTcss Kak BBIBOJBI
o0mIero Ha3HAYEHUS M HaXOJATCS B TPETbEM COCTOSHUH. VICKITIOYEHHE COCTABISIOT BBIBOJBI
A2 — A6: xoHpHUTYpHpYIOTCS Kak BBIBOABI oTiamouHoro wuHTepdeiica JTAG. Brmouenue/
OTKJIIOYEHHE PEeXHMMa albTEPHATUBHONW (YHKIMH OCYIIECTBIISIETCS IMOCPEICTBOM PErUCTPOB
ALTFUNCSET/ALTFUNCCLR 6nokoe GPIO. BeiBoasl moproB A u B umeror cxemsr «pull-
up» u «pull-downy», moaxmouaembie nporpammuo (peructp PULLMODE 6mnoka GPIO).
BeiBogsr NMI#, RESET# wumeror mnocrosuuyio cxemy «pull-up», BeBom SERVEN -
noctosiHay0 cxemy «pull-downy. Tlpu ucnonb3oBanuu oTinamounoro uHTepdeiica SWD ero
BbIBoT SWCLK cootBerctByeT BhiBOoAy JTAG_TCK, BeiBog SWDIO cooTBeTcTByeT BHIBOIY
JTAG_TMS, a BeiBox G1toka TpaccupoBku SWO cooterctByet BoiBoay JTAG TDO.

B Tabnume 2.1 ucnomnb3yrorcs ycioBHbie oOo3Hauenus: | — Bxoxm, O — Beixon, /O —
BXO/I/BBIXOJ], Z — TPETbE COCTOSTHUE.

MukpocxeMsbl BBIITOJIHEHBI B MeTallokepamuueckoM kopryce MK 5162.48-1.

Macca mukpocxemsl — He 6omee 1,0 .



Tabnuna 2.1 — OynkuuoHanbHOE HazHaueHue BbiBo1oB MIC 1921BK035

O06o3HaueHue
O003Ha- .
qerme | o0 PHATHBHOH Howep)  Tun OyYHKIMOHAITBHOE HA3HAYCHUE BBIBOJIA
GbyHKIUN BBIBOJIA| BBIBOJA
BRIBOIA BBIBOJIA

A0 4 1/0/Z | Bxon/Beixon nopta A, paspsia 0
12C_SCL 1/10 Bxon/Beixon cuaxpocurnana 12C

Al 5 I/0/Z | Bxon/Beixon nopta A, paspsia 1
12C_SDA 1/10 Bxon/Beixon nangusix 12C

A2 8 I/0/Z | Bxon/Beixon nopta A, pa3psia 2
JTAG _TCK I Bxox rakToBoro curnana nopra JTAG

A3 9 I/0/Z | Bxoa/Beixon moprta A, paspsi 3
JTAG_TMS I Bxon pexxuma mopra JTAG

A4 10 I/0/Z | Bxoa/seixon mopta A, paspsa 4
JTAG_TDI | Bxon nannsix mopra JTAG
ECAPO_IO /10 Bxon/Beixon 6:10ka 3axsara 0

A5 11 I/0/Z | Bxoa/Beixon mopta A, pa3psia 5
JTAG _TDO 0 Brixon nannbix nmopra JTAG
ECAP1 IO I/0 Bxox/Beixoj 0110Kka 3axBara 1

A6 12 1/0/Z | Bxon/Beixon nopta A, pa3psia 6
JTAG_TRST I Bxox copoca mopra JTAG
ECAP2_IO 1/0 Bxona/seixos 6110ka 3axBara 2

A7 13 I/0/Z | Bxon/Beixon mopta A, paspsa 7
PWM TZ | Bxox curnana aBapuu 6s10xoB [HIUM

A8 14 I/0/Z | Bxoa/Beixomx nopta A, paspsiz 8
PWMO_A O Beixon munuun A 6ioka HHIMMO

A9 15 I/0/Z | Bxoa/seixoa noprta A, paspsia 9
PWMO_B O Beixon muuanu B 6moxa HIMMO

Al10 16 I/0/Z | Bxon/Beixon nopta A, paspsia 10
PWM1 A O Brixox muanu A 6moka [HHIMM 1

All 17 I/0/Z | Bxoa/seixox opta A, paspsia 11
PWM1 B O Beixon amuanu B 6:10xa MM 1

Al2 20 I/0/Z | Bxoa/seixox noprta A, paspsia 12
PWM2_A O Beixon auanu A Ooka [IIMM?2

Al3 21 I/0/Z | Bxon/seixon mopta A, paspsia 13
PWM2_B O Breixon mnuanu B 6moxa HIIM?2

Al4 22 I/0/Z | Bxon/Beixon noprta A, paspsna 14
TMRO_IN I Bxon BHemHe# cuHxpoHu3anuu Taiimepa 0

Al5 23 I/0/Z | Bxon/Beixon opta A, pa3psa 15
TMR1_IN I Bxon BHemHe# cuHXpoHHU3auu Taiimepa 1

BO 26 I/0/Z | Bxon/Beixom nopta B, paspsix 0
ADC_CHO I Bxon ALLI, pa3zpsia 0

Bl 27 I/0/Z | Bxon/seixon nopra B, paspsin 1
ADC_CH1 I Bxox AL, pa3psina 1

B2 28 I/0/Z | Bxon/Beixon nopra B, paspsin 2
ADC_CH2 | Bxon ALLI, pazpsia 2




Oxonuanue mabauysl 2.1

06 O6o3HaueHue
O3Ha- .
anerepHatuBHor Homep| Tum
YCHHE OyHKIMOHAIBHOE Ha3HAYECHUE BBIBOJIA
BBIBOZA GyHKITUH BBIBOJIA| BBIBOJIA
BBIBOJIA
B3 29 1/0/Z | Bxoa/seixon mopta B, paspsia 3
ADC_CH3 | Bxox AL, pa3psia 3
B4 38 I/0/Z | Bxox/Beixox nopra B, paspsia 4
SPI_FSS I/0 Bxona/Beixon BIOOpa Begomoro ycrpoiictsa SPI
B5 39 I/0/Z | Bxoa/Bbixoa nopta B, paspsia 5
SPI_SCK 1/10 Bxon/Beixon cuaxpocurtana SPI
B6 40 I/0/Z | Bxox/Beixon nopra B, paspsia 6
SPI_RX [ Bxox manasix SPI
B7 41 I/0/Z | Bxon/Beixon nopta B, paspsia 7
SPI_TX O Breixonx manubix SPI
B8 44 I/0/Z | Bxox/Beixoa nopta B, paspsia 8
UART1 TX 0 Breixon mausbeix 0moka UART1
B9 45 I/0/Z | Bxox/Beixon nopra B, paspsig 9
UART1 RX I Bxoxa mannbix 0moka UARTL
B10 46 I/0/Z | Bxon/Bbixon nopta B, paspsi 10
UARTO_TX 0 Beixon mauaeix 0imoxka UARTO
QEP_S I/0 Bxo/BeIx0/1 CTpOOHpPOBaHUS KBaJPATyPHOTO
JeKoiepa
B11 47 I/0/Z | Bxon/Bbixon nopta B, paspsig 11
UARTO_RX | Bxon mansasix oimoka UARTO
QEP_I I/10 WHnexcHbIi BXO1/BBIX0OJ] KBaAPAaTypHOTO
JeKoIepa
B12 48 I/0/Z | Bxon/Beixox nopta B, paspsin 12
CAN1 RX I Bxon nanaeix CAN1
QEP_B I Bxon B kBagpaTtypHOro nexoznepa
B13 1 I/0/Z | Bxon/Beixon nopta B, paspsig 13
CAN1 TX O Breixon manabix CAN1
QEP_A I Bxon A xBanpaTypHOro nekoaepa
B14 2 I/0/Z | Bxon/seixoj mopta B, paspsa 14
CANO_RX I Bxon manasix CANO
B15 3 I/0/Z | Bxon/Beixon nopta B, paspsin 15
CANO_TX O Bexon manasix CANO
CX — 32 — BeiBox perynaropa HanpsKeHNs TMTaHKs JUTs
TIOJIKITIOYEHHs] BHEIIHETO KoHieHcaropa 4,7 MkD
SERVEN |- 36 I/ Bxo BEIOOpa CEPBUCHOTO PeKUMa/
0 BbIXo1 mporpaMMHpyeMOro TaKTOBOTO CHTHAJIA
CLKOUT
NM I# — 37 I BxoJ1 BHEITHETO HEMACKUPYEMOTO ITPEPBIBAHNUS
(aKTHBHBII HOJIIB)
RESET# |- 33 I Bxox BHemnHero copoca (aKTUBHBIN HOJIb)
XI_OSC |- 35 - BEIBOI BHEIIHErO TAKTOBOT'O CUTHAIA/
BrIBoa U151 TOTKITFOYEHMsI KBAPIIEBOTO PE30HATOPA
X0 _0OSC |- 34 — BrI1BoA U151 TOIKITIFOUEHMSI KBapLIEBOTO PE30HATOPA
NVCC2 |- 24 - Amnanorosoe nuranue 3,3 B
NGND2 |- 25 — AHanorosas 3eMJIst
#VCCl1 |- 7,19, |- Hudposoe nuranue 3,3 B
31,43
#GND1 |- 6,18, |- Hudposas 3emiis
30,42
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Oco0eHHOCTH CHCTEMBI IMTAHUA

Ha rutate BeiBox muranusg NVCC2 moxeT ObITh 00beqMHEH ¢ BeIBOmaMu rmuranus #VCC1
(TIpu 3TOM JIOJKHBI OBITH IPUHSITH MEPHI JJIsI CHIDKEHUS TIOMEX 110 TTUTAHHUIO).

BhIKiTI0YeHHE TUTaHHS MUKPOKOHTPOJUIEPA JODKHO MPOBOIUTHCS IyTEM IOJTHOTO CHSTHS
HANPSDKEHUS, KaK C BBIBOJOB NHUTAHHS, TaK M CO BCEX OCTaJbHBIX BBIBOJOB MHUKPOCXEMBI.
[Tomaya HampspkeHUs Ha (PYHKIIMOHAIBHBIC BBIBOJABI MUKPOCXEMBI IIPH BBIKITFOYCHHOM ITHTAHUN
HEJOIMyCTUMA.

2.2 JaeKTpUUYecKUue mapamMeTpbl

HomunaneHoe 3HaueHuwe HampspkeHHs nutaHus no BeBoaam #VCC1, NVCC2 momxHO
owITh 3,3 B + 0,3B.

3HaueHHEe CYMMapHOr0 MAaKCHMMAJIbHOTO TOKa IO BBIBOJaM MOpTOB A u B He moimkHO
npeBbiath 50 MA.

JlommycTimasi MakCUMallbHass Pa3HOCTh 3HAYCHWH HANPSOKEHUH THTAHUS IO BBIBOJAM
#VCC1, N"VCC2 cocrasister 50 MB.

AMITTUTYAHOE 3HaYEHHE MyJIbCALUU HAIPSXKEHUS TUTaHUsI TOJKHO ObITh He Ooisiee 50 MB.

DNEeKTpUYecKHe MapaMeTpbl MHUKPOCXEM IPU MPHUEMKE U IIOCTaBKE COOTBETCTBYIOT
HOpMaM, MPUBEJICHHBIM B TabmuIe 2.2.

Tabnuna 2.2 — DnekTpuyecKue napaMeTpbl MUKPOCXEM MPU IPUEMKE U OCTABKE

Hopma Temmnepa-
HanmenoBanue napamerpa byksernoe napamerpa Typa
P pa, 0003HaueHue P P yp

CAMHUIIAa UBMCPECHUS, PEKUM U3MEPCHUA HC Cp€ablL
JUAT P - P p apameTpa | He MEHee | o poél ’

1 2 3 4 S)

| BrixogHO€E HaNps)KEHUE HU3KOTO YPOBHS 110 UoL
BeiBomaM AQ — Al15, BO — B15, B, - 0,4
Ucc1=3,0B, IoL =6 MA

2 BpIXOHOE HaNpsKEHUE BBICOKOTO YPOBHS 10 Uon
BeiBogaM AO — A15, BO — B15, B, Ucc1 =09 _
Ucc1=3,0 B, Iog=-6 MA

3 Tox yTeuku HU3KOro ypoBHs 1o BxonaM A0 — AlS, TN
B0 — B15 ¢ otkmtouenHsiME «pull-up» 1 «pull-downy,
MKA, -10
Ucc1=3,6B,UL=0B

4 Tok yTeuku BbICOKOTO ypoBHs 1o Bxoaam A0 — A15,) liLH
B0 — B15 ¢ otkmtouenHsiME «pull-up» 1 «pull-downy,
MKA, — 10
Ucci = 3,6 B, Un = Ucci —-60+3

5 BX0oaHO# TOK HA3KOIO YPOBHSI MO BBIBOJIAM I 25+ 10
«pull-up» A0 — A15, BO — B15, NMI#, RESET#, mxA -200 - 125+5
Ucci=3,6B,UL=0B
6 BXxonHO# TOK BBICOKOTO YPOBHS IO BBIBOAAM IiH1
«pull-up» NMI#, RESET#, MKA, — 10
Ucci1=3,6 B, Un = Ucci

7 BXOZHOM TOK HU3KOIO YPOBHS IO BBIBOIY | i)
«pull-down» SERVEN, MKA, -10 _
Ucc1=3,6B,UL=0B

8 BXOZHOM TOK BBICOKOTO YPOBHSI 110 BBIBOJIAM liH2
«pull-down» A0 — A15, BO — B15, SERVEN, MKA, - 200
Ucc1=3,6 B, Un = Ucci

9 BxoznHO# TOK HU3KOro ypoBHs 1o BeiBogy X1 OSC, I3
MKA, —40 -
Ucc1=3,6B,UL=0B

11



Oxonuanue mabauyvl 2.2

1 2 3 4 5
10 BxozHO# TOK BBICOKOTO YPOBHSI 110 BBIBOAY I3
XI _OSC, MkA, — 40
Ucc1=3,6 B, U = Ucci
11 JIunamMudeckuid TOK NOTpeOICHHS TI0 BBIBOAAM TIocci
#VCCI1 B akTUBHOM pEeXHME, A, - 1
Ucci=3,6 B, Ucco= 3,6 B, fc1 =100 MI'g —60+3
12 Nurerpanbuas nenuneinocts AL, EMP, EL -3 3 25+ 10
Ucc1=3,6B,Ucc2=3,6B 125+5
13 Iudbdepenunansuas nenuueinocts AL, EMP, Eip 5 )
Ucc1=3,6B,Ucc2=3,6B
14 ®yHKIMOHAIBHBIA KOHTPOJIb, OK - -
Ucc1 =(3,0; 3,6) B, Ucc2 = (3,0; 3,6) B,
fc1=(0,001; 100) MI'np

[Ipumeuanus

CHUHXPOHHO.

1 MMapametpsr liLe, hien, hing, I npu Temneparype munyc 60 °C He H3MEPSIIOTCS, a
rapaHTUPYIOTCS HOpMamu npu Temnepatype (25 + 10) °C.
2 Ilpu ¢pynkunonanbHoM koHTposie AL 3HaueHus HanpsKeHU MUTAaHNS U3MEHSI0TCS

3Ha4YeHMs MPEEIbHO JTOMYCTUMBIX JIEKTPUUECKUX PEKMMOB 3KCIUTyaTallUUd B JIMANA30HE
pabodmx TeMIepaTyp Cpeabl COOTBETCTBYIOT HOPMaM, MIPUBEACHHBIM B TabuIe 2.3.

Ta6nuna 2.3 — 3HaueHHUs MPEAEIEHO JOMYCTUMBIX MIEKTPHUECKUX PEKUMOB IKCILTyaTaIlHN
MHKPOCXEM B JIMaNa3oHe TEMIIEPATyp CPebl

byksennoe IIpenenbHo .
HanmenoBanue napamerpa . [IpenenbHbINA pexIM
PEKHMa, CIMHHIIA HIMCPCHHS 0003HaYEHHE| JTOMYCTHUMBIM PEKUM
napameTpa | He MeHee | He OoJiee | HEe MeHee | He Ooiee
1 Hampsxenue nutanus nupoBoi Ucc:
gactu, B 3,0 3,6 -0,3 5,2
2 HanpsikeHne UTaHus aHAJIOTOBOM Ucc2
gactu, BY 3,0 3,6 -0,3 5,2
3 BxoHOE HanpsKeHHue HU3KOTO Ui
YPOBHH, BY -0,5 0,8 -0,6 —
4 BxoaHoe HanpsyKeHUE BHICOKOTO Uin
yposusi, B 0,2Ucc1 +1|  Ucci — Ucci1 +0,6
5 BxonHoe HanpsiKeHHe BHICOKOTO Uinc
ypoBHs 110 BeiBoay XI OSC, BY 0,7Ucc1 Ucca — Ucc1 +0,6
6 BBIXOHOM TOK HM3KOro ypoBHs, MA D lor - 6 - 10
7 BBIXO/IHO# TOK BBICOKOTO ypoBHS, MA " loH -6 — -10 —
8 YacroTa cieoBaHUs UMITYIIECOB fcr
TaKTOBOTO CHUTHAJIA TIPOIIECCOPHOTO
aapa, MI'n 0,001 100 — —
9 Yacrora npu padore ¢ fc
CJICZIOBAHMSI BHEIITHUM TaKTO-
HUMITYJIbCOB BBIM I€HEPATOPOM 0,001 40 — —
TaKTOBOTO CHUTHAJA | Ipu paboTe ¢
no BeiBoay XI OSC, kBapiieBbIM
MI'g pPE30HATOPOM 8 24 — —
10 EmxocTh Harpy3ku, nd CL - 40 — —
) Bpemst paGoThl B 0JHOM U3 MPEIENBHBIX PEXKUMOB J0IKHO OBITH He onee 5 c.
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3 ApXHUTeKTypa u3eaus

Muxkpokontposep 1921BKO035 cTpykTypHO mNpeacTaBisieT coO0OM MYJIbTHUCTAIUHHBIN
RISC mporeccop. SAnpo momHocThio peanu3yeT Habopsl komana Thumb u Thumb?2.

[Tonnepxka DSP-uHCTpYKIMI M Haau4yue MOMIYJsS OINEpalui ¢ IJIaBarolled 3arsiTou
CYIIECTBEHHO YCKOpsIeT 00pabOTKy IOTOKOBBIX JIaHHBIX, YTO B CBOIO OYepeab JejaeT
MUKPOKOHTPOJUIEP BEChbMa MPUBJIEKATEIbHBIM JUIsI UCIIOJIb30BAHUS B CUCTEMax YIpPaBIICHUS U
00paboTku HHpOpPMALIUH.

MuKpOKOHTpOJUIEp CIOCOOEH MapalljieNIbHO BBIMOJIHATH YEThIPE OMNEpalMH CIOXKEHUS/
BBIUYUTAHUS C 8-pa3psiHBIMU OINEpaHIaMHU WM JBE OIEPalUU CIIOKEHHS/BBIYUTAHUS C
16-pa3psanbiMu ornepaniaMu. Takke peaqn3oBaHO YMHOXKEHHE 32 OJUH LUKI, MPU 3TOM IS
16-pa3psaHbIX YKCeNl BOZMOXKHO NapalljieIbHOE HCIIOMHEHHE IBYX omepanuii. 13 ocobennocreit
ClelyeT OTMETHUTDH allapaTHOE YMHOXKEHHE 32-pa3psAHbIX yucel 3a 1 LUK, a TakkKe JeleHnue
32-pa3psIHBIX YuCel, 3aHUMatomiee ot 2 10 12 nuKIoB.

Biok koMMyTanmu MEKPOKOHTpOJLIepa

Bce ycTpoiicTBa MUKPOKOHTpOJIJIEpA COSIMHEHBl MEXAy co00il uepe3 60K KOMMYTAIMH.
Ha pucynke 3.1 mpuBemeHa cxema COCIMHEHHS OCHOBHBIX U TEpUPEpUHHBIX OJIOKOB
MHUKPOKOHTPOJUIEPA BHYTPH 0JIOKA KOMMYTAIUH.

MacrTepsbl
r * 1
uny DMA
w LIDJ £
[a) o o)
3 o 2]
< o n
B B D-CODE OcHoBHasi| ]
I-CODE Kaw Flash
[ | namsitb
YnpasneHue
n namsTbo
s
s
3
[~ ] ] o3y o
s a
s =
o *%
v L L AUM o)
o m
c
Ln
| N Moptel An B
Il ] CAN
| B MocTt AHB-APB

Pucynoxk 3.1 — Cxema coequHeHus: 6J10KOB BHYTPH 0JIOKAa KOMMYTaIH

13



4 Baok ynpasyeHus copocom u cunxponusanueil RCU
4.1 O6masi cucTeMa TAKTHPOBAHMUS

B MUKpOKOHTpoJIIEpe TPEeayCMOTPEHAa pa3BUTAs IMOACHCTEMa YIPABJICHHUS TaKTOBBIMU
CHUTHAJIAaMH M CUTHaJIaMu cOpoca, CM. pUCyHOK 4.1.

OCHOBHBIMH TaKTOBBIMU CUTHAJIAMH, KOTOPBIC UCIIOIB3YIOTCS B MUKPOCXEME, SIBIISIFOTCS

- OSICLK — rakToBsIii curaan BuyTpenHero RC-reneparopa;

- OSECLK — BuemnHuii TaktoBbIi curdai o Beisogam XI_OSC u XO_OSC,;

- PLLCLK — takroBslii curgai ¢ Berxoma PLL;

- PLLDIVCLK — TaktoBbIii cursai ¢ Beixoga PLL, mpomeammii yepe3 A0mMOTHUTEIbHBINA
JICTTUTEIb,

- SYSCLK — cucTteMHBIi TaKTOBBIM CHUTHAJ, OMNPEACIAIONIMN YacTOTy paboTh
npoueccoproro sapa (fsyscik = fci);

- PCLK — nepudepuiinbiii TaktoBbiii curHan APB muHbr;

- HCLK — cucreMusblii TakToBbIN curHan AHB mmnbr;

- FCLK — HeoTKII04YaeMbIil CUCTEMHBIN TaKTOBBIA CHUTHAIL.

OSE

xiosc O (8-24) My OSECLK
[eHeparop

XO_0SC D—» TaKTOBbIX SCM SLEEPDEEP

MMMy nbCOB osl
OSICLK (8 M) Enok

RC-reHepatop ynpasneHus

TAKTOBbIX cUCTeMHO
MMMy NbCOB TaKTOBOIN

YacToTon

K 6nokam
MWKPOKOHTpOMnepa

(4-64) My

PLL | PLLCLK PLLCLK

1
n & PLLDIVCLK | K cenekropam
AONONHUTENbHbIX
CUHXpocurHanos
osICLK _ | Bnokos

DIV
DIVEN

OSECLK _

Pucynox 4.1 — Cxema CHHXpOHU3AINHI
4.2 Cunre3artop yactorsl PLL

B xauectBe onopHoro curnana 6moka PLL mMoxHO BBIOpaTh OAMH M3 UCTOYHUKOB, BHIOOD
ocymectsisiercs noiem REFSRC perucrpa PLLCFG.
Brixoanas yactora 6moka PLL onpenensercs cornacHo ¢popmyie

M_ 1

fOUT = fIN X v X 50D (41)

Koapdpuuuentsr N, M, OD 3apatorcs coorBercTByrommmMu nosisimu perucrpa PLLCFG.
CyIIecTBYIOT CIEIYIOIINE OTPaHUYEHHUS TapaMeTPOB:

- koo dunment aenenus 1 <N < 63;

- koo unment aenenus 2 < M < 63;

- BXOJTHAsI YacTOTa JIOJDKHA HAXOAUThCS B quanazoHe (4 — 64) MI';

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

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

- 3HaYEeHHE BBIXOHOMN 4acToThl fouT MoimKHO ObITE B quamazone (15 — 200) MI'.

Hacrpoiiky 6moka PLL HeoOXxomumo nmenmaTh A0 TOTO, KaK €ro TaKTOBBIA CUTHAJI Oyner
BbIOpaH B KadecTBe paboyeil yacTOThl CHUCTEMBbl WU OfHOro u3 OsjokoB. [Ipu mpaBumbHOU
YCTaHOBKE BceX 3HaueHWil U BbIxoje Onoka PLL Ha paGoumit pexxum, OyaeT ycTaHOBJIEH OUT
LOCK B peructpe PLLCFG. [Tocne ycraHoBieHHs pabodero peKuMa MOYKHO Pa3pelIuTh BBIXO/
gactoThl U3 Onoka PLL 6utom OUTEN. Takke ecTh BO3MOXHOCTh MPOXOXKICHUS CUTHAIA
ckB0o3b 00k PLL 06e3 m3menenmit (bypass pexxum), mas yCTaHOBIEHHS KOTOPOTO MOYHO
BOCTIOJIb30BaThCst Outom BYPASS.
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Taxke TPUCYTCTBYET BHEUIHHM JENUTENb YacTOThI, YHpPAaBIseMblii OuUTamMHu perucrpa
PLLDIV. [dns TakTHUpOBaHUS pa3lIUYHBIX OJIOKOB M MOAYJIEH MHUKPOKOHTpOJUIEpa MOXKHO
BbIOpaTh Kak curHan PLLCLK, tak u PLLDIVCLK, He3aBucumo apyr ot apyra.

4.3 CucreMa CJIeKeHHN 32 TAKTOBLIMM CUTHAJIAMH

CucremMa CHeXEHUS OCYIIECTBISET KOHTPOJIh HWCTOYHUKOB TAKTOBBIX CHTHAJIOB H
N03BOJIsIeT 00paldaThIBaTh MCKIIOYHTEIBHBIC CUTYAllMH, CBSI3aHHBIC C WX IMPOIaJaHueM (CPbIB
reHepanuu 6goka PLL, HeHaae)kHBIN KOHTAKT C BHEITHUM PE30HATOPOM H T. I1.).

Texkymuii cTaTyc TaKTOBBIX CHTHAJIOB MOXKHO YCTaHOBUTH, MPOYUTAB COOTBETCTBYIOIIHEC
o6utel XOK u XERR peructpa SYSCLKSTAT, rne X — OSECLK, PLLCLK, PLLDIVCLK. bur
XOK Oyner ycTaHOBIEH, €CIM COOTBETCTBYIOIIMN TAaKTOBBIA CHUTHAJ CTaOMIBHO paboTaeT u
Oymer cOpomen mpu ero cboe. bur XERR wumeer oOparHoe mnoBeaeHue — npu cOoe
yCTaHaBJIMBACTCS, COpACHIBAETCSA IPU HOPMAJIbHON pabOTe TAKTOBOTO CHTHAJIA.

Bpemst peakuuu CUCTEMBI CIISKEHUS Ha MCYE3HOBEHHE TAKTOBOT'O CHTHAIA HACTPAUBACTCS
¢ nomoipto noner peructpa SECPRD u no ymonuanuto paBHo 256 takram curnana OSICLK.
Peaknus Ha nr060€ mpomnaiaHue TaKTOBOTO CHTHAJIA HA MEHbIIIEe BpeMsi OyIeT OTCYTCTBOBATh.

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

3HaYeHHE MUHHUMAJIbHO BO3MOXKHOTO BPEMEHH PEaKIMU BbIUUCIAeTCsS 1o hopmyne (4.2)
(pe3yabTaT OKPYIIISIETCS JIO IIEI0T0 B OOJIBIIYIO CTOPOHY)

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

rae Trer — mepuo onmopHo TakToBoi 9acToThl curaana OSICLK;
TcLk — nepuoJi KOHTPOIMPYEMON TaKTOBOM YacTOTBHI.

Hanpumep, eciiu HeoOXoaMMa MakCUMaJIbHO OBICTpasi peaklMsl Ha IpOIaJaHUe YacTOThI
100 MI' Ha Beixoze 6ioka PLL (Tcik = 10 ue) npu curnane OSICLK 8 MI'n (Trer = 125 Hc),
to Heobxoaumo B moste PLLCLK peructpa SECPRDO 3amucars 3nauenne SECPRD_MIN = 5,
BBIYHCIICHHOE 110 hopmyrte (4.2).

Crout ormeruth, uro SECPRD_MIN sBrsercss s BpeMeHEM JTETEKTHPOBAHHS COOS.
Cam mepexoj B aBapuilHbIH pexuM (TIepekiroueHne cucteMHoi yactotel Ha curaan OSICLK)
3aliMeT onoyHuTeNnsHO He 6osee 14 TakroB curHana OSICLK.

Kpome cnexxeHust 3a KaXIbIM M3 HMCTOYHHMKOB TAaKTOBOTO CHTHAJA IO OTACIHHOCTH,
cucTeMa OTCIIEKHUBAHMS IO3BOJIIET KOHTPOJIMPOBATH TEKYIIMH CHUCTEMHBIH TaKTOBBIN CHTHal
SYSCLK.

Bkimtouenne konTpons curHana SYSCLK ocymiectBisiercss ycranoBkoit Outa SECEN
peructpa SYSCLKCFG.

[lpu cOGoe Oyner OCymIeCTBICH aBapUHBIA MEPeXo] CHCTEMHOW YacTOTHI Ha CHUTHAI
OSICLK, u 6yzner BbipaboTano Hemackupyemoe npepsiBanue NMI# coBMeCTHO ¢ ycTaHOBKOM
¢mnara npepeiBanus SY SFAIL B peructpe INTSTAT (duar cOpacsiBaeTcst 3aUChIO €TUHUITBI).

Texymmii cTaTyc CUCTEMHOTO TaKTOBOTO cuUrHaia jpoctyneH B oute SYSFAIL perucrpa
SYSCLKSTAT: mpu c60e 3TOT OUT YCTaHOBHUTCS M OyJeT Aep)KaThCs YCTAHOBICHHBIM, TTOKa
[OJIb30BaTeNb BPYYHYIO HE MepeieT Ha Jr000i M3 JTOCTYNMHBIX CTaOWMIIBHBIX HCTOYHHMKOB,
3anucaB B nosne SYSSEL peructpa SYSCLKCFG HoBoe 3Hauenue (mpu cOoe moyie coxpaHser
CTapoe 3HauYeHHE WCTOYHHMKA CHUCTEMHOW YacTOThl). B TOM dmcie BO3MOXEH Tepexoa W Ha
curHan OSICLK, HecMoTpst Ha TO, YTO B aBapHIHOM pEXUME CXeMa yXe TaKTUPYETCS 3TUM
CHUTHAJIOM — 3T0 10o3BoJUT cOpocuth OuT SYSFAIL pernctpa SYSCLKSTAT.

[Tpsamoii mepexoa U3 aBapuHHOIO COCTOSIHMSA K TaKTUPOBAHMIO OT BBI3BABIIETO COOM, HO
y)K€ BOCCTAaHOBHBIIETOCS HWCTOYHHKA — HEBO3MOXKEH. Ecimm 3TO0 HeoOXxomumo caenatb, TO
CHavaJia Hy)KHO TEepPEeUTH Ha OJIUH U3 CTAOMIBHBIX UCTOYHHUKOB (Hampumep, curian OSICLK), n
JIMIIB 3aT€M HadaTh Mepexo]l Ha OBIBIIMNA «COOMHBIMY», HO BOCCTAHOBUBIIMICS NUCTOUYHHUK.

[Tpu mepexonie MUKPOKOHTPOJUIEPA B aBapUITHOE COCTOSIHUE 110 TAaKTHPOBAHUIO TpeOyeTcs
00s13aTeNIbHO TIEPEeNTH Ha CTaOWIBbHBIM MCTOYHUK TakThpoBaHus (6ut XOK mis Hero Oyaer
ycranosiieH), Hanpumep, Ha curHan OSICLK (SYSSEL = 0). Ecniu aBapuiiHblii HCTOYHHK
BO300HOBMJI TAaKTHPOBAaHUE, TO CHOBA IMEPEHTH Ha HEro MOXKHO, 3amucaB mone SYSSEL
peructpa SYSCLKCFG Ha HOMEp COOTBETCTBYIOIIETO HCTOYHHUKA.
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4.4 Curnanabl cOpoca

COpoC MOXET OCYIIECTBIATHCSA KaK BHEIIHUM CHTHaJOM C BhiBojga RESET# (akxTuBHBIM
YPOBEHb CHTHAJIa cOpOca — HU3KHUH), TaK U ¢ TIOMOIIbI0 BHYTPEHHUX UCTOYHHKOB — IO 3aMPOCy
nporieccopa H Mo MepernoIHEHUI0 CTOPOKEBOTO TaliMepa.

Taxke B MHKPOKOHTPOJUIEPE €CTh BO3MOXKHOCTH cOpoca IO TOJIyYCHHIO CHUTHala
LOCKUP ot sapa. [aHHbIi cHrHaJl BO3HHMKAET B CIIydae HEBOCCTAHOBHMOTO CHCTEMHOTO
uckmouenust (Unrecoverable exception), eciau MHKPOKOHTPOJUIEDP HE MOMET M3 HETO BBIUTH.
VYcranoka 6ura LOCKUPEN B peructpe SYSRSTCFG paspemur aBTOMatudeckuit copoc
nociie nonydeHus ot siapa curHana LOCKUP.

B peructpe SYSRSTSTAT conepkutcs Habop ¢i1aros, Mo KOTOPHIM MOYKHO YCTaHOBHTH
NPUYHHY TOCIETHEr0 Mpou3omeanero copoca. B ciyyae HopManbHON 3arpy3KH MOCIe MOIa4u
nutanus Oynet ycraHoBieH ¢uiar POR, Tak kak cOpoc BbI3BaH BHEITHUM CUTHAJIOM.

4.5 TlpepbiBaHus

B MukpokoHTposuIepe ecTh 1Ba MpephIBaHUs, CBSI3aHHBIX ¢ padoToii 61oka RCU.

ITepoe mpepeiBanne — HemocpeactBeHHo RCU Interrupt. BwiOpaTe HCTOYHUKH,
BIMsIOLIME HA Hero MoxHO B peructpe INTEN — coObITHst nosiBiIeHNs WK MIPONaJaHusl OJHOTO
W3 TaKTOBBIX CHUTHAJOB, BbIXon Ojoka PLL B paGouuii pesxxum. Bece COOBITHSI COMPOBOXKIAFOTCS
¢maramu B peructpe INTSTAT.

Bropoe npeppiBaHre CBA3aHO C MPOMaJaHUEM TEKYIIETO0 CUCTEMHOTO TaKTOBOTO CHTHaja
SYSCLK. B cnyuae ecnu Obuta BKJIIOYEHA CHCTEMa CIIEKEHUS 32 TaKTOBBIM CHUTHAjIoOM (OUT
SECEN peructpa SYSCLKCFG) BO3HUKHET TpepbIBaHHE, COOTBETCTBYIOIIEE BEKTOPY
Hemackupyemoro npepsiBanusi NMI#, u 6ynet yctaHOBIIEH COOTBETCTBYIOLIHUI (hiiar B perucTpe
INTSTAT.

4.6 TakTupoBanue u copoc nepudepuiiHbIX 0710K0B

Jlnis HeKOoTOpbIX nepudepuiHbBIX OJIOKOB CUCTEMa TaKTUPOBAHUS MPEyCMaTpUBaeT BHIOOD
HE3aBUCUMOr0 TakToBoro mcrounuka. Y omoxoB WATCHDOG, TRACE, UART, SPI, ADC u
6noka ¢opmupoBanus BHemHero curHana CLKOUT ecTh cOOTBETCTBYIOIIME PETrUCTPHI, B
KOTOPBIX MOJKHO BKJIIOYaTh TAaKTHPOBAaHWE, BBHIOMpATh €ro WCTOYHHK M HACTPaWBaTh
OTKJIFOYAEeMBbIi JeiauTeNb. VICTOUHUK TaKTUPOBAaHMs BBIOMPAETCS HE3aBUCUMO JUIS KaXJ0TO U3
OJIOKOB C TIOMOIIBIO €T0 COOCTBEHHOTO CEJIEKTOPa, IIOKa3aHHOTO Ha PUCYHKE 4.2.

CLKSEL CLKSEL

OSECLK OSECLK
PLLCLK PERIFCLK OSICLK PERIFCLK
> >
PLLDIVCLK PLLCLK
0SICLK PLLDIVCLK
DIVN DIVN
Brioku ADC, UART, SPI Broku TRACE, WDT, CLKOUT

Pucynok 4.2 — CxeMbl CeNeKTOPOB JOMOTHUTEIBHBIX CHHXPOCHTHAJIOB OJIOKOB

Jlnst ocranpHBIX 0510KOB, @ iMeHHO: CAP, TMR, 12C, QEP, PWM, u 1151 610K0B, OTHOCSIIIUXCS

k AHB nepugepun (GPIO, CAN), TakTHpoBaHHE NOAAETCS YCTAaHOBKOH COOTBETCTBYIOILETO
outa B CLKCFG, cMm. Tabmuy 4.1.
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Ta6nuna 4.1 — TakToBble cUTHAIBI IepU(EPUITHBIX OIOKOB

ITepudepuiinbiii 610K TakTOBBII CUTHAT Henurens Ypapistomuii 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 ymomyaHnuto Ha Bcex nepudepuitHbIX 0JIOKaX OTKIKOYEHO TaKTHPOBAHUE, U BCE OHU
HAXOJATCS B COCTOSIHMU cOpoca. st Hadana paboTsl HYKHO MTOJIaTh TAKTOBBIM CUTHAJ, a TAK)KE
BBIBECTH OJIOK M3 COCTOSIHUS cOpoca, OCYLIECTBUB 3alHMCh €IMHHI] B COOTBETCTBYIOIINE OUTHI
PErucTpoB yIpaBiIeHUsI.

17



5 Baok ynpasienusi 3nepronorpedaeanem PMU

B MukpokoHTpoJuiepe MNpeayCMOTPEHBI HECKOJIBKO PEXHMOB (YHKIIMOHUPOBAHHS MJIS
YMEHBIICHUS TOTPEOISIEMO SHEPTHH B TEX 3a/1a4ax, e SIpo HE JTOJDKHO IMMOCTOSTHHO padoTaTh,
HaIpUMep, BO BpeMsl OXKUTAHUS TPUXO0/a BHEITHETO cOObITUS. K HUM OTHOCATCS:

- pexuM Sleep (s,1po ocTaHOBIIEHO, epudepust paboTaer);

- pexxum Deepsleep (sapo ocTaHoBIieHO, Tiepudepus repeBeieHa B pexxum Powerdown).

KoHTpomb pekUMOB 3HEPTONOTPEOICHUS OCYIIECTBIIIETCS C TOMOIIBIO OJIOKA YITPaBICHHUSI
sHepronoTpediaeHuem PMU.

5.1 Pesxxum Sleep

Bxon B pexxum Sleep mpousBomutcs npu BbimonHeHnn uHCTpykiumun WFI (Wait For
Interrupt) umu  WFE (Wait For Event) npu copomennom 6ute SLEEPDEEP peructpa SCR
o6moka SCB szpa. B aTom pexume mpekpamiaeTcsi TaKTUPOBAHHE SApa, HO BCs mepudepust
MPOJI0IHKAET MOJIHOCTHIO (PYHKIIMOHUPOBATb.

B 3aBucumoctu ot coctosuus 6uta SLEEPONEXIT (peructp SCR 6moka SCB sigpa)
BO3MOKHBI JIBa PEKMMa BXOJa B 3TOT PEXKUM:

- SLEEPONEXIT = 0 — Bxox B pexxuM Sleep npou3BoauTCs, Kak TOJIBKO ObliIa BHITOTHEHA
uHcrpykuuss WFEI miim WFE, npu BeIXoze npoaoipKaeT UCHOJHATHCA IIporpaMma, IpepBaHHas
OJIHOW M3 MHCTPYKLHN BBILIE;

-SLEEPONEXIT = 1 — Bxog B pexum Sleep OCyLIECTBIsIETCS HE TOIBKO MPH
BBIMIOJTHEHUHM COOTBETCTBYIOIMX MHCTPYKLIMM, HO M KaXKIbli pa3 MPHU BBIXOJE U3 IMOCIEIHETO
aKTUBHOTO 00pa0oTuuKa TMpepblBaHUN (AP0 «IIPOCHINAETCA» TONbKO Uit 00paboTKu
IpEephIBaHUM ).

Beixon u3 pexxuma Sleep mpou3BOAMTCS pa3iIMUHBIMU MYTSMH, B 3aBUCUMOCTH OT TOTO,
Kakasi MHCTPYKIIHs Oblila UCIIOJIb30BaHa JJIsl BXO/a.

Ecnu u1st BXxona B peskuM Sleep Oblia ncnonbzoBana uHCTpykuus WFI, To npuxon ito6oro
paspemenHoro npepbiBanus B NVIC BbI30BET BBIX0] U3 PEKUMA, OJHOBPEMEHHO C TIEPEXOI0M B
COOTBETCTBYIOLIUI 00pabOTUHK.

Ecin Obuta ucnonbszoBana wuHeTpykuus WFE, To BbeIXox mnpousoiiner imbo 1o
pazpemienHomy mpepsiBanuio NVIC (anamormyno WFI), nu60 mo coObITHIO, KOTOPOE MOXKET
OBITH CT€HEPUPOBAHO HECKOJIBKUMHU ITYTSIMHU.

Ecmn ycranosnen 6ur SEVONPEND peructpa SCR 61oka SCB sigpa, To coObiTHeM
OyZIeT sBISTbCS MpUXOoJ Jitoboro 3ampenieHHoro npepsiBanus B NVIC (paspeleHHoro auiib B
nepudepuitnom moayne, a He B NVIC). Ilpu 3ToM 1o Beixoze HE0OX0aUMO OyIeT cOpachiBaTh
COOTBETCTBYIOIKE (hIaru npepuiBaHus, Kak B nepudepuitnom Moyie, Tak u B peructpax NVIC
(peructpsr ICPR).

Taxoke coObITHEM 117151 BBIXO/1a M3 pesknma Sleep siBnsiercs curaain RXEV, koTopserilt Mmoxer
6b1Th crernepupoBad B GPIOA unu GPIOB. [lononunutensHo curian RXEV ot Heob6xonumoro
nmopta JoJDKeH ObITh paspemieH ycraHoBkor Outa GPIOAEV wmmm GPIOBEV B perucrtpe
RXEVEN 6noka PMU. B atom ciiydae BbIxoq u3 pexuma Sleep OyneT mpousBeneH Haubosee
OBICTPO, TaK KaK BpeMs Ha BXO/1/BBIXO]I B IPEPHIBAHUE TPATUTHCS HE OyIeT.

5.2 Pexxum Deepsleep

B pexume Deepsleep rtakTupoBaHHe spa OCTAHABIMBACTCS, a TaKXKe MPOUCXOTUT
nepexoq B pexuMm Powerdown cnenyronmx mnepupepuifHbIX OJOKOB (10  YMOIIYaHUIO):
MFLASH, PLL, EXTOSC.

Bxox B pexxum Deepsleep npousBomurcs npu Beimoianenun uHcrpykimu WFI (Wait For
Interrupt) mmu  WFE (Wait For Event) nmpu ycranosinenrnom 6ute SLEEPDEEP perunctpa SCR
6moka SCB sipa.
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Ecnu ms Bxona B pexxum Deepsleep Obuta ncnonb3oBana uHctpykiust WFI, To mpuxon
moboro paspemenHoro npepeiBanuss B NVIC BbI30BeT BBIXOA W3 PEXHMMa, OJTHOBPEMEHHO C
MEPEX0JIOM B COOTBETCTBYIOIIHNI 00padOTUHK.

Ecmu ns Bxoma B pexxum Deepsleep 6buta ucnonp3oBana uactpykuus WFE, To npuxon
ar060ro paspemieHHOro coobiTuss RXEV 0T mopToB BBO/Ia-BBIBOIA BBI30BET BHIXO]] U3 PEKUMA.

[lepen TemM Kak OCYIIECTBUTH BXOJA B 3TOT PEXHUM HEOOXOIUMO MPOBECTH HEKOTOPHIE
MOJrOTOBUTEIILHBIE ONIEPAIUH.

Heo6xomumo Brmrounth PMU, ycranoBuB outr EN B peructpe CFG 6Gmoka PMU.
B nporuBHOM ciydae nepexon B pexxum Deepsleep Oyner HeBo3MoOkKeH.

C nmomompto copoca 6mtoB PLLPD, MFLASHPD, EXTOSCPD B peructpe PDEN 6110xa
PMU MO0XHO OTKJIFOUUTBH NIEPEBO COOTBETCTBYIOIIMX OJIOKOB B pexxuM Powerdown nipu Bxojie B
pexum Deepsleep — onu mpogomkar cBoe (yHkimoHupoBanue. Hampumep, eciu OCTaBUTH
AaKTUBHBIM BHEIIHUH OCHWIIIATOP, Nepudepus, HCIONb3YIOMas €ro B KadyecTBE TaKTOBOTO
CUTHAJA, MPOJIOJDKUT (PYHKIIHOHUPOBATS.

Heo0x01uMo0 HACTpOUTH 3HAYCHUE JUTMUTEIBHOCTH BbIX0Ja U3 pexxuma Deepsleep — Boixon
nepudepuiiHpiX 0J0K0B U3 peskuma Powerdown tpebyeT HEKOTOPOro BpeMeHHU (IS KaKIoro
Osioka pasnoe), nmostomy B peructp PUDEL 6moka PMU nomkHO OBITH BHECEHO 3HAUEHUE
Oonbiiee aMO0 paBHOE camMoil OONBLION BENTUYMHE 33aJCPKKU Cpeau OJOKOB, JJISi KOTOPBIX
aKkTHBEeH pexuM Powerdown. 3nadenue BHOcHTCs B Takrtax TaktoBoro curHaia OSICLK. B
tabnuue 5.1 mpeacTaBieHbl THUIOBBIE BEIUYUHBI 3ahepxkek. [1lo ymomyanuto peructp PUDEL

comepkut 3HadeHue 1680, T. K. BOBMOXXHOCTh aKTHBAllMK pexkuma Powerdown BiiroueHa st
6soka PLL.

Ta6nuna 5.1 — Hactpoiika BpeMeHH BbIXo/1a U3 pexnma Powerdown jjis yka3aHHbBIX OJOKOB

3unauenue perucrtpa PUDEL B
taktax curgaiga OSICLK
(fosicLk = 8 MTI'r)

Bpewms Beixona

Iepudepuiinpiii 610K
pucep u3 pexxrma Powerdown, mkc

PLL 210 1680
MFLASH 15 120
EXTOSC 0 0
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6 Opranu3anus namMmsTa

[TamMATh MHKPOKOHTpOJUIEPA HMEET MPEIONpEeICHHOe 32-pa3psjHoe  aJipecHOe
IPOCTPAHCTBO C OOJIACTSIMU: MIPOTPAMM, JaHHBIX, IEpUPEPUN U BHYTPEHHUX PECYPCOB, KECTKO
COCIMHEHHBIX C IPOIECCOPOM. AJIPECHOE IPOCTPAHCTBO PA30MTO HA 4YETHIPE OCHOBHBIC
obnactu, cM. Tabmuiy 6.1.

Tabnuna 6.1 —OO6mas opranu3zanus NaMsTH MUKPOKOHTpOJLIIEpa

AJpecHO€e pOCTPaHCTBO Onucanue

E000_0000h — FFFF_FFFFh | Cucremuas o6i1acth

4000_0000h — 400F_FFFFh | Peructpsl ynpaBneHus neprudepuiiHbIMU OJIOKaMU
2000_0000h — 2000_3FFFh | Bayrpennee O3V 16 Koaiit

0000_0000h — 0000_FFFFh | Flash-namsts

(umna BeiOopku uHCTpYKIWii [-Code + mmnua nanneix D-Code)

Cuctemnast o0nacTh aAenurcs Ha aBe yactu. [lepBast yacts, oObeMoMm 1 MOaiiT, 3aHUMaeET

nuama3oH aapecoB E000 _0000h — EO07 _FFFFh wu 3apesepBupoBanHa Ui <«THYHOM
nepudepuiinori mwmHel PPB  (Private Peripheral Bus). Illuna PPB wucnonesyercss s
BBIOOPKHM/3aIMCH  JAHHBIX M OTJQJOYHOTO JOCTynma — s mnepudepun. Ita 00JacTh

paccMaTpuBaeTCsl KakK CTpOro ymopsiaodeHHas mamsath. Yacte ee ampecoB (E000_EO0Oh —
E000_EFFFh) 3anumaer mpocTpaHCTBO ympaBieHusi cucreMbl SCS, B KOTOPOM HaXOMIATCS
peructpel O6ioka ymnpasienus cucremorr SCB, konTpomepa mpepsiBanuii NVIC, cucremHoro
taiimepa SysTick, cpeacts otnanku u gpyrue. baiitel peructpos SCS Becerna pacnonaraioTcs B
HOPS/IKE «MJIAJIINA — CTapIINif» HE3aBUCUMO OT TOTO, KaKO (hopMaT MpeaCcTaBICHHUS JaHHBIX
OPUHAT JUIST OCTalbHOM maMaTu. J[ocTym K OONBIIMHCTBY PETUCTPOB BO3MOXKEH TOIBKO
MOJIHBIMM JIBOMHBIMM clioBaMH (32 OuTa), Bce UCKIIIOUEHUS U3 3TOTO IMpaBHJIa OrOBApUBAIOTCS
cnernuanbHo. [lombeiTka kojma oOpatutbes K obnactu PPB 0ObIYHO BBI3BIBAET MpephiBaHUE IO
OIMOKe MIMHBI, UCKITFOUSHUSIMU SIBIISTIOTCS BO3MOXHOCTB JocTyna K peructpy STIR, ecnmu 310
paspelnieHo cooTBeTcTByromUM OutoM peructpa CCR, n 10CTYNmHOCTH OTIa/I0UHBIX PETUCTPOB.
Bropas yactp sBiIsIETCS MaMAThIO YCTPOMCTB, 3anuMaetr obsacts E010_0000h — FFFF_FFFFh u
SBIISIETCSI CUCTEMHBIM PETHOHOM S/Ipa.

Peructpel  mepudepuitHpIX  OJOKOB MHKPOKOHTpOJUIEpA JIOCTYIIHBI B aJIpECHOM
npoctpanctee 4000_0000h — 4000_FFFFh. Kapra pa3merienus 6JI0KOB MHKPOKOHTPOJIIEpa B
naMsTH NpejcTaBiieHa B Tabmauie 6.2.

Tabnuna 6.2 — Peructpsl nepudepuiiHbIx 6J1I0KOB

AJpecHOE MPOCTPAHCTBO Ha3zBanue Gioka Onwucanue
4005_3000h — 4005 3FFFh ECAP2 bnok 3axBara 2
4005_2000h — 4005_2FFFh ECAP1 brok 3axBarta 1
4005_1000h — 4005 1FFFh ECAPO biok 3axBara (
4005_0000h — 4005_0OFFFh 12C [MocnenoBarenbHbiii wHTEpdEiic 12C
4004_F000h — 4004 _FFFFh QEP Ksanparypusiit nexonep QEP
4004_EO000Oh — 4004_EFFFh PWM?2 Biox IIIMM2
4004_DO000h — 4004_DFFFh PWM1 baox MM
4004_C000h — 4004_CFFFh PWMO Biox MO
4004_B000h — 4004 _BFFFh TMR3 brox Taitmepa 3
4004_A000h — 4004_AFFFh TMR2 brok Taiimepa 2
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Oxonuanue mabauyol 6.2

AJIpecHOE MPOCTPAHCTBO

HasBanue 0Oioka

Onucanue

4004_9000h — 4004_9FFFh

TMR1

biok Taiimepa 1

4004 _8000h — 4004 _8FFFh | TMRO brok Taitmepa 0

4004_7000h — 4004 _7FFFh | SPI IMocnemoBarenbubIit nuTEpdeiic SPI

4004_6000h — 4004 6FFFh | UART1 [TocnenoBareapbHbIH
npuemonepenatynk UART1

4004 _5000h — 4004 5FFFh | UARTO ITocnenoBareapbHbIH
npuemonepenarauk UARTO

4004_4000h — 4004_4FFFh | DMA KonTpomiep nmpsiMoro pocrymna K
namsiti DMA

4004_3000h — 4004 _3FFFh | WDT Cropoxeoii Taiimep WDT

4004_2000h — 4004 2FFFh | PMU biok ynpasienust nmutanuem PMU

4004_1000h —4004_1FFFh | RCU Bbrnok ympasieHust TaKTUPOBaHUEM U
copocom RCU

4004_0000h —4004_OFFFh | SIU bnok cucreMHbIX pyHKIUI

4003_0000h —4003_FFFFh | MFLASH Flash-namste

4002_0000h —4002_FFFFh | CAN KonTpomrep CAN

4001_1000h —4001_1FFFh | GPIOB ITopt B

4001_0000h —4001_OFFFh | GPIOA ITopt A

4000_0000h —4000_FFFFh | ADC Biox AIIIT
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7 Kourpoaep Flash-mamsaTu
7.1 Ocnosnasn Flash-namsars

OcnoBHas Flash-mamste MOXeT HCIOJIB30BATHCSA I XPAHCHUS MPOrpaMM M JIaHHBIX
nojb3oBareis. Pasmep ocuHoBHoii Flash-mamsatu cocraBmser 64 Koéaiir (64 crpaHuIsl 1o
1 K6aiit), 1 B aipecCHOM MPOCTPAHCTBE OHa 3aHuMaeT auama3on ¢ 0000h mo FFFFh.

Yrenne Flash-mamstu ocymiectisercs uepes ase muasl AHB: I-code (mns xomanm) u
D-code (s nannbix). Yrenne D-code mmHbl nMeet npuopureT. Ha 00enx mmHax mpH MOMbITKE
3alUCcH B JIIOOYI0 00JIacTh, YTCHHH W3 HECYNIECTBYIOIIEH 00JIACTH, YTEHUH BO BpeMs, KOTIa
Flash-namsrte 3ansiTa (cTUpaHue, 3alKCh), TPAH3AKIMS IPOXOIUT YCIICITHO C HEOPEICIICHHBIMU
JTAHHBIMH Ha BBIXOJIC.

[TamsTh nmOCTymHA JUIsl YTEHMs, 3alHCH, ITOJHOTO M IOCTPAaHUYHOTO CTHUPAHUSA Yepes3
peructpbl gaHHeix DATAL u DATAOQO, anpeca ADDR, komann CMD, cratyca STAT Gioka
MFLASH. 3anuce He0OX0AMMO MPOU3BOAUTH B MPEIBAPUTEIIHHO OUUIICHHYIO SYCHKY MaMSTH.
CrupaHue MaMsATH OCYIIECTBIISIETCS TIOJTHOCTBIO WIIH MTOCTPAHUYHO.

MuHuMaiabHOE Bpemsi 4TeHus jaaHHbIX w3 Flash-mamstu cocraBnser okomo 30 Hc.
[TosTOMy, Ucxons U3 BbIOpaHO# paboueii YacTOTHI, CIEAYET 3a/laTh OMPEICICHHOE KOJIUYECTBO
JIONIOJTHUTEIIbHBIX TAKTOB OXKUIAHUS, HEOOX0AUMOe JUisi cTadmiibHOrO uTeHus u3 Flash-mamsitu.
Jannsiit napametp 3anocutcs B one LAT peructpa CTRL, cm. Tabnumy 7.1.

Tabnuuma 7.1 —3HaveHus mapamerpa (KOJMYESCTBO JOIOIHUTEIBHBIX TAKTOB OJKHIAHUS) B
nonie LAT peructpa CTRL B 3aBucumocTn ot yactotsl curtana SYSCLK

fsyscik, MI'1, KonnuecTBo TOMOTHUTENBHBIX TAKTOB OXKHIaHUS
He Ooiee B nosie LAT peructpa CTRL npu urenun Flash-namstu
100 3
90 2
60 1
30 0
I[Ipumeuanue — 3HayeHUe mapameTpa mocyie copoca paBHo 1.

Onepanusi npeaBbIOOPKH

[Ipu 3ampoce MAaHHBIX Ha WIMHE MO ajpecy, [0 KOTOPOMY HE OCYIIECTBISIACH
NpeBBIOOPKA, BBIMOIHAIOTCS CIIEAYIOIINE AeHCTBUS:

1 Curnas roTOBHOCTH Ha IIMHE YCTAaHABIIMBAETCS B HOJIb U 33JI€PKUBAET TPAH3AKIIUIO.

2 Ilo 3ampammBaeMoOMy aJipecy CUMTBHIBAIOTCS JIBa JIBOMHBIX ciioBa (64 OUT) JAaHHBIX U3
Flash-mamstu. [lanee 3Tu naHHbBIC 3aIIKCHIBAIOTCS] BO BHYTPEHHHUIA TIEPBBIH Oydep.

3 TpebGyemoe cnoBo nepenaercs Ha muHy AHB, 1 curHan roroBHOCTH yCTaHABIMBAeTCs B
eIMHUILY.

4 Cpa3y mocie YCTaHOBKHM CHTHana roToBHOCTH, w3 Flash-mamstu cuuthiBaroTcs nBa
JBOMHBIX CJIOBa JIaHHBIX MO CleAyIoleMy aapecy. JlaHHble COXpaHSIOTCS BO BTOpoM Oydepe.
Ecnu Bo BpeMsl CUMTBIBaHUS TUX JAHHBIX MOSIBJISIOTCS 3alPOCHI 1O aJipecaM, COXPaHEHHBIM B
nepBoM Oydepe, OTBET BO3HMKAeT MTHOBEHHO, €CIIM IO JPYrUM ajpecam, TO TOTOBHOCTh Ha
IIMHE YCTAHABJIMBAETCS B HOJIb, MPOUCXOAUT OXKHJAHUE 3aBEPILEHHsS] CUMTHIBAHHUS BO BTOPOU
O0ydep u nanee Bo3BpaT K ACHCTBHUIO 2.

5 Ecnmu mpuxomsT 3ampockl IO ajapecaM, COXPaHEHHBIM B NEpBOM Oydepe, OTBET
BO3HHMKAE€T MTHOBEHHO, €CJIM IO aJpecaM HaXOoAsIIMMCS BO BTOpoM Oydepe, OTBET Takke
BO3HMKaeT MrHOBeHHO. Jlanee mnepenuchiBaeTcss TepBblii Oydep 3HAYeHHMEM BTOPOTO U
cumMThIBaeTcs cienyromuii aapec u3 Flash-namstu. Ecnu npuxoasT 3anpocsl mo agpecam He U3
NEpBOTO U BTOPOro OydepoB, To BO3BpaT K ACHCTBUIO 1.
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Onepanusi K3MMPOBaAHUS

OcuoBnas Flash-namste momomHena Giokamu kami-mamsatd mo 1 KGait Ha kaxmyroo w3
mmmH |-code u D-code. loctym K 3THM OJI0KaM OCYIIECTBISCTCS 32 1 TaKT CHCTEMHOM 4acTOTHI.
[Ipu mepBoM OOpalIeHUU K aapecy, ero AaHHbIC MapaJUIeIbHO 3aHOCATCS W B KAII-NIAMSTh, H
COXpaHsIOTCS TaM. Eciiu B nanpHEWIeM Mporu3oiIeT MOBTOPHOE oOpalieHrne K TOMY K€ aJipecy,
JaHHBIC OYAYT MPOYUTAHBI Y)Ke M3 K3IlI, oOpaiieHus Kk memanennoi Flash-mamsitu we Oyner. Ho
JaHHBIC B KOII, KOTOPBIE OBLIM 3aIpOIICHBI JaBHO, MOTYT OBITh BBITECHEHHBI 00JIee CBEKUMU
JAHHBIMH, OOpaIleHHue K KOTOPhIM ObUIO Mmo3xe. Takum 00pa3oM, K3IMpoBaHHAsE WH(GOpMAIIHS
MOCTOSTHHO OOHOBJISIETCS, HO YYaCTKHM MPOTPAMMHOIO KOJia, BBI3BIBAEMBIC 4Yallle BCETO, C
OOJIBIIICH BEPOSTHOCTHIO OKAXKYTCS B KJIII. 3a CYET TOrO JOCTHTACTCs MOBBIINICHHAS CKOPOCTh
BBITIOJTHEHHS TAKOTO KOJa.

[penBbiOOpka ¥ K31 Ha Kaxayro u3 muH |-code m D-Code BKIHOYAIOTCS OTAECIBHO B
peructpe CTRL. TIlepex BKkIIOUEHWEM Kd3IIa HEOOXOAMMO €ro CcOpPOCUTh, YCTaHOBUB
cootBercTByromud 6ut FLUSH peructpa CTRL. Bo Bpems mpouenypsl copoca 6utr BUSY
COOTBETCTBYIOIIETO PETHCTpa craryca K3m Oyaer nepxkarbes B 1. Ilocie ycmemHoro
3aBepiieHuss cOpoca Oyner cOpolleH W JaHHBIA OWT, TOCIE Yero MOXKHO IPOJOJDKATH
BBITIOJTHCHHE OCHOBHOH TPOTPaMMBL.

7.2 3arpy3ounas Flash-namsrs

3arpy3zounas Flash-mamste (NVR 001acTh) MOXET HCIIOAb30BATHCS JUISI XPaHCHHS
MIOJIb30BATEIBCKON TMPOTPaMMBI-3arpy3unKa, KOTOpas IMOCPEACTBOM OJHOTO W3 HMEIOIIUXCS
uHTep(EHCOB MoIydaeT JaHHbIe I MPOIIUBKH OCHOBHOMN mamsTH. Pasmep 3arpy3ounoit Flash-
namatu cocrapisietT 4 Koait (4 crpanunsl o 1 Koaitt kaxaas). Ho st nporpaMMbi-3arpy3dnka
JOCTYIIHBI  TOJNBKO TepBbie 3 KOaiT. Bepxumii kuimoOalT OTBEeNEeH T1OJA  XpaHEHHUE
M0JIb30BATEIbCKUX JaHHBIX, @ B €ro mepBoM Oaiite (abcomoTHbIi aapec CO0h) pacmonaraercs
koHpurypaunonHoe cinoBo CFGWORD, conepxamiee napamerpsl 3arpy3kd M 3allUTh
koHTposuiepa. Onucanne 6mroB CFGWORD mnpencrasneno B Tadbmure 7.2.

[Ipumeuanue — mapamwienbHbii goctyn kK NVR u ocHoBHoi obOnactu Flash-mamsru
HEBO3MOXKeH. Tak Hampumep, sAApo, HCIOJAoIIee KOJ W3 OocHOBHOW oOmactu Flash Oyner
BBIHY/ICHHO OCTAaHOBHUTHCSI Ha BpeMsi ocymiectBieHus moauduxammu NVR oGmactu, T.K. He
MOYKET B 3TO BpPEMS CUUTHIBATh HHCTPYKIMH. [lo100HOE cripaBeiinBO M ISt 0OPaTHOTO CIIydas.

Tabnuna 7.2 — Koudurypanmonnoe cioso CFGWORD

CFGWORD + C0O0h (cmemnienne oTHOcHTENbHO HavanbHOTrO agpeca NVR obmactu)
ITone butel Omnucanune
BMODEDIS | 4 but ucrounuka 3arpy3ku

0 | Barpy3ka u3 NVR o6mnactu

1 | Barpy3ka u3 ocHoBHO# Flash-mamstu (o ymonganuio)

FLASHWE |3 burt BriroueHus 3ammThl ocHoBHOM Flash-mamsitu

3amper 3aucH U CTUPaHUs OCHOBHOTO 0j10ka Flash-mamsitu

3amuTa BBIKIIOUEHA (110 YMOIYAHHIO)

3amnper 3anucu u crupanus NVR 61o0ka Flash-namsitu

0
1
NVRWE 2 burt Bximrouenus 3ammtel NVR obmactu Flash-mamsitu
0
1

3amuTa BBIKIIFOUEHA (110 YMOIYaHHIO)

DEBUGEN |1 bur paszpemenust paboTbl cUCTEMBI OTJIAJKHU SApa

0 OTKJ'IaIIKa OTKJIKOYCHA

1 | Otknaaka BiIFOYeHA (110 YMOTYAHHIO)

JTAGEN 0 burt paspemenust padotsl nmuaos JTAG/SWD

0 | Pabora 3anpemieHa

1 | PabGota pa3pernieHa (1o yMOITYaHHIO)

— 7-5 3ape3epBUPOBAHO
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[Tpu ycranosnennsix 6urax NVRWE unu FLASHWE 3anpemaercs nro6as Mogudukams
COOTBETCBYIOIIEH O0O0JAacTH NaMsITH Yepe3 perucTpoBblii uHTEpdeiic. Omnepanuu 3amucu u
CTHpaHHsI HMHTEPIPETUPYIOTCS KaK OINepanus 4YTEeHWs, HpPU OITOM CTaHIApTHBIM 00pa3om
IPOI0JDKAIOT paboTaTh MEXaHU3MbI (iaroB u3 peructpa STAT.

ITo ymomyanuto nocie ctupanuss CFGWORD Bkitodena 3arpy3ka U3 OCHOBHOW ITaMSITH.
UYToOBl MCIIONB30BaTh 3arpy34rkK, HeoOxoaumo copocuth B HeM O0ut BMODEDIS. Torma npu
3arpy3Kke Mpou30iaeT moaMeHa ocHoBHOU Flash-namsitu Ha oGnacte 3arpy3ounoii Flash. T. e.
npu obpamennn 1o azapecam 0000_0000h — 0000 OFFFh Gyayr mpoumTaHbl JaHHBIE W3
3arpy3ounoii Flash-namsitu, cMm. pucynok 7.1.

C6poc oT
RESET# nnun POR

Ha YctaHoBneH 6ut Het
BMODEDIS B
CFGWORD?

YcTtaHoBneH 6ut
BMDIS B
BDIS?

1FFFFFFFh 1FFFFFFFh 1FFFFFFFh
O000OFFFFh 0000OFFFFh
OcHoBsHas Flash OcHosHas Flash
000O00FFFh
Barpys3ouHas Flash
00000000h 00000000h 00000000h
C6poc ot Cb6poc ot C6poc ot
WDT unu no 3anpocy sgpa WDT unu no 3anpocy sgpa WDT unu no 3anpocy sapa

I [ ]
Pucynok 7.1 — biiok-cxema anropurma 3arpy3ku MUKPOKOHTpOJLIEpa

[Ipn sTOoM 06e 006nacTu MOJHOCTBIO JOCTYIHBI JUIsl UTEHUS, 3aIUCH, CTUPAHUS Yepes3
peructposblii uatepdeiic MFLASH.

EcTh BO3MOXHOCTH MoOcie OTpabOTKM MpOrpamMMbI-3arpy3udKa cpa3y Iepe3amyCcTHTh
KOHTpOJUIep ¢ obOyiacTi ocHOBHOWM Flash-mamsitu. [Iysg 3Toro HeoOXOAMMO YCTAaHOBUTH OWT
BMDIS perucrpa BDIS 6moka MFLASH u nonate koMaHAy HpOTrpaMMHON Iepe3arpy3ku
koHTpoiuiepa (ycranoButh Outr SYSRESETREQ peructpa AIRCR smpa). YcrpoicTBo
nepe3arpy3urcs yxe ¢ ocHoBHoi Flash-mamsateio. JlanHas koMOWHAIMs AeWCTBUI Oymer
paboTaTh TOJBKO /10 BHEIIHEro copoca uiau coOpoca Mo NuTaHuio KoHTposuiepa. [locie BHemHeH
nepe3arpy3ku npu copomenom 6ute BMODEDIS 3arpy3ka omsith Ha4HETCS C 3arpy304HOU
Flash-mamsitu. YToOBI OTKITIOUUTE HONHOCTBIO CTApT ¢ 3arpy3o4noii Flash-mamsitu, Heobxoanmo
BepHyTb Our BMODEDIS B 1. DT0O BO3MOXHO OCYIIECTBUTH, BBINOJIHUB CTHpPaHHUE
COOTBETCTBYIOIICH CTpaHUIsl 3arpy3ouHoii Flash-mamstu wim cepBucHOe cTHpaHue BcCero
KoHTposuiepa. [Ipu 3TOM OOHOBIEHHOE 3HAUEHHE BCTYMUT B CHIIy TOJBKO MOCJE BHEIIHEro
cOpoca nm copoca o mutanuto. [logodHoe cripaBeuBo u it apyrux omtoB CFGWORD.

7.3 CepBucHbIii copoc Beeii Flash-mamsitn

1 Bo Bpems cOpoca MHKPOKOHTpOJUIEpa aHaimu3upyercs coctosHue BbiBoja SERVEN.
Ecnu BBIBOJI HAXOAUTCS B COCTOSTHUM JIOTHUECKOM eMHHUIIBI (MOATSIHYT K 3,3 B), TO 3arpy3ounas
U ocHOBHas Flash-mamsTu mepeBoasITCS B pekuM, B KOTOPOM YTCHHE 3ampenieHo (pu YTCHUU
BO3BpamiaoTcsa Hyau). [Ipu atom urnopupyercs cocrossuue 6uros DEBUGEN u JTAGEN.

2 Jlanee mo otmagounomy uHTepdeticy (SWD unmu JTAG) nomkHa ObITH IOJjaHa KOMaH/1a
sarucu  3HaueHus 0000 _0001h B permctp SERVCTL oGmoka SIU, mocie wero Oyder
AKTHBHPOBAHO IIOJIHOE CTUpaHHE 3arpy3odHoidl W ocHoBHO# Flash-mamstu. Ilo 3aBepmenun
mpoIriecca CTUPaHus B 3TOM ke peructpe BoictaButcs dar DONE

[Ipumeuanue — Ecnu nonnoe crupanue He Tpedyercs, TO BO BpeMsi cOpoca Ha BBIBOJIE
SERVEN nomxken ynepKuBaThCst JOTHUECKUI HOJIb.
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8 KonTpoaep npsimoro nocryna k namsitu DMA

OcHOBHBIE CBOMCTBA U OTIUYHUTEIbHBIE OCOOCHHOCTH KOHTPOJIIepa MPSIMOro A0CTYIa K
namsatd DMA:

- 16 xaHanoB;

- kax bl kanaa DMAI (tae | ot 0 10 15) uMeeT cBOM CHUTHAJIBI YIIPaBICHHS Mepeaadci
JaHHBIX U IPOTPAMMUPYEMBI YPOBEHb IPUOPHUTETA;

- KOKIBIA  YPOBEHb MPHOPUTETa 00padaThIBa€TCS WHCXOIs W3 YPOBHS IPUOPUTETA,
orpeaensieMoro HomepoM Kanaia DMAL;

- MOJACP>KKa pa3IMuyHOTO TUIA TIEpeiauu JaHHBIX B npejenax BHyTpenHero O3VY:
naMmsTh — NaMsATh, MaMsITh — nepudepus, nepudepus — namsTh;

- IO/IJICPKKA Pa3IMYHBIX THUIIOB IIUKIIOB,;

- IO/IJIEPIKKa Mepeiayyl TaHHBIX PA3InNYHON Pa3psIHOCTH;

- kKakaoMy kaHamy DMAI  jmocTynHa TiepBUYHAs W albTepPHATHBHAS — CTPYKTypa
YIPaBISIONUX JTAHHBIX KaHAIIa;

- BCE JJaHHBIC KaHaJIa XpaHITcs BO BHyTpeHHeM O3Y B CTPYKType YIPaBISIOMNX JAHHBIX
KaHama;

- pa3psIHOCTH TAaHHBIX IPUEMHUKA PaBHA Pa3psIHOCTH JAHHBIX NIEpeIaTInKa,

- KOJTMYECTBO Nepeady B OJJHOM IHKIJIE KOHTpoJuiepa DMA MoxeT mporpaMMupoBaThCs OT
1 no 1024;

- HHKPEMEHT aJipeca Mepeiadl MOXKeT ObITh OOJIbIIe, YeM pa3psaHOCTh JaHHBIX;

- BOBMOXXHOCTh HadaTh nepenaun mo cursaiam ot 6imokoB UART, SPI, ADC, TMR, PWM,
QEP.

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

Tabnuma 8.1 — AnmapaTHbIe HCTOYHHMKH 3aIPOCOB KaHaJIoB KOHTpoJuiepa DMA

Howmep AnmapaTHbI UICTOYHUK Onucanue
KaHasa 3aIpoCcoOB
0 UARTO_TX Kanan DMA ot UARTO o mepexaue
1 UART1_TX Kanan DMA ot UART1 no nepenaue
2 UARTO_RX Kanan DMA ot UARTO o npuemy
3 UART1_RX Kanan DMA ot UART1 no mpuemy
4 ADC_SEQO Kanan DMA ot cekBencopa 0 6ioxa ALIIT
5 ADC_SEQ1 Kanan DMA ot cexBencopa 1 6moka ALIIT
6 SPI.TX Kanan DMA ot SPI mo nepenade
7 SPI_RX Kanan DMA ot SPI| o npuemy
8_15 B cootBercBuu ¢ perucrpom | Kananst DMA ¢ koHpuUrypupyempiMu
DMAMUX 6moka SIU HMCTOYHUKAMHU 3aIIPOCOB
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8.1 IIporpamMmmHoOe ynpasJjieHne KOHTposiepom DMA

Kontpomnep DMA BreinonasieT nepenaun 8-, 16- u 32-pa3psaaHbiX JaHHBIX. Pa3psaHocTh
JAHHBIX KCTOYHHUKA U IPUEMHHUKA JTOJDKHBI OBITH OJTUHAKOBBIMH.

Kontponnep DMA mno3BosisieT ynpaBisiTh HHKPEMEHTOM aJipeca MpH YTEHUU JTaHHBIX U3
MCTOYHUKA W TIPH 3aMKCH JIaHHBIX B MPUEMHHUK. HKpEMEHT agpeca 3aBUCUT OT Pa3psAHOCTH
nepeJaBaeMbIX JaHHBIX: MUHUMAalbHas BEIMYMHA MHKPEMEHTa ajpeca BCerja COOTBETCTBYET
Pa3psIHOCTH TepelaBaeMbIX JIaHHBIX; MaKCUMalbHas BEJIMYMHA — OJHO CIIOBO. KoHTpoiep
DMA MoxeT ObITh HACTPOEH Ha padoTy ¢ (PMKCUPOBAHHBIM aApecoM (HaIpUMep, Il padoThl C
FIFO).

Kontpomnep DMA umeer BO3MOKHOCTh OOCITYKMBaTh CUTHAJBI 3aIIpOca Ha OJIMHOYHBIN
obmen SREQ u curnane! 3anpoca Ha naketHsiii ooMen BREQ 6mokoB UART, SPI. biok ADC
TEHEPHUPYET TOJBKO 3aIPOChl Ha MmakeTHbIN ooMeH BREQ.

Kaxnomy kanany xonTtposiepa DMA cooTBETCTBYIOT /1B€ CTPYKTYphl YIPaBIISIOIIMX
JMAHHBIX: NIepBUYHASA U anbTepHaThBHas. B O3Y momxHa ObITH OTBeZEHA 001ACTh M XPaHEHUS
3THX CTPYKTYP.

Ha pucynke 8.1 mokazana oGiacTe maMsTd, HEOOXOauUMas KOHTPOJUIEPY AJIS CTPYKTYP
VIPAaBISIONUX JTaHHBIX KAaHAJOB, MPH HWCIOJIB30BaHUU BCeX 16 KaHAIOB M OMNIIMOHATHHOU
ANbTEPHATUBHOU CTPYKTYPHI TaHHBIX.

ALT_DATA[15] | 1o
ALT_DATA[14] | 1gon
ALT_DATA[13] | 1poh
ALT_DATA[12] | 1con
ALT_DATA[LL] | 150
ALT_DATA[10] | 1 a0h
ALT_DATA] | 190h
ALT_DATA8] | 1g0h

ALT_DATAT7] | 170n PRM_DATA[15]] oeon
ALT_DATAB] | 160n PRM_DATA[14] | oE0h
200N ALT_DATA5] | 1500 PRM_DATA[13]| opon Hevenonayeran Jozcn]
ALT_DATAM4] | 140n PRM_DATA[12]| ocoh YnpasneHue
ALT_DATA[3] | 130n PRM_DATA[11] | ggon CHANNEL_CFG  |01gn
AnbTepHaTUBHaS ALT_DATAZ] | 120h PRM_DATA[10]| 9a0h Vkasatens TpneVIKa MepeuuHas
CTPyKTYpa AaHHbIX CTpyKTypa kaHanal
ALT DATA[16] ALT_DATA[1] | 110h PRM_DATA[9] | ogoh DST_DATA_END_PTR| 41
ALT_DATA[0] | 100h PRM_DATA[S] | ogoh YkaaaTernb UCTO4HNKA
XXXXX100h PRM_DATA[7] | 070h SRC_DATA_END_PTR| 010h
PRM_DATA[6] | 060h He ncrionbayercs | 00Ch |
MepBuyHas PRM_DATA[S] | o50n YnpasneHve
CTPYKTYypa AaHHbIX PRM_DATA[4] | g40h CHANNEL_CFG  |gogn
PRM_DATA[16] PRM_DATA[3] MepBuyHas
030h Ykasarenb npuemMHmnka
XXXXX000h PRM_DATA[2] | go0h DST_DATA_END_PTR| 04 CTpyKkTYypa kaHana 0
PRM_DATA(] | 010h Ykasatenb UCTOMHUKA
PRM_DATA[0] | 000h SRC_DATA_END_PTR| 51

Pucynok 8.1 — Kapra namsatu 15 16 kananoB kontposiepa DMA, Bkitouast
aIbTEPHATUBHYIO CTPYKTYPY

O0bveM CTpYKTyphl, MoKa3aHHOM Ha pucyHke 8.1, coctaBisger 512 Gaiir. Kontposuiep
UCTIONB3yeT MIIaAIINe pa3psAabl ajpeca sl JOCTyHma KO BCEM DJIEMEHTaM CTPYKTYPBI
YIPaBIAIONMX JTAaHHBIX, U MO3TOMY pa3pelleHHbIe 3HaueHUs1 0a30BOTO ajapeca sl epBUUHOM
CTPYKTYpPBI yrpaBisomux JaHHbIX — XXXX_X000h, XXXX_X200h, XXXX_X400h u T. 1.

Ba3oBelii aapec 11 epBUYHON CTPYKTYPHI YIPABISIOMNX JAHHBIX BO3MOXHO YCTAaHOBUTD
IyTEM 3aICH COOTBETCTBYIONIETo 3HadeHus B peructp BASEPTR.

B Tabnuue 8.2 mepeumcneHsl paspsbl aapeca, oOecreuyuBaromme KoHTpouiepy DMA
JOCTYI K Pa3JIMYHbIM 3JIEMEHTAaM CTPYKTYPbI YIPABIISIOMUX JaHHBIX.
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Ta6nuna 8.2 — Pa3psansl aapeca, MCHONB3yeMble A JOCTYNA K YIPABISIOMIMM JAaHHBIM
16 xananoB koHTposiepa DMA

Pa3zpsiner 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
O6o3Hauenue | burtsl JeiicTBue
S 9 Br100p CTpYKTYpHI YIIPABISIOMNX JaHHBIX .
0 | IlepBuunas
1 | AnprepHaTuBHAs
CHNL 8-4 Br160p kanaina.
Jlonyctumbie 3uauenust Oh-18h
EL 3-0 Bri0op ynpasisitonero ainemMenTa:
Oh | Yka3zaTesp KOHIIA TaHHBIX HCTOYHUKA
4h | YkasaTenb KOHIIA JaHHBIX PHEMHHKA
8h | Konduryparms CTpyKTypbl YIPaBISIONINAX JAHHBIX
Ch | He ucnionbayercsi. KoHTposuiep He HMEET IOCTyIa K 3TOMY aapecy

He o6s3aTennbHO BBIYMCIATH 0a30BbIA aapec albTePHATUBHOW CTPYKTYPBI YIPaBIISIOLIUX
JAHHBIX, OH BBIYHUCIISIETCS aBTOMAaTHYecKH 1 omeraercs B peructp ALTBASEPTR.

JIro6ast u3 CTPYKTYp YHPABJIAIOIIMX JAHHBIX KaXKA0T0 KaHalla COCTOUT M3 JIBYX yKa3aTesel
azipeca (MpUEMHHUKA U UICTOYHMKA JIaHHBIX) U YEHKU yIpaBJIeHUs KaHala.

Yupapasomue 1anabie kanana CHANNEL_CFG

32-pa3psiiHas Aueiika MamsATH, cojepkallas KOHQHUIypalMOHHYI HHQOpMaIu Juis
ocymectBienus nepegady DMA (na pucynke 8.1 ormeueHa kak «YmpaBieHue ...»). B Hagane
nukna DMA umu B Hadase 2R nepenaun xoutposnep DMA cuuThIBaeT 3HaYeHHE STOH SUEHKH.
Iocne BemonHerus 2R mmm N mepenau oH coxpaHseT OOHOBIEGHHOE e 3Ha4yeHHe 0OpaTHO B
namTe. Ctpykrypa CHANNEL_CFG npusesnena B Tabnune 8.3.

Ta6nuna 8.3 — Crpykrypa ynpasistomux naHHbix kanata CHANNEL_CFG

CHANNEL_CFG

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
DST INC | DST SIZE | SRC INC | SRC SIZE [DST PROT _CTRL |SRC PROT CTRL | R_POWER
1 1 1 1 1 1 1 1 1
15 14 13 12 un 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T o T T
R_POWER N MINUS 1 useu| CYCLE_CTRL
- - RST
1 1 1 1 1 1 1 1 1 1 1 1
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IIpooonscenue mabauyot 8.3

ITone butel Onucanue
DST_INC 31-30 | Illar uKpemMeHTa agpeca MpUEeMHHUKA.
Kon, 3anmcannsiii B moie DST_INC, 3amaet mar, KOTOpbIil B CBOIO
ouepe]lb 3aBUCHUT OT Pa3psiAHOCTH TAHHBIX UCTOYHHKA.
Ko Pa3psiHOCTh JAHHBIX HCTOYHHUKA
baiit CinoBo (16 6ur) JIBoitHoe citoBo (32 Outa)
00 | Ilar—06aiit | 3ape3epBupoBaHO | 3ape3epBHPOBAHO
01 [ar — coBo (16 6uT) 3ape3epBUPOBAHO
10 IITar — nBotiHOE ci1oBO (32 O6uTa)
11 | Her unkpemeHnTa. Ajgpec ocTaeTcsi paBHbIM 3HAUEHUIO SIUEHKU
DST_DATA_END_PTR
DST_SIZE 29-28 | Pa3psiaHOCTD JaHHBIX TPUEMHUKA.
3Ha4YeHue 3TOTO IMOJIs JTOJDKHO ObITh paBHO 3HaueHMro oyt SRC_SIZE.
[Ipumeuanue — Ecnu koHTposiep 0OHapyKUBaeT HEPABHBIE
3HAYEHUS 3TUX I0JIeH, OH Npu Oirpkaimem oOHoBiaeHUH noias N—-1
ycranaBnuBaeT 3Hadenue nons DST SIZE, pasanoe SRC_SIZE.
SRC_INC 27-26 | lllar nHKpeMeHTa ajipeca UCTOYHHUKA.
Kon, 3arnmucannsiii B mosie SRC_INC, 3aaeT mar, KOTOpBIi B CBOIO
ouepeb 3aBHCUT OT Pa3psiIHOCTHU JTAHHBIX HCTOYHHUKA.
Ko Pa3psqHOCTh JaHHBIX HCTOYHUKA
Baiit Cnoso (16 6ur) JIBoitHoe ciioBo (32 6ura)
00 | Ilar—06aiit | 3ape3epBupoBaHO | 3ape3epBHPOBAHO
01 [ar — croBo (16 6ur) 3ape3epBUPOBAHO
10 [ITar — nBo¥iHOE ciioBO (32 6uTa)
11 | Her unkpemeHTa. Afpec ocTaeTcst paBHbIM 3HAUCHHIO sTUCHKU
SRC_DATA _END_PTR
SRC_SIZE 25-24 | Pa3psHOCTD TaHHBIX UCTOYHHUKA
00 Baiit
01 Crnogo (16 6ur)
10 JBoiiHoe cioBo (32 6ura)
11 3ape3epBupoBaHo. He ncnosib3oBats!
DST_PROT_ | 23-21 | 3amaer mapamerpsl 3ammtbl muHbl AHB mnpm 3ammcu naHHBIX B
CTRL IIPUEMHHK
Kon burter mons DST_PROT_CTRL
23 22 21
0 Hoctym He JHocrym He Hocrym
KOUIMPYETCsl Oydepusyercs HEMPUBIICTUPOBAHHBIN
1 Hocryn Hocryn Hocryn
K3IIUPYETCS Oydepusyercs TPUBUJIETUPOBAHHBIN
SRC_PROT_ | 20-18 | 3amaer mapamerpsl 3ammthl muHbl AHB mnpu uTeHHM AaHHBIX u3
CTRL HMCTOYHHKA
Kon butel mons SRC_PROT_CTRL
20 19 18
0 Hocrym He Hocrtym He Hocryn
K3IIUPYETCS Oydepusyercs HENPUBUIICTUPOBAHHBIN
1 Hocryn Hocryn Hocryn
KDIIIUPYETCSI Oydepuzyercs TIPUBHJICTUPOBAHHBIN
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IIpooonsicenue mabauyvt 8.3

ITone butel Onucanue
R_POWER | 17-14 | [Tapametp R.
3amaer koiuMuecTBO mepenad kaHaia DMA o BhinmonHeHUs
koHTposmepoM DMA nponienypsr apouTpaxka (nmepeapOuTpaiun).
KonmuecTBo nepenay pasHo 28
Kon KommuectBo nepegau
Oh 1 (apOuTpask IPOM3BOIUTCS MOCIIE Kax 10 nepenaun DMA)
1h 2
2h 4
3h 8
4h 16
5h 32
6h 64
7h 128
8h 256
9h 512
Ah —Fh | 1024 (apOutpaxk He IPOU3BOIUTCS, TAK KaK MAaKCUMAaJIbHOES
KoJmyecTBO nepenad DMA pasuo 1024)
I[Ipumeuanne —  HeoOxonumo c OCTOPOXKHOCTBIO
yCTaHaBIMBaTh OoOJbIIME 3HA4YeHHUS R i1 HU3KONPHOPHUTETHBIX
KaHaJOB, TaK KaK »3TO MOXET TMPUBECTH K HEBO3MOXKHOCTH
00CITyXKUBaTh 3aMPOCHI 110 BBICOKOMPHUOPUTETHBIM KaHAJIaM.
N_MINUS 1 | 13-4 | Ilepen BemonHeHHeM hukia DMA 3TH pa3psasl yKa3blBalOT oOIIee
KOJIH4YecTBO nepenad DMA, U3 KOTOPhIX COCTOUT LIHKII
Konx KonnuecTBo nepenau
000h 1
001h 2
3FFh 1024
[Ipumeuanue — Konrpomiep DMA o6HOBUT 3TO mone mnepen
TeM, KaK MPOU3BECTH MpoIlecc apouTpaxka. IT0 MO3BOJIAET KOHTPOILIEPY
XPAaHUTH KOJMYECTBO OCTAaBIIUXCS Tiepenad DMA 110 3aBepiieHHs BCETO
nukiaa DMA.
NEXT_ 3 KonTponupyer ycTaHOBKY COOTBETCTBYIOIIMI KaHaTy OUTa B PETUCTpe
USEBURST USEBURSTSET, ecnm koHTpouiep paboTaer B nepudpepuitHOM

pexxume «pazbopka-cOopka» u 3aBepmaeT UKaI DMA, wucnonb3ys
IbTEPHATHUBHBIC YIPABJISIONINE TaHHBIC.

I[Ipumeuanue — Ilepen 3aBepmieHmem 1nuxia DMA,

WCTIONB3YIONIETO aJbTePHATUBHBIC YIIPABIISIONINE TaHHBIE, KOHTPOJIIEP
DMA cOpaceiBaeT COOTBETCTBYIOIIMH KaHaly OWT B perucrpe
USEBURSTSET, ecnmm KoamdyecTBO oOcTaBmIMXCs mepenad DMA
menbite, yem 2R, TIporpammuposanume 6ura NEXT_USEBURST
ompenensier, Oymer sm  koHTpoyuiep DMA  nmomosHHUTENHEHO
nepeonpenenats coctosnue outa B peructpe USEBURSTSET.
Ecnu xoHTposuiep BbimonHser uukia DMA B nepudepuitHoM pexume
«pa3bopka-cOopka», TO TMOCIE€ OKOHYAHMs ILHKJA, HCHOJIb3YIOLIETo
JIbTepPHATUBHBIC YIPABISIIOIIME JaHHbIE, NalbHENINE NeHCTBUS OyAyT
3aBuceTh OT coctosiHus outa NEXT_USEBURST
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Oxonuanue mabauywl 8.3

ITone butel Onucanue
NEXT_ 3 0 | Kontpommep DMA He u3MeHseT 3Hauye€HHWE COOTBETCTBYIOIIETO
USEBURST kanaiy 6uta B perucrpe USEBURSTSET.

Ecmu out CHi 8 USEBURSTSET c6poriieH, To npu BBIIOJHEHUH
ukiioB DMA C BCIonbh30BaHHEM aJIbTEPHATHBHBIX YIIPABIISIOIIX
naHHbIX KoHTposuiep DMA oTBewaeT kak Ha 3anpocsl BREQ, Tak u
3arpocsl SREQ ot nepudepun

1 | Kontpomiep DMA u3MmeHsieT 3Ha4€HHE COOTBETCTBYIOIIETO
kanaiy 6uta B perucrpe USEBURSTSET, a umenHo —
yCTaHaBIIMBAET OUT.

[TosTomy mJis ocTaBiuxcs ukJI0B DMA ¢ ucrnosib3oBaHueM
aNbTEPHATUBHBIX YIPABIAIOIIMX JTaHHBIX KOHTpoiuiep DMA
pearupyet Toibko Ha 3anpockl BREQ ot nepudepun

CYCLE_ 2-0 [Tose 3amanus tuna nukiia DMA

CTRL 000b | HeneiicTBUTEIBHBIIA.
CTpyKkTypa yIpaBJISIONMX JJaHHBIX KaHala B 3alpelieHHOM
COCTOSIHUM

001b | OcHoBHOI

010b | ABTo-3ampoc

011b | «ITuHT-TIOHTY

100b | PaGota ¢ maMaTbIO B pexXHME «pa3dopka-cOOpka» ¢
WCIIOJIb30BAaHNEM TICPBHYHBIX YITPABJISIFOIINX JAHHBIX KaHAJa

101b | PaGota ¢ maMATbIO B peXHME «pa3dopka-cOOpka» ¢
WCIOJIb30BAHUEM  QJIbTEPHATUBHBIX  YIPABJISIONINX JaHHBIX
KaHaJa

110b | Pabora ¢ mepudepucii B pexuMe «pazbopka-cOOpka» ¢
WCIOJIb30BaHNEM TIEPBUYHBIX YIPABISIIOMINX JAHHBIX KaHaja

111b | Pabora ¢ mepudepucii B pexuMe «pazdopka-cOOpka» ¢
WCMOJIb30BAaHUEM  alIbTEPHATUBHBIX  YIPABISIONUX JaHHBIX
KaHaya

IIpumeuanune — Ilociae 3aBepuieHMs BCEro LMKIA Iepenad
kouTpouiep DMA ycranaBmuBaer 3mauenue monss CYCLE_CTRL B
000b, mepeBomsi TeM caMbIM THUIl IHKIA B «HEACHCTBUTENBHBII». DTO
N03BOJISIET N30€KaTh MOBTOPEHUS! BBINOJIHEHHOM nepenaun DMA.

Yka3zareabp konua aanabix ucrounnka SRC_DATA_END_PTR u yka3arteab KoHIa

nanubix npuemauka DST_DATA_END _PTR

VYkazarens konna naanHbix ucrtounuka SRC_DATA_END PTR wu yka3atenbs KoHIa
nanaeix npuemMauka DST_DATA_END PTR — 32-pa3psiiHble s9eHKH MMaMATH, KOTOPBIC
cCollep’KaT  aJApec  MECTOpACIOJOKEHUS KOHIA JJAaHHBIX HCTOYHHKA U TMPHUEMHHKA
cootBercTBeHHO. Ilepen Tem, kak koHTpoisiep DMA BeimonHHUT mepenady, HEOOXOAMMO
onpenenuTs ux 3HaueHus. Kontpomiep DMA cuuThiBaeT 3HaueHHs ITHX oOyacTeidt mepen
nagagom 2R mepesau.

Jlis BeIUMCIEHHS aJpeca WMCTOYHWKA mepenaud KoHTpoiiep DMA BeimonHsier casur
BIeBO 3HadeHUss N—1 Ha kommdecTBO paspsaos, coorBercTByomee moo SRC_INC wu 3arem
BbIUMTAET moiy4uBiieecs 3HaueHue ot 3Hauenus SRC_DATA_END_PTR.

[TogoOHBIM  00pa3oM  BBIYMCIISACTCS HAYaIbHBIA agpec MpUEeMHUKA/Tepenadyu, |
KoHTpoiuiep DMA  BeimonHsier caBur BiaeBo 3HaueHuss N—-1 Ha KonuuecTBO pas3psiios,
cootBercTByromiee oo DST_INC u 3arem BbIYMTAET MONMy4YUBIIEECs 3HAYCHUE OT 3HAYCHUS
DST_DATA_END_PTR.
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8.2 IlpaBusia oOMeHA TaHHBIMU

Crnenyer u30erarh ajgpecalyiv K 3ape3epBHPOBAHHBIM HIIM HEUCIIOJIB30BAaHHBIM ajpecam,
TaK KaK 3TO MOXET MPUBECTH K HEMPECKA3YEMbIM PE3yIbTaTaM.

Heo0xomuMo 3anoHsITh HEHCIIONb3yeMbIe MM 3ape3€PBHPOBAHHBIC Pa3psiibl PETHCTPOB
HYJISIMU TIPH 3aIUCH U UITHOPUPOBATH 3HAYEHUS TAKUX PAa3psIOB IPU CYMTHIBAHUH.

CucrtemHbI cOpoc WM cOpOC TIO0 YCTaHOBKE ITMTaHUS COpPAChIBACT BCE PETUCTPHI B
cocrostuue 0000_0000h, ecu He yka3aHO HHOE.

Kontpommep DMA wucnons3yer mnpaBmia oOMeHa AaHHBIMH, cM. Tabmumny 8.4, mpu
COOJIIOJICHHUH CIIEYIONINX YCIOBUIL:

- kaHan KoHTposuiepa DMA BkmrodeH (yCTaHOBJIEH COOTBETCTBYIONIMK KaHaly OHUT B
peructpe ENSET u 6utr MASTEREN B peructpe CFG);

- 3ampochl KaHajla HE 3aMacKHpOBaHBI (COpPOIIEH COOTBETCTBYIOIIMI KaHaly OUT B
peructpe REQMASKSET).

Tabnuna 8.4 — [lepedeHb npaBuiI, IpU KOTOPBIX Nepenaun no kaHamam DMAI paspemieHsl u
3apochl He MackupyoTces (I — HoMep KaHasa)

Howmep Ornucanue
paBuiIa

1 Ecnu xanan He akTHBeH (mepejrada HE MJET B JaHHBIH MOMEHT), TO YCTaHOBKa OHMTa
CHi B peructpe SWREQ witu 3anpoc oT COOTBETCTBYIONICH Nepru(eprn WHUIUUPYET
nepeaavy mo KaHaiuy |

2 OIHOBPEMEHHO aKTHBHBIM MOXKET OBITh TOJIBKO OJIMH KaHAJ

3 Ecnu 3ampoc ot mepudepun NpoUCXOAUT B MOMEHT, KOIJa KaHall aKTUBEH, TO
KOHTPOJUIEP OOCITY)KUT 3TOT 3aIpOC TOCIIE 3aBEPUICHNS TEKYIIeH nepeaadn

4 Ecnu mpuxoaut cpa3dy HECKOJBbKO 3alpocoB OT Mepudepud Ui OAHOTO KaHajla B
MOMEHT, KOT/Ia KaHaJl aKTHBEH, TO KOHTPOJUIEP OOCIYXHT TOJIBKO TEPBBIA 3ammpoc
1ocJe 3aBepIleHMs] TeKyIlel nepenadn

) Jnsa uuknoB DMA, oTnu4HBIX MO TUNY OT mHepudepuilHOro pexuma «pa3dopka-
cbopka», no okoHdanuu 2R mepemau konTpomnep DMA c6packiBaer 6ut CHi B
pernctpe USEBURSTSET, ecm KONHYECTBO OCTABIIMXCS TIepe/iad MeHbIIe, yeM 2R,
No3BOJIAA Nepudepun 3aBepUINTh Nepeaayn, ucnonb3ys kak SREQ 3ampocsl, Tak u
BREQ.
B nepudepuitnom pexume «paszdopka-cOopka» KoHTpoiuiep cOpaceiBaer out CHi B
peructpe USEBURSTSET, TonbkO eciii KOJWYECTBO OCTaBIIUXCSA Tepeaad ¢
HMCTIOJIb30BAHHEM AJIbTEPHATHUBHON CTPYKTYpPBI YIPABJISIONIMX JAHHBIX MeHble, yeM 27

6 Koutrpomutep DMA wurnopupyer 3ampoc SREQ, ecau out CHi  perucrpa
WAITONREQ c6pomen nnn ycranosien out CHi peructpa USEBURSTSET

7 HeoOxoaumo ¢ ocTopoHOCThIO ycTaHaBiauBaTh paspsaasl peructpa USEBURSTSET.

Ecnu 3Hauenue, ykasamHoe B peructpe N-—1 Menbine, dem 3nauenue 28, To
koHTposiep DMA ne ounctur pazpsast USEBURSTSET, u mostomy oauHO4YHBIE
3arpocsl SREQ Oyayr 3ampemiensl. Eciu mporpaMMHbie 3ampochl 4epe3 peructp
SWREQ He renepupyrotcs, u nepudepusi He OCyIIEeCTBISIET 3alIPOCOB HA MAKETHYIO
obopabotky BREQ, 1o koHTpouiep DMA Hukorja He BBIIOJHUT HEOOXOAUMBIX
nepeaay
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Oxonuanue maoauywl 8.4

Howmep
IpaBuia

Omnucanue

8

Jus tunoB 1mkioB DMA, OTIIMYHBIX OT NEepUPEPHUIHOTO peKuMa «pazbopka-
coopkay, ecnu mpuuer 3ampoc SREQ, To konTposmiep DMA BBIMOTHUT OHY
nepeaavy.

B nepudepuitnom pexume «HCIONIHEHHE C HU3MEHEHHEM KOH(QUTYpaluu», eciu
npuzer 3anpoc SREQ, xourposnep DMA prmonnser 2R nepenau ¢ ucnosp3oBanuem
NEPBUYHON CTPYKTYpbl VYHOPABISIOUIMX JAaHHBIX. 3aTeM 03 OCYyIIeCTBICHHS
apOuTpaka BBINOJHIET OIHY Iepelady, HCIOJIb3ys albTEPHATUBHYIO CTPYKTYpPY
YIPaBISIOMUX JaHHBIX

Jus tunoB 1mkioB DMA, OTIIMYHBIX OT NEepUPEPUIHOTO peKuMa «pazbopka-
cOopkay, eciu oaHOBpeMeHHO mpunuiy 3amnpockl SREQ u BREQ, To mpuopurer
npenocrapisercs BREQ, u xourponnep DMA sremomnusier 2R nepenau (wium umcio
nepenad, ykazanaoe B mosie N—1).

B mepudepuitnom pexunme «pazbopka-cOOpka», €ca OJHOBPEMEHHO IPHUIILIH
sanipockl SREQ m BREQ, t0 mnpuopurer Takxke mnpenocraBmsercs BREQ, wu
koutpozep DMA Bemonnser 2R mepemau ¢ mcmonp3oBaHMEM MEPBUYHOMN
CTPYKTYpbl YIOPaBISIOMUX JaHHBIX. 3areM 0e3 OCYLIECTBICHUS apOuTpaxa
BeIONHAET 28 mepenay (mam umcno mepenau, ykaszaHHoe B 1osne N—1), Hcromns3ys
AIbTEPHATUBHYIO CTPYKTYPY YIPABJISIONINX JAHHBIX

10

B mnepudepuiinom pexume «pazdopka-coopka», ecimu outr NEXT_USEBURST B
CHANNEL_CFG  ycranoBnen, To  koHTposiep DMA  ycranaBnuBaer
cooTBeTcTByOmMUK Kanamy Out B peructpe USEBURSTSET mocie oxoH4aHus
uksia DMA, ucronb3yroniero aJibTepHATHBHbBIE YIPABJISIFOIINE TaHHBIC

11

Korma ycranosnen Outr CHi perucrpa REQMASKSET, xontpomuiep DMA
urnopupyer 3ampocsl SREQ u BREQ

IIpu

orkmouyennn kanana (6ur CHi peructpa ENSET cOpomen) kontpouiep DMA

OCYIIECTBIISET TIepeadr COTIIACHO TPaBHiIaM, MPEJACTaBICHHBIM B TabmuIe 8.5.

Ta6nuna 8.5 — [lepedeHp nmpaBuiI OCYIIECTBICHUS TIEpeiayd JUIsl 3alIPEIICHHBIX KaHAJIOB

Howmep Onucanue
paBUyIa
1 Eciu mpuxoaut 3ampoc Ha mnaketHyro oOpabotky BREQ ot nepudepun, T0
MPOUCXOUT BBI30B MpephIBaHMs KaHana KoHTposuiepa DMA (eciu Obl10 BKIIIOUEHO).
3T0 MO3BOJISIET CUTHAIM3UPOBATH O 3aIIPOCE, AAXKE €CIIM KaHaJl BBIKJIIOUEH
2 Ecnu npuxonut 3ampoc Ha onxuHouHylo mnepepadsy SREQ or mepudepun, TO

MIPOMCXOUT BBI30B IpepbIBaHUs KaHaIa KoHTposuiepa DMA (eciu ObLIO BKITIOUEHO)
npu ycioBum, urto Out CHi peructpa WAITONREQ ycranosnen, a 6ur CHi
peructpa USEBURSTSET c6pomieH. 9To M0O3BOJSET CUTHAIM3UPOBATh O 3alpoce,
JTa’Ke €CIIM KaHaJl BHIKIIOUEH

8.3 IIpaBus1a apOuTpazka

Kontpomnep DMA umeeT BO3MOXHOCTh HACTPOHMKM MOMEHTa apOWTpa)ka IpH mepeaadax
DMA. D1a BO3MOKHOCTh MO3BOJISIET YMEHBIIUTh BPeMsl OTKJIMKA MPH 00CTYKUBAaHUM KaHAJIOB C
BBICOKHM MPUOPUTETOM.

Kontpomnep DMA umeer HacTpoWKH, KOTOpPbIE ONPEIEISIIOT KOJWYECTBO IEepenad Io
muHe AHB 1o moBTopenus apoutpaxa (nmepeapOurtpaiiuu). ITo 3HaYCHUE 3aaETCS TapaMeTpOM
R (mone R_POWER B peructpe CHANNEL_CFG cTpyKTypbl ynpaBisionX JaHHBIX KaHAJa).
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KonuuecTBO TpaH3aKIMil OHOTO KaHAjua 10 MepeapOuTpamuy npu 3ToM pasHo 2R. Hampuwmep,
ecim R =4, o apbutpax OyaeT mpoBoauThes uepe3 kKaxasie 16 nepenay DMA.

HeobxomuMo ¢ OCTOpPOXKHOCTBIO  YCTaHABJIMBATH OonblMe 3HAYeHUs R s
HU3KOTIPUOPUTETHBIX KAaHAJIOB, TaK KaK 3TO MOKET MPUBECTH K HEBO3MOXKHOCTH OOCITY)XKHBATh
3ammpoChl IO BEICOKOIIPUOPUTETHBIM KaHATaM.

IIpu N > 2R (N — Homep nepenaun) u eciu pesynsTar neienus 28 na N He nienoe gmco,
KOHTpOJIIEp BCEr[a BHIIONHAET MOCIeNoBaTeNbHOCTh U3 2R mepemau 1o Tex mop, moka He
BemonauTes yenosue N < 2R, KonTponnep Bemonnster octapmmecs N mepesau B KOHIIE IHKIA
DMA.

IIpuopurer

[Tpu npoBeneHun apOuTpaxka omnpenensercs KaHajl A OOCIyXHMBAaHUS B CIEAYIOIIEM
nukiie DMA. Ha BeIOOp ciieqyroiero kaHasna BIUSOT:

- HOMEp KaHaJa;

- YpOBEHb IPUOPUTETA, IPUCBOCHHOI'O KaHAIY.

Kaxnomy kaHaimy MOKeT OBITh IPUCBOEH YPOBEHb IMPHUOPUTETA MO YMOJTYAHHUIO WU
BbICOKMH. 3MeHeHue ypoBHS NpUOpUTETa OCYLIECTBIISIETCS YCTaHOBKOM COOTBETCTBYIOLIETO
oura CHi (i — nomep kanana) B perucrpax PRIORITYSET u PRIORITYCLR. Kanan 0 umeer
HAUBBICILIUN YPOBEHb IIPUOPUTETA.

[Topsiiok KaHAJIOB 110 YMEHBIIECHHUIO YPOBHSI IPUOPUTETA MIPEACTaBICH B Tabmuie 8.6.

[Mocne oxonwanus nukiaa DMA KOHTposiep BBIOMpAET CIEAYIOMIUN JUIS OOCITYKUBAHHS
KaHal M3 BCEX BKIIIOYCHHBIX KaHamoB DMAI. Pucynok 8.2 wmmoctpupyeT mpoiecc BbiOOpa
CJIEIYIOIIEro KaHasa sl 00CIyKUBaHUSI.

[Haqano I'IOJ'IVIHFa]

la
l

EcTb 3anpoc Ha
obcnyxnBaHne
OT KaHana?

Kakon-nnbo
3anpoc MMEET BbICLLUN
ypOBEHb
npuoputeta?

Het

y

Bbibop kaHana ¢ BbicwnM | Bbibop kaHana, koTopbii
YpOBHEM MpuopuTeTa Mo MMEET HaMEHbLLUI
HaVMeHbLLEeMY HOMepPY HOMep

@Ta pT Nnepenayn DMA]

Pucynok 8.2 — Anroput™m BeiOOpa (TIOJIMHTA) CIIEAYIONIEro KaHana st 00CTyKUBaHUS
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Ta6nuna 8.6 — Pacnpenenenne npuopuTeToB

Homep | Cocrosinue 6ura CHi [Mopsimox
KaHaja B perucrpe YpoBeHb puopuTETa M3MEHEHHS yPOBHS
CHi PRIORITYSET PUOPUTETA
0 1 Bricokuit Hawusicmnii
1 1 Bricokuii o
2 1 Bricoknii 5
3 1 Bricokuit =
&
14 1 Bricokuii £
15 1 Bricokwii =
0 0 [To ymoganuto é
1 0 ITo ymonmuanuio o
2 0 ITo ymonmuanuio =
3 0 ITo ymosuanuto 2 v
S
14 0 [To ymouanuro ©
15 0 ITo ymonmyanuio Huzmnit

8.4 Tunbl HUKJIOB

Jlns Bcex TumoB mukiIoB DMA HoBTOpHBIA apbuTpax mpoucxoaut mocie 2R mepenau
DMA. Ecau ycTaHOBUTH JUIMHHBINA Iepuo]] apOuTpaka Ha HU3KOIPUOPUTETHOM KaHalle, TO 3TO
3a0JIOKUpyeT BCe 3ampockl Ha 00pabOTKYy OT ApYrWX KaHaJIOB JIO TeX MOp, MOKa He OymyT
BemonHensl 27 mepenau DMA no nanHoMy kaHaiy. I1o3ToMmy, ycTaHaBiuBas 3HaueHHe R,
HEOOXOJUMO YUUTHIBaTh, YTO ATO MOKET NPUBECTH K IOBBIIIEHHOMY BpPEMEHH OTKJIMKa Ha
3arpoc Ha 00pabOTKY OT BBICOKOIPHUOPUTETHBIX KaHAJIOB.

[TonnepkuBaroTcs cienyronye Tuisl nukjioB DMA:

- HE/IGUCTBUTENBHBIN (CTPYKTYpa YHpPaBISIONIMX JAQHHBIX KaHala B 3alpelieHHOM
COCTOSIHUH);

- OCHOBHOI;

- aBTO-3aIpOC;

- WIHHT-TIOHTY,

- paboTa ¢ mamMsThIO B peKkuMe «pa3bopka-coopkax (scatter-gather);

- paborta c nepudepueit B pexxume «pa3zdbopka-coopka.

3amanne tuna nmukiaa DMA ocymectisercs mporpammupoBanuem monst CYCLE_CTRL
perucrpa CHANNEL_CFG cTpyKTypbl yHpaBisIOIIUX JaHHBIX KaHaJa.

HenelicTBUTEAbLHBIA UK
[Tocne oxoHuanus 1UKIAa KOHTposuiep DMA ycraHaBinvMBaeT TUI LHMKJIA B 3HAYEHUE
«HEIEUCTBUTENbHBIN I NPEJOTBPAILEHUS IOBTOPA BHIMOIHEHHOTO IIMKIa DMA.

OCHOBHOM UK

B nanHom pexume kouTporiep DMA  paboraer nubo ¢ mnepBUYHBIMH, JUOO C
aTbTEPHATUBHBIMY YIIPABIAIONMMY JAHHBIMU KaHana, cosepmias 1o 2° mepesmau mo kakaomy
3ampocy.

[Tepen nauanom paboThl HEOOXOAMMO BKIIOUUTH KOHTposuiep DMA u paspemmts padoty
KaHaJla: yCTAaHOBUTh COOTBETCTBYIOMMI KaHaimy Out B peructpe ENSET u 6ut MASTEREN B
peructpe CFG, a Ttaxkke mHpoBepuTb, YTO 3apOChl KaHaja HE 3aMacKHUpOBaHbI (COpoIIeH
COOTBETCTBYIONIH KaHaay out B peructpe REQMASKSET).
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[Tocne Toro, kak paspenieHa padoTa kaHana, HUKJI DMA BBIMISAIUT CIETYIOIUM 00pa3oM:

1 Kontpomep DMA oxunaer nomydenus 3amnpoca (IporpaMMHOTO 00 oT nepudepun)
Ha 00paboTky. Ecnm 3ampoc nmomyden, To koutposiep DMA nepexoaurt k mary 2.

2 Kontpomnep DMA Bwmonasier 2R mepenmau. Ecnmu umeno ocraBmmxcs mnepenad O,
koHTposuiep DMA nepexonut k mary 4, nHade BbIITIOJIHAETCS 1ar 3.

3 [IpoucxonuT ocyliecTBiIeHHE apOUTpaXka: €ClId BBICOKONPUOPUTETHBIM KaHal BBIJAET
3ampoc Ha 00pabOTKy, TO KOHTPOJUIEp HAa4YMHAET OOCTY)XMBaHHE JTOr0 KaHaja, WHa4de
IPOMCXOIUT OKUAAHUE OUEPETHOro 3ampoca Ha 00paboTKy MO KaHally, U €ClU nepudepuitHbIin
0JIOK MJIM ITpOrpaMMa €ro BblIaeT, To KoHTposuiep DMA nepexoaut k mary 2.

4 Kontposnep DMA yka3spiBaeT LIeHTpaJIbHOMY ITpoLieCCOpyY Ha 3aBeplieHue 1ukina DMA.
BrI3pIBaeTCS COOTBETCTBYIOIIEE KaHATY ITPEephIBaHUE (€CIIN OBUIO BKIIFOYEHO).

ABTO-3ampoc

Kontpomnepy DMA HeoOXoauM JHIIb OJWHOYHBIM 3ampoc AJis paspemieHuss paboTsl U
BhImosHeHus 1ukiia DMA. Takas paGoTa 1mMO3BOJISIET BBHINONHATH Mepeaady OONbIINX IMaKeTOB
JaHHBIX 0€3  CyIIeCTBEHHOTO  YBEJIWYEHUS BpPEMEHM OTKJIMKAa Ha  00CTy>KHMBaHUE
BBICOKOTIPHOPHUTETHBIX 3alpOCOB M HE TpeOyeT MHOXKECTBEHHBIX 3alpocoB HAa 0OpabOTKy OT
nporpammbl WM niepudepuiiapix  610koB. Kontposmep DMA  mosBosisier BwIOpaTh A
UCTIOJIB30BaHUS JIMOO TEPBUYHYIO, JTHOO albTEPHATHBHYIO CTPYKTYPY YHPABISIOIINX JAaHHBIX
KaHaJa.

[lepen HauanoM paboThl HEOOXOAUMO BKIKOUYUTH KOHTposiep DMA u paspemuts padoty
KaHaja: YyCTaHOBHUTh COOTBETCTBYIOUIMI KaHanmy 6ut B peructpe ENSET u 6ur MASTEREN B
peructpe CFG, a Taxke mHpoBepuTh, YTO 3alpOChl KaHaja HE 3aMacKHUPOBaHBI (cOpoOIIeH,
COOTBETCTBYIOIIMI KaHay, OuT B peructpe REQMASKSET).

[Tocne Toro, kak pazpeinieHa pabora kaHaia, Uk DMA BBIMISIAUT CIEIyIONIUM 00pa3oM:

1 Kontpomnep DMA oxxumaer nonyudeHus 3amnpoca (IporpaMMHOro Jubo ot nepudepun)
Ha 00paboTtky. Ecnu 3ampoc nonyuen, To koHTposuiep DMA nepexoaut k mary 2.

2 Konrposiep Boimonnser 2R nepenau. Ecnu unciio ocrapmuxcs nepenau 0, KOHTpOJLiep
DMA nepexonuT K mary 4, iHaue BBIIIOJIHAETCS 1iar 3.

3 OcymiecTBieHUe apOUTpa)ka: €CIU BBICOKONPUOPUTETHBIM KaHal BBIJAeT 3alpoc Ha
00pabotky, To KOHTpouiep DMA HaunHaer oOCIy)KHMBaHHE ATOTO KaHayla, HHaA4Y€ KOHTPOJUIEP
NEPEXONUT K 1ary 2.

4 Kontposmiep DMA yka3biBaeT IeHTpajIbHOMY MPOIECCOpY Ha 3aBepiieHue rukia DMA.
BeI3bIBaeTCsl COOTBETCTBYIOIIEE KaHAY ITpEephIBaHUE (€CIIN ObLIO BKIIFOUYEHO).

OTnuure OT peXWMa «OCHOBHOH» COCTOMT B TOM, YTO B PEXKHME «aBTO-3aIPOC)
koHTposutep DMA no3Bonut ocymectBuTh Bce N TpaH3akuuii o 0JHOMY 3ampocy, B TO BpeMs
KaK B OCHOBHOM PEXKHMe TI0 KayKJI0My 3arpocy 6yAeT BHIMOTHATHCs b 2R mepenay.

Pe:xxuM «IMHT-MOHD»

Konrpomiep DMA Bemonnser mukn DMA, ucnons3yst 0JHY U3 NEPBHUYHBIX CTPYKTYP
YIPaBISIOUUX JaHHBIX, a 3aT€M BBINOJHSAET ele oauH ki1 DMA, ucnone3ys anbTepHaTUBHYIO
CTPYKTYpY YHPaBISIOIUX JaHHBIX. KoHTposuep BeimosHAeT 1ukiasl DMA ¢ nepekitoueHuem
CTPYKTYp A0 T€X IOp, MOKa HE CYMTAET PEKUM «HEIEHCTBUTENbHBIN» WM «OCHOBHOWY», WIH
MIOKa MPOIECCOp HE 3alpeTuT paboTy KaHaa.

Ha pucynke 8.3 mokazan mpumep QyHKIuMOHHMpoOBaHHS KoHTpoiuiepa DMA B pexume
«uHT-NIOHT. [TosicHeHus: K pUCyHKY 8.3 mpe/CTaBIeHbI B BUJIE TaOIUIBI 8.7.
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LWar A. MepBryHas cTpykTypa
cycle_ctrl =011b 3anpoc —» 3apgaya A

2=4,N=6 3anpoc —»

» [1pepbiBaHue kaHanai

S

LLar B. AnstepHaTMBHas CTpykTypa

cycle_ctrl =011b 3anpoc —» 3agjaya B
2"=4,N=12 3anpoc —p
3anpoc —»
__, MpepbiBaxye kaHanai

AN

Lar C. NepBuyHas cTpykTypa
cycle_ctrl =011b 3anpoc —» 3apaya C
2=2,N=2 , MpepbiBatye kaHanai

Lar D. AnsrepHatMBHas CTpyKTypa
cycle_ctrl =011b 3anpoc —» 3apava D

S

2=4,N=5 3anpoc —»

» [pepbiBaHue kaHanai

Lar E. MepBuyHas cTpykTypa
cycle_ctrl =011b 3anpoc —» 3apava E

\

2=4,N=7 3anpoc —»

> MpepbiBaHue kaHanai

S

KoHew. AnstepHatuBHas CTpykTypa

cycle_ctrl = 000b HenpasubHas
CTpyKTypa

Pucynok 8.3 — IIpumep cxemsl pyHKIIMOHUpOBaHUS KOHTpoJuiepa DMA
B PEKUME ITHHT-TTOHT)

Ta6nuna 8.7 — [losicHeHnus k cxeme Ha pucyHke 8.3

[lar

JleiicTBus npoueccopa u kouTposiepa DMA

A

[Tponeccop BiirodaeT kouTposiep DMA u paspemaer paboTy kaHana.

B nmporpamme ycraHaBIMBaIOTCs MEPBUYHAS CTPYKTypa YIPaBISIOUIMX JAHHBIX IS
mara A W anbTepHATHBHAS CTPYKTypa YIPAaBISIOMIMX JaHHBIX Ui Immara B. Dto
no3BoJIUT KoHTposuiepy DMA mepeximtounThess K Imary B HezaMeqmuTenbHO Mocie
BBINOJIHEHUS 11ara A, mpH ycioBHH, 4To KoHTpoiuiep DMA He momyuuT 3ampoc Ha
00pabOTKY OT BHICOKOIPUOPUTETHOTO KaHAaa.

KonTponnep DMA nonydaeT 3anpoc U BBIIIOJIHAET YeTbipe nepenaun DMA.
KonTponnep DMA Brinonusier apoutpax. [locne nomyyenus 3ampoca Ha 00paboOTKy OT
3TOro ke KaHana, koHTpossiep DMA mponmomkaer LMK B CHUTYalliM OTCYTCTBUS
BBICOKOTIPHOPHUTETHBIX 3aIIPOCOB.

Kontpomnep DMA Bemomnusiet octaBiuecs 2 nepenaun DMA.

Kontpomiep DMA BxoauT B mporeaypy apoutpaxka. Ecnmm mpepbiBaHHe BKIFOUEHO, TO
IIPOM30M/IET €0 BHI30B.

[Ipumeuanue — Ilocne BbIMoJHEHUS IIara A MpPOLECCOP MOXKET YCTaHOBUTh
NIEPBUYHBIC YIPABISIONINE JaHHBIE KaHama i mara C. DTO MO3BOJIUT KOHTPOJUIEPY
nepeKrounThesl K mmary C He3aMeIIUTENhbHO IIOoCiie BBHIMONHEHWs mara B, mpu
ycinoBuM, 4YTO KoHTpouiep DMA  He mnomyuutr 3ampoc Ha 00paboOTKy OT
BBICOKOTIPHOPUTETHOTO KaHaja.

[Tocne mosydeHHst HOBOro 3ampoca Ha OOpabOTKYy OT KaHajga INpU YCIOBUU €ro
HaMBBICILIETO PUOPHUTETA UCHIOJHsIeTes 1mar B.
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Oxonuanue mabauyol 8.7

[Tar JeiicTBust mpoueccopa u koHTposiepa DMA

B Kontpomnep DMA BeInoHSET YeThIpE TIEpe1aduu.
Kontpomnep DMA Bemosnnsier apoutpaxk. [locne momydenust 3ampoca Ha 00paboTKy OT
3TOro *e KaHaia KoHTpoiep DMA mnpopomkaeT IUKI B CUTyallud OTCYTCTBHUS
BBICOKOIIPHOPHUTETHBIX 3alIPOCOB.
KonTpomnep DMA BbIIOIHSET YeThIpe epeaayu.
Kontpomiep DMA Brimonusier apoutpax. [locie nmomyuenus 3anpoca Ha 00paboTKy OT
3TOro e KaHaia koHTpoiuiep DMA mpopomkaeT IUKI B CHUTyalldd OTCYTCTBUSA
BBICOKOTIPHOPHUTETHBIX 3aIIPOCOB.
KonTpomnep DMA BbINONHSET OCTaBIIMECS YETHIPE MepeladH.
Kontpomnep DMA Bxomut B mpouenypy apoutpaxa. Ecmu mpeppiBaHHE BKIIOYEHO, TO
TIPOM30MIET €0 BHI30B.

[Ipumeuanue — Ilocne BeimonHeHus miara B mporeccop MOXeT yCTaHOBHTH
IbTEpPHATHUBHBIC YIPABJISIOIINE TaHHBIC KaHama Juisd mara D.
[Tocne monydeHuss HOBOTO 3ampoca Ha 00pabOTKy OT KaHaja MpU YCIOBUU €ro
HaWBBICIIETO puopuTera ucnoiHsercs mar C.

C Kontposmep DMA BbInonHSIET 1BE TIEpeaayu.
Kontpommep DMA BxoauT B mporenypy apoutpaxka. Ecmu mpepbiBaHHE BKIIOYEHO, TO
MPOU30MIET €ro BHI30B.

[Ipumeuanue — [locie BemonHeHus 1mara C Mpomeccop MOXKET YCTaHOBHUTH
NIEpPBUYHBIEC YIPABISAIONIUE TaHHbIe KaHamna ajs mara E.
[Tocne mosydeHWss HOBOTO 3ampoca Ha OOpabOTKY OT KaHaja TpH YCIOBUU €ro
HAWBBICIIETO IPUOPHUTETA UCTIOTHETCs mar D.

D Kontpomnep DMA BeInoHSET YeThIpE TIEpe1aduu.
Kontpomrep DMA Bemonusier apoutpax. [locne momydenus 3anpoca Ha 00pabOTKy OT
3TOro ’ke€ KaHasia KoHTpoiiep DMA mnpojgomkaeT LMK B CUTyallUd OTCYTCTBUS
BBICOKOTIPMOPUTETHBIX 3aIIPOCOB.
KonTponnep DMA BbINONHSET OCTaBIIYIOCS TIEpeaayy.
Kontpoiiep DMA Bxomut B mporenypy apOutpaxa. Ecimi mpepbiBaHue BKIFOYEHO, TO
TIPOM30M/IET €0 BHI30B.

[Ipumeuanue — Ilocrme momydeHus: HOBOTO 3ampoca Ha 00pabOTKy OT KaHala
IIPY YCIOBUH €T0 HAaUBBICIIErO MIPUOPUTETA HcnonHseTcs mar E.

E KonTponnep DMA BbIOIHSET YeThIpe nepeaayu.

Kontponnep DMA Brinonusier apoutpax. [Tocne nomyuenus 3amnpoca Ha 00paboOTKy OT
3TOro ’xe KaHasia KoHTpoiep DMA mnpojomkaeT LMK B CUTyallUd OTCYTCTBUS
BBICOKOTIPHOPHUTETHBIX 3aIIPOCOB.

Kontposmiep DMA BbINONHSET OCTaBIIKECS TPU MEpeaayu.

Kontpommep DMA BxoauT B mporneaypy apoutpaxa. Ecmu mpepbiBaHHE BKIIIOYEHO, TO
IIPOU30UIET €r0 BbI30B

Ecnu xonTposnep DMA nony4yut HOBBI 3anpoc Ha 06paboTKy OT JAHHOTO KaHaia, U 3TOT
3ampoc OyAeT caMbiM TPUOPUTETHBIM, TO KOHTPOJUIEP MPEANPHMET IOMBITKY BBIIOJHEHUS
ciemytomero mara. OAHAKO H3-3a TOTO, YTO MPOLIECCOP HE YCTAHOBWIJI aJbTEPHATHUBHBIC
VOpaBISIIONIME JIaHHBIE W TI0 OKOHYaHWM mara D xontpouiep DMA  ycranoBun mosne
CYCLE_CTRL anbprepHaTHBHOM ynpaBistomei ctpykrypsl B coctosire 000b, mepenaun DMA
MPEKPaIarTCs.

Paborta ¢ namMATHI0 B pexxnMe «pa3dopka-cOopka»

Anroput™m pabOThl aHHOTO peXUMa SBJISETCS ONTUMAIbHBIM HMMEHHO ISl paboThI C
NaMsTbl0, HECMOTPS Ha 3TO, €ro MCIOJb30BaHME BO3MOXHO JJIs JIHOOOro THUIA TMepeaadu
JAHHBIX: MNaMATh — IaMATh, NepUdepHs — MaMATh, NaMATh — Hepudepus ¢ IOMOILIBIO Kak
IPOTPaMMHBIX 3aIPOCOB, TaK U 3aIPOCOB OT MEepHUPEPHH.

B nannom pexume koHtposiep DMA ucnonbp3yeT nepBUUYHbIE YIPABIAIOLIME JAHHBIE IS
IPOrpaMMHUPOBAHUS AJIbTEPHATUBHBIX YIPABIISAIOMINX JaHHbIX.
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Kontpomnmep DMA, monydass HadaiapHBIH 3ampoc Ha 0O0pabOTKY, BBITIOJHSIET YEThIPE
nepenaun DMA, 3amonHss anbTEpHAaTHBHYIO CTPYKTYPY KaHaja JaHHBIMH, JOCTYIHBIMHU IS
NEPBUYHON yIpaBisitoliel cTtpykrypsl. I1lo okoHyanuu 3tux nepenad kourposuiep DMA Bxoaut
B Ipoueaypy apoutpaxa, u eciau Oojiee BBICOKOIPHOPUTETHBIX 3allPOCOB HE OOHAPYKEHO,
HaunHaeT 1K1 DMA, ucmons3ys OOHOBIIEHHBIE ANbTEPHATHBHBIC YIPABISIOMINE TaHHBIE,
nocye — apouTpax, 3areM koHTpoiep DMA BemonuseT eme yersipe nepenaun DMA, BHOBB

3aI10JIHAS] AIBTEPHATUBHYIO CTPYKTYPY JAHHBIMU C ITIOMOIIBIO IEPBUYHOU CTPYKTYPHI.

KonTpoiuiep

DMA

MPOJIOJDKACT

BBIOJHATL HUKIBI DMA, MeHss

CTPYKTYpPBI

YIIpaBIAOIIUX JaHHBIX, ITIOKA HE HpOH30fII[€T OJHO M3 CICAYIOIINX YCHOBHﬁZ

- lepeiadya € HUCHOJB30BaHHWEM aJIbTEPHATUBHON YIPABISIIOMICH CTPYKTYpbI

Oyner

BBITIOJTHEHA B PEXKUME [TUKIIA KOCHOBHOI;

- KOHTPOJUIEP CYMUTAET «HEMPABWIBHYIO» CTPYKTYpY YIPaBISIFOIIMX JaHHBIX. [locie
UCTIOTHEHUS! KOHTpoJuiepoM N mepead ¢ UCIOIb30BAHUEM TICPBUYHBIX YIIPABIISIFOIINX JTaHHBIX,
OH JIeJIaeT ATH YIPABISIIONINE JaHHBIC «HeMpaBUWIbHBIMI» TyTeMm 3anucu B mosie CYCLE_CTRL

saauenug 000b.

Konrpomiep DMA ycranaBiuBaer npepbiBanue kanaia DMAI B 3ToM pexxume paOoTh
TOJILKO TOI'JIa, KOT/1a rociaeHui muki nepenad DMA BBINOJHSETCS ¢ UCIOIb30BAHUEM PEXUMA
«OCHOBHOW». Takxke HEoOXOIUMO MOMHUTh, YTO Ui PEKUMa «OCHOBHOM» aBTO-3alpOChl HE

JIEHCTBYIOT.

B ta6mune 8.8 ykazaHpl KOHCTaHTHI, KOTOPBIC JOJDKHBI OBIThH 3aIMCaHBI TIOJIL30BaTEIIEM B
peructp CHANNEL_CFG nepBuuHO# CTpYKTYpHI YIPABISIONIMX JaHHBIX KaHama AJisi paboThl ¢
NaMSITBIO B PEKUME «pa30opKa-cOOpKay.

Tabnuna 8.8 — Kondwurypauus nepBUYHON CTPYKTYPHl YIPABISAIOMIMX aHHBIX KaHama s

abO0ThI C TaMSTHIO B PEKUME «pa3zdopKa-cOOpKay
CHANNEL_CFG
NIECECIEX) BOE RS CCIEX) DS S K
[Tone bursr | Kon- [losicHenue
CTaHTa

DST_INC 31-30 | 10b Kontposnep DMA mpou3BoIUT MHKPEMEHT ajJipeca ¢ 11aromMm
B JIBOMHOE CJIOBO

DST_SIZE 29-28 | 10b Konrpomnep DMA  ocymiectisier nepenady JABOMHBIM
CIIOBOM

SRC_INC 27-26 | 10b Kontposnep DMA mpou3BoIUT MHKPEMEHT aJipeca ¢ 11aromMm
B JIBOMHOE CJIOBO

SRC_SIZE 25-24 | 10b Kontpoinep DMA  ocymiectBiser mnepeaady IBOHHBIMH
CIIOBAMHU

DST_PROT_CTRL |23-21 |- VYnpaBieHue 3allMTON I[IMHBI TPU 3alUCH  JaHHBIX B
MIPUEMHHK. 3a/1aeTCsl OJIb30BaTEIEM

SRC PROT_CTRL | 20-18 |- VYnpapneHue 3alMTON I[IMHBI TPU YTEHUM JAHHBIX U3
HWCTOYHHKA. 3a/TaeTCs IMOIL30BaTEIEM

R_POWER 17-14 | 0010b | Konrpomnep DMA BpmosnHsier yeThipe nepemaun (27 = 2° =
4)

N_MINUS_1 13-4 | - HacrpauBaer xonTposuiep Ha BeinosnHenue N nepenay DMA.
Tak kak mone R_POWER 3amaer 3Hauenue 2, TO
HeoOXxomuMo 3amaBath 3HaueHue N, kpartHoe 4. Ywucno,
paBHoe N/4, 5TO KOIMYECTBO pa3, KOTOpPOE HYKHO
HacTpauBaTh aJIbTEPHATUBHBIE YIPABJISAIOLIIE TaHHBIE.
3aj1aeTcsi oJIb30BaTeIeM

NEXT USEBURST | 3 0 JIy1s manHOTO peXkumMa OUT JOJKEH ObITh COPOITICH

CYCLE_CTRL 2-0 100b | Kourpomiep DMA  pabotaeT ¢ mHaMATbIO B PEXHME
«paz0bopka-cOOpKa»  C  HUCIOJb30BAHHEM  IEPBUYHBIX
YIPABISIOMIMX IAHHBIX KaHAI.
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B ykazarenp konna manubix ucrounuka SRC_DATA_END_PTR nepBuuHOil cTpyKTYpHI
HEOOXOAMMO 3amMcaTh ajapec KOHLA o0NacTH naMsiTH, B KOTOPOM MOCJeI0BAaTEIbHO
PAcCIIONIOKEHO HYKHOE KOJIMYECTBO HAOOPOB YIPABISAIOUIMX JAHHBIX JJIS MPOTPAMMHUPOBAHHS
JIbTEPHATUBHON CTPYKTYphI KaHaa.

B yxkazatens xonua nanusix npuemHuka DST_DATA_END_PTR nepBuuHON CTPYKTYpHI
HE00X0IMMO 3aIucaTrh apec KOHIa ajlbTEPHATUBHON YIIPABIIAIOLIEH CTPYKTYPhI HCIIOJIb3YEMOT0
KaHaJa.

Ha pucynke 8.4 moxa3aH npumep cxembl (YHKIMOHMPOBAHUS KOHTpPOJUIEpA B PEXKHUME
«pazbopka-coopka». [losicHenuss k pucyHky 8.4 mnpuBeneHsl Hike («/HUIManU3auUs) H
«DYHKIUOHUPOBAHUEY).

MepBuYHas CTpyKTypa AnbTepHaTUBHas CTPYKTypa

KonnposaHue us A

3anpoc B NamMATb

B

A TO3q
w’ 3agaua A
‘w

J2=4,N=3

KonmpoBaHue nsB
B NamsTb

ABT03a

n

w’ 3apava B
ABTO3aMpoc —»
ABTO3anpoc —» F=2,N=8
ABTO3anpoc —»

w

KomnposaHue nsC
B MamMsTb

Ag

TO33
w’ 3agaua C
*/Eigﬂﬁﬂl/

]2*=8,N=5

KonnposaHue nsD
B NamsTb

A

B
%’ 3apada D

J=4,N=4

MpepbiBaHMe KaHana i

Pucynok 8.4 — IIpumep cxemsbl GyHKIHOHHpOBaHUS KOHTposuiepa DMA B pexume
«pa3bopka-coopka»

HNuunnuaan3anmusa

1 IlepBudHas CTPYKTypa YIPaBISIONIMX JAHHBIX HACTPAMBAETCS JJIsi pabOTHI C TAMATHIO B
pexxume «pazbopka-coopka» myrem 3amucu B CYCLE_CTRL 3nauenms 100b. Tak kak
YIPaBJISAIONINE JaHHBIE KaHala cocTosT u3 deThipex cioB, R_POWER = 0010b. ITockombky
KOJIMYECTBO 33Ja4 paBHO yeTbipeM, To N = 16, T. e. 3Hauenue nomns N-1 = 00Fh.

2 Yupasisromue ganabie Uit maroB A, B, C, D pacnonaratorcs B obmacta O3Y. Anpec
KoHIIa 3Toit o6nactu 3anocutcs B peructp SRC_DATA_END_PTR nepBuuHbIX ynpaBisiomumx
nMaHHBIX. [IpuMep pa3MemieHus W 3aroJIHEHHs YIPABISIONNX MAHHBIX JJIS adbTepHATHBHOM
CTPYKTYypHI mokazan B tabnwuie 8.9. Ucxons u3 mpumepa, B peructp SRC_DATA_END_PTR
NEPBUYHON YIPABJISIONIEH CTPYKTYphI HeoOxoaumo 3anectr 3Hadenne 2000 _015Ch.
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B peructp DST_DATA_END_PTR mnepBuuHO#l cTpyKTypbl HEOOXOIMMO 3aHECTH aapeC
KOHIIa aJIbTEPHATUBHOM CTPYKTYPHI YIPABISIFOIINX JaHHBIX MCIIOJIb3yeMOoro kaHaia. Hampuwmep,
npu wucnons3oBannu kanama 9 B peructp DST_DATA_END_PTR HeoOxomumo 3anecTtu
3nagenne XXXX_X29Ch.

3 Bxirowaercss kontpoiuiep DMA u paspemaercss pabora KaHala MyTeM YCTaHOBKH
cooTBeTcTBYyOIIEro kanaimy oura B peructpe ENSET u 6uta MASTEREN B peructpe CFG.
Taxke HEOOXOIUMO YIOCTOBEPUTHCSA, UYTO 3alpochl KaHalla HE 3aMacKHUpOBaHbI (cOpoleH
COOTBETCTBYIONIHUI KaHaay Out B peructpe REQMASKSET).

Tabnuna 8.9 — [Ipumep pa3menieHus: ynpasisiiONMX JAHHBIX ISl aTbTEPHATUBHOM CTPYKTYPhI

Tun nanasix | Anpec O3Y Peructp 3HaueHue
Vupassromue | 2000_015Ch | He ucnonb3yercst XXXX_XXXXh
JIAHHBIC IS 2000_0158h | CHANNEL_CFG CYCLE_CTRL =001b, 2R =4,N=4
3agaqyu D 2000_0154h | DST_DATA _END_PTR | 2000_DEOOh
2000_0150h | SRC_DATA_END_PTR | 2000_DO000h
VYupasmstomue | 2000_016Ch | He ucnonb3yercs XXXX_XXXXh
JIAHHBIE IS 2000_0168h | CHANNEL_CFG CYCLE_CTRL =101b,2R=8,N=5
3agaun C 2000_0164h | DST_DATA _END_PTR | 2000_CEOOh
2000_0160h | SRC_DATA_END_PTR | 2000_C000h
Vupasistomue | 2000_017Ch | He ucnionb3yercs XXXX_XXXXh
JTAHHBIC IS 2000_0178h | CHANNEL_CFG CYCLE_CTRL =101b,2R=2,N=8
3amgaqu B 2000_0174h | DST_DATA _END_PTR | 2000_BEOOh
20000170h | SRC_DATA_END_PTR | 2000_B000h
VYupasmstorue | 2000_018Ch | He ucnone3yercs XXXX_XXXXh
JIaHHbIC JUTS 2000_0188h | CHANNEL_CFG CYCLE_CTRL =101b,2R=4,N=3
3amaun A 2000_0184h | DST_DATA _END_PTR | 2000_AEQ0Oh
2000 0180h | SRC_DATA _END _PTR | 2000_A000h
DOYyHKIUOHUPOBAHKE

1 IlepBuuHas CTPyKTypa, KOMHpPOBaHWE MAaHHBIX 3amadn A. [lo momydeHmm mepBoro
3arpoca Ha oOciyxuBaHue KoHTpoiuiep DMA Beimonusier uerbipe nepegaun DMA. Otu
nepeaayyl 3alvChIBAlOT ANBTEPHATHBHBIE CTPYKTYPHI YIPABISIONINX JAHHBIX JUIS 3a1add A.
Kontpomiep DMA reHepupyeT aBTO-3alpoc A KaHajia, MOCJe 4Yero MpPOBOJUT MPOLELYPY
apoutpaxa.

Hanee xontpomep DMA BeimonHsieT 3aady A ¢ HCHOJIb30BAaHMEM AlbTEPHATHUBHBIX
JAHHBIX, 0 OKOHYAaHWHM TEHEepUPYeT aBTO-3alpoc Uil KaHajla W MPOBOIUT TPOIEIYPY
apOuTpaxa.

2 [lepBuyHast CTpyKTypa, KOMMpOBaHUE NaHHBIX 3amaun B. [lo momyuennn aBTo-3ampoca
koHTpoiulep DMA  Boemonuser uwerblpe mnepernaun DMA. OTu  mepepaud  3amuchIBaioOT
aIbTEPHATUBHYIO CTPYKTYpPYy YIpaBISIIOIIMX JaHHBIX ans 3azaun B. Kontpomnep DMA
reHepHUpYeT aBTO-3aMpoc I KaHalla, TOCIIe Yero MPOBOAUT MPOLEAYpY apOUTpaka.

Hanee xontpouiep DMA Brimonnsier 3agadyy B ¢ ucnonb3oBaHHeM anbTE€pPHATHUBHBIX
JAHHBIX, MO0 OKOHYAaHMM TEHEepUpyeT aBTO-3alpoc Ul KaHajla W MPOBOJUT MPOLEIYPY
apoutpaxa.

3 IlepBuuHas cTpykTypa, KonupoBanue naHHbIX 3anaun C. Ilo momydeHun aBTo-3ampoca
Ha oOcmyxuBanue KoHTpoiuiep DMA BemonHsier yeteipe mnepenaun DMA. Dtu nepemaun
3aMMCBIBAIOT AJTBTEPHATUBHYIO CTPYKTYPY YIPABISIOMIMX AaHHBIX /Uit 3amaun C. Kontposiep
DMA renepupyet aBTO-3ampoc Ijis KaHaJia, ocJIe Yero MPOBOIUT MPOIeaypy apOuTpaxa.
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Hanee xoutpomiep DMA Bemonnser 3amady C ¢ HMCIONB30BaHHEM ajIbTEPHATUBHBIX
JAHHBIX, IO OKOHYaHMM TEHEpUpyeT aBTO-3alpoc JUIsl KaHajla W MPOBOIUT NPOLELYPY
apourtpaxa.

4 TlepBuuHasi CTpYKTypa, KONMpOBaHUe JaHHbIX 3agauu D. Ilo nmonydeHun aBTO-3ampoca
Ha oOcnyxuBaHue KoHTpoiep DMA Bemonnser yerbipe nepepaun DMA. Dtu nepepaun
3allUCBIBAIOT AJIBTEPHATHUBHYIO CTPYKTYPY YNPAaBISIIOIIMX JaHHBIX U1 3agaun D. Konrtpomiep
DMA 3anuceiBaer B CYCLE_CTRL nepBuunbix qanHbix 3HaueHre 000D i MHIUKAIMU O TOM,
YTO 3Ta CTPYKTypa YIPABIAIOLUIMX JaHHBIX SIBJSIETCS «HENpaBUIbHOW». Jlamee KOHTposuiep
DMA renepupyeT aBTO-3ampoc AJis KaHaja, [OocCIie 4ero MPOBOUT MPOIIEIypy apOuTpaka.

Hanee xontpomiep DMA BeinonHser 3anauy D, ucnonp3ys TMI LMKIA «OCHOBHOWY. 1o
3aBEPIICHHUH 3a/1a4u TeHepHUpyeT npepbiBanue kanana DMA (eciu ObUIO BKIIFOYEHO) U BXOJUT B
nporenypy apourpaxa. L{uki paboThl ¢ MaMAThIO B peXXUME «pa300pka-cOOpKay 3aBEpIIEH.

Pabora ¢ nepudepueii B pesxknme «pa3doopka-coopka»

Anroput™m paboTBl JaHHOTO PEXUMa SIBIISETCS ONTHMAJIBHBIM HMEHHO Ui paboThI C
nepudepueit, HeCMOTpsl Ha 3TO, €ro HUCHOJIb30BAHHWE BO3MOXKHO Ul JIHOOOr0 TUNA Meperadyu
JAHHBIX: TAMATh — NaMsTh, TEpPU(EpHUs — TaMATh, MaMATh — Mepudepusi, — C MOMOIIBI0 Kak
IPOTrPaMMHBIX 3aIPOCOB, TAK U 3aIPOCOB OT MEepUPEPHUH.

B nannom pexume kontposuiep DMA ucnonb3yeT nepBUUYHbIE YIPABIAIOLIME JaHHbIE JJIs
IPOTrpaMMHUPOBAHUS AJbTEPHATUBHBIX YIPABIISAIOMINX JaHHbIX.

Kontpomutep DMA, monydas HadalbHBIM 3ampoc Ha 0O0pabOTKY, BBIMONHSAET YETHIPE
nepenaun DMA, 3anoniHss adbTepHATUBHYIO CTPYKTYpPY KaHaua JaHHBIMM, JOCTYHHBIMHU IS
NEPBUYHON yIpaBistomend cTpykTypbl. [lo okonwanum 3tHX mepenad xontpowiep DMA 6e3
OCYILECTBIICHUs apOuTpaka HaunHaeT LUk DMA, ncnonb3ys OOHOBJIEHHBIE albTEpPHATUBHBIC
yIOpaBISIOLIUE JaHHbIE, IOocie — apOuTpax, 3areM KoHTpouiep DMA  BbeimonHseT eme
yeTelpe nepepauy DMA, BHOBB 3aIlOfHSS aIbTEPHATHUBHYIO CTPYKTYPY JaHHBIMH C IIOMOIIBIO
NEPBUYHON CTPYKTYpbl. DTO €IUHCTBEHHBIM cilydail, mpu KoTopoMm KoHTpoiep DMA He
OCYILECTBIISIET MpOLEAYpY apOuTpaxka mocie BbIMONHEHHs mnepegaun DMA, ucnons3ys
NEPBUYHBIE YIPABISAIOLIUE TaHHBIE.

Konrpomutep DMA  mnpojomkaer BBINONHATH LUKIBI DMA, MeHss CTpYyKTyphl
YIPaBISIOUUX JaHHBIX, T0Ka HE MPOU30MIET OJTHO U3 CIEAYIOIIMX YCIOBHIL:

- Iepefaya ¢ MCIOJIb30BaHUEM aJIbTEPHATHUBHOM YNpaBISIOMIEH CTPYKTyphl Oyner
BBITNIOJIHEHA B PEXKUME [IUKJIIA «OCHOBHOI;

- koHTposiep DMA cuuTaer «HenpaBUIbHYIO» CTPYKTYPY YIPaBISIOMMX AaHHBIX. [locne
ucnonHenuss DMA kontposuiepom N mepead ¢ MCHOJBb30BAHMEM NEPBUYHBIX YIPABISIFOIIMX
JAHHBIX, OH JIeJIaeT 3TU YIPABISAIOLINE JAaHHbIE «HEMPABWIBHBIMM» IYyTEM 3alliCHU B I0JIE
CYCLE_CTRL 3nauenwus 000b.

Kontpomiep DMA ycranaBnuBaer npepbiBanue kanaia DMAI B 3ToM pexume paboThI
TOJBKO TOTJIa, KOT/Ia MOCJIeIHUN UK nepenad DMA BBINOJIHIAETCS ¢ UCMOIb30BAHUEM PEKUMA
«ocHOBHOW» Taxke HE0OOXOJMMO MOMHHUTH, YTO JIsi PEKHMMa «OCHOBHOM» aBTO-3alpOChl HE
JIEHCTBYIOT.

B tabnune 8.10 yka3aHbl KOHCTAHTBI, KOTOpPbIE TOJKHBI ObITh 3allMCaHbl MTOJIb30BaTEIEM B
peructp CHANNEL_CFG nepBudHO# CTpYKTYpHI YIIPABISIONINX JAHHBIX KaHANA ISl pabOTHI €
nepugepueit B pexxume «pa30opka-cOopkay.
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Tabnuna 8.10 — Kondurypanus nepBUYHON CTPYKTYPBI YIIPABISIOMNX JaHHBIX KaHaia DMAI
JUTsl paboThI ¢ Iepudepueii B pexxume «pazdopka-coopkar

CHANNEL_CFG

31 30 29 28 27 26 25

9 8 7
T T T

[10f10f1010f - | - Joojzof , - ., . |0[110
[Tone buter | Konc- [Tossicuenue
TaHTa

DST_INC 31-30 | 10b Kontpomiep DMA npou3BoAUT UHKPEMEHT ajipeca ¢
11aroM B JIBOWHOE CJIOBO

DST_SIZE 29-28 | 10b Kontpomnep DMA ocymiectsisieT nepenady A1BOHHBIM
CIIOBOM

SRC_INC 27-26 | 10b Kontpomnep DMA nipou3BoAUT UHKPEMEHT ajipeca ¢
1I1aroM B JIBOWHOE CJIOBO

SRC_SIZE 25-24 | 10b Kontpomnep DMA ocymiectBisier nepenavy ABOWHBIMU
CIIOBAMHU

DST_PROT_CTRL | 23-21 | - VYnpaBneHue 3alUTON HUHBI TP 3aIIMCH JaHHBIX B
MPUEMHUK. 3a/1aeTCsl MOJIb30BaTeNIeM

SRC_PROT_CTRL | 20-18 | - VYnpagneHue 3aUTON MHUHBI TP YTEHUH JAHHBIX U3
HCTOYHUKA. 3aJJa€TCsl M10JIb30BATEIEM

R_POWER 17-14 | 0010b | Kourposmrep DMA BeinonHseT deTsipe nepeaadyn DMA
(2R=22=14)

N_MINUS 1 13-4 |- Hacrpausaer kontpoimiep DMA Ha BeimoHeHne N
nepenadu DMA.
Tax xak mone R_POWER 3anaer 3nauenue, paBHoe
JIBYM, TO HEOOXOIMMO 3a/1aBaTh 3HaueHue N, KpaTHOe
yetbipeM. Uuncio, paBaoe N/4, 3To KOIH4eCTBO pas,
KOTOpPOE HY)KHO HaCTpanBaTh AJIbTEPHATUBHBIE
YIPaBISIOUINE TaHHBIE.
3asiaeTcs oJab30BaTeNIEM

NEXT_USEBURST| 3 0 Jl51s naHHOTO pekrMa OUT JOMKEH OBITH COPOILICH

CYCLE_CTRL 2-0 110b | Koutpomtep pabGotaer ¢ mnepudepueii B pexume

«pa30bopka-cOOpKa» C HCIONb30BAHHEM TEPBUYHBIX
yIpaBISONUX JaHHbIX KaHaaa DMAI

B ykazarenp konna ganubix ucrounuka SRC_DATA_END_PTR nepBuuHOil cTpyKTypHI

HEOOXOAMMO 3amucaTh aapec KOHIa O00JIacTh TaMSTH,

B KOTOpOM TOCJIEA0BATEIbLHO

PAacIIONIOKEHO HYKHOE KOJIMYECTBO HAOOPOB YINPABIISAIOUIMX JaHHBIX JAJS MPOTrPaMMHUPOBAHMS
AIbTEPHATUBHOM CTPYKTYpHI Kanaia DMAI.

B yxazatens xoHua nanusix npuemMHuka DST_DATA_END_PTR nepBuuyHON CTPYKTYpHI
HEOOXO0IMMO 3aIncaTh apec KOHIA aTbTEePHATUBHON YIIPABISIONICH CTPYKTYPHI HCIIOJIE3YEeMOTO

kanaiza DMAII.

Ha pucynke 8.5 mokazan mpumep cxeMbl (QyHKIHOHHpOBaHUS KoHTpoiuiepa DMA B
pexxume «pazbopka-coopkay. [loscHeHust k pucyHKy 8.5 mpuBeneHsl Hibke («HMLIHANA3aIU»
1 «DyHKITMOHUPOBAHUE ).
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lNepBuuHas cTpykTypa AnbTepHaTUBHas CTPYKTYpa [[ns Bcex TpaH3aKLMiA M3 NepBUYHON
CTPYKTYPbI B aNibTEPHATUBHYIO
KOHTPONNEp HE OCYLLECTBASEeT
apbuTpax v HeMeAneHHo BbINOMHSET
nepenayy, KoTopyto onpeaenuna
ankTepHaTMBHAS CTPYKTYpa

KonuposaHue 13 A
B NamMsTb

\_/_?arq‘at-@ A

3anpoc —»

J2'=4,N=3
e —
KonnposaHue nsB
B MamsiTb
\/—?aﬂ‘ahla B
3anpoc —»
3anpoc —» 2"=2,N=8
3anpoc —»
% —
KonuposaHune n3C
B MamsiTb
\_/_}ﬂ;qa C
]2*=8,N=5
y
KonnposaHune n3D
B MamsiTb
\/_E;Ha D
J2'=4,N=4

MpepbiBaHWe kKaHana i

Pucynoxk 8.5 — IIpumep cxemsl pyHKIIMOHNpOBaHHs KoHTpoiuiepa DMA B pexxnme
paboTsl ¢ nepudepueii «pazdopka-coopkar»

HNHunuaaun3anmusa

1TlepBuuHasi CTPYKTypa YOpPaBISIOMIMX JaHHBIX HAcTpaWBaeTcsl Uil PabOTBI  C
nepudepueii B pexume «pasdopka-coopka» myrem 3amucu B CYCLE_CTRL 3nauenus 110b.
Tak kak ympaBisoONIMe JaHHBIE KaHalla COCTOST M3 4eThipex cioB, R_POWER = 0010b.
[TockoJIbKY KOJTMYECTBO 33/1a4 paBHO yeThipeM, To N = 16, T. e. 3Hauenue nosst N—1 = 00Fh.

2 Yupasisiromue ganapie Uit maroB A, B, C, D pacnonaratorcs B obnact O3Y. Anpec
KoHIIa 3Toit oOnactu 3anocutcs B peructp SRC_DATA_END_PTR nepBuuHbIX yrnpaBisiomux
naHHbIX. [IpuMep pa3MmemieHus W 3alOJHEHUsS YIPABIIONIUX JNAaHHBIX UL allbTepPHATHBHOM
CTPYKTYpHI, Toka3zaH B Tabmuie 8.11. Ucxons u3 npumepa, B peructp SRC_DATA_END_PTR
HeobOxoaumo 3anectu 3uagenne 2000 _015Ch.

B peructp DST_DATA_END_PTR nepBuuHO#l cTpyKTypbl HEOOXOIMMO 3aHECTH aJpeC
KOHIIa aJIbTEPHATUBHOW CTPYKTYPHI YIPABISIFOIINX JTaHHBIX MCIIOJIb3yeMoTo kaHana. Hampuwmep,
npu ucnons3oBannu kaHana 9 B peructp DST_DATA _END_PTR HeoOxomumo 3aHecTd
3Hagenne XXXX_X29Ch.

3 Bxutouaercss kontpoiuiep DMA u paspemaercst paboTa KaHana IMyTeM YCTAHOBKH
cooTBeTCTBYMOIIEro kanainy ourta B peructpe ENSET u 6uta MASTEREN B peructpe CFG.
Taxke HE0OXOIMMO YIOCTOBEPUTHCS, UYTO 3alpochl KaHala HE 3aMacKHUpOBaHbl (cOpoleH
COOTBETCTBYIOIIMI KaHay OuT B peructpe REQMASKSET).
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Ta6nuna 8.11 — Ilpumep pa3MmenieHHS YHPABISIOMIMX JaHHBIX JUIS  aJbTEPHATUBHOM
CTPYKTYPHI
Tun na"gHeIxX Anpec O3Y Peructp 3HaueHue
Yupasmstomue | 2000_015Ch He ucnons3yercs XXXX_XXXXh
JAAHHBIC IS 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
Vupassromue | 2000 016Ch He ncnons3yercs XXXX_XXXXh
AQHHBIC JULA 2000_0168h CHANNEL_CFG CYCLE_CTRL =111b, 2R =38,
3agaun C N=5
2000_0164h DST_DATA_END_PTR | 2000_CEOOGh
2000_0160h SRC_DATA _END_PTR | 2000_C000h
VYupasistomue | 2000_017Ch He ncnons3yercs XXXXXXXXh
JAQHHBIC IS 2000_0178h CHANNEL_CFG CYCLE_CTRL =111b, 2R =2,
3anaqn B N=28
2000_0174h DST_DATA_END_PTR | 2000_BEOQOh
2000_0170h SRC_DATA END_PTR | 2000_B000h
Vupasstromue | 2000 018Ch He ucnons3yercst XXXX_XXXXh
AQHHBIC JUT5 2000_0188h CHANNEL_CFG CYCLE_CTRL =111b, 2R =4,
3amayd A N =3
2000 _0184h DST DATA END_PTR | 2000 AEOQOh
2000_0180h SRC_DATA _END_PTR | 2000_A000h
DOYHKIMOHUPOBAHUE

1 [lepBuuHas cTpyKTypa, KOMUPOBAHHUE NaHHBIX /i 3aaa4u A. [lo monydeHuu 3ampoca Ha
o0ciyXKMBaHUE KOHTPOJUIEP BBINOJHSAET ueThlpe nepenauyn DMA. DTu nepenauu 3anuchIBarOT
aIbTEPHATUBHYIO CTPYKTYPY YIPaBJISAIOMIMX JAHHBIX AJIA 3a1a4u A.

Jlanee KOHTpoIEp cpa3y ke BBIMOIHSET 337a4y A ¥ 110 OKOHYaHUU [TPOBOJUT IPOLEAYPY
apoutpaxa. [locie BbICTaBlieHHsT HOBOTO 3ampoca Ha OOCTYXUBAaHUE, MPHU YCIOBUHU, YTO ITOT
3anpoc ABJISETCS Haubosiee MPUOPUTETHBIM, NPOLIECC MPOI0IKAETCS.

2 [lepBuuHas CTpyKTypa, KOMMPOBAHUE JAaHHBIX s 3ana4du B. KoHTpoinsep BbImonHsSET
yetblpe nepegaun DMA. OTu mnepegaud  3amuchIBAlOT — AIbTEPHATHBHYIO  CTPYKTYpPY
YIOPABJISIIOLIUX JTaHHBIX 715 3a/1a4u B.

Hanee xoHTposuiep BBIMONHSAET 3amauy B. Jlns 3aBepiieHus 3agauu HEOOXOIUMO TPH
3arpoca (MporpaMMHBIX UM OT nepudepun). [1o OKOHYaHUN KOHTPOJUIEP MTPOBOAUT MPOLETYPY
apOutpaxa. [locie BbIcTaBlieHHsI HOBOTO 3ampoca Ha OOCIyXUBaHUE, MPU YCIOBUU, YTO 3TOT
3arpoc sBJIAETCsl Hanboiee MPUOPUTETHBIM, MPOLIECC MPOIOIKACTCS.

3 [lepBuuHas CTpyKTypa, KOMMpOBaHWE AaHHBIX Ui 3aaadu C. KoHTposuiep BBIMOIHSIET
yeTelpe mnepegaun DMA. Dtu  mnepenaud  3amuMChIBAIOT — aJbTEPHATUBHYIO  CTPYKTYpPY
YIPaBISIOMUX JaHHBIX U1 3aaa4yu C.

[anee koHTposuiep BbIMONHsET 3agadyy C M IO OKOHYaHMM IPOBOJUT TPOLEAYPY
apouTtpaxa.

[Tocne BbicTaBneHus nepudeprelr HOBOro 3ampoca Ha 0O0CTyKHUBaHHUE, IIPU YCIOBUH, YTO
ATOT 3aIpoc SABJsETCS HanOoJiee MPUOPUTETHBIM, TPOLIECC MPOIOIKAETCSI.

4 TlepBuuHasi CTPYKTypa, KOMUPOBAHUE NAaHHBIX s 3anauu D. KoHTposuiep BBINOJIHSET
yeTbipe nepenaun DMA. DOtu  nepemaud  3amMChIBAIOT  aJbTEPHATHUBHYIO  CTPYKTYPY
ynpasisonmx AaHHeIx Uit mara D. Kontpomnep 3anuceiBaer B CYCLE_CTRL nepBuyHbIX
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naHHbIx 3HaueHue 000b nns MHOUKAMKM O TOM, YTO 3Ta CTPYKTYpa YIPABISIFOMIMX JTaHHBIX
SBIISIETCS «HETIPABUIIHLHON Y.

Hanee xoHTpoJuiep BBINONHSET 3anayy D, ucnonb3ys ocHOBHOM nuki DMA, BXonuT B
npepbiBanue kaHama DMAI (eciu BKIIOYEHO) W 3alycKaeT Oporeaypy apoutpaxa. [{uki
paboTsl ¢ mepudepueii B pexxume «pazdbopka-cOopkay 3aBepIiieH.

8.5 Unaukanus ook

Kontpoiuiep DMA M0OXKeT OTKIIFOYHTS I-i KaHAN B CICIYIONIUX CITydasx:

- IpH 3aBepiieHuu nukia DMA;

- IIpY YTCHUU PEKUMA KaHAJIA «HEJAECHCTBUTEIIbHBINY;

- IpY TTOsIBJIEHUHW ommOku Ha muHe AHB.

Kak Tombko xontpoiuiep DMA monyuaer coobmenue o6 ommbke no mwmuHe AHB, on
OTKJIIOYAeT KaHall, B KOTOPOM OOHapykeHa omuOKa u ycraHaBnuBaeT ¢uiar VAL B peructpe
ERRCLR.

Jlns Toro 4toOBI onpeeauTh KaHaia koHTpouiepa DMA, B koTopoM mpou3oriia onrmoka,
porpaMMa, BBITOJIHsIEMas! TIPOIIECCOPOM, JOJDKHA BCETIa XPAHUTh JaHHBIE O KaHallaX, KOTOPbIE
HEJIaBHO BBI3BIBAJIM IIPEPBIBAHUS, T. €. 3aBEPIIAIN PaOOTy U OTKIFOYAIHCH.

Anroput™m onpeseneHus kanaia koutposuiepa DMA ¢ omn6koii:

- HeoOxomumo mpountath peructp ENSET ¢ menbio co3manus TeKyllero crucka
OTKJIFOUEHHBIX KaHaioB KoHTposuiepa DMA;

- IPOLIECCOP JOJDKEH CpPaBHUTh CIHMCOK BBIKJIIIOYEHHBIX KaHalIoOB KoHTposiepa DMA,
NOJIyYEeHHBIN B pe3ynbrate ureHus perucrpa ENSET, ¢ qanHbiMu 0 KaHanax, KOTOpble HEJaBHO
BbI3bIBAIM npepbiBaHusl. Kanan kontpomiepa DMA, koTopelii OTKIIOUMICS, U IO HEMY
OTCYTCTBYIOT JaHHBIE O BBI30BE MTPEPBHIBAHUS, SBIISCTCS KAHAIOM, CBSI3aHHBIM C OIIHOKOIA.

B xontpomiepe DMA mpucyTcTByeT BO3MOXHOCTb HCIHOJIb30BAHUS PEXHMOB 3aIUTHI
mmHsl AHB: mpu 3amucu B npUeMHUK, MpU YTEHUM W3 MCTOYHMKA W IMpU OOpalleHuu K
CTPYKTYpaM YIpPaBISIONIMX JQHHBIX KaHAJIOB. 3allUTa IIWHBl B KaXJIOW U3 CHUTyauui
HACTPaMBaETCs MHAWBUAYaIbHO. JIOCTYITHBIMH pEeKUMaMM 3allUThl SBISIOTCS: KAIIUPOBAHHE,
Oydepuzanus, NPUBUICTUPOBAHHBINA JOCTYII.

3ammTa MWWHBI TpU 3anicH B NpueMHHUK HacTpamBaercs moiem DST_PROT_CTRL B
suyeiike CHANNEL_CFG ctpykTypsbl ynpaBisiomuX JaHHBIX KaHala KoHTposiepa DMA.

3amuTa IMWHBI PU YTEHUW U3 UcTouHMKa HactpamBaetrcs mojem SRC_PROT_CTRL B
sueiike CHANNEL_CFG ctpykTyphbl ynpaBisiomuX JaHHBIX KaHasa KoHTposiepa DMA.

3amuTa MKHBI Ipu oOpamiennn kouTpoiepa DMA k cTpykTypaM ynpapisitoIuX JTaHHBIX
kananoB DMAI nacrpauBaercs moiem CHPROT B peructpe CFG.
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9 Cucrema npepbiBaHuii

Tabnmuna npepeiBanuii 9.1 mpexacraBnseT coboOl MmepedyeHb aAPecoB, COOTBETCTBYIOIIUX

OTIpe/IeIeHHBIM 00pa0OTYNKAM PEPHIBAHHIM.

Tabnuna 9.1 — Tabnuua npeppiBaHUt

Howmep

Cwmelenue O6o3HaueHue Onucanue
BEKTOpa
- 0000h SP BepuimHa creka
- 0004h Reset Copoc
- 0008h NM I# Hemackupyemoe npepsiBanue NM I#
- 000Ch HardFault JIro0o0ii 0TKa3, €Ciii COOTBETCTBYIOIIHIA
00pabOTYHMK HE MOXKET OBITh 3aITyIleH
- 0010h MemManage [IpepbiBaHMe 10 OTKA3y CUCTEMBI YIIPABICHHUS
aMSTBIO
- 0014h BusFault [IpepsiBanue o orkazy mmuasl AHB
- 0018h UsageFault [IpepriBaHMEe MO OMIMOKE TPOrPAMMBI
- 001Ch- - 3ape3epBUPOBaHO
0028h
- 002Ch SVCall OO0paboTKa MmpepbIBaHU, BEI3BAHHBIX
unctpykuuen SVC
- 0030h DebugMonitor [TpepbiBaHe MOHUTOPA OTJIAJKH
- 0034h - 3ape3epBUPOBAHO
- 0038h PendSV [IpepbiBaHUE CUCTEMHOTO YPOBHSI.
B npuioskeHnn UCnoab3yeTcs BHI30B
«CynepBu3op», €Cliv ATOT 3a1poc
oOciykuBaeTcs 6a30B0il oneparoHHON
CUCTEMON
- 003Ch SysTick [TpepbiBaHUE CUCTEMHOTO YPOBHSI.
I[pepsiBanue BbI3bIBaeTCs TaiiMepoM SysTick
0 0040h WDT [IpepbiBanme 010Ka CTOPOKEBOrO TaliMepa
1 0044h RCU ITpepsiBanue 6s10xka RCU
2 0048h MFLASH IpepriBanue koHTposiepa Flash-mamstu
3 004Ch GPIOA ITpepsiBanue mopra A
4 0050h GPIOB ITpepriBanue nopta B
5 0054h DMA_CHO [IpepriBanus koHTposiepa 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_CHS8
14 0078h DMA_CH9
15 007Ch DMA_CH10
16 0080h DMA CH11
17 0084h DMA_CH12
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IIpooondcenue mabauyot 9.1

Howmep

CMelenue O06o3HaueHne Onucanue
BEKTOpa
18 0088h DMA_CH13 IIpepriBanus kouTposiepa DMA no kananam
19 008Ch DMA_CH14
20 0090h DMA_CH15
21 0094h TMRO [IpepriBanue Taiimepa 0
22 0098h TMR1 [IpepriBanue Taiimepa 1
23 009Ch TMR2 [IpepsiBanue Taiimepa 2
24 00AOh TMR3 [IpepriBanme Taiimepa 3
25 00A4h UARTO_TD IIpepriBanne UARTO no okoH4aHUIO iepeaavn
26 00A8h UARTO RX [TpepsiBanre UARTO no 3anonnennto FIFO
27 00ACh UARTO_TX ITpepsiBanne UARTO no omycromenuto FIFO
28 00BOh UARTO O6mee npepsiBanue 6;10ka UARTO
29 00B4h UART1 TD [IpepsiBanne UART1 no okoHuaHuio nepenayn
30 00B8h UART1_RX ITpepsiBanne UART1 no 3anonnenuto FIFO
31 00BCh UART1 TX [IpepriBanne UART1 no onycromenuto FIFO
32 00COh UART1 Oo6ree npepoianue O1oka UARTL
33 00C4h SPI O61ee npepsiBaHue KoHTposuiepa SPI
34 00C8h SPI_RX IpepwiBanue SPI o 3anonuenuto FIFO
35 00CCh SPI_ TX IIpepwiBanne SPI no onycromenuto FIFO
36 00DO0h 12C [IpepriBanne konTposuiepa 12C
37 00D4h ECAPO IIpepriBanme Giioka 3axBata 0
38 00D8h ECAP1 [IpepriBanue O10Ka 3axBara 1
39 00DCh ECAP2 IpepriBanue Oyioka 3axBara 2
40 00EOQh PWMO O6mee npepsiBanue 6ioka HIMMO
41 00E4h PWMO_HD [IpepbiBanue cxemsl yaepxxanus 6noka [IHMMO
42 00E8h PWMO TZ [TpepriBanne nerekropa aBapuit 6soka HHIMMO
43 00ECh PWM1 O6mee npepsiBanue 6soka [1I1MM1
44 00FOh PWM1_HD [IpepbiBanue cxemsl yaep:xanus 6noka MM 1
45 00F4h PWM1 TZ ITpepsiBanme nerekropa aBapuil 61oka MM 1
46 00F8h PWM2 O6miee npepsiBanue Oioka [1IMM?2
47 00FCh PWM2_HD ITpepsiBanme cxeMbl yaep)kanus 01oka HIMM?2
48 0100h PWM2_TZ IIpepsiBanme netekropa aBapuil Onoka [HIMM?2
49 0104h QEP [IpepriBaHmEe KBaIpaTypHOTO JEKOJEpa
50 0108h ADC_SEQO ITpepsiBanue cexkBeHcopa 0 61oka AL
51 010Ch ADC_SEQ1 IIpepriBanme cexBeHncopa 1 6ioka ALITI
52 0110h ADC_DC IIpepsiBanne komnapaTopoB 6soka AL
53 0114h CANO [pepsiBanus kouTpoiiepa 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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Oxonuanue maobauywl 9.1

Howmep CMelenue O06o3HaueHne Onucanue
BEKTOpA

64 0140h CAN11 [IpepsiBanus kontposiepa CAN

65 0144h CAN12

66 0148h CAN13

67 014Ch CAN14

68 0150h CAN15

69 0154h FPU [IpepriBanme uckiouenuit 6moka FPU

[TepBoHauansHO aapec Havyada Tadbauipl npepbiBanuii 0000 _0000h.

Tabnuia BEKTOPOB MOXKET OBITh Pa3MeIIeHa 10 JPYroMy aipecy B MaMSTH MPOTPAMM HIIH
B O3VY. B cnyuae pasmenienus Tabmauiisl npepeiBanuii B o6mactu O3Y nosBiiseTcss BO3MOKHOCTh
U3MCHATH OOpaOOTYMKU TIPEepPHhIBAHUK B IPOIIECCE BBIMOTHEHHS MporpaMmbl. llomokeHue
TaOJIMIIBI BEKTOPOB B MaMATU onpezensercs peructpom VTOR, cM. Tabauiy 9.2.

Tabnuma 9.2 — Perucrp cmemnieHus: TabInIbl BEKTOPOB

VTOR E000_EDO08h Copoc: 0000_0000h
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 _ 16
| | | | | | | | | | | | | | |
TBLOFF
| | | | | | | | | | | | | | |
3y
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | |
TBLOFF 0
| | | | | | | | | | | | | |
3y
ITone butsl Onucanue
TBLOFF 31-9 | burst 31-9 agpeca TabIMIIBI BEKTOPOB
0 8-0 JlanHbIe OMTHI Beeria T0JDKHBI ObITh paBHBI 0, T.K. apec TaOIHIIbI
BEKTOPOB JIOJDKEH ObITh BEIBPOBHEH 1O rpaHuie 512 6alT

OO6paboTynku TNpephIBAHUN MOKHO JIMHAMHYECKH MEHATb, HO TPHU ATOM O00s3aTEIIbHO
CJIElyeT pacloiaraTh CJIEIYIOINE JIEMEHTBI:

- HayaJIbHOE 3HAY€HHE OCHOBHOTO YKa3aTess CTeKa;

- BeKTOp cOpoca Reset;

- Bektop NMI;

- BekTOp uckimodenus HardFault.

OcTasnbHble IpephIBaHUS HE MOT'YT T€HEPUPOBATHCS, MIOKA HE OYAYT pa3pelIeHbI.

KonTpoJiep npepsiBanuii NVIC

KonTpomnep npepsiBanuit NVIC obecnieunBaert:

- MPOrpaMMHOE 33a/JIaHUE YPOBHS IPUOPUTETA HE3aBHCHUMO JUIS KAXKJOTO NPEPHIBAHMS B
nuarnaszone ot 0 1o 7 (mpepbiBanue ¢ ypoBHeM O MMeeT HaUBBICIIUI IPHOPHUTET);

- FEHEpUPOBAHNE CUTHAJIA MPEPbIBaHUS MO (PPOHTY U 1O YPOBHIO CUTHAJA;

- IMHAMHAYECKOE U3MEHEHHE IPUOPUTETA PEPHIBAHU;

- pa3aerneHue Mo rpynmnam ¢ OJAWHAKOBBIM IIPUOPUTETOM M 10 MOArPYNIIaM BHYTPU OJHOMU
TPYIIIbL;
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- epefaya YOpaBJIeHHMS W3 OAHOTO o00paboTumka B Jpyroil 0e3 BOCCTAaHOBJICHHUS
KOHTEKCTA.

[Tporieccop aBTOMAaTHYECKH COXPAHSIET B CTEKE CBOE COCTOSIHHE MPHU BXOJIE B 00pPabOTUHUK
HpEephIBaHUS M BOCCTAHABIMBACT CBOE COCTOSIHUE ITOCIIE 3aBEPILCHHUS OOpaOOTKHU MpephIBaHMA,
T. €. 0€3 He0OX0IUMOCTH TPOTPAMMUPOBAHUS ITUX OIEpaInil.

O0padoTka npepbIBaHMIi 110 YPOBHIO M 11O (PPOHTY

Kontpomnep npepeiBanuii NVIC nomnepxuBaeT npeppiBanus, Kak 1Mo (GPpoHTY, TaK U 10
ypoBHio. IIpepriBanne 1o (pOHTY — HMIYIBCHOE TNpEpbIBaHHE, KOTOPOE MOXKET HMETb
JUIUTEILHOCTH OOJIBIIYIO WIIM PaBHYIO JUIMTEILHOCTU TaKTa CUCTEMHOM 4acTOTHI.

[IpepbiBaHre 1O YPOBHIO BO3HHMKAET JO TEX IOp, TMOKAa YCTPOHCTBOM YAEP>KHUBACTCS
3aJaHHBI ypOBEHb CUTHaja. Eciau mpepbiBaHue MO YPOBHIO HE OBUIO CHSTO IO 3aBEpIICHUS
paboTbl 0O6paboTumka npepsiBanuii, To kKoHTposuiep NVIC BHOBb HaunHaeT ero 06padboTKy.

B cnydae mnpuxoma HMITyIbCHOTO MpephIBaHUS OT JIOOOr0 MCTOYHHKA B MOMEHT
o0paboTku npensiaymiero, B koutpouiepe NVIC ycranaBnuBaeTcs ¢uiar, CHTHATU3UPYIOMIUN O
MpUXO0JiIe HOBOTO TMpepbiBaHUsA, KOTOpoe OyaeT oOpaboTaHo mocie 3aBepiieHus o0paboTKu
Tekyiero npepeBanus. B ciydae, eciim koHTpoimiep NVIC HaxomuTes B COCTOSHUN OKUIAHHS
U TPUXOTUT UMITYJIbCHOE MPEPHIBAHUE OT TOTO K€ MCTOYHUKA, 00pabOTKa BBIOJIHUTCS TOJIBKO
OJIUH pa3s.

Jns ynpaBieHusi IpephIBaHUSIMH HCIONB3YIOTCS msaTh rpynn peructpoB ISER, ICER,
ISPR, ICPR u IABR. ITogpoGHoe onucaHue NpUBEIACHO B MPHIIOKEHNH B.
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10 ITopThI BBOAA-BHIBO/IA

B coctaB MUKpOKOHTpOJIJIEpa BXOIAT ABa 16-pa3psaHbIX MOPTAa BBOJA-BbIBOAA: MOPT A U
nopT B. CTpyKTypsl HOPTOB ¥ (PYHKIIMOHUPOBAHUS — HJICHTUYHBI.

Kaxnapiii nmdpoBoll BBIBOA MOPTa MHUKPOKOHTPOJIEPA MOXKET HCIONIb30BaThCS Kak
JIBYHAIpaBJICHHBIM BbIBOJ oOmero HazHayenus (pexum GPlO). I[Tomumo 3TOrO, BCE BBIBOJBI
UMEIOT albTEePHATUBHYIO (pyHKIMIO (MK QyHKIun). VckimroueHnrem sBistoTcs BeiBobI BO — B3
nopta B, kKoTOpble UMEIOT aHaIOroBYIO (YHKIMIO — C HUMH MYJIBTUIUIEKCHUPOBAHBI KaHAJIbI
ANIL

[To ymomyanuio OPTHI HAXOAATCS B COpOCe U HE TAKTHPYIOTCSA. AKTUBUPOBATH MOPT A U
nopt B MoxHO ¢ momombio cooTBercBytomux out peructpoB HCLKCFG, HRSTCFG 6oka
RCU.

10.1 ®yukunoHMpoBaHUE MOPTA

[Tony4yennsle naHHble coxpansitorcss B peructpe DATA mnopra. [aHHble 11 nepenayu
3anuceBatorcsi B peructp DATAOUT mopra. CymecTByeT BO3MOXKHOCTD MOJIU(DUKAITUH
cocrosiHust peructpa DATAOUT nyrem 3anucu eaunun; B peructp DATAOUTSET pns
YCTaHOBKH cooTBeTcTBYyromux oOut, B peructp DATAOUTCLR mns cOpoca 6ut, B perucrp
DATAOUTTGL nyis uaBepcuu OUT.

Ha pucynke 10.1 mnpuBeaeHa cTpyKTypHas
MHUKPOKOHTposuiepa. CxeMbl BceX BBIBOJIOB HACHTUYHBI.

cxemMa BBIBOAAa LU(POBOrO IMopTa

[NobuTHasa macka

| MASK MASK
HIGHBYTE | LOWBYTE
7y K kanany
» AUM
B [aHHble co Bxoaa
| DATA i< q))(::ﬂ:TOM (Tonbko Ans
P GPIOB[3:0])
K 6rioky

npepbiBaHUN

INogkntoveHne NOATSHKKA

S —
2 A | PULLMODE
5 BbiBog
o | ALTFUNCCLR | y ; nopra
a arpysodHasa CnoCOOHOCTb CXeMa
I
E i | DRIVEMODE I_’ yrpaenexus e
2 | ALTFUNCSET | N/
g BrrtoueHue anst. (yHKUmMM PexuM BXoza
= | INmoDE }J [ DEnseT ]
'\V
N 1W i
| HI(E%I%YKTE LO%E?#((TE | [laHHble Ans BbIXoaa | DENCLR |

Y

| DATAOUT }_‘T\ 0

OUTMODE |

Pexum Bbixoga

| DATAQUTSET ’_T | OUTENSET |
| DATAOUTCLR | — 1
| OUTENCLR |

| DATAOUTTGL |—

Pucynok 10.1 — CtpykTypHas cxema BbIBOJIa IIM(PPOBOro MOpTa MUKPOKOHTPOILIIEpa

Cxema COCTOMT M3 JBYHANPABICHHOM IUIOIIAJAKH BBIBOJA, (PMIBTPA BXOJHBIX CHTHAJIOB,
MYJIBTHIUIEKCOpa BbIOOpa pekuma paboTsl (pekum GPIO nubo pexum  albTepHaTUBHOU

GyHKIUN).
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JUis  KaxJoro BBIBOJA 3aJaeTcs pEeXUM paboThl, HArpy3odHas CIIOCOOHOCTb U
OBICTpOACICTBHE BBIBOJA, PEKUM IMOATSKKHM, a TaKKe MNPOM3BOAMTCA HACTpOWKa MopTa Ha
paboTy B PEKUME C OTKPBITHIM CTOKOM/MCTOKOM. Jlnsi pa®oThl ¢ mepudepuitHpIMU OIOKaMu
BKJIIOUAETCSl PEXUM allbTepHaTUBHONW (YHKIUU. BXOJHONM cHUTHAT MOXKET NOJaBaThCs IS
nanpHeimeil o0paboTKM Kak HampsMylo (aCHHXPOHHBIM BXOJ), TaK M MPOXOJUTH 0O0pabOTKy
yepe3 GUIbTp.

[Tocne cOpoca Bce BbIBOABI, KpoMe BbIBOAOB JTAG, xoHUrypHpYIOTCS Kak BBIBOJIBI
obmrero nHasHadenus (pexkum GPIO) m mHaxomsarcs B TperbeM cocrosHuu. Ilepen Tem Kak
B3aMMOJICHICTBOBAaTh C BBIBOJOM Kak LHU(POBBIM BXOJOM, BBIXOJAOM WM aJlbTEPHATUBHOU
byHKIMI  HEoOXOaUMO pa3pemuTh HUPPOBYI0 pabOTy BBIBOAA, 3alUCaB EIUHHUIBI B
cooTBeTcTByrOmUe paspsapl peructpa DENSET. Jlns cOpoca ycTaHOBIGHHBIX OUT ClieayeT
sanucath equHUIBl B peructp DENCLR. [Ipu ncnons3oBaHuM aHAIOTOBOM BXOAHOW (PYHKITUH
HEOOXOIUMO  3ampeTuTh  IUPPOBYID  padOTy  BCEX  COOTBETCTBYIOIIUX  BHIBOJIOB,
MYJIBTUIUIEKCUPOBAHHBIX ¢ BbIOpaHHbIMU KaHanmamu ALIIL.

Bo16op Harpy304HOi CHOCOOHOCTH M OBICTPOAEHCTBUS BBIBOJA ONPEAENAETCS HOJSAMU
peructpa DRIVEMODE, a pexxum noarsixku konpurypupyercs peructpom PULLMODE.

Pa3pemenrie paboTHl BBIXOIHBIX KACKaJOB OIPEACISICTCS COCTOSIHHEM OWT perucrpa
OUTENSET (mn1s cOpoca ycCTaHOBIEHHBIX OHT cleQyeT 3amucarb EAWHULBI B PETUCTP
OUTENCLR), a ux pexumsl («push-pull», OTKpBITBI CTOK/MCTOK) COCTOSHHEM IIOJCH B
peructpe OUTMODE.

Pexum paboThl BXOJHOH 1eTn HacTpanBaeTcs ¢ momonisio peructpa INMODE.

10.2 Pesxkum ajibTepHATHUBHBIX (PyHKIMIi

Jlns mepeBoma JKelnaeMoro BbIBOJA IOpTa B PEXHUM albTEPHATUBHOM (YHKIUU
HE00X0/MMO ycTaHOBUTH cooTBeTcTByromuii Out B peructpe ALTFUNCSET mnopra. s
OTKJIIOUYEHHUS aJbTEPHATUBHOM (YHKIIMM HY)KHO 3allKCaTh €AMHMILY B COOTBETCTBYIOIIMHA OUT
peructpa ALTFUNCCLR.

Bxoapl u BbIXOAbBl mepudepHilHbIX OJIOKOB B Mpolecce padoThl KOMMYTHUPYIOTCS C
BBIBOJIAaMH MHUKPOKOHTpOJUIEpA IPHU YCIOBHH, 4YTO JUISI 3TUX BBIBOJOB BKIIIOUEH DPEKUM
aNbTepHATUBHONW (DYHKIIUU.

10.3 Bxoaubie GpUAbLTPHI

Ko BceM muromaakam BBIBOJIOB TMOJKIIOYEHBI BXonHBIE ¢mibTpbl. Ha pucynke 10.2
NOKa3aHa CTPYKTYpHas cxeMa (puibTpa BbIBO/IA TIOPTA.

BxonHo# curHan ¢ BbIBOJIA TOPTa MOXKET NMPUHUMATHCS KakK HANMpsMYyH (aCHHXPOHHBIH
PEXUM), TaK U NEPECUHXPOHU3UPOBATHCS (CUHXPOHU3UPOBATHCS C TAKTOBOM 4acTOTONH pabOTHI
MHKpPOKOHTpoOJIepa). Ynpasienue ocymectisiercs peructpamu SYNCSET/SYNCLCR.

JIOTIOTHUTENHHO €CTh BO3MOXKHOCTh BKJIFOUCHUSI HAKOIUICHHUS TPEX WJIM IIECTH OTCUETOB
BXOJHOTO CHTHaja Il TOMEXOYCTOHYMBOCTH BBIBOJA. EcCiM pe3ynmbTaThl BCEX OTCUYETOB
COBIIAJIAIOT, CUTHAJ IIepeaeTcs Aajiblle M0 CXeMe, B IPOTUBHOM CIIyyae COCTOSHHE CUTHalla He
MeHsieTcsl. BpeMeHHbIe WHTEpBaJ bl MEXAY OTCUETAMH 33Jal0TCI B KOJWYECTBE TaKTOB
cucteMHON yacToThl nocpeactBoM peructpa QUALSAMPLE. BpemenHoil unrepBan 3agaercs
OJIUH JUTS BCEX BBIBOJIOB MOPTA.

Bximouenne ¢uiabTpa M 3aJaHHE peXUMa €ro padOThl OCYIIECTBISIETCS IMOCPEICTBOM
peructpoB QUALSET/QUALCLR u QUALMODESET/QUALMODECLR cooTBeTcTBEHHO.

OnHOBpeMeHHO 00a peXrMa aKTUBHBIMU OBITh HE MOTYT — IIPH YCTAHOBIICHHBIX €TUHHIIAX
B oxaux u Tex ke paspsagax SYNCSET m QUALSET curnan Oymer mpoXoauTh HAMPSMYIO C
BXOJa (puIbTpa Ha ero BBIXOI.
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SYNCCLR

v
SYNCSET

Brok
nepecuHxXpoHusaumu|

[EN
A
Y

BpemeHHOW nHTepBan Bxon
QUALSAMPLE unsTpa

v

Brok Brok
CpaBHEHUA|ONCKpeTn3aLnmn

?

QUALMODESET

5
QUALMODECLR

dunesrpauyma no 3/6 orcyetam

QUALSET

+
QUALCLR

A

Pucynok 10.2 — CtpykTypHas cxema puiabTpa BbIBO/Ia TIOPTa

10.4 IlpepbiBanus

Kaxnplif 13 BBIBOJOB criocobeH reHepupoBath npepeiBanue. Ha pucynke 10.3 moxazaHa
CTPYKTYpHasi cxema OJIOKa TeHepaIiy MpephIBaHuii.

Cxema BbIBOJA MO3BOJISIET TAK)Ke OCYIIECTBJIATH 'MOKOE YIpaBiI€HHWE NPEPHIBAaHUSIMU U
3a/1aBaTh, M0 KaKOMY amnmnapaTHOMY COOBITHIO F€HEpUpPOBATh NpepbIBaHUE (M0 KakoMmy (poHTY
win ypoBH10). Ilpu Bo3HukHOBeHuM mnpepeiBanus B peructpe INTSTATUS ycranaBnuBaercs
COOTBETCTBYIOIIMI (hiar, W BBICTaBIIETCS TpepbiBaHue B KoHTposuiepe npepbBanmii NVIC.
[TpepbiBaHe MOXKET OBITH CTEHEPUPOBAHO MPOTPAMMHO 3aITUCHIO €TUHHIIBI B COOTBETCTBYIOIUI
out peructpa INTSTATUS.

[TpepbiBaHre  MOXET  OBITh  COPOIIEHO MPOTPAMMHO  3alUChI0  €IUHMIBI B
coorBercTByronmii Out perucrtpa INTCLEAR. Jlns paspemieHus: mpepbIBaHUs BBIBOJA TIOPTa
clleflyeT 3amucaTh €IMHUILY B COOTBEeTCTBYIOIMM BbIBony OuUT peructpa INTENSET, a nnsa
3arpera npepbiBanus — equaAIly B out peructpa INTENCLR.

Jns 3amaHus Tuna coObITHs (YpoBeHb WM (DPOHT), MO KOTOPOMY TE€HEpHUpYeTCs
npepeiBanme, ucrnonb3dyercs  permctp  INTTYPESET, s 3amanus  mosisspHOCTH
(HU3KHIA/BBICOKMIA ypPOBEHb WJIM TIOJOXKHUTENbHBIM/OTpUIIATEIbHBIN  (POHT) HCHOIB3YETCs
INTPOLSET, a mus copoca Hactpoek — INTTYPECLR u INTPOLCLR cootBercTBeHHO.

CymiecTByeT BO3MOXXKHOCTb OpPraHM3alliM TpEepbIBaHHUA MO O00OMM (pOHTaM: CHaydaia
HEoO0X0aMMoO 3anath THN TpepbiBaHus — ¢poHT (3amuch B INTTYPESET), a 3atem 3amucartb
coorBercTByrome eaunHuisl B INTEDGESET. B srom pexume cocTossHHME perucrpa
noisipHoctd  INTPOLSET wurHopupyercs. OTKIIOUNTH PEXHM TeHEPAIMHA IPEpPBIBAHUS TI0
oboum ¢pontam MoxkHo 3amuckid B INTEDGECLR, B Takom ciydae nnsi TeHepaluu B
JanbHeIeM OyIeT UCIoIb30BaHa TeKyInas HacTpoiika nonspaocty (peructp INTPOLSET).

B pexume npepriBanus no ypoBHio coctosiHue peructpa INTEDGESET nHe Biuser Ha ux
TeHEePAIHIO.
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BbiGop nonsipHocTKn

| INTPOLCLR | Mo YPOBHIO UMK PPOHTY
1 | INTTYPECLR
—
| INTPOLSET ¢ AnnapartHble 3anpochl
| INTTYPESET | CocTosHWe npepbiBaHuns
Wacxemsr || Jlor. 0 5 | INTCLEAR
BblBOAA g Nor. 1 ) 5 ¢
| INTSTATUS |
L o 1 4
> > &
-/_ - D » MpepbiBaHne NVIC
+
| EDGESET | | INTENSET |
T 1
EDGECLR INTENCLR

PaspelueHne npepbiBaHUs

bi6op oaHoro/AByXx bpoHTOB
Pucynok 10.3 — CtpykTypHas cxema 010Kka reHepaIiuy mpepbIBaHuN

10.5 I'enepanusi annapaTHLIX 3aMPOCOB

Kpome renepariumn npepbIBaHUN, TOPThI TAKXKE UMEIOT BO3MOYKHOCTh I'€HEpalluy 3alpOCOB
K gApyrod mnepudepun. ['eHepamms 3ampoca MPOUCXOAUT IO YCIOBHSM BO3HUKHOBEHUS
pepbIBaHMs Ha BBIOPAHHOM BBIBOJIE, IIPH 3TOM HE Ba)KHO, MACKMPOBAHO CaMO IPEpbIBaHUE WU
Het (coctosiuue INTENSET), BiusiHue 0Ka3bIBalOT TOJIBKO HACTPOWKH T€HEPALMH MPEPhIBAHUS
(INTTYPESET, INTPOLSET, INTEDGESET).

Jnist Toro 4toOBI B COOTBETCTBHHM C HACTPOWKAaMHU TpepbiBaHus reHepupoBaiicsi BREQ
3anpoc kK kKoHTpoiiepy DMA, HeoOxomumo ocymiectButh 3anuchk equnui]; B DMAREQSET.
OTrIrOYeHUE TeHepaIyn 3anpocoB kK KoHTpoiniepy DMA ocymectisiercs uepes DMAREQCLR.

Jis Toro 4toObl B COOTBETCTBMM C HACTPONKAaMH IMpephIBaHUS CTEHEPUPOBAJICS 3alpoc
Havana mipeoOpazoBanus AlIll, HeoOxomumo ocymecTBuTh 3anuch eawmanin B ADCSOCSET.
OTkimroueHre reHepauy 3ampocoB Hadana mnpeoOpaszoBanus ALl ocymectBisercs dvepes
peructp ADCSOCLR.

Jis Toro 4ytoObl B COOTBETCTBMM C HACTPONKAaMH IMpephIBaHUS CTEHEPHUPOBAJICS 3arpoc
RXEV «x sanpy, HeoOxomammo ocymiecTBUTh 3amuch eauHul] B RXEVSET. Orkmouenue
re"epanuu 3anpocoB RXEV k aapy ocymectisercs uepe3 RXEVCLR.

10.6 MexaHu3M 0JIOKHPOBKH KOHPUTYpalun

Jist 3aMTHl KOH(GUTYpAIH BEIBOJIOB OT HECAHKITMOHUPOBAHHOTO H3MEHEHUS pealln30BaH
MeXaHU3M OJIOKHPOBKH.

brokupoBka KOH(MUTYpallMu OCYIIECTBISIETCS 3alMCBhI0 COOTBETCTBYIONIMX EIMHUI] B
peructp LOCKSET, c6poc OnokupoBkun — B peructp LOCKCLR. Ilpu BkiIto4YeHHOM
OJIOKMPOBKE UTHOPUPYETCS 3aIUCh BO BCE OWUTHI | TOJISI HACTPOWKN MacKHPOBAHHBIX BBIBOJIOB —
nocTynHbl A 3anucu juiib peructpel INTSTATUS u QUALSAMPLE.

[To ymom4aHWIO BCE BBIBOJBI SIBISIFOTCS Pa30JIOKMPOBAHHBIMH, a 3alllICh B PETUCTPHI
LOCKSET/LOCKCLR wurnopupyercs. Jliast Toro 4to0Obl cienaTh JOCTYIHBIMH I H3MEHEHHUS
peructpel LOCKSET/LOCKCLR, neooxomumo B peructp LOCKKEY 3anectu 3HaucHme
kmoya ADEADBEEh. Eciu HeoOXoaumMo CHOBa 3allUTUTh OT M3MEHEHUH perucTphbl
LOCKSET/LOCKCLR, to nocrarouno 3anucate B LOCKKEY mro0oe 3HaueHue, OTIIMYHOE OT
KITI0Ya.

Texymmii cratyc 3ammthl peructpoB LOCKSET/LOCKCLR MoxHO y3HATh, MPOYUTAB
peructp LOCKKEY — 3nauenne 0000_0001h coorBercrByer cHsto# 3ammre, 0000_0000h —
YCTaHOBJICHHOM.
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10.7 MexaHH3M MaCKHPOBAHUA

Jlns ymnpaBieHHs] COCTOSSHUEM BBIBOJOB MOPTa JOMOJIHUTEIBHO UCIOJIB3YEeTCd MEXaHU3M
MackupoBaHus. OH MMO3BOJISIET YCTAHABIMBATH KEJIAeMbIil YPOBEHb CUTHAJIA HAa HY)KHOM BBIBOJIE,
HE 3aTparvBas COCTOSIHHE JIPYTMX BBIBOJOB. 16-pa3psiiHbI MOPT YCIOBHO pa30uBaeTcss Ha
cTapmuii 6alT u mmammmii 6aiT. [[ns moctynma mo Macke K miaameMy OalTy HCIONIb3yeTcs
maccuB peructpoB MASKLB, a x crapmemy — MASKHB.

Kaxxnpiit MmaccuB cocTOUT U3 256 pEerucTpoB, KaKIAblii pErUCTp UMEET MOPAIKOBbII HOMEp
(ot 00h mo FFh), xotopslii siBiseTcss mackoit. Tak, Hampumep, Ijas mopra A BbIIEIEHBI JBE
obmactu mamstu ¢ agpecamu: 4001_0400h — 4001_07FCh mst maaamiero 6aiita u 4001_0800h —
4001_OBFCh mus crapurero Gaiita. butel ¢ 9 mo 2 agpeca siBisitoTcst Mackoit. Takum oOpasom,
aapecy 4001_0400h coorerctByer Macka 00h (MASKLB[0x00]), anpecy 4001_0404h — macka
01h (MASKLB[0x01]) u T. 1.

J1st Toro yTOoOBl U3MEHUTH COCTOSTHUE BBIBOJOB MOPTA C MCIOJB30BAHUEM MACKH, HYKHO
3anucaTh HOBOE 3HaueHHe B cooTBeTcTBYromMi meMeHT MacuBa (MASKLB wim MASKHB) ¢
MOPSIKOBEIM HOMEPOM, COBIAIAIOIINM CO 3HAYCHUEM MACKH.

Pa3psnel mopra, 3aKkphIThie «HYISIMH» MAacKH, OCTaHYTCS HEM3MEHHBIMH, a OCTajbHbIC
npuMyT HOBBIE 3HaueHus. Ha pucynke 10.4 moka3an MexaHW3M MacKHpPOBaHHS MJIaJIIero Oaira
nopta A.

O6nacTe agpecoB Macok
MASKLB

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

3anmck HOBOrO 3HavYeHusi B o6nacTe Macok Ans

DATAOUT [1]ofoJifaJoJi]1JoJi]1]oJ1]O]1]1] BbIGOpa Macku U MoAUMUKALMN COCTOSHUSA
Ao sanucu . permctpa DATAOUT
Crapwwin Gant Mnaawmin Gant E Mackun
Hoeoe sHaveHune He BakHO 1]0|0[1]|0]|0O|Of1 31 9 2 [o]
- [0xC4] [10000000000000010000J01J]1 1000100[00] (4001_0710h)
Macka mnaawero Gaiita [AT2Tofo[OoJo[1]1]| —foxc31 f1 0 000 0000000000100000X1 100001 10| (4001_070Ch)
+ [0xC2] [1000000000000001000001|1 100001 0[00]| (4001_0708h)
Ecﬁ;l}'ﬁeo:g-rl:mcm [1]o[oJi[a[o[i[ai[FToT1[o1[oO[O]T] [0xC1] [10 000 00000000001000001[1 100000 1[0 0| (4001_0704h)

O6HOBNEeHHbIe i |
3HadeHuns [0x00] [L00O0000000000001000001[00000000[00] (4001_0400h)

BbluncneHue agpeca mackn «11000011»
4001_040th + C3h x4 =4001_070Ch

Apnpec Havana Macka Appec ans
o6nacTu macok sanucu
mnaawero Gainta CmelleHne

Pucynok 10.4 — MexaHu3m u3MeHEeHHsI COCTOSIHUS Maiiero 6airta
nopra A ¢ MaCKUpOBaHHEM

Jns m3menenuss 0, 1, 6 u 7 OUTOB perucTpa Mmopra HYKHO HCIIOJIb30BaTh MAacKy
1100_0011b. Dra macka sBiusercs yacthio (outhl ¢ 9 mo 2) ampeca 4001 _070Ch. Hosoe
3naueHre XX90h naHHbIX, KOTOpOE TpeOyeTcs nepenaTh B MOPT (MPH ATOM CTApIIUi OalT yucia
HE BaXKCH), HYXHO 3amucarh B siueiiky ¢ agpecom 4001_070Ch. [anee sto 3HaueHue Oyner
ammapaTHO MacKHpOBaHO U pa3MerieHo B peructpe mopra DATAOUT.

AHAJIOTMYHO BBINOHAETCS MaCKMPOBaHUE cTapuiero 0aiTa, cM. pucyHok 10.5. Pasnura b
B TOM, YTO B JAHHOM ClTy4ae OepeTcsi CTapIuii 6aliT HOBOroO 3HaYEHUs, a MITAJILINI HE BaKEH.

O6nacTe agpecoB Macok
MASKHB

[OxFF] [1000000000000001000010[1111111 1J00] (4001_OBFCh)
l 1

3annck HOBOTO 3Ha4YeHUs B obnacTe Macok Ans

DATAOUT 1jojofifijofifojoja]afif1]O]1]|1 BbIGOpa Mackm n MoaudUKaLmMm COCTOAHUA

Ao 3anucun . permctpa DATAOUT

Mackun

Crapwmin Gant Mnaguwmwia Ganr H :
31 2 0]

HoBoe sHauveHue|[1[0[O|1[0]O]O]1 9

¥ [0xC4] [10000000000000010000J10[11000100[00]| (4001_0B10h)
Macka crapiuero [I]1]0[0]OJO]1[1]| [oxc3] [100000000000000100001@1100001 1P 0| (4001_OBOCh)
Ganra v [0xC2] [1000000000000001000010[1 100001 0[00]| (4001_0OBO8h)
DATAOUT IJo[o[1[i[o[ofE o[ i[i[i]O[1i]T [0xC1] [1000000000000001000010[1100000 1|00 | (4001 _0BO4h)

O6GHOBINEeHHbIe I I
sHadeHus [0x00] |1000000000000001oooo 1ooooooooo|oo| (4001_0800h)

BbluncneHue agpeca mackm « 11000011 »
4001_080Ch + C3h x 4 =4001_0BOCh
Anpec Hauana Macka Anpec ans

o6nactu macok 3amicn
crapwero 6aiita Cmelenne

Pucynok 10.5 — MexaHu3M u3MeHEHHs COCTOSIHUS CTapiiero Oaiira
nopra A ¢ MaCKUpOBaHHEM
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11 Bbaoku TaiiMmeposB

MUKpPOKOHTPOJIJIEP COACPKHUT dYeThipe Ojoka 32-pa3psaHbiXx TaiMepoB. Bce Oiokm
UJICHTUYHBI.

Cuetuuk TaiimMepa paboTaeT MO CUCTEMHOMY TaKTOBOMY curHaiy. Kpome storo, taiimep
MOXXET YINPaBIATHCS BHEIIHUM CHUTHAJIOM, a TaKXe CHHXPOHU3UPOBATHCS IO BHEIIHEMY
curHany. Ha pucynke 11.1 npeacrasieHa ¢pyHKIIMOHAIBHAS CXeMa Taiimepa.

(ADCSOC)

EN
TMRX_IN —»] Brok Ay _
nepecuHXPOHN3aLMK
LOAD &
|y 3anyck ALIM

V] TMRx_SOC
Cbpoc

[etektop

¢poHTa

32-pa3psgHbIn

06paTHbI CHETHMK & MpepbiBaHue
TMRx_INT

EXTINCLK
EXTINEN

INTEN

(DMAREQ) 3anpoc DMA

Pucynok 11.1 — @yHkunoHanbHas cxema TaiiMepa

Yupasiienue TtaiiMepoM ocyiiectBisieTcss mocpenctBom peructpa CTRL. Hawamsnoe
3HayeHue 3anaercsa peructpom VALUE. Jlns BitoueHus TaiiMepa Hy>kKHO ycTaHOBUTH OUT ON.
CueTuuk TaiiMepa JeKpEeMEHTHpYeTCs OT 3HaueHus 3agaHHoro peructpom VALUE no nHyns Ha
YacTOTE TAaKTOBOI'O CHTHaJla MMKpPOKOHTposiepa. [lo JOCTHM)KEHHMM HyNs CUETYHK TaiiMepa
3arpykaeTcs 3Hau€HHEM, 3aJaHHbIM peructpom mepesarpy3ku LOAD, u, ecnm pasperieHo,
6utrom INTEN renepupyercs npepsiBanue. [Ipu BO3HUKHOBEHUH NpEpbIBaHUs YCTaHABIUBACTCS
¢mar INT B peructpe INTSTATUS.

Jnst taiimepos 0 u 1 nocTtymen cBoil BHentHuil Bxox cuaxponusamud TMRX_IN (x =0, 1),
BBIBEJICHHBII Ha AJIbTEPHATHBHYIO (YHKIIMIO TIOPTa MUKPOKOHTPOJLIEPA.

Ecnmu ycranosnen out EXTINEN, To cuetunk Taiimepa paboTaer Ha 4acTOTe€ TaKTOBOT'O
CHUTHAJIa MHKPOKOHTPOJUIEpA, TOJBKO €CIM CHUTHaJl Ha BXOJE HMEET YPOBEHBb JIOTHYECKOMH
€/IMHUIIBL.

Ecmu omnoBpemenno ycranoBneHbsl OuTel EXTINEN m EXTINCLK, To TakTHpoBanue
CUeTYMKa TaiiMepa MPOMCXOAUT IO TOJOXKUTEIBHOMY (POHTY BHELIHEr0 CHUTHaja,
npuxojsmiero Ha Bxoa TMRX_IN. Ilpu »Tom yacTtoTa BHENIHEro CHUTHajia JODKHA OBITH Kak
MHUHHMYM B J[Ba pa3a MEHbIIIE YaCTOThI CHCTEMHOI'0 TAKTOBOT'O CHTHAJIA.

C nmoMouplo TaiimMepa BO3MOXHO reHepupoBanue 3anpoca DMA. Ecnu 3anucars B mose
EN peructpa DMAREQ eaunuity, To 1o JOCTH)KEHHM CUETUYUKOM HYJISL OyJeT TeHepupOoBaThCs
3ampoc MO COOTBETCTBYIOIIEMY KaHainy koHTposuiepa DMA. Bribop HeoOxommmoro kaHaia
DMAI BemonasieTcs ¢ nomouibto noins SRCSELX (X — Homep kanana ot 8 no 15) perucrpa
DMAMUX 6moka SIU.

Taxoke Taiimep MoOXeT BbAaBaTh cTpoO s 3amycka usmepenust ALl Ecnu 3anucats B
note EN perucrpa ADCSOC enumHMIy, TO TO JOCTHXCHHHM CUYSTYMKOM HYISI OyneT
reHepupoBarthesi curHan 3amycka AL
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12 Baoku 3axBara

B MukpokoHTposiepe peaan3oBaHbl Tpu 010Ka 3axBarta. Bee 010K UIEHTHYHBI.

bioku 3axBaTa UCIIONIB3YIOTCS JUISL:

- BBIYMCIICHUS] CKOPOCTHU BpallleHUs Bajia poTopa (€ UCHOIb30BaHUEM JIaTYMKOB XO0Jia);

- BBIYHCIICHUS TIPOMEKYTKOB BPEMEHU MKy cpadaThIBaHUEM MO3UIIMOHHBIX JATYUKOB;

- BBIYMCIICHUS TIEpUO/Ia U CKBAXXHOCTH UMITYJIbCOB.

Bo3moskHocTH 010K 3axBara:

- 32-pa3psnHbIi Taiimep, ¢ paspemmarorieii cnocoonoctrio 10 He (Ha 100 MI');

- yeTbIpe 32-pa3psiIHbIX PETUCTPA 3aXBaTa BPEMEHU;

- BBIOOp mossipHOCTH (ppoHTa ig 00pabOTKU Ka)XKJAOT0 U3 YEThIpEX MOCIEA0BATEIbHBIX
COOBITHI;

- HICTOYHUKHU MPEPHIBAaHUI 110 KaXJA0MY U3 YEThIpeX COOBITHIA;

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

- P&KUM LUKINYHOU pabOTHl MO COOBITUSIM, C MEPENUChIBAHUEM 3HAYEHUH (KOJBIEBOM
oydep);

- PEXKHUMBI 3aXBaTa aOCOTIOTHOTO U OTHOCUTENIBHOTO 3HAYCHHI BpEMEHU;

- QIbTEPHATUBHBIN PEXXHUM pabOTHI, €CIHM HE 3a/eiicTBOBaHa (DYHKIIHS 3axBaTa BPEMEHU —
OHOKaHaIbHBIN Beixoa IITIM.

OyHKIMOHATBHAS cxeMa 0JI0Ka 3axBara MpeIcTaBicHa Ha pucyHke 12.1.

| CAP/APWM | | SWSYNC |

TSCTRSTOP

w
=<
=
o
m
=

SYNCI 1 Yvy *
CTRPHS
SWSYNC EVO_
EV1 )

EV2 _y|ynpanerys|3arpysa

EV3 _,| Tanimepom
CAPLDEN

CTROVF.

C soiBoga ECAPx_I0 CAPOPOL

R0

j o+
gLl

CTR=PRD
———p )

CAP1POL

K BbiBOAY
ECAPx_IO

v
R0

=

I — I -

—@w Komnapatop

CAP2POL

CAP3POL

v
0

Pucynox 12.1 — ®yHknroHanpHas cxeMa 0JioKa 3axBaTa
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Jns Hadana paboThl ¢ OJ0KaMu 3axBaTa HEOOXOAUMO MOJAaTh TAKTUPOBAHUE — YCTAHOBUTH
cootBercByromnue Outhl B peructpe PCLKCFG 6ioka RCU u cHATH cOpoc — yCTaHOBUTH
cootBercTBYomMe 6uTh perucrtpa PRSTCFG.

Kaxnpiii O6mok 3axBara ECAPx ummeer ommu BeiBog ECAPX 10 (rme X = 0, 1, 2),
COCIMHEHHBIN C BBIBOJIOM MHUKPOKOHTpOJUIepa (aabTepHaTUBHAS (QYHKIUS). B 3aBHCUMOCTH OT
pexkuMa paboThl OJ0Ka 3axBaTa BBIBOJI SIBJIETCS BXOJOM BHEUIHETO COOBITHSI HJIM BBIXOJOM
rerepupyemoro curaia [IIMM. UtoObl nepekIoYnTh albTePHATUBHYIO (DYHKIIUIO Ha CUTHAJIBI
o6sokoB ECAPX 1o cooTBeTcByromuM BbIBOjJaM, HeoOxoaumo yctaHoBuTh Outr ECAPXEN B
peructpe REMAPAF 610ka SIU.

12.1 Pesxum 3axBaTa BpeMeHH

PexxuMm 3axBaTa BpeMeHH BbIOpaH 1o ymonuanuio. Beison ECAPx_10 dyHknmonupyer
KaK BXOJ.

IIpeaBapuTeIbHBIN JeIUTENb

B cinydae ecnu coOwbitusi Ha Bxojge ECAPx_IO mpuxonmsT CIMIIKOM 4acTo W TpeOyeTcs
YMEHBIIUTh MX YacTOTY, UCHOJb3YETCs IMpeBapUTENIbHbBIM AEIUTENb COOBITUH (MMITYJIBCOB),
COCTOALINIA W3 COOCTBEHHO [ENUTENss W MYJIbTHIUIEKCOpa. B mpeaBapuTenbHOM AenuTese
UCMOJIb3YeTCsl CUETYUK, KOTOpBIH IPOU3BOAUT BBIOOPKY OJHOTO COOBITHS U3 KaXIbIX
2 — 63 BxomsbiX. 3HaueHue nenmrens 3amaercs moiemM PRESCALE peructpa ECCTLO.
B cnydae ecnu 3agaHo 3Hauenue 00, TO AenuTeNb BBIKIIOUCH U BXOJHOM CUTHAI MOCTYyHaeT Ha
JETEKTOPHI (PPOHTA HAIIPSIMYIO.

Jis mpumepa Ha pucyHke 12.2 mokas3aHbl HECKOJIBKO BapUaHTOB CUTHAJIOB Ha BBIXOJE
JeTTUTENs], B 3aBHCUMOCTH OT 331aHHOTO 3HaueHust N.

PI/ICYHOK 12.2 - cDOpMI:I CHUTHAJIOB Ha BBIXOAC ACIUTCIIA B 3aBUCUMOCTH OT 3HAYCHUA N

3axBar 3Ha4eHus TaliMepa

C BBIXOJA [NENUTENs CHTHAJ TIOCTYNAaeT Ha dYeThIpe NeTeKTopa (pOoHTa, KaXIbld U3
KOTOpBIX ympaBisiercs cooTBercTByrommM Outom CAPNPOL. [lanee, eciu ycTaHOBJIEH OUT
CAPLDEN wu o6HapyxeH 3alaHHbIi QpOHT cUTHAJNA, POPMUPYETCS COOTBETCTBYIOIIEE COOBITHE.
Bo3moxxHO ogHOBpeMeHHOe QopMupoBaHue a0 derbipex coobiTHii (EVO — EV3), m mo
nepegHeMy (GpPOHTY KaKIOro COOBITHS TPOUCXOAWT 3axBarT 3HaueHUs Taiimepa TSCTR B
cootBeTcTBYoUMiA peructp 3axsara (CAPO — CAP3).

Peructp 3axBara mepe3amnuchIBacTCs HOBBIM 3aXBAaY€HHBIM 3HAUYEHHEM KaXIbI pa3 IMpH
BO3HHUKHOBEHUH COOTBETCTBYIOILETO COOBITHSL.

OnHoKpaTHBIN 3aXBAT

Onnoxparnuseiii 3axBaT BeiOHpaercs outom CONTOST perucrtpa ECCTLI u BrirodaeTcs
3anuchio enuHUIBl B 0uT REARM ¢ mocnenyromeii ycranoBkoit 6ura CAPLDEN (ycranoBuTcs
anmapatHo). B 3ToM pexume NpPOMCXOIUT 3aMyCK JBYXPa3psAOHOTO CYETYHKA COOBITUI
EVO — EV3. Konn4yecTBO MOACYNTHIBAEMBIX COOBITHI OT OJTHOTO JI0 YETHIPEX 3a7acTCs MOJIEM
STOPWRAP. TloxcuutsiBaeTcsi Kaxaoe u3 CHOPMUPOBAHHBIX COOBITMM W OJIHOBPEMEHHO
IPOMCXOIUT 3aXBaT 3HAUEHUS TaliMepa B COOTBETCTBYIOIIME PETHCTPHI 3axBaTa. Kak TOJIBKO
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KOJIMUECTBO coObITHI coBmaaeT co 3HauecHueM STOPWRAP, coowitus EVO — EV3 Oomabiie He
dbopmupyroTcs, 3HaueHue TanMepa 3axBarbiBaeTcs peructpamu CAPO — CAP3, u nmamee
PETUCTPHI HE MEePE3aChIBAIOTCS.

Jlis mOBTOpHOTO 3amycka ciefyeT 3amucath eaunuily B 6ut REARM (3to oOHymuT
CYCTUYHMK M BKIFOYHT PEXKHM), TIOCIE Yero — paspemuts ¢opmupoBanue coowituii EVO — EV3
ycranoBkoii omra CAPLDEN.

HMuxaunveckuii 3axBat

[{uxnmuaeckuii 3axBaT BbIOpaH Mo ymonvanuto. [locnme ycranoBku Oura CAPLDEN
HauuHaercss oOpaborka coOwbitmii EVO — EV3 wu 3axBar 3Hauenust Ttaitmepa. KommuectBo
MOJICUUTHIBAEMBIX COOBITHI OT OJTHOTO JI0 YeThIpex 3amaercs moiem STOPWRAP.

Peructp 3axBaTta mepe3anuchiBacTCS HOBBIM 3aXBaUCHHBIM 3HAYCHUEM KaXKIBIA pa3 Ipu
BO3HUKHOBEHUHU COOTBETCTBYIOLETO COOBITHS.

[Ipumeuenue — B oboux pexumax 3axsara 3HaueHue noiast STOPWRAP ne oka3biBaer
HUKaKOT'O BIIMSHUS Ha cueTYHK U coctossaue outa CAPLDEN.

Taiimep

Taiimep mpencraBisier coO0d 32-pa3psgHbIA CYCTUYMK, PAOOTAOMIMIA HA CHCTEMHOMN
yactote. KoHTpoabs paboThl TaliMepa OCyLIECTBISIET OJOK ympaBieHUs Taiimepom. CuUeTduk
taiimepa BkitouaeTcss Outom TSCTRSTOP u unHkpeMmeHTuUpyeTcs, HayMHas CO 3HAYCHUs
0000_0000h no 3nauenus FFFF_FFFFh, mocne uero copaceiBaercs.

YroObl CHHXPOHU3UPOBATh PabOTy TaliMepa ¢ JPyruMu OJI0KaMH, CUSTUUK TaliMepa MOKET
OBITH B JIIO0OH MOMEHT 3arpy>keH HOBBIM 3HaYEHHEM, KOTOPOE MPEIBAPUTEIBHO 3aIHCHIBACTCS B
teHeBoi peructp CTRPHS. 3arpyska moxer ObITh aKTHBHpOBaHA KaK MPOTPaMMHO — 3aIHCh
equauibl B OuT SWSYNC peructpa ECCTLL, Tak u annapaTHO — NPUX0Jl CHHXPOUMITYJIbCA 11O
Bxony SYNCI. Paspemenne cuaxponusanuu ocymectnisiercs ycranoBkoi outa SYNCIEN.

brok 3axBara Taxke MOxeT reHepupoBaTh curHan cuHxpoHuzauu SYNCO. Hctounuk
BeiOupaetcs nojaeM SYNCOSEL mu6o ucnonszyercs SYNCI wim SWSYNC, n1bo cobbiTe
CTR = PRD renepamuu LITNM.

Bxoapl ¥ BBIXOJBl CHHXPOHHU3AIMM OJIOKOB 3axBara MOIKIIOUEHBl MO LEMNOYKE, CM.
pucyHok 12.3.

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

Pucynok 12.3 — [TonkitoueHne CUrHaJIOB CHHXPOHM3AIMK OJI0KOB 3aXBaTa

TailiMmep MoxkeT OBITH cOpollIeH (C NpeABAPUTEIbHBIM 3aXBAaTOM €ro 3HAYEHUs) MNpU
dopmupoBanuu  coOeituit EVO—-EV3.  Vkazare  coObiTHE  MOXHO  yCTaHOBKOM
cootBetcTByromiero 6ura CTRRSTN (rae n ot 0 no 3) B peructpe EECTLO. Taxk, Hampumep,
ecnu ycraHoBieH 6utr CTRRST2, to npu ¢opmupoBanuun codbitus EV2 mpowusoiizer 3axsat
3HaueHus Taiimepa B peructp CAP2 u cOpoc Taiimepa.

Perucrpsl CAPO — CAP3

32-pazpsmasie peructpel CAPO — CAP3, coxpansioniue (3axBaThIBAIOIINE) 3HAUCHUE
CUETUYMKA TaliMepa B MOMEHT MOSBJICHUS MOJIOXKUTEIBHOTO (h)poHTa curHana codbitus EVN (rme
n ot 0 10 3), JOCTYIHBI TOJBKO JJIST UTCHHSL.

12.2 Pexxum padotsl «reneparop LHIMM»

Pexum paboter «renepatop MMy BeiOupaercst ycranoBkoir oOuta CAPAPWM B
peructpe ECCTLL. Beisog ECAPx 10 (rme X = 0, 1, 2) ¢yHKIHMOHUpPYeT Kak BbIXOA. biok
3axBaTa B 3TOM CJIy4ae UCIOJb3YeTCs KaK OJHOKAHAJIbHBINM 32-pa3psAIHbId T'€HEepaTop CUTrHajia
M.
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TaiiMep u perucTpsl 3axBarTa

Tatimep GyHKIMOHHpPYET Kak 32-pa3psaHblii MHKPEMEHTHBINH CYETYMK, pabOTaromuid Ha
cucreMHoi yacrore. [Tocie BKIrOUEHUS cUeTYHK TaiiMepa cumrtaeT ot 3Hadenus 0000_0000h xo
3HaueHus, Kotopoe 3amaercs peructpom CAPO. Kak TONBKO 3HAU€HUS CUYETYMKA U PETUCTPA
COBIMAJIAOT, CYETYHK COpAChIBACTCA.

Peructp CAPO sBisiercs peructpoM mepuojna Taiimepa, a peructp CAPLl — perucrpom
cpaBuenus. Peructper CAP2 u CAP3 4BRSIOTCS perucTpaMu OTIOXKEHHOW 3arpy3kd JUis
peructpoB CAPO u CAP1 cooTBercTBeHHO. BCe perucTpsl JOCTYITHBI KaK ISl 3alIMCH, TaK U JIJIs
YTCHUS.

3amuce B peructp CAPO sBnsieTcss MIHOBEHHOM 3arpy3koi, KoOTopas almapaTHO
nyonmupyercs 3anuckio B peructp CAP2. Ananornuno aist napsl CAP1, CAP3.

3amuce B peructpel CAP2 u CAP3 sBnsercs oTiOXKEeHHOW 3arpy3koil. Kak Toibko
3HAQUYCHHE CYeTYMKa TaiiMepa nocturaer 3HadeHus nepuoma CAPO, Bo3HuUKaeT coObITHE
CTR =PRD, no xoropoMy MnpoucxoauT cOpoc Taiimepa u meperpy3ka 3Hadenuid u3 CAP2 u
CAP3 B peructpst CAPO u CAP1 (na pucynke 12.1 0oTMEUEHO CTpEIKaMy YEPHOTO IIBETA).

Peructper CAPO u CAPLl nomxkHBI ObITh 0053aTE€IbHO WHHUITMAIM3UPOBAHBI JI0 Hadvasia
3anmycka Taiimepa. [lpu panbHeimeir paboTe MOXKHO H3MEHSTh 3HAYEHUS TOJBKO PErucTpa
OTJIO’KEHHOM 3arpy3KH.

I'enepauus HIUM

[Tocne wnunmanuzauuu peructpoB CAPO u CAPLl 3amyckaercss cUeTyuK Taiimepa.
Texymee 3HaueHume cuerunka CTR mocpencTBoM JByX KOMIApaTOpPOB —CpPaBHUBAETCS
onHOBpeMeHHO co 3HaueHneM PRD perucrtpa nmepuoma CAPO u 3nauenmem CMP peructpa
cpaBaenust CAP1 (na pucynke 12.1 oTMe4eHO YEpHBIM LIBETOM).

Kak Ttompko Bo3nukaer coObitue CTR =CMP, curman Ha Beixoge ECAPx 10
NEPEeBOUTCS B HOJb. Janee curHan ynep:kuBaercs B HyJE JI0 Te€X MOp, MOKa CYETUYUK TaiMepa
HE JOCTUTHET 3HaueHusi mnepuona. Ilpm Bo3HukHOBeHMH coObiTuss CTR =PRD curnan
nepeBoauTCs B enuHUIy. OTHOBPEMEHHO C 3TUM IPOHMCXOIUT cOpoC TaliMepa U Tepe3arpyska
peructpoB CAPO nu CAP1. YnpapnsaTe NOJaspHOCTRIO curHana MoxkHo 6utom APWMPOL. Ha
pucynke 12.4 npencraBieH npumep ¢opmupoBanus curHaga MM c akTUBHBIM BBICOKHM
ypoBHeM curHana (mo ymoryanuro APWMPOL = 0).

CAPO = 0000_0700h
MNepvog Taimepa
1

0000_0700h

CuyeT Tanmepa
(TSCTR)

0000_0000h

v v oo
Bbixog ECAPx_10

CAP1 | 0000_0400h | 0000_0500h |
A

CAP3 ~ 0000_0400h] 0000_0500h

Pucynok 12.4 — Ilpumep dopmupoBanus curnana IIIMIM ¢ akTUBHBIM BBICOKUM YPOBHEM
curHaia (mo ymomuanuro APWMPOL = 0)

Ha pucynke 12.4 nepuon taiimepa 3agan kak CAPO = 0000_0700h. HauanpHoe 3HaueHUE
cpaBHenust CAP1 = 0000_0400h. IToka taiimep cumtaet, B peructp CAP3 3arpyxaercs HOBoe
snagenne 0000_0500h mms ornoxkenno# 3arpy3kd. I1o JMOCTHIKEHMM 3HAYEHHUS CpPaBHCHHS
curHan Ha Bbixoge ECAPx_IO mepeBomuTcst B HU3KHMH ypoBeHb. Il0 OKOHuUaHMM mNepHoOAa
POMCXOIUT cOpoc TaiiMepa u 3arpyska 3uadenus 0000 _0500h (u3 peructpa CAP3) B peructp
CAP1 u nepeBon curaana ua Berxoge ECAPX_IO B BricOKUii ypOBEHb.

Takum 00pazoM, MOKHO JOCTaTOYHO TMOKO YNPaBIATH KaK JIUTEIHLHOCTHIO UMITYJIBCOB,
U3MEHSS IEPHO PabOTHI TaiiMepa, Tak ¥ CKBAYKHOCTBIO TIPH MOCTOSTHHOM TIEPHOJIC.
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12.3 IlpepbiBanus

VcrouHnku npepbIBaHUI 0JI0Ka 3aXBara:

- coosrTua EVO - EV3;

- nepenoHeHue cuerynka taiimepa CTROVF,

- coorrTusg CTR = PRD;

- coobrTust CTR = CMP.

Kaxnoe u3 cemu npepoiBanuii umeer 6ut macku B peructpe ECEINT, ¢nar npepsiBanus B
peructpe ECFLG, out copoca daara B peructpe ECCLR u 6uT mporpaMMHOTO TIpephIBaHUS B
peructpe ECFRC. Ha pucynke 12.5 nokaszan npumep 11 pepbiBaHus 1mo coOsituio EV1.

(ECCLR)
CETV1
co (ECFLG)
POC reETVL
A
EV1 YctaHoBKa
™ &1, MpepbiBaHue
SN CETV1|» no cobObITUIO
(ECFRC) (ECENT) EV1 (EV1_INT)

Pucynok 12.5 — IIpumep ympasnenus npepsiBanuem EV1

Bce mpepeiBaHus MO COOBITMSIM HOCTYNAlOT Ha OJOK yIpaBlIeHUs IMPEpbIBAHUSAMH U
o0pabaTbIBarOTCs, KaK CKa3zaHO BbIme. [Ipy BOSHUKHOBEHHH JIOOOTO M3 3THUX INPEPHIBAHUN B
peructpe PEINT ycranaBnuBaercs duar PEINT, u renepupyercs npepsiBanue 6j0ka 3axBaTta,
CM. pUCYHOK 12.6.

EVO EVO_INT R
EV1 INT 1
EV1 Brok = >
EV2 EVZ2_INT (PEINT)
IR VTN > NVIC npepblaime
EV3 —»| npepbiBanusmm — > PEINT
CTROVF INT Brioka 3axBata
CTROVE  — D > ECAPX_INT
CTR=PRD _, CTR=PRD_INT ., X_
CTR=CMP _,| CTR=CMP_INT |

Pucynok 12.6 — O0mias cxema ynpasieHHs IPepbIBAHUSIMU
[Ipumeuanue — Ilporpamma oOCITyKMBaHUS IpepbIBaHUS TOJDKHA cOpachlBaTh Quiar

PEINT Bo m30exaHue MOBTOPHOTO OOCITYKMBaHUS MPEphIBaHMS OT OJioka 3axBarta. st cOpoca
¢uara cnenyer 3anucaTh €IUHUILY B HyJIeBoi 6ut peructpa PEINT.
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13 Moayas kBagpatypHoro aekoaepa QEP

Ksanparypusiii nekoaep QEP nmpeobpa3zyeT mudpoBoii curaan ¢ gaTdvka mojoKeHHs Baa,
TI03BOJISISL BBIYUCIISATH CKOPOCTh, HAIIPABJICHUE BPAIIICHHUS, & TAKXKE TEKYIIIee IMOJIOKESHUE BajIa.

PCLK »Tanmep BpeMEHHbIX
oTCyeToB
UTOUT
Mopynb 3axBata |¢ -
BpEMeHU  [¢ L—»{CTOpOXeBo
N »  Tanmep
wDTOUT]
QEP_AIN PHE QEP_INT| kNVIC
QEP_A[ T} QEP BN | QCLK g ]
QEP_IIN | QDIR |
QEP_B[ }— QEP_SIN KeappaTypHbiit |q CYeTUMK NoanLIm
MUX = »npeobpasosaters s >
|QEP_IOUT >
QEP_I[ Je—r 'QEP_SOUT ) PCSOUT
| QEP_IOE )
QEP_S[ Je—r 'QEP_SOE

Pucynok 13.1 — Cxema KBagpaTypHOTO JIeKojepa ¢ MYyJIbTHILIEKCOPOM
BXOJTHBIX/BBIXOHBIX CUTHAJIOB

B cocra xBagpatyproro nexoxaepa QEP Bxonsr, cMm. pucyHok 13.1:

- HaCTpauBaeMblii 00paOOTUYNK CUTHAIOB BXOJIOB;

- KBaJIpaTypHbII NpeoOpa3oBaTeb;

- CYETUUK MTO3ULIMKU/OJIOK yIIpaBJICHHUS;

- MOJTyJIb 3aXBaTa BPEMEHH;

- TaiiMep BPEMEHHBIX OTCUETOB;

- CTOPOKEBOM TalMep.

[To ymomyaHuiO MOIydb 3axBaTa BPEMEHM HAXOAWUTCS B cOpoce U HE TAaKTHPYETCs.
PaspemmTh TakTHpOBaHHME W CHSTH COpPOC MOXKHO, YCTAaHOBHB COOTBETCBYIOIIHE OWTHI B
peructpax PCLKCFG u PRSTCFG 61o0ka RCU.

YroObl MEpEeKITIOUNTh ATbTEPHATUBHYIO (YHKIMIO Ha curHaibl QEP mo coorBercByrommum
BbIBOZaM, HeoOxomumo ycrtaHoBuTh Out QEPEN B pernctpe REMAPAF 61o0ka SIU.

13.1 O6pabdoTUNK CUTHATIOB BXOJ0B

KBanpatypubsiit  nekomep  QEP  ucnomsdyer  aBa  KBaapaTypHBIX — BBIBOAA
MHUKPOKOHTpOJIIEpa, paboTaonmx Ha BXoA. Takxke, UMEIOTCs CleUalIbHbIA MHAEKCHBIN BBIBOJT
Y BBIBOJI CTPOOMPOBAHHMS, KOTOPBIE MOTYT pabOTaTh Ha BXO/ U BBIXOJ.

QEP_A u QEP_B — B kBampaTypHOM pexume — 3TO JBa Bxoja. CHTHaibl Ha BXOJax
caBUHYTH 110 (paze Ha 90 rpaaycoB W MO HUM MOYKHO OIPENESIUTh CKOPOCTh M HAaIlpaBIICHHE
BpallleHUs poTopa, CM. pUCYHOK 13.2. B pexume cuera/HampaBieHUs CUTHAIbl Ha BXOJaX
UCTIOJIB3YIOTCSl KaK TAKTOBBIA M CUTHAJ HANpAaBJICHUS BpAIIEHUS POTOPA, IO KOTOPBIM TaKKe
MOYKHO BBIYUCIUTH CKOPOCTH BPAIIICHHS.

QEP_I — unnexcHslit BeiBoA. CUTHAT HA BXOJIE CUTHAJIM3UPYET O MOJIHOM 000pOTE POTOPA.
[To3BomsieT cOpackIBaTh CYETYHMK TTO3UIIUH TOBOPOTA POTOPA.

QEP_S — monp3oBaTenbCckuii BBIBO cTpoOMpoBaHus. CHTHAN Ha BXOJIE MOXET COPOCHUTH
WIA 3aIIeJKHYTh CUETYUK MO3MIMU. [IpUMeHseTcs TNpu  HCIOJIB30BAaHMM  KOHIIEBBIX
BBIKJTFOYATEIICH.

Curnansl Ha BX0JIaX MOTYT OBITh POMHBEPTUPOBAHBI. IHBepCHs BKIIIOUAETCS YCTaHOBKOU
cooTBeTcTBYMOLIEro outa B peructpe QDECCTL.
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VYcranoBkoit 6ura SWAP MOXXHO BKIIOYMTH OOpaTHBIA CUET, T. €. MPOTPaMMHO MOJATh
curnan ¢ BeiBoga QEP A nHa Bxox QB kBamparypHOro mpeoOpa3zoBatesisi, a CUTHAJI C BBIBOJA

QEP B nopats Ha Bxox QA (Bxombel A u B MeHsrOTCS MecTamu).

QEPA
QEPB
QEPI []

Pucynok 13.2 — JluarpaMMbl BXOJHBIX CUTHAJIOB

13.2 KBaapartypHblii npeo0pa3oBareib

Ha pucynke 13.3 noka3ana cxema KBaJpaTypHOro Ipeoopa3oBaTes.

QAP SWAP| | QDF PHE
A 4
‘\i\ » PHE
QEP_AIN >[5 QEPA ‘\ﬁ\
o » 07 0A ICLK 55~
— g CLK _
i KBagparypHblii X p{01 QCLK
QEP_BIN » 0 QEPB ‘/OI\Z aekogep »| 10
T Ll/ —\
G2 e I S ﬂ);% %wo
> 1 xDIR 01
—» QDIR
«1»—p|10
XCR «O»—pl11
QIP IGATE QSRC
QEP_IIN ,Bi\
* 0
FprSpre T
L
QEP_SIN o
l—’ » QS
i
QSP SPSEL
QEP_IOUT « ‘jl
0 |g PCSOUT
QEP_SOUT « 1

QEP_IOE « :1:

4—@4— SOEN
QEP_SOE « 1

Pucynok 13.3 — Cxema KBagpaTypHOT0 peodpazoBaTess
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Pe:xnmbl padoTsl

KBanparypHslii mpeoOpazoBaTenb MOAJIEPKUBAET YEThIPE pekuMa paboThI:
- PEKUM KBaJIpaTypHOTO CYETa,

- PeKUM cUeTa/HalpaBICHNUS,

- PEKUM cUeTa BBEpX;

- PEKUM cUeTa BHU3.

Br16op pexuma 3aBucut ot 3HaueHus noist QSRC perucrtpa QDECCTL.

Pe:xxuM KBagpaTypHOro cuera
KBanparypnslii npeobpazoBarenb (popMUpyeT CHUTHAJI HalpaBJIeHUS BpPAIIECHUs, TAKTOBBII
CUTHAJI U CUTHAJI HAaIlpaBJIEHHs cyeTa (BBEpX-BHU3) IS CUETUMKA ITO3ULUH.

ﬂekpew‘l;/‘ \@emem

[ekpemeHT

WHkpeMeHT
cyeTymKa

_ (00) (11) HKPEMEHT
(A,B)= (10) (O:l) MC‘-lpeTHVIKa

QEPA

e 1]

CurHanblQEP cieTmka

- LT L L L
L Lt L L
e e

QDIR |

WHkpeMeHT
cyeTYMKa

rosor SOGHOGHDOCHNGIABAG DGO
« LIt i

LT L TP
e LA LU L

QDIR |

wosar BOOGONDOBEOOEOOGA DO

Pucynok 13.4 — BpeMeHHbIe 1uarpaMMbl 1 aBTOMAT COCTOSTHHM paOOoThI
B KBa/IpaTypHOM pEKUME cueTa

Hanpasienue BpaieHusi poTopa OINpenensercs Mo MOpsAKY CMEHBI MepeIHUX U 3aJHUX
¢pontoB Ha Bxogax QEP_A u QEP_B. K npumepy, ecnu 3a nepeaaum (ppoHTOM cHUTHaIA Ha
Bxoge QEP_A crnenyer mepennuit ¢ppont curnana Ha Bxoge QEP_B, cm. pucynox 13.4, To
HalpaBJICHUE BpAIICHUS CJEIyeT CUYUTATh NPSAMBIM, a CYCTYMK TIO3MIUU paboTaeT Ha
yBenudeHue. Ecnu ke 3a mepegaum ¢porToMm curHana Ha Bxoae QEP_B cremyer mepemnwmit
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¢pont curnana Ha Bxone QEP_A, To HanpaBieHne BpalleHus CleAyeT CYMTAaTh MHBEPCHBIM, a
CUETYMK NO3MIMU paboTaeT Ha yMeHblleHHe. Ecim Ha o0oux BbIBOJaxX 3aUKCHPOBAHO
OJIHOBPEMEHHO J1Ba (PPOHTA, TO TAKOE COCTOSIHHE CUUTACTCS OLIMOOUHBIM.

KBanpatypHblii mpeoOpa3oBaTenb BBIIACT YETHIPE CUETHBIX HMITYJIbCA HA OAMH IEPHUOJ
BXOJJHOI'O CUTHaJIa, TOCKOJIbKY MCIIOJIb3YET Ul cueTa NepeJHUH 1 3aAHUH (POHTHI CUTHAJIOB.

Pe:xxuMm cuera/HanpaBJieHus

B srom pexume BbiBog QEP_A paGoraeT kak BXOJ TaKTOBBIX HMIIYJIbCOB, a BBIBOJ
QEP_B — kak Bxoj 3amganusi HarpaBieHus cueTa. CUETYMK MO3UIMH B 3TOM PEKUME padoTaeT
1o KaXx7aoMy nepeanemy (pponTy curnana Ha Bxojae QEP_A.

Pesxum BBepx

PexxuMm ucmone3yeTcst Ui BBIYHCICHUS YacTOTHI CIIEJOBAaHUS HMITYJIbCOB Ha BBIBOJI
QEP_A. ®pont 3agaercs 6utom XCR perucrpa QDECCTL. Cyetunk Bcerma paboraer Ha
YBEJIMUCHUE.

Pesxxum BHU3
PexxuMm ucnonb3yercst sl BBIUMCIEHUS YAaCTOThI CJIEJAOBAHMS HMMIIYJbCOB Ha BBIBOJE
QEP_A. ®pont 3amaercs 6urom XCR. Cuerunk Bcera paboTaeT Ha YMEHBIIICHHUE.

13.3 CyeryHk MO3MIMH

PabGora cuerunka mNO3UIMU KOHTpoiupyercs mnocpeactBoM peructpoB QEPCTL wu
QPOSCTL, xoTopbIMH 3a/laeTcsi PeKHUM cueTa, cOpoca M XpaHEHHUs, a TaKXKe JIOTMKA s
(GbopMUPOBaHUS BHEUTHETO CUTHAIA CHHXPOHHU3AIIHIH.

Pexkumbl cOpoca cueTYMKa MO3UIUH

CyeTuymK MO3UIMKA MOXXET HaKaIUTMBATh Pe3yJbTaT B TEUECHHE MHOTHX OOOPOTOB Baja, a
MOYET TOACUYUTHIBATh IO3UIUI0 TOJBKO 3a OJUH O0OpOT, cOpachiBascCh KaxIblH pa3 IO
COOBITHIO TIPHUXOJa MHIEKCHONW METKH. B 3aBHCHMOCTH OT Ha3HA4Y€HHUS MOTYT HCIIOIb30BaThHCS
clIeAyIoIIMe croco0bl copoca cueTYnKa MO3HUIINU:

- TI0 CUTHAITy UHJICKCAIlNH,

- 110 NIEPENOTHEHHUIO;

- TOJIBKO TI0 TIEPBOMY CHTHAITY WHICKCAIIUH,

- 110 TailMepy BpEMEHHBIX OTCUYETOB.

Pexwum 3anaercs moinem PCRM perucrpa QEPCTL.

Cuerunk cOpachIBaeTcsi B HOJb MPH €ro NEePeroIHEHUN WM MPH MPEBBIIICHUN 3HAUYCHUS
peructpa makcuManbHOTO 3HaueHUsT QPOSMAX. ®nar mpepbiBaHHs, BO3HUKAIOUIETO IPH
NEepenoHeHNN CUeTUnKa, ycTanapiauBaercs B peructpe QFLG.

Pexxum cOpoca 1mo curHajsy HHAeKCAunu

Pexum cOpoca 1o curHainy WHIAEKCAlluy BKIIFOUEH 110 YMOITYaHUIO.

[lpy nonydyenum curHana ¢ wuHAekcHoro BbiBoga QEP_| mpu cuere BBepx cueTumk
obHynmuTcs 1o ciuenytomeMy (pouty curHama TaktupoBanms QCLK. Ecam ke curnan
UHJEKCAllUK ObUI TOJIyYeH NpU CYeTe€ BHMU3, TO B CYETYMK OYAET 3arpy’keHO 3HaueHue
QPOSMAX, cm. pucyHok 13.5.

[Tpu nony4eHuu nepBoro CUrHajia MHIEKCAIH, CXeMa TOKUIaeTCsl TI0O0ro U3MEHEHUs Ha
KBaJIpaTypHBIX BXOJIaX M 3allOMHUHAET 3HAYEHHE ITOr0 COOBITUS — (PPOHT, aKTHUBHBIN BBHIBOJ
QEP_A wmm QEP_B, a taxxe HampaBieHHE BpaLEHUS. JTOT MOMEHT BPEMEHHU Ha3bIBAETCS
MapkepoMm mHaeKcanuu. [Ipu mosBiennn 3Toro coosiTus yctanaBnuBaercs out FIMF perucrpa
QEPSTS, a nanpaBnenue Bpauienus coxpaunsiercs B oure FIDF. B nansueiinem, cOpoc cueTunka
OyIeT mNpou3BOAUTHCA TOJBKO B MPHUCYTCTBUM CHTHalda MWHIAEKCAlMM W COOTBETCTBUS
COXpaHEHHBIM 3HAYEHUSM MapKepa MHAekcauuu. Eciin HampaBiieHuE BpallleHus U3MEHUTCS, TO
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i popMHpoBaHUs cOpoca COXpaHEHHOE B Mapkepe 3HaueHue (GpoHTa (MeperHuil nin 3aaHun
(GpoHT) MeHsieTcst Ha 00paTHOE. DTO CAENAaHO C LENbIO MPUBA3KH MHICKCAIIMH K KBaJIPaTypHOMY
curnany QA/QB, a Takxe ans Ooiiee TOYHOW OOPAOOTKU WHACKCAIMH, YTOOBI HCKIIIOYUTH
BIIMSHUE LIMPHHBI MMITYJbCa HAa WHAEKCHBIH BbIBOJ. COXpaHEHHbBIE 3HAYCHUS HCIIOIB3YIOTCS
npu copoce 1o Mapkepy unzaekcamuu (ecnu none |IEL B peructpe QEPCTL pasno 11Db).

SRR B O B B B B e O

I R Y e R
QCLK ;
ot U S S A A A O A A
F9Ch FOEh : : : : . : F9Fh_ F9Dh  F9Bh  F9%h  F97h
QPOSCNT
Cawan L iooooL
nHaekcauumn R H A R R R R R S H
QPOSILAT X F9Fh X 3h
QDLF ¢ i bbb bbb

Pucynox 13.5 — Bpemenunsie nuarpaMmmsbl cOpoca 1Mo CUTHaTY HHACKCAIIUN

[To xaxnoMy curHany MHAEKCAlMH, BKIIOYas MapKep MHAEKCAlUU, COIEP)KUMOE CUETUHKA
coxpansiercsa B peructpe QPOSILAT, a nampasnenue Bpamenuss — B oute QDLF perucrpa
QEPSTS. Ecmu mpu coxpanennn 3HadeHue cuetunka QPOSCNT He paBHO HHM HYJIIO, HU
3HaueHuto QPOSMAX, To BeicTaBisieTcst ¢iar ommbku cuyerynka mnosunuu (Out PCEF B
peructpe QEPSTS) u dnar npepwiBanus (6ut PCE B peructpe QFLG). ®@nar ommbku cueTynka
MO3ULIMU OOHOBIISETCS C KaXKABIM MHJEKCOM, a (iar mpepbIBaHUS MOXKET ObITh COPOILIEH TOJIBKO
IIPOrPaMMHO.

[Tone HacTpoiiku cOOBITUS MHAEKCALIUH J1JIs1 cOXpaHeHus cuetynka no3uuuu IEL (peructp
QEPCTL) urnopupyercs. Takxke TOIBKO B TOM PEKHME MOTYT YCTaHABIMBATHCS (Iiar OMMOKN
cuerurka no3unuu PCEF u ¢nar cooTBeTCTBYIOLIETO MPEPBIBAHUS.

Pe:kum cOpoca no nepenoHeHH 10

MakcumanbHOE 3HaueHue cueTdyrka no3uuuu 3aaaercs peructpom QPOSMAX. Ecinn
CUETYMK CUYMTAET BBEPX U JOCTUTHYTO MAKCHMAaJIbHOE 3HAYEHHE, TO CO CJIEIYIOLIIUM TaKTOM
CHHXPOCHTHAJIA CUETUYNK OOHYIUTCA. ECIIM CYeTYNK cunTaeT BHU3 U JIOCTUTHYTO 3HAUYEHHUE HYIIS,
TO CO CJIEIYIOIIMM TaKTOM CHHXPOCHTHAJIa B CUETUUK OyneT 3arpyxeHo 3HaueHue QPOSMAX.
COpoc mo coOBITHIO MHICKCAITUN HE TTPOU3BOIUTCS.

[Tonyuenune 3HaueHW Mapkepa WHAEKCALUU MPOMCXOIUT AHAJOTHMYHO TOMY, Kak 3TO
NPONCXOTUT B pEXKHME cOpoca IO CUTHaTYy WHAEKcanuu. [lomydeHHbIE 3HAYEHUS MOTYT
UCIOJIb30BaThCS MPU MHHULIMAIM3ALMU [0 Mapkepy HHAeKkcanmu, eciau B mone IEL 3ammcano
snaueHue 11b B peructpe QEPCTL.

Bpemennsbie quarpammbl copoca mokaszaHnsl Ha pucyHke 13.6.
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Pucynok 13.6 — Bpemennsle 1uarpaMMbl cOpoca Mo CUTHAILY MEePEToIHEHHS

Pe:xnMm cOpoca 1o nepBomMy CHrHAJTy HHACKCAIUHA

Ecnu Ob110 MOTy4eHO cOoOBITHE MHIEKCAIIMU TIPH CYETE BBEPX, TO CYETUYHK OOHYIUTCS CO
CJIEAYIOIIMM TaKTOM CHHXpocurHaia. Ecnu sxe coOpITHe MHIEKCaMU ObII0 3a()UKCHPOBAHO MPH
cYeTe BHH3, TO CO CJIEIYIOIIUM TaKTOM CHHXPOCHUTHAJA B CYETYHK OyJET 3arpykeHO 3HAYCHHE
QPOSMAX. Ilpu nocneayromieM cyere cOpoc MOKET IPOU30UTH TOIBKO MPU JOCTHIKEHUH HYJIIS
nin 3HadeHuss QPOSMAX (T.e. aHajoruyHo pexXUMy cOpoca MO TEPENOTHEHHUI0), a
JabHEHIINe BO3MOKHBIE COOBITHS MOJNYyYEHHMs CUTHAla Ha BBIBOJE WHICKCALMU BIHMATH Ha
cOpoc He OyayT.

[Tonyuenune 3HaueHW Mapkepa WHAEKCALUU MPOMCXOIUT AHAJOTHMYHO TOMY, Kak 3TO
NPONCXOTUT B PEXKHMME cOpoca IO CHUTHaTy WHAEKcanuu. [lomydeHHbIe 3HAYEHHS MOTYT
UCIOJIb30BaThCS NPU MHHUIMAIM3ALMU N0 Mapkepy HHIekcanuu, ecnu B nose [EL 3amucano
3naueHue 11b.

Pe:kum cOpoca mo TaliMepy BpeMeHHbBIX 0TCYETOB

B sToMm pexxume cueTunk cOpachiBaeTCsl B HOJb WK 3arpyskaetcs 3HaueHneM QPOSMAX,
B 3aBHCHUMOCTH OT TEKyIero pexkuma cueta (3amgaercs nojseM QSRC peructpa QDECCTL), mo
COOBITHIO CpabaThIBaHUsl TaiiMepa BPEMEHHBIX OTCUYETOB. B OCTaIbHOM peXHM aHAJIOTHYEH
pekuMy cOpoca I0 TepPEToTHEHHTO.

Takxke BO3MOXXHO HAcCTpOUTh coxpaHeHue 3HaueHus cuetynka QPOSCNT B peructp
QPOSLAT mnepen copocom, It STOTO HEOOXOAMMO BKIIFOUUTH MOIY/Ih 3aXBaTa, yCTAHOBUB OUT
CEN B peructpe QCAPCTL. DT0T pesxuM yao0eH Ui U3MEPEHUs YaCTOTHI.
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CoxpaHeHne CHeTYHKA MO3ULUHU

BHemmHue BxonIbl HWHAEKCAIMM U CTPOOMPOBAaHUS MOXHO 3allporpaMMHUpPOBATh Ha
dbopMupoBaHUEe COOBITHIA I COXpAHECHHMSI 3HAUCHUs cueTdrKa no3uiuu B peructpsl QPOSILAT
u QPOSSLAT.

CoxpaHeHue 1Mo COObITHIO HHAEKCALUH

B HekoTopsix 3agauax He TpebyeTcs cOpachiBaTh CYSTUUK MO3UIMH TI0 KOKIOMY CUTHAITY
MHJIEKCAllUM, @ BMECTO 3TOT0 MOXKET IOTPeOOBAThCS YBEIMUYUTH PaA3psHOCTb CYETYHMKA [0
32 our (pexumsl, 3anaBacmblie 3HadeHusiMu PCRM pasubivu 01b u 10b). B atom ciydae Out
QDLF (nanpapnenue BpamieHusi) B peructpe QEPSTS Oyner nmepe3anuchiBaThCs MO KakKIOMY
CHUTHAJIy WMHJICKCAIlUM, a CUYETYUK OYAET COXPaHATh 3HAUYEHUE IO CIEAYIOIIUM COOBITHUSM
MH/IEKCallUH:

- 0 nepeaHeMy (GpoHTy curHana unaekcanuu npu IEL = 01b;

- 1o 3aiHeMy (ppoHTy curHana unaekcauu npu IEL = 10b;

- o Mapkepy unaekcanuu npu IEL = 11b.

CoxpaHeHue 3HaUeHMsI CUETYMKA 110 MapKepy HHAEKCcALUU Oy1eT NPOU3BOAUTHCS TOIBKO B
NPUCYTCTBUHM CUTHAJA HMHICKCAIMA W TIO0 COOBITHIO, SKBHUBAJECHTHOMY COXPAaHEHHOMY NpHU
HepBOil uHAeKcauu o Mapkepy. Eciu HanpaBieHne BpallleHus] U3MEHUTCS, TO COXPaHEHHOE B
MapKepe 3HaueHHe THMa (pOHTa MEHSeTcs Ha oOpaTHOEe 3HAYeHHE. DTO CHAENAHO C IEINbI0
OPUBSA3KM HMHIEKCAMM K KBagpaTypHoMmy curHany QA/QB, a Taxxke nias Oonee TOYHOM
00pabOTKM HMHICKCAIlMW, YTOOBI HWCKIIOYUTH BIHMSHUE HIMPUHBI HUMIYJIbca Ha WHIAEKCHOM
BBIBOJIE.

[Tpu coxpanenun 3Hayenus cuetunmka B peructp QPOSILAT dopmupyercs ¢umar IEL
npepbiBanust uHIekcanuu B peructpe QFLG. B pexume cOpoca mo curHainy HHAEKCALUU
(PCRM = 00h) 3nauenue noins IEL B perucrpe QEPCTL urnopupyercs.

CoxpaHeHue 1o coObITHIO CTPOOMPOBAHUS

3HaveHue cuetunka coxpansercs B peructp QPOSSLAT no xaxaoMmy nepenHemy GpoHTY
curnana Ha Bxone QEP_S, ecim cOpomen 6utr SEL B peructpe QEPCTL. Ecnu xe 6utr SEL
ycTaHOBJIeH, To coxpaHeHue B peructpe QPOSSLAT mpoucxomuT mo mnepegHeMmy (pOHTY
curHaina crpo6a Ha Bxogae QEP_S npu npsimom HampaBneHuH BpamieHus U 1Mo 3aaHeMy (pPOHTY
uis oOpatHoro BpamieHus. IIpum kaxaom coxpaHeHuu cyerunka B peructpe QPOSSLAT
ycraHaBnuBaetcs ¢uiar npepsianus SEL.

Nuannmanu3anys c4eTYHKA MO3HIHH

CueTuymnk cOOBITHI MOKET OBITh MPOUHULIMATUZUPOBAH TPOIPAMMHO HIIU 110 COOBITHSIM:

- COOBITHE MHIEKCAIINH,

- cOOBITHE CTPOOUPOBAHUS.

Bxogno#t curnan wuaaekcanmu QEPI MoxeT wWcmomb30BaThCs IS HMHHUITAAIH3AIUAN
cueTymMKa 1Mo nepenHemy W 3aaHemy ¢ponrty. Ecim none IEI = 10b, To cueTunk 3arpyxaercs
3HaueHnem peructpa QPOSINIT nmo mepeanemy ¢GpoHTY curHaia MHAEKCAlMH. AHAJOTHYHO,
ecmu IEI=11b, To cyerunk 3arpyxkaercs 3HauenneM QPOSINIT no 3agHemy ¢poHTy curHama
WHJIEKCALIH.

Eciu mome SEI = 10b, To cyerumk 3arpyxkaercs 3HadeHuem peructpa QPOSINIT mo
nepeaneMy GpoHTY curHaiga crpobupoBanus Ha Bxoze QEP_S. Ecmu SEI = 11b, To cueTunk
3arpyskaetcs 3HaueHueM peructpa QPOSINIT no nepennemy ppoHTy curHana ctpoOupoBaHus,
€CJIM UJIET CUET BBEPX, U 10 33 THEMY — €CIIM BHHU3.

[TporpaMMHO CuUeTYMK HHHULHUAIU3UPYETCA NMpH 3anmuch eauHunbl B Out SWI perucrpa
QEPCTL. bur He cOpachiBaeTCsi aBTOMAaTUYECKH, HO IOBTOPHAs 3alKCh €IWHUIIBI TaKXKe
IPUBENET K MHUIMAIN3ALNN CUETUUKA.
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KOMnapaTop CUYETYMKA NMO3UIUHA

Kommaparop, cm. pucynok 13.7, cpaBHMUBaeT 3HaY€HUE CUETYMKA IMO3HUIIMH C PETUCTPOM
QPOSCMP wu mpu coBmajgeHWH 3HA4YCHHH (OPMHUPYET IpEephIBaHHE, a TakKKe BHEITHUI
CUHXPOCHUTHAJI, KOTOPBI MOXKET OBbITh HamlpaBlieH Ha OJWH U3 BBIBOJOB: HWHJIEKCHBIN BBIBOJ
QEP I wnm BeiBog ctpobupoBanust QEP S. but SPSEL B peructpe QDECCTL omnpenenser, Ha
Kakoli MMEHHO BBIBOJ OyJIeT HampaBieH CUTHAN cuHxpoHusanuu, a outr SOEN B perucrpe
QDECCTL pa3pemraer 3ToMy BBIBOIY paOOTaTh KaK BBIXOJ.

PCLOAD | TeHeBoi permcTp | (QFLO)
QPOSCNT= YCTaHOBKA, PCR Cbpoc
00000000

e

[ qeoscwp ] i
PCM
(QFLG)
pcw €22 [pcspw PCPOL
== 'YcTaHoBKa v
PCEV
Komnaparop ¢ *|Paciumputent, PCSOUT
T\[ nmnynbcos E
| QPOSCNT |

Pucynok 13.7 — dyHKIMOHAIBHAS cXeMa KOMIIapaTopa CUeTYUKa MO3UINU

Peructp QPOSCMP wMmoxeT HCIosnb30BaTh pPEXUM OTJIOKEHHOM 3arpy3kd, Korja
OTJIO’)KEHHOE 3HAaueHue Oepercs U3 TEHEBOIO0 PETrHCTpa, a €CIM PeXHUM OTIIOKEHHOH 3arpy3ku
BBIKJIIOYEH, TO 3anmuchk B QPOSCMP npousBoautcs cpa3y B aKTUBHBIN PETUCTP.

OTtnoxeHHas 3arpy3ka MpOUCXOAUT IO CIAEAYIOIINM COOBITUSM:

- 10 COBIIAJICHUIO PE3Yy/IbTATOB CPABHEHMS,

- o obonynenuo cueTurka QPOSCNT.

@unar ycnemHoro cpasHeHus PCM ycraHaBimBaeTcs, KOIZA BBINOJHSIETCS YCIOBUE
QPOSCNT = QPOSCMP, mnpu ostoM Takke (OPMHUPYETCS CHHXPOUMIYIbC Tpedyemoit
JUINTENILHOCTH JUIs U3BelleHus BHemHero ycrpoiictBa (curnan PCSOUT). HacrpauBaemas
JUIUTEITLHOCTh CHHXPOUMITYJIbCA KOHTPOJIMPYETCS CHIEUAIBHON CXEMOM 3a/1epiKKH.

@nar PCR roroBHocTM KOMIapaTopa K OTJIOXEHHOH 3arpy3ke 3Ha4eHHs CpaBHEHHS
BBICTABIIIETCS, KOTJA BBINOJHIETCS YCIOBUE JJIsi OTJOKEHHOM 3amMcy, 3aJaHHOe OUTOM
PCLOAD B peructpe QPOSCTL. Ilpu 3ToM reHepamusi COOTBETCBYIOLIETO IpEphIBAHUS U
yctaHoBka ¢mara PCR  Oyzmer OCyIMIECTBISATHCA JIMIIb TMPU  BKIIOUYEHUH  PEKHUMA
otnoxxenHoi 3arpy3ku PCSHDW (peructp QPOSCTL).
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13.4 Taiimep BpeMEHHBIX OTCYETOB

Taiimep, UCTIOTIB3YEMBIN ISl OMOBEIIEHUS TPOrPAaMMHOT0 00ecieueHus: 0 HEOOXOAUMOCTH
HA4YaTh W3MEPEHHE CKOPOCTH, MPEICTaBIsIeT co0oil 32-pa3psiHblii TaiiMep, paboTarommii Ha
4acTOTE CHUCTEMHOIO TaKTOBOTO CHUTHana. Taiimep BkiIrodaercs ycraHoBkoil Outa UTE B
peructpe QEPCTL. Korma 3mauenue taiimepa nocturaer mopora (QUTMR = QUPRD),
dbopmupyetcst npepbiBanue u BbicTaBisercs (aar UTO. [lanHbiii 00K TaiiMepa MOXET OBITh
MCIIOJIB30BaH JIsl BBIYUCICHUS CKOPOCTH MPU BBICOKOM OBICTPOJEHCTBUM, CM. pUCYHOK 13.8, a
TaKKe Ui COXPaHEHHs CUeTUYMKa MO3UIMH, PETUCTPa TallMepa U perucTpa nepuojia B perucrpax
QPOSLAT, QCTMRLAT u QCPRDLAT cooTBeTcTBeHHO. PexkrM coXpaHEeHUs OmpeeiseTcs
coctrostarem outa QCLM B peructpe QEPCTL.

(QEPCTL) (QCLR)

UTE uTo

v (QFLG)

PCLK —» QUTMR « UTo |¢2R0c
A

1l YctaHoBKa

Komnapartop » UTOUT
QUPRD

Pucynok 13.8 — dyHK1MOHaBHAS cXeMa TaiiMepa BpEMEHHBIX OTCUYETOB

13.5 Moaysb 3aXxBaTa BpeMeHH

@DyHKIMOHANbHAS CX€éMa MOJYJs 3axBaTa BPEMEHM IIpEACTaBlI€Ha Ha pUCyHKe 13.9.
Taiimep HcIONIb3yeT TAaKTOBBIM CUTHANI M CUTHAJ KBaJIpaTypHBIX COOBITHH ¢ KO3 duureHTamu
nenenust, nporpammupyeMmbiMu nosisiMu CCPS u UPPS B peructpe QCAPCTL. Koadpunments
JIJIEHNs. MOKHO MEHATh B Ipolecce paboThl, HO B 3TOM Cllydyae MOXET NMPOU30UTU COOBITHE
3axBaTa, CoJieprKalllee HEBEpHbIC JaHHBbIE, KOTOpBIE ClIEAyeT UTHOpUpoBaTh. Bo u3bexkaHue
MoA00HOM CHUTyallud Tiepel HW3MEHEHHWEM 3HauyeHUW KOd(D(PUIIMEHTOB JeNeHus CleayeT
BBIKJIFOYHTh MOJYJIb 3axBara BpeMeHu (cOpocuth 6uT CEN), U CHITh Bce MacKu MpepbIBaHUiL.
[Mocne u3mMeHeHus: K0AGPUIMEHTOB MporHUIMann3upoBath Taiimep QCTMR (3amucath HyeBoe
3HAUYCHHUE), COPOCHUTH BCE CTATYChI, BHOBb Pa3pEIINTh IPEPHIBAHUS U BKIFOUUTH MOJYJIb 3aXBara.

Takke, CyleCcTByeT BO3MOXHOCTh BKJIFOUHWTH YJIYYIIEHHBI PEXKHUM TEHEBOU 3arpy3Ku
UPPS/CCPS. Ecau ycranosuts 6ut EPSLD B peructpe QCAPCTL, To usmenenne UPPS/CCPS
B IIpoluecce paboThl OyIeT MPOUCXOAUTD CIIEIYIOIIUM 00pa3oMm:

- mpu 3anucu, 3Hauenue UPPS/CCPS 3anecercst B TeHeBOI peructp

- mo Ommxkanmemy, ocie 3anucu, coopiTrio QCLK: HOBOe 3HaUeHHE JENUTENsT MPUMET
cuiy, copocutcss QCTMR, copocurcs cueruuk npennenurenss UPPS, copocurcs UPEVNT.

Takum oOpa3om, B 3ToM pexnme — cienyromee coositue (yctaHoBka UPEVNT u 3axBar
QCTMR B QCPRD), kotopoe Oymer cnemoBath nocie udmeHeHuss UPPS/CCPS, Oyxer yxe
KOppeKTHbIM. be3 Heo0XoauMocTH OCYIIECTBISATh MPOIMYCKH JAaHHBIX WM JOMOJHUTENbHBIX
IIPOrPaMMHBIX MaHUITYJISALUI.

Ecnu 6ut SELEVNT B peructpe QCAPCTL cOportien, To 1o AeIeHHOMY KBaJpaTypHOMY
cobniTuto 3Hauenune taiimepa QCTMR 3arpyxaercs B peructp nepuona QCPRD, nocne dero
talimep cOpaceiBaercs, u ycrtanaBnuBaercs guiar UPEVNT B peructpe QEPSTS, o3nauarommii
obHosnenue peructpa QCPRD. ®nar cOpacbiBaeTCs MPOrpaMMHO 3aHChIO €AUHUIIBL.

[Tpu ycranosnenHom 6ure SELEVNT oOHOBIEHHE perucrpa mnepuoaa MPOUCXOAUT IO
CUTHaJly oT Beixoja komnaparopa PCSOUT.
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(QCAPCTL) (QEPSTS) QCTMRLAT
UPPS UPEVNT QCPRDLAT
“ T
QCLK O\ FFFFFFFFh
PCSOUT o 1 i lL (QEPSTS)
/T/ Brok ynpaeneHus Komnapatop —» COEF
SELEVNT 3axsaToM Tavimepa TT
QCTMR
PCLK 1] CAPCLK _ .
N g ) QCPRD
‘ t
CCPS CEN
QDIR [Hetektop [CDEF
dpoHTa v
UTOUT

Pucynok 13.9 — dyHknmoHanpHas cxemMa MOJTyJIsl 3aXBaTa BpEMEHH

3HaueHue TaiiMepa MOXHO MCII0JIb30BaTh IPU U3MEPEHUSIX CKOPOCTH, €CIIH:

- ero 3Hauenue He npesbicuiio FFFF_FFFFh;

- HaIlpaBJIEHUE BpallleHUs 32 BpEMs U3MEPEHUSI HE U3MEHUIIOCh.

Eciun mexny nyms cooeitusimu UPEVNT (T. e. Bo Bpems usmepenus) taitmep QCTMR
nepenoiaHuics, ycranaBiaubaercsi ¢uiar ommbku COEF B peructpe QEPSTS. Ecnun mexny
JBYMsI COOBITHSIMHM TIOJIOKEHUSI Bajla M3MEHWJIOCh HAIpaBJIEHUE BpAIlE€HHUs, YCTAHABIMBAETCS
¢uar omm6xu CDEF.

3nayenuss Taiimepa QCTMR wu  perucrpa mnepuoma QCPRD wmoryr ObITh
ckoH(purypuposans! s 3axBaTta B peructpel QCTMRLAT u QCPRDLAT no coOsITUsIM:

- npountad peructp QPOSCNT;

- cpaboTal CTOPOXKEBOIT Taiimep.

Ecin 6ut QCLM cOpomieH, TO Npu KaXJAOM YTEHMM pEerucrpa CueTyMka MO3UINH
QPOSCNT peructper QCTMR u QCPRD 3arpyxatorcs B peructpel QCTMRLAT n
QCPRDLAT cOoOTBETCTBEHHO.

Ecmn 6ur QCLM ycTaHOBIEH, TO NpHU KaXJOM cpalaTbIBaHMM TaiiMepa BpEeMEHHBIX
OTCUYETOB CYETUUK IMO3ULUH, PETUCTP TalilMepa U PETUCTP NEPUOAA 3aXBaThIBAKOTCS B PETUCTPHI
QPOSLAT, QCTMRLAT u QCPRDLAT cooTBETCTBEHHO.

M3MepeHuss Ha MallbIX CKOPOCTSIX BpallleHWs (HM3Kas 4acToTa KBAJAPaTypHOTO CUTHAjA)
MPOU3BOJATCS caeayommm obpazom — Taiimep QCTMR, TtakTHpyromuiics OT CHUCTEMHOIO
takToBOoro cur"ana ¢ aenutenem CCPS, mo coOsituio UPEVNT, coxpaHser cBoe 3HaueHUE
Bpemenu B peructpe QCPRD, ognoBpemenHo cOpaceiBaercst u BbicTaBisieT ¢iaar UPEVNT B
peructpe QEPSTS, urobsl coobmuth mnporpamme o0 okoH4YaHHUM wu3MepeHus. CoObiTue
UPEVNT  Bo3Hukaer kaxzasle Heckonbko TakToB QCLK, B  cooTBeTCTBUHM  C
3anporpaMMupoBaHHbIM kKodddumuentom nenenuss UPPS B peructpe QCAPCTL. Takum
00pa3oMm, 3Hasi KOJIMYECTBO KBaJIpaTypHBIX COOBITUN 3a U3MEPEHHBIN OTPE30K BPEMEHH, a TaKkKe
TaKOM MapaMmeTp, Kak KOJIMYECTBO KBAJAPATYPHBIX COOBITHII 3a MOJHBIA 00OpOT Bajia, MOXKHO
BBIUHCIUTH CKOPOCTDh Bpalll€HUS.

M3MepeHuss Ha BBICOKHX CKOPOCTSX, CM. pUCYHOK 13.10, MOryT mpou3BOAMTHCS HHAYe.
TaiiMep BpeMEHHBIX 0TCYETOB (POPMHUPYET OOIIYIO UIUTENLHOCTh U3MEPEHUS], CYUSTUUK MO3UIIUN
noacuuThiBaeT komnuectBO ummynbcoB QCLK. 3nag kommuectBo ummyinbcoB QCLK 3a oannH
HOJIHBIN 000POT, MOYKHO BBIYMCIUTH CKOPOCTH BpAIlICHUS Baa.
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B e

QPOSCNT

QCTMR
UTOUT ” ”
Pucynok 13.10 — PaboTa Ha BBICOKMX CKOPOCTSIX
Taxke CyImIeCTByeT M CMEUIAHHBIM CIOCO0 HM3MEpPEHHS CKOPOCTH — II0 3aJlaHHOMY

3HAUEHUIO CUYeTYMKA MO3UIUH, C I[OMOUIbI0 KOMIapaTopa CYETYHMKA MO3UIMH, MOXHO
chopmupoBats cobbiTue UPEVNT (Heobxoaumo ycranoButh O6utr SELEVNT B peructpe
QCAPCTL), xoTopoe, Tak *e Kak U IPU U3MEPEHUIX Ha MaJIbIX CKOPOCTSX, IO3BOJUT MOIYYHUTh
3HaueHue Taiimepa QCTMR. Jlng wucmonb3oBaHHs AITOr0 crmoco0a H3MEPEeHHUs CKOPOCTH
HE00X01uMO pa3pemuTh npepsiBanue 1no codeituio PCSOUT komnapaTopa U ycTaHaBIMBAThH B
TOM NpPEpPBIBAHUM KaXKIbIH pa3 mopor cpaBHeHHs kommapatopa QPOSCMP nHa 3amanHoe
KOJINYECTBO METOK BIIEpe] IO CpaBHEHHIO C Tekymed no3unuedt cuetunka QPOSCNT
(B 3aBuUCHMMOCTH OT HampaBieHHs BpauieHus). Tornma, ycranaBnuBas QPOSCMP panbme ot
QPOSCNT ¢ yBenmn4yeHHEM CKOPOCTH BpAIICHUS, MOXHO TIOJJICPKUBATh ONTHMAJIHHOE
3axBaThIBAEMOE BpeMs, 00eCHeunBaloliee MaKCUMaIbHYI0 TOYHOCTh M3MEPEHUsl BPEMEHH JUIs
BCEX JMANa30HOB BpalleHHs. IDTOT crnoco0 H3MepeHus Haumbojee ClIokKeH, HO U Hauboiee
YHUBEPCAJIEH.

JlonomHUTENbHO, MOJYJb 3aXBaTa BpPEMEHM CIIOCOOEH TeHepupoBarh 3ampockl DMA.
YrtoObl pa3pemuTh TeHepanuio Heooxoaumo ycranoButh 0ut DMAEN B pernctpe DMAREQ.
3atem, kaxneid pas, korga ¢uar UPEVNT (peructpa EPSTS) nepexomut u3 0 B 1, Oyzmer
renepupoBatbest 3anpoc. Ecmu UPEVNT Oynmer ocraBaThCsi HECOPOIIEHHBIM, TO 3ampOChI
reHepupoBatbest He OyayT. [Ipu stom, korga nmpoucxoaut urenne QCPRD mpu DMAEN = 1,
¢ar UPEVNT cOpacbiBaeTcs aBTOMaTHUECKH.

13.6 CropoxeBoii Taiimep 0.10ka QEP

brnok xBagparyproro aekonepa QEP comepxur 32-0UTHBIN CTOPOKEBOI TaliMep, KOTOPHIi
TaKTUPYETCS. CUCTEMHBIM TaKTOBBIM CHTHAJIOM, JEIEHHBIM Ha 64, u cOpachlBaeTcsi JTHOOBIM
KBaJpaTypHbeIM coObiTeM (mepenax Ha BbBoge QEP_A/QEP B). Ecimu Hu  omHoro
KBaJpaTypHOTO CcOOBITHSI HE ObUIO 3aduxcupoBanHo a0 codbiTua QWDTMR = QWDPRD,
cTopokeBoil Taiimep ¢dopmupyer ¢dnar mnpepeiBanus WTO B peructpe QFLG. Peructp
QWDPRD conepxut 3naueHue cpadaThIBaHUS CTOPOXKEBOTO Taiimepa. DyHKITMOHAIBHAS cXeMa
CTOPOKEBOTO TaliMepa mpejicTaBieHa Ha pucynke 13.11.
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(QEPCTL) (QCLR)

QCLK WDE WTO

I (QFLG)
PCLK 634 QWDTMR | [ wro P’M
ll “yCTaHOBKa
Komnapatop » WDTOUT
11
| QWDPRD |

Pucynok 13.11 — ®yHkunoHanpHas cxemMa CTOPOKEBOT0 TaliMepa

13.7 IlpepbiBanus

brok kBanparyproro nexonepa QEP conepxut 11 HCTOUHHMKOB MpepbIBaHui, M. pUCYHOK 13.12.
Cucrema npepsiBaHui cocTouT U3 peructpa macku npepsiBanuil QEINT, perucrpa ¢uaros
npepeiBannii QFLG, a Taxke cxembl (popmupoBanus BHemHero mnpepbiBanuss QEP_INT mo
Hanuuuio axkTuBHBIX @QuaroB. IlpepsiBanne INT Takke MokeT OBITb MacKMpOBaHO B
koHTposuiepe npepbiBanus NVIC. Copoc ¢uiaroB npepbiBaHUI OCYIIECTBISETCS Yepe3 PEerucTp
QCLR. CoOpoc ¢umara aktuBHOCcTH TpepbiBanus INT ocymiecTBisiercs 3ammcbi0 B PETUCTP
INTCLR. Taxxe, mpepsiBaHHE MOXHO c(hOPMHUPOBATH MPOrpaMMHON 3anuckio B peructp QFRC,
HO JUIsI 3TOTO HEOOXOIMMO IMPEIBAPUTEIBHO BKIIOYUTH CUYETYMK TO3HUIUHU, YCTAHOBUB OHT

QPEN B peructpe QEPCTL.

(QCLR)
INT
uTo ) UTOINT (QFLG)
IEL _,)l IELINT _Jf 1 Copog =] YcTaHoska
SEL _,) SELINT > «
PCM _,| Brok | PCMINT
PCR __,| o6pabotku PCRINT _ (INTCLR)
PCO _,/| cobbiTnin | PCOINT > l'eHepaTop »| INT QEP_INT
PCU _,| PCUINT | MMMYNbCOB >
\ggg — \ggg:m > C6poc 3an1cbto
—b D> «1»
QPE _,| QPEINT
PCE _,| PCEINT ..

Pucynok 13.12 — Cxema cucTteMbl IpepbIBaHHHA

Ha pucynke 13.13 nokazana cxema (opMUpOBaHMS MIPEPbIBaHUS BHYTpHU 0J10Kka 00pabOTKH
coobrtuii  anst  cobeitust UTO  (cpabaThiBaHuMe TaliMepa BpPEMEHHBIX OTc4YeToB). CXeMbl
(dbopMHpOBaHUs PEPHIBAHUN JJIS1 OCTATBHBIX COOBITUI MJICHTUYHBI.

(QCLR)

uTO
(QFLG)
(QFRC) o) ALLL
UTO—{ 1 tYcranoska
uto ]l M & | UTOINT

uTO—>

(QEINT)

Pucynok 13.13 — Cxema opmupoBanus npepsiBanust UTOINT
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14 Baoxu HIUM

Apxutektypa O65mokoB IIIMM pa3paboTana 1mo NpUHIKMITY MHUHUMAaJIbHOW Harpy3Kud Ha
IpoIeccop, YTO JOCTHTaeTcs aBToMaTh3anued (OopMUPOBaHMS BBIXOJHBIX HMIYJIbCOB C
HacTpauBa€MbIMU I10JIb30BAaTEJIEM IapaMerpaMu. Tak, mociie MUHUMAJIbHBIX HACTPOEK, 3THU
OJIOKM cIOCOOHBI paboTaTh CaMOCTOSTENBHO, (HOPMUPYS BBIXOAHBIE CUTHAIBI Ha BBIBOAAX
PWMx A u PWMx_B (rme X =0, 1, 2) MEKpOKOHTpOJLIEPA.

MuxkpokoHTposuIep coepKUT Tpu 610ka [ILINM, 06beAMHEHHBIX CXEMOM CHHXPOHU3AIHIH.

Kaxnprit 6;ok LM noanepxuBaeT cieayronyr GyHKIIMOHATLHOCTD:

- 16-pa3psanblii Taiimep;

-Beixompl  PWMx A u PWMx B wmoryr pabGotath B pexumMe (QpOHTOBON U
LEHTPUPOBAHHON MOJYJIALIMM KaK IIOJHOCTbIO HE3aBUCUMO, TaK M KOMIUIEMEHTapHO C
pa3lieJICHuEM TeHEPATOPOM «MEPTBOI0» BPEMEHH;

- BeIxomel PWMx A u PWMx B Moryr ympaBiaTbcsi B 3aBHCHMOCTH OT COOBITHI
uppoBbix KommapaTopoB O10ka ALIL, a Takke oT coObITHII OJ10Ka aHATIOTOBBIX KOMIIAPaTOPOB,
oOecrnieunBasi aBTOMaTUUECKHI peelHbII pexXUM MOAJIEpKaHus 3alaHHON BEJTMYHHBI;

- IporpaMMHOe€ yrpasiieHue Bbixonamu HIMM;

- IpOrpaMMHOE 3aJaHue (a3bl CYUETUUKOB TaliMepa /Il KOOpAMHALMK PabOThl HECKOJIBKUX
610xoB LIMM;

- anmapaTHbI KOHTPOJIb (a3bl IPU KOOPAWHAIIMY paObOThl HECKOIbKUX O10koB LIINM;

- IpeIOTBpAIllEeHUE HAJNOXKEeHHUsI (POHTOB 3a CUET TIeHepaTopa «MEpPTBOTO» BPEMEHH C
HE3aBUCHMOI CXeMOH 3a/Iep>KKU TIEPEHEro U 3a{HETO (PPOHTOB BBHIXOIHOTO CUTHAIA;

- CUTHAJ aBapuu MOXET nepeBoAuTh Bbixoasl PWMx A u PWMx B B BbiCOKO€, HU3KOE
WIN Z-COCTOSIHUE;

- O/IHOKpaTHas U LUKINYecKkas 00paboTKa CUTHAJIOB aBapHH;

- Bc€ COOBITHSI MOTYT HHUIIMMPOBATh MPEPHIBAHUS;

- pu 00paboTKe MpepbIBaHUI MPOrpaMMHUPYEMBI HpPEAJIeNUTENb COOBITHI MO3BOJISIET
CHU3UTb Harpy3Ky Ha IIpOLEccop;

-curHan  [IMM  moxeT MOAyIHpOBAaTbCs  BBICOKOYACTOTHBIM ~ CHUTHAJIOM  IIPH
MCIIOJIb30BaHUU JAPAaiiBEPOB KIIFOUEH C UMITYJIbCHBIM TPaHC(HOPMATOPOM.

s Hauvana pabotel ¢ Onokamu IIIMIM Heo0XoaMMO CHATh C HUX COpPOC M pa3peluTh
TakTUpoBaHue — HeoOxoaumo yctaHoBUTH OuTel PWMEN perncroB PCLKCFG u PRSTCFG.

Omnuncanue CUrHAI0B U BeIBOOB Ooka [ITMM:

- PWMx_A u PWMx_B (rne x =0, 1, 2) — Beixozs! [LINM;

- PWM_TZ — Bxoa, ¢ KOTOPOro mpUHUMAETCsl CUTHAN aBapuM (0OUMid Ui BceX OJOKOB
[II1M, u kaxxapiit 6JIOK MOXKET MCTIOJIb30BaTh WJIM HE UCIIOIH30BaTh STOT CUTHAN);

- PWM_SYNCI — Bxox, coyxammuii 1uis ipuemMa CHHXpOCHUTHANa;

- PWM_SYNCO - BbIX0j1, HCIIOJIB3YIONTUICS i1 CHHXpoHM3ammu 0yioka [HINM,;

- PWM_TZINT — npepbiBaHue 110 CUTHATY aBapHH;

- PWM_HDINT — npepsiBaH#e OT IOPOroBOTI0 BHIKJIFOYATENS.

OynkiuoHanbHas cxema Onoka 1M nokaszana Ha pucyHke 14.1.
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‘W L, PWM_HDINT
oTALN

Pucynok 14.1 — ®ynkunoHnanbHas cxema 0oka IHITUM

14.1 Taiimep

Taiimep mpencrasisier coOoi aByHampaBieHHbIH cuetuuk [BCTR, Taktupyemsiii
curnaiiom TBCLK, koTopslit popmupyercst Ha ocHoBe cuaxpocuraaina PCLK. Yacrora curnama
TBCLK 3anaetcst npousseneHreM KodppuimenTos AByx aenureneid. Koadduuumentsr 3agarorcs
nonsimu CLKDIV u HPCLKDIV peructpa TBCTL. Ilo ymomwanuto, paborta aenurTeneu
ocraHosieHa - TBCLK ne renepupyercs. UtoOsl TaiiMep Hauan cueT o TBCLK, Heo6xoanmo
sarmuchio equanll B mosle PRESCRST peructpa PWMSYNC 6noka SIU pazpemuts padoTy
JEIUTEIIEH.

Jns pabotel npyrux 61okoB HIMM cueTunk no3Bosiser GopMUPOBATh COOBITHS TaKUE, KaK
cosnasienue no nepuony CTR = PRD (TBCTR = TBPRD), cosnanenue ¢ nynem CTR = Zero
(TBCTR = 0000h), coemagenue c¢ peructpamu CTR =CMPA wu CTR =CMPB
(TBCTR =CMPA u TBCTR = CMPB cootrserctBenno). Coositue TBCTR = FFFFh Biusier
tonbko Ha ¢imar CTRMAX peructpa TBSTS.

Bceemu HacTpoiikamu paboThl cueTdyrka Taitmepa ynpasisier peructp TBCTL.

CocrosiHue cyeTunka otpaxarot iaru peructpa TBSTS.
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Ha Beixone nepBoro 6moka MM ¢dopmupyercst curnan SYNCO, koTopblil siBisiercs,
CHHXPOCUTHAJIOM i1 ocTabHBIX OnokoB LIIMM, cMm. pucynok 14.3a. Curnan SYNCO umeer
TP HUCTOYHUKA — TIPOTPAMMHO CTCHEPHPOBAHHBIM CHHXPOUMITYILC, MOCPEICTBOM 3aIlHCU
equauibl B 6ut SWFSYNC, cobeitmss CTR = Zero u CTR = CMPB. Bribop ucrounumka
ocymiectBisiercs mocpencteom noist SYNCOSEL.

B O6noke TaiimMepa HaxoIsATCA pPErHCTpbl HadaiabHOW (asbl cueta TBPHS u mepuona
(makcumanbHoro 3HadeHus: cuerunka) [ BPRD. Peructp nepuosa umeer TeHEBOM peructp st
CUHXPOHHOHM 3arpy3kd 3HAa4Y€HHs, 10 KOTOPOTO CUYETYHUK OCYIIECTBIISIET CYET. YIpaBlieHUE
3arpyskoii ocymiectBisercs outom PRDLD.

CdeTynk MOXeET paboTaTh B TPEX PeKMMaxX cueTa, CM. puCyHOK 14.2:

- BBepX (ot 0000h no 3nayenuss TBPRD, 3arem copoc B 0000h u T. 1.);

- Buu3 (ot 3HaueHusst TBPRD g0 0000h, 3aTem 3arpyska 3nauenust TBPRD u T. 1.);

- BBepx-BHU3 (0T 0000h 1o 3Hayenuss TBPRD, 3atem ot 3nauenust TBPRD no 0000h u T. 1.).

[TapameTpsl cueta 3anarorcs mojaem CTRMODE.

TBPRD = 04h

Tpwm

4 ‘ 4 4

Cuyert BBEPX Cyet BHU3

TBPRD = 04h

But CTRDIR «BBepx» «BHU3» | «Beepx»

CuyeT BBEPX-BHU3

Pucynoxk 14.2 — Pexxumbl paboThl cueTdnka rnpu 3HadeHun neproaa 0004h (Tpwm);
JUIsL peXKHMMa cueTa «BBEpX-BHH3» JOMOJIHUTENBHO YKazaHo noseneHue (iaara CTRDIR

TeneBas 3arpyska

Perucrper TBPRD, CMPA, CMPAHR, CMPB wuMelOT COOTBETCTBYIONIHE TEHEBBIC
PETUCTPBl M YIPABIAIOIINE OWTHI, PETYIHPYIOIIHE PEKUM U coObITHe 3arpy3ku. [lommmo
WH/IMBUIYaIbHOW HACTPOWKH TeHeBoro pexuma ectb out SHDWGLOB peructpa TBCTL. Ilo
YMOJYAaHHUIO OH YCTAHOBJEH, M TEHEBas 3arpy3ka paboTaeT corijacHo HacTpoiikam. Ho
BO3MOYKHBI CHUTYaIllH, KOTJa HeOOXOMMO 00ECTIEYNTh OJTHOBPEMEHHYIO 3arPy3Ky BCEX TEHEBBIX
peructpoB. Torma mepen 3arpy3koil Heoboxomumo cOpocuth SHDWGLOB, B pesynbrare
3HA4YeHWs1 OyIyT TMomagaTh B TEHEBBIE PETUCTPHI, HO TIepe3amich B aKTUBHBIE OyzeT
onokupoBana. Koryma Bce HE0OX0aUMBbIE PETUCTPBI OyAyT 3amucaHbl, ClIeyeT YCTAaHOBUThH ATOT
OWT, W TOTJa BCE AKTUBHBIC PETUCTPHI OyIyT Tepe3anrcaHbl B COOTBETCTBUU C 3aJlaHHBIMHU
HACTPOIKaMU M0 COOTBETCTBYIOIIUM COOBITUSM. [IaHHBIN OUT HE OKa3bIBACT BIUSHUS, €CIIU TS
PETHCTPOB BBHIOpaHa MpsiMas 3arpy3ka, 0€3 y4acTHus TEHEBBIX.
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Cunxponusanus taiitmepos 0Ji0xkoB UM
PeanuzoBana cxema cuaxponu3aiuuu 0s0koB [IINM, cm. pucynok 14.3a.

CobbiTe crHXpoHM3aLum (Npy cHeTe BBEPX-BHU3)

Cuetunk TBCTRL
6roka 0 LM [2[3]4]
PWMO Cuetunk TBCTRL
R 6noka 1 LM [x[x[xJ1]2[3]4]
Tor. 0 —»SYNCI SYNCO » KECAPO
TaKT 3an1cK HOBOTO 3HaYEHUS
PWM1 CobbITe cuHxpoHM3auum (Npu cyete BBEPX)
L »{SYNCI SYNCO
CuyeTtunk TBCTRL k
_‘ 6noka 0 LM |98|99|§ ______ [2[3[4]
Cuetunk TBCTRL
PWM2 6rioka 1 LM [x[x[x[1{2]3]4]

L,|SYNCI SYNCO

TaKT 3anMcK HOBOIO 3HAYEHUS

a) CoObITne cMHxpoHusaLumm (Npu cHeTe BHU3)
S ot ) 8 o <o Eaende
Cyetunk TBCTRL | | | o | | | | | """"
Gnoka 0 LUMM XX X[ X]X]X Cyetunk TBCTRL
Cyetunk TBCTRL k\* enoka 1 LM — |?_?|98|97|96|
Grioka 1 LM [x[x[x[o]x]x][x] TaKT 3aMMCK HOBOTO 3HAYEHMUS
6) B)

Pucynok 14.3 — Cxema cunxponusauuu moayneit HIMM

Cucrema CHMHXpOHHM3AIMM TaiiMepoB BKIOYaeT B ceOs TaiiMmepbl Bcex OnokoB HIMM.
Kaxnapiit 6mokx 11IMM nmeer Bxox cunxponuzauun PWMx SYNCI u BbIXOJ CHHXpOHHU3ALUU
PWMx_SYNCO (rme x =0, 1, 2).

Ecnu 6ut PHSEN ycranoBieH, To B cueTYHK TaiiMepa Oy1eT aBTOMATUYECKH 3arpyKaThCsl
3HaueHue perucrpa TBPHS, npu BBINOIHEHNH KaKIOTO U3 YCIOBUI:

- u3MeHeHue BxojHoro curHaiza PWMx SYNCI (B sTtom ciydae 3arpy3ka 3HaueHHUS
TBPHS B peructp TBCTR npoucxomut Ha crnenyromuii takt TBCLK mocie mocrtynineHus
umnynbea Ha Bxogq PWMx_SYNCI (rae x =0, 1, 2) ¢ 3aaepKKoii B IBa CHCTEMHBIX TakKTa, €CIIH
TBCLK = PCLK, unu ogun takt, eciiu TBCLK # PCLK);

-3anuch eauHuibl B Out SWFSYNC (mporpammuas CHUHXpOHM3AIMs), KOTOpas
TeHepUpYyeT UMITYJIbC CHHXPOHM3ALIMH, aHAIOTUYHBIN nMnynbey ¢ Bxoga PWMx_SYNCI.

B pexxume cuera BBepX-BHU3 HeoOXxoamMo 3amporpammupoBatb 0ut PHSDIR, droOsr
3a/1aTh HAaIpaBJIEHUE cueTa TaliMepa 10CiIe CUHXPOHU3ALNH.

Eciu 6utr PHSEN c6pomen, 610k IIMM nHe Oymer pearmpoBaTh Ha BXOJHOW CHTHAI
CHUHXPOHM3AIMM, a TOJBKO IepelaBaTh HAIpsMyl0 3TOT curHain Ha Beixogq PWM SYNCO,
yToOBI TakTHpoBaTh apyrue Onokm I[IIMM. Cremyromass 0COOCHHOCTh CXEMBI. TEHEpalus M
pacmpocTpaHeHHe curHaia cuHxponu3anuu ot 61oka LIIUM, — 3anumaer oaun takt TBCLK.

K mpumepy, ecnu mo coObITHIO CHHXpOHM3AIMH 0ioka () B cueTynk Oy0ka 1 1omkeH ObITh
3amnycaH HOJb, TO A3TOT HOJb 3alUIIETCS TOJBKO Ha CIEIYIOIUI TakT Mocjie COOBITHS,
cM. pucyHok 14.36. Takum oOpa3zoMm, mpu CHHXpOHH3aUHU OT Apyroro o6moka IIIMM wyxHO
BCErJa YUYUTHIBATh JTOT TAaKT M 3alUCHIBAaTh 3HaueHue (aspl, CleAyiouiee MO TMOPAIKY, B
COOTBETCTBUU C PSKUMOM CYETa, CM. PUCYHOK 14.3B.
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14.2 Komnapatop

Komnaparop — 3To 00K, CpaBHUBAIOLIMII 3HAUEHHE CUETYHMKA TaiiMepa C 3aJaHHBIMU
3HaYCHUSMHU TOPOTroB cpabareiBaHus. 3HaueHust xpaustcs B perucrpax CMPA u CMPB.
3HaveHus, 3amuchiBaeMbie 10 anapecam peructpoB CMPA u CMPB, npeasaputenpHO
pasMelaTcs B TEHEBBIX PETHCTPax. DTO HYKHO JUI CHHXPOHHOH 3arpy3Kyd HOBBIX 3HAYEHUI.
VYmpasnenue 3arpyskoit peructpoB CMPA u CMPB ocymectBisiercst ouramun SHDWAMODE u
SHDWBMODE, a takxe nonsimu LOADAMODE u LOADBMODE peructpa CMPCTL.

biox kommnaparopa dpopmupyet Ha Beixoaax aBa coobiTisi CTR = CMPA u CTR = CMPB,
BO3HHKAIOIINE B CIIy4ae COBMAACHHS 3HaUeHHs cueTynka ¢ peructpom CMPA u/umm peructpom
CMPB cootBeTcTBEHHO.

Jis Ka10ro KoMIapaTopa cCoOOBITHE MOKET BOSHUKATH!

- OJIVH pa3 3a NePUO/, €CJIM CYETUYUK CUYUTAET BBEPX WU BHU3;

- OIMH pa3 3a MEePHOJ, €CIM CYETYMK CUYMTACT BBEPX-BHU3, HO NPH ITOM 3HAYCHHE B
perucrpe CMPA/CMPB pasuo 0000h wiu 3nauenuio TBPRD;

- JIBa pa3a 3a Mepuo/l, €CIM CYCTYNK CYUTACT BBEPX-BHHU3 H IIPH STOM 3HAYECHUE B PETUCTPE
CMPA/CMPB nexur B auanasone 0001h — (TBPRD — 1).

Ha pucynkax 14.4 — 14.7 npuBeneHsl npuMepsl HGOPMUPOBAHHUS CUTHAIOB COOBITHIA.

TBCTR
4 FFFFh

TBPRD,
CMPA
-

CMPB
...> h :

TBPHS)|
0000h|

PWM_SYNCI|

CTR = CMPA ﬂ ﬂ ﬂ

CTR = cmpB ] ] ]
Pucynok 14.4 — JluarpamMmMbl paOOThI IPU CUETE BHU3

TBCTR
4 FFFFh

TBPRD,
CMPA
-
CMPB|

TBPHS,
0000h

PWM_SYNCI . . .
CTR = CMPA 1l - 1l I

CTR = CMPB ﬂ H ” ”_

Pucynox 14.5 — JluarpamMmsbl pabOTHI IPH CUETE BBEPX-BHU3.
CuHXpoHU3a1Us IPU CYETE BBEPX
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TBCTR
4 FFFFh

TBPRD)
CMPA
-
CMPB
-~

TBPHS,
0000h

PWM_SYNCI

CTR = CMPA 1l | |

CTR = CMPB ﬂ ﬂ H H_

Pucynok 14.6 — JluarpamMmbl paOoThI PU cUETE BBEPX

TBCTR
4 FFFFh

TBPRD,
CMPA
-
CMPB|

TBPHS,
0000h

PWM_SYNCI

CTR = CMPA ﬂ H H

CTR = CMPB | | |

Pucynok 14.7 — JlnarpaMmMbl paOoThI IPU cYETE BBEPX-BHU3.
CuHXpOHU3AIHUS TIPH CYETE BHU3

14.3 O6padoTuuk codbITHI

O06paboTunk cOOBITHI — OJIOK, YIPaBJISAIOMINI TOBEAeHNEM CUTHaI0B Ha TuHUsIX PWMA u
PWMB, cwm. pucynok 14.1, B 3aBHCHMOCTH OT BO3HHUKAIOIIWX COOBITHI Ha BXOje OJoKa U
HaIlpaBJI€HUs cueTa cueTyrKa Taiimepa. Ha moBeqeHne BBIXOJAHBIX CUTHAJIOB BIUSIOT UMITYJIbCHI
BXOJHBIX CUTHAJIOB Npu Bo3HMKHOBeHUU coObIiTHi: CTR = PRD, CTR = Zero, CTR = CMPA,
CTR = CMPB.

OcHoBaele aeiicTBus ¢ curHatamu PWMA u PWMB:

- IEPEKJIIOUYEHNE B €IMHUILY WU HOJIb;

- HHBepCcHS (MEePEeKII0YEHNE B TPOTUBOIOIO0KHOE COCTOSHUE);

- coxpaHeHue 0e3 N3MEHEHUH.

[ToBeneHne cuUrHajgoB 3aJaeTcs He3aBHCHUMO Apyr oT napyra. Kpome storo, odpabordmk
COOBITHI TIO3BOJISIET MTPOrPAMMHO 331aBaTh coctostaue curaioB PWMA u PWMB u Bennuuny
«meptBoro» Bpemenu IIIMM. Vmnpapnenue paboToit O5I0Ka TMPOU3BOAUTCS TOCPEICTBOM
peructpoB AQCTLA, AQCTLB, AQSFRC, AQCSFRC.
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CymiecTByeT BEpOSTHOCTH TOTO, YTO HECKOJIBKO COOBITHI MOTYT TPOU3OHTH
OJIHOBpEeMEHHO. Jlyig Takux cuTyanuil 00paboTUMK COOBITUI HUCIIONBb3YET CUCTEMY IIPHOPUTETOB
COOBITHIA TIPH CYETE BBEPX, MPHU CUETE BHU3, IPU CUETE BBEPX-BHU3, cM. Tabmuisl 14.1 — 14.3.

Ta6nuna 14.1 — Pacnpenenennue NpuopuTeTOB COOBITUI MPU CYETE BBEPX

CoObiTHE [TpuopuTter
[TporpammHuoe 1 (camblii BBICOKHIA)
CTR = TBPRD 2
CTR = CMPB (cuet BBepX) IpHU CUETE BBEPX 3
CTR = CMPA (cueTt BBEpX) MpH CUETE BBEPX 4 (camblit HU3KHIA)

Ta6nuna 14.2 — PacnpesneneHne NpuopuTeTOB COOBITUI TPU CYETE BHU3

CoObiTHE [TpuopuTter
ITporpammuoe 1 (camblii BBICOKHIA)
CTR = Zero 2
CTR = CMPB (cuer BHU3) IpH CYETE BHU3 3
CTR = CMPA (cuet BHH3) IPH CUETE BHU3 4 (camblil HU3KHIA)

Ta6nuna 14.3 — Pacnpenenenne npuopuTeTOB COOBITHI IPU CUETE BBEPX-BHU3

CobbiTHE ITpuopurer
ITporpammuoe 1 (camblii BBICOKHIA)
CTR = CMPB (cuer BBepX) IIpH CUETE BBEPX
WIH 2

CTR = CMPB (cuer BHU3) IpU CYETE BHU3

CTR = CMPA (cuet BBepx) Mpu cueTe BBEPX

WITH 3
CTR = CMPA (cuet BHH3) NpH cUeTE BHU3
CTR = Zero wim CTL = PRD 4
CTR = CMPB (cuer BBepX) NpH cyeTe BHU3

WIH )

CTR = CMPB (cuer BHU3) NpHU cyeTe BBEPX

CTR = CMPA (cuer BBepx) Npu cCUETE BHU3
WK 6 (camblit HU3KHT)
CTR = CMPA (cuet BHM3) NIpU cueTe BBEPX

B pexume cuera BBepx:

- eCJIM KoMmmapaTop 3anporpammuposas Tak, uto CMPA/CMPB < TBPRD (cuet BBepx),
T0 coobiTHE npousoiter npu CTR = CMPA/CMPB;

- €CJIM KOoMIIaparop 3arporpammupoBas Tak, uto CMPA/CMPB > TBPRD (cuet BBepx),
TO COOBITHE HE MPOU30UIET;

- €CJIM KOMIapaTop 3alIporpaMMHUpPOBaH Ha cpabaThIBaHHUE MPH CUETE BHU3, TO COOBITHE HE
MIPOU30MET.

B pexume cuera BHU3:

- €CJIM KoMIapaTop 3anporpamMmupoBat Tak, yto CMPA/CMPB < TBPRD (cuer BHU3), TO
coObITue nmpousoiaet npu CTR = CMPA/CMPB;

- €CJIM KoMIapaTop 3anporpaMmupoBat Tak, yto CMPA/CMPB > TBPRD (cuer BHU3), TO
coObITue nmpousoiaer nmpu CTR = TBPRD;

- €CJIM KOMIIapaTop 3anporpaMMHpPOBaH Ha CpabaThIBaHWE NPU CUETE BBEPX, TO COOBITHE
HE NMPOU30MIET.
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B pexxume cuera BBEpX-BHH3, CM. pUCYHOK 14.8:

- eCIM CYETYMK CYHTAaeT BBEPX, a KOMIIApaTop 3alporpaMMHUpPOBaH TaK, YTO
CMPA/CMPB < TBPRD (cuet BBepx), To cobbiTie ipousoitnet npu CTR = CMPA/CMPB,;

- ecmu CMPA/CMPB > TBPRD (cuer BBepx), TO COOBITHE MPOM3OHACT MpHU
CTR = TBPRD;

- €CIM CYETYMK CYMTACT BHM3, a KOMIApaTop 3alporpaMMHUpOBaH TakK, 4YTO
CMPA/CMPB < TBPRD (cuer BHU3), TO coObiThe pousoiaeT npu CTR = CMPA/CMPB;

- eciu CMPA/CMPB > TBPRD (cuer BBepx), TO COOBITHE MPOU3OHACT MpHU
CTR = TBPRD.

[iByHanpaBneHHbI CHETYNK

TBPRD = 04h,

CAD = 00b, 4 4
CAU =11b

BuT CTRDIR _| Boepor |_<Bun9» [ Baopor |_«Bno»
[CMPA=4h . SN
CMPA=3h ___ [as%|
MoseneHue : : L
PWMA/PWMB | ~\1oa = o g 50% |
npwn pasnuyHbIX : P

3HaveHnsx CMPA CMPA= 1h 75% ; L
| CMPA=0h 100%

Pucynok 14.8 — PaGora TaiiMepa npu cueTe BBEpX-BHU3 C CHMMETPUYHBIM BBIXOJIOM
(LeHTpUpOBaHHAS MOTYJISALINSA)

Ha pucynkax 14.9 — 14.11 nokazano noseaenue suauit PWMA u PWMB npu paznuansix
BUJIaX MOAYJISALINH, TPUHATHIE 0003HAUCHUS U TIOSCHEHUS IPUBEIeHBI B Tabnuie 14.4.

Ta6nuna 14.4 —IloscHenus k 0003HaueHUsIM Ha pucyHkax 14.9 — 14,11

O0o3Hauenue ITosicuenue
p CA CB | Co6brtust CTR = PRD, CTR = CMPA, CTR = CTRB c0o0TBETCTBEHHO.
X X X CHMBOJ «*» YKa3bIBaeT Ha TO, YTO IMPU BOSHUKHOBEHUH 3TOTO COOBITHS

curnan Ha muann PWMA/PWMB ocrtaercst 6e3 nuamenenuii. [lyHKTHpHBIMU
JMHASMA OTMEUEHBI MOMEHTHI BOSHUKHOBEHHSI COOBITHSI.

Tak, Hannpumep, cM. pucyHoK 14.9, npu BO3HUKHOBEHUU COOBITHS

CTR = CTRB, curnan na nuaun PWMA octaetcs 6€3 u3MeHEHUS, a
curnan Ha nuanu PWMB nepekitouaercst B HOJIb

Z Z Cooritne CTR = Zero

1 J CuMBOJIBI «1»/«|» yKa3bIBAIOT Ha TO, YTO
CA CA CobpiTue CTR = CMPA MIPU BO3ZHUKHOBEHUH 3TOT'O COOBITHS

1 ! curnan Ha muann PWMA/PWMB
CB CB Cobpitue CTR = CMPB MEPEKITI0YAETCs B €MHUILY/HOJIb

T !
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TBPRD

'f\?( A4 /1\__)( :

val[Xx
A% X |l x v | [ X][A]Lx
PWMB

Pucynoxk 14.9 — He3zaBucumbliii pexuM paOOThI BEIX0I0B ((hPOHTOBASI MOTYJISIIIHS )

e

PWMAT

TBPRD

PWMB

Pucynok 14.10 — CuMMeTpu4HBIi pesxuM paboThl IPH cUETE BBEPX-BHU3
(meHTpUpOBaHHASI MOTYJISIIIHS )

PWMB

Pucynok 14.11 — AccuMmeTpuyHBbIN peXUM pabOThI IPU CUeTe BBEPX-BHU3

14.4 Tloporosslii BHIK.II0YATEIb

IToporoBelii BBIKIIOYATENb KOHTPOJIMPYET BBIXOAHBIE curHaiel PWMA u PWMB
00paboTynka cOOBITUI U MO3BOJIAET YACP)KUBATH UX B ONPEIEICHHOM 33aJaHHOM I10JIb30BaTelIeM
COCTOSIHMHM B ClIy4ae NpHXOja CUTHaiIa Tpurrepa ot mudpoBbIXx KommapaTtopoB Omoka AL
OtoT 650K ynoOeH JUIsl OpraHu3aluy PeIeHHOro MOJAepPKaHMs 3aJaHHOTO YPOBHS Kakou-1100
(U3UYECKON BEJIMUMHBI, HAPUMED JUIsI OPTaHU3aIlid KOHTypa Toka. B aTom cimydae nudposoit
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KoMmmaparop, kK kaHainy ALIl KoToporo moaKIOYEH CUTHAN IaTYMKa TOKA KOHTYpa, GOPMUPYET
CUTHAJI O IMPEBBIIIEHUM TOKOM 3aJaHus, a COOTBETCTBYIOIIMI IOPOTOBBI BBIKJIIOYATEIb
pearupyeT Ha 3TO TMPEBBIIIEHHE U BKIIOYACT/OTKIIIOYACT COOTBETCTBYIOUIMHA CHJIOBOM
TPaH3UCTOP MOCPEACTBOM BiUsIHUA Ha Bhixo 1 LIIMM.

D yHKIHOHAIBHBIE BO3SMOKHOCTH:

- BXOJIHbIE COOBITUSL OT KommapaTopoB Omoka AILIIl Moryt wucmosib30BaTbcs BCEMH
o6noxamu HI1M;

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

- NOJJEPKUBAIOTCA OJIHOKPATHOE M LIMKJINYECKOE cpadaThIBaHUs [ YAEpKaHUS BbIX0/a;

- BXOJIHOE coObiTHe OT Kommaparopa Omoka ALl MoxeT aHanu3upoBaTbcs B
OJIHOKPATHOM U IUKIIMYECKOM PEXHUMaX;

- cobbITHe cpabareiBaHus KommapaTopa Onoka ALl Moxker OBITH CreHEepHpPOBAHO
MIPOTrpamMMHO;

- IOPOTOBBIH BBIKIIIOYATENIb MOKET OBITh OTKIIIOUYEH, €CITH OH He TpedyeTcs;

- MOXKET T€HEpUPOBATHCS IPEPHIBAHUE 11O COOBITUSM MOPOrOBOI'O BBIKIHOYATEIIS.

VYrpaBineHue MOPOroBbIM BBIKIIIOYATEIEM OCYIIECTBIAECTCS IOCPEICTBOM PETUCTPOB
HDSEL, HDCTL u HDFRC.

DOYHKUMOHHPOBaHUE

Korna BeixoaHble curHaisl koMmnapatopos 010ka ALl nepexoasT B COCTOSHUE BBICOKOTO
ypoBHS, Qopmupyercsi coObiTue. Kakaelii mOporoBelid BeIKIIOYaTens Onoka MM moxer
UCIIOJIb30BaTh, @ MOXKET HE HUCIIOJIb30BaTh 3TH COOBITUS B CBOEH paboTe; BBHIOOP, MO CHUTHATY
Kakoro xommaparopa Onoka ALl dopmupoBars coObiTHe yaep)kaHUs, 3aaeTCS C TTOMOIIBIO
peructpa HDSEL. JInuTensHOCTh UMITyJIbCa Ha BXOAHOM CHTHaJsle 0T koMmapaTtopa 6ioka AL
HE JI0JDKHA OBbITh MEHBLIE MEepPHOoJa CUCTEMHOro CHHXpocurHana. Kakaplii BXOJIHOHM curHan
kommaparopa Omoka ALl momkeH OBITh HACTpOEH Ha OJHOKPAaTHOE WM IMKJINYECKOE
dbopmupoBanue coObITHS, BEIOOP pexuma 3anaercs outamu CBC u OST, a HCTOYHUK COOBITHS —
nonem ADCDC.

[Ipu nonydenun coObiTUs OT Kommapatopa Osoka ALl B pexume HUKIMUECKON
00paboTKK HeMeUIeHHO (opMupyeTcs peakuus Ha ocHoBe cojepxumoro peructpa HDCTL, B
pe3ysbTaTe 4ero MEHsETCsl COCTOSIHME CUTHAJIOB Ha BBIXOJIE TIOPOTOBOIO BBIKIIIOUATENS B3aMEH
MOJy4YeHHBIX OT oOpabotunka coobiTuit PWMA u/unu PWMB nHa 3amanHoe monb3oBarenem B
peructpe HDCTL. JlomomautensHo ycranaBmuBaercs ¢uar CBC B peructpe HDFLG, wu
renepupyercs npepbiBanue PWM_HDINT. V nepxanue Bbixoansix cursaios PWMA u PWMB
3akanuuBaercs 1mo coosituio TBCTR = 0000h, ipu ycimoBuH, 94TO cOOBITHE KOMITapaTtopa 0Jioka
ALl yxe He akTuBHO. Takum 00pa3oM, B peXHUME IHMKINYECKOH 0OpabOTKM COCTOsIHHE
yaep>kanus copacbiBaeTcst B kakaoM repuojie HIIUM. Tpu stom dutar CBC ocTaercs akTHBHBIM
JI0 ero nporpamMMmHoro copoca. Eciau nocie copoca prnara CBC BHOBB Oy/€T MOIy4eHO COOBITHE
komnaparopa 6yoka AL, To ¢uar yctaHOBUTCS BHOBb.

[Tpu momyuenuu coObITHS Kommnaparopa Oioka ALl B pexxume ogHOKpaTHOI 00pabOTKH,
TaKke HeMmemJieHHO (GOpMHUpYETCs peaknus Ha ocHoBe coxaepxkumoro peructpa HDCTL,
KOTOpasi MEHSEeT COCTOsiHWE BbIXOAHBIX curHaioB PWMA w/mwmu PWMB. B nononnenwue,
ycranaBnuBaercs: ¢uar OST, u renepupyercs npepsiBanne PWM HDINT. Vnepxanue
BBIXOJIHBIX CUTHAJIOB Oy/IeT MPOU3BOIUTHCA JI0 POrPaMMHOI0 cOpoca 3aluChi0 €UHULIBI B OUT
OST peructpa HDCLR.

Crioco6 yzaep)kaHusi BBIXOJHBIX CHUTHAJIOB MPU MOJYyYEHUH COOBITHS KOMIlaparopa Ojoka
ANII mporpamMmMupyercs UHAUBUAYAIBHO AJis BbIXOAHBIX curHainoB PWMA u PWMB B peructp

HDCTL.
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14.5 I'eneparop 3agepxkn UM

brox umeet Ha Bxoae curHaiiel PWMA u PWMB ¢ BbIxo10B 00paboTunka coObITHH, a Ha
BBIXO/IaX MOBTOPSIET 3TH CHUTHAJIBI, HO CO BCTaBKOH 3aJCpkKKU («MEPTBOE» BpPEMsi) B MOMEHT
MIEPEKITIOUEHHUS CUTHAJIOB (€CJT 3TO HEOOXOIMMO).

3aiep’KKy MOXKHO Y4eCTh IPH MPOrpaMMHUPOBAHUU 00pabOTUMKA COOBITHIA, HO YTOOBI C
BBICOKOW BEPOSTHOCTHIO M30EKaTh OMIMOOK, KeJIaTeIbHO HCIIOJb30BaTh I€HEPATOp 3alEPiKKU
M.

OcHoBHblIe pyHKIMHU reHepaTopa 3aaep:xkku HHINM:

- reHepauusi mapbl BbIXOAHBIX cUrHaioB PWMA u PWMB c BblIepKKOH HHTEPBAIOB
(3a7eprkeK) BpeMEeHH OTHOCUTENBHO BXOAHBIX curHaiioB PWMA, PWMB;

- IPOrpaMMHPOBAHUE 3aJEPKKHU ISl aKTUBHOI'O BBICOKOI'O M aKTUBHOT'O HU3KOTO YPOBHS
curnayioB kananos PWMA u PWMB;

- To0aBJIeHHE MPOTPAMMHUPYEMOH 3aJePKKU NEpeTHUX (PPOHTOB CUTHAJIOB;

- noOaBiIeHNE TPOTPAMMHPYEMOH 3aJePHKKH IS 3aJHUX (PPOHTOB CHUTHAJIOB;

- BO3MOXHOCTh TIEpeJauy CUTHAIIOB C BXOJIOB Ha BBIXO/IbI 0€3 N3MEHEHUH.

I'eneparop 3anepxku IIIMM mnporpammupyercs nocpeactsoM peructpos DBCTL,
DBRED u DBFED. CrpykrypHas cxema TreHepaTopa «MepTBoro» Bpemenn UM
npezcTaBieHa Ha pucyHke 14.12.

; : : 0 :

5 : 3apepxka : 0 5 T — S1: PWMA
PWMA : 0 s4 5 nepenHero 5 \5,2 : L . :

T — dpoHTa : 5 b q

——e 5 (10-paspsgHbIn A : :

5 1 ' CYETUMK) :

: 0 3agepxka : 0 s3 b ;

: S5 sapHero ; TT—e————— S0: PWMB
PWMB DT poHTa , : T

: : (10-paspsgHbIi : —— :

Pl ; CYETUMK) E 5 : 0 5

INMODE POLSEL OUTMODE

Pucynok 14.12 — CtpykTypHas cxema remeparopa «MepTBoro» spemenu LLINM

DOYyHKIUOHUPOBAHHE

['enepatop 3anmepxkku LIMUM wmoxer paboTaTh ¢ 4YeThIpbMA HUCTOYHHKAMU ((HpPOHTHI
curnanioB PWMA u PWMB). Brei6op ucroununka 3agaercs noinem MODE perucrpa DBCTL.

[Tone POLSEL mo3Bomsier 3afarb MWHBEpcHI0 (TMEpEKIOYEHHE 3HAYEHHUsS Ha
IPOTHBOIOJIOXKHOE) CUTHANA TIOCJIE BHECEHUS 3aJIePXKKH, CM. pucyHok 14.13.

BenmnuuHbl 3a7epikek Mo MepegHeMy W 3aaHeMy (POHTY MPOTPaMMHUPYIOTCS pa3felbHO
nocpeactsoM peructpoB DBRED n DBFED cootsercTBeHHO.
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basoebili curHan ans Aun B

BasoBbIi curHan A ¢ 3agepikkon nepegHero ppoHTa

Ba3soBebili curHan B ¢ 3agepikkor 3agHero ppoHTa .

POLSEL = 00b

CocTosiHMe curHanos
Ha BbIXOo4aXx reHeparopa

«MEPTBOro» BPEMEHM NpU POLSEL =01b 8

OUT_MODE =11bwu — I
PasnNMYHbIX 3HAYEHUSAX

POLSEL A
POLSEL = 10b = —

A

POLSEL =11b
B

Pucynok 14.13 — BpemenHbIe AuarpaMMbl pabOThI TEHEpAaTOpa «MEPTBOT0» BPEMEHH
B THIIOBOM KOH(UTypanuu

14.6 ®uabTp KOPOTKUX UMITY.JIbCOB

q)I/IJII)Tp KOPOTKHUX UMITYJIbCOB IIPCAHASHAYCH JJIs 6.HOKI/Ip0BaHI/I$[ MMPOXOKACHHUA HA BBIXO
UMIYJIbCOB C JAJIUTENBHOCTHIO MEHBIIE 33JaHHON. DTOT OJIOK MOXET MNPUMEHSTHCS, €CIU
JpaiiBep CHUJIOBOTO KJII0Ya HWHBEPTOpa HE HUMeEeT Takou (yHKIuu, a i1 olecreueHus
MPaBUJIBHOTO peXHMa pPa0OTHl TpaH3UCTOpa HEOOXOIUMO 3aMpEeTHTh OTKPHITHE/3aKPhITHE
TpPaH3KUCTOPa Ha OYEHb KOPOTKOE BPEMSI.

OcHoBHbIe QyHKUIMH GuabTpa:

- IPOrpaMMHUpyeMasl HIMPUHA MUHUMAJIBHOTO IPOIYCKa€MOT0 UMITYJIbCa;

- (punpTp MOXKET OBITH OTKIIIOUEH, €CIIM OH HE TpedyeTcs.

[IlnpyHa MUHUMAIBHOTO UMITYJIbCA, JOIYCKAaEMOTO K IIPOXOXKACHUIO Ha BBIXOJ, 3aacTCs
B peructpe FWDTH B rtaktax PCLK wu moxer mpunumath 3Hauenue ot 00h (dpunbtp
BBIKITIOYEH) 10 FFh. IMmynbebl AU TETbHOCTHEO MEHBIIIE 331aHHOM MPOITYCKAThCS HE OYIYT.

14.7 Moayastop

biiok mo3Bosnsier Moy upoBaTh BeIXOAHOM curHai [IIMM ¢ moMonipro BEICOKOYaCTOTHBIX
UMITyIBCOB MPOTPaMMHUPYEMOIl CKBaKHOCTH. MopynupoBaHue TpeOyercs s yIpaBIeHUS
CHJIOBBIMH KJTFOUaMH Y€pe3 UMIYIbCHBIN TpaHncpopMaTop.

OcHoBHbIC QyHKIMH MOAYJISITOPA:

- IporpaMMupyemast 4acToTa;

- IporpaMMupyemMasi HIMpHUHA IEPBOr0 UMITYJIbCA;

- IporpaMMHUpyeMbIil K03()(PULIMEHT 3aMOTHEHNUS BTOPOTO U MOCIIEAYIOIIEr0 UMITYJIECOB;

- Moy IATOp MOXkeT ObITh oTkitoueH (6utr CHPEN peructpa PCCTL).

Monynarop nporpammupyercst nocpeactsoM peructpa PCCTL. CrpykrypHas cxema
MOJyJIATOpa MpHBeIeHa Ha pucyHke 14.14.
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. >0
’j—v PWMA
PWMA > dopmmpoBarernb L

LUMPVHBI MEPBOIO
PCLK;»E nmMnynsca OSTH < &

T
[osTwTH|  [cHPDUTY] IEPEII

YnpaeneHue | |PSCLK
YacToTon n
CKBa)HOCTbHO

A 4

A

A

A — 1
OSTH ™ &

h 4

—>» dopmumpoBarenb
LUMPUWHBI NEPBOroO
A 4

mMnyneca B
PWMB
. » 0

Pucynok 14.14 — CtpykTypHas cxema MOJyJIsTopa

PWMB

A 4

DOYHKIUOHUPOBAHHE

Yacrota Moaymsiuuu (OpMUPYETCS Ha OCHOBE CHUCTEMHOM 4YacTOThl NpU MOMOILU
nenurens, nporpammupyemoro noiem CHPFREQ.

Ha pucynke 14.15 npueneH npuMep BpeMEHHBIX AUarpaMM paboTbl MOYJIATOPA.

PWMA.J

-
——

PWMB

s IR

PWMB mwmm; MMm

Pucynok 14.15 — Bpemennble 1uarpaMMbl paboThl MOAYIISITOpa

[[IuprHa nmepBoro UMIyJIbca MOXKET MPOTrPaMMHUPOBATHCS HE3ABUCHMO C MOMOILBIO OIS
OSTWTH, »t10 TpebOyercs misg OTKpbIBaHHs Kiroda. 3HaueHus moias OSTWTH mexar B
nuamnasone Oh — Fh.

[[Inpuna L mepBoro ummyinbca onpenensercs mno hopmyse

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

rae T — nepuox cuaxpocuraaia PCLK.
Ha pucynke 14.16 npusenen npumep GopMHUpOBaHUS paCIIUPEHHOTO TIEPBOTO UMITYIIbCA.
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PWMA

pscu IO

OSHT

Pucynox 14.16 — BpemeHnHbIe AuarpaMMbl pabOThI MOIYJIATOPA C PAITUPEHHBIM ITEPBHIM
UMITYJTECOM

Takxe CyIIeCTBYET BO3MOXKHOCTH PEryIMpPOBaTh KOI(PPUIMEHT 3aroHEHUS UMITYJIbCOB
nocpeacteoM ot CHPDUTY. 3uauenus moast CHPDUTY nexar B auanaszone Oh — 7h.

Koadppuument 3anonuenus D (c marom 12,5 %) nmocneayromux UMITyIbCOB ONPEIENISIETCS
o popmyse

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

Ha pucynke 14.17 npuBeneHa WITIOCTPALUs PETYIUPOBKU KO3 PHUIIMEHTa 3alI0JIHEHUSI.

D=1/8=12,5%

D =4/8=50,0%

D=7/8=87,5%

Pucynoxk 14.17 — PerynupoBka ko3¢ durninenrta 3anoanenus D
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14.8 JlerexTop curHaja apapuu

JlerekTop curHajia aBapuu KOHTpOJUpyeT BbIXoabl PWMX A u PWMX B u moxer
NIEPEBOJUTH UX B ONPEJCIIEHHOE (3allpOrpaMMHUPOBAHHOE) COCTOSIHUE B CIIy4yae, €CJIM MOCTYIUT
CUTHAJI aBapUH.

OcHoBHbIE (YHKITUH JIETEKTOpa CUTHAJIA aBAPHUU:

- BXOJIHOM CHUTHaJI aBapuu C BbIBOJa MukpokoHTposuiepa PWM TZ wmoxer
HCI0IL30BaThCA JIFOOBIM Os1okoM IHIIMM;

- B Cllyyae €CJIM MOCTYIUT CHUTHall aBapud, BbiBoAbI LIIMM moryTt ObITh mepeBeneHbl B
OJIHO M3 COCTOSIHUHM: JIOTMYECKOTO HYJIA, JOTMYECKON €IMHUIIbI, BBICOKOMMIICJAHCHOE WIIN
OCTaBJIEHbI 0€3 U3MEHEHUS;

- TOJJICP)KUBACTCSI OJHOKpaTHAas OJIOKMUPOBKA BBHIBOJOB I CHUTYallM KOPOTKOTO
3aMBbIKaHUs WM NEPETPY3KHU 10 TOKY;

- IO/I/ICP’KMUBACTCS ITUKIIMYECKast OJIOKMPOBKA I PEKUMa OTPAHUUYEHUS TOKA;

- KXl BXOJHOW MCTOYHUK CHUTHAJIA aBapUU MOXKET OBITH 00paboTaH B OJTHOKPATHOM H
LHUKJIMYECKOM peXKUMAax;

- MOJACP>KUBACTCSI MPOrpaMMHasi TeHEepallys CUTHAJIa aBapyH;

- IETEKTOp CUTHaja aBapUU MOXET ObITh OTKJIIOYEH, €CJIM OH He TpeOyeTcs.

Jerextop curHana aBapuu nporpamMmmupyercs nocpeacrsom peructpoB TZSEL, TZCTL,
TZEINT, TZFLG, TZCLR u TZFRC.

DOYHKIUOHUPOBAHHE
CtpyKTypHas cxema JIETEKTOpa CUTHAJIOB aBapuy ToKa3aHa Ha pucyHke 14.18.

PWMA »>
Jlorvka ynpaeneHus _O PWMx_A
PWMB N BblBOAAMY _D PWMx B
ACUHXPOHHBIV CUrHan aBapuu T I
(TZCLR)
CBC Cb6poc
TZFLG)
CTR = ZERO C6poc ‘
[c5e]
(TZSEL) (TZFRC) 7'y
ABapiHan YcraHoBka
CBC YcTaHoBka p
3awenka
CBC
Bnok
ynpaBsneHus
BbIGOpOM Brox
PWM_TZ—[ 0—»| »1EPECUHXPO (TZFLG)

UCTOYHMKA HuaaLnn
curHana
aBapuu

Cb6poc
A
YcraHoBka

ABapuiiHas
3allenka
OST

4

(TZFRC) YcraHoBka

OST
(TZSEL)

(TZCLR)
OST

Cbpoc

Pucynok 14.18 — CtpykTypHas cxema AeTeKTOpa CUTHAJIOB aBapuu

[Tepexon BxoaHoro curHaia aBapun PWM TZ u3 cocTosiHUS JOTMYECKOW €IUHUIBI B
COCTOSIHUE JIOTMYecKoro Hyns (opmupyer coObitue aBapuu. Kaxapiii 6mox MM moxer
UCIIOJIb30BAaTh WM HE UCIOJB30BaTh 3TO COOBITHE B CBOEHW pabore (IporpaMMUpyeTrcs
nocpeactsoM peructpa TZSEL). CoGwiTus MoryT ¢GopMUpOBAaTBhCS CHUHXPOHHO (C LU(POBBIM
¢wIbTpOM TMOMEX) WM  aCHHXpPOHHO (mporpammupyercss uepe3 peructpel  GPIO
MUKpOKOHTpoJiepa). Ilpu cuHXpOHHONW 00pabOTKE IUTEIHRHOCTh HMMITYJIhCa Ha BXOTHOM
curHaie c6os 10JkHa ObITh He MeHblIe neproia cuaxpocurnana TBCLK. Ecnu e o0paboTka
IPOM3BOJIUTCS B ACHHXPOHHOM pEXUMe, TO coObiTue hopmMupyercss 1 oOpadaThIBacTCs Jaxe B
TOM cJlydae, €ClId 10 KaKOW-TH0O MPUYMHE OTKIIOYIIOCH TakTUpoBaHHE. KakIblii BXOAHOM
CHUTHAJI aBapuM JOJDKEH OBITh HACTPOEGH HAa OJHOKPATHOE WIIM LUKIMYECKoe (OpMHpOBAHUE
coObITHs aBapuu (TIporpammupyercs rnocpenctsom peructpa TZSEL).
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[Ipy monydeHHMH COOBITHS aBapHUM B PEXHUME IMKINYECKOH OOpabOOTKM HEMEIJICHHO
BBITIOJIHSIETCSL neiicTBue, 3amaHHoe peructpom TZCTL, u ycranaBmuBaetcss ¢uiar CBC B
peructpe TZFLG, a Ttaxxke reHepupyercs npepsiBanue PWM TZINT, ecnu paspemieHo B
peructpe TZEINT u KOHTpouiepoM mHOpepblBaHUW. ABapuUiHOE YyJIEp’KaHUE BBIBOJIOB
3akaHuuBaercsi 1mo coOeituio TBCTR = 0000h mpu ycioBuu, 4TO COOBITHE aBapuul YxKe
HEakTUBHO. TakuMm o00pa3oM, B pEXUME LHUKIMYECKOM 0OpabOTKH COObITHE aBapuu
cOpaceiBaercs B kaxxaoMm nepuone LHINM, xots daar aBapuun CBC ocraercs ycTaHOBICHHBIM J10
IPUHYIUTEIBHOIO MporpaMmHoro copoca. Ecin mocne cOpoca peructpa ¢uara CBC BHOBb
Oyzner mosydeHo coObITHe aBapuu, TO (uar ycraHoBuTCcsS BHOBb. Ha pucynke 14.19 mokasana
cxeMma (OpMHUPOBaHUS NPEPHIBAHUS.

(TZCLR) (TZFLG)
INT |-COPOS TN
A
(TZFLG) & YcTtaHoBKa

o1 »| FeHeparop > MpepbiBaHne

MMIybCOB PWM_TZINT
CBC

(TZEINT)

OST

(TZFLG)

T

Pucynok 14.19 — Cxema hopmupoBaHus npepbIBaHUs

[Ipy nonydeHun coOBITUSI aBapuM B PEXKHUME OJHOKPAaTHOM 0OpabOTKHM HEMEIJIEHHO
BBITIOJIHsACTCS JeiicTBHe, 3anaHHoe peructpoM TZCTL, u ycranaBmuBaercs ¢umar OST B
peructpe TZFLG, a Ttaxxe renepupyercs npepeiBanne PWM_ TZINT, ecnu pasperieHo B
peructpe TZEINT wu KOHTpo/lepoM IpepblBaHUil. ABapuiiHOE yJAEp)KaHHE BbIBOJOB
3aKaHYMBAETCs MOCIE MPUHYIUTEIBHOIO MporpaMmMHoro copoca 3amnuceto B 6ut OST perucrpa
TZCLR.

ABapuifHOE€ COCTOSIHHE BBIBOJIOB IPH IOJYYEHHHM COOBITHUS €00 MHpOrpaMMHUpYeTCs
uHauBUyalIbHO Tt BeIxogoB PWM_A u PWM_B nonsimu TZA u TZB peructpa TZCTL.

14.9 Tpurrep co0bITHIH

OcHoBHbIC (PyHKIMH TPUITEPA COOBITHIA:

- [IOJIy4€HUE COOBITUIH, CHOPMUPOBAHHBIX TAalIMEPOM U KOMIIApaTopoM;

- MCI0JIb30BaHKE UH(OPMAIIUU O HAIIPABIIEHUH cueTa (BBEpX-BHU3);

- UCTIOJIb30BAHUE JCTUTENS COOBITUH 11 (POPMUPOBAHMS CHTHAJIA PEPHIBAHUSA, 3aIIPOCOB
K 61okam kouTposuiepa DMA u AT,

- MPeIOCTaBJICHUE JOCTYyMa MPOLECcCopa K COAECPKUMOMY peructpa (jaaroB coObITHHA U
CYETYMKAM COOBITHIH.

Tpurrep coOwiTuii nmporpammupyetcst nocpeacrsom peructpoB ETSEL, ETPS, ETFLG,
ETCLR u ETFRC.

IIpepbiBanus

OyHKIMOHAIbHAS CXeMa TPUITEpa COOBITUH JUIsl TeHepaly NpephlBaHUN TOKa3aHa Ha
pucynke 14.20. Tpurrep MoXeT reHepupoBaTh NpepbiBaHus (eciu paspemeHo outom INTEN
peructpa ETSEL) mo kaxnomy coObITHIO, a Takke B JiBa, TPU M YETHIPE pas3a pexe.
Koadduuent nenenus coowituit 3amaercs monem INTPRD. Hctounuk coObITHST BBIOMpaeTcs
nonem INTSEL. KomuuectBo BO3HHMKIIMX cOObITHH oTpaxkaercss B mojie INTCNT. Cueruuk
INTCNT cuwnraer ot 00b 1o INTPRD u cOpacsiBaeTcsi TOJIBKO BMECTE C OTIIPABKOW aKTHBHOIO
IpepbIBaHUSL.
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INTSEL
(ETFRC)

CTR =ZERO » 001 INT

= » 010
CTR =PRD P (ETCLR)

- INTCNT
CTRDIR] CTR = CMPA 100 | INT |<-| INT |

(cyert BBEPX)

A

[etekTop
CTR = CMPA __yJHanpasnenms CTR = CMPA » 101 &, pWM_INT
cyeta (cyeT BHU3) INTEN —
CTR = CMPB —» CTR = CMPB
» 110 INTPRD
(ier a50p) | INTPRD |
CTR =CMPB

> 111

(cyet BHU3)

Pucynok 14.20 — CtpykTypHas cxema Tpurrepa CoOBITHI JUIsl TeHEepaluu NpepbIBaHUN

Korpa Bo3snukaer coBnaaeuue 3HadeHUM cueTunKOB INTCNT u INTPRD, To BO3MOXHEI
BapHAHTHI:

- ecu ipepbiBaHue paspemeHo u coporieH ¢uar INT (peructp ETFLG), To renepupyercs
npepbiBanue W ycranaBiaupaeTcs ¢uiar INT, a cuerunk INTCNT cOpacwiBaetcss B 00b u
HAYMHAET CUUTATh 3aHOBO;

- ecnu TipepeiBaHue 3ampernieHo wind ¢uar INT ycTaHOBIIGH, TO CUETYHMK IIEPECTaeT
CUMUTATh COOBITHUS;

- €CITU IIPEepBIBAHKE Pa3pEIICHO, HO (piiar OT MpebIIyIIero MpepblBaHus elie He COPOIIIeH,
TO CUETYMK XPAaHUT CBOE MakcuMalibHO aocturHytoe 3HadyeHue INTCNT = INTPRD no c6poca
¢mara INT. D10 mo3BossieT 00paboTaTh elie MpephiBaHHE, MPUILIESAINIEe 3a TO BpeMs, MOKa
00pabaThIBAJIOCh MPEABIIYIICE.

Kaxnas 3amce B INTPRD coOpaceiBaer cuerunk INTCNT. 3anuck equnuisl B 6ut INT
peructpa ETFRC yBennuut 3HaueHne cyeTurKa Ha SAMHHUILY.

Conpsixenue ¢ 0,10kom DMA

Mexanusm conpspkenuss moxyiss MM ¢ 6mokom DMA  peanmzoBan aHamormuHO
MexaHusMmy conpspkerust Moaynsa HIMM ¢ tpurrepom coObiTuil. YpasneHnue 3anpocamu 0yoka
DMA: conpsokenue ¢ curnamamu PWM_DRQA, PWM_DRQB ocymiectBisiercss depes
peructper ETSEL, ETPS, ETFRC ananornuno MexaHU3My YIpPaBJIeHHS CHTHAJIIOM TPEPHIBAHHS
PWM_INT. dysknuoHaneHas cxema TpUrrepa coobITH U1 reHepanuu 3anpocoB 61oka DMA
NOKa3aHa Ha pucyHke 14.21.

(ETFRC)

CTR = ZERO
CTR =PRD _-DRQA
CTR = CMPA (cueT BBEpX) Cuetunk (ETCLR)
CTR = CMPA (cyeT BHU3) DRQACNT | DRQA H DRQA |
CTR = CMPB (cueT BBEPX) ETALG
CTR = CMPB (cueT BHu3) Kommaparon ( SR <|PWM_DRQA
DRQAEN
DRQAPRD
+
(ETFRC) DMA
CTR = ZERO ™
CTR = PRD DRQB
CTR = CMPA (c4eT BBEPX) D%lggglfﬁ (ETCLR)
CTR = CMPA (cueT BHu3) | DRQB |<-| DRQB |
CTR = CMPB (cueT BBEPX) (ETFLG) I
CTR = CMPB (cyeT BHU3) Komnapatop &|PWM_DRQB

‘ A 4

DRQBEN
-

Pucynoxk 14.21 — ®yHKIIMOHAIBHAS CXEMa TPUTTEpa COOBITUI ISl TEHEpaIlUU 3aIPOCOB
koHTposuiepa DMA
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Conpsixenue ¢ 0o0xom AL

VYnpasinenue curHanamu  3amycka Omoka ALl PWM_SOCA, PWM_SOCB
ocymiecTBisieTcss aHanorudHo curHainy npepbiBanuss PWM_INT u 3anpocam PWM_DRQA,
PWM_DRQB uepes peructpst ETSEL, ETPS, ETFRC.

DyHKIMOHATBHAS CXeMa TpHUITepa COOBITHH Uil TeHepauuu curHaina 3amycka ALIIT
MoKas3aHa Ha pucyHke 14.22.

SOCASEL|
CTR = ZERO —»{001 (ETFRC)
CTR = PRD —»{010 SOCA
CTR = CMPA (cueT Beepx) —»{100 | | Cuertumk ¥ (ETCLR)
CTR = CMPA (c4yeT BHM3) —»{101 SOCACNT SOCA |l soca
CTR = CMPB (c4yeT BBEpX) —»{110
CTR = CMPB (cuet8ius) 11| [ommmparop (ETFLG) | 2| PWM_SOCA
>
SOCAEN >
SOCBSEL SOCAPRD
CTR = ZERO —»{001 ETFRC)
CTR = PRD —»{010 SOLk
CTR = CMPA (cueT BBepx) —»100 | Sgggg"{l(_r v (ETCLR)
CTR = CMPA (c4eT BHM3) —»{ 101 SOCB [« SOCB
CTR = CMPB (c4eT BBEPX) —»{110 (ETFLO) T
CTR = CMPB (c4eT BHM3) —’% Komnapatop > 8 PWM_SOCB
>
SOCBEN >

Pucynok 14.22 — ®yHKImoHaNbHAs cXeMa TpUITepa COOBITHH /ISl TeHepaIliy CUTHAIA
3amycka ALIIT

Brixomsl Beex Tpéx Omokor HIMMO — HIMM2 (PWMx_SOCA u PWMx_SOCB kaxmgoro
6moka, re x = 0, 1, 2) oovenunstorcs mo MJIN, kak mokazano Ha pucynke 14.23. Curnaisl ¢
BBIX0JI0B nieMeHTOB WMJIM 3amienkuBaroTcss B TpUITEpax U (OPMUPYIOT MMITYJbCHI 3allycKa
cexkBeHcopoB Osoka ATIIL.

PWMO_SOCA R
LM 0 o T
— PWMO SOCB — >
3anyck
CEeKBEHCOpPOB

PWM1_SOCA »dopmmpoBaTenb AL > AL
— WM 1 .| wvmnynbcos > H
— PWM1_SOCB

PWM2_SOCA
- > 4
] LM 2 " 1] | CurHans! UM poBbIX 1

PWM2_SOCB 4 KoMraparopoB Ans

MOPOroBOro BhIKMKOYATENS

Pucynok 14.23 — Cxema coenunenuit mexay 0nokamu 1HIMM u AIIIT
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15 Ilpunemonepegarunk UART

B coctaB MHKpOKOHTpOJUIEpa BXOHSAT JIBA MJCHTUYHBIX YHHUBEPCAIBHBIX ACHHXPOHHBIX
npuemorniepenarunka UARTO, UARTL.

B cocraB npuemonepenatunka BxoaiT n8a o0ydepa tuna FIFO. bydep npuemuuka nmeer
paspsagHocTh 12, Oydep mepenatuuka — pa3psagHOCTh BoceMb. Kaxkpiit Oydep MOXKeT XpaHUTbH
no 32 0alT AaHHBIX, M Kaxapld Oydep MokeT ObITh CKOHGUTYpUpOBaH (MPOrPaMMHO) Kak
32-0alTHBIN WU KaK OJTHOOAUTHBIM.

[TpuemorniepenaTyuk 0OECIICUHBACT:

- HE3aBHCUMOE MAacCKMpOBaHHE MpephiBaHuil 0T Oydepa nepenarurka, Oydepa npuemMHuKa,
10 TaliMayTy MPUEMHHUKA, a TAKXKE B CIIydae OOHAPYKCHUS OITUOKH;

- BO3MOJKHOCTH JICJICHUsI TAaKTOBOW 4acTOTHI B Juara3oHe oT 1 g0 65 535 (momyckaercs
UCTIOJIb30BaHUE HELENbIX KOA(PQPHUIMEHTOB JEJICHHUS, YTO IO3BOJISIET HCIIOJIB30BaTh JIIOOOH
OTIOPHBIN TeHepaTop ¢ yacToToi bomnee 3,6864 MI');

- OJIICPIKKY TPSIMOTO JJOCTYTIA K TTAMSITH.

[TpuemorniepesaTunK peannsyer:

- iepeavyy JaHHBIX JIJIMHON OT 5 110 8 6ut co ckopoctsio 10 921 600 6ut/c;

- KOHTPOJIb YE€THOCTHU (IIPOBEPOUYHBIA OUT BBICTABJISACTCS 110 YETHOCTH, HEYCTHOCTH, UMECT
(UKCUPOBAHHOE 3HAYCHHE JTUOO HE TIepeaacTcs);

- (hopmMEpoBaHME OAHOTO WIIH JIBYX CTOIOBBIX OWT;

- 0OHApyKEHUE JIOKHBIX CTAPTOBBIX OUTOB,;

- hopmupoBaHUe U OOHAPYKEHHE CUTHAJIA PA3PhIBA JIMHUH.

DOYHKIHUOHAJIBbHbIE BO3MOKHOCTH

Pexxum pa0oThl mpuemornepeaTyuka M CKOpPOCTh OOMEHa JaHHBIMU KOHTPOJUPYIOTCS
peructpom LCRH u perucrpamu nenurens IBRD u FBRD.

YcTpoiicTBO MOkeT (OpMUPOBATH CIETYIOIIUE CUTHATIBL:

- HE3aBUCUMbIE MaCKHpyeMbI€ IIPEPhIBaHMsI OT MIPUEMHHKA (B TOM YHUCIIE 110 TaliMayTy), OT
nepeaaTyrka, a Takke B ciaydae oOHapyKeHHs OIINOKY;

- oOuiee MpepbIBaHUE, BO3HUKAIOLIEE B CIIydae, €CIU BO3HHMKIO OJHO U3 HE3aBHCHUMBIX
HEMAaCKHUPOBAHHBIX ITPEPHIBAHMI;

- CHUTHaJIbl 3alpoca Ha MpsAMOM JOCTyH K TMaMATH JUIsi COBMECTHOM paboThl cC
KoHTposuiepom DMA.

B cnydyae BO3HUKHOBEHHUS OIIMOKM B CTPYKTYpE CUTHAjla, YETHOCTH JAHHBIX, a TaKKe
paspblBa JIMHUM COOTBETCTBYIOIIMK OMT OMIMOKM yCTaHAaBIMBAaeTCsd U coXpaHsercss B Oydepe
npueMHuka. B cioyyae nmnepenonHeHuss Oydepa INpUEMHHKAa TakXe YCTaHABIMBAETCS
COOTBETCTBYIOLIHUI OUT, a Oy(ep CTaHOBUTCS HEOCTYIHBIM IS 3aITUCH.

15.1 ®ynkumonnposBanue 6;oka UART

Ha pucynke 15.1 noka3ana ynporieHHasi yHKIIMOHAIbHAS CXeMa IIpUeMoIiepe1aTunKa.

['enepaTop TaKTOBOrO CHUTrHajla MpUEMoIlepefaTyuka (QOpMHUPYET CHHXPOCUTHAI
II0CJIEI0BATEIBHOTO OOMEHA JaHHBIMM, KOTOPBIA NpeACTaBisieT co00il MOCiIeNoBaTEIbHOCTh
UMITYJIbCOB C HIMPUHOM, paBHOM ogHOMy mepuoay curHana UARTCLK, u yacroroit B 16 pa3
IIPEBBIIIAOIIEH YaCTOTY Mepefady TaHHbIX.

Bydep nepenatunka npenHazHaueH JUIsl XpaHEHUsS JaHHBIX, moiaydeHHbIX oT L{IT no tex
1op, MOKa OHU He OYyT NepeJaHbl BHEITHEMY YCTPOUCTBY.
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UARTCLK NennTent | VYnpaeneHue
CUHXPOHUN3aLUNEN
Bnok npuemo-nepenativka |—<
A 4
~ - NCaBuroBbli nepegaroLmnii N
8 pg;rgleﬂ:bl“ percTp —E ] UARTx_TX
[ | nepenatunka
c
nogaep>kom
pexuma FIFO
A 4
_ - s CaBuroBbl
12 %i/:iggﬂprlM npuHUMarLWwmmn permctp |- E j UARTX_RX
npuemMHuka
c
nogaep kkom
pexunma FIFO
X RXINTR -
TXINTR » [lpepbiBaHUSA
O6paboTtink TDINTR K KOHTpoOmnnepy
npepbiBaHuin UART >
pep EINTR T NVIC
RTINTR >

Pucynok 15.1 — Vapomennas (pyHKIIMOHATBHAS CXeMa IpueMonepeaaTunka

Bydep npuemMHuka npeaHazHaveH JUIsl XpaHEHUS JaHHBIX U KOJIOB OLIMOKU (MIPUHATHIX OT
BHEIIHET0 YCTPOICTBa) 10 TeX MOp, MoKa OHU He OyayT npouutans! LI1.

OOpa®oTuuK TNpepbIBAaHUNA TEHEpUPYeT HE3aBUCHMbIE MAaCKUpyeMble IpEephIBaHUS C
aKTUBHBIM BBICOKMM ypoBHeM. Kpome Toro, gopmupyercss KOMOMHHUPOBAHHOE NpepbIBaHUE
nyreM oOOBbEeIMHEHMs He3aBUCUMBIX npepbiBaHui mo cxeme WJIM. CurHan mnpepbiBaHUA
nepenaercs Ha KorTposuiep NVIC.

Copoc mony.s

[Tpuemonepenaromas Joruka Moayis, ynpasistomue peructpsl 1 FIFO mo ymonganuio
HaxomATcst B copoce. CHATH cOpoc MOKHO myTéM ycTaHoBku Outa RSTDIS B cooTBeTcBytomem
peructpe UARTCFGi (i — Homep monyss O wnu 1) 6iioka RCU.

CunxpoHu3anus
Cy1miecTByeT OrpaHWY€HHWE Ha COOTHOIIEHHWE MEXYy 4YacTOTaMH TaKTOBBIX CHUTHAJIOB
PCLK n UARTCLK:

fuarTcLi < 5/3 x fpeLk (15.1)

Hampumep, mist TOCTHKEHHST MaKCHUMaJbHOW CKOPOCTH Tiepenayu JaHHbiXx 921600 6ox
(mpu fuarTcLk = 921600 % 16 = 14,7456 MI'nt) uactora curnana PCLK nomkHa ObITh HE MEeHee
8,84736 MI'm.

JIJ1st TOUHOM HACTPONKM YaCTOTHI MEPEIayu TaHHBIX MCTOIB3YIOTCS IBA JCTUTENs — OJUH
ympasisiercs: peructpom UARTCFGx 6noka RCU, Bropoii Haxomutest BHyTpr Moayist UART.
KoadduimeHT geneHuss BTOPOro AEIUTENS UMEET IENYI0 U IPOOHYIO0 YacTH, KOTOPhIE 3aJar0TCs
peructpamu IBRD u FBRD. Bo3moxxHOCTh 3amaHusi Heuendbix Kod()(PHUIIMEHTOB AeTCHUS
MO3BOJISIET OCYIIECTBIIATH OOMEH JaHHBIMU Ha CTAHIAPTHBIX CKOPOCTSIX, HCIONB3ysS B KAUECTBE
HMCTOYHHMKA TAaKTOBBIN CUTHAJI C TPOU3BOJILHOM yacToTon 6oiee 3,6864 MI 1.

Koapdpuuuent nenenus K vacrorst curnana UARTCLK paccuntsiBaercs mo ¢popmyie
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K = fuarTcLk/(16xbaudrate), (15.2)
rie fuarTcLk — gacTora curaana cuaxponusaiuu 61oka UART — UARTCLK, I'm;
baudrate — ckopocTh nepexaun, 601.

[TomryuuBiieecs: ApoOHOE AECATUYHOE YUCIIO CIEAYET pa3/ieUTh Ha JIBE YacTU — LIEIYI0 U
JIPOOHYIO.

Ilenas wacTh mociue npeodpa3oBaHus B IBOUYHBIN GopMat 3anuckiBaeTcs B peructp IBRD.

JpoOHast yacTb yMHOXaercs Ha 64 M OKpyrjsiercs A0 OmmKalmero neiaoro 4ucia.
[ToryuenHoe 4McIO MPeoOpa3oOBHIBAETCS B JABOMYHBIM (hOpMaT M 3allUCHIBACTCS B PErHCTP
FBRD.

s mpumepa, mycth TpeOyemas cKopocTh nepemaud naHHbix 230400 O6ut/c M dacroTa
taktoBoro curiana UARTCLK pasna 4 MI'u. Torna:

K = (4 x10°%) / (16 x 230400) = 1,085.

[TonyunBmieecs yncno pa3dusaercs Ha aBe yacti — 1 u 0,085.

B peructp IBRD 3anuceiBaercs 3aaucame 0001h.

3unayenue (0,085 x 64) okpyrisercs u npeodpasoBbiBacTcs B 05h 1j1s 3amucu B perucTp
FBRD.

Takum o0Opa3oM, peanbHbIe 3HAUYeHUS KOI(D(UIIMEHTA AEJICHUS YaCTOTHI M CKOPOCTH
nepenayu OyayT CAeayOUUMU:

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

baudrate = (4 x 108)/(16 x 1,078) = 231911 6ur/c.

OmmbKa yCTaHOBKH CKOPOCTH:

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

MakcumanbHas olIMOKa yCTAaHOBKM CKOPOCTHU Nepelauy JaHHBIX:

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

Takast ommOKa BO3HUKaeT B ciaydae K = 1, mpu 3TOM pa3HUIAa HAKAIUIMBACTCS B TCUCHHE
64 TaKTOBBIX HHTEPBAJIOB.

Cognepxumoe peructpoB LCRH, IBRD u FBRD o6HoBisieTcs mpu 3amucu B pErucTp
LCRH. Takum o6pa3om, AJist TOro, 4ToObI HOBBIE MapaMeTpbl K03 (HULIMeHTa JeeHHs BCTYIUIH
B cuiy, nocie ux 3amucu B peructpbl IBRD u FBRD, HeoOxoaumo ocCyliecTBUThH 3aluch B
peructp LCRH u Tonbko B Takoil ocneq0BaTeNbHOCTH.

[Ipumeuanue — W3menenue coxepxxkumoro peructpoB IBRD, FBRD u LCRH
JIOIYCKaeTCsl TOJIBKO BO BpeMs, KOrja NMPUEMOIIEPENATYMK 3alpelleH U HE OCYLIECTBIIAETCS
nepegava/mpuem Oaira.

IMepenaya u npueM JaHHBIX

JlanHble A1 mepenauyn 3aHocaTcs B Oydep mepenaTunka MOCPEICTBOM 3aIMCH B PETHCTP
DR. ITocne 3amucu xots Obl ogHOTO Oaiita B Oydep nepenarunka ycranapnuBaetcs piar BUSY
B peructpe FR. OT10 cocrosHue ¢ara coxpansercs, noka Oydep nepenaTunka He MyCT (Jake
ecinu pabota mpueMonepenardyuka 3ampemieHa). Jlamee, ecnm pabora mpueMonepenaTdyuka
paspemena (ycraHoBienel Outel UARTEN um TXE perucrpa CR), Haumnaercs mnepenada
UHPOPMAIIMOHHOTO KaJpa C MapaMeTpaMH, YKa3aHHBIMH B PETHCTPE YIpPaBJICHUS JIHMHUACH
LCRH. Ilepemaua naHHBIX MpOJOJDKAeTCs MO0 OIycTolneHus Oydepa mepeparyuka (10
OKOHYaHUS Tiepeaun Beex 0aiT). [To okonyanwum nepenadn copaceiBaercs ¢uiar BUSY.

[Ipn npueme Oaiita nanubix (ycranoeneHel outel UARTEN u RXE perucrpa CR) mis
Ka)X/I0TO OWMTa MPOU3BOAATCS TPH BHIOOPKU YPOBHSI, M PEIICHUE O 3HAYEHUU OWTa MPHHUMACTCS
M0 MaYKOPUTAPHOMY TIPUHIIHITY.

B ciydae, ecnu mpueMHHK HAXOWIICS B HEAKTUBHOM COCTOSIHUH (TIOCTOSTHHBIN BBICOKHIMA
ypoBenb curHaia Ha auann UART_RX), u mpowu3onuia cMeHa ypOBHS BXOJHOTO CHTHAja C
BBICOKOTO HAa HU3KHHA (CTapTOBBIA OWT), BKIIOYAETCS CUYECTUMK, TAKTUPYEMBIH BHYTPEHHHM
CUTHAJIOM, ITOCJIE YeTr0 OTCUETHI CUTHaJla Ha BXOJIe MPHEMHUKA PETUCTPUPYIOTCS KX Ible BOCEMb
TaKTOB.
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CrapToBBIii OUT CUMTAETCS TOCTOBEPHBIM B cirydae, ecnu curHan Ha jquHud UART RX
COXpaHsieT HM3KUH JIOTMUYECKUH YpOBEHb B TEYEHHE BOCHMU II€PUOJIOB BHYTPEHHETO
CHHXPOCHTHAJIa C MOMEHTa BKJIIOYCHHs CUeT4YMKa. B TIpPOTHBHOM cilydyae mepexoj B HOJb
paccMaTpuBaeTCs Kak JOXKHBIM CTapT U UTHOPUPYETCS.

[Tocne oOHapyXeHHS JOCTOBEPHOTO CTApTOBOrO OHTa OYEpPEAHOW OWT JaHHBIX
dbukcupyercst kaxzasle 16 oTcueToB TakTOBOrO curHana. [lpousBoaurcs perucrpanusi Bcex OUT
JAHHBIX (COTJIACHO 3alporpaMMHUPOBAHHBIM IapaMeTpaM) M OUTa YETHOCTU (E€CIHM BKIIIOYCH
PEXKUM KOHTPOJISI YETHOCTH).

[To oxoHwyanuu mnpuema OaiiTa MPOU3ZBOAMUTCS TNPOBEPKA MPUCYTCTBUS KOPPEKTHOTO
cronoBoro Outa (BbIcOKMi jormdeckuid ypoBeHb curHama UART_RX). Ilocne storo Oait
3aHOCHTCS B Oy(ep MpueMHUKA BMECTE C TpeMsi OMTaMu IPU3HAKOB OLIMOKH, CM. pUCYHOK 15.2,
1 OMTOM IepenoyiHeHus oydepa.

B 12-paspsinnoii siueiike Oydepa OalT MaHHBIX pacmojaraercs B O0JACTH MIIAIINX
BOCBMHU OUT, TpH OUTa MPHU3HAKOB OMMOKKN — B Outax ¢ 8 mo 10.

@mnar nepenonHeHust Oydepa MpueMHUKA BBHICTABISETCS B TOM CIydae, €Clii K MOMEHTY,
KOrJla O4epeHON KaJp JaHHBIX MOJHOCTBbIO MPUHAT, Oydep yxe 3amonHeH. B stoMm ciyuae
NPUHATBIA KaJp OCTAaeTCs B CABHTOBOM MPHHUMAIOIIEM PETHCTPE M MPU MPHUEME CIIEAYIOMIETO
KaJpa JaHHBIX OyaeT MOTepsH.

Kak Tonmpko B Oydepe mpueMHHKAa OCBOOOXKIAETCS MECTO Ui 3alUCH, Kaap IaHHBIX,
HAXOJSIIMKCA B CABUTOBOM pErHCTpe, MepenuchiBacTcss B Oydep, a Quar mepernoyiHeHus
cOpachIBaeTcs.

MpunsHakn
owmnbKK BanT gaHHbIX
112 "0 9 8! 7-0 '
| oE| BE| PE| FE| DATA

|— dnar owmnbkn B CTPYKTYpE Kagpa
dnar owmnbKn KOHTPOISI YETHOCTU
dnar paspbiBa NMHUN
dnar nepenonHeHus ydepa NpuémMHuke

Pucynok 15.2 — 12-pa3psinas siaeiika mpuHAMaroniero oydepa

Jannsle u3 Oydepa npueMHHMKAa MOKHO IpPOYMTATh THocpencTBoM peructpa DR.
CocTrosiHMe NPU3HAKOB OMMOKM U ¢uara NepenoJHeHus onpeensercs yrenuem perucrpa RSR
U OTHOCHUTCH K IOcleHeMy OalTy, cuutaHHoMy u3 peructpa DR, B cBsi3u ¢ atum peructp DR
BCEr/la JOJKEH CUUTHIBATHCS TIEPBBIM.

Bce dhmaru cOpachIBaroTCss 0THOBPEMEHHO 3aITMUCHIO JTF000T0 3HaUeHUs B peructp RSR wmm
nocie copoca ycTpoiicTaa.

I[Ipumeuanus

1 Heob6xonumo 3anpemaTtsh padoTy nprueMonepeaTuuka nepesi nepernporpaMMHpOBaHIEM
€ro perucTpoB ympasieHus. Eciu npuemornepenaTyik nepeBoUTCS B OTKIOYEHHOE COCTOSHUE
BO BpeMs Ilepelladyd WM IpUEeMa, TO Iepel OCTAaHOBKOM OH 3aBEpLIAECT BBIIOJIHAEMYIO
OIIepaLUIO.

2 IlenocTHOCTH AaHHBIX B Oydepax mepenaTuvka U NMPUEMHUKA HE TapaHTUPYETCs, €CIH
ycranoBuwics ¢iar BRK (pa3pblB nuHUM), WK €caM IpOrpaMMHOE OOecredyeHue MPOU3BEII0
OCTaHOBKY IpUEMOIIEpEAATUNKA [TOCIIE €T0 IOBTOPHOTO MIEPEBO/A B Pa3pEIIEHHOE COCTOSHUE.
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15.2 UuTepeiic npsiMoro goctyna K naMsaTu

[TpuemonepenaTuuk OCHAIEH HHTEp(eicoM MOAKIIOUEHUS K KOHTPOJUIEPY MPsSMOTro
JnocTyna K maMsaTd. PaGoTa B JaHHOM pEXHMME KOHTPOJHUPYETCS PETUCTPOM YIPABICHHS
DMACR. Untepdeiic DMA Bxirogaet B ceOs 1eCTh CUTHAJIOB.

RXDMASREQ (mns mpuema) — 3ampoc nepeiad OTAEIbHOIO CHMBOJIA, HHUIIMAPYEMBIT
npueMonepenaTunkoM. Pasmep cuMBona B pekuMe Mpuema JaHHbIX — 10 12 6ut. Curnan
NEPEBOIUTCS B aKTUBHOE COCTOSIHHE B Clly4ae, eciau Oydep npueMHHKa COJACPKHT, 10 MEHbBIICH
Mepe, OJIMH CUMBOIL.

RXDMABREQ (ans mpuema) — 3ampoc OJ04YHOro oOMeHa MaHHBIMH, WHHIHUUPYEMBIH
npuemonepenaTaukoM. CHUrHai nepexoauT B aKTUBHOE COCTOSHUE B Cllydae, €clid 3allOoJIHeHUE
Oydepa mpueMHUKa TPEBBICUIO 3aJaHHbBIN mopor. [Topor mporpamMMmupyercs WHIAMBHIYaTbHO
JUTs Kaxkoro O0ydepa mocpeactsoM mnosie peructpa IFLS.

RXDMACLR (mms mnpuema)— cOpoc 3ampoca Ha DMA, uHHOIHUpYyeMbIid
npueMmonepenaTaukoM. B ciydae ecnu Obln 3ampoiieH OMOYHBIA OOMEH JaHHBIMH, CHUTHAI
cOpoca popmupyeTcs B X0/le Iepefadn NOCIEAHEr0 CUMBOJIA JaHHBIX B OJIOKeE.

TXDMASREQ (ans nepenaun) — 3anpoc rnepeaayu oTAeIbHOr0 CUMBOJIA, MHUIIUUPYEMbIT
npuemoriepeaTaukom. Pazmep cumBoia B pexxuMe nepeaadn T1aHHbIX — 10 BOCbMU OuT. CUrHan
MEPEeBOJUTCSI B AKTUBHOE COCTOSHUE B ciy4ae, ecnu Oydep mnepemaTdyvka COIEPHKHUT, IO
MEHBIIIEH Mepe, OJIHY CBOOOJIHYIO SUEHKY.

TXDMABREQ (ans mepenaum) — 3anpoc 0J104HOTO OOMEHa JaHHBIMHU, MHUIIMHPYEMBbII
npuemorniepenaTaukom. CUTHAJ IEPEBOAUTCS B AKTHBHOE COCTOSTHHE B CIIydae, €CIIM 3all0JTHEHHE
Oydepa nepenarunka HIKe 3agaHHOro mopora. [lopor mporpamMmmupyeTcs HHAUBUYATbHO TS
Kaxaoro 0ydepa mocpencrom nonueit peructpa IFLS.

TXDMACLR (mns mepenaun) — copoc 3anpoca Ha DMA, HHUIMUPYEMBI KOHTPOJLIEPOM
DMA c¢ nenbsto cOpoca mpunsTOro 3ampoca. B cimydae ecnu Obln 3anpoiieH OJ0YHBIA 0OMEH
JAHHBIMM, CUTHall cOpoca (opMupyercs B XOJ€ Mepelaud MOCIEeTHEro CUMBOJIA JaHHBIX B
OI0Ke.

CurHansl OJOYHOTO U OJHORJIEMEHTHOTO OOMEHAa MJAaHHBIMU HE SBISIIOTCS B3aUMHO
UCKJTFOYAIONIMMHU, OHH MOTYT OBITh MHUIIMMPOBAHBI OJHOBpeMeHHO. Hampumep, B ciydae, eciu
3aIroJIHeHHE TaHHBIMU OyQepa MpHUeMHHUKa MPEBBIIAET TOPOroBOe 3HaUeHUE, POpMUpYETCS Kak
CUTHAJI 3allpoca OJJHO3JIEMEHTHOIO0 0OMEHa, TaK U CUTHAJ 3armpoca 6J04YHOro oOMeHa JaHHBIMU.
B cnywsae ecnm konmdecTBO JAaHHBIX B Oydepe mpuema MeHbIE MOPOTOBOrO 3HAYEHHS,
dbopMHUpYyETCST TOJIBKO 3alpoc OJHODIIEMEHTHOTO0 OOMeHa. DTO ObIBAET MOJIE3HO B CHUTYAIUAX,
IpU KOTOPBIX 00bEM JaHHBIX MEHbIIE pa3Mepa OokKa.

[Tycth, Hampumep, HY)XHO HpUHATH 19 cUMBOJIOB, a moOpor 3amojiHeHus Oydepa
YCTAHOBJIEH paBHBIM 4eTblpeM. Toraa kouTposiep DMA ocyliecTBUT ueThipe nepeaadn 6J0KOB
[0 YeTHIPE CHMBOJA, a OCTAaBIIMECS TPH CHMBOJA TEPENacT B XOJA€ TPEX OJHOAIEMEHTHBIX
00MeHOB, MOCKONbKY st HUX 0ok UART He MOXeT MHHUIMHUPOBATh NMPOLEAypy OJI0YHOTO
oOMeHa.

Kaxaplii MHULIMMPOBAHHBIN TpHEeMONepenaTunkoM curHain 3ampoca DMA  octaercs
aKTHUBHBIM JI0 MOMEHTA ero cOpoca cooTBeTcTByOmUM curaaiom DMACLR.

[Tocne cHATMS curHama cOpoca MOAYJb IpPHEMONEpelaTYnKa BHOBb MOJydaeT
BO3MOXKHOCTh c(opmupoBath 3ampoc Ha DMA B ciydae BBITOTHEHHUS ONMHCAHHBIX BBIIIE
ycnoBuid. Bee 3ampocst DMA cHuMaroTcs mocie 3anpera padoThl IpHeMoIepelaTuuKa, a TakKe
B ciiyyae ycTaHoBKM B Hojib Outa ympasienuss DMATXDMAE uwiu RXDMAE B peructpe
ynpasinenuss DMACR.

B cinywae 3ampera OydepoB yCTpOWCTBO CHOCOOHO TepeaaBaTh W MPUHUMATH TOJBKO
OJIMHOYHBIC CUMBOJIBI, M, KaK CIIEJCTBHE, KOHTPOJJIEp MOXET MHULIMUpoBaTh DMA TOnbKO B
oJlHOdJIeMEeHTHOM pexkume. [Ipu 3ToM Moaysnb B cocTOsSHUM (OPMHUPOBATH TOJIBKO CHUTHAJIBI
ynpasiaeHuss RXDMASREQ n TXDMASREQ.
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Korma Oydepbl BKIIOYEHB, OOMEH JaHHBIMH MOXKET TWPOU3BOAWTHCS B XOAE Kak
OJTHOYJIEMEHTHBIX, TaK W OJIOYHBIX TepeAad MAaHHBIX, B 3aBHCUMOCTH OT YCTaHOBJICHHOW
BEJIMYMHBI IOpOTra 3anodHeHus 0ypepoB v ux (GaKTUIECKOTO 3arOTHEHHS .

B Tabnume 15.1 yka3aHbl 3HAa4YCHHs TapaMETPOB CpadaThIBaHHS 3alPOCOB OJIOYHOTO
oobmena RXDMABREQ u TXDMABREQ B 3aBucHUMOCTH OT ITOpora 3anojineHus oydepa.

Tab6numa 15.1 — ITapameTpsl cpabaThiBaHUs 3aIPOCOB OJIOYHOTO OOMEHA TAHHBIMU B PEKUME
DMA

. KonnyecTBo He3anogHEHHbBIX KonnuecTBo 3amonHeHHbIX AYeeK
IToporoselii ypoBeHb
syeek Oydepa nepegarynka Oydepa npueMHHUKA
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, kotopsiif mo3Boisier
3anpetutb DMA oT npueMHHKa B Ciydyae aKTUBHOI'O COCTOSIHUSI JIMHUM NPEPHIBAHUS [0
obnapyxenuto omubkun EINTR. Ilpu sTtom coorBercTByromme auHUHM 3ampoca DMA
RXDMASREQ u RXDMABREQ mnepeBoasTcsi B HEaKTUBHOE COCTOSIHUE (MAaCKUPYIOTCS) 0
copoca EINTR. Ha nunuu 3anpoca DMA, o6cnyxuBaronue nepeaaryuk, coctosnue EINTR ne
BIIUSIET.

15.3 IlpepbiBanus

B Monyne nmpenycMOTpeHO HSTh MaCKUPYEMbIX UCTOYHHUKOB MPEPhIBAHMUS.

CurHamnsl 3a1poCcOB Ha MPEPHIBAHUS:

- RXINTR — ot npuemnoro FIFO;

- TXINTR — ot nepenatomero FIFO;

- RTINTR — o taiimayTy npuemMHHKa,

- TDINTR — o okoHYaHWH TIepeIayul B JIMHUH;

- EINTR — o omub6xke.

Kaxnplii U3 CUTHaJIOB MOXKET OBITh MAacKHPOBaH IMYTEM YCTAHOBKH COOTBETCTBYIOIIETO
6ura B peructpe macku IMSC.

HcTouHnK mpephIBaHMs TaKXKe MOKHO OIPENEINTh, CYUTaB cocTossHue peructpa RIS nmm
peructpa MIS (mackupoBanHble mnpepbiBaHusi). COpoc THpepbIBaHUS — OCYLIECTBISETCS
MPOrPaMMHO IMYTEM YCTAaHOBKH COOTBETCTBYIOMIEro Omta B peructpe ICR.

Curnaa RXINTR

3arpoc BO3HUKAET B ciiyyae 0OHApy>KEHHUS OHOTO U3 COOBITHIA:

- Oydep nmpuemnnka B pexxume FIFO u ero 3amonHeHMe JOCTUTIIO 33JAaHHOTO TTOPOTOBOTO
3HaYeHU,

- Oydep nmpuemHuka umeer oaHy sueiiky (pexum FIFO 3ampeieH) u npuHAT OUH Kaap
JTAaHHBIX.

JluHus npephIBaHUS MEPEXOJUT B BHICOKOE COCTOSIHUE U YACPKHUBAETCS B HEM JI0 TEX IOp,
noka u3 Oydepa He OyAeT MPOYUTAaH KaAK MUHUMYM OJMH OailT MM BBIOJHEH NMPOrpaMMHBIN
copoc mpepsiBanus (peructp ICR).
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Curnaa TXINTR

3anpoc BO3HHUKAET B ciIydae 0OHAPYKEHHS OJTHOTO U3 COOBITHIA:

- Oydep mepemarumka B pexume FIFO wu ero omycromeHue MOCTUTIIO 3aJaHHOTO
IIOPOI'OBOT'O 3HAYCHMS,;

- Oydep nepenarurka umeet oany suerky (pexxum FIFO 3ampemien) u mycr.

JIuHus pepbIBaHUS NEPEXOAUT B BHICOKOE COCTOSHUE M YAEP)KUBACTCSI B HEM JI0 T€X IIOp,
noka B Oydep He OyzAeT 3amucaH Kak MUHUMYM OJIMH OaiiT WM BBIMIOJIHEH MPOTPaMMHBIN cOpoc
IpepbIBAaHUSL.

3anuch JaHHBIX B Oydep nepemaTyuka JOMYCKAaeTCs KakK Mepel pa3pelieHueM paboThl
nprueMoIiepeJaTuuKa v IpepbIBaHus, TaK U I10CIIE pa3peIleHHs.

[Ipumeuanue — llpepbiBanue nepenatyuka paboTtaer 1mo (poHTY, a HE MO YPOBHIO
curHaina. B cimyuae ecnu paGoTa npuemonepenaTdika M MpepblBaHUS OT HEro paspeleHa Jio
OCYILIECTBIICHHS 3alMCH JaHHbIX B Oydep mepenaTdynka, mpepbiBaHHEe HE (HopMupyercs.
[TpepbiBaHKEe BO3HUKAET TOJBKO IPH OMYCTOIIeHUH Oydepa.

Curnaa TDINTR
3anpoc BO3HHUKACT B CIy4ac OKOHYAHHUS [Tepeiadul B IMHUU.

Curnaa RTINTR

3ampoc BO3HMKAeT B cilydae, eciau Oydep nmpuemMHHKa He IyCT W Ha BXOJ IPUEMHHUKA He
MOCTYIAJIO HOBBIX JAHHBIX B TEUEHHE MEpHOJa BPEMEHHU, HEOOXOAMMOTO sl repenadn 32 OuT.
[IpepriBanne cOpaceiBaeTCs TOCIE CUYUTHIBAHHMS JaHHBIX M3 Oydepa NpHEMHHKA JO €ro
OITYCTOILIEHUS MITH MPOTPAMMHO.

Curnaa EINTR

3anpoc BO3HHMKAET B ciy4yae OMIMOKH MPpU npruemMe AaHHbIX. OHO MOKET OBITh BBI3BAHO!
- OIIMOKOM B CTPYKTYpE Kaapa;

- OIHUOKON KOHTPOIISI YETHOCTH;

- pa3pbIBOM JIMHUY;

- IepenojHeHneM Oydepa npueMHHKa.

Ha xonTpoepe npepeiBanuii NVIC 3aBeeHo 4 mvHUH IPEPHIBAHUIN:

- UART_RX_INT —3anpoc RXINTR,;

- UART_TX_INT —3ampoc TXINTR,;

- UART_TD_INT —3ampoc TDINTR,;

- UART_E_RT_INT — o6weaunennsie mo MJIU 3anpocst curnanoB RTINTR u EINTR.

15.4 lIporpamMupoBanue

Jl1s mporpaMMHpOBaHMsI PEKOMEHLYETCSI CIEAYIONIAs TIOCIIEN0BATENBHOCTD IEHCTBUMN:
- 3aMpeTUTh paboTy MpUeMOoIiepe1aTuNKa;

- IOXK/1aThCsl OKOHYAHMSI TpUeMa U/UJIH Mepejauu TeKyIlero 6anTa JTaHHbIX;

- cOpocuTth Oydep nepenatanka mocpeactsom copoca omra FEN peructpa LCRH;

- I3MEHUTH HacTpoiiku peructpa CR;

- pa3pemuTh padoTy npueMornepeaaTInKa.
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16 KontpoJiep unrepeiica SPI

Kontpomnep wunrepdeiica SPl peasmsyer mHTepdeiic mocienoBaTeIbHON CHHXPOHHOU
CBSI3U B PEKUME BEIyLIETO (MacTepa) ¥ BEAOMOTO YCTPOUCTBA M 0OecreunBaeT 0OMEH JaHHBIMH
C MOJKIIIOUEHHBIM BEIOMBIM WM BEAYUIUM Nepu]epuitHbIM YCTPOIICTBOM B COOTBETCTBUH C
OJHUM M3 Tpex mpoTokoioB ¢upm Motorola, National Semiconductor, Texas Instruments.

[TocnenoBarenbHblii cUHXpOHHBIM uHTepdeiic SPI ¢upmsel Motorola obecneunBaer
MOJTHOAYIUIEKCHBI OOMEH JMaHHBIMH I10 YETHIPEXIPOBOAHON JUHUM W TMPOTPaMMHOE 3aJaHue
(a3bl ¥ MOJISIPHOCTH TAKTOBOI'O CUTHAJIA.

Wntepdeiic Microwire ¢pupmbr National Semiconductor obecriednBaeT moy yrIeKCHbIH
0OMeEH JaHHBIMU C UCII0JIb30BAHUEM 8-OUTHBIX YIPABIIAIOIINX ITOCIEI0BATEIbHOCTEH.

Wntepdeiic SSI ¢upmbr Texas Instruments oOecrmeynBaeT NOTHOAYIUIEKCHBIH OOMEH
JAHHBIMU TI0 YETHIPEXMPOBOIHON JIUHUHM U BO3MOXHOCTh MEpeBO/a JIMHUU Nepejaun JaHHbBIX B
TpeThe (BBICOKOMMITEIAHCHOE) COCTOSTHHE.

Bri6op unrepdeiica ocymectnusiercsa nocpeacrsom nous FRF perucrpa CRO.

B pexxume MacTepa u B peKUMe BEIOMOTO YCTpoicTBa KOHTpoiep SPI obecnieunBaer:

- lepeady JaHHBIX, pa3MElIeHHbIX B Oydepe mnepematuuka (Bocemb 16-pazpsaHbIX
A4YeeK);

- IPUEM JIaHHBIX U pa3MelleHne ux B 0ydepe npueMHuka (BoceMb 16-pa3psaaHbIX SUEEK).

KonTposmtep SPI popmupyer curaamsr npepbIBaHU 11O CIICTYIOIIAM COOBITHSIM:

- He0OX0IMMOCTh 00CTyKHBaHUA Oy(epoB MpUEeMHUKA WU/ TepeAaTIYNKa;

- IepenoaHeHne Oydepa MpueMHUKa;

- HaJM4Me JaHHBIX B Oydepe nmpueMHuKa Mo UCTEYCHUN BPEMEHH TaliMayTa.

OcHoOBHbIE XapaKTEePUCTUKH KOHTpPoJL1epa SPI:

- IPOrPaMMHOE YIIPaBJIEHUE CKOPOCThIO OOMEHaA;

- IporpaMMupyemMas JUINTeIbHOCTh HHPOPMALIMOHHOTO Kajpa oT 4 10 16 Our;

- HE3aBUCHMOE MAaCKHPOBaHUE MpepbIBaHui OT OydepoB nepegaTyuka U NPpUEMHHUKA;
- OJIJIepKKa MPSMOTro JiocTyma K namstu (6iok DMA).

16.1 Ctpykrypa koHTpoJiiepa SPI

VYnpoieHHast QyHKIIMOHaIBHAs cxemMa KoHTposuiepa SPI ¢ 6J10koM CUMHXpOHU3AIMH
nokaszaHa Ha pucyHke 16.1.

SPICLK 1 1 YnpaBsneHue
CPSDVSR | 1+SCR 7 CMprOHmsaumeVl:D SPI_SCK
Bnok npuemo-nepegarinka |—<
A
16-paspsagHbIn 16-paspsgHbIn ‘D
Gydep CABUIOBBbINA PervcTp 7 SPI_TX
nepeparinka
A 4
16-pa3psgHbIn 16-pa3psgHbIn
oydep CABWTOBbIN peructp | SPI_RX

I npnemMHuKa

RXINTR -
TXINTR
O6pabotumnk » [pepbiBaHus
7 RTINTR K KOHTponnepy
npepbiBaHmi SPI o 1 Ny
ROINTR >

Pucynok 16.1 — Ynpouiennast ¢pyHKIHOHaIbHAA cxeMa KoHTposiepa SPI
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CunxpoHu3anms

TaktupoBanue kontposuiepa SPI ocymectisiercs TaktoBsiM curnaiom SPICLK, koropsrit
(bopMupyeTcst Ha OCHOBE OJIHOTO M3 YEThIPEX 0a30BbIX CHHXPOCHTHAJIOB (CM. paszei 4).

CymiecTByeT OrpaHMYEHUE Ha COOTHOIIEHHWE MEXAY YacTOTaMU TaKTOBBIX CHUTHAJIOB
PCLK u SPICLK:

fspicLi < frcik (16.1)

B pexxume macrepa Ha ocnoBe curtana SPICLK mocpencTtBoM nByX mocienoBaTesbHO
CTOSIIIUX JenuTeneil (OpMUPYETCS CUTHAJI TAaKTUPOBAHUS IEpedadd M IpHUeMa JaHHBIX C
4acToTOH fsp|_sck, KOTOPYIO MOXKHO BBIYUCIHTB 10 OpMyIie

fspi_sck = fspicLk/(CPSDVSRx(1+SCR)), (16.2)

rie fspicLk — yacrora BxoaHoro cuaxpocuriaina SPICLK;

CPSDVSR — ko3¢ duImeHT mepBoro AeauTes 4acToThl (3agaercs B peructpe CPSR);

SCR — ko3¢ ¢unueHT BTOpOro AeiauTelis 4acToThl (3anaercs B peructpe CRO).

CdopmupoBanHblii cuHXpocurnan nojaaercss Ha BbiBoA SPI_SCK MukpokoHTposiepa u
Janee K MOAKIIOYCHHBIM BHEITHUM BEIOMBIM YCTPOWCTBAM.

B pexume BemoMoro — 3HadyeHUs KOA(MQOUIIMEHTOB JCIHWTENCH HE BaKHbL. BHemrHwi
cuHxpocurHan nogaercs Ha BeiBo SP1_SCK u TakTupyer npuem u nepeaady JaHHBIX.

J11s KOppEeKTHO# paboThI BCer/ia JOJDKHBI COOI0IAThCS YCIOBUS:

- B peXXHMe MacTepa Uit GOpMUPYEMOTO CHHXPOCHUTHATIA

fspi_sck < frcLk/2; (16.3)
- B pCXKUMEC BECAOMOI'O JJIs1 BXOAAIICTO BHCIIHETO CUHXPOCUTHAIA

fspi_sck < frcLk/12. (16.4)

Bydeps! npuema u nepepaqu

Jlis XxpaHeHMs TepelaBaeMbIX M NMPHHATHIX JaHHBIX B KOHTposuiepe SPl mmerorcs npa
16-pa3psaaabix Oydepa, opranuzoBanubix mo Ty FIFO. Kaxaeii Oydep MokeT XpaHUTh JI0
BOCbMHU CJIOB JIaHHBIX. bydep mns mepenaBaembIX JaHHBIX JOCTYHEH TOJIBKO JUIs 3alUCH, a
Oydep NpUHATHIX JaHHBIX — TOJIBKO JUIS YTCHUSI.

JlanHble U1 iepeayn 3anucbiBatoTcs B 0ydep uepes peructp DR. Jlonyckaercs 3apaHee
3aroJHUTH Oy(dep WM 3amuchIBaTh B HETO JaHHBIC B T€UCHUE PabOThl KOHTposuiepa. CocTosiHue
Oydepa MOXHO KOHTpodHpoBaTh c mnomomieio O0utoB TNF u TFE perucrpa SR. Ecmu
KOHTpoJuIep BBIKIIOYEH (cOpomen Out SSE peructpa CR1), To 3amuce B peructp DR npuBener
K TOMY, YTO JaHHble OyayT pasmelieHsl B Oydepe u OyayT mepeaaHbl MOCHE BKIIOYCHHS
KOHTpoJutepa. Eciu KOHTpoJuiep BKIIIOYEH W BBIOpAH PEKUM MAacTepa, TO B CIy4ae OTCYTCTBHS
naHHbIX B Oydepe 3anuch B peructp DR mpuBener x HemeyieHHOMY Hauany nepeaaun. Ecnu
3amuch JaHHBIX B peructp DR mpomcxoaut Bo BpeMsi TeKylled Iepenadd, TO JJaHHBIC
pa3MeraroTcs B Oydepe.

[TonydeHHBIE MaHHBIE AaBTOMATHYECKH COXPAHSIOTCS B Oydepe NPHUHATHIX JTaHHBIX.
W3Bneur nanHele u3 Oydepa Bo3mokHO ureHueM peructpa DR. CocrosHue Oydepa MoxkHO
KOHTpOJHpoBath ¢ momotipio 6utoB RFFF 1 RNE peructpa SR.

Pasmep nepeaaBaeMoro kajpa JaHHBIX MOXET ObITh OT 4 10 16 6UT, YTO 3a1aeTcs MoJIeM
DSS peructpa CRO. Ecnu BbIOpaH pasmep kajapa MeHee 16 OWT, TaHHBIC BBIPABHHUBAIOTCS 10
IPaBOil rpaHUIle; HEUCIIOIb3YyeMble OUTHI HITHOPUPYIOTCH.
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16.2 UuTepeiic mpsiMoro gocTyna K naMaTu

Kontpomnep SPl umeer umnTepdeiic moaximoueHns K KOHTPOJUIEPY MPSMOro JOCTyIa K
namsti. PaboTa B TaHHOM peknMe KoHTposupyercs peructpom DMACR.

Curnansl a5 npueMa:

- RXDMASREQ - 3ampoc nepeaadu OTJIETTLHOTO CJIOBa, MHULUUPYETCA
npuemonepenaTunkoM. CUTHAN MEpEeBOAUTCA B aKTHUBHOE COCTOSHUE B ciyyae, eciu Oydep
NPUEMHHKA COJIEPKUT, 10 MEHBILIEH Mepe, OJTHO CIIOBO;

- RXDMABREQ — 3anpoc 0JI09HOTO obmeHa JTAHHBIMH, WHUIIMAPYETCS
npuemorniepeaTyukoM. CHUrHAN MEPexXoIUT B aKTHBHOE COCTOSIHHE B CIIydae, €CIIM 3allOoJTHECHHE
Oydepa nmpueMHHKa MPEBHICHIIO 3aJaHHBIA mopor. [lopor mporpamMmMupyercss WHANBUAYAIBHO
nocpenactsoM noist RXIFLSEL perucrpa CR1;

- RXDMACLR — cbpoc 3anpoca Ha DMA, naunmuupyetcst KouTpouiepom DMA ¢ mienbro
cOpoca npuHSTOro 3anpoca. B ciyuyae ecnu ObuT 3ampoIiieH MakeTHbI 00OMEH JaHHBIMH, CUTHAI
copoca popmupyeTcs B Xxo/ie iepeaun MOCIEAHET0 CI0Ba JaHHBIX B MaKeTe.

Curnansl 115 nepefadu:

- TXDMASREQ - 3anpoc nepeaavn OTIEJIBHOTO CJIOBa, UHUIUUPYETCS
npuemorniepenaTaukoM. CUTHaI TEpeBOIUTCS B aKTHBHOE COCTOSIHHME B Cilydae, ecinu Oydep
nepegaTInKa COAEPIKHT, IO MEHbIIEH Mepe, OJHY CBOOOAHYIO SUYCHKY;

- TXDMABREQ — 3amnpoc 0J109HOTO oOMeHa JAHHBIMH, WHULUUPYETCS
npuemornepenaTaukoM. CUTrHaN MEepeBOUTCS B AKTUBHOE COCTOSIHUE B ClIydae, €ClId 3all0JIHeHUE
Oydepa mepemaTyMka HWXKE 3aJaHHOTO mopora. llopor mporpammupyercss MHIUBUAYAIbHO
nocpenctBoM mosist TXIFLSEL peructpa CR1,

- TXDMACLR — cbpoc 3anpoca Ha DMA, nnutuupyetcst koatpoiuiepom DMA ¢ 1ienbro
cOpoca mpUHATOTO 3amnpoca. B ciayyae ecnu ObUT 3ampoIIeH MAaKeTHBIM 00MEH JaHHBIMU, CUTHAI
cOpoca hopMupyeTcs B X0/1€ Tepeadn MOCISIHETO CIOBA JaHHBIX B MaKeTe.

CurHansl OJOYHOTO M OJHORJIEMEHTHOTO OOMEHAa MJAaHHBIMH HE SBISIIOTCS B3aUMHO
UCKJTFOYAIONIMMHU, OHH MOTYT OBITh MHUIIMMPOBAHBI OJHOBpeMeHHO. Hampumep, B ciydae, eciu
3aroJIHEHNE JTaHHBIMU OyQepa MpueMHUKa MPEBBIIIACT TOPOroBOe 3HaUeHHE, (popMHUpyeTCs Kak
CUTHAJI 3alpoca OJJHO3JIEMEHTHOIO0 0OMEHa, TaK U CUTHAJ 3armpoca 6J04YHOro oOMeHa JaHHBIMU.
B cnywsae ecnm konmdecTBO JaHHBIX B Oydepe mpuema MeHbIE MOPOTOBOr0 3HAYEHHUS,
bopMHUpYETCST TOJIBKO 3ampoc OAHODIEMEHTHOTO OOMEHa. DTO OBIBACT MOJIE3HO B CHUTYAIUSX,
IpU KOTOPBIX 00bEM JaHHBIX MEHbIIE pa3mepa OoKa.

Hampumep, HyxHO npuHATH 19 c0B, a mopor 3anoyiHeHus: Oydepa yCTaHOBIEH PaBHBIM
yeTelpeM. Torna konTposiep DMA ocyliecTBUT ueThlpe MHaKeTHBIX Iepefadd OJOKOB IO
YeThIpe CIIOBa, a OCTABIIHMECS TPH CJIOBA — B XOZE TPEX OJWHOYHBIX OOMEHOB, IMOCKOJBKY JUIS
HUX KOHTposuiep SP| He uHULIIMUpPYET mpolelypy MaKeTHOro 0OMeHa.

Kaxxplii HMHUIMMPOBAHHBIA NPHUEMOIIEPEAATUNKOM curHan 3ampoca DMA  ocraercs
AKTUBHBIM JI0 MOMEHTA ero cOpoca COOTBETCTBYIOIIUM CUTHAJIOM OT KOHTposuiepa DMA.

[Tocne cHaTHS curHama cOpoca TpUEMOIEpeaTYMK BHOBH IIOJIYYaeT BO3MOXKHOCTB
chopmupoBarh 3ampoc Ha DMA B ciydae BBIMOJTHEHHS ONMCAHHBIX BBINIE YCIOBUU. Bce
3arpocbl DMA cHuMaroTcst mocie 3ampera paboTbl NMpueMoIepeaTynka, a TakkKe B ciydyae
CHATHS CUTHazia paspemenus DMA.

16.3 ®yHkuMoHNpOBaHUE

[Tpuemorniepenaromas ToTuKa MOAYJs, yrnpasisitomue peructpsl U FIFO mo ymomrganuto
HaxonATcs B copoce. CHATH cOpoc MOKHO myTéM ycTaHoBkU Outa RSTDIS B cooTBeTcBytomiem
peructpe SPICFG 6moka RCU.

[Tpexne yem paspemuts padory 6utom SSE peructpa CR1, cnemgyer ckoHGUTypupoBaTh
koHTposiep SPI mocpeactBom peructpoB CRO m CR1, a Ttaxxke, ecim 3TO HEOOXOIUMO,
3arporpaMMHPOBATh MACKH MTPEPHIBAHUM.

JlnHamMu4eckoe n3MEeHeHNe KOH(UTrypanun ycTpoicTBa He JOITyCKaeTCsl.
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s potokoia SPI 1omonHUTENbHO 3a/1a10TCS MOMSPHOCTD U (as3a curHana (6utsl SPH u
SPO peructpa CRO).

[Tocne paspemienus paboThl MPHUEMONEPEIATINK T'OTOB K OOMEHY JaHHBIMU C BHEIIHUMHU
yerpoiictBamu 1o jauHHIM SP1_TX (mepemada maHHBIX K BHEIIHEMY ycTpoiictBy) m SPI_RX
(mpueM aHHBIX OT BHELIHETO YCTPOMCTBA).

B 3aBucumoctn ot pexxuma pabotsl curHan Ha guHud SPI FSS mcmonwsyercs nmubo ms
KaJpoBOH cuHXpoHu3aiuu (nHTepderic SSI, akTHBHOE COCTOSHHE — BBICOKHI YpPOBEHB), MO0
JUIs BBIOOpa yCTpoiicTBa B pexuMme Bemomoro (umHrepdericel SPI m Microwire, akTHBHOE
COCTOSTHUE — HU3KHUM YPOBEHB).

Bo Bcex tpex pexumax SPIl, Microwire u SSI cunxpocurnan SPlI_SCK dopmupyercs
TOJNBKO TOT/AA, KOTJAAa MpUEMOIEpeaTdyMK TOTOB K oOMeHy mgaHHbIMU. llepeBox curnana
SP1_SCK B HEaKTHMBHOE COCTOSHHE HMCIIOJB3YETCs KaK MPU3HAK TaMayTa MPHEMHHUKA, TO €CTh
Hanm4us B Oydepe npueMHHKa HEOOpaOOTaHHBIX JaHHBIX MO0 MCTEYCHHUH 33JaHHOTO MHTEpBaJa
BpPEMEHH.

VYcranoBka 6ura MS peructpa CR1 Brimouaer pexuM BEIOMOTO ycTpoiicTBa. B sTom
peKUME paspelieHHWe WIM 3alpelieHue Mepeaayd JaHHbIX —4Yepe3 Bbixox SPI_TX
koHTponmpyercss 6utom SOD. Ha mpuem cuHXpocWrHaja W JTaHHBIX COCTOSHHE 3TOro OHTa
BIIMSTHUS HE OKa3bIBaeT.

Hurepdeiic SPI

Wutepdeiic SPI peanuzyet mogHOIYIUIEKCHBIA PEXUM MEpeadn TaHHBIX.

Bxutouaer oany nunuio cunxponusauuu SPI_SCK, nBe nuHum mnpuema M mnepenadyu
naaHbix SPI_RX u SPI_TX, a takke nuHHIO BBIOOpa YCTpoO#cTBa (Ui peXMMa BEIOMOTO)
SPI_FSS.

Eciu yctpoiicTBO (pyHKIIMOHUPYET B peKUME BeoMoro, To Ha ero Bxoq SPI_FSS nomken
MOJIaBaThCs HU3KUI ypOBEHb CHUTHANla B TEUEHHE BCEH mMmepenadyd Kajapa (TOCIeI0BaTENbHOCTh
nepesaBaeMbIX OMT JaHHBIX JUTMHOIO OT 4 10 16 OuT).

[lepenaya gaHHBIX MOXKET OBITH OAMHOYHOW (OAMH KaJp) WIM HEMpepblBHOHN (Oomee
OJIHOTO Kajpa noApsn). JlaHHbIe IepeatoTcst CTapiiuM OUTOM BIIEPE.

Ocobennoctrio uHTEpdeiica SPl sBnsercs To, yTo B HeM pealn30BaHa BO3MOXKHOCTh
3aaHust TOJSIPHOCTH U (as3bl TakToBOTO curHaia. but SPO peructpa CRO 3amaeT monsspHOCTH
TaKTOBOTO CHTHANA, T. €. OMpeeNseT, Kakoi ypoBeHb CUTHaNA OyJeT yIep>KUBAThCS Ha JIMHUU
SPI_SCK B T0O Bpems1, KOT/1a TUHUS HE aKTHBHA.

bur SPH 3anaer a3y takToBoro curnana. @akTUYECKH, OH 3aJ1a€T MOPSIOK CUUTHIBAHUS
¥ BbICTaBIIeHUS NaHHBIX. [1o ymomuanuto 6ut SPH cOporieH u BrICTaBICHUE TaHHBIX HA JTMHHSIX
SPI_TX u SPI_RX mpoucxoaut no nepeaHeMy (GpoHTY CUTHajla CHHXPOHHU3AIMH, a BEIOOpKa —
10 33 THEMY.

[lepennum Bcerna cuutaeTcsi TOT GPOHT CHUTHANA, KOTOPBIMA SBISETCS HAYAIOM IMEpeaavu
nepBoOro OUTa, CM. PUCYHOK 16.2.

‘ Mepenava kagpa Het
. < > nepenaun
Mlepenrnyt poHT 3aHun PpoHT n?%i‘i?a

Curnan SPI_SCK
npn CPOL=0
CwurHan SPI_SCK """"“\’\HH’ ""‘
npu CPOL =1
Pucynok 16.2 — Curnan cunxponuszanuu SP1_SCK npu pa3usix cocrostausax outa CPOL
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Kombunamuu 6utoB SPO u SPH 3apmaior dyerhlpe pexuma oOOMEHa JaHHBIMH, CM.
pucyHok 16.3.

Cwvrvan SPI_FSS \ I
CwurHan SPI_SCK
npuSPO =0
CwurHan SPI_SCK ‘ ! ‘ ! ‘ !“‘ ! ‘ ! ‘ ! ‘ ! ‘ !
npu SPO =1

YcTaHoBKa Bbibopka YcTtaHoBKa BuiGopka
v [
HanHble Ha nuHuAX SPI_TX M 48 aano lCTgpLum1 l ) ”2”“” P—
SPI_RX npn SPH =0 ar A uT
yCTaHOBKal le|6opKa yCTaHOBKal lelﬁOpKa
{(
HaHHble Ha nuHMax SPI_TX ™ o ons o CTapu.lw?x l 7T nanmm1
1 SPI_RX npn SPH =1 bur " gur  |He BaxHo

Kaap (o1 4 po 16 6uT)

A 4

Pucynok 16.3 — Ilepenaua kagpoB naHHbIX B uHTEpdeiice SPI

Ha pucynxke 16.4 nmokazaHo moBeJieHUE CUTHAJIOB IIPU HEMPEPHIBHOM TIepeiayue KaJIpoB
JAHHBIX.

SPI_FSS _I_\ I_\
Curnan SPI_SCK
npuSPO =0 ——
Curnan SPI_SCK \ ’ \ ’ \ ’“\ ’ \ ’ \ ’ \ ’ \ ’ \ '
npu SPO =1

Yeraroska) | BriGOPKa YeraHoska|  |BeiOopKa
A\
SPI_TX 1 SPI_RX Crapam 1 oA Crapw
npw SPH=0 out (' out out
LR

Kagp (o1 4 po 16 6uT)

< »
™ gl

Pucynok 16.4 — [ToBeeHre CUTHAJIOB NPU HETIPEPHIBHOM Mepeaye KaapoB JaHHbBIX

B pexxnme HempepbIBHOW mepenadn MaHHbIX 1pu yciaoBud SPH = 0 wa mmaum SPI_FSS
JOJDKHBI (hOPMUPOBATHCS UMITYJIBCHI MEXKIY NepeadyaMH KaJpoB JaHHBIX. JTO CBA3aHO C TEM,
YTO B ATOM pEKUME HHU3KWH ypoBeHb curHama Ha jymHUU SPI_FSS Bemomoro ycrpoiicta
OJIOKMpYeT 3almuChb B CIBUTOBBIM peructp. IloaTomMy MacTep AOIKEH NEPEeBOAMTH JIMHHUIO
SPI_FSS B BBICOKMI ypOBEHb 1O OKOHYAHWHU TIEpEeNavyd KaXJAOTO Kajapa, pasperras, TaKuM
o0pa3oM, 3amuCh HOBBIX JaHHbIX. [0 OKOHYaHMM TpuemMa TMOcieqHero OuTa Kaapa JUHHS
SPI_FSS nepeBoauTtcst B COCTOSTHUE JIOTHUECKOM €TMHUIIBI TIO HCTEYCHUH OJTHOTO TaKTa CUTHAJIA
SPI_SCK.

B pexxume HempepbhIBHOW mepenadd NaHHBIX npu yciaoBun SPH = 1 HuU3KuW ypOoBEHb
curHana Ha guaud SPl FSS ne Gnoxupyer 3ammck B cnBurosblii peructp. Jlunums SPI_FSS
MOJKET OCTAaBaTbCs B COCTOSTHUM HYJI B TEUEHME IIepeJjauu BceX KaapoB. TOIBKO MO OKOHYAHUU
nepeaayy JMHUS MOXKET OBbITh TIepeBe/ieHa B COCTOSIHUE JIOTUYECKON €TUHHIIBI.
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HuTtepeiic Microwire

HuTepdeiic Microwire pean3yeT MONTyAyIUIEKCHBIA PEXUM TIepeIadn JaHHBIX.

Brutouaer nmunuto cunxponuzanuu SPI_SCK, nBe nuHuu mpuema u nepeaaydl JaHHBIX
SPI_RX u SPI_TX, a Takxe nuHUI0 BBIOOpa ycTpoicTBa (11 pexxuma Beromoro) SP1_FSS.

Ecnu ycTpoiicTBO (pyHKIIMOHUPYET B peKUME BeloMOro, To Ha ero Bxoa SPI_FSS nomken
NoJIaBaThCsl HU3KUH YPOBEHb CHTHAJla B TEUCHHME BCEW mepenadd kajapa (TOoCieoBaTelIbHOCTh
nepeaaBaeMbIX OUT NaHHBIX JUIMHOO OT 4 10 16 OuT).

Ilepenavya gaHHBIX MOXXET OBITH OJWHOYHOW (OJWH KaJp) WM HENpephIBHOHN (Ooiee
OJIHOTO Kajpa noApsn). JJaHHble nepe1atoTcsi CTapiiuM OUTOM BIIEPE.

[Tepen nauanom nepenauu suaus SP1_FSS mepeBoauTcst B HU3KOE COCTOSIHHE.

Kaxnas mnepemaya HayMHAeTCsl C TMepeJayd OT MacTepa K BeaoMod 8-OMTHOM
YIPaBJSIONMICH MOCIEIOBATEIPHOCTA. B  TedeHWe miepemayn dTOH MMOCIEIOBATEIBHOCTH
OpUEMHHUK MacTepa He oOpabarTeiBaeT Bxojsmue naHHble. [locie Toro kak ympamisromias
MIOCJICIOBATEIBHOCTD Mepe/laHa M JCKOAMPOBAHA OJHUM U3 BEIOMBIX YCTPOMCTB, TOT BEJOMBIi
BBIJICP)KMBAET Tay3y B OAMH TaKT CHHXPOCHTHajJa W HA4YMHAET IepeAaBaTh MacTepy Kajap
JTAHHBIX, CM. PUCYHOK 16.5.

BricTaBnenune qaHHBIX MPOUCXOIUT 110 3aaHeMy (ponty curHaina SPI_SCK; a cuutbiBanme —
0 TIEpEHEMY.

JlvHna SPI_FSS _\ I_
Tukusi SPI_SCK HHHHHHHHHHHHHJ‘U‘U‘U‘\

YcTaHoBKa le|6opKa

¥

YnpasnstoLLas nocnenosareribHoCTb

Parns SPI_TX rapun] haguw

out ouT

He Ba)HO Tapwm lAJ‘Ia}:[LLIM
JInHmng SPI_RX bt . b

Kapp (ot 4 po 16 6ur)

. AN

Pucynoxk 16.5 — Ilepenaya kaapa nanusix B uHTepdeiice Microwire

[To oxonvyanum npuema nansbix uHus SP1_FSS nepeBoautces B BrIcOKOE cOCTOSHUE.

[Ilpumeuanue — B TeyeHMe BpeMeHH, KOI/la MEepeAaeTcss  YIpaBisAroIias
MOCIIEI0OBATEIPHOCT, M MEXAYy nepenavyamu, juaus SPI_RX MoxkeT HaxoauTbcs B TpeTheM
COCTOSIHUU.

B pexxuMe HeTpephIBHON IMepeaun Hayallo W 3aBepIIeHUE Mepeaadnd HECKOIBKIX KaJpoB
JTAHHBIX aHAJIOTUYHO nepenayde oxHoro kanapa. Jlunus SPI_FSS ynepxuBaeTcs B Hylle B TeueHHE
BCETO ceaHca nepenadd. [1o okoHYaHHUM Tepejadun OJHOTO KaJipa JaHHBIX HAYWHACTCS Iepeaada
YIpaBJIAIOLIEH MOCIe10BaTEILHOCTH 0€3 Mmay3bl, CM. pUCYHOK 16.6.

[Ipumeuvanue — bydpepsr FIFO mpmema w mepemaum JaHHBIX HE OYHINAOTCS
aBTOMATHUECKH, JJaJKe B CIIydae 3arpenieHus padbotsl copocom 6ura SSE.
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ﬂVIHI/IﬂSP|_SCK’\’\’\’\’\’\’\’\’\’\’\’\’\’\’\’\’\

YNpaBnsioLas rnocreaoBarenbHoCTb |
NMukns SPI_TX |M“gﬁ;”""7'l

Tapmml l l l l l nagwm
61T 61T

1L
TNuHusa SPI_RX = He BaxHo xmp'“”l " l l"“aﬂ“i” He BaxHO Fapmwl
- (L
1R)

6ut

Pucynok 16.6 — Ilepenaua kaapoB qaHHBIX B uHTEpdeiice Microwire

HNurepdeiic SSI

Wutepdeiic SSI peanuzyet NoTHOAYIUIEKCHBINA PEXUM MEpeau TaHHBIX.

Bxurouaer oany nunuio cunxponusauuu SPI_SCK, nBe nuHum mnpuema U mnepenadyu
naaabix SPI_RX 1 SPI_TX, a taxxe nuamto Beidopa ycrpoiictBa SPI_FSS.

[lepen Hawanmom mnepenauu Kaxaoro kaapa Ha yuHuu SPl_FSS dopmupyercs ummynbe
JUTHTENBbHOCTRI0O B oamH nepuoa curHama SPI_SCK. Jlamee mactep M BEIOMBIN IepenaroT
JIAHHBIC. Y CTAHOBKA JIaHHBIX MMPOU3BOJUTCS 10 MepeiHeMy (POHTY CHHXPOCHTHAJIA, a BEIOOpKA —
1o 3aJHEMY, CM. pUCYHOK 16.7. Bech IUKII mepenayr HAYMHACTCS Cpasy ke TMOCie MOSBICHUS
x0T Ob1 onHOTO NemeHTa B 6ydepe FIFO nepenaruuka.

JInHua SPI_FSS :' :\ I_
TNuHus SPI_SCK 1 \ 7 \ , \ , \ , \s[_\_[_\_[_\_]_\_f_

Bbibopka

YcTtaHoBKa

—_ «,
Nutnn SPI_RX HEsaxafpraoud T :‘ frozu]

mSPI_TX

Kagp (ot 4 oo 16 6ur)

¢ »
I~ el

Pucynok 16.7 — [lepenava kaapa nanueix B uHTepdetice SSI

Pexxum HenpepbIBHO nepeauu KaJapoB JaHHBIX [TOKa3aH Ha pucyHke 16.8.

MuHuna SPI_FSS :I :\ I: :\

TnHns SP1_SCK 1 \ 1 \ 1 \ , \ , \ ’ \ ’ \ 1 \ , \ 1\
: : : L 5 E :
Il e i e i :X i
)

M SPI_TX

Kagp

Pucynok 16.8 — HempepriBHas epeiaya KaJapoB JaHHBIX B uHTepdeiice SSI
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16.4 IlpepbiBanus

bybep mnpuema u Oydep mnepemaun MOTyT TIEHEPUPOBATh YETHIPE HE3ABUCUMBIX
MacCKHPYEMBIX 3alpoca Ha MPEphIBAHMUA:

- TXINTR — 3ampoc Ha oOGcimyxuBanue Oydepa mnepeaarduka (omycrorieHue Oydepa
paBHO WJIM HUXKE IOPOTra);

- RXINTR — 3anpoc Ha oGcnyxuBanue Oydepa nmpuemHuKa (3amosHeHne O0ydepa paBHO
WIH BBIIIIE [10POTa);

- RTINTR - TtaiiMayT OXHIAHHS YTE€HUS JOaHHBIX u3 Oydepa mnpuemuauka (Oydep
NpUEeMHHUKA HE MYCT U HE OBUIO NOIBITOK OOpAaIleHHs K HEMY B TEYCHHE BPEMEHU PaBHOTO
nepeaaye 32 6ur);

- RORINTR — nmepenonaenue 0ydepa npueMHUKA.

[Toporu mporpaMMUpYIOTCSI MHIMBUIYAIbHO ISl Kaxaoro Oydepa MmocpencTBOM MoJjei
TXIFLSEL u RXIFLSEL perucrpa CR1.

Kaxxaplii U3 cUrHaiaoB MOXKeT ObITh MAacKUPOBaH MYTEM YCTAaHOBKHM COOTBETCTBYIOIIETO
Oura B peructpe Macku npepsiBanuii IMSC.

HicTouHuKk mpephiBaHMs TAaK)KE€ MOXKHO OMPEENIUTh, CUUTaB cocTosiHue peructpa RIS umu
peructpa MIS (mackupoBaHHble mpepbiBaHus). COpoc IpepbIBaHUS  OCYLIECTBIISIETCS
MPOrpaMMHO MYTEM YCTAaHOBKHU COOTBETCTBYIoOIIEero oura 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 MJIN 3anpocst ROINTR u RTINTR.
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17 KontpoJiep unrepdeiica 12C

Monyne kontpoiepa [2C obecrieunBaeT MOMHYIO MOAIEPKKY JABYXIPOBOJIHOTO
MOCJIEIOBATEILHOTO CHHXpOHHOTO HHTepdetica [2C/SMBus. Pe3ynbrar Takoil COBMECTHMOCTH —
JIETKOE€ COEJIMHEHHE CO MHOTMMH 3allOMUHAIONIMMHU YCTPONCTBAMU M YCTPOMCTBAMHU BBOJIA-
BBIBO/A, BKItouass EEPROM, SRAM, cuerunku, AL, LTAII, nepudepuiinpie ycTpoiicTBa.

DYHKIUOHAJIBbHbIE BO3MOKHOCTH MOAYJIsi KOHTpoJiepa 12C:

- COBMeCTHMOCTH ¢ npotokojiamu SMBus 1.1 u SMBus 2.0, ACCESS.Bus, 12C 2.1;

- mojizIepkKa ckopoctHoro/crannaptaoro (FS) u BeicokockopoctHoro (HS) pesxxumMos;

- IPOrpaMMUPOBaHKE JEHCTBUI MacTepa/BeOMOT0;

- BO3MOXKHOCTbH IMOJIKJIFOUEHUS K MIUHE HECKOJIbKUX BEIYIIUX YCTPOUCTB, T. €. MOACPKKA
pexxuma myastumactep (MM);

- OJIMH MIPOrPaMMHO 33/1aBae€MblIil asipec;

- 7- nmm 10-OuTHas ampecanus BeJOMOTro;

- IO/IJIEPIKKa ajpeca oOIIero BHI30BA.

Oco0bie BO3MOKHOCTH MTPoTOK0Ja SMBuUS:

- OTCJIC)KMBaHUE BpeMeHHU npoctost auauu SCL;

- Hamuure (PyHKIUM OTCICKHBAaHMS OMMOOK B makerax AaHHbIX PEC ¢ wmcrnonp3oBaHueM
MeTo/1a pacyeTa KOHTpoiabHOU cymMmbl CRC;

- IO/IZIEPIKKA apeca OTKJIMKA MacTepa;

- MO/IJICPIKKA IMOJIMHTa ¥ KOHTPOJIS MPEPhIBAHUM.

17.1 IIpoToKOJ MIMHBI

[Tporoxon 12C ucnonb3yet AByXIPOBOAHON HHTEpPENC sl ABYXCTOPOHHEN CBSI3U MEXY
YCTPOMCTBaMM, NMOJKJIIOUEHHBIMU K IIMHE. J[ByHampaBlleHHas IIMHA COCTOMT U3 JBYX JIMHUU:
nauHbix SDA u takToBoro curasia SCL. DTy TWHUM MOJKITIOUEHBI K UICTOYHUKY TTUTAHUS Yepe3
noaTsAruBarone pesuctopsl. [lInHHbIe popMHupoBaTENn THOOBIX YCTPOWUCTB, MOJKIIOYAEMBIX K
IIMHE, BBIIOJIHAIOTCA 110 CXEME C OTKPBITHIM KOJJIEKTOPOM MJIM OTKPBITHIM CTOKOM. Y CTpOMCTBa
MOTYT BBICTABUTh TOJIBKO HU3KHI YpOBEHb Ha COOTBETCTBYoIIEeH nuHUM. ClenoBaTenbHo, 00e
auaun SDA u SCL peanu3zyrot pyHKIUIO «MOHTakHOE M.

[IpoTokon moanepKUBAaeT peXUM MYJIbTUMAcTep, B KOTOPOM IIMHA  MOXET
KOHTPOJIMPOBATbCSI OJHUM WJIM HECKOJBKMMH YCTPOMCTBAMHM M3 MOAKIIOUYEHHBIX K IIHHE.
Kaxnoe ycTpoHCTBO, MOJKIIOYEHHOE K IIMHE, MMEeT CBOM aJpec M MOXeT ObITh Kak
MPUEMHUKOM, TaK U MEepeAaTINKOM (HEKOTOPbIE TOJIBKO TPUEMHUKAMH).

Onepauuu ¢ JaHHBIMH

YCTpoHCTBO, KOTOPOE€ HAYMHAET IepeJady [JaHHBIX, CTAaHOBHUTCA MacTepoM. Macrep
reHepupyeTr TakToBbld curHas SCL, a Takke MHULIMUPYET M 3aBEpIIAECT Nepenady JaHHBIX 10
muHe. 3a onuH TakT curHana SCL mepemaercs oawH OMT JaHHBIX 1Mo JUHWUU SDA, oM.
pucyHok 17.1.

SpA | N \
SCL — | SR —
JInHnsa paHHbIX cTabunbHa, Pa3spelueHo U3MeHeHne
AaHHble BEPHbI OaHHbIX

Pucynok 17.1 — Ilepenaua 6uta qaHHBIX

JlanHble BayMIHBI (BEpHBI), NMOKa ypoBeHb curHana Ha auHun SCL Beicokmii. Korma na
muann SCL HU3KHMI ypOBEHb CUTHANA, TaHHBIE MOTYT MEHSTHCS.
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Crapr u cTon

Cocrosinue crapra (opmupyercs Torma, koraa Ha JauHUHM SCL  nmepKUTCS BBICOKHIA
YPOBEHb CUTHAJA, a HAa TUHUU SDA BO3HHMKaeT nepernaj ypoBHS CUTHAJIAa U3 BHICOKOTO YPOBHS B
HU3KUH, CM. pUCYHOK 17.2.

Cocrosiaue croma (octanoBa) Qopmupyercs Torma, korma Ha jauHUM SCL  nmepxkurcs
BBICOKHMI ypOBEHb CHTHaja, a Ha MuHuU SDA BO3HUKaeT mepernaj ypoBHS CUTHANa U3 HU3KOTO
YPOBHSI B BBICOKHH, CM. pUCYHOK 17.2.

Coctosanus crapta u crona GopMUpPYeT TOIbKO MacTep.

Pucynok 17.2 — CocTosiHus ctapTa u cromna

[Tocne Toro, kak COPMUPOBAHO COCTOSIHME CTApTa, IIMHA CYUTACTCS 3aHIATOW M Jpyrue
YCTPOMCTBA HE JOJDKHBI TMBITATHCS YIPaBIATh eto. LlluHa cuuraeTcst 3aHATOW 70 TeX MOp, MoKa
He Oyner copmMupoBaHO cocTosHUE cToma. B cepeanne nepenayn MoKeT ObITH CHOPMUPOBAHO
COCTOSIHHE TTOBTOPHOTO CTapTa, €CIM MacTepy HY)KHO OOpPaTHTBHCS K JAPYTOMY BEIOMOMY HIIH
ecnu TpeOyeTcsl N3MEHEHHE HaIlPaBICHHS TIepeladn JaHHBIX 0€3 MOTepH KOHTPOJIS HaJ| IIMHOM,
CM. pucyHok 17.3.

soa LI fo
SCLm |
Crapr [MoBTOPHbIV

cTapr

Pucynok 17.3 — CocTosiHuEe OBTOPHOT'O CTapTa

ApOurtpax

ApOuTpax BBITIOJTHIETCS B MOMEHT BpeMeHH, korya Ha nuHun SCL Haxomutes «1». [lBa
YCTPOMCTBA MOTYT CT€HEPHPOBAaTH CTAPTOBOE COCTOSHHME B OJHO M TO e Bpems. Jlamee
apOoutpaxk OyneT HmpoaoiKaTbCs 10 TeX MOp, MOKa OAHO M3 YCTpoWcTB chopmupyer «0», a
npyroe — «l» ma muauum SDA. VcrpoiicTBo, kKoTtopoe ycraHoBWIO «1» Ha ymaME SDA,
npourpsiBaet apouTpax. Ha pucynke 17.4 npusenen npumep apoutpaxa.

Mepenartunk 1 nponrpoisaet
apbuTpax - Ha ero NUHUKU AaHHbIX
BbICOK/I YPOBEHb CUTHana

Pucynox 17.4 — Ap6utpax Ha muauu SDA

JlBa yctpoiictBa nepenatotr ceou nanueie DATA1 u DATA2 na muanio SDA. B momenT
BpeMeHH, koraa ouepenHon 6ut nanusix DATAL paBen «1», a 6ut ganueix DATA2 paBen «0»,
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BTOPOE YCTPONCTBO BBIMTPHIBACT apOUTPaX H MPOJOJDKAET Mepeaady CBOUX JAHHBIX, a TIEPBOE
YCTPOMCTBO TpEKpalaeT nepeaaqy.

Ecnu ycrpolicTBO mpourpsiBaeT apOUTpak BO BpeMs Mepeaadyd IMepBoro Oaita mocie
crapta (BO Bpems Mepeladd ajapeca BEIOMOI0), OHO CTAaHOBHUTCS BEIIOMBIM INPHEMHUKOM W
MOHHTOPHT TIEpeaBacMblii aJpec Ha cliydail COBMaJeHUS. ApOUTpPak TaKkKe MOXKET OBITh
NPOUTPaH B PEKHUME MacTepa NMPUEMHHUKA BO BPeMsi KBUTUPOBAHHS WM B PEKHME BEIOMOTO
nepesaTIrKa BO BpeMs OTBETa Ha aJpec OTKJIMKA Ha CUTHAI TIPETyTPEKICHUS.

B cnydae mnpourpeiBanus apoutpaka B OutoBom mnonme MODE peructpa ST
YCTaHABIIMBAETCSl COOTBETCTBYIOIINI KO/ U TCHEPUPYETCS IPEPHIBAHUE.

CunxpoHu3auus

CuHXpOHU3allMsl TAaKTOBBIX CUTHAJIOB Pa3HbIX YCTPOMCTB, MOJKIIOYEHHbIX K ImuHe 12C,
peanu3yeTcs B CIydasiX, KOrjila HECKOJIbKO YCTPOWMCTB SIBJISIFOTCSI MacTepaMu, M BBIIOIHSIECTCS C
UCIIOJIb30BaHUEM TOH 0coOeHHOCTH, uTo quHUg SCL peanns3oBana kak MOHTaxHoe «M» nuHUN
TaKTOBBIX CHUTHAJIOB JTHUX YyCTpPOWCTB. I mpuMepa paccCMOTPUM CHHXPOHHU3AIUIO JBYX
MacTepoB ¢ TuHUsAMHU TakToBbIX curHanoB CLKI1 u CLK2, cm. pucynok 17.5.

- Cbpoc Hayano otcyerta
cyeTymnkal nepunona BbICOKOTO
CocrosHue YPOBHS curHana
oXunaaHus
CLK1 | [
» Cbpoc
cyeTunka2
CLK2
SCL

Pucynok 17.5 — Cunxponusanus

Jluansa SCL mnepeBogutcs B coctosiHue «0» cpa3y, Kak TOJbKO OJMH M3 MacTepOB
BBICTABJISIET HA CBOCH JIMHUHM TAKTOBOTO CHTHajla HU3KWH ypoBeHb curHana (curHanm CLKI1 nHa
pucynke 17.5). IIpu 3TOM ero BHYTPEHHUN CUETUUK JJIUTEIBHOCTH HU3KOTO YPOBHS CHUTHAia
cOpaceiBaeTcd U HauMHAET OTcueT. BTopoil MacTep BBICTABISET HU3KUN yPOBEHb MO3XKE, U €ro
cueTunK TaKkxe copaceiBaercs (curaan CLK2 na pucynke 17.5).

Kak Tonmpko BHYTpEHHHI CUETYHK IMEPBOTO MAcTepa MEPETOTHUTCS, MacTep BHICTABUT Ha
muann CLK1 Bbeicokmit ypoBeHb curHana. Tem He MmeHee, nuHus SCL Oyaer mo-mpexxHemy
ocTaBaThcs B cocTOsiHMH «0», ynepKuBaeMasi BTOPBIM MacTepoM. B CBSI3M ¢ ATHM, TEpBBII
MacTep NepesieT B COCTOSIHME OXKUAaHus, cM. pucyHok 17.5. Kornma mepenoiHMTCS CUeTUMK
BTOPOTO MacTepa, OH BhICTaBUT Ha JuHUH CLK2 BBICOKMIT ypOBEHb CHMTHaNA, M B STOT MOMEHT
muaus SCL nepeiiaer B cocrostHue «1». C 3TOro MoMeHTa BHYTPEHHHE CUETUUKH JITTUTEIbHOCTH
BBICOKOTO YPOBHSI CUTHaIa 000MX MacTEpOB HAYHYT CHHXPOHHBINA OTCYET.

Kaxnas mepemaya JaHHBIX COCTOMT M3 HA4YallbHOTO COCTOSIHUS «CTapT», COCTOSIHUN
nepegad OMTOB M COCTOSHUS «CToIm». JlaHHBIe Tepenmatorcs ctapmuMm outom MSB Brepen.
[lepenaua kaxjaoro OaiiTa 3aBeplIaeTCs KBUTHUPOBAHUEM, T.€. NPUEMHHUK MOJTBEP)KIAeT
OKOHUYaHue npuema curnainoM noareepxkaeHuss ACK. Begomoe ycTpoicTBO MOXKET yBEIUYUBAThH
nay3y MeXay TaKTOBBIMH HMMITyJbCaMH, yaepkuBas Ha quHuM SCL curaam HHM3KOro ypoBHS,
MOKa TIPOMCXOJUT 00pabOTKa MPHUHATHIX AAHHBIX WM TOATOTOBKA JAHHBIX JUIS CIIEAYIOIIEH
nepegayd. IJTOT TPOIECC MOXKET NPOUCXOIUTH IIOClie Tepedadd Jioboro Outa/baiira,
CM. puCyHOK 17.6.
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Crapwwun KentnposaHune
paspsg 6anTa npuemMHuka

CTapT j L Ag:K CTon
Mprewm GaliTa 3aBepLUeH Ha nvHun yaepkvBaeTcsi HU3KUI ypoBEHb

npepbiBaHME B MPUEMHUKe curHana noka o6cnyxveaeTcs npepbiBaHue
Pucynoxk 17.6 — [lepenaya naHHBIX

KButupoBanmue

Kaxnp1ii 6aiiT MOChUIKH TOJKEH OBITh 3aBEPIICH KBUTHPOBAHUEM, T. €. OTBETOM Ha MPUEM
curHanga 3ampoca moarBepxkacHus npuema (6ut ACK). Ha pucynkax 17.6 u 17.7 mokazaHo
MOJIOKEHHE MOMEHTA KBUTHPOBAHHUS B ITPE/IENIaX MOCHUIKH.

3anpoc noaTBeEpPXAEHUSA Npuema
(6MT ACK)

HanHble nepeuasaemuem T.X:D— <« [lepefarunk ocTaBnser BbICOKNUIA
nepeaaTnkom

; YpOBEHb Ha BpeMA KBUTUPOBaAHUA

[aHHble nepegaBaeMble

<+— HekBntnpoBaHue
npneMHMKom \_/

<«— KButnpoBsaHue

CurHan SCLOTMaCTepa_:_:_\_/I\_/E\_ [7\_/8\_Jo\

Ctapt

9-1 TaKTOBbIV MMMYNbC
Pucynok 17.7 — KButupoBanue 1 HeKBUTHpOBaHHE OuTa moarsepxkaeHnst ACK

but 3anpoca noareepkieHUs npruema renepupyercst macrepom. llepenaruuk (Macrep wim
BEJIOMBII) B MOMEHT JIEBSTOr0 TaKTa CHHXPOCHUTHaja ocTaBisieT JuHuo SDA B cocrosHuM «1»
(6utr ACK). B cBoto ouepenp, nmpueMHHK A0KeH cOpocuth nunHuio SDA B «0» B TeueHue
BpeMeHH, noka Ha JTuHUU SCL ynepkuBaeTcs BRICOKHH YPOBEHD JIEBATOTO UMITYJIbCA TAKTOBOTO
CUTHaJa, T. €. KBUTUPOBATh MpHUEM, cM. pucyHok 17.7. Ecnu nmpueMHUK He OTBeyaeT Ha 3arpoc
MOJATBEPXK/ICHUSI W HE TOJTBEpXJaeT mpueM Oaifta, To OH ocraBiser JuHuio SDA 0Ges
WU3MEHEHHUH B COCTOSTHUM «1», T. €. He KBUTUPYET MIPHUEM.

[Ipumeuanue — Bce ycrpoiicTBa, moacoenuHeHHble K mmHe 12C, B o0s3arenbHOM
nopsiike oJoKHBI kBUTHpoBaTh OutT ACK mnpu momydeHnn Oaiita ¢ uX COOCTBEHHBIM apECOM.
OTOT MEXaHU3M UCHOIb3YETCS Il OTCIIKUBAHUS HATHYUS OTKIIOYUBIINXCS (CAaMOCTOSTENBHO
WIN TI0 KaKUM-TO MIPUYMHAM) OT IIWHBI YCTPOHCTB.

Benomoe ycrpoiicTBo nmeeT mpaBo He kBuTHpoBaTh OuT ACK B ciemyromux ciydasx:

- €CIIH BEJIOMBbI HE MOXKeT NpPUHATh JaHHbIE WIM OH 3aHAT. Macrtep, OOHapyXHUB
HEKBUTHpOBaHME OaiiTa, JOJHKEH CreHEepHUpOBaTh COCTOSIHME CTOIa U mpepBaTh nepenady. Kak
QIbTEPHATHBA, BEIOMBI MOXET 3aTSHYTh IEPHOJ] HU3KOTO YPOBHS CHTHAJa TAaKTHPOBAHUS Ha
muann SCL 1 3aBepIieHus CBOMX OINepanuil U MPoJ0JDKUTh epeaavy;

- €CJIM BeIOMBbI 0OHAPY>KUJI HEKOPPEKTHYIO KOMaHAY WM HEKOPPEKTHbIE TaHHbIE. B aTOM
cillyyae BEAOMBIH JIOJDKEH HEKBUTHpPOBAaTh MNPHUHATHIM  OaiiT. Mactep, o0oOHapyXuB
HEKBUTHpOBaHME 0aiiTa, JOHKEH CreHepUPOBATh COCTOSTHUE CTOIA U MOBTOPUTH Mepeaauy;

- ecliu MacTep (YHKIMOHUPYET KaK MPUEMHHUK, TO, IPUHSIB OalT, OH JAOJKEH COOOIIMTH
BEZIOMOMY 00 OKOHYAaHUU JAaHHBIX HekBUTHpoBaHueMm o6uta ACK, mocnannoro BenomsiM. Ilocie
ATOTO BEIOMBIN TMepeaaTIuK TOJDKEH 0CBOOOAMTH JHHUI0 SDA 11 Toro, 4ToObl MacTep CMOT
Cr€HEpPUPOBATh COCTOSIHUE 3aBEPLICHUS Nepeaayuu (COCTOSHHUE CTOIA).
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dopmat nepeaavy JAHHBIX ¢ 7-OMTHOM aapecanuei

Ha pucynke 17.8 nmoka3zana repegada ajgpeca u 1ByX 0alT maHHbIX. KakaqomMy yCcTponCTBY,
NOJKIIOYEHHOMY K IIMHE, MPHCBAaWBACTCSd YHHKAJIbHBIA 7-OMTHBIA anpec. [lepBble cemb OWHT,
nepeaaBaeMble IMOCJIE CTapTa, MPEACTaBISAIOT COOOW aapec BeaomMoro, BocbMmon OuT R/WH#
OlpeneNsgeT HampaBiCHHE Mepenaud — OT Befomoro (urenue, eciu R/W#H = «l») wim x
BeZIoMOMY (3ammuch, eciiu RIWH# = «0»).

\ 17\ s\ ol 17\ s\ o\ J1-7\ 8\ o\ [} |

[
Agpec R/W ACK [OaHHble  ACK HOaHHble  ACK

Pucynox 17.8 — [lepenava naHHbIX ¢ 7-OMTHOM aapecamueit

Kaxxaplii BeoMbId, MONy4YHUBIINN OalT agpeca, CPaBHUBAECT €r0 CO CBOMM COOCTBEHHBIM
aapecoMm. Ecnm anpec pacmo3HaeTcs Kak «CBOW», BEIOMBIM KBUTHPYET INpHEM U Jaiee, B
3aBUCHMOCTH OT COCTOsiHHs Outa R/WH#, cTaHOBHTCS IepeIaTYNKOM HITH IPUEMHHUKOM.

[Mporokonr SMBuUS/I2C  mo3BoasieT reHepupoBaTh ajapec OOMIEro BbI30BAa IS
OJIHOBPEMEHHOTO OOpaIlleHUs] KO BCEM YCTPOMCTBaM, MOAKIIOYEHHbIM K IuHEe. [lepBbiM
nepeaaercs aapec obmero BeizoBa (00N), 3arem cieayer OalWT Ha3HaueHHUsS OOINErO BHI3OBA.
Benomblie, KOTOpble OXUIAIOT JaHHBIC, KBUTUPYIOT 3TOT OaliT M CTaHOBATCS MPUEMHUKAMHU,
OCTaJIbHbIE UTHOPUPYIOT OO BHI30B.

ITporokon SMBuUS/I2C nmoxnepxuBaeT yHUKaIbHYIO (QYHKIHIO — paclio3HaBaHHE aapeca
oTKJMKa Ha curHan mnpenynpexiaenus (Alert Response Address — ARA). B cucremax c
HECKOJIbLKUMH  BEJAOMBIMH  Ka)XJ0€ yCTPOWCTBO MOKET IMOcCiIaTh MacTepy  CHTHal
npeaynpexaeHus. st 3TOro HCmoib3yeTcss AONONHUTENbHass TpeThsd juHus ALERTH,
¢usnueckn uaentuuHas auHusAM SDA n SCL, peanu3oBaHHas 1o NpUHLIUIY MOHTaxHOe «».
K »Toil nuHMM Takke MOAKIIOUYAlOTCS Bce ycTpoiicTBa. Korma kakoMmy-To BegomMomy (Wid
HECKOJIBKUM BEJOMBIM) HEOOXOAMMO OOpaTUTbCS K MacTepy, OH (WJIM OHH) BBICTaBIISET
(BbIcTaBisitoT) Ha guHUM ALERT# Hu3kuil ypoBeHb CUrHalla — 3TO CUTHAJ IPEIyNpexXIEeHuUs,
CM. pucyHoKk 17.9.

ALERT# _\—/ KeutnposaHue
. l’npmema s
spA [ reaooiion WA ¥ [\ mmewen. \ [
SCL MG 7\ ./8\ /9 1\ 2\ [3-8\ /o\ /*_
Crapr AC*K ACK Cron

Pucynok 17.9 — Ilepenava agpeca OTKJIMKA Ha CUTHAJ MPeyNPeKICHUS

Mactep, obnapyxuB «0» Ha nuuuun ALERT#, oOpamiaeTcss Ko BceM BEIOMBIM, MOCHLIAsS
ajJipec OTKIMKA Ha curHan npeaynpexaeHus ARA. Aapec cocrout u3 cemu 6utos (000_1100b)
u oura R/W# = «l» (ureHue). Bemomblil, KOTOpBI OTHIpaBHJI CUTHAN MPEIyNpPEKICHNUS,
nosyuuB curHai ARA, KBUTHPYET €ro U 3aTeM OTIPABIISET CBOM 7-OMTHBIN aapec (BOCbMOI OUT
MOXeT ObIThb Kak «0», Tak U «l»), coobmas, TakuM oOpa3oM, BEAOMOMY, Kakoe HMEHHO
YCTPOMCTBO MOCHUIAIIO CUTHAI NpeaynpexaeHns. Kpome 31oro, Be1IOMBbIi, KOTOPBIN BBICTaBIISII
«0» na muaun ALERT#, nomkeH mepecTath yAep:KMBaTh JIMHUIO, YTOOBI HA HEH YCTaHOBHJICS
BBICOKMH YpPOBEHb CHUTHajla. B TOM ciydae, €Ciau HECKOJbKO YCTPOWCTB MOCHUIATU CHUTHAI
penynpexaeHus, To nocie noiaydeHuss ARA, cBoil aapec nepenaer TO yCTPONCTBO, KOTOPOE
3axBaThIBaeT IIMHY [0 CTaHJIApTHBIM MpaBwiaM apOutpaxa. Ecim mocne o0ciayxuBaHus
BEJIOMOI0 MacTep Bce emie oOHapyxuBaeT Ha quHuu ALERT# Hu3kuii ypoBeHb curHajia, OH
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MOHUMAET ATO KAaK TO, YTO CHUTHAT MPEAYNPEKICHUS TOCHUIANCS HECKOIBKHUMH BEIOMBIMHU.
Mactep cHoBa otnpabiser curHan ARA u 3atrem o0maercss co CIEIYIOUIUM BEIOMBIM.
[losiBnenne Ha nuHuu ALERT# BbicOKOTO ypOBHS cHUrHajga O3HA4yaeT, YTO BCE BEIOMBIE,
KOTOpbIE TpeOoBau oOpareHus, 00CIy>KEeHBI.

[Ipumeuanue — OnuchbiBacMblii B HACTOSIIIIEM TEXHHYECKOM OmHMcaHud Moaynb 12C He
uMeer BbiieneHHod JmHMM  ALERT#. Ilpm HEoOXOIUMOCTH, IIOJH30BaTEIb MOMKET
3a/IeiCTBOBaTh CBOOOJHBIM  BBIBOJI MHUKPOKOHTpOJUIEpAa M MPOrPaMMHO  pealin30BaTh
BO3MOXKHOCTh TI€peJjaul CUTHaJla MPeIyNnpexIeHus OT BEAOMOro K MacTtepy. B cBoro ouepens,
¢ynkuus pacrno3HaBaHus anpeca oTkiamka ARA W mocnemyromeil oTmpaBKH COOCTBEHHOTO
aZpeca peaiM30BaHa IMOJIHOCTHIO. BritounTh GyHKIHMIO MOXHO ycTaHoBkod Outa SMBARE B
peructpe CTLO.

®opmat nepeaaum JaHHbIX ¢ 10-0uTHOI agpecanuei

10-OutHas anpecanus TmoO3BONIeT aapecoBaTh 10 1024 BegOMBIX  YCTPOMCTB ¢
UCIONIb30BaHueM pe3epBHON KomOuHammu 1111 Oxxb, xotopas mnepemaercst mo juauu SDA
cpazy mocie crapta. 10-OuTHBINM (opMaT MOTHOCTHIO COBMECTUM C 7-OMTHBIM (hOpMaToOM U
MOJKET HCIOJIb30BAaThCS OJHOBPEMEHHO C HHM, YTO IO3BOJSIET cOoeauHATh mo mwmHe [2C
YCTPOMCTBA C pa3HOM ajpecalueil.

OcHoBHol uzaeei popmara siBnsiercs nepegada 10-6uTHOrO aapeca B AByX MEpBbIX OailTax,
CIIEYIONIKMX Ccpa3y mocie crapta. B mepBom Oaiite nepenaercs 3Hauenue 1111 0xxb, rae «xx» —
9TO JiBa cTapmux Ourta ampeca u out R/W# (Ha pucynke 17.10 o6o3HaueH cumBosioM «W» —
3aI1Ch), KOTOPBIN JOJKEH ObITh paBeH «0», 4TOOBI BEOMBII MOHSJI, YTO B CIEAYyIOIIeM OaiTe
OynyT mepenansl octalbHbie 8 OUT aapeca. Bo Bropom OaiiTe mepepatorcs 8 OUT aapeca, CM.
pucynok 17.10.

10-6UTHBIN agpec BEOOMOIo

[s]1]2]1]2]o]agag]w] AlJa7]a6la5lad]asla2]at]agA]  Aannbe  |Jaad P

Mepsblii GaniT Bropoii 6anT

Pucynok 17.10 — Ilepenaua nanabIx Beaomomy ¢ 10-OuTHBIM agpecoM (171 paciiudpoBKU
MPUMEHSEMbIX 0003HAUYCHHI ClIelyeT 00paTuThes K Tabuuie 17.1)

UToObI OCYIIECTBUTH YTEHHE BEIOMOT0, KOTOPOTO a/IpeCyeT MacTep MOocie BTOpOro Oaiita
azmpeca, CliellyeT OTIPAaBUTh OMT MOBTOPHOTrO CTapTa M 3arteM KomOmHanmio 1111 Oxxb u Out
R/W# (o0o3naueH cuMBOiOM «R» — YTeHHME), KOTOpPBIH Ha 3TOT pa3 paBeH «l», cMm.
pucyHnok 17.11.

. MoBTOpeHune nepsoro GanTa
10-6uTHBLIN agpec BegoMoro +

[s]1]1]1]1]o]a9]a8]w] Ala7]a6las|a4]as]az[alfaclA|SH1]1]1]1]0]adfas8]R[A] Hannbe [A[P]

MepBbii GanT Bropoii 6anT TpetuinGant

MoBTOPHbIN
crapt

Pucynox 17.11 — Iony4yeHue JaHHBIX OT BeIOMOTO C 10-OMTHBIM agpecom

Ha pucynkax 17.10 u 17.11 OuTHI MOCBUIKH yCIOBHO 0OO3Ha4YeHbl OykBamu S, W u mp.
WIH COCTOSIHUSA OUTOB yKa3aHbl HemocpeacTBeHHO «0» mnn «1». B nanbHelieM Ha MOA00HBIX
PUCYHKAX, IMOSICHSIONINX COJEPKUMOE TMOCBUIKH TPHU Iepeaade WiIu MpUeMe JTaHHBIX, OYAyT
NPUMEHSTBhCS Takue e W Jpyrue oOo3HaueHus. Bce o0o3HaueHus, KOTOpble OyayT
HCITOJIh30BaTHCA, YKa3aHbl B Ta0uIe 17.1 ¢ moapoOHBIMU OSICHEHUSIMU.
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Tadonuna

17.1

— VYcrnoBHble 0003HAYeHUS, NPHUHATHIE HAa PUCYHKAX, ITOKA3bIBAIOIINX

COJICPKUMOE TOCHUTOK JTAHHBIX MJIM aipecoB Ha TuHuU SDA

O0o3HaueHue

PacmdpoBka o603HaueHUS

S

Cocrosiane ctapta. CHUMBOJIOM «S» 0003HAa4aeTCsl CTAPTOBBIA OUT TOCBIIIKU

SR

CocrostHue ITOBTOPHOTI'O CTapTa

R/W

bur ykasanus HampaBieHus nepeaayd. B TEKCTe HACTOAIIETO ONMHUCAHHS OH
ynomuHaercss kak R/W#. Hamumume sToro o6o3HaueHuss B OMTE IMOCHUIKH
YKa3bIBAET HA TO, YTO ITOT OUT MOXKET OBITh paBeH Kak «0», Tak u «1»

YacTHpIN ciayuail 0003HaYeHus OuTta HampasieHus nepemaun R/W#. Eciu B
0003HaYeHNH OUTA CTOUT CUMBOJ «R», TO 3TO yKa3bIBaeT HA TO, YTO B JaHHOU
nocelike 6ut R/WH# momken ObITh paBeH «l», T.e. HampaBjCHHE IEpeaayn
JAHHBIX MPOVCXOJUT OT BEJJOMOTO K MacTepy (4TCHHE)

YacTHbIN ciaydail 0003HaYeHUs OuTa HampasieHus nepemaun R/W#. Ecniu B
o0o3HaueHnn 6uta cTouT cUMBOJI «\W», TO 3TO yKa3bIBaeT HA TO, YTO B JAHHOM
noceuike out R/WH# nomken ObiTh paBeH «0», T. €. HampaBjiCHHE IEpEaayu
JTAaHHBIX MPOMCXOJUT OT MacTepa K BEJOMOMY (3aIHCh)

AlA#

BUT KBUTHPOBAaHOTO/HEKBUTHPOBAHOTO MPHEMA, ITOCHUIAEMBI TPUEMHUKOM B
OTBET Ha 3alpoc IepeJaTyuka IMOATBEpAUTh IpueM. Hamuuue 3Toro
0003HaueHHsI B OMTE MOCBUIKM YKa3bIBa€T Ha TO, YTO 3TOT OUT MOXKET ObITH
paBeH Kak «0», Tak 1 «1»

YactHbli ciydait 0003HaueHust outa A/A#. Eciu B 0003HaueHHH OUTa CTOUT
CHUMBOJ «A», TO 3TO yKa3bIBaeT Ha TO, YTO B JAHHOH IOCHUIKE B OTBET HA
3arpoc MOATBEPXKAEHUS Tpuema OaiiTa MPOM30IUIO KBUTHUPOBAHHE, T. €.
npUeMHHUK ycTaHoBHI JInHUIO SDA B «0». B TekcTe HacTOAIIEro ONMCaHHS

KBUTHPOBAHHBI OWUT 3ampoca MOATBEPXKIEHUS IpueMa o0O3HadaeTcs Kak
ACK

A#

YacTtHbli crnydait 0003naueHust outa A/A#. Eciu B 0003HaueHHH OUTa CTOUT
CHUMBOJ «A#», TO 3TO yKa3blBaeT Ha TO, YTO B JAHHOM MOCHUJIKE B OTBET Ha
3anpoc MOJATBEPXKIAEHUS IMpHema OalTa NMPOU30LLIO0 HEKBUTHPOBAHUE, T. €.
nprueMHHUK He u3MeHus quHuto SDA u octaBui ee B coctosiHuM «1». B Tekcte
HACTOSIIETO OIMCAHMS, HEKBUTHPOBAHHBIA OWT 3ampoca TMOATBEPKICHHS
npuema obo3Havaetcst kak NACK

P

Cocrosinue okoHuanusi mepemaaud. CUMBOJIOM «P» 00o03Ha4yaeTcsi CTOMOBBII
OHT MOCBIIKU

Kon mactepa

8-ouTHbIil Ko MacTepa. 3HaueHre 0000 1xxxb, rae «xXXx» — YHUKAIbHBIA KO/
Ka)XJIOTO MacTepa B CUCTEMEe HECKOJIBKUX YCTPOMCTB

Anpec 7-OWTHBIN aJipec BEIOMOro, IepeaBaeMbIii MaCTEPOM
Anpec Anpec BeoMoro, nepeiaBaeMblii BO BTOpOM Oaiite mochliku. B pexume HS
BEJIOMOTO 9TO 7-OWMTHBIA ajapec, Ha YTO yKa3bplBaeT MAylwmi criegom out R/W#, B
OCTaJBHBIX CIIydasx 3T0 BoceMb Muaamux out 10-6uTHOTO agpeca
Jannbie BaiiT niam HeckobKo OalT JaHHBIX
GC baiiT agpeca o6mrero Berzosa (0000 0000Db)
AR Anpec otkiuka (0001_100b)

&

N3o0pakeHue dncia B OBajie C JTMHUEH, TPUKPEIUIIONIEH ero K n300pakeHUI0
nepeaayn OUToB, 0003HAYAET KOJI ONEpalMy U YKa3bIBA€T MOMEHT, B KOTOPBIii
3TOT KoJ 3anuckiBaercs B nosie MODE perucrpa ST

IIBetHOE TIOTIE

CeppIM 11BETOM 0003Hau€HBI OUTHI, IIEpejaBaeMble OT MacTepa K BEIOMOMY

Bbenoe none

BenbiM 11BeTOM 0003Ha4€HBI OUTHI, IEpPEaBaEMbIe OT BEIOMOTO K MacTepy
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17.2 ®ynkumoHalbHOE ONUCAHUE

CrpykrypHas cxema moayns 12C mpencraBinena Ha pucynke 17.12. Jlanee mpuBoauTCs
KpaTKoe OIMCAaHNEe Ha3HAYCHUS OJIOKOB MOJTYJISI.

PervcTtpbl agpeca N
ADDR, CTL2

v

Komnapatop agpeca

?
BeixonHow kackan CLaBuroBbI permcTp

SDA
D BxogHow undposoit AaHHbIX SDA N y

ounerp
i A

KoHTponb owmnbok
nepefaqv un
nogcyerta

i

L || BnokynpaBneHus
pexmMmom paboTbl u N\
CKOPOCTbIO Nepeaayn v
—>| dekogep coctoaHus

?

Pernctpbl ynpaBneHus
M COCTOSAHUS A
ST, CST, CTLO " '

=
~

A

~
-

MepndepunitHasn wmnHa

BxogHown undposon ]|
LT gl Brnok cuHxpoHusaumm

SCL |_
G |_ BbixogHown kackan 4_|

HenuTtenb TakTOoBOWN
4acToThl

?

PervcTpbl ynpasneHus \
CTL1, CTL2

=
~

Pucynok 17.12 — CtpykrypHas cxema moayins 12C

Bxoanble 1 BRIXOAHBIE Kackaabl JuHnii SDA nu SCL

Jns obenx JNWHUN HWCHONB3YIOTCS BXOIHBIE MIyMOBBIE (UIBTPH. B pexmme FS st
(GWIBTPHl TMOAABISAIOT JHOObIE HMMIYJbCHl BXOJHOTO CUTHajla, JJIUTEIBHOCTh KOTOPBIX HE
MPEBBIIIAET OJUH TAaKT CHUCTEMHOT0 CHHXpOCHUTHasla. BBIXOJHBIE KacKaabl BKIIOYAIOT B ceOs
NOHMKaroIue (10 ypoBHS «0») ycTpolcTBa ¢ OTKPBITBIM CTOKOM. DYHKIIMOHUPOBAHNE BXOJHBIX
U BBIXOJHBIX KAaCKaJOB 3aBUCUT OT cocTosHus moxyns |2C, 1.e. Moaynp BKIIIOYEH WU
BBIKJTIOYEH.

YrnpaBjeHue pe;KuMoOM padoThl H ONPOC COCTOSTHUS

VYnpasnenue moayiem |2C ocymiecTBiasioT OJOKM YHOPaBICHHUS PEXKUMOM pabOThI H
CKOPOCTBIO TIEpEeNlaud, PETUCTPOB YIPABICHUS W COCTOSHUA. B coCTaB ATHX OJIOKOB BXOMIST
CIICTYIOIIHE PETUCTPHI:

- ST — comepxuT OUTHI, OTpaXKaroIIre TeKyyo koHpurypamuio Mmoayist 12C (macrep nim
BEJIOMBI, TIepeAaTINK WM MPUEMHHK) ¥ OUT (byiara mpephIBaHus;
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- CST — saBnsieTcss OIHOBPEMEHHO PETUCTPOM YIPABJICHHSI IIUHON M PETUCTPOM COCTOSIHUS
IIMHEI;

- CTLO — ynpaBnsier reHepupOBaHUEM COCTOSHUI CTapTa, MOBTOPHOI'O CTapTa U OCTaHOBA,
a TaK)Ke KBUTHPOBAHUEM;

-CTL1 u CTL2 — ycTanaBamBalOT NapaMeTpbl TAKTOBOTO CHUTHAJIa B PEKMME Macrepa u
KOHTPOJIUPYIOT pexxuM 10-OuTHOM aapecanuu.

Peructpsbl agpeca u komnaparop ajapeca

B peructp agpeca ADDR moxer ObITh 3amucaH 7-OMTHBIN afpec, KOTOPBIM SIBISETCS
aJipecoM ycTpoicTBa Ipu paboTe ero B pexume Begomoro. PacrnosnaBanue ajpeca BKIIOYAETCS
ycraHnoBkoi outa SAEN.

Komnaparop aznpeca cpaBHMBAaeT NPUHATHIN 7-OUTHBIN apec cO 3HAUEHUEM, XPAHALIUMCS
B noie ADDR. Ecnu paspemieHo pacro3HaBaHHe ajpeca OOIIero BbI30Ba (yCTaHOBJIEH OUT
GCMEN peructpa CTLO), To xommapatop CpaBHMBAeT NPHHATBIA aApec CO 3HAYCHHEM
0000_000b. Ecnu pasperieHo pacrio3HaBaHHE ajpeca OTKIWKAa Ha CHUTHAT MPEIyPEKICHUS
(ycranoBnen 6utr SMBARE peructpa CTLO), To kommapaTop cpaBHUBaeT IPUHATHIN aapec co
saagenrem 0001 _100b.

Ecnu Bkmtouen pexxum 10-6utHOM anpecanuu (0JHOBpEeMEHHO ycTaHOBIEHBI OuThl SAEN
u S10EN peructpos ADDR u CTL2 cooTBETCTBEHHO), KOMIApaTOp CPaBHUBAET CTApIINE MAThH
OWTOB TEPBOro MOJy4YeHHOro Oaita co 3HaueHueMm 1111 Ob, a crmemyromue aBa Outra — co
3HayeHneM Broporo u neporo 6mroB noisi SI0ADR perucrpa CTL2. Crapmmii 6UT BTOpOTO
MOJIy4eHHOTro OaiiTa cpaBHUBaeTCs co 3HaueHueM HyneBoro 6uta nmonst SI0ADR, a ocraBmumecs
ceMb OMTOB — co 3HaueHueM outoBoro nosist ADDR peructpa ADDR, cm. pucynok 17.13.

MepBbii GanT Bropoii 6ant

[s]1]1]1]1]o]aglaglw] AJa7]a6las]a4]as]az]a1]ad]
) | I T .

|
Iél [ﬁ] Iél [Yj KomnapaTopi
= = appecai
b y !
|
1111_0b K

| [1 iSl:OA:bRi [1 | ADDR |
pernctpCTL2 pernctpADDR

Pucynok 17.13 — Kommapatop aapeca B pexume 10-OuTHOM aapecariun

CIBUTIOBBII perucTp JaHHbIX

Peructp SDA mnpencraBiseT coboil cIBUTOBBI perucTp, MCMOJIb3YeMbIil Ul MpUeMa U
nepenaun AaHHbIX. CTapmuii OUT perucTpa nepenaercs/mIpuHUMaeTcs NepBbIM, MIIAIINN OUT —
nocienHuM. 3anuck B peructp SDA Bo3moxkHa TonbKo, eciau ycraHosneH OuT INT peructpa ST.
Peructp mMoxer OBITH NMPOYHTAH B JIFOOOW MOMEHT BPEMEHH, HO NMPOYMTAHHBIC JaHHBIE OyIyT
rapaHTUPOBAHHO JOCTOBEPHBIMH TOJIbKO Tpu ycraHoBieHHOM Oute INT. Peructp SDA He
OUUINAETCS TPU cOpOCe M XPaHHUT CIy4YailHbIe TaHHBIC IO TE€X IOp, IMOKa He OyJeT mepe3anrcan
IPOTPaMMHO WJIM anmnapaTHO Mociie npuema Oaiira.

I'eHepanys TAKTOBOI0 CHTHAJIA U CHHXPOHM3AIUSA

[TocnenoBarenbHBI TAaKTOBBIM cHrHai (BbIXxogHOW curHan wmoxayias [2C B pexume
mactepa) (GopMHpYyeTCsl reHepaTopoM Ha 0a3e CHCTEMHOTO TaKTOBOTO CHUTrHajia (C 4acTOTOM
frcLk).

Monayns 12C  moxer (QyHKIMOHUpOBaTH B JBYX IJIOOQJBHBIX  pEeXUMax —
CTaHJapTHOM/CKOpOCTHOM FS 1 BhIcOKOCKOpOCTHOM HS.

B pexume FS wucnonb3yercss 15-OutHblii mpemnenwutens. 3HaueHHe Maammx 6 Our
onpenensiercss 3HaueHueM OutoBoro moiss SCLFRQ peructpa CTL1, a nHyneBoi OuT Bcerma
paBeH HYINIO (JeJIEHUEe MPOM3BOIUTCS TOJBKO HAa YETHOE YMCIO). 3HAaYCHHE CTapuIuxX & OuT
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3agaercs mnoneM SCLFRQ perucrtpa CTL3. bnok cHHXpOHM3alMM TaKTOBOIO CHUTHAlA
MPOU3BOAUT CUHXPOHM3ALMIO T€HEpaTOpa TAaKTOBOI'O CHUTHajlla M BbixoaHoro curhaita SCL ¢
TaKTOBBIM CUTHAJIOM JIPYTUX YCTPOMCTB, MOJKIIFOUEHHBIX K IIHHE.

B pexume HS wucnonp3yercss 12-OuTHBIA TpemnenuTenb. 3HaAUeHUE MIaamux 4 OUT
ompenensercs 3HadyenueM OutoBoro moist HSDIV perucrpa CTL2, nyneBoit 6ut mpu sToM
BCET/Ia paBeH HY/II0. 3HaUYeHHE cTapmux 8 OuT 3agaetcs nojgeM HSDIV peructpa CTLA.

Omnpenensiemoe crnenudukanueit nmporokona SMBUS HanMeHbIliee BpeMs OXUIAHHS Ha
muaun SCL cocraBnsier 25 mc. Ecnu nmay3a Mexay JByMsl TAKTOBBIMH UMITYJIbCAMU IIPEBbICHIIA
25 MC, TO YCTPOHCTBO JIOJDKHO MPEpBaTh TEKYIIYIO Mepenady. Mactep A0mkeH chopMHpOBATH
COCTOSTHHE cTapTa B IIpoliecce IMepefauyd WIM I[oclie €€ OKOHYaHWA. Benomblil noinkeH
OCBOOOJIUTh HIMHY. YCTPOHCTBA, OOHAPYKUBIIKME JaHHOE COCTOSHUE, JOJDKHBI BOCCTAHOBUTH
CBOM COEIMHEHHUSA U OKUAATh (POPMHUPOBAHUS COCTOSIHUS cTapTa B mpenenax 10 mc.

Jns oTcnexxuBaHUsl MEPUOAOB OXHMAAaHMKM Ha muHEe B Moayie [2C ummeercss cueTyuk
BpeMeHH oxuanus. OyHKIMOHAIbHAS CXeMa CUeTYMKa MToKa3aHa Ha pucyHke 17.14.

scL—s| CocrosHne ;
CTapT unmcron

CuctemHbINn n NTEN
/ enrer Yucno FFh
TaKTOBbIV CUTHaN —p
1(1]1 ] VHnumanusauus
TOCDIV —| | = 3ampoc Ha
Curtan npepbiBaHne
¢ Yy DOCTUXEHUS v

8-OUTHBIN anasermns 0 8-OUTHBIN  TOERR
npengenuTens | ocHoBHOM cYeTUMK|  Curnan

OOCTUXeHUA

u 3Ha4yeHusa 0th
SMBTOPR

Pucynok 17.14 — ®dyHKkuMoOHaNbHAs CXeMa CUETUYHNKA BPEMEHH OKHIaHHs

CyeTynK BpEeMEHHU OXKUJAHUS COCTOUT M3 JENUTeNs, 8-OMTHOro MPOrpaMMHUPYEMOro
NpeIeuTeNst U 8-OUTHOTO OCHOBHOTO CUeTUMKa. Bee eMeHThl cyeTyrKa BpEeMEHHU OKUIaHUs
HAuMHAIOT paboTy MO OTpULATeNbHOMY (QpoHTY curHaia Ha quHuM SCL (ecnu paboTa cuetumnka
pasperiena). [TonoxurensHblii GpoHT curHana Ha mMHUU SCL cOpachiBaeT 3HaYEHUs JEIUTENS,
NpeJICUTENsT ¥ OCHOBHOTO cueTuuka. llpeanenurens cuyuTaeT BHU3, HAUMHAS CO 3HAYCHHS,
3anucanHoro B peructp TOPR. Ilocne nocTikeHuss Hy/Isl CUETUYMKOM TPEAJENIUTENs, OH
3arpyxaercs 3HaueHueM u3 peructpa TOPR. OCHOBHOW CYETYMK CUYHMTAET BHU3 OT 3HAUCHUS
FFh. Kaxmoe mocTiwkeHWe HYNIS TMPEJCIUTENIeM ISKPEMEHTHPYET 3HAUYCHHE OCHOBHOTO
cuetynka. OOHYJEHHE OCHOBHOTO CHYETYMKAa M 3arpy3ka ero 3HaueHueM FFh Bwi3biBaeT
OCTaHOBKY OCHOBHOI'O CYETUMKa Mpeajenurens u naenautens u ycraHoBky ¢uiara TOERR B
peructpe CST. JlononuurensHo ycranasnuBaercs ¢uar INT, u eciu paspemieHo, renepupyercs
pephIBaHHE.

[Tepron BpeMeHH OKUIAHUS OTIPENENSIETCS CICIYIOIINM BEIPAKECHHEM

Toxun = TpcLk x TOCDIV x (SMBTOPR + 1) x 256, (17.1)
rie TpcLk — IEpHOJI CHCTEMHOT'O TAKTOBOTO CHTHAIA ¢ 4acToToM fpcLk.

ApOuTpax u ooHapy:keHue omndok Ha mune 12C

ApOutpaxk B pexuMe mMacrtepa IepefaTuuKka MOXeT ObITh IMOTEepsH B Cllydyae, KOT/a JiBa
MacTepa OJHOBPEMEHHO (POPMUPYIOT COCTOSIHUE CTapTa M HAYMHAIOT Mepenady AaHHbIX. [loTeps
apOuTpaka MOXET IMPOMCXOIUTh KaK BO BpeMs Iepelauyd ajapeca, TaKk U BO BpeMs Iepeadu
JTAHHBIX.
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B cnyuae morepu mpuoputeTa npu nepenade Oaiita aapeca, MacTep MEPEXOIUT B PEKUM
BEJIOMOT0 IPUEMHHUKA U HAUMHAET IPUHUMATD ajipec. Eciu mpuHATHIN agpec OKa3aucs «CBOUMY,
Moayib [12C nmanee QpyHKIIMOHHPYET B peKHMME BeAOMOro. Eciiv MpUHATHIA aipec HE OKazalics
«cBOMMY, TO MOyJb [12C nepexoauT B pexxumM 06e3aIpecHOro BEAOMOTO.

B ciydqae motepu npuopuTteTa npu nepenade 6aita gaHHbIX MOy b [2C cpasy nepexonut
B PEKUM 0€3apEeCHOTO BEJIOMOTO.

OO0napy:keHue U HcIpaBJieHne OIIHOOK Ha muHe 12C

Cocrosiane ommbOku Ha muHe |2C BO3HMKaeT B TOM cilydyae, €CJId BO BpeMsl Nepeaadu
ajZipeca/JaHHbBIX WM BO BpeMs KBUTHpoBaHUs Ha muHe 12C oOHapyXUBaIOTCS COCTOSHUS CTapTa
i croma. [Ipu o6HapyxeHuu ommOky Ha muHe [2C BBIMOTHSIIOTCS ACHCTBUS:

- B mojje MODE perucrtpa ST 3anuceiBactes ko omuoku 1Fh;

- FEHEpUPYETCs IpepbIBaHUE (ECIU Pa3pELIEHO);

- MoayJib 12C mepexoauT B peskuM 0e3apecHOTO BEIOMOTO;

- muauu SDA u SCL ocB000X1at0TCS.

Ob6napyxenue omuoOku Ha muHe [2C MOXeT BbI3BaTh y MPOCTOM IIMHBI HEKOPPEKTHOE
dopmupoBaHue COCTOSIHMA cTapta W oTkitodeHue moxyns 12C. Ilostomy ans Bo3Bpara K
HOpPMaJIbHON paboTe CleyeT BBIIOIHUTH IeHCTBUS:

- BBIKJIFOUUTh U CHOBA BKJIFOUUTH MOy b [2C (6ut ENABLE B peructpe CTL1);

- B T€UCHHE BPEMEHH MPOCTOS MPOBEPUTH, HE MOJIKIIOUYEH JIM APYroil akKTUBHBIN MacTep K
mmne [2C (6ut BB peructpa CST nomxken ObITh 00HYIICH);

- B peXuMe mactepa CPOpMHUpPOBATH COCTOSIHHE CTapTa, MepeAarh aJpec H 3aTeM
chOopMHPOBATH COCTOSTHUE OCTAHOBA, TAKUM 00pa3oM, IPOBENs CHHXPOHMU3ALHUIO BCEX BEIOMBIX
YCTPOMCTRB (B TOM YKCJIE€ U TE€X, KOTOPbIC He 0OHapyxuau omuoOKy Ha mmHe 12C).

Pexxum IDLE

[Tepexon B pexxum IDLE mpoucxoauT npu OTKIIOUEHUU BHEITHETO CUTHAIAa TAKTUPOBAHUS
monynst 12C 3anuceto Hyns B 6ut 12CEN perucrpa APB_CLK. Ilepexon B pexum IDLE
nogo0eH mporpaMMHOMy BeIKItoueHHIO Moxynst |2C (oumctka 6uta ENABLE B peructpe
CTL1). Peructper CTLO, ST u CST ouummarorcsi, 4ToObl TapaHTUPOBATh HOPMAJbHBIN CTapT
nocjie BO300HOBJIEHNS (QYHKIMOHUPOBAHUS MOTYJIS.

Beixog u3 pexuma IDLE ocymectBisiercs 3amucbto enunuiel B O0uT [2CEN u
BkitoueHnemM moayist 12C 6urom ENABLE.

17.3 Uunuuanu3anus 1 GyHKIHOHUPOBaHHUE

B nenom monyns 12C noanepxuBaet Ba 6a30BbIX pexxuMa — pexuM FS u pexxum HS.

CraHIapTHBII/CKOPOCTHON peXuM Win pexuM FS — craHmapTHbIi pexum paboTbl, B
KOTOPOM MOJyJib (DYHKIIMOHUPYET 10 yMoydaHuto. /lnamna3on gactor currana Ha quHuu SCL —
ot 763 I't 10 6,25 MTI'tt (ipu frcLk = 100 MI'm).

BricokockopocTHON pexuM uian pexxuM HS — pexum paboTbl, KOTOPBIH BKIHOYAETCS
nporpamMMmHO. Pexxum HS 3HaunTEIEHO TPEBOCXOAUT peXuM FS 10 CKOPOCTH — AMana3oH 4acToT
curnana Ha auand SCL ot 8,14 xI'1y 1o 16,67 MI' (ipu fecLk = 100 MI'm).

Bce oneparuu pexxuma HS Haunnarotcs B pexxume FS B ciienyromeM mopsiake:

- CTapTOBOE COCTOSIHUE;

- 8-OuTtHbIil kKo MacTepa (3Hadenue 0000 1xxxb, rae «XXx» — yHUKAJIbHBIH KOJ KaXI0TO
MacTepa B CUCTEME HECKOJIBKUX YCTPOMCTB);

- HEKBUTHPOBAHHE.

ApOutpax Ha mmHe [2C mpouMcXoIuT B MOMEHT Mepeauyd HECKOJIbKUMHM MacTepamH
CBOMX YHHKAJIbHBIX KOJOB. BplMrpaBmmii apOUTpaxk MacTep 3axBaThlBaeT LIMHY. B cBs3M ¢
TakoW opraHuzanmend pexxuma HS panmpHelmmii apOuTpak W CHHXpOHH3AIMS HA IIUHE HE
peann3yoTcs.
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[Toce BbIMONHEHUS BBINICYKa3aHHBIX IIarOB YCTPOMCTBA, MOAJCpKHUBaONIUe pexxum HS,
HEePEKIIIOYAIOTCS B 3TOT PeKUM. MacTep reHepupyeT COCTOSHIE NOBTOPHOTO cTapTa SR, a 3atem
nepenaeT ajapec BEJOMOro W OuT HampaBieHus nepenaun R/WH#, cm. pucynok 17.15.
Pacmudposka o603HaueHUH, NpUHATHIX Ha pucyHke 17.15, npuBenena B Tabmume 17.1.

Bce nepenaun B pexxume HS o ¢opmary uneHTHYHBI niepeadam pexuma FS, uto nemaer
9TH /IBa PEXKHMa MTOJTHOCTHIO COBMECTUMBIMH.

OxkoH4YaHue pexnumaHS n
Kon mactepa

Hayano pexmmakS —

|S|0|0|O|O|l|x|x|x|A#|SR| Apapec Begomoro |R/W|A| HaHHble WA#lP

Mepsblii GanT Bropow Gant

Pexum FS Pexum HS
Pucynox 17.15 — Ilepexon B pexxum HS u o6patno B pexxum FS

Brixon u3 pexxuma HS mpoucxoaut reHepupoBaHHEM COCTOSHUSI OKOHYaHUs mepenaqu P,
1OCJIe KOTOPOTO BCE YCTPOMCTBA MEpEKIIOYaloTcsi oOpaTHO B pexkuMm FS. B kaxmom u3 aByx
6a30BbIX pexumMoB — FS m HS — monmyns 12C moxer (QyHKIHMOHHUpOBATH Kak MacTep WU
BE/IOMBIiA, TTOJTy4YaTh WM MepeaaBaTh HHPOPMAIIHIO.

Hanee Bce pexumbl padoTsl Moayis 12C OyayT paccMOTpeHbI TOPOOHO.

Nuauumnanusanus

Jlns Havyana paGoThl clieAyeT MPOU3BECTH HHUIHATU3ALINIO:

1 Bxutouuts Monyns [2C ycranoBkoit 6uta ENABLE B peructpe CTLL.

2 Eciam aKkTHUBEH PEXHUM MacTepa, 3amucaTh HYKHBIH KOI(QUIMEHT JeIieHUs] B OUTOBOE
noie SCLFRQ (peructpsr CTL1, CTL3) mis Beibopa mneproaa taktoBoro curiana SCL (st
pexxuma HS 3anucats koadduiment nenenus B mose HSDIV peructpos CTL2, CTL4).

3 Ecniu akTHBEH peXUM BEJOMOT0, HEOOXOIUMO:

- 3amucaTh «COOCTBEHHBIN» ajipec Begomoro B 6utoBoe moie ADDR u ycTaHOBHUTH
out SAEN perucrpa ADDR;

- Ui peanuzanuu 10-OuTHOM ajxpecaliy 3anucaTh cTapiire OUThI agpeca B OUTOBOE
nose S10AD u ycranosuts 6ut S10EN perucrpa CTLZ2;

- 7151 BKJTIOUEHHUsI (PYHKIIMU pacro3HaBaHUs ajpeca OOIIEero BHI30Ba YCTAHOBUTH OUT
GCMEN B peructpe CTLO;

- JUIS BKJIFOYEHHS] (YHKIMU DPACMO3HABAHUS aJpeca OTKJIWKA YCTaHOBHTH OUT
SMBARE B peructpe CTLO.

4 Tlpu HEoOXOAMMOCTH OTCIEKHBAHUS TMEpHOAOB oxuaanus Ha muHe |2C 3amucath
xenaemble 3HaueHus B peructp TOPR u B 6utoBoe none TOCDIV (peructp CST) anst oTcuera
BpeMeHU oxugaHus Ha quHud SCL. [[nsg aBTOMaTHUeCKOro OTCIIEeXUBAHUS BPEMEHHU OKUIAHUS
3anucaTh HeHyseBoe 3HaueHue B ouroBoe nosie TOCDIV perucrpa CST.

S5 Ins paspemenus GopMUpOBaHHS 3ampoca Ha mpepbiBaHue yctaHoBuTh OuT INTEN B
peructpe CTLO.

DOYyHKIUOHUPOBAHHE

Monyne 12C moxker paboTaTh B peXHME MacTepa WM BEIOMOro. Takke OH MOXKET
(YHKLIMOHUPOBATh KaK MepelaTiuK WIM NPUEMHHK, T. €. Moayinb 12C mopnepxuBaer neBATh
PEKUMOB:

- 0e3apecHBI BETOMBII;

- MacTep nepenaTiuk B pexume FS;

- MacTep nepegaTyuk B pexume HS;

- MacTep NMPUEMHUK B pexume FS;

- MacTep NpUEeMHUK B pexume HS;

- BEJIOMBIH TIepelaTuuK B pexume FS;

- BEZIOMBII TIepeiaTuuK B peskume HS;

- BEJIOMbII IPUEMHUK B pexume FS;

- BEZIOMBII IIPUEMHHK B pexkume HS.
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[Mepenaua undpopmammu mo mwmHe 12C CcOCTOUT W3 MOCIIENOBATENHLHOCTH PA3TMYHBIX
JeHCTBUI (Havaso mepeaadyu, MpueM JaHHBIX U Ap.). Kaxaoe nericTBre Ha3bIBAETCSI COCTOSTHUEM
(cocrosiHMe cTapTa, COCTOSHHE OcTaHoBa W jp.). Ilociae Toro, Kak TO WJIM MHOE COCTOSHUE
chopMHUpPOBaHO, €ro KOJ ammapaTHO 3amuchiBaeTcss B peructp ST B O6utoBoe moie MODE u
MOXET OBITh MPOYUTAHO MporpaMMHo. B tabmumax 17.2 u 17.3 nmpuBoasATCS BCE BO3MOKHBIC
COCTOSIHUS, UX MHEMOHHYECKHe 0003HAYeHUs U KOJibl. Ha KBUTHpOBaHUE WM HEKBUTUPOBAHUE
npuema ykaspiBaeT 3amuch «ACK» mmm «NACK» coorBerctBenHo. Tak, Hampumep, eciu
MacTep OTHpaBUiI OalT ajxpeca BeIOMOMY, KOTOPBINA MOCIE MOTYYEHHUs] KBUTHPOBAI MPHUEM, TO
Ha 310 Oyner ykaseiBaTh «ACK», a B monme MODE peructpa ST Oyner 3ammcan xon 04h,
COOTBETCTBYIOIIMI COCTOSIHUIO C MHeMOHW4YeckuM obOo3HaueHuem «MTADPAY. boree
oIpOOHO KXl pexxuM padboTsl Moayist 12C Oynet paccmotpen nanee. Ha pucynkax 17.16 —
17.23, noscusromux padory moayns |12C B TOM WM MHOM pEeXHME, MPUHITH 0003HAYCHHS,
pacmudpoBKka KOTOPBIX NpuBOAWTCS B Tabmumme 17.1. [{ns momydeHHs] TOTOTHUTEIHHOU

uH(pOpMalMK U TOHUMaHUS padoThl MoAys 12C MOXKHO BOCTIONB30BaTHCS MpUIOKeHHEM b.

Tabnuna 17.2 — Koasl pynkuumonuposanus Moy 12C B pexxume FS

Pesim Kot |Mruemormuka Ornrcanue cOCTOSIHUSL HA MOMEHT 3aIlUCH ACK/
koxa B noae MODE perucrpa ST NACK
OGuuii 00h IDLE IDLE, Het noctynHoii BaauaHON B
nH(pOpMallUKU O CTaTyce
01h| STDONE | ChopMupoBaHO COCTOSHHE CTapTa —
02h | RSDONE CdopmupoBaHO COCTOSIHHE TTOBTOPHOTO 3
- cTapra
03h| IDLARL [Toteps apOutpaxa, epexos B pexXUM B
0e3aIpecHOro BEJIOMOT0
Macrep 04h | MTADPA | OTnipaBiien ajgpec BEIOMOTO ACK
B Teperaua 05h | MTADNA | OtmpaBieH agpec BeIOMOTo NACK
pexume 06h | MTDAPA | OrnpasiieH 6aiiT TaHHBIX ACK
FS 07h | MTDANA | OtnpagiieH OaiiT TaHHBIX NACK
08h | MRADPA | OtmipagiieH ajpec BEIOMOTO ACK
Mprewm 09h | MRADNA | OtnipaBiieH aapec BEIOMOTo NACK
0Ah| MRDAPA | Tlpussr OaiiT qaHHBIX ACK
0Bh| MRDANA | TIpunsT GaiiT TaHHBIX NACK
— 0Ch| MTMCER | OrmpasrnieH koj Mactepa, ooHapyxkeHa ormioka | ACK
— 0Dh — OFh 3apesepBupoBano. He ncnosabp3oBats! —
10h | SRADPA | Tlpunst ajgpec ACK
Mprenm 11h | SRAAPA | Tlpunsr aapec mocie moTepu apouTpaxa ACK
12h | SRDAPA | TlpunsTt GaiiT JaHHBIX ACK
13h | SRDANA | [TpunsT 6aiiT JTaHHBIX NACK
14h| STADPA | Ilpunsr agpec ACK
. 15h | STAAPA | [lpunsr agpec nocie notepu apouTpaxka ACK
BeHOBMHH Hepenasa 16h | STDAPA | OtnpaBinen 6ailT JaHHBIX ACK
P 17h | STDANA | OtmpaBiieH OaiiT JaHHBIX NACK
ES 18h | SATADP | IlpunsT agpec OTKIMKA HA TIPETYPEKICHIE ACK
19h | SATAAP [TpuHSAT ampec OTKINKA Ha ACK
[epemaua TpeIynpexIeHUe Mocie IOTepu apOuTpaka
anpeca |4 apl SATDAP OTtnpaBrieHbl JaHHBIE B OTBET HA MOJTYYCHHE ACK
OTKJTKA ajipeca OTKIIMKa
1Bh| SATDAN OTnpaBiieHbI JaHHBIC B OTBET HA TIOJTYYCHUE NACK
azipeca OTKINKA
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Oxonuanue mabauyol 17.2

Peskiim Ko [Muemormka Ornucanue COCTOSTHUS Ha MOMEHT 3aIlUCH ACK/
koja B mosie MODE peructpa ST NACK
e o—— 1chl ssTop OOHapyXeHO COCTOSIHHE OCTAaHOBA 3
BEJIOMOTO
pe>1<113/IMe — 1Dh| SGADPA | Ilpunst agpec o0LIero BbI30Ba ACK
FS 1Eh| SDAAPA [TpunsT anpec o0IIero BeI30Ba MOCIe ACK
MOTEPH apOUTpaka
OO6nHapy»eHa ommOKa Ha IIIHHE
OOwmii 1Fh| BERROR | (HEeKOppeKTHOE COCTOSIHUE CTapTa Ui —
OCTAHOBA)

[Mpumeuanue — Juanazon 3HaueHuii kogoB 0Dh—OFh 3ape3epBrpoBaH u He AOCTYIICH
JUI Mcroyib3oBaHud. JlononHuTenbHas nHdopmanus HaxoauTces B npuioxenuu b nannoro TO.

Ta6nauna 17.3 — Koxgsl pynkimonupoanus moayis 12C B pexxnme HS

Pesim Ko | Miemonxa Omnwucanue cocrossHus Ha MOMeHT 3amucu | ACK/
kona B noe MODE perucrpa ST NACK
21h IHMTMCOK Kox mactepa nepenan ycreuso, B
nepexop B pexxum HS
B 22h HRSDONE CdopMHUpOBaHO COCTOSHHE TOBTOPHOTO B
cTapra
23h HIDLARL [ToTeps apOuTpaxka, nepexona B pexum HS 3
Macrep 0e3aJpECHOT0 BEIOMOTO
B 24h |HMTADPA | OTtripasiieH ajgpec BEIOMOTO ACK
pexXUMe Mepenaua 25h [HMTADNA| Otnipasiien ajipec BEIOMOTro NACK
HS 26h |HMTDAPA | OtnpaBiieH 6allT TaHHBIX ACK
27h |[HMTDANA | OtnipaBiieH 6ailT TaHHBIX NACK
28h |HMRADPA | OtnpaBiieH ajpec BEIOMOro ACK
Tprem 29h |[HMRADNA| OtnipasiieH agpec BEIOMOro NACK
2Ah |HMRDAPA | TIpunsT 6aliT TaHHBIX ACK
2Bh [HMRDANA | TTpunsT 6aifT TaHHBIX NACK
30h | HSRADPA | Tpussr aapec ACK
Benomsiit| Ilpuem | 32h | HSRDAPA | Tlpunst 6aiT qaHHBIX ACK
B 33h | HSRDANA | TIpussT 6aiiT JaHHBIX NACK
pexuMe 34h | HSTADPA | TlpunsT aapec ACK
HS ITepenaua | 36h | HSTDAPA | OtmnipaBiieH 6aiT JaHHBIX ACK
37h | HSTDANA | OtnpasiieH OaiiT TaHHBIX NACK

[Ipumeuvanue — [lunanasonsl 3HaueHuit konoB 2Ch—2Fh u 38h—3Fh, a Takxke xomsr 20h,

31h, 35h 3ape3epBupoBaHbI
uH(OpMAIHST HAXOIUTCS B IPHIIOKECHUU

U HCOAOCTYIIHBL

TUTS
b mannoro TO.

HCIIOJIBb30BaHMUA.

JononauTenpHas

Pexum 0e3aipecHOro Be10MOro

Pesxxum padotel o ymomuanuo (MODE = 00h). ITocre BrmroueHust Moayib 12C HaunHaeT
(YHKLIMOHUPOBATH B peKUMe 0€3aJpecHOro BEJOMOT0 M HENpephbIBHO MOHUTOPHUT LIMHY. [Ipn
OOHapyXeHHH COCTOSHUSI CTapTa WM TOBTOPHOIO CTapTa MEPEXOAUT B PEXKUM BEIOMOTO
npueMHHKa. [ mepexoja B peKUM MacTepa nepeaaTiyuka Hy>KHO ¢(hOpMUpPOBATh KOPPEKTHOE
COCTOSTHUE CTapTa.

[Tepexnrouenue B peskuM 0€3apecHOro BEIOMOI0 MPOUCXOUT B CIIydasix:

- CTapTOBOE COCTOSIHME HE OBbLIO yCIemHo chOpMHUPOBAHO, TaK KaK APYroe yCTPOMCTBO
ynepkuBaio Ha tuHuM SCL HU3KMI ypOBEHb CHTHAIA;
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- TIpOM30IIIa moTepsi apOuTpaka BO BpeMs IMepeaayu OaiiTa NaHHBIX B PEKUME MacTepa
nepeaaTyrKa Wi Bo BpeMs nepenaun oura R/WH# B pesknMe Mactepa MpueMHHMKa,

- IPOU30IILIA TTOTEPs aApOUTpaxka BO BpeMs OTBETA Ha MOTYYCHHBIN aJIpec OTKITNKA;

- HeKBUTHPOBAHKE TPUHSITOTO ajpeca B PEKUME BEAOMOIrO MpUEMHHKA (aJipec He COBIA
CO «CBOMM) HJIU 3aIPEICH);

- HEKBUTUPOBAHHE B KOHIIE TIEPEIaHHOTO 0aliTa B PSKUME BEIOMOTO MepeIaTunKa;

- 00HAPYKEHO COCTOSIHUE OCTAHOBA,

- oOHapyXeHa oImroKa Ha IITUHE;

- Moayib 12C 6bu1 cOpotIIeH;

- MoayJib 12C GBI BBIKITIOUEH.

Pe:xxum FS macTepa nepenarumka

Brutouenne pexuma FS mactepa nepenarymka:

1 Ilepexox B pe’xuM MacTepa nepeiaTunka IpOMCXOIUT M0CIIe YCIEUIHOro (opMUPOBAHUS
cocrosiHusl craprta. [lepBrlii OaiiT, mepenaBaeMblii MacTepOM Cpasy IOCIE CTapTa, COCTOMT M3
ajipeca BeZIOMOro U OuTa HapaBJIeHHUS.

2 B 3aBucumoctu oOT cocrosiHus Owrta HampasiaeHus (R/WH#H), moayne 12C  nanee
(GyHkuHOHHpYeT Kak mactep nepenarynka (ecnmu R/WH#H = «0») wim kak mactep MpUeMHUKa
(ecmu RIWH# = «l»). Ilna mepexoga B pexxum HS mactep MokeT mepenarh KO Macrepa
(0000_1xxxb) BmMecTo mepBoro Gaiira aapeca.

3 Ilepexox B pexxuM mactepa npousoiaer mocie ycranoBku omta START B perucrpe
CTLO. Ecau 6utr BB B peructpe CST cOpoien, T. e. muHa cBOOOIHA, OyJET CreHEPUPOBAHO
cocrosinue crapta. Eciim 6ut BB = 1b, To 6ut START ocraHercsi yCTaHOBICHHBIM, & COCTOSIHUE
cTapta OyAeT CreHepupOBaHO I10 HCTEUEHHUM BPEMEHH, PABHOTO OJHOMY TaKTy CHTrHaja
TakTUpoBaHus Ha TuHUKA SCL, mocie ocBOOOXKIeHNs IINHBI.

4 Kak TOJNBKO CTapTOBOE COCTOsSHME OyAeT creHepupoBaHo ycnemHo, out START
copocurcsa, momynb 12C mepeiimer B cocrossaue STDONE (B mome MODE 3anmmiercs
snauenue 01h), ycranoBurcst ¢uar INT, u nunus SCL Oyzner ynepkuBatbes B «0» 10 TeX mop,
noka ¢uar INT nHe Oymer cOpomen. Ecmu pasperreno outom INTEN (peructp CTLO),
CreHepupyeTcs MpepbIBaHUeE.

Ilepenaya agpeca v TaHHBIX:

1Tloka ynepxuBaercs ¢mar INT, mporpamma 3amuchiBaeT ajapec BEIOMOrO M OUT
HaIpaBJIeHUs Tiepeadn B perucTp AaHHbix SDA (agpec 3amuchIiBaeTcs B OUTHI C CEBMOTO 1O
HEPBBIiA).

2 Tlocne 3anucu B peructp SDA ¢mar INT cOpacsiBaeTcs mporpaMMHO yCTaHOBKOW OuTa
CLRST B peructpe CTLO.

3 Ilocne coOpoca ¢mara INT m mo wmcreyeHWH BpeMeHH, TpeOYeMOro Ui YCTaHOBKH
TaHHBIX, Ha TuHUH SCL MosBIsSeTCsS TAKTOBBIN CUTHAT U JaHHBIC, XpaHsmumecs B peructpe SDA,
HAYMHAOT IepeIaBaThes Mo JuHuu SDA.

4 Tlocne 3aBepiueHUs nepenadn OaifTa W MOMTYYEHHUS OTBETa Ha 3arpoc MOATBEPKICHUS
nepenaun (ACK), T.e. mociae aeBATOrO TaKTa CUTHajda TakTUpoBanus Ha juHuu SCL,
amnmaparHasi 4acTh aHAJU3UPYyeT KBUTHUPOBAHHE/HEKBUTHUPOBAHHME Mepelaud M yCTaHABIHMBAET
cooTBeTcTBYOmMMUK koA B moie MODE.

5 Bo Bpems niepenaun auHuE SCL 1 SDA NOCTOSHHO MOHHTOPSITCS C IIENBIO BBISIBJICHUS
BO3MOXHBIX KOH(DJIMKTOB C IPYTMMH YCTPOHCTBaMHM, MOJKIIOYEHHBIMH K INWHE. B ciyuae
oOHapyxeHHsT KoH(IMKTa nepenada npepbiBaercss 1 B noie MODE 3ammceiBaetcs kox 11b
(cocrostame SRAAPA — miepexo] B pe)KUM BEIOMOTO IIPHEMHHKA TTOCTIe TOTePH apOuTpaxka) Mtk
ko 03h (cocrosinme IDLARL — mepexon B pexxuMm 0e3apecHOr0 BEJOMOTO IOCIE TOTEPH
apoutpaxa).

6 Ecnu Out HampaBiieHUs] paBeH €IMHHUIIEC U HE OOHApPY>KEHO OIIMOOK Ha IIMHE, MOAYJIb
12C nepexoauT B pekUM MacTepa MpUEeMHHUKA.

120



7 Ecnu OuT HarmpaBiieHHs paBeH HYIIO M Iiepeada aJpeca BeJOMOro 3aBepIleHa YCIeIHO
(3Hauenue koxa B moie MODE ue pasuo 05h/1Fh), ycranasnmuBaercs duar INT, ykassiBas Ha
TO, YTO OXKMJACTCS 3alKCh MEepBOro Oaiita qaHHbIX B peructp SDA s nanpHeiimei nepeaayn,
M, €ClIi pasperieHo, TreHepupyercs mnpepoeiBanue. I[loka d¢mar INT Oymer ocraBaThes
ycraHoBNeHHBIM, JTiHUA SCL Oyner yaepxuBarbcs B «0».

8 ballT JaHHBIX 3anKChIBAeTCS MPOrpaMMHO B peructp SDA u nepepaya npoaosKaercs.

9 Ecnu BeZIOMBI NMPUEMHUK HE KBUTHUPYET OTHPABICHHBIA eMy OalT JaHHBIX, B IOJIE
MODE 3anuceiBaercs kox 0Bh (cocrosune MRDANA). Ha nmunuun SCL Oymer ycraHOBicH
HU3KUH YPOBEHb CUTHAJIA U, €CIIH Pa3pelIeHO, CTeHEPUPOBAHO MTPEpPhIBAHUE.

JUis oTciexuBaHus OMIMOOK B IAKETaX NAHHBIX MPUMEHSETCS MEXAHU3M BBIYMCICHUS
koHTposbHOU cymMbl (CRC) ans Heckonbkux OalT MaHHBIX. B pexume macTepa nepenaTynka
yctanoBka 6uta PECNEXT B peructpe CST BBI30BET IEPEHOC COAEPKUMOTO PETUCTPa OMHOOK
(He moctymeH mporpammuo) B peructp SDA u maMunumupyer nepenauy Oaiita CRC (Gaiit
KOHTPOJILHOM cyMMbl) BetoMoMy. [lepenaua 6aiita CRC nomkHa BBIOIHATHCSA MTOCTE epelaun
nocienHero OaiTa JaHHBIX W 1mepel (OPMUPOBAHMEM COCTOSIHHS OCTaHOBA HMJIM TIOBTOPHOTO
cTapTa.

Macrtep mnepenaTuMka KOHTPOJIMPYET HIMHY M MOXET aJpecoBaTh JII000OE BeIOMOE
YCTPOMCTBO M M3MEHATh HalpaBJeHUE Meperaun O6e3 MOTepr KOHTPOJS Haj LIMHOM, UCTIONb3Ys
BO3MOXHOCTh (DOPMHUPOBAHHS COCTOSIHUSI MMOBTOPHOTO ctapTa. /it popMHUpPOBaHUS COCTOSIHHS
cienyer:

1 Ycranosuts 6ut START.

2 B pexxume macTepa NpUEMHHMKA NMPOYUTATh MMOCIEAHUN MOIYYEHHBIH OAlWT U3 perucrpa
SDA.

3 Copocuts ¢daar npepsiBanust INT.

[Tocne »tux pevictBuii Oyner ocBoOoxneHa ywmHus SCL, crenepupoBaHO cocTosiHHE
MOBTOPHOT'O CTapTa W CreHeprpoBaHo mpepsiBanue. B monme MODE Oyaer 3ammcan kon 02h
(cocrosiuie RSDONE).

Monyns 12C moxer ObITh BBIBEIEH M3 peXHMMa MacTepa NepeJaTdyuka reHepupoBaHHEM
COCTOSIHUS OCcTaHOBa. [|J1s 3TOro HEOOX0MMO:

1 YcranoButs 6utr STOP B peructpe CTLO.

2 B pexume mactepa NpUEMHUKA MIPOYUTATH MOCIEIHUI MOIYYeHHbINH OaWT U3 perucrpa
SDA.

3 Copocuts ¢aar INT.

Beieykasannble AeWCTBUS MPUBEAYT K HE3aMEIIUTEIbHOMY (POPMHUPOBAHUIO COCTOSIHUSA
ocraHoBa U ouncTtke outa STOP.

CocrosiHME OCTaHOBa MOXET OBITh CHOPMHPOBAHO TOJNBKO ecau  moxayns 12C
GyHKIMOHHMPYET Kak Mactep W KoHTposmpyeT muHy (B moine MODE naxomutcst moboe
3Ha4YeHue kona u3 nuanasona 01h — 0Bh).

JIOTIOTHUTETHPHO MOKHO OOpATHTHCS K IPUIIOKEHUIO b JTaHHOTO TEXHUYIECKOTO OMMCAHUSI.

Ha pucynke 17.16 npencrasieHo rpadguueckoe NOsSCHEHHE K ONMCAaHUIO PeKUMa.

121



A
YcnewHas nepefaya | | |
BEIOMOMY MPUEMHMKY S | Agpec | W | A [aHHble A P
Cnepgylouias nepegada HaunmHaetcs ha » SR | Anpec | w
NOBTOPHbLIM CTapTOM k
A4 A 4
HekBuTpoBaHuWe nocrne nepenayu A | p I R
appeca
y
Pexum
macTep
NpUeMHUK
A 4
HeksuTpoBaHue nocne nepenayn 6avta Al P |
[aHHbIX
Mpopomkaet
Apyroi
A 4
Moteps npuopuTeTa A macrep
» SR

Motepsi npuopuTeTa Npu nepenade
BeOOMOMy afpeca unu 6anta aaHHbIX

—@b

MpopomkaeT
Apyroi
Y vactep T
Al A#

Mpogomxkaer
apyrov
macrtep

Al A#

Pucynok 17.16 — Pexxum FS mactepa nepenarumka
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Pucynox 17.17 — Pexxum HS mactepa nmepenaranka
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Pe:kum HS macTepa nmepeaaryuka

[Tepexon B pexxum HS macrepa mepenaTdvka MPOUCXOJUT B TOM CIy4yae, €CJIU TOcCie
COCTOSIHUS cTapTa MacTep nepeaaet koxa macrepa (0000 1xxxb) Bmecro agpeca Bemomoro. Ilo
OKOHUAaHUU TIepefayu Kojaa wmacrepa ycraHaBiauBaercs mar INT wu, ecnu paspeuieHo,
reHepupyeTcs mpepbiBanue. Benen 3a ycmemHo#l mnepenadeid koga macrepa B mone MODE
sanuceiBaeTcs ko 21h (cocrosaue HMTMCOK), u Mactep nmepexoaut B peskum HS.

JHanee HEoOXoauMO cHOPMUPOBATH COCTOSHUE MOBTOPHOTO CTapTa, 3allMCaB €AWHUILY B
out START, u copocuts daar INT, 3anucero eqununb B out CLRST.

[Toce creHeprupOBaHHOTO COCTOSIHHSI IOBTOPHOTO cTapTa ycranaBiuBaercs ¢uar INT, u B
noje MODE 3anuceiBactes ko 22h (cocrosane HRSDONE). JlanpHeHIui mopsaoK AeHCTBHIA
T0 Mepeiaye aapeca U JaHHBIX aHAJIOTHYeH OMMMCcaHHOMY pexxumy FS mactepa nepegaruunka.

JlononHUTEIbHO MOXKHO 00PaTUTHCS K MPHIIOKEHHUIO b.

Ha pucynke 17.17 npencraBneHo rpaguueckoe MOsSCHEHHE K OTIMCAHHUIO PEKUMA.

Pe:kum FS macTepa npueMHuKa

[lepexon B pexuM macTepa MPUEMHHKA MPOUCXOAMT MOCIE YCHEIIHON mepenadn aapeca
BEJIOMOT0 C eIMHUYHbIM OuToM HampasieHus (R/W# = «1»). B pexxume mactepa nmprueMHHUKa
mMonyib 12C momyyaeT JaHHBIE OT BEIOMOTO YCTPOMCTBA, IIOATOMY TepSAET KOHTPOJIb HAJl IIMHON
SDA. B Toxe BpeMsi MacTep MpOAOJDKAET TaKTUPOBATh Nepeiady W JOJDKEH OTBeYaTh Ha OUT
ACK kaxa0ro npuHATOr0 OaiTa.

[Tocne kaxmoro mpuHsiToro Oaiita ycranaBnuBaercs ¢uar INT, m momp3oBaTenbckas
nporpaMMa 4uTaeT nojy4yeHHble aanHble u3 peructpa SDA. Jlunus SCL ynepxkuBaercs B «0»,
noka ycranosieH ¢uar INT. [Tocnme cOpoca durara INT mMoxeT ctapToBaTh MpUeM CIIEAYIOMIETO
Oaiira. [Tocne 3toro (cormacHo mporokony SMBUS) cocTosiHuS TOBTOPHOTO CTapTa WM CTOMA HE
JOJDKHBI TEHEPUPOBATHCS MAcCTEPOM, MOCKOJIBKY MacTep Telepb HE SBISETCS €IUHCTBEHHBIM
KoHTposepoMm JuHMM SDA. B koHLe mpuema Kaxxaoro Oaiita mMacTep He KBUTHUPYET NpHEM,
coo0I111ast TAKUM 00pa3oM BEIOMOMY 00 YCTICIIIHOM IIpUEME.

[Tocne mpuema npeanocineanero 6aiira nepea copocom ¢uara INT criexyet 3anucars HOJMb
B out ACK peructpa CTLO. B Toxe Bpems, ecmu Tpebyercst otnpaBka Oaiita CRC, crmemyer
ycraHoButh 6uT PECNEXT B peructpe CST. Ilocne cbpoca c¢umara INT Oyner npuHsT
NOCJETHUI OalT NMaHHBIX M HEe KBUTHPOBaH. [lo OKOHUaHWM TpUeMa MacTep BO3BpallaeTcs B
pPEeKUM TepeAaTyrka U Telepb MOXKET CreHEpPUpPOBATh COCTOSIHME IMOBTOPHOIO CTapTa WU
OCTaHOBA.

Ecnun MexaHu3M OTCHEKUBaHHMS OIIMOOK BKJIIOYEH, TO MOCIEIHUI MepeJaHHbIi oT
Beomoro Oait Oymer Oaiitom CRC. B ciydae ecnu pe3ynbTaT BBIYHCICHHS KOHTPOJBHOU
CYMMBI HE HYJIEeBOM, To yctaHoBUTCs (aar omnbkun PECFAULT B peructpe CST.

JlononHUTENBHO MOXKHO O0pAaTUTHCS K MPHIIOKEHHUIO b.

Ha pucynke 17.18 npencrapneHo rpadguueckoe NOsCHEHHE K ONMCAHUIO PEKUMA.

Pe:xkum HS macTepa npueMHnka

[Tepexox B pexxum HS macrepa mpueMHHKa MPOUCXOANT, €CIH MOCIIE TIepelaHHOTO Ko/
MacTepa U IOCIE0BABIIEr0 32 HUM COCTOSIHUSI TIOBTOPHOTO CTapTa, MPOU3BOIMTCS Ieperada
azmpeca BegomMoro ¢ o6utom Hampasienus R/W# = «1». Moayns 12C nepexoaut B pexxum HS
macTepa mpueMHuKa, ycraHaBnuBaerca ¢Gmar INT, a B mome MODE 3amucsiBaercs
COOTBETCTBYIOIIH KO/ U3 auamazoHa 28h — 2Bh.

JIOTIOTHUTENBHO MOXKHO 00paTUTHCS K MPUIIOKEHUIO b.

Ha pucynke 17.19 npeacrasieHo rpagudeckoe MOSICHEHUE K OMTMCAaHUIO PEXUMa.
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Pe:kum FS BeroMoro npueMHuKa

B sToM pexxuMe naHHbIE TPUHUMAIOTCS OT MacTepa Iepenardyuka. BenoMblii KBUTUPYET
WIN HE KBUTHUPYET MIPUEM KaXXJ10ro Oaiira.

[Tocne BriaroueHuss Monyib 12C monuToput muny. [Ipu oGHapykeHUH COCTOSTHUS CTapTa,
mMoayib 12C mepekiogaercss B pesKUM BEIOMOTO NMPHUEMHUKA M HAYWHAET IPUHUMATh CEMb OUT
ajzipeca U OMT HaIpaBJICHUA Nepeaay oT Mactepa. Macrep neperaTuuka MOKET EePEKIIOUUTHCS
B PEXKHM BEOMOT0 IPUEMHHUKA BCIIEACTBUE MOTEPU apOUTpaska MpH repegaye aapeca.

ITocne monyuenus GaiiTa aapeca BeIOMbII CpaBHUBAET MOJYYCHHBIN aJipec:

- mosieM ADDR peructpa ADDR, ecnu ycranosnen out SAEN;

- co 3aagennem 0000 000b (agpec obmiero Bbi3oBa), eciau ycranosieH out GCMEN;

- co 3navyenuem 0001 100b (agpec oTkinka), ecnu ycraHosien outr SMBARE.

KButupoBanue npremMa npou3BOIUTCS, €CIM NMPUHATBHIA ajpec COBHAJI ¢ «COOCTBEHHBIM»
(3amporpaMMHUpPOBAHHBIM TI0JIB30BATEIIEM) aJIpecoM OOIIEro BbI30BA MM aJPECOM OTKIIHUKA.
[Tocne oOHapyxeHus coBHaaeHus aapeca U kButupoBanus B none MODE 3anuceiBaercs
COOTBETCTBYIOINK Ko M ycraHaBnuBaetrcs duar INT. Taxxke, eciu paspermeno 6utom INTEN,
reHepupyercsi npepeiBanue. [IpunaTeiil Oaiit (axpec u OUT HampaBiieHHs) IEpENUCHIBACTCS B
peructp SDA.

B 3aBucumoctu OoT coctosHus OuTa HampaBieHus, MoAynb 12C mepexoauT B pexUM
BeiomMoro mnepeaarunka (ecimu R/W# = «l») uinm octaercs B peKMMe BEIOMOIO MPHUEMHHUKA
(RIW# = «O»).

[Tocne xaxmoro npuHsToro Oaiita ycranasnuBaercs ¢uar INT, ykaspiBaromuii Ha TO, 4TO
Heo0X0uMO TpoYHuTaTh AanHble U3 peructpa SDA, a munus SCL yaepxuBaetcs B «0». Ilocne
nporpammuoro ureHusi peructpa SDA ¢mar INT cOpaceiBaeTcs (3amUChIO €AMHHIBI B OUT
CLRST), u munusa SCL ocBoOoxkmaercs.

VYcranoBka 6utoB SAEN u S10EN Brutouaer pexxum 10-OMTHOH ampecanyiyi BEIOMOTO
npuemHuka. [locne oOHapyXeHHMsI COCTOSHHsI cTapTa BEAOMBIH MOCIEN0BATEIbHO NPUHUMAET
nBa 0aiiTa, B KOTOPBHIX COAEPIKUTCS aapec.

[TocnenoBarenbHOCTh Tepegaud OUT B mochklike npu  10-OuTHOM anpecanuu Oblia
paccMoTpeHa panee B noapaszene 17.1 nacrosimero TO.

MexaHu3M pacro3HaBaHUS ajpeca U3JIOXeH B mozpasfene 17.2 wnacrosmero TO wu
nokas3aH Ha pucyHke 17.13.

[Tocne kKoppeKkTHOro mpueMa BEJOMBIM JIBYX OaliTOB M COBMAJEHHS HMPUHATOrO ajpeca C
COOCTBEHHBIM OaifThl coxpaHstoTcss B peructpe SDA u cABHrOBOM perucrpe, mpHeM
KkBUTHpYeTcs, ycraHaBnuBaetrca ¢aar INT, a B mone MODE 3amucsiBaeTcst cOOTBETCTBYIOIIMNA
ko coctostust — 10h mmm 17h.

Ecnu BriIOUeH MexaHU3M OOHapy)KeHUs OLIMOOK, MOCIeIHUI OalT, MPUHATHINA OT MacTepa
nepenarunka, Oynmer Oalitom CRC. Ecim pe3ynbprarT BBIUMCIEHUS KOHTPOJIBHOH CyMMBI HE
HyleBoH, ycraHaBimuBaercsi ¢uar ommbOku PECFAULT wu nepemaya He KBUTHPYETCH.
[TporpammMa mosib30BaTeNsl JODKHA «3HATH» O KOJHMYECTBE TEpPENaBaeMBbIX MacTepoM OalT U
ycranaBnuBath 6utr PECNEXT mnepen urenueMm mpenmnocnenHero Oaifra u3 peructpa SDA u
notoM copaceiBaTh (iar INT. B pesynprare OyaeT anmapaTHo paccyuTaHa KOHTPOJIbHASI CyMMa,
U pe3ynbpTaT OTIpaBiieH macTepy B MoMmeHT nepepaun 6uta ACK. Ecnu ommbok Het, Oyaer
BBINTOJIHEHO KBHUTHpOBaHHE (otmpaBieH «0» B oTBeT Ha 3ampoc ACK), ecnmm ommbOku ecth —
HeKBUTUpOBaHuUe (oTnpasieHa «1» B orBet Ha 3anpoc ACK).

Ecmu BemoMoMy NpHEMHHKY HYXHO COOONIMTH MAacTepy, 4TO OH HE MOXeT Oolee
NpUHUMATD JaHHBIE, cleayeT cHavana yctaHoBUTh Out ACK, a 3atem — 6ut CLRST (qu1st copoca
dnara INT). [anee Oymer mpuHAT MOCIEIHUN OANT MAaHHBIX, KOTOPHIA HE OyAeT KBUTHPOBAH
(our ACK =1b), u ycranoBurcs ¢uar INT. Ilocme sTOoro mporpamMma MOXKET HPOYUTATH
MOCJIeTHUH MoTydeHHbIH O0aiT u3 peructpa SDA u copocuts diar INT, mocie wero moxyns 12C
OCBOOOJIUT IIUHY.

JIoTIOTHUTETFHO MOYKHO OOpaTUThCS K MPUIIOKEHUIO b.

Ha pucynke 17.20 npeacraBineHo rpaguueckoe NOSCHEHHE K ONMCAHHUIO PEKUMA.
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Pucynok 17.21 — Pexxum HS Benomoro npuemMHuka

Pe:kum HS BeoMoro npueMHuka

BxiroueHne pexrMa POUCXOOUT TOCIEe TMONMY4YeHHMs] BaJlMIHOTO Koja MacTepa
(0000 _1xxxb). ITocne mepexayn koma Mactepa GOPMUPYETCS COCTOSIHUE TOBTOPHOTO CTapTa, a
3aTeM MepeaaeTcs ajpec BeAOMOro ¢ HyiaeBbIM OutoM Hampasienus (R/W# = «0»). Tlocie
nojy4deHus OaiiTa aapeca BeJOMBIN INpoBepsieT ero Ha coBmajeHue (cM. panee «Pexum FS
BEJIOMOT0 TIPUEMHHKAY).

JIOTIOTHUTENBHO MOXKHO OOpaTUTHCS K MPUIIOKEHUIO b.

Ha pucynke 17.21 npeacraBieHo rpagudyeckoe MOSICHEHUE K OMTMCAaHUIO PEXKUMa.
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Pe:kum FS BeoMoro neperaTumka

B sToMm pexume naHHble mepeAaroTcsl OT BEIOMOro MepeAaTyuka K MacTepy MpUEeMHHKA.
Benowmpslit mpoBepsieT oTBeT Mactepa Ha 6ut ACK.

[lepexon B pexuM nepefaTdyuka MPOUCXOIAUT U3 pekMMa BegoMoro npuemHuka. Ilocie
HOJy4eHHsT COOCTBEHHOTO ajpeca W Ourta HampasieHus, paBHoro eaunuie (R/W#H = «1»),
BeJIoOMbIil craHoBuTCs mnepenarunkoM. @mar INT ycranaBnmBaeTcs, ykas3blBasg Ha TO, YTO B
peructp SDA cnenyer 3anucarh JaHHbIC.

IToxa ycranoBnen ¢uiar INT, muaus SCL ynepxuaercs B «0». [locne 3anmucu JaHHBIX B
peructp SDA cnenyer coOpocuts duar INT. Tlocne 23Toro, mo UCTEUEHUH BPEMEHH,
HEO0OXOAMMOro ISl YCTaHOBKH JaHHBIX Ha JuHUU SDA, nunus SCL ocBoOOXKIaeTCs, U TaHHbBIC
HAYMHAIOT MepeIaBaThCs.

[lepenaua naHHBIX aHaJOTMYHA Iiepefadye B peXuMe Mmactepa mnepeaaryuka. I[locne
KQXKO0r0 yCIenmHoro npuema 6aiira ycranasnuaetcs ¢uiar INT, a B mone MODE 3anuceiBaercs
cootBercTByOmUN ko. Jlunus SCL ynepxuBaetcs B coctosHuu «0» 10 Tex mop, moka duar
INT ocraercst ycranosieHHbIM. @yar INT momkeH cOpachIBaThCs TOIBKO MOCIE 3aITUCH JTAHHBIX
B peructp SDA. Kaxapiii nmocnenyromuii 6aiiT nommkeH 3anucbiBaThes B peructp SDA o Tex
nop, noka B nosie MODE ne nosiButcs kox 17h (cocrosuue STDANA), ykaspiBaronuii Ha TO,
YTO MacTep «He KelaeT» Jajiee NPUHUMATh JaHHBIE.

BeiBog BemoMoro u3 pekuMa IepeJaTdydka  OCYHIECTBISIETCS TOJBKO —MacTepoM
npueMHHKa. MacTep mNpuUeMHUKA JIOJDKEH He KBUTUPOBAaTh MOCIEAHHI  (COriacHO
3alJIAaHUPOBAHHOMY  KOJIMYECTBY) IIOJdydeHHbIH OalT naHHbix. Ilpu  oOHapyxeHuun
HEKBUTHUPOBAHMS TEPEAAaHHBIX IaHHBIX, Moayinb |2C mepexomuT B pexum 0Oe3aIpecHOro
Benomoro, u B noine MODE 3amuceiBactcs kox 00h (coctosmue IDLE). [lanee BemoMmblii
MOHHUTOPHT UINHY B OKUIAHUH COCTOSIHUS CTapTa WK MOBTOPHOTO CTapTa.

Hns pabotel B pexume ¢ 10-OuTHON anpecanuend CleayeT OCYIIECTBUTH JIEUCTBHS,
aHaJIOTUYHBIE ONMCAHHBIM JUI pexxuMa FS BeZJoMOro nprueMHukKa.

Cravaiia moayins 12C mepexouT B pexuM BEIOMOTO IPHUEMHHKA U ToiaydaeT 10-OuTHBIH
anpec. Eciu nporpaMmHo He TpebyeTcss HUKakux JeiictBuid, To ¢uar INT He ycranaBnuBaercs,
muauss SCL we ynmepxkmuBaercs B «0», m mome MODE comepXHT COOTBETCTBYIOIIYIO
uHpopmanuio o cocrosHuM. Jlanee (cM. panee «Popmar mepenaud JAaHHBIX ¢ 10-OMTHOM
ajzipecarueii»), BCiea 3a BTOPHIM OaliTOM aapeca, MOXKET IOCIIEA0BaTh COCTOSIHUE TTOBTOPHOTO
CTapTa, U 3aTeM MOBTOpHAs Iepeaaya mepBoro OaiiTa agpeca, ¢ TOH JMIIb pa3HULEH, YTO OUT
HarnpasieHus: cogepxut eaununy (R/W# = «1»). Takum o0Opa3om, mociie mpuema Tpex OaurT,
ecnu NpuHATBIA 10-OMTHBINH agpec okakeTcst «cBOMM», ycTaHoBuTcs ¢uiar INT, u Begomslit
NEPEKTIOUNTCS B pexuM mnepefaryrka. B moime MODE 3amurirercs oaun u3 aByx koaoB — 14h
i 15h.

Ecnu BKITIOYEH MEXaHM3M pAaclO3HABAaHUS OIMMOOK, TO TOCIETHHWHA OTHPABICHHBINA
BEZIOMBIM mepenatynkoM OaiT Oyner Gaiitom CRC. IlporpaMma momKHa «3HaTh» KOJIMYECTBO
0aliT, MOCHUIAEMBIX B TAaKeTe MaHHBIX, W IIOCIE OTIPABKM BCceX OalT yCTaHABIMBATH OUT
PECNEXT (BmecTo 3amucu o4epeAHbIX JaHHBIX B peructp SDA) nns Toro, 4ToObI B pETUCTP
SDA 3ammcaicst 6aliT KOHTPOJIBHOW CYMMBI.

B monyne 12C mopnepkuBaercs (DyHKIMS pacro3HaBaHUS ajpeca OTKIMKA, KOTOPBIH
nepeaaeTcs MacTepoM IMUHBI KO BCEM BEIOMBIM. Bemomoe ycTpoHCTBO, MONydUBIIEE ajpec
orkiuka (0001_100b), mepexmtouaercst B peXuM IepeaTidKka W HaYMHACT NEpeaaBaTh CBOM
coOCTBeHHBIH anipec (moapodHee — cM. «DopMar repeavn TaHHBIX ¢ 7-OMTHOU agpecarueiing).

Jns BritoueHHs (QYHKIMU DPACIO3HABAHUS ajjpeca OTKIHMKA CIEAYeT YCTaHOBUTh OWT
SMBARE B peructpe CTLO.

Monayns 12C pearupyer Ha ajgpec OTKIMKa TOJIBKO MpU paboTe B pexxume Begomoro. B
OTBET Ha TIOJYYCHHE aapeca OTKIMKA HAdaTh IMepeaady ajpecoB MOTYT HECKOIBKO BEIOMBIX.
Benomslii, BeIMTpaBIIMid apOUTpask, MPOIOIKAET Iepeiady, OCTaIbHbIE — OCBOOOKIAIOT IIMHY.

JIOTIOTHUTETFHO MOYKHO OOPaTUTHCS K MPUIIOKEHUIO b.

Ha pucynke 17.22 npencrasieHo rpaduyeckoe MosiCHEHUE K ONMMCAHUIO PEKUMA.
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Pucynok 17.22 — Pexxum FS Beomoro nepenaTamnka

Pexxum HS BegoMoro nepeararyuka

Monyne 12C mepexoautr B pexkuM HS BegoMoro mociie MOJNydeHHUs BaTUIAHOTO KOJa
mactepa (0000 1xxxb). Jlanee ciaeayeT cCOCTOSHHE MOBTOPHOIO CTapTa M Iepenada aapeca
BEJIOMOTO C eAMHWUYHBIM OutoMm HampasieHus (R/W# = «1»). Tlocme 3Toro BemoOMBIit
nepekirovaeTcss B pexxuM HS Benomoro nepenarunka. OyHKIIMOHUPOBAHHE B 3TOM PEXUME B
[eIOM HISHTHYHO pexuMmy FS BemoMoro mepemaTdumka, C TEMH OTIMYUSAMH, YTO
HOJ/Iep)KUBaeTcsl 0ojiee BBICOKAsh CKOPOCTh Iepelayd, a 3HaueHUs KOJOB COCTOSIHMH (Tosie
MODE) naxomstcs B quama3zone 34h — 37h.

JIOMOTHUTENBHO MOKHO 00paTUTHCS K MPUIIOKEHUIO b.

Ha pucynke 17.23 npencraBieHo rpaguueckoe NOsICHEHNE K OMMCAHUIO PEXUMA.

Kog mactepa

MNpuemkona mactepa, aapeca | S | 0000_1XXX | A | SR | Anpec Begomoro | R | A [aHHble A
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P
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A
HekBuTnpoBaHWe nocne nonyvyeHns nocnegHero A% | sr |
6anTa JaHHbIX

Moteps ap6uTpaxa Bo BpeMs nepeaayn koaa A
macTepa v nepexop B 6e3agpecHbiin pexum HS
BEJOMOro
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Pucynok 17.23 — Pexxum HS Benomoro nepenatunka
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JlonosHUTeIbHAS HHGOPMALKA 0 padoTe MOAYJIsI

1 Korga monyns 12C BeikmtoueH, out BB perucrpa CST ouunmien. Bkimtodyenue mMoayss B
cucreme, ¢ 0ojiee UeM OJHHUM MaCTepOM, MOXKET MPOU30HTH B MOMEHT BPEMEHH, KOT/ia 110 HINHE
uzer nepenada. but BB He cMoxer 3T0 nokasars. Bo u3bexxanue co3gaHus ommMOOK HA LIMHE
mMonynb 12C momkeH CHHXPOHM3MPOBATHCS C CHUTHAJIAMH Ha INWHE MPEXAE, YeM CIeNaTh
HOIBITKY CTaTh MacTtepoM. [l 3Toro ciemayer N0KIaTbcs MOMEHTA, KOrja Ha LIMHE He OyneT
BBISIBJICHA AKTUBHOCTB, T. €. INEPUOIUYECKH TpoBepsaTh Out BB uyepe3 mepuonst Bpemenw,
paBHbIE NIEPUOAY 0’KUJAHMSI Ha ILIUHE.

2 bur BB mno3Bossier MOHUTOPUTH IIMHY W HE JOMYCKaTh (POPMUPOBAHUS OMIMOOYHBIX
COCTOSIHUH cTapTa B IPOLIEcCe Mepejaun MeKAY APYIrMMHU YCTpOICTBaMuU Ha LIMHE.

3 B HEKOTOpBIX CiydasX LIIMHA MOXKET «3aBUCATh» IPU aKTUBHBIX (C HYJIEBBIM YPOBHEM)
curHamax Ha JuHUAX SDA w/mmm SCL. McrouyHmkamMu TakuX COCTOSSHHMM MOTYT OBITh
HEOOHApYXEHHbIE OMIMOOYHBIE CTAapTOBBIE WIJIM CTOIOBBIE COCTOSHUS, COPMHPOBABIINECS B
TEUYEeHHUE IpueMa BeIOMbIX JaHHBIX. EciM cunTarh, YyTO NPUUMHON 3aBHCAHUS SBUIICA MOAYJIb
12C, TO BO3MOXKHBI CIIeIYIOIINE JIBa BApUAHTA Pa3BUTHS COOBITHIL:

a) ecnu 3aBucna juHusg SCL, Huyero He OyneT MPOUCXOIUTh, & MAcTep, 3aXBaTHBILUN
HIMHY, JOJDKEH OCBOOOIHTH €€;

0) ecnu 3aBucna quaus SDA, mactep nomkeH ocBoOOaAUTh muHy. CienyeT MOMHHUTb, Y4TO
B HOPMAaJIbHOM COCTOSHHH ynepuBaTh JuHHI0 SCL MOXET TONBKO TeKyIHMid MacTep IIMHBI.
[TocnenoBarenbHOCTh OEMCTBUIN I BBIXOJIA U3 3aBUCAHMs cienyromas (Ipu yCIOBUH, YTO Ha
IIMHE TOJBKO OJNH MacTep):

- BBIKJIIOYMTH U BKIIOUUTH Monyib 12C g mepeBoja ero B pexuM 0e€3aapecHOro
BEZIOMOTO;

- ycranoBuTh OuT START 114 cO31aHUS COCTOSHUSA CTapTa;

- IPOBEPUTH, yaepkuBaercs 1 uHus SDA B «0» (aKTHBHOE COCTOSIHHME) YTCHHEM OHTa
TSDA peructpa CST. Ecnu nuHUS akTHBHA, OTHPaBUTh OAMHOUYHBIA UMIyibc no auHuu SCL,
ycranoBuB out TGSCL B peructpe CST;

- mpoBeputh, uto B none MODE 3amucan kon 01b (cocrossane STDONE), xotopsbrii
YKaXeT Ha TO, YTO COCTOSIHME cTapTa cpopMupoBaHo. Ecinm HET, TO MOBTOPSITH NMPEABIYIINN 1
ATOT LIAry /10 TeX Mop, noka JuHust SDA He ocBOOOAUTCS.
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18 KontpoJuiep unrepgeiica CAN
18.1 IIporoxoa CAN

[Mocnenosarenpubiii uaTepderic CAN (Controller Area Network) — unTepdeiic cBs3m,
3¢ ($EeKTUBHO MMOAJEPKUBAIOLINI pacpeieIeHHOE YIPaBIeHUE B MacIITabe peajbHOr0 BPEMEHU
C BBICOKOH MMOMEXO03amUIIeHHOCThI0. [IpoTokon cBsi3u onpeneneH B cnienuduxanmu CAN 2.0B.

ITporokon CAN oNTHMHU3MpOBaH JUIsl CHCTEM, B KOTOPBIX JOJDKHO IIEpEAaBaThCs
OTHOCUTEJIbHO HeOoubloe KonmuyectBo nHpopmanuu (mo cpaBHeHuto ¢ Ethernet mim USB) x
A000My WIM BCEM Yy3/1aM CeTH. MHOMKECTBEHHBIM JOCTYIl € ONPOCOM COCTOSHUS IIHHBI
MO3BOJIIET KaXJIOMY Y3JIy MOJY4YUTh JOCTYIl K IIMHE ¢ yueToM npuopurtetoB. HeanpecHas
CTPYKTYpa COOOLICHUH I03BOJISIET OPraHU30BaTh MHOIOA0OHEHTCKYIO JOCTaBKY MIAaHHBIX C
cokpamieHueMm Tpaduka mmHBL. bpicTpas ycroiiumBas mepenada WHGOpPMAIMU C CHUCTEMOMH
KOHTPOJISI OIIMOOK IO3BOJISIET OTKJIIOYaThb HEUCIPABHBIE Y3/bl OT ILIMHBI, YTO TapaHTUPYET
JIOCTaBKY KPUTHYECKHUX IO BPEMEHHU COOOLICHUIA.

Ob6nacte npumeHeHus mnpotokona CAN: 0T BBICOKOCKOPOCTHBIX CETeH CBA3M [0
AIIEKTPONIPOBOJIOB B aBTOMOOWiE. Bbicokas ckopocTh mepenaun AaHHBIX (1m0 1 MoOwut/c),
XOopolas MOMEX03alUIIEHHOCTh IIPOTOKOJIA, 3alIUTa OT HEUCIIPABHOCTHU Y3JIOB — JEJIAI0T IIUHY
CAN noaxonsmiet Asi HHIYCTpUAIbHBIX IPUIIOKeHUH ynpasienus tuna Device Net.

CAN uMmeeT acMHXPOHHYIO IIOCJIEN0BATENbHYI0 CTPYKTYpPY LIMHBI C OJHHUM JIOTMYECKUM
cermeHTOM ceth. CAN ceTh MOXET COCTOATh M3 JABYX WM 0Oo0jiee Y3JI0B C BO3MOXKHOCTHIO
HOJKIIOUYEHUS/OTKIIOYEHUST Y3JI0B OT IIMHBI 0O€3 IMEepPeHAaCTPOMKH JPYyrux YCTPOMCTB, CM.
pucynok 18.1.

KoHTponnep
nHTepgenca CAN
Yzen Yaen
CAN CAN
CAN CAN
TpaHcueep| | TpaHcueep
TepmMuHaTop l L LUnHa CAN TepmuHaTtop
LWUNHBI WWHBbI
CAN CAN CAN
TpaHcueep TpaHcueep TpaHcusep
K MukpokoHTponnep KoHTponnep
OHTpONnep C VHTErpupoBaHHbIM C VHTErpupoBaHHbIM
uHTepeiica CAN momynem CAN moaynem CAN

Pucynox 18.1 — O6mas crpykrypa CAN cetun

Jloruka muHBl paboTaeT Mo MEXaHW3My MOHTaxHOro M, B KOTOpOM peLecCHUBHBIH OUT
COOTBETCTBYET JIOTMYECKON E€IMHHUIIE, a JOMHHAHTHBIM — Jlornueckomy Hymto. Iloka HM onuH
y3en He ¢GopMUpYeT IOMHUHAHTHBIM OWT, IIMHA HAaXOJIUTCS B PELECCUBHOM COCTOSHUU.
[TosiBneHue Ha IIKMHE JTOMMHAHTHOTO OMTa (BBICTABICHHOI'O OJHUM WJIM HECKOJIBKUMH Yy3JIaMH)
CO3/1aeT IOMMHAHTHOE COCTOsHME IIMHBL. OTCIO/a ClIeAYeT, YTO IMPU BBIOOpPE Cpeibl mepeaadu
JTAHHBIX HEOO0XOJMMO TOYHO OIpPENEINUTh, KaKO€ COCTOSIHHE OYAeT JOMHHAHTHBIM, a Kakoe —
perieccuBHbIM. OHUM M3 HanboJiee PacHpOCTPAHEHHBIX M JEIIEBBIX BapHAHTOB JIMHUU CBSI3U
sBnsiercs BUTas mapa. Jluamm mumHbBl Toraa HaszbiBaioTcsi CANH um CANL u moryr ObITh
MOJIKJIFOUEHBI HETMIOCPENCTBEHHO K ycTpoWcTBaM. He cyliecTByeT HMKAaKoro AOIOJHUTEIBHOIO
CTaHJapTa Ha Cpeay Nepeiayu JaHHBIX.
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[Tpu ncnonp30BaHNUU B Ka4eCTBE JMHUU CBS3M BUTOM Maphl C HArpy30UHBIMU PE3UCTOPAMHU
Ha KOHIIaX MOXHO MOJyYUTh MAaKCUMaJIbHYIO0 CKOPOCTb Iepeadn JaHHbIX 1 MOuT/c npu qymHe
muHAn 10 40 M. J{71s TUHMIA CBSA3M TPOTSHKEHHOCTHIO Oosiee 40 M HEOOXOIMMO CHU3UTH CKOPOCTh
nepeaaun naHHbIX (s auaur 1000 M CKOpOCTh MIMHBI T0KHA OBITh He Oonee 40 Kout/c). 13-
3a nuddepenmanbHoro xapakrepa JuHuUM cBsizu mmHa CAN  ManodyBCTBUTENbHA K
JJIEKTPOMArHUTHBIM IIOM€XaM. OKpPaHUPOBAHUE INMHBl 3HAYUTEIBHO CHHU3UT BO3JEHCTBHE
BHEIIIHETO 3JIEKTPOMArHUTHOTO TOJIsI, YTO OCOOCHHO Ba)KHO JUISI BBICOKOCKOPOCTHBIX PEKHUMOB
paboTHI.

JBonynas wuHpopManus Komupyercs. JIOMHHAHTHBIM SIBISICTCS HU3KHHA  YPOBEHbD,
PELIECCUBHBIM — BBICOKUH ypOBeHb. [[j1sl rapaHTHMpPOBAHHOW CHHXPOHU3ALMM JaHHBIX BCEMHU
y3JIaMd IIWHBI HUCHOJB3YeTCsl MPUHOUN «OuT-cTadduHray. ITO O3HAYAeT, YTO IPH
II0CJIEI0BATENIbHOM Mepesade MATH OUT OJMHAKOBOM MOJSIPHOCTH MepelaTiuK BCTaBISIET OJUH
JIOTIOJTHUTEIBHBIN OUT MPOTHBOIOJIOXKHON TOJAPHOCTH TeEpel Mepenadeii oCTaabHBIX OHMTOB.
[TpreMHHK Takke MpOBEPsieT NOJIAPHOCTD U YAAISET JONOIHUTEIbHbBIE OUTHI.

B CAN mnporokone mnpu mnepeiade JaHHBIX HPUEMHBIE Y3Jbl HE aJpecyrorcs, a
yKa3plBaeTcsi uAeHTU(uKaTop mnepenatyuka. C IOMOINBIO HAEHTH(HUKATOpa YKa3bIBaeTCs
coJiepKaHne coOOUIeHNs (HampuMep, IPUMEHHTEIBHO aBTOMOOWISA — 00OpOTHI, TeMIepaTypa
JBUTaTeNls W T.J.) M CTENeHb IpuopuTera cooduieHus. bornee BBICOKMH NPUOPHUTET Yy
UAEHTU(PUKATOPA, UMEIOLIET0 MEHbIlIee OMHAPHOE 3HAYCHHUE.

[Ipy KOJUIEKTUBHOM JOCTyNE€ K IIMHE MCIOJIb3YyeTCs HepaspyllaloUuuii apOouTpax c
ONpocoOM coCTOsIHMS 1MHBL. Ilepen HauvanoMm mepepauu JaHHBIX y3€JI IPOBEPSIET COCTOSHUE
HIMHBI (OTCYTCTBHE aKTUBHOCTHU Ha muHe). [Ipu Havane nepepayun cooOlIeHNs y3€1 CTaHOBUTCS
YIOPaBISIOUUM IIMHBI, BCE OCTaJIbHbIE Y3JIbI IEPEeXolaT B pexum mnpuema. [locie mpuema
cooOuieHns (MOATBEPIKICHHOIO KaXKJIbIM Y3JI0M) KaXKAbIH y3ed MpoBepsieT UACHTU(UKATOp B
COOOIICHNN W COXpaHSET COOOIEHHe, eclii 3TO TpedyeTcs. B mpoTuBHOM ciydae, cooOuieHne
cOpacbiBaerca. Eciau nBa uinu Oosiee y3710B HAuMHAIOT Mepefady JaHHBIX OJHOBPEMEHHO,
Nopa3psAaHbIA apOUTpak MO3BOJSET U30ekKaTh KOHQIMKTA Ha muHe. Kakaplil y3en BblaeT Ha
HIMHY CBOW wuJeHTH(]UKaTop (cTapmmii OuUT (opMupyercs NEepBbIM) U KOHTPOJIHMPYET ee
cocrosiare. Ecnu y3en moceuiaeT «1», a cuutbiBaeT «0», 3HAYUT apOUTpak MOTEPSH, U y3el
NEepeKIIoYaeTCsl B PEXUM IpuemMa. ITO MPOUCXOAUT TOrjga, Korjga MJIeHTH(]UKaTop
KOHKYpPHPYIOILETO y3Jla UMEeT MeHbllee OMHApHOE 3HaueHHe. TakuM 00pa3oM, y3€i C BHICOKUM
NPUOPUTETOM BBIMTPBIBACT apOUTpak 0e3 HEOOXOOUMOCTH MOBTOPATH cooOmieHue. Bcee
OCTaJIbHBIE y3JIbl OyIyT MBITATHCS MEPEeAaTh COOOIIEHNE MOcae OCBOOOXKIEHUS HHBI. JlaHHbBIN
MEXaHU3M He IM03BOJIET MepeiaBaTh COOOIIEHUsI OJJHOBPEMEHHO pa3HbIMU y3namu. [l 3Toro
IPOrpaMMHO JIOJDKHO OBbITh 00ecredeHo, 4ToObl y3Ibl, Iepelarolue TaHHble, HE HMEIn
OJIMHAKOBBIX MJeHTU(UKaTOopoB. OpuruHanpHas crneuugukamus B Bepcun CAN 2.0b (Tak
Ha3piBaeMmas paciupenHas Bepcus CAN) ompeznenseT BO3MOXKHOCTh HWIACHTH(PHUKATOpAa UMETh
mny 11 unu 29 our.

[Tporoxon CAN mpenycMaTpuBaeT CleAyONne TUIIBI COOOIIEHU:

- COOOIIEHNE JaHHBIX (CTaHJAPTHOE U PaCIIUPEHHOE);

- YAQJICHHBIN 3alpOC JaHHBIX;

- cooO1IeHne 00 OLIMOKE;

- cOO0IIEHKE O Tepe3arpysKe.

CranaapTHoe coo0IeHHue JaHHbIX

dopmupyeTcs, Koraa y3en KelaeT mepenarh AaHHble. DopMaT cooOIIeHus MOKa3aH Ha
pucynke 18.2.
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Dpyrve CoobLLeHme AaHHbIX Unu

coobLueHms Mexay cooBLieHvsmi % yAaneHHbIA 3anpoc
(]
=
e—— 7 —ple3 ple—8 < (s "‘g)
Koreu [MpvocTaHoBNUTb LnHa ceoGoHa |o
cooBLLeHMA nepenavy S
INT N ]
[P DR ], [ ]o
< 44+ 8n (n=0-8) 6bur >
CoobLyeHre
=
Tl 12 e 6 ple 0-64 »e 16 N SN
2| Mone apbutpaxa Mone Mone AaHHbIX Mone CRC KoHewy
§ ynpaBneH1a coobLeHvs
o 11 > «—4 —pae— 38 T ——— 8 > 15 >
§ MoeHtudvkarop OnvHa BaiT gaHHbIX BaiT gaHHbIX CRC
= [AaHHbIX 354
ofa)
58 sEuss 3 H g5y cor
of [T ITT P [ fofofof TRPTTPTLLLLLT, PRI PTPTTPT TP IET LT fod efedafefelafe]s
dunbTp coobLLeHui
) CoxpansieTcst B Bycepe ! ) CoxpaHsieTcst B npuemMHom/nepegatoLem 6ycepe

Pucynox 18.2 — CrangapTHOe COOOIICHUE TaHHBIX

CraHgapTHOE COOOIICHHE UMEET B CBOEM COCTaBE:

- out SOF — nomuHaHTHBIN («0») OUT Hayama COOOIICHMS I KECTKOW CHHXPOHHM3AIUU
BCEX Y3JIOB;

- moJie apoutpaxa (12 6ut), Bkimoyaromee noje ID uaentudukaropa (11 6ut), u 6utr RTR

nepepaud 1no yaaieHHoMmy 3ampocy (RTR = «0» cOOTBETCTBYeT COOOIEHUIO IaHHBIX,
RTR = «1» cooTBeTCTBYET yAalleHHOMY 3aIpocCy);
- moje ympaBieHus (6 6urt), Brmovaromee Out IDE, — ykazarens pacmmpeHHOTo

unentudpukaropa (IDE = «0» coorBercTByeT crangaptHoMmy wujeHTHdukaropy, IDE = «I»
COOTBETCTBYET pacUIMPEHHOMY HlieHTU(uKaTopy), ouT RBO — pe3epBHbIN TOMUHAHTHBIN OUT U
noge DLC — uymcno 6aiiT naHHbIX (4 OuTa), KOTOpOE YKa3bIBaeT, CKOJbKO OaWT MaHHBIX
CONEpXKHUTCA B cooOmeHnu (momyctumele 3HaueHus or 0108 — jpyrue 3HaYeHHS
UCIIOJIb30BaThCSl HE MOT'YT);

- mosie nanHbIX (0T 0 10 64 6uT), comepxaliee 1eJI0e YUCI0 OANT TaHHBIX;

- onie  KoHTponbHOM cymmbl CRC (16 6ut), Bkmowaromee none CRC (15 6ur),
UCIIOJIb3yeMOe i1 OOHApY>KEHUsI BO3MOXHBIX OHIMOOK mepenaun aaHHblx, © Out CRCDel
peueccuBHbI paznenutens CRC;

- Tojie moATBepxkIeHus (2 Outa), Brmouatomee 0ut ACK Slot monrBepxaeHus nepegadu
(mepenaromuii y3en BbIJAET PELIECCUBHBIN OUT, a J1I000H y3el1, KOTOpBI NMPUHSII coollieHne 0e3
OLIMOO0K, 3aMEHsIEeT ero cOopMUPOBAHHBIM JOMUHAHTHBIM OUTOM), U 6uT ACKDel perieccuBHbIi
pa3enuTenb NOATBEPKICHNUS;

- mosie EOF kxonna coo6mienus (7 6ur).

Mexy nepenadamu IByX JHOOBIX COOOIIEHU MIMHA JOJKHA OCTABaThCS B PELECCUBHOM
COCTOSIHUM KaK MHUHMMYM B TedeHue BpeMeHH mnosiieHus 3 6ut (nmone INT mpocros). Ecnu
nociie MosiBJieHus! Tpex peueccuBHbIX OUT (mosie INT) Hu onuH y3en He Hauyan nepenady, MIMHA
nepexoautr B coctosiHue Oe3neiictBus IDLE M HaxomuTcst B PELECCMBHOM COCTOSIHMM J0
MOSIBJICHUS] TOMMHAHTHOTO OUTa COOOLICHHUS.

PacuupenHoe cooduienne JaHHbIX

Pacmmpennoe cooOmieHne JaHHBIX (GOpMUPYETCs, KOT/ia y3el >KelaeT MepeiaTh JaHHbIE.
dopmar coolrieHus Moka3aH Ha pucyHke 18.3.
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Npyrve CoobLuenvte AaHHbIX

C00BLLEHHSR Mexgy cooBLueHvmMM yAaneHHbii 3anpoc

e—7— >3 pe—38 pla 2
KoHeyy MproctarosuTb | WinHa cBoGoaHa
coobLLeH!s nepenaqy
INT

M ] [ttt

S [Havano coobLieHus

Y

64+8n(n=0-8)6ur
CoobLuenne
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Ele ® P S P — > 6 b T
& Mone apGuTpaxa Mone Mone AakHbIX Mone CRC Korely
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o 1" « 18 > —4 —ple—-38 P 8 —pe— 15—
§ WpeHtudomkarop PaclumperHbiit uaeHTudumkarop [inuHa Bai paHHbIx Bai paHHbIx CRC
e AaHHbIX e
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Of LTI TP TT LTI ETT LT dofofol T T LTTT LTy TITTETTT T T T LT LT fafafelefaafe]s
DunbTp COOBLLEHMIT
" CoxparsieTcs! B Gychepe 7l

CoxpaHseTcs B npvemMHom/nepeaatoLem Gydepe
Pucynok 18.3 — Pacimmpennoe coo01ieHrne JaHHbIX

Pacmmpennoe cooOrieHre UMEET B CBOEM COCTaBe:

- out SOF — nomunantHeii («0») OUT Havyama COOOIICHMS JJIA KECTKOW CHUHXPOHM3AIUU
BCEX Y3IIOB;

- mosie apouTpaxa (38 Our), BKIItoUaroIiee 1moje crangapTaoro uaearudukaropa (11 6ur),
our SRR 3amenutens ypanenHoro 3ampoca, Out IDE yka3atenp paciiupeHHOTO
UICHTU(PHUKATOPA (PEIIECCUBHBIN, YTO COOTBETCTBYET PACIIMPEHHOMY MACHTU(DHUKATOPY) U IOJIe
pacumpeHHoro uaeHTudukaropa (18 o6ur);

- out RTR nepenaun no ynanennomy 3amnpocy (RTR = «0» coorBeTcTBYeT COOOIIECHHUIO
nauHbiX, RTR = «1» cooTBEeTCTBYeT yaaJIeHHOMY 3a1pocy);

- osie ynpasneHus (6 6ut), Biarovaromee 6uT RB0O, — pe3epBHBIN TOMUHAHTHBIN OUT, OUT
RB1 pesepBHbiii foMuHaHTHBIA OUT U mojie DLC — umcno 6aiit nanueix (4 6urta), KOTOpOe
yKa3bIBAET, CKOJIBKO OANT JaHHBIX COAEPIKUTCS B COOOLIEHUHN (AonmycTHMbIe 3HaueHus ot 0 10 8
— Ipyrue 3Ha4€HUs UCII0JIb30BAThCS HE MOTYT);

- mosie Ja"HbIX (0T 0 10 64 OUT), comeprKallee 1e0e YUCIo OalT JaHHbIX;

- none koHTpoisHOM cymmbl CRC (16 6ut), Brmowatomee mnoine CRC (15 6ur),
UCTONIb3yeMoe Ul OOHapyXeHHMs BO3MOXKHBIX OIIMOOK mepenaun aaHHbIX M 6uT CRCDel
peueccuBHbIN paznenutens CRC;

- Tojie moATBepxkIeHus (2 Outa), Brmouatomee 6ut ACK Slot monrBepxaeHus nepegadu
(mepenaromuii y3ei BbIJIaeT PEIECCUBHBIN OUT, a 000U y3ei, KOTOPBIM MPUHSUT coo0IIeHne 0e3
OLIMOO0K, 3aMeHsIeT ero cpopMUPOBaHHBIM JOMUHAHTHBIM OuToM) U 6UuT ACKDel peneccuBHbIi
pa3enuTenb NOATBEPKICHNUS;

- mosie EOF kxonna coo6mienus (7 6ur).
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YaajieHHBbIH 32a1POC JAHHBIX

dopmupyertcsl, Korja y3ity TpeOyroTcs JaHHbIE APYroro y3ia. Y3esl Ha3HA4eHUs IOChlIaeT
yIaJeHHBIA 3ampoc ¢ uaeHTUu(UKaTtopoM wucTtouHuKa. COOTBETCTBYIOIMIMN Yy3€1 HCTOYHHKA
(pacro3HaBIIMK CBOM MAECHTU(PHUKATOP) MOCHUIAET CTAaHAAPTHOE UM paclIMpEeHHOe COOOLIeHNE B
OTBET Ha 3aIpoc.

VY naneHHsll 3aIIpOC JaHHBIX CYIIECTBYET B CTAHAAPTHOM M pacIIMPEHHOM BapuaHTax. Ha

pucynke 18.4 mpeacTaBieH BapHaHT yJaJ€HHOTO 3alpoca CO CTaHIapTHBIM HIICHTH()UKATOPOM.
Apyrve Co0BLLEHME AaHHbIX WK

< €006 LLEHNS Mex1y cooBLLeHvAmM ;E;EEE)— yAaneHHbIN 3anpoc >
«——7 — >3 >e—38 > ® >§
KoHe MproCTaHOBUTb LUnHa ceobogHa |o
COOBLLiEHNS nepenady 5]
INT ) T
[ e 1] ) [1]a]1]o
< 44 Bura >
CoobLyeHve
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Dle 12 >le 6 »ple 16 > —— 7 —»
2| Mone apOurpaxa Mone Mone CRC KoHe
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ol 1 > «— 4 —ple 15 >
§ VineHtudpmkarop OnuHa CRC
= AaHHbIX s 5
50O
58 sEusS 3 253 eor
of [ LTIl LTdolof PPTTILLLTTIELTTT I Mlelefefafafa]s
®unbTp coobLLEeHMi

CoxpaHsietcs B bycepe

Pucynok 18.4 — Y nanenHsli 3anpoc AaHHBIX (CTaHIApTHBINA dopmar)

HmeroTcs TONBKO JBa OTIMYHUS COJIEPKUMOIO YIaJeHHOro 3ampoca OT COOOLIEHHS
JTAHHBIX:

- 6utr RTR B ynaneHHOM 3amnpoce nepeaaercsi B peliecCHBHOM COCTOSIHUY;

- 1I0JIE€ JIaHHBIX OTCYTCTBYET (B COOOILIEHUHU HE NEPENaeTCs] HUKAKUX JaHHBIX, 3HAUYECHUE B
nose DLC mo6oe B npeaenax ot 0 g0 8).

B camom wMmanioBeposiTHOM ciy4yae, Korja OJHOBPEMEHHO (opMUpYeTCs YyAaJeHHbIN
3arpoc, M YCTPOWCTBO MBITAETCS INepeiaTh JaHHbIE C OJMHAKOBBIMHM HJIEHTH(UKATOpaMH,
apOuTpaxk OyJeT BbIUIPAH YCTPOMCTBOM, II€pPENAIOIIUM JaHHbIE, H3-32 JOMHUHAHTHOIO
cocrosHus 6ura RTR.

V3en, KOTOphI MOChLIaN 3aMpoc, MOTYyYaeT TaHHbIE HEMEJIEHHO.

Coobuienue 00 omudke

Coobmenne 06 ommbke GopMupyeTcs JII0OBIM y3JI0M, KOTOPbI OOHApYKUBAET OMINOKY
Ha muHe. ®opMaT cooOmeHus moka3zaH Ha pucynke 18.5.

Coobmienne 00 omnOKe COCTOUT U3 ABYX TMOJICH: MMOJIe pa3AeIuTeNs OMMOKH U moJie dyiara
omnOku. Bo3mMoxHBI Ba THMA mojs ¢uara omMOKH, B 3aBUCMMOCTH OT BUAA OIIMOKH Y3Ia,
0OHApYXHBIIIETO €€.

Ecnu ommbky oOHapyKuil akTHUBHBIM y3en (Kak B mpumepe Ha pucyHke 18.5), Trorna on
MpephiBaeT Mepenady TeKymero cooOmeHus, Gopmupys ¢uar akTuBHON ommOku. Pmar
AKTUBHOW OINMOKH COCTOMT W3 IIECTH IMOCIENOBATEIbHBIX JOMHUHAHTHBIX OWT, KOTOpHIC
HapylmaT NpaBuwia «OuT-ctagduHray (mpaBuia HAMOJHEHUS W IepeJadyd OUT Ha IIUHE).
OcranpHble Y376l TaKKe OOHAPYKHBAIOT OIMMOKY W HAYyWHAIOT (OPMHUPOBATH COOOIICHHE 00

134



omubOke. Takum oOpazom, mosne ¢ara omuOKA MOKET COJEPKaTh OT 6 10 12 JOMUHAHTHBIX OUT
(copmupoBaHHBIX OTHUM y35I0M Wik Ooiee). [lone ¢urara ommoOKu JOMOTHSAETCS pa3AeTuTeNIeM
OIIMOKH, COCTOSIIMM W3 BOCHBMH PEIIECCHBHBIX OMT W TIO3BOJISIFOIIUM IIE€PE3aIyCKaTh CBSI3b C
MIMHON Toclie oOHapykeHus ommOku. [lociie mepexona MMHBI B HOPMAJIbHOE COCTOSHUE Y3JIbI

BO30OHOBJISIOT TIE€peaady JaHHBIX, OCTAHOBJICHHBIM y3€J TOBTOpSET Iepeaady COOOIeHHs,
MIePETAHHOTO JI0 ATOTO C OITHOKOM.

Opyrve CoobLLieHvie faHHbIX U
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Pucynok 18.5 — Coo0mienue 06 ommubke

Ecnu ommbky OOHapyXHJ NMacCUBHBIM y3el, Torja OH ¢opmupyeT (uar maccuBHOU
OLIMOKH, COCTOSALIMM M3 IIECTH MOCIEIOBATENbHBIX PELECCUBHBIX OWUT, W 3aTeM pPa3/eiHuTeNlb
omn6Oku. Takum 00pazom, cooOIIeHHE O MACCUBHOM OIIMOKE COCTOUT U3 14 pereccuBHBIX OUT.
OTO0 He HapylIaeT npaBmiia «OUT-cTa@uHray Ha MIMHE M HE OKa3bIBACT BIMSIHMA Ha Mepesadu
Ipyrux y3moB. VMckimodeHme cocTaBiseT y3ed, KOTOpPBIH IepefaeT JaHHble Y31y,
oOHapyxuBHieMy omuOKy. B »ToM ciyuae mnpaBuna «OuT-ctapuHra» HapyuiaroTcs, Hu
nepeaaya JaHHBIX npekpamiaercs. [locae nepegayn nacCUBHON OMMOKY y3€ll TOJKEH OXKHUIaTh
ECThb MOCICAOBATCIIBHBIX PELIECCUBHBIX out JJIs1 BOCCTAaHOBJICHUSA CBA3HU C IITTHOH.

Cool1enne o nepezarpyske

®dopmat coolIeHnsI 0 Tepe3arpy3ke aHajgorudeH opmary cooOmieHus o0 ommbke, HO
MO3KET OBITh CPOPMUPOBAH, TOIHKO KOT/Ia ITMHA MPOCTAuBaET.
Coobmienne o mepe3arpy3ke rmokasaHo Ha pucyake 18.6.
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Pucynok 18.6 — Coo0OmieHue o nepeszarpyske

Paznenurens nepe3arpy3Ku COCTOUT U3 BOCBMH ITOCIIE0OBATEIbHBIX PEIIECCUBHBIX OHT.

V3en moxeT chopMupoBaTh COOOILIEHHE O IEepe3arpy3Ke B ABYX CIIydasix:

- MEXIY COOOIICHUSIMI OOHAPYKEH TOMUHAHTHBIN OWT, YTO SIBJISETCS HEHOPMAJIBHBIM BO
BpEMs IPOCTOSI LLINHBI;

- U1 33J€P>KKH [Iepejaud HOBOTO COOOICHMS.

VY3en MOKeT 1ociieoBaTeIbHO COPMHUPOBATEH HE O0jIee ABYX COOOLICHUI Nepe3arpy3Ku.

@mnar nepe3arpy3kd COCTOUT W3 IIECTH IOCIEIOBATEIbHBIX JOMHUHAHTHBIX OuT. [pyrue
y3J1bl OOHApPYKUBAIOT Nepe3arpy3Ky M HauyMHAIOT (GOPMHUPOBATH €€ caMOCToATeNbHO. [loaTomy
Ha ILIMHE BO BpPEMs BBIIOJIHEHMS NT€pe3arpy3ku MOXKET ObITh 10 12 JOMUHAHTHBIX OUT.

18.2 CtpykTypa u pyHKIHOHHPOBaHHE KOHTpoJLiepa CAN

B coctas konTposiepa CAN BXoIAT ABa UIEHTHYHBIX He3aBUcUMbIX y31a CANO n CANI,
O3V nans xpaHeHHs] COOOIIEHUH, KOTOPOE ABIISETCS OOIIMUM JJIsl Y3JI0B, U CUCTEMA YIIPABJICHUS.
Kontpomnep CAN umeer crneayromue GyHKIMOHATbHbIE OCOOCHHOCTH:

- cootBercTBHe ISO 11898;

- pynkunonupoBanue cornacHo crenupukanuu CAN 2.0b (akTuBHAs Bepcus);

- OT/I€TIbHBIE YIIPABJISIONINE PETUCTPHI IS KaXKA0r0 U3 IBYX Y3JIOB;

- IporpaMMupyemasi CKopocTb nepegadn nHpopmaruu 10 1 Mout/c;

- TUOKUI U MOJIHBIN KOHTPOJIb Mepeaauu cooO1eHNI 1 00pabOTKH OIMINOOK.

Konrpomiep CAN peanusyer 16 nunuil npepbiBaHuil 1 64 00BEKTOB COOOLICHUM IS
xpaHeHus: coobmennii U ux mapamerpoB B O3Y. Kaxnapiii 00bEKT COOOIIEHUS MOXET OBbITh
NpUBS3aH K JI0OOOMY U3 y3JI0B, CKOH(OUT'YPUPOBAH Ui Epeaayy WU MpueMa Kak CTaHAApTHBIX,
TaKk M PACHIMPEHHBIX COOOIIEHMH | yJaleHHbIX 3anpocoB. Kaxabplii 00bEKT uMeer
UHIMBUYAIbHYIO MacKy Uil (QUIbTpallMd MPUHUMAEMbIX cooOmeHniH. OOBbeKTh cOOOIIeHni
MOTYT OOBEINHATHCA B KIIACChl, C PA3HBIMH YPOBHSIMHU IMPHOPHUTETA, MOTYT OOBEIUHATHCS IS
noctpoerus cTpykryp FIFO mpousBosbHbIX pazMepoB (10 64 00BEKTOB B OJTHOW CTPYKTYype).
Kpowme Toro, peannsoBana BO3MOKHOCTb MOMAPHOTO COEAMHEHUS OOBEKTOB AJIsi (OPMUPOBAHUS
IUTI030B JJIi aBTOMATMYECKOW TMepefadd cooOmeHnidt Mexnay ys3namu. llapamiensHo ¢
BBIIIIEYKA3aHHBIMH CBOWCTBAMHU OOBEKTHI COOOIIEHHWH MOTYT OpPraHM30BBIBATHCS B CIUCKU C
MOCTOSIHHO JOCTYIHOM peopranu3anuei (coBMectuMmocts ¢ TwinCan-ycTpoiicTBaMH, KOTOpBIE
HE UMEIOT CIIHCKOB).

Crpykrypa konTposuiepa CAN npuBeneHa Ha pucyHke 18.7.
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Pucynox 18.7 — O0mas crpykrypa koutposepa CAN

CunxpoHu3anus

Taktupytonm  curranom  koutpowiepa CAN  sBisercst curHan  FIN  (HLCK),
NPUXOJSIINN ¢ TeHepaTopa TAaKTOBBIX CHUTHAJIOB. Ha OCHOBE 3TOro CHTHama TOCPEICTBOM
IPOTrPaMMHUPYEMOT0 JIPOOHOTO JIEIUTENs 4acTOThl (POPMHUPYETCS BHYTPEHHUI CHHXPOCUTHAI
FCAN (FOUT), CHHXpOHH3UPYIOIIWHA pabOTy KOHTpoJUIepa | SIBISAIONIMICS 0a30BBIM
CHUHXPOCHUTHAJIOM [yl Nlepeaaun/mpuemMa cooduiennii no BHemHei mmae CAN.

Bxiaroyenue kourposiiepa CAN

[To ymomuanuto mocie copoca MukpokoHTposuiepa KouTpouiep CAN BeikimtoueH. Ha ato
Takxke ykasbpiBaeT coctosHue ¢uara DISS perncrpa CLC. Koraa kKoHTposuiep BBIKIIOYEH, 3TOT
(rar ycTaHOBJIEH.

Jns Brmrouenus: koutpossiepa CAN crnenyer 3anucats Holb B 6uT DISR perucrpa CLC.
[Tocne atoro duar DISS cOpocutcs. Pexkomenayercst mpoBepsTh coctosiuue ¢uiara DISS, nmepen
HayaJoM IpOrpaMMHUPOBAHUS PETHCTPOB KOHTPOJUIEPA, KOTOPbIE HE JOCTYIHBI B BHIKITFOUEHHOM
COCTOSTHUHU.

Brikiovyenue kouTposiepa CAN

[Iporpammuo MoxHO miepeBecTd KOHTpojuiep CAN B peXUM BBIKJIIOUEHHS] YCTaHOBKOM
o6uta DISR. Kontposiep 3aBepiaeT Bce TEKyIIUE OMEPAIUH, MOCIE Yero YCTaHABIWBAET (uiar
DISS u otkitouaeT BHYTpeHHEE TaKTUpPOBAaHUE, B CBSI3M C YE€M, BCE PETHCTPbI CTaHOBSTCS
HEJOCTYIMHBIMU JUJIsl 0OpalieHusl.

IIpocToii muHbI

Mexny nepenayamu cooOmiennii mmHa CAN HaXOoAUTCS B PEIECCUBHOM COCTOSHUH. J1Jist
BBITIOJTHEHUS! YCIOBHI MPOCTOSI IIMHBI HEOOXOAUMO, YTOOB! ObUIH MOJYyYEHBl KaK MUHUMYM TpU
PEIECCUBHBIX OMTA MOCIE 3aBEPIICHMS epeIaun/IpreMa 04epeIHOTO COOOIIECHUSI.
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Anajn3 padorsl koHTpoJLIepa CAN

Jns amanuza pabotel koHTposuiepa CAN mocTymHBI Ba pekuma — OOIIEro aHaiusa u
BHYTPECHHEH METIIN.

Pexxum obmiero ananusa Bkitodaercs ycraHoBkor Omta CALM peructpa NCR y3na u
MO3BOJISIET OCYIIECTBIIATh HE3aBHCUMBI MOHUTOPUHT paboTHI y3i1a, He 3arparuBas mmmHy CAN.
B sTOoM pexxnmMe cooOIIeHNs JaHHBIX U yaJeHHbIE 3allPOChl OTCIICKUBAIOTCA 03 yJacTHs y3Jia B
ornepanusax Ha IIMHE. BBIXOIbl y37a HaxoOATCS B PELECCUBHOM COCTOSHUHU. Y3€JI MOMKET
MOJIy4aTh COOOIIEHUS JaHHBIX, COOOIIECHHUS yIaJeHHbIX 3alPOCOB U COOO0IIeHUs 00 omuOKax, HO
pabota y3na Ha nepeaady 3ampeuieHa. [lomydeHHble COOOLUICHNUS JaHHBIX/yJalleHHBIX 3alpOCOB
ocTaloTcsa 0e3 MOATBepkAeHUs (OUT MOATBEPKACHUS OCTACTCA B PELIECCUBHOM COCTOSHUU), HO
NPUHUMAIOTCS M COXPAHSIOTCS (TPU COBMAJCHUU WUACHTU(DUKATOPOB) B COOTBETCTBYIOIIMX
o0BbekTax coobmeHuil. B oTBeT Ha BXondlue COOOIIEHUs HE BbIIACTCS MOATBEPXKICHHE U HE
reHepHupyloTcsl coodmeHust 00 ommOkax. Ha ynanenHsle 3ampockl HE BBIIAIOTCS COOOIICHUS
JMAHHBIX, & CaMU COOOILEHHUs JaHHBIX HE MOTYT OBITh TepelaHbl YCTAaHOBKOW OHWTa 3armpoca
nepenaun TXRQ perucrpa cocrosHuss o0bekra coobumiennss MOSTAT. IlpepwiBanusi mocie
npreMa reHepupyroTcs (€C/IK 3TO pa3pelIeHo) I BCeX MPUHATHIX COOOIICHUMN, HE COAepkKAIIUX
OIINOOK.

Pexxum BHyTpeHHEW mMeTiau BKIO4YaeTcsa ycTaHoBkoi Outa LBM peructpa NPCR u
MO3BOJIIET IPOBOAUTH BHYTpEHHEe TecTupoBaHue KoHTpojuiepa CAN, a TakkKe OTJIaJKy
ympasistolieii mporpammel 0e3 nocryna k BHemHel mmrHe CAN. BHyTpeHHss IeT/Is COCTOUT U3
BHyTpeHHell muHbl CAN (BHyTpu koHTposuiepa CAN) u nmepekitoyarenss BbIOOpa IIMHBI IS
KaXI0ro y31a, cM. pucyHok 18.8. C moMotpto nepekitoyarens Kaxasiid yzen CAN MoxkeT ObITh
MOJIKJIIOYEH JIMOO K BHYTPCHHEHW MMHE (PEKHM BHYTPEHHEW MMETNIH), JIMOO K BHEIIHEH IIHHE
(HOpManbHBI pexuM pabotTel). Ecnu BeIOpaH pekuM BHYTPEHHEHW METIH, TO Ha BHEUIHEM
nepenatouiem BoiBozie y3ia CAN moaiepKuBaeTcsi pelieCCUBHbIN YPOBEHb CUTHAJIA, @ COCTOSIHUE
MIPUHUMAIOILIETO BBIBOJIA UTHOPUPYETCA.

(NPCR) B
HYTPEHHSA
LBM wwmHa CAN
P
0
- _LUVIHa CANO
Y3en CANO >
1
LBM
0
v O _LUVlHa CAN1
Y3en CAN1 |« o
1
~

Pucynok 18.8 — Pexum BHyTpeHHEN NeTIH

Eciu o6a y3ma CAN (QyHKIHOHUPYIOT B pEKHME BHYTPEHHEW TETIH, OHH
B3aUMOJICCTBYIOT JIPYT C APYTOM IMOCPEACTBOM BHyTpeHHeH muHbl CAN, He OKa3bIBas BIHSHUE
Ha paboTy Ipyrux Moayliel, GyHKIIMOHUPYIONMUX B HOPMATbHOM PEKUME.

JIpoOHBIi 1eauTeNb

HpoOHeIit genurens, cM. pUCyHOK 18.9, mo3BosseT renepupoBath TakToBbIM curaan FOUT
u3 BxoaHoro FIN (HCLK) myrem mporpamMmmupoBaHust AeauTess nocpeacTBom peructpa FDR.
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STEP (10 6uT)

1

FIN
E FOUT

PaspeleHne

RESULT (10 6u7)

EIN — Curnan cbpoca

————> BHELLHero AenuTens
CwvrHan 3anpoca BbIKMOYeHUs
koHTponnepa CAN

Ynpasnexve
CurHan 3anpoca oTknodeHus koHTponnepa CAN , P
CwvrHan paspeLueHuns BHELLHEro TakTMpoBaHus ,

Pucynox 18.9 — Cxema npoOHOTO JeauTeNst

3anmaBaeMoe 3HaueHHe 4acToThl curHana FIN 3aBucHUT OT qIUTENBbHOCTH Mepenadl OJHOTO
Oouta mHbOpPMAIMU U JOIDKHO OBITH N-KpaTHO €il. [IoCKONBKY MIMTENBHOCTH Iepenadynd OuTa
OIpe/IeISIeTCSl KOJIMYECTBOM KBaHTOB Bpemenu Ntq, (cMm. manmee), TO sl pacyera 4YacTOTHI
curanain FIN B MI'1 ciexyer nosib3oBaThes popmynoit:

fin = nxNtq, (18.1)

rae Ntq — xoimMuecTBO KBaHTOB BPEMEHH t(;
N — meyoe Yuciio, HauuHas ¢ 1 (s 3a1aHusl KpaTHOCTH).

JpoOusiii nenutens aeaut fin myTeM yMHOXEHUs Ha BelWuuHy 1/val WM BelUYUHY
1024/val ans mo6oro val ot 0 o 1023, nonyuast Ha Beixojie TakToBbiid curaan FOUT (FCAN).

Ha pucynke 18.9 nokazana 650k-cxema apoOHoro nenurens. Jloruka qpoOHOro aeaurtens
paboTaeT no-pa3HoOMy, B 3aBUCUMOCTH OT peKUMa, 3a/1aBaeMoro nojaem DM.

B pexxume HopmanbHoro aenenus (DM = 01b) nenurtens paboTaer Kak meperpykaeMblid
CUETYMK C IIaroM MHKPEMEHTHPOBAHMsS, paBHbIM eauHuie. COCTOSHUE CUeTYHMKAa JOCTYIHO
nocpenctsoM nosis RESULT. Kaxnplii pas, npu nepenonasenuu (T. e. korna RESULT = 3FFh),
dopmupyercs umiynbe curaana FOUT, mocie gero B cueT4mk 3arpyaeTcsl 3Ha4eHUE U3 OIS
STEP.

UYacrora curnaiia FOUT omnpenensiercs mo ¢popmyiie

fout = fin x 1/(1024 — STEPd), (18.2)
rae STEPd — 3nauenue nonst STEP B necsituanom gopmare.
Orcroma ciemyer, 4To s noiydeHus curHaia FOUT ¢ gacToToit paBHOW YacTtoTe

curnana FIN 3nauenme STEP momkxno ObiTh paBHO 3FFh. Ha pucynke 18.10 mokaszano
¢dopmuposanune curHana FOUT mpu 3nauennu STEP = 3FDh (1021d).

STEP = 3FDh nepesarpyska nepesarpyska

RESULT ~ | 3FF 3FD | 3FE | 3FF 3FD | 3FE |

N ] ] [ [ [ ] [ ] [ [
FOUT [ [

Pucynok 18.10 — ®opmupoanue curnaiga FOUT B HopmaibHOM pexume
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B pexume npobnoro nenenusi (DM = 10b) nenurens paboTaeT Kak mepe3arpykaeMblid
CYETYMK, HO IIar MHKPEMEHTHPOBAHUA B ATOM ciydae paBeH 3HadeHuto nosst STEP. Ecmu
pesynbrar uHKpeMmeHTHpoBaHusi 3HaueHUss RESULT na Bemmumny STEP mpesimaer 3FFh,
BO3HHMKAET NEPErojHeHne cYeTuynka, Gopmupyercs umnyibce curHaiga FOUT, mocie dero B
CUETYHMK 3arpykaeTcsi 3Ha4YeHHUE, Ha KOTOPOE pe3yabTaT MHKpeMeHTHpoBaHus npesbicui 3FFh.

Yacrora BeixogHoro curdasia FOUT onpenensiercs mo popmyiie

fout = fin x STEPd/1024d . (18.3)

B menom, pexum IpoOHOTO JelIeHUS TO3BOJSET MPOrPAMMHPOBATH YacTOTY CHUTHAJA
FOUT c OGosee BBICOKOW TOYHOCTHIO, YEM HOPMAJbHBIA PEXHM, HO CHUTHAJI MOXET HMETh
JDKATTEP MEPHOo/Ia, He MpeBbImaronmi ogaoro nepuona FIN, B cBs3u ¢ 4eM, He peKOMEHIyeTCs
UCTIOJIb30BaTh PEXXUM APOOHOTO ACTCHUS MIPU BHICOKUX CKOPOCTAX Iepeiad.

Ha pucynke 18.11 nokazano ¢opmupoBanue curtana FOUT npu 3nauennn STEP = 234h
(564d). fout = fin X 564/1024 = 0,55 x fi\.

STEP = 234h Mepesarpyska

S T S B

RESULT _ | 150]384|1B8|3EC|220] 054|288 |0BC|2F0 | 124 |
+ + + 4 + 4+ A + + 4 + 1
2341 234|234 | 234|234 | 234 | 234 | 234 | 234
(N [ T T T I N .

Fout _J ] [ [T = T [

LKUTTED
nepuoga

Pucynok 18.11 — ®opmupoanue curtana FOUT B pexxume 1poOHOTO J1eneHus

[Tporecc BBIKITIOUEHUS JEIUTEINs HAYMHAETCS OJHOBPEMEHHO ¢ BO3HMKHOBEHHEM 3aIpoca
BhIKITIOUeHUs KOHTposuiepa CAN.

KonTtpoJsuiep coobmennii

Koutponnep coobmienuit ympasiser oOMeHOM coobOmenusimu Mexay CAN y3namu u
NaMsThIO COOOIEHHUH U BBIOJIHSET CIEAYIONINEe (QYHKIMHU:

- pubTpanus BXOIANUX COOOIEHUN SISl OTIPECIICHHS] KOPPEKTHOTO 00BEKTa COOOIIEHHUS
JUIS COXPaHEHMsI OJyYEHHBIX JIaHHBIX;

- omnpejeneHue 00beKTa COOOIIEHUs, COAEP)KUMOE KOTOpOro OyneT MmepeaaHo B MEPBYIO
ouepeab (A1 KaXI0T0 y3/1a UHAUBUIYAIIBHO);

- nepeaya coaepkumMoro oowvekra cooduenuss kK CAN y3iy ¢ nmapajieqbHON BCTaBKOU B
cooO11eHre OUTOB YIpPaBJICHUS U COCTOSHHUS,

- ocymectBiienne Oydhepusamuu FIFO u GyHKIIMOHUpOBaHUS TIUTIO3a;

- 00beHEeHEe OUTOB YBEAOMIICHHS KAYIINX 00pabOTKU COOOIIEHUH.

Ynpasiaenue npepbiBanusaMu 0j10ka CAN
Ha pucynke 18.12 nokaszana ctpyktypa GopMUpOBaHUs 3a1Ipoca Ha MPEphIBaHUE.
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Pucynok 18.12 — Ctpykrypa popMupoBanus 3ampoca Ha pepbIBaHUE

CoObITHE, TO KOTOPOMY [OJDKEH OBITh CTreHEpHUpOBaH 3alpoc Ha MpPEpHIBAHHE,
yCcTaHaBJIMBaeT (uiar rnpepbiBaHus U (eciu pasperieHo) GopMHUpPYET 3alpoc Ha MpepblBaHUE Ha
oz1HOH u3 16 nuHMii npepbiBaHuil. MiMnynbe 3anpoca Ha NpepblBaHUE FEHEPUPYETCS] HE3aBUCHUMO
0T cocTosHus ¢uara npepsiBaHuss. dnar npepbiBaHUS MOXKET ObITh COPOIIEH IPOrpaMMHO,
3anMcbio Hyns. Eciu K OAHOM JIMHHMM TpepbhIBAHUNM MOJKIIIOUEHBl HECKOJIBKO HCTOYHUKOB
OpepbIBaHUM, TO TMOSBJIEHUE HMILYJIbCA OT JIIOOOr0 HCTOYHMKA c(opMupyeT 3ampoc Ha
npepeiBanue. JIoruka — ynpaBiaeHHsT — IPEPBIBAHUSMH  HMCHOJB3YET  CXEMYy  KOMIIPECCUU
MpephIBaHUIA.

VcTouHMKaMy PEPBIBAHUM SIBIISIOTCS:

- CAN y31bl (BOCEMb HCTOUHUKOB — 110 YETBIPE ISl KAXKJI0TO y3I1a);

- 00beKTHI cooO1eHunH (512 UCTOYHUKOB — IO J1Ba /7Sl KaX/10I0 00BEKTA);

- IPOrpaMMHOE ITpepbIBaHue (MCTOYHUK — peructp MITR).

Kaxxaplii annapaTHbIM UCTOYHUK MPEPHIBAHUS YIPABISIETCA YETHIPbMS OMTaMM yKazaTess
IIPEpPBIBAHMM, KOTOPBII ONpeAenseT A1 HEro oAHy M3 16 JNMHMNA NpepbIBaHUM, YTO MO3BOJIAET
KOMMYTHPOBaTh Ha OJIHYy JMHHUIO HECKOJIbKO HCTOYHHKOB mpepwhiBaHui. Ha pucynke 18.13
IIPEJICTaBJIEHa CXeMa KOMMYTALMK JIUHUM PEPbIBAaHUM.

Korna o06bexT cooOuienust Msg X reHepupyeT 3alpoc Ha IpepbIiBaHHE MO OKOHYAaHUU
npruemMa WiM nepeaayd cooOIeHus, 3apoc nepeJaeTcs Ha JIMHUIO IpepbIBaHUM, BHIOPAaHHYIO B
outoBoM mnone RXINP win TXINP perucrpa MOIPR o6bekra coobmenus Msg x. Ecmu
KOJINYECTBO OOBEKTOB COOOIIEHUH Oosiblile, YeM KOJIMYECTBO JIMHUHM MpepbIBaHUN, TO HA OJHY
JIMHUIO MOTYT NMPUXOJUTh HECKOJIBKO 3allpoCcoB npepbiBaHuil. [y paspemieHust KoHQIMKTOB Ha
JUHUAX TpepbiBaHuM B KoHTpoiuiepe CAN mnpeaycMOTpeH MeEXaHM3M —paclpencieHus
MPUOPUTETOB AJIs1 00BEKTOB COOOLICHUIA.

141



lpepbiBaHns
yana CAN

[pepbiaHns
obbexTa

co00LLeHIst

ALERT

Kon nocnenHei
OLwNGKM

YcneluHas
nepegaya

Cyerumk
COODLLIEHMNI

—_

lMNepenava
co06LLeHNs

Mpviem
coobLLEeHNs
unm
cobbiTre
CUR = SEL

(ans cTpykTypbI

FIFO)

(MITR)

L]

MporpaMmHble
npepbIBaHms

ALINP

S

K yanam ;

npepbiBaHA |

10-115

LECINP

115

TRINP

115

CFCINP

115

SELELED

MOIPR)

RXINP

TXINP

115

ol

Y3en CAN1 =3

O6bexT 0=
ObbekT 1=

*

O0bexT 62 =
O6bekT 63 =

lMporpamma —

Ysen
npepbIBaHmMi

LG
npepbiBaHnin 0

Y3en CAN1=}

O6bexT 0 =
O0bekT 1=

*

*

¥ O0bexT 62 =
O6bekT 63 =

lMporpamma —f

Yaen
npepbIBaHUi
11

LG
npepbiBanHui 1

Y3en CAN1=}

O6bekT 0=
ObbekT 1=

*
*

O6bekT 62 =3
O0bexT 63 =

lMporpamma —f

Ysen
npepbiBaHuiA
115

JnHms
| npepbiBanmit 15

Pucynok 18.13 — CxemMa KOMMyTalluy JJMHUN TPEPBIBAHUI

18.3 ¥Y3ea CAN

Kaxnmerii y3en CAN wmmeer CBOIO COOCTBEHHYIO JIOTMKY YIOpPaBICHUS W BbIIAYd
uH(pOpMAIUM O COCTOSHUM W MOXET OBITh CKOH(UTYPHUPOBAaH W paboTaTh HE3aBUCHMO OT

JpYroro ysia.
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Pexum kou¢urypanuu Brmouaercs ycraHoBkod Outa CCE peructpa NCR. Pexum
KOH(QUTYpallud TO3BOJSIET H3MEHSTh [apaMeTpbl CHUHXPOHU3AIMU OUTOB U COCTOSHUS
CUYETYMKOB OIITHUOOK.

Koudurypamus npepreianuii 3ampaercs outamu TRIE, ALIE u LECIE:

- 6ut TRIE ympasnsier pa3penieHneM npepbIBaHus MOCIIe TIepeau COOOIICHHUS,

- out ALIE ympaBisieT pa3penieHrueM npepbIBaHUN 110 OMIHOKE;

- outr LECIE ynpasmsiet pa3pelieHneM npepeiBaHus 0 KOAy MocieHeil ommuoKy.

Peructp NSR oTpaxaer Tekyilee COCTOSHHUE, COACPKHUT MHPOpMAIUIO O Iepenayax H
ommubOkax y3na CAN.

Baok ynpaienus y3iom CAN

Bbrnok ympasienust y3joM KOOpAUHUPYET padboTy:

- pa3pelaeT/3anpeniaeT AeUCTBUA y3/1a Ha IIUHE;

- pa3peiaeT/3anpemaeT 1 TeHepUPyeT pa3indHble COOBITHS, Kacaromuecs padoThl y3iia
(ommOka Ha WIMHE, YCIEIIHOE 3aBEpIICHHE Iepeaayd COOOIIEHUs), KOTOpbIE MPUBOIAT K
(OopMHUPOBAHHUIO 3aPOCOB HA IPEPHIBAHMUS;

- yIpaBisieT CUETYMKOM COOOIICHUN.

Baok cunxponuzanuu 6utoB CAN

Cornacto crangapty [SO 11898 Bpems nepenayn ogHOro OMTa Pa3aeieHO HAa CErMEHTHI,
KOTOpBIE, B CBOIO OuY€pe/ib, COCTABJICHBI M3 IIEIOUUCICHHBIX OTPE3KOB BPEMEHH, HA3BIBAEMBIX
KBaHTaMH BpeMeHH tq, cM. pucyHok 18.14. KBanT BpemeHu — ¢QukcupoBaHHas €TUHHIIA
BPEMEHH, TOJIydaeMasi U3 YaCTOThl CHHXPOHHU3AIUH U Jenuteis kontpoiuiepa CAN.

CermeHT cuHXpOHU3aMK Tsync Mo3BOJISIET CHHXPOHU3UPOBATh Hadano oOMeHa JaHHBIMU
MEXy MepeaTYuKoOM U MPUEMHHUKOM. JIJIMTENbHOCTh CETMEHTA BCErJa paBHAa OJHOMY KBaHTY
BpPEMEHHU.

CerMeHT pacmpocTpaHeHHs  TProp HCHOJb3yeTcss A KOMIIEHCAMM (PU3HUECKOTo
BPEMEHU 3alla3/IbIBaHUsl CUTHAJIA B TIpeJesiaX CeTH. JMMTeNbHOCTh CerMeHTa pacCUMUTHIBACTCS C
Y4€TOM BpEMEHHM MPOXOKICHMs CUTHala OT MepelaTdyuka K MPUEeMHUKY U OOpaTHO, BXOJHOU
3aJIepKKU KOMIIapaTopa M 33IeP’KKH BBIXOJa JIpaiiBepa U MOXKET COCTABISTH OT 1 710 8 KBaHTOB
BpPEMEHH.

Bpewms 1-oro 6ura

A

Tsync Tseg1 Tseg2

A
A

Tprop N Tb1 Tb2

A
Y
A
A

CermeHt A A
CUHXPOHU3 ALK M

1 KBaHT BpeMeHMV
(ta) TouKka BbIGOPKM Touka nepenaqm

Pucynox 18.14 — CtpykTypa ogHOTro OUTa

Cermentsl O0ydepa ¢aszel 1 u 6ydepa dasst 2 — Tbl u Tb2, pacnonoxkeHHble 10 U Tocie
TOYKH BBIOOPKH, HCHONB3YIOTCS I KOMIIEHCAIIMM CMEIIeHUS (a3bl TAaKTOBBIX YacTOT
UCTOYHWKA M TPHUEMHHKA, OOHApY)KUBAEMOH IOCIE TMOSIBICHUS CETMEHTa CHHXPOHH3AINH, a
TaKKe ISl ONITUMAIBFHOTO PACTIONOKEHHS TOYKU BRIOOPKH MOJIYY€HHOTO OuTa.

Touka BBIOOPKH — MOMEHT, Korja umrtaercs coctosaue muHbl CAN I ompeseneHus
npuHsToro 6ura. Kak npaBuio, AMUTENIBHOCTh BPEMEHHOTO HHTEpBaja OT Hauana OuTa 10 TOYKU
BeIOOpKH cocTaBisieT (60 — 70) % BpemeHu OKTa, B 3aBUCUMOCTH OT CHCTEMHBIX MapaMeTPOB.

CerMeHT pacrpocTpaHeHHs U cerMeHT Oydepa (as3sl 1 BMecTe COCTaBISIOT CETMEHT
napametpa 1 (Tsegl), xotopeii omnpenensercs OutoBeiM mojdeM TSEG1  peructpa
cuaxporm3arn 6utoB NBTR (Mmoxer ObITh 3ammcaH, Toibko ecnu ycraHoBieH Oout CCE
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peructpa NCR). Cornacao cranaapty [SO, MuHMManbHas JUIMTEIHOCTh CETMEHTA napaMerpa 1
JIOJI’KHA COCTABJIATH TPU KBAHTA BPEMEHHU.

Cerment napametpa 2 (Tseg2) onpenensiercss OutoBbiM nojieM TSEG2 peructpa NBTR u
OXBaTbhIBaeT cermMeHT Oydepa a3l 2. MuHMManbHas JUIMTEIHHOCTh CETMEHTa Mapamerpa 2
COCTaBJISIET /IBA KBAHTA BPEMEHU.

Cornacno crapaapty ISO, MuHMManpHas NIUTENBHOCTH OJHOTO OWTA, MOIYYaroIIAsCs
cioxxeHuem cermeHToB Tsync, Tsegl u Tseg2, ne momKkHa OBITH MEHEE 8 KBAHTOB BPEMEHH.

MaxkcumanbHast JIUTETbHOCTh OMTa — 25 KBaHTOB BPEMEHHU.

[Ilpumeuanue — MuHMMaTbHOC HOMUHAIBHOE BpeMs IepeAadyd OAHOro Owura
cocTaBisieT 1 MKc, 4TO COOTBETCTBYET CKOPOCTH Iepenayn 1 Mout/c.

@DopMyIibl BEIYMCIICHUS 3HAYEHUI CErMEHTOB U BpeMeHH oHOTo Outa Tbit:

- npu DIV8 = 0 3HaueHne KBaHTa BpeMEHU

tg= (BRP + 1)/four; (18.4)
- npu DIV8 = 1 3HaueHne KBaHTa BpEMEHU
tq = 8 x (BRP + 1)/four; (18.5)

- Tsync=1 x1q;

- Tsegl = (TSEGI1 + 1) x tq > 3tq;

- Tseg2 = (TSEG2 + 1) x tq > 2tq;

- Thit = Tsync + Tsegl + Tseg2 > 8tq.

UroObl KOMIEHCHPOBATh CMeEIIeHHe (ha3bl MEXKIy YacTOTaMH TE€HEPaTOpOB Pa3IHYHBIX
y3n0B mmHbl CAN, kaxaoe ycTpoHCTBO TODKHO CHHXPOHM3MPOBATHCS MO (DPPOHTY CMEHBI
ypoBHs curHasia Ha muHe CAN OT pemeccMBHOTO K JOMHUHAHTHOMY. Kak Toimbko (poHT
OoOHapy’KUBaeTcs, JIOTUKAa CHHXPOHU3ALMU CPABHUBAET €r0 TEKYIEe MOJ0KEHUE C 0XKHJIAeMbIM
Y BBITIOJIHSIET HACTPOMKY 3HaueHui nmapameTpoB Tsegl u Tseg?.

Konrpomiep CAN wucnonb3yer aBa MeXaHM3Ma CHHXPOHM3ALMU — AaNMapaTHBIM H
PECUHXPOHM3AIMIO (CHHXPOHHU3AIUs C BOCCTAHOBJIEHUEM TaKTOBBIX MHTEPBAJIOB).

ArnmnapaTHasi CHHXPOHH3AILMs BBIMOJHAETCS 10 KaKA0OMY (GPOHTY CMEHBI YPOBHSI CUTHaNA
Ha mwmHe CAN oT pemeccMBHOrO K JIOMHHaHTHOMY. [lpum ammapaTHOH CHHXpOHH3AIUU
BpPEMEHHbIE MHTEPBAJIbl CETMEHTOB, U3 KOTOPBIX CKJIa/IbIBAIOTCS BpeMeHa OUTOB, HE U3MEHSIOTCS
B T€UYEHHE BCEr0 COOOIIECHNUS.

PecuHxpoHM3anys BBIMONHAETCS aBTOMAaTUYECKMM YJUIMHEHHEM cerMeHrta Tsegl wnm
yKopaunBaHueM cermeHTa Tseg2. MakcumanbHOe 3HaU€HUE U3MEHEHMsI CETMEHTOB KoJieOercs
B mpenenax ot 1 10 4 kBaHTOB BpeMeHH. CUHXPOHHU3AIHS BBIIOIHIETCS TOJBKO IPU MOSIBICHUH
¢dponTa cmeHbl ypoBHs curHama Ha mmHEe CAN OT pereccMBHOrO K JOMHHAHTHOMY.
QUKCHUPOBAHHOE 3HAUEHHE MAKCHUMAJIbHOTO YHCJIA TOCIEAOBATENbHBIX OUT OJMHAKOBOM
MOJIIPHOCTU TapaHTHUPYET CBOEBPEMEHHOE BOCCTAaHOBIIEHHE CHHXpoHHU3anuu. CmemieHue (asbl
(GpoHTa CMEHBl YypOBHS CHUTHaJa Ha IIMHE OTCIEXKHUBAETCS OTHOCHTEIbHO CErMEHTa
CUHXPOHM3AINH U U3MEPSAETCS B KBAHTaX BPEMEHHU.

Ecnun BenmumunHa a30BOro CMELIEHHS MEHbIE MM paBHA 3alpOrpaMMHUPOBAHHOMY
3HAYEHUIO0 [IMPUHBI Tepexofa pecuHXpoHM3aluu  Tsyw, BBIIOJNHSAETCS  ammaparHas
CHUHXPOHH3AIIHA.

Ecnu Bennunna cmemienus ¢asbl 6obiie, ueM Tsyw, a pa3oBoe cMmelieHne noa0KUTeNbHO,
TO y/uInHsieTcs cerMeHT Tsegl, B ciydae oTpuIaTeabHOro (pa3oBOro CMEIeHHUsI yKOpauyuBaeTcs
cermeHT Tseg2.

3navenue Tsyw omnpenensercs nmonem SJW perucrpa NBTRx no ¢popmyine

Tsiw=(SIW +1) xtq. (18.6)
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[TomuMoO TIpOYET0, JOMKHBI COOIOIATHCS CIEIYIOIINE TPABHIIA:
Tsegl > Tsyw + Tprop (18.7)
u Tseg2 > Tsyw. (18.8)
COOTHOIIICHHUSI MEXJIy MaKCHUMaJIbHBIM OTKJIOHEHHEM 4dYacToThl curHaia FOUT w
cermeHTamu O0ydepoB (a3 u mupUHON mepexoa PECUHXPOHU3AINH CIIEAYIOIIHUE:
— Afour<T/2 x (13 x Thit — Tb2); (18.9)
— Afout < Tsiw/20 x Thit, (18.10)
rne T —wmensmee u3 Tbl u Tb2.
B utore:
- Tsync cocraBnsier 1 KkBaHT BpeMEHU,;
- Tprop — ot 1 10 8 KBaHTOB BpeMEHHU;
- Tbl — ot 1 10 8 KBaHTOB BpeMEHH;
- Tb2 — BbIOMpaeTCs paBHBIM JBYM KBAaHTaM BPEMEHHU WJIM paBHbIM cermMeHTy Tbl, eciu
ero 3HadyeHue 0oJiee IByX KBaHTOB BPEMEHHU;
- Tssw MOKET COCTaBJIsITh MaKCUMaJIbHO 4 KBaHTa BPEMEHM, OJIHAKO, B THIIOBBIX
MPUITOKEHUIX TOCTATOYHO 1.
KoppekTHble 3HaYCHHS TapaMeTPOB CHHXPOHU3AIMU OUTOB JIOJDKHBI OBITH 3allMCaHbl B
peructp NBTR (mocrynen, eciau ycranosieH 60ut CCE) no okoHYaHHsl MHUIMAIM3ALMUU (70
copoca 6uta INIT perucrpa NCR), 1. e. 1o Hauana padotsl CAN y3ia.

IIpoueccop nmoroxka 6UTOB

[Tpouieccop moToka 6UTOB QopMHUpPYET (HA OCHOBE COAECPKHUMOIO OOBEKTOB COOOIIECHUH)
COOOIICHNS JAaHHBIX U YAaJICHHBIE 3aIIPOChl HEMTOCPEICTBEHHO Tepe oTrpaBKkoil Ha muHy CAN.
[Tpoueccop mnotoka ympansier reHepatopom CRC (reHepaTrop KOHTPOJIBHOM CyMMBI) U
n00aBIseT KOHTPOJIBHYIO CyMMY K cooOmienuro. [locime BcraBku O6utoB Havanma SOF u koHma
EOF cooOmienus, nporeccop MoToka HAYMHAET Nepeady coOoOLIeHUs 10 MpaBUiIaM apOuTpaxka
mmHbl CAN. B TedeHue Bcero BpeMeHH Tepeadrl COOOMECHHS POIEcCop MOTOKa OUTOB BEAET
MOHUTOPUHI HIMHBL. Ecnum oOHapyXuBaeTcs HECOBMNAJEHHE TEKYyLIero (ompeaensieMoro
MOHMTOPUHIOM) M oOxujgaemoro (BelnaBaeMoro CAN y370M) ypoBHsSI HaIpsDKEHMsI Ha IIMHE
CAN, renepupyertcs omrlOka 1 COOTBETCTBYIOLIHI €l 3anmpoc Ha npepbiBanue. Ko Bo3HUKIIEH
omumOku orpaxaercs B outoBom noje LEC peructpa NSR.

KoppekTHOCTh MOTydaeMbIX JaHHBIX TpOBepsieTcss M TMOATBEPXKIAeTCs WM  He
noxareepxkaaercss kogom CRC. B ciydae oTcyTCTBUS MOATBEPXKACHMSI BO3HHUKAET OIIMOKA,
TeHEepPHUPYETCs 3allpoC Ha MpepbIBaHHE M KOJ OMMOKHU BhicTaBisercss B peructpe NSR. Kpome
3TOro, Ha IIMHY BbIAAETCA COO0IIEeHrE 00 omnoOKe.

[Tocie nonydeHus cooOlIeHHs, HE COJEp)Kallero OIMOOK, M pa30ueHus ero Ha
UACHTU(DUKATOP U NAKET JaHHBIX, MOJydeHHass MH(opmanus 3amucbiBaeTcsi B Oydep Onoxa
00paboTku cooOmeHui, (GOopMUpPYETCSI COOTBETCTBYIOIIEE TMpEphIBAaHWE, W OOHOBISIOTCS
PETUCTPBI COCTOSHUSI.

baok o6padoTku om0k

brox 06paboTku ommOOK MpeaHa3HaueH AJis BBIIBICHUS OMIMOOK B paboTe YCTPOHCTB
y31a. B coctaBe Gioka ecTh ABa cyeTyuka: cueTyuk ommnbok npuema (mose REC B peructpe
NECNT) wu cuerunk omubok mepenaun (mone TEC). WHKpeMeHTHpOBaHUEM H
JNEKPEMEHTUPOBAHUEM CUETUHKOB YIPABJISET MPOLIECCOpP MOTOKA OUTOB.

Ecnu nmporeccop moToka GMTOB caM BBISIBIISICT OLIMOKY B MPOLIECCE Mepeiayn, TO CUTUUK
TEC wunkpementupyercss Ha 8. MHKpemeHTHpoBaHHe Ha 1 NpoHCXOAWT, eciau 00 omuoke
coobuieno BHemHMM CAN-yCTpOHCTBOM IyTeM T€HEpHUPOBaHUS COOOIIEHUS 00 oImuoKe.
Hanpasnenue mnepemauun ¢ OmMOOYHBIM COOOIIEHHMEM M y3€l, COOOIMBLIMI 00 omuoke
nepenauM, ykaspiBaroT Ha coorBercTByrommue y3ael CAN B peructpax NECNT, dro
UCTIONB3YeTCs Ul aHAJIN3a OLIMOKH.
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B 3aBucumocT oT 3HaueHU# cyeTunkoB omuO0K y3en CAN MOKET HaXOIUTHCS B OJHOM
13 TPEX COCTOSHUIA:

- aKTUBHOM OIIIMOKU;

- MAaCCUBHOM omIMOKH;

- OTKJIFOYCHHBIM OT LIMHBI.

VY3en HaxOIUTCS B COCTOSIHUM aKTUBHOM OIMIMOKH, €Clii 3HAaYeHHE KaXKIAO0ro U3 CUETUYMKOB
omnOoK MeHbie 128. Y3enm B cocTossHMM akTUBHOW ommOku npucoeauHeH k mumHe CAN u
noceuIaeT ¢yiar akTHBHOM OMMOKH MPY 0OHAPYKEHUH OLTHOOK.

VY3en HaXOAWUTCS B COCTOSIHUM TACCHBHOM OIIMOKH, €CIIM 3HauY€HHE XOTS Obl OAHOTO W3
CUETYMKOB OIIMOOK Oouibllie WK paBHO 128. Y3en moakiIoueH K IIUHE, HO IpU OOHApYKEHUU
omnOOK moceutaeT (ar maccuBHoi omuoOku. [locne mepenaun y3en B COCTOSIHMM MAacCHBHOM
OIIMOKY OyAeT XAaTh MHUIMAIU3AIMH JalbHENIel nepenayn.

VY3en HaxOQUTCSA B COCTOSIHUM OTKIIIOYECHHUS OT LIMHBI, €CIHM 3HAUCHHE CYETYMKA OMIMOOK
TEC OGonbuie wnu paBHo 64. O toM, yto CAN y3en HaXOAUTCA B COCTOSHUU OTKJIIOYEHHUS OT
mmHel CAN, curnammsupyer ¢iaar BOFF peructpa NSR. Y3en B COCTOSHUU OTKIIIOYEHHS OT
muHbl CAN He MoxkeT padotath ¢ muHOi CAN (BBIXOIHBIE TIEPEIATYNKH OTKIIFOUCHBI).

®nar EWRN peructpa NSR ycranaBiauBaercs, Korja XoTst Obl OJIMH U3 CYETYHUKOB JTOCTHUT
WJIM MPEBBICHII JTUMHT OIIHOO0K, onpeaeneHHblii B OutoBom nmoie EWRNLVL peructpa NECNT.
Kak Tosibko 3HaueHHs] 000MX CUETYMKOB MEPECTAHYT MPEBBIIATH JUMUT omIMO0K, Guiar EWRN
cOpocutes.

CdeTYHK CO00IIEeHH I

CueTuynk COOOMIEHNI MOKET MCIIOJIb30BaThCS ISl MTOTydeHHsI HH(OPMAIIHH O 3aBEPIICHUH
nepepaun/mpuema coodbuenuss coorBercTByromero yzna CAN. Iloxcuer cooOmieHuit
ocyuiecTBisieTcs 16 pa3psiiHbIM CUeTYUKOM, KOTOpBIH yrnpasisercs peructpom NFCR. butosbie
noiast CFMOD u CFSEL onpenenstoT pexum pabOThl U COOBITHE A1 MHKPEMEHTHPOBAHUS
CYETUYHKA.

Kaxneiii  y3em CAN wumeer B CBOEM  coCTaBe  16-pa3psgHbli  CUETYMK
COOOILIEHN/CHHXPOCUETYHUK, KOTOPBIM MOACUYUTHIBAET KOJIMYECTBO MPHUHATBHIX U IMEpelaHHBIX
coobuienuit. buroroe none CFSEL onpenenser ouH U3 TpeX peKUMOB pabOThI CUETUHKA.

B pexxume mozcuera cooOiieHuid Mociae YCIenHoi nepeiadyi u/uii nmprueMa cooOIeHus,
conmepxkuMoe cyerunka kommpyerca B OutoBoe mone CFCVAL peructpa MOIPR oOnekra
coobiieHuss Msg X, ydyacTBYIOIIErO B IepechlUike NaHHBIX. [locime vero cueTywk cooOiieHui
WHKPEMEHTUPYETCH.

IIpepbiBanus y3iaa CAN

Kommyranus nuHMi 3anpocoB MpephIBaHUM MT0Ka3aHa Ha pucyHke 18.15.

VY3en MOkKeT reHepupoBaTh 3aIpOChl HA IIPEPBIBAHUS B CIIydae:

- YCHEITHOW mepeaavyn/mpruemMa CoOOIeHHS;

- oOHapy’KeHUs KoJia MocieiHel omuoKy;

- IEPETIOITHEHHSI CYETUNKA COOOIIEHNUI;

- coctosHuss ALERT (cocrosiHue, BO3HHMKaloOIiee, KOrja XOTs Obl OJWH M3 CUETUYUKOB
OIIMOOK y3/1a JOCTUT 3HAYEHHsI CBOETO JIUMUTA, U3MEHSETCS COCTOSHUE «OTKJIIOYEH OT IIUHBDY,
BO3HHMKAeT OIIMOKA JUIMHBI CIIUCKA WM OIIMOKA CIHCcKa 0OBEKTOB).

[Tocne kaxao¥ ycHemHo# nepenayu Wi YCHEIIHOTO MpHeMa COOOIIeHHsS] TeHepUpyeTcs
(ecmu paszpemieHo cootBeTcTBytomuMu Ooutamu TXOK u RXOK) mpepriBanue. butoBoe mone
TRINP perucrpa NIPR 3anaer ogny (u3 16) auHMIO NpepbIBaHUS.

[TpepbiBanue y3na NMpu BO3HMKHOBEHMM KoOJa TOCieqHeld omuOku (opmupyercs (eciu
paspemieno 6utom LECIE), ecu nocne mogudukanuu mois LEC ero 3nauenue Oosbliiie HYJIS.
burosoe none LECINP 3anaet nuHuio npepelBaHus.
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KoppekTHas nepegaya
COLEPXMUMOro

obbekTa coobLLeH!s
TXOK | TXOK |
4
/O—

MNepenava
Mpvem

NSR
NSR NCR
LEC | LECIE |

Owwbka CAN . o LECINP

NSR NCR
EWRN EES >1 | ALIE |
BOFF LR v NIPR
OwwubKa ANWHbI cnncka > Bl o o— ALINP
Owwwubka crivcka 0O beKToB
v v NSR
| LLE || LOE | ALERT
NSR NSR
NFCR NFCR
| CFCoV | CFCIE
A
. v NIPR
epenonHeHe ]
CYeTYMKa COOOLLIEHNI CFCINP

Pucynok 18.15 — IIpepsiBanus CAN y3na

[TpepbiBaHue y3na MpH NEPENOIHEHUH CYETYMKAa COOOLICHWH TeHEepupyercs, €ClIM OHO
paspemeHo 6utom CFCIE peructpa NFCR. butooe mone CFCINP 3amaet nunuto npepbsiBaHusI.

[IpepriBanue ALERT moxer ObITh copmupoBano (ecnu pazpeuieHo outom ALERT)
JOOBIM U3 CIEAYIOMNUX COOBITHH:

- u3MeHenue cocrossaus outa BOFF;

- usMenenune cocrosinus oura EWRN;

- oIIMOKa JUIMHBI CIIMCKA, KOTOpas Takke BeicTaBisteT out LLE;

- oImMOKa AJIEMEHTa CIHCKa, KOTopas Takke BeicTaBisieT OuT LOE;

- 6ut INIT BbICTaBNIEH anmapaTHO.

burosoe nosne ALINP 3anaer nuHut0 npepuIBaHusl.

B nononHenne K anmapaTHBIM IIPEpPBIBAHMSM €CTh BO3MOYKHOCTH IPOrPaMMHOIO
TE€HEPUPOBAHMS TIPEPBIBAHUN C HCIONB30BaHHEM peructpa mnpepeiBanuii MITR. 3anuce
eIuHuIBl B n-il paspsn OurtoBoro mons IT reHepupyer curHanm 3ampoca HpepbIBaHHUS Ha
COOTBETCTBYIOIICH €My N-0il JIMHUH TIpepbIBaHui (01HOM 13 16). YcTaHOBKA HECKOJIBKHX OUTOB
IPUBOJIUT K IapajUIeIbHOMY TI'€HEPUPOBAHMUIO 3alIPOCOB IPEPBIBAHUNA Ha COOTBETCTBYIOIIMX
YCTaHOBJICHHBIM OUTaM JIMHUSIX IPEPhIBAHUM.
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18.4 O0BeKTHI COO0IIEeHHIT

PerucTpsl ynpaBJ/jieHUsl U COCTOSIHUSL 00bEKTOB COO0IeHUi

B cocraB xaxoro 00beKTa COOOMEHHS BXOJAT JIEBATH 32-pa3psIHbIX PETUCTPOB:

- ynpasieHuss u coctosausi — MOCTR (tonwpko 3amuce) u1 MOSTAT (TOapko yTeHHE),

JOCTYITHBIE TI0 OJJTHOMY aJIpecy;
- apoutpaxka — MOAR,;

- nauaelx — MODATAH u MODATAL;

- Mmacku — MOAMR;

- ykazarens npepeiBanuii — MOIPR;

- ykazaress FIFO wim nutro3a —
- ynpasiienus: pynkuuonupoBanuem — MOFCR.

MOFGPR,;

Pacnonoxenne perucTpoB npeAcTaBieHo Ha pucyHke 18.16, rie g npumepa B34T NSAThIN

00BEKT COOOIECHUS.

O6nacTb namsaTn
KoHTpornnepa CAN

OO6bekT coobLieHus 63

OG6bekT coobLieHus 6

O6beKkT coobLeHns 5

O6beKkT coobLeHuns 1

O6bekT coobuieHus 0

Y3en CAN1

Y3en CANO

Ynpasnexue
KoHTponnepom CAN

4002_07EOh

4002_10CO0h

4002_10A0h -

4002_1020h
4002_1000h
4002_0300h

4002_0200h

4002_0000h

Peructpbl obbekTa
coobuweHunsa 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 namsaTi perucTpoB

O06mwexThl coobuiennit kouTposiepa CAN MOryT ObITh OpraHW30BaHbl B BOCEMb CIHCKOB,

CM. pUCYHOK 18.17.
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LLinHa CANO LlnHa CAN1

ANIEMEHT Cnucka QNEMEHT Ccrnuncka QANEMEHT cnucka ANIEMEHT Cnucka QNEMEHT cnucka QNEMEHT crucka

Y3en Y3en
CANO CAN1
T e | Fos s | Foo s 1 Fos e
1 Crwmcok NeO | e T T e N R 1 CeoBoaHbiii crimcok Ne3 | | CeobonHbiit crincok Ned 1 CeobopHbIi crcok Ne7
(4] {] - - “
| He pacrpefenentblx | ! MrcoK INe ! TUCOK Ne | | 06bekToB CooBLEHMA | | 0BBEKTOB COOBLEHUN | 1 06beKTOB COOBLYEHMN
| obvextos coobuermint | | obvextos || obvektos || P | I
| | 1 COOBLLIEHMI " 1 COOBLLIEHMI " 1 11 | |
1 | | 3 | | 3 | 1 11 | 1
1 1-11 anemeHt 1 | 1-11 anemeHT | | 1- anemeHT | 1 1-i1 anemeHt ' 1- anemeHT | 1 1-11 anemeHT
: crmcka 1 : crcka | : crmcka | : cimcka 1 : cricka 1 : cicka
| 1 1 | |
! } L } L { ] § N § ! ! §
1 | | | | | 1 11 | 1
| 2-11 anemeHT | | 2-1 aNemMeHT | | 2-11 anemeHT | | 2-11 anemeHT 1! 2-11 anemeHT | wow e 2-1 anemMeHT
| cnueka 1 ! cnueka | ! cnueka | | cnueka 1! cnueka 1 | cnueka
1 | | | | | 1 11 | 1
1 | | | 1 11 | 1
I oy !

1 M | M | M | | ‘ 1! N 1 | M
1 | | | 1 11 | 1

* * | * | * * *
1 | | | | | 1 11 | 1
I * | | * | | * | I * | I * | I *
! $ L $ L $ L $ H $ ! ! $
1 | | | | | 1 11 | 1
| MocnenHuit | : MocnenHui | : MocnenHui | | MocnenHui 1! MocnenHui 1 | TMocnenHui
| 1 | | | 11 1 |
1 | | | | | 1 11 | 1

Pucynox 18.17 — Cnincku kouTposuiepa CAN

Kaxxpiii 00bEKT COOOIICHHUST MOXKET OBITh JIOOABIICH B OJWH M3 CHUCKOB. KaKiplid y3emn
CAN wumeeT cBOM CHHUCOK U COOTBETCTBYHOIIMI peructp cnucka. Peructp LIST1 orpaxaer
cocrosinue crnucka Nel yzna CANO, peructp LIST2 — crincka Ne2 y3na CANI.

[Ipumeuanue — VY3en MOXKET ONEPUPOBATH TOJBKO C TEMH OOBEKTaMHU COOOIIEHU,
KOTOpBIE 3aHECEHBI B IPUHAIICKALIUN EMY CIIHCOK.

[Tonoxenue o0bekTa cooduieHnss Msg X B CHHCKe ONpeAessieTcss NOCPEICTBOM PErucTpa
MOSTAT, KOTOpbIH CONEPKUT yKa3aTeNW Ha MPEALIECTBYIOIIUNA €My M CIEAYIOUUI 32 HUM
aneMeHThl cnucka (00bekThl). Hepacnpenenennsie mexay y3namMu CAN 00beKTbl coOOLIeHUI
[0 YMOJIYAHUIO OPraHU3YIOTCA B OTAENbHBIM crnucok Ne(, coCTOsiHHE KOTOPOro OTpaskaercsl B
peructpe LISTO. OcranbHble MATh CIIUCKOB ¢ HOMEpaMH OT 3 710 7 SBJISIIOTCS CBOOOJHBIMH (HE
NPUHAIIEKAT HA OJTHOMY Y3IIy) U IMEIOT COOTBeTCTBYomue peructpsl LIST3 — LIST7.

[Ipumeuanue — OOBEKTHI COOOIIEHUH, paclpeesieHHbIEe B CIIUCKU C 3 1O 7, HE MOTYT
OBITH HCTIONMB30BaHbI y31amu CAN.

Mexanusmbl FIFO u mumo3za onepupyroT ¢ 00beKTaMu COOOIIEHHH HE3aBUCHMMO OT HX
pacopeneneHus Mo CHUCKaM, YTO J1aeT BO3MOXKHOCTh PAaOOTBI CO BCEMHM BOCEMBIO CIIMCKAaMH.
CnepoBarenbHo, npu ucnoib3oBaHnu MexaHn3moB FIFO u numo3a ciiegyeT BHUMATENBHO
CJIEIUTH 32 COJEP’KUMBIM CITUCKOB.

Ha pucynke 18.18 npezacraBieH BapuaHT, KOTAa 00bEKThI COOOLIEHUH ¢ HOMepamu 3, 5 u
16 3anecennl B cnmcok Ne2, mpunamiexamuii y3ny CANI1. CocTtosHMe crnucka OTpa)X€HO B
peructpe LIST2.

Crmcok Ne2 obbekroB coobiyerni yana CAN1

[NepBbI aNemMeHT cnucka MocnenHuin anemeHT cnucka

LIST=2
Ny O6bext ] O6vext ] @ OBBexT
coobLLeHus 5 « coobLueHnst 16 coobLLeHms 3
A
[ EMPTY=0| | syzE=2 | [ BEGIN=5| | END=3 |
Pernctp LIST2

Pucynoxk 18.18 — [Ipumep cimcka 00bEKTOB COOOIICHUI
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3navenue nonsg BEGIN perucrpa LIST2 yka3piBaeT Ha MEpBBIA 3JIEMEHT cIHcKa (0OBEKT
coobmenust 5). 3nauenue mossi END ykaspiBaeT Ha TOCIEIHUN AJIEMEHT CIHUCKa (OOBEKT
coobmenus 3). KonmnyecTBo 31E€MEHTOB crMCKa (KOJUYECTBO OOBEKTOB COOOIICHHI B CITUCKE)
otpaxkaercs B niosie SIZE (3nauenue SIZE Bcerna Ha eIMHHIYY MEHBIIE KOJIMYECTBA SJIEMEHTOB
cnucka). but EMPTY sBisiercss MHIUKAaTOPOM 3amojiHeHus cnucka. Ecim cnmcok mycr, Out
EMPTY ycraHOBJE€H, B IPOTUBHOM Cily4yae OMT COpOIIICH.

Kaxnapiii 00bekT cooOmieHus coaepkut Homep crucka (mone LIST), k koropomy OH
oTHocutcs, a Takke ykazatenn PNEXT um PPREV nHa crmenyrommii mo cHnmcky OOBEKT
cooOuieHus U npeaniecTyoomuii, coorserctseHHo. [lone PPREV mepBoro no cnmcky oobekra
COOOIIeHUsT JOHKHO YKa3biBaTh Ha ATOT ke o0bekT. Ilome PNEXT mocnegHero mo crmcky
00BEeKTa COOOILICHNS JOKHO YKa3bIBaTh HA ATOT K€ OOBEKT.

Ha pucynke 18.18 ykazatenr PPREV msToro o6nekra cooOmieHus (IepBOro B CIUCKE)
umeeT 3HadeHne Sh, a ykazatens PNEXT tperbero o0bekTa cooOimeHus (MOCcIeaHero B CIIUCKE)
umeeT 3HaueHue 3h. 3nauenue nmons LIST Bcex Tpex 06bekTOB coobmienuit paBuo 2h.

O0bexT coobmenus, y koroporo LIST=0h orHOCHTCS K HYJIEBOMY CHHCKY
HepacrpeneneHHblXx 00bekToB. [locine cOpoca Bce OOBEKTHI COOOIIEHUN  CUMTAIOTCS
HepacrpeaeacHHpIMU. 110 yMOT9aHHIO TOPSAOK A7IeMEeHTOB crucka Ne( cremyromiuii: oOBeKT
coobmmenus (N — 1) sBiseTCs MpeAbIIyIMM 00beKTa cooOIeHUusT Msg X, a 00BEKT COOOIICHNUS
(Msg_x + 1) — cieayromium.

Jl1st mpocMoTpa CTPYKTYpPHI CHCKa 00BEKTOB COOOIICHH y371a JOCTaTOYHO 00paTUThCS K
cootBercTBytomM peructpam LIST1/LIST2 u MOSTAT.

CrpyKkTypa cHHCKa YNpaBlISe€TCs M H3MEHSETCS IOCPEACTBOM KOHTpOJUIEpa CIHUCKA,
KOTOpBIH, B CBOIO OYEpE/lb, YNPABISIETCS NAHEIbI0 KOMaHJ, OCHOBHOE Ha3HAUEHHUE KOTOPOM —
YIOPOLIEHUE BHECEHUS M3MEHEHUM B CTPYKTYpPY CIIMCKA, OTCIEKHBAHUE 3TUX H3MEHEHUH U
POBEPKa UX KOPPEKTHOCTH ¢ rmomotisio peructpa PANCTR.

[Tanens KOMaHJ 3amycKaeTcsi 3alKChbi0 COOTBETCTBYIOIIEH KOMaH/Ibl B OUTOBOE MOJIE
PANCMD. /[lo 3anucu koAa KOMaHbl JOJKHBI ObITh 3allMCAHbl COOTBETCTBYIOLINE apTyMEHTHI
koMaHabl B OnToBble 11oJt PANAR1 u PANAR?2.

[Ipumeuanue — 3anuch HOBBIX 3HaueHu B mosii PANARI] u PANAR2 He u3zmensier
cpa3dy ux cogepxumoro. HoBble 3HaueHus1 cHavasa MonajaoT B CIEUAIBHBIN TEHEBON PETUCTP.
Hanee, omqHOBpeMEHHO C 3amuchio Koaa kKoMmauael B monie PANCMD, HoBble 3HaueHUs u3
TeHeBOro peructpa nepenocstcs B noist PANARIT u PANAR?2.

C 3anmchio KOPPEKTHOTO Ko/1a KoMaH bl BeicTaBisieTcs piar BUSY, u B nanpHeiiem Bce
nonbITkK 3anucu B peructp PANCTR wurnopupyrorcsa. @nar BUSY ocraercs akTuBHBIM, a
NaHeJb KOMaH/| 3a0JIOKUPOBAaHHOM /10 T€X MOp, MOKa HE 3aBEPIIUTCS BHINOIHEHHE 3allMCAHHOMN
KOMaH/IbI.

[Tocne cOpoca MHMKPOKOHTpoOJIEpa KOHTpOJUIep chnucka ¢opmupyer cnucok Ne(
HepacnpeieJIeHHbIX 00beKTOB coobuiennil. Bo Bpems 3toit onepauuu ¢aar BUSY ycranosieH,
U Bce oOpaileHusi K o0bekTam coo0ImieHuid 3anpemnieHsl. [1o okoHyaHuu 3ToM omepauuu ¢uar
BUSY c6pacsiBaeTcs, 1 00bEKThI CTAHOBSATCS TOCTYITHBIMH.

B cnydae nosiBieHns KoMaHAbl TUHAMUYECKOTO pacIpeiesieHHs], 0 KOTOPOi Kakoi-mubo
aNieMeHT 3abupaerca u3 cnucka NeQ M mepeHOCUTCs B JPYroi yKa3zaHHBIH CIIHMCOK, Hapsay ¢
outom BUSY, ycranaBmuBaercsi Outr RBUSY. D10 yka3biBaeT Ha TO, YTO 3HAYCHHsS] OMTOBBIX
nosneit PANARI u PANAR?2 6yayT 0OHOBIIEHBI KOHTPOJUIEPOM CIIHCKA, CIEAYIOIIUM 00pazoM:

- HoMep 00beKTa coo0IIeHNs, IepeHOCUMOoro u3 crucka NeQ HepacnpeeeHHbIX 00bEKTOB
cooOmenuii, 3anuceiBaercss B PANARI;

- eciiu ycraHoBiieH OuT ERR (ceapmoit Out monss PANAR?2), 3nauut cnucok NeQ myct u
BBITIOJIHEHHE KOMaH Ikl 3aBepiiaercs; ecnu out ERR cOpomien — cnucok NeQ He mycT u koMaH1a
BBITIOJTHSETCSL.

Pe3ynbTaThl BBINOJIHEHUS KOMaHIbl JUHAMHYECKOI'O PacHpeleleHHs 3allMChIBAIOTCSA J10
TOT0, KaK KOHTPOJUIEp CIIMCKAa HAYHET IpoLece pacnpeaeneHus. Kak ToIbKO pe3yJsibTaThl CTaHYT
noctynHel, 6ut RBUSY cOpaceiBaercs. DTO NO3BOJSET MOJB30BATENIO 3alpOrpaMMHUpPOBATh
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HACTPOWKH KEJIaeMOro 00beKTa COOOIICHNUs, B TO BpeMsl Kak KOHTPOJUIEP CIUCKA pacIlpeaesisieT
00bekThI. Bo Bpems omepanuii co ciuckamMu IOCTYI K 00bEKTaM COOOIIEHUN HE 3arperieH, HO
ClIeZlyeT MMOMHUTB, YTO JH000H JOCTYyN K perucrpam oOBEKTOB COOOIICHUH B TeUEHHE Ipoliecca
pacnpezeneHus 00bEKTOB BHOCUT 3aJIEPKKY (B MPOILIECC), paBHYIO AJTUTEIBHOCTH JOCTYIIA.

Koa koMaH[BI «HET omepanyny aBTOMaTHYECKU 3amuchiBaeTcs B Outooe nmojie PANCMD.

HoBas komanma MoxeT ObITh 3amucaHa B Jiro0oe BpeMs, korga outr BUSY cOporeH.

Bce 6utossie mons peructpa PANCTR, uckmouas 6utet BUSY u RBUSY, Moryt ObITh
3alycaHbl MPOrpaMMHO, YTO JENaeT BO3MOXKHBIM COXPaHSATh U BOCCTAHABIMBATh 3HAUCHUS
peructpa PANCTR, eciu mnaHenb KOMaHJ HCIHOJIB3YETCS HE3aBHUCHUMOM IOANPOTrpaMMOn
o0paboTku mnpepbiBaHuil. Eciiv BO3HHMKaeT Takas cutTyanus, TO Jt0Oble 3ajaud, KOTOpbIE
MCIOJIB3YIOT MaHEIb KOMAHJ M KOTOpPbIE MOTYT IIPEPHIBATh BBIIIOJIHEHUE JIPYIHX 3a]ad, TOXKE
HCITOJIB3YIONTUX MMaHeNIb KOMaH 1, OynyT onpaimuBatk coctossHue dara BUSY. [lo Tex mop, moka
¢mar BUSY Oyzmer ocraBaThCsl yCTaHOBJIEHHBIM, cojepxumoe peructpa PANCTR Oyner
COXPaHEHO B COOTBETCTBYIOIIEH 00JaCTH MaMsTH A0 ONepaluu BOcCTaHOBiIEeHHs. Kak TOIbKO
noJnporpaMMa o0pabOTKU TpepbIBaHUN 3aKOHUYHUTCA, cogepkumoe peructpa PANCTR Oyzer
BOCCTAHOBJICHO.

Mo Ttoro, kak 0OBEKT COOOIICHUS, 3aHECEHHBIA B CIUCOK akTuBHOrO y3na CAN, Oyaer
MEpPEeHeCeH Ha JAPYTyI MO3UIMI0 ATOrO € CIHCKAa WM TMEPeHeceH B JPYroil CHUCOK, OUT
MSGVAL peructpa MOSTAT o6bekTa cooOuienust Msg_ X 1OJKeH ObITh OUMIIEH.

[Ipumeuanue — Ecnou tpebyercs mepepacnpeneianTb 00bEKThl COOOMICHUN B CIHCKH
MOBTOPHO, HEOOXOJMMO MPHOCTaHOBHUTH padoTy y310B CAN (ycranoButh O6ut INIT peructpa
NCR), a mocrne 3aHeceHus1 00bEKTOB B CIIUCKH BO30OHOBUTH €€ (cOpocuTh OuT INIT).

18.5 Ilpuem u nmepeaayva cooodmeHui

IIpuem coobmenust

[Tocne 3aBepuieHHst MpHeMa COOOIIEHHE COXpaHSeTCs B OOBEKTe COOOIIEHHUS B
COOTBETCTBUU C YCTAaHOBJIEHHBIM aITOPUTMOM, CM. pUCYHOK 18.19.

[TomuMo coxpaHeHUs JaHHBIX B 00BbekTe coobimienus, kontposuiep CAN ocyiiecTBiseT
obmen nanapiMu ¢ LIT.

[Tpu mpueme cooOuieHuss HHPopMaIUs coXpaHsieTcsl B 00beKTe COOOLIEHUS TOJIBKO B TOM
ciyuae, ecnu ycraHoBieH Out MSGVAL peructpa MOSTAT. Ecnu LI oummiaer o6ur
MSGVAL, xoutpomnep CAN ocTaHaBIUBaeT 3aluch B OOBEKT COOOIIEHUs, U Jaliee OOBEKT
MOJKET OBITh PEKOH(UTYPUPOBAH LIEHTPAIBHBIM IPOLECCOPOM C MOCIEAYIOLIEH 3aMUChi0 B HETO
uHpopmanuu 6e3 yuactus koHTposuiepa CAN.

[TosrydueHHOE ¢ MIMHBI COOOIIEHUE MOXKET OBITh COXPAaHEHO B 00BEKTE COOOIIEHHS TOIBKO B
ciayyae, ecniu yctaHoieH outr RXEN. Kontpomiep CAN nposepsier coctostaue 6uta RXEN
TOJIBKO BO BpeMs (WIbTpaluu NpUHMMaemoro cooOmieHus. Ilocie Toro, kak cooOlieHue
IPUHSTO, COCTOSSHUE OMTa HE MMeEEeT 3HAYEHUS M HE OKa3blBaeT BIMSIHHUS Ha JalbHeWInee
COXpaHEHHE JaHHBIX B 00BEKTE COOOIIEHUS.

bur RXEN no3Boisier ynpasisaTh OJOKHpOBaHHEM OOBEKTa COOOIIeHUs — mocie cOpoca
6uta RXEN mnonydueHHoe coo0IieHrne coxpaHseTcsi B 00bEKTE COOOIIEHUS, KOTOPBIN MOIYydn
IPUOPUTET, HO B COXPAHEHUH MOCIEAYIOMINUX COOOIIEHUH 3TOT 00BbEKT HE MPUHUMAET YYaCTHS.

Pexkondurypanust o0bekTa cOOOLIEHHS LEHTPAIBbHBIM MPOIECCOPOM BO BpeMsi pabOTHI
koHTposiepa CAN (manpumep, cOpoc O6mta MSGVAL, m3MeHeHne oOBEKTa COOOIICHHS W
NOBTOpHAs ycTaHoBKa 6uta MSGVAL) nporcxoasT ciaeyronum oopa3om:

- 00BEKT COOOIIEHHUS MTOJTyYaeT IPUOPUTET;

- LIT ounmaer 6utr MSGVAL st pekondurypanuu oo6bekra cCooOIeHus;

- nocye pexoHpurypanuu LI cHoBa ycranasnusaer 6utr MSGVAL;

- 3aBepuIaeTcs MOJIy4eHHEe COOOIEHNUS;

-ecnu ycraHoBieH Outr MSGVAL, momydeHHBIE JaHHBIE COXPAHSIOTCS B OOBEKTE
COOOLIEHHUs, TEHEpUPYETCA 3allPOC Ha IPepbIBaHKE, YCTAHABINBAETCSA COOTBETCTBYIONIMI (piar;

- ecni cKoH(pHUTypupoBaHo, mponsBoasTcs muto3oBbie U FIFO oneparumn.
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Hauano npviema cooBLueHns TMonyyerue AaHHbIX O6bexT coobLuenus nony4mn
uepes wnio3 / u3 FIFO ucTodHmka MPUOPUTET Ha nepeaady coobLLeHs

Oransl
YeraHoska RTSEL = 1
O6bexT coobLueHns @
nonywun mpuoputer 7 | T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e e
? Konuposakue coobLueHns Bo
BHYTPEeHHWI nepenaioLuwil Gydep
Orans!
YeraHoska RTSEL =1
@ MSGVAL & TXRQ &
e e TXENO & TXEN1=1
MOCTOSIHHO BEPHO
Mprem coobLuenns
3aBEpLLIEH YCTIELWHO
MSGVAL & MSGVAL=1 Her
RTSEL=1 ? Mepenaya no 3anpocy
? Ha wiHy CAN
CONEPKUMOTO BHYTPEHHEro
Gydepa
Yeraroska RXUPD = 1 Yeraroska RXUPD = 1 @
Konvposanve coobluerins B L e T - S
o6bexT cooblueHns 0BvexT coobliieHa ®
I lepenava coobLenns Her
3aBeplUeHa yCnewHo
?
Yeraroska TXRQ =18 atom
WM Apyrom obbexTe
MSGVAL & Her
RTSEL=1
Ycraroska MSGLST = 1
Ycraroska TXRQ =0
Ycraroska
NEWDAT = 1, RXUPD = 0,
RXPND =1
YcraHoska MSGLST = 1
»> TeHepupoBaHiie npepblBaHIs

( Korey )

Pucynok 18.19 — Anroputmsl iprieMa u repegadn cooOnIeHus

[Ipumeuanue — [locie pekoHPUrypanuu oObeKTa COXpaHEHNE JAHHBIX 110 3aBEPILIEHUN
MOJYYEeHUs] COOOIIEHHUSI MOXET ObITh HeXelaTeNbHbIM. 3allpeTUTh 3aMUCh JAHHBIX B OOBEKT
coo0rieHust MokHO rocpenctBom 6uta RTSEL.

[Tocne momyuenust o6bexkTOM coobuienus npuopurera, ero 6utr RTSEL ycranaBiuBaetcs
koHTposiepoM CAN, OTKpbIBasg, TakuM 00pa3oM, 0O0BeKT coobmieHus ans 3amucu. [locne
npuema cooOmieHust kKoHTpoiuiep CAN JOMOJHUTENBHO MPOBEPSET BO3MOXKHOCTH 3alliCU B
00BEKT co00IIeHNs, a UMEHHO — ycTaHoBJieH i Bce emnie 0ut RTSEL. U tonpko B ToM ciydae,
ecmu 6utr RTSEL ycraHOBIeH, MOJy4YeHHBbIE JaHHbIE COXPAHSIOTCS B OOBEKTE COOOIICHHUs
(BMecTe cO BCEMH IMOCIIEAYIOIUMHU AEUCTBUSIMH, KOTOPBIE YKA3aHbI BBILIE).

Ecnmu Bo Bpems omnepanuii kontpoiuiepa CAN 00BeKT COOOLIEHHS CTaHOBUTCS
HeKoppeKTHBIM (cOpoc 6mta MSGVAL), 6ut RTSEL gomxen ObITh cOpOIIEH 10 TOro, KaKk OWUT
MSGVAL Oyner ycTaHOBJIEH CHOBa, WM, MO KpalHEHl Mepe, OAHOBPEMEHHO C HUM. ITO
HEO0OXOIMMO JIJIsl TPEIOTBPAIICHHS COXPAaHEHHUs CTapoil HHPOpPMaIIUKA B OOBEKTE COOOIICHUSI.

Pexonduryparnus o0beKTa COOOIICHHS TOJKHA MPOUCXOIUTH CICTYIOMUM 00pa3oMm:

- copoc 6uta MSGVAL,;

- pexoHpuUrypanus oobekra coodmenus, moka out MSGVAL coOporen;

- copoc 6uta RTSEL u nanee ycranoBka 6uta MSGVAL.
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WuaukaTopoMm mporecca coxpaHeHus: (M3MEHEHHWs) MaHHBIX B OOBEKTE COOOIICHUS
spisieTcst paar RXUPD, koTopbIii BRICTABISETCS ¢ HAYaJIOM MPOIiecca COXpaHeHUs (M3MEHECHHS)
U cOpachIBaETCs C €ro OKOHUYAHHEM.

[Tocne coxpaHeHus MOIy4YeHHOTo cooduieHus (uaentudukaropa, 6ura IDE, xona mimuHb
JAHHBIX, TOJISI TAHHBIX, B CIy4ae cOOOIIeHHs MaHHBIX) BeicTaBisercs ¢piaar NEWDAT. Ecnu
MOMEHTY BBICTaBJICHUS (3aBEpIICHUE COXpaHeHHs/u3MeHeHUs1 naHHbIX) diaar NEWDAT Obun
y’Ke ycraHoBiieH, BbicTaBisiercss (pmar MSGLST, KOTOpblif TOBOPUT O TOM, YTO IMPOU3OILIA
oTepsl TaHHBIX.

@narn RXUPD u NEWDAT no3BoJsIOT MPOU3BECTH YTEHUE KOPPEKTHBIX JAHHBIX U3
00beKTa cooOImeHusT BO BpeMs TeKymux ormepanuii konTpoiepa CAN. PexkoMmeHmyemas
IIOCJIEI0OBATEIbHOCTD ACUCTBUM CIIENYIOIIAS:

- copoc pimara NEWDAT;

- YTCHHE JaHHBIX (MICHTHPHUKATOP, TAHHBIC U T. 1I.) U3 00bEKTa COOOIICHNUS;

- mpoBepka ¢uaroB NEWDAT u RXUPD - o6a ¢rnara gomkHbl OBITH COPOIICHBI.
B cnyuyae HEBBIIOJIIHEHUS ATOTO YCIOBUS — BO3BpALEHHUE K IEPBOMY JEHCTBUIO;

-ecmu pmaru NEWDAT u RXUPD cOporiensl, To coaepkuMoe 00beKTa COOOIICHUS
KOPPEKTHO U He ucnoibzyercs KoutpouiepoM CAN B TeueHHe onepanuy YTeHUs.

[Toenenue ¢maroB RXUPD, NEWDAT u MSGLST uaeHTHYHO KaK Il COOOIICHHI
JAHHBIX, TaK U JJIS1 COOOIIEHHUH yIaIeHHBIX 3aIIPOCOB.

Ilepenaua cooGuenus

Anroput™m mepeiauu cooOmIeHMi Tmoka3aH Ha pucyHke 18.19. OpHoBpeMeHHO ¢
KONMPOBaHMWEM HaHHBIX (uueHTHdukaropa, 6ura IDE, 6uta RTR, paBaoro 6ury DIR, xona
JUIMHBI JAaHHBIX U COOCTBEHHO JJaHHBIX ) U3 00bEKTa COOOLIEHHUS, COJEPKUMOE KOTOPOTO JOIHKHO
OBITH TepeaHo BO BHYTPEHHHH mnepenatomuii O0ydep coorBerctByromiero yszma CAN, ams
KOHTPOJSL  COOJNIIOJIEHHS  YETKOW  IOCNIe0BAaTENbHOCTH  BBIOJHEHHMS BCEX  olepauuit
YCTaHABIMBAIOTCSA OUTHI COCTOSIHUSI.

Coo0b1eHne MoXeT ObITh IIEpeaHo TOJIBKO B ciydae, Korja Bce uersipe 6uta MSGVAL,
TXENO, TXENI u TXRQ ycranoBiieHBI.

but RTSEL BrIcTaBnsercs mocie Toro, Kak 00beKT COOOIIEHNUs MMOJIy4aeT MPUOPHUTET IS
nepegaud cBoero coaepkumoro. Korma gaHHbIe 00BEKTa COOOIIEHUS KOMHUPYIOTCS B
nepenatouuii Oydep, 6ut RTSEL mpoBepsieTcs, u eciiu OH yCTaHOBIIEH, COOOIIEHUE TTepeaaeTCs.
[Tocne ycnemHoit mnepenaun coobmenus Out RTSEL mnpoepseTrcss cHOBa, W €ciu OH
YCTaHOBJIEH, OCYLIECTBIIIOTCS JalbHEUILINE ONEPALUH.

Jnsg momHOM WM 3aBepLIEHHOW pPEKOH(UTIypall KOPPEKTHOTO OO0BEKTa COOOLIEeHUs
JIOJDKHBI OBITh BBIIIOJTHEHBI CIIEYIOLIHE LIaru:

- ounictka buta MSGVAL;

- pekoHurypamus oobekra cooduienus, noka outr MSGVAL copouien;

- copoc 6uta RTSEL u ycranoBka 6uta MSGVAL.

Copoc 6utra RTSEL rapantupyer Kak HOJHOE OTKJIIOUYEHHE OOBEKTa COOOIEHHsS OT
TeKyIllel mepeaayud, Tak U TO, YTO HUKAKWE onepauuu (KOMMPOBAaHWE JAHHBIX B MEpeAaroIuii
Oydep, Briarouast copoc 6ura NEWDAT, ounctka 6ura TXRQ, npepsiBaHue COOOIIEHUS U T. 11.),
OTHOCSIIIUECS] K CTapol KOH(GUTYpalluh 3TOTO OOBEKTa COOOIIEHHUs, HE TMOBIUAIOT HAa HOBYIO
KOH(HTrypanuio rnocie ycranosku outa MSGVAL.

[Tocne 3aBepreHus nepeaadn COAEPKUMOro 00OBEKTa COOOIIEeHHs B mepeaarontuii oydep
y3na CAN, ¢mar NEWDAT amnmapaTtHo cOpachkIBaeTcsi, TeM CaMblM OOO3Hayasi, 4TO OOBEKT
COOOILIEHUST OTKPBIT JJIs1 3aIIUCH HOBBIX JaHHbIX.

Ecnu nocne ycnemHoi nepenaun coobmenus (Ha muHy CAN) ¢mar NEWDAT Bce eme
OCTaeTcsi COPOIIEHHBIM (B 00BEKT COOOIIEeHHs HE ObUIN 3amrcaHbl HOBbIE AaHHBIE), Gurar TXRQ
anmapatHo cOpaceiBaercs. Eciu ke ¢pimar NEWDAT Obl1 ycTaHOBJIEH MPOTPaMMHO (B CBSI3U C
HEOOXOIMMOCTBIO TIepenauyn HOBBIX AaHHBIX), ¢guiar TXRQ He cOpacbiBaeTcs, TeM CaMbIM
paszpelas nepegady HOBbIX JaHHBIX.
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18.6 ®uasTpanus coodIeHUit

OuiabTPANUA NPH MOJYYeHUH COOOIEeHU

[Tpu momyuyernnn y3nom CAN cooOuieHus onpeaensiercs 0ObeKT COOOMIEHHS, B KOTOPOM
OyAyT coOXpaHEHBI [10JydaeMble JJaHHbIE B Cllydae YCIELIHOIo Ipuema.

OOBeKT COOOIIEHHUs] CUMTACTCs KOPPEKTHBIM JUIA TIpUEMa, €CIH OJHOBPEMEHHO
COOJIIOJIAIOTCSI YCIIOBHS:

- 00BEKT COOOIIEHUSI pacHpeiesieH B CHUCOK OOBEKTOB COOOIICHW Yy371a, KOTOPBIN
IPUHUMAET COOOIIEHHE;

- out MSGVAL ycraHoBI€H,;

- out RXEN ycraHoBieH;

- 6utr DIR paBen Outy RTR mpunumaemoro cooOmenusi. Ecnmu 6ut DIR ycraHosneH,
00BbeKT cooOmeHnuss (0OBEKT Iepeaadn) MOKET MPHHATh TOJBKO COOOIICHHE YAAJICHHOTO
3anpoca. Ecim 6ut DIR cOpomien (00beKT ipreMa), 00beKT COOOIIEHUSI MOKET MIPHHSITH TOJIBKO
COOOLIEHNE TaHHBIX;

-eciiu 6utr MIDE ycranoBneHn, to Out IDE mnomydaemoro cooOmeHHsI OKa3bIBaeT
clleyIollee BIUsSHUE:

- ectu Oout IDE (permctp MOAR) ycranosnen, to 6ur IDE mnpunmmaemoro
COOOIIEHUS JOJIKEH OBITh paBeH eAUMHUIIE (paCIIMPEHHBIA UICHTU(DHUKATOD);

- ecn Out IDE cOpomen, out IDE nmpuHrMaeMoro cooOuieHns 10KeH ObITh PaBeH
HYJIO0 (CTaHAPTHBIN HIEHTU(DUKATOD);

- ecu Out MIDE cOpomien, 3nadenune O6ura IDE nmpuHMMaemMoro cooOmieHus He
Ba)XHO, T.€. JOMYCKAlTCs COOOIIEHUs, KaK CO CTaHJapTHbIM, TaK M C PacIIUPEHHBIM
UJCHTU(PUKATOPOM;

- UACHTU(PUKATOP TOIYYEHHOTO COOOIIEHUS MOJHOCTHIO (MOOMTHO) COBHAAAET C
uaeHTudukatopoM, xpansmumcs B peructpe MOARn o0bekTa cooOieHus, 3a UCKIIOYEHUEM
6UTOB, 3aKpbIThIX Mackoi peructpa MOAMRN, 3HaueHHE KOTOPBIX HE BaXKHO.

Ha pucynke 18.20 moka3zan npumMep MpoBEepKH UACHTU(UKATOPA.

WneHTndpukarop 0 - coBnaaeHve 61ToB
MOMYYEHHOr0 COODLLIEHNS! .| 1-Her conaperms
o6 UT HbI
XOR
VineHTudmkatop
0bbekTa coobLLEHNS
Macka uneHTudmkaropa [MOOUTHBIN
L » |Dcosn
obbexTa coobLLeHmrs AND

|Deoen = 0: ugentucomkatop 1D nonyyenHoro coobiueHns conan ¢ 1D obbexTa coobLueHms
|Deoen > 0: ugentudmkatop 1D nonyyerHoro coobiueHns He conan ¢ ID obbekTa coobLueHus

Pucynoxk 18.20 — IIpoBepka ueHTH(HUKATOPA TTOTYYEHHOTO COOOIICHHUS

Cpenu Bcex 00bEKTOB COOOIIEHUH, KOTOPBIE OTBEYAIOT YKAa3aHHBIM BBIIIE KPUTEPUSIM, TS
COXpPaHEHMsI TIOJTY4YEHHOTO COOOIIEHUS BbIOMpaeTcsi 0OBEKT ¢ HAUBBICIIMM NpHOpUTETOM. [list
3ajaHus npuoputera ucnonb3yercs noine PRI B peructpe MOAR. OObekT cooOuieHus, y
KoToporo 3HaueHue noist PRI menbmie, umeer 6onpmuii npuoputet. [Ipu paBeHCTBE 3HAaYCHUI
nosist PRI mpuopuTeTHBIM cunTaeTcsi 00BEKT COOOIIECHNUS, KOTOPBINA MPEANIECTBYET CICAYIOMIEMY
B CITUCKE.
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OuabTpanus Npu nepeaayde coooOIEHUI

Korma TtpebOyercs mepemada COACPKUMOTO KAaKOTO-THOO OO0BEKTa COOOIICHHs, B
COOTBETCTBYIOIIMX YIPABJIAIONIUX PETUCTPAX BBICTABISAIOTCS (yiaru, yKas3bIBalOLIME Ha
HeoOxoauMocTh nepenadr. OOBbEeKT COOOLIEHUs CUMTACTCS KOPPEKTHBIM AJIs Iepefadu, eciiu
OJTHOBPEMEHHO COOJIIOIAl0TCS YCIIOBHSL:

- 00BEKT COOOIICHUS paclpeieiieH B CIUCOK 00beKTOB cooOmieHuit y3ima CAN;

- (pmar MSGV AL ycranosiieH;

- urar TXRQ ycraHoBmeH;

- (pmaru TXENO 1 TXEN1 ycTaHOBIEHBI.

MoxeT BO3ZHUKHYTh CHUTyallus, KOTAa Iepeayd TpeOyroT OJHOBPEMEHHO HECKOJIbKO
00bekTOB cooOmienuii. Cpenu Bcex OOBEKTOB, KOTOpBIE OTBEUYAIOT YKa3aHHBIM BBIIIE
KPUTEPHSIM, AJIs epelaul BEIOMPAeTCsl 0ObEKT C HAUBBICUIMM IPUOPUTETOM.

OO0bekT cooOmieHus, y kotoporo 3HaueHue mnosis PRI wmenbine, umeer Oosbimii
npuoputet. Ilpu paBenctBe 3HaueHuil nosiss PRI pa3sHbIx 0OBEKTOB MPUOPUTET OINpenensIeTcs
CJIEAYIOIIUM 00pa3oM:

- ipu PRI = 10b — cornacHo mpaBuinaM apOuTpaxa nepeadu coOoOIIeHNUS;

-npu PRI = 01b/11b mpuoputer mmeer 0OBEKT COOOIIEHUS, KOTOPBIH MPEALIECTBYET
CJICAYIOIIEMY B CITUCKE.

OOBeKT COOOIIEHMSI, SBISIONMICS KOPPEKTHBIM JUISI TIepeadll ¥ UMEIOIIUN MPUOPHUTET,
OyzaeTr ocyliecTBIATh nepenady nepbiM. OcTanbHble 00BEKTHI COOOIEHUH OyyT IepeiaHsbl 1o
oueper, COrJIACHO UX IPUOPUTETAM.

OO0mBexT cooOIIeHNs OIpeesieTcs] Kak CTaHAAPTHBIM 00BEKT COOOIIEHNUS, €CIIU B PETUCTPE
MOFCR 3nauenue OutoBoro mnoss MMC paBHo Hyito. CTaHIapTHBII OOBEKT COOOIIEHUS
MOYKET IPUHUMATh U Iepe/iaBaTh COOOIEHUS, COTIIACHO MIPABUIIaM, ONMCAHHbBIM BhIILIE.

Ha pucynke 18.21 mokazano ¢popMupoBaHue 3ampoca Ha nepeaady o0beKTa COOOIEHMs.

MSGVAL

TXRQ 0 - obbexT coobLueHns He TpebyeT nepenaym

TXEND 1 - 0bbekT coobLyeHus TpebyeT nepenadm

TXEN1

Pucynok 18.21 — ®opmupoBanue 3anpoca Ha nepegady o0beKTa COOOCHHS

18.7 Ynanennsble 3anpochl

[Tocne momydenust yz3mom CAN cooOIIeHHS YZAJICHHOTO 3ampoca W COXPaHEHHUsS €ro B
00BEeKTE COOOIEHMs, BHICTABIsAETCS OUT 3ampoca Mepeaadd A OTBEeTa Ha YAAJCHHBIM 3ampoc
(oTmpaBka cOOOIIEHUS TaHHBIX) WK JJI1 aBTOMAaTUYECKOT0 MOBTOPEHUS 3aIpoca.

B 3aBucumoctu ot cocrostuus Outa FRREN o0bekta cooOuieHHs, KOTOPBIA NPHHSI
COOOIIEHUE yTaJIEHHOTO 3aMpoca, BO3MOXKHBI JIBa BApUaAHTA JCHCTBUMN:

- eciu 6ut FRREN cOporien, To ycranasnusaercs ¢guar TXRQ storo o0bexTa;

-eciu Out FRREN ycranosnen, To ycranaBiuBaerca (imar TXRQ Ttoro oObekra, Ha
KoTopbIil ykas3biBaeT moie CUR obObekTa, mpuHSBIIEro yaaldeHHbId 3ampoc. IIpu stom mose
CUR He MeHseT CBOEro 3HaYeHUSI.

CocTosiHle PerucTpoB 00beKTa COOOIEHNsI, NepeIaloliero coodeHue yaaJeHHOro

3anpoca

VY o0ObekTa cooOIIeHUs, TEePeIaomero coo0IeHne YyIaJIeHHOTO 3ampoca, B PErucTpe
MOSTAT npomxen ObiTh cOpormern Out DIR (00BeKT mepemaeT cOOOIICHHWE aHHBIX) H
yctanoBieHsl OuThl TXENO, TXEN1, MSGVAL u TXRQ. 3nauenue uaeHtuduxatropa B
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peructpe  MOAR mnepenatoniero oOBEKTa COOOIICHHS JJOJDKHO OBITH PAaBHO 3HAYCHUIO
uaeHTU(UKATOpa MPUHUMAIOIIETO 00beKTa coobmenus (vwm coBmecTHO ¢ peructpom MOAMR
o0OecreunBaTh yCIEIHOE MPOXOKACHUE QUIBTPAIIUH), YTOOBI COOOIICHHE YIAICHHOTO 3ampoca
OBLIO MPHUHATO MPUHUMAIOIIUM 00BEKTOM Apyroro y3na. Camo cooOIieHre yAaJleHHOro 3ampoca
JOJKHO COJIePKaTh UACHTU(PUKATOP MPUHUMAIOIIETO 00bEKTa COOOIICHHUS, IOATOMY 3HAYCHHE
peructpa MODATAL mnepenaromiero o0beKTa COOOIICHHSI JOJDKHO OBITh PaBHO 3HAYCHHIO
peructpa MOAR npuHuMaromero oobexra.

CocTosiHUE PerHcTPOB 00bEKTA COOOIIEHN s, IPHHUMAIOLIET0 COO0LeHHe YIaTeHHOT0

3anpoca npu FRREN =0

VY 00bekTa coob1IeHus, IPUHUMAIOIIET0 COOOIEHNEe YAAIEHHOTO 3aMpoca, JTOJKHBI ObITh
ycraHoBnieHbl OuThl DIR (00BeKT mpuHMMaeT cooluieHue yaaneHHoro 3ampoca), TXENO wu
TXENI (ecnmu orBedats Ha 3ampoc Oyner cam), RXEN u MSGVAL. Peructpet MODATAL u
MODATAH nomkHBbI coiepaTh JaHHbIE, KOTOPbIE OYIyT MepeaHbl B OTBET Ha 3aIpoc.

CocrosiHne perucTpoB 00bEeKTA COO0LEHUsI, IPUHUMAKLIET0 COO0IeHHEe YAAJIEeHHOT 0

3anpoca (mpu FRREN = 1) u conepxaiuero n1annsle 1Jsi 0TBeTa HA 3aMpocC

Y o0ObekTa cooOIIeHNs, MPUHUMAIOIIETO COOOIIEHUE YAAJIGHHOTO 3arpoca, JOJIKHBI ObITh
ycranosieHsl 0utel DIR, RXEN 1 MSGVAL. butoBoe nose CUR 10i1kHO yKa3bIBaTh Ha HOMED
00BeKTa COOOIEHUsT (IOJKEH HAaXOJUThCS B TOM K€ y3JIe, YTO W OOBEKT MPUHSBIIUN
cooO0IlleHre YAaEHHOTO 3arpoca), COJEPKallero JaHHbIe, MpeAHa3HAUYCHHbIE Ui Tepeadd B
OTBET Ha MOCTYNMUBIIUN yJaTeHHBIN 3a1pocC.

B cBoto ouepenp y 00bekTa COOOIIEHUS, XPAHSILEro JaHHBIC JUIsl OTIPABKU B OTBET HA
3anpoc, AODKHBI ObITh ycraHoBieHbl OuThl DIR, (00bekT mepemaer cooOlleHHe TaHHBIX),
TXENO, TXEN1 u MSGVAL. bur TXRQ ycraHaBnuBaeTCs aBTOMATHYECKH IpU TpHUEMe
COOOIIEHNs yIAJICHHOTO 3allpoca MPUHUMAIOIIUM O0BEKTOM COOOIICHHUS.

[Ipuem oTBeTa Ha 3ampoc (MEPEIaHHOTO COOOMICHHS JAaHHBIX) OCYIIECTBISIETCS
CTaHJapTHBIM 00BEKTOM cooOuieHust 3ampamunawomero ysna CAN  (oOMeH JaHHBIMU
MPOUCXOIUT MEXIY OOBEKTOM COOOIIEHHS, XpaHSIIMM JaHHbIE AN OTHpPaBKH B OTBET Ha
3ampoc, ¥ 00BEKTOM COOOIIEHHS 3aPAIIMBAIOIIETO y3I1a).

18.8 Jlono/1HUTe/IbHBIE PeXKMMBbI MlepeJadyn

JIONOTHUTENBHO HMMEIOTCS JIBa PEXHMMA, KXKIbIH U3 KOTOPBIX MOXET ObITh BBIOpaH
WHVBHIYaJIBHO:

- PEXUM IIepelavy JaHHBIX C 3aIUTON OT NOBTOPEHHUN;

- pEXUM OJTHOKPATHOM NEPECHIIKU JaHHBIX.

Pexum nepeaayu JaHHBIX € 32LMTON OT IOBTOPEHU M

PexuM nepenaum 1aHHBIX C 3aLIUTOM OT MOBTOPEHUN BBIOMpaeTcs ycTraHoBKOM O6uta SDT
peructpa MOFCR.

[Tocne mpuema cooOIIEHHS AAHHBIX M COXPAaHEHHsS €ro B OOBEKTE C YCTaHOBJICHHBIM
ourom SDT, 6ur MSGVAL »storo o0ObekTa ammapaTHO cOpachIBaeTcs, 4TOOBI HMCKIIOYHTH
BO3MOXXHOCTH TTOBTOPHOTO MPHEMa U 3aITHCH B 3TOT 00BEKT. DTOT PEXXHUM HENb3s UCTIOIB30BaTh
1tst 6a3oBoro oobekTa FIFO cTpykTyphl.

B orBeT Ha coo0IieHNe yqaleHHOTO 3ampoca, MPUHATOE O0OBEKTOM C YCTAaHOBJICHHBIM
outom SDT, OyayT oTmpaBlieHbl JaHHBIE U3 00BEKTa COOOIIEHHUS, Ha KOTOPBIA YKa3bIBaeT MOJE
CUR o0bekra, mpussBmiero ypaieHHslii 3ampoc. Ilocme storo 6utr MSGVAL o6bekra,
MIPUHSBILIETO COOOIIEHNE YIaTIEHHOTO 3ampoca, COpOCUTCSI.

[Ipumeuanue — OOBEKT, NPUHABIINN COOOIICHNUE YIAIEHHOTO 3a1poca, He MOXKET ObITh
HCTOYHHUKOM JIaHHBIX, TIEPEIaBaeMbIX B OTBET Ha 3allpoc. JTO O3HAYAET, YTO B IAaHHOM PEXHUME
6ut FRREN o0bekTa, MpUHSBINETO yIaICHHBIN 3a1poc, 00s13aTeILHO J0HKEH ObITh YCTaHOBJICH.
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PesxxnM 0JHOKPATHOM MEPeChbIKU JaHHBIX

PexuM 0THOKpaTHOM MepechbUIKM JaHHBIX BbIOMpaeTcs ycraHoBKo# Oouta STT.

bur TXRQ cOpacbiBaeTcs, KOrja COJEPKHUMOE OOBEKTa COOOIICHHS KOMHPYETCS B
nepenarouuii 0ygep y3na CAN. Takum obpa3zom, B JajbHeieM, Ipyu HEYJa4HOH (BClieACTBUE
omm0OoK) nepecwuike coodmenus mo CAN-1mmHe, MOBTOPHOM Iepeaadn He Oy ieT.

18.9 FIFO cTpyKTYypa 00HEeKTOB COO0IeHHTH

Peructp MOFGPR o0bekra coobmenuss Msg X COAEpKHT YCTAaHOBKHM yKasaTeled Ha
00BEKTHI COOOIIEHH, KOTOpBIE UCIIOJB3YI0TCA Ipu onepanusax FIFO u nuiro30BbIX onepanusx.

B cnydae cuibHOM 3arpy3ku L{IT o6paboTka cepuu cooOIIeHUIT MOKET OBITh 3aTpyJAHEHA —
HarpuMep, BCJICACTBUE IMOJYyYCHHUS W/MIM Tepenadyd OOJBIIOTO YMCiIa COOOIICHHWH 3a Malible
MPOMEXKYTKH BpeMeHU. JlJis Takux ciiy4aeB MpeaycMoTpeHa cuctema 0ydepoB ObICTporo BBoja-
BBIBOZIA, Tak Ha3biBaeMas FIFO cTpykTypa, KoTopas MokeT ()yHKIIMOHHUPOBATH aBTOMATHYECKH,
U TO3BOJSET u30ekaTh TMMOTEpPU MPUHUMAEMBIX COOOIIEHUH, MHUHUMHU3UPOBATH BpeEMSs
NOJArOTOBKM COOOIEHUN K OTIpaBKE, a TaKKe€ I'€HEPUPOBaTh MPEPbIBaHUS IO OKOHYAHUU
onepanui.

Jomnyckaercst opranuzauust Heckonbkux napaiienbHbix FIFO crpykryp. Hucnio ctpykryp
U UX COCTABJISIFOIIMX 3aBHCUT TOJIBKO OT KOJIIMYECTBA JOCTYHMHBIX 00BeKTOB coobmenuit. FIFO
CTPYKTypa MOKET ObITh CO3/laHa, U3MEHEHa M yjaajeHa B JIt00OH MOMEHT BpPEMEHH, Jake BO
BpeMs onepanuii koutposuiepa CAN.

Ha pucynke 18.22 npencrasiena ocHoBHas FIFO crpykrypa. OHa COCTOMT M3 OIHOTO
0a30BOro 00BEKTa U N-0T0 YKCIIa BCIIOMOTaTEeNIbHBIX 0OBEKTOB.

-4 PPREV = fln-1]
PNEXT

BcnomorarenbHbii
06bexT f[n]

-4 PPREV =1]i]
PNEXT = fli+1] |-

I

|

PPREV |
PNEXT i BcrnomoraTenbHblit

I

I

]

]

I

06wbexT f[i]

TOP = f[n]
CUR = i
BOT =1 L. )

Ba3oBblit 06beKT PPREV = f1
PNEXT =f3 - —

BcnomorarenbHbin
obbexT 2

PPREV
PNEXT = 2

BcnomorarenbHbiin
obbexT f1

Pucynok 18.22 — FIFO ctpykTypa ¢ 6a30BEIM 00BEKTOM U
N BCIIOMOTaTeJIbHBIMUA 00BEKTaMHU

BceromorarenbHble O0BEKTHI  IEepeAarouIei FIFO ctpyktypsl  00BEIUHSIOTCS
MOCJIEIOBATEIBLHO B CITUCKH (TTOI00HO CICKaM 00BEKTOB cooOImeHuit). bazoBblii 00bEKT MOKET
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OBITH 3aHeceH B 1000 crimcok. XoTs Ha pucyHke 18.22 6a30Bblii 0OBEKT HE OTHOCUTCS HHU K
OJJHOMY U3 CIHMCKOB, OH MOXET OBbITb BCTaBJI€H B JIOOYyI0 IOCIIE€I0BAaTEIbHOCTh
BCIIOMOTATENbHBIX O0BEKTOB. DTO 03HAYAET, YTO 0A30BbI OOBEKT OJHOBPEMEHHO SIBISICTCS H
BCIIOMOTaTebHbIM O00BEKTOM (IUII030BBIE ONepalud He BO3MOXkHbI). llopsiikoBele HOMepa
00bexToB coobmenuii (0, 1, 2 u 1. 1.) He UMeroT HUKakoro 3HaueHus npu FIFO onepamusx c
00BEKTaMHU.

BcenomorarenbHbie 00BEKTHI OJKHBI OBITH ONpPENeIeHbl B OOMIMKA CIIUCOK (TaK Kak OHU
nocienoBareabHo cBs3aHbl). C momomplo ykasarened (outowie moiss BOT, CUR u TOP)
MOXXHO TPUCOCOUHATH 0a30BbIii OOBEKT K BCIIOMOTAaTElIbHOMY, HE3aBHCHUMO OT TOTO,
IpUHAAIeKaT 0a30BbIH U BCIIOMOIaTENIbHbBIM 0OBEKThI OIHOMY CIIUCKY MJIM Pa3HbIM CIHMCKaM, HO
0a30BbIif JOJKEH OBITh TIEPBBIM B CIIMCKE B TAKOM CITy4ae.

Munumaneaas FIFO cTpykTypa MOXKET COCTOATh M3 OJHOTO OOBEKTa COOOIICHWS,
KOTOpPBII Oy/leT OIHOBPEMEHHO SIBIATHCA M 0a30BBIM, M BCIOMOTATENbHBIM ((haKTHUYECKH HE
ucnonb3yercs). MakcumansHas FIFO cTpykTypa MokeT BkitouaTh B ce0si Bce 64 oObekra
COOOLICHUH.

B 6a3oBom o0bekte FIFO rpanuns! ycraHosiensl: nojge BOT ykasbiBaeT Ha camblit
minaamuii anemeHT FIFO crpykTypsl, mosie TOP — Ha camblii crapuuii anement, nojge CUR — Ha
BCIIOMOTaTeNbHbI 00BEKT, KOTOPbII B HACTOALIMM MOMEHT BbIOpaH KoHTposuiepoMm CAN s
nepenaun coobmienusi. Kak Ttombko HaumHaercs mnepenada, B CUR 3amuceiBaetcs HOMeEp
CIEyIOIIer0o MO CHUCKY BcromoraTenbHoro o0bekta coobmenus (CUR =PNEXT
ucnonbp3yemMoro oowekTa). Ecnu 3Hauenue OuroBoro monst CUR mocTuriio Homepa crapiiero
anementa cnucka (CUR =TOP), to cnemyromum 3Hauenuem Oynaer BOT (peanm3zanus
aBTOMATHUYECKOr0 Iepexoja B Hayalo crnucka). Takum obpaszoM, peanusyercs 3amkHyTtas FIFO
CTPYKTYpa, B kKoTopoil OutoBbie nojss TOP u BOT ycranaBiauBaloT CBSI3b MEXIY HAayalloM U
KOHIIOM CITHCKA.

butoBoe mone SEL mo3BossieT omnpenesuTh BCHOMOraTeNbHBIH OOBEKT, B Ipeaenax
CIIMCKa, JJIsl KOTOPOro reHepUpyeTcs MpephIBaHue BCSIKUM pa3, koraa ykazateab CUR nocturaer
3HaueHus ykaszarens SEL. Taxxe OutoBoe mone SEL mno3BonseT OTCIeUTh OKOHYaHHE
3aryIaHUPOBAHHOM Mepe1ayn cepuu COOOLIEHUI UK BbIIAaTh IPEPhIBaHKE, TPENYIPEKAAIOIIEE O
ToM, 4TO FIFO cTpykTypa CTaHOBUTCS 3all0JIHEHHOM.

Bcenomorarensupie 00bexThl ipueMHON FIFO cTpykTypsl MOryT mpuHamexXaTh CIHCKY
00010 y3ia.

FIFO cTpykTypa pJs npuema

FIFO crpykTtypa st mpuema UCHOJb3yeTcs i Oydepu3anuu BXOASIIUX COOOIIEHUN
JTAaHHBIX U yIaJICHHBIX 3alPOCOB.

FIFO crpykTypa nns npueMa aktTuBupyercs 3anuchbio 3HaueHus 0001b B GurtoBoe moie
MMC peructpa MOFCR 6a30Boro o0bekTa. 3Ta 3alUCh aBTOMAaTHUECKU OMNpEAEISeT 00BEKT
kak 0a30BbIii 00BekT mpuema FIFO. Tumer BcmomoratenpHbIX 00bekTOB FIFO HE mMmeror
3HAUEHUS IPU ONepaLusX.

Korma 6a30Bse1it 00bekT FIFO monydaer coobmenne, OHO COXpaHseTCs He B 3TOM 0a30BOM
00BEKTe, a BO BCIIOMOTaTeIbHOM OOBEKTE COOOIIEHUS, HA KOTOPbI yKa3blBaeT OMTOBOE IOJIE
CUR. Ilpu sTOM 1O yMOJYAaHUIO MPEAINOJaraercs, 4YTo /s BCIOMOIaTeIbHOrO0 OOBEKTa
MMC = 0000b (meiictButenbHoe 3HaueHMe MMC UTrHOPUpPYETCS) M HUKAKUX ONepanui
GbuIbTpaUi MPUHUMAEMOTO COOOIIEHUS HE TIPOU3BOAUTCS.

OnHOBpEMEHHO ¢ IpuUeMoM cooOIIeHus1 Tekyllee 3HaueHue ykazartenas CUR GazoBoro
00BbEeKTa MEHSETCS Ha HOMEpP CIEAYIONMEr0 MO CHHUCKY BcrmoMoratenbHoro obwekta FIFO
CTPYKTYpPbI. DTOT BCIIOMOIaTENIbHBIH OOBEKT OyaeT HCHOJb30BaH JUId MpHUEMa CIIEAYIOIEro
COOOLIEHHUS.

Ecnu ycranosnen ¢uar OVIE perucrpa MOFCR 6a30Boro o0bekTa 1 3HaU€HUE yKazaTels
CUR craHoBUTCA paBHBIM 3HadYeHW0 ykazarens SEL, reHepupyercss mnpepbhIBaHHE
NIEPETIOIHEHNA. DTO INpPEPhIBAHUE T'€HEpUPYETCs Ha y3ie npepbiBaHuil ¢ ykazareinem TXINP
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06a30BOro 00BEKTa cpa3y MOCIe COXPAHEHHs IMOJYYEHHOTO COOOIICHHS BO BCIOMOTaTEeIbHOM
oobekTe. [IpepriBanus TeHEPUPYIOTCS, €Citu 3TO pa3pemieno outom TXIE.

CrnexyeT MOMHHTH, 4YTO COOOIIGHHWE COXpaHSETCS B 0a30BOM M BCIIOMOTaTEIbHOM
oobekTax FIFO, Tonbko ecnu yctanosieH outr MSGVAL.

Bo wu30exaHue HEMOCPEICTBEHHOTO IMpHEMa COOOIIEHHUS BCIIOMOTATEIbHBIM OOBEKTOM,
Kak ecid Obl OH ObUI HE3aBUCHUMBIM 00bekTOM U He mpuHamiexan FIFO crtpykrype, ¢draaru
RXEN Bcex BcroMoraTelbHBIX 00BbEKTOB JOJDKHBI ObITh cOpomeHbl. Cocrosiaue (iaara RXEN
HEBAXXKHO B cJy4ae, KOTJa BCIIOMOTaTEeIbHBI 00BEKT 3aHECEH B CIMCOK, HE CBSA3aHHBIN C Y3JIOM
CAN.

FIFO cTpykTypa ajs nepegaqu

FIFO crpykTypa mis mepeaadd UCIONb3yeTcs i Oydepuszanuu cepuii cooOmeHui
JTAaHHBIX WJIM YIAJIEHHBIX 3allPOCOB, KOTOPbIE T0JKHBI ObITh oTnpaBieHsl. FIFO crpykrypa s
nepesayd COCTOUT U3 6a30BOro 00BbEKTa U OJJHOTO MIIH 00Jiee BCIOMOTaTeIbHBIX O0OBEKTOB.

FIFO ctpykrypa ans nepenauu aktuBupyercs 3anucbio 3HadeHus 0010b B mone MMC
peructpa MOFCR 6a3oBoro oonekra. B otnmune ot FIFO cTpykTypsl g npuema, B OUTOBBIC
nosns MMC BcnomoratenbHbix 00bekTOB (FIFO cTpykTypbl [uisi mepenauu) JIOJKHO ObITh
samucano 3Hauenue 0011b. Vkasatrenm CUR Bcex BcmoMorareiabHBIX OOBEKTOB JTOJDKHEI
yKa3biBaTh Ha 06a30BbIi 00beKT FIFO nepegaun (4ToOb MHUIIMATU3UPOBATHCS IPOTPAMMHO).

®aarn TXENI1 Bcex BcmoMoraTejlbHBIX 00OBEKTOB COOOIIEHMI, 3a HUCKIIOYEHHEM OIHOIO,
Ha KOTOphIM yka3biBaeT ykazaTtesb CUR 0a30Boro o0bekTa, MOMKHBI OBITH MPOrPAMMHO
copomenbl. dnar TXENI yka3aHHOro o0ObeKkTa JIOJDKEH ObITh ycTaHOBIEeH. Ykaszareiab CUR
0a30BOT0 00BEKTA MOKET OBITh MHUIMATH3UPOBAH JJIs JIFOOOTO BCIIOMOTATEIHOTO 00BEKTA.

[Ipu ompenenenuu KOppeKTHOCTH 00bekToB coobmenuit FIFO crpykTypsl ans Haudana
FIFO omneparuii 6a30BbIlii OOBEKT JOJKCH OBITH OMPEACIICH TEPBBIM KaK KOPPEKTHBIH, T. €.
MSGVAL nomxeH ObITh yCTaHOBIIEH.

B cnyuae nHeoOxonumoctu ynanenust FIFO cTpykTypsl, npexe yeM HauyHETCs omnepanus
yJlaleHus, Bce BCIoMorareiabHble 00BeKTHI, NpuHaexamnie 3Toil FIFO crpykType, A0IKHBI
OBITh omnpeseneHbl kKak HekoppekTHbIe (OuTel MSGV AL nomkHbI ObITH COPOIIEHB).

FIFO crpykrypa ans nepenaun ucnonb3yer ¢uarn TXEN] Bcex cBoux 0OBEKTOB yis
BBIOOpa cooOmieHus g nepenayu. B pesynbrare ¢uiabTpaiu mpaBo nepeaaBaTh cOoOIeHNe
HOJy4aeT TOT 00beKT, y kotoporo BeicTaBiieH ¢uar TXENTI. [Tocne nepenaun coobuienus ¢iuar
TXENI1 anmapatao cOpaceiBaetcsi, a B ykazatenb CUR 3ammceiBaeTcsi HOMEp CIEIYIOIIETO
00BEKTa, TPEOYIOIEro OTHPAaBKU COOOIIECHUS, Ul KOTOPOTO YK€ BBICTABIIEH (amlapaTHO) CBOM
¢nar TXENI, u tak nanee — s Bceit FIFO cTpyktypsl.

Ecmun ycranosnen ¢aar OVIE peructpa MOFCRn 6a3oBoro o0bekTa W 3HauYeHHE
ykazarenss CUR craHoBuTCs paBHBIM 3HaueHHio ykaszatens SEL, renepupyercs npepblBaHue
NIEPETIONIHEHNA. DTO IpEPbIBAHUE T'€HEPUPYETCsl Ha y3ie mpepblBaHui ¢ ykasateaemM RXINP
6a3oBoro o0bBEKTa MoOCye 3aBEpLICHUS onepanuii monyueHus: coodumenus. [IpeppiBanus npruema
0a30Boro 00bEKTa TEHEPUPYIOTCS, ecliu 3TO paszperieHo 6utom RXIE.

IIporpammuposBanue peructpos Aas FIFO cTpykTypsl

1 JInst mepenarorero 6a3oBoro o0beKTa:

- copocuth 6uTr MSGVAL;

- 3axats oyt CUR, BOT, TOP, SEL;

- 3anucath 3HaueHue 0010b B mone MMC, 3anate DLC, yctanosuts 6utel OVIE u RXIE
(ecii HEOOXOUMO).

[Ipumeuanue — Cocrosuue peructpoB MOAR u MOAMR nepenatomiero 6a3oBoro
o0BbeKTa HE Ba)XXHO, IOCKOJBKY B Iepelaye Yy4yacTBYIOT MepeAarolive BCIIOMOTraTeNbHbIE
00BeKTHl U npuHUMaromuil 6a30Bbiii 00bekT. Iloge RXINP ykaspiBaeT nuHHMIO, Ha KOTOPYIO
Oyner BeigaBatbes npepoiBanue nepenoianenus (CUR = SEL).

2 Jlns mepeaonifx BCIOMOraTelbHbIX 00BEKTOB:
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- copocuth Our MSGVAL;

- yctanoBuTh OuThl DIR, TXENI1 (TOABKO a1 TOTO BCIOMOTAaTEIBHOTO OOBEKTa, Ha
koTopeiii  ykaseiBaer monie CUR  mepenaromero 06a3oBoro 0O0BEKTa, Y  OCTAIbHBIX
BcrioMoraresibHbIX 00bekTOB OMT TXEN1 momken 0wtk cOpomien), TXENO;

- 3arucatp B oje CUR Homep mepenatoriero 6a30Boro o0beKTa;

- 3anucath 3Hadenue 0011b B moame MMC, 3agate DLC.

I[Ipumeuanue — 3HadeHue peructpoB MOAR nepenaromux BCIOMOIaTeIbHBIX
00BEKTOB JOKHO coBmagarth (uiau coBMectHo ¢ peructpamu MOAMR - oGecneunBath
yCIIEIIHOE MpOXOoXkaeHue ¢unbTpammu) co 3HaueHneM peructpa MOAR mnpunmMaromiero
0a30Boro 00bEKTa, TaK KaK MpoLecC nepenadyd (akTUYeCKH MPOUCXOAUT MEXKIYy HUMH (WU
WHOTO MPUHUMAIOIIETO 00BEKTa, eClii Ha pueMe ucnois3yercs He FIFO cTpykTypa).

3 Iy npruHUMAaIOIEro 6a30Boro 00beKTa:

- ycranoBuTh 0uT RXEN;

- 3amats oyt CUR, BOT, TOP, SEL;

- 3anucath 3HadeHue 0001b B mone MMC, 3anate DLC, ycranosuts 6utel OVIE u TXIE
(ecii HEOOXOUMO).

[Ipumeuanue — 3nauenue perucrpa MOAR npunumaromero 6a30Boro 00beKTa JOIKHO
OBITH paBHO 3Ha4YeHHIO peructpoB MOAR mnepenaromumx BCioMoraTelibHbIX OObEKTOB Iepeaadn
(umu coBmectHO ¢ peructpom MOAMR oGecrieunBath ycrenHoe MpoxokaeHHe (QUIbTPALINN).
[Tone TXINP yka3piBaeT, Ha Kakylo JIMHUIO OyJIeT BBIJABAThCS IMPEPHIBAHUE MEPENOTHEHUS
(mpephIBaHUE TIOCJE ONEpPAllii COXPAHEHHUS TOJYyYECHHOTO COOOIICHHS BO BCIIOMOTATEIHHBIX
oobekrax mpu CUR = SEL).

4 JInst mpUHUMAIONINX BCIIOMOTaTeIbHBIX O0BEKTOB:

- copocuth 6ur RXEN (He Tpebyercs, eciu BcmoMorareibHble OOBEKTHI 3aHECEHBI B
CITMCOK, HE cBA3aHHBIN C y3110M CAN);

- 3aaath nojie DLC (coctosiaue moass MMC He BakHO).

[Ipumeuanue — CocrosHue peructpoB MOAR, npuHuUMarOUmMx BCIIOMOTraTelbHbIE
00BEKTHI, HE BaXHO.

5 YcranoBute 6utr MSGVAL B mepByto odepens y mnepenaroniero 6a3oBoro o0bekra, a
3aTe€M y BCEX OCTaJIbHBIX OOBEKTOB.

6 YcranoButh 6uT TXRQ 117151 Bcex nepeaaronux BCIIOMOTaTeIbHBIX 00BEKTOB, HAUYUHAS C
TOTr0, Ha KOTOpBIN yKasbiBaeT noje CUR nepenatomiero 6a3oBoro o0beKTa.

18.10 Pexum nuiio3a

Pexxum no3BossieT peain30BbIBaTh ABTOMAaTUYECKYIO epenady MHGOpMaluy yepe3 LUT03
Mexy AByMs He3aBucHMbIMU mrHaMu CAN 6e3 yuactust LI

[[I;m03 MoOkHO chOpMHUpPOBATH HA YPOBHE OOBEKTOB COOOIICHHH M OCYIIECTBIATH
nepenauyy uadopmaruu mexay yznamu CAN. I1no3 Moxer ObITh chOpMUPOBAH MEXY IBYMS
TO0BIMU  O0BEKTaMH coOOIeHnH, npuHaiexkamuMu pasHeiM  y3nam CAN. KonnyectBo
IITI030B 3aBUCHUT TOJIBKO OT KOJMUYECTBA OOBEKTOB COOOIIEHUH, JOMyCKaOMUX (OPpMUPOBAHNE
IIJTFO30B.

Pexum numo3a aktuBupyeTcs 3anuchio 3HaueHuss 0100b B 6utoBoe nmone MMC perucrpa
MOFCR o6nekTa coobrieHust Msg X, HHUIIUATU3UPYET €ro Kak MUTF030BBIH 00bEKT-UCTOYHUK.
OOBexT cooOlIeHHs, KOTOPbI OyaeT SBIATHCS IIIIO30BBIM  OOBEKTOM-IIPUEMHUKOM,
BeIOMpaercs ykaszareneM CUR oOwekra-ucrounuka. s dopmMupoBaHus MUI03a TOCTATOYHO,
4TOObI OOBEKT-MIPUEMHHUK OBbLT KOPpeKTHbIM (yctaHoBieH Outr MSGVAL). OcranbHble
napaMeTpbl HE BIMSIOT Ha BO3MOXKHOCTh OCYUIECTBJIEHUS IEpeAayd MexAy OOBbEeKTaMU OT
UCTOYHHKA K IPUEMHHKY.

[1I1:030BBIH 00BEKT-UCTOYHHK, CM. pUCYHOK 18.23, QyHKIITMOHUPYET Kak OOBIYHBINA OOBEKT
COOOIIeHHUS, C TEM OTIMYUEM, UYTO BO3MOXKHBI JIOTIOJTHUTENbHBIE JieiicTBusa KoHTpoiiepa CAN
MIPU TIPUEME U COXPAHEHUH COOOIIECHUS B 00BEKTE-TIPUEMHUKE:
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1 Ecmu ycranoBien ¢uar DLCC peructpa MOFCRn 00bekTa-ucTOUYHUKA, KOJ JTMHBI
nanabix DLC xonupyercs U3 MuTi030BOT0 00bEKTa-HCTOYHUKA B IITIO30BBIH 00HEKT-TIPUEMHUK.

2 Ecnmu ycranoBnen ¢uar IDC oObekra-ucrounuka, uaenrudukarop ID u pacmmpenue
IDE komnupyroTcs U3 HUTI030BOT0 00bEKTa-UCTOUHUKA B HUTIO30BBIA 00BEKT-IPUEMHUK.

3 Ecnu ycranoBnen ¢uiar DATC o0bekTa-uCTOYHNKA, OAWTBI JAHHBIX, XPAHSIIUECS B IBYX
peructpax MODATAL u MODATAH 00beKkTa-uCTOYHHKA, KOMUPYIOTCS W3 III30BOTO
00BEKTa-UCTOYHUKA B IIIIO30BBIA 0OBEKT-pUEeMHUK. KomupyroTcs Bce BoceMb OailT JaHHBIX,
BHE 3aBUCHUMOCTH OT 3HaueHus noisiss DLC.

WnHa CAN mcToqHMKa [UnHa CAN npuremHika

> <A L>

PAN

YkasaTenb Ha LUM030BbIN
———————————— OO BEKT-NPUEMHIK COOOLLIEHIN

(@)
[
e
A 4

———————————— Konwvposanve, ecnn IDCoc = 1 - - — — — — — ]

———————————— KonvposaHve, ecnn DLCCom = 1 e

———————————— Konvposahwe, ecnn DATCom = 1 - ——— — — — — ———

YeraHoska, el GDFSoM =1 | = m e e e e e e = = ]

; TXRQ
WnosoBer | e e ——]
00O BbEKT-MCTOUHIK YoTaHoBKa @~ b — — — — — — — — — — ]
MMC = 0100b B NEWDAT
YeTaHOBKE @ = — m m m e e = = ]
e TXRQ
LLInto30BbIit

00 BEKT-NPUEMHMK

Pucynok 18.23 — Ilepenada yepes 1uIt03 OT UCTOYHUKA K IPHEMHUKY

4 Ecnu ycranoBineH ¢uar GDFS o0bekra-ncTouHnka, TO yCTaHaBIMBaeTcs OUT 3ampoca
nepenaun TXRQ oObekTa-nmprueMHUKA.

5 VcranasmuBatorcsi gmarm RXPND u NEWDAT perucrpa  MOSTAT o0Obekra-
IIPUEMHHUKA.

6 Ecmu  ycranonen ¢umar RXIE peructpa MOSTAT o0bekTa-IpHeMHUKA, TO
TEHEpUPYETCS 3aIpOC Ha MPEPHIBAHUE.

7 Yxkazarenb CUR 00beKkTa-MCTOYHUKA MEPEBOIUTCS Ha CIEAYIOMUNA OOBEKT-TIPUEMHUK
no npasuwiaM FIFO ctpykrypsl. ChopMHupoBaTh U3 MEXTY 00bEKTOM-UCTOUHUKOM M OJTHUM
o6bekToM-iprueMHUKOM (3HaueHue ykazarenss CUR Oyner ocraBaThCsi HSU3MEHHBIM) BO3MOXKHO
IIPOrPaMMHUPOBAHUEM:

TOP = BOT = CUR = HOMep 00beKTa-TIpUEeMHHKA.

Opranuzanys 1u03a «00beKT-UCTOYHUK — OOBEKT-IIPUEMHHK)» aHaJOIMYHa OpraHU3alUH
FIFO cTpykTyphl «0a30BbIli OOBEKT — BCIIOMOTATEIbHBI OOBEKT», YTO YKa3bIBaeT Ha
BO3MOXHOCTH (pOpMHUpOBaHUS 1UTI03a ¢ HHTerpupoBanHeM FIFO npuemunkom. [Ipu nonyuennn
cooOmIeHusT MaHHBIX (OOBEKT-UCTOYHUK SBISETCA OOBEKTOM TIpHeMa, T.€. €ro Our
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DIR cOporieH) u npu MoIy4eHUN YAAJICHHOTO 3ampoca (00bEKT-UCTOYHMK SIBISETCS 0OBbEKTOM
nepesavn) yepes i3 UCIONb3YETCs OJIUH U TOT )K€ MEXaHHU3M.

HecmoTpss Ha TO, 4TO MEXaHM3M YAAJCHHBIX 3alpPOCOB Pa0OTaeT HE3aBHCHMO OT THUIIA
o0BeKkTa coollIeHus, OH Hanbosee MoJie3eH MPH KUCIOJIIb30BAHUU HUIIO30B, i1 (HOPMHUPOBAHUS
yIQJIEHHBIX 3alIPOCOB HA IIMHE IIII30BOr0 00BEKTAa-UCTOYHUKA TOCIIE TOIYUYEHHUS YIaICHHOTO
3ampoca Ha IIMHE MITI030BOr0 00beKTa-prueMHuKa. B 3aBucumoctu ot 3HadyeHus: 6uta FRREN
IUII030BOTO0 OOBEKTa-NPHEMHUKA, €CTh [Ba BapuaHTa o00paOOTKH YAaJeHHOTO 3ampoca,
BO3HUKILIETO C TOW CTOPOHBI III03a, TJI€ PACIONIONKEH OOBEKT-NMPUEMHHUK (TPU YCIOBHH, YTO
MIPOUCXOUT Mepeaada U3 00beKTa-UCTOUYHUKA B 00BEKT-IPUEMHIK, T. €. DIR (uctounuka) = 0 u
DIR (mpuemnuuka) = 1):

1 O6paboTka 3amnpoca 1UIE30Boro oobekra-npuemarka ¢ FRREN = 0b:

- COOOIIEHHE YOAJIEHHOrO 3ampoca MPUHUMAETCS  LUIIO30BBIM  OOBEKTOM-
MIPUEMHHUKOM;

- 6ut TXRQ 1u11030BOT0 00BEKTA-MPUEMHHIKA YCTAHABIMBACTCS aBTOMATHUECKH;

- COOOILIeHNe JaHHBIX C TeKynled uHopManued, XpaHsmeldcs B 0ObeKTe-
MIPUEMHHUKE, [IepelaeTcs Ha IIUHY TPUEMHHUKA.

2 O6paboTka 3ampoca ILIF30Boro oobekra-npuemarka ¢ FRREN = 1hb:

- cOOOIIeHHE YOAJIEHHOTO 3ampoca MPUHUMAETCS  LUII030BBIM ~ OOBEKTOM-
MIPUEMHHUKOM;

- out TXRQ 1u1r030BOro 00beKTa-UCTOUHUKA (OOBEKT JOKEH OBITh YKa3aH B MOJIE
CUR o0bekTa-NpueMHIKa), YCTAHABIIUBACTCSI aBTOMATHICCKY;

- cOOOIIeHHe JIaHHBIX IMepenaercss OOBEeKTOM-UCTOYHMKOM Ha mmmHy CAN
UCTOYHUKA;

- [IOJIy4aTesb yAajJeHHOro 3alpoca B OTBET BBLAAET COOOIIEHUE NAaHHBIX HA LIUHY
UCTOYHUKA;

- COOOIIIEHNE JaHHBIX COXPaHSIETCs B 00bEKTe-MCTOUHUKE;

- COO0IIEHNE JaHHBIX KOMUPYETCsl B 00BEKT-IIPUEMHHUK (Uepe3 LUTI03);

- BeicTaBisiercss 6ur TXRQ oObekra-mpuemnuka (npu ycnoBuu, uro GDFS
UcTOYHHKA = 1);

- HOBbIE JJaHHbBIE, COXPAaHEHHbIE B OOBEKTE-PUEMHMKE, MNEepeAaloTCs Ha IIUHY
NpUEeMHIKA, B OTBET HA yIAJICHHBIN 3aIIpOC Ha IIMHE TPHEMHUKA.

PexomeHnaanum mo 3anucu B perucTpbl B pe;kuMe NLTI03a NPH Nepefaye yAaJleHHOro

3anpoca ¢ FRREN =1

OOMeH 3arpoc - JaHHbIe TPOUCXOAUT B JAHHOM CIIydyae MEXAY CTaHJapTHHIM OOBEKTOM
COOOIIEHUS OTHOTO y371a U 00bEKTOM-IIPUEMHHUKOM 1ITI03a JIpyroro y3na. Ho npu 3ToM gaHHbIe
JUIsL OTBETAa Ha 3alpoc B ILUIIO30BBIM OOBEKT-IPUEMHUK IOCTYNAOT MO IUI03Y OT 00bEKTa-
ucTouyHrKa. llpm modydeHUM yAaJeHHOTro 3ampoca OT OO0BEKTa COOOIIEHUS OOBEKTOM-
npueMHukoM (iar TXRQ ycraHaBnuBaeTcss HE y caMoro oObeKTa-MpHUEMHHKA, a y OOBbEKTa-
UCTOYHUKA, Onaronaps yctanoBieHHoMy 6uTy FRREN u 6utoBomy nmomo CUR (yka3biBaeT Ha
00BEKT-UCTOYHUK) oOBekTa-mpuemMuuka. Jlanneie m3 MODATAL u MODATAH o0nekra-
ucrounuka kornupytorcssi B MODATAL u MODATAH o6bekra-npueMHuKa (yCTaHOBIEH OWUT
DATC peructpa MOFCR o00bekTa-uUCTOYHMKA), BCIEIACTBHE YEro aBTOMATUYECKU
ycranaBnuBaeTcs Out TXRQ peructpa MOCTR oObekTa-npuemMuuka (ycranoninen o6ur GDFS
00BEKTa-UCTOYHHMKA IIIJTF03a), M OCYIIECTBISETCS Iepenadya cooOIlleHus JaHHbIX (OTBET Ha
3aMmpoc) 3anpamnmuBarIeMy 00beKTy COOOIIECHUS.

[Tocne ycmemHoro mnpuema/mepenauun coodbmenuss [{I[I momywaer yBemomienue o
3aBEepIIEHUH OINEepaluu I 3aJaHus JajdbHEHIIMX JCWCTBUM, CBS3aHHBIX C OOBEKTOM
COOOLIEHHUS.
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18.11 IlpepriBaHust 00HEKTOB COOOIIEHMTH

[Tocne coxpaHeHUs NPUHATOrO COOOIIEHUS B OOBEKT COOOIICHHS WIH YCIEHIHON
nepenayn (OpMHUPYETCs COOTBETCTBYIOIIEE MpepbiBaHue. Kaxaplii 00BEKT COOOLICHUS MOXKET
dopmupoBare mnpepsiBanus. Kaxxgoe mpepbiBaHHe HalpaBiseTcs Ha OJHY U3 16 BBIXOIHBIX
ouHAKR  npepeiBaHuil. [IpeppiBaHus mpueMa (mocjae COXpaHEHHS COOOIICHHWs) TaKxke
dbopmupytorcs nocie onepanuii FIFO m nmumo3oBeix omepanumii. @naru TXPND u RXPND
BCETJ]a YCTAHABJIMBAIOTCS IIOCIE YCICUIHOM Omepaluy Iepeiadyn/IpueMa, HE3aBUCUMO OT
COCTOSTHUSI COOTBETCTBYIOIIMX (PJIaroB pa3pelieHus: IpephIBaHUA.

OO0bekT coobmenus moxeT GopmupoBarh FIFO mpepsiBanus. Eciu ¢piar OVIE perucrpa
MOFCR ycranosneH, To ¢opmupoBanue FIFO npeprsiBanus Oyaer 3aBHCETh OT THUIA 0OBEKTa
coo011eHuH, cM. pucyHok 18.24:

- ecnu O0BEKT COOOIEHUs SBISETCS MPUHUMAIOMIMM 0a30BbIM OOBEKTOM, TO BBIXOJHAS
JWHUS TpephIBaHUNA Il 3TOro o0bekra ompenensercss OutoBbiM moiem TXINP perucrpa
MOIPR;

- eclii 0O0BEKT COOOIICHHUS SIBISIETCS NEepeAalonM 0a30BBIM OOBEKTOM, TO BBIXOAHAS
JIMHUS IpepbIBaHuM omnpenenseTcs OutosiM moineM RXINP.

MOSTATn MOFCRn
[ XPND [ RXPND | [ oOviE | TXE | RXIEE | mMmC |
= 0010b
Mepenava _ = 0001b 1 MOIPRn
COOBLLUEHMS N 2
-TXINP
& I»
FIFO onepauyus —
¢ coobLLeHrem n &
o 5 MOIPRn

Mpriem — RXINP
coobLLeHns n

MMC = 0001b: obbexT coobuieHms n sensieTcs 6a3oBbim 0bbekToMm npruema FIFO
MMC = 0010b: 06bexT coobleHns n sBnsieTcs 6a3oBbiM 06bekToM nepenadn FIFO

Pucynok 18.24 — Pacnipesenenue npepbiBaHUN

AKaymme coodennst

Korma renepupyercst 3ampoc Ha TpepbiBaHue (MOCe MpueMa/rnepeaadn COOOIICHUs), B
OJTHOM M3 YeTbIpeX PerucTpoB xaymux npepbiBanuii MSPNDx (x ot 0 po 3) BbIcTaBisieTcs
dmar xaymiero coodmenus. YeTsipe peructpa odpazyroT obmacts u3 32 x 4 6uT — mo ABa Outa
(omuH OWT &I omepanMid MpuUeMa W OAMH OWUT JJs omepanui mepefayu) A KakIoro M3
00bekTOB  cooOmenuid.  [lo3mmuss  ¢urara  kaymero  cooOlIEeHWUs — OMpeneseTcs
nemynbturuiekcopamu DMUX, cm. pucynku 18.25 u 18.26.

B 3aBucumoctu ot 3Hauenus noiast MPSEL perucrpa MCR, peanusyercs oquH u3 AByX
PEKUMOB BbIOOpa M YCTAaHOBKH (PIIaroB, KAYIIUX COOOIICHUS:

- pexxuM 1 B cmyyae MPSEL = Oh;

- pexxum 2 B cnyqyae MPSEL = Fh.

Ecnu HeT He0OX0AMMOCTH B OIpe/ieIeHMH UCTOYHHKA MTpephIBaHus (IIpUeM WU Iepenadya
COOOIIECHNUS), TO MOXKHO UCIIOIb30BaTh JII0O0OW U3 BYX PEKHMOB, B IPOTUBHOM Cly4ae, CleayeT
HCIIOJIb30BaTh BTOPOU PEKHUM.

B mepBom pexume ycraHOBKa (ara KIYIIETO COOOIICHUS MPOMCXOIHUT CIETYIOLIIM
obpazomM:
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- 6 u 5 Outel nmonsst MPN BeiOupator peructp MSPNDx, B koTopom OyneT yCTaHOBIIEH
(brar ceapMOoro KAYIEro CooOIEeHNs;
- Tk Muaamux o6ut oyt MPN (Ha pucynke 18.25 BbIfeNieHbI CEphIM IIBETOM) BBIOUPAIOT

no3unuio duara (ot 0 1o 31), KOTOpbIH OyJET yCTaHOBIIEH B BBIOpaHHOM peructpe MSPNDx.
Peructp MOIPRn

15 8
st 0 —
Peructp MSPND3 <« 1
. 0
Pervctp MSPND2 <« |
------------------------------- D ||
< 0 M
Peructp MSPND1 |<_ U
............................... X
<1 0
Perucrp MSPNDO | «] 00
i???fﬁ?fﬁ?????????fﬁ?fﬁ????????i/
= S /e
\: DMUX S

Pucynok 18.25 — Pexxum BoiOOpa 1 yctaHoBKH (iaros mpu MPSEL = Oh

Pernctp MOIPRn
0

8
BOCG 00 SIAETT

MPSEL = 1111b

g DMUX ghv—
TV VY YV VYV VY YV VY YV YV Y VY YV YV Y YV YTy

31 0 K
..,  PeweuseNos |

3 0

| """""" PervergMSPND2 |: D
"""""""""""""""" M |

31 0 ul L

| """""" PervergMSPNDT |: x| [

31 0

| """""" PerwcrgdMSPNDO | oo
.............................. 1000 |
w0 e e e e e

< DMUX ] —

Pucynok 18.26 — Pexxum BeiOOpa 1 yctanoBku ¢uaros npu MPSEL = Fh

Bo BTOpOoM pexuMmMe TIpH OIpeneNieHHH TO3WIUH (aara KIYImEero COOOIICHHUs
npuHUMaTcs B pacueT 3HaueHus nosns MPN, noneit RXINP (mns mpuema) u TXINP (ans
nepenaun). [Ipu 3ToM i G1aroB MOTYT MCIIOJIB30BAaThCs JHOObIE OMTHI BHIOPAHHOTO PETrUCTpa
MSPNDx. YcranoBka ¢rara »aymero cooOmeHus MpOUCXOUT CIECTYIONUM 00pa3oM:

- 2 u 1 Outsl moneit TXINP/RXINP BriGupator peructp MSPNDx, B koTopoM Oyzner
YCTaHOBJIEH (py1ar Mo OKOHYAHUIO TIepeiadr/IpuemMa COOOLICHNUS;

- verpipe muaamux Outa monst MPN (Ha pucynke 18.26 BbImeneHBI CEpbIM IIBETOM)
coBMecTHO ¢ HyneBbiMH Outamu mojiei TXINP u RXINP BroiOuparor mnosummio Qiara
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(ot 0 1o 31). ®@axTruecku HyneBoit 6ut moneit TXINP/RXINP BeiOupaeT crapiiee win miajiiee
cioBo BbIOpanHoro peructpa MSPNDx, a uersipe Outa monst MPN 3amaioT mo3unuio B
BBIOpAaHHOM CJIOBE.

Peructppr  MSPNDx Moryr ObITh 3amucaHbl I[porpaMMmHO. buTbl, B KOTOpbIE
3aMKCHIBAIOTCS €AMHMIIBI, OCTAIOTCS 0€3 M3MEHEHUM, a OUTHI, B KOTOPBIE 3alMCHIBAIOTCS HYIIH,
ounniaroTcs. Takol MexaHU3M 3aIllMCU MO3BOJIAET N30ekKaTh KOH(PINKTAa MEXAY OJTHOBPEMEHHOM
anmapaTHON yCTaHOBKOW M MPOTPaMMHOM OYHCTKOM OMTOB perucrpa.

Kaxnprit peructp MSPNDX cBsi3aH ¢ COOTBETCTBYIOIIMM PETHCTPOM HHJACKCA COOOIICHMS
MSIDx, KOTOpBI OTpa)kaeT MO3HMIMIO CaMOT0 MIIAJIIEro OWTa W3 BCEX YCTAHOBICHHBIX B
peructpe  MSPNDx. Peructpst MSIDX n0CTymHBI TONBKO Ui YTEHUS U OOHOBIISIOTCA
HEe3aMeUINTEIbHO TMOoCcie U3MEHEHHs (KaK amnmapaTHOro, TaKk U MPOrPaMMHOI0) COJEP>KUMOTO
COOTBETCTBYIOIIUX peructpoB MSPNDX.

Peructp macku wmnHzmekca cooOmieHuss MSIMASK copepXUT MacKy i pPErucTpoB
MSPNDx. Tonbko He3akpbITbie MacKoOi OuThI MoryT obcmyxuBaThes. Permctp MSIMASK
UCIIOJIB3YETCSl OJHOBPEMEHHO Juisi BceX peructpoB MSPNDX u CcOOTBETCTBYIOUIMX UM
peructpoB MSIDXx.

18.12 IIporpammupoBanue koHTposiiepa CAN

I xoppektHoi  pabotel  koHTpoiuiepa CAN  ciemyer coOiroiath  MOPSIOK
IIPOrpPaMMHUPOBAHUS PETUCTPOB.

Jns 3amycka koutposuiepa CAN Heobxoaumo:

- 3antucath peructp CLC;

- mpoBepuTh, 4to cOpomen 6utr DISR, perucrp PANCTR = 00000000h u mocne storo
3anucats peructp FDR.

Hanee nns konpurypupoanus yzna CAN ¢ Homepom x (x oT 0 10 3) BHITOTHUTB:

- B peructpe y3na NCRx ycranoButs Outhl INIT u CCE, nocne yero peructpst NBTRx u
NPCRX cTanyT noctynHsl Juist 3anucu 1 ureHus, a peructp NECNTX — Tonbko 1uist yTeHuUs;

- 3anucatb peructp NPCRXx;

- 3anucath peructp NIPRx;

- 3anmucath peructp NBTRx;

- 3antucath peructp NFCRx (ecnu Heo6xoa1umo);

- B peructpe NCRx copocuts 6uthl INIT u CCE, nocne yero peructpst NBTRx u NPCRx
OyAyT HE TOCTYIHBI JUIs 3alUCH;

- pacnipeaenuTh 00BEKTHI COOOIIEHNH B ciucKU nocpencTtBoM peructpa PANCTR.

Jlnist KoppeKTHON paboThl 0OBEKTOB COOOLIEHUN PETUCTPBI KAXKIAOT0 U3 HUX JIOJKHBI OBITH
IPOMHUIUAIN3UPOBaHbl. [l O0OBEKTOB, HMCHONb30BAaHUE KOTOPBIX HE IMpeaycMaTpuBaeTcs,
JIOCTaTO4HO 3anucaTh HOJb B OuT MSGVAL peructpa MOCTR.

PexomMeHn1yeMblil OpsIIOK MHUIMAIN3ALUN PETUCTPOB O0BEKTA COOOIIECHUS:

- yctanoBuTh 6uT DIR B peructpe MOSTAT myis mepenayun cooOIICHUS TaHHBIX/TIpHEMaA
ylaneHHoro 3ampoca uiau cOpocuts 6ut DIR s mpuema cooOlueHust JaHHBIX/TIepenadn
ynaneHHoro 3ampoca; yctaHoBuTh 6uthl TXENO m TXENI (mns nmepenaun) mian RXEN (ans
npuema) B peructpe MOCTR;

- 3anucatb peructp MOFCR;

- 3anucatb peructp MOAR;

- 3aniucathb peructp MOAMR (ecnu HE0OX0aMMO);

- 3aniucathb peructp MOFGPR (ecnu Oynyt ucnionb3oBarbest FIFO ctpykTyps);

- 3aniucatp peructp MOIPR;

- 3aniucathb peructpsl MODATAL u MODATAH;

- ycraHoBUTh OuT MSGVAL koppekTtHOCcTH 00BeKTa coobuienus B peructpe MOCTR
(17151 HEUCTIONB3yEeMbIX 00BEKTOB 3TOT OUT J0JKEH OBITH COPOIIIEH);

- JUIs aKkTUBUpOBaHus nepenayn ycraHoBuTh 6utT TXRQ perucrpa MOCTR.
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19 baoxk AL

brmox AIIl ob6wvemunser omun wMoxyiab ALl mocnenoBaTenbHOTO MTPHOTUKEHUS
(apxutexTypa SAR), cxemy ynpasnenus, Oydepbl pe3yabTaToB U3MEPEHHUH U CXEMY yIpaBIICHUS

npepoiBanusiMu. CTpykTypHas cxema 0soka ALIIT nmokazana Ha pucynke 19.1.

L \| Peructpsi
AHB nHTepdenc } ynpasreHus
—————| ¥ HacTpoiku
KoHTponnep
npepbiBaHU » ADC_SEQO
§ P» ADC_SEQ1
© Mogynb AL|
ADC_CHO > é npeobpa3soBaHusi » ADC_DC
ADC_CH1 Y% A AL
O N———
ADC_CH2 > ©
s =)
2 g
S >
s
s
)
MpepbiBatus GPIO —— gpf | Cekaercop 0 z Komnapatop 0 » ADCDC_TRIGC
o
Curnans! 6nokos LUIMM ——————— | | [Briok ynpaenerus 5 ” ;
3anpocamu omnaparo
CurHansl TanmepoB > - parop » ADCDC_TRIG1
Byde
1 \ pesyrsTaTos Komnapartop 2 » ADCDC_TRIG2
( DMA nnTepdeiic
A
Cexseticop 1 Komnaparop 3 » ADCDC_TRIG3
> Briok ynpaenexus
HCLK 3a)|/1pocarv|m
CurHansbl —»{HRESETn
6roka RCU Bychep
noka —3»|ACLK pesynkTatoB
—3(ARESETn

Pucynok 19.1 — CtpykrypHas cxema 6oka ALIT

B 6mox ALIT BxoasT:

- yeTblpexkaHaIbHbIH Moaynb ALIT paspsaHocThiO 12 OGUT M CKOPOCTBIO M3MEPEHUS 10
OJTHOMY KaHaTy 10 1 MIJUTHOHA U3MEPEHUH B CEKYHITY;

- JIBA CEKBEHCOpA, KaXKIbIH M3 KOTOPBHIX IO3BOJIAET HE3aBHCHMO IPOM3BECTH 3aIyCK
u3MepeHuil no HeooxoaumbIM kaHanaMm AL u crenepupoBaTh IpepbIBaHUE;

- YeThIp€ HE3aBUCUMBIX IM(POBBIX KOMIApaToOpa, OTCIEKHUBAIOIIUX M CPABHUBAIOLIMX
U3MEPEHUs] C TIOPOTOBBIMH 3HAUCHHWSIMH Ui (OPMHUPOBAHMS TPEPHIBAHUA W CUTHAJIOB
yIpaBJIeHUs IPYTUMHU OJIOKaMU MHUKPOKOHTPOJIEPA;

- 1Ba Oydepa pe3ynbTaToB U3MepeHui (Kaxablii opranuzosat no tuny FIFO);

- OJIOK ynpaBJieHUs MPEPHIBAHUSIMH.

bnox AIIIl umeer dyerbipe BXOAHBIX KaHaia. [lnama3zoH wu3MepseMbIX HaNpPsLKEHUN
orpannueH NVCC2 u NGND2.

Hactpoiika TaktupoBanuss u cObpoca Onoka AIIIl m ero momynel oOCyIIeCTBIsSETCS
nocpenctBoM peructpa ADCCFG 6moka ympaBnenust TakroBeiMu curHaiamMu RCU. Bes
BHYTpeHHs1s Jjoruka Ooka AL taktupyercs gacroroit ACLK, HO 3ammch/4TeHne KOHTPOIBHO-
CTaTyCHBIX PEerucTpoB ocyuiecTBisieTcs Ha yactote HCLK.

Jnst mpaBuiIbHOM paboThl 6J10Kka HEOOXOIUMO OOecTeunTh TakThupoBaHue Moxyieid ALIIT
gactoroii ACLK ot 300 xI'm no 32 MI'u, KOTOpyr0 MOXHO MOJY4HUTh, BHIOpAB HMCTOYHUK
takToBoro curHaina mojeM CLKSEL, a Ttaxke, nmpu HEOOXOAMMOCTH, BKJIIOYMB M HACTPOHWB
nenurens nonsimu DIVEN u DIVN (monst peructpa ADCCFG 610xka RCU). Hactora ACLK He
JIOJDKHA OBITH OOJIBIIIE YaCTOTHI CUCTEMHOTO TakToBoro curHasia SYSCLK (Ha TakTOBBIM BXOJ
HCLK 6moka AL moaeTcsi CHCTEMHBIN TaKTOBBIM CUTHAI).
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19.1 CexBencop

CekBEHCOp TpENCTaBIsAeT COOOW YIPaBISIIONIANA  OJIOK,

MO3BOJIAIOIIUN  Pa3TPYy3UTh

npoueccop ot ynpasieHus Moayismu ALlIL. CexBeHcop ynpasisieT 3amyckom monyien AL,
00paboTKOI MOJIYYCHHBIX PE3YJIbTATOB U3MEPECHUI U TeHEpalrei mpepbiBanuii. B cocTaB Gi10ka
ALIT BxoasaT S cexkBeHcopoB (S = 0, 1). CtpykTypHas cxema CEKBEHCOpa IMpeACTaBlieHa Ha

pucynke 19.2.
CekBeHcop s Paspewenne paborsl | SEQENS |
YnpasneHue 3anyckamu
[GsyncPH» & E O6paboTink cobbIThiA
3anycka
SYNCs ™ _
Lvknnueckuit Tarimep 3a4epKku Cyetumk
3anyck > nepesanyckoB nepesaryckoB
MpepbiBanus GPIO MUX Rl L
\| Cxewma ycpenHeHus
Curnansl 6nokos LM MO NEpesaNyCKaM RAVG
CurHanbl Taimepos /
3anyck/nepesanyck
YnpaBneHue 3anpocamu
Cxema yc e
oﬁpgcoym %Eg;ezﬂﬂ L leHepaTtop 3anpocos AL
Baroone ny6uHa o4epenn| | Ouepeap sanpocos
ycpeaHeHus ROMAX
QAVGVAL RQ3
Craryc o4epeamn RQ2
PaspelueHne RQBUSY RQ1
pabortbl —N Q=
—/ RQPTR RQO
QAVGEN
YnpaeneHue pesynsratamu
A Bydep
Peaynurar KoHTporb cxem B3anuce B FIFO AETTE
13MepeHns ycpeaHenus 32 x12 6ut
FIFO
\ leHepatop 3anpocoB
MAuHTepdeiic DMA " Craryc
/| [DMAEN] [WMARK| [DOV] FLOAD

[eHepaTop NpepbiBaHUI

CueTunk usmepeHun

ICNT | |ICLR

KoHTponb pabortsl
KOMMapaTopoB

3anpoc moaynio
' AUn

P K komnapatopam

«  KKoHTponnepy

Pucynok 19.2 — CtpykTypHas cxema ceKBeHcopa

OauHOYHBIE 32aNYCKHU 110 COOBITUSIM
Pa3pemienne paboThl CEKBEHCOpa OCYLIECTBISIETCS YCTAaHOBKOW COOTBETCTBYIOIIETO OUTa
SEQENS (s =0, 1) B peructpe SEQEN.
Kaxxplii ceKBEHCOpP MOKET COBEPILIATh HE3aBUCHMBIE OJTHOKPATHBIE 3aIlyCKU 10 OJTHOMY
u3 coObITHI, KoTOpoe BhiOMpaeTcs noiem EMs peructpa EMUX:
- ycranoBka 6uta GSYNC peructpa SEQSYNC (3amycTsTCS TOJIBKO CEKBEHCOPHI, IS
KOTOpBIX ycTaHoBJIeHBI OUTHI SYNCS Toro e perucrpa);
- CUTHAJIbl OT TalIMEPOB;
- curHaiel ot 0j10k0B HINM;
- curnain npepsiBanus GP1O.

" npepbiBaHUiA
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Korma cexkBeHcop S 3amyckaeTcsi MO OJHOMY W3 CHTHAJIOB COOBITHH, BBICTABIISETCS
cootBercTByrommii  pmar SEQBUSYs B peructpe BSTAT. Takxke B 3TO ke BpeMs Bce
HACTPOWKH CEKBEHCOpA COXPAHSIOTCS B TEHEBBIX PETHCTPax, W CEKBEHCOpP HAuWHAeT paboTy
COTJIACHO TOJIyYEHHBIM HACTpoWKaM. V3MeHsTh HACTPOWKH CEKBEHCOpa BO BpPEMsi €ro paboThI
MOYKHO, HO BCTYISIT B CHJIy OHH JIMIIb NPH CIEAYIOMIEM 3ammycke. dar 3aHATOCTH ACPKUTCS
YCTAHOBJIICHHBIM JIO T€X IOp, MOKA 3a/la4ya, MHUIIMUPOBAHHAS COOBITHEM, HE OYAET MOIHOCTHIO
BBIMOJIHEHA ceKBeHCOpoM (OyIeT oCyIecTBICHA 3aluCh MmocieaHero pedynstara B FIFO).

CoObITHs 3ammycKa He KAIIMPYIOTCS, €CIIM CEKBEHCOP ObUI 3aHST BBIOJHCHHUEM TEKYIICH
3anaun (ycranoBien SEQBUSYS), xorga npunuio ouepenHoe coObITHE 3amycka, TO OHO OyneT
npoUrHOpUpoBaHO. HeoOXOoAMMO YYHTBIBATH 3TO NPH HACTPOMKE 3aIlyCKa IO COOBITHSIM OT
CTOPOHHHX TepuepuitHbIX MOIyNel Tak, 4TOOBl BpeMsS MEXIy BO3HUKHOBEHUEM COOBITHUI
ObUIO HE MEHBIIEC BpeMeHH u3MepeHHid. [luarpamMmbl pabOThl CEKBEHCOpa IMPH OJUHOYHBIX
3aIycKax Mo COOBITHSM MOKa3aHbl Ha pucyHKe 19.3.

CobbITue 3anycka
oT nepudepun
Wnn nporpaMmmbil

<€— CobbiTHE UrHGPUpYeTCs

dnar SEQBUSYs

MpoBeneHune

" M3mepeHus,
n3mepeHun

/ ViamepeHus, v
3arnyck

3anyck 0

Pucynok 19.3 — OiuHOYHBIE 3aIyCKU CEKBEHCOPA 10 COOBITHIM

OauHOYHBIE 32IlyCKH 110 COOBITHSIM ¢ HeMelJIeHHBIMH Nepe3aiyCcKaMu

3mech W ganee, IMOJA Tepe3allyCKaMH TIOHMMAeTCs BHYTPEHHHH MEXaHW3M pabOThI
CEKBEHCOPa, a O]l 3allyCKaMM — IIPUXO/J] BHEIIHET0 COOBITHS, KOTOPOE NMEPEBOAUT CEKBEHCOP U3
O’KU/IAIOIIETO COCTOSIHUS B aKTHBHOE.

CekBeHCOp MMEET BO3MOKHOCTh OCYLIECTBIISITh KaK OTJIOKEHHbBIE, TaK U HEMeJICHHBIE
ABTOMATHUYECKHUE MEPE3ayCKH CepUil M3MEPEHH, ITOCIIe TMPUXO0/Ia TIEPBOTO «MHUIIMUPYIOMIETO
coObITUS 3amycka oT nepudepun. Ilepezanyck MoxeT BBIMONHATBCA 10 255 pa3 (moixe RCNT
peructpa SCCTL). Tekymiee cocTossHNAE CUSTUMKA TIEPE3aITyCKOB MOKHO Y3HATh, IPOYHUTAB ITOJIC
RCNT perucrpa SCVAL. Iuarpammbl paboThl CEKBEHCOpA MPH Pa3peIIEHHBIX HEMEJIEHHBIX
nepe3anyckax 1mokazaHbl Ha pucyHke 19.4.

CobbITre 3anycka
oT nepudepun
My nporpaMmmbil

dnar SEQBUSYs
Mposepetie |/|3M€peHM9I |/]3M8peHM9I I/lamepeva, : Wamepenns,\/ Vameperns,\
n3MepeHnii : B 3anycn<0 nepe3anycn<1 nepeaanyCKZ 3 3anyck 1 /\nepesanyck 1/,

Mome RCNT | - 5'
peructpa SCVAL 4‘< 0 >< 1 >< 2 0 >< 1 ><:

Pucynok 19.4. — OJMHOYHBIE 3ariyc1<ix1 110 COOBITHAM C HeMeUICHHBIME nepe3ényckaMﬁ l'[pII/I
RCNT = 2 (peructp SCCTL)

OJII/IHO‘IHBIC 3anycm1 o COﬁbITPlﬂM C OTJIOKEHHBIMHA nepesanyCKaMn

OTOXKEeHHBIE Tepe3amyCcku OCYIIECTBISIOTCS CIYCTS HEKOTOpOe BpeMs OT 3amycka,
3amaBaemoe peructpoM SRTMR. 3anepixkka 3amaercs B Takrax ACLK u Bener cuer He3aBUCUMO
OT TEKYILEro COCTOSIHUS CEKBEHCOpa, MO3TOMY, Mpu €€ BbIOOpEe HEOOXOJUMO yUYUTHIBATH, UTO
TEKYIIHE U3MEPECHHS JODKHBI 3aBEPIIMTHCS JI0 MPUXO0/1a CHTHAIA TIepe3alycka, nHadye OH Oyaer

IPOIYILEH.
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B pexxume oIMHOYHBIX 3aITyCKOB MO COOBITHUSM CUETYHK 3a/ICPKKH IMepe3anycka He OyaeT
cuntath, eciu moie RCNT peructpa SCCTL paBHO HYyITIO.

Kak roBopuiioch paHee, Bce HACTPOUWKH CEKBEHCOpPA COXPAHSIOTCS B TEHEBBIX PETHUCTPAX
IPU €ro mepexojie B PeXUM 3aHATOCTH U MX H3MEHEHHE HUKAK HE MOBIHUSET Ha TEKYIIYIO
paboty. OHAKO CYIIECTBYET BO3MOXXHOCTh OOHOBHUTH 3aJEPXKKy IEpe3arycka eIie BO BpeMs
paboThI cekBeHcopa. JJis 3Toro Hamo 3amucaTh HOBOE 3HAYCHHE 3a/iep kKU B peructp SRTMR ¢
OJIHOBPEMEHHO ycTaHOBIeHHBIM nocneaaum outom NOWAIT. B sTom ciydae, HoBasi BelTMUrHA
3aJIep>KKHU BCTYIHT B CHITY TOCTIe OIMKalIIero coObITHS OTI0KEHHOTO Iepe3anycka.

Juarpammbsl paboOThI CEKBEHCOPA NP AKTUBHBIX OTJIOKEHHBIX Mepe3anycKkax MoKa3aHbl Ha
pucynke 19.5.

CobbITve 3anycka
oT nepudepun
WM NporpaMmmbl

3apepxka
nepesanycka

CobbITNE OTNOXEHHOrO
nepesanycka

dnar SEQBUSYs

_—

MpoBeneHne
n3MepeHun

. : MamepeHus, : : NamepeHus, : : MamepeHus, Mameperus,
5 \ 3anyck0 / f \ nepesanyck 1 / ; \nepesanyck 2 / 5 \  3anyck1
Mone RCNT ( 0 >< 1 >< 2 : ,

Pucynoxk 19.5. — OnuHo4HBIE 3aITyCKH IO COOBITUSAM C OTJIOKEHHBIMH TIEpE3ayCKaMu Yepe3
Bpemst SRTMR mpu RCNT = 2 (peructp SCCTL)

OauHOYHBIE 32IyCKH C YyCPeIHEHUEM I10 Nepe3anycKkam

CymecTByeT peXuM YCpEeTHEHHs Pe3yJIbTaTOB IO Iepe3arryckaM, KOTOPBIH BKIFOYACTCS
ycraHoBkoit 6uta RAVGEN B peructpe SCCTL. ['maBHBIM ycioBHEM pabOThI 3TOTO pexHMa
spisiercst To, 9to moiie RCNT permcrpa SCCTL momkHO conmepkars Jir0o00oe 3HAUCHUE,
coorBercTBytomee 2P — 1, rme p = 1, 2, ..., 8. 3uauenue 2P sBIAETCS KOJUYECTBOM CEpHi
U3MepeHUi, KOTOpBbIe OyIyT YCPETHEHBI (3aITyCK B BCE TIEPE3aITyCKH).

PaboTa »3TOro pexuma 3akiro4aeTcs B TOM, YTO TOKa MIYT IMEpe3alyCKu, pe3ylbTaThl
nomnanyr B Oydep He cpady, a OyayT HaKalJMBaThCS BO BHYTPEHHUX PETUCTpax (KaXIOMYy
3arpocy Ha M3MEpPEHHE COOTBETCTBYET TakoW peructp). JIumb BO BpeMs TMOCIEIHETO
nepesamycka, OyayT MOJydeHbl yCpeTHEHHBIE 3HAYeHUS TI0 KOKIOMY U3 U3MEPEHUH, KOTOphIC ’
O0yayt nomemarbes B FIFO B mopsiake ouepenu.

PaboTa pexxnma ycpenHeHHs TP HEMEUICHHBIX Tepe3anmyckax MpOJIeMOHCTPUPOBaHa Ha
pucynke 19.6. IIpu oTi0KEeHHBIX Mepe3anycKax JaHHbIM BUJ] yCpeAHEHUS paboTaeT aHaJIOTMYHO,
MO3BOJISISL PACHPEICTUTh PaBHOMEPHO HW3MEPEHHUs Ha JUIUTEIbHOM IPOMEXKYTKE BPEMEHU U
HOJYYHUTh CpeJHEe 3HAaUeHUE CUTHAJIA B KOHIIE HETO.
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CobbITne 3anycka
oT nepudepun
1M Nporpammbl

®nar SEQBUSYs
Mposeaetue . Y WVavepenus, \/ Vaveperus, \/ Vaveperus, \/ Naveperus, \

N3MepeHui : \ 3anyck0 /\nepesanyck 1 /\ nepesanyck 2 /\ nepesanyck 3 /.

Morne RCNT : : 5 ' ' 5 ' ' : ' '

peructpa SCVAL 4< 0 >< 1 >< 2 >< 3
[eicTBusi ¢ pesynsTatamm : - : . : - ' -
npu RAVGEN=0 . ;/ 3anuck cpasy\/ 3anucb %)aay 3anucb %Jasy 3anuck cpasy
perucrpa SCCTL . h B FIF A B FIF A B FIF A B FIF 4

[evictBus c pesynbratamu : . : : : : : .
npu RAVGEN=1 . ,/ HakonneHnue\/ HakonneHue\/ HakonneHue\/YcpeaHeHue
perucrpa SCCTL : \ PesynkratoB /\ pesynsrartoB /\ pesynsratoB /\sanuck B FIFO £

/ VavepeHus, \
h 3anyck 1

' ' '
' ' '
i

//3anmnce ¢ aay
B FIF

/) Hakonnenwue\,
\ pesynsraros /.

Pucynok 19.6. — OquHOYHBIE 3aITyCKH MO COOBITUSIM YCPEAHEHUEM 10 Mepe3aIrycKam MpH
RCNT =3, RAVGEN = 1 (peructp SCCTL)

Hanpumep, ecau wu3MepeHHs MPOBOJAWIMCH IO BCEM 4YCTBHIPEM KaHalaM IIpH
RAVGEN = 0, to na momenT custus piaara SEQBUSYs B FIFO 6v10 661 16 pe3ynbraTtoB, HO
€CIi yCpeAHEHHE To Tmepe3amyckam Obuio Obl akTuBHO, TOo B FIFO Haxomumoce Obl
YEeThIPE YCPETHEHHBIX PE3yJIbTaTa M0 KAKIOMY H3 KaHAJIOB.

Hukauveckuii 3anmycK

CekBeHCOp MOXET OBITH 3alpOrpaMMUPOBAaH Ha IMKJIWYECKMH 3allyck: OH Oyzer
3aITyCKaThCsl CHOBA KaXKIbII Pa3 MPH 3aBEPIICHUH MPEIbITYIIETo 3amycka (MMUTALUS TIOCTOSHHO
AKTUBHOT'O BHEIIHEro coObITHs). YTOOB HauaTh paboTy B IUKJINYECKOM peXHMe, HEOOXOIUMO
nociye cooTBeTcTByroniel koHpurypauuu peructpa EMUX ycranoBute 6utr GSYNC peructpa
SEQSYNC. Yto06sb! 3aBepINTh paboTy B IUKIMYECKOM peXHUMe, HEOOXOIUMO BBIOpATh B IMOJIE
EMs perucrtpa EMUX nto6oe coObiTHe OJHOKpAaTHOTO 3amycka. djar 3aHATOCTH CEKBEHCOpa
SEQBUSYs B peructpe BSTAT Gyner ycraHOBJIEeH cpa3y ke IO BXOJy B LIUKINYECKUN PEKUM
U Oyzmer cOpOIIEH TOJNBKO JIMIIb MO BBIXOAY M3 Hero. JlmarpamMMbl paboThI CEKBEHCOpa TpHU
UKJIMYECKOM 3aIlyCKe MOKa3aHbl Ha pucyHke 19.7.

CobbiTHe 3anycka
OT MporpaMmbl

Lnknuuecknin
3anyck

®nar SEQBUSYs

MpoBseneHve : V3amepeHus, : MamepeHus, : MavepeHus, : V3amepeHus, : V3amepeHus, : Vaveperuns,
n3mepeHun : \ sanyckO s\ sanyck1 /\ 3anyck2 /\ 3anyck3 s\ 3anyck4 /\ 3anyckS

Pucynok 19.7 — JlnarpamMmmMbl paboThbl cCEeKBEHCOpa NMPH LUKINIECKOM 3aITyCcKe

Hukan4yecKuil 0TI0KEHHBIN 3allyCK

B omimmume or pexnMa OJWHOYHBIX 3alTyCKOB, IHKIUYECKHH PEXKUM IO3BOJISET
akTuBHpOBaTh cueTuuk 3aaepkku SRTMR, naxe ecnmu mone RCNT peructpa SCCTL pasHO
Hy10. B 3TOM cinydae m3mepeHus OyIyT 3amycKaThCsl HE HEMPEPHIBHO, a C HEKOTOPOU May30i
(onpenensemoit SRTMR). Inarpammbl paboThl CEKBEHCOpA IMPH IUKIMYECKOM OTJIOKEHHOM
3aIycKe MoKa3aHbl Ha pUCyHKe 19.8.
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CobbITve 3anycka
OT MporpaMmbl

Linknuueckuia
3anyck

3apepxka
3anycka

CobbITME OTIOXEHHOTO

3anycka
I
MpoBeneHune ; M3vepeHus, : : M3mvepeHus, : : M3mepeHus, : ; M3vepeHus, :
“3MepeHnn \ 3sanmyck0 /. \ sanyck1 / \ 3amyck2 \ sanyck3 /.

Pucynok 19.8 — JIlnarpamMmmMbl paboThI CEKBEHCOpA MPHU MUKIUIESCKOM OTIIOKEHHOM 3aITyCKe
yepes onpenesi€éHHoe BpeMs (3HaueHue perucrpa SRTMR)

HukInyecKui 3a1ycK ¢ yCpeAHEHUEM 110 Iepe3anycKam

Ecnu B muknndeckoM pexxume yctaHoBuTh noiie RCNT peructpa SCCTL 3naueHuem,
OTJIMYHBIM OT HYJSI, TO CEKBEHCOpP MEXAY 3allyCKaM{ HauHET JIeJIaTh HY)KHOE KOJIHYECTBO
nepe3anyckoB. Ho MexaHHKa Takoro pexuMa BHEIIIHE HUKAK He OyJeT OTJIMYaThCsi OT OOBIYHOMN
UKIMYECKOH padOThI, MO3TOMY JaHHBIH PEKHUM HMEET CMBICT JIUIIb B TOM Cilydae, Korjaa
HEOOXOIMMO CKOMOMHHMPOBATh IUKIMYSCKUI PEXHM C yCPEIHEHHEM IO Iepe3anyckaM (Kak
HEMEJUICHHBIM, TaK U OTJIOKEHHBIM).

Juarpammbl pabOTBI CEKBEHCOpPAa B IUKIMYECKOM PEXUME 3allycKa C YCPETHCHHEM I10
OTJIOKCHHBIM IIepe3aIlyCKaM [0Ka3aHbl Ha pucyHke 19.9.

CobbITue 3anycka
OT nporpamMmbl

Linknnyeckun
3anyck

3apepxka
3anycka

CobbITNE OTNOXEHHOIO

//3anince cpas : //3anice cpas : //3anice cpas :
\ BFIFO 4 \ BFIFO : \ BFIFO 4
. \/ Hakornenne\; . . ‘/ Hakornenne\ . : cpegHeHne :

: \ pesynsraros : : \ pes3ynesrartos /. : \sanuce B FIFO/

Mome RCNT & o/ \/ ' S N/ T
peructpa SCVAL‘:< 0 >< 1 >< 0 >< 1 ><

Pucynox 19.9 - I[HérpéMM},I p2'1601I“LI C'eKBéHC(')pa B HI/iKHI/fquiCOM.pe)II(HM'C 3aﬁycka c
YCPEAHEHHEM TI0 OTIIOKEHHBIM ITepe3aIryckaM ONpeaeI€HHOe BpeMs (3HaYeHHE perucTpa
SRTMR) npu RCNT=1 (peructp SCCTL)

3anycka
®nar SEQBUSYs S
lMposenerne : M3mepeHuns, : ; ; M3amepeHns, : ; N3amepeHus, : : ; N3amepeHns, :
n3MepeHum \ sanyckO / : \nepesanyck 1/ \ sanyck1 / : \ nepesanyck 1/

[Hencteusa ¢ pesynstatamu ' :
npu RAVGEN=0

peructpa SCCTL

//YcpenHeHmne W
\3anmce B FIFO

[Hencteus ¢ pesynstatamu
npn RAVGEN=1
peructpa SCCTL

'enepanus 3anpocoB HA U3MEpPeHHe

[Tocne 3amycka Mo COOBITHIO WM OUYEPEIHOTO Iepe3anycka CEKBEHCOpP HadWHaeT
dbopMUpOBaTH 3aMpOChl HA U3MEPEHUS M0 KaHalaM B TOPSAKE O4Yepedr, 3aJaHHOW PEerucTpoM
SRQSEL. Koner ouepenn wim e€ «rimyouna» 3amaerca moieM RQMAX peructpa SRQCTL.
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Onpenenutb COCTOSHUE ouepean MOXHO ¢ nomoiibio peructpa SRQSTAT — B mone RQPTR
HaxO0JIUTCS HOMEP TEKYIIETro 3ampoca 1Mo MOPsAKY, a yCTaHOBIeHHbIHN (iar 3anaroctd RQBUSY
TOBOPUT O TOM, YTO 3aIIPOC BHICTABJICH U B COCTOSTHUHM 00paOOTKH.

Wnnroctpanysi K MEXaHHW3MYy TE€HEpalluu 3allpoCcOB Ha HM3MEpPEHHUE NpEICTaBICHA Ha
pucynke 19.10.

Curnan
3anycka

D

3anyck / nepesanyck

3anpoc[RQMAX]

3anuncb
B FIFO*

<)—<3anpoc[0]§3anpoc[1 %d

*Ecnu BkNOYEHO ycpegHeHue Mo nepesanyckam,
10 3anuce B FIFO Byaet nponcxoguTe nuilb ;
Bo Bpemst RCNT-ro nepesanycka nocne ycpeaHeHus. |
B ocTtanbHoe Bpems 3anncb byaeT natm Tornbko B
HaKoMUTENbHbIE PETUCTPLI.

Pucynoxk 19.10 — I'enepaiusi CEKBEHCOPOM 3aIIPOCOB HA U3MEPECHHUE

IHosichenust k pucyHnky 19.10

1 Kak TOJIBKO CEeKBEHCOp MOJy4aeT CUI'HAJl 3aIllycKa, OH BBICTABISET IEPBBbIA 3ampoc U3
odepean U OKUIaeT ero npuHsaTus moayinem ALIIL

2 Korpa 3anpoc Oyner npunst, ALII nposeaer nsmepenue. [lo okoHuaHuM nU3MepeHus,
pe3yabTAT BBIOJIHEHHS 3arpoca OyieT nmepeaH CEeKBEHCOoPY.

3 CekBeHcop coxpansier pesynbraT B FIFO u mpomomkaer BBICTaBIATH 3ampochl 10
OKOHYaHUS UX OYEPE/IH.

4 Ecmu CEeKBEHCOp HAcTpOEH Ha IPOBEJEHHE IMEepe3anycKoB (OTIOXKEHHBIX WM
HEMEJUICHHBIX), TO 110 OKOHYaHWU OYepelld CEKBEHCOp Iepe3allyCKaeTcss U CHOBA BBHICTABIISET
HEPBBI B ouepean 3arpoc.

5 JIump Korja 3aBepIeH IMOCIEeNHUI TMepe3amyck, To paboTa CeKBEHCOpa, Hadaras II0
HNEPBUYHOMY COOBITHIO 3alycKa (MyHKT 1), cunTaercs 3aBeplIeHHOM.

6 CekBEHCOp MEePEXOIUT B COCTOSIHHE OXKHUIaHUS CIIETYIONIEr0 CUTHAJIA 3aITyCKa.

Pe3ynpTar Kaxoro 3ampoca COXpaHseTcsl B KOJIbLEBOM Oydepe pe3ylbTaTOB CEKBEHCOpa
(SFIFO). Bydepsl Bcex CEKBEHCOPOB HMMEIOT €MKOCcTh B 32 12-OuTHbIX cioBa. Tekyiiee
KOJINYECTBO CJIOB B Oydepe MOKHO y3HaTh, pounTas peructp SFLOAD.

Kontponb coctostHusi 0ydepa ocymectBiusercs nmocpeactBom ¢uaroB peructpa FSTAT.
VYcranoBnennsiit ¢iaar OVS, ykassiBaeT Ha 1O, uro B FIFO He ocTtamoch cBOOOAHBIX sUeeK.
Jlrobas 3amuck B Oydep B TakoM citydae OyAeT UTHOPUPOBATHCS JI0 TOSBICHUS XOTsI ObI OJHOM
cBoOoHON sueiiku. COpomenHblit ¢ar UNS cBunperensctByer o Hamuuuu B FIFO, kak
MHUHHMYM, OJHOTO pe3ynbrata m3mepeHnid. CoorBeTcTBeHHO, (mar UNS ycraHoBuTCSs, KOT/a
FIFO Oyner mosHOCTBIO MYCT, IpU 3TOM pe3yinbratoM ureHus mycroro FIFO Oynyr nynu.
COpoc ¢uraroB oCymiecTBISETCS MyTEM 3alUCH B HUX €TUHUIIBI.

YcpenHeHne CKAaHUPOBAHUEM O4Yepeau

Hapsiny ¢ ycpennenuem 1o nepe3anyckaMm CEeKBEHCOP MMEET JOMOTHUTENbHBIN MEeXaHU3M
YCPEIHEHHsI — YCPEIHCHHE CKaHWUPOBaHHEM (OMpocoM) oudepean uiaMepeHuit. O6a MexaHu3Ma
MOT'YT pa6OTaTB KaK BMCCTC, TaK U I10 OTACIIbHOCTH.

Bxrouaetcst ycpennenue ckanupoBaHueM myteMm yctaHoBku O0uta QAVGEN B peructpe
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SRQCTL. Ilepen BKJIIOUEHHEM pEXHMa HEOOXOIUMO 3a/aTh KOJIMYECTBO YCPEIHSIEMBIX
ompocos B toe QAVGVAL Toro e peructpa — oHo cuntaercs kak 2AVEVAL,

Pabora pexxnma 3aKio4yaeTcst B TOM, YTO OY€peb 3alPOCOB BBINOIHACTCS HE OAMH Pas,
cM. pucyHok 19.10, ¢ coxpaHeHweM pe3yiabTaToB B Oydep mocie Kaxaoro 3ampoca, a
2QAVGVAL a3 ¢ coxpaHeHHeM pe3ynbTaToB JIMIb HA TIOCEeIHEH NTepaluy CKAHUPOBAHKS TI0CIE
YCPEIHEHUSI BCEX IMOJYYCHHBIX HW3MepeHHd. Pe3ynbTaThl M3MEpPEHHUH HAKaIUIMBAIOTCA |
YCPEOHSIOTCS HMHIMBHAYaJBHO Ui KaXJIOro 3ampoca (QHAJOTMYHO YCPEAHEHHIO 10
nepe3amnyckam).

JuarpamMmbl pabOTHI pe)KUMa YCPEIHEHHS CKaHUPOBAaHUEM TTOKa3aHbl Ha pucyHke 19.11.

CurHan
3anycka

3anpoc[RQMAX]

CkaHunpoBaHue ovepeamn

RSanpoc{O%Banpoc[ﬂ

3anucb

B FIFO* *Bamuce B FIFO 6yaeT nporcxoamTb BO BpeMsi NMocneaHero
CKaHMPOBaHWS, HO €CNY Takke BKIMYEHO YCpEeaHEeHMe No
nepesanyckam, 1o 3anuck B FIFO 6yaer nponcxogmTs NuLwb |
BO Bpems nocregHero ckaHvpoBaHus RCNTHo nepesanycka:
B octanbHOe Bpems 3annck OyAEeT natv TOnMbKO B

HaKonnuTernbHbI€ PErncTpbl.

Pucynok 19.11 — Jluarpammsl paboTsl pexXUMa ycpeIHEHHs CKaHI/IpOBaHI/IeM

YcpenHeHue CKaHMPOBAHUEM II03BOJIAET C OTHOCHUTENBHO Manoil ¢a3oBoil 3aaepikKoi
U3MEPUTHh YPOBEHb CHTHAJA II0 HECKOJBKMM KaHAJIaM B IpEZAesiax OAHOW BPEMEHHOM TOYKH, a
YCPEIHEHHE II0 Iepe3alyCckaM JaeT BO3MOXKHOCTb YCPEIHMTb 3HAUEHUs, MOJYYEHHBIX TaKUM
o0pa3oM TOYEK, Ha JOCTATOYHO OOJIBLIIOM HHTEpBale BpeMEHH. B coBokymHocTH, 00a
MeXaHU3Ma MpeAIaralT J0BOJbHO T'MOKUN HHCTPYMEHTApU JUIsl aBTOMAaTU3aIllMN U YCPETHEHUS
WU3MEPECHUM.

I'enepauus npepbiBaHuii

CekBeHCOp MOXET TE€HEpPUpPOBaTh NPEpbIBAaHMS C 33JaHHOW mepuoaudHocThio. [lo
3aBepiIeHNH Kax 1o 3ammcu B FIFO mHKpeMeHTHpyeTCs cueTunk n3Mepenunit. Kak Toibko 06110
3auxcupoBano ICNT+1 3anuceit (mone perucrpa SCCTL), renepupyercs npepbiBanue. CTOUT
OTMETHTH, uTO naxe eciau FIFO 3amomueno momHocThio (ycranosiaen OVS B peructpe FSTAT),
a M3MEpEeHHs TPOJOIDKAIOT MPOBOIUTHCS — CUYETYMK HM3MEPEHHH BCE PaBHO OyIeT CUUTATh
HOoCJeyIOIHe MOMBITKY 3anicu cekBeHcopa B FIFO (xoTs oHu OyIyT M UTHOPHPOBATHCS CAMUM
FIFO). Tekyiiee cOCTOSHUE CYETIYMKA MOXKHO y3HatTh, mpounTtas mojie ICNT perucrpa SCVAL.
COpoc cyerynka 3anpocoB MPOUCXOAUT B CIASAYIOIIUX CIYYasiX:

- 3apuxcupoBano ICNT+1 3amnucei;

- TIpY 3aImyCcKe CEKBEHcopa 1Mo coobIThIo, eciu copomieH 6uT ICNTS B peructpe CICNT;

- 6ut pasperienus pabotsl cekBeHcopa ENS peructpa SEQEN cOporen;

- MPOTPaMMHO — MpHU Kaxk10# 3anucu equuunbl B osie ICLR peructpa SCVAL.
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Jns xaxzaoro cexBeHcopa BbiaeneHa ymHus npepeiBanuii — ADC_SEQO u ADC_SEQ1
COOTBETCTBEHHO.

Hcnonb3oBaHue NPsIMOro 10CTyNa K NaMATH

Jlist  paspemieHuss HCIONIb30oBaHMsT KOHTposuiepa DMA  cekBeHCOpOM, HEOO0XOIMMO
yctanoButh 6utr DMAEN B peructpe SDMACTL. ITote WMARK Toro ke perucrpa 3amaer
ypOBeHb 3amoyHeHus Oydepa CeKBEHCOpa, MO JOCTH)KEHHH KOTOpOro OyneT 3amylieH
kouTposiep DMA. IlepeHoc naHHBIX OyIeT BBIMOJIHATHCS, MOKa HE OyAeT HepeJaHO YUCio
pe3ybTaTOB U3MEPEHUMN, COOTBETCTBYIOIIEE cOCTOsTHUIO 1ot WMARK.

Ecnu ouepennoii 3anpoc Ha 3anyck koHTpoiuiepa DMA mnpuiiien paHbliie, 4eM 3aKOHYUIICS
npeasaymui nuka DMA ot Toro e cekBeHcopa, To Oyaer BeicTaBieH ¢uar ommbku DOVs B
peructpe FSTAT.

19.2 Moayas AL

CrpykrypHas cxema deTbipexkaHaibHoro Moayis ALl moka3ana na pucynke 19.12.

Mogyne ALl npeo6pasoBaHus

Al
Hanogggnﬁlt(: 4‘ Eg duanyeckmin ALIM
iy
Bnok ~
KOHTpONSs ; Hpaiisep )
Lr) [ADCEN]| [ADCRDY] gll
O6pabotumk 3anpoca O6paboTtumk pesynbrara
| TekyLmi sanpoc | Cxema KannbpoBsku
GAINTRIMl
| CrenyoLLmii 3anpoc | —
OFFTRIM |
——
cexs::&?gao(; ApBUTpaXx 3anpocos +
PRIORITY II _
cekssgc?ggaq ——| | Tekylumii pesynsrar I ggg@%1$aTa

Pucynok 19.12 — CtpykTrypHas cxema yeTbipexkaHabHOro Moxyist AL

Paszpemienne pabGorsr momyns ALl ocymectBisiercss ycranokoir O6ura ADCEN B
peructpe ACTL. Tlpu kaxnom nepexmodeann ADCEN B enuHuIly 3amyckaercs mporieaypa
uannuanuzanun ALII, xoropas 3aBepmaercs yctaHoBkoil 6uta ADCRDY peructpa ACTL.
AIII roroB k pabore, korna ADCRDY = 1. Jlna npaBwibHOH paboThl 0JI0Ka, HEOOXOIUMO
obecrieunth TaktupoBanue monyneir ALIIl gactoroit ACLK ot 300 xI'y mo 32 MI'u. Bpewms
peoOpa3oBaHus OJTHOTO KaHaa paBHseTcs 14 takram gactoTel ACLK.

IIpaBuia apouTpaxa

Korma monyns AIIIl HaunHAeT BBIMONHATH U3MEPEHHUS MO 3ampocaM, OH YCTaHABIMUBAET
¢mar ADCBUSY B peructpe BSTAT. @mar 3anstoctn Oyaer cOpOIIEH JHIIb MPU TOTHOM
OTCYTCTBHUH 3aIPOCOB — MPH MOCIIEI0BATEIHHOM BBIIIOJHEHNUH 3aIIPOCOB (pyiar He cOpachIBaeTcs.
Bo Bpems ycranoBku (iara Bce HacTpoiku kaHayioB ALIIT coxpaHstOTCS B TEHEBBIX pEeTUCTpax.
V3MeHATh WX HACTPOMKM BO BpeMsl pabOThl MOXKHO, HO BCTYIAT B CHIy OHH JIHIIb TIPU
cnenyrome ycranoBke piiara ADCBUSY mocre copoca.
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CekBeHCOPBI MOTYT BBICTABJIATH 3aIPOCHI KaK OJTHOBPEMEHHO, TaK U HE3aBUCUMO JIPYT OT
JIpyra 1o pa3HbIM COOBITHSAM 3amycka. Jlis ompeneneHus] MOpsAIKa BBINOJIHEHHS 3alpOCOB
moayinem ALIIT peanuzoBana cxema apouTpaxka, co CIeIyIOIUMH MPaBHIaMH paboThI:

1 Ecnu monyne AL 6611 B peskuMe 0XUAaHUS (BKIIOYEH U U3MEPEHUs He TIPOBOAATCS),
TO MPH MOCTYIUICHUH 3aIpOca He3aMeUIUTEIbHO HAUMHACTCS €ro 00CTyKUBaHHE.

2 CekBEHCOpHI BBICTABIIAIOT CKIYIIUE» 3alpOChl — 3ampoc OyneT akTHUBEH N0 TeX Mop,
noka Moynb ALIIT He HauHeT ero 06paboTKy. Kak TONbKO ero o0CIy)XHBaHUE HAYAIOCH, 3aIIPOC
cOpachIBaeTCs.

3 Kak TONBKO TEKyHIMi 3ampoc CeKBEHCOpa ObUI COpOIIeH, OH cpa3y BBICTABIACT
CIEeIYIOIUNA 3ampoc (€cid TaKOBOM MMEETCS B HaJM4YMU), YTOOBI YCHETh MPUHATH y4acTHE B
Ommxkaiiiiel mporenype apoutpaxa u utoObl ALIIl He TpaTh TaKTHl HA MEPEXO U3 aKTUBHOTO
pEeXHUMa B PEKUM OKUJAHUS U 00paTHO.

4 CekBeHCOp, BO BpeMs pabOThI, MOKET HE BBICTABUTH CIEAYIOUINI 3ampoc mocie copoca
TEKyIIero, HO JMIIb B CIy4yae OKUIAHHUS OTJIOKEHHOro coObITHS mepe3amycka. Bo Bcex
OCTAJIBHBIX PEKHMMaX 3alpOChl BEICTABISIFOTCS HEPA3PBIBHO JPYT 32 IPYTOM.

5 Ecnu HECKONbKO CEKBEHCOPOB BBICTABUIIM OJUHAKOBBIC 3alpPOCHI, TO OOCITYKUBATHCS
oHn OynyT mapajuienbHO. Pesymbrar 3ampoca momaaer B Oydepbl BCeX COOTBETCTBYOLIMX
CEKBEHCOPOB.

6 ApOuTpax MPOUCXOJUT MIEepe]l HadaioM 00padoTku nepBoro 3ampoca (eciu AL Oput B
OKUJAaHUH) U B KOHIIE KaXKJI0r0 00pabaThiBa€MOro B TEKYLIUH MOMEHT.

7 Ecnu HECKOJIIBKO CEKBEHCOPOB OJHOBPEMEHHO BBICTABAT 3allPOCHI, TO 3alpOChl 10
KaHaJjiaM ¢ MEHBIIUM HOMEPOM UMEIOT MPUOPUTET BBIIIE, YEM KAHAIIBI C OOJIBIINM.

8 Kanansl ¢ ycranosinennbiM 6utom PRIORITY B perucrpax CHCTLn (rze n — HOMEp
kaHana, N =0, 1, 2, 3) umeroT 60Jiee BHICOKHI IPUOPHUTET, YEM T€, Y KOTOPHIX OUT COPOIIIECH.

9 Ecnmu omHOBpeMEHHO OYyAyT BBICTABJICHBI 3alpOCHl 10 KaHalaM C YCTaHOBJICHHBIM
PRIORITY, To 3ampochl 1Mo KaHajdaM C MEHBIIMM HOMEPOM HMMEIOT NPUOPHUTET BBIIIE, YEM
KaHAJIbI C OOJIBIIHM.

10 HeobxoamMo ¢ OCTOPOKHOCTBIO ~ MPOM3BOAUTH  YacThli  ompoc  Ooiee
BBICOKOTIPHOPHUTETHBIX KaHAJIOB — 3TO MOXET 3HAYMTENBHO 3aTPYAHHUTH OMPOC OCTaIbHBIX
KaHaJIOB.

Nnmroctpanus paboThl cxeMbl apOuTpaska 3alipocoB IpuBeieHa Ha pucyHke 19.13, rue
CepbIM BbIJIEJIEHBI 3aIIPOCHI IO KaHaslaM ¢ yctaHoBleHHbIM OutoM PRIORITY.

ADCBUSY | |_

O6pa6,&i|rl,lb'||83aaen'\f)lggl IfaHan 0 >< K‘aHan 2 >< KlaHan .1 >< IfaHan 2 >< }I<aHan. 3
ceKSeaan%O;aoJ / Kanan 1 X Kanan 3 \
3anpoc ot ' ' . . '

cekBeHcopa 1

KaHén OX KéHané >< kaHan .1 >< KéHané
Pucynok 19.13 — IIpumep cxembl apOuTpaka 3arpocoB

Koppexuust pe3yJbTaToB H3MepeHUi
Pesynbrar mpeoOpazoBaHHs TNeperacTcs Ha CXEMYy KOPPEKIMH, KOTOpas HUBEIUPYET
OIIMOKY YCHJIEHHUS U CMEILEHUs HYyJs U paboTa KOTOpoil onuckiBaeTcst GopMyIioi:

DRrX%(4096+GAINTRIM)
4096

D¢ = + OFFTRIM, (19.1)

rae Dg — nanHble, noyuyeHHbIe HenocpeACTBEHHO ¢ Moayist ALLLL;
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D¢ — CKOppeKTHpPOBaHHBIC TaHHBIC, BHIJIABAEMbIC CEKBEHCOPY;

GAINTRIM — ko3 puiineHT KOPPEKTUPOBKH YCHICHHMS, UMeeT auamna3on (—256, ..., 255);

OFFTRIM — ko03(¢¢duUIMeHT KOPPEeKTHPOBKM CMEIICHUS HYJs, HWMEET IUara3oH
(-256, ..., 255).

3nauennss GAINTRIM u OFFTRIM 3anocstcs B oqHoMMeHHBIE 1mojst peructpoB CHCTLN
(rme N — Homep kanasa or 0 mo 3) B JomosHHUTETBHOM Koje. [lo yMOS4aHUIO pe3ysbTaT
U3MEPEHUsT MPOXOJUT Yepe3 CXeMy KOPPEKIUH, HE U3MEHSSICh, T. K. KOA((GUIMEHTHI PaBHBI
HYJTIO.

PeanuszoBana marematnka «HacelmeHus». korga 3Hadenne OFFTRIM otpumarensHoe u
Oonbire npobu, To pe3ynabTaT Oyaer paBeH Hymto, ecin cymma OFFTRIM um npoGu Gonbiie
4095, To pe3ynbTar paBeH 4095.

19.3 llndposoii komnapaTop

B cocras 610ka AL Bxomsat d kommaparopos (d =0, 1, 2, 3). CtpykrypHas cxema
KOMIIapaTopa rokaszaHna Ha pucynke 19.14.

PaspeleHune ot
no6oro cekseHcopa

¢ Komnapatop
—_— Tpurrep
Bbi6op
Pesynbrathl no ) pexuNa —» | Cxema cpaBHeHus » ADCDC_TRIGn
kaHanam ALIM MUX (k 6Gnokam LLMM)
— 1> 0 A A
o P DATA | [CMPH] [CMPL |
OkoH4aHve 1 Y Y
nsmepetns — >
MpepbiBaHne
K koHTponnepy
Ly | Cxema cpaBHeHUs » NpepLIBaHI
Pesynbtarhl, MUX
CoxXpaHsieMble
B FIFO cekBeHcopamu —
Bbi6op kaHana
CurHans! 3anucu CHNL
B FIFO P

T

PaspelueHune ot
ceKkBeHcopa s

Pucynok 19.14 — CtpykTypHas cxema KomMIaparopa

Bce komnapatops! 6s10ka ALIIT HezaBucumbl. Kaxiplii kommnaparop MoxkeT o0pabaThIBaTh
pe3ysbTaT H3MEepEHHs IF0O0TO KaHaa.

[To ymonuanuto, xorma monynb AIIIl 3aBepmaer 0O6paboTKy 3ampoca MO KaHally, OH
BBICTABIISIET PE3YJbTAT, KOTOPBIA 3aXBAaTHIBAET KaK CEKBEHCOP, TAK M pa3pelieHHbIH (JIF0OBIM 13
CEKBEHCOPOB) M HACTPOSHHBIN HA ATOT KaHaJ KOMIapaTop.

Bo3MmoskeH u apyroii pexum paboThl, KOTJla Ha KOMIIapaTtop OyAeT 10/1aBaThCs pe3yybTarT,
KOTOpBIA cekBeHcop 3amuchbiBaeT B FIFO, HO Tompko B TOM cCiywae, eciud KaHal,
COOTBETCTBYIOIIMI COXPaHSIEMOMY pe3yibTaTy, TAaKKE COBMAJACT C KaHaJOM, Ha KOTOPBIHA
HACTPOEH KoMmmapaTop. BkiroueHue 3Toro pexxuma ocyiuecTnisiercsi ycraHoBkoi 6uta SRC B
peructpe DCTL.
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[TpaBuia HaCTpOUKH HU(PPOBBIX KOMIIAPATOPOB:

1 TTocpenctBom peructpa SRQSEL cexBeHcOpa S BRIOMPAIOTCS KaHAIBI I U3MEPECHUH.

2 IlocpenctBom peructpa SDC  BwiOMparoTcst  (pa3pemaroTcsi) KOMIapaTopbl s
00pabOTKH TMOJYyYEHHBIX PE3yJbTaToOB 3arpocoB (ycraHoBkoi OutoB DCd). 3amperieHHbie
KOMITapaTopbl He 00pabaThIBAIOT MOTYYCHHBIE PE3YIIbTATHL.

3 s kaxknoro kommapatopa d B ero perucrpe DCTL B mone CHNL yka3siBaeTcst HOMED
KaHayla, pe3ysbTaT M3MEpEeHHsi KoToporo Oyner mepenaH Ha Hero. Ilo ymomuanuio 3HaueHHe
CHNL = Oh, 1. e. Bce kommapaTopbl HACTPOCHHBI Ha PabOTy C HYJICBBIM KaHAJIOM.

4 butom SRC B peructpe DCTL BbpIOMpaeTcs MCTOUYHUK JAHHBIX JUISI KOMIIaparopa —
pe3ynbTaThl HenocpenctBeHHo ¢ ALl unu pesynbratel, 3anuceiBaeMble cekBeHcopom B FIFO
(koTOpbIE MOTYT OBITH YXKE YCPEIHEHBI).

PesynbraT u3MepeHHs, MOJIYYCHHbIH KommapatopoMm O, mepeaaercss BO BHYTPEHHIOIO
CXEMY CpPaBHEHHUS U OJTHOBPEMEHHO ¢ 3TuM coxpansercs B peructpe DDATA. Cxema cpaBHeHuUs
BBITIOJHSET MPOBEPKY COOTBETCTBUS pe3ylibTaTa u3MepeHus 3aaanHomy ycioBurwo (mons CTC,
CTM peructpa DCTL u nons CMPL, CMPH peructpa DCMP) u B 3aBucumMocTu 0oT pe3yibraTta
IPOBEPKH MEPEKITI0YAET BHIXOAHON TPUITEP U ycTaHaBIUBaeT duar coobitus cpaBuenuns DCEVd
B peructpe DCTRIG. Pabora Tpurrepa paspemraercs ycranoskoit 6ura CTE peructpa DCTL.

CpaBHnenue no ycjaoBuio «Msmepenne < CMPL» (CTC = 00b):

- B onnokparHoM pexxume (CTM = 01b) BbIXO#HOW TpUITEp MEPEKIIOYUTCSA B €IUHUILY
TOJILKO B Cllydae, €CJIM pe3ylbTaT CPAaBHEHUS OKAXETCS IOJOKUTENbHBIM IPU TOM, YTO
pe3yibTaT MPEAbIIYLIEro CpaBHEHUs ObLI OTpULATEIbHBIM. B OCTalIbHBIX CiIydasx COCTOSIHHUE
TpUITEpPa — HOJIb.

- B muorokparaom pexume (CTM = 00b) BbIxonHOW Tpurrep OyAeT mepexiroyarbes B
€IMHUITY KaXK]IBII pa3, KOTa pe3yabTaT CpaBHEHHS OyIeT MOJOKUTEITHHBIM.

- B ognokpatHomM pexume c¢ ructepesucom (CTM = 11b) BbeIxoaHON TpUTTEp
NEPEKIIIOUNTCS B €AMHUILY TOJBKO B Cllydae, €CiM IOCJe MPEKPAIEHUs! BHIIOJHEHHS YCIOBHS
«CMPH < U3mepeHue», pe3ynbTaT CpPaBHEHHUS OKaKETCS IIOJIOKUTEIBHBIM IIPU TOM, 4YTO
pe3yNbTaT MpeabAyIIero CpaBHEHUS ObLI OTPULIATENBHBIM. B OCTaNbHBIX ClydasX COCTOSIHUE
TPUITEPA — HOJIb.

- B mHorokpatHom pexunme c¢ ructepesucom (CTM = 10b) BbIXOJHOW TpUITEp
NEPEKIIIOUNTCS B E€AMHUIYY B Cllydae, €CIM IIOCJE€ IPEKPAIEHUs BbBIIOJHEHUS YCIIOBUSA
«CMPH < UM3mepenue», pe3ylbTaT CpPaBHEHUS OKAXKETCS IOJOXKUTEIbHBIM TMPU TOM, YTO
pe3yibTaT NpeAbLAYILEro CpaBHEHHsI Ol OTPULIATEIbHBIM, U Jajiee TpUrrep OyJeT ocTaBaTbCs B
COCTOSTHUU €/IMHUIIBI 71O TEX MOp, TIOKa CHOBa He BhINMOIHUTCSA yciaoBue «CMPH < U3mepenue».

[Tpumep HyHKIIMOHMPOBAHUS TPUITEpPA MOKa3aH Ha pucyHke 19.15.

A

CMPH - -

CMPL - -

MHorokparHbIn -

o O O
o O O
o O O

MHoOrokparHbI C TMCTEPE3NCOM -

o »r O O
O O O o
S

0
OpHoKpaTtHbI - O
0
0 0O 0 0 0O

O O O O

OpOHOKpaTHbIN C I’MCTEPE3NCOM - 0O 01 0 O O

Pucynok 19.15 — ®ynkuunonuposanue tpurrepa npu CTC = 00b
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Cpasuenne no yciaoBuio «CMPL < U3mepenue < CMPH» (CTC = 01b):

- B ogHOKpaTHOM peknMe BBIXOAHOW TPUTTEP NEPEKIIIOUNTCS B €IMHUILY TOJIBKO B CIy4ae,
€CIIM pe3yNbTaT CPAaBHEHUS OKAXKETCS MOJIOKUTEILHBIM TIPU TOM, YTO Pe3yJIbTaT MPEAbIAYILEro
CpaBHEHHMs OBbLIT OTPHUIATEIbHBIM. B OCTaIbHBIX Clydasix COCTOSIHHE TPUITEpPa — HOJb.

- B MHOTOKpaTHOM peXrMe BBIXOHOU TPUTTEP OyAET NePEeKII0YaThCS B €IUHHILY KasKIbIi
pa3, Korja pe3yybTaT CpaBHEHUSI OyJET MOJT0KUTEIbHBIM.

- OIHOKpATHBINM ¥ MHOTOKPATHBIN PEXXHUMBI C TUCTEPE3UCOM HE MOJIICP)KUBAIOTCS.

[Tpumep GyHKIIMOHUPOBAHUS TPUITEPA MOKa3aH Ha pucyHke 19.16.

A

CMPH - -

CMPL - -

MHorokpatHbii- 0 0 1 1 0 0O O 1 1 1 0O O 1 1 O O
OgHokpatHbIN- 0 0O 1 O O O 0 1 0 0O O O 1 0 O O
MHoOrokparHbI C TMCTEPE3NCOM - - - - - - - - - o o .o oL

OQHOKpaTHbIN C TMCTEPE3NUCOM - - - - - -« = = o = o o o oL

Pucynok 19.16 — ®dynkuunonuposanue tpurrepa mpu CTC =01b

CpaBuenue no yciaosuio «CMPH < U3mepenne» (CTC = 10b):

- B ogHOKpaTHOM peXnMe BBIXOAHON TPUTTEP NEPEKIIOUUTCS B €IMHUILY TOJIBKO B CiIyYae,
€CJIM Pe3yJbTaT CPAaBHEHUS OKAKETCS MOJIOKUTENIBHBIM IIPU TOM, YTO PE3YJbTAT MPEABIIYIIErO
CpaBHEHHMsI ObLII OTPHUIATENbHBIM. B OCTaIbHBIX Cllydasix COCTOSIHME TPUITEpPA — HOJIb.

- B MHOTOKpaTHOM peXHMe BBIXOJHON TpUITep OyAET NepeKIovaThCs B €IUHHILY KasKIbIi
pa3, Korja pe3yibTaT cpaBHEHHS Oy/IeT MOJ0KUTEIbHBIM.

- B 0JHOKpAaTHOM pEXHMME C TUCTEPE3UCOM BBIXOJHON TPUITEDP MEPEKIIOUYUTCS B €AUHULLY
TOJILKO B CJIy4ae, €Clu TOcje TMpeKpaiieHus: BoimoigHeHus ycioBusi «M3mepenne < CMPLy,
pe3yNbTaT CPAaBHEHUS OKAXETCA IOJIOKHUTEIBHBIM IIPM TOM, YTO PE3YJbTAaT MPEIbIIYLIETO
CpaBHEHHUsI ObLIT OTPHUIATEIbHBIM. B OCTaIbHBIX Cllydasix COCTOSIHME TPUITEpPA — HOJIb.

- B wMHorokpatHom pexume c rucrepesucom (CTM = 10b) BbIXOAHOH TpHUITEp
NEPEKIIOUNTCA B EIMHMILy B CIllydae, €CJIM II0CJI€ IIPEKpAIICHUs BBIOJIHEHUS YCIOBUS
«M3mepenne < CMPL», pe3ynbTar cpaBHEHHS OKaKETCS IIOJIOKUTEIbHBIM IIPH TOM, 4YTO
pe3yNbTaT MPEbITyIIEro CpaBHEHMs ObUT OTPULIATENBbHBIM, U Jlajiee TPUITep OyaeT OcTaBaThCs B
COCTOSTHUM €IMHUIIBI IO TEX MOP, II0OKa CHOBA HE BBINOJHUTCS ycinoBue «M3mepenne < CMPLy.

[Mpumep HyHKIIMOHMPOBAHUS TPUTTEPA TIOKa3aH Ha pucynke 19.17.
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CMPH - -

CMPL - -

MHorokpartHbIn -
OpHOKpaTHbIN -

o o o
o o o
Rk R
B O R
B O R
PR R
b O Rk
B O O

0
0
MHoOrokpartHbIl C TMCTEPE3UCOM -
0

O o oo
o r OO
=
o r O R

Oﬂ,HOKpaTHbIﬂ C rmcrtepesncom - O 0O 1 0 O O 0O 0O 0O 0O O

Pucynok 19.17 — ®yukuuonuposanue tpurrepa mpu CTC = 10b

[TepexiroueHne BBIXOJJHOTO TPUTTEPa B €AMHUILY YCTAHABIMBAET COOTBETCTBYIOUINI (har
TOSd B peructpe DCTRIG wu reHepupyer yHOpaBisIOIIUI CHTHAT JUIS TOPOTOBBIX
BoIKITFOUaTesnel O6aoko IIIMM. Bue 3aBucumocTtu oT coctosinus (aroB TOSd mo kaxmomy
COOBITHIO CpaBHEHHs ycTaHaBiuBaercsi coorBercTBytoumid ¢iaar DCEVd Toro ke perucrpa.
@diraru cOOBITHS CpaBHEHUSI COPACHIBAIOTCS 3aIMChI0 eqUHUIBI. COpOC caMOro TpHITEepa U €ro
CTaTyCHOro (hara BBIMOJHSAETCS TAKXKE 3alMChI0 €IUHUIBI B COOTBeTCTBYrommi Our TOSd
peructpa DCTRIG.

HezaBucumMo 0T cocTtosiHusT Tpurrepa (paspelieH Wi 3alpelieH) B ciaydae
MOJIOKUTEIBHOTO pe3ylibTaTa CPpaBHEHHUS KOMIApaTop MOXET TeHEepUpoBaTh npepbiBanue. s
storo ciuenyer ycranoBuTh OuT CIE perucrpa DCTL wu 3amate ycnousi CIC u CIM
(ananoruunsl o ¢pynkuuonany CTC u CTM).

[Ipumeuanue — YcinoBusi cpabaTbIBaHMs BBIXOJHOTO TPUITEPA KOMITAPATOPA U YCIOBHS
TeHEPUPOBAHNS TIPEPHIBAHHUIA MOTYT HE COBIAIATh.

19.4 TlpepbiBanus

[Ipu reHepupoBaHuu mpepbiBanuii ycranaBnuBarorces (uarm SEQRISs u DCRISd B
peructpe RIS. Ecnu O6pun ycTaHoBiIeHBI Macku npepbiBanmii B peructpe IM (mons SEQIMS u
DCIMd), To Takxke yCTaHABIMBAIOTCS COOTBETCTBYIOILINE MAaCKHPOBaHHBIE (pjard mpepbiBaHuUil
SEQMISs u DCMISd. Copoc daro (MacKHpOBaHHBIX U HEMACKHPOBAHHBIX) OCYIIECTBIISETCS
3aIUChIO eIMHMIIBI B cooTBeTCTBYOMIHE 1oiisi peructpa IC (mosst SEQICs u DCICA).

VYcraHoBka  mackupoBaHHBIX  ¢uiaroB  SEQMISs  BeBBIBaeT  popmupoBaHue
cootBercTByronX npepsiBanniit ADC_SEQS 6oka AL

®maru DCMISd kommaparopoB o0weauuensl mo MJIM, u ycraHoBKa ar000ro W3 HHX
BbI3bIBaeT (hopmupoBanue npepsianus ADC_DC 6moka ALIIT.

CrpykTypHas cxeMa KOHTpOJIepa pephIBaHMiA Toka3aHa Ha pucyHke 19.18.

KoHTponnep
npepbiBaHU
C6poc ¢dnaros
SEQIC | [ DCIC
HemackvpoBaHHble MackvpoBaHHble
cdnarv npepbiBaHunii dnarv npepbiBaHuii
Qe‘ii‘éﬂﬁﬁgﬂﬂ X SEQRIS & SEQMIS] \— ADC_SEQO,1
2 SEQIM ) 5 7 APCSEQD,
1
[pepbiBatins »IDCRIS | oM & DCMIS X >D—>ADC,DC
KommnapaTtopos i P IEEON] 4

Pucynok 19.18 — CtpykTypHas cxema KOHTpOJUIEpa MpepbIBaHHA
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19.5 Ilpumepsl padoTsbl 010ka ALIIT

B sToMm noapazzene npeactaBieHbl pa3HOOOpa3Hbie TpuMepsl HacTpoiiku 01oka ALIT mms
OCYIIECTBJICHUS U3MEPEHUH B PA3IMUHBIX pexumax. J{Jis Bcex nmpuMepoB MoIpa3yMeBaeTcsi, 4To
ook ALIIT Taktupyercs yactotoit 25 MI'm.

Hactpoiika TakTHpOBaHUS

OnuH W3 mpUMeEpoB HAcTpoiiku TakTupoBaHus Oinoka ALl coBmecTHO ¢ HacTpoiKoi
CHUCTEMHOI'0 TAKTOBOT'O CUTHAJIa IPEICTABICH HUXKE.

1 C nmomomipio peructpa PLLCFG 61oka RCU HactpanBaem Beixonuyro yactory PLL 100
MI'1. OcymiecTBisieM Mporeaypy InepeBoja cucTteMHo 4dactoThl Ha PLL. Takum oOGpazowm,
gacToTa cucTeMHOro takroBoro curnana SYSCLK Oyner pasna 100 MI .

2 Hacrpoiika paboueit yactotsl 6soka ALl ACLK npou3BoauTCs ¢ TOMOIIBIO pEerucTpa
ADCCFG 6mnoka RCU. BreiOupaeM B KadecTBE HMCTOYHUKA BBIXOAHYIO dactory PLL (mome
CLKSEL = 1), Bximtouaem aenurens Ha 4 (mosie DIVN = 1, 6ut DIVEN = 1). Takum o6pazom,
ACLK =25 MTIm.

RCU->ADCCFG bit.CLKSEL =

RCU->ADCCFG bit.DIVN = 1;

RCU—>ADCCFG_bit.DIVEN = 1;

3 Bxkirouaem taktupoBanue 00ka (6ur CLKEN = 1) u caumaem copoc (6ut RSTDIS = 1).
bnox ALIII roToB k nanbHEUIIUM KOHPUTYPALIUSM.

RCU->ADCCFG bit.CLKEN = 1;

RCU—>ADCCFG_bit.RSTDIS = 1;

1;

IIpumep 1 — IIporpaMmMHBIii 3a11yCK OJHOI0 CEKBEHCOPa
TpebGyemblil pexum paboThI:

- IPOTPAMMHBIH 3aMyCK;

- cexBeHcop 0;

- O/IHOKpPATHOE U3MEPEHHE BCEX UEThIPEX KaHAJOB;

- 0e3 npepriBaHu# (ompoc ¢uaros).

Koz, cooTBeTcTByIOLMII HAacTpoilke M 3amyCcKy HEOOXOAMMOTO pEXHMa, IperCTaBiIeH
HIDKE.
// HacTpolika
ADC->ACTL bit.ADCEN = 1;
ADC->EMUX _bit.EMO = 0;

ADC->SEQ[0] .SRQCTL bit.RQMAX 3;

ADC->SEQ[0] .SRQSEL bit.RQO = 0;
ADC->SEQ[0] .SRQSEL bit.RQ1l = 1;
ADC->SEQ[O0] .SRQSEL bit.RQ2 = 2;
ADC->SEQ[0] .SRQSEL bit.RQ3 = 3;

ADC—>SEQEN_bit.SEQENO = 1;

// Banyck

while (!ADC->ACTL bit.ADCRDY) ;
ADC—>SEQSYNC_bit.SYNCO = 1;
ADC—>SEQSYNC_bit.GSYNC = 1;

1 Paspemaem pabdory moxyns AL — HeoOxomumo ycranoButh Out ADCEN B perucrpe
ACTL.

2 Jlns paboter BeiOepem cexkBeHcop 0. Hactpoum ero mcrounwk 3amycka — mose EMO
peructpa EMUX nomxno 65Tk paBHO 0, T. K. 3aITyCK IPOrPaMMHBIH.

3 B more RQMAX peructpa SRQCTL HeobxoauMo BHeCTH 3HaueHue 3N, T. K. ©3MEpEHHS
OyAyT MIPOBOAUTHCS 110 BCEM YETHIPEM KaHAJIaM.
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4 HactpauBaem KaHambl IS 3ampocoB. JlomycTHM, HEOOXOTUMO ONPOCHUTH KaHAIBI
MOCJIEIOBATEILHO OT HYJIEBOTO K TpeTbeMy, 3HauMT, B peructp SRQSEL HeoOxoaumo BHecTH
suauenus B noist: RQO = 0Oh, RQ1 = 1h, RQ2 = 2h, RQ3 = 3h.

5 Paspemaem paboty cekBeHcopa. [[ns storo Heobxomumo ycranoButr out SEQENO B
peructpe SEQEN.

6 3amyckaem m3Mmepenus. Ilepen 3amyckom mpoBepsiem diaar ADCRDY, utoObl ObITH
YBEPEHHBIMH B TOM, uTo MOayib ALIIl mpoBen HeoOXoauMble HHUITMATHU3ANUA. [1JIT TOTO YTOOBI
HavyaTh u3MepeHus, Heooxoaumo yctaHoBUTh OuT SYNCO B peructpe SEQSYNC u 3anucats B
out GSYNC enunuiy.

7 IlpoBoaum ompoc ¢uaroB, 4roObl YCTaHOBHTH OKOHYaHWE H3MepeHui. Hampumep,
MOYHO orpamuBaTh peructp SFLOAD, oxwuas, moka OH He CTaHET paBeH 4.

8 CuutbeiBaeM 4YeThIpe pe3ylibTata u3mepeHus us oydepa SFIFO.

Pabota pexxuma npomuttocTpupoBaHa Ha pucyHke 19.19.

GSYNC GSYNC

3anyck 0 >—<> 3anyck 1 >—<>
CekBeHcop 0 i i

| | | |
ALLM

3arnunchb
B FIFO

Pucynok 19.19 — JluarpaMMbl IporpaMMHOTO 3aIlycka OJJHOTO CEKBEHCOpa

Ipumep 2 — lnkiauyeckuii onpoc KaHaJja ¢ 3aJepKKaMu
Tpebyemblit pexxuM pabOTHI:

- IUKJIMYecKas paboTa;

- cexBeHcop 0;

- OIPOC KaHaia HoMep 2 Kaxayro 1 mc;

- KOppEeKIIMs KaHaia 2;

- KaKJpIi onpoc U3 16 nocieoBaTeabHbIX U3MEPEHUN U YCPETHEHNUS;
- IpepbIBaHue 1o kaxkaou 3anucu B FIFO.

Kox, cOOTBETCTBYIOIIMI HACTPOWKE M 3alyCKy HEOOXOJMMOTO PEeXHUMa, MPEACTaBICH
HIDKE.

// HacTpolika

ADC—>ACTL_bit.ADCEN = 1;

ADC->CHCTL[2] .CHCTL bit.GAINTRIM = 5; // 3HaueHud Ojsd IprMepa

ADC->CHCTL[2] .CHCTL bit.OFFTRIM = (uint32 t) (-5);

ADC->EMUX bit.EMO = OxF;

ADC->SEQ[0] .SCCTL _bit.ICNT = 0;

ADC->SEQ[O0] .SRTMR = 24999;

ADC->SEQ[0] .SRQCTL bit.RQMAX = O;

ADC->SEQ[0] .SRQCTL bit.QAVGVAL = 4;

ADC->SEQ[O0] .SRQCTL bit.QAVGEN = 1;
0]

ADC->SEQ [ .SRQSEL bit.RQ0 = 2;
ADC->SEQEN bit.SEQENO = 1;
// NVIC npepeBaHue

181



ADC—>IM_bit.SEQIMO = 1;
NVIC_EnableIRQ (ADC_SEQO_IRQD) ;
// Bamnyck

while ( !ADC—>ACTL_bit .ADCRDY) ;
ADC—>SEQSYNC_bit.SYNCO = 1;
ADC->SEQSYNC bit.GSYNC 1;

1 Pa3zpemaem padoty moxaynst AL — neooxogumo ycranoButh 6ut ADCEN B peructpe
ACTL.

2 Ecnu npeasapuTenbHO Obula IPOM3BEAEHA MpOLEAypa KOPPEKLUUHU KaHajga 2, ¥ ObLIM
BBIYUCIICHBI TOMpPaBOYHbIE KO3 UIHMeHTsl, nx Heobdxomumo BHecTH B moiisi GAINTRIM u
OFFTRIM peructpa CHCTL2.

3 Hnst paGoter BeiOepeM cekBeHcop 0. Hactpoum ero mcrounuk 3amycka — mose EMO
peructpa EMUX nomkno ObITh paBHO Fh, T. K. 3aITyCK IIUKINYECKHUIA.

4 B nmonie RQMAX perucrpa SRQCTL neobxoaumo BHecTH 3HadeHue 0N, T. K. ©3MepeHus
OyAyT IPOBOAUTHCS 110 OAHOMY KaHaly.

5 HacrpamBaem kanan mis 3amnpoca. B peructp SRQSEL HeoOXx0oauMo BHECTH 3HAYCHHE
RQO = 2h.

6 Bxurrouaem ycpeaHeHue ckaHupoBaHueM 1o 16 ompocam ouepenn. B peructpe SRQCTL
Hy*HO yctaHoBuTh nosit QAVGVAL =4, QAVGEN = 1.

7 st Toro uto0sl onpoc mpoBoamiics kaxayio 1 mc (mpu ACLK = 25 MI'1), Heo6xoxumo
BHecTH B peructp SRTMR 3nauenue (1000000 ue/40 He) — 1 = 24999,

8 Pasperaem reHepanuo mpepbiBaHUN M0 Kaxaoi 3amucu B FIFO — Hy)XHO yCTaHOBWTH
out SEQIMO B peructpe IM u npocneauts, uyto0sl nosie ICNT perucrpa SCCTL ocraBaiiocs
PaBHBIM HYIIIO.

9 Paszpemaem paboty cekBeHcopa. ns sroro HeoOxomumo yctanoBut Out SEQENO B
peructpe SEQEN.

10 3anyckaem usmepenus. Ilepen 3amyckom mnposepsieM (aar ADCRDY, utoGbl ObITh
YBEpEHHBIMH B TOM, uT0 Moaysb ALIIT mpoBen HeoOXoauMBble MHUIMATH3ANNH. J{J1s1 TOTO YTOOBI
HayaTh U3MepeHus, Heooxoaumo yctaHoBuTh 6UT SYNCO B peructpe SEQSYNC u 3anucats B
out GSYNC enunuiy.

11 M3mepenus OyayT cpa3y e 3amylleHbl M OyIyT 3amycKaThCsl Kaxkayto 1 Mc manee.
[Tocne kaxgoro 3amycka OyneT mnposeleHO 16 M3MepeHui, pe3yabTaT yCPEeAHEHMsI KOTOPBIX
Oyzer 3anmucan B FIFO, u OyneT BpI3BaHO MpephIBaHUE.

PaboTa pexxuma npomuTtocTpupoBaHa Ha pucynke 19.20.
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3apepxkka 3anycka
cekseHcopa 0

GSYNC

CekeeHcop 0

HakonneHue YCpenHeHme
sanmcs B FIFO,
npepbiBaHue

Pucynox 19.20 — JluarpaMMbl IUKJIMYECKOTO OIIPOCa KaHAJIa

IIpumep 3 — PaBHOMepHO pacnpeaeieHHbIe H3MepPEeHUsI N0 epHoay TaliMmepa

TpebGyemblil pexum paboThI:

- 3arryck 1o taiimepy 0 ¢ gacroroit 10 kI'ny;

- 4 TOUKM U3MEPEHUS, PABHOMEPHO pacIpe/ieIeHHbIE TI0 TIEPUOTY;

- cekBeHcop 0;

- onpocsl 1o kaHanam 3 u 0;

- KaX/1bIi ompoc U3 4 mocIe10BaTeNIbHBIX U3MEPEHHUH U YCPETHEHNUS;

- mpepbiBanue Kaxasie § 3anuceit B FIFO (1o okoHuaHWU U3MEpEeHH B TEKYIEM MEPHOJIe
TaiiMepa).

Kon, coorBercTByromuii HacTpoiike M 3amycKy HEOOXOAMMOIO pexXHuMma, MPEeICTaBIIECH
HIDKE.

// HacTporka Tarnmepa

RCU->PCLKCFGO bit.TMROEN = 1;

RCU->PRSTCFGO_bit.TMROEN = 1;

TMRO->LOAD = 9999;

TMRO->ADCSOC bit.EN = 1;

// HacTpoiika Allll

ADC->ACTL bit.ADCEN = 1;

ADC->EMUX bit.EMO = 3;

ADC->SEQ[0] .SCCTL bit.ICNT =

~
~e

ADC->SEQ[0] .SCCTL bit.RCNT = 3;
ADC->SEQ[O0] .SRTMR = 624;
ADC->SEQ[0] .SRQCTL bit.RQMAX = 1;
ADC->SEQ[0] .SRQCTL bit.QAVGVAL = 2;
ADC->SEQ[0] .SRQCTL bit.QAVGEN = 1;
ADC->SEQ[O0] .SRQSEL bit.RQ0 = 3;
ADC->SEQ[0] .SRQSEL bit.RQ1l = 0;
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ADC—>SEQEN_bit.SEQENO = 1;

// NVIC mnpepwiBanmue

ADC->IM bit.SEQIMO = 1;

NVIC EnableIRQ (ADC SEQO IROnN);
// Banyck

while (!ADC->ACTL bit.ADCRDY) ;
TMRO—>CTRL_bit.ON = 1;

1 BkiroyaeM TaktupoBaHue Taiimepa 0 u cHumaeMm copoc — ycranosum outr TMROEN B
peructpax PCLKCFGO u PRSTCFGO cooTBeTcTBEHHO.

2 Jlnst Toro yToOs! Taiimep omycromaics ¢ yactoroi 10 k[ (mpu SYSCLK = 100 MI'n),
HeoOxoaumo BHecTH B peructp LOAD Taitmepa 3nauenue (100000 kI'/10 kI'm) — 1 = 9999.

3 PaspemraeM reHepanyio TaiiMepoM 3aIpocoB Ha CTapT MpeoOpa30BaHusl, YCTAaHOBHB OHUT
EN B peructpe ADCSOC raiimepa.

4 Paspemaem paboty monyist ALl — neooxoaumo ycranoButs 6ut ADCEN B peructpe
ACTL.

5 Hnst pabotel BeiOepem cekBeHcop 0. Hactpoum ero mcrounuk 3amycka — mose EMO
peructpa EMUX nomkHo O6b1Th paBHO 3h, T. K. 3aITyCK [0 OMyCTOIICHHUIO Taiimepa 0.

6 HeoOxomumoe kosimyectBo 3anuceid B FIFO ms renepanmu npepeiBanus — 8h, mostomy
sanuireM B mosie ICNT perucrpa SCCTL 3nauyenue 8 — 1 = 7h.

7 Ilo kaxxaomy 3amycKy JOJDKHO COBEPIIMTHCS 3 Tepe3anmycka ¢ Iay30d B 4YeTBEPTh
nepuofa omyctouieHus taitmepa 0. B mone xonuuecta nepesamyckoB RCNT peructpa SCCTL
BHeceM 3h. B peructp 3anepxku nepesanycka SRTMR BHecem 3HadeHue

25000 xI'u/(10 kI'ix4) — 1 = 624.

8 B monie RQMAX peructpa SRQCTL HeoOxoaumMo BHecTH 3HaueHue 1h, T. K. n3mMepenus
OyAyT IPOBOAUTHCS 11O IBYM KaHaJIaM.

9 HactpamBaem kaHaisl s 3anpoca. B peructp SRQSEL HeoOXo1umMo BHECTH 3HAYCHUS
RQO = 3h, RQ1 = 0h.

10 BriroyaeM ycpeaHEHHE CKaHHUpPOBAaHHMEM IO YEThIpeM OIpocaMm odepean. B permcrpe
SRQCTL nyxHo ycranoButh noinst QAVGVAL = 2, QAVGEN =1.

11 Pa3pemaem reHepaiuio mpepsiBaHUi 1ocie Kaxaon BockMoi 3ammcu B FIFO — HyxHO
ycraHoBUTh OuT SEQIMO B peructpe IM.

12 Pa3zpemaem paboty cekBencopa. s storo Heooxoaumo ycranoButh 0ut SEQENO B
peructpe SEQEN.

13 3amyckaem m3mepenus. [lepen 3amyckom mposepsieM (imar ADCRDY, 4To0bI OBITH
yYBEpEHHBIMH B TOM, uTo Moaysb ALIIT mpoBen HeoOXouMble HHULIMANHU3ALUH. J[71s1 TOro 4TOOBI
WX Ha4aTh, He0OX0 MO BKIFOUHTH Taiimep 0, ycranoBuB 6uT ON B peructpe CTRL Taiimepa 0.

14 W3mepenuss OyayT 3amyckaTbCsi MO KakJaoMy omycromenuto Ttaiimepa 0. Ilocne
Ka)XJIOTO 3aIlycka Oy/IeT MPOBEICHO MO0 TPHU OTIOKEHHBIX Iepe3amycka. T. K. mociie KaKIoro
nepezanycka B FIFO momamaer mo aBa ycpeaHEHHBIX pe3yibTara, TO HpepbIBaHHE Oyjaer
CTEHEPUPOBAHO TIOCJIE 3aITMCH MTOCIIEIHET0 Pe3ybTaTa B TIOCIEIHEM TPETHEM MTEPe3aIrycKe.

Pabora pexxuma npousuocTpupoBaHa Ha pucynke 19.21.
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3agepxka 3anycka
cekBeHcopa 0

/
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]

OnycroweHue,
Taimepa 0
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CekseHcop 0

Hakonnexue Yepenrenie, YcpeaHeHne,

3anmnce B FIFO 3anmuce 8 FIFO
W npepbiBaHue

ALMN, navepsiemblit kaHan

Pucynok 19.21 — JIluarpaMMbl paBHOMEPHO paclpeIeIEHHbIX U3MEPEHUH 110 epuoly TaiiMepa

IIpumep 4 — 3anyck HECKOJIbKHX CEKBEHCOPOB

TpebGyemblil pexum paboThI:

- Taiimep 0 onycromaercs ¢ yactoror 10 kI'm;

- [IIMMO cuuTaer B AByHAINPaBIECHHOM PEKUME, TOCTHTaeT HyJs ¢ yactoTon 10 kl'm;

- cexBeHcop 0 — 3amyckaercs o IHNM;

- cekBeHcop 0 — ycpelHeHue pe3ysibTaToB MO YEThIpEM TOYKaM M3MEpPEHUH, paBHOMEPHO
pacnpeeIeHHBIM 110 IEPUOLY;

- cekBeHcop 0 — n3mepeHus no kananam 0 u 1, KaHaJIbl UMEIOT MOBBIIIEHHBIN IPUOPUTET;

- cekBeHcop (0 — KaKI0e N3MEPEHHUE U3 IBYX IOCIIEI0BATEIbHBIX OIIPOCOB U YCPEIHEHUS;

- cekBeHcop 0 — mpepbiBanue Kaxaplie 2 3amucd B FIFO (o oxkoHUaHWW W3MEpECHHA B
TEKYILEM NIEPHOJIE);

- cekBeHcop |1 — 3amyckaercs o curaaiy taimepa 0;

- CEKBEHCOp 1 — n3MepeHue kaHaia 2;

- CeKBeHCOp 1 — Kaxka0e u3MepeHue u3 4 mocae10BaTeNbHbIX OIPOCOB U YCPEAHEHMUS,;

- ceKkBeHcop | — mpepriBaHKe pu Kax1oi 3amucu B FIFO.

Kon, cooTBeTcTByrOmUN HACTpOWKE W 3ayCKy HEOOXOAMMOTO pEeXHMa, MPEACTaBIeH
HIDKE.

// HacTporka Tanmepa
RCU—>PCLKCFGO_bit.TMROEN =
RCU—>PRSTCFGO_bit.TMROEN = 1;
TMRO->LOAD = 9999;
TMRO—>ADCSOC_bit.EN = 1;
//Vanumanuszauus 1M
RCU—>PCLKCFGO_bit.PWMOEN
RCU—>PRSTCFGO_bit.PWMOEN =
PWMO—>TBCTL_bit.CLKDIV = 1;
PWMO—>TBCTL_bit.HSPCLKDIV = 5;

|
=
~e

1;
1;
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PWMO->TBPRD = 250;
PWMO->TBCTL bit.CTRMODE = 2;
PWMO->ETSEL bit.SOCASEL = 1
PWMO->ETSEL bit.SOCAEN = 1;
//HacTporka ALI

ADC->ACTL bit.ADCEN = 0x1;
ADC->CHCTL[O0] .CHCTL bit.PRIORITY = 1;
ADC->CHCTL[1] .CHCTL bit.PRIORITY = 1;
//HacTporika cexseHcopa O

ADC->EMUX bit.EMO = 7;

.
4

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.RQl = 1;

ADC->SEQEN bit.SEQENO = 1;
ADC->IM bit.SEQIMO = 1;

NVIC EnableIRQ(ADC SEQO IRQn);
//HacTporika cexBeHcopa 1
ADC—>EMUX_bit.EMl = 3;
ADC->SEQ[1].SRQCTL bit.RQMAX = O;
ADC->SEQ[1].SRQCTL bit.QAVGVAL = 2;
ADC->SEQ[1].SRQCTL bit.QAVGEN = 1;
ADC—>SEQ[1].SRQSEL_bit.RQO = 23
ADC—>SEQEN_bit.SEQEN1 = 1;
ADC—>IM_bit.SEQIM1 = 1;

NVIC EnableIRQ (ADC SEQl TIROnN);

// 3Banyck
while(!ADC—>ACTL_bit.ADCRDY);
TMRO—>CTRL_bit.ON = 1;
SIU—>PWMSYNC_bit.PRESCRST = 1<<0;

1 Bxioyaem taktupoBanue Taiimepa 0 u cHumaem cOpoc — ycraHosuM outr TMROEN B
peructpax PCLKCFGO nu PRSTCFGO cooTBeTCTBEHHO.

2 Ins Toro uroOsl Taiimep 0 omycromarcs ¢ yacrotoit 10 kI (mpu SYSCLK =100 MI'n),
HeoOxoaumo BHecTH B peructp LOAD raiimepa 0 3nauenue (100000 kI'1/10 xI'x) — 1 = 99909.

3 Pazpemaem reHepanuio TaiiMepoMm 0 3ampocoB Ha CTapT MpeoOpa3oBaHMs, YCTAHOBUB
6ut EN B perucrpe ADCSOC raiimepa 0.

4 Bxirouaem TaktupoBanue IIIMMO u cammaem cOpoc — ycranoBum 6utr PWMOEN B
peructpax PCLKCFGO u PRSTCFGO cooTBeTCTBEHHO.

5 Hactpoum penutenu takroBoro curHana LIIMM takum o6pazoMm, 4ToObl yacToTa cyera
TBCLK 6pu1a paBaa 5 MI'n (mpu SYSCLK = 100 MI'wr). {nst 3TOr0 3amuiieM B MOt perucrpa
INM TBCTL 3nauenus CLKDIV = 1 (koaddunuent 1/2), HSPCLKDIV = 5 (xoa3dhdunment
1/10).

6 Pexxum cuera nycroponnuit — mote CTRMODE = 2 peructpa TBCTL, a mepuox cuera
(peructp TBPRD), coorBercTBenHo, paBen 5000 kI'u/(10 I'1r)/2 = 250.

7 Pazpemraem renepamuio IIIMMO 3anmpocoB mo kaHaily A Ha cTapT mpeoOpa3oBaHUS,
ycraHoBuB Out SOCAEN B peructpe ETSEL u 3anucaB emununy B none ETSEL Toro xe
perucrpa.
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8 Paspemmaem paboty moxymnst AT — Heo6xoqumo ycranoButh 6utr ADCEN B peructpe
ACTL.

9 VYcranaBnuBaeM BBICOKMN MPHOPUTET JUIsI KAaHAJOB, KOTOpBIE OyayT oOpabaThIBaThCS
cexkBeHcopom 0 — kananoB 0, 1, ycranoBuB 6ut PRIRORITY B coOTBETCTBYIOIIMX perucrpax
CHCTL.

10 Ipoununmanuszupyem cexkperHcop 0. Hactpoum ero mcrounuk 3amycka — mojge EMO
peructpa EMUX nomkno 0b1Th paBHO 7h, T. K. 3amyck 1o curHany kanana A [II1M.

11 Heob6xomumoe kommuectBo 3anucedd B FIFO nst reneparnuu npepreiBaHust — 2, IO3TOMY
sanumieM B nojie ICNT peructpa SEQO->SCCTL 3nauyenue 2 — 1 = 1h.

12 Tlo xaxxaoMy 3amycKy JOJKHO COBEPUIMTHCS 3 Mepe3anycka ¢ Nay30i B 4YETBEPTh
nepuosa [IIMM. B none xonnuectsa nepe3amnyckoB RCNT peructpa SEQO->SCCTL Bhecem 3h.

B  peructp 3amepxkkum  mepesanycka  SEQO->SRTMR  BHeceM — 3HaueHwHe
25000 kI'u/(10 k['ix4) — 1 = 624.

13 B more RQMAX peructpa SEQO->SRQCTL neobxoauMo BHecTH 3HaucHHe 1h, T. K.
U3MepeHus OyIyT IPOBOIUTHCS MO IBYM KaHAJIaM.

14 HactpamBaem kaHanbl juist 3anpoca. B peructp SEQO->SRQSEL HeoOxoaumo BHECTH
saauenus RQO = Oh, RQ1 = 1h.

15 BxirouaeM ycpenHeHHWE CKaHMPOBAaHHMEM IO JIBYM ompocaMm ouepenu. B peructpe
SEQO->SRQCTL nmyxHo ycranoButh noist QAVGVAL =1, QAVGEN = 1.

16 Pa3pemaem renepanuio npepbiBaHuii: HyHo ycTaHoBuTh out SEQIMO B peructpe IM.

17 Paspemnraem paboty cekBencopa. s aToro Heooxoaumo ycraHoBuTh outr SEQENO B
peructpe SEQEN.

18 Tlpownmmmanusupyem cekBeHcop l. Hactpoum ero mcrounmk 3amycka: mone EM1
peructpa EMUX nomkno 6b1Th paBHO 3N, T. K. 3aITyCK 110 CHrHaiy Taiimepa 0.

19 B monte RQMAX peructpa SEQ1->SRQCTL neobxoaumo BHecTH 3HadeHue Oh, T. k.
u3MepeHus Oy1yT IPOBOJUTHCS MO OJTHOMY KaHamy.

20 HactpamBaeM kaHaibsl s 3amnpoca. B peructp SEQ1->SRQSEL neobxomumo BHECTH
snauenne RQO = 2h.

21 BxitoyaeM ycpeIHEHHE CKaHUPOBAaHHMEM IO YETHIpEM OIpocam odepean. B permcrpe
SEQ1->SRQCTL nyxHo yctanoBuTh noist QAVGVAL =2, QAVGEN = 1.

22 PazperraeM TeHepaIuio mpepbIBaHuid: HyHO ycTaHOBUTH OuT SEQIM1 B peructpe IM.

23 PaspemaeM paboty cekBeHcopa. st aToro HeoOxoaumo yctaHoBuTh 6ur SEQENI B
peructpe SEQEN.

24 3anyckaeM usMepenus. Ilepen 3amyckom mposepsiem ¢uiar ADCRDY, uroObl ObITH
YBEpEHHBIMH B TOM, 4T0 Moaysib ALIIT mpoBen HeoOXoMuMBble MHANIMATHA3AIUH. J[J1st TOTO 4TOOBI
UX HayaTk, HeoOxouMo BKItounTh Taitmep 0, ycranosus 6ut ON B peructpe CTRL taiimepa 0.
A Taroke paspemuth padory npemaenutens LINM, 3amucaB 1h B mone PRESCRST perucrpa
PWMSYNC 6mnoka SIU.

25 U3smepenus cexBeHcopa (0 OyayT 3amyckaTbes MO KaXJA0OMYy PaBEHCTBY HYJIO CUETHOTO
peructpa IHMMO. Ilocne kaxaoro 3amycka OyIeT NpPOBEACHO MO TPU OTJIOKEHHBIX
nepesanmycka. T.K. JOIOJHUTENFHO BKIIOUEHO YCpPEIHEHHE 10 Tiepe3amyckaM, TO JiBa
ycpenHEHHBIX pe3yibrata momaayr B FIFO B mocnenHeMm TpeTheM mepesamycke M Oyner
BBI3BAHO TMpepbiBaHue. I3MmepeHus cekBeHcopa | OyayT NpPOM3BOIUTHECS TIO KaKIOMY
onycromenuto taiimepa 0. Ilocne ycpenHeHHMs CKaHMpPOBAHUEM pe3yibTaT OyneT 3amucaH B
FIFO u Oynet BbI3BaHO IIpephIBaHHE.

Pabora pexxnMa npousuIIOCTpUpOBaHa Ha pucyHke 19.22.
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20 CropoxeBoii Taiimep

CroposkeBoil TaliMep NO3BOJSIET COPOCUTH CHCTEMY B Cilydae OTKa3a IPOTrPaMMHOIO
oOecnieuenus. Ilosb30BaTenb MOXKET BKJIIOYATh WIIM BBIKJIKOYATh CTOPOKEBOM TaliMep IO
COOCTBEHHOMY YCMOTPEHHUIO.

CropokeBoil TaiiMep TmpeacTaBisieT co0oi 32-OMTHBI OOpaTHBIM CYETYUK, KOTOPBIHA
3arpykaetcs 3HaueHueM u3 peructpa LOAD. CueTunk ymMeHbIIACTCS HAa €AWHUILY 110 KAXKIOMY
Hapacratoiemy pponty takrooro curaana WDTCLK.

[To ymoi4aHHIO CTOPOXKEBOH TailimMep He TaKTHpyeTCss M HaxoIuTcs B cOpoce.
AxTuBHpOBaTh TaiiMep MoxHO ¢ momotnbto perucrpa WDTCFG 6moka RCU.

BkiroyeHne cyera CTOpOXKEBOro TailMepa M €ro IpephlBaHUS  OCYIIECTBISIIOTCS
yctanoBkoii Outa INTEN B peructpe CTRL. Korma cuerumk Taiimepa mOCTUTAaeT HYJIS,
ycranaBiuBaetcst piaar WDTINT B peructpe MIS, a B cueTdmk 3arpykaercs 3HAY€HUE U3
peructpa LOAD.

Hanee, eciin ycranosnen 6ur RESEN, cyerynk nmpomomkaer nekpeMeHTHpoBatbes. Eciu
Ha MOMeHT noBTopHOro aoctwkenus Hyns ¢uar WDTINT ycranosneH, mpousBoautcsi copoc
MHUKPOKOHTpOJUIEpa. AJIITOPUTM pabOThl CTOPOXKEBOT0 TaiiMepa nokaszaH Ha pucynke 20.1.

CHAaTne copoca n BKrro4YeHue
TakTnmpoBaHusa (perctp WDTCFG B
RCU)

v

BkrnrouweHume Tanmepa
INTEN = 1

v

CyeTuHuKk Tanmmepa
AekpemMeHTpyeTcs

Y

CuyeT4Hmk
ocyHmrTan oo
HYynAa?

YcTaHoBKa donara
WDTINT

v

3arpys3ka cuHeTt4dmka
3HadveHunem LOAD

HeT YcTtaHoBrieH 6unT

RESEN?

CuyeTuHuKk Tanmepa
nAekpemeHTpyetcsa [

CuyeT4yHmk
ocyHmrTan oo
Hy”na?

HeT

HeT YcTaHoBrneH

dbnarwDTINT?

COpoCc MMKPpOKOHTpOnrnepa

Pucynoxk 20.1 — Anroput™ paboThI CTOPOKEBOTO TaiiMepa
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21 IlporpaMMHO-anmapaTHbie CpeICTBA OTIAAKHU

Hnst ocBoeHus u uzydeHus 32-pazpsgHoro Mukpokontposuiepa 1921BK035, a takxe s
MaKETHUPOBAHMUSI M OTJAJKU CHCTEM II0JIb30BaTeNIi Ha €ro OCHOBE, CJEAYEeT HCII0JIb30BaTh
MaKeTHO-0TJIAJJOYHYIO IJIaTy, KOTOpas MO3BOJIAET MOJKIIOYATh BHEUIHUE JJIEMEHTHI K MOpTaM
MUKpPOKOHTpoOJUIepa, paboTaTh C BHEIIHUMHU UWHTepdeiicaMu, a TakkKe NpPOrpaMMUPOBAThH
BCTpoeHHYI0 Flash-namsTh ¥ BBIMOIHATE OTJIAAKY M OLIEHKY PaOOThI MPUKIIATHBIX IPOTPAMM.

st cozanust mporpaMMHOTO 0OECIICUeHHST PEKOMEH TYEeTCsl UCTIOIb30BaTh MTPOTrPaMMHBIH
nponykT CodeMaster++[ ARM], koTopslii ipeAcTaBisieT co00i HabOp MPOrpaMMHO-aIapaTHBIX
CpeACTB IJIsl pa3pabOTKH U OTIAJIKM CUCTEM Ha Oa3e MuKpokoHTpoiuiepa 1921BK035.

Cpena paspaborkun CodeMaster++[ARM] Bkimogaer B cebsi MEHEIKEP IPOEKTOB,
penakTop HCXOAHBIX Koo, kommwisatop (C, C++), cpenctBa OTHaAKd W CHMYJISIIHHA
Mukpokontposuiepa 1921BK035. Cpena no3BosisieT oCymecTBISATh OTJIaAKY IpOorpaMM, a TakxKe
porpaMMUpPOBaHUE MUKpPOKOHTpoJutiepa nmocpenctsom JTAG smymsaropa JEM-NT-CM4.

Anantep JEM-NT-CM4 o6ecnieunBaeT B3auUMOACHCTBHE MEXAY HHTETPUPOBAHHON
cpenoii pazpadorkn CodeMaster++[ARM], ycTaHOBIIGHHOUW Ha MEPCOHATHLHOM KOMITBIOTEpPE, U
OTJIAJIOYHBIMU pECypCcaMH, BCTPOEHHbIMH B MHUKpoKoHTpoiiep 1921BK035, a Takxke
BBITIOJTHEHHUE OTIAAOYHBIX (yHKIuH. WHDOpMannoHHBIA OOMEH C MHKPOKOHTPOJICPOM
OCYLIECTBIISIETCSA 110 OJTHOMY M3 0TJ1aq0uHbIX TopToB JTAG nmu SWD.

OTajka moJib30BaTeIbCKOM MPOTrpaMMBbl TIPEIIIOJIATraeT JABa OCHOBHBIX peXHMa PaObOTHI:

- BBITIOJTHEHUE MPOTPaMMBbl B pexkuMe peaibHoro BpemeHn RUN;

- OCTAaHOB TMPOTPaMMbl Ha OMPEIEICHHOM aJpece WIM B ONPEACICHHBI MOMEHT
BoinonaHenuss HALT.

BOABIIMHCTBO OTIAMOUYHBIX (PYHKIUNA JOCTYITHO HCKIIOUUTEIHRHO B PEXHME OCTaHOBA.
B »tom pexume otmamuunk JEM-NT-CM4 Bo B3aumoaeiictBuu ¢ CodeMaster++[ARM]
MO3BOJISIET AHAJIM3UPOBATh U U3MEHSTH XOJ] UCIIOJIHEHHS TT0JIH30BATEIBCKON MPOrPaMMbl MEXKTY
OT/IENIbHBIMU y4acTKaMH IIPOrpaMMBbl, UCTIONHSAEMBbIMU B peskume RUN.

[Tpu pabore ¢ mosb3oBarenbckoil mporpammoit anantep JEM-NT-CM4 obGecneunBaer
BBINIOJIHEHHE CIEAYIOMMNX OTJIaI0YHBIX ACHCTBUI:

- cOpoC MUKpPOKOHTPOJIJIEpAa C OCTAHOBOM II0JIb30BATENILCKON MPOTrpamMMbl Ha HadyajJbHOM
azapece;

- 3aITyCK Ha BBIMIOJIHEHUE MTPOTPAMMBI B peKUMe peanbHoro BpemeHu RUN;

- OCTAHOB IIPOrPaMMBbI B POU3BOJIbHBIA MOMEHT BpemeHu STOP;

- OTIpe/ICJICHHE U U3MEHEHHE a/Ipeca BHITIOJIHEHHS IPOrPaMMbl (YTEHUE U 3aMHCh CUETUMKA
KOMaH/1);

- YTEHHE U 3alKCh JOCTYIHBIX pecypcoB MukpokoHTposuiepa (O3Y, Flash-namsars, SFR u T. 11.);

- YCTAHOBKY U CHSITHE TOYEK OCTAHOBA I10 aJPECY BHINOJIHEHHS MPOrPAMMBbI;

- 3aITyCK Ha BBITIOJIHEHHE MPOTpaMMBbl IO OTMPEIEICHHOTO MeCTa B HMCXOJHOM KOJIe
(1o Kypcopa, 110 aapeca);

- TIOIIArOBOE MUCIIOJTHEHUE MPOTPAMMBI: IIard HU3KOTO M BBICOKOTO YPOBHEH, C 3aX0J0M U
0e3 3ax0/1a B MOMPOTPaMMBI.
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3aKjao4eHue

B HacrosimeM pyKOBOJCTBE I0JIb30BaTeNsl HPEJCTABICHO OIMCAHUE apXUTEKTYpHI,
(GYHKIMOHATIBHOTO TOCTpoeHUs W mepudepun MuUkpokontposuiepa 1921BK035. Texuuueckoe
OINHCAaHUE MOXKET CIIY)KUTh NPAKTHUECKUM PYKOBOJCTBOM IO MPUMEHEHUI0 MUKPOKOHTpOJLIEpa
JUIs Pa3pabOTUYUKOB CUCTEM HA €r0 OCHOBE U IIPOrPAMMUCTOB.
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IIpunoxenne A
(oGs3aTenbHOR)
Perncrpbl MUKPOKOHTpOLIEpPa

B 1aHHOM mNpUIOKEHUH TNPEJCTABICHbI PErUCTPhl C YKa3aHHEM UX Ha3HA4YeHUH,
MHEMOHUYECKUX Ha3BaHUU U AJIPECOB.

s kaxkaoro Ooka OTAEIBHO MPHUBEIEHBI a0COMIOTHBIE 0a30BbIEC aJpeca, a B OMHCAHMSIX
PETUCTPOB TOKA3aHbI CMEIICHHUsI OTHOCUTEIIBHO €ro 0a30BOTO ajpeca, €cily HE yKa3aHO MHOE.
AOCOIOTHBIN aZipec perucrpa BBHIYHUCISETCS MyTeM CIOXKEHHsS aOCOII0THOro 6a3zoBOro aapeca
0JI0Ka ¥ CMELLEHUS 3TOr0 PErUCTpa.

A.1 Peructpbl konTpoJuiepa AL

Bbasoselii agpec:  4000_0000h

CmeneHue: + 40h (SEQO) Peructpsl cekBencopa 0
+ 74h (SEQ1) Peructpsl cekBencopa 1
+200h (DCO) Peructpsl nudpoBoro kommapartopa 0
+20Ch (DC1) Peructpsr nugposoro kommnaparopa 1
+218h (DC2) Peructpsl nudpoBoro kommaparopa 2
+ 224h (DC3) Peructper nudposoro kommnaparopa 3
+ 500h (CHCTL) PerucTpbl HACTPOMKH KaHAIOB
MHeMOHHKA. SEQs;
DCd
[Ipumeuanue — S—HoMmep cekBeHcopa 0 umm 1;

d — HoMep 1o mopsiaKy nupoBoro kommaparopa ot 0 go 3.

SEQEN — peructp BK/JIIOYeHHs CEKBEHCOPOB

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
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
Ilone butsl Onucanne
SEQENSs 1-0 burt paspeniennst paboThl CEKBEHCOpa S

0 | 3ampemieHo

1 | Pazpemnieno

— 31-2 3ape3epBUPOBAHO
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SEQSYNC — peructp nporpaMMHoOIi CHHXPOHU3ALMH CEKBEHCOPOB

Cwmermenue: + 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
G -
SYNG
L L L L L L L L L L L L L
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
) SYNCISYNG
1 0
L L L L L L L L L L L L
34 3y
[Tone butel Onucanue
GSYNC |31 bur 3amycka ceKBeHCOPOB.
3anuch eMHMIIBI 3aITyCKAeT CEKBEHCOPHI, pad0Ta KOTOPHIX pa3pellieHa 1
111 KOTOpBIX ycTaHnoBineHbl OMThl SYNCs
SYNCs | 1-0 bur paszpemienus 3amycka ceKBeHCOpa S
0 | 3ampemieHo
1 | Paspemeno (ecau ycranosieH 6utr SEQENSs B peructpe SEQEN)
— 30-2 | 3ape3epBUpPOBAHO

BSTAT — peructp ¢uaros 3ansitoctu

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
) ADC
BUSY]
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 SEQ | SEQ
- BUSY [BUSY
1 1 1 1 1 1 1 1 1 1 1 1 1 0
Y Y
ITone butsl Onucanue
ADCBUSY | 16 ®mnar 3anstoctu Moxys AL
0 | ALII BBIKITIOUYCH WUTH B PEXKUME OXKHUIAHHS 3aIpoca
1 | ALII npoBoaNT M3MepeHNs MO aKTUBHBIM 3aIpocam
SEQBUSYs | 1-0 ®dar 3aHATOCTH CEKBEHCOPA S
0 | CexBeHCOp BBIKITIOUECH WU B PEKUME OXKUJIAHUS CUTHAIIA 3aITyCcKa
1 | CexBeHCOp MPOU3BOINT 3aITYCK/TIEPE3ayCK M BHITIOTHSIET
3aJICPIKKY Tepe3aIrycKa
— 31-17, | 3ape3epBuUpoBaHO
15-2
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FSTAT — peructp ¢1aros 0ydepos pe3yiabratoB u 6;10ka DMA

Cwmemenue: + 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 l4|13|12|].‘|.|10 9 8 7 6 5 4 3 2 1 0
- UN1 | UNO OoVv1i|0OVO0
1 1 1 1
34 3y 34 3y
[lone | butel Onucanue
DOVs | 17-16 | ®uar ommbku DMA
0 | Her omuOku
1 | Ilpu Hamuuum oOpabateiBaeMoro 3arpoca DMA ot cekBeHcopa s,
TIpHILEN eI OJMH 3aIpoC, KOTOPBII HE MOXKET ObITh 00padoTaH
®ar cOpachIBaeTCs 3aIMCHI0 SIMHUITBI
UNs |9-8 @unar mycToThl Oydepa cekBeHcopa s
0 | bydep ne nycr
1 | bydep nmyct
@Dar MOXeT OBITh COPOIIEH MPOrPAMMHO 3aITUCHIO €IMHUIIBI
Ovs |1-0 @jrar 3anoHeHUs Oydepa cekBeHcopa s
0 | B 6ydepe ecTh kKak MUHUMYM OJTHa CBOOOTHAS sSTUeKa
1 | Bydep 3anonnen. Bee nocneayromue 3anucu B Oydep OJOKUPYIOTCS 10
MOSIBJICHHSI KAaK MUHHUMYM OJTHOUM CBOOOJTHOM stueiiku
@nar cOpachIBaeTCs 3aMUCHI0 SMHUIIBI
— 31-18, | 3apesepBUpOBaHO
15-10,
7-2
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DCTRIG — peructp copoca (pj1aroB 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 T
_ DCEV[DCEVDCEVPCEV
3 2 1 0
1 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 T
- TOS3TOS2TOSYTOSO
1 1 1 1 1 1 1 1 1 1 1
34 34 34 3y
ITone butel Onucanue
DCEVd 19-16 | ®nar npoxoKACHUS COOBITHS CPABHEHUS

0 CpaBHeHI/Ie HC BBIINIOJIHAJIOCH

1 | CpaBHeHME BBIIOJIHAIOCH

®nar C6paCBIBaCTC$I 3alIMChI0 CIUMHHNIIBI

TOSd 3-0 dyar cOCTOSIHUS BBIXOHOTO TPUTTEpa KoMiapartopa d

0 | Tpurrep He cpaboTai

1 | Tpurrep cpaborain

®ar cOpachIBaeTCs 3aMUChIO €IMHUIIBI

— 31-20, | 3ape3epBUpOBaHO
15-4

CICNT - peructp HACTPOMKH pexxkuMa cOpoca cueTUHKA NMpepbIBaAHUI

Cwmemenue: + 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
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
) ICNT |ICNT
1 0
1 1 1 1 1 1 1 1 1 1 1 1 1
34 3y
[Tone butsl Onncanue
ICNTs 1-0 | but BbIOOpa pexumMa cOpoca CUETUHKA, UCIIOIB3YEMOTO JUIsl FeHepaluu

IIPEPBIBAHMI CEKBEHCOPA S

0 | Caerunk Oyaer cOpachIBaTHCS 1O 3aIMYCKY CEKBEHCOpa

1 | 3ampert cOpoca cueTdnka Mo 3amycKy CeKBeHCopa

— 31—-2 | 3apesepBUpOBaHO
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EMUX — peructp Bb160pa cOOBITHIT 3a1IyCKa 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
ITone butsl Onucanue
EMs 7-0 IToste BEIOOpaA COOBITHS IS 3aITyCKa CEKBEHCOPA S
Oh YcranoBka 6ura GSYNC B peructpe SEQSYNC
1h [TpepsiBanne or GPIOA
2h IIpepriBanue or GPIOB
3h Curnan ot 6;10ka TMRO
4h Curnai ot 610ka TMR1
5h Curnai ot 6;10ka TMR?2
6h Curnan ot 6;10ka TMR3
7h Curnaisl ot 6i1okoB PWMO, PWM1, PWM?2 — kanan A
8h Curnanst ot oimokos PWMO, PWM1, PWM?2 — xanan B
9h-Eh | 3apesepBupoBaHO
Fh [ukrueckas paboTa. AKTUBHPYETCS MOCIIEC YCTAHOBKH OMTa
GSYNC B peructpe SEQSYNC
— 31-8 3ape3epBUPOBAHO

196



RIS — peructp ¢JiaroB HeMacKUpPOBAHHBIX NpepbIBAHU I

CwMerenue:; + 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
) DC | DC | DC | DC ) SEQ|SEQ
RIS3|RIS2 | RIS1|RISO RIS1|RISO
| | | | | | | |
y y Y y y y
Ilone bute! Onucanue

DCRISd | 11-8 | ®nar npepsiBanus Kommaparopa d

Her nipepreiBanus v duiar copoiieH

[loctynun 3anpoc Ha npepbpIBaHHe

SEQRISs | 1-0 JIar MpephIBaHUS CEKBEHCOPA S

Hert nevictBui

I—‘O@I—‘O

3ampoc ceKBEeHCOpa 3aBEPIIUIICS M CYSTUMK MPEPHIBAHUI TOCUUTA JI0
sraueHust [ICNT perucrtpa SCCTL

— 31-12, | 3ape3epBupoBaHO
7-2

IM — peructp Macku npepbIBaHui

Cmemenue: + 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 11 10 9 8 7 6 5 4 3 2 1 0
T T T T T T T T
) pbc | 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
Ilone butsl Onncanue
DCIMd 11-8 | Macka npepsiBaHusi KomnapaTtopa d

0 | MackupoBaHO

1 | Pazpemieno

SEQIMs 1-0 Macka npepbIBaHHs CEKBEHCOPA S

0 | MackupoBaHO

1 | Pazpemieno

— 31-12, | 3ape3epBUpPOBAHO
7-2
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MIS — peructp (p1aroB MackHpOBaHHBIX PePbIBAHUI

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
Y Y r Y Y Y
[Tone butel Onucanue
DCMISd | 11-8 dyar MaCKMPOBAHHOTO MPEPBIBAHUS KoMIiaparopa d
0 Her nipepeiBanus v uiar copoiieH
1 [Toctynw 3ampoc Ha IpephIBAaHHE
SEQMISs | 1-0 ®drar MaCKMPOBAHHOTO MPEPBIBAHMUS CEKBEHCOPA S
0 Her nelictBuii
1 3anpoc CeKBEHCOPa 3aBEPIIMIICA U CUYETYHK MTPEPHIBAHUIM
nocuntan a0 3HadeHust ICNT peructpa SCCTL
— 31-12, 7-2 | 3ape3epBUpPOBaHO
IC — peructp cOpoca ¢piaros npepbiBaHuii
Cwmenrenue: + 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 | bDC ) SEQ|SEQ
IC3 [I1C2 | IC1 | ICO IC1 | ICO
L L L L L L L L
3 3 3 3 3 3
Ilome butel Onucanue
DCICd 11-8 COpoc MaCKUpOBAaHHOTO M HEMACKHPOBAHHOTO (p1ara mpephIBaHUS
KommapaTopa d
0 | Her neitcrBuii
1 | Copoc ¢mnaros
SEQICs 1-0 COpoc MaCKUpOBAaHHOTO M HEMAaCKHPOBAHHOTO (p1ara nmpepbIBaHUs
CEKBEHCOpaA S
0 | Her neiicTBuii
1 | Copoc dnaros
— 31-12,7-2 | 3ape3epBHpPOBAHO
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SRQSEL — peructp Bbi0opa KaHAJOB A5 3alIPOCOB CEKBEHCOPa

Cwmemrenne: 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
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
- RQ3 - RQ2 RQ1 RQO
I I I I I I I I
3y 3y 3y 3y
ITone butnl Onucanue
RQn 13-12, 9-8, 5-4, 1-0 Howmep kanana AIIII ayis 3ampoca cekBeHcopa S.

Jonyctumele 3HaueHust ot 0h 1o 3h.

- 31-14, 11-10, 7-6, 3-2

3ape3epBUPOBAHO

SRQCTL — peructp ynpasJ/ieHusi 04epebI0 3alIPOCOB CeKBEHCOPa

Cwmemenne: 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
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
QAVGVAL gEN ; ROMAX
L L L L L L L L L L
3y 3y 3y
[Tone butel Onucanue
QAVGVAL 11-9 [Tone 3aganust KOIMYECTBA HEOOXOAUMBIX OIPOCOB ISl YCPEIHEHUS
CKaHUPOBaHHEM
000 | 3ape3epBUpPOBAHO
001
010 | 4
011 | 8
100 | 16
101 | 32
110 | 64
111 | 3apeszepBupoBaHO
QAVGEN 8 but ynpasienus pexXMMOM yCpeTHEHUs CKAaHUPOBAHUEM
0 | Ycpennenue ckaHMpOBaHUEM OYepeIu 3alPOCOB OTKIHOUYEHO
1 | YcpenHenue ckaHHpOBAaHUEM OUEPEIH 3alIPOCOB BKIIOYCHO
RQMAX 1-0 [Tone 3aganmst HOMepa MOCJIETHETO JIEMEHTa CEKBEHCOPa S
— 31-12, 7-2 | 3ape3epBUpPOBAHO
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SRQSTAT — peructp cratryca oyepeau 3alipocoB CEKBEHCOPa

Cwmerenue: 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
Y Y
ITose butel Onucanue
RQBUSY 8 ®dar akTHBHOTO 3aIMpoca CEKBEHCOpa Ha H3MEPEHUE
0 | Texymwmii 3apoc HEAKTUBEH
1 | BeicTaBeHslii 3a11poC B COCTOSIHMHA 00Pa0OTKU WITH OXKHJIAHHSI
RQPTR 1-0 Howmep texymiero 3ampoca B ouepenu
— 31-9, 7-2 | 3ape3epBupoBaHO

SDMACTL — peructp ynpasienus 3anpocamu DMA cexBeHncopa

Cwmertenue: 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
ITone butsl Onucanue
WMARK | 10-8 Ilone 3amanus KoIMYECTBA PE3YJITATOB U3MEPEHUH 3allMCaHHBIX B
O0ydep cekBeHCOpa, 1O JOCTHIKEHUH KOTOPOTO BhI3bIBaeTCsI DMA
000 | 3ape3epBUpOBaHO
001 | OxHa 3ammck B Oydep
010 |2
011 |4
100 |8
101 | 16
110 | 32
111 | 3apesepBuUpoBaHO
DMAEN |0 bur pazpemenus ucnosnab3zoBanus 6ioka DMA
0 3anpeiieHo
1 Pazpemeno
— 31-11, 7-1 | 3ape3epBUpPOBAHO
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SCCTL — peructp ynpapjeHusi CHeTYHKAMH NPePbIBAHMSA U NepPe3aNycKa ceKBeHcopa

Cwmerenue: SEQs + 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
- ICNT
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
- é’é\lg RCNT
1 1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
ITone butel Onucanue
ICNT 23-16 | [IukIMYHOCTH MpPEpPhIBAHUH.
[Tone 3amanus Koau4ecTBa 3anpocoB cekBeHcopoM S Moayist ALIL no
JOCTHKEHUH KOTOPOTO TeHEPUPYETCS MTPEephIBaHHE.
3nauenue 00h o3HaUaeT BhICTABIICHUE MPEPHIBAHUS IO KAXKIOMY 3aIIPOCy
monynsa AL 3nagenne FFh — kaxxapie 256 3anpocos
RAVGEN | 8 but pa3pemenns pexxnuma ycpeaHEeHUs pe3yJIbTaTOB I10 Mepe3anycKam
0 3anpenieHo
1 Pazpemeno
[Ipumeuanue — I KOPPEKTHOH pabOThl 3TOr0 pexHuMa IoJie
RCNT perucrpa SCCTL pmomkHO coaepxkarh Jt000O€ 3HAUYCHUE,
cootBercTByromniee 2P — 1, e p ot 1 10 8
RCNT 7-0 KonnuecTBo nepe3anyckoB 04epean 3alpocoB CEKBEHCOPA S.
[Tone 3amanus KOJIMYECTBA MEPE3ANYCKOB OUEPEAM 3alPOCOB CEKBEHCOPa
S mocJie ero 3amycka 1no coobitTuo. 3uayenue 00h cooTBeTCTBYET pexxuMy
0e3 nepe3arnyckoB, 3Hauenue 01h — oqun nepesamyck,
FFh — 255 nepesanyckoB
— 31-24, | 3ape3epBUpPOBAHO
15-9
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SCVAL — peructp cocTosiHUsI C4eTYUKOB NPEPbIBAHUSA H Nepe3anycKa ceKBeHcopa

Cwmemrenne: 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
- ICLR ICNT
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
- RCNT
1 1 1 1 1 1 1 1 1 1 1
y
ITone butel Onucanue
ICLR 24 but cbpoca cueTunka 3anpocoB i FeHepaluy NpepbIBaHus
0 | Her petictBuii
1 | Copoc cuerunka ICNT
ICNT 23-16 | Tekyliee COCTOSHUE CUETYHKA 3aIIPOCOB, UCIIOJIB3YEMOT0 JIJIsl TeHEpaIuU
IIPEPHIBAHNN
RCNT 7-0 Tekylee KOJIMYECTBO COBEPIICHHBIX MEPE3aIyCKOB
— 31-25, | 3ape3epBupoBaHO
15-8

SDC — peructp BbI00pa KOMIIApaTOPa CEKBEHCOPOM

Cwmerenue: 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
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
- DC3 | DC2 | DC1 | DCO
L L L L L L L L L L L
34 34 34 3y
ITome butel Onucanue
DCd 3-0 burt paspemennst paboThl KoMmapatopa d CeKBEHCOPOM S
0 | 3ampemien
1 | Pa3pemen
— 31-4 | 3ape3epBUpOBaHO
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SRTMR - peructp 3aep:KKH nepe3anyckoB CeKBeHCOPa

Cwmerienue: SEQs + 28h
Copoc: Oh

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

NO
WAIT

34 34

- VAL

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
! ! ! ! ! ! ! ! ! ! ! ! ! ! !

VAL

34

I1oxe butsl Onucanue

NOWAIT | 31 | bur ynpaBieHus TCHEBOH 3arpy3Koi 3HAUCHHSI 3aJICPIKKH Iepe3aIrycKa

0 | 3naueHue 0OHOBUTCA MO OJMKaNIIEMy COOBITHIO 3aITyCKa CEKBEHCOPA

1 | 3nayenne 0OHOBUTCS 1O OJIMKaKIIEMy COOBITHIO TIepe3aIrycKa

VAL 23-0 | Ilone 3amanus 3a1ep>KKH Mepe3aycka o4epe CeKBEHCOopa.
3unagenne TMR = 000000h 3agaet HemeIeHHBIH TIepe3amycK (eciu OH
BKJTFOYCH)

— 30-24 | 3ape3epBUpOBaHO

SFLOAD - peructp 3arpy3ku 0y(epa cekBeHcopa

Cwmemrenue: 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 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
- VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
ITone | buter Onucanue
VAL |5-0 3HaueHUe KOIMYEeCTBA PE3YIbTaTOB U3MEPEHUN, COXpPaHEHHBIX B Oydepe

CCKBCHCOPA

— 31-6 | 3ape3epBUpOBaHO
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SFIFO — peructp pe3y;abTaTta u3MepeHHsI CeKBEeHCOpPa

Cwmemrenne: 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
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
- DATA
L L L L L L L L L L L L L L
y
Ilone | butsl Onucanue
DATA | 11-0 | Pesynbrar usmepenus. Urenue nosss DATA Bo3BpaiiaeT pe3ynbrar
u3MepeHus u3 Oydepa cekBeHcopa
— 31-12 | 3ape3epBUpPOBAHO

DCTL — peructp ynpapjieHusi KOMIapaTopa

Cwmewmenune: 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 CTM - CIE CiC CIM
1 1 1 1 1 1 1 1
3y 3y 3y 3y 3y 3y
ITone | bursl Onucanue
SRC 24 | BeIOOp MCTOYHMKA 3HAYCHHUS JJIs1 CPABHEHHS
0 | Oxonuanue n3mepenus AL
1 | 3amucsk pesynbrara B FIFO cekBencopom
CHNL | 17-16 | Ilome HOMepa KaHaja, pe3yibTaT MU3MEPEHHs KOTOPOro OyAeT MepelaH Ha
kommapatop. Jlomycrtumele 3Hauenust ot Oh no 3h
CTE 12 but paspemenus cpabaTbIBaHus BEIXOIHOTO TPUTTEpA KOMITapaTopa
0 3anpeiieHo
1 Pazpemeno
CTC 11-10 | ITone 3amanus ycnoBus cpabaThIBaHUS BBIXOAHOTO Tpurrepa. Ecnu mist

3HAYCHHA, ITOJTYUCHHOI'O B PE3YJIbTATE UBMECPCHU S, BBIIIOJIHACTCA YCIIOBUEC, TO
COCTOSIHUC TPpUITCPpA — CANHUIA, B IPOTHUBHOM CJIy4ac — HOJIb

00 | Usmepenue < CMPL

01 | CMPL < Uzmepenne < CMPH

10 | CMPH < H3mepenue

11 | 3ape3epBupoBaHO

ITapamerpe CMPL u CMPH 3anatorcs B peructpe DCMP
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[Tone | bursl Onucanue
CT™M 9-8 [Tone 3amanust peskxuma cpabaThIBaHUS BBIXOJAHOTO TPHUITEpa
00 MHOTOKpaTHBIN
01 OHOKpaTHBIN
10 MHOTOKpPATHBIN C THCTEPE3HUCOM
11 OIHOKpATHBIN C TUCTEPEIUCOM
CIE 4 but paspemenus npepbsiBaHUs KOMITapaTOpa
0 3anperieHo
1 Paspemweno. IIpepeiBanue reHepupyeTcs Kaxaslid pa3 npu
oaHoBpeMeHHOM BbinosiHeHuu ycinouii CIC u CIM
CIC 3-2 ITone 3a1anmst yCIIOBHSI TeHEPUPOBAHUS IPEPHIBAHMS
00 N3mepenne < CMPL
01 CMPL < M3mepenne < CMPH
10 CMPH < M3mepenue
11 3ape3epBUPOBAHO
CIM 1-0 [Tone 3amanmst pesxuMa reHepUpOBAHHS TPEPHIBAHUS
00 MHOTOKpaTHBIN
01 OHOKpaTHBIN
10 MHOTOKpPATHBIN C THCTEPE3HUCOM
11 OHOKpaATHBIN C TUCTEPEIUCOM
— 31-25, | 3ape3epBUpoBaHO
23-18,
15-13,
7-5

DCMP — perucTp Anana3oHa KkoMnaparopa

Cwmemenue: 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
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 T T T T
- CMPL
1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone butsl Onncanue
CMPH | 27-16 | [lone 3HaueHMs BEPXHETo MOPOTa AUana3zoHa U3MepeHHi
Bcerna gomxHo BeimonHsATECs yenosue CMPL < CMPH
CMPL 11-0 | [ose 3HaUEHMsI HUKHETO IOPOra JUana3oHa U3MEepeHun
— 31-28, | 3ape3epBupOBaHO
15-12
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DDATA — peructp pe3yJjbTara H3MepeHHUsl KOMIIapaTopa

Cwmewmenune: 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 Onucanue

VAL |11-0 | 3nadyeHue pe3ynpTaTa U3MEPEHUs, KOTOPOE MOCIECTHIM UCTIOIb30BAJIOCh
KOMIIapaToOpoM IIpu IpoBepke Ha coorBeTcTBHE yeaoBusam CTC u CTM
(cm. peructp DCTL)

— 31-12 | 3apesepBupoBaHO

ACTL — peructp ynpapiaenusi moayaem ALIT

CwMmemmenue: + 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
4y 3y
ITone butsl Onncanue
ADCRDY |1 @uar roroBHocTH AIIII K MpoBeIeHNIO N3MEPEHUIT

0 | ALIT Beikimrogeno (ADCEN = 0) mn60 B cOCTOSTHUY WHUITHATU3AINN

1 | ALII BkIr0YEHO M TOTOBO K MPeoOpa3oBaHUsIM

ADCEN 0 Bxmrouenne ALII. IIpu kaxaoM BKIIOUEHHH 3aIlyCKaeTCsl IpoLeaypa
WHUIHAIA3AINHT, KoTopas 3aBepmiaetcs ycranopkoidr ADCRDY

0 | Moayns AL BeIKITIOUEH

1 | Moayns ALII Bktoden

— 31-2 | 3apezepBupoBaHO
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CHCTL — maccuB perucTpoB HACTPOHKH KaHAJIOB

Cwmerienune: CHCTL + (04*n)h, rae n — Homep kanana ot 0 10 3

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T PRIO T T T T T T T T T T
- RITY - GAINTRIM
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
- OFFTRIM
I I I I I I I I I I I I I I
34
ITone butsl Omnucanue
PRIORITY | 28 but 3aganus npropuTeTa KaHaaa
0 | Kanan umeeT cTaHaapTHBINA TIPHOPUTET
1 | Kanan nMeeT NOBBIIEHHBII IPUOPUTET
GAINTRIM | 24-16 [Tone 3aganus ko3 duirenta A Koppekuuu ycuneHus. Jluanazon
3Ha4YeHui —256, ..., 255, BeanynHa BHOCUTCS B JONOJHUTEIHLHOM
koze: 100h cootBerctByet —256, 000h — 0, OFFh — 255
OFFTRIM 8-0 [Tone 3amanust kKoaphUIHEHTA UIST KOPPEKIIUH CMETIECHHS HYJIS.
Jnamna3oH 3HaueHu —256, ..., 255, BenuunHa BHOCUTCS B
nononuuTeabHoM koje: 100h cootBerctByer —256, 000h — 0,
OFFh — 255
— 31-29, 3ape3epBUPOBAHO
27-25,
15-9
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A.2 Peructpsi noptoB (GPI10)

Bbasoselii agpec: 4001_0000h (GPIOA) Peructpsl mopta A
4001_1000h (GPIOB) Perucrpsl mopra B

CMmemenue: + 400h (MASKLB) MaccuB perucTpoB MacoK MIIQIIero 0aiira mopra
+ 800h (MASKHB) MaccuB perucTpoB MacoK CTapliero 6aira mopra
MHeMoOHHKA: GPIOp

[Ilpumeuanue — P—umsanopra A wiu B;
N — HOMEp 10 NMOPsIKY BeiBoja nopta ot 0 1o 15.

DATA — peructp BXOAHBIX JaHHBIX IIOPTa

Cwmemenue: + 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

ITone | butsel Omnucanue

VAL | 15-0 | UYrenue | Bo3Bpamaer Tekyiiee COCTOSIHHE ITOPTa

3ammch | He BEIOnmHSETCS

— 31-16 | 3ape3epBUpPOBAHO
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DATAOQUT — perucTp BbIXOAHBIX JaHHBIX OPTA

CwMemenue:; + 04h

Copoc: Oh
3L 30 20 28 27 26 26 24 23 22 21 20 19 18 17 16
1 1 1 1 1 1
5 14 13 12 11 10 9 8 7 6 5 4 3 2 L o
VAL
1 1 1 1 1
34
Ilone | butel Onucanue
VAL | 15-0 | Yrenue | Bo3Bpamaer Tekymiee COCTOSIHHE MTOpTa
3anuch | YcTaHaBIMBaeT Ha BBIBOJIAX [IOPTAa YPOBEHb CUTHAJIA,
COOTBETCTBYIOIIMH 3alIMCAaHHOMY B OWUTBI 3HAYECHUIO
— 31-16 | 3ape3epBUpPOBAHO
DATAQOUTSET — peructp ycTaHOBKH OUTOB MOpPTa
Cwmemenue: + 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 11 10 9 8 7 6 5 4 3 2 1 0
PIN [ PIN[ PIN|JPIN | 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 | butsl Onncanue
PINn | 15-0 | Yrenue He nonyckaercs
3anuce He Boimonnsercs
HYJIS
3anuch VYcraHaBiauBaeT cooTBeTCTBYIOImMKA O6uT N B peructpe DATAOUT
eIMHUIIBl | U, KaK CIIJICTBUE, BRICOKHH YPOBEHb CHTHAJIA HA BBIBOJIE N MTOpTa
— 31-16 | 3ape3epBUpOBaHO

209



DATAOUTCLR — peructp copoca 6MTOB nopTa

Cwmemenue: + 0Ch

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 | Yrenme | Bo3Bpamaer HOIb
3anuchy | He BeimomnHsieTcs
HYJIS
3amuchy | COpacbiBaeT cooTBeTCTBYOIMI OUT N B peructpe DATAOUT u, kak
S/IHHIIBI | CIICJICTBUE, YCTAHABIMBACT HU3KHI YpPOBEHb CHUTHAlla Ha BBIBOJE N
nopra
— 31-16 | 3ape3epBUpOBaHO

DATAOUTTGL — perucTtp nepexJjo4eHusi 0MTOB MOpPTa

CwMmemenue: + 10h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T
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
ITone | butsl OmnucaHue
PINn | 15-0 | Urenue | Bo3Bpamaer HOMIb
3amnmuch He BrmomnasAeTCS
HYJIS
3anuch | 3MeHsAeT COCTOSSHME COOTBETCTBYIOLIETO OWTa N B perucrpe
equannbl | DATAOUT Ha mpoTHBOIONIOXHOE U, KaK CIEACTBHE, COCTOSHUE
CUTHAJIa Ha BBIBOJIC N ITOpTa
— 31-16 | 3apesepBupoBaHO
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DENSET — peructp pa3peuienusi utupoBoii pyHKuuu nopra

Cwmerienue: + 14h
Copoc: 7Ch (ans mopta A), Oh (s mopra B)

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 3y
Ilone | butel Onucanue
PINn | 15-0 | Yrenue 0 | BeiBox n OTKIIIOYEH
1 | BeiBoa N HOAKIIFOYEH
3amnuce He Brmmonnsgercs
HYJIS
3anuce [Moxxirodaer BBIBOM N K ero mupoBOd cxeme, T. €. pa3peliaet
eANHMLIBI | QYHKIIMOHUPOBAHKE BHIBO/IA KaK BXOJa/BhIX0/1a OPTA
— 31-16 | 3apesepBUpOBaHO

[Ipumeuanue — BeBomer A2 — A6 mopra A, KOTOpEIM COOTBETCTBYIOT OuThI PIN2 —
PING monkir04eHbl 10 YMOJTYAHUIO, IOCKOJIBKY UMEIOT ajlbTepHAaTUBHbIE (DYHKIIMH, CBA3aHHBIE C

noptom JTAG.

DENCLR — perucrp 3anpemenust uugpoBoii pyHKINU Nopra

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
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 | butsl Onucanue
PINn | 15-0 | Yrenue | BosBpamiaer HOIb
3anuck He BrimonnsieTcs
HYIS
3anuck OTkiII09aeT BBIBOJ N OT €ro mu@poBOW CXEMBI, T. €. 3alperiacT
eIMHUIBI | QYHKIIMOHUPOBAHKE BBHIBOJIA KaK BXOJa/BBIX0/Ia IOPTA
— 31-16 | 3ape3epBUpOBaHO

211



INMODE — peructp Bbi0opa pe:kumMa BXoja NOpTa

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
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 PIN5S PIN4 PIN3 PIN2 PIN1 PINO
L L L L L L L L
34 3y 34 3y 34 3y 3y 3y
ITone butsl Onucanue
PINn 31-0 | ITosre BEIOOpA pexxrMa BXoja N
00 | Tpurrep llImutTa
01 | KMOII-6ydep
10 | 3ape3epBupoBaHO
11 | BxoxHoii Oydep oTKIIFOUCH
PULLMODE - peructp BbIOOpa pe:kMMa NMOATSKKH MOPTA
Cwmemrenne: + 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 PINS
L L L L L L L L
3y 34 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 PINS PIN4 PIN3 PIN2 PIN1 PINO
1 1 1 1 1 1 1 1
3y 34 3y 3y 3y 3y 3y 3y
ITone butsl Onucanue
PINnN 31-0 ITone BbIOOpa peskrMa MOJTSKKHU BBIBOJIA N
00 | IMoarskka OTKIIFOUEHA
01 | Ioxarsbkka K ypoBHIO jjorndeckor enuawuib (Pull-up)
10 | Ioarsxka Kk ypoBHI0 Jorudeckoro Hyus (Pull-down)
11 | 3ape3epBupoBaHO
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OUTMODE - peructp BbIG0pa pe:xuMa BbIX0/1a OPTA

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 PIN5S 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 | [Tose BEIOOpA peskrMa BBIXOAA N
00 | dsyxraktablit Beixox (Push-Pull)
01 | Beixon ¢ otkpeiThiM cTokoM (Open Drain)
10 | Beixox ¢ otkpsITeiM HcTOKOM (Open Source)
11 | 3ape3epBupoBaHO
DRIVEMODE - peructp BbIOOpa mapamMeTpoB BbIX0/1a OPTAa
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
PIN15 PIN14 PIN13 PIN12 PIN11 PIN10 PIN9 PINS
L L L L L L L L
3y 34 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 PINS PIN4 PIN3 PIN2 PIN1 PINO
1 1 1 1 1 1 1 1
3y 34 3y 3y 3y 3y 3y 3y
ITone butet Onucanue
PINN 31-0 | ITosie BBIOOpa MapaMeTpOB BBIXOA MTOPTa

00 | Beicokast Harpy304Hasi CITOCOOHOCTB M BBICOKAsi CKOPOCTb
01 | Beicokast Harpy304yHast CmocOOHOCTh M HU3Kasi CKOPOCTh
10 | Huskas Harpy304Has CHOCOOHOCTh M BBICOKAasi CKOPOCTh
11 | Huskas Harpy304Has CHOCOOHOCTh M HU3Kast CKOPOCTh
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OUTENSET - peructp pa3penienus ynpaBjieHHs BbIX00M NOPTa

Cwmermenue: + 2Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T
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 OnucaHue
PINn | 15-0 | Yrenuwe |O | Ucrounuk BeIXOAHOTO cuTHama (N-blii OWT perucrpa
DATAOUT) oTkirodeH oT BbIBOA N.
1 | Cocrostre BBIBOZA N 3amaeTcsl MCTOYHHMKOM BBIXOAHOIO CHIHAJIA
(6ut n perucrpa DATAOUT)
3anuce He Brmmonnsgercs
HYIS
3anuce Paspenraer  ympaBiSTh  COCTOSSHUEM  BBIBOJIa C  IIOMOIIBIO
€IMHHUILIBI | cOOTBeTCTBYIoMIEro oura peructpa DATAOUT
— 31-16 | 3ape3epBUpPOBaHO

OUTENCLR — peructp 3anpeuieHusi ynpasJjeHHsl BIXOJ0M NOpPTa

CwMmemenue: + 30h

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 | BosBpamiaer HOIb
3anuch He Brinonnsiercs
HYJIS
3anuce CopacbiBaer cootBercTtBytomuii 6ut n peructpa OUTENSET u
€IMHMLBI | 3allpeIlaeT  YOpPaBIATH COCTOSHMEM  BBIBOJA C  IOMOILBIO
cooTBeTcTBYyIoMIero 6ura peructpa DATAOUT
— 31-16 | 3ape3epBuUpOBaHO
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ALTFUNCSET- peructp BK/JII0OYeHHUS aJbTEePHATUBHOI GyHKIHM MOpPTa

Cwmerienue: + 34h
Copoc: 7Ch (ans mopta A), Oh (s mopra 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
Ilone | butsl Onucanue
PINn | 15-0 | Yrenue 0 | BeiBog N B pexxuMe BXOJa/BbIX0/1a 00IIET0 Ha3HAUYCHUS
1 | BeiBoa N B pexxuMe aabTepPHATUBHON (QYHKIIMH
3amnuce He Brmmonnsgercs
HYJIS
3amuce | Brimowaer pexkuM anbTepHATUBHON (YHKIMHU BBIBOJA N
€IUHUILIBI
— 31-16 | 3ape3epBUpOBaHO

[Mpumeuyanue — Pexum anbrepHaTHBHOM QyHKIMU BhIBOJIOB A2 — A6 (BbiBosEI JTAG)

nopta A, kotropoMmy cooTBeTcTBYIOT OUTHI PIN2 — PING, BKITIOUEH 1O yMOITYaHHIO.

ALTFUNCCLR — perucTp BBIK/II0YEeHHS ATbTEPHATUBHON (PYHKIUH MOPTA

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
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
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 | butsl Onucanue
PINn | 15-0 | Yrenue | Bo3Bpamiaer HOJIb
3anuch 0 | He BemmomnusieTcs
HYJIS
3anuch 1 | BrurodaeT pexxuM BX0Ja/BbIx0/1a 00IIero Ha3HAuYeHUs
€ JIMHHIIBI
— 31-16 | 3ape3epBuUpOBaHO
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SYNCSET — perucrtp BKJIIOYeHHUSs 10NOTHUTEIbHOM CHHXPOHU3ALMH BX010B NOPTOB

CwMmewenue: + 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
ITone | butel Onucanue
PINn | 15-0 | Yremme |0 | Curman ¢ BeBoma N mepemaercs B peructp DATA mocne
JIBYXTaKTHOM cMHXpoHu3anuu (6a3opas)
1| Curnan c BeiBoma N mnepemaercs B peructp DATA mocne
YEeTHIPEXTAKTHOM CHHXpOHM3AIMH (60a30Basi M JOMOJIHUTEIIbHAS)
3anuce He BrinosiasieTcs
HYJIS
3ammcep | [lopkirodaeT — JOMOJNHUTENBHYIO — CXeMy Ui TOJNydYeHUs
€MHMIIBI | YETHIPEXTAKTHOM CHHXPOHHU3AIUN
— 31-16 | 3ape3epBUpOBaHO

SYNCCLR — perucrp BBIKJII0YeHHs AONIOJTHUTEIbHOH CHHXPOHU3ALMH BX0/10B IOPTOB

CwMmemienue: + 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 | BosBpamiaer HOJb
3anuch He Brinonnsiercs
HYJIS
3anuce OTKIIFO4aeT JOMOJHUTEIBHYIO CXEMY CHHXPOHM3AllMN BBIBOJA N
€ IMHUIIBI
— 31-16 | 3ape3epBUpOBaHO
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QUALSET — peructp Bk/JI104eHUs (PUIBLTPOB NOPTOB

Cwmemenue: + 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
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
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
[lone | bursl Onucanue
PINn | 15-0 | Yrenue | O | BxogHo# GuibTp BeIBOAA N OTKIIIOYECH
1 | BxogHoit ¢GuiabTp BeIBOJA N BKIIOYEH
3anuce He Beinosasercs
HYJIS
3amuce | [logkirodaeT BXomHOW (GMIBTpP BBIBOJA N
€IMHUIIBI
— 31-16 | 3ape3epBUpOBaHO
QUALCLR — peructp oTk/I104eHHs1 (UIBTPOB MOPTOB
Cwmemrenue: + 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
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
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 | butsl Onucanue
PINn | 15-0 | Yrenue | BosBpamiaer HOIb
3anuce He BrimosninsieTcs
HYJIS
3anuch OTkir0yaeT BXOJAHON GUIbTP BhIBOZA N
€ IMHUIIBI
— 31-16 | 3ape3epBHpPOBAHO
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QUALMODESET - peructp pexnmMa pujibTpa nopta

CwMerenue:; + 54h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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
ITone | butel Onucanue
PINn | 15-0 | Yrenue | O | BkiuroueH pexuM M3MEpeHHUs YpOBHs CHUTHala Ha BBIBOJAE N IO
TpeM OTcueTam
1 | BxitodeH pexxuM H3MEpPEHHUs YPOBHsI CHTHaja Ha BBIBOJAE N TIO
IIECTH OTCUETaM
3anuck He BrinosiasieTcs
HYIS
3anuce | Brirowaer pexxuMm WM3MEpEHHsS YpOBHS CUTHaJIa Ha BBIBOAE N IO
€IMHUIIBI | IIECTU OTCYETaM
— 31-16 | 3ape3epBUpPOBaHO

QUALMODECLR - peructp copoca pexuma (puiIbTpa nopra

CwMmemienue: + 58h

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
ITone | butsl Onucanue
PINn | 15-0 | Yrenue | BosBparmiaer HOIb
3anuch He BrimosnisieTcs
HYIS
3amuce | COpaceiBaer coorBercTBYtonmid Out N B peructpe QUALMODESET
€IMHUIIBI | ¥ BKIIOYACT PEXUM H3MEPEHUS YPOBHS CHUTHAJIa Ha BBIBOJE N TIO
TPEM OTCUETaM
— 31-16 | 3apesepBUpOBaHO
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QUALSAMPLE - peructp HacTpoiiku ¢puabTpa nopra

Cwmermenue: + 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
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
- PERIOD
1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone butel Onucanue
PERIOD 7-0 | Bpemennoit wunTepBan (B Ttakrax FCLK) wmexny otcueramu mpu

HU3MCPCHUAX ypOBHeﬁ CUTHAJIOB HAa BBIBOAAX IIOPTA.
3aﬂaHHOC SHAYCHUC ABJIICTCSA CAMHBIM JIJIS1 BCCX BLIBOJIOB IOPTa

— 31-8 | 3apesepBupoBaHo

INTENSET — peructp pa3penienusi npepbIBaHuii nopta

CwMmemenue: + 60h

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
ITone | butel Onncanue
PINn | 15-0 | YUrenue | O | IlpepbiBanus BbIBOJA N 3alpEIICHBI
1 | IlpepriBarus BBIBOJA N pa3penieHbl
3anuch He BrimosnnsieTcs
HYIS
3amuce | Paspemaer mpepsiBaHuUS BBIBOMA N
eIMHUIIBI
— 31-16 | 3ape3epBUpPOBAHO
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INTENCLR — peructp cOpoca pa3penieHusi npepbIBaHuii MopTa

CwMerenue:; + 64h

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 | Bcerna unrarorcs HyIu
3anucy | He BhimonHsercs
HYJIS
3anuce COpaceiBaer cootBercTBytounii 6ut N B peructpe INTENSET u
SMHMIIBI | 3alpeIiaeT MpepbIBAHUS BEIBOIA N
— 31-16 | 3apesepBUpOBaHO

INTTYPESET — peructp THna npepsiBaHuii nopta

CwMmemenue: + 68h

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
[lone | butel Onncanue
PINn | 15-0 | Urenue | O | [IpepbiBaHus 0 YPOBHIO CUTHAIA HA BBIBOJIE N
1 | IlpepbiBanus 1o (POHTY CUTHAJIA Ha BBIBOJE N
3anuch He Beimonnsercs
HYJIS
3anuch | Beibupaer npepbiBaHus 1o GPOHTY CUTHANA Ha BBIBOJE N
eIMHUIIBI
— 31-16 | 3ape3zepBHUpOBaHO

220



INTTYPECLR — peructp copoca Tuna npepbiBaHuii mopra

CwMmemwenue: + 6Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T
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 BosBpaiaer Hob
3anuch Her peakuuu
HYJIS
3anuck CopacbiBaet cootBeTcTByromuid 6ut N B peructpe INTTYPESET u
SJIMHUHIIBI | BEIOWpAET MPEephIBaHMS 10 YPOBHIO CHTHAJIA HA BBIBOJIE N
— 31-16 | 3ape3epBUpOBaHO

INTPOLSET — peructp noJisipHOCTH COOBITHSI PEePbIBAHUSA MOPTA

CwMmemenue: + 70h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T
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 Onncanue
PINn | 15-0 | Urenue | O | [IpepbIBaHHs MO HU3KOMY YPOBHIO WJIH OTPHUIIATEIIEHOMY (PPOHTY
CUTHAJIa Ha BBIBOJIE N
1 | [IpeppiBaHusl O BBICOKOMY YpPOBHIO WJIH TOJOKUTEIBHOMY
(GpoHTY cHUTHAJIa HA BBIBOJE N
3anuch He BrinosnisieTcs
HYIS
3anuch | BeiOupaer — mpepbiBaHHMsS = 1O BBICOKOMY  YPOBHIO  WIIH
€IMHUIIBl | TOJOKHUTEIBHOMY (POHTY
— 31-16 | 3ape3epBUpPOBAHO
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INTPOLCLR — peructp copoca noJsipHoCTH COOLITHS NMpepbIBaHUs MOPTa

CwMerenue:; + 74h

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
[lone | bursl Onucanue
PINn | 15-0 | Yrenue | BosBpamiaer HOJIb
3anucy | He BhimonHsercs
HYJIS
3anuce CoOpaceiBaet coorBerctBytomuii 6ut N B peructpe INTPOLCLR u
SMHMIIBI | BEIOUpAET MpephIBaHUS 10 HU3KOMY YPOBHIO HIIU OTPHUIATCILHOMY
dporty
— 31-16 | 3apesepBUpOBaHO

INTEDGESET — peructp BK/JII04eHHs NPpepbIBAHUS 110 JIIOOOMY Iepenany

CwMmemienue: + 78h

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
ITone | butel Onucanue
PINn | 15-0 | Urenue | O | IlpepbiBanus mno mo0oMy (pOHTY CHTHaiza Ha BBIBOAE N
3aIpenieHbl
1 | IlpepbiBanus 1o Jt0O0My (pPOHTY CHTHaia Ha BBIBOAE N
pa3perieHsl
3anuce | He BoimomnHsiercs
HYJIS
3anuce | Paspemaer mpepbiBaHUs 110 TI000MY ()POHTY CUTHaJIa Ha BBIBOAE N
€ TMHUIIBI
— 31-16 | 3ape3epBUpOBaHO
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INTEDGECLR — peructp 0TK/II0YeHHs PepbIBAHUSA 110 JH000MY Nepenany

Cwmermenue: + 7Ch

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
Ilone | bursl Onucanue
PINn | 15-0 | Yrenme | Bcerna unrarorcs HyIu
3anuck | He Brimonnsercs
HYJIS
3amucek | COpacbiBaeT coorBercTBYyIommii OutT N B peructpe INTEDGESET u
SMHHMI] | 3alpeniaeT NPephIBaHUs 110 JIF000MY (POHTY CHTHAJIA HA BBIBOJE N
— 31-16 | 3apezepBHpOBaHO

INTSTATUS — peructp cocTosinusi 4 cOpoca npepbIBaHUii mopTa

CwMmemenue: + 80h

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
ITone | butel Onucanue
PINn | 15-0 | Yrenue | O | Her npepriBanus
1 | ®nar 3ampoca Ha npepbIiBaHue. bUT He cOpackiBaeTcs anmaparHo.
3anuch He Brimosnnsiercs
HYJIS
3amucy | O6nynser O6ut PINn u Ttakum o6Opazom cOpacbiBaeT ¢uiar
€MHMIIBI | TPEPBIBAHMSI, €CJTH OH ObLT yCTaHOBJICH
— 31-16 | 3ape3epBUpOBaHO
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DMAREQSET - peructp BK/IW0O4YeHHs reHepauuu 3anpocoB DMA no nmpepbIBaHUIO
nopra

CwMmemenue: + 84h

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 | buter Onucanue
PINn | 15-0 | Yrenue |0 | 3anpoc DMA He renepupyetcs
1 | Banpoc DMA reHepupyercsi 1o mnpepbiBaHHIO (B TOM YHUCIE
HEMAaCKHPOBAHHOMY)
3anuch He Brinosiasiercs
HYIS
3anuch Paspemaer renepupoBanue 3anpocoB DMA mno npepeiBanuio
SIMHMIIBI | BBIBOJIA N (B TOM YKCJIE HEMACKUPOBAHHOMY)
— 31-16 | 3ape3epBUpOBaHO

DMAREQCLR — perucrp oTK/II04eHHsI reHepanum 3anpocoB DMA 1o 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
ITone | butel Onucanue
PINn | 15-0 | Yrenue Bo3zBpamiaer HOTb
3anuce | He BoimomnHsiercs
HYJIS
3anmuce | COpachiBaer coorBercTByrommidi 6ut N B peructpe DMAREQSET u
€IMHUIIBI | 3ampelniaeT renepuponanue 3anpocoB DMA mo npepbiBaHuIO BbIBOJA N
— 31-16 | 3ape3epBuUpOBaHO
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ADCSOCSET - peructp BKJ/JI0OYeHHs I'eHepaliH 3alPOCOB HAYaJIa Mpeodpa3oBaHUA
AILII mo npepbIBaHUIO MOPTA

CwMmemenue: + 8Ch

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 | buter Onucanue
PINn | 15-0 | Yrenue |0 | 3anpoc Hauana npeodpasoanusi AIIIl He reHepupyercs
1| 3ampoc nHauanma mnpeobpazoBanusi ALl renepupyercs mo
IpEephIBaHUIO (B TOM YKCIIe HEMAaCKMPOBAHHOMY)
3anuck He Brinosiasiercs
HYIS
3anuck Pa3pemiaer renepupoBanue 3anpocoB Hauvana npeodpazoanust AL
CIIMHMIIBI | TIO TIPEPBIBAHMIO BBIBOJIA N (B TOM YHCIIC HEMACKUPOBAHHOMY)
— 31-16 | 3ape3epBUpOBaHO

ADCSOCCLR — peructp OTK/II0OYeHHMs] TeHepalUu 3alPpocOB HAa4yajla Npeodpa3oBaHUs
AIIII no npepbIBAaHMIO NOPTA

CwMmemenue: + 90h

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
ITone | butsl Onucanue
PINn | 15-0 | Yrenue Bo3zBpamiaer HOTb
3anuce | He BoimosHsiercs
HYJISI
3amuce | COpaceiBaeT cootBercTByrommii 6ut N B perucrpe ADCSOCSET u
eMHUIBI | 3anpenaer renepuposanue 3anpocos ALl no npepsiBaHuIO BBIBOAA N
— 31-16 | 3apesepBUpOBaHO
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RXEVSET — peructp BrioueHus resepanuu 3anpocoB RXEV k siipy no npepbsiBaHnio

nopra

CwMmewenue: +94h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
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 | buter Onucanue
PINn | 15-0 | Yrenue |0 | 3anpoc RXEV k siapy He renepupyetcs
1 | Banpoc RXEV k sipy reHepupyercst 1mo npepbiBaHuio (B TOM
YHCJIC HEMACKHPOBAHHOMY)
3anuck He Brinosiasiercs
HYIS
3anuch Paspemaer renepupoBanue 3anpocoB RXEV k saapy 1o
CIIMHMIIBI | IPEPHIBAHUIO BBIBOAA N (B TOM YHCIIC HEMACKUPOBAHHOMY)
— 31-16 | 3ape3epBUpOBaHO

RXEVCLR - perucrp orkiodyenus reHepamuu 3anpocoB RXEV k spy no npepbiBaHuIo

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
ITone | butsl Onncanue
PINn | 15-0 | Yrenue | BosBpamiaer HOlb
3anuce He Brinonnsiercs
HYJIS
3amuce | COpacwiBaeT cootBeTcTByrommii Out N B peructpe RXEVSET u
€AMHMLBI | 3allpeliaeT TreHepupoBaHue 3ampocoB RXEV  k  sagpy 1no
MIpEePLIBAaHHIO BHIBOJA N
— 31-16 | 3apesepBUpOBaHO
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LOCKKEY - peructp ki104a 6J10KMPOBKH

Cwmemenue: + 9Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
| | | | | | | | | | | | | | |
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
| | | | | | | | | | | | | | |
3
Iloe | buthl Onucanue
VAL 31-0 | 3uayenue kmoua — ADEADBEEh
UreHue He Brinosinsiercs
3anuch mo6oro 3HaueHus: | biaokupyer nocryn k peructpam LOCKSET wu
OTJIMYHOTO OT KJIF0Ya LOCKCLR
3anuce 3HAUYCHUS KIIH0Ya Paspemaer noctyn k peructpam LOCKSET wu
LOCKCLR

LOCKSTAT- peructp craryca 6,JOKMPOBKHU

CwMmemenue: + 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
ITone butsl Onucanue
WREN 0 Wupukarop nocryna peructpoB LOCKSET u LOCKCLR nist 3anucu

0 | 3ampemeHo

1 | Pa3zpemeno

bur He JOCTYIICH JJIs 3aIIMCU

— 31-1 3ape3epBUPOBAHO
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LOCKSET - peructp BK/II0YeHUsI 6JIOKHPOBKH H3MEHEHHs KOH(UTYypaluu BbIBOJA

Cwmerenue: + AOh
Copoc: 7Ch (ans mopta A), Oh (s mopra 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 brokupoBka oTkiIrOueHa
1 brnokupoBka BKiIOUeHa
3anuch HyIs He BeimomasieTcst
3anucek eauHUIbl | biokupyet nu3aMeHeHne KoHQUTrypaluu BeIBoa N.
(Bo3moskHa ociie | COOTBETCTBYIOIIUE OWTBI N PErHMCTPOB  CTAHOBSTCS
YCTaHOBKHM KJI0Ya | HEAOCTYIHBIMH JIJIS 3MTUCH.
B perucrpe Hcxmrouenus:
LOCKKEY) - peructp ¢uaros npepeiBanuii INTSTATUS,;
- peructp BPEMEHHOTO WHTEpBaJa U3MEPCHHIA
QUALSAMPLE
— 31-16 | 3ape3epBUpPOBAHO

[Ipumeuanue — BeBomer A2 — A6 mopra A, KOTOpEIM COOTBETCTBYIOT OuTHI PIN2 —
PING, 3a0noxkupoBaHbl IO YMOJYAaHHUIO, MOCKOJIBKY HMEIOT ajbTepHATUBHbIE (DYHKIUH,
ces3arnble ¢ mopToM JTAG. s n3MeHeHus: KOH(DUTYpaITMi 3TUX BBIBOJIOB CIIEAYET 3aIlCaTh
kmou B peructp LOCKKEY, a 3atem OTKIIOUNTH OJOKHPOBKY IOCPEACTBOM pETUCTpa
LOCKCLR.
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LOCKCLR — peructp oTK/1104eHHUs 0JJOKHPOBKH H3MeHEHHsI KOH(UIrypanuu BbIBOAA

CwMemenue: + 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
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
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 Bosspamiaer HoIb
3anuce Hyns He Beimonnsiercs
3amuch equauipl | COpacklBa€T COOTBETCTBYIOIIMKA OUT N B perucrpe
(Bosmoxna mociie | LOCKSET wu  paspemaer u3MeHEHHS KOHGHTYpaluu
YCTaHOBKH KJIF0Ya | BBIBOAA N
B pErucTpe
LOCKKEY)
— 31-16 | 3ape3epBUpOBaHO
MASKLDB — peructp MmaccuBa Macok MJiajaiero 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 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
- VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone | buthl Onucanue
VAL | 7-0 JlocTym o Macke Jyisi MIIaITuX BOCBbMU OHT MOpTa
— 31-8 | 3apezepBupoBaHO
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MASKHB — pernctp MmaccuBa Macok crapuiero 6aiita nopra

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
1 1 1 1 1 1 1 1 1 1
3y
Ilone | butel Onucanue
VAL | 15-8 JlocTym 1o Macke ISl CTapIiiuX BOCBMH OUT TOpTa
— 31-16, | 3ape3epBUpPOBAHO
7-0
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A.3 Peructpsbl konTpoJuiepa CAN

Bbasoselii agpec:  4002_0000h

CMmeleHue: + 100h (LIST) Peructpbl cBOOOIHOIO CITHCKA
+ 140h (MSPND) Peructpsl )xaymux npepeiBaHui
+ 180h (MSID) PerucTpbl HHACKCOB COOOIICHMIA
+ 200h (Node_0) Peructpsl y3ma 0
+ 300h (Node_1) Peructpsl y3i1a 1
+ 1000h + 20h*m (Msg_m) Peructpsr 00bekTa cOOOIIEHUI X
MuemoHuKa: Node_n;
Msg_m
[Ilpumeuanue — N—Homep y31a 0 um 1;

m — HoMep oObekTa coodmenust ot 0 1o 63;
MO — HOMep 00BeKTa COOOIICHHs B IIecTHAAnaTepuaHoM (popmare ot Oh
1o 3Fh (uto cooTBeTcTBYeT Muana3zony ot 0 g0 63).

CLC — peructp ynpaBJieHUs YACTOTOi

Cwmemmenue: + 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
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
DIS | DIS
S R
1 1 1 1 1 1 1 1 1 1 1 1 1
4y 3y
ITone butsl Onucanue
DISS 1 buTt cocrosinus kontposuiepa CAN

0 | Bkirouen

1 | Beixirouen

DISR 0 burt Beikimouenus kourposiepa CAN

0 | Her nelictBuit

1 3amuck CANMHUIBI 3aITyCKACT MCXaHN3M BBIKJIFOUYCHU S

— 31-2 | 3ape3epBUpPOBAHO
[Ipumeuanue — Korma xontpomuiep CAN HaxoauTcs B BBIKJIIOYEHHOM COCTOSIHUH,

TOJIBKO PCTUcCTp CLC AOCTYIICH JIA 3allMCU U YTCHUSA, NOCTYII K OCTAJIbHBIM PETrUCTpaM HE
BO3MOKCH.
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ID — peructp naeHTuguKanuu

CwMmemenue: + 08h
Copoc: 2B_C051h

31 30

29 28

27 26 25 24 23 22 21 20 19

18 17 16

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 T T T T T
MODTYPE MODREV
1 1 1 1 1 1 1 1 1 1 1 1 1 1
Yy 3y
ITose butel Onucanue
MODNUM 31-16 Nnentudukanmonnsiii Homep koHTposuiepa CAN
MODTYPE | 15-8 Pazpsimrocth koHTposmiepa CAN
MODREV 7-0 Yucno mogudukanuii kontpomiepa CAN

FDR — peructp neauresst

Cwmewenue: + 0Ch

Co6poc: Oh
31 30 29 | 28 | 27 26 25 | 24 | 23 | 22 21 | 20 | 19 18 17 16
DIS | EN
cLK | nw - RESULT
1 1 1 1 1 1 1
34 3y Y
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
DM - STEP
1 1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
ITone butsl Onucanue
DISCLK |31 bur 3anpera BHYTpEHHEr0 TAKTUPOBAHHUS
0 | 'enepupoBanue curnana FCAN pasperieno
1 | I'enepuposanue curnana FCAN 3anperieHo
ENHW 30 buT KOHTpOJS CHHXpOHM3ALMU. DTO OWT ammapaTHO YAEepKUBAETCS B
COPOIIIEHHOM COCTOSIHUU ¥l HE MOXKET OBITh YCTaHOBIICH
RESULT | 25-16 | Cuerumk AeandTess 4acTOThI
DM 15-14 | Tlone 3aganus peKUMa JETUTENS YaCTOTHI
00, | CueTunK BBIKIIIOUYEH.
11 | Cunxpocurnai FOUT He renepupyercs.
Curnan cOpoca BHELIHEro MAETUTENs] B COCTOSHUU JIOTHUECKOU
e IMHUIIBI.
ITone RESULT ne mensercs
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Ilose

buthel

Omnucanue

DM

15-14

01 | HopmanbHBIid pesxum paboThl.

Cunxpocuraan FOUT ¢opmupyercs.

Curnan cOpoca BHEUIHETO MACTUTENS B COCTOSHHH JIOTHYECKOTO
HYJIS.

[Tpu axtuBanmu pexuma noine RESULT 3arpyxkaercs 3naueHueM
3FFh. [lanee meproauuecku 3arpyaercs 3HaueHueM u3 STEP.

10 | Pexxum apoOHOTO AeTeHUs.

Cunxpocuraan FOUT ¢opmupyercs.

Curnan cOpoca BHEUIHETO MAETUTENS B COCTOSHHH JIOTHYECKOTO
HYJIS.

[Tpu axtuBanmu pexuma noine RESULT 3arpyxkaercs 3naueHuEM
3FFh. [lanee meproauuecku 3arpyaercs 3HaucHueM u3 STEP.

STEP

9-0

[Tar nenurens.
Ilone xpanut 3HaueHwe, kotopoe 3arpyxkaercs B RESULT mnpu
TIEPETIOTHCHUN CYCTYNKA JACITUTEIIS

29-26,
13-10

3ape3epBUPOBAHO

LIST — maccuB perucTtpoB cB0GOHOI0 CIIUCKA

Cwmerenue: LIST + 4*In, rae In — nomep coucka ot 0 10 7
Copoc: 7F_7F00h (mts criucka 0), 100_0000h (st criuckos 1 — 7)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | . | | | | | | |
- TY SIZE
! ! ! ! ! ! ! ! ! ! ! !
Y Y
15 14 13 12 1 10 9 7 6 5 4 3 2 1 0
| | | | | | | | | | | | |
END BEGIN
! ! ! ! ! ! ! ! ! ! ! ! !
Y Y
ITone butsl Onwucanue
EMPTY 24 WuaukaTop mycToro crnucka
0 | B criucke ecth Kak MUHUMYM OJIMH 3JIEMEHT
1 | Comcok myct
SIZE 23-16 | Pa3mep cnmcka.
KonnyectBO 3memMeHTOB (OOBEKTOB COOOIIEHWI) B CINHUCKE. 3HAUCHUE
nons SIZE Bcerna Ha eauHMIly MeHbIIE 4YHcia 3yeMeHToB. Eciu crimcok
nyct, SIZE = 00h
END 15-8 Homep o0bekTa cooO1eH s, HaXOAAIerocs NOCIETHUM B CITHCKeE.
[Tone moxet npuHuMaTh 3Ha4eHust o 00h mo FFh, cormacHo konu4ecTBy
00BEeKTOB co00ITIcHNH (64)
BEGIN 7-0 Howmep o0bekTa cooO1IeH s, HaXOAAIIerocs NepBbIM B CIHCKE.
[Mone moxet npuHuMaTh 3HaueHust o 00h 1o FFh, cormacHo konudecTBy
00BEKTOB COOOLIEHUN
— 31-25 | 3ape3epBUpOBaHO
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MSPND — maccuB perucTpoB *1yIIUX NpepbIBaHUIA

CwMmewmenne: 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
I 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 T
PND
I I I I I I I I I I I I I I I
3y
Ilone butel Ormnucanue
PND 31-0 [Tone xnymux 6GUTOB COOOIIEHUI.

KaxxnoMy 00BbEKTYy COOOIICHHUS BBIICTSETCS OJUH OUT.

butbl ycTaHaBmuMBaKOTCS TONBKO amapaTHO. Y CTAHOBJIEHHBIE OWTHI
cOpachIBalOTCS ammapaTHo MO OKOHYAaHUHM OOCIYy)KMBaHHS 3arpoca
MIpEepPHIBaHMS WK MOTYT OBITH COpPOILIEHBI B TI000I MOMEHT IPOTrPAMMHO

MSID — maccuB perncTpoB HHIEKCA COOOIIEHHS

Cwmemenune: MSID + 4% i, rne i or 0 no 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
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
- INDEX
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
ITone butsl Onucanue
INDEX 5-0 [Tone HOMepa xayIIero oura.

Ecmu B peructpe MSPND ecth ycTaHOBIEHHBIE OWTHI, KOTOpBIE HE
MacKUpPYIOTCS COOTBETCTBYIOIIMMHU Outamu perucrpa MSIMASK, To
none INDEX Oynmer yka3piBaThb Ha caMblii Muammuil w3 HuUX. Ecim B
peructpe MSPND HeT ycTaHOBIIEHHBIX OMTOB MJIM OHU 3aMAaCKHPOBAHBI,
to B mosie INDEX Oynmer naxoauthcst 3Hauenue 20h, ykaspiBaroriee Ha

o6ur 31 peructpa MSPND

— 31-6 3ape3epBUPOBAHO
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MSIMASK - peructp Macku HHAEKCa COOOIIEHHS

Cwmermenue: + 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
I 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 T
IM
I I I I I I I I I I I I I I I
3y
[Tose ‘ burtel ‘ Onucanue
IM 31-0 Macka a1 ®KAymux OUTOB COOOIIEHUI.

Y4uuTeIBaeTCs COCTOSIHHE TOIBKO Tex ouT peructpa MSPND, mist KOTOpBIX B
nonie |M ycTaHOBI€HBI COOTBETCTBYIONINE OUTHI

PANCTR — perucTp naHejau KOMaH/

CwMmemenue: + 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
| | | | | | | | | | | | | |
3y 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
Tlomne buTte! Onucanue

PANAR2 | 31-24 | Ilanens aprymenTa 2, cM. Tabauiy A.3.1

PANAR1 | 23-16 | ITanens aprymenta 1, cm. a0y A.3.1

RBUSY 9 @1ar 3aHATOCTH NAHEJIEH apryMEHTOB

0 | Her neticTBuii

1 | BolmonHsieTcss KOMaHJa CIHCKa, PE3YyJbTaT BBIMOJIHEHHUS KOTOPOM

oyzner 3anmca B mone PANAR1 u mone PANAR?2

BUSY 8 @rar 3aHATOCTH TaHENeH apryMEHTOB

0 IIaHenu roTOBEI AJIS 3alIUCH

1 Ilamenu 3aHATEI — OXUJAKT 3alliMCH IIO0 OKOHYAHHHU BbIIIOJIHCHUA
KOMaH/bI

PANCMD | 7-0 [Tosre xoman b1, cM. TabaUIy A.3.1.
ITocre BBIMOJHEHHUS KOMaHIBI B 3TO moJe 3anuckiBaercs 00h

— 15-10 | 3ape3epBupoBaHO
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Ta6nuna A.3.1 —Koxsl KomMaH pabOThI CO CIIUCKAMU

Hose Hoxe Hoxe Onucanne KOMaH bl
PANCMD| PANAR2 PANAR1
00h — — Her onepanuu. Hukakux 1eicTBHiA HE BHITOIHIETCS
Olh Pesynbrart: - WMunnuanu3anys CMcKoB. 3amyCcK MHULMAIU3ALUH JUIs
our 7 — ounctku 6utoBbix nosieit CTRL u LIST Bcex 00beKTOB
oIInoKa, COOOIIIEHHUH.
our 6 — He Peructper LISTO — LIST8 ycranaBnuBaroTcsi B CBOH
olpeeNneH 3Ha4eHus nocie copoca. IT0 NPUBOJUT K IEPEHOCY
BCEX 00BEKTOB COOOIIEeHHH B clTucoK Ne() (criucok
HepacHpeIeIeHHBIX 00BEKTOB COOOIICHHM).
WMunnmanu3anus cuuckoB Tpedyet, uroObl 6utsl INIT u
CCE peructpa NCR 0b11H yCTaHOBIICHBI JIJI1 000UX
Y3JI0B.
but 7 nonga PANAR?2 curnanusupyer o pe3yaprare
OTIepaINu:
- 0 — uHKMIMAanu3ays 3aBepllieHa YCIelHo;
- 1 — uHMIManM3ays He 3aBepIIeHa, IIOCKOJIBKY HE BCE
outsl INIT u CCE 6bun yCTaHOBJIEHBI.
Komanja nHUIIMATN3aIMH CIUCKOB aBTOMAaTHYECKU
3aIrycKaeTcst pH KaxkaoMm copoce konTposuiepa CAN,
3a UCKJIFOUEHHEM CITydasi, KOT/ia BCE PETUCTPHI
00BEKTOB COOOIIEHUN yKe COPOIICHBI
02h Apryment: | Apryment: | CTaTHueckoe 3aHeceHHE 0ObEKTa COOOIIEHUS B CIIUCOK.
HOMED HOMED OO0BeKT cooO0IIEeHUs IEPEHOCUTCS U3 TEKYIIEro CIHICKa
CIIACKaA o0BbeKTa B CIIUCOK, yKa3aHHbIN noieM PANAR?2 u noGasnsercs
COOOIIEHUSI | B €ro KOHEIl.
OTa KOMaH/1a TaK)Ke UCTIONB3YeTCsl IS
JepacrnpeieneHns o0beKTa COOOLIeHH s, T. €. IepeHoca
ero B ciircok Ne 0 (eciu mosie PANAR?2 pasuo 00h)
03h AprymenT: | Pesyaprar: | JluHaMudeckoe 3aHeceHHE 00BbEKTa COOOIICHUS B
HOMED HOMED criucok. [lepBerit 00BeKT cooOmieHus crrcka NeQ
CIIMCKa 00beKTa NEePEeHOCUTCS B CIUCOK, YKka3aHHbli nojgem PANAR?2, u
Pesynbrar: | cooOmienus | qobaBinsercs B ero KoHell. Homep o0bexTa cooOmeHus
our 7 — Bo3Bpamtaercs noiem PANARL.
omnoKa, bur 7 nonst PANAR2 curnanusupyer o pe3yabTaTe
6uT 6 — He olepaluu:
orpeiesieH - 0 — omeparus BBITOTHEHA;
- 1 — oneparys He BbIOJIHEHA — clTUcOK Ne( mmycT
04h Apryment: | Apryment: | I[lepemernienue o Crucky BBEpX.
HOMEP TEKYILIHNI [Tepenoc oobekTa coobiienus ¢ Homepom PANARI Ha
00BeKTa HOMED OJTHY TIO3HIIMIO BEIIIIE, YEM PACIIONIOKEH OOBEKT
cooOuieHus | oObekTa coobuienus ¢ Homepom PANAR?2
COOOIIIEHNS
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Oxonuanue maodauyvt A.3.1

Hone Hone Hoxe Onucanuie KOMaHIbI
PANCMD| PANAR2 PANAR1
05h Apryment: | PesynpraTr: | /luHamuueckas BCTaBKa B CIIUCOK.
HOMEP HOMEp [TepBrrit 00BeKT coobmenuii crimcka Ne() BCTaBisieTcst
o0bekTa no0aBiieH- | HAa OJIHY HO3HIIMIO BBIIIE, YEM PACHOJIOKEH OOBEKT
COOOIIIEHUSI | HOTO coobmienus ¢ Homepom PANAR2. Homep
o0BeKTa n00aBICHHOTO 00BEKTa COOOIIEHHUST BO3BPAIIACTCs
Pesynpratr: | coobmenus | momem PANARI.
our 7 — bur 7 nonst PANAR?2 curnanusupyer o pe3yabraTe
oIInoKa, OTICpALIVH:
out 6 — He - 0 — omeparus BBIIOTHEHA;
omnpezeneH - 1 — onepanus He BbIoNHEHA — cUcoK NoO mycT
06h Apryment: | Apryment: | Ilepememnienue no cnucky BHU3.
HOMEP TEKYLIUN ITepenoc oobekTa coobmienus ¢ Homepom PANARI1 Ha
00BeKTa HOMED OJIHY TIO3HIIMIO HIKE, YEM PACIIONIOKEH 00BEKT
cooO1eHus | o0beKTa coobmieHust ¢ Homepom PANAR2
co001IeHus
07h Apryment: | PegynpraT: | [luHamuueckas BCTaBKa B CIIHUCOK.
HOMED HOMED [TepBrIii 00BeKT coobmenus crimcka Ne() BcTaBiseTcs
o0BeKTa no0aBJeH- | Ha OJHY MO3UIMIO HIDKE, YEM PACIIONOKEH 0OBEKT
COOOILIEHUsI | HOTO coobmenusi ¢ HomepoM PANAR?2. Homep
o0BeKTa JI0OABJIICHHOTO 00BEKTa COOOIICHUS BO3BPAIIACTCS
Pesynbrar: | coobmienust | momem PANARL.
our 7— but 7 nongs PANAR?2 curnanusupyer o pe3yabrare
ommoOKa, OTIEpALIHH:
6uT 6 — He - 0 — oneparys BBIIOJIHEHA,;
onpezeseH - 1 — omeparus He BbITIOJHEHA — CITUCOK No() mycT
08h —FFh | — — 3ape3epBHPOBAHO

MCR - peructp ynpaBjieHus

CwMmemenue: + 1C8h

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
| | | | | | | | | | | | | |
MPSEL -
! ! ! ! ! ! ! ! ! ! ! ! ! !
3y
[Tone butsl Onucanne
MPSEL 15-12 | Ilone 3ajmaHusg MO3UIMU KIYLIIEro OUTa COOOIIEHUs TMocie mpuema/
nepeaadn CoOOOIIEeHUs
— 31-16, | 3ape3epBupoBaHO
11-0
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MITR — peructp npepsiBanuii

CwMmemenue: + 1CCh
Copoc: Oh

31 30 29

28

27 26 25 24 20 19 18 17 16

15 14 13

12

10

bute!

Omnucanue

15-0

[Toste reneparopa npepbiBanuii. Kaxkiprit OUT moJIst CBsI3aH C OAHOU U3
nuHUH npepeiBanuii. Homepa 6utoB ot 0 10 15 COOTBETCTBYIOT HOMEpaM
JTUHUN TipepbiBaHui. [{71s1 TOro, 4T00BI CreHepupOBaTh OJTHO WM
HECKOJIBKO MPEPBhIBaHU, CIeTyeT YCTAHOBUTH COOTBETCTBYIOIUE OUTHI.
YcTaHoBeHHBIE OUTHI COPACHIBAIOTCS alapaTHO

31-16

3ape3epBUPOBAHO

NCR — peructp ynpasiieHus y3Jjia

Cwmemenne: 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
15|14|13|12|l1|10|9|8 7 6 5 4 3 2 1 0
: caimcce | - | Gt aLig| S | TRIE[ i
1 1 1 1 1 1 1
34 34 - 34 34 34 34 3y
Ilone | butel Onncanue
CALM 7 but BKiItOUeHUs peKuMa aHaIu3a ysia
0 | Pexxum BBIKITIOUCH
1 | YcranoBka OuTa BKIIOYAET PEXKUM aHATN3A y37Ia.
B otom pexume cooOmieHHs MOTYT TOJBKO IPUHUMAThCS, OWT
MOJATBEPKACHUSI HE TOCHUIAETCS MOCIE YCIEIIHOTO IpUeMa COOOIIECHHUS,
(y1ar akTUBHOM OLIMOKH MOCHLIAETCS PELIECCUBHBIM BMECTO JJOMUHAHTHOTO.
Ha nuHum otmpaBku cooOmIeHUH MOANEP)KUBACTCS BBICOKUN YpPOBEHB
CUT'HaJIa
but MoxeT OBITH YyCTAaHOBIIEH TOJIBKO, eciiu yctaHoByieH out INIT
CCE 6 burt paspenienust u3MeHeHUs! KOH(QUTYpaIUH y3I1a.
VYnpasnser nocrynom k peructpam NBTR, NPCR n NECNT
0 | Tonbko uTeHue
1 | [MonHkIA qOCTYM
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[Tone | bursl Onucanue
CANDIS | 4 but BeikiIOYEHUS y371a
0 COpoc OuTa BKJIFOYACT Y3l
1 YcranoBka OuTa BBIKITIOUACT Y3€ll.
CHayana y3ea NepexoJUT B COCTOSIHHE «IIPOCTOS» MU «OTKIIIOUEH
OT IIMHBI», Aajee annapaTHo yctanasnuBaercs out INIT, u, ecnu
paspenieHo, reuepupyercs npepbiBanue ALERT
ALIE 3 bur paspemenus npepsianusg ALERT or y3ia
0 3anpemnieHo
1 Pazpemeno
LECIE 2 but paspemienus npepsiBaHus OT y3ja IpU OOHAPYKEHUH KOJa IMOCienHeil
OIIMOKHU
0 3anpenieHo
1 Pazpemieno
TRIE 1 but paszpemienust mpeppIBaHUs OT Y3714 110 OKOHYaHWHU TIepeiadn/TiprueMa
0 3anpenieHo
1 Pazpemeno
INIT 0 Nunnmanuzanus y3na
0 COpoc 6ura pazpemaet yuactue y3na B padore CAN mIUHBI.
VY3en oxugaer nocienoBaTreabHOCTh M3 11 peleccuBHBIX OUT Ha
IIMHE U BKJIIOYAEeTCs B TpaduK.
Ecniu Ha momenT cOpoca Ourta INIT y3en Haxomuics B COCTOSHUU
«OTKJIIOUEH OT IMIMHBDY, HAYMHAETCA IIPOLIECC BBIXOAA U3 3TOrO
COCTOSHMSI B CIEAYIOLIEM  HOpaiake —  roimydeHue 128
MOCIIeI0BaTEeIbHOCTEH OUT (Kaxkmast u3 11 pereccuBHBIX OUT), BBIXO U3
COCTOSTHUSI «OTKIJIIOYEH OT IIMHBD», BKIIOYEHHE B TpapHK
1 VYcranoBka Outa INIT npekpaiiaer yuactue y3na B Tpaduke.
Bce Tekymme mepemaudm OCTAHABIMBAIOTCS, JIMHAW Tepenad
NEPEXOAT B PELIECCUBHOE COCTOSIHHE.
Ecin na wmomenT ycraHoBku Outa INIT y3en Haxomwica B
COCTOSIHUM «OTKJIIOYEH OT IIMHBI», MPOLECC BBIXOAA U3 3TOTO
COCTOSIHUS TIPOAOIDKAETCS IO €ro 3aBeplieHus. Jlanee y3en ocraercs
HEaKTHBHBIM JI0 T€X Mop, oka ycraHosyieH Out INIT
— 31-8, | 3ape3epBupoBaHO
5

239



NSR — perucrtp cocTosiHus y3/a

Cwmerienue: 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]1I10 9 8 7 6 5 4 3 2I1I0
T LOE| LLE | oee |wrn| err | ok | oK |LEC|
34 34 oy 4 34 34 3y 3y
ITone | bursl Ornucanue
LOE 9 ®dar ommOKU HOMepa CITMCKa
0 | Omunbok He 0OHAPYKEHO
1 | O6HapyxxeHa omuOKka npu (GUIBTpPANUKA MPHUHUMAEMOro cooOmeHus. B
peructpe MOSTAT o0bekTa cooOlieHuss oOHApY>KeH HEBEPHBIH HOMED
CTIHCKa
but nomxken cOpaceIBaThCsi MPOrPaMMHO 3aIMMCHI0 HYIIS
LLE 8 @ar ommOKH CIIMCKa
0 | Omnbok He 0OHAPYKEHO
1 | O6Hapy>xeHa omuoOKa Mpu GUIBTPANUN TPUHAMAEMOTO COOOIICHHMSI.
KonuyecTBo 37€MEHTOB CIMCKA, MPUHAUICKAIIETO Y37y, OTIMYAEeTCS OT
yka3zanHoro B nosie SIZE cOOTBETCTBYIOMIETO PErucTpa CIIMCKa
but nomxken cOpaceIBaThCsl MPOTPAMMHO 3aMUCHI0 HYIIS
BOFF |7 @dnar cOCTOSHMS «OTKIIFOUEH OT IIUHbBDY
0 | V3en He HAXOAUTCS B COCTOSTHUH «OTKJIFOUEH OT IITHHBD)
1 | V3en HaXOIUTCS B COCTOSIHIH «OTKIIFOUEH OT HIMHBI)
EWRN | 6 @iar KpUTUYECKOTO KOJUYECTBA OIINOOK
0 | JIumuT ommOOK erie He TOCTUTHYI
1 | [To xpaitaeir mepe, onuH u3 cderuynkoB ommbok (REC, TEC) moctur
aumuTa onnook, 3agaHHoro noieM EWRNLVL perucrpa NECNT y3na
ALERT |5 @unar npeaynpexaenuss ALERT
0 | Her coObITnii
1 | Ilpou301110 OHO WIIM HECKOIBKO HE B3aUMOHUCKITIOYAIOIINX COOBITHI:
- moaudukanus 6uta BOFF;
- Monu¢ukarus/yctanoBka 6ura LOE;
- yctanoBka 6urta LLE;
- anmapaTHas ycraHoBka outa INIT
but nomken cOpachIBaTHCsI MPOTPAMMHO 3aIHCHIO HYJIS
RXOK | 4 @gar ycnemHoro npreMa cooOIeHus
0 | [Mosry4eHHBIX COOOIIEHUI HET
1 | CoobuieHne nojgy4eHo
but nomken cOpackIBaThCsl MPOrPaAMMHO 3aIMCHI0 HYIIS
TXOK |3 @iar ycnemnHou nepeadn coodmeHus
0 | [lepenanHbIX COOOIIEHUN HET
1 | CoobGmienue nepenano 6€3 ommuOOoK ¢ MOJYICHHEM TOITBEPKIACHUS
but nomxken cOpackIBaThCsl MPOTPAMMHO 3aIMMCHI0 HYJIIS
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Ilose

butel

Omnucanue

LEC

2-0

[Tone xoa mocneaHe U3 0OHAPYKEHHBIX OMUOOK pabOTHI y371a

000 | Omnbok HET

001 | Ommbka cradpunra (3anonuenusi, STUFF ERROR).

Moxer ObITh OOHapyXeHa BO BpeMs IepeJadd MLIecToro Oura wu3
MOCTIeIOBATEIbHOCTH MIECTH OAWHAKOBBIX OHT B TIOJ€ COOOLICHHMS,
KOTOpPOE JIOJDKHO OBITh KOJUPOBAHO METOJOM Pa3psJHOTO 3arOJHEHUS
(3aKkimrouaeTcs B TOM, YTO MOCJE MEpeJadd MSATH OWUTOB OJAMHAKOBON
HNOJSIPHOCTH,  IIECTOM OWT JIOJDKEH HWMETh HPOTHUBOIIOJIOKHYIO
MOJIAPHOCTD u BCTaBJIATHCA NnepecaaTInKoOM B IIOTOK JaHHBIX
AaBTOMATHYECKH, IPUEMHUK IPOMYCKAET 3TOT OUT)

010 | Ommbka popmsl (FORM ERROR).

OOHapyXuBaeTCsl, €CIIu:

- B OMTOBOM mOJIe (PUKCHUPOBAHHOTO (hOopMaTa COICPIKUTCS KOJIUIECTBO
OHUTOB, OTIIMYAIOIIEECS OT YCTAHOBJICHHOTO;

- Ha MECTE PEIECCUBHOTO OMTa HAXOMATCS TOMUHAHTHBIA WM HA00OPOT.
Hcknrouenne — s TpUEMHHKA JIOMHHAaHTHBIH OUT B TEUYCHHE
MoCcJeTHeT0 OWTa TOJs «KOHEI[ Kaapa» HE HHTEPIPETUPYETCs Kak
ormuOKa GopMbI

011 | Ommbka nonreepxkacuuss (ACKNOWLEGMENT ERROR).
OO6napyxuBaercs TNepeJaTYuKoM BCSKMKW pa3, KoOrga OH He
obHapyxwuBaeT noMuHAHTHBIN OUT ACK B «00acTi oATBEPIKICHUS)

100 | Paspsanas ommbOka wiau omuOka outa 1 (BIT 1 ERROR).

V3ei1, KOTOpBIN NepeaacT JaHHbIE HA MIMHY, OCYLIECTBIISIET MOHUTOPHUHT
mmHbl. Omulka 6uta 1 uMeeT MecTo, eciiu IIpU nepeJade peecCUBHOIO
«1» Oura (3a HCKIIFOUEHUEM OUTOB IOJIel apOUTpaka U MOATBEPKICHNA)
Ha IMHe 00HAPYKUBAETCsI JOMUHAHTHBINA «0» 6UT

101 | Pa3psimHas ommbOka uimm ommoOka 6uta 0 (BIT 0 ERROR).

Omnbka BO3HUKAET B CIIydasx:

- BO Bpems nepenaud cooOuleHus (Miau Ourta MoATBEpKIeHus, ¢uara
aKTUBHOM OIIMOKM, (hiara mepe3arpys3ku), y3ei nepeaaet JOMUHAHTHBIN
out «0», HO Ha IMHE 0OHAPYKUBAETCS PELIECCUBHBIN «1»;

- BO BpPEMsI BBIXOZa U3 COCTOSIHUS «OTKJIIOUYEH OT IIHMHBD MPU KaXIOM
oOHapyXeHHH moceaoBaTebHOCTH U3 11 penieccuBHBIX OMTOB. B 3TOM
ciaydae, LI moxer wucnons3oBare konx 101 g oTcinexuBaHus
JUINTEIBHOTO MPOCTOSI IIUHBI

110 | Ommbka muknuyeckoro u3dsiTtounoro kojaa (CRC ERROR).

[lepegatyvik 1O YCTAaHOBJIEHHOMY AQITOPUTMY BBIYHCISCT 3HAUCHHE
KoHTpoJbHON cyMMBbl (CRC) nist mepeiaBaeMbIX JaHHBIX M BCTABIISIET €€
B coobOmienue. [Ipuemuuk, mocie moaydeHus AaHHbIX, Bhrauciser CRC
[0 TOMY K€ QJITOPUTMY, UYTO M MIepeaTuMK, U CPAaBHUBAET BHIYMCICHHOE
3HaYeHWE C TPUHATHIM 3HAYeHHEeM. B  cilyuae HeCOBMAICHHS
¢bukcupyercs omroOka

111 | Ionp3oBaTeabCKUl KO

[Tone LEC oGHOBNsIETCS ammapaTHO TOCIE K01 mepenaqn (yCIeITHON WTH C
omnOKoii) - B HEM ycTaHaBIMBaeTcs Ko omOku, 11u6o 000b, ecnu e€ He ObLIO.
[TpepriBanue o LEC mpoucxoaut kakapiit pa3 npu 0OHAPYKEHUN OIIUOKH TPH
ycnoBud, uto oHO paspemieHo 6utom LECIE peructpa NCR. IIporpammuo B
1oJie MOKHO 3amucaTh ToabKO 111D, ecnmu Tpebyercs. DTo 3HadyeHue OymeT
HaXOJUTHCS B MOJIE JIO 3aBEPILICHHS TEKYIIEH Iepeiadn.

31-10

3ape3epBUPOBAHO
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NIPR — perucrp yka3artens npepbiBaHuil y3ia

Cwmemrenue: 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
Ilose bute! Ormnucanue

CFCINP | 15-12 | Vka3atens AJis npepbIBaHMsl IPU MEPENOTHEHUH cUeTurKa (ppeiiMoB y3na

TRINP 11-8 | Vka3arens ans npepbIBaHUs 110 OKOHYAHUH NIepeaun/mpruemMa cooOIeHus

LECINP | 7-4 VYkazarenp AJis IpephIBaHMsI TP 3aIIMCH KOJIa MOCIEIHEN OIIMOKI

ALINP | 3-0 VYkazarens ans npepeiBanust ALERT

— 31-16 | 3ape3epBHpOBaHO

[Ipumeuanue — Kaxapli u3 ykazateneil 3amaer HoMep OAHOM u3 16 JuHUI
npepbiBanuii. 3Hayenue Oh cooTBeTcTBYeT HyIeBO THMHUY, 3HaYeHHe Fh — muaum 15.

NPCR — peructp ynpaBjeHusi IOPTOM y3Jja

Cwmemrenne: 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 bur BrroueHus pexxnma oopataoit et (Loop-Back)

0 | BeikimroueH

1 | BkmioueH. B sTroM pexume y3en TOJCOEAMHSAETCS K BHYTpPeHHEH
BuptyanbHoi CAN mmne. Ecnum st o0oMX y3710B BKIIIOYEH PEXUM
oOpaTHOW meTIH, To OHM OO0BenuHstoTCs BUpTyadbHOH CAN mmHOM U
MOTYT B3aUMOJIEUCTBOBaTh JApyr ¢ JApyroM. IIpm 3ToM Ha BHENIHHX
BBIBOJIAX Y3JIOB, COEAMHEHHBIX C BHemHel ¢usndyeckoii CAN mMHOM,
MTOJJIEPKUBAETCS PELECCUBHBIA YPOBEHb CUTHAJA, T. €. Y3JIbl HE aKTUBHBI

— 31-9, | 3apeszepBupoBaHO
7-0
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NBTR — peructp cuHxponun3zanuu 6MTOB

Cwmerenue: Node_n + 10h

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
D|8V TSEG2 TSEG1 SIW BRP
1 1 1 1 1 1 1 1 1 1 1
3y 3y 3y 34 34
ITone | butel Ornucanue
DIV8 15 JlenuTenb 4acTOTHI HA BOCEMb
0 | BeixiroueHo
1 | Bximoueno
TSEG?2 | 14-12 | ITapamertp 2.
BpeMeHHOW TMPOMEXYTOK OT TOYKA BBIOOPKH JI0 TOYKH Iepeiadw,
ompezenseMblii  monb3oBareneM.  JIUTENbHOCTH ~ CerMEeHTa  paBHa
tq x (TSEG2 + 1) u MoxeT ObITh YMEHBIICHA 32 CUYET PECHHXPOHU3AIMH.
Jlnana3oH 10omycTUMBIX 3HaYeHu# ot 1h mo 7h
TSEG1 | 11-8 | [Tapamerp 1.
BpemeHHOW MPOMEKYTOK OT CErMEHTAa CHUHXPOHHU3AIMU O TOYKU BBIOOPKH,
OTpeNeNIsieMbIil  MOb30BaTEIEM U BKIIOYAIOMIMA B CceOs  CEerMeHT
pacnpoctpanenus. JnurensHocth paBHa tq X (TSEG1 + 1) u mMoxer ObITH
yBEJIMYEHA 3a CYCT pecuHXpoHu3anuu. Jlomyctumelie 3HaueHust oT 2h 1o Fh
SIw 7-6 [Inpuna nepexona peCUHXPOHU3ALINN.
JlmutenbHOCTh paBHa tq x (SJW + 1)
BRP 5-0 [Ipennenurens CKOPOCTU NEpPEAYN.
JTMTeIhHOCT OJTHOTO KBAaHTAa BPEMEHH (B TaKTaX 4acTOTHI):
- (BRP + 1), ecniu DIV8 = 0;
-8 x (BRP + 1), eciu DIV8 = 1.
— 31-16 | 3apezepBUpOBaHO
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NECNT — peructp cuyeTynka ommdoK y3Jjia

Cwmerienue: 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 34
ITose butel Onucanue
LEINC 25 NHaukaTop THKpEMEHTHPOBAHUS TIPH MOCIEAHEH OMNOKe

0 | ObnapykeHHass ommMOKa TMNPUBOAUT K HHKPEMEHTHPOBAHUIO
CUYETYMKa OIIMOOK HA SAUHUILY

1 | OGuapyxeHHass omuOKa NPUBOAUT K HHKPEMEHTHPOBAHUIO
CYETUYMKA OLIUOOK HA BOCEMb

LETD 24 drar nocieiHer OMMOKY TIepe1aun

0 |Ilpu mpueme cooOmieHUss OOHApy)KeHa OIMMOKA, W MPOU3OIILIO
WHKpeMeHTHpoBaHue mojisi REC

1 | IIpu nepenaue coobmeHuss oOHApYKEHA OIHUOKA, ¥ IIPOU3OIILIO0
WHKpeMeHTHpoBaHue mojis TEC

EWRNLVL | 23-16 [Tone 3amanust nuMuTa OMMUOOK, MO JOCTHIXKEHHH KOTOPOTO
BeicTaBisgercss gumar EWRN B peructpe NSR (mo ymonuanuto
KOJINYECTBO OIMNO0K — 96)

TEC 15-8 [Tone cuerynka ommOOK Mepenayr COOOIeHHI

REC 7-0 ITone cuerynka ommbOOK MpremMa COOOIIeHUN

— 31-26 3ape3epBUPOBAHO
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NFCR — peructp cuyeTynka coo0ImeHHii y3ia

Cwmerenue: Node_n + 18h

Copoc: Oh
31I3OI29 28I27I26I25 24 23 22 21 20I19 18I17I16
CFC |CFC
- ov | IE - CFMOD CFSEL
1 1 1 1 1 1 1 1
34 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 T
CFC
1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone butsl Onucanue
CFCoOV | 23 ®drar mepenoJIHeHHUS CUeTYNKA COOOIICHUIM
0 | CueTuuk He nepenoyHeH
1 | Cueruuk nepenoIHUICs.
B pexume cuHXpocyeTyMKa O3TOT (rar ycTraHaBIMBaeTCS IIPU
m3menennn ot CFC u, ecnmu ycranosien outr CFCIE, dpopmupyercst
npepbIBaHue
but cOpaceiBaeTcsi mporpaMmMHO
CFCIE |22 but paspenienus npeprIBaHUSA OT CYETYMKA COOOIICHUIN
0 | 3ampemnieno
1 | Pa3pemieno
CFMOD | 20-19 Pexxum paboThl cueTunka cooOUIeHHM
00 CueTuuk COOOIIEHHH HWHKPEMEHTHPYETCS IIOCie  KaKJIOoro
YCIIEHIHOTO NpHeMa/niepeadyd COOOIEeHUs
01-11 | 3apesepBupoBano. He ncmonp3oBats!
CFSEL | 18-16 ITone 3a1aHust yCI0BHSI HHKPEMEHTHPOBAHUS CUETYHKA COOOLICHUN
**1 | Ilpu momyuenun cooOIIeHus, He UMEIOIIET0 00HEKTa COOOIICHUS
o [Tpu nony4yeHnu cooOIIeHUs, UMEIOIIEr0 COOTBETCTBYIOLIHMA
00BEKT COOOIIEHUS
1** | Ilpu ycnemHo oTIpaBKe cOOOIEHUs
000 | 3apesepBupoBano. He ucnonn3oBath!
Cocrosinue 6uTa, OTMEUYEHHOTO CHMBOJIOM *, HEBa)KHO. Y CJIIOBUSI MOT'YT
KOMOMHHPOBATHCS MEXTy coboii (Hanpumep, 110b nim 101Db).
CFC 15-0 [Tone cyeTyrka cOOOIIEHUH.
XpaHuT 3HaueHue cuerurka coobumennit npuy CFMOD = 00b
— 31-24, 3ape3epBUPOBAHO
21
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MOFCR — peructp ynpasJjienusi pyHKIIHOHHPOBAHHEM 00bEKTA COOOIIEHUS

Cwmerienue: 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

IDC

GDF

ITone

buTte!

34

34

34

34

Omnucanue

DLC

27-24

Kox 1auHbl JaHHBIX.

IToka3pIBaeT KOJMYECTBO OalT JAHHBIX, HAXOMALIUXCI B OOBEKTE
coobOmenus. Jlnanazon — 3HadeHue ot 0 mo 8. Ecnm 3navenwme monst DLC
OompIre 8, 3TO aBTOMATHYECKH yKa3biBaeT Ha 8 Oaiir. 3Hauenue nois DLC
TIOJIYYCHHOTO COOOIICHHSI COXPAHSETCS] TAKUM, KAaKUM OBLJIO TIOJTYYEHO

STT

23

but 3a1anus OAHOKPATHOM MEPECHUIKH TAHHBIX

0 | Her peiicTBuii

1| Ecnu 6ut ycranoBien, torga 6ut TXRQ cOpaceiBaeTcs mocne Hauana
nepenaun o0bekra coolueHus X. B cBsi3u ¢ aTuMm, B ciiyyae HEyAauHOU
niepeaun, MOBTOPHOM Mepeiauu cooOIIeHUs He OyIeT

SDT

22

but 3amaHus 0THOKPATHOrO y4acTus 00beKTa COOOIIEHNs M B EPECHIIKE

0 | Her neiictBuii

1| Eciiu OuT ycTaHOBJEH, U OOBEKT COOOIIEHUsI M He sBIsSETCS 00BEKTOM
FIFO, Torna 6ur MSGVAL cOpacbiBaeTcss mociie yCHEIHOro mnpuema
JTAHHBIX

RMM

21

but BxIroueHus YAAJICHHOI'O MOHUTOPUHI'A o0BeKTa nepcaadn

0 | Beixmouen. Unentuduxarop, 6ut IDE u none DLC o6wekta coobienus
M ocratorcss 0e3 HM3MEHEHHH /0 TOJYyYeHHS KOPPEeKTHOTo (dpeiima
yIaJIeHHOTO 3ampoca

1 | Brrouen. Unentudukarop, our IDE n mone DLC koppektHoro dpeiima
YIQJIEHHOT0 3ampoca KOMUPYIOTCS B OOBEKT Mepefadyd N B IMOpsJIKe
noJiyueHust OuToB (peiima yiaJeHHOro 3anpoca MOHUTOpa

CocrosiHre OMTa OKAa3bIBAET BIMSHHME TOJBKO HA 00BEKTHI nepeaayd

FRREN

20

but pa3pemenuss ymaineHHoro 3ampoca. Ompenensier, Oyaer I
ycranaBnuBathcss Our TXRQ B 00BEeKTe COOOICHWS m WM B JAPYroM
00BeKTe co00IIeHHs, Ha KOTOpHIH ykazpiBaeT CUR

0 | bur TXRQ o0bekTa cooOIIeHHs M yCTaHABIUBACTCS MOCTE MOTYyUYEHUS
KOPPEKTHOTo ¢peiiMa yaleHHOro 3arnpoca

1 | bur TXRQ npyroro o0bekra coobmeHus (Ha KoTopblii yka3zsiBaer CUR)
YCTQHABJIIMBACTCS  TOCIIE TOJNYYeHHS WM  KOPPEKTHOTro  (¢pelima
yJIQJIEHHOTO 3aIpoca
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[Tone | butel Onucanue
OVIE |18 bur paspemenus npepeiBanus no 3anonHenno FIFO oObekra coobmenus m.
[IpepriBanne reHepupyetcs, korma ykazatenb CUR (ykazatenb Ha TeKyIIun
00beKT) nocturaet 3HayeHuss SEL perucrpa MOFGPR
0 3anpemnieHo
1 Pazpemeno
Ecnn o06bexT cooOmienus m sBisercs oobekTom mpuema FIFO, to mome
TXINP (peructp MOIPR) yka3biBaeT Ha ofHy U3 16 THUHUN TpephIBAaHHMA.
Ecnmu o0bexT cooOmieHuss m sBisietcss oobekToMm mepegaun FIFO, to moie
RXINP (peructp MOIPR) yka3piBaer Ha onHy u3 16 nuHuil npepsiBaHuil. J{is
BCEX JAPYTHX PEKUMOB 00BbekTa coobmenus cocrosinue oura OVIE He BaxxHO
TXIE |17 but paspemienus npepeIBaHus IO OKOHYAHUH MEepeadn COOOIICHUs
0 | 3ampenieHo
1 | Pazpemeno. IlpepbiBaHue reHepupyercsi, €ciM coOoOlIeHHEe U3 O00BEeKTa
cooOieHuss m ObwI0 yernemHo nepeaano. [lone TXINP (peructp MOIPR)
YKa3bIBaeT Ha OJHY U3 16 TMHUI npepbIBaHUN
RXIE |16 but paspenienus npepbiBaHus 10 OKOHYAHUU TpUEMa COOOIIEHUs
0 | BampemieHo
1 | Pazpemeno.
[TpepbiBaHMe reHepupyeTcs, €ciau COOOIIeHHe ObUIO YCIEIIHO MPUHATO
00BeKTOM coo0mIeHns m (HampsMyro uiau yepe3 1uno3). Ilone RXINP
(peructp MOIPR) yka3biBaeT Ha oaHy u3 16 nuHUN npepbpIBaHMiA
DATC | 11 Nupnkatop KonupoBaHus JaHHBIX
0 | JlaHHBIE HE KOHUPYIOTCS
1 | Hannbie B peructpax MODATAH u MODATAL o00beKTa-ucTOYHHKA
nuro3a  (Imocjae  COXpaHEeHWs MPHHATOro  ¢peiiMa B HUCTOYHMKE)
KOMMPYIOTCS Yepe3 MUTI03 B 00BEKT-TIPUEMHHUK
butr DATC wucnons3yercss TONBKO 00BEKTOM-HCTOYHHKOM B PEKUME MLTI03A.
Bo Bcex ocTanbHbBIX citydasix OUT He GYHKLIHMOHUPYET
DLCC |10 Wupukarop xonupoBaHust Koga JunHbI JaHnHeIXx DLC
0 | Kon He konmpyercs
1 | Kox nnuHBI NaHHBIX OOBEKTAa-UCTOYHMKA IIIH03a (TOCIE COXpaHEHUs
OpUHATOrO (peiiMa B MCTOUHUKE) KOMMUPYETCs Yepe3 I3 B OOBEKT-
IPUEMHHK
but DLCC ucnonb3yercss TOIbKO 00BEKTOM-UCTOYHUKOM B PEXUME ILII03A.
Bo Bcex ocTasibHBIX ciiydasix OMT He QYHKIMOHUPYET
IDC 9 WMHukaTop KoNMupoBaHUs UISHTU(UKATOpa
0 | Unentudukarop He KOMUPYETCs
1 | Unentudukarop oOBEKTa-UCTOUHMKA IUII03a (MOCIE  COXpaHEHUs
NPUHATOTO (peiiMa B MCTOYHHUKE) KOMHMPYETCsl depe3 LUI03 B OOBEKT-
IPUEMHHK
bur IDC ucnonb3yercss TONbKO 00BEKTOM-MCTOUHUKOM B peXHMe ILTI03a. Bo
BCEX OCTAJIbHBIX CIy4asiX OUT He QYHKIIMOHUPYET
GDFS |8 WMunukarop otnpaBku ¢periMa yepes T3

0 | Cocrostane 6uta TXRQ o0bekTa-npreMHIKa 0€3 H3MEHEHUH

1 | VcranoBien Our TXRQ oObekTa-mpueMHUKAa TIOCTIE BHYTPEHHEH
nepeaadn u3 00bEKTa-NCTOYHHUKA

bur GDFS wucnonp3yercs TOIbKO OOBEKTOM-HCTOYHUKOM B PEXHUME IILTIO3A.
Bo Bcex ocTasibHBIX ciydasix OUT HE YHKIIMOHUPYET
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Ilone | buts! Omnucanue

MMC | 3-0 | 3aganue pexxnma 00bEKTa COOOIIECHUS M

0000 CtanmapTHBIN 00BEKT COOOIECHUS

0001 bazoBeiil 00beKT pueMHol cTpyKTyphl FIFO

0010 bazoBsiii 00beKT nepeparonieit ctpykrypsl FIFO

0011 BcenomoratensHbIl 00bEKT nepenaromeii crpykrypsl FIFO

0100 OOBEKT-UCTOYHHUK IILTFO3a

OcTasibHble KOMOMHAINH 3ape3epBUPOBAHBI

— 31-28, | 3ape3epBupoBaHO
19,
15-12,
7-4

MOFGPR — peructp yka3arens FIFO win nuio3a o0bekTa coo0meHust

Cwmerienune: Msg_m + 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
SEL CUR
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
TOP BOT
I I I I I I I I I I I I I I
3y 3y
ITone butn Onucanue
SEL 31-24 | Yka3arenb 00bEKTa COOOIIEHMUS.

Bropoii (mporpammublil) yka3aTelb B JONOJHEHHE K allapaTHOMY
ykazatemo CUR npu pabdote ¢ FIFO. [Tone SEL ucnons3yercs mist oOmiero
MOHHUTOpHHTa (TeHeprpoBaHue npepwiBanuii FIFO)

CUR 23-16 | VYkazarenp Ha Tekyuuii 00bekT B npeaenax FIFO nm nuro3za.

[Mocne xkaxmoit onepannu FIFO wmm nepenaun uepes nomo3 ykazarens CUR
OOHOBJIISIETCS — B HETO 3aHOCUTCS HOMEp CIIEAYIOIIEro 00beKTa COOOIIEHUS B
criiucke (none PNEXT perucrtpa MOSTAT) — 1o Tex mop, moka He Oyaer
nocturHyT BepxHuii snemeHT FIFO (mome TOP), mocne wero CUR
cOpachIBaeTcs, U B HETrO 3arpykaeTcsi HOMep HUKHETO JIeMEHTa CIucKa (U3

nosst BOT)
TOP 15-8 VYkazarens BepxHero aremenTa FIFO.

B mosie HaXOUTCS HOMEP MOCIICTHETO PIIEMEHTA
BOT 7-0 VYkazatens HUkHEro 1ementa FIFO.

B none naxogurcs HOMCp IICPBOI0 2JICMCHTA
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MOIPR — peructp yka3areJisi npepbiBaHuii 00beKTa CO00LIeHUs

Cwmerienue: 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
Ilone butsl Onucanue
CFCVAL | 31-16 | KomuuecTBO (hpeiimMoB.
Kaxplii pa3 mocie 3anicu MpUHATOTO COOOMICHHSI B 0OBEKT COOOIICHUS
M WM yCIenHol nepenaun oObeKTa cOOOIIEHUsT M, 3HAYEHUE CUeTYHKa
¢perimoB CFC (peructp NFCR) xormmpyercs B CFCVAL
MPN 15-8 Howmep xnymiero 6uta cooOmieHus.
VYka3bIBaeT NO3UIMIO OHUTA, COOTBETCTBYIOLIETO OOBEKTY COOOIIEHUS M B
peructpe MSPND
TXINP 7-4 VYka3zarens JMHUM OPEepbIBAaHUMN JJI IPEPBIBAHUS TIOCIIE IIEPEAAUN.
Bcero nmoctynHo 16 nuHuMii npepsiBanuii ¢ HoMepamu or 0 go 15.
3unauenue 0000b, 3amucannoe B TXINP, BbiOMpaeT HyJIEBYIO IJIHHUIO
npepeiBanuii, 0001b — nmepByro, 0010b — BTopyto U T. 1.
HononuurensHo 6utr TXINP  wucnone3yercs ans BbiOOpa MO3ULUM
XKAymero 6uta oObeKTa COOOImEeHsT M
RXINP 3-0 VYka3zaTenp JIMHAN DPEPBIBAHUN JUIsl IPEPBIBAHUS TOCIE IPUEMA.

Bcero nmoctynmHo 16 nuHuMii npepsiBanuii ¢ HoMepamu or 0 go 15.
3unauenue 0000b, 3amucannoe B TXINP, BbiOMpaeT HyJIEBYIO IJHHUIO
npepeiBanuii, 0001b — nmepByro, 0010b — BTOpy!O U T. 1.

HononnurensHo 6utr RXINP  wucnone3yercs ans BbiOOpa TMO3UIUH

XKIylero 6uta o0beKTa COOOImEeHusT M
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MOAMR — peructp Macku 00bEeKTa COOOIIEHN ST

Cwmerienue: 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
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
AM
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone butel Onucanue
MIDE 29 Macka outa IDE cooOuieHus
0 | OO0bexT cooOmieHrs M MOXET MPUHUMATh KaK CTaHIApPTHBIE, TaK U
pacumpeHHble hpeiMbl
1 | O6beKT cooOIIeHHs M MOXKET MPUHUMATH TOJIBKO T€ GPENMBI, Y KOTOPBIX
cocrosiaue 6ura IDE coBnamaer ¢ ero 6utom IDE
AM 28-0 Macka uneHTudukaropa.
[Ipn mpueme pacIIMPEeHHOTO COOOIIEHHUsS HCIOIb3yeTcs BCs Macka. [lpum
MpHeMe CTaHAapTHOTO COOOIICHUS HCHONB3YIOTCA OUThl 28-18, mpu sTOM
cocrosinre OuToB 17-0 HE BaXKHO
— 31-30 | 3apesepBupoBaHO

MODATAL — Maaammii peructTp AaHHbIX 00beKTa COO0LIeHUs

Cwmerienne: 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 Ormmcanue
DB3 31-24 | Tperuii 6GaiiT TaHHBIX
DB2 23-16 | Bropoii GaiiT JaHHBIX
DB1 15-8 [TepBrIii OaliT TaHHBIX
DBO 7-0 HyneBoiil 0aliT naHHBIX
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MODATAH — crapummii perucTp JaHHBIX 00bEKTa COOOIIEHHS

Cwmemenne: 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
DB7 DB6
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
DB5 DB4
I I I I I I I I I I I I I
3y 3y
ITone butn Omnucanue
DB7 31-24 | CenpMoii OaliT JaHHBIX
DB6 23-16 | lllecroii 0alT JaHHBIX
DB5 15-8 IIsTe1i1 OaliT JaHHBIX
DB4 7-0 YetBepThlii 0T TaHHBIX

MOAR — peructp apouTpaka 00beKTa COO0IIEHUsI

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
PRI IDE ID
1 1 1 1 1 1 1 1 1 1 1 1
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 T T T T T T
ID
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
ITone | bursl Onucanue
PRI | 31-30 | Knacc mpuopureta. [lone onpenenser onuH u3 dersipex kiaccoB (0, 1, 2 u 3)

npuopurera o0bekTa cooOmieHuss M. HyneBolt kjacc ycTaHaBIMBAaeT
HauBBICIIUK MpuopuTeT. OOBEKTH COOOIICHUH € HYJIEBBIM KIAcCOM BCerja
BBIMTPBIBAIOT apOWUTpaX TpU Tepefade W npueme cooOmeHui. DuibTparus
coOOIIeHN Ha OCHOBE MJEHTU(UKAaTOpa (MACKUPYEMOTro) U MO3UIMH B CIIHCKE
OpPraHMU3yIOTCS TOJBKO I OOBEKTOB COOOIIEHUN C PaBHBIM MPUOPUTETOM.
Kpowme storo, none PRI onpenenser meron puibTpanuu

00 | 3ape3epBHpOBaHO

01 | ®unpTparus B 3aBUCUMOCTH OT TOJIOKEHHUSI 00bEKTa COOOIICHHS B CITUCKE.
OOBbexT cooO0IIeHHsT M MoJydaeT MNPUOPUTET Ha Mepenady COOOIICHHS
TOJNBKO B Cllydae, €CIM HeT JPYIHuX OOBEKTOB COOOIIEHUH C
ycranoBieHHbIMUH Outamu MSGVAL, TXENO u TXENI, crosimux BbIIre
10 CIIUCKY
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ITone | butel Onucanue
PRI | 31-30 | 10 | ®unbTpammst B 3aBUCUMOCTH OT 3HadyeHHs wuaeHTHPUKaTopa. OOBEKT
coo0IlleHUsT M MOJy4yaeT MPUOPUTET Ha Iepenady COOOLICHHS TOJBKO B
cllyyae, €CIM B CHOUCKE HET JAPYIrMX OOBEKTOB COOOLICHHH C
«Uneatudukarop + IDE + DIR» Gosee BrICOKOTO MpUOpHUTETA (COTIIACHO
npaBuiIaM apouTpaxka B Tabsmie A.3.2)
11 | ®unpTpanus B 3aBUCUMOCTH OT IMOJIOKEHHSI 00BEKTa COOOIICHUS B CIIUCKE
(xax pu PRI = 01b)
IDE |29 but pacmupenus uaeHTrudUKaTopa 00beKTa COOOIMEHUT M
0 | ObwexT coobmenuss M omnepupyer ¢ ¢peiimaMu co CTaHAAPTHBIM
11-6utHBIM HIEHTU(HUKATOPOM
1 | OObekT coobmeHuss M omepupyer ¢ ¢peldmMamMu ¢ PpacIIMpPEHHBIM
29-OMTHBIM HJICHTU(PUKATOPOM
ID 28-0 Wneatudukatop 00beKTa COOOIICHHS M.
[Tpu omepupoBaHHM ¢ paclIMpeHHbIMU (peiiMaMu Ucmonb3yloTcs OuThl 28-0.
[Ipu omepupoBaHUU CO CTaHIAPTHBIMHU (peiMaMH UCHOIB3YIOTCs OUTHI 28-18,
P 3TOM cOoCTOsiHUE OUTOB 17-0 HE BaXKHO

Tabnuma A.3.2 — PacmpenencHue mpuoOpUTETa MEKIY OOBEKTaMH COOOIICHHHA COTIIACHO

MpaBWJIaM apOuTpaka

YcTaHOBKH JUIst 00BEKTOB coodmenui O u 1,
KOTOpbIE YUaCTBYIOT B apOUTpake (IPUOPUTET
oObekTa 0 BbllIe npropurera o0bekTa 1)

Tloscuenue

MOARO[28:18] < MOAR1[28:18]

CrannmapTHelii  QpeiiM ¢ HIACHTU(HUKATOPOM,

B peructpe MOARI1 6ut IDE = 1.

(11-OuTHBIiA cCTaHIAPTHBIN WACHTU(PUKATOP UMEIOIIMM  MEHblllee 3HaueHue, oO0agaer
00bekTa 0 MEHBIIIE TI0 YHCIIOBOMY 3HAYCHHIO, | 00Jiee BBICOKHM MTPHOPUTETOM

yeM 1 1-OuTHbI naeHTHuKaTOop 0O6beKkTa 1)

MOARO0[28:18] = MOAR1[28:18]. [Ipy  paBeHCTBE 3HAYEHWI  CTaHAAPTHHIX
B peructpe MOARO 6ut IDE = 0. UJACHTU(PUKATOPOB,  CTaHIApTHBIA  (peiim

MMEET IPUOPUTET NEPE] paCIIMPEHHBIM

MOARO[28:18] = MOAR1[28:18].
butsl IDE 060X 00bEKTOB COPOIICHBI.
B peructpe MOSTATO 6ut DIR = 1.
B perucrpe MOSTAT1 6ut DIR = 0.

ITpu paBeHCTBe 3HAu€HUI HACHTU(PHUKATOPOB
CTaHJApTHBIN ¢bpeiiM  aHHBIX AMeEET
OPUOPUTET Tepell CTaHAApPTHBIM (peiimoM
YAJIEHHOTO 3ampoca

MOARO0[28:0] = MOAR1[28:0]

butsl IDE 060ux 00bEKTOB yCTaHOBIICHHI.
B peructpe MOSTATO 6ut DIR = 1.

B perucrpe MOSTAT1 6ut DIR = 0.

ITpu paBeHCTBe 3HAu€HUI HACHTU(PHUKATOPOB
pacliupeHHbI  ¢peiliM  JaHHBIX ~ HUMEEeT
NPUOPUTET Tepe pacIIUpeHHBIM (QpeiMmoM
YAAJIEHHOTO 3ampoca

MOARO0[28:0] < MOAR1[28:0]

butsl IDE 060uXx 00bEKTOB yCTaHOBIICHHI.
(29-6utHBIi HaeHTHQHKATOP 00BEKTa ()
MEHBIIIE 110 YUCIIOBOMY 3HAYCHHIO, YEM
29-6uTHbIM naeHTuduKaTop oobekTa 1)

Pacmupennslii  ¢gpeiim ¢ uaeHTH(UKATOpOM,
AMEIOIIMM MeEHbIIee 3HaueHue, o0JagaeT
OoJiee BBICOKMM MTPUOPUTETOM
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MOCTR — peructp ynpaBjieHHsl 00beKTOM COOOIIEHUSI

Cwmerienue: 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 butwr Onucanue
RESRXPND, 0, Copoc/ycranoBka 6uta RXPND
SETRXPND 16
RESTXPND, 1, Copoc/ycranoBka 6uta TXPND
SETTXPND 17
RESRXUPD, 2, Copoc/ycranoska outa RXUPD
SETRXUPD 18
RESNEWDAT, |3, Copoc/ycranoBka outa 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 TXENI
SETTXEN1 26
RESDIR, 11, Copoc/ycranoBka 6uta DIR
SETDIR 27
- 15-12, 3ape3epBUPOBAHO.
31-28 [Ipy YTeHHH BO3BPAILAIOTCS HYJIH.
[Tpu 3anucu cnexyet nucath Oh.
[Ipumeuanue — butel ¢ npepukcom SET m RES paGorator momapno. KomOunanms

COCTOSIHUH 3THUX OWT OKa3bIBaeT BIUSHIE HA COOTBETCTBYIOMmMH OouT peructpa MOSTAT:
- SET* =1, RES* = 0 ycranaBnuBaet OuT *;
- SET* = 0, RES* = 1 cOpaceiBaer Our *;
-SET*=RES* =0 unu SET* = RES* = 1 He u3aMeHsIeT COCTOSHHE OHTa *.
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MOSTAT — peructp cocTosiHis 00bEKTA COOOIIEHH S

Cwmemenne: Msg_m + 1Ch

Copoc:

- 0100_0000h mys o6bexTa coobmenus 0;

- [mo + 1][mo - 1][0000]h mist 06BeKTOB cOOOIICHMI ¢ HOMEepaMH OT 1 10 62, (COOTBETCTBEHHO,
mo ot 01h mo 3Eh);

- FFFE_0000h mist o6bekTa coobmeHust 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 T
PNEXT PPREV
1 1 1 1 1 1 1 1 1 1 1 1 1 1
Y Y
15I14I13I12]1 10 9 8 7 6 5 4 3 2 1 0
LIST 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
Ilone butsl Onucanue
PNEXT | 31-24 | Vka3arenb Ha CICAYIOIIMM 3JIEMEHT CIIUCKA.
B none Haxoautcs HoMep 00beKTa COOOILEHHs, PACHIOI0KEHHOTO BBILIE 10
CIIMCKY OTHOCHUTEIFHO TEKYIIETO
PPREV | 23-16 | Yka3arenb Ha NPEAbIAYILIHNA IEMEHT CIIUCKA.
B nosne naxoautcss HOMep 00bEKTa COOOIIEHUS, PACIIONOKEHHOTO HIXKE 10
CIIMCKY OTHOCHUTEIFHO TEKYIIETO
LIST 15-12 | Homep cmucka, KOTOpOMY MPUHAIEKUT OOBEKT COOOLIEHHUS M.
[Tone oOHOBJsIETCS amIapaTHO TIPU pacHpeAeTeHUN/TIepepacpeeIeHIH
00BbEKTa COOOIICHHUS
DIR 11 but pacnipenenenns
0 | OOBekT mprema cooOIIeHUs JaHHbBIX.
OOBekT mpuHUMaET cooOIeHue JaHHbIX. [Ipu ycTaHOBIEHHOM Oute
TXRQ o0bekr QopMupyer coollieHHe YAaJIeHHOro 3ampoca ¢
uAeHTUPUKATOPOM OOBEKTa COOOILIEHUS M, a 3aTeM NepesaeT Eero.
[TonydyeHHoe B OTBET COOOLIEHHE JAaHHBIX C COOTBETCTBYIOILIUM
UIEHTU(DUKATOPOM COXPaAHSIETCSI B 00BEKTE COOOIIEHUSI M
1 | O6wexT nepenayn COOOLICHHS JaHHBIX.
[Ipu ycranoBnennom Oute TXRQ oO0BexkT Qopmupyer, a 3aTem
nepeaaeT coodOueHne AaHHbIX. Eciu 00bekT coolmeHuss M moiyyaer
cooOmieHne yIIAIIEHHOTO 3arpoca c COOTBETCTBYIOITUM
uaeHTuGuKaTopom, To ycTaHaBiuBaercs (mar TXRQ ero perucrpa
MOSTAT, mocie 4ero B OTBET IiepemacTcsl COOOIICHHWE JTaHHBIX,
coJiepKalxcsl B 00beKTe COOOIIeHUsT M
TXEN1 |10 burt paspemenus nepenauu gppeiima
0 | 3ampemieHo
1 | [lepenaua ¢peiima paspernieHa.
OOBeKT COOOIIEHUsT M MOXKET YJ4acTBOBATH B Iepeqade TOJIBKO, eCIH
ycraHoBieHsl 00a 6uta — TXENI u TXENO.
Kontpomrep CAN wmcronb3yer our TXENI1 mis BeiOOpa akTHBHOTO
o0wekTa nepenaun coodmenus uz FIFO
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Tlone

buter

Omnucanue

TXENO

bur pa3pemenus nepegaun gppeiima

0 | 3anpemeno

1 | Ilepenaua ¢peiima pa3peineHa.

OOBeKT cOOOIIeHUsT M MOXET y4acTBOBaTh B Iepeaaye, TOJIbKO €CIH
ycranoBienbl 00a 6uta TXENO u TXENI.

Kontpommep CAN ucnonszyer outr TXENI1 mist BeiOopa akTHBHOTO
o0BekTa nepenaun coodmenus uz FIFO.

MosxHo mporpammao ouumiate OuT TXENO mnsa 3ampera mepemaun
COOOIIEHUs, KOTOPOE B HACTOSIIMI MOMEHT (DOpMHpYETCS, WIH IS
3arpera aBTOMaTHYECKOW Tepe/iayr B OTBET Ha yJIAJICHHBIN 3a1IpoC

TXRQ

but nHnmanuu nepenauu

0 | Her peticTBuii

1 | YcranoBka Owrta wWHHOMUpYET mepenady ¢peiiMa u3 oOBeKTa
coobuiennss m. MHunmanus nepenaun ¢periMa BO3MOXHA TOJBKO B
ciyqae, ecimm ycraHoBieHbl Outel TXRQ, TXENO, TXENI u
MSGVAL. Takxe our TXRQ ycranaBiauBaeTcs ammapaTtHO IpHU
NOJy4eHUH ppeiima yIaJeHHOTO 3ampoca.

but cOpackiBaeTcs anmapaTHO MPH YCIICITHOM 3aBEPIICHUN TIEpeIayH,

U €CIM IpPU 3TOM He ObLJI MOBTOPHO NMPOTPaMMHO YCTaHOBJIEH OUT
NEWDAT

RXEN

but pa3spemenns npuema

0 | 3ampemieHo

1 | OO6BeKT COOOIIEHUS MOKET IMPUHUMATH COOOIIICHHS

Cocrosinre OuTa YYUTHIBACTCS TOJBKO MPH (QHIBTPAUH HPUHUMAEMBIX
COOOIIIEHU

RTSEL

WNHnrkaTop BO3BMOXXHOCTH IIpreMa/nepenadn

0 | O6BekT cooOlIIeHUsI HE MOXKET PUHUMATh/TIepe/laBaTh COOOIIECHHSI

1 | O6bexT cooOuIeHNs] MOXKET IPUHUMATh/TIepeaaBaTh COOOIICHHUS

[Tpuem ¢peiima. bur RTSEL ycranaBimBaeTcs anmapaTHO TOCIE TOTO, KakK
BbIOpaH OOBEKT COOOIIEHHS M JJsl COXPAHEHHS TOJBKO UYTO MPHUHATOTO
¢bpeiima. TIpexae, yem 3anucaTh MPUHATHIE TAaHHBIE B OOBEKT COOOIIEHUS
m, anmapartHas yacTb npoBepser coctosHue Outa RTSEL. LITY moxer
cOpachiBaTh 3TOT OUT, YTOOBI 3aNpeTHTh 3alKch NPUHATOro (peiima B
00BEKT COOOILICHUS M.

Ilepenaua ¢peiima. bur RTSEL ycraHaBnuBaeTcs anmapaTHO MOCIE TOTO,
KaK BBIOpaH CIEAYIOMIMH OOBEKT COOOIICHUS m Ui mepefaaun ¢peima.
AnmnapaTHasi yacTb IepeJl HauyaloM Iepeadd MpOoBepsieT: YCTaHOBIIEH JIU
our RTSEL wm cOpomen mm Our NEWDAT. bur RTSEL npomxen
OCTaBaTbCi YCTAaHOBJIGHHBIM JO OKOHYaHus mnepenaud. IIpoBepka
coctostHusi Outa RTSEL mpon3BOAMTCS TONBKO MPH MOMBITKE H3MEHEHUS
COZIEP)KMMOT0 00BEKTa COOOLIeHHs m BO H30EeKaHUE OJHOBPEMEHHOIO
BBITIOJTHEHUST Oomnepauuii mnepepadu QpeliMa M ero uU3MeHeHus. but He
y4acTBYET B (pUIbTpaIMU COOOIICHUH U He cOpachIBAETCs anapaTHO

MSGVAL

bur aktuBHOCTH 00BEKTA COOOIIEHUST M

0 | He aktuBen

1 | AkTuBeH

Tonbko Te 00BEKTHI COOOIEHHH, /I KOTOPBIX YCTAHOBJIEH ATOT OUT,
MOTYT HUCIIOJIb30BAThCs JUIsl ONEpalii IpUeMa U Iiepeaadn
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[Tone butel Onucanue
MSGLST 4 bur norepu coobueHus
0 | Hu ogHO cooOmieHre He TOTEPSTHO
1 | [IpunHsTOE COOOIIEHNE TTIOTEPSIHO BCIEICTBUE TOTO, YTO KOHTPOJLIEP
CAN mnomnsitancs ycraHoBuTh 0uT NEWDAT mo okoHuanuu npuema
coobmienuss npu ToM, 4ro ¢iaar NEWDAT yxe Obul ycTaHOBIEH
paHee IocJie 3arucu APYroro cooOIeHus
NEWDAT |3 Nuaukatop HOBBIX JaHHBIX
0 | C momenrta copoca 6uta NEWDAT Hukakux u3MeHeHUH 0OBEeKTa
cOOOIIeHUsI M HE OOHAPYKEHO
1 | O0BeKT cooOIeHUs ObLIT H3MEHEH.
bur ycramaBnmBaeTcs anmapaTHO TOCIE TOTO, KaK MPHHITOE
cooOmieHrue OBLJI0O COXPAaHEHO B O0BEKTEe cooOmeHuss m. but
cOpacbIBaeTCs ammapaTHO IIOCJIe Hayaja IMepenayd  o0beKTa
coobmenuss m. butr NEWDAT cnenyer ycranaBnuBaTh MpOrpaMMHO
MOCJIe TOTO, KaK HOBBIC JIAaHHBIC IS Tiepenavn OyIyT COXpaHEHBI B
o0BeKTe COOOIIeHUsI M UIs NPEeJOTBPALICHUS aBTOMATUYECKOTO
copoca 6uta TRXQ B KOHIIE TeKyIIeH epeaadn
RXUPD 2 WHnukaTop n3MEHEHUIH
0 | Her Tekymmx n3MeHeHui
1 | Unentuduxarop coodmenus, noie amuabl Janabix DLC u nannble B
00BEKTE COOOIICHHS N3MEHSFOTCS
TXPND 1 Nuaukarop OKOHYaHMS Nepeaadun
0 | I[lepenaHHBIX COOOIICHUI HET
1 | Coobmenne 00beKTa M OBIJIO YCHEIIHO MEPEIaHo
RXPND 0 WHaukaTop OKOHYaHMs IpUeEMa

0

ITpUHATBIX COOOIEHUI HET

1

CooOmienne ObBUTIO YCHENIHO TPUHATO OOBEKTOM COOOIIEHUS m
(HampsiMyr0 WM Yepe3 MUI03). bUT JomkeH cOpachiBaThes
MIPOTrPAMMHO
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A.4 Peructpbl konTpoJuiepa Flash-namsitn

Bbasoselii agpec:  4003_0000h

CMmeleHue: + 04h (DATA) Peructpbl JaHHBIX

ADDR - peructp agpeca Flash-namsTu

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
VAL
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
VAL
1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone ‘ butel ‘ Onwucanue
Anpec, uCnoab3yeMblii IPU KOMAHJAX 3aIMCH, YTCHUS U

VAL ‘ 31-0

MMOCTPAHUYHOT'O CTHPAHUA.

DATA — maccus peructpoB 1aHHbIx Flash-nmamsaTu

Cwmertenne: DATA + (4*d)h, rme d =0 wu 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
VAL
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
VAL
1 1 1 1 1 1 1 1 1 1 1 1
3y
[oie ‘ butsl ‘ Onwucanue
VAL 31-0 32-pa3psiTHBIC PETHCTPHI CIIOB JaHHBIX. Bee ciioBa TaHHBIX TOHKHBI OBITh

3arpy>KCHbI B pCruCTphl 10 YCTAHOBKU oura KOMaHIbI 3anucu. Yuraemele

TaHHBIE OYAYT JTOCTYITHBI B perucTpax mocie copoca ¢iara BUSY.
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CMD - peructp komana Flash-mamsitn

CwMmewenue: + 24h
Co6poc: DECO_0000h

31

30

29

28 27 26

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 == | er
i ON ) ALL | sec| WR | RD
I I I I I I I I
3y 34 34 34 3y
ITomne butsl Omnucanue
KEY 31-16 | Kox 3amycka koMaHabl. Bce KOMaHABI IJIT BCTYIUICHHUS B CHJIY JOJDKHBI
compoBokaarbess 3amuchio B mone KEY 3nasenns CODEh. Komanas
JOJDKHBI  BBITIOJIHATBECS TIO OJIHOM, T. €. 3aliCh CIEAYIOMEH KOMAaHIbI
paspeliieHa, TOJIbKO TMocie 3aBepiueHus npenpiaymei. [Ipu onnoBpeMeHHOM
3alMCH HECKOJIBKUX KOMaHj| Oy/leT BBINIOJHEHa Ta, HOMEp OHWTa KOTOpOW
menbine. Yrenue mons KEY Bcerma Bosspamaer DECOh
NVRON | 8 but mogudukanuu komanas! 11t padotel ¢ NVR obmactsio
0 | Komanpga BeimosaHsaeTcs Uit ocHOBHOU oOactu Flash-nmamstu
1 | Komanna semmonuserca mist NVR obmactu Flash-mamsiti
ERALL |3 but akTuBanyu KOMaHAbl TOJTHOTO CTUPAHUS 00JIACTH
ERSEC |2 bur akTuBanMM KOMaHIbI CTUpPAHUS CTPAHUIBI O0JIACTU. AJpec CTPaHUIIBI
BBIUHCIISIETCS] HA OCHOBE 3HaueHus perucrpa ADDR.
WR 1 bur aktuBanuu xomannel 3amucu gaHHbix DATAO, DATAL mno aapecy
ADDR B obnactu
RD 0 bur axtuBamum komanabl uyrenus nanHeix B DATAO, DATAL mo aapecy
ADDR B obnactu
— 15-9, | 3apesepBupoBaHO
7-4
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STAT — peructp craryca Flash-nmamsaTu

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 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
Y Y
Ilone | bursl Onucanue
IRQF |1 @uar npepbIBaHKs 10 OKOHYAHUH BBIIIOJIHEHHSI KOMaH/Ibl. Y CTaHaBIUBAETCH,
tosibko eciu 6uT IRQEN ycranosnen
0 | Her undopmanun
1 | KomaHnza BbllosiHEHa
COpacsIBaeTCs 3aMMUChIO «1»
BUSY [0 Cratyc pabots! koHTposuiepa Flash-namsitu
0 | Her akTuBHOM KOMaH[Ibl
1 | BemmonHsercs komana
[Ipumeuanue — B cBA3U ¢ 0COOEHHOCTAMU NEPECUHXPOHU3ALMHU, TIPU
paboTe Ha BHICOKMX YacTOTaxX Apa HE0OOX0IUMO JT0OABIATh 3aJEPKKY MEKITY
3anucklo peructpa CMD u yrenuem ¢aara BUSY, nanpumep, 5 NOP xomanz.
— 31-2 | 3ape3epBHpPOBAHO
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CTRL — peructp HacTpoiiku KoHTpoJuiepa Flash-mamsin

CwMmemwmenue: + 2Ch
C6poc: 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 Onucanue
LAT 19-16 [Tone 3aganust KOJTUYECTBA AOMIOJTHUTEIIBHBIX TAKTOB OKUJIAHUS TIPU
yrennn u3 Flash-namstu
DFLUSH |9 but 3amycka o4nCTKH K31 JaHHBIX
0 | Her peaknun
1 | 3amyck ouncTKH
IFLUSH |8 burt 3amycka O4YHMCTKH KA1 MHCTPYKIIMIA
0 | Her peaknun
1 | 3amyck ouncTKH
IRQEN 4 bur ynpaBnenus npepbiBaHuEM 10 3aBEPIICHUH BBITTOJIHEHUS KOMaH bl
peructpa CMD
0 | Her peakiuu
1 | [IpepriBanue paspenieHo
DCEN 2 but ynpasneHust K31 JaHHBIX
0 | BeikiroueHo
1 | BxiroueHno
ICEN 1 but ynpasneHus K311 HHCTPYKINN
0 | BeikiroueHo
1 | Bxiroueno
PEN 0 but ynpasnenus npeaBpIOOpKoi
0 BrikiitoueHo
1 BxtoueHo
— 31-20, | 3ape3epBUpOBaHO
15-10,
7-5,3
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ICSTAT — peructp cratryca K31 HHCTPYKIUH

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
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
- BUSY]
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
[Tone butel Onucanue
BUSY 0 @uiar ycraHaBIMBAeTCsl MpPHU 3allyCKe KOMaHAbl OYMCTKM KAII JAHHBIX,
cOpacpIBaeTcs Mocie MX OKOHYAHUS
— 31-1 | 3ape3epBUpOBaHO
DCSTAT — peructp craryca K31 JaHHBIX
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 T T T T T T T T
- BUSY]
1 1 1 1 1 1 1 1 1 1 1 1 1 1
y
ITone butel Onucanue
BUSY 0 @nar ycTaHaBIMBaeTCs IpHU 3allyCKe KOMaHAbl OYHMCTKH KA3II JaHHBIX,

C6paCBIBaeTC$I IIOCJIC X OKOHYAHUWA

— 31-1 | 3ape3epBUpPOBaHO
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BDIS — peructp ynpasJjieHus 3arpy3koii

CwMerenue:; + 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
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
) BM
DIS
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
[Tone butsl Onucanue
BMDIS 0 but otknroueHus crapra W3 3arpy3doHON MaMSITH TOCIE CIEAYIOIIETO

nmporpaMMHOTo copoca. Oka3biBaeT BiusiHHE, Tonbko ecniu B CFGWORD
AKTUBUPOBAH CTAPT U3 3arpy304HON 00JIACTH

0 | Crapt u3 3arpy304Hoii 006JacTu OyeT MPOUCXOUTh KaXIbIi pa3 1mocie
T000r0 U3 cOPOCOB

1 | Crapr u3 3arpy3ouHoil oGnactu OylIeT MNPOUCXOAUTH TOJIBKO MpPHU
BHemHeM Wi POR cOpoce. I[Iporpammuslii copoc OyaeT mpuBOIUTH K
3arpy3ke U3 OCHOBHOH 00JacTH

— 31-1 | 3apesepBupoBaHO
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A.5 Peructpsbl 0J10ka ynpasJIeHUsI CHCTeMOM

Bbasoselii agpec:  4004_0000h

PWMSYNC — peructp Hactpoiiku cunxponuzauuun 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
Ilone bute! Omnucanue

PRESCRST | 10-8 | butsl cOpoca cueTYnKOB MpeABAPUTEIBHBIX AenuTenein omokos LIIMM.
3anuch Hyas B Mutaqiiuii OuT mosst coOpaceiBaeT cuetuuk Onoka [IIMMO,
B MepBbIi OMT — cuetunk Onoka IIMMI1, B crapmmii OUT — CUYETUYHK
osioka [IIMM?2. 3anuch eMHULIBI pa3peinaeT CYeT

— 31-11,| 3ape3epBupoBaHO
7-0

SERVCTL — peructp HaCTpPOHKH CEPBHCHOIO peKUMA

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 T
SERV] )
EN
1 1 1 1 1 1 1 1 1 1 1 1 1 1
V]
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
CHIP
DONH CLR
1 1 1 1 1 1 1 1 1 1 1 1 1
Y 3y
Tlomne buter Onucanue

SERVEN |31 0 | OGbIYHBIH peXUM pabOTHI

1 | CepsucHslii pexxuM. Bo Bpemsi cOpoca Ha BbiBosie SERVEN 6b11a epamia

DONE 1 @duar 3aBepuIeHnst KOMaHAbl CEPBUCHOTO CTUPAHUS

0 | Komanna He 3aBepiieHa

1 | Komanpa 3aBepiieHa

CHIPCLR | O but ctupanud. 3anuch eAMHULIBI AKTUBUPYET MTOJIHOE CTUPAHUE

— 30-2 | 3ape3epBUpOBaHO
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CLKOUTCTL — peructp HacTpolKH BbIIa4YH TAKTOBOI0 CUTHAJIA

CwMerenue:; + 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
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 CLK
- ouT
L L L L L L L L L L L L L EN
34
ITone butel Onucanue
CLKOUTEN |0 but BriroueHus QyHKIMK BBIJAYM TaKTOBOTO cHrHasia Ha BeiBojie SERVEN
0 BrikmoueHo
1 Bxiroueno
— 31-1 | 3apesepBupoBaHO

REMAPAF — peructp nepex;jo4eHusi a1bTePHATHBHBIX (PYHKIMIA

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 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
) ECAPECAPECAP| QEP
2ENP‘ 1EN |OEN| EN
I I I I I I I I I I
34 34 34 3y
ITome buter Ormmcanne
ECAP2EN 3 Bxirouenne ¢pynknnu 61oka ECAP2 Ha BeiBonie A6
ECAPI1EN 2 Brxurouenue dynkiun 6i1oka ECAP1 Ha BeiBoge AS
ECAPOEN 1 Bxirouenne ¢pynknuu 61oka ECAPO Ha BeiBonie A4
QEPEN 0 Bxurouenue dynkimit 6moka QEP Ha BeiBogax B10 — B13
— 31-4 | 3ape3epBUpPOBAHO

[Ipumeuanue — Jlna Bcex OUT peructpa:
0 — ¢yHKIMS BBIKITIOUECHA;
1 — pynkuMs BKIIOYEHA.
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DMAMUX — peructp HacTpoiiku KOH(pUrypupyembIx kaHajioB DMA

CwMerenue:; + 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 Br160p ncrounuka uist kaana 15 kontposiepa DMA
0 | 3ampoc ot 6;10ka PWM2 xanan A
1 | Her annapaTHoro ncrouHuka
SRCSEL14 | 24 Br160op ncrounnka mist kanana 14 kontpomiepa DMA
0 | 3ampoc ot 6;ioka PWM1 xanan A
1 | Her annapaTHoro ucrouHuka
SRCSEL13 | 20 Br160op ncrounnka mist kanana 13 kontposmiepa DMA
0 | 3ampoc ot 6;ioka PWMO xanan A
1 | Her anmapaTHOTO HCTOYHHUKA
SRCSEL12 | 16 Br160p ncrounuka 1uist kaana 12 kontposiepa DMA
0 | 3ampoc ot 6;oka TMR3
1 | 3anpoc ot 6moxka PWM?2 xanan B
SRCSEL11 | 12 Br160p ncrounuka st kaana 11 xkontposnepa DMA
0 | 3ampoc ot 6;oka TMR?2
1 | 3ampoc ot 6;10ka PWM1 kanan B
SRCSEL10 | 8 Be100op ncrounuka ais ka"ana 10 konrposuiepa DMA
0 | 3ampoc ot 6iioka TMR1
1 | 3anpoc ot 6moka PWMO kanan B
SRCSEL9 |4 Be100op ricrounuka s kaHaia 9 kontposiepa DMA
0 | 3ampoc ot 6sioka TMRO
1 | 3ampoc ot nopra B
SRCSEL8 |0 Br10op ricrounuka ais kanana § koutpomiepa DMA
0 | 3ampoc ot 6moxa QEP
1 | 3anpoc ot nopta A
— 31-29, | 3ape3epBHpPOBAHO
27-25,
23-21,
19-17,
15-13,
11-9,
7-5,
3-1
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CHIPID - peructp uaeHTH(PUKAINH CUCTEMBI

Cwmemenue: + 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

I1oxe butsl

Onucanue

ID 31-4 | Homep monenu

REV 3-0 Homep peuzun
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A.6 Peructpsbl cucTeMbl yIpaBJieHUs TAKTHPOBAHHEM M cOpocoM

basoselii agpec:  4004_1000h

CMmeleHue: + 60h (UARTCFG) Peructpsl HacTpoiiku TaktupoBanus UART

OSICFG — peructp KoHpUrypauuu BHyTPEeHHEr0 OCHUJLISITOPA

CwMemenue:; + 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
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
- EN
I I I I I I I I I I I I I I
34
IIone butnr Onucanue
CAL 25-16 3HaueHHe ISl NOJICTPOMKHU YaCTOThl BHYTPEHHET0 OCHUIUISATOpA
EN 0 buT BKIIIOYEHHSI BHYTPEHHEr0 OCHUJUIITOPA
0 | BeixiroueHo
1 | BkimrodeHo
— 31-26, 15-1 | 3ape3epBUpOBaHO
OSECFG — perucTp koH(pUrypannu BHEIIHEr0 OCHUJJISITOPA
Cmemenue: + 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 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
_ EN KXOEN
I I I I I I I I I I I I I
34 3y
ITone | buter Omnucanue
EN 1 Pasperenre cHHXpoCUTHANA OT BHEIIHETO OCIMILISTOPA

0 | SampemeHo

1 | Pa3pemieno

XOEN | 0 Paspemnenne padbotsl BeiBosia XO OSC

0 | anpemieHo

1 | Pa3pemieno

— 31-2 | 3ape3epBUpOBaHO
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PLLCFG — peructp xonpurypanuu PLL

CwMerenue:; + 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
Ilone buter Onucanue
LOCK 28 VYcranaBiauBaercs, eciau 010k PLL crabuien
OUTEN | 26 Paspenienne BbIBos1a 4acToThI ¢ O6s0Kka PLL
BYPASS | 24 PexM CKBO3HOTO MTPOXOXKICHHSI TAKTOBOTO CUTHAJIA
REFSRC | 20 BbI00p MCTOUHMKA BXOIHOM 9acTOTHI fiN
0 Buemnuii TakroBblii curaan OSECLK
1 Buytpennuii TaktoBsiii curnan OSICLK
oD 17-16 Koadduuument nenenus Berxoanoro curnana PLL
00 |1
01 |1/2
10 [ 1/4
11 | 1/8
N 13-8 Koaddunment nenenust N_PLL. 3nauenus ot 1h no 3Fh
M 5-0 Koaddunment nenennss M_PLL. 3nauenus ot 2h no 3Fh
- 31-29, 27, 25, 23-21, | 3ape3epBUpPOBAHO
19-18, 15-14,7- 6

PLLDIV — peructp BHemHero aeautest PLL

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
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 o
DIV EN
I I I I I I I I I I I I
3y 3y
ITome buter Ormmcanne
DIV 13-8 Koaddunment Beixonnoro nenurens PLL, Beraucnsemsiii kak DIV+1
DIVEN | 0 but pazpenieHust BBIXOJIHOTO JEIUTeNs 4acToThl O6yoka PLL
0 | 3ampenieHo
1 | Pa3pemieno
— 31-14, 7-1 | 3ape3epBUpOBaHO
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SYSCLKCFG — peructp KoOHPUrypamuu CHCTEMHOT0 TAKTOBOT0 CUTHAJIA

CwMemenue:; + 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
Ilone bute! Omnucanue
SECEN 16 BuT BKIIFOYEHUS CUCTEMBI CIIEKEHIS 32 TAKTOBBIM CUTHAIIOM

0 Brixiroueno

1 Bxiroueno

SYSSEL 1-0 Br100p MCTOYHMKA CHCTEMHOT'O TAKTOBOT'O CHTHAJIA

00 | Curnan OSICLK

01 | Curmax OSECLK

10 | Curnan ¢ Beixona osoxa PLL

11 | Curnan nocie BHewHero geautenas PLL

— 31-17, | 3ape3epBuUpoBaHO
15-2

SYSCLKSTAT — peructp craryca CHCTEMHOI'0 TAKTOBOI'0 CUTHAJIa

CwMmemenue: + 14h
Copoc: 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 Haa4uusg TAKTOBOI'O CUTHAJIA Ha BBEIXOJIE€ BHENIHETO AEITUTEIIS
CLKOK PLL
PLLCLKOK 26 diar HaIMYKA TAKTOBOIO CUTrHaIa Ha Beixoae PLL
OSECLKOK 25 ®nar Hanmmuns BeIOpanHoro TakToBOro curaana OSECLK
PLLDIV 19 @1ar OTCYTCTBHS TAKTOBOI'O CUI'HAJIA HA BBIXOJI€ BHEIIIHETO
CLKERR neaurens PLL
PLLCLKERR 18 @diar OTCYTCTBHSI TAKTOBOTO CUTHAJIa Ha BbixoJe PLL
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ITome butel Omnucanue

OSECLKERR 17 ®nar orcyrcTBus BeIOpaHHOro TakroBoro curnana OSECLK

SYSFAIL 8 @rar omuOKY MpHU MPOTIAIaHUHA TAKTOBOTO CHTHAJIA, KOTOPBIN OBLIT
BEIOpaH B KAY€CTBE CUCTEMHOTO

BUSY 4 ®nar 3ansToct 6;10ka RCU (HampumMep, BO BpeMsi CMEHBI
TAaKTOBOI'O CHTHAJIa)

SYSSTAT 1-0 Texynuit ICTOYHUK CUCTEMHOTO TAKTOBOTO CHUTHAJIA

00 | Curnan OSICLK

01 | Curmax OSECLK

10 | Curnain ¢ Berxoga PLL

11 Curnain nocie BHerrHero geaurens PLL

— 31-28, | 3ape3epBUpOBaHO
24-20,
16-9,
7-5,
3-2

SECPRD - peructp ciie;keHHsI 32 COCTOSIHHEM CHCTEMHOI0 TAKTOBOI'0 CUTHAJIA

Cwmemenue: + 18h
Copoc: FFFF_FFOOh

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
PLLDIVCLK PLLCLK
| | | | | | | | | | | | | |
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
OSECLK -
| | | | | | | | | | | | | |
3y
Tlomne butel Onucanue

PLLDIVCLK | 31-24 | MakcumalibHOE 3HAU€HHE CUETYMKA TIEPUOIOB I JEeTeKTUPOBAHUS
nponaganus curHana PLLDIVCLK

PLLCLK 23-16 | MakcuManbpbHOE 3HaYEHHE CYETUHKA MTEPHOJIOB [Tl IETEKTUPOBAHUS
nponaganus curHaia PLLCLK

OSECLK 15-8 | MakcumanbHOE 3HaYeHHE CUETYMKA TIEPUOIOB IS JETeKTUPOBAHUS
nponaganus curHaia OSECLK

— 7-0 3ape3epBUPOBAHO
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SYSRSTCFG — peructp HacTpoiiku CHCTEMHOT0 cOpoca

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 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
) LOCK
UPEN
L L L L L L L L L L
34
[Tone butsl Onucanue
LOCKUPEN | 0 bur pazpemenus copoca, koraa nporeccop B cocrossann LOCKUP
0 | 3anpemieHo
1 | Pa3pemeno
— 31-1 | 3ape3epBUpOBaHO

SYSRSTSTAT — peructp craTyca CHCTEMHOro copoca

CwMmemenue: + 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
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
LOCK| SYS| W
POR
UP [RST|DOG
1 1 1 1 1 1 1 1
34 34 34 3y
ITone butsl Onucanue
LOCKUP |3 @rar ycTaHaBJIMBACTCS, €CIIA TTOCIIEAHUA COPOC MPOM3OIIEST H3-3a BXOa
nporieccopa B cocrostare LOCKUP
SYSRST 2 ®dnar ycTaHaBIMBAETCS, €CITH MOCIEAHUN cOpOC PpOr30IIeT B
pe3yabTaTe NoJayu CUrHajla CUCTEMHOT0 cOpoca
WDOG 1 @ar ycTaHaBJIMBAETCS, €CJIU MOCIEAHUN cOpOoc ObUT aKTUBHPOBAH
CTOPO>KEBBIM TaiiMepoM
POR 0 ®dar ycTaHaBIMBAETCS, €CIIH MOCIEAHUN COPOC MPOU3OIIIENT U3-32a
cpabareiBaHus cxembl POR
— 31-4 3ape3epBUPOBAHO
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INTEN — perucrp pa3peumienusi npepbIBaHu i

Cwmemenue: + 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 Onucanue
PLLLOCK 16 Paspemenne npepeiBanus o curnanry LOCK
PLLDIVCLKOK 11 Pazperienne npepriBaHUs IPH MOSBJICHUH CTa0UIHBHOTO
TaKTOBOT'0 CUTHAJIa Ha BBIXOJIe BHENIHero aesnutens PLL
PLLCLKOK 10 Pa3perienne npepriBaHUS TIPH MOSBJICHUH CTaA0UILHOTO
TAKTOBOI'O curHaia Ha Beixoae PLL
OSECLKOK 9 Pazperienne npepriBaHUs IPH MOSBJICHUH CTA0UIHBHOTO
BbIOpanHOro TakToBOoro curaaga OSECLK
PLLDIVCLKERR 3 Pazperienne npepsiBaHus IpH MPONagaHUN CTAOUILHOTO
TaKTOBOT'0 CUTHAJIa Ha BBIXOe BHENIHEro Aesnutens PLL
PLLCLKERR 2 Pa3pemienue npeppiBaHus pU NpoHaaHuu CTaOUIBLHOTO
TaKTOBOTO CUrHajia Ha Beixoae PLL
OSECLKERR 1 Pa3permenuie npeppiBaHus NpU IPONAJAaHUN CTAOUIBLHOTO
BbIOpaHHOro TaktoBoro curiaga OSECLK
— 31-17, | 3ape3epBuUpoBaHO
15-12,
8-4,0
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INTSTAT — peructp craryca npepbiBaHui

Cwmemenue: + 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
1 1 1 1 1 1 1 1 1 1 1
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 butel Onucanue
SYSFAIL 20 @uar  ycTaHaBIMBAaeTCs IpU  IMONBITKE MEpelTH  Ha
OTCYTCTBYIOLIMM MCTOYHMK TaKTHUPOBaHUs (IIpepbIBaHUE,
BBICTABJISIOIIEE TAHHBIN Quiar, cooTBeTcTBYeT BekTopy NMI)
PLLLOCK 16 @unar npepsiBanus no curiany LOCK
PLLDIVCLKOK 11 @nar npepeIBaHUS MPH TOSABICHUU CTAOWIBHOTO TAaKTOBOTO
CUTHAaJIa Ha BBIXOJ€ BHewHero aeiurens PLL
PLLCLKOK 10 @nar npepeiBaHUs MPH TOSABICHUU CTAOWIBHOTO TaKTOBOTO
curaaia Ha Berxone PLL
OSECLKOK 9 @mnar npepsIBaHUs NP MOSBICHUHA CTAOMIHLHOTO BBHIOPAHHOTO
takToBoro curnaga OSECLK
PLLDIVCLKERR 3 ®nar nmpepblBaHUS NpPU NPONaJaHUM CTAOUIBHOTO TAKTOBOTO
CUTHaJIa Ha BbIXOJie BHemHero aenutens PLL
PLLCLKERR 2 ®nar nmpepblBaHUS NpPU NPONaJaHUM CTAOUIBHOIO TAKTOBOTO
curHaia Ha Berxoxe PLL
OSECLKERR 1 ®nar npepbIBaHUS IPU MPONAJaHUN CTAOMIBHOTO BEIOPAHHOTO
takToBoro curHana OSECLK
— 31-21, | 3ape3epBHpPOBAHO
19-17,
15-12,
8-4,0

[Ipumeuanue — ®naru cOpacbBarocs TOJIbKO porpammHo. g copoca Quiara cnenyer
3amucarh eAUHUILY B COOTBETCTBYIOLTUI OUT.
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TRACECFG - peructp HacTpoiiku uHTepgeiica TpaccupoBKH

Cwmermenue: + 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 .
- DIVN - EN
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 CLK
- CLKSEL - EN
1 1 1 1 1 1 1 1 1 1 1
3y 3y
[Tone butel Onucanue
DIVN 29-24 | Koo duumeHT neneHust BXOJHON YaCTOTHI MHTEpQeiica TpaCCUPOBKH.
Pesynprupyronmii koaddurment geaenns N =2 x (DIVN + 1)
DIVEN 16 Paspemienne nenuTenst BXOAHOM 4acTOThl HHTEp(delica TpacCUPOBKU
CLKSEL 9-8 Br100p ncTouHMKA BXOAHOW YaCTOTHl HHTEpdelica TpacCCUPOBKHI
00 | OSICLK
01 | OSECLK
10 | PLLCLK
11 | PLLDIVCLK
CLKEN 0 Pazpernienne TakTHpOBaHKS
— 31-30, | 3ape3epBupoOBaHO
23-17,
15-10,
7-1

CLKOUTCFG - peructp HacTpoiiku BbIXOJHOI'0 TAKTOBOI'0 CUTHAJIA

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 T T T
DIV
- DIVN - EN
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 oLk
- CLKSEL - EN
I I I I I I I I I I I
3y 3y
ITone butn Onucanue
DIVN 26-24 | Koo dummeHt nenenus BEIXOAHOTO CUTHANA.
PesynpTupyromuit koahdurment aeaeaus N = 2x(DIVN+1)
DIVEN 16 Pazpemienue nenutens BBIXOAHOTO CUTHAIA
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IIone butwr Onucanue
CLKSEL 9-8 Bp160p MCTOYHNKA BBIXOJHOTO CHTHAJIA
00 OSICLK
01 OSECLK
10 PLLCLK

11 PLLDIVCLK
CLKEN 0 Pa3pernienne BBIXOMHOTO CUTHAJA
— 31-27, | 3ape3epBUpPOBAHO
23-17,
15-10,
7-1

WDTCFG — perucrp HacTpoiKH CTOP0:KeBOro Taiimepa

Cwmewenue: + 34h
Copoc: 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 .
- DIVN - EN
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 CLK
CLKSEL - DIS - EN
1 1 1 1 1 1 1 1 1 1
3y 3y 3y
ITone butel Onwucanue
DIVN 29-24 | KoaddunueHT neneHust BXOJAHOTO CUTHAA.
Pesynprupyronmii kodddurment aeaenns N = 2x(DIVN+1).
DIVEN 16 Pazpemenue nenuresns BXOJIHOTO CUTHaIA
CLKSEL |9-8 Bb100p MCTOUHMKA TAKTOBOT'O CUTHAJIA
00 | OSICLK
01 | OSECLK
10 | PLLCLK
11 | PLLDIVCLK
RSTDIS |4 Cusitue curnana copoca.
Korna curnan B Hyne, 6J10K B cOCTOSSHUUM cOpoca
CLKEN 0 Pa3penienne TakTupoBaHus
— 31-30, | 3ape3epBUpOBaHO
23-17,
15-10,
7-5,
3-1

[Ipumeuanue — Yacrora TaKTUPOBAHMSI CTOPOKEBOIO TalMepa MOJKHA OBbITh Kak
MUHUMYM B 2 pa3a HUKE CUCTEMHOM.
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UARTCFG — maccus peructpoB HacTpoiiku UART

Cwmerienne: UARTCFG + (4*n)h, rae n — Homep Oioka 0, 1
Copoc: Oh

31 | 30 29 | 28 | 27 | 26 | 25 | 24 23 | 22 | 21 20 | 19 18 17 16
: DIVN pav
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 - oLk
CLKSEL - DIS - EN
L L L L L L L L
3y 3y 3y
ITone butel Onucanue
DIVN 29-24 KoadduuueHT neneHust BXOJHOTO CHTHAIA.
Pesynprupyronmii kodhdurment aenaenus N = 2x(DIVN+1)
DIVEN 16 Paspemienne nenureinst BXOJHOTO CUTHAJIA
CLKSEL 9-8 Bp100p MCTOYHMKA TAKTOBOT'O CUTHAJIA
00 | OSECLK
01 |PLLCLK
10 | PLLDIVCLK
11 | OSICLK
RSTDIS 4 Custue curnana copoca. Korga curnan B Hyne, 670K B
COCTOSIHMH cOpoca
CLKEN 0 Pa3penienne TakTHpOBaHus
- 31-30, 23-17, 3ape3epBUPOBAHO
15-10, 7-5, 3-1

SPICFG — peructp nacrpoiiku 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
34 34 3y
ITome bute Ormmcanne
DIVN 29-24 | Ko dummeHT aeneHuss BXOJHOTO CUTHAJIA.
Pesynprupyronmii koaddurment nenenns N =2 x (DIVN + 1)
DIVEN 16 Pazpemienne neauTenst BXOJHOTO CUTHAJIA
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ITose butel Onucanue
CLKSEL 9-8 Bp100p MCTOYHNKA TAKTOBOTO CUTHANA
00 | OSECLK
01 |PLLCLK
10 | PLLDIVCLK
11 | OSICLK
RSTDIS 4 CusTue curnana copoca. Korna curnan B Hyse, 6JI0K B COCTOSIHUA
cbpoca
CLKEN 0 Paspenienne TakTupoBaHusl
— 31-30, | 3apesepBupoBaHO
23-17,
15-10,
7-5,
3-1

ADCCFG - peructp Hacrpoiiku 6;10xa AL

Cwmemmenue: + 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 v
- DIVN EN
1 1 1 1 1 1 1 1 1 1 1 1
3y 3y
15 14 13I12I]_'I.I10 9I8 7 6 5 4 3 2 1 0
RST CLK
| | | CLKISEL ) DIS i EN
34 3y 34
ITose butel Onucanue
DIVN 29-24 | KoaddummeHt nenenrs BXOIHOTO CUTHAIA.
PesynpTupyronuit koshdurpent aenenns N =2 x (DIVN + 1)
DIVEN 16 Paspenienne nenutenst BXOJHOTO CUTHAJIA
CLKSEL 9-8 Bb160p HCTOUHMKA TAKTOBOTO CUTHAJIA
00 | OSECLK
01 PLLCLK
10 PLLDIVCLK
11 | OSICLK
RSTDIS 4 Custue curnana copoca. Korna curnan B Hyine, 070K B COCTOSIHUM
copoca
CLKEN 0 Paspenienne TakTupoBaHus
— 31-30, | 3ape3epBUpOBAHO
23-17,
15-10,
7-5,
3-1
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PCLKCFG — peructp pa3penieHHsi TAKTOBBIX CHTHA/I0B NepudepuiiHbIX 0J10KOB

mmmusl 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
[lone butsl Onucanue
ECAP2EN 11 but paspemenus taktupoBanus 61oxka ECAP2
ECAP1EN 10 burt paszpemenus taktupoBanus 6;1oxka ECAP1
ECAPOEN 9 but pa3spemenus taktupoBanus 6ioxka ECAPO
QEPEN 8 burt paszpemenus taktupoBanus 6oka QEP
I2CEN 7 but paspemenns TaktupoBanus KoHtposuiepa 12C
PWMZ2EN 6 but paspemenus taktupoBanus 010ka PWM?2
PWMIEN S) bur pazpemenus TaktupoBanus 6goxka PWM1
PWMOEN 4 but paspemenus taktupoBanus 6;10ka PWMO
TMR3EN 3 burt paszpemennst taktupoBanus 6oka TMR3
TMR2EN 2 burt paspemenus taktupoBanus 61oka TMR2
TMRI1EN 1 burt paspemenus taktupoBanus 61oka TMR1
TMROEN 0 burt pazpemenns taktupoBanus 6oka TMRO
— 31-12 | 3ape3epBUpOBaHO

PRSTCFG — peructp BK/IIOYeHHs nepupepuiiHbIX 0,10k0B mMHbI 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 11 10 9 8 7 6 5 4 3 2 1 0
T T
ECAPECAPIECAP| 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
ITome buthel Onucanue
ECAP2EN |11 bur Brirouenus 6;oxa ECAP2
ECAP1EN |10 Bur Briarouenus 6;1oxka ECAP1
ECAPOEN |9 Bur Brirouenus 6;1oxka ECAPO
QEPEN 8 but Brmouenus 6;1oka QEP
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ITone buter Omnucanue
I2CEN 7 bur Brurouenus kontposepa 12C
PWM2EN |6 burt Bximrouenus 6ioka PWM?2
PWMI1EN |5 bur Bximrouenus 6ioxka PWM1
PWMOEN |4 burt Bximrouenus 6i1oxka PWMO
TMR3EN 3 Bbur Bximrouenus 6imoxka TMR3
TMRZ2EN 2 burt Bximrouenus 6ioka TMR2
TMRI1EN 1 burt Bximrouenus 6ioka TMR1
TMROEN 0 bur Bximrouenus 6ioxka TMRO
— 31-12 | 3apesepBHpPOBAHO

HCLKCFG — perucrp pa3pemnienusi TAKTUpoBaHus nepudgepuiinpix 6;10x0B mmnbl AHB

Cwmemmenue: + 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|IGPIO
EN | BEN|AEN
1 1 1 1 1 1 1 1 1
34 34 3y
ITone butel | Onucanue
CANEN 2 burt pazpemenust taktupoBaaus CAN
GPIOBEN 1 burt paspenienus TakTupoBaHus nopta B
GPIOAEN |0 burt paspenienust TaktTupoBaHus mopra A
— 31-3 | 3ape3epBUpPOBAHO

HRSTCFG — peructp BriIoYeHusi nepudepuiinpix 610xkoB munsi AHB

CwMmemenue: + 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 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 | Onucanue
CANEN 2 but Bximtouennss CAN
GPIOBEN 1 but Bktouenus nopra B
GPIOAEN |0 but Bxitouenus nmopra A
— 31-3 3ape3epBUPOBAHO
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A.7 Peructpbl cucTeMbl YIpaBJeHUs MHTAHUEM

basoselii agpec:  4004_2000h

CFG — peructp nacrpoiiku PMU

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 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
- EN
| | | | | | | | | | | | | |
3y
I1oxe butsl Onucanue
EN 0 burt Bximrouenust PMU
0 | BeikiaroueHo
1 | Brirogyeno
— 31-1 | 3apeszepBupoBaHO

PUDEL — peructp 3aganus 3aaep:KKu npooyxieHus 0;10K0B

Cwmemenue: + 04h
Copoc: xxxx_0690h

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 T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone butsl Onucanue
VAL 15-0 3Ha4yeHue 3aAeP>KKH MPOOYKIeHU i IepupepruitHbIX OJIOKOB B TaKTax
OSICLK
— 31-16 3ape3epBUPOBAHO
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PDEN — peructp ynpasienus pe:xkumom Powerdown

CwMerenue:; + 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 butnl OnucaHue
OSEPD 2 buTt Britouenust pexxima Powerdown [uisi BHEIITHEr0 OCIHILIATOPA
0 | Beikiroueno
1 | Bxiroueno
MFLASHPD |1 bur Brarouenus pexxuma Powerdown mist MFLASH
0 | Beixiroueno
1 | Bkaroueno
PLLPD 0 bur Brarouenus pesxxnma Powerdown mis PLL
0 | BeikiroueHo
1 | Bxiroueno
— 31-3 | 3ape3epBUpPOBAHO

RXEVEN — peructp paspemenus coobiTuii RXEV

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
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
GPIO|GPIO
BEV | AEV
1 1 1 1 1 1 1 1 1
34 3y
[Tone butsl Onucanue
GPIOBEV 1 burt paszpemenust Beixona u3 pexnma caa mo RXEV or GPIOB
0 | BeikimtoueHo
1 | Bxitoueno
GPIOAEV 0 burt paspemenus Beixosa u3 pexnma cia no RXEV or GPIOA
0 | Beiximtoueno
1 | BxitoueHo
— 31-2 | 3ape3epBUpOBaHO
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A.8 Peructpsbl cTOpPO:KeBOro Taiimepa

Bbasoselii agpec:  4004_3000h

LOAD — peructp 3arpy3Kku cTOpo:keBoro raiimepa

CwMermenue: + 00h
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 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 ‘ butel ‘ Onucanune

VAL 31-0 | 32-pa3psaHbIil perucTp, XpaHsAMid HavyalbHOE 3HaUYeHWe cueTumka. Korma
IPOUCXOIUT 3alUCh B TOT PETHCTpP, CYETYHK CPa3y WHHULIUUPYETCS ITUM
HOBBIM 3HaueHHEeM. MuHuMasIbHOE Aonyctumoe 3Hadenne 0000_0001h

VALUE — peructp 3Ha4eHusi C4eTYHKA CTOPOXKeBOro TaiiMepa

CwMmemenue: + 04h
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
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 T T T T T T
VAL
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
[Tose ‘ butsl ’ Onucanne
VAL |31-0 | 32-pa3psHEI PErHCTp TEKYIIEro 3HAYECHHS CYETUHKA
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CTRL — perucTp ynpasJjieHHsl CTOPO:KeBOI'0 Taiimepa

CwMerenue:; + 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
[Tone butsl Onucanue
RESEN |1 bur pazpemenust coOpoca MUKPOKOHTPOJUIEPA IO CTOPOKEBOMY TalMepy.

WDTCTRL

PaGoraer mo ¢yukuun «Jlormueckoe M» c oOutom INTEN perucrpa

0 | Copoc Outa BeIKIIIOUAET cOpPOC

1 | YcranoBka Outa BKIIIOYaeT cOpoc

INTEN |0 but BrItOUeHHUS cueTa U pa3pelieHus MpephbIBaHUS CTOPOKEBOTO TaiiMepa

0 | COpoc OuTa BBIKIIOUACT CYETYHK U CHIMAET NMPEPhIBAHNE

MHUIHMYpYeTcs 3HadeHueM u3 peructpa LOAD

— 31-2 | 3apezepBHpOBaHO

INTCLR — peructp copoca cTopo:keBoro taiimepa

Cwmemenue: + 0Ch

1 | YcranoBka OuTa BKIIOUAET CUETUYHMK U T€HEPUPYET npepbiBanue. Eciu
CYETYMK ObUI BKJIIOYEH HAa MOMEHT YCTaHOBKM OuWTa, TO OH

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
[Tose ‘ butel ‘ Onucanne

WDTCLR | 31-0 | 32-pa3psaHblii peructp cOpoca CTOPOKEBOTO TaiMepa.

3anuce JHO0OTO 3HAYEHUS B OTOT PETUCTP MPUBOIUT K cOpocy
MPEPBIBAHMS CTOPOKEBOTO TaliMepa U 3arpy3Ke CUETUYHMKA 3HAUCHHEM U3
peructpa LOAD.
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RIS — peructp npepbiBaHusi CTOPOKEBOro TaiimMepa

CwMmemenue: + 10h

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
T T T T T T T T T T T T RAW
- WDT
! ! ! ! ! ! ! ! ! ! ! ! INT
y
[Tone butel Onucanue
RAWWDTINT |0 WMHauKaTop COCTOSHUS HEMAaCKUPOBAHHOTO OMTA MPEephIBAHUS

0 | Copomeno

1 | Ycranosieno

31-1 | 3apeszepBupoBaHO

MIS — perncTp MacKHpPOBaHHOIO NMPePLIBAHNS CTOPOKEBOI0 TaiiMmepa

CwMmemwenue: + 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
T T T T T T T T T T T T
) WDT
INT
L L L L L L L L L L L L
y
ITone butet Onucanne
WDTINT |0 WHaukaTop COCTOSHUS MAaCKUPOBAHHOTO OMTa MpEephIBaHMUS.
CHTrHAJIM3UPYET O MOSBICHUN MAaCKUPOBAHHOTO MPEPHIBAHUS OT CUCTUHKA.
Cocrostane o6urta WDTINT — aro «Jlornueckoe N» 6utoB RAWWDTINT,
INTEN
0 | CopomreHo
1 | YcranoBneHo
— 31-1 | 3ape3epBuUpOBaHO
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LOCK — peructp 0JJ0KHPOBKH CTOPOKeBOro TaiiMmepa

CwMmemenue: + CO0h

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
L L L L L L L L L L L L L L DIS
3
ITose butel Onucanue
REGWRDIS | 0 but 3ampera 3amucu BO BCE PETHCTPHI CTOPOXKEBOrO Taiimepa (Kpome
peructpa LOCK). ®ynkunus HeoOxomuMa Ui TMPEAOTBpAICHUs
OTKJIIOYCHHUSI CTOPOKEBOT0 TaliMepa COOWHBIMU IPOTpaMMaMu
0 | Pa3pemieno (110 yMoI4aHuio).
s copoca 6urta ciemyer 3anucath B peructp LOCK 3nHauenwue
1ACC_E551h
1 | 3ampemieHo.
s ycraHoBku Outa ciieayet 3anucarh B peructp LOCK moboe
3nayenue, kpome 1IACC _E551h
— 31-1 | 3apesepBuUpoBaHO
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A.9 Peructpsbl kKoHTpoJiiepa DMA

basoBblii agpec:

I[Ipumeyanue —

4004_4000h

| — HOMep 10 mopsiaAKy Kanaiaa ot 0 go 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
T T T T T T T T T T T T T
- CHNLS
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 VAS
- STATE - TER
1 1 1 1 1 1 1 1 1 1 1 EN
r Y
ITone butel Onucanue
CHNLS 20-16 KonnuectBo noctynHeix kaHanoB DMA
00h 1 kaHan
01h 2 KaHaia
02h 3 xaHana
OFh 16 kananoB
3nauenusi 10h-1Fh 3apesepBupoBanbl
STATE 7-4 Tekymiee cOCTOSHHE KOHEYHOTO aBTOMATa yIPaBIICHHUS
KOHTpOJLIEpa
Oh B nokoe
1h UreHue ynpaBisONMX JAHHBIX KaHaa
2h UreHue yka3aTelsi KOHIIA JaHHBIX HCTOYHHUKA
3h UreHue yka3aTellsi KOHIIA JaHHBIX MPHEMHUKa
4h UreHune JaHHBIX UCTOUYHUKA
5h 3anuce TaHHBIX B TPHEMHUK
6h O>xuJiaHKe 3a1poca Ha BBIIOJIHEHUE NMPSIMOTO IOCTYTa
7h 3anuce ynpapIsSIONIMX TaHHBIX KaHaAJa
8h ITpuocranoBieHO
9h BrimonHeHo
Ah Pexxum paboThl ¢ mepudepueit «pazdopka-coopkar»
Bh-Fh | 3apesepBupoBano
MASTEREN |0 CocrosHue konTposiepa DMA
0 PaboTa KOHTpoJIsIepa 3anpenieHa
1 PaboTa xoHTpOJUIEpa pa3penieHa
— 31-21, 15-8, | 3ape3epBUpOBaHO
3-1
[Ipumeuanue — Peructp nocTtymeH TONBKO Uil 4TeHUsA. Bo3Bpammaer cocTtosiHue

koHTposuiepa DMA. Bo Bpems cOpoca UTeHne perucTpa 3anperieHo.
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CFG — peructp xoHpurypanuu kourpouiepa DMA

CwMemenue:; + 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
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
1 1 1 1 1 1 1 1 1 1 1 1 EN
3 3
ITone butel Onucanue
CHPROT 7-5 3anaer napaMeTpsl 3amuThl WMHEI AHB npu oOpamennn KoHTposuiepa
DMA x cTpykTypam ynpapisromux JaHHBIX KaHAJIOB
butsl monst CHPROT
7 6 5
0 Hoctyn He Hoctyn He Hoctyn
KJIIUPYETCS Ooydepusyercs HENPUBUIICTUPOBAHHBIIN
1 Hoctyn Hocryn Hocryn
K3LIUPYETCs] Oydepusyercs IPUBUJIETUPOBAHHBIN
MASTEREN | 0 burt paspemenus pabotsl koHTposepa DMA
0 3anpeneHo
1 Pazpemeno
— 31-8, | 3ape3epBUpOBaHO
4-1
BASEPTR — peructp 6a30Boro agpeca ynpapJsiiomuX JaHHBIX KAaHAJIOB
Cmemenue: + 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 ‘ Onwucanue

VAL ‘ 31-0 ‘ VYkazatenb Ha 0a30BbIH aJipec MEPBUYHON CTPYKTYPHI YIPABISIOUINX JaHHBIX

[Ipumeuanue — Peructp onpezaenser 6a30BbIi agpec CUCTEMHOM MaMATH pa3MelleHus
YIPaBJIAIONINX JAHHBIX KaHaJI0B. Bo Bpems cOpoca uTeHre perucrpa 3amnperieHo.
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ALTBASEPTR — peructp 0a3oBoro ajapeca ajJbTepPHATHBHBIX YHPaBJSIOUIMX
JAAHHBIX KAaHAJIOB

CwMmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
y
[Tone ‘ butsl ‘ Onucanue

VAL | 31-0 | Vkazatenp 6a30Boro ajapeca ajabTepHATUBHOM CTPYKTYpPbl YHPABISIOLIUX
JAHHBIX KaHAJIOB.

[Ipumeuanue — Peructp no3BosissieT HE MPOU3BOIUTH BBIUMCIEHMsI 0a30BOro ajpeca
aJIbTEPHATUBHBIX YIPABISIIOIIMX JaHHBIX KaHAIOB. /loCTylEH TONBKO AJI YTEHMS U BO3BpAILAET
yKazareiab 0a30BOro ajpeca aJbTEPHATUBHBIX YIPABIAIOIIMX JAaHHBIX KaHaioB. Bo Bpewms
cOpoca uTeHHEe perucTpa 3amnperieHo.

WAITONREQ — peructp craryca 0:KuIaHUsI 3a1POCOB [IJIsl lepeIayu

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

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 Ormnucanue

CHi 15-0 | Yrenme | 0 | Hoctymusl Tompko BREQ 3anpocs! ot mepudepun

1 | Hocrymaer BREQ u SREQ 3ampocs! ot nepudepun

3amuck He BrimonHsercs

— 31-16 | 3ape3epBHpPOBAHO
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SWREQ — peructp mporpaMMHOro 3anpoca Ha 00pa6oTky kanajios DMA

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
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
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 | Bo3Bpamaer HOJIb

3anuch He Beimonnsercs
HYJIS

3anuce YcraHaBiauBaeT 3alIpOC Ha BLIIIOJHCHUC MUKIIA DMA 1o KaHaly i
CAWMHUIIBI

— 31-16 | 3ape3epBUpPOBaHO

USEBURSTSET — peructp ycTaHOBKH MaKeTHOro0 o0MeHa kaHaioB DMA

CwMmemenue: + 18h

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| 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 | burkel Ormnucanue

CHi 15-0 | bur oTKIIIOYEHNUS BHITOJHEHHS OTIMHOYHBIX 3arpocoB SREQ.
[Ipu axkTuBammu pexuMa OyayT o0pabaTbiBaTbCcs M HUCHOJHATHCS TOJIBKO
npakeTHbIe 3arpockl BREQ

Urenue 0 | Bemoaenue mmukiioB DMA B otBetr Ha SREQ 1 BREQ
1 | Bemosaenue ukiioB DMA Tonbko B otBeT Ha BREQ

3anuch He Beimonusiercs

HYJIS

3anuch OTximrouaet BhInonHeHue 3anpocoB SREQ

€ IMHHIIBI

— 31-16 | 3ape3epBupOBaHO
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USEBURSTCLR — peructp copoca nakeTHoro oomena kanaios DMA

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 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
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 | buthl Omnmcanue
CHi | 15-0 |Yrenue | Ywurarorcs Hyau

3amnmch He Brimomasercs

HYJIS

3amnuch Pazpemaer oOpabartbiBaTh oauHOuYHBIE 3ampockl SREQ Ha
€QUHULILI | BRITIOJHEHUE IUKIIOB DMA

— 31-16 | 3apesepBupoBaHO

REQMASKSET - peructp MackupoBaHHsl 3ampocoB oT mnepudepun Ha
o0cay:kuBanue kanajios DMA

CwMmemenue: + 20h

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( 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 Butr OTKIIOYEHUs] BBINOJHEHUS KaHaloM | IwmkiIoB DMA B oTBeT Ha
nocrynaromue 3anpockl SREQ n BREQ nepudepun

Yrenue 0 | Kanan | BBINOIHSAET LIUKIIBI

1 | Kanau | HE BBIOITHAET LIAKJIIBI

3anuch He Bemounnsercs
HYJIS

3amuck OTKIIIOYaeT BHIIIOJHCHUE OUKJIOB
CAWMHUIIBI

— 31-16 | 3ape3epBUpOBaHO
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REQMASKCLR - peructp cOpoca MacKMpOBaHHUSI 3allpOCOB Ha O00CJYyKHBaHHe
kaHajioB DMA

CwMmemwenue: + 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

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 | YUwurarTrcs Hynu

3anuce He BrmonnseTcs

HYIS

3anuck Paspemaer BemonHeHnue mukioB DMA mo 3ampocam SREQ wu
equauIel | BREQ nepudepun

— 31-16 | 3apesepBuUpoBaHO

ENSET - perucrp ycranoBku paspenieHusi padotbl kanaios DMA

CwMmemenue: + 28h

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( 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 Omnwncanue
CHi 15-0 YUrenue 0 | Kanai i oTkirouex
1 | Pabora kaHaia i pa3perieHa
3amnuch He BrimonusieTcs
HYJIS
3amnuch Paspemaer paboty kanaia i
€IMHULIBI
— 31-16 | 3apezepBHUpOBaHO
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ENCLR — peructp copoca pa3pemenusi pa6orsl kanajios DMA

Cwmermenue: + 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
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 BosBpamaer HOIb

3anuch He Beimonusiercs

HYJIS

3anuce 3amnperiaer paboTy KaHaja i

€ JIMHHIIBI
— 31-16 | 3apesepBupoBaHO

I[Mpumevanue — KoHTposuiep MOKET OTKIIOYNTH KaHal | B CiTydae:
- 3aBepuieHus ukia DMA;

- yteHust CHANNEL_CFG c monem CYCLE_CTRL, 3nauenue koroporo 000b;

- mosBJIeHud omMOKy Ha e AHB.
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PRIALTSET - peructp YCTaHOBKHM IE€PBUYHONH/aJbTEPHATUBHONH CTPYKTYPbI
YHPaBJIAKIIMX JAHHBIX KaHaioB DMA

CwMmemenue: + 30h
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| 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 Onucaunue

CHi 15-0 | bur BKIIOYEHHS HCIOJB30BAHUS KAHAJIOM | aJbTEPHATHBHOW CTPYKTYPbI
YIPABIISIONUX JTAHHBIX

Yrenne |0 | Mcnosb3yercs nepBUYHas CTPYKTYypa

1 | Ucnonb3yercs anbTepHATUBHASI CTPYKTYpa

3anuch He Beinonnsercs
HYJIS

3anuce Bxkrogaer HUCIIOJIB30BaHHC aHBTepHaTHBHOﬁ CTPYKTYPhI
CAVMHUIBI | YITPABJIAIOINX JAHHBIX

— 31-16 | 3ape3epBHpOBaHO

[Ipumeuanue — KoHTposuiep MOXKET NepekiIouuTh coctosinue oura CHi B ciyyae:

- 3aBeplIeHUs 4eTbipex nepenad  DMA, yka3aHHBIX B INEpBUYHOM  CTPYKTYpe
YIOPaBISAIOUUX JAHHBIX MPHU BbINOJHEHUH IMKIa DMA B pexxnMax paOoThl ¢ MaMAThIO WK
nepugepueit «pazdopka-cOopkay;

- 3aBepuIeHus Bcex nepenady DMA, yka3aHHBIX B NEPBUYHOM CTPYKTYpE YIPaBISIOLINX
JTAaHHBIX IPH BBINNOJHEHNHU 1IuKiIa DMA B pexuMe «IIMHI-TIOHD;

- 3aBepuieHUst Bcex nepenad DMA, yka3aHHBIX B aJbTEPHATUBHOM CTPYKTYpe
YIPaBJIAIONMX JaHHBIX MPHU BBINOJHEHUHU IMKJIa DMA B pexuMax <«IUHT-TIOHD» U «pa30opka-
cOopkay.
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PRIALTCLR - peructp cOpoca mnepBHYHOIi/aJIbTePHATHBHON CTPYKTYPbI
YHPaBJIAKIIMX JAHHBIX KaHaiaoB DMA

CwMmewenue: + 34h

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| 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

Ilose | butkel Onucaunue

CHi 15-0 YreHue Bo3zspariaer HOTb

3armmce He Breinonasercs
HYIS

3anuch Bxirouaer ncronb3oBaHHE NEPBUYHON CTPYKTYPHI YIPABIISIIOLIUX
CIIMHUIIBI | TAHHBIX KaHAJIA |

— 31-16 | 3apesepBuUpoBaHO

PRIORITYSET — peructp ycraHOBKH NpHOpUTeTa kaHaioB DMA

CwMmemienue: + 38h

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( 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 | O | Kanamy I npiucBoeH ypoBEeHb NPUOPHUTETA IO YMOIYAHUIO

1 | Kanany i npucBOeH BBICOKHI YPOBEHb IPUOPHUTETA

3anuch He Bemounnsercs
HYJIS

3anuce | [IpucBamBaer kaHay | BBICOKHH YPOBEHb IIPHOPUTETA
€IMHUTIBI

— 31-16 | 3ape3epBUpOBaHO
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PRIORITYCLR - peructp copoca ycTaHOBOK NpHopuTeTa KaHaaioB DMA

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
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 | Ywurarorcs Hyau
3anuck | He BeimomnHsieTcs
HYJIS
Banuck | [IpucBamBaeT KaHamy i ypOBEHb IPUOPHUTETA MO YMOTYAHUIO
€ JIMHHIIBI
— 31-16 | 3apesepBupoBaHO

ERRCLR — peructp copoca ¢uara omudxu DMA

Cwmemenue: + 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
| | | | | | | | | | | | | |
34
ITose butel Onucadue
VAL 0 ®rar ommoOku Ha mrmae AHB

Urenne | 0| OmmboK HE OOHAPYKEHO

1 | Ilpounszomina ommbka

3anuch He Boinonusercs
HYJIS

3anuch CopocbiBaet (ar ommoOku
€ TMHUIIBI

— 31-1 | 3apesepBupoBaHO

[Ipumeuanue — Ilpu onnoBpemernnom copoce iaara ERRCLR u nosiBnenun ommoku
Ha muHe AHB npuoputer otnaercs ommbke, u 6ut ERRCLR ocraercs ycTaHOBICHHBIM.
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A.10 Peructpsi 6j10ka UART

basoswlii agpec:  4004_5000h (UARTO) Peructpsl npuemonepenatanka UARTO
4004_6000h (UART1) Peructpsr npuemonepenatunka UART1

DR — perucTp 1aHHbIX

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
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
OE | BE | PE | FE DATA
I I I I I I I I I I
y y y y y
ITone butn Onucanue
OE, BE, | 11,10, | Cwm. onucanue out B peructpe RSR
PE, FE 9,8
DATA 7-0 [Tose na”HHBIX.

Pesynbrarom 3amucu B mone DATA sBisercst pasmeneHue Oaiita B
Oydepe nepenaTurka, a pe3ylbTaTOM YTEHHs — CUMThIBaHUE OaiiTa u3
O0ydepa npueMHuUKa.

— 31-12 3ape3epBUPOBAHO
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RSR — peructp cocTosiHusl NpHeMHUKA H cOpoOca OIIMOKM MPUEMHUKA

CwMemenue:; + 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
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

- OE | BE | PE | FE

L L L L L L L L L L L

Ilone | butsbl

34 34 34 34

Onucanue

OE 3 @nar nepenoaHenus Oydepa NpueMHUKA

0

B 6ydepe ectb cBOO0HOE MECTO MM OUT ObLT COPOIIIEH MOCHE 3alKucy B
peructp RSR.

Copepxumoe O0ydepa ocTaeTcsi BEpHBIM, TaK Kak ObLI NEpe3anrcal TOJIbKO
CIABUIOBbIA peructp. LleHTpanbHbI TPOLIECCOp NOJKEH CUUTATh JAaHHBIE
JUIS TOTO, YTOOBI OCBOOOIUTH Oydep

1

Bbydep 3anonneH, a JaHHbIE IPOJOKAIOT NOCTYIATh

BE 2 ®drnar pa3pbiBa JMHUN

0

HopmanpHas pabora wim 6uT OblT cOporieH noce 3anvcu B peructp RSR

1

OOHapy)XeH TpU3HAK pa3pblBa JMHWH, TO €CTh HaJHMYUEe HHU3KOTO
JIOTHYECKOTO YPOBHSI HA BXO/I€ IPUEMHUKA B T€UCHNUE BPEMEHH, OOJIbIIETO,
9eM JUIMTENIbHOCTh Tepeladd IOJIHOTO KaJapa JaHHBIX (BKIIOYast
CTapTOBBIM, CTOMOBBIA OWUTBI M OUT NPOBEPKM Ha YETHOCTh). llpm
BKitoueHHOM pexxume FIFO nannas ommbka acconuupyercs ¢ MocieIHuM
OaiiToM, moctynuBM B Oydep. B ciyuae oOHapykeHUs pa3pbiBa JIMHUU
B Oydep 3arpyxkaercs TOJIBKO OJMH HyJNeBoM kaap. [lpwem maHHBIX
BO300HOBIISIETCS TOJIBKO MOCJIE EPeX0a JMHUU B JJIOTMYECKYIO €AMHULLY U
MOCTIeTYIONIET0 OOHAPYKEHUsI KOPPEKTHOTO CTApPTOBOTO OMTA

PE 1 @ar omMOKH KOHTPOJISE YeTHOCTH

0

HopwmanpHas pabora wim 6uT ObLT cOpotieH noce 3anucu B peructp RSR

1

YeTHOCTh MPUHATOTO KaJipa JaHHBIX HE COOTBETCTBYET yCTaHOBKAaM OMTOB
EPS u SPS B peructpe ynpasnenus nunueit LCRH.

ITIpu BxmouenHoMm pexume FIFO nannHas ommOka accomuupyercs ¢
6aiiToM, HaxoIAUIMMCsl Ha BepiinHe 0ydepa

FE 0 @ar ommOKH B CTPYKTYpE Kajpa

0

HopmapHas pabora wmm 6uT ObLT cOpoIeH nocJe 3amnucu B peructp RSR

1

B nmpunsitToM cuMBOiEe He OOHapyKeH KOPPEKTHBIM CTOMOBBIA OHT
(emuanma). Ilpm BrmroyeHHom pexume FIFO  gammas  ommOka
accolmupyeTcs ¢ 6alToM, HaXOSIMKUMCS Ha BepiiuHe Oydepa

— 31-4 | 3ape3epBUpPOBAHO

[Ipumeuanue — Bee maru cOpackiBatoTCs 3aIUCHIO €TMHULIBI.
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FR — perucrp ¢uiaros

CwMmemenue: + 18h

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
| | | | | | | | |
- TXFE[RXFF|TXFF|RXFEBUSY| -
! ! ! ! ! ! ! ! !
Y Y r Y Y
ITone | butel Onucanue
TXFE/ | 7/ @nar mycToThl Oydepa nepeaaTynKa/mpueMHIKa. Y CTAaHOBKA (h1ara 3aBHCUT

RXFE |4 ot coctosinus 6uta FEN perucrpa LCRH

0 | bydep ve nyct

1 | bydep nyct

I[Mpumeuanue — bur TXFE/RXFE He naetr Hukakoit nnpopmarmu o
HAJIMYUU JAHHBIX B CABUTOBOM IE€pEaloNIeM PETUCTpE.

RXFF/ | 6/ @umar 3amonHeHus Oydepa mnpueMHUKA/TIepeaTynKka. YCTaHOBKa (hiara

TXFF |5 3aBUCcUT OT cocrosiHus outa FEN perucrpa LCR_H (T. e. BKIIOUeH pexum
FIFO wu Her)

0 | Bydep He 3amoHEeH

1 | Ecnu pexum FIFO 3ampemen, OUT ycranaBiauBaercsi, kKorga OydepHbIit
peructp npueMHuka/mepeaarunka 3ansaT. Ecau pexxum FIFO paspenien
OUT yCTaHaBIMBAETCs, €CIIM 3aroyiHeH Oydep MprueMHUKa/nepeaaTynKa

BUSY |3 Bur 3angaroctu 6i1oxka UART

0 biok He 3auar

1 biok nepeaacT JaHHbLIC HA JIMHUIO. but ocraercs YCTAaHOBJICHHBIM 10
TeX TOp, MOKa JIaHHBIE, BKJIIOYasi CTOTIOBBIE OUTHI, HE OyIyT MOJTHOCTHIO
NEpCaaHbl. Taxxe Our YCTAHABJIMBACTCA IIPU HAJIWYHUU JAHHBIX B
Oydepe  mepemartynka, BHE  3aBUCUMOCTH  OT  COCTOSHUSA
pueMorepeiaTInKa (Jaxe eciiv OH 3aIpEIICH )

— 31-8, | 3ape3epBupoBaHO
2-0
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IBRD — peructp uesioi 4acTu AeJuTeN I 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
Ilone | butel Onucanue
DIVINT | 15-0 | Lenas gacts k03 unnenTa aeneHus 4acToThl st GOPMUPOBAHHS
TaKTOBOT'O CUTHAJIA Mepelayn JaHHBIX.
Mununmanbaoe 3HaueHre 0001h
— 31-16 | 3ape3epBuUpOBaHO

FBRD — peructp uesoii ApooHOii YacTH AeTUTE/Is1 CKOPOCTH 00MeHA JaHHbBIMH

CwMemenue:; + 28h

Co6poc: 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
| | | | | | | | | | | | | |
- DIVFRAC
| | | | | | | | | | | | | |
3y
[Tone butsl Onuncanue
DIVFRAC | 5-0 | ApoOHas yacTh kK03(ppuuneHTa JeneHHs 4acTOThI Ut (GOPMUPOBAHUS
TAaKTOBOT'O CHTHAJIA TIepeIavul JaHHBIX.
[Tpu DIVINT = FFFFh 3nauenne DIVFRAC moxer 0biTh TONEKO 00h.
[Ipumeuanue — HeBBINOIHEHWE 5TOTO YCIOBHS TPHUBEIET K
IpEepPBIBAHUIO NPUEMa/TIepeIayuu.
— 31-6 | 3ape3epBHpOBaHO
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LCRH — peructp ynpasJjieHus1 JIMHHEH

Cwmermenue: + 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
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

- SPS WLEN FEN |STP2| EPS|PEN|BRK

L L L L L L L L

3y 3y 34 34 34 34 3y
ITone | butel Onucanue
SPS 7 buTt paspemenns nepegadu OuTa Y4eTHOCTH € PUKCHUPOBAHHBIM 3HAYEHUEM
0 | 3anpemieno
1 | Ha mecre 6uTa 4eTHOCTH NepeaeTcss MHBEpCHOE 3HaueHue outa EPS,
OHO JK€ MPOBEPsIeTCs NPU IpUeMe JaHHBIX.
ITpu EPS = 0 Ha MecTe OUTa 4ETHOCTH NE€PENAETCS €AUHULIA.
ITpu EPS = 1 na mecte 6uta 4eTHOCTH NepeaeTcsi HOJb
WLEN | 6-5 [Tone KonMUecTBa NepeaaBaeMbIX/TPUHUMAEMbIX HHPOPMAIMOHHBIX OUT
00 |506ur
01 | 606ur
10 | 7 6ut
11 | 8 out
FEN 4 but Britouenus pexxuma FIFO Oydepa npuemHuka u nepenaTumka
0 | BeikioyeHo
1 | Bxkiroueno
STP2 3 buTt BeIOOpa pexxuMa nepeayu CTOnoBoro OuTa
0 | OnuH cTOnoOBBIN OUT
1 | JIBa cTonoBbIX OUTa (CleayeT HOMHHUTb, YTO IPUEMHUK HE IPOBEPSIET
HaJMYKe JONOJIHUTEIFHOTO CTOIIOBOTO OUTA B Kajpe)
EPS 2 bur napurera. OmnpezaenseT 4YETHOCTb YHCIA, A0 KOTOPOrO JOMOJIHSETCS
KOJINYECTBO €MHUI B MH(POPMAITMOHHON YaCTH KaJipa
0 | Heuernoe uncno
1 | YerHoe uncio
PEN 1 buT BKIIIOYEHNS MPOBEPKU YETHOCTH
0 | Beiximoueno. Kanp He comepxuT OuTa 4eTHOCTH
1 | Bxuroueno. but yetHocTu nepenaeTcs B KaJpe U MpoBepsieTcs
BRK 0 @iar pa3pbiBa JUHUU
0 | HopmanbHas pabora
1 | Io 3aBepuieHnN nepeaayy TEKyIIEro CHMBOJIA Ha BBIXO/IE MepeaTdynKa
YCTAQHABJIMBACTCSI HU3KMHM ypoBeHb CHUTHama. Jlias mnpaBHIBHOTO
BBIITOJIHEHHUSI JTOW ONepalyy IMPOrpaMMHOE OO0ECIeYeHUe JOJDKHO
oOecrieunTh Mepefadyy CUTHajda pa3pblBa B TEUYEHHE KaK MHHUMYM
BpPEMEHHU IIepelau IBYX WH(OPMAIIMOHHBIX KaJpOB
— 31-8 | 3apesepBupoBaHO

[Ipumeuanue — lonomaurensHas nHpopmarys o bute napurera kajapa B tTadiume A.10.1.
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Ta6nuna A.10.1 —3aBucumocTts OuTa MapuTeTa B Kaape oT coctostuust 6utoB perucrpa LCRH

butsl peructpa LCRH
Hanuuue u coctosHue 6uta napurera
SPS EPS PEN
He BaxHno | He BaxHO 0 He nepenaercs, He nmpoBepseTcs

0 0 1 [TpoBepka HEYETHOCTH CJIOBA JAHHBIX

0 1 1 ITpoBepka 4ETHOCTH CIIOBA TAHHBIX

1 0 1 BUT 4eTHOCTH TOCTOSIHHO PaBEH CIMHUIIE

1 1 1 BuT 4eTHOCTH MOCTOSIHHO PABEH HYJIIO

CR — perucrtp ynpasjeHust

CwMmemenue: + 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
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
UART]
- RXE | TXE -
EN
1 1 1 1 1 1 1 1 1 1
34 3y 3y
Ilone butsl Onucanue
RXE 9 bur paspemenus npuema

0 | 3ampemeHo

1 | Pa3pemieno

TXE 8 bur paspemenus nepegauu

0 | 3ampemieHo

1 | Pa3zpemeno

UARTEN |0 bur paszpemienust paboThl npuemMonepeaaTInKa

0 | 3ampemnieHo

1 | Pa3zpemeno

— 31-10, | 3apesepBupoBaHO
7-1
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IFLS — perucTp nmopora npepbiBaHus 1o 3anojHeHuIo 0ygepa B pe:xxume FIFO

CwMerenue:; + 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
ITone butel Onucanue
RXIFLSEL/ | 5-3/ [Topor 3amoxHEeHHSI/OMycTONICHHS Oydepa MpUeMHUKa/TIepeIaTInKa, 10
TXIFLSEL 2-0 JIOCTHXKEHUH KOTOPOro Oy/IeT TeHepUPOBATHCS IPEPhIBAHKE

000 | 3amonHeHue/onycromenue Ha 1/8

001 | 3amonnenue/onycrouieHue Ha 1/4

010 | 3amonuenue/onycronienne Ha 1/2 (10 yMOI9aHUIO)

011 | 3amonnenue/onycrouieHue Ha 3/4

100 | 3anosHeHue/onycromeHue Ha 7/8

Kom6unauuu 101, 110 u 111 3ape3epBupoBanbl

— 31-6 | 3apezepBupoBaHO

IMSC — peructp Macku npepbIBaHui

Cmemenue: + 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 OKOHUaHHWe Nepeady B JIMHUN
OEIM |10 ITepenonnenue Oydepa npueMHUKA
BEIM |9 Pa3peiB nuHun

PEIM OmmbKa KOHTPOJIS YETHOCTH

FEIM OmubKa B CTPYKType KaJipa

RTIM TaliMayT nprema TaHHBIX

RXIM ITopor nepenoaHeHus 6ydepa npueMHUKa

8
7
6
TXIM |5 ITopor onyctomienus 6ydepa nepegaTuuka
4
3

— 1-12, 3-0 | 3apezepBupoBaHO

[Ipumeuanue — Macka npepbiBaHUN (OPMHUPYETCS YCTAHOBKOM OUT.
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RIS — peructp cocTosiHus npepbIBaHUIA

Cwmemenue: + 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 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
) TD | OE | BE | PE | FE | RT | TX | RX )
RIS| RIS | RIS | RIS| RIS | RIS | RIS | RIS
1 1 1 1 1 1
Y Y r Y Y Y r Y
ITone butel Onucanue
TDRIS |11 ®dar OKOHYAHMS TIEpPeIavu B TMHUU
OERIS | 10 @nar nepenonaHeHus Oydepa NpueMHUKA
BERIS ®dnar pa3pbiBa JIMHHA
PERIS @rar ommMOKH KOHTPOJISI YeTHOCTH
FERIS @uar ommOKM B CTPYKTYpE Kajpa

TXRIS djar mopora onycromeHus Oydepa nepegardauka

RXRIS @uar nopora nepenoaHeHus Oydepa nprueMHHUKa

9
8
7
RTRIS | 6 @iar taiiMayTa rnpuema JIaHHbIX
5
4
3

1-12, 3-0 | 3ape3epBupoBaHO

MIS — perucTp cocTosiHusI IpepbIBaHMUIi ¢ MACKHPOBaHHEM

CwMmemienue: + 40h

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 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
) TD | OE | BE | PE | FE | RT | TX | RX )
MIS | MIS | MIS [ MIS [ MIS | MIS | MIS | MIS
1 1 1 1 1 1
Y Y r Y Y Y r Y
ITone butsl Onncanue
TDMIS |11 @dar oKOHYaHUS NEpeiayu B TMHUU
OEMIS |10 ®nar nepenojgHeHus Oydepa npueMHHUKA
BEMIS |9 @uiar pa3pbiBa JUHUU
PEMIS |8 @rar omMOKH KOHTPOJISL YeTHOCTH
FEMIS |7 ®dar ommOKU B CTPYKTYpE Kaapa
RTMIS |6 @uiar TaiiMayTa npuemMa JJaHHbIX
TXMIS |5 ®mar mopora omnycromeHnus Oydepa nepenarauka
RXMIS |4 ®dmar mopora nepenoaHeHus: 0ydepa nmpueMHUKa

— 31-12, 3-0 | 3ape3epBupoBaHO

[Ipumeuanue — YcraHaBnuBaroTcs (haru, KOTOpbIE 3aKpbITH Mackoil peructpa IMSC.
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ICR — peructp copoca npepbIBaHMii

CwMerenue:; + 44h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
T T T T T
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
ITone butel Onucanue
TDIC 11 but cOpoca urara okoHUaHHS TIEpeIayn B TMHUU
OEIC 10 but cOpoca nara nepenonnenus Oydepa nprueMHUKa
BEIC 9 but cOpoca uara pa3psiBa TUHUA
PEIC 8 bur cOpoca iara ommOKr KOHTPOJIS YeTHOCTH
FEIC 7 but cOpoca nara omubku B CTpyKType Kaapa
RTIC 6 bur cOpoca nara taiimayra npriema JaHHBIX
TXIC 5 bur copoca duara mopora onycromenus 6ydepa nepegardauka
RXIC 4 bur cbpoca nara nopora nepenonnenus 0ydepa npueMHUKa
— 31-12, 3-0 | 3ape3epBupoBaHO

[IpuMeuanue — 3anuch eIUHUI] B OUTHI perucTpa cOpachiBaeT COOTBETCTBYIOLINE UM
¢uaru B peructpax RIS u MIS, a Takxke npepriBaHus1, BBI3BABIINE YCTAHOBKY ATHX (DJIATOB.

DMACR — peructp ynpasJjieHHsI IPSIMbIM JIOCTYIIOM K MaMATH

CwMmemenue: + 48h

Co6poc: 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 DMA| TX | RX
ON |DMA |DMA
| | | | ERR| E E
34 34 3y
ITone butsl Onucanue
DMAONERR | 2 bnokuposanue 3anpocoB UARTRXDMASREQ u
UARTRXDMABREQ ot npueMHuKa B ciiyyae mpepbIBaHUs 110
omunoke
0| BeiximtoueHo
1| BxuitoueHo
TXDMAE/ 1/ but paspemenuss ¢opmupoBaHus 3ampocoB Omoka DMA s
RXDMAE 0 oOciyxuBanus Oydepa nepenaruynka/mpueMHIKa
0| 3ampenieno
1| Pa3pemieno
— 31-3 3ape3epBUPOBAHO
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A.11 Peructpsl koHTpOIepa SPI

basoBblii agpec:

CwMemenue:; + 00h

4004_7000h

CRO — peructp ynpasiienus 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
Ilone | burtsl Onucanue
SCR | 15-8 KoadduumenT neneHust BTOporo IeInTEINs.
Mosket npuauMaTth 3Hadenus 00h go FFh
SPH |7 ®aza curnana SPl_SCK (toabko mis npoTokosia oomena SPI)
0 | Beibopka JaHHBIX 1O TiepeHeMY (POHTY CHHXPOCHTHAJIA, & YCTAHOBKA 110
3aTHEMY
1 | Boibopka gaHHBIX 10 33IHEMY (PPOHTY CHHXPOCHTHANA, a YCTAHOBKA 1O
nepeaHeMy
SPO |6 IMonsprocts curaaiga SPI_SCK (tonbko mis nporokosa oomena SPI)
0 | B pexxume oxunanus auaus SPI_SCK ynepxuBaetcs B COCTOSHUT
JIOTHYECKOT0 HYJIS
1 | B pexume oxxunanus tunus SPI_SCK ynep:xuBaercs B COCTOSTHUM
JIOTUYECKOM €TMHUIIEI
FRF | 5-4 I[Tone BrIOOpa MpoTOKOJIa 0OMEeHa HH(pOopMaIuei
00 | SPI
01 | SSI
10 | Microwire
11 | 3ape3epBuUpoBaHO
DSS |3-0 Pa3mep ciioBa naHHBIX
Oh-2h | BapesepBupoBaHo
3h 4 bura
4h 5 out
Eh 15 our
Fh 16 our
— 31-16 3ape3epBUPOBAHO
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CR1 - peructp ynpasienus 1

CwMmewenue: + 04h
Copoc: 4400h

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
| | | | | | | | |
TXIFLSEL RXIFLSEL - SOD| MS |SSE| -
! ! ! ! ! ! ! ! !
3y 3y 34 34 3y
ITone butsl Onucanue
TXIFLSEL | 15-12 | Bennuna nopora onycromenus nepenaromero FIFO. Ilpu omycromenuu
70 YPOBHS MOPOTa MM HUKE MOXKET OBITh CTE€HEPUPOBAHO MPEPHIBAHUE
unu 3arpoc DMA.
Jonyctumblii nuana3on 3Hadennii 0h-8h (o ymomuanuio — 4h)
RXIFLSEL | 11-8 Bennuna nopora nvanonuaenus npuanmaromero FIFO. Ipu 3anonaennn
710 YPOBHS IOPOTa MJIH BBIIIE MOXET OBITh CTEHEPUPOBAHO MPEPHIBAaHNE
unu 3arpoc DMA.
Jonyctumblii quana3on 3Hadenuii 0h-8h (o ymomuanuio — 4h)
SOD 3 burt 3anpera nepenaun 1aHHBIX.
B pexume Mactepa 3HaueHHe OMTa UTHOPUPYETCS.
B pexume BeZ1oMOro OMT KOHTPOIUPYET BBIXO[ NaHHBIX. [loka Out
cOpolIeH nepeaaya v IpUeM JIaHHBIX pa3pelleHbl. Y cTaHOBKa OuTa
OJIOKHpYET nepenavyy JaHHbIX U riepeBoauT BbiBoa SPI_TX B cocTosiHue
cJ1ab0H TIOTUYECKOM €JMHULIBI, IPU 3TOM IIPUEM TaKTOBOT'O CUTHANIA U
MIPHUEM JIaHHBIX HE OJIOKHUpYeTCS
MS 2 burt BrIOOpa pexxuma paboThl
0 | Macrep
1 | Bexomerit
SSE 1 burt paspemenust paboThl npueMonepeaTIuKa
0 | 3anpemieHo
1 | Pazpemieno
— 31-16, | 3ape3epBUpPOBAHO
7-4,0

306



DR — perncrp nannbIx

CwMerenue:; + 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
I1oxe bute! Omnucanue

DATA | 15-0 16-paspsansiit Oydep FIFO npuemnanka n nepeiaTdnka.

JlaHHble U1 nepefayd 3aluchiBalOTCs B peructp. Ecim pasmep maHHBIX
meHee 16 OuT, OHM JJOJKHBI OBITH BEIPAaBHEHBI TI0 TIPABOM T'PaHHUIIE.
[TpuHsATHIE NaHHBIE ABTOMATUYECKHM BBIPAaBHUBAIOTCS IO IPaBOMl IpaHUIIE.
[IpuHsTHIE JaHHBIE BO3BPALIAIOTCS IPU YTEHUU PETUCTPA

— 31-16 | 3apesepBUpOBaHO

SR — peructp cocrosiHust

Cwmemenue: + 0Ch

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
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
- BSY | RFF |RNE | TNF | TFE
1 1 1 1 1 1 1 1 1 1
Y Y Y Y Y
Ilone | bursl Onncanue
BSY |4 0 | [IpuemonepenaTuuk HE AKTUBEH
1 | Ilepenaua/mpuem ganubix 160 6ydep FIFO ve myct
RFF |3 0 | Bydep FIFO npuemuunka He 3amonHeH
1 | bydep FIFO npuemHuka 3anoiaHex
RNE |2 0 | Bydep FIFO nmpuemuuka myct
1 | bydep FIFO npuemnuka e nycr
TNF |1 0 | Bydep FIFO nepenarunka 3anoigHeH
1 | bydep FIFO nepenarunka He 3anojHeH
TFE |0 0 | Bydep FIFO nepenarunka He mycr
1 | bydep FIFO nepenarunka mycr
— 31-5 | BapezepBupoBaHO
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CPSR - peructp aenure/isi TAKTOBOMH 4aCTOThI

CwMemenue:; + 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
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
- CPSDVSR
1 1 1 1 1 1 1 1 1 1 1 1
34
ITone butsl Onucanue
CPSDVSR | 7-0 KoaddunmeHT neneHus mepBoro AeauTels.

MoskeT npuHUMAaTh YeTHbIe 3HaueHus ot 02h no FEh

31-8

3ape3epBUPOBAHO

IMSC — perucTp Macku npepbIBaHMii

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
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
- TXIM[RXIM[RTIM RIC'\)/IR
1 1 1 1 1 1 1 1 1 1
34 34 34 3y
ITone butsl Onucanue
TXIM 3 Bydep nepeparunka onycToIEH 10 BEJIUYUHBI TOPOTa WM HUXKE
RXIM 2 Bydep npuemHuKa 3amoiHeH Ha BEIMYHHY 1OPOTa WK BBIIIE
RTIM 1 TalimayT nprema JaHHbBIX
RORIM 0 [lepenonnenne 6ydepa npueMHUKa
— 31-4 3ape3epBUPOBAHO

I[Ipumeuanue — YcraHoBka/copoc 6ut popmupyet macky. [1o ymonuanuu Bce OUTHI
cOpOIIEHBI M YCTaHOBKA (hJ1aroB 3arpenieHa.
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RIS — peructp cocTosiHus npepbIBaHUIA

CwMerenue:; + 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 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
) RIS | RIS | RIS | RIS
1 1 1 1 1 1 1 1 1 1
Y r Y Y
[Tone | butel Onucanue
TXRIS |3 Bydep nepenaTunka omycTomeH 10 BETUYUHBI TOPOTa UIH HUKE
RXRIS |2 Bbydep npuemHuKa 3amoiHeH Ha BEJIMYUHY OPOTa WIIH BBIIIE
RTRIS 1 TaiimayT npuema 1aHHbIX
RORRIS | 0 Ilepenonnenne 6ydepa npueMHUKa
— 31-4 | 3ape3epBUpPOBAHO
IIpumeuanne —  Ilpm BO3HUKHOBEHUU IIPEPBIBAHUAN YCTaHaBIUBAKTCS

COOTBeTCTByIOIIKMEe MM Hemackupyemble ¢uaru. butet RTRIS Ttakke cOpacwiBatoTcs mocie
yreHus Oydepa nprueMHUKA.

MIS — perucTp cocTosiHusI IpepbIBaHMUIi ¢ MACKHPOBaHHEM

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
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
ITone butsl Onucanue
TXMIS 3 Bydep nepenaturka omycToIIEeH A0 BEITUYHUHBI TOPOTa UIH HUXKE
RXMIS 2 Bydep npuemHuKa 3amoiHeH Ha BEIMYUHY OPOTa WM BbIIIE
RTMIS 1 TailimayT npuema 1aHHBIX
RORMIS 0 [Tepenonnenne Oydepa nprueMHUKA
— 31-4 | 3ape3epBHpPOBAHO

[Ipumeuanue — B perucrpe ycTaHaBIMBAIOTCS TOJIBKO T ()jiard, KOTOPBIC 3aKPHITHI
Mmackoii peructpa IMSC. but RTMIS taxke cOpaceiBaeTcst mociie uTeHus Oydepa nmprueMHHKA.
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ICR — peructp copoca npepbIBaHmii

CwMemenue:; + 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
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
RT [ROR
) IC IC
1 1 1 1 1 1 1 1 1 1 1
3 3
ITone butel Onucanue
RTIC 1 TaiimayT npuema 1aHHbIX
RORIC |0 Ilepenonnenne 6ydepa npueMHUKa
— 31-4 | 3ape3epBUpPOBAHO

[Ipumedanue — 3anmuch €OUHUI] B OMTHI PETHCTPa COPACHIBACT COOTBETCTBYIOIINE MM
¢naru B peructpax RIS u MIS, a Takke npeppiBaHusl, BEI3BaBILIME YCTAHOBKY 3TUX (JIaroB.

DMACR — peructp ynpasJjieHHs HIPSIMbIM JIOCTYIIOM K IaMATH

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
i MAE | MAE
1 1 1 1 1 1 1 1 1 1 1
34 3y
Ilone butsl Onuncanue
TXDMAE |1 bur paspemenus ucnonb3zoBanus KoHTposuiepa DMA npu nepenaue
0 | He ucriome3yercst
1 | Pa3pemeno popmupoBanue 3anpocoB KoHTposuiepa DMA st
obciyxuBanus 0ydepa FIFO nepenatunka
RXDMAE |0 but paspemenus ncnonps3oBanus KoHTposuiepa DMA npu npueme
0 | He ucnonw3yercs
1 | Pa3pemeno popmupoBanue 3anpocoB KoHTposuiepa DMA st
obciykuBanus 0ydepa FIFO npuemnuka
— 31-2 | 3ape3epBUpPOBAHO
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A.12 Peructpsl TaiiMepoB

basoBblii agpec:

4004_8000h Peructpsl Taiimepa 0
4004_9000h Peructpsl Taiimepa 1
4004_A000h Peructpsl Taiimepa 2
4004_B000h Peructpsl Taiimepa 3

CTRL — peructp ynpasjeHnus 6;10ka Talimepa

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
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 IEN’I E|),\(IT E|>,\<,T o
1 1 1 1 1 1 1 1 1 1 Gk | EN
34 34 34 3y
[lone butsl Onucanue
INTEN 3 but paspenienus npepsiBaHus Taitmepa
0| 3ampenieno
1| Pa3pemieHo
EXTINCLK |2 buT BKIIIOUEHNS BHEIIHETO BX0J1a CUHXPOHU3AIMH KaK TAKTOBOTO
0| Her neticTBuii
1| Curnan Ha Bxone TMR_IN sBisieTcst TaKTOBBIM
EXTINEN 1 bur paspemienus paboTel TaliMepa, €CIIM CUTHAJl Ha BHEIIHEM BXO/I€
paBeH eMHULIE
0| 3ampemeHo
1| Taitmep nekpemenTupyercs ¢ yacrotoit PCLK
ON 0 bur Bxitouenus Taiimepa
0| BoikimtoueHo
1| Taitmep nexpemenTupyercs ¢ yacroroit PCLK
— 31-4 | 3ape3epBHpPOBAHO
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VALUE - perucrp Tekyuiero 3Ha4eHus Taiimepa

CwMemenue:; + 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
ITone ‘ butel ‘ Onwucanue
VAL |31-0 | Texymee 3nauenue Taiimepa
LOAD - perucrp Ha4aJIbHOT0 3HAYEHUSN CUETYHKA TaiiMepa
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
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 | 3Hauenue nepesarpysku TaiiMepa
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INTSTATUS — peructp npepbiBanus TaiiMepa

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
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
Ilone | butsl Onucanue
INT 0 @uar npepbiBaHus Talimepa
0 | Her npepbiBanus
1 | 3ampoc Ha npepbiBaHNE
@ar cOpachIBaeTCs 3alUChI0 €MHUIIBI
— 31-1 | 3apeszepBupoBaHO
DMAREQ - peructp ynpasienus 3anpocom DMA
Cwmemrenue: + 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
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
- EN
1 1 1 1 1 1 1 1 1 1
34
ITone | bursl Onucanue
EN 0 Pazpemienne renepanuu 3anpoca Koutposiepa DMA no omycromeHuto
Taiimepa
0 | Her 3ampoca
1 | 3ampoc pazpenieH
— 31-1 3ape3epBUPOBAHO
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ADCSOC - peructp ynpasJjenus 3amyckom AL

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
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
3y
Ilone | bursl Onucanue
EN 0 Pazpemienne renepanuu curnana sanycka ALl mo onycromenuto Taitmepa
0 | Her curnana
1 | I'enepanus paspernieHa
— 31-1 3ape3epBUPOBAHO
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A.13 Peructpsi 6J0ka HIUM

Bbasoselii agpec:  4004_C000h Peructper 611oka LHIIMMO
4004_DO000h Peructpsi Gioka IINMM1
4004_EO000h Peructpsl 610ka IIIMM?2

TBCTL — peructp ynpasJjieHusi 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 (IZLKDI\I/ HSIPCLKIDIV SYNCSYNCIOSEL LD | EN CTRI\:IODE
3y 34 34 3y 3y 34 34 3y 3y
ITone butel Onucanue
SHDWGLOB | 16 I'mobasibHOE pa3penieHne BCeX TEHEBBIX 3arpy30K
0 | Bce TeHeBbIe perUCTpPhI MUIIYTCS, HO COOBITHS Mepe3anucu
B aKTHBHBIE OJIOKUPYIOTCS
1 | TeneBas 3arpy3ka MPOMCXOAUT COTIIACHO HACTPOMKAM
COOTBETCTBYIOIIUX TOJEH
FREESOFT 15-14 | Tlone 3amanus noBeaenus cuetunka [IIMM mocrne mepexona B pexxum
OCTAHOBA BO BpeMs OTIIAIKH
00 | Cueruuk Oyzner octaHoBJieH Ha cieaytomuid Takt TBCLK
01 | Cuetuuk OymeT OCTAaHOBJICH MO JOCTUXKEHUU COOBITHS:
- TBCTR = TBPRD (mipu cuere BBepX);
- TBCTR = 0000h (mpu cuyere BHHU3 WK BBEPX-BHH3)
Ix | CdeTuuk mpoAoIKUT padoTy
PHSDIR 13 buTt 3ananus ga3zoBoro HampasiaeHUs (UCIOJIB3YeTCs TOIBKO MPU
JIBYHAIIPaBJIEHHOM CUETE).
3a/iaeT HanpaBJIeHUE CYeTa MOCIIe CHHXPOHU3AINH. 3arpyKaeTcs
BMecTe ¢ peructpoMm azsr TBPHS
0 Buus
1 Bgepx
CLKDIV 12-10 | ITone 3amanust NEPBOTO ACTUTENS 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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Iome bute! Omnucanue

HSPCLKDIV | 9-7 ITosie 3aaHKst BTOPOTO JENUTENS TAKTOBOM YaCTOTBHI.
Koneunoe 3HaueHHe eNUTENS ABISETCS IPOU3BEICHUEM 3HAYCHUI
nenurenei, 3anaBaeMbix nossMd 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
SWFSYNC 6 but nporpaMMHO# SMyJILIMY OSIBIEHUS] CHHXPOUMITYJIbCA
0 Her neiicTBuii
1 3arnuch eIMHMIIBI BHI3BIBACT MOSBICHUE CHHXPOUMITYJIBCA B IEITH
PWM_SYNCI
SYNCOSEL |5-4 [Tore BBIOOpAa WMCTOYHWKA JUIS BBIXOJHOTO CHTHAJIA CUHXPOHH3AIUH
PWM_SYNCO

00 | PWM_SYNCI

01 | CTR =0000h

10 |CTR=CMPB

11 | Beigaua cHHXpOUMITYIIbCA 3alpelieHa

PRDLD 3 bur ynpasnenus 3arpyskoii peructpa TBPRD

0 Pexxnm oTnoxenHon 3arpysku perucrtpa TBPRD paspemien

1 3anuck B TBPRD Oyzaer npousBeneHa cpa3y B aKTUBHBIN
pETUCTP

PHSEN 2 burt paspemienus 3arpy3ku cueTyuka taiimepa

0 3anpenieHo

1 Pazpemena 3arpyska cuetunka TBCTR 3HadeHuem peructpa
¢da3p1 TBPHS npu nosnyueHuun coObITHS CHHXPOHU3AINH
(ummynse Ha Bxoge PWM_SYNCI win 3anuch B 6UT

SWFSYNC)
CTRMODE | 1-0 ITose 3aanKs HaNIpaBJICHUSI CUETA
00 Beepx
01 Buus
10 BBepx-BHU3
11 CUeTynK OCTaHOBJIEH

— 31-17 | 3ape3epBupoBaHO
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TBSTS — peructp craryca Taiimepa

CwMemenue:; + 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
| | | | | | | | | | | |
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
| | | | | | | | | | | |
y 3y y
I1one bur Onucanue

CTRMAX 2

®nar JOCTUKEHHS CUETYMKOM TanlMepa
sgayenus FFFFh

CBOCIro MaKCHUMaJIbHOI'O

0 | 3HaueHme HE TOCTUTHYTO WM (Iiar ObUT COpOIICH

1 | 3nauenue O6bUIO JOCTUTHYTO

3anuce enuHUIBI cOpackiBaeT Quar

SYNCI 1 dar CHHXPOHU3AITUT

0 | CunxpoHu3aius He JOCTUTHYTA WK (ar ObU1 cOpOIeH

1 | CunxpoHuzanus npousonuia

3anuch eIMHUIBI cOpackiBaeT duiar

CTRDIR

@dar HarpaBJeHUs cYeTa Taimepa

0

Buus

1

Beepx

31-3

3ape3epBUPOBAHO

TBPHS — peructp ¢a3ni Taiimepa

Cmemenue: + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | |
TBPHS
! ! ! ! ! ! ! ! ! ! ! !
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | |
! ! ! ! ! ! ! ! ! ! ! !
ITone butsl Onncanue
TBPHS 31-16 | Ilone 3aganus HavanbHOM (a3bl TaliMepa Mpu MOITYYEHUHU CUTHATIA
CHHXPOHH3AIAN
— 15-0 | 3apesepBupoBaHO
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TBCTR — peructp Tekyuiero 3HayeHusi Taiimepa

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
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
ITone butel Onucanue
TBCTR 15-0 | Tekymiee 3HaYeHHE CUETUMKA TaliMepa.

3anuch B PETUCTP U3MEHSET 3HaUEHUE TaliMepa. 3aluch IPOUCXOIUT
acuHXxpoHHO ¢ TBCLK 1 He ucrons3yer 0TI0KEHHbBIH MEXaHU3M
3arpysKu

— 31-16 | 3ape3epBHpOBaHO

TBPRD — peructp nepuoja taiimepa

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
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

TBPRD
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITome buthel Onucanue

TBPRD 15-0 | Ilepuon Taiimepa (MakcHMaJIbHOE 3HAYCHUE CUETa TaiiMepa).

OTtnoxeHHas 3arpy3ka B 3TOT peructp nporpammupyercs 6urom PRDLD
peructpa TBCTL. Ilo ymomuanuto O6utr PRDLD cOpomien u 3anuce B
peructp TBPRD mnpuBoauT K 3amucl B TEHEBOW PErHCTp. AKTHBHBIN
peructp Oynet 3arpyxeH mo cooeitrro TBCTR = Zero. Eciu 6ut PRDLD
YCTAHOBJIEH, TO 3aIIMCh BBIIIOJIHAETCS HAIPSMYIO B aKTUBHBIN PETHCTP

— 31-16 | 3ape3epBUpPOBAHO
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CMPCTL — peructp ynpasijieHHsI KOMIapaTOpoOM

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
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
) SHEI;DW SHEW ] SHLl:?W ] SHADW BLMOOASE AIIVIOOAI?E
| | | | | FULL |FULL MODE MODE , ,
Y Y 3y 34 34 34
[Tone butel Onucanue
SHDWBFULL |9 dar 0TII0KEHHOM 3arpy3ku B peructp CMPB
0 | Her neictBuii
1 | AKTUBHBIN PETUCTp 3arpyKeH 3HAaU€HUEM U3 TEHEBOTO
perucrpa
SHDWAFULL |8 ®ar oTiI0KEeHHOM 3arpy3ku B peructp CMPA
0 | Her neicrBuii
1 | AKTUBHBIN PETUCTp 3arpy>KeH 3HAUCHUEM U3 TEHEBOTO
perucrpa
SHDWBMODE | 6 but ynpasnenus 3arpyskoii peructpa CMPB

0 | 3nauenwue, 3anucsiBaemoe B peructp CMPB, pazmeriaercs B
TEHEBOM perucTpe (OTJI0KEHHasl 3arpy3Ka)
1 | IlpousBoauTcs 3arpy3Ka HaNpsIMyI0 B AaKTUBHBIN PETUCTP

SHDWAMODE | 4 but ynpasnenus 3arpyskoii peructpa CMPA

0 | 3nauenwue, 3anuceiBaemMoe B peructp CMPA, pa3zmemaercs B
TEHEBOM perucTpe (OTJI0KEHHasl 3arpy3Ka)

1 | IlpousBoauTcs 3arpy3Ka HaNpsIMyI0 B aKTUBHBIN PETUCTP

LOADBMODE | 3-2 [Tone 3amanus cOOBITUS 3arPy3KH OTJIO)KEHHOT'O 3HAYEHHUSI B
peructp CMPB (nipu ycnosun, uto 6ur SHDWBMODE c6porien)
00 | CTR =Zero

01 |CTR=PRD

10 | CTR = Zero umu CTR = PRD

11 | 3arpy3ska 3ampenieHa

LOADAMODE | 1-0 [Tone 3amanust cOOBITUS 3arPy3KH OTJIOXKEHHOT'O 3HAYECHHUSI B
peructp CMPA (mipu ycnosuu, uro 6utr SHDWAMODE c6pomien)
00 | CTR = Zero

01 | CTR=PRD

10 | CTR =Zero wiu CTR = PRD

11 | 3arpyska 3anpenieHa

— 31-10, | 3apezepBupoBaHO
7,5
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CMPA — peructp nopora cpadaTbiBaHusl KaHaJa A

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
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
I I I I I I I I I I I I I I I
[Tone butel Onucanue
CMPA 31-16 | AkTHBHOE 3HayeHHE TMopora cpabaThlBaHUS KaHalda A, KOTOpoe

CPaBHUBAETCs CO 3HAYEHUEM CUEeTUHKa TalimMepa.

[Ipu coBmagenun 3HaueHwii ¢opmupyercs cobbitue CTR = CMPA,
KOTOpOE€ BJMsSET Ha IIOBEJEHUE CHTHAJIOB Ha JMHUAX PWMX_A u
PWMx_B

— 15-0 | 3apesepBupoBaHO

CMPB — peructp nopora cpaéarbiBaHusi kaHana B

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 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 butel Onucanue
CMPB 31-16 | AkTHBHOE 3Ha4YeHHWE TOpora cpadaTeiBaHWs KaHama B, xotopoe

CpaBHHUBAETCA CO 3HAYCHUEM CUETUHKA TaiiMepa.

[Ipu coBnagenun 3HaueHud ¢opmupyercs cobeitue CTR = CMPB,
KOTOpOE BIMSET Ha TMOBeACHHE CHUTHajIoB Ha nuHUAX PWMX_A u
PWMx_B

— 15-0 | 3apesepBupoBaHO
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AQCTLA — peructp o0padoTyuka /sl BbIXoAa A

CwMemenue:; + 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
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
- CBD CBU CAD CAU PRD ZRO
1 1 1 1 1 1 1 1 1
34 3y 3y 34 34 34
ITone | bursl Onucanue
CBD | 11-10 | [leiicrBue Ha BeiBoge PWMx A npu CTR = CMPB npu cuere BHU3
CBU |9-8 JeiictBue Ha BeiBoge PWMX A nipu CTR = CMPB nipu cuere BBepx
CAD | 7-6 HeiictBue Ha BeiBojge PWMX A npu CTR = CMPA npu cuete BHU3
CAU |54 JeiictBue Ha BeiBoge PWMX A nipu CTR = CMPA npu cuere BBepx
PRD |3-2 HeiictBue Ha BbiBojge PWMX A npu CTR = PRD
ZRO |1-0 Jeiictue Ha BeiBogie PWMX_A nipu CTR = Zero
— 31-12 | 3apezepBupOBaHO

[Tpumeuanue — [ kaxaoro coObITUS MOXKET OBITh 33/1aHO OJIHO U3 YETHIPEX ACUCTBUIA:
00 — mer peakuuwy;
01 — nepexnrouenue BeiBoga PWMX_ A B HOJb;

10 — mepexirouenne BeiBoga PWMX_A B equHMILY;
11 — unBepcus BeiBoga PWMX_A.

AQCTLB — peructp 06padoTunka s Bbixoaa B

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
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15 14 13 12 1n 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
1 1 1 1 1 1 1 1 1
3y 3y 3y 3y 3y 3y
[Ilpumeuanue — Ha3HaueHus OUTOBBIX TMOJIEH AaHAJOTUYHBI HA3HAYEHUIO TIOJEH

peructpa AQCTLA c Toii pa3HuIei, 4To OTHOCATCA OHU K BbiBOoy PWMx_B.
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AQSFRC — peructp nporpaMMHoOro ynpasJjeHusi OAHOKPATHBIM JielicTBHEM

CwMerenue:; + 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
| | | RLDICSF SFB ACTISFB SEA ACTISFA
3y 34 3y 3y 34
Ilone butsl Onucanue
RLDCSF | 7-6 VYmpasnenue coOsiTeM TeHeBoi 3arpy3ku nosieit OTSFA, OTSFB, a
takoke noneit CSFA, CSFB perucrpa AQCSFRC
00 | CTR =Zero
01 | CTR=PRD
10 | CTR =Zero umu CTR = PRD
11 | be3 TeHeBoil 3arpy3Ku, NpsMas 3alKich B PETUCTP
OTSFB 5 3anuch €AMHUIIBI IPUBOJUT K OJHOKPATHOMY MEPEKIIIOUEHHUIO BBIBOJIA B
cocrosguue, corimacio ACTSFB
ACTSFB | 4-3 Br100p HeHCTBUS ¢ BBIXOTHBIM CHTHAJIOM Ha BBIBOJIE
00 | Her peiicTBuit
01 |PWMx_ B=0
10 |PWMx B=1
11 | UnaBepcus BeiBoga PWMx_B
OTSFA 2 3anuch eAMHUIIBI IPUBOJUT K OJHOKPATHOMY MEPEKIIIOYEHHUIO BBIBOJIA B
cocrosHue cornmacHo ACTSFA
ACTSFA | 1-0 Bb160p 1eficTBUS C BBIXOJIHBIM CUTHAJIOM HA BBIBOJIE
00 | Her peiicTBuit
01 |PWMx_A=0
10 |PWMx_A=1
11 | UuBepcus BeiBoga PWMX_A
— 31-8 | 3apeszepBupoBaHO
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AQCSFRC — peructp 00padoTyuKa /sl HIUKJINYECKOT0 NPOrPaAaMMHOI0 YIIPaBJIeHHUs

Cwmermenue: + 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
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
- CSFB CSFA
L L L L L L L L L L L
3y 3y
ITone butsl | Onncanune
CSFB/ | 3-2/ [Tosne 3aanus MUKINYECKOTO BO3/AeicTBUA Ha Bhixog PWMX_B/PWMx_A
CSFA | 1-0
— 31-4 | 3ape3epBHpPOBaHO

[Ipumedanue — MoxeT OBITh 33JJaHO OJTHO U3 YETHIPEX BO3ICHCTBUI:
00, 11 — Her peakuwy;

01 — 3unauenue 0 Ha Beix0ge PWMX_B/PWMX_A;
10 — 3nauenwue 1 Ha Beixoge PWMx_B/PWMXx_A.

DBCTL — peructp ynpasJjieHHsl TeHEPaTOPOM «MepTBOro» Bpemenu HHIUM

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 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
- INMODE POLSEL |OUTMODE
1 1 1 1 1 1 1 1 1 1 1
34 3y 3y
ITone butsl Onncanue
INMODE 5-4 [Tone BbIOOpa UCTOUHUKA AJI1 KOHTPOJIS 110 (PPOHTY U cpe3y. Crapiiuii

OUT Tons ympaBiseT KIo4yoM S5, Miaamuid — KIo4YoM  S4,

CM. pUCYHOK 14.12

00 | Bxognoi curHan PWMA ncnonb3yercst st KOHTPOJIS TIO

nepeaHeMy U 3aiHeMy (ppoHTam

01 | Bxognoti curaan PWMA ucnons3yercs st KOHTPOJIS TI0

3agHemMy (poHTy, a curHan PWMB — no nepennemy

10 | Bxoanoii curnan PWMA wucnonb3yercs A1t KOHTPOJIS 110

nepeaHemMy pponty, a curnan PWMB — no 3agHemy

11 | Bxonnoit curnat PWMB ucnonbs3yercst 1uist KOHTPOJIS 10

nepeHeMy U 3aJHeMy (ppoHTaM
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ITone butsl Onucanue

POLSEL 3-2 [Tone 3amaHust MOJIAPHOCTH CUTHAJIa HA Bbixoje. Crapimmii OUT moJIs
yhopasiaseT  Kiao4doM  S3, a  Miuaammid —  KiIoyoM  S2,
cM. pucyHok 14,12
00 | MuBepcus 3anpenieHa
01 | MuBepcus TonbKo Ha Bbixoge PWMX_A
10 | UuBepcwus Tonbko Ha Beixoge PWMXx B
11 | UuBepcus Ha Beixogax PWMX A u PWMx_B

OUTMODE 1-0 [Tone BBIOOpa (poHTA, JIsT KOTOPOTO BKIIFOUEHA 3aJIepkKKa («MEPTBOSY
BpeMs). Ctapiuii OUT 1Mo yrpasiseT KirodoM S1, a muraammi —
kirouoM S0, cM. pucyHok 14.12
00 | He 3amano
01 | 3aguwmii ppont Beixoga PWMx_B
10 | Ilepennuii pponT Beixoga PWMX_A
11 | Ilepenuuii pponT BeIxOga PWMX_A U 3amuuii GpoHT BeIXOAA

PWMx_B
— 31-6 | 3apezepBupoBaHO

DBRED — perucrp ynpaJ/ieHHsI <MepTBbIM» BpeMeHeM NepeaHero ¢pponra

CwMmemenue: + 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
Ilone butsl Onucanue
DEL 9-0 Benuuuna 3anepxku mnepenHero (poHTa JUIs TeHepaTopa «MepTBOIO

Bpemenn» [IIMM (B nepuojax takrosoro curHaga TBCLK)

31-10 | 3ape3epBHpPOBAHO
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DBFED — peructp ynpasieHusi «<MepTBbIM» BpeMeHeM 3a/1Hero ¢ppoHTa

CwMerenue:; + 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
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
- DEL
L L L L L L L L L L L L L
34
[Tone butel Onucanue
DEL 9-0 Benuumnaa 3amepxku 3aaHero (GpoHTA JUIS TeHepaTopa «MEpPTBOTOY
sBpemenu [II1M (B nmepuomax takroBoro curaana 1 BCLK)
— 31-10 | 3apeszepBHpoOBaHO
TZSEL — perucTp ucTOYHMKA CHTHAJIA aBAPUU
Cwmewenue: + 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
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
L L L L L L L L L L L L
3y 3y
ITone | butel Onucanue
OST 8 buTt pa3pemenns HCTOYHNKA CUTHANIA aBapuu ¢ BeiBoga PWM_TZ B
OJIHOKPaTHOM PEKUME
0 | 3ampemeHo
1 | Paspemeno
CBC 0 burt paspemienus ncToyHuKa curiaia aBapuu c Beisoga PWM_TZ B
IIUKIHYECKOM PEKHME
0 | 3ampemieHo
1 | Paspemeno
— 31-9, | 3apesepBupoBaHO
7-1
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TZCTL — perucTp ynpasJjieHHsl 1eTeKTOPOM CUTHAJIa aBapUHU

CwMerenue:; + 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
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
TZB TZA
1 1 1 1 1 1 1 1
34 34
[Tonie | butsr Onucanue
TZB/ | 3-2/ | ITone 3amanus moBeaeHus Boisoga PWMX_B/PWMX_A B ciaydae noaydeHus
TZA | 1-0 CUTHAaJIa aBapuH.
Wcrounuk curnaia aBapuu npu 3tom onpenensercs peructpom TZSEL
00 | IlepexiroueHue B TPETbE COCTOSTHUE
01 | IepexirovueHHE B SAMHHILY
10 | IlepexiroveHue B HOJIb
11 | Her neticTBuii
— 31-4 | 3ape3epBUpPOBAHO

TZEINT — peructp Macku npepbiBaHus 1eTEeKTOPAa CUTHAJIA aBapUU

CwMmemenue: + 44h

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
| | | | | | |
- osT|cBc| -
! ! ! ! ! ! !
34 3y
Ilonme | butsl Onucanue
OST |2 but paspemnieHus renepalnuy NpepeiBaHus B OJHOKPATHOM PEKHUME
00paboTKM aBapuu
0 | 3ampenieHo
1 | Pa3pemieno
CBC |1 buTt paspenienns reHepanny MPephIBaHUs B IIUKINIECKOM PEXAME
00paboTKM aBapuu
0 | 3ampenieHo
1 | Pa3zpemeno
— 31-3,0 | 3apesepBupoBaHO
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TZFLG — peructp (p1aroB npepbiBaHus 1eTEKTOPa CUTHAJIA aBapUH

CwMerenue:; + 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 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
Ilone | butel Onucanue
OST 2 @iar npepbIBaHus B OTHOKPATHOM peXuMe 00pabOTKH aBapuu

0 | Her npepoiBanus

1 | 3anpoc Ha npepriBaHUE

[Ipu sTOM nelcTBME Ha BBIXOAE MPOJOJIKAETCS BIUIOTH 10 OOHYJIEHUS
CUeTYMKa TailMepa, €clii CUTHaJ aBapuu He IMepecTal ObITh aKTUBHBIM K
sToMy MOMeHTY. Ecnu piar cOpoleH, a HCTOYHHMK CUTHala aBapuM OcTacs,
(drar ycTaHOBUTCSI CHOBA

CBC 1 ®dar npeppIBaHMS B IIUKIMYECKOM PEKUME 00pabOTKH aBapHuH

0| Her npepriBanus

1| 3anpoc Ha peprIBaHUE

[Ipu sTOM nelcTBHE Ha BBIXOAE NPOJOJIKAETCS BIUIOTH 10 OOHYJIEHUS
cUeTYMKa TaiimMepa, €clii CUTHAJ aBapuu He TMepecTayl ObITh aKTUBHBIM K
sToMy MoMeHTy. Ecnu hiar cOpoitieH, a HCTOYHMK CUTHAIa aBapuH OCTaJICH,
¢drar yCTaHOBUTCSI CHOBA

INT 0 @uar BHemHero npepeiBanust NVIC

0| Her mpepriBanus

1| 3anpoc Ha npepbIBaHKE

Ecnu ¢uar 6s11 copormien, a ogus u3 ¢aaros CBC uimu OST ycraHoBmeH,
dar ycTaHOBHUTCSI CHOBA

— 31-3 | 3apeszepBUpOBaHO
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TZCLR — peructp copoca ¢iaroB npepbIBaHUii 1eTEKTOPA CUTHAJIA AaBApHH

CwMemenue: + 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
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 Onucanue
OST |2 buTt cOpoca (nara npepriBaHNs B OTHOKPATHOM peXUMe 00paObOTKH aBapui.
3anuchk equHuIb copaceiBaet out OST B peructpe TZFLG
CBC |1 bur copoca rara nmpepriBaHuS B IUKIMYECKOM PEXKUME 00paOOTKH aBapHH.
3anuce equauibl copacsiBaet out CBC B peructpe TZFLG
INT |O buTt cOpoca ¢nara saenrHero npepsiBanus NVIC.
3anuch equnauibl copacsiBaet 6ut INT B peructpe TZFLG
— 31-3 | 3ape3epBUpoOBaHO
TZFRC — peructp nporpaMMHOoii IMyJIsiIIMU CUTHAJIA aBAPUH
Cwmemrenue: + 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
L L L L L L L L L L L L L L L
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| -
L L L L L L L L L L L L
3 3
ITone butel Onucanue
OST 2 but nporpaMMHO# reHepaluy CUTHajIa aBapuu B OJJHOKPATHOM pEXKHIME.

3anuck enuHuIbl yecranaBinuBaeT Out OST B peructpe TZFLG
Utenue 6uta BO3BpaIiaeT HOJIb

CBC 1 but nporpaMMHO#i TeHEpaIllMU CUTHAJIA aBapPHUU B IIUKINIECKOM PEXKHUME.
3anuce enuHuIbl ycranasiaubaeT out CBC B peructpe TZFLG
Utenue 6uta BO3BpaIiaeT HOJIb

— 31-3,0 | 3apesepBupoBaHO
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ETSEL — peructp ncrouHuka Tpurrepa coobITHii

CwMerenue:; + 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
- BEN DRQBSEL AEN 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 SIOCBS:EL AEN S?CASIIEL | | EN IINTSE:_
3y 3y 3y 3y 3y 3y
[Tone butel Onucanue
DRQBEN/ 23/ buTt paspemenus reaepanuu 3anpoca DMA
DRQAEN 19 0 3anpenieHo
1 Pazpemeno
SOCBEN/ 15/ but pa3perenus reneparuu BHerHero curiana PWM_SOCB/PWM_SOCA
SOCAEN 11 quist 3armycka AT
0 3anpenieHo
1 Pazpemeno
DRQBSEL/ | 22-20/ | ITose BbiOOpa COOBITHS, IO KOTOPOMY OyaeT ChOPMHUPOBAH UMITYIIHC
DRQASEL/ |18-16 | DMA REQB/DMA_REQA/PWM_ SOCB/PWM_SOCA/PWM_INT
SOCBSEL/ | 14-12/ | 000 | 3ape3epBrpoBaHO
SOCASEL/ |10-8/ |001 |CTR=Zero
INTSEL 2-0 010 | CTR=PRD
011 | 3apesepBupoBaHO
100 | CTR = CMPA npu cuete BBepX
101 | CTR = CMPA npu cuete BHH3
110 | CTR = CMPB nipu cuere BBepx
111 | CTR = CMPB npu cuete BHU3
INTEN 3 bur paspemenus renepaunn BHenHero npepsisanuss PWM INT
0 3anpenieHo
1 Paspemieno
— 31-24, | 3ape3epBUPOBAaHO
7-4
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ETPS — peructp npeagenuresisi Tpurrepa coobITHii

CwMerenue:; + 58h

Copoc: Oh

31 30

29 28

27 26 25 24 23 22 21 20 19 18 17 16

DRQBCNT | DRQBPRD | DRQACNT | DRQAPRD
1 1 1 1 1 1 1 1

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

I1oxe

34

bute!

y 3y y 3y

Omnucanue

DRQBCNT/
DRQACNT/
SOCBCNT/
SOCACNT

23-22/
19-18/
15-14/
11-10

Cuerunk coObrtuii curmaza DMA REQB/DMA_REQA/PWM_SOCB/
PWM_SOCA.
CueTunk aBTOMAaTHYEeCKH cOpacwiBaeTcs, Korja c(HOpMHPOBAHO

IpepblBaHUE M IEpPecTaeT CYUTaTh, KOIJA JOCTHraeT 3HAYCHMs
DRQBPRD/DRQAPRD/SOCBPRD/SOCAPRD cooTBeTCBEHHO.

DRQBPRD/
DRQAPRD

21-20/
17-16

ITone 3amanus KoauuecTBa COOBITHI, BEIOpaHHbIX mojeM DRQBSEL/
DRQASEL perucrpa ETSEL, mo koTopsiM OyaeT copMUpOBaH CUTHAT
3anycka DMA_REQB/DMA_REQA.

Jlnst  paspelieHuss TeHEpalMy CHUTHala HYKHO YCTaHOBHUTH OHUT
DRQBEN/DRQAEN peructpa ETSEL.

Curnan Oyzner chopmupoBas, naxke eciau ¢piar DRQB/DRQA (peructp
ETFLG) npensinymero curnana He 0bu1 cOporneH. Kak Tonbko curHan
DMA_REQB/DMA_REQA otmpasien, cuerank DRQBCNT/DRQACNT
ABTOMATHYECKH cOpachIBaeTCs

00 | Beigaua curHana mno KaxaoMy COOBITHIO

01 | Bermaua curuaina Kaxaple IBa COOBITHS

10 | Beiava curnana Kaxaple TP COOBITUS

11 | Beigava curHasna KakJaple Ye€ThIpe COOBITUS

SOCBPRD/
SOCAPRD

13-12/

IToe 3amaHus KoJMyecTBa COOBITHH, 3amaHHbIXx moiaeM SOCBSEL/
SOCASEL peructpa ETSEL, o kotopbim 0yaeT cpopMUpOBaH CUTHAI
3anycka ALIII PWM_SOCB/PWM_SOCA.

Jliig pa3peleHus TeHepalyy CurHaia Hy)*KHO YCTaHOBUTh OUT
SOCBEN/SOCAEN peructpa ETSEL.

Curnan 6ynetr chopmuponan, naxe eciau dpiaar SOCB/SOCA (peructp
ETFLG) npensinymero curnana He 6su1 coporieH. Kak Tonpko curHan
PWM_SOCB/PWM_SOCA otmpasineH, cueturik SOCBCNT/SOCACNT
ABTOMATHYECKH COpachIBaeTCs

00 | Bergaua curHamia 1mo KaxjaoMy COOBITHIO

01 | Bergaua curgana Kakable 1Ba COOBITHS

10 | Beimava curnana Kaxaple TP COOBITHS

11 | Beigava curHasna KaKJaple Ye€ThIpe COOBITUS

INTCNT

3-2

3HaueHNe cueTUYrnKa COOBITUH MpEephIBAHUN.
Cuerynk aBTOMATHYECKHW cOpachiBaeTcs, Korga CcGHOPMHUPOBAHO
MPEPBIBAHKUE U NIEPECTAET CUUTATh, KorAa gocturaer 3HadyeHuss INTPRD
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Iome

bute!

Omnucanue

INTPRD

1-0

Ilone 3amanus komuuecTBa CcOOBITHH, BeIOpaHHBIX monem INTSEL
peructpa ETSEL, mo xoropbiMm Oyaer copMUpOBaHO BHEIIHEE
npepsiBanie PWM _INT. g paspemieHuss reHepanuu IIPEpbIBaHUS
Hy)xHo yctaHoBuTh OuT INTEN B perucrpe ETSEL. Ecmu dnar
npepsiBanust INT (peructp ETFLG) ycranoBneH OT mpenblIymiero
MpepbIBaHusl, TO TEKyllee MpephlBaHHE HE OYyIeT aKTUBUPOBAHO [0
copoca 3toro ¢uara (cOpaceiBaercsi 3amuchbio eauHuIbl B OuT INT
peructpa ETCLR). Takoil MexaHuW3M TO3BOJSET 00pabdaThIBaTh OIHO
IIpEphIBaHME, B TO BpeMs KaK JIPyroe *kJIET CBOEH ouepean

00 | IMpepsiBanus mo kakaomy coosituio (INTCNT = 00b)

01 | IIpepoiBanus kaxzapie aBa coobiTus (INTCNT = 01b)

10 | IlpepwiBanus kaxjbie Tpu coObiThst (INTCNT = 10b)

11 | IIpepwiBanust kaxbie yeTbipe coObitust (INTCNT = 11b)

31-24,

3ape3epBUPOBAHO

ETFLG - peructp ¢1aroB Tpurrepa coobITHiA

Cwmewenue: + 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| _ ||\t
B A B A
1 1 1 1 1 1 1 1 1
r Y Y Y Y
ITone | bButblibl Onucanue
DRQB/ | 5/ ®nar 3anpoca DMA _REQB/DMA_REQA
DRQA |4 0 | He ycraHOBJICHO Wi COPOIIICHO
1 | YcranosneHo
SOCB/ | 3/ ®nar Buemnero curaana AIIIT PWM_SOCB/PWM_SOCA/PWM_INT
SOCA/ | 2/ 0 | He ycTaHoBieHO WM cOpOIIEHO
INT 0 1 | YcraHoBneHo
— 31-6, 1 | 3ape3epBUpPOBaHO
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ETCLR — peructp copoca ¢piaroB Tpurrepa coobITHii

CwMerenue:; + 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 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| _ | |\t
B A B A
L L L L L L L L L
3 3 3 3 3
ITone bur Onucanue
DRQB/ | 5/ but copoca paara DRQB/DRQA B peructpe ETFLG
DRQA |4 0 | Her neiictBuii
1 | 3anmch equHUIBI cOpaceiBaeT (iar
SOCB/ | 3/ but copoca daara SOCB/SOCA/INT B peructpe ETFLG
SOCA/ | 2/ 0 | Her nmeiicTBuid
INT 0 1 | 3anuck equHuUILI COpachIBaeT (uiar
— 31-6, 1 | 3apesepBupoBaHO
ETFRC — peructp nporpaMmmHoii 3myasiuuu ¢JiaroB Tpurrepa coobITHii
CwMmemenue: + 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 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
) DRQ|DRQ|SOC|SOC| _ ||\t
B A B A
1 1 1 1 1 1 1 1 1
3 3 3 3 3
ITone butel Onucanue
DRQB/ | 5/ but nporpammuoit ycranoBku ¢iara DRQB/DRQA B peructpe ETFLG
DRQA |4 0 | Her neitctBuii
1 | 3anuch eMHUIIBI yCTAaHABIUBAET (hiar
SOCB/ | 3/ but nporpammuoit ycranoBku ¢uiara SOCB/SOCA/INT B peructpe ETFLG
SOCA/ | 2/ 0 | Her neitcTBuii
INT 0 1 | 3anuchk eqMHUIIBI yCTaHABIMBAET (hiar
— 31-6, 1 | 3ape3epBUpOBaHO
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PCCTL — peructp ynpaBjeHust MOAYJIATOPOM

CwMerenue:; + 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 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
CHP
CHPDUTY CHPFREQ OSTWTH EN
| | | | | | | | | |
3y 3y 3y 3y
I1oxe bute! Onucanue

CHPDUTY | 10-8 | Ilone 3amanust KO3 dHUIMEHTA 3aMOJIHEHUS BTOPOTO U MOCETYIONTIX

HUMITYJIbCOB

000 | 1/8 (12,5 %)

001 | 2/8 (25,0 %)

110 | 7/8 (87,5 %)

111 | 3ape3epBupoBaHO

CHPFREQ 7-5 [Tosie BbIOOpa AemUTENS YACTOTHI CHHXPOHU3ALUU /IS 3aJJaHHsI YaCTOTHI
BTOPOTO U MOCJIEAYIOIIUX UMITYJIbCOB
000 |1
001 |1/2
110 | 1/7
111 | 1/8
OSTWTH 4-1 [losie 3ajaHms IMPUHBI IEPBOTO UMITYJIbCA

Oh | 1 x TpcLkx8

1h | 2 x TpcLkx8

Eh | 15 x TpcLkx8

Fh | 16 x TpcLk*8

CHPEN 0 burt paspeniennst paboTbl MOAYISATOPA

0 3anpenieHo

1 Paspemieno

— 31-11 | 3ape3epBHpOBaHO
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FWDTH — perncTp mmpunbl puiabTpanuu

CwMemenue:; + 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
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

- FWDTH
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
Ilone butsl Onucanue

FWDTH | 7-0 [Nose 3amanms mMpHHBI PUITBTPAIMK KOPOTKUX UMITYJI6COB B TakTax PCLK. Ecim
frck = 100 MI'1y, To GuIbTpyroTCst MMITYITBChI 110 2,55 MKc ¢ marom 0,01 MKc.

Oh OunbTp BHIKIIOYEH

1h 1 taktr PCLK

FFh 255 taktoB PCLK

— 31-8 | 3ape3epBupoBaHO

HDSEL — perucTp uCTOYHHKA CUTHAJIA COOBLITHS yIepPKAHUSA

CwMmemienue: + 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
Onncanue
OST 31 bur paspemenust coOsrtust o ucrounuky ADCDC B onHokpaTHOM

pexume 00pabOTKH aBapuu

0 3anpeiieHo

1 Pazpemeno

CBC 28 bur paspemenust coOsitus mo ucrounuky ADCDC B nukinueckom
pexume 00pabOTKH aBapuu

0 3anpeiieHo

1 Paspemieno
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[Tone butel Onucanue
ADCDC3- | 3-0 bur Be160pa nudposoro kommaparopa (0 — 3) 6moka ALIIL, ¢ Beixoma
ADCDCO KOTOpOro OepeTcst CUrHal Jjisi GOpMHUPOBAHUSI COOBITHSI YICPIKaHUS
0 | He BeiOpano
1 | Beibpano
- 30-29, | 3apesepBHUpOBaHO
27-4

HDCTL — peructp ynpasijieHHsI 1eTEKTOPOM COOBITHIi yiep:KaHUs

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 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
HDB HDA
L L L L L L L L L L L L L
34 34
ITone butel Onucanue
HDB/ 3-2/ ITone 3amanus moBexenus: curaaga PWMx_B/PWMX A B caydae cOost
HDA 1-0 (aBapum).
(McTounuk cbos onpenensiercs peructpom HDSEL)
00 | 3apezepBupoBaHO
01 | Ilepekmnroyaercs B COCTOSIHUE €IMHULIBI
10 | Ilepexioyaercsi B COCTOSTHUE HYJIS
11 | Ocraercs 6e3 u3MeHeHU
— 31-4 3ape3epBUPOBAHO
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HDEINT — perncTp Macku npepbIBaHHs IIOPOr0BOr0 BHIKJIIOYATEJIs

CwMerenue:; + 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 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
34 3y
[Ione | butsl Onucanue
OST |2 but paspenieHus renepaluy npepbiBaHusl B OJHOKPATHOM PEKHUME

0 | 3ampemieHo

1 | Pa3zpemeno

CcBC |1 but paspenienus reHepan NpepbiBaHUs B IUKIMYCCKOM PEXKUME

0 | 3ampenieHo

1 | Pa3zpemeno

— 31-3,0 | 3ape3epBUpoBaHO
HDFLG — peructp ¢JiaroB npepbiBaHHs IOPOroOBOI0 BHIKJIHYATEJIs

CwMmemenue: + 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 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
Ilone | butel Onucanue
OST, 2, @uar npepbIBaHus B OTHOKPATHOM PEKUME,
CBC 1 ¢ar nmpeppIBaHUS B IUKIMYECKOM PEKUME.

[Ipu »TOM pelicTBUE Ha BBIXOAE NPOAOKAETCS BIUIOTH 10 OOHYJIEHUs
CUeTYMKa TaiiMepa, €Clii CHTHaJl aBapuu HE IepecTan ObITh aKTHBHBIM K
sToMy MoMeHTY. Ecnu ¢nar cOpoiiieH, a HICTOYHHMK CUTHAJIa aBapuu OCTaJCs,
¢iar ycTaHOBHUTCSI CHOBA

INT 0 ®unar BHemHero npepsiBanus NVIC.
Ecnu ¢nar 6bu1 copomen, a ogun u3 ¢uaros CBC unn OST ycraHoBieH,
¢mnar INT ycraHoBHUTCSI CHOBa

— 31-3 | 3ape3epBHpPOBAHO

336



HDCLR — peructp copoca (p1aroB noporoBoro BbIKJII0YATEJIsI

CwMerenue:; + 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
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 Onucanue
OST |2 but cOpoca (nara npepeiBaHNs B OJTHOKPATHOM PEXKUME
CBC |1 but cOpoca irara npepbIBaHUs B IIUKINIECKOM PEIKUME
INT |0 buTt cOpoca nara BaentHero npepsiBanust NVIC
— 31-3 | 3ape3epBUpOBaHO

peructpe HDFLG.

HDFRC — perucTp nporpaMMHOi aKTHBAIIHH MOPOTr0OBOI0 BHIKJIIOYATEJIs

CwMmemenue: + 9Ch

[Ipumeuanue — 3anuch eAUHUIIBI B OUT PETUCTpa COPACHIBAET COOTBETCTBYIOIIHM OUT B

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
| | | | | | | | | | | |
- OST|CBC| -
! ! ! ! ! ! ! ! ! ! ! !
3 3
Ilone | bursl Onucanue
OST |2 bur axkTuBanuu MOPOroBOTO BBIKIIOYATENIE B OJHOKPATHOM pEXHME
00paboTKM aBapuu
0 | Her neticTBuii
1 | 3anmuch enWHUIBI AKTUBUPYET BEIKITIOUATENh U ycTaHaBiuBaeT ¢urar OST
B peructpe HDFLG
CBC |1 buT akTHMBanMM TOPOTOBOTO BBIKIIOYATENSI B IUKIHYECKOM PEXHAME
00paboTKM aBapuu
0 | Her nmeticrBuit
1 | 3anmuch equHUIIBI aKTUBUPYET BBIKIIIOYATENb U ycTaHaBiuBaeT ¢uar CBC
B peructpe HDFLG
— 31-3,0 | 3apesepBupoBaHO
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HDINTCLR - peructp copoca npepbiBaHHs NOPOroBOI0 BHIKJIIOYATEsA

Cwmemenue: + AOh

TZINTCLR — peructp copoca npepbIBaHusl 1eTeKTOPa COOLITHIT aBapuu

Cwmewenune: + 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
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
- INT
L L L L L L L L L L L L L L
3
ITone | butel Onucanue
INT |0 bur cOpoca mnpepwmiBanus. COpoc 3ampoca Ha MpepbIBaHUE JODKEH
MIPOM3BOJIUTECS  TpOTpamMMoii  00pabOTKM TpephIBaHMs, BO HM30CKaHUE
MOBTOPHOTO 3aIrycka 00paboTunka
— 31-1 | 3apezepBupoBaHO

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
| | | | | | | | | | | | | |
3

[Ipumeuvanue — Haznauenne n pynknuonupoBanue ananorunano peructpy HDINTCLR.

INTCLR — peructp cOpoca npepsiBanus Taiimepa 6soxa HIMM

CwMerenue: + A8h

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
| | | | | | | | | | | | | |
3

[Ipumeuanue — Haznauenue u pyakunonupoanue ananoruddo peructpy HDINTCLR.
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A.14 Peructpsl kBagpatypHoro aexoaepa QEP

basoselii agpec:  4004_F000h

QPOSCNT - peructp cyera cueTYMKA MO3UIUH

CwMemenue:; + 00h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! !
34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! !
34
ITone ‘ butel ‘ Onwucanue
VAL | 31-0 | 3uaueHue cuera cYETUNKA TIO3HITHH

QPOSINIT — perucTp MHHIHMATH3ANMN CYETYMKA MO3UIIUHT

CwMmemenue: + 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
VAL
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
VAL
I I I I I I I I I I
3y
[Tose ‘ butsl ‘ Onucanne
VAL ‘ 31-0 ‘ 3HaueHne UHUITUAINU3AINN CUSTYNKA ITO3UIIUU
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QPOSMAX — perucTp MakCHMAJIbHOT0 3HAYEHHUS CYETYHUKA MO3HIHHU

CwMerenue:; + 08h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! !
34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! !
34
[Tose ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHNEe MAKCHMATBHOTO 3HAYEHHS CYETUNKA TIO3HIIUH

QPOSCMP — peructp cpaBHeHUsI CYETYHKA MO3HIUHU

Cwmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! !
34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! !
34
[ose ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHNe CPaBHEHHS CYETUMKA TO3UIIHH

QPOSILAT — peructp XxpaHeHHsI MO3UIUHU 10 UHIAEKCAMHU

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
VAL
I I I I I I I I I I I
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
VAL
I I I I I I I I I I I
y
[Tose \ butsl \ Onucanue
VAL ‘ 31-0 ‘ 3HavYeHHE XPaHEHUs MMO3ULIMH 110 UHIEKCALIUU
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QPOSSLAT — peructp XpaHeHHMsl O3MIUH 110 CTPOOY

CwMmewenue: + 14h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
y
[Tose ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHHe XpaHeHHs O3UIUH IO CTPOBY

QPOSLAT — peructp XpaHeHHs MO3HI[UH 110 TaiiMepy BpeMEeHHbIX 0TCYETOB

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
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
[ose ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHMe XpaHEHHs IO3HUIIMH 110 TaiiMepy BPEMEHHBIX OTCUETOB

QUTMR — peructp Taiimepa BpeMeHHBIX 0TCYETOB

Cwmemenue: + 1Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
3y
[Tose \ butsl \ Onucanue
VAL ‘ 31-0 ‘ 3HaueHue TaliMepa BpEMEHHBIX OTCUETOB
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QUPRD — peructp 1JHMTeIbHOCTH cYeTa TaiiMepa BpeMeHHbIX 0TCYeTOB

CwMemenue:; + 20h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
34
[Tose ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHNe AIMTENHHOCTH CYeTa TaliMepa BPEMEHHBIX OTCUETOB

QWDTMR — peructp cuera cTopo:keBOro raiimepa

CwMmemenue: + 24h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
34
[ose ‘ butsl ‘ Onucanue
VAL | 31-0 | 3HaueHue cueTa CTOPOKEBOTO TaiiMepa

QWDPRD — peructp AJuTeJbHOCTH CYETA CTOPOKEBOI0 Talimepa

CwMmemenue: + 28h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
3y
[Tose \ butsl \ Onucanue
VAL ‘ 31-0 ‘ 3HaueHUEe JJIUTEIBHOCTH CYETa CTOPOKEBOTO TaliMepa
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QDECCTL — peructp ynpapJ/jieHHsI BXOAaMH

Cwmermenue: + 2Ch

[Ipumeuanue — g 6uroB ¢ 9 o 5 cipaBeuinBo: 0 — BBIKJIIOUEHO, | — BKIIIOUEHO.

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
QSRC Eﬁ SSEPL XCR SAVI;’ GA'TE QAP|QBP| QIP |QSP -
3Iq 34 34 34 34 34 34 34 34 3y
Ilone | butel Onucanue
QSRC | 15-14 | Pexwum paboOTHI
00 | KBagparypHbiii
01 | Cuera/HanpaBneHus
10 | Cuer BBepx (QCLK = xXCLK, QDIR =1)
11 | Cyer Buu3 (QCLK = XCLK, QDIR =0)
SOEN |13 but paspenienus BblJ1Jauy BHIXOJHOTO CUTHAJIA KOMIIapaTopa
0 | 3ampemieHo
1 | Pa3zpemeno
SPSEL | 12 but BpIOOpa BEIBOJIA JJIS BBIJIAYM BBIXOJHOTO CUTHAJIA KOMITapaTopa
0 | Ctpobupyroniuii BEIBOJ
1 | UHaeKkcHBIN BEIBOJ
XCR 11 bur Bb1OOpa poHTa KBaipaTypHOrO BX0J1a
0 | Ilepennuii ppoHT
1 | Ilepennuii u 3agHui GPOHTHI
SWAP | 10 but o6mena BxonoB QEP_A u QEP_B
0 | Her neiicrBuii
1 | Bxonet QEP_A u QEP_B mensitoTcst Mmectamu
IGATE | 9 but BxitoueHus: cTpoObUpOBaHMS BXOJHOTO CHTHANIA WHICKCAIIUU
QAP 8 but BrIIFOUEHWST MHBEPTUPOBAHUS BXOHOTO curHana ¢ QEP_A
QBP 7 but BKIIOYEHUS MHBEPTUPOBAaHUS BXoaHOro curnana c QEP_B
QIP 6 but BKJIIOYEHUS MHBEPTUPOBAaHUS BXoaHOTro curnana ¢ QEP_|
QSP 5 but BKIIOUEHUS MHBEPTUPOBaHUS BXoHOTro curHana ¢ QEP_S
— 31-16, | 3ape3epBUpOBaHO
4-0
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QEPCTL — peructp ynpapjieHusi KBaIpaTypHOro AeKkoaepa

CwMemenue:; + 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

Swi

SEL

QP
EN

QC
LM

UTE

WDE

34

I1oxe

34

butsl

34

34

34

34

34

34

34

Onucanue

FREESOFT

15-14

[Toste ynpasnenns cueTankamu QPOSCNT, QWDTMR, QUTMR,
QCTMR B pexume oTiaagku

00

[TpunyaurenpHas OJOKUPOBKA CUETA

01

Cuer J10 IICPCITIOJTHCHU

10, 11

Paz6yiokupoBanue cuera

PCRM

13-12

ITone 3amanus COOBITHS JIIA C6pOCEI CUCTYHKA ITO3ULNN

00

CoObITHE HHIEKCAILINU

01

Joctrxenne MaKkCUMaJIbHOM MO3ULINMH

10

[TepBoe coObITHE MHACKCAITUN

11

OKOHYaHHE BPEMEHHOI'0 OTCYETa

SEI

11-10

Ilone 3amanus COOBITHS CTpO6I/IpOBaHI/I$I JJIA HHUWaJIW3allu CHCTUYHUKA

TIO3HI]

un (QPOSCNT = QPOSINIT)

00, 01

Pabora 0e3 nHUIHAIH3aInu

10

ITepennuit ppont curnana QEPS

11

[Tepenuuit ppont QEPS npu BpaiieHuu no 4acoBoil cTpenke
v 3aaauit dppoHt QEPS npu BpameHuu npoTuB yacoBon
CTpPEJIKU

IEI

9-8

[Tone 3amanust COOBITHS UHACKCAIIMH JISI MHUIIMATU3AINH CYETUNKA
nozurn (QPOSCNT = QPOSINIT)

00, 01

Pabora 0e3 nHUIHAIN3aInu

10

ITo nepennemy gponty curnana QEPI

11

ITo 3agnemy ¢ponty curnana QEPI

SWiI

bur HpOFpaMMHOfI HWHHUIIHaJIN3alli CYHETUYHUKA ITO3UIINHN.

He

C6paCBIBaeTCSI arrapaTHoO

0

Hert netictBuii

1

3anucek equHULBI 3arpyxaet cueTyuk nouuu QPOSCNT
3Hauenrem QPOSINIT

SEL

bur 3ananus coObITHS CTPOOUPOBAHUS IJISl COXPAHEHUS 3HAYEHUS

cyc

turka no3urmu (QPOSSLAT = POSCNT)

0

ITo nepennemy dponty QEPS

1

ITo nepenuemy ¢pponty QEPS npu Bparienun 1o yacoBoii cTpenke
niu 1o 3aaHemy ¢ponty QEPS mpu Bpamienun npoTuB 4acoBoit
CTPEJIKU
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Tlone

bute!

Omnucanue

IEL

5-4

[Tone 3amanusi COOBITUS MHACKCAIIMH JUTSI COXPAHCHHSI 3HAUCHUS CUCTUHKA
nosunuu (QPOSILAT = POSCNT)

00

bes coxpanenus

01

ITo nepenHeMy QppoHTY CUTHAJIA HHIEKCALIUU

10

[To 3amHEeMy QpPOHTY CUTHAJIA HH]IEKCAIIUN

11

ITo mapkepy uHIEKCaIIUU

QPEN

but paspemenus paboThl cueTUMKA IO3ULIUN

0

3amnuck HYJIA OCTAaHABJIMBACT CYCTYUK U CGpaCbIBaeT €ro

1

PaboTa pa3pemiena

QCLM

bur 3aJaHusAa COOBITHS COXpPAaHCHUA 3HAYCHUA PETUCTPOB MOAYJIA 3aXBaTa

0

ITo urernnro QPOSCNT peructpet QCTMR u QCPRD coxpansitores
B peructpsl QCTMRLAT nu QCPRDLAT cooTBeTcTBEeHHO.

1

ITo oxonuanun BpemeHHoro orcyeta peructpsl QPOSCNT, QCTMR
u QCPRD coxpanstrores B peructpsl QPOSLAT, QCTMRLAT u
QCPRDLAT cooTBeTCTBEHHO

UTE

bur paspemienus paboTel TaliMepa BpEMEHHBIX OTCYETOB

0

3anpenieHo

1

Pa3pemeno

WDE

bur paspemnienus paboTbl CTOPOKEBOT0O Taiimepa

0

3anpeiieHo

1

Paspemeno

31-16

3ape3epBUPOBAHO
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QCAPCTL - peructp ynpasJjieHHs 3aXBaTOM

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
EP
SLD
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 oEL T T T T T
CEN EVNT CCPS UPPS
1 1 1 1 1 1 1 1 1 1
3y 3y 34 34
[Tone butel Onucanue
EPSLD 16 buT BKIIIOUEHUS YIy4IIeHHOTO pesknMa TeHeBoi 3arpy3ku UPPS/CCPS
0 | 3anpemeno
1 | Paspemieno
CEN 15 bur pazpemienust paboTbl MOYJIs 3aXBaTa BpEMEHU
0 | 3ampemieHo
1 | Paspemieno
SELEVNT |7 but cOpoca taiimepa
0 | Ilo neneHHOMY KBaJIpaTypHOMY COOBITHIO
1 | ITo nonyyenun curnana PCSOUT ot xommnapatopa
CCPS 6-4 ITone 3amanus IeIUTENS CUCTEMHOTO TAKTA
000 Her nenenuns
001 1/2
010 1/4
011 1/8
100 1/16
101 1/32
110 1/64
111 1/128
UPPS 3-0 [lone 3aganus genurens KBaApaTypHOro CUTHaja
Oh Her 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 | 3ape3epBupoBano
— 31-17, | 3ape3epBupoBaHO
14-8

346



QPOSCTL — peructp ynpasJjieHHsI CYeTYMKOM MO3ULMH

CwMerenue:; + 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 T T T T T T T T T T
SH ngD PPOCL PCE PCSPW
DW 1 1 1 1 1 1 1 1 1 1 1
34 34 34 3y 3y
ITone butel Onucanue
PCSHDW | 15 but paspeeHus pexuma 0TI0KEHHON 3arpy3KH
0 3anpenieHo
1 Pazpemeno
PCLOAD | 14 but Bb160pa coOBITHS 3arpy3KH B PEKUME OTIOKEHHOM 3aMncu
0 3arpy3ka OTJI0KEHHOTO 3HAUCHUS B aKTUBHBIN PETHCTP 11O COOBITHIO
QPOSCNT =0
1 3arpy3ka no QPOSCNT = QPOSCMP
PCPOL 13 but BbI0Opa MOJIIPHOCTH BBIX0/1a CHHXPOHU3AINH
0 AKTHBHas €TUHUIIA
1 AXTUBHBIN HOJIb
PCE 12 buT paspemennst paboTbl KoMIapaTopa
0 3anpenieHo
1 Pazpemeno
PCSPW 11-0 [Tone 3aganus MHUPUHBI UMITYJIbCA BBIX0/1a CHHXPOHHM3ALUN
000h | OTcyrcTBHE UMITYIbCA
001lh | 2xT
007h | 8xT
FFFh | 4096 x T
T — nepuop takroBoro curnana PCLK
— 31-16 | 3apezepBupoBaHO
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QEINT — perncTp Macok npepbiBaHui

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
- UTO | IEL | SEL [PCM|PCR|PCO|PCU |WTO|QDC |QPE|PCE| -
1 1 1
34 34 34 34 34 34 34 34 34 34 3y
ITone | butel Onucanue
UuTo |11 buTt paspemenus nmpepsIBaHus 10 cpabaThIBAHUIO TaliMepa BPEMEHHBIX
OTCYETOB
IEL 10 buT paspenienns npepsIBaHus 110 COOBITHIO WHACKCAITIH
SEL |9 but paspenienus npepsrIBaHus 0 COOBITUIO CTPOOMPOBAHMS
PCM |8 but paspeienus npepbiBaHus 1o cpadbaThIBAaHUIO KOMIIapaTropa
PCR |7 but paspemienus npepblBaHMs IO TOTOBHOCTH KOMIIaparopa K 3arpyske
3HAYCHHS CPAaBHEHHSI U3 OTIIOKEHHOTO PETUCTpa
PCO |6 burt paspelenus npepblBaHus M0 MEPENOTHEHUIO CUETYMKOM MTO3ULIUU
QPOSMAX mipu cuere BBepX
PCU |5 but pa3zpemienus npepsIBaHus MO MEPEXOY CUETUYUKOM ITO3ULIUH Yepe3
MHUHHMMaJIbHOE 3HAUEHHE IPU CUETE BHU3
WTO | 4 but paspemienus npepbiBanus pu cpabaTbIBAaHUH CTOPOKEBOIO TaliMepa
QDC |3 but paspemieHus npepblBaHus IPU CMEHE HANPABICHUS BPALCHUS
QPE |2 burt paspemenus npepsiBanus no omuoOke (as3pl Ha KBaPaTypHOM BXOJE
PCE |1 but paspemeHus npepblBaHus CYETYMKA TO3ULUH
— 31-12, | 3ape3epBUpoOBaHO
0

[Ipumeuanue — YcTaHOBIEHHBINH OUT pa3peliaeT reHepUpPOBaHUE COOTBETCTBYIOIIETO
IpepbIBaHMsl, COPOIIEHHBIHN — 3aIperaeT.
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QFLG — peructp ¢aros npepbiBaHmii

CwMemenue:; + 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 Y Y r Y Y Y r Y Y Y Y Y
ITone butel Onucanue
QFLGLAT | 27-16 | 3amenkuBaet 6utsl 11-0 perucrpa QFLG mo coObITHIO YTCHHS perucTpa
QPOSCNT. Ilone 1ocTynHO TONBKO AJI YTEHUS
uTo 11 @yiar npepbiBaHus 10 cpabaThIBAaHUIO TaliMepa BPEMEHHBIX OTCUETOB
IEL 10 ®dar npepbIBaHMS IO COOBITUIO MHICKCAITUN
SEL 9 @yiar npepbIBaHUs 0 COOBITHIO CTPOOUPOBAHNUS
PCM 8 ®dar mpepbIBaHUsI 110 CpabaTHIBAHUIO KOMITapaTopa
PCR 7 @nar npepplBaHUS MO FOTOBHOCTH KOMIIapaTopa K 3arpy3ke 3HadeHus
CpaBHEHMSI U3 OTIIOKEHHOTO PETUCTpa
PCO 6 @nar npepbIBaHUs 10 MEPENOJIHEHHIO cueTyuKoM rno3unun QPOSMAX
MIPH CYETE BBEPX
PCU 5 @y1ar npepeIBaHUs 10 IEPEXOAY CUETYMKOM MTO3ULIUHU Yepe3
MUHHMAaJIbHOE 3HAUCHHE IPU CUETE BHU3
WTO 4 ®nar npepbIBaHUs IPH cpadaThIBAHUM CTOPOXKEBOIO TaliMepa
QDC 3 @iar npepbIBaHUs IPU CMEHE HANpaBJICHUs BpalCHUS
QPE 2 ®gar npepbIBaHMsl 10 OMKOKe (Pa3bl HA KBaIPaTypHOM BXOjI€
PCE 1 @gar npepbIBaHMsI OIIMOKH CYETYHKA MTO3UIHH
INT 0 @dar BEIXOJIHOTO TIPEphIBaHMsI 0JI0KA KBAJAPATYPHOTO JIEKOepa
— 31-28, | 3ape3epBUpOBaHO
15-12

[Ipumeuanue — YCTaHOBIEHHBI OUT SBISETCS WHAMKATOPOM 3alpoca COOTBETCTBYIO-
niero npepsiBanus. COpoc (raros mpepriBanmii ocyiecTiseTcst mocpeactsom peructpa QCLR.
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QCLR — peructp copoca ¢iaros npepsiBanuii

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
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
3 3 3 3 3 3 3 3 3 3 3 3
ITone butsl Onucanue
uTo 11 3anuce enuHAUIBI cOpackiBaeT (uar mpepbIBaHus 110 cpadaTHIBAHUIO
TaiiMepa BpEMEHHBIX OTCUETOB
IEL 10 3anuce enuHUIBI cOpackIBaeT (uiar MpepbIBaHUS 110 COOBITHIO
UHJAEKCALUU
SEL 9 3anuce equHAUIBI cOpackiBaeT (uiar MpepbIBaHUS 110 COOBITHIO
CTPOOHpPOBaHUS
PCM 8 3anuch eqUHUIIBI cOpackIBacT (har npepbiBaHUs 110 CpadaTbIBAHUIO
KoMIapaTopa
PCR 7 3anuce emuHHUIBI  cOpachiBaeT (iar TpepbIBaHUSA MO TOTOBHOCTH
KOMIIapaTopa K 3arpy3Ke 3HaueHUs] CPAaBHEHHUS U3 OTJIO)KEHHOTO PEerucTpa
PCO 6 3anuch eqUHULIBI cOpachiBaeT (ar mpepbIBaHUs 110 NEPETOIHEHHIO
cuerynkoM nozunuu QPOSMAX npu cuere BBepx
PCU 5 3anuch eqUHUILIBI cOpachIBaeT (par mpepbIBaHUs 110 MEPEXOTY
CUETYMKOM IO3UINH Yepe3 MUHUMAIBHOE 3HAYCHHE TIPU CUETE BHU3
WTO 4 3anuck eqMHULIBI cOpachIBaeT (har mpepbIBaHMs IPU cpadaTbIBAHUN
CTOpPOKEBOT'0 Taiimepa
QDC 3 3anuch eqMHULIBI cOpachIBaeT (har mpepbIBaHUs IPU CMEHE
HaTpaBJICHUS BPAIICHUS
QPE 2 3anuch eqUHULIBI cOpachIBaeT (har mpepbIBaHus 1Mo omuoKe (a3bl Ha
KBaJ[paTypHOM BXOJI€
PCE 1 3anuch eqUHUILBI cOpachiBaeT (par npepbIBaHUs OMNOKU CUETUHKA
MTO3UIHN
INT 0 3anuch eIMHULIBI cOpachIBaeT (har BBIXOJHOTO MpepbIBaHUs OJ10Ka
KBaJ[paTypHOTo JIEKoJepa
— 31-12 | 3ape3epBUpPOBAHO
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QFRC — peructp 3myJisiiiu npepbIBaHMii

CwMerenue:; + 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
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
3 3 3 3 3 3 3 3 3 3 3
ITone butsl Onucanue
uTo 11 3anuce enuHAUIBI cOpackiBaeT (uar mpepbIBaHus 110 cpadaTHIBAHUIO
TaiiMepa BpEMEHHBIX OTCUETOB
IEL 10 3anuce enuHUIBI cOpackIBaeT (uiar MpepbIBaHUS 110 COOBITHIO
UHJAEKCALUU
SEL 9 3anuce equHAUIBI cOpackiBaeT (uiar MpepbIBaHUS 110 COOBITHIO
CTPOOHpPOBaHUS
PCM 8 3anuce enquHAUIBI cOpackiBaeT (uiar mpepbIBaHus 10 cpadaTHIBAHUIO
KoMIapaTopa
PCR 7 3anuce emuHHUIBI  cOpachiBaeT (iar TpepbIBaHUSA MO TOTOBHOCTH
KOMIIapaTopa K 3arpy3Ke 3HaueHUs] CPAaBHEHHUS U3 OTJIO)KEHHOTO PEerucTpa
PCO 6 3anuch eqUHULIBI cOpachiBaeT (ar mpepbIBaHUs 110 NEPETOIHEHHIO
cuerynkoM nozunuu QPOSMAX npu cuere BBepx
PCU 5 3anuch eqUHULIBI cOpachIBaeT (har mpepbIBaHUs 110 MEPEXOTY
CUETYMKOM IO3UINH Yepe3 MUHUMAIBHOE 3HAYCHHE TIPU CUETE BHU3
WTO 4 3anuck eqMHULIBI cOpachIBaeT (har mpepbIBaHMs IPU cpadaTbIBAHUN
CTOpPOKEBOT'0 Taiimepa
QDC 3 3anuch eqMHULIBI cOpachIBaeT (har mpepbIBaHUs IPU CMEHE
HaTpaBJICHUS BPAIICHUS
QPE 2 3anuch eqUHULIBI cOpachIBaeT (har mpepbIBaHus 1Mo omuoKe (a3bl Ha
KBaJ[paTypHOM BXOJI€
PCE 1 3anuch eqUHUILBI cOpachiBaeT (par npepbIBaHUs OMNOKU CUETUHKA
MTO3UIHN
— 31-12, | 3ape3epBUPOBaHO
0
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QEPSTS — peructp craryca

CwMemenue: + 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
- pcrk | YP |FipF | oDF |oDLFCOERCDEF|FIMF [PCEF
EVNT
1 1 1 1 1
34 34 0y r 4 34 34 34 Y
Ilone | butel Onucanue
DCF 8 @rar n3MEHEHHS HANPaBJICHHSI BpalieHust Bajia potopa. Copoc 3amuceo 1
0 | HanpaBnenue He U3MEHSIIOCH
1 | [Ipownsonuio n3MeHEHNE HAIPABICHHS BPAILICHHSI
UPEVNT | 7 ®nar copoca QCTMR u obnoBnenuss QCPRD. Copoc 3anucsio 1
0 Hert coObiTnii
1 3adukcupoBaHo coOBITHE cOpOoca U OOHOBIICHUS
FIDF 6 WNuaukaTop HampaBiIeHHs BPAIICHUS 110 COOBITUIO NIEPBOTO UMITYIIbCA
uHaeKcauu. ToJIpKo YTeHne
0 [TpoTHB 4acoBOM CTPENIKH (CUET BHU3)
1 1o yacoBoli cTpenke (cueT BBEpX)
QDF 5 @nar HanpasieHus BpauieHus. OOHOBIAETCS MO KaXI0MY COOBITHIO Ha
BXOJax KBaaparyp. TonbKo ureHune
0 Bpamienue Bana potopa NpoTHUB YaCOBOM CTPENIKHU
1 Bpaienue Bana poTropa 1o 4aCOBOU CTPEJIKE
QDLF 4 ®nar HanpaieHus BpamieHus1. OOHOBIISIETCS IO KAXKIOMY CUTHATY
uHAeKcalu. TOIbKO YTeHHe
0 Bpamenne Baia poTopa NpoTHB YaCOBOM CTPEITIKU
1 Bpaienue Bana poTropa 110 4aCOBOU CTPEJIKE
COEF 3 Omar ommbku nepernonHenns cdetunka QCTMR momyns 3axBata. Copoc
3anuchio 1
0 Ommbka OTCYTCTBYET
1 [Ipounzonuio nepenoaHeHue
CDEF 2 @nar omMOKM M3MEHEHHUs HampaBiIeHUs BpALEHUS Bajla POTOpa MEXAY
aBymst coobitusimu UPEVNT. Copoc 3amuceio 1
0 OmmbKa OTCYTCTBYeET
1 [Tpown3onuio n3MeHeHe HaMIPaBJICHUs BPAIICHUs BO BpeMsl U3MEPEHUS
FIMF 1 ®dnar mpuemMa nepBoro UMIyJibca curHana uaaekcanuu. Copoc 3amuceio 1
0 NMiTyibCcoB HET MO0 TIEPBBIN UMITYJIBC YK€ OBLT IPHHST
1 ITpuHSAT NepBbIi UMITYJILC CUTHATIA HH]IEKCAIIUN
PCEF 0 @Onar ommOku cueTyrka MO3UlMU. OOHOBISETCS MO KaXIOMY CHUTHAITY
uHAeKcaruu. ToJIpKO YTeHne
0 Bo Bpewmst mocnenHero curuaga MHASKCAIlMU OMTHOKN HE BOSHHUKIIO
1 OmmOKa cYeTYMKa II03ULIHNA
— 31-9 | 3apesepBupoBaHO
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QCTMR - peructp Taiimepa 6;10ka 3axBaTa

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
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
ITone ‘ butel ‘ Onucanue
VAL | 31-0 | 3nauenme Taiimepa 6110Ka 3axBata

QCPRD - peructp AJuTeJIbHOCTH U3MepeHHsl 0JI0KA 3aXBaTa

Cwmewenue: + 54h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! !
34
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! !
34
[ose ‘ butsl ‘ Onucanune
VAL | 31-0 | 3HaueHNe AIMTETHHOCTH H3MEPEHHS 6J10Ka 3aXBaTa
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QCTMRLAT — peructp XxpaHeHus Taiimepa 6;i0ka 3axBaTa

CwMerenue:; + 58h

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! !
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! !
y
[Tose ‘ butsl ‘ Onucanue
VAL | 31-0 | 3nauenne xpaHeHus TaiiMepa GII0Ka 3axBaTa

QCPRDLAT — peructp XxpaHeHHs JJINTEIbHOCTH H3MepeHus 0JI0Ka 3axXxBaTa

Cwmewenue: + 5Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! !
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! !
y
[Tose ‘ butsl ‘ Onucanune
VAL | 31-0 | 3HaueHNe XpaHeHNs JUTUTETHOCTH U3MEPEHHUs GI0Ka 3aXBaTa
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DMAREQ — peructp ynpasJjenus 3anpocom DMA

CwMerenue:; + 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 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
) DMA
EN
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
[Tone butel Onucanue
DMAEN |0 Pa3pemenue renepanuu 3anpoca DMA. 3anpoc renepupyercs Kaxablid

pa3, xoraa ¢iar UPEVNT (peructpa EPSTS) nepexoaut u3 0 B 1. Eciiu
UPEVNT 6yner octaBaThCsi HECOPOIIEHHBIM, TO 3aPOCHI
reHepupoBatbcs He OyayT. [Ipu 3TOM, KOrja MPOUCXOIUT YTEHUE
QCPRD npu DMAEN =1, ¢pmar UPEVNT cOpacbiBaercs
ABTOMATHUYECKU

0 | Her 3ampoca

1 | 3anpoc paspenien

— 31-1 3ape3epBUPOBAHO

INTCLR — peructp cOpoca npepbiBaHust

CwMmemenue: + 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
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
- INT
1 1 1 1 1 1 1 1 1 1 1 1 1 1
3y
ITone | butsl Onucanue
INT |0 bur cOpoca npepriBanus. UteHne Bo3BpallaeT TeKyIUH CTaTyC aKTHBHOCTH

IpephIBaHMSL.
3anuch eqUHMIIBI B OUT cOpachIBaeT 3arpoc MpepbiBaHus. AKTUBHBIN 3ampoc
CrocoO€H BhI3bIBATh MOBTOPHBIE 3aITyCKH 00pabOTUYMKa IPEPHIBAHUS

— 31-1 | 3ape3epBUpOBaHO
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A.15 Peructpsl koHTpOsIepa 12C

Bbasoselii agpec:  4005_0000h

SDA — peructp JaHHBIX

CwMemenue:; + 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
Ilone | butsl Omnucanue

DATA | 7-0 [Tosne na"HHBIX
— 31-8 | 3apesepBupoBaHO
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ST — peructp cocrosinus

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

@dunar npepsIBaHUs

VYcranaBnuBaeTcs nocie aeBaroro takra curuana SCL (korma SCL = 0) B
T000€ 3arporpaMMHPOBAaHHOE BpeMsl. Y CIoBUs BhicTaBieHus (iara INT:
- BO BpeMmsl IIpreMa/nepeaun Kak B pexXrMe MacTepa, Tak U B PexXUMe
BEJIOMOT0;

- IPU COBIAJICHUU ajipeca (aapeca BeJOMOTro, apeca OTKJINKA WK ajipeca
00111ero BpI30Ba) cofiepkuMoe peructpa SDA 0KHO KOHTPOIUPOBATHCS
IIPOrPaMMHO JUIS OIIPENEICHMSI TUIIA IIOJyYEHHOTO aapeca;

- TIOCJI€ YCTICITHOTO (POPMHUPOBAHUS CTAPTOBOT'O COCTOSIHUS MITH COCTOSTHHUS
IIOBTOPHOI'O CTapTa;

- B CJIy4ae HEKBUTUPOBaHUS NepeJaHHON MH(pOopMaluu;

- IpU noTepe apOUTpaka BO BpeMs Nepeaayuu MociIeaHero oura;

- IpY OOHAPYKEHUHU BaJIMIHOTO COCTOSIHUSI OCTAHOBA MJIM COCTOSHUS
IIOBTOPHOT'O CTapTa;

- Ip1 OOHApPY’>KEHUHU OLIMOKYU Ha IINHE.

[Toxa ycranosnen ¢aar INT, na muauu SCL ynep>kuBaeTcs HU3KUN ypOBEHb
CUTHAJA.

@nar INT moxer 6b1Th cOporeH yctanoBkoit 6uta CLRST B peructpe CTLO
M BbIKItoueHueMm Moayis 12C (o6nynenune 6uta ENABLE B peructpe
CTL1).

VYcnosus BeicTaBienus ¢aara INT (He Biusromuye Ha ypoBEHb CUTHAJIA Ha
aunun SCL):

- ipocToii Ha muHuK SCL;

- coctosinue octaHoBa B pexume Beromoro (MODE = 1Ch);

- IoTepsl apOuTpaka, BCIECACTBUE YEro BEJJOMBII MEePEKITIOUMIICS B
6e3anpecublii pexum (MODE = 03h unu MODE = 23h);

- HeKBUTHpOBaHHas nepeaaya Oaiita nanubix (MODE = 17h)

MODE

Kog cocrosiaus.
BO3HUKHOBEHHE TOTO WM WHOTO COCTOSHHS B TeUCHHE (DYHKIIMOHUPOBAHUS
Moyt 12C conmpoBokIaeTCst 3aMCchi0 COOTBETCTBYHOMIETO Kozia B osie MODE

3ape3epBUPOBAHO
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CST — perucTtp ynpasijieHMsl M cTaTyca

CwMerenue:; + 08h

Copoc: Oh

31 30

29

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

15 14

13

PEC | PEC | TG T | TO
) FAULT|NEXT | SCL | SDA | ERR TOCDIV | BB

Ilone

butel

34 34 3y y 3y 3y 3y

Omurcanue

PECFAULT

®djar omuoOKH.

YcTaHaBiMBaeTcs B cllydae, €Cl IMOCJIe pacdeTa KOHTPOIBHONW CYMMBI
JUTS TIAKeTa JIaHHBIX U CPABHEHUS €€ C MOJIYYCHHON CyMMOMW 3HaYCHUE BO
BHYTPEHHEM PETHCTPE OMMUOOK HE HYJICBOEC

PECNEXT

but ynpasnenus otnpaBkoii 6aiiTa KOHTPOJIBHOIN CyMMBI.

VYcraHoBKa OuTa yKas3bIBaeT Ha TO, YTO CIEAYIOIIMN MeperaBaeMblil OailT
Oyner Gaiitom CRC (6aiiT koHTposnbHOU cymMmbl). Peakis Ha yCTaHOBKY
6uta PECNEXT 3aBucur ot pexxuma padOTHI.

B pexxume macrepa mepemartumka ycranoBka 6uta PECNEXT Bwi3oBer
3arpy3ky pesynbrata Berancienus CRC B peructp SDA. Tlocne copoca
¢nara INT naunetcs nepenaua Oaiita CRC.

B pexume mpueMHHMKa yCTaHOBKA 3TOro OuTa OyJeT yka3blBaTh JIOTMKE
yIIpaBJIEHUs HA TO, UTO CJeNyIoLuil 0aiiT, KOTOpPbI OyaeT mpuHAT, OyaeT
o6aiitom CRC. B pexume Bemomoro mnpuemHuka wmoayns [2C
aBTOMaTH4YeCKH OyJeT KBUTHUPOBAaTh WJIM HE KBUTHPOBAThH NpHeM OaiiTa
CRC, B 3aBHCHMOCTH OT TOTO, OyAET JIM BBIABIICHA OINMMOKA ITaKeTa
JAHHBIX WIM HET. B pexxuMe mactepa NpueMHMKA IO OKOHYaHUU MTpHeMa
6aiita CRC Oyzer ornpasneno 3nauenne 6ura ACK perucrpa CTLO

TGSCL

but nepexnrouenus SCL.

bur mo3Bomser mepexmrouath  BeiBOA 12C_SCL  Bo  Bpews
BoccTaHOBJIeHUs Tocine omuOku. Korna Ha BeBoge 12C_SDA — Hu3KMi
ypOBeHb CHUTHana, 3amuch «1» B Omr TGSCL mnepexirouuT BBIBOJ
I2C_SCL Ha onuH TaKT.

Korma na BeBosie 12C_SDA BBICOKHI YpOBEHb CHUTHAJIA, 3alKCh «1» B
o6ur TGSCL urnopupyercs.

but ounmaercs anmapaTHO 0 OKOHYAHUH TaKTa

TSDA

bur tectupoBanus SDA.

Copepxut tekymiee 3HaueHne SDA. DTOT OUT MOXHO UCIIONB30BATh IS
OTCJIOKMBAHHUS OKOHYAHHUS TPOIIECcCa BOCCTAHOBIICHUS ITOCIIE OMIMOKH, B
TE€YEHHE KOTOPOTO BEIOMBIN MOCTOSIHHO MOIIEPKUBAET HU3KUI YPOBEHD
curHana Ha BeBoJie 12C_SDA

TOERR

®nar omMOKH MPOCTOS HA IIUHE.

Ecnmu TOERR = 1b, st0 yka3piBaeT Ha TO, uto Ha JuHMH SCL Ob1
obHapyxeH mnpocroil. @mar TOERR BeicTaBnsiercs mo OOHYJIEHUIO
OCHOBHOTO CYETYHKAa BPEMEHH MIPOCTOS M MOXKET OBITh CcOpoIIeH
3anuchio «1» B 6ut CLRST perucrpa CTLO
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[Tone butel Onucanue

TOCDIV 2-1 [Tone ko3 durueHTa nenuTens.
YcranaBiuBaeT K03 (GUIUCHT ACTICHNUS CUCTEMHOT'O TAKTOBOTO CUTHAJA,
10/1aBaeMOT0 Ha MPEAJIEIUTENh BpeMeHu rpoctost nuHun SCL
00 | TakTOBBII CHTHATI OTCYTCTBYET
01 | lenenue Ha 4
10 | lenenue Ha 8
11 | denenuie Ha 16

BB 0 @ar 3aHITOCTU UIUHBI.
Ecnou BB = 1b, 510 ykaspiBaeT Ha TO, YTO IIMHA 3aHATA.
YcraHaBnuBaeTcs, KaKk TOJIBKO IHWHA MEPEXOJUT B AKTUBHOE COCTOSIHHE
(omHOBpEMEHHOE TIOSBJICHWE HHM3KOTO YPOBHS CHTHaJia Ha BBIBOJAX
12C_SDA u 12C_SCL unu x0Tst ObI Ha OJJTHOM W3 HUX) WJIH B CTAPTOBOE
COCTOSIHUE.
COpaceiBaeTcsi mnpu  BeIKIIOUeHHMM wuHTepdeiica [12C  mmbo mpu
00HaApY>KEHUH COCTOSIHHSI OCTAHOBA

— 31-8 | 3apesepBupoBaHO

CTLO — peructp ynpasJjenus 0

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
1 1 1 1 1 1 1 1 1 1 1 1 1 1
15I14 13I12I]_‘I.I10I9I8 7 6 5 4 3 2 1 0
CLR | SMB |GCM INT STA
- sT |ARE| EN |ACK| - [ EN [FTOH RT
1 1 1 1 1 1
3 34 34 3y 34 34 3y
ITone butel Onucanne
CLRST 7 burt cOpoca dnara npepeiBarus INT
UreHune Bo3sBpamaer HOJIb
3anuch HyJIs He Brinonnsiercs
3ammch equaubl | COpaceiBaet dutar INT B peructpe ST
SMBARE | 6 bur ynpasnenus peakuueil Ha MOIy4eHHUE apeca OTKIIMKA
0 | [Tony4yeHHslit anpec HEe TPOBEPSIETCS HA COBMA/ICHUE C aJIpECOM
OTKJIMKA
1 | Anpec, momyueHHBI cpa3y MOCIe CTapTa, MPOBEPSETCS HA COBIAICHUE
¢ agpecom otkimka (0001 100b)
bur ounmiaercs npu BeIxoe Begomoro u3 pexnma IDLE
GCMEN |5 but ynpaenenust peakuuei Ha mosy4eHue ajapeca oOIIero BbI30Ba
0 | [Momy4yeHHBIN aJpec HE MPOBEPSASTCS HA COBIAJACHHE C JIPECOM OOIIETO
BBI30BA
1 | Anpec, moydeHHBIH cpa3y IMOCIe CTapTa, IMPOBEPSIETCS HA COBITAJICHUE
¢ aapecom obrirero Bei3oBa (0000 000b)
but ounmaercs npu Beixoze Benomoro u3 pexuma IDLE
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[Tone butel Onucanue

ACK 4 but xBUTHpPOBaHUS NpUEMa.
B pexxuMe nepenaTunka HE UCIOIB3YeTCs.
B pexxume mpueMHHKa (MacTepa/BeIOMOr0) COACPKHUT 3HAUCHHE, KOTOPOE
nepegaeTcss B TEUEHHME LMKIA OTKIMKAa Ha 3ampoc IepeaaTduka
NOATBepANTh TpueM. llepenada Hyns MO OKOHUAHMM Iepenadd Oaiirta
(KBUTUPOBAaHKE) O3HAYAET, YTO JaHHBIE yCIEHO Noiy4deHsl. I[lepenaua
eIMHUIBl (HEeKBUTHPOBAHUE) O3HAYACT, YTO NPUEMHHK HE MOXKET
IpoJOoDKaTh paboTy mo Kakum-nmubo mnpuynHaMm. but ACK ouumiaercs
anmapaTHoO 110 OKOHYAHHUH ITUKJIA OTKIINKA

INTEN |2 but paspenienus npepbIBaHus
0 | 3ampemieHo
1 | Paspemeno

STOP 1 bur ocranosa.
B pexume wmactepa ycranoBka Outa STOP remepupyer cocrosiHue
0CTaHOBa, KOTOPOE 3aBepIIacT WK MPEpPhIBAET TEKyIIyto nepenaqy. [locme
npekparieHus nepeaadn out STOP ouwmiaercs amnmapaTHo

START |0 bur crapra.
OTOT OUT ycTaHaBIUBaeTcsd, Korjga Tpebyercs chopMHpOBATH CTapTOBOE
cocrossane Ha mmHe. bur START ounmiaercs ammapaTHO MO OKOHYAHHWU
[IUKJIa CTAPTOBOT'O COCTOSIHUS, a TaKXkKe MPH OOHAPYKEHUU OIIMOKHU HA [IIHHE
(coctostaue ¢ koymom 1Fh)

— 31-8, | 3apeszepBupoBaHO

3

ADDR — peructp co6cTBEeHHOI0 ajipeca

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
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
- SAEN ADDR
1 1 1 1 1 1 1 1 1 1 1 1 1
34 34
[Tone | butel Onucanue
SAEN |7 but pa3spemenns pacno3HaBaHus ajapeca
0 | bezangpecHslil pexxum
1 | BrurodeHa (yHKIMS pacrio3HaBaHUs MPUHSITOTO aJipeca
ADDR | 6-0 | [Tome cobcTBeHHOro 7-OmMTHOTO anpeca. Ilpu paboTe B pexuMe BEAOMOTO
nepBbie 7 OUT, MPHUHSATHIE TIOCTE CTAPTOBOTO COCTOSIHHSI, CPABHUBAIOTCS CO
sHaueHueM ADDR. Eciim oOHapyxeHo coBmajieHue U ycraHoBieH out SAEN,
BEJIOMBIH MEePEXOAUT B PEKUM MPUEMHHUKA WU MepeaaTynKka (B 3aBUCUMOCTH
OT COCTOsIHUS OuTa HanpasiaeHus R/\W#)
— 31-8 | 3apesepBupoBaHO
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CTL1 - peructp ynpapiaeHus 1

CwMmelieHue:

Copoc: Oh

31 30

+ 14h

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

EN

- SCLFRQ ABLE

ITone

bute!

34 34

Onucaunue

SCLFRQ

7-1

Muaamme paspsabl mosiss BbiOOopa uacToThl fscL curHama Ha BBIBOJC
I12C_SCL B pexxume macrepa.
JInmuTenpHOCTH BBICOKOTO TscLH M HU3KOTO TscLL ypoBHeW curnama SCL
3aBUCAT OT TaKTOBOW 4acToThl fpck Momynst 12C u paccuuThIBArOTCS 110
dbopmyre:

TscLH = TscLe = 2 x SCLFRQ x (1/fpcLk). (A.15.1)

Takum oOpa3om, yactoTa curaana Ha BeiBoje 12C_SCL paBHa
fscL = 1/(Tscur + TscL). (A.15.2)

B none SCLFRQ mosxHO 3anucath jr000€ 3HaueHue B quana3one ot 4h mo
7FFFh (crapmme paspsiapl Haxomastcs B peructpe CLT3). Ilpu mombitTke
3anucH Jr00ro 3HaueHMs1 MeHblie 4h, OHO Oy/IeT 3amucaHo Co CMELIeHHEM
4h. Hanpumep, nipu 3anucu yucia 2h, Kk Hemy OyJeT anmapatHo 100aBIeHO
cmemienne 4h, u, B urore, B mone SCLFRQ okaxercs 3nauenue 6h

ENABLE

bur Brirouenus moyns 12C

0 | Moxaynb BeIKITFOUeH. TakTHpOBaHUE HE OCYIIECTBIISETCS.
Peructpet CTLO, ST, CST cOpomieHst

1 | Monynp BKIIIOUEH

31-8

3ape3epBUPOBAHO

TOPR - peructp 3arpy3ku npeaeuress

Cwmernienue: + 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
ITone butel Onucanue
SMBTOPR | 7-0 Ilosie 3HaYeHMs epe3arpy3Ku NpeaIeIUTENs]
— 31-8 3ape3epBUPOBAHO
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CTL2 — peructp ynpabjeHus 2

Cwmemenue: + 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

Ilone

butel

34 34

Omurcanue

HSDIV

7-4

Munanime paspsasl ToJis BbIOOpa 4acToThl fscL curHama Ha BBIBOJC
I12C_SCL B pexxume HS mactepa.
JnurenbHocTH BHICOKOTO( THscLH) 1 HU3KOTO( THscLL) YpOBHEH cUrHaia Ha
BeiBozie 12C_SCL 3aBucst ot TakToBO# wactorhl fecik mMoayms 12C u
pacCUYHUTHIBAIOTCS IO hopMysIam

ThscLh = HSDIV x (1/fpcLk), (A.15.3)

ThscLL =2 x HSDIV x (1/fpcLk). (A.15.4)

Taxum oOpa3om, yactoTa curnana Ha BeiBoJie 12C_SCL paBna
fscL = 1/(ThscLr + ThscLL). (A.15.5)

B mosie HSDIV MoxHO 3amucath Ji000e 3HaueHHue B auana3oHe ot 2h 1o
1000h (crapiue paspsabl Haxomstcs B peructpe CTL4). IIpu mombiTke
3anucu moboro 3HaueHus MeHbIe 2 B mosie HSDIV, oHo Oyner 3amucano
co cmemenuem 2. Hampumep, mpu 3amucu umciaa 1 k Hemy Oyzer
anmapartHo 1o0aBieHo cMmereHue 2 u, B utore, B moe HSDIV okaxkercs
3HauYeHue 3

S10EN

bur paspemenus 10-OuTHOI agpecaniuu BEAOMOTO

0 3anpeneHo

1 Paspemeno npu ycrnosun, uro ycranosieH out SAEN B peructpe
ADDR

S10ADR

[Tone crapuux 6utroB 10-0uTHOTO aapeca BeIOMOTO.

[Tone conepkuT cTapuve Tpu paspsaa aapeca BegoMoro mpu 10-6utHon
aZipecany.

[lepBbIit IPUHATHIN OaliT afpeca CpaBHUBAECTCS CO 3HAYCHUEM

[11110b, SI0ADR][2:1]], BTOpOIi OaifT aapeca — cO 3HAYCHUEM
[SI0ADR[0], ADDR]

31-8

3ape3epBUPOBAHO
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CTL3 — peructp ynpabjeHus 3

CwMerenue:; + 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 T T T T T T
- SCLFRQ
L L L L L L L L L L L L L L
3y
ITone butsl Onucanue
SCLFRQ | 7-0 Crapmme pazpsst qemurenst SCLFRQ. CM. ocHOBHOE onucaHUe OIS B
peructpe CTL1
— 31-8 | BapezepBupoBaHO
CTL4 — peructp ynpasJjienus 4
Cwmerrenue: + 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 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
L L L L L L L L L L L L L L
3y
[Tone butel Onucanue
HSDIV 7-0 Crapmme pazpsiast qemmrenst HSDIV. CM. ocHOBHOE onucaHUe OIS B

peructpe CTL2

— 31-8 | BapezepBHupoBaHO
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A.16 Peructpsl 0J10Kka 3axBaTa

Bbasoselii agpec:  4005_1000h Peructpsr 6110ka 3axBara 0
4005_2000h Peructpser 6;10ka 3axBara 1
4005_3000h Peructpsl 6;10ka 3axBara 2

TSCTR — peructp cuerunka 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 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
ITone ‘ butel ‘ Onwucanue

VAL 31-0 3anuck 3a/1aeT HaYaJIbHOE 3HAUYCHHE TaliMepa.
UreHue BO3BpaIllacT TEKyIIee 3HAYCHUE TaliMepa.

CTRPHS — peructp ot./10:keHHOIi 3arpy3Kku TaiiMmepa

Cwmemenue: + 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
[Tose ‘ butsl ‘ Onwucanue

VAL 31-0 | 3mauenue u3 peructpa 3arpyxaercs B Taitmep mo coobITisIM SYNCI wim noz
yIpaBIEHUEM Ipolieccopa. Peructp mcnonp3yeTcs Uisl CUHXPOHM3ALUH C

npyrumu 6nokamu CAP/PWM.
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CAPO — peructp 3axBara 0

CwMerenue:; + 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
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]
ITone ‘ butel ‘ Onwucanune
VAL 31-0 Peructp ucnosb3yercs TONBKO B PEKUME 3aXBaTa U CONEPKUT 3HAYCHUE

TaiiMepa, coxpaHeHHoe 1o coopiThio EVO.

PRD — peructp nepuoaa

Cwmemenue: + 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 ‘ butel ‘ Onwucanne

VAL 31-0 | Peructp ucnone3yercst Tonbko B pexxume APWM u comepxuT 3HaueHue
nepuosia reHepauuu. BenuumHa MoXKeT ObITH OOHOBIIEHA W3 PErucTpa
OTJIOXeHHOM 3arpy3ku PRDSHDW.
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CAP1 — peructp 3axBara 1

Cwmemenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
y
[Tone ‘ butsl ‘ Onucanue

VAL | 31-0 | Peructp ucnonb3yercs TOIBKO B PEXKHUME 3aXBaTa M COJAEPKHUT 3HAYCHHE
TaiiMepa, COXpaHeHHOe 1Mo coobIThio EV1.

CMP — peructp cpaBHeHust

Cwmewenue: + 0Ch

Copoc: Oh
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
3y
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| | | | | | | | | | | | | | |
VAL
! ! ! ! ! ! ! ! ! ! ! ! ! ! !
3y
[Tone ‘ butsl ‘ Onucanue

VAL | 31-0 | Peructp ucnomnb3yercst Tonbko B pexxume APWM u copepxuT 3HaueHue
cpaBHeHMs. BenuunHa Mo)keT ObITh OOHOBJIEHA U3 PETUCTPA OTIIOKEHHOM

3arpy3ku CMPSHDW.
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CAP2 — perucrtp 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
ITone ‘ butel ‘ Onucanue
VAL 31-0 Peructp wucnonb3yercs TOJIBKO B PEXHUME 3axBaTa U COACPKHUT

3HAYCHHE TalilMepa, COXpaHEHHOE 1Mo coObITHIO EV2.

PRDSHDW - peructp 0oT/10:KeHHOIi 3arpy3KH Mepuoaa

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 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
Ioise ‘ butel ‘ Onwucanne
VAL 31-0 Peructp ucnons3yercs tonbko B pexume APWM u coxepxur

3Ha4YeHUE OTIIOKEeHHOM 3arpy3ku nepuoja. ITo coosrtuio CTR = PRD
3HaueHue Oyjnere nepeHeceHo B peructp PRD
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CAP3 — perucrtp 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
ITone ‘ butel ‘ Onucanue
VAL 31-0 Peructp wucnonb3yercss TONBKO B PpEXUME 3axBaTa U COIACPKUT

3HaYCHHE TalilMepa, COXpaHEHHOE 10 coObITHI0 EV3

CMPSHDW — peructp 0TJ/I0:KeHHOIi 3arpy3KH CpaBHeHUsI

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 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 ‘ Onwucanune

VAL | 31-0 | Peructp wucnoms3yercsi Toapko B pexxume APWM u comepxut 3HaueHHe
OTNOXKEeHHOUW 3arpy3ku cpaBHeHHS. [lo cobpitnio CTR = PRD 3Hauenue
Oynere nmepereceHo B peructp CMP.
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ECCTLO — peructp koutpos 0

CwMerenue:; + 28h

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
CAP 1 TR [cAP3| CTR |CAP2| CTR |CAP1| CTR [CAPO
FREEISOFT | PRIESCAILE | Iéﬁ RST3| POL|RST2| POL |RST1| POL [RSTO| POL
3y 3y 34 34 34 34 34 34 34 34 3y
ITone butel Onucanue
FREESOFT | 15-14 | YnpaBieHue OCTaHOBKOM TaiiMepa B peKUME OTIIAIKH
00 MowmeHTanbpHasi OCTaHOBKA TaliMepa
01 OcraHOBKa TaiiMepa 1o NepernoIHeHUI0
10, 11 | TaiimMep HE OCTaHABIMBACTCS
PRESCALE | 13-9 | [IpenBapuTenbHbINA ACTUTENb.
Ecnu 3anmucano 3nadenne 00 — nemuTenb BbIKIIOUCH.
CAPLDEN |8 but paspemenus 3axBata peructpamu CAPO — CAP3
0 | 3ampemieno
1 | Paspemieno
CTRRSTn 7,5, | bur copoca taitmepa mocisie coobrtust N (N ot 0 10 3)
3,1 0 | Her geiictBuii
1 | Copoc Taiimepa mocyie coObITUsI N
CAPNPOL 6,4, | bur BeiOOpa dponTa 3axBata (N ot 0 10 3)
2,0 0 | 3axBar no nepenHemMy GpoHTY
1 | 3axBar 1o 3agHeMy GpOHTY
— 31-16 | 3ape3epBUpOBaHO
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ECCTLL1 — peructp kouTpo.Js 1

Cwmermenue: + 2Ch

Copoc: Oh

31 30

29 28

27 26 25 24 23 22 21 20 19 18 17 16

15 14

13 12

APWM cAP | sw SYNC RE CONT
poL |APwM[sYNC | SYNCOSEL |- ey SCTTgp ARM |STOPWRAP | oot
| | |

Ilone

butel

34 34 34 34 34 34 34 34 34

Onucanue

APWMPOL

10

but 3aganus akTMBHOTO YpoBHS B pexxume APWM

0 | Beicokuii

1 | Huzknit

CAPAPWM

bur BbIO6Opa pexxnma

0 | PaGora B pexxume 3axBara. brokupoBanue copoca TaiimMepa 1o COOBITHIO
CTR=PRD. brokuposanue otinoxenHoi 3arpyzku PRD, CMP.
Paspemenne 3axsara CAPO—CAP3. Bremmuii nopt paboTaer Ha BXOJI.

1 | Pabora B pexxnme APWM. Pa3pemenue copoca taiimepa mo CTR =
PRD. Paspemienue teneoii 3arpy3ku PRD, CMP. brnokupoBanue
3axBara CAPO—CAP3. Baemnuit mopTt paboTaeT Ha BBIXO/I.

SWSYNC

Mesx6104Hasi CHHXPOHHM3ALUs TAKMEPOB

0 | Her meiicTBuit

1 | 3anuch eqUMHUILIBL:

- 3arpy’KaeT 3HaA4YCHUE TaliMepa 13 OTI0KEHHOTO PETUCTPA MTPU
ycnoBuH, uto ycranosjieH Out SYNCIEN,;

- reHepupyeT BbIxoaHOH curHan cuaxporusanuu SYNCO mpu
yciosud, uto B mosie SYNCOSEL 3anucano 00b.

[Ipumeuanue — B pexxume APWM cuHxpoHH3anusi Takxke
npoucxouT aBToMatudecku 1o coosituio CTR = PRD.

SYNCOSEL

7-6

Br160p ncrounuka BeixogHoro cuaxpocuraana SYNCO

00 ITponyck curnana cuaxponuszanuu ¢ SYNCI wim SWSYNC

01 [Tepenaya cobpiTist CTR = PRD B kauecTBe BEIXOJHOTO
CUTHAJIa CHHXPOHU3AIINH

10, 11 3anper BBIXOJIHOT'O CUTHAJIa CHHXPOHHU3AIUU

SYNCIEN

but pa3spemenns cHHXpOHHU3aUN

0 3anpeiieHo

1 Pazpemeno

TSCTRSTOP

but ynpasnenus paboToii Taiimepa

0 OcCTaHOBIEHO

1 3anynieHo

REARM

3anuch eIUHMIIBI 3aITyCKaeT CIEAYIONIYIO MOCIe0BATENbHOCTD
JeWCTBUI: cOPOC YIPABIISIFOIIET0 KOHTPOJUIEpa, pa3penieHne padoThl
YIIPaBJISIONIET0 KOHTPOJUIEpA U 3arpy3Ky PETUCTPOB 3axXBaTa
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ITose butel Onucanue
STOPWRAP | 2-1 3HaueHue KOMIapaTopa OCTAHOBKHU B PEKMMax 3axBara
00 | OcraHoB npu 3HaueHunu cyetanka 00
01 | OcranoB npu 3HaueHnHU cuerdnka 01
10 | OcraHoB npu 3HaYeHUUU cuyeTyrka 10
11 | OcraHoB npu 3Ha4eHUNHU cueTymka 11
[Ipumeuanue — OcTaHOBKa YINPaBISIIOIIETO KOHTPOJUIEpa
MIPUBOAMT TAK)KE K OJIOKMPOBKE 3arpy3KH PETHCTPOB 3aXBaTa.
CONTOST |0 Pexxum paboThI 3axBara
0 Hukanyeckuit
1 OpnHOKpaTHBIN
— 31-11 | 3ape3epBupoBaHO

ECEINT — perucTp Mmacku npepbsiBanuii

CwMmemmenue: + 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
_ CTR|CTR|CTR|CEV|CEV |CEV|CEV| _
CMP|[PRD|OVF| T3 | T2 | T1 | TO
1 1 1 1 1 1
34 34 34 34 34 34 3y
Ilone butsl Onucanue
CTRCMP |7 buTt paspemienus renepanuu npepbiBanus no coosituro CTR = CMP
CTRPRD 6 buT paspemenns renepanuu npepbiBanus no coosituio CTR = PRD
CTROVF S) bur paspemenus renepannu npepoiBanus no coosituio CTROVFE
CEVTn 4-1 buTt paspemenus renepanuuu npepbsiBanus no coosituro CEVTN
(n ot 0 10 3)
— 31-8, 0 | 3apesepBupoBaHo
I[Ipumeuanue — VYCTaHOBIEHHBIH OWUT pa3pellaeT NpepblBaHUE, COPOILICHHBIH —
3ampernaer.
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ECFLG — peructp cratyca npepbiBaHuii

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
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
) CTR|CTR |CTR|CEV |CEV | CEV|CEV INT
| | | | | CMP |PRD|OVF| T3 | T2 | T1 | TO
Y Y r Y Y ¥ Y Y
[Tone butel Onucanue
CTRCMP |7 @mar npepsiBanust o codbrrnio CTR = CMP
0 | CobbITHE HE TPOU30ILIO0
1 | CobGpiTHE TPOU3OILIO
CTRPRD 6 ®mnar npepeiBanus o coosiTiio CTR = PRD
0 | CoObITHE HE IPOHU30ILIO
1 | CobGpiTHE TPOU3OILIO
CTROVF 5 ®mnar npepeiBanus o coosiTiio CTROVF
0 | CoObITHE HE IPOHU30ILIO
1 | CoObiTHE TPOU3ONLIO
CEVTn 4-1 @nar npepsianus 1o codeituio CEVTN (n ot 0 10 3)
0 | CobbITHE HE TPOU30ILIO
1 | CoObITHE TPOU3OINLIO
INT 0 @iar npepbIBaHUs
— 31-8 3ape3epBUPOBAHO

[ITpumeuanue — Bee ¢naru cOpacsiBaroTcs 3anuchio equHull B outsl peructpa ECCLR.
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ECCLR — peructp cOpoca npepbiBaHuii

CwMerenue:; + 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
) CTR|CTR |CTR|CEV |CEV | CEV|CEV INT
CMP |PRD|OVF| T3 | T2 | T1 | TO
1 1 1 1 1 1 1
3 3 3 3 3 3 3 3
[Tone butel Onucanue
CTRCMP | 7 3anuce enuHAUIBI cOpackiBaeT (uar npepsiBanus o coobituio CTR = CMP
CTRPRD |6 3anuck equHUIBI cOpackiBaeT duiar npepsiBanus o coosituio CTR = PRD
CTROVF |5 3anuce enuHAUIBI cOpackiBaeT Quar npepsiBanus no coobrrnio CTROVF
CEVTn 4-1 3anuchk eauHUIIBI cOpachiBaeT duar npepsiBanus o coosituto CEVTN
(n ot 0 10 3)
INT 0 3anuch eAuHUIIBI cOpachiBaeT ¢iar npepbIBaHUs
— 31-8 | BapezepBupoBaHO

ECFRC — peructp nporpaMMHBbIX NpepbIBaHMii

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
_ CTR|CTR|CTR|CEV|CEV |CEV|CEV| _
| | | | | | | CMP|[PRD|OVF| T3 | T2 | T1 | TO
3 3 3 3 3 3 3
Ilone butsl Onncanue
CTRCMP |7 3anuch eIUHMIIBI TeHepupyeT npepbiBanue no coosituio CTR = CMP
CTRPRD 6 3anuch eMUHAIBI TeHepupyeT npepbiBanne 1o coosituio CTR = PRD
CTROVF |5 3anuch eIUHMIIBI TeHepupyeT npepbiBanue no coobituio CTROVF
CEVTn 4-1 3anuchk eMUHAIIBI TeHEPUPYET MpepbiBanue 1o coobiTiio CEVTN
(n ot 0 10 3)
— 31-8,0 | 3ape3epBupoBaHO
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PEINT — perncTp akTHBHOIO IpepbIBAHUA

CwMerenue:; + 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
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
) PE
INT
1 1 1 1 1 1 1 1 1 1 1 1 1 1
34
Ilone | butsl Onucanue
PEINT |0 @dnar akTUBHOT'O IIPEPHIBAHUA.
YcranaBnuBaeTcs Mpy BOSHUKHOBEHUHU ITpephiBaHus O1oka. COpacbiBaeTcs
TOJIbKO MPOTPAMMHO 3alHCHIO0 €TUNHUIIBI
— 31-1 | 3apeszepBupoBaHO
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Ipunoxenune b
(oGs3aTenbHOR)
Konsl cocrosinnii pynknunonuposanus 0oka 12C

B ta6mumnax b.1 — b.11 npeacrasnena uHbopMamus 0 COOTBETCTBUU KOJIOB U OTIEPAIIHA.

YcnoBHBIE 0003HAUCHUS, IPUHSATHIC B JAHHBIX Ta0IHIIAX:

- [ADR, 0], [ADR, 1] — 8-pa3psaHast Benu4nHa, COCTOsAIIas U3 7-paspsanoro agpeca ADR
u Oura HampaieHus nepenaun R/W#, 3nauenume kotoporo «0» mimm «l» ykasbiBaeTcs
HENOCPE/ICTBEHHO;

- DAT — OaliT maHHBIX;

- kog Mactepa — 8-paspsaHoe 3Hauenue 0000 1xxxb, rme «xxx» — yHHKaJIbHBIA KOJ
Ka)KJ0ro MacTepa B CUCTEME HECKOJIbKUX YCTPOICTB;

- «c ACK» — BeIpakeHne, 0003Hauarolee, 4To mocie nepenadu aapeca/oaiiTa B oTBeT Ha
3anpoc noaTrBepkaeHus nepenadun (out ACK) nepenaryuk mosrydaer MoaTBEPKACHUE TIepeaadn
OT BEIOMOI0 (KBUTHPOBAHHUE);

- «¢ NACK)» — BoIpakeHue, 0003Havaromee, 4to Mmocie nepeaadyu ajapeca/0anta B OTBET Ha
3ampoc moaTBepxkaeHus nepenaun (6ut ACK) mepemaryuk Mmoiy4aeT HEMOATBEPXKICHUE
nepesavyu OT BeIoMOro (HEKBUTUPOBAHHUE);

- X — 0uT MOXeT ObITh ycTaHoBIeHHBIM (1D) mimm copomennnim (0b), B 3aBHCHMOCTH OT
pexxkrMa paboThl, COCTOSIHUS U JallbHeHIHX AeiicTBuii moayins 12C.

Taonuna b.1 — HckirouurenpHble COCTOSIHUS

butsl peructpa
CTLO
= Onucanue | Peructp — — Bo3MorkHbIe nanpHenmme 1eHCcTBUS
X~ | cocTOsSHUSA SDA (0,:) 5 ?5 EE: Y KOJIbI PE3YJIbTATOB MX BBITTOJTHEHUS
_ =
o| I ol i
OKHUaTh 3aBEPIIEHUS TEKYIIEH ITepegaun
00h | IDLE - N I I P yHer fiepen
Oaiita
Omnbxka OYHKIIMOHUPOBATh B peXKUME 0€3aJPECHOTO
1Fh - 1 0 0 0
Ha [TUHE Beomoro (00h)

Ta6auma b.2 —Pexxum FS mactepa nepenatarka (JIOMOJMHATENEHO ¢M. Tabauily b.4)

butsl peructpa
CTLO
g Ornucanue Peructp — — Bo3MoHbIE NanbHENUIINE TEMCTBUS
o
X | COCTOSTHHS SDA @ 5 o % Y KOJIbI PE3YJIbTATOB WX BBIMIOJTHEHUS
o| ¥ 2| &
1 2 3 4 15|16 |7 8
01h | Crapr Kon Ilepenats Ko MacTepa U nepeiiTu B
mactepa | 1 | O | O | O | pexum HS (0Ch/21h)
[ADR, 0] Iepenats aapec Begomoro (04h/05h)
02h | TToBTOpPHBIIt [ADR, 0] Iepenats aapec Begomoro (04h/05h)
crapt 1101 o | o |Iepenars anpec Bemomoro, mocie 4€ro
[ADR, 1] NEPEeNTH B PEKUM NPUEMHHUKA
(08h/09N)
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Oxkonuanue mabauywl b.2

1 2 3 4 |'5 (6 |7 8
03h | ITotepst OYHKIIMOHUPOBATH B PEIKUME
apOuTpaxa, 6e3aapecHoro Begomoro (00h)
macrep
neperen — 117000
B PEXKUM
0e3aIpecHoro
BEJIOMOT0
04h | Ornpasnen DAT 1| 0| 0| O |Iepenars 6aiit nanubix (06h/ 07h)
azapec 1 | 0| 0 | 1 |Cnuenars noBropusiii ctapt (02h)
BEZI0MOI0 1] 0| 1 | O |OcranoButs nepenauay (00h)
¢ ACK - 1 | 0 | 1 | 1 |OcraHoBuTh lepesauy, a 3aTeM CIeNaTh
noBTopHbIi crapt (01h)
05h | Otrnpasnen 1 | 0| 0 | 1 |Cpuenars noBropusiii ctapt (02h)
azapec 110 OcranoButs nepenaay (00h)
BEAOMOTO 1 0 1 | OcranoBuTH nepeaayy, a 3aTeM cesaTh
¢ NACK N
noBTopHsIii crapt (01h)
06h | Otnpasnen DAT 1 | 0| 0 | O |Ilepenars Gaitr manubix (06h/ 07h)
OaiT 1| 0| 0| 1 |Cuenars nosropHsiii crapt (02h)
JAHHBIX 1| 0| 1 | 0 |Ocranosurs nepenauy (00h)
c ACK B 1 0 1 1 | OcranoBuTH nepeaayy, a 3aTeM cesaTh
noBTopHslii crapt (01h)
07h | Ornpasnen 1|0 | 0 | 1 |Caenars noBropusiii crapt (02h)
Gaiir 0 OcranoButs nepegayy (00h)
fﬁ{:gi 0 1 OCTaHOBI/I”{L nepeaady, a 3aTeM CJeNaTh
noBTOpHbIii crapt (01h)

Ta6nuna b.3 —Pexxum FS mactepa npuemMHuka

butsl perucrpa

CTLO
= | Omucanne | Peructp — — Bo3MoxHBIE HalIbHENIINE NEHCTBUS
o
™ | COCTOSIHHS SDA & 5 o EE Y KOJIbI pE3yJIbTATOB MX BBIMOJHCHHUS
5| <| @] &
1 2 3 4 |56 |7 8
08h | Ormpasien 1| 0| 0 | O | [Monyunrs GalT TaHHBIX, KBUTUPOBATH
aapec — npuem (0Ah)
BEJIOMOT'0 1 | 1|0 | O | [omyunrp GaliT TaHHBIX, HE KBUTHPOBATH
¢ ACK npuem (0Bh)
09h | Ornpassen 1| 0| 0| 1 |Cpuenars noBropHsIii crapt (02h)
azpec 0 0 | OcranoButs nepenauay (00h)
BCIIOMOTO 0 1 | OcraHOBHTSH Mepesiady, a 3aTeM CeNaTh
¢ NACK noBTopHsIi crapt (01h)
OAh | ITpunsT 1| 0| 0 | O | IMonyuurs 6GalT TaHHBIX, KBUTUPOBATh
OaiT DAT npuem (0Ah)
TaHHBIX U 1 | 1|0 | O |IMonmyunrs 6GaliT aHHBIX, HE KBUTUPOBAThH
KBHTH- mpuem (0Bh)
poOBaH
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Oxkonuanue mabauywvl b.3

1 2 3 4 | 5|16 |7 8
0Bh | ITpunst 1| 0| 0 | 1 |Cnenars moBropHsiii ctapt (02h)
Gaiit 1 | 0| 1 | O |OcranoBurs nepemauy (00h)
AdHHBIX H DAT 1 0 1 1 | OcranoBuUTH Nepeaady, a 3aTeM CCNaTh
HE KBUTH- .
noBTopHslii crapt (01h)
poBaH
Ta6nuna b.4 — Pexxum FS mactepa nepenatanka (IOMOJIHUATEILHO M. Tabmuiy b.2)
butbi peructpa CTLO Bo3MorkHbIe nanpHennme
X Onucanwne Perucrp | 5| | a E JCUCTBHS
=~ COCTOSIHHSI SDA x| O E < Y KOJIbI PE3Y/IHTAaTOB MX
= < »n =
O wn BBITIOJIHCHUS
0Ch | OrnpagieH kox 1100 1 Cnenarp nmoBTopHbIi ctapT (02h)
Mmacrepa, 11011 0 OcranoButs niepeaaqy (00h)
oOHapykeHa -
omm6xa (ACK) 1101 1 OcTaHoBUTH nepezayy, a 3aTeM
caenath noBTopHBIH crapt (01h)

Tabnuna B.5 — Pexum FS BegomMoro npueMHUKa (IOMOTHUTEIBHO cM. Tabsuiy b.7)

butsl perucrpa
CTLO
5 | Onucanne | Perucrp — — Bo3mosxHBIE JabHENIINE 1EHCTBUS
o
™ | COCTOSIHUS SDA & 5 o 2:1 Y KOZIBI PE3YJIbTAaTOB UX BBITOTHEHUS
3| | 5| 5

10h | ITpunst 1|0 | 0 | O |[omyuurp OalT [AaHHBIX, KBUTHPOBAThH
aznpec U - npuem (12h)
KBUTH- 1|1 ] 0 | O |[omyuurs OaliT naHHBIX, HE KBUTUPOBATh
poBaH npuem (13h)

11h | [punst 1|0 | 0 | O |[omyuynrp OalT maHHBIX, KBUTHPOBATH
azpec moc- - npuem (12h)
Jie IOTepH 1|1 | 0 | O |Iomyuurs OaliT naHHBIX, HE KBUTUPOBATh
apouTpaxa npuem (13h)
Y KBUTH-
poBaH

12h | [Ipunst 1|0 | 0 | O |[omyuyurp OalT MAaHHBIX, KBUTHPOBATH
Oaiit npuem (12h)
TaHHBIX U DAT 1|1 | 0 | O |[omyuyurp OaliT HaHHBIX, HE KBUTUPOBATh
KBUTH- npuem (13h)
pOBaH

13h | IpunsT 1 | 0| 0| 0 | ®dyakuuoHHpoOBaTh B peKUME 0€3aPECHOTO
OaiT Benomoro (00h)
TaHHBIX U DAT 1| 0| 0 | 1 | OysxpionnpoBath B peXAME 0€3aIpecHOrO
HE KBHUTH- BEZIOMOI'0, CJIENIaTh CTApT IOCIE OCBOOOK/Ie-
poBaH uus imesl (00h, 01h)
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Ta6nuna b.6 — Pexxum FS Benomoro nepenatunka

buts! perucrpa
CTLO
= Onucanue | Peructp — — Bo3MoxkHbIe nanpHenmue 1eicTBUS
~ | COCTOSIHUS SDA 2 5 % g:i Y KOJIbI PE3YJIbTATOB UX BBITIOJTHEHUS
gl < 5| 5
1 2 3 4 | 5|6 |7 8
14h | ITpunst [TepenaTts 6aiiT TaHHBIX, KBUTHUPOBATH/
aapec u DAT 1|1 x| o | o |MeKBuTHPOBATS (16h/17h)
KBHUTH-
poBaH
15h | IlpunsT [lepenate GalT naHHBIX, KBUTUPOBATH/
azapec He kBuTHpoBath (16h/17h)
nocie
norepu DAT 1| X]0 |0
apoutpaxa
U KBUTH-
poBaH
16h | Ornpasien [lepenates 6aliT JaHHBIX, KBUTHPOBATH/
Oaiit DAT 1 1 x| o | o |MHeKsuTHPOBATH (16h/17h)
JTAHHBIX
c ACK
17h Ormpasres 11 x 1ol o (6DYHKHI/IOHI/IpOBaTB B peXKUME
Saiir e3ajapecHoro Begomoro (00h)
AHHBIX - OYHKIIMOHUPOBATH B PEKUME O€3a/IPeCHOr0
c NACK 1 | X | 0 | 1 |BegoMoro,caenars CTapT OCIe OCBOOOMKIICHHS
mnb! (00h, 01h)
18h | IlpunsT [lepenatpe 6aliT JaHHBIX, KBUTHPOBATH/
azmpec He kButuposathb (1Ah/1Bh)
OTKJIUKA U DAT 1|1 X |00
KBHUTH-
poBaH
19h | IMpussT Ilepenate GalT naHHBIX, KBUTUPOBATH/
azpec He kBuTupoBath (1 Ah/1Bh)
OTKJIKA
Hoere DAT |1 [X |00
norepu
apoutpaxa
U KBUTH-
poBaH
1Ah | OrmipaBnen Ilepenats 6alT naHHBIX, KBUTUPOBATH/
OaiT He kBuTupoBath (1 Ah/1Bh)
JTAHHBIX B
oTBet Ha DAT |1 [X |00
NOJIy4YeHHe
ajpeca
OTKJIUKA
c ACK
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Oxonuanue maobauywvl b.6

1 2 3 4 | 5|6 |7 8

1Bh | Otnpasnen 1 | X | 0 | O | ®yHkumoHupoBaTh B pexuMe 0€3aIpecHOro
OaiiT Bemomoro (00h)
AQHHBIX B 1 | X | 0| 1 |®OyaxkimoHnpoBath B pPeXHME 0O€3aIPECHOIO
OTBET Ha _ BEZIOMOI'0, CIENIarh CTapT MOCIE OCBOOOKIE-
NOJTyqeHHE uus mmast (00h, 01h)
azmpeca
OTKJINKA
¢ NACK

Ta6nauna b.7 — Pexxum FS Bemomoro npuemMHuka

JIONOJIHUTEIBHO cM. Tabnuiy b.5)

buTtel peructpa

CTLO
= Onucanue | Peructp — — Bo3moskHbBIE nanbHENIINE JeUCTBUSI
™ | COCTOSTHUS SDA @ EC) % EE ¥ KOJIbI PE3YJIbTATOB UX BBIITOJIHEHUS
5| <| 9| &
1Ch 1| 0| 0| O | ®yHkunoHHPOBATH B PEKUME
6e3aapecnoro Begomoro (00h)

Cron — 1|0 | 0| 1 | ®ynkunoHHPOBAThH B PEKUME
0e3apecHOro BEIOMOT0, CIIENIaTh CTapT
nociie ocBobokaeHus munbl (00h, 01h)

1Dh | ITpunsr 1 | 0| 0| O |IMonyuyuts 6alT JAHHBIX, KBUTHPOBATh
azpec npuem (12h)

o0riero 1|1 ] 0 | O | [Homyunts 6GaiiT JaHHBIX, HE KBUTHPOBATh

BbI30Ba U B mpuem (13h)

KBUTH-

poBaH

1Eh | ITpunst 1| 0| 0 | O | [Homyunrs 6GaiiT JaHHBIX, KBUTUPOBATh
azapec npuem (12h)

o0riero 1|1 ] 0 | O | [Homyunts 6GaiiT JaHHBIX, HE KBUTHPOBATh

BBI30Ba mpuem (13h)

nocie -

noTepu

apOuTpaxa

Y KBHUTH-

pOBaH
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Ta6nuna b.8 — Pexxum HS mactepa nepenatunka

buts! perucrpa
CTLO
= | Omnucanne Peructp — — Bo3MoHbIE JanbHENIINE 1EWCTBUS
X |  COCTOSTHHUS SDA @ (15 CCL) QE 1 KOJIbl pE3YyJIbTAaTOB X BBIIIOJTHEHUS
ol < 5| 5
21h | Ycnemno Caenatb moBTOpHBIH cTapT (22h)
OTIIpaBIICH
KOJl MacTepa, B 11o0lo0l1
Macrtep
nepenien B
pexum HS
22h | ITosropusiii | [ADR, 0] Iepenats aapec Begomoro (28h/29h)
CTapT [lepenatk agpec BeqOMOTO, OCHE
[ADR,1] | 1 | 0 | 0 | O | kBUTHpOBaHMS/HE KBUTHPOBAHHS
HEPEKITFOYUTRLCS B PEKUM MacTepa
npuemuuka (28h/29h)
23h | Tloteps @OYHKIMOHUPOBAThH B PEKUME
apourpaxa, 6e3ampecuoro Begomoro (00h)
macrep
neperiesn B — 170|070
pexxum HS
0e3aIpecHoro
BEJIOMOTO
24h | Ornpasiex DAT 1 0 0 0 | IMepenats GaiiT nanusix (26h/27h)
azipec 1 | 0| 0 | 1 |Cuenars noBropHsiii ctapt (22h)
BEJIOMOT0 1 | 0| 1| 0 |OcranoButh nepenauy (00h)
¢ ACK a 110 1 1 | OcranoBuTH nepeaady, a 3aTeM CENaTh
noBTOpHbIi ctapt (01h)
25h | Otnpasnen 1| 0| 0 | 1 |Cnenars noBTOpHBIi cTapT (22h)
azapec B 1] 0| 1 | 0 |Ocranosuth nepenauay (00h)
BCIOMOT'O 1 0 1 1 | OcranoBuUTH mepeaayy, a 3aTeM ceaTh
¢ NACK noBTopHsIi crapt (01h)
26h | Otnpasien DAT 1 0 0 0 | IMepenats GaiiT nanusix (26h/27h)
airt 1| 0 | 0 | 1 |Cnenars nosropusii crapt (22h)
JAHHBIX 1 ] 0] 1| 0 |OcranoBurs nepeaaqy (00h)
¢ ACK a 110 1 1 | OcranoBuTH nepeaady, a 3aTeM CIENATh
noBTopHbIi cTapt (01h)
27h | OrnpasieH 1 | 0| 0 | 1 |Cnenars moBropHbIii cTapT (22h)
Oaiit B 1] 0| 1 | 0 |OcranoBurs nepenauy (00h)
JaHHBIX 1 0 1 1 | OcraHoBuUTH mepeaayy, a 3aTeM cemaTh
¢ NACK noBTopHsIii crapt (01h)
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Ta6nuna b.9 — Pexxum HS mactepa npuemHuka

butsl perucrpa

CTLO
= | Onucanue | Perucrp — — Bo3MoxHbIE JanbHENUIINE 1ECTBUS
o
~ | COCTOSIHUS SDA 2 5 o EE Y KOJIbI PE3YJIbTATOB UX BBIIOJHEHUS
1 —
o| <ol h
28h | Ornpasien 1| 0| 0 | O |Iomyunrp GaiiT JAHHBIX, KBUTUPOBATh
azpec - npuem (2Ah)
BEZI0MOTO 1 | 1|0 | O |omyunrs GaiiT JaHHBIX, HE KBUTHPOBATH
¢ ACK npuem (2Bh)
29h | OrnpasieHn 11010 Cnenarp noBTopHbIi ctapT (02h)
azapec 0 Ocranouts nepemauy (00h)
BEJIOMOT'O B
0 1 | OcraHOBHTH Tiepeauy, a 3aTeM ClIeNIaTh
¢ NACK .
noBTopHslii ctapt (01h)
2Ah | TlpunsT 1|10 | 0| O |Ilonyuyuts 6alT JAaHHBIX, KBUTUPOBATh
Oaiit npuem (2Ah)
IAHHBIX U DAT 1 1 0 0 | ITomyuuTh OalT AAHHBIX, HE KBUTUPOBATH
KBHUTH- npuem (2Bh)
poBaH
2Bh | ITpussr 1 10| 0| 1 |Cpnenars noBropusiii crapt (02h)
Gaiit 0|1 OcranoBuTh nepenauy (00h)
JAHHBIX U DAT
0 1 | OcranoBuTh nepeaayy, a 3aTeM CACNIATh
HE KBUTH- .
noBTopHbIii cTapT (01h)
poBaH

Ta6nuna b.10 — Pexxum HS Benomoro npuemnanka

buts! perucrpa

CTLO
= | Onucanne | Peructp — — Bo3mosxHBIE fabHENIINE TEHCTBUS
o
~ | cocrosaust | SDA @ 6 o 3(: Y KOJIbI PE3YJIbTaTOB UX BBIMOJIHEHUS
3| < 5| 5
30h | [punsT 1 | 0| 0| O |[onmyunrp OaiiT HaHHBIX, KBUTHPOBATH
aznpec u - npuem (32h)
KBUTH- 1 1 0 0 | IomyunTe OaliT NaHHBIX, HE KBUTHPOBATH
poBaH npuem (33h)
32h | punst 1 | 0| 0| O |[onyunrp OaiiT HaHHBIX, KBUTHPOBATH
OauT puem (32h)
aHHBIX U DAT 1 1 0 0 | [TosyunTs OGAMT NAHHBIX, HE KBUTHPOBATH
KBHUTHU- npuem (33h)
poBaH
33h | [Tpunsr 1 | 0| 0| O | OyHKUMOHHPOBATH B pPeXUME OE33APECHOTO
OaiT Beomoro (00h)
JaHHBIX U DAT 1100 1 | OyHKuIMOHMPOBATH B peXXuUMe 0€3aaPEeCHOrO
HE KBHUTH- BEJIOMOTO, cliemnaTh cTapT noce
poBaH ocBoOoxenus muHbI (00h, 01h)
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Ta6nuna b.11 — Pexxum HS Betomoro nepenatunka

butsl perucrpa

CTLO
5 | Onucanune | Perucrp — — Bo3MoxHbIE JanbHENUIINE 1ECTBUS
™ | COCTOSIHHS SDA @ (15 % g:i Y KOJIbl PE3YJIbTATOB UX BBIIIOJTHEHUS
| —
o| < vl K
34h | Ipunsr [lepenate OaiiT JaHHBIX, KBUTHPOBATH/
azpec u He kBuTHpOBath (36h/37h)
KBUTHU- DAT L x]0 0
poBaH
36h | Otmpasnen [lepenate OaiT maHHBIX, KBUTHPOBATH/
Oaiit He kBuTHpOBath (36h/37h)
JAHHBIX DAT 1 X 0 0
¢ ACK
37h | Ormpasnen OYHKIMOHUPOBATh B PSKUME 0e3a/IPeCHOTO
Oaiit 1 x]0,0 Begomoro (00h)
JaHHBIX OYHKIMOHUPOBATH B PSKUME 0€3a/IPEeCHOTO
_ p P
¢ NACK 1 X 0 1 | Bemomoro, caenarh CTapT IMOCiIe OCBOOOXKIC-
Hus bl (00h, 01h)
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Ipunoxenune B
(oGs3aTenbHOR)
Perucrps! npepbiBaHui

Jnst ynpasieHus PEephIBAaHUAMHE HCHOJIB3YIOTCs IsaTh rpymn peructpoB ISERI, ICERI,
ISPRIi, ICPRi u IABRI, tne i = 0, 1, 2, cm. tabaumy B.1. I'pymmsl ©MEIOT HACHTHYHYIO
cTpykTypy. Habop npeppiBaHHii, KOTOPBIMU YIPABJISET PETUCTP TPYIIIBI, 3aBUCHT OT MHACKCA .
Ha pucynke B.1 noka3ana ojHa rpynmna perucTpoB U yKa3aHO COOTBETCTBHE HOMEPOB BEKTOPOB
NpepbIBaHUM M OUT PETUCTPOB. YTIPABICHHUE MPEPHIBAHUEM OCYILECTBIISICTCS 3aMUCHIO €AMHUIIBI
WINA HYJS B COOTBETCTBYIOLIMM OUT. JlomycKkaeTcss OJHOBPEMEHHOE YIPABJICHHUE HECKOJIbKUMU
IPEPHIBAHHUSIMU.

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
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Pucynok B.1 — CooTBeTCTBHE BEKTOPOB MPEPHIBAHUIN U OUT YIPABIAIOIIUX PETUCTPOB

Tabnuna B.1 — 32-pa3psaHble perucTphl ypapieHUs] IpepbIBAHUSIMHU

Omnepanus Haj
MHeMOHHKa 1 Ha3HAYEHHE SuToM BrnusiHre Ha COOTBETCTBYIOIIEE TPEPHIBAHNE
ISERI Yrenne 0 | IIpepriBaHue 3anpenieHo
Peructp paspemenus 1 | IlpepbiBanue paspenieHo
IpepbIBaHUM OT HCTOYHUKOB 3anuch 0 | Her BiusiHus
1 | Paspemenue npepbiBaHus
ICERI Yrenne 0 | IIpepriBaHue 3anpenieHo
Peructp cbpoca pazpemienus 1 | IlpepbiBanue paspenieHo
HpepBIBaHI/II}'I OT UICTOYHHKOB 3amnuch 0 Hert Biausaus
1 | 3amper npepbiBaHus
ISPRI Urenue 0 | XKnoymiero npepeIBaHHs HET
Peructp *xymmx npepbiBaHUN 1 | Ectb xay1iee npepbiBaHue
3anuch 0 | Her BimmsiHus
1 | YcranoBka KAyIIero npepbiBaHus
(mporpamMMHOE IpepbIBAHNE)
ICPRI Urenue 0 | X)Koymiero npepeIBaHMs HET
Peructp cOpoca sk ynmx 1 | Ectb xaymiee npepbiBaHue
IPEPBIBAHUM 3anuce 0 | Her Biusiaus
1 | COpoc xaymiero npepbBaHus
IABRI Yrenue 0 | ®nara npepsIBaHUS HET
Peructp ¢naros npepriBanuit 1 | ®nar npepbIBaHUS YCTaHOBIIEH.
COpacbIBaeTcs anmnapaTHO 0 OKOHYaHUU
00CITy’)KWBaHUs! IPEPHIBAHUS

Jlnist 3a1aHUs] IPHOPUTETOB MPEPBIBAHUE HCIOB3YyIoTCs peructpsl IPRI, rae i ot 0 mo 33.
B Tabmune B.2 npexncraBnen ¢popmar peructpa IPRI.
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Ta6nuna B.2 — Peructp npuoputeToB

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
PRIn+3 PRINn+2
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 T
PRIn+1 PRIn+0
1 1 1 1 1 1 1 1 1 1 1 1
3y 34
ITone butel Onucanue
PRINn+3 31-24 [Tone 3aganus npuopurera (N+3) BeKTOpa MPEPHIBAHMS
PRIn+2 23-16 [losie 3aganus npuopureta (N+2) BEKTOpa NpepbIBaHUS
PRIn+1 15-8 [Tosie 3aganus npuopureta (N+1) BeKTOpa npepbIBaHUs
PRIn+0 7-0 [Tone 3aganus mpuopuTeTa N-0ro BEKTOpa MpephIBaHMS
n=4xi

[Ipumevanue —3anuck B PRIN[4:0] urnopupyertcs, ynrarorcs - Hyad. Jnamna3on
JONMYCTUMBIX 3Ha4eHuit st outoB PRIN[7:5] - 0-7. [logpoGHee 0 TOM, Kak MPHOPUTETHI
pa3enioTCs Ha TPYIIbBI ¥ MOATPYIIkI B Tabnuie B.3.

Ta6nuna B.3 — Pacnpexnenenne npuopuTeToB Ha TPYNIIBI M TIOATPYIIITHI

[Tone PRINn[7:5] KonnyectBo
PRIGROUP
Pacnpenenenue
perucrpa butsr butel oVIIEL oArDVIIbL
AIRCR Ha rPYHTIB 1 TPYIIIBI MOATPYIIIBI pyn a2
TTOATPYTIIIBI
sapa
0-4 Obxxx [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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Ipunoxenne I'
(oGs3aTenbHOR)
CnpaBo4Hble JaHHbIE
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PI/ICYHOK I'.1 — 3aBHCUMOCTH BBIXOIHOI'O HAIIPAXKCHUA HU3KOI'O YPOBHA

OT HampsHKEHUs MuTaHus udpopoit yactu npu lo. = 6,0 MA, Ucc, = 3,0 B
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Pucynok I'.2 — 3aBUCHMOCTD BBIXOJHOTO HAMPSKEHUSI HU3KOTO YPOBHS

OT BBIXOJTHOTO ToKa HU3Koro ypoBHs nipu Ucctr = Uccr = 3,0 B
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PI/ICYHOK I'.3 — 3aBucumMoOCTH BBIXOIHOI'O HAIIPAKCHUA BBICOKOI'O YPOBH:A

OT HaIpsHKEHUS TUTaHus 1udpoBoit yactu mipu lon = —6,0 MA, Ucc2 = 3,0 B
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Pucynok I'.4 — 3aBUCUMOCTb BBIXOJAHOTO HAIPSKEHHS BICOKOTO YPOBHS

OT BBIXOJIHOTO TOKa BbICOKOTO YpoBHS TipH Ucct = Ucco = 3,0 B
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PI/ICYHOK I'.5 — 3aBucuMoOCTh BXOJHOI'O TOKAa OT BXOJAHOI'O HAIIPAKCHUA

o BeiBojiaM «Pull-up» ipu Uccr = Uccz=3,6 B
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Pucynok I'.6 — 3aBuCMMOCTb BXOJIHOTO TOKA OT BXOJIHOTO HAIPSIKEHUS

o BeiBojiaM «pull-downy mipu Uces = Uccz= 3,6 B
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PI/ICYHOK I".7 — 3aBucuMOCTh BXOJHOI'O TOKAa OT BXOJHOI'O HAIIPAKCHUA

o BeiBory X|_OSC mput Uccr = Uecz=3,6 B
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Pucynox I'.8 — 3aBucHUMOCTh TUHAMUYECKOTO TOKA MOTPEOICHHMS IO BHIBOIAM

#VCC1 B aKTUBHOM pEKUME OT HAIPSKCHUS MTUTaHUS ITU(POBOI YaCTH

Ipu Ucc1 = Uccz = 3,6 B, fc| =100 MFII
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Pucynok I'.9 — 3aBucumocTs AMHAMUYECKOTO TOKA MOTPEOIEHUS TI0 BEIBOJAM
#VCC] B aKTUBHOM PEXUME OT YACTOTHI CIECTOBAHNS UMITYJIbCOB TAKTOBOTO CUTHAJA

npu Ucc1 = Ucc2=3,6 B
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