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MpoueccopHoe agpo

B mukpocxeme yctaHoBneHo 32-6utHoe npoueccopHoe sapo (CPU) ¢ oTkpbITeiM kogom RISC-V RV32IMC
Ibex. MapaHTUpoBaHHasA MakcmarnbHas Yactota paboTbl BbluMcnntTensHoro sapa — 30 MIu.

PucyHok 8. CTpykTypa LmdpoBoro sgpa
BeluncnuteneHoe 94po nogaepxmeaeT psag nHtepdencos: SPI (pasmep cnos 8, 16); UART, 12C, GPIO,
1-Wire, MILSTD1553B, SpaceWire, CAN. Kaxxabin uHTepdenc nmeeT no 2 He3aBUCMMbIX KOHTponnepa.

Pasmvep O3Y Bapbupyetcs ot 32kbant go 64kbanT B 3aBUCMMOCTU OT KOHdpurypaumm. 64kbant O3Y
OOCTYNHO B KOH(pUrypaumm, korga B kKa4ecTBe namaTn kKoMaHz Lenvkom mcnonsadyetca ONMM3Y.

Pasmep OIMMN3Y Bapbupyetcsa ot 32kbant go 128kbant B 3aBMCMMOCTM OT KoHGwurypauuu. 128kbant
OrMN3Y pocTynHO B cny4vae, ecnv He UCMNOoMb3yeTcst NporpamMmmupyemblin norndeckmin 6nok (FPGA).

[ocTynHa 3arpy3ka nporpaMmm 13 BHELLUHEN NaMATH.
Memory Scrubber

Memory Scrubber npegHasHayveH ansg paboTbl ¢ MOAYNAMU NaMATU, CHAGXKEHHBIX MEXaHU3MOM NPOBEPKU
uenoctHocTn 6uT. Memory Scrubber BeINONHAET NEpUOAMYECKOE YTEHNE U3 3aaHHbIX AManNa3oHOB aapecoB.
B cnyyae obHapy>xeHUsa KoppeKTMpyemMomn onbKn Mogynm naMmaTn CNpaBnsatoT ee 6e3 curHanuaauum.

B cnyyae obHapy>xeHUs HEKOPPEKTMPYEMOW OLLMOBKM MPONCXOANUT CUrHanusaumsi Yepes wnHy AHB.

Memory Scrubber, B cBoOl oyepeab, CUrHanM3upyeT HEKOPPEKTUPYEMYIKO OLIMGKY npepbiBaHUEM WUNn
cbpocom.

OCHOBHbI€ XapaKTepUCTUKMN

e Master Ha wuHe AHB (32 ©uT agpec n gaHHble) Ana JocTyna K namsAti. TOMnbKo YTeHue u Tonbko 32-
OuTHoe.

¢ Slave Ha wnHe APB ans koHdurypmupoBaHusa. O6wuin cuHxpocurHan mn copoc ¢ AHB.

¢ 8 nporpaMmMupyeMbIX O1ana3oHOB - HaYanbHbIA agpec, KOHeYHbIN agpec, paspeLleHne ckpabuposaHus.
¢ [IporpammHO 3agaBaemoe BKIOYEHWe / BbIKIoYeHue 6oka, pexxum paboTbl: LMKNNYECKUA / OQHOKPaTHBbIN.
¢ Mackupyemoe npepbiBaHune / cOpoc npu 06HapyXeHUN HEKOPPEKTUPYEMON OLLIMBKN.

¢ CoxpaHeHune B NporpammMHO AOCTYMHbIVA PErucTp agpeca nocnegHemn owmnobku.

e TeKkywmn TecTupyeMbln agpec AOCTYMNEH Mo YTEHMIO.

. I'IporpaMMMpOBaHme MHTepBalna 3anycka 3adaHun un MHTEepBana Mexay KomaHaamun 4TeHus.

KapTa peructpoB

3ameuaHune. He ponyckaetca moguduumpoBatb pernctpbl npu yctaHoneHHom CTRL.ACT (3a
ncknodeHmem CTRL.CE, CTRL.STOP, CTRL.RUN).

Peructp Appec OnucaHue
CTRL 0x00 Peructp ynpaeneHus
BAD_ADDR 0x04 Peructp agpeca nocnegHen obHapy>KeHHOW oLLnBKn
CUR_ADDR 0x08 PerucTp TekyLlero Tectupyemoro agpeca
TIMER 0x0C PerucTtp ynpaBneHus uHTepsanamm
AO_INIT 0x10 HauvanbHbin agpec gnanasoHa 0
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Peructp Apnpec OnucaHue
AO_FIN 0x14 KoHeuHbI agpec ananasoHa 0
A1_INIT 0x18 HavyanbHbIn agpec gmManasoHa 1
A1_FIN 0x1C KoHe4HbI agpec ananasoHa 1
A2_INIT 0x20 HavyanbHbIn agpec gManasoHa 2
A2_FIN 0x24 KoHeuHbI agpec ananasoHa 2
A3_INIT 0x28 HavyanbHbIn agpec gManasoHa 3
A3_FIN 0x2C KoHeuHbI agpec ananasoHa 3
A4 _INIT 0x30 HavyanbHbIn agpec guanasoHa 4
A4 _FIN 0x34 KoHeuHbIl agpec ananasoHa 4
A5 _INIT 0x38 HavyanbHbIn agpec gManasoHa 5
A5 FIN 0x3C KoHeuHbI agpec ananasoHa 5
AG_INIT 0x40 HavanbHbI agpec gnanasoHa 6
A6_FIN 0x44 KoHeuHbIi agpec agnanasoHa 6
A7_INIT 0x48 HavanbHbi agpec gnanasoHa 7
A7_FIN 0x4C KoHeuHbIi agpec agnanasoHa 7
SCTRL 0x50 YnpaBneHune curHanusauuen owmbok
ECNTO 0x54 Cyetymkn owmnbok 0-3
ECNT1 0x58 Cyetumkn owmnbok 4-7

Pernctpbl

CTRL [0x0]: Pernctp ynpaBneHus

Butbl  HazBaHue OnucaHue HocTtyn @ C6poc
31:18 - PesepB R 0
ECC Enable
YnpaenseT oTKMoYeHNEM NPOBEPKM 1 reHepaLMm NPOBEPOYHOIO
Koda Ans oCHOBHOro 1 otnagoyHoro O3Y.
0 — annapaTHas reHepaunsi NPOBEPOYHOIO KOAa OTKIOYEHa;
1 — annapaTtHas reHepaLmsi NPOBEPOYHOro Kofa BKITOYEHA;
17116 | EE P pauis Nposep A ’ RIW 0
leHepauma ECC moxeT 6biTb BbIKIHOYEHA, ecrin He TpebyeTtcs B
BbIOpaHHOM NPUMEHEHNN MUKPOCXEMBbI C LIENBIO CHMKEHUS
BPEMeEHN JocTyna K namsaTtu. bantoBas 3anvck B NaMsATb B TaKOM
cny4dae He TpebyeT nocneposartensHocTM Read-Modify-Write n
BbIMOMNHSAETCS 3a 1 TakT.
15 - PesepB R 0
Active
Mpu3Hak akTMBHOCTM Brnoka:
0 - BbIKITIOYEH;
14 ACT R 0
1 - aKTUBEH.
Mpun 3anncu 1 B STOP 6uT cOpackiBaeTcsa nocne npoBepKu
ovepenHoro ananasoHa.
Clear Error
OuncTka chnaroB npepbiBaHUM 1 CHETYNKOB OLLMOOK.
13 CE ® pep RW/SC| 0
C6pacbiBaetcsa annapatHo. but cbpackiBaeTca aBToMaTu4eckm
nocne 3anucu. lNo yteHuto Bcerga paseH 0.
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Butbl | HazBaHue OnucaHue HdocTtyn @ C6poc
Error Valid
12 EV Mpu3Hak BanngHocTh AaHHbIX B pernctpe BAD_ADDR. Mpwn R 0
OOHOBPEMEHHOM cOpoce 1 0BHapYXeHUN OLLMOKN yCTaHaBMBAETCS
B 1.
11 - Peseps R 0
Pexxum paboTbi:
0 - ogHOKpaTHBbIN;
1 - ynknNuyeckun.
10 MODE |B ogHOKpaTHOM pexxumMe KOHTponnep NpoBeaeT ckpabupoBaHue R/W 0
pa3spelleHHbix pernoHoB (CTRL.RE) u octaHoBMTCS.
B umknuyeckom pexmmMe nocrne NpoBepKM BCEX pa3peLLEeHHbIX
pernoHoOB, NpoBepKa NOBTOPUTCA Mo ncredeHumn nayssl TIMER.TI.
3anuck 1 ocTaHaBMMBaET KOHTPOMEp Nocne NpoBepku o4epeaHoro
9 STOP |gnanasoHa. but cbpacbiBaeTcss aBTOMaTMYECKN NOCIE 3anucu. R/W/SC 0
Mo uteHuto Bcerga paseH 0.
3anuce 1 3anyckaeT KoHTponnep. 3annce 1 He UMEeT OeNCTBUS,
ecnu koHTponnep yxe aktueeH (CTRL.ACT) nnn ogHoBpeMeHHO
8 RUN npoucxogut 3anuncek 1 8 CTRL.STOP. but cbpackiBaetcs RIWISC 0
aBTOMaTtu4ecku nocne 3anucu. Mo yteHnto Bcerga paseH 0.
7:0 RE Range Enable. Pa3pelueHne npoBepkn COOTBETCTBYHOLLENO RIW 0
AvanasoHa afpecos.
BAD_ADDR [0x4]: Pernctp agpeca o6Hapy>XeHHOMN OLUNGKN
Butbl | HasBaHue OnucaHue Hoctyn | C6poc
31:0 - Appec, no koTopomy Obinia 0bHapyxeHa oLmnobka. R X
CUR_ADDR [0x8]: Pernctp TekyLiero TectTupyemMoro agpeca
BuTbl | HazBaHue OnucaHue HDoctyn | Copoc
310 _ Tekywmn Tectupyembini agpec (npy CTRL.ACT = 1), unu R .
' nocregHun npotectupoBaHHbI agpec (npu CTRL.ACT = 0).
TIMER [0XC]: PerucTtp ynpaBneHusi UHTepBanamm
BuTbl | HazBaHue OnucaHue HDoctyn | Copoc
Read Interval
31:24 RI WHTepBan oxuaaHusa Mexay nocnefosaTternbHbIMU KOMaHaaMum R/W 0
yTeHus. CnyxuT gnst 6anaHcMpoBaHWS Harpy3kyM Ha CUCTEMY.
Task Interval
. WHTepBan mexay nocrnegoBaTtenbHbIMK 3anyckaMmu
23:0 TI ~ _ R/W 0
ckpabupoBaHus. Kaxaplii 3anyck coCToUT M3 nocrnenoBaTernbHON
NPOBEPKN BCEX UHTEPBAIIOB.
Ax_INIT [0x10...]: HauanbHbIN agpec aMana3oHa X
Butbl | HazBaHue OnucaHue HdocTtyn @ C6poc
31:2 - HavanbHbIN agpec gManasoHa TecTupyemMon namsaTu. R/W X
1:0 - Peseps R X
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Ax_FIN [0x14...]: KoHeuHbIN agpec aunana3oHa x
Butbl | HazBaHue OnucaHue HDocTtyn | C6poc
Cnepyowmii 3a TecTupyembiM Anana3oHoM agpec. [ing avanasoHa,
. 3aBepuiatowlerocsa agpecom OxXFFFFFFFF cnegyet 3agatb paBHbIM
31:2 - _ R/W X
0x0. [JomxeH ObITb O0MblUEe, YEM COOTBETCTBYIOLLMIA EMY
HayanbHbIA agpec, ecnv AMana3oH paspeLUeH A8 MPOBEPKM.
1:0 - Peseps. R X
SCTRL [0x50]: YnpaBneHue curHanusauymen ownmbok
Butbl | HazBaHue OnucaHue HocTtyn | Cbpoc
318 - Peseps. R 0
Signal Mode. Bbibop pexuma curHanusauum owmnobkn ans Kaxagoro
AvanasoHa.
0 - npepbiBaHue;
70 | sm |1-cbpoc. RIW 0
[na ananasoHoB, cogepXallmx kog NnporpaMmm, MoOXeT ObiTb
npasunbHee NPoBoAUTL COPOC CUCTEMBI NPKN OBHapPYXeHWUK
HeKkoppeKkTupyemomn owmbku. [1na gnanasoHoB AaHHbIX MOXET ObITb
AOCTaTOYHO NpepbiBaHUS.
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ECNTO [0x54]: Peructpbl cyeT4mkoB ownb0kK 0-3.

Pernctp ECNT1 aHanormyeH ans owmbok ananasoHoB 4-7.

BuTbl | HasBaHue OnucaHue HOoctyn | C6poc
31:24 | ECNT3 |AHanornyHo ECNTO R 0
23:16 | ECNT2 |AnanormyHo ECNTO R 0
15:8 ECNT1 |AHanormyHo ECNTO R 0

Error Counter
CueTumk KonmyecTBa OOHapPYXEHHbIX OLWMOOK. MIHKpeMeHTupyeTcs
npy oOHapyXeHUn oLWNBKM 40 AOCTUXKEHUS MaKCUMarbHOMO

70 ECNTO 3Ha4veHus 255. CopacbiBaeTcs yctaHoBkon CTRL.CE. Mpu R 0
OoOHOBpeMeHHOM cbpoce 1 06HapyXeHun ownbkn 3anmcbiBaeTcs
3Ha4veHuem 1.
MpumeHeHune

Mpu ncnonb3oeaHum O3Y ¢ NPOBEPOYHBLIM KOAOM credyeT y6eauTbes, YTO BCE AaHHble, 3anncaHHbIe B
O3Y 3anucaHbl nocne aktvBaumm pexmma (CTRL.EE=1). 3T1o MoxeT ObiTb caenaHo HECKONbKUMM
cnocobamu:

AktneupoBaTtb CTRL.EE nepepf 3anyckom OCHOBHOM nporpammbl (CM. npumep B src/cpp/crt0.S).

MepesanucaTb BCe UCNoONb3yeMble NporpaMmmMont a4enkn namaty nocne aktmeauun CTRL.EE ¢ nomowbto
DWORD/int obpaiyeHuii. ObpalueHuns no 3anucu char/short MoryT npmeectu K owmnbkam koga XammuHra. He
crnegyeT YMTaTb HEVHULMANMMPOBAHHbIE SSYENKM NaMATM 40 UX MHMLManu3aumm KOgom XaMMuHra.
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Memory Controller (MEMC)

KoHTponnep namsaTy No3BOSSIET HacTpanBaTtb paboTty 6rokoB namaTtn B cucteme. ROM (OINMMN3Y) namatb
B CUCTEME SIBMSIETCSI OQHOKPATHO MporpamMmupyemoii. Mo ymonyaHuio (nocre cbpoca CUCTEMBI) 3anvchb B
namsaTb 3abnokupoBaHa. Yepes 6nok Memory Controller DM unun SPW RMAP MoXxHO pa3brokupoBaTh 3anmch
B ROM namsiTb 1 3arpy3uTb nporpammy.

MakcumanbHasa yactoTa, Ha kKoTopon MoxeT paboTtatb namate ROM — 12,5 MIu. Ecnun 4yactota AHB
npeBbILaeT 3TO 3HadeHue, TO HeobxoauMmo 3abnaroBpeMeHHO noaenutb vactoty pabotel ROM, 3apaB
KoadppuumeHT genexms B 6noke MEMC.

B Memory Controller 3agatotcs napameTpbl AvarpamMmmMbl YTeHUS BHeLWHen namsatn EXTMEM.

BHumaHue: Memory Controller npegHasHayeH ans toro, 4tobbl nos3gonute DM unm SPW RMAP
npowwmeatb namaTb. [py nonbiTke npoueccopa B paboyvem pexume (BOOT_MODE == 0) nepeBectn ROM-
NaMsTb B PEXUM NPOrpaMMMPOBaHWNst, OH HE CMOXET Boree BbINOMHATL NporpaMmy, T.K. yTeHne ROM-namatm
OyaeT 3abrokMpoBaHo.

YnpaBneHue yactoton ROM

MakcnmanbeHaa 4actoTa, Ha KoTopown MoxeT paboTtatb namate ROM - 12.5 MIy. Ecnm yactora AHB
npeBbILAeT 3TO 3HadeHue, TO HeobxoauMmo 3abnaroBpeMeHHO nogenutb vactoty paboTtel ROM, 3apaB
koadbdpuumeHt pgeneHns B 6Gnoke MEMC (peructp MEMC_ROM_CLKDIV). Yactota AHB 6yaet
aBTomaTu4deckm nogeneHa B 6noke ROM INTERFACE v nony4eHHbIN TakToBbIN curHan yget BbigaH Ha ROM
namsiTb.

MpumeyanHne: MEMC_ROM_CLKDIV BnusieT Tonbko Ha ROM B pexume UTeHUs, B pexume
nporpaMMmnpoBaHusa AeneHns YacToTbl He NPOUCXOAMT.

YnpasneHune EXTMEM
B Memory Controller 3agatotcs napameTpbl gnarpaMmmbl yteHns EXTMEM.

KapTa peructpoB Memory Controller

CmelleHue ot HazgaHue
6asoBoro Ab6GpeBuartypa OnucaHue
peructpa
agpeca 6noka

Peructpbl ynpasneHus ROM

B aTOT perncTp HyXHO 3anucaTtb Kiod
0x0 MEMC_ROM_KEY ROM Key Register | pasbnokunpoBku, 4tobbl nepesectn ROM
B PEXMUM MPOrpaMMrpoOBaHus

Ox4 MEMC_ROM_CTRL |ROM Control PerucTp ynpasneHust ROM
Register
Ox8 MEMC ROM CLKDIV RQ_M Clock_ KoahpmumeHT geneHunsa yactoTsl 4ns
- - Divider Register ROM namsTu
0xC MEMC_ROM_ST 20'\." Status Pervuctp craryca ROM
egister

Peructpsbl ynpasneHus EXTMEM

EXTMEM Control
Register

0x10 MEMC_EXTMEM_CTRL Peructp ynpasnenns EXTMEM
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Peructpsbl

ROM Key Register (MEMC_ROM_KEY) [0x00].
BuTbl | HasBaHue OnucaHue HOoctyn | C6poc

Ona nepesoga ROM B pexum nporpaMmmmpoBaHnsg Heobxoaumo
3anucaTtb B 3TOT perncTp 3HadyeHue kntoda (0x1234ABCD). MNocne
31:0 KEY OKOH4YaHus npowmnskn ROM, 3anuwimnTe B 3TOT permuctp nodoe R/W 0
Apyroe 3HayeHue, 4tobbl BeiBecTM ROM 13 pexxuma
NporpaMmMmnpoBaHms.

ROM Control Register (MEMC_ROM_CTRL) [0x04].
Bwutbl | HazBaHue OnucaHue HOoctyn | C6poc

OnuteneHOCTb NporpamMmmmnpoBaHuns ogHon avenkn ROM B uuknax
yacTtoTbl AHB. MiIMeHHO Takoe KonmMyecTBO TakToB Byaer

PGM_ |yaepxuBaTbcsa curHan o_ce_n ROM-namsTtu npu
CYCLES |nporpammupoBaHumn ogHoro crnosa. Bece ato Bpems byaet
BbicTaBneH cnar BUSY B peructpe MEMC_ROM_ST. 3HaveHne
no-ymonyaxutio - 128 (0x80) TakToB.

31:0 R/W 0x80

ROM Clock Divider Register (MEMC_ROM_CLKDIV) [0x08].
Butbl | HazBaHue OnucaHue Doctyn | C6poc
31:3 - PesepB R 0

KoadhbuuneHT geneHus ROM genutens yacTtotbl. KoaddumumeHT
2:0 | ROM_DIV |geneHus yactotbl paseH ROM_DIV + 1. Takum o6pa3om MOXHO R/W 0
3agatb koaddpuumeHTbl geneHus ot 1 (HeT genenHns) Ao 8.

ROM Status Register (MEMC_ROM_ST) [0x0C].
Butbl | HassaHue OnucaHue DocTtyn | Cbpoc
31:4 - PesepB R 0

Owwnbka yteHns ROM:

. 0 - He 3adhukcnpoBaHo owmndku YteHnsa ns ROM;

3 RD_ERR |« 1 - 3acbuKkcmpoBaHa ownbka YteHus s ROM: npousoLwuna R/W 0

nonbiTka YteHus 13 adenkn ROM npn PGM == 1.

OT10T 6uT cOpackiBaeTcs B 0 Npu YTeHUN.

Owmwnbka 3anmcm B8 ROM:

. 0 - He 3admkcnpoBaHo owmnbku 3anmcy B ROM;

2 | WR_ERR . 1 - 3admKcmpoBaHa owubka 3anvucy B ROM: npousowna R/W 0

noneiTka 3anucu B averiky ROM npu ROM_BUSY ==

OT10T 6uT cOpackiBaeTcs B 0 Mpu YTEHMM.

MpusHak 3aHaTocTn ROM:

. 0 - B 4@HHbIN MOMEHT HE NPOUCXOAUT 3anuUch B A4ENKN

ROM, moxHo 3anucbiBaTtb B ROM (pa3ymeetcs, 3anucb BO3MOXHa

Tonbko ecnv 6ut PGM BbicTaBneH B 1); R/W 0

. 1 - B J@HHbIVi MOMEHT NMPOUCXOANT 3annCb B OOHY N3 Sveek

ROM, 3anucbiBaTtb B ROM 3anpelueHo, noka aToT 6uUT He BepHeTcs

B 3Ha4eHue 0.

ROM_
BUSY

Bepcunsa 0.2 Ctp. 15



5400TP194 Mukpocxema coopa n o6paboTkm TenemeTpuyeckon nHdopmaumm

Butbl  HasBaHwue OnucaHue HOoctyn | C6poc
Pexxum nporpammupoBaHms ROM:
. 0 - ROM B paboyem pexume, He BBEEH BEPHbIV KoY B

pernctp MEMC_ROM_KEY. 3anucs B8 ROM 3abnokmpoBaHa,
nonbITKa 3anucu BbI3biBaET OLUMOKY HA CUCTEMHOW LUVHE.

0 PGM  |. 1 - ROM B pexumMe nporpaMM1MpoBaHus, BBEAEH BEPHbIN R/W 0
kntoy B pernctpe MEMC_ROM_KEY. 3anuce B IMEM (ROM)
pasbnokuposaHa. NMpu aTom 3anpeleHo YteHne ns ROM, npu
nonbITke YTEHMS BO3HMKAET ONOKa Ha CUCTEMHOWN LUNHE W
BoicTaBnsetca B 1 6ut RD_ERR.

External Memory Control Register (MEMC_EXTMEM_CTRL) [0x10].

Butbl | HazBaHue OnucaHue Doctyn | C6poc
31:3 - Peseps R 0
KonnyecTBo TakToB, KOTOPOE NpoanuTcsa Bpems T1 Ha guarpamme
5 T1 yteHus EXTMEM (C.M. AokyMeHTaumio Ha EXTMEM): R/W 0

. 0 - 0 TakTOB;
. 1-1 TaKT.
KonunuyecTtBo TakToB, koTOpoe npoanutcsa Bpemsi TO Ha gnarpamme
yteHuss EXTMEM (cm. pokymeHTaumio Ha EXTMEM):
. 00 - 1 TakT;
1:0 TO . 01 - 2 TakTa; R/W 0
. 10 - 3 TakTa;
. 11 - 4 TakTa.

AnropuTtm 3arpy3ku nporpammbl B ROM
[ns Toro, 4To6bI 3arpy3nTb Nporpammy B ROM, Heobxoammo:
1. MepeBecTn Mukpocxemy B padounii pexxum (BOOT_MODE == 0)

2. MopaTb HeoGxoOuMMoe ANl MPOrpaMMUPOBaHUA HarmpsbkeHue 9V Ha COOTBETCTBYHOLMIA BblBOZ
MUKPOCXEMBbI

3. Banucatb kntoy pasbnokmposkn (0x1234ABCD) B pernctp MEMC_ROM_KEY. lNocne atoro ROM
nepengeT B pexum nporpammupoBaHms n Beictasutcs 6ut MEMC_ROM_ST.PGM.

4. (OnuuoHamnbHO) MW3MEHWUTb ANUTENbHOCTb MPOrpaMMMPOBAHWS  OOHOMO CroBa B perucTpe
MEMC_ROM_CTRL.

5. Banucatb nporpammy B agpeca IMEM. lMepen kaxgon 3anvcbto 32-6utHoro crnoea B agpec IMEM
HeobxoaumMo NpoBepuTb, 4To BT MEMC_ROM_ST.ROM_BUSY wnmeeT 3HadeHue 0.

Ecnn nonbiTatbcs 3anucatb B agpec ROM korma 6ut MEMC_ROM_ST.PGM He BbicTaBneH B 1,
Npou3onaeT owmnbKa 4OCTyNa Ha CUCTEMHOM LWMHE. AHANOMMYHO, eCny NonelTatbea NpodnTaTh agpec ROM,
koraa 6ut MEMC_ROM_ST.PGM BbicTaBrneH B 1, npon3ongeT Ta e camas omnoka.

B pexume otnagkm (BOOT_MODE == 1) Bo3moxHO nucatb B pernctppl MEMC_ROM_KEY wu
MEMC_ROM_CTRL, Ho 37O He ByaeT umeTb acbdpekTa. B aTom pexnme B kavectse namsATy nporpamm (IMEM)
ncnonb3yetcs DBG_RAM, 3anucs B DBG_RAM Bo3moxHa 1 6e3 pasbnoknposku B 6noke Memory Controller,
a Takke 6e3 nogaun HanpsxkeHus 9 B.
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EXTMEM

brnok EXTMEM npegHasHayeH AN YTeHWs AaHHbIX M3 BHewHen namsatu 1636PP3Y (512 Kb6awnt) /
1636PP4Y (2 merabaiirta) nnm nogoOHo.

LLInHa gaHHbIX BHELWHEN naMATn BOCbMUOUTHas, HO 13 EXTMEM MoXxHO cunTbiBaTh AaHHbIe Kak Mo 8, Tak
nno 16 nnu 32 6uta. briok EXTMEM aBTOMaTU4eCKM Npon3BeaeT HECKONbLKO obpalleHnii K BHELLHEN NaMsITh
3a Kakgoe 16/32-6utHoe YteHue no AHB.

Mpoueccop moxeT ucnonHaTe nporpammy n3 EXTMEM, ecnn ns IMEM caenatb jump Ha agpec EXTMEM,
HO CKOPOCTb BbINOIHEHWSI NPOrPaMmMbl MOXET ObITb 3HAUNTENBHO HXKE, YeM NP UCNOMHEHMUW NPOrpaMmbl 13
BHyTpeHHen namatn. EXTMEM He noopepxvBaeT 3anvcb BO BHELLHIOW namaTb. [1pu nonbiTke 3anucaTth B
nobon n3 agpecos EXTMEM BO3HUKHET OwWnbKa Ha CUCTEMHON LUMHE.

| AHB2 MEMCE MEMCE -

i EXTMEM ! | Extemal

' AHE Crossbar <:::> Controller MEM ADDE GFIOB WMEM ADDE | Memaory Chip

i - MEM DATA 4 - MEM DATA i "
MpeaynpexpeHue

PekomeHayeTca nogknounTb BbIBOA MUKpocxeMbl namaTn MRST k cooTBeTCTBYOLLEMY curHany copoca
CXeMbl, B KOTOPOW NPUMEHSETCS AaHHas MUKPOCXeMa NamsaTh, UM K ogHOMy u3 cBobogHbix BbiBogoB GPIO
1 neped Hayanom paboTbl C NaMATbIO MOA4ATh Ha HEro curHan copoca ANUTENBHOCTBIO 150 MKC (aKTUBHBIN
ypoBeHb cbpoca - 0). bes npegBapuTensHon nogayn cbpoca npaBuibHas paboTa MUKPOCXEMbl MaAMATA He
rapaHTupyeTcs.

Korga Mukpocxema namMsaTu nogknwoyeHa K cooTBeTcTBylowmnM BbiBogaMm GPIO u  HacTpoeHsl
anbTepHaTuBHble pyHkumMn GPIO, ntobon n3 mactepos AHB B cucteMe MOXET YNTaTb U3 BHELLHEN NamMATH.
Afpeca BHellHe NaMsaTu MannupoBsaHbl Ha agpeca EXTMEM, kak nokasaHoO Ha pUCYyHKe HMXe.

0x701F_FFFF

EXTMEM 1636PP4Y

07007 _FFFF

1636PP3Y

___________________

LLInHa gaHHbIX BHELWHEN NaMATN BOCbMUOUTHas, HO n3 EXTMEM MoxHO cunTbiBaTh AaHHbIE Kak Mo 8, Tak
nno 16 nnum 32 6uta. briok EXTMEM aBTOMaTU4eCKM NpoM3BESET HECKONLKO ObpaLLeHWI K BHELLHEN NaMsITh
3a kakgoe 16/32-6utHoe YTeHue no AHB.

Bepcunsa 0.2 Ctp. 17



5400TP194 Mukpocxema coopa n o6paboTkm TenemeTpuyeckon nHdopmaumm

Mpn kaxgom 4yteHun Gamta 6nok EXTMEM passopauvBaeT crniefylollylo anarpaMMmy Ha BbliBOAAX
MEM_ADDR, MEM_OE, MEM_CE (TO = 2 Takta, T1 = 1 TakT):

TO = T1 =
2 cycles 1 cycle

HCLK

MEM
ADDR

ﬂ_
b
V2

MEM
OE

MEM
CE

=3
=
i
B SR ) S 7 1
_>.<_
b
S VA

MEM
DATA

=1
i
—
ik}

Data is latCched in the
input data register

Bpewms TO (1-4 Takta AHB) - 310 Bpems oT MoOMeHTa BbicTaBneHns MEM_OE n MEM_CE B 0 go 3axBaTta
MEM_DATA Bo sxoaHou pernctp EXTMEM.

Bpems T1 (0-1 Takta AHB) - 310 Bpemsi oT MoMmeHTa 3axBata MEM_DATA Bo BxogHom peructp EXTMEM
00 MomMeHTa BosspaweHns MEM_OE n MEM_CE B 1.

Bpemena TO n T1 cnegyeT BbIOMpaTb UCXo4s M3 CUCTEMHOM YacToThl (4acToTbl AHB) 1 xapakTepucTuk
BHelWHen namaTu. BpemeHna TO u T1 3agatotcsa B pernctpe MEMC_EXTMEM_CTRL 6noka MEMC.

Mpoueccop MoxeT ucnonHaTe nporpammy n3 EXTMEM, ecnn ns IMEM cgenatb jump Ha agpec EXTMEM,
HO B 3aBMcMMOCTM OT TO 1 T1 cKOPOCTb BbINOMHEHUS NMPOrPaMMbl MOXET ObITb 3HAYUTENBHO HWXKE, YEeM NpU
WCMOMHEHNM NporpamMmmbl U3 BHYTPEHHEN NaMATH.

EXTMEM He nogaepxvBaeT 3anucb BO BHELLUHIOW NamMaTb. [1py nonbiTke 3anucaTtb B nobon u3 agpecos
EXTMEM Bo3HuKHET ownbka Ha CUCTEMHOWN LLVHE.
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CMM - bnok ynpaBrieHnsa TaKtToBbiMU CUrHanamm

Clock

: : DEEF SLEEP active H Managel I Ient
] ] : Sieep | OutClock EN
PoPMM H
i : SPEEL active H Modes  ———i—p
h + i Control
Clock En
System Bus H UNDIV CLK
XTALEN
PLLEN H Control and AHB CLKEN —
H status —
RCH EN : registers
RCLEN | f—— AHB Clocks
H Sel )
H AHB CLKX EN - -
: H RCL CLK H
H APBO CLK EN .
RCH | RCH CLK : 44@—»
SYSPLL | PLL CLK i system ’—‘
SRR : Clock APBO Clack - |— APBO Clocks
XTAL | XTAL CLK : MUX Divider
CLK PIN H
APBO CLKx EN -
APB1 CLK EN
APBI Clack e — aPB1Ciocks
Divider

APB1 CLKx EN

Mogyne CMM (Clock Management Module) ocywecTBnseTt ynpasneHWe TaKTOBbIMW CUrHanamu B
cucTemMe: BbIOOP MCTOYHMKA TAKTOBOW YacTOTbl, AENEHNE YaCcTOThbl, OTKIMOYEHNE TaKTUPOBaHUS OTAEMbHbIX
KOMMOHEHTOB CUCTEMBI.

B cucteme npucyTCTBYIOT MNSATb UCTOYHWKOB TaKTOBbIX CWUrHamoB — HuskoyacToTHbi (100 klu) RC-
reHepaTtop (RC GEN L), BbicokouyacToTHbin RC-reHepatop (10 MI'y) (RC GEN H), BHelwHWiA KkBapLeBbIii
pe3oHaTop (XTAL), dasoBas aBTonoactponka yactoTel (SYS PLL), a Takke BHeLLHAA TakToBasi yactoTa
(CLK).

MynbTUNNEKCOp CUCTEMHOM 4acTOTbl BbIOMpPaeT OAWH U3 BXOAHbIX TAKTOBbIX CWUrHaNoOB B KayecTBe
CUCTEMHOW YacToThbl. MynbTUNnekcop cucTemMHom YacToTbl aensetca Glitch Free, To ecTb He co3gaeT NOXHbIX
TaKTOBbLIX CUFHANOB B Npouecce nepekntoyeHns.

MCTOYHMKM TaKTOBbIX CUTHaNoB B CUCTEME
- BeicokouacTtoTHbIn RC reHepaTtop (RC H),
- HuskouacTtoTHbI! RC reHepatop (RC L),
- BHewwHun kBapuesbin kpuctann (XTAL),
- BHewHun KMOI cunxpocurnan (CLK PIN),
- l'eHepaTop ¢ hpasoBon aBToNoACTponkon YyactoThl (PLL).

MynbTunnekcop cuctemHon 4actoTbl (System Clock MUX) BbiGupaeT OoguH M3 BXOOHBLIX TaKTOBbIX
CUrHanoB B KayecTBe cuctemHoun 4actoTsl (System Clock). MynbTunnekcop CMCTEMHOW YacTOTbl ABMNseTCA
Glitch Free, T0 ecTb He co3gaeT NMOXHbIX TAKTOBbIX CUrHaroB B npouecce nepekntodeHus (cm. «duarpamma
MepekntodyeHnsa» Huxe).

BbixogHble TakToBble curHanbl dopmupytotcs ud System Clock. OHu gendartcs Ha TpW rpynnbl - TakToBbIE
curHansl APBO n APB1. YacToTbl MoxHo nogenutb aenutensavu APBO / APB1 Clock Divider Ha 2, 4, 8, 16
unu 32.

Kaxabin TakToBbIN curHan nokvaaet CMM uepes sa4veriky KnokrenTuHra. bonbLUMHCTBO TaKTOBLIX CUTHAMNoB
(KpoMe cambIX KPUTUYHBIX ANd paboTbl CUCTEMbI) MOXHO OTKMOUYMTbL 3anNUCbi0 B YMNPaBMsSIOWNA PerucTp.
Takke HEKOTOpble BbIXOAHbLIE TAKTOBbIE CUrHamnbl aBTOMATUYECKN BbIKMOYAKTCA B pexmnmax cHa. CurHanbl
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paspewleHns pabotbl (Out clock EN) ans Bcex BbIXOAHbIX TaKTOBbIX CUrHanoB gopmupyeT 6rok Sleep Mode
Control. 3ToT 610K NONy4aeT NHOOPMaLMIO O aKTUBHOM Ha AaHHbIA MOMEHT pexunme cHa oT PMM (curHanbl
SLEEP active n DEEP SLEEP active) n aBTomatnyeckn BKMo4aeT U OTKINIOYaeT COOTBETCTBYHOLLME PEXMMY
CHa TaKTOBbIE€ CUrHarbl.

Monb3oBaTtens B3aumogencTeyer ¢ CMM unTan u 3anucbiBasi 3HaYEHUs1 B yNpaBrsitoLne U cTaTyCHble
pernctpbl (Control and Status Registers) uepes cuctemnyto wnHy (System Bus).

TaKTMDVEMBIE Mocne B pexmMe B pexnme MoxeT ObITb
Homep | HasBaHue curHana 6n0|<mpy cbpoca &E,)LEEP DEEP OTKIOYEH
CUCTEMBI SLEEP 3anucbto B CLKEN
AHB
AHB Crossbar,
0 ahb_main_clk IMEM, DMEM, Paboraet
AHB Bus HeT
Pa6oraet He
1 ahb_cpu_clk CPU
pabotaet
2 ahb_dm_clk DM
AHB-yacTtb
3 ahb_spwO0_clk SPWO
AHB-yacTtb
4 ahb_spw1_clk SPW1 He pa6otaet
5 ahb_gpioa_clk | GPIOA He paboraert
6 ahb_gpiob_clk |GPIOB
7 ahb_extmem_clk |EXTMEM Paboraer Ra
Pabotaet
8 ahb_fpga_clk FPGA
. AHB-yacTb
9 ahb_milstd0_clk MILSTDO
. AHB-yacTb
10 ahb_milstd1_clk MILSTD1 He pabortaer
AHB-yacTtb
11 ahb_scrub_clk SCRUBBER
APBO
0 apb0_main_clk |APBO Bus He pabotaet
YactuyHo PMM
1 apb0_lp_clk 1 STIMER PaGoTtaeT PaGotaet HeT
2 apb0_cmm_clk |cmm” He pa6otaet
3 apb0_pmm_clk pMM*
4 apb0_plic_clk PLIC
Pabotaet
5 apb0_romc _clk |ROMC
6 apb0_wdt_clk WDT
" He pabortaer Oa
7 apb0_stimer_clk | STIMER
8 apb0_timer0_clk |TIMER O
9 apb0_timer1_clk |TIMER 1
10 apb0_timer2 clk |TIMER 2
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TaKTMDVEMBIE Mocne B pexmMe B pexnme MoxeT ObiTb
Homep | HasBaHue curHana 6n0|<mpy cbpoca &E,)LEEP DEEP OTKIOYEH
CUCTEMBI SLEEP 3anucbio B CLKEN
11 apb0_uart0_clk |UARTO
12 apb0_uart1_clk |UART1
13 apb0_spi0_clk |SPIO
14 apb0_spi1 _clk |SPI 1
15 apb0_i2c0_clk |12C0
16 apb0_i2c1_clk |12C 1
APB-4acTb
17 apb0_spw0_clk SPWO
APB-4acTb
18 apb0_spw1_clk SPW1
. APB-4acTb
19 apb0_milstd0_clk MILSTDO
. APB-4acTb
20 apb0_milstd1_clk MILSTD1
21 apb0_can0_clk |CANO
22 apb0_can1_clk |CAN1
23 apb0_owiO_clk |OWIO
24 apb0_owi1_clk |OWIA1
APB-yacTb
25 apb0_fpga_clk FPGA Pa6oraet
APB-yacTb
26 apb0_scrub_clk SCRUBBER He pabortaer
APB1
0 apb1_main_clk |APB1 Bus Pa6oraet Pabotaetr | He paGortaer Het
1 apb1_adfe_ctrl_clk | ADFE CTRL He Pabotaet | Pabortaetr | He paGortaer Oa
CneuuanbHble TakToBble CUrHarnbl
- undiv_clk YactnyHo PMM Pa6oraet Pa6oraet Pa6oraet Het
" Tonbko yNpaBnstoLLMe U CTaTyCHblE PEMMCTPbI 3TUX BIIOKOB TAKTMPYHOTCS AaHHOW YaCcTOTOW.
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Tonbko ynpasngwLme u ctatycHole pernctpel CMM TakTupytotca apb_cmm_clk.

Tonbko ynpaenstowme n ctatycHole pernctpbl STIMER Taktupytotes apb_stimer_clk. HenocpencteeHHO
Tanmep Taktupyetcs apb0_Ip_clk, Tak kak oH gormkeH paboTtaTb B pexxume DEEP SLEEP.

Tonbko ynpasnswowme m cratycHble permctpel PMM Taktupytotca apb_pmm_clk. Bnok ynpaeneHus
pexumom cHa B PMM TakTtupyetca apb_Ip0_clk, T.k. 3TOT 6rok gomkeH paboTtath B pexxume DEEP_SLEEP u
BbIBECTU CUCTEMY M3 3TOro pexmma. bnok dpopmmpoBaHns curHanoe cébpoca B PMM (punbTp 1 Tanmep)
Taktnpyetca undiv_clk, T.k. BO-nepsbIX, hopmMmpoBaHue copoca AOMKHO paboTaTb B Nobom pexunme cHa, a
BO-BTOPbIX hOpMUpoBaHne cbpoca He AOIMKHO 3aBUCETb OT KoddhdmUneHTa geneHnsa CUCTEMHON YacTOThbI.

lMocne cbpoca 4YacTb TaKTOBbIX CWUrHanoB OTKMYeHa. PaboTtaeT TONbKo HEOOBXOAUMBIA MWHUMYM
TakToBbIX curHanos (lMpoueccop, namaTb, cMCTEMHbIE WKHBI 1 CMM) - ux 4ocTaTtovHO, YTOObLI NporpaMMHO
Bkntountb B pernctpe CMM CLKEN ntobble apyrue TakToBble CUrHarbI.

Bbrnokn FPGA, SPW0, SPW1, MILSTDO, MILSTD1 TakTupytoTcs ABYMS TakTOBbIMWU CUrHanaMu: OauH 13
rpynnel APB 1 ognH u3 rpynnbl AHB, T.k. 3T1 6noku aBnsitoTcs BegomMbiMuy Ha WwinHe APB 1 Begywimmmn Ha WwunHe
AHB. [Inga paboTbl ¢ 3TUMK 610KaMKN HY>XHO BKITHOYUTL 06€ TaKkTOBbIE YacTOTHI.

YacToThbl
Fpynna YacTtoTa paboThbl
CneumanbHble TakTOBblE CUrHarbl (RCL nnn RCH nnn XTAL unu PLL nnn CLK)
AHB (RCL nnn RCH nnn XTAL unu PLL nnn CLK)
APBO (RCL vinn RCH unu XTAL vnu PLL unun CLK) + APBO Clock Divider
APB1 (RCL vinn RCH unun XTAL vnu PLL unu CLK) + APB1 Clock Divider
Co6poc

CMM He cbpacbiBaetca copocom WDT n DM. lNpwn cbpoce ot WDT unu DM koHdurypauus CMM He
MeHsIeTCS.

Bcerpa paboTtarowme TakTOBbI€ CUTHanNbI

Curnan apb_lp_clk (Low Power Clock) aktnBeH aaxe B pexxume DEEP SLEEP. Ha atoi yactote paboTaet
STIMER T1.k. OH gomkeH paboTtaTb B pexume rnybokoro cHa, a Takke 4yacte PMM, oTBevatoLLas 3a BbIxog, U3
rnybokoro cHa - 5ok ynpaBneHus peXXMMoM CHa.

Cwurnan undiv_clk (Undivided Clock) He 3aBucuT OT BbiGpaHHOro koaddpuumeHta aeneHns CMM. Um
TakTupyetcs Yactb PMM, oTBevatoLas 3a reHepaumio curHanos cbpoca - punbTp 1 Tarimep. Takum o6paszom,
cuctema otpabaTtbiBaeT BHELHNI COPOC BHE 3aBMCMMOCTU OT BbIGpaHHOro koadduumeHta genenns CMM.

HOwnarpamma nepekntovyeHus

A B C D E F
_— e 5 oy g
oo L r L g re e i r re g
oLk Lrryrirprugrt rp i Lri iyt ririririd
INTEF{F{LTPT I_
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B MomeHT BpemeHu A npoucxoaut 3annck B pernctp SYSCLKSEL (curHan WR), koTopbIn nHUUmMmMpyeT
nepekrtodeHne cnuctemHon vactotbl (SYSTEM_CLK) ¢ uctouHmka CLK 0 Ha uctouHmnk CLK 1. Yepes aBa
TakTa Tekywen cucteMHon yacTtoThl (A-B) HoBoe 3HauyeHne SEL pgocturaet mynbTunnekcopa CUCTEMHOWM
yacTtoTbl 1 6ut ST.AHBCLK_STABLE cbpacbiBaeTca B 0. Ewe 1,5 Takta curHan SEL npoxogut uepes
cHXpoHu3aTop Ha Yactote CLK 0 (B-C). B momeHT C cuctemMHas 4actoTta ocTaHaBnmBaeTcs. [locne aToro
CurHarn paspeLueHust NepekIityeHnst CUHXPOoHM3MpyeTcst Ha YacTtoTty CLK 1, yTo 3aHumaeT ot 1,5-2,5 TakTtoB
CLK_1 (C-D) B 3aBucmumocTu OT cooTHoLleHusa YacTtot 1 ¢pa3z CLK 0 n CLK_1. B momeHT D nepekntoyeHne
dakTnyeckn 3aBepweHo. Euwe 2,5 takta CLK 1 curHan 3aBeplleHUsi NepeknovyeHus NpoxoauT 4depes
cuHxpoHmu3aTtop (D-E). B momeHT E BbicTaBnsietca B 1 ST.SYSCLK_STABLE. Ewe uepes Takt bygert
ccoopmumpoBaHo npepbiBaHne (curHan INTERRUPT) u uepes ewe oauH TakT (B MomeHT F) oHo Gyaer
3ahUKCUPOBAHO KOHTPOMNEPOM NpepbIBaHUN.

WToro npouecc nepeknioYeHmnst 4actoT 3aHMMaEeT:

3.5 TaktoB CLK_0

6.5 - 7.5 TaktoB CLK 1

OT MOMEHTA 3anucu B PErMcTp A0 BO3HUKHOBEHUS CUrHana npepbiBaHus.

Mpu4ymHa Toro, YTO HEKOTOPblE BPEMEHA Ha AMarpamMmme 3aHUMAalT He Liernioe KOnM4YecTBO TakTOB B TOM,
4YTO B MyINbTUMNIIEKCOPE NCMONb3YIOTCS Kak TPUrrepbl, paboTatoLme no poHTy, Tak u Tpurrepsbl, paboTtatoLme
Mo crnajgy TakTOBbIX YaCTOT.

Kapra peructpoe CMM

OTH.
anpec AGb6peBunatypa HasBaHue Hoctyn | OnucaHue
0x00 ST Status Register RO WHdopmaLms o TekyLeM CoOCTOSAHUU
Moaynsi
0x04 MSK Interrupt Mask RW Macka, perynupyioias dopmMmmnpoBaHme
Register npepbiBaHWN
0x08 CLKSRCEN Clock Source Enable RW BkntoueHne/BbIKMOYEHNE UCTOYHUKOB
TaKTOBbIX CUTHAmNOB
0x0C SYSCLKSEL Systerlr:; Cl.OCk Select RW | Bbl6Op NCTOYHMKA CUCTEMHOW YacToThl
egister
AHB
Ox14 AHBCLKEN AHB Cloqk Enable RW BkntoyeHue/BbIKNIOYEHNE TAKTOBbIX
Register curHanos AHB
APBO
0x18 APBOCLKDIV APBOFggg:eE""der RW | KoadpchuumeHT penenns yactotsi APBO
0x1C APBOCLKEN APBO Clopk Enable RW BkntoyeHne/BbIKNIOYEHNE TAKTOBbIX
Register curHanos APBO
APB1
0x20 APB1CLKDIV APB1£S$§"’"’” RW |KoadhuumeHT aeneqnst yactoTsi APB1
0x24 APB1CLKEN APB1 Clopk Enable RW BknoyeHue/BbIKMOYEHNE TaKTOBbIX
Register curHanos APB1
PLL
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(O AGb6peBunartypa HasBaHue Hoctyn | OnucaHwme
agpec
0x28 | PLLCTRL_MILSTD | MILSTD PLL Control | oy |y csnenne PLL MILSTD
Register
0x2C | PLLCTRL spw | SPWPLLControl | oy |y asnenme PLL SPW
Register
0x30 PLLCTRL_SYS System PI.‘L Control RW |YnpaBneHue cuctemHom PLL
Register
Peructpsbl
Status Register (ST) [0x00].
Butbl | HasBaHue OnucaHue HDoctyn | Cbpoc
31:3 - Peseps. R 0
yactota APB1 cTabunbHa:
. 0 - nget npouecc nameHeHus KoapduumeHTa geneHums
5 APB1CLK _ |yacTtoTbl ana APB1, nHMUMMPOBaAHHLIN 3anXChblo B R 1
STABLE |APB1CLKDIV;
. 1 - npouecc nepeknoyeHns He nget, Yactota APB1
cTabunbHa.
yactota APBO0 cTabunbHa:
. 0 - nget npouecc nameHeHus koadduumeHTa geneHuns
1 APBOCLK__ |yacTtotbl ana APBO, nHMUMMpOBaHHLIN 3anuChblo B R 1
STABLE |APBOCLKDIV;
. 1 - npouecc nepeknoyeHus He nget, Yactota APBO
cTabunbHa.
0 - - - -
Interrupt Mask Register (MSK) [0x04].
BuTbl HasBaHue OnucaHue HDoctyn | C6poc
31:3 - Peseps. R 0
paspeLLeHre NpepbiBaHKsA Npy Nepexoae
9 APB1CLK_  |ST.APB1CLK_STABLE u3s 0B 1: RIW 0
STABLE . 0 - npepbiBaHNe 3anpeLueHo;
. 1 - NnpepbiBaHMeE paspeLleHo.
paspeLleHne NpepbiBaHKsA Npy Nnepexoae
1 APBOCLK_ |ST.APBOCLK_STABLE n3s 0B 1: RIW 0
STABLE . 0 - npepbliBaHWE 3anNpeLLEHO;
. 1 - NnpepbiBaHMe paspeLleHo.
0 - - - -
Clock Source Enable (CLKSRCEN) [0x08].
BuTbl | HazBaHue OnucaHue HDoctyn | C6poc
31:4 - Peseps. R 0
3 XTAL_EN . 0- HVI3KO'~IaCTOTHI:IIiI RC-reHepaTop BbIKMOYEH; R/W 0
. 1 - HM3KO4aCTOTHbIN RC-reHepaTop BKMOYEH.
2 - Pe3seps. R 0
1 RCH_EN 0- BbICOKO‘-IaCTOTHbIl‘/’I RC-reHepaTop BbIKMOYEH; RIW 0
. 1 - BblIcOKO4aCTOTHbIM RC-reHepatop BKMOYEH.
0 RCL_EN |« 0 - HM3KoYacTOTHLIM RC-reHepaTop BbIKIIOYEH; R/W 1
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Butbl | HazBaHue OnucaHue Hoctyn | C6poc
. 1 - HN3KOYACTOTHbIM RC-reHepaTop BKIIHOYEH.
System Clock Select Register (SYSCLKSEL) [0x0C].
Butbl | HazBaHue OnucaHwue OocTtyn C6poc
31:3 - Peseps. R 0

Source Number. HOmMep UCTOYHMKA TAaKTOBOrO CUrHana,
KOTOpbIV BblIbpaH B Ka4ecTBe CUCTEMHOWN YacToThl (Nocrne
cbpoca BbI6paH RCL):

. 0 - BbibpaH RCL;
2:0 |SRC_NUM|* 1 - BbibpaH RCH; R/W 0
. 2 - BblbpaH CLK;
. 3 - BblbpaH XTAL;
. 4 - BbibpaH PLL;
. 5...7 - 3anpeLyeHHble 3Ha4YEHNS.

3anuck B 9TOT perucTp 3anyckaeT NpPoLEeCcC NepekrnioyeHns UCTOYHMKA TakToBOro curHana. NMpu atom ouT
ST.AHBCLK_STABLE npuHumaeT 3HayeHme 0. [oxauTechb BbiCTaBneHUs atoro 6uta B 1 (OKOHYaHMs
npoLecca NepeknoyeHnst), Npexae Yem nucaTtb B 3TOT PErMCTP CHOBA.

AHB Clock Enable Register (AHBCLKEN) [0x14]

Kaxabli GUT B 3TOM pernctpe COOTBETCTBYET BbIXOAHOMY TaKTOBOMY CUrHamny

Butbl | HasBaHue OnucaHue OocTtyn C6poc
31:12 - Peseps. R 0
0 - TaKTOBbI CUrHan BbIKMIOYEH;
11 SCRUB 8 R/W 0
. 1 - TAKTOBbIN CUrHAN BKIMIOYEH.
0 - TaKTOBbIN CUTHAN BbIKIIOYEH;
10 MILSTD1 - R/W 0
1 - TAKTOBbIN CUrHAN BKIMKOYEH.
0 - TaKTOBbI CUrHan BbIKMIOYEH;
9 MILSTDO - R/W 0
1 - TAKTOBbIN CUrHAN BKIMKOYEH.
0 - TAaKTOBbIV CUrHan BbIKMIOYEH;
8 FPGA . R/W 0
. 1 - TAKTOBbIN CUTHAN BKITIOYEH.
0 - TaKTOBbIN CUTHaAN BbIKIIOYEH;
7 EXTMEM - R/W 0
. 1 - TAKTOBbIN CUrHAN BKIMIOYEH.
0 - TaKTOBbIN CUrHAN BbIKIHOYEH;
6 GPIOB - R/W 0
. 1 - TAKTOBbIN CUrHAN BKMKOYEH.
0 - TaKTOBbIN CUrHAN BbIKMHOYEH;
5 GPIOA 8 R/W 0
. 1 - TAKTOBbIN CUrHAN BKIIOYEH.
° - 2 -
0 - TaKTOBbIN CUrHAN BbIKMNKOYEH
4 SPW1 8 ’ R/W 1
. 1 - TAKTOBbIN CUrHAN BKIIOYEH.
° - 2 -
0 - TaKTOBbIV CUrHan BbIKMIOYEH;
3 SPWO - R/W 1
. 1 - TAKTOBbIN CUrHAN BKMKOYEH.
. 0 - TaKTOBbIN CUrHAS BbIKIHOYEH;
2 DM - R/W 1
. 1 - TAKTOBbIN CUrHAN BKMKOYEH.
1:0 - Pe3seps. R 3

Monb3oBaTento crieayeT BbIKIOYaTb TAKTOBbIE CUrHarbl He 3a4eNCTBOBaHHbLIX B AaHHbIA MOMEHT GJIOKOB,
YTOObl YMEHbLIWUTL 3HEepronoTpeGneHue.
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APBO Clock Divider Register (APBOCLKDIV) [0x18].
Butbl | HazBaHue OnucaHue OocTtyn C6poc
31:3 - Peseps. R 0

3HayeHune onpegenset koadduumeHT genenuna APBO
JenuTens 4acToThbl:

. 000 - peneHnst He NPOUCXOANT;
. 001 - peneHue Ha 2;
2:0 | APBO_DIV |- 010 - peneHue Ha 4; R/W 0
. 011 - peneHne Ha 8;
. 100 - peneHve Ha 16;
. 101 - neneHuve Ha 32;
. 11X - geneHns He NPOMCXOOMUT.

3anucb B 3TOT PErncTp 3anyckaeT npouecc nepekntoveHus koaddguumeHta genexus. Npu atom out
ST.APBOCLK_STABLE npuvHumaeT 3HauyeHue 0. [Joxgutecb BbiCTaBneHus 3atoro 6uta B 1 (OKOHYaHUSA
npoLecca NepeknoyeHnst), Npexae Yem nucaTb B 3TOT PEMMCTP CHOBA.

APBO Clock Enable Register (APBOCLKEN) [0x1C]
Kaxgbin 6UT B 93TOM permctpe COOTBETCTBYET BbIXOAHOMY TAaKTOBOMY CUrHany:

0 - TaKTOBbIM CUrHAs BbIKNIOYEH; 1 - TAKTOBLIN CUrHan BKIOYEH.

BuTbl Ha3BaHue OnucaHue HDocTtyn C6poc

31:27 - Peseps. R 0
26 SCRUB R/W 0
25 FPGA R/W 1
24 own R/W 0
23 OowIo R/W 0
22 CAN1 R/W 0
21 CANO R/W 0
20 MILSTD1 R/W 0
19 MILSTDO R/W 0
18 SPW1 R/W 0
17 SPWO0 R/W 0
16 12C1 R/W 0
15 12C0 R/W 0
14 SPI1 R/W 0
13 SPIO R/W 0
12 UART1 R/W 0
11 UARTO R/W 0
10 TIMER2 R/W 0
9 TIMER1 R/W 0
8 TIMERO R/W 0
7 STIMER R/W 0
6 WDT R/W 0
5 ROMC R/W 0
4 PLIC R/W 0
3 PMM R/W 0
2:0 - Pe3seps. R 7

Monb3oBaTento crieQyeT BbIKMOYaTb TAKTOBbIE CUTHAIbI HE 3a4eCTBOBaHHbIX B AaHHbIA MOMEHT GIOKOB,
YTOObl YMEHbLIWUTL 3HepronoTpeGreHue.
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APB1 Clock Divider Register (APB1CLKDIV) [0x20]
Butbl | HazBaHue OnucaHue DocTtyn C6poc
31:3 - Peseps. R 0

3HayeHue onpegenset koadpuumeHT geneHna APB1
JenuTens 4acToThbl:

. 000 - peneHnst He NPOUCXOANT;
. 001 - peneHue Ha 2;
2:0 | APB1_DIV |+ 010 - peneHue Ha 4; R/W 0
. 011 - peneHne Ha 8;
. 100 - peneHve Ha 16;
. 101 - neneHuve Ha 32;
. 11X - geneHns He NPOMCXOOMUT.

3anucb B 3TOT PErncTp 3anyckaeT npouecc nepekntoveHus koaddguumeHta genexus. Npu atom out
ST.APB1CLK_STABLE npuvHumaeT 3HauyeHue 0. [Joxgutecb BbiCTaBneHus 3atoro 6uta B 1 (OKOHYaHUSA
npoLecca NepeknoyeHnst), Npexae Yem nucaTb B 3TOT PEMMCTP CHOBA.

APB1 Clock Enable Register (APB1CLKEN) [0x24]. YnpaBneHue TakTupoBaHueM nepudepmmnHbIX
YCTPOWCTB Ha WuHe APB1.

Butbl Ha3BaHue OnucaHue OocTtyn C6poc
31:2 - Peseps. R 0
1 ADFE_CTRL 0- TaKTOBbIliI CUrHan BbIKIHOYEH; RIW 0
. 1 - TAaKTOBBIN CUrHaN BKIHOYEH.
0 - Peseps. R 1

lMonb3oBaTtento criegyeT BbIKMOYaTh TAKTOBbIE CUrHanbl HEe 3a4eNCTBOBAHHbIX B AaHHbI MOMEHT B0KOB,
4YTOObI yMEHbLLWTL 3HEepronoTpebneHune.

MILSTD PLL Control Register (PLLCTRL_MILSTD) [0x28].

Butbl | HazBaHue OnucaHue DocTtyn Co6poc

317 - Peseps. R 0

3Ha4veHue onpeaenseT onopHyo vactoTy PLL:
. . 0 - BbiBog CLK;

6:5 | SRC_SEL . 1 - BoiBog OSCI: R/W 0
. 2 - BbIBO, BbLICOKOYACTOTHOMO reHeparopa.
. 1 - PLL Bknto4eHa;

4 EN . 0 - PLL BblIkntoyeHa. RIW 0

KO3h(pULIMEHT YMHOXKEHUSA ONOPHON YacToTbl PLL:
. 0 - 6e3 yMHOXEeHWS;
. 1 - YMHOXWUTb Ha 2;
. 2 - yMHOXUTb Ha 4;
. 3 - YMHOXUTb Ha 8;
. 4 - yMHOXUTb Ha 9;

3:0 [FREQ_SEL|. 5 - yMHOXWTb Ha 10; R/W 0
. 6 - YMHOXUTb Ha 12;
. 7 - YMHOXUTb Ha 15;
. 8 - YMHOXUTb Ha 16;
. 9 - yMHOXUTb Ha 18;
. 10 - yMHOXUTb Ha 20.
OcTtanbHble 3Ha4YeHNs1 3ape3epBUPOBaHbI.
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SPW PLL Control Register (PLLCTRL_SPW) [0x2C].

Butbl | HazBaHue OnucaHue DocTtyn C6poc
317 - Peseps. R 0
3Ha4YeHue onpenenseT onopHyto yactoty PLL:
. 0 - BbiBog CLK;
6:5 | SRC_SEL |’ . BHBOE osCr RIW 0
. 2 - BbIBOZ, BbICOKOYACTOTHOIO reHeparopa.
. 1 - PLL BkntoveHa;
4 EN . 0 - PLL BbikntodeHa. RIW 0
KO3 PMLUMEHT YMHOXKEHNS ONOPHOM YacToThbl PLL:
. 0 - 6e3 yMHOXEHUS;
. 1 - YMHOXWTb Ha 2;
. 2 - yMHOXUTb Ha 4;
. 3 - YMHOXUTb Ha 8;
. 4 - yMHOXUTb Ha 9;
3:0 |FREQ_SEL|. 5 - yMHOXMTb Ha 10; R/W 0
. 6 - YMHOXUTb Ha 12;
. 7 - yMHOXUTb Ha 15;
. 8 - yMHOXUTb Ha 16;
. 9 - YMHOXUTb Ha 18;
. 10 - yMHOXUTb Ha 20.
OcTanbHble 3Ha4YeHWS 3ape3epBMPOBaHbI.
System PLL Control Register (PLLCTRL_SYS) [0x30].
Butbl | HasBaHue OnucaHue HDocTtyn C6poc
31:7 - Peseps. R 0
3HadeHue onpegensieT onopHyto yacTtoty PLL:
. 0 - BbiBOA CLK;
6:5 | SRC_SEL | . BbIBOﬁ oSO RIW 0
. 2 - BbIBOZ, BbICOKOYACTOTHOIO reHepartopa.
. 1 - PLL BkntoyeHa;
4 EN . 0 - PLL BbikntodeHa. RIW 0
KoadhdhnumnmeHT yMmHOXeHUs onopHor YacToTtbl PLL:
BbixoaHas
yacToT
FREQ_SEL Kostbcpmument :ﬁ;o :opHon
yactotbl 10 MI'w)
0 1/4 2,5
1 1/2 5
2 3/4 7,5
3 1 10
3.0 |FREQ_SEL|* 5/4 12,5 RIW 0
5 3/2 15
6 9/5 18
7 2 20
8 9/4 22,5
9 5/2 25
10 8/3 26,7
11 3 30
12 10/3 33,3
13 15/4 37,5
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Butbl | HazBaHue OnucaHue DocTtyn Co6poc
14 4 140 |
115 19/2 45 |

MopTbl BBOAa/BbiBOAa GPIO

GPIO — ato nepudepuiiHoe yCTPOUCTBO, KOTOPOE NO3BONSET yNpaBnsTb BblIBOAAMM 00LLEro Ha3HaveHus
MUKpocxeMbl. Kaxxabin BbIBOA MOXHO NOOKIHOYMUTL K OOHON U3 anbTepHaTUBHBLIX OYHKLWIA BbiBOAA (K Apyromy
nepndepunHoMy YCTPOWCTBY BHYTPU MUKPOCXEMBbI), MO0 yNpaBnaTb BbIBOAOM HanpsiMylo, 3anucbiBasi B
pernctpbl 6roka GPIO.

KonunyecTtBo BbIBOAOB OOLLEr0 HAa3Ha4YeHUs1 B CUCTEME 3aBMCUT OT Buaa kopryca.

B 208-BbiIBOgHOM Kopryce 56 BbiIBOAOB 00LLero HasHavyeHus: 24 B8 GPIOA n 32 B GPIOB

B 256-BbIBogHOM Kopryce 64 BbiBOAOB 06Lero HasHaveHus: 32 B GPIOA n 32 B GPIOB.
OcHoBHble Bo3MoxHocTu GPIO

o MynbTunnekcop Ans Kaxagoro BblBOAA MUKPOCXEMbl NMO3BOMSET NMBO COeauHWUTbL €ro C OAHUM 13
nepugepunHbIX yCTPONCTB (MCNOMb3oBaTb anbTepHaTMBHYK dyHKuMo nopTta), nubo 3agaBatb K
CUYNTbIBaTb 3HAYEHWE BbIBOAA HAMPSAMYIO Yepes perncrp.

e Ecnu BbIBOA MCNonb3yeTcs Kak BbiBOA 06LLEro HazHavyeHus, To 6ok GPIO no3BonsieT HacTpouTb ero
Ha BXO[ UINK Ha BbIXOA.

e bnok GPIO moxeT cchopmupoBaTb NpepbiBaHWE NpU OnpeaerieHHOM YPOBHE MU U3MEHEHUN YPOBHS
Ha NopTy MMUKPOKOHTpOIepa.

e brnok GPIO moxeT 3adukcnpoBaTb (DPOHT CUrHana Ha BbIBOAE MUKPOKOHTpoInepa Aaxe koraa
cUCTEMA HaxXOAMTCS B pexuMme rnyboKkoro cHa (C MOMOLLbH aCMHXPOHHOro Aetektopa PpPoHTa) ”
BbIBECTU CUCTEMY N3 pexnma cHa.

CTpyKTypHasa cxema

Ha pucyHke Huxe nokasaHa cTpykTypa GPIO ans ogHoro us BbIBOAOB MUKPOKOHTpOIIepa.
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DEEP SLEEP EN

|

Asynchronous edge
detector

Interrupt INT
Register

DEEP SLEEF WAKEUP Edge detected

INTEN Register INTTYPE Register INTPOL Register

‘ DIR Register ‘

ALTF Register ‘

Synchrenous
Edge / Level Detected edge/level detector

Sel

0E
DATA IN

Output
Enable (OF)

) Synchronizer
DATA Register DATA OUT

OE

ALT FUNCTION DATA IN
device 0 DATA QUT

DATA OUT

GPIO_MUX
QE s
ALT FUNCTION DATA IN

Pad

deviee 1 DATA OUT ¢
"""""""""" DATA IN
OE
ALT FUNCTION DATA IN

device N DATA OUT

GPIO_MUX coeguHsieT PAD (BbiBOA MUKpokoHTponnepa) nubo ¢ pernctpos GPIO_DATA, nnbo ¢ ogHon
13 anbTepHaTmBHbIX pyHKuun (ALT FUNCTION device) atoro BeiBoga. GPIO_MUX ynpaBnsieTcsa permctpamu
ALTF. Ecnu BbIBOA cOeAMHEH C MOPTOM npoueccopa, TO HanpasneHue (BXOA/BbIXxof) onpeaensercs
pernctpom DIR. Ecnu BblBog coefMHeH C anbTepHaTMBHOW yHKUWEW, TO HanpasneHue (Bxoa/BbixoAa)
onpefensieTca 3Ton anbTepHaTMBHOM yHKUMEN (NnepndepUnHbBIM YCTPONCTBOM).

B 6noke GPIO npucyTCcTBYIOT ABa OeTeKTopa, CNocobHbIX (hOpMMpOBaTb NpPepPbIBAHUA - CUHXPOHHbIN
(Synchronous edge/level detector) n acuHxpoHHbIi (Asynchronous edge detector). Pabota petektopos
ynpasnsttca permctpamm  GPIO_INTEN, GPIO_INTPOL wn GPIO_INTTYPE. Cratyc npepbiBaHui
coxpaHsieTcs B peructpe GPIO_INT.

MpepbiBaHus

GPIO nopgepxuBaeT ABa pexuma pernctpauum cobbITUA - CUHXPOHHBLIA U aCUHXPOHHbIA. CUHXPOHHBIN
aeTektop paboTtaet B paboyeM pexume u B pexmme cHa «CoH npoueccopay», HO He paboTaeT B pexume
«ny6okui coH». ACUHXPOHHbIA AETEKTOpP, HaobopoT, paboTaeT TONMbKO B pexume «IMnyOboKuiA COH» U
npeaHasHadeH aAng BbiBOAA CUCTEMBI U3 TIyHOKOro cHa No BHELIHEMY CUTHany.

lMpepbiBaHMe OnS Kaxgoro M3 BbIBOAOB paspewaetcs 3anucbio B pervctpbl GPIO_INTEN_SET /
GPIO_INTEN_CLR.

CVHXPOHHBIN OeTeKTop MOXeT CchOpMUPOBaTL MpepbiBaHME Kak MO PPOHTY cuUrHama, Tak 1 Mo YPOBHIO,
BolbOp TMna npepbiBaHWs — ocyulectBnsgeTca  3anucbio B peructp  GPIO_INTTYPE_SET /
GPIO_INTTYPE_CLR. Peructpol GPIO_INTPOL_SET / GPIO_INTPOL_CLR onpegenstoT, Kakon ypoBeHb

(HM3KUI/BBICOKUI) UK Kakow OPOHT (Bo3pacTaroLLmii/cnagatownin) BeI30BET NpepbiBaHMe.

ACUHXPOHHBIN OEeTEKTOP MOXET CHOPMMNPOBATL NpepbiBaHME TOMBLKO NO PpOHTY curHana. lMNpu nepexoae
B pexum rnybokoro cHa (rae pabotaeT acuHXpOHHbIN aeTekTop) 3HadeHue B peructpe GPIO_INTTYPE
UrHopupyeTcs, npepbiBaHMe cpabaTtbiBaeT MO (PpOHTY curHana (BospacTarollemy unv cnagatouiemy, B
3aBucumocTtn ot GPIO_INTPOL).

Kakoli MMeHHO BbIBOZ Bbl3Bas MpepbIBAHWE MOXHO BbISICHATbL, MPOYMTaB PErucTp craTyca npepbiBaHUI
GPIO_INT. CootBetctBytowmn 6ut B pernctpe GPIO_INT BbicTaBnsieTcsi B 1 TONbKO €Cnu NpepbiBaHme Mo
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aTomy BbiBOAY pa3pelueHo B peructpe GPIO_INTEN.

ACWHXPOHHBIN OETEKTOP HEe WCMOSb3yeT CUCTEMHYIO 4acToTy, NO3TOMy MOXeT paboTaTb B pexume
rmybokoro cHa MUWKPOKOHTpornepa. ACUHXPOHHbBIA OeTekTop npu cpabatbiBaHUW, NOMUMO MNpepbIBaHUS,
dopmumpyeT curHan WAKEUP, koTopbii NpuBOAWT K BbIBOAY CUCTEMbI U3 pexuma rnyooKkoro cHa. Takmm
obpasom 6rok GPIO MOXHO ucnonb3oBaTh, YTOOLI BbIATU U3 pexxmMMa riybokoro cHa no BHELLHEMY COObITUIO.

ACUHXPOHHbIV AeTeKkTop (poHTa paboTaeT C HECMHXPOHU3MPOBAHHLIM Ha CUCTEMHYIO YaCTOTYy BXOAHbLIM
CUrHamnom, nosToMy Aaxke KOPOTKWM FMUTY BXOAHOMO curHana GyaeT rapaHTMpOBaHHO 3aperMcTpyMpoBaH Kak

PPOHT.
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Cnucok anbTepHaTuUBHbIX pyHKkuun GPIO

GPIO_ALTF, a apyrumun BbiBO4AMN MUKPOCXEMbI.

B crtonbue GPIOA EXT copgepxaTca (pyHKUMM, 3HAYEHME KOTOPbIX OnpedensieTcs He peruncrtpamu

w| cronen | oy | sn | o | ot [omosmmo| SR | oS
0 ; SPIO_MOSI | UARTO_TX | R0 EXU | poa RXP | EXTMEMDO | MOA_RXP | UARTO_TX
1 ; SPIO_MISO | UARTO_RX Ti"l‘z'f/'ngXt MOA_RXM | EXTMEMD1 | MOA RXM | UARTO_RX
2 ; SPI0_CS UARTO_RTS Ti”;‘f/fntEXt MOA RXE | EXTMEMD2 | MOA_RXE | UARTO_RTS
3 . SPI0_SCK | UARTO_CTS - MOA TXP | EXTMEMD3 | MOA TXP | UARTO CTS
4 - SP1_MOSI | UART1 TX | OWIOData | MOA TXM | EXTMEMD4 | MOA TXM | UART1 TX
5 ] SP_MISO | UART1_RX | OWIOSTP | MOA_TXI | EXTMEMD5 | MOA_TXI | UART1_RX
6 - SPI1_CS UART1 RTS | OWI1 Data | MOB RXP | EXTMEMD6 | MOB RXP | UART1 RTS
7 ] SPI1_SCK | UART1_CTS | OWI1STP | MOB_RXM | EXTMEMD7 | MOB_RXM | UART1 CTS
8 ] UARTO_TX | CANO_TX ] MOB_RXE | EXTMEMCS | MOB_RXE | SPIO_MOSI
9 - UARTO RX | CANO_RX - MOB TXP | EXTMEMOE | MOB TXP | SPI0_MISO
10 ] UARTO_RTS | CAN1_TX ] MOB_TXM | EXTMEMAO | MOB_TXM | SPI0_CS
11 - UARTO CTS | CAN1 RX - MOB TXI | EXTMEMA1 | MOB TXI | SPIO_SCK
12 - UART1 TX | OWIO Data - M1A RXP | EXTMEMA2 | M1A RXP | SPI1_MOSI
13 ] UART1_RX | OWIOSTP - M1A_RXM | EXTMEMA3 | M1A_RXM | SPI1_MISO
14 - UART1_RTS | OWI1 Data - M1A_RXE | EXTMEMA4 | M1A RXE | SPI1_CS
15 | BOSROMAM JUARTI_CTS | Owi1STP - MIA_TXP | EXTMEMAS | M1A_TXP | SPI1_SCK
16 - 12C0_SCL FPGAO | CANO_TX | MIA_TXM | EXTMEMA6 | MIA_TXM | I12C0_SCL
17 ] 12C0_SDA FPGA1 CANO_RX | MIATXI | EXTMEMA7 | MIA_TXI | 12C0_SDA
18 ] 12C1_SCL FPGA2 | CAN1TX | MIB_RXP | EXTMEMA8 | M1B_RXP | I2C1_SCL
19 - 12C1_SDA FPGA3 | CAN1RX | M1B_RXM | EXTMEMAQ | M1B_RXM | I12C1_SDA
20 | JCKmOM - epgpg FPGA4 | 12C0_SCL | M1B_RXE | EXTMEMA10 | M1B_RXE | CANO_TX
JTAG_EN=1 = - - -
21| IMSmoM | ppgay FPGA5 | 12C0_SDA | M1B_TXP | EXTMEMAM | M1B_TXP | CANO_RX
JTAG_EN=1 = - - _
22 JTL%I_FIIEpI\IIL , |FPGA2 FPGA6 | 12C1.SCL | MIB_.TXM | EXTMEMA12 | M1B_TXM | CAN1_TX
23| DO | pops FPGA7 | 12C1_SDA | MIB_TXI | EXTMEMA13 | MIB_TXI | CAN1_RX
JTAG_EN=1 - - - -
24 - Lmer0EXt | sPio_MOSI | FPGAO | CANO_TX | EXTMEMA14 | FPGAg | T'Ier0EXt
25 ; E'V"(‘;T Bxt | spio miso | FPGA1 CANO_RX | EXTMEMA15 | FPGA9 Ti”éflr;n'f’“
26 - Timer2 Ext SPI0_CS FPGA2 CAN1_TX | EXTMEMA16 | FPGA10 Timer2 Ext
Event - - Event
27 ] OWloData | SPI0_SCK | FPGA3 | CAN1_RX | EXTMEMA17 | FPGA11 | OWIO Data
28 ] OWIOSTP | SPI1_MOSI | FPGA4 | UARTO TX | EXTMEMA18 | FPGA12 | OWIOSTP
29 - OWI1 Data | SPI1_MISO | FPGA5 | UARTO_RX | EXTMEMA19 | FPGA13 | OWI1 Data
30 . OWI1 STP SPI1_CS FPGA6 | UARTO RTS | EXTMEMA20 | FPGA14 | OWI1STP
31 - - SPI1_SCK | FPGA7 | UARTO_CTS - FPGA15 ;

Paspsabl GPIOA [31:24] otcyTcTtBytoT B 208-BIBOAHOM KOpMycCe.
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Kakas mmMeHHO anbTepHaTuBHas yHkumMs BbibpaHa ana nopta GPIO onpepensieTcs 3HayeHuem
pernctpoB GPIO_ALTFO, GPIO_ALTF1, GPIO_ALTF2 (pernctp GPIO_ALTF3 ectb Tonbko y GPIOA T.K. y
GPIOA 6onblue anbTepHaTUBHbLIX OYHKLNIA) criedytoLmum obpasom:

But X perucrtpa But X But X
ALTF2 (tonbko ansa perucrpa perucrpa BeiBoag GPIO X ...
GPIOA) ALTF1 ALTFO
VMcnonb3yeTcs kak BblBOA 00LLero HasHa4veHus
0 0 (BbIXOAHBIM Byhepom ynpasnseT peructp
GPIO_DATA)
0 0 CoeanHeH ¢ anstepHaTMBHOM hyHKumen NeO
(APO)
0 1 CoeanHeH ¢ anstepHaTMBHOM hyHKUMen Ne1
(AP1)
0 1 CoeanHeH ¢ anstepHaTMBHON byHKumen Ne2
(AP2)
1 0 CoeavHeH ¢ anbTepHaTMBHON (hyHKumen Ne3
(A®P3) (Tonbko ansa GPIOA)
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Kapra peructpos GPIO

CwmelleHne ot

YTeHun 3HadeHue byaet paBHO
0.

6asoBoro agpeca A66peBunatypa HasBaHue OnucaHune
6roka
0x00 GPIO_DIR_SET |GPIO Direction Set YcTaHoBKa pexuma paboTsi
0x04 GPIO_DIR_CLR |GPIO Direction Clear BbIXOAHOTO Gychepa
0x08 GPIO_DATA_SET |GPIO Data Set YCTaHOBKa 3HAYEHMIA Ha BbIBOAAX
0x0C GPIO_DATA_CLR |GPIO Data Clear obLuero HasHaueHus
0x10 GPIO_INTEN_SET | GPIO Interrupt Enable Set
PaspeLueHne npepbiBaHnin
0x14 GPIO_INTEN_CLR |GPIO Interrupt Enable Clear
0x18 GPIO—IN-I:I.TYPE—SE GPIO Interrupt Type Set
Bbibop Tvna npepbiBaHus
(dbpoHT/ypoBEHD)
0x1C GPIO—INE—YPE—CL GPIO Interrupt Type Clear
0x20 GPIO_INTPOL_SET | GPIO Interrupt Polarity Set Bbibop nonsgpHOCTU BXOQHOIO
CurHana, npy KoTopou
0x24 GPIO_INTPOL_CLR | GPIO Interrupt Polarity Clear (hOPMMPYIOTCS MPEpbIBaHNS
0x28 GPIO_INT GPIO Interrupt Status CraTtyc npepbiBaHun
0x2C GPIO ALTFO GPIO Alternative Function
- Select 0
- : Bbibop ansTepHaTMBHOM OYHKLMK
0x30 GPIO ALTF1 GPIO Alternative Function
- Select 1
GPIO Alternative Function Bbibop anstepHaTMBHOM OyHKLUN
0x34 GPIO_ALTF2 Select 2 (Tonbko ansa GPIOA)
3annck B AaHHbIE PerucTpbl He
0x38-0x7F Peseps BNUAST Ha UX CONEPXKUMOe. [pu 3ape3epBMpPOBaHHbIE pEerncTpbl

Mocne cbpoca Bce perncTpbl nmetoT 3HadeHrne 0x00000000.
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Peructpsbl

GPIO_DIR_SET / GPIO_DIR_CLR [0x0/0x4]: napHble perucTpbl yrpaBfieHUsi peXXxMMoM paboTbl
BbIXOAHbIX 6ycepoB nopTa.

Kaxgpin 6ut perncTpa ynpasideT COOTBETCTBYHOLLMM BbIBOOOM MUKPOCXEMbI.

BuTbl OnucaHue HdocTtyn C6poc
3anuck B GPIO_DIR_SET:
. 1 - BKMOUNTb BbIXOAHOM Bydep Ha nepenayy;
o~ l® 0 - He MEHSIET TEKYLLYI0 HAaCTPOWKY.
310 4renne GPIO_DIR_SET: WS 0
. 1 - BbIXogHOW Bydep BKIOYEH Ha nepenavy;
. 0 - BbIxogHOW Bydhep BbIKMIOYEH.
Butbl OnucaHue HDocTtyn Co6poc
3anuce B GPIO_DIR_CLR:
. 1 - BbIKITIOYMTb BbIXOgHOW Bydep;
e 0 - He MEHSIET TEKYLLYIO HACTPOMWKY.
310 |yrenne GPIO_DIR_CLR: wic 0
. 1 - BbIxogHOW Bydhep BKMOYEH Ha nepepadyy;
. 0 - BbIxOOHOM Bydep BbIKIMOYEH.

GPIO_DATA_SET/GPIO_DATA_CLR [0x8 / 0xC]: napHble peructpbl gaHHbix GPIO.

Kaxgeim ©uT pernctpa CcoOTBETCTByeT BblBOAY Mukpocxembl. YteHunem GPIO_DATA_SET /
GPIO_DATA_CLR moxHo cuutaTh Tekylee 3HavyeHune Ha BoeiBoge GPIO. Korga gaHHbIV BbIBOA C MOMOLLLIO
GPIO_DIR HacTtpoeH kak Bbixod, 3anucbio B GPIO_DATA_SET / GPIO_DATA_CLR moxHO ynpaBnsaTb
3Ha4YeHMeM Ha 3TOM BbIBOAE.

BuTbl OnucaHue HDocTtyn C6poc
3anunce B GPIO_DATA_SET:
. 1 - nogatb Ha BbIXOAHOW Bydbep norvyeckyo eguHULY;
e 0 - He MeHsIeT TeKyLLYI HaCTPOMKY.
31:0 |Grenne GPIO_DATA_SET: w1s 0
. 1 - Ha BxO4Ee nopTta YpOBEHb JTOMMYECKOW €OMHULbI;
. 0 - Ha Bxoge nopTa ypoBEHb JTIOMMYECKOro Hyns.
BuTbl OnucaHue HdocTtyn C6poc
3anncb B GPIO_DATA CLR:
. 1 - nogatb Ha BbIXOAHOW Bydhep Nornyeckun Hyneb;
o~ l® 0 - He MEHSIET TEKYLLYI HaCTPOMKY.
310 Urtenne GPIO_DATA_ CLR: wic 0
. 1 - Ha BxO4Ee nopTa YPOBEHb JTOMYECKOW eOUHULbI;
. 0 - Ha BxOoge nopTa ypoBEHb JTIOTMYECKOro Hyns.
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GPIO_INTEN_SET / GPIO_INTEN_CLR [0x10 / 0x14]: napHble perucTpbl pa3pelieHns reHepauum
npepbiBaHMA No cobbITUAM Ha Bxogax GPIO.

Buthbl OnucaHve OocTtyn C6poc
3anuck B GPIO_INTEN_SET:

. 1 - pa3pewnTb reHepauuio NpepbiBaHNs No cobbITUSIM Ha
OaHHOM BXOAE;

. 0 - He MEHSIET TEKYLLYIO HAaCTPOWKY.

31:0 |YteHne GPIO_INTEN_SET: W1S 0
. 1 - paspelueHa reHepauus npepbiBaHUSA MO COObITUAM Ha
OaHHOM BXOfAE€;

. 0 - 3anpeLlleHa reHepauus npepbiBaHNUS MO COObITUAM Ha
OaHHOM BXofe.

BuTbl OnucaHue HdocTtyn C6poc

3anuck B GPIO_INTEN_CLR:

. 1 - 3anpeTnTb reHepauuio npepbiBaHNs No cobbITUSAM Ha
AaHHOM BXO04E€;

. 0 - He MEHSIET TEKYLLYIO HACTPONKY.

31:0 [YteHue GPIO_INTEN_CLR: W1C 0
. 1 - paspeLueHa reHepauusi NpepbiBaHWSA MO COObITUAM Ha
AaHHOM BXOfg€;

. 0 - 3anpeLleHa reHepauus npepbiBaHNs No CobbITUSAM Ha
AaHHOM BXxoge.

GPIO_INTTYPE_SET / GPIO_INTTYPE_CLR [0x18 / 0x1C]: napHble peructTpbl yCTaHOBKWU TUMNa
npepbiBaHuA (no cppoHTYy/ypoBHIO) reHepupyemoro GPIO.

Butbl OnucaHue HOocTtyn C6poc
3anunce B GPIO_INTTYPE_SET:

. 1 - yCTaHOBUTb reHepauuio 3anpoca npepbiBaHKs No
(POHTY;

. 0 - He MeHsIeT TeKyLLYI0 HaCTPOMKY.

31:0 |YteHne GPIO_INTTYPE_SET: W1S 0
. 1 - reHepauus 3anpoca npepbiBaHWs OCYLLECTBASETCS Mo
(POHTY;

. 0 - reHepauwus 3anpoca npepbiBaHMSA OCYLLECTBRSETCA N0
YPOBHIO.

Buthl OnucaHue HOocTtyn C6poc

3anuce B GPIO_INTTYPE_CLR:
. 1 - yCTaHOBMWTb reHepaLmio NpepbIBaHUS MO YPOBHIO;

. 0 - He MeHsIeT TeKyLLYI0 HaCTPOWKY.

Urtenne GPIO_INTTYPE_CLR:

. 1 - reHepauus 3anpoca npepbiBaHWSA OCYLLECTBAETCS Mo
hpOHTY;

. 0 - reHepauwus 3anpoca npepbiBaHMSA OCYLLECTBASETCS NO
YPOBHIO.

31:0 W1C 0
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GPIO_INTPOL_SET / GPIO_INTPOL_CLR [0x20 / 0x24]: napHble perucTpbl yCTaHOBKMU MONSAPHOCTHU
cobbiTua GPIO, no kKoTopoMmy reHepupyeTcsi NpepbiBaHue.

BuTbl OnucaHue HdocTtyn C6poc
3anuck B GPIO_INTPOL_SET:
. 1 - yCTaHOBMWTb reHepaumto No NONOXUTENbHOMY (PpPOHTY /
BbICOKOMY YPOBHIO cobbITHSA (3aBucuT oT ycTaHoBok GPIO _INTTYPE);
. 0 - He MEHSIET TEKYLLYI0 HAaCTPOWKY.

31:0 |YteHne GPIO_INTPOL_SET: W1S 0
. 1 - reHepauus 3anpoca npepbiBaHWS OCYLLECTBNSETCS MO
NONOXUTENBHOMY (PPOHTY / BBICOKOMY YPOBHIO COBbITUS;
. 0 - reHepauwms 3anpoca npepbiBaHWS OCYLLECTBMASETCS MO
oTpuuatensHOMy OPOHTY / HU3KOMY YPOBHIO COBbITUS.

Buthbl OnucaHue Hoctyn C6poc
3anuck B GPIO_INTPOL_CLR:
. 1 - yCTaHOBUWTb reHepaunio No oTpuuaTensHoMy OPoHTY /
HM3KOMY YPOBHIO cobbiTus (3aBucut ot yctaHoBok GPIO_INTTYPE);
. 0 - He MEHSIET TEKYLLYIO HACTPOWKY.

31:0 |YteHme GPIO_INTPOL_CLR: W1C 0
. 1 - reHepauus 3anpoca NpepbiBaHKSA OCYLLECTBASETCS MO
NONOXUTENBHOMY (PPOHTY / BEICOKOMY YPOBHIO COBLITUS;
. 0 - reHepauwms 3anpoca npepbiBaHMSA OCYLLECTBRSETCSA N0
oTpuuatensHOMy OPOHTY / HU3KOMY YPOBHIO COBObITUS.

GPIO_INT [0x28]: perucTp ctatyca npepbiBaHun GPIO.

Butbl OnucaHue DocTtyn Co6poc
UteHune INT peructpa GPIO_INT:
. 1 - ObIn 3adUKCUPOBaH (PPOHT UMM YPOBEHB (COrMacHo

31:0 |3apgaHHbIM B pernctpax GPIO_INTPOL n GPIO_INTTYPE ycnoBuam) Ha RC 0

AaHHOM BbIBOE;

. 0 - bpOHT unu ypoBeHb He Gbin 3aUKCUPOBAH.

Mpun yteHuun pernctp cbpacbiBaetcs B 0. Ecnn Bo Bpems uTeHus, npuwwo kakoe-nnbo cobbiTve, TO OHO
OyneT 3adpmkcupoBaHO B COOTBETCTBYOLWEM OBuTte peructpa. Pukcaums cobbiTvs umeeT npuoputeT Hag
OYUCTKOMN.
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GPIO_ALTFO0, GPIO_ALTF1, GPIO_ALTF2 [0x2C / 0x30 / 0x34]: peructpbl GPIO_ALTF 0 u 1
ynpaBnstT GPIO_MUX.

3HaueHuns pernctpoB GPIO_ALTF gns kaxagoro M3 BbIBOOAOB ONPenensiioT, NCNONb3yeTCsl N BbIBOL, Kak
BbIBOJ, OOLLIErO HAa3HAYeHUs, UNN COeQMHEH C OOHON U3 anbTepHATUBHbIX PYHKLINIA.

Butkl O"::a"' Hoctyn |C6poc
31:0
but X peructpa| but X But X
ALTF2 (Tonbko | peructpa | permcrtpa BbiBog GPIO X
ansa GPIOA) ALTF1 ALTFO
VMcnonb3yeTcs Kak BbiBOg obLuero
0 0 0 Ha3Ha4yeHus (BbIxOgHbIM Bydepom
ynpasnsieT pernctp GPIO_DATA)
0 0 1 CoeauHeH ¢ anbTepHaTMBHON (PyHKUMEN RW 0
Ne0 (A®0)
0 1 0 CoeauHeH ¢ anbTepHaTMBHONM (PyHKUMEN
Ne1 (Ad®1)
0 1 y CoeavHeH ¢ anstepHaTMBHOM OYHKLNEN
Ne2 (Ad2)
1 0 0 CoeavHeH ¢ anstepHaTMBHOM OYHKLNEN
Ne3 (AD3) (Tonbko ana GPIOA)
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KoHntponnep CAN uHtepcenca

CAN gaBnsietca koHTponnepom npotokoria CAN 2.0A/2.0B. KoHTponnep nogaepXuBaeT pPeXuMbl
BasicCAN (PCA82C200 nogo6Hbi) n PeliCAN. B pexnme PeliCAN nogaoepxuBarotcs yHKLUM NPOTOKONa
CAN 2.0B. Bbibop pexuma ocyuiecternsietcs B peructpe Clock Divider.

KapTta pervctpoB 1 hyHKLMOHaNbHOCTb KOHTPOMepa oTnMyatTcs npu paboTe B pa3nunyHbIX pexumax.
[anee npeacrasneH nepeyeHb permcTpoB Ans Kkaxaoro n3 Hux. Obwme pernctpel (clock divisor n bus timing)
onucaHbl nocne atoro. NepeyeHb perucTpoB Takke OTNNYAETCA NPU HAXOXAEHUM KOHTponnepa B paboyem
pexume nnun pexmme cbpoca. lNocne Bbixoga 13 cbpoca KOHTPOMMep octaeTcs B pexume cbpoca, oxuaas
3aBepLUeHnsa KoHpUurypupoaHus. Pabounii pexunm aktnsumpyetcs cbpocom duta CR.RR. [Ina nepexopa B
pexum cbpoca 6ut CR.RR cnegyet yctaHOBUTB.

Basic CAN PeliCAN
Appec Pabounn pexum Pexwm cbpoca Pabouunii pexum Pexum cbpoca
YreHune 3anucb YreHune 3anucb YreHue 3anucb YreHue 3anucb
0x00 Control Control Control Control Mode Mode Mode Mode
0x04 OxFF Command OxFF Command 0x00 Command 0x00 Command
0x08 Status - Status - Status - Status -
0x0C Interrupt - Interrupt - Interrupt - Interrupt -
Acceptance | Acceptance Interrupt Interrupt Interrupt Interrupt
0x10 OxFF -
code code enable enable enable enable
0x14 OXFF ) Acceptance Acceptance 0x00 ) 0x00 )
mask mask
0x18 OxFF - Bus timing 0 | Bus timing 0 | Bus timing 0 - Bus timing 0 | Bus timing 0
0x1C OxFF - Bus timing 1 | Bustiming 1 | Bus timing 1 - Bus timing 1 | Bus timing 1
0x20 0x00 - 0x00 - 0x00 - 0x00 -
0x24 0x00 - 0x00 - 0x00 - 0x00 -
0x28 Tx Id1 Tx Id1 OxFF - 0x00 - 0x00 -
Arbitration Arbitration
0x2C Tx1d2 Tx1d2 OxFF ) Lost Capture ) Lost Capture )
0x30 Tx data byte 1 Tx data byte OXFE ) Error Code ) Error Code )
1 Capture Capture
0x34 | T data byte 2 Tx data byte OXFE ) Error.w:farnlng ) Error.wellrnmg Error.wsznlng
2 limit limit limit
0x38 | Tx data byte 3 Tx data byte OXFE ) RX error ) RX error RX error
3 counter counter counter
O0X3C | Tx data byte 4 Tx data byte OXFE ) TX error ) TX error TX error
4 counter counter counter
0x40 | Txdatabyte 5 | X databyte OXFF ; RXFISFF | TXFISFF | /Acceptance | Acceptance
5 code 0 code 0
Ox44 | Txdatabytes | X databyte OXFF ; RX ID 1 Tx|p1 | Acceptance | Acceptance
6 code 1 code 1
0x48 | Tx databyte7 | X databyte OXFF - RX ID 2 TXID2 | AAcceptance | Acceptance
7 code 2 code 2
Tx data byte RX data1/ | TXdata1/ | Acceptance Acceptance
0x4C | Tx data byte 8 8 OxFF - RX ID 3 TXID 3 code 3 code 3
RX data2/ | Txdata2/ | Acceptance Acceptance
0x50 Rxld1 - Ruld1 - RX ID 4 TXID 4 mask 0 mask 0
0x54 Rx [d2 - Rx 1d2 - RX data3/ | Txdata3/ | Acceptance Acceptance
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Basic CAN PeliCAN
Apnpec Pabouunin pexum Pexwm cbpoca PaGounii pexum Pexum cbpoca
YteHne 3anucb YteHne 3anucb YreHue 3anucb YteHune 3anucb
RX data 1 Tx data 1 mask 1 mask 1
Rx data byte RX data4/ | Txdata4/ | Acceptance Acceptance
0x58 | Rx data byte 1 1 RXdata2 | Txdata2 mask 2 mask 2
Rx data byte RX data5/ | Txdata5/ | Acceptance Acceptance
Ox3C | Rxdata byte 2 2 RX data 3 Tx data 3 mask 3 mask 3
Rx data byte RX data6/ | TXdata6/
0x60 Rx data byte 3 - 3 - RX data 4 TX data 4 0x00 -
Rx data byte RX data7/ | TXdata7/
0x64 Rx data byte 4 - 4 - RX data 5 TX data 5 0x00 -
Rx data byte RX data8/ | TX data 8/
0x68 Rx data byte 5 - 5 - RX data 6 TX data 6 0x00 -
0x6C | Rx data byte 6 - Rx data byte - FIFO/RX | X data 7 0x00 ;
6 data7
0x70 | Rx data byte 7 - Rx data byte - FIFO/RX | /X data 8 0x00 ;
7 data 8
0x74 Rx data byte 8 ) Rx data byte ) Rx message ) Rx message )
8 counter counter
0x78 0x00 - 0x00 - 0x00 - 0x00 -
0x7C Clock divider | Clock divider | Clock divider | Clock divider | Clock divider | Clock divider | Clock divider | Clock divider
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Peructpbl pexuma Basic-CAN

Control (CR) [0x00]: PerucTtp ynpaBreH1Us COQEPXUT OUTbI pa3peLleHUs NpepbiBaHUMN, a TaKke OUTbI
ynpaBneHusa pexumom copoca.

Butbl |HasBaHue OnucaHue DocTtyn C6poc
31:6 - Peseps R 0
5 - Peseps R 1
Overrun Interrupt Enable:
4 OIE . 1 - paspeLleHo; R/W 0
. 0 - 3anpeLueHo.
Error Interrupt Enable:
3 EIE . 1 - paspeLueHo; R/W 0
. 0 - 3anpeLueHo.
Transmit Interrupt Enable:
2 TIE . 1 - paspeLueHo; R/W 0
. 0 - 3anpeLueHo.
Receive Interrupt Enable:
1 RIE . 1 - paspeLleHo; R/W 0
. 0 - 3anpeLueHo.
Reset request. 3anucb 1 cOpacbiBaeT BCe aKTMBHbIE
0 RR TpaH3aKUM1 1 NepeBoanT KOHTPOIEP B pexum copoca. R/W 1
3anucb 0 nepeBoanNT B paboumnii pexxnm.

Command (CMR) [0x04]: 3anucb 1 B COOTBETCTBYIOLUIA OUT perncrtpa MHULUMpyeT CBA3aHHOe C
ouTom pencrtBuUe.

BuTbl | HasBaHue OnucaHue HdocTtyn C6poc
31:8 - Peseps R 0
74 - PesepB R 1

3 CDO |Clear data overrun: 3anuck 1 cbpacbiBaet ctatyc SR.DOS. R/W 1

Release receive buffer: 3annce 1 oceoboxaaet dydep
npuemMHuKa ans Hoeoro npuema. 3anuck 1 goskHa
OCYLLECTBNATLCS NOCHe YTEHUst cogepXmnmoro bydepa RIW 1

2 RRB
npvemMHuka. B crnyyae Hanuuusa HoBoro coobueHus B FIFO
OyneT creHepupoBaHO HOBOE MpepbiBaHUE (ECNN pa3peLleHo)
n SR.RBS Oynet cHoBa yCTaHOBIEH.
1 AT Abort transmission: 3anncb 1 OTMEHSET eLle He CTapTOBaBLUYHO RIW 1

nepegady.
Transmission request: 3anuck 1 nHMLMKMPYET TpaHcdep
coobLeHus n3 bycepa nepenavtuka. OTMEHUTL Nepegady
MOXHO Tonbko 3anucbto 1 B CMR.AT 1 Tonbko ecnn TpaHcdep
0 TR ewle He Havancs. Ecnu nepegaya yxxe Hayanacb, oHa He oyger | R/W 1
octaHoBneHa npwu 3anvcu 1 B8 CMR.AT, Ho, B crniyyae
BO3HWMKHOBEHUS ownbkmM, He ByaeT HayaTa NOBTOPHas
nepegava.

Status (SR) [0x08]: PerucTp oTpaxkaeT TeKyLlee COCTOSHUe KOHTposiepa U AOCTYNeH TONbKO Ans
YTeHus.

Butbl | HazBaHue OnucaHue DocTtyn C6poc
31:8 - Peseps R 0
7 BS Bus status: R 0
. 1 - WnHa HeakTMBHa
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Butbl | HazBaHue OnucaHue DocTtyn C6poc
Error status: no kpanHen mepe 0guH U3 CHETYMKOB OLLIMBOK
6 ES R 0
OOCTUT N NpeBbICUN Noporoeoe 3HaveHue (EWL).
5 TS Transmit status: R 0
. 1 - nget nepenada coobLueHns
4 RS Receive status: R 0
. 1 - ngert npuem coobLieHns
Transmission complete:
3 TC . 1 - nocnegHee coobuieHne BbINo ycneLwHo R 1
nepenaHoCbpacbkiBaeTca npu 3anpoce Ha nepegady u He
yCTaHaBnMBAETCA [0 YCMNELHOro OKOHYaHWs nepegadn.
Transmit buffer status:
. 1 - Bydbep nepepatynka gocTyneH ans 3anmcmBo
2 TBS g R 1
Bpems ncxogsien nepegaymn bydep bnokunpyercs un 6ut paseH
0.
1 DOS Data overrun status: R 0
. 1 - coobLleHne NoTepsiHO n3-3a 3anonHeHHocTn FIFO
Receive buffer status:
0 RBS |« 1 - Bychep NpMeEMHMKA COOEPXKUT HENPOUUTAHHBIE R 0
coobueHnaCopacbiBaetcs 3anucbio 1 B CMR.RRB.
Interrupt (IR) [0x0C]: PerucTtp cogepXxut nHcgopmaumio o NpMYnHe npepbiBaHus. Buthbl
ycTaHaBNUBAIOTCS, TONbKO eCfin YCTaHOBIEHbI COOTBEeTCTBYloWwMe UM 6uTtbl CR.

Butbl  HazBaHue OnucaHue Hoctyn C6poc
31:8 - Peseps R 0
75 - R 0b111

4 - R 0

3 ol Data overrun interrupt: yctaHaBnuBaetca npu R 0
nameHeHnn SR.DOS 13 0 B 1. CHpacbiBaeTCs Npu YTEHNUN.
Error interrupt: yctaHaBnmBaetca npu

2 El aetektnpoBaHun SR.ES nnn SR.BS. CbpackiBaeTcs npu R 0
YTEHUN.
Transmit interrupt: yctaHaBnueaeTcsa npy 0cBOGOXAEHUN

1 TI R 0
Oydepa nepepatumka. CbpacbiBaeTcst Npu YTEHUN.

0 RI Receive interrupt: yctaHaBnuBaeTcs Npy HaNnM4nm coooLLeHnN R 0
B FIFO npuemHuka. CopacbiBaetcsa 6utom CMR.RRB.
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Bydep nepenatumka

[anee npuBegeHa cTpykTypa bydepa nepegatuuka. B pexume BasicCAN MoryT nepegaBaTbCs TONBKO
cTaHgapTHble coobueHus (EFF nrHopupytotcs).

Appec HasBaHue Butbi
7 6 5 4 3 2 1 0

0x28 ID byte 1 ID.10 ID9 | ID.8 | ID.7 ID.6 ID.5 ID.4 ID.3
0x2C ID byte 2 ID.2 IDA ID.0 | RTR DLC.3 DLC.2 DLC.1 DLC.0
0x30 TX data 1 TX byte 1

0x34 TX data 2 TX byte 2

0x38 TX data 3 TX byte 3

0x3C TX data 4 TX byte 4

0x40 TX data 5 TX byte 5

0x44 TX data 6 TX byte 6

0x48 TX data 7 TX byte 7

0x4C TX data 8 TX byte 8

Ecnu yctaHosneH 6ut RTR, To kKagp He ByaeTt cogepxaTtb AaHHble. Ho DLC Bce paBHO ABMASETCH YacTblo
Kagpa v gomkeH 6biTb 3agaH.

He pekomeHayeTcs 3agaBath 3HayeHme DLC 6onblie 8. 3HayeHme ByaeT okpyrneHo oo 8 B Takou criyyae.

Bydep npuémHuka

Bydep, pacnonoxeHHbli no agpecam 0x50-0x74, aBnseTcd BuAMMOW 4acTbio 64-6anTtoBoro FIFO
npuemHuka. Ero cTpyktypa cooTBETCTBYET CTPYKTYpe nepegatowiero bydepa.
PdunsTpaymsa coobweHumn

Coo6uleHnsa moryT BbiTb OT(OUNBTPOBaHbI HA OCHOBaHWWM 3HayeHMn pernctpoB Acceptance Mask u
Acceptance Code. Ctapwue 8 6ut 11-6uTHOro ngeHTudmkaTopa cpasHmnatotcs ¢ Acceptance Code, Tonbko
anst 6ut, nomeveHHbix 0 B Acceptance Mask. CoobuwieHune nomelaetcs B FIFO B cnyyae coBnageHus.
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Peructpsbl pexxuma PeliCAN

Mode (MOD) [0x00]:

Butbl | HazBaHue OnucaHue DocTtyn C6poc
31:4 - Peseps R 0
Acceptance filter mode:
3 AFM . 1 - pexxum egnHMYHOro unsTpa R/W 0
. 0 - pexxvm gBoriHoro cunesTpa
2 STM Self test mode: RIW 0
. 1 - KOHTPONNEP B PEXMME CaMOTECTMPOBAHNS
1 LOM Listen only mode: RIW 0
. 1 - pexxm naccmMBHOroO npuema
Reset mode: 3anuck 1 NpnBoAUT K OTMEHE BCEX MCXOOSLLMIA
0 RM coobLeHnn n nepexoay B pexunm copoca. 3anuck 0 R/W 1
nepeeoanT B paboumin pexum.

Command (CMR) [
ouTtom gencrtBue.

0x04]: 3anucb 1 B COOTBETCTBYHOLWMIA OUT perucrtpa MHULMUPYET CBA3aHHOE C

Butbl
31:5

HasBaHue

SRR

CDO

RRB

AT

TR

OnucaHue
Peseps

Self reception request: nepegate 1 0OQHOBPEMEHHO NPUHATL
coobuieHune. B pexrnme camoTecTMpoBaHUS BO3MOXHO

wuHe. CoobLeHne 6yaet ogHOBPEMEHHO NPUHSTO U NepeaaHo
6e3 reHepauny gpyrux npepbiBaHun.

Clear data overrun: 3anvcb 1 cbpacbiBaeT cTaTtyc
STATUS.DOS.

Release receive buffer: 3anuce 1 ocsoboxaaet dycep
nprvemMHunKa Ans HoBoro npmema. 3anucb 1 gomkHa
OCYLLECTBATLCA NOCNEe YTeHNUst cogepxunmoro bydepa
npuvemHuka. B cnyyae Hannuusa Hosoro coobuleHuns B FIFO

SR.RBS 6yaeT cHoBa yCTaHOBIEH.

Abort transmission: 3anucb 1 oTMeHSEeT eLle He CTapToBaBLUYIO
nepegavy.

Transmission request: 3anuck 1 nHULMMPYET TpaHcdep
coobuieHus n3 bycdepa nepegatynka. OTMEHUTb Nepedady
MOXHO Tornbko 3anucbto 1 B8 CMR.AT 1 Tonbko ecnu TpaHcdep
elle He Havancsa. Ecnu nepenava yxe Hayanack, oHa He Byger
octaHoBneHa npu 3anucn 1 B8 CMR.AT, Ho, B cnyvae
BO3HWKHOBEHMS ownbku, He ByaeT HayaTa NOBTOpHas
nepegava.

npoTecTMpoBaTb yCTPOMUCTBO Be3 Hanuumsa gpyrux yCTponcTB Ha

GyaeT creHepMpoBaHO HOBOE NMpepbiBaHWe (eCnn paspeLLeHo) u

Doctyn
R

R/W

R/W

R/W

R/W

R/W

Co6poc
0

Status (SR) [0x08]: perncTp oTpaxkaeT TeKyLiee COCTOAHNE KOHTposJiepa 1 AOCTYNEeH TONbKO AnA

YTEHMA.
BuTbl | HazBaHue OnucaHue HdocTtyn C6poc
31:8 - Peseps R 0
7 BS Bus status: R 0
. 1 - WKHa HeaKTUBHa
Error status: no kpanHe mepe 0ouH U3 CHETYMKOB OLLMBOK
6 ES R 0
AOCTUT UNW NPeBLICUN NOporosoe 3HadeHue (EWL).
5 TS Transmit status: R 0
. 1 - nget nepegaya coobLleHNsI
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BuTtbl | HazBaHue OnucaHue DocTtyn C6poc
4 RS Receive status: R 0
. 1 - nget npuem coobLieHns
Transmission complete:
3 TC . 1 - nocnegHee coobuieHne BbINo ycneLwHo R 1
nepenaHoCbpackiBaeTca npu 3anpoce Ha nepegavy u He
yCTaHaBNMBaETCH A0 YCNeLHOro OKOHYaHWsa nepegadn.
Transmit buffer status:
. 1 - Bydhep nepenatyuka gocTyneH Ansa sanucuBo
2 TBS . R 1
Bpems ncxoasdilen nepegayun bydep 6noknpyetca n 6ut paseH
0.
1 DOS Data overrun status: R 0
. 1 - coobLleHMe NoTepsiHO n3-3a 3anonHeHHocTn FIFO
Receive buffer status:
0 RBS |« 1 - Bychep NpMEMHMKA COOEPKUT HENPOUUTAHHBIE R 0
coobueHnaCopacbiBaetcs 3anucbio 1 B CMR.RRB.
Interrupt (IR) [0x0C]: pernctp cogepxuT nHcpopmauuio o NpuYMHe nNpepbiBaHusA. Buthbl
yCcTaHBanuBaloTCs, TONbKO ecyiu YCTaHOBIEHbI COOTBeTCTBYlowMe UM 6uTtbl CR.
BuTbl | HasBaHue OnucaHue HdocTtyn C6poc
31:8 - Peseps R 0
Bus error interrupt: yctaHaBn1MBaeTcs npu o6HapyXeHum
7 BEI R 0
ownbkM Ha WwnHe. CopackiBaeTCcs NpU YTEHUMN.
Arbitration lost interrupt: yctaHanusaetca npu notepu
6 ALI R 0
apbutpaxa. CopackiBaeTca Npu YTEHUN.
5 EP| Error passive interrupt: yctaHannsaetcsi npu nepexoae 13 0
aKTMBHOM K naccmMBHOM ownbke. COpackiBaeTca Npu YTEHUM.
4 - Peseps R 0
3 DO Data overrun interrupt: yctaHaBnusaetcs npu naMmeHeHun 0
SR.DOS u3 0 B 1. CHpacbiBaeTcs Npu YTEHUW.
Error warning interrupt: yctaHaBnvBaeTcsa npu
2 EWI petektnposaHumn SR.ES nnn SR.BS. CbpackiBaeTcs npu R 0
YTEHUN.
Transmit interrupt: yctaHaBnuBaetcs npm ocBoboXaeHUN
1 TI R 0
Oydepa nepegatumka. COpacbiBaeTca npu YTEHUN.
0 RI Receive interrupt: yctaHaBnmBaeTcsi Npy HaNM4un coodLLeHNI R 0
B FIFO npuemHuka. CopacbiBaetcs npu onyctoweHun FIFO.

Interrupt Enable (IER) [0x10]: ynpaBnsieT BbIGOPOYHLIM OTKNHOYEHUEM npepbiBaHui. Ecnn cobbiTue
pa3pelueHo, ycTaHaBNMBaeTCA COOTBETCTBYOWMIA 6UT IR 1 reHepupyeTcs npepbiBaHue.

Burbl
31:8

HasBaHue

BEI

ALl

EPI

OnucaHue HdocTtyn
Peseps R
Bus error interrupt:
. 1 - paspeLueHo, R/W
. 0 - 3anpeLueHo
Arbitration lost interrupt:
. 1 - paspeLueHo, R/W
. 0 - 3anpeLueHo
Error passive interrupt:
. 1 - paspeLueHo, R/W
. 0 - 3anpeLueHo
Peseps R

C6poc
X
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BuTtbl | HazBaHue OnucaHue DocTtyn C6poc

Data overrun interrupt:

3 DOI . 1 - paspelueHo, R/W X
. 0 - 3anpeLueHo
Error warning interrupt:

2 EWI . 1 - paspelueHo, R/W X
. 0 - 3anpeLueHo
Transmit interrupt:

1 TI . 1 - paspeLueHo, R/W X
. 0 - 3anpeLueHo
Receive interrupt:

0 RI . 1 - paspeLueHo, R/W X
. 0 - 3anpeLleHo

Arbitration Lost Capture (ALC) [0x2C]:coaepuT no3uuuio 6MTa B NOTOKE, HA KOTOPOM KOHTponnep

notepsn apourpax.

BuTbl | HasBaHue OnucaHue HDocTtyn C6poc
31:5 - Peseps R 0
40 BN Bit number: 61T, Ha kOTOpOM NoTepsiH apbutpax. Permnctp R 0
) He U3MEHUT 3Ha4YeHmMe 0 TOoro, kak byaeT npoymTaH.
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Error Code Capture (ECC) [0x30]: coxpaHsieT koAbl OLUMOKKU, BO3HUKLIEN Ha WuHe. Pernctp He meHsieT
CcoCTOosiHMe, A0 TeX Nop, NoKa He GyaeT NPoYnTaH.

Butbl | HazBaHune

31:8 -
7:6 EC
5 DIR
4:0 SEG

OnucaHue
Peseps
Error code:
. 0 - Bit error;
. 1 - Form error;
. 2 - Stuff error;
. 3 - Other.
Direction:
. 1 - npuem,
. 0 - nepegava

Segment: yacTb kagpa, B KOTOPOW NpomsoLuna
owmnbka:

. 0x03 - Start of frame;

. 0x02 - 1D.28 - ID.21;

. 0x06 - 1D.20 - 1D.18;

. 0x04 - Bit SRTR;

. 0x05 - Bit IDE;

. 0x07 - 1D.17 - 1D.13;

. OxOF -1D.12 - ID.5;

. OxOE -ID.4 - ID.0;

. 0x0C - Bit RTR;

. 0x0D - Reserved bit 1;

. 0x09 - Reserved bit 0;

. 0x0B - Data length code;
. 0x0A - Data field;

. 0x08 - CRC sequence;

. 0x18 - CRC delimiter;

. 0x19 - Acknowledge slot;
. 0x1B - Acknowledge delimiter;
. 0x1A - End of frame;

. 0x12 - Intermission;

. 0x11 - Active error flag;

. 0x16 - Passive error flag;
. 0x13 - Tolerate dominant bits;
. 0x17 - Error delimiter;

. 0x1C - Overload flag;

DocTtyn
R

Co6poc
0

Error Warning Limit (EWL) [0x34]: ynpaBnsieT NOporomMm reHepawmm ctatyca owmnbok. loctyneH gns
3anucu TonbKO B pexume copoca.

RX error counter [0x38]: oTo6paxaeT c4eTYMK OLMGOK NpueMHuKa. [locTyneH no 3anucu TonbKo B
pexume copoca. CobbiTue bus-off copacbiBaeT cueTUMK.

TX error counter [0x3C]: oTo6paxaeT c4eT4MK OLIMOOK NnepeaaTymka. [locTtyneH no 3anucu TofibKo B

pexume cbpoca.
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TX frame information [0x40]: umeeT naeHTuYHbIN chopmaT ana SFF n EFF.

Butbl | HazBaHue OnucaHue LOocTtyn C6poc
31:8 - Peseps R 0
dopmat Kagpa:
7 FF . 0 - ctaHpapTHbIN (SFF); W 0
. 1 - pacwupenHbin (EFF).
6 RTR Ina nepegaun Remote Transmission Request (RTR) W 0
cnepgyet anucatb 1.
5:4 - Peseps w 0
3:0 DLC Data Length Code 3apaet 3HayeHue 6anT B kKagpe - o1 0 Ao W 07
8. Mpwn 3anucu 3HaveHnsa 6onblue 8 OyayT nepenaHbl 8 6anT.
TXID
Ha3BaHue 7 6 5 4 3 2 0
TX identifier 1 (SFF n EFF) | 1D.28 | 1D.27 ID.26 ID.25 | ID.24 | ID.23 ID.22 ID.21
TX identifier 2 (SFF) ID.20 | ID.19 ID.18 - - - -
TX identifier 2 (EFF) ID.20 | ID.19 ID.18 ID.17 | ID.16 | ID.15 ID.14 ID.13
TX identifier 3 (EFF) ID.12 | ID.1M ID.10 ID.9 ID.8 ID.7 ID.6 ID.5
TX identifier 4 (EFF) ID.4 ID.3 ID.2 ID.1 ID.0 0 0
RX frame information [0x40]: umeeT naeHTnuHbIN chopmar gna SFF m EFF
Butbl| HasBaHue OnucaHue DocTtyn Co6poc
31:8 - Peseps R 0
dopmat NpUHATOro coodLLEeHUS:
7 FF . 0 - SFF; R 0
. 1-EFF.
6 RTR PaeeH 1 ana kagpe Remote Transmission Request 0
(RTR).
5:4 - Peseps R 0
3.0 DLC Mone Data Length Code (DLC). R 07?
RX ID
HasBaHue 7 6 5 4 3 2 1 0
RX identifier 1 (SFF n EFF) ID.28 | ID.27 ID.26 ID.25 | ID.24 ID.23 ID.22 ID.21
RTR (1
RX identifier 2 (SFF) ID.20 | ID.19 ID.18 ans 0 0 0 0
RTR)
RX identifier 2 (EFF) ID.20 | ID.19 ID.18 ID.17 | ID.16 ID.15 ID.14 ID.13
RX identifier 3 (EFF) ID.12 ID. 1M ID.10 ID.9 ID.8 ID.7 ID.6 ID.5
RX identifier 4 (EFF) ID.4 ID.3 ID.2 ID.A ID.0 RTR 0 0

RX message counter [0x74]: cooepXut KONMMYeCTBO COOBLLEHWUI, XpaHALWMXCa B bydepe npuemHumka.
Crapwue 3 6uta Bcerga pasHbi 0.
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Bydep nepenatumka

Bbydep nepegmatumka JOCTyNeH TOMbKO NO 3anvcu U pacnonoxeH no agpecam 0x40-0x70. YteHue wm3
yKa3aHHbIX agpecoB MpUBOAMT K TedeHuto Oydepa npmemnuka. CTpykTypa Gydepa 3aBucut oT dopmara

kagpa (SFF unu EFF).

# Write (SFF) Write (EFF)
0x40 TX frame information TX frame information
0x44 TXID 1 TXID 1
0x48 TXID 2 TXID 2
0x4C TX data 1 TXID3
0x50 TX data 2 TXID 4
0x54 TX data 3 Tx data 1
0x58 TX data4 Tx data 2
0x5C TX data 5 Tx data 3
0x60 TX data 6 Tx data 4
0x64 TX data7 Tx data
0x68 TX data 8 Tx data 6
0x6C - Tx data 7
0x70 - Tx data 8

Bydep npuémHuka

# Read (SFF) Read (EFF)
0x40 RX frame information RX frame information
0x44 RXID 1 RXID 1
0x48 RXID 2 RXID 2
0x4C RX data 1 RXID 3
0x50 RX data 2 RX ID 4
0x54 RX data 3 Rx data 1
0x58 RX data 4 Rx data 2
0x5C RX data 5 Rx data 3
0x60 RX data 6 Rx data 4
0x64 RX data 7 Rx data 5
0x68 RX data 8 Rx data 6
i | FXTame plomaton SREAVOUSTY yaata
0x70 RX ID1 cnegytowero coobueHmsa B FIFO |Rx data 8

AnnapaTtHble hUnbTpLI

AnnapaTHble UnbTPbl MOTYT ObITb UCMONb30BaHbI AN PUNbTpaLuM COOBLLEHWIA, HE COOTBETCBYHOLLMX
BblOpaHHbIM KputepmnsMm. OTdunbTpoBaHHOe coobuleHne He nomelwlaetcs B FIFO npuemHuka. Pexum
dunbTpaumm (eaUHUYHLIN UnNu aBorHomn) onpegensietca MOD.AFM.

B eOuHMYHOM pexxmme Mcnonb3yeTcs TONbKO OAWH 4-6aiTHBIN unbTp. B 4BOMHOM pexnmMe Ncnonb3yTes

ABa unbTpa MeHbLLEro pasmepa.

Kaxgbin ounbTp COCTOUT U3 ABYX YacTen: koga n macku. Kog 3agaet wabnoH ons cpaBHEHUs, a Macka
3afaeT He3Havalme ouTbl. AnnapaTHble QUIbLTPbLI UCMONb3YIOT 8 PErMCTPOB AOCTYMHbIX TOMBKO B PEXMME

cbpoca.
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Apnpec OnucaHue

0x40 Acceptance code 0 (ACRO)
0x44 Acceptance code 1 (ACR1)
0x48 Acceptance code 2 (ACR2)
0x4C Acceptance code 3 (ACR3)
0x50 Acceptance mask 0 (AMRO)
0x54 Acceptance mask 1 (AMR1)
0x58 Acceptance mask 2 (AMR2)
0x5C Acceptance mask 3 (AMR3)

EAHNYHBbIN DUnbTP, cTaHQAPTHBLIN Kagp

B paHHom pexume permctpbel ACRO-ACR3 cpaBHMBaKOTCA CO BXOASLMUM COOOLLEHMEM crnegylowum
obpasom:

e ACRO0.7-0 n ACR1.7-5 cpaBHuBatotcs ¢ ID.28-18

e ACRL1.4 cpaBHuBaetcsa ¢ RTR

e ACRL1.3-0 He ncnonb3aytoTtcs

e ACR2 n ACR3 cpaBHuBalTCA ¢ banTamu gaHHbix 1 n 2

CootBetcTBytowme 6utel AMR (ecnn ycTaHOBNEHbI) yKasblBalOT, YTO pesynbTaT CPaBHEHUS HEe umeeT
3HayYeHwus.

EAnHMYHBLIN PUNBTP, pacluMpeHHbIN Kaap

B paHHom pexume pervctpbl ACRO-ACR3 cpaBHMBaKOTCH CO BXOAAWMM COOGLLEHMEM CrneayoLum
obpasom:

¢ ACRO0.7-0 n ACR1.7-0 cpaBHuBatotcs ¢ ID.28-13
¢ ACR2.7-0 n ACR3.7-3 cpasHuBatotcd ¢ ID.12-0
e ACRS3.2 cpaBHuBatotca ¢ RTR

e ACR3.1-0 He ucnonb3yloTcs

[BonHon unbTp, cTaHAapPTHLIN Kaap

B paHHom pexume pernctpbl ACRO-ACR3 cpaBHMBAKTCA CO BXOAAWMM COOOLLEHMEM creaylowmm
obpasom:

®unbTp 1
e ACRO0.7-0 n ACR1.7-5 cpaBHuBatotc4 ¢ ID.28-18
e ACR1.4 cpaBHuBaetcsa ¢ RTR
e ACRL1.3-0 cpaBHMBaOTCS CO CTapwmnm HUOG6om GanTa gaHHbIX 1
e ACR3.3-0 cpaBHMBalOTCA C MagwmmMm H160nom 6anta gaHHbIX 1
dunbTp 2
e ACR2.7-0 n ACR3.7-5 cpaBHuBatoTtcs ¢ 1D.28-18
ACR3.4 cpaBHuBaeTcs ¢ RTR
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[BonHON hUNLTP, paclUMpPeHHbIN Kaap

B paHHom pexume peructpsl ACRO-ACR3 cpaBHUBaKOTCA CO BXoAdwMM cooblieHveM crnegyoumm
obpasom:

Filter 1

e ACRO0.7-0 n ACR1.7-0 cpaBHuBatoTtcs ¢ 1D.28-13
Filter 2

e ACR2.7-0 n ACR3.7-0 cpaBHuBatoTcs ¢ ID.28-13

O6wue pernctpbl KoHTponnepa CAN

KoHTponnep coaepxut 3 obLwmx pernctpa, MMELWMX MOEHTUYHY0 agpecaunto B pexumax Basi-CAN u
PeliCAN.

Clock divider (CDR) [0x7F].

Butbl| HasBaHue OnucaHue HDocTtyn C6poc
31:8 - Peseps R 0
Pexxum CAN:
7 - . 1 - PeliCAN; R/W 0
. 0 - Basi-CAN.
6:0 - Peseps R/W 0

Bus timing 0 (BTRO0) [0x18].

Butbl | HazBaHue OnucaHue OocTtyn C6poc
31:8 - Peseps R 0

Synchronization jump width. 3agaet konu4ecTBo TakTOB tscl’

7:6 SIW  |Ha koTopble MoxeT 6bITb NpoBeaeHa NepecuHxponmsaums 3a 1 | RIW 0
6UTOBbIN MHTEpBaI.

Baud rate prescaler. KoadhduumeHT geneHunsa 4acTtoTbl
KOHTpOMMepa Ans MOMyYeHs YacTOTbl MPUEMO-NepeaaTImKka.
50 BRP | TaKTOBas YacTOTa KOHTPOMNEpa PACIUMTLIBAETCS KaK: te = RIW 0

2"t "(BRP+1), e t
KOHTpOIfepa B cucteme.

k- 9TO HacCcToTa TakKTunpoBaHuaA

Bus Timing 1 (BTR1) [0x1C].

Butbl| HasBaHue OnucaHue HdocTtyn C6poc
31:8 - Peseps R 0
Pexxum onpoca WnHbI:
7 SAM . 1 - WuHa onpawwmBaetcs 3 pasa; R/W 0
. 0 - wwrHa onpawwmsaeTtca 1 pas.
6:4 TSEG2 Time segment 2 R/W 0
3.0 TSEG1 Time segment 1 R/W 0

BuToBBIN MHTEpPBaN LWKWHBI ONpedenseTca YacToTon npuemo-nepegaTymka U BpeMeHaMy CErMEHTOB Mo
cnegyowmnm cdopmynam:

ttsegl =tgq” (TSEG1+1)

ttsegZ =tgq” (TSEG2+1)
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thit = tsegl * liseg2 * tscl

Touka 3axBaTa AaHHbIX pacnonoxeHa mexay TSEG1 n TSEG2 BHyTpu 6GutoBoro nHrepsana.
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KoHnTponnep uHtepcenca MILSTD1553B (TOCT P 52070-2003)

MILSTD1553B — koHTponnep uHTepdenca «Manvectepy» Mil-std 1553, TOCT P 52070. KoHTponnep
noagepXuBaeT JOrMYEcKUn YpoBEHb UWHTepdperica € BbiBoAoM curHanoB Ha GPIO B

anbTepHaTMBHOM yHKUMKW. [Ons opraHusaumm obmeHa TpebyeTcs BHELIHAS MWKpOcXema npuemo-

nepegar4uka.

slav

AHB mas

er -

ref clk

ﬂepequb BblBOOOB

Control
And
Status
Registers

DMA

Interrupt
Generation

ehl_m1553
a(b) rx_en
Bus A a_rx_p(n)
Receiver
Bus A a tx_p(n)
Transmitter o
Protocol FSM
(BC/RT /BM)
Bus B b_rx_p(n)
Receiver
Bus B b tx p(n)
Transmitter -
a(b) tx_inh

CTpyKTypHasi cxema KoHTpornepa uHTepdeiica

Ka4yecTtBe

HasBaHue KonuyectBo Tun HasHauyeHue
ref clk 1 I Pabouyas yacTtoTta koHTponnepa. 20 Mlu.
pclk 1 I TaktoBasi YacToTbl WwWnH AHB n APB.
presetn 1 I ACVHXPOHHbIN curHan cbpoca KoHTpornnepa.
paddr 32 I CraHgapTHbI curHan wuHbl APB.
pwrite 1 I CraHgapTHbI curHan wuHbl APB.
psel 1 I CraHpapTHbI curHan wuHbl APB.
penable 1 I CraHgapTHbI curHan wuHbl APB.
pwdata 32 I CraHpapTHbI curHan wuHbl APB.
pready 1 @) CtaHgapTHbIV curHan wuHel APB.
pslverr 1 @) CTaHgapTHbIV curHan wuHel APB.
prdata 32 @) CTaHgapTHbIV curHan wuHel APB.
haddr 32 O CtaHgapTHbI curHan wuHbl AHB.
htrans 2 @) CtaHpapTHbIN curHan wuHel AHB.
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Ha3BaHue KonuuyectBO Tun Ha3HauyeHue
hwrite 1 O CtaHgapTHbIA curHan wuHebl AHB.
hsize 3 O CtaHgapTHbIA curHan wuHbl AHB.
hburst 3 O CtaHgapTHbIA curHan wuHbl AHB.
hprot 4 @) CtaHgapTHbIA curHan wuHebl AHB.
hwdata 32 O CtaHgapTHbIA curHan wuHbl AHB.
hrdata 32 | CtaHgapTHbI curHan wuHbl AHB.
hready 1 I CtaHgapTHbIA curHan wuHbl AHB.
hresp 2 I CtaHgapTHbIA curHan wuHel AHB.
atxp 1 0] Bbixog WrHbI A NONOXUTENbHON NONAPHOCTMW.
a tx n 1 O Bbixog WuHbI A oTpulaTenbHOM NONASIPHOCTM.
a_tx_inh 1 @) 3anpet paboTbl NepegaTymnka WmnHbl A.
a_rx_en 1 O PaspelueHve paboTbl npyeMHuKa WinHbl A.
arx.p 1 I Bxopg WwuHbl A NONOXUTENBHOW NOMSAPHOCTH.
a_rx_n 1 I Bxoa wuHbl A oTpuuatensHOW NOASPHOCTW.
b tx p 1 0] Bbixoa WnHbI B nonoxuTensHoOn NonsipHoOCTHL.
b_tx_n 1 O Bbixog WuHbl B oTpuuatensHom nonspHoOCTW.
b_tx_inh 1 O 3anpet paboTtbl Nnepegartymka WnHbl B.
b_rx_en 1 O PaspelueHne paboTbl npyeMHuka WwiuHbl B.
b rx p 1 I Bxoa WwuHbl B nonoXxuntensHOM NOAsipHOCTH.
b rx_n 1 I Bxop wuHbl B oTpyuaTtensHon nonspHoCTy.
irq 1 O MpepbiBaHue. AKTUBHbIN YPOBEHb 1.

MapameTpbl KoHbUrypauum

ehl_m1553 nmeeT BO3MOXHOCTb ObITb HACTPOEHHBIM MO 3agadvy nonb3oBaTens. 3a HAaCTPONKY OTBeYaoT
napameTpbl, MpeAcTaBneHHble Aanee.

3Ha4yeHue no Hdonyctumble
HasBaHue OnucaHue
YMOJ4YaH1o 3Ha4YeHus
BC_ENA 1 0-1 Wcnonb3osaHue norukn Bus Controller
RT_ENA 1 0-1 VMcnonb3oBaHue nornku Remote Terminal
BM_ENA 1 0-1 Mcnonb3oBaHue noruku Bus Monitor
SYNC STAGE 5 0-3 KonuuecTBo nocnenoBaTtenbHO BKIHOYEHHbIX
- TPUITEPOB B CUHXPOHM3ATOPax KOHTposepa.
BbiGop TexHonornyeckoro npowecca:
TECHNOLOGY 0 cM. OnucaHune . 0 - RTL;
. 1 - Mikron SOI 018.
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DYHKLNOHUpPOBaHUE
HL_M1553 npegHasHadeH ans padotsbl ¢ wnHon Mil-Std 1553B.
MpumeyaHue. [lanee npyHumaeTcs cnegyowasi TEpMUHOSOTUS:

CnoBo - 3-cMmBosbHas npeambyna + 16-6uTHas nocrnenoBaTeNbHOCTb + BUT YeTHOCTU, NepedaHHble (Unu
npegHasHayeHHble ANs nepeaayn) no LWuHe.

CoobueHure - ogHo nnm 6onee cnoeo, nepegaHHoe no wunHe, coctaBndarowime equHyro CTPYKTypy.

3agaHue - komaHZa nepeaath onpenerieHHoe coobLueHne Mo LWWHe, BKIoYaloLwas NoBTOPHYO nepegady
CoO06LLEHMNS B CNyYyae BO3HUKHOBEHMUS OLLUGOK.

YnpaBneHue pexmmamun paboTbl KOHTPOMNNepa, 3anyck BbINOMHEHMS 3agaHnin n paboTa ¢ npepbiBaHUSMUA
ocylecTBnsieTcs Yepes pernctpbl 6noka (MHTepdenc APB). O6meH gaHHbIMK, AeckpynTopamMmu 3agaHuim m
pe3ynbTataMmy UX BbINOJIHEHNS] OCYLLECTBIISETCA Yepes3 BHELUHIOW NamMaTb, OOCTYMNHy0 GMoKy yepes nopt
AHB.

KoHTponnep moxeT 6biTb CKOHGUIrypupoBaH ansi paboThl B pexume Bus Controller unn Remote Terminal.
MapanneneHoO ¢ HAMK KOHTponnep MoxeT ObITb BKMOYeH B pexxume Bus Monitor.

Mockonbky obmeH gaHHbiMK B Mil-Std 1553 npoucxoant ¢ noMoubto 16-6UTHBLIX CNOB, TO UX pa3MeLLieHne
B NamMsTU COOTBETCTBYET CriedylollemMy NPUHLMNY: NepBoe MpuHAToe 16-6MTHOE CroBoO pasmMellaeTcs Mo
MeHbLUEMY afpecy, BTOpOe CIOBO MMeeT agpec +2 OTHOCUTENbHO MEPBOro CrioBa. Takoe noBedeHue
npotuBopeunt [3 4.3.2]: "...the most significant bits shall be transmitted first, followed by the word(s) containng
the lesser significant bits...", HO MOXeT BbITb NCMPaBNEHO NPOrPaMMHO.

MNepeyeHb perncTpos

Peructp Apnpec OnucaHue
CFG 0x00 |Peructp HacTpoWku
BC_ADDR 0x04 | Peructp HacTpoviku agpeca 3agaHus KL
CTRL 0x08 |Peructp ynpaBneHus
TIME 0x0C | Peructp HacTpoiiku Tanmepa
LSTAT 0x10 PerucTtp ctatyca nocnegHero 3aBepLUEHHOro coobLeHms
BM_ADDR_INIT 0x14 | HavanbHbIN agpec Bydepa MLLU
BM_ADDR_LAST 0x18 KoHeuHbi agpec bydepa ML
BM_ADDR_IRQ 0x1C | Agpec reHepaLumum npepbiBaHus MLU
BM_ADDR_CUR 0x20 Afpec cnegytolen a4enku, sanucsisaemoin ML
BM_TIMER 0x24 Pernctp Tanmepa MLU
RT_MCC 0x28 Pernctp mackvpoBaHusi KOMaHg, yaoaneHHoMy TepMuHany
RT_CFG 0x2C | Peructp HacTponku yaaneHHoro TepMmmHana
RT_ADDR 0x30 Pernctp HacTpowikn agpeca geckpuntopos OY
IRQ_ENA 0x34 Peructp paspeLueHuns npepbiBaHnit
IRQ_FLAG 0x38 Pernctp donaros npepbiBaHui
REVISION 0x3C Pernctp Bepcum koHTponnepa

MpepbiBaHUs

ehl_m1553 nosBonsieT reHepupoBaTb MpepbiBaHUS AN CUrHanu3auuMm pasnuyHbix cobbiTui. [Ons
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paspeLleHns reHepauumn npepbiBaHUs cnegyeT YCTaHOBUTL COOTBETCTBYHOLLEE eMy paspeLleHne B peructpe
IRQ_ENA. Tun npepbiBaH1sa 3aBUCUT OT pexrmMa paboTbl KOHTponnepa.

[1nsa Bcex pexxmumMoB paboTbl xapakTepHo npepbiBaHne oT DMA. [1ns nonyyYyeHns 3agaHum, YTEHUS 1 3anncu
OaHHbIX, KOHTponnep ucnonb3yeT AHB DMA. B cnyyae nonyyeHuss owunbovyHoro otknvka no wuHe AHB,
MOCTYNMEHNN criegyloLlet KOMaHabl C WWHbI, UK OTCYTCTBUS OTKIIMKA B TeYeHue ANMTENbHOro nepuoaa
BpemeHu (120 TaktoB AHB), reHepupyeTcsi npepbiBaHne

KonTponnep LUunHbI

KoHTponnep no3BonsieT MUCNonb30BaTb MNpepbiBaHWA ANA CUrHanuM3auum 3aBeplUeHMst BbINOMHEHUS
3apgaHun. Belbop 3agaHus, No KOTOPOMY reHepupyeTcsl NpepbiBaHNe 3a4aeTcs B AeCKpMnTope 3aaaHus (ans
BC Config.IOE, Config.lIOC). lNpx BbINONHEHMM YCNOBUS reHepaunn npepbiBaHUs MPOUCXOAUT YCTaHOBKa
¢nara npepbiBaHna B peructpe IRQ_FLAG u reHepaums BHELIHEro npepbiBaHUs Ha BbiBOAEe irq
KoHTponnepa. [insa cbpoca dnara npepbiBaHUs crneayeT 3anucaTtb 1 B cooTBeTCTBYOLWMI pa3psag IRQ _FLAG.
Ecnn ogHoBpemeHHO co cbpocom dnara npepbiBaHUS CreHepupyeTcs HOBOe MpepbiBaHMe, OHO OyaeT
COXpaHEeHo B peructpe driaros npepbiBaHUN.

OKoHe4yHoe YCTPOMCTBO

KoHTponnep no3BonsieT reHepupoBaTth NpepbiBaHWUs Npu Nony4YeHun criegyowimx komaHa: Dynamic Bus
Control, Reset Remote Terminal n Synchronize. lNpepbiBaHne reHepupyeTcs Npu 3aBepLueHMn KOMaHAabl
npuema. ObpaboTka dnaros npepbiBaHUN MAEHTUYHA pexumy KLL.

MoHuTop LUKnHBbI

KoHTponnep no3sonseT reHepnpoBaTh NpepbiBaHWe npu coBnageHun agpeca, no kotopomy ML nuwet
AaHHble C 3anporpaMMMpPOBaHHbIM. OTO NO3BONSAET OTCNEXMBaTb 3anofiHEHHOCTb Bydepa n obecneunTb
HenpepbliBaHOCTb €70 UCMOSb30BaHKS.

Ons Bus Controller npepbiBanve ynpaensietcs outamm IRQ_ENA.BCED n IRQ_FLAG.BCID. 3agaHue,
npu BbINOSTHEHUM KOTOPOro BO3HMKNa owmnbka DMA npekpaliaeTcs, Takke Kak U Bce nocneayoLime 3agaHus.
CraTyc geckpuntopa He obHoBnsieTcs (BBUAY NOTeHUManbHbIx owmnbok DMA).

Bus Controller HaunHaeT nepefadvy, y6eamBLINCH, YTO MNMHUS He 3aHATa. YToObl NPOBEPUTL 3aHATOCTb
NVHUX NPU MCMONb30BaHUM BHELWIHEro TpaHcueepa cnegyeT yctaHoButb RXEN (nMHade npuHumarotcs
HeaKkTMBHble COCTOSiHUA). Takum obpas3om, nwoboe nuwHee CroBO Ha LWWHE MpUMeMHUKa He Oyaer
OEeTEeKTMPOBaHO Kak 3aHdATas nuHWg. T.e. NMpoBepKky crnedyeT MNpOBOAWUTL paspeluvB npueM, MOAoXKAaB
HekoTopoe BpeMmsi (Heobxogumoe ANA AeTEeKTMPOBaHUS akTUBHOCTM) M MPOBEpUB cTaTyc. B To0 xe Bpems
aKTUBHOCTb OETEKTUPYETCA Hannunem nepeknioyeHni, n Npy KMNoYeHnn B CryYanHbIi MOMEHT, NPUHMMaeMble
AaHHble MOryT ObITb HE3a4ETEKTUPOBaHbI CPa3y (HO NMUHWA 3aHATa).

[aHHbIA BMO nNpoOBEepkM OCTaeTcs Ha OTKyn nonb3oBaTtento. [lpyemHuk OyaeT reHepupoBaTb
LOOP_ERROR B gaHHOM cnyyae.

Peructpbl

Config [0x0]: Peructp HacTpounku

Butel | HasBaHue OnucaHue DocTtyn C6poc
31 BC_ENA |3HaueHue napametpa BC_ENA. R x*
30 RT_ENA |3HaueHve napametpa RT_ENA. R -
29 BM_ENA [3HadeHne napameTtpa BM_ENA. R x*

28:5 - Peseps R 0
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Butbl | HasBaHue OnucaHue DocTtyn C6poc

Disable Broadcast. OTkntoueHne npnema
LUMpOKoBeLLaTenbHbix coobLleHun ans OY:
. 0 - npvem paspeLueH;

4 DB . 1 - npuem BbiknoYeH.Mo3sonseT R/W 0
OTKNIoYaTh LUMPOKOBELLAaTENbHbIE COObLLEHMS
AN NpYMEHEHUI, B KOTOPbIX OHU
HexenaTenbHbl [9 50.5.7.1.b].

Echo Check Off. OTkntoueHmne pexnma
NPOBEPKN NPUHATBIX AaHHbIX NpW Nepegave:
. 0 - npoBepka ocyLLeCTBNSETCS;

3 ECO . 1 - npoBepka BbIkNtoYeHa.B cnyyae R/W 0
HecoBNaaeHUsl NnepefaHHbIX U NMPUHATBIX
OaHHbIX reHepupyeTcs cTaTyc
ECHO_LOOP_ERROR - owwnbka B netne
obpaTHow cBasu B geckpuntope KL / OY.

Mode Select. Pexum paboTbl KOHTponnepa:

. 0 - Remote Terminal;

. 1 - Bus Controller.3ameuvaHue.
MogkoHTponnepbl BC n RT HaxoaaTtes nog
cBpOoCOM U C OTKMIOYEHHBIM CUHXPOCUIHANOM,
2 MS €CNn He aKTUBMPOBAaHbI C NOMOLLbI0 6UT MS 1 R/W 0
BE. Nocne BKNOYEHNA COOTBETCTBYIOLLIENO
pexunma, crieqyeT BblAepKMBaTb 3a4EPXKKY
nepen obpalleHnem K 6rnoky M3 pacdeta 16
TakToB YacToTbl APB + 16 TakTOB 4YacToThbl
agpa (20 Mlw).

Bus Enable. Paspeluexune paboTbl ¢ LUMHON.
Pexum paboTbl onpegenserca 6utom MS:

1 BE . R/W 0
. 0 - 3anpeLueHo;
. 1 - paspeLueHo.
Bus Monitor Enable. Pa3spelweHune pabotbl B
Bus Monitor:
0 BME pexnme Bus Monitor _ RIW 0
. 0 - 3anpeLueHo;
. 1 - paspeLueHo.

BC_ADDR [0x4]: Peructp HayanbHoro agpeca o4yepeau 3agaHuu KL (no 3anucwm).

Mpu yTeHnn oTobpaxaeT agpec TekyLlero oopabaTsiBaeMoro 3agaHusi, Moo nocnegHee obpaboTaHHoe
3agaHue (Control.TS=0).

Butbl | HasBaHue OnucaHue OocTtyn C6poc

AZpec B namMsaTH, N0 KOTOPOMY PaCrONOXeH
cnuncok 3agaHun ansa KL, BelpoBHeH go
rpaHuupbl 16 6anT. MNpn yTeHun otobpaxaeT
agpec Tekywero obpabarbiBaemMoro 3agaHus.

31:4 ADDR R/W X
Crapwue 12 6ut ncnonb3yroTcs B KayecTee
©asoBoro agpeca. NameHeHusa mnagumx 16
OouT nponcxoouT B Nnpegenax 6a3oBoro
apgpeca.
3:0 - Peseps. R 0
Control [0x8]: PerucTtp ynpaBneHus
| Butbl ‘ HasBaHue | OnucaHue 1 Ooctyn 1 C6poc ‘
| 31:3 | - \Peseps | R | 0 |
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Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

TS

Task State. CocTosiHne 06paboTkm
3afaHus:

. 0 - cBoboOAEH;
. 1 - 3aH4T.

R/W

STOP

RUN

OcTtaHoBka 3agaHus. 3anucb 1 npusoanT
K OCTAHOBKM BbINOMHEHNsI 3a4aHus,
Tekyllee cooblLueHne ByaeT 3aBepLUEHO.
C6pacbiBaeTcs BmecTe ¢ TS.

3anucb 1 NpMBOAMT K 3anycky o6paboTku
3apaHuda. Agpec 3agannsa B BC_ADDR.
But cbpacbiBaeTca aBToMaTUYeCKM (No
yTeHuto Bceraa paseH 0). YcTaHoBKa
npueoauT Kk cbpocy TS. He gonyckaetcs
3anucb 1 B perncTp npu yCTaHOBMEHHOM
TS.

R/W

R/W

Timer [0xC]: Peructp HacTponku Taimepa nNno3BonseT CKOHPUrypupoBaTb BpeMeHHble napamMeTpbl
paboThbl WKHBI, OTNIMYHbIE OT CTaHAAPTHbLIX 3HAYEHUN.

Butbl
31:29

28:20

19

18:10

8.0

HasBaHue

IWGmin

IWGmax

IMG

OnucaHue
PesepB

Inter Word Gap (min). MuHumanbHbIn
WHTEpPBan Mexay NnpMemMoM crnosa u
Hayanom nepegaym (0T 4 MKC A0 12 MKC
no cneundmkaumm).

PesepB

Inter Word Gap (max). MakcumanbHbIn
WHTepBan OXnaaHUs Mexay OKOHYaHMeMm
nepegayv 1 Ha4yanom npmvema ans
onpegeneHns oTcyTcTBMA oTkNuka (14 mMkc
no cneundukarmm).

Peseps

Inter Message Gap. VIHTepBan mexay
nepegayen Coo6LLEHNIN B TaKTax ONOPHON
yactoTbl 20 MI"u. 3HayeHne no
YMOMYaHNI0 COOTBETCTBYET 4 MKC.
MHTepBan ncnonbayetcsa KL ons
pa3aeneHus coobLLEeHMIA BO BpEMEHM.

Doctyn
R

R/W

R

R/W

R/W

C6poc
0

80

280

80

LSTAT [0x10]: PerucTp ctaTyca nocregHero 3aBepLieHHOro coo6LeHnsi COAepPXUT Konuro
cTaTycHoOro cfioBa geckpunropa.

B cnydae owunbkn DMA, koHTponnep He nuweT pedynbtaT B AHB 1 pesdynbtaT JOCTyNeH B perncrpax
KOHTponnepa.

BM_ADDR_INIT [0x14]: HauanbHbIM agpec 6ydepa MLL.

Butbl | HasBaHue OnucaHue HdocTtyn C6poc
AZpec, ¢ KOTOPOro KOHTPOIep Ha4YMHaeT
pabotaet B pexume MLLU. 3arpyxaetca B

. KOHTpoOnnep npu yctaHoBke buta

31:3 ADDR Config.BME. He gonyckaeTtcs meHsTb RV X
coaepXumoe permcrpa npu BKIHOYEHHOM
ML (Config.BME = 1).

2:0 - PesepB R 0
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BM_ADDR_LAST [0x18]: KoHeuHbIN agpec 6ydepa MLL.

Mpn poctmwkeHun rpanunubl ML nepexogut k agpecy BM_ADDR_INIT. Ctapwme 12 6uT He OOCTYNHbI
nonb3oBaTterto 1 paBHbl ctapwunm 12 6utam BM_ADDR_INIT, T.e. pa3mep bydepa orpaHmdeH 1 Mb.

Butbl | HasBaHue OnucaHue HdocTtyn C6poc

31:20 - Peseps R 0
19:3 ADDR KoHeuHbIln agpec bydepa MLL. R/W X
2:0 - PesepB R 0

BM_ADDR_IRQ [0x1C]: Appec reHepauuun npepbiBaHus MLL.
MpepbiBaHMe reHepupyeTca Npu 3anucu no agpecy, ykasadHHomy 8 BM_ADDR_IRQ.

BM_ADDR_CUR [0x20]: Agpec crneaytowien s4erku, sanucbiBaemon MLL.

BM_TIMER [0x24]: PerucTtp Tanmepa MLLU

Butbl | HasBaHue OnucaHue Doctyn Co6poc
31:27 - PesepB R 0
C6pacbiBaeTcs npu yctaHoBke CPT.
26 UPD YcTaHaBnuBaeTca nocre R 0

obHoBneHns TMR.
3anucb 1 NpMBOANUT K 3arpy3ke 3Ha4yeHus

25 CPT Tanmepa MLU B TMR. CbpackiBaeTcst R/W/SC 0
annaparHo.
3anucb 1 NpMBOAMT K 3arpyske 3HayeHus

24 LOAD TMR B Tavimep MLU. C6packiBaeTcs R/W/SC 0
annaparHo.

Tanmep MLL. 3HayeHune, 3anncaHHoe B
pervcTp, nepesanncbiBaeTca B Tanmep
23:0 TMR MLL npu yctaHoBke LOAD. 3Ha4yeHune R/W 0
Tanmepa MLU 3arpyxaetca B TMR nipu
yctaHoBke CPT.

RT_MCC [0x28]: Pernctp mackupoBaH1UA KOMaHA yAaneHHOMY TeMMUHany

no3BonsieT OTKNI4YMTbL npuem otaenbHbix Mode Code, He npegHasHa4YeHHbIX AMs1 UCMONb30BaHUS B
BbIOpaHHOM NpuUMeHeHUn. Ecnu ycTaHOBNEH COOTBETCTBYHOLWMUA OUT peructpa, TO MpUHATas KomaHaa
nonyyaet ctatyc ILLEGAL. [nsa Hee yctaHaBnuBaeTca 6ut MESSAGE_ERROR B crayTycHoM crnoBse u
cTaTyCHoOe CrnoBO NepefaeTcs B OTBET Ha komaHay (ecnu komaHaa He BROADCAST). Nepenayva gaHHbIX And
ILLEGAL komaHz He nponsBoanTcs.

MuHMMmanbHbI Habop nogaepkuBaemblx koMaHa 3agaetcs B [6 30.4.2.1] [9 50.5.7.2.c]: TRANSMIT
STATUS WORD, TRANSMITTER SHUTDOWN, OVERRIDE TRANMITTER SHUTDOWN, RESET REMOTE
TERMINAL. CornacHo [9 50.5.5.c] RESET REMOTE TERMINAL wun INITIATE SELF TEST moryt 6biTb
OTKIIOYEHbl A5l HEKOTOPbIX pPeXMmoB paboTbl. ehl m1553 He no3BoONsieT OTKMIOYMTL MPUEM KOMaHZ
TRANSMIT LAST COMMAND n TRANSMIT STATUS WORD. Bce octanbHble komaHdbl MOryT ObiTb
OTKMIOYEHbI - nepeBeaeHsbl B ILLEGAL.

[na komaHa nMeroLLmMX nHBepCHble koMaHabl (Override) oTknoYeHe NPon3BoaMTCS OgHUM 6uToM Ha obe
KoMaHbl.

|5VITI:I‘ HasBaHue | OnucaHue ‘ Ooctyn ‘ C6poc ‘

| 31:22 | - Peaeps | R L obT111 |
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Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

21

20

Peseps

0 - npuem paspeLueH. lNogaepxnBatotcs
Tonbko Dual-redundant cuctembi.

[Override] Selected Transmitter Shutdown:

R

R/W

0

0

19

18

Transmit BIT Word: O - npuem paspeLueH,
1 - NpuHsTast KOMaHaa UrHopupyeTcs.

Transmit Last Command: 0 - npuem
paspeLleH.

R/W

17

16

15:9

Synchronize with data word: 0 - npuem
paspelleH, 1 - npuHATast komaHga
UrHopupyeTcsi.

Transmit Vector Word: 0 - npuem
paspeLlueH, 1 - npuHsaTas KomaHaa
UrHOpUpyeTcs.

Peseps.

Reset Remote Terminal: O - npuem
paspeLlueH, 1 - NpuHsTas KomaHaa
UrHopupyeTcs.

Peseps

[Override] Inhibit Terminal Flag: 0 - npnem
paspeLlueH, 1 - NpuHsTas KomaHga
UrHOPUPYETCS.

Peseps

[Override] Transmitter Shutdown: O -
npuem paspelleH, 1 - NpuHaTas komaHaa
UrHopupyeTcs.

Initiate self test: 0 - npnem paspelueH, 1 -
NpuHATas KOMaH4a UrHopupyeTcs.
Transmit Status Word: 0 - npuem
paspeLueH.

Synchronize: 0 - npuem paspeLueH, 1 -
NpuHATas KOMaH4a UrHopupyeTcs.
Dynamic Bus Control: 0 - npnem

paspelleH, 1 - NpuHATas kKoMaHaa
UrHopupyeTcs.

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

0

0b1111111

RT_CFG [0x2C]: Peructp HacTpoMKu yaaneHHOro TepMmmHana

Butbl

31:16

HasBaHue

SW

OnucaHue

Synchronization Word. Cogepxvmoe nons
AaHHbIX, NOSTyYeHHOe C KoMaHaom
SYNCHRONIZE c gaHHbiMu. [Mpu
nonyyexum komaHasl SYNCHRONIZE 6e3
AaHHbIX 3anucbiBaeTcs 0.

DocTtyn

C6poc

15:10

EDBC

PesepB

Enable Dynamic Bus Control. 3HaueHune
6uta Dynamic Bus Control Acceptance B
CTaTyCHOM Cri0Be B OTBET Ha KOMaHay
Dynamic Bus Control. Ecnu paBeH 1, TO
npepbiBaHne IRQ_DBC moxeT 6biTb
CreHepupoBaHo.

R/W

8.6

RTACT

PesepB

Remote Terminal Active. CbpolueH, ecnn
QY Haxoautcsa B coctosHun IDLE.
dopMumpyeTcs C y4eTOM 3aePXKKN Ha
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Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

4:0

RTA

NepecMHXpOoHM3aLno Mexay AoMeHaMun
APB 1 sigpa KoHTponnepa.

Remote Terminal Address. Agpec
YCTPOWCTBA B pEXMME yaaneHHoro
TepMuHana.

R/W

RT_ADDR [0x30]: Peructp HacTpouku agpeca geckpuntopoB OY

Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

31:4

3.0

ADDR

AZpec B namsiTu, No KOTOPOMY
pacnonoXeHbl Aeckpuntopbl cybaapecos
OY KoHTponnepa. BblpoBHEH 40 rpaHuULbl
16 6anTt. Tabnmua geckpmMnTopoB
COOEPKUT MHGPOPMALIMIO O AOMYCTUMbIX
AeNCTBUSIX Npu obpalleHnm K
BblOpaHHoMy cybagpecy OY. Crapwme 12
OuMT ncnonbayloTcs B kadecTBe 6a30Boro
agpeca. lameHeHunsa mnagmx 16 6ut
npoucxoauT B npegenax 6a3oBoro
agpeca.-->

Peseps.

R/W

IRQ_ENA [0x34]: Pernctp pa3pelueHUs npepbiBaHUA

Butbl
31:18

17

16

15:12

HasBaHue

BMED

BMEBA

OnucaHue
Peseps
Bus Monitor Enable IRQ DMA.

PaspelueHune npepbiBaHusa ot Bus Monitor
npu owndke AHB DMA.

. 0 - 3anpeLleHo;

. 1 - paspeLueHo.

Bus Monitor Enable IRQ on Buffer Access.
PaspelueHune npepbiBaHusa ot Bus Monitor
npu nepecevyeHnn agpeca
BM_ADDR_IRQ.

. 0 - 3anpeLleHo;

. 1 - paspeLueHo.

PesepB

DocTtyn

R/W

R/W

C6poc

11

RTED

Remote Terminal Enable IRQ DMA.
PaspelueHune npepbiBaHns oT Remote
Terminal npu ownbke AHB DMA.

. 0 - 3anpeLueHo;
. 1 - paspeLueHo.

R/W

10

RTSYN

Remote Terminal Enable IRQ
Synchronize. Pa3spelueHune npepbiBaHus
oT Remote Terminal npn nonyyeHun
BanungHon komaHabl Synchronize.

. 0 - 3anpeLueHo;

. 1 - paspeLueHo.

R/W

RTERRT

Remote Terminal Enable IRQ Reset
Remote Terminal. Pa3pelueHne
npepbiBaHns oT Remote Terminal npu
nonyyeHun sBanuaHon komaHaol Reset
Remote Terminal.

. 0 - 3anpeLleHo;

R/W

Bepcus 0.2
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Butbl | HasBaHue OnucaHue DocTtyn C6poc

. 1 - paspeLueHo.

Remote Terminal Enable IRQ Dynamic
Bus Control. PaspelueHne npepbiBaHus ot
Remote Terminal npu nonyveHunn
BanuaHou komaHabl Dynamic Bus Control.
. 0 - 3anpeLueHo;

. 1 - paspeLueHo.

7:3 - Peseps R 0

8 RTEDBC R/W 0

Bus Controller Enable IRQ DMA.
PaspelueHune npepbiBaHus oT Bus
2 BCED Controller npu ownbke AHB DMA. R/W 0
. 0 - 3anpeLueHo;

. 1 - paspeLueHo.

Bus Controller Enable IRQ Error.
PaspelueHune npepbiBaHus oT Bus
Controller npu Heyga4HOM 3aBepLUEHNM
3agaHus.

. 0 - 3anpeLueHo;
. 1 - paspeLueHo.
Bus Controller Enable IRQ Completion.

PaspelueHune npepbiBaHus oT Bus
0 BCOC Controller npu 3aBepLueHUn 3agaHuns. R/W 0

. 0 - 3anpeLleHo;
. 1 - paspeLueHo.

1 BCER R/W 0

IRQ_FLAG [0x38]: PerucTp ¢hnaros npepbiBaHuNA.

3anucb1 B Ntobon n3 6uT permctpa npuBoauT k cbpocy dnara.

Butbl | HasBaHue OnucaHue HDocTtyn C6poc

31:18 - Peseps R 0

Bus Monitor IRQ DMA. ®nar npepbiBaHus
oT Bus Monitor npu owndke AHB DMA.

Bus Monitor IRQ DMA. ®nar npepbiBaHus
16 BMID ot Bus Monitor npu nepecevennn agpeca R/W1C 0
BM_ADDR_IRQ.

15:14 - PesepB R 0

17 BMID R/W1C 0

Remote Terminal Receive IRQ. ®nar
npepbiBaHns oT Remote Terminal npu
13 RTIRX OKOHYaHuu npuema (o6HOBNEHMM R/W1C 0
AeCKpUnTopa), ecnu paspeLueHo B
Config.RXIRQ.

Remote Terminal Transmit IRQ. ®nar
npepbiBaHns oT Remote Terminal npun
12 RTITX OKOHYaHuu nepegadn (obHoBNEHUN R/W1C 0
[AECKpUnTopa), eCnn paspeLLeHo B
Config. TXIRQ.

Remote Terminal IRQ DMA. ®nar
11 RTID npepbiBaHns oT Remote Terminal npun R/W1C 0
ownbke AHB DMA.

Remote Terminal IRQ Synchronize. ®nar
10 RTSYN npepbiBaHns oT Remote Terminal npu R/W1C 0
npueme BanuMaHoOM KoMaHabl Synchronize.

Remote Terminal IRQ Reset Remote

9 RTRRT Terminal. ®nar npepbiBaHus oT Remote

R/W1C 0
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Butbl | HasBaHue OnucaHue DocTtyn C6poc
Terminal npyn npneme BanMaHoOn KOMaHAabl
Reset Remote Terminal.
Remote Terminal IRQ Dynamic Bus
8 RTDBC Contlfol. dnar npepbiBaHMs OT I?emote RIW1C 0
Terminal npu npneme BanMaHown KoMaHAabl
Dynamic Bus Control.
7:3 - Peseps R 0
Bus Controller IRQ DMA. ®nar
2 BCID npepbiBaHus ot Bus Controller npu R/W1C 0
ownbke AHB DMA.
Bus Controller IRQ Error. ®nar
1 BCIE npepbiBaHus ot Bus Controller npu R/W1C 0
Heyoa4yHOM 3aBepLUeHMN 3aaHus.
Bus Controller IRQ Completion. ®nar
0 BCIC npepbiBaHus ot Bus Controller npu R/W1C 0
BbINOMHEHUM 3aaHusi.
REVISION [0x3C]: Peructp Bepcum KOHTposnnepa
Butbl | HasBaHue OnucaHue HDocTtyn C6poc
31:0 VER Bepcus koHTponnepa R 0x20220223
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Pexum KOHTpoOnnepa WuHbI

Insa nepeBoga ehl_m1553 B pexxum KoHTponnepa WuHbl / Bus Controller cnegyet 3agate CFG.MS=1 un
CFG.BE=1.

Pa6ota KLU opraHusoBaHa B BuAe nocregoBaTtenbHol o6paboTku 3aaaHnii U3 cnucka (Kaxaoe sagaHue
COCTOMT U3 nepepayn cooblieHns no wuHe). Hayano o6paGoTky 3agaHuii MHMUMMpPYeTCa 3anucbio 1 B
CTRL.RUN.

Mepen Havanom paboTbl CMMCOK 3adaHui criegyeT MpouHuumManuanpoBaTb. AZpec NepBoro 3agaHus
3apaetca B BC_ADDR nepep 3anyckom koHTponnepa. PasmelleHue 3agaHuii B namMaty (4OCTYNHOW Yepes
AHB nopT KoHTponnepa) NpeacTaBneHo Ha PUCYHKE.

Element Address
BC_ADDR Config SOC=0
Command .
Addr 4 Data 0
Task 0 Result
BC_ADDR +0x10 |(Config sOC=1 Data 31
Command _
Addr P Data 0
Task 1 Result
Data 31

dopmart 3agaHun cooTBeTcTBYeT hopmaty geckpuntopos KLU. Kaxgoe 3agaHue cogepxnt 4 32-6UTHbIX
cnosa (Config, Command, Addr n Result). MNonb3oBaTtens 3anonHseT nepsblie 3 NONA nepen 3anyckom
3agaHus. Ecnv 3agaHne aBnseTca nocnegHyVM B cnucke, AN Hero JormkeH 6biTe yctaHoBneH Config.SOC.
Mo okOHYaHWW BbINOMHEHMS 3ag4aHWsA KOHTpomnnep 3anonHsaeT Result (3a ucknodeHnem cnyyas owmnbku
DMA).

KoHTponnep nocnegoBaTensHO onpaluMBaeT AeCKpUNTOPbI (U BLIMOMHAET 3a4aHus), noka He obpaboTtaeT
aeckpuntop ¢ CONFIG.SOC=1, nubo He cnyuntca owmnbkn B 0bpaboTke 3agaHus Npu yCTAHOBIIEHHOM
CONFIG.SOE-=1.

Hdeckpuntopsbl

ehl_m1553 obpabaTtbiBaeT 3aganus (B pexume Bus Controller) B cCOOTBETCTBUMM C OECKPUMNTOPaAMM,
pacnonoXeHHeiMM B namaTu. [ocTyn K geckpuntopam, a Takke [OCTYN K [OaHHbIM OCYLLECTBISieTcs C
nomotubio DMA, aensiowerocs Begywum Ha winHe AHB. DMA B npouecce paboThl 3a4nTbiBaeT 4ECKPUMTOPDI
N OaHHble, Tpebyemble ansa criegytowero TpaHcdepa. B npouecce pabotel DMA BO3MOXHbI criegytowme
npobnemsl:

e [ONUTENbHOE YTEHME OECKPUMNTOPOB - MPUBOAMT K MOABUCAHMIO LUMHbLI, B Clyvae, ecnn YTEeHWe He
BbinonHunocb 3a 120 TtaktoB ref clk, reHepupyeTcs npepbiBaHue irq_dma u moaynb npekpaliaet
06paboTKy 3agaHui;

¢ ERROR RESPONSE c¢ wwuHbl AHB npu 4TeHuMM OeckpuntopoB - oOpabaTbiBaeTcsl aHanornyHo
BbICTaBrieHnem irq_dma u npekpalieHnem obpaboTkm 3agaHun;

e AOnUTerNibHOE YTeHWEe [OaHHbIX - NPpUBOAUT K HEroTOBHOCTM OaHHbIX K MOMEHTY Ha4alna nepenadwu,
KOHTpoOnnep nepegaet AaHHble C NCMNOPYEeHHbIM parity N npoaosmkaeTt pa60Ty C wwnHown. Takon nogxon
HEe BHOCUT CUrHalribHbIX U MPOTOKOJIbHbIX owmnbok B LLUNHY (Kpome owmnbokK parity, OEeTeKTUpyemMblx
yCTpOI7ICTBaMI/I Ha LLIMHe), CHMXaA BEPOATHOCTb HEKOPPEKTHOIo AeoKkanpoBaHUA RT cocTtosHWiA WNHBI.
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Mo 3aBepLIeHnn NonbITKM 3agaHne NMNOBTOPAETCA (eCJ'II/I He OOCTUTHYT npe,u,en);

¢ ERROR RESPONSE c wunHbl AHB npu YTeHun gaHHbIX - obpabaTtbiBaeTcst aHanorMiHo AnnTenbHoMy
YTEHUIO AaHHbIX - NepegaYven AaHHbIX C UICMOPYEHHbIM parity;

e [OnunTelibHaaA 3anncb OaHHbIX - 06paGaTbIBaeTCﬂ aHarorn4yHo annTesibHOMy YTEHUIO;

e ERROR RESPONSE c wuHbl AHB npu 3anucu gaHHbiX - obpabaTbiBaeTcs aHanorm4Ho AnmMTenbHOM
3anucy;

e AnuTenbHasa 3anucb geckpuntopa unu Error Response npu 3anucu OeckpunTopoB — YCTaHOBKA
irg_dma;

3amevaHune. B cnyyae obGHapyxeHusi owmbok DMA KoHTponnep npekpawaeT obpaboTKy Lemnoyku
3agaHvii BHE 3aBMCMMOCTM OT konuyectBa noBTopeHui (Config.RC) M Hanmumsi anemMeHTOB B LEMNOYKe
(Config.SOC). B cnyyae gaHHoro Buaa owmnbok, cogepxmmoe Result geckpvntopa He BanngHo. AKTyanbHoe
3Ha4veHue cogepxutca B pernctpe LSTAT.

HasBaHue | CmelleHune |JocTtyn OnucaHue
Config 0x0 w HacTpolika 3agaHus
Command 0x4 w KomaHgHoe cnoso
Addr 0x8 W Appec bydepa aaHHbIX. [JormkeH OblTb BblpaBHEH [0 rpaHuLbl 2 GauT.
Result 0xC R Pesynbrat BbINnONHEHUs 3agaHus

Config [0x0]: HacTpowka 3apgaHus

Butbl | HazBaHune OnucaHue HOocTtyn
31:9 - PesepB R
Retry Count. KonnuecTtso nonbITok nepegatb coobLieHne (MoBTOpHas NonbiTak
8:6 RC nepecnartb coOOLEeHNE B CnydYae BO3HUKHOBEHMUS OLLUMOKN NPU 3HAYEHUU R/W

oonbLe 1). JonycTumble 3HadeHus ot 1 go 7.
Interrupt On Error. Pa3spelueHune reHepauumn npepbiBaHUs B Criyvae oLWmoKn
npv nepegaye coobLeHus:

5 IoE  [TPVTePeA wiet R/W
. 0 - 3anpeLleHo;
. 1 - paspeLueHo.
Interrupt On Completion. Pa3spelueHue reHepaummn npepbiBaH1s npu
3aBepLUeHNn Nepeayvm coobLLEeHNs:

4 l0C P PeAatin coobil R/W
. 0 - 3anpeLueHo;
. 1 - paspeLueHo.
Suspend On Error. 3aBepLueHne BbIMONHEHWUS 3aaHuI B Crlyyae owmnobku B
coobLeHun:

3 SOE tennn _ RIW
. 0 - 3anpeLleHo;
. 1 - paspeLueHo.
Suspend On Completion. 3aBepLueHne BbINONHEHNST 3a4aHUIA Nocne
06paboTkm coobLueHuns:

2 SOC . 0 - 3anpeLleHo; R/W
. 1 - pa3peweHo.CrnegyeT yCTaHOBUTL A1 MOCNeOHero 3afaHunsi B
Lenouyke.
Retry mode. Bbibop LWnHbI AN NOBTOPHOW NepeaaYn COOBLLEHUS:

1 RM . 0 - Ta xe wwnHa (CONFIG.BS); R/W
. 1 - no obemM NnHUAM noovepeaHo.
Bus selection. Bbibop WKWHbI 4N nepegaym coobLeHus:

0 BS . 0 - bus A; R/W
. 1 - bus B.
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Command [0x4]: KomaHgHOe cnoBo

Butbl | HasBaHue OnucaHue Hoctyn
31:26 - Peseps R
25:21 RTA2 RT Address 2. Agpec yaaneHHoro TepmuHana gns nepegaydn RT-RT. R/W
20:16 RTS2 RT Subaddress 2 gna nepegayn RT-RT. R/W
15:11 RTA RT Address. Agpec yaaneHHoro TepmvHana. R/W
10 TR Transmit (1)/receive (0) R/W
9:5 RTS RT Subaddress R/W
4.0 wC Word count / Mode code R/W

[anee npueegeHo 3HayeHne nonert Command Anga pasnuyHbiX BUAOB TpaHCchepos.

Transfer type RTA RTS RTA2 | RTS2 wc TR Dc‘?.ta B
irection
RT address(0- |RT subaddr Read (2-64
Data, BC-to-RT 30) (1-30) - 0 Word Count | 0 bytes)
RT address(0- |RT subaddr Write (2-64
Data, RT-to-BC 30) (1-30) - 0 Word Count | 1 bytes)
Xmit RT | Xmit RT ,
Data, RT-o-RT |_ R (oR-T30) 555;6511 30| Addr | Subaddr | Word Count | 0 Wrt')tetégm
(0-30) (1-30) y
Mode, no data RT ad3d(;;ass(0— 0 or 31 - - Mode Code | 1 Unused
Mode, RT-to-BC | XV adgg‘;ss(o' 0 or 31 ; ; Mode Code | 1 | Write (2 bytes)
Mode, BC-to-RT RT ad;or)ess(O— 0 or 31 - - Mode Code | 0 |Read (2 bytes)
Broadcast Data, RTs subaddr Read (2-64
BC-to-RTs 31 (1-30) - 0 Word Count | 0 bytes)
Xmit RT | Xmit RT ,
PR . 31 neov dErT(ﬁ_?)o) Addr | Subaddr | Word Count | 0 Wrt')tetgf“
(0-30) (1-30) y
Broadcast Mode, 31 0or 31 - i Mode Code | 1 |  Unused
no data
Broadcast Mode,
BC-to-RT 31 0 or 31 - - Mode Code | 0 |Read (2 bytes)
Result [0xC]: Pesynbrar
Butbl | HazBaHue OnucaHue OocTtyn
31:24 - Peseps R
. Status Word 2. NpuHATOE cTaTycHOE CMOBO NPUHMMAOLLErO yaaneHHOro
23:16 SW2 R
TepmuHana B RT-to-RT. Kogupyetcsa aHanornyHo SW.
Status Word. NpuHATOE cTaTycHOe CNoBO yaaneHHoro TepMuHana
(nepepatouero TepmuHana B RT-to-RT).
. 15 - Message Error. 1 B ;JaHHOM none npmBoguT K onbKe CTaTtyCHOro
158 SW cnoa (Result.ST); . R
. 14 - Instrumentation. 1 B AaHHOM none NpMBOAUT K OLUIMBKE CTaTyCHOro
cnoa (Result.ST);
. 13 - Service Request;
. 12 - broadcast command received;
Bepcunsa 0.2 C1p. 67



5400TP194 Mukpocxema coopa n o6paboTkm TenemeTpuyeckon nHdopmaumm

Butel | HazBaHune OnucaHue DocTtyn

. 11 - busy. 1 B gaHHOM nose NpMBOAUT K OLLUMOKe CTaTyCHOroO CroBsa
(Result.ST);
. 10 - subsystem flag;
. 9 - dynamic bus control acceptance;
. 8 - terminal flag;

74 RC Retry Count. KonnyectBo NOBTOPEHUI, NOCNE KOTOPbIX 3aBEPLLEHO 3agaHue. R

3 TB Task Bus. lLUuHa, ncnone3oBaHHasa Ans nocnegHen nepegaym B 3agaHum. R

Status. CocTosiHue 3agaHus:
. 000 - 3aBepLLEHO YCMELUHO;
. 001 - Remote Terminal He oTBeTUNn Ha komaHay (BC-to-RT unu
nepegatowuin RT B RT-to-RT);
. 010 - npuHumatowmn Remote Terminal He oTBeTun Ha komaHgy (RT-to-
RT);
. 011 - owmnbka B cTaTyCcHOM CroBe, nony4yeHHoM ot Remote Terminal

(oouH nnu 6onee 6uT Message Error, Instrumentation, Busy, reserved
yCTaHOBINEH B 1);

. 100 - owmnbka npoToKona (HapyLueHe TaiM-ayToB, ownbka
2:0 ST AEeKOANPOBaHWS, HEKOPPEKTHAs ANNHA CIOB); R
. 101 - HekoppekTHbIN aeckpuntop 3agaHus (1. Mode Code 6e3 gaHHbIX

n TR=0; 2. RT-2-RT ¢ agpecom nepegatumka 31; 3. RT-2-RT ¢ oguHakoBbIMU
agpecamu npuemHuka n nepegatuuka; 4. RT-2-RT ¢ cybagpecom nepepatynka
0 unn 31; 5. wnpokoseLlaTenbHbIN 3anpoc ¢ TR=1; 6. Mode Code ¢
HenoaaepxmnBaembim atTpnbyTom TR, Broadcast; 7. Mode Code B pexnme RT-
2-RT, 8. RT-2-RT ¢ TR=1).

. 110 - owmnbBoYHLIN OTKNKK Bydhepa DMA nnn npeBbilleHne TarM-ayTa
(BaHHbIM TN OWMBOK JOCTYNEeH Tonbko B pernctpe LSTAT, B namaTte AHB oH
He nuweTcs);

. 111 - owwnbka B netne obpaTHON CBA3N - NPUHUMAEMbIE AaHHbIE
OTNWNYHbI OT NepefaBaembIX.

Pexum oKoHe4YHOro yctponcresa

B paHHom pexume (CFG.MS=0) koHTponnep HayvMHaeT paboTy ¢ wuHow nocne 3anucn 1 B CFG.BE.
KoHTponnep nposepseT noctynawoliue koMmaHabl Ha npeameT coBnageHus agpeca ¢ RT_CFG.RTA (unu
coBnafjeHune c MpokoBeLlaTernbHbiM agpecoM npu yctaHoBneHHoM RT_CFG.BE). KomaHabl agpecyemble
KOHTpOMNMepy NpOBEPSAIOTCA Ha MpegMeT nogaepXkmBaemoro 3HadeHust cybagpeca u obpabartbiBatoTcs. B
crnyyae HenoaaepxueaeMoro cybagpeca npovcxoauT curHanm3aunst Message Error.

3ameuaHue. CornacHo [3 4.3.3.5.4] OY pomkHO copocuTb CTaTycHOE CINOBO nocrie npuemMa BanugHoro CW
3a ucknoyeHnem 4.3.3.5.1.7. B 4.3.3.5.1.7 roBopuTcs 06 onumMoHanbHbIX Kogax, KOTopble COrfacHoO cTaHaapTy
TPaKTYIOTCA Kak BanuaHble (ecriv He ObINo MPOTOKONMbHBLIX OLWMOOK), HO HenerasnbHble. Takoe orpaHuveHne
BHOCUT HESICHOCTb B npoueaypy getektupoBanus OY npvema HeBanugHoOW KoMaHgpbl, nodtomy ehl_m1553
cbpacbiBaeT cTaTyCHOe CMOBO Mpu MpUeMe BCEeX BanuaHbiX KOMaHg (neranbHblX M HemneranbHbix), 3a
ucknioveHmem TRANSMIT STATUS WORD 1 TRANSMIT LAST COMMAND.

OTKnoYeHune nepepaT4yukKa

Mepepatunk OY MoxeT ObiTb OTKMOYEH Ha OCHOBHOM wunu Aybnupykowen wuHe. Ecnu komaHnpa
TRANSMITTER_SHUTDOWN noctynuna no wuvHe A, To OyaeT OTKMNYeH nepefatynk Ha wuHe B. Ecnin
KOMaHZa nocTtynuna no wuHe B, To OygeT oTkNioveH nepegartynk Ha wuHe A. INpu 3TO NOBTOpPHAs MomnbITKa
OTKNIOYUNTL NepepaTumk oyaet npmBoanTtb K STATUS WORD.MESSAGE_ERROR = 1. lNocne nony4yeHus
KOMaHObl OTKIoYeHMs nepepatdmka, OY nepecrtaeT nNpuHMMaTbh KOMaHAbl MO OTKIOYEHHOW LUUHE. JTO
no3BonseT n3bexaTtb OTKITIOYEHUS1 aKTUBHOW LLWHbI.
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Heckpuntopsbl

O6paboTtka komMaHg npuema/nepedaun AaHHbIX B KoHTponnepe (B pexume OY) npoucxoguT B
COOTBETCTBMU CO 3HAYEHWSIMM [AECKPUMTOPOB, PACMONOXEHHbIX B NamATM NO agpecy, 3agaBaemMoMy B
RT_ADDR. [eckpuntopbl cogepxaT COCTOSHME YCTPOWCTBa ANs 3agaHHoro cybagpeca (Config), a Takke
ykasaTtenu Ha bydepbl uTeHus 1 3anucu. lNepea Havanom paboTel ¢ OY HeobxoanMO NPOVMHULMANM3NpoBaTh
Tabnuuy 4EeCKpUNTOpPOB.

Data Buffer Pointer gomxeH 6bITb BbIpOBHEH A0 rpaHuubl 2 6anTta, T.e. MAaallun paspsa agpeca OOSDKeH
ObITb paBeH 0.

Element Address
RT_ADDR Config
TXPTR | Descriptor '
SUBADDRESS 1 RXPTR Data Buffer Pointer - :> Transmit Data
RT_ADDR+0xC |Config Next Pointer i
TXPTR
SUBADDRESS 2 RXPTR
RT_ADDR+0x18 |Config
TXPTR
SUBADDRESS 3 RXPTR :> Descriptor
Data Buffer Pointer :> Receive Data
RT_ADDR +0x15C |Config Mext Pointer |
TXPTR
SUBADDRESS 30 R¥XPTR Descriptor
Data Buffer Pointer :> Receive Data
MNext Pointer =0x3

Config [0x0]: HacTpowka geckpuntopa cyb6agpeca

B cnyvae nonydeHus komaHAbl, agpecyemon cybagpecy C OTKIIOYEHHOW MOOLEPKKOM AaHHOro Tuna
TpaH3akumm (RXEN unn TXEN) unu HenoggepxuBaemMbiM pa3mepoMm TpaH3akumm (RXSZ wnn TXSZ) B
STATUS cnose 6yget ycraHoeneH 6ut MESSAGE_ERROR, cogepxumoe nepefasaemblx AaHHbIX cnegyeT
cyMTaTb HEBANWUAHbLIM.

BuTbl | HazBaHue OnucaHue
31:18 - Peseps
17 IGNDV Ignore Data Valid. rHopuposaTtb conar Data Valid geckpuntopa 0ydepa npu 3anucu B
Hero.
16 BCRXEN Broadcast Receive Enable. Pa3pelueHne npunema LumMpokoBeLlaTenbHbIX KOMaHg Ans
BbIOpaHHoro cybagpeca.
15 RXEN |Receive Enable. Pa3pelueHune npuema ans BeibpaHHoro cybaapeca.
14 - Peseps
Receive IRQ. Pa3pelueHne npepbiBaHNS MO OKOHYaHUM NpuemMa:
13 RXIRQ | 0 - 3anpeLueHo;
. 1 - paspeLueHo.
12:8 RXSZ Receive Size. MakcumanbHbI NogaepXuBaemblii pasmep npuemMa (B 16-6UTHbIX
cnoBax) ons BbibpaHHoro cybaapeca.
7 TXEN |Transmit Enable. Pa3pelueHue nepegayn anga BoibpaHHoro cybagpeca.
6 - Peseps
Transmit IRQ. Pa3pelueHne npepbiBaHUSA MO OKOHYaHUU Nepeaadun:
5 TXIRQ |¢ 0 - 3anpeLueHo;
. 1 - paspeLueHo.

Bepcunsa 0.2 Ctp. 69



5400TP194 Mukpocxema coopa n o6paboTkm TenemeTpuyeckon nHdopmaumm

Butbl | HazBaHue OnucaHue

Transmit Size. MakcumanbHbI nogaep>KmBaembli pasmep nepegaydn (B 16-0UTHbIX

4:0 TXSZ
cnosax) ans BblopaHHoro cybagpeca.

Descriptor: Qleckpuntop 6ydepa.

3anonHsieTcs No OKOHYaHUKM BbINOSTHEHNSA KOMaHAb! Ha LLUMHE.

BuTbl | HazBaHue OnucaHue
Data Valid. 3anuceiBaetcs 1 npu 3anonHeHun Bydepa koHTponnepom. [JomkeH ObiTh
31 DV 3anucaH 0 nporpaMmmHo nepen ucnons3oBaHmeM bydepa. 3anucb B 3anofnHEeHHbIN

Bydep He npousBogmTcs, ecnu Tonbko He copoweH CONFIG.IGNDV.
30:10 - Peseps.

9 BC Broadcast. 3anucbiBaertcs, B criyvae LUMPOKOBLLATENBHOIO TpaHcdepa.

8 BUS LnHa, no koTtopown npuwno coobueHwne: 0 - bus A; 1 - bus B.
Size. KonunuecTtBo 16-6uTHBIX crioB B komaHae (0 cooTBeTcTBYET 32 crioBam). 3HayeHue
nons He BanMAHo B crny4yae Supersed.
Transfer Result. PesynbraT BbINONHEHNS] KOMaHAbI:
. 0 - ycnewHo;
. 1 - kOMaHAa npekpalleHa B CBsI3n C MOCTYMIEHNEM HOBOW KOMaHapl (supersed);
. 2 - owmnbka DMA - geckpmnTop He NpoYMTaH 40 NOCTYNNEHUs CneayoLero
CrnoBa Mo LUNHE;
. 3 - owmbka npoTokona;
. 4 - owmbka npoToKona BepxHero ypoBHs (aoctyn k shutdown yctporicTtay,
HeCOOTBETCTBMNE MexAay coaepXunmbiM komaHa B RT2RT);

. 7 - owumbKa B netne O6paTHOIZ CBA3U - NPpUHNMMaeMble aHHbl€ OTITMYHbI OT
nepegaBaemMbliX.

7:3 Sz

2:0 TRES

Pexum Data Wrap-around

CornacHo [6 30.7] OY pomkHO peanu3oBaTb MexaHuam Data Wrap-around. ehl_m1553 He umeert
cneumanbHOro obopyaoBaHus Ans NOAAEPXKKM YKa3aHHOro dpyHkumoHana. TeM He MeHee OH MOXeT ObITb
peanusoBaH nporpamMmmHo. [ins atoro cnegyet HacTpouTb cybaapec 30 ¢ ogHMM u Tem xe agpecom Bydepa
ans npuema v nepegaymn coobuweHun. Cam bydep npu aToM gomkeH pabotaTb B LMKIIMYECKOM pexunme.
Takas HacTpovika no3sonseT YntaTb u3 OY Te e AaHHble, KOTOpble TOMbKO YTO Bbinn B HEro 3anncaHsbl.

MoHuUTOp WKNHBI

ML moxeT ObITb BktoveH HesaBucumo oT KL/OY ¢ nomowpsto Config.BME n no3sonseTt 3anucbiBatb
NPUHSATbIE C LUWHBI JaHHblE C METKAMW BPEMEHU B KonbLieBon bydep. Ans paboTel B pexxume ML cnenyet
Takke 3anporpammuposaTb pernctpel BM_ADDR_INIT, BM_ADDR_LAST n BM_ADDR_IRQ.

Kaxxgas 3anuck, caenadHas MLU B namsiTb, COCTOMT U3 2 CIOB: METKM BPEMEHW U AaHHbIX. 3anucu MMetoT
cneaywowumin popmar:

BuTbl | HazBaHue OnucaHue
63 DVAL [[MpusHak BanuaHocTu cnosa. ML 3anuckiBaeT 1 npu 3anucu cnoea.
62:51 - Peseps
50 BUS lLvna: 0 - A, 1 - B.
49 WST Word Status. 0 - OK, 1 - owmbka npoTokona (4YeTHOCTb, kogupoBka MaHuecTep, AnvHa
cnosa).
Word Type. Tun cnosa:
48 WTP . 0 - AaHHbIE;
. 1 - komaHga / cTatyc.
47:32 WD Word Data. Cogepxnmoe crnoea AaHHbIX.
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BuTtbl | HazBaHue OnwucaHue

31 VAL Mpu3Hak BanngHocT MeTkn BpemeHun. ML 3anuceiBaet 1 npu 3anofHEHUN NaMSATL.
30:24 - Peseps.
23:0 TS Time Stamp. MeTka BpemeHu.
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12C

OcHoBHble xapakTepucTmkn Mmoayns 12C: TonbKo ABe NUHUK - NocrieaoBaTeNbHasi NMMHNUS AaHHbIX (i2¢_sda)
N nocnegoBatenbHasl NMHUSA CUHXpOHM3aumn (i2c_scl); Bo3aMOXHOCTb paboTbl B multi-master cpege;
nocnepoBartesibHas nepegava AaHHbiXx no 8 6uT; ckopocTn nepegavn gaHHbix: 100 kbut/c, 400 kbut/c;
dunbTpaums CUrHanoB Ha NUHUSIX Nepefadn aaHHbIX (i2c_sda, i2c_scl) oT nomex.

Bce onepauuu Ha wnHe 12C ocyLecTBRAKOTCA Npy NoMoLLm ABYX NpoBoaos i2¢_sda u i2c_scl. Kaki2c_sda,
Tak u i2c_scl aBnAwTCA OByHAMNpPaBfeHHbIMU MMHUAMMK, KOTOpble HeobXxoauMO MOACOEAWHUTb K
NOMNOXNTENbHOMY UCTOYHUKY MUTaHUA Yepe3 noaTarnsatowmin pesnctop. Korga wnHa ceoboaHa, obe nuHmnm
3a cYeT NOATArMBaloLLMX PE3UCTOPOB MPUHUMAKOT BbICOKUIN NTOMMYECKUIA YPOBEHb.

BbixogHble kKackadbl YCTPONCTB, MNOAKMHOYEHHbIX K LUMHE, AOMKHbI MMETb OTKPbIThIA CTOK UM OTKPbITHINA
konnekTop Ans obecnevyeHnss PyHKLMN MOHTaKHOro «M».

WHTepdenc 12C npumeHsieTcs Oons cBA3W Mexay cobon OOHOKpUCTanbHbIX MUKPOKOHTponnepos, XKK-
WHOMKATOPOB, MOPTOB BBOAA-BbIBOAA, MMKPOCXEM MNaMSTW, aHanoro-umgpoBbiX U LMdPO-aHanoroBbIx
npeobpasoBartenen u T.4.

OCHOBHbIle XapaKtepucTtukm moayns

e  TONbKO ABE NUHUK - nocnegoBaTenbHast NMHUA aaHHbiX (I2Cx_SDA) 1 nocnegoBaTenbHas NMHUA
cuHxpoHu3auum (1I2Cx_SCL);

e  BO3MOXHOCTbIO paboTbl B multi-master cpege;

e ocrnegoBartenbHasa nepegaya gaHHbIX Mo 8 6ur;

e CkoOpocTuM nepefayum gaHHblx: 100 k6ut/c, 400 KOuUT/C;

e unbTpaumsa curHanoB Ha NUHUSX nepefadn aaHHbIX (1I2Cx_SDA, 12Cx_SCL) oT nomex.

Bce onepauun Ha wuHe 12C ocyliecTBnaTca npy nomoLum Asyx nposoaos 12Cx_SDA un 12Cx_SCL. Kak
I2Cx_SDA, TaKk 1 12Cx_SCL sBnsTCca ABYyHaNpaBfeHHbIMU NMHUSAMW, KOTOpble HE0BX0aAMMO NoACOEANHUTD
K NONOXUTENBHOMY UCTOYHMKY NUTaHUA Yepes noararmsaroLwmmn peanctop. Korga wuHa ceodogHa, o6e nuHum
3a cyeT MNoATArMBaloLWMX PEe3UCTOPOB MPUHUMAOT BbICOKUMA JOMMYECKU YpoBeHb. BbixoaHble Kackafpl
YCTPOWCTB, MNOAKMIOYEHHbIX K LUMHE, AOMMKHbl MMETb OTKPbITbIA CTOK WM OTKPbITBIA KOMMEKTop Ans
obecneyeHuns pyHKUMM "MOHTaxHOro N".

CTpyKTypHasa cxema

Rx data
FIFO RX
[y
Rt
data
APE bus
Seq control SerDes Control
» > SCL
- £
Control and Status Sequ:ancer Serlarllzer
Registers . . SDA
o Interrupt _ Seqstatus Aroiter _ SerDes Status Deserializer [
rY
>
data
Tx data
» FIFO TX
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e Control and status registers - 6nok cogepxatlyun B cebe pernctpbl ynpasneHus 12C n ctatycHble
perucTpbl;

o FIFO TX — 6ydep nepepatyuka;

e FIFO RX — 6ydep npnémHumka;

e Sequencer/Arbiter — ynpasnswowmin asTomaT uHTEpdenca;

e Serializer/Deserializer — 6nok npegHasHavyeH Ang npeobpas3oBaHMa napannenbHOro MnoToka
OaHHBbIX OT yMpaBnfAwLLero aBTomarta B rnocrnefoBaTternbHbii. A Takke Ans npeobpasoBaHust
nocrnenoBaTeribHO NOTOKA C BHELLHEN LUVHbI, B NapannenbHbii — Ang ynpaensioLero asTomaTa.

Peructpsli 12C

KapTta peructpoB uHtepdceica I12C

CmelleHue ot
6a3oBoro agpeca | Ab6peBuartypa Ha3BaHue OnucaHue
6noka
0x0 CFG Configuration Pernctp koHurypaumm
Register
0x4 CTRL Control Register Pernctp ynpaeneHus
0x8 ST Status Register Peructp ctatyca
0xC ADDR Address Register CopepXvT agpec NpMemMHrKa U CpaBHUBAET €ro
C Nomny4YeHHbIM agpecom
MpeppenuTtens. Onpeaenset BPEMEHHYHO
Prescaler
0x10 PRSC ) aunarpammy, passopadMBaemMyto Ha
Register . N
NHTEPdENCHON LLMHE.
0x14 MSK Mask Register Peructp macku npepbiBaHun
0x18 TX_FIFO Transmit FIFO Bydep AaHHbIX Ha nepegavy
0x1C RX_FIFO Receive FIFO Bydep NpUHATBLIX AaHHbIX
0x20 TX WORDS Transmit FIFO KonuuecTBo He nepenaHHbIX croB B bydepe
- unread words nepepayn
RX THRESHOL Receive FIFO YKasblBaeT KONMYeCcTBO HENPOYMTAHHbLIX CNOB B
0x24 — Oydepe npmema, npu KOTOpomM HOpMUPYETCS
D threshold °
COOTBETCTBYIOLLNIA NpU3HaK B peructpe ST
Configuration Register [0x00]:
Butbl | HazBaHue OnucaHue OocTtyn C6poc
31:6 - Peseps R 0
HacTtpovika rmyOuHbl unbsTpoB A58 BXOAHbIX curHanoB SDA,
SCL.
Bblbupaetcs Takum obpasom, 4tobbl FILT DEPTH*T core >
. FILT_DEPT |(T_noise+T_core), rae T_core - nepuo 4actoTbl
5:1 ; R/W 0
H TakTMpoBaHus IP-agpa, T_noise - makcumanbHas
ONUTENBHOCTb NOMEXM, KOTOPY HeEOBX0aUMO
OTUNLTPOBATL.
Mpn 3Ha4yeHun '0" PUNBLTP OTKINHOYEH.
PaspewieHne nepesanucu fifo Oycdepa npnemHmka npu
0 EN_OV |nepenonHeHuu. R/W 0
Mpu npueme B pexume MASTER:
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Butbl

HasBaHue

OnucaHue

[OocTtyn

C6poc

€CInun nepenoniHeHne pa3peLlieHo, KOHTponnep MOoXeT

3anpatumBatb n3 SLAVE HoBble crioBa U 3an1cbiBaTb UX
noeepx ctapblx. [py BO3HMKHOBEHUWN NEPENOSTHEHNSI
nogHumaeTtcs npmusHak RXF_OV;

eCclnn nepenonHeHne 3anpeuweHo, Mmactep OCTaHOBUT

npuem nocne nosisneHunsi npusHaka RXF_FULL.
Mpwn npueme B pexume SLAVE:

ecnu nepenonHeHne paspelleHo, SLAVE moxer

3anucbiBaTb HOBbIE CrioBa NoBepx cTapbix. Mpu
BO3HUKHOBEHUW NEPENOSIHEHNS YCTaHOBUTCS
npusHak RXF_OV;

ecnu nepenornHeHue 3anpeweHo, SLAVE He 6yget

3anncblBaTb HOBbIE CIOBa NOBEPX CTapblX, O4HaKO Mpu
nprveme HOBOro crosa u Hanudmm npusHaka RXF_FULL,
yctaHoBuTcH npusHak RXF_OV.

O—nepesanMCb OaHHbIX 3anpeLlleHa
1-r|epe3ar|MCb AaHHbIX pa3pelleHa

Control Register [0x04].

Butbl
31:8

7

HasBaHue

RST_RX_P
NTRS
RST_TX_RD
P
RST_TX_PN
TRS

ADDR_MOD|’

ACK

STOP

START

OnucaHue
Peseps

3anucb eanHnLbl NpUBOAUT K cbpocy ykasaTenen FIFO_RX

3anuck eavHULLbI NPUMBOAUT K COPOCY yKasaTens YTeHus!
FIFO_TX

3anuck egnHULbI NpuBOAnT K cobpocy ykasaTenen FIFO_TX

0 - 7-mu BuTHaga agpecauus;
. 1 - 10-Tm BuTHasa agpecauus.

Ecnu atoT 6UT paBeH eguHunLe, TO nocne npuema 6anta
(appec unu gaHHble) OTNPaBNAETCA NOATBEPXKAEHME:!

. 0 - He oTnNpaBnNsATb NoATBEPXAEHNE,

. 1 - oTnpaBnaTb noaTBepxaeHune.lpn nepesoge 6uta
B '0' cnegyrowmin 3a aTum 6anT 3anuceiBaeTcd B Bydep
npuema, n B nuHuto nepegaetca curHan NACK.

3annch 1 B pexxume MASTER npuBoanT k oTnpaBke curHana
STOP. CbpacbiBaeTcs annapaTHO Nocne OTNpaBkn curHana
STOP.

3anucek 1 B pexxume MASTER npuBoguT Kk oTnpaske curHana
START. CbpacbiBaeTcs annapaTHO Nocre OTnpaBKku curHana
START.

Hdoctyn

R/W
R/W

R/W

R/W

R/W

R/W

R/W

C6poc

EN

. 0 - oTKNHYUTE MOAYIb;

. 1 - BKMIOYNTL MOAYMb.

R/W

Status Register [0x08].

Butbl
31:17

HasBaHue

OnucaHue
PesepB

HdocTtyn

C6poc

16

TXF_END_
EMPTY

NPU3HaK TOro, 4To B MOMEHT 3aBepLUEHNA nepeaaym crnoBa

Oydep nepepaym Obin nycT. Bo3HMKAET B MOMEHT 3aBepLUEHUS

npuema ACK, nn6o NACK nocne nepegaun crioea. (‘1" -
aKTUBHbIN YPOBEHb)

RC
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Butbl | HasBaHue OnucaHue OocTtyn C6poc
KONMM4YeCTBO HeMNpovMTaHHbIX croB B Bydepe npuema G6onblue
RX TH PA |nu6o paBHoO 3Ha4veHuto pernctpa RX_THRESHOLD:
15 ~ea . R 0
SS . 0 - HeT Npu3Haka;
. 1 - ecTb NpU3HaKk.
14 MODE_MS |- 0 - 6rniok Haxoautca B pexxume SLAVE; R 0
T/SLV . 1 - Briok HaxoguTcs B pexume MASTER.
[Mpun3Hak TOro, YTo Ha NUHUK He naeT obmeH. JlnHua Gyaet
cUMTaTbCs 3aHATON, ecrin 3adMKCUPOBAH HU3KUIN YPOBEHb Ha
1 BUS_CLEA |muHusx SDA vnu SCL, n cBoGoAHON - ecnvi Mpor3oLLsio R
3 R cobbitne STOP. 0
. 0 - NnHWA 3aH4aTa;
. 1 - nuHMsa cBoboHa.
B pexxume SLAVE ycTponCTBO agpecoBaHo Ha 3annchb:
12 SLV_RX |e 0 - HeT Npu3Haka; R 0
. 1 - eCTb NpuU3HaKk.
B pexxume SLAVE ycTpoONCTBO agpecoBaHO Ha YTeHUe:
11 SLV_TX | 0 - HeT NpusHaka; R 0
. 1 - eCTb NpusHak.
FIFO 6 TX :
TXF_EMPT yepep TXnyer:
10 Y . 0 - HeT Npu3Haka; R 0
. 1 - eCTb NpusHak.
FIFO 6ydep TX NONHOCTbIO 3aNOSHEH:
9 TXF_FULL |- 0 - HeT Npu3Haka; R 0
. 1 - eCcTb Npu3Hak.
FIFO 6ydep RX He nycT. MNpn Hanuumn RXF_OV o6HynseTcs,
3 RXF_NOT _ |KOHTPONMPOBATLCA HE JOMKEH. R 0
EMPTY | 0 - HeT Npu3Haka;
. 1 - eCcTb NpuU3Hak.
FIFO 6ydep RX nepenonHeH:
7 RXF_QOV | 0 - HeT Npu3Haka; R 0
. 1 - eCcTb Npu3Hak.
FIFO 6ydep RX nonHocTbio 3anonHeH. MNpu
Hanuumm RXF_OV obHynseTcs, KOHTPONMpoBaTbCA He
6 RXF_FULL |AOMmXeH. R 0
. 0 - HeT NpusHaka;
. 1 - eCTb NpuU3Hak.
MpusHak notepu apbuTpaxa (Tonbko AN pexuma
«Begywwmin»). MNpn notepe apbutpaxa B npouecce nepegayu
cnoBa gaHHbix MASTER npogomxaet doopMmnpoBaTb
5 ARB_LOST (umnynbebl SCL Ha Bce 8 61TOB AaHHbIX, 3aTem ocBoboxaaer RC 0
nmnHnio SCL, n nocne atoro dopmupyet npmsHak ARB_LOST.
. 0 - HeT Npu3Haka;
. 1 - eCcTb NpuU3HaK.
He cBoeBpemeHHoe cobbiTne START unu STOP. MNpusHak
nosiBrsieTcs1, ecnu 3adouKcupoBaH nepenag nuHmm SDA Ha
¢oHe eamHuyHoro ypoHst SCL npu Bpems nepepadve 6anta
4 BUS_ERR OaHHbIX UM OMTa NOATBEPXAEHUS. RC 0
. 0 - HeT Npu3Haka;
. 1 - ecTb NpusHak
He ObINo NOATBEPXAEHMS Nocne nepedayn bavta
a /agpeca.
3 | ACK_FAIL [FanHex/anp _ RC 0
. 0 - HeT NpusHaka;
. 1 - ecTb NpusHak
2 BTF OOmeH GanTom 3aBepLUEH. RC 0
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Butbl

HasBaHue

OnucaHue [OocTtyn

C6poc

STOP

START

. 1 - obmeH 6aiToM 3aBepPLUUIICS YCMELLHO

. 0 - obmeHa 6anTom He Obino / 3aBepLUUIICS He
ycnewHollepeBoouTCs B €4MHNLLY, €Chu:

. - Npy Npueme, Koraa NPUHAT HOBbIM B6anT u oTnpasneH
ACK/NACK

. - Npv nepegaye, ecnv 6ant 6bin NepegaH u Nonyyex
ACKIlpumeyaHue: ecnu npu nepegadve 6anta npuHatT NACK,
BTF He nepeBoguTcs B eguHuLLY.
B pexxume MASTER creHepupoBaH Npr3Hak OCTaHOBKM B
pexume SLAVE Ha nMHMM oBGHapy>KeH Npu3Hak OCTaHOBKM

0 - HeT NpusHaka;
. 1 - ecTb Npu3HakK
B pexxume MASTER creHepupoBaH Npu3Hak ctapTta B pexume
SLAVE Ha nuHun obHapyxeH npusHak ctapta

0 - HeT NpusHaka;
. 1 - eCcTb NpusHak

RC

RC

Address Register [0x0C].

Butbl
31:10
9:0

HasBaHue

ADDR

OnucaHue HdocTtyn

Slave - npucBoeHHbIN agpec

C6poc
Peseps R 0
R/W 0

Prescaler Register [0x10].

Butbl
31

30:26

25:16

HasBaHue

TRISE

SLV_HLD

OnucaHue
Peseps

B 3HaueHnn TRISE gomxHa cogepxaTbCca MakcmanbHas
ANUTENbHOCTb NeTnn obpaTHon cBsa3u NMHUK SCL B pexume macTtepa.
Mcnonb3yeTcs ¢ Lenbio YCTaHOBUTL KOPPEKTHYIO CKBaXXHOCTb Ha NUHUK
SCL, koTopasi He OyaeT 3aBUCETb OT ANMTENLHOCTM NepeaHero opoHTa
SCL Ha Bxoge ycTponcTsa u rmybuHbl dounsrpauun. 3Ha4eHne A0IMKHO
ObITb YCTAHOBMNEHO Kak MakCMarbHOe BpPeMS HapacTaHus NepeaHero
dpoHTa SCL cornacHo cneuundukaumnm, BbipakeHHOE B nepuopax
YyacToTbl TakTMpoBaHua IP-aapa nnoc 3HadeHve FILT_DEPTH.

B pexxnme SLAVE uyepes none SLV_HLD onpeaensercsa AnutenbHOCTb
yaepxaHus yposHs SDA nocne 3agHero ppoHTa SCL, korga IP-agpo
koHTponupyet nuHuio SDA. T_hold = T_filt + T_fall +
T_core*(PRSC[SLV_HLD] + 3)

DocTtyn C6poc

R/W 0

R/W 0

15

F/S

. 0 - Sm mode;
. 1 - Fm mode.

R/W 0

14

13:12

DUTY

. 0-T_low/T_high = 2;
. 1-T _low/T_high = 16/9
PesepB

R/W 0

11:0

PRSC

Mpn Sm mode:

. T_high = 2*PRSC*T_core

. T_low = 2*PRSC*T_core

Mpn Fm mode n DUTY = 0:

. T_high = PRSC*T_core

. T _low = 2*PRSC*T_core

Mpn Fm mode n DUTY =1:

. T_high = 9*PRSC*T_core

. T low = 16*PRSC*T_corelge

R/W 0
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Butbl | HazBaHue OnucaHue

HocTtyn C6poc

T_filt = T_core*(CFG[FILT_DEPTH]+1)
T_core - yacToTa TakTupoBaHus IP-agpa

T_high - Bpems yoepxaHusa eguHuyHoro ypoeHsi SCL
T _low - Bpemsi yaepxaHusi Hyneeoro ypoBHs SCL

nepenaert, MPOUCXOAUT B MOMEHT BpemeHu T_low/2

T _rise - anutenbHOCTb NepegHero opoHTa SCL Ha Bxoge YCTPOMCTBa

Mone PRSC onpenensieT napameTpbl BPEMEHHON AMarpammbl,
pa3BopaymMBaemMoun Ha nHtepdencHon wnHe B pexume MASTER.
CmeHa 3HaueHus Ha nuHmm SDA B pexxuve MASTER, ecnu oH

Mask Register [0x14]:
Kaxxgbin 6UT B permctpe cooTBeTCcTBYET OUTY B pernctpe ST:
1 - npepbiBaHue opmMmmpyeTcs;

0 - npepbiBaHNe He hopmupyeTcs.

Butbl HasBaHue OnucaHue |JocTtyn Copoc
31:17 - Peseps R 0
16 TXF_END_EMPTY R/W 0
15 RX_TH_PASS R/W 0
14 MODE_MST/SLV R/W 0
13 BUS_CLEAR R/W 0
12 SLV_RX R/W 0
11 SLV_TX R/W 0
10 TXF_EMPTY R/W 0
9 TXF_FULL R/W 0
8 RXF_NOT_EMPTY R/W 0
7 RXF_QV R/W 0
6 RXF_FULL R/W 0
5 ARB_LOST R/W 0
4 BUS_ERR R/W 0
3 ACK_FAIL R/W 0
2 BTF R/W 0
1 STOP R/W 0
0 START R/W 0
Transmit FIFO [0x18].
BuTbl | HazBaHue OnucaHue HdocTtyn C6poc
31:8 - Peseps R 0
Bydep nepegaBaeMbix gaHHbIX (8 crioB)
MpumeyaHue: B pexume MASTER, ansa obpauieHns K
7.0 | TX_FIFO SEAVE Heo6xo,u,5|v|o 3anucatb B FIF% a.qpepc w6m R/W. w 0
dopwmart gaHHbIx: agpec — [7:1], R/W[O].
Receive FIFO [0x1C].
Butbl | HazBaHue OnucaHue OocTtyn C6poc
31:8 - PesepB R 0
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Butbl | HazBaHune OnucaHue OocTtyn C6poc

7.0 RX_FIFO |Bydep ans npuHnmaemblx gaHHbIX (8 crnoB) R 0
Transmit FIFO Unread Words [0x20].

Butbl | HasBaHue OnucaHue HdocTtyn C6poc
314 - Peseps R 0
30 |TX WORDS KonnyecTBo HenpounTaHHbIX CNoB B Bydepe R 0

- nepepatymka (ot 0 oo 8)
Receive FIFO Threshold [0x24].

Butbl | HazBaHue OnucaHue HdocTtyn C6poc
31:4 - Peseps R 0
KonuuecTBo HenpounTaHHbIX cnoB B Bydepe npuemHuka (ot
3:0 |RX_THRES|0 go 8), npu kotopom chopmMupyeTcst COOTBETCTBYIOLLNIA R/W 0

npu3HaKk B perncrpe craryca

MporpammupoBaHue 12C

Pa6ora 12C B pexume macrtep:

1) Nomewaem B 6ydep nepenaTymka Cnoeo, cocrosilee nu3 7-d6utHoro agpeca (7 ctapwmx 6ut), n buta
RX/TX (mnagwwn 6wmr).

2) MNMomewaem B PRSC 3HayeHne xapakTepuaylollee napameTpbl BpeMEHHOW Aguarpammbl. 3anucb B
OaHHbIN pernctp obsasaTencHa B pexmme MASTER (c yyeTom orpaHnyeHuii 6roka).

NPUEM:

1) 3anuceiBaem 3HayeHne B RX_TRESHOLD (o1 0 go 8), B cnyyae npmvemMa gaHHbIx no 12C.

2) 3anuceiBaeM 3HaveHne 0x0000000B B pernctp CTRL (paspelwaeM paboTy Ha NUHWMK, Nogaem curHan
START, nogaem un paspeliaem noarBepxaeHue).

3) MNocne okoH4yaHusA Npuema Heobxoaumo nogaTe curHan STOP, 3anuceto B pernctp CTRL.

NMEPEOAYA:

1) Paspelwuaem nepegavy 3anmcbio COOTBETCTBYHOLLEro 3HaveHusa B pernctp CTRL.

2) 3anucbiBaem gaHHble B peructp TX_FIFO, 3anuceaem ux nocne Havana nepegayv c Lenbto nepegayu
8 GanT gaHHbIX, BMecTo 7. B mpoTMBHOM criydyae ogHO CrnoBo u3 Oydepa nepegatymka Oyaet 3aHATO
aapecHOn KOMaHOOoMN.

3) Oxupaem okoH4YaHus nepegaym u nogaem curHan STOP, sanuceto B pernctp CTRL.
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owl

OWI nnn 1-Wire — 310 UHTEpdENC, KOTOpbIA NpeacTaBnsieT cobon ABYHANPaBEHHYHO WWHY CBSA3W ANs
YCTPOWCTB C HMU3KOCKOPOCTHOW nepedadert OaHHbIX, B KOTOPOW AaHHble MepefarTcs Mo Lenu NUTaHus.
Vcnonb3yeTcsa Bcero Asa NpoBoAa, OauH obLwuiA, a BTOPOW ANS NUTaHWUS U JaHHbIX.

OCHOBHbIE XapaKTEPUCTUKM MOAYIS: TONbKO PEXUM «BeAYLLMNY; NOAAEPXKKa CTaHAAPTHON M NOBLILLEHHO
ckopocTen obmeHa; nogaepxka Habopa crtaHaapTHbiX koMaHg; noacdeT CRC-8; pacwumpeHHbin Habop
CTaTyCoB 1 NpepbiBaHUN.

OCHOBHbIe XapaKTepuCcTUKKU Moayns

®  TONbKO PEXUM «BeayLLMNY;

e rnopaepxka CTaHOapTHOW M NOBbILLEHHOW CKOPOCTEN 0OMEHa;

e nogdepxka HabGopa cTaHOapPTHBLIX KOMaHL;

e noacyet CRC-8;

e  paclUMpeHHbI Habop CTaTycoB M NpepbIBaHWIA.

CTpyKTypHas cxema

1-Wire

. IRQ INTERRUPT
= CONTROL LOGIC
DATA EUS BUFFER |«
TRANSMIT BUFFER
APB v

< Bus

CLK

REGISTERS

h 4

CLOCK DIVIDER

™

Tx SHIFT REGISTER

R+ SHIFT REGISTER

h 4

1-WIRE TIMING AND
CONTROL

RECEIVE BUFFER

Fy

Mepe4yeHb 6nokos OWI

OWI cocTonT 13 cneayroLmnx 6rnokoB:

e REGISTERS — peructpoBbin Moaynb. NpegHasHavyeH Ans XpaHeHus ynpaBnsitowuX OaHHbIX U
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CTaTyCOB;

DATA BUS BUFFER - wmogynb-mynbTunnekcop. PacnpepensieT gaHHble Mexagy 6rnokamu
CUCTEMBI;

INTERRUPT CONTROL LOGIC — moaynb ynpaBneHus (hopmMmpoBaHMEM NpepbIBaHUN;
TRANSMIT BUFFER — 6ydep nepegatuuka;

Tx SHIFT REGISTER — caBuroBbln permctp nepeaaTymka;

RECEIVE BUFFER — 6ydep npnemHuka;

Rx SHIFT REGISTER — coBuUroBbii permcTp NpUeMHuKa;

CLOCK DIVIDER — mogynb geneHus 4actoTbl 4118 Owi;

1-WIRE TIMING AND CONTROL — ocHoBHOW ©nok uHTepcpernca. OTBevaeT 3a KOpPPEKTHOEe
dyHKLUMOHMpoBaHue. CoaepxuT ynpasnsoLlme aTomaTbl.

B nHTepdence npucytcteyeT BbiBog SPU (Strong Pull-up) ynpaeneHusa 3aTBopomM TpaH3ucTopa p-kaHana,
KOTOpbIN 06XoanT cnabbli HAarpy304HbIN Pe3ncTop, YTobbl obecneyunTe BEAOMOE YCTPOUCTBO UCTOYHMKOM
NUTaHMs ¢ BONbLIMM BbIXOAHLIM TOKOM, 4111 yNpaBreHns LUMHOW AaHHbIX.

Pernctpsi OWI

B oggslzztamoro aapeca AG66peBnatypa | HasBaHme | [ocTtyn OnwucaHue
0x0 OWI_CFG Configuration RW Pervctp koHurypaumm
0x4 OWI_BUF Data RwW Pernctp gaHHbIx
0x8 OWI_ST Status R Peructp ctatyca
0xC OWI_MSK Mask RwW Pernctp macok
0x10 OWI_PRCR |Clock Divider | RW Peructp penurens
YacToThl
0x14 OWI_CTRL | Control RwW Peructp ynpasneHus
MpeaynpexpeHue
OWI_CFG [0x00]
Butbl | HazBaHue OnucaHue HdocTtyn C6poc
314 - Peseps R 0
One Wire Input. TekyLiee 3Ha4eHne Ha NMHUKN 1-wire:
. 1 - 3Ha4YeHMe Ha fIMHUM COOTBETCTBYET JTOMMYECKOM
3 OW_IN |eaunHuue; R/W 0
. 0 - 3Ha4YeHWe Ha NMHUN COOTBETCTBYET JIOTMYECKOMY
HyntO.
Force One Wire. lNMpamoe ynpaeneHue nuHuen 1-wire:
> Fow |° 1 - NepeBoANT NMHMIO B COCTOSIHNE FTOMMYECKOro HynS; RIW 0
. 0 - ocTaBnsET NMNHUIO B COCTOSIHUM BbICOKOTO
nmnegaHca.
Search ROM Accelerator. Pa3spelueHne anstepHaTMBHON
dyHKUMM nopTa:
1 SRA . 1 - 6riok paboTaeT B pexume «search ROMy; RIW 0
. 0 - 6riok paboTaeT B HOpManbHOM pexnme.
0 1TWR  |One Wire Reset. YnpasneHue reHepauuen curHana reset: R/W 0
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Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

. 1 - BbICTaBneHne duTa MHNLMNPYET Nepegada
curHana reset no NMHUKN, GUT aBTOMAaTUYECKN OYMLLLAETCS
rnocrne 3aBepLUeHNs Nepeaayn curHana;

. 0 - curHanusnpyeT o0 TOM, YTO B HACTOSALLNA MOMEHT
curHan reset He reHepupyeTcs.

OWI_BUF [0x04]

Butbl
31:8
7:0

DATA

Ha3BaHue OnucaHue OocTtyn

Peseps R
[iByHanpaBneHHbIN perucTp AaHHbIX. R/W

C6poc

OWI_ST [0x08]

Butbl
31:8

HasBaHue

ow_Low |’

OW_SHOR
T

RSRF

RBF

OnucaHue
PesepB
One Wire Low. [Nprvem umnynsca npucyTcTBns oT
NOAYNHEHHOrO YCTPOMCTBA:
1 - UMNYNbC NPUCYTCTBUA ObiN NPUHAT B MOMEHT

HaxoxgeHune YCTpOVICTBa B COCTOSIHUM OXMAaHus1, out
o4vnaeTca nNpu YTeEHUN;

. 0 - IMNYNbC NPUCYTCTBUS MPUHSAT He Bbin.
One Wire Short. Owunbka nepegaym BpeMeHHOro cnota nnu

curHana cbpoca no LMHe, MOCKOSbKY B MOMEHT nepefayu
NUHWS Y>Ke Haxoamnacb B COCTOSIHUM NTOTUYECKOTO Hyms:

. 1 - 3acpukcmpoBaHa owmnbka nepegadu, 6uT
O4MLLLaETCS NPU YTEHUN;

Receive Shift Register Full. TOTOBHOCTb NPUHATBIX AAHHbBIX B
COBWIOBOM pErucTpe:

YTEHUS AaHHbIX U3 COBUIOBOrO PErncTpa;

. 0 - cOBMroBbIN PErucTp NyCT UK 3anornHsaeTcs B
HaCTOSAILLUMA MOMEHT.

Receive Buffer Full. 3anonHeHue Bydepa npnemMHuka:

. 1 - B Bycpbepe npuemHuka Haxogutcs 6anT ¢ HOBbIMU
AaHHBIMU;

. 0 - B Bycbepe NpMeMHMKa HET HOBbIX AaHHbIX.

. 1 - cOBUrOBbLIV PerucTp NonoH, Gut ounaeTca nocne

DocTtyn

Co6poc

TEMT

Transmit Shift Register Empty. Casurosbin peructp
nepegaryvka nycT U roToB NPUHATb HOBbIV BanT AaHHbIX:

. 1 - perucTtp nycr;

. 0 - B HacTosLWee BpeMsi BeAeTca nepefaya AaHHbIX
no MHUN U3 CABWUIOBOrO perncTpa nepegaryuka.

TBE

Transmit Buffer Empty. Bydep nepegatuuka nycr:

. 1 - Bydhep nepegarymka nycT v rotToB K NpUeMy
HoBoro 6anTa;

. 0 - 6ydhep nepenartymka oXxXunaaet rotToBHOCTU
COBWroBOro perncTpa nepegaryuka K npuemy AaHHbIX.

PDR

Presence Fetect Result. dukcaLma umnynsca «presence
detect» nocne nepegaun curHana copoca Ha NUHUN:

. 1 - npucyTCTBUE NOSYNHEHHOIO YCTPOMUCTBA HE
0oOHapy»eHo;

. 0 - obHapyXeHO NpUCyTCTBME NOAYMHEHHOTO
YCTPOWCTBA.
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Butbl | HazBaHue OnucaHue LOocTtyn C6poc

Presence Detect. OkoH4YaHue nepegayun curHana copoca no
TMHWN;

. 1 - nepegava curHana copoca saBeplieHa, 6uT
O4MLLLAETCS MPU YTEHUN;

. 0 - c MOMeHTa npeablayLLEero YTeHna perucTpa
nepefada curHana cépoca NMHUKU He 3aBepLuanacs.

OWI_MSK [0x0C]

Butbl | HasBaHue OnucaHue Hoctyn Cb6poc
31:8 - Peseps R 0
Enable One Wire Low Interrupt. PaspelieHne npepbiBaHus

no cratycy OW_LOW:
1 - NpepbIBaHME BKMOYEHO;
. 0 - npepbiBaHWE OTKIMYEHO.
Enable One Wire Short Interrupt. PaspelwieHne npepbiBaHus
no crarycy OW_SHORT:
. 1 - NpepbIBaHME BKMOYEHO;
. 0 - npepbiBaHWE OTKIMYEHO.
Enable Receive Shift Register Full Interrupt. Paspewexne
npepbiBaHusa no ctatycy ERSF:
1 - NpepbIBaHME BKMOYEHO;
. 0 - npepbiBaHWE OTKMYEHO.
Enable Receive Buffer Full Interrupt. PaspelueHne
npepbiBaHua no crarycy ERBF:
1 - npepbIBaHNe BKIOYEHO;
. 0 - npepbiBaHWE OTKIMYEHO.
Enable Transmit Shift Register Empty Interrupt.
PaspelueHune npepbiBaHus no crarycy ETEMT:
1 - npepbIBaHNE BKIOYEHO;
. 0 - npepbIBaHNE OTKIMHYEHO.
Enable Transmit Buffer Empty Interrupt. PaspeLueHnne
npepbiBaHus no cratycy ETBE:
1 - NpepbIBaHME BKIOYEHO;
. 0 - NnpepblBaHME OTKIIOYEHO.

7 EOWL R/W 0

6 EOWSH

R/W 0

5 ERSF

R/W 0

4 ERBF

R/W 0

3 ETEMT

R/W 0

2 ETBE R/W 0

INTR Active State. Pa3spelueHue npepbiBaHusi no cratycy
IAS:

1 IAS . R/W 0
. 1 - NpepbIBaHME BKIMOYEHO;

. 0 - NnpepblBaHME OTKIIOYEHO.

Enable Presence Detect Interrupt. PaspelieHnune
npepbiBaHusa no ctarycy EPD:

. 1 - NpepbIBaHME BKMOYEHO;

. 0 - NnpepblBaHME OTKIIOYEHO.

0 EPD R/W 0
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OWI_PRCR [0x10]

Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

31:8

CLK_EN

Peseps

Clock Enable. PaspelueHue paboTbl NnpeagenuTens 4actoTbl.

BbicTaBnsieTcs 04HOBPEMEHHO C YCTaHOBKOW NpeaaenuTens:
1 - NpegaenuTens YacToThbl BKIKOYEH;

. 0 - npepaenuTenb YacTOTbI BbIKIHOYEH.

R

R/W

0

6:5

4:2

1:0

DIV

PRE

PesepB

Divider. Bbibop koadhpumumeHTa genutens 4actoTbl:
. 111 - koadbdpuumeHT 128;

. 011 — koadhbUumMeHT 8;

. 010 — koadppuumeHT 4;

. 001 — koadhpmLmMeEHT 2;

. 000 — koadppuumeHT 1.

Prescaler Divider. Bbibop koachdmumeHTa npegaenutenst
4YacToThl:

. 11 — Ko PUUMEHT 7;

. 10 — koadhpmumeHT 5;

. 01 — koadhpmumeHT 3;

. 00 — koachpuumeHT 1.

R/W

R/W

OWI_CTRL [0x14]

Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

317

oD

BIT_CTL

STP_SPLY

STPEN

EN_FOW |

PPM

Peseps

Overdrive. Pexkumom yckopeHHoW nepegayum no NUHUm:

. 1 - peXuM yCKOpeHHoW nepeaayn no JuHUm
BbIKJTIOYEH;

. 0 - pexum yCKOpeHHOM nepeaayu no fMHUK BKITFOYEH.
Bit Control. YnpaBneHune pexnmom nobutoBowm nepegayu:

. 1 - pexxvM NobuUTOBON Nepefayn BKIOYEH,
nepefaeTcsi TONbKO MNagLlWniA 3Ha4aLLmnii GUT 13 kaxaoro
noctynueLlero B Oydep 6anta;

. 0 - pexvm nobnToBOW Nepeaayn BbIKITHOYEH.
Strong Pull-up Supply. YnpasneHue coctosiHuem nuHum SPU
BO BPEMS HaxoxaeHne 6roka B pexxmme oXugaHus:

. 1 - no nnHnn SPU nepepaetcsa nornyeckasa eauHuLa
BO BpEMS HaxoXxaeHns 6roka B COCTOSIHUM OXMUAaHUs!, eCrin
NVHUSA YCUNEHHOW NOATSXKM BKINIOYEHa;
. 0 - no nnHmMm SPU nepepaeTcs NOrMYeCcKkmin Hofb BO
BPEMSI HAXOXAeHMs 6rIoKa B COCTOSAHUMN OXUOAHWS.
Strong Pull-up Enable. YnpasneHue nuHunen ycuneHHom
NOATSDKKN:

1 - NUHUA YCUNEHHOWN NOATSKKN BKIHOYEHA;
. 0 - NMIMHWSA yCUNEeHHOW NOATSXKKN BbIKITHOYEHa.
Enable Force One Wire. YnpaBneHne pexxmmom
dyHKUMoHMpoBaHust buta FOW pernctpa OWIx_CFG:
1 - BKNtoYaeT pyHKUMOHUpoBaHue buta FOW
pernctpa OWIx_CFG;
. 0 - oTkntovaeT pyHKUMOHNpoBaHue 6uta FOW
pernctpa OWIx_CFG.

Presence Pulse Masking Mode. YnpasneHune pexvmom
MacKMpOBaHUsi UMNyNnbca NPUCYTCTBUS:

R/W

R/W

R/W

R/W

R/W

R/W

Bepcus 0.2

Ctp. 83



5400TP194

Mukpocxema coopa n o6paboTkm TenemeTpuyeckon nHdopmaumm

Butbl | HazBaHue OnucaHue DocTtyn C6poc
. 1 - BKITIOYAET PEXNUM MacKMpOBaHMS UMMNyrbca
NpUCYTCTBUS;
. 0 - OTKITHOYaET PEXNM MACKMPOBAHUS NMMybca
NpUCYTCTBUS.
Long Line Mode. YnpaBneHue pexumomM ANNHHOW NUHUK:

0 LLM . 1 - BKNIOYAET peXnm ANUHHON NIUHUK; R/W 0

. 0 - oTKNOYaET PEXNM ONNHHON JIMHUN.
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SPI

SPlI — nocnepoBaTenbHbI CUHXPOHHBIA CTaHAapT Mepedayn [AaHHbiX B pexume  Aynrnekca,
npegHasHa4eHHbln Ons obecneyeHus NMPOCTOro BbICOKOCKOPOCTHOMO COMPSPKEHWUS MUKPOKOHTponsnepa u
nepudepumn.

OcHoBHble 0COGEHHOCTU: paboTa B pexume «BegyLmi» u «BeOOMbIA»; PEXMM MOMHOLYMNIIEKCHON
CYHXPOHHON nepefayv MHpopMauMM No TPEM JIMHUSAM; CUMMMEKCHas CUHXPOHHas nepefada no ABym
nmHnsam; 8 wnn  16-6utHein  cbopmaT obmeHa; paboTa Ha NWHUM C  HECKOMbKMMUW  MacTepamu;
nporpaMmmmpyemasi MonsipHOCTb M hasa CUHXPOYACTOTbI; NPOrpaMMupyeMbln NOPSIAOK CriefoBaHUst GUTOB -
cTapwum Briepeq wunu Mnagwum Brnepea; otaenbHble Bydepbl Ha npuém m nepegadvy rnybuHon 8 cnos;
uUnbTp MO NMHUM CUHXPOCWrHana; BblAeneHHble cnarv npuema u nepegayu; cgnarn ownbok pexuma
BedyLiero.

OcHOBHbIe 0COB6EeHHOCTH
e paboTa B pexume «BeayLmin» U «BeAOMbIN»;
e  pPEXMM NOJSHOAYMMEKCHOM CUMHXPOHHOW Nepeaayn nHdopMaumn no TPEM NUHUSM;
e  CUMMEKCHasa CMHXPOHHasA nepegaya no ABYM NTMHUSM;
e 8- nnn 16-6uTHLIN hopmaT oOMeHa;
e oTaenbHble bydepbl Ha Npuém u nepegady rnybuHon 8 crnos pasamepom 16 6uT;
e paboTa Ha NMHWUM C HECKONBbKMMMW MacTepamu;
e MporpaMmmupyemas NonsiPHOCTb U (ha3a CUMHXPOYacToThl;
e MporpaMMmpyeMslil NOpPsSiAoK criegoBaHUs GUTOB - CTapLuMM BRiepen Unv Mnagwnm Bnepeg,;
e  (PUNLTP NO NMHUN CUHXPOCUTHANA;
e BblOeNeHHble dnarv NnpuemMa u nepegayu;

e cpnaru olwmnBOoK pexunma BeayLlero.

CTpyKTypHas cxema

SCK_SYN

FILTER —— SYNCHRON SCK

SCK_FILT SCK_SYN
DATA_TX y y

FIFO_TX
MULTIPLEXOR

A
DATA_TX \ﬁ SCK_WORK

I_WR, |_RD —» s 4—» MOSI
REGISTERS = CONTROL SPI_INOUT —® MISO
DATA < —» 0 CS
\ A
DATA_RX DATA_RX DATA
FIFO_RX DATA_SYNCHR
- I_CS
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Mepe4yeHb 6nokoB SPI
e SPI cocTonT 13 cneayroLmnx 6roKoB:

e REGISTERS — peructpoBbin mogynb. NpegHasHavyeH Ans XpaHeHus ynpaBnsitoWwmnX OaHHbIX U
CTaTyCcoB;

e FIFO_TX — bydep nepegatunka;

e FIFO_RX — 6ydep npuémHuika;

e CONTROL - ynpasnstowmi astomat moaynst SPI;

e SPI_INOUT — 6nok ynpaBneHus nnHMaMu HTepdenica;

e DATA_SYNCHR — cuHxpoHu3aumsa gaHHbix. [1pon3BoanNT CUMHXPOHU3AUUIO AaHHBIX C CUCTEMHOMN
YyacToTbl Ha YacToTy SCK 1 B 06paTtHOM HanpasneHuu;

¢ SYNCHRON - cuHxpoHusaTop. lNponssoant cuHxpoHusaumto nuHmmn SCK, koraa ato Tpebyetcs
nonbL30BaTento;

¢ FILTER — dounbtp. QunbrpyeT nuHum SCK, n3basnsasa e€ ot nomex;

¢ MULTIPLEXOR — wmynbtunnekcop. Beibupaet uvactoty TaktmpoBaHus 6Groka SPI_INOUT B
3aBMCUMOCTU OT BXOOHbIX HACTPOEK.

Pexum «Begywmn» (master)

B pexume «BegyLimn» MOAyInb aBTOMaTUYECKN reHepUpyeT CUHXPOCUrHan Ansi BeoMOro yCTpoucTBa no
nmHum SCK.

Mpoueaypa paboTkl ¢ «BeAyLLUM»:

. B peructpe SPI_CFG:
. ycTaHoBUTb BuTbl BR Ansa onpegeneHus ckopoctn obmeHa.
. ycTaHoBUTbL OuTbl POL n PHAZ pgns onpegeneHns COOTBETCTBUS MeXAY OaHHbIMU U

CUHXpocurHanom. HacTtpoiika gormkHa 6blTb oguHaKoBa Anst BedyLWwero 1 Ans Be4oMOro;

. HacTpouTb cpopmaT kagpa npu nomowm 6uta BO;
. yCTaHoBUTb 6uT MOD ansi nepexofa B peXnm «BeayLLuminy.
. paspeLwwunTb paboty Begomomy. MNpwu 3anucu 1 B gaHHbIn 6uT(SADDR), nuHua O_CS nepengét

B 3HayeHue 0, Takum obpasom paspewmB paboTy BeAoOMOMY YcTpoicTBy. [pumevaHue: He
pekoMeHyeTCsl 3anucbiBaTh 3Ha4YeHUe JaHHoro 6uTa, fo HacTpoviku POL n PHAZ, nogo6Has 3anuck

MOXEeT NpunBecTn K ownbkam.

. onpenenuTb hopMaT AaHHbIX C NOMOLLb 6uTta DWW,

. B pernctpe SPI_MSK:
. paspewwnTb Heobxoamnmble npepbiBaHusa ¢ nomollbto 6ut NULL BUF, MOD_FAIL, TXB_E,
RXB_OV.

. AN PEeXUMOB, CBfI3aHHBIX C nNepefjavert [AaHHbIX, HeobxoAMMO 3anucaTb OTNPaBMNsEeMyHo

nHcpopmauumio B pernctp SPI_BUFTX;
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. B pernctpe SPI_CTRL:
. paspewntb paboTty moaynsa 6utom EN.
. NpPUHUMaemMble JaHHble MOXHO BbluMTaTb U3 peructpa SPI_BUFRX.

B naHHom dbopmaTte nuH MOSI paboTaeT Kak Bbixoa AaHHbIX, MMH MISO kak BXO4 OaHHbIX.

Oco6eHHOCTU paboThbl B peXXxnme «BegyLmnn»

B pexume «Bedywuiiy, ecnu Gbina paspelleHa pabota Moayns npu nyctoM Gydepe nepegartymka u npu
HyneBoW (paze, TO B CABWIOBbI perucTp OyaeT coxpaHeHO CrOBO 3adaHHOW paspsigHOCTM 3HauveHust 0.
[aHHoe crnoBo GyaeT nepedaHo NepBbIM NpU 3anncK daHHbIX B 6ydep nepegartyvka, 3atem 6yayT nepeaaHsl
3anuncaHHble JaHHble.

AHanornyHoe nosefeHve Oyget npu pabote B Hynesown pase B cnyyae, korga Obinu nepegaHbl BCe
nmeroLmecsa gaHHble u3 Oydepa nepegaTtymka, HO NOCe 3TOro MoAynb He ObiN BbIKMYEH. 1o nocnegHemy
PPOHTY CUHXPOCUrHana B permcTp nepegatymka 6yaeT sanncaHo CrioBo 3aAaHHOW pas3psigHOCTY 3HaveHus 0.
[daHHoe cnoso GyadeT nepegaHo nepBbIM MpY 3anvMcKM HOBbIX AaHHbIX B Bydep nepepgatyvka, 3atem 6yayT
nepegaHbl 3anUcaHHble AaHHbIE.

Pexum «Begombiny (slave)

B pexunve «BEeOMbIN» CUHXpOCUrHan noctynaet OT BeayLliero yCTpOVICTBa. 3HaueHne 6uTa BR He Briusiet
Ha pa60Ty moayn4a. PeKomer,yeTc;i BKIMKOYNTb MOAYJb 00 TOro, Kak Ha4HeT nepeaBaTtbCA CUHXPOCUrHan,
nHaye 6y,EI,yT NPUHATBI COBUHYTbIE OaHHble. CouroBbii perncTp nepegatymka OOoJDKeH ObITb 3anofiHeH Ao
nepBoOro NaAMeHeHnA CMHXpoCcurHana.

Mpoueaypa paboTbl ¢ «<BEAOMbIM»:

. B peructpe SPI_CFG:

. ycTaHoBUTb 6uTtel POL u PHAZ ansa onpepeneHnsi COOTBETCTBUS MeXAy OaHHbIMU U

CUHXpocurHanom. HacTtpoiika gormkHa 6blTb oguHaKoBa Anst BedyLWwero 1 Ans Be4oMOro;

. HacTpouTb chopmaT kagpa npu nomowum 6uta BO;
. cbpocutb 6UT MOD ans nepexofa B peXuUM «BEOOMbINY;
. onpegenuTb hopMaT AaHHbIX C NOMOLLbI 6uTa DWW,
. B pernctpe SPI_MSK:
. pa3peLwnTb Heobxoammble npepbiBaHUs ¢ nomollbio 6uT NULL BUF, TXB_E, RXB_OV.
. ONsi  PEeXWUMOB, CBSI3aHHbIX C Mepefadvell [AaHHbIX, HeobxoouMo 3anucaTb  OTNpaBNsSEMYHO

nHdopmaumto B pernctp SPI_BUFTX;

. B pernctpe SPI_CTRL:
. paspewntb paboTy moayns 6utom EN.
. NPUHUMaeMble JaHHbIE MOXHO BbluMTaTb U3 pernctpa SPI_BUFRX.

B naHHom dopmaTte nuH MOSI paboTaeT Kak Bxoq AaHHbIX, MMH MISO kak BbIXxo4 AaHHbIX.
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OcobeHHOCTH paboTbl B pexnme «BegOMbIN»

Moayne SPI moxeT BecTu Nnpném 1 nepepadvy AaHHbIX Ha CUCTEMHON YacToTe u 6nunskon k Her. OgHako
3TO HakNaablBaeT orpaHnyeHne Ha paboTy ¢ BycdepoM nepegaTyumnka B pexnme «Begombln». [JaHHble B 6ydep
AOIMKHbI ObITb rApaHTMPOBAHHO 3anMcaHbl 3a ABa TakTa 40 BblAadu nocregHero 6uta AaHHbIX M3 CABUIOBOMO
pernctpa nepegartymka, nMbo nocrne NONHOro OKOHYaHUs nepedayv. B npoTMBHOM cnyyae, CNoOBO, KOTOpOe
ObINO 3anucaHo B HapylleHWU 3Tux TpeboBaHWN, MOXeT ObiTb WCKaxeHo. [JaHHOoe orpaHuyeHne MOXHO
nsbexaTb, ecnv paspeLwmnTb paboTy CUHXpPOHU3aTopa.

Moayne SPI ocHalleH CMHXPOHM3aTOPOM CUHXPOCUIHana. s BKIOYEHNS CUHXpOHM3aTopa Heobxoanmo
3anucaTb eguHuuy B 6uT SPI_CFG.SYN. CuHXpoHU3aTop BHOCUT 3a4ep>KKy B jBA TaKTa CUCTEMHOMN HYacTOThbI.
3HaunMT ONA KOPPEKTHOro npuéma v nepefady [aHHbIX CUMHXpoYyacToTa [OoSkHA ObiTb yMeHbLueHa |
COOTHOCMUTBLCS C CUCTEMHOW Kak Fsys/7.

Moayne SPIl ocHaweH unbTpoM cCuHXpoyacToTbl. [Ona BkAYeHus dunbTpa Heobxoammo 3anucatb
eanHnuy B 6ut SPI_CFG.FIL. He pekomeHgyeTcsa BknoYaTb (PUnbTp HE3ABMCMMO OT CMHXPOHM3aTOpa BO
nsbexaHne konnuau. PunbTp MOXKET CrnagunTb OAMH COOWM Ha MPOMEeXyTke BpeMeHMW, COOTBETCTBYOLEM
TPEM TakTaM CUCTEMHOW YacToThl. [1pn 3TOM YacToTa CUHXpPOCUrHana Takke AOSKHa OblTb MOHMKEHA.

C y4é€ToM BKIIOYEHHOIO CUHXPOHM3aTopa M uUibTpa YacToTa CUHXpOCUrHana AofmkHa ObiTb MeHbLue
CUCTEMHOW YacToTbl MUHUMYM B 13 pas.

[OynneKkcHbIN U CUMMJIEKCHbIN PEXUMbI paboTbl

SPI moxeT paboTaTb B ABYX KOH(bUrypaumsx:

OBe OJHOHaMNpPaBneHHbIE LWHbI AaHHbIX;

OfjHa AByHanpaBneHHas LWNHa OaHHbIX (PEXKUM «TONMbKO NMPUEM» UMW «TONBbKO nepeaayar).
[Be ogHOHanNpaBneHHbIe MMHUM AaHHbIX

CraHpapTHbI pexum. AkTusupyetcs, korga 6ut SPI.CFG.TR_MOD paseH Hynto. but SPI_CFG.RXO
3a0aét pexum nepegaym gaHHelx. Ecnm SPI_CFG.RXO HeakTvBeH, TO Mogyrnb paboTaeT kak Ha nNpuém, Tak
n Ha nepegadvy. Ecnu SPI_CFG.RXO aktuBeH, TO Mogynb paboTaeT Tonbko Ha Npuém. JIMHUS nepegaqu
OCTaeTcs He3agencTBoBaHHON. Y BegoMoro ato nuHusa MISO, y Begyuiero — MOSI.

OpHa ABYHanpaslrieHHasa NMMHUA gaHHbIX

Pexum aktumpyetcs, korga 6ut SPI_CFG.TR_MOD paBeH eavHuue. B gaHHoM pexume mopynb SPI
paboTaeT ToNbKo Ha Npuém, Nbo ToNbKo Ha nepepavy, Y4To onpegensetcs 6utom EN_TX.

B pexume «Tonbko nepepada» faHHble nepepatotca no nuHy MOSI y Begyuwlero, no nuHy MISO y
BEOMOro yCTporCTB. NpuHumarowmii nuH MISO y Begyuero unu MOSI y Begomoro He ncnone3dyetcs. B atom
crnyyae HeobxoaMMo UrHOpPMPOBaTb COCTOSHME NpUHUMatoLwero bydepa.

B pexume «TOMnbKO Npuém» AaHHbIe He NnepegaloTcs. Beaywimm nocTosHHO reHepupyeT CUHXPOCUIHan ans
Begomoro. NvH MISO y Begywero nnn MOSI y Be4OMOro He UCnonb3yeTcs.

MNepenayva AaHHbIX

B cootBeTcTBUM C TpeboBaHusaMKM npoTokona SPIl, B 3aBUCUMMOCTM OT HACTPOWKM MOAYNS, AaHHble
nepeparTcs Ha NUHUIO NMBo no ¢poHTy, NMGoO Mno crnagy cuHxpocurHana. epefadya HadvMHaeTcs Mpu
HanMuMM gaHHbIX B Oydepe nepepatyuka. [JaHHble NOCTynakT B COBUIOBLIN pPerMcTp v ganee 6utbl cnoea
nepegatwTcsi nocrnefoBaTenibHO CTaplwyMM WM Mnagwum Brnepén B 3aBMCMMOCTM OT HacTponku BO.
YctaHoBka 6uta TXB_E, coobwaet o ToM, 4to Bydhep nepemartymka ONycTesl, HO B [aHHble ewé MoryT
HaxoaouTcs B CABWIOBOM peructpe, criefoBaternbHo, 6yaeT npopormkartbes ux nepegada. O6 okoH4YaHUM
nepegayn nocrnegHero crnoBa fdaHHbix coobwaer 6ut NULL BUF. C 3TOoro MOMeHTa reHepauus
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cvHXxpocurHana éyaet octaHoBreHa, o HOBOM 3anncu B Bydep nepenaTymka.

Bydep paccuutaH Ha 8 cnos. lNpu nepenonHeHun Oydepa nepepaTyuka ycTaHaBnmMBaeTcss OuT
SPI_ST.TXB_OQOV. 3anucbiBaemoe crioBo OyaeT yTepsiHo. lMonb3oBatenb MMEET BO3MOXHOCTb OYUCTUTH
Oydep nepenarymnka nytém 3anucu B out TXBS_RST eanHuubi.

Mo 6utam TXB_E, NULL _BUF, TXB_OV MoXeT ObITb HacTpoeHo npepsiBaHne B pernctpe SPI_CFG.
B pexxmme «TOnbKo NpUEM» reHepaums CUHXpOCUIrHana nponcxoamT B Te4eHUn Bcen paboTbl Moaynsi.
Mpuém gaHHbIX

B cootBetctBUM C TpeboBaHusiMmu npotokona SPl, B 3aBUCMMOCTM OT HACTPOWKM MOAYNs, AaHHble
dukecupytoTcs no poHTy, Nnbo nNo cnagy cuHxpocurHana. butel nocnegoBaTensHO 3anonHAKT COBUMOBbLIN
pernctp. 3atem 13 cABMroBOro permcTpa NpuHATbIE AaHHbIe NOoCcTynakT B bydep npnémHuka. Korga B Oydpep
nepegaHo xoTH 6bl 0AHO CNOBO AaHHbIX, B pernctpe SPI_ST BeicTtaBnsetcs 6ut RX_NE.

Bydep paccuntaH Ha 8 crnoB AaHHbIX. [Nonb3oBaTenlb MOXET MocnefoBaTeNlbHO BblUMTaTb MPUHSATLIE
AaHHble unn ounctutb bydep nytém 3anucu 6uta RXBS RST B peructp SPI_CTRL Bo u3bexaHue
nepenorHexusi. B cnyyae, koraa Gydep 3anofnHeH, NPUXo4 HOBOFO CrioBa AaHHbIX BbI3OBET YCTaHOBKY buTa
RXB_OV pernctpa SPI_ST. Camo cnoBo 3an1caHo He byaer.

B pexume «Tonbko nepegadva» gaHHble B Oydepe NpuémMHMKa He bUKCUpPYHOTCS.

Pexxum paboTbl ¢ BXOAOM BblGOpa MUKPOCXEMbI
Mogynb SPI umeet B cBOEM cocTaBe BXxof Bblibopa MUKPOCXEMbI — SPi_i_CS.

B pexume «Beaywwimny nonb3oBaTento HEOOXOAMMO OepXaTb BbICOKUMA NOTMYECKMN YPOBEHb Ha BXOAe
Spi_i_Cs Ha MpoTsbkeHun Bcer nepefayn gaHHbix. COpoc B HyneBoe 3HavyeHne NpuBEAET K BbIKMOYEHUIO
MOZYyNA U nepexoay B pexuM «BegoMbliny ¢ popmmupoBaHuem ctatyca SPI_ST.MOD_FAIL.

B pexume «BedoOMbIN» HeoOXoOAMMO [OepXaTb HU3KUIM NOMMYECKUA YpOBEHb Ha BXOAe Spi_i Cs Ha
NPOTSXXEHUN BCcew nepefayun. Npu NOsIBNEHMM BbICOKOTO JIOTMYECKOrO YPOBHSI Ha AAaHHOM BXOAE, PErucrp
NpMémHmnka OyaeT ounLleH, a paboTa MOAy st OCTAaHOBIEHA 0 NOsIBNEHUs TpebyeMoro 3Ha4yeHust Ha spi_i_cs.

Monb3oBaTenb MOXET NepenTu B NPOrpaMMHbIA PEXMM yrnpaBreHneM BXoda Spi_i_Cs ¢ nomoLlbio buTa
SPI_CFG.SS_CTRL. Janee nonb3oBaTento 4OCTaTOMHO MMUTUPOBATb HEOBXOANMbIN NOrMYECKMI YPOBEHb C
nomoLubto 6uta SPI_CTRL.SSS. B octansHOM NpuHUMN paboTel MOAYMst MOMHOCTLIO COOTBETCTBYET paboTe
B annapaTHOM pexume.

CraTtychbl 1 npepbiBaHusA moayns SPI

Pervctp SPI_ST cogepXuT cemb TUNOB cTaTtycoB Mmogdynsa SPI. Ha ocHoBaHUM YeTbIpex n3 HUX MOryT ObiTb
chopMrpOBaHbI NPepbIBaHUS.

But NULL_BUF coobuiaeT o Tom, 4TO B COBUIOBOM PErMcTpe nepefaTymka OTCYTCTBYHOT AaHHble. Ha
OCHOBaHUM AaHHOro 6uTa MoxeT ObITb CreHepMpoBaHo NpepbiBaHue. [ns 3Toro nofb3oBaTento Heobxoanmo
paspeluaTb JaHHOe npepbiBaHue B pernctpe SPI_MSK, 3anucas egunHuuy B 6ut NULL_BUF.

But BUSY umeeT pasHoe nosejeHmne B 3aBUCUMOCTM OT TOMO, B KAKOM peXrnme HaxoauTCH cernyac Moaynb
- «BeayLWUn» nnu «BeaomMblin». B pexxume «Begomblny AaHHbIA CTaTyC BbICTABSETCH NO NepBOMY NPUHATOMY
OuTy 1 cbpacbiBaeTcs TONMbKO NPU BbIKIHOYEHMM MOoayns. B pexume «Befylimi» cTaTtyc nepexoguT B
aKTUBHbIN YyPOBEHb TOJSIBKO MPW HanMMyMn LOaHHbIX B COBWIOBOM PEructpe nepegaryvka unm npu obmeHe
AaHHbIMW. [pepbiBaHne No gaHHOMY BUTy OTCyTCTBYET.

But TXB_OV coobLiaeT 0 TOM, 4TO NoSb30BaTeSb NbiTAETCA 3anncaTb CIOBO AaHHbIX B YK€ 3anOSIHEHHbIN
Oycbep nepenatumka. 3anucbiBaemoe croso byaet ytepsiHo. NMpepbiBaHMe No AaHHOMY GUTY OTCYTCTBYET.
BbuT cbpacbiBaeTca npu YTEHUN.
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But RX_NE coobLiaeT nonb3osaTtento 0 TOM, 4To B Bydepe npuéMHMKa coaepxunTcs xots 6bl OAHO CNOBO
AaHHbIX. Ecnn nonb3oBaTtenb copocuT Gydep unum BblYMTaAET BCE CrOBa, TO OUT nepengeT B HeaKTUBHOE
cocTtosiHue. lNMpepbiBaHMe NO AaHHOMY CTaTyCy OTCYTCTBYET.

But MOD_FAIL coobuwiaeT nonb3oBaTento 0 TOM, YTO BXOA Spi_i_cs Obli1 nepeBeneH B HU3KWIA JTIOMMYECKUI
YPOBEHb B peXuMe «Begdylminy». but copaceiBaetca npu YteHnn. Ha ocHoBaHun gaHHoro 6uta MoXeT ObiTb
CreHepupoBaHO npepbiBaHWe. [nis 3TOro nonb3oBaTento Heobxoaumo paspellatb JaHHOEe MpepbiBaHue B
pernctpe SPI_MSK, 3anucas egunuuy B 6ut MOD_FAIL.

but TXB_E coobuwaeT nonb3oBaTento o ToMm, 4Yto Bydep nepemartymka nyct. CtaTyc nepexoaut B
HeaKTUBHbIN YpOBEHb, korga B 6ycdep Byaet 3anucaHo xoTa 6bl 0AHO CroBoO AaHHbIX. CTOUT yYuTbIBaTh, YTO
3anncaHHoe CrioBO NEPeEMECTUTCH B COABUIOBbIA PErMCTP, Kak TOMbKO TOT onycTeeT 1 Bydep onsaTb OKaxeTcs
nycTbiM. Ha ocHOBaHWM faHHOro 6uta MoXeT OblTb CreHepnpoBaHO npepbiBaHue. [ns 3Toro nonb3oBaTento
HeobxoOouMo paspeluaTb gaHHoe npepbiBaHne B pernctpe SPI_MSK, 3anucas eguHnuy B 6ut TXB_E.

But RXB_OV coobliaeT nonb3oBatento 0 ToM, YTo Bydep npMeMHmKa nepenosiHeH, a 3HAYUT OH yXxe
noTepsin O4HO W3 MPVHMMAEMbIX CMOB AaHHbiX. [Ons Toro, 4TtoObl TakoW CUTyauuu He MpPOMCXOZMIO,
HeobXxoOuMMO BbIUMTBLIBATb NPUHMMaeMble OaHHble Kn3 Oydepa 4depes permctp SPI_BUFRX. Crartyc
cbpacbiBaeTcsl Npu YTeHnn. Ha ocHoBaHuM gaHHoro 6uta MoxeT ObITb CreHepupoBaHO npepbiBaHue. Ons
3TOro nonb3oBaTento HeobxoanMo paspeluaTb JaHHOe npepbiBaHme B peructpe SPI_MSK, 3anucas egnHuuy
B 6ut RXB_OV.

KapTta peructpoB moayns SPI

B og CERCIEERD EpEER A66peBuatypa | [loctyn OnucaHue
JioKa
0x0 SPI_CTRL RW Pernctp ynpaeneHus
0x4 SPI_CFG RwW Peructp koHurypauum
0x8 SPI_MSK RwW Pernctp macku
0xC SPI_ST RwW Peructp ctatyca
0x10 SPI_BUFTX |W Pernctp ans 3anucu gaHHbIx B Oydep
nepegar4dvka
0x10 SPI_BUFRX |R Pervuctp Ans 4TeHus NPpUHATBLIX AaHHbIX
Perunctpsl
SPI_CTRL [0x00].
Butbl | HazBaHue OnucaHwue HDoctyn C6poc
31:4 - Peseps R 0
3HayeHne 3Toro 6uta NPUHYOUTENBHO 3aMEHSIET COCTOSTHUE
BXOZa N_CS, KOTOpOoe Mpu 3TOM UIHOPUPYETCS. BO3AENCTBYET
Ha YCTPOWCTBO TONbKO Npu ycTaHoBneHHom bute SS_CTRL
3 SSS (Mpn NporpaMMHOM ynpaBfieHUM N_CS): RIW 0
. 1 - UMUTUPOBATL BbICOKWUI NOrMYECKNN YPOBEHD;
. 0 - MUTNPOBATL HN3KUI FTOTMYECKUIA YPOBEHb.
cbpoc cocTosHusA Bydepa nepegatynka. Copoc 3anMcaHHoOM
> |TxBS RST «1» nponcxoguT annapaTHo Yepes OLI,.MH TaKT: RIW 0
- . 1 - cBpoc cocTosiHuA Bydepa;
. 0 - cOpoc HeaKTMBEH.
cbpoc cocTosiHus Bydepa npnémHuka. Copoc 3anncaHHom
RXBS RS |«1» npoucxoauT annapaTHO Yepes OAUH TaKT:
1 - . R/W 0
T . 1 - cbpoc cocTosiHuA Bydepa;
. 0 - cOpoc HeaKTMBEH.
0 EN Enable. PaspelwweHue paboThbi. R/W 0
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Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

. 1 - BKNHOYUNTD MoayrIb;

. 0 - oTKNIYNTb MoAynb.

SPI_CFG [0x04].

Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

31:25

24

SADDR

PesepB

BbIOOP BEAOMOIO YCTPOWCTBA:

. 1 - BKNIOYNTb BEOOMOE;
. 0 - oTKNIYNTL BEOOMOE.

R/W

23:16

15:11

10

BR

FIL

SYN

RXO

EN_TX

TR_MOD

SS_CTRL

DWW

BO

BbIOOp CkOpOCTM OOMeEHa.

. 0, 1 - Fpclk/2;

. 2 - Fpclk/4;

. 3 - Fpclk/6;

. 255 - Fpclk/510.

Peseps

paspelueHne pabotbl dunstpa no i_sck. Punstp Heobxoammo
BKITlOYaTb BMECTE C CMHXPOHM3aTopoM. CKopocTb curHana sck
Npw BKIMOYEHHOM CUHXPOHM3aTope 1 unbTpe JoMmKHaA ObiTb
He 6onee Fpclk/10.

. 1 -i_sck nepegaétcsa yepes punuTp;

. 0 - i_sck nepegaétca 6e3 punsrpauun.

paspeLueHne paboTbl CUHXPOHU3aTOPOoB Mo i_sck. CKopocTb
curHana sck npv BKMOYEHHOM CUHXPOHU3aTope OOMKHa ObIThb
He 6onee Fpclk/6:

. 1 -i_sck nepenaétcs yepes oBa Tpurrepa;

. 0 - i_sck nepegaétca Hanpsimyto.

TOnbKO npuem. B kombuHauun ¢ 6utom TR_MOD 3apaet
HanpaBsreHvne nepegayn gaHHbIX

. 1 - BbIXO[, OTKMKOYEH (TOMNbKO NPUEM AaHHbIX);

. 0 - nonHoZyNNEKCHLIV pexum (nepegada v npuem
AaHHbIX).

B peXMMe AByHanpaBneHHOro obMeHa AaHHbIMUK NO OAHOMN
NVHUK, pa3peLuaeT unu 3anpeLuaert nepegavy AaHHbIX

. 1 - BbIXO[, aKTUBEH (TONbLKO Nepeaaya AaHHbIX);

. 0 - BbIXO HEAKTUBEH (TOMbKO NpUeM AaHHbIX).B

pexume Master ncnonssyercs Beisog MOSI, B pexume Slave —
MISO.

paspeLwiaeT unn 3anpewaeTt ncrnojib3oBaHne
AByHanpaBJlieHHOro pexuma obMeHa faHHbIMKU MO O4HOM
JIMHNN

. 1 - pexxum 1-o1 AByHaNpaBneHHOW NUHUN JaHHbIX;
. 0 - pexum 2-x ogHoHanpaBneHHbIX MHUA OAaHHbIX.
nporpamMmmHoe ynpasrneHue Belbopom ycTponcTaa (n_cs). Korga

3TOT GMT YyCTaHOBMEH, BMECTO YPOBHS HA BXOAE N_SS
KOHTpOnMpyeTcs cocTosiHue buta SSS

. 1 - BKIOYNUTb MPOrpaMMHbIA KOHTPOSb;
. 0 - OTKNIOYNUTL NPOrPaMMHbIN KOHTPOSb.
dopmat gaHHbIX

. 1-16 6ur;

. 0-86ur.

nopsigoK nepenayn AaHHbIX

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W
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Butbl

HasBaHue

OnucaHue

DocTtyn

C6poc

. 1 - nepBbIM NepefaeTca MNagLwni 3HavaLLmin paspsg —
LSB;
. 0 - nepBbIM NepefaeTca CTapLUnin 3Ha4aLmn paspsg —
MSB.

POL

NonsIPHOCTb TAaKTOBOIO curHana
. 1 - BbICOKMI YPOBEHb B PEXUME OXXMAAHMS Ha BbIBOAE
SCK;

. 0 - HM3KMI YPOBEHb B PEXNME OXXMAAHMS Ha BbIBOAE
SCK.B pexume Master ncnonbayetcsi Bbisog MOSI, B pexnme
Slave — MISO.

R/W

PHA

MOD

dasa TakTOBOro curHana

. 1 - cTpob AaHHbLIX MpoUCXoauT No BTOPOMY nepenagy
TaKTOBOIO CUrHana;

. 0 - cTpob AaHHbIX MPONCXOAMWT MO NEPBOMY nepenagy
TaKTOBOro CuUrHana.

BblIGOp pexuma paboThbl

. 1 - pexxum Master;

. 0 - pexxum Slave.

R/W

R/W

SPI_MSK [0x08].

Butbl
315

HasBaHue

NULL_BUF |,

RX_NE

MOD_FAIL |,

TXB_E

RXB_OV

OnucaHue

Peseps
pa3peLleHre BbI30Ba MpepbiBaHUSA Npu nyctom bydepe
nepegaTymMka Ha MOMEHT OKOHYaHUS Nepedayun criosa
1 - NpepbiBaHME paspeLLeHo;
. 0 - npepbiBaHWe 3anpeLyeHo.
paspeLLeHre BbI30Ba NpepbiBaHus, korga bydep
NpMeMHuKa cTan HenycTomn

1 - NpepbiBaHNe paspeLleHo;
. 0 - npepbiBaHWe 3anpeLyeHo.
paspelleHne Bbl30Ba NpepbiBaHUS NPy HEBEPHOM
HacTpowike moayns SPI
1 - NpepbiBaHME pa3peLLeHo;
. 0 - npepbiBaHWe 3anpeLyeHo.
paspeLleHre BbI30Ba NpepbiBaHus, korga bydep
nepegarymka nycTom

1 - NpepbiBaHMe pa3peLleHo;
. 0 - npepbiBaHWe 3anpeLLeHo.
paspeLleHne BbI30Ba NpepbiBaHMS MO NepPenosiHEHNIO
6ydepa npuémHumka

1 - NpepbiBaHMEe pa3peLLeHo;
. 0 - npepbiBaHWe 3anpeLleHo.

OocTtyn

R/W

R/W

R/W

R/W

R/W

Co6poc

SPI_ST [0x0C].

Butbl
317

HasBaHue

OnucaHue
PesepB

HdocTtyn

C6poc

NULL_BUF|,

3adhmkcmnpoBaH nycton bydpep nepenarynka Ha MOMEHT
OKOHYaHUS Bblgayum crioBa

1 - Bydhep nycToin;

. 0 - 6ycbep HenycTON.

RC
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Butbl | HazBaHue OnucaHue [OocTtyn C6poc

donar 3aHaTocTu. B pexxume "Master" yctaHoBneH, korga
nNponcxoguT 0OMeH AaHHbIMY UM PErucTp nepegartyvka
COAEPXUT AaHHble. B pexxume "Slave" ycTaHaBnvMBaeTcs npu

5 BUSY |Hayane obmeHa(no nepBomy npuvHATOMY 6uTy), cbpackiBaeTcs R 0
Npw BbIKIIOYEHWM YCTPOWCTBA.
. 1 - BO3HMKNO OQHO M3 NEepPeYnNCriEHHbIX COObITUI
. 0 - nepeyncneHHble COObITUA OTCYTCTBYHOT.
nepenornHeHue bydgepa nepegarymka

4 TXB_OV | 1 - Oydoep nepenorHeH; RC 0
. 0 - 6ycbep B HOpManNsEHOM COCTOSAHMUM.
yCcTaHaBnueaetcs, koraa bydep npuemHuka cogepxut

aHHble, TO eCTb He MyCTOW:
3 | RXNE |° ) _ R 0
- 1 - Oydoep NpUEMHMKA COAEPXKUT AaHHbIE;

. 0 - 6ycbep NnpuEMHMKa NyCTOMN.
donar owmnbKM HaCTPOVKN BeQyLLEro

2 |MOD_FAIL |+ 1 - owmbKa HaCTPONKM BEOYLLErO; RC 0
. 0 - BegyLun HacTpPOeH BEPHO.
YcTtaHaBnueaetcs, koraa bydep nepenarymka nycTom.
MpumevaHve: ®nar yctaHaBNMBaeTCHa Npu nepexoge crosa

1 TXB_E |AaHHbIX B BbixogHowW FIFO. R 0
. 1 - Bydhep nepegartymnka nycTom
. 0 - Bydbep nepenartymka cogepXXnT OaHHbIE
nepenonHeHue bydepa npnémHrka

0 RXB_OV |« 1 - Bydbep nepenonHeH; RC 0
. 0 - 6ydbep B HOpManNbHOM COCTOSTHUM.

SPI_BUFTX / SPI_BUFRX [0x10]

[aHHble Ha 3anuck B Oydep nepeaatymka. [JaHHbI perncTp npegHasHayeH Ans YTeHWS NPUHATBIX AaHHbIX
n3 6ydepa npuémHuka. MepBoe NPUHATOE CIOBO AaHHbIX Cpa3y Xe BbICTABMSETCA Ha BbIXOAE AAHHOMO
perncTpa n MeHsieTCsl Ha crneaylllee nNpu YTeHUn M3 gaHHoro peructpa. MNpu yteHum us nyctoro 6ydepa
OyayT BblYUTAHbI HYIW.

Butbl | HasBaHue OnucaHue HOocTtyn Co6poc
31:16 - PesepB R 0
15:.0 F/S JlaHHble Ha 3anuck / [laHHble Ha YTeHue. R/W 0
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UART

UART  (YHuBepcanbHbii ~ ACUMHXPOHHbIM  [puemo-lepegatymnk)  OCyLLECTBRASET  aCUMHXPOHHbIN
NonHoAYNeKCHbI 06OMeH AaHHbIMKU MO NocrneaoBaTeNbHLIM NMHUAM rX U tx ¢ apyrumm yctponcteamn UART.

OCHOBHblE BO3MOXXHOCTMU:
1. M3meHeHne CKOpOCTU nepenayn 3agaHnem KOS(*)(*)I/ILWIGHTa aenutena 4acToTbl;

2.  WsmeHeHue copmata noceinku. OT 1 go 8 6ut B cnose AaHHbIX, 1 unn 2 cton-6uta, GUT KOHTpoOns
yeTHOCTU (4 pexuma: odd, parity, space, mark);

3. BxogHon u BbixogHonm FIFO 6Gydepbl (rmybuHa HacTpamBaeTcs napameTpoM) NMOMoratT CHU3UTb
konnyectBo npepbiBaHm oT UART. MnybuHa 6ydepa, npu KoTopon dopmupyeTcst npepbiBaHne, 3agaeTcs
NporpamMmHo;

4. TecTOBblE PEXNMBI: 3XO0 - PEXUM, PEXMMbI BHYTPEHHEN N BHELUHEN NETNK;
9-6uT pexxMMm ¢ aBToMaTU4eCKO CBepKoM aapeca ans cuctemM M3 Heckonbkux UART;
BbICOKOCKOPOCTHOWM pexuM (4eTbipe camniia Ha OUT BMECTO LeCcTHaauaTh);

5
6.
7. AnnapaTHbl KOHTPOsb 06MeHa Yepes curHansl RTS n CTS;
8

[eTekTnpoBaHune n hopmmpoBaHme break-curHana;

9. Tamm-ayT nporpammmpyemMon AnuTenbHOCTU. BO3MOXHOCTb MHBEPTUPOBAHUA JIOTMYECKMX YPOBHEN
nepegayu curHana.

Uart (YAIl, YHuBepcanbHbil ACWMHXPOHHBbIV [lpuemo-lepegaTumnk) ocywecTBAsSeT acCUHXPOHHbIN
MOMHOZYMNNEKCHbIV OOMEH AaHHBIMW MO NOCNeA0BaTENbHbLIM JIMHUAM X U tX C ApYrMMn ycTpomcTBamu uart.

OCHOBHbIe BO3MOXHOCTM
*  KM3ameHeHMWe ckopocTu nepeaayn 3agaHueM KoadpduumneHTa genuTens 4acToThl;

«  W3ameHeHue cpopmata nocbinkn. OT 1 go 8 6ut B cnoee AaHHbIX, 1 unu 2 cton-6mta, GUT KOHTPONS
YeTHocTH (4 pexuma: odd, parity, space, mark);

« BxogHon u BbixogHon FIFO 6ydepbl no 8 6aiT nOMOratoT CHU3UTb KONMYECTBO NpepbIBaHuiA OT uart.
"ny6buHa 6ydepa, Nnpu KoTopor chopMupyeTcs NpepbiBaHUE, 3a4aeTCs NPOrpamMmmMHO;

«  TecToBblE PEXUMbBI: 3XO0 - PEXUM, PEXUMbI BHYTPEHHEN N BHELLHEN NETNN;

e 9-6UT pexxum c aBToMaTMYEeCKON CBEPKOM aapeca Ansl CUCTEM N3 HECKOMbKMX uart;
» BbicokockopocTHON pexunM (YeTbipe cTpoba Ha GUT BMECTO LecTHaauaTh);

« AnnapaTHbli KOHTPONb OOMeHa Yepes curHansl rts u cts;

« [eTtektnpoBaHue n popmmpoBaHue curHana break;

« Tarm-ayT nporpaMmmupyemon AnNnTenbHoCTH;

« Bo3moxHOCTb MHBEPTUPOBAHNA JNTOTMYECKNX ypOBHel7| nepegadun curHana.

dopmaTt NoCbIKU

O6meH gaHHbIMKM MO nocnefoBaTeNbHbIM MHUAM X U tX nponcxoauT nocbinkamu. ockifnika cocTouT u3
CnoBa [aHHbIX (MHOrAda Takke HasblBaemMoro npocto 6anmTom) u cryxebHbix curHanoB: ctapT-6uTa, 6uta
KOHTPOns YeTHoCTM U cton-6uta(oB). Nepen Havyanom obmeHa B 060MX B3anmMogencTByoWmnX uart AomkeH
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ObITb BbICTABNEH OAMHAKOBbLIN PEXMM 0OMeEHa, KOTOpPbI BKITOYaET B cebs:
1. CkopocTb 0bmeHa
2. KonnyectBo 61T B crnoBe gaHHbIX
3. Hannume 6uta KOHTPONSA YETHOCTU U €ro TUM

Tonbko Torga o6MeH MoXeT NporTK ycnewHo. BpemeHnHasa anarpamma obMeHa no uart npegcraBneHa Ha
pUCyHke 1.

UnTx 1-2
MSE stop bits

1B\n / s8daabts X 7\ /

Parity bit
Start if enabled

B pexunme oXxXngaHnua NMMHNUA HaxoanTca B COCTOAHUN noruyeckon eanHunubl. MNocbinka Bceraa Ha4nMHaeTcs ¢

Tak Ha3blBaeMoro ctapT-buta (ypoBeHb NIOrMYecKoro Hyrst), NokasbiBatoLero, YTo aanee UAeT CroBo AaHHbIX
(1-8 6ut) mnagwummn Gutamm Bnepen. 3aTem criegyeT OWUT KOHTpoOns 4YeTHOCTW, Heobxoaumbld Ans
0OHapy>XeHUs OAMHOYHbIX owWwnboK nepegaun, n 1-2 crton-6muta (YpoBEHb NOMMYECKON eanHULbI),
o6o3HavalolmMe KOHeL MocbinkW. Hanuume ctapT n cTon-GMTOB Mpu MocrenoBaTeNbHOM aCUMHXPOHHOM

ob6MeHe HeobxoanMO Anst CUHXPOHMU3ALUUM TaKTOBOWM YacTOTbl B3aMMogencTByowmx uart.

CTpyKTypHasa cxema

[t
—_— data
Receiver o Receiver FIFO
ris
*—
'y
APB Bus
Control and Status
Boud Rate Generator Registers
¥
tx
. data
t Transmitter B Transmitter FIFC
cis
—_—
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HDenutenb YacToTbl

uart_clk Divider 1 o Divider 2
(divide by <BDR=) 7 o (divide by 4/16)
High

BOR speed

enabled
Sampling E?:S

L J L J

Clock Clock

Oenutenb yactoTbl uart cocTouT 13 AByx aenutenen. lNepBbin 4enuTenb OCYLWEeCTBASET AeNeHNe YacToThbl
cuHxpoumMnynbcoB uart Ha BDR - cogepxummoe cneunansHoro pernctpa BDR (ot 0 go 65536). 3toT genutens
onpegenseT ckopocTb obmeHa. MNMonyyeHHas yactoTa - sampling_clock - 310 YacToTa, ¢ KOTOPOM NPUEMHUK
CKaHUpyeT NUHUIO rX A0 Npuema BanugHoro crapt buta.

BTopon penutene genut vactoty sampling clock Ha 16 unn Ha 4 B BbICOKOCKOPOCTHOM pexume. OH
onpegensieT, CKONbKO CKaHUPOBaHWIA NIMHUM X NPUXOAUTCA Ha BpeMs nepeaayuun ogHoro 6uta. C nony4eHHon
yactoTon - baud_rate_clock - nepegatymk BblgaeT 6uTbl Ha NMHUIO tX, @ NPUEMHUK CKaHUPYET FMHUIO rX B
npouecce npvema nocbinkM (CM. pucyHok 4). Ha Bpems nepegaym ogHoro 6mta npuxoamTcs Heckornbko (16
nnu 4) cemnnoB NNHUN rX, A5 TOro YTOObI MPMEMHMK MOT CMHXPOHM3MPOBATLCA MO M3MEHEHMIO IX B MpoLiecce
paboTtbl. YactoTa paboTbl B3aMMOAENCTBYHLWMX uart'OB PECUMHXPOHM3UPYETCH (CHeTUMK-AenuTenb
cbpacbiBaeTcsl) Mo CTapT-OMTy M KaxAdbln pas, Korga MEHSeTCs YpOBEHb Ha NWHWKM rX B Mpouecce npvema
NOCbINKN. JTO NO3BONSAET CNPaBUTLCH C «yXO4OM» TaKTOBbIX YacToT uart'os. lNpu BDR = 0 genutenb 4acToThl
He paboTaeT, COOTBETCTBEHHO He paboTaloT NPUEMHUK U NepegaTyuk.

Ons ycraHoBneHus Heobxogumon ckopocTu obmeHa Heobxogmmo 3anucatb B peructp BDR
COOTBETCTBYIOLMIA KOSDPULMEHT AENEHUs, KOTOPbIA paccynTbiBaeTcs no hopmyrne:

fcik

BDR =
16 = desired_boud_rate

rae
BDR - cogepxumoe pernctpa BDR.
fclk - TakToBasi yactoTa uart.

desired_baud_rate - xxenaemasi ckopocTb nepegaym (B 604ax unm, 4to TO - Xe camoe B aHHOM Crly4ae, B
6uT/cex).

Mpy aToM ecnu no chopmMyrne NOMy4yMnocb He Lienoe YUcno, TO B pe3ynbTaTe OKPYINEeHUs pearnbHas
yacTtoTa obmeHa ByaeT HeCKONbKO OTNMYaTbCH OT XenaeMon. PeanbHas yactota obmeHa (baud_rate_clock)
B 6oaax paccunTeiBaeTcs No popmyrne:

feix

16 « BDR

boud rate clock =
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[Onsa camoro ANMUHHOIO M3 BO3MOXHbIX POpMaTOB NOCbINkK (12 6UT) N ecnu pecCUHXPOHM3aLUmn B
npouecce npoucxoauTb He OyaeT (TO eCTb MOCLIIKA COCTOMT M3 OAHUX eAWHUU/Hynen Kpome
cTapTt/cTon-6MTa) MakcMMarnbHO AONyCTUMas pa3HMLa YacToT B3aumogencTByrowmx uart - 3.6% (2% B
BbICOKOCKOPOCTHOM pexume). NMpu meHbwemM chopmaTte NOCbINKM MaKCUMaribHO AoNyCcTUMas pa3Huua
4acTOT COOTBETCTBEHHO yBeNnM4nBaeTCcs.

MpenynpexaeHue

" [ns paboTbl B BbICOKOCKOPOCTHOM pEXuWMe CriedyeT WCMONb30BaTb CTAOMMbHbIA MCTOYHUK
cuHXpocurHana. CrneayeT yunTbiBaTh B pacdeTax HecTabunbHoCTb UcTouHnkoB RC / PLL.

BbICOKOCKOPOCTHOW peXxum

Mpun BbIcTaBneHum 6uta «BbicokockopocTHOWM pexumy pernctpa CFG B eamHuuy (cm. pasgen «Kapra
perucTpoB») MeHsIeTCA KO3dpMLUMEHT BTOporo genutens 4actotel ¢ 16 Ha 4. Takum obOpasom, B
BbICOKOCKOPOCTHOM pEeXMMe AenuTenb 4acToTbl OCYLLEeCTBnseT AerneHne Ha 4*BDR, ckopocTb nepegayu
yBenuumeaeTcs B 4 pa3a. Popmynbl BbilLe OCTAOTCH CrpaBeanmBbIMK, €CrM 3aMeHnTb Yncrno 16 Ha yncno 4.
Mpn 3TOM CUHXPOHU3ALMSA NPOUCXOANUT MEHEE TOYHO. DTOT PEXUM PEKOMEHOYETCH UCMOMNb30BaTh TONLKO Npwu
MOMTHOM OTCYTCTBMM MOMEX Ha MNNHUM.

MpnémMHuk

Mocne cbpoca ycTporcTBa NPUEMHMK BbIKIMOYEH, MPOrpamMmmMUCT AOSMKEH BKITOYUTbL €0, 3anncas eguHunLy
B 6ut CNTR.ER (Enable Receiver). [locne aToro npueMHuK Ha4nMHaeT CKaHMPOBATb JIMHUIO X C 4acTOTOMN
sampling_clock, oxngas ctapt-6uta (ypoBHsi Nlornyeckoro Hynsi). [py BbIKNIOYEHUN NPUEMHMKA 3aMUChio B
DR (Disable Receiver) eguHuubl uart nepectaeT ckaHMpoBaTb MUHWIO, OQHAKO €Cnv B 3TOT MOMEHT Lina
onepauusa npvemMa AaHHbIX, oHa ByaeT 3akoHYeHa, U faHHble OyayT nomelleHbl B 6ydep npuemHumka.

Uart cuntaet ctapT-OMTOM NTOrMYECKUIA HYIb ANIMTENBHOCTLIO GonbLUe, YeM NONOBMHA BPEMEHM Nepeaaym
opHoro 6uta (9/16 baud_rate_clock, To ectb 9 cemnnos sampling_clock). Ecnn ypoBeHb nornyeckoro Hyns
OEPKUTCA MeHbLUee BpeMsi, 9TO cYMTaeTcs nomexon, u uart npogorkaeT ckaHMpoBaTb NIMHMIO Ha Hanuyue
cTtapT-6buta. Ecnu nornyeckun Hynb gepxutca 9 caMnnoB, TO NPUEMHMK HAaYMHAET CKAHMPOBATb JIMHUIO C
MeHbLLUEeN B 16 pa3 yacToTon baud_rate_clock (Takum o6pas3om, 4TO CkaHMPOBaHUE Ha BPEMEHHOW AnarpaMmmve
NPOUCXOAUT B NpeAnonaraeMon cepefuHe Kaxgoro ovra), noMmellas B peructp cabura 3Ha4yeHue JIMHUK IX.
Korga Bce nockinka npuHaTa (AnvHa Nocbinku onpeaenseTcs (oopmMaToM NOCbINKW, 3aaloWwuMCs B perucTpe
CFG), npuemHuk copmupyet dnarm owmbok 4YeTHOCTH, cTon-buta M cocTosiHus break (a Takke
COOTBETCTBYIOLUME NMPEpPbIBAHNUSI) U MOMELLAET UX U MPUHATOE CMOBO AaHHbiX B Oydep npuemHuka. Ecnu
OMTOB B CIOBE AaHHbIX BbICTABIIEHO MEHbLLE BOCbMU B TOM e peructpe CFG, To cTaplumne paspsagbl AaHHbIX
3anonHawTca Hynamu. Ecnm Gydep 3anonHeH, copmupyeTcsa npepbiBaHMe nepenoniHeHnst Bydepa
NpueMHuKa.
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Sampling Clock |H||||Hl|||H|H|||IH|||||H|| |H||I|||||||H|
I |
] |
RX
] | |
]
. I I
I | |
o ]
True Start : :
Detection i |

Baud Rate
Clock |_

Mexay npvemMHVUKOM M BbIBOAOM X HaXOAWUTCS MPOCTENWNA (DUNBTP HWKHUX 4aCcTOT: TPWU NOCnegHux
3HauyeHns curHana rx (B3ATbix ¢ yactotonm sampling_clock) nonagatoT B maxopatop 2 m3 3, pesynbraT
noctynaetr B nNpUEMHMK. Takum o00pa3om, OOWHOYHbIE MOMEXW INWHUMU [ANMHOW MeHblUe nepuoga
sampling_clock He nocTtynaioT B npueMHuKk. [Momexu anuvHon Gonblie nepuopga sampling clock moryT
NMPMBECTM K OLUMOOYHON PECUHXPOHN3aLMN 1 OLIMOKE npuema.

RRRRRRR IS

Bydep npuémHuka

lMpuHATbIE NPUEMHMKOM [aHHble nonagalT B Oydep npuemHuka, oTkyga MoryT ObiTb cuuTaHbl
nporpaMmmHo 4vepes peructp Receiver Data Buffer Register (RX). Paspsagel pernctpa ST (Status Register)
RBNE, RBRPL, RBF no3BonstT KOHTPONMPOBaTh 3anonHEeHHOCTb Oydepa:

But RBNE (Receiver Buffer Not Empty) paseH 1, korga B 6ydepe ectb xoTa 6bl 04HO CMOBO AaHHbIX

Bbut RBRPL (Receiver Buffer Reached Preprogrammed Level) paBeH 1, korga konmMyecTso croB B 6ydepe
6onbLlie unu pasHo 3agaHHoMy B permctpe RXFIFOLVL 3HayeHuto.

But RBF (Receiver Buffer Full) paseH 1, korga 6ydep nonHOCTbLI0 3anonHeH. Ecnn npyuemHuk npumer ewe
O[HO CIOBO AaHHbIX, TO 9TO NpMBeAET K OLnbke nepenonHeHus bydepa Overrun Error.

Bce a1 6uThI paBHbI 0, ecnn NMPUEMHUK BbIKITHOHEH.

Mpun nepexoge ogHoro M3 aTnx 6muToB 13 0 B 1 reHepmnpyeTca COOTBETCTBYIOLLEE NPEPbIBAHNE, ECINN €T0
dopmupoBaHue BknoyveHo B pernctpe MSK (Interrupt Mask Register).

Ecnu BbibpaHa koHdurypaums 6e3 FIFO, To Bydep npencraensieT cobor TONbko oauH pernctp. butsbl
RBNE n RBF npu atom umetot ogmHakoBoe 3HayeHne, a RBRPL Bcerga paseH 0 (He ucnonb3yetcs).

Bbydep nmeet 11 paspsgos, 8 GuToB gaHHbIX 1 3 paspsaga nog dgraru ownbok cton-buta, coctosHus break
N OWMGBKKN YeTHOCTU/COBNadeHNs agpeca 4aHHOro CrioBa.

Mepepatumnk

lMocne cbpoca ycTponcTBa nepegaTyuk BbIKIIOYEH, NMPOrpaMMUCT OOIDKEH BKITHOYWTL €ro, 3anvcas
egnHndy B 6ut ET (Enable Transmitter) B CNTR (cm. pasgen «Kapta pernctpoB»). py BbIKOYEHWM
nepegartynka 3anucbto B DT (Disable Transmitter) eguMHuupbl uart cHavana 3aBepliaeT nepefady TeKyLlero
CrnoBa AaHHbIX.

Mepepatunk BblgaeT OWUTbI CrnoBa [AaHHbIX, MONyyYeHHoro u3 Oydepa nepegartynMka, C 4acTOTOM
baud_rate_clock B cooTBeTcTBUM C (hOpMaTOM NOCKINKK, ykazaHHbIM B CFG.
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f MpenynpexaeHne

Ecnu nepepatuunk un 6ydep nepegartymnka nyctbl, OT MOMeHTa 3anucu B TX oo Havyana nepegaymn
MOXET NPOWTK BpeMsi MeHbLLe unu paBHoe nepuony baud_rate clock (Bpemsa nepegauym ogHoro
buTa). 31O NpomncxoauT n3-3a TOro, YTo NepeaaTyMK XaeT cneaytowero umnynsca baud_rate_clock
4YTOObI Ha4aTb Nepeaady NoChIKN.

Bydep nepepatumnka

Mepenatunk 6GepeT AaHHbIe A8 OTNpaBkn U3 Bydepa nepegaTymka, Kyaa X MOXHO MOMECTUTb 3anu1chbio
B pernctp TX (Transmitter Data Buffer Register). Paspsigbl pernctpa ST (Status Register) TBNF, TBRPL, TBE,
TSRE no3BonsoT KOHTPONMPOBAaTb 3anofIHEHHOCTL Oydepa:

But TBNF (Transmitter Buffer Not Full) paBeH 1 korga B 6ydepe ectb cBOO0OAHOE MECTO;

But TBRPL (Transmitter Buffer Reached Preprogrammed Level) paBeH 1 korga KonuMyecTtBo CRoB B
Oycbepe meHbLLe unu paBHo 3agaHHomy B pernctpe TXFIFOLVL 3HaveHuio;

but TBE (Transmitter Buffer Empty) paBeH 1 korga 6ycep nepegatumka nycr;

But Tl (Transmitter Idle) paBeH 1 korga 6ydbep nepegatynka nycT, a cam nepegaTymK 3aKOHYMU OTNPaBKy
nocrneaHero crnosa AaHHbIX Y OXXMOAET HOBbIX OaHHbIX.

Bce aTn 6utbl paBHbl 0, ecnu nepegaTymk BbikMnoyeH. Npu nepexoge ogHoro us atux 6utos n3 0 B 1
reHepupyeTcs COOTBETCTBYIOLLEE NpepbiBaHNe, ecnn ero popmmpoBaHne BknoveHo B MSK (Interrupt Mask
Register). Takum obpasom, ecnv nocrne HayanbHOW KOHUIypaLumm n 3agaHnst Mackv NpepbIBaHUA BKIMIOYUTb
nepegartyuk, cpaboTtaloT BCe aTW NpepbiBaHuS.

FIFO nepepatunka mmeeT 9 paspsigoB, 8 M3 HUX ANs nNepedaBaeMoro crioBa [OaHHbIX. 9-bld 6UT
ncnonb3yeTcst TONbKO B 9-6MT pexxume Kak ngeHTudmkatop agpeca u nepegaeTcs BMECTO OUTa YeTHOCTW.

dnaru n cobbiTA

Bca uHdopmauusa o coctosHumM uart goctynHa B pernctpe coctosHua ST (Status Register). Peructp
pasgerneH Ha 2 Jactu: dnarum u cobbitna. PasHuMua mexay HMMu B TOM, YTO chrarn cOpacbkiBatoTcst korga
yKa3aHHOE YCroBME MNepecTaeT BbINOMHATHCH, @ OUTbl COOTBETCTBYHOLIME COObLITUAM cOpackiBaloTCA MO
yTeHuo ST.

®naru:
7 cbnaroB, nokasbiBalOLWMUX cocTosiHUME OydepoB NpMeMHuka u nepegartynka (nogpobHee cMm. BbILLE);

dnar CRWE (Config Registers Write Enable) paBeH 1, korga goctynHa nporpammHasi 3anvcb B perncrpbl
CFG n BDR. Bo BpeMsi paboTbl uart 3anvcb B 3TU perncTpbl 3anpeLleHa annapaTHo;

®nar CTSI (Clear To Send Image) noka3sblBaeT 3Ha4eHNe BXOAHOIO curHana cts.

CobbiTus:

OE (Overrun Error) Owunbka nepenonHeHus 6ydepa npueMHuKa;

RTO (Receiver Timeout) TanM-ayT NpUeMHUKa;

BD (Break Detected) 3adukcupoBaH curHan break;

PE/AM (Parity Error/Address Match) Ownbka 4eTHOCTM/COBNageHne agpeca B 9-6uT pexunme;
FE (Frame Error) Ownbka cton-6ura;

CTSIC (Clear To Send Input Change) N3ameHeHne BXOOQHOTO curHana cts.
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MpepbiBaHuA

Mo nto6omy n3 6utoB ST MOXHO paspeLunTb POPMUPOBATL NpepbiBaHMe, 3anMcas 1 B COOTBETCTBYHOLLMIA
OuT pernctpa makcu npepbiBaHmin MSK (pacnonoxeHne 6UTOB B permctpax OAMHaKkoBo).

MpepbiBaHMe no 6uty-cnary opmmpyetcsa B MOMEHT nepexoga 6uta ST 13 0 B 1 (HO He HaobopoT). Ecnn
6uT ST yxxe Haxoguncs B 1, U B 3TOT MOMEHT paspeLuaeTcs npepbiBaHne no 3ToMy 6uTy, To npepbiBaHne TyT
Xe cpabaTtbiBaer.

MpepbiBaHMe no BuTy-cobbITUIO cpabaTbiBaeT B MOMEHT BO3HWKHOBEHWS AaHHOro cobbitus. Cnepyer
nveTb BBUAY, 4YTO 6UT B peructpe ST yctaHoButcs B 1 OT nepBoro u3 cobblTni, U, €cnun ero He c6PoOCUTL
(npountaB ST), octaHeTca B 1. [pepbiBaHUs xe hOpMUPYIOTCA 1 OT NocneayLmx cobbITuin Toxe, HEBaXHO,
B 0 unn B 1 6uT B peructpe ST.

MpepbiBaHMe BO3HUKAET, Kak TONMbKO COOTBETCTBYIOLEe cobbiTue Obino 3adukcmpoBaHo. N3-3a Hanmums
Oydepa MoOXeT ObITb HE OYEBUAHO, MPU MPUEME KAKOro MMEHHO CrioBa BO3HMKNA owmbKa, noatomy draru
owmnbKkn YeTHoCTU/coBNaaeHus agpeca, owmnbKkn cTton-bmuta U cocTosiHus break gaHHOro cnoea AOCTYMHbI
Takke 4yepes craplume paspagel perncrtpa RX.

Bce curHanbl npepbiBaHMin 06beauHeHbl Yepesd norndeckoe U B obee npepbiBaHve uart — curHan
0_irq. Bce curHanbl npepbiBaHuin UMELOT AnuHy B 1 TakT. YTo6bl naeHTUgMUMpoBaTh, Kakoe MMEHHO COObLITNE
BbI3Basno npepbiBaHue uart, Heobxoammo npouuntatb cogepxumoe ST. Mpn 3TOM cnegyeT MMeTb BBMAY, YTO
6ut B ST BbICcTaBnsieTcs B 1 gaxe ecnu popmupoBaHve npepbiBaHns He paspelleHo B MSK, To ectb ST
nokasblBaeT CTaTyC HEMaCKMPOBAHHbIX MPepbIBaHUNA.

Takke BO3MOXHO oOpraHmsoBaTb paboTy uart 6e3 BknoYeHHbIX B MSK npepbiBaHWA C MOMOLLBIO
nporpaMmmHoro nonnuHra ST.

[dononHuTtenbHble PYHKLUU
Tanmep Tanm-ayTta

B pexume ckaHMpOBaHWSA NUHUN NPUEMHUKOM Kaxdbld nepuon baud_rate clock uwHkpeMeHTUpyeTcs
cYeTYMK-Tanmep Tanm-ayta. OH He paboTaeT, ecnv NPUEMHUK BbIKITHOYEH.

Tanmep copacbiBaeTcs B 0, Kak TONbKO 3ahMKCMPOBaH BanuaHbIN CTapT-OUT U OCTaeTCH B Hyrne BO BpeMs
npuema gaHHbiX. [locne npuema cton-6mta, OH HAYMHAET CYNTaTb CHOBA.

Tanmep cbpacbiBaetcs B 0, npu 3anmcn 1 B paspsg CNTR.RTT (Reset Timeout Timer) n octaeTcs B Hyne
00 momeHTa 3anvcm 0 B RTT.

MakcumanbHoe 3HayeHue, OO KOTOPOro AocuuMTbiBaeT Tavmep, onpegensetcsa B paspsgax CFG.TV
(Timeout Value). BoamoxHble 3HaueHus: 2, 4 , 8, 16, 32, 64, 128, 256 nepuonos baud_rate_clock. Jocuntas
00 3TOro 3HadeHus, Tanmvep octaHaesnueaeTcs, 6ut RTO (Receiver Timeout) nepexogut B 1 1 reHepmpyeTcs
COOTBETCTBYIOLLEE NpepbiBaHNe, ecnu ero opmMmpoBaHue paspeLleHo B peructpe MSK.

leHepauuAa n pacno3HaBaHue curHana break

CurHan break, To eCTb ypOBEHb NMOMMYECKOro HyNns Ha NUHWM Ha Bpems Gonbluee BpeMeHW nepegaym
MOCBISIKM, UCMOMb3YETCs KaK MHAMKATOP cepbe3Horo cbosi B pabote. [axe ecnu HUKakaa nHdopmaumsi He
MOXeT ObITb NepefaHa n3-3a CruWKOM GONbLIOK pa3HOCTM B YacToTax AByX uart, gonrui normdeckunii 0 Ha
TIMHUN MOXET ObITb MPaBUNBHO MPUHAT U MHTEPNPETUPOBAH MPUEMHMKOM. Takke B 60NbLUMHCTBE PU3NHECKNX
peanusauui nNpu paspbiBe JIMHUN CUTHAM X TaKkke NPUHUMAET 3Ha4YeHMEe NTOrM4YecKoro Hyrsl.

MpreMHuK 3acunTbIBaET 3a curHan break nocbInky, B KOTOPON CTapT-OMT, BCe BUTbI AaHHbIX, BUT YETHOCTU
(ecnu, KoHeYHo, BUT YeTHOCTU BKMoYeH B peructpe CFG) n cton-6ut pasHbl 0 (owmnbka cton-6muta npm aTom
He Bo3HuKaeT). B MomeHT npuema nocnegHero n3 6utos BD (Break Detected) nepexoaut B 1 n reHepupyetcsa
COOTBETCTBYIOLLIEE NpepbIBaHNeE, eCN ero opMupoBaHue BkoyeHo B pernctpe MSK. B 6ydep npuemHuka
npy 3TOM 3anNUCbIBaEeTCs OQHO CIIOBO M3 BOCbMU HyMel € BbiCTaBneHHbIM B 1 6utom BD. Break curHan moxeTt
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ANUTbCA U Oonblie, NPUEeMHMK XOeT KOHLA curHana, To ecTb nepexoga fMHUMK rX B 1, 1 TOMbKO MOTOM
npogoskaeT paboTy.

Mepepatunk BblgaeT curHan break npu 3anucu 1 B 6ut CNTR.SB (Send Break). Ecnu 3anuck npousowuna
B MOMEHT Mnepejaym crnosa, TO nepejaya OydeT 3akoH4YeHa neped Bblgaden curHana break. JlnHua tx
yOepKMBaETCA B COCTOSIHUM TOMMYECKOro Hymns Ao MomeHTa 3anvcu 0 B paspsg SB, Takum obpasom
NPOOOSPKUTENBHOCTL CUTHana onpegensietca nporpaMMHo. [locne OKoH4YaHus curHana nvHus  tx
yoepxuBaetca B 1 Ha 12 nepuopoB baud_rate clock, 4ToBbl yaaneHHbIn MPUEMHUMK CMOI KOPPEKTHO
onpeaenuTb KOHew, curHana, NnpeanpuHaTL HeOOXO4MMbIE AENCTBUS U HAYaTb NPMEM CrieaytoLen NocChInKu.

Ocob6ble pexnmMbl paboTbl

Beibop pexmma paboTbl nponcxognT 3anucbto B paspsgbel CFG.MODE (Configuration Register).

Axo0-pexum

B sTtom pexume BCe AaHHble NpuHATbIE uart C AMHUKM rX NOBUTOBO PETPAHCAMPYIOTCA Ha MMHUIO tX.
Mepenatumk Npu nepexone B 3TOT pexuM paboTbl aBTOMaTUYECKN BbIKNIOYAETCH, MPOrPaMMHO BKITHOYUTb €ro
B peructpe CTRL Henb3s.

Pexum BHyTpeHHeN neTnu

JNuHMKM uart tx W rx 3amblkalTCA BHYTPW YCTPOWCTBa Kak MoKasaHO Ha pUCyHKe 5, Takum oGpasom,
BbldaBaemMasi nepefaTyMkoM WMHOPMauUMs MOXeT GbiTb MpUHSTa NpUeMHUKOM. [py 3TOM Ha nuHUIO tx
BblOAETCs BbICOKUN YPOBEHb. DTOT PEXMM NPUMEHSETCS A8 TECTMPOBaHUSA paboThl uart 6e3 NcnonbL30BaHus
nuHUK ¥ gpyroro uart.

Pexxum BHelLHeNn neTnu

NMuHMK tX 1 rx 3amblkaloTCA BHYTPU YCTPOWCTBA Kak NOkaszaHO Ha pucyHke 5, Takum obpasom, BCA
nHoOpMaLMA, MPUHATasA NO NUHUMKU rX nornagaet, Ha nuHuio tx. OTnNnyMe OT IXo-pexrma B TOM, YTO aTa
nHdopmauma He ukeupyetcs npuemHukom uart. NMpMemMHUK 1 nepepgaTyMK NpU Nepexoae B 3TOT PEXUM
paboTbl aBTOMAaTMYECKN BbIKMIOYAKOTCSH, NPOrpamMmmMHO BKMounTb mx 3anucbto B CTRL Henb3s. MNepBblie 3
pexvma paboTbl UNACTPUPYET PUCYHOK:
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Automatic Echo

Receiver RXD

Transmitter | Disabled = TXD

Local Loopback

Receiver * PR AXD
Voo
Disabled
Transmitter ol SIS TXD
Remote Loopback Voo

Disabled

Receiver |~ - - - -~ «— RXD
Disabled

Transmitter [~~~ -~~~ TXD

9-OMUTHbIN peXum

9-OMT pexuMm, UMM pexum C annapaTHbiM LeTEKTUPOBAHMEM W CBEPKOW agpeca, Heobxoaum Ans
coeauHeHus no uart o4HOro BedyLero yCTpoMCTBa C HECKONIbKUMU BEAOMbIMU. DTOT pexnm paboTbl MOXeT
ObITb NONE3eH Npu peanuaauun ceTeBblX NpoTokosos, Hanpumep Modbus RTU. MNpu paboTte B aToM pexnme
dopmaT NoChINKM TOT Xe, YTO U B OOLIYHOM pexmMe, HO BMECTO BUTa YeTHOCTM BeayLmi uart nepegaet 6w,
onpeaensowmn TMn AaHHbIX B NOCbIIKE: 1 - B MOCbINKE COAEPXUTCS agpec BeJoMoro yctpoinctea, 0 - B
nocblfike obblYHOE CMOBO AaHHbIX (HacTponkn 6uta YetHoctn PE n PT B pernctpe CFG mnrHopupytotcsa B 9-
ouT pexume). Begomoe yCTpOMCTBO pacno3HaeT CBOW agpec, NMpUHUMAET Nocreaylolime AaHHble u/vnm
nepegaet BeayLLleMy YCTPONCTBY CBOU AaHHbIE.

Mo yYMOnN4YaHMK nocne BKI4YeHusa 9-6ut pexunma npueMHuK He npuHMMmaeT crioBa AaHHbIX, a agpeca
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(cnoBa gaHHbIX ¢ 1 B AeBsaTOM 6UTe) cpaBHMBaeT ¢ 3agaHHbIMU B pernctpe NBADDR (Nine Bit Mode Address
Register) agpecamn yctporictea NBA1 n NBA2 (06bl4HO oguH agpec MHOvBWUAOYyanbHbIA 4N Be4OMOro, a
BTOPOW - LUMPOKOBELLATENbHbIN, 00U A4S Bcex BeAoMbix). Ecnv agpec coBnagaeT, TO MPUEMHMK NockinaeT
ero B RX (npu atom 6ut PE/AM peructpa RX ycTaHOBMeEH B 1, Moka3biBas 4TO 3TO CMOBO - agpec) opMupyeT
npepbiBaHWE MO COBMaAeHUI0 agpeca M ycTaHaBnmMBaeT cooTBeTcTByowmi donar (PE/AM) B peructpe ST.
lMocne aToro NpMeMHUK HauMHaeT NpMHMMaThb nocreaylwue crnoBa gaHHblx (¢ 0 BMecTo buTta YeTHOCTH) U
npogospkaeT Aenatb 3TO, NOKa He Nofy4MT HOBYIO NOCLINKY ¢ agpecom (1 BMecTo 6uTta yeTHocTu). Ecnn B
¢dopmMaTe NOCbINKN BbICTABMEHO MeHblLUEe BOCbMU OGUTOB B CrioBe, TO nepen CBEpKOW uaeT OOMNOSIHEHWE
HynsMM 0O BOCbMM pa3psifioB (B 9-OUT pexrme pekomeHOyeTCsi BCe Xe BbICTaBUTb 8 GUTOB B CrOBe, XOTH 3TO
He 06sa3aTenbHO). [NpuemMHUK cpaBHMBaET ToNbko BUTLl agpeca, mackupoBaHHble B NBMSK (Nine Bit Mode
Mask Register). Anroputm paboTbl IpMeMHMKa NOKa3aH Ha PUCYHKE:

B 9 6uT pexnme nepenaTynk UrHopMpyeT HacTpolkn YeTHocTn B CFG. BMecTo GuTa YeTHOCTM NepeaaeTcs
3Ha4veHune 6uta CTRL.SADDR.

AnnapaTHbIA KOHTPOJb O6MeHa
[na ycTaHoBneHMs1 annapaTHOro KOHTpons obmeHa Heobxoanumo coeanHuTb BbiBOA rts (Request To Send,

3anpoc Ha OTNpPaBKy AaHHbIX, BbIXOOAHOW CUrHam) ¢ BbIBOAOM cts Toro uart, ¢ KOTopbIM NPOUCXOANUT OGMEH, U
coeauHuTb BbiBoA cts (Clear To Send, 3anpoc Ha nonyyeHve AaHHbIX, BXOAHOW CUrHar) ¢ BbIBOAOM rts TOro

uart, ¢ KOTOpbIM MPOUCXOANT OOMEH.

arity bit is
(this is
address)

no yes

REC Enabled

no yes

Enable REC
Send data to Receiver Discard Data Disable REC . Generate IRC

FIFO Send address to
Receiver FIFO

Mpu paboTe B 3TOM pexume nepeaaTynk HauMHaeT OTMNPaBKY MOCLINKKU, TOSIbKO eChK cUrHan cts paeeH
Hy 0.

Mpwn paboTe B 3TOM pexume npu npueme ctapT-buTa oueHnBaeTcs coctosHue bydepa npuemHuka. Ecnm
B pesynbTaTe npuema paHHoro croBa Oydep npuemHuka OyaeT MOMHOCTBbI 3amofiHeH, TO curHam rts
nepexoant n3 0 B 1, 3anpewas yganeHHOMy nepefaTyvMky OTNPaBNATb crnegywlune naHHble. YTeHue
pernctpa RX nepesoauT rts obpatHo 13 1 B 0 paspeluas yaaneHHoOMy nepeaatyuky ganbHenLLyo OTNpaBky.
Ecnv npueMHUK BbIKMNOYEH, rts paBHo 1.

B apyrux pexunmax pabotbl curHan rts ynpasnsetcs 6utamu CRTS 1 SRTS peructpa CNTR. 3T10T curHan
MOXHO MCMOMNb30BaTb ANSA YNpaBneHWs BHELUHUM npuemMonepenaTiymkoM (prsmyeckoro ypoBHs, Hanpumep
npuemonepenatynkom RS-485.
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KapTa peructpos

CwmelleHue ot
6as3oBoro agpeca | Abb6peBuatypa HasBaHue OnucaHue
6rnoka
0x0 CEG Conflguratlon 3agaHne cdhopmaTa NoChINKM U pexnma
Register paboTbl uart
Oxd BDR Baud Rate Register LLlecTHaguaTMbuTHbIN KOS PULNEHT
AenuTerns 4yacToTbl
Tx FIFO Level
0x8 TXFIFOLVL Register 3apgaHune ypoBHs Bydepa nepegaTtymka
Rx FIFO Level
0xC RXFIFOLVL Register 3apaHuve ypoBHSA Bydepa npuemHuka
0x10 NBMSK Nlne_ Bit Mode Mask Macka agpeca B pexume 9-6ut
Register
Nine Bit Mode o
0x14 NBADDR Address Register Agpec ycTponcTtea B pexume 9-6ut
0x18 MSK Inter_rupt Mask PerynupyeTt chopmupoBaHne npepbiBaHWN
Register
0x1C CTRL Control Register YnpaeneHue uart B npouecce ero pabothl
Transmitter Data
0x20 TX Buffer Register [aHHble ons nepegayu B NIMHUIO
0x24 RX Eeoglver Data Buffer [aHHble, NPUHATBIE N3 NIUHWUK
egister
MHdopmaLms o cocTosaHmm uart u
0x28 ST Status Register aKTUBHbIX B JaHHbIA MOMEHT
npepbIiBaHUAX

3anuce B pernctpbl CFG 1 BDR 3anpelleHa annapaTtHo (He nvmeeT addekta) Bo Bpems paboTsl uart, T.K.
N3MEHEHNEe COOEPKMMOro 3TUX PEermcTpoB BO Bpems paboTbl MOXET MPMBECTM K owwnbkam nepegadv vnu
npuema. MoaTomy 3anncb B 3TWM PerncTpbl NPOM3BOAMTCH OAWMH pa3 B Havane paboTbl. Ecnv Heobxognmo
N3MEHUTb COAEPKUMOE STUX PErMCTPOB, TO NPUEMHMUK U NepeaaTyuk AOMMKHbI ObiTb BbIKMIOYEHbI, U TeKyLune
onepauuu npvema/nepegayn AOMKHbI 3aKOHYMTbCA. Korga 3Ty ycnosus BbINOMHEHbI, nepexoauT B 1 6ut
CRWE (Config Registers Write Enable) pernctpa ST, nokaseiBas, 4To 3anucb B peructpbol CFG n BDR
paspeLueHa.

Configuration Register (CFG) [0x00].
YUTteHune/3anucb
Copepxumoe aTOro perncrpa onpegenset opmar NoChbINKN N pexnm paboTbl uart.

3anuck B pernctpel CFG n BDR 3anpeuleHa annapatHo (He nmeet adydpekta) Bo Bpems paboThl uart, T.K.
N3MEHEHNE COOEPKMMOro 3TUX PErmcTpoB BO Bpems paboTbl MOXET MPMBECTM K owmbkam nepegadv vnu
npuema. MoatomMy 3anncb B 3TV PerncTpbl NPOM3BOAMTCH OAWMH pa3 B Hayane paboTbl. Ecnv Heobxognmo
N3MEHUTb COAEPXKMMOE 3TUX PErMCTPOB, TO NMPUEMHUK U NepeaaTynk OOIKHbI ObiTb BbIKIIOYEHbI, U TEKYLLME
onepauuu npvema/nepegayn OOMKHbI 3aKOHUMTbCA. Korga a3ty ycnoBus BbINOMHEHbI, nepexoauT B 1 6ut
CRWE (Config Registers Write Enable) pernctpa ST, nokaseiBas, 4To 3anucb B peructpbl CFG n BDR
paspeLueHa.

Butbl | HazBaHune OnucaHue OocTtyn C6poc
31:16 - Peseps R 0

15 INVE |Inversion Enabled. HBepcus curHanos fiMHUK: R/W 0
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Butbl | HazBaHue OnucaHue OocTtyn C6poc
. 0 - curHanel NMMHUM 0OMEHa He MHBEPTUPOBAHBI;
. 1 - curHanbl NnHUKM obmeHa (rx, tx, rts_n, cts_n)
WHBEPTUPOBaHbI. Tenepb akTMBHbINA YPOBEHb ANis rX 1 tx - 0,
anarts nucts_n-1.
Pexum paborbi:
. 000 - OObIYHbIN pexum paboThbl;
. 001 - axo-pexum;
14:12| MODE |- 010 - pexxum BHYTpPEHHeN NeTnu; R/W 0
. 011 - pexxum BHeLUHen neTnu;
. 100 - 9-6uT pexuwm;
. 101 - annapaTHbIi KOHTPOMb OOMeHa.
Character Length. Pasmep cnosa gaHHbIX:
. 000 - 1 owur;
. 001 - 2 buTa;
. 010 - 3 buTa;
11:9 CHRL |- 011 - 4 6uta; R/W 7
. 100 - 5 6uToB;
. 101 - 6 6uTOB;
. 110 - 7 6uToB;
. 111 - 8 6uToB.
Parity Enabled. KoHTponb yeTHoCTW:
. 0 - KOHTPONb YETHOCTM BbIKMOYEH 1 OUT YETHOCTM HE
8 PE dhopmupyeTtcs; R/W 0
. 1 - KOHTPONb YETHOCTM BKIOYEH N OUT YETHOCTU
nepegaeTcs nocrie crioBa AaHHbIX.
Parity Type. Tun KOHTpONs YETHOCTU:
. 00 - even, 6uT YyeTHOCTU chopmupyeTcs kak XOR Bcex
OMTOB AaHHbIX B CIOBE;
7:6 PT . 01 - odd, 6uT yeTHoCcTU hopmumpyetcs kak XNOR Bcex| R/W 0
OUTOB AaHHbIX B COBE;
. 10 - space, 61T YeTHOCTU Bceraa paseH 0;
. 11 - mark, 61T YeTHOCTM BCeraa paBeH 1.
Number Of Stop Bits. KonnyecTtso cton-6utoB B nockbinke:
. 0 - OauH cTon-ouT;
S NSB . 1 - [iBa cTon-6uta. MpuemMHuk He nposepsieT Hannune | R/W 0
BTOPOro cTton-6uTa, aTa HacTpoWKa BNUSET TOMbKO Ha
nepenaTyuk.
High Speed Enabled. BbICOKOCKOPOCTHOWM pPEXUM:
. 0 - BbICOKOCKOPOCTHOW PEXUM BbIKIHOYEH.
4 HSE KoadhpmumneHT genurens 4yactoTbl paBeH 16; R/W 0
. 1 - BbICOKOCKOPOCTHOW PEXUM BKITHOYEH.
KoadhpmumneHT genurens 4yactoTbl paBeH 4.
3 - Peseps RO 0
Time-Out Value. AnutensHOCTb TanM-ayTa (B nepuogax
baud_rate_clock):
. 000 - 2;
. 001 - 4;
. 010 - 8;
2:0 TV . 011 - 16: R/W 4
. 100 - 32;
. 101 - 64;
. 110 - 128;
. 111 - 256.
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Baud Rate Register (BDR) [0x04].

YrteHne/3anucb

3anuck B pernctpel CFG n BDR 3anpelueHa annapaTtHo (He nmeet adpdekta) Bo Bpemst paboThbl uart, T.K.
N3MEHEHNE COOEPXKMMOro 3TUX PErmMcTpoB BO Bpems paboTbl MOXET MPMBECTM K owmbkam nepegadv vnu
npuema. NMoaTomMy 3anucbk B 3TWM perncTpbl NPOM3BOAMTCSH OAWMH pa3 B Hayane pabotel. Ecnn Heobxognmo
N3MEHUTb COAEPXKUMOE 3TUX PErUCTPOB, TO NPUEMHMK U NepeaTyuK JOIMKHbI ObiTb BbIKMOYEHbI, U TEKyLUNe
onepauun npuema/nepegadv OOIPKHbI 3aKOHUMTbCA. Korga 3Ty ycrnoBWs BbIMOSHEHBI, nepexoant B 1 6uT

CRWE (Config Registers Write Enable) pernctpa ST, nokasbiBas, 4yto 3anucb B peructpbl CFG 1 BDR
paspelueHa.

Butbl HasBaHue OnucaHue Doctyn Co6poc
31:16 - Peseps R 0
15:0 CD R/W 0

B aTtoT pernctp 3anucbiBaeTca wectHaguatnbutHein CD (Clock Divider) koadpduumeHT genurtens
yacTtoTbl. [N ycCTaHOBMNEHMS HY>XHOW cKopocTu obmeHa Heobxogmmo 3anucate B pernctp BDR
COOTBETCTBYHOLWMI KOIPPULNEHT AeNEHNS, KOTOPbIA paccynTbiBaeTcs no hopmyne:

roe

fcik
BDR =
16 = desired_boud_rate

BDR - cogepxumoe pernctpa BDR;

desired_baud_rate - xxenaemas ckopocTb nepegayu (B 60gax unu, 4To TO - XXe CaMoe B JaHHOM cry4vae, B
ouT/cek);

fclk - BXogHas yacTtoTta uart.

Moka B pernctp BDR 3anucaHo HavanbHoe 3HayeHue (0), Baud Rate Generator He ByaeTt paboTaTs.

Tx FIFO Level Register (TXFIFOLVL) [0x08].

Butbl | Ha3BaHme OnucaHue HdocTtyn C6poc
31:3 - PesepB R 0

2:0 | TXFIFOLVL Transmitter FIFO Buffer Level. 3agaHHbIn ypoBeHb
Oydepa nepepatumka (o1 0 go 7).

R/W 0

Korga konnyectBo cnoB B Bydepe nepegatyvka MeHbLLE UNN paBHO 3adaHHOMY YPOBHIO, pa3psa TBRPL
pernctpa ST paBeH 1. Takum o6pa3om, B MOMEHT onycToLleHns Bydepa oo 3agaHHOro ypoBHs, 6ut TBRPL
peructpa ST nepexogut 13 0 B 1 1 bopMmnpyeTca COOTBETCTBYIOLLIEE NpepbIBaHME.
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Rx FIFO Level Register (RXFIFOLVL) [0xO0C].

Butbl| HasBaHue OnucaHue LOocTtyn C6poc
31:3 - Peseps R 0
20 | RXFIFOLVL Receiver FIFO Buffer Level. 3agaHHbIln ypoBeHb RIW 0

Ooydepa npuemHumka (ot 0 go 7).

Korpga konu4yectBo cnoB B 6ydepe npnemHuka 6orsblue unu paBHo 3agaHHOMY YPOBHIO, pa3psag ST.RBRPL
paBeH 1. Takum ob6pa3om, B MOMEHT 3anonHeHus bydepa 4o 3agaHHoro ypoeHsi, out ST.RBRPL nepexoaut
13 0 B 1 n popmmpyeTcsa COOTBETCTBYIOLLEE NpepbiBaHKeE.

Nine Bit Mode Mask Register (NBMSK) [0x10].

Burbl
31:8

HasBaHue

OnucaHue
Peseps

Hdoctyn

C6poc

Nine Bit Mode Address Mask. Macka agpeca B 9-6ut
pexvme:

7.0 | NBMASK |° 0 - atoT paspsag |.-|e CpaBHMBAaETCs Npu Nnpueme
agpeca B 9-6uT pexume;

. 1 (N0 ymon4yaHuio) - 3TOT pa3psas CpaBHMBAETCS Npwu
npveme agpeca B 9-6ut pexnme.

R/W OxFF

Nine Bit Mode Address Register (NBADDR) [0x14].

Copaepxumoe 3Toro pernctpa nmeeT adpdeKT ToNnbko B 9-6uT pexume. Korga npueMHUK npuHMMaeT agpec
(OeBATbIN OUT yCTaHOBIEH B eQnHKLY), OH CpaBHMBAET ero ¢ oboumn agpecamm NBAL n NBA2, 3agaHHbIMM
B 9TOM pernctpe. Npn aTomM CpaBHUBAIOTCS TONbKO pa3psabl agpeca, MackupoBaHHble B pernctpe NBMSK.
Mpu coBnageHun uart reHepupyeT npepbiBaHne PE/AM (npepbiBaHWe Mo coBnageHuno agpeca).

Butbl | HazBaHue OnucaHue Hoctyn C6poc
31:16 - Peseps R 0
15:8 NBA2 Nine Bit Mode Address 2. Agpec yCTpOI.7ICTBa B 9-6uT RIW 0
pexunme Ne2. 3HadyeHue no ymonyaxuio: 00H.
7:0 NBA1 Nine Bit Mode Address 1. Agpec yCTpOI.7ICTBa B 9-6uT RIW 0
pexunme Ne1. 3HadyeHue no ymonyaxuio: 00H.

Interrupt Mask Register (MSK) [0x18].
OTOT perncTp ynpaensieT popMMpoBaHMEM NpepbiBaHuiA oT uart. [ns kaxagoro u3 6UToB cnpaseanuBo:
0 (no ymonyaHuio) - laHHoe npepbiBaHME He hopMupyeTcs;
1 - JaHHoe npepbiBaHue hopMupyeTcs.

Bo3moxHO hopMrpoBaHue npepbiBaHus no nobomy 6uty ctatycHoro perncrtpa ST. PacnonoxeHue 6utos
B ST n MSK aHanoruyHo. lNpepbiBaHne opmMupyeTcsi B TOT MOMEHT, KOorga COOTBETCTBYHOWMA 6ut ST
nepexoant n3 0 B 1 (HO He HaobopoT) ana GutoB-dnaroB, U HENOCPEACTBEHHO B MOMEHT BO3HUKHOBEHUS
cobbITMS AN 6GUTOB-COOLITUN.

BuTbl HasBaHue OnucaHue HocTtyn C6poc
31:15 - PesepB R 0
14 CTSI R/W 0
13 CRWE R/W 0
12 TBNF R/W 0
11 TBRPL R/W 0
10 TBE R/W 0
9 TI R/W 0
8 RBNE R/W 0
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Butbl Ha3saHue OnucaHue DocTtyn C6poc
7 RBRPL R/W 0
6 RBF R/W 0
5 OE R/W 0
4 RTO R/W 0
3 BD R/W 0
2 PE/AM R/W 0
1 FE R/W 0
0 CTSIC R/W 0

Control Register (CTRL) [0x1C].
Butbl | HazBaHue OnucaHue OocTtyn C6poc
31:6 - Peseps R 0

Receiver Enabled.

. 0 (no ymonyaHuio) - TPUEMHNK BbIKIOYEH (ecnu B
5 RE MOMEHT BbIKITHOYEHMS MPONCXOANI MPUeM crosa, oH Byaet R/W 0
3aBepLUEH nepes BbIKMYeHneMm);
. 1 - NIPUEMHUK BKIHOYEH.

Transmitter Enabled.

. 0 (no ymonyaHuio) - nepeaaTymK BbIKMOYEH (ecnum B
4 TE MOMEHT BbIKIIOYEHMS MpOMCXoanna nepegada crosa, oHa R/W 0
OyaeT 3aBepLueHa nepeg BbIKMoYEeHNEM);
. 1 - nepegaTymK BKIIOYEH.

Send Break. Nocnatb curHan break. 3anuce 1 yctaHasnusaet
nuHmio tx B 0. Ecnun B 9TOT MOMEHT npoucxoauna nepegaya
nocbInky, oHa ByaeT 3aBeplLueHa nepepq Bolgaden break
curHana. Cvrdan 3akaH4ymBaetcs npw 3anucu 0 B 3T0T OuT,
TakMM obpasom AnuTensHOCTL curHana break 3agaetcs
nporpamMmmHo. Nocne koHua curHana break nuHns tx
ycTaHaBnueaeTcs B eanHuuy Ha 12 nepuogos baud_rate_clock.
Mocne aToro nepepartymk NpodomkaeT pabory.

Request To Send. YnpasnsieT curHanom rts_n. 3HadeHune atoro
OuTa He nMmeeT acbdekTa B pexnme paboTtbl «AnnapaTHbli
KOHTpOrb 0BMeHa», Tak Kak B 3TOM pexume uart cam ynpasnset
2 RTS curHanom rts_n. R/W 0
. 0 (no ymonuyaHuio) - curHan rts_n yctaHosneH B 0 (310
aKTMBHbIN ypoOBeHb!);

. 1 - curHan rts_n yctaHoBrieH B 1.

R/W 0

Reset Timeout Timer. CbpocuTb Tanmep TanmM-ayTa:
1 RTT . 0 (no ymonuaHuto) - Taimep TariM-ayTta paboTaer; R/W 0
. 1 - Tanmep Tarim-ayTa copowleH B 0 n He paboTaeT.

Send Address. NocnaTb agpec. AToT 6UT MMeeT 3P deEKT
TOMNbKO B 9-6MT pexume.

0 (no ymonyaHuio) - Bce 3anucbiBaemble B TX crosa
OTNPaBMATCA Kak CrioBa gaHHbIX (¢ 0 BMecTo 6uta YeTHOCTH);
. 1 - Bce 3anucbiBaeMble B TX crioBa oTNpaBnsaloTCA Kak
agpeca (c 1 BMecTo 6uta 4eTHOCTK).

0 SADDR R/W 0

Transmitter Data Buffer Register (TX) [0x20].

3anucb B 3TOT perucTp 3anpelleHa (He nmeet achdgekrta), ecrnim Oydpep nepegaTtumka nonoH (6ut TBNF
pernctpa ST paBeH 0). CtouT nsberatb 3anmcu B 3anofiHEHHbIN bydep.
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Butel | HazBaHune OnucaHue OocTtyn Co6poc
31:8 - Peseps R 0

Character to be Transmitted. CnoBo gaHHbIX Ansi nepeaaydun.
Ecnun konuyecto 6utoB B crioee (6utbl CHRL B pernctpe
CFG) BbIbpaHo MeHbLLE 8, TO nepegaBaeMble BUTHI - W 0
mnagwwue. Hanpumep ecnu BbibpaHo 5 61MTOB B CrnoBe, a B
CHTBT 3anucaHo 00001111B, To nepegaTymk OTNpaBuT Ha
nvHuio tx 01111B (Mnagwunmn Gutamm Bnepen).

7:0 CHTBT

Receiver Data Buffer Register (RX) [0x24]

UteHue Bydepa npuemHuka RX, ecnu 1ot nyct (but ST.RBNE paseH 0) npuBoauT K Bbigaye Hynem BO
Bcex paspsaax. Ctout usberatb YteHusa nycroro bydepa.

Butbl | HazBaHue OnucaHue HDocTtyn Co6poc
31:11 - Peseps R 0
Break Detected. 3T1o cnoBo gaHHbIX COCTOUT Tonbko 13 0, gaxe
10 BD BMECTO CToM-61Ta, 1 N03TOMY ObINIO NHTEPNPETMPOBAHO Kak R 0

curHan break.

Parity Error/Address Match. 3HauyeHne atoro 6uta 3aBucuT OT
pexuma paboThbl.

Bo Bcem pexxumax kpome 9-6uT 3HadeHue atoro 6mTa - owmnbka
YETHOCTM NpY NPUEME LAHHOIO CroBa.

9 PE/AM |B 9-6uT pexume, rae 6UT YETHOCTU HE UCMONb3YETCS, 3TOT OUT R 0
nokasblBaeT COAEPKUMOE AEBSTOro 6uta NPpUHATOrO CroBa.
. 0 - 3TO CroOBO - CMOBO AaHHbIX;

. 1 - 3710 cnoBo - agpec. Agpec nocbinaetcs B8 RDB
TONbKO €Cln OH coBnar npu ceBepke.

Frame Error. Mpwv npreme 3Toro crioBa npou3soLuna ownéka
cTon-6uTa, To ecTb BMecTo 1 Ha MecTe cTapT 6uta npuHAT 0.

Received Character. NpuHaToe cnoBo aaHHbIX. Ecnn
konnyecTtBo 6ut B cnoee (6utel CHRL B peructpe CFG)
BbIGPaHO MeHbLUe 8, TO NPUHATbIE BUTLI AONOMHAKTCS HYNAMU
cnesa o 8 nepen 3anuckto B RCH. Hanpumep, ecnu BeibpaHo
5 6MTOB AaHHbIX B crioBe 1 npueMHuK npuHsn 10110B, Toraa
RCH = 00010110B.

7:0 RCH

Status Register (ST) [0x28]
B aToMm peructpe HaxoanTcsa MHopMauunsa o coctodaHun uart. Pernctp nogeneH Ha 2 yacTu.

B ctapwwux 6utax (HACTb 1) HaxogAaTca chnaru Tekywero coctosiHms uart. 9tn OUTbl yCTaHaBNMBAKTCA B
1 KaK TONbKO YCITOBME BLINONHEHO U cOpacbiBatoTcsi B 0 kak TOSIbKO OHO MepecTaeT BbIMOMHATLCA. OTU OUTbI
He cbpacbiBaloTca no u4TeHuto. Ecnu BkNouMTb COOTBETCTBYHOLLEE MpepbiBaHWE B peructpe Macku
npepbiBaHuii MSK, To npepbiBaHue hopMmupyeTcs nNpu nepexoge coortseTcTBytowero paspsga ST u3 0 B 1
(HO He HaobopoT). Ecnn 6uT ST yxe Haxoauncsa B 1, U B 3TOT MOMEHT paspeLuaeTcsi NpepbiBaHUE MO 3TOMY
6uTy, TO NpepbiBaHNE TYT e cpabaTbiBaeT.

B mnagwwux 6utax (HACTb 2) HaxoguTcs nHopMaLms O CIyuMBLUMXCS COObITUAX M OLIMOKax nepenayun.
OT1un BuTbl ycTaHaBnMBatoTCs B 1 Kak TONbKO cobbiTue NnpomcxoauT n copaceiBatotest B 0 npy YTeHUn permctpa
ST. Ecnu BKNounTbL COOTBETCTBYIOLLEE MPEPbLIBAHNE B PErMCTPE Macku npepbiBaHnii MSK, To npepbiBaHue
dopMMpyeTes Kak TONbKO MpoucxXoamut cobbiTure.

Butbl | HazBaHue OnucaHue DocTtyn Copoc
31:15 - Peseps R 0
14 CTSI Clear To Send Image. Tekywiee 3Ha4yeHne curHana CTS. 1 - R 0
yOaneHHbIn NPUEMHUK FOTOB NPUHUMAaTbL AaHHble. 0 - yaganeHHbIn
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Butbl

13

12

11

10

HasBaHue

CRWE

TBNF

TBRPL

TBE

Tl

RBNE

RBRPL

RBF

OE

RTO

BD

PE/AM

OnucaHue

NPUEMHUK HEe TOTOB MpUHMMAaTL AaHHble. 3Ha4YeHne aToro 6uta
Bepetca n3 BxogHoro curdana CTS_n. Ecnu uHeepcus curHanos
nnHum (6ut INVE pernctpa CFG) BbIkoueHa, TO OH paBeH
nHBepcum CTS_n, ecnu BKkrtodeHa, To camoMy curHany CTS n.

Config Registers Write Enable. 3anuck B peructpel CFG n BDR
paspeLlueHa. IToT 6uT paBeH 1 npu ycnoBusaXx:

1. MNpremHuK 1 nepeaaTymK BbIKMOYEHbI;
. 2. MNpuemHuK 1 nepegaTymK 3aKOHYUNN CBOU onepawmu.

Transmitter Buffer Not Full. Bydep nepepartunka He nonoH, B
HEM eCTb MeCTO eLle ANS Kak MUHAMYM OHOTO CroBa AaHHbIX
(v NnepenaTyYnK BKIKOYEH).

Transmitter Buffer Reached Preprogrammed Level. B 6ydepe
nepegarymka ocTanoch KONMYECTBO COB MEHbLLE UIN paBHO
3apgaHHomy B peructpe TXFIFOLVL ypoBHIo (M nepegaTymk
BKItoveH). Ecnn 6ydbep cMHTE3MpOBaH Kak OAMHOYHBIN permcTp,
TO 3TOT pa3psA Bcerga paseH 0.

Transmitter Buffer Empty. bBycdep nepegatumka nyct (1
nepegartyvk BKIIHOYEH).

Transmitter Idle. Bydep nepegatymka nyct, nepegaTymk
3aKOH4YMIT BCE OnepaLmun 1y Hero HeT Gonblue crnoB A5s
OTNpaBKu (U NepeaaTymK BKIHOYEH).

Receiver Buffer Not Empty. B 6ycdepe npuemHuka ectb kak
MWUHVMYM OZHO HEMPOYUTAHHOE CMOBO AaHHbIX (M MPUEMHMK
BKITHOYER).

Receiver Buffer Reached Preprogrammed Level. B 6ydepe
NpYeMHUKa KONMYECTBO CNOB GOoNbLUE MW PaBHO 3a4aHHOMY B
pernctpe RXFIFOLVL ypoBHI0 (M NpUeMHUK BKMoYeH). Ecnn
Oydep CMHTE3MPOBaH Kak OAMHOYHBIN PETNCTP, TO 3TOT paspsag
Bceraa paseH 0.

Receiver Buffer Full. Bycdep npuemHuka nonoH (1 npueMHuK
BKITHOYEH). ECNn NpMeMHMK 3aKOHYMT MpUEeM eLle O4HOro CroBa
AaHHbIX, 3TO nNpuBeaeT K ownbke Overrun Error.

Overrun Error. C MoMeHTa nocrniegHero yteHmsa ST npousowna
owmnbka nepenosiHeHMs NPUEMHMKa, TO eCTb CTOM-OMT ObIn
NPUHAT B MOMEHT, koraa bydep npuemMHuka 6bin NomnoH, B
pesyneraTe Yero NPUHATOE CNoBO ObINO YTEPSAHO.

Receiver Timeout. C MomeHTa nocnegHero 4yteHust ST
npoun3oLlen TanmM-ayT NPUEMHKKA, TO eCTb NPUEMHUK HE
3admkcmpoBarn ctapT-omTta nocrne npuema nocrneaHero crioea
KonuyecTtBo nepuogos baud_rate_clock, 3agaHHoe B pa3spsagax
TV peructpa CFG.

Break Detected. C momeHTa nocnegHero 4YteHust ST oGHapyxeH
curHan break, To ecTb NMHUA rx yaepxunsanack B 0 B Te4eHne
BpeMeHM, OonbLIEro BpeMeHu nepeaaydm nocbinkn (MHbIMK
cnoBaMu, NpUHATa NOCbISKa, COCTOsILLLAs TONbKO U3 Hyrnen, gaxe
B cTon-6ute). Mpu aToM NnpuemMHuk 3anuceiBaeT B FIFO-0ydep
OHO CrOBO U3 BOCbMU Hyren, BHE 3aBUCUMOCTM OT TOro Kak
ponro gepxutca 0 Ha rx. [Npuem criegytowen NochIfkM HaYHeTCA
TONbKO NMocrne nepexoga nuHum B 1, a 3atem npuema crapt-
owuta. CurHan break He cumTaeTtcs owmbkon cTon-burta.

Parity Error/Address Match. C momeHTa nocnegHero uteHus ST
Oblna 3adukcupoBaHa owwnbka YeTHOCTU/ coBnaaeHne agpeca B
9-6u1T pexnme. 3HadeHmne aToro 6muTa 3aBUCUT OT pexnma
paboTbl uart. Bo Bcex pexumax paboTbl, kpome 9-6ut pexuma,
3Ha4eHune aToro 6uTa - owmnbKa YETHOCTN, TO ECTb COAEPKUMOE
OvTa YEeTHOCTUN NPUHATON MOCHINKU HE COOTBETCTBOBAsO GuTy,
cchopMMpoBaHHOMY NPUEMHUNKOM NS MPOBEPKM B COOTBETCTBUM

DocTtyn

RC

RC

RC

RC

RC

RC

RC

Co6poc
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Butbl | HazBaHue OnucaHue DocTtyn C6poc

C BbIOpaHHbIM TUMOM KOHTpONst YeTHOCTU (cMoTpu CFG, Tun
KOHTpOMs YeTHOCTU). B 9-6MT pexxume 3HaveHne atoro 6uTta -
COBMageHne agpeca, To eCTb NPUEMHUK NPUHAN agpec
(mocblinka ¢ 1 BMecTo 6uTa YeTHOCTU), COBMaAaloLLMiN C OGHUM
nx agpecos, 3agaHHbix B pernctpe NBADDR. Mpu atom
CpaBHMBAOTCH TOMbKO paspsabl agpeca, MackMpoBaHHbIE B
NBMSK.

Frame Error. C momeHTa nocneaHero 4yteHna ST Gbina
3acpmkcupoBaHa owwmnbka cton-omTa, To eCcTb B NPUHATON
1 FE NnocblIfike 3HavyeHne cTton-omra 6bino paBHo 0. ATOT OUT He RC 0
yCcTaHaBnmBaeTcs B 1, ecnu Bce ocTarnbHble OUThLI CIoOBa Takke
paBHbl 0, TaK Kak 3T0 BOCMPUHMMAaETCS Kak curHan break.

Clear To Send Input Change. C momMeHTa nocnegHero YteHus
0 CTSIC ST npounsowwno nsameHenne curHana CTS_n. 31o cobbiTne He
BO3HMWKAET, eCnv nepegaya 3anpeLleHa, 4tobbl n3bexartb
NOXHOW reHepauun 3Toro cobblTns nocne cbpoca.

RC 0

MpumevaHue

Bbutel BD, PE/AM, FE npu npueme crioBa BbICTaBnsitoTCs B 1 gaxe B cnyyae, ecnu B dydepe
NpMeMHMKa He ObINo MecTa, YTOObl COXPaHUTL MPUHSTOE CIOBO.
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SPW (SpaceWire)

KoHTponnep nHtepderica SpaceWire npeaHasHa4veH anis obecneyenns annapaTHON NOAAEPKKN PYHKLMIA
BHYTPUCUCTEMHBIX KOMMYHWKaLWUA C MCMONb30BaHWeM npoTokona SpaceWire.

OcHoBHble 0COBEHHOCTU: KOHTponnep pa3paboTaH B COOTBETCTBMM C MEXAYHapOAHbIMU CTaHZapTamu
ECSS-E-ST-50-52C n ECSS-E-50-12C; no 47 6anT pasMmep NpMHMMaeMblX JAaHHbIX B NakeTax ¢ NpoBepKoun
CRC; paboTta cueTumkoB MapKepoB BpeMeHM 1 Ux normdeckas obpaboTka ocyLlecTBnaeTcs Ha YactoTe Fapb;
paboTa CYETYMKOB NAKETOB MpPepbiBaHUMA\NOATBEPXKAEHUA MpepbiBaHUA M KX norudeckas obpaboTka
ocyulecTsnsieTcs Ha Fapb.

OcHOBHbIe 0COBEHHOCTH
e KOHTponnep paspaboTaH B COOTBETCTBMM C MeXayHapoaHbiM cTaHgaptom ECSS-E-ST-50-52C;
* KOHTponnep paspaboTaH B COOTBETCTBMM C MeXAYyHapoaHbIM cTaHgapTtom ECSS-E-50-12C;
* 0o 47 6anT pasmep NnpvHMMaeMbiX AaHHbIX B nakeTax ¢ nposepkon CRC;

+ paboTa cYeTUMKOB MapKepoB BpPEMEHM U UX normdeckasi obpaboTka OCyLLeCcTBNAETCA Ha YacToTe
Fapb;

+ paboTa C4EeTYMKOB NakeToB NPepbiBaHUN\NOATBEMKAEHNI NPepbiBaHNIM U UX normdeckas obpaboTka
ocyuwiectenseTcd Ha Fapb.

CTpyKTypHasa cxema

SpaceWire RMAP

RX DMA
Channel

RXFIFO g

SpaceWire SpaceWire SpaceWire AHB
Link = Protocol Core RMAP Core BUS

" o Txoma |, »

] TXFIFO |« > Channel

\—
Control and Status < 3
Interrupt Registers

RMAP synchronyzer

¥ .
APB BUS i

Interrupt
controller
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! I
_________ , 1 |
: ! : 1
1 ! 1's :
| > '
1 ! 1 |
| : 1 q :
1 1
| P —— >» RXFFO [«—> > XDMA —>
' ! ! Channel X
1 1
1 SpaceWire ! 1 SpaceWire SpaceWire ' AHB
Lo Link Protocol Core RMAP Core ! BUS
1 ! 1
s TX DMA !
! = < TXFFO |[«—> “> Ghannel —>
1 : 1 .
: o :
1
I L :
: L '
Lo e e e e ! 1 !
' A A !
e '
Y
Control and Status | N RMAP
ﬁ Registers D " synchronyzer
N R
! Interrupt ! ! APB BUS !
L__controller v o __________!
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SpaceWire Protocol Core

Nchar(FIFO_RX)

s Reciver
DMA_RX
FIFO_RD
NCHAR
~—>{ Disconnect 1
e
> FCT Link FSM
‘S Control and
Synchr |« »  Status
j Registers
TIMER z—J
] int
d .
s Transmitter * time
Nchar(FIFO_TX)
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DATA FROM REGS

SpaceWire RMAP Core

FIFO_RX

status_for DATATOREGS |
regs |

protocol header

switch DMA

FIFO_TX | (first part)

switch
_—»|(second part)

fifo_reply Rddr_checke wr ¢§—.

reply j rdmw

OnuncaHue OCHOBHbIX OJTOKOB

SpaceWire Protocol Core - 0CHOBHOW MOAYIb YNpaBneHnsa spacewire

RX_FIFO - 6ydhep Ana NpuMHATLIX NakeTOB AaHHbIX

RX_FIFO - 6ydep Ana nepegaBaembIX NakeToB AaHHbIX

RX_DMA Channel - kaHan DMA ans npuHATLIX NaKeTOB OAaHHbIX

TX_DMA Channel - kaHan DMA gns nepegaBaembiX NakeTOB AaHHbIX

Control and Status Register - perncTpoBbii MOgY b

Reciver - moaynb eKOAMPOBaHNS NPUHATLIX AAaHHbLIX U3 CeTu

Disconnect - mogynb ukcaLmu paspbiBa CBA3N

FCT - mogynb ynpasneHus cumsonamu FCT

Timer - Mogynb NoAcYeTa BpeMeHN NepexonoB Mexay COCTOSHUAMMU

Transmitter - Mmogynb ynpaeneHus nepegasaemMbiMy 4aHHbIMU

Link FSM - mogynb ynpaBneHust COCTOSHUSIMU Spacewire

int - Mogynb ynpaBneHus NpepbiBaHUAMN 1 NOATBEPXKOEHNAMMU

time - mogynb ynpaeneHns BpeMEHHbIMU MeTKamu

FIFO_RD_NCAR - Mmoaynb CUHXPOHU3aLMK cuUrHana YteHms gaHHeix DMA

Syncrh - Mogynb CMHXPOHM3aUUN AaHHBIX MEXAy AOMeHaMU ip-Modyns U perMcTpoBOro Moayns
switch - mogynb nepeknioyeHns NoToka gaHHbix Mexay DMA 1 BHyTpeHHMMM mogynamu SPW
protocol - Mogynb onpegenexHns TeKyLero NnpoTokona

header - mogynb ynpaBneHus rofioBHOM YacTbio MakeTa rmap

addr_checker - mogynb ynpaBneHus 4OCTyMNHbIMX agpecamu rmap

fifo_reply - fifo-6ydep ons popmmpoBaHUs rofiIoBHON YacTy OTBETHOrO CrioBa rmap
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* reply - Moaynb ynpasneHus OTBETHLIM CIIOBOM rmap
+ status_for_regs - mogynb ctaTycoBs rmap
* Wr - Mmoaynb 06paboTkn kKomaHabl 3anMcK rmap

e rdmw - moaynb 06paboTkn KOMaHAbl YTEHUSI U YTEHUS-MOAMDUKALIMK-3anncK

YctaHoBKa CKOpPOCTU Nepenayn gaHHbIX

YnpaBneHue CKOpOCTbIO Nepefaymn ocyllectenseTca nocpeactsom peructpa SPW_DIV. NMpu yctaHoBke
COeMHEHUA Ha BHYTPEeHHU aAenutenb nopaetcs koaddpuuueHt DIV_10MGz u3 paspsgoB peructpa
SPW_DIV. lNonyyeHHass 4yacTtoTa npu geneHun pgormkHa coortsetcrtBoBate 10 M6ut/c. Nocne ycTtaHoBKM
coeavHeHus Ha genuTenb 0yaeT nogaBaTtbes koadduumeHT DIV_TX. Npu pa3pbiBe coegmMHeHUs nepexon Ha
koadpbmumeHT DIV_10MGz BbINOMHSAETCS aBTOMaTU4ECKM, MPU NOBTOPHOW YCTAHOBKE COEAMHEHMUS Nepexon,
Ha DIV_TX TaK e BbINONHATCA aBTOMaTUYECKM.

Mapkepbl BpemMeHU

Mapkepbl BpemeHu — cucTemHast ¢yHkumss cTtaHgapta SpaceWire. OHM npepHasHadeHbl Ans
CUMHXPOHM3aLUMN CUCTEMHBIX YacOB B3aMMOLENCTBYIOLLMX cucTeM. [Npu nepegave gaHHbIX MapKepbl BPEMEHU
UMEIT HauvBbicWKiA NpuopuTteT. [lepegada mMapkepa BpPEMEHW B CETb MOXET OCYLLECTBMSATbCS OBYMS
crnocobamu - aBToMaTMYeCKUin 1 BpyyHyto. CueTymnk aBTomaTnyeckon otnpaskm paboTtaet Ha Fapb.

Ons aBTOMaTuyeckoW OTNpPaBKM MOMb30BaTentd HeobxOAMMO 3anucaTb 3HayYeHue B Perncrp
SPW_TIME_CNT, koTopbIl onpeaenseT Yepes CKONbKo TakToB YacToTbl APB ByaeT ocyliecteneHa oTnpaska
MapKepa BpeMeHU B CeTb. 3aTeM Hy>xHO ycTaHoBUTb 6uTbl EN_TIME 1 AUTOTIME. Nocne faHHbIX oencTani
MapKep BpemeHn byaeT aBToMaTMYeCKM OTChINaTbCA B CeTb. [1epBbIi Mapkep BpEMEHM NPpU aBTOMaTU4EeCKON
oTnpaske bynet BblgaH Yyepe3d SPW_TIME_CNT + 3 unu 4 takta 4YactoTel APB oTHocuTensHo nepexoaa B
coctosiHne RUN. MorpewHocTb B 1 TakT APB Bbi3aBaHa CMHXPOHU3aUMEN. 3Ha4YeHne NepBoro oTrpaBfeHHOro
Mapkepa paBHo 1.

[nsa py4Hor oTnpaBKkun Mapkepa BpeMeHn Heobxoaumo 3anucaTb Tpebyemoe 3HayeHne BpeMeHn B permcTp
SPW_TIME none TIME_TX. 3atem Heobxoaumo 3anucaTb B 3TOT xe pernctp 6ut TIME_TX_EN. Mapkep n3
nona TIME_TX 3anucbiBaeTcsa B none Tekywero spemeHn cetn TIME_NOW u rotosutcs k otnpaske. SPW
OOXMAaeTCA OKOHYaHMSA nepejayvM CUMBONA AaHHbIX WM CryXeBHOro cMMBOMNa M HaydnHaeT nepegavy
Mapkepa BpeMeHW, Mocrne OKOHYaHus nepegaym Mapkepa BpeMeHU NpoAoImKaeTCcs nepegaya notoka AaHHbIX.
lMocne oTnpaBku Mapkepa BpeMeHu BbicTaBnseTcs ctatyc TIME_SENT.

B kaHane npuema mapkep BpEMEHW BblOEnseTcs M3 MOTOKa AaHHbiX U npu 6e3owmboyHoM npueme
3aHocuTca B none TIME_RX ¢ BeictaBneHuem ctatyca GOTTIME_GOOD, ecnn mapkep BpeMeHu aBnsaeTcd
KOpPeKTHbIM. KOppeKTHbIM Mpu3HaeTca Mapkep BpemeHu Ha 1 Gonblue, Yyem npegblgylwnin (3HayeHue
koToporo otobpaxaeTtcs B peructp B TIME_NOW). Ecnu npeabigyLiuin Mapkep BpEMEHU UMeN 3Ha4veHne 63,
TO CregylolWmii KOPPEKTHbIA MapKep BPEMEHW OOMKeH umeTb 3HadeHue 0. 3HadeHue mapkepa BpeMeHU
3aHocutca B TIME_RX n TIME_NOW. Ecnn mapkep BpeMeEHN He ABNSETCS KOPPEKTHbIM, TO €ro 3HadYeHune Tak
e 3aHocutca B TIME_RX n TIME_NOW, Ho B cTaTycHOM peructpe BbicTaBnsetca 6ut GOTTIME_BAD. B
Hayane paboTbl yCTpoWCcTBa MM nocrie cbpoca mMapkep BpeEMEHW CO 3HayeHnem 1 paccmaTpvBaeTcs Kak
KOPPEKTHbIN. 3Ha4YeHne TekyLwero BpeMeHun cetu otobpaxaetcs B permctpe SPW_TIME none TIME_NOW

Pa6oTta c naketamu npepbiBaHUM U NOATBEPXAEHUN

SPW nopgepxuBaeT paboTy C nakeTamu npepbiBaHWA 1 NOATBEPXAEHUN npepbiBaHuin. MNonb3oBaTtens
MOXeT paspelnTb paboTbl ¢ nakeTamu npepbiBaHui nytem 3anucu «1» B EN_INT lNonb3oBaTens Moxet
paspewnts paboTbl C NakeTamu NoATBEPXAeHWN npepbiBaHuin nytem 3anucn «1» B EN_ACK. PaboTta
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CYETYMKOB CUCTEMBI NPEPbIBaHMI NponcxoanT Ha Yactote APB.
Pa6oTta c naketamu npepbiBaHUMN

3a dwmkcaumo nakeToB npepbiBaHUA cucTembl oTBeyaeT perumctp SPW_INTPACK. Peructp
SPW_INTPACK cogepXuT nHdopMaumio O MPUHATLIX U OTNPaBeHHbIX Kogax pacrnpenenieHHbIX NpepbiBaHNi
n nogTBepxaeHus. Ecnv ns cetn nonyyeHo pacnpegeneHHoe npepbiBaHne, 7o 6ut peructpa SPW_INTPACK,
COOTBETCTBYIOLIUA HOMEPY pacnpefesieHHOro npepbiBaHWs yCTaHaBnuBaeTcs B 1 (ecnv OH yxe He Obin
yctaHoBneH B 1). AHanormyHo, ecnn B peructp SPW_INT_ACK ocyulectBnseTca 3anucb Koaa
pacnpegeneHHoro npepbiBaHus, cootseTcTByowmn 6ut pernctpa SPW_INTPACK yctaHaBnuBaetca B 1.
Ecnu 13 cetn nonydeH kop noareepxaeHus, 1o 6ut peructpa SPW_INTPACK, cooTBeTCTBYIOLLMI HOMEPY
koga noaTBepxaeHus yctaHaenusaeTtcs B 0 (ecnv OH yxe He 6bin yctaHoBneH B 0). AHanorm4Ho, ecnu B
pernctp SPW_INT_ACK ocyuiecTBnseTca 3anucb Koga NOATBEPXKAEHWS, COOTBETCTBYOLWNA BUT perncrpa
SPW_INTPACK yctaHaBnuBaeTcsa B 0. HeobxoammocTb OaHHOrO perucrpa cBsidaHa C TeMm, YTO Koabl
pacrnpegeneHHbIX NPepPbIBaHUIA U KOAbl NOATBEPXKAEHMS MOTYT MPUXOOUT U3 CETU OYEHb YacTo, bbicTpee, Yem
npoLueccop MOXeT cpearMpoBaTb Ha odepefHoe npepbiBaHME U npoduTaTb Kod. Ecnn gaxe B pervctpe
SPW_INT_ACK koag pacnpedeneHHOro npepbiBaHUs WNU KOA4 noaTBepXAeHus OydeT nepesanvcaH
cnegywowmnm, nHdopmMaums o Hem He BydeT yTpadeHa — oHa coxpaHutcs B pernctpe SPW_INTPACK. Ons
TOro 4ToBbl ero copocuTb, Heob6xoaMMO 3anucaTtb B 3TOT pa3psag permctpa SPW_INTPACK 1. (Mpw 3anuncu B
6uT 3HaveHns 0, ero 3HayeHne He MeHseTCs).

UrHopupoBaHue nakeToB npepbiBaHUMN

MakeTbl npepbiBaHun ByayT OTOPOLLEHBbI MPU NMPUéMe B cCriydae, ecnu npepbiBaHne ¢ AaHHbIM HOMEPOM
3amackvpoBaHo B pernctpe SPW_MSK_INT.

MakeT npepbiBaHua OygeT OTOpoLeH npu nepegade B cryvae, ecnu Obina MonbiTka OTNpaBKv Npwu
BbicTaBneHHom curHane INT_BLOCK peructpa SPW_INT_ACK. Ecnu nakeT npepbiBaHUs Obifl OTNpaBneH ¢
HOMEpPOM NpepbIBaHUA, Ha KOTOPbIV He NPULLEN NakeT NOATBEPXKAEHNSA NPEPbIBAHUA, YUTO MOXHO YBUOETH B
pernctpe SPW_ACK_NOT. Takke B cnyyae nonbITKW OTApaBku npepbiBaHUs 00 cocTosaHNA « RUN» cuctemsl
npepbiBaHve 6yaeT oTbpolleHo. He cTout nbiTatbCcsa OTNpaBnsATb NpepbiBaHMSA B N0OOM COCTOSAHMM MOMUMO
«RUN». B cny4yae oTmMeHbl oTnpaBku naketa npepbiBaHua B peructpe SPW_ST 6ygeTt BbicTaBneH 6uT
NOTWRINT.

PaboTa ¢ nakeTamMu noaTBEPXAEHUN

Ecnn B pernctpe SPW_INTPACK peructpupyetcs Kog pacnpefeneHHoro npepbiBaHus u paboTta ¢
naketamu MOATBEPXAEHUA ANS [aHHOro npepbiBaHusa paspeweHa B SPW_MSK_ACK , 1o gna Hero
3anyckaeTcsa cyeT Tanmayta (kaxgomy paspsgy SPW_INTPACK cooTBeTCcTBYeT OTAenNbHbIN cyeTyuunk). B
3aBMCUMOCTU OT TOro, Obin nM KOA4 pacnpedeneHHOro npepbiBaHUS MPUHAT M3 CeTu unu oTnpasneH
npoLieccopom, HayansHoe 3HadeHue cdyetymnka yctaHasnueaetcs B LOC_CNT1 nnn LOC_CNT2. (3HaveHue
cyeTuYMKa AeKpeMeHTUpyeTCH Kaxabli pas, koraa rnobanbHblil CHETYMK 4OCHMTBIBAET A0 OnpeaeneHHoro Ans
Hero MakcuMmarbHOro 3HadeHusi). Ecnu 3a Bpems cyeTa M3 CeTU He MOCTynaeT COOTBETCTBYHOLUMA KOA
NnoaTBEPXXAEHMS, TO COOTBETCTBYOWMI pa3psag pernctpa SPW_ACK NOT ycraHaenuBaetca B 1. [1na Toro
4yTOObI €ero copocuTb, Heobxoaumo 3anucatb B ATOT paspsag pernctpa SPW_ACK_NOT 1. (Mpwu 3anuncu B 6uT
3HauyeHus 0, ero 3HayeHne He MeHsaeTCs).

UrHopupoBaHMe nakeToB NOATBEPXKAEHUN NpepbIBaHNN

MakeTbl NpepbiBaHUn GyayT OTOPOLIEHbI NpY NPUEMeE B Crny4dae, ecnu rnpepbiBaHne ¢ aHHbIM HOMEPOM
3amackumpoBaHo B peructpe SPW_MSK_ACK.

MakeT noaTBepXaeHus npepbiBaHMsa ByaeT oTOpoleH Mpu nepegadve B crnyvae, ecnu Gbina nonbiTka
otnpasku npu BeictaBrneHHoM curHane ACK_BLOCK pernctpa SPW_INT_ACK. Takke B criyyae nonbITKu
oTnpasku npepbiBaHns Ao coctoaHua «RUN» cuctembl noaTeBepxaeHne npepbiBaHus 6yaet otépolleHo. He
CTOMT NbITaTbCSA OTNPABAATL NAKET B M060oM cocTosiHUM nomumMo « RUN». B cnyvae nonbITku py4yHOR OTNpaBku
naketa NOATBEPXOEHWS NMpepbiBaHUS Ha MpepbiBaHMe, Ha KOTOPOe HacTpoeHa aBToMaTtuyeckas oTnpaska
NOATBEPXKAEHUS, NakeT Takke OyaeT NpOMrHOPUPOBaH.
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Mpsamon goctyn k namatu (DMA)

MpuHATbie N nepenaBaemMble SpaceWire-nakeTbl XpaHATCSA He B camoMm IP-agpe SpaceWire (no npuunHe
nx 6onbLIOro pa3mepa), a B OCHOBHOM NamsaTn cuctemel. B IP-agpe nveetcsa gBa kaHana npamoro gocTyna K
namatn (DMA): TX n RX. KaHanbl paboTaloT He3aBMCMMO ApYyr OT Apyra M MoOryT (OYHKLUMOHUPOBATb
opHoBpemeHHo. Kaxabin kaHan aBnsieTcs MacTePOM Ha CUCTEMHOMN LLMHE.

B xoge npuema naketa npnemHuK nomeLlaeT npuHaTblie 6antel B RX FIFO 6ydep (konmyecTBo 3NnemMeHToB
B FIFO 3apaetca napameTtpom RX_FIFO_ADDR_W), oTkyaa ux BblumtbiBaeT RX kaHan DMA u 3anucbiBaet
B OCHOBHY0 NamsTb.

B xoge nepepaum naketa TX kaHan DMA BblunTbiBaeT 6antel naketa M3 Oydepa B OCHOBHOM NaMsiTu
yepes CUCTEMHYIO LWKHY 1 nomewaeT nx B TX FIFO (konuyectso anemeHToB B FIFO 3agaetca napametpom
TX_FIFO_ADDDR_W). bantbl nssnekatotca n3 FIFO nepegatumkom n nepepatotca B kaHan SpaceWire.

Pabota kaHanos DMA ynpaBnsieTca geckpyntopamu - crieymanbHbIMU CTPYKTYpamMu AaHHbIX, KOTopble
TaKKe HaxoasTCA B OCHOBHOM NaMAaTU. KaxxabIvi 4eCKpUNTOp COAEPXUT agpec 1 pasmep bydepa AaHHbIX Ans
nakeTta, a Takke Habop ynpaBnstoWmMX curHanoB un dnaros. [JeckpunTopbl CrpynnUpoBaHbl B ABe Tabnuubl.
DMA RX kanan ynpaensietcs tabnuuen RX geckpuntopoB, DMA kaHan TX ynpaBnsetcs Ttabnuuen TX
aeckpuntopoB. KomvyecTBO [OecKpunTopoB B Kaxgon w3 Tabnuy 3agaeTtca napameTpom IP-sgpa
NUM_DESCR (paBeH 16). Kaxabin geckpuntop 3aHumaeT 12 6ant. Takum obpasom, kaxgas Tabnuvua
aeckpuntopoB 3aHumaeT 12*NUM_DESCR 6ant ocHOBHOW namaTtu. Tabnuvubl 3aHMMalT HenpepbiBHbIE
yy4acTKM NamsaTu, TO eCTb AECKPUMNTOPbLI B Kaxaow Tabnuue AOMmMKHbI MATW OAMH 3a ApyrnM, 6e3 HesaHsTbIX
NMPOMEXYTKOB.

Mepen Havanom paboTbl UHTEpdenca SpaceWire Heo6xoaMMO BblAENUTE MECTO B OCHOBHOWN NaMsiTM nog
Tabnuubl OeckpunTopoB M Oydepbl OaHHbIX W MHULMANM3MpoBaTb OECKpUNTOpbl. Takke Heobxooumo
coobwmTb IP-agpy SpaceWire agpeca Tabnuu, 3anucaB agpec Tabnuubl TX OeCKpUNTOpoOB B pernctp
SPW_TX DESCR_ADDR, a agpec tabnuubl RX pgeckpuntopoB B peructp SPW_RX DESCR_ADDR.
3anpeuweHo meHaTb SPW_TX DESCR_ADDR Bo Bpems pabotbl TX kaHana DMA u 3anpelleHo MeHsATb
SPW_RX_ DESCR_ADDR Bo BpeMsi paboTbl RX kaHana DMA.

Mopsipok 6anToB B namsaTH

MpuHaTbIE GanTbl coxpaHaTca B 32-6utHoM OcHOBHOM namaTu B nopsigke Little-endian. 310 o3Havaer,
YTO NepBbI NPUHATBIN BanT coxpaHaeTca no agpecy BUFFER_ADDR, sTopow - no agpecy BUFFER_ADDR
+ 0x1 u Tak ganee:

Received
Bytes

— Byte 0

Bytes stored in main memory

Received
First

Byte 1 Byte Offset

Byte 2 Address 0x3 0x2 0x1 %0

Byte 3 BUFFER_ADDR Byte 3 Byte 2 Byte 1 Byte 0

Byte 4 © BUFFER_ADDR + 0x4 Byte 7 Byte 6 Byte 5 Byte 4

Byte 5 BUFFER_ADDR + Ox8 Byte 8

Byte 6

Byte 7

Received
Last

AHanornyHbeli nopaaok 6anToB NCNonb3yeTcs U Npu nepegade: nepsbiM Ha nuHuio SPW nepepaetca 6ant,
Haxogsawwminca no agpecy BUFFER _ADDR, 3atem 6anT,

—> Byte 8

Haxogsawwmca no agpecy BUFFER_ADDR + 0x1 u Tak ganee:
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Sent Bytes Bytes stored in main memory
= Byte 0
Byte 1 Byte Offset
Byte 2 Address 0x3 0x2 ox1 %0
Byte 3 BUFFER_ADDR Byte 3 Byte 2 Byte 1 Byte 0
Byte 4 @ BUFFER_ADDR + 0xd Byte 7 Byte 6 Byte 5 Byte 4
Byte 5 BUFFER_ADDR + 0x8 Byte &
Byte 6
Byte 7
s Byte 8

Pa6ota DMA kaHanoB

Kaxgeim kaHan DMA aktMBmpyeTcs 3anucbid B COOTBETCTBYHOLWMA OUT permctpa ynpasneHus
(START_TX_DMA / START_RX_DMA). Npwn atom 61T EN B peructpe ynpaeneHus 4omkeH 6biTb BbICTaBMAEH
B 1, MHaye KaHanbl HeMb3s akTMBMPOBaTb (MOXHO BKIOYMTL 6ok SPW B uenom u aktmenpoBatb kaHan(bl)
DMA 3a opHy 3anucb B peructp ynpasnenus). [Npu BbikntoyeHnn 6noka 3anvcbto 0 B 6ut EN kaHanbl
npekpawarT paboTy 1 copacbiBaloTCa B CBOE HaYanbHOE COCTOSHUE.

Cpasy nocne 3anucu B START_TX_DMA / START_RX_DMA BbicTaBnsietcsa B 1 6UT cTaTyCcHOro permctpa
TXDMA_ACTIVE / RXDMA _ACTIVE. TX kaHan DMA nocne BKMYeHUss HeMedneHHOo obpabaTtbiBaeT
Hyneson geckpuntop. RX kaHan DMA cHavana xgeT nosiBnenns gaHHbix B RX FIFO, n 3aTem o6pabaTtbiBaeT
Hynesow aeckpuntop. O6paboTka AecKkpmunTopa NPOMCXOaUT CriegyoLwmm obpasom:

1. KaHan DMA BblunTbIBaeT AECKPUNTOP 13 NaMATK.

2. TX kaHan DMA BbluuTbIBaeT 3afaHHOE B [OECKPUMNTOpPE KONM4ecTBO OGaMTOB M3 YyKa3aHHOrO B
aeckpuntope 6ydepa aaHHbIX 1 3anuceiBaeT ux B TX_FIFO. RX kaHan DMA BbluuTbiBaeT 6antbl n3 RX_FIFO
1 nomeLlaeT ux B yKasaHHbI B geckpuntope bydep AaHHbIX, noka nubo He BblumTaeT n3 FIFO EOP, nubo
KonunyecTBo 6anToB He NpeBbICUT pasmep Bydepa, ykazaHHbIN B AeCKpunTope.

3. Kanan DMA o6HoBnsieT BTopoe 32-6uTHOe cnoBo AeckpunTopa, BoicTaensas 6ut EN B 0 n 6ut DONE B
1, 4TOObI NOKA3aTb, YTO 3TOT AECKPUNTOP 0OpaboTaH.

3akoHuMB 06paboTKy HyneBoro geckpuntopa (oTnpaBMB/MoNyyMB NakeT B ero Oydep faHHbIX), kaHan DMA
nepexoauT K nepBoMy AECKpUNTOpY M Tak ganee, noka He AoMAEeT A0 KOoHUa Tabnuubl UM He 3aKOHYUT
obpabaTbiBaTb geckpuntop ¢ 6utom WRAP BbicTaBneHHbiM B 1. [locne 3Toro kaHan CHoBa nepengeT K
HyneBoMy AecKpunTopy. Ecnv npu BbluMTKe geckpunTopa okasblBaeTcs, 4To y 6ut EN B HEM He BbICTaBneH B
1, To kaHan DMA ocTtaHaBnuBaeT paboTty u BeicTaBnsdetcs 6ut TXDMA_NO_DESCR / RXDMA_NO_DESCR
B cTaTycHoM peructpe. [Npu atom 6ut ctatycHoro pernctpa TXDMA_ACTIVE / RXDMA_ACTIVE nepexogut
B 0. [Nocne aToro nporpamma MOXeT MHULMaNM3npoBaTh AECKPUNTOPbI U 3anyCTUTb KaHan CHOBA 3anucblo B
START_TX_DMA / START_RX _DMA. B atom crny4ae kaHan npogosrkut paboTy ¢ TOro geckpuntopa, Ha
KOoTOopoM ocTaHoBuscs (y kotoporo 6uT EN He Obin BbicTaBrneH B 1).

HDeckpuntopbl

MepBoe 32-6UuTHOE CNOBO AeCKpunTopa

Butbl OnucaHue

BUFFER_ADDR - ctapwue 30 6utoB agpeca bydepa gaHHbix. Mnagwuve 2 6uta agpeca

312 3ape3epBuUpoBaHbl 1 Bcerga paeHbl 0. [Ina TX geckpMntopoB MMEHHO u3 atoro 6ydhepa DMA

' BblYMTaET NakeT Ans nepegaym B kaHan. [Ana RX geckpuntopoB MMEHHO B 3TOT Gydep byaet
3an1caH NpPUHATBIN MaKeT.
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Butbl
1:0

OnucaHue
Peseps

Btopoe 32-6uUTHOE CnoBO geckpunTopa

Burbl

31

30

29

28

27

26

25

24

23:0

OnucaHue

TRUNC - atot 6ut aktyaneH Toneko ana RX geckpuntopos. Ecnu 6uT BeicTaBneH B 1, To npu
npueme naketa B 3TOT AECKPMNTOP NPOM30LLO nepenonHeHme bydepa B OCHOBHOW NaMsTu.
OkoH4yaHue nakeTa 6yaeT NPUHATO B CrieayoLun eckpunTop.

RMAP - 3HaueHue atoro 6uta otnuyaetcsa ans RX n TX geckpuntopoe. [na RX geckpuntopos 310T
ouT BbicTaBnsetcsa B 1 kaHanom DMA, ecnu 3TOT nakeT - oTBET Ha komaHay RMAP. na TX
OEeCKPUNTOPOB 3TOT BUT HEOBXOOUMO BbICTaBUTbL MPOrPaMMHO B 1 €Crim TOT NakeT - KoMaHaa
RMAP.

EEP - 6ut aktyaneH Tonbko ana RX geckpuntopos. o okoHuyaHuto pabotel ¢ RX geckpuntopom
kaHan DMA BbicTaBnsieT aToT OuT B 1, ecnn nocne AaHHbIX B 3TOM nakete naet EEP.

EOP - 6ut akTyaneH Tonbko ans RX geckpuntopos. Mo okoH4YaHuo paboTtbl ¢ RX geckpuntopom
kaHan DMA BbicTaBnsieT aToT 6uT B 1, ecnn nocne AaHHbIX B 3TOM nakete naet EOP.

DONE - gormkeH 6bi1Tb BbicTaBneH B 0 nporpaMmmMon npu nHuumannsaummn geckpunropa.
BoicTaBnsietcs B 1 kaHanom DMA nocrne okoH4YaHus paboTbl C 3TUM SECKPUNTOPOM.

IE - ecnu BbICTa@BMNEH B 1 Npy MHMUManNu3aumm geckpuntopa, To nocne o6paboTku aToro
peckpuntopa IP-agpo BbictaBuT B 1 6uTt TXDMA _DESCR_DONE/RXDMA_DESCR_DONE
peructpa ST n cdhopMmunpyeT NpepbiBaHUe (NpepbiBaHME TakkKe AOMKHO ObiTb pa3peLLeHo B permctpe
MacKu npepbIBaHWUN).

WRAP - ecnu BbICTaBneH B 1 Npu Hmumanusaumm geckpunropa, To nocne ob6paboTtku aToro
aeckpuntopa kaHan DMA BepHeTcs B Ha4ano Tabnumubl 4eCKPUNTOPOB U NPOAOIKUT paboTaTk ¢
aeckpuntopom Homep 0

EN - gormxeH 6bITb BbICTaBMEeH B 1 Npy MHALMaNM3aummn geckpunropa, YTobbl nokasaTtb, Y4TO 3TOT
aeckpuntop nHuymnanusmposaH. but EN BeictaBnsietca B 0 kaHanom DMA korga pabota ¢ 3Tum
OEeCKPUNTOPOM 3aKoHYeHa (nakeT oTnpaBneH/NpuHAT). [1o 3Toro MOMeHTa AaHHbIN AeCKpUnTop
«npvHagnexnt» DMA 1 He formkeH 6bITb U3MEHEH NMPOrpamMmMHO.

PACKET _SIZE - pasmep naketa. 3To nose 3anosiHaeTcs Nnpu nH1MLmMannsauum geckpunropa, ogHako
ero 3HaveHue otnmyaetca ana RX n TX geckpuntopos. Ansa TX geckpuntopoB PACKET_SIZE - ato
Konu4yecTtBo HawT, KoTopoe kaHan DMA gomkeH BblumTaTh M3 Bydbepa AaHHbIX M OTPaBUTL B KaHan
SpaceWire. ina RX geckpuntopoB PACKET_SIZE - 310 MakcumarnbHbIi pasmep Oydepa aaHHbIX
(MakcumanbHbI pa3mep COOBLLEHUS, KOTOPOE MOXET ObITb MPUHATO B 3TOT RX aeckpuntop). Mocne
3aBepLueHns npuema kaHan DMA obHoBRsieT aTo none, 3anucbiBas croga KonnyecTso 6anT,
NPUHATBIX B 3TOT OECKPUMNTOP.

TpeTbe 32-6UTHOE CNOBO AecKkpunTopa

RX

Butbl

31:24

23:16

OnucaHue

Transaction Identifie (MS) - ctaplas yacTb HOMepa TpaH3aKL MM NPUHATOrO OTBETHOIO NakeTa
RMAP, nony4yeHHas npu obpaboTke naketa. ATo none akTyansHo Tonbko ansa RX geckpuntopos u
TOMNbKO B TOM cry4ae, korga 6ut REPLY BbicTaBneH B 1 (TO €CTb 3TOT NaKeT SBASETCS OTBETOM Ha
komaHgy RMAP).

Transaction ldentifie (LS) - mnagwas 4acte HoMepa TpaH3aKuun NPUHATOrO OTBETHOIO NakeTa
RMAP, nony4yeHHas npu obpaboTke naketa. ATo none akTyansHo Tonbko Ans RX geckpuntopos u
TOMNbKO B TOM cry4ae, koraa 6ut REPLY BbicTaBneH B 1 (TO eCTb 3TOT NaKeT ABMNSETCS OTBETOM Ha
komaHgy RMAP).

15

ERR_DATA - owmbka gaHHbIX NpuHATOro otBeTHoro naketa RMAP, nonyyeHHas npu obpaboTke
nakeTta. 3TO None akTyanbHO ToNbko Ana RX geckpMnTopoB 1 TOMbLKO B TOM Criyyae, korga out
REPLY BbicTaBneH B 1 (TO eCTb 3TOT NAKeT ABMAETCS1 OTBETOM Ha komaHay RMAP).

14

ERR_HR - owwnbka 3aronoska npuHsaToro otsetHoro naketa RMAP, nonyyeHHas npu obpaboTke
naketa. [Npu nonyyeHmun gaHHon ownbkm none STATUS_REPLY MoXeT 6biTb OLLNMGOYHO,
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Butbl |OnucaHune

npasunbHocTb nona STATUS REPLY 3aBucut oT 3HaueHns STATUS CODES RX, kotopoe
onpeaeneHo cTaHgapToM. TO MNone akTyanbHO TOMbKO ANst RX 4ecKpUMnTOpoB M TOMBKO B TOM

cnydae, korga out REPLY BbicTaBneH B 1 (TO eCTb 3TOT NaKeT ABMSIETCA OTBETOM Ha KOMaHAOy
RMAP).

STATUS_CODES_RX - ctatyc npvHATOro OTBETHOro naketa Ha komaHay RMAP, nony4eHHbIn npu
13:8 |obpaboTke nakeTa. JTO None akTyanbHO TONbKO Ans RX AeckpunTopoB 1 TONBKO B TOM Cry4ae,
koraa 6ut REPLY BbicTaBneH B 1 (TO €CTb 3TOT NakeT SBNSeTCs OTBETOM Ha komaHay RMAP).

STATUS_REPLY - ctatyc otBeTa Ha komaHgy RMAP, cogepxalummncsa HenocpeacTBEHHO B
7:0 |npvHATOM nakete. OTO Mone akTyanbHO TOrNbKo AN RX geckpunTopoB v TOMbKO B TOM criyyae,
korga 6ut REPLY BbicTaBneH B 1 (TO eCTb 3TOT NaKeT ABMSIETCS1 OTBETOM Ha koMmaHay RMAP).

X

Butbl |OnucaHune
31:6 |Pe3eps

"Target SpaceWire Address" SIZE - pa3mep (B baiiTax) agpeca Ha3HadeHus komanabel RMAP. 3To
5:0 rnone akTyanbHO TONbKo Ans TX AeCKpMnTOpOB U TOMLKO B TOM cryvae, koraa out RMAP BbicTaBneH
’ B 1 (TO ecTb 3TOT NakeT ABnseTca komaHgon RMAP). 3anonHsaeTcsa npu MHuumanusauum
aeckpunTopa.

OcobeHHOCTN peanu3aumm

Mpu npuéme OTBETHOrO CrioBa Ha onepauuio «4teHne» MoxeT ObiTb NnepenonHeH RX FIFO
(47 6anT). B panHom cny4yae naket Oyaet otbpoweH, a B none STATUS_CODES_RX 6yget
BbICTaBNeH koA owmnbkn 9.

Ecnu npn npueme RMAP REPLY npoucxogut nepenonHeHns 6ydepa B OCHOBHOM NamsTn (Mpu 3TOM BO
BTOPOM croBe geckpuntopa BbicTaensetcs 6ut TRUNC), To TpeTbe cnoBo geckpuntopa byaeTt cogepxatb
Hynu. TpeTbe CnoBo deckpuntopa byaeT cogepaTb BanuaHble AaHHbIE B crieayloweM geckpuntope (Kyga
OyaeT NPUHAT OCTaToK NakeTa).

MNepenonHeHune 6ycepa AaHHbIX NpU Npueme

B kaxxgoM RX-geckpunTtope xecTko 3agaH pa3mep bydepa ansa npuHateix gaHHbix (PACKET_SIZE), Torpa
Kak ctaHgapT SpaceWire He orpaHMyMBaeT pa3Mep nakeTa AaHHbIX. Takum obpa3om, BO3MOXHaA CUTyaLus,
Korga pasmep npuHMMaeMoro naketa okaxetcs 6onbwe PACKET_SIZE. B atom cnyyae DMA nepengeT K
crnepgywouwemy Ha odepeau RX geckpuntopy v npodorknT NnpuHuMaTh nakeTt B ero 6ydep aaHHbIX. MNpu aToM
B TekyLlem geckpnrope dyaet BoictaBneH 6ut TRUNC - nMeHHO Tak MOXHO onpeaenvTb, YTO NPOAOIKEHNE
naketa HaxoguTcsa B criegyowiem RX geckpuntope. Takum obpasom, pasmep nakeTa, KOTOpbIA CnocobeH
NpUHATBL KOHTponnep SpaceWire, He orpaHu4eH pasmepom ogHoro bydepa AaHHbIX.

OLWKnNOKN Ha CUCTEMHOW LLUKHe

Ecnu B xoae YTeHusi/3anmMcy oCHOBHOWM namsitTu kaHanoMm DMA npoucxoguTt owmnbka, To 3ToT kaHan DMA
OCTaHaBnuBaeTcs M BbicTaBnseTca ouT ctatycHoro permctpa TXDMA_BUS_ERROR pgna TX kanana DMA
unu RXDMA_BUS ERROR pana RX kanana DMA. but cratycHoro peructpa TXDMA_ACTIVE /
RXDMA_ACTIVE npun atom cbpaceiBaetcs B 0. KaHan cbpacbiBaeTcs B CBO€ HayanbHOe COCTOsSHME, Mpu
nocrneayoLwem 3anycke oH HayHeT paboTbl ¢ geckpuntopa Homep 0.
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RMAP
Maketbl RMAP

YcTponctBo noaggepxmBaeTr Bce onepauun RMAP. OtBeT Ha komaHgbl RMAP  dopmupyetcs
aBTOMaTUYECKM B COOTBETCTBUMN CO CTaHOAPTOM.

Mpuem cnyxebHon MHOPMaLMN U OaHHLIX OTBETHBIX MaKeTOB MPU OTCYTCTBUM OLIMDOOK, a Takke npu
owmnbkax TMna ERR_SEND_HR ocyuiecTtBnsieTcs B AeckpunTopbl npueMHuka. CnyxebHas mHdopmauus
3anucbiBaeTCcsl B PErncTpbl AECKpMNTOpOB B nNepBble 3 CroBa, B COOTBETCTBMM C OMNMUCAHWEM,
npeacTaBrneHHbIM paHee.

Butel B pernctpe ctatyca RMAP dopmupytoTca nocrne oTnpaBky OTBETHOrO CrnoBa Ha komadgy. Ecniv
OTBETHOE CrnoBO He TpeboBanoch, TO cTaTyCHble BUTBHI hOpMUPYIOTCA cpasy nocne obpaboTkM KomMaHAbI.
CraTtycHble 6uTbl hopMUpyrOTCA cpady nocrne o6paboTKkn OTBETHOrO nakeTa.

D,OCTyn K OCHOBHOM NaMATH

RMAP ucnonbsyeTt RX kaHan DMA ans 3anncu gaHHbIX B OCHOBHYO Namatb U TX kaHan DMA ang yteHus
AaHHbIX N3 OCHOBHOW NamaATu. B xoae koHgurypauumn SpaceWire MoXHO 3agaTb 00 4eX Auana3oHOB afpecos,
B koTopble RMAP paspelleH goctyn.

OvanasoHbl agpecoB, B koTtopble RMAP paspelweH poctyn, 3agaloTcs 3anucbld B PerucTpbl
SPW_RMAP_REGION_BASE_ADDR n SPW_RMAP_REGION_SIZE. Bcero ecTb 4 napbl 3TUX perncTpos,
Kaxgas napa 3agaeT  CBOW  amana3oH  agpecoB, kyda RMAP  paspeweH pgoctyn:  OT
SPW_RMAP_REGION_BASE_ADDR (BkmountensHo) po SPW_RMAP_REGION_BASE_ADDR +
SPW_RMAP_REGION_SIZE (He BkntoumTenbHo). [ng kaxxgoro guanasoHa MOXHO paspelunTb YTeHune (6ut
RD_EN) un 3anuce (WR_EN) otgencsHo. lNo-ymonyaHuio BCe Auana3oHbl aapecoB BblkMNioYeHbl (0b6a buta
RD_EN u WR_EN BbictaBneHol B 0), a 3HauuT RMAP He wumeeT [ocTyna B OCHOBHYHO NamsaTb
cucTembl.[Juana3oHel agpecoB, B koTopble RMAP paspelleH JocTyn, 3afatoTcs 3anucbio B PerncTpbl
SPW_RMAP_REGION_BASE_ADDR un SPW_RMAP_REGION_SIZE. Bcero ecTb 4 napbl 3TUX PerucTpos,
Kaxgas napa 3ajaeT  CcBOW  Amana3oH  agpecoB, kyda RMAP  paspeweH pgocTtyn:  OT
SPW_RMAP_REGION_BASE_ADDR (BkmtouutenbHo) pgo SPW_RMAP_REGION_BASE_ADDR +
SPW_RMAP_REGION_SIZE (He BkntouMTenbHo). [ng kaxxgoro guanasoHa MOXHO paspelunTb YTeHne (6ut
RD_EN) u 3anuce (WR_EN) otgencHo. lNo-ymonyaHuio BCe Auana3oHbl agpecoB BblknioYveHbl (06a buta
RD_EN n WR_EN BbicTtaeneHs! B 0), a 3Ha4mT RMAP He nmeeT gocTyna B OCHOBHYIO NaMsATb CUCTEMbI.

3anuce B pernctpsbl, ynpaenswowme goctynom DMA k namatu, AOIPKHA NPOMCXOAuTb Nepea Hadvanom
pabotel RMAP. Bo Bpemsi paboTel RMAP MeHSATb 3Ha4YeHnst 3TUX perMcTpoB 3anpeLueHo.

OrpaHuyeHue Ha agpeca, ykazaHHble B komaHaax RMAP

AZpec, ykasaHHbln B komaHae RMAP, gormkeH ObiTb BblpaBHEH Ha rpaHuly 32-6utHoro crnosa (To ecTb
mnagwme 2 6uta JormkHbI ObITb paBHbl 0).

CRC npuHsaTOro naketa

Pasmep nonst DATA npyvHMMaemoro naketa, B KOTOPOM TpebyeTcs npoBepka AaHHbIX (Crc), He OOMMKeH
npesbllwaTh 47 6anT.

Owunobkun B naketax RMAP

Mpun npueme naketa RMAP onpegenstoTtca ownbku no header n data. Owunbkm no header genarca Ha 2
kateropun: ERR_NSEND_HR 1 ERR_SEND_HR.

K owunbkam ERR_NSEND_HR oTHocATcs owmbkn, Ha KOTOpble NO CTaHAapTy HEe HYXHO OTNpaBnsiTb
OTBETHbIE CMoBa. OTO OLWMOKK, CBA3aHHbIE C OTCYTCTBUEM MITM HECOBMAAEHNEM MOMS Crc, a Takke ownbka no
Hen3BecTHOMY TUNy nakeTa. Takve nakeTbl 6yayT oTOPOLLEHbl YCTPOMNCTBOM, TakK Kak CYMTalOTCA NOMHOCTbIO
He BanuaHbiMn. B peructpe ctatyca RMAP 6yaet koppekTHo BbicTaBneHbl 6utel ERR_NSEND_HR, ERR_HR
n CODES, octanbHble 6UTbl 3HA4YEHUS HE UMEIOT.

K owmbkam ERR_SEND_HR oTHocATCS owmnbku, no KOTOpbIM AOMYCTUMO OTNPaBNATb OTBETHLIN NakeT B
cny4vae, ecnu 6bIn Ha Hero 3anpoc. Bce gaHHble B peructpe ctatyca RMAP 6yayT BanuaHbel. Ecnu naket
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npeacTaenaeT coboi OTBETHbIN MakeT Ha KOMaHay, TO ANA Hero Takke BO3MOXHO BbICTaBIEHWE AAHHOIO
6uTta. 310 ByaeT 3HaUMTb, YTO BCe BUTLI perucTpa crtatyca BanvaHbl. Best Hdbopmaums no gaHHoOMy nakeTy
3adMKCMpOBaHa B ECKPUNTOPE NPMEMHUKA B COOTBETCTBMU C ONUCAHNEM.

dukcauymsa ownboK No AaHHbIM peann3oBaHa OnAa BCeX TUNOB NakeToB (KOMaHD,bI N OTBETHbIE I'IaKETbI) B
COOTBETCTBMM CO CTaHOAPTOM.

OcobeHHocTH

Mpn HeponycTMMom 3HadveHun B none «Data Length» onepauumn read-modify-write B
OTBETHOM crnoBe OydeT oTnpaBneHo TO Xe 3HadeHme «Data Length», 4To u B nakete
KOMaHApl. B ocTanbHbIx cnydasx aHadeHne byget nogeneHo Ha 2.

Mopspok pabotbl co SPW
« 3anucaTtb HeobxoguMmble KoadhpuuneHTsl B permctp SPW_DIV;
« 3anucaTtb HeobxoamMbin KoaddumumeHTbl B pernctp SPW_PAUSE;
e paspewwunTb HeobxoamMmble npepbiBaHNs B pernctpe SPW_MSK;
e HACTPOWUTb MOAYJIb HAa HYXXHbIN TUMN paboTbl, NyTEM 3anucu B pernctp SPW_CFG;

e HacTpouTb 0a30BbIi agpec Tabnuubl AECKPUMNTOPOB AN NMPUHMMaeMbIX MakeToB NyTEM 3anucu
3Ha4veHus B pernctp SPW_RX_DESCR_ADDR,;

* HacCTpouTb nepBoe N BTOpOE CJ1I0BO AEeCKPUMNTopa B COOTBETCTBUN C Tpe6OBaHl/|FIMVI;

e HacTpouTb Ga3oBbIi agpec Tabnuubl AECKPUMNTOPOB Afsi NepefaBaeMblX MakeToB MyTEM 3anucu
3Ha4veHus B pernctp SPW_TX DESCR_ADDR;

* HacTpouTb nepBoe, BTOopoe U TpeTbe (Ana RMAP) cnoBo pgeckpuntopa B COOTBETCTBUU C
TpeboBaHMsAMMY;

* paspewntb paboty mogynsa u DMA nytem 3anucu B pernctp SPW_CTRL.

®dopmat naketa RMAP ansa nepeaaum

[ns oTnpaBky KOMaHabl rmap nonb3oBaTernb AOMmKeH cdopmMupoBaTb nakeT Tpebyemoro dopmaTta B
obnacTv namsiTv, Ha KOTOPYHO YKa3biBaeT COOTBETCTBYHOLLUIA AECKPUMTOP.

dopmat komangpl Write RMAP:

. Target SpaceWire Address(npu HeobxoanmocTm)
. Target Logical Address

. Protocol ID

. Write command options

Key

. Reply Address (npu HeobxogumocTn)

. Initiator Logical Address

. Transaction Identifier

. Extended Address

10. Memory address
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11. Data Length
12. Data

B cnoee «Data Length» ykasbiBaeTcst KONM4YeCTBO 3anncaHHbIX gaHHbIX «Datay. CRC gns «Header» n ans
«DATA» ByaeTt nocuntaH 1 BCTaBEH aBTOMaTUYECKM MPU OTNPaBKe KOMaHAbI.

dopmat komaHabl Read RMAP:

. Target SpaceWire Address(npu HeobxoanmMocTK)
. Target Logical Address

. Protocol ID

. Read command options

Key

. Reply Address

. Initiator Logical Address

. Transaction Identifier

. Extended Address

10. Memory address

11. Data Length

CRC ans «Header» 6ygeT nocynTaH 1 BCTaBfEeH aBTOMaTMYECKN NPM OTNPaBKke KOMaHAbl.
®opmart komaHabl Read-Modify-Write RMAP:

. Target SpaceWire Address(npv HeobxoanmocTK)
. Target Logical Address

. Protocol ID

. Read-modify-write command options

Key

. Reply Address

. Initiator Logical Address

. Transaction Identifier

. Extended Address
10. Memory address
11. Data Length

12. Data

13. Mask

B cnose "Data Length" ykasbiBaeTcsa konnyecTBo 3anncaHHbix gaHHbIx "Data" n "Mask". CRC ans "Header"
n ans "Data"+ "Mask" 6yget nocumMTaH 1 BCTaBneH aBTOMaTMYeCKU Npu oTnpaBke KOMaHAbI.

TecToBbIN pexum paboTbl

Pabota Mogyns MoxeT ObITb NMpOBepeHa B TECTOBOM pexmme. [nst 3Toro nonb3oBaTento Heo6xoammo
3anucatb «1» B 6ut DSLOOPBACK. lNMocne atoro Bbixogbl DS moaoyns SPW GyayT coeanHeHbl ¢ BXogamm
DS aToro e mogynsi. Takum obpasom moayrnb 6yaoeT B3aMmModencTBOBaTb cam C COOOM.
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YacTtoTHble orpaHnyeHusA

Psag mogynen SPW paboTaeTt Ha YacTtote Fspw. [laHHas yactoTa onpedensetr MakCuManbHyH CKOPOCTb
nepegayun gaHHbix. [ns Toro, 4Tobbl ocywecTBnATb 06meH Ha ckopocTu 200 M6/c, Fspw gormkHa 6biTe 200
MIy. Tlpy  ymeHbweHun Fspw MakcumanbHas CKOpOCTb nepefjadvM OydeT ymeHbliaTbCa  MpsSMO
NPOMNOPLMOHANBLHO.

Ha ocHoBe Fspw dopmupytoTcss 4acToTbl ¢ koadduumneHtamm genenmss n3 DIV_TX u DIV_10MGz.
CkopocTb 06meHa B 10 M6/c o6s3aTensHa ans ctangapta SpaceWire, COoTBETCTBEHHO FSpw HE MOXET ObiTb
Hwke 10 Mlu. B cnyyae 10 My Ha Fspw B pernctp SPW_DIV nona DIV_10MGz gomkeH 6bITb 3anucaH
koappmumeHT «0», uTo ByaeT cOOTBETCTBOBaTL CKOPOCTM nNnepeaaym gaHHblx B 10 M6/c.

O6paboTka MapkepoB BpemeHn nponssogutcs Ha Fapb. 3To BbI3biBaeT YacToTHblE orpaHndeHnsa. OguH
MapKep BpPEMEHMW NpuU HENPEPbLIBHOM MOTOKe OOMKeH ObiTb NepeaaH megneHHee ogHoro Takta Fapb. MHaue
MapKepbl BpeMeHn He OyayT ycneBaTb BblYUTbIBATbCS cMCTEMOW. Mexay npuemHukom, paboTtarowmm Ha
Fspw, n gomeHom Fapb ctouT Oydep Ha 8 cnoB, 4TOOblI KOMMEHCUMPOBAaTbL HavarnbHY 3adepXKy npuema
MapkepoB B foMeH Fapb.

O6paboTka NakeToB NpepbiBaHWI 1 NOATBEMKAEHWIN NpepbiBaHNA NponssoanTcs Ha Fapb. 370 BbisbiBaeT
YacToTHble orpaHuyeHus. OauH NakeT Npu HeNpepbIBHOM NOTOKE AOIMKeH ObiTb NepeaaH MeAneHHee OQHOro
Takta Fapb. MlHaye npepbiBaHusA/nogTBEpXaEHMS NpepbiBaHUi He ByayT ycneBaTb BblMUTbIBATLCSH CUCTEMOWN.
Mexagy npuemHukom, pabotarowmm Ha Fspw, n gomeHom Fapb crtout 6ydep Ha 8 cnos, 4TOGbI
KOMNEHCUPOBATb HavanbHY0 3a4epXKKy npuemMa npepbiBaHNA/NoATBEPXKAEHUN NpepbiBaHUN B AoMeH Fapb.

C yuyeTom ToOro, uto broadcast naket (npepbiBaHMe/nogTBepxxaeHue/mapkep spemenn) gnutca 14 6utos,
TO npwm ckopoctn 200 M6/c Fapb gomkHa 6bITb He Hke 200/14=14.29 MI'y

? MpegynpexaeHue

Ons koppekTHON paboTbl KOHTPONepa He pekoMeHayeTcsa TakTnpoaThb WuHel AHB n APBO
pasnu4YHbLIMU MO YacTOTe CUHXPOCUrHaNamu.

KapTta peructpoB

CwmelleHue ot
6asoBoro agpeca AGb6peBunartypa HocTyn OnucaHue
6noka
0x00 SPW_CTRL RW Peructp ynpaeneHus
0x04 SPW_CFG RwW Pernctp KoHurypaumm
0x08 SPW_MSK RwW Peructp mackun
0x0C SPW_ST R Peructp cratyca
0x10 SPW_DIV RwW Pernctp genutens
0x14 SPW_PAUSE RwW Peructp 3agepxku
0x18 SPW_MSK_INT RwW Peructp macku npepbiBaHun
0x1C SPW_MSK_ACK RwW Pernctp mackv nogTBepXxaeHun
0x20 SPW_WAITACK_CNT RwW PerncTtp 3agep)xku NOATBEPXKOEHWUN
Ox24 SPW_INT_ACK RW Permetp npepeiBarivi
- = NoATBEPXKOEHNI
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CmelueHue ot
6a3oBoro agpeca AGbpeBunartypa Hoctyn OnucaHue
6rnoka
0x28 SPW_INTPACK RW Pernctp 3a(bVIKCVIp(38aHHbIX
npepbiBaHWN
0x2C SPW_ACK_NOT RW Peructp otcyTeTayloLINX
NOATBEPXAEHNN
0x30 SPW_TIME_CNT RW Pernctp BpemeHu oTnpaBKkn BpEMEHHbIX
METOK
0x34 SPW_TIME RW Peructp BpemeHu
0x38 SPW_TX_DESCR _ADDR |RW basoeint anpec Tabnmuel TX
OEeCKpUnTopoB
BbaszoBbIi agpec Tabnumubl RX
0x3C SPW_RX DESCR_ADDR |RW
- = - OEeCKpUNTopoB
RMAP
0x40 SPW_LADDR R/W Jlornyecknin agpec yctponcTea
0x44 SPW_KEY R/W Kntou aBTOpPM3aL MM YCTPOMCTBA
0x48 SPW_ST_RMAP R/W PerucTtp cratycos npotokona RMAP
0x4C SPW_MSK_INT_RMAP R/W Kntou aBTOpPM3aL MM YCTPOMCTBA
0x50 SPW_RMAP_REGION_BAS RIW ba3oBblIli agpec paspeLleHHOro permoHa
E_ADDR_ O namatn anga RMAP
Ox54 SPW_RMAP_REGION_BAS RIW ba3soBbili agpec paspeLleHHoro permoHa
E_ADDR 1 namatn anga RMAP
0x58 SPW_RMAP_REGION_BAS RIW ba3soBbili agpec pa3peLleHHoro permoHa
E_ADDR_2 namatn ang RMAP
OX5C SPW_RMAP_REGION_BAS RIW BasoBbIi agpec paspeLLleHHOro permoHa
E_ADDR_3 namatn ang RMAP
0x60 SPW_RMAP_REGION_EXT RIW PacluvpeHHbIn agpec paspeLleHHbIX
ENDED_ADDR pernoHos namatu ansg RMAP
Ox64 SPW_RMAP_REGION_SIZE RIW Pasmep paspelueHHOro permoHa
_0 namsatn ans RMAP
0x68 SPW_RMAP_REGION_SIZE RIW Pa3mep paspelueHHoro permoHa
1 namsatn ans RMAP
OX6C SPW_RMAP_REGION_SIZE RIW Pa3mep paspelueHHoro permoHa
2 namsatn ans RMAP
0x70 SPW_RMAP_REGION_SIZE RIW Pa3mep paspelueHHoro permoHa
3 namsatn ans RMAP
SPW_CTRL [0x00].
BuTbl HasBaHue OnucaHue HdocTtyn C6poc
314 - PesepB R 0
Banyctutb paboty TX DMA(aBTOMaTN4YECKU
3 STARTRTX—DM cbpacbiBaetcs B 0): R/W 0
. 1 - 3anyctute TX DMA
Banyctutb paboty RX DMA(aBTOMaTu4eckum
2 START)—A\RX—DM cbpacbiBaetcs B 0): R/W 0
. 1 - sanyctnte RX DMA
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Butbl Ha3BaHue OnucaHue LOocTtyn C6poc
OcrtaHoBka paboTbl SPW:
1 LINK_DIS . 1 - pabota SPW ocTaHOBMEHa; R/W 0
. 0 - SPW B paboueMm pexunme.
BkntoveHune mogyna SPW:
0 EN . 1 - BKNHOUNTb MOAYIb; R/W 0
. 0 - OTKMOYMTE MOZYIb.

SPW_CFG [0x04].
Butbl Ha3BaHue OnucaHue OocTtyn C6poc
31:9 - Peseps R 0

CoegunHeHne BbIXOAHbIX NHWI DS co BXoOHbIMU

8 | DSLOOPBACK |™H/aMu DS SPW. _ RIW 0
. 1 - CoeguHnTb nuHuKn DS;

. 0 - CTaHgapTHbIN pexunm.

Mopoaepxka SPW_RMAP:

1 - SPW c nogaepxkon npoTtokona RMAP; R/W 0

. 0 - SPW 6e3 nogaepxkm npotokona RMAP

PaspelueHne aBToMaTU4eCKOM OTNPaBkN CUMBOOB

BPEMEHW NMpU NHKPEMEHTALIMM CHETYMKA BPEMEHM:
1 - Pa3pelunTb aBTOMaTMYECKYO OTNPaBKY;

. 0 - 3anpeTnTb aBTOMaTUYECKYIO OTMPAaBKY.

PaspelwueHne paboTbl ¢ CUMBONaMn BpEMEHMU:

5 EN_TIME . 1 - PaspewwmTb pabory; R/W 0

. 0 - 3anpeTtutb pabdorty.

PaspelueHne oTnpaBky CUMBOMOB NOATBEPXKAEHUS

npepbiBaHus(ack) npy nonyyeHum BolbpaHHbIX

4 EN_ACK npepbIBaHUIN: R/W 0

. 1 - PaspelwnTb oTnpasky;

. 0 - 3anpeTuTb OTNpPaBKYy.

PaspelueHune paboTkbl ¢ CMBONaMu NpepbIBaHNU:

3 EN_INT . 1 - PaspewwuTb pabory; R/W 0

. 0 - 3anpeTtutb pabdorty.

BkntoveHune pexunma paboTbl C yCTPOMCTBaMK,

OCHOBaHHbIMU Ha cneundukaumm ECSS-E-ST-50-
12C(31July2008):

1 - pabota no cneundukaumm ECSS-E-ST-50- R/W 0
12C(31July2008);
. 0 - pabota no cneundukauun ECSS-E-ST-50-
12C-Rev.1(15May2019)
PaspelieHne nepexoda B coctosiHne «Started» npu
npméme cumsorna «NULLS»:

1 - Paspewwuntb nepexon
. 0 - 3anpeTtuTb Nepexoa.

7 RMAP_EN

6 AUTOTIME R/W 0

2 OLD_SPEC

1 AUTOSTART R/W 0

PaspelueHune nepexoaa B coctosiHne «Started» 6e3
oxugarms npuéma cumsona « NULLS»:

1 - PaspewnTb nepexoa;
. 0 - 3anpeTutb Nnepexoa.

0 LINK_START R/W 0
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SPW_MSK [0x08].

Butbl

HasBaHue

OnucaHue

LOocTtyn

C6poc

31:29

28

TXDMA_ACTIVE_MSK

Peseps

PaspelwwnTb npepbiBaHue No ctatycy
TXDMA_ACTIVE:

1 - NpepbIBaHMe paspeLleHo
. 0 - npepbiBaHWe 3anpeLyeHo

R

R/W

0

27

RXDMA_ACTIVE_MSK

PaspelunTb npepbiBaHUe Mo cTaTycy
RXDMA_ACTIVE:

1 - NpepbIBaHNe paspeLLeHo
. 0 - npepbiBaHWe 3anpeLyeHo

R/wW

26

25

24

23

22

21

20

TXDMA_PACKET_ERRO
R_MSK

RXDMA_BUF_OVERFLO
W_MSK

TXDMA_NO_DESCR_MS
K

RXDMA_NO_DESCR_MS
K

TXDMA_BUS_ERROR_M
SK

RXDMA_BUS_ERROR_M
SK

TXDMA_DESCR_DONE_
MSK

PaspelunTb npepbiBaHue No cTaTycy
TXDMA PACKET_ERROR:

. 1 - NnpepbIBaHMe paspeLleHo
. 0 - npepbiBaHVe 3anpeLleHo
PaspewnTtb npepbiBaHue no craTtycy
RXDMA_BUF_OVERFLOW:

. 1 - NnpepbiBaHMeE paspeLleHo
. 0 - npepbiBaHWe 3anpeLleHo
PaspewnTtb npepbiBaHue no crartycy
RXDMA_NO_DESCR:

. 1 - NnpepbIBaHME paspeLleHo
. 0 - npepbiBaHWe 3anpeLleHo
Paspewntb npepbiBaHue No cratycy
TXDMA_NO_DESCR:

. 1 - NpepbIBaHME paspeLleHo
. 0 - npepbiBaHWe 3anpeLyeHo
PaspewnTtb npepbiBaHue no crartycy
TXDMA_BUS_ERROR:

. 1 - npepbiBaHNe paspeLUeHo
. 0 - npepbiBaHWe 3anpeLyeHo
Paspelwntb npepbiBaHMe No ctatycy
RXDMA_BUS_ERROR:

. 1 - npepbiBaHNe paspeLLeHo
. 0 - npepbiBaHVe 3anpeLleHo
PaspelwnTtb npepbiBaHue No cratycy
TXDMA_DESCR_DONE:

. 1 - NnpepbIBaHMe paspeLleHo
. 0 - npepbliBaHMe 3anpeLLeHo

R/W

R/W

R/W

R/W

R/W

R/W

R/W

19

18

17

16

RXDMA_DESCR_DONE._
MSK

TXDMA_PACKET_DONE
_MSK

RXDMA_PACKET_DONE
_MSK

NOTWRACK_MSK

PaspelwnTtb npepbiBaHue No cratycy
RXDMA_DESCR_DONE:
. 1 - NnpepbIBaHMe paspeLleHo
. 0 - npepbliBaHMe 3anpeLLeHo
PaspelwnTtb npepbiBaHue No cratycy
TXDMA_PACKET_DONE:
. 1 - NpepbiBaHMe paspeLleHo
. 0 - npepbliBaHWe 3anpeLLeHo
PaspelwnTtb npepbiBaHue No cratycy
RXDMA_PACKET_DONE:
. 1 - NnpepbiBaHMe paspeLleHo
. 0 - npepbliBaHWe 3anpeLLeHo
PaspelunTtb npepbiBaHMe No cratycy
NOTWRACK:

1 - NnpepbiBaHMe paspeLleHo
. 0 - npepbiBaHWe 3anpeLyeHo

R/W

R/W

R/W

R/W
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Butbl

HasBaHue

OnucaHue

[OocTtyn

C6poc

15

NOTWRINT_MSK

PaspelunTb npepbiBaHUe Mo cTaTycy
NOTWRINT:

1 - NpepbIBaHNe paspeLLeHo
. 0 - npepbiBaHWe 3anpeLleHo

R/wW

14

NOTACK_MSK

PaspelunTb npepbiBaHune no crartycy
NOTACK:

1 - NpepbiBaHME pa3peLLeHo
. 0 - npepbiBaHWe 3anpeLleHo

R/wW

13

12

11

10

GOTACK_MSK

GOTINT_MSK

ACK_SENT_MSK

INT_SENT_MSK

GOTTIME_BAD_MSK

GOTTIME_GOOD_MSK |,

TIME_SENT_MSK

CREDERR_MSK

ESCERR_MSK

DSCERR_MSK

PaspewnTtb npepbiBaHMe no crarycy
GOTACK:

1 - NpepbIBaHME paspeLleHo
. 0 - npepbiBaHKe 3anpeLeHo
PaspewnTtb npepbiBaHMe No crarycy
GOTINT:

1 - npepbiBaHNe paspeLUeHo
. 0 - npepbiBaHKe 3anpeLeHo
PaspewnTtb npepbiBaHMe No cratycy
ACK_SENT:

1 - NpepbIBaHME paspeLleHo
. 0 - npepbiBaHKe 3anpeLeHo
PaspelunTtb npepbiBaHMe No ctatycy
INT_SENT:

1 - NpepbIBaHMe paspeLleHo
. 0 - npepbiBaHWE 3anpeLyeHo
PaspelwnTb NpepbiBaHne Mo cratycy
GOTTIME_BAD:

1 - NpepbIBaHME paspeLleHo
. 0 - npepbIiBaHWE 3anpeLleHo
PaspelwnTtb npepbiBaHue no craTtycy
GOTTIME_GOOD:
1 - NpepbiBaHME paspeLleHo
. 0 - npepbiBaHWE 3anpeLleHo
PaspelwnTtb npepbiBaHue no craTtycy
TIME_SENT:
. 1 - NpepbiBaHME paspeLleHo
. 0 - npepbiBaHWE 3anpeLleHo
PaspelwnTtb npepbiBaHMe No cTatycy
CREDERR:

1 - NpepbiBaHME paspeLleHo
. 0 - npepblBaHKe 3anpeLleHo
PaspelwnTtb npepbiBaHMe No cTaTycy
ESCERR:

1 - NpepbiBaHME paspeLleHo
. 0 - npepbliBaHKe 3anpeLleHo
PaspelwnTtb npepbiBaHMe No cTatycy
DSCERR:
. 1 - NpepbiBaHME paspeLleHo
. 0 - npepblBaHWe 3anpeLleHo

R/wW

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

PERR_MSK

PaspelwumnTtb npepobiBaHne no ctatycy PERR:

1 - npepbiBaHWe paspeLLeHo
. 0 - npepbiBaHWe 3anpeLyeHo

R/W

2:0

Peseps
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SPW._ST [0x0C].

Butbl
31:17

28

27

26

25

24

23

22

21

20

19

18

HasBaHue

TXDMA_ACTIV
E

RXDMA_ACTIV
E

TXDMA_PACKE
T_ERROR

RXDMA_BUF _
OVERFLOW

TXDMA_NO_D
ESCR

RXDMA_NO_D
ESCR

TXDMA_BUS_E
RROR

RXDMA_BUS_E
RROR

TXDMA_DESC
R_DONE

RXDMA_DESC
R_DONE

TXDMA_PACKE
T_DONE

OnucaHue
Peseps
MpusHak aktneHocTn TX kaHana DMA:
. 1 - kaHan paboTaer;
. 0 - kaHan He paboTtaet.buT BbicTaBnsieTca B 1,
Korga none3oBaTenb 3anucbiBaeT 1 B 6ut
START_TX_DMA un cbpacbiBaetca B 0, koraa TX kaHan
DMA BbluntbiBaeT geckpuntop ¢ 6utom EN paBHbim 0,
Korga npoucxoguT ownbka 4OocTyna K OCHOBHOW NamsATh
TXDMA_BUS ERROR, nnu korga Becb 6nok SPW
Bbikrtovaetcs 3anumcbio 0 B 6ut EN pernctpa SPW_CTRL.

MpunsHak aktuBHoCcTN RX kaHana DMA:

. 1 - kaHan paboTaer;

. 0 - kaHan He paboTtaeT.buT BbicTaBnseTcs B 1,
Korga nonb3oBarefb 3anucbiBaeT 1 B out
START_RX_DMA n copacbiBaetca B 0, korga TX kaHan
DMA BblunTbiBaeT geckpuntop ¢ 6utom EN paBHbim 0,
Korga npoucxoguT ownbka 4ocTyna K OCHOBHOW NamsATh
RXDMA BUS ERROR, unu korga Becb 6rnok SPW
Bblkntodaercs 3anucbto 0 B 6ut EN permctpa SPW_CTRL.

BbicTaBnsieTcs B 1, korga B xoae nepegayv naketa B
kaHan SpaceWire nponcxoanT owmnbka n YyacTb
nepegaBaemMoro Ha JaHHbI MOMEHT MnakeTa He Obina
OTnpaBrieHa B CETb

BobicTaBnsietcs B 1, korga B xoae npvemMa nakerta oydgep
OaHHbIX NepenonHaeTcs (MpoaormkeHne nakera dyaet
3anucaHo B CneayroLLnin 4ecKpunTop)

BbictaBnsietcs B 1, koraa TX kaHan DMA octaHaBnuBaet
paboTy, Tak y criegytoLlero Ha odepean TX geckpuntopa
ouT EN BbicTaBneH B 0

BbictaBnsietcs B 1, korga RX kaHan DMA octaHaBnuBaet
paboTty, Tak y cneaytoulero Ha odepeam RX geckpuntopa
ouT EN BbicTaBneH B 0

BeicTaBnsetca B 1, korga npoucxoauT ownbka goctyna K
OCHoBHOM namaTu kaHanoMm TX DMA (korga agpec, kyaa
neiTaercs o6patutecs DMA He cyllecTByeT B cUCTEME Unu
3anpeLleH ansa vyteHus/3anucu)

BeicTaBnseTtcs B 1, korga npoucxoauT ownbka gocrtyna K
ocHoBHOM namMaTn kaHanom RX DMA (korga agpec, Kyga
nbiTaeTca obpaTutbcsa DMA He cylluecTByeT B cUCTEME UMK
3anpeLleH Ans YyTeHus/3anucu)

BoicTaBnsietca B 1, korga TX kaHan DMA 3akaHunBaet
0bpaboTky geckpuntopa. NMpn atom 6ut IE B 3TOM
JecKkpunTope JormkeH ObiTb BoiCTaBrneH B 1. B MoMeHT
BbICTaBMNeHnst 3Toro 6uta B 1 Bce AaHHble u3 bydepa B
OCHoBHOW NamaTth nepeaarbl B TXFIFO, Ho ewle He Bce
JaHHble nepefaHbl B kaHan SpaceWire.

BbictaBnsietcs B 1, koraa RX kaHan DMA 3akaH4yuBaeT
06paboTky aeckpuntopa. MNpu atom 6uT IE B 3TOM
Aeckpuntope gormkeH ObiTb BbicTaBrneH B 1. B xoge
nprvema naketa Moxet ObiTb 06paboTaHO HECKOMNBKO
OEeCKpUNTOPOB.

BbicTaBnsieTcs B 1, korga 3akaHuMBaeTcd nepegada

naketa. B aToT MOMeHT Bce aaHHble U3 Bydepa B
OCHOBHOW NamAaTu nepeaHbl B kaHan SpaceWire.

LOocTtyn
R

RC

RC

RC

RC

RC

RC

RC

RC

RC

Co6poc
0
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Butbl

HasBaHue

OnucaHue

[OocTtyn

C6poc

17

16

15

14

13

12

11

10

RXDMA_PACK
ET_DONE

NOTWRACK

NOTWRINT

NOTACK

GOTACK

GOTINT

ACK_SENT

INT_SENT

BreictaBnsietcs B 1, koraa RX kanan DMA 3akaH4yuBaeT
npvem naketa. B xoge npvema naketa MoxeT ObiTb
06paboTaHO HECKONBKO OECKPUMNTOPOB.
CumBon nogTBepXXAeHUs NnpepbiBaHns He Obin oTnpasneH
Ha nepegauy:

1 - cMMBON NOATBEPXAEHNSA NpepbiBaHUA He
OTMNpaBreH Ha nepegavy
. 0 - cMmBON NOATBEPXAEHUSA NPEPbLIBAHUS
KOpPPEKTHO OTMNpaBneH Ha nepegavy
CumBon npepbiBaHUA He Obin OTNpaBneH Ha nepegayy:
. 1 - cMMBON NpepbIBaHWSA He OTNPaBneH Ha
nepegady
. 0 - cMmBON NpepbIBaHUS1 KOPPEKTHO OTNPAaBIIEH Ha
nepegady
B 3apaHHoe Bpems He npuwen nakeT ACK Ha
OTNpaBrieHHOE NpepbiBaHue:
. 1 - HET NPUHATOrO CUMBOMA NOATBEPXKAEHMS Ha
OTMNpaBrieHHOEe NnpepbiBaHne
. 0 - cMmBONbI NOATBEPXAEHNS NPEPbIBAHNSA
NPUXoasAT KOPPEKTHO
Mpn3Hak npMema cMmBorna NoaATBEPKAEHMS NpepbiBaHUSA
13 kaHana cesa3m SpaceWire:
1 - NPUHAT CMMBON NOATBEPXAEHUS NMPepbIBaHNSA
. 0 - HET NPMHATOIO CMMBONA NOATBEPXKAEHUS
npepbiBaHWs
Mpn3Hak npMema cMmBOna NpepbiBaHNs U3 KaHana cBA3u
SpaceWire:

1 - NPYHAT CMMBON NpepbIBaHMS
. 0 - HET NPMHATOIO CMMBONA NPEpPbLIBAHNUS
Mpu3Hak nepegaym cMMBOra NOATBEPXKAEHUSA NPepbIBAHMS
no kaHany cesasun SpaceWire:

1 - cMMBON NOATBEPXOEHNS NpepbiBaHUS nepeaaH
KOPPEKTHO
. 0 - HET NnepegaHHOro CMMBONA NOATBEPXKAEHUS
npepbiBaHWs
MpusHak nepegaym cMmBora npepbiBaHNs NO KaHany
cBsA3n SpaceWire:

1 - cMMBON NpepbIBaHWA NepeaaH KOPPEKTHO
. 0 - HeT NnepegaHHOro CMMBONA NPepbIBAHNS

RC

RC

RC

RC

RC

RC

RC

RC

0

GOTTIME_BAD |,

Mpu3Hak npuema HEBEPHOro Mapkepa BpeMeHMW 13 KaHana
cBsA3n SpaceWire:

1 - Mapkep BpeMeHM NPUHAT C OLIMBKown
. 0 - HeT NpMHATOro Mapkepa BpeMeHuU

RC

GOTTIME_GOO
D

Mpu3Hak npuema KOPPEKTHOrO Mapkepa BPEMEHU U3
kaHana cs3n SpaceWire:

. 1 - Mapkep BpEMEHU NPUHST KOPPEKTHO

. 0 - HET NPMHATOrO Mapkepa BPEMEHU

RC

5

TIME_SENT

CREDERR

ESCERR

Mpu3Hak oTNpaBkM MapKkepa BpeMEHW MO KaHany CBs3U
SpaceWire:

1 - Mapkep BpeMeHM oTnpaBrieH KOPPEKTHO
. 0 - HET oTNpaBfEHHOro Mapkepa BpeMeH!
Mpr3sHak owmnbKN KpeauToBaHUN:
1 - 3acpmkcmpoBaHa omnbka
. 0 - HeT owWmnbKn

MpunsHak owmnbkn B ESC nocnenoBatenbHOCTU:

RC

RC

RC

Bepcus 0.2

Ctp. 131




5400TP194 Mukpocxema coopa n o6paboTkm TenemeTpuyeckon nHdopmaumm

Butbl Ha3saHue OnucaHue LOocTtyn C6poc
. 1 - 3achmkcmpoBaHa ownbka
. 0 - HeT owWmnbKM
MpusHak paccoeauHeHust ¢ kaHanom ces3u SpaceWire:
4 DSCERR . 1 - nponsoLwwno paccoeguHeHne RC 0
. 0 - HeT paccoeanHeHns
Mpr3Hak oWnBKN YETHOCTH:
3 PERR . 1 - 3acpmkcmpoBaHa owmnbka RC 0
. 0 - HeT owmnbkm
Tekywee coctosiHne 6rioka SpaceWire:
. 000 - Error Reset
. 001 - Error Wait;
2:0 STATE . 010 - Ready R 0
. 011 - Started
. 100 - Connecting
. 101 - Run
SPW_DIV [0x10].
Butbl | HaszBaHue OnucaHue Doctyn Co6poc
31:14 - Peseps R 0

13:8 DIV TX Koacb(bvlu,lfleHT aenexuvsa Fspw, ona nonyveHus
- TpebyemMou CKOpPOCTM nepeadaymn

0
7:6 - PesepB R 0
5:0 |DIV_10MGz |KoachduumneHT genenmsa Fspw, ana nonydexmsa 10 MMy R/W 0

R/W

Mone DIV_TX onpegensieT ckopocTb paboTbl nepegatoero tpakra SPW.
PacueT ckopocTtu nepefayv npoucxoaut no gopmyne: Fix = Fspw/(DIV_TX+1),

roe Ftx - KoHe4Has yacToTa, ¢ KOTOPOW OOIMKHbI ObITh NepefaHbl AaHHble, Fspw - yacToTa pabotbl SPW,
DIV_TX - koacbdpuumeHT nons DIV_TX pernctpa SPW_DIV

B none DIV_10MGz Heobxoaumo ykasaTb koadhMUUEHT, HAa KOTOPbIN ByAeT nogeneHa Yactota paboTsl
SPW. B pesynbTtaTe geneHusa Heobxoammo nony4utb yactoty 10 MIy,.

PacueT npoucxogut no cpopmyne: F_10MGz = Fspw/(DIV_10MGz+1),

roe F_10MGz - koHedHast yactoTa, kotopasa gomkHa Obite 10 MIu, Fspw - yactota pabotbl SPW,
DIV_10MGz - koadpdpumumeHT nond DIV_10MGz peructpa SPW_DIV

SPW_PAUSE [0x14].

Butbl | HasBaHue OnucaHue HdocTtyn C6poc
31:9 - Peseps R 0
KonunyectBo TakTtoB F Heobxoanmoe Ha MHTepBan
8:0 | DSCTIME Spw R/W 0
paboTbl cyeTunka 850 HC

Bpewmsi, yepes koTopoe SPW 3adukcupyeT owmnbky «disconnect» paccumTbiBaeTCs criefyowmm oopasom:

Tdisc=(DSCTIME+L)/Fgy,,

roe FS - yactota pabotel SPW, DSCTIME - 3HauyeHune nonst DSCTIME pernctpa SPW_PAUSE

pw

[nsa cootBeTCcTBUA CTaHaapTy SPW Tdisc JOMKHO BbITb MakcumanbHo 6nm3ko k 850 He
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SPW_MSK_INT [0x18].

Butbl | HazBaHwue OnucaHue LOocTtyn Co6poc
Pernctp onpegensietr HOMepa nakeToB NpepbIBaHUN, KOTOPbIE

31:0 | MSK_INT |6yayT obpaboTaHbl cuctemon. [NopsigkoBbIi HOMep buTta R/W 0
COOTBETCTBYET HOMEPY NakeTa

SPW_MSK_ACK [0x1C].
Butbl  HasBaHue OnucaHue HdocTtyn C6poc

perucTp onpegenser HoMepa NakeToB NpepbIBaHUA, Ha
KOTOpbI ByAyT aBTOMAaTUYECKNA OTCbINaTbCA NakeT
31:0 | MSK_ACK |noateepxaeHus, n no otnpaBke KOTOpbIX OyaeT oxunaarbes RC 0
nakeT NOATBEPXAEHUS NpepbiBaHus. MNopsiakoBbIn HoMep buTa
COOTBETCTBYET HOMEPY NakeTa

SPW_WAITACK_CNT [0x20].
BuTbl | HazBaHune OnucaHue HDocTtyn C6poc

31:24 | LOC CNT?2 Bpems 0o oTnpaBku Koga NoATBEPXKAEHUS Ha Koz RIW 0
- npepbiBaHKs, MPUHATOrO U3 CeTU, B TakTax Fapb

3HayeHne neproga OXMaaHWs Koga NoaTBEPXKAEHNS Ha RIW 0
Ko4 npepbiBaHusi, oTnpaeneHHoro n3 SPW, B Taktax Fapb

15:0 |GLOB_CNT |3HauyeHue nepuoga rmobanbHOro cyetynka B Taktax Fapb R/W 0

23:16 |LOC_CNT1

B atoT peructp 3anucbiBaloTCa 3HavYeHue nepuopa Anga rrnobanbHOro cyetymka (B KOMMYECTBE TaKTOB
Fapb) w»n MakcumanbHble 3Ha4YeHUs JOoKamnbHbIX CYETYMKOB OXMAAHUA KOAOB MOOTBEPXKOEHMWS
pacnpegeneHHblx npepbiBaHnA. OTAenbHbIN NOKanbHbIA CYETYMK TanWMayTOB COOTBETCTBYET KaxaoMy
paspsgy IRQ. Ecnu B SPW noctynaet kon pacnpefeneHHoOro nmnpepbiBaHus, TO 3anyckaeTcs
COOTBETCTBYIOLLUMIA €My CYeTUMK JoKanbHbIX TarMayToB. OH [JeKpeMeHTUpYeTCs KaxAbli pas npu
3aBEpLUEHUN OYepeaHOro nepmoga cyeTa rnobanbHOro cHeTYMKa TanmayToB

SPW_INT_ACK [0x24].

Butbl| HasBaHue OnucaHue HdocTtyn C6poc
31:24 - Peseps R 0
23:19| ACK_RX rl?s;ggga:a(;nemero NPUHATOrO NOATBEPXKAEHUS R 0
18 | ACK_BLOCK |OtnpaBka naketa ACK 3abnokunpoBaHa R 0
17 TX_ACK ;TnnﬁfaBHMJgenspggﬁpmeHme npepbiBaHus, W 0
16:12 ACK Homep nogreepxaeHns onst oTnpasku R/W 0
11:7 INT_RX Peructp nocrnegHero npuHATOro npepbiBaHuA R 0
6 INT_BLOCK |OTtnpaBka npepblBaHUsl 3abrokupoBaHa R 0
5 TX_INT OTnpaBwnTb NpepbiBaHue, 3anucaHHoe B INT w 0
4:0 INT Homep npepbiBaHUSA onst OTNpaBku R/W 0

Butel ACK_BLOCK n INT_BLOCK BcTatoT B «1», korga nornb3oBaTeflb B py4HOM pexume oTrnpasnseT
COOTBETCTBYIOLWMIA NakeT. [aHHble BMTbl ONOBELLAOT NOMNb30BaTenNsl, YTO NakeT He OTNPaBIieH, MO3TOMY He
CTOMWT MbITaTbCH OTNPABMATb HOBLIN MaKeT Moka AaHHbIi OUT B «1». Koraa HyXHbi 6uUT nepengét B «0»
nonb30BaTerb MOXET OTMPaBUTb HOBbIN MaKeT.

Monb3oBaTeno 3anpeleHo OTNpaBfsTe B PYYHOM pexuMe Koabl MOATBEPXKOEHWS MpepbiBaHus,
CoBMajarLLne c aBToMaTUYECKMI OTNPaBnsieMbIMU KOgaMU.
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SPW_INTPACK [0x28].
Butbl | HazBaHue OnucaHue DocTtyn C6poc
Pernctp dukcupyet Homepa nakeToB NPUHATBIX U
31:17 | INTPACK |oTnpaBneHHbIX npepbiBaHnii. [opsakoBbIi HOMep OuTta RwW1C 0
COOTBETCTBYET HOMEPY NakeTa
SPW_ACK_NOT [0x2C].
BuTtbl | HasBaHue OnucaHue HdocTtyn C6poc
Peructp cukcupyet Homepa nakeToB NpepbiBaHUiA, Ha
.~ | SPW_ACK _
31:0 NOT KOTOpble He Obln NonyyeH NakeT NoATBEPXKAEHUS. RW1C 0
MopsigkoBbIN HOMep BUTa COOTBETCTBYET HOMEPY NMakeTa
SPW_TIME_CNT [0x30].
Butbl | HazBaHue OnucaHue DocTtyn Co6poc
. pervucTp onpeaernseT, Yepes Kakoe Konn4ecTBo TakToB Fapb
31:0 | TIME_CNT OyoeT oTnpaBneHa MHKPEMEHTMPOBAHHAA BpeMeHHas MeTka RIW 0
SPW_TIME [0x34]
Butbl | HazBaHue OnucaHue OocTtyn C6poc
31:19 - Peseps R 0
18:13 | TIME_RX 3HaveHne mapkepa BpeMEHU, NPUHATOro U3 CeTu R 0
nocnegHuUm
TIME TX E Mpun ycTaHoBKe 3TOro 6Guta MHMLMMPYETCA NpoLece
12 N |nepenadu mapkepa BpemeHu. Mocne atoro TIME_TX_EN w 0
aBTOMaTu4ecku cbpacbiBaeTcsi B HOMb
. 3HaveHne Mapkepa BpeMeHu Ansi nepegayu npu yctaHoBKe
11:6 | TIME_TX 6uta TIME_TX_EN R/W 0
5:0 | TIME_NOW |TekyLlee Bpems cetu R 0
SPW_TX_DESCR_ADDR [0x38].
Butbl| HasBaHue OnucaHue DocTtyn C6poc
BasoBbii agpec Tabnuubl TX aeckpmuntopos (cTapumne 30
TX_DESCR
31:2 ADDR _ |Paspsnos agpeca). Mnaglwue 2 paspsga agpeca R 0
3ape3epBUpoBaHbI 1 Bcerga pasHsbl 0.
1:0 - Peseps R 0
SPW_RX_DESCR_ADDR [0x3C].
Butbl| HasBaHue OnucaHue HocTyn C6poc
RX DESCR BasoBbii agpec Tabnuubl RX geckpuntopoB (ctapume 30
31:2 ADDR _ |Pa3psnoB agpeca). Mnagwwue 2 paspsga agpeca RC 0
3apesepBupoBaHbl 1 Bcerga pasHbl 0.
1:0 - Peseps R 0
SPW_LADDR [0x40].
| BuTbl 1 HasBaHue | OnucaHue | DocTtyn | Copoc
| 3118 | - \Peseps . R |
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Butbl | HasBaHue OnucaHue DocTtyn C6poc
7.0 LADDR  |Jlornyeckun agpec ycTponcTea R/W 0
SPW_KEY [0x44].
Butbl | HasBaHue OnucaHue HdocTtyn C6poc
31:8 - Peseps R 0
7:0 KEY Kntoy aBTOpM3aumm yctponcrea R/W 0
SPW_ST_RMAP [0x48].
Butbl | HazBaHue OnucaHue OocTtyn C6poc
31:18 - Peseps R 0
Mpowusowna owwnbka npu paboTe ¢ 3arorioBKOM NakeTa,
17 ERR_NSEN |OTBETHOE CIOBO He OTMpaBnieHo RC 0
D HR | 1 - 3acmkcupoBaHa owwmbka
. 0 - Ownbku oTcyTCTBYIOT
Mpounsowna owunbka npm paboTe ¢ 3aroroBKOM NakeTta,
16 ERR_SEND |OTBETHO€ CIOBO OTMpaBnieHo RC 0
_HR . 1 - 3acmkcupoBaHa owwmbka
. 0 - Ownbku oTcyTCTBYIOT
MakeT siBNAeTCA OTBETOM, Ha 3anpOLLEHHYI0 onepauumto
15 REPLY | 1 - MakeT aBNAeTCS OTBETOM RC 0
. 0 - OTBETHbIX NaKeTOB He 3adMKCUPOBaAHO
Mpoucxoanno B3anMoaencTene B paMmkax ornepauumn «YteHve-
Mogundmkauma-3annce»
14 |RDMW_OP |, : Cb1 —gaCbVIKCVIF)OBaHO B3aMMOOENCTBME RC 0
. 0 - BsanmopgencTeme He obHapyXeHo
IMpouncxoamnno B3auMoaencTBne B paMkax ornepauum
«YTteHune»
13 RD_OP 1 - BadpukcupoBaHoO B3aMMoOaenCcTBME RC 0
. 0 - BsanmopgencTteme He obHapyXeHo
Mpoucxoanno B3aMMogencTBme B pamkax onepawmm
«3anncb»
12 WR_OP 1 - BadpukcupoBaHoO B3aMMOaENCTBME RC 0
. 0 - Bsanmogencrteme He oBHapyXeHOo
Mpun hopMmpoBaHMM OTBETHOIO CIIOBa Npom3oLuia ownbka,
nakeT 3akoH4eH cumsoriom EEP
1 EEP_END |, 1 - 3acpukcupoBaHa owmnbka RC 0
. 0 - Ownbku oTCyTCTBYIOT
Mpowusowna owwnbka npu paboTe ¢ AaHHLIMK NakeTa
10 |ERR_DATA |« 1 - 3adoukcupoBaHa oLmbka RC 0
. 0 - Ownbku oTCyTCTBYIOT
Mpowusowna owwnbka npu paboTe ¢ 3aronoBKOM Naketa
9 ERR_HR | 1 - 3adukcupoBaHa oLmbka RC 0
. 0 - OwmbkK oTCYTCTBYIOT
YcnewHoe oKoH4YaHme onepauun
. 1 - YcnelwHoe okoHYaHue
8 Goop | 0 - Onepaunun OTCYTCTBOBaNM UMy BO3HUKMMW Kakne- RC 0
nnéo npobnemsbilpy BO3HMKHOBEHUU NPOBneMbl OAUH 13
o6utos EEP_END, ERR_DATA, ERR_HR 6yaeTt BbicTaBneH B
«1»
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onepauuio, OTBET Ha 3anpoc Ha onepauuto, pesynbrart
onepauunn.

Butbl | HazBaHue OnucaHue OocTtyn C6poc
Kogbl cTaTtycoB B COOTBETCTBMM CO cTaHaapTtom RMAP.
OTtobpaxkaeTcsa Kog nocnegHen onepaumm nNo NpoToKony
7:0 |ST_CODES RMAP. K obpabaTbiBaeMbIiM onepaumsim oTHocaTcs: 3anpoc Ha| RC 0

Mpn BO3HMKHOBEHUN ownbkm ¢ 3aronoekom naketa(ERR_HR) u BbictaBneHmn 6uta ERR_NSEND HR
3HayeHWne ocTanbHbIx nonen, kpome CODES 3HaveHus He UMetoT

SPW_MSK_INT_RMAP [0x4C].

Butbl
31:18

17

16

15

14

13

12

HasBaHue

ERR_NSEND_HR
_MSK

ERR_SEND_HR_
MSK

REPLY_MSK

RDMW_OP_MSK |,

RD_OP_MSK

WR_OP_MSK

OnucaHue

Peseps
Pa3pelueHve npepbiBaHus Mo 6uty
ERR_NSEND_HR peructpa SPW_ST_RMAP
. 1 - NpepbiBaHne paspeLleHo;
. 0 - MNpepbiBaHKe 3anpeLUeHo.
PaspeuwleHune npepbiBaHus no outy ERR_SEND HR
pernctpa SPW_ST_RMAP
. 1 - lNpepbiBaHWe paspeLLEHO;
. 0 - MNMpepbiBaHWe 3anpeLyeHo.
PaspeweHuve npepbiBaHusa no 6uty REPLY peructpa
SPW_ST_RMAP

1 - MNpepbiBaHWe paspeLLEHO;
. 0 - MNpepbliBaHME 3anpeLLEHO.
Pa3spelueHuve npepbiBaHusa no 6uty RDMW_OP
pernctpa SPW_ST_RMAP
1 - MNMpepbiBaHMe paspeLleHo;
. 0 - MNpepbliBaHWe 3anpeLyeHo.
PaspeweHune npepbiBaHmsa no 6uty RD_OP
pernctpa SPW_ST_RMAP
. 1 - lNpepbiBaHWe paspeLLEHO;
. 0 - MNpepbliBaHME 3anpeLLeHO.
Pa3speweHuve npepbiBaHusa no 6uty WR_OP
pernctpa SPW_ST_RMAP

1 - NpepbiBaHne paspeLleHo;
. 0 - MNpepbliBaHME 3anpeLLEHO.

Hdoctyn

R/W

R/W

R/W

R/W

R/W

R/W

C6poc

11

EEP_END_MSK |

Pa3speweHuve npepbiBaHusa no 6uty EEP_END
pernctpa SPW_ST_RMAP

1 - MNpepbiBaHne paspeLleHo;

. 0 - MNpepbliBaHME 3anpeLLEHO.

R/W

10

ERR_DATA_MSK |

PaspelueHne npepbiBaHusa no 6uty ERR_DATA
peructpa SPW_ST RMAP

1 - MNpepbiBaHne paspeLleHo;
. 0 - MNpepblBaHMe 3anpeLLeHo.

R/W

ERR_HR_MSK

GOOD_MSK

PaspelueHve npepbiBaHms no outy ERR_HR
peructpa SPW_ST RMAP

1 - MNpepbiBaHWe paspeLLeHo;
. 0 - MNpepblBaHMe 3anpeLLeHo.
PaspelueHue npepbiBaHus no 6uty GOOD peructpa
SPW_ST_RMAP
1 - MNMpepbiBaHMe paspeLleHo;
. 0 - MNpepblBaHMe 3anpeLLeHo.

R/W

R/W
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Butbl Ha3BaHue OnucaHue DocTtyn C6poc

7:0 - Peseps R 0

SPW_RMAP_REGION_BASE_ADDR_x [0x50 / 0x54 / 0x58 / 0X5C].

Butbl| HasBaHue OnucaHue HdocTtyn C6poc
ba3oBbIi agpec pernoHa namaTu, paspeLLleHHoro ans
31:2 REGISSBEASE poctyna RMAP. Mnaawwue 2 6uta agpeca R/W 0
- 3ape3epBUpoBaHbl 1 Bceraa pasHbi 0.
1 WR_EN 3anuckb B 3TOT pernoH namsitu paspewleHa ans RMAP R/W 0
0 RD_EN UTteHwne aToro pernoHa namaTtun paspeweHo ang RMAP R/W 0

SPW_RMAP_REGION_EXTENDED_ADDR [0x60].

Butbl HasBaHue OnucaHue Doctyn Co6poc
31-24 REGION_ADDR_EXTEN PaclunpeHHbIi agpec pernoHa namsaTtu 3, RIW 0
’ DED_3 paspelleHHoro ans goctyna RMAP
23:16 REGION_ADDR_EXTEN |PaclwunpeHHbIn agpec pernoHa namaTu 2, RIW 0
’ DED_2 paspelueHHoro ans goctyna RMAP
15:8 REGION_ADDR_EXTEN PaclwunpeHHbIn agpec pernoHa namsatun 1, RIW 0
' DED_1 paspelleHHoro ans goctyna RMAP
7:0 REGION_ADDR_EXTEN |PacwupeHHbIn agpec pernoHa namatu 0, RIW 0
’ DED_O paspelueHHoro ans goctyna RMAP

SPW_RMAP_REGION_SIZE [0x64 / 0x68 / 0x6C / 0x70].

Butbl| Ha3BaHue OnucaHue Hoctyn C6poc
REGION SI Pa3awmep (B 6anTax) permoHa namsiti, paspeLleHHoro ans
31:2 ZE — |BocTyna RMAP. Mnagwwve 2 6uta agpeca R/W 0
3apes3epBuUpoBaHbI 1 Bceraa paeHbl 0.
1:0 - Peseps R 0
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Tanmep cHa (SLEEP TIMER)

Tal7lmep CHa npegHa3Ha4dyeH And BbiBOAA CUCTEMbI U3 peXnma I'J'Iy6OKOI'O CHa 4epe3 3aaaHHoe
nonb3oBaTesieM BpeM4. STIMER Henb3sa ncnonb3oBaTth 4515 BbIBOAA CUCTEMbI U3 OObLIYHOMO pexunma CHa -
AN 3TON Lenun MOXHO BOCMOSb30BaTbCS OOHUM M3 0ObIYHbIX Taﬁlmepos B CUCTEME.

Tanmep cHa npeacrtaBnsieT cobon 24-paspsgHbii Tanmep, cuuTalowmin BBepX (OT Hynsa K 3agaHHOMY
nepuogy) Ha 4acrtote Ip_clk. 3Ta 4acTtoTa OTNMYaeTCs OT OCTanbHbIX YAacTOT B CUCTEME TeM, YTO He
OTKNIoYaeTcss B pexume rnybokoro cHa. lNMocne Bbixoga n3 rnybokKoro cHa, TarMMep cHa cdopmupyeT
npepbiBaHneE.

OO6Lwee onncaHue

Taﬂmep CHa npegHa3Ha4dyeH And BbiBOOAA CUCTEMbI U3 peXnma Fﬂy6OKOI'O CHa 4epe3 3aaaHHoe
nonb3oBaTesieM BpeM4. STIMER Henb3s ncnonb3oBaTtb 4SS BbiBOAA CUCTEMbI M3 0ObIYHOMO pexunma CHa -
ONs 3TON Lenun MOXXHO BOCMOSb30BaTbCS OAHUM M3 0ObIYHbIX Taﬁmepos B CUCTEME.

Tavimep cHa npepctaBnsieT cobow 24-pas3psagHbii TakMep, CYMTAILWMI BBEPX (OT Hyns K 3agaHHOMY
nepuody) Ha vactote Ip_clk. 3Ta yacTtoTa OTnM4YaeTcsa OT OCTalnbHbIX YacTOT B CUCTEME TEM, YTO He
OTKMoYaeTca B pexume rnybokoro cHa. [lonb3oBaTenb AOMKEH BKNIOYMTb TaWMep 3anucbio B Perncrp
STIMER_CTRL nepen nepexogom B pexum rrybokoro cHa. B MOMeHT nepexoga B pexum rnybokoro cHa
(korga npoueccop BbINONHUT wHCTpyKumio WFI) Taimep HadHeT cyeT. [lo okoHyaHuio cuyeTa Oyget
cpopmumpoBaH curHan WAKEUP ans PMM, koTopbiii BeiBedeT cuctemy M3 pexuma rnybokoro cHa. Nocne
BbIxoga 13 rnybokoro cHa, Tanmep cHa cdopmupyeT npepbiBaHve. Ecnu cuctema BbIMAET M3 pexuma
rnybokoro cHa no gpyron npuudvHe (curHan WAKEUP ot GPIO), To Tanmep 6yget cbpoweH B 0, HO
npepbiBaHne n curdian WAKEUP ccdopmMupoBaHbl He ByayT.

3HaveHue, [o KoToporo byaeT cumMTaTh TakiMep onpeaensieTcs Kak:
NT = lNepuopg cyeta Tanmepa + 1
roe NT - konuyecTtBo TakToB YacToThl Ip_clk.

AKTyanbHoe 3HadyeHue nepunoaa cyeta 06A3aTenbHO A0MMKHO OblTh 3anMcaHo Nepes BKI0YEHNEM MOayns
«Tanmep cHa». lMepen 3anyckom AaHHOrO MOAYNSA AMs CHWXKEHUS 3HepronoTpebneHnss pekomeHayeTcs
nepeknounTb cucteMy Ha TaktupoBaHue oT RCL-reHepatopa W BbIKMIOYUTL BCE OCTalbHble WUCTOYHUKK
TakTMpoBaHus (CM. AokyMmeHTaumto Ha CMM). MNonb3oBaTento HeobxoauMO yOoCTOBEPUTCS, YTO Mpouecc
nepekni4yeHna UCTOYHUKa 4acToTbl 3aKOHYEH, U TOJIbKO MOCsie 3TOro BKIo4YaTb Taﬂmep CHa U yxXxoauTtb B
pexum rnyookoro cHa.

Peructpbl moagynsa STIMER

CwmelleHMe OoT 6a30BOro agpeca 6rnoka Ab6peBuatypa OnucaHue
0x0 STIMER_CTRL Pernctp ynpaeneHus
0x4 STIMER_PERIOD Pernctp nepuopa cyeta

Sleep Timer Control (STIMER_CTRL) [0x00].
Butbl | HazBaHue OnucaHue DocTtyn C6poc
31:1 - Peseps R 0

PaspelueHne paboTbl Tanmepa cHa:

. 0 - 3anpelleHa paboTa Tanmepa cHa

. 1 - paspelleHa paboTa Tanmepa cHa. Tanmep
0 |TIMER_EN HayHeT cuyeT B MOMEHT nepexoia CUCTEMbI B PEXUM R/W 0
rny0OoKoro cHa.

But He cOpacbiBaeTCsi N0 OKOHYAHMIO cYETa, MOXET ObITb
TOMbKO OYWLLEH MOSIb30BaTENEM

Bepcunsa 0.2 Ctp. 138



5400TP194

Mukpocxema coopa n o6paboTkm TenemeTpuyeckon nHdopmaumm

Sleep Timer Period (STIMER_PERIOD) [0x04].

Butbl Ha3saHue OnucaHue LOocTtyn C6poc
31:24 - Peseps R 0
23:.0 PERIOD |lMepuopg cyeTta Tanmepa cHa R/W 0
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Tanmepbl

Kaxgbln Tanmep B cucteme nogaepxuBaeT 3 pasnunyHbiX He3aBUCUMbIX pexuma paboTbl: «[lpocton
Tanmep» - NPOrpaMMHbIA CTapT CYeTa, OKOHYaHWe cyeTa No AOCTWPKEHWIO 3agaHHOro nepuoda; «Tanmep ¢
BHELUHEN OCTaHOBKOW» - MPOrpamMMHbIA CTapT CYeTa, OKOHYaHMe c4yeTa Mo BHELWHEMY COObITUIO;
«MeXCcobbITUIAHBIN TaMep» - CTapT U OKOHYaHWe cYeTa No BHELUHEMY COObITUIO.

Kpome Toro, Tanmepsl 0 u 1 (HO He Tanmep 2) OONONHUTENBHO MOAAEPXKMBAIOT 4-bIi peXxum paboTbl -
«Tanmep-cyeTuunk». B atom pexume Tarimepsl 0 n 1 paboTtaloT BMecTe, OAUH B kKa4ecTBe Tanmepa, BTOpon B
KayecTBe CYeTuMKka BHELLUHMX COObITUA. OTOT pPeXuM MOXHO MCMNOMb30BaTb, YTOOLI OnpeaenuTb, 3a kakoe
BpeMS NPOM30LLIIO 3a4aHHOE KONMYECTBO BHELLHUX CODbITUN.

B pexwume «[pocTon Tanmep» Mmoaynb NnpeacTaBnseT cobomn 24-x paspsagHbli TaMep C MHKpeMeHTaumnemn
KaXObI TakT paboder yacToTbl. Tanmep cyMTaeT A0 3HAYEHUs], 3anNncaHHOro B peructp. o gocTmxkeHuto
3a4aHHOro 3HaveHwust Taimep Nnbo ocTaHaBnuBaeTcH, MO0 HauYMHAET cYET € Hyns. Takke BO BpeMs paboThbl
JonyckaeTcsi nepe3anucb TeKyLLero nepnoga cyeta taiMepa. B pesynbtaTte nepesanncu Tekyllee 3HavyeHne
Tanvepa 6yaeT copoweHo B 0 U CHET HAYHETCS 3aHOBO.

B pexume «Tanmep C BHELLHEN OCTaAHOBKOW» MoAynb NpeacTtaBnsieT cobon 24-pa3psigHbli TakMep C
WMHKpPEMEeHTaumMen Kaxabl TakT paboden yvactoTol. [lpy 3anycke Tavmep cuymTaeT C Hynd 4O MOMEHTa
BO3HWKHOBEHWS 3afdaHHoro cobbltus Ha BHewHeM BbiBoge (GPIOA [24:26] anbTepHaTvBHas
dyHkums).Ctopoxeson Tanmep (WatchDog Timer)

CtopoxeBon Tammep npegHasHayeH AN NPUHYAWTENbHOW Mepesarpy3km CuUcTemMbl B crniydae eé
3aBucaHusa. B ocHoBe WDT nexuT cyeTumk paspsgHocTbio 32 6uta. Moaynb dhopmupyet perynspHoe
npepbiBaHve B 3aBMCMMOCTM OT 3anNporpaMmMUPOBaHHONO 3HaYeHUs. Kaxabl TakT CUHXpOCUrHana sHayeHue
cyeTyMKa ymeHbluaeTca Ha egumHuuy. Korga 3HadeHue cuyeTtumka pocturaeTr 0, dpopmupyetcsa curHan
npepbiBaHWs. 3aTem cYeTUMK nepesarpyxaeTcs 1 3aHOBO HayMHaeT oTcyeT K Hyn. Ecnv k MomeHTy, Korga
CYETUYMK JOCTUr 3aHOBO 3HayveHus 0, npepbiBaHWE He OYMLLEHO, TO B cucTemy hopmumpyeTcst curHan copoca.
Takum 0b6pasom, CTOPOXEBON TaMep NpeaocTaBnAeT BO3MOXHOCTb BOCCTAHOBIEHMS cncTeMbl nocne cbos
nporpammHoro obecneyexus. Npn HeobxoaAMMOCTU MOAYIb MOXET ObITb BbIKIOYEH.

Kaxablvi Taimep B cucteme nogaepxveaeT 3 pasnuyHbiX HE3aBUCUMbIX pexuma paboTbl:

«[lpocTon Tarimep» - NporpaMMHbIA CTapT cYeTa, OKOHYaHWe cyeTa No SOCTUXKEHUIO 3a4aHHOro nepuoaa
«Tanmep C BHeLUHel OCTaHOBKOW» - MPOrpaMMHbIN CTapT cHeTa, OKOHYaHue cyeTa no BHELWHEMY COObITUIO
«MexCcoBbITUNHBIN TakMep» - CTapT U OKOHYaHUe cyeTa Mo BHELLUHEMY COBbITHIO

Kpome Toro, Tavimepbl O 1 1 (HO He Tarimep 2) 4ONONHMTENBHO MOAAEPKMUBAIOT 4-bI PEXUM pPaboThl -
«Tanmep-c4yeTumk». B atom pexnme Tarimepnbl 0 u 1 paboTtaloT BMecTe, OAvH B Ka4ecTBe Tanimepa, BTOPOW B
KayecTBe CYEeTUMKa BHELUHUX CODObITUIA. DTOT PEXUM MOXHO MCMOMb3oBaTb, YTOObLI onpeaennTb, 3a Kakoe
BpPEMSs MPOM3OLLIIO 3a4aHHOE KONTMYECTBO BHELLHNX COObITUA.

Bepcunsa 0.2 Ctp. 140



5400TP194 Mukpocxema coopa n o6paboTkm TenemeTpuyeckon nHdopmaumm

CTpyKTypHasa cxema

Period Positive edge _ Positive edge External Start/ Stop
Synchronous \Asynchronous o

Control and signal signal 0
Status Timer MUX Edge detector Synchronizer MUX ————

Registers Value Negative edge  Negative sdge External clock
e -

v

APE bus

Y

Positivg Negative

Start / Stop edge adge

Other timer

+ Control and status Registers (YnpasnstoLme n cTaTyCHbl€ PErNCTPbI) - XPaHAT yNpaBnsioLme AaHHbIe
M BblOAKOT Ha WWNHY CTAaTyCHble AaHHble.

+ Timer (Tanwvep).
*  MUKX (Mepekntoyatens) - nepegaeT Ha BbIXo BblOpaHHbIX BXOOHOW cUrHann.
» Edge Detector (Boigenutensb) - BblaensieT poHT M Cnaj BHELLHEro curHana.

» Synchronizer (CMHXpPOHM3ATOP) - CUHXPOHMU3UPYET BHELUHWI CUTHaM K CUCTEMHON YacToTe.

MpocTon Tanmep
MpuvHUKMn paboTbl

B pexume «[lMpocTon Tanmep» modynb npeacraBnseT cobon 24-pa3psagHbin Tanmvep C MHKpeEMeHTaumen
KaxkabI TakT paboyen 4yacToTbl. Tanmep cunTaeT 4O 3Ha4YeHwus, 3anucaHHoro B pernctp TMR_PERIOD. Mo
OOCTWDKEHWNIO 3a[aHHOro 3HayeHus Tanmvep nNubo ocTaHaenuBaeTcd, MO0 HadMHaeT cyeT ¢ Hyns. JaHHas
dyHKumsa onpegendetca 6utom TMR_CTRL.CYCLES. Takke Bo BpeMs paboTbl JonyckaeTca nepesanuncb
TeKyLLero nepmoaa cyeta Tanmepa. B pesynbtate nepesanuck Tekyllee 3Ha4YeHne Tarimepa 6yaet copolieHo
B 0 1 cueT HauHeTCs 3aHOBO. Tekyllee 3HayYeHne Tarimepa Haxoautca B peructpe TMR_VALUE.

3HaveHue, [0 KOTOporo ByaeT cuMTaTth MoAyb ONpeaenseTcs Kak:
NT = lNepuopg cyeta Tanmepa + 1
roe NT - KonMYecTBO TakTOB CUCTEMHOWN YacTOThI.

CraTtychbl 1 npepbiBaHUsA

Crarychbl cogepxatcs B pernctpe TMR_ST. B gaHHOM pexume BbipabaTbiBaeTCs CTaTyC OKOHYaHUSA cYéTa
nepuoga — 6ut END_PRD. Ha ocHoBaHMM QdaHHOro craTyca BO3MOXHO BO3HMKHOBEHME MNpPEpPbIBAHUS.
MpepbiBaHMe paspellaeTcss NyTeMm 3anmcn 1 B COOTBETCTBYHOLMI OWUT peructpa Mackm npepbiBaHWN
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TMR_MSK.
Anroputm pa6oTbl

1) Nonb3oBaTtenb 3anucbiBaeT Tpebyemoe 3HadeHMe nepuoga cveta Tarmepa B pernctp TMR_PERIOD.
2) lMonb3oBaTenb paspellaeT HyXHble MpepbiBaHWa MyTeM 3anncyu eguHuLbl B COOTBETCTBYKOLME OUTHI
pernctpa TMR_MSK. 3) lNonb3oBaTenb HacTpamBaeT TMR_CTRL:

Bbibupaet Tpebyemoe 3HadeHne 6uta CYCLES.

B 6ut T/C Heobxoaumo 3anucaTtb 3HadeHue 0.

B 6utel MODE Heobxoammo 3anucatb 3HadeHue 00.
B 6ut EXT_EN Heobxoammo 3anucatb 3HadeHue 0.
B 6ut EN 3anucbiBaeTcs 3HaveHue 1.

Tekywiee  3HavyeHus  TaWmepa  MoxeT  ObiTb  cuMtaHo w3 permctpa  TMR_VALUE.

Tanmep ¢ BHelWWHeW OCTaHOBKOM
MpuHUMN pa6oTbl

B pexume «Tanmep C BHELLHEN OCTaAHOBKOW» MoAynb NpeacTtaBnsieT cobon 24-pa3psigHbli TaiMep C
WMHKpPEMeHTaumMen Kaxabl TakT paboden yvactoTol. [lpy 3anycke Tavmep cuymTaeT C Hynd A0 MOMEHTa
BO3HWKHOBEHWS 3a0aHHOr0 cobbiTMA Ha BHewHem nuHe (GPIOA[24:26] anbTepHatuBHasa dyHkuus). Tuvn
cobbITMsA ocTaHoBKM onpegenseTcd 6utom TMR_CFG.STOP_TYPE. TekyLiee 3Ha4yeHne TaiMepa HaxoauTcs
B pernctpe TMR_VALUE.

CraTychbl ¥ NnpepbiBaHUsA

CraTtychl cogepxaTbes B pernctpe TMR_ST. B gaHHOM pexxnme BbipabaTbiBaeTCsl CTaTyCc NepenonHeHns
Tanvepa — 6uT OVW 1 cTaTyc OCTaHOBKM Talmepa Mo BHeLWHeMy cobbiTio — 6ut STOP_EVENT. Ha
OCHOBaHUWM JaHHbIX CTaTyCOB BO3MOXHO BO3HWKHOBEHWE npepbiBaHui. NpepbiBaHve paspeluaeTcs nytem
3anvcu 1 B COOTBETCTBYOLWMI BUT pernctpa macku npepbiBaHnii TMR_MSK.

AnropuTtm paboTbl

1) Nonb3oBaTenb 3agaeT TN COObITUSE OCTAHOBKU CYETa TanmMepa, NyTeM 3anncu Tpedbyemoro 3HayeHust
B 6ut TMR_CFG.STOP_TYPE.

2) Monb3oBaTtenb paspeLlaeT HyXXHble NpepbiBaHWS NyTEM 3anucu e4uHULbl B COOTBETCTBYHOLIME OBUTHI
peructpa TMR_MSK.

3) Nonb3oBaTens HacTpanBaeT TMRx_CTRL:

B 6ut CYCLES Heobxoagumo 3anucaTtb 3HadeHue 0.
B 6uT T/C Heobxoaumo 3anncatb 3HaveHue 0.

B 6utbl MODE Heobxoanmo 3anucaTb 3HadYeHue 01.
B 6ut EXT_EN Heobxoammo 3anucatb 3HadeHue 0.

B 6ut EN 3anuceiBaeTcsa 3HaveHue 1.

Tekylee 3Ha4yeHMs Tanmepa MoxeT 6bITb cunTaHo us pernctpa TMR_VALUE.v

MeXCcoObITUMHBLIN Tanmep
MpuHUMN paboTbl

B pexunme «MexcoObITUAHBLIM TakMep» MOAYNb NpeAcTaBnsieT cobon 24-pas3psigHbii TaMmep C
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MHKpeMEHTaUMeN Kaxabin TakT paboyen yactoTbl. [Mocne paspelweHns paboTbl Tanmep oXxuaaeT cobbiTme
cTapTa Ha BHeWHeM nuHe. Tun cobbiTua cTapta onpegensietca outom TMR_CFG.START_TYPE.
OkoH4yaHMem cyeTa sBMsieTCA COObITME OCTAHOBKM cyeTa TariMepa Ha BHeWwHeM nuHe. Tun cobbIiTuA
ocTtaHoBkM onpegensetca outom TMR_CFG.STOP_TYPE. Tekywee 3HayeHue TaniMepa HaxoAuUTCS B
pernctpe TMR_VALUE.

CTaTycbl ¥ NpepbiBaHus

Cratychl cogepxaTbcs B pernctpe TMR_ST. B gaHHOM pexxuMme BblpabaTbiBaeTcsl CTaTyc nepenosiHeHns
Tanmepa — 6ut OVW, ctaTyc 3anycka TanmMepa no BHeLHeMy cobbituio — 6ut START_EVENT un cratyc
OCTaHOBKM TanMepa Mo BHelHeMy cobbiTmio — 6ut STOP_EVENT. Ha OCHOBaHUM [aHHbIX CTaTyCcOB
BO3MOXHO BO3HWKHOBEHWE MpepbiBaHun. NpepbiBaHMe pa3peluaeTcs nyteM 3anucu 1 B COOTBETCTBYIOLLMM
OuT pernctpa mackm npepbieaHmn TMR_MSK.

AnropuTtm paboTbl

1) MNonb3oBaTenb 3agaeT TUN coObITMA 3amnycka cyeTa M OCTAHOBKM CYeTa Tammepa, NyTEM 3arnucu
Tpebyemoro 3HaveHus B Gutel START_TYPE 1 STOP_TYPE pernctpa TMR_CFG.

2) Monb3oBaTtenb paspeLlaeT HyXXHble NpepbiBaHWsA NyTEM 3anncy e4VHULbLI B COOTBETCTBYHOLLME OUTHI
pernctpa TMR_MSK.

3) Nonb3osaTens HacTpanBaeTr TMR_CTRL:

B 6ut CYCLES Heobxogumo 3anucatb 3HadeHume 0.
B 6ut T/C Heobxoaumo 3anucaTtb 3HadeHue 0.

B 6utel MODE Heobxoammo 3anucatb 3HadeHne 10.
B 6ut EXT_EN Heobxogumo 3anucatb 3HadeHue 0.

B 6ut EN 3anuceiBaeTcsa 3HaveHue 1.

TekyLlee 3Ha4YeHNs TaiMepa MOXeT ObITb BbluMTaHo U3 pernctpa TMR_VALUE.

Tanmep-CUYETUMK

MpuMeyaHue: aaHHbIN pexnm padoTbl noaaepXmneatoT Tonbko Tanmep 0 n 1. TariMmep 2 AaHHBLIR PeXNM
paboTbl He nogaepxuBaeT. [pu 3anycke Tanmepa 2 B pexume «TanmMep-cHeTYMK» MOAy b YAET B COCTOSHUE
OXNOaHus, BbIXO N3 KOTOPOrO BO3MOXEH TOMbKO MO OTKMOYEHWIO MOy NS,

MpuvHuun paboTbl

B pexume «Tarimep-cyeTumk» MOAYNN B3anMOZENCTBYIOT Mmexay cobon. OguH n3 mogynen Heobxogumo
HacTpoOuUTb B PEXMM Tanmepa, a BTOPOM B PEXUM CHETYMKA. Ha BHELLHMI BXOA MOAYMs, KOTOpbIn paboTaeT B
pexvMe cyeTdMka MoryT GbITb MofaHbl TakToBas YacTtoTta (Ons Taimepa 0 - RCL, ansa Tanvepa 1 - RCH),
nnbo curHan ¢ BHewHero nuHa. Bua cobbitusa onpepensietca 6utom TMR_CFG.EVENT_TYPE. MNocne
HacTpoOMKM MoAyNb B pexuMe Tanmepa v MOOyMb B pPEXUME CYETYMKa OXugatoT cobbiTus cTapTta, Tvn
koToporo onpegensetcs butom TMR_CFG.START_TYPE. 3atem Mmogynb, paboTatoLmin B pexxnume Taimepa,
cuuTaeT 4O MOMEHTa OCTaHOBKW ero MoayrneMm B pexume cuetymnka. Moaynb B pexume cyeTumka cymtaeT 4o
3HauyeHwus, 3anucaHHoro B pernctp TMR_PERIOD. CueTuuk yBenuumBaeTcs Ha 1 kaxgbli pas, Korga
dukcmpyeT 3agaHHoe cobbiTme. Tun cobbiTusa onpegensietcd 6utom TMR_CFG.FIX_TYPE. lNo 3aBepLueHuto
cyeTa MOAyfb B pexume cyeTynka opMMpYyeT COObITME OKOHYaHUs cyeTa And moayns, paborawoLiero B
pexvMme Tanmepa. B pesynbrate oba mopyns npekpaiwiatoTr cdeT. [lepesanucbiBaTb 3HavYeHUe permcrtpa
TMR_PERIOD gnst Mogynsi B pexume cyeTymka B xoge paboTbl 3anpeLLeHo.

3HaveHue, [o KOTOPOro ByaeT cumTaTh CHETUMK ONpeaensieTcs Kak:
Ne = lNepuopg cyeTta Tanmepa + 1

raoe Ne - konnyecTBo cobbITUNA.
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CraTychbl ¥ npepbiBaHUs
Cratychbl cogepxaTbes B pernctpe TMR_ST.

B paHHOM pexume, gna mogyns, paboTawowero B pexume TanMepa, BblpabaTtbiBaeTcsi craTtyc
nepenonHeHns Tammepa — 6Out OVW, craTyc 3anycka TanWmepa MO BHeWHeMy cobblTuio — OuT
START_EVENT wu cTaTyc OCTaHOBKM TarMepa No BHELHeMY coObiTuio — 6ut STOP_EVENT.

Ona mogynsa, paboTalollero B pexvnMe cyeTyrka, BolpabaTbiBaeTcs TOMNbKO CTaTyc 3anycka Ttanmepa no
BHeLLHeMy cobbITuio — 6ut START_EVENT.

Ha ocHOBaHWM OaHHbLIX CTaTyCOB BO3MOXHO BO3HWKHOBEHME MnpepbiBaHui. [pepbiBaHne paspeluaeTcs
nyTem 3anucu 1 B COOTBETCTBYIOLLMI BUT pernctpa macku npepbisaHmn TMR_MSK.

AnropuTtm paboTbl
Onsa moaynsa B pexxume Tanmepa:

1) Monb3oBaTenb 3agaeT TMN cobbITUA 3anycka cyeTta, NyTem 3anucu Tpebyemoro 3HayeHus B GuThbl
TMR_CFG.START_TYPE.

2) Monb3oBaTtenb paspeLlaeT HyXXHble NpepbiBaHWsA NyTEM 3anncy €4VHULbBI B COOTBETCTBYHOLLME OUTHI
pernctpa TMR_MSK.

3) Nonb3oBaTens HacTpanBaeT TMR_CTRL:

B 6ut CYCLES Heobxogumo 3anucaTb 3HadeHume 0.

B 6ut T/C Heobxoaumo 3anucaTtb 3HadeHue 0.

B 6utel MODE Heobxoammo 3anucatb 3HadeHne 11.

B 6ut EXT_EN Heobxoammo 3anucatb 3HayeHue 1.

B 6ut EN 3anucbiBaeTcs 3HaveHue 1.

TekyLlee 3Ha4YeHNs TaiMepa MOXeT ObITb BbluMTaHo U3 pernctpa TMR_VALUE.

But EXT_EN paspeluaeT cocegHemy MOAYMO HayaTb paboTy, TakMM 06pasom CUMHXPOHU3UPYS 3amnyck
oboux moaynei.

Onsa MoAaynA B peXXumMme cHeTHUKa:

1) [Monb3oBaTenb 3agaet Tun cobbITnA 3anycka c4yeTa, nytem 3anvucu Tpe6yeM0ro 3HayeHuss B OUThbI
TMR_CFG.START_TYPE.

2) Monb3oBaTtenb 3anuceiBaeT Tpebyemoe 3HayeHne nepuoga cyeta B pernctp TMR_PERIOD.

3) MNMonb3oBaTenb paspeLlaeT HyXXHble MpepbiBaHMsa NyTeM 3anncu eguHULbl B COOTBETCTBYHOLIME OUTHI
peructpa TMR_MSK.

4) MNMonb3oBaTtenb HacTpanBaeT TMR_CTRL:

B 6ut CYCLES Heobxoammo 3anucaTtb 3HadeHue 0.

B 6uT T/C Heobxoaumo 3anncaTtb 3HavyeHue 1.

B 6utbl MODE Heobxoanmo 3anucaTb 3HadYeHue 11.

B 6ut EXT_EN HeobxoamMmo 3anucatb 3HadeHue 1.

B 6ut EN 3anuceiBaeTcsa 3HaveHue 1.

Tekylliee 3Ha4YeHMs cyeTymKa MoXeT bbITb BbluMTaHo 13 pernctpa TMR_VALUE.

Bbut EXT_EN paspeluaeT cocegHemMy MOAYNIO HayaTb paboTy, Takmm oOpa3oM CUMHXPOHU3UPYS 3amnyck
obounx moaynen.
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KapTa peructpos

CwmeleHue ot 6a3oBoro agpeca 6noka | A66peBuartypa | JocTyn OnucaHue
0x0 TMR_CTRL RW Peructp ynpasnexus
0x4 TMR_CFG RW Peructp koHurypaumm
0x8 TMR_PERIOD |RW Mepwuopg cyeta Tarimepa
0xC TMR_VALUE [R TekylLee 3Ha4yeHne Tanmepa
0x10 TMR_MSK RwW Pernctp macku npepbiBaHuit
0x14 TMR_ST RC Peructp ctatyca
TMR_CTRL [0x0C].
Butbl | HazBaHue OnucaHue Doctyn Co6poc
31:6 - Peseps R 0
TMN paboTbl TaiMepa Mo JOCTUXKEHUIO 3HaYeHNs nepuoaa:
5 CYCLES |- 1 - NOBTOPHbIV CYET C HYNS; R/W 0
. 0 - ocTaHOBKa cyeTa.
paboTta B pexunme TaMepa Unm cHeTymKka, MUMeeT 3HavyeHne
4 T/C TONbKO r;pm MODE «Taﬁmep—cqemvm»: RIW 0
. - PEXUM CHETUUKA;
. 0 - pexxum Tanmepa.
peXMMbl paboTbl MOOYNS:
. 11 - «Tanmep-CHETUUKY;
3:2 MODE |- 10 - «MexXcobbITUIHBIN TakMepy; R/W 0
. 01 - «TanMep C BHELUHEN OCTAaHOBKOWY;
. 00 - «lMpocTon Tanimep».
paspeLueHne paboTbl cocegHero moayna « Taimep», uMeeT
1 EXT EN 3HayeHue Tonbko npu MODE «Taﬂﬁmep—cqewmx»: . RIW 0
- 1 - paboTa coceaHero TaiMepa pa3peLueHa;
. 0 - paboTa cocegHero Tavimepa 3anpeLleHa.
paspeLleHne paboTbl Tanmepa:
0 EN . 1 - TaiMep BKITHOYEH; R/W 0
. 0 - TanmMep BbIKITHOYEH.

Mpun pabote ¢ peructpammn mogynsa «Tanmep O» 6ut EXT_EN ynpasnset mogynem «Tanmep 1». MNpwu

paboTe ¢ peructpamu mogyns «Tanmep 1» 6ut EXT_EN ynpaenset mogynem «Tanmep 0».

TMR_CFG [0x04].

Butbl | HasBaHue OnucaHue HdocTtyn C6poc
314 - Peseps R 0
BUA CODbITUS, KOTOPOE CYUTAETCH CHETYMKOM B pPeEXNME
«Tanmep-cHeTumnK»:
3 EVEN;—TYP . 1 - BHellHee cobbITuE; R/W 0
. 0 - TakTOBLIN curHan (Ons tanmepa 0 - RCL, gns
Tanmepa 1 - RCH, ana tarimepa 2 - BHewHui CLK);
TWN COObLITUS, KOTOPOE CYMTAETCS CHETUNKOM B peXUME
5 FIX_TYPE «TanmMep-CHETUNKY . RIW 0
1 - coBbITNE 3agHero ppoHTa;
. 0 - cobbITne nepeaHero poHTa.
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Butbl | HasBaHue OnucaHue DocTtyn C6poc
TMN cobbITUSi OCTAHOBKM CYETa TanmMepa:
1 |STOP_TYPE|. 1 - ocTaHOBKa NoO 3agHeEMY (OPOHTY; R/W 0
. 0 - ocTaHoBKa no nepegHemy OPOHTY.
TUN cobbITUSI cTapTa cyeTa TarmMepa:
0 STAR;IE-—TYP . 1 - cTapT no 3agHeMy PPOHTY; R/W 0
. 0 - cTapT no nepegHeMy (OPOHTY.
TMR_PERIOD [0x08].
Butbl Ha3saHue OnucaHue DocTtyn C6poc
31:24 - Peseps R
23:.0 PERIOD Mepunopg cyeta Tanmepa. R/W
TMR_VALUE [0x0C].
BuTbl HasBaHue OnucaHue OocTtyn Co6poc
31:24 - Peseps R
23:0 VALUE TeKyllee 3HaYeHve Tarimepa. R
TMR_MSK [0x10].
Butbl HasBaHue OnucaHue OocTtyn Co6poc
31:4 - Peseps R 0
paspeLleHne npepbiBaHns Npy OCTaHOBKE TariMepa
6 :
3 STOP_EVENT _ |NO BHeLUHeMY CO bITI/I}? RIW 0
M . 1 - paspeLueHo;
. 0 - 3anpeLueHo.
paspeLleHre NpepbiBaHKsA NpuY 3anycke TaiMepa no
5 START_EVENT |BHELUHEMY COObITHIO: . RIW 0
M . 1 - paspeLueHo;
. 0 - 3anpeLueHo.
paspeLleHne NpepbiBaHNs NO NEPENOSIHEHWNIO
1 ovw M |TamerE _ RIW 0
- 1 - paspeLueHo;
. 0 - sanpeLueHo.
paspeLleHre NpepbiBaHKSA N0 OKOHYaHUIO CHETA
0 | END_PRD M |[M€PVOR&: _ RIW 0
1 - paspeLueHo;
. 0 - 3anpeLueHo.
TMR_ST [0x14].
Buthl HasBaHue OnucaHue OocTtyn C6poc
314 - Peseps R 0
OCTaHOBKa TavMepa no BHELHEMY CODBbITUIO:
3 STOP_EVENT . 1 - 3achmkcmMpoBaHO COBLITUE OCTAHOBKM; RC 0
. 0 - cobbITNEe OCTaHOBKM He
3aPUKCUPOBaHO.
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Butbl Ha3BaHue OnucaHue OocTtyn C6poc
3anyckK TanMepa no BHELHEMY COBbITUIO:
2 | START_EVENT |« 1 - 3admkcmpoBaHo cobbiTne cTapTa; RC 0
. 0 - cobbITHe cTapTa He 3admKCupoBaHo.
nepenonHeHve Tanmepa:
1 ovw . 1 - 3achmkcMpoBaHO NepenosiHeHe; RC 0
. 0 - nepenonHeHne He 3aUKCUPOBAHO.
KOHel cYéTa nepuoaa:
0 END PRD |- 1 - 3achmkcmpoBaH koHel, cYéTa nepuoaa; RC 0
. 0 - KoHeL, nepuoaa He 3achnKcupoBaH.
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CtopoxeBown Tanmep (WDT)

OOLee onucaHue

CTopoxeBon Tanmep MpegHasHavyeH AN NPUHYAWTENbHOW Mepes3arpy3kM CUCTEMbl B criyyae eé
3aBucaHus. Ona 6onblier 3awuTbl OT Cly4YanHOro JOCTyna K permctpam, onepauumn 3anncu MoryT ObiTb
nporpaMmmHo 3abnokupoBaHbl ¢ nomolusto permctpa WDT_LOCK.

B ocHoBe WDT nexuT cyeTumk paspsgHocTbio 32 6uta. Mogyne cdopmupyeT perynsipHoe npepbiBaHue
INT_WDT B 3aBMCMMOCTU OT 3anporpaMmmMuUpoOBaHHOIO 3HayeHusl. Kaxabl TakT CMHXpOCUrHana 3HavyeHue
cyeTuMKka yMeHbluaeTcs Ha eguHuuy. Koroa 3HayeHune cuetumka pocturaet 0, dopmupyetca curHan
npepbiBaHMs. 3aTeM CYETUMK nepesarpyxaeTcsa U 3aHOBO HauMHaeT OTcYeT K Hyno. Ecnn kK MmomeHTy, koraa
CYETYMK 3aHOBO AOCTUr 3HayeHus 0, MpepbiBaHME HE OYULLEHO, TO B CUCTEMY hopMupyeTcs curHan copoca.
Takum ob6pa3oM, CTOPOXKEBOWN TakMep NPeAoCTaBNseT BO3MOXHOCTb BOCCTAHOBIIEHNS CUCTEMbI Nocre cbosi
nporpaMmmHoro obecneyveHust. NMp1 HEOOXOAMMOCTM MOOYITb MOXET ObiTb BbIKITHOYEH.

Mpumeyanue: copoc WDT He cbpacbiBaeT CMM n DM.

PerucTtpbl cTopoxeBoro Tanmepa

(BT OE CESORIEND ENR[IEE AGb6peBuatypa | Ooctyn OnucaHue

JioKa

0x0 WDT_LOAD RW Mepuog cyeTa CTOPOXKEBOro Tamepa
Oxd WDT VAL RO TekyLiee 3H$:;:nv; ;:Topomeaoro
0x8 WDT_CTRL RW Pernctp ynpaeneHus

0xC WDT_CLR WO Peructp cbpoca npepbiBaHus
0x10 WDT_INTRAW |RO Pernctp ncxogHoro npepbiBaHus
0x14 WDT_INT RO Pernctp mackupyemoro rnpepbiBaHus
0x18 WDT_LOCK |RW Pernctp 6nokmposku goctyna k WDT
0x1C WDT_TCR RW Pernctp nepexofa B TECTOBbIN PeXUM
0x20 WDT_TOP WO Peructp ynpzz:(il-'iv'm: B TECTOBOM

WDT_LOAD [0x00].
Butbl | HazBaHue OnucaHue DocTtyn C6poc

lMepuop cyeTa CTOpOXEBOro TanmMepa.

Pernctp cogepXuT 3HayeHue, C KOTOPOro CYETUUK HAYHET
yMeHbLiaTbes. [pu nepesanucun gaHHOro peructpa tamvep
Heme[sieHHO CTapTyeT C 3anncaHHOro 3Ha4YeHus.
MuHumanbeHoe gonyctumoe 3HadeHune ans WDT _LOAD paBHoO
1.

31:0 | VALUE R/W 0
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WDT_VAL [0x04]
Butbl Ha3BaHue OnucaHue DocTtyn C6poc
31:0 CURRENT_VALUE |TekyLlee 3Ha4eHue Tanmepa. RO 0
WDT_CTRL [0x08]
Butbl | HazBaHue OnucaHue Doctyn C6poc
31:2 - Peseps R 0
Reset Enable. Pa3spelwueHne Ha hopmmnpoBaHue curHana
1 RST EN cbpoca no 3aBepLUEHMIO cqua Tavimepa: RIW 0
1 — cOpoc paspeLueH;
. 0 — cbpoc 3anpeLleH.
Interrupt Enable. Pa3pelwueHue Ha bopmmpoBaHue
0 INT EN npepbiBaHMS MO OKOHYaHWUIO cyeTa Ta.ﬁmepa: RIW 0
- 1 — NpepbiBaHMe paspeLleHo;
. 0 — npepbiBaHKe 3anpeLLeHo.

CTopoxeBon TaMep HaunmHaeT cyeT, ecnn yctaHoBneH out WDT_CTRL.INT_EN. CTtopoxeBoi Tanvep
nepectaet cuntaTb, ecnv 6ut WDT_CTRL.INT_EN cbpoLueH B HOnMb.

Mocne paspelueHnsa npepbiBaHNs, €CNU NOMb30BaTeNb 4O 3TOr0 €ro 3anpeLlan, C4eTYMK aBTOMaTUYECKU
nepesarpysuTtca co 3HadeHusa ua permctpa WDT_LOAD.

WDT_CLR [0x0C]

BuTbl | HazBaHue OnucaHue HDocTtyn Co6poc
3anuck nboro 3Ha4YeHUsl B aHHbIN PErMCTP O4MLLaeT
31:0 | CLEAR |npepbiBaHMe CTOPOXEBOro TaiMepa 1 nepesarpyxaet WO 0
cyeTymk 3HadveHunem ns pernctpa WDT_LOAD.
WDT_INTRAW [0x10]
Buthl HasBaHue OnucaHue OocTtyn C6poc
31:1 - Peseps R 0
VMcxogHoe npepbiBaHue Tanmepa:
0 RAW_WDT | 1 — NpepbiBaHME NPOM3OLLIIO; RO 0
. 0 — npepbiBaHME OTCYTCTBYET.

[aHHbI perncTp ykasbliBaeT Ha HeobpaboTaHHOe npepblBaHWe OT cyeTyuka. Ha ocHoBaHUM AaHHOroO
curHana oopmmpyeTcsl Mackupyemoe npepbisaHue.

TecTtoBoe npepbiBaHne, chopmmpoBaHHoe 3anucbto 1 B WDT_TOP.TST_INT, He oTobpaxaeTcs B 3TOM
perucrpe.

WDT_INT [0x14]

Butbl | HasBaHue OnucaHue HdocTtyn C6poc
31:1 - PesepB R 0
Macknpyemoe npepbiBaHue Tamepa:
0 INT_WDT |- 1 — npepbiBaHME NPOUIOLLIIO; RO 0
. 0 — npepblBaHME OTCYTCTBYET.
[aHHoe npepbiBaHne dopmupyeTcss Ha  ocHoBaHuu 6utoB  WDT_INTRAW.RAW _WDT wu

WDT_CTRL.INT_EN u nepenaétcsa B cuctemy.
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WDT_LOCK [0x18]

Butbl | Ha3BaHue OnucaHue DocTtyn C6poc
31:1 - Peseps R 0
BriokupoBka 3anuncu B perucTpsl:
. 1 — 3anncb BO BCE PErMCTPbI CTOPOXKXEBOIO
0 LOCK _WDT |tarimepa 3abnokupoBaHa,; R/W 0
. 0 — 3anncb BO BCE PEermcTpbl CTOPOXEBOrO
Tarimepa paspelleHa.

[aHHbIn peructp

GnoKMpyeT OOCTyN Ha 3anncb BO BCE OCTarbHble PErMcTpbl CTOPOXEBOrO Tanmepa.
3anucb 3HadeHua 0x55 obecneuvBaeT OOCTYN Ha 3anmMcCb KO BCEM peructpam. 3anucb noboro apyroro
3Ha4yeHns 6nokMpyeT 4OCTyn.

Mo ymMonyaHuio 3an1ck BO BCE PErMcTpbl CTOPOXEBOro Taimepa 3abnokupoBaHa.

WDT_TCR [0x1C]

Butbl | HaszBaHue OnucaHue OocTtyn C6poc
31:1 - Peseps R 0
TecToBbIV peXxuMm:
0 TEST_EN |« 1 — cTOopOXeBOW Tanmep B TECTOBOM pexume; | R/W 0
. 0 — cTopoxeBon Tanmep B pabovyem pexumve.

B TectoBom pexume nonb3oBaTenb HEMNOCPEACTBEHHO YNpaBnseT MackupyembiM MpepbiBaHUEM U
cbpocom oT CTopoXeBoro Tanmepa yepes pernctp WDT_TOP.

WDT_TOP [0x20]

Butbl  HazBaHue OnucaHue OocTtyn C6poc
31:2 - PesepB R 0
dopmupoBaHme curHana npepbiBaH1s oT Taimepa B
1 TST INT TECTOBOM peXmme: . RO 0
1 — npepbiBaHNE aKTUBHO;
. 0 — npepbiBaHWe HEaKTUBHO.
dopmMumpoBaHne curHana cbpoca ot Tanmepa B TECTOBOM
0 | TST REs |P¥VME: _ RO 0
- . 1 — cBpoc aKTuBEH;
. 0 — c6poc HeaKTUBEH.
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Cuctema ynpaBneHusi copocom u nutaHuem (PMM)

Brniok PMM BbInonHsAeT gBe OCHOBHbIE DYHKLINK: yNPaBNseT pexmnuMammn cHa n hopmMmpyeT curHanbl copoca
ONsl BCeX OCTarbHbIX KOMMIOHEHTOB CUCTEMBbI.

OcCHOBHbIe (hyHKLUN
Briok PMM BbINOMNHAET ABE OCHOBHbIE (PYHKLMM:
YnpaBnsieT pexxumMamu CHa;
dopmupyeT curHansl cbpoca Ang Bcex ocTanbHbIX KOMMNOHEHTOB CUCTEMBI.

CTpyKTypHasa cxema

CPU in WFI
Interrupt Wakeup
A 4 Y k.
System SLEEP ACTIVE
Bus Control and status SLEEP DEEP Sleep Mode -
< :> registers = > Control I
(apb0_pmm_clk) (apb0_lp_clk) DEEF SLEEF ACTIVE

k, Y A

scrub_rst

Sys
dm_rst Reset Lsys_|
Generator
ahb_main_clk]

a
o
I
=

h 4

wdt_rst

i_por_rst_n

i_bor_rst_n

Reset rst
Synchronizer —>
ahb_main_clk

3 Delay Timer
(undiv_clk) MUX

v

i_ext_rst_n | Low Pass Filter

(undiv_clk)

rst_bypass

Yn paBrieHue pexmmamm CcHa

YnpasnsioLue u ctaTycHble perncTpbl JOCTYMHbI AN YTEHUS U 3anucum No cucteMHom LunHe (System Bus).
but PMM_CTRL.SLEEP_DEEP onpegensieT, B kakol UMEHHO pPeEXWUM CHa nepengeT cucTema, Korga
npoueccop BbINOAHUT MHCTpykumio WFI. Ecnun 6ut BeictaBneH B 0, To cuctema nepengeT B pexum «CoH
npoueccopa», a ecnu 6ut BoicTaBneH B 1, TO B pexuM «[ nyBoKnin CoH».

Mocne nosisneHus curHana CPU in WFI cuctema nepexogut B pexum cHa - PMM Beigaet 8 CMM curHan
SLEEP_ACTIVE wnu DEEP_SLEEP_ACTIVE n CMM oTknto4aeT TakToBble CurHanbl, COOTBETCTBYOLLME
OaHHOMY pexumy cHa. brok ynpaBneHus pexumamu cHa BbiIxogut m3 pexuma «CoH npoueccopa» npu
permctpaumm noboro npepbiBaHus B cucteme (Interrupt), n BeixognT n3 pexxuma «[my©6oknii CoH» no curHamny
npobyxaeHus (Wakeup).

dopmMupoBaHue curHanos cb6poca

MNepBoHavyanbHbIM cOPOC cucTeMbl nocrne nogaynm nutaHus nposogaT 6mnokn BOR n POR — curHanbl
i_por_rst_ nui_bor_rst_n. Korga no6on 13 atnx cbpocoB akTUBEH (aKTUBHbIV YPOBEHb Y 3TUX CUrHamnos - 0),
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TO Tanmep 3agepxku (Delay Timer) cbpowen B 0. Koraa tavimep cbpoweH B 0, To B cuctemy nogaetcs 0
(akTnBHBIN ypoBeHb cOpoca). 3HadeHne BHeLLHero curHana copoca (i_ext_rst_n) npu aTom urHopmpyetcs.

lMocne TOro, Kak HampshKeHWe MMKPOCXEMbl YCTaHOBWUMOCH Ha paboyem ypoBHe, curHanel cbpoca oT
6nokoB BOR n POR nepexoasitT B HeakTUBHOE COCTOsIHME. Tanmep 3agepxkm Gonee He cOpoweH. OH
otcuntbiBaetr 1000 TakTtoB 4acTtoThl undiv_clk (npy 3ToM cOpoc Bce elwe MNodaH Ha cuctemy) u
ocTaHaBnuBaeTcs. C 9TOro MOMeHTa B CUCTEMY NoJaeTCcs 3HavyeHne BHeLHero curHana cbpoca (i_ext_rst).
BHewHun curHan cbpoca npeaBapuTenbHO NpOXoauT Yepes npoctenumnn punbtp HuKHUX YacTtoT (Filter).
®dunbTp He NponyckaeT Ha BbIXod U3mMeHeHust curHana i_ext_rst_n kopoue 5 Taktos undiv_clk.

Bpems paboTtbl punbTpa - 5 TaktoB undiv_clk, To ecTb Ans Toro, 4tobsI chopmmnpoBaTb COPOC B CUCTEMY,
HeobxoOuMO NpoaepKaTb YPOBEHb curHana Ha nuHe i_ext_rst_n B Hyne He meHee 4Yem 5 TakToB undiv_clk.
[na Toro, 4Tobbl curHan cbpoca cncTembl NepeLLEN U3 aKTUBHOIO YPOBHSA B HEAKTUBHbIN, 3HAYEHNE Ha NuHe
rst_n_free Takke QOMKHO AepxaTbCs B eAMHMLE He MeHee 5 TakToB undiv_clk.

Ecnu nogatb Ha nuH i_rst_bypass eanHuuy, To BHelwHU cbpoc i_ext_rst n uyepes mynbTunnekcop MUX
MUHYeT UNbTP 1 TanMep 3a4epPXKKU 1 nonagaeT HENOCPELACTBEHHO B CUCTEMY.

Hanee curHan cbpoca nonagaeT Ha CUHXPOHM3aTop cOpoca, KOTOPbIN CUHXPOHU3MPYET COPOC Ha YacToTy
AHB/APB, Ha koTopoW paboTaloT ocTanbHble BI0KK B cUCTEME.

PMM dopmupyeT ABa OCHOBHbIX curHana cbpoca.

C6poc rst_n - copoc ans DM n CMM. AkTuBEH, KOoraa akTuBeH BHeLWHuU cbpoc, nnbo copoc ot POR, nubo
cbpoc ot BOR. ®opmupoBaHune 3Toro curHana nogpobHO pacCMOTPEHO BbILLE.

C6poc sys_rst_n - cbpoc ansa scen cuctemol, kpome DM 1 CMM. AktuBeH, koraa aktmeeH rst_n UM cbpoc
ot WDT UIU cbpoc ot DM UITU cbpoc ot Memory Scrubber.

Peructpbl PMM

CmelleHue oT 6a3oBoro agpeca 6noka AGbpeBunartypa OnucaHue
0x0 PMM_CTRL Pernctp ynpasneHus
Ox4 PMM_ST Pernctp cratyca
MpeaynpexaeHue

Pervctpsl PMM cbpackiBatoTcs no rst_n, To ecTb He copacbiBatoTcs npu copoce ot DM, WDT unu Memory
Scrubber. 310 Hy>kHO ana Toro, YTobbl permctp PMM_ST mor 3anomuHatb, 4to cbpoc ot WDT, DM wunun
Memory Scrubber npousoLuen.

PMM_CTRL [0x00].
Butbl | HasBaHue OnucaHue HdocTtyn C6poc

31:1 - Peseps R 0

3Ha4YeHne aToro 6MTa onpeaenseT, B KAKON PEeXUM cHa
nepewnaer cuctema npu UCNOSIHEHUM MPOLIECCOPOM

0 SLEEE—DE nHcTpykunn WFI: R/W 0
0 - B pexxum «CoH npoueccopay;
. 1 - B pexxum «Imy0OoKuii CoH».

PMM_ST [0x04]. PerncTp ouunwiaeTcsa npm YTEHUMN.

I Butbl ‘ HasBaHue | OnucaHue “J.OCTyn | C6poc |
| 31:3 | - Peaeps . R | 0 |
' ' 'c6poc oT Memory Scrubber: ' ' '
2 |SCRUB_RST|. 1 - 3acpukcmposaH c6poc oT Memory RC 0
Scrubber.
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Butbl| HasBaHue OnucaHue OocTtyn C6poc
1 DM_RST c6poc oT Moaynsi OTNagKu: RC 0
1 - 3adMKCMpOBaH COPOC OT MOAYNs OTNAaAKK.
cbpoc No CTOpoXEBOMY TanMepy:
0 WDT_RST |« 1 - 3acpyKcMpoBaH cBPOC NO CTOPOXKEBOMY RC 0
Tanmepy.
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Moaynsb PLIC

Mogynb PLIC (Platform-level Interrupt Controller) — aTo KOHTponnep npepbiBaHun cuctembl. PLIC
NPUHMMAET CUrHanbl MpepbiBaHUS OT BCEX MepPUdEPUHBLIX YCTPONCTB, obpabaTtbiBaeT uX (NPUOPUTET,
paspelLleHne NpepbiBaHUiA) U NOCLINAET CUrHaN NpepbiBaHWs OOHON U3 Lenein NpepbiBaHUs - MPOLLECCOPY MK
6noky FPGA.

I 1
_________ I '
: L .
1 ! s :
1 :—:—) .
: ! 1 :
1 ! 1
| 1 d I
: S I > RXFFO [« > XDMA L 5
' ! ! Channel X
| SpaceWire ! ! SpaceWire SpaceWire ' AHB
. Link | Protocol Core RMAP Core ! BUS
1 ! 1
! > < TXFFO  |[€—> > XDVA L
! ! 1 Channel !
: L d :
| e |
: D '
Lo ! 1 !
1 A A :
I !
A 4
Control and Status [ N RMAP
h Registers D " synchronyzer
N i
: Interrupt ! : APB BUS !
L__Scontroller v | ___________
" s | ntemupt l
. . — R R —
NN B (N A (N D T S———
|
A \ . \ A\

B Mukpocxemy uHterpmpoBaH npuemo-nepenatyuk ¢ LVDS yposHamMuU. [1na peanusalmm obmeHa BHELLHUX
MUKpPOCXeM He TpebyeTcs.
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Bcemu byHKUMAMUM aHaNoroBom YyacTu MUKPOCXEMbl MOXHO ynpaBnaTb Mo uHTepdency SpaceWire 6e3
3apencteoBaHna CPU.

ID npepbiBaHUMn

Kaxablhn MICTOYHUK NpepbiBaHMs B cuctemMe MmeeT yHukanbHbin ID. ID 0 3apesepBupoBaH M 03HavaeT
OTCYTCTBME aKTMBHbIX MpepbiBaHMW. ID npepbiBaHMM UCNoONb3ytoTcd, 4TOObl Lenb MNpepbiBaHMSA
(npoueccopHoe aapo unu 6nok FPGA) morna onpenenntb, Kakoe npepbiBaHWE akTUBHO (MpoynTaB perncTp
CC), Tak 1 4Tobbl NOATBEPANTL OKOHYaHWE 06paboTKM AaHHOro nNpepbiBaHus (3anucas B peructp CC).

ID npepbiBaHusA YcTponcTBo Twun npepbiBaHUA
0 AKTUBHbIE NPEpbIBaHNS OTCYTCTBYHOT
1 GPIOA 3aBucuTt ot HacTporikn GPIO (pernctp INTTYPE)
2 GPIOB 3aBucut ot HacTporikn GPIO (pernctp INTTYPE)
3 SCRUBBER Mo ypoBHio
4 CMM Mo dpoHTy
5 FPGA 3aBuUCKT OT NnorukuK, peanuaoBaHHon B FPGA
6 WDT Mo ypoBHIo
7 STIMER Mo cpoHTy
8 TIMERO Mo cpoHTy
9 TIMER1 Mo cpoHTy
10 TIMER2 Mo dpoHTY
11 UARTO Mo dpoHTY
12 UART1 Mo dpoHTY
13 SPIO Mo poHTY
14 SPI1 Mo dpoHTY
15 12C0O Mo poHTY
16 12C1 Mo dpoHTY
17 SPWO Mo dpoHTY
18 SPWA1 Mo dpoHTY
19 MILSTDO Mo ypoBHio
20 MILSTD1 Mo ypoBHio
21 CANO Mo ypoBHio
22 CAN1 Mo ypoBHio
23 OwIO0 Mo dpoHTY
24 Oown Mo dpoHTY

MpepbiBaHUs
Pa3pelueHue npepbiBaHUn

Kaxxgbin 61T B peructpe |E ynpaBnsieT COOTBETCTBYIOLLMM UCTOYHUKOM npepbiBaHuie: 0 - npepbiBaHne OT
3TOro UCTOYHMKA 3anpeLLeHo, 1 - npepbiBaHMe OT 3TOr0 MCTOYHUKa pa3peLueHo. Ecnv npepbiBaHne OoT AaHHOro
MCTOYHMKA 3anpeLleHo, MpepbiBaHMe OT 3TOr0 WCTOYHMKA He BbI30BET npepbiBaHne uenu. Npu atom
npepbiBaHue Bce xe byaeTt cdukcupoBaTtbes B peructpe IP.
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Ecnu npepbiBaHne pa3spelleHo B pernctpe |IE, To npu ero BO3HNMKHOBEHMM Npu YTeHun pernctpa CC byaeTt
BblgaHo ID aToro npepbiBaHMs (€CNu HET OPYTUX aKTUBHbIX NPepbIiBaHWi ¢ 6onee BbICOKUM npuopuTteTom). Ho
3TO He obsA3aTenbHO O3Ha4yaeT, YTO BO3HUKHOBEHME 3TOrO MpepbiBaHWS BbI3OBET MpepbiBaHve uenu. [Ans
TOro, YToObl NMpepbiBaHME BbI3BaNo NpepbIBaHNE LN, JOMKHO ObiTh BINOMHEHO €Lle OAHO YCIOoBUE: ero
NpUopUTET AOMKEH ObITb BbILLE TEKYLLLEro nopora npuopuTteTa aTon Lenw.

MpuopuTeT M Nopor npuopuTteTa

Kaxabll M3 MCTOYHWKOB MNpepbiBaHU UMeeT HacTpauBaembl npuoputet ot 0 go 7. MNpuoputet gns
Kakgoro M3 MCTOYHMKOB HacTpavBaeTcs 3anucblo B cooTBeTcTByowmn pernctp PRIO.

3anuckio B pernctp THRESHOLD mMoxHO 3agaTth TekyLimin nopor npuoputeta npepbiBaHuii. Korga PLIC
dukcupyeT curHan npepbiBaHWs OT OQHOMO U3 UCTOYHMKOB, OH NOCHINIAeT CUrHan NpepbiBaHMs K LLenu TOMnbKo
ecnu NpuopuTeT 3TOr0 NpepbiBaHns cTporo 6onblie nopora npuopuTteTa aton uenu. CTouT OTMETUTb, YTO,
TakuMm obpas3om, npepbiBaHusA ¢ npuvoputeTom 0 HMKOrga He BbI3OBYT MpepbiBaHMA Lenu. Takke CTouT
OTMETUTb, YTO €Cnv MOpPOr MpPepbiBaHWI LENN YCTAHOBMEH HAa MakcMMarbHOEe 3HadeHue (7), TO HuKakue
WCTOYHVKKN He OyayT Bbi3blBaTh NpepbiBaHME STOW LIENW.

BxogHon 6nok(Gateway)

BxogHon 6rok PLIC (Gateway) npuvHUMaeT curHanbl NpepbiBaHUA OT WUCTOYHUKOB MpepbiBaHUA WU
nepeBOAMT UX B CTaHAapTHbIM hopmart, ncnonbayowmincsa sBHyTpyu PLIC. CurHansl npepbiBaHWn 4enaTcs Ha
2 TMna: no ypoBHIO (NpepbiBaHWe (bUKCUpyeTcs, Koraa curHan gepxutcsa B 1) n no poHTy (npepbiBaHune
dukecupyeTcsa, korga curHan nepexogut m3 0 B 1). [na Kaxaoro U3 MCTOYHWKOB MOXHO 3agaTb Tun
npepbiBaHMs 3anuckto B perncTp LE.

PasnnyHble 6noku B cucteme MMetoT pasnuyHbIN TUN CUrHana npepbiBaHus.

Korga BxogHow 6rok cdukcupyeT npepbiBaHve, B peructpe I[P cooTBETCTBYIOLMIA 3TOMY UCTOYHUKY OUT
BbicTaBnsieTcs B 1. Korga Lenb NnoaTBepxaaeT, YTo Havana obpaboTKy aToro npepbiBaHus (BblunTtas 1D aToro
npepbiBaHusa us peructpa CC), 6ut B peructpe IP cbpacbiBaetca B 0. but B peructpe IP He BbicTaBuTtcs B 1
CHOBa, MoKa Lefb He NoATBepAnT 3aBeplLueHne 06paboTku npepbiBaHusA (3anucas |ID aToro npepbiBaHus B
permuctp CC). [lo aToro MoMeHTa ntobble npepbiBaHMSA OT AaHHOIO UCTOYHMKA UrHOpPUpPYOTCA. B yacTHocTw,
3TO O3Ha4yaeT, YTO ANS CUrHanoB MpepbiBaHUA MO (PPOHTY nocre nepsoro poHTa (KOTOPbIA NPUMBOAUT K
BbiCTaBneHnto 6uta B peructpe IP) Bce nocnepywowme ¢poHTb OyayT npourHopupoBaHbl. [logcyet
NPOUrHOPUPOBaHHbLIX PPOHTOB (Kak onmcaHo B cneundukauun RISC-V) He noggepxumBaeTcs.

CnenyeTt oTMeTUTb, YTO ANS NPepbiBaHUN NO YPOBHK €Cnv curHan npepbiBaHusa nepenget B 0 nocrne
BbicTaBneHusa 6uta B peructpe IP B 1, To 61T B pernctpe IP 6ygeT octaBatbecsa B 1. CopocuTb ero B 0 MoxeT
TONbKO LEenb, NOATBEPAMB, YTO Hayan obpaboTky aToro npepbiBaHusa (BbluuTae ID 3TOro mpepbiBaHusA 13
peructpa CC). Ecnu BO3MOXHO, LEeNb NPepbiBaHUSA [OJKHA MNPOBEPSATb, MO-MPEXHEMY MW HyXaaeTcs
npepbiBaHe B 00paboTke (MpouMTaB CTaTyCHbIA pernctp nepudepuirtHoro YCTpOWCTBa, KOTOpoe
CreHepuMpoBaro npepbiBaHuE).

MoaTsepxxaeHne Havana/okoH4YaHMsA 06paboTKM NpepbiBaHUA
MopTBepxaeHMe Hayana o6paboTkn NnpepbiBaHUSA

Llenb noareepxgaeT Hadano obpaboTkm npepbiBaHMs YTeHuem peructpa CC. Y kaxgon uenu cBon
pernctp CC. 3HayeHune, KOTOPOE BO3BPALLAETCS MPU YTEHMUN STOrO perucTpa - 310 ID akTMBHOrO NpepbiBaHUs
C Havbonbwmm npuoputeToM. Ecnn gBa akTMBHBLIX NpepbiBaHUS UMEKT OAWH U TOT xe npuoputeT, PLIC
BO3BpaLLaeT npepbiBaHne ¢ HaumeHbLlwM ID. 3HayeHme nopora npuoputeTa Npyn 3TOM He urpaeT ponu (nopor
BNUSIET TONbKO Ha TO, BbI3bIBAET N NpepblBaHWE OT AAHHOrO UCTOYHMKA MpepbiBaHME Lenu), NnoaToMy npu
yteHun pernctpa CC moryT 6biTb npodntaHel ID ¢ npuoputeTom MeHbwe THRESHOLD. Ecnu akTMBHbIX
npepbiBaHW HeT, YTeHne pernctpa CC BosspawtaeT 0.

Ecnv oouMH UCTOYHMK NpepbiBaHMSA BKIOYEH B peructpax |[E cpasy AByx uenen n npuoputeT 3TOro
ncroyHuka sbille THRESHOLD o6eux Lienen, To curHan npepbiBaHusa 6yaeTt nocnaH obeum Lenam. B aTtom
criyyae MpoOMCXOOUT «FOHKa» Mexay ABYMS Lenamu - nepsas uenb, Kotopas uitaet cson pernctp CC,
BolumTaeT ID npepbiBaHus, a BTopad BbluMTaeT 0, nokasbiBalOWMA OTCYTCTBME npepbiBaHUn. He
pekomeHayeTca HacTpamBaTb PLIC Takum o6pasom! PekomeHOyeTcsi BKYATh KaXAbl  WMCTOYHUK
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npepbiBaHMsA TOMbKO B OAHOM U3 pernctpos IE.
MoaTteepxaeHNe okoHYaHusi 06paGoTKM NpepbiBaHMS

lMocne Toro, kak uenb NOATBEPXKAAET Havano o6paboTkun NpepbIBaHNsi, COOTBETCTBYOLWMI BUT B pernctpe
IP cbpacbiBaetcs B 0, BHE 3aBUCUMOCTM OT 3HAYEHWSI HA NMHUK NpepbiBaHus. o TOro MOMeHTa, Kak uenb
NMOATBEPAMT OKOHYaHMe obpaboTku npepbiBaHus, 6wt B peructpe IP He BbicTaButca B 1 cHoBa. Llenb
noaTBepXXAaeT OKOHYaHWe obpaboTkm 3anucbto ID npepbiBaHus B pervctp CC. lNpu atom PLIC cHoBa
CTaHOBUTCHA BOCMNPUUMYMB K NPEpPbIBAHMIO OT YCTPOWUCTBA C AaHHbIM ID.

C-dyHKuuum ana paéotbl ¢ PLIC

Mpwn paboTte ¢ PLIC ncnoneayite dannel plic.c u plic.h n3 npumepos nporpamm. 3T annsl cogepxan
dyHKuuKn ons mHugmanudauumn PLIC, paspelleHns npepbiBaHUR, 3agaHust nopora npuoputeTa u npuMmep
dyHKUUKN-06paboTunka npepbiBaHNUS.

Takke npu paboTe ¢ NpepbiBaHUSIMM UCMONL3YyNUTe hawnnsbl isr.c, isr.h, irg.c, irg.h.

KapTa peructpoB

CwmelueHue ot
6asoBoro Ab66peBnatypa | HaseaHue pernctpa | Joctyn OnucaHue
agpeca 6noka
PervcTpbl ynpaBneHus UCTOMHUKaMU NpepbiBaHUi
0x00 IP Interrupt Pending RO AKTMBHb'ﬁpl%Si::;'S MOMEHT
0x04 LE Levalgage R axaoro s npepuann
0x0C PRIO1 Interrupt Priority RW MpuoputeT npepbiBaHna GPIOA
0x10 PRIO2 Interrupt Priority RW MpuoputeT npepbiBaHus GPIOB
0x14 PRIO3 Interrupt Priority RW Hpmorglégungggasawﬂ
0x18 PRIO4 Interrupt Priority RwW MpuopwuteT npepsiBaHns CMM
0x1C PRIO5 Interrupt Priority RwW MpuoputeT npepbiBaHna FPGA
0x20 PRIO6 Interrupt Priority RW MpuoputeT npepbiBaHna WDT
0x24 PRIO7 Interrupt Priority RwW MpuopwuteT npepsbiBaHns STIMER
0x28 PRIO8 Interrupt Priority RwW MpuoputeT npepbiBaHns TIMERO
0x2C PRIO9 Interrupt Priority RwW MpuoputeT npepbisaHna TIMER1
0x30 PRIO10 Interrupt Priority RwW MpuopuTeT npepbiaHna TIMER2
0x34 PRIO11 Interrupt Priority RwW MpuopuTteT npepbiBaHns UARTO
0x38 PRIO12 Interrupt Priority RwW MpuopuTteT npepbiBaHns UART1
0x3C PRIO13 Interrupt Priority RwW MpuoputeT npepbiBaHna SPI0
0x40 PRIO14 Interrupt Priority RwW MpuoputeT npepbiBaHma SPI1
0x44 PRIO15 Interrupt Priority RW MpuoputeT npepbiBaHusa 12C0
0x48 PRIO16 Interrupt Priority RW MpuoputeT npepbiBaHus 12C1
0x4C PRIO17 Interrupt Priority RW MproputeT npepbiBaHua SPWO
0x50 PRIO18 Interrupt Priority RwW MpuopuTteT npepbiBaHns SPW1
0x54 PRIO19 Interrupt Priority RW | MpuopuTtet npepbiBaHus MILSTDO
0x58 PRIO20 Interrupt Priority RW | Mpuoputet npepbiBaHns MILSTD1
0x5C PRIO21 Interrupt Priority RwW MpuoputeT npepbisaHna CANO
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CmellueHue oT

6a3oBoro A66peBunatypa | HasBaHue perncrtpa | Joctyn OnucaHue
appeca 6noka
0x60 PRIO22 Interrupt Priority RwW MpuoputeT npepbiBaHna CAN1
0x64 PRIO23 Interrupt Priority RwW MpuopuTteT npepbiBaHns OWIO
0x68 PRIO24 Interrupt Priority RwW MpuopuTteT npepbiBaHns OWI1
PervcTtpbl ynpaBneHue reHepaumen npepbiBadns ans CPU
Interrupt Enable PaspelueHne npepbiBaHui ang
0x100 CPU_IE (CPU) RW CPU
0x104 CPU_THRESHO | Threshold of Priority RW Mopor npnopuTeTa npepbiBaHWIA
LD (CPU) ana CPU
YreHue BbigaeT ID akTuBHOMO
Claim / Complete npepbisaHua CPU, 3anuce
0x108 CPU_CC (CPU) RW noarteepxaaet okoH4yaHne CPU
06paboTkM npepbiBaHMA
Machine-mode leHepauns nporpamMmmHoro
0x10C CPU_MSIP Software Interrupt RW o 5 ::‘BaHMZ FJ)'m CPU
Pending (CPU) pep A
PerncTpbl ynpaeneHust reHepauunen npepbiBaHusa ans FPGA
Interrupt Enable PaspelueHne npepbiBaHui ang
0x200 FPGA_IE (FPGA) RW FPGA
0x204 FPGA_THRESH | Threshold of Priority RW Mopor npuopuTeTa npepbiBaHU
OLD (FPGA) ans FPGA
YteHwne BbigaeT ID akTuBHOrO
Claim / Complete npepbiBaHua FPGA, 3anucb
0x208 FPGA_CC (FPGA) RW noaTeepxaaeT okoH4YaHne FPGA
06paboTkM npepbIBaHNS
Machine-mode FeHepaLmsi NPOrpamMMHOro
0x20C FPGA_MSIP | Software Interrupt RW O P G
Pending (FPGA) pep A
Interrupt Pending (IP)
BuTbl HasBaHue OnucaHue HdocTtyn C6poc
31:25 R 0
24 owi1_P R 0
23 OowWI0_P R 0
22 CAN1_P R 0
21 CANO_P R 0
20 MILSTD1_P R 0
19 MILSTDO_P R 0
18 SPW1_P R 0
17 SPW0_P R 0
16 12C1_P R 0
15 12C0_P R 0
14 SPI1_P R 0
13 SPIO_P R 0
12 UART1_P R 0
11 UARTO_P R 0
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Butbl Ha3BaHue OnucaHue OocTtyn Co6poc
10 TIMER2_P R 0
9 TIMER1_P R 0
8 TIMERO_P R 0
7 STIMER_P R 0
6 WDT_P R 0
5 FPGA P R 0
4 CMM_P R 0
3 SCRUB_P R 0
2 GPIOB_P R 0
1 GPIOA_P R 0
0 R 0

Ecnn GuT B 3TOM peructpe BbiCTaBneH B 1, 3TO O3Ha4aeT, 4TO 3adMKCMpOBaHO NpepbiBaHWE OT
COOTBETCTBYOLLErO Broka.

But B peructpe IP cbpacbiBaetca B 0, Korga uenb nNpepbiBaHUS BblYUTLIBAET COOTBETCTBYOLLEE
npepsiBaHuio ID n3 peructpa CC.

Interrupt Source Type Level / Edge (LE).

BuTbl Ha3BaHue OnucaHue OocTtyn Co6poc

31:25 R 0
24 OWI1_LE R/W 0
23 OWIO_LE R/W 0
22 CAN1_LE R/W 0
21 CANO_LE R/W 0
20 MILSTD1_LE R/W 0
19 MILSTDO_LE R/W 0
18 SPW1_LE R/W 0
17 SPWO0_LE R/W 0
16 12C1_LE R/W 0
15 12C0_LE R/W 0
14 SPI1_LE R/W 0
13 SPIO_LE R/W 0
12 UART1_LE R/W 0
11 UARTO_LE R/W 0
10 TIMER2_LE R/W 0
9 TIMER1_LE R/W 0
8 TIMERO_LE R/W 0
7 STIMER_LE R/W 0
6 WDT_LE R/W 0
5 FPGA LE R/W 0
4 CMM_LE R/W 0
3 SCRUB_LE R/W 0
2 GPIOB_LE R/W 0
1 GPIOA LE R/W 0
0 R 0

Kaxabln GUT perucTpa 3agaeT TN curHana npepbiBaHuUs OT COOTBETCTBYHOLLEro Broka:
0 - npepblBaHWE MO YPOBHIO;

1 - npepbiBaHne No OPOHTY.
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Interrupt Priority (PRIO).

B PLIC cyuwecTByeT otaenbHbin pernctp PRIO anst kaxxgoro n3 MCTOYHUKOB NpPepbIBaHNUA.

BuTbl | HasBaHue OnucaHue HdocTtyn C6poc
31:3 Peseps R 0
2:0 ) Erlilr?bl-;ﬁaiei:ﬂoeg (I)'I[Z;I/IIOpVITeT COOTBETCTBYIOLLETO RIW 0

Interrupt Enable (CPU_IE, FPGA_IE).

B PLIC npucytcTBytoT ABa peructpa IE:

CPU_IE ans uenu npepbiBaHus Homep 0 - NpoLeccopHoro 14pa;

FPGA_IE aonsa uenu npepbiBanusa Homep 1 — FPGA.

Butbl HasBaHue OnucaHue OocTtyn C6poc

31:25 R 0
24 OWI1_IE R/W 0
23 OwWIO0_IE R/W 0
22 CAN1_IE R/W 0
21 CANO_IE R/W 0
20 MILSTD1_IE R/W 0
19 MILSTDO_IE R/W 0
18 SPW1_IE R/W 0
17 SPWO_IE R/W 0
16 12C1_IE R/W 0
15 12C0_IE R/W 0
14 SPIM_IE R/W 0
13 SPIO_IE R/W 0
12 UART1_IE R/W 0
11 UARTO_IE R/W 0
10 TIMER2_IE R/W 0
9 TIMER1_IE R/W 0
8 TIMERO_IE R/W 0
7 STIMER_IE R/W 0
6 WDT_IE R/W 0
5 FPGA _IE R/W 0
4 CMM_IE R/W 0
3 SCRUB_IE R/W 0
2 GPIOB_IE R/W 0
1 GPIOA_IE R/W 0
0 R 0

Kaxxgbin 6UT perncrpa paspeLuaeT unm 3anpeLaeT npepbiBaHMe OT COOTBETCTBYIOLLEIO UCTOYHMKA:
0 - NnpepbliBaHWe 3anpeLLeHo;

1 - npepbiBaHne paspeLleHo.
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Threshold (CPU_THRESHOLD, FPGA_THRESHOLD).
B PLIC npucytcTBytoT aBa peructpa THRESHOLD:
e CPU_THRESHOLD ans uenu npepbiBaHus Homep 0 - NpoLeCcopHOro s4pa;
e FPGA THRESHOLD gns uenu npepbiBaHust Homep 1 — FPGA.

BuTbl | HasBaHue OnucaHue HdocTtyn C6poc
31:3 Peseps R 0

THRESHOLD - onpegensieT TekyLumMiA NOpor npuoputeTa
npepbiBaHuii, oT 0 go 7. Ecnu npnoputeTt npepbiBaHUSA HUXe
2:0 unu paseH 3HadyeHuto THRESHOLD, 1o aTo npepbiBaHne He

) BbI3OBET npepbiBaHve uenu. OgHako, 3To NpepbiBaHMe MNo- RIW 0
npexHemy byaeT 3aperncrtpmpoBaHo B peructpax IP n CC,
€CNnun oHo paspelueHo B peructpe IE.
Claim / Complete (CPU_CC, FPGA_CCQC).
B PLIC npucyTtcTBytoT aBa peructpa CC:
e CPU_CC gns uenu npepbiBaHus Homep 0 - NpoLeccopHoro aapa;
e FPGA _CC ansa uenu npepbiBaHust Homep 1 — FPGA.
BuTbl | HazBaHue OnucaHue DocTtyn Co6poc
31:5 Peseps R 0

ID - npu yTeHuu Bolgaet ID akTMBHOro Ha AaHHbIA MOMEHT
npepbiBaHMs C CambiM BbICOKUM NPUOpUTETOM. Yutast aToT
perncTp, Lenb npepbiBaH1sA NOATBEPXKOAET, YTO Havana
06paboTKy 3TOro npepbiBaHUs, 1 COOTBETCTBYIOLLMIA OUT B
peructpe IP ounwaerca. Ecnu npoyntaH 0, TO 3TO O3HaYaer,
4:0 - YTO aKTUBHbIX NPEPbIBAHWI HET. R/W 0
B camom koHue 06paboTku NpepbiBaHNst cnegyeT 3anvcaThb B
aT1oT perncTtp ID Tonbko 4To 06paboTaHHOro NpepbIBaHNS. ITUM
uenb NpepbiBaHUSA NOATBEPXKAAET, YTO 3aBepLunna o6paboTky
npepbiBaHus. MNpn atom PLIC cHoBa cTaHOBMTCA BOCMPUMMYMB
K MpepbIBaHUIO OT YCTPOMCTBA C AaHHbIM ID.

Machine-Mode Software Interrupt Pending (CPU_MSIP, FPGA_MSIP):
B PLIC npucytctBytoT aBa peructpa MSIP:
CPU_MSIP gnsa uenu npepbiBaHmsa Homep 0 - NpoLeccopHoro 14pa;

FPGA_MSIP gns uenu npepbiBaHus Homep 1 — FPGA.

Butbl | HazBaHue OnucaHue HdocTtyn C6poc
31:1 Peseps R 0
MSIP - 3anucb 1 B 3TOT OMT BbICTaBNSAET B 1 curHan msip
0 MSIP  |(curHan nporpaMmmHoro npepsiBaHus) ang uenu. 3anvcek 0 B R/W 0
3TOT 6UT cbpackiBaeT curHan msip B 0.
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FPGA

FPGA -moaynb conpsiKeHusi mporpaMMupyemoin rorndeckoin matpuuei. KoHdburyprpoBaHne maTpuubl
npomn3BoaunTcsa Yepes BcTpoeHHoe O3Y, He nmetollee nHTepderica YyTeHus. 3anuck B O3Y ocyluecTBnsieTcs
Mo CUCTEMHbIM agpecam. MaTpuua noaaepXkvBaeT PEXUM aBTOMAaTMYeCKOW 3arpyskM KOHGUrypauuu.
3arpyska MOXeT OCYLLEeCTBNSATbCA Kak M3 BCTpoeHHoro ONMM3Y emkocTblo 97344 GaiiTa, Tak U U3 BHELLHEN
namaTu.

CKOHUIrypUpOBaHHbIN NporpamMmmMmpyeMblii iormdeckuin 6ok moxet obpallatecs Kak K BoiBogam GPIO,
Tak U K BHYTPEHHEN CUCTEMHOM LiMHe. [1pn 3TOM BO3MOXHO ynpaBreHue BceMu (PYHKUUAMU aHanoroBown
Yyactu ¢ nomoubo FPGA, He 3agerictBya CPU.

Mukpocxema cogepXut nporpammupyembliin norndeckun énok (MJIWC), nHTerpnpoBaHHbii B LudpoBoe
agpo. MJINC nossonseT ocywecTBnAaTe B0 BcnomoraTenbHble YHKUMKW, peanu3ysd HecTaHdapTHbIe
npoTokonbl obmeHa M 00paboTkM AaHHbix B nomowb CPU, nubo KOHTponb aHanoroBon 4actu 6es
3apgencrteoBaHma CPU.

SE | ] SB | ] SB | ] SB | ] SB | ] SB
- L L L L -
@ CLB CLE CLE CLB CLE o
1 [ | | I
|:SE|I ] 5B | ] 5B | ] SB | ] 5B | ISB:|
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@ CLB CLB CLB CLB CLB 0
1 I | I I
|:SEII | 5B | ] SB | | 5B | ] SB | ISB:|
| L L L L
@ CLB CLE CLE CLB CLE o
1 [ | [ I
|:SE|I ] 5B | ] 5B | ] SB | ] 5B | ISB:|
| L L L L
@ CLB CLB CLB CLB CLB 0
1 I | I I
|:SEII | 5B | ] SB | | 5B | ] SB | ISB:|
| L L L L
@ CLB CLE CLE CLB CLE o
] 1 | 1 | [
SB | ] 8B | ] 8B | ] 8B | ] 8B | ] 5B
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- GOk KOHEHIYpUpYEMEIt NorMueckui

- Bnox nepexniodeHns
# - ENOK KOMMYTALIMM

- Enok sE00alELIE043

PucyHok 1. CTpyKkTypHas cxema nporpammmpyemoro JiorMyeckoro 6rnoka

Matpuua cogepxut 900 koHUrypmpyembix norndeckmx 6rnokos (CLB), no 2 6noka LE B kaxgom. Kaxagpin
anemeHT LE cogepxut B cebe 3-x Bxogosbii LUT u D-Tpurrep.
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PucyHok 2. CTpykTypHasi cxema anemeHTa LE

OkBuBaneHTHasi emkocTb BcTpoeHHoro MNJIMC coctaBnsieT 10 ThicsiH 2-X BXOA0BbLIX BEHTUNMNEN.

®dyHKUMOHUPOBaHUE

KoHdpurypmposanue MITNC npounsBoantcs yYepes BcTpoeHHoe O3Y, He mMmetowee UHTeEpdENC YTeHus.
3annce B O3Y ocyulectBnsieTcsa nNo cucteMHbiM agpecam. OpgHako, uandeckasl 3anucb Npov3BOAMTCS
TONbKO MpuY 3anucu Kaxagoro 36-ro ABoMHOro cnosa. bydep 3anvncu cogepxuT peructp paspsagHocTeto 1126
out. Agpeca DWORD ot 0 go 35 cooTBeTCTBYIHOT agpecamMm BHYyTpU faHHoro peructpa. Ctapwwun agpec
3anucbiBaeT 6 mnagwux pa3psgos. 3annce No agpecy 35 NpMBOAWT K Nepesanncu TEKYLLEero cogepXMmMoro
perucTtpa B 6utosyto nuHmio BHyTpu MNIINC - O3Y. Ctpoka gekoampyeTcsa crapwmmy butamm 35-ro agpeca.

MINC nogaepxvBaeT pexnm aBTOMaTUYECKON 3arpy3ku KoHdurypaumm. 3arpyska HaumMHaeTcs, ecnm B
MOMEHT BbIxoda u3 cbpoca yctaHoBrneH BoiBog BS_ENA. 3arpyska npoussogutcst n3 MN3Y (0x10008000),
ecnn BbiBog GPIOA[15] paBeH 0. B npoTuMBHOM cny4ae 3arpyska npou3BOOMTCS U3 BHELUHEW NamsaTu
(0x70018000).

Pexum 3arpy3Kum mn3 BHYTpeHHeFI namMmAaTn

B naHHom pexume FPGA aBTomaTuuyecku konupyeT 97344 6anta m3 N3Y, pacnonoxeHHOro no agpecy
0x10008000, B koHGUrypaumoHHoe O3Y MJINC, pacnonoxeHHoe no agpecy 0x50198000. MNpouecc 3arpy3ku
curHanuaupyetcs 6utom DMA.DA. OkoH4aHue npouecca curHanusnpyetcsa 6utom CFG.CD.

PexXum 3arpy3ku U3 BHelWHen NamATy

Mepen Hayanom 3arpysku FPGA nponssoauTt mogudumkaumio peructpa CMM.AHBCLKEN yctaHaBnusas
6ut GPIOB. [danee, BbkaaB naysy 32 Takta ANns BKIYEHUS YacToTel TakTupoBaHms GPIO, npomssoguTcs
3anuck 3HadveHun Ox7FFFFFFF n 0x0 B pernctpol GPIOB.ALTFO n GPIOB.ALTF1 cooTtBeTcTBEHHO. [locne
aTtoro GPIOB ckoHUrypmpoBaH B pexunm YTeHust KoHdurypauum n3 BHellHen namatn. FPGA aBTomaTtuyecku
konupyeT 97344 6avita n3 BHewHero MN3Y, pacnonoxeHHoro no agpecy 0x70018000 (HayanbHbIN agpec
CMELLEH OTHOCUTENbHO HadvanbHoro agpeca M3Y), B koHdurypaumoHHoe O3Y TJINC, pacnonoxeHHoe no
agpecy 0x50180000.
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Peructpsl FPGA

Peructp Apnpec OnucaHue
RAM 0x50180000-0x50197FEF KoHdurypaunoHHas O3Y
CSRO 0x50197FFO0 Pernctp nogkntoyenus k MINC 0
CSR1 0x50197FF4 Peructp nogkntovenuns k MNINC 1
DMA 0x50197FF8 Pernctp coctosHus DMA
CFG 0x50197FFC PerucTtp koHurypmposas MIMC

CSRO0 [0x50197FFQ] / CSR1 [0x50197FF4]

PeruncTpbl obLero HasHauyeHus1, noakntoyeHHble k BbiBogam MNJINMC. CSRO cogepxut 16 6mt, CSR1 - 8 6uT.

BuTbl ‘ HasBaHue | OnucaHue ‘ﬂoc-ryn | C6poc
CSRO
31:16 - Peseps R 0

BeiBoabl pernctpa, nogkntoveHHble K MIINC. 3HaveHne
peructpa moxet obHoenATees MIUC. MNpu ogHoBpeMeHHON
3anuncu n obHoeneHun co ctopoHel MINC, MINC umeer
15:0 CSR  |6onee BbICOKMI NPUOPUTET. R/W 0
3anuce B perucTp npomnssoamtcd npu 1 Ha BeiBoge csr_wr[0]
MNUC. OaHHble ans 3anucu Ha BbiBogax csr_out[15:0]. butel
perncTpa noakmnoveHbl Ko Bxogam csr_in [15:0] MJINC.

CSR1
31:8 - Peseps R 0

BbiBoabl pernctpa, nogkntodeHHble K MJINC. 3HaveHmne
pernctpa moxet o6HoensaTbes MITINC. Mpu ogHOBpeMeEHHON
3anuncu n obHosneHun co ctopoHsl MINC, MINC umeet
7:0 CSR  |6onee BbICOKMI NPUOPUTET. R/W 0
3anucbk B perucTtp npounssoamTcs npu 1 Ha BeiBoge csr_wr[1]
MNUC. OaHHble ans 3anucum Ha BbiBodax csr_out[23:16]. buThbl
pervcTpa nogknoyeHsl Ko Bxogam csr_in [23:16] MNINC.

DMA [0x50197FF8]

Peructp coctoaHns DMA

BuTbl | HazBaHue OnucaHue HdocTtyn C6poc
31:2 - Peseps R 0

Initialization Done. NMpu3Hak 3aBepLieHns nHnumanusaumm O3Y
MIAC. NMocne nogayn nutadus O3Y MJINC HaxoguTtcs B
HeonpeaeneHHoM COCTOSHMKU. BHyTpeHHAsA cxema ¢ bonbLuen

1 ID BEPOATHOCTLIO MHULUManu3aupyet namaTe B 0. lNMocne Bbixoga u3 R 0
cbpoca DMA 3anonHsieT Bcto O3Y MINC 3HaveHunem 0. Janee
nponcxognt nnbo nHmnumnanusaums MINC, unu NMIINC octaetca
B HayanbHOM COCTOSHMU (B 3aBUCUMOCTM OT BbiBoda BS_ENA).

DMA Active. MNMpusHak aktusHoct DMA. DMA 3anyckaeTtcs
nocne cHATuA cbpoca ¢ cuctemnl, ecnu BoiBogsl BOOTSTRAP
TpebyloT annapatHou 3arpy3ku npowmsku MJINC.

0 DA YcTaHaBnNuBaeTCHa MO OKOHYaHUM 3arpy3ky MPOLLUMBKU U HE R 0
MOXeET ObITb NepeonpeaeneH NPorpamMmmHo (ToNIbKO cOpocom
cuctemsbl). Ecnv npolumBeka He Tpebyetcs, OuT octaercs
COPOLLEHHBIM.
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CFG [0x50197FFC]
Perunctp koHgurypuposanus MJINC

BuTbl | HasBaHue OnucaHue HdocTtyn C6poc

Scrubbing Enable. YnpaBneHue pexxumom nepruogn4eckoro
obHoBneHus cogepxmmoro O3Y coagepxumbim MN3Y.
O6HoBneHne HaumHaetcd, ecn DMA HaxoauTcs B HEAKTUBHOM
coctosiium (DMA.DA = 0) u NMJINC nponHuumanmsmpoBaHa
(DMA.ID = 1). He pekoMmeHayeTCst NPUMEHSATb PEXUM R/W 0
nepuoanyeckoro ooHoenexusi, ecnu MNJIMC He Gbina
npeaBaputenbHo ckoHdurypuposaHa (DMA.CD = 0).
. 0 - pexvm OBGHOBINEHNSA HE aKTUBEH;

. 1 - aKTMBUPOBATb PEXUM OOHOBMNEHUS.

31 SE

Scrubbing Source. IcTOUHMK gaHHbIX 4N1s NEPUOANYECKOMN
nepesanuncu koHdurypaumoHHon O3Y MJINC.

. 0 - BHyTpeHHee M3Y (0x10008000);

. 1 - BHewHee M3Y (0x50198000).

29:24 - Peseps. R 0

WuTepBan (B konnyectee TaktoB AHB) mexay
nocregoBaTenbHbIMKU 3anpocamm konuposaHms DWORD u3
23:16 | INTRVL |M3Y B O3Y IMJNC. MNo3sonseT HaCTpouTb MHTEpBA R/W 0
ckpabupoBaHus, Npu HavanbHOW 3arpy3ke paseH 0 Ans
MaKCMMarnbHOW CKOPOCTW HavanbHOW 3arpy3ku.

15:1 - Peseps. R 0

Configuration Done. Npu3Hak OKOHYaHMs KOHPUIypupoBaHus
MNUC. YctaHaBnmBaeTcs annapatHO MO OKOHYaHUn
aBTOMaTu4ecKom 3arpy3ku npowmeku. B criyyae py4Hon
NPOLUMBKM, CriegyeT YCTaHOBUTb MPOrpaMmMHo. lMpu
cbporueHHom 6ute TakTupoBaHue Ha MNJINC He nogaeTcs
cbpoc B aKTUBHOM COCTOSHUM.

30 SS R/W 0

R/W 0

Monb3oBaTenbckue BbiBoabl FPGA

MJINC nmeeT cnepytolLme BbIBOAbI, 3ape3epBUPOBaHHbIE A1 UCMOSb30BaHUA COBMECTHO C annapaTtHbIMU
pecypcammn MUKpOKoHTponnepa. B npouecce koHdurypauum (CFG.CD = 0) Ha Bxoabl [MNTMC FROM_PADX
noctynaet norndeckun 0; Bbixoasl TO_PADX BblgatoT B cuctemy norndeckun 0 (kpome io_out_oe, BbigatoLlero
1).

HasBaHue Bxoaa HasBaHue Bbixoaa | HasHaueHue Bxoaa HasHauyeHue BbIxoaa

FROM_PAD_CLK1 hclk (AHB clock)

FROM_PAD_CLK2 pclk (APB clock)

FROM_PAD CLK3 FPGAO

FROM_PAD CLK4 FPGA1
FROM_PAD1 TO_PAD1 irq_in dac_ctrl[0]
FROM_PAD?2 TO_PAD2 irg_vec[0] dac_ctrl[1]
FROM_PAD3 TO_PAD3 irg_vec[1] dac_ctrl[2]
FROM_PAD4 TO_PAD4 irq_vec[2] dac_ctrl[3]
FROM_PAD5 TO_PAD5 irq_vec[3] dac_ctri[4]
FROM_PAD6 TO_PAD6 irq_vec[4] dac_ctrl[5]
FROM_PAD7 TO_PAD7 o_irq
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Ha3sBaHue Bxoga

HasBaHue Bbixoga

Ha3sHauyeHune Bxoga

HasHaueHue Bbixoga

FROM_PADS TO_PADS csr_wr[0]
FROM_PAD9 TO_PAD9 csr_wr[1]
FROM_PAD10 TO_PAD10 csr_in[0] dac_ctrl[6]
FROM_PAD11 TO_PAD11 csr_out[0]
FROM_PAD12 TO_PAD12 csr_in[1] dac_ctrl[7]
FROM_PAD13 TO_PAD13 csr_out[1]
FROM_PAD14 TO_PAD14 csr_in[2] dac_ctrl[8]
FROM_PAD15 TO_PAD15 csr_out[2]
FROM_PAD16 TO_PAD16 csr_in[3] dac_ctrl[9]
FROM_PAD17 TO_PAD17 csr_out[3]
FROM_PAD18 TO_PAD18 csr_in[4] dac_ctrl[10]
FROM_PAD19 TO_PAD19 csr_out[4]
FROM_PAD20 TO_PAD20 csr_in[5] dac_ctrl[11]
FROM_PAD21 TO_PAD21 csr_out[5]
FROM_PAD22 TO_PAD22 csr_in[6]

FROM_PAD23 TO_PAD23 csr_out[6]
FROM_PAD24 TO_PAD24 csr_in[7]

FROM_PAD25 TO_PAD25 csr_out[7]
FROM_PAD26 TO_PAD26 csr_in[8]

FROM_PAD27 TO_PAD27 csr_out[8]
FROM_PAD28 TO_PAD28 csr_in[9]

FROM_PAD29 TO_PAD29 csr_out[9)]
FROM_PAD30 TO_PAD30 csr_in[10]

FROM_PAD31 TO_PAD31 csr_out[10]
FROM_PAD32 TO_PAD32 csr_in[11]

FROM_PAD33 TO_PAD33 csr_out[11]
FROM_PAD34 TO_PAD34 csr_in[12]

FROM_PAD35 TO_PAD35 csr_out[12]
FROM_PAD36 TO_PAD36 csr_in[13]

FROM_PAD37 TO_PAD37 csr_out[13]
FROM_PAD38 TO_PAD38 csr_in[14]

FROM_PAD39 TO_PAD39 csr_out[14]
FROM_PADA40 TO_PAD40 csr_in[15]

FROM_PADA41 TO_PADA41 csr_out[15]
FROM_PAD42 TO_PAD42 ahb_addr[0]
FROM_PADA43 TO_PAD43 ahb_addr[1]
FROM_PAD44 TO_PAD44 ahb_addr[2]
FROM_PADA45 TO_PAD45 ahb_addr[3]
FROM_PAD46 TO_PAD46 ahb_addr[4]
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Ha3sBaHue Bxoga

HasBaHue Bbixoga

Ha3sHauyeHune Bxoga

HasHaueHue Bbixoga

FROM_PADA47 TO_PAD47 ahb_addr[5]
FROM_PADA48 TO_PAD48 ahb_addr[6]
FROM_PADA49 TO_PAD49 ahb_addr[7]
FROM_PAD50 TO_PAD50 ahb_wdata[0]
FROM_PAD51 TO_PAD51 ahb_wdata[1]
FROM_PAD52 TO_PAD52 ahb_wdata[2]
FROM_PAD53 TO_PAD53 ahb_wdata[3]
FROM_PAD54 TO_PAD54 ahb_wdata[4]
FROM_PAD55 TO_PAD55 ahb_wdata[5]
FROM_PAD56 TO_PAD56 ahb_wdata[6]
FROM_PAD57 TO_PAD57 ahb_wdata[7]
FROM_PAD58 TO_PAD58 ahb_rdata[0]

FROM_PAD59 TO_PAD59 ahb_rdata[1]

FROM_PADG0 TO_PAD60 ahb_rdata[2]

FROM_PAD61 TO_PADS61 ahb_rdata[3]

FROM_PAD62 TO_PAD62 ahb_rdata[4]

FROM_PAD63 TO_PAD63 ahb_rdata[5]

FROM_PAD64 TO_PAD64 ahb_rdata[6]

FROM_PAD65 TO_PAD65 ahb_rdata[7]

FROM_PAD66 TO_PAD66 ahb_wr
FROM_PAD67 TO_PAD67 ahb_rd
FROM_PAD68 TO_PAD68 ahb_addr[8]
FROM_PAD69 TO_PAD69 ahb_addr[9]
FROM_PAD70 TO_PAD70 ahb_addr[10]
FROM_PAD71 TO_PAD71 ahb_addr[11]
FROM_PAD72 TO_PAD72 ahb_addr[12]
FROM_PAD73 TO_PAD73 ahb_addr[13]
FROM_PAD74 TO_PAD74 ahb_addr[14]
FROM_PAD75 TO_PAD75 ahb_addr[15]
FROM_PAD76 TO_PAD76 ahb_wdata[8]
FROM_PAD77 TO_PAD77 ahb_wdata[9]
FROM_PAD78 TO_PAD78 ahb_wdata[10]
FROM_PAD79 TO_PAD79 ahb_wdata[11]
FROM_PADS0 TO_PADSO ahb_wdata[12]
FROM_PADS81 TO_PADS81 ahb_wdata[13]
FROM_PADS82 TO_PADS2 ahb_wdata[14]
FROM_PADS83 TO_PADS83 ahb_wdata[15]
FROM_PAD84 TO_PAD84 ahb_rdata[8]

FROM_PADS85 TO_PADS85 ahb_rdata[9]
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Ha3sBaHue Bxoga

HasBaHue Bbixoga

Ha3sHauyeHune Bxoga

HasHaueHue Bbixoga

FROM_PADS86 TO_PADS86 ahb_rdata[10]
FROM_PAD87 TO_PAD87 ahb_rdata[11]
FROM_PADS88 TO_PADS88 ahb_rdata[12]
FROM_PADS89 TO_PADS89 ahb_rdata[13]
FROM_PAD90 TO_PAD90 ahb_rdata[14]
FROM_PAD91 TO_PAD91 ahb_rdata[15]
FROM_PAD92 TO_PAD92 ahb_addr[16]
FROM_PAD93 TO_PAD93 ahb_addr[17]
FROM_PAD94 TO_PAD94 ahb_addr[18]
FROM_PAD95 TO_PAD95 ahb_addr[19]
FROM_PAD96 TO_PAD96 ahb_addr[20]
FROM_PAD97 TO_PAD97 ahb_addr[21]
FROM_PAD98 TO_PAD98 ahb_addr[22]
FROM_PAD99 TO_PAD99 ahb_addr[23]
FROM_PAD100 TO_PAD100 ahb_wdata[16]
FROM_PAD101 TO_PAD101 ahb_wdata[17]
FROM_PAD102 TO_PAD102 ahb_wdata[18]
FROM_PAD103 TO_PAD103 ahb_wdata[19]
FROM_PAD104 TO_PAD104 ahb_wdata[20]
FROM_PAD105 TO_PAD105 ahb_wdata[21]
FROM_PAD106 TO_PAD106 ahb_wdata[22]
FROM_PAD107 TO_PAD107 ahb_wdata[23]
FROM_PAD108 TO_PAD108 ahb_rdata[16]
FROM_PAD109 TO_PAD109 ahb_rdata[17]
FROM_PAD110 TO_PAD110 ahb_rdata[18]
FROM_PAD111 TO_PAD111 ahb_rdata[19]
FROM_PAD112 TO_PAD112 ahb_rdata[20]
FROM_PAD113 TO_PAD113 ahb_rdata[21]
FROM_PAD114 TO_PAD114 ahb_rdata[22]
FROM_PAD115 TO_PAD115 ahb_rdata[23]
FROM_PAD116 TO_PAD116 ahb_addr[24]
FROM_PAD117 TO_PAD117 ahb_addr[25]
FROM_PAD118 TO_PAD118 ahb_addr[26]
FROM_PAD119 TO_PAD119 ahb_addr[27]
FROM_PAD120 TO_PAD120 ahb_addr[28]
FROM_PAD121 TO_PAD121 ahb_addr[29]
FROM_PAD122 TO_PAD122 ahb_addr[30]
FROM_PAD123 TO_PAD123 ahb_addr[31]
FROM_PAD124 TO_PAD124 ahb_wdata[24]
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Ha3sBaHue Bxoga

HasBaHue Bbixoga

Ha3sHauyeHune Bxoga

HasHaueHue Bbixoga

FROM_PAD125 TO_PAD125 ahb_wdata[25]
FROM_PAD126 TO_PAD126 ahb_wdata[26]
FROM_PAD127 TO_PAD127 ahb_wdata[27]
FROM_PAD128 TO_PAD128 ahb_wdata[28]
FROM_PAD129 TO_PAD129 ahb_wdata[29]
FROM_PAD130 TO_PAD130 ahb_wdata[30]
FROM_PAD131 TO_PAD131 ahb_wdata[31]
FROM_PAD132 TO_PAD132 ahb_rdata[24]
FROM_PAD133 TO_PAD133 ahb_rdata[25]
FROM_PAD134 TO_PAD134 ahb_rdata[26]
FROM_PAD135 TO_PAD135 ahb_rdata[27]
FROM_PAD136 TO_PAD136 ahb_rdata[28]
FROM_PAD137 TO_PAD137 ahb_rdata[29]
FROM_PAD138 TO_PAD138 ahb_rdata[30]
FROM_PAD139 TO_PAD139 ahb_rdata[31]
FROM_PAD140 TO_PAD140 csr_in[16]
FROM_PAD141 TO_PAD141 csr_out[16]
FROM_PAD142 TO_PAD142 ahb_ready
FROM_PAD143 TO_PAD143 ahb_error
FROM_PAD144 TO_PAD144 csr_in[17]
FROM_PAD145 TO_PAD145 csr_out[17]
FROM_PAD146 TO_PAD146 csr_in[18]
FROM_PAD147 TO_PAD147 csr_out[18]
FROM_PAD148 TO_PAD148 csr_in[19]
FROM_PAD149 TO_PAD149 csr_out[19]
FROM_PAD150 TO_PAD150 csr_in[20]
FROM_PAD151 TO_PAD151 csr_out[20]
FROM_PAD152 TO_PAD152 csr_in[21]
FROM_PAD153 TO_PAD153 csr_out[21]
FROM_PAD154 TO_PAD154 csr_in[22]
FROM_PAD155 TO_PAD155 csr_out[22]
FROM_PAD156 TO_PAD156 csr_in[23]
FROM_PAD157 TO_PAD157 csr_out[23]
FROM_PAD158 TO_PAD158 io_out_oe[15]
FROM_PAD159 TO_PAD159 FPGA15
FROM_PAD160 TO_PAD160 FPGA15
FROM_PAD161 TO_PAD161 io_out_oe[14]
FROM_PAD162 TO_PAD162 FPGA14
FROM_PAD163 TO_PAD163 FPGA14
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Ha3sBaHue Bxoga

HasBaHue Bbixoga

Ha3sHauyeHune Bxoga

HasHaueHue Bbixoga

FROM_PAD164 TO_PAD164 io_out_oe[13]
FROM_PAD165 TO_PAD165 FPGA13
FROM_PAD166 TO_PAD166 FPGA13

FROM_PAD167 TO_PAD167 io_out_oe[12]
FROM_PAD168 TO_PAD168 FPGA12
FROM_PAD169 TO_PAD169 FPGA12

FROM_PAD170 TO_PAD170 io_out_oe[11]
FROM_PAD171 TO_PAD171 FPGA11
FROM_PAD172 TO_PAD172 FPGA11

FROM_PAD173 TO_PAD173 io_out_oe[10]
FROM_PAD174 TO_PAD174 FPGA10
FROM_PAD175 TO_PAD175 FPGA10

FROM_PAD176 TO_PAD176 io_out_oe[9]
FROM_PAD177 TO_PAD177 FPGA9
FROM_PAD178 TO_PAD178 FPGA9

FROM_PAD179 TO_PAD179 io_out_oe[8]
FROM_PAD180 TO_PAD180 FPGA8
FROM_PAD181 TO_PAD181 FPGA8

FROM_PAD182 TO_PAD182 io_out_oe[7]
FROM_PAD183 TO_PAD183 FPGA7
FROM_PAD184 TO_PAD184 FPGA7

FROM_PAD185 TO_PAD185 io_out_oe[6]
FROM_PAD186 TO_PAD186 FPGA6
FROM_PAD187 TO_PAD187 FPGA6

FROM_PAD188 TO_PAD188 io_out_oe[5]
FROM_PAD189 TO_PAD189 FPGA5
FROM_PAD190 TO_PAD190 FPGA5

FROM_PAD191 TO_PAD191 io_out_oe[4]
FROM_PAD192 TO_PAD192 FPGA4
FROM_PAD193 TO_PAD193 FPGA4

FROM_PAD194 TO_PAD194 io_out_oe[3]
FROM_PAD195 TO_PAD195 FPGA3
FROM_PAD196 TO_PAD196 FPGA3

FROM_PAD197 TO_PAD197 io_out_oe[2]
FROM_PAD198 TO_PAD198 FPGA2
FROM_PAD199 TO_PAD199 FPGA2

FROM_PAD200 TO_PAD200 io_out_oe[1]
FROM_PAD201 TO_PAD201 FPGA1
FROM_PAD202 TO_PAD202 dac_ctrl[12]
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HasBaHue BXo4a HasBaHue BbiXxoaa Ha3sHa4yeHune BXo4a HasHa4yeHune BbiXxoaa
FROM_PAD203 TO_PAD203 io_out_oe[0]
FROM_PAD204 TO_PAD204 FPGAO
FROM_PAD205 TO_PAD205 dac_ctrl [13]

Ucnonb3oBaHue BHELWHUX BbIBOOOB

BbiBoabl i0_out oe onpegenstoT HanpaBneHne BHewHWx BbiBogoB (0 - Bbixod, 1 - Bxoa) Ans
COOTBETCBYHOLLNX UM BbiBOOOB FPGAX.

Mpwn ncnonbsosanum NMIINC 6e3 npoueccopa (CPU_EN = 0), MJINC gomkHa 6bITb CKOHDUIryprpoBaHa ans
3afjaHusa  anbTepHaTuBHbIX GyHKunn GPIO. 3T0 HaknagbiBaeT oOrpaHWyYeHne B BuOE HEBO3MOXHOCTU
ncnonb3oBaHus BeiBogos FPGAO n FPGA1 ana ynpaeneHus acnHxpoHHbIM copocom MITNC.
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